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INTRODUCTION
A wide variety of Polynosic fibres have been introduced into the industry

dnring the past decade. These fibres differ in production methods and show
different fibre structures and fibre performance. Polynosic fibres can be
roughly classified into two groups. The first group is "Polynosic" fibres in the
narrow sense, which has a high crystallinity and an advanced fibrillar struc-
ture. The second group is the so-called "high wet modulus (HWM)" fibres
with a slightly lower crystallinity. In general, Polynosic type fibres show
high wet modulus and high alkali resistance, and subsequently good dimen-
sional stability. On the contrary, however, such fibre tends to be brittle
due to its low elongation and low knot and loop tenacities. Consequently,
this lowers the processability in spinning and weaving, and the flex abrasion
resistance of the fabric becomes slightly reduced. It is true that a remarkable
improvement has been made in some recent products, but this kind of
problem still remains unsolved. Another drawback of the Polynosic type is
the fact that it easily fibrillates, i.e. when they are abraded in the wet state,
twig-like fibrils are formed on the fibre surface. This phenomenon is observed,
for example, during the dyeing process of the fabric, which not only results
in impairing the shade of the dyed fabrics, but also produces troubles in
wearing. Compared with the above-mentioned Polynosic type, the HWM
fibres generally show lower wet modulus and alkali resistance, and the
dimensional stability of the fabric becomes slightly lower. The HWM-type
fibre, however, exhibits lower brittleness and higher toughness and loop
tenacity. In addition, it may be characterized by being hard to fibrillate.
It has been found that a new fibre having the merits of both the Polynosic
and HWM types in one fibre can be developed. This new type of Polynosic
fibre is now in commercial production by Mitsubishi Rayon Co. under the
trade name of Hipolan S (formerly designated Hipolan X).

This paper presents the results concerning the relationship between fibre
structure and fibre properties with regard to various test Polynosie fibres
and analytical results on the fibre structures of commercial Hipolan S in
relation to fabric performance.

RELATION BETWEEN FIBRE STRUCTURE AND PROPERTIES
OF VARIOUS POLYNOSIC FIBRES

In general, the fibre structures of various viscose fibres depend on the
conditions of viscose, acid bath, stretching, regeneration and so forth. In the
case of ordinary rayon, in which an acid bath offering high coagulative and
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A. KAWAI, Y. KIMURA and M. KUBOTA

With Hipolan 5, the outer core-stainable region shows a higher level of
dye absorption, while the inner skin-stainable region shows a lower value.
With Polynosic A the whole structure is uniform except that there is a
very thin outer layer of a higher dye absorption.
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Figure 7. Radial-wise distribution of dye absorption

Figure 8. Radial-wise distribution of iodine absorption
Figure 9. Birefringence of peeled off specimens

Figure 8 presents the radial-wise iodine absorption distribution of Hipolan
S and Polynosic A. In Polynosic A a very thin outer layer of high iodine
absorption is also observed, while the inner layer shows relatively low and
uniform iodine absorption similar to the case with the dye absorption.
This very thin outer layer of high absorption power of dyestuff and iodine
would be equivalent to the so-called cuticle layer reported by Nakai5 in his
study of Shintoramomen.

On the other hand, Hipolan S shows a low iodine absorption in the outer
layer and a high absorption in the inner region. Judging from these facts,
the cuticle layer of Polynosic A is rather porous and relatively low crystalline
while the outer layer of Hipolan S is porous but highly crystalline. This
is one of the most outstanding characteristics of Hipolan S compared with
the other Polynosics. Figure 9 shows the birefringence of peeled-off specimens
of Hipolan S and Polynosic A.

It is clearly seen from Figure 9 that the molecular orientation of Hipolan
S is lower in the outer part of the fibre than in the inner part. In contrast to
this, Polynosic A shows a higher orientation in the outer layer. From these
observations, it has been ascertained that in Hipolan 5, the outer layer has a
higher degree of crystallinity and lower orientation than in the inner region.
In the case of Polynosic A, except for the cuticle layer the degree of crystal-
linity and orientation is nearly uniform. The improved brittleness and
fibrillation tendency and the higher wet modulus and alkali resistance of
Hipolan S are certainly based on this specific radial-wise structure. In
particular, the low orientation of Hipolan S in the outer layer contribute
to its high loop tenacity and hinder fibrillation of the fibre surface. In
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THE STRUCTURE AND CHARACTERISTICS OF POLYNOSIC FIBRES

contrast to Hipolan 5, HWM A has an outer layer which resembles the
skin of the ordinary rayon. The skin layer of the HWM fibre has no high
fibrillar structure and its toughness is higher than the core layer.

It is interesting to investigate the fibre-forming mechanism of Hipolan S.
The work is in progress in our laboratory. In this paper we would like to
point out only the resemblance between the outer layer of Hipolan S
and that of the viscose rayon when treated with a swelling agent as reported
by Yurugi6, Kato7 and others. So it is believed at present that the specific
radial-wise structure of Hipolan S is formed through a kind of swelling
effect during the course of the spinning process.

FABRIC PERFORMANCE OF HIPOLAN S
As can be expected from the mechanical properties of the fibre, Hipolan S

offers good processability during the spinning and the weaving, particularly
it has an advantage of processing the fine count yarn of good uniformity
and high strength. Table 5 shows typical values of the spun yarn properties of
Hipolan 5, Polynosic A and HWM A.

Table 5. Mechanical properties of spun yarn from Polynosic fibres

Hipolan S Polynosic A HWM A

Count (s) 60 60 GO

Lea strength (Ib) 52 44 48
Lea elongation (%) 59 50 64
Single yarn strength (g) 229 187 188
Single yarn elongation (%) 77 61 87
ljneveness

U percentage (%) 131 145 152

Figure 10 shows the distribution of twist resistance of spun yarns, an
indication of the number of twists to cause yarn break. This is a basic
measure required particularly for evaluating the suitability of yarn for
producing fabrics of high twisted yarn. In Figure 10,(A) is an example of
Hipolan S, and (B) an example of the completely skin-type Polynosic
fibre. It is clear that the higher twist resistance is available with Hipolan 5,
taking advantage of its non-brittle character.

(Al (B)
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Number of twist at yarn break ( TIM)

Figure JO. Distribution of twist resistance of spun yarns [(A), an example of 1-lipolan 5;
(B), an example of the completely skin type Polynosic fibre]

417



4J9
YV bP00UJTcL0Lb1fl ppi.iqou CIJ&L&CfGLI1TC2 °L qAcq L&PL!C

cxcui pX &qobuu bLobci. qAcTu. &uq llI2pTTJ coJJqTPoIJ2 pnc fJ112 MOfTJ
OGLAG &pqJon4c to & jcaaa cxccur nCp POHJG2 csu pc rAoTqGq fO 20WC
JOOJ( LSTPGL EAJJT1flJJ JU JJG CU% OJ EOJXUO2C V {jJC &mG bpGlromcuou T
CCOJJJC jpssA fLOfl cu UbbLccmpJc ppuJJUIJOU siq pc qA€q TJ?PL!C
b0JAUO!C jypLIC JJJ fJJG C&C O,JJJ.JJJA OLUfC boJXTTo2!C flJG pcpLTC 2U14&C€

' 2JIOM bpofomJcLourbp o pc jprn on conicq rnq qAGq

\&US \\ yNJGCJJ&UJC&J bLobcLfcc2 OL h0IXL10C 151PL1(2

flDLX MG1

BV 8V
(MSLb M!26 -I- ffua MUG)

p&11X aooq LG2T2f&UCG O qGX UpLU2JOTJ

llO?IC LJpLc ELOW fJfl ptpjc ! CAJcfGLTI II!b0J&11 .JAG 2Op2fUTJ-

GX&TIJJJ1G o Hft°J &uq (B) u cxsmbr o combjccjX a1crn-vXbcLoIX-
cjojp nOnLcq mGLCGLTGcf qAcq Uuq LG2JTJ JU \jrns j2 Un

'\\ 2}JOJA2 fJJG AULJ0FJ3 bLobcLic2 O & J IJGL CCIJf BOJAUO2TC pLoUg-

V KVMVf K }CIJtTIH{V 'J 1ff KflBOLV

ErGxua spLs2ou LG2iafguCG (M9Lb MUG + MUG)

(a

C

(U

C
Ci

-zC) BV
jGGLud efLGuafp



$18

UJCTJf OJ pLTjIfI0W
U!)LC 21TLFCC MfJIJC PC P!PlA oucutcq j,ojAuonc V 2JJOM2 rxnujccq qctc job-
00 ¶1IJq JJJJJ CLAEPJJJTJJ!fX HE $1 I CXpJpTI2 ACLA pujc LJPUII&POU OH T4JC

HE $J OftCLP 1U CxcLcmCJX ooq qAcspJjTQ JU 2bTC °u
r bupcnjnjA pigp TJj<HJT LC2T2PTHCC priG fO 112 P!P CLA2HJJTLTTfX LELIPCL

2JJOIAd }JC JJIJG 2fLIICfHLG Cp&LICfCLTacJCa 0J 1JJG2C TJpLG2 HE $1 I

LOIXHO2TC LC2
Q JJLOJDGLflGf suq wriJcq CLO GCf JOLT °L }Jp1X oLrczsrcq

joob fCUHCIfX
2 HE $11 scbbrccrirpjX pTp fcrncifX wJq riJOf1jfi2 &2 MGJJ ¶12 ¶1 pJJ
OTIVGL jIAGL HE $J I }fl2 ¶1 coLC-2cnJnpJc OFJfCL J&XCL 2TIJJTJHL fO HIB0JHU

PP HE $J J ¶JH ¶1 JJTJJJA OLTGTJIGLJ b0JU021C PPLC MJf}J ¶1 2jCJ1J2wLfffpJC
tpc jcrn-t&nrnq CL022-2GCITOH &uq mCc}rnlJTc&j bLobGLpc2

tpc qC2TH&fIOU HE 4T1
2OJJJC oj, IJJC LC2CIII2 EFLG uom pGrLr. CAHJfi$f1C on ¶1 hijo bjsu 2C&JC nuqcL

CjJTUTCfCLJ2fJC2

PCUCL E0JXU02!C bLObCLJTG2 flf 2f1Jf bLC2CLAi1Ji qic IJoIJ-pLiuJC Llou-JJpL!Jpf-
p&jsuccq E0JA0021C ppLC EHL[PCL MOLJC T2 in bLoLc22 O qc2in ¶1 LJJJLG MTIp

V2 mG11f01iCq 20 WL> H1b01&11 T2 coniTqcLcq O pc &n CXILCWCJA PACJJ-

LE1KLHEJ{ IIITEffOAEWEMJ2 1W HIbO1'Vt4 2

crnbJoXGq pGCrf12C OJ J12 UOIJ-ppL!JJ&fT1J bLobcLA
flJboJHu jL pOt/\GAGLL MTqC qAcrn irrrq orpci. bLocc22TthI conqif 1002 cm pc
LCLTLJrLC ACLA ibccjsj COLJAJ.OJ 1JJLOF1JJOT1f IJJC2C bLocC22c2' JO IjiC CHiC OJ

IHE 2lKflCIflKE VVLD CHVKVCIEKI2IIC2 OL EOFXAO2IC LIBffE2

2ciu—e(gueq CLO22 eecfrou

eoudgçiou flLJ6L Op ö\q fosq (\o)
jeugcqX M64 (d\q)

V&L fLGW&LJ M!JJ VOH
M6 erouös!ou nuq& op ö\q osq ()
Mf woqnfn2 g p\° &1ouösçiou (\o)
roob çeuciç? couq'nousq (ö\q)
uo( çeuciç? couqiçioueq (\q)

sroudspou (\°)
ouögiou couqifiou&q (o\°)
ec ;eucic?\(\q)
j6uscif couqifloueq (a\q)
D&u!SL

r1utL65eq
b0KUO2\C '

\-\ÜVct ouu



,Tso

v T-qp cLimb b01A11021C LJLG 12 E1J20 110/A GUJ qcAcjobcq on c bqot
rwbntmcut opi4r ccimb nc UJOLC CWCCtrAC jpc rwbcotin tJJC pLTC p&uq'
moqicnpou2 OJ & 4J3LG 21191 &2 IJIC LOL 0J £}JG CL022 2GCfT0IJ °T. 1JLC mq

11111CC lflhlC4iiLC O fJC lJpLC' J1 JJS2 pccii nuq tJJ& mothpojothc&j
it 2 qqpcnj to imbLotc t}JG yJpLJc p&nq UJGLGJA pA wc&m o moqqATu

11/ coJflIqcLIrçioIr
T11LJC2 11W 2tjJJ nOt nlt!2L&CIOLA CUO(J&4J to COIn tJJG cntiLc pcjq o&bbjrc&pojn
TJLG2 Miff bLotlqc GXCCfJCIJf IUI 111 pc f,11pLic2 P" 100 bcL cent boJAno2ic

LPC bLc2dnt hoJAno2!c TJpLc2 /ACU 112cq pjcuq /AIIJJ cottoll &nq 2AIJqJGt IC
p&j&nccq cpn&CteL ipicp &bbLo&cpe2 ipe qiLcctiou 0 &n iqc&j ijpLe
CtC b0J02P UPLC2 1J&ATU 2(191 11 2tLfICtIILC !JJ GXJJTPTt & inycq /ACJJ-
°L & compin&tron °L c0nq1rTon2—AJ2co2c &ciq pacjJ 2tLCtCJJ1JJ LCCHCL11J0IJ

ITCJJ & JJ}JLC 2tL(ICIJTLC C&IJ OIJJA pc 1u&Tucq tJJL0HJJ C&LCjJIJ 2CjCCtJOn
JIJJICLGJJt fO & HtAVii!PLc'
IJJ!2 CjjCCt b0JA1102fC LC2 C&U pc Opt&JJJGq IAJJICp JJ&AG A&LJ0O2 &q/i11LJt&c2
tJJITt °t 2fftJA J0MGL 0L!cIJt&tTon &nq & JO/A TJPLUI&L 2tlfJCtflLG BA &CpJCAJIJ
bo22c22G2 JJ1.JJ 0LTGIJtW0IJ JJJgJJ CLA2t&JJTUTtX &nq & JJTJJ JJpLTJJ&L 2tLHCt(ILC to

Q7DLC2 C&JJ JDC TUJbLOACcJ pA couAcLTn pie OI1tGL j&ACL o pie JLC /ApJCJJ
2 qc2CLTpcq 20 J1L piG pLTftJcIJc22 &nq JTJPLIJJ&tTOH bLobcLtJc2 01. b01A1102rC

COL4CFU2JOt42

XSS\1 s 2ILOCIflL&I CJJ&LIICICL!2OC1 °L P!PIA OLICIJICq b0IA002IC PPLC2

2A1HCtIILC MJJJCJJ &bbcoxmj&tc2 pi&t 0J HJb0J&11 2
moqnjn CLA2c&JJTTJJtA &uq OL1GUt&tT01J 11W p&cq riboH pie L&qT&J-M12C 2bcci&f
&pjitA LG2I2WIJCG to JJPLTJJ&tTOU 0f HE tI I 111 2bTtc 01. !t2 P!P tcu&citA

It 12 &22u11JJC &t biccnt tp&t 2FJCJJ LC&t11LC2 112 nou-pLJtqcuc22 ooq qAc-

V VVMVt K VINflJ{V &iq T KflPOLV

Mf 4iLiflSiOU C5L5CSLiflC2

V1t<f! W!piflOiJ !U 8 .\° 'l0H (\0)

oe&ee O qAeud (\°

M5(GL L6&UflQU (0y)

V40!2cflLG Le2!U \°)

DGdLGG O& cLAa4srriuiA x—LSX ws(poq)(0\') 20

oedLes O oiJSLJ;4JOu X—Lfl wetpoq) (,\)

osaLse o bor?weLis3pou 20- - ______________

-b @v('



4I

K K° V? \5L \uc \(V\\W IT 0�8 (1828)
o I A"! V L\ C%\\\O% X\ J5 89 (1829)

w°r°r w cv ase ioa (828)
ori" 3 1-f'-' &nq y p/&wJJffpc ww (1823)

H tpcq \%Qcr £U CW\°' \S( \*fll j e (1029)
112 (11Tb1CfC IuqnofLnI 2&11C1SL4Y F 1012

r K K0 XY$A W' 'V S' 803 (J82)
ffCGLGUCG

\\\\1\ t2UL3WL
co2Q* ctsc\ csos ccs co u LU itvf)crnsci \91. scith

S1\S1k2 12flfl\1 3 \\S'1fl1 )Jc1,&' 3j (3V\S \9o. \Sfl 2t2cflscc fl12

1!01J2 Oj fJJG uJoLbpoJoTc1Jj fLHCfF1LG OJ 1}JG llpLG'
IIJIJCL 2fLnCfnLc uq 121J20 12fl cxbsuqrn cpc cuq-n2c pcjq pA pupc moqipci-
uq 1ACSTL bLocc22c 2flcp n bcirnucuç bLc22 fLcEtfwGwP pA uJoqJA!u& ij
/AiJJ pc imrnq 12ff qcAcJobnJ ppLc WOLG 2n1wpJc LOL & p1gp qcLcG O4 M&2p

JJJ COIICJfl2IOIP OfIL qTLccfJou °L IJIVIJLC TTJJbLOAGIIJGIJf2 1111 LOJAUO2TC LGf

\aVctkc fl' h110f0IFLOLtb1J2 O1 fJJ}J CL!UJb L01AU02!C LIPLC

fJJGLC 12 121 qifflIJCf CoLc-2n111&pJc J&XCL OfIf2rqG fjJG 2JITU b&Lf o fJJC LJpLc
2fL1TCf11LG I7JJG L&ql&J-m12c 2fLflCfFILC 122 2!DJJJ&L 120 f}J&f °L }I!b0J&U rc
pipjA cLTuJbcq h0IA110C T P TJ0fG fp&f iu Jfl2 2bccrpc pcccLocuGon2

y 2JJC)M2 fJJG 21&TLJG€J CL022 2GCfJOJJ &IJq jouRTfrrqJu&j AIGM oT fpi
121 JJ1JJ 0L P'Jr
LOLLJJ LOL /AOACU L&PLTC2 &JJq JCTJJffcq o0q2 pLI1J2 &0ftf & COffOJJ-JJJCC JJ&JJ &JJIJ
bj&nf 2f&G' JJJJ2 LTCMJA qcAcjobcq EoJAuo2ic TJpLG Mpcu ri2cq rn bcL ccuf

11-IF 21KflC1f11{F VIAD GHVKVCIE'K1211C2 OF. EOFAMO2IC EIIIKF2

21<IU —2rsfueq

3fglusq CL022 0Ud140qU3( AISM




