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Research and application of low-temperature and early-strength
anti-diversion emulsion for adjustment well cementing

ZHAT Xiangyu
(1. Engineering Technology Research Institute, CNPC Dagqing Drilling Engineering Company Limited, Daqing
Heilongjiang 163000, China; 2. State Key Laboratory of Continental Shale Oil, Daging Heilongjiang 163000, China)

Abstract: Due to long-term water injection for development adjustment in the Daqing Oilfield , the underground pressure
system has become complex, with extensive distribution of abnormally high-pressure zones within the formation.
Additionally, the oil reservoirs are characterized by shallow burial depth and low ambient temperatures. These
conditions reduce the hydration rate and slow down the structural development of cement slurry during the cementing
process, as it is affected by low-temperature environments. Consequently, during the gelling process, the cement slurry
is prone to invasion by high-pressure formation fluids, resulting in compromised sealing capacity of the cement sheath.
Based on the “crystal nucleus induction” theory, this study synthesized hydrated calcium silicate using a chemical
precipitation method to prepare a hydrated calcium silicate sol accelerator (designated as DQZ-1). Evaluation showed
that with a DQZ~1 dosage of 2%~10% , the 8-hour compressive strength of cement cured at 40°C increased by 39 % ~
153% compared to neat slurry. Microscopic analysis confirmed that DQZ-1 accelerated the formation of cement
hydration products, demonstrating excellent early-strength performance in low-temperature environments. To enhance
both the low-temperature early strength and anti-channeling properties of the cement slurry system, hydrated calcium
silicate and latex components were incorporated. However, issues such as demulsification, settling stratification, and

high slurry consistency arose due to their interaction. To address these, polycarboxylate MD was selected, enabling the
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cement slurry to maintain low initial consistency while achieving significant early strength. Additionally, a polymer

colloid X was chosen to impart excellent anti-settling properties to the system. Through rational formulation, a stable

early-strength and anti-channeling emulsion composite (designated as DZK) was developed. This composite promotes

oil well cement hydration, generating more hydration products. The cement slurry’ s performance coefficient (SPN)

was lower than 3, and the static gel strength transition time was shortened by 81% compared to the neat slurry. The

low-temperature early-strength and anti-channeling emulsion composite was field-tested in 23 adjustment wells in the

Daqing Oilfield. It achieved a 100% cementing quality excellence rate, with 96.3% of the oil-bearing sections rated as

excellent, demonstrating outstanding field application results.

Key words: cementing slurry; hydrate calcium silicate; latex; low-temperature early strength; anti-channeling emulsion;

adjustment well; Daqing Oilfield
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Fig.1 The emulsion undergoes demulsification

and sedimentation

A SO A IR A TE IR 5t K, BiF A 1 B AT R
5 28 AR 1) K A T TR B T IR 5 i A 2 SRR R AR 3 B
7R L2 e SR W R AR E S M TR T KA R TR B U I S
Ji52 2L 4 fioh K A B4 K e 0 B R R 5 s L R AR DT
e 1 ) 0, O o TC ALY B R LR & R R AT T R
5t L By 6 A R REITAN , fc e 1 O B 3 L T

1 XWRHESE
1.1 SR

DU 7K A il R E K fi k BR AN L SR R R B U LRk
BRI R B LB B A G gl Mk e s . Hod, by
K G RS | K D i TR 4 A T 37 T SR W ) 43 A 4
TR, B R B Y 5 e 7L 7 B R R R PR Al 4R TR
ARWFFEBE A W= . BRI AR E 8 1 &
B, AR S R >95%, 4 F & 40000 18 FL B E
FACE DHL, EZ R4 R TR I, pHIE 7, % ¥



5240 41

TR T PRI B I TR 5 8 )7 LR T 52 5 1 T 83

1.02 g/cm®, FMELEE 14 mPaes, [ 40 & 50% .
1.2 SCR Tk

MR AR It I K e 32 56 T 3 ) i 85 K e 3K, AT 4L
FE5g B B AR R K A R FLPE AR PE A U8R R 5265
AR e B i R 4SO X i R i R o I ] AN e
B HERE , K K Je A K 0 B i B R R e, S
95 7 1M Al (K U8 IR M R i R 2 k) s R
7150 B B A AT CPEAN K U6 S B AR R L S
5 J5 AR Al ity I oK U8 A0 ISR PE AR ik S SR A
B A8 R ), S5 v b e i A R IR O =3 o
TR, SE5 T Ty B S 30 25 A 4 FROE SCHE AR S o

2 TR GRREITIE
2.1 KALRERR S I I DQZ-1 (1 il #% I 1 BE V-t
211 JKALRERR B % 0 DQZ-1 (1 il %

KAk T TR 8 i S 1 ML L T 2, o S ik
W TR R IR TR TR BB R R EE R 1096 ~15% 1
o W TR O 1090 ~20% By VU 7K A fl R 4 v
W5 W 10 % ~20 % B T K i Fe 12 400 7 T
DA 328 25 ] B i o 280 v b o 1 TR S 25 °C Ll
RAFFEAHE , Bk 3 B AT 1000 r/min, 342 1l
&R pH A AE 10.0~12.0 Z [a] , 52 17 391 Fal i A fek doe £
), 45 2 SO0 FL F1 6 BV IR A . B A K
ERERRES 5 R & 4 F % B 1.11~1.15 g/cem’,
[ AH & 21 %+ 1% ,AR518 8 DQZ-1 FLag 5 .

I SIRT7S I
Ca?*E1J3Si0y> £ janH,0 == CaO- $i0, nH,0 = = 4 C-S-HIF 24 45 /g
B2 sk REER S AR & ML

Fig.2 Mechanism diagram of the preparation of

hydrated calcium silicate sol
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Fig.3 The infrared spectrum of DQZ-1
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Fig.4 The diffraction pattern of DQZ-1
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Fig.6 Compressive strength of cementite with
different dosage of DQZ-1
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Fig.7 Development curve of compressive strength

of cement stone of DQZ-1 under pressure
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Table 1 Data sheet on the effect of dispersants on

the properties of cement pastes

At/ 40 °CX 15.9 MPa 40 °C X 8 h#i

IR % WIHEHEE /Be R B /MPa
MD (R ) 0.1 11 16.1
JKERRIRE) 0.2 15 12.4
SGERRIRIL) 0.8 30 15.5
SM (% Rt iR 25 ) 0.2 40 12.1
SXY (4 ¥ 25) 0.3 40 13.1
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Fig.10 Thickening curves
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Table 2 Parameters of rheological properties of
cement paste with MD addition
MD Jintit /% N H nfl A/ (Pass")
0 16/23/59/76/93/125 0.47 2.31
0.10 8/10/60/110/148/235 0.72 0.81
0.15 6/8/55/93/130.5/218.5 0.78 0.50
0.20 5/7/45/77/109/186 0.81 0.34
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Table 3 Data sheet on the effect of stabilisers on

the properties of cement paste
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s s o i sh B/ . N
FGEFIRZE it/ % Y E PUERE/
#%/(geem”)  MPa
X(EWREEWHE) 04 22 0.01 16.5
YUEWREZS) 0.1 15 0.02 14.1
Z(YERA) 0.05 15 0.03 10.2
H O i e 493 25 0.1 18 0.03 11.2
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i 3k 5 0.6 %6 ~0.8 % B, B8 Ak B [8] 25 8 R 0, Ui 1]
WRAKKEDE. S5 KR HE 2405, %A
W X AN A £ & A DURE 0.4 %0 X B A iR
RN LR A BT K, A 0.6 % % i X /4
FIR RN — o 25 b, @ R e 7 X, 38 i
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E A RE Yt T DQZ-17E I 3L DHL H & 77
o PEANAE A )

TE 43 ORI MD M e e 7 X 5Ll I, 38 i & 2R
fh, 08 BT IR R B A 2L R A R (e DZK)
DZK & R EZAH WK : (7~10) % DQZ-1+ (22~
24) % DHL+ (0.5~1.0) % MD++ (1.5~2.5) % X+
(63~70) Yo /K (AMIFAMAR R B 43 L Ry B it 5 1) o
2.3 IR L5 B e LI A G R DZK R RE VT A
2.3 HHLPEREVEMY 5K Ve 3K MERE R B SPNE
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Table 4 Various test data of cement paste at

different densities

W p/(geem™)

& 7

1.91 1.95 1.97
KK W/C 0.44 0.41 0.39
MBNE/cm 23.0 22.5 22.0
JE et FL,p/mL 17.0 15.0 13.0
W% C,/Be 11 13 14
T o5/ min 75 68 60
T \oon./ min 90 80 70
Py(27 °C)/MPa 8.2 9.4 11.0
Py(40 °C)/MPa 16.5 17.7 19.1

(1)K IR B 2451 40 “CX 7.0 MPa, B4L IR B 45 14 40 °C
>< 15.9 MPa;(Z)T;O.),(.*ﬂ(WcﬂﬁﬂﬁfEﬁ 30 Be E,‘J HT} IE] 5 Tmom*ﬁ(
VeHK A BE A 100 Be B IHA] ; Py, —8 h T H i JiE

H1 38 438 5 0] 0L, DZK K I8 3¢ B A AR w0 b B
Lo vei it 20 JBE R A I 1) 36 R 3 o T L R AL I 1] e 2
SR, AT PR T3 25 P O 4R e TR AR it T e
R . JERRAT, ¥ /N T 20 mL, B ARRR € M,
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Table 5 Performance of DZK and conventional

early strength anti-displacement system

15 23 WHARR  DZKIKR
27 ‘CX 8 h#iL [k 58 /MPa 5.8 8.2
40 ‘CX 8 hHiL K58 & /MPa 11.2 16.5
40 ‘CHELS I [] /min 180 130
40 ‘CX 6.9 MPa i 2k it /mL 45 17
40 'CX15dBEH/mD 0.011 0.005

T PIRROK YRR RS 1.91g/em’s

27 C X8 hyt H 5% & K F 8.0 MPa, 40 ‘C X8 h¥i J
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