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Contemporary consolidation treatments for tempera paintings on wood substrates, particularly

those found in the Qajar-era ceilings of Shiraz, predominantly employ water-based acrylic pol-

ter content in these emulsions poses a risk to the wooden support and the delicate tempera
paint layer, potentially causing damage such as paint layer wrinkling, creep, and moisture-related
degradation within the wood. This necessity motivates the search for a more suitable and effec-
tive alternative consolidant for these specific artifacts. In this research, polyvinyl butyral (PVB)

was evaluated for its efficacy in consolidating the surface of these Qajar-era paintings. The study . :
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analyses with quantitative and qualitative assessments. Ethanol was selected as the solvent for under the terms and conditions of the Cre-

the PVB consolidant. It offers key advantages over water-based acrylic systems, including a ative Commons Attribution Noncommer-

significantly faster evaporation rate of the solvent, desirable penetration depth, and better re- cial 4.0 International (CC BY-NC 4.0 Ii-
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versibility. Experimental samples, modeled after artifacts sourced from the Zinat al-Molk
House, were prepared to investigate the consolidation effects. We evaluated the impact of PVB https://creativecommons.org/li-
solutions at concentrations of 1%, 3%, and 5% (w/v), as well as a binary mixture of 1.5% PVB censes/by-nc/4.0

and 1.5% Paraloid B-72 in ethanol, on the consolidation of the Qajar-era paint layers. The treat-

ments were assessed before and after accelerated aging to determine their long-term stability.

Characterization techniques included measuring penetration depth and both gross and net ab-

sorption of the consolidants. Furthermore, we performed pH measurements (Sithole method),

colorimetric analysis, hardness testing, FTIR, and SEM evaluation. The experimental results

collectively demonstrate that polyvinyl butyral is a suitable and effective consolidant for the

conservation and preservation of tempera paint layers on wooden supports.
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Introduction resulting in the loss or severe degradation of many wooden art-

Painting on wooden panels can be regarded as one of the oldest works over time. These paintings have been affected by various

artistic techniques in the history of visual arts. Howevet, due to environmental stressors, and today, different consolidants—such
the organic nature of wood, these materials are highly susceptible ~  as acrylic polymers—are employed to reinforce the support struc-
to deterioration caused by environmental and natural factors,  ture and re-adhere flaking paint layers. A significant limitation of
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such materials, however, is their low reversibility and limited pen-
etration depth in comparison to vinyl-based adhesives. Vinyl ad-
hesives, in contrast to acrylic ones, are alcohol-soluble, exhibit
faster solvent evaporation rates compared to water-based systems,
and offer both greater reversibility and adequate penetration
depth. In this study, polyvinyl butyral (PVB) was evaluated as a

consolidant material for tempera paintings on wooden supports.

Methodology

Polyvinyl butyral (PVB), under the brand name C.T.S (Italy), was
selected as the consolidant material for this research. The polymer
was prepared at a concentration of 5% (Jelle, Ruther, Hovde,
2012), while lower concentrations of 3%, 1%, and a mixture of
1.5% PVB + 1.5% Paraloid B-72 were also formulated to assess
the penetration capacity. Ethanol (Scharlau, Spain) was used as the
solvent for the PVB solution. The solutions were prepared using
a weight/volume (w/v) method and left undisturbed at room tem-
perature for 24 hours to ensure complete dissolution.
Considering the nature of the experiments and the limited availa-
bility of original historical samples, mock wooden panels were pre-
pared in three different dimensions: 10X10X12 mm, 20X20%12
mm, and 30x30X12 mm (length X width X thickness), with a con-
sistent thickness of 12 mm for all samples. The treated samples
were placed in a climate-controlled aging chamber (Behdad,
model RVACO024, Iran) for a duration of 20 days, under controlled
conditions of 63 £ 2 °C temperature and 50 £ 5% relative humid-
ity.

Discussion

The experiments conducted in this study included: measuring the
depth of penetration and net/gross absorption of the treatment,
pH-metry (using the Sithole method), colorimetry, hardness test-
ing, Fourier-transform infrared spectroscopy (F'TIR), and scan-
ning electron microscopy (SEM) evaluation.

Depth of Penetration: The penetration depth of 1% PVB polymer
was measured as 2.3 mm; for the 1.5%, 1.5% mixture of polyvinyl
butyral and Paraloid B-72, the penetration depth was 0.8 mm; for
3% PVB, the depth was 1.0 mm, and for 5% PVB, it was 0.8 mm.
Therefore, the highest penetration depth was observed in the 1%
PVB solution, while the 5% PVB and the 1.5%, 1.5% mixture of
polyvinyl butyral and Paraloid B-72 showed equal penetration
depths. The paint layer thickness was measured as 146.50 um.
Pure and Impure Absorption The highest pure absorption value
of 0.6064 and the highest impure (apparent) absorption of 2.3612

were observed in the sample treated with 5% polyvinyl butyral.

Conversely, the lowest pure absorption was recorded as 0.1997,
and the lowest impure absorption was 1.1743, both corresponding
to the sample treated with 1% polyvinyl butyral.

However, the three samples treated with the 1.5%, 1.5% mixture
of polyvinyl butyral and Paraloid B-72 exhibited higher absorption
values compared to the sample treated with 3% polyvinyl butyral
alone.

pH Measurement: The greatest pH reduction was observed in the
untreated sample (CW), with a decrease of 8.58%, while the lowest
pH reduction was 1.96%, observed in the sample treated with 3%
polyvinyl butyral, indicating the highest stability and resistance to
acidic degradation.

Colorimetry: The greatest decrease in lightness (increase in dark-
ness) was observed in the 1.5%, 1.5% mixture of polyvinyl butyral
and Paraloid B-72, whereas the lowest decrease in lightness was
recorded in the 1% polyvinyl butyral-treated sample. However,
the difference in lightness reduction between the 1% treatment
and the 3% and 5% polyvinyl butyral treatments was minimal. In
all samples, a noticeable increase in redness was observed.
Hardness Testing: The untreated sample showed a greater de-
crease in hardness after accelerated aging compared to the treated
samples. The 1% polyvinyl butyral-saturated samples and those
treated with the 1.5%, 1.5% mixture of polyvinyl butyral and Pa-
raloid B-72 exhibited a decrease in hardness after aging. In con-
trast, the 3% polyvinyl butyral-treated sample maintained con-
sistent hardness before and after aging. The 5% polyvinyl butyral-
treated sample, however, showed an increase in hardness after ag-
ing.

FTIR Spectroscopy: Based on the acetal structure of polyvinyl bu-
tyral, which is a polymeric resin, it can be inferred that the signifi-
cant increase in the absorption peak in the range of 3200 cm™ to
3600 cm™ corresponds to the out-of-plane stretching vibrations
of O—H bonds. These O—H stretching vibrations are not typical
of conventional O—H bonds, but rather indicate the formation of
hydrogen-bonded O—H groups. According to theoretical predic-
tions, these O—H stretching vibrations should increase progres-
sively from 1% to 5% butyral concentration. However, it should
be noted that this increase occurs only to a certain extent, as the
unstable nature of the O—H groups prevents their excessive for-
mation in the environment. Hence, it can be interpreted that the
variation in butyral content from 1% to 5% follows an optimal

trend rather than a linear increase.

Conclusion
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The results obtained from the application of PVB polymer on the
studied samples indicate that, since the penetration depth of all
tested concentrations exceeds the thickness of the paint layer,
these concentrations not only reinforce the paint layer but also
enhance the adhesion between the paint layer and the wooden
supportt, and to some extent, improve the mechanical stability of
the wooden substrate.

Furthermore, it was observed that higher concentrations of PVB
polymer result in higher absorption rates, while lower concentra-
tions lead to reduced absorption. This correlation may be at-
tributed to the molecular weight of the polymer and the viscosity
of the solution.

Colorimetric analysis before and after accelerated aging reveals
that the untreated sample exhibited the highest color change,
whereas the lowest color variation was observed in samples
treated with 1% and 3% polyvinyl butyral. However, in the 1.5%,
1.5% mixture of polyvinyl butyral and Paraloid B-72, a more no-
ticeable color change was observed compared to the 3% polyvinyl
butyral-treated sample. This color shift is primarily due to the
higher refractive index of Paraloid compared to polyvinyl butyral.
Hardness testing results indicate that polyvinyl butyral increases
the hardness of the paint layer. Moreover, higher polymer concen-
trations result in greater hardness stability after accelerated aging.
The 1% polyvinyl butyral-treated sample showed the highest re-
duction in hardness, while the 5% treated sample demonstrated
an increase in hardness, likely due to cross-linking. In contrast, the
3% treated sample exhibited no significant change in hardness be-
fore and after aging.

In general, the acidity levels of the samples tend to increase over
time; however, treatment with polyvinyl butyral helps reduce acid-
ification, thereby contributing to the preservation of the material.
The analysis of FTIR spectra confirms that lower concentrations
of butyral provide greater structural stability to the paint layer, in-
dicating the presence of an optimal butyral content for conserva-
tion purposes. Specifically, in the comparison of 1% butyral-
treated samples before and after aging, an increase in the absorp-
tion peak around 1400 cm™ — corresponding to the carbonyl
group of the green verdigris pigment — was observed. This in-
crease suggests enhanced pigment stability. It is also worth noting
that the 3% butyral-treated sample showed similar structural sta-
bility to the 1% butyral sample

A comparison of the untreated sample, the 1% butyral-treated
sample, and the 1.5%, 1.5% mixture of polyvinyl butyral and Pa-

raloid B-72 clearly demonstrates that the mixed treatment is more

effective in preserving the paint structure. This is because the
combined polymeric structure of Paraloid and polyvinyl butyral
forms a complex, porous network, which facilitates the formation
of polymer patches that protect the functional groups within the

paint layer.

Author Contributions: A.Sh.: Conceptualization, Methodology, Soft-
ware, Validation, Formal Analysis, Investigation, Resources, Data Cura-
tion, Writing — Original Draft Preparation, Visualization, Project Admin-
istration, and Funding Acquisition. M.M.: Conceptualization, Methodol-
ogy, Formal Analysis, Data Curation, Writing — Review & Editing, and

Supervision. H.A.: Writing — Review & Editing and Supervision.
Funding: This research received no external funding.

Data Availability Statement: All data generated or analyzed during this

study are included in this published article.
Acknowledgments: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

Journal of Research on Archaeometry 2025, 11(1), 11105

3 of 15


http://jra-tabriziau.ir/article-1-404-fa.html
http://dx.doi.org/10.61882/jra.2025.11.105

[ DOI: 10.61882/jra.2025.11.105 ]

Downloaded from jra-tabriziau.ir at 18:33 +0330 on Wednesday May 13th 2026

P el i S

s

()

Check for
updates

ey o
W mhw CBls Coa Jlpigdag s (isuelioiwl adlke
s 33 6,1 adils iw 45 L (59,

® ®

¥ Gome i ‘lDTdm‘.“ > P9 g0 Ll
Al ledol (lodual i ol8tils o pe ¢ bl 008l ¢ Suyb g (Kimy clusl oy iy )| i ylS s gel il )
Al elegiol ¢ loguol yim olKild s o g bl 0uSuil> ¢ Sz 8 sluil 4 )lﬂ Caoyo 09,8 yluiily Y
Al elegol ¢ loguol yim olKild s o g bl 0l ¢ Sz 8 sluil 4 )U Caoyo 09,8 ¢yloliwl ¥
Shiri.anisa0@gmail.com 3o Jgiume *

VEY/VYD el

VEFIYNY oMol o 31
VEEIYNY b pdy

VEFIE/R sl

Copyright: ©2025 by the Authors. This
article is an open access article distributed
under the terms and conditions of the Cre-
ative Commons Atttibution Noncommet-
cial 4.0 International (CC BY-NC 4.0 li-

cense)

https://creativecommons.org/li-

censes/by-nc/4.0

CXVES

5 b isuplSomul I iy jlud o )bl il v ) Csr g9y B e iuplSowl Cax o)yl
2 dsge o Yol Jols by 3550 oolatl O St fie  ymen (ST ek slagids
5 oMb Sy dlox | placand )9 cal la bl (slped S5 5 gz BB (0l Slapigradsel
e powlo odle 3l odlatul & L cplply ) oher 4 |y Loy ugby lacuw] 9 S5y 4Y b
290 B ol o (iSplomtial S Jsining sl Simai ol 0 2 3529 BT 855l isplSonil
@25 olyan 4 (Bl Cldlas o (Glhe sl o) 2 slLLS adlllan jlodlatal b (iaggy cpl 85 )8 2L)))
o Mo s ce g g Sl o sl cul lys odlitl 5,90 M .08 g0 (S g (o5 i
sl (Sl ST sloy & G (slio 6y Sy Col § 3985 Gae gyl By ) g el ity Of 4y s
b Do inisls sloss lpsb 8 oslizanl (SLalleys 5 31 ol cawd &y Slillao sladigas ) (5l gai (sl
8 sla S8 o <95 2 Il 0 BT2 sl 5 Joss e ZV0 O bylre 570 5 ¥ ) slackile
5298 Bos (e (ioxiw Ca ey p 0855 )L (bl 3590 (mped Sl Sl dm g U 5> (isuplotil caa
il 3238 (gdle (P b (i (B ¢ xiw ) g (Sithole (b)) (g3t PH Glass palbl g pall Ol
S oy 4 Slge Jhsndis s slos linlegl Sl ol s G (8.5 ol g (958 oSy Sio b

395 03kl Loy oSS sy 5 |ysed iS5 by LB g (505 g i g bl yiuplSontd

oy blin (tsuplSomal o 59y (B Jlwpdeg k1 gS () lg

anl ety (B 5 AT (uyie g slaspaS 4 g 9ub e dodds .
9 &2 ‘u"")l ¢ d)\.{)}L LSL‘”LS)WK ‘ui;“"’ Sedo dl.bo)zd,: ‘d)lzo

F 28 o)Ll (S slaain 5 b o)k g oS slagsyd 4w
Og.‘ F—dus yd aS C9> (S9) 2 u»lsu s Og.‘ uL.u)J B

$9) 2 B ) 29 00 003 oy 553 (59) 2 (2ol ) 9 Lol
Jshize g5l S 5 'S0 o ) (55 dral 1S s 4y il

slads g olw 4l gjlone |) anylald 0,93 (gjlome S j5bo an

oo ol b bl (o Gl (YO AYAY (b, L) Wlodel  JeSue
Sl b (g ped cil S8 e Slalad oindy S5y ale
0d1d 050 (pl 53 i)l L sleails ST 55 aS (glose iy 35 ales

Cw) (ALY

https://doi.org/10.61882/jra.2025.11.105

ANV (V) WY OFF o o kol argy


http://jra-tabriziau.ir/article-1-404-fa.html
http://dx.doi.org/10.61882/jra.2025.11.105

[ DOI: 10.61882/jra.2025.11.105 ]

Downloaded from jra-tabriziau.ir at 18:33 +0330 on Wednesday May 13th 2026

Ohlas 5 gy

— atusid 3, Limgss ol o (Liau, Yang, & Viswanath, 1996)
S5y 2 york cnl b g i (3l D & plaogy (sl Iy
350 (297 SBAST (59) p S5y 4Y dSuplodil puzen 5 ) &Y
Sy Sl alox jl ey 50> 2l car )5 )15 o)
s yapHe e (5w allbl g (ald Qo (f5e 9 3985 Gos « )
oS ol (i slaingh Aojls s S9) (0B 59y 2 yerk
43,5 )8 Con 090 Slinlejl pbsl | J—sls guls gy yiw Gui>s 5

25hled 4 ez o bl (58 5k ) gy o) (0B

0y93 ;0 (V) WA (lams )l SYeb (sladluw (glyls 55 olpl > o
Slig 5 5 ol Sogeil 15 oo llms K, lsie & gz 3 5
a8 b o 0L Hhaw A pl daw 5l > .Caslonds ool (glaxe
Gy Sly sz 9y 2 B peg—aty gy Sl sl 18]
g Casby Slysl (FA YA ¢ Koy g Mg b (Sgs) Bl o i w
(97 AT 5 Sy Y Sy g SVl g5y p (Sojlse
Caga Wb Cugb) 0gdas 95 00 S5y 4Y 59y » placa] Skl csls
!y ((Van Duin et al,, 2014) 5535 0 S5y Y Siiws jials
J‘)“"?J‘“’9;§L E3)) )‘ olawl Lv o) L»v_u)i dbu? wwulbml
5l iz &S Gl oal plouil Cuoyo g clblis 05> > (0L (sla g
e dgun (gl gy SO wl a i 03)91 gl o oladss ol
S ey, il il oo (6w dge b —iSupSoxiul ‘°~\?.~>HA-.~.-N-'
Socas sblie jlap pb il STy vy slacnjy olgls ol
Jolgs an ol Coglio g oz (SolSe olss ¢ (S ST slagnj)
cod |y S5y laaY 5 ogr S5 Lol b ge dgu0 0L ke 4 (Saswg
o101 e (FEV WAL ¢ Sig g Mg g ) a3 0 )l 5
o 9 (238 LolsS 4 byje gl )3 laisuplSodiul oyl ,5b
sz 3l )3 @i 5 Rl Ay 5 B jis Seii Gas pre 4S5l
bl (gl youy 51 (b lyos 4368 o (Bugani et al,, 2009) cowl
OSoe (315 lpis 29 Corsol o Sl o0 diza ol > olisl 590
dlox> UT )‘ .))5 g0 r-L_uul ‘_;‘)J ol oLl )o..l.v WLB Ja_wy Ceol
oD 5 (S5 (ESTy o oligSy il slaoyed Jsbo 53 o peck
5 ookl cas adgl Buiss Sy Jingl ol 5 (Horie, 2010) 3¢5 0
W g (o2 sbdl gl piSuplodul plgis 4 cowdge s slagy )

o & gl o tlE g9 (PSSl b ] os 9y (S
g5 b Jolse i 3 o3l cpl coge JI canle Jubs an Lol L

du.S)u,u)l e dﬁ))”)"?‘“‘"d"l)l Lg)L_M‘.AJ ‘bJ_muu).?uu_‘a.sm

YA (lamd)ogs oas (¢ 5uelcSS) g 29 naBlw ()l (g5, 45 lodgy
=38 o] (g9 45 0ad lag Glaslis 0y93 5l g2 axkad pppizen 1)
5l 5 T i g oS 35 (ool 393 93 sl 8, Aol slodlus
@ bgryo ool cwd 4y oo BT oyt Lol 5 b 0 cBb g (<9,
Sz S @y (g loms i 3 53 Bses o ol Jol6 5 ggino (slaogd
2193 33 Gl 092 59y (B ol ggudge oS Wiy J5 (S By
Sl bl 5 pre Sl i 5l (S a0 (2895 7l 4 5500
I igd)) ol gz 99y 2 (B & (je gl i ol
Iy

0590l 5 Blosd ol Jlod laome iliseo Lolse 31 ) o o2l )
S BAST 4 0did gy S5y saY IS g (iSuplSodil cax
odas St 355 oo o3t asl (Sl ST el yasly ilo lise LS 5
S & Cud yiaS S98 Bos 9 (S phCiS p pae OLS 5 ()
4 yosly 5 o2l l (FYA AYAR (Sigr hipsmid ¢, Sg2) el g
b (5 el M e ito by Jo ol Mo b StsplSoul lgis
g il o] S plgie 4055 gy B4 (59 2 el S5
6 oy ol 3 3990 Ul Lansgs 18 Cny Mol 51 solbecasas]
Pg-di e o5 AT a1 S5y Y (a8 Sop g 5 el ol
sz BAST g Ol Gl g o (05 Cwgc] e 4y ien
bawlie ;3 (Livg clacaus casl anlgs Jd 4 1) can slacal
b dulie )3 g aitun U ) Jolowe oS ol 2 0gMe Sk ST (Sl
Boe 5 S plyatS p Conols (g sl Gy Mo e ey
Ol 0> LPYO YA ¢ SS90 g Mg S )i 35 wlio 9
S L (B gl puploninl plyie 4 Jhwn gk (ingk
85518 i)l 290 (292 SBAST 9 2 |pee

g cblis copn (So,U U 5 ol 0 Ulwigdsiacd 5
o e s (Plocger et al., 2012 ) 3945 o 03l  suisuplSovil
ol and iz 3 (a9 (F)l sldl (gl (iSuplSonil plgis &
ol o (gl g Sl SiseplSod il cpl (sblje g0
Sl 4l ) Jle plgie 4 )5 3ble 1> VL (TG) slod sl Jyss
9039 pyleyS Jlgr (njy 8518 odlatusl 390 cdsuplSoinl Cue
Gl 00imd i b ol & oled 10,8 &4 e S K 4l
Sl (29 (S s SRy b g el > LB I > PVB

1515

ANV (V) WY O o i ol argy


http://jra-tabriziau.ir/article-1-404-fa.html
http://dx.doi.org/10.61882/jra.2025.11.105

[ DOI: 10.61882/jra.2025.11.105 ]

Downloaded from jra-tabriziau.ir at 18:33 +0330 on Wednesday May 13th 2026

Ohlas 5 gy

Cs> PVB ol a8 05 jase e 00 plodl gla g ol
) baen b (6) 5w YU (g las] colio (6000585 Jols
Sl g )35 ply > Coglie Gl da 93953 L oS 5 el
odlo S ylgicds PVB oS wloas cely ba Sg opl ol ot SY5b
looiay 5 09 da 0l BT s> )LJ sy Uﬂo).é\ odS Cnds
S P ek D5 )5 A g 390 ((Kin b Sl L lasjpe (BLE>
5, dguto 6l 1y O] Jewnily 59y 3081 96 ailo (sla 559381 L Oi
J61 (slys Lol (Abbasi et al.,, 2014) s> o Liol3bl blis slaan] s )
9 S5y aY isupllociwl Caa yeus cpl jl edlawl ( Sl& gyl oo
w)ia qud\ ©db; U9 wWass @a_w &y aY Jl_»aj‘ (o
Oi‘ & LJL»‘ sl o)l aS” ae; O:’.‘ P odu cdl cllao s Ll
it (05 3 S5 S (52 00liil 390 dlgo 145 el (2l 3> £5550
95 Jlios sl Acryloid B72 S Jizg ol <Dl i I
b )y 4 S (giuan o pedky sl (5ol sl sl 5 S5l
gy (Williamsburg, 1994) cwgoy sl 5y 4 Cuwd S
& Ygana 05 (ol (So5d 5 olend ol > & Jlpip g b
coed gl M )0 0ad 0 diB L awd g pbdiS p b oodle G lais
©)gao 53 el pli 9ud oo J> (S5 9 (gl (Sl asle olad
ol 0)S 03lawl PVB 10,8 o b Gls (gl b Mo (ol 5l olg5 oo c5Ls
Smith & Johnson, ) 1S S ol (¢ piace 5 p auilg o S

(2020

C.TS Syl (PVB) g ang b 5l Hless ool (gjlowoslal (¢lp

Jelle, Ruthet, } 4oyd b youls cpl .o ool wl Wyl o i8S Join>e
VO N/B byls 5 VX clbd o) iy 395 sl o(Hovde, 2012
o Mo edlal (B-72)a0oll,b g JlpSg g b oo
Dy Wl y5uiS” Jouame Schatlau (gylos pb b Joibl ¢l pig Jung b
BURETIRW qud\ @0/@59 Gyguo do 0 /55 sbeble ¢l o3Le]
Glp i3 518 e glod 0 Celw YF Gdo 4y Jolowo gL o3Le]
5 ool g9 A L) Jgia) (Sllllas (5ol cloaises (b b
W XY exVe o o o VWXV exVe 5l caliseo (slaslel )3 diged dgueS

‘4\;'59“) T r-Lu.u‘ dl)g odlaw D)90 UWFL{.’XM»I Ll 0D Pbul olud
955 3 JFH B4 1¥+ S &y oo S > i TN+ ol Jols
04 0dxwg (Sldisge dl)-.’ u.uLo)T )90 Lb).ml)l.o .(Cobb, 2005) )
0ol 5 el Uhg) s o 3 le sl Jold Shlal )0
Pgae (o (o) Sl JiSuplSoniul ol (ol 9 (S ju
53 b gl gy e >l (A joSnng 5 clale ( JSUse
Kucerova, Jaib B Cox o (isupllouwl 3585 seas a5 cib
g bl dl g & isuplloiwl (b b ol cbles (2012
395 il sl ol (ISl Ll oSS 451 gl s
cle 4y (Schaffer, 1971) caloass asdlas &M Sko Lo yogio Joloxo
Sl (M 5 Coglde 5 clie o (38 ol
0 Lf.oal sa i b calw ‘_5‘)) T )LT 2 09){9 eJl)»yJu.vguLv
S MPLS?D_»)‘ » (El—Dlﬂ & Sabaa, 1995) Cwlodds oalawl
el 3l 5 BT2 gl & a6 S Jonic
g Ko g 4 038 e 4 S o) (YA DIYAY (g p2)
» W9LQA ‘ufm ot)Lo L)”‘ .394»@ odlaiwl 9> )0 P9og RO 9 OLRD
bsM.C— J«Su.n rvthl)ﬁ I) )L_M.e )J.l)-.’ 2 w9L&n cd)_v.)udl]o.u‘ c&q9b) )J.l)-.’
29 3 8L Sy el 3 g cblis lgie a s Sl ol
)l Sis ey "JL:).) d])g .(Ambr()sio,et al., 2011) ‘)9-“)6" odlawl
Sl > @ 255 o0 ooliiwl isaplSonil plgis a4 Jlyedeush
oyl sl ol wl g dy o (S ST gla iy dr ca s ool oy
clio somw st M 53 Mol bl 5 L3 s piscilas] ( Sple
sdnlin OLc)J Cod gy ) bl b uolﬁ.»\ EP Tud ypred Lol »
s (Sximzr (ol L Jlgr )1 (o5 Sl S0y g 0
(Harrison, 2008) cwl jloya5,y 8LS 3585 sac jl g wgs
P s ol il gy piseplionl plgie 4 gz b
g Ol isuplSouwl opl sllse jl g o oola wl dady pais
)5 Gble 3 Y (TG) slod (sl Sy sl ol (s iy
8 )5 1,8 oolal 3)50 uisuplSoniwl can (Sl axlE  Jle e
@ ol 108 4 janie oS 5 So b g 039 ple S Uy )
b gl Jo L8 Il 3 PVB .ol oind i dg g
» (Liau, Yang, & Viswanath, 1996) ¢l o5 (g0 b S
S plosr Glr g b ek ca gy bbbl sl <8l
4 PVB (yj, .(Henriques,et al., 2014) cwl oa s adlaiwl Joibl 5
0Bl Ll YU (Sl 6yl p ogdle S )yl wld S lgie

5 (Handley & Olsen, 1979) a_ib oo 0 (59581 555 5 (b 5l

1551 6

ANV (V) WY O o i ol argy


http://jra-tabriziau.ir/article-1-404-fa.html
http://dx.doi.org/10.61882/jra.2025.11.105

[ DOI: 10.61882/jra.2025.11.105 ]

Downloaded from jra-tabriziau.ir at 18:33 +0330 on Wednesday May 13th 2026

Ohlas 5 gy

b g s 00l iy ladiges ol Jols olueb! M el &S aan
Min. il lelyen sl jsiS el Dino-Lite Jious oy
WA g0 ply 00 sleiS, 5 b Pitch= 0.2 mm
5 oAl Gl ol 1l gl ole e lie (25l s 4 (4l
935 b Laadges adsl ()59 bl .88 oo )13 (alij)l 3)50 allBL
s Aid < (Sartorius TA230 S) )Ll o3, Jle cdd b Jous
& Rahavard Seri-1379, FDACOS (6,156 pb b (sg00l3 b o o3l
o3lo (i S I s 43,5 ()9 Ddore 5 A 4 ladiges e

I8 5 cslaalaly 53 sdel Canday dluel g 0 595 diges 0,bed Hlows

A eald
T
oAbl Gl to =T uj‘ “..5 AV (V) sl
o adyl o5 = Bis .
uajbg.).?)m))=—><\“/ (Y)c\]a.g‘)

gl 0js

o&wa b g Sithole yog 3l dslllas )50 (gladiges pH yizww (sly
a8 0 eolatu] (glauins 3 ,3SUl b Metrohm744 e Jluzwd yie pH
pllS ¥ 5 ¥ sl 3l sl Syl by o3« aledl a1 i
TR W)

ol 3 o 9 €85 8 Gtomis 3)90 Uy itag s Jslome bt o
O 855 )8 bl 3590 (il pn Al pe g sled dn g LS )3 Laeiges
Ol oo 0 5D g oBaSS olyon 4 S5y Y 2,5 YO lade oS Cus )5
Lol by cel o YF Guo du g dssu, Jboy Liolejl aly) j ke
Al lise (Joloe i odlel 1 ey s (6,005 lawsme 3, laski]
Ole 9 pLl )L 93 diged yo (sl 45 €8 )15 i 550
Sloalail b 56 (g5l 5 o pH (ials dis s id dls dges jo
1 dusloee g5 dlayly
(¥) o

glPH— by )| o PH

L.» I H - lg — XYoo
Sy 5l pwepH il sy JypH .

Jeoszr 9 » (=8 sdiges () Ol e Gloxiow gl
9y &leluws 9 Color tector alpha (b ) wd gmwSS ) ol&iwd

dy90 dai & la_wgie yob s diged o (gly 0 ealaiwl *CIE L¥a**b
ol (55 lyass 22,5 e il (50 5 8,5 )15 i
I8 s slpalaly ) ¢ Slallbe (clodiges ;> sdal cwd ardlicl oa
Asesld
(F) o)
AL =T1,-14
Ab = bz — by
Aa=a—a

AE = (AL? + Ab? + Aa?)1/2

Colis) i odlel (£la5) (o ye ¢ Jgb) yio deo) VXY oxYs o o Lo
(392 o)V € Ji (Slalllas (sladiges

aslllas 350 (gladiges 4 bgyye leMbl .Y Joda

Table 1. Information related to the studied samples

Building  Building Lo- Wood Sampling Registration
name cation Location Number
Zinat-al- Bala Keft negh-  Western Side Roof 038
Mok borhood Wood
aslllas 550 (gladiges ()35 05 .Y Jgan
Table 2. Coding of the Studied Samples

Code Specification
CW Control Sample (Painting)
ACW Aged Control Sample (Aged Painting)

Aged painting sample treated with 1% Polyvinyl Bu-
ACLV ged p g p o Folyviny

tyral

Aged painting sample treated with a 1.5% + 1.5% =
AC1.5-V-P

3% mixture of Polyvinyl Butyral and Paraloid

Aged painting sample treated with 3% Polyvinyl Bu-
AC3-V ged p g p o Folyviny

tyral

Aged painting sample treated with 5% Polyvinyl Bu-
AC5V ged p g p o Folyviny

tyral

Painting sample treated with 1% Polyvinyl Butyral
BC1-V

before aging

Painting sample treated with a 1.5% + 1.5% = 3%
BC1.5-V-P mixture of Polyvinyl Butyral and Paraloid before ag-

ing

Painting sample treated with 3% Polyvinyl Butyral
BC3.V g P o Folyvinyl Buty

before aging

Painting sample treated with 5% Polyvinyl Butyral
BC5.V g P o Folyviny y

before aging
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Figure 1. a: Separation of the paint layer at Zinat al-Molk House; b:

Band-shaped cracks at Sabar House; c¢: Cupping cracks at Sabar House; d:
Network cracks at Mohtasham House
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Figure 2. Penetration depth of 1% polyvinyl butyral (a), penetration
depth of a mixed treatment of 1.5% polyvinyl butyral and 1.5% Paraloid
B-72 (b), penetration depth of 3% polyvinyl butyral (c), penetration
depth of 5% polyvinyl butyral (d).
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Figure 5. Cross-section of the untreated sample (a), cross-section of the
treated sample and penetration of the treatment material into the pores
and texture of the sample (b).
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Figure 7. Changes in colorimetric components for the untreated sample
before and after aging (a), the sample treated with 1% polyvinyl butyral
(PVB) before and after aging (b), the sample treated with a mixture of
1.5% polyvinyl butyral (PVB) and 1.5% Paraloid B-72 before and after
aging (c), the sample treated with 3% polyvinyl butyral (PVB) before and
after aging (d), and the sample treated with 5% polyvinyl butyral (PVB)
before and after aging (e).
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Figure 8. Total color changes: untreated sample before and after aging
(a), sample treated with 1% polyvinyl butyral (PVB) before and after ag-
ing (b), sample treated with a mixture of 1.5% polyvinyl butyral (PVB)
and 1.5% Paraloid B-72 before and after aging (c), sample treated with
3% polyvinyl butyral (PVB) before and after aging (d), and sample
treated with 5% polyvinyl butyral (PVB) before and after aging (e).
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Table 3. pH measurement data of the studied samples

S pH of pH
ample pH After  pH Decrease
., ™ Treatment IZC;(I’I‘; Aging %)
Material
CW - 5.71 5.22 8.58
C1-v 6.7 6.42 6.23 2.95
C1.5-V-P 6.75 6.59 6.45 2.12
C3-V 6.8 6.63 6.5 1.96
C5-V 6.89 6.76 6.59 2.51
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Figure 9. Hardness levels: untreated sample before (0) and after (20) ag-
ing (a), sample treated with 1% polyvinyl butyral (PVB) before and after
aging (b), sample treated with a mixture of 1.5% polyvinyl butyral (PVB)
and 1.5% Paraloid B-72 before and after aging (c), sample treated with

3% polyvinyl butyral (PVB) before and after aging (d), and sample

treated with 5% polyvinyl butyral (PVB) before and after aging (e).
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tyral (PVB) and 1.5% Paraloid B-72: before aging (a), after aging (b).
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