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Table 1 Scheme of single factor experiment

S 2H INFAREE/C {5 BRI ] /min T T [E A 4%
1 300, 350. 400, 450, 500. 550 45 70
2 450 30, 35, 40, 45, 50, 55 70
3 450 45 40. 50, 60, 70. 80, 90
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i 50 min 5, HFEE s ek s a4 (;H\: oil content after heating oil-based cuttings
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Fig. 2 Effect of different residence time on the residual oil
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2.2 Mo & BHE 5 #r Scig Fig. 3 Effect of solid content of different oil-based cuttings on
FESE 3 A AP Z S B S8, Al the residual oil content after heating oil-based cuttings
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Table 3 Experimental design and results of
response surface analysis

o e gyE:S (O)fFH (XIS A (Y)REFE/
TR/ C i+ B8] /min &1 4H & 18/% (kWh-kg ")
1 0 0 0 228
2 0 0 0 221
3 0 0 0 2.19
4 -1 0 -1 3.11
5 0 0 0 224
6 -1 1 0 2.86
7 -1 0 1 1.88
8 0 1 1 2.52
9 0 -1 1 1.96
10 0 1 -1 3.27
11 1 0 -1 3.13
12 1 1 0 3.02
13 -1 -1 0 2.19
14 0 -1 -1 2.95
15 0 0 0 2.23
16 1 -1 0 2.79
17 1 0 1 2.83

r

TE: JeJi—30 27 it T o 1oz 23 BT 9238 i i 3 B R RO [l %
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Table 4 Variance analysis and significance test of
regression equation

kg CFHR HBRE ¥ F P M
R 320 9 0.36 15899 <0.0001 WLFE
X, 0.37 1 0.37 167.07 <0.0001 B
X, 0.40 1 040  176.86 <0.0001 W3
X, 1.34 1 134  596.89 <0.0001 B3
XX,  0.048 1 0.048  21.61 0.0023 B
XX, 022 1 0.22 96.56 <0.0001 ‘B
XX, 0014 1 0.014 643 00389 BH
X 0.32 1 0.32 14091 <0.0001 &
X3 0.19 1 0.19 83.91 <0.0001 B
X om; 1 023 10274 <00001 B
%% 0.016 7 0.002 239

AT 0.11 3 0.003692 32 01447 AWFE
4HIRIE 0.004 6 4 0.001 15

ME%E 322 16
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AL, B AR BRI S T AR A R R, iR R I AR, 2 S AR B
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B JE A e R TEC T T R R R B A, R 2 A A A A 2 i B B R 350 °C
BF, WSS R A E o B ok, A S AR, TS B AR £, T Y AR
Ko ATy 550 °C B, W AES T8 BORL 2 E W 75 . AB D7 L G W0 4538 4 i 24 07,
L PR S AR o A7 3ok S EE P, A B S T BB R B 5 e AR X 5, REAE RS R R . Tk [
AR B AR, Bt 2 SR LR B AR IR BN S AR R B R e A R FE—E RN, A
PO BE B, A PR R PR, BRI O S I R, AR B X BEAE R R A S R

REFE/(kWh - kg™')

50 }40
(=]
£ :
z =
T 45 w®
BE =2
fiad

40

Lt 40 :@,
35 iy, i
350 400 450 500 550 gy 35 350 4
SR C
(a) BRI 2k ] (b) = Zfkme 1 ity e (5]

El 4 mHGEE S 15 B8 X HEFER2 M0 80 5 S 2k 5 W Rz i T [E]

Fig. 4 Response surface and contour plot for the effects of heating temperature and residence time on power consumption

REFE/(kWh - kg™)

AEFE/(kWh - kg™)

R 1A 5 /%

- ” 66 ;
350 400 450 500 550 '§§\§/9 60 350 \,&X‘}‘

TR EE/C
(a) BRI e A (b) =4 5 iy i

E5 mMARESHELSBEESEXEREZMNS S %S 0N i@ E

Fig. 5 Response surface and contour plot for the effects of heating temperature and solid phase content on power consumption
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HEFE/(KWh - kg™)

AEFE/(kWh - kg™)

AT AR & %

350 400 450 500 550
{5 B I ) /min

(a) BIRM S5 LR A (b) =iy 7y g Pl
6 FEIEISERESENERTIMAEF S LS W i &

Fig. 6 Response surface and contour plot for the effects of residence time and solid phase content on power consumption
f, RS . MRS A A K Al A, AR R T AR X T G P S K B e e A
R P A e 2 (8] A4 S AR TR RERERS AR, SR o A 4 R —EL

P 6 B 1 I Gl B2 g 450 °C I, 5% B I 1) R I A 5 i B 52 B A W RERE R MR . 15T 6 AT
T, BEA (5 B R [ A i A R, i R R R B S AR, A BB R S E R
8128 35~43 min, [EAH & 508 85%~90% I, REFERAL, ZeUrRcas ot Bl 15 B ] A9 38, 1514
FR RN M EUR BN RS, BEREIY RGN, AH LA & 60%, 7[R & 909% I 45 B
ARNIETB DI = 00 3 R A e i ST 5 SO B e NN 7 O L4 i M T R = I B )
JE K A R, W RGN B REAE I BRI A e E THE T B AVRERE, X TR o
Bt B REAR IR D o B i TR A TR AR E AT R, 5% B IR R] S I A R 2 ] A S B AR TN BEAE RO 5
M B, SRR o A R — B

TR BE | 45% B N () R 2 o S [ A AEFE/(KWh - kg™
3B R RN R, BRI E F
W 45 AN T B SRR 350 °C L ¥
B0 55 min, 5L E JH [E AR S O 60% I, fiE

Fed = 3.65 kWhkg s 4 HHGEE N 350 C | 0 (x B

1558 A 35 min, I 3L JE [EAH & oA 90% A, ﬁu

REAFERCAR N 170 kWhkg ', SLRFHUBEMIRE EAE &

FEPE THAL & 1F F i BERE = - %) 550
FlJH Design Expert #fF IO fE M2 % & «

MR R QATRIE, RRMARAE TR 7 P &

NBERE . B B A e B0 L B 6%” Vs »

I HEAT A S L 4 S I I 2 T A 5 ik 2 B i

N T0%, 5 Bt — A e 1A 5 LD SR ¥ A BC.D E F.G HE kIR T,

WHARRE. B MM B I . 5 IR R R A

NGRS R Ik e A A R AR 7 3IERERER RN

R, BB S B IS E (;Q U5gsd ) 1H Fig. 7 Effects of three variables on energy consumption



1646 ok L OB ¥ M 514 %

TN 70.52%. TEREAERC/ NI AAE T, ARAG AT 30 09 i #OR B S 430.52 °C, 5 B B A 40.01
min. {HFE Tl AL B FR 256 B S BRas A7 v, 25 08 30 Jn AT 82 R 5% B 1) ) 52 A S8 O R B, i e
S A IMARE BE 430 °C . 45 FE B E) 40 min, [ETAH & 0 70% . ZEXT B UL A% AR EA T 01U R AR 28U 56 iE
R, M SR AR R 2E, BT T 3 ACPATEE R, BEREST N 231, 243, 237 kWhkg',
ST -S4 2.37 kWhekg ™!, BRI TN K2.29 kWhekg ™', SCIG 45 SN w5 T RUMAG , H W AR R R %
1UH 3.3%, HE—20F B T B R A I S50 R0 23 BT i 625 T AR BRE A R T 25 S 800 mT S

FEHAT T2 SEARRCR SE 50 43 A i, O3 250 WA 35 T 525 T AR & 52 70.52% MR
M PEATSER . T ASEURALTET ML ARG . X AS R 00 I A6 B A B I R) 45 40 T, RERE RN AR i 19 &
MRS, SCIRZE R LR 5. MBI I 2 R AT, i BRGR BE R B e (R AE BV R, A
24 R ALK A TR 3 DR/ 457 B B R, T R AECEA G B Ah B BERE DAk S AN B 2 A B Ak B RE AR
WARACAT AR T 17.47%(F% 5)o H T 2 W ALK 152 B3 15 ] 9 2 2 S BSOHA NG B 25803 (0 AR G R AIG L R 1Y
R TR E 0.26%, Wi e CRATE e TS W Sl bR ) (GB 4284-2018)B 215 U 7= ¥ 15 4 )
FRAE<0.3% Zisk , BHEBART (B LA oR R AT R &5 Ve W IR AL 255 R B Yedes il B R 2K )
(SY/T 7301-2016) 1 ELRAK T 2% BIbRifEEE K

x5 LESHMUAIEREMBENS MEIL

Table 5 Comparison of energy consumption and residue oil content before and
after process parameters optimization

T JnFARLE/ C 15 B4 i} [R]/min AEFE/(KWh kg ") BRI IR %
PeAkmits 550 45 2.92 0.04
fefbfa 430 40 241 0.26

1) HFH S MR <2% I, S-S B BN RSB AIS , I B R 0 i G
350~550 °C. fF=EAHFIH] 35~55 min, JHIEEJE FA R 60%~90%

2) ML S A i 70% I, FEREFESR /NI SRAETT S L BB B AL BT S B0 IR
JE 430 °C . (= EISE] 40 min, S UESCER B9 REFE - (E N 2.37 kWhekg ', T {5 S5 56 E0 A9 AR X0 1R 2
AR 3.3%, AT A RECUE W12 VR 22 TR TR A o B R el A

3) K FH e Ot i o T BAE BT Ab BT 25 26 R J . TTT ZREAE 17.47%, BRI I & M3 <0.3%. S5
ZEOLERIT, TR RE BAA B Y, il T AS A, AT E SR 0 il R A AR Y
B $E T T REREAE, DAIIT S IR T il RE S 8 R B Ak 3TNl A 7 P 19 25 05 88 4 25 B MERSE

& £ X #
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Abstract In order to explore ways to reduce energy consumption in thermal desorption equipment, the process
parameters optimization of the thermal desorption process treating oil-based cuttings in a well of Xinjiang
Oilfield was studied. The result showed that under the standard of residual oil content less than 2%, when the
heating temperature, residence time, and solid phase content of oil-based cuttings were in range of 350~550 °C,
35~55 min, and 60%~90%, respectively, the residual oil content after thermal desorption treating the oil-based
cuttings could meet the requirements. Among the above ranges, energy consumption was taken as the evaluation
index, the study with the response surface method indicated that the interaction terms of single factor variables
had significant impacts on the energy consumption. When the heating temperature decreased from 550 °C to
430 °C, and the residence time decreased from 45 min to 40 minutes, the energy consumption could be saved by
17.47%, and the residual oil content reached less than 0.3%. This research shows that adjusting the process
parameters of thermal desorption energy could achieve saving and consumption reduction on the premise of
meeting the standard for the residual oil content after thermal desorption treating the oil-based cuttings, aiming
at providing support for the reasonable setting of the operating parameters of the thermal desorption device
treating oil-based cuttings.

Keywords  oil-based cuttings; thermal desorption; response surface methodology; process parameters

optimization; energy
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