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ABSTRACT : The artificial rain (pH 4.0, pH 5.6 and pH 6.85) and weathering simulation test are
applied in dolomitic marble for the prediction of deterioration of the stone monuments constructed with
carbonate rock by acid rain. pH of the applied rain all increase to about neutral pH after reaction of
marble. The contents of Ca*" and Mger have increased more than twofold in two acid rain and deioni-
zed neutral rain after reaction of marble. The weight of marble is expected to decrease 0.00037 kg/m”
each test cycle by pH 4.0 rain. This weight reduction rate of marble is 1.4 and 3.1 times more in pH
5.6 and pH 6.85 rain respectively, and 3.7 times more in only artificial weathering test. The compres-
sive strength of marble is expected to decrease 0.2468, 0.1791 and 0.1280 kg/em® per test cycle with
pH 4.0, pH 5.6 and pH 6.85 rain, respectively. These results mean that more acidic rain more enfeeble
the strength of marble. Dolomite and small amount of calcite are precipitated in the rains after reaction
of marble.

Key words : carbonate rock, dolomitic marble, stone monument, acid rain, weathering simulation
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Table 1. Annual Average Acidity (pH Value) of Rainfall in Korea (Ministry of Environment Korea, 2009)

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Seoul 49 5.0 4.8 4.7 5.0 4.8 4.5 4.4 4.7 4.8 4.8
Busan 4.7 4.8 49 5.0 6.2 49 5.0 4.8 5.7 5.5 4.8
Daegu 5.4 5.6 5.8 6.0 5.6 4.8 5.3 5.3 5.5 5.6 4.8
Inchon 4.4 4.6 5.0 4.7 4.8 4.7 4.7 4.5 54 4.8 49
Gwangju 4.8 5.2 5.2 5.0 5.1 5.0 52 4.8 5.2 4.9 5.3
Daejeon 4.7 5.0 4.7 4.9 5.1 4.7 4.8 4.6 4.8 4.7 4.7
Ulsan 4.9 5.0 5.0 5.1 - - 5.0 5.2 5.0 5.2 4.7
S AE L RJAFTFIANY Bd 5 A P A
HES 7)Zo] MR Y ERo] 250} glon 11
42 gostd t&3 2tHDo er al., 2009; Do KODAK 2
and Cho, 2010).
28 739-= pH 4.0, 5.6, 6.85, 8.0°1™, pH 6.85
A oleg FHEA %2 €0l 24(J.T. Baker

A}, Tl Al Z7)AEE pH 7.001904 AR %
852 W8}, 7] F9 olitsletart g3E Ao

o Lo
9 45 g oleF ¢

=)}

olal A= A

FI A HelolA Az golth AH
AU gof wet 2 272 x5 x 10 cm)9} 2
A7)(2%2%0.5 cm)& A A8 o AlHT 3704

5T AUS Ag3t] o7 AR BEL

fo {4

H
3}
el

2u =
Atk g 1). 2 2719 A8d+= 15 mL, 2
& 3719 ANgdE 2 mLY A5 44 A&

a3t
A Aol A 79wl

o
S o] Eafol Yarg

=]

H3l= o] & AZrtET I (lon Chromatograph
: Dionex IC 2000, USA)E o] &3l =A3}9]t).

7F9-9ke] whgol w2 A H ] WEE =43}
Aok Al wE A FAWHSE A5 F

l—:{

Fig. 1. Marble samples tested in this study (large size
1 2x5x%x10 cm, small size : 2x2x0.5 cm).
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pH change of rain after reacted with marble specimens
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Fig. 2. Acidity (pH) change of artificial rain after reaction with marble samples.
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Table 2. Change of Ion Contents in Artificial Rain After Reaction with Marble Specimens (ppm)

i

2+

Na* K Mg Ca™ SO, cr NO5
pH 4.0 rain 16.3 0.0 0.6 1.0 8.3 46.1 43
Mr pH 4.0~300* 16.5 0.5 3.7 2.4 7.5 43.5 3.7
pH 5.6 rain 154 0.2 1.0 1.2 8.0 433 3.8
Mr pH 5.6~300* 16.2 0.7 3.7 2.7 9.6 42.2 34
pH 6.85 rain 0.1 0.0 0.1 0.1 0.1 0.1 -
Mr pH 6.85~218"" 1.4 0.4 2.7 2.6 0.1 0.1 -
* Number of treatment : 300 cycle
** Number of treatment : 218 cycle
5 303 o 7.52, 603] Fo 7372 FUbett A% G4 SRS sto] it T ¥l
7}, 858]04 7.882 F7}, 2003|914 7.47, 3003 & AEo] WAHULA = AL HoFH, o]
oA 7328 7+adte] Atz WA Ho] pH 4.0 & TRt = 9ol HlE A wkgEie] ©
A-ohe geton, AAHoz Ay wgd 0§ ¢ B e dPAE A 2528 H
HskE 499 A4EFAE pH 4.0004 Bt ok o] FEEE FEo|t
2ol 242l pH 6.85 4%+ 303] ¥H& & 7252
2 Fopxon A 347t TUEHEA A9 A4 QIS ARet A1Z 33 AR ME 2|t AlES
STW3tE pH 7.25904 7.0 AtolellAl A9 F71H  #H3E}
02 ZUte} AAE HHEIE S YEhith
Z0to HHgo 2 oIt tf2|e AIEH 2
el AlEZ B et 429 &R0(2 42 1 5}
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g AT ihge 134 il 48 o FAZAEH I AFS IF 39 AT
o= W37} ATHE 2). AT Ffole A& AFZAETE 3003 A ot Al A
Z 2 W32 B AL a9 Mg"E RE AR E y=-0.00010 x (I =0.98) FAZL40] &5
o A$-olA F74tATE Ca¥'E pH 4.0 ZF5olA itk &, dlEgol 4Akdul 5 399k A2 A
= U3 B} 1.4 ppm 57F, pH 56914 = 1.5 Qe S w-S A4S vl3] 0.00010 kg/m™ )
ppm, pH 6.85°14& 2.6 ppm F7}stith. 2ejvk FA ZHAavh B A0 R od" e Lotk pH
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Mg> 9] WalFe pH 4.0 Z$olAe 947 A 4 dig 2A7} o 3782 EoET pH
Bt} 3.1 ppm 37}, pH 5.6914% 2.7 ppm, pH 5.6 239 AFZFFA A E y=-0.00026 x (1
6.8591 4 2.3 ppm Z718HATh AE F8 F o) =0.96) W3] 0.00026 kg/m’e] a7} o 25 o]
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Change of weight in marble specimens
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Fig. 3. Weight reducing rates and fit equations of marble specimens reaction with artificial rain.
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Change of compressive strength in marble specimens

300 -
©WH mpH4.0
= ApHS6  @pH6.85
280 - o
— .
k- <@ o
E, A _
e -
£ 260 -
: - |
2 . ' <
£ 240 - e : A
z A
§ ® =] .
& e
£ ,0 |[WH y=-01235x (=091
] PH4.0 y=-0.2468x (r*=0.96) ~ -
PHS.6 y=-0.1791x (r*=0.96) m
pH6.85 v =-0.1280x (1= 0.95)
200 : | ‘ ‘ : .
0 50 100 150 200 250 300

No. of Treatment (cycle)
Fig. 4. Reducing rates of compressive strength and fit equations of marble specimens reaction with artificial
rain.

Table 3. Chemical Composition of Tested Marble Specimens and the Deposits in Artificial Rain after Reaction
with Specimens (Analysed by XRF, wt.%)

Sample Na,O MgO ALO; SiO, CaO Fe, 05 L.O.IL Total
Mr-raw 0.1 19.9 0.2 8.5 352 0.1 3543 99.4
pH 4.0~300 0.1 21.6 0.5 6.1 359 0.1 35.08 994
pH 5.6~300 0.1 20.2 0.2 6.3 354 0.1 36.65 99.0
pH 6.85~218 0.1 21.5 0.4 5.0 35.0 0.1 37.64 99.7
(dolomite, CaMg(CO:),)7t 74 FEojy o] E 9
9ol Wa) A (calcite, CaCO3)3 ﬁd(quartz, Si0»)
o] HAZHAU ANEHL et E ek ad e B9 W
Aok JIFZFSA e whol of3f tiE|ge®E 24)(CaCOs - MgCO3) T &4+l Waio=

BE ogd ASe Lol AZAZ F HPEL  TAHe] dE vl

B89 ol pH 4.0 7-9-2] ZlAE CaO 35.9%, e AMO] pH 7.0 AT 3 A, § &
MgO 21.6%, SiO; 6.1% T°] AZHNLH, 1 9  F o] F457 A9 vt 22 A4 & &

HREE AL 99 A EXE Ads A9 &) whgo] FdgHn

rAFetth XRDO o @ ﬂ%-‘ﬂrﬁfﬂlﬁt TE % CaCOs8F MgCOs= 573 Boll= 2 &35~
o AZoA WEAo] FFAPERE AFHANCH, Fou 16] YREL Ca™, Mg™, CO322i 3 g
e Ao] A% AEHUATHH 5). pH 4.0 50 HD} CO," 2 7hpRafubgo] odta] HCO;, 3

A Bopzl AolAe A3 dulo|EVL A% AE HS A4S

HAok 2ok whg OE rﬂﬂ"‘ Ao A o]

He FETE 7Y AR Aol A §l CaCO; + 2H,0 — Ca(OH), + H,COs
© ZoE AR — Ca(OH), + H,0 + CO,

MgCO; + 2H,O — Mg(OH), + H,COs
— Mg(OH), + H,O + CO;
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Fig. 5. X-ray powder diffraction pattern of the tested marble specimens and deposit in rain after reaction with
rain and artificial weathering test (85cy, 200cy). (ab; albite, cal; calcite, dol; dolomite).
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pH7} 6.852 WHEEJEY, o= NEA Eoles
o 7] %9 o]Astetavt &35 o] e AT
2 HAY. eba] Aol ARSg "ol tlg
4 A T e HhEe ofFe} o] Hg"
AOZ HQlT}

COx(g) + H,O(L) = HoCOs(aq) + HCO5 (aq)
H,COs(aq) — H™ + HCOy
HCO; — H' + COs™
CaCOs(s) + H,COs(aq)
— Ca*’(aq) + 2HCO5 (aq)

+

o

ki

pHE=
ok
HO

o] a4
SRS e

q3to] Whgo ALg-Ho] uwht
HCO; ¢} COs» 2 W 3}sA

N rkﬂ

A v A= Mgc03L CO, g+ 29
$3l=o] Mg(HCOs) < A43th MgHCO;) <
A W MgCO9| E¥e 7HrEaiites AA
FastntadEs st AAHCE 4MgCO;s -
Mg(OH), - 4H,09] 9714 ghtulad| o] FAH
Z, COy} &89 pH 6.85 7%= tgd A#
o AhEEE & il AR &= Qleke] of

Rlgdes "—’1‘*32 = Aol
A5 st b 2 dFs mAE A
o

SOx(2)EAM 50% ©°]4S A o}w} E PRI R 2
oF 20%, G20l &(Cl)e 12% AE 7|93t Ao
2 Yehdth 2 dgMe AFAY 7&% 7¢ 3
S Q& o] A ES EU=E °1+7P £ A3k
o, AAuE AT w ik %4_4 U R
A7vste] Azttt webA olHd Foles
fote Ao dEld AEdA SAEE we
53 Zth(Leysen et al., 1989).
CaCO; + SO, + H,O
= C(CaSO;-H,O + CO, (1)
CaSO; - H,O + H,O + %0,
= (CaSO, - 2H,0 ()
CaCO; + 2NO; + 2H"
= Ca(NO3)2 + CO, + H,O
CaCO; + 2HClI — CaCl, + CO, + H,O
WA MAEE CaSOs - 2H,0E Eo 3k

£ =7} 0.204 g/100 mlZ CaCOs2] (0.016 g/100
ml) 1380 °]21, Ca(NO;),9] &3 =& 121 /100

Table 4. Solubility of Important Salts in Water
(Tablebook Chemistry, 1973)

Solubility Temperature

Compound 150 ml (H:0) C
CaCOs 0.016 25
CaCl, 75 20
CaCl, - 2H,O 98 0
CaCl, - 6H,0 279 0
Ca(OH), 0.2 0
NaSO4 19.08 20
Ca(NO3), 121 18
Ca(NO:3), - 4H,0 266 0
CaSOq4 0.63 25
CaSO; - 2H,0 0.204 20
CaSOy - 0.5H,0 0.71 25
MgSO4 35.6 20

mlZ 7,5008]7} Y=th3E 4, Tablebook Chemistry,
1973). & ol @ o|2F TFTF AL &
Ak o“hjr«] A7 e Ed ¢4 9
&3 E Bed oA Ak £ AFd A&H 44
H1 o 3 soledd At dfed: Esin
3003 AE & 29 sEEol Yoe tE g
T4 ol A& F w7t deth

AHAA B QY] A nle] o3 wHAAES 45
g AFolME Held F7A FEY dHAAE
AZF 19+5 um7F FA Bt 213814 thRoekens
and van Gricken, 1989). &3l W4 £agoz
HE Zg AT 348 1,830~1,890 mg/
year - m’0] £AHUY AHAA 40F o] F2E &4

© ¥o] EAEUUE AFAY}t RuHr| % &
#TH(Vleugels and van Grieken, 1994).

2 479 Al At ol Aok v
A ANE YIY 260~370 mg/m 2 Tﬂlﬂw}
_‘Hoiq }\]6—] r,H)\]— 0]-/\“] 7]— ‘/] /\]-/HZ74
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