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Behavior and Expanding Mechanism of MgO Expansive Agent
at High Temperature and High Pressure
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Abstract: High-temperature high-pressure (HTHP) working conditions of oil-well cement paste alter the expansive mechanism of
MgO expansive agent, thus significantly accelerating the expansion speed and increasing the ultimate expansion. The free expansion
rate of shrinkage-compensating pastes with MgO expansive agent at different contents was investigated. The microstructural
characteristics, including morphology and porosity, were evaluated to reveal the expansive mechanism of MgO expansive agent in
HTHP environment. It is indicated that the shrinkage of oil-well cement paste can be compensated by admixing MgO expansive agent
at proper contents and reactivity. At 150 ‘C and 20 MPa, S-type (220 s) MgO with a relatively low reactivity is recommended and its
dosage is less than 4%. At HTHP, the migration of Mg*" from MgO particles is accelerated. Besides the formation of expanding
mircocracks, Mg(OH), crystals also are interlocked with tobermorite crystals as a hydration product of cement, thus enlarging their
gap and causing an extraordinary expansion, compared to the expansive binder cured at normal temperature and pressure.
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Table 1 Chemical composition of raw materials w/%
Material CaO SiO, AlO4 SO; Fe O3 MgO Na,O K,0 LOI
G-Cement 58.18 25.37 2.40 1.46 5.10 1.24 0.32 0.16 1.25
Silica flour 0.26 98.35 0.58 0.02 0.03 0.04 0.03 0.05 0.26
R-MgO 2.17 3.19 0.39 0.09 0.62 91.27 0.00 0.03 2.00
M-MgO 2.43 2.17 0.24 0.29 0.50 94.01 0.00 0.00 0.40
S-MgO 2.15 3.99 0.48 0.07 0.55 89.40 0.00 0.03 3.13

w is mass fraction; LOI is loss on ignition.
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Table 2 Mix proportions of oil-well cement pastes m/g
Group Cement Silica flour Filtrate reducer Water MgO Reactivity
C 600 210 24 329 0
6% R 600 210 24 350 48.6 R (65%)
6% M 600 210 24 350 48.6 M (1205s)
6% S 600 210 24 350 48.6 S (220s)
8% S 600 210 24 356 64.8 S(2205)
4% S 600 210 24 344 324 S (220s)
3% S 600 210 24 344 243 S(2205s)
2% S 600 210 24 344 162 S(2205)

C—Control group; R—Rapid; M—Medium; S—Slow.
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FLBRIF AT (B 5),

TEHHL N, KPR MgO 7KL R N Eh
WAL, S B MgO [F7KAL I IICIE 1 a, IR Az B
Mg(OH), & HFIFHFLBUK IR A K, BRI ™ AL IR S i
IR A /N, T IR 7K U S A i R PR 1 555 e 2 A A1 o
TEEER T, MgO WKL RN J#IZ, S7E3d W
IKATE R, R 2B AR A 5 5 ), b it 2 )
SWEHE. % MO BEL AL 4%)r,
Mg(OH), ffAATE R (1] Py (1) PR AR A S A A £ 7K
VEIREEH, RIERINFLER 2, fH 435K o 55 A 5
YUK S N ALK e I S, 8 73 SR AR AR B e &5
DA KA MIRA B, 3 R S S PR, X ]
FEENIE i 5 . 45& 18 4 1) XRD g5 8%, xf
TR R KK Je K (6%S 8%S), Mg(OH), ik
TE BRI FLBRAE b 35 BB A AR M I — D A K B
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2] MBS, FER S KTE KA 4
WL RN, HFREN, TERCEZ ISR, X
KA G 6%S 1 8%S 2 /K3 T SiO, I KBV
SR ELSE R A

i Bl %0, 7F 150 'C. 20 MPa () TAEREE
BE R IR TE MgO KT, e AR i
A KA P A ARk, Btk R
0f, MEASRAERYE, MASEARSEZK. (HY
HEMK BRI (S B I A5 i 6%) i, MY
SR AR T2 U0 B B89, T o
KA G HIRFSEIZMG , 3 o S R TR, 0 [ A
WA ERASF M . Ak, BT ROV R, MgO
(R AR R, IR R A28k M2 MgO JIZiK
F 2 A1 IR BEAE L T I s 8] Py R e H e (B 1), i
ANBIIRGF AN e R R o DR, £E 150 °C 20 MPa
ZME R EAE RIS TR S B MgO KT, BEN
7E 3%/ A .

3 £

1) $51E 835 935 E 1) MgO IZHK 7], nT7EXT K
1A 52 WA K RT3~ A7 8O i 7K e K AT
i R IR 4R . #E 150 'C. 20 MPa |,
HAF AR S B MgO IZRKFI, 5 & N 4a e
3% 47 o

2) fEmR SRS, T Mg B T IY
MR, PRt BERRORVE R Y, Mg(OH), 5
IKALT= W) i IEAN B 55 4, T2 K& 20~80 nm (4L
B, BE PR AR . IR, Mg(OH), SAATE ik
(B8 L BRI Ky 35 R4 4 R R — 2D AR K A
6], A B FAME K HEN, AR 5 K TE K
=it —0 [N, THFERERY, TERCE 2 (1) 55 RS
ATE KA =) 6
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