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Abstract: To develop flame retardant fibers, poly(acrylonitrile-co-vinylidene chloride) (PANVDC) copolymers of various
compositions were polymerized by aqueous suspension polymerization using a redox initiator and their fibers were wet-
spun. The polymerization conversions of PANVDC copolymers were higher than 79.7% and their weight-average molec-
ular weights were higher than 150000 g/mol. The composition analysis of the PANVDC copolymers using 'H NMR spec-
troscopy and combustion ion chromatography was suggested, and the monomer composition ratio determined in the
PANVDC copolymers was similar to the molar feed ratio of monomers. The PANVDC copolymers had self-extin-
guishing properties and therefore had better flame retardant properties than poly(acrylonitrile-co-vinyl chloride). PAN-
VDC fibers were wet-spun using dimethyl sulfoxide (DMSO) as a spinning solvent and DMSO/water (50/50 w/w) as
a coagulating solution. PANVDC (AN/VDC=7/3 mol/mol) fiber exhibited commercial grade tensile strength, but PAN-
VDC (AN/VDC=6/4 mol/mol) and PANVDC (AN/VDC=5/5 mol/mol) fibers showed very low tensile strength due to
the internal pores generated during coagulation process.

Keywords: poly(acrylonitrile-co-vinylidene chloride), flame retardant, suspension polymerization, wet spinning process.
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Figure 1. High pressure reactor system used in this study.

>98.0%), sodium bisulfite(SBS, Sigma-Aldrich, anhydrous),
iron(Il) sulfate heptahydrate(FeSO,-7H,O, Sigma-Aldrich,
>99.0%), sulfuric acid(OCI, 95%), DMSO(Samchun, 99.9%)
= TYg R AABEA] AL ARSSISITE Hlal 3l T
A2 AFE-gF poly(acrylonitrile-co-vinyl chloride) (PANVC)
= AN# vinyl chloride(VC)e] 24 2817} 5:501 A8
A ool
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591 3 Ak 03 mLE Yo pHE 1.8-2.02.% %331 AN
11.3 mLe} 37 a9kg7lell Yol REE7|E Ba ekt o]
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3led 025 mL/mine] £E2 6A17k] Ax & T8}
o, FAl AN 124.64 mLe} VDC 65.16 mLS 41
AS T AL £ gelog vt 3AE HIE o] f6h
0.79 mL/min®] £E2 4A170ol] AA A4 T3t %
Hhg § dojxl dei S A3t &, 22 23], veEE 33
AIFBIAL 60 °C g EolA 147 AZxsle] 29t FH|Q
FEg A} 535 AEHE-(conversion)yS AZE PANVDC
G o] FAE A3l ALFeldiT.
SABAL Figure 2= £ AFolA AH8-3 PANVCS}
PANVDC Al-f-9] 2 374 ¢] B4 Eolth. PANVCH
PANVDCE 29 wt%2] =2 50 °Collx] DMSO0l| £3] &

oo o oo Kl

4,
£ o 2

O

O

ol

ol
nnﬁn

v

%



HAd PANVDC 358419 =3¢

Coagulation bath

Washing bath

L=V ]
=N

WAl VDC o] 9% 1079

Heat drawing bath

~
® © @ ®

DMSO:H,0=5:5
60°C

H,0,75°C

Figure 2. Wet spinning system used for PANVDC copolymers.
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slo] HkS-Z7]9 G- E VDC FYYHETF 20 mLE © 2L
uk-S7)ol st th AN VDCe] THEkA] uk-g-Adh]
(monomer reactivity ratioy= =% 60 °CollX r(AN)=0.91,
r(VDC)=0.372, 2% 32 °ColME 1(AN)=0.59, r,(VDC)
=0.39= HirE]o] QIth. B o] ZEL T whEA ] ISl
M Y TR A& FRETRE thE g eke] &
ghol #AlshH, ANe] vDCel Hlste] T ©aA|e] i<
e gEo] AN wre g rjgitt F, AN VDC
E Bl FYsk] TS A ANe| WA SAIEH
o] H kg AR HkSEA] @& VDOF 94 &
3t PANVDC Aks Wil 7F o] ©@hele] E&3 232
7b A5k A ok w2 Aol ol T
A WA E st W 2719 Iuks7]o] VDCE
ANHETE 202 15480 I T4t o, Uz FY o
o] ANZ VDC &A= w2 Egtsie] 28t vAE P=s
o] g3to] WHAIZF Bt 9 2 FEsiTh 2y 4
A2 77 dEgFFHE o185 FA L TN 7 &
FAZL Eoll ek 5| W 7 A o] wkSAH|E o
=3 59 U] T whele] Bt o =9} 2jo) 7t
A7 7 Ak VvDCo| £ tigt §3l=E 16-90 °C] 2%
Mo Aol AAEA 025 wi%E 1l-¢- W& Holm,| AN
o] Eoll st g3llm= A2ellA 74 wikolH =7t S8t
o webr] S Frlehs AoE dEA UTh mEx] AN
7 VDC| A FEST Fol AN 74 wt% HE7) A
AR Eoll F2 FHE o] M= VDCE AN 3-8
o] 9lo] Yo 2 k)] A& (monomer dropletyS ©]F
o] Tol FAsiAl Hrt.

Table 1> 533 PANVDCY] T3 H8Ha3) Bl B4
AFE BTl Qlrt. oiekst 249 PANVDC] T35 ¢
sl AN VDCO| HEFY EHIE 7/3, 6/4, 5/59] vl &=
2dste] Fgaten, ojuf 4ozl PANVDCE PANVDC
(7/3), PANVDC(6/4), PANVDC(5/5)% Z+7} °FA & th.
PANVDC(7/3), PANVDC(6/4), PANVDC(5/5)2] 3% H%ke-
2 77} 848, 79.7, 848%= A H o Z =& 3 &S
B3t SE PANVDC 353AH 9] A £ @A
o] n] gl o|FEsE HIRS Holx] edgron ol FETH)
1 493 PANVC A9 T3 +t A1 ~180000 g/
molZ FARIAY 25 w2 Welol SUith ol =g A
Zpe] BExlek BAE (polydispersity index, PDIye 3l

Table 1. Polymerization Results of PANVDC Copolymers
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Figure 3. '"H NMR spectra of PANVDC copolymers.
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33 PANVDC 358A1 2] 242! =43 C-
ICE o]&3le] ZAA3IATh Figure 32 553 PANVDCS]
'H NMR &F|E3 0 24 PAN3} PVDC ©H=ZgHA o4
ERE ¥3 o]9olle F55tel Qs AR & vAE°] YE}
54 th. PANVDC 35 @A 94 AN ©¢1¢] WEal(-CHy)
2 ¥FE PAN @553 ¢ YER}E 1.9-2.44 ppm )
2)¢] v]=9} ol it} vre H(downfield) -2 3}t o] FE
2.60~2.87 ppm 91x]¢] HAZ TGl om, VDC @< 1
gl 4 13+ PVDC DEE A4 YERl= 3.52~4.05
ppm $1X|9] =9} o]HT} =& A(upfield o2 5}3H4] o) 5
H 2.87~3.05 ppm $1X]¢] v=E I}, o3t ¥ =)
0] AN ©9]9] Yo]EZ(-CN) 2H4-7]Ht} VDC ©H$2
s 9Ate) A 93l Bt B 2] wjrelt). o]
st Wedl S vlae) WAS AR5 PANVDC 35
FA o) 20 E AT B CIC 4] A= 7}

Sample Feed ratio Conversion M, M, PDI
AN/VDC (mol/mol) (%) (g/mol) (g/mol)

PANVDC(7/3) 70/30 84.8 79900 183500 2.29

PANVDC(6/4) 60/40 79.7 58600 152600 2.60

PANVDC(5/5) 50/50 84.0 63000 150700 2.39
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Table 2. Composition Analysis of PANVDC Copolymers Using
'H NMR and C-IC

AN/VDC (mol/mol)

Sample
'H NMR C-IC
PANVDC(7/3) 70.0/30.0 70.1/29.9
PANVDC(6/4) 57.0/43.0 62.2/37.8
PANVDC(5/5) 48.7/51.3 50.2/49.8

PANVDC F5gAollA ShS 2 (1)l st
of 7} FAL] 23S AT

Mc % fypex2
Man*fantMype*fype

=44 CI¢]

R

Chlorine content (wt%) =

100 (1)

A7VA, M HA0] A, Mo fe 2H2F AN®| 24}
F ZE, Munc®t finee 27 VDCO| Ak EES
UERATE Table 2= 7 #ATHE o|83te] A% ¢t PANVDC
TEHAY 2AES AET Aotk F BAMOE AAs
PANVDC F5Ae] 240 fAkste] E419] Al=dS g
e 4= I o™, PANVDC 3-5A] o] gl 240
Het o] =H19f FARsle] oxgh 2de] PANVDC
o] F39tol 7FsES YU

PANVDC FF3Ae] 4 ders3te] S48 Aun
7] 9lste] AN3} VDCE 7/3¢] &H] 2 Y3l 2,2 azobis(4-
methoxy-2,4-dimethylvaleronitrile)(V-70)2 7NAJAIZ ©]8-5
30°ColA B S AAEAT AR 203 Fofl B
A FHAE] YR AR e, o] MHES et
TAFS B A9 T W EACE ~62000 g/mol
(PDI=2.82)°]4 T} o= W& B2l PANVDC 353A=
AN} VDC w44 QbollA] galjd Jei= S5l 2 2l
qE T Adoke AL onisitt & AfoA] ARES ElE2
MAARE 784 TIAAIR AR o R Bl H& ANS| 59
< A =M sk S3A= S84 Aol = <lst
o] EolA IS FAsAY TR HH o= o]F et
Fol A% Y= E ASE FHET B Table 19 4
g9 A FEES PANVDC 35849 =& a3 o
HohH TR A QoA o] APE Fol= FFol
Ad F8E Aoz ddEd, v Zge S5t 7] 9]
&= 215t PANVDC(7/3)2] 44 e Al7tel ueth
A A3YsPaA F3HE PANVDC(7/3)8] 24 H3lE 3325}
AT} Figure 4= 'H NMR 418 53l 243 T A%t
of W& PANVDC(7/3)°] 24°] Wsls BAFI Ut} 5
3 2AZWHK = PANVDC(7/3) 3582 ARE QtollA] AN
A ©9)9] ko] 75% HE =AIRE 3A7F olF2= 70%
2 o]&HQl £ =¥]e} A Yehsit). o= £ AolA
o]-§-3F TA T 27 E ANe| ok A A EHA

RIS

F g il VDC gke] gk 1081
100
—0O—VDC unit
< 80
= —e
E Te—o— %
= 60 -
=
=
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£
g or-o/o °~~o—o0
s 20-
0 ) ) L] I ) L]

Reaction time (h)

Figure 4. Change of composition of PANVDC(7/3) with polymer-
ization time.
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Figure 5. TGA curves of PANVDC copolymers.

ool FosAl =L o] % 2A17F o] Fol= VDCE] 3
L7t Eobdq VDCE] S8l H Al dojvke Zle=E
T o]t A2 e TEA Y] vkANE s &
g o] AEEAS Sl o Ao Y3 T w9
o] 253} W) &3 B¥ 2 z2H= PANVDC 3532
FHol 7FsEE & 7 AUUTh

HXMEM. Figure 5= PANVCS} PANVDCS] TGA #4172
= HoF Jtd. PANVDC(7/3), PANVDC(6/4), PANVDC
(5/5)%] 1 wt% &3ll-2%=+= 22t 212.5, 206.3, 206.0 °Co] ™,
PANVCE] 79+ olHt} of7k =& 214.5°CE A = Th
Fleming 5" PANS| GE3)= 22AI2 dojip 3 HA|
sl 260 °CoAlA Al&Fste] 300 °C7FA] oF 10 wt%e] 2
27} Lojdtly Bsiith. ulebd PANVCSF PANVDC
9] 210°C 2A oA 9] el A& AN A= &gt
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Figure 6. Vertical burning test of PANVDC films.

Table 3. Results of the Vertical Burning Test

Sample lst burning 2r}d burning Toj[al burning
time (sec) time (sec) time (sec)
PANVC(5/5)  18.36(x£7.57)° - -
PANVDC(7/3)  2.30(x0.69) 2.63(x0.94) 4.93
PANVDC(6/4)  1.50(x0.36) 0.70(x0.61) 2.20
PANVDC(5/5)  1.17(=0.24) 0.37(x0.64) 1.54

“Complete combustion.

Ze opd Aoz A7tE 4= Qi) o] g el A& &
42738} ¥k3-(dehydrohalogenation)ol] 2]+ HCI2] A4
of &gk Zlo R Be Zlo] Eldsl™ PANVDCS PANVC &
A W] dae] ekt 23l Aol Aok Figure
50ke] AFQl Z1¥-& PANVCS} PANVDCS] g4 shafat A
HA| T Zadw)e] JAE e 202 wd 35
A AR We] Aae] el mEbA] YAFHRL vl Aol
Aeg HAFIAL QU

LI EM. PANVCS} PANVDCS] Wl EA1S UL 94
7ol webd H7skthFigure 6). 2 F5EA L) 3%
7HES B T EFo] A= AIZHe 2743 43S Table
30l skt PANVCE] 75 12+ 13} $o 1836% &
Qrell ¢bd A= o] 23 Hal AFS AP T 5 AT
PANVDC?] A5 A& AL A7ko] e 2] 23MdS B
o] PANVC KU} Wl 540 & 933t olfst 2
FH2ZHE Ga9] o] Wl B9 AR A IS slar
WS I3

PANVDCO| SAdA} dRbd oz muade SAWUAL &
AE Fsted ARF=E Az Y-8 PANVC st
PANVDCE= M= Heh A& 7HA A 3l
29 wt% F== DMSOe] =591 84S Aoz 71

©
ofy
el

Za), A428 A6z, 2018

AN FAHARE AAEHT 2 ALEAke] DMSO®]
gt 83l== PANVCZ} 78 731, PANVDC?] 735
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Figure 7. SEM images of (a) PANVC; (b) PANVDC(7/3); (c) PAN-
VDC(6/4); (d) PANVDC(5/5) wet-spun fibers.
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Table 4. Mechanical Properties of PANVC and PANVDC
Fibers

Fineness (den)

Elongation Tenacity

Sample
e oot o
PANVC - 3.89 14.65 2.36
PANVDC(7/3) 21.83 4.21 7.55 2.26
PANVDC(6/4) 20.56 4.97 8.23 1.43
PANVDC(5/5) 19.58 223 6.75 1.03

Figure 8. 2D WAXD images of (a) PANVC; (b) PANVDC(7/3); (c)
PANVDC(6/4); (d) PANVDC(5/5) drawn fibers.
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