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Determination of Crystallinity in Cellulose
by X-Ray Method

Sadayoshi WATANABE
Tadayoshi AKAHORI

Abstract

The crystallinity in fibrous polymer has been measured by many investigetors with
using X-ray method. There is, however, a difficulty in the method ; deorientation. When
crystallinity is measured by using Geiger counter spectrometer, some plane orientation of
sample to the dirrection of parrallel plane of the specimen holder is unavoidable. This
orientation is due to the procedure to fill the powdered samples of fibers in the holder.

In the case of the native cellulosic fibers of different spiral angles and the regenerated
cellulosic fibers of various orientation, therefore, the measurements are of the parameter
of orientation rather than of crystallinity. Since it is almost impossible to prepare the
three dimensionally unoriented specimen, the measurements of intensity of diffractiomn,
that is independent from plane orientation, was employed for determining the reasonable
crystallinity as follows.

200 mesh under puowdered sample (shart cut cellulosic fiber) was mixed with a certain
amount of copper of the same size. After placing the mixture in the holder, the different
strength of the pressure perpendicular to the holder surface was applied on the sample.
Serial measurements of the intensity of diffraction were made with the specimen of various
density, various extent of orientation, and the intensity of (002) of native cellulhse was
compared with that of (111) of cupper. The rates of the intensities were plotted against
the densities, and the relation was found to be proportional. When the pressure is applied
to the parallel direction of the holder, the ratio decreased linearly with increasing the
density. The crossing point is interpreted as the condition where there is no effect of
plane orientation.

The crystallinity of several fibers were compared in terms of percentage with the pu-
rified ramie. 74.8, 54.5, and 61.8~65.2 were obtained for purified flax, bleached cotton
linter and pulp, respectively. More the above method was employed for determining the
crystallinity of various kind of rayon. Fortisan, Polycot A, Polycot B, Abril, ordinary
Viscose Rayon and H.T. Rayon were found to have the crystallinity of 45.9, 44.2, 44.6,
43.2, 42.6 and 42.2, respectively.

Department of Apllied Chemistry, Faculty of Technology, Hokkaido University.
N. 12, W. 8, Sapporo, Japan.
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Fig. 2. Schematic diagram for X-ray reflection of mixed specimen.
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flax specimen containing 10%-and 5%-cupper, respectively.
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Fig. 13-a. A plot of main intensity ratio vs. density of specimen under different
procedures in the powdered ramie specimen containing 10%-cuppers.
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Fig. 13-b. A plot of main intencity ratio vs. density of specimen under different
procedures in the powdered cotton linter specimen containing 10%-cupper.
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Fig. 13-c. A plot of main intencity ratio vs. density of specimen under different
procedures in the powdered sulphite beech pulp containing 10%-cupper.
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Fig. 13-d. A plot of main intencity ratio vs. density of specimen of the different
procedures in the powdered sulphite Yezo spruce pulp containing
10%-cupper.
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Table 1. Crystallinity of native celluloses (arbitrary unit).

Main intensity Integrated Relative Crystallinity
. ratio Th intensity ratio Is
Material
cell. I’s (002) cell. I’s (002) Th Is
Cu’s (111) Cu's (111)

Purified ramie 1.52 4.40 100.0 100.0
Purified flax 1.10 3.29 72.4 74.8
Bleached cotton linter 0.96 2.40 63.1 54.5
Sulphite pulp (beech) 0.80 2.87 52.6 65.2
Sulphite pulp (Yezo spruce) 0.72 272 47.4 61.8

HEBE DS <, AR Y v 2 — TR L Th (@ S 0K TR2v 77X @0, ot

WAL TREEMEEZRYT, CEHY ~ QT PIEPHS NSV EEZLLNS
FMOBESD KB LND LI LEOMY v &~ ORI, RESEEREMZF-o O

NS INA S N AL O MARTEDEBZELON G, TRTBESNINCLTEDS
A IR KRENCE, HItFD XSGRO o — RS BHEHNC/NZ N EH D, FEin—IE
BORBILEUTERT BHRMAER IR LT, ARBRICIAHHERBEESNS 0T LI YA
LA, LT XEEO N0~ AR OS50 bO TR, L e ORI
Wbk bDETHEOE, HAkOFHEC XL WEMIFEN TS 2,

KRN O — 2 CREERNBELZET 2 0HBE 20, KRN EB Y 5 Tl ES—E
THROOT, TTWEREL () »oRD B X OB TFEREL (L) 25 U cfs bR
DMLY ZBTH B,

(101) (002)

Intencity

10 i5 20 % 30 3 10 25
260
Fig. 14. Xray diffractogram of powdered Fortisan containing 10%-cupper.

Hatched aria {101) + (002) and (111) denote integrated interference
intencity of cellulose II and cupper, respectively.
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Table 2. Fineness of Rayon mono- Table 3. Crystallinity of rayons
filament using in this experiments. (arbitrary unit).
Fineness of Rayon Intensity ratio Is Relative
Material monofilament Material cell IP’s(002)+-(107) | Crystallinity
(denier) T Cws (111)
Fortisan 0.78 Fortisan 4.12 459
Polycot “A” 1.51 Polycot “A” 3.96 44.2
Polycot “B” 1.13 Polycot “B” 4.00 446
Abril 1.38 Abril 3.88 43.2
Viscose Rayon 4.80 Viscose Rayon 3.82 426
H. T. Rayon 2.14 H. T. Rayon 3.78 422
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o
-
+
o
=
b
b
PSR
=
g
g
k=3
lud
007w 0200 0300 5400 0500 0600 0700 800
pensity(g/cm?)

Fig. 15. A plot of integrated intensity ratio vs. density of specimen
under different procedures in the powdered Fortisan speci-
men containing 10%-cupper.

(@) cell. I's (002) + (101)/Cu’s (111),
(b) cell. IT’s (002)/Cu’s (111).
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Fig. 16-a. A plot of integrated in-
tensity ratio vs. density of speci-
men under different procedures
in the powdered H. T. Rayon
specimen containing 10%-cupper.

Fig. 16-b. A plot of integrated in-
tensity ratio vs. density of speci-
men under different procedures
in the powdered viscose rayon
specimen containing 10%-cupper.

Fig. 16-c. A plot of integrated in-
tensity ratio vs. density of speci-
men under different procedures
in the powdered Abril specimen
containing 10%-cupper.



276 WA B - RIEHE® 18
=

A o

2 50

&

8

~ 39%

i 400-/

8

=

S

S 300

«

o T~

‘% 2000 Fig. 16-d. A plot of integrated in-
\% tensity ratio vs. density of speci-
b men under different procedures in
o .
w1008 the powdered Polycot “A” speci-
P ..

& men containing 10%-cupper.

2

@@ 0 n - — L

:_‘5 0100 0200 0300 0400 0500 0400 0700 0500

Density(g/cm?)

—

=

—

~

w500

K3

= /LOO

=TI S

x

o

s

e 300

-

=

[ . .
3 2w Fig. 16-e. A plot of integrated in-
E/ tensity ratio vs. density of speci-
+ men under different procedures in
" .
31.00- the powdered Polycot “B” speci-
o men containing 10%-cupper.

5

+2 0 " N 3 s n 1. N

& 0160 0200 0300 0400 0500 0600 0700 0800

pensity(g/cm?)

OFS TR LZE 1000 & LAMEETH 25, TORBOLDIZ 7 2 vF ¥ rlErs1E
57z XK o (002) + (101) BATEHESM L Tero~2 Lo (002) FE o 111) F
WEORSBELERD I, FO8E, Fig 15 og b)) ICRT L CHIMELEE LT
202 %75, BT 2 ~%21000 & Lck S0 7 40 F F VO BB MY HEZ 495 1o
72, C O Table 4 1037, MoBEAwr o~ ZHBOKBEBRBICO 74 v FH
VO R UTEM LT,

Table 4. Comparison of integrated intensity ratio in native cellulose
and rayon (arbitrary unit).

. Th cell’s (002) Is cell’s (002) Relative
Specimen Ih Cu’s (111) Is Cu’s {111) Crystallinity
Purifid Ramie 1.52 4.40 100.0

Fortisan — 2.02 459
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