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Fabrication of Oxidized Sodium Carboxymethylcellulose from Viscose Fibers 

and Their Viscosity Behaviors
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Abstract: The oxidized sodium carboxymethylcellulose (O-CMC) fibers have been successfully synthesized via the
oxidation-etherification method. Subsequently, the O-CMC fibers are characterized by Fourier transform infrared (FT-IR),
13C nuclear magnetic resonance (13C-NMR) and X-ray diffraction (XRD). In addition, the viscosity behaviors of the O-CMC
aqueous solution have been investigated at five temperatures (25, 30, 40, 50 and 60 oC), six concentrations (30, 35, 40, 45, 50
and 60 kg/m3) and four shear rates (6, 12, 30 and 60 rpm). The results show that the viscosity of the O-CMC aqueous solution
increases with increasing concentrations and decreases with increasing temperature. The viscosity of the O-CMC aqueous
solution is found to exhibit a dilatant behavior. The dissolution rate in water of the O-CMC fibers is faster than that of the
carboxymethylcellulose (CMC) fibers. It could be used as novel absorbable hemostatic fibers in surgery.
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Introduction

Cellulose, the most widely distributed and abundant

polysaccharide on earth, plays an irreplaceable role in our

daily life. It might be converted to useful derivatives by

etherification [1]. Sodium carboxymethylcellulose (CMC) is

one of the most significant water-soluble cellulose derivatives.

CMC is a polyanionic compound prepared by the reaction of

cellulose with alkali and chloroacetic acid or its sodium salt

[2]. It might be used for many applications in a number of

industries owing to its non-toxic and biodegradable [3], such

as powdered CMC could be used as thickeners, food addictive,

etc.; and fabrics CMC could be used as wound dressings.

Many efforts have been devoted to the CMC studies in

minimizing blood loss and preventing the postoperative

adhesion in recent years [4-12].

After fabricating and weaving, textile fabrics not only

have difficulty to convert to the CMC by chemical reaction,

but also influence the hemostatic performance. The water-

soluble cellulose fibers, which are prepared by wet-spinning,

require the high quality of the raw materials and need the

high-cost production infrastructures [13]. The water-soluble

cellulose fibers could be conveniently used in the form of

spheres, cylinders and plugs to stop bleeding. Therefore, to

prepare the water-soluble cellulose fibers is very essential.

Viscose fibers are formed by dissolution of pure cellulose in

an alkaline organic solvent, and then this solution is forced

through spinnerets into an acid bath, in which the cellulose

regenerates as a continuous fiber [14]. Viscose fibers have

high purity and low degree of polymerization, and they are

the preferred raw material to prepare the medical hemostatic

fibers.

The viscosity behavior of the CMC aqueous solution is an

important property. The high viscosity of the CMC solution

in low concentration makes them useful in many applications,

such as food processing, textile sizing agent, coating

dispersant, etc [1,15].
 The viscosity is a crucial control

parameter for these processes. The apparent viscosity of the

CMC solution is dependent on shear rate, concentration and

temperature. Consequently, to study the effect of these

parameters on the viscosity of CMC is essential for the

design of flow systems [16,17]. Recent years, the viscosity

behaviors of this CMC aqueous solution has been reported

[18-20]. Especially, while the CMC is used to stop bleeding,

the hemostatic properties of the material are strongly

influenced by changes of blood viscosity during the dissolving

process. Accordingly, it is necessary to investigate the viscosity

behavior of the CMC aqueous solutions.

The dissolution of the CMC hemostatic material placed in

wound is divided into three processes: swelling, then with

organization broken with transformation into a transparent

gel, and finally all dissolved. Thus, the dissolution speed of

the CMC hemostatic material is the most important factor to

control hemorrhage. Generally, the dissolving speed of the

CMC is associated with the polymer molecular structure and

the degree of substitution (DS)
 [21]. Several approaches for

the improvement of DS have been developed [22]. However,

the chemical modification methods by oxidation-etherification

to improve the dissolution speed of the CMC has been rarely

reported. 

The present article aims at the production of oxidized

sodium carboxymethylcellulose (O-CMC) from the viscose

fibers via the oxidation-etherification method. In addition,

the characterizations of the O-CMC fibers are performed by*Corresponding author: huagnyd@hit.edu.cn   

DOI 10.1007/s12221-013-1266-1



Oxidized Sodium Carboxymethylcellulose Fibers and Polymers 2013, Vol.14, No.8 1267

using Fourier transform infrared (FT-IR), 13C Nuclear

magnetic resonance (
13C-NMR) and the X-ray diffraction

(XRD). Moreover, the viscosity behavior of the O-CMC

aqueous solution at various temperatures, concentrations and

shear rates are investigated.

Experimental 

Materials 

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

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

China. Sodium hydroxide (NaOH), monochloroacetic acid

(MCA), sodium hypochlorite (NaClO), hydrogen peroxide

(H2O2), sodium pyrophosphate (Na4P2O7), hydrochloric acid

(HCl) 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 of the O-CMC Fibers 

The fabrication of O-CMC fibers was briefly described as

follows. The viscose fibers (5.0 g) were placed to the

rotating reactor (Shanghai Yarong Biochemical instrument

Factory, China). NaClO (125 ml, 2.0 g/l) was added to the

reactor. The pH was adjusted to 9.5-10.0 by 1 mol/l NaOH.

The materials were allowed to react at room temperature for

one hour, discharged, and washed with deionized water for

three times. Then Na4P2O7 (0.3 g) as a stabilizer and H2O2

(125 ml, 3.0 g/l) aqueous solution were added and the pH

was adjusted 10.0-10.5 by 1 mol/l NaOH. The system was

allowed to react at 90-100 oC for one hour. The product was

washed with hot deionized water having a temperature

greater than 85 
oC for three times. 

Then the resulting product was added to the rotating

reactor with a mixture solution of ethanol (95 %, 75 ml) and

NaOH (45 wt %, 10.0 g) aqueous solution in a thermostatic

water bath at room temperature for two hours. After

alkalization, the sample was reacted with MCA (11.8 g) and

the system was allowed to continuously react at 40 
oC in a

thermostatic water bath for four hours. The system was

neutralized with hydrochloric acid (36.5 wt %) to pH 6-8

and washed by the 80 % aqueous ethanol solution until most

of the by-product and excessive reactants were removed.

Finally, the products were dried under vacuum at room

temperature for 30 min.

Determination of the Carboxyl Content

The carboxyl content was measured according to United

States Pharmacopoeia and determined by the potentiometric

titration [23] and the procedures are briefly stated as follows.

Firstly, 2 wt % calcium acetate solution and 0.1 M NaOH

aqueous solution were prepared. Then the sample (0.5 g)

was cut into pieces and soaked with calcium acetate solution

(50 ml, 2 wt %) for 30 min. Using phenolphthalein as an

indicator, the mixture was titrated with 0.1 M NaOH aqueous

solution. And the volume of the NaOH aqueous solution

consumed was corrected for the blank. The carboxyl content

could be calculated from the equation (1):

(1)

where N=0.1, the concentration of the NaOH aqueous

solution, V is the consumed volume of NaOH, which is

corrected for the blank, MWCOOH is the molecular weight of

the carboxyl group and m is the weight of the sample.

Characterizations 

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

sample (as KBr disk) was obtained on a Nicolet-670 FT-IR

spectrophotometer between 400 and 4000 cm-1. The 13C

nuclear magnetic resonance (13C-NMR) spectrum of the 5 %

w/v sample solution in D2O at 80 oC was recorded in an

AV400 Bruker spectrometer. The 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.

Viscosity Measurement

For the viscosity measurement, the O-CMC fibers were

completely dissolved in distilled water followed by stirring

and standing for overnight to release air bubbles to prepare the

O-CMC aqueous solutions (30, 35, 40, 45, 50 and 60 kg/m3). 

The viscosities of the O-CMC aqueous solution in different

concentrations were determined at 25, 30, 40, 50 and 60
oC

using a model NDJ-1 rotational viscometer equipped with

column geometries of a rotor. The speeds of the rotating

inner cylinder were 6, 12, 30 and 60 rpm, respectively. And

the measurements were repeated three times and the average

values were used.

Results and Discussion

Characterizations of the O-CMC Fibers

FT-IR Spectroscopy Analysis

The FT-IR spectra of the viscose fibers and the O-CMC

fibers are shown in Figure 1. The FT-IR spectrum of the O-

CMC fibers exhibits the typical vibration absorptions at

1612 and 1419 cm
-1, Figure 1(b), indicating the presence of

the carboxymethyl ether groups. However, it is absent in the

FT-IR spectrum of the raw materials, Figure 1(a). The

characteristic peak at 1733 cm
-1 is assigned to the carbonyl

groups, and it indicates that the viscose fibers have been

oxidized. It is obvious that the strongly broad absorption

band at 3435 cm
-1 is due to the stretching vibration of the -

OH group as well as the intramolecular and intermolecular

hydrogen bonds [22]. 
13

C-NMR Analysis

The 
13C nuclear magnetic resonance (13C-NMR) spectrum

of the O-CMC sample is shown in Figure 2. The 13C-NMR

COOH %( )
N V× MWCOOH×

m
--------------------------------------- 100×=
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spectrum of the viscose fibers has not been shown due to the

insolubility in D2O of the viscose fibers. Many earlier

studies have investigated the structure character of the CMC

by 
13C-NMR [24,25]. The 13C-NMR spectrum of the O-

CMC is similar to that obtained from CMC by Silva et al.

[24]. In the spectrum, the peak due to the C=O of glucuronic

acid was not observed, but it is presented undoubtedly by the

FT-IR spectrum and determined by the potentiometric

titration as 1.372 %. The spectrum from the carbonyl groups

proves the presence of the carboxymethyl groups. The peaks

in the range of 70-85 ppm are attributed to the carbons from

C (2)-C (5) of the monomeric unit of the O-CMC. The peak

of approximately 104 ppm corresponds to the total anomeric

carbons of the O-CMC. And the peak at 62 ppm is the

chemical shift of the residual primary carbons (C-6)
 [25]. 

X-ray Diffraction Analysis

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

and the O-CMC fibers are shown in Figure 3. It is obvious

that the viscose fibers have two apparent diffraction peaks at

2θ=12.5 and 22 o, while the O-CMC fibers have only one

diffraction peak at 2θ=20o, and the diffraction peak at

2θ=12.5
o is disappeared. The crystallization of the cellulose

is associated with the intricate array of the intramolecular

and intermolecular hydrogen bondings. It is believed that the

oxidation and etherification promote the decrystallization of

the intermolecular hydrogen bonding among the chains of

the cellulose. It results in a broadened distance among the

cellulose polymer molecules and an easier etherification

reaction with MCA.

With the results mentioned above, the O-CMC fibers are

confirmed to be successfully synthesized by the oxidation-

etherification process. The process of the oxidation-etherification

is shown in Scheme 1. 

Viscosity Behaviors

The viscosity of a fluid, characterized as the resistance-

related factor, is dependent on the interactions between

solvent and the solute, which are affected by the solution

concentration, temperature and shear rates [16]. In order to

obtain the processing knowledge of the O-CMC solutions,

the viscosity is measured under different conditions of

temperatures, concentrations and shear rates. 

Figure 1. FT-IR spectra of the viscose fibers (a) and the O-CMC

fibers (b). 

Figure 2. 13C-NMR spectrum of the O-CMC fibers. 

Figure 3. The XRD patterns of the viscose fiber (a) and the O-

CMC fiber (b).  

Scheme 1. Process of the oxidation-etherification (R=H or

CH2COONa). 
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Effect of Concentration 

The dependence of viscosity on the concentration in

weight percent of the O-CMC solutions is shown in Figure

4. The temperature was kept 25
oC and the speed of the

rotating inner cylinder was held 30 rpm throughout the

measurements. It indicates that the viscosity of the O-CMC

fibers strongly depends on the concentration, which is

consistent with the observation on etherification system

[26]. With increasing concentration, the viscosity goes up.

When the concentration is higher than 50 kg/m
3, the

viscosity increased dramatically. In higher concentrations of

the O-CMC, the resistance to flow and the interactions

among the polymer chains increase [27]. 

Effect of Temperature

Figure 5 depicts the effect of temperature on the viscosity

of the O-CMC solutions of 40, 45, 50 kg/m
3. The shear rate

was 30 rpm throughout the measurements. It is evident that

the viscosities of the O-CMC solutions are similar to most of

the other water-soluble polymers, whose viscosity decreases

with increasing temperature [20]. It could be explained by

the relation of the viscosity in the polymer solutions and the

rates of chain molecular motion. As the temperature increases,

the increasing ability of the chains to move and the distance

between molecules determine the temperature dependent

viscosity, reducing the viscosity [28]. 

Effect of Shear Rates

Figure 6 and Figure 7 illustrate the changes of the viscosity

with shear rate at different O-CMC concentrations and

temperatures. The results show that the viscosity increases

with increasing shear rates, which means that the examined

O-CMC solutions have non-newtonian behavior and exhibit

totally dilatant behavior (or shear thickening) [29]. It is very

different from the viscosity changes of the CMC solution.

Many researchers reported that CMC solutions exhibited a

reversible pseudoplastic behavior (or shear thining) and the

viscosity decreased at higher shear rates [16,20,30,31]. There

are two possible reasons that may lead to this phenomenon.

On one hand, there is an electrostatic equilibrium (also-

Figure 4. Viscosity of O-CMC solution against concentration in

weight percent. 

Figure 5. Effect of temperature on viscosity of O-CMC solution.  

Figure 6. Shear rate dependence of the viscosity of O-CMC

solution at 40, 45, 50 kg/m3 concentrations and 25 oC.

Figure 7. Shear rate dependent viscosity of O-CMC solution at 25,

30, 40 oC and 40 kg/m3 concentration. 
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termed hydrogen bonding) in the O-CMC solution because

the O-CMC molecule can separate into sodium cations,

hydrogen protons and a polymer anion. When the shear rates

increase, many more hydrogen bondings are formed in the

O-CMC solution than that in the CMC solution because of

the presence of functional group -COOH, resulting in the

increased viscosity. On the other hand, it is well known that

the more expanded polymer in the solution caused a higher

viscosity in solution [32]. The electrostatic repulsion can

promote polymers to expand in solution due to the presence

of the functional -COOH groups and the viscosity becomes

higher. This phenomenon will be beneficial for the stop

bleeding when the O-CMC fibers are used in surgery. When

the blood flow velocity increases, indicating an increased

shear rate, the O-CMC hemostatic fibers can enhance blood

viscosity and help stopping hemorrhage. 

Conclusion

The O-CMC fibers are successfully synthesized through

the oxidation-etherification process and have been characterized

by FT-IR, 13C-NMR and XRD. After the oxidation-etherification

treatment, the degree of polymerization and the crystallization

of the viscose fibers are decreased and the dissolution rate in

water of the O-CMC fibers is faster than that of the CMC

fibers. The process of the O-CMC fibers dissolved in water

is: firstly, organization broke-up with transformation into a

transparent gel, and then all dissolved. The viscosity measure-

ment indicates that the O-CMC aqueous solutions behave as

dilatant at the test conditions. The viscosity of the O-CMC

aqueous solutions increases with increasing concentration

and decreasing temperature. The results indicate that the

synthesized O-CMC fibers can be used as novel quick

hemostatic fibers [33].
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