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A B E2AHY EAE AHEE A LA B d efel 2ASMA vlm dE ), o]
A 22 2 A~ /NHy/NH,SCNAl ol 4] A= HAL nematic?} cholesterice] F71A 48 Jelw o,
nematic 422 & LALE HHE cholesteric’d o 2 FE| HHALE A fol vldlA AHlioiMe B
A4 vjgko] S on, BHY FxI7F F ddE o] 913, 743 (moedulus)E Y53 %o}, Nematic
£ Ag dryjet wet WALSt] A2 H{9 29 FE A AE2e s A2 ¢deld v Forti-
son® 8o B4 B2t Nematic S0z HE Az8 Wge 2o o Bor Emsy
on g%l 542 A% Cellophane® s 1= atg .

Abstract : Fibers and films were formed from mesophase solutions of cellslose in the ammonia/am-
monium thiocyanate solvent. The physical properties of the fibers and films were discussed on the
basis of the properties of the mesophase solutions used. Cholesteric and nematic solutions were for-
med in the solutions. Fibers were extruded from the both kinds of solutions. The fibers from the
nematic solutions were more highly oriented, more fibrillar in texture and apparently stiffer than
those from the cholesteric solutions. The fibers spun in the technique of dry-jet wet by using the
nematic solution had moduli comparable to those of Fortisan®. The films made from these mesophase
solutions had good appearance and strength which were comparable with those of commercial Cello-

phane®.
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Table 1. Characteristics of Cellulose Samples Investi-
gated

Determination
Method of DP

ASTM method
(Designation,
D1795-62)

Sample Supplier DP

A Whatman Chemical 210
Ltd.(cellulose
powder, CC41,
microgranular

grade)

B ITT Rayonier 765 *Calculated from
(Cellunier Q sedimentation
Sulfite pulp) coefficient of a

nitrated sample

* Determined by supplier

AARE gA49 AL 70~80% (w/w) NH,SCN
(0.33~0.47 mole%) °]led, o] Cuculog}
Hudson’oj] ¢J3le] grsjz HE2Q 29 H& &3
=& YJehie &40 2otk BE HAERAE
86T Z1-gol| A 4A|2t F9F 23k AHE-EAch. NH
SCN9 FE HF8A (Y3 e NH-SCN &
%)o] NH,SCN& da# v H7HAA &A1z
2 233

AZ2Z o2 $A9 A=

ANE ofe] AEZ oA JAEE FHAA
NH,/NH,SCN &9} g7 £33t thd 4522
Ruke 7FAFA BAHA7]7] 918t Vortex Genie
wut7) 2 (Fisher Sci. Co,) EHAIA £k, 1 9
A8 BB £ 240] WA drE £
2 %3lo] dry-iceol A 24A17F Wx§ oh 25°(50
T A &) Z2E AEA Aelsle] gt
o] gole WP FAu|RAL AME3te] $HF BAHE
gtol gl the, ThA] dry-iced| A A glsled 25.0£0.1
Toll Al A ok, o] B BE AlR7F ol e
Z27Ag ZEZ 37 93 Zojoh, RE dE2
%55 (g8 292/100mLe] NH;-NH,SCN &
A2 AR deo mat o] ARG &8-S
#u| 7 Agjol=d]| 31 Olympus Model BHSP
H 7o g #A#st.
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QA= 4HIEEE 3] A3t Pt 3
t}, o)A Ate] 82 du Pont Sorval Model RC-
o] 25,0+ 0.5Ce A 15, 000rpm(RCF=
6,890) 0.2 94 Ee3ch. Eed odaNS
To8 el 7hedkch. &4 HAARI (VO E
ZA3t7] Y5t A4 FElst7] Mol d4E e FE
o EAlEEch A4 Bes oS SR2 (T4 &
) Eas) W, EAHAE 274 &3] &4
E A g 1 &A & FHe THA &Y
o] Ral(V, )& stgch o|dtAd g8 Bu(V, i)
9} odbA] gollo] B8d= thao TAA 93t
A= Aok

O

Vaniso™ Vi~ Viso i (1.a)
— Vaniso .
o= V. (1.b)
L) A

£ 219 A} 7| (Bradford Univ. Research Ltd., 6
hole spinneret, 0.23mm hole diameter)& A}-838}
of &4 WAL ALY 2.5cm 9] air-gapS Tl dry-jet
wet WA AFEE 23 (coagulant) & wE
dFolArt.

Agzex 4o Az

20% Ag2x §A(LAZE4Y NHy/NH,SCN,
24.5/75.5)& frEldel Fojx Rz Loy
B2s FHAAY. felwe] P webA Scotch®
TapeE £4A BE9 FAE =4 o] &
g vid 2Fo) 158 T B7H S2A7 o
P o] 2A8 RE NH,SCNS AAs7] 93t
Z2E oA 308 5 AN 49 HES #
g Foll A wojulo] AL o] Eof 1% 177 s (D
27142 (2) 70T 308 HEX EL (3) 10%
glycerol €& golol] A)ste] F7|FAM A%
st Tt

Ao 7N1AA AR

o147 % 2 27) modulust Model TT-BQ1AA
712 A8l ARAEE 2,54cm/min., gauge &
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o] 2.54cmoll A EF3l. o) AL 25C FuiF
T 65%0°llA4 st M),

SEMe] &3

A ArdeA AWd dEzex HAF 28
S 97 A)A gold-palladium 3FFo2 FHE v}
ISI-40 SEM& o]&3ale] AR #Yshct.

52 54

"9 &< (moisture regain)-2 Karl-Fisher ¥
W(ASTM D 1384-61) 0.2 ZA3ct. Do u)
& Iz g AHgate CCly-Toluene &Y
ol A} ASTM D 1505-68 o] ojate] 2334
ch

Az 2 2%

AgZgz 2 AA G AAF

NH,/NH,SCN &A4o] 12, 14, 16%°] AE2Q
2 405 NH,9} NH,SCNe] &49] 248 w34
A A4 dAv|Qog AAF A7 2rhA & 2F
dele] #AHUL o] HYHEL cholesteric,
nematic, conjugated 508 A Hol] 21 Ao} 8
NH,/NH,SCN &#o} NH,SCN9} Fx=7} Z7Hg
of wat o3 2 syl #FHATh Finger-
print #{ElolX RE BFHo] ddsid £3Xd€
nematic| 91 E&) Aol A7 2} nematic 3
Bo] §7) Yehte conjugated HEIF O 2 W3
t}. o] fingerprint &1 cholesteric &2] 54
o)1 FdstA E¥d 223 HHE nematic 84
o] EAeg #Y5ch o] nematic’d-2 75.5% 2
NH,SCNg =31 gl §4dM 8o AZF ¥
B 23 FoF EA%), AE29~9 FEE UL
Z7M A 18%74A ®oll whebr o] nematich2
conjugated MEL HABAA cholesteric §4&
e 7] Azslgith, AE2 02 ool Hk(tur-
bidity) HA] 24.5/75.58] ZA o 2HE] 249 o]
7} 2718 & FtHe o2 Jehgok(Fig. D).
A A 7ke) Zrll % 75.5% ¢] NH,SCNE& 2 §s)
I PE gde o 24 3 e &4 i3
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Fig. 1. Turbidity dependence of cellulose solution on
solvent composition ; 30/70(a), 28/72(b), 26/74(c),
25/75(d), 24.5/75.5(e), 24/76(f), 23/77(g), 22/78
(h) ; cellulose concentration, 12g/100ml ; DP 210,
storage time at 25T 20days.
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Fig. 2. Ternary phase diagram for the liquid crystal-
line solutions of cellulose in the NH,/NH,SCN sol-
vent, cellulose DP 210.
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E2Z22/NHyNH,SCNAME Aol NH,
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AEZQ A A RANA HEZ 0 2 E219] vid)
dol At ARl B EA vXe A4S
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Table 2. The Effects of Solvent Composition on Fiber Properties

C, . Tenacity Modulus Birefringence
NH;/NH,SCN DP (g/100ml) Denier (g/d) (g/d) rank
29.3/70.7 210 16 98 0.56 224 low
25.0/75.0 210 16 110 0.98 440 high

Table 3. Comparison Between Cellulose Fibers Spun
from Nematic Solution and Fortisan®

Fiber Sources
Characteristics NH,/NH,SCN

(45755  Fortisan™™
DP 765
Spinning Method dj-ws*
Denier, d/f 8.6
Tenacity
dry, g/d 2.98-341** 6-8
wet, % of dry 73 75-85
Elongation, dry, % 8
Elongation, wet, % 9
Initial Modulus g/d 149**-167 170-250

*dry jet-wet spun
** C. K. Liu, J. J. Cho, J. A. Cuculo, unpublished data.

Fig. 3. Polarizing microscopical comparison between

‘Zi cq] z)ﬂ

°3]A
the two fibers from the two different solvent compo- - wo 4m #AHlight extinc-
J 13

22E wbE e
sitions 25.0/75.0(left), 29.3/70.7(right) : cellulose co- i
ncentration 16g/100ml, DP 210, b, rotated 45° from a. tion)o] 9 24 AZRE WAH i olE
ol Yok e Aoz RE W H(Fig.
5% dAlglo] 493 ¥ HEEE et o] 3.
&AL PBA/DMAC/LIiCl 9§ whalel cfdto] K DP7} 2 M2z 9~ (d, DP765: 14%) & o| &3t
18 43 fArstgnh ! dggBaM sty o dry-jet &21MAE 3o Table 304 WAME 4
Az M2z~ AeE AR Al EA7L 59 EA3 modulus7} 21 7 A AEZQ
e Axz 7Ytk 2 Hg2 223 Fortisan®#? vasdch o] %
ZAENE AR AR ¥R BeH 4L 7] AF SANA e AR AR 32X R}
ZABREE BALE AdE g zF o]k o] 4 Xk, modulus 167g/d 2 Fortisan® ¢} modulusol]
XS Table 20 v UYF3tdch. 2= modu- Hqasta glom ofRe AR & widd Ag
lusE nematicS UEhlE Ao zRE WAk 201 Bz gEgoz F3Ech Ax FusHA A
67} cholesteric . 25 E WALE A {9 23E o5 A B8 A HAlE MR 5407 i
ol v)sted 2ujol 7hgitt, EF ZABREE AR o %2 modulust Z7Hd ZEE ¥€g F Uve
Haodle Agzos waps) Afe dol Mo  shsAe BAOVIE shth dFU AF 8%AMe

o) wigkwy} 2 Aoz yehyteh, oj2fdh AMEE A 167g/del= moduluse as-spun PBA 4-f-¢] modu-
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Fig. 4. Fracture surface of film edge : <, shear direc-
tion ; cellulose DP 210.
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Table 4. Infrared Crystallinity Index(al372cm'/a2900cm?) and Moisture Regain Measured for Various

Types of Cellulose Materials

Cellulose Source In ;:&zigﬁzzi;y—?zlzlﬁzm—l) R:g:illit(u%%* References
Cotton 0.62 7-8 6
Mercerized Cotton 0.54-0.58 — 19
Pulp 0.49 - 6
Viscose Fiber 041 13 6
Protofiber 0.18 - 6
Cellulose/NH3;/NH.SCN Fiber 0.44 - 6
(spun from isotropic solution)

Cellophane® (du Pont made) 0.23 7-8
Cellulose/NH3s/NH,SCN Film 0.50 7-8

(cast from liquid crystalline
solution) **

* Tested at 22C and 65% relative humidity

** Solvent composition 25.0/75.0 : Cellulose concentration, 20g/100ml : DP, 210

Table 5. Physical Properties of Cellulose Films Casted from Solutions* . Solvent Composition, 25.0/75.0 ;

Cellulose Concentration, 20g/100m! : DP, 210

Films from Anisotropic
Cellulose/NH;/NH,SCN

Parallel to the Normal to the Cellophane®
Shearing Dir. Shearing Dir. from duPont
Air dry Oven dry** Air dry Oven dry**
Elongation( %) 7-8 7-8 5-6 5-6 17-21
Tensile Strength 11-12 13-14 95-10 11-12 12-14
(psi) X 10°
Elastic Modulus 6.5-7 7-8 5.5-6 6-6.5 5-6
(psi) X 10°
Tear Strength, g/mil 5-6 5-6 5-6 5-6 5-6
Density(23C), g/ml 1.484 1.495

* Tested at 22C and 65% relative humidity
** Dried at 70C for 30 minutes.

100
80

Transmission( % )

20 v '
. 2900 1372
4000 3000 2000 1600 1200 800

Wavenumber(cm)

Fig. 5. Infrared spectra of the retreived cellulose film,
cellulose DP 210.
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Table 5= 4529 ~/NH,/NH,SCN gg8o
2 %E wedzl 45y JEstd 959 A v
Fo|t}, Moduluss} Z=7} ¥)$:3F Aoz Hol o
84% B23 Cellophane® o] o174 42
Aeg Her. a8y s4d g9 3d S0l
5~8%2] Aol H#iA Cellophane® e 17~21% %
veldich, ol g zleoje HEZQ A AFYRAoR
Be P4 FEo] & AN & Z7 HE
o] A1} &2 thx Cellophane® o] 7hA2 A} A S

e FALS
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\iol-

4 &

Nematic8&94(25.0/75.0, NHy/NH,SCN)°o. 2 ¥
B ALY A§9 7% 2 moduluse cholesteric
£91(29,3/70.7) 2.2 HWALE Aol H&l 26 =
Ax, A& WA 4z e s Bape] e &
Ro g Jeisth o] wigx Zoje FAllA 4
2202 Expo] gy 33 EATANA 7IAH=
Aoy FZHr), Exgo] & AERQAE o83}
o] nematic £98-& A& WAL, modulus?} For-
tisan®o] ¥]%F HAE Qe RS KUt
ol MEE o~ Falo & uigdkd 7|U% 3o
Holt), dEs2ex dgdor B P JE
& #H7tAlel #Hvbglol Zxol A Cellophane®=} w]
%3 Frolt), 714 fdA 58 ol&IMA 7HE
sln dxlg] b Bt ulhE e B8 540 o
ojd Aoz 7jhEch
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