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Tab.1 Values of relative humidity of
some solutions at 20°C

RH/%

il Hil  TNE S
K,S0, a7 92 11-1
{NH,>»50, 81 52 75. 4
NaNO, 74 74 87.6
NaNQ, 66 66 80. 6
NagCr;0, + 2H,0 55 55 177. 8
K0, « 2HO 44 48 110, 5
MgCl, + 6H,0 33 37 54. 5
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EXBRFRE CEME G RMOENES, B
B EERTREANERE XERULHBRE
HFRBEELEREAREFTSIEN.
RTHRBURERE SERRELISHR
NHBLEEERAMNEFN EAR L AREFRAE
MR EaEERERTR.
1.5 X fiHaiF

BRGNS REEEET X B,
2 SRMTTiE
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PEHANEEMRRERAZN. EHFLEN
REMWEAEE W OE DR R RS MREEE
ZWZER. ATHRSHI—BNERYR.

FLBREASC-0 AL ERNEHEANE
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e B 435 W AR SR B ATUAR YE W AR & %o 2 5 ) WO B
S ERBTETRRAEREIRE=FHENA
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BEfEn A, Fa2TNEERE—-WENE
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AE = V(L — L) + (a3 — @) + (by — b,)%.
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UREBF JIMHENE—ARSEETSE . BERAFE
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Tab.2 Chromatic aberration of pigments under
different humidity without ultraviolet ray

AE

+i1 lLERFR HET S
81 3.6(EkL®W> o072 1.06 1.11
74 0.45 0, 59 1. 20 0.55
66 0. 57 1. 48 1.16
55 0. 99 0. 45 0.79 0.39
44 1. 35 0,53 1.1% 1. 07
33 1.25 0.52 0.61 0. 26

MEL,EMMBEALT 81N GEHINERE,
BEEE] L THERES. JRRFRLELESNE
FTHEBEMHF, EEZ VREBEGF T .BEXk
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BNMET  BEEDEIEM. & LR 4FH
B MY~ UBERBER, BEESRANESE
ZREZXAESFEILS RERBEGEE.
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Fig.1 Relationship between AE and RH
with ultraviolet ray for 200day
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Tab.3 Chromatic aberration of pigments under different humidity with ultraviolet ray

%/‘? %% L a ] AE
d A B C D A B C D A B C D A B C D
20 34.81 57.47 92.48 56.07 14.67 —20.40 1.76 56.44 B.05 7.76 4.15 34.98 1.44 @.5% 1.41 1.37
45 24.83 57.20 92.76 56.26 14.38 —20.14 1.68 56.13 8.10 7.65 4.09 34.45 1l.69 0.83 1..12 0.99
87 B4 24.92 56.70 91.92 55.61 13.53 —19.51 1l.74 56.0% 7.72 7.76 4.13 33.81 2.52 1.59 1L1.B4 1.67
200 28.03 55.80 86.35 54.86 10.50 —18.16 2.33 53.08 8.32 8.62 6.82 32.53 6.71 3.36 810 4.36
470 22.48 55.88 67.84 48.61 7.37 —20.80 1.99 46.85 6.57 7.36 7.81 28.20 8.69 2.37 26.28 14.15
20 25.05 51.89 93.03 55.5% 13.53 —22.75 1.5]1 56.31 7.74 &£.57 3.6% 34.00 1.75 Q.68 L1.50 0.86
45 24.94 51.73 85.88 55.43 14.49% —23.01 1.35 56.22 7.66 8.67 &8.23 33.75 0.81 Q.87 9.68 1.16
Bl B84 24.78 51.52 B8B.92 55.61 14.43 —22.67 1.07 54.51 7.37 &.57 6.17 32.08 0.83 L1.21 5.86 3.21
200 24.71 48.28 85.73 62.23 15.31 —22.69 1.45 34.46 7.64 9. 01 6.04 20.48 0.16 4.32 5.26 26.79
470 22.33 46.20 87.97 59.78 13,97 —25.59 0.03 24.11 8.25 8.06 5.58 14.92 2.66 6.74 6.85 38.00
24 25.12 53.21 93.26 56.63 14.49 —21.89 1.71 55.27 7.56 8.25 4.36 33.70 0.82 0.57 0,82 0.7
45 24.88 53.60 93.46 56.46 14,90 —21.80 1.58 55.31 7.55 8.14 4.07 33.56 0.38 0.38 0.76 0.94
74 B4 24.69 53.10 93.39 55.80¢ 14.58 —21.95 1.55 55.13 7.13 8.16 379 32.50 0.79 0. 63 0.94 2.16
200 2-4. BB 53,22 91.15 60.35 15.00 —~21.70 2.00 44.63 7.46 8.33 5.53 27.03 0.27 0.64 3.28 13. 44
470 22.55 52.07 89.46 60, 92 14,43 --24.46 —0.0138.93 B8.35 7.21 5.35 22.75 2.57 2.83 65.15 20.52
20 24.96 54.75 93.66 54.76 13.75 —22.00 1.44 56.86 7.74 8.14 4.91 33.65 1.89 0.93 1.80 0.17
45 24.60 55.30 91.09 55.06 14.43 —21.90¢ 1.47 57.17 7.90 8.23 7.20 33.79 1..16 0.55 5.31 O.47
66 B4 24.72 55.12 92.24 56.80 14.00 —21.67 1.50 53.32 7.73 8.16 6.21 30.72 1.59 0.8l 3.8l 4.65
200 25.02 55.15 51.88 64.04 14.37 =—21.75 1.79 37.20 7.88 B8.56 6.44 23.68 1.33 Q.81 4.24 23.77
470 22.21 53.91 90.43 65.26 14.37 --24.91 €.13 33.58 8.58 7.53 6.70 21.64 2.71 3.17 5.61 28.08
20 24.71 54.26 93.31 56,40 13.87 —22.06 1.77 56.44 7.76 7.98 3.52 34.31 0.31 0.45 0.74 0.51
45 24.44 54.08 93.44 55.82 14. 933 —22.15 1.47 56.76 7.42 8.05 3.70 34.08 0.58 0.61 0.6% 1,12
55 84 24.42 53.81 93.52 55.67 14.03 —22.16 1.71 57.39 7.56 7.96 3.32 33.79 (.49 0.85 0.53 1.62
200 24.59 54,36 92.46 55.78 14.%2 —21.85 1.83 57.07 7.56 B.05 4.17 33.99 .87 @.52 L75 1.29
479 21.87 53.25 88.93 54.75 14.60 —24.26 0.31 58.67 5.44 6.84 4.64 34. 1'3 2.4 2.6% 5.43 2.95
20 24.46 53,22 93.47 55.79 14.81 —22.16 2.18 55.8 7.87 8.57 3.00 33.44 1.05 1l.07 1.31 1.8l
45 24.18 53.20 94.11 55.80 14.72 —22.21 1.75 55.96 8.17 8.56 3.13 33.51 C.97 1.05 .91 1.3%
44 84 24.07 53.17 93.68 55.24 15.60 —22.13 1.73 56.61 7.52 B.61 2.94 33.18 0.68 1.24 1.13 2.26
200 24.52 53.15 93.21 55.72 14.35 —21.82 2.10 54.69% 7.69 B8.74 3.21 33.07 1.52 1.40 1.62 1.65
470 21.35 52.40 90.40 53.87 15.08 —25.03 0.31 56.76 B.79 7.57 3.37 32.88 2.71 2.71 468 3.57
20 25.14 52.37 93.92 55.46 15.14 —22.01 1.29 5476 7.78 8.35 2.37 31.51 0.53 0.44 1.11 0. 46
45 25.19 52.14 B9.77 55.20 14.63 —22.72 1.50 55.20 7.89 &.21 5.86 31..39 0.9% 0.73 652 0.88
33 84 24.98 51.59 91.61 54.51 15.00 —22.57 1.1% 56.52 7.72 8.43 4.27 3L.46 0.80 1..09 4.08 2.27
200 25.60 52.00 90.66 54.79 14.56 —22.32 1.07 54.67 7.94 B.30 4.68 3L.03 118 1.12 5.10 Q.82
470 23.00 49.53 89,13 53.74 14.82 —25.49 —0.1055.70 8.64 7.20 4.35 31.33 2.27 3.87 6.44 2.06
H.EPAMELGBAKFE,C AHY.DHA
(DBEMEFRBFCELEREETRE 8 2.3 XRHEME

EXTUMAEEREACTLERD, M5 HHE
HEWHA AEESARE 2, THRAERIK~
SSUOT AR E ARG EE 66X AN

HARMERTKAGFY WETRENES.

EUVYHREFET ATRERERAE
E.BHEELE HAEE RN —HERE—
AzAKETERE XETRAERMNEG.ATE
SRERENE AR —YBERKBERAR
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Fig. 2 Chromatic aberration of pigments at
relative humidity of 44% and 66 %
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Fig. 3 Effect of ultraviolet ray on chromatic aberration
at relative humidity of 742%
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Fig. + XRD patterns of red lead at 81% humidity with

ultraviolet ray for one and half years

0.0 50.00 _

EBU~BIUBREHBEA . ARHFAERA
E#ngmtamairi. e, EHRBE G
~5590) B KRB HEATEEM EYBFE>
66 % . ERMEIN T4 . AARHAERE 3.
2.4 BATBANENR

HAR-MEBEERTEOMBHC  ERMEELN
FEAREXAMBE. RITAT —FEM 0 FRE
HE6,2R.Q LARN, 8AFEE;:Q LR
B THRFET (RHIBU~55X)EABAER. 8
BH66%.74% . 1% BER T —EXKABTH,
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WMRAREFRERKHKAAEWI MY £BRET
BENLE I A A R EERE A A ER KR
s —wEm., A BIET X fgan@E
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(2PbCO, » PH(OH), SR, R E R T HRE
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Fig.5 XRD patterns of red lead at 33% humidity with

ultraviolet ray for one and half years
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R4 IHEETRSRERE
Tab. 4 Irradiance of ultraviolet ray under

different humidity )
420 nm % 20 2R 48 B AF

RH 254 nm KB

% W /em?® 2W/em?
97 1.8 20.1
66 5.7 29.8
33 3.9 33.4

Bk B, 7 97 088 B, R T AR SRR
HEXE ERFLTIEZBNREHNRIEE

FRBE R, B AE T 387 PhO, " M R Mt o L

EETEARN, TETRAEN,

Pb,0, —+Pb,0," ; (A
Pb,0, * +H,0+C0, —2PbCO; * Pb(OH),+0;.  (B)

ER ALK ER—IHCERRN, HFEKXR
TAUEREE. BN BRAREBEAT.KAFY
HHCO, 25— HibERE N . HERKERD
T84 PO LIF K h PbO, 3 PO .. i
HATEEEAFNUERLEPO, A RERT

SEIR:

2PbCO, « Pb(OH),, EFMA.
PbO,+4H* 4 2e=Ph; 4+ H,0, E,=1.455V,
BiE longp[FbCO3] = —13. 13, EB | ‘H' i- Hi
Ebwo,meco, = 1. 685 V, 3% H )t L fff PbO,/PbCO, #1
e EBREE. Bl PbO, BRI SKS TR,
FRUERER MBS ST _HARERE
BB AREAEAHGEREFN.AXEK
RTEEE#T.

3 & it
BAMERELF L LEFR QBT .8
P 4 MRBUESETEREY .

(1) T4 . AREFFRIERENHSN LRAOE

BEXEEE D, BE AT

@) FERERTA. FUNEBRAEARRE
(66%~81 %) ERT KA BKNKAKEEHEEE);

Q) REFRESELMNBREBERFEN 4%~
55%,.F R EKENRERER/NRT. B L BEH
EOE AUNFETRERAER.
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Selection of the best relative humidity for
preserving bronze chariot and horses
WANG Li-gin!,DANG Gao-chao?, CHENG De-run!,GUO Zheng-gi®

(1. College of Culture and Museuology 2. Instrumental Analysis Research Centre,Xi'an, 710069, China

Abstract; Four typical pigments, hematite , malachite,red lead and cerussite have been studied by changing

environmental humidity and illuminating with or without ultraviolet ray. It is found that hematite and

malachite are more stable to both light and moisture than lead pigments,especially red lead, which can
change into white lead at high humidity (R¥{ from 66% to 81% )with ultraviolet ray. Relative humidity of

44% is selected as the best one for preserving bronze chariot and horses decorated with colored drawings.

Key words ; humidity ;colored drawing ;pigment ;bronze chariot and horses from Qin Shihuang’s tomb
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