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Abstract: Maritime transport of various products has been increased with developing seaborne trade. Moisture-sensitive
products are exposed to a large amount of moisture during transport and broken down. Ionic salts having deliquescence
often used as a desiccant for moisture removal. Although ionic salts produce water by moisture absorption, the leak of
ionic salt-based aqueous solution seriously disrupts the products, resulting in financial loss. In this study, hydrogel-based
desiccants showing simultaneous leak-proof and high moisture absorption ratio were prepared by calcium chloride
(CaCl,) or magnesium chloride (MgCl,) exhibiting deliquescence with carboxymethyl cellulose (CMC) having different
degree of substitution. Moisture absorption ratio of the hydrogel-based desiccants depended on the kind and the content
of the deliquescent ionic salts and the substitution degree of CMC because they decide to make the physical crosslinking.
However, viscosity of the hydrogel-based desiccants inversely decreased with increasing moisture absorption ratio. Also,
pH changes depend on the sort of the deliquescent ionic salts and strongly affects the moisture absorption ratio and vis-

cosity.
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Scheme 1. Reaction path from cellulose to carboxymethyl cellulose.
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Scheme 2. Reaction mechanism of physical crosslinking between ionic salt and CMC.
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Table 1. Properties of the CMCs

CMC type DS Viscosity (cps)
HCMC 0.80 2500
LCMC 0.50 2100
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Table 2. CaCl, Ionic Salts and CMC Hydrogel-based Desiccants
Including CaCl, Ionic Salts

(unit: g)
Sample CaCl, HCMC LCMC

CC1 10 3 -
cC2 20 3 -
CC3 25 3 -
CC4 30 3 -
CC5 10 3
CCo6 20 - 3
cc7 25 - 3
CC8 30 - 3
CcC9 10 -

CC10 20 - -
CCl11 25 - -
CC12 30 - -

Table 3. MgCl, Ionic Salts and CMC Hydrogel-based Desiccants
Including MgCl, Ionic Salts

(unit: g)

Sample MgCl, HCMC LCMC

MC1 10 3 -

MC2 20 3 -

MC3 25 3 -

MC4 30 3 -

MC5 10 3

MC6 20 - 3

MC7 25 - 3

MCS8 30 - 3

MC9 10 -

MCI10 20 -

MCIl11 25 - -

MC12 30 - -
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Moisture absorption ratio (%) = (W; — W)/W, x 100 (4)
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Figure 1. FTIR spectra of CMCs and CMC hydrogel-based desic-
cants.

Figure 2. Gel fraction results of the CMC hydrogel-based desic-
cants including CacCl, ionic salts.
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Figure 3. Gel fraction results of the CMC hydrogel-based desic-
cants including MgCl, ionic salts.
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Figure 4. Moisture absorption ratio results of the CaCl, ionic salts
and CMC hydrogel-based desiccants including CaCl, ionic salts for
(a) 72 hr; (b) 120 hr.
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Figure 5. Moisture absorption ratio results of the MgCl, ionic salts
and CMC hydrogel-based desiccants including MgCl, ionic salts for
(a) 72 hr; (b) 120 hr.
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Figure 6. SEM images of the hydrogel-based desiccants for (a) MC4; (b) MCS8.
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Table 4. Viscosity Results of the CMC Hydrogel-based Desiccants
Including CaCl, Ionic Salts

Viscosity (cps)

Sample

72 hr 120 hr
CC1 47500 41800
cc2 21200 17000
CC3 13800 11200
Ccc4 7500 5300
CC5 25000 21600
CCo6 12800 9500
cc7 5500 3900
CC8 3800 2300
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Table 5. Viscosity Results of the CMC Hydrogel-based Desiccants
Including MgCl, Ionic Salts

Viscosity (cps)

Sample

72 hr 120 hr
MC1 N/A 59000
MC2 29500 23000
MC3 17200 14000
MC4 13400 9500
MC5 43000 37700
MC6 15600 12300
MC7 7700 5000
MC8 6300 3500
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Figure 7. Correlation between moisture absorption ratio and vis-
cosity of the hydrogel-based desiccants including (a) CaCl, for 120
hr; (b) MgCl, for 120 hr.
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Figure 8. pH results of the hydrogel-based desiccants including
LCMC.
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