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Abstract

Drilling fluids function mainly through the adsorption of the treatment agent on the clay, but
CO? /HCO; contamination is often encountered during the drilling process, leading to treatment
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agent failure and severe deterioration of the rheology and filtration loss of the drilling fluid system.
In this paper, we simulate the performance of CO: intrusion into clay-based slurry through indoor

experiments, analyze the influence law of CO? /HCO; contamination on the rheological and fil-

tration loss performance of clay-based slurry, and analyze the COg' /HCO; contamination mecha-
nism from the viewpoint of treating agent. The results of the study show that there is a critical value
for CO; /HCO; pollution, and when the concentration of CO3> /HCOj; reaches 1564 mg/L there

is a trend of a large increase in the viscosity and filtration loss of the clay-based slurry and with the
increase in the degree of contamination, the clay particles are gradually aggregated, large particles
are formed, and the leakage channel is increased; the results of adsorption experiments on RSTF
showed that the equilibrium amount of RSTF adsorbed on clay was 103.21 mg/L before contamina-
tion, and the equilibrium amount of adsorption was greatly reduced after contamination, and the
adsorption isotherm Langmuir equation can better describe the adsorption process of RSTF on clay
particles than Freundlich equation.
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2.2.1. CO¥ /HCO; iREE MR

fHi ] P BYBKBRE . MF 3L R B0 0 52 37 /K Y COZ IHCO, S & [7], BUR[ETS YL ikl 3838, fif
FAH S8 R A3, 4 L mL JE3, NN 2 M BRVA M, 55— K2 0.01 mol/L 1) HaSO4 % PH M 8.3,
LSRRI BRER RN Ve, BIN P, 4R e 2~3 T H S RIA TR, PR E IR S PH O 4.3, 03t Ib A
BN Vo, Vi 5 Vo SFNE N M, XFEG PEFD MF R/, I8 P AAE B RS, iR L iH s+
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Table 1. lon concentration determination

=1 BT REFR

OH- (mg/L) coZ (mg/L) HCO, (mg/L)
PF=0 0 0 1220 Mf
2pf < Mf 0 1200 Pf 1220 (Mf-2Pf)
2pf + Mf 0 1200 Pf 0
2pf > Mf 340 (2Pf-Mf) 1200 (Mf-Pf) 0
pf + Mf 340 Mf 0 0

2.2.2. CO; /HCO; SRt E R MR I E
Fic 1 B 20 B 5% S AN R, AR 20 min, FE IR 240, FAERE 70Kk, BUY
U1 400 ml ALK, AF BRI E NaCOs, 540 COS /HCO, 154, {f M milki& 7 7E 120C &
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£ 16 h, TE¥E 2000 rpm N #EE 20 min, ICEANE COZ/HCO; R T AL LSRR . BB RS
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Figure 1. Relationship between RSTF mass concentration and absorbance

[# 1. RSTF FRERESWRAEXFR

HRA AV AU S 7 0 P45 B SRR B, L) E 5 TR 25 H 9]
(G -C)V

=170 =/ 1
% 1000w W

HH: Cov C 3N RSTF HIURIAR &AWL B J5 ¥ Jl sk RSTF IR, mo/L; V NIIAE R AT,
mL; o AMMARMERIFE, g g N THERH AR, mg/g.

2.2.4. COZ [HCO; R B AL A st IR M MR SE1h

WF 55 Ak B 57 5 08 AR AN [R5 YRR P R AR B &, w2 COS/HCO, 5 Mt & MAH B LR, T
COZ [HCO;, & SX A F ARG+ R R B A . L AARSCIG D IR R . BL 3 43 400 mL 5 +383%, Al
RSN 0% 0.5%- 2%11] Na,COg, #if: 20 min, #f 8 2 h 7747, R = Fh AR5 G fe B oRs 28K,
FEFR 8 g RSTF N = Fhi5 Yehe 2 o, 78 40 W Bt , 43 BIAE AN [R5 Y R 8 00 b B8R ) /R B o o
2.2.5. COj; /HCO; 4T 55 K M im L SL 16

R kG = FE S, NI & 43 0 0%F1 2% Nap,COs, il JCi5 YeFl 2 fE v e i Mokl -85, 43 7l n
AANFEAREE ) RSTF 2 400 mL KGR b, RGN 1 h J5, HBUEIFMRALE 3000 r/min (15614 R ESO
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20 min, 7355 5E £ETCTS YeAN HL LTS Ye P AR 251 T IS A RSTR IRIERI A&, THEERN R, a2k
P S5 i HH 25

2.2.6. MBI IES
ASCH Langmuir 25 AR AT Freundlich S5 IR A HEAT 005, 45 H R B S5 24001 131 )3 75 R84 [10] - [15]
Langmuir SEEABEAUE — NI T3 S R B A IO A, BIZETHT 25T, WS B RN AR 1 2 T el 26 5 SR A
RAHE . RN, (@) BEW. (b) B AL (c) THEWMRE. (d) BBt 47 2 ) JoH ) #H B
fEH . Langmuir SRR R IE N -
_ 9.K.C,
%_1+mpe
KA qe WP, AR molg, Ce NVRAHFHENIREE, AN mg/l, qo JAERA o H 28 TH V% 14 750 1 B
KWK, B4~ mglg, Ko H I Langmuir 540, #4728 LiImg.
A Langmuir SRR RIAANT T SH, AT H, vURE Langmuir SRR (1) 26
HEFRIEA, Wk(Q3):

O]

& = 1 + & (3)
qe Kqu qo

Celge 5 Ceo Z I HIBIKG 72 A — 25 RN Ligo I ELZR, BEESET 1K M E Z .
5 Langmuir ZRZAE, Freundlich 28R AT DL F AR 5107 & LI 2 2B B Rse i B 34
A R Y 51 R TH ) SR A AN 511 . Freundlich SRR AR A 5000 :
g, =bCy" 4)
A Qe AR BT T Ry EE R B R R B R, SR molg, Ce R VRAHTHETIREE, HAN mg/l, b A&
WP EE ST, B Limgs L AR B A s R T T . M 0< Un< 1, WRBREUCRA R, 24 Un>
1B RADFIIREE, 24 Un=1 K28R . 2t ie nT LS k.

Inqezlnb+1InCe (5)
n

Inge 5 InCe B2 AE— 2R Un, #FEH Inb BB ZE.
3. XWERS 7R
3.1. CO; /HCO; ¥t ERMEFMm#E

Table 2. Performance changes of clay-based slurry after aging at 120°C
F 2. 120CEHEM T ERMEET R

Na2COs JiiF:  AV/mPa:s  PV/mPa-s GYG"/(Pa/Pa) FL/mL COj /(mg/L) HCO;/(mg/L) COZ /HCO; /(mg/L)

0% 12 7 11/2 18 126 277 403
0.4% 7 3 0/0 25 820 744 1564
0.8% 11 9 13 33 1795 1415 3210
1.2% 15 11 15 39 3221 4602 7823
1.5% 18 12 23 42 3664 4882 8546
2.0% 24 13 32 44 4082 9205 13,287
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Figure 2. Variation of base slurry properties with Na2COs concentration after aging at 120°C

[ 2. 120 CE L E B IR AERE NaoCOs IR T (LA

3.2. COZ [HCO; & E*FALIEF I RSTF W MIHIR I

HiPel 2 AT, R LIRS Z COZ HCO, V5 AFFE IR Sk 2. COS ™« 820, HCO; : 744. ULy T 40H7
CO5 /HCO; & X Ab 71 RSTF WL M (I 54mA, ARHE 2.2.4 SEH =AM RM B, 2 BN TETG S BTG L,
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Figure 3. Changes in the amount of RSTF adsorbed in clay with the degree of CO2 pollution
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Figure 4. Changes in API filtration loss of drilling fluid (RSTF) before and after aging with contamination degree
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3.3. CO; /HCO; iS#H1/E RSTF WMIZins

Table 3. Adsorption amount of different RSTF concentrations

5% 3. I[E RSTF ik EHIR =

200 300 400 500
mg-L*  mg-L?* mgL! mglL?
31.20 42.43 50.44 69.44
13.01 15.00 20.62 28.95

600

mg-L!
88.62
33.57

800 1000 1500 2000
mg-L! mg-L! mg-L! mg-Lt
93.21 102.14 103.21 103.87

39.86 40.00 42.59 43.25

FiLAEA R RSTF LM N RN R4 3 Pus, SKIGSRKW], 24 RSTF WK EEALRI, )
BN, BE ALFLR) RSTR WREEIZHI T, R IR M AREE ) RSTF B AR K I HiZWnea T i8. £

TSYSAE N, R I RSTF ¥R A 1000 mg/L Bk B P, AL IR RSTF fIR 56 45 St 4T
W B A53R £R A0 2, AR SC A& Langmuir A1 Freundlich #%4 . Langmuir #584 LL 1/Ce JREAAAR, 1/
AshR, Freundlich B DL InCe JREAANR, Inge AAALKR, AT BRI G IR 2 MER PRI S50 L
W BF RSTF F 2 P BR2G36 28 LI 50 k5 IR Bf RSTF AYZEIE. 2R R FH Langmuir #5540 Freundlich #5753

TG, "REIWMRREKSHILE 4. &5,

FIH Origin Pro 9.0 #:4T Langmuir %4 A1 Freundlich #7828 & 45 Wi f 5 Fron, SKbss B,
TETC5 Y M E Y5 Y 260 R, RSTF [#7 Langmuir B84 5 FE40L & B &1, 43718 97.554%F1 94.326%, Freundlich

0.10 6.0
= EER . EEY
© TR ssk o EER
0.08 k LangmurirZZ 415 P FreundlichZR &
" 5.0
LI // y=-0.72567+0.78881x - ®
0.06F  y=0.00885+1459435x 45 R2=095275 . .~
& R?=0.94326 . 7 a0 o
— S -
I /// K= - =g y
0.04 P 35 - L S "
m " -
L5 Y - 3.0 ~ /
0.02 ° — ~ —173 59045x
o - ; / = y=-1.73107+0.52045x
.4/,.,-4/ y 70.0033-?+3.86024x 25 .,,« R¥0.93764
R*=0.97554
0. 00 1 1 1 1 1 2‘0 1 L L L
0. 000 0.001 0.002 0.003 0. 004 0. 005 0. 006 5.0 5.5 6.0 6.5 7.0 75
1/C, In (C,)
Figure 5. Isotherm adsorption formula fitting of RSTF solution
[ 5. RSTF iR iRHIFRLWMARIUE
Table 4. Langmuir adsorption isotherm model parameters
= 4. Langmuir IR M= RZEIRBISH
ZH FREE S HigH
Ku/(L-mg) 1744.13412 1649.31178
go/(mg * g1) 0.17064 0.06851
R? 0.97554 0.94326
JirE y = 0.00336 + 5.86024x y = 0.00885 + 14.59435x
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Table 5. Freundlich adsorption isotherm model parameters
% 5. Freundlich IR BE&R RIS

1/n 0.78881 0.52045
b 0.48400 0.17709
R2 0.95275 0.93740
Wik y =—0.72567 + 0.78881x y = —1.73107 + 0.52045x

PR RS A 95.2759% 11 93.740% . AT WL, Ak -HBURIx RSTF AW B 1 T Langmuir W BB, 35
] RSTF 7EHN LUK 3R H R B L BEI5 5], WS 70 FIREAH AR R, S5 T B R R N 3, B i
P P o, (HTE B V5 Yo% F R, PR IR B B 400 5 K JE 35 BT R %, 68 COS/HCO; 15 44Xt RSTF
FERG L3R TEH R B P~ A2 T Sem . 7EJCy5 Yo RIS e Mok R, R JURIIR B RSTF 1) 5 R W £
A4 103.21 mglg. 43.25mgly, BEA&E VS RAREERTEE, R BURINT RSTF (R B & B0 1 R IR S, Xt
R R — A e S IR R, FHAS T Ab B FRIAERS LR, 75 3 ARF RSTF 7R+
RAFAVEH o
3.4. MWL

ML 6 AR DL HORG R 2R (T8 15 G DA (R IR 2544 T AN R 644, T8OK 5000 F5 &2 mT T, Rl
RGP SEBR b T /NI A RORS SN R HE AR B, RIS S ol 7 e R kG - B6 S b R TR BN S s 1
Wit K2 mEmG G, FREMERIEINEL Biks, RIOFRIPRGEH, KR LUE HORG 15wk
15 G J5 T F ) 223 T PR 45 4 S B Eh PRI/ IS P ORE TR AR T R, SEARRE 0 iR, DR I RS D o v

Figure 6. Clay microstructure under different pollution conditions
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