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Experimental study on carbonate dissolution and erosion effect under
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Abstract: The carbonate rocks are known to suffer from attack of acid rain due to high content of soluble minerals. In order to
simulate the process of deterioration of carbonate rocks, the attack of acid rain on different carbonate specimens is accelerated
by increasing the acid strength and rainfall intensity. Under simulated sulphuric acid rain, the variations in Ca" concentration,
pH value variation, H' consumption rate of the solution as well as the mass loss are tested. The dissolution mechanism is
analyzed and discussed based on the experimental results. Also, the pore characteristics are investigated and analyzed for
impact on dissolution process. The results indicate that the dissolution products are removed from rock surface. This leads to
mass loss and accelerated removal of the specimens and subsequently changes in micro structures. However, during the
dissolution process, parts of micro pores and structures (<0.01 pum) are filled by gypsum crystal, and this can protect the micro
pores from further damage. Thus, the porosity and pore characteristics have great influence on the dissolution process. Higher
porosity and larger-sized pores are more conducive to the dissolution effect and further erosion. The conclusion may be taken as
the scientific support for weathering researches on carbonate rocks and protection of carbonate stone relics.

Key words: carbonate rock; simulated acid rain; dissolution mechanism

it

0 35l EACYARE Y- NI® 3 S vl a3 e A i
BRI A R A R e A R oy SWEISIREE T, A P R R Sy A 73R
Ry —, WRS R TR REE R R, s

N R ) HEWB: WMECTEARLS PR E (2014-JBKY-06); FHEZH
i [4-5] =y (6] £v5 L 2
ﬁﬂﬂ%f)ﬁ' jl?f@:fﬁﬂ E@iﬂé F § T 55 LA 5T ) R R (2014BAKI6B02)
B, BRIR Th A Y A ) B Y, WESER: 2016 - 09 - 01

*BITEH (E-mail: manmanlili@yahoo.com.cn)



11

BRTE, &5 BRIVE TR

A I il R S A 2059

B R 5 N 5 T A AL E S, Mgt
PREE NG T VAR, IO BRI Eh A R S
RAF R NARIN . TR, BEE SRR, 7
RS KRB R AN 4, BN & RS
FIS v HE™E, ENARSE. BEIER. AmEER
Zh ST TR R S, IEARZE AR
B VRN R OB AR B, B R SRV AR I UE P A 1
ZEYRUY .y 250 o BRI 3 M X K S R R %S
PR BB o 5t 7104 R R T B R R £ 0 R
SCOARAE, RIS RN, B RN BRER Eh A RS
VIR phod B Colid 7 B N, ik, WRRER
IS 0T B 22 2 AV b S8 6 ST A B A e R
W, R TR i BB R B TR —

L KB RIS AT, SRR IR £ 1
B R R SRR T HAMAR: BRI, Ak
HI R RS, R d ik, ks
(505 R FEE K ELBR P R B P, s
VR R AW — 7 TR R R
TR, o, moRA A e, A w e,
Hoa bR A aE R EERZY, ah, s
SRR 6 VA e P s U 5 — T R R
HAIFLBRGER, b, VAR RS T A 4
SN, HEA KA B kR, (HR KA
F1FL BB AR ALE o] 7 A A2 T 3o 2 ) S R A5 38 A

T IR (T 2E R AL R 25 D TR T A L AT
FRIR S TR R AR o PR Bl . [N A2 2 X BRI
TR T AE F T B 2 1 B HEAT T — B AR
%, R RS T IR -CaCOs—CO, R S T i 7Y,
WU B TR SR A 2 R S R . TR
A4el6 2R 3o S SOV T kI 25 M T BR R X BRI Eh
TBE A, TR IR R B B R R R £
5k T R R A K . MarvinZ5 P20 Jamel &5 PR
Bischof 45 240 B B2 #h i (W i = 4T 7 00, Kk
A Z S AR R VA UG 72 1 SRS R R =4« R
o W RS A5 U A 3 R FRRFF 9T 22 DABOWL S5 40 s P
WNE, BRI .

BRI 5 AE vh (R 20 AR T R 3.44X10° P 5 24
HL, SR R IR A ARG M AR 25, T E AR
K FEKER LRI, X IR PR Sl it R AR T BERAR
WP, R EMX R R R AN, TR
A R VRN o A T 39— AR R IR Eh i AR 1
PREE T VA, A BN R R 1R A K R AR
BEAT EBAIR, R AL RS o) 19 19 132 b R 1) S
ATRTAL

(L e
HEECH PR VAR RO o 240 B G

RVEIEAG A T BT A BCE N TR S (B D, FE
G5 HN LM, XT M1 HZ. REELIEIFT B 5
emX 5 cmX 5 cm fSL 7 ARRRE, BT HAR Y 125 cm’s
I e B RAE T I ROES (] 2~4), #
It XRD 5 o #r3 2) TRFE M s (GR 1D, 18
b s PRI T AR AR L (3R 2.
I U 3 b KA PR IR A E YR
90%, FHHAE XT FEs0 PRI T 4.62% 8055 L84,
R R KR MEA PR, g S BN A 5
SCII R AL ML A PO W 1 R LLR
B XT BESH E AR L s, FABRE S I8 YR s
e, R, ATLLCKN 3 RREE S B IR S o B %
WL o MRHERRE R IEARYEME RS R, 3 AR E
BEL B LN 2.7 glem®, T A XU I AT 26 5 1)
b v IA 2.9 glem®, HBLATAL, 3 AL KA RE
i BB P 2 « XT FESL I H BHROK R 1A 4.7%,
F L AT HE BT A 2K T FLALBR R K, 5 TRk, 3
AT IR BE B /K R BT 0.5, Fodh XT FEf I
WK RBTIE 1, HAE T ARAMFLRE RS
F= 1 MFIERM 3 T EXARET YK

Table 1 Specimens and X-ray diffraction analysis results

(%)
i JifEt EFE KT
LM 90.49 8.24 0 1.27
HZ 98.03 1.97 0 0
XT 88.03 7.35 4.62 0
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Fig. 1 Specimens and number

2 LM #HREREEHME TR A (Oo: ik, Cal: FiEA)

Fig. 2 Image of LM specimen under polarization microscope
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Table 2 Basic properties of different specimens

HURE Fedh BIRIERE p BUAEE g TEE p FLBAER HHBOKE  WARKE KR
(A= G5 N(grem ) /(grem ) /(grem ) 1% w, 1% w, /% #C,
o 2.69 2.68 2.62 0.37 1.11 1.38 0.80
ERHT %
X LM 2.70 2.69 2.66 0.37 0.82 0.96 0.85
ITaE
2.65 2.63 2.61 0.75 0.97 1.23 0.79
o 2.57 2.02 2.50 21.40 451 4.62 0.98
HIS S 773
- XT 2.59 2.11 2.52 18.53 4.72 4.81 0.98
B4R
2.59 2.09 2.53 19.30 4.66 4.70 0.99
o 2.63 2.61 2.57 0.76 0.32 0.62 0.52
LA HZ 2.66 2.64 2.59 0.75 0.44 0.71 0.62
- ) ) ) ) ) ) )
2.62 2.60 2.55 0.76 0.27 0.51 0.53
= 3 RIEH R HIER B RGE 10~15 £)
Table 3 Characters of acid rain in recent 10~15 years
HURE EREWE 2R NO; o NH; Ccrr
i pHEFHME  pHEIEH . 3,1 ! . 4,1 .
(A= /mm /(us-cm™) /(mg- L") /(mg- L") /(mg- L") /(mg- L")
& FH T 580 4.33 3.17~4.88 0.79 6.88 1.38 0.51
A I 1000 4.65 3.94~5.05 59.54 0.71 6.42 1.12 0.73
HR$E T 590 424 3.05~4.64 0.95 7.05 1.08 0.99

m g Yo_l.—BrecJ':i;i 13 e
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IXTHRERAEMRBETRAEQEZ: A%, Cal: FfEAH)

Fig. 3 Image of XT specimen under polarization microscope

[ 4 HZ # et ERER TR (Bio - 4R E, Cal - 5#EA)

Fig. 4 Image of HZ specimen under polarization microscope
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Table 4 Experimental schemes

Wi g e DO
E S H  /(L'min") RIEE R /h &
™~ P M &/mL

WptgH 1 4.00 5 600 10 3

BIEH 1T 4.00 — — 10 3

BIH 2 620 — — 50 IRPEH 9

WMk 2 6.20 5 600 50 RAEFES 3
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Fig. 6 Mass loss rates of LM specimens
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Fig. 7 Mass loss rates of XT specimens
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Fig. 8 Mass loss rates of HZ specimens
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Fig. 9 Final mass loss rates of specimens under different conditions
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Fig. 10 Variation of Ca>* concentration of LM specimens
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Fig. 11 Variation of Ca®>" concentration of XT specimens
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Fig. 12 Variation of Ca>" concentration of HZ specimens
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Fig. 13 Variation of pH value under acid rain erosion

1.8x 10741
1.6x 1041

——HZ
——XT
e
2 1ax10f M
—
w0 1.2x 104
g
= 1.0x 1041
£ 80x105
T 6.0x10-5
40% 10-5F
2.0% 105}

0 10 2 30 40 %
([78/€
14 pH=4 FIERFRROM T I h HHFER R
Fig. 14 Acid spending rates (H") under acid rain erosion
P M LA e A IR pH BT Rl B 2, Tt
AR, MRHRBIA, B AR S A
MALBEARE (FLBRARTERDY 18.41%~21.52%), 1M H.

AR WU I 11 PR A T A ],
MR IE T HIHAE, Rk HEREER K,
pH {EFH .
3.4 REWEILZL

R B IRAE R T (D YD) XHR56 AT 5 AT
FIMAEEERGI, AR T2 A2 N 490~830HLD, 7~{Hi%
ZENEI12HLD, BMAFER T 20 YRR 5 R ~F
BIME.

T T IR ok 2L R 6 A A 114 2% T A A P
15, 16, ZRUH/KIZ AR I8 () ke 2% i Al AR 1L
WO, R BT EERVER R, 1RFE 0 R 1H
FEX R, BRI RAE AR IR R T R B /N T
R IRV, X R N TR NIRRT, BRI
SRR A R TR P A T MR R 3k 2 Bt 5 el
R, RGN, 1R EER T A KA R
TR R PRI BRI o 2 ol ) 8 Vb, o B 1 11 5 A
HRMIMWE & TRWRIBHMRARE. Ed, XT F&d
5 TR TN 332 6 R0 9k sk A R 3R THD R BE o B R BT
11.54%F1 8.06%, et LM F1 HZ ke, #8] XT
B O R I A S SE AR . AW SR RN, XT #Edh
TH 462%KNE LY, HALMAS, X ERWE
HEFRDHIERZ

8007 3. 23% 4.83%

8. 06%

[ 15 BRFUMIHEAF AR REEE T

Fig. 15 Variation of surface hardness of erosion specimens
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2064 =

2017 4¢

.

(d) XT3(RK)F)

(e) HZ-0GRIAT)

- -
& 4
i d
- T8
S o
- ? >
- = 4
[ 5 -
20.0kV x1000 10pm ——

[ A

A 4
EDX8 20,0kV x1000 _10um ——i

() HZ3(RK)F)

17 HeERFUK IR AT E R R R E &

Fig. 17 SEM images observed before and after erosion tests
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Fig. 19 Change of weight loss rates with cycles under acid rain
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