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Corrosion and deterioration mechanism of water—rich filling materials in acid solution
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ABSTRACT To study the impact of acid environment on the water—ich filling materials experimental methods including intensity
detection scanning electron microscopy and X-ray diffraction were used to analyze the macro and micro changes of water—rich filling
materials in acid environment and to discuss the corrosion and deterioration mechanism. After soaking for 180 d in hydrochloric solu—
tions of pH 1 and pH 3 the compressive strength of the materials decreases by 88. 8% and 58%  respectively compared with that of
standard curing for 28 d. After soaking in a sulfuric acid solution of pH 3 the compressive strength decreases by 68% . When the ma—
terials were soaked in a sulfuric acid solution of pH 1 the compressive strength is zero. Microscopic tests show that dihydrate gypsum
is generated in the materials with the prolongation of immersion time in the sulfuric acid solution. In the hydrochloric acid solution di-
hydrate gypsum is produced only in the solution of pH 1 after soaking for 180 d. The corrosion of the hydrochloric acid solution on the
materials is mainly the dissolution corrosion of hardened structure with the neutralization effect of H*. The corrosion of the sulfuric
acid solution on the materials is the dissolution corrosion of hardened structure with the neutralization effect of H* and the expansion
corrosion of dihydrate gypsum. The corrosive action of the sulfuric acid solution on the materials is stronger than that of the hydrochlo—
ric acid solution.
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Table 1 Chemical composition of sulphoaluminate cement %
Si0, AL O, Fe, 0, Ca0 MgO S0, Ti0,
11.58 29. 12 2.83 42.52 2.31 8.65 1.1 1.89
2 ( )
Table 2 Chemical composition of dihydrate gypsum %
Ca0 S0, MgO AL O, Si0, P,0, K,0 Fe, 0,
40.03 44.89 0.54 0.16 0.41 0.03 0.04 0.07 13.83
1.2
1.2.1 1.2.3
N 28.90 180d
. FEI Quanta250
NN . 2.0: . 80 pm
1 N 5 min X D/Max-RB
X
1.2.2
pH 1 3 2
2.1
(20 +£2) C. 70. 7 mm x70. 7 mm x70.7 mm 2.1. 1
28 d pH 1 pH 1.3
3 28.90 180 d 28.90 180d 3.
3
Table 3 Compressive strength of waterich filling materials soaked in hydrochloric acid solutions MPa
pH 1 pH 3
2h 28d
28d 90d 180 d 28d 90 d 180 d
1.34 2.5 1.38 0.51 0.28 1.65 1.20 1.05

3 pH 1 284 2h
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28 d 44. 8% 180 d 58%.
28d 88.8%. 2.1.2
pH 3 28 d pH 1 3
28d 34% 180 d 28.90 180d 1 2.

1 pH 1

. (a) 284d; (b) 90d; (c) 180d

Fig.1 SEM images of water-rich filling materials soaked in a hydrochloric acid solution of pH 1 for different time: (a) 28d; (b) 90d; (b) 180d
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Fig.2 SEM images of water—ich filling materials soaked in a hydrochloric acid solution of pH 3 for different time: (a) 28d; (b) 90d; (b) 180d
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Fig.3 X-ay diffraction patterns of water—rich filling materials soaked in a hydrochloric acid solution of pH 1 for different time: (a) 28d; (b) 90d;
(b) 180d
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Table 4 Compressive strength of water—ich filling materials in sulfuric acid solutions MPa
pH 1 pH 3
2h 28 d
28 d 90d 180 d 28 d 90d 180 d
1.34 2.5 1.39 0.25 0 1. 56 1.41 0.8
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28d 2h pH 1 3
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Fig.4 X-ay diffraction patterns of water—ich filling materials soaked in hydrochloric acid solution with pH value of 3 for different time: ( a) 28 d;
(b) 90d; (b) 180d
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Fig.5 SEM images of water-rich filling materials soaked in a sulfuric acid solution of pH 1 for different time: (a) 28d; (b) 90d; (c¢) 180d
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Fig.6 SEM images of water—rich filling materials soaked in a sulfuric acid solution of pH 3 for different time: (a) 28d; (b) 90d; (c¢) 180d
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Fig.7 Xaay diffraction patterns of water—rich filling materials soaked in a sulfuric acid solution of pH 1 for different time: (a) 28d; (b) 90d; (c¢)

180d

7(b)
10° ~30°

7%
(=]
S

SREEGHED

90d X

180 d

A AR 20007 () o A—AF
— L o— : -Si0, - 811
0—2Ca0 - ALO, - Si0, - 81,0 8000 0_%&38 élf_l% Si0,-8H,0
Uy
»—AFm 7000
6000 |
§ 5000 0 0
#4000
juit
3000
2000 | A
1000 | Dl An
1 ! 1 0 L h
30 40 50 0 10 20 30 40 50 60
20/(°) 20/(°)
9000 |
()
8000 G
0 A—AF
7000 0—CaS0, - 21,0
6000 |
5000 |
4000
3000
2000 \ o 0
oof AN_4 ? 9 00
0 . . ‘ ‘ .
0 10 20 40 50 60
20/(°)
pH 1 X . (a) 284d; (b) 90d; (c) 180d



- 1218 -

C,A, S +8CSH, +6Ca0 +80H,0 ——
3( C,A*3CaS0, *32H,0) (3)
3Ca( HO) , +8CSH, + Al,0,*3H,0 ——

38 9
6000 @ 3000 A&_AFL
A_ATY 0—2Ca0+ ALO, - Si0, - 8H,0
5000 A 0—2Ca0 - ALO, - Si0, - 8H,0 2500} »—AFm
>—AFm g—CaS0,-2H,0
2000 y , OCaSO,2H0 20001
# ®
= 3000 E 1500}
% e
= 2000 = 000l
1000 500
0 . . . . . .
0 00 10 20 30 40 50 60
20%)
4500 (© A—AFt N
4000 s 0 =20a0+ AL0;$i0,81L0
3500 0—CaS0,-2H,0
~. 3000
ﬁ 2500
#2000
jusl
= 1500
1000
500
0() ]‘() j() 3I0 46 5I0 6I()
20(%)
8 pH 3 X . (a) 28d; (b) 90d; (o) 180d
Fig.8 Xway diffraction patterns of water—ich filling materials soaked in a sulfuric acid solution of pH 1 for different time: (a) 28d; (b) 90d; (¢)
180 d
8( b) C,A*3CaS0, *32H,0. (4)
8(c) 180 d
8(h) pH 1
12°
3
C‘d.2 +
16 Sojf 18 .
C,A*3CaS0, *32H,0 ——6Ca>* +2AI( OH) | +
307" +4 HO™ +26H,0. (5)
( )
OH"
17
2(2Ca0+8i0,) +4H,0 =3Ca0+25i0, *3H,0 + =
Ca( OH) , (1) \
C,A,S +2CSH, +34H,0 — 5
C,A*3CaS0, *32H, 0 +2( AL,0,*3H,0) .  (2) z
OH™ +2H"=H,0 (6)

3Ca0+25i0, *3H,0 +6H " =3Ca>" +2Si0, +6H,0

(7)
C,A*3CaS0, *32H,0 —



- 1219 -

CyA*CaSO, *12H,0 +2CaS0, +20H,0.  (8)

Cl™
Ca2+
23
H+
H+
S0;” H*
H+
SO;~ :
Ca’* +S0;” =CaSO0, (9)
CaSO, +2H,0 =CaS0, *2H, 0. (10)
H+
SO;” S0;~
H* SO0;°
24
SO;” Ca’”
CaS0O,*2H,0
4
(1)
180 d pH 1
3 28d
88.8% 58% pH 3
68% pH 1
(2) pH
1 180 d ;
pH 1 28 d
180 d
(3)
H” Cl™
’ H+
SO;”

1 Qian M G XuJ L Miao X X. Green technique in coal mining. J

China Univ Min Technol 2003 32(4): 343
(
2003 32(4): 343)
Feng GM Ding Y Zhu HJ et al. Experimental research on a
superhigh-water packing material for mining and its micromorphol—
ogy. J China Univ Min Technol 2010 39(6): 813
(
2010 39(6) : 813)
Feng G M. Research on the Super High-water Packing Material and
Filling Mining Technology and Their Application  Dissertation .
Xuzhou: China University of Mining and Technology 2009.
(
2009)
Feng GM Sun CD Wang C Z et al. Research on goaf filling
methods with super high-water material. J China Coal Soc 2010
35(12) : 1963
(
2010 35(12): 1963)
Ding Y Feng G M Wang C Z. Experimental research on basic
properties of superhigh-water packing material. J China Coal Soc
2011 36(7): 1087
(
2011 36(7): 1087)
Sun HH Liu WY Yang B G. Application and progress of high
water consolidation filling technology // The Fourth National Fill-
ing Mining Conference. Beijing 1999: 373
(
/1 . 1999:373)
Sun HH Liu WY Huang Y C et al. The use of high-water rap—
id—solidifying material as backfill binder and its application in met—
al mines // Sixth International Symposium on Mining with Back—
fill. Brisbane 1998: 21
Sun L Q. The harm and control of acid mine water. Coal Technol

2007 26(12): 53

( . . 2007 26
(12) : 53)
Zhang W S Li B X Zhou M K. High water slurry filling material

of gel structure and stability. Chin J Nonferrous Met 1998 8
(Suppl 2) : 185
( . N

1998  §( 2) 1 185)
Peng M X Jiang J H Zhang X et al. Effect of composition on
the performance and microstructures of mining high-water solidi—
fied materials. Min Eng Res 2011 26 (3): 56
(

2011 26(3): 56)

Song CY Chen KP Wang H. The mechanism of hydration and
hardening reaction of high-water material. Bull Mineral Pet
Geochem 1999 18(4): 261
(

1999 18(4): 261)
Zhang HB Liu CF Feng D D et al. Research on compression
strength of stowing material with high-water content. Coal Min

Technol 2012 17(5): 14



° 1220 -

38 9

13

14

2012 17(5): 14)
Si Z M. Study on cementing materials with high content water
and rapid solid reaction. J Shandong Inst Build Mater 1996 10
(3):72
(
1996 10(3): 72)
Zhou M K Zhang W S Li B X. Properties of rapid setting and
solidifying material with high water content and investigation on
its hardening mechanism. J Wuhan Univ Technol 1998 20
(4): 18
(
1998 20(4): 18)
LiJH WangZ ZhouL X etal. Study on the strength and mi—
crostructure of sulpholuminate cement-based material with high
water content. Mater Sci Technol 2004 12(1):8
(
2004 12(1): 8)
Cody AM Lee H Codya R D et al. The effects of chemical
environment on the nucleation growth and stability of ettringite
CazAl( OH) ¢ ,(SO,) 5°26H,0. Cem Concr Res 2004 34
(5): 869
GaoM LiuJH Wu A X. Corrosion and deterioration mecha—
nism of water—ich filling materials in carbonate solutions. Chin J
Eng 2015 37(8): 976
(
2015 37(8): 976)
Ding T. Study on the Structure Identification of Thaumasite Dis—

sertation . Yantan: Yantai University 2014

19

20

21

22

23

24

2014)
Okochi H Kameda H Hasegawa S et al. Deterioration of con—
crete structures by acid deposition-an assessment of the role of
rain water on deterioration by laboratory and field exposure exper—
iments using mortar specimens. Atmos Environ. 2000 34( 18) :
2937
Hong Y Qiu F R Lin C J. Corrosion mechanism of concrete
and new protection methods. Corros Sci Prot Technol 2001 13
(5): 156
(
2001 13(3): 156)
Shi C J Stegemann J A. Acid corrosion resistance of different
cementing materials. Cem Concr Res 2000 30(5): 803
Gao L. Experimental Study on Concrete Durability under Carbon—
ation and Acid Rain Corrosion Dissertation . Xi’ an: Xi’ an
University of Architecture and Technology 2008
(
2008)
Sun Q Li X L Wei X etal. Experimental study on the influ-
ence of mine water corrosion over filling paste strength. Bull Chin
Ceram Soc 2015 34(5): 1246
(
2015 34(5): 1246)
Liu J L. Experimental Study on Macro—Meso Compressive Property
of Concrete Exposed to Simulated Acid Rain Environment Disser—
. Dalian: Dalian Maritime University 2009

tation

(
2009)



