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Synthesis and properties of long side chain poly-a-olefin drag reducer
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(1. School of Chemical Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China; 2. Sinopec
Dalian Research Institute of Petroleum and Petrochemicals, Dalian 116045, Liaoning, China )

Abstract: Four kinds of long-chain a-olefins, including hexene, octene, decene and dodecene were selected
as monomers in the homopolymerization catalyzed by TiCly/Al(i-Bu); to prepare polyolefin drag reducing
agents with ultra high relative molecular weight. The effects of polymerization conditions on the relative
molecular weight of the polymers were investigated. The effect of the side chain length of the monomers on
the crystallinity and drag reduction performance of the polymer were also discussed. The optimum
polymerization conditions were obtained as follows: molar concentration of TiCl, as main catalyst 5.2x107*
mol/L, volume ratio of monomer to cyclohexane 1 : 1, and reaction time at least 1440 min. Under these
conditions, the relative molecular weight of the polymers was higher than 3.50x10°. CNMR results
indicated that the polymerization was completed and the resultant homopolymers were consistent with the
target product. DSC and XRD measurements showed that with the increase of side chain length of
polyolefin, the crystallinity of polymer increased, which affected the solubility of polymer drag reducer.
The rotating disk system was used to test the polymer drag reduction rate. The results revealed that the drag
reduction rate tended to increase with the increase of the side chain length of the drag reduction agent when
their relative molecular weights were the same.

Key words: drag reduction agent; poly-a-olefin; drag reduction rate; polymer crystallization; Ziegler-Natta
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Table 1 Effect of catalyst concentration on the relative
molecular weight of polyoctene
Ti* ¥ &£ /(mol/L) M, M, PDI
2.6x107* 2.94x10° 4.40x10° 6.67
3.5x107* 3.10x10° 5.68x10° 5.46
5.2x107* 3.19x10° 5.05%x10° 6.32
1.0x107* 2.07x10° 1.78x10° 11.63

Vo RRCMARE A, BRI 20 mL, 2R
Jg0°C, HIE.

Bl i AL R VR B R B e, AR 4 T
(M) WS ST Ja K. A AR By
5.2x10°* mol/L B, AHXF 4> F i hek ik B (il . JRA
2 e o (A T e TN 2/ -
PR 5 5 PO AR SRR, (AT AR T 43 o d A X
AR, MiBEE ARV I, X — 5 HAS 2]k
o AR IR R, BA A HEY,
RN RTCTE R, SECREIRREE S S, N
T B 5 A% S N I, A 7 A SR 5 0 A X 43 it

BRARIST, PR, A 0 o P G 4R A0 vk B N 1% 5
Sl I G B N R i R A AR X
212 BFEHNERNRLSHWAAN YT REG A
P AL RIR A T (5.2x10* mol/L ),
SR 20 mL 4 FOR[RE R TR ORGSR
TR FP2EXT R A =P 4> F R R A, g5 5 an
22 FiR,
F2 IEFIRIIRT R 1A A ST R (R

Table 2 Effect of solvent types on the relative molecular
weight of polyoctene

asilkiiES M, M, PDI
ENwR S 3.50x10° 6.74x10° 5.05
EokE 3.25x10° 6.47x10° 5.03
1E B 3.38x10° 6.42x10° 5.26
IE=ELE 2.35x10° 5.59x10° 5.98

W BRI A, BTS20 mL, TiCHE
9 5.2x107 mol/L, ¥ F)H & Jy 20 mL, SVIREH 0 °C, #E,

2 AT, R OB NS, BRE™Y
Xk, RE] T 3.50x10% X EEIEH
IR LT HABE R, SSRGS
HIA — 7 123 fal g B0V (455 07 B A e B A it
R AT DU G b 5 36 P O B2k, X T R AR T
SR M A AN E . Ik, AR
A, AT LA B S AR AT R R A
213 BEAAZHREMAMN ST RENH R

DL RV E N NI A, 7E et bR ik
JE (5.2x10* mol/L ) MM, HITIEFHH & xR
B FEPIAIRT F R R, S5 RN 3 iR .

R3O 1A R B S
Table 3  Effect of solvent dosage on the relative molecular
weight of polyoctene

5 H &2 /mL M, M, PDI
0 3.10x10° 5.68x10° 5.46
5 3.23x10° 5.13x10° 6.30
10 3.41x10° 6.74x10° 5.05
20 3.50x10° 6.77x10° 5.17
30 3.40x10° 6.53x10° 5.20
40 3.33x10° 6.36x10° 5.23

T AR RERS, KRR 20 mL, TiYREE
2 5.2x10* mol/L, RN HE, REREHR 0 °C, HE.

HIZE 3 I, BEE S AR, RE™ Y
AR 231 B S ST R R FRAR R R e AR SR
7 AR X 0 R 3 R TR R A A X
i, EAS (SR A S R O R M, A 2R S R
PR LRI, R S EOSON A AR IR E  ve, AR
Or TR TR, MRS, R AT LR
GF e, R AE AR T R AR R 31
IEAT B S T 24950 4 i kg i,
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Fig. 1 Change curve of conversion of 1l-octene with
polymerization time
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Fig. 3 TGA curves of polyhexene, polyoctene, polydecene
and polydodecene, and DTG curve of polyoctene
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Fig. 5 XRD patterns of polyhexene, polyoctene, polydecene
and polydodecene
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Fig. 6 Torque and time curves of polyhexene, polyoctene,
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reduction agent
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