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Abstract 

 

Water hyacinth (Eichhornia crassipes) is a plant that is considered as a weed that 

can damage ecosystems. In order to increase the added value of water hyacinth, 

this plant is used as one of the alternative sources in producing carboxymethyl 

cellulose (CMC) since it has high cellulose content. The stages of CMC 

production include alkylation, carboxymethylation, neutralization, purification 

and drying. The first two stages were performed by reacting cellulose fibers with 

NaOH and sodium monochloroacetat (ClCH2COONa) in a solvent medium. The 

mixture of isobutyl-isopropyl alcohol was used as solvent in this research. Then, 

the neutralization process is conducted by using acetic acid, purified with 96% 

ethanol, and drying stage by heating in an oven at temperature of 60 oC. 

Variations of variables in this research include the concentration of NaOH of 5%, 

10%, 20%, 30% and 35%, and the ratio of composition isobutyl-isopropyl alcohol  
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solvent at 20 ml:80 ml, 50 ml:50 ml, and 80 ml:20 ml. Carboxymethylation 

reaction temperature was set at 55 oC. CMC produced were characterized by 

measuring the value of (Degree of Subtitution) DS, purity and functional group 

analysis using FTIR. Based on the results, the CMC with the highest DS value is 

achieved at the condition of mixed composition isobutyl-isopropyl alcohol 20 ml: 

80 ml and the concentration of NaOH at 10%. 

 

Keywords: Carboxymethyl Cellulose (CMC), water hyacinth, degree of 

substitution 

 

 

1. Introduction 
 

   Carboxymethyl Cellulose (CMC) is a natural polymer derivative which the 

most widely used in various industries, such as, food, pharmaceuticals, detergents, 

textile and cosmetic products. This is because the CMC has certain functions as a 

thickener, stabilizer or suspension and emulsion binder [1]. CMC is an important 

cellulose ether and well soluble in hot water or in cold water. The solubility 

properties depend on the value of Degree of Substitution (DS). DS is the average 

number of hydroxyl groups that substituted per anhydroglucose unit to form a 

cellulose derivative [2]. 

 The raw material of CMC most derived from wood cellulose because the 

content of cellulose in wood is quite large, to reduce wood usage as raw material 

for producing CMC, carried out the research to find cellulose feeds tocks that 

derived from non-wood substances. One of them is by using water hyacinth 

(Eichhornia crassipes). Because of the high content of cellulose, up to 72,63%, 

Water hyacinth can be used as potential raw material to produce [3]. 

 The quality of the resulting CMC is expressed by several parameters, such as, 

the value of DS, purity and the presence of functional groups. The value of DS is 

affected by several factors, including the type of reaction medium, the 

concentration of alkali, the concentration of NaMCA, reaction time and reaction 

temperature [4]. The greater value of DS the better quality of the CMC. 

 The differences of DS value can be caused by the differences in polarity and 

stereochemistry of the reaction medium types. The smaller polarity value of the 

reaction medium, the alkalization reaction efficiency will increase. The use of a 

mixture of isopropyl and isobutyl alcohol as the reaction medium in this study is 

due to both these reaction mediums have a little value of polarity that is 4 and 3.9. 

Therefore, it is expected that the resulting solution will have a small value of 

polarity that can support the process of alkalization and carboxymethylation 

which are very important stages in producing CMC [1]. The maximum value of 

DS on the CMC is 3.0 [5]. 

 The objectives of this study are to get CMC and observe the characteristics 

of CMC from water hyacinth cellulose using the mixture of isobutyl-isopropyl 

alcohol as reaction medium. Also, to obtain an optimum condition in synthesis of 

CMC from water hyacinth cellulose. 



Synthesis and characterization of CMC                              1573 

 

 

2. Materials and Methods 
 

Materials 
Water hyacinth for this research came from plantation in Tangerang, Indonesia. 

Several materials were used for isolating water hyacinth cellulose, such as 

NaClO2, NaOH, distilled water and CH3COOH. The required reagents to generate  

CMC including Sodium monocholoacetic (NaMCA) and NaOH which take the 

most parts of alkalization and carboxymethylation process. While for 

neutralization and purification process using 96% ethanol and CH3COOH. 

 

Methods 

 

Isolation of Water Hyacinth Cellulose  

The obtained water hyacinth was cut to separate its stem from root and 

leaves. The research comes up with parts of the plant contaning the highest 

cellulose that is stem. Stem was dried to remove water content. The dried water 

hyacinth has been through several steps to produce it into powder form. Water 

hyacinth powder was obtained by cutting it into small pieces and put it into Willey 

mill. Then, sieving it in order to obtain powder with desired size of 60 mesh. The 

next step including the use of Soxhlet apparatus and solvent mixture of toluene 

and ethanol with volume ratio of 2:1 to heat water hyacinth powder which is 

already wrapped with filter paper for dewaxing.  

The lignin removal process was occured by mixing 1 wt% solution of 

NaClO2 with water hyacinth powder resulted from dewaxing process. Then, the 

mixture was laid in waterbath at 80 oC  for 3 hours. The next step of cellulose 

isolation was removal of hemicellulose content. This step was conducted by using 

a solution of 17,5% of NaOH for 3 hours at room temperature. After that, the 

threated water hyacinth cellulose was washed and neutralized by using distillate 

water and CH3COOH. Drying process was carried out in an oven at temperature of 

60 oC for 2-3 hours to get the final result of cellulose isolation. 

 

Synthesis of Carboxymethyl Cellulose (CMC)  

Synthesis of Carboxymethyl Cellulose (CMC) started with alkalization 

process The alkalization process was conducted by mixing 5 grams of obtained 

cellulose with various composition of reation medium. Isobutyl and isopropyl 

alcohol are used to generate the desired mixture of reaction medium. Then, the 

solution was put in 3 neck flash with stirrer for 10 minutes and added with 20 ml 

of 5% of NaOH. The whole process of alkalization was spent 1 hour at room 

temperature. The next step was carboxymethylation process which conducted by 

adding NaMCA as much as 6 grams and stirred it for 3.5 hours at 55 oC. 

The variations of this study are the concentration of NaOH at 10%, 20%, 30%, 

35% and the composition of reaction medium which consists of isobutyl-isopropyl 

alcohol at 50 ml:50 ml and 80 ml: 20 ml. The solid CMC was obtained by 
neutralizing and purifing it with CH3COOH and 96% ethanol, then rinse thoroughly 
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to remove undesirable byproducts. Finally, the cellulose derivative was dried for 

1-2 hours at 60 oC in oven. 

The value of substitution degree is determined by several procedures [6].  

First, 0.5-0.7 gram weight in dry basis of the sample is weighed and wrapped in 

filter paper. Then, it is ignited in crucible in high temperature. After that, the 

crucible is cooled and placed into a 500 ml beaker glass. The next step is added 

250 ml of water and 35 ml of N/10 H2SO4 by a pipet then boiled for 30 minutes. 

The solution is titrated with N/10 KOH by using phenolpthalein as the indicator. 

The DS value is measured by the method below: 
 

𝐷𝑆 =  
(162)(𝐴)

1000−(80)(𝐴)
    (1) 

𝐴 =  
𝑎𝑓−𝑏𝑓1

𝑊𝑒𝑖𝑔ℎ𝑡 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 𝑖𝑛 𝑑𝑟𝑦 𝑏𝑎𝑠𝑖𝑠 (𝑔)
− ∗ 𝑎𝑙𝑘𝑎𝑙𝑖𝑛𝑖𝑡𝑦 (𝑜𝑟 + 𝑎𝑐𝑖𝑑𝑖𝑡𝑦) (2) 

Where: 
a: The volume of N/10 H2SO4 used (ml) 
b: The volume of N/10 KOH used( ml) 
f : The factor of N/10 H2SO4 
f1: The factor of N/10 KOH  
(*): Alkalinity or Acidity 
 

 

As it concern that if the value is positive (+), it is alkalinity. On the other hand, 

when the value is negative(-), it is acidity. 

From Eq. (1) and (2), there is alkalinity or acidity that influence the value of 

DS.  The alkalinity and acidity of the samples is measured by adding 5 ml of 

N/10 H2SO4 and the solution then boiled for 10 minutes. It is titrated with N/10 

KOH using phenophthalein as the indicator. A blank test without CMC to 

measure the alkalinity or acidity is held with same time and procedure. Using the 

following formula for calculations [6]: 

 

𝐴𝑙𝑘𝑎𝑙𝑖𝑛𝑖𝑡𝑦 (𝑎𝑐𝑖𝑑𝑖𝑡𝑦) =  
(𝐵−𝑆)(𝑓1)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑖𝑛 𝑑𝑟𝑦 𝑏𝑎𝑠𝑖𝑠 (𝑔) 
       (3) 

 

Where: 

B: The volume of N/10 H2SO4 used for CMC ( ml)  

S: The volume  of N/10 H2SO4 used for blank test (ml) 

 

For determine the purity, calculate the sodium chloride content first. 1 gram 

weight of sample in dry basis dissolved by adding 200 ml of distillated water in 

300 ml flask. The solution is then titrated with N/10 AgNO3 using potaasium 

chromic acid as the indicator [6]. The following formula is used for calculations:  

 

𝑁𝑎𝐶𝑙 (%) =  
0.5846(𝑓2)(𝑇)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑖𝑛 𝑑𝑟𝑦 𝑏𝑎𝑠𝑖𝑠 (𝑔)
 (4) 
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Where: 

f2: The factor of N/10 AgNO3 

T: The volume of N/10 AgNO3 used (ml) 

While the purity of CMC is measured by: 

 

𝑃𝑢𝑟𝑖𝑡𝑦 = 100(%) − 𝑁𝑎𝐶𝑙(%) + 𝑆𝑜𝑑𝑖𝑢𝑚 𝐺𝑙𝑦𝑐𝑜𝑙𝑎𝑡𝑒 (%)  (5) 

Table 1 shows the codes of samples for this study based on variables that 

varied. Giving the name of each sample and the groups aimed to facilitate the 

indentification of the sample. 

 

Table 1. The sample codes 

Independent 

Variable 

 NaOH Concentration 

5% 10% 20% 25% 35% 

Composition of 

Isobutyl-Isopropyl 

Alcohol (ml:ml) 

5 10 20 25 35 

80:20 BP82 BP82-5 BP82-10 BP82-20 BP82-25 BP82-35 

 50:50 BP55 BP55-5 BP55-10 BP55-20 BP55-25 BP55-35 

 20:80 BP28 BP28-5 BP28-10 BP28-20 BP28-25 BP28-35 

 

3. Results and Discussion 
 

The first step is the isolation of water hyacinth cellulose. Table 2 shows the 

content of α-cellulose of water hyacinth from Tangerang, Indonesia. This type of 

water hyacinth has an average value of α-cellulose as 43.47% from 63.15% 

holocellulose. In which holocellulose is a part of free fiber and lignin that consists 

of mixture from all cellulose and hemicellulose. This α-cellulose then is used as 

raw material in synthesis process of CMC. 

Lignin removal is occured when bleaching process as well as the degradation 

of lignin structure. The hydroxyl group of lignin can be more sensitive substituted 

with carboxyl groups from NaMCA instead with hydroxyl group of cellulose [7]. 

 

Table 2. Compositions of water hyacinth from Tangerang, Indonesia 

Content 

Composition 

Simplo (%) Duplo (%) 

Water content 8.34 9.15 

Ekstraktif 2.38 1.58 

Ash 15.21 19.81 

Lignin 9.95 7.28 

Holocellulose 

(α-cellulose) 

64.12 

(44.4) 

62.18 

(42.54) 
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Lignin is very reactive with strong oxidator substance like NaClO2 which cause 

the molecule of lignin  to be decomposed to the smaller compound that soluble 

in water and can be removed. The process removal of lignin occured in high 

temperature (80 oC) and in acid condition. At high temperature, lignin will be 

converted to smaller compound so that it can release from cellulose chain. The 

acid condition is needed in order to lignin can decomposed and precipitated [8].  

The used of alkali solution with the concentration of 17.5% in hemicelluloses 

removal process is to released β-cellulose and γ-cellulose. Besides, yield of 

α-cellulose that obtained from this research is 43.47%. FTIR (Fourier Transform 

Infrared) analysis is used to proof the presence of cellulose. Figure 1 shows the 

FTIR result from water hyacinth cellulose and Table 3 shows the summary of 

absorptions or wave number of the cellulose backbone. 
 

 

Fig. 1. FTIR spectra of Water Hyacinth Cellulose 

The cellulose then characterized to find out the amount of α-cellulose content. 

The amount of α-cellulose content is in between 92-95%. 
 

Table 3. Summary of peaks area of water hyacinth cellulose 

 

Wave number 

(cm-1) 
Group 

3369 Strain O-H 

2924,12 Strain C-H 

1221,98 C-O-C 

1058,13 C-O and vibration of C-H in cellulose chain 

After isolation process, then continue with synthesis of CMC. The testing of 

the presence of functional groups was conducted with three samples, BP82-10, 

BP55-35 and BP28-10. The analysis of FTIR is to search the evidences that can 

proof the carboymethylation process done completely. Figure 2, shows that the 

three samples of CMC has a similar spectra pattern. The band around 1400 cm-1  
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indicated of the presence of –CH2 and the peaks around wave number of 1600 

cm-1 confirms the presence of carboxymethyl substituent (-COOH) [7]. 

 

Fig.2. The comparison of water hyacinth cellulose and CMC made from water 

hyacinth cellulose in various compositions of reaction medium 

 

Water hyacinth cellulose has been converted into CMC through the 

carboxymethylation process. Comparation between cellulose and CMC has a 

similar wave number at 1600 cm-1 and 1400 cm-1, but the strength of absorption is 

clearly different, the cellulose has a weak absorption at those wave numbers. If 

the wave number that appears in cellulose and CMC is compared, it will show us 

that CMC has the strong and sharp absorption at wave number around 1600 cm-1 

and 1400 cm-1. 

The next step is Degree of Subtitution (DS) determination. There are two 

samples that do not have DS value (undetected) as shown in Table 4. This is 

because the samples are still in alkali condition or the neutralization process 

doesn’t take place properly. The alkali condition can cause the factor value of 

alkalinity in DS calculation will increase the alkalynity number and will impact on 

DS value to become smaller. 

The relation of DS value and NaOH concentration follow the theory of critical 

concentration of NaOH. The aqueous solution of NaOH can destroy the 

crystalline form of natural cellulose to turn into an amorphous form and to result 

in the formation of alkalized cellulose (Cell-O-Na+) [9]. Amorphous form is 

needed in making the alkalized cellulose because the structure is less compact so 

that can help NaMCA to diffuse easily in cellulose chain or in other words the 

amorphous form can increase the performance of carboxymetylation process. 

Cellulose can swallow until certain condition depends on alkali concentration. 

At low concentration of alkali, the part of cellulose that has a small crystalline 

form or cellulose with big size of pores usually is attacked first until get the 

perfect amorphous form [10].   

If in synthesis of CMC, the concentration of alkali is above the critical value, 

the increase of concentration of NaOH makes the amorphous form orientate and  
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combine into another crystalline form [9]. This causes the more compact of 

cellulose structure that hardly to destruct or impairs the diffusion of reagents into 

the cellulose chain. On the other hand, below the value of critical concentration of 

NaOH, the increase of concentration facilitates the conversion of amorphous 

form. However, if the NaOH concentration is very low, it’s not enough to destroy 

the crystalline structure that makes the carboxymethylation process not going 

sucessfully. Table 4 shows the DS value of CMC. 

 

The value of DS is not only related to NaOH concentration, but also with the 

type of reaction medium. It can be seen in Figure 3. The reaction medium that 

usually used in synthesis CMC process is isopropyl alcohol, followed by isobutyl 

alcohol, ethanol and water [4]. The influence of reaction medium type can be 

explain from polarity and stereochemistry sides. The polarity of isobutyl alcohol, 

isopropil alcohol, ethanol and water are 3.9, 4.3, 5.2 and 9.0 [4]. Based on this 

properties, known that the smaller the value of polarity of reaction medium will 

increase the effectivity of carboxymethylation (etherification) and the smaller 

polarity of reaction medium will also helps to keep  cellulose molecules to be 

less decomposed by alkali [9]. 

 

The forming of this layer makes the amount of NaOH that distributed in 

cellulose phase is enough to convert cellulose into alkalized cellulose form [11]. 

In other words, the smaller polarity of reaction medium will help the forming of 

alkalized cellulose with uniform distribution. This uniform distribution can be 

reach because the low solubility of alkali solution in non-polar system so that the 

hydroxyl groups (-OH) is not reactive with Na+. The decrease of reactivity of 

hydroxyl groups is followed by the longer carbon (C) chain in alcohol. The 

greater methyl groups (R) makes the low reactivity of hydroxyl groups [12].  
 

 

 

Table 4. The value of Degree Substitution (DS) for each sample 

 

Composition of 

Reaction Medium 
Sample 

NaOH 

Concentration  
DS 

Isobutyl-Isopropyl 

Alkohol (80 ml:20 ml) 

BP82-5 5% 0.11 

BP82-10 10% 0.42 

BP82-20 20% 0.26 

BP82-30 30% 0.05 

BP82-35 35% 0.28 

Isobutyl-Isopropyl 

Alkohol (50 ml:50 ml) 

BP55-5 5% 0.14 

BP55-10 10% undetected 

BP55-20 20% undetected 

BP55-30 30% 0.04 

BP55-35 35% 1.71 



Synthesis and characterization of CMC                              1579 

 

 

Table 4. (Continued): The value of Degree Substitution (DS) for each sample 

 

Isobutyl-Isopropyl 

Alkohol (20 ml:80 ml) 

BP55-5 5% 0.81 

BP55-10 10% 2.33 

BP55-20 20% 0.66 

BP55-30 30% 0.98 

BP55-35 35% 0.71 
 

The highest value of DS occurred at composition reaction medium isobutyl–

isopropyl alcohol 20 ml: 80 ml and NaOH concentration at 10%. This sample 

contains the high value of isopropyl alcohol instead of isobutyl alcohol. Although 

isobutyl alcohol has smaller polarity than isopropyl alcohol, the influence of this 

reaction medium is not effective as isopropyl alcohol. This is because of the 

chemical structure of isobutyl alcohol which has three methyl groups around the 

primer carbon that provide steric hindrance to the reacting groups [4]. 
 

 

Fig. 3. The comparison of DS value at each composition of reaction medium 

Strong space in a structure is called steric hindrance. When a large group 

crammed in a narrow space, the repulsive force between groups increases so that 

the high-energy systems occurred [12]. This condition cause in decreasing 

reaction rate and blocking reagents to substitute into cellulose chain in 

alkalization and carboxymethylation process. This condition as weell as can cause 

a decrease in the value of DS. 

The increase of DS value is followed by the increase of polarity of reaction 

medium. The presence of alcohol can help NaCMA distribute uniformly and can 

magnify the concentration of NaOH at cellulose phase so that the 

carboxymethylation process can run properly. However, the presence of alcohol 

causes the hydroxyl groups of alcohol compete with the hydroxyl groups from 

cellulose in carboxymethylation (etherification) and form a low molecule ether 

from structure (small molecular weight) ROCH2COONa [13].  

As explained earlier that the stereochemistry of isobutyl alcohol consists of 

three methyl groups surrounding the carbon primary that cause steric hindrance at  
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the reacting group. This condition affect the rate reaction become low and block 

the reagent of alkalization and carboxymethylation to diffuse in cellulose chain 

and also affects the quality of the resulting CMC. 

It can be concluded that the more content of isopropyl alcohol in a reaction 

medium will increase the value of DS. It can be shown by the increasing of DS 

value when the content of isopropyl alcohol in reaction medium increasing. 

  

Table 5. The results of CMC Purity 

 

Composition 

Isobutyl-Isopropyl 

Alcohol 

NaOH 

Concentration 
Sample 

Purity 

(%) 

NaCl 

(%) 
DS 

 80 ml:20 ml 10% BP82-10 54,46 45,54 0,42 

 50 ml:50 ml 35% BP55-35 95,82 4,18 1,71 

 20 ml:80 ml 10% BP28-10 94,02 5,98 2,33 

 

The purity of CMC determined by the content of NaCl and Sodium glicolate 

as byproduct in synthesis of CMC. Table 5 shows the purity of each CMC 

sample BP82-10, BP55-35 and BP28-10. 

The comparison of purity can only be performed on BP82-10 and BP28-10 

samples that have the same value of the concentration of NaOH. The 

differences in the value of purity can be reviewed in terms of the polarity of the 

reaction medium mixture. BP82-10 sample has a lower purity level (54.46%) 

compared to the BP28-10 sample (94.02%). This is due to the steric hindrance 

of isobutyl alcohol, then NaMCA is difficult to difuse into cellulose chain. The 

imperfection of alkalization and carboxymethylation processes will cause more 

the consumption of NaOH and NaMCA for the formation of NaCl and Sodium 

glycolate. 

 

4. Conclusion 
 

   Carboymethyl Cellulose (CMC) can be obtained from waterh hyacinth 

cellulose using isopropyl-isobutyl mixture as reaction medium (20 ml: 80 ml, 

50 ml: 50 ml, 80 ml: 20 ml) and the variations of NaOH concentration (5%, 

10%, 20%, 30% and 35%) and the temperature of carboymethylation process at 

55 oC. The low value of polarity of isobutyl alcohol can not increase the DS 

value because of the steric hindrance that can block the reactions. There exists 

a critical concentration for the NaOH. Above the value, the increasing of 

concentration of NaOH makes the DS value decrease. The optimum condition 

to get the highest DS of CMC (2.33) from water hyacinth cellulose is at 

composition of reaction medium isobutyl-isopropyl alcohol (20 ml : 80 ml) and 

NaOH concentration at 10%. 
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