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Abstract: Azurite is an inorganic pigment commonly used in traditional painting arts and even today. This
pigment has two types: natural azurite and synthetic artificial azurite, called blue verditer or blue bice.
Because they have the same structure and similar appearance they are difficult to distinguish. The purpose
of this study is to compare these two types pigments, focusing on material properties and accelerated
weathering behavior. Natural azurite consist of copper carbonate and mineral compounds like quartz,
kaolinite. On the other hand, artificial azurites are synthesized using azurite and calcite. As a result of
thermal analysis, unlike natural azurite, the calcite in artificial azurite resulted in weight loss at three
temperatures, at approximately 350 °C, 650 °C, and 840 °C. According to the microscope analysis results,
natural azurites have clearly blue angular particles with sharp edges, produced by crushing. Artificial azurite
showed spherules and aggregates with tiny rounded or fibrous particles. After accelerated weathering tests,
the natural azurites had no change in color, particle shape or original components, but the artificial azurites
noticeably changed color and shape. The color changes of artificial azurites occurred due to the growth of
calcite crystallite, a slight new product formation, and change in particle shape. Even though natural azurites
are more expensive pigments, they provide superior color durability and particle shape stability compared to
artificial azurites.
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= TEREIA 22 FARAER ol ol FHE

fEivet AEsHAk] AR dEe ABAHeE d e A EEAER ste e Silgoe= 51EhH
AFElel FEE <t e EdolA AFH3 &5 AASE  2Cu(COs),(OHKIAL AE3|stoe F2 Aolee ¢
At 7}'6"511’\1 Wol ARSI ghe] MFAQl e o R AREHUT AAE SR RS B
o] 7|EAN F HMog AMEH QHREE azurite, lapis ISR ALSE QHEE IehHoz RBAE Azl A
lazuli, smaltite 5] 77t &, Ughat 222 f7I1ME (azurite) e FE ©F ARoA 2 EAIE AT F
7F QA Sjolle ZHARMET, SESRRIES, IUEE AT} [2]. W #HERol Balel 72 F|staREoA A
F 5o QlEed SHEIE AEE o] AREERIE [1]. BAY] A EE 9 EA3S W FE Cutdrt B4 EH
A% (azurite) tE7F Wol AREH Ao = HAHTH [3,4].
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ERETh mEbA] Aol o] BePge 98 E UiA
0]'7] fsle] JAFHLZ azriteE A 7S ds)
Fom 1247] AL T 7150] Ak A s T
Aldle SR O Bg 7180 Az 971% sided &
A azuriteZ7t Y HHA AES 7pHoE HA QRS
A F WA =T AARZ 174171004 1841719 Hol

AHE Aoz A AT (5] I azurites 1 A7)
W AR, =24 54, A A Sl A azuritest B

we o FHAA] e Aoz dHA o oA ujA|d
Me FHor Heke Zloew dEA st [6].

Azurite®] s}hrxe ofdf ¥ 13 2t [7]. Azurite
= Curolo] T 7ie] 0%} F 7)9] (OH)" o= R
21 @e] gie ATt b5l B Ad=e] A
th. 7t (OH)= 3709 Cuoll <8l EHE 3L (COs) el
At zhzhe] O 3 A9 Cuel AFs Fxolth [8].
A azurites TEBANME Bo] EAsl= 4HslEA o
A 2] oz EER AMEET (8] WHH $A azurites
verditer £ bicestal E2/H, AA azurite®} FLS 3}
e Zhal, A3} ek ShbrEy Y 5
goe Ayt wes Ao® gEA Ut [9]. T4
azurites ‘:’L‘:‘C W= oy 77} 9oy 7P AA)
W2 Refiner’s verditer2}al S A=l A
THHR 5&/‘3 sh= Wgoltt [10].

Azurlteoﬂ T/H%J' ATE olHel= StaZA I|3}ERE
giefsr] 9k A AF F
3lslol] A&¥ azurite tES] 54
T7F Al F&EaL ot [11-13].
T2y HA azurite Ao HlE] T4 azurited] E4 2
S AAF SR AFet TS FolHy] ofH e A4
ojtt. ¥ fEjvtlM e FHZ ESHAE 5 Al AR
g5 AE oAF 2 F4 AFS A 7S e
= oA S 9 ARk s8] ol A
A A <tsol ek A3t AR kel B8/l
15502 AAEA
2 dAFoMe vt JAEsHAIA dEHeR
AR OI3EAR) HA QEERD azurite JIEE UG E A
A3} PR FEBI T, olE IR Ve =
g, AR, mARZ], 93 B4S vlaste] S ol
74-4 E7Fse 7 Qe AEAQ ApolE Hlawstarzt st
Atk © Yot t5E 2 AAE EATE wHt= tid
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AA azurite EE T @7MLAERESG} HUe
Kremer pigments GmbH & Co. KGollA H3AthEt
1. 9ol 7 3= 1A Y85 7heke] EE Axs
=4 % AP B3 azurite 9419 QAR= Abo) gt
7}4\9; ixqgh:}_ o]g] r/Hz;gi o]:'_ fﬂ-/ﬂ azurite o}g_
%S Kremer pigments GmbH & Co. KGollA] 335}

ATk 1¥ 4 azurite= Blue bice®} Blue verditergli=
AER OB ATHT Ygon, ATl 34 wrel 3
ArE)e} Bk Segole] e ukgo @ 25T
Ae Aoz 4y 4 Atk E Blue bice9} Blue
verditer= 93¢ E4& A AHsh= 202 dHA U=

et deEE & 2}0]7} ATt 3 13} 2ol GI-SCe
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Table 1. List and physical properties of commercial azurite pigments
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Sample PIi\Ig:l’rr;e élt Manufacturer Photo pﬁt\i/Slr:%ieze 1312?:;; L+ C;)ior e

GI-SC Sf(:;ga:iﬁ;lg Kai;l)gii?nal . 23.5 um 3.385 56.62 -71.92 -22.66
KM-AZ aﬁi?ﬁ;% Efﬁbmgrgfiéﬁi?é . 246 um 3.353 4512 16 3547
KM-BV B(ll‘i‘:tziecrld;lt;r gﬁfﬁﬁ}fiﬁﬁiﬁé . 26.6 um 3.462 $347 630 -4L14
KM-BB g;fﬁ]ii:; gf;‘)“;rgfig‘zegg . 11.2 um 3.249 5819  -11.11 -31.99
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"4"# 2L UL"J azurite®] ANF5H8H 5AE H|wsh] 9
g g, PAlERE, 9AAE 5AS AT

AEe] AT 2 st S B
HEA(XRD), Raman #3384, X
AT XA 3- Rl ARS-SE Y= Empyrean
(PANalytical, Netherland)o]™ FA1Z712 40 kV/95 mA,
2-theta 5~60° 7kl FAZEA 0.0263, time per step
200 seco|TF. Raman -3+-4] LabRAM HR-800 UV-
Visible-NIR(HORIBA, Japan)Z Z8J38}13L laser 514 nm,
LOomWe] Al7IZ SA3sth XA FFEAL ZSX
Primus II(Rigaku, Japan)< ©]&3}%3 60 kV,
150mA(4kW)EZ o2 2381t

nMz2 545 wetshr] sl HddAnAd dET
AP A (FE-SEM) 412 ZIe)siqict. Hddn e
DM 2500(Leica, Germany)— o] g3alg NERLS &t
ol= ZEkzel FAIZL S 108, 200, 400)&= Azt
ATh. ﬂﬂo%?—/\}xdx}éiul% &= SU7000(HITACH,
Japan)O & QtE A|F9| A FHIE AFsIT. A AE
< FEA7IR A6 ARE-EE 4H]= Discovery
SDT 650(TA Instrument, USA)S. 2 *F2~1,000°C7}4]
20°C/min®] £=2 528k A5
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= ARgEES AASHATE AT
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Table 2. Experimental conditions of accelerated weathering
test(1cycle)[14]

uv Black Pannel ~ Relative Test time
Cyclestep irradiation Temperature Humidity (min)
(W/m?) 4®) (Rh%)

Step 1
(dark cycle) 33 9 10

Step 2 40 45 85 170
(wet cycle)

Step 3
(light cycle) 120 70 65 180

2 AE[(AL*)HAa%) HAb*Y]"
o3t X_/\-] 3):]}(—1\:'/\-1 2 =z

pud

XRD #4 A7} HA azurite?l GI-SCE azurite &+
EZo|A 7 KM-AZE azurite®]ol] quartz(SiO,), kaolinite

707
d SHdel me} azurite®]oll 22RgE©] T EA)
%ﬁ% 7]""°H}“] o}—‘?"—e = EH T_/}jlg ""-/‘ﬂ]
gk & FEHo] ek FES ddo] s vMlekA &
H3te] AAsl=t], KM-AZv= 94 71 ZFHollA azurite
2]9] quartz, kaolinite, muscovite 5°] ETEZ 4]
Ao g FdHct 3 azurite?d] KM-BB2} KM-BV+=
A A%, AA azurite?} FARE XA A9 AE
Ao azurite?} TlES] azurite T4 Al AREE calcite
(CaCOs)7F A SRl

XRF #4] 23, A azurite?] GI-SCe Cu2l o]
97%°13L, KM-AZE 72%%E YERth o8 Fal KM-AZ
= GI-SCell W3l Cu®] FFo] Arizlo=m ghgfo] w2
JFH quartz, kaolinite 52 902 Al Si gafo] =&
S ¢ F Ay T azurite?d] KM-BVE Cu®] $H50]
%°]3l, KM-BB= 71%°|", Ca® &l KM-BV7F
4%, KM-BB7} 20%% KM-BB¢] Ca 32o] KM-BV
Hoh dxsH & AL & 5 UTHE 3).

Raman #3840 2 7} A]§2] Raman Spectra H]°]
HE 42 4 JAth@d 2b). E3o 23 azurite®]
wavenumber+= 3423, 1578, 1458, 1424, 1295, 1098,
938, 839, 764, 739, 543, 402, 334, 283, 267, 249,
240, 177, 155, 139 cm'QE[15] ¥ A+E
azuriteZ )23} azurite2]ol] T} A¥o] A EAs=

fr

:

SW (L or

B3l e

Azt 4 azuriteo] thEE 54 IFE AU 7+ A=
52 F TAEZER] Azurited] 9J3 BlgE Y] =

(ALSLOs(OH),), muscovite(K(OH,F»),ALSi;0,0)7} "%  ZAES AL 5 AUk T35 100~600 cm'ol|A 9] 5=
BARSIHY 20). A Azuriteiz A AHED W = Cush olol A [COPOHIS AE) I 912
@ o | [®7
ket | | ot
:(S';;?rmaesis) ;;gﬂlcm ) M waw\,‘“';!
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Fig. 2 (a) XRD pattern and (b) Raman spectra of commercial azurite pigments
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Table 3. Chemical composition of commercial azurite pigments by XRF analysis(wt.%).

Sample Element Total
C Mg Al Si P Ca K Ti Fe Cu Sr 1

GI-SC 1.9 - 0.3 0.5 0.0 0.1 - - 0.2 97.1 - - 100.1

KM-AZ 25 0.3 35 19.5 0.1 - 0.6 0.2 0.3 72.8 0.2 0.2 100.2

KM-BV 38 0.1 0.2 0.1 - 4.1 - - - 913 - 0.6 100.2

KM-BB 6.3 0.1 0.1 0.1 - 20.8 - - - 71.9 0.0 0.5 99.8

Fig. 3. FE-SEM images of commercial azurite pigment (a) GI-SC(x3,000), (b) KM-AZ(x3,000), (c) KM-BV(x3,000), (d) KM-BB(x3,000),
and polarizased microscope images of commercial azurite pigment (e) GI-SC(x40), (f) KM-AZ(x40), (g) KM-BV(x40), (h) KM-BB(x40)

2 4#HA A} [16]. 100~300 cm'olX = 3] [CO57¢)
AFo] 23t d9oz GI-SCe KM-AZ7} 7akal 5818}
Al =27t fﬂﬂrﬂomur KM-BV$} KM-BBE broadd}t}.

300~600cm G ollA] Hol= FI= BE A8V} oF A3t
A XA 7 —g— B 2 9tk 763 cm™E [CO5¢] H|thH
(asymmetric) A15Z15ol o]k =0 833 em'= A

(symmetric) 215315 €]gk 9=21H|[17], KM-BBE A
QJslar o] fIRJelA o] BAVt 2FH shiftd S = F
It} 1093 cm’e €Ol A AEAF| oJa Flo]x,
1415~1576 cm'= CO< H|W|A 7l & (antisymmetric
stretching)oll 2]3F Zlot} [18]. £3] ©] Y9 C-0 4=
o] SEXA(degeneracy)oll el ek YIS e AL
2 dEA Aed azurite FEEHEZ TAE GI-SCe ©]
FAoM el FA7t A4S st e B 5 9 O‘/} A
AEES A% o] JAA HwH Figt 935 BT
KM-BBS] 7% 3423, 1458, 1098 cm’'o 4 2] )27} F o]
F3te] 3431, 1415, 1085 cm'Z o538 A B 4=
FE-SEM % #gddv)7dog 7zt Ago] YA ¢ v
MZAS BT 3). BE AEE 89 JowE
Ay Bl JAA=Z77E FAFSEA R ?JXP%’EH 9 FEA o]

o H 2=
=

H
5—%&5} E]'E % = T

i A

= s

KM-AZ¥= FE-SEMOlA 4x}EHo] nj&slar EafHo] &
S5HA Holx Hgdngog At o 7W7<}E17} -

g Y JAE B < Sl 94"0lEE e ¢
= v B = e R = e uHJ—Ekr 3o

AT A azurite?! KM-BVS KM-BBE o} wA|
sk B1A8Y JAPE S FESth. KM-BVE FE-SEM=
OIEPM 10,0000 &= &A1k A=, Rl 8 9=
SHEo] AFYd ¥ 2 JHE B H3d
]o~i Ao Aol Ayl AFHAT}, A azuriteSt=
g2 457 ol Zskal 59 Eitt. KM-BB= FE-
SEM 4] A3}, KM-BV# v 2 a8 334
2 KM-Bvel Hs] 427F & o B4E Fejolrt. H3
Hu|AN o T = HEMo] AujF oz Eo]j_, 2 A7
Hlal & o ool ZsiAl YERs T
AR A, HAA Azurite?] GI-SC9F KM-AZE 29
T Aol JUAT T azurite$] KM-BV, KM-
BB= 3W¥9 T4 7S UERthaE 4). 9A
350°CH-Zoll A o] FHHAE 2(la)et 2(1b)et 2ol
azurite’} S EHA CO,9F H,0S WAYE= vkgog 1B
e 2EAIE Hhgo] AR Ao R dojurg
A 2EjEole FElEH FHEo] EHA T o] W

mzﬂ
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100 4 —GI-SC | 100 4 Weight loss : 30.297% ——KM-BV |
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51 (@) 51 (b) 1
’ 0 1(‘)0 2(‘)0 31‘)0 4“)0 560 5")0 760 3("0 9&0 10‘00 ’ 0 1(‘)0 ZII)O 3(‘]0 4(‘)0 5“)0 G(I)O 1ll)0 8(‘)0 9:10 10‘00
Temperature(°C) Temperature(°C)
Fig. 4. Results of thermal analysis (a) natural azurite pigments(GI-SC, KM-AZ), (b) artificial azurite pigment(KM-BV, KM-BB)
S azurited] E< 71EH H,0S WE3PHA Malachite 3.2 oMM Hot
(CuCO;Cu(OH),)7F ¥3L vlE CO,9F H05 W3 A B azwiites FOE FHFA ARE AA
CuO7t S HEgol} [19]. o] kgl el ol&Hel T slof Aeldel] <@ UL vlwsick 54 WakE s}
FAaES oF 30-31%°1™ 24 A3k, azuritet FHE] Sb7] 918 ZF QbS] AAAE B A, AR B e At
GI-SC(31.187%)2} KM-BV(30.297%)7} o2zl =gt e Wals Hrisidon zkeld w235 101 MIm*
A

N

FegS JeRdT) v azurite ©]9]9] AdEo] wWol
KM-AZ(23.874%)F KM-BB(22.927%)2] %37

ol E gl vIs) ke A e,

B bl ofx

o o 1 o
ox, flo Mo

650°CH-Zoll A Z+zF 2.387%%F 12.988%2] T
UERTE 650°CH-ZAA ] TH AL 2(2)%
calcite’} #-3lsFHA COS WEsl] EAs=
calcite A5 35S Ao 7]k
7}, KM-BVE KM-BB9l| 48] calcite A3
Slal A= o] B2 R Aol=
17 Aow Aot} 840°CollM 9] STt AE
ule} 7ol 2)(1bgd o2 CuO7} G4l
AollA = o] Pl AT AEE AL o]L]e] 7t
AZEA &3tk [21]. o2 A ) o] F7ol|A
2 Akl (y7F Esllol sl e 2 ksl
Z(1)2 TAetE ZAOo=Z GI-SCE 7.058%, KM-AZ
5.616%, KM-BV 6.424%, KM-BB 4.566%°]T}.
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CaCO; — CaO + CO, )
4Cu0 — Cu,0 + 2Cu0 + 120, 3)

Cu,0 — 2Cu + 120,

334 MIm*d wje] EA18 A

81:[
Y
& A gHollA 7Hdsgel 10
1) Zo2 71&ro] dSEr)
17, 5, 10, 17, 34, 58, 75, 101, 135, 334 MJ/m™]
A ZAF oy BENE AE A, 101 MI/m?, 334 MJ/m?
FAHOE MRS A SIATHEE 4).
A Lraxb* 4 A3, BE A8V HEE UEhlle
A WekA] RO} argh ¢
3ol

azurite?] KM-BV$¢} KM-BB+=
SCF KM-AZell vlsf AlE Z=7]4%-H
A4 FAFE 334 MI/moIA = 100140] FAct HE
Az}zke KM-BB 10, KM-BV 1322 KM-BB¢| H]a}
KM-BVE] Ax}gho] =94t
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Table 4. Results of color measurement by accumulated UV radiation dose

Not tested 101 MJ/m? 334 MJ/m?
L* a* b* L* a* b* AE L* a* b* AE
GI-SC 38.96 -1.53 -39.96 39.27 221 -38.76 1.2 39.28 -2.97 -37.29 2.6
KM-AZ  50.30 -8.66 -19.29 51.95 -8.93 -17.36 2.6 52.18 -9.52 -15.66 42
KM-BV 4141 -5.28 -41.90 40.07 -10.43 -33.73 9.8 39.24 -12.39  -31.08 13.1
KM-BB  55.62 -1098  -31.78 54.73 -13.83 -25.72 6.8 54.94 -14.62  -22.25 10.2

Sample

40 T T 1 1 1 T ] (b) 0M/m? 333 MJ/m?
C)] —m— GI-SC
—e— KM-AZ
—A— KM-BV
.5 v KM-BB |
m)
<
g ]
(%]
]
S
4 B
301’10 e
ES
5 |
[e]
(8]
5 o
’.'*/./0"/’//.
0 50 100 150 200 250 300 350

UV radiant exposure(MJ/m?) o g

Fig. 5. (a) Color difference data and (b) specimen images after accelerated weathering test

Table 5. Crystallite size of commercial azurite pigment after
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