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Dissolution characteristics and mechanical properties of limestone with
different mineral composition contents eroded by acid chemical solution
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Abstract: In order to investigate the effects of different mineral composition contents on the dissolution characteristics and
strength damage characteristics of limestone, the dissolution kinetics and mechanical tests of limestone and calcite specimens
eroded by acidic aqueous chemical solution are carried out to obtain the variation laws of dissolution characteristics and
strength damage characteristics of limestone and calcite specimens during the erosion process of acidic aqueous chemical
solution. The test results show that: (1) The ion concentration in the chemical solution exhibits an increasing of power function
trend with the increase of immersion time, and the dissolution process of limestone and calcite specimens in acidic aqueous
chemical solution is divided into acid rock reaction and hydrolysis reaction. (2) In the erosion process of acidic aqueous
chemical solution, the acid rock reaction rate of limestone specimens is lower than that of calcite ones, while the hydrolysis
reaction rate is higher than that of calcite ones, and finally the limestone dissolution damage degree is greater than that of calcite
specimens. (3) The mechanical damage laws of limestone and calcite specimens eroded by acidic chemical solution show a
good correlation with their dissolution kinetics behavior. The uniaxial compressive strength of limestone and calcite specimens
shows a decreasing trend of power function with the increase of immersion time. The strength damage degree of limestone is
lower than that of calcite at the acid rock reaction stage, while the strength damage degree of limestone is higher than that of
calcite at the hydrolysis reaction stage.
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Fig. 1 X-ray diffraction patterns of rock samples
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Table 1 Mineral composition and content of rock samples (%)

AT TR Hz A HoA
KA 75.1 22.6 23
T 97.2 — 2.8

1 &R ok, BEA ST s EE N
JffEA (CaCO3) FMEHZBA (CaMg(COs)), Hdy
flRfi BN 75.1%, AN 22.6%; J5fkfidEd
WSy EENTT A, HEEN 97.2%.

TR CI AR A A, R (AR
ERRES T EARE: GB/T 50266—2013) ISk, i@
RS UDEL 3T B S L8 A B TR EAR 50 mm,
& 100 mm FFERTEARAER . vigm s AR FE 2L
JISH AT L, B 1) R PR R R R,
JIE G REICE TR, [ I I iR i
P I 1 JHAH T A AR N B R0 R
1.2 KUFEAERCH

BV BE T Tkl S IR T A K fE, PR BN AR A
TAREE, XA R SCYI R s R A = E 2), AR
P& BHTT R A /KM ZER R, WBHATRI K pH A
N 4.38~7.80. A T IIEAKA S E R s A AR
R, ETER ] B R, RS AR
(1) pH ZEZZHL 4 1 6. 01 1A T AK IS TR 1 R S 4%,
FEBE TN Na's Ca?'y CIEN, Ere i XK
W EEE TR, BLER 2 Bk 2w, #+
28T /KA e 0 R4
1.3 RIEITE

B ERIRE T RAE . HRAREREE.
MR Sk KBTI, 2 HER
BIHALIRE, HESEWE 3 . REHKE .
T EARAE 0 AR T 3R 2 FOR RSB, %
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AR WA N 500 mL. 77K AL AR b ik 5t
PR, A PR 2R IO KA 22 I W pHL AR 3
ATIE, pH AW E RN 55 1 K& 1 h W—IK,
52 KRB 2 hI—IR, fPRPFEE, B 10d
SE— IR FERACEAIET pH (I E AR, 8L EDTA
V4 WX 10, 20, 30, 60, 90, 120, 150d7kfk
SRR Ca*t MR EHHTINR AR 2H IS T
W I 2 58 G » A RMT=301 3R56 E4% 73 %) 1 4R
RS SR KN 30, 90, 150 d IS AR
PEIEAT 55 4856
=2 KUEAEERIECH

Table 2 Artificially made chemical solutions for tests

B W /(mol- L") pH (&
LK — 6.6
NaCl ¥k 0.01 4, 6

CaCl & 0.01 6

*= 3 HHEAYIESH

Table 3 Basic physical parameters of specimens

[ 2 X " Z")\?EZ
B RE WE gﬁﬂ% Gk B e
GiES g Mgom®) e K% % s
K& 511571 2717 2727 0.021 035 5181
77%% 510.123  2.680 2.746 0.008 2.40 5067

2 WEMRERE S
2.1 KRR pH EEZURMERD

Bl 2 KAV pH AR R I R] AR A AR, 1A
s SO pH MRIR TR 45 R . W RLEH, fEK
WA I« TT A R, KA 2B
pH B3 23 SRl - F, 1A B EAE J5 T A2 F PR 2%
BT R A& .

W Ji AR RIRIR I TE pH=4 [f] NaCl ¥
WS, AR R 5 KA B B R, A
VIR Ay AW AR PR, KA 2B I v
¥, SFEUKMWSER pH (ERIEEG N, HALZ RBT
E W)

CaCO,(Jif#f1)+2H" — Ca® +H,0+CO, T , (1)

CaMg(CO,),([H=f)+H4H" —
Ca’ +Mg™ +2H,0+2C0, T )

Rl 1 dJE, KRAEEHR pH GG TR, X2
BT H2bleE A 2 AR ) COL AW T-7K,
A HaCO3 S UK AR pH RS s 12316 25~
30 d 5, BEE COIBMIHHFEAR, KIS pH
EEEE T A0E, WA YR 5K A 22 AT
KA, KRR B FEF AW AE R OH, FEUK1L
IR A BRI, A RN TN

CaCO, (Jif#41)+H,0 — Ca’* + HCO, +OH™ , (3)
CaMg(CO,),(H = f)+2H,0 -
Ca’> +Mg® +2HCO, +20H" . (4)
TERFFETE R Y, pH=6 1 NaCl ¥ Z81H/KIZ 1
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Fig. 2 Relationship between pH value and erosion time for
specimens eroded by chemical solution
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Table 4 Concentrations of Ca>* and Mg?* in chemical solution of

soaked limestone specimens at different time

LES NaCl  NaCl  Cac,  TREEK
10 02767 02029 00516 02011
20 05065 03628  0.0573  0.3240
30 06673 05227  0.0619 03978
Ca¥ 60 09163 07871 00690  0.6447
90 09701 08485  0.0757  0.7348
120 10159 08839 00765  0.7886
150 1.0592 09260  0.0782  0.8455
10 00553 00369 00017 _ 0.0321
20 00892 00594  0.0018  0.0534
30 01015  0.0813  0.0018  0.0640
Mg 60 01391 01194 00021  0.1038
90 01472 0.1312  0.0024  0.1173
120 01566  0.1369  0.0024  0.1243
150 01682  0.1401  0.0024  0.1361




8 5

W, A RV KSR T R AR O S B KR IR S0 R PR ST 1553

=5 ROAFBARNGAERE TKELFERR Ca2iRE
Table 5 Concentrations of Ca" in chemical solution of soaked

calcite specimens at different time

BT 2l 2R/ (mmol L 1)
; RIS pH=4 pH=6 pH=6 e p
MR NaCl  NaCl  Cacl, oWk
10 03035 02275  0.0541  0.2460
20 0.5273  0.4612  0.0586  0.2767
30 0.6210  0.5534  0.0610  0.4243
Cca¥* 60 0.8148  0.7133  0.0649  0.5165
90 0.8608  0.7440  0.0664  0.6272
120 0.8983  0.7694  0.0679  0.6456
150 09169  0.7934  0.0686  0.7071
W TREARET RS A Ash, WS ERRA
Mg

RYER 4, 5 FNNREER, HRlELICE . Tifin
BFEA F KA IR T T ISl 152 T3 R

~0.854% (Ly
a (30)

C =l-¢ , 5)

t
-1.26a(—)"
”(30)

C =1-¢ (6)
A COANIRII ] N R 45 1 7 (mmol/L);
a AR ETRIR A AR B ¢ 7RSI N
AR IR TE] (s
Ro it T RAE T AR IEAEA KAV
RV R R AR R Hd, o [RARARM
R T R R, SRR SV
fREES o HEIEMKXKR. AUED, RiLAK
AV S AR T I A TR Y N 1) R T 4 B R R
LEHE%.
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Table 6 Dissolution rate constants and correlation coefficients of

specimens eroded by chemical solutions

Ve R=2 KA i
B a R? a R?
pH=4 NaCl 1.1442  0.9960  0.7308  0.9931
pH=6 NaCl 0.9115 0.9929  0.5703  0.9719
pH=6 CaCl> 0.2619  0.9548  0.0503  0.9909
ZEIEIK 0.7972 0.9968 0.4405 0.9675

2.3 KUBEBRBEFRKETHURES

3 NANEIZKAL IS W Ca? iR i Bl B TR FR A5 4k
B, B3 whdR moN B IR EE IS g 45 51,
iz mna (5), (6) MAFfE. FTUEE, AF
KA AR PRI R Ca® IR P 3G e 34 %A AH
Mo Hr, pH=4 B NaCl & Ca® VR R N h,
L2 A Y 30, 90, 150 d I, R E AR
e Ca? R E 2 N T 0.6673, 03028, 0.0891
mmol/L; pH=6 I} aCL &K Ca® WREEIGIMIRNE, 4
2Pl 30, 90, 150 d I, B &R vA R
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f P 3 AT LA Y, B KA i R i FE
IR ZE TR R Ca iR P 1 M0 PR SR AR BTN o e
WA NEAE pH=4 I NaCl iR 0~30d 1, ¥k
W Ca? iR 45 30 d B FHEAE N 0.6673 mmol/L; 7 30~
150 d /1, ¥ Ca? W FERE 30 d B FHE E=AE N 0.0980
mmol/L. XTECTTAI, 0~30 d P AR AE (VA ik %
Bt KT 30~150 d NIERER . BT 2.1 Tk
T TR RE R M KA AT AR v R IV pH E
AR e 2.3 T RE R R AR A, IR
PR 22 P RN R 2y A B B —B
B (0~30 & NfA RN B, B KA
H 5K Tl o s 5 55 BB (30~150
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A A T ) Tk B
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Fig. 3 Relationship between concentration of Ca?* and erosion
time for specimens eroded by chemical solution
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TR T A 10, 20 d B, 323K A R Ca2*
WA 10 d EFAEEME S M N 02767, 02533
mmol/L; =5 il A iAW Ca? WA 10d FTt=
73514 0.3035, 0.2636 mmol/L. XF L4, KR
PR R M K AN 0 W A s s R A T A i
WA, WA HVERE, £ BE S E
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fi R Ca? IR JE L THE R . 7E pH=4 NaCl &
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Fig. 4 Relationship between ion concentration and erosion time for
different rock specimens eroded by chemical solution
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I B = RS RER TOT A - B I R7) fhis e
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JIve KA ER RN, BT AT A At B 7K e s 3k
NTIE . Bafis IR KRBT (3),
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3 NERWEREDH
3.1 KUFERBERMT A RERGIE

St EARIRAS T &2 30, 90, 150 d KA 7
fr AR REAT A R AR . BRIRES TR T
AR PR SRS 7 124796, 78.701 MPa, A
IKAG AR PR AN RN 8] R A S 7 Ak A
SRFEANEE T TR

®7 FRKMHFFRRMARNE X HERE
Table 7 Uniaxial compressive strengths of specimens eroded by

different chemical solutions at different time

KA Jifks

B

30d 90d 150d 30d 90d 150d

pH=4NaCl
pH=6NaCl

115.179
118.298

105.558 96.197
109.685 101.486
pH=6CaCl> 120.425 113.333 106.683 75.343 73.580
7K 119.437 112.985 104.194 76.974 72.576 71.325

71.766
72.371

65.988
68.317

63.234
65.942

72.756

HIZR 7 TR, FEANFMCSEIRRIR I T A . TR
AREPUR A A R TR RER 7 19k
Wai R, T ARIRETIE . T il s 55
B, o3RRS IR M R s O ik it
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o =0, - [ (9)
X o, WA R AN R I 1] J5 3 1 10 B0 9 2
(MPa); o, N EHRRE TR HUERE (MPa);
b 7K TR A 9 AR PSR 88 ¢ /R
VEBONRAF AR R 1] (dDs

& 8 KUFEAREM TR RERAEX R
Table 8 Correlation coefficients of strength damage of specimens

under chemical solution erosion

TR K& Pap el
T b R? b R2
pH=4NaCl 0.8649  0.9987  0.8275  0.9887
pH=6NaCl 0.6890  0.9943  0.6874  0.9785
pH=6CaCl> 0.5275  0.9858  0.3312  0.9461
ZIRK 0.5859  0.9768  0.3777  0.9550
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T e 55 P BEIR VI KIS I 5 A . BT 6 gk
N HL S A8 T, M Al (8), (9)
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Fig. 6 Relationship between uniaxial compressive strength and

erosion time for specimens eroded by chemical solution
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ORGSR HIEK T 7.71%, 15.42%, 22.92%; pH=6
1) CaCly VW H A E IR UR R R e, =ik
AR 30, 90, 150 dBF, ACH BT 5R EE 730 %
KT 3.50%, 9.19%, 14.51%; HAth/KIFIERAIR T
IR R SR THE 2 0. 7 A E K
SRR T 0 5 TR S A [R5 R

M 6 AT LLE Y, TERRPEK AL S S 75 1K
RN T, A A R o SRR R B T
AR . 7E pH=4 [f] NaCl &« pH=6 [{] NaCl ¥
W~ pH=6 ] CaCly IE ¥ S 75 8/KAZ 1 150 d B, KA
PR SR 7 7 PR T 22.92% 5 18.68% 14.51%
16.51%; X RZKASAEHAZ T 150 d T 7 AR
PUEIRFE > HIEK T 19.65%, 16.21%, 7.55%, 9.37%.
F LG T 280, 7E B PR K A 25 VA VR I 75 VK R TR
R R T ARG IR FE P S KT 5 A ik o X2
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IR A R s, DR B 95 AL B
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Fig. 7 Relationship between ion concentration and compressive
strength for specimens eroded by chemical solution

£ pH=4 [f] NaCl & 1= ik 25 — BB (0~
30d), KA JTRARAFRIBIEHh Ca® WRIZHE 30 d
EFEAE S 38 0.6673, 0.6210 mmol/L, K#H. Fifik
ARAEEE 30 d FUBSRET-2 R BRIE 25008 7.71%,
8.81%; FEHRIZ VI EE — B Berh (30~150 d), KA
J7 AR Ca> W B HE 30 d B THRHE 235
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