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FOREWORD 

The primary purpose of the investigation described in this thesis was 
to develop methods to reduce the losses occurring in the alkaline 
neutralization of edible oils. 

At the outset, emphasis was to be placed on process development, and 
the theoretical background of the phenomena observed was to receive 
merely passing attention. 

When the investigation was well-advanced its character was modified 
in that more attention had to be paid to the mechanism of the 
neutralization process. 

It will be clear that this change in mid-stream has placed its mark on 
the scope of the entire thesis. 
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CHAPTER I 

INTRODUCTION 

A considerable part of the oils and fats which occur in nature and 
which are obtained by pressing, extraction, cooking or rendering are 
as such usually less suitable for direct consumption. They contain 
substances which have a detrimental influence on taste and colour. 
These components are removed by a refining process. 

During this process the crude oils must be freed from suspended and 
dissolved impurities by filtering, desliming, neutralization, bleaching and 
deodorization. 

By filtering the suspended particles which have entered the oil during 
extraction are separated off. This filtration is usually carried out 
immediately after the oil has been obtained, so before it is further 
processed. This treatment is therefore considered as part of the pressing, 
extraction etc. and not as part of the refining process. 

Most oils and fats contain a small amount of so-called mucilage. Mucilage 
is a collective noun for substances which are dissolved in the crude oils 
but which are of a hydrophilic nature. The substances involved are 
mainly phospholipids. When the concentration is low and the mucilage 
has no economic significance, these oils are neutralized immediately after 
being obtained and filtered. In some vegetable oils the amount of 
mucilage is such that desliming is desirable e.g. soyabean oil, rapeseed 
oil, groundnut oil and linseed oil. 
In the desliming process hydratable components are caused to swell with 
water and subsequently separated from the oil by means of the difference 
in specific gravity. This special desliming treatment takes place because : 

1. mucilage may have a very detrimental influence on the yield in the 
subsequent stages of the refining process; it is therefore profitable to 
remove them as undesirable substances before further processing ; 

2. mucilage may yield valuable products with an extensive field of 
application. So the desliming stage is at the same time a process to 
obtain a by-product. 

Not all types of mucilage are hydrated by water. The non-hydratable 
mucilage remains in the oil and together with the not fully removed 
hydratable mucilage is degraded and/or separated off in one of the next 
stages of the refining process. 

The next step of the refining process is neutralization. During this 
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treatment the fatty acids together with impurities are removed from 
the oil in one or more steps. 

Next comes bleaching during which the oil is treated with an adsorbent 
to remove the colouring substances. 

After the suspended particles, the phospholipids, the free fatty acids and 
a large part of the colouring substances have been separated off, the oil 
still contains dissolved volatile substances which impart a more or less 
unpleasant taste to the oil. Dependent on the nature of the oil, the 
flavour substances can be removed by deodorization at high temperature 
in vacuo either immediately or after hydrogenation. 

In this thesis special attention will be paid to the neutralization stage. 
By the term "neutralization" is generally meant the removal of free fatty 
acids from the oils and fats. In this part of the process not only the fatty 
acids are removed. Also non-hydratable mucilage and colouring substances 
with an acid character together with the fatty acids are separated off. 

The neutralization is generally carried out by treating the oil with an 
aqueous solution of an alkali which reacts with the free fatty acids while 
forming a soap solution. The soap solution is separated from the oil after 
the reaction. 

The oldest known neutralization method is that in open kettles using 
caustic alkali. This technique was frequently applied especially in Europe 
as long as good quality animal fats and "cold-pressed" vegetable oils had 
to be processed. These oils and fats can easily be refined i.e. treatment 
with dilute lye is sufficient to remove the impurities and to yield a 
reasonable product for consumption. 

In connection with the growing industry of cottonseed oil the need 
was felt in the U.S.A. to refine this very dark coloured crude oil. 
Treatment with a more concentrated caustic soda appeared to be more 
suitable because in addition to the free fatty acids also part of the 
colouring matters are extracted from the oil. This has led to the 
development of refining methods which were later adopted in Europe 
for refining "hot-pressed" oils and fats 1• The American refiners have 
replaced the refining in kettles by a method in which the alkali and the 
oil are mixed together in mixers and subsequently separated in centrifuges. 
This procedure is generally carried out continuously. 
In Europe apart from the continuous neutralization methods with 
centrifuges, batchwise neutralizations are still carried out in large kettles 
(up to 60 tons per charge) and even successfully: when the batch process 
is carried out satisfactorily its results equal those of the continuous 
process. 

12 



There are ways other than alkali treatment in which the oils can be 
liberated from free fatty acids e.g.: 

1. vacuum stripping. Under a pressure of 2-6 mm Hg abs. at temper
atures of 220 - 280° C the free fatty acids can be removed from the 
oil by passing through steam or an inert gas. 

2. extraction with a selective solvent. By treating an oil at high temper
ature and pressure with methanol, the free fatty acids can be 
extracted. 

These and other methods may for several oils compete with the alkaline 
neutralization processes. For other oils, however, these methods are not 
applicable, either because undesirable secondary reactions occur, or 
because the processing costs are too high. That is why there is generally 
little interest in these types of neutralization processes from the side of 
the refiners. 

As has been 'stated, free fatty acids are removed from the oil in the 
neutralization process, for fatty acids would have an adverse influence 
on the taste of an oil. On the other hand an investigation showed that 
free fatty acids can be added to a refined oil to a surprisingly high content 
before experienced tasters perceive their presence 2• 

The detection is highly dependent on the chain-length and is for: 

butyric acid (C4) 0.6 p.p.m.'') 
caproic acid (C6) 2.5 ,, 
lauric acid (C12) 700 ,, 
palmitic acid (C16) 10,000 ,, 
stearic acid (C18) 15,000 ,, 
oleic acid (C18 : 1) 8,000 ,, 
linoleic acid (C18 : 2) 11,000 ,, 

parts per million 

(0.07 O/o) 
(1.0 O/o) 
(1.5 O/o) 
(0.8 6/o) 
(1.l O/o). 

In practice the content of free fatty acids is usually reduced to a 
value <0.1 °/o, because experience has shown that after deodorization 
the taste of an oil which has been neutralized to a low fatty acid 
content, is generally better than when the oil has been neutralized to a 
higher content. 

No or only few data are available about the character of the odoriferous 
substances which together with the fatty acids disappear from the oil 
during neutralization. 

Apart from the flavour compounds also colouring matters are extracted 
from the oil during the neutralization process. Likewise little is known 
about the nature of the colouring matters but some have been 
demonstrated in oils 3 : 

1. carotenes (hydrocarbons C40H 56) with an intensely yellow or red 
colour. These colouring matters occur in palm oil in larger amounts 
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(0.05 0.10 °/o); in other oils in a few p.p.m. only. Further some 
colouring matters occur which closely resemble carotene. 

2. chlorophyll, a bright green substance (C55H 72N 40 5Mg). This substance 
occurs in almost all oils and especially in oils obtained from unripe 
seeds. 

3. colouring matters formed by oxidation of e.g. tocopherols ; 

4. a colouring matter which is only found in crude cottonseed oil: 
gossypol (C30H 300 8) 4• This substance has a very intensive dark red 
colour. 

During the treatment with alkali some colouring matters are removed. 
As answer to the question in which way these colouring matters are 
extracted from the oil, two possibilities are mentioned 5 : 

1. the colouring matters are made water-soluble by caustic alkali and 
then taken up in the water phase. This applies at any rate to gossypol. 

2. the colouring matters are adsorbed on the soap. The occurrence of 
saponification promotes the removal of colouring matters. 

The first explanation finds general favour in the literature. The proof is 
based on some simple experiments : 

1. after neutralization with caustic alkali during which almost all free 
fatty acids present in the oil have been converted into soap and 
subsequently separated off, the oil can become considerably lighter 
in colour by washing with a lye solution. The possibility of adsorption 
on soap is excluded and the first explanation is therefore preferred 5• 

2. the favourable influence which an increasing concentration of the 
caustic soda has on decoloration also points into the direction of the 
first explanation 6 ; 

3. on using Na2C03 as alkaline reagent during neutralization all free 
fatty acids present in the oil can be converted into soap and then 
separated off. A reduction in colour intensity occurs only to a very 
limited extent. When the oil, neutralized in this way, is washed with 
a caustic alkali solution, the colour intensity can be reduced to the 
same value as would have been the case when neutralized with caustic 
alkali 7, 8• 

4. another indication that especially the reaction with caustic lye 
influences the colour reduction, is deduced from the fact, that the 
stirring intensity on mixing oil and lye plays a role and that 
particularly on emulsification of the oil and the lye light coloured 
oils are obtained 9, rn; 

14 



5. on removing the colouring matters from the oil also the excess lye 
plays an important part. When there is no or only a slight excess, dark 
coloured oils are obtained; when a greater excess is used or when 
the oil is rewashed with caustic alkali solution considerably lighter 
coloured oils are obtained 5, 6• 

A decrease in the content of colouring matters of the oil appeared to be 
possible in only a few cases by specially directed treatments: e.g. 
decomposition of the carotenoid colouring matters by heating to high 
temperatures (220 280° C) or by hydrogenation or oxidation 3• 

A specific method has been found for removing gossypol. This method 
is based on the formation of Schiff bases which are insoluble in the oil, 
by coupling of aldehyde groups from the gossypol 4 with anthranilic 
acid, p. aminosalicylic acid or o. aminobenzoic acid. After the reaction 
the precipitate formed can be filtered off or neutralization can be 
carried out immediately 11• 12. 

In all stages of the refining process there is some loss of neutral oil, 
particularly in the neutralization stage. These losses are caused because 
during the neutralization the desired reaction of caustic soda or soda 
ash with the free fatty acids is accompanied by undesirable secondary 
reactions 13 e.g.: 

1. formation of emulsions of oil in water. 
These emulsions may be very stable so that on separation of the soap 
solution, oil may be entrained. 

2. entrainment of oil droplets with the soap solution, because owing 
to the high viscosity of the soap solution the oil droplets could not 
settle; 

3. saponification of the neutral oil under the influence of the alkali. 

In neutralization practice the refiner is always placed in a dilemma. The 
losses under 2 and 3 can be decreased by using dilute caustic alkali. 
However, dilute lye promotes emulsion formation, has a less decolorizing 
effect and lowers the capacity of the apparatus owing to the greater 
volume which is taken up by the water phase. 

The use of soda ash restricts the saponification loss but makes it necessary 
to wash with caustic alkali, which means extra apparatus and chemicals 
and consequently extra losses, etc. 

It appears from the foregoing that the neutralization of an oil does not 
only comprise elimination of free fatty acids but during this treatment 
also other substances as e.g. colouring matters and flavour compounds 
have to be removed from the oil. The most favourable conditions for 
removing fatty acids, however, do not coincide with the most favourable 
conditions for removing other undesirable constituents. 
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Various refiners have determined the optimum reaction conditions for 
complete refining of most oil types on a basis of practical experience. 
However, the optimum conditions are closely connected with local 
conditions as e.g. the available apparatus, differences in price between 
neutral oil and fatty acids, prices of expedients (e.g. bleaching earth), 
availability of apparatus for recovering the oil which has been adsorbed 
by the bleaching earth during the bleaching process, etc. 

With respect to the optimum conditions it should be borne in mind 
that the cost price is highly determined by the loss of neutral oil which 
occurs on neutralization. In the literature some results are described of 
relative measurements on a technical and semi-technical scale. It can be 
concluded that in the case of groundnut oil, cottonseed oil and soyahean 
oil for each kg fatty acid which is extracted from the oil, ca. 1 kg neutral 
oil is entrained by the soap 14• A study in a pilot plant installation 
displayed even greater losses: per kg fatty acid losses of ca. 1.45 kg oil 
occurred 15• Experiments with a continuous installation in which the 
separation was applied by means of centrifuges showed losses of 0.5 - 0.6 
kg oil per kg fatty acid 16• 

In a comparative study of the results of centrifuge neutralizations on 
factory scale losses of 0.3 1.2 kg oil per kg fatty acid were found, 
dependent on the type of oil processed 17• 

All these data indicate that during the neutralization process large 
amounts of neutral oil are degraded to fatty acids which have a 
considerably lower value than the corresponding neutral oil. The oils 
and fats industry is therefore greatly interested in the lowest possible 
refining losses while retaining the quality of the end product. This 
becomes all the more clear if the above losses are related to the amounts 
of oils and fats which are yearly processed: in 1962 the world production 
of edible oils such as groundnut oil, soyabean oil, cottonseed oil, etc. 
was 14.5 X 106 tons. The fatty acid content of these oils may be 
estimated at ca. 1 °/o on an average. 
The world production of coconut oil, palmkernel oil, palm oil and 
babassu nut oil was in that year 3.6 X 106 tons. The mean free fatty 
acid content of these oils can be estimated at 4-5 °/o. 
In addition ca. 1.1 X 106 tons whale oil and fish oils with a free fatty 
acid content of ca. 1 9/o were produced in 1962. 
Another large part forms the animal fats which in 1962 comprised 
4.9 X 106 tons of butter and 7.9 X 106 tons of lard, tallow, etc. 18• 

Moreover in that year ca. 1.9 X 106 tons of oil were obtained for 
technical purposes such as linseed oil, castor oil, etc. 

A very large part of the oil from the first three categories has to he 
refined before it is suitable for consumption. 
Assuming a mean refining loss of ca. 1 kg neutral oil per kg fatty acid, 
an estimated amount of ca. 320,000 tons of neutral oil was degraded to 
fatty acid in 1962. 
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To the many attempts which have been made in the course of years to 
reduce these losses, one has recently been added which will be described 
in this thesis. 
After a short survey of a number of methods described in the literature 
(Chapter II) the investigation into a new variant of the alkaline 
neutralization of oils and fats will be described (Chapter III). In addition 
some attention will be paid to this neutralization process considered as 
extraction process (Chapter V). 
Chapter IV will be devoted to an investigation into the occurrence of soap 
in oil. In most neutralization processes oil and alkali are mixed as a result 
of which soap is formed. After separating the two phases part of the soap 
remains in the oil. There is no agreement among the various investigators 
about the question of the occurrence of soap in oil whether the soap 
occurs as molecular or colloidal solution or as emulsified aqueous 
solution or in both forms side by side. 
In Chapter VI it will be attempted to go further into the essence of the 
neutralization process and into the influence of a number of variables 
on the mechanism of this process. 
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CHAPTER II 

SUR VEY OF THE LITERATURE ON THE 

NEUTRALIZATION PROCESS 

1. Introduction. 

In the previous chapter it has been pointed out that neutralization does 
not only comprise the removal of free fatty acids from an oil. During 
this process also undesirable colouring matters and flavour compounds 
are eliminated from the oil. 
The most frequently applied neutralization methods are those in which 
the oil is brought into contact with an alkaline reagent. The free· fatty 
acids react with the alkali while forming soap. After the reaction the 
soap solution formed is separated from the oil. Apart from the desired 
formation of soap from alkali and fatty acid and a possible reaction of 
the alkali with colouring (and flavour) compounds which may lead to 
removal of these substances, also undesirable reactions occur such as: 

1. formation of emulsions; 

2. saponification of neutral oil. 

In Chapter I it has been indicated how the refiners are invariably 
faced with this problem of secondary reactions. 
The problems are caused by the fact that the conditions which are 
favourable for a small saponification loss, increase the emulsion danger 
and/or give rise to a slighter colour reduction during neutralization. 
The result of the neutralization is therefore highly dependent on the 
processing conditions which in turn are partly determined by the 
quality of the raw materials to be processed, the apparatus available 
and the availability of skilled labour. 

It is therefore not surprising that in the course of time many proposals 
have been made to attain the most favourable results. 
In Europe especially the batchwise neutralization in large kettles has 
been applied. The great experience the European refiners have gained 
was largely acquired from the neutralization of relatively pure animal 
fats and "cold-pressed" oils. In America, owing to the growing 
cotton production, more and more very dark coloured cottonseed oil 
became available. This oil can be satisfactorily neutralized with a more 
concentrated caustic soda ( 4 8 N) than was customary in Europe 
(0.8 N), because during the treatment with the concentrated lye a 
considerable colour reduction occurs. The neutralization technique with 
more concentrated lye was adopted in Europe for refining "hot-pressed", 
and hence dark coloured oils and animal fats of poorer quality. 
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In some cases the neutralization methods with centrifuges, generally 
applied in America, were used, in other cases the American recipes were 
adapted to the batchwise neutralizations in the large kettles. 
The losses which occur in the alkaline neutralization have created the 
need for physical methods in which the fatty acids are removed from the 
oil more selectively. 

Another attempt to decrease the losses is the addition of certain 
substances to the oil or to the alkali which would make the emulsions, 
which are formed on neutralization, less stable and cause the separation 
of oil and alkali to proceed faster and more completely. 

The procedures applied in practice and suggested in the literature will 
be subjected to a detailed consideration. 

2. Batch processes. 

The batchwise neutralizations were originally carried out in open-top 
neutralizers, at present, however, mainly in closed kettles. These vessels 
may operate under over-pressure as well as under reduced pressure. They 
are cylindrical vessels and their height is 1.5 - 2.5 times the diameter. 
The kettles are shaped conically at the bottom; the apex of the cone is 
90 - 120°. The kettles contain a number of heating coils. Steam or cold 
water can be passed through these coils for bringing the contents to the 
appropriate temperature. 
The kettles are provided with a gate stirrer. The stirrer must be 
constructed in such a way that the contents are thoroughly mixed in 
vertical direction without the occurrence of too high shear stress in the 
oil-water mixture. 
In addition the vessels have inlet and discharge pipes for oil. The alkali 
solution required is introduced into the vessels via a circular pipe under 
the cover. Spray nozzles or distributing pipes are mounted on this ring 
main. The liquid flowing out of these pipes falls on to splash-plates which 
distribute the lye in the form of droplets. 
With this system the alkali added is distributed over the oil surface in 
the best possible way. 

The soap solution formed by reaction of the alkali with the free fatty 
acids is allowed to settle during a resting period and is subsequently 
drawn off. 

In these kettles neutralizations under widely divergent conditions may 
be carried out. A number of processes can be divided into groups which 
will be further described hereafter. 

2.1. Neutralization with dilute caustic alkali 1• 

For this method use is made of a relatively dilute caustic alkali solution. 
In practice often a lye solution of 0.8 N at 90° C is used which is added 
with a 10-25 O/o excess to oil at ca. 90° C. 
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The use of 0.8 N or an even more dilute alkali decreases the chance of 
loss by saponification but increases the risk of emulsion formation. 
Another advantage of the dilute alkali solution is the lower viscosity of 
the soap solution formed. As a result oil particles entrained by the soap 
are separated off more easily during settling and join the oil phase. 

This method is less suitable for oils with high contents of free fatty 
acid (~ 6 °/o) because the volume of the required alkali solution reduces 
the oil capacity of the apparatus. 

For very dark coloured oils this method is likewise less suitable because 
the colour reduction during neutralization is insufficient. For these oils 
a more concentrated caustic alkali solution is used because in the 
neutralization this lye often has a decolorizing effect. 

2.2. Neutralization with concentrated caustic alkali 1, 2• 

The procedures which can be classed in this category are carried out 
with ~ 2 N caustic alkali. A concentration often used is ca. 4 N. 
In the neutralization with 4 N lye, a highly viscous soap is formed 
which to an increased extent may lead to occlusion and retaining of oil 
droplets. As with dilute alkali, the neiitralizations with concentrated 
lye are usually carried out at ca. 90° C. 

2.3. Cold water neutralization method 1• 

A number of crude oils contain mucilage which may give rise to the 
formation of highly stable emulsions. 
A method applied to prevent the formation or stabilization of emulsions 
by mucilage is the so-called "cold water method". 

This procedure is based on the property of the mucilage to swell with 
water at low temperature and thus lose the stabilizing influence on the 
emulsions. Consequently to the crude oil or to the crude fat, at a 
temperature not exceeding 50° C, water is added, the amount being 
dependent on the content of free fatty acids. In general, it is two to five 
times as large as the amount of free fatty acids present in the oil. 
The oil and the water are thoroughly mixed. Subsequently the required 
amount of caustic soda is added in the form of a concentrated solution 
( 4 - 6 N) and the mass is subsequently heated to ca. 90° C while stirring. 
Then the emulsion breaks. Finally the mass is allowed to rest to enable 
separation of the oil and water phase. 

Other refiners prefer to heat the oil slowly to ca. 90° C after addition 
of water while stirring vigorously and then add the alkali. 
The preference for either method is largely determined by experience. 

2.4. Neutralization with highly concentrated caustic soda. 

Instead of stirring with water, followed by spraying a concentrated 
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caustic alkali solution on the mixture, some authors recommend the 
reverse order. 

At low temperature (30 50° C) an excess concentrated lye solution 
(4 - 7 N) is added to the oil while stirring vigorously. After the reaction, 
water is added to the mass and the temperature is increased until a 
satisfactory separation of oil and soap solution occurs a, 4, 5, 6• 

2.5. Neutralization followed by separation of the soap in solid form. 

A considerable amount of neutral oil is lost owing to the emulsifying 
action of the soap. 
Neutralization processes were worked out by some investigators in which 
the soap during or after neutralization was brought into solid form; the 
possibility of emulsification of oil in the water phase is then excluded. 
These procedures can be divided into three groups: 

a) the first modification starts from a normal neutralization with caustic 
alkali after which the water added and the reaction water are 
evaporated by heating the mass in vacuo. The soap formed flocculates 
and can be separated off e.g. by filtering 7• 

b) in the second modification so little water is used during the neutral
ization that the water and the soap separate off as a solid phase. It has 
a granular structure and consists mainly of hydrated soap. The size 
of the lye droplets is a further contributing factor to the granular 
soap structure. The soap is separated from the oil by centrifuging 
or decanting 8• 

c) The third modification differs from the two methods given under 
a) and b) in that no water is added to the reaction system 9• A large 
excess of dry soda ash is added to the dried oil at ca. 90° C. The 
reaction mixture is stirred for 1 hour and is then filtered in order 
to separate the oil from the excess soda ash and from the soap formed. 

2.6. Modifications of the batch refining processes. 

As a result of experiments and experience the refining techniques 
described have been modified considerably in the course of years. Some 
of these modifications will be discussed. 

a) Addition of NaCl before, during or after neutralization. 

It is obvious that the formation of emulsions can be suppressed by 
electrolytes. Sodium chloride is preferably used for this purpose. 
Addition of salt water to the oil in the neutralizer before the lye is 
added would decrease the neutralization loss owing to a smaller loss 
of neutral oil in the soapstock 10• 
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Also the addition of a salt-containing lye would restrict the formation 
of emulsions during the neutralization and thus reduce the neutral
ization loss 11, 12• 13• 

Others prefer to add ·salt or a salt sofotion after the neutralization. 
The stability of the emulsions formed is affected by the salt. Moreover 
the difference in density between oil and lye is increased, as a result 
of which the oil which is liberated by the break of the emulsion is 
able to deposit more rapidly 4, Ii, 14, iii. 

b) Control of the droplet size of the caustic soda. 

In the batch neutralization the caustic soda is often sprayed on the 
oil via the so-called splash-plates. The size of the lye droplets may 
vary considerably which may be detrimental to the final result. The 
large droplets fall rapidly through the oil and probably reach the 
bottom of the kettle before the lye has been consumed completely. 
The smallest droplets move very slowly through the oil or, under the 
influence of the Brownian motion of the oil molecules, they are 
hardly able to move downwards. 
At the end of the resting period which follows neutralization, the oil 
will still contain an amount of small lye droplets. During this resting 
period the caustic soda in these droplets - in so far as it has not reacted 
with the f.f.a. * in the oil - causes saponification of neutral oil. To avoid 
the above objections some authors recommend control of the diameter 
of the droplets between 0.5 and 5 mm s, 13• 

c) Use of other alkaline reagents. 

Instead of caustic soda the use of other alkaline reagents is 
recommended e.g. KOH instead of NaOH. The use of KOH, however, 
is unattractive for economic reasons and has no great advantages. 
Soda ash is used by some refiners for the batchwise refining of some 
oils with a high fatty acid content. Soda ash found wide application as 

. reagent in the continuous neutralization techniques under § 4. (J). 25). 
The use of Ca(OH)2 as reagent has also been suggested 16 in ifddition 
to ammonia, ethanolamine and water-glass. The latter reagents have 
not found wide application in practice and will therefore not further 
be discussed. 

d) Removal of free fatty acids in two stages. 

Especially in the case of oils with a high content of free fatty acids 
it may be profitable not to remove the f.f .a. completely in one step, 
but to carry out the neutralization in two steps. In this way the loss 
could be reduced. Moreover the oil would obtain a better colour and 
the consumption of caustic soda would be lower 17• 18• 

e) Modifications in the stirrers. 

In general caustic alkali is added while stirring. Some authors indicate 

* f.f.a. = free fatty acids. 
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that stirring with the usual gate stirrers is insufficient. This applies 
particularly to those cases in which the colour of the oil is very dark. 
These authors recommend the use of a "high-shear" stirrer with which 
the oil and the caustic alkali are mixed very intensively 19• 

In addition to these modifications a great number of greater and smaller 
modifications have been made in processing conditions on the one hand 
and in the apparatus on the other. Many are used indiscriminately by the 
experienced refiners which makes neutralization into an "Art". 
It is beyond the scope of this thesis to quote and discuss all these 
modifications since they will not increase our knowledge of the process. 

3. Semi-continuous processes. 

In the batch process in the neutralization kettle the alkali is relatively 
unevenly distributed over the oil, both with respect to the amount of 
alkali per m2 oil surface and the size of the oil droplets. As a consequence 
it is possible that during alkali addition part of the oil in the kettle, which 
has already been neutralized, is brought into contact with alkali for a 
second or even a third time whereas another part of the oil has not yet 
been neutralized. 
To prevent this situation as much as possible, the mass is stirred when 
the alkali is sprayed on the oil. This stirring action, however, has also 
some disadvantages because fine lye droplets are formed which settle very 
slowly or not at all. In so far as it has not reacted with free fatty acids, the 
remaining caustic soda in the droplets will be able to attack the neutral 
oil owing to the long residence time, so that oil is lost. 
Moreover because of the stirring action, apart from the W/O emulsion, 
a very fine dispersion of oil in the water phase will occur, which changes 
into an O/W emulsion. On straining, the emulsified oil is entrained by 
the soap and is subject to degradation. 
These disadvantages which are inherent in the procedure have made it 
clear that it was necessary to develop a completely different way of 
neutralization in which the contact between the two phases is more 
controlled. This has been attained by causing the oil to rise through the 
alkaline solution instead of causing the lye to move downwards through 
the oil. 

To carry out this procedure with success 20 it is necessary to divide the 
oil into droplets. The diameter of these droplets must be kept within 
narrow limits to ensure that all droplets have the same residence time 
when passing through the lye. The optimum dimensions appeared to lie 
between 0.5 and 2.0 mm; a diameter of ca. 1 mm is considered to be 
particularly suitable. 
Larger droplets lose their spherical shape and "waddle" upwards through 
the lye. In this way smaller droplets can easily be formed. Smaller 
droplets are likewise less favourable because they are more sensitive to 
currents which may occur in the lye. Thus it becomes very difficult to 
control the residence time of the oil. If the oil remains in the lye longer 
than is necessary for neutralization, saponification of the neutral oil 
at the surface of the oil droplets may occur. 
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The neutralization apparatus used for carrying out this process consists 
of a cylindrical vessel with a height of ca. 3 m. At the bottom of this 
vessel a specially designed oil inlet has been constructed with which the 
oil is divided into droplets of the desired dimension. 

At the beginning of the process the apparatus is completely filled with 
caustic alkali; then oil is added. The oil is divided into droplets which 
slowly ascend (2 - 8 cm/sec). When they have reached the top of the 
apparatus the oil droplets coalesce to form an oil layer. If the oil layer 
has attained a suitable thickness, the oil outlet at the top of the apparatus 
is opened. 
The addition of oil is continued until ca. 75 °/o of the caustic alkali has 
theoretically been consumed. Then the oil flow is stopped and the oil 
layer expelled by adding water. The caustic alkali consumed is removed 
from the apparatus and a fresh lye solution is pumped into the vessel. 
Then the next neutralization cycle can begin. The oil obtained is free 
from fatty acid and contains hardly any soap 20• 

This process has advantages over the batch neutralization process because, 
unlike the batch process, the oil obtained needs no longer to be washed with 
water to remove the remaining soap and lye droplets. Moreover, under 
favourable working conditions hardly any emulsions occur, so that the 
loss is lower than in the batch process. Russian investigators have 
developed a procedure which closely resembles the preceding process 21• 

The main distinction between the two processes is the apparatus. Instead 
of a specially designed apparatus these investigators use a batch refining 
kettle in which at the bottom a specially constructed oil inlet has been 
mounted. The top of the kettle has been modified in such a way that a 
regular discharge of the neutralized oil is possible. 

4. Continuous processes. 

The main continuous processes are those in which, after mixing the oil 
and lye, the phases are separated by means of centrifuges. With these 
centrifuges relatively small droplets of oil can be separated from the alkali 
and alkali from the oil. The oil obtained is therefore generally purer, 
whereas in the case of alkali concentrations equal to those in the 
batchwise neutralizations the loss of neutral oil is smaller. 

The development of the centrifuge processes has taken place particularly 
in the U.S.A. The first continuous neutralization plant was installed there 
in 1933 although the first centrifuges for continuous neutralization 
appeared as early as 1893. 
Since then various procedures have been suggested for neutralizing oil 
by means of centrifuges. Some of these processes which have found 
application will be elucidated below. 

4.1. Conventional Caustic Process 22, 23, 24. 

To a continuous flow of crude oil sufficient caustic alkali is added at 
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ca. 35° C using a metering pump; the mass is passed through a continuous 
mixer and subsequently heated in a heat-exchanger to ca. 80° C. Then the 
mixture flows to a continuous centrifuge for separating the oil from 
the lye. 

The discharged oil is passed through a second mixer in which the oil is 
mixed with water. Then the mass is again centrifuged. After being 
neutralized and washed the oil is dried in vacuo. 

After the development of the caustic process a number of procedures 
followed in which soda ash instead of caustic soda was used, because 
caustic soda is able to saponify neutral oil under the conditions of the 
neutralization and thus involves losses. Under these conditions soda ash 
does not attack the neutral oil or only to a small extent. 

4.2. Full Soda Ash Process 2s, 26. 

The first continuous process which used soda ash was the so-called "Full 
Soda Ash Process". 
The crude oil is heated to ca. 60° C and then mixed with one and a half 
times the theoretical amount of concentrated soda ash solution 
(180 - 240 g/l). After the mixer the mass is passed through a heat
exchanger and heated to ca. 100° C. Subsequently the mixture is sprayed 
in a vacuum chamber to separate the liberated C02 from the oil-soda
soap-mixture. The liquid is pumped from the vacuum chamber, mixed 
with a small amount of soda ash solution (2 5 °/o) and centrifuged. 

The oil obtained is free from fatty acid but still has a dark colour. 
The intensity of this colour is reduced in a second stage by mixing the 
oil at ca. 40° C with 1-3 O/o of a 2-8 N NaOH solution. The mixture is 
rapidly heated to ca. 70° C and then centrifuged while adding a small 
amount of water to make the concentrated soap more liquid. Finally 
the oil is washed with water and dried. 

The dehydration and the rehydration make the "Full Soda Ash Process" 
complicated. In the course of years a number of modifications have 
therefore been made which have led to the so-called "Modified Soda 
Ash Process". 

4.3. Modified Soda Ash Process. 

This procedure closely resembles the preceding process. The dehydration 
and rehydration step have been made superfluous by using ca. two and 
a half times the theoretical amount of soda ash for the neutralization. 
Under these conditions the soda ash is only converted into sodium 
bicarbonate and evolution of carbon dioxide gas does not occur 27• It is 
now possible to centrifuge immediately after neutralization. 

The second possibility to avoid the removal of carbon dioxide is working 
under pressure; then the C02 gas remains dissolved in the reaction 
mixture 28, 29• 
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The third possibility to by-pass the disadvantage of the liberation of 
carbon dioxide gas is the application of a mixture of caustic soda and 
soda ash in which the caustic soda is supposed to bind the greater part 
of the free fatty acids, whereas the weaker base, soda ash, serves to bring 
the content of free fatty acid to the desired low level 3o, :n. 
Moreover, on using a NaOH-Na2C03 mixture the favourable effect of 
NaOH with respect to the colour and the elimination of non-hydratable 
phosphatides is utilized without the danger of saponification of oil by 
caustic soda 32• 33• 

4 .4. Ammonia process. 

The development of centrifuges which can work under pressure has 
made it possible to neutralize with ammonia as alkaline reagent. 
Ammonia just as soda ash is a non-saponifying reagent. It is particularly 
suitable when oils with a high phosphatide content have to be neutralized. 
The aqueous liquid which is discharged from the centrifuge is dried, and 
the ammonia recovered. The phosphatide-containing residue is valuable 
as component of cattle feed 34• 

4.5. Ultra Short Mix Process. 

A development of a neutralization process with centrifuges, in which the 
possibility of saponification of neutral oil is reduced to a minimum, is 
the so-called "Ultra Short Mix Process" 35• In the spindle of the centrifuge 
used for this process a separate oil inlet and lye inlet have been mounted 
which both end in a mixer mounted in the upper part of the spindle. 
Immediately after mixing, the lye and the oil phase are again separated. 

4.6. Refining of miscella. 

A frequently applied method for the production of oils is extraction 
from seeds with (technical) hexane. A large number of methods have 
been suggested for refining the oil in the extractant. The solution in 
hexane is mixed with alkali after which the two phases are separated by 
means of gas-tight centrifuges 36, 37, ss, 39, 4o. 

This process has the advantage that the difference in density between 
the two phases is considerably greater than in the refining of oil as 
such and that the viscosity of the oil phase is considerably lower, so that 
the neutral oil solution will contain less soap after centrifuging. 
A disadvantage is the requirement that all apparatus must be completely 
closed and also explosion-proof. In addition, with this process two hexane 
containing phases are obtained which must be liberated from hexane 
separately. Apart from neutralization of oil dissolved in hexane, processes 
have been suggested in which to the mixture of oil in hexane and alkali 
solution a second solvent is added. This second solvent is especially 
intended to improve the solubility of soap and to decrease the viscosity 
of the soapstock. As such lower alcohols, such as isopropanol are 
suggested. 
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Owing to the low viscosity of the oil phase as well as of the water phase 
a satisfactory separation of the oil and the soap solution may occur 41• 

Others suggest the use of solvents in which both the oil and the water 
are soluble e.g. ketones. To the solution of the oil, concentrated caustic 
soda is added. Two layers occur, sometimes only after addition of salts; 
one layer contains all neutral oil and only a small amount of solvent, 
the second layer contains all the soap, almost all the water and the 
impurities from the oil and the greater part of the solvent 42• 43 • 

The solvents used can in both cases be recovered by evaporation and 
fractionation. 
It is clear that by using a water-miscible solvent the process becomes even 
more complicated than already is the case in the miscella neutralization. 
Especially the necessary fractionation of the solvents is a disadvantage. 

4.7. Comparison of the batchwise neutralization with the centrifuge 
neutralization. 

If the batchwise neutralization and the continuous neutralization with 
centrifuges are compared, the following can be observed. 
The batchwise neutralization takes place in a simple inexpensive apparatus 
which requires little maintenance. The centrifuge neutralization, however, 
requires considerable investment and good maintenance service. 
The apparatus for the batchwise neutralization is highly flexible and can 
therefore process oils of widely divergent quality. The neutralization with 
centrifuges on the other hand requires oils of constant quality. Adjust
ment of the apparatus when changing from one type of oil to another 
is generally not simple and forms a disadvantage of the continuous 
neutralization methods. On the other hand the influence of the operator 
on the results of processing in the batch process is very great. In the 
centrifuge process it is much smaller although the adjustment of the 
apparatus asks for highly skilled labour. The results of a satisfactorily 
carried out batch process are not inferior to those of the continuous 
process. 
The question which of the two processes should be preferred can 
therefore not be answered unconditionally: it highly depends on local 
conditions 44. 

5. Use of additions in the neutralization. 

The losses of neutral oil may increase to more than 1 kg per kg removed 
fatty acid as has been pointed out in Chapter I. For the refiners it is of the 
greatest importance to keep this loss as low as possible. It has been 
indicated how many possibilities there are in the actual alkali neutral
ization to restrict the loss. 

Other refiners have tried to restrict the loss by adding certain substances 
to avoid the formation of emulsions on neutralization or to break them 
more rapidly. The addition of sodium chloride has already been 
mentioned. A large number of other substances have been suggested in 
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the course of years. A well-known addition is that of phosphoric acid. 
Addition of this acid is applied in a frequently used continuous neutral
ization process. Just before refining ca. 0.1 O/o H 3P04 is added to the oil 
and thoroughly mixed. Immediately afther this, the oil, without separating 
off the phosphoric acid, is neutralized with caustic soda 35, 45, 46• 

A series of other substances can be added either to the oil or to the caustic 
soda before or after neutralization. 
Various inorganic substances have been suggested such as sodium ferro
cyanide 47 and borax 48• Also the presence of phosphate- and/or 
ammonium-ions is considered useful 49• 

Also a number of organic substances can be added to the mass as 
"miracle substance" before, during or after neutralization which would 
decrease the loss considerably and/or improve the quality of the oil. 

Surfactants are recommended, non-ionic ss, 40 as well as anion-active 
detergents 50• In addition urea 51, citric acid 52 and casein 53 are mentioned. 
Apart from these additions the literature mentions many other substances 
which (would) bring about an improvement in the neutralization process. 
All these substances may under certain conditions reduce the loss during 
neutralization. Nevertheless it should be emphasized that neither the 
action nor the effect of all these substances is very clear. However, none 
of these substances contributes in general sense to the solution of this 
important problem. 

6. Physical deacidification methods. 

The alkaline reagents which are used in the neutralization process do not 
act selectively, for in addition to neutralization of the free fatty acids 
under certain conditions also neutral oil can be saponified. Moreover, 
the system is such that amounts of oil can easily be withdrawn from the 
desired final product as a result of emulsification. 

In order to overcome these difficulties which are inherent in the alkaline 
neutralization of oil, attempts have been made to develop more specific 
methods to expel the free fatty acids from the oil. 

6.1. Deacidification by distillation of the free fatty acids. 

An often applied procedure is deacidification by means of distillation. At 
temperatures between 210 and 280° C, while passing through steam at a 
pressure of 2 - 6 mm Hg, the free fatty acids are evaporated and 
transferred to a condenser with the help of this steam. 
For the deacidification by distillation various types of apparatus including 
those of the continuous type have been constructed and applied in 
practice 54, 55, 56, 57, 58. 

The operations carried out with these apparatus are usually not intended 
for complete removal of the fatty acids. The distillation is generally 
stopped at an f.f .a. content of 0.2 - 0.5 °/o, because at lower acidity 
neutralization proceeds very slowly. The remaining fatty acids are 
removed by alkaline neutralization. 
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Deacidification by distillation is especially applied to palm oil which 
often has a high f.f.a. content. To prevent brown coloration of the oil 
when heated to high temperatures, the palm oil is first subjected to a 
treatment with phosphoric acid during which the mucilage and 
particularly the iron ions are removed. 

During the deacidification by distillation the pre-treated palm oil 
becomes considerably lighter in colour, owing to thermal decomposition 
of the carotene present. The latter effect makes this type of deacidifi
cation very attractive for palm oil, because without this heat-treatment 
a large amount of bleaching earth is required for decolorizing the oil. 

For other types of oil deacidification by distillation is generally less 
attractive. At the high temperature brown coloration often occurs which 
can be overcome at the expense of much bleaching earth (involving a 
great oil loss). Only under certain conditions can a groundnut oil be 
deacidified profitably by distillation, but for almost all other oils this 
deacidification is more expensive than alkali neutralization 59• 

6.2. Extraction of the free fatty acids. 

Also the extraction of the free fatty acids with a selective solvent has 
been the subject of many studies. As solvents in these studies almost 
invariably lower alcohols are used. 

These processes have not found practical application, because the 
processing costs are too high. Especially the recovery of the large 
amounts of solvents which are necessary for the extraction makes the 
process expensive 60, 61 ' 62• 

7. Conclusion. 

From the above literature survey it may be concluded that the number 
of possible combinations of processing conditions and apparatus for the 
alkaline neutralization is very great. It is extremely difficult to gain a 
clear insight into the matter with the help of the literature, because 
almost all factors have been established phenomenologically and are 
hardly, or not at all, supported by theoretical insight. 

Moreover, it has become clear that the alkaline neutralization is still in 
the centre of interest although a large number of disadvantages is attached 
to this type of neutralization. 
In spite of much research it has not yet been achieved to come to a more 
specific removal of the free fatty acids which at the same time is 
universally applicable and may compete with the alkaline neutralization 
economically. 
Only the deacidification by distillation of palm oil is a process which 
has found wide practical application. 
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CHAPTER III 

DEVELOPMENT OF A NEW NEUTRALIZATION METHOD *) 

1. Introduction. 

It has become clear from the previous chapters that in most neutralization 
processes, when the oil or the fat is brought into contact with the alkali 
in a more or less uncontrolled way, refining losses may occur. In the soap 
solution which is formed from the free fatty acids and the alkali, oil 
droplets may be emulsified which, on separating the oil from the water 
phase, are entrained by the soap solution and are consequently lost. Small 
droplets of water phase remain in the oil. The excess alkali present in these 
droplets can, in as far as they have not reacted with free fatty acids, attack 
neutral oil and saponify glycerides. This is especially the case when caustic 
soda is used as alkaline reagent for the neutralization. 
The alkali and any soap formed from it, which have remained in the oil, 
must be removed by washing with water. These washings do not only 
involve extra costs, but also extra losses. 

An improvement o.f a process for the alkaline neutralization of edible 
oils must in the first place be directed to the prevention of emulsification 
of oil in the aqueous soap solution and of alkali in the oil phase. This can 
be attained by contacting the two phases involved in a more controlled 
way, namely in such a manner that the formation of water/oil emulsions 
or oil/water emulsions is prevented as much as possible. 
A possibility to prevent the formation of these emulsions is to avoid too 
great mechanical forces. This also implies that the two phases must not 
or cannot be mixed mechanically. Yet the free fatty acids from the oil 
must be contacted with the alkali. In the absence of effective mixing, 
the transport of the free fatty acids from the oil to the interface of the 
oil and the lye phase must wholly or partly take place by diffusion. 

In order to attain a reasonable rate of neutralization the distance over 
which the diffusion has to take place must be small and the contact 
surface as large as possible. 

Two neutralization methods which satisfy these conditions have been 
described and brought into practice i, 2• The principle of both procedures 
is the same, only the apparatus used differ. Using these methods the oil 
is divided into droplets of ca. 1 mm in diameter, which are caused to 
ascend through a lye column after which the oil droplets coalesce to an 
oil layer at the top of the column which is then drawn off (Chapter II, 
§ 2.). 

•:') Belg. P. 647,950 (1964). 

32 



It has been found that excellent results can be obtained with these 
neutralization methods. However, some objections are attached to these 
procedures namely: 

a) it is very difficult to divide the oil into droplets of the same diameter. 
Larger droplets ascend more rapidly through the alkali and interfere 
with the smooth rise of the other droplets. Moreover, they may 
escape complete neutralization because the distance over which the 
free fatty acids must be transported, is greater and the contact time 
shorter. 
Smaller droplets, on the other hand, remain too long in the lye so that 
saponification of neutral oil on the surface may occur. On account of 
the investigation described in Chapter VI the chance of saponification 
is not very great. 

b) the formation of the oil droplets and the transport of the oil droplets 
through the lye are extremely sensitive to turbulence which may 
occur in the lye phase. This turbulence is caused by the passage of the 
oil droplets through the lye and further by temperature differences 
and concentration gradients. Because neutralization is strongest at 
the bottom of the alkali column and because the soap solution formed 
has a lower density than the lye, neither the latter cause, nor the 
former factor can be by-passed. 

c) in some oils coalescence of the oil droplets at the top of the column 
proceeds extremely slowly. If the amount of oil droplets which reach 
the top of the column per unit of time exceeds the amount which 
coalesces, a layer of oil droplets mixed with aqueous alkali and soap 
solution is formed. In this way a considerable amount of water phase 
is drawn off from the column together with the oil. Hence one of 
the objectives prevention of mixing aqueous solution with the oil -
is lost. 

The first two objections make this neutralization process less suitable 
for working continuously. In practice the lye is therefore refreshed 
batchwise 1• 

The question has arisen in which way the sensitivity of this neutralization 
process to interference in the flow pattern can be evaded and in which 
way the difficulties which may occur when the oil droplets do not 
coalesce at the top of the column can be overcome. To answer this 
question, the starting point - neutralization without uncontrolled 
distribution of oil in lye and vice versa - must be maintained. 
The solution has been sought in a system in which the oil is passed as an 
uninterrupted layer through a lye solution. 
This chapter describes an investigation based on this principle for the 
development of a workable neutralization process. 

2. Preliminary experiments. 

After the starting point for the process to be developed had been 

33 



established to bring an uninterrupted oil film into contact with an 
alkali solution - the investigation was started with a number of qualitative 
experiments to collect some practical data. For these experiments a 
simple apparatus was erected. The neutralizer proper was built up from 
a double-walled glass tube with a length of 180 cm and an inner diameter 
of 4.5 cm. In the neutralizations the tube was inclined at a small angle 
to the horizontal. 
Through the double wall of the tube, hot water was circulated via a 
thermostat. An elongated stainless steel plate with side-walls directed 
downwards was brought into the tube. At the lower end of this smooth 
plate a box had been mounted which had a slit-shaped aperture at the 
side farthest from the end of the plate. In the opposite wall of the box -
at the end of the plate a pipe had been mounted which, via a rubber 
stopper for closing the tube, had been led outside the apparatus. 
The box had no other apertures. A second tube was passed through the 
rubber stopper. Through this tube the apparatus could be filled with lye. 
After the apparatus had been filled with lye, the oil was distributed, 
through the other pipe and via the slit in the box, under the surface 
of the plate. Owing to the density difference of the oil and the lye, the 
oil remains under the plate and moves along the plate away from the 
box. Side-walls prevent the oil from leaving the plate. The flow of the 
oil can be accelerated by giving the apparatus an inclination. The main 
variables which were investigated in the preliminary experiments were: 

1. the angle of slope of the apparatus. 
This enables adjustment of the film thickness and velocity of the 
oil at a certain oil throughput. 

2. the separate discharge of oil and lye from the apparatus. 
This factor is highly determinative of the success of the operation. 

The first qualitative neutralization experiments were carried out with 
crude coconut oil which had been dried in vacuo at ca. 100° C. At the 
beginning of the investigation, coconut oil was invariably used because 
this oil can very easily be neutralized. 
During the neutralization of coconut oil using the well-known 
techniques, emulsions are formed to a less extent than in the case of 
other oils and fats. The difference in behaviour between coconut oil and 
other types of oil can be related to the great difference in fatty acid 
composition. Coconut oil is for ca. 50 O/o built up of lauric acid (C12-fatty 
acid), most other types of oil being mainly built up of saturated or 
unsaturated fatty acids with 16, 18 or more C-atoms. Moreover, coconut 
oil has a relatively high content of free fatty acids (3 5 O/o), so that the 
study of the neutralization process can be carried out easily and 
accurately. The oil was neutralized at ca. 80° C with 0.4 N caustic soda. 
The arrangement is shown schematically in the flowsheet of Fig. 1. 
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Fig. 1. Flowsheet. 

The main results of the preliminary investigation were: 

soap neutr-&I ized 
soluti~n oil 

Sub 1 : for a smooth and even flow of the oil, the angle of slope of the 
apparatus must not exceed 15°. At higher angles strong wave 
motions occur and oil bubbles may be struck off the surface. All 
experiments described were carried out between angles of slope 
of 2° and 14°. 
In the case of completely horizontal position, the difference in 
thickness of the oil film between the beginning and the end of 
the guiding plate is the only driving force. The oil film in that 
case is too thick at the beginning of the smooth plate. The 
neutralization with the apparatus in horizontal po·sition was 
therefore not studied. 

Sub 2: the separate discharge of oil and lye caused a large number of 
problems at the beginning of the,investigation, because even small 
changes in pressure and changes in flow resistance resulted in 
relatively great vertical shifts of the oil/lye interface. 
The solution to these problems has been sought in preventing the 
occurrence of flow resistances and changes in pressure as much as 
possible. By causing the oil and the alkali to flow via two weirs, 
which had been mounted on the apparatus, the throughput of 
oil and alkali could be varied within reasonable limits independent 
of each other and without causing the interface to shift more than 
2 cm in vertical direction. 
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After these and some other practical problems had been solved, 
a number of quantitative and semi-quantitative experiments were 
carried out. 

3. Neutralizations of oil films. 

3.1. Experiments with coconut oil. 

The preliminary experiments have shown that oil and alkali can be 
contacted and a.gain be separated without emulsification of oil in lye 
or vice versa. In connection with these experiments a number of 
qualitative and quantitative experiments were carried out in which 
the neutralization was studied as a function of the angle of slope and 
of the throughput of the oil and lye. 

Just as the preliminary experiments, these experiments were carried 
out with crude coconut oil at ca. 80° C. The lye concentration was 
adjusted at 0.4 N. 
In order to bind all free fatty acids from the oil fed, invariably ca. 25 O/o 
excess alkali with respect to the amounts required theoretically was 
passed through the apparatus. 
The amount of lye required can be calculated from the oil throughput 
and the free fatty acid content. The relationship between oil and alkali 
throughput can be illustrated by a simple example. 
In experiment 11 83 X 10-2 cm3 oil per sec per cm width was passed 
through the apparatus. The oil contained 4.6°/o free fatty acid. The density 
of the oil at 80° C is 0.89 g/cm3• The equivalent weight of the free fatty 
acids is 218. 

The oil contains 190 X 10-6 geq./cm3• 

The alkali used contains 400 X 10-0 geq./cm3• 

To bind 190 X 83 X 10-s geq./sec/cm free fatty acid, 

190 X 83 X 10-s 
400 x 39 X 10-2 cm3/sec/cm lye is necessary. 

25 O/o excess alkali is added, so that the amount of lye for this experiment 

must be adjusted at-125 X 39 X 10-2 = 49 X 10-2 cm3/sec/cm. In 
100 

the quantitative experiments the amount of crude oil, pumped through 
the apparatus during the experiment, was weighed. The amount of partly 
neutralized oil was likewise determined. Also the soap solution which 
flowed from the apparatus during the experiment was collected and 
weighed. The oil and the soap which were still in the neutralization 
apparatus at the end of the experiment were carefully drawn off, 
separated from each other and weighed. The water content and the f.f.a. 
(free fatty acid) content in the crude oil and the neutralized oil obtained, 
were determined ':'). 

") For methods of analysis : see Appendix. 
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Also the soap content in the processed oil was determined~-). In the 
soap solution obtained, the total fatty matter (T.F.M.) content was 
determined '~). 
From the amounts by weight of crude oil, neutralized oil and soap 
solution and from the analyses of these process flows, a good impression 
can be obtained o.f the course o.f the neutralization: 

a) the f.f.a. content o.f the neutralized oil indicates whether the neutral
ization process has proceeded completely or incompletely; 

b) from the weight and the f.f.a. content o.f the crude oil, the amount 
of fatty acid fed can be calculated. The same calculation can be made 
for the neutralized oil. The difference between these amounts o.f free 
fatty acid would give the amount of fatty acid which has reacted 
with alkali during the neutralization and which has been converted 
into soap. However, during the neutralization not only fatty acid 
but also oil is taken up in the water phase. This finds expression in 
the difference in weight between the crude oil .fed and the neutralized 
oil obtained. The difference in weight is greater than the amount of 
free fatty acid which has been converted into soap during the 
neutralization. The deviation between these two quantities is a 
measure for the selectivity with which the neutralization process has 
taken place. 

In order to compare various neutralizations, the difference in weight 
between the crude and neutralized oil is related to the amount of fatty 
acid removed. This quotient is called refining factor. 
This refining factor indicates the amount o.f material (oil + fatty acid) 
which has been taken from the crude oil per kg fatty acid removed. 

The selectivity of the neutralization process can also be approached in a 
different way. The fatty acids which have been eliminated from the oil 
during the neutralization and the oil which has been lost are present in 
the soap solution obtained. From the weight of the soap solution and 
the T.F.M. content, the total amount of substance removed from the 
oil during neutralization can be calculated. The amount of T.F.M. 
obtained can be related to the amount of fatty acid removed. This 
quotient is called fatty acid factor. The fatty acid factor indicates the 
amount of T.F.M. obtained per kg free fatty acid removed. 

The definitions of the quantities "refining factor" and "fatty acid factor" 
can be represented by the following formulae: 

refinin factor= wt. (crude oil~ water)-.wt.(!'l~l1trali2;ed oil-w.ater-.soap) 
g wt. f.f.a. m crude 011- wt. f.f.a. m neutralized 011 

wt. T.F.M. 
fatty acid factor 

wt. f.f.a. in crude oil wt. f.f.a. in neutralized oil 

'f) For methods of analysis : see Appendix. 
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When the experiments are carried out properly the two factors are 
almost identical. It follows from the definitions that if no loss occurs 
on neutralization, both factors must be equal to 1. A factor > 1 indicates 
that there is some loss. The loss, expressed in kg oil per kg fatty acid 
removed, can easily be calculated from the factors, for the refining factor 
- 1 = fatty acid factor 1 = kg loss/kg fatty acid removed. 

The results of a number of experiments are given in Table 1. 

Table 1 
NEUTRALIZATIONS OF COCONUT OIL 

Film length 180 cm 

Expt. Angle of Crude Throughput Neutralized oil Fatty 
oil cm3/sedcm X 102 acid 

No. slope 0/o f.f.a. O/o f.f .a. 0/o soap factor factor 

1 10° 4.0 14 7 0.5 
2 10° 4.0 28 14 0.9 
3 10° 4.5 28 15 1.1 
4 10° 4.5 49 27 0.9 
5 10° 4.4 69 37 0.9 
6 10° 4.4 75 40 1.0 
7 70 4.4 14 8 0.3 
8 70 4.4 28 15 0.35 
9 70 4.6 49 8 0.9 

10 70 4.6 69 39 0.8 
11 70 4.6 83 49 1.7 
12 40 4.6 14 8 0.5 
13 40 5.8 28 20 0.6 
14 40 6.0 49 36 1.4 
15 40 4.6 63 35 1.6 
16 100 4.8 72 42 1.45 0.01 1.15 1.17 
17 70 4.9 72 43 1.40 0.02 1.19 1.16 
18 40 5.2 70 44 1.35 0.03 1.18 1.16 

From the results of the experiments m Table 1 it follows that the 
desired acidity of ,;;;;_; 0.1 °/o is not attained, so an insufficient amount 
of fatty acid is removed from the oil. 

Although the course is irregular, it can be ascertained that an increase 
in the oil throughput results in an increase in the acidity. A distinct 
influence of the angle of slope is not observed. 

The quantitative experiments show that an excellent refining factor and 
fatty acid factor can be obtained. The loss which, according to literature 
data 3 is ca. 0.5 kg oil/kg fatty acid, is in these experiments less than 
0.2 kg oil/kg fatty acid. 

In all these experiments the soap content of the processed oil is very 
low, so that washing of the oil to remove the soap can be omitted. 
The losses which normally occur on washing free from soap can therefore 
also be prevented. With the exception of the acidity of the processed oil, 
the results of these experiments may be called very satisfactory. 
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Further it was established qualitatively that the lye current has a strongly 
laminated character and that the lye flows practically only in the 
immediate vicinity of the oil film. In the greater part of the alkali hardly 
any flow occurs. This alkali mass does not partake in the reaction. 

The too high acidity of the oil made us decide to build an apparatus of 
double length to make a longer contact time possible. 
A duct with a rectangular cross section with a length of 350 cm, a width 
of 10 cm and a height of 1 cm was built (Figs. 2 and 3). The small height 
of the apparatus has been chosen on account of observations in the 
previous experiments that the flow of the alkali mainly occurs in the 
immediate vicinity of the oil layer. 
Two copper tubes in heat-conducting lute were mounted at the bottom 
of the apparatus. Hot water was circulated through these tubes via a 
thermo·stat. 

Fig. 2. Neutralization duct; straight film. 

3. Neutralization duct; straight film. 

In this apparatus neutralizations were carried out in which the throughput 
of the oil and the angle of slope were varied. These experiments were 
carried out with crude coconut oil which was neutralized with ca. 25 °/o 
excess 0.4 N caustic soda. 
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Some of the results obtained are given in Table 2. It appears that the 
final acidity is still too high. On an average the results in the case of 
comparable flow rate are more favourable than in the experiments with 
the shorter guiding plate. 

! 

Expt.. Angle of 
No. I slope 

19 10° 
20 10° 
21 10° 
22 10° 
23 70 
24 70 
25 70 
26 70 
27 40 
28 40 
29 40 
30 40 
31 70 

Table 2 
NEUTRALIZATIONS OF COCONUT OIL 

Film length 350 cm 

Throughput Neutralized oil Crude oil cm3/sec/cm X 102 
0/o f.f.a. % f.f.a. 

1 
O/o soap oil I lye 

5.3 56 37 0.6 
5.3 72 48 0.6 O.ot 
5.3 83 55 0.8 0.01 
5.3 100 66 0.6 0.03 
5.6 56 39 0.7 O.ot 
5.6 69 49 0.8 0.01 
5.6 83 58 0.9 0.01 
5.6 111 78 1.0 0.01 
5.5 56 39 0.7 
5.5 69 48 0.9 
5.5 83 57 1.1 0.02 
5.5 117 81 1.5 0.03 
5.7 69 50 1.0 0.03 

! 

Refining• Fatty acid 
factor 

I 
factor 

1.18 1.20 

The effect of a longer duct on the f.f.a. content is made visible in 
Fig. 4, in which the f.f .a. content has been plotted against the oil load. 
In spite of the higher acidity of the crude oil used, the mean fatty acid 
content after the long duct is ca. 0.4 °/o lower than in the shorter duct. 
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Fig. 4. Film neutralization of coconut oil; f.f.a. content versus oil throughput. 



The refining factor and fatty acid factor obtained are again very 
satisfactory. Also the soap content of the neutralized oil was very low. 

All these results together made the prospects attractive and justified 
continuation of the investigation. 

The construction of even longer apparatus to prolong the contact time 
was considered unpracticable. Therefore a number of experiments was 
carried out in which the oil flowed successively through three of the 
above neutralization apparatus~ The three ducts were mounted above 
each other at an angle of slope of 10°. The crude oil was supplied at 
the top duct on the lower end and then flowed as a film upwards. After 
discharging via the weir, the oil flowed into the second duct as a result 
of the difference in height and from the end of this duct into the last 
apparatus. 
The lye in these experiments was first introduced at the lowest of the 
three ducts. After passing through this apparatus concurrently with the 
oil, the discharging soap and alkali solution was pumped into the middle 
duct and from there into the top duct. 
Thus whereas the flow of the oil and the alkaline solution in each duct 
is concurrent, the general flow is countercurrent. 

The results of a number of these experiments are given in Table 3. 

Table 3 
NEUTRALIZATIONS OF COCONUT OIL IN THREE STAGES 

Throughput Neutralized 0i1 

Ex pt. Crude oil cm3/sec/cm x 102 Lye 
concentration 

No. O/o f.f.a. I geqJl after 1st after 3rd after 3rd oil lye 
duct duct duct 

32 3.91 40 22 0.35 0.17 0.01 
33 3.92 40 22 0.35 0.17 <o.oi 
34 3.95 40 22 0.35 0.56 0.33 0.23 0.01 
35 3.94 40 22 0.35 0.58 0.29 0.22 <o.oi 
36 3.82 40 19 0.40 0.51 0.19 0.13 <o.oi 
37 3.82 40 19 0.40 0.46 0.17 0.09 0.01 
38 3.82 40 19 0.40 0.42 O.H 0.11 O.Ql 
39 3.90 20 9 0.40 0.22 0.11 0.05 <o.oi 
40 3.97 20 9 0.40 0.22 0.10 0.05 <o.oi 
41 3.96 20 9 0.40 0.25 0.10 0.05 <O.ot 
42 3.98 40 9 0.82 0.23 0.11 0.06 0.01 
43 3.96 40 9 0.82 0.35 0.13 0.07 0.01 
44 3.97 40 9 0.82 0.20 0.12 0.08 <o.oi 
45 3.96 40 9 0.82 0.24 0.13 0.09 O.Ql 

The results in Table 3 show that (under certain conditions) it is possible 
to reduce the f.f.a. content to values <0.1 O/o. 
Further it appears that it is extremely difficult to remove the residual 
fatty acids from an oil which flows as a film along a caustic soda solution. 
In the first duct on an average more than 85 O/o of the fatty acids is 
removed. The two other ducts are necessary for removing another 12 °/o. 
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3.2. Experiments with Fancy Tallow. 

The next step in the investigation was to ascertain in what way other 
oils could be neutralized. 
In view of the large number of oils existing a selection had to be made. 
A second grade tallow further specified as Fancy Tallow has been chosen, 
as it has been shown that tallow is extremely hard to neutralize with 
a reasonable yield. 
This fat was also chosen for some other reasons e.g.: 

1. coconut oil contains much !auric and myristic acid and only few 
fatty acids with 16 or 18 C-atoms. Fancy Tallow, on the other hand, 
contains few lower fatty acids and many fatty acids with 16 and 
18 C-atoms. 

2. the solubility of soap prepared from coconut oil fatty acids is much 
higher than the solubility of Tallow soap 4• 

The first variable which had to be investigated in the experiments with 
Fancy Tallow was the alkali concentration. Some qualitative experiments 
had shown that conditions which were favourable for the neutralization 
of coconut oil, were less suitable for Fancy Tallow. For at too high alkali 
concentrations (>0.2 N) large amounts of fat enter the soap owing to 
emulsification and are drawn off together with the soap. To get an 
impression of the effect of the alkali concentration, a number of 
quantitative experiments was carried out in the 180 cm long neutral
ization apparatus described (§ 2.), which for these experiments had been 
placed at an angle of slope of 10°. The oil throughput was adjusted at 
83 X 10-2 cm3/sec/cm. The lye was dosed in an excess of ca. 25 °/o. 
A number of the results is given in Table 4. 

Table 4 
QUANTITATIVE NEUTRALIZATIONS OF FANCY TALLOW 

Ex pt. Crude oil Lye concentration Neutralized oil I Refining Fatty acid 
No. 0/o f.f.a. geqJl -·--······-1 O/o f.f.a. ! O/o soap 

factor factor 

46 4.83 0.4 3.7-3.9 0.01-0.12 1.99 2.18 
47 4.83 0.2 2.4-1.8 0.02 1.63 1.62 
48 4.83 0.1 2.9-2.5 0.02 1.35 1.32 

It appears from the results that a lye concentration of 0.4 geq./l for 
Fancy Tallow leads to the poorest results in all respects, namely: the 
highest f.f.a. content in the processed oil, the highest soap content and 
the highest refining and fatty acid factors. The cause of these phenomena 
will be further dealt with in Chapter VI. When 0.2 N and especially 
0.1 N lye is used considerably lower factors are obtained. 

In the arrangement of the three long ducts a number of neutralization 
experiments was carried out with the Fancy Tallow at ca. 80° C using 
ca. 25 O/o excess 0.2 N lye. 
The results of these experiments are given in the following table. 
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Expt. 
No. 

49 
50 
51 
52 
53 
54 

Table 5 
NEUTRALIZATIONS OF FANCY TALLOW IN THREE STAGES 

Crude oil 
O/o f.f.a. 

5.15 
5.22 
5.20 
5.27 
5.32 
5.29 

Throughput 
cm3/sec/cm x 102 

79 
79 
79 
83 
83 
83 

87 
87 
87 
87 
87 
87 

Neutralized oil 

O/o f.f .a. 1 O/o soap 

0.85 
0.89 
0.88 
1.18 
1.22 
1.20 

0.02 
0.02 
0.03 
0.02 
0.02 
0.02 

The results of experiments 49 - 54 are disappointing. In the experiments 
with coconut oil, under certain conditions, a final acidity of <0.1 °/o 
could be attained in three ducts. For Fancy Tallow the final acidity is 
considerably higher. The experiments in Table 5 have been carried out 
at a higher throughput, but also experiments with half the load do not 
give the desired result. A qualitative experiment showed that at least 
another three ducts were necessary for reducing the f .f .a. content to 
values <0.1 O/o. It is clear that the use of six ducts in series cannot lead 
to a practically applicable neutralization process for Fancy Tallow. 

4. Neutralizations of interrupted oil films. 

4.1. Introduction. 

For the realization of the neutralization process in which the oil, in the 
form of a film, is contacted with lye, another route had to be taken. 
The cause of the high f.f .a. contents of the processed oil was sought in 
the character of the current. In the oil layer the current is laminary 
(Reynolds number 25-50). Also in the water layer the current is highly 
laminated. This could be observed through two peep windows which 
had been mounted opposite each other in the side-walls of the long duct. 
In the direction perpendicular to the direction of flow, the mass transport 
must take place by diffusion. By exhausting the oil layer or the lye 
layer in the vicinity of the interface, or by forming a soap film at the 
interface which obstructs the contact of oil and lye, the neutralization 
reaction could be retarded considerably. The reaction can again be 
started by relative mixing of the oil layer and the soap phase with the 
purpose of feeding either one or both boundary layers or breaking the 
obstructing film or obtaining both effects simultaneously. Mixing must 
not be so violent that lye is dispersed in the oil or oil in the lye. 

After some intermediate forms as possible solution of this problem a 
construction has been worked out which is sketched in Fig. 5. 
The construction has been carried out in such a way that at the end 
of the short ducts the oil film is transferred to the next plate through 
a narrow slit-shaped aperture. The slit width has been chosen in such a 
way that the oil flow just fills the slit so that the passage for lye is 
obstructed. 
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Fig. 5. Neutralization duct; interrupted film. 

The lye must therefore flow through the apparatus via a different route 
and is led from the one plate to the other through two tubes mounted 
in the plate. The length of the tubes is such that the oil cannot flow 
through them. In this way the oil current could be separated from the 
lye current, mixed separately and then brought into contact with each 
other without mixing the oil with the lye and vice versa. 
For a satisfactory operation of the apparatus it is necessary to adjust the 
slit width (for the oil flow) accurately. Too narrow a slit gives rise to 
overflow of the side-walls of the ducts. When the slit is too wide the oil 
flows irregularly, too great turbulence occurs and oil droplets are struck 
off the film. These oil droplets do not coalesce with the oil film and may 
intensify droplet formation further in the apparatus. Under unfavourable 
conditions this droplet formation may even give rise to strong emul
sification. 

Thirty-six plates of this type (length 18 cm, width 10 cm) were mounted 
in a frame which was then placed in a box-shaped neutralization 
apparatus (Fig. 6). This apparatus has an oil inlet 10 at the bottom. 
This pipe runs under the lowest duct where it ends in a slit-shaped 
outlet which distributes the oil over the entire width of the duct. 
In addition the bottom has an inlet for the lye 11 which is used when 
the neutralization is carried out concurrently. At the top of the 
apparatus in the side-wall, a lye inlet has been mounted 12 which is used 
for countercurrent neutralizations. A number of weirs for oil and lye 
has been mounted at the top. 
The first weir 2 is used for discharging oil from the apparatus via the 
outlet 5. The two other weirs are used for discharging lye. Weir 3 is used 
in concurrent experiments. The supply of lye to this weir takes place via 
slit 7 in the side-wall and next under weir 2 for the oil. 
The soap solution leaves the apparatus via outlet 6. In the countercurrent 
experiments weir 4 is used for the lye. The supply of lye to this weir 
takes place via a wide pipe 9 which is connected to the lowest part of 
the neutralization apparatus. In the countercurrent experiments the weir 
used for the concurrent experiments 3 is obstructed and conversely. 
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Fig. 6. Box-shaped neutralization apparatus; interrupted film. 

In the narrow side-walls 1 of the apparatus which consist of U-beams, 
copper tubes 13, 14 have been mounted in a heat-conducting lute. Hot 
water is circulated through these tubes via a thermostat. 
This apparatus was taken up in the arrangement as shown in the 
flowsheet (Fig. 1). 
Subsequently a series of neutralization experiments was carried out in 
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w~ich the angle of slope of the ducts, the throughput of the oil and 
the concentration of the lye were varied. Moreover, the influence of 
countercurrent or concurrent contact of oil and lye on the final acidity 
and the refining and fatty acid factors, was ascertained. In some cases 
the neutralizations were carried out with oil which had previously been 
neutralized in a straight duct with a length of 215 cm. 

4.21. Experiments with coconut oil. 

The experiments with coconut oil were carried out at ca. 80° C with 
lye concentrations of 0.4 N, 0.2 N, and 0.1 N, ca. 25 % excess 
lye being dosed. During the investigation a large number of measurements 
was made, many under the same or almost the same conditions. It would 
serve no useful purpose to describe all these experiments in this chapter. 
In the following tables only one result per condition has been given. 
All other results were naturally used for drawing the conclusions. 
Table 6 gives the results of a number of experiments in which the oil 
and the lye were passed through the apparatus concurrently. 
Also the influence of the angle of slope was studied. 

Table 6 
INFLUENCE OF SOME FACTORS 

ON THE CONCURRENT NEUTRALIZATION OF COCONUT OIL 

Angle of Crude oil 
Lye Throughput Neutralized 

Ex pt. concentration cm3/sec/cm x 102 oil 
No. slope 0/o f.f.a. geqJI oil O/o f.f.a. lye 

55 10° 3.54 0.1 56 98 0.26 
56 10° 4.06 0.2 83 85 0.39 
57 10° 3.72 0.4 83 38 0.24 
58 50 3.72 0.1 56 106 0.29 
59 50 3.72 0.2 83 77 0.40 
60 50 3.72 0.4 83 38 0.33 

In addition to these concurrent experiments, a larger number of counter
current experiments has been carried out. 
A selection of the results of qualitative experiments is given in Table 7. 
Some of these experiments have also been analysed quantitatively 
(See Table 8). Table 7 

INFLUENCE OF SOME FACTORS 
ON THE COUNTERCURRENT NEUTRALIZATION OF COCONUT OIL 

Lye Throughput Neutralized 
Expt. j 

Angle of Crude oil concentration cm3/sec/cm x 102 oil 
No. slope O/o f.f.a. geqJl oil I lye O/o fl.a. 

61 10° 4.27 0.1 56 118 0.19 
62 10° 4.27 0.2 83 89 0.22 
63 10° 4.27 0.4 83 45 0.19 
64 50 3.41 0.1 56 95 0.14 
65 50 3.41 0.2 83 71 0.31 
66 50 3.54 0.4 83 37 0.26 
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Ex pt. 
No. 

67 
68 
69 

Table 8 
QUANTITATIVE NEUTRALIZATIONS OF COCONUT OIL 

Influence of lye concentration 

l f I Crude I Lye 
01 concentration Ange o I .1 . 

slope o; ff l o •• a. geq./ 

10° 
10° 
10° 

4.19 
4.20 
4.13 

0.1 
0.2 
0.4 

Throughput 
cm3/sec/cmx 102 

oil 

56 
83 
83 

I lye 

116 
87 
43 

Neutralized oil 

0/of.f.a. i O/osoap 

0.25 
0.21 
0.33 

0.02 
0.02 
0.02 

. . ! Fatty 
Refining! acid 

factor ! factor 

1.05 
1.15 
1.21 

I 

1.07 
1.14 
1.15 

It appears from the results in Table 8 that also with interrupted films 
very satisfactory refining and fatty acid factors can be obtained; 
especially when using 0.1 N lye the loss is low. 
Unfortunately it must be established that after neutralization in this 
apparatus the f.f.a. content is still higher than the value desired (~0.1 O/o). 
The low soap content of the neutralized oil is striking. Consequently 
mixing in the oil and lye phase at the end of each duct proceeds so 
smoothly that oil and lye do not intermix. 

An attempt to reduce the final acidity even further was made by feeding 
the neutralization apparatus with an oil which had already given up a 
large pan of its free fatty acids. For this purpose a duct with a length 
of 215 cm, width 10 cm and height 1 cm was used. 
To the apparatus with the interrupted film an amount of lye was added 
which is normally required for the oil containing all fatty acids. The 
lye which flowed from this apparatus via the weir, was supplied to the 
duct and used for partly neutralizing the crude oil. 
The oil and the lye were invariably passed concurrently through the 
duct. In the other neutralization unit the two flows were contacted either 
concurrently or countercurrently. 
Some results are given in Table 9. 

Table 9 
NEUTRALIZATIONS OF COCONUT OIL WITH A PRE-NEUTRALIZATION STAGE 

I Crude 
Throughput Neutralized oil 

Lye cm3/sec/cm x 102 O/o f.f.a. Flow pattern Ex pt. Angle of oil concentration 
No. slope 0/o f.f.a. geq./l oil lye after after 2nd stage 

1st stage 2nd stage. 

70 10° 3.84 0.1 83 160 2.2 0.13 concurrent 
71 10° 3.84 0.2 83 80 1.0 0.15 
72 10° 3.54 0.4 83 40 0.64 0.13 

" 73 50 3.78 0.1 83 150 3.3 0.36 
74 50 3.84 0.2 83 80 2.0 0.20 

" 75 50 3.84 0.4 83 40 0.85 0.13 ,,. 
76 50 3.88 0.1 56 123 2.9 0.34 countercurrent 
77 50 3.88 0.2 83 81 1.2 0.27 
78 50 3.88 0.4 83 41 1.2 0.17 
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From the results of Tables 7 and 9 the following conclusion can be 
drawn: 

the use of a duct as pre-neutralization stage, in which 20-80 °/o of the 
free fatty acids is removed, has only a very slight influence on the 
f .f .a. content of the neutralized oil. 

In the preceding part no conclusions have been drawn regarding the in
fluence the angle of slope, oil throughput, lye concentration and counter
current or concurrent flow have on the fatty acid content of the neutral
ized oil. This has been done deliberately because Tables 6, 7, 8 and 9 give 
only some results of the many findings collected during this part of the 
investigation. It was difficult to draw conclusions from the observations, 
because a great many different lots of crude oil of widely divergent 
quality were used. 
It was therefore considered useful to compute all observations into a 
correlation calculation (IBM 1401). 
From this calculation the following conclusions could be drawn: 

1. Influence of the angle of slope. 

When the angle of slope is increased from 5° to 10° a slight decrease 
in final acidity occurs. 

Angle of slope 
Initial f.f.a. O/o 
Final f.f.a. O/o 

3.90 
0.26 

10° 
3.90 
0.20 

2. Influence of the throughput. 

At higher throughput the f.f.a. content of the neutralized oil increases. 

Throughput 
cm3/sec/cm x 102 

Initial f.f.a. O/o 
Final f.f.a. O/o 

56 

3.90 
0.17 

83 

3.90 
0.25 

3. Influence of the direction of flow of oil and lye. 

The analysis of the results shows that when the oil and lye are 
contacted concurrently, a slightly higher final acidity is obtained than 
in the case of countercurrent contact. At increasing lye concentration 
the difference in final acidity between the concurrent and counter
current neutralizations decreases. 

4. Influence of the lye concentration. 

When the lye concentration increases from 0.1 to 0.4 N, the f.f.a. 
content of the neutralized oil decreases. The effect of the lye con-

initial 
f.f.a. 

O/o 

Concurrent 3.90 
Countercurrent 3.90 
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0.1 
final 
f.f.a. 

O/o 

0.34 
0.25 

Lye concentration geq./l 

I 0.2 I 
initial 
f.f.a. 

O/o 

3.90 
3.90 

final 
f.f.a. 

O/o 
0.29 
0.23 

initial 
f.f.a. 

G/o 

3.90 
3.90 

0.4 
final 
f.f.a. 

O/o 

0.19 
0.17 



centration in concurrent neutralization is greater than in counter
current contact. 
A decrease in the lye concentration results in a decrease in refining 
losses. Especially when 0.1 N lye is used the loss is small. 

Refining factor 
acid factor 

1-~ __ 
0
_.
1 

············--~Lr~oncen~~;ti()n geqJl 

1.09 1.18 
1.06 1.15 

5. Influence of pre-neutralization. 

0.4 

1.23 
1.20 

The use of a pre-neutralization stage leads to a decrease in the f.f .a. 
content of the neutralized oil. In view of the considerable decrease 
in f .f .a. content during the pre-neutralization, however, the effect on 
the final acidity is surprisingly slight. 

Initial f.f.a. 0/o 
0/o f.f.a. after pre-neutralization 
Final f.f.a. 0/o 

Without 
pre-neutralization 

3.90 

0.28 

4.3. Experiments with Fancy Tallow. 

With 
pre-neutralization 

3.90 
1.62 
0.20 

The experiments with Fancy Tallow were carried out at a temperature 
of ca. 80° C. The lye concentration was adjusted at 0.4 N, 0.2 N and 
0.1 N. The angle of slope of the ducts was varied between 5° and 10° 
The oil and the lye were contacted both concurrently and counter
currently. 
Just as in the experiments with coconut oil, in this part of the investiga
tion a great many experiments were involved. Many were carried out 
under almost identical conditions but, e.g. with a different crude oil. 
The tables give only a number of results from the large number of 
experiments to illustrate the influence of the main variables. 

Table 10 contains the results of a number of concurrent experiments in 
which the angle of slope and the lye concentration were varied. 

Expt. j 

No. I 

79 
80 
81 
82 
83 

Table 10 
INFLUENCE OF SOME FACTORS 

ON THE CONCURRENT NEUTRALIZATION OF FANCY TALLOW 

Lye Throughput Neutralized 
Angle of 

I 
Crude oil concentration cm3/sec/cm x 102 oil 

slope % f.f.a. geqJI oil I lye % f.f.a. 

100 5.55 0.1 56 117 0.42 
10° 4.83 0.2 83 76 0.60 
10° 4.83 0.4 83 38 0.70 
50 5.16 0.1 56 108 0.27 
50 5.16 0.2 83 81 0.54 
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The neutralizations in which the oil and the lye were passed through 
the apparatus countercurrently are given in Table 11. 
In addition to these qualitative experiments, some were carried out 
quantitatively, the results of which are given in Table 12. 

Table 11 
INFLUENCE OF SOME FACTORS 

ON THE COUNTERCURRENT NEUTRALIZATION OF FANCY TALLOW 

Ex pt. Angle of Crude oil 
I 

Lye Throughput Neutralized 
concen tra ti on cm3/sec/cm x 102 oil No. slope O/o f.f.a. geq./l O/o f.f.a. 

oil I lye 

84 
85 
86 
87 

10° 5.55 0.1 56 117 
10° 5.55 0.2 83 87 

50 5.16 0.1 56 110 
50 5.16 0.2 83 82 

Table 12 
QUANTITATIVE NEUTRALIZATIONS OF FANCY TALLOW 

Influence of lye concentration and angle of slope 

0.49 
0.82 
0.58 
0.84 

I I Crude J Lye • Throughput I N 1· d ·1 I .. Expt. • Angle of • .1 . • a; / 102 eutra ize 01 •Refmmg I l • 01 concentration I cm sec cm x I f 
No. · s ope I O/o f.f.a. geq./I '-~. ~ ·-;-········---- . 1 actor 

88 
89 
90 
91 

10° 
10° 
50 
50 

4.03 
4.03 
5.47 
5.47 

0.1 
0.2 
0.1 
0.4 

011 I I e O/o f.f.a. 6/o soa 

57 
83 
57 
83 

84 0.5 <0.01 1.38 
63 0.6--0.8 0.01 1.57 

115 0.3 0.02 1.43 
43 0.7 0.03-0.09 1.94 

Fatty 
acid 

factor 

1.39 
1.57 
1.43 
1.91 

Quantitative information shows that the lye concentration has a 
considerable influence on the refining factor and the fatty acid factor. 
At increasing lye concentration the factors increase appreciably. 
Moreover, it is striking that the factors found correspond very 
satisfactorily with the values obtained on neutralization in a straight 
film (Table 4). 
It may therefore be concluded that the degree in which the neutral
ization has taken place (great or small decrease in f.f.a. content), has 
little influence on the loss per kg fatty acid removed. 

In the oils obtained the final acidity is in all cases higher than the value 
desired: <0.1 °/o. In some experiments it was ascertained whether the 
final acidity desired could be obtained by feeding the apparatus with 
an oil which had given up part of its free fatty acids during a pre-neutral
ization treatment. 
These experiments were carried out in the same way as described for the 
neutralization of coconut oil. The results are shown in the following table. 
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Table 13 
NEUTRALIZATIONS OF FANCY TALLOW WITH A PRE-NEUTRALIZATION STAGE 

Throughput Neutralized oil 
Angle Crude Lye cm3/sec/cm x 102 6/o f.f.a. Flow pattern Ex pt. of oil concentration 

No. slope 0/o J.f.a. geqJl oil I lye 
after I after 2nd stage 

1st stage 2nd stage 

92 10° 4.47 0.1 56 95 2.7 0.46 concurrent 
93 10° 4.47 0.2 83 70 2.4 0.44 " 94 50 5.47 0.1 56 115 2.4 0.30 

" 95 50 5.47 0.2 83 86 2.1 0.56 
" 96 50 5.47 0.4 83 43 3.7 1.6 " 97 10° 4.02 0.1 56 83 2.6 0.39 countercurrent 

98 10° 4.03 0.2 83 63 2.2 0.65 
99 50 4.02 0.1 56 83 2.5 0.37 ,, 

100 50 4.02 0.2 83 63 2.6 0.63 
101 50 4.02 0.4 83 32 3.6 1.5 

It follows from the results that in the case of neutralization in one film 
with a length of 215 cm, only a relatively slight neutralization occurs. 
It can further be established that pre-neutralization has little effect on 
the final result. 

The results of all experiments (also those not taken up in the tables) 
have been computed into a correlation calculation (IBM 1401). 
The results of this calculation are given below. 

1. Influence of the angle of slope. 

\Yhen the angle of slope is increased from 5 ° to 10° the final acidity 
rises. 

Angle of slope 

Initial f.f.a. % 
Final f.f.a. % 

2. Influence of the throughput. 

4.73 
0.43 

At increasing throughput the final acidity rises. 

Throughput 
cm3/sec/cm x 102 

Initial f.f.a. % 
Final f.f.a. % 

56 

4.73 
0.43 

4.73 
0.70 

3. Influence of the direction of flow of oil and lye. 

83 

4.73 
0.63 

The experiments show that when oil and lye are passed through 
concurrently, a lower final acidity is obtained than in the case of 
countercurrent contact. 
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Initial f.f.a. 0/o 
Final f.f.a. O/o 

4.45 

0.43 

4.45 

0.56 

4. Influence of the lye concentration. 

a) Final acidity. 

The lye concentration of 0.1 N and 0.2 N gives no difference in final 
acidity. When 0.4 N lye is used the final acidity is generally higher. 

b) Refining factor and fatty acid factor. 

The influence of the lye concentration on the refining and fatty acid 
factor is very clear. The higher the lye concentration, the greater 
the loss. 

Lye concentration geq./l Refining factor Fatty acid factor 

0.1 

0.2 

0.4 

1.44 

1.59 

1.97 

5. Influence of the pre-neutralization. 

1.41 

1.55 

1.93 

As could be expected, the pre-neutralization leads to a decrease in the 
f.f.a. content of the neutralized oil. The effect is slight, however. 

Initial f.f .a. 
Final f.f.a. 

Without pre-neutralization 

4.33 
0.45 

4.4. Discussion of the results obtained. 

With pre-neutralization 

4.33 
0.37 

From the results obtained so far the following conclusions can be drawn: 

1. neutralization of an oil, which in the form of a film is contacted 
with lye only proceeds almost completely in the case of a low oil 
throughput; 

2. neutralization of coconut oil leads to a lower f.f .a. content than the 
neutralization of Fancy Tallow; 

3. the neutralization of Fancy Tallow is much more sensitive to changes 
in the processing conditions than that of coconut oil. 
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4. for both oils the lowest losses occur when 0.1 N lye is used; the 
influence of the angle of slope and the direction of flow is not the 
same for both types investigated. The effect is lower in the neutral
ization of coconut oil than in that of Fancy Tallow. 

This means that a neutralization apparatus for both oils must preferably 
be constructed in such a way that the results with Fancy Tallow are as 
favourable as possible. Consequently: 

a) the angle of slope of the ducts must be adjusted at 5 °; 

b) the lye must be fed through the apparatus concurrently with the oil. 

The effect of the pre-neutralization on the final acidity is low and there 
is therefore little sense in applying this operation. 
From a comparison of the neutralization in three stages (three long 
ducts each with a length of 350 cm) with the neutralization in the 
apparatus (36 ducts each with a length of 18 cm) it follows that the 
final acidity, after covering the shorter and often interrupted path 
(650 cm), is lower than after covering the longer path (1050 cm) in the 
three ducts. 

This is particu!arly expressed in the neutralization of Fancy Tallow. 

NEUTRALIZATION OF FANCY TALLOW 

Three ducts, length 1050 cm Interrupted film, length 650 cm 

Initial f.f.a. O/o 
Final f.f.a. O/o 

4.73 
0.94 

4.73 
0.63 

In the neutralization of coconut oil in the three ducts, at a low oil 
throughput the same final acidity it attained as in the neutralization 
in the apparatus with the interrupted oil film. 

NEUTRALIZATION OF COCONUT OIL 

Three ducts, length 1050 cm Interrupted film, length 650 cm 

Throughput 
cm3/sec/cm x 102 

Initial f.f.a. % 
Final f.f.a. O/o 

40 
---····-----····---------

3.88 
0.16 

56 

3.90 
0.17 

On account of these results, the use of the apparatus in which the oil 
is contacted as an interrupted film with lye, is to be preferred. 

5. Removal of residual fatty acids from the oil. 

5.1. Introduction. 

The neutralization process described above which is based on the guiding 
of oil in the form of a thin layer through a lye solution does not lead 
to a sufficiently low acidity. Yet the process developed is so attractive 
that it is useful to find the causes for retarding the neutralization and 
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possibilities for bringing the fatty acid content to the value desired. In 
most cases the rate of neutralization slows down after the f.f .a. content 
has decreased to ca. 0.2-0.5 %. 

The retardation also occurs in an ever returning separation of the oil 
phase and lye phase, followed by mixing each phase and contacting the 
oil and lye again. 
The supposition that an obstructing soap film is formed at the oil/lye 
interface (p. 43) must therefore be rejected, because neither a regular 
refreshing of the surface, nor a pre-neutralization, nor a decrease in the 
lye concentration leads to a low final acidity. 

Other possible causes of the too high f.f.a. content may be: 

1. the neutralization is self-retarding, because the driving force for the 
transport of fatty acids from the oil to the lye phase has become 
so low, that the mass transfer process via the available surface 
proceeds only at a very low rate (this possibility has also been given 
on p. 43); 

2. the possibility of the occurrence of fractionation of the free fatty 
acids during the neutralization, the remaining fatty acids being more 
difficult to remove. 

The latter possibility was studied by analysing the free fatty acids which 
had remained in the oil after film neutralization. To this end an amount 
of neutralized oil was stirred with an excess of dilute lye (0.2 N). After 
stirring for some minutes the mass was allowed to rest during which the 
oil phase separated from the water phase. Consequently, a normal hatch 
neutralization (Chapter II) was carried out. Next it was established which 
fatty acids were present in the soap solution obtained. 

The fatty acid composition was determined after acidifying part of the 
soap solution, followed by extraction with ether. The ether extract 
obtained was evaporated after which the fatty acids were converted into 
methyl esters. These esters were separated gas-chromatographically. 
In this way the combined fatty acid composition is obtained of the soap 
and of the oil which, during the reaction with the dilute alkali, has 
emulsified in the soap. 
Another part of the soap solution obtained was extracted with ether 
in order to remove the emulsified oil. The soap solution extracted was 
then acidified and the fatty acids formed extracted with ether. After 
evaporation, the fatty acids were converted into methyl esters and 
analysed. 

The soap solution obtained in the film neutralization was investigated 
in the same way. 
The results obtained in the neutralization of coconut oil are given m 
Table 14; those of Fancy Tallow in Table 15. 
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Table 14 
GAS-CHROMATOGRAPHIC ANALYSIS OF THE FATTY ACIDS 

OF COCONUT SOAP 

(100/o poly-ethyleneglycol adipate on Celite 545, column length 120 cm, temperatures 
120° and 170° C, dosing 30-40 y, carrier gas: Argon 45 ml/min, detection with y 
emission of Sr90, voltage detection cell 1,000 V). 

Fatty acid Soap from film neutralization Soap from post-neutralization 

composition after ether after ether 
O/o as such extraction as such extraction 

Co tr. tr. tr. tr. 
Cs 4.4 5.0 3.7 3.3 
Cm 4.5 5.3 3.9 3.7 
C12 42.0 42.0 39.0 36.1 
Cu 20.0 19.8 19.1 20.4 
C16 11.6 12.1 13.1 14.5 
Cm: 1 0.6 0.5 0.5 0.6 
Cm 3.3 3.2 4.4 4.5 
C1s: 1 9.5 9.5 12.2 12.8 
C1s: 2 4.1 2.6 4.1 4.1 
C20, C20: 1 tr. tr. tr. tr. 

Table 15 
GAS-CHROMATOGRAPHIC ANALYSIS OF THE FATTY ACIDS 

OF FANCY TALLOW SOAP 

(100/o poly-ethyleneglycol adipate on Ce!ite 545, column length 120 cm, temperature 
180° C, dosing 30-40 y, carrier gas: Argon 45 ml/min, detection with r emission of 
Sr90, voltage detection cell 1,000 V). 

Fatty acid Soap from film neutralization Soap from post-neutralization 
---···· 

composition after ether after ether 
O/o as such extraction as such extraction 

Cm tr. tr. tr. tr. 
C12 0.3 0.3 0.2 0.2 
C14 2.4 2.2 2.1 2.4 
C14: 1 0.3 0.7 0.5 0.6 
C15 br./C1s 0.8/0.4 0.710.5 0.5/0.4 0.6/0.5 
Cu: 1/Crn br. 0.2 0.3 0.2 0.3 
Cm 25.0 25.2 23.6 24.5 
Cm 1 3.5 3.9 4.0 4.2 
C11 br./C11 1.2/1.4 1.0/1.3 1.1/1.1 1.1/1.1 
C11: 1/C1s br. 1.0/1.5 0.8/0.3 0.7/0.2 0.7/0.2 
C1s 17.0 17.0 18.4 17.8 
C18: l 38.0 39.1 40.4 39.6 
C1s: 2 5.0 4.7 4.3 4.4 
C1s: 3 0.9 0.7 0.6 0.5 
C20 0.3 0.4 0.2 0.3 
C20: 1/C20: 2 0.510.2 0.410.1 0.4/0.2 0.3/0.1 
C20: n/C22 0.6/0.1 0.4/0.3 0.6/0.3 0.6/0.2 

It appears from the results of the investigation that in the film neutral
ization of coconut oil a very slight degree of fractionation has occurred. 
Relatively slightly more lower fatty acids than long-chain fatty acids 
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have been extracted. However, the differences in fatty acid composition 
between the soap solutions obtained in the film neutralization and in the 
post-neutralization are slight. In the case of Fancy Tallow no fraction
ation of the fatty acids has occurred within the accuracy of the analysis. 
So retardation of the neutralization cannot be attributed to fractionation 
of the fatty acids. It becomes all the more probable that the first 
mentioned factor (the small concentration gradient) is the cause of this 
retardation. 

5.2. Development of a post-neutralization process. 

Now that it has been found that in the film neutralization no fraction
ation of the free fatty acids occurs and no fatty acids remain which are 
hard to remove, it is obvious that a conventional neutralization method 
is suitable for removing these fatty acids from the film-neutralized oil. 
The well-known procedures either batchwise, or continuous with 
centrifuges can be considered for this purpose. In the case in question, 
a continuous process should be preferred. 
Introduction of a conventional neutralization process as second stage 
decreases the attractiveness of the developed process because: 

1. post-neutralization in the conventional way has a much higher 
refining factor than film neutralization; 

2. the one-stage process is converted into a two-stage process. 

However, the high refining factor of the post-neutralization has only 
a relatively small influence on the refining factor of the entire neutral
ization of the oils investigated. This may be elucidated by a simple 
calculation. 
Crude coconut oil (f.f.a. content 4.5 O/o) is neutralized to an f.f.a. content 
of 0.30 O/o with a refining factor of 1.15. Next follows post-neutraliza
tion to an f.f .a. content of 0.05 O/o with a refining factor of 1.50. 

The refining loss now is: 

a) in the film neutralization 1.15 X (4.50-0.30) 
b) in the post-neutralization 1.50 X (0.30-0.05) 

4.83 kg/kg fatty acid 
0.38 kg/kg fatty acid 

total 5.21 kg/kg fatty acid 

The refining factor, calculated over the entire neutralization process, 
amounts to: 

5.21 1 
(4.50 - 0.05) = 1. 7 

Values found for the refining factor of coconut oil in the conventional 
processes are 1.35 1.65 a. 

For Fancy Tallow a corresponding calculation can be drawn up. Fancy 
Tallow (f.f.a. content 4.50 O/o) is neutralized to an f.f.a. content of 
0.50 O/o with a refining factor of 1.50. The neutralization proceeds 

56 



from 0.50 O/o f.f .a. to 0.05 °/o f.f.a. with a refining factor of 2.0. The total 
refining loss now is: 

a) in the film neutralization 1.50 X (4.50-0.50) 6.00 kg/kg fatty acid 
b) in the post-neutralization 2.00 X (0.50-0.05) = 0.90 kg/kg fatty acid 

total 6. 90 kg/kg fatty acid 

The refining factor, calculated over the entire neutralization, amounts to: 

6.90 
(4.50 - 0.05) 

1.55 

Values found for the refining factor of Fancy Tallow in the conventional 
methods are 1.90 - 2.50. These examples show that, in spite of the greater 
loss in the post-neutralization, the process developed gives a total loss 
which is 40-70 O/o lower than that of the known processes. 

The results of this calculation were checked and confirmed by some 
quantitative experiments. 

In the box-shaped neutralization apparatus, in which the ducts were 
mounted at an angle of slope of 5°, coconut oil and Fancy Tallow were 
neutralized with 0.2 N lye. The lye was passed through the apparatus 
concurrently with the oil. 
The neutralized oil was passed into a mixer and stirred with a small 
excess of 0.2 N lye. The mixture of oil and lye was fed into a continuous 
centrifuge'~. 
The results of some quantitative experiments are given in Table 16. 

Table 16 
QUANTITATIVE NEUTRALIZATIONS WITH CONTINUOUS 

POST-NEUTRALIZATION 

Crude oil Neutralized oil Fatty acid Oil 
0/o f.f.a. 

O/o f.f.a. 0/u soap 
factor 

Coconut oil 4.3 O.ot O.D3 1.14 

Fancy Tallow 5.0 0.02 0.03 1.49 

The results of this table may be called satisfactory: the required content 
of free fatty acids has amply been obtained, the soap content of the 
neutralized oil is low and the extra loss in the post-neutralization has 
only a slight influence on the total refining factor. 
An important secondary aspect is the fact that during post-treatment not 
only complete neutralization but also strong decoloration occurs. Owing 
to this extra colour reduction less adsorbent is required to attain the 
desired colour in the next step of the refining process: bleaching by 
adsorption. 

'" Ex Carl Padberg Lahr/Baden; type G.L.E. 
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5.3. Conclusion. 

From the investigation carried out into the cause of the too high final 
acidity in the film neutralization it appears that no fractionation of the 
fatty acids occurs. This means that it is possible with a conventional 
neutralization process as second stage, to decrease the f .f .a. content to 
< 0.1 °/o. It has been found that simple mixing of the oil with lye is 
sufficient for this purpose. After mixing oil and lye, continuous 
separation of the two phases should be preferred. 
This post-treatment of the oil with lye has a relatively high refining 
factor which, however, has only a slight influence on the total loss. 
It has further been found that durin!? the post-heutralization a consider
able decoloration of the neutralized oil occurs. 

6. General consideration of the results obtained. 

The investigation described has led to the development of a neutralization 
process in which crude oil in the form of a thin layer is passed through 
the lye solution continuously. The oil flows so smoothly through the 
apparatus that there is no intermixing of oil and lye. In this way a great 
part of the free fatty acids can be removed from the oil, the losses of 
neutral oil being small. The soap content of the neutralized oil obtained 
is low. Both these factors make the process extremely attractive. 
A disadvantage of the developed process is the relatively high f.f.a. 
content of the oil at the end of the treatment. By dividing the oil stream 
into a number of short stages with intermediate mixing of the oil as well 
as of the lye, a lower final acidity is attained than when longer stages 
are applied. Yet an f.f.a. content <0.1 O/o cannot be achieved. In most 
cases the neutralization slows down at 0.3-0.6 6/o f.f .a. (for coconut oil 
the result was more favourable than for Fancy Tallow). 

The remaining free fatty acids can be removed by one of the conventional 
neutralization processes. The loss of neutral oil (expressed in kg oil/kg 
fatty acid) during this post-neutralization is appreciably greater than in 
the film neutralization. Since this greater loss only occurs on removing 
a small part of the free fatty acids originally present, the total refining 
loss of the two-stage process, consisting of a film neutralization plus a 
post-neutralization, is relatively small. 
The refining loss in the two-stage process is ca. 30-60 O/o of the losses 
which occur in the conventional neutralization processes. 

In a later investigation in which attention was paid to the mechanism 
of the neutralization process and which is described in Chapter VI, the 
already low refining losses could be reduced still further. This applies 
especially to Fancy Tallow. 

Anticipating these results, the main factors which are responsible for 
the higher lo<>s in the experiments described can be given: 

a) a temperature which has been chosen too low; 

b) extra losses on starting and stopping the process. 
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Meanwhile the developed process appears to be especially suitable for 
the neutralization of oils with a high acidity (4-5 O/o f.f.a.). 
The decrease in the rate of reaction at an f.f.a. content of 0.3-0.6 °/o, 
makes the developed two~stage process less suitable for the neutralization 
of crude oils containing less than 1 °/o f.f.a. For these oils the extra costs 
for the neutralization of the oil in films do not balance the decrease in 
the refining loss. 
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CHAPTER IV 

THE OCCURRENCE OF SOAP IN NEUTRALIZED OIL 

1. Introduction. 

The previous chapter describes the development of a new procedure 
for the neutralization of edible oils. The soap content of the oil neutral
ized in this way is almost invariably very low (<0.05 O/o). In the 
conventional neutralization processes, whether batchwise or continuous, 
the soap content of the neutralized oil is much higher (0.1 - 0.7 O/o). 
After neutralization, before this oil can be further processed, the soap 
content must be reduced to a value <0.05 6/o by washing with water. 
The great difference in soap content between film-neutralized oil and 
the conventionally neutralized oil is striking and worth further studying. 
In the literature several authors pay attention to the occurrence of soap 
in oil. Some of them are of the opinion that the soap occurs in the oil 
as a solution t, 2• 3• Others have more or less confused ideas about the 
form in which soap occurs in the oil. On the one hand these authors 
state that the soap is dissolved in the oil, on the other hand that, owing 
to a longer and better separation, the soap content of the oil would be 
reduced 4• If these authors are right, soap occurs in oil as a solution as well 
as in the form of a suspension or dispersion. Other authors consider the 
washing of an oil free from soap as a liquid-liquid extraction process 
without further going into the question, in which way the soap occurs 
in the oil 5, 6• 

In the film neutralizations it ha> been observed that neutralized oil with 
a soap content of no more than 0.05 °/o soap can be obtained even when 
passed through a rather concentrated soap solution (up to 18 6/o soap). 
This means that the much higher soap contents in the conventional 
neutralization methods cannot be accounted for by an equilibrium 
distribution of the soap between oil and water. Another investigator, 
Newby, gave as early as 1947, most probably the correct explanation 
when he stated: "Mo~t of the soap found by analysis of the oil is very 
possibly dissolved or suspended in the water droplets present, rather than 
in the oil itself" 7• This thought is supported by the fact that in the film 
neutralization the soap content of the processed oil is always low to very 
low, irrespective of the content of free fatty acids at the moment the 
neutralization is interrupted. Even when the neutralization reaction is 
still in full progress, no soap is found in the oil. This observation indicates 
that the reaction lye + free fatty acids takes place at the oil/water 
interface, notably on the water side of this interface. Hence no soap is 
formed in the oil. On account of the above considerations it is not likely 
that soap is transferred from the water phase to the oil phase, so that the 
following conclusion must be drawn: 
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If this hypothesis is correct, there must be a linear relationship between 
the soap content and the water content of a neutralized oil, irrespective 
of the fact, whether a film-neutralized oil is involved or an oil which 
has been neutralized in a different way (e.g. batchwise). 
Also the soap content of the neutralized oil would have to be decreased 
by centrifuging in which case also the water content of the neutralized 
oil would have to decrease proportionally. Moreover, percolation of the 
neutralized oil through water would not or only to a limited extent lead 
to a decrease in the soap content of the oil. 

To prove whether this hypothesis is correct, an investigation was carried 
out which will be discussed in the following paragraphs. 

2. Relationship between soap content and water content of neutralized 
oil obtained on film neutralization. 

The water content and the soap content of a large number of neutralized 
coconut oils obtained on film neutralization were determined •:·). 
Table 1 gives the combined results of the analyses. In Figs. 1, 2 and 3 
the soap contents are plotted against the water contents for the various 
lye concentrations. 

The data and Figs. 1, 2 and 3 show that the unexplained variation is great 
compared with the variations in soap content and water content, so that 
the conclusions become less reliable. Yet it can be established that, 
roughly speaking, there is a relationship between the soap content and 
the water content of the oil. 

The data were worked up in a correlation calculation, with which it 

% Wattt 

%-

Fig. 1. Film-neutralized coconut oil 
(0.1 N caustic soda); water content 

versus soap content. 

"") For methods of analysis: see Appendix. 

I.5 

1.0 

0.5 . 
' .,.• •I .. 

,/ 

% soap 

Fig. 2. Film-neutralized coconut oil 
(0.2 N caustic soda); water content 

versus soap content. 
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Table 1 
SOAP CONTENT AND WATER CONTENT OF FILM-NEUTRALIZED COCONUT OIL 

Lye O/o Ofo Lye Ofo O/o Lye O/o O/o Lye O/o O/o 
concentration concentration concentration concentration 

e ./1 water soap e JI water soap e .11 water soap e JI water soap 

0.1 0.28 0.004 0.2 0.38 0.014 0.4 0.37 0.010 0.4 0.40 0.002 
0.27 0.005 0.30 0.004 0.38 0.010 0.35 0.002 
0.23 0.000 0.31 0.002 0.41 0.017 0.37 0.000 
0.24 0.000 0.29 0.002 0.41 0.019 0.30 0.008 
0.30 0.016 1.35 0.080 0.43 O.D15 0.72 0.079 
0.28 0.011 0.33 0.000 0.42 0.019 0.34 0.014 
0.25 0.000 0.30 0.004 0.33 0.014 0.32 0.008 
0.24 0.000 0.33 0.001 0.32 0.002 0.39 0.006 
0.50 0.010 0.30 0.002 0.38 0.001 0.31 0.014 
0.47 0.020 0.50 0.019 0.31 0.010 0.46 0.029 
0.45 O.D15 0.41 0.012 0.33 0.016 0.37 o.ots 
0.39 0.005 0.43 0.004 0.64 0.037 0.48 0.029 
0.91 0.027 0.39 0.002 0.59 0.065 0.47 0.036 
0.43 0.013 0.36 0.004 0.39 0.020 0.51 0.042 

0.40 0.003 0.38 0.020 0.32 0.016 
0.46 0.002 0.36 0.010 0.31 0.009 
0.43 0.026 0.61 0.060 0.30 0.006 
0.44 0.013 0.38 0.008 0.37 0.020 
0.41 0.010 0.35 0.005 0.47 0.046 
0.38 0.013 0.39 0.015 0.32 0.001 
0.35 O.D18 0.37 0.010 0.30 0.003 
0.31 O.ot5 0.33 0.006 0.31 0.003 
0.33 0.012 0.33 0.005 0.32 0.006 
0.97 0.076 0.31 0.003 0.31 0.005 
0.56 0.025 0.31 0.004 0.32 0.013 
0.56 0.025 0.29 0.007 0.35 0.013 
0.38 0.017 0.28 0.007 0.33 0.010 
0.29 0.013 0.31 0.004 0.30 0.008 
0.29 0.014 0.30 0.002 0.31 0.004 
0.41 0.026 0.31 0.002 0.79 0.078 
0.42 0.022 
0.41 0.026 
0.42 0.022 N 
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Fig. 3. Film-neutralized coconut oil (0.4 N caustic soda); 
water content versus soap content. 

was investigated, whether a linear relationship exists between the water 
content and the soap content at the various lye concentrations. 
From the calculations followed as best adaptation for the relationship 
between water content and soap content of the neutralized oil 
equation [1]: 

W 0.27 +-icLs [1] 

where: 
W = water content 6/o, 
S = soap content 0/o, 
C = lye concentration geq./l. 

The straight lines which are represented by equation [1] have been 
taken up in Figs. 1, 2 and 3. The factor 0.27 represents the amount 
of water which physically is soluble in the oil at the neutralization 
temperature. The water, which exceeds this amount in the oil, is 
dispersed in it and contains soap. 
The amount of physically dissolved water correponds reasonably 
well with the literature 8• 

The soap content calculated with equation [1 ], deviates, especially at 
the higher water contents, from the soap content which is expected on 
account of the hypothesis that all soap occurs as a dispersed aqueous 
solution. Owing to the very low soap contents and the fact that most 
observations lie close to each other, the accuracy of the coefficients in 
equation [1] is not high. 

3. Relationship between soap content and water content of neutralized 
oil obtained on batch neutralization. 

3.1. Coconut oil. 
Of a large number of batch neutralizations of coconut oil, samples of 
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the neutralized oil were investigated in the laboratory. The neutraliza
tions were carried out in ca. 20-ton kettles at ca. 90° C. For the neutral
izations 0.8 N lye was used. Just before the investigation the samples 
were thoroughly homogenized and divided into two parts. Then the soap 
content and the water content in one part were determined. The other 
part of the sample was heated to 60° C, again thoroughly homogenized 
and divided over two centrifuge tubes. 

The contents of the first tube were centrifuged for 5 minutes at 2,000 
r.p.m., the contents of the second tube were centrifuged for 10 minutes 
at 3,500 r.p.m. *). 

Table 2 
SOAP CONTENT AND WATER CONTENT OF BATCH-NEUTRALIZED 

COCONUT OIL 

As such 

O/o water 010 soap 

1.71 
0.97 
1.04 
0.99 
0.66 
0.70 
0.97 
1.00 
0.82 
0.81 
0.84 
0.69 
0.61 
0.69 
0.55 
0.43 
0.59 
0.54 
0.93 
0.81 
0.46 
0.52 
0.47 
0.72 
1.88 
0.75 
0.56 
0.49 
0.53 
0.57 

0.350 
0.140 
0.130 
0.135 
0.060 
0.070 
0.120 
0.105 
0.080 
0.090 
0.070 
1.085 
0.135 
O.Q35 
0.040 
0.055 
0.090 
0.090 
0.200 
0.130 
0.060 
0.070 
0.060 
0.150 
0.395 
0.110 
0.070 
0.040 
0.045 
0.070 

0.22 
0.27 
0.28 
0.28 
0.20 
0.23 
0.21 
0.19 
0.33 
0.40 
0.27 
0.26 
0.22 
0.35 
0.39 
0.23 
0.32 
0.28 
0.24 
0.30 
0.35 
0.11 
0.10 
0.11 
0.11 
0.20 
0.24 
0.22 
0.18 
0.29 

0.050 
0.045 
0.041 
0.039 
O.Q19 
0.013 
0.017 
0.013 
0.030 
0.058 
O.Q25 
0.030 
0.030 
0.025 
0.018 
0.015 
0.015 
0.045 
0.025 
0.028 
0.025 
0.016 
0.007 
0.025 
0.013 
0.020 
0.025 
0.003 
0.012 
0.025 

") Centrifuge: ex A. Hettich, type roto-silenta III. 
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Centrifuged 

I 
10 min. 3,500 r.p.m. 

.... 0/o water 0/o soap 

0.19 
0.17 
0.16 
0.16 
0.14 
0.15 
0.15 
0.15 
0.18 
0.27 
0.14 
0.16 
0.18 
0.20 
0.17 
0.15 
0.21 
0.19 
0.18 
0.18 
0.21 
0.05 
0.08 
0.06 
0.07 
0.17 
0.14 
0.14 
0.13 
0.20 

0.030 
0.007 
0.006 
0.005 
0.005 
0.009 
0.006 
0.006 
0.010 
0.025 
0.010 
O.Q15 
0.012 
0.012 
0.017 
0.017 
0.008 
O.Q15 
0.007 
0.005 
0.007 
0.003 
0.004 
0.008 
0.006 
0.008 
0.015 
0.003 
0.012 
O.Q15 



After centrifuging, the water content and the soap content were 
determined. The results are given in Table 2. These two values were 
plotted against each other in Fig. 4. The soap content and the water 
content of the centrifuged oil are plotted in Fig. 5. 

l.O 

•.. 

,. 

Fig. 4. Batch-neutralized coconut oil (0.8 N caustic soda); 
water content versus soap content. 

l.5 

@:5 

Fig. 5. Batch-neutralized coconut oil after centrifuging; 
water content versus soap content. 
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A glance at Table 2 shows that the soap content and the water content 
of the oil drop owing to centrifuging. 
A more accurate analysis of the data shows that it was not possible to 
describe the relationship between soap content and water content of the 
neutralized oil and the centrifuged oil together in one linear function. 
This is indicated by the difference between the position of the points in 
Figs. 4 and 5. 

The analysis was therefore split up into two parts, namely: 

1. the relationship between soap content and water content of the 
neutralized oil; 

2. the relationship between soap content and water content of the 
centrifuged oil. 

The linear adaptation of the observations for the neutralized oil led to 
equation [2]: 

w = 0.29 + 4.45 s 
where: 

W = water content 0/o, 
S soap content 0/o. 

[2] 

The observations for the centrifuged oil were also adapted to an 
equation of the type: 

W=a+bs [3] 

It followed from the calculations that the factor a from equation [3] 
did not differ significantly from zero. This factor was equated to zero. 
Next factor b was calculated. As a result the relationship between soap 
content and water content of the centrifuged oil can be given by 
equation [ 4]: 

w = 11.1 s [4] 

In equation [2] the factor 0.29 represents the physical solubility of 
water in the oil at ca. 95° C. This value corresponds satisfactorily 
with the 0.27 °/o, found in the film-neutralized oil. The solubility of 
water in oil in batch neutralization is somewhat higher, because the 
reaction temperature is higher. The relationship between water content 
and soap content according to equation [2] is similar to the relationship 
that would be found on account of the previously formulated 
hypothesis. 

The difference between equations [2] and [4] is caused by the dependence 
of the physical solubility of water in oil on the processing temperature. 
The neutralization temperature was ca. 95 ° C, the temperature after 
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centrifuging ca. 35° C. At lower temperature the solubility of water in 
oil is lower. The water, which at the lower temperature becomes 
insoluble, is separated off with the dispersed soap solution during 
centrifuging. 
The soap solution is (apparently) diluted by the insoluble water. The 
result is that the curve intersects the "water ordinate" nearer to the 
origin and that the curve becomes steeper owing to the (apparently) 
diluting of the soap solution. From the results of the centrifuge 
experiments it can be concluded that: 

1. soap together with water can be removed from the oil by centrifuging; 

2. after centrifuging a higher/lower soap content is accompanied by a 
higher/lower water content. 

3.2. Soyabean oil. 

In the investigation described so far and in the following part of this 
thesis the neutralization process was mainly studied using coconut oil 
and Fancy Tallow. 
The investigation of the relationship between soap content and water 
content of the neutralized oil, notably centrifuging, encounters practical 
difficulties owing to the high melting point of Fancy Tallow (40-45° C). 
Therefore soyabean oil instead of Fancy Tallow was used for this part 
of the investigation. 

The batchwise neutralizations of this oil were carried out in 40-ton 
kettles at ca. 95 ° C. The free fatty acids were removed from the oil 
using 0.8 N lye. Samples of the neutralized oil were taken from a large 
number of batches. After thorough homogenization, the water content 
and the soap content of these samples were determined. The rest of the 
sample was heated to ca. 90° C and again homogenized. The hot oil was 
then divided over two centrifuge tubes. 

The contents of the one tube were centrifuged for 2 minutes, the contents 
of the other tube for 5 minutes at 2,500 r.p.m. Then the water content 
and the soap content of the oil were determined. 
The observations are collected in Table 3. Fig. 6 shows the relationshif. 
between the water content and soap content of the neutralized oi . 
In Fig. 7 the results obtained with the centrifuged oil are illustrated. 

The analysis of these results was likewise split up into two parts namely: 

1. the relationship between soap content and water content of the 
neutralized oil; 

2. the relationship between soap content and water content of the 
centrifuged oil. 
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Table 3 
SOAP CONTENT AND WATER CONTENT OF BATCH-NEUTRALIZED 

SOYABEAN OIL 

As such Centrifuged Centrifuged 
2 min. 2,500 r.p.m. 5 min. 2,500 r.p.m. 

0/o water 6/o soap 0/o water 0/o soap 6/o water 0/o soap 

0.42 0.065 0.18 O.Q18 0.19 0.014 
0.44 0.060 0.21 0.018 0.18 0.021 
0.94 0.175 0.15 0.014 0.15 0.012 
0.64 0.120 0.19 0.035 0.21 0.020 
0.65 0.105 0.28 0.021 0.22 0.007 
1.68 0.240 0.46 0.045 
0.40 0.065 0.26 0.030 0.23 0.026 
1.40 0.215 0.56 0.055 0.35 0.040 
1.22 0.195 0.28 0.025 0.26 0.020 
0.85 0.150 0.25 0.020 0.24 0.022 
0.99 0.175 0.12 O.Q18 0.12 0.018 
0.60 0.080 0.11 0.016 0.18 0.028 
0.94 0.190 0.33 0.040 0.25 O.o35 
0.93 0.175 0.38 0.037 0.22 0.033 
0.78 0.115 0.35 0.028 0.24 0.022 
1.62 0.260 0.28 0.040 0.32 0.040 
0.46 0.050 0.18 0.020 0.19 0.009 
0.94 0.140 0.24 0.016 0.19 0.020 
0.92 0.128 0.32 0.038 0.27 0.035 
0.98 0.198 0.20 0.028 0.20 0.015 
0.93 0.145 0.19 0.008 0.21 0.003 
0.70 0.120 0.29 0.025 0.14 0.020 
1.16 0.230 0.37 0.030 0.32 0.035 
0.88 0.155 0.24 0.025 0.24 0.028 
0.83 0.125 0.26 0.025 0.31 0.025 
0.43 0.040 0.14 0.020 0.15 0.020 
1.14 0.235 0.52 0.045 0.19 0.020 
0.93 0.150 0.18 0.020 0.18 O.Q18 
0.62 0.070 0.18 0.020 0.16 0.020 
3.11 0.640 0.36 O.Q35 0.27 0.015 
0.89 0.140 0.20 0.025 0.19 0.025 
1.11 0.140 0.32 O.Q15 0.26 0.010 

The relationship between soap content and water content of the 
neutralized oil can be given by equation [SJ: 

w = 0.17 + 4.94 s 
And that for centrifuged oil by: 

w = 10.3 s [6] 

The results of the experiments with soyabean oil correspond satisfactorily 
with the observations involving coconut oil. The lower physical solubility 
of water in soyabean oil corresponds with the literature 8• The factor 
4.94 is ca. 10 O/o higher than the factor 4.45 for coconut oil. The latter 
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value corresponds well with the hypothesis. The higher factor in the 
case of soyabean oil is caused by dispersed and dissolved water, which is 
present in the soyabean oil before neutralization. 
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IO 16 18 20 22 x 10·2 

Fig. 6. Batch-neutralized soyabean oil (0.8 N caustic soda); 
water content versus soap content. 
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Fig. 7. Batch-neutralized soyabean oil after centrifuging; 
water content versus soap content. 
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In the soyabean oil experiments the influence of this water was 
noticeable, but in the case of coconut oil it was not, because: 

1. just before neutralization the soyabean oil is treated with a salt 
solution; 

2. the amount of lye supplied is only 10 O/o of the amount of lye used 
for coconut oil. 

The difference between equations [5] and [6] must be explained in the 
same way as in the experiments with coconut oil. From the combined 
experiments it can be concluded that: 

1. there is a linear relationship between soap content and water content 
in neutralized oil; 

2. soap together with water can be removed from the oil by 
centrifuging; 

3. after centrifuging a higher/lower soap content is accompanied by a 
higher/lower water content. 

4. Extraction of soap from oil. 

4 .1. Introduction. 

In the previous paragraphs is has been stated that the soap which is 
found in an oil after neutralization, is present in the form of a dispersed 
aqueous solution. 
To remove the soap, the oil is washed with water. Some authors consider 
washing with water as a "liquid-liquid" extraction process:;, 6• 

This consideration is only permitted if the soap is dissolved in the oil. 
However, if the soap is present as a dispersed aqueous solution the 
removal of soap must be looked at as displacement of the droplets of 
soap solution by water droplets. This can only be attained when the oil 
and the wash-water are intensively mixed. 

In an extraction process in which the two phases are not mixed, e.g. 
percolation of oil droplets through a water column, only a very limited 
reduction in the soap content may be expected, because the droplets of 
soap solution are, as it were, "packed in oil", passed through the water 
column. The droplets of aqueous soap solution are thus kept separate 
from the wash-water and extraction of soap can hardly occur. 

This theory was ascertained by means of percolations of some batch
neutralized oils through a water column. 

4.2. Experimental. 

From the refinery a few samples ( 40 kg) of neutralized soyabean oil were 
obtained. 
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The oils were heated in the laboratory to ca. 90° C and then pumped 
into a cylindrical vessel in which the oil, in the form of droplets (diameter 
2-5 mm), was passed through a water column of ca. 2.20 m length 9• 

0.03 geq./l caustic soda was added to the water to prevent hydrolysis of 
the extracted soap. The division of oil into droplets was promoted by 
adding ca. 1 O/o Na-alkylaryl sulfonate to the water phase. 

After about 1 hour three samples were taken from the washed oil at 
intervals of ca. 15 minutes. Soap content and water content of these 
samples were determined. The results obtained are given in Table 4. 

Table 4 
PERCOLATION OF SOAP-CONTAINING OIL THROUGH A WATER COLUMN 

:-----···-·-!--····· 
6/o water 0/o soap 

I_ Washed oil 
···--·-- ... 

0/o water I 
0/o soap 

Oil 
Neutralized oil 

1.20 0.100 
Soyabean oil 1.65 0.165 1.21 0.130 

1.05 0.115 

1.81 0.160 
Soyabean oil 2.05 0.210 1.40 0.150 

1.68 0.165 

The results of these percolation experiments show that only a very 
limited reduction in the soap content and the water content of the 
neutralized oil occurs, if it is percolated through water. Moreover, the 
drop in soap content and water content proceeds proportionally. 

If the wash column is used as neutralization column 9, the soap content 
in the neutralized oil is always <0.05 °/o, whereas for the water contents 
no higher values than 0.5 °/o are determined 10• The great difference in 
soap content between the percolated soap-containing oil and the neutral
ized oil is caused by the fact that the two processes proceed completely 
differently. The soap formed on neutralization is formed at the water 
side of the oil/lye interface and is dispersed in the water phase 
immediately after being formed. Consequently no soap is formed in the 
oil so that no extraction process is involved. During the percolation of 
the soap and water containing oil only a slight decrease in the soap 
content and a proportionate decrease in the water content occur, because 
the soap and the water are not dissolved but dispersed in it. The soap 
and the water, "packed in oil'', are transported through the wash-water 
and are not affected by the presence of the wash-water. The observations 
are in complete agreement with the previously formulated hypothesis 
and can only be explained by accepting the hypothesis as being correct. 
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5. Conclusion. 

During the investigation into the occurrence of water and soap in 
neutralized oil, a number of facts were ascertained, the main being: 

a) there is a relationship between the soap content and water content 
of the neutralized oil; 

b) this relationship is independent of the neutralization method applied; 
c) the relationship can be given by a linear function with as general 

formula: 

W = a + J2_ S [7] 
c 

where: 
W water content 0/o, 
S soap content 0/o, 
a = constant (physical solubility of water in oil), 
b = constant (mol. wt. of the soap), 
c = normality of the caustic soda solution used in the neutral

ization; 

d) the water content and the soap content of oil, neutralized according 
to the batch process, can be reduced to low values by ,centrifuging; 

e) even after centrifuging, the relationship between soap content and 
water content can be given by a formula according to [7]; 

£) percolation of soap-containing oil through the column with wash
water only leads to a very limited reduction of the sdap content and 
the water content. 

From these observations the following conclusions can be drawn: 

1. water occurs in the neutralized oil in two· different forms, namely: 

a) physically dissolved, the physical solubility of water being 
dependent on the temperature and the type of oil; 

b) dispersed in an amount which may vary considerably and which 
depends on the neutralization conditions; 

2. the soap which is found in the neutralized oil is not physically 
dissolved in it, but occurs in the form of an aqueous solution which 
is finely dispersed in the oil. 
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CHAPTER V 

THE NEUTRALIZATION PROCESS CONSIDERED 
AS EXTRACTION PROCESS 

1. Introduction. 

Chapter III describes a neutralization process in which oil, in the form 
of a regularly interrupted thin film, is contacted with an aqueous alkali 
solution. Compared with the conventional neutralization processes, this 
procedure involves only small losses of neutral oil. A disadvantage of the 
process developed is that, contrary to the conventional processes, this 
neutralization hardly ever proceeds completely. Only at low throughputs 
and very long contact times is so much fatty acid removed that the 
f.f.a. content of the oil decreases to the desired value <0.1 °/o. 
If, after the film neutralization, the f.f.a. contents are still somewhat too 
high, they can be reduced by stirring the oil with a small excess of dilute 
caustic soda. After the reaction, the oil and the aqueous phase are 
separated by settling or by centrifuging. This post-treatment deprives 
the developed process of part of its attractiveness because: 

1. the process becomes more complicated; 

2. the post-treatment involves a much greater oil loss per kg removed 
fatty acid than does the film neutralization. 

The disadvantages of the post-treatment justify an investigation into 
the causes of the retardation of the neutralization. Some possible causes 
have already been mentioned and disproved in Chapter III namely: 

1. the occurrence of obstructing soap films; 
2. the occurrence of fractionation of the free fatty acids. 

A third possibility, suggested in Chapter III, is that the neutralization 
is retarded by a decrease in the mass transfer owing to the reduction of 
the driving force (concentration gradient) towards the end of the process. 
This chapter describes the investigation which was carried out to gain 
some insight into this problem. 
Special attention was paid to the influences of the throughput of oil and 
of caustic soda solution and of the lye concentration on the neutralization 
mechanism both in the neutralization in the apparatus with the 
interrupted films (36 successive passages of 18 cm length) and in the 
neutralization in a duct (length 215 cm). 

The results of these experiments will be compared with those which may 
be expected on account of the so-called penetration theory. 

2. Influence of processing conditions on the degree of neutralization. 

2.1. Neutralizations of interrupted oil films. 

In the neutralization apparatus described in Chapter III (36 ducts of 18 
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cm length at an angle of slope of 5° to the horizontal), crude coconut 
oil and crude Fancy Tallow were neutralized at ca. 80° C. 
During these neutralizations the oil throughput was varied between 
28 X 10-2 and 139 X 10-2 cm3/sec/cm. The lye concentration was also 
varied: for coconut oil 0.2 N, 0.4 N and 0.8 N caustic soda were used, 
for Fancy Tallow 0.1 N, 0.2 N and 0.4 N lye. In the case of both oils 
the lye was passed through concurrently with the oil and dosed in such 
a way that 5, 50 and 200 O/o excess was present (with respect to the 
amount of caustic soda theoretically required to bind all the free fatty 
acids). 
The order in which the experiments were carried out was determined 
by lot. After the stationary condition had been attained, three samples 
of the neutralized oil were taken at intervals of 10 minutes. The f.f.a. 
contents in the oil samples were determined and averaged. 
The results of the neutralizations using coconut oil are given in Table 1, 
those with Fancy Tallow in Table 2. 

Ex pt. 
No. 

Table 1 
NEUTRALIZATIONS OF COCONUT OIL; FILM LENGTH 36 x 18 CM 

Influence of throughput of oil and lye and of lye concentration 

Throughput Lye I Lye i Final f.f.a. content 
cm3/sec/cm x 10" concentration 

I 

excess I I% of initial 
oil I lye geq./I O/o O/o f.f.a. 

crude coconut oil 3.61 O/o f.f.a. (0.14 geq./I) 

1 28 20 0.2 5 Q.28 8 
2 28 29 0.2 50 0.16 4 
3 28 58 0.2 200 0.13 4 
4 28 10 0.4 5 0.32 9 
5 28 15 0.4 50 0.26 7 
6 28 29 0.4 200 0.06 2 
7 56 41 0.2 5 0.40 11 
8 56 58 0.2 50 0.32 9 
9 56 116 0.2 200 0.39 11 

10 56 10 0.8 5 0.69 19 
11 56 14 0.8 50 0.15 4 
12 56 29 0.8 200 0.05 2 
13 111 82 0.2 5 0.63 18 
14 111 117 0.2 50 0.91 25 
15 111 235 0.2 200 0.66 18 
16 111 41 0.4 5 d.50 14 
17 111 58 0.4 50 0.46 13 
18 111 118 0.4 200 0.29 8 
19 111 21 0.8 5 0.76 21 
20 111 29 0.8 50 0.34 9 
21 111 58 0.8 200 0.17 5 
22 139 51 0.4 5 0.72 20 
23 139 75 0.4 50 0.43 12 
24 139 146 0.4 200 0.62 17 
25 139 26 0.8 5 0.99 27 
26 139 37 0.8 50 0.36 10 
27 139 73 0.8 200 0.37 10 
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From the data in Table 1 it can be derived that the variables, viz. lye 
excess and lye concentration, have only a slight influence on the final 
fatty acid content. Higher f.f .a. contents only occur in experiments with 
5 O/o excess, especially at the higher lye concentrations. At 200 O/o excess 
the f.f.a. contents are generally lowest, although even then, only at the 
lowest oil throughputs, f.f.a. contents <0.1 6/o are found. 
An increase in the oil throughput results in a higher final f.f.a. content. 

Table 2 
NEUTRALIZATIONS OF FANCY TALLOW; FILM LENGTH 36 X 18 CM 

Influence of throughput of oil and lye and of lye concentration 

Expt.1 
Throughput Lye Lye Final f.f.a. content 

cm3/sec/cm x 102 concentration excess O/o of initial 
No. 

oil lye geq./l O/o O/o f.f.a. 

crude Fancy Tallow 4.56 fl/o f.f.a. (0.14 geq./l) 

28 28 41 0.1 5 0.19 4 
29 28 58 0.1 50 0.12 3 
30 28 117 0.1 200 0.15 3 
31 28 20 0.2 5 0.16 4 
32 28 29 0.2 50 0.13 3 
33 28 58 0.2 200 0.11 2 
34 56 82 0.1 5 0.47 10 
35 56 117 0.1 50 0.26 6 
36 56 235 0.1 200 0.19 4 
37 56 41 0.2 5 0.14 3 
38 56 58 0.2 50 0.24 5 
39 56 117 0.2 200 0.21 5 
40 56 20 0.4 5 0.56 12 
41 56 29 0.4 so 0.25 6 
42 56 58 0.4 200 0.35 8 
43 111 70 0.2 5 0.72 16 
44 111 100 0.2 50 0.63 14 
45 111 200 0.2 200 0.82 18 
46 111 35 0.4 5 1.02 22 
47 111 50 0.4 50 1.20 26 
48 111 100 0.4 200 0.86 19 
49 139 44 0.4 5 1.63 30 
50 139 63 0.4 50 1.50 33 
51 139 125 0.4 200 1.34 29 

The results of Table 2 show that, also when neutralizing Fancy Tallow, 
the influence of the lye excess is extremely slight. The influence of the 
alkali concentration is not great. If the lye concentration indeed 
influences the neutralization, a slight increase in the f.f .a. content may 
be expected when the concentration is increased, as appears from Table 2. 
The influence of the oil throughput is clearly expressed: an increasing oil 
throughput results in a higher f.f .a. content. 

2.2. Neutralizations of straight (uninterrupted) oil films. 

In a number of the above experiments, low f .f .a. contents are obtained. 
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In this way it is possible that any influences on the final result, caused 
by the various processing conditions, are levelled out and can only be 
perceived with a larger number of observations. 
A sharper distinction can probably also be obtained with experiments in 
which a smaller part of the free fatty acids is removed from the oil. 
To this end neutralizations were carried out in a duct with a length of 
215 cm, a width of 10 cm and a height of 1 cm. The duct was inclined 
at an angle of 5° to the horizontal. The other processing conditions were 
equal to those in the neutralizations of interrupted oil films. Also now 
the order in which the experiments were carried out was determined 
by lot. 
The results of the measurements on coconut oil are collected in Table 3. 
The neutralizations of Fancy Tallow are given in Table 4. 

Table 3 
NEUTRALIZATIONS OF COCONUT OIL; FILM LENGTH 215 CM 

Influence of throughput of oil and lye and of lye concentration 

Throughput Lye Lye Final f.f.a. content 
Expt. cm3/sec/cm x 102 I concentration excess I o/~of initial No. -~-----.. --~-------~---

oil : lye ' geq.11 O/o O/o f.f.a. 

crude coconut oil 3.83 °/o f.f.a. (0.15 geq./l) 

52 28 22 0.2 5 0.46 12 
53 28 31 0.2 50 0.51 13 
54 28 62 0.2 200 0.50 13 
55 28 11 0.4 5 0.69 18 
56 28 16 0.4 50 0.54 14 
57 28 31 0.4 200 0.46 12 
58 56 44 0.2 5 0.92 24 
59 56 63 0.2 50 0.94 25 
60 56 125 0.2 200 1.08 28 
61 56 11 0.8 5 0.82 21 
62 56 23 0.8 50 0.83 22 
63 56 31 0.8 200 0.66 17 
64 111 88 0.2 5 1.85 48 
65 111 125 0.2 50 1.68 44 
66 111 250 0.2 200 1.59 42 
67 111 44 0.4 5 1.68 48 
68 111 63 0.4 50 1.56 41 
69 111 125 0.4 200 1.53 40 
70 111 22 0.8 5 1.53 40 
71 111 31 0.8 50 1.38 36 
72 111 63 0.8 200 1.22 32 
73 139 55 0.4 5 1.93 50 
74 139 78 0.4 50 1.88 49 
75 139 156 0.4 200 1.95 51 
76 139 27 0.8 5 1.72 45 
77 139 39 0.8 50 1.63 43 
78 139 78 0.8 200 1.45 38 

It appears from the data in Table 3 that an increase in the lye excess 
results in a slight decrease in the f.f .a. content of the oil. Also an increase 
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in the lye concentration generally leads to a slight decrease in the f.f.a. 
content of the processed oil. 
The oil throughput has the greatest influence on the final acidity. 
Although in this experimental series somewhat more distinct tendencies 
are observed, the conclusions are in general equal to those from the 
experiments in Table 1. 

Table 4 
NEUTRALIZATIONS OF FANCY TALLOW; FILM LENGTH 215 CM 

Influence of throughput of oil and lye and of lye concentration 

Throughput 

I 
Lye Lye Final f.f.a. content 

Expt.: cm3/sec/cm x 102 concentration excess 

1 

O/o of initial 
No. j 

oil I lye geq./l O/o O/o f.f.a. 

crude Fancy Tallow 4.05 O/o f.f.a. (0.13 geq./I) 

79 28 35 0.1 5 2.03 50 
80 28 50 0.1 50 1.83 45 
81 28 100 0.1 200 1.59 39 
82 28 17 0.2 5 1.60 40 
83 28 25 0.2 50 1.32 33 
84 28 50 0.2 200 1.59 39 
85 56 70 0.1 5 2.52 63 
86 56 100 0.1 50 2.61 65 
87 56 200 0.1 200 2.65 65 
88 56 35 0.2 5 2.38 59 
89 56 50 0.2 50 2.55 63 
90 56 100 0.2 200 2.27 56 
91 56 18 0.4 5 3.37 83 
92 56 25 0.4 50 3.46 85 
93 56 50 0.4 200 3.43 85 
94 111 70 0.2 5 2.76 68 
95 111 100 0.2 50 2.73 67 
96 111 200 0.2 200 2.86 71 
97 111 35 0.4 5 3.61 89 
98 111 50 0.4 50 3.68 91 
99 111 100 0.4 200 3.70 91 

100 139 44 0.4 5 3.65 90 
101 139 63 0.4 50 3.75 93 
102 139 125 0.4 200 3.64 90 

On considering the data in Table 4, it again appears that the lye excess 
hardly influences the f.f .a. content, even if the other factors are on 
unfavourable levels. The influence of the alkali concentration is striking. 
If 0.1 N and 0.2 N lye are used about the same final f.f.a. contents are 
obtained, although at 0.2 N they are generally slightly lower. With 0.4 N 
caustic soda, however, the neutralization is much slighter. The oil 
throughput again has an important influence on the f.f.a. content. 

From the results of the experiments in Tables 1, 2, 3 and 4 it may be 
concluded that in the neutralization of coconut oil and Fancy Tallow the 
lye excess does not influence the neutralization mechanism. In the case 
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of coconut oil the lye concentration has hardly any influence on the 
final result and for Fancy Tallow only at values >0.2 N. So within wide 
limits the neutralization is hardly dependent on the composition of the 
aqueous phase. The neutralization is therefore determined by the 
transport of the free fatty acids in the oil film or by the transfer of the 
free fatty acids at the oil/lye interface. 
The mass transport in a laminary flowing film can be calculated theoreti
cally. This has been applied by some authors 1, 2, 3 to the absorption of 
a gas in a falling water film. Very good agreement was found between 
the calculated and the experimentally determined mass tranfer. 
A corresponding calculation has been drawn up for the transfer of the 
free fatty acids out of the flowing oil film, with the purpose of gaining 
more insight into factors which control the neutralization by comparing 
the calculated values with those found in practice. 

3. Calculation of the fatty acid transfer. 

3.1. Theory. 

The absorption of a gas in a falling water film can be satisfactorily 
described with the so-called penetration theory 1, 2• 3• 

To apply this theory a number of conditions must be fulfilled namely: 

1. the resistance of the mass transfer lies entirely in the falling film; 

2. an element of area of the film is immediately, after contact with the 
gas phase, in equilibrium with this phase. 

These conditions are reasonably satisfied in the film neutralization, for 
within wide limits the composition of the water phase appears to have 
hardly any influence on the neutralization, in casu the mass transfer. This 
satisfies the first condition. Further the rapid reaction: fatty acid + lye 
which occurs on the water side of the interface (Chapter IV) does not 
depend on the composition of the water phase. It may therefore be 
assumed that the fatty acid concentration in the element of area is 
immediately in equilibrium with the lye solution, which means that the 
fatty acid concentration at the interface is <0.02 °/o. This satisfies the 
second condition. 

For the calculation of the mass transfer it is assumed that the system 
satisfies a third condition, namely: 

3. the liquid under the element of area must be considered as an 
infinitely deep stagnant layer during the time tc, in which_ the element 
moves along the surface of the film. The mass transport from the bulk 
of the liquid to the surface can therefore only take place by diffusion 
in a direction perpendicular to the direction of flow. Diffusion in the 
direction of flow is assumed to be negligible. 
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If the above conditions have been satisfied, the neutralization can be 
considered as a case of non-stationary diffusion. 

The non-stationary diffusion can be expressed in the known equation: 

bC 
b t 

The boundary conditions are: C C0 for x 0 t 0 

c c:· for x 0 t ~ 0 

C = C0 for x = 0 t < 0 

where: 

[1] 

D diffusivity of the solute in the film liquid, cm2• sec-1, 

C concentration of the diffusing solute, g.cm-3, 

C0 initial concentration of the solute in the bulk of the film 
liquid, g.cm-3, 

c~, equilibrium concentration of the solute at the surface of the 
film, g.cm-3, 

x coordinate, perpendicular to the direction of the flow of the 
film, cm, 

t time, sec. 

With the help of the boundary conditions, equation [1] can be solved. 

The amount of substance <llm (g.sec-1) which passes at a time t through 
an element of area is given by equation [2]. 

i//])--
7Tt 

(2] 

Then the mean mass transfer per umt area <ll"m (g.cm-2.sec-1) can be 
calculated [3], (4]. 

<!>" - 1 
m -

tc 
[3] 

[4] 

where: 
tc = total contact time of the element of area with the lye, sec. 

The contact time tc depends on the length of the oil film, the oil 
throughput, the angle of slope and a large number of physical constants. 
It can be calculated from the oil throughput and the film thickness. 
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In the case of laminar flow, the thickness of the oil film 8 (cm) can be 
calculated with equation [5]. 

ll ty-_ __l_L 
g' (!I 

[SJ 

where: 

a = film thickness, cm, 

r oil throughput, cm3.sec- 1.cm-1, 

71 viscosity, g.cm-"1.sec-1, 

g' acceleration due to gravity in the direction of flow of the 
oil film, cm.sec-2, 

(!
1 difference in density water phase/oil phase, g.cm-"3• 

The mean velocity of the oil film v(cm.sec-1) follows from the oil 
throughput and the film thickness [6]. 

- r 
v = "~-

where: 

v mean velocity of the film, cm.sec-1• 

[6] 

In the case of laminar flow, the velocity at the surface of the film Vi 

(cm.sec-1) is 1.5 times v [7]. 

3 
Vi = 2 V [7] 

where: 

Vi = velocity at the surface of the film, cm.sec-1• 

The contact time tc, follows immediately from the length of the oil 
film L (cm) and the surface velocity Vi [8]. 

where: 

2 L. ll 
3 r 

L length of the oil film, cm. 

[8] 

Equations [4] [8] only apply, if the friction of the oil with the water 
phase and the friction of the water phase with the walls of the apparatus 
are neglected. Moreover for the calculation it is assumed that the width 
of the oil film is such that the side-walls of the apparatus have no 
measurable influence on the flow pattern in the oil film. 
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From [ 4], [5] and [8] follows: 

<I>"m = B ~ 
where: 
B = calculation constant, g.cm-813.sec-213. 

[9] 

3.2. Comparison of theoretical and experimental fatty acid transfer. 

The above calculation was carried out for a series of neutralizations of 
coconut oil and a number of experiments with Fancy Tallow. 
The neutralizations were carried out at 80° C in a duct with a length 
of 215 cm inclined at an angle of slope of 5° to the horizontal. 

In the neutralizations of the coconut oil a 0.4 N caustic soda solution 
was used, in the case of Fancy Tallow 0.2 N lye was used. In all 
experiments the lye was dosed with an excess of 5 6/o with respect to 
the amount theoretically required to bind all free fatty acids present in 
the oil fed. The oil throughput was varied between 1.39 and 
0.28 cm3.sec-1.cm·-1• 

For each experimental series the order in which the experiments were 
carried out was determined by lot. 
The results of the experiments are given in Tables 5 and 6. 
From the decrease in the f.f.a. content and the oil throughput, <I>"m, the 
mean mass transfer per unit of area and per unit of time was calculated. 

Expt. 
No. 

Table 5 
NEUTRALIZATIONS OF COCONUT OIL; FILM LENGTH 215 CM 

Influence of oil throughput 

Throughput ! Final f.f.a. content Reduction 
cm8 .sec-1.cm-1 'f.f.a. q,um 

; 

! 

6/o of g.cm-2.sec-1 x 105 

I 
I O/o initial content 

oil lye f.f.a. O/o 
• 

crude coconut oil 3.83 O/o f.f.a. (0.15 geq./l) 

103 1.39 0.55 1.76 45 2.07 11.8 
104 1.28 0.51 1,71 45 2.12 11.2 
105 1.17 0.46 1.44 38 2.39 11.5 
106 1.11 0.44 1.51 39 2.32 10.6 
107 1.06 0.42 1.50 39 2.33 10.1 
108 0.94 0.37 1.34 35 2.49 9.7 
109 0.83 0.33 1.30 34 2.53 8.7 
110 0.72 0.29 1.11 29 2.72 8.1 
111 0.61 0.24 1.12 29 2.71 6.8 
112 0.56 0.22 1.01 26 2.82 6.5 
113 0.50 0.20 0.94 25 2.89 6.0 
114 0.39 0.15 0.76 20 3.07 4.9 
115 0.28 0.11 0.58 15 3.25 2.5 
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Table 6 
NEUTRALIZATIONS OF FANCY TALLOW; FILM LENGTH 215 CM 

Influence of oil throughput 

Throughput Final f.f.a. content I Reduction 
Ex pt. cm3 .sec-1.cm-t f.f.a. <P"m 

0/o of 
I 

No. 

I I 
O/o initial content g.cm-2.sec-1 x 105 

oil lye f.f.a. O/o 

crude Fancy Tallow 4.01 O/o f.f.a. (0.13 geq./l) 

116 1.39 0.87 2.52 63 1.49 8.4 
117 1.25 0.79 2.34 58 1.67 8.5 
118 1.11 0.70 2.22 55 1.79 8.1 
119 0.97 0.61 2.14 53 1.87 7.4 
120 0.83 0.52 1.92 48 2.09 7.1 
121 0.69 0.45 1.66 41 2.35 6.6 
122 0.56 0.35 1.50 37 2.51 5.7 
123 0.42 0.26 1.31 33 2.70 4.6 
124 0.28 0.18 0.84 21 3.17 3.5 

For the experiments carried out, the rate of mass transfer was calculated 
with the help of equations [4] - [9]. The following physical constants 
were used: 

viscosity 17 : a) coconut oil at 80° C : 
b) Fancy Tallow at 80° C : 

difference in density lye/oil (}
1 

acceleration due to gravity g' 

7.2 X 10-2 g.cm-1.sec-1, 

10.9 X 10-2 g.cm-1.sec-1, 

0.09 g.cm-3, 

85.5 cm.sec-2 • 

For the calcula~ion .of diffusivitJ' D us.e was made of the diffusivity of 
methyl stearate m tnoleate at 20 C; Dis 25 X 10-s cm2.sec-1 4• 

It was assumed that the diffusivity of fatty acids in trioleate at 20° C is 
equally high. The diffusivities in coconut oil and Fancy Tallow at 80° C 
were calculated with the Nernst-Einstein relation [10]. 

1i17 = constant. (10] 

From equation [10] follows: 

diffusivity D: a) coconut oil at 80° C: 3.1 X 10-6 cm2.sec-1, 
b) Fancy Tallow at 80° C: 2.2 X t0-6 cm2.sec-1• 

The results of the calculations are given in Tables 7 and 8. In addition 
to the theoretically calculated rates of mass transfer also those determined 
experimentally are given. Figs. 1 and 2 show the relationships of the 
calculated as well as of the determined rate of mass transfer with the oil 
throughput. 
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Fig. 1. Film neutralization of coconut oil; 
rate of fatty acid transfer versus oil throughput. 
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Fig. 2. Film neutralization of Fancy Tallow; 
rate of fatty acid transfer versus oil throughput. 
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Table 7 
CALCULATION OF THE RATE OF MASS TRANSFER IN THE NEUTRALIZATION OF COCONUT OIL 

Ex pt. r r 1/s 0 v Vi tc tc-'i> <!>" m theoretical <l>"m experimental 
No. cm2.sec-1 (cm 2 .sec-1) 113 cm cm.sec-1 cm.sec-1 sec sec-1/ 2 g.cm-2.sec-1 x 10s g.cm-2.sec-1 x 105 

103 1.39 1.12 0.35 3.95 5.92 36.3 0.176 1.13 11.8 
104 1.28 1.08 0.33 3.87 5.80 37.1 0.164 1.11 11.2 
105 1.17 1.05 0.32 3.65 5.48 39.2 0.160 1.09 11.5 
106 1.11 1.04 0.31 6 3.53 5.30 40.6 0.157 1.07 10.6 
107 1.06 1.02 0.31 3.42 5.13 41.9 0.154 1.05 10.1 
108 0.94 0.98 0.30 3.17 4.76 45.2 0.149 1.01 9.7 
109 0.83 0.94 0.29 2.91 4.36 49.3 0.142 0.96 8.7 
110 0.72 0.90 0.27 2.65 3.98 54.0 0.136 0.925 8.1 
111 0.61 0.85 0.26 2.36 3.54 60.7 0.128 0.87 6.8 
112 0.56 0.82 0.25 2.22 3.33 64.6 0.124 0.84 6.5 
113 0.50 0.79 0.24 2.08 3.12 68.9 0.120 0.82 6.0 
114 0.39 0.73 0.22 1.75 2.62 82.1 0.110 0.75 4.9 
115 0.28 0.65 0.20 1.40 2.10 102.4 0.099 0.67 2.5 

Table 8 
CALCULATION OF THE RATE OF MASS TRANSFER IN THE NEUTRALIZATION OF FANCY TALLOW 

Ex pt. r r 1/3 0 Vi tc tc-'lz <P" m theoretical <I>" m experimental 
No. cm2.sec-1 ( cm2 .sec-1) 1/s cm cm.sec-1 sec sec-112 g.cm-2.sec-1 x 10• g.cm-2.sec-t x 105 

116 1.39 1.12 0.39 3.55 5.33 40.3 0.157 0.92 8.4 
117 1.25 1.08 0.36 3.44 5.16 41.7 0.155 0.91 8.5 
118 1.11 1.04 0.35 3.18 4.77 45.1 0.149 0.87 8.1 
119 0.97 0.99 0.33 2.91 4.37 49.2 0.142 0.83 7.4 
120 0.83 0.94 0.32 2.63 3.95 54.9 0.134 0.78 7.1 
121 0.69 0.89 0.30 2.32 3.48 61.8 0.127 0.74 6.6 
122 0.56 0.82 0.28 2.01 3.02 71.2 0.119 0.70 5.7 
123 0.42 0.75 0.25 1.65 2.48 86.7 0.107 0.63 4.6 
124 0.28 0.65 0.22 1.26 1.89 114.0 0.094 0.55 3.5 """ 00 



This calculation is based on the assumption that the diffusion takes place 
in an infinitely thick liquid layer (p. 78). 
Danckwerts 6 has calculated that the error which is made in the above 
calculation does not exceed 5 °/o as long as: 

LD 
2 Vi 8 2 <0.1 [11] 

In all conditions [11] is amply satisfied. 

From the data in Tables 7 and 8 and of Figs. 1 and 2, the great difference 
between the calculated and the experimentally determined rates of mass 
transfer becomes noticeable at once. It also appears from Figs. 1 and 2 
that the relationship between oil throughput and the <t>"m values is quite 
different from what may be expected on the basis of the theory. The 
measured rate of mass transfer is much higher than its theoretical 
estimates. 

These observations justify the conclusion that the mass transfer 
mechanism is not equal to the scheme that was drawn up for the 
theoretical treatment namely: a process entirely controlled by diffusion. 
The cause is found in the occurrence of so-called "interfacial turbulence" 
(see Chapter VI). This turbulence is brought about by local differences in 
interfacial tension which in turn are caused by differences in concen
tration at the interface. The interfacial turbulence may influence the 
mass transfer considerably as follows: 

1. protuberances occur at the oil/water interface, resulting in a consider
able increase in the interface, where the mass transfer takes place; 

2. currents are induced in the oil layer, so-called "roll cells". Therefore 
in the immediate vicinity of the interface the mass transport takes 
place by convection instead of by the slowly proceeding diffusion in 
the theoretically assumed laminar flow. 

The great influence of the interfacial turbulence on the rate of mass 
transfer could be confirmed in a later stage of the investigation (Chapter 
VI, § 6.5.). Under certain conditions the experimentally determined and 
the theoretically calculated rate of mass transfer appear to be in 
agreement with each other, owing to the absence of interfacial turbulence. 
Under these conditions the degree of neutralization is slight. It could 
further be demonstrated that the rate of mass transfer can be increased 
considerably by changing the processing conditions in such a way that 
the interfacial turbulence is induced. 
Owing to the occurrence of the interfacial turbulence, theoretical 
prediction of the mass transfer is hampered appreciably or even made 
impossible. Therefore, in the scope of this investigation, no measurements 
or calculations were carried out to go deeper into this problem. 
Retardation of the neutralization, after the greater part of the free fatty 
acids has been eliminated from the oil, could be explained only qualita
tively e.g.: in the vicinity of the interface a rapid fatty acid transport 
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occurs owing to interfacial turbulence. A relatively large amount of the 
oil passed through is transported in this layer and the fatty acids are 
rapidly removed from it. In the deeper oil layers the transport has to 
take place mainly by the much more slowly proceeding diffusion. The 
fatty acids from the deeper layers are therefore harder to remove, so 
that the impression is gained that the neutralization is retarded. 

4. Conclusion. 

An investigation into the influences of the throughput of oil and lye 
and of the lye concentration on the f.f .a. content of the neutralized oil 
showed that : 

1. a higher oil throughput results in a higher f.f.a. content; 

2. a greater lye excess results in no or only a slight decrease in the f.f .a. 
content; 

3. the lye concentration can be varied within relatively wide limits 
without influencing the f.f .a. content; 

4. the neutralization is particularly controlled by what happens at the 
oil/lye interface and in the oil layer; 

5. the neutralization proceeds faster and in a way different from what 
would be expected on the basis of the mass transfer controlled by 
the diffusion of the fatty acids in the oil layer. 

The higher rate of mass transfer is caused by the occurrence of interfacial 
turbulence. This phenomenon, which takes place in the immediate 
vicinity of the interface, is so complicated that it is almost impossible 
to calculate the degree of neutralization. 

The retardation of the neutralization may only be explained qualitatively: 
the greater part of the free fatty acids, which is present in the oil layers 
near the surface of the oil film is rapidly removed owing to the 
turbulence which occurs; the remaining part in the deeper layers of the 
oil film must be removed by the much more slowly proceeding diffusion. 

NOTATION 

A area of film surface, cm2 

B calculation constant, g.cm-813.sec-213 

C concentration of the diffusing solute, g.cm-3 

C0 initial concentration of the diffusing solute, g.cm-3 

C':· equilibrium concentration of the diffusing solute at the surface 
of the film, g.cm-3 

D diffusivity of the solute, cm2.sec-1 

g' component of the acceleration due to gravity in the direction 
of the oil film, cm.sec-2 

L length of the oil film, cm 
T absolute temperature, °K 
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t = time, sec 

total contact time of an element of area of the film with the 
lye, sec . 

mean velocity of the oil film, cm.sec-1 

Vj = velocity at the surface of the film, cm.sec-1 

x 

r 

0 

coordinate, perpendicular to the direction of flow of the film, cm 

= oil throughput per unit of width of the film, cm3.sec-1.cm-1 

thickness of the oil film, cm 

'Y) 

, 
(! 

<Pm 

<ti" m = 

viscosity, g.cm-1.sec-1 

difference in density water phase/oil phase, g.cm-3 

rate of mass transfer, g.sec-1 

rate of mass transfer per unit area, g.sec-1.cm-2 
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CHAPTER VI 

INVESTIGATIONS INTO THE MECHANISM 
OF THE NEUTRALIZATION PROCESS 

1. Preliminary investigations with coconut oil and Fancy Tallow. 

1.1. Introduction. 

During the investigation which has led to the development of the 
neutralization process described in Chapter III, a number of qualitative 
and semi-quantitative experiments were carried out, which have not 
been discussed. These experiments showed that, apart from the influence 
of the concentration of the lye as expressed in the preceding part, there 
are a number of factors which influence the neutralization mechanism. 
Also in the literature a greater or smaller significance is attached to these 
influences. Some of these are: 

a) nature of the alkali used. 

In the literature 1, 2, 3, 4, 5, 6 often Na2C03 instead of NaOH is 
recommended for neutralization. 
In most neutralization procedures the alkali is dosed in an amount 
larger than is necessary for neutralizing the free fatty acids. If NaOH 
solution is used as alkaline reagent, there is a danger (according to 
the literature) that the excess lye attacks the triglycerides and causes 
losses owing to saponification. 
Na2C03 is preferred because, under the conditions of the neutraliza
tion process, this substance does not attack the triglycerides or only 
to a small extent. When N~C03 was used as reagent in the film 
neutralization, however, the impression was gained that the use of 
soda ash notably for the neutralization of Fancy Tallow, causes an 
increase in the loss. 

b) addition of neutral electrolyte. 

During the neutralization process emulsions may be formed, which 
may cause great losses of neutral oil. In practice the concentrations 
of the alkaline reagents are chosen in such a way that the chance 
of emulsification is as small as possible. The concentrations to be 
chosen strongly depend on the apparatus used and on other conditions. 
In addition to the use of alkaline reagents of certain concentrations, 
also the use of NaCl is recommended to prevent the occurrence of 
emulsions 7, 8, 9, 10 and if they have formed, to break them 7• Addition 
of salt to the caustic soda solution caused a greater loss in the film 
neutralization of Fancy Tallow. 
The literature mentions some more factors which are important: 

c) reaction temperature. 
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caused by saponification of triglycerides. The saponification reaction 



proceeds more slowly at lower temperature. The lye and the oil are 
therefore often contacted at relatively low temperature (30 50° C). 
This procedure is particularly applied to processes in which the oil is 
separated from the lye by centrifuging. Just before separation, the 
oil/lye mixture is rapidly heated to ca. 90° C to facilitate the 
separation 2, 11, 12, 18• 

d) amount of alkali. 

The use of a deficient amount of alkali may give rise to the formation 
of the so-called acid soaps 6, 14, 15, 16, 11. 

Acid soaps may also be formed when the theoretical amount of lye 
is used, because a part of the lye can be converted into soap by 
saponification of triglycerides before all fatty acids in the oil have 
been able to react with the lye. 
Acid soaps are substances in which to one soap molecule one or more 
fatty acid molecules is (are) bound. The acid soaps can be obtained in a 
relatively pure form 15. 

During the refining of oils these acid soaps may give rise to the 
occurrence of great losses, because they would have a strongly 
emulsifying effect. Particularly the oil/water emulsion would be 
stabilized considerably by these acid soaps 6, 17• 

It may further be expected that the excess lye will influence the loss 
due to saponification of oil. 

A facto~ which in practice plays no part of importance for economic 
reasons 1s: 

e) nature of the cation. 

For the large amounts of caustic alkali or alkali carbonate, which are 
consumed for the refining of oils and fats, almost exclusively sodium 
compounds are used. 
Compounds of potassium and of other alkali metals are too expensive. 
Compounds of the alkaline earth metals can only under very special 
conditions be used as reagent, because the soaps of these cations are 
insoluble in water and soluble in oil. 
Ammonia is sometimes applied in the neutralization tech
nique 1, 4, 1s, 10. 

The potassium and sodium salts of higher fatty acids, soaps, have a 
completely different solubility in water at lower temperature 
(20 - 30° C). Na-soap is at lower temperature considerably less soluble 
than K-soap. At higher temperature the difference in solubility is 
relatively small. A saturated aqueous solution of Na-laurate for 
instance, contains at 90° C 36 °/o soap, and a K-laurate solution 36 O/o 
soap; Na- and K-stearate 19 °/o respectively 22 O/o soap and Na- and 
K-oleate 30 O/o respectively 26 O/o soap. 

A great difference in properties between the Na- and K-soaps is the 
difference in solubility in a salt solution. At 90° C 12 g NaCl per 
100 ml 10 °/o Na-laurate is sufficient to reach the NaCl concentration, 
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where Na-laurate begins to "salt out", whereas for 100 ml 10 °/o 
K-laurate solution ca. 24 g NaCl is required. For 100 ml of a 10 O/o 
aqueous solution of Na- and K-oleate at 90° C, 10 g respectively 15 g 
NaCl is necessary to attain the NaCl concentration where the soaps 
become insoluble ("salt out") 20, 21, 22. 

Since the above factors, such as temperature and electrolyte concen
tration, influence the solubility of soap in water, it seemed advisable 
to include these factors in the investigation. 

On account of the above considerations a series of neutralization 
experiments was initiated in which the following factors were varied: 

a) concentration of the alkali (see § 1.2.) 

b) nature of the cation Na0 and K0 

c) nature of the anion : C03" and OH' 

d) concentration of chlorides (see § 1.2.) 

e) excess alkali : + 25 O/o and 25 O/o 
f) temperature (see§ 1.2.). 

The influence of these factors was again studied m the neutralization 
of coconut oil and of Fancy Tallow. 
To exclude variations in raw material, homogeneous lots of crude 
coconut oil and crude Fancy Tallow were used for the investigation. 
The crude oil was dried in vacuo in the laboratory in 30 kg batches at 
ca. 100° C while passing through C02 and then, after adding a small 
amount of filter aid, filtered over a small plate and frame press and 
stored in portions of ca. 20 kg. 

1.2. Experimental set-up. 

1.2.1. Choice of the levels of the factors. 

In the film neutralization process any intermixing of oil and lye must be 
prevented as much as possible. Air and other gas bubbles, which are 
formed or liberated in the neutralization apparatus, give rise to a strong 
disturbance of the smooth flow pattern and may easily cause emulsion 
formation. 
In the case of neutralization with alkali carbonates, the formation of 
carbon dioxide bubbles must therefore be avoided. This is attained by 
causing the carbonates to be converted into bicarbonates only. In the 
experiments soda ash was therefore considered as being monovalent. 
The alkali concentration in the neutralizations of coconut oil was 
adjusted at 0.4 N and 0.8 N because in the previous experiments (Chapter 
III) it had been found that coconut oil can very well be processed with 
a caustic soda solution of this concentration. 

In order to choose the temperature levels, use was made of the 
results of former investigations into the solubility of soaps in 
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water 20, 21, 22• These measurements have shown that the solubility of 
soap at a certain temperature, the so-called "Krafft point", increases 
enormously. It was decided to choose the minimum temperature for 
the experiments at 10-15° C above the "Krafft point". 
For Na-soap of coconut oil fatty acids, the "Krafft point" lies at ca. 
35° C 21 • The low level of the temperature for the experiments with 
coconut oil was chosen at 50° C. The high level was chosen at 90° C. 

For the choice of the chloride concentration some qualitative experiments 
were carried out. It was found that an increase in the chloride 
concentration, especially at low temperature, gave rise to strong emul
sification. The emulsification was also promoted by the use of alkali 
carbonate. Under conditions which, according to qualitative experiments, 
cause the strongest emulsification (0.8 N Na2C03*, 50° C) neutralizations 
were carried out to establish the amount of chloride which could be added 
to the alkaline solution without losing control of the experiment by 
excessive emulsification. 
It could be concluded from these experiments that 2 °/o chloride was 
still admissible. 

The levels of the factors which were established for coconut oil via 
qualitative experiments are : 

concentration of the alkali 

concentration of the chloride 

temperature 

0.4 and 0.8 N 

0 and 2 6/o 
50 and 90° C. 

For Fancy Tallow the same procedure was followed. The "Krafft point" 
of the Na-soap of Fancy Tallow fatty acids lies at 53° C 21 • As minimum 
temperature of the experimental series, 65° C was chosen. 
From qualitative experiments it appeared that addition of 1 °/o chloride 
to 0.3 N Na2C03';':· at a temperature of 65° C was just admissible for 
obtaining a satisfactory result. 

For Fancy Tallow the levels of the factors, which had to be established 
experimentally, were adjusted at: 

concentration of the alkali 

concentration of the chloride 

temperature 

0.1 and 0.3 N 

0 and 1 O/o 
65 and 90° C. 

For the sake of completeness it should be noted that in the experments 
with NaOH and Na2C03 in combination with chloride, NaCl was added 
and that in the neutralizations with KOH and K2C03 in combination 
with chloride, KCl was used. 

* 0.8 N Na2COa means: 0.8 geq./l available for neutralization. 

,.,. 0.3 N Na2COa means: 0.3 geq./l available for neutralization. 
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1.2.2. Adjustment of the temperature. 

When the experiments were carried out, the actual temperature appeared 
to be lower than the desired temperature owing to insufficient pre
heating and heat-loss of the neutralization apparatus to the surroundings. 
At higher temperature the difference between the desired and the actual 
temperature increased, as appears from Table 1. 

Table 1 
DIFFERENCES BETWEEN DESIRED AND ACTUAL TEMPERATURES 

Desired temperature °C 

50 
65 
75 
85 
90 
95 

Actual temperature °C 

46 
60 
69 
78 
82 
87 

Owing to practical difficulties, the temperature differences could only 
be overcome in the course of the continued investigation (§ 2.). 
The result of all this was, that in the course of the investigation a number 
of unusual temperature levels occur, as can be derived from Table 1. 
The desired temperatures of the first experimental series: 50, 65 and 90° C 
appeared to be in reality 46, 60 and 82° C. However, this did not 
influence the essence of the results of the investigation. 

1.2.3. Experimental design. 

The experimental series, built up of 6 factors each on 2 levels, would for 
each oil result in 26 = 64 experiments when all possible combinations 
were carried out. These series were reduced to 16, in accordance with 
plan 6 A3 of Cochran and Cox 23• For technical reasons the temperature 
was kept constant per block of 4 experiments. The design is shown in 
Table 2. 

Fig. 1. Neutralization duct; interrupted film. 
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1.3. Description of the apparatus used. 

The experiments were carried out in the apparatus described in Chapter 
III. To restrict the amounts of oil and of alkaline solution which were 
necessary for an experiment, the width dimension was halved. Instead 
of 2 tubes for the passage of the aqueous liquid, 1 tube was mounted in 
the middle of the duct at 1 cm from the end (see Fig. 1). The angle of 
slope of the ducts was adjusted at 5° to the horizontal. 
The apparatus was built up of 36 ducts each with a length of 18 cm and 
a width of 5 cm. These ducts were mounted in a housing, length 18 cm, 
width 5 cm and height 100 cm (see Fig. 2). 

Block 

II 

III 

IV 

Table 2 

EXPERIMENTAL DESIGN 

Temper- Alkali Cation I Anion Chloride 
ature concentration K0 (-) Na0 (+)I OH' (-) C03" ( +) concentration 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ Na0 OH' 
K 0 OH' 
Na° COa" + 

+ K° C03" + 
+ 
+ 

+ 
+ 

+ 
+ 

COa" 
OH' 
C03" 
OH' 

COa" 
OH' 
OH' 
COa" 

OH' 
C03" 
OH' 
C03" 

+ 
+ 
+ 

+ 
+ 
+ 

Excess 
alkali 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

At the top of the apparatus two weirs had been mounted with which 
the oil and the lye could be discharged from the apparatus separately. 
At the bottom of the apparatus an inlet for lye had been mounted. 
Through the bottom of the apparatus the oil inlet was passed which 
brought the oil into a closed box, which was mounted just under the 
lowest duct. 
At the top of the box a slit had been made for feeding the oil which 
was further guided by the lowest duct. 
The narrow side-walls of the apparatus consisted of U-beams. Copper 
tubes were embedded in heat-conducting lute in these U-beams. Hot 
water was circulated at high speed through these tubes via a thermostat. 
The oil was brought into the apparatus with a dosing pump via a 
coil-shaped heat-exchanger, which was immersed in a thermostat. The 
pulses in the oil flow were levelled out as much as possible with the help 
of a buffer vessel. The alkaline solution flowed into the apparatus by 
hydrostatic pressure via a rotameter, a controlling valve and a heat-
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Fig. 2. Box-shaped neutralization apparatus; interrupted film. 



exchanger. In the arrangement the dosing system for the alkaline solution 
was carried out in duplicate. 

A flowsheet of the apparatus is given in Fig. 3. 

buffor 

rot meter 
lye 

supply ..___-+--- soap neutra :i:r.<'Al 
w]uti n oil 

3. Flowsheet. 

1.4. Experimental. 

A few hours before working time, the thermostats for heating the 
neutralization apparatus and' for the hot water supply of the heat
exchangers were switched on. After the desired temperature had been 
attained, the apparatus was filled with the alkaline solution of the desired 
concentration and temperature. 
Then dosing of oil was started. 
The oil throughput in all experiments was adjusted at 83 X l0-2 cm3/sec/cm. 

After the first oil had flowed from the apparatus, the throughput of the 
aqueous solution was adjusted at the desired value. 
The passage of oil and lye was continued until the stationary condition 
had been attained (§ 1.5.). 

Meanwhile 2 collecting vessels for the processed oil and soap solution 
were weighed and an amount of oil sufficient for an experiment of 
1 hour was put ready on a balance. 
As soon as the stationary condition had been attained, the suction-tube 
of the pump was transferred into the prepared storage vessel. Shortly 
afterwards, at a certain moment, the weight of the vessel plus contents 
was determined. 
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At a certain moment, usually exactly 15 seconds after weighing the oil 
stock, the processed oil which flowed from the neutralization apparatus 
was collected in one of the weighed vessels and the soap solution in the 
other. 

After ca. 60 minutes the weight of the oil storage vessel with the 
remaining contents was again determined. Exactly 15 seconds later, the 
oil and soap solution were no longer collected in the weighed vessels. 
At this moment the experiment was finished. 
The amount of oil passed through is known from the difference in 
weight of the oil storage vessel between the beginning and the end of 
the experiment. The amounts of soap solution and processed oil collected 
were weighed. 

In the time necessary for attaining the stationary condition the alkaline 
solution for the next experiment was prepared in the second alkali dosing 
system. This solution was used as soon as the preceding experiment had 
finished. In this way, dependent on the duration, four experiments in 
one block at one temperature level could be carried out successively in 
one day (§ 1.3.). 
This division into blocks is efficient, because notably changing from 
one temperature level to another requires a long extra time of adjustment. 

From the remaining crude oil a sample was taken for checking the f.f .a. 
content ':·. In the neutralized oil the f .f.a. content, the percentage of 
water and soap were determined ~-. The soap solution obtained was also 
analysed':·. The content of "total fatty matter" (T.F.M.) was determined 
via acidification and ether extraction ''. The percentage of f.f .a. in the 
extracted T.F.M. was determined by titration with alkali':·. 
In the crude oil, in the neutralized oil and in the T.F.M. obtained also 
the contents of mono-, di- and triglycerides were determined·~. 

From the analytical results, the refining factor and the fatty acid factor 
(see Chapter III) were calculated. Another factor, the so-called emulsion 
factor, was calculated from the f.f.a. content of the T.F.M. The T.F.M. 
hardly ever consists entirely of fatty acids. Apart from fatty acids also 
neutral oil is present. The occurrence of oil in the T.F.M. indicates that, 
during neutralization, oil has emulsified in the soap solution. 

The lower the O/o f.f .a. in T.F.M., the larger the amount of emulsified 
oil and the greater the loss. Consequently the f.f.a. content of the T.F.M. 
is a measure for the refining loss. The emulsion factor is defined by: 

emulsion factor = 100 

O/o f.f.a. in T.F.M. 

If during the neutralization no saponification occurs, the emulsion 
factor is equal to the refining factor and fatty acid factor. The difference 
between the emulsion factor on the one hand and the refining and fatty 
acid factor on the other, is a measure for the saponification. 

'' For analysis: see Appendix. 
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1.5. Determination of the time necessary for attaining a stationary 
condition. 

The film neutralization process is carried out continuously. 
In order to get a clear picture of the influence changes in the process 
variables have on the final result, it is necessary to wait with the 
observations until a stationary condition has set in. 
After the observations required have been made, a new combination of 
variables can be set in and the process is allowed to attain a new stationary 
condition. 

To carry out the experiments as efficiently as possible, it is necessary to 
have an impression of the time which is required before a stationary 
condition has been attained after a change in the processing conditions. 
A rough calculation shows that the aqueous phase requires most time 
before a stationary condition has been attained. The oil phase flows 
under 36 ducts in a 0.25 cm thick layer. The length of each duct is 
18 cm, so that the volume of the oil under the ducts is 36 X 0.25 X 
18 cm3/cm = 162 cm3/cm. 
The oil throughput during the experiments is adjusted at 83 X 10-2 

cm3/sec/cm. 
So the mean residence time of the oil is ca. 195 seconds. 
The lye volume in the apparatus is ca. 8,000 cm3 = ca. 1,600 cm3/cm. 
The throughput of the lye varies, dependent on the acidity of the oil and 
the concentration of the alkali solution, between ca. 44 X 10-2 and 
ca. 127 X 10-2 cm3/sec/cm. The mean residence time of the lye lies 
between 3,600 and 1,260 seconds (60 respectively 21 minutes). 

For attaining the stationary condition, the flow of the aqueous phase is 
of predominant significance; the time for attaining a stationary condition 
was therefore determined via the aqueous phase. 
The distribution of residence times of the aqueous phase was ascertained 
by injecting an amount of phosphate in the caustic soda solution added 
during a neutralization experiment. From the moment of injecting, the 
soap solution, which flowed out of the apparatus, was collected in 
portions. Each portion was collected over a constant time interval of 
ca. 5 O/o of the mean residence time of the lye. 
The soap samples obtained were weighed and acidified with a measured 
volume of sulphuric acid solution. After cooling, the liberated fatty 
acids were separated from the aqueous liquid over filter paper. The P20 5-

content in the aqueous liquid was determined colorimetrically 24• 

In this colorimetric determination a soap solution, which flowed out of 
the apparatus just before injecting and which was treated in the same 
way as the soap samples with phosphate, was used as a blank. The P20 5-

content of the samples was calculated by means of a previously drawn 
up calibration curve and corrected for the amount of sulphuric acid 
added. 

Fig. 4 shows the course of the phosphate concentration with the time 
for three throughputs of the aqueous solution. 
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Fig. 4. Distribution of residence times of the aqueous phase. 

In all three cases 95 - 97 O/o of the injected amount of P20 5 had been 
recovered at the end of the experiment. 
The maximum concentration of the phosphate occurs between 1.0 and 
1.2 times the mean residence time. After 2.0 times the mean residence 
time, 94 °/o of the P20 5 has been recovered. 

On account of these measurements it was decided to cause all experiments 
to proceed at least 2.0 times the mean residence time of the lye, before 
the observations were started. 

1.6. Observations. 
1.6.1. Experimental series with coconut oil. 
Table 3 contains the analytical results and the factors. 

Because of the strong reduction of the experimental design, it is difficult 
to gain an insight into the most important effects. The results averaged 
over each effect have therefore been collected in Table 4. 

In the last three columns of this table the losses which occur during 
neutralization are represented quantitatively, the losses due to saponi
fication and emulsification being separated from each other. Apart from 
the effects averaged over the entire experimental series Table 4 contains 
the effects calculated over the sub-groups: the experiments with excess 
alkali and those without chloride. 
These calculations have been carried out for comparison with the results 
of experiments with Fancy Tallow. 

98 



Table 3 
COCONUT Oil EXPERIMENTS 

• I Neutralized oil : : 
0/o f.f.a. ! 

Exp!. 
Temper· Alkali Nature 

Chloride Excess I' : Refining! 
Fatty 

ature concen- of the cone en- • acid in 
No. !ration alkali I 'lo f.f.a. 'lo water 'lo soap I factor oc !ration alkali factor T.F.M. 

• 

crude coconut oil dried, filtered 4.00 0.06 

A 

B 

c 
D 

II A 

II B 

II C 

II D 

Ill A 

Ill B 

Ill C 

Ill D 

IV A 

IV B 

IV C 

IV D 

46 

46 

46 

46 

82 

82 

82 

82 

82 

82 

82 

82 

46 

46 

46 

46 

0.8 N NaOH 0 

0.4 N 

0.4 N 

KOH 0 

Na2C03 2'/o NaCl 

0.8 N K2co, 20/o KCI 

-250/a l.85 

-250/o 

+250/o 

l.61 

1.19 

+250/o 0.94 

0.8 N K2C03 0 -250/o 1.28 

0.8 N NaOH 20/o NaCl + 25'/o 0.59 

0.4 N Na2CO, 0 -250/o 1.12 

0.4 N KOH '2-0/o KCI +250/o 0.32 

0.4 N K2co, 20/o KCI -250/o 0.94 

0.4 N NaOH 0 +25'1o 0.36 

0.8 N KOH 0 + 250/o 0.30 

0.8 N Na 2C03 2'/o NaCl -25'1o 2.32 

0.4 N NaOH 20/o NaCl -25'/o 1.73 

0.8 N Na2C03 0 + 25'1o 1.13 

0.8 N KOH 2'1o KCI -250/o 2.15 

0.4 N K2C03 0 +250fo 1.06 

0.60 

0.28 

0.31 

0.20 

0.37 

0.29 

0.40 

0.30 

0.38 

0.31 

0.28 

0.22 

0.26 

0.24 

0.28 

0.23 

0.100 l.76 

0.005 

0.014 

0.019 

1.37 

l.59 

1.53 

0.066 1.34 

0.008 1.40 

0.038 1.28 

0.003 1.19 

0.048 1.24 

0.012 1.23 

0.008 1.16 

0.011 1.74 

0.010 l.67 

0.030 l.55 

0.036 1.85 

0.009 1.42 

l.52 

1.34 

1.52 

l.49 

l.27 

1.32 

l.26 

1.18 

1.19 

1.18 

1.1(} 

l.44 

1.74 

1.55 

1.78 

1.39 

73.9 

76.2 

62.9 

64.6 

73.6 

90.1 

76.3 

96.7 

75.8 

95.4 

98.7 

64.4 

62.5 

62.2 

67.1 

70.7 

Emulsion 
factor 

1.35 

1.31 

l.59 

1.55 

1.36 

1.1() 

1.31 

1.04 

1.31 

1.05 

1.01 

1.55 

1.60 

1.61 

1.49 

1.41 

Neutralized oil 

'lo mono· I 'lo di- I 'lo tri-
glyceride glyceride glyceride 

0.4 

0.5 

0.2 

0.1 

0.4 

0.1 

0.0 

0.3 

0.3 

0.8 

0.6 

0.6 

0.5 

0.2 

0.2 

0.3 

0.2 

1.0 

1.2 

1.1 

1.1 

l.2 

1.2 

0.4 

1.3 

1.3 

1.7 

1.7 

1.6 

1.7 

1.4 

1.5 

1.5 

1.3 

89.3 

91.2 

88.8 

91.8 

91.4 

91.4 

89.8 

92.0 

93.7 

92.S 

89.9 

93.l 

85.5 

91.3 

93.l 

89.8 

93.5 

T.F.M. 

O/o mono· I 'lo di- I Ofo tri-
glyceride glyceride glyceride 

4.1 

3.2 

3.6 

3.5 

3.1 

. 2.2 

3.1 

1.8 

2.2 

2.7 

0.7 

3.1 

3.6 

3.9 

3.7 

3.8 

abs. 17.0 

14.7 

25.9 

25.5 

20.3 

5.7 

18.4 

1.8 

18.2 

5.9 

0.0 

27.8 

29.l 

26.5 

22.4 

21.7 



Table 4 
RESULTS OF COCONUT OIL EXPERIMENTS AVERAGED OVER THE MAIN EFFECTS 

'lo f.f.a. Refining factor Fatty acid factor % f.f.a. in T.F.M. 
Emulsion I 

excess ·1 
g oil g oil Total 

Main effect without excess I without I excess without without excess factor !saponified emulsified loss per 
mean mean mean mean per kg oil per kg oil kg oil chloride alkali chloride alkali chloride alkali chloride alkali mean 

Alkali concentration 0.8 N 1.32 1.14 0.75 1.54 1.46 1.43 1.43 1.37 1.37 74.3 77.3 79.0 1.38 3.0 9.0 11.9 

0.4 N 1.04 1.04 0.74 1.36 1.33 1.36 1.35 1.30 1.32 76.9 79.5 81.5 1.33 1.3 8.1 9.3 

Nature of the cation Na 0 1.29 1.11 0.82 1.53 1.46 1.46 1.44 1.38 1.39 73.1 76.8 77.4 1.39 2.7 9.5 12.2 

Ko 1.08 1.06 0.66 1.38 1.33 1.33 1.34 1.28 1.29 28.0 80.0 82.9 1.30 1.5 7.6 9.1 

Nature of the anion C03" 1.25 1.15 1.45 1.40 1.38 1.37 68.8 70.4 1.46 0.2 11.3 11.1 

OH' 1.12 1.03 1.45 1.38 1.39 1.39 82.6 86.0 1.24 4.5 5.6 10.1 

Chloride concentration 2% 1.27 0.77 1.52 l.44 1.46 l.38 72.9 78.2 1.39 2.3 9.4 11.7 

0% 1.09 0.72 1.38 1.34 1.33 1.31 78.5 82.2 1.29 1.9 7.6 9.4 

Excess alkali +25% 0.74 0.71 1.38 1.34 1.34 1.31 80.2 81.7 1.29 2.9 8.0 10.9 

-25°/o 1.63 1.46 1.53 1.44 1.44 l.35 71.2 74.7 1.41 1.3 9.0 10.3 

Temperature 46°C 1.46 1.41 1.59 l.53 1.54 1.46 67.6 70.7 1.49 1.2 11.6 12.9 

820C 0.91 0.76 l.32 1.26 l.24 l.21 83.8 85.7 1.21 3.0 5.4 8.4 



Expt. 
No. 

. I 
Temper-. Alkali Nature 

ature I concen- of the 
°C · !ration alkali 

Chloride I E 

I xcess 
con~en- alkali 
!ration , 

crude Fancy Tallow dried, filtered 

V A 
V B 

v c 
V D 

VI A 

VI B 
VI C 
VI D 

VII A 

VII B 

VII C 

VII D 

VIII A 

VIII B 

VIII C 

VIII D 

60 

60 

60 

60 

82 

82 

82 

82 

82 

82 

82 

82 

60 

60 

60 

60 

• estimated value 

0.3 N NaOH 0 

0.1 N KOH 0 

0.1 N Na2C03 1% NaCl 

0.3 N K2C03 1% KCI 

0.3 N K2C03 0 

0.3 N NaOH l'lo NaCl 

0.1 N Na2C03 0 

0.1 N KOH 1% KCI 

-25% 

-25% 

+25% 

+250/o 

-25% 

+25% 

-25% 

+25°/o 

0.1 N K2co, l'lo KCI -25% 

0.1 N NaOH 0 +25% 

0.3 N KOH 0 +25% 

0.3 N Na2C03 1 % NaCl -25% 

0.1 N NaOH 1% NaCl -25% 

0.3 N Na2C03 0 +25% 

0.3 N KOH 1% KCI -25% 

0.1 N K2C03 0 + 25°/o 

Table 5 
FANCY TALLOW EXPERIMENTS 

Neutralized oil Neutralized oil T.F.M. 

Refining 
factor 

Falty 
acid 

.factor 

% f.f.a. Emulsion l~--~----~--·······--l----~--~---
in 

4.03 

2.00 

1.43 

1.77 

2.04 

1.61 

1.23 

1.38 

0.43 

0.07 

0.39 

0.31 

6.70 

0.76 

1.13 

1.42 

1.71 

1.76 

0.028 

0.030 

0.385 

0.130 

0.21 

0.168 

0.145 

0.103 

emulsion formation 

G.61 0.59 0.025 

0.72 0.58 0.045 

emulsion formation 

1.87 0.43 0.010 

2.59 0.39 0.035 

emulsion formation 

1.60 1.24 ().070 

2.25 

1.43 

3.58 

2.26 

2.05 

2.14 

1.91 

1.83 

2.5* 

1.19 

1.59 

2.5* 

2.60 

2.83 

2.3* 

2.29 

2.12 

1.40 

3.26 

2.52 

2.15 

2.18 

2.02 
1.69 

2.5* 

1.24 

1.60 

2.5* 

2.62 

2.66 

2.3* 

2.13 

T.F.M. 

56.0 

70.0 

27.8 

38.9 

42.7 

62.0 

46.4 

63.4 

factor 

1.79 

1.43 

3.60 

2.57 

2.34 

1.61 

2.16 

1.58 

45.9-36.9 2.18-2.42 

80.3 1.25 

72.2 1.39 

76.0-59.9 >2.5 

41.2 

36.4 

44.1 

44.5 

2.43 

2.75 

2.27 

2.25 

% mono- % di- % tri- % mono- •/o di- 'lo tri-
glyceride glyceride glyceride glvceride glyceride I glyceride 

0.45 

0.6 

0.15 

0.45 

1.07 

0.6 

0.6 

1.2 

0.2 

0.6 

0.3 

0.4 

0.7 

0.6 

4.8 

5.2 

5.0 

5.0 

4.4 

5.1 

5.0 

4.7 

4.9 

5.1 

4.4 

4.4 

5.0 

4.9 

89.2 

92.4 

87.6 

92.2 
86.4 

93.4 

94.8 

94.1 

94.7 

94.0 

95.1 

93.5 

92.4 

92.7 

3.4 

8.2 

2.7 

3.2 

2.7 

3.8 

3.5 

4.9 

5.3 

0.7 

1.7 

2.5? 

0.7 

7.0 

5.1 

5.7 

8.0 

3.8 

8.4 

4.5 

3.5 

0.5 

5.4 

35.6 

16.2 

56.6 

39.6 

46.2 
37.0 

39.4 

31.l 

11.3 

21.1 

43.1 

18.8? 

45.6 



1.6.2. Experimental series with Fancy Tallow. 

Table 5 shows the analytical results and the factors of the experiments 
with Fancy Tallow. 

Some experiments with Fancy Tallow failed owing to strong emulsifica
tion. Calculation of the effects averaged over the entire experimental 
series was therefore not possible. However, the means of 2 sub-groups 
of 8 experiments could be calculated namely: the experiments without 
chloride and those with excess alkali, because in the unsuccessful 
experiments only the combination of a deficient amount of alkali and 
chloride addition occurred. 
The results of these calculations are given in Table 6. 

Table 6 
RESULTS OF FANCY TALLOW EXPERIMENTS AVERAGED OVER THE MAIN EFFECTS 

I 0
/o f.f.a. Refining factor Fatty acid factor 0/o f.f.a. in T.F M. 

Main effect without' excess j ~·i·~-hout I excess iWithoul : without excess excess 
'chloride alkali chloride alkali chloridel alkali 'chloride alkali 

Alkali concentration 0.3 N 1.73 1.64 2.13 2.20 2.14 2.24 51.5 52.2 
0.1 N 1.25 1.10 1.75 2.22 1.70 2.08 59.7 53.7 

Nature of the cation Na0 1.64 1.55 2.03 2.42 2.02 2.34 54.2 51.5 
KO 1.34 1.20 1.85 2.00 l.83 1.99 57.0 54.5 

Nature of the anion CO," 1.79 2.27 2.25 42.0 
OH' 1.19 1.61 1.60 69.2 

Chloride concentration 1 'lo 1.37 2.45 2.41 48.0 
00/o 1.38 1.97 1.91 58.0 

Excess alkali +250/o 1.38 1.97 1.91 57.7 
-250/o 1.61 1.91 1.92 53.5 

Temperature 600C 1.90 2.20 2.08 51.2 
a2°c 1.08 1.68 l.76 60.0 

The emulsion factors have not been included in this table, because owing 
to the small experimental range (2 overlapping groups of 8) a less accurate 
picture is obtained. 

1.7. Results. 

If the results given in Tables 4 and 6 are compared, it is noted that the 
effects almost invariably run parallel. It was therefore considered useful 
to discuss the results of the experiments together: 

a) alkali concentration (0.8 and 0.4 N; 0.3 and 0.1 N). 
An increase in the alkali concentration leads to a rise in the fatty 
acid content of the neutralized oil. The retardation of the neutral
ization at increasing lye concentration cannot be explained by 
exceeding the solubility of the soap Moreover, the refining and the 
fatty acid factor increase and the 0/o f.f.a. in T.F.M. decreases at higher 
alkali concentration. From the drop in °/o f.f.a. in T.F.M. it appears 
that the relative increase of the emulsification plays an important 
part in the rise of the factor. 

b) nature of the cation (Na0 and K0
). 

The use of Na-compounds instead of K-compounds leads to a decrease 
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in the neutralization, a rise in the refining and the fatty acid factor 
and a decrease in the O/o f.f .a. in T.F.M. 
The increase in the factors must particularly be ascribed to increasing 
emulsification of the oil. 
The cause will have to be sought in the difference in sensitivity to an 
increasing ion concentration of Na- and K-soaps 20, 21, 22• If this 
supposition is correct, the whole picture corresponds with the 
influence of an increasing alkali concentration. 
The difference between the Na0

- and K0 -ions cannot be explained 
by a difference in solubility 20, 21, 22, nor by a difference in interfacial 
tension between the soap solutions and the oil 25• 

c) nature of the anion (C03" and OH'). 

This variable leads to the principal differences between the exper
iments with coconut oil and those with Fancy Tallow. For both oils 
the f.f .a. content of the neutralized oil is higher when carbonate is 
used than when hydroxide is applied. The difference is much greater 
for Fancy Tallow, however, than for coconut oil. 
The refining factor and the fatty acid factor are the same on using 
carbonate or hydroxide in the coconut oil experiments. For Fancy 
Tallow the factors are much higher when carbonate is used. 
The use of carbonate leads to a much lower O/o f.f.a. in T.F.M. than 
on using hydroxide. 

Generally it can be said, that no saponification occurs when soda ash 
is used. The emulsion factor calculated from the 6/o f.f.a. in T.F.M. 
is therefore about equal to the determined refining factors both for 
coconut oil (Table 4) and Fancy Tallow (see the individual experiments 
in Table 5). 

The finding that in the neutralization of coconut oil with carbonate 
and with hydroxide the refining factor and the fatty acid factor are 
the same, combined with the fact that in the neutralization with 
carbonate no saponification occurs, raises the question where and 
when saponification of oil takes place in the neutralization with 
hydroxide. 

The saponification may occur: 

1. at the surface of the flowing film (direct saponification); 

2. at the surface of the emulsified oil particles (indirect saponification). 

If both forms of saponification occur, the direct saponification in the 
neutralization of coconut oil using hydroxide would have to be 
identical with the difference in loss by emulsification between the 
carbonate and hydroxide experiments. This would be extremely 
accidental ! 
It is therefore more likely that the direct saponification is responsible 
for a very minor contribution to the loss and that the saponification 
which takes place is always an indirect saponification. This assumption 
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also corresponds with the observation that for all main effects an 
increase in the factor is attended by a decrease in the O/o f.f .a. in 
T.F.M., so by an increase in the loss by emulsification. 
The experiments carried out, however, give insufficient proof about 
this question. 
A further investigation is necessary to gain more insight into this 
problem. 

d) chloride concentration (2 and 0 °/e; 1 and 0 °/e). 

An increase in the chloride concentration leads to a small rise in the 
fatty acid content of the processed oil, a rise in the factors and a 
decrease in the O/o f.f.a. in T.F.M. 
The last columns of Table 4 show, that when the chloride concentra
tion is increased, the total saponif ication loss rises slightly in a 
quantitative sense. There is little cause to assume that the direct 
saponification would increase by adding chloride to the aqueous 
liquid. However, an increase in the indirect saponification is plausible, 
because the amount of emulsified oil increases, so that- the contact 
surface oil/lye becomes larger. 
If it is assumed that the mean droplet size of the emulsified oil in the 
experiments with and without chloride is the same, the increase in 
the indirect saponification corresponds (accidentally?) very well with 
the increase in the contact surface oil/lye owing to the increase in 
the emulsification. 

e) excess alkali (+25 and-25 •/o). 

The use of a deficient amount of alkali leads to an increase in the 
fatty acid content of the neutralized oil, but the rise is less than 
corresponds with the decrease in the amount of lye. 
The cause of this phenomenon is a more complete consumption of 
alkali because: 

1. the extraction of the fatty acid proceeds more rapidly at a higher 
fatty acid concentration; 

2. in the alkali, especially in the case of coconut oil, acid soaps are 
formed, so that per equivalent alkali more than one equivalent 
fatty acid is bound. 

The use of insufficient lye, notably in the case of coconut oil, leads 
to an increase in the factors and a decrease in the O/o f.f.a. in T.F.M. 
The increasing loss on using a deficient amount of lye may be ascribed 
to the strongly emulsifying action of acid soaps 7, 17• 

In Fancy Tallow experiments, where hardly any acid soaps are formed, 
the effect of insufficient alkali on the factor is very slight. 

f) temperature (82 and 46° C; 82 and 60° C). 
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The increase in the loss by emulsification is. so great, that it even 
increases quantitatively, in spite of the reduced mass transfer. 
Some points of contact for a possible cause may be found in the 
literature discussed in § 1.8. 

g) analysis of the neutralized oil. 

The analyses of the neutralized coconut oil yield little information. In 
all cases the water content and the soap content are low. 
The analysis of the mono-, di- and triglyceride contents indicates that 
hardly any shift in the relative proportions occurs. This might mean, 
that there is no preference for the loss owing to saponification or 
emulsification of the mono-, di- or triglycerides. 

In the neutralized Fancy Tallow, high to very high water contents are 
found. This is always accompanied by high factors. So the high soap 
and water contents occur when a very strong emulsification has 
taken place. The mono-, di- and triglyceride contents of the neutral
ized oil hardly deviate from the original percentages. Also here the 
conclusion could be drawn that there is no reason to assume that 
there is a preference for emulsification or saponification of one of the 
glycerides. 
No special attention will be paid to the glyceride analysis in the 
further experiments. 

h) analysis of the T.F.M. 

When the experiments with coconut oil are compared with those 
with Fancy Tallow, the difference in the mono- and diglyceride 
contents in the T.F.M. is striking. In the case of coconut oil no 
diglyceride is found; in Fancy Tallow values up to 8 O/o are observed. 
For both oils the ratio mono/triglycerides has shifted considerably 
to the monoglycerides. For Fancy Tallow, the ratio di/triglycerides 
has changed in favour of the former. During the neutralization and/or 
the analysis monoglycerides (and diglycerides) are formed. 
However, the effects are not very great, so that no further attention 
will be paid to them in the subsequent investigation. 

1.8. Some considerations on the results projected against the data in 
the literature. 

In the preceding part a loss due to emulsification has been discussed. 
The occurring emulsification must partly or wholly be ascribed to a 
form of "spontaneous emulsification". By spontaneous emulsification 
is meant an emulsification which occurs without supply of mechanical 
energy. 
In view of the low velocity of flow (ca. 4 cm/sec of the oil layer), the 
possibility of mechanical emulsification must be excluded. 
In the literature dealing with the neutralization, not only the loss by 
emulsification but also a loss due to solubilization is considered 26' 27• 

Also in a phase study of the "water/oil/soap" system, a homogeneous 
phase of oil, water and soap would have been demonstrated 28• 
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During investigations in which labelled triolein was dispersed into a 
soap solution, after which the homogeneous solution was separated off 
by filtering, no triolein was detected in the homogeneous solution 29• 30• 

On account of these recent investigations it may be assumed that loss of 
triglycerides due to solubilization hardly occurs. Consequently the main 
triglyceride loss is caused by spontaneous emulsification during neutral
ization. In former investigations the phenomenon of the spontaneous 
emulsification during the transfer of fatty acids from an oil to an aqueous 
alkali solution has already been established. This phenomenon was noticed 
for the first time in 1878 31• 

McBain et al. 32 observed spontaneous emulsification of Nujol, which 
contained lauric acid, if it was placed above a 0.01 - 0.04 N NaOH 
solution. Below these concentrations no reaction occurred and in the case 
of concentrations of 0.5 - 2.2 N NaOH, solid soap was formed at the 
interface. In the latter case spontaneous emulsification did not occur. 
The explanation for the phenomenon was sought by McBain in: 

1. local differences in interfacial tension, causing currents at the interface 
so that oil particles are struck off the interface and enter the water 
phase; 

2. diffusion and stranding. 

The second possibility of spontaneous emulsification may occur if, owing 
to rapid diffusion, no state of equilibrium at the interface is reached. 
Then the fatty acids entrain oil into the water phase. At a small distance 
from the interface the fatty acids dissolve in the alkali while forming 
soap ::.nd the oil becomes insoluble. This mechanism is negligible in view 
of the extremely low solubility of lauric acid in water (25 X 10-6 M)33• 

According to Von Stackelberg et al. 34 the spontaneous emulsification 
would occur owing to the occurrence of a "negative interfacial tension". 
This hypothesis is based on the extrapolation of the decrease in the 
interfacial tension at increasing PH of the aqueous solution in the system 
"oleic acid in paraffin oil/aqueous solution". 

Mansfield 35 and many others have fully rejected this hypothesis. By 
means of very sensitive measurements of the interfacial tension, it could 
be demonstrated that during the fatty acid transfer it has very small 
positive values in all cases. 
In this investigation it was also found that the addition of salt to the lye 
retards the fatty acid transfer considerably. Moreover it was supposed 
that this addition would decrease the spontaneous emulsification. This is 
in contradiction with the present investigation. 
The remark by Von Stackelberg et al. 34, that the spontaneous emulsifica
tion decreases at higher temperature is fully confirmed by the experiments. 
The decreasing emulsification at increasing temperature is attributed by 
these investigators to the established rise in interfacial tension at 
increasing temperature. Also in later measurements a rise in the interfacial 
tension at increasing temperature has been established 36• 
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Kroepelin and Neumann 37,3s have studied the phenomenon of the 
spontaneous emulsification very extensively. 

Davies and Haydon 39 also deal with this subject. These authors adopt 
the idea of the "negative interfacial tension" 34• 

Tatu 40 uses the spontaneous emulsification of oil which occurs at the 
transfer of fatty acid to an aqueous lye phase, in order to obtain very 
stable soap-stabilized oil/water emulsions. 

Sternling and Scriven 41 thoroughly dealt with the mechanism of the 
"interfacial turbulence". The interfacial turbulence is the introduction 
to spontaneous emulsification. According to these authors some of the 
conditions which promote the interfacial turbulence are: 

1. solute transfer out of the phase of higher viscosity; 

2. solute transfer out of the phase in which its diffusivity is lower; 

3. large differences in kinematic viscosity and solute diffusivity between 
two phases; 

4. interfaces of large extents; 

5. absence of surface active agents. 

Many of the conditions mentioned by them are satisfied in the neutral
ization process except one: the absence of a surface active agent. 

When the results of the investigation are projected against the literature 
data, some agreement is observed namely: 

a decrease in the temperature g,enerally increases the spontaneous 
emulsification. 

In the literature there is in general no agreement with respect to the 
other points; they are often in contradiction with the results of the 
experiments carried out. In other respects hardly any points of contact 
are found. 

The increase in the emulsification by salt addition is denied in the 
literature 35• The increase in the emulsification when salt is added runs 
parallel with the reduction in interfacial tension at increasing ion 
concentration 42, 43 • 

To gain more insight into this problem, the investigation was continued. 

2. Influences of temperature, chloride concentration and nature of the 
anion in the case of Fancy Tallow. 

2.1. Introduction. 

In the continued investigation first of all attention will be paid to the 
factors which have the greatest effect on what happens during the 
neutralization. 

a) temperature; 
These factors are: b) chloride concentration; 

c) soda ash or caustic soda. 
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In the first experimental series it has been observed that the effects for 
coconut oil and for Fancy Tallow almost invariably run parallel, but 
they are highest for Fancy Tallow. It was therefore decided to continue 
the investigation (for the time being) with Fancy Tallow only. 

2.2. Experimental set-up. 

The choice of Fancy Tallow as raw material has in its turn a great 
influence on the choice of the levels of the variable as well as of those 
of the constant processing conditions. 
The results of the first series were used as directives for this choice. 

The non-variable processing conditions were adjusted at: 

alkali concentration 

alkali excess 

nature of the cation 

0.1 N 

25 "lo 
Na0

• 

The temperature and the chloride concentration were adjusted at 4 
levels and the nature of the anion at 2 levels, namely : 

temperature 65, 75, 85 and 95° C 

chloride concentration : 0, 0.33, 0.67 and 1.0 °10 
nature of the anion OH' and C03". 

In some qualitative experiments a number of the occurring combinations 
of processing conditions appeared to yield less satisfactory results owing 
to strong emulsification. This difficulty must mainly be ascribed to the 
difference in viscosity of the oil on the various temperature levels 
(ca. 16 cP at 65° C; ca. 8 cP at 95° C). Especially at the higher temper
atures emulsions were formed near the transition point from the one duct 
to the other. This problem could be solved by increasing the oil 
throughput at the higher temperatures. 

This throughput was adjusted in these experiments as follows: 

65° C 72 X 10-2 cm3/sec/cm 

75° c 
85° c 
95° c 

83 X 10-2 cm3/sec/cm 

100 X 10-2 cm3/sec/cm 

111 X 10-2 cm3lsec/cm. 

A complete experimental series, in which the influence of 2 factors 
each on 4 levels and 1 factor on 2 levels is studied, consists of 32 
experiments. Originally only half this series would be carried out namely 
at each temperature level 2 experiments with NaOH and 2 with Na2C03• 

After the first half had been carried out, the difficulties regarding 
temperature control (§ 1.2.1.) were solved. In view of the great influence 
the temperature has on the neutralization mechanism, it was considered 
useful to carry out the other half of the series on the desired temperature 
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levels. Just as in the first experimental series, the experiments were 
divided into blocks of equal temperature. The 4 experiments within one 
block were carried out immediately after each other. The order in which 
the blocks and the experiments within these blocks were carried out 
was determined by lot. 

2.3. Observations. 

The results are collected in Table 7 and grouped according to temper
ature and nature of the alkali used. 
Fig. 5 shows the relationship between the mean of the refining factor 
and fatty acid factor and the temperature as a function of the other 
processing conditions and estimated in curves as best as possible. In Fig. 6 
the same has been done for the f .f .a. content of the neutralized oil. 

2.4. Results. 

a) Temperature. 
An increase in the temperature results in a decrease in the fatty acid 
content of the neutralized oil. 
The decrease is particularly striking if it is borne in mind that at 
higher temperature more oil was passed through the apparatus per 
unit of time. 
At increasing temperature the factors decrease and the 0/o f.f.a. in 
T.F.M. rises. The rise in the f.f.a. content of the T.F.M. is mainly 
caused by a decrease of the emulsification. The saponification of the 
emulsified oil, which proceeds more rapidly at the higher reaction 
temperature, yields only a minor contribution to the rise. The 
influence of the temperature on the factors increases at higher 
chloride concentrations and is higher when using Na2C03 than when 
NaOH is applied. · 

b) Chloride concentration. 

An increase in the chloride concentration results in a strong increase 
in the factors, accompanied by a decrease in the f.f.a. content of 
the T.F.M. 
The influence of the chloride concentration on the refining loss is 
highly dependent on the temperature. At lower temperature the 
negative effect of increasing chloride concentration is greater than 
at higher temperature. When Na2C03 is used, an increase in the 
chloride concentration results in an almost equally great increase in 
the factor as when NaOH is applied. The influence of the chloride 
concentration on the f.f .a. content of the processed oil is not very 
clear. 
If there is any influence at all, an increase in the chloride concentra
tion when caustic soda is used, leads to a slight decrease in acidity and 
in the case of soda ash, to a slight increase in the f.f.a. content. 

c) Nature of the anion. 

The use of Na2C03 instead of NaOH leads to a strong increase in the 
f.f.a. content of the processed oil. The difference depends on the 
temperature; it decreases at higher temperatures. 
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When Na:iC03 is used the refining losses are greater than with NaOH. 
The difference in the refining factor depends on the temperature; 
it decreases at higher temperatures. 

Fig. 5. 
Neutralization of Fancy Tallow; 
refining/fatty acid factor versus 
temperature. fn<'tnr 
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Fig. 6. 
Neutralization of Fancy Tallow; 
f.f.a. content versus temperature. 



Table 7 
INFLUENCE OF TEMPERATURE AND NaCl CONCENTRATION ON THE NEUTRALIZATION OF FANCY TALLOW USING NaOH OR Na2C03 

Temper· 
Experiments with Na2C03 

alure 
Oil throughput % Neutralized oil 
cm3/sec/cm x 102 NaCl Refining Refining Emulsion oc 

'lo f.f.a. % soap factor % soap factor factor 

crude Fancy Tallow 4.63 4.63 

60 72 0 1.21 0.34 0.018 1.28 1.31 76.4 1.31 
60 72 0.33 l.95 0.93 0.035 2.56 2.55 38.0 2.63 
60 72 0.67 1.98 1.58 0.060 2.69 2.74 34.4 2.90 
60 72 1.00 1.16 0.76 0.035 2.31 2.31 44.1 2.27 
65 72 0 1.82 1.25 0.055 2.08 2.08 45.2 2.21 
65 72 0.33 0.90 0.46 0.040 1.55 1.53 64.6 1.55 
65 72 0.67 1.13 0.90 0.040 2.08 2.03 51.0 1.96 
65 72 1.00 l.99* 9.52 0.325 2.'16 2.92 28.6 3.50 
69 83 0 1.68 0.99 0.110 1.93 1.99 48.4 2.07 
69 83 0.33 1.02 0.35 0.025 1.45 1.50 66.0 1.52 
69 83 0.67 0.94 0.44 0.045 1.80 1.78 56.8 1.76 
69 83 1.00 l.96 2.21 0.110 3.00 2.89 33.1 3.02 
75 83 0 0.76 0.53 0.030 1.25 1.23 80.8 1.24 
75 83 0.33 1.57 2.79 0.108 1.95 1.96 47.6 2.10 
75 83 0.67 1.60 3.44 0.130 2.29 2.23 41.6 2.40 
75 83 l.00 0.76 2.39 0.130 1.90 1.91 54.4 1.84 
78 100 0 1.56 0.95 0.043 1.74 1.76 54.6 1.83 
78 100 0.33 0.74 0.43 0.020 1.35 1.34 74.4 1.35 
78 100 0.67 0.84 0.55 0.043 1.58 1.71 60.2 1.66 
78 100 1.00 1.77 2.07 0.055 2.32 2.44 38.6 2.59 
85 100 0 0.79 0.65 0.020 1.19 1.17 86.1 1.16 
85 100 0.33 1.43 2.53 0.120 1.83 1.81 52.6 1.90 
85 100 0.67 1.61 3.33 0.125 2.04 2.01 46.6 2.15 
85 100 1.00 0.68 2.06 0.130 1.70 1.69 61.9 1.62 
87 111 0 0.82 0.33 0.013 1.()9 1.17 87.4 1.14 
87 111 0.33 1.23 1.73 0.080 1.70 1.70 56.2 1.78 
87 111 0.67 1.49 2.36 0.095 1.92 1.87 51.0 1.96 
87 111 1.00 0.64 1.37 0.090 1.69 1.67 64.6 1.55 
95 111 0 0.63 0.86 0.025 1.12 1.16 91.8 1.09 1.28 1.43 0.065 1.42 l.44 68.4 1.46 
95 111 0.33 0.60 1.14 0.075 1.26 1.36 77.3 1.29 
95 111 0.67 0.63 1.35 0.080 1.45 1.44 74.1 1.35 
95 l1l 1.00 0.49 1.53 0.050 1.49 1.40 78.5 1.27 1.22* 6.88 0.212 1.68 1.74 52.3 1.91 ...... ...... 

...... • 'lo f.f.a. determined after washing free from soap and drying . 



d) Saponification. 

From the results (Table 7) it can be derived that an increase in the 
factor is, in almost all cases, accompanied by a decrease in the 6/o f.f.a. 
in T.F.M., hence by an increase in the loss by emulsification. 
The saponification hardly contributes to the loss, owing to the very 
slight differences between the refining factor and the fatty acid factor 
on the one hand and the emulsion factor on the other, even when 
NaOH is used. 
Again striking is the fact that on all the temperature levels applied, 
the difference between the emulsion factor and the refining and fatty 
acid factors increases at higher NaCl concentration. 
There is no reason to assume that the addition of NaCl to the 
aqueous alkali solution increases the rate of the saponification 
reaction. The increase in the saponification at higher NaCl 
concentrations must therefore entirely be ascribed to the enlargement 
of the contact surface oil!lye owing to the increase in the amount 
of emulsified oil. 
Particularly at the highest reaction temperatures, where the sapon
ification reaction proceeds most rapidly, very low refining factors 
are obtained. Even then the greater part of the loss is caused by 
emulsification. All this confirms the conclusions of Chapter VI, 
§ 1.7., that: 

1. the direct saponification yields only a very minor contribution 
to the refining loss; 

2. the saponification observed always occurs in the form of indirect 
saponification i.e. saponification of spontaneously emulsified oil. 

3. Influence of alkali concentration and temperature in the case of 
Fancy Tallow. 

3.1. Introduction. 

In the investigation described in Chapter III the alkali concentration 
was one of the processing conditions which were investigated. The 
results showed that an increase in the alkali concentration, especially 
when Fancy Tallow is involved, caused an increase in the refining factor 
and fatty acid factor. In the experimental series (§ 1.) described in the 
present chapter, the influence of the alkali concentration was again 
investigated. Also there a higher alkali concentration resulted in a higher 
refining and fatty acid factor and in a decrease in the f .f.a. content in 
the T.F.M. 
A comparison of the influence of these variations in alkali concentration 
with those of different concentrations of neutral electrolyte (§ 1.) led 
to the assumption that these factors would run parallel. In the second 
experimental series (§ 2.) the great influence of the electrolyte concentra
tion was further confirmed. In addition the interaction with the temper
ature was studied and it was established that the effect of the electrolyte 
concentration can be lowered by increasing the temperature. If the 
influences of the concentrations of alkali and of neutral electrnlyte indeed 
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run parallel, it may be expected that the increase in the refining and 
fatty acid factor owing to a higher alkali concentration becomes smaller 
when the temperature is raised. 
This interaction between alkali concentration and temperature was 
ascertained in the neutralization of Fancy Tallow with caustic soda. 

3.2. Experimental set-up. 

To determine the influence of the caustic soda concentration on the 
neutralization result, neutralizations were carried out at 95° C using 
0.1 N, 0.2 N and 0.4 N lye. The oil throughput was adjusted at 
111 X 10-2 cm3/sec/cm (§ 2.2.); the lye was supplied with a 25 O/o excess. 
The results of the experiments at 95° C were compared with the means 
per lye concentration level of the experiments of Chapter III, which 
were all carried out at ca. 80° C. 

3.3. Results. 

The results of the experiments are given in Table 8. 

Table 8 

INFLUENCE OF NaOH CONCENTRATION AND TEMPERATURE 

Alkali Neutralized oil 
Temper- concen-

8/o f.f.a.1 °/o water I 0/o soap , 

Refining Fatty O/o f.f.a. Emulsion 
ature tration factor acid Ill factor oc geq./l factor T.F.M. 

95 0.1 0.63 0.86 0.03 1.12 1.16 91.8 1.09 
95 0.2 0.53 0.73 0.02 1.28 1.24 87.7 1.14 
95 0.4 0.36 0.66 0.03 1.43 1.38 90.1 1.11 
80 0.1 0.63 0.77 0.02 1.44 1.41 75-80 1.33-1.25 
80 0.2 Q.63 0.69 0.02 1.59 1.55 73-84 1.37-1.19 
80 0.4 0.75 0.77 0.06 1.97 1.93 72-90 1.39-1.11 

Table 8 again shows that an increase in the reaction temperature leads to 
lower factors. Moreover at 95 ° C the differences between the refining 
and fatty acid factors of the experiments with 0.1 N, 0.2 N and 0.4 N 
lye are indeed smaller than at 80° C. 
The influence of an increase in the lye concentration runs entirely 
parallel with the influence of an increasing neutral electrolyte 
concentration. 

3.4. Influence of excess alkali. 

In the previous paragraph it has been demonstrated that there is some 
agreement betwe1m the influence of the concentration of neutral 
electrolyte and that of alkali. Higher electrolyte or higher alkali 
concentrations result in higher refining and fatty acid factors. In this 
study the alkali concentration was varied, but the amount of lye 
equivalents was kept constant. 
The dose of alkali in all tests was 125 O/o of the amount theoretically 
required to bind all free fatty acids in the oil passed through. During 
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the neutralization the alkali concentration decreases to ca. 1/4 of its 
original concentration owing to the reaction. 
The mean level of the alkali concentration cannot only be varied by 
changing the initial concentration, but also by choosing a greater or 
smaller excess. The influence of the excess alkali was determined by 
carrying out some neutralizations of Fancy Tallow with 0.2 N lye with 
25 and 125 °/o excess and with 0.4 N lye, which was dosed with 25, 125 
and 250 °/o excess. The neutralizations were carried out at 90° C, the 
oil throughput was adjusted at 111 X 10-2 cm3/sec/cm. 
The results of these experiments are given in Table 9. 

Alkali 
concen
tration 
geq.!l I 

Excess 
alkali 

O/o 

Table 9 

INFLUENCE OF EXCESS ALKALI 

Neutralized oil , 
1~--1 ···· I I Refining 

1 

1 

"/o f.f.a. J O/o water 
1 

'll/o soap j factor 

Fatty 
acid 

factor 

crude Fancy Tallow 4.67 O/o f.f.a. 

0.2 
0.2 

0.4 
0.4 
0.4 

25 
125 

25 
125 
250 

0.67 
0.81 

0.55 
0.63 
0.64 

0.57 
0.46 

0.47 
0.55 
0.53 

0.04 
0.05 

0.02 
0.06 
0.05 

0.99 
1.34 

1.46 
1.52 
1.52 

1.30 
1.35 

1.44 
1.51 
1.61 

O/o f.f.a. 
ill 

T.F.M. 

84.7 
81.2 

87.5 
87.9 
85.5 

Emulsion 
factor 

1.18 
1.23 

1.14 
1.14 
1.17 

Table 9 shows that at increasing lye excess the factors tend to increase 
but this rise is small. 

4. Influence of the type of oil and fatty acids on the neutralization. 

4.1. Introduction. 

In the preceding part the difference in behaviour between coconut oil 
and Fancy Tallow during the neutralization has been observed (Chapter 
III; Chapter VI, § 1.). It was established, that the influences of the alkali 
concentration, the electrolyte concentration, the temperature and the 
nature of the alkali used on the neutralization mechanism was much 
greater for Fancy Tallow than for coconut oil. 

Hardly any literature data are available about the origin of this great 
difference. The following factors may probably be responsible for this 
difference: 

1. difference in composition of the free fatty acids. The free fatty acids 
in coconut oil consist for a great part of fatty acids with 12 and 
14 C-atoms. The free fatty acids in Fancy Tallow are a mixture of 
mainly fatty acids with 16 and 18 C-atoms (Chapter III, Tables 14 
and 15). There is a great difference in solubility in water between 
the soaps which are formed by the reaction of the free fatty acids 
with alkali 21 • 
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2. difference in physical properties of the oil 41 ; 

3. difference in nature and content of the impurities present in the oil, 
such as partial glycerides, etc. The partial glycerides, especially the 
monoglycerides, have a relatively great influence on the interfacial 
tension at the oil/water interface 44• 

In the neutralizations of crude oil applied so far, these factors could not 
he studied separately, because they occur coupled per type of oil. 
In order to separate the possible influences of these factors, a series of 
experiments was initiated. Use was made of four lots of "artificial" oil, 
which were composed as follows: 

coconut oil (refined) 
< + coconut oil fatty acids 

+ Fancy Tallow fatty acids 

< + coconut oil fatty acids 
Fancy Tallow (refined) 

+ Fancy Tallow fatty acids 

From the results of the neutralizations of these four lots of oil, 
information can be obtained about the influence of the type of the 
free fatty acids as well as about the influence of the physical properties of 
the oil on the neutralization mechanism. Indirectly some impression 
can be obtained about the influence of the impurities by comparing 
these neutralizations with those of the crude oils. 

4.2. Preparation of the oils. 

For the preparation of the four lots of "artificial crude" oil, which 
were used in this experiment, an amount of refined coconut oil and 
an amount of refined Fancy Tallow were applied. From part of these 
lots the corresponding fatty acids were prepared. To this end the 
required oils were divided into ca. 1 kg portions, heated to ca. 65° C 
in 2 1 beakers and then thoroughly mixed with a small excess of ca. 
12 N NaOH of ca. 65° C. Immediately after mixing the reaction set in; 
stirring became impossible owing to the strong increase in viscosity. 
The reaction caused the temperature of the mass to rise rapidly to 
ca. 100° C. After the reaction had become less violent and the greater 
part of the oil had been saponified, the beakers were kept at 100° C 
for 16 hours. 
After that, the soap formed was taken up in hot water. When the soap 
had been dissolved the fatty acids were liberated by acidifying with 
sulphuric acid. The mass was then allowed to rest, during which the 
fatty acids collected as a clear layer abo.ve the acid aqueous liquid. By 
decanting and washing with hot water the fatty acids were freed from 
mineral acid. Then they were dried and stirred with 1 O/o bleaching earth 
to remove any suspended particles, traces of soap and mineral acid. The 
bleaching earth was removed by filtering. 

Next the fatty acids obtained were analysed. The results are given in 
Table 10. 
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Table 10 
ANALYSIS OF COCONUT OIL AND FANCY TALLOW FATTY ACIDS 

Acid value 
Saponification value 
Mean mol. wt. 
0/o water 
Fatty acid composition 6/o 
Cs 
Cto 
C12 
C14 
Cu 
Crn 
C11 
Cia 
C1s: 1 
C18: 2 
C1s: 3 
C20 
C22 

Coconut oil 
fatty acids 

269 
272.5 
206 

O.ot 

7 
6 

48.5 
18.5 

9.5 

2.5 
6.5 
1.5 

tr. 

Fancy Tallow 
fatty acids 

202 
205 
275 

0.07 

tr. 
2 
0.5 

27.5 
2 

19 
40 

4 
·4 

0.5 
0.5 

Meanwhile the remammg amounts of refined coconut oil and Fancy 
Tallow were each divided into two parts. To one part of each portion 
of oil per kg ca. 16 geq. coconut oil fatty acids (ca. 3.3 O/o) was added. 
To the other part per kg ca. 16 geq. Fancy Tallow fatty acids (ca. 4.50/o) 
was added. The resulting mixtures were used as raw materials for the 
neutralizations. 

4.3. Experimental set-up. 

The neutralization conditions can he adjusted at a great many levels. 
A choice had to be made, the previous results being used as directives. 
The following conditions were chosen: 

temperature 75° C 
alkali concentration 0.1 N 
excess alkali 25 6/o 
nature of the cation 
oil throughput 
nature of the anion 
chloride concentration: 

Na 0 

111 X 10-~2 cm3/ sec/ cm 
OH' and C03" 

0 and 1 O/o. 

The experimental series built up of 4 variable factors, each on 2 levels 
(type of oil, type of fatty acids, nature of the alkali and NaCl 
concentration) consists of 16 tests. The order in which the experiments 
were carried out was determined by lot. 

4.4. Observations. 

The results of the experiments are collected in Table 11. In addition to 
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Table 11 
INFLUENCE OF THE TYPE OF OIL AND FATTY ACIDS ON THE NEUTRALIZATION 

Nature Crude oil 

Type of of lf\e % Refining 
Fatty 

•/o f.f.a. Emulsion Type of oil 
fally acids alkali NaCl factor 

acid 
in T.F.M. factor 

0.1 N 
% % factor 

Coconut oil Coconut oil NaOH 0 3.33 162 0.63 31 19 0.28 0.007 l.G4 1.00 98.3 1.02 

fatty acids NaOH 3.30 160 0.32 16 10 0.29 0.019 1.08 1.07 95.2 1.05 

Na 2C03 0 3.32 161 0.54 26 16 0.32 0.005 1.05 0.99 96.8 1.03 

Na2C03 3.27 159 0.58 28 18 0.29 0.008 1.10 1.09 89.8 1.11 

Coconut oil Fancy Tallow NaOH 0 4.27 151 0.40 14 9 0.25 0.008 1.25 1.26 82.1 1.22 

fatty acids NaOH 4.42 157 0.64 23 15 1.19 0.058 1.90 l.90 58.0 1.72 

Na2CO, 0 4.29 152 1.49 53 35 1.15 0.037 1.89 1.90 54.2 1.84 

Na2C03 4.27 151 1.54 55 36 2.82 0.079 2.49 2.44 40.9 2.44 

Fancy Tallow Coconut oil NaOH* 0 3.29 160 1.62 79 51 0.19 0.005 1.07 1.01 97.8 1.02 

fatty acids NaOH 3.20 155 0.71 34 22 0.27 0.013 l.ll 1.08 95.0 1.05 

Na 2C03 0 3.34 162 0.77 37 23 0.24 0.005 0.93 0.99 97.4 1.()3 

Na2C03 3.30 160 0.77 37 23 0.27 0.010 1.()3 1.05 92.6 1.08 

Fancy Tallow Fancy Tallow NaOH 0 4.46 158 0.81 29 18 0.31 0.010 1.18 l.17 86.2 1.16 

fatty acids NaOH 4.76 169 0.93 33 19 0.56 0.025 1.88 1.87 56.0 1.78 

Na2C03 0 4.61 163 1.83 65 40 0.65 0.024 l.73 1.75 55.5 1.80 

Na2C03 4.68 166 2.07 73 44 1.71 O.G43 2.79 2.65 73.3 2.68 

* repeated 

Fancy Tallow Coconut oil 
fatty acids NaOH 0 3.27 159 1.63 79 50 0.19 0.013 98.0 1.02 



the usual quantities the table also contains the f.f .a. contents expressed 
in geq./kg oil. The table also contains a column, in which the f.f.a. 
content of the neutralized oil is given as a fraction of the initial f.f .a. 
content. 

4.5. Results. 

a) Type of fatty acids. 
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A glance at the results in Table 11 shows the great difference between 
the experiments with coconut oil fatty acids and those with Fancy 
Tallow fatty acids. 

The refining factor and the fatty acid factor are in the experiments 
with coconut oil fatty acids in almost all cases lower than 1.10, 
accompanied by a very high 0/o f.f .a. in T.F.M. (90 98 %). The 
difference between the emulsion factor on the one hand and the 
refining and fatty acid factors on the other is almost negligible. This 
indicates that also in the case of these very small losses the sapon
ification of the oil hardly contributes to the loss but that it is only 
caused by emulsification. 
During the neutralization of the oils with Fancy Tallow fatty acids, 
however, fairly large losses may occur. These losses are highly 
dependent on the composition of the aqueous phase. Addition of 
NaCl increases the loss, just as the use of Na2C03 instead of NaOH. 
Also in these experiments the spontaneous emulsification is responsible 
for the loss. 

In a previous part of this chapter (§ 1.8.) a parallel has been drawn 
between the increase in spontaneous emulsification and the increase 
in interfacial tension. Also when the difference in behaviour between 
the fatty acids of coconut oil (ca. 50 O/o C12-fatty acid) and those of 
Fancy Tallow (mainly C16- and C18-fatty acids) is regarded, a similar 
parallel can be drawn. 
Measurements have shown that the interfacial tension of the system 
"groundnut oil/soap solution'', obtained after the neutralization of a 
groundnut oil to which fatty acids of different chain length had 
been added, shows a sharp maximum for C12-fatty acid 36• 

When the refining, fatty acid and emulsion factors in the experiments 
with Fancy Tallow fatty acid> described here are compared with the 
results obtained with crude Fancy Tallow under comparable condi
tions (Table 7, Fig. 5) it appears that, within the error of determina
tion, the factors in the "synthetic oils" and in the crude Fancy Tallow 
are the same. 

The decrease in the f.f .a. content in the experiments with coconut oil 
fatty acids hardly depends on the composition of the alkali solution. 
However, one very remarkable result can be observed namely: the 
neutralization of Fancy Tallow + coconut oil fatty acids with NaOH. 
Compared with the other experiments with coconut oil fatty acids, 
this neutralization proceeds very incompletely. When this experiment 



was repeated the same result was obtained, so that an accidental error 
is out of the question. 
The cause of the retardation of the neutralization must be sought in a 
stabilization of the oil/water interface, as a result of which the mass 
transfer is decreased. After addition of NaCl to the lye solution or 
when using Na2C03 as alkaline reagent, this stabilization of the 
interface does not occur. This corresponds with the observations that 
these two factors promote the interfacial turbulence which in the 
neutralization finds e·xpression in the increase in spontaneous 
emulsification .. 
It is not clear why no deviations occur in the neutralization of the 
"coconut oil/coconut oil fatty acids" system. 

In experiments with Fancy Tallow fatty acids the use of soda ash 
leads to a distinctly higher fatty acid content. This corresponds 
completely with the former observations (§1.; § 3.). The influence 
of the NaCl on the f.f.a. content is again ~light (§ 1.; § 3.). 

b) Type of oil. 

The results show that the type of oil hardly influences the refining 
and fatty acid factors. 
However, there is a distinct influence of the type of oil on the 
decrease in the f.f.a. contents (in geq./kg): in Fancy Tallow more 
fatty acids remain behind than in coconut oil. 

The refining and fatty acid factors are apparently not determined 
by the type of oil, but only by the fatty acids present, the alkali used 
and the NaCl content. 

As has been noted, the factors with coconut oil and with Fancy 
Tallow, both with Fancy Tallow fatty acids, are equal to the factors 
obtained in the neutralization of crude Fancy Tallow under 
comparable conditions. This is an indication that the impurities which 
have been removed from the oils during the pre-refining treatment 
have only a very minor influence on the neutralization loss. 

Summarizing it can be concluded that: 

1. the neutralization loss highly depends on the type of free fatty acids 
and on some neutralization conditions; 

2. the neutralization loss is hardly influenced by the type of neutral oil; 

3. the type of neutral oil has a slight influence on the f.f.a. content after 
neutralization. 

4.6. Influence of the fatty acid composition on the neutralization. 

Coconut oil and Fancy Tallow fatty acids. 

It has been shown that the type of free fatty acids has a great influence 
on the neutralization mechanism. It is therefore interesting to know the 
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influence of composmons of free fatty acids between those o.f Fancy 
Tallow and coconut oil. Four mixtures were prepared from Fancy Tallow 
and coconut oil fatty acids with the following mixing ratios. 

Mixture 

2 

3 

4 

Mixing ratio 

Fancy Tallow fatty acids 
geq. 

80 

60 

40 

20 

·----! -~----~---.. ·--~ ~ -------
Coconut oil fatty acids 

geq. 

20 
40 

60 

80 

These mixtures were added to refined Fancy Tallow, ca. 0.16 geq. 
fatty acid being added per kg oil. In this way four lots of oil were 
obtained which were neutralized at 75° C using 0.1 N Na2C03 in which 
1 6/o NaCl had been dissolved. 

The results of these experiments are given in Table 12. 

Table 12 

INFLUENCE OF THE FREE FATTY ACID COMPOSITION 

"Crude oil" Neutralized oil 

I Composition I 
. 

f.f.a. f.f.a. free fatty acids Fatty 
O/o 

i 
D/o O/o 

Refining acid f.f.a. Emulsion 
Fancy cocon~t factor factor Tallow oil factor• m 

fatty fatty O/o geqJkg O/o geq./kg water soap T.F.M. 
acids acids x 103 x 103 
geq. geq. I I 

*) 100 0 4.68 170 2.07 75 1.71 0.043 2]9 2.65 37.3 2.68 

80 20 4.19 160 1.51 58 0.92 0.033 1.83 1.92 51.1 1.96 

60 40 4.06 164 1.39 56 0.53 0.020 1.60 1.56 62.0 1.61 

40 60 3.74 160 1.08 46 0.42 0.013 1.33 73.7 1.36 

20 80 3.55 162 1.04 47 0.26 0.011 1.22 1.16 82.6 1.21 

*) 0 100 3.30 160 0.77 28 0.27 0.010 1.03 1.05 92.6 1.08 

•f) Observations taken from Table 11. 

The data of Table 12 are shown graphically in Fig. 7. 

Table 12 and Fig. 7 show that there is no linear relationship between 
the refining factor and the fatty acid factor and the composition of the 
free fatty acids. Substitution of part of the Fancy Tallow fatty acids 
by an equivalent amount of coconut oil fatty acids leads to a much 
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Fig. 7. Neutralization of Fancy Tallow with (Fancy Tallow + coconut oil) fatty acids; 
refining/fatty acid factor versus fatty acid composition; 

f.f.a. content versus fatty acid composition. 

stronger decrease in the loss than would occur in the case of a linear 
relationship between these quantities. The factors which in the removal 
of coconut oil fatty acids restrict the spontaneous emulsification to a 
minimum have a strong influence on the neutralizations of oils containing 
mixtures of these fatty acids, They have a greater diminishing effect 
than corresponds with the mixing ratio. This may be of great importance 
for refining in practice. If, for the preparation of margarines, bakery 
and cooking fats, compositions with coconut oil and tallow are used, 
the total neutralization loss can be decr~ased by neutralizing the mixture 
instead of the oils separately. It may be expected that this effect will 
also occur when mixing other oils and fats which closely resemble the 
above products. The favourable effect of coconut oil fatty acids will 
most probably also be exerted by the free fatty acids of palm kernel oil 
(ca. 48 O/o C12-fatty acids) and babassu nut oil (ca. 45 O/o C12-fatty acids) 
on the neutralization of tallow and the resembling fats, lard and palm oil. 
The mixing of the oils before the neutralization, however, may have the 
disadvantage that the mixed fatty acids which are liberated from the soap 
cannot easily be marketed. In this way part of the profit may be lost 
again. The relationship between the type of free fatty acid and the f.f .a. 
content of the neutralized oil is less distinct. There is too much variation 
in the observations to draw a sharp conclusion. It can be established, 
however, that the deviation of the linear course is not great. 

4.7. Influence of the free fatty acid content. 

In the preceding paragraph it has been established that the neutralization 
loss is greatly determined by the free fatty acids and the processing 
conditions. It has further become clear, that the loss during neutralization 
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is caused by the occurrence of spontaneous emulsification which in turn 
is brought about owing to the fatty acid transfer from the oil to the lye 
phase. 
It is obvious to assume that the occurrence of spontaneous emulsification 
as well as its intensity depend on the concentration of the free fatty 
acids. This dependence would have to be expressed in a change in the 
refining and fatty acid factors with the f.f .a. content of the crude oil. 
This relationship was ascertained for Fancy Tallow. 
To refined Fancy Tallow, 1, 2, 3, 4, 5 and 6 °/o Fancy Tallow fatty acids 
was added. The oils were neutralized at 75° C with 0.1 N NaOH to 
which 1 °/o NaCl had been added. The oil throughput was 111 X 10-2 

cm3/sedcm. The lye was dosed with an excess of 25 O/o. The experiments 
were carried out immediately after each other in an order determined 
by lot. 

The results are tabulated below. 

Table 13 

INFLUENCE OF THE FREE FATTY ACID CONTENT 

Neutralized oil 
"Crude oil" -···--·····1··· I 1• Refining Fatty acid I 0

/o f.f.a. Emulsion 
0/& f.f.a. . 0/0 f.f.a. o/0 water 0/0 soap factor factor in T.F.M. • factor 

1.12 0.46 0.24 0.004 1.56 71.5 1.40 

1.99 0.59 0.17 0.005 1.47 68.3 1.46 

3.03 0.55 0.16 0.004 1.47 1.58 65.7 1.52 

4.02 0.68 0.36 0.010 1.78 1.74 61.4 1.63 

4.93 1.12 1.34 0.053 2.01 2.10 49.8 2.01 

5.84 *) 1.14 *) 47.4 "') 2.1 'f) 

•·) Semi-quantitative experiment. 

From Table 13 it can be derived that, under the reaction conditions 
applied, the neutralization loss is slightly dependent on the f.f .a. content 
of the "crude oil" between ca. 1 and ca. 3 °/o. 
Above this percentage the factors increase with the initial f.f.a. content. 
This indicates that, owing to greater differences in concentration, the 
interfacial turbulence and hence the spontaneous emulsification increases. 

5. Influence of temperature, chloride concentration and nature of the 
anion in the case of safflower oil. 

5 .1. Introduction. 

It has been demonstrated in §4. that the type of free fatty acids plays an 
important part in the neutralization mechanism. Under certain conditions 
Fancy Tallow fatty acids lead to considerably greater neutralization losses 
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than coconut oil fatty acids. The type of oil appeared to have hardly any 
influence on the neutralization. 
In the experiments described so far, the influences of the neutralization 
conditions such as temperature, electrolyte concentration, nature of the 
alkali have been studied in the neutralization of coconut oil and of Fancy 
Tallow. The group of liquid oils important in neutralization practice 
and which are built up of triglycerides of unsaturated fatty acids with 
mainly 18 C-atoms, has so far been left out of consideration in this 
study. Yet it is useful to have more insight into the behaviour during the 
neutralization of this important group. Supported by the information 
obtained, emphasis could be laid on the influences of temperature, 
electrolyte concentration and nature of the alkali on the neutralization 
of an (arbitrarily chosen) oil, in which unsaturated fatty acids had been 
dissolved. 

5.2. Choice and preparation of the starting material. 

For the experiments with unsaturated fatty acids a choice was made 
from the many types of fatty acids available. Fatty acids of safflower oil, 
an oil mainly built up of linoleic acid, were chosen. 
For the experiments refined safflower oil, to which safflower oil fatty 
acids had been added, was used. 
The safflower oil fatty acids were prepared from the refined oil by 
saponifying it at ca. 100° C with a small excess of ca. 12 N NaOH. From 
the soap obtained the fatty acids were liberated with sulphuric acid. They 
were freed from acid by washing with water and, after drying, stirred 
with 1 O/o bleaching earth to remove any suspended impurities, traces 
of soap and mineral acid. The bleaching earth was separated off by 
filtering. 

The analysis of the fatty acids obtained is shown in Table 14. 

To refined safflower oil ca. 3 O/o of these fatty acids was added. 
The "synthetic oil" obtained in this way was used as starting material 
for the neutralizations. 

Table 14 
ANALYSIS OF SAFFLOWER OIL FATTY ACIDS 

Analysis 

Acid value 196.6 
Saponification value 199.5 
Mean mo!. wt. 281 
8/o water 0.05 
Fatty acid composition 6/o : 
C16 6.5 
C16: 1 0.5 
Crn 2.5 
C1a: 1 13 
C18: 2 74.5 
Crn: 3 2.5 
C20 0.5 
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5.3. Experimental set-up. 

The non-variable processing conditions were adjusted at : 

alkali concentration 
alkali excess 
nature of the cation 

0.1 N 
25 6/o 
Na0

• 

A number of qualitative experiments were carried out in order to choose 
the levels of the variables. 
The variables, temperature and chloride concentration were then adjusted 
at 3 levels, the nature of the anion at 2 levels, namely : 

temperature 60, 75 and 90° C 
chloride concentration : 0, 2 and 4 °/o 
nature of the anion OH' and C03". 

It was further found in the qualitative experiments that the oil 
throughput had to be adapted to the temperature level. The oil 
throughput rates were adjusted at : 

60° C 83 X 10-2 cm3/sec/cm 
75° C 111 X 10-2 cm3/sec/cm 
90° C 139 X 10- 2 cm:lfsec/ cm. 

An experimental series built up of 2 factors on 3 levels and 1 factor 
on 2 leve1s, consists of 18 experiments, which were all carried out. 
The experiments were carried out in twice 3 groups of equal temperature. 
The order in which the groups and the experiments within one group 
were carried out was determined by lot. 

5 .4. Observations. 

The results are collected in Table 15, grouped according to temperature 
and nature of the alkali used. Fig. 8 gives the relationship between the 
means of the fatty acid and emulsion factors and the temperature as 
a function of the remaining processing conditions and estimated in 
curves as best as possible. The influences of the processing conditions 
on the f.f.a. content are shown in Fig. 9. 

5.5. Results. 

a) Temperature. 
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There is a slight indication that, under the processing conditions 
chosen, an increase in the temperature results in a slight decrease in 
the f.f.a. content of the neutralized oil. This decrease in the fatty 
acid content occurs in spite of the fact that at higher temperature 
per unit of time a larger amount of oil is passed through the apparatus. 
When the temperature is increased the refining, fatty acid and 
emulsion factors decrease and the 0/o f.f.a. in T.F.M. rises. The rise 
is mainly caused by a decrease of the emulsification. The saponi-



Table 15 
INFLUENCE OF TEMPERATURE AND NaCl CONCENTRATION ON THE 

NEUTRALIZATION OF SAFFLOWER OIL USING NaOH OR Na2COs 

Temper- Nature I I I Neutralized oil I Fatty I 0
/o . Oil throughput . 0 0 Refining 'd fl . Emulsion ature of the 

JNaCI 1 

O/o O/o I O/o f . ac1 .a. m fact0r cm3/sec/cmx 102 actor 1 : oc anion • i f.f.a. water soap i factor · T.F.M .. 

crude safflower oil: 2.99 6/o f.f.a. 

60 

60 

60 

60 

60 

60 

75 

75 

75 

75 

75 

75 

90 

90 

90 

90 

90 

90 

83 OH' 0 0.50 0.21 0.011 0.98 1.15 89.4 1.12 

83 OH' 2 0.38 0.18 0,011 1.55 1.66 61.1 1.64 

83 OH' 4 0.53 0.51 0.025 1.77 1.87 51.6 1.94 

83 COs" 0 1.16 0.20 0.027 1.37 72.2 1.39 

83 COs" 2 0.87 0.19 0.015 1.81 1.75 50.9 1.96 

83 COa" 4 1.15 1.23 0.088 2.43 2.43 37.8 2.65 

111 OH' 0 0.47 0.20 0.009 1.09 1.06 98.6 1.01 

111 OH' 2 0.27 0.25 0.010 1.58 1.49 67.0 1.49 

111 OH' 4 0.32 0.54 0.030 1.75 1.73 56.9 1.76 

111 COs" 0 0.91 0.26 0.020 1.17 1.16 80.2 1.25 

111 COs" 2 0.90 0.49 0.048 1.71 1.72 54.4 1.84 

111 COa" 4 0.95 1.47 0.100 2.04 2.38 43.9 2.28 

139 OH' 0 0.75 0.24 0.010 1.06 1.07 92.7 1.08 

139 OH' 2 0.24 0.32 0.010 1.32 1.31 77.6 1.29 

139 OH' 4 0.27 0.58 0.033 1.56 65.4 1.53 

139 COa" 0 0.79 0.41 0.036 1.12 1.10 86.6 1.15 

139 COs" 2 0.72 0.52 0.043 1.44 1.47 66.2 1.51 

139 COa" 4 1.01 2.38 0.163 1.91 48.9 2.04 

fication of emulsified oil at higher temperature plays no significant 
role in this rise, because the differences between the refining and 
fatty acid factors on the one hand and the emulsion factors on the 
other are very slight on all temperature levels. 
The influence of the temperature on the factors slightly increases at 
higher chloride concentration and is greater when Na2C03 than 
when NaOH is used. 

b) Chloride concentration. 

An increase in the chloride concentration leads to higher factors, 
accompanied by a decrease in the f.f.a. content of the T.F.M. This 
influence on the loss depends on the temperature and the nature of 
the anion. On increasing the chloride concentration stronger 
spontaneous emulsification occurs at lower than at higher temper
atures. When Na2C03 is used an increase in the chloride concentration 
causes a greater increase in the factors than when NaOH is used as 
alkaline reagent. 
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Fig. 8. Neutralization of safflower oil; fatty acid/emulsion factor versus temperature. 
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The influence of the chloride concentration on the f.f .a. content is 
not great. Only the f.f .a. content after the neutralization with NaOH 
at 90° C without chloride is remarkably higher than the f.f.a. content 
after the corresponding experiments in which NaCl had been added 
to the alkali. The same phenomenon, although to a greater extent, 
was also observed in the neutralization of Fancy Tallow to which 
coconut oil fatty acids had been added(§ 4.5.). 

c) Nature of the anion. 
The use of Na2C03 instead of NaOH generally leads to higher f.f.a. 
contents. On using Na2C03 the occurring refining losses are greater 
than when NaOH is applied. The difference becomes greater at 
increasing chloride concentration. 

d) General. 

In the neutralizations of coconut oil and Fancy Tallow (§ 1.; § 2.) and 
in the neutralizations of oils to which coconut oil fatty acids and 
Fancy Tallow fatty acids (§ 4.) have been added, the great influence 
of the type of free fatty acid was observed. In the neutralizations of 
oils with coconut oil fatty acids much smaller losses occurred than 
in those of oils with Fancy Tallow fatty acids. 
If the neutralizations of safflower oil are compared with these results, 
safflower oil appears to rank between coconut oil and Fancy Tallow. 
The results with safflower oil display more agreement with the 
neutralizations of coconut oil than with those of Fancy Tallow. 
Several times in this chapter (§ 1.8., § 4.5.) a parallel has been drawn 
between the change in spontaneous emulsification and the change 
in the interfacial tension of the system "oil/soap solution". This 
parallel can also be extended to the neutralizations of safflower oil. 
The interfacial tension of the system "groundnut oil/soap of unsatur
ated fatty acids" appears to lie between that of the system "groundnut 
oil/Na-laurate" and "groundnut oil/Na-stearate/Na palmitate". More
over it appears that the system with the unsaturated fatty acids 
shows the greatest correspondence with the system "groundnut 
oil/Na-laurate" 45• 

5.6. Influence of the fatty acid composition on the neutralization. 
Safflower oil and Fancy Tallow fatty acids. 

In the neutralization of safflower oil the loss which occurs is much 
smaller than that in the case of Fancy Tallow under the same processing 
conditions. In § 4.6. it has been demonstrated that the great loss in the 
neutralization of Fancy Tallow can be decreased considerably by mixing 
the Fancy Tallow with coconut oil. The question arose whether also 
mixing of Fancy Tallow with safflower oil results in a strong decrease 
in the refining loss. 
To answer this question a number of neutralizations was carried out of 
lots of Fancy Tallow to which mixtures of safflower oil fatty acids and 
Fancy Tallow fatty acids had been added. The use of these "synthetic 
oils" instead of mixtures of the crude oils, does not influence the result, 
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because the type of oil does not play a significant part in the neutral
ization (§ 4.5.). 

Six lots of "crude oil" were prepared by adding to refined Fancy Tallow 
per kg ca. 14 geq. safflower oil and Fancy Tallow fatty acids in the 
following ratios: 

Mixing ratio 
Mixture Safflower oil 

I 
Fa~~Y Tallow 

fatty acids fatty acids 
e . e . 

0 100 

2 20 80 

3 40 60 

4 60 40 

5 80 20 

6 100 0 

These "crude oils" were neutralized at 75° C with 0.1 N NaOH, to which 
1 O/o NaCl had been added. The excess alkali was 250/o. The oil throughput 
was adjusted at 111 X 10-2 cm3/sec/cm. The results of these experiments 
are shown in Table 16 and in Fig. 10. 
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Table 16 
INFLUENCE OF THE FREE FATTY ACID COMPOSITION 

__ "Crude oil" ···~l __ Ne:::ralizedoil I I o; 

free fatty acid composition I · I ·1R f . ,, Fatty f / 
---·-----····---. .. o; O/o o; I o/ e mmg acid .. a. 
Fancy Tallow safflower 011 I 0 0 

, '
0 I factor m 

fatty acids fatty acids fJ.a. f.f.a. water Ii soap I 1 factor T.F.M. 
geq. geq. . I 

100 

80 

60 

40 

20 

0 

0 

20 

40 

60 

80 

100 

3.96 0.68 0.70 0.023 1.74 

4.01 0.65 0.53 0.020 1.74 

3.94 0.63 0.46 0.025 1.66 

3.92 0.59 0.31 0.016 1.51 

3.93 0.59 0.27 0.020 1.48 

3.92 0.59 0.32 0.030 1.45 

1.78 58.4 

1.68 60.6 

1.62 63.3 

1.54 65.8 

1.54 67.2 

1.44 69.6 

Emulsion 
factor 

1.71 

1.65 

1.58 

1.52 

1.49 

1.44 

It appears from Table 16 and Fig. 10, that substitution of Fancy Tallow 
fatty acids by an equivalent amount of safflower oil fatty acids results in 
a decrease in the factors and the f.f .a. content of the neutralized oil. 
The course of these quantities with the mixing ratio is almost linear. The 
favourable influence coconut oil fatty acids have on the neutralization 
of Fancy Tallow could not be observed in the case of the safflower 
oil fatty acids. 

6. Influence of individual fatty acids. 

6.1. Introduction. 

The composition of the free fatty acids has a very great influence on 
the neutralization mechanism. In previous paragraphs the great difference 
in behaviour between coconut oil fatty acids (rich in C12- and C14-fatty 
acids), Fancy Tallow fatty acids (rich in C16- and C18-fatty acids) and 
safflower oil fatty acids (rich in C18 : 2-fatty acid) has been demonstrated. 
Each of these types of fatty acids is built up of a larger or smaller number 
of individual fatty acids. The properties of a mixture may deviate 
considerably from the mean properties of the components. This is 
illustrated by the experiments described in § 4.6. (mixtures of Fancy 
Tallow fatty acids with coconut oil fatty acids). 
In order to get information about the influence of the individual fatty 
acids, it is necessary to carry out neutralizations using a mixture of 
refined oil with fatty acids of the highest purity available. 
To this end a number of "synthetic oils" was prepared. To amounts of 
refined Fancy Tallow, amounts of the purest available C8-, C11n C12-, 

C14-, C16- and C18-fatty acids respectively were added. Unsaturated 
fatty acids are very hard to prepare in pure form in the amounts required 
(2 kg) and therefore, instead o,f pure oleic acid (C18 : 1-fatty acid), use 
was made of olive oil fatty acids (ca. 750/o oleic acid), while instead of 
pure linoleic acid (C18 : 2-fatty acid) safflower oil fatty acids were used. 
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Table 17 gives the compositions of the fatty acids used. 

Table 17 
GAS-CHROMATOGRAPHIC ANALYSIS OF FATTY ACIDS 

(10% poly-ethyleneglycol adipate on Celite 545; column length 120 cm; temperatures 
120° C for Cu-fatty acid or lower, 170° C for C10-fatty acid or higher; dosing 30-40 )'; 
carrier gas: Argon 45 ml/min; detection with r emission of Sr96, voltage detection 
cell 1,000 V). 

Fatty acid 
composition 

O/o 

C6 

Cs 

Cm 

C12 

C14 

Cis 

Cm 

Cm : 1 

C11 

C1s 

C18: 1 

C1s: 2 

C1s: 3 

C20 

Ce* 

2 

97.5 

0.5 

Cm,,. C12 * 

0.5 

98.5 0.5 

99 

0.5 

* Ex Unilever-Emery N.V., Gouda 

6.2. Experimental set-up. 

Type of fatty acid 

Cm* 
2nd Cu"· 

quality 

0.5 

2.5 

93 0.5 

4 98 

1.5 

Crn ,,. j C1s ". I C1s: 1 C1s: 2 

I . 

1.5 

0.5 

94 4.5 11 6.5 

0.5 

1 0.5 

3 91 2.5 2.5 

1.5 73 13 

10 74.5 

1.5 2.5 

2 0.5 0.5 

Before establishing the neutralization conditions, a number of experiments 
was carried out to determine the conditions under which the best 
comparable results could be obtained. These experiments showed that 
it was not possible to find constant conditions under which distinct 
differences between all compositions could be demonstrated. For instance 
for the neutralization of the Fancy Tallow in which C16- and C18-fatty 
acid had been dissolved, a high temperature (>77° C, the "Krafft point" 
of Na-stearate 21 ) appeared to be necessary. At the reaction temperature 
(85 ° C) chosen for these fatty acids, the losses on neutralization of oils 
with C8-, C10- and C12-fatty acids were almost nil. Consequently 
differences in behaviour between these fatty acids could not be observed. 
For the fatty acids with the shorter chains the neutralizations were 
carried out at lower temperature. To compare the long-chain fatty acids 
with those with short chains, the neutralizations of the oils with C12- and 
C1cfatty acids were carried out under both conditions. The result was 
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that the temperature for the neutralization of the short-chain fatty acids 
had to be chosen above the "Krafft point" of Na-wap of myristic acid 
(C1cfatty acid) 21• The "Krafft point" of this soap (the temperature at 
which the solubility of a soap in water increases strongly) is 60° C. The 
neutralizations of the oils with the short-chain fatty acids were therefore 
carried out at 65 ° C. 
The unsaturated fatty acids could just be processed under the conditions 
chosen for the neutralizations on the low temperature level. For the 
comparison between the neutralizations of C18- and C16-fatty acids at 
85° C and those of C8- and C10-fatty acids at 65° C, use could therefore 
be made of both the C12- and the C14-fatty acids and the C18-unsaturated 
fatty acids. 
The neutralization mechanism is not only influenced by the temperature 
but also by the electrolyte concentration. In the experimental series the 
neutralizations at 85 ° C were carried out with 0.1 N caustic soda in 
which 10/o NaCl had been dissolved. Those at 65° C were carried out 
with 0.1 N caustic soda to which 40/o NaCl had been added. The oil 
throughput was adapted to the reaction temperature chosen. 
In addition to the quantitative experiments, a series of neutralizations 
was carried out to ascertain the influence of the type of fatty acid on the 
degree of neutralization. The conditions for all fatty acids were the same. 
They were chosen in such a way that the spontaneous emulsification was 
promoted as little as possible; namely: a high temperature, a low 
electrolyte concentration and the use of NaOH as reagent. 

The reaction conditions applied to the various combinations of oil and 
fatty acid are given below: 

a) quantitative neutralizations of Fancy Tallow with C18-, C16-, C18 : 1-, 
C18 : 2-, C1c and C12-fatty acid respectively: 

temperature 85 ° C 

alkali concentration (NaOH) 0.1 N 

excess alkali 

oil throughput 

chloride concentration (NaCl) 

initial f.f.a. 

25 D/o 

100 X 10-2 cm3/sec/cm 

1 O/o 
125 X 10- 3 geq ./kg. 

b) qualitative neutralizations of Fancy Tallow with C18-, C16-, C18 : 1-, 
C18 : 2-, C1c, C12-, C10- and C8-fatty acid respectively: 

temperature 85 ° C 

alkali concentration (NaOH) 0.1 N 

excess alkali 

oil throughput 

chloride concentration (NaCl) 

initial f.f .a. 

25 O/o 
111 X 10-2 cm3/sedcm 

0 O/o 
125 X 10-3 geq./kg. 
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c) quantitative neutralizations of Fancy Tallow with C18 : 1-, C18 : 2-, 
C14-, C12-, C10- and C8-fatty acid respectively: 

temperature 65 ° C 

alkali concentration (NaOH) 0.1 N 

excess alkali 

oil throughput 

chloride concentration (NaCl) 

initial f.f .a. 

25 6/o 
72 X 10-2 cm3/sec/cm 

4 O/o 
175 X 10-s geq./kg. 

All experiments on the same temperature level were carried out in 
succession. The order in which the experiments were carried out, within 
each level, was determined by lot. 

6.3. Observations. 

The results of the quantitative experiments are collected in Table 18. In 
addition to the usual f.f.a. contents, the table also gives the f.f.a. contents 
expressed in geq. fatty acid per kg oil. Also the final fatty acid content, 
expressed as fraction of the initial f.f.a. content has been included in the 
table. The results are given schematically in Fig. 11. 

The experiments are grouped in Table 18 per temperature level according 
to decreasing refining factor. Table 19 gives the results of the qualitative 
neutralizations. 
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Table 18 

INFLUENCE OF TYPE OF FAITY ACID ON THE NEUTRALIZATION 

Starting material Neutralized oil 
! 

TemiseCature. O/o NaCl Refining Fatty 0/o f.f.a. Emulsion type of 
I geq./kg 

factor acid ln factor fatty 0/o water 0/o soap factor T.F.M. 
acid •/o x 103 I 

O/o 

C1s 3.43 121 85 0.52 18 15 2.16 0.060 2.06 2.26 47.6 2.10 

Cm 3.19 125 85 0.32 12 10 2.05 0.070 1.65 61.6 1.62 

C1s: 1 3.46 123 85 0.26 9 8 0.62 0.028 1.64 1.50 69.3 1.44 

C1s: 2 3.51 125 85 0.33 12 9 0.35 0.024 1.24 1.33 75.0 1.33 

Ci• 2.79 122 85 1 0.62 27 22 0.30 0.012 1.08 1.15 89.0 1.12 

C12 2.51 126 85 1.62 81 65 0.31 0.004 0.98 98.0 1.01 

C1s: 1 4.80 170 65 4 1.49 53 31 1.50 0.073 2.69 2.75 33.7 2.97 

C1s: 2 4.78 171 65 4 1.25 45 26 2.33 0.145 2.47 2.57 35.7 2.80 

Cu 3.92 172 65 4 0.59 26 15 0.31 0.028 2.71 2.55 40.3 2.48 

C12 3.47 174 65 4 0.76 38 22 0.24 0.028 1.33 1.38 76.5 1.31 

C10 3.00 174 65 4 1.36 79 45 0.21 0.030 0.95 1.18 83.7 1.19 

Cs 2.56 178 65 4 1.77 123 69 0.24 0.005 0.90 95.8 1.04 

..... 
<,,.> ..,. 



Table 19 
INFLUENCE OF TYPE OF FATTY ACID ON THE FINAL ACIDITY 

Starting material Neutralized oil 
I f.f.a. f.f.a. 

type of 1--~-· 
I 

geq./kg geq./kg 0/o of fatty acid 
I 

O/o 
x 103 O/o 

x 103 initial f.f.a. 

C1s 3.44 122 0.47 17 14 

C16 3.14 122 0.46 18 15 

C1s: 1 3.47 123 0.31 11 9 

C1s: 2 3.41 121 0.77 27 23 

C14 2.83 124 0.91 40 32 

C12 2.41 121 1.72 86 71 

C10 2.01 117 1.46 85 73 

Cs 1.72 120 1.23 85 72 

6.4. Results. 

The results of Table 18 clearly show the influence of the various fatty 
acids. The neutralization losses decrease at shorter chain-length: the 
factors vary at 85° C between 2.1 for C 18-fatty acid and 1.0 for C12-fatty 
acid. The position the two unsaturated fatty acids occupy in the series 
is striking. The behaviour of these fatty acids lies between that of C16-

and C1cfatty acid. Oleic acid leads to higher losses than linoleic acid. 
Neutralization at 65°C causes greater differences in the factors. Especially 
for the fatty acids with 8, 10 and 12 C-atoms very low losses occur, while 
those with a longer chain cause very great losses under these conditions. 
The order of increasing loss is equal to the order determined in the 
neutralizations at 85 ° C. The difference observed between C 12- and 
C1cfatty acid is remarkably great on the low temperature level. 
A comparison of the refining and the fatty acid factors with the emulsion 
factors shows, that in these experiments the loss must almost entirely 
be ascribed to spontaneous emulsification. 
Some interesting conclusions can be drawn from the f.f.a. contents of 
the neutralized oils (Table 18). The f.f.a. contents of the neutralized oils 
with C 18-, C16-, C18 : 1- and C 18 : 2-fatty acid, expressed in geq./kg oil, 
are almost identical at 85° C. The oil with C1cfatty acid and 
particularly that with C 12-fatty acid has a much higher final acidity. 
A corresponding result was obtained in the neutralization at 65° C. At 
this temperature the f.f .a. contents (in geq./kg) of the oils with C10- and 
C8-fatty acid are distinctly higher than those of the oils with C 18 : 1-, 
C18 : 2-, C 1c and C12-fatty acid. 
In the experiments previously described (§ 1.; § 2. and§ 3.) it was found 
that the neutralization proceeds less completely when the temperature 
is lowered. This observation is confirmed for the two unsaturated fatty 
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acids which occur in the experimental series at 85° C as well as in those 
at 65 ° C. This rule does not hold good, however, for the fatty acids with 
12 and 14 C-atoms. Starting from a higher f.f.a. content the oil with 
C14-fatty acid is neutralized at 65° C to the same level as at 85° C. In 
spite of the higher initial f.f .a. content the oil with C12-fatty acid is 
neutralized at 65° C to a lower f.f.a. content than at 85° C. 
This phenomenon can be accounted for by the occurring interfacial 
turbulence. In the previous part as well as in the experiments in Table 18 
it has been demonstrated that a decrease in the temperature and an 
increase in the electrolyte concentration lead to a higher degree of 
spontaneous emulsification. This emulsification finds its origin in the 
occurrence of interfacial turbulence which is intensified by the factors 
mentioned (lower temperature and higher electrolyte concentration). In 
Chapter V it has been pointed out that the occurrence of interfacial 
turbulence plays an essential part in the fatty acid transport. The 
conditions which promote a strong interfacial turbulence are favourable 
for a high rate of mass transfer. A strong interfacial turbulence may also 
lead to a high degree of spontaneous emulsification which is accompanied 
by a high refining factor. On the other hand a relatively weak interfacial 
turbulence, coupled to a relatively low rate of mass transfer, will lead to 
very satisfactory refining, fatty acid and emulsion factors. From Table 18 
it appears that the neutralizations at which high final f.f .a. contents occur 
indeed involve low losses. 
If the fatty acids are grouped according to decreasing refining factors 
and consequently according to decreasing spontaneous emulsification, the 
order obtained up to C12-fatty acid inclusive, corresponds with that of 
the order according to increasing interfacial tension of the system 
"groundnut oil/Na-soap of the various fatty acids" 36• Under the process
ing conditions applied the C8- and C10-fatty acids give a lower refining 
loss and a higher f.f.a. content than the C12-fatty acid. The neutralization 
behaviour changes evenly at decreasing chain-length, while the course 
of the interfacial tension with the chain-length of the saturated fatty 
acids shows a distinct maximum for C12-fatty acid. The correlation 
between the neutralization behaviour and the interfacial tension of the 
system "groundnut oil/Na-soap" is apparently not completely rectilinear. 
Yet on account o.f the previous considerations it may be assumed, that 
the knowledge of the interfacial tension and of the facwrs which 
influence it, might provide much insight into the neutralization 
mechanism. 

The results of the qualitative neutralizations mentioned in Table 19 give 
rise to some remarks: 

1. the course of the degree of neutralization with the type of fatty acid 
is remarkable and corresponds with the data in Table 18. The C 18-, 

C16- and C18 : 1-fatty acids are removed for ca. 90 O/o. In the case 
of C18 : 2- and C14-fatty acid the neutralization proceeds somewhat 
less satisfactorily whereas of C12-, C10- and C8-fatty acid only ca. 
30 O/o of the fatty acids supplied is taken up in the caustic soda 
solution. 
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2. it is remarkable that in the degree of neutralization two levels with 
an intermediate range can be distinguished; 

3. the residual fatty acid content of 65-72 O/o of the free fatty acids 
originally present returns more often in the experiments discussed in 
this paragraph. In the experiments of Table 18 the residual fraction of 
free fatty acids in the neutralizations, which proceed almost without 
any loss, is 65-70 O/o. This value occurs also several times in the 
experiments to be discussed in § 6.6. The regularity with which this 
observation returns gives the impression that this is not accidental 
but physically controlled. This will be further discussed in the next 
paragraph. 

6.5. Quantitative calculation of the degree of neutralization. 

Chapter V is devoted to the comparison of the neutralization in a long 
straight film with the fatty acid transfer that might be expected on 
the basis of the so-called penetration theory. It was established that the 
experimental rate of mass transfer is many times higher than the 
theoretically calculated value. The cause is the occurrence of interfacial 
turbulence, which accelerates the mass transport in the oil layer 
considerably. 
In a number of experiments, described in § 6., the degree of neutralization 
is strikingly low. In these experiments the refining loss was nil, hence no 
spontaneous emulsification occurred. This indicates, that in this case the 
interfacial turbulence is relatively weak or even completely absent. 
Under conditions, in which no interfacial turbulence occurs, the mass 
transfer could be predicted with the theory described in Chapter V. 
This calculation was therefore applied to the neutralization of Fancy 
Tallow at 85° C in the apparatus with the interrupted films (36 successive 
passag;es each 18 cm long). The calculation of the film thickness, the 
velocity of the film and the contact time of an element of area at each 
passage have been carried out in the same way as was done in Chapter V 
and given below*. The following physical constants were used for these 
calculations : 

viscosity of Fancy Tallow at 85° C '1]:9.74 X 10-2 g.cm-1.sec-1 

difference in density lye/oil (!
1 :0.089 g.cm-11 

diffusivity of fatty acids in Fancy 

Tallow at 85° C D: 2.45 X 10-6 cm2.sec-1 

oil throughput r : 111 X 10·-·2 cm3.sec-1.cm-1• 

1.11 

8 
cm 

0.35 

v 
cm.sec-1 

3.18 

Vi 
cm.sec-1 

4.77 

tc 
sec 

3.78 

,,. For notation : see Chapter V. 
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The rate of mass transfer .P"m (g.sec-1.cm-2) for the first duct can be 
1 

calculated with equation [1 ]. 

[1] 

Over the entire length of the first duct (length 18 cm), .Pm (g.sec-1.cm-1) 
1 

fatty acid per second per cm width is eliminated from the oil. 

[2] 

To this duct r (cm3.sec-1.cm-1) oil is supplied per second per cm width. 
This oil contains C0 (g.cm-3) fatty acid. 
The amount of fatty acid P0 (g.sec-1.cm-1) which is supplied to the first 
duct per second per cm width is given by [3]. 

[3] 

After elimination of the amount of fatty acid given by [2], the oil which 
per second leaves the first duct contains an amount of fatty acid P1 
(g.sec-2.cm- 1) given by [4]. 

The oil is then mixed and continues its flow along the second duct. The 
fatty acid concentration of the oil on the transition from the first to the 
second duct C1 (g.cm-3) follows from [4] and the oil throughput r. 
If C\ the equilibrium concentration at the interface, is neglected with 
respect to C0, C1 can be calculated with equation [5]. 

[5] 

[Sa] 

The same reasoning can be applied to the second duct. The concentration 
at the end of the second duct C2 (g.cm-3) is given by [6]. 

* For notation: see Chapter V 
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[6] 

Equation [6] can be modified with [5] to [7]. 

[7] 

By approximation equation [7] can be extended to the general equation 
[8]. 

Co (t -36 V~D-)n 
r 7r tc 

[8] 

The neutralization apparatus is built up of 36 ducts. For the first duct 
only a very limited surface area is available for the neutralization, because 
this duct is mainly used for distributing the oil flow as a film. Also the 
two ducts mounted at the top hardly take part in the neutralization. 
Consequently for the actual neutralization 33 ducts are available. 

With the help of the numerical values, the fatty acid concentration after 
passing through the neutralization apparatus can be calculated with [8]. 
It follows: 

C33 = C0 X 0.61 [9] 

On account of the theory the f.f .a. content of the neutralized oil would 
have to decrease to 61 °/o of the initial f.f.a. content. In the neutraliza
tions which formed the starting point to this calculation, the f.f.a. content 
was reduced to 65 - 70 °/o of the initial f.f.a. content. The correspondence 
between the theory and the experimental results is very satisfactory in 
this case, particularly if the inaccurate value of the diffusivity and the 
irregularities in the flow, which invariably occur at the beginning and 
at the end of each duct, are considered. 

From these calculations the following conclusion can be drawn : 

hardly or no interfacial turbulence occurs in those neutralizations, 
in which under the processing conditions applied only ca. 30 O/o of 
the free fatty acids originally present is removed. Under these 
conditions the mass transport takes place entirely by diffusion and 
the mass transfer can b~ predicted with the penetration theory. 

In the neutralizations which under the reaction conditions applied lead to 
a lower final acidity, the interfacial turbulence does occur. It is not clear 
why interfacial turbulence occurs in the case of certain fatty acids and 
does not in the presence of others. 
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6.6. Neutralization of Fancy Tallow and coconut oil using C 12-fatty acid. 

Influence of temperature and chloride concentration. 

In the previous paragraphs it has been stated that the degree of neutral
ization at 85° C of Fancy Tallow in which C 12-fatty acid had been 
dissolved yielded a much higher f.f.a. content of the neutralized oil than 
the oil with stearic acid (C18-fatty acid) (§ 6.4.). 
In the previous paragraphs it has been stated that the degree of neutral
ization is closely connected with the occurrence of interfacial turbulence. 
A high f.f .a. content after neutralization can under certain conditions be 
decreased by taking steps which promote the interfacial turbulence. In 
the preceding part it has been demonstrated that a lower temperature and 
a higher chloride concentration intensify the interfacial turbulence. 
Consequently a decrease in the temperature and a higher chloride 
concentration would, in the case of C12-fatty acid, cause a lower fatty 
acid content of the neutralized oil. This hypothesis was tested in the 
neutralization of Fancy Tallow in which C12-fatty acid (second quality) 
had been dissolved. 
At the same time experiments were carried out with coconut oil to 
which C 1?.-fatty acid had been added. The latter measurements were 
made to throw some light on the remarkable observation (§ 4.5.), that 
a neutralization of Fancy Tallow with coconut oil fatty acids proceeded 
to a final acidity of 1.6 O/o, whereas in a neutralization of coconut oil, 
in which the same fatty acids had been dissolved under the same condi
tions a final acidity of 0.6 O/o was obtained. In the experiments mentioned 
(§ 4.5.), the difference in f.f.a. content of the neutralized oil was the 
only influence which could be ascribed to the type of oil. The neutral
izations of coconut oil, in which C12-fatty acid (second quality) had 
been dissolved, were carried out with the purpose of studying this effect. 
For these experiments C 12-fatty acid was chosen, this fatty acid being the 
main component of coconut oil fatty acids. 

The neutralizations were carried out with 0.1 N NaOH, which was dosed 
with an excess of 25 O/o. Moreover the following variables were included 
in the investigation: 

temperature 65 

oil throughput 72 X 1 Q2 

chloride concentration : 0 

and 85° C 

and 111 X 102cm3/sec/cm 

5 O/~ 

type of oil 

initial f.f .a. 

Fancy Tallow and coconut oil 

2.5 and 3.5 %. 

The results of the investigation are collected in Table 20. In this table a 
column has been included, in which the residual fatty acid content is 
given as fraction of the initial f.f .a. content. The results are shown 
graphically in Fig. 12. 
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Table 20 
INFLUENCE OF TYPE OF OIL, TEMPERATURE AND 

CHLORIDE CONCENTRATION ON THE REMOVAL OF Ct2-FATTY ACID 

I Neutralized oil - ! 

Oil f.f.a. O/q 
Temper- throughput O/o Type of "Crude 

• O/o of 
f.f.a. Emulsion ature oil" 

oc cm3/sec/cm NaCl oil O/o f.f.a. in factor 
x 102 O/o initial 

1
T.F.M. 

• f.f.a. • 

85 111 0 Fancy Tallow 2.61 1.82 70 

85 111 0.5 " 
2.59 1.76 68 

85 111 1.0 
" " 

2.59 1.70 66 

85 111 1.5 
" 

2.54 1.68 66 

85 111 2.0 2.54 1.32 52 

85 111 4.0 
" " 

2.56 0.60 23 

85 111 0 Coconut oil 2.51 1.62 65 

85 111 0.5 ,, 
" 

2.49 1.56 63 

85 111 1.0 
" 

,, 2.49 1.20 48 

85 111 1.5 
" " 

2.46 0.98 40 

85 111 2.0 
" " 

2.46 0.86 35 

85 111 4.0 
" 

2.44 0.45 18 

65 72 0 Fancy Tallow 3.46 2.06 60 98.0 1.02 

65 72 " " 
3.48 1.22 35 93.1 1.07 

65 72 2 
" " 3.45 1.01 29 87.5 1.14 

65 72 3 
" 

,, 3.45 0.82 24 81.4 1.23 

65 72 4 
" 

3.44 0.59 17 77.3 1.29 

65 72 5 3.42 0.52 15 75.2 1.33 

65 72 0 Coconut oil 3.65 1.93 53 99.6 1.00 

65 72 3.61 0.98 27 92.0 1.09 

65 72 2 
" " 

3.58 0.80 22 85.4 1.17 

65 72 3 
" " 3.58 0.65 18 78.3 1.28 

65 72 4 
" 3.61 0.55 15 73.8 1.36 

65 72 5 
" 

3.58 0.40 11 71.1 1.41 
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Fig. 12. Neutralization of coconut oil and Fancy Tallow with Cu-fatty acid; 
influence of temperature and NaCl concentration. 

From the observations in Table 20 the following conclusions can be 
drawn: 

a) temperature. 

A decrease in temperature leads to a lower f.f.a. content of the 
neutralized oil. The oil throughput in the experiments at 65 ° C is 
lower, but the initial f.f .a. is so much higher, that per unit of time 
approximately an equal amount of fatty acid was fed as in the 
experiments at 85 ° C. Consequently the results of these experiments 
are completely different from those of the neutralizations of oils with 
"natural" fatty acids in which case a rise in the temperature results 
in a: decrease in f .f .a. content. 
In the neutralization the interfacial turbulence is intensified if the 
temperature is lowered. In the neutralization of oils with C12-fatty 
acid this increase is so great, that it causes the rate of mass transfer 
to rise in spite of the negative influence of the (unknown) factors 
which in the case of the "natural" oils reduce the mass transfer when 
the temperature is lowered. 

b) chloride concentration. 

An increase in the chloride concentration results in a decrease in the 
f.f .a. content of the neutralized oiL The influence of an increasing 
chloride concentration is smaller at 85 ° C than at 65 ° C. 
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A striking feature is the sudden drop in f.f .a. content of Fancy Tallow 
after neutralization at 85° C if the NaCl content of the caustic soda 
solution exceeds 1.5 °/o. A similar phenomenon could be observed 
in the neutralizations of coconut oil where the drop in f.f.a. content 
begins if the NaCl content of the lye exceeds 0.5 O/o. 
In the experiments at 65 ° C not only the f.f .a. content of the neutral
ized oil has been determined, but also the percentage f.f.a. in T.F.M. 
From the latter value the emulsion factor was calculated. As the 
chloride concentration is increased, the 0/o f.f.a. in T.F.M. decreases 
and the emulsion factor increases, which is in complete correspond
ence with the former observations. It is striking that a decreasing 
final acidity is accompanied by an increasing emulsion factor. In 
these experiments the relationship between the interf acial turbulence 
on the one hand and the fatty acid transfer and the spontaneous 
emulsification on the other has been clearly demonstrated. 

c) type of oil. 

In the experiments again the difference in behaviour between Fancy 
Tallow and coconut oil could be observed. Under certain conditions 
more C12-fatty acid is removed from coconut oil than from Fancy 
Tallow. In the experiments at 65° C it appears, that the slighter 
neutralization of Fancy Tallow is accompanied by a lower degree of 
emulsification. In § 4.5. it was assumed, that the difference in 
neutralization behaviour between the two· oils must be ascribed to 
the difference in interfacial stability. The experiments described here 
again support this supposition. 
A plausible explanation for this phenomenon has not yet been found. 

7. General conclusion. 

This chapter describes an investigation which was carried out to get a 
better insight into the mechanism of the neutralization process. 
To this end the influences of a large number of processing conditions 
on the neutralization mechanism were ascertained, e.g. temperature, 
nature of the anion, nature of the cation, electrolyte concentration, 
excess or deficient amount of alkali, type of free fatty acids, etc. It 
was found that what happens at the oil/water interface plays a 
predominant role in the entire process. Owing to local differences in 
interfacial tension, currents occur in the oil as well as in the lye in the 
vicinity of the interface. This so-called interfacial turbulence may be so 
violent that oil droplets are struck off the interface and enter the 
soap solution. Spontaneous emulsification occurs. 
The interfacial turbulence and the spontaneous emulsification are con
trolled by a large number of processing conditions e.g.: 

a) temperature. 
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An increa5e in the temperature leads to a decrease in the interfacial 
turbulence and in the spontaneous emulsification. 



b) electrolyte concentration. 

An increase in the electrolyte concentration intensifies the two 
phenomena. 

c) nature of the alkali. 

The use of alkali hydroxides leads to a lower spontaneous emulsifica
tion than the use of alkali carbonates. 

d) type of free fatty acids. 

Free fatty acids with a greater chain-length give rise to a higher 
interfacial instability. The behaviour of the unsaturated fatty acids 
with 18 C-atoms, oleic acid and linoleic acid, lies between that of 
the saturated fatty acids with 14 and with 16 C-atoms. 

The greater part of the phenomena observed can directly or indirectly 
be explained with the help of these influences. The problems round 
the causes of the occurrence of the interfacial turbulence and the 
spontaneous emulsification are not solved in this investigation. Neither 
is an explanation given for the difference between alkali hydroxides and 
alkali carbonates, for the differences between the various fatty acids and 
for the influence of temperature and electrolyte concentration. 

In many observations the influences the factors have on the spontaneous 
emulsification run parallel with the influences they have on the interfacial 
tension of the system ,,groundnut oil/soap". 
Processing conditions such as the nature of the cation and an excess or 
deficient amount of alkali have a much smaller influence on the neutral
ization mechanism and have therefore not further been considered after 
the introductory part of the investigation. The influence of the type of 
oil in which the free fatty acids are present is slight and finds expression 
under certain conditions only. It has been found, that in the neutral
ization of coconut oil which contains C12-fatty acid, a stronger emulsi
fication occurs than in the neutralization of Fancy Tallow, in which this 
fatty acid has been dissolved. A plausible explanation for this difference 
has not been found. 
Further it appeared that the various fatty acids exert a great influence 
on each other. The neutralization of an oil in which a mixture of 
fatty acids is present may deviate strongly from the mean result of the 
neutralizations of oils in which the single components have been 
dissolved. 
The saponification dreaded by so many refiners only occurs in the case 
of oil which has been dispersed in the soap solution by spontaneous 
emulsification. A direct attack of the oil film could not be demonstrated. 
The influence of impurities and secondary products such as mono- and 
diglycerides on the neutralization mechanism is very slight. The neutral
ization of a "synthetic oil" obtained by adding the corresponding fatty 
acids to a refined oil, led to the same refining loss as did the neutralization 
of the crude oil under the same reaction conditions. 
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CHAPTER VII 

SUMMARY 

In nature large amounts of oils and fats occur which, dependent on the 
way they are found, can be obtained in various ways. These oils and fats 
constitute an important source of nutrition. But in most cases they are 
as such not suitable for direct consumption, because they contain 
undesirable constituents such as free fatty acids, colouring matters and 
flavour compounds. These substances can be removed by means of a 
refining process. 
This refining process consists of a number of stages. One of them, the 
removal of the free fatty acids, the so-called neutralization, is subjected 
to a further study in this thesis. 
The neutralization is generally carried out by contacting the oil with 
an aqueous solution of an alkali. The alkali reacts with the free fatty 
acids while forming an aqueous soap solution. In most neutralization 
processes the oil and the alkali solution are mixed in some way or other 
and then again separated (Chapter II). In general by this way of 
neutralization large amounts of neutral oil are lost for consumption. It 
is this neutralization loss which is highly determinative of the refining 
costs. 

The neutralization can be carried out in such a way that the losses are 
much smaller, namely by contacting the oil in the form of a film with 
the alkali (Chapter III). In the first neutralizations using this method, 
the fatty acid content of the processed oils appeared to be generally 
higher than the maximum which in practice is considered admissible: 
0.1 °/o f.f.a.':·. By dividing the oil film into a large number of short films 
lower fatty acid contents could be obtained. Under these conditions 
85-95 °/o of the free fatty acids present is removed. The desired f.f .a. 
content (:(0.1 °/o) can only be obtained at very low oil throughputs. 
To remove the remaining free fatty acids the film neutralization is 
followed by a conventional neutralization treatment during which the 
oil and the lye are intermixed. The refining loss in this two-stage 
neutralization process is ca. 30-60 °/o of the lo:>s which occurs in the 
conventional neutralization processes. 

Under favourable conditions the neutralization of oils in the form of 
films can be carried out with a very small loss. However, conditions 
occur which involve great losses. These losses occur because during the 
transfer of fatty acid from the oil phase to the alkaline solution very 
small oil droplets are formed spontaneously: spontaneous emulsification 
takes place. The spontaneous emulsification is caused by the occurrence 
of interfacial turbulence, which in its turn is caused by local differences 
in the interfacial tension at the oil/alkali interface. From an investigation 

'; f.f.:i. = free fatty acids. 
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into the mechanism of the neutralization process (Chapter VI) it has 
become clear that the course of the neutralization process is controlled 
by what happens at this interface. 

The interfacial turbulence and the spontaneous emulsification are closely 
connected with the processing conditions. The main factors which 
influence the occurrence of spontaneous emulsification are: 

a) temperature. 
A decrease in the temperature leads to a strong increase in the spon
taneous emulsification. 

b) nature of the alkaline reagent. 
The use of alkali carbonates instead of alkali hydroxides causes a 
considerable increase in the spontaneous emulsification. 

c) electrolyte concentration. 
A higher electrolyte concentration promotes the spontaneous emulsi
fication. 

d) type of free fatty acids. 
The refining loss is greatest in the case of long-chain saturated fatty 
acids. The unsaturated fatty acids with 18 C-atoms rank between 
C1c and C16-saturated fatty acid. 

The investigation has shown that the refining loss must entirely be 
ascribed to the spontaneous emulsification. The saponification of neutral 
oil dreaded by so many refiners only occurs with oil which has been 
dispersed in the water phase by spontaneous emulsification. Even without 
saponification this emulsified oil would be entrained by the water phase 
and lost, so that this form of saponification involves no extra loss. 
A direct attack of the oil film at the interface could not be demonstrated. 

The influences on the f.f .a. content of the processed oil are more compli
cated, notably those of the factors, temperature and electrolyte con
centration. 
This is caused by a great interaction between the type of free fatty acids 
and the remaining factors. Under the reaction conditions applied the 
fatty acids can be divided into two groups, namely: C16-, C18-, C18 : 1-
and C18 : 2-fatty acids on the one hand and C8-, C10-, C12- and CH-fatty 
acids on the other. 
The influences of the processing conditions on the f.f .a. content of the 
neutralized oils with "pure" C16-, C18-, C18 : 1- and C18 : 2-fatty acids 
are: 

a) temperature. 
An increase in the temperature leads to a lower fatty acid content 
in the processed oil. 

b) electrolyte concentration. 
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For the second group, the oils with "pure" C8-, C10-, C12- and C 14-fatty 
acids the influences of these processing conditions on the f .f .a. content 
are: 

a) temperature. 
A decrease in the temperature leads to a lower fatty acid content 
in the processed oil. 

b) electrolyte concentration. 
An increase in the electrolyte concentration 1s accompanied by a 
decrease in the f.f.a. content. 

The great differences between the two groups of fatty acids must be 
attributed to the difference in interfacial turbulence. 

In the neutralization of oils with short-chain fatty acids no interfacial 
turbulence occurs at high temperature and low electrolyte concentration. 
The fatty acid transport in the oil layer must then entirely take place 
by diffusion with the result that the f.f.a. content of the processed oil 
remains high. Interfacial turbulence can be induced by lowering the 
temperature and/or increasing the electrolyte concentration, which results 
in an increase in the mass transport. In the case of the long-chain fatty 
acids, under the reaction conditions applied, interfacial turbulence occurs 
in all cases. With these fatty acids a decrease in the temperature leads 
to an increase in the fatty acid content of the processed oil. The mass 
transfer is retarded when the temperature is lowered. For the short-chain 
fatty acids this retardation of the mass transfer when the temperature 
is lowered is slighter than the increase in the mass transfer owing to the 
induction of interfacial turbulence. 
Under the processing conditions at which interfacial turbulence occurs, 
the neutralization proceeds much more rapidly than would be possible in 
mass transport by diffusion. This occurrence of interfacial turbulence 
and its influence on the fatty acid transport could be demonstrated 
quantitatively with the so-called penetration theory (Chapters V and VI). 
The influence of the nature of the alkaline reagent (alkali hydroxides or 
alkali carbonates) was not investigated in the neutralization of oils with 
"pure" fatty acids. This factor has been studied in the neutralization 
of coconut oil, Fancy Tallow and safflower oil. 
In the neutralization of coconut oil, its effect on the final acidity was 
slight. For the two other oils investigated the use of alkali carbonates 
led to higher f.f.a. contents than the use of alkali hydroxides. 
The influence of the temperature and the electrolyte concentration 
corresponded for the three types of oil with the influence of these varia
bles on the neutralization of oils with long-chain fatty acids. For Fancy 
Tallow and safflower oil which are almost completely built up of fatty 
acids with 16 and 18 C-atoms, this is not surprising. It is remarkable, 
however, that coconut oil in which the free fatty acids consist for more 
than 70 O/o of fatty acids with 8, 10, 12 and 14 C-atoms, behaves in the 
same way. The small amounts of long-chain fatty acids which are also 
present are apparently sufficient to induce interfacial turbulence. 
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The great influence the free fatty acids of various chain-lengths exert 
on each other could not only be determined via the f .f .a. content but 
also via the refining loss. The loss in the neutralization of an oil 
containing a mixture of fatty acids may strongly deviate from the mean 
result of the neutralizations of oils in which the single components 
are present. 

The study of the causes of these phenomena lay beyond the scope of this 
investigation. Only the striking parallel between the influence of the 
processing conditions on the neutralization on the one hand and on 
the interfacial tension of the system "oil/soap solution" on the other can 
be mentioned. 

The neutralization process may be considered as a liquid-liquid extraction 
process. Factors which in such a process usually have a great influence 
on the degree of extraction do not play a significant role in the neutral
ization because this neutralization is almost completely controlled by 
what happens at the interface. It has been found that neither the excess 
alkali, nor the alkali concentration, nor the direction of the process 
flows (concurrent or countercurrent) influence the f.f.a. content of the 
neutralized oil (Chapters III and V). 

It was further established that the neutralization mechanism is hardly 
influenced by the type of oil, nor by the partial glycerides and impurities 
present in the crude oil. 

In addition to the study of the neutralization process as such, attention 
was paid to the occurrence of the soap which is present in the oil after 
neutralization (Chapter IV). The literature contains confused and often 
contradictory conceptions about this problem. Several authors suppose 
that the soap is dissolved in the neutralized oil. It could be demonstrated 
that this is not the case. However, the soap occurs as an aqueous solution 
which is dispersed in the oil as fine droplets. 
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SAMENVA TTING 

In de natuur kornen grote hoeveelheden olien en vetten voor, die op 
allerlei manieren, afhankelijk van hun voorkomen, gewonnen kunnen 
worden. Deze olien en vetten vormen een belangrijke voedselbron. 
Maar in de meeste gevallen zijn zij als zodanig niet voor directe con
sumptie geschikt, omdat ze ongewenste bestanddelen bevatten, zoals 
vrije vetzuren en kleur- en smaakstoff en. Deze kunnen echter door een 
raffinage proces verwijderd worden. 
Dit raffinage proces is samengesteld uit een aantal stappen. Een daarvan, 
de verwijdering van de vrije vetzuren, de z.g. ontzuring, wordt in dit 
proefschrif t aan een nadere studie onderworpen. 
De ontzuring wordt in het algemeen uitgevoerd door de olie in contact 
te brengen met een waterige oplossing van een alkali. De alkali reageert 
met de vrije vetzuren onder vorming van een waterige zeepoplossing. 
Bij de meeste ontzuringsprocessen worden de olie en de alkali oplossing 
op de een of andere manier gemengd en daarna weer gescheiden 
(Hoof dstuk II). Bij deze wijze van ontzuren gaat in het algemeen veel 
neutrale olie voor de consumptie verloren. Dit ontzuringsverlies bepaalt 
in hoge mate de raffinagekosten. 

De ontzuring kan met veel lagere verliezen worden uitgevoerd, door de 
olie in de vorm van een film met de alkali in contact te brengen 
(Hoofdstuk III). Bij de eerste ontzuringen volgens deze methode bleek 
het vetzuurgehalte van de bewerkte olie in het algemeen hoger te zijn 
dan het maximum, dat in de praktijk toelaatbaar wordt geacht, t.w. 
0,1 °/o f.f.a. ''. Door de oliefilm te verdelen in een groot aantal korte 
films konden lagere vetzuurgehalten worden verkregen. Onder deze 
ornstandigheden wordt 85-95 O/o van de aanwezige vrije vetzuren ver
wijderd. Het gewenste f.f.a.-gehalte ( <;0,1 O/o) kan slechts bij zeer lage 
oliedoorvoersnelheden worden bereikt. 
Voor de verwijdering van de resterende vrije vetzuren wordt na de 
filmontzuring een conventionele ontzuring uitgevoerd, waarbij de olie 
en de loog dooreen worden gemengd. Bij deze ontzuringsmethode in 
twee trappen zijn de optredende verliezen teruggebracht tot 30-60 °/o 
van de verliezen die bij de tot dusver gebruikte ontzuringsmethoden 
optreden. 

Onder gunstige omstandigheden kan de ontzuring van olien in de vorm 
van films met een zeer laag verlies worden uitgevoerd. Er komen 
echter ook ornstandigheden voor, waarbij wel grote verliezen optreden. 
Deze grote verliezen ontstaan, doordat bij de overgang van vetzuur 
uit de oliefase naar de alkalische oplossing, spontaan zeer kleine olie
druppeltjes worden gevormd: er treedt spontane emulgering op. 
De spontane emulgering is het gevolg van het optreden van "interfacial 
turbulence", die op haar beurt wordt veroorzaakt door plaatselijke 

* f.f.a. :::: free fatty acids. 
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verschillen in de grensvlakspanning aan het olie/alkali grensvlak. Bij een 
onderzoek naar het mechanisme van het ontzuringsproces (Hoof dstuk 
VI) is duidelijk geworden, dat het verloop van het ontzuringsproces 
beheerst wordt door het gebeuren aan dit grensvlak. 

De "interfacial turbulence" en de spontane emulgering hangen nauw 
samen met de procesomstandigheden. De voornaamste factoren, die het 
optreden van spontane emulgering bei"nvloeden zijn: 

a) temperatuur. 
Verlaging van de temperatuur leidt tot een sterke toename van de 
spontane emulgering. 

b) aard van het alkalische reagens. 
Het gebruik van alkalicarbonaten in plaats van alkalihydroxiden 
doet de spontane emulgering sterk toenemen. 

c) elektrolytconcentratie. 
Een grotere elektrolytconcentratie versterkt de spontane emulgering. 

d) aa.rd van de vrije vetzuren. 
Het raffinageverlies is het grootst bij verzadigde vetzuren met grote 
ketenlengte. De onverzadigde vetzuren met 18 C-atomen nemen 
daarbij een plaats in tussen C1c en C16-verzadigd vetzuur. 

Bij het onderzoek is gebleken, dat het optredende raffinageverlies geheel 
moet worden toegeschreven aan de spontane emulgering. De door veel 
raffinadeurs zo gevreesde verzeping van neutrale olie treedt slechts op 
aan olie die reeds door spontane emulgering in de waterfase is verdeeld. 
Deze geemulgeerde olie zou 66k zonder verzeping toch met de water
fase zijn meegevoerd en verloren zijn gegaan, zodat deze vorm van 
verzeping geen extra verlies veroorzaakt. Een directe aantasting van de 
oliefilm aan het grensvlak kon niet worden aangetoond. 

De invloeden op het f.f.a.-gehalte van de bewerkte olie zijn gecom
pliceerder, met name die van de factoren temperatuur en elektrolyt
concentratie. 
Dit wordt veroorzaakt door een grote interactie tussen de aard van de 
vrije vetzuren en de overige factoren. Onder de toegepaste reactie
omstandigheden kunnen de vetzuren in twee groepen worden ver
deeld, n.l.: C16-, C18-, C18 : 1- en C 18 : 2-vetzuren enerzijds en 
C8-, C 10-, en Ca-vetzuren anderzijds. 
De invloeden van de procesomstandigheden op het f.f.a.-gehalte bij de 
ontzuring van de olien met ,,zuivere" C 111-, C 18-, C 18 : 1- en C 18 : 2-vet
zuren zijn als volgt: 

a) temperatuur. 
Verhoging van de temperatuur leidt tot een lager vetzuurgehalte in 
de bewerkte olie. 

b) elektrolytconcentratie. 
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Voor de tweede groep, de olien met ,,zuivere" C8-, C10-, C12- en C1c 
vetzuren zijn de invloeden van deze factoren op het f.f.a.-gehalte als 
volgt: 

a) temperatuur. 
Verlaging van de temperatuur leidt tot een lager vetzuurgehalte in de 
bewerkte olie. 

b) elektrolytconcentratie. 
Verhoging van de elektrolytconcentratie gaat gepaard met een daling 
van het f.f.a.-gehalte. 

De grote verschillen tussen de beide groepen vetzuren moeten worden 
toegeschreven aan het verschil in "interfacial turbulence". 
Bij de ontzuring van olien met vetzuren met korte ketens treedt bij hoge 
temperatuur en kleine elektrolytconcentratie geen "interfacial turbulence" 
op. Het vetzuurtransport in de olielaag moet dan geheel door diffusie 
plaatsvinden met het gevolg dat het f.f .a.-gehalte van de bewerkte olien 
hoog blijft. Door verlaging van de temperatuur en/of vergroting van 
de elektrolytconcentratie kan "interfacial turbulence" worden opgewekt, 
hetgeen vergroting van het stoftransport veroorzaakt. Bij de vetzuren 
met lange ketens treedt onder de toegepaste reactie-omstandigheden steeds 
"interfacial turbulence" op. Bij deze vetzuren leidt een daling van de 
temperatuur tot een stijging van het vetzuurgehalte in de bewerkte 
olie. Het stoftransport wordt bij verlaging van de temperatuur ver
traagd. Bij de vetzuren met korte ketens is deze vertraging van het stof
transport bij een daling van de temperatuur kleiner dan de vergroting 
van het stoftransport ten gevolge van het ontstaan van "interfacial 
turbulence" .. 
Onder de procesomstandigheden, waar "interfacial turbulence" optreedt 
verloopt de ontzuring veel sneller dan bij stoftransport door diffusie 
mogeliik zou zijn. Dit optreden van "interfacial turbulence" en de 
invloed ervan op het vetzuurtransport kon met behulp van de z.g. 
penetratie theorie kwantitatief worden aangetoond (Hoof dstuk V, VI). 

De invloed van de aard van het alkalische reagens (alkalihydroxiden of 
alkalicarbonaten) werd bij de ontzuring van olien met ,,zuivere" vet
zuren niet onderzocht. Deze factor is wel bestudeerd bij de ontzuring 
van kokosolie, Fancy Tallow en saffloerolie. 
Bij de ontzuring van kokosolie was het effect ervan op de eindzuurgraad 
gering. Bij de beide andere onderzochte olien leidde het gebruik van 
alkalicarbonaten tot hogere f.f .a.-gehalten dan het gebruik van alkali
hydroxiden. 
De invloed van de temperatuur en de elektrolytconcentratie kwam bij de 
drie oliesoorten overeen .met de invloed ervan op de ontzuring van olien 
met vrije vetzuren met lange ketens. Voor Fancy Tallow en saffloerolie, 
die vrijwel volledig uit vetzuren met 16 en 18 C-atomen opgebouw ziin, 
behoeft dit geen verwondering te wekken. Merkwaardig is echter, dat 
kokosolie, waarin de vrije vetzuren voor meer dan 70 °/o uit vetzuren met 
8, 10, 12 en 14 C-atomen bestaan, zich ook zo gedraagt. Kennelijk zijn de 
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kleine daarnaast voorkomende hoeveelheden vetzuren met lange ketens 
voldoende om "interfacial turbulence" op te wekken. 
De grote invloed die vrije vetzuren van ver'schillende ketenlengten op 
elkaar uitoefenen, kon behalve aan het f.f.a.-gehalte 66k aan het raffi
nageverlies worden vastgesteld. Het verlies bij de ontzuring van een 
olie met een mengsel van vetzuren kan sterk afwijken van het gemiddelde 
van de verliezen bij de ontzuringen van de olie met ieder der vetzuren 
afzonderlijk. 

De oorzaken van al deze verschijnselen konden in het kader van dit on
derzoek niet worden aangegeven. Slechts de opvallende parallel tussen 
de invloed van de genoemde factoren op de ontzuring enerzijds en op de 
"interfacial tension" van het systeem "olie/zeepoplossing" anderzijds, 
kan gernemoreerd worden. 

Het ontzuringsproces kan gezien worden als een vloeistof-vloeistof 
extratieproces. Factoren, die bij een dergelijk proces rneestal een grote 
invloed hebben op de extractiegraad, spelen bij de ontzuring geen rol 
van betekenis, omdat de ontzuring vrijwel geheel wordt beheerst door 
het gebeuren aan het grensvlak. 
Zo is gebleken, dat noch de overmaat alkali, noch de alkaliconcentratie, 
noch de richting van de processtromen (gelijk- o.f tegenstroom) het f.f .a.
gehalte van de ontzuurde olie belnvloeden (Hoofdstuk III, V). 

Verder werd vastgesteld, dat het ontzuringsgebeuren vrijwel niet be
invloed wordt door de aard van de olie, noch door de in de ruwe olie 
aanwezige partiele glyceriden en verontreinigingen. 

Naast de studie van het ontzuringsproces als zodanig werd nog aandacht 
besteed aan het voorkomen van de zeep die na de ontzuring in de olie 
wordt aangetroff en (Hoof dstuk IV). In de literatuur bestaan hierover 
verwarde en vaak tegenstrijdige opvattingen. Verschillende auteurs ver
onderstellen, dat de zeep in de ontzuurde olie is opgelost. Er kon worden 
aangetoond, dat dit niet het geval is. De zeep kornt echter als een waterige 
oplossing voor, die als fijne druppeltjes in de olie is gedispergeerd. 
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APPENDIX 

DESCRIPTION OF THE ANALYSES 

Content of free fatty acids 1• 

An amount of oil is shaken with 50 ml of a mixture of ethanol/trichloro
ethane (2 : 1 vol.). The fatty acids are neutralized with 0.1 N NaOH 
using phenolphthalein as indicator. 

Calculation : 0/o f.f .a. 

Acid value 1. 

ml NaOH x titre x ~ean mol. wt. x 100 O/o 
wt. sample (m mg) 

By the acid value of an oil or fat is meant the number of mg KOH 
necessary to neutralize 1 g oil or fat. The analysis is identical with the 
determination of the f.f .a. content. 

Calculation : acid value 
ml NaOH x titre x 56.1 

wt. 

Saponification value 1• 

By saponification value is meant the number of mg KOH necessary to 
saponify 1 g oil or fat, the free fatty acids as well as the fatty acid esters. 
A small sample of oil is saponified with excess alcoholic caustic soda 
(0.5 N). The excess alkali is titrated with 0.5 N HCL In addition a blank 
determination is carried out. 

Calculation : 

Water determination according to Karl Fischer 2• 

The water content in oil and fatty acids was determined by means of a 
"dead-stop" titration using Karl Fischer reagent. 

Soap in neutralized oil. 

To determine the content of soap the total amount of alkali in oil is 
determined and expressed in O/o by weight of Na-oleate. 
To this end an amount of oil is dissolved in light petroleum and a 
solution of methyl orange added. Titration is carried out with 0.1 N 
H 2S04• 

Calculation : O/o soap = ml H 2S04 x tit.re x 304 x 100 O/o 
wt. sample (m mg) 
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Mineral acid in fatty acids. 

A known amount of fatty acid is dissolved in ether and then shaken 
with a concentrated NaCl solution which has previously been neutralized 
on methyl orange. After shaking, the aqueous solution is titrated with 
0.1 N NaOH until neutral on methyl orange. 
The content of sulphuric acid is expressed in 6/o by weight. 

ml NaOH x t~tre x 49 x lOO O/o 
wt. sample (in mg) 

T.F.M. in soap. 

A weighed amount of soap is split using an excess 4 N H 2S04• The fatty 
matter liberated is extracted with ether. The ether is washed acidfree 
with water. After evaporating the ether and drying, the residue (the 
T.F.M.) is weighed. 
The T.F.M. content in the original soap can be calculated. 

•/1 f.f.a. in T.F.M. 

The f.f.a. content in the T.F.M. is determined in the same way as the 
f.f .a. content in oil. 

Mono-, di- and triglyceride analysis 3• 

The mono-, di- and triglyceride contents were determined by applying a 
thin-layer chromatographic technique using silicagel as stationary phase 
and iso-octane/ether 50/50 as mobile phase. The analysis is carried out 
with 50-60 mg material, which is brought as a band on the starting 
line of a 20 x 20 cm plate. 

After development of the plate the three components are observed as 
hands. The hands are scraped off the plate separately and the glycerides 
are extracted from the silica.gel. 
After evaporating the solvent, the glycerides are converted into soap 
and glycerol by means of an alcoholic caustic soda solution. After 
evaporating the alcohol, the soap and the glycerol are taken up in water. 
The glycerol present is determined by oxidation with periodate. 
The amount of glycerol is a measure of the amount of glycerides. 
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STELLING EN 
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gering bij de overgang van vetzuren uit een olie naar een waterige 
loogfase is onjuist. 

A. Viallard, Genie Chimique 84 (3), 82 (1960). 

II 

"Zeep in olie" komt, in tegenstelling met de uitspraken van Neumann 
en die van Eger en Schwartzkopf£, onder de condities zoals deze bij het 
ontzuren voorkomen, niet voor als een oplossing van zeep in olie, maar 
als een opl<>SSing van zeep in water, die in de olie is gedispergeerd. 

J. Neumann, Dechema Monograph. 46, No. 761-780 (1963), 211. 
H. Eger en F. E. Schwartzkopff, U.S.P. 3.085.101 (1963). 

III 

Het beschrijven van de kleurreductie bij het adsorptie-bleken van eetbare 
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IV 
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is onjuist. 
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v 
De door Bailey vermelde waarden voor de smeltwarmten van triglyce
riden zijn te groot. 

A. E. Bailey, Melting and Solidification of Fats, Interscience, New York (1950), 171. 



VI 

De vaste cacaoboter verkregen na het opnemen van een koelcurve volgens 
Jensen 1 heeft een hoger smeltpunt dan het vet, dat wordt verkregen na 
het opnemen van een koelcurve volgens Pichard 2• 

Algemeen wordt het verschil in smeltpunt verklaard door polymorfie. 
De juistheid van deze verklaring is aan twijfel onderhevig. 
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Division des Matieres Grasses, Annexe Ila 1962. 

2. H. Pardun, C. J. Soeters, A. Crossley, S. P. Prenton en R. L. Best, D.A.S. 1.030.668 
(1958). 

VII 

Fysisch verantwoorde methoden voor het meten van kleuren verdienen 
de voorkeur boven de gemakkelijker uitvoerbare vergelijkingsmetingen 
met gekleurde glaasjes of gekleurde oplossingen. 

VIII 

De conclusies van Linsen met betrekking tot het verband tussen de sesam 
activiteit en de porienwijdte van Ni-katalysatoren zouden aan waarde 
hebben gewonnen, indien in het onderzoek ook impregnaten met een 
kleine gemiddelde porienstraal waren betrokken. 

B. G. Linsen, Dissertatie Delft (1964), 82. 

IX 

Het bestaan van een irreversibele adso·rptie van kationaire detergencia 
aan katoen is door Muller en Krempl niet aangetoond. 

H. Muller en E. Krempl, Fette, Seifen, Anstrichmittel 65, 532 (1963). 

x 
De twijfel, die Toholsky en Ludwig uitspreken met betrekking tot het 
voorkomen van solubilisatie is op grand van de beschreven experimenten 
niet te rechtvaardigen. 

A. V. Toholsky en B. J. Ludwig, Am. Scientist 53, 400 (1963). 



XI 

In plaats van de veel gebruikte tetra verdient het gebruik van ethyl
acetaat of ether de voorkeur voor de extractie van de diethyldithiocar
bamaten van zware metalen uit water; dit ondanks de grotere oplos
baarheid van de metaalcomplexen in tetra. 
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E. B. Sandell, Colorimetric determination of traces of metals, Interscience, New Yo~k 
(1944). 
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XII 

Bij de bepaling van de "adhesiveness" van bloedplaatjes aan glasbolletjes 
onder invloed van adenosine difosfaat g,aan Hellem et al. ten onrechte 
voorbij aan de "aggregation" van bloedplaatjes. 

A. J. Hellem, A. E. Odegaard en B. A. Skalhegg, Thrombos. Diathes. haemorrh. 10, 61 
(1963). 

XIII 

Het moet als een gemis worden beschouwd, dat zeer velen, werkzaam 
in research en ontwikkeling, de grote mogelijkheden die in het gehruik 
van statistische technieken besloten liggen, niet onderkennen. 

XIV 

Het is gewerist, dat men zich in de reclame, die gericht is op het grote 
publiek, onthoudt van het gebruik van wetenschappelijke of soms ook 
quasi-wetenschappelijke termen. 
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