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Study on Synthesis and Retarding Mechanism of
High Temperature Resistant Oil Well Cement Retarder

WU Yanhua”®
(CNOOC EnerTech — Drilling and Production Co. , Tianjin 300452, China )

Abstract: In order to meet the cementing construction requirements of complex-well conditions such as
deep wells, ulira-deep wells and geothermal wells, a high temperature resistant polymer oil well ce-
ment retarder HFB-2 was prepared through aqueous solution polymerization using AM, AMPS, MAH
and DMDAAC as polymerization monomers by integrating molecular structure design ideas and func-
tional monomer optimization methods, and the yield of crude product is about 82. 7% . Firstly, the
chemical structure, molecular weight size , molecular weight distribution and thermal stability of retard-
er HFB-2 were studied by infrared spectroscopy, gel chromatography and thermogravimetry. Moreover,
the influence of retarder HFB-2 on the thickening time, rheological property and compressive strength
of cement slurry was investigated respectively according to the relevant national standards and industrial
standards. Finally, the retarding mechanism of retarder HFB-2 was analyzed by phase analysis and mi-
croscopic morphology analysis of cement slurry hydration products. The research results show that the
retarder HFB-2 has good high temperature retarding characteristics, when its dosage is 1.2% at high
temperature of 220 °C , the thickening time of cement slurry is 312 min, and the compressive strength

in 24 hours is more than 14.0 MPa. It mainly inhibits the formation of hydrated calcium silicate gel
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and calcium hydroxide ecrystal through adsorption and complexation, and then effectively controls the

hydration rate of oil well cement.

Keywords: oil well cement; high temperature resistant retarder; functional monomer optimization; a-

queous solution polymerization; thickening time; compressive strength; retarding mechanism
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Table 1 Composition of Jiahua grade Goil well cement
4 Sio, AL O, Fe, 0O, Ca0 MgO Na, O K,0  Na,Oeq SO, LOI
Em 18.23 3.13 5.34 63.54 1.63 - 0.74 0.55 2.94 3.90
|2 BN HFB2 B/ T
Table 2 The optimum synthesis process of retarder HFB-2
A CTISE S RN o ARV 2 1)1} Sl Fa i N FREEE  PARVRREE" ThORBRII N A
HUE 8:10:6:8 1.2% 3.5h 80 C 34.0% 30 min

*. AM : AMPS : MAH : DMDAAC, it [y ; " i 4340

FA H) 0] 3 25 B = 1B, #F 100 ~ 200
r/mindfit £ R TN AGE & AL B K AM Al
AMPS 7553 V5 i 56 4, R FH T i 43 80k 40. 0%
NaOH WA 15 WA & pH 24 6.5 ~7.0, 8K )5
R RE T = BRI E 75 ~ 85 C 5 FFHihRTH
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JE AR RN I P R 3 T AR S 3.0 h J5
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Infrared spectrum curve of retarder HFB-2

Figure 1
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Table 3 Analysis of gel chromatographic
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4.7 x10" 3.6
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Figure 2  Thermal stability analysis of retarder HFB-2
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M. ZEER) HFB-2 fiiihy 1.2% (2" KRIKIAR)
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Table 4 Composition of cement slurry
5 HFB2/% G ZahHKie/g /g FJRIK SYJ-2/g 43 SII-1/g [ oA
1* 0 700 245 28 2 300
2* 1.2 700 245 28 2 300
3* 1.5 700 245 28 2 300
F 5 HFB-2 AN [RIIN LR B i i 2 5P g
Table 5 Retarding performance of HFB-2 at different dosage and temperature
G R/ C JE71/MPa BfEmtE]/min - EAABIALES ]/ min - RTEEBREE/ Be
1* 200 90 126 18 21
2! 200 90 348 24 18
2* 220 90 312 20 16
3* 220 90 326 21 15
R 6 ZHEERIEA R B ANREE T (g2 e
Table 6 Retarding performance of retarder at different dosage and temperature
E3i1] Tt/ % L/ C HAAL T[]/ min I/ Be
AMPS/AA/TA/NNDAM'®! 1.4 140 256 -
PAINAS!M 4.0 160 303 12
HTR-5!"" 1.8 180 320 27
RT300L"" 2.5 180 224 28
R55L"! 8.0 180 293 12
HFB-2 1.5 220 326 15
x7 KIRHK WA M AR
Table 7 Rheological properties of cement slurry
e ) SHORS P TR B R4 . K/(Pa - &)
0, 65 B100 B200 B100 Beno
1* 6 11 27 55 106 215 1.022 0. 086
2" 2 3 16 34 53 115 1.117 0.024
3* 1 2 13 29 43 101 1.231 0.011

MLt 55 5b KA ST il % Z2 k5% HFB-2 15
HoAb ™ i b AT TYEREXS L, S5 RS 6 Frzn . i
6 R AHBST A b ASBITZE P il 46 T v
PR RS T BIZEBE5R) HEB-2 AT findg /I, it 4k g
HEH A T 2R PAF

(2) JKJEIEFALTERE

ZRBE) HFB-2 il 2 % 7K e 2 U 728 1 e 1) 52
M W T Jios o K eI BE i 58 R 1 Yo BT 90
CH EFACTHIAL 20 min, SR J5 R H 7S o ie i
b JEETHINAS [R) e 8 T 1) SR B 5, THRK 2 2

TPEFR R n MR EE R K, B5 R RV, Bl 57 ik
) HEB-2 Jyf 2 ik in , 7K e 3% i 48 v B I3t i
R TR S R Al B T S BURN W), K e %
TR EL 0 B0, B R R A K D AR T R, R W
e HFB-2 HA BN W 1 00 73 HROR o

(3) Kilef s

EBEFR HFB-2 Ji1 ot XF /K 6 A Ht 58 3 A 5%
AN 3 s 2Bl A, £ KRR AR R BT
SR EE R T AR#E SY/T 5504. 12013 i 2 724
#5124 h BEXT R 9 14 MPa, [R]HT, 25565 HFB-2
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Figure 3  Compressive strength of cement paste
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Figure 4 XRD spectra of hydrated products
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Figure 5

SEM images of hydrated products
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