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ABSTRACT

Twelve kinds of cellulosic fiber, including natural, regenerated, and
chemically modified fibers, were prepared for measuring the moisture
sorption and desorption isotherms at various temperatures from 10 to 50°C
by two types of gravimetric method, a weighing bottle method and a sorp-
tion balance method with quartz spring in vacuum.

From the temperature dependence of the sorption isotherms, the excess
energy of moisture sorption on the cellulose fibers was found, on the basis
of thermodynamics, to be the largest in dry state ranging up to 100 cal/gr

of ligid water, and to decrease rapidly down to almost zero with increas-



ing relative humidity up to saturation.

The sorption isotherms at 30°C were analyzed by BET multilayer adsorp-
tion model to discuss the nature of the adsorbed water in terms of the BET
parameters, v, C, and 7,,,; maxium volume of unilayered-adsorbed water
per gr of dry material, bound energy characteristics between adsorbent and
water, and a maximum number of adsorbed layers # below which the calcu-
lated moisture sorption never exceeds the experimental one. The natures
of adsorbed waters with =1 (Langmuir’s unilayered), with 7n,,,>n>1
(multilayered), and with n>>#n_,,,, were examined in comparison with a re-
cent anaysis of the adsorbed waters by differential scanning calorimery, re-
vealing that the waters with n>>n,,, +2, 7,.. +2>1n>n,,,, and 7,,,>n
correspond, respectively, to the bulk free water, freezable bound water, and

non-freezable bound water.
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%1 Physical Characterization of Natural, Regenerated, and Modified Cellulosic Fibers

e Degree of Crystallini

Soccfiation | penlyy | SEREIE S| Degme o ol ) S
Scoured ramie 1.5451 63% 55% | Extremely highly oriented | Cellulose I
Scoured cotton 1.5374 57 50 Fairly well-oriented Cellulose 1
Mercerized cotton ] 1.5103 37 39 Fairly well-oriented Cellulose T
Mercerized cotton 11 1.5073 34 37 Fairly well-oriented Cellulose T
Normal viscose rayon 1.5031 31 34 Well-oriented Cellulose II
High-tenacity rayon 1.4961 24 27 Highly oriented Cellulose 11
Polyncsic rayon 1.501g 30 40 Highly oriented Cellulose 1I
Cuprammonium rayon 1.5072 34 37 Highly oriented Cellulose I
i;;)‘;‘afb()xymethylated 1.536¢ — 18 Moderately oriented %ggil;ill(ﬁ;)n
Di-acetate rayon 1.3135 = 16 Slightly oriented ﬁgisggi}%rthc
Tri-acetate rayon 1.3000 — 19 Slightly oriented Pseudo-Ortho
Noncrystalline cellulose 1.4774 7.0 11 Non-oriented None

* determined by a density gradient column method of CCly/nitrobenzene or n-heptane at 30.0+0.1°C.

% determined from bulk density of specimen.

# determined from X-ray diffraction intensity distribution.
++ qualitative estimation from paratropic interferences in X -ray diffraction pattern.
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B 1 Block diagram showing a principle of a
weighing bottle method used for the measure-
ment of moisture up-take of fiber specimen
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Sample

B2 Block diagram showing a principle of a
sorption balance method with quartz spring
in vacuum.
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B3 Moisture sorption isotherms at various temperatures for a

normal viscose rayon plotted against partial vapoure pressure,

not relative humidity.
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B4 Plots of differential heat of moisture sorption &L against relative
humidity for three kinds of cellulose fiber at 30°C. Solid curve of
QL is the results by Rees and Guthrie for 14 kinds of cellulosic
fiber and solid curve of 4G is calculated from Eq. (4).
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Bl5 Plots of excess energy (T4S) and change in entropy (4S)
.against relative humidity at 30°C. Solid curve is the results
by Rees and Guthrie for 14 knids of cellulosic fiber.
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6 Multi-layer adsorption on solid surfaces.
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B 7 Linear plots of 2/(v(1—£A)] against relative humidity % to de-
termine the B.E.T. constants, vm and C, for sorption and de-
sorption isotherms of a normal viscose rayon at 30°C.
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B8 Comparison of absorption isotherm observed for a normal viscose
rayon at 30°C with those calculated from B.E.T. multilayer adsorp-
tion theory, keeping B.E.T. constant vy, and C at 0.0582 and 14.1,
respectively, but varying the number of multilayers from unity to
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% ? Moisture Adsorption Characteristics of Cellulosic Fibers and Fllms
at 30°C in Terms of B.E.T. Parameters.

Moisture regains at 90% r.h. Moisture
Specification Ym C max’ | Xx ‘ g

n=1 |Nmax>n>1 n>nmafati~§5£ﬁ;h'

Scoured‘ ramie 0.0290 17.8 6 55%| 2.8% 6.5% 2.6% 6.9%
Scoured cotton 0.0290 17.9 6 50 2.7 6.3 3.2 6.8
Mercerized cotton 0.0420 18.1 6 39 | 3.9 9.1 4.6 10.0
Mercerized cotton I 0.0446 18.9 6 37 4.2 9.8 5.7 10.7
Normal viscose rayon 0.0582 14.1 6 34 5.4 12.8 5.1 13.3
Cuprammonium rayon 0.0559 13.4 6 37 5:2 12.6 4.1 12.7
Polynosic rayon 0.0547 19.5 6 40 5.2 12.1 3.3 12.4
High-tenacity rayon 0.0628 17.7 6 27 5.9 13.7 5.0 14.6
Di-acetate rayon 0.0301 2.98 6 16 2.2 6.7 2.0 6.5
Triacetate rayon 0.0320 1.14 4 19 1.7 4.2 1.8 4.5
My rboxymettylated rayon | 9.0785 | 14.0 | 7 18 | 7.2 | 1.1 | 2.7 | 18.8
Acetate film (44.7 wt. % ace.) | 0.0447 6.42 6 = 3.9 10.0 75 11.5
Acetate film (55.0 wt. % ace.) 0.0313 2.67 6 — 2.2 7.1 2.9 6.5
Acetate film (61.6 wt. % ace.) | 0.0289 1.78 | 4 — 1.8 4.1 4.0 | 5.2

* Maximum number of layers beyond which the calculated moisture adsorption exceeds
the experimenal one at intermediate range of relative humidity.
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% 3 Characterization of Sorbed Water by Differential Scanning
Calorimetry for Cellulosic Materials at Room Temperature®

| Official regain Moisture
Specimen cr?‘;gérlgr;i;; | gts 7260:?? Hon -(f;;/ag Gng Pl:fegeaziir;lsg bour’{c(l;;%later
(%) (%) '

Linen yarn 69 7 10.5 0.8 11.3
Cotton yarn 54 8 14.0 2.0—2.1 16.0—16.1
Cotton lint 52 8 17.8 2.1—2.2 19.9—20.0
Wood cellulose 44 11 18.6 3.8—4.1 22.4—22.7
Jute 36 12 18.4 5.5—5.9 23.9—24.3
Kapok 33 10 14.9 7.9—8.5 22.8—23.4
Polynosic rayon 46 12 19.8 1.4—1.5 21.1—21.2
Cupra rayon 43 11 18.0 3.7—4.0 21.7—22.0
Viscose rayon , 42 11 19.6 3.2—3.4 22.8—23.0

* K. Nakamura, T. Hatakeyama and H. Hatakeyama, Studies on Bound Water of Cellulose by
Differential Scanning Calorimetry, Text. Res. J., 51, 607—613 (1981).
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