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Abstract: Geothermal energy is a kind of clean, environmentally friendly and sustainable energy. With the proposal of

“dual carbon” goals , geothermal energy is becoming an important force to achieve the goal of net-zero emissions. With

the continuous development of geothermal resources, the number of high-temperature and high-pressure deep geothermal

well

s is increasing, and the domestic geothermal wells have reached a new depth of 5000 meters. High-temperature and

high-pressure environment is easy to cause the strength decline of cementing materials, admixture failure and excessive

water loss, so the performance of high-temperature cementing materials is increasingly required. Therefore, a new

high-temperature cementing material with excellent slurry stability, controllable thickening time, high stone strength and

envi

test

ronmental protection is needed. Through analyzing the mechanism of cementing material components, orthogonal

and range analysis, a kind of high-temperature (120°C ) resistant cementing material suitable for medium and deep

geothermal wells is developed. The test results show that, the properties of cementing material such as density, water

extraction rate, stone rate, thickening time, water loss, channeling resistance, stone compressive strength and flexural

strength meet the requirements of cementing engineering in middle and deep geothermal wells.
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y 64.8 MPa, J+ & # % Jy 898 kPa/min, Wi B K
120 °C, FHE FF R E] Ry 66 min'™™ . 45 & o i 2 H
PR BE K TR H A B ] 8 22 A 8 /N F 2 he
1.3 JK I3 By 8 1k g

o ek = P b B 7E BB ) A R R B4, ]
RET) & w45 gl . BT B 5T R KR I AR K

https://www.cnki.net

B Ak 2k I Bsf R DA R % i 6 5tk B 3ok O B[R] 45 0 By
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55,30 min &K A EE T 50 mL .
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PR o BE 2 45 AR ) S MR O — T AR AR,
B T A A R RE A R R R T R AT 4R
HE S AR R K Ve R ey vE R i = IR
FRAP A XK HEAT IR, TR PR R 120 CL FR PR
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1) MBS TR Tk 1R, ik TR 5 A SR A A S B, B S AR K T
PERERRE5 KA W) C-S-H(B) o A S I HY i3 fik 0k 38
£ e B AE K PR AL B, A A K U AL B Y k.
DA I 39 8 A A M s /b E Rl K R R R KRS A
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B AR X K e A 58 LTI A 5

IE-EEE(CHO) & — R A UL &9, & TR
Jig 5 B o e ad BT, & B A > O o B T
W [ A 7= A ) AU SO R R AT, FLRB K e [R]

ML, S s BRI 5 .
2.2 [EIFAORFEC T ik
221 ExK I
2o KA, I X5 JOHE i A7 b 2 53 #r , oK [
LV R IE 2 P e A TR I L KB R 0.5,
IS EEINAE Ry 0.06 Y0 (7K U6 T8 BT i A 43 L) o
R ARAF PR 7, SR FH PO P 3 =K P 1 1E 38
0 % 4% 21 43 Y E AT IR A o AR Ak T T 1 4
309 fEM +3% B+ GRAKI+1.4% 2 B2
BEF +0.6% B 4k BT +0.06 % 1E 3 B, K [ LK
0.5, 2 1E 38 IR B R ACE 3% 1.

F1 EXKWEERKE
Table 1 Orthogonal test factor level

KR A B C D
REMY/ % WEE/ % (XHTED)/ % Wik /%
—AKFHZE 20 2 1.2 0.5
TOKERZE 30 3 1.4 0.6
“IKFEHEE 40 4 1.6 0.7

T = (LR B Sy oK U8 - By -+ SO 5 e R0 A Fr 23 e R T E
h0.5) 5 BB ZEHER (X D) FAE fL 57 Iin 4k 3 24 o5 7K 2 T 83 ot
AT 43 P o (2) S IC R R R X5 D A A b 1: 1

2.2.2 EIEE R
R 2% PR 2 08 AN (] 7K 7 6 3000 5K 485 2 v 3 £k
IFIE] B TR 5 BT 2K SRR 2 K R 1R B ) A0 B i
vt 0Tk R A U LA R BEAT AR 2
Sy AT, HE A R R . IE A8 R 2 R
22, % A A TP 48 AR I B 22 43 A7 45 SR L3 3~6.
Gy AT 3, 44 B R X T AR Ak S R] 52 iR 4 4 25 A

F2 EXHKBRER
Table 2 Orthogonal test results

WIS BEBA)  MEEB)  X+HEENC) BT (D) BAEE/min 1 dBUERRE/MPa Hik®R/% Sk /mL
1 1(20%)  1(2%) 1(1.2) 1(0.5) 83.52 21.74 0.63 66.20
2 1 2(3%) 2(1.4) 2(0.6) 140.68 20.69 0.47 43.23
3 1 3(4%) 3(1.6) 3(0.7) 257.81 20.70 0.23 30.43
4 2(30%) 1 2 3 144.07 22.81 0.73 64.00
5 2 2 3 1 244.55 23.66 0.43 40.70
6 2 3 1 2 84.66 23.44 0.13 31.90
7 3(40%) 1 3 2 286.49 24.79 0.70 62.13
8 3 2 1 3 83.35 24.40 0.27 47.60
9 3 3 2 1 124.39 24.51 0.03 31.57
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Table 3 Range analysis of the effect of each

component on thickening time

F6 BHFIWKRKEZMPRESH
Table 6 Range analysis of the effect of each

component on water loss

F ] 1

" fEB(A) fakE(B) X+ #IAN(C) Btk T (D) e = fEB(A) BrE(B) X+ #IEN(C) ®ifbs T (D)
K, 8.13 8.58 4.19 7.60 K, 139.86  192.33 132.9 145.7

K, 7.95 7.85 6.94 8.64 K, 136.60  131.53 139.7 138.8

K, 8.22 7.87 13.17 8.06 K, 141.3 93.90 146.7 133.26

k, 2.710 2.860 1.397 2.533 ky 46.620  64.11 44.3 48.567
k, 2.650 2.617 2.313 2.880 k, 45533  43.84 46.567 46.267
ks 2.740 2.623 4.390 2.687 ky 47.100  31.30 48.9 44.42
e 2% 0.27 0.73 8.98 1.04 2 4.7 98.43 13.8 12.44
2 ER C—~D—B—A SESERYN B—~C—A—>D

R4 BHEHAFWFP1AREBREZMARE ST
Table 4 Range analysis of the effect of each component

on the compressive strength after 1 day of curing

ES
W % -
FEM(A) fREB) X+TIR(C) k55 (D)

K, 63.13  69.34 69.58 69.91
K, 69.91  68.75 68.01 68.92
K, 73.70  68.65 69.15 67.91
by 21.043  23.113 23.193 23.303
k, 23.303  22.917 22.670 22.973
k, 24.567 22.883 23.050 22.637
e 2 10.57 0.69 1.57 2.00
3 Ex A—-D—C—B

xRS BHESIRKEZMEREDST
Table 5 Range analysis of the effect of each

component on the water separation rate

e HER(A) EEB) X+MEb(C) w@ifk (D)
K, 1.33 2.06 1.03 1.09

K, 1.29 1.17 1.23 1.30

K, 1.00 0.390 1.36 1.23

fy 0.443  0.687 0.343 0.363
k, 0.430  0.390 0.410 0.433
k, 0.333  0.130 0.453 0.410
e 2 0.33 1.67 0.33 0.21
2 ER B—~A—C—>D

KE/N.C>D>B>A, & HE N ERRHEF N -
X+ Wab (C) itk 7 (D), ek (B) , BEB (A) .
AT A A RN T IR 1 d 30 5 58 52 00 1) i
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Fig.1 Slurry thickening test curve
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Fig.2 Water extraction rate and stone rate of slurry

under different temperature environment
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Fig.3 Slurry cumulative water loss curve with time
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Fig.4 Curve of compressive strength of cement

stone with time
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Table 7 The compressive strength varies with
the curing time
FEAI A /d 1 3 7 14 21 28 35 42
YU /MPa  25.5 28.1 32.3 38.3 39.7 41.3 40.8 40.7

*8 MERETEHTUEER
Table 8 The average rate of change in
compressive strength
I fi) J& 31 /d 1~3  3~7 7~14 14~21 21~28
S Al AR/ 1.3 1.05 086 0.2 0.23
(MPasd ")

PR DL 5 0 R IR B 14~28 d N BT 5 AT
FEHGR (EIE R W] FE AR, 28 d LU, 96 B Mg AT
SR EAD R AR B PR R B o UG 25 R SR W [
A A A X0 T R A SR
3.7 Hif Ay om it

HKIEAE 120 “CHAF T A7 3 d, 45 A1 AT I i 1L
Al T Y AW=300C %7K 98 B wb- 5t SR Ht 4 il g bl
PTG 5 45 R UL 5, K Je IR 3 d PR R
5.4 MPa, RE#S 1l /2 [ 1l 75 22
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Fig.5 3 day bending strength test curve of

cement stone body
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Fig.6 Electron microscope microstructure of

cement stones at different curing ages
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Fho M E ARG SR S B R A T &
B IR, 7K e UKL — 20 e A KA RO 7 AR R
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TR A AL O, BN i i o B R R AIE R
P A3 KL, [N AR Ca(OH), 19 & &, KR s>
K8 G5 A0 A I i Ak B B, O B2 8 45 A AR BT P i
A TEAK T IK AR R HE A S I, e 6 (e) L ()
TR, RN B R R 12, e 3 B v Ca(OH), 7% &
AW D, C-S—H Bk 25 KAk 7= ) A i 38 2, 3 )
B R 7K R Ab S A 1 B R O I P A O HE AR
(9 7K Ak 7 W JE 38 T 22 A W K B A TR, K8
A1 R TE JCE S0 A A B A R AR N TR 0

Sh A5 R TR) % B i 300 B0 25 K T N L T LR
RANS RO A P17 bl [N R0 NI (= 3 (@ e S N
T &5 A8 B T, A 16 94 7K 8 325 61 b R A s I o R
AT HA M 2 R

4 £

(1) 2ok 1F 22 3 50 B 2 B 28 ek 61 O 4 kI 7
40 Y6 RN 4 90 Rk + 1.4 96 &2 e 22 95 55 (X
W) +0.7% G4k 27 +0.06 % 1F 3 B 4 G 23 K
e, K& LR 0.5,

(2) 3 78w I 6 M R o 1.72 g/em?, B4k
B IE] 2 2:35: 05, 2k /K 5 28 30.5 mL/30 min, #7 7K %
J0.8% , 4541 %N 98.3% ,SPN i N 1.58, /KIes
AT PR BT 5 B AE T B R B B R) A K T G K B R
W AR SR Y 14 d J5 Al ik 38.3 MPa, 28 d Ji ik #1) 41.3
MPa, Z J& 0 5 B B A AN a0 . K U8 45 A IR
Prom gz Fi 4 3 d ek %) 5.4 MPa, f548 THEE R .

(3) Wl By 7K 0 K& [ 4 R B A R A Y AR 1

AE , FL3E A IR , PR OR L ) 4 11 A8, B8 Ak i i) m] 4
REAS I 2 Hh TR 2= M PRI [ A 7 2
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