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Study on preparation process of high molecular weight PAN initiated

by water-soluble azo salt
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Abstract With acrylonitrile/acrylamide/itaconic acid ( AN/AM/IA) as reaction monomers, according to the
orthogonal design experiments, polyacrylonitrile (PAN) terpolymers with different polymerization conversions and
average molecular weights were successfully synthesized using the water-soluble azo-salt (R,R -azo diisobutyramidine
dihydrochloride: V50) as initiator through mixed-solvent precipitation method. The experiment results showed that
reaction time and reaction temperature were the most significant factors influencing the polymerization conversion and
the average molecular weight,respectively. Combined with the influence significance of different reaction factors,it was
shown from confirmatory experiments that the PAN terpolymers with high conversion and high molecular weight could
be prepared by improving the polymerization process conditions obtained from the orthogonal experiments. In the
fourier transform infrared spectrum of PAN products,stronger absorption peaks of nitrile group (C=N) and carbonyl
group (C=0) with different wave numbers can testify that AN/AM/IA monomers was copolymerized during the
reaction process.
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N M1/ % [AM]/% [vsol/% [H01/% T/C t/h y/% M,/ X10"
1 17 1 0.4 30 55 1.5 72.78 69.91
2 17 2 0.5 40 58 1.75 74.63 56. 46
3 17 3 0.6 50 60 2.0 79. 80 61.26
1 17 4 0.7 60 62 2.25 80. 43 43. 88
5 17 5 0.8 70 65 2.5 78.51 32.57
6 20 1 0.5 50 62 2.5 80. 70 39.75
7 20 2 0.6 60 65 1.5 79.97 36.73
8 20 3 0.7 70 55 1.75 58. 50 53.85
9 20 4 0.8 30 58 2.0 83.70 27.13
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HE [M1/% [AM]/ % [V501/% [H.01/% T/C t/h v/ % M,/ X10
10 20 5 0.4 40 60 2.25 80. 67 42. 38
11 22 1 0.6 70 58 2.25 83. 85 59. 25
12 22 2 0.7 30 60 2.5 88. 42 19. 25
13 22 3 0.8 40 62 1.5 86. 70 26. 20
14 22 4 0.4 50 65 1.75 79. 21 43. 60
15 22 5 0.5 60 55 2.0 78. 36 61.12
16 25 1 0.7 40 65 2.0 85. 95 23. 39
17 25 2 0.8 50 55 2.25 86. 16 42.91
18 25 3 0.4 60 58 2.5 90. 83 53. 86
19 25 4 0.5 70 60 1.5 68.78 47. 43
20 25 5 0.6 30 62 2.0 82.03 26. 25
21 27 1 0.8 60 60 1.75 80. 43 35.97
22 27 2 0.4 70 62 2.0 76. 20 59.53
23 27 3 0.5 30 65 2.25 82. 89 19. 02
24 27 4 0.6 40 55 2.5 88. 22 42.18
25 27 5 0.7 50 58 1.5 86. 27 40. 08
v ¥IfE 1 77. 230 80. 742 79. 938 81. 964 76. 804 78. 900

y #fE 2 76. 708 81.076 77.072 83. 234 83. 856 73.192

y #E 3 83. 308 79. 744 82. 774 82. 428 79. 620 81. 007

y HME 4 82. 750 80. 068 79.914 82. 004 81. 212 82. 800

y HME 5 82. 802 81.168 83.100 73.168 81. 306 85. 336

v 2% 6. 600 1. 424 6.028 10. 066 7.052 12. 144

M, ¥fE 1 52. 816 45. 654 53. 856 32.312 53.994 44. 670

M, #1182 39. 968 42.976 44. 756 38.722 47. 356 47. 470

M, ¥4 3 42. 484 43.438 45.134 45.520 41. 258 43.113

M, ¥i{E 4 38. 768 40. 844 36. 090 46. 312 39.722 41. 488

M, ¥fH 5 39. 356 40. 480 33. 556 50. 526 31. 062 37.522

M, 2% 14.048 5.174 20. 300 18. 214 22.932 9. 948
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& M/ [AM]/ [vsol/ [H.O)/ T/ ¢/ v/ M./

TS 0% % % % C h %  X10!
TEA 22 5 0.8 40 58 2.50 86.24 28.60
TZ B 17 1 0.4 70 55 1.75 6.63 32.09
TEC 25 5 0.8 30 65 2.50 83.95 10.71
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®a& M)/ [AM]/ [Vvsol/ [HO1/ T/ ¢/ v/ M/
T % % % % C h % Xx10*
TZE A1 22 2 0.6 40 58 2 90.18 39.49
TZB1 22 1 0.4 70 55 2 52.12 97.66
2D 22 1 0.5 70 60 2 83.97 63.40

FE 3 ATAHL MU T AR RN T2 A-
1778 ¢ BEHLR A5 TS 1 B 2R A B % 4k
B AR AR 18 R 0 | KL%, Hr F i
M FLVS0 M BEAR 42 . 28 T A F TR & R
AT LR N Z MW T2 B-17, R G v #
AR TN W) o 1 YR 15 KR BE 42 w5, L HE W
Sy P T iR 25 OE 3SR . T 2R
B TR T E D7 (BI[M]=22% ,[AN]=98%.
[AM] =[IA]=1%,[V50]=0.5%, [ H,O/
OMSO]=70/30,T=60°C .t =2h) FIX K 45 4L T
ARG T A Z 0 B b E T R AN R
M= W oy FRZ M LR .

2.3 FTI-IR %7

ML A” T8 A1 “T 2B . “T2 B
17T CPRU T4 D il #5196 F PAN 2L )
(PAN-A, PAN-B, PAN-C, PAN-Al, PAN-BI,
PAN-D) Dk Bz 76 A Lk 5 45 7 F ([M ] = 22%,
[AM+IA]1=0%,[V50]=0.5%,[H,0]1=50%,
T=60C,¢ = 2h) il & # PAN ¥ E ¥ (Homo-
PAN) #47 FT-IR M3, &5 R WL 1,

Homo-PAN _
PAN-A \”\/_J\/-"F\
PAN-A1
PAN-B
PAN-BlVV\//Y\_

PAN-C
PAN—DW

4500 3750 3000 2250 1500 750
WeB/em™

1 AR PAN RGP FT-IR 3% A

BRI %

f & 1 A%, 2940em ! T 2870em ! A2 AT 1Y T
Wl 9 F CHLCH, WPy C—H A4 45 ¥z 557



Bl

B 75 2 AR PR AL T R w2y TR RN T 5T

+ 119 -

2240cm " B I B I U UET BT CON Y i 47 9 B
LB AN BT 7E JE R b 2R R S v AR A
1375cm ™" Al 1083cm ™" B 3T 1) Wt Wi s & i 7 C—H
FAURE ) THT PN Sl PR 2 B AR 195500 ~1000em ! i
PR AR IR S0 2 2 A PR C— H B 19 T 212 iy
Pezh, 1730cm ' 1680cm ' B4R AF W i s i il T
C=0 M5 ¥z 2 51 & 0, 57 &5 X5 W T—COOH %
Al C=0 M4 3l . J5 # %R F— CONH 2t [
T C=0 MR sh™ . " LLFE L, ik AM fl
IA 5 AN HufR KB T IR XFE 6 FlAS
[ T8 PAN SERY), i F 2 T 1A $Rm
FHAR . 1730em P X} C=0 fl W Wi i 5 3 A5 b AS BH
5T AM AR FH A 9 A8 AL A 1680cm ! X I C=
O B W Wi 0 58 B AR Ak A S B W, 0 L DL PAN-AL
PAN-A1 fl PAN-C ix 3 B 5 9 1) W i 06 58 FiF o
SR FEOE W T H OB B AM RS R A £ 5] R
B, X U = on kR RAEME RE. HE,
1627em "W AT 7 FVRF B PAN RE&W
PL Kz 1730cm ' F1 1680em ™ 9 4> I B % i i) C—0
B9 W L W] W A7 AE T Homo-PAN R & ¥
L EZEHR T AN EREG RN T, —CN 5 k4K
fit £ % C = 0O B—COOH #—CONH %
P00 B 45 PLARTC B A AR Ak JH X R 4 E Wl
g % 0 1 17 A AR R B A AR A

3 HiE

bR, RHBEBENIER A T L4
AN/AM/TA #47 =0 G 0 Bk o5 8 o« iR
WM =220, LR G O R [AN] =98,
[AM]=[IA]=1%,51 E R E[V50]=0.5%, 1
HIEF R AN H, O/DMSO=170/30, )2 i i &
T =60°C . W Bif ] ¢ = 2h, A il 15 B A & % AL R R
T HEI PAN 3ERY),

S % Uk

C1] FuUE, AW R AL i 28 4 (M. b 50 BE 5 R,
2011,11-15.

[ 2] Gupta A K,Paliwal D K, Bajaj P. Acrylic precursors for car-
bon fibers[ J].Journal of Macromolecular Science-Reviews in
Macromolecular Chemistry and Physics,1991,C31(1):1-89.

[ 3] Sen K,Bahrami S H.Bajaj P.High-performance acrylic fibers
[J1.Journal of Macromolecular Science-Reviews in Macromo-

lecular Chemistry and Physics,1991,C36(1) :1-76.

[4]

[5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

B AT R A, SR ARBE, A5 AR A R L 2 A o T 2R
AR I () B 2 0 R L) ] A6 T8 b1 B, 2013, 41(1) < 22-24.
Bajaj P, Sreekumar T V,Sen K.Effect of reaction medium on
radical coplymerization of acrylonitrile with vinyl acids[J].
Journal of Applied Polymer Science,2001,79:1640-1652.
Moghadam S S, Bahrami S H. Copolymerization of acryloni-
trile-acrylic acid in DMF-water mixture[ ] ]. Iranian Polymer
Journal,2005,14(12) :1032-1041.
Chen H,Liu J S,Liang Y,et al.Copolymerization of acryloni-
trile with methyl vinyl ketone[ J ].Journal of Applied Polymer
Science,2006,99:1940-1944.
PRI SR IEAS , R, 45 B SRR A 16 6 A M i 2 %
Py f L) ], 4 mRET 4 . 2002,31(3) :10-13.
Chen H,Qu R J,Ji C N,et al.Copolymerization kinetics of ac-
rylonitrile with amino ethyl-2-methyl propenoate in H,O/
DMSO mixtur[J].Journal of Applied Polymer Science, 2006,
101:2095-2100.
Tsai ] S, Lin C H.Effect of comonomer composition on the
properties of polyacrylonitrile precursor and resulting carbon
fiber[J].Journal of Applied Polymer Science,1991,43:679-
685.
Tsai ] S,Lin C H.The effect of the side chain of acrylate com-
onomers on the orientation, pore-size,and properties of poly-
acrylonitrile precursor and resulting carbon fiber[ ] ]. Journal
of Applied Polymer Science,1991,42:3039-3044,
K HE AL A AR L I R AR TR I 5 A AR 72 DMSO/ H, O
R A SR A PR RERAE LT .5 4 T2 4. 2003(1) : 83-87.
TR AT R TR S G O [M ]t st e T
At AL 2007, 152-155.
WA A o Tk 2 GE RO [M L b 5t 4k 2% Tolk WAt
2011,65-98.
Mathaklya I, Vanganl V, Rakshit A K. Terpolymerization of
acrylamide, acrylic acid, and acrylonitrile: synthesis and prop-
erties[ ] |.Journal of Applied Polymer Science, 1998,69:217-
228.
Minagawa M, Miyano K, Takahashi M, et al.Infrared charac-
teristic absorption bands of highly isotactic poly(acrylonitrile)
[JJ.Macromolecules,1988,21:2387-2391.
T # . REA WA RERAE 50K LM e 5t . o B Tl R
#t,2008,17-18.
KA R B AT A KR DT vk ) A5 S0 N /T A I e
LY T 2L ]AL TR R b . 2010,38(1) :88-91.
T R, R A KA 0 TE 1 ) A 0 N - T O T e
R R AT L) ] OB KL, 2012,43(18) : 2573-2576.
Bajaj P, Paliwal D K, Gupta A K. Acrylonitrile-acrylic acids
copolymers: | .synthesis and characterization[ ] ]. Journal of
Applied Polymer Science,1993,49:823-833.
Wo#E HH#:2018-12-29
&R EH#:2019-03-18





