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EFFECT OF TEMPERATURE ON THE RADIATION
CROSSLINKING OF CARBOXYMETHYLCELLULOSE

PART 1. EFFECT OF ELEVATED TEMPERATURE ON THE
RADIATION CROSSLINKING OF CARBOXYMETHYLCELLULOSE
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1. INTRODUCTION

Carboxymethylcellufose (CMC) is the most popular cellulose ether. It is an anionic linear
polymer in which original H atoms of cellulose hydroxy! groups are replaced by carboxymethyl
substituent — CH,COO™[1, 2]. Some attempts for chemical crosslinking of CMC in order to get
hydrogel were conducted with divinylsulphone as a crosslinking agent [3, 4]. However, CMC
can not be used as itself because a poor efficiency of crosslinking has been achieved. Pure CMC
hydrogel without admixture of other polymer and without addition of low molecular weight
contaminant can be produced using y-rays (5, 6]. Hydrogels prepared by radiation technique are
not only crosslinked but also sterilized [7]. Hydrogel of CMC can absorb and hold amount of
solvent in its network structure and in the point of view of environment, it still retains good
property of cellulose to be biodegradable [8].

The results of the interaction of high energy radiation with polymers depend on many
parameters including radiation itself, irradiation conditions, and the nature of polymer. Only one
study of the effect of temperature during irradiation on the crosslinking of CMC was found in
the literature [9]. In this research, the effect of temperature on the radiation crosslinking of CMC
samples was investigated, in part 1, we study about the effect of elevated temperature during the
time of irradiation on the gel fraction and swelling ratio of CMC.

2. MATERIALS AND METHODS
2.1, Materials

CMC -~ Na is provided by Daicel Chemical Industry, Ltd. Its degree of substitution is 1.36.
The viscosity and molecular weight of CMC are 1820 m.Pa.s and 1.11 x 10°, respectively.

2.2. Gamma irradiation and preparation of CMC-Na hydrogel
Deionized water was mixed with an appropriate amount of CMC-Na powder by using a
blending machine. The mixture of various concentrations from 5% to 70% were kept for 1 day.

1.5g of the mixture was sealed in the PE bag after degassing by a vacuum machine.

2.3. Heating during irradiation
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The PE bags containing degassed mixture were put in screw capped test tubes containing
water, then they were irradiated by y - rays at the doses of 5, 10, 15, 20, 25, 30 and 50 kGy,
(dose rate: 10 kGy . h "1}, at 25°C, 50°C and 70°C.

Gel fraction and swelling ratio of irradiated CMC samples were determined by a
conventional gravimetric Procedure. In brief, a preweighed picce of irradiated sample was
immersed into a distilled water bath for 48 h at room temperature, filtered with stainless steel net

of 100 mesh to get the insoluble part. Then CMC hydrogel was dried at 50°C until constant
weight. :

The gel fraction was calculated as follows:
Gel fraction (%) = (Gd /Gi) . 100

where Gi is the initial weight of dried sample and Gd is the weight of dried gel. The swelling
ratio was calculated according to the following equation:

Swelling ratio = (Gs — Gd)/ Gd

where Gs is the weight of the gel in swollen state. For each experiment with different
temperature, dose and dose rate were measured by using alanine dose meter

3. RESULTS AND DISCUSSION
3.1. Effect of concentration of CMC on the crosslinking

Aqueous solution of CMC with the concentration from 5% to 70% (w/w) were irradiated to
produce crosslinks. The crosslinking process of CMC in aqueous solution initiated by y —rays is
presented in figure 1. Gel fraction of CMC at the concentration region from 10% to 50%
increased with absorbed dose, steeply at the beginning of gelation and later levels off. Maximum
gel fraction was achieved at 30% about 90% at the dose of 30 kGy. The results also show that,
CMC at concentration of 5% and 70% degraded by radiation. It may be: Chains of CMC at
concentration of 5% are separated by water and placed at a distance from each other, that
prevents intermolecular reactions to occur. Then the yield of the crosslinking is trivial and the
leading radiation -induced reaction is scission of main chain. For CMC at concentration of 70%,
it was observed that water is not homogeneously dispersed into CMC. It is important for
crosslinking that the polymer is homogeneously dissolved in water. For CMC at concentration of
50%, it was not degraded by radiation, but it was observed that water it seemed not to be
homogeneously dispersed into CMC,
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3.2. Effect of concentration of CMC on the swelling ratio
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Figure 2. Effect of concentration of CMC on the swelling ratio

The basic feature of hydrogel is its ability to absorb and hold significant amount of solvent
in its network structure. Swelling is usually express as grams of water absorbed by | gram of
dried gel. Figure 2 shows the effect of concentration on the swelling ratio of CMC. All curves
present the same tendency. Swelling is the highest just after the dose oversteps the gelation point
and radically decreases with increasing of absorbed dose at the early stage of gel formation.

Swelling ratio decreases with the increasing of concentration of CMC in solution.

3.3. Gel fraction and swelling ratio of CMC irradiated at 50°C
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Figure 3. Effect of heating at 50°C on the crosslinking of CMC

The results in figure 3 shows that all curves presented for gel fraction had the same

tendency - gel fraction increased with the increasing of doses. Heating at 50°C during irradiation
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reduced gel fraction but increased swelling ratio as compared to 25°C irradiation, about 1.5 to 3
times higher (Fig. 4). CMC in aqueous solution of 30% formed maximum gel fraction about
80% at the dose of 50 kGy. Irradiated at 50°C, 5%, 70% aqueous solutions of CMC degraded by
radiation, and 10% aqueous solution of CMC also degraded at the dose of 5 kGy.
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Figure 4. Effect of heating at 50°C on the swelling ratio of CMC

3.4. Gel fraction and swelling ratio of CMC irradiated at 70°C
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Figure 5. Effect of heating at 70°C on the crosslinking of CMC

Samples of CMC were put at 70°C during irradiation. The results are presented in Fig. 5.
CMC in aqueous solutions of 5%, 10%, 70% degraded by radiation. 15% aqueous solution of
CMC also degraded at 5 kGy. The gel fractions of CMC irradiated at 70°C were about 10 to 45%
lower compared to that obtained from the samples irradiated at 25°C, but swelling ratio was
higher comparing to that obtained from samples processed at 50°C and 25°C. It is about 3 to 12
times as much comparing to that obtained at the same dose at 25°C (figure 5). It may be because
of low probability of intermolecular recombination of macroradicals. At elevated temperature
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the life time of macroradicals, radicals may be shorter than that of macroradicals and radicals at
room temperature [9].
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Figure 6. Effect of heating at 70°C on the swelling ratio of CMC

4. CONCLUSIONS

From the above results, some conclusions can be withdrawn as follows:

- CMC in 5%, 70% solutions degraded by radiation at 25°C, 50°C and 70°C.

- CMC in 10% solution also degraded by radiation at 70°C.

- At the temperature region from 25°C to 70°C, from the dose 5 kGy to 50 kGy, the higher

temperature the samples were irradiated at, the lower gel fraction was obtained and the lowest
gel fraction was obtained from the sample irradiated at 70°C.

- At the temperature region from 25°C to 70°C, from the dose 5 kGy to 50 kGy, the higher

temperature the samples were irradiated at, the higher swelling ratio was achieved. The highest
swelling ratio gel fraction was achieved from the sample irradiated at the temperature of 70°C.

el

REFERENCES

Th, Heinze - Macromol. Chem. Phys. 199 (1998) 2341.

A. Baar, W. -M. Kulicke, K. Szablikowski, R. Kiesewetter - Macromol. Chem. Phys. 195
(1994) 1483,

F. Esposito, M. A. del Nobile, G. Mensitieri, L. Nicolais - J. Appl. Polym. Sci. 60 (1996)
2403.

U. Anbergen, W. Oppermann - Polymer 31 (1990) 1854.

B. Fei, R. A. wach, H. Mitomo, F. Yoshiiand T. Kume - J. Appl. Polym. Sci. 78 (2000)
278

P.F.Liu, M. L. Zhai, J. Q. Li, J. Peng, J. L. Wu - Radiat. Phys. Chem. 63 (2002) 525.

P. Liu, J. Peng, J. Li, J. Wu - Radiat. Phys. Chem. 63 (2004) 525.

R. A. Wach, H. Mitomo, F. Yoshii, T. Kume - J. Appl. Polym. Sci. 81.(2001) 3030,

R. A. Wach - Doctoral Dissertation, Gunma University, Japan, 2002.

107



ABSTRACT

Gel fraction and swelling ratio of aqueous solution of carboxymethylcellulose (CMC) with
the DS of 1.36 irradiated at various concentrations from 5% to 70% at temperature of 25°C, 50°C
. and 70°C were determined. 5% and 70% aqueous solutions of CMC degraded by radiation at
25°C, 50°C and 70°C. Gel fraction of CMC at the concentration region from 10 to 30% increased
with the increasing of concentration and with absorbed dose. 50% aqueous solution of CMC
formed low gel fraction compared to 30% aqueous solution of CMC at the dose of 30 kGy. At
the temperature region from 25°C to 70°C, the highest gel fraction was achieved from the sample
irradiated at the temperature of 25°C, but the highest swelling ratio was obtained from the
sample irradiated at the temperature of 70°C.

TOM TAT
ANH HUOGNG CUA NHIET PO LEN KHA NANG KHAU MACH CUA

CARBOXYMETHYLCELLULOSE (CMC) BANG BUC XA

PHAN 1. ANH HUGNG CUA SU TANG NHIET DO LEN KHa NANG KHAU MACH
BANG BUC XA CUA CMC

P§ khau mach va do truong ciia Carboxymethylcellulose (CMC) dudi anh hudng cia birc
Xa v va sur thay ddi nhiét d9 trong thdi gian chiéu xa da duge nghién ciru. CMC & ndng d6 5% va
70% bi cit mach & nhidt d6 25°C, 50°C va 70°C. CMC & ndng d& 10% bi cit mach khi chiéu xa
& nhiét 36 70°C. D khau mach ciia CMC gia ting vai lidu chiéu xa va dat tbi da tai lidu 30kGy.
G dai ndng d6 tir 10 dén 30%, d6 khau mach ciia CMC ting theo néng d6 ctia CMC va dat t&i wu
& 30%. Trong dai nhiét d6 tr 25°C t&1 70°C, & cung | liéu chiéu, nhiét dd cang tang, d6 khau
mach cang giam nguoc lai d6 truong cang ting.
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