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A Study on the Micellar Structure in Cellulose (I)

— An X-ray Study on the micellar Structure in Native Cellulose
Fiber Using a Homogeneous Reaction of Nitration —

Sadayoshi WATANABE
Tadayoshi AKAHORI

Department of Applied Chemistry, Faculty of Engineering,
Hokkaido Uiversity, N. 12, W. 8, Sapporo, Japan.

Abstract

To date it has been generally accepted that the nitration reaction in cellulose in a
sulfuric-nitric acid-water system with a large proportion of sulfuric acid and a small
proportion of water gives a micellar-heterogeneous reaction, and that the nitration of a
sulfuric-nitric acid-water system with a large proportion of water or the nitration reaction
of an acetic-nitric acid system gives a micellar-homogeneous reaction {permutoid reaction).

But it was previously reported by Watanabe et. al. the former gives a fibrillar-
heterogeneous reaction and the latter gives a micellar-heterogeneous type of reaction.

This present work was undertaken to study the micellar structure of native cellulose.
The decrease of the micellar dimension and the decrease of crystallinity of cellulose I of
mildly nitrated ramie prepared in an acetic-nitric acid system were measured by an X-ray
diffraction method.

In the eary stage of nitration the micellar dimension of cellulose was observed to
show a great decrease relative to the decrease in the crystallinity thereof. With the
progress of nitration the decrease in crystallinity of cellulose becomes predominant over
the decrease in the micellar dimension thereof. ‘

From this result the possibility that there are portions of different crystallinity within
a micell of native cellulose and that the inner part has a high crystallinity and outer
part has a relatively low crystallinity was suggested.
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Fig. 1. Schematic diagram of specimen for X-ray tracing.
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Fig. 2. Reaction rate of nitration of ramie (0°C).

—@®—: in HNO3/CHO3COH =45/55 mixed acid.
—@—: in HNO3/CH;COOH =50/50 mixed acid.
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Table 1. Degree of nitration, Crystallinity and micell dimension in
nitrated ramie by HNO3/CH;COOH =45/55 mixed acid.

e oo ol | e e A T T | micll volume
nitr(;{ion nitr?iiion obs. Valuerrslative V(lel)ié relaltive v?l?ie rel’altive v%ll)lsxé relaltive v(z)&)je relaltive

cell L{002) value | (&) @ V@ ue | Yg) | value | T, value | "5 value
(hrs.) (N.%) | Cu (111) roorg 1 Yly [(AX10%)| r2/rg* (AX108)| 72/rgly

Raw ramic  0.00 1.10 1.00 56.5 1.60 214 1.00 31.9 1.00 68.3 1.00

0.25 0.22 1.03 0.94 54,9 0.97 313 0.996 30.1 0.94 64.1 0.94

0.5 0.35 1.00 0.91 537 095 212 | 0986 | 288 0.91 61.1 0.90

1.0 0.53 0.96 087 520 092 208 | 0972 270 0.85 56.1 0.82

15 0.66 0.95 0.86 50.1 0.89 206 0.962 25.1 0.79 51.7 0.76

2.0 0.75 0.93 0.85 478 0.85 205 0.957 22.8 0.72 46.7 0.69

30 0.84 0.90 082 450 | 080 | 204  0.954 20.2 0.63 41.2 0.60

4.0 0.95 0.89 0.81 43.7 0.77 203 0.950 19.1 0.60 38.8 0.57

8.0 1.13 0.79 0.72 43.0 0.76 202 0.944 185 0.58 374 0.55

24.0 4.45 0.57 0.51 36.6 0.70 196 0.916 157 0.49 30.8 0.45

70, 6o are value in raw ramie (same Table 2).

Table 2. Degree of nitration, Crystallinity and micell dimension in
nitrated ramie by HNQO3/CH3;COOH =50/50 mixed acid.

e | Demmen] Crvsalinty | el Wb T el T el At o | il volume
sioon. picton ¥ ol Y rolaive B, PN GG elave obe | relaie
(hrs) | (V%) | Cu {111 LA e L A UL [(AX102) 2 (A X109 2l
Raw ramie| O 1.10 1.00 56.5 1.00 214 1.00 31.9 1.00 68.3 1.00
0.25 0.34 0.94 0.84 54.2 0.96 211 0.986 294 0.92 62.0 0.91
05 0.45 0.81 0.74 44.6 0.80 204 0.953 19.9 0.62 40.6 0.59

1.0 0.81 0.68 0.62 394 0.70 200 0.935 15.5 0.49 31.0 0.45

1.5 1.45 0.58 0.53 36.9 0.65 192 0.897 13.6 0.43 26.1 0.38

2.0 1.85 0.54 0.49 36.5 0.64 188 0.879 13.3 0.42 25.0 0.37

3.0 2.60 0.52 0.47 34.1 0.60 185 0.864 11.6 0.37 21.5 0.32

4.0 3.95 0.46 042 31.9 0.57 178 0.832 10.2 0.32 182 | 027
8.0 5.38 0.24 0.22 28.3 0.50 166 0.776 8.0 0.25 13.3 i 0.20
24.0 9.12 0.20 0.18 26.9 0.48 136 0.636 7.2 0.23 9.8 0.14

LD AR TG LA L e r - 20RO XERE T L, N=1% L Eic/k?
TR e~ ADTFHNBAL T BONBLRE, N=5% L bickss, €
B—A IO FREIEFICHE e,

AL TS0 N Rt 5,
PHREECH D, APFGED BN E R

N=912% o

BTl r — A LR C LR = ADTH
Lo L ZhbiEe A 8o X @ er =~ LoFH
BB S e - LIt b,

L ORI ST B er e —ALlD I wilEl § wARBOfEA Table 1, 2085, 7
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Fig. 3. X-ray diffractogram of Ramie and nitrated ramies.
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Fig. 4. The change of cellulose micell width during nitration.

—®—: in CH;COOH/HNO;=45/55

—@—: in CH;COOH/HNO,=50/50
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Fig. 5. The change of cellulose micell length during nitration.

—@-——: in HNOz/CH;COOH=45/55 mixed acid.
—@—: in HNO3/CH3COOH =50/50 mixed acid.
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Fig. 6. The change of relative cellulose micell dimension during
nitration by HNO3/CH3;COOH =45/55 mixed acid.
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Fig. 8. The Change of relative cellulose crystallinity during nitration.

—{T—: in HNOy/CH;COOH =45/55 mixed acid.

—M@—: in HNOy/CH;COOH=50/50 mixed acid.
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Fig. 9. The change of cellulose micell volume and crystallinity during
nitration by HNQ3/CH3;COOH =45/55 mixed acid.
—@®—: Relative cellulose micell volume (72/73).
—{«}—: Relative cellulose crystallinity (raw ramie = 1.00).
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Fig. 12. The schematic diagram of a portion of longitudinal
section of a micell in native cellulose fiber.

A: accessible portion; C: non-accessible portion.
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Fig. 13. The schematic diagram of micellstructure in
native cellulose fiber.
(a) Longitudinal section.
(b} Cross section.
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