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Study of Exposure for Bronze by Artificial Acid Rain
—Research of Effect by Acid Rain (V) —

Hiroki Kamataki, Tetsuhito Komeiji and Toshio Nishiido *

* Ex.Executive Researcher

Summary

In Tokyo, the preservation of cultural assets has bacome a problem due to acidified air pollutants and
depositions. The effects of acid rain and acidified air pollutants have heen researched in this institute
jointly with the Air Protection Division.

Bronze as an alloy which is one of the severely damaged materials, is not easily analzed by stoi-
chiometry as a single component though it could be guantitaively considered. Using the equipment devel-
oped by this institute, bronze materials were exposed to artifitial acid rain,

The following two points were found from this results.

First, corrosion products on material surface by exposure experiment of bronze by artificial acid rain,
were almost tin oxide compounds. The cofnpounds were 10~20um thick for acid concentration when pH
was 2 and 5 gm thick when pH was 4. The compound thickness was independent of the kind of acids.

Second, relationship between bronze of main components’ {copper,zinc,lead) eluent weight and artificial

acid rain volume were indicated to be useful to be applied field research results.

WRBEEE IR ER 1995




1 @FC®ic

Wt BW TR, SEERFOHBESEED. KR
Hie i, B LU AROBETHL Z LS (g
BT R, HEEIC B W T h R L kAR
WESAEET S & a3~ nErfaI ity
54). LETTHR., REFEREHEIHBAIL T, BEROE
TR R HDHTE Iz, S, LIOEAHEEER> SH
HOBL IHHO—DTH B Z EAHAL 2, (LERR
Wiz O AL AR THEEH (TurX) KowT
TERAFZ T 2nic, JURETERESRIEATERT T R
FEEBHEEN- L) ATRMM2ETT 2 BEERET-
ROTEIMERERET 5.

2 RERFE

1) BEEBRAER

AT RE SIS BCInToREI & He ik L
7z BREAOKE S, 50X50X 5mT, EMIZEHASL
Moo F 2R (EEOHBROER & FCTEE L,
FHHRB Oz, 1 (Cuw) 87.38%. % (Pbh) 1.
06%. # (Sn) 6.50%. & (Zn) 4.52% & JISH
KAEFERN TS - 72,

(2) MREREEREEY

B 1z, REARIERIEN AR A AR E SRR %
Y. ZOXEIT, RBERICATEBYEREN+MT RS
Br3ichaTwd, ATEENE, 24> F2—7
FNLTERR Y 7 CHEMRSE L 72, KB HE TN,
Mol e R)EHREPRECHONICLAZLOZMSZ
LCEy F L., £ndubEic Bl £45E 0 E DGR
(R) L8 cEEL, 260, RBAN 2L
ATHEREHRTCE LIRS A T Fa—T2Nl7
AETEE LR, R EROLERIZ, ERE Lo b
=Lz, '

EBWTHAOR 7, ) 2AF R 7TEEHL. @
BEH1 (M%) &L TiTot,

R, FUEROTHICHEHREREL. A
(No.6) THEWHE*KREL, BIHEEFVERICR
L7z,

(3) IREEEEE

BRSO EEERTICTT,

TR LA ATERMER | REER, BRER, A A4 2 3THOK
oy 3%,

4 WBHEOBE pH2, 3,

0 4,
7 MRERHARG C 1.

I ETEEE D 1nd 45

4,

— 305 —
5 (FERR. BREAR)

7. 21, 35HME 4 Bk,

Peristaltic Pump(1 & /min)

Tygon Tube

&

Tygon Tube

=

_.

T

7.

”F:Tiet1t::;\

Vessel
////JF Exposure
2
Selutiop
Sample
Solution
[
EH1 ATEHEFRDERER
K1 MADEREGrAHERO—%
Bir 2
BBEGM (L 8|7 H{2l1 B| 35 H
FEERG BiiEm | Bk | Sk | 2R
A 7 LAk 1.4 9.8 28.6 49.5 EMF
pH2 1.4 9.5 28.9 48.4 w5
i 5
pH3 1.4 9.6 28.7 47.9
" pH4 1.4 9.6 28.8 47.8 A
pHS 1.4 9.6 28.3 47.4
pH?2 1.4 9.5 28.8 41.9 SR
[z}
pHA 1.4 9.4 28.3 48.1
pH4 14 9.5 28.4 48.2 mair
13
pHS 14 9.6 28.9 48.2

HRIMERE P ATER 1099




CRBUTIE, MRS A A R TRE L, 25—
MeEL., REHicEBIcfRAL:,

AT, BREEREHRTHEL. FERE (&K

aiER) L
(4} BBREHOEN DT
T REBREERMESATT O, RELFER
B HIIZAT 5 3 AMIC DT, ESCAMI
LN PERTGRITET- 72,
1 HAEBHOBEEEZHTaolc, RBFo
Bimicaf L €. E PMA SN & 0 o a4
#{T-72
(5) BREHOBHEOMT
FBEBEETHRLNLEEBREEII DT, FHERSS
THBCu Pb, Sn ZnmHFEERIFREHEIZT
HZE 2T 2,

I HRrEE

(1) FEmAPrER

REER ORAECTEREE2~6 (ESACH) Iz
A, B2k, BEWNOFHORESMOFRTH b,
EX KO EREE. 0. 30, 60, 90nmoFEEMBE 3 K
ETHE ST, L 2tEIFCu, Pb, Sn, Zn.
C. OTh3d, EFETC., OLHFE DT, 1TEAY
HMEREICRFE L 227 AFBRWEFEOTNDIHTH B,
EEERSE, BIFE—EE L BH, BEHTPbOH
EENDIE, EEOPO PO, MOER L EH LI
VDI BERE LTHEET L2 EHHLNT, TN
BEraliinrFELLNE,

B 3. 43, 48 (pH 2,4) #EE (35H) Bk
RTHY, B, 6. WEE (pH 2,4) #ME (35
B) #OERETHS, MLPHAHEI 5, K4 L6 T
. TOBEAIEEAE—BLTWAZ Eh b, EEOD
BRERBOEKIZ., BOBEICIHETET. BREOL

WHRET Db rddrd, 70, BRERMOIIZIEAY .

. SuibGHTh b, EoREEAENBORETIZD
W, BR1 (BERORENEE (FHE? (BR%
DRB M) 1CRY, BRI, ATTRRMER RS
PHEIEEEL TWaZ L BETE S,

MR IR0 B DEER A O R TR 2 E PMA S
WL R %s, BHEI~8, (F§EpH2, 50BE
#) R,

o W )
g \\ Cu
g 40 \\\ ’/ﬂ’/)
T A -
a /// T
E 20 : BT Pb
0. l-'.J-.__ ‘h’_.——"_’“.— hhhhh 4 Sn
© 3 O
> 1 ¢ C
L o H H H
s, bbbk LN
2 ] 30 60 Q0
Etching Depth(nm)
H2 BEMGIA Vz'iﬁiiﬁﬂ**ﬁﬁﬁ
v 100
Dt I A S R Sn
80 5 *= S
5 P
P e
w60 o
o
o
240
Q.
@ R
= 20 ; z
— Cc | B B rmmmmmes 0
s oL_Cu . - 3 ppz
P 0 ) 60 ) :
e Etching Depth{nm)
3 MEoHIRZEEREDTESFER
(MTERAMI5E)
100
b
= 80
o
5 = S
o e
° W ¥
0.
© 0
o
-
i Zn__l
@«
os

Etching Depth(nm)}
H4 WEpHIMBERETEIITER
(B EAmIsE)

ER 3. SEMBO( X600 &) THaELtgHmER
BEOHEROERETH D, BEERHOES L,
pH 2 T10~20um , pH4 T4 ymBETH 5,

BER4~8 . HELRKSOESFERT. AGEo
BwlZAd SMENDEEGTH B, BEEIL.
ESCAGHOER LM, Snk OTHEIFEZNT &

WA RNEREAAEE 1995




Relative Proportion (%)

100
Sn
80 o
e
60
40
[v]
20 P 0
C“x\:? ------- oomeee Y Cu
Y - 43
0 ; 30”_—“-60 % PbZn
Etching Depth{(nm)
5 [HEpH 1BBEEEMTESITER
(MITHAMIIS )
” 100
= 80
o
- & A . i Sn
a S
S W
o Bl
o IS S v m—m e a O
-
et C
s, Pb'Tijfh:t:m;J $ gg__
° 0 X 60 20
e Etching Depth(nm)
6 WEpHABTHREAMTESINER
(MRTPHARG3SA)
ERETE B,

2) FEBAEIEELRUE NS SRR

R21-BEEORBEFOERELEARY, BT IcER
b & ATEEREOBGIC ST, 1 XEEFHRED
777 &R, ®IECEFRRNERET, _

F2, A1H5H, PHSIIBITAERRDEIZ, 44
VAWK LAY AL B, T, BEMR
PH4, 3, 2:8{bT2+E, EBOTILIE. 2.9~
3.5 &% B, _

R4 IREZROT v AOBRBSEE DRSS HL
BICNT 284627 T. BHESERR, R2OHLE
HICHERT, »pAVHEEIS ). SBohiEklTw3,
FTORERELT, Elic, BBNAETIzh s,
REROREO GRS OB{LIC & 2 EEORNESIR
BROWLBICHETLIZ L, B212, BOPBENII N
Lo, BERFROBIC, WEBREIKEWZ EH#EL

Decrease Weight (mg )

Decrease Weight (mg )

— 307 —

Y — i H.0| pHS
\\\g;‘ ------- ., T —r——- pH4
-100 N tEmy e, ~~==:E.¥'D 3 pH 3
0 \\\\\\\\\\ H,S0, pH3
-300 \\\\\H?SG4pH2
_400 My,
. HNOY pH2
T
Solution VYolume ( ¢)
H7 BantosgrERTL
(1 ZxEmmin)
0 . H.0f pH5
\\"‘—“———--—.::_ ....... pH4
-100 \ Bt =--__:====:|-|:h:l.ﬂ.3 pH3
\\\\\ H,SO pH3
-200 "‘\
-300 ™
\\\\ 2S04 pPH2
-400 B
HNOY pH2
I S T ™ R R
Solution Volume ( 2)
Ht BBH#ORSBEHERTE
(1 REWRIR)
£2 BOERCHIsHBFERTIE—%
BfT ng
BRREMARS | I HA| 7 A| 218| 385H
SEERSEE R E HE BRE BB
A # Aok + 45| - L1 |- 29]|- 51
pH2 - 16.1 -101. 4 -240. 7 ~-411.2
i
pHS3 - 7.2 -37.9 | -105.1 -130.5
pHA4 - L8 | - M5 - 21.7 - 42,0
it
pHS - 03 |~22|-862]|- 63
pPH?2 -22.3 -107.0 -279.2 | -467.5
B
pH3 - T.6 -37.7 - 85.0 -127. 8
pHA4 - 25 - 8.8 -24.1 - 427
i3 .
pPHS - 0.9 - 2.4 - 4.4 - 8.0

HR AR R ER 1995



— 308 —

%£1 BARKRORBRAERLL | REWMMRITER

1 FREVER 1 #ERE=

ERR: (EEFL) (RGO HHIE)
A4 Rk | Y=—0.10X Y=-0.11X
{r=0.757) { r ==0, 999)
pH?Z2 Y=-8 40X Y=—8 04X
( r =0.998) -~ {r=0.997)
i pH3 Y=-293X Y=-3.02X
( r =0. 968) (r=0.973)
rH{4 Y=—0.90X Ye==—0, 97X
{ r=0.978) { r=0.980)
B pHS5 Y=—0.15X Y=-0.20X
{ r =0, 906) { r =0.964)
pH? Y=-0.57X Y=-—0.48X
" { r =0.999) {r=0.998)
b pH3 Y=-2T2X Y=-2.80X
' { r =0. 989) { r =0.988)
pH4 Y=—0.86X Y=—0.04X
{r==(), 998) { r =0, 999)
B pH5 Y=-0.16X Y=—0.29%X
(r=0.978) (r =0, 929)

Y bR (e) X ATEMRE (2) . r o HHBSERE

LB, ZNEENT B bIcE L OWES L, 20
R A RIE L 2R 2R 5 T, W5 OBILEE A
TR & VIR DW T, | KA gD 757
$EBIRL. RIACRT. |

ks s, €8 (7orX) 2R s2n
Fi3. EMEZET 5 kb, ENEERBEOMNS
FRHHAT B, S COTF—F %7 4 K
AR LML . FOEREE- T FRETH D,

i Er®

17wy 2o ANTEETISEERIC & 2 EHE& LS
Wit. SnOBILLEMHEERS TH Y. TOEE .,
pH 2 T10~20pm . pH4 T5 pm BETH 5 = & ¢
S i,

(2)7 4 —n FEAESRMCERTES X510, 7oy X
SR R OB MER & ATRIEROBIE S K,

SEII

1} TH. N. Skoulikidis : Effects of Primary and
Secondary Air Pollutants and Acid Deposition

on (Ancient and Modern) Buildings and Monu-

R4 BERBRBZOBHBERSORSERCHT IHE

#W| 1 82 T d 21 © 35 H
S B0 | Batn | EEO | #E5
A7 Ak

Cu - 44 5 100. 6 %2
Pb| - 13 &80 34 5.9
Sn| > 02 < 45 < 34 <39
Zn - LT 54 69 7.8
BH | >~ T8 <034 <114.3 <109.8
pH2Cu w4 %6 35 q.5
Pb 20 11 LO L6
Sn 03 0.1 < 00 < 00
Zn 4.0 32 34 39
E] 1067 1010 97.9 <1030

i
pH3Cu 8L9 923 23 ®’o
Pb 136 b8 39 11
Sni| <0l <01 <01 <0l
Zn 61 47 49 aT
i 0.7 <1029 <10L2 <1038
pH4Cu 111 8.7 125 10LT
Pb 67 83 28 L2
Sn <0l < 01 <0l <0l
Zn 7.8 8.0 a1 36
F AART <1031 <1105 <106.6

[::3
pHSCu 143 3 %5 100.5 1159
Fb 190. 0 44 50 129
Sn| < 23 < 23 < LB < 32
Zn 190 58 50 98-
it A6 <81 1121 <141.8
pH2Cu N2 .4 928 30
Pb 41 43 16 29
Sn 0.2 0l <00 < 00
Zn 54 18 44 40
it 1039 1028 ®e <90

B
pH3Cu 7.6 894 %5 U7
Pb 158 0.6 27 33
Sn| <12 < 0l <01 <02
Zn 6.8 42 48 45
it <1014 AM.3 <13 1 Q027
pH4Cu T80 1067 ® e Ko
FPb 140 25 7.9 68
Sn < 03 < (6 < 04 < 05
Zn 44 51 5.4 80
it <HT <1139 <1125 <108 3

123
pH5Cu 43 9.7 8.5 | 1825
Pb 7.0 10.0 1.1 3L.3
Sn| <08 <21 <23 < 25
Zn 40 48 45 2.5

it <Hl <108.4 <do. 4 <288

AAA3K L B BRI A, BT AR (O BRlis

RAPIIEL RS EE  1085



#5 WRERCSUBHASICIVRELERAERT(L

B mg
BREMARG | 1 H| 7 H| 21H| 35H
SEERGHF mE HBE BE| BEE
A A ARk - 03 |- 1.0 ]| - 33| - bb
pH?2 -17.0 | -102.4 | -235.6 | -423.5
Bt
pH3 - 7.8 | -3%.0 | -106.4 | ~135.5
pH4 - 2830 -149 | ~-30.6 | -44.8
i3
pH5 - 11| ~-24]-701(- 8%
pH?Z -23.2 | -109.8 | -275.8 | -462.8
B
pH3 - 7.7 | -33.3 | -87.8 | -131.3
pH4 - 241 -100 } -27.1 | -46.2
i
pHbS - 05 |- 26| - 46 | -16.7
ments , In Symposium Acid Deposition A Chal-

lenge For Europe, ed. H.Ott and H,Stangl,
pl193~226(1983) .

2) Swedish Ministry of Agriculture, Environ-
ment 82 Committee . Acidification Today and
Tomorrow 1982) .

3) J.J.Feddema, et al, :
Air Pollution in Philadelphia, Atmos., Envi-
ron.,21, pld3~157(1987).

4) HEHMEA b KREFRoOH~ DB, Zai-
ryou-to-Kankyo, 41, pl18~126(1992) .

5) WHIMITA L AREF~~OBREMPENRLE (1)
— UM R kR X R OIT—, SRARER
HERISERF S raESR, 1992, p318~325(1992).

6) GREEHE 5 ARSF~oBEmPBERNE (1D
— AT & 2 £HER— AUREREERE
BrecaraEeR, 1992, p326~333(1992) .

7) BB 5 B RO TrER, 1ER
A, p83~93(1980) .

ESCA=Electron Spectroscopy for Chemical

Marble Weathering and

Analysis
(BF AT b AT

(XPS = X-ray Photoeleciron Spectroscopy)
(X #EFoJeik)
8) SR BRUE B S AT b oA I EE, p364~380
(1971) .
EPMA = Electron Probe Micro Analysts
(BFH 7o —7=4 7 a5
9) L.S.Birks :
Interscience (1963) .
10) #EIZER & B D BSRSTO TV EQ), LR
A, p95~114(1980).
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