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PAN Rtk 2= 4 W s R I PE 22w ) DSCT #U7R

ZEFARGE AT Bt AT IR PAN (9 #4880 PR AT
Mt B AU, B #2230 °C LA 283 K/
min ¥ 3% B 1R £ 350 C. {ifi i Bruker 2 & 1Y
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Fig. 1 Scheme of PAN-N* (CH; ), Cl- polymer synthesis
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Fig. 2 Scheme of transesterification
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Fig. 3 FTIR spectra of (a) PAN, (b) APAN, (c)
QPAN and (d) EPTAC
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Fig. 4 DSC curves of (a) PAN (b) APAN and (c) QPAN
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Fig. 5 Scheme of cyclization of nitrile groups of PAN
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PAN APAN F1 QPAN f#) XPS 7T Z /-t WL &
1. W 1 tpa[F H ,PAN #il APAN i C/N H 53 3
4,04 Fi14.08 B TN R C/N LB (3/1),
X KA PAN 1 ORL b 2 /b i H D 4 2 HH TR
B8, FE L0 AN S rh B E S (H A e Eh i A i 72
A RKEN—CH, BBIMAREY, QPAN 1y C/
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W -t

Table 1 XPS elementary analysis of PAN, PAN-NH, and PAN-N * -

(CHy) 4
Sample C (%) 0(%) N(% ) C/N ratio
PAN 77.11 3.83 19. 05 4.04
APAN 75.47 5.67 18.5 4.08
QPAN 61.61 19.53 11.02 5.59

Kl 6 & PAN APAN fll QPAN N1s XPS fgi

K, nfE 6 (a) hig A firzs. PAN thiE 5 N 9455
fiE(BE) 4 399.8 eV'*''. APAN iy Nls {y2f &5 5%
BT, A 06 % BLAE 399.8 F1399.2 eV A5 2 AN I
(U A B)"* Hrhig B(399.2 eV) Kyif J5 g NH
J Nls i, W& 6 (b) iz ; 7E & 6 (¢) H, 7 402
eV Ab R L TR (I C) ARSI N1s 454
g
2.4 ¥Im APAN AREFSENFTERZR
2.4, 1 JNE I BE XA e R AT 1 5

SN I XA e B AT B 1 R e 5 S ] 7
R, RORE S ] 2 12 b, 38 J550) A & 5 PAN 1
JEEJRBAR R (R/N = 1), I il BE 43 0 A 60,65
70,75 80,90 °C, J i b B X A7 e 55 A 5 a1 52
M g5 R an i 7 fros. LT doa] DUE H BE R
(4 v, A1 e 5 AT ) 5 Sk A A 2 T 14 o, 224 7 B SR
3 80 CZ i KiGH M. X & W iR JE T,
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Fig. 9 Effect of time on content of —NH,
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{78 1 SCmk Al ) 7 A € e 0 1 O F)
WE . 385 21 h Z 5 e 5 A & & T g A8
b, EEEH R il J5 5 43 O B AR A I K, 45 1]
frBHAE R 2 AT T PAN 5 0 £ 59 M 1k 7% v
e A 42 f
2.5 ¥FMEREEAENTERR
2.5. 1 SN il BE R 7= e BRRE A R 5

J2 iR TE 7 10 h, EPTAC 5 APAN PGB8 /R
oo 301, 2 58 I I i B X 2 e L A S R A S
SRR 2 Fron. BEIRE L e RS AT W
3NN, YRR B3k 80 °C I, 2 o LA A ik B
e (0.2572 mmol/g) . Ui BHIR & T+ &, 4> FI%
B, 43 F [0 A R0RE 4 1 & AR LR BT A R RO
A AT 2T ks T R 2 e R AT T RE
R AR R R A RO R S TR ) 82 C
Jr DA B e Uk B2 152 R 80 °C.

Table 2  Effect of Temperature on content of —N* (CH;),Cl~

Temperature —N* (CH,),CL-
Sample
(¢ ) content ( mm()l/g)
1 50 0.1002
2 60 0. 1429
3 70 0.2416
4 80 0.2572

2.5.2 EPTAC H X 24 SLa A & 1Y 52
FCIL I E] 2 10 he, [0 it B2 4 80 C, EPTAC
5 APAN BIABE/R 435 0y 1:1.2:1.3: 1. 421
S:1, RN R WANE 3 fras. 3R 3 hal LIE ),
Tl FE S R A BE R Lo R Y R R
ik 3 VI, 2 Bk A A B GA B) O R (0.2289
mmol/g) . Z J& BAREE R L a4k 2L b Tt {H % B KL it
AT RE. X &l T APAN NE T SRNE, X
TR S A AT /Ny AR i A R TR A
fRAHEAT T H T APAN R T 5 9, APAN
WURLA 7 T 50 b, % 8 1 e o 2 T AT PR, 3ot g
R B A P B O BB 8 e L S N L, R Bk R
Wi e T fa e H APAN F{R 4 ) EPTAC F4%
K, a5 [ PH AR BB 1 — 2D
Table 3 Effect of EPTAC/APAN ( molar ratio) on content of
—N* (CH,),Cl™

2.5.3 W () 0 2 e SR R 1Y R TR

F N E Ry 80 °C, S I B[] Sy 406,810
12 h,EPTAC 5 APAN FRIGEE/RHN 3: 1, H 4R
O A0 o 25 el el B i AR B ), 5 SR AN 36 4 TR
N 4 rha] DLk B Bt A SN R () ) 38, 2 A
A EE A LT Y RN IR E] 12 h B, e
FLHEA i3k B e (0.2460 mmol/g) |, /K J5 A2 Ak
AR B S i ) A, APAN 5 432 A B0 1A Rz i
AN T4y, A FL A A iR 5 B R ORK B4
BB, B A R R RGO il B AE DL )
APAN T B 1T, e 43 4 5 e

Table 4 Effect of Time on content of PAN-N* (CH;),Cl~

Time —N* (CH,),CL- A
Sample

(h) content ( mmol/g) (mmol/g)
1 4 0. 1991 0.6157
2 6 0.2102 0. 6831
3 8 0.2168 0.7019
4 10 0.2345 0.7752
5 12 0. 2460 0. 8034
6 14 0. 2401 0.7924

2.6 AW SE M EE 3 H R R R AL R K

8 AR S I TR A2 46 Sy S 50 v, R R OR &L
WEEJREL 16: 1, QPAN & 2 meq (OH ™ ) /g
W, SN BE 60 °C, S i B E] 4 b S A w3
& H 3% (B 10) A2 28 (3 ) %k HL 1l 58 4 B2 1
AT . WKL 10 7T LI AR B, 6 = 3. 64 4b
f9—CH, WEIE BT 1 A= W S i 09 AE 8. SR, &1 10
Ho=4.14 fb—CH, WD) & § =5.33 4b—CH 1%
(Pl [ B8 7R ) A7 A, WU W T A A R R
564 WM R A AE . A E— L LA AL R 254 i1k
FIF B, R I BE L BN Bsf ) T 7 S R EL A5 52
PR 3R AT — 20 4 o T 2 48 19 3 Ak 8. 7RI RO 4%
T B sC %l 64. 7% .

-

e \

EPTAC/APAN —N7 (CH;),CI™
Sample .
(‘molar ratio) content ( mmol/g)
1 1 0. 1663
2 2 0.2087
3 3 0.2289
4 4 0.2189
5 5 0.2213

6.5 60 55 50 45 40 35 30 25 20 15
o

Fig. 10 '"H-NMR spectrum of biodiesel
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(1) 38 3 B S W B D 7 SR N 44 i (PAN)
THE LG T 2, 3-30 AN AR Y R AL B
(EPTAC) , H 8 & %45 W A7 B i i o &£ (0. 8034
mmol/g) .

(2) %5 T FEH R X PAN i JF R B (1 52
M. 25 R R, e 8 T A A R R S
PAN FEJR L 30 1, 2 W i B2 80 °C, Sz by I ] Oy
24 h A A & &4 0. 4812 mmol/g.

(3) %587 £ B[R e A I BT I 3 . 45
WEM, i tE T2 44 8. EPTAC 5 APAN JE /R
Ho 351, SR 80 C, LA ] 12 h. i B
Fr i Al 35 0. 2460 mmol/g, LB #E B T K 0. 8034
mmol/g.

(4) LW S i 1 52 8 S0 PR B R i B UK
H 16:1,QPAN 7N 2. 0 meq(OH ™ ) /g i, [ i
WL 60 C, ST B B ] 4 b, A 4 S 7 5T K
64.7% .
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Synthesis and Application of Alkaline Quaternized Polyacrylonitrile
in Biodiesel Producing

Xuan Liu', Ao-ran Gao', Ben-giao He', Jian-xin Li', Yu Cheng'*"
(' The State Key Laboratory of Hollow Fiber Membrane Material & Processes, Materials Science and
Engineering School of Tian Jin Polytechnic University, Tianjin 300387 )
(* Cosco Kansai Paint & Chemials Co. Lid, TianJin 300457 )

Abstract An alkaline quaternized polyacrylonitrile ( PAN) based heterogeneous catalyst was prepared and
characterized with the purpose of producing biodiesel by transesterification. The PAN was modified by the
following three steps:reduction, quaternization and alkalization. The various studies were carried out to evaluate
the impact of time, temperature and reactive loadings on reduction and quaternization and to optimize the
reaction conditions. In the reduction of nitrile groups to amine groups in the presence of lithium aluminium
hydride, both reduction agent loadings and reaction time corresponded to reduction efficiency. In the
quaternization step,2 ,3-epoxypropylirimethylammonium chloride ( EPTAC) as the quaternary ammonium agent
was introduced because its reactive epoxy can be grafted with amine group easily. The exceed loadings of
EPTAC can improve the amount of alkali significantly which can reach to 0.8034 mmol/g. The modified
polymer is characterized by FTIR, XPS and DSC respectively to obtain chemical structure information. The
heterogeneous catalysts were applied for transesterification. As a result, at 333 K and with the catalyst loading
of 2.0 meq(OH ™) /g oil,the biodiesel conversion is up to 64.7% .

Keywords  Polyacrylonitrile, 2, 3-Epoxypropylirimethylammonium chloride, Transesterification, Alkaline

heterogeneous catalyst
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