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Abstract : Inverse gas chromatography was used to study surface properties of crude oil at 333.15 K~373.15
K. Probe retention behavior and adsorption enthalpy (AH;) of crude oil surface were investigated based on net
retention volume (Vn). Schultz method and Dorris-Gray method were used to calculate dispersive component
of surface energy (v¢) of crude oil,and the acid-base parameters on the surface of crude oil were also calculated.
The results indicate that the probes were all exothermic adsorption on the surface of crude oil, and the adsorption
enthalpy ranged from 53 to 90 kJ * mol™*. 4 increased linearly with the increase of temperature in the experimental
temperature range, and was calculated by Dorris-Gray method is slightly higher than the Schultz method. The
characteristic adsorption free energy ( AGjP)and characteristic adsorption enthalpy (AHS?) of the polar probe are
calculated, and the Lewis acid constant (K.) is 0.35, the base constant (Kp) is 2.70, Kg/Ka = 7.71, suggesting
that the surfaces of crude oil was considered as amphoteric with a predominantly basic character. It is confirmed
that IGC was useful for surface characterization and can provide reference for the research of crude oil interfacial
phase.

Key words : crudeoil ; inverse gas chromatography ; dispersive component of surfacefree energy ; Lewis acid-base
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1.1 ERl5iR7H

SEE PR IE O (n-Co) « IEBHE (n-Cy) . IEEEE (n-Cs) FUETAE (n-Co) MENIEMMERE AR, 5T
B (DCM) . =& EE (TCM) . LFRATR (EtAc) UK (THF) VE R EGERE R, 550001 R 1L
TAHBRAF, ¥hatral. 102A kbR (s W BaR— T, 5250 A R fhogrsE st R AL
1.2 UBREXEHZE

AR S8 R PTG 4 A A B TR I 28 10 22 HE A HP68IO I S AH (3%, LA Al A/ N8R/, B 30
mL-min~", FRTEAHE. R bitrE @i sent ], A= SRR A523.15 K. R B 551
}9333.15 K ., 343.15 K ., 353.15 K . 363.15 KF1373.15 K, #HAER 501 pL, EE R, BOLESEH T

FRUGE 2 SO IE O e 3800, AR F1186~250 w1021 kL LRAA , Il FHTERE 72 S ASUh i
SR R I AT IR T AR R I LA R E S, SR E R, WA 30% , SR PR 20 [ 1 A 2R AR
1 200%2 mmASAEIEE. R T/ T B VERTEX B B A8 B 2T A SO AT T-IRAMT . $4 AL &
BI5)0R EKBo AT B 28 R L it A3 F 4 000~400 em .
1.3 ERpEs
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WK 5 WIEFER TRBUR .
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RTMV, =2Na (y/4{)"* + K (7)
Schultz 252 ] iR AZR, it RTInV, 52N a (v " VEE], FrSHU-E B AR A I B R 8 [ A1 i 2

T EL H HTBE ().
DorrisFllGray®? R = (8) F it ARMAMEARET (9 RTInV, WHHREHA TR IE FEn /BRI, B LR 20 F
HBERI R AG o n, , FRFIHIE (9) IR FEEM .
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S (AG%)M 9)

° Yeu, \2Nacn,

s Voo IV, 0 n i+ LR T Bk i DR B AR, acp, — DI BERYBEEURIAR , vom, 72
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78] 2 P 2% T P Lewis PR B30 WL [T 2 AR TR Z L TRE T, — M KA 87R 5 LewistilH BN K2R, |
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YRR A IS RERT, R 1 i AE(AGEP ) FIEFHIE W BHAS (A HEP)TEAE IR R -

AG  AH
T T
I AGEP /TR TYER, 320 A LR AR B [ E AR MRS I A HEP .
JEIh B R K o R K i ARTE R (12) 7531 .

—AH®=K,xDN+Kgyx AN (12)

1 : DNFIAN* 53R (0 FL 45 T 5O L 42232 550 (S e B/ \ AR E A R I 36 1) . LAAH»
AN*XDN/ANEE], KK R 530 DALG B RER AR5

Fz 1 FREATBIMER
Tab 1 The properties of the probe solvents

—ASE (11)

BREL ax10(m?)  AfmJ m™?)  a()**x10?'(m?/(mJ-m~2)>%)  AN*(kJ-mol™') DN (kJ-mol™!)

n-Ceg 5.15 18.40 2210

n-Cr 5.70 20.30 2 568

n-Csg 6.30 21.30 2908

n-Cog 6.90 22.70 3 287 - -
DCM 3.15 27.60 1655 16.30 0
TCM 4.40 25.90 2239 22.70 0
EtAc 4.80 19.60 2125 6.30 71.10

THF 4.50 22.50 2135 2.10 84.40
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Fig 1 Linear relationship between InV,, and 1/T

F 2 BREWRIBEERBTIRMHIE(E
Tab 2 Adsorption enthalpy of eight probes for crude oil sample

REE - AHEY (kJmol ™) —AH;(kJ-mol™") HIXERE(R?)
n-Cg 31.54 47.90 1

n-Cr 36.63 49.24 0.999
n-Cg 41.46 50.54 1

n-Cg 46.17 52.27 0.998
DCM 29.22 82.74 0.962
TCM 31.30 44.20 1
EtAC 35.66 53.94 1

THF 31.97 45.70 1

PRZEME: w(—AH,,)=0.5 kJ-mol ™!, u(—AH?)= 0.5 kJ-mol~'.

MRS IR BRI, AH : BERRF RO NG, X B A PR o T -CHL-BE RIS G, TRl SR
MREIe R Z AN RO 3G . 5 IEMGEEA L, R TR B A H oA B B R, X0 T 28401
Z VR E AR EAE RIS RS, ARt 235~ Ta] (R A AR AR B P A MR 5 ity =2 ] ) LB
2.2 JRMAIREEEEHEE

TEROMZT |, R A R RILs 5 H B o Z A EAE IO A J B 27, 435 T Schultz )y
2 Dorris-Gray J7 X0 JFIIAE Yy AHEAT 1T HHE, S AT AE R (4) ~ (L0 PRI, HEE AL ILIET2. 76 S0 10
W, PR A AT T T2 B

FE3J@s 1 PR 7 R TS B By A 45 SR Hu 8, v DL & B Dorris-Gray J7 25 5 B 5y . X &R I Fh 777k
B R ANAL BRARTE] | TTSchultz )7 125 R AL R SR 707 MBI AR 15 S, Dorris-Gray Ji v BB ARBRUNAE
PR IEABERRAREE o F BB R 4L, B T ABR2ERYSZIA , Dorris-Gray J7 % Schultz VA A T 5 1Y HERRE .
[RIRs, ZEAAR AINARFR A T, Dorris-Gray J5 % B9 AL R HeSchultz 5w/, #(Dorris-Gray /77245 H 1y 45
1, X5 SCHR (28] A A R —EL
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® 333.15K ®m 343.15K ® 353.15K ® 333.15K ® 343.15K ® 353.15K
363.15K ® 373.15K

16l ® 363.15K = 373.15K

RTIn¥,/mJ-mol"!
RT InV,/mJ-mol’!
s
T

(2)

I I
2.6 2.8 3.0 32 34 3.6 38 4.0 6.0 6.5 7.0 7.5 8.0 8.5 9.0

2Na(y} ) **/m?/(m)-m?)* Number of carbon atoms
(a) Schultzi (b) Dorris—Gra\y‘iiE

B 2 HRERAFESRERMEHRENMINTE

Fig 2 Two methods for calculating the dispersive component of surface free energy of crude oil sample

PR H B S HI B R T, ErT :
LRPETF RIS T A T S A o T DR 7

REAL AP F AR, BEEIRE TR . BTS2 “f .

WEAKBSE , WbE Jg 40 LT i Sy T . R Tl

. IR S A L T s, N .

AN AL S R S 7220815 KT I~ 243 5 941,43 oo T
mJ-m~2142.65 mJ-m~2. T LT A K S of

HIIEARAE18~50 mJ-m~229 | Udeagbara B0 f| R 6 33’(:. - - ]
Tk J11HE29 ©CllsE 1 )8 H R P-4~ H 5 i & K

iK1, HAEAE25.8 ~ 31.2 mN-m~!, Maini®\ 451 3 Schultz;£FDorris-Gray;&it E 1S 2 A0 R Bt
BINH) i+%\IETKI§]bﬁ§?CO2T@$DEr%{E e F 12%3%%(;@’;%521?1%? fﬁe dispersive component of
ik, HAATESS mN-m~' A4 I8, X 5ASCRYZE R ‘

.- surface free energy calculated by Schultz method

and Dorris-Gray method

% 3 Schultz;x#Dorris-Gray;%x it B 52| 8Y[FimiE SRR E B E B HEE

Tab 3 Dispersive component of surface free energy of crude oil sample calculated by Schultz method and Dorris-
Gray method

T(K) Schultzi Dorris-Grayik
y4(mJ-m=?) HERE(RY) v¢(mJ-m=2) HERE(R?)

333.15 46.55 0.983 51.49 0.987
343.15 50.14 0.986 56.44 0.989
353.15 51.31 0.98 58.85 0.986
363.15 52.51 0.982 61.39 0.986
373.15 53.97 0.983 64.34 0.986
298.15 41.43 0.967 42.65 0.989

T2t u(v$)=0.3 mJ-m~2, u(T)=0.5 K.

2.3 [EMLewisBERH T 5

Jiamh 2 1 X AR MR BV R B G B EL VR S BRI VR, S T P A TR, Dyt o A
PEBRET R 2R 1 A iR SE T R HEC B AT F AR AE R B B f e, R AR IR IR R R AR R A IE bR
(I RTInV, XF2Na (7)) MEE, MR PEIRET SHIA B Y 3l Y 2Z2RIBAGy (WLE4) . M%), A3
BENAHY , Feddh ) T 70 LB P AR A R R T M AGP FIAH P .
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Fig5 Adsorption of polar probe on crude oil sam-
ple -AH;? /AN*-DN/AN*

Fig4 Evaluation method of AG.P of polar probe

on the surface of crude oil sample

% 4 TWIRE T HAR ISR 7E R 3R H B4 E R BT B F s FN4FE IR M A
Tab 4 Adsorption specific free energy and adsorption specific enthalpy of four polar probes on crude oil sample
surface at experimental temperature

—AG (kJ-mol™1)

= sp -1 S 2 f 2
R 333.15 K 343.15 K 353.15 K 363.15 K 373.15 K —AH (kJ-mol™) LESE Y
DCM 3.34 3.79 4.73 5.29 7.48 63.97 0.998 1
TCM 0.19 0.10 0.04 -0.07 -0.16 33.77 0.989 1
EtAC 0.31 0.43 0.68 0.81 0.97 41.85 0.990 2
THF -0.96 -1.06 -1.10 -1.19 -1.26 35.04 0.991 4

W2EE: w(—AGP)=0.05 kJ-mol ™!, u(—AHP)= 0.1 kJ-mol*.

AR, DURAERRET B AG PRI 158, . DCM>EtAc>TCM> THF. FFe B MHERE 70 FDCM |
TCM AR, EtAc ki, THF A6 . DOMBEA T RIAH:? , Ui IR i 2 A i k5 P i s THE A
EtActt BT BRI A P, UEM T i i 2R T R 6 P o R M 6 2 e R A AE

MR (12), I-AH: JAN*XS DN JAN*ER, K FK 5 YA AT L3 3G B ARPER AR ARG (2
RERMEE RN K, , BRI K 5). WESHTR , DCM  TCM , EtAcHIDCMA BN AR B 8RS , TTDCM5
TOMYARIEIRET , WA H? J AN*RPEIE I TIHE, 15380 503 P 2R 1H Lewisfig | 580 40K 2 FLK 5537724 0.35F1
2.70. ERBEAEHAE T (KA + Kp) N3.05, BRI ENLE A RN K 5/ K 4=7.71>1, Ui H I 2% 18 52 20 5 1 A B 2
HERZZ W PR IR T HG THTIhE

B IERAELE R, X RIH I TLL AN RAE
mEI6RT LA Y, Rl R BRI 4 . 7E700~ '
900 e~ B TAFBURP ARSI , 1 377cm ALY
JE IV 5% A - CH AR S i 4 iR 2l , 1 459 cm
VA& F-CH3 FI-CH, I A X FRAETE AP PR 50 , 2 924
cm ™ I8 T X FR-CH AR R B0, 1 705 cm—?
FJE FTRIRPC=0M%HRsE, 3 419 cmHJET
BN E R g . HLewishME A S gARiC R IL 55

Tiansmittance/%

F , LewisPRMEA7 s8R TR R B RN H FE 020, iR Wavenumber/cm’
EE%%@T@E@ER%E&T%E@E > ﬁ%ﬁ%ﬂﬁ‘@ﬁ’ﬂ s 6 [EHAEREFT-IRGILE

X S5IGCH T4 R —3. Fig 6 The FT-IR spectrum of crude oil sample
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