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Abstract: Temperature affects the occurrence form of petroleum contaminants in the soil, which is a key factor causing the
structural instability and secondary environmental contamination. The reasonable control of the viscosity change under
temperatures is a scientific problem for the engineering reuse of the petroleum-contaminated soil. The method of viscosity
index improvers combined with inorganic materials for solidifying the petroleum-contaminated soil is proposed in this study.
The evolution of the viscosity index, viscosity coefficient and consistency index with the temperature is analyzed from the
perspective of the petroleum and petroleum-contaminated soil. The viscosity-temperature effects are evaluated, and the relative
regulation method is established. The results show that the viscosities of the petroleum and petroleum-contaminated soil are
significantly affected by the temperature. The plastic index change rate of the petroleum-contaminated soil at 20°C is as high as
31.83%, and the viscosity coefficient at 80°C is 53.82% lower than that at 10°C. The viscosity index improver is helpful in
increasing the viscosity index of the petroleum and improving its occurrence stability. As for the petroleum-contaminated soil
solidified by 7% of T614 (ethylene propylene copolymer), 7% of T602HB (polymethyl methacrylate) and inorganic materials,
the change rates of the viscosity coefficient and consistency index between adjacent temperatures are within 5%, and the overall

change range from 10°C to 80°C is within 10%. The regulation rate under the synergistic solidification (85.42%) is higher than
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the accumulation of the single solidified method. The viscosity index improvers and inorganic materials complement each other

in the regulation efficiency. The improver optimizes the petroleum distribution in the soil, which can improve the sufficiency of

adsorption and solidified reaction. Meanwhile, the solidification of inorganic materials enhances the density of soil structure

and strengthens the action of the viscosity index improvers and petroleum. The synergistic solidification of the viscosity index

improvers and inorganic materials realizes the regulation of the petroleum-contaminated soil in a wide temperature range,

which helps to improve the stability of the petroleum-contaminated soil in the process of engineering reuse.
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Table 1 Basic properties and component contents of petroleum
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Table 2 Basic properties of soil used in tests
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3 21.57 3538  13.81 1.87 17.7 46.4 12.7 37.2 1.5 2.2
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Table 3 Properties of viscosity index improvers
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Table 5 Reference standards, used instruments and corresponding parameters for each test
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Fig. 2 Viscosity-temperature curves of petroleum untreated and treated with viscosity index improver
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Fig. 6 Viscosity coefficients versus temperature of petroleum-

contaminated soil and solidified petroleum-contaminated soil
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contaminated soil synergistic solidified with viscosity

index improver and inorganic materials
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Table 6 Regulation rates under different treatments
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Fig. 8 Scanning electron microscopy (SEM) images of petroleum-contaminated soil under different treatments
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Fig. 9 Apparent properties of petroleum-contaminated soil under different temperatures
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83.68%, 85.42%, 78.22%, [FIFE 2T T HH[FTE 4K
PR B OB RER [ A ZH 5 R (33.28%5 34.09%,
34.83%) HE—G &R HFER (30.18%,
43.14%, 45.62%) Z . ESZICHLE AT RN 45
Hoh k) 2 8] SRS A R AL, B I Ak B

A B s Rt JhR R G .

TROML 8 A ARSI R AR SE T X — 5 (8, 9D
Ars g mihiE e 2 LA AT A ST
T ERRER AL, Bl Tl s, LRk
MR O (B8 (a)). TEMIMARRET, Al
HAARGENE, Sl 26 F N AR W RO AT L5,
TEVERE IR T g e, RREERE (9 (a)).

FEA BRI A RS s B e
T R BRRE IR, IX LG 45 7= WA 0k )
PR T PRR I A AR, ANOUESE T A i s
P, T HL R 0 A0 ) R W PR B e, TR A
FRILRIE R (B8 (b)) EIIMARRET, AU
BRIt 51 i RR A T A O I 1) AR
0, 1 HL i N s Fe T I 5 B Rk
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RICH FHCRA WGP (B9 ().

XTEEE 8 (a), (o), sl /e £ 2k
PUTE A HIRAE A IR, OOPE S5 A S e DA S 7
KB E M A e E O R T, L ARERERE M, Ak
-5 RGOk R] ROV PR 3G 5 o 8RE FREGREIER T
(Ve i I ) 6 ke I (P b Nl Vi w S A LS A |
e iR P RARAAAE B BT R BLS (9 (e)).

XTEEE 9 (b), (D, PhFEEMAERT, k=9
B 2, A AR B KA ROREART K L AR s A i 1)
C-S-H Al C-A-H F=¥3 78 T A s J LI, K
RAE KA RN AE i Ca(OH), fifl, ik iR 5 CO, &
A N, (A A THTE e - R AR R T K E IR
EPIR CaCOs A, Aty 5 s s, m b i A
WS PP R (3 SR SR B T XA TS e fe E B, T
R AT IS, HEAREA T L
FERTHMREE (-9 (D).

GLEH FE S BLR B R PR A% SR 45 44,
FHEFRBOE RS AR CHIRRR ) 2 [ AH
AR RS, FEOCBE ASE T30 B R s 7R s e
FHME B AL T A T TE A R A 1 35 S A RN
1, GRAR T AT AR N TP B AT 1, 12
T4 T B s S [l A4 S 2R 78 73 P 5 BRAL T W PR R
[FI, TEHUAEHE A E RO AR S5 4, 3 BRI B A
B, S IFIIE 5 T 35 P R Bt ) S A R e 77
I FE BOSGE S TR B R [ A e T B — Kb
BEAXTAERE, LT ®IFRFRR WIS 5
FyE, BEER SR BT LR TR R
TR R I, MR RS e R

4

COF T B A s Je M E S B0 2 R
. MG G ) B MR A T O I B AR
b, FHATIELE A] 5 K AR ZRIA 31.83%:; B R I
JE TR AR, 80°C RN AN &A% (105.2~384.8
GPa's) & 10°C FHJ 50% 44 .

OB IR [ AR R AT /E — e R R
T G B AR BRI B R, (BT AL
N 26.16%, {EZh AR A% 5 TH B A R R

(3OF R A O T /E — B R b ol A k)
T FE A ABURE M - T614+T602HB 4H.4 7 20 Al 3 B P
BEFRIR BRI A, A AR R R B AR L, oK
R B N aE | = S (= P B 0 e s o W DS A
1, AbH S A TS G AE mR N SR AEAE I AT H
.

(4) 7%T614+7%T602HB 13 7] A7 A Ay i Ak [l £k
VE R R A i G T A AL (0] 25 TR PR F b AR L e 35
1E 5%LA, H 10~80°C & AR b JE FE 3 TE 10% LA
W o Fh PR BOSGEE AT TEA LA B i 5] [ 4 45 FH PR3
RN 46.85%~85.42%, izt a1 8. — TE WA R BB
FEHHGHE TN IR F (14.96%~34.83%F1 13.61%~
57.42%) . ToHUPRIFNRE B s Ho et 750 1) () AR 4 AH Bl
[ AR FH SR T A s e BRI A s, R
YT RE/ B —E S R RIS SRR
WO £ K 7 TAFTE R I R, O TR oA S 4 R
FERAL T & f 2h 77 A S 4
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