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ABSTRACT  The currently used wax agents for preserving outdoor metal structures, despite their advantages, have
disadvantages such as low endurance and reliability. These wax agents are easily damaged by acid rain, dust, moisture
in the air, yellow dust, and air pollutants, resulting in corrosion within a short period after the initial conservation treatment.
In addition, aged wax can also exhibit changes in the color or gloss, and also give a sense of difference in the surface.
Given these existing problems, it is necessary to develop improved materials for metal preservation. Therefore, this study
analyzed the characteristics and applications of the existing wax coating agents in order to identify their disadvantages
and to develop a better material for metal preservation. In this regard, this study developed a perilla oil based compound
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wax and conducted experiments to test its endurance. The new compound wax agent was exposed to outdoor and acid

rain conditions: it showed four times and 1.5 times the endurance of the existing wax agents in outdoor and acid rain

conditions, respectively. In addition, the new agent seems to be more durable and protective as evidenced by the

chromaticity, polish maintenance, and contact angle results. Further, although it is 1.3-1.8 times thicker than the existing

agents, the new agent shows a more even surface. Based on these findings, it can be concluded that the new compound

wax agent based on perilla oil is a better alternative to the existing was coating agents.

Key Words: Conservation of outdoors metal sculpture, Outdoors iron sculpture, Conservation coating material, Wax,
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Table 2. Composition of MSC-3 wax

Material wt.%
- Bee’s wax 5~10
- Carnauba wax 10~15
- Dammar 0.1~1
- Perilla oil 70~80
. W 45 s
Figure 1. R-wax. Figure 2. B-wax.
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Figure 4. S-wax. Figure 5. M-wax.
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Figure 3. H-wax.
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Table 3. Outdoor exposure experiment results

. specimen K R-wax B-wax H-wax M-wax S-wax
time(h)
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Table 4. Results of artificial acid rain experiments

R-wax B-wax

ecimen
. Blank
time(h)

H-wax M-wax S-wax MSC-3 wax

0 -

21 5h210] H]}od Ao ZhEa] o] A EIL ek, 28
5} T APl ofak B 27 H(KS B 0536:2005)
of #AE] Y= Wt FA E471= UAE 233, BA|
7] £0] 251 FA £73717F o, & Adeli= tAE
FA7] 229} vhak 7 23 7](Qnix 7500, Automation
Dr. Nix GmbH & Co.KG, Germany)Z& ©]-&3}o] wax I
S8 A share st

ofe] B& 2FE2 FBFA T 2F =) 7= &
A} w|H 7HR)= AEEHA] otok sl o] dihE 2 4s)
sforsk= o] 2] e lof wi¢- Fadt 84 F sht
2 233k shAt duta o2 IR 2 s HE A
& 9l o] TAgste] ojhto] A m|F<l SHol =
FAA SHoAA ARzl EAU EAH] ST =
o, o2 I 2FEY AR JHEATE =AU
7] wzell wax % F M 9l e = o) 1o fjsto] &
e H okt

A A2 A EA PHEKS A 0063)0f] E3}o]

L'a’" A 2] M AE*ab)2 EAISIACH, L'gh 9
EAGRA B0, WAL 10002 JER I, a9 b e
A =g vedis Agolth. 34717 B35
#|(CM-2600D, Minolta, Japan)S ©]-2-3} %t}

Fee 22 AW FE = 37 W (KS L 2405)9
F3le] P = =A7](Gloss meter 1G-320, HORIBA,
Japan)E o8- Z319. 21, FE = Z747](Gloss meter
Reading)= 34 FEAEE 71222 ALY BE=
71&5 10002 Hohy Egx21-e FAREY LED(EF:
880 nm) & ALz} 60°, 42347k 60°, THHZ 12 x 6 mm2.
2 0.199] 7k &3t

i)
N

]
J

=2} 3 ZHOIUX| &Y

A& A7 M2 EFEA] e =03 HE o A
Aol Z& T, ol F F3 2P| AT
g & 5= Jom, HEZo] 60° oFold Het 2
o] A= o] Al H FHo] FUsHA HEte] IYE S
ofulgitt. E3F HE2ke] 90° o] ol A= S
B5HA got FHE IR s AA7F FHA

N
rr
o,

o oo 4



2513 Wl AAto] Uehdt) 123 HEZ0] 00’ A wax} o] 9] S04 7|2l AL ol e wax ZEA| B

Ale &9 o] HA= FAE Aor|v, ol uA mE o AR Aoz dHEn, g2 Al vluwsto{e &
o] IEX] AL} 7] Fo] & ¢ HHI HojA Hr} &+ W W3 g 22 A7 P A Ql AL BT 4= 9t

A Uehdtt. T3k 1) Zro] 4kalzel 2 144 o

w2l A LoAe Aa A wh Fge] V1N 312 OIF AMH| A3
o] W] Zto] ZA koA Hrk. Q1F AMH] ALY ATt 24042 EkS] AT WSt By
T:

FHoU R T8 vhuba) o ¢z} Afo]o] ¢lEe] & & Table 40] LFERJG.o1, 96417k 23} 3 Blank A]H)]
718 AAske Aer YA 25 A2 SV ®Ho| FAH7] AR, R-wax@t S-wax7} A A 3]
B, S oA} Ropd ARk HARE elT  esfelo] Feol FASE AL AL T Howax
th. &, oj" Edo| WA 7t & B Fag AgH] gl oFd =4S
7 AFE S YA ), 2hoUA7 22 2 HoEQdek 192417k o] F 24 B-wax 9] =317} 2= 2]
TAdeE R eFSHAWAIRAL 23 )9 FAEel o1, M-waxe 216A]710] ke FRE X3P} JFE

o

r

o
¢
;
H
H

_%
N

. ot

_\ﬂ

2

7%
g

£

Foth 28 AL ALE7] ofFeh B BHAUAE 7 of F&0] FAHE A& GRSt o]F &A= 7]
dohe 28 3o FAYT BAHe] VoEE BHe 2o AREE 0l wax] w3} M sl A IE 4
AL A5 4= A 3t 9lglom, /g MSC-3 waxs =Z% 3 240417k 717

2 AT A= &2} 24 7](P-300 Touch, SEO, Korea) =817} %] ghe 302 shelgint.

£ 0]83}9] sessile dropH2] 0 2 S-S 7]7ho] Ho
=8 53| vhE £ & gagke AAEstglon, 24890 32 24 AF A
2% (distilled water, H,0)%} T] 2 =gk (diiodomethane,
CHb)g 71%o] Bolme) matel gefo) meg ggsl 321 WA =8
%} ke S22 Al 1034 Z7g3 & Hdighat &
270 Al QS F@ S AketE o H, £ AT} R-wax7t
3. A1 o ji 2.6 pm= 7P gr2 whakS A5kl MSC-3 wax7t
4.9 umZ 7F $712 utato] ®AJE|QIth. B-wax®} M-wax
31, 24 AMF Ao 7V 2zt fARRE B BAE HoFglon], H-waxet
S-wax7t 22} 3.7 pm, 3.4 um= [ARRE vk £A71 34
3.1 02| ZZ SN A HSS RlEtgch ko] AjHe mHAE At

ofe] = Y A} 2160417k T Al S FF waxd] FHo| wEh 25342 Zol7h Ao EE
< Table 30 YERH IO ™, 480A17k0] et & Blank  MSC-3 wax7} 7]&0] ARE-E|0]2 waxo] H|5to] Hpa =
A H 9| FAo] AZH YL, MSC-3 waxE A|&Jet 7|&0] A7 FAL A& FR1E 4> Qlck(Figure 7).
AREH o2 wax} S-wax FRA| K =87} A 2HE 0] A]

AH ol T}EH =X
70 ATbEs R RAlo] A A A Gy o = B ED

T S}A]gh 480417 O} B EE] 12004 7H7H] e Blank A A 9 FEE 2o AE T 1034 29 T A
Flol B AEel 71710 wax SISl Lol gep W% HATE AN RS AUt M= 537
ozt Bolo] BrMsE HER A3 AYH AT )

EAoR HRIEgOD, 1 o]FR wax ZHA|2) 5} L —
Fro] 24 wis opio] wha) Uehts 218 ghelst 4 !
AL} o] 1440X17H A 1680417k2] Z2 Aglo] 13 2
H20161 109 235 319 Afolof] sz 2] w]7} Y7 Lo M

7) w2l @G 7|7kt Bt Aof Abguls Wt T

o Al o] G & Ao wtET
ch|7ke] mUEE ATt BA| AHo] A AfdkE MSC-3 Figure 7. Measurement results of thin film thickness.



128 | 2=1155|X| Vol.33, No.2, 2017

f!’i& Blank

B R-wax
H-wax
B-wax

W M-wran
S-100 wax
MSC-3 wan

L*

030
0.25
020
015
010
n0.os
n.oo

[ Blank
-

B R-wax

H-wan

030
05 4
02 |
015
0.10
005 |
0.00

B-wan

W M-wan

0 3-100 wax
M3C-3 wax

a*

Figure 8. Measurement results of L* color changes before
and after wax coating.

Figure 9. Measurement results of a* color changes before
and after wax coating.

[ ] Blank

B R-wax

H-wax
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W t-waz
S-100 wax
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b+

Figure 10. Measurement results of b* color changes be-
fore and after wax coating.

[ Blank

W R-wax

H=wax
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B 5-100 wax

z I

AE=ab

MEC-3 wax

Figure 11. Color difference results of before and after wax
coating.

Table 5. Measurement results of contact angle and surface energy

Contact angle Surface energy Dispersive Polar
(©) (mN/m) (mN/m) (mN/m)
Blank 108.5 39.8 394 0.4
R-wax 104.4 30.9 30.9 0.1
H-wax 102.8 35.9 359 0.1
B-wax 105.3 373 373 0.1
M-wax 102.9 38.3 383 0.1
S-wax 103.3 35.1 35.1 0.1
MSC-3 wax 64.9 52.1 43.6 8.5
B Peg ekl L ghe 9 A Anbulmslel BE 323, M52 9 HRO|UR 58
Fastgon, Bwae] Zuge] 18.1 Faste] B AEL L BAUA 53 AW 35T 33T F
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Table 6. Surface adhesion of measured solution

Water Diiodomethane
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A -
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