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ABSTRACT In this study, we compare the properties and estimate the durability of five oil colors
that are the most popularly used colors in the conservation of oil paintings. A set of these colors
was obtained form four manufacturers each, and their properties were analyzed by conducting
deterioration experiments. Subsequently, we observed the colors and performed X-ray fluorescence
analysis. As a result of colour observation and XRF analysis, it was confirmed that there are the
differences according to the pigment types, mixing rations and the manufacturers even for colors having
the same product name. The deterioration test indicated differences in the appearance of the colors
; for instance, the color difference was above 12.0 in most of the samples, including restoration color
and acrylic gouache. In the case of Lemon Yellow a lot of discoloration and cracking occurred, and
difference in gloss was observed in Viridian of manufacturer C. Most cracks were observed in the
restoration color obtained from manufacturer B and were assumed to be because of the resin used
by the manufacturer. Nevertheless, additional research will have to be conducted by controlling
variables in order to find out the cause. Through this study, we demonstrated that retouching materials
for conservation of oil painting differed in their physical properties according to the color and
manufacturer. Therefore a conservator should be mindful during the selection and use of materials
for retouching oil paintings.

Key Words Oil painting, Retouching, Restoration colors, Acrylic gouache, Durability
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Table 1. The list of Colors samples for experiment

No. Color Color name (Color Index name) Manufacturer

01 Alizarin permanent carmine (PR177) A

02 Red Permanent carmine (PR83) B
—_— e

03 Carmine (PR170) C

04 Carmine (PR146, PR170) D

05 Cadmium yellow lemon (PY35) A

06 Cadmium yellow lemon (PY35) B
E— Yellow

07 Lemon yellow (PY3) C

08 Lemon yellow (PY3, PW6) D

09 Ultramarine blue (PB29) A

10 Ultramarine (PB29) B
e Blue

11 Ultramarine blue (PB29) C

12 Ultramarine blue light (PB29) D

13 Viridian (PG18) A

14 Viridian (PG18) B
— Green

15 Viridian (PG7, PB15:3) C

16 Viridian (PG7, PY3) D

17 Burnt sienna (PBr7) A

18 Burnt sienna (PBr7) B
E— Brown

19 Burnt sienna (PR101) C

20 Burnt sienna (PBr7) D
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Table 3. Critical marks of color difference according to the NBS

Condition

No. Time Temperature Re'la'tive
(C) humidity(%)

1 42h 2043C 80%

2 42h 50+£3C 80%

3 42h 50+£3C 30%

4 42h 20+3C 30%

5 same as 1 to 4.

AFE*ab Critical marks of color difference
0.0-0.5 Trace

0.5-1.5 Slight

1.5-3.0 Noticeable

3.0-6.0 Appreciable

6.0-12.0 Much

12.0- Very much
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(Table 45 BE=(L*)QF M:=(a*, b= F-Esto] A 2A
2 Al A WS sl ckFige 1, ). WES) A4
Z A9 Carmine 32.39~42.65, 344 2] Lemon yellow=
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34.75~50239] =] ExXE BT A XA 7F = HA}
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Figure 1. Lightness of experimental samples.
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Figure 2. Chromaticity of experimental samples.
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Table 4. The colour differences in visual observation and chromaticity of colors

VIS Pigment
Color  Manufacturer
Sample image Color Detected elements by XRF
L* 36.52
" main : Al, Ca, Fe
A a 49.89 trace : Cr, Si
b* 21.54
L* 32.39
B a* 43.52 main : Ca, Fe
b* 20.85 trace : Ti, Si
L* 38.48
Red
a* 54.02
C main : Ti, Fe
trace : Ca, Si
b* 32.83
L* 42.65
D a* 553y ~ main:Ca
trace : Fe
b* 29.80
L* 86.68
% ) main : Cd, Zn, S
A a 12.26 trace  Ca
b* 85.91
L* 88.53
" _ main : Cd, Zn, S
Yellow B a 18.54 trace - Ca
b* 69.30
L* 85.54
% -17.04 main : Ti, Fe
¢ 4 trace : Ca

b* 72.00
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L* 88.20
main : Ca, Ti
D a* -14.65 trace : Fe
b* 79.39
L* 44.6
" ) main : Cr
A 2 34.85 trace : Ca
b* 0.29
L* 48.05
" ) main : Cr
B 2 3450 trace : Ca
b* -1.69
Green
L* 25.40
% ) main : Cl, Cu, Ti, Fe
¢ a 1.74 trace : Ca
b* -2.21
L* 38.84
% ) main : Ca, Cl
b a 31.67 trace : Cu, Ti
b* -3.61
L* 25.86
" main : S, Fe, Ca
A 2 40.87 trace : Ti, Si, Al
b* -63.49
L* 33.20
" main : S, Fe, Ca
B 2 3693 trace : Si, Al
b* -67.30
Blue
L* 36.21
c a* 28.47 main : Ti, S, Ca
trace : Fe, Si, Al
b* -58.01
L* 31.00
D a* 36.67 main : Ca, S, Ti
trace : Fe, Si, Al
b* -62.69
L* 38.30
« main : Fe
Brown A a 2832 trace : Ca, Ti
b* 28.98




L* 34.75

% main : Fe
B a 17.07 trace : Ca, Ti

b* 16.55

L* 39.39

« main : Fe, Ca
¢ a 24.96 trace : Ti

b* 24.58

L* 50.23

" main : Ca, Fe
b a 2356 trace : Ti

b* 20.02
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Table S. Experimental results by microscopic observation(x 100)

UV imradiation test Temperature and humidity test
Manufacturer Before After Before After




SIxI, Zehd | 435

AT/ &l

=M 0
o




436 | 2EDHEEX| Vol.37, No.5, 2021

Table 6. The results by visual observation and Chroma values of samples after test

UV imadiation test Accelerated aging test

Red

Before

After
AE 13.69 11.62
AG -0.8 -0.1 -0.1 -0.1 -0.2 - - -
Before
Yellow After
AE 34.64 23.56 23.59 29.95 35.57 24.41 21.05 30.68
AG - - - - - - - -
AE 15.48 13.03 13.26 10.82 14.28 12.22 2.64 11.23
AG - - -0.2 - - - 4.8 -
Blue
After
AFE 32.40 23.06 23.51 23.02 36.52 25.94 25.48 36.08
AG - - - - - - - -
AE 15.86 11.10 10.38 7.86 17.76 10.27 9.25 11.11
AG - -1.7 - - - -0.5 - -




UV irradiation test results

bright yellow
* b* +
1000 1000
0.0
%00 80.0
700
80.0 0.0
500
700 100
300 * 2
L]
g 200 i | ] A ’@
10.0 A s 4 A O
. H
500 a’- Py % i a .1+
A oreen o5 soo a0 Moo Thoo M0 @0 100 200 300 400 500 600 re
-100
™ *®
100 -200
.« * OA s g ¥ S
P o A O 30.0
A© o a 80 o
00 | O A -40.0
8 * A 50.0
e @
200 -600
He
700
100 80.0 OD
90,0 A
<
o0 -1000
dark b* -
blue

@ Aunaged H>Aaged 4 Bunaged A\ Baged @ Cunaged (QCaged D unaged []Daged

Figure 3. CIE L*a*b* diagram of the samples before and after UV irradiation test showing the shifts of their L*, a*
and b* coordinates.

Temperature and Humidity test results

bright yellow
L b* +
100.0 1000
90.0
90,0 800
700
80.0 60.0
500
700 400
300 Ps %
60.0 200 A - A .OE
100 A @ A O
o *
¥ A gal’!!“ 600 -50.0 -400‘A -Ho&l-:!o,o -10.0 0‘090 100 200 300 400 500 600 a’e‘:
* A -10
40.0 @ * ® 200
- o < [ ] Ao 300
55 | 70 2 o o Ao®oAa o 40.0
b * o 500
20.0 ° <o 1151 - me
700 A
100 -80.0
90.0 OA
00 -1000 oo
dark b* -
blue

@ Aunaged OA aged 4 Bunaged A Baged @ Cunaged ()Caged [JID unaged []D aged

Figure 4. CIE L*a*b* diagram of the samples before and after Temperature and Humidity test showing the shifts of their
L*, a* and b* coordinates.



438 | EZ1t5k3|X| Vol.37, No.5, 2021

7 AzA A Aol FAT B SEH AT F A
84w sk 4B stk 1 2% Ao et A
Aol ket WA 4] W AR o], WA, I e 9

3k 5739 o7t EAFTE.

=A9] Viridian WA} 3+ WFo| A vl A Q1Y
g woldet SHAT ¥l M Eter AT
Lemon yellow®] 7-¢- g A3t 598 =119l AAeB
A of -kl DARE] A A o] e glo W
A oA gro] WS glct. whabd MgkES 98l ol A
B2 B¢ FF AT oA Yol g ol mef g7t
H
=l

et

=
e
o
i
X
i)
4>
30
o
s
(o

o
ir
PRUNE:N)
tlo #2

=

(o]

o

°

oy 1=
1o
fz
TN
ox.
=)
H
%
o
N
>

¢
=N
e
=2
9
2
=
=
2
5
ox
L r 9‘{_,‘
r =
o

fo fr

e g2
oX 1= fu

S8 32

o>

3

>
oN N Hz o nfu rlo o

K
D)
1=
o
:
3
o
=
o
ol
=
> K
o
ru
N
BY

HAo] FAE| QI Aol ARE-
aLstefof 3k Aolct. BARY] EXF-
b g Holl o, Fgol 71 Wo
AR A Fee] Ak IFEQom, o
Al AR Al Y] FEFe R Az IPgoAle
Hof] W A o8 HQItKDe La Rie, 2000). CAb= &}
HAY HIEol A H A Qg Holgl o, WAEA o 9l
o] T A xALS} 2 ZJo)E Bt} E3F CALY| Viridian
SN & 2to]E HAAN, &5 270 =&
3 gEo] ZA FTISIGoBR ARG Al FE WskE
Ofsjjof & Aot} Fe F71o AL 2FE =&
uet E7 AR Al ANMAE AFEE 5220 Mo ut
Ao 2 Bo|u(Schubtz, 1999) Bt} A2kt el 79
A3l g F7HAQ At 2o Ao R B3k D

wEI} HA W gho] HHAgE o gl o AR A

o

u\l
][y
o
$0 &
2 oL
N oo

=2

52
_?L
82
=
e,

Q
g
2

rr

L ru_hj
=
i

|

> o Mt 2 AN it rlo

re

-

iy

<

Jo

i)

.

o

1o

_|>~

b=

oy

o

Ml 4o
%

=

dm =

N ox i
SN R
oo

N
—_

2
=2

i
%2
T
o
rr
é‘
N
>
Pad
i oo
L
:
o M2 2

ox o A

o oy v

o Mo
("]
%

o X
o

>
oo
:9%

Lojo 1z o R Ko

=)

(
S

o
r=
ot
HT
Y
_?&
s
~
i
lo 4
s
e
Mg o 1z
1
o

oT
we o g
il
:?g
e
e
uz oo
o

I
2 2 o
rE

el %

o §7 ol ofs) 22, 33t Aysto] 24,
wAlo] Mgtk Ao] SelEglr. @) harat Azt
oA 717 The FHSAE ol8e) AR B8 Bl

AgHE| 3L glont GA4AI9) Aolol WE Bt
U ey, Qs e A g
EHelo] glo] AHgak= ARl P4
ZA0R S WY BE o] Eo] Az
o] AHgEE HAg Buol B4

4L AL B A% 1A 5

o

('-?{-'4 m{g
(RN
ox 1o

A

©
=

i
N
2 O rlo b b X trouE

8
ox

}_

o flo =
o
2
o
do

il
4o £ ore

12
ol o
- -

w i O

o

&
)

e

pou

o

o

At

ol

172

=2

Y

e

o

v

J

re

2,

o:i PO

X

o
= o

o
2

> o
i3

=
o ol
2 b
olo A
ol

oo o rlr uE 2
o)
ue
o=
ol
ok
o
fu
o
=
)
%

L
Ir
o
fot
<
Mo e M

s} Aol AHGE T i ABEE A4 sk
of mEAele] AgElE ARl W U4 2go] 9
Azzo] B4, BEAE ArzAe] A3

9]

S~
ok
°
HO.

A ole] B4, st sfele SHlsha Ut
ehe 5 ol BAIYS Slolt F AMgatolof & Hlolch
E5t Aelol] AgEE AR ofH A9olE H2lo] ol
A, e uThs QAT Tl e 3 A AAEAo
2 sfojo} BTh 212 BASHT AR 414 A 0|2 1]
shof & o,

A3 98 AF uEAe A Dol T AuEE
29] QAo Bet 0T AFshEon, ¥ foh 2
F REAY A AEE J

REFERENCES

Chelazzi, D., Chevalier, A., Pizzorusso, G., Giorgi, R.,
Menu, M. and Baglioni, P., 2014, Characterization and
degradation of poly(vinyl acetate)-based adhesives for
canvas paintings, Polymer Degradation and Stability,
107, 314-320.

De La Rie, E.R., Quillen Lomax. S., Palmer. M., Deming
Glinsman. L. and Christopher A. Maines., 2000, An
investigation of the photochemical stability of
urea-aldehyde resin retouching paints: removability tests
and colour spectroscopy, Studies in Conservation, 45:1,
51-59.

Geiger. T. and Michel. F., 2005, Studies on the Polysaccharide



JunFunori used to consolidate matt paint, Studies in
Conservation, 50(3), 193-204.

Gettens, R.J. and Stout, G.L., 1996, Painting materials: A
short encyclopaedia, Dover Publications, New York.
Kim, J.E., 2008, A study of colors by accelerating test,
Kyunggi University, Suwon. (in Korean with English

abstract)

Kim, J.H., Park, H.S. and Lim, S.J., 2017, Comparison
study on the material characteristics of oil paints (I).
Journal of Conservation Science, 33(2), 85-95. (in
Korean with English abstract)

Kogou, S., Lee. L., Shahtahmassebi. G. and Liang, H.,
2021, A new approach to the interpretation of XRF
spectral imaging data using neural networks, X-Ray
Spectrometry, 50(4), 310-319.

Lee, H.H., 2009, A study on the color properties of a
pigment oil color changes and light resistance experiments.

Master’s thesis, Hongik University, Seoul. (in Korean
with English abstract)

Nicolaus. K., 1999, The restoration of painting, Konemann,
Cologne.

SchuEtz, E., F. Berger., O. Dirckx. and A. Chambaudet,
1999, Study of degradation mechanisms of a paint
coating during an artificial aging test, Polymer
Degradation and Stability, 65, 123-130.

Seo, J.H., 2004, Study on the pigment in the material of
oil paint, Master’s thesis, Kyonggi University, Suwon.
(in Korean with English abstract)

Wolbers, R.C., McGinn. M. and Duerbeck, D., 1994,
Poly(2-Ethyl-2-Oxazoline): A new  conservation
consolidant, in Proceedings of Painted Wood: History
and Conservation, Dorge V., Howlett F.C.(Ed.), Getty
Conservation Institute, Los Angeles.





