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Improved efficiency of in—situ combustion by application of submicro metal oxides
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Abstract: In order to identify the effect of ultra—fine transition metal catalyst on the in—situ combustion of heavy oil, thermal analy-
sis and isoconversional method were used to evaluate the burning oxidation kinetics of three ultra—fine transition metal particles—
NiO, o+ Fe,05 and Co;0,. And then, one—dimensional in—situ combustion experiment was carried out by the optimized catalyst. The
experimental results showed that, in the presence of Cos0., the activation energy of heavy oil decreased the most, up to 41.7 %.
Meanwhile, Co;0, had higher catalytic activity, that made it suitable for in—situ combustion experiment. Compared to conventional
in—situ combustion, high temperature oxidation reaction of crude oil was enhanced under the catalytic condition of Co;0.. The oxy-
gen utilization ratio increased by 6.79 %, the combustion time shortened by 11.8 %, the average temperature of the leading edge of
combustion increased by 20 °C, the maximum temperature difference of the leading edge of combustion reduced by 4 °C, the com-
bustion was more stable, the advance speed of the leading edge increased by 0.042 ¢m/min, the final oil displacement efficiency in-
creased by 5.7 %, and the viscosity reduction rate of the produced oil increased by 7.2 %. The research results have important guid-
ing significance for expanding the application of heavy oil recovery by in—situ combustion.
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Table 1 Properties of ultra—fine metal oxides
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Fig. 1 SEM morphology of ultra—fine metal oxides
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Fig. 2 Experimental installation of one—dimensional in—situ

combustion

I T P — e S R A VR s 2 T AR 1
T E, FETF R AT REAEF5 42 = BT TR . %
T2 B0 IR H J2 28 7l HOR I R S5 e IR,
TR — e 100 C LA L, I, 13 5 W1 HA TR
FER100 °Co SEBat AR v B RBAAD Sl AL )2
K BN 4 B B AL HL R A o B SR AR
FH U XU A T SR 2 18] () $AG 3, ST WD R
WY o SRIGHTHR IR AR R T KR



38 RN ST A

FoE

SCHG o N SR AR AR GE X S 56 R BE AT S e
3 WO I IR E R AT R SEERAT AU R
S 56 I 7 AR 7 TR, PR A 240 o <
& BRI KBE R

2 RN R Ko

L3 25 1 AN [ B2 R Ak 25 0 T B e Ak
a BTN ARAE R o B AR o O HE— i) 221 it
RS AR I A . 7R TR SR
T, B4R o S O T B A FRITE SR ARG . Ak
FUFEAERT, BUEAE BRI EE T, A7 Sz g s [l 475 ik
FWD o NIO fEL A5 1 T g i [a] g5 Ji L LR 2
C0s04, a+ Fe, O i [A] e 1< o 7E 330 “CHAH W] Joz 5 %) 7
THFE S TE NiO AL 25T, T 135 min 58 AL 100 %11
Hedk . TERIIR B BEFI R N 45 B B, Co:0. RIS
NiO 23 o o Fe05 [ AL 3 B AR M BN  (EATH 8K
FEARTR AL R ARAR 22 0 B g Bsf ] A o /AR ER S
T AL P REIRES o NiO T Cos0, HAT F5R I
WAL PERE , {H T NiO BB 4R TR AR /N, L3R T A
K, HUAL R I 5 Cos0. ML AL PR BE , 8 1A ]
EAMET CoOu AL PERE B4

1.0~
0.8
06 —— EMALFI (390 C
e — Ni0(330 C)
] C0,0,(330C)
F 04r —— @« Fe,0,(330C)
0.2+
0 50 100 150 200 250 300 350

) 18]/ min

K3 AFEAAE T ARSI R OC R
Fig. 3 Relation between conversion rate and reaction time

in different conditions

N KASTEP SRR ) 4280, 4 R AR 2.
TE CosOAFFESAE T, BRI T35 1k Bl R AR e 2 e K, 38
41.7 %o o- Fe,0s 551 T 1 AL RE R AR IR B2 fe /)N, NiO
J& T A Z 8 UESE TR A ST Cos04 P T NiO,
S NIO HLA 3R 1 L e i AL, (R ke RE 55 T
Cos0s, I H AL/ NI F HE 25 5y AR 25 He R, A 3

F2 AEEUFZFHETHNNESH
Table 2 Kinetics parameters of heavy oil
with various catalysts

FE i THALRE/K] 50 %Ak R
B 134.34 0.005(390 °C)
FAH+NIO 90.74 0.079(330 °C)
i+ Fe,0s 106.52 0.092(330 °C)
BRI +Cos04 78.38 0.026(330 °C)

CosO AT IS TS 2R IR Z IR S5

3 IR SRATR S 0
31 HUERS

3SR T oA S A S5 F T 1 Jobeih 2
— YRR L Ik be R R e AR T A SR
5%, BERR 10 min 55— B , 1R R KR S50
&S H €O, CO A O, Bl Fsf 1] A4 25 Ak 56 28 43501 UL &) 4
FES, SCIRZE IR 8 KR BRBEHETT T 340 min,
£ 50 min Z [, BB 0, 52U R R, [l CO,
5 Co e LI, uEB & A T R ZL S AL RN,
SHHRBERIA B B 5 7E 50 ~ 300 min [X [A) BRBEHEA T
5E, FIH CO,.CO O, & i B A W8 (HIEEEA K,
TR BB b B LA Bk L M 2.01, AR
FIHIZR A 86.40 %o MIAEAN Co:0 8L , BRbE
4R 300 min, ARSI [EJ 4R %0 T 11.8 %, TEARERA
BB B, AL KR AP AR B i I S AR
ik 2 IOEHIE A, VLR I AR AL TR R AR
FE o MEALSE TR ISR 2 10 U, AR R
P15 6.79 Y% , X 72 W AN Co, O AL F 3R AL T 503 Y
e A S o

SRR %

1 1 1 1 1 1
0 50 100 150 200 250 300 350

5 8]/ min

B4 JaRkbeE sk e

Fig. 4 Variation of effluent gas of in—situ combustion test
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Fig. 5 Variation of effluent gas of in—situ combustion test

when the catalyst is 0.1 wt% Co;0,
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