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ABSTRACT Lead-based pigments (Lead White, Massicot, and Red Lead) are known to cause discoloration easily in indoor
air environments. This study was conducted to investigate the effect of representative indoor air environment factors (O,
CO,) on lead-based pigments. As a result of the experiment, almost all of the specimens showed changes of more than
AE = 5.0 in their values of chromaticity under O, (99%, RH 99%) and CO; (36,000 ppm, RH 99%) environments. Scanning
electron microscopy also showed that the pigment particles lose sharpness of the edge. Furthermore, under the degradation,
the intensities of the characteristic peaks in the X-ray diffraction patterns were decreased, and Lead White, Massicot,
and Red Lead exposed to CO, (36,000 ppm, RH 99%) were shown to include the new material cerussite (PbCO;). In
particular, Plattnerite (PbO,) was identified on Massicot, and for white lead, the characteristic peaks disappeared and those
of Cerussite were identified. It was confirmed that chemical change with discoloration can occur when these lead-based
pigments are exposed to a high-humidity CO, environment.
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Table 1. Conditions for the experiment

Gas Control 0, CO,
Humidity 75% / 99% 75% /99% 75% / 99%
Temperature 18~25C 18~25C 18~25C
Light O O O
Density - 99%, 5.6 L/ 6 min 36,000 ppm, 11,000 mg /5.6 L
2.2, JIAAsIAIE (IJSM-5510, JEOL, Japan) 2.2 15 kV, WD 22 mm, spot size

20~28 2100l TESHATE KPR AREA S 3

7ho] %t g AFL2 2 dAACIEA ZIAE £ AxEnHEM-30 AX, COXEM, Korea)o.& 20 kV,
Astel 90Uz o] Fo AT AR7kEE Or, COE ﬁxéé} WD 10 mm, spot size 13 20| o|u]x|E S5 & EDS
aoH, F& 2AE 2 st AHES Jystgct. (X-Stream-2/micsF+, OXFORD Instruments, England) =
FE 2L SERYARS ol 83t 2B RHTS% 0 AB.g Basigdct A% A - T oFghEo] Mok XA
2712 NaCl 38% %ﬂ% o835t 2, RH 99% 222 3" E.47](MiniFlex 600, Rigaku, Japan)Z o]-8-3}g.oH,
SHTE ol &S B A HAACIEE B B2 2 oo]rl XA I A E | giete] T Yz o a@e o]

=9l e 2o Folou), e A% 2UHA 2 g AnEAS sl
FotAl gt 7k 20 dig g2TozE TtAaxy
2 3}A] & Control 27, RH 99% 5= A ot tj= 3. oi7 Zn o 7
T2 RH 75% 27& F3ich tiAAol8 W7 7tas e
£y ol gl 71Ae) WS olgHoR AU 34 AyEDZ B
sho] ZZh AdadliAy 7] 9f Egfojoto] A5 o] g-sho] L &
g b A B 71 A&7871(GV-100S, GASTEC, AlE A -3 28] WA A= Table 29 Atk 7h2A0]
JapanyE AHg3Y FEE S5t B3 CO 2 HAl =EAZ AP Ho| Hig Fu] 4z A3, RH 99%0] =%
Alole 9] -5, Wiol O}:—'Z—-‘é‘ Hotsto] Akao] ZhESR g AJH O WSk} RH 75%¢] k2% A | jishett 327
= 315} thFigure 1, Table 1). Uepd)
Control 32| AJH1} O, 3FA] A, Control A A|HE
23 2AM of| Al 2o o] AAJo] 8ot Ao 2 IE]QIT} E35| Control
AA—o A E Babeteto] doide e lowu} el
AR LBjPAS BAS] s AVTER ABL 2 .01 CO, AT, WERLTH AT ARL S0k Ao 2 Zo|

20}

F o & APAEShs A o2 AEE Askgh *l S| YAJo] BHolE|z] ggrom, Walo] & 15—}71] ooyttt
H M=EA & AHHA] b A - ellA] 333 mm 2
7|2 b, 2okl |2 3], SEM, XRDE & 35 M
Ag AASHETh E3 RUHMIAEEY HAEEAS 6l
EDS E4& AAstatt. FTFE 712 w2 AT AEHY A A - T M AE)

7h2of o3t ¢tz o] M3l AMANHSE otg QA FE) = Table 37} Zrc}t. A2 RH 75%X.t} RH 99% Z 71 0] 4]
W3l BletE Y] Mgt 5o BASt ERlstich A ZAAE RYgon ¢trd . 2AHE AJH HA o]
Sl= ke u| 7 (SMZ18, Nikon, Japan) TH2H-E 3069} ot= 4 Yebstth(Figure 2, 3).
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Table 2. Results of microscopy for specimens on gas degradation (RH 99%, 90 days)

) Before After Before After
Degradation " -
Hanji(x30) Lead White(x30)
a
Control
C
Oxygen ki i

Carbon Dioxide

S,

Massicot(x30)

Control

Oxygen

Carbon Dioxide
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A o] do}A] ok, YT M=S GAFS gl 4= glet.

AT L gho] AAH 02 S71819a, a” gt b gho
Zasle] AMEe} LT} ZHasHs RS BT O,



Table 3. Chromaticity change of specimens by gas degradation

L Pigment
Gas Humidity " ; ;
Hanyji Lead White Massicot Red Lead
RH 75% 1.99 1.31 20.54 1.44
Control
RH 99% 14.10 14.56 28.85 35.53
RH 75% 2.88 0.82 37.80 2.33
Oxygen
RH 99% 7.00 1.16 18.93 33.44
L RH 75% 0.76 0.39 21.46 2.28

Carbon Dioxide

RH 99% 0.96 5.18 28.47 14.54
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Figure 2. Chromaticity tendency under O, and RH 99% condition (a: Lead White, b: Massicot, c: Red Lead).
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Figure 3. Chromaticity tendency under CO; and RH 99% condition (a: Lead White, b: Massicot, c: Red Lead).
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Table 4. Results of scanning electron microscope of specimens on gas degradation (RH 99%, 90 days)

Degradation Hanji(x300)

Lead White(x5000)

Before
Degradation

‘w‘ﬁ"f A 2%

Control

Oxygen

Carbon
Dioxide

270 etz ALole 7129 dEY 22 A=
o] A= NeH, JA7L ZHE tR(dAW, A 9ol
£ A2 AEC] 7189 drdAEl 22 FE
H HH(Table 4).

d3} 60 FA] RH 99%, 0, 2712 Wels Ald o
ZEE ¢8| A2 EZo] BAE A& RISt o]
£ AFste] EDS &A%t AF, Pbr| 78.17 wt.%, O7}
21.83 wt.% HZE Q0.0 (Figure 4), F313HE0] 1% 27
3} 7-g35te] AAE B2 ) Saint George A3
3HKostol'any pod Tribecom, Slovakia) AF|2Q] Z-¢-, At
(Pb304)°1 A Plattnerite(PbO,) A4Eo] BT =2
1.5 v} 9l 00, Plattnerite®] YA mj A =L ‘Pb;0+4H
—PbO,+2Pb* +2H,0'2 &## thKotulanova ef al.,
2009). 2 A1 242w uEFF A 02 2YES
w A5 IRES R Y Gl Wi e e o
ol W2HGuo et al., 2016), DEko] 1152 277 vt
&5t PlattneriteZ o] A/dE A o2 wrtdct

34. xd 2|® 24

A eE A - Y kR tidt SFE HIE Eelst
7] 918l XA 31" EA4& astgiet 90 3 5 HA1H
2.2 XRD 39| F=7t WolR| = AFE Bylon, 43t
39 9a AT 7kA 270} g 24 g 3
RH 99%, CO, 2719] {3} Wels, Agtol|lq 27 7]E
9] 957} ROl HAl 2L w27 AT o] i =
A 7 29] A= DA (Cerussite, PbCOs) 29| 9]
Aot A FHE st on, e QtoA gibdo] &
A= EE AHe FL, CO, 279 g3d +
XRD 5 sjzlo] g 4 dule] 2u=} ehs e
AR Bol glon], 54 71=1e] 9ok Zws) Bk
37 ela) 2L Ao 2 UETi(Table 5).

ERAP(Cerussite, PbCO;3) 2] A4 wlA Y& 'PbO+HCO—
PbCO;'0] ™, Saint George A3 3K Kostol'any pod Tribecom,
Slovakia) ‘F&BlolA] Cerussitert HEH Ak7l ok
(Kotulanova et al., 2009). Cerussite2] ThE H 32 Lead(1l)



Table 5. Comparison of XRD results of specimens on 90
days and RH 99% degradation (Blue: Before Degradation,
Red: Control, Green: O», Purple: CO»)

Pigment XRD Pattern
—R Al —
pend e _fw-u_m\h
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—— 1) A
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__E ,l > J,J,L 1 O RO T

10 20 30 10 50 60 70 80 90

Carbonates2, 25 A|HO| o|Alsleta AN A BAPG
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2. 4% WS BAE SIS Ak QU Ago] A 7]
F A9 WP WL AY BRIA G N Yekse
RH 99%, 0, 274 Wale] gago] Selsiglon], 4
H.0 ph 7834 wt.%, O 21.66 wt.%0|Th. A E-2 Plattnerite
(PbO:)Z oA A=, 1 Ak8hEel Wese] T Zo)A
Bolelo] w2 Yozl Zo= werdt,

3. BRgEe] A3 AAS AR 2t Walo] ekt
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