HOKKAIDO UNIVERSITY

Title XHUEICE 20— M ORBRBVIHEDRE
Author (s) &, HE; Watanabe, Sadayoshi; #iE, £F fib
Citation BB RBTERMARS, 43, 111-129
Issue Date 1967-05-15
Doc URL https://hdl. handle.net/2115/40823

Type departmental bulletin paper

File Information 43 111-130. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




X BEEIC X B v v — 2 HED 5 i e o JilE

2 Izai BB
(W0 41 % 11 73 29 5 250

Determination of Crystallinity in Cellulosic Fiber by
X-Ray Diffractometric Method
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Hokkaido University, N. 12, W. 8, Sapporo, Japan.

Abstract

The conventional method used hitherto for the measurement of the crystallinity in
cellulosic fibers is an X-ray method using a specimen of powdered fibers. In this method,
the powdered fibers are necessarily oriented in a direction parallel to the specimen surface.
As the intensity of interference increases with the decreasing spiral angle of the fiber, it
is impossible to obtain the true crystallinity of the fibers. Thus the authors divised
a special method to measure the intensity of diffraction, independent of plane orientation,
and the new technique is proposed for determining the crystallinity as follows.

After cellulosic fibers under 200 mesh were mixed with a certain amount of copper
powder, it was pressed into a block with a die. Various inclined surfaces for the direc-
tion of pressing were cut from the block. The intensity of diffraction from these various
surfaces of the block were measured, and then the integral intensity of (002) of cellulose
was compared with that of (111) of copper. The absolute intensity of diffraction where
there is no effect of plane orientation was obtained from these results.

The crystallinity of several fibers were compared with 1.00 for bleached cotton linter.
0.95, 0.92 and 0.84 were obtained for purified flax, purified ramie and sulphite pulp (Yezo
spruce), respectivety. The above method was also applied for determining the crystallinity
of various rayons. Polynosic fiber, ordinary Viscose Rayon and H. T. Rayon were found
to have a crystallinity of 0.64, 0.51 and 0.56, respectivety.
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Fig. 7. Xeray diffractogram of cellulose I and cupper in mixed specimen.

Icen and Iy denote integral intensity of cellulose I and cupper

respectivety. The lower dotted line represents back-ground.
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Table 1. Spiral angle and Cellulose Intensity due to Skin-effect
in native cellulosic fibers.

Intensity (arbitrary unit) . .
Material Spiral angle ][Cell 1 (002)/Cu (lll)] (IntenSIty ratlo)
Upper surface | Inner surface A/B
. ) (B)
Purified ramie 8 3.50 1.63 2.14
Purified flax 10 4.10 2.40 1.71
Sulphite pulp . .
(Yeso Spruce) 15 238 1.97 1.21
Bleached cotton linter 26 2.58 2.37 1.09
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Fig. 11. Relation between spiral angle and Cellulose Intensity ratio
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due to Skin-effect in native cellulosic fibers.

WEMETE, WTFRICLTL 7w vAOFENRELSNALTLDEWETE S,

(=

119

)
Ff, IOAF VIIEE - OBRBEHE T TL, BB A Aok XiT k- TR
LYo, i, AROBEBEME-TT ey 25 ERILIC

Zrh, cRE7Try 2OKREEORLBZEMLBHIND,

3-2 FREREONE

BL /s
ZI T s

BLORPE S50 X h v v E2—0 k5 fofliiv#EERUR GBS 20 4) o

&

T3 =0k 5 ok ke
DRUCRENE CH A = &

LT my 70 a=0"~90° (Fig. 6 &) OUEIEC>LTo X rv— 2T, Hik
DAF VIHROICD, a=0" OMELFEMHER L D 0.5 mm PIBOUIEIHR A M7,

Bl & 2 XAREHTOL, flx X7 ¢ —22w T Fig  1212R3 X 51,

H a0l

e — A0 (101),



120 W B - FRIBRTE - L 10

(02)

5 20 %
26 (°:
Fig. 12. X-ray diffractgram of cut-out surface in ramie block.
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a) Bleached Cotton linter B> Sulphite pulp

Fig. 13. Half width of (002) interference in cut-out surface of a block.
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I{«)=Cell. I (002)/Cu (111). I{a)=Cell. 1{002)/Cu (111).
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I{a)=Cell. 1{002)/Cu (111). I{a)=Cell. 1(002)/Cu (111).
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Fig. 15¢c. A plot of I{a)sina as a function « Fig. 15d. A plot of I(a)sina as a function «a
for ramie. I(«)=Cell.1(002)/Cu (111). for sulphite pulp. I{a)=Cell.1(002)/
Cu (111).
Table 2. Crystallinity of native Cellulosic fibers. (arbitrary unit)
Material O T e of N Relative
atena So I{a)*sin a da J‘ ue o Crystallinity
Bleached cotton linter 0.87 10.93 1.00
Purified flax 0.83 10.43 0.95
Purified ramie 0.80 10.05 0.92
Sulphite pulp (Yeso spruce) 0.73 9.17 0.84

* J{a) -+ Cell. 1(002)/Cu (111).
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Fig. 18. A plot of I(a)sin a as a function a Fig. 19a. A plot of I{a) and a of Ploycot.
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Fig. 19b. A plot of /{a) and aZof Viscose rayon. Fig. 19c. A plot of I(a) and a of H. T. Rayon.
I {a)=Cell. (002)4(101)4-(101)/Cu (111) I{a): Cell. 11 (002)+(10T)+(101)/Cu (111)



126 PR - RIBIREE - RTEEAW 16

Pkl m = AT DU L, R — A L EBRC LTRSS B R E Lo,
wm— A Lo X HEFRE 002) & (101) FHAEMAEL T 50T, wir—ALOBHE
DX 5T (002) FHORCER L TTHMREY RS D DERETH D, L, (@ O,
£oum — A I o0 T, (002), (101), (101) Fkg ofn & LT 1 [Cell. 11(002)-+(101)+(101)/
Cu(11)] &£ L7:, Fig. 19a~ciZH Y2y b, ¥AzZ—AL—3 v, MAv—avoailkd
LI ofik 7 ry b LI, HELLe - ABHEIZ VT a=0"~90" © [(a) DfEOA LI

1.00 1.00
0.80 0.80
750 .60 750.60
= =
=0.407 = 0.40
Ik *
1 : do = 0.81 T :
0.20 L, T )Sim ol d 0.20l LI(DUSMp(dO(= 0.64
0 15 30 45 610 75 90 o 1‘5 .3'0 45 6‘0 7'5 90
®(°) A(°)
Fig. 20a. A plot of I{a)sine as a function @« Fig. 20b. A plot of I{a)sina as a function «
for Polycot. for Viscose rayon.
I{a)=Cell. I1 (002)+-{101)+(101)/Cu (111} I{a)=Cell. 11 (002)+(101)+(101)/Cu (111}
1.00
0.80F
=
3
w2
20.60}
0.40
T
Sol(e()smoz dy = 0.71
0.20
0 15 30 45 6o 75 90

K ()
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Table 3. Comparison of Crystallinity in native and regenerated
Cellulose fiber (arbitrary unit)

Value of ‘
. - Relative Crystallinity
Material 1 j;/zl( ysin ada |  Value of N (Bleachen cotton linter =1.00)
Polycot (polynosic fiber) 0.81%b 10.18 0.64
Viscose Rayon 0.64%1) 8.04 0.51
H. T. Rayon 0.71%D 9.92 0.56
Purified ramie 1.16%2 14.58 0,92*3)
Sulphite pulp 1.05%2) 13.15 0.83

U I{a): Cell. 11 (002)+{101)+{101)/Cu (111
%) I{a): Cell. 1{002)4(101)-(101)/Cu (111
*#3) 7. standard value of relative crystallinity
EAa—AL~—=2 051, @fjv—av 0560, c0BEOHEENEGITNDE THS 5,
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eI LML K-> T B EVORBCT > T B, L Lichh, oy <
— 0 X HEH R, TefERRominNy 525 L FE e, Hosemann (45454 T O
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