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RESEARCH ON THE CORROSION MECHANISM
OF CO,/H,S MIXTURE TO CEMENT STONE

YAK 622.279:620.193/.197

Sh.Zhou, G.Li
(China University of Petroleum)

CO, and H,S have different corrosion effects on cement stone under wet conditions. Little research
has been performed to date on the corrosive effect of CO,/H,S mixture to cement. However, the
mixture usually exists in many sour gas reservoirs. Cement stone samples corroded by H,S/CO,
mixture under different temperature and pressure are tested to probe the change of compressive
strength and permeability. Microstructure and corroded products of corroded samples were
observed by SEM and XRD. The result shows the corrosion products of CO,/H,S mixture to cement
are similar to those by single-component H,S or CO, gas, except that the formation of expansive
crystal is inhibited. Corroded products caused by CO, mainly locate at the outer layers of cement,
while the corroded products caused by H,S mainly exist at the inside the cement. CO, dominates
the whole corrosion process after a long duration.
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1. Introduction

China has found rich gas reservoir with high
content of sour gas in Sichuan province, such
as Puguang gas field [1] has average 15% and
8% percent by volume of H,S and CO,. Sour gas
in wellbore wet condition will enhance corroding
reaction on alkaline cement sheath [2-6], but cement
sheath is the key to provide sealability and safe
for such sour gas wells. Yaoxiao [7] has studied
the carbonation corroding mechanical of cement
stone. The compression strengthen of cement
stone decreased by 80% after 21 days’ curing with
temperature no more than 110 °C, but the strengthen
almost decreased to 0 after 42 days. The compression
strengthen of the cement stone decreased and
permeably increased evidently with temperature
more than 110 °C, which the corroding product
Ca,CO, changed to two kinds of calcite and aragonite
crystal with low strengthen and high permeably.
Guozhiqin [8] has studied the carbonation of cement
and concluded that the main product is a kind of
CaSiO, stone. There is almost no adhesion of cement
on the casing pulled out from abandoned wells
corroded by CO,, cement is loose and porous [9].
Author [10] and Ma kaiHua [11] has made integrated
studies on the CO, and H,S corrosion respectively in
the wet environment. They established test methods
of cement stone corrosion. The change of appearance
and compression strength and permeability is used
to evaluate physical properties of cement stone
before and after corrosion. SEM and XRD are used
to study the change of micro structure and corroding
product. In fact both CO, and H,S exist in natural
gas in many situations. What will happen on the
cement after the combinatorial reaction by H,S and
CO, mixture. In this paper the changes of physical
and chemical properties of cement stone under
combinatorial corroding reaction with both CO, and
H,S are integrated studied and analyzed.
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2. Experimental method

2.1. Experimental process

Cement slurry is prepared according to API Spec10B
and poured into test mold and cured in HTHP cell
for 24 hours. The setted samples are removed from
molds and numbered and putted into the corroding
chamber, then seal the chamber and inject H,S and
CO, mixture curing under high temperature and
high pressure, During the test refilling H,S and CO,
in time to keep pressure. Measure the compression
strengthen and permeability of the corroded samples
and explore corrode outcome and microstructure with
X-Ray Diffractometer (XRD) and Scanning Electron
Microscope (SEM).

2.2. Experimental parameter and cement
composition
Experimental parameters are determined according
to gas reservoir of Sichuan province as following;:
1. Experimental temperature: 95 °C, 130 °C, 150 °C.
2. Corrosive soul gas concentration: xH,S = 65.2%
xCO, = 34.8%.
3. Curing time: 21 days.
4. Test water: Simulated formation water. Slurry
compositions of 95 °C, 130 °C and 150 °C are
listed in tablel and table 2.

Table 1
Slurry compositions at 95 °C

Composition No. 1 2 K) 4 5 6

API G class cement, g | 500 | 500 | 500 |500| 600 | 500
Silica flour, g - - - - | - 175
Dispersant, g - |75 |175]15|175| -

Filtration controller, g - |30 [3030] 30| -

Latex, g - 60 | 60 | - | 60 | -
ALO; g - - - |50 - | -
AlL,O;and clay, g - - 50 | - | 50 | -
Fly ash, g - - | 90 |150| 75 | -
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Table 2

Slurry compositions at 130 °C and 150 °C
API G class cemen, g | 500 | 500 | 500 | 500 | 600 | 500
Silica flour, g 175|175 (175150 | 175|175
Dispersant, g - |75(17.5| 15 |17.5|17.5
Filtration controller, g - [30|30 303030
Latex, g -1 60|60 - | 60|60
ALO; g - | - |25|50 |25 |25

AlLO;and clay, g 2525 | - |25 -

Fly ash, g 75 | 75 |150| 75 | 75

3. Result and analysis of test

3.1. Description of corroded samples

Figure 1 shows that the corroded samples show
two corrosion areas. The outer layer which the
phenolphthalein indication is colorless, pH value
should be smaller than 7, and the inner layer, which
the phenolphthalein indication is red, pH value should
be greater than 8.

2014 Ne2

3.2 Chang of compressive strengthen and
permeability before and after corrosion

Figure 2 and figure 3 show the change of
compression strengthen and permeability before
and after corrosion at 95 °C of samples from 1 to
6 in table 2. Test results show compression strength
is reduced after corrosion comparing to themselves
before corrosion with the maximum reduction rate is
22.39%, except 1# sample. Most samples permeability
are reduced after corrosion except sample 4#, and the
maximum reduction rate is 39.28%.

But in the high temperature zone, there has been
a different result, seeing figure 3 and figure 4. At
130 °C, the permeability of all other samples increase,
except sample 4#, the highest growth rate is sample 5#
with an increase of 966.92%. At 150 °C, except sample
3, the compressive of all other samples decrease, the
largest reduction is sample 2 with 45.7% down. The
permeability of all samples improve sharply after
corrosion, and sample 3, 4, 5, 6 can not present data
in figure 4 because their permeability is too large to
be measured.

Photo of 1# corroded sample at 95 °C
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Photo of 6# corroded sample at 130 °C
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Photo of 6# corroded sample at 95 °C

Photo of 6# corroded sample at 150 °C

Fig.1. Corroded sample of cement by CO, and H,S mixture at 95 °C, 130 °C and 150 °C
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3.3. Analysis on corroded products of cement

1. Corroded products analysis under 95 °C

Figure 6 and figure 7 are Analysis results by XRD
and SEM of 1# to 6# sample.

Figures 1 shows that there are has microcrystalline
calcite CaCO; and a lot of calcite are produced in
middle and outer layers of 14 sample, while a large
amount of Ca(OH), is produced in the inner layer.

There is only calcite in the outer layer of 6# sample,
and the content of Ca(OH), in the inner layer is much
less than that of 1# sample. It indicates that silicon
powder can consume Ca(OH), of cement slurry and
increase the amount of hydrated calcium silicate.
There is a lot of Ca(OH), in 1# sample, indicating
that when cement has been corroded by CO, and H,S
together, due to the produced CaCO; which has the
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Fig.6. XRD analysis of the inside and superficial of the corrosion sample 1#
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Outer layer SEM photo of 1 # sample
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Inner layer SEM photo of 1# sample

Fig.7. Inner layer and outer layer SEM photos of 1# and 6# sample
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Outer layer SEM photo of 6# sample

Clectran imaoe 1

Tum J

Inner layer SEM photo of 6# sample

effect of blocking pores, soul gasses are prevented
from further corroding. The inner layer and outer
layer SEM photos of 1# and 6# sample show that
there are small crystals of hydration products on the
surface of 1# sample. Its structure is compacted, and
there is lot of Ca(OH), inside and pore space is large.
There are lots of crystals of hydration products on the
surface of 6# sample. There is no Ca(OH), inside, and

the content of hydrated calcium silicate is increased,
and the structure becomes compacted.

2. Corroded products analysis under 130 °C

Figure 8, figure 9 and figure 10 are results of XRD and
SEM analysis of the corroded samples 1# to 6# at 130 °C.

It shows from the figures that large amount of
mini-crystal calcium carbonate (CaCO, (1)) and calcite
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Fig.8. XRD of the superficial for the corroded sample 1# to 6#
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Fig.9. XRD of the inside for the corroded sample 1# to 6#

(CaCO; (2)) and a little gypsum is produced in outer
layers of all the samples. C,SH content in inner layers
of 1# and 2# corroded sample is higher and in 4#
sample C,SH content is the least, and in 3# sample
C,SH content is less. It indicates that in the hardening
cement slurry, C,SH is an important factor to affect

permeability, and more C,SH in samples and the
higher permeability of corroded sample.

It indicates from outer layer SEM photos and outer
layer material SEM - EDS analysis of 3# and 4# corroded
sample that calcite is neatly and tightly arranged in 3#
sample; point 1 in 4# sample indicates that calcite is

r Tum v

Outer layer SEM photo of 3# and 44 corroded sample (the left is 3#)

duum

Inner laver SEM photo of 3# and 4# corroded sample (the left is 3#)
Fig.10. Inner layer and outer layer SEM photos of No.3 and No.4 sample
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Fig.11. XRD of the superficial for the corroded sample 1st-6th
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buried among the hydrated products with compacted
structure. The inner layer SEM photos and SEM-EDS
analysis of 3# and 4# corroded sample show that the
main phase of the sample is hydrated calcium silicate,
and there is a small amount of calcium carbonate. The
structure of 4# sample is the most compacted, and
pores are evenly distributed in 3# sample.

3. Corroded products analysis under 150 °C

Figure 11, figure 12 and figure 13 are results of
XRD and SEM analysis of the corroded samples 14
to 6# at 150 °C.

It indicates from figures that large amount of
mini-crystal calcium carbonate (CaCO, (1)) and calcite
(CaCO,; (2)) are produced in outer layers of all the
samples, and C,SH, the normal hydrated products

(existing in the inner layer) has almost disappeared.
Different from corrosion at 130 °C, there is gypsum in
6# sample. C,SH content in inner layers of 1#, 2# and
6# corroded sample are the highest, and C,SH content
in 3# sample is the least, and C,SH content in 4# and
4# sample is less. It indicates that C,SH is an important
factor to influence permeability.

It indicates from the outer layer SEM photos of 3#
and 5# corroded sample that large amount of calcite is
produced in outer layer of the sample, accompanying
a small amount of gypsum. The structure near the
surface of 3# sample looks like loose, but a compacted
layer existed inside. Inner layer SEM photos of 3# and
5# corroded sample indicate that the main phase in
the sample is hydrated calcium silicate and a small
amount of calcium carbonate. Pores space in 3#

2400 _ o. 5,0, )
a0 ] TS0
U
1800 ] & & cae0iamO a .
_ O-C.SH
1600 m-CSH
. 1400
S 100
1000 7
800 ]
600 {1
200
10

I|
0 M J......_..h_.._... . Li. .I-.I..L...J.IIIJJ.._J._I-.I.-_J.......I.LJ..
20 3 40

0
20 ()
Fig.12. XRD of the inside for the corroded sample 1st-6th
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Outer layer SEM photos of No.3 and No.5 corroded sample (the left is No.3)

Inner layer SEM photos of No.3 and No.5 corroded sample (the left is No.3)

Fig.13. IInner layer and outer layer SEM photos of 1# and 6# sample
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sample is distributed visibly, and the structure of 5#
sample is relatively compacted.

4. Corrosion mechanism analyses

4.1. Corrosion mechanism of CO, to cement

Corrosion mechanism of CO, to cement comply
with reaction formula (1) and (2).

CO, + H,0 — H,CO, - H* + H,CO, (1)

Ca(OH), + H* + H,CO, » CaCO,; +2H,0 (2)

There is almost no CSH gel in the corroded cement
stone sample, but there is large volume of C,SH,
which shows that CSH gel begins to react with CO,
and produce CaCO3 and C,SH, its reaction complies
with the reaction formula (3)[12].

CSH + H" + HCO; —» C,SH + CaCO, (3)
4.2. Corrosion mechanism of H,S to cement
Firstly H,S reacts with Ca(OH), to produce CaSO,

2H,0 (gypsum) and the volume of solid substance
expands, producing fractures in cement stone, then it
makes corrosion expanding into the cement until all
cement gelatin is corroded and collapsed. The reaction
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of H,S with cement stone is as following [13]:

(4)

The density of Ca(OH), is 2.24 g/cm® while the
density of CaSO,-2H,0 is 2.30 g/cm?. Therefore, when
corroded by H,S, the volume of solid matters in
cement gelatin expanded, producing fractures in
cement stone;

CSH gel of cement stone also reacts with H2S
solution to produce CaSO,2H,0 (gypsum). The
reaction formula is as following;:

Ca(OH),, + H,S, + H,O;) » CaSO +2H,0

CSH + HS + H,0 - CaSO,-2H,0 + C(m)S(n)H(x) (5)

Sulfate radicals ( SO,*) which is dissolved in
water can also react with tricalcium aluminate and
brown millerite in cement to produce ettringite (AFT).
Reaction formulas are as following:

3Ca0-ALO,6H,0+3Ca>+350,>—

—3Ca0-AL,0,3CaS0,+6H,0 (6)
4Ca0'Al,0,Fe,0, 3H,0+3Ca?+350,5+29H,0—>
—3Ca0-AL,0,3CaS0, 32H,0+2Fe>+60H- 7)
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4.3. Corrosion mechanism of CO, and H,S
mixture to cement

For the corrosion of H,S and CO, mixture to set
cement, the corrosion of CQO, is in the leading role and
the composite corrosion has more influences on the
strength and permeability than single corrosion.

The corrosion products by CO,/H,S mixture gas
are similar to those by single-component gas, except

2014 Ne2

that the formation of expansive crystal is inhibited.
Corroded products by CO, mainly locate at the outer
layers of cement, while the Corroded products by H,S
mainly exist at the inner of cement, but CO, dominates
the whole corrosion process in the long duration.

Temperature rise is not beneficial to the
crystallization of calcite and leads to rise of
permeability of cement stone.

5. Conclusions

1. For the corrosion of H,S and CO, mixture to set cement, the corrosion of CO, is
in the leading role and the composite corrosion has more influences on the strength and
permeability than single corrosion. Temperature rise is not beneficial to the crystallization
of calcite and leads to rise of permeability of cement stone.

2. The composition of cement slurry is the predominant factor affecting cement
corrosion resistance. The introduction of Latex and Al,O, and clay into cement will improve
the corrosion resistance of set cement.

3. Measures against composite corrosion of H,S and CO, mixture: reduce the alkalinity
and reduce the porosity of cement slurry, introduction of Pozzolanic Activity materials such
as fly ash and flag
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VccaeaoBaHme MexaHM3Ma KOPpPO3UM IIEMEHTHOTO KaMHsI
nog aericrsuem cmecu CO,/H,S

II. KXoy, I'. In

(Kuraricknit HepTsiHoit YHUBepcuUTeT)
Pedepar

B cTaTbe, c HeAbI0 U3yUyeHNU I MeXaHM3Ma KOPPO3UN IIeMeHTHOTO KaMH: 104 AeliCTBUeM
cMecu arpeccusHbIX razos CO,/H,S, nmpusogsmieir K M3MeHEHNIO IIPOYHOCTY Ha CXKaTue I
npoHunaemMocTtu. PaccMaTpuBaioTcs pe3yAbTaThl TECTUPOBAHUS OABEPIIINXCS KOPPO3UN
oJ eé gelicTBueM OOpa3IloB IIeMeHTHOTO KaMH: IIPU pa3AMYHBIX TeMIlepaTypax U JaBae-
HUAX. MUKpOCTPYKTypa U HPOAYKTH KOPpO3UU 00pa31joB 1NccAei0BallCch CKAHUPYIOIMIUM
91€KTPOHHBIM MUKPOCKOIIOM M PeHTIeHOBCKUM aguddpaxkromepom. ITokaszano, uto mpo-
AYKTBL KOppPO3MUU IIeMeHTHOTOo KaMHs:A 1o4 gerictsueM CO,/H,S aHasa0rM4YHBI IIpoAgyKTam
CepOBOAOPOAHON KOPPO3UM UAM YTAEKMCAOTHOM KOPPO3UM IIPU UX Pa3seabHOM BO3AeN-
creun. I[Ipu TOM HNpPOAYKTH YIA€KMCAOTHOM KOPPO3UM B OCHOBHOM pacliodaraloTcs Ha
BHEIIHMX CAOSX, 8 IPOAYKTH CEPOBOAOPOAHON KOPPO3UN - BHYTPU [IEMEHTHOTO KaMHSI, HO
CO BpeMeHeM BAUAHNE YIAeKMCAOTHOM KOPPO3UM HaulHaeT AOMUHUPOBATh.

CO,/H,S qaris181 korroziyasinin sement dasina
tasiri mexanizminin tadqiqi

S.Jou, Q.Li

(Cin Neft Universiteti)
Xiilasa

Magqaladas sement dasinin sixilma moéhkemliyinin va kegiriciliyinin dayismasina sabab
olan CO,/H,S aqressiv qazlarin qarigiginin tesiri altinda sement dasinin korroziyaya
ugrama mexanizmi Oyrenilir. Miixtelif temperatur ve tazyiqlards gqarisigin tesiri
altinda korroziyaya ugradilmis sement daslarinin tehlilinin naticalari nezarden kegirilir.
Niimunslerin mikrostrukturu vs korroziya mshsullar1 skan edan elektron mikroskop ve
rentgen diffraktomerls todqiq edilmisdir. Gostarilmoasdir ki, CO,/H,S tasiri ilo sement
dasinin korroziyasi mahsullari, ayr: - ayriliqgda hidrogen sulfid korroziyas: ve ya karbon
korroziyas1 moahsullarina uygundurlar. Bununla bels karbon korroziyas: mahsullari
asason sement dasinin {ist qatlarinda, hidrogen sulfid korroziyasi mohsullari ise
daxilinda yerloasirlor. Lakin zaman 6tdiikce karbon korroziyasinin tasiri tistiinliik tagkil
etmoaya baslayir.
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