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To improve the heavy metal adsorption of microcrystalline cellulose (MCC), two successive grafting reactions of
silylation by (3-chloropropyl)triethoxysilane (CPTES) and amine-functionalization with metformin HCl were
performed and themodifiedMCC from thefirst and second stepswere denoted asMMCC-1 andMMCC-2, respec-
tively. MMCCs were characterized by fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD),
and thermogravimetric analysis (TGA) and compared to MCC. The presence of the amine group on the MMCC-
2 surface was confirmed by FT-IR analysis. According to the XRD results, the crystallinity index (CI) of MMCC-1
increased very slightly compared to that of MCC that can be attributed to the partial hydrolysis of amorphous
parts because of acidic conditions used for MCC silylation but CI of MMCC-2 decreased due to the high tempera-
ture and long time in the 2nd step of modification. TGA revealed the lower thermal stability of MMCC-2 than the
corresponding MCC.

© 2019 Published by Elsevier B.V.
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1. Introduction

Ground water exploitation faces several challenges including run-
down of existing boreholes, lack of rehabilitation or replacement of
existing ones, low yielding aquifers and heavy metal pollution originat-
ing from landfill leaches, municipal wastewater, urban runoff, mining
activities, and industrial wastewaters such as metallurgy, tannery and
battery manufacturing industries [1].

Pollution by heavy metals, because of their toxic nature, accumula-
tion in living organisms and causing various diseases and disorders, is
one of themost serious environmental problems and a worldwide con-
cern [2]. As they are non-degradable and persistent in the environment,
their removal from effluents and aqueous media for public health pro-
tection is becoming more significant [3]. Conventional methods for
this purpose include neutralization, ion exchange, precipitation, solvent
extraction, photochemical degradation, electrochemical degradation,
membrane separation, reverse osmosis, and adsorption [4–10]. Most
of them suffer from some drawbacks such as high capital or operational
cost or disposal of resulting sludge [11]. Among thesemethods, adsorp-
tion, on the basis of its simplicity, low cost, high efficiency, and environ-
mental friendly behavior, is now considered as a preferential choice
[3,12]. In recent years, more and more interests have been directed to
n).
the investigation of agricultural by-products, industrial wastes and bio-
logical materials as adsorbents for the removal of heavy metal from in-
dustrial wastewater [11].

Cellulose, the most widely available and renewable biopolymer in
nature, is a very promising raw material available at low cost for the
preparation of various functional materials [13,14]. Native cellulose
may be classified as a semicrystalline fibrillar material, which consists
of amorphous and crystalline regions. The small dimension leads to a
high aspect ratio and a large specific surface area. Due to the chemical
structure of cellulose, microcrystalline cellulose (MCC) surface has nu-
merous hydroxyl groups, resulting in high activity and the ability to
react with various specific groups [2]. Because of high specific surface
areas and several reactive groups, excellent adsorption performance
can be achieved with modified MCC. Therefore, after modification
with functional groups such as sulfonic acid, carboxyl and aminogroups,
MCC has high adsorption capacity for heavy metal ions removal from
aqueous solution [2,15–19].

The objective of this studywas to functionalizeMCCwithmetformin
HCl by using (3-chloropropyl)triethixysilane (CPTES) as a coupling
agent. Silanes used for MCC treatment have different functional groups
at both ends of the molecule. One of them interacts with hydroxyl
groups of the MCC [20–22], whilst another one can be involved in a
chemical interaction with amine groups of metformin HCl. The grafting
of CPTES onto MCC surfaces (Fig. 1) normally involves 3 steps, being
true for all types of chemical modifications with alkoxysilane under hy-
drolytic conditions: (i) the hydrolysis of the alkoxy groups of the silane

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijbiomac.2019.01.108&domain=pdf
https://doi.org/10.1016/j.ijbiomac.2019.01.108
f.rafieankoupae@ag.iut.ac.ir
Journal logo
https://doi.org/10.1016/j.ijbiomac.2019.01.108
http://www.sciencedirect.com/science/journal/
http://www.elsevier.com/locate/ijbiomac


Fig. 1.Mechanism of the reaction between MCC, CPTES and metformin HCl [22].
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in the presence of water to give the respective silanols; (ii) formation of
hydrogen bonds between silanol and hydroxyl groups of cellulose and
consequent adsorption and grafting of the silanol groups onto OH-rich
surface of MCC via Si-O-C bonds; and (iii) chemical condensation
resulting in siloxane bridges (Si-O-Si) and formation of polysiloxane
network on the surface of MCC [23].

The MMCC-1 (CPTES-grafted) and MMCC-2 (metformin-CPTES-
MCC) were characterized by fourier transform infrared spectroscopy
(FT-IR), thermogravimetric analysis (TGA), and X-ray diffraction
(XRD) compared to the MCC. X-Ray diffractometry was carried out in
order to analyze the crystallinity of the modified microcrystalline
cellulose compared to unmodified MCC. Microfibrils are arranged into
lattices within the cell wall, leading to a highly crystalline structure
that is insoluble in water and resistant to reagents. However, areas of
the lattice include unstructured parts that result from the presence of
amorphous cellulose, or which are caused by the small crystalline
units being imperfectly packed together [24]. Cellulose crystallinity in
individualized fibers as the key parameter influencing their mechanical
and thermal properties is of interest [25].
2. Materials and methods

2.1. Materials

PH-101 microcrystalline cellulose (98%), (3-chloropropyl)
triethoxysilane (C6H15ClO3Si, 95%), glacial acetic acid (≥99.85%),
acetonitryl (≥99.5%), potassium iodide (KI, ≥99.0%), potassium carbon-
ate (K2CO3, ≥99.0%), metformin HCl (≥99.0%) and ethyl alcohol (96%)
were purchased from Sigma–Aldrich Inc. (St Louis, MO, USA).



Fig. 2. Schematic diagram of MCC modification.

Table 1
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2.2. Methods

2.2.1. MCC modification
ModificationofMCCwith CPTESwas carried out according to the fol-

lowing procedure: First, 5 mL of CPTES and 100 mL of distilled water
were mixed with each other and the pH was measured using a PCE-
228 portable pH meter (Spain) and adjusted to ~4 using glycial acetic
acid. Then, MCC was added and the mixture was magnetically stirred
at room temperature for 120 min. Following this, the slurry was centri-
fuged with a Sigma 3-30 K ultracentrifuge (Germany) at 11000 rpm for
20 min, the supernatant was discarded, and the precipitate was re-
dispersed in deionized water (80 mL/g MCC). This step was repeated
once again before recovering the solid residue. Subsequently, the pre-
cipitate was placed in a Heraeus T5042 EK oven (Germany) at 105 °C
for 15 min. The CPTES-grafted cellulose was centrifuged (11,000 rpm,
20 min) and washed two times with ethyl alcohol (80 mL/g MCC) and
one time with distilled water for removal of unreacted CPTES and
dried in a Heraeus VTR 5036 vacuum oven (Germany) at 40 °C for
24 h, as described in the literature [23]. The dried MMCC-1 (2 g) and
KI (3.32 g, 20 mmol) were added into a solution of metformin HCl
(0.414 g, 2.5 mmol) and K2CO3 (2.764 g, 20 mmol) in acetonitrile
(100 mL) in a round-bottom flask and the mixture was stirred under
reflux condition for 24 h. The obtained solid was then collected from
the solution and washed with water/ethanol followed by vacuum
drying at 40 °C for 48 h. Fig. 1 present the mechanism of chemical
reaction between MCC, CPTES and metformin HCl and Fig. 2 displays
the schematic diagram of modification process.
Fig. 3. FTIR spectra of MCC, MMCC-1 and MMCC-2.
2.2.2. Fourier transform infrared spectroscopy
Infrared spectra of theMMCC andMCCwere recorded using a Perkin

Elmer 1000 FTIR spectrometer (UK). Analyses were performed in the
adsorption mode from 4000 to 400 cm−1, with 4 cm−1 resolution and
accumulation of 32 scans at room temperature.

2.2.3. X-ray diffraction
XRD studies of the MCC and also, MMCC-1 and MMCC-2 were

carried out using a Bruker D2-Phaser X-ray diffractometer (Germany)
operating at CuKα wavelength of 0.15418 nm. The samples were
exposed to the X-ray beamwith the X-ray generator running at voltage
of 30 kV and tube current of 10 mA. Scattered radiation was detected
at ambient temperature in the angular region of 6.45–43.50° at a rate
of 1°/min and a step size of 0.02°. Three parameters of the crystallinity
index (CI), crystalline order index (COI) and crystallite size were calcu-
lated from diffraction intensity data. CI expresses the relative degree of
crystallinity and was determined by the Segal method:

CI ¼ I002−Iam
I002

� 100 ð1Þ

where I002 is the intensity of the 002 lattice diffraction at around 2θ =
22.5°, and Iam is the intensity of diffraction at around 2θ=18°. I002 rep-
resents both crystalline and amorphous fractions and Iam represents
only the amorphous region [26].
Infrared spectral data of MCC, MMCC-1 and MMCC-2.

Characteristic absorptions (cm−1)

MCC MMCC-1 MMCC-2 Functional group

3330.5 3332 3332 3335 (ν OH)
2890 2889 2892 2896 (ν C\\H)
1649 1640 1645 1647 (δ O\\H in-plane)
– – 1568 1500–1600 (N\\H bending vibration)

1427.5 1426 1426.5 1426 (δ CH2 sym.)
1364 1363 1364 1365 (δ CH)
1314.5 1314.5 1315 1310 (ω CH)
1202 1202 1202.5 1201 (ρ OH; δ CH)
1159 1159.5 1160 1160 (ν bridge\\O\\asym.)
1105 1105 1106.5 1108 (ѵ C\\O asym. in-plane)
1028 1029 1031 1027 (ν C\\O)
898 897 896 895 (ν bridge C-O-C sym.)
665.5 664 665.5 665 (ω OH out-of-plane)

–Stretching vibration ν.
–In-plane scissoring (bending) δ
–In-plane bending (rocking) ρ
–Out-of-plane bending (wagging) ω



Fig. 4. XRD graphs of MCC, MMCC-1 and MMCC-2.
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COI was calculated with the following Equation:

COI ¼ I002
I101 þ I101 þ I002

ð2Þ

I101 and I101 are the intensities of peaks located near 2θ angles of 14.7°

and 16.3°, characteristic of the 101 and 101 reflections of cellulose I,
respectively [26].

There is an important relationship between a crystal's size and the
pattern recorded by the diffraction experiment, defined by the Scherrer
Eq. (3):

Lhkl ¼
K � λ

β � cosθ
ð3Þ

where, Lhkl is the size perpendicular to the lattice plane represented by
the peak in question, K is a Scherrer constant, dependent on the crystal
shape,λ is thewavelength of the incident beam (0.15418 nm for copper
target), β is the full width at half maximum of the peak angle of (002)
crystal plane (FWHM in radians) and θ is the position of the peak (half
of the plotted 2θ value) [26].

2.2.4. Thermogravimetry
The thermal stability of MCC and modified MCC was analyzed in a

Netzsch STA 449 F1 Jupiter thermal analyzer (Germany). Samples of
approximately 130 mg were heated from 45 to 800 °C with a heating
rate of 5 °C/min and held at an isotherm for 2 min. The experiments
were performed under an atmosphere of flowingnitrogen (20mL/min).

3. Results and discussion

3.1. FT-IR spectra

NeatMCC is characterizedwith absorbance peaks between3600 and
3000 cm−1, corresponding to the stretching vibration of hydroxyl
Table 2
Pseudo-Voigt function fitting for the XRD graphs of MCC.

Model PsdVoigt1

Equation y = y0 + A ∗ (mu ∗ (2/PI) ∗ (w / (4 ∗ (x − xc) ^ 2 + w ^ 2)) + (1 −
Plot Peak1 (Intensity (a.u.)) Pe
y0 4408.35114 ± 39.41991 44
Xc 15.60885 ± 0.01076 2
A 85,535.68855 ± 1074.40133 101,6
W 3.67212 ± 0.04423
mu 1.03489 ± 0.02278
Reduced Chi-Sqr
R-Square(COD)
Adj. R-Square
groups of cellulose, the peak in the range 3000–2800 cm−1, assigned
to asymmetric and symmetric C\\H stretching vibration, and the peak
at 1650–1640 cm−1, attributed to bending mode of OH groups of the
adsorbed water. Although the samples were dried before FT-IR, the
adsorbed water by the cellulose molecules was difficult to be removed
completely because of cellulose-water interactions. The peak at
~1431 cm−1 in the spectrum is due to the symmetric CH2 bending,
1375–1365 and 1316 cm−1 belong to the C\\H bending and wagging,
respectively, and the peak at 1205–1200 cm−1 relates to the OH in-
plane bending [27]. Two absorption peaks at 1162–1125 cm−1 and
~901 cm−1 arise from C\\O\\C stretching vibration at the β-(1 → 4)-
glycosidic linkages and the peak at ~1110 cm−1 corresponds to
vibration of ester linkages. The peak at ~1027 cm−1 is assigned to the
C\\O\\C stretching vibration of pyranose ring and the small peak at
~672 cm−1 is attributed to the out-of-plane bending (wagging) of
C\\OH. As expected, modified MCC displayed similar absorption peaks
that were characteristic of cellulose (Fig. 3 and Table 1) but after the
chemical modification with metformin HCl, a new band was observed
at around 1568 cm−1, which can be attributed to the N\\H bending
vibration of primary amine, indicating successful introduction of
functional groups onto the surface of the MCC [23,28–36]. By the way,
specific bands corresponding to the Si\\O\\Si and Si\\O\\Cellulose
bridges (~1150 and 1135 cm−1, respectively) and the intense C\\O\\C
vibration bands of cellulose in the same spectral region were over-
lapped each other. So, the observation of these signals is difficult
[37,38]. These findings are in agreement with results reported in the
literature by other researcher [23].
3.2. XRD analysis

The diffraction profiles of unmodified andmodified samples (1st and
2nd steps) are presented in Fig. 4.MCC displayed the typical XRD pattern
of cellulose I and not cellulose II, with characteristic diffraction maxima
at 2θ ~ 14.7°, 16.3°, 22.5°, and 34.8° [(101), ð101Þ, (002), and (004)
planes, respectively)] [39] and no doublet in the intensity of the main
peak [40].

The diffraction pattern of cellulose I remained unchanged after 2 h of
silylation and also, after 24 h reflux at 80 °C under alkaline conditions,
indicating that MCC maintained their original crystalline structure
(Fig. 4) and the peaks remained the same in all spectra, suggesting
that the chemical modification did not affect the related lattices. This
behavior has been previously reported for the silylation of cellulose
with (3-aminopropyl)triethoxysialne (APTES) [23].

To evaluate the crystallinity order index, peak separation of each
X-ray diffraction was conducted for each plane. The operation used a
non-linear multi-peak fitting function of OriginPro 2016 software.
The Pseudo-Voigt type I equation was selected which included 5
variables; offset (y), amplitude or area (A), center (xc), width (w) and
shape factor (mu) of the peaks. The values of each variable for all
peaks have been collected in Tables 2–4. After assigning an equation
and data from XRD, the fitting was started via entering number of
mu) ∗ (sqrt(4 ∗ ln(2)) / (sqrt(PI) ∗ w)) ∗ exp(−(4 ∗ ln(2) / w ^ 2) ∗ (x − xc) ^ 2))
ak2 (Intensity (a.u.)) Peak3 (Intensity (a.u.))
08.35114 ± 39.41991 4408.35114 ± 39.41991
2.56611 ± 0.00313 34.58362 ± 0.0317
46.51076 ± 566.30067 9972.52308 ± 605.47293
1.83876 ± 0.01255 1.76875 ± 0.13721
1.00242 ± 0.01206 1.09373 ± 0.12046
568,631.3774

0.98832
0.98826



Table 3
Pseudo-Voigt function fitting for the XRD graphs of MMCC-1.

Model PsdVoigt1

Equation y = y0 + A ∗ (mu ∗ (2/PI) ∗ (w / (4 ∗ (x − xc) ^ 2 + w ^ 2)) + (1 − mu) ∗ (sqrt(4 ∗ ln(2)) / (sqrt(PI) ∗ w)) ∗ exp(−(4 ∗ ln(2) / w ^ 2) ∗ (x − xc) ^ 2))
Plot Peak1 (Intensity (a.u.)) Peak2 (Intensity (a.u.)) Peak3 (Intensity (a.u.))
y0 4427.35893 ± 40.55969 4427.35893 ± 40.55969 4427.35893 ± 40.55969
Xc 15.55604 ± 0.01042 22.52739 ± 0.00291 34.51313 ± 0.03337
A 87,492.29201 ± 1090.28165 107,955.9903 ± 566.60149 10,105.28189 ± 638.86261
W 3.66734 ± 0.04213 1.81021 ± 0.01166 1.85364 ± 0.14206
mu 1.00559 ± 0.02289 0.99912 ± 0.01141 1.06724 ± 0.1251
Reduced Chi-Sqr 584,886.65795
R-Square(COD) 0.98943
Adj. R-Square 0.98937

Table 4
Pseudo-Voigt function fitting for the XRD graphs of MMCC-2.

Model PsdVoigt1

Equation y = y0 + A ∗ (mu ∗ (2/PI) ∗ (w / (4 ∗ (x − xc) ^ 2 + w ^ 2)) + (1 − mu) ∗ (sqrt(4 ∗ ln(2)) / (sqrt(PI) ∗ w)) ∗ exp(−(4 ∗ ln(2) / w ^ 2) ∗ (x − xc) ^ 2))
Plot Peak1 (Intensity (a.u.)) Peak 2 (Intensity (a.u.)) Peak3 (Intensity (a.u.))
y0 3769.46439 ± 30.07335 3769.46439 ± 30.07335 3769.46439 ± 30.07335
Xc 15.53364 ± 0.01158 22.45709 ± 0.00314 34.4572 ± 0.03121
A 64,031.08825 ± 854.82595 78,025.10412 ± 430.78122 8332.15243 ± 470.77057
W 3.89963 ± 0.04738 1.89693 ± 0.01262 1.83643 ± 0.14435
mu 1.03777 ± 0.02342 1.01045 ± 0.01167 1.19077 ± 0.10434
Reduced Chi-Sqr 299,946.50857
R-Square(COD) 0.98888
Adj. R-Square 0.98882
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replicas (=number of peaks − 1). The fitting was carried out with
several interactions until the optimum fit result was achieved. This
was indicated by no further decline of χ2 value and increase in R2

(approaching 1) [26]. The fitted data for unmodified and modified
MCC have been displayed in Figs. 5–7. Table 5 gives the values of CI,
COI, Bragg angle, FWHM and Lhkl for MCC, MMCC-1 and MMCC-2. The
crystallinity increases from 76.70% for untreated fibers to 77.82% for
MMCC-1. This very slight increase in crystallinity can be attributed to
the facts that dilute acetic acid has no effect on the crystalline domains,
but destroys the amorphous fraction of the fibers [41]. This increase of
crystallinity after acid treatment has been reported by several authors
[42,43].

The results revealed that a slight decrease of the crystallinity index
was observed for the MMCC-2. The localised extreme temperature
Fig. 5. XRD pattern and the fitting curve of MCC.
(80 °C) and the long reaction time (24 h) in this step of modification
may contribute in the lower CI values (74.82%, equivalent to 2.45%
decrease compared to MCC).

The values obtained for CI and Lhkl of unmodified andmodified sam-
ples are similar to those reported in the literature for microcrystalline
cellulose from Avicel PH 101 (78%, 5.52 nm) and cotton stalks (77%,
5.31 nm) [44]. Although the source of the original cellulose is the most
important factor in determination of the crystallinity of MCC, it is
well-known that this characteristic also depends on the extraction
method and its conditions (including pretreatment). The similarity be-
tween the CI of the MCC extracted from different sources, can probably
be attributed to the similarity of the procedure used for their prepara-
tion (hydrolysis with 2 N hydrochloric acid under reflux for 45 min)
[44].
Fig. 6. XRD pattern and the fitting curve of MMCC-1.



Fig. 7. XRD pattern and the fitting curve of MMCC-2.

Fig. 8. TGA (a) and DTG (b) thermograms of MCC, MMCC-1 and MMCC-2.
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3.3. Thermal stability

The thermal stability of MMCCwas evaluated by TGA and compared
to that of MCC. Fig. 8a illustrates TGA curves of the samples. The initial
losses corresponded to the elimination of water. It is clear that all sam-
ples contain moisture as the weight begins dropping immediately upon
heating. On further heating, cellulose degraded and converted into gas.
The thermolysis reaction of cellulose occurs by the cleavage of glycoside
bonds (COH, COOandCOC bonds) and by dehydration, decarboxylation,
and decarbonilation [45]. Table 6 represents six parameters, determined
from the TG, derivative thermogravimetry (DTG) (Fig. 8b), and second
time derivatives (D2TG) curves: (1) the extrapolated onset temperature
of decomposition, To, calculated by extrapolating the slope of the DTG
curve in correspondence with the 1st local maximum in D2TG curve
and down to the zero level of the DTG axis; (2,3) the decomposition
temperature at 10 and 50% weight loss (dT10 and dT50, respectively);
(4) the peak temperature, Tp, collected from DTG peak with the maxi-
mum decomposition rate; (5) the percentage weight loss correspond-
ing to peak temperature, marked as MTp; (6) the residual solid mass
fraction percentage remained at the final temperature, 800 °C, symbol-
izedwithMT800 [46]. The decomposition characteristics ofMCC,MMCC-
1 and MMCC-2 were summarized in Table 6. The enhanced thermal
stability of the MMCC-1 compared to the unmodified sample can be
justified by the crosslinking reactions that occur during the first step
of modifications [23].

MCC had a sharp weight loss starting at 320 °C but the MMCC-2
started to decompose at substantially lower temperature (270 °C).
This behavior is attributed to the decrease in crystallinity associated
with the modification reaction, as confirmed by XRD analysis and also
to the lower thermal stability of metformin HCl compared to MCC.
According to the literature, in the TGA/DTG curve of metformin HCl
(Mw = 165.625 g/mol), its melting occurs at ~230 °C. The weight loss
(WL) of this material occurs in 5 steps. The first one (~10% at ~240 °C)
Table 5
XRD extracted data of modified microcrystalline cellulose compared to MCC.

Type The heights CI (%) The heights

I002 Iam I101 I101 ̅

MCC 40,740.38 9490.8 76.70 19,468.31 18,486.11
MMCC-1 43,568.97 9663.78 77.82 19,973.92 18,505.68
MMCC-2 30,606.08 7707.33 74.82 14,423.94 13,775.15
is attributed to the elimination of NH3 molecules (Mw = 17.031 g/mol).
In this dissociation process, an unstable intermediate compound,
C8H19N9.2HCl, and an end product, 1,1-dimethyl-2-cyanoguanidine
hydrochloride may be obtained. The formation of this compound can be
justified by the WL of ~5%, equivalent to half molecule of NH3 evolved,
due to dimerization. Further heating results in WL of ~22% at ~275 °C be-
cause of HClmolecules liberation from the compound. The release of C2H4

molecules contributes to a WL of ~17% at ~305 °C and cyanoguanidine
(C2H4N4) may be produced. This compound decomposes to dicyanamide
(C2HN3) and NH3, with a weight loss of ~10% at ~324 °C. Further heating
causes a WL of ~16% (hydrogen cyanide, HCN) and ~17% (N2) at ~585 °C
and carbon remains as residue [47]. The reduction in T0 and also, in dT10,
dT50 and Tp of MMCC-2 in comparison with MCC suggests a slight reduc-
tion in thermal stability of surface modified cellulose.

MCCwas almost completely pyrolyzed at 800 °C, with a residual mass
of 3.22% but MMCC-1 and MMCC-2 had higher solid residues at 800 °C
(8.93 and 5.67%, respectively). The differences in residual mass could be
due to the chemical procedures used and the presence of Si- atoms in
the structure of CPTES, which could induce higher char formation.
COI (%) Bragg angle (°) FWHM (°) Crystallite size (nm)

51.77 11.31825 1.83876 4.6056
53.10 11.3011 1.81021 4.6779
52.04 11.2855 1.89693 4.4638



Table 6
Parameters (T0, dT10, dT50, Tp, MTp and MT800) extracted from TGA, DTG and D2TG of
unmodified and modified microcrystalline cellulose.

T0 (°C) dT10 (°C) dT50 (°C) Tp (°C) MTp (%) MT800 (%)

MCC 320 315.65 336.13 338 3.29 3.22
MMCC-1 321 318.54 341.41 336.5 1.49 8.93
MMCC-2 270 245.68 317.16 317.5 1.06 5.67
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4. Conclusions

In this study,MCCwas amine- functionalized using (3-chloropropyl)
triethoxysilane. The appearance of a new characteristic adsorption peak
around 1568 cm−1 in FTIR spectra of MMCC-2 indicated thatmetformin
HCl was successfully grafted onto the cellulosewith assist of CPTES. TGA
implied a lower decomposition temperature of MMCC-2 compared to
unmodified sample. Taking into account these results, it is concluded
that those advantages proposed by this method compromise the
lower thermal stability of MMCC-2 and this method can be proposed
as an effective approach for cellulose amination with the aim of heavy
metal removal from water.
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