[ Downloaded from kcr.richt.ir on 2026-07-03 ]

[ DOI: 10.66224/kcr.8.3.1]

Wai; 0,9 oube gla  (gylard (g Wl 3 b U1, Ca s

I G 25 Sl 5

9y 2 3
SYIYYYAA- VY u.oJ.; Olﬂl ‘)'I).:.,.i:» c)'l)‘...«i} goes oKiils WCaoyo g &oloze IS N cu_>':.1)l.? sy Ceopo og)f ‘)lg)l.’b»‘
....... YAYYAAYFY 0S| oS, m_shirvani@shirazartu.ac.ir
2SS

2 by b oS cul Gl 0 a)S SG sle CwsSs 3 ol e i) lye0
S oS ws asle alisee 61 oligS wispa cloj cpl y3 0l del] 3gd Sl 4 s i
il 5168 (glaxe (2B (Sho by ol 3 el B S Sl o] (500 ]
Sl ey ) dlawlie &5 conla )] 51 (SO (o)lgd 5lE g ond ol i calise
oS ()l (BB b Cuend (S > o)l 59y 0)lgd g odd (e g5 AY )
Gladllas giST &S 0uds z ) &5 0 5l ) o sla b iou Sy 40 0540l LCunl s
Y3 U)‘ 2 GAn w‘w);.&.u Gygo 4405 090 dh‘b dul.&i:) Lg»L»L.w Sy d)b)
ol dl}w.’; ;?)‘ 3O 4455 0)9d ‘5)1%.) uwl.o; 0 L&sdﬂ&) ‘_,’J»LV»)LOLw 9 ‘_;wl.u»uﬁ
ol @ deg bcwl (9150 g4 dn Jols (S5 050 opl oS 5 S Canl o g ylas g
elis ¢l RAMAN 4 FT-IR SEM-EDS a8 sl plUl og, 5l gasge
ol ol ol slaaisl cuslodds oolaiwl S, 00imd 1SS dlgo (0S5 g (s pais
,3)) ol anST Ylain! g (z6m0) @yw eS| ol o8 G055, SluS 5 a8 5y oo
(855 52m) oS VLo ol 5 415, 5 (Calg3¥ =335 Y) clally) ol Jolis ] 1S,
Pt g Com Olgie b (GEg) oS 5 ol g Sload Il (5 la i g9y 0 & 03p
s B oyed 10 aSLI L g 0dg Jixe Jldle hild b Gl sl o odlasiwl oy ys 3
oL piSred Y PWA w).’>u 9 asly w.wl.m d)lf..blo 4».9;)])5 éf aY 2y JAK
Sl cnl J olnl 3 @i 093 53 bayl gy o S5, a5 )ly d92g b 29 o

ol oaiis odlaiwl (gyled (& o (S,

s joys gdle i cib (B w8 Sy WSS, (sylgs 5l 1 gullS 5E5lg
9y P9y oSy S ¢ loly e 56

VIV sl s o,

VF/N /Y s pds o)l

VY iSlbras slaws

https://10.66224/ker.8.3.1:(@)) Jtuzus awlid

Y& =YY 1 (SS9 Sl ol

VOYA-5AY 1 ls sLLs

ol Lo cped,mS 5 () eke
guie phegn &S Lol o e
B 4 g8 oo ol 418,515 ax 055 )00
sl 3Bl oles > a8 g0 0Ll (g)lgnd
b el cimen 5 o] dhis Jlea 3 ©jlas
Siled il sl yd ol odds eolail
By owdid (2B g el BsE ]
.(YJ&»A) wlb_\w o.)l.é.l}.»l &fo 9 Jf 9
S 855 e ey ball
w\fbbtm@ﬁ))9bww)>ﬁuwﬁ 5
Ol 95 32 st (Bl g 01d 0kl &5
(YN VY Sl ) ol 033,81 Sel
Ao Gl (Zu)b0y0 9 le oo lpln

Aoddo .Y
Reb 3395 CwogS (93 y3 8j 0 )5
dg0 (g 9 o |y (G555 b Sl
le.mdg,lﬂ e laie yin i eolawl b a5
Ko bly ol gy 1) @lese gotie
S5 el GBS Sl 30,8
sbad ) lpd ol wles il
St ool 3) sy ofln g1 L5l
(bl 5oz, ) 8 2T (bl> el 5
el sl pgie) 2 P )]
9 (Lypd 5 LSy qou)l oo
(S) ple> ) Sal iy ool
5 JS5) sl ok odlitsl 5

lis (ol &y (g yiod S (0 g9y COPE (158 jl 405 ()
O ygo 5D L’j 3l sylo0 e ool 4565 s ] )\ﬂ o sly
Db (o 4Bl e ccuwslio gl


http://dx.doi.org/10.66224/kcr.8.3.1
https://kcr.richt.ir/article-1-394-en.html

[ Downloaded from kcr.richt.ir on 2026-07-03 ]

[ DOI: 10.66224/kcr.8.3.1]

Y | lored mire | 3l B yS 51 55 455 090 oile cloms (&lsed (sl sl s b S sl

codS Ol ST oguass 59319..\,,&.»&}?‘%;)‘? oLl Q‘):Atmsﬂall.g)s—
S5 L e e (2WB Sl S L Caygil b e (ol )2 Y
fogr s3] i b 555 oy S 251 b g S VL)
s9ilgw 65 L (&85 05)) &s) e 5 o8 slogrd ) ol 3
P o384 s S 5l 59 ©oge e Mb ¢35 ©jgo 0, (S
Slad oon @ Hn kil 5 (il @lj b))l 5
Sigod ) (B m)S S) il 3B b Sy 5 Slasby S
(OYAY) Gl 5o g (ol duds colias cjoyd Jolis 45 03,5 Bymo  Slise
NXRD alEaislojl 30U ol 365 alio )3 (gpio g L CuaSs s
3 o BiSah oY |y e S s (85 gl
Sl B cpl &8 (VY0 (syie g L eaSs) Wlag0s (Bymo e Ol
Slallas (155 bl ol a8l @50 55 5 )8 Lo diges 55 2
oY Llolid 5 jlo ) dlse Lol calis can 4 E8d Ll

28,5 ) psle il dilecund jal (] g Cunl aibpis g

[ ‘_,.39) 9 3‘9.9 Y

Slllae) (hrog 5 (228 Copods gl (il 2GS by
Lo 615y (a1 5 i g il (gl WS alEiislof] ¢ sl
G p st Jaol Coley by e Gysods (g)lay (sl Lilds p
or 5 U S e gy sloly e 5 Cdndy ©50
il sla (o) 5l Ol (o (Pl sl SISy CAlS Caa s S
M) 3 1y dom (pyie Nl (oo (alRad sl g g 3909 03lil
205 i ol alSes Gilie ol a5 Stng
5550 oSy S ARAMAN) by {FT-IR) sy 15 305
slobyy 9 (SEM-EDS) (Sl 5 6551 Gln 0 joeme (og)
Sl (Shy 9 SOl j91)5 4 &8 398 0 (6505 (eSS iz
Clark2010 ,Chaplin et all)ges o3lizsl o o) 51 55 oo b w155,
2010 Josa et all 2009 Franquelo et all 2006,& Mirabaud
.(2006 :Haswell et all

ZTX-Jae (639 @Sy ySun Aoy G905 jl (ggSumg)Se s
A s i sl (655 10 oRiulejl 3 p> jeiS calw 3E020
5 10,5 odlatwl Yo oX olaiSh 5l ()b ppeal Cas ol 6008
Fo R0l (Rl 85 )15 Cald 3)90 oaind JSi sl Y
&L oy 4 alile]l SuSs K g5 (FTHIR) 498 ot
o5 (ot o T 05105 o iged gy 42 S B &1 oS e
S s el Tensor I Jae ol5iwd lawgi FT-IR jo)8 a0l a 08
ol 4 s g s oSl (55 50 oBiislojl > SleI Bruker
IS by slp caslodgs Feer em™ B ¥y oolitul 3yg0 dlels
53975 o5Susg Sio 361 | (s 390 gl (6 i S 5 9 )5k
e g S S b cilw TESCAN-Vega3 Jao SEM iss,
oliul jlpd oSl )3 (EDS) (oS0l 6 (6551 308 g i &
JEl el ol | g spaie LS yp e Cunlord
(Confocal Raman Spectroscopy and ;55w Suog il
yogil OYY j3d zse Jsb L Lab Ram HR Ja (Microscopy
g (oo Vee gl b

(Edg ND(25% Obj x50 VIS LWD Acc5 Acq 5s G1800
(450-850 nm) Hole 150)

3,5 ool s ol > plf HeuiS calu

25 5l ol p gilealil a8 ges oamlie 1) L cpl > ()les Lol
Pl ol il (Sinp Slyee IS oo 55 5 ol Jlo o5 0¥
S agb & cuslond plol auld cpl by (i 5l (gl 13 5 20k (o
(VWAF: W& (g (gobitunl 5 (omass) ol olow g s o] cjoms <o
o Gl 4285 )118 03latl 3590 (6 )M Y 59y 3,l50 (S yd A
Ol Jlyd > sse ol 3 L)l 5l SIo)ls gy sl SS) 3959 ]
lrl 5> bS5y cpl 29)5 4 s b )5 )18 odlatulsyee po ()
S)lg> sl (B (g5l pian g 4SS, CELS (ng ol plonl | S
25 21l sl s 5 b S5y Sy st b sl b 0 5 S
0y9d ;0 &S Cuwl pl odds ylae Yo (AL 1y b8 0)g0 &S5 &Y
3959 4 4395 b b Sl o ool (g5l 5y 13 (o0lge g9 4> 5l 45;
Sl 3 5 b ST ol e sl o byl Sl (g b (o S

Sl 0ads oalaiwl (g )lesd

dxgi 390 &S Cawl A5j 0)90 50 Sl pre ol Gl SB ST S)
eop 4 e GWle 5 S ) g Culodg ol Kdmgh 5l ()l
05> 93 W cpl o adyply Oyeo Ollllas cuslonds adlyy Lo oy
ot 9 S mS S ki o) BT (Byme (Sl oy S5
Bged sl ey |y ilBe 3)lse (lF (o0 &5 Cunl (G)lgd (S
oor 4 (WWVR) bk 5 (jsle&isl (IWAY) (g btidu 5 (metd
S > Sl 4055 0)90 Bl u i 4 5 lpl > )5 g U]
Calodd wd by 0)53 ool yo oy & 35 6)S)led o LS )
3550 Sl sl Slaass I g5l ;0 (WWAY wdlj cay i VWVAS: Capw)
(S ST (ol AYOF (g0 VYT c(spilaas 48,5 |5 a5
oy ) S L) gl eSSl olese oS (58 NTAD
o 0,55 l950 55 calises g gy (MWAY )50 g (6 i) Cawlod,S
Sl o))les il lesy wiges (sl (unlodg ol,8l da g5 500 ju
(VFY gy 5 Gl Glo)) 03,57 (cwyp |y Sl 53 4355 09
N3 adlas 550 (ol sl 1) 4055 0)95 (BLS 98 (cuned e 9
ololid dioj )3 pad Lisw Lol (WWAF ) )Sen 5 (paunosdi yuo) Cowl 03l
Col 355 sl 3 (5l (3 3 S Hlslo (g5, (ol el
Gladlas olwly Canldd ply Ogo diuoj (pl (oS Cldlas &
2 b IS, Gl asiS (5 dS dg0d saline lgT o 48,5 oo
Jio (sl sl ot odlial Syl slaly 15 oyl g5 (gl S5,
S5 s 5 SV gla S5y 5l loms aillalis 05 55 SBRLI lyg0 0
sl ol 28T QI )3 131 50,8 ¢ o S5 (gl o gl a0 sl
O ol gyl Sl caled )3 92,5 SOy ln STg jes8 b S
hSan 5 i) Caslond o3lisul oy 4 ol 5 S ) (sl
Ol o ddleS Sy slo O ;3 090 (pl )0 pimed (Ve
o 3o 5 S VLo 5 0353 8,508 3 il sl KU 5l obled
LYV Len 5 Sogp dion)d) Caolodd odlaiwl o )5,les )
R 55 b Sy ) o S5 JIUT s (VF2)) S 5 Sl
Sedos (@) o 08 9 55 305 (S o] slo IS5, 6908
o sl (g | a5 03908 (plelid 1y 3)5 5 SVl S e pu
93 Lol sl o odlitsl aalllas ol 5 uSal g5y i i 5 3loly
Cangibg ¢ sod (io donl fl o il SUS §1 J85 4) dyphe 90
b g Ul Sdee (5185 &8 1,1 o sle (WYAY) oylSen


http://dx.doi.org/10.66224/kcr.8.3.1
https://kcr.richt.ir/article-1-394-en.html

[ Downloaded from kcr.richt.ir on 2026-07-03 ]

[ DOI: 10.66224/kcr.8.3.1]

(005,55 e) o5z (o) (@) ) 2T () sl (9) et e (o308 () e Sl () 53158 (B 05 S o Sl el ) U
Fig 1. Types of decorations in the Karim Khani Citadel of Shiraz: (a) Ahakbori ,(b) wall painting, (c) carving, (d) brickwork, (¢)

wooden sash
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Fig 2. Design of motifs on the walls of the Karim Khan Citadel
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Fig 3- Exterior view of Karim Khan Zand Castle
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Table 1. Sampling Specifications

Code

Color

Place of
Sampling

Scale
(mm)

Standard

Layer
Depth

01

Red

Side
corridor of
the Shah
Neshin

room-
North Side

120%75

Original
color

Surface
sampling

02

Blue

Side
corridor of
the Shah
Neshin
room-

North Side

120%75

Original
color

Surface
sampling

03

Green

Side
corridor of
the Shah
Neshin

room-
North Side

120*75

Original
color

Surface
sampling
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Fig 5. Micr+scopic image of the substrate and color layer,
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Fig 4. Sampling location of the mansion's mural decorations
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Table 2. FT-IR Analyses.(Source: RRUFF ID: R050061.1, R050508.1, And R050269.1)
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Table 3. Raman Analyses. (Source: RRUFF ID: R050072, R050531, And R050269)
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Table 5. EDS results of the studied samples based on weight and atomic percentage

Elt 308 ! o
W% A% W% A% W% A%
C 14.23 23.09 16.80 24.44 20.43 29.15
(0] 51.93 63.25 57.70 62.99 55.17 59.10
Mg 1.50 1.20 1.55 1.11 1.70 1.20
Al 0.62 0.45 0.43 0.28 0.31 0.20
Si 1.22 0.84 1.36 0.84 0.91 0.56
S 6.33 3.85 7.71 4.20 7.79 4.16
Cl 1.49 0.82 -— - 0.28 0.13
K 0.59 0.29 0.31 0.14 0.21 0.09
Ca 9.42 4.58 13.00 5.67 11.71 5.01
Fe 0.23 0.08 0.45 0.14 — —
Na 0.49 0.42 -— - -—- -
Pb 11.95 1.12 — — — —
Cu — — 0.70 0.19 1.48 0.40
&35 i ¥ baidly > Cox £

5503 )T L 5lyed 13 4355 )93 )3 ol ad b SB ,S Sl sl
odlatwl pogMe  Slojoyed 93 ol )0 .Cawlonds (yo 35 18 o 55 0)80 90
09y S)) mb it Slo WSS (e 5 I ab slo LIS ]
CALD g owyp Cawlodg (BB ) liie i 03l 3y90 (£ oiuas
P e B Bl e 1oo)S)ls el S5y > ey Vg8
ool a5l azals b o] 5Ysb o5l o s LY5 4 slaw
B by (o o p Cas e b S5yl iy )90 40 b aidly
umlm 2 Ysaze uﬂ sl S5y 51 oalatnl ol oas odlawl d)‘?:’.> umlm
oaliwl b S5y dtwd pl 51 6,55 ) g g Al (63,8 (5)lg00
w500 ¥ (g9 p cilisee gla i, oaliwl b ool Cawd & guld Deas o
SB S Sl wnjoged giled (BB 53 oslinuls)ee s ) ]
o)le W Cawd & u"LQH CJLAJ Lol O] &l uf)"9 o.\:,b.)dw
(Red Lead (Orange Mineral) g 41555)) 50,8 5, 151 ol
5eY alS) I Sy (Fe,0, oplans) 131 o8 e
(Malachite s alsS)) s 5, (Ultramarine Blue
Pb,O,(Lead tetroxide) jo8 wpw S| 135 gy &b,
oy wliSsy ol ] e Cunddr Cpw Olidu (3315 &S
G5l Jloy8 0 o8 Sildyy 008 1 g 2yl by (lase
ooy f o ol g S5y ] SIS 51 sl 3,92
S5 () e (o i o 411 393 o 5L
S e 0lo)S i Hl3 b & cul Cu (CO,)(OH), olews
aSul @ dogi b oplply ol giw ol 3 Ol glise bl oy S5y
caly Gledl Hlg o Canlodgs (Sdme GluS 5 Gyaw b ) Jlisle
b ls (5, 5 T 5l ol b 5T (g 5o 5 5 otee 5 o5
Wl (e Cuaglie oo © e bolge ply )3 (Sane sla)ld L

31 36 o o (555 0 S e Jele g

Ol G )5 S5 5l 5 dlse g, 2 LTl esd ol gl
o ST g oleerd pU sl gy j0 )8 STy o s 0
Foye job cunl (25,0 508 U (pdg) jo)f S5y 4 (635 5 Canl
LY LJ] Caodd CaS u‘}u ..\Jl.».u 9009 odlaiwl D)90 )9).01 LY G uL.M-’l) 01)93
wlols oyl 55 o 5, (Mcbride, 2002) cul Gy o)l
S Oleied g 0y sl S I JliwasS calise (sl yaiS )
dgaie pieo) 1B (o 48T Cuwd b (2359 (iped 5 352 Y Siaw (3,5
sl dows S 5 cpylolgl ol b 3yaY (VN YY) (1SS
Sy Al Gl bsle 5wl o cuay (Js5Y ) 2052
Caol 03y o3latwl 350 yliwl lyed 1 caSYlo .l cuSYlo 35
S cadS lan Bls g o adlid Siame odbo S laic a4
Sl o Ol 5 &S Canlond adlis o A, 5 o8
& (WA Ve o h)lSen 5 wlie) Cunl (Game) amb (g5 o
Oglas cpl b o)l (e (U8 loyS) Cojoil and (oS5 5 Sl
OYVA: YA bl g ) cal i ol 0 (S5 Ol e oS
O3S B S Syl o babSs, wlis)lisle adlke
S Al jl 263 0)3 e 9 b slaly wiler W cpl o &S cul
SHobey cnlys ol oads oolawl 31 518 (ol b gla Cans b Sase
ol odds oo 00litwl (gl dw LBl )0 4 JSbyly ifgy o K,
o3l 3)90 ALBIS Blow 9 S plad 5 Cunsd 51 )ld (AW 5
2 4 0093 Syl Sl (B Cuepe p3 badmy iy sl 48515
b silojl 3 350 (S ) sl S5y sl G 0 et
sl Sl 4055 080 50 a5 WD ¥ o pitred Cawl o odlatl
228 py &Y gyl (lyied & 5 2b 5l G w1 Sl )l


http://dx.doi.org/10.66224/kcr.8.3.1
https://kcr.richt.ir/article-1-394-en.html

[ Downloaded from kcr.richt.ir on 2026-07-03 ]

[ DOI: 10.66224/kcr.8.3.1]

Checker version 3.0, a handy set for conservation
scientists: A free online Raman spectra database.
Microchem. ). 129: 123- 132.

Chaplin RT. D, Clark J. H., Martin6n-Torres M. (2010). A
combined Raman microscopy, XRF and SEM-EDX
study of three valuable objects-A large painted leather
screen and two illuminated title pages in 17th century
books of ordinances of the Worshipful Company of
Barbers, London. J. Mol. Struct. 976: 350-359. https://
doi.org/10.1016/j.molstruc.2010.03.042

Clark R. J. H, Mirabaud S. (2000). Identification of the
pigments on a sixteenth century Persian book of
poetry by Raman microscopy. J. Raman Spectrose. 37:
235-239.
https: doi.org/10.1002
jrs.14732urlappend=3 %Futm
source3 %Dresecarchgate.net26 %utm
medium3%Darticle

Ettinghausen, R, Yarshater, E. (1990). The Brilliant
Peaks of Iranian Art, translated by Rouyin Pakbaz and
Hormoz Abdollahi, Tehran, Ageh. [In Persian].
obisy sl gl (MWVA) glual bk g 3,0 «ojskeSasl]
18T ol calllae 502 5 JLSL omsy a02 5 lnl e

Farahmand Borujeni, H; Abed Esfahani, A and
Shishebari, T. (2012). Understanding the materials
and techniques of mural painting in 5 buildings of the
Ilkhanid period in Yazd. Restoration and Architecture
of Iran. 2 (4): 97-112. [In Persian].
oplo cgp aded g lie (ol wle fhes (g dien 3]
b Sl 0ye0 by O (5051500 a8 g dlge calis (VYY)

INY-AV ()Y Ll (golexe g Caoge

Franquelo M. L., Duran A, Herrera L. K., Jimenez de Haro
M. C,, Perez-Rodriguez J. L. (2009). Comparison between
micro-Raman and micro-FTIR spectroscopy techniques
for the characterization of pigments from southern spain
cultural heritage. J. Mol. Struct. 924-926: 404-412.
https://doi.org/10.1016/j.molstruc.2008.11.041

Ghanooni, M., Sedghi, Y. and Saeedi, M. (2023). A Study
of the Materials Used in Teymorid Miniature by
Nondestructive Analyses. NDT Technology, 3(1), 64-71.
doi: 10.30494/JNDT.2022.363229.1104. [In Persian].
LOFY) e 0w (gdarw g ol ((Bdo {Cpore o SoilE]
SIS ks Sy sy e bS5 sl )y
e e U gle hgy el b yged e
N FE M) ¥ o g gl gl sl 4

Ghanbari, T., soltanzadeh, H. and Nasirsalami, M. R.
(2018). Semiotic Matching of Architectural Pattern
of Karim Khan Citadel with the Themes Underlying
Zandiyeh Tribal Culture. Journal of Iranian Architecture
& Utbanism(JIAU), 9(7), 193-209. doi: 10.30475/
1sau.2018.68588. [In Persian].
wa Wojplese 5 sl plale (U ]
S)l o gplere N wle sl Guky (WYAY) oM

OB w5

@y SN e gl ale ale e b

Sl

5 sdglie ((Simpd Gl plojls pyime cunlyy I cul oY
Cigle iS5 )3 hlSen g pye Copde (b pliel (oS85
oBylejl ise 0 e g jlnd s ped (S e o)l 26
Slosous a6, San (ogad 1y S8 5 ;Sis JS 51y oKl
ol 4l OL:C‘.;"]

&8l o,

5,10 359

S0 9 53l lol>
5,10 g5

References/giln

Abbasi |, Bahadori R, Bozorgmehr M A, Beheshti S 1,
Bahrololoumi F. (2017). Identification of Materials
and Pigments Used in Mural Painting of Rahim Abad
Historic Garden & Mansionin Birjand. JRA 2 (2):63-76.

http://dx.doi.org/10.29252/ra.2.2.63. [In Persian|.
el i ledee weSHp gy ple ol ouls]
whylfa s, 5 Sl pllis (S (eglallu
py Pl Ojles g gl dsgerme (gl bl p
[VE—5Y Y Y omwpliol  amgh iy U
Ali Mohamadi Ardekani J. (2013). Synchronization of
Literatureand Painting. YasavoliPublisher. [In Persian].
Ko (Iray) Slg> (S5l Lo el
L5l ol o6 olds 9 ol
Afkhami Emleh Qashqgai, P. (2017). A study of the
customs and traditions of the social life of Iranians
during the Zand period based on European
travelogues, Quarterly Journal of Modern History, 7
(20): 33-49. [In Persian].
2 &S L ax; e gblpl elnl (S5 pgw; s
RN oY) Vo Foyb aslilad (bl sl dol b
Asadpour, A. (2020). The Courtyard Landscape Changes
of Karim Khan Citadel (Arg) in Shiraz based on
Historical Photos & Documents. _Arhaeological
Research of Iran, 10(25), 241-260. doi: 10.22084/
nbsh.2020.19842.1995.  https://doi.org/10.22084
0bsh.2020.19842.1995 .[In Persian].
S lhle Jlate Vo8 e (WWR) e gl
b Gl 5 b uSe o bl s GB e
YEYEY (V)Y olpl el el sl iaed ay i
Behrouzi, A. (1975). Historical Monuments and Works
of Art of the Shiraz Plain, Shiraz, General Directorate

of Culture and Art of Fars Province. [In Persian].
Caggiani M C, Cosentino A, Mangone A. (2016). Pigments



http://dx.doi.org/10.66224/kcr.8.3.1
https://kcr.richt.ir/article-1-394-en.html

[ Downloaded from kcr.richt.ir on 2026-07-03 ]

[ DOI: 10.66224/kcr.8.3.1]

Ultramarine Blue and Emerald Green, J. Stud. Color
world, 12, (4): 369-385. https://dor.isc.ac/dor/20.10
01.1.22517278.1401.12.4.5.6.[In Persian)].
it ¢ W &S 2 (690 (V¥ V) Lo e (1S58 el sguaie s
[YPATAD (F)VY 5y (slis > lalllan 4y . 63 yo s 9 o2, Lolidgl ]
Mostafavi, S, M, T.(1964). Pars Region, Tehran, Iranian
National Antiquities Association. [In Persian].
sbe BT 038 (5 ¢l waldl (YY) (85 sams s gsilanas]
Lol
Mirshamsi F, Mirzaabolghasemi M.S, Zarekhalili. F.
(2017). Diversity of Plant Motives in Wall-Paintings
at the Time of the Zand in Shiraz. Journal of Fine
Arts: Visual Arts; 22(1): 43- 52. [In Persian)].
https://doi.org/10.22059 /jfava.2017.61009
£l 4l g 5 canslillgl 1o 30lo> domo Slolus 45 ¢ nadyeo]
Glad 3 4 pas Glnd (B ) (LS GisE 95 (ITVF) LB
LOY=FY (V) VY 093 csoms (sl yin —Ly (gl i 4y i
Mcbride, C. (2022). Pigment Particle & Fiber Atlas for
Paper Conservators. Getty Trust Postgraduate Fello.
Nami Isfahani, M,S.(1984). History of the Giti-Gash in
the History of the Zands, Tehran: Igbal. [In Persian].
55 g, 5 LS S gl (WWSY) 3ol dasme o ilgiol ab]
181 : 5l
Razani, M., Kordi, M., Mortazavi, M. and Sedghi, Y.
(2022). Study of Colorants Materials on the Decoration
Patterns on the North and Southeast Porches of
Soltanieh Dome, Zanjan, Iran. Archaeological Research
of Iran, 11(31), 265-288._https://doi.org/10.22084
0b.2020.21774.2150 [In Persian].
(V) Oml (adio g dade (59 pe fsiae (9355 fsiee Sl
Srbogr g Jed b plal LB (el ) WSS, blge () p
FSAM=YED (0V) ¥ Lolp) ol el gle Gimgly asllele aS
Rajabi, G, A. (1999). Iran and Karim Khan Zand, Niktab
Publications, Tehran. [In Persian].
QS chlasl cnj 0l w5 5 el (IYVA) (eedle ¢ o)
Lolns
Rahman Setayesh, M, Khosrojerdi, M. (2022). A study
of the murals of the Zand period in Shiraz. Monthly
Journal of Research in Art and Humanities. 2(41): 21-
31. [In Persian].
b 0,55)l923 (s (V¥ 1) (632950 plans 5w po lalior o]
(P Sl psle 5 yim 53 Giaghs doliale lyed ) 455 0593 ¢
¥y -m
Sami, A.(1984). Shiraz, the Eternal City, Shiraz, Navid.
[In Persian].
{ag ghed olusls s jhed (TFY) e le]
Seif ,H. (2000). Painting on plaster. Sorosh Publisher. [In
Persian].
lobom Old & wn B (V) ol i
Shayeste far, M. (2016). Shahbazi M. Visual and
Conceptual aesthetics of Haftanan oil painting of
Shiraz. Islamic Art; 12 (24): 21-32.
eold 2l (Y0) g gilad g Jlee b anald]
ol cda a8y 9 K gl B ede 9 pa
LYY o (VFPY oMl i Sl acldad Ll

[YAm1Y 1(00) X oye0 il silosrd 5 (lame 4

Gettens R, Estat ] L. (Yad)).Painting Materials. Farahmand
Publisher. [In Persian].

o 51055 03,8 i yd (WYYA) . I liasl g z o)1 iz ]
Lo p Mo yd Ol o oy dian b dres oz 550

Gonzélez-Cabrera M, Wieland K, Eitenberger E, Bleier
A, Brunnbauer L, Limbeck A, Hutter H, Haisch C,
Lendl B, Dominguez-Vidal A, Ayora-Cafiada M.
(2022). Multisensor hyperspectral imaging approach
for the microchemical analysis of ultramarine blue
pigments, Sci.: 12, 1-13.

Haswell R., Carlyle L, Mensch K. T. J. (20006).
Van Gogh’s Painting Grounds: Quantitative
determination of bulking agents (Extenders) using
SEM/EDX. Microchim. Acta. 155: 163-167. https://
doi.org/10.1007/s00604-006-0536-7

Hekmatnia A M, Menbari S. (2017). Analyses of Painting
Zand and Qajar Palace of karim Khan in two
Periods Based on Laboratory Analyses. International
Conference on Oriental Studies, Persian Literature
and History. [In Persian)].

b ol s g awyp (WWA0) odarw (6o eyt yrol Lo oSS ]
caZainlo] (o iUl bl 4 )lolB g 455 093 93 3 S w25 FlS
Lol losl g )b ¢ oulid 3555 (all (o (il 325 OV lo de goone

Josa V. G, Bertolino S. R., Laguens A, Riveros J. A,
Castellano G. (2010). X-ray and scanning electron
microscopy archaecometric studies of pigments from
the Aguada culture, Argentina. Microchem. |. 96: 259-
268. https://doi.org/10.1016/j.microc.2010.03.010

Jamali, Yousef. (2000). History of Iranian Developments
in the Safavid Era, Isfahan: Najafabad Azad University.
[In Persian].

oledel (sgho pae lul SYS )0 (WWAD) g, ¢ o]
Lobl Gass ol ol

Kojbaf, A, A and Saeced, N (2018). Explanation and
Evaluation of European Imported Goods in the
Safavid Era, Historical Approach Quarterly, 7 (23):
95-112. [In Persian].

DAY -0 (YY) V o ou)b coba, acilad qgsio yas 5 obs)
Kamali, A,R.(2006). Mural Painting in Iran, Tehran:
Zohreh. [In Persian)].
Lo tohes oyl @ (YAD) Lonle (JlS]
Koochakzaei A, Hamzavi Y, Shojaec Far F. (2022).
Identification of red, blue and golden pigments in
Qajar Mural Painting anaclitic fire place in Goharion
House in Tabriz. ] Color Sci Tech. 15(4):287-99. [In
Persian]. https://dotlnet/dor/20.1001.1.17358779.1
400.15.4.3.4.
ko Sl (plolid 3 elrd o BB g (5950 jub g Lo ple (213255 ]
Gl 5o s Wb Aesd (LB o))l (oMb g o o
[YRAYVA (E)\ 0N+ + S5y (6 5l5 o psls
Mobasher Maghsoud E, Koochakzaei A. (2023).
An overview of Traditional Pigments (Part II):



http://dx.doi.org/10.66224/kcr.8.3.1
https://kcr.richt.ir/article-1-394-en.html

[ Downloaded from kcr.richt.ir on 2026-07-03 ]

[ DOI: 10.66224/kcr.8.3.1]

Sharif zadeh, A M. (1993). Murall Painting in Iran
(Zand and Qajar). Organization of Cultural Heritage,
Handicrafts and Tourism of Tehran Province. [In
Persian].

(Gl g 055 0y93) il 3 (65155, (WAY) dmmallige ool iy yui]
D98 (Kap b Sy (lojls (glas Bgtino dumwge (05

Shafiei, F, Esfandiaripour H. (2004). Art and Architecture
Exhibition in Karim Khani Palace, Shiraz:
Organization of Cultural Heritage, Handicrafts and
Tourism of Fars Province. [In Persian].

GBS EE P lere g imolSogle g (6 )bbihunl SKidig 4ol s x|
TAYAF 5 bt 6 ,853.5  td gl ¢ oKy Sl ppo 3Lo s s«

Shirvani, M. (2012). Divankhaneh a Souvenir of Zandiye
Art. Takht Jamshid Publisher. [In Persian].

s Slaed ) ) i 5l 0k alilys (WAY) e Sl ]

Shirvani, M. (2019). Study of Pigments in Decoration of
Exterior Porch Paintings in Soltaniech Dome of Zanjan.
JRA 5 (1): 129-142_ http://dx.doi.org/10.29252

jra.5.1.129 . [In Persian]
Sore el (25 sl b b, Cals (W) o0 ¢Sy ]
SR )8 ot olil dngly b3 asllalo 15 (8 st ol
[V¥Y
Shirvani, M. (2021). The impact of Community Culture
and Effect Functional on Body the Formation and
Architectural Decoration in Buildings s’Zandiye by
Looking at the Divankhaneh Mansion. Journal of Fine
Arts: Visual Arts; 25 (4): 27- 34._https://dorl.net/do
£/20.1001.1.22286039.1399.25.4.3.0 .[In Persian].
S5 S8 53 1558 g dnele S8 536 (WWAY) o0 50 o Slg ]
Ablgs Olas (UL an; glaly 3 silee Sln i g LI
[VF=YVome (F) YO (b ¢ gouos sl yip —Luj sloyi & 3
Vatandoust, A., Beheshti, S. M. and Nayeri, P.
(2014). A look at methods used for restoration
of murals in Iran before 60s. The Monthly Scientific
Journal of Bagh-e Nazar, 10(27), 71-82. [In Persian].
2 S (WWAY) gy (63 5 dadme dw ¢ e 15wy Cusgilg]
L@ 2L el @l b BB e ey 5 silojl She
JAY =YY :(V o) VY L gL yasls (BT ages
Wang H, Zhen Z, Yao S, Li S. (2022). Synthesis of high
acid resistant ultramarine blue pigment through coal

gangue, industrial zeolite waste and corn straw waste
recyclingy, Resour. Chem. Mater. 1:137—145.
https://Www.IRUG.org/jcamp-details



http://dx.doi.org/10.66224/kcr.8.3.1
https://kcr.richt.ir/article-1-394-en.html

[ Downloaded from kcr.richt.ir on 2026-07-03 ]

[ DOI: 10.66224/kcr.8.3.1]

Knowledge of Conservation and Restoration Vol.8 | Issue.3 | Serial No.25 | Autumn 2026 | 120

absorption bands at 882 cm-1, 1065 cm-1, 1708 cm-1, and
1920 cm-1, indicating the presence of malachite.

D- SEM-EDS analysis

Elements identified in the EDS analysis of the red
pigment also show magnesium, aluminum, silicon, sulfur,
calcium, chlorine, lead, potassium and iron. The presence
of lead indicates the presence of lead oxide or sinter in
the red pigment and a small amount of iron indicates
other compounds in the red color, which will likely be
the presence of ochre. The red pigment is used in multi-
tonality in flowers, ranging from dark to light. The presence
of calcium is also due to the presence of gypsum under the
color layer. The presence of aluminum, silicon, and sulfur
in the structure of pigments is the key element of the lapis
lazuli pigment (Na8AI6Si6024S2). These elements are
also observed in the composition obtained from SEM-
EDS analysis of the blue pigment. The elements identified
in the green pigment are magnesium, aluminum, silicon,
sulfur, calcium, and copper.

Conclusion

According to findings, during the Zand period, mineral
paints were used to decorate buildings in the form of
murals. The final results obtained atre: red color (Red
Lead (Orange Mineral)) and a small amount of ochre
(iron oxide Fe203), blue color (Ultramarine Blue), green
color (Malachite). The red lead pigment is lead tetroxide
Pb304, which is obtained by melting lead white. This
pigment has a light velvety color and good covering power.
Lapis lazuli blue pigment is a mixture of the blue mineral
lazulite, also known as ultramarine. The green pigment is a
natural (mineral) alkali copper carbonate with the chemical
composition Cu2(CO3) (OH)2, which has a similar
structure to blue alkali copper carbonate but has a higher
water content. Therefore, considering that the structure of
the paints was in the form of mineral compounds, it can
be acknowledged that one of the most important reasons
for their durability is this structure.
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in painting on canvas. This sample of oil paints was used in
painting on canvas. Considering the arrival of these paints
in Iran, the purpose of this research is to identify the
pigments and substrate of the wall paintings of the Karim
Khani castle in order to understand the characteristics of
the paints and the reason for their durability under the
plaster layer of the Qajar period. The questions raised are:
what types of materials were used in painting during the
Zand dynasty? Given the arrival of new oil paints from
Europe in the Zand dynasty court, were these paints used
in mural paintings?

Materials and methods

To identify and examine the pigments in the murals,
sampling principles were followed, and then they were
analyzed and examined based on instrumental methods. A
microscopic image of the sample was taken using a ZTX-
3E020 optical microscope made in China at the central
laboratory of Shiraz University of Art. A magnification
of 200X was used for imaging and the constituent layers
were identified. Fourier transform infrared spectroscopy
(FT-IR) analysis was performed using a Tensor 1I model
device manufactured by the German company Bruker at
the central laboratory of Shiraz University. The range used
was between 400 and 4000 cm-1. To evaluate the crystal
shape and elemental composition of the studied sample,
a scanning electron microscope (SEM) model TESCAN-
Vega3, manufactured by TESCAN, Czech Republic, and
equipped with an energy dispersive X-ray spectrometer
(EDS) was used at Shiraz University. To examine the
elemental compositions, a Confocal Raman Spectroscopy
and Microscopy device (Lab Ram HR model) with a laser
wavelength of 532 nm and a power of 100 mW Acq
5s G1800 (450-850 nm) Hole 150) (Edg ND 25% Obj
x50 VIS LWD Acc 5 made in Japan was used at Shiraz
University.

Results and Discussion

A- Microscopic Examination of Mural Paintings

In these decorations, the layers were applied in such a way
that a layer of straw was placed on the brick layer, then a
layer of plaster was placed on it, and paint was applied on
1t.

B-FTIR analysis results

The red pigment of the citadel, the bands in the region
of 598 cm-1 and 670 cm-1, identify calcium sulfate as
a white color layer, which is affected by the presence of
S-O bonds and is due to the presence of a gypsum layer
in the underlying color layer. The band in the region of
1112 em-1 also indicates the presence of calcium sulfate
as a layer that was probably used in the substrate. In this
spectrum, the absorption band in the region of 1321 cm-1
indicates the presence of a mineral containing iron, which

was probably used in the red pigment. The results of FT-
IR analysis for blue paint also indicate that the bands in
the region of 1100 and 1000 cm-1 are the presence of
calcium sulfate in the gypsum base layer, the bands in the
region of 13400 and 3531 cm are related to the asymmetric
stretching vibrations of the O-H bond in the compound,
and the 1596 cm is calcium sulfate (gypsum), the 669
cm-1 is a sign of calcium sulfate and is also affected by
the presence of the O-S bond. The band in the region of
1620 cm-1 is probably related to the hydroxyl bond in the
chemical structure of CaSO4.2H20, and the absorption
band in the region of 1726 and 630 cm-1 is probably an
indication of the presence of oil in the compound, which
has been reported in historical paintings containing oil
and Sheikh's whitewash. The band in the region of 1538
cm-1 is related to the increase in the life of the effect and
the creation of metal carboxylates due to the proximity
of the pigment and oil, which should not be confused
with the vibrations related to protein. In the case of the
green pigment under study, the bands in the 598 and 670
cm-1 region identify calcium sulfate as a white color layer,
which is affected by the presence of S-O bonds. The
band in the 1100 cm-1 region also indicates the presence
of calcium sulfate as a layer that is probably used in the
substrate. The band in the 889 cm-1 region shows C-O
absorption, and the band in the 1510 cm1 region shows
the presence of carbonate in the sample. Therefore, it can
be said that the compound used is basic copper carbonate
or malachite with the chemical formula Cu2CO3 (OH) 2,
and the absorption band in the 1727 cm-1 region probably
indicates the presence of oil in the compound, which is
probably related to surface contamination of the effect.

C-Raman analysis results

In the red pigment, the absorption region at 549 cm-1
indicates the red structure of lead or syringe in the sample
under study. Also, this peak is due to the stretching
vibrations of Pb, which are the identification characteristics
of syringe. Also, the band at 1597 cm-1 in the IRUG
database indicates iron oxide compounds that were
observed in the pigment. The blue pigment studied in the
absorption region of 1009 cm-1and 1600 cm-1 is the blue
color characteristic peak of ultramarine, which generally
has a strong characteristic peak in the Raman spectrum
obtained from all three excitation lasers with wavelengths
of 532, 633 and 785 nm, ultramarine in the range of 560
to 580 cm-1, which is related to S3- as the main blue
color factor. The blue pigment mineral ultramarine is also
Na7Al68160248S3. Polysulfide radicals (52-) in the alum in
silicate structure of sodality are responsible for the blue
color of this pigment. However, the presence of (52-) and
tetra sulfur (S4-) radicals can shift the color towards yellow
and red (Mobasher Maghsoud & Koochakzaei, 2023:
372). The green pigment examined in the mural shows
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The Karim Khani Castle is a
monument from the Zand era
in Shiraz. In this building, a wall
painting is one of the decorations,
which unfortunately was hidden
under a layer of plaster during the
Qajar era, so many studies have
not been conducted to identify
pigments from the Zand era. The
aim of the study is to understand
the structure of pigments in the
Zand period wall paintings in the
Karim Khani Castle. The question
raised is what kind of materials
are included in the composition
of these coloring materials. For
investigation, FT-IR, SEM-
EDS, and RAMAN instrumental
methods were used. The findings
indicate that the red pigment
compositions included lead oxide
(syringe) and possibly iron oxide
(late), the blue pigment included
ultramarine blue (lapis lazuli),
and the green pigment included
malachite (mountain green), which
were applied on gypsum substrates
and an oil-based compound was
used as a binder. The pigments have
a mineral structure and are durable,
and despite the introduction of
European oil paints in Iran, these
color compounds have not been
used in mural painting.

Keywords: ~ Mural  painting,
pigment, Karim Khan Castle,
Fourier ~ transform  infrared

spectroscopy, Raman, scanning

electron microscopy
Introduction

The most important and most
extensive example of decorative
arrangements in the Karim Khani
castle of Shiraz, which has been
considered in the present study, is
the mural painting that was used in
all the rooms of the building on its
four sides, as well as the porches.
These arrays were destroyed in
some parts during the post-Zand
era, and in some places they were
covered with a layer of plaster
and replaced with new paintings
(shirvani, 2012: 23). Therefore,
two historical periods can be
observed from the perspective
of wall painting in this building.
The liberation of decorations
from the plaster layer has been
carried out for many years under
the supervision of the General
Department of Cultural Heritage
of Fars Province, and this process
has been carried out in many parts.
In general, the colors used in these
wall decorative motifs in the Zand
petiod include red, green, and
blue, white and black (Shafiei &
Esfandiyari, 2004: 116). Which in
some cases has been used on the
gilding layer. After the arrival of
oil paints imported from Europe
in the Safavid era in the Iranian
court (Kajbaf & Saeed, 2018: 109).
This sample of oil paints was used
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