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Fig.1 Synthesis route of EVAM

EVA [ Bt A JT K 280CR L AL A DUH R T 52 5 EVA
R TR G W e gk R v D ol 0 P A T HL AR T
fife ok B BT e gl oK B 6 5 7 I 490 KL 1 A 3
F 0 TR 2 B TR L, O e B oK R B
TR 3 41 T E B

AR SR W% 7 2511 % 7 EVAM R & W) B¢
BT LA W AL D BF T X R L R TT T AN A K
S AF IR R B W e ik 7 X A AL ik B TR R R RE B R
Wi, 285 5 0 T 3000 A2 A0 3 EVAM 5 i o 19 7F
PLFIBEAT T 73 Hr

1 ;o
1.1 KFENEE

EVA (wy=15% ,26% , 28% , 33% , 40%) : .MV 2%,
HAR =2 A A W HEE: s b g, REEHT K
AW A 5 T (AIBND | 5 Sk R I
(MAH) : 73 b4l , B R fn T AL BRI PR A
A -35# 2 - Tk g, vh A R A PR A 5 58#
Fg s Tl g, KK AL

i 6 B fH0BT - 48 [E] ZEISS 24 F 5 Bk A A e B
7R B BB A AR A PR A 7] s TENSOR27 £1 4h Y6 i -
## [ Bruker /A @ ; DV-11+Pro i # % /% it : %
Brookfield 7~ & ; 1% i 3t 4% 1 : BrukerAV300MHz , {f
A& w R AR AR A A .
1.2 HIZ R

B — 5 ' KR A Ak S8# AT I 1A T -35# 55 i R IF
TE 60 °CHiH1 2 h, il 73 75 il 1 9 20% 1 B0 I8
1.3 $I& %M EVAM 2 & 45585

HU1 g EVA 43 31 5 A A 5T & 1 MAH (mgva:myan =
1:3,1:4,1:5, 1:6, L7 T 50 mL H % 1, RS
{3 AE — & I B B FE 30 min, £ 58 &V 5 2 5l
N — 2 7 & 5] & 7 AIBN (0.1% , 0.2% , 0.3% ,
0.4% ,0.5%) , [ N A4 22 B G (733 W 328 8 i A o £,
TS SN 5E R JE R = ) 0 O\ UK R B R A B 9 B O
FA A IR 2l B8 P= P T8O 80 °C B 2% - J F Bk B
F BRI, S B SMEE EVAM P2 . B A RN T
i 3040 Fig.1 FToR .

1.4 MWK 5FRIE
141 % &K 2 M0 [ Al R AR AT b T
SY/T 0514-2009 [ /5 72 335 AT 5 5 K

1E 60 °CE I, 4 0 7 5T J5 455 4007 B b 9044
30 min, F& AN MK E 2 2 FE L 4L, L1 °C/min [ % 2
T JE [ A 40 °C, BEFF 1 oC HUHS IR 5 0 22 A5 400 vl
MR s, BB R E KPR S s B, BI04 5
AN Bl B T B v UL A S N B A, ST AT 3 IR SE B .
1.4.2 BBy £ K kB B IR A R B R
1+ CIE % BT Y03 9 20 57, 78 60 °CHE I, ¥ n 5]
AT J5 B RSSO0V T 45 30 min J5 , K A5 40 AR o 2 N U
L N RO T = o vt - o L 7 N 7S
60 °CfE 3 10 min J& , LA 1 °C/min (1) ¥ 1 33 52 55 vl #
B 22 20 °C, FF o 5% B ok A2 10 B il 2% .
1.4.3 1k B 8B 5 A B SR N 57 A S 00 R H00
7E 60 °C1H I3 7 44 30 min , 28 J& K5 3% B 7 AN 55 3% A [H)
INF 5 A, FH 5 8 M g FRUFA S 100 VT R R 1R T o
b IR R B SR AE AR B o BL0.S °C/min 14 &)
P B A 15 °C, SN 7 T IS e e PR TR 3 A2 4K
1.4.4 A% 2 ot T 3% 21 9) K3 5 AT (FT-IR) : 48 {8 B
AR e 21 41 S % 3 A A 5T EVAM B 6k 71 3 4T 40 4h
J6 3 4 #r, R F KBr JE 732 .l 30 Bl E 3 £k 400~
4000 cm™ Z 8], S IRECN 15 R, 73 #E %N 0.4 em''
145 Ha Rk EM T RAMAE TR %S
PR 2> ] ) BrukerAV300MHz #% 4 34 9% 43 2% % B &
(1) 45 K 3E AT R AL « ¥ 77 R AR & A (CDCL) , R4
NI A J5E (TMS) &

2 FBRE5R
2.1 EVA-g-MAH B &Y RIE

RETYH FT-IR 4 7 40 Fig.2 Fix . 5 EVA M
tt , EVAM & & 9 1) 1% B 75 1855 em &8 H 3L 1 3% (1)
WAL UG 5 f& MAH HY C=0 J& [ 1 7 X6 Bk A 45 91 2 U
£ 1778 em &b MAH  C=0 3 ] ) 5t 5 A 45 3% 50
U, 7E 1615 em™ /o 47 %A C=C MWL V& , IE B 7= 4)
A R R MAH, i & [ MAH © 2 8 Bk 25, i
5E | MAH £, 2| EVA 70 1 L.



3

MAH

EVA

35IOO 25I00 15IOO 5(I)0
o/cm’
Fig.2 FT-IR spectra of MAH , EVA and EVA-g-MAH
Fig.3 4 EVA 5 EVAM ¥ & % ] '"H-NMR, )\
Fig.3 (b) o ] LA 5% 3] , 75 93.68 &b tH 8L T 7 ¥ 45 1iF
I, ¢ 7y MAH XUt #1 T 5 0 85 b s 2% AH 3% 1) 1o

b H VR AR U, JF 25 & 20 A0 B EdE  d ey

~4.86

F W, MAH 1 XUEE C 28 J Th 4T JF 9 #2 K% 7E EVA
F ERER AR EE T X R A &N
TAEHE .

W 2 % SCkH J R A R B RN, i i
HE R AT S EVA 22 TR VA I HFD HP AR 43 il 28 1
TS AL, a I (54.86,4.85,4.84) 5 b 1§ (52.03) 415
FUER S AR AT IR BRI R R G
W CBE IR 3 80 6.2%~12.2%)

2.2 A[E VA & 2/ EVA M5 B 5 1%

EVA [ 58 77 v VA 7 5 65 4510071 1 B¢ v 2508 72
Wi 52 K o VA BT BL A I 4 1 Ta) 4 43k 43 7 A)
718 VA & 8L, BRI RE 7 0 S s A A, %
B 7 VA & &l B ERE N 5 w5 AE R
5509, Fig.4 NI INASE VA & & 1) EVA % 57575 5
FE A [R] 7S 0 700 R FE T 0 A5 400 ik 2 A A R

vyt

B

2.03

~4.84

M

—_———

4.864.854.844.83
a

(a) 5
CH,—CH,+{CH,—CH=
| n
!

H#.26-
o —

o=(|‘
CH; 7

8

8

8
2.03

(0]
o=,/ O:I; &

Fig.3 '"H-NMR spectra and their assignment of (a)EVA and (b)EVAM
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Fig.4 Pour point of model oil determined by adding different VA
contents at different concentration
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Fig.5 Pour point of model oil determined by adding different
AIBN contents at different concentrations
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Fig.6 Pour point of model oil determined by adding different
MAH contents at different concentrations
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Fig.7 Pour point of model oil determined by adding different
reaction temperature at different concentrations
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Fig.9 Pour point reduction of model oil with different
concentrations of PPDs(EVA and EVAM)
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Fig.10 Viscosity-temperature curves of model oil with 20% wax content without added and PPDs added
(a):model oil;(b):unmodified EVA(W(VA) =33% )PPDs at different concentrations;(c):EVAM(5.5 h) PPDs at
different concentrations;(d):EVA and EVAM(5.5 h) PPDs with the concentrations of 300 mg/kg and 600 mg/kg

Fig.11 Influence of (a)model oil (b)model oil with 600 mg/kg EVA(Wv+=33%),(c)model oil with 600 mg/kg EVA(w(VA)=
40%),(d)model oil with 600 mg/kg EVAM(5.5 h) on the crystal morphologies of model oil wax before and after
adding additives
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Preparation and Properties of EVA-g-MAH Polymer Pour Point Depressant

Lina Zhang, Zhengnan Sun, Guolin Jing, Xiaoyan Liu, Yang Liu, Yihai Yang
(Provincial Key Laboratory of Oil & Gas Chemical Technology, College of Chemistry & Chemical Engineering,
Northeast Petroleum University, Daqing 163318,China)

ABSTRACT: In order to reduce the energy consumption of crude oil transportation, combined with the
characteristics of Daqing high-wax crude oil, azobisisobutyronitrile (AIBN) was used as initiator, maleic anhydride
(MAH) was grafted onto ethylene-vinyl acetate copolymer (EVA) by chemical grafting method to prepare EVA-g-
MAH(EVAM) polymer pour point depressants(PPDs). The effects of EVAM polymer PPDs synthesized under
different conditions on the pour point and viscosity of the model oil were investigated. And by optimizing the
reaction conditions, the changes of the model oil wax crystal morphology before and after the addition of additives
were explored. The research results show that when EVA with the VA mass fraction of 33% is selected, the AIBN
content is 0.3% of monomer mass, meva:muwan=1:5, the reaction temperature is 60 °C, and the reaction time is 5.5 h,
the pour point of the model oil can be reduced from 34 °C to 17 °C, and the viscosity at 32 °C can be reduced from
2399 mPa-s to 4.8 mPa-s, when doped with 600 mg/kg of EVAM at 21 °C, the viscosity of the model oil was only
837.4 mPa - s, which is further reduced by 67.86% compared with the model oil with the same dose of EVA (wwa=
33%). Combined with polarized light microscope analysis, it is shown that the addition of EVAM PPDs interferes
with the growth direction of wax crystals in the model oil, further improves the dispersion between wax crystals,
makes it difficult to form a three-dimensional network structure, and improves the flow of the model oil at low
temperatures.

Keywords: pour point depressant; model oil; graft polymerization; wax crystal morphology



