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ABSTRACT Plasticizers, which are added to plastics, can cause exudation, which means that the plasticizer comes out
from surface of the plastics. This causes the surface of plastic artworks to become sticky, and this allows dust and pollutants
to become attached to the surface. Therefore, in this study, the degradation characteristics and chemical cleaning methods
of each type of plasticizer are evaluated using PVC specimens. To evaluate the degradation characteristics and chemical
cleaning methods, microscopic observation, chromaticity and weight measurement, and FT-IR spectroscopy were
performed. The results showed that PVCs containing different plasticizers have different degradation patterns.
Especially, the PVC containing TOTM showed discoloration and exudation. In the evaluation of the chemical cleaning
methods, ethyl alcohol and KOH solution showed good effects, but their stability was not good. Surfactant was found
to have a good cleaning effect and stability as a cleaner for exudated plasticizers.
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7taAls EAE Y 7k S Sk f S B
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7] W&ol 2ol Hlm A ofsirh(Wikes ef al., 2005). w
kx| SefiEo] A3tEH 7| 9] A o] WAlEHA
o]= F]dl(volatilization), S=Z{(extraction), ©]3¥(migration),
AlZ(exudation)?] Y] 74| §F o2 FEETHMarcilla er
al., 2007). 32 7kaA7h 71815 0] 37] o2 &4
£ AL ojulait, 223 o 217t BaH oz Hael
Sl A 1A S0 FpaA)} ol Eake @Al
AEE TReA} BekaT o) B 912 WAL BAE
A A=K Marcilla et al., 2007).

dl 71 $9 5% Andons Bohae E Uy
7haA e ATk AT A AFY f4a480 A
slE|o] mhig fIE Aol Fokxith(Shashoua, 2001). 53]
4% WA PASE F EACE BALE F1AA}
o3 A, A9 LHES RSt 2% &=
o]ojd 4= gt}

2 7kaA] 4bEol tie BETE oA 3"
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2.1.1. PVC
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EA|(phthalates) 7}4A]o]thKim and Gye, 2017). L&}t
Tt o] EA| 7kaA7F WERA s 4o7|= 5 A
SAlBlh ARo] SLRiATAl fEolAE 1999 e,
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A, = Absorbance before degradation
A, = Absorbance after degradation
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Table 1. Surface before and after aged under UV light(x40)

Type of Period of aging

sample Before aging 1 week 2 weeks 3 weeks 4 weeks

Control

DOP
DOA
TOTM
£ Sjlsl] Sio) AN ol St mw T, A 27,
5 At s 2 s FeskE 24 9 FTIR #4918 A3stgle). FTIR £4
F5a ler aged for 3 weel
% e £ Afteraged for 4 weels -2 scan range 4000~600 cm”, resolution 4 e, background scan
% number 24, sample scan number 242 270 2 A A5} T},
Q
%
& 20.00 =
3 IH 3.z i nd
o Control DOP -;o?\ﬁ TOT™M 3.1 7|-'+'xl" Eg%% %il' Eg

Type of plasticizer

3.1 XM Hat AlHO| Hat £

O BH EY

Ak o2 48t 7|7to] PolA4S Ew ado| 37}
stlom, olHgt AR 7aA7E H7HEA] 2 R

o N . _ A 7P FEHAA Uehdth. 7keAl7E 7 Al F
o} A3 LT 23A getsto] 7FaAlE HEAR o] A= DOA A7} AlHe] B9 8 Ho] vjm =)

t}. o] FAAL Hell AIFAE FhAA A BFez 3 7}AaA] A2 AL TOTM 7} A Ho A 8-l el

3] AHslct. AAA) &2 SAIAL Ho] &ds] g4 E19]Th(Table 1).

T e &2 34 T AT AE T A" 21 Al AZp= DOA 3d7F AlHollA 7H vln|stglew, DOP

A7} ZAFEA GrE AxE FAA H T2 SFeol 7} A H 3} TOTM A7} A|Hojl A =] UrelgckFigure 1).

A4 FAAFH 2 g ¥ o] gohfiglt 22 A7 7P A vehd d2 19 B e
AEE 7EaA 9 A|A o7 g A ZA of o3t &4 of =59,

Figure 1. Color difference(AE) after aged under UV light.

2.2.4. N&A X8 Hot
N& B7tol= TOTM A7} PVCE AREstgct Q2 &

T



o

H3tE

Ga7|7ro] F74e48 st ehFigure 2). 4
F 9518 71Ro R GaRY PG 196%0m
ol PVCY st whgel o Aoz wastt,
DOP2} TOTM A7} A HL 1.00% o]3te] 224282 B
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2] 3000~2850 cm™' 2] CI-C-H 237} 600 cm™ -2 C-Cl
Azte] FPwr) ZaEgen, 1700 em'S] F4wst 2
7Vt th(Figure 3).

7haA] H7F AW 1730~1710 em’ B3 7F2A] 9]
C=0 A o3t A2 2, DOP, DOA 7 HL G}
oJgt ¥skrt giolct. TOTM 7 AlH Q] -9 43} 152k
o C=0 2% FF=7F 23kt 2335 E thAl S71
Sttt 600 e oA UElLE= PVCE C-Cl 23 5%
T AR s A S B ook (Figure 4).

PI A== A £579] 7FAA] H7E AlH 2% 1534 F
23] stk MRt 53k Ath(Table 2). 53] DOA
A7F AHE AA g3t 713kE S5 PIVL 7MY T
TOTM 7} Al |2 3Pt A=A PI7} vl 54 3]
‘&5t

3.1.2. 12 3} AjHo| Hsl EN
O =¥ &Y
Aol Gt Al v R detdas 3 8
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W After aged for 3 weeks
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&
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=
z
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0.00
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Type of plasticizer

Figure 2. Weight loss (%) after aged under UV light.

o] Z7latgtt. T BE AJHO| A 7hAR7F AEEA] gk
TH(Table 3).

AR} 739 A FFO kA H7E AW B 9-11 A}
09| Gl A= S Byon, thRFoAL Az} 50 o4
o) bl AMo] WAYSHS{th(Figure 5). 7HA1E A7}
17] oh2 PVCE 20] -9 o 2 0.2 ghehee.

After aged for 4 weeks

After aged for 3 weeks
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After aged for 1 week

Before aging
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Wavenumber(cm‘1 )

Figure 3. FT-IR spectra of unplasticized PVC before and
after aged under UV light.
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Figure 4. FT-IR spectra of TOTM-PVC before and after
aged under UV light.

Table 2. PI (%) of plasticized PVC after aged under UV light

Period of aging
Type of sample
1 week 2 weeks 3 weeks 4 weeks
DOP-PVC 931 -1.13  -4.10 3.37
DOAPVC  -1345 -8.05 -6.12 -5.06
TOTM-PVC  -1327 -333 10.01 13.73
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Table 3. Surface before and after aged at 80 C (x40)

Type of
sample

Period of aging

1 week 2 weeks

4 weeks

Before aging 3 weeks

Y

Control

DOP

DOA

TOTM

60.00 12.00
W After aged for 1 week W After aged for 1 week

. 1 After aged for 2 weeks = After aged for 2 weeks
g . After aged for 3 weeks B After aged for 3 weeks
Ué 45.00 1 After aged for 4 weeks . 800 [0 After aged for 4 weeks
T =
= 3
o ]
© 3000 2
= =
© 2
pod (]
S
G 1500 =
) ol el el |

0.00 - -4.00 T T
Control DOP DOA TOTM Control DOP DOA TOTM
Type of plasticizer Type of plasticizer

Figure 5. Color difference(AE) after aged at 80°C.

UrehgthFigure 6). DOA B7k A1B9] SRz4g2 2]
A @3t AH3t FASIEOL DOP A7k A BE A9 &
o} chu] o 26) %7 Uiebgte). TOTM A7} AR 43|
7o) Bol 4% FFo lAskA Z7Hsksict Rz
A EF 7HA B2 AT RS FFRAE RGO
o 7h2AlE B gL PVCH} Atfd oz e 3
oFghe & 4 9giet.

Figure 6. Weight loss (%) after aged at 80°C.
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f2Ze wedsles BR2o] €3t 3000~2850 cm’
CI-C-H A%} 600 cm™ 22 C-Cl At T4=7) 7h4
B}ﬁt}mgure 7). 2Ev ALl dsiet fizdate 2
1700 em™ o]l A PVC Ak3}o]] 2]t C=0 A2 4=
£ YRR g9ttt

DOP2} DOA 7} AL 600 em™ o C-Cl 232 &
Fwot FAadhe o] Bolu Myt o g 2 xjole &
=R ekokrh(Figure 8, 9). TOTM H7} AJH E3 &3}
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Figure 7. FT-IR spectra of unplasticized PVC before and
after aged at 80°C.
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Figure 8. FT-IR spectra of DOP-PVC before and after
aged at 80°C.
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Figure 9. FT-IR spectra of DOA-PVC before and after
aged at 80°C.

A52 Rol7k Yo om FaA A& EA ot 7haA
5)=19] Y Wt L9iek PI) S TOT™ A7k A
e ZHAEE A Aok L HIATK Table 4).

B8 A& of

Table 4. PI (%) of plasticized PVC after aged at 80°C

Period of aging
Type of sample
1 week 2 weeks 3 weeks 4 weeks
DOP-PVC 8.73 4.14 4.15 2.20
DOA-PVC 3.46 -0.81 -1.10 -3.58

TOTM-PVC  4.76 5.97 5.58 1.43

Table 5. Surface of TOTM-PVC before and after clean-
ing(*40)

Number of times to clean

Type of

cleaner Before 2 3

cleaning

Control

Distilled
water

Ethyl
alcohol

KOH
solution

Surfactant

Commercial
cleaner

DOP, DOA 37} AJHE 1123 Zhastgen E3] A4
Q37| 7He EE 0] DOA A7} A He] PI7} 714 wrarc),

32. MN HE @I}

32.1. EH EY

QE2LANHAE AHESHA] GFaL AR A 27k A1)
I FRee A A7 A AF AIFAE AlHaw
7} mlulstgint. Ade g, KOH 4=~8H, AHSIA <
o2 AIE 2zt Holutth AUSAAAZ 33 AlHT A
He] xR AHA7L 2hRote] Seter FAEPC
(Table 5). A& -3 M= oA S50 Al EA 25 #st
7} A 9] §1Ich(Figure 10).

3.2.2. HgIE
24 A AFA7E PVC Aol vl A= 93

o,

AT/ olf2L, HEX | 165
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Fehas HAHAES UAskgch BE A F Wek
o] 1% ofthz Lheh 217} PVCo] 9k m1X17) ghe
< ISHgITKFigure 11). 2 TS TOTM H7F ABL
O R AN AT DTS o] AR ABE oF 3%
o] F% a7 HAISI O m, KOH 4§ sk Al A0
WHNZ ABE O 0.6% Fo] Z715t ek Figure 12)
FHARR AHAE ERAA AT Ak Figure

10.0

Color difference(AE)

Control Distilled water ~ Ethyl alcohol  KOH solution

Type of cleaner

Figure 10. Color difference(AE) of TOTM-PVC after
cleaning three times.

Surfactant Commercial cleaner

W After immersed for 10 minutes
= After immersed for 1 hour
B After immersed for 6 hours

T w0 [ After immersed for 24 hours
T

<)

c

- ==l EmE mmfi = Bf Eiﬁ

= =

b=

2

]

= 200

-4.00

Distiled water ~ Ethylalcohol  KOH solution Surfactant  Commercial cleaner

Type of cleaner

Figure 11. Weight change (%) of unplasticized PVC dur-
ing immersion in cleaning agents.

400
B After immersed for 10 minutes
=1 After immersed for 1 hour

. = After immersed for 6 hours

X 2 O After immersed for 24 hours

T

o
=

.‘g 0.00

S 1

=

=}

(7]
= 200

Distiled water  Ethyl aleohol  KOH solution Surfactant Commercial cleaner

Type of cleaner

Figure 12. Weight change (%) of TOTM-PVC during
immersion in cleaning agents.

137} et oA FL, KOH 489, Al A HA| 2 A=
S Al EE o] wAlsHA sk, AREAIA AlA
A2 F7Fo] F7 et A& HATh

3.2.3. 55t EN

1700 cm™ oA 8 Uehhs F403E 714
9] C=0 Aol o3t Ao 2, HATLE A A3t A Ho|

mm—After cleaning 1 time
== After cleaning 2 times
. After cleaning 3 times

Weight change(%)

Control  Distled water Ethyl alcohol ~ KOH solution  Surfactant Commercial cleaner

Type of cleaner

Figure 13. Weight change (%) of TOTM-PVC after
cleaning.

After cleaning 3 times

After cleaning 2 times

After cleaning 1 time

Before cleaning

4000 3000 2000 1000

Wavenumber(em™T)

Figure 14. FT-IR spectra of TOTM-PVC before and after
cleaning with ethyl alcohol.

After cleaning 3 times

After cleaning 2 times

After cleaning 1 time

} \_Before cleaning

4000 3000 2000 1000

Wavenumber(em™T)

Figure 15. FT-IR spectra of TOTM-PVC before and after
cleaning with KOH solution.
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Figure 16. FT-IR spectra of TOTM-PVC before and after
cleaning with surfactant.

A AH R4t 7R Sg Wa20) FHwT} st
SArhFigure 14). T2t} o DLm L} o2 AR E
37} Fol5tel KOH 4-golat AU A A2 ABL 3
o} 1 =2.9] W3pr} ujn|skth(Figure 15, 16). 23|13 3500
~3000 e, 1635 cmi"oll 4 25 AHAL] S5 ATt B
AEgict & ARIAA AH ABL 138 AH F 23
o BE AmEolA W5 A=A Edo] HolA] okt
o}, Wn) T A AHAL R o] Seluls RES
A2 Atk AHA ] O3k 32(1630 em™)7} hebgtek.

X

4,

] Yg7

a3} = P A 7haA] S5l whet E3t gadol
oIt Felstglrh. e 239 Aol 270049 4
3} ol Zpol7E Atk o1& FobehH TRt At

PVCo| DOP 37} A] #Aof Fefsht A o= F=F
HAaeT} PLHSES WIth 5 Al $57 Al 5 7keA|
& AL 7P We o2 wdEe ol Ao 27
I} 1.8 271 BE SA3 g

DOA 7k A H-E 2He)d 2300] ghste] A@strt A 9
AT T2 E3F 220 FHQlol Al TF AHE F F
& dagol 7P Ekon Ple 7P Welth St 3 2
I 7HeA7E AEEA] G EE DOAE U EE BF
o] Zstra dET

A3HE TOTM 7} Al Ho A= WA o] WSS &
F & Ame Weko Aol daldt AlEoA] 7haA]

AF2 Aol ek,
olie] A3he 7t 7kaAY B4R PR A0 R 1al
Tk DOPL Seju|ole] 4g40] 7P & A2 2l

=
e

A gem thE £ shamlel e Ao BAw

(MW=391)0] 3. 3l DOAL BAHMW=370)0] 714
Wtk E8 DOAS EF ofe]slo]=A) 7h4aAl= DOPS}
2o mgdlo|A) iAol Hs) WKl I Huy
9 o] o] =t B E vl Qlth(Mark, 2013). TOTM2
Al 727 % BAFMW=546)0] 7P 201 (Wikes ef
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