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Synthesis and perfor mance evaluation of polyolefin pour point
depressant and par affin inhibitor for high waxy crude oil

WANG Xiang', ZHANG Guoxin'", LU Yuan', HU Ting', WEI Qiang’,
CHEN Yanfei’, CHEN Xiaomin', ZENG Zhe'

[1. CNOOC (Tianjin) Oilfield Chemical Co., Ltd., Tianjin 300480, China; 2. China University of Petroleum, Beijing
102249, China]

Abstract: The polyolefin pour point depressant and anti wax agent POOS was synthesized from ternary
copolymer P(ODA-co-ODE-co-SM), which was obtained from reaction of octadecyl acrylate (ODA),
octadecene (ODE), and styrene (SM). The synthesis conditions of the ternary copolymer P(ODA-co-
ODE-co-SM) were optimized, followed by evaluation on influence of POOS on the rheological
properties, wax precipitation characteristics, microstructure, and anti wax effect of crude oil. The
results showed that the optimal synthesis conditions of P(ODA-co-ODE-co-SM) were as follows:
n(ODA) : n(ODE) : n(SM)=5 : 3 : 2, initiator benzoyl peroxide content (based on the total mass of
octadecyl acrylate, octadecene and styrene) of 5%o, reaction temperature of 70 °C, and reaction time of
8 h. The crude oil added with 200 mg/L POOS exhibited significant changes in rheological properties
compared with that without POOS, displaying a drop of yield stress from 50.30 Pa to 2.95 Pa at 15 °C,
wax precipitation temperature from 31.33 °C to 24.94 °C, and pour point from 25 °C to 15 °C.
Moreover, the crude oil added with POOS showed a wax prevention rate in the cold index test of
88.00%, and a wax prevention rate in the ring test of 83.70%, with the wax crystal morphology
changing from needle like to circular crystal, more uneven wax crystal precipitation distribution, and
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multiple small wax crystals aggregated and precipitated to form a single aggregate. The addition of POOS

effectively improved the dispersion morphology of wax crystals, inhibited the formation of network

structures, and significantly improved the low-temperature flow effect of crude oil.

Key words. polyolefins; pour point depression and wax prevention; rheology; wax precipitation

characteristics; microstructure; oil field chemicals
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Fig. 1 Carbon number distribution curve of Bohai crude
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Fig. 2 Schematic diagram of static wax deposition cold
finger experimental device
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Fig. 3 Schematic diagram of dynamic wax deposition loop
experimental device
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Tablel L16(4*) orthogonal experimental factor and level
table
RAIBRREIL SRR SR, RIE SN
(4) % (B)  JE/C(C) [a/h (D)
KF1 6:3:1(4) 5(B) 60 (Cy) 6(Dy)
KF2 5:3:2(4,) 6 (B,) 70 (Cy) 8 (D,)
KFE3 5:4:1(4;5) 7 (B3) 80 (C5) 10 (Ds)
KFE4 4:4:2(44) 8 (B,) 90 (C,) 12 (Dy)
F 2 L16(4HIEAZ IS5 R
Table 2 Results of L16(4*) orthogonal experiment
IS
;iﬁ A B C D AT/°C
1 Ay By C D, 8.0
2 A B, G D, 7.5
3 Ay Bs G D; 7.0
4 Ay By Cy Dy 5.0
5 Az B, G, D5 11.5
6 A B C D, 10.0
7 Az B3 Cy D, 9.5
8 Az B, Cs D, 9.0
9 A3 B, Cs D, 8.5
10 A B, Cy Ds 7.5
11 A B; C D, 7.0
12 A By C, D, 7.0
13 Ay By Cy D, 7.5
14 Ay B Cs D, 6.0
15 As Bs C, Dy 5.5
16 As By Cy Ds 4.0
K, 27.5 35.5 29.0 30.5
K, 40.0 31.0 31.5 31.0
K; 30.0 29.0 30.5 30.0
K, 23.0 25.0 29.5 29.0
ky 6.9 8.9 7.3 7.6
ke, 10.0 7.8 7.9 7.8
ks 7.5 7.3 7.6 7.5
ks 5.8 6.3 7.4 7.3
R 4.2 2.6 0.6 0.5

M R R A A T AT 3 AT IR UE S
B, MG AT 23514 12,0, 12.0. 11.5 °C, AHXIH5R
M2 (RSD) M 2.99%, HMMILEGR T 2 EA
HEEATH.
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4 J=IeBYR) FTIR K., K 4 ), 2927
152852 em " Ab BB SRAFAE OIS, A CH, X
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4000 3500 3000 2500 2000 1500 1000 500
PFB/em™
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Fig. 4 FTIR spectrum of ternary copolymer P(ODA-co-
ODE-co-SM)
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Fig. 5 'HNMR spectrum of ternary copolymer P(ODA-co-
ODE-co-SM)
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Fig. 6 Viscosity-temperature curves of crude oil without

POOS (a) and with mass concentration of 200 mg/L
POOS (b) at different shear rates

WE 6 firzs, TH POOS i 5 i ¢ WL Bk B
SREZ MAATELRME R R, A B AR, el
FEFEBE A SR R T RO, X 5 IR
S AT 5 1R 3 R A3 A B ORI I, AT
SIS B S B, T 00 A S e L
JE AT S . TN POOS i I i B 5 T
30 °CRFAIRE 25 °C, Wit—2 U8 T POOS XJJEiH
TSR B SR o B A I P D il o Ak 2 A
R 5 oA £ 0 AR 5 R AR A R TR
HOSIREERS, M AR WA RS BRI S
R SR TCE, MRT RH s, 5k
285 B B B D) SR SR I M FRAIR, E 15 °CR By U) ik
FoN 10 s EF, AHN POOS HiJE B 2 WA EE
2513 mPa-s [BAILE 279 mPa-s, [EEEZ N 88.9%, ]
UL POOS A 5 ek36: T R it sh it

2.3.2  #Hm POOS 31 /5 R i fik % M 4 A7

D B kAR M SR T R AE B DI IER T,
PR 25 A B A B DA R 5 B Y1) N T A AR A & A el
ARt R, BFFE R, BRI A AR P A T SR IR
JEERT A SR B S, v SR e e R B DU O, PR
5 B A AL R B 20 °C, B E BT U Ry
WIFE 10, 20, 30, 40 F1 50 s~ 44 F iz 541 vy H
B A2 A 2, %5 s B2 200 mg/L POOS
BRIk L ik AR M R s, 25 SR LR 7,

8.0 I —=— ATAPOOS/EH
7.2 | —— BJIIPOOSJEIH
64+t
56
& L
3 48
= 4.0 -
R32f
241 |
L6t m;
0'§ I _10s™ ) ) ) )
0 300 600 900 1200 1500
A El/s
&7 ASFEBYIE T I POOS Fi 5 JE I BY 1 8 22 i Bk
BEbaniiiE4

Fig. 7 Step up curves of crude oil shear rate before and
after adding POOS at different shear rates
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Fig. 8 Shear stress and shear strain relationship curves of

crude oil without POOS (a) and with mass concentration
of 200 mg/L POOS (b) at different temperatures
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Fig. 9 DSC curves of crude oil before and after adding POOS

2.5 #n POOS BG4S B4 T

SR G ' Sl B R i it PO A A TR, %t
THHRIN POOS i J5 I L A4k B AT B2
SCo AYRIAE 20, 25 F1 30 °CTF WREE 5 I S b H
W, X T IR POOS R i S IE A28 1k,
T DA 2 T 48 7% 2R s SR R B B B 77 POOS 50
mZ I APER, 253 0LIE 10,

¥ POOS Hi: 20 °C (a) . 25 °C (b) | 30 °C (c) ; ¥Jm
POOS J5: 20 °C (d) . 25 °C (e) . 30 °C (f)
K10 #5hn POOS Rif J Jti i & SO IE 25
Fig. 10 Microscopic morphology of wax crystals in crude
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