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Abstract: The influence of adding crystalline silica and silica fume on the mineral composition and physical-mechanical properties of
the set-cement was investigated. The results show that optimizing the particle size distribution of cement dry blend can improve the
7-d compressive strength. Increasing the total silica addition can enhance the 30-d compressive strength. At 30-d curing, two
optimized systems have an average compressive strength of greater than 40 MPa and a water permeability of lower than 2x10°® pm?.
The physical, mechanical, mineral and microstructual property evolution of the two systems within 30 d were analyzed. It is indicated
that there are little changes in the mineral compositions and their crystallinity during 7-30 d. However, apparent microstructure
coarsening occurs, leading to the decline in compressive strength and modulus of elasticity as well as the almost linear increase in
water permeability of the set cement as a function of time.

Keywords: high temperature; high pressure; strength retrogression; water permeability; gas permeability; modulus of elasticity;
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Table 1 Oxide composition of silica fume and Class G cement w/%
Oxide ALLO; CaO Fe 03 K,0 MgO Na,O SiO, MnO TiO, P,0s Free lime Loss on ignition
Silica fume  0.297 0.597 0.162 0.776 0322 0.268 0.578  96.697 0.167
Cement 2985 65.134  6.675 0.805 1.962 0.179 3.150 18.452  0.218 0.262 1.65 1.17

w is mass fraction. Mass fraction less than 0.1% were not listed.
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Table 2 Mineral composition of Akesu Class G cement w/%
Mineral CsS C,S (C4AF+C,F) or C4AF
Quantity 46.0 28.0 19.7 6.4
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Table 3 Formulation design of cement slurries No. 1-6 w/%
Formulation No. Cement 200 mesh silica 1250 mesh silica Silica fume Suspension aid  Dispersant  Retarder Fluid loss additive = Defoamer
1 100 60 0 0 3 4.5 4 3 0.5
2 100 30 30 0 3 4.5 4 3 0.5
3 100 40 15 5 3 4.5 4.5 3 0.5
4 100 35 15 10 0 2 0.5 0 0.5
5 100 25 25 10 3 0 3 0.5
6 100 22.5 22.5 15 3 0 3 0.5
Shurry density is 1.90 g/cm’, the same below.
F4 KREREF 79 FHAE LRI
Table 4 Formulation design of cement slurries No. 7-9 w/%
Formulation . . . . . . X . Thickening
No. Cement 200 mesh silica 1250 mesh silica Silica fume Suspension aid Dispersant Retarder Fluid loss additive Defoamer time/min
7 100 30 30 0 5.0 4 6 0.5 404
8 100 40 15 5 4 5.0 5 6 0.5 514
9 100 50 15 5 4 55 5 6 0.5 486

Slurry density =1.90 g/cm’.
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Table 5 Sedimentation, physical and mechanical property
of slurries No. 1-6 curing for 7 d

. o . Klinkenberg
Formulation Density difference/ Average cocmpressive o
3 permeability/

No. (grem™) strength/MPa o,
(10"um”)

1 0.03 55.0+£3.9 39

2 0.03 66.4+10.8 3.0

3 0.03 81.4+5.6 13

4 0.01 71.1£1.5 8.8

5 0.02 81.5+4.8 1.1

6 0.00 71.1£3.9 1.5
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Fig. 1 XRD patterns of set cement curing for 7 d
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Table 6 Physical and mechanical property test results of
Formulation No. 7-9 curing for 30 d

. Compressive Elastic . Water Klinkenberg
Formulation Poisson’s . .
N strength/ modulus/ peameability/ permeability/
0.
MPa GPa 10°°um? (10 °um?)
7 40.5+6.0 10.5+2.5 0.144+0.02 13 11
8 27.7+0.8 74404  0.194+0.02 13 18
9 48.3+5.9 11.5£0.6  0.19+0.05 1.6 28
Si0, ¢S H;
|/
2z CsSeH; Formulation 7
&
Q
= .
S Formulation 8
.2
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=4
I C-S-H
SiO, 596115 CS¢H
l| L fn\illl].lul |/|I6|65 N
10 20 30 40 50 60
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B3 FR930d TS 7~9 KJEAT I XRD %
Fig. 3 XRD patterns of Formulation 7-9 set cement cured for
30d
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Table 7 Physical and mechanical property test results of Formulation 7 and 9 at various curing time
) o ) ) ) ) Peameability X 10™%/um?
Formulation No.  Curing time/d Compressive strength/MPa  Elastic modulus/GPa Poisson’s ratio -
Water Klinkenberg
7 2 72.3£3.1 13.5+0.5 0.2340.01 0.27 9.5
7 7 60.2+0.9 12.7£0.4 0.22+0.02 0.45 6.0
7 14 51.2+10.2 12.9+3.2 0.22+0.03 0.86 12
9 2 81.0+2.0 14.5+1.1 0.23+0.03 0.14 58
9 7 71.8+1.5 13.5+0.5 0.2340.01 0.36 9.5
9 14 69.9+1.4 13.7£0.5 0.24+0.06 0.80 29
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Fig. 5 XRD patterns of Formulations 7 and 9 set cements

cured for different time
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Fig. 6 Representative SEM backscatter image and EDS element mapping of Formulation 7 cement cured for 30 d
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Fig. 7 SEM backscatter images of set cement at different curing time
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Fig. 8 SEM backscatter images of set cement at different curing time
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