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Abstract: Carboxymethylcellulose (CMC) fibers have been successfully prepared from viscose fibers through the process of
alkalization-etherification. Parameters including reaction temperature, mass ratio of NaOH to the viscose fibers, and mass
ratio of the viscose fibers to ethanol are studied. The degree of substitution (DS) and the inherent viscosity of the CMC fibers
are determined. The CMC fibers are characterized by using Fourier transform infrared spectroscopy (FT-IR), 1H-nuclear
magnetic resonance spectroscopy (1H-NMR), scanning electron microscopy (SEM), and the X-ray diffraction (XRD). The
analysis demonstrates that under the experimental conditions where the reaction temperature is 40 oC, mass ratio of NaOH to
the viscose fibers is 2.0, and mass ratio of the viscose fibers to ethanol is 1:15, the obtained CMC fibers possess an
appropriate DS, better water-solubility, and lower degree of etching, thus they can be used as absorbable hemostatic fibers.
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Introduction

Carboxymethylcellulose (CMC), soluble in water, is widely

applied in several industrial fields, such as thickeners, flow-

control agents, protective colloids, water binders, textile,

drugs, and cosmetics [1]. CMC is prepared by swelling

cellulose in an aqueous NaOH solution diluted with organic

solvents such as ethanol or isopropanol followed by the

carboxymethylation with monochloroacetic acid or its sodium

salt [2] aiming to convert the hydroxyl groups to the

carboxymethyl groups. The number of the hydroxyl groups

replaced by the carboxymethyl groups per glucose unit is

known as degree of substitution (DS). The properties of

CMC are strongly depending on the DS and the distribution

of substituent in the glucose units and along the cellulose

chains [3].

Recently, a number of typical bioabsorbable hemostatic

agents (also called hemostat, an agent that can stop bleeding)

have been available for frequent usages in various surgeries,

such as absorbable gelatin sponges, bovine-derived microfibrillar

collagen and oxidized regenerated cellulose [4]. However,

they are water-insoluble. As a non-toxic biodegradable and

water-soluble macromolecule material together with good

biocompatibility and stable physicochemical properties, CMC

has been applied in the surgical operations to minimize

blood loss and to prevent postoperative adhesion [5-8].

Many animal experiments and clinic comparative experiments

have proven that the water-soluble CMC materials exhibit

better performance than the water-insoluble hemostatic

materials [9-11]. CMC with a proper DS of 0.4-0.9 shows

inertness to the tissues, while displays a rapid bleeding

stopping rate and maintains the hemostatic function [12]. A

variety of sources, such as cotton, wood, sago waste, water

hyacinth and banana pseudo stems have been used to obtain

CMC [2,13-17]. Presented as a paste or powder form, these

raw materials can be easily stirred to obtain a uniformly

homogenous reaction. However, the degree of polymerization

(DP) is high during the formation of the final products,

which are very difficult to degrade when they are applied in

the surgery. Meanwhile, the purity of the products is low,

which prohibits their direct application in surgery. Although

the conventional CMCs have low DP and high purity, their

microcrystalline powder shapes are not convenient for usage

in surgical operations. Viscose fibers can also be used as raw

materials for the preparation of CMC [18]. CMC fibers from

the viscose fibers not only have high purity and low DP, but

also can be used as spherical, cylindrical and plug-like,

which are beneficial for their usage as the absorbable

hemostatic materials in surgery. Recently, Choi etc [18].

manufactured CMC fibers from viscose fibers through the

alkalization-etherification and studied the experimental

parameters and tensile strength. However, the solubility of

CMC fibers in water is rarely reported.

In this paper, the water soluble CMC hemostatic fibers

from the viscose fibers have been prepared in a rotating

reactor to achieve the reactive homogeneity. The influence

of the reaction conditions has been studied including

reaction temperature, mass ratio of NaOH to the viscose

fibers, and mass ratio of the viscose fibers to ethanol. The

degree of the substitution and the inherent viscosity are

determined. The CMC fibers are characterized by Fourier

transform infrared spectroscopy (FT-IR), 
1H-NMR, SEM

and X-ray diffraction (XRD). The characterizations give*Corresponding author: ydhuang.hit1@yahoo.com.cn 
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new insight in the CMC fibers and provide basic data for

understanding the change of the viscose fibers in the

preparation of the CMC fibers.

Experimental

Materials 

The viscose fibers (DP=350, 250D/50F) are obtained from

Hangzhou Biaofa Chemical Fiber Co., Ltd., Hangzhou city,

China. Sodium hydroxide, monochloroacetic acid (MCA),

hydrochloric acid and ethanol are purchased from Shuang

Shuang Chemical Co., Ltd., Yantai city, China. All the

chemicals are used as received without any further

treatment.

Synthesis

The mechanism of the carboxymethylation reaction of the

viscose fibers is shown in Scheme 1. Briefly, viscose fibers

(3.0 g) were added to the rotating reactor (Shanghai Yarong

Biochemical instrument Factory, China) containing sodium

hydroxide (45 wt%, 4.8-9.6 g) aqueous ethanol (95 %, 37-

74 ml) solution in a thermostatic water bath at room

temperature for 2 h. After alkalization, the sample was

reacted with MCA (5.7-11.34 g). Meanwhile, the solution

was heated to 30-55 oC in a thermostatic water bath. Then

the system was neutralized with hydrochloric acid (36.5 wt%)

and washed by the 80 % aqueous ethanol solution until most

of the by-products and excessive reactants were removed.

Finally, the carboxymethylated products were dried in an

oven at 60 oC for 30 min. The reaction conditions and the

specifications of the products are summarized and listed in

Table 1.

Determination of the Degree of Substitution (DS)

The degree of substitution (DS) was determined by the

potentiometric titration and the procedures are briefly stated

as follows. Carboxymethylated product (2.0 g) was cut into

pieces and suspended in ethanol (95 %, 75 ml) with the aid

of stirring. Then, nitric acid (36 %, 5 ml) was added and the

mixture was agitated for 2 min. The mixture was then heated

to boiling for 5 min and agitated further for 15 min and

filtrated by the filtering funnel. After filtration, the precipitate

was washed with ethanol (95 %, 100 ml) and further washing

was done by using 80 % ethanol which had been heated to

60
oC until the acid and salts were removed completely. The

precipitates with a small volume of methanol were transferred

to a weighing bottle (without cap) and dried in the oven at

105
oC for 3 h. About 1.4 g acid CMC in 100 ml distilled

water was added in a 500 ml Erlenmeyer flask containg

25 ml sodium hydroxide (0.5 M), which was boiled for

15 min. Then the heated solution was titrated with 0.5 M

hydrochloric acid by using phenolphthalein as an indicator.

The carboxymethyl content and DS were calculated from

equation (1).

(1)

where CM% is the carboxymethyl content and defined as

equation (2):

(2)

where V0=ml of NaOH added, Vn=ml of the standard HCl

used to titrate the sample, M=sample amount (g), 58=

molecular weight of the carboxymethyl group, and 162=

molecular weight of anhydrous glucose.

Characterizations 

Viscosity measurements were performed in an Ubbelohde

viscometer with a capillary diameter of 0.5-0.6 mm and 0.1 M

NaCl aqueous solution as solvent for the CMC fibers at 25 ºC.

The Fourier transform infrared (FT-IR) spectra of the

samples (as KBr disk) were obtained on a Nicolet-670 FT-IR

spectrophotometer between 400 and 4000 cm
-1.

1H-NMR spectroscopy analysis was carried out according

to the reference by Heinze [2]. The CMC samples were

hydrolyzed with a mixture D2SO4/D2O (25 %, v/v) for

8 hours at 90 ºC. The spectra were obtained on an AV400

Bruker spectrometer.

The SEM was performed on an FEI Quanta 200F system.

The samples are prepared by adhereing the fibers onto an Al

plate and coated with gold for quality imaging. X-ray

diffraction (XRD) was measured by a D/MAX-RB wide-

angle X-ray diffractometer at Cu k
α
 wavelength of 0.154 nm,

30 mA and 40 keV. The scanning rate is 4
o/min from 10 to

40
o.

Results and Discussion

Effect of Reaction Conditions

Reaction Temperature 

The effect of the reaction temperature on the product was

investigated, i, ii, iii, and iv samples in Table 1. The samples

DS 162 CM%/ 1000 58– CM%×( )×=

CM% V0 Vn–( ) 0.5×[ ]/M=

Scheme 1. Mechanism of the carboxymethylation reaction (R=H

or CH2COONa).
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i and ii are partially soluble in water due to the presence of

some residue short viscose fibers. It is probably due to the

low reaction temperature and poor uniform reaction, which

cause the MCA molecules to be confined in the inner core of

the fibers. The increase of the reaction temperature results in

an increased water solubility of the CMC fibers. The

increased temperature is beneficial for a homogeneous

reaction during the carboxymethylation, and thus the MCA

molecules can diffuse into the internal parts of the viscose

fibers and take part in the reaction. This might also result in

an increased erosion and fibrillation by the alkali on the

surface of the viscose fibers. And the corrosion degree of the

CMC fibers is relatively low when the reaction temperature

is 40
oC. This is in agreement with the work reported by

Choi et al. [18]. Also, the DS shows only a limited difference

according to the reaction temperature variation (samples iii

and iv). This phenomenon indicates that the reaction

temperature does not have significant influence on the DS.

Simultaneously, the intrinsic viscosity of sample iv is smaller

than that of sample iii, suggesting that higher temperature

favors the degradation of polymer chains to reduce the

molecular weight.

Mass Ratio of NaOH to the Viscose Fibers

The effect of the mass ratio of NaOH to the viscose fibers

on the products was studied (Table 1, vi, vii, viii, and ix

samples). For the reactions with lower mass ratios of NaOH

to the viscose fibers, the CMC fibers could not be obtained

(vii sample), which is possibly due to the limited carboxy-

methylation reaction arising from the low NaOH concentration

and inhomogeneous reaction. For the reactions with much

higher mass ratios of NaOH to the viscose fibers, the fully

soluble CMC fibers (vi sample) are obtained, however, the

severely etched surface of the viscose fibers caused the loss

of the function to serve as hemostats. An appropriate mass

ratio of NaOH to the viscose fibers (2.0) is found to provide

not only the homogenous reaction, but also the surface of the

products with less corrosion. The DS of the CMC fibers

increases with increasing mass ratio of NaOH to the viscose

fibers and attains a maximum DS of 0.8482 at a mass ratio of

NaOH to the viscose fibers of 3.2 (vi sample). This observation

could be explained by the nature of the carboxymethylation

reaction. The cellulose is swelled in an aqueous NaOH

solution to form alkalized cellulose substrates, which react

with MCA molecules. However, the activated alkalized

cellulose substrates are only sufficiently formed at high mass

ratio of NaOH to the viscose fibers because it is essential to

have the homogenous reaction between the alkalized viscose

fibers and MCA and to have an increased MCA efficiency.

Comparing samples v and vi, the molecular weight of the

CMC fibers is obviously decreased with increasing the

amount of ethanol. Meanwhile, the increasing amount of

NaOH could decrease the molecular weight of the CMC

fibers as observed from the difference of the intrinsic

viscosity of samples viii and ix. 

Mass Ratio of the Viscose Fibers to Ethanol 

The effect of mass ratio of the viscose fibers to ethanol on

the products was studied (Table 1, ii, v, and vi samples).

From the results listed in Table 1, owing to the high mass of

ethanol and poor reaction uniformity, the sample ii is not

fully soluble in water. When the mass ratio of the viscose

fibers to ethanol is 1:15, the CMC fibers obtained have an

appropriate DS and better water-solubility. It also means that

the increase of ethanol does not have significant impact on

promoting the reaction. Ethanol, as a solvent, can effectively

suspend and disperse the cellulose and promote a more

uniformly distributed reactant. In this reaction, the local

concentration of NaOH decreases with increasing ethanol,

which hinders the formation of the alkalized cellulose

substrates. Moreover, the intrinsic viscosity of the sample v

is smaller than that of sample vi (as shown in Table 1),

Table 1. Reaction conditions and specifications of the products

Sample

no.

Reaction

temperature

(oC)

Mass

(NaOH/

viscose fibers)

Mass

(viscose

fibers/ethanol)

Degree of substitution
[η]

(dl/g)

Solubility

in wateraPotentiometric 

titration
1H-NMR

i 30 3.2 1:20 - - - + −

ii 40 3.2 1:20 - - - + −

iii 50 3.2 1:20 0.9857 1.0864 1.9675 +

iv 55 3.2 1:20 0.9664 1.0892 1.8455 +

v 40 3.2 1:10 0.9773 0.9346 1.8947 +

vi 40 3.2 1:15 0.8482 0.9107 2.0959 +

vii 40 1.6 1:15 - - -  −

viii 40 2.4 1:15 0.7663 0.8786 2.0178 +

ix 40 2.0 1:15 0.7065 0.8226 2.2315 +

Note: The concentration of NaOH=45 wt% and the molar ratio of NaOH to MCA =2:1, a‘+’ soluble; ‘−’ insoluble; ‘+ −’ partially dissolved.
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which indicates that a decreased amount of ethanol results in

products with lower molecular weight.

In summary, the aforementioned results have indicated

that the optimum reaction conditions to obtain water-soluble

hemostatic fibers are to have a mass ratio of NaOH to the

viscose fibers of 2.0 and a mass ratio of the viscose fibers to

ethanol of 1:15 at 40 oC.

Characterizations

FT-IR Spectroscopy Analysis

Figure 1 shows the FT-IR spectra of the samples, including

the raw materials and the CMC fibers under different

reaction conditions. The FT-IR spectra of all the CMC fibers

exhibit the typical vibration absorptions at 1625 and 1423 cm
-1,

Figure 1(b)-(e), indicating the presence of the carboxymethyl

ether groups [15,16]. However, it is absent in the FT-IR

spectrum of the raw materials, Figure 1(a). It is obvious that

the strong and broad absorption band at 3447 cm-1 is due to

the stretching vibration of the -OH groups as well as the

intramolecular and intermolecular hydrogen bondings. The

peak at 2922 cm-1 is due to the C-H stretching vibration. The

one at around 1323 cm
-1 is assigned to -CH2 scissoring

vibration. The peak at 1110 cm
-1 is due to the CH-O-CH2

stretching [16].

Nuclear Magnetic Resonance Spectroscopy (
1
H-NMR)

Analysis 

The 1H-NMR spectroscopy is used to study the completely

depolymerized samples. It is used to evaluate the probability

(xi) that the hydroxyl groups are replaced by the carboxymethyl

groups at the position i (i=2, 3, 6) of the cellulose polymer

chains and the distribution of the substituent of the CMC

fibers. The representative spectra are shown in Figure 2. The

xi values are based on equation (3).

(3)

where A stands for the peak area, O the oxygen atom at the

position i (i=2, 3, 6), H1 the hydrogen atom at the anomeric

C, α and β the configuration of glucose; s and u represent the

substituted and unsubstituted hydroxyl groups, respectively.

The distribution of the carboxymethyl groups at C(2),

C(3), C(6) are based on equation (4) according to integral

value.

(4)

where J represents the integral value of the peak; A, B, C,

and D stand for the peaks of C(3), C(2)α, C(2)β, and C(6),

respectively.

The results are summarized and shown in Table 2. In

many cases, the -OH groups at C(3) have the lowest

reactivity and the -OH groups at C(6) have the highest

reactivity. The proportion of C(2) and C(3) increased, and

the proportion of C(6) decreased with increasing the DS. It is

revealed that the DS can affect the distribution of the

substituent groups. The DS is higher when the substituting

group distribution is more uniform. It is known that the

distribution of the carboxymethyl groups along the polymer

chains might lead to a difference in water solubility [2]. The

results with calculations give the information about the
xi

1

2
---A methylene protons at positon O i–( )

A H 1α– O 6s–,( ) A H 1α– O 6u–,( ) A H 1β– O 6s–,( ) A H 1β– O 6u–,( )+ + +
--------------------------------------------------------------------------------------------------------------------------------------------------------------------=

DS xi

i

∑=

xi

A H 1α– O 6s–,( ) A H 1β– O 6s–,( )+

A H 1α– O 6s–,( ) A H 1α– O 6u–,( ) A H 1β– O 6s–,( ) A H 1β– O 6u–,( )+ + +
--------------------------------------------------------------------------------------------------------------------------------------------------------------------=

C 2( ) DS
JB JC+

JA B C D+ + +

----------------------×=

C 3( ) DS
JA

JA B C D+ + +

----------------------×=

C 6( ) DS
JD

JA B C D+ + +

----------------------×=

Figure 1. FT-IR spectra of viscose fibers (a) raw, and after

carboxymethylation (b) i, (c) ii, (d) v, and (e) ix. 

Figure 2. 1H-NMR spectrum of CMC fiber viii after complete

acidic depolymerization.
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distribution of the carboxymethyl groups along the chains.

Interestingly, the DS values determined by the 
1H-NMR

spectroscopy do not show any significant difference from

those obtained from the potentiometric titration.

SEM Analysis 

The SEM images of the viscose fibers and CMC fibers

samples (i, iv, and ix) are shown in Figure 3. Different

surfaces of the viscose fibers and CMC fibers under different

reaction conditions are observed. The surface of the viscose

fibers is smooth, whereas the surface of the CMC fibers is

much rougher after the carboxymethylation reaction.

Moreover, the corrosion degree of the surface becomes more

and more evident under the alkaline condition with

increasing the reaction temperature (i and iv). Furthermore,

many cracks are observed on the surface. Comparing the

SEM images with the values of DS, Table 1, we can

conclude that the more cracks appeared, the higher the DS

values obtained. This phenomenon could be explained that

the surface of the viscose fibers has been cracked during the

carboxymethylation reaction. It was beneficial for the

reactants to penetrate into the internal structures of the fibers

to reach a more homogeneous reaction, which is responsible

for the observed higher DS in the CMC fibers. 

X-ray Diffraction Analysis 

The X-ray diffraction (XRD) patterns of the viscose fibers

and CMC fibers are shown in Figures 4 and 5, respectively.

Table 2. The distribution of the carboxymethyl groups at C(2), C(3), and C(6) 

No. DS
Integral value Distribution of substituent

C(2):C(3):C(6)
JA+B+C+D JA JB+C JD C(2) C(3) C(6)

iii 1.0864 10.781 2.381 3.817 4.579 0.385 0.240 0.461 1.60:1:1.92

iv 1.0892 9.538 2.370 3.264 3.905 0.373 0.271 0.446 1.38:1:1.65

v 0.9346 9.084 2.694 2.481 3.910 0.273 0.296 0.402 0.92:1: 1.47

vi 0.9107 9.987 2.660 2.975 4.252 0.271 0.243 0.388 1.16:1:1.60

viii 0.8786 9.174 1.982 2.879 4.312 0.275 0.164 0.413 1.68:1:2.52

ix 0.8226 9.177 2.347 2.728 4.102 0.245 0.178 0.368 1.38:1:2.07

Figure 3. The SEM microstructures of the viscose fibers (a) raw,

after carboxymethylation (b) i, (c) iv, and (d) ix.

Figure 4. The XRD patterns of the viscose fibers (a) raw, and after

carboxymethylation (b) i, (c) ii, (d) iii, and (e) iv.

Figure 5. The XRD curves of viscose fibers (a) raw, and after

carboxymethylation (b) ii, (c) vi, and (d) v. 
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It is obvious that the viscose fibers have two apparent

diffraction peaks at 2θ=12.5 and 22
o, while all the CMC

fibers show only one diffraction peak at 2θ=20
o, and the

diffraction peak at 2θ=12.5 o is disappeared. The crystallization

of the cellulose is associated with the intrinsic array of the

intramolecular and intermolecular hydrogen bondings. It is

believed that the crystalline regions and intermolecular

hydrogen bondings among the cellulose polymer chains

could be disrupted, and promoted the decrystallization of the

cellulose after the formation of the alkalized cellulose in the

existence of sodium hydroxide aqueous solution. This

results in a broadened distance among the cellulose polymer

molecules and a promoted etherification reaction with MCA.

The carboxymethyl substitution at the hydroxyl groups of

the cellulose is supposed to cleave the hydrogen bondings.

Comparing samples i, ii, iii, and iv in Figure 4, the XRD

peaks become more dispersed with increasing the reaction

temperature. This indicates that the increased temperature

yields a lower crystalline structure in the products with a

broader and poorer diffraction peak, Figure 4. Comparing

samples ii, vi, and v in Figure 5, the XRD scattering peak of

sample vi is sharper. It is noted that the crystalline degree of

the CMC fibers becomes lower with decreasing the amount

of ethanol.

Conclusion

Carboxymethylcellulose (CMC) fibers have been prepared

from the viscose fibers through the process of alkalization-

etherification. FT-IR, 1H-NMR, SEM, and XRD have been

used to characterize these fibers. Higher reaction temperature,

mass ratio of NaOH to the viscose fibers, and mass ratio of

the viscose fibers to ethanol cause an increased surface

corrosion of the viscose fibers. The SEM analysis results

indicate that there are corrosion and cracks on the surface of

the viscose fibers after carboxymethylation. XRD results

show that the crystal structures of viscose fibers have been

changed after carboxymethylation. When the reaction

temperature is 40 oC, mass ratio of NaOH to the viscose

fibers 2.0, and mass ratio of the viscose fibers to ethanol

1:15, the CMC fibers obtained an appropriate degree of

substitution, a lower degree of the etching and better water-

solubility, and could be used as the absorbable hemostatic

fibers in surgery. 
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