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Abstract—Cotton fiber, NaOH-mercerized cotton fiber, cotton fabric, and NaOH-merceri-
zed cotton fabric have been treated by liquid ammonia at —33.4C. The fine structures, bending
properties, tensile strengthes, shrinkages for laundering, and’ wrinkle recoveries were studied.
The treatment of cottons with liquid ammonia brought about the transition of crystal lattice ;
transforming cellulose I crystal of original cotton to cellulose I and II crystal, and cellulose
II crystal of mercerized cotton to cellulose II and Il crystals. The degree of crystallinities were
decreased in the order of liquid ammonia~>NaQOH/liquid ammonia_>NaOH-treated cotton. Ho-
wever moisture regain and water absorbency for liquid ammonia-treated cotton were lower than
that of NaOH-treated cotton because of a difference in swelling actions of the agents. It seems
caused by intermicrofibrillar pores produced in swelling processes. The bending rigidity and be-
nding hysteresis were decreased remarkly by liquid ammonia treatment. Therefore softness and
dimensional stability were improved. The liquid amminia and NaOH/liquid ammonia-treated co-
ttons moreover show excellent properties in tensile strength, anti-shrinkage for laundering, and
wrinkle recovery.
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Fig. 1. Schematic diagram of liquid ammo-
nia treatment process ; (1) Fabric, (2}
Padding pool with liquid ammonia,
(3) Airing zone. (4) Heating zone with
hot cylinder.
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Fig. 2. X-ray diffractograms of cotton fibers
slack-treated in liquid ammonia,
NaOH solution and NaOH/liquid
ammonia ; (A) untreated, (B) NaOH,
(C)liquid ammonia, (D) NaOH/li-
quid ammonia.
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Table 1. Phase structure, degree of crystalli-
nity, and apparent crystallite for co-
tton fibers treated with liquid am-
monia, NaOH and NaOH/liquid

ammonia
~ Crystallite size(A)
Treatment Phase Cryft%lljmty» ri] i m
Untreated Cell 1 70 5, - -
Liquid ammonia Cell I +1I 4 43 - 4
NaOH Cell 11 53 - 4 -
NeOHfiguidammonia ~ Cell II+11 48 - 2 3
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Table 2. Moisture regain and water absorbe-
ncy for cotton fibers treated with li-
quid ammonia, NaOH and NaOH/
liquid ammonia

Mositure regain Water absorbency

Treatment (%) (%)
Untreated 6.82 42.73
Liquid ammonia 7.89 42.31
NaOH 8.58 5347

NaOH/liquid ammonia 8.52 47.12
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Table 3. Bending rigidity and bending hysteresis after laundering for cotton fabrics treated
with liquid ammonia, NaOH and NaOH/liquid ammonia

Beﬁding rigidity 7 Behding hystereéié

Treatment un risg (gf + cnf/em X 10) (gf - cm/cm)
cycles R T s e S D

warp weft warp weft

0 0.983 0.538 0.509 0.277

Untreated 1 0.740 0.395 0.296 0.174
10 0.7_89 - 0.518 0.283 0.17Q_

0 1.255 0.500 0.374 0.172

Liquid ammonia 1 0.920 0.458 0.197 0.120
10 0.948 0.545 0.176 0.131

0 1.363 0.800 0.630 0.227

NaOH 1 1.328 0.583 0.424 0.185
10 1.020 0.503 0.334 0.187

0 1.050 0.595 0.291 0.188

NaOH/liquid ammonia 1 1.087 0.460 0.231 0.096
10 0.745 0410 0.154 0.096

Table 4. Tensile strength, shrinkage, and wrinkle recovery after laundering for cotton fabrics
treated with liquid ammonia, NaOH and NaOH/liquid ammonia

Laundering Tensile gtrength Shrinkage Wrinkle recovery

Treatment (cycles) (Kg)_ (%) (%, warp/weft)
0 34.6 — 36/37
Untreated 1 32.7 5.0 36/41
10 311 54 44/48
0 38.3 - 53/52
Liquid ammonia 1 32.6 38 52/52
10 325 48 61/58
0 382 - 32/37
NaOH 1 334 40 34/45
10 31.6 58 39/48
37.0 - 53/52
NaOH/liquid ammo- 1 36.8 38 49/56
nia 10 35.8 4.6 56/61
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