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Abstract To investigate the effects of temperature and polymer chemistry on the properties of thick oil, the thick oil
fractions were analyzed by scanning electron microscopy, Fourier transform infrared spectrometer and rheometer.
scanning electron microscopy. Results indicated that the asphaltene surface morphology was irregular, and the colloid
surface was rough and had a pore structure. Fourier infrared spectroscopy detected three thick oil fractions with
characteristic absorption peaks of aromatic hydrocarbons. Rheological performance test was conducted to investigate
the effects of polymer chemical addition, mineralization, temperature and pH on the rheological performance and
interfacial film properties of thick oil. The experimental results showed that the polymer dosage had a significant
effect on the energy storage modulus and loss modulus of the thick oil, while the increase of mineralization enhanced
the complex viscosity of the thick oil, and the viscoelasticity of the thick oil was stronger under acidic and
alkaline conditions than that under neutral conditions. It was found through theoretical studies that the addition of
polymer chemistries reduced the viscosity of thick oil and the effect was more pronounced at higher temperatures.

The interaction between bitumen and polymer chemicals was the strongest, followed by colloid and the weakest
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interaction with oil components. The polymer chemical had no significant effect on the radial distribution function of

the thick oil components, and mainly affected the thick oil components at the interface. Polymer chemicals and bitu-
men could form hydrogen bonds, and the addition of polymer chemicals decreased the number of hydrogen bonds
within the bitumen and increased the number of hydrogen bonds with the polymer chemicals. The increase of tempera-
ture decreased the number of hydrogen bonds, especially between the asphaltene and the polymer chemical.

Keywords Hot water chemical drive ; Rheological property; Theoretical calculation; Molecular dynamics simulation
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polymer chemicals(D)

Chem. J. Chinese Universities, 2024, 45(6), 20230456 20230456(3/10)



ER{A

Ed C%EMiLJﬁR!\ZL OF CH\Nﬁ U!:%ElefES
JER A 2T T FTIR M, 255 W 1(CO PR, nTLUE H, 3R R ILTAM GRS ZS AL, #REA 5
TR BRI . 8 1(D) AREWALFFILANERE . fTLE 1, BEWALEFAEAE 3425 em ™ 4k
N—H i s, 2932 em ' AbBERE P AEIRZ0%, 1665 em  AbRIEAIFRIENE, 1617 em ' Ab A FEMES
MHRsNE, 1451 F111407 em ' Ab—CH, A2 BT IR 3004, 1207 F11041 em ' AREERIE AGERAEIS , 628 cm ' Ab 2K
AW FRIEIE .
22 BEYNEFIREREX T HRETERZNE

fifi F DHR 28 S0 S A T AR MERELE T, T8 2(A) ~(C) 20 B AN ] Jo vk JE A SR 5 Ak 25
PRI A B B | A RE A AR M i 2k . W, BB, B RIS M R e b
B B 2(A)PTLLE H, B EE N 0, 200 F1400 me/L B 1) 1A 5 5085 2 91 4 5. 20, 4. 37 Fil
3.87 Pa-s, ULHIRHZE RS YA B A8 0, BRI A0 5 B0BH S T BRI 3, 45 T RS AR i L
AR A FRERCR . T2 R A YR R 600 F1800 mg/L s, & KU e, (HAARB R T A
BEYIN R BB . YR A YR ERNE] 1000 mg/LI;, BB IE— B0 . X ATREE h T4 4
Y B s s, HAE AR R o W BRI A, kb S i 2 e AR A R B B B D, AN B R H AR
IR R BE SR . A REAE S AR AR S5 44 (R B s B, A BB BRI, (ACAH 25 40 1) LR iR, 3R 3
RE R BE XS . W 2(B) s, R (%) i B A o il 2R 5 W o VA 2 1) 16 s 22 4 F B e B T
B I FLB A DU s [ 8 S, 8 il 174 it RS D S A, X PR U0 B SR A5 W 8 i X T R AR AR
ShfgteE bR A EEAER. R, PUFERIE MO, AR SR R R R A e R .
FE2(C) R, G RAPHINEMRm, BHFEsEmEIE TR J5 BT, (AR, HiFes
HE/NFARINBE YA, BVRAW Bk T ISP m A i gt a bt it—4%m 78
G TR ZE AR YRR, SR AN | RBP4 A — 2

(A) —=0mg/L -+600mg/L (B) — 0mg/L — 600 mg/L (©) —O0mg/L —600 mg/L
@ 60k o —-200mg/L 800 mg/L gL —200mg/L — 800 mg/L 18 | — ﬁgg mgme —51388611gfL/L
£ < \ =400 mg/L 1000 mg/L| £ — 400 mg/L — 1000 mg/L € —aimg me/L
< 55 > N M
£ E 7 216 —
g 5.0 2T SV P |l T
g £ ,«,/_/_/ g 14 L
% 45 %) 4 §
B g 2 L
E 40 & 12
o 2
35 1 1 1 1 1 1 10 1 1 1 1 1 1
02 04 06 08 10 10 30 50 70 90 110 10 30 50 70 90 110
. Z me/s me/s
JH Time/ Time/

Fig. 2 Effect of polymer chemical mass concentration on the complex viscosity(A), storage modulus(B)

and loss modulus(C) of thick oils

2.3 FUEXMRBRE LR
T WIS S R Z (A 5 AR, TESR AP 600 mg/L I A& AF R HTFE T8 HLEEXT R
PRI AR A RE AR . WA 3 (A) B, B A RE X TR A4 52 KR B B AR . SRR

s (A) —=— (0 g/L (B) — Omg/L © — Omg/L
210 - ——dgL | _12F — 4mg/L 8 — 4mg/L
a —— 6 g/L =¥ — 6mg/L M — 6mg/L
S Z S uh
g 8 =2 MINASA~—AN] 2
8 ‘g Z W
2 S gp g 20
5 or 2 2 16
3, 5 s
g & 4r W
O 4 12
1 1 | | | 1 | | | 1 1 | 1 1 1 1 |
0.2 0.4 0.6 0.8 1.0 10 30 50 70 90 110 10 30 50 70 90 110
fHz Time/s Time/s

Fig. 3 Effect of mineralization on the complex viscosity(A), storage modulus(B) and loss modulus(C) of thick oils
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Fig. 4 Effect of temperature on the complex viscosity(A), storage modulus(B) and loss modulus(C) of thick oils
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Fig. 5 Effect of pH on the complex viscosity(A), storage modulus(B) and loss modulus(C) of thick oils
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Fig. 6 Molecular dynamics simulation models without(A) and with(B) polymer chemical, comparison
of viscosity with and without chemical at different temperatures(C), comparison of interaction
energies between polymer chemical and different components within the thick oil at 50(D),
100(E) and 150 °C(F)
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Fig. 7 Radial distribution function between components of thick oil at different temperatures with(A—D)
and without(E—H) added chemicals asphaltene-asphaltene(A, E), colloid-colloid(B, F), asphaltene-
colloid(C, G), asphaltene-oil(D, H)
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Fig. 8 Number of hydrogen bonds within asphaltene with and without polymer chemical at 50(A), 100(B),
150 °C (C), number of hydrogen bonds between asphaltene and polymer chemical at different
temperatures(D), comparison of the internal interactions between asphaltene(E) and colloid(F) with

and without polymer chemicals at 50 °C
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