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Abstract — Carboxymethylcellulose (CMC), which is water-soluble at room temperature, was synthesized from
cellulose in this study. Experimental parameters included reaction temperature, time, concentration of NaOH,
and monochloroacetic acid (MCA). In mercerization and etherification, solubility and degree of substitution
(DS) increased when NaOH (or MCA) concentration increased and maximum solubility and DS were achieved
when NaOH or MCA was 30%. The effect of MCA concentrations on the DS was larger than that of the NaOH
concentration. Tensile strength of the CMC was decreased by the increases of reaction time, reagent
concentration and reaction temperature. Tensile strength also decreased by NaOH and MCA. However, low
decrease of tensile strength was observed in near neutral region.
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Figure 1. Reaction path from cellulose to CMC.
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Figure 2. Sequence of experiments for preparation and
analysis of CMC.
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Figure 3. Effects of mercerization and etherification times
on solubility and degree of substitution. Reaction
temperature = 45°C; NaOH comc. = 40%
(wiv); MCA conc. = 30% (wiv).
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Figure 4. Effects of NaOH or MCA concentrations in the
mercerization and etherification on solubility and
degree of substitution. Reaction temperature
= 45°C; reaction time = 30 min.
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Figure 5. Effects of mercerization and etherification
temperatures on solubility and degree of
substitution. Reaction time = 30 min; NaOQOH
conc. = 40% (wlv); MCA cone. = 30% (wlv).
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Table 1. Effects of mercerization and etherification times
on tensile strength and solubility of fiber

Mercerization Etherification
Reactio Tensile strength Tensile
n time (N) Solubilit ~strength (N) Solubilit
(min) G I A )]
MD CD MD CD

5 64.69 1372 70.0. 6959 20.56 12
10 63.71 13.72 84.0 69.58 19.59 30
15 6272 1274 87.2 68.62 1955 473
20 6272 1274 88.2 68.61 2057 78.1
25 61.74 1273 89.2 66.57 19.56 88
30 62.67 1273 874 64.66 17.68 884
60 53.90 12.70 88.9 58.82 17.67 955
90 53.90 12.70 89.3 40.29 10.63  95.7
120 54.88  12.68 90.4 47.16 1264 958
150 39.20 9.80 91.1 43.23 1066 958

Table 2. Effects of NaOH concentration (in mercerization)
and MCA concentration (in etherification) on
tensile strength and solubility of fiber

Tensile Tensile
NaOH strength (N) Solubility MCA strength (N) Solubility
(%) W (%) (%) m— (%)
Mercerization Etherification
5 42.16 11.78 17 5 54.90 16.64 59.2
10 6175 13.74 40 10 56.82 17.61 84.6
20 5474 13.74 88 15 57.80 15.64 902

30 56.84 12.76 100 20 60.78 1264 97.0
40 43.12 1078 99 25  59.82 12.64 96.8
50 2254 10.78 87.4 30 57.84 12.59 100

Table 3. Effect of NaOH:MCA solution ratio on tensile
strength and solubility of fiber

NaOH:MCA Tensile strength (N) Solubility (%)

(md) MD CDh

6:2 32.34 11.66 60
6:4 35.38 15.10 82.1
6:6 50.92 20.96 88.7
6:8 40.18 11.08 92.8
6:10 28.42 9.78 93.5
6:12 26.46 12.69 94.4
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Table 4. Effects of mercerization and etherification
temperatures on tensile strength and solubility

of fiber
T Tensile Solubility T Tensile Solubi
emp. strength ™) ty e:np. strength N) ubility
) (%) 0 - — (%)
MD CD MD CD

Mercerization Etherification

25 49.89 12.72 91.2 25 64.86 16.56 45
30  49.00 12.72 93.2 30 64.86 12.69 60
45 4018 10.77 95.3 45  63.70 12.69 94.5
60 19.60 3.09 91.8 60 5194 10.68 93.2

70 1470 096 88.3 70 40.18 10.68 95.3

Absorbance

| 1 ! ! [ |

3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm'1)

Figure 6. FT-IR spectrums of the original viscous rayon
(= ) and synthesized water-soluble CMC
fiber ( —).
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