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A Trend and Market in Eco-friendly Plasticizers: Review and Prospective

Eunyoung Oh*, Baek-hwan Kim*****, Jonghwan Suhr#**'

ABSTRACT: Plasticizers are chemical additives added to polymers to have a desirable effect on mechanical properties
such as processability and ductility. In this paper, we explore the use and market of eco-friendly plasticizers that can
replace phthalate-based plasticizers that have been traditionally used in the plastics market. Bio plasticizers are derived
primarily from biomass sources, including agricultural products, by-products and wastes. Regardless of the source of
biomass, an ideal eco-friendly plasticizer should be non-toxic, have high resistance to volatilization, extraction, and
migration, have good compatibility and compatibility, and be economical. The global bio plasticizer market is expected
to reach USD 2.1 billion by 2030 from USD 1.3 billion in 2020, growing at a CAGR of 5.31% from 2021 to 2030.
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e -2 tof g 8l A i ek o] E (Di-ethyl hexylphthalate,
DEHP), t]5¥l 2H]|o|E (Dibutyl phthalate, DBP), 12 H
g ZEHY|0] E (Benzyl butyl phthalate, BBP)E “R-=527%2, t]
0]4rd ZEHg o] E (Diisononyl phthalate, DINP), t]-n-2-
g xghd| o] E(di-n-octyl phthalate, DnOP), t]jo]Ad| Al i
=+ o] E (Diisodecyl phthalate, DIDP)E “WZ-E27"2 2|34
sho] Hefstal Uoh(=EEd Y, 2010). 1A 27| F& o]
o], Fobg-#Eol FAHEHUA o] EA ZhaA= A
A7HA] e (H 4], A 5) A-G=HA 2 o] EA 7t
2xAoll et FAI7F HAA A o= ZFShE A QleH2].

olo] wiet o] EA TtaAlE AT 4= e W
78 7o) AP AL R A AL Qe F2H Hlo]
Q TFAA AR 20204 139 oA 2030714 21
ggo] o]& Ao R AtEy, 2021 9| A 20308714] 5.31%
CAGRZ 4T Z1 o= oAt 3].

A&7 & SR skl 2 AREARS SHA A S ¢l 6l
ARl ek 7haA o] 8= EE Frkskar Qlok A
PAREA o] W= Hpo] @ ZHE A|E-S A AlA At
oF 47%5 ZFA|FHH4].

2 =wolAe ST 2R fei4 =gl HaL Qe
7|& o] EA 7taA o] @S B8l o] & A
4= Sl A vpol e 7|8k 7hAA| o] thekgt vio] @ uf A
ax2xof tfsff a7 ek} Jheh volr Z A A Q1 viol @ ul
A Aao i3] n@staA) o).

2. 2 B

2.1 7ZtaN9l 72 K o2
£ 9 2 2 3513F 24| o SH(International Union of Pure
and Applied Chemistry, IUPAC)o]| W2 H 714A =
3, A e WS STHAZI7] f18l Aol S
LR LEEIDERC L EE T
A At Al 7] 54d0] a5 = 3-8 EokolA a2
A} RS AET 5 YER ALTE AEY A &
K42 MBIk RoltHe). HaAls B3] Sebaw Al
FollAl FH A AHEE ol ek AA 7Fa3F S0 of
3 HAEE o B2 2 A AAFSR oF 1000 71429
eloF A7} ST 900 o 0557} 25, 2
2}, AH|A 2 A S chopal HokolA] AFY M o0& =5}
A AFSEICH7S] YA 02 NS b2 F 0%
2] F3}Ha]d (polyvinyl chloride) AAto]] AREEITHI]. ©0]&529]
it D5 Aol Eoll AREE 1, 7haA] 424 2] 2| Y
Bs gy Fig 19 2o] BBoF A Aot 2] (Asia-
Pacific)o] 7} 2 4w 2ol 0 2 mpobElc. 2 1114 o
29 Fo, Y, o] ZhaA] F o AlEY] o 4
H] =70 TH10].

Ao BRE dwHos Ba, e, % A8

ox Hm r{r

o

= Asia-Pacific ® Europ = North America = South America = Middle East & Africa

Fig. 1. Plasticizer consumption by region [9]

w2tk FAFS 500 7= o 2 oh, o] S Ee] v g
(polymeric), ©]3}+= %=1 2] (monomeric)o]2}al $tc}. &
gof tE £RE2s Wi Be oF 7tz 27E 5 3L
=, WE 7Fa A= 5948 S7HA1717] flste] Eey
EE pLe S S o R WEths A8 Taleh v,
92 Thar et §e4E Hoja )t Eeluiske) uh
gofl o8] s}ah o 2 Wslolx| e okl A4 o] B

o 4 7|9k o] A o] $-45te] THE 02 AL o 4
Q= U} 7pAaAE RE2q, de Ao F VA4S a8
o WolAlLh SA o] A5 Rolshy] $is) YA rhaA}
A AHESH= oA} ZhaAl 2 ERIITHILL

ZtaAls aEA 712 A 7EE o E2E 71AE 54
IS =4S 4= St o] WAY S-S 7HaS}(plasticization)
= RS P B akiel e e B i ) A e
HaAA g glo] ALEAte] My §8she LA
A A5 A A 5 SU o =24 WA TH12]. 2
Ao 72 7taAles W, 7HAd, s A 71 AL
ufof] whet H|-§-o] F7FFhH13]. 7FAaA| o] a4 EAJ o=
= ALEALLO] A8, v o] AL, F7| el won, 7t
23} @&o] Fofof gtk 3t A8 v T oA
SEo] FA 2 Hull S0 F A shE o] Qlojof sal, &
F 580lA AHLEA AR EFETO] A 9 )
50| A3t HHE RIS A& ulgteh 12l
Fgt }%*éf_’_ 2 A 294 ‘34 71AA &=l A
3 = Ao g Hix|o] QJT}11].
| o] BRI =R £1] A8l 2 FFS
n) Zleh d¥kA o & FApgko] 550 o] 4fo] E|H 7pA3t &
22 EZ3SH VA U 2ol ATtEle] dEFoR ¥
A 9 7|AR 549 AskE 2A; T 4= ok EAFe] 300
ojglrt B 7kaxA| 9] 7hadt B, 7 H 2GS ¢
TR 7HaA| ©] o] 8 (migration)o] WAYSEAL, ZhAxA] A}
A 504 71Q1%E A 71AA 544 Al QAISHA = o]
HFA R AFS 75 AAsHA Hot wheba 2# 9 7t
AA] BRFS 45004 500 JE=o|ch[11].

7HA 9] A AU S-S 24 o] & (lubricity theory), 2
0] 2(Gel theory), 18]31 A}-§ A& o] & (Free Volume
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Fig. 2. Mapping of plasticization theories [17]

theory)22 Al 5 9lrh[14]. 4 ol 20| nf2w 7haA
A TEA Yol A FatE o] DA ARG g
A7l B Qi oo ol 7324% TS oA
Astel #2148 EATH15]. 2
el Ak okt 3kl %“J%%% A stel a7}

_o_
QoA Sl 202 AHIE. 2R A f A
2 o] o] MR WolEeI A1 glow, ol IEA A
7R B B 7H0) ABAEOR AT A AH F
hz oMol FHEH: o] 2otk A4 AH o2 B
#ste] 7t o We 24 (side chain)9} 2eh7] (end
group)E F7}5H Fig. 20+ Zo] o5 W 3o M5t 1
£} ul3o] S5 ETHs]

1=0

2.2 ZEHHO|EA JtaX|
ZheA7E £ 2 A SRR AbE ] stet A o2 A
FHe|A] ko o] 3 (migration)S S8 LEAS WL} 1B

Apo) uhg s SR B4 wistel 79 o) oS 2
AUTSL DEAT 4 ZA2 A 3 o

o ofah kA Fe JBARa sl »
2, Fe|93h]d (PVC)

s mlmr
z

S = vl
I -2 AR ARe] - ‘ﬂ*é L ?l*éﬂr e 54 FoE 4
3l haAzt Bask A, At 2AEE 1A &

22 ey o] 2w Algtso] TeoE sha
A 21500 B Ao A B 02 Sl et o1

2 9| ok Helxl A Auk medol=e] 4

- X
Q1 it wet kol tigt 25 =<Ich. 53] DEHP
(tJ24 g o] E(Dioctyl phthalate, DOP) 3Z38H)+= HFQf
49 54 AT} Qe AoR WaEgick2s). 2008410

L DBP, DEHP @ BBP7} 14 SVHC(1}-9- £ %)= 22)o]
SAE AL, 7 5FsHE2 A (Buropean Chemicals Agency,
ECHA)o|| oJ3ff 17t & ol th3t 54 o= v Hoh29].
olofl HUollAl= 652] o] E 71441 DOP, BBP, DBP,
DnOP, DINP 4! DIDPo|| tfsf & Agt 24 = F31ska
pom, JR BAHE A ek AA| A o 2 npi 5o
AlgY Folth. =W, FrH R 1]=9] A5 ofglo]-& &5HA|

Table 1. Restrictions of phthalate plasticizer

Classification DOP | BBP | DBP DINP | DNOP | DIDP [Enforcement
Toxic
Chemicals Poisonous Under observations '06
Control Act
Quality Management
. and Industrial 0.1% or less for toys for infants ,
Domestic i g 07
Product Safety and synthetic resin products
Management Act
Spei\‘/I t1 i:atlinc:n of 1.> 30 03 o > ? '08
ifi
Food Sanitation Act mg/L mg/L mg/L mg/L mg/L mg/L
EU Ban on all toys and some baby items | Ban on any items that may come into contact 07
(0.1% or less) with children's mouths (0.1% or less )
Candidate list
REACH (E - '10
Overseas CH (EU) (EU Hazard Classification)
Permanent ban on the use of chemi-| 0.1% or less for The temporary ban on 09
CPSI (US) cals for children under toys and childcare the use of children's 18
12 years of age products chemicals is lifted

REACH: Registration, Evaluation, Authorization and Restriction of Chemicals

CPSI: Consumer Product Safety Improvement
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8-S Table 13} Zro] ZX|&}ar QI 11].
Zereo]|EA ZhaAo] thgt A 9 e f-5i/d
=ho] ABtEHA, o]of et thA| A AF7F Es] 23y
Folth 2719 A e A& B g o] EY
A 25 @A HE ohs W o R skl
HE o] E 7EaA|Ql DOPE #ilAl -529] @ =4~ (ortho)
Aol FehEo] 27 A Fx22, 53] PVC 442} 4
870 Fpsto] IR = FHASHA AREE o] g
5 w7l A= FAIR A8l ARg-o] S A= At o]
gt A= A= oeh(para) $1x| o] &gl 271 2
e G2 <1 H g 22 o] E(terephthalate), & t] 5E |
¢ L etd| o] E (Dioctyl terephthalate, DOTP)E 2187 7}4
A2 A}g5 gick. DINP 19l T Abo]FR8IAL-1, 2-
72 E-Al g o] E (Di(isononyl) cyclohexane-1,2-dicarboxylate,
DINCH)= @A #d ¢lstA &=L 3lem, DINP7} il
A 2] e =4 9|0 2719 k=d daEo] AjtE o] QL
= A= g DINCHE = &3&9] 9Jx|et /e &
Far WA ALz F9]of] 4243143 (hydrogenatio)2 A]#
A% n3heE R A f7lEoloh AA Al
o4 DOPe} DOTPE A4 A& &4 &
2to|7} Sli= HiH DINPS} DINCH=Z A|2H #|%2
Aol A9 gle Ao=m e A UH30].

olo o
ot
>~

Job

ol

Qo]
=
o

e M N
o o ol o

2.3 R&tA TIaN

Hio]l @ 78k 7k A= 2 F4=9 fabEoluy #7]
24 E= 4= T3] o7 ol= F&, AL AE U
5,0, i B grlE0 A2 ook s Apdol &2
SHETh o] A el He TtaAl = A = SAS T
579, aEAkete] ettt E3bg, YRk MR EA L] 1|

£, A BE TSt £ WA, AN Solchn).

231 A8 o 7|8F 7kaA

5 B8, HubA 5 oA & bR o R
A1 E0 TAF A Hjolo| A FEE= AlEAd LY AAA
of de] Bxrlo] QITH[32]. A& Y2 A 7+ = A
a1, A& 7E 7hsshe =Ado] W) ufZoll AAY 7Hsgt 7t
A2 A S wkar Qloh[33]. gt AJAH]8-0] A5t
AR Aot AlEAd @Y Fig. 33} o] §:x]4 A= o
FoA FE2EH &5 FHe A2 uba} oheFst
AAE 2408 7FR| AL QITH(34].

A LU AR Bk o7 2 Z|A|E (glycerol)
T} opefst R RAko 2 LA E E g F 24| 2] = (triglycerides)
= EgolZE Al E(triacylglycerols) 2 G4 TH35].

AEd Y2 AAH R £2 VAR W E= F 7}
2| g5k Aol Qdtt. (1) A AR&o] ALRA AR Afo]
of Akld 4= QlaL, BAF 7HAS S7HAI7| AL o] 5 7t

AL = e, (2) olAH = 1E (ester group)o] ILEA} A}

Oleaginous plants Trees

e ®

CASHEW NUT - govpEAN  CASTOR BEAN

SHELL

PINES

COLZA  SUNFLOWERS GRAPE SEED

LINESEED

TUNG TREE

Fig. 3. Oleaginous plants and trees [17]

LI AT g W SIS AL EeZeeE 7
Zo|H Y] F0 WS $OI9l S| 2HE 1F o] F
AL RS 4 Uk o3 WS $919] 2L Fig 4
of ol 124 o AT FHA SRS F7HIE
L asteh webd, ARE FAE L A ol 2E| 2 of

2H27]9] o AH 2 wE ¥ § 7FAaA R AREE 4= 9l
th A o AHIE E= EQS AL o]F A2 o FA]
3} W obAIREE 4 9lg B offel Y=l 1S (Diels-
Alder reaction)o]| A ¥H-2-8F 4= QIt}{[34].

Algo] B7Fsstal URbA o2 SPE Ao AHSE =
S (castor oilj= O[F 2T, o H|E. B 2417] (hydroxyl
group)E 3ot =53 EARE 7HA AL Qleh(36]. 2
Ao 2 A Ao 2415 BERS T
Ale] A%o] Gk 2 olek. wWebal Zhang H. 9] 2 <
FAEL o2 T /1% TEE AHgSIo] TG Bl
F7h 34 188 QISR A7E QAT o IcH37-40),

o= (soybean oil)i= 37]9] o ~E|= &, 5719 o|F

4 71 &4 A& (alkyl chain)S 3ol =53 &
A 25 7M1 AR FHesa Adehe el 2ele]
o O B o EA S 4 Qi o sE| 270 2
323} o] S AR 7HAAL Qlof ZhaxA] Al zo o4l A
Fo|t}h[41]. Chen J.9] b0 Wha™ 7HaA| o] 54 15
& 7haxghol| =go] Hth42]. Jia P= thFfol HelE =
Aol EQL ATl WU Ed (diethyl phosphate and
phosphaphenanthrene group) <, P3H-5-7]& =3} Wl
4e e S Azels 5 gEsE YR ol Al
T+ Hiol @ 7|9t 7k A& Al 25U TH43]. tH=F-5 AHE
g ZhaAlE oln] F84 A7 AuHgens 3
7o) 27U F2 YEg 7l oAl 7155, AR
Z AA 2 37 23] deh44].

F6-(Tung o= $5(]BOFUHR0)H 420 54
2RY YFT 7IFolch AR B &89 4 =Ml
O] = (tung oleic acid glyceride)2 S| AH|2 7|9} £33} o]F
AR AT Uk B4 sek 720} obg BHeo
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Triglyceride

Trans-esterification / Y, Madifications of
/ % double bonds
R-OH \
A
> 0 o
R-ak 2
OoH 9 Py Y
Epoxidized lipid
HO. A OH
G o Ohc
Glyeerol R0 I
o Acylated lipid
RO - OR OR'
s} O~ o
Fatty alkyl ester RO -~ Y
Diels-Alder adduct
o]
R = Ayl or O"R, R = Alky

o
O"Ry

Fig. 4. Lipidic derivatives coming from vegetable oils [34]

2 Q8| =4 7taAlE tiAlshs 2ehE 7haA] Ao o
22 AASIrH45]. Jia Pi= 575 YRR ARESHe] o FA|
54 710 HAE @] S8 A A4Sk ska i
gt Rkg A 25 ARt o] A= el AA Rl o=
£8 7Pk 7R Aeke B ofzh WE kg 2
2-got=tl  oJu|E A'dr}[46]. Chen Ji= & 7|4t
FZAIE LA (tung oil-derived triglycidyl maleate,
TMTE)& A|Z£35}aL 0|5 /-8 DOP2} H| L 13ith. DOPY
X TMTER 9415 PVC BES 5718 & 944, 714s)
an, 38, A4 2 oldolA HEAS UrERTH47].

o] &]of| = sfjutetr| (48], AFE 23}k (jatropha oil)[49],
235 R] 8 (cottonseed 0il)[50], 11 F-ZEA}-8-(rubberseed oil)
[51], Z2]aL oFAH3-(palm oil)[52] E3F Edkgt 171 2138
&3 Sl

AlEd LU daes oA AT 2R A, okt
T W AYT ugoR s ojHel WHE s
oh A g7HA] Hare AEAd FAA 7aeAdl=

o} o] WA wheaha, 14 A 71| dAsAL

AwloglA ok ER ABA 2o 7 e e
o ojHe] 27} 277} Wasith o s A

FAA A2AY Al FHE T3 WA 7paA 2]

e AW EES AATTH Sjg ool WA A &
S}

232 AE 9 HEZ A 7|Hk 7FAA)

A E(starch)T} A E 2 @ A (cellulose)S &3 3}o] thdH
(polysaccharide)2tal 3tt}[53]. AE-2 =2 & (cereals)}

i (tubers)of| Al A1 AEZ @ A= ITHF (straws)e} A
4 (cotton fiber)ol| x| =3I}, thd 72| 7hpetal] &, ot

of 27b2 o YILE olojd 4 3
o} o7|oA AFE & dagol= A& (glycerol), A+
A 2= (xylitol)o] EZ3}IEIC) Adhikari B.2] ¢7to) w2 &
Al ET AL &S A& FEANA o U2 kst &
72 Lhehuicsd). cha o) Zle Rl ane Euge)
2 S A= o] AL EH| = o AH| Z (isosorbide ester) o]
o} o] o AaH| 2= rertoll A e RS, iAo
R kLI L EPRSERRCES
(heterocyclic diol)o|t}. o] A2 =GO A2 HE A
Of Az 2] (sorbito) ] 0] e} T AojHITH5].
S ol et 82 FhaAlE SR BE Faatol
THAE FEAIAHLEZN S5 0] ks 8 ©xdo] &

U= ATH10].

2 agRst 44
5

233 FA4EY FAE 9 HrjE 7N kA

Hpol @ FA 0] H7j& 9 FAHES ookt @At 9 &
Az 3t 7k 2 HAE Hojgith of 7] o= B
(tannins), SEAE, A5 9 AEZ 2 A HI A (sugar and
cellulose bagasse; FE52 #11 'F-2 7 7]), BE(wood
flour), &4 (rice bran) 5o] 3% c}H[17]. Kaspar H.R Ex= E}
& AHE 9 232 E S3kEoA 71 7taA= A¥
3l v} Qlth[56]. Shaikh HM.& Adeta} AlE2 0 A WA
£ NAsH] AER X oMo EE 7ad)sto] ALE-S)
ATh 3, Azwar E. Aol A ST A ol A aAEE o
2HE 7IAR Ao, & AnE HolFqit57].

Ho] @ Zha A AF ol A E thE A Hj A ¢l Blo] 2 uff 2
= 2gAlEeIH SYAIES T84S "ot 1Y &
271 &= FAE Eel&(polyo) 2 7Hhs] A ojEm o] 1]
=3 F- oA AT oF 957k Eol vpo] ety FH o] FAF
=2 doXn17]. FEAES drd o2 HE FEA
7kaxgto| S8EE Aor dA UTH58]. A8 W AR
a4 B9 7hastol 7} Wol AFE = E2l& 5 skt
o] [59-61], u|= A]&-2]9F4Y (Drug Administration, FDA)2]
AlFE 7R SQE B ok SYAIES 12 WS 7t
v, 5744 9 vgdgolnt62]. Ee& HARE (HES 5
ZEAZI A 5 4 A F A7 TEH O R Q)
aAQl 7kaAl = A Slekes]. 2 AIES Hrte A
2O HAAE A7 Wit A=Y FA48= AlSst
H F3} 7)A] 25 (onset temperature for gelatinization)& &
7FA1Z1Et[64]. Bourtoo T2 S A& 7FAAR ARE-SH]
B AR S| EALO 2 HE 557] Eakgo] £ YR A
5 THEAUTH65]. Liu H. A AE-7|EAF &3 455
Y SYANES F7FeHE I ATt Haskar vk
Algo] F7FethE A& 94d83lrH66]. Hosakawa= =
&S AHEsto] 7|BAMAIE R 0 A Bt 7Faskgl
o 23 59 AAEE 7taA] vl wek S8R
=2 oA e A A=l I BAE B st

3T

N
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OH

R
R= AN ~ 5%
NSNS ~40%
NN NN ~ 159,
NN TN ~ 40%

Fig. 5. Chemical structures of cardanol’s components [77]

oo BrgoH67]. 2 Aol EE S YAlE A=
7HeA| 2 ARgo] 7hsSit) dlE B0l 2TAlE Hi=2H|
o}&| 0] E (glycerol monostearate}= 5=t o}1] = (copolyamide)
A 7FAA R AFE IEH68,69]. Mosselman SA (Belgium)
= LA 7 = ot Ee) FEAlE Biegk-go]E
(diacetylated glycerol monolaurate)E AjAFstct.

of| 2B 2 SH(esterification) =X 2 FI A=
(polyglycerol)> & 7|QF A&/ A7FaAd =A]of gt
it 7k = AR EAT SYAERE T o] ©ar
g Aol wot 7hgol golsith EPAlE B 2 YA
=3} Zo)ZeMso] BREL FUNBS BEOR A
S v ®eh PVA BEolA] o L& hasl B4E 2 A
o2 eyt dI e 8= ehoby o] E (diglycerol
tetraacetate)Q} -2 T] 2| A|E of| 2| 2 (diglycerol esters)
= PLAS 7|0to.2 st= M ER o 2 opA|H o] E Ul £
oAH = 2] 2= T RE ARGETHT0].

7k 2tk (cardanol) 7igr il o] QulE A FsH7] 213t 9
w2 Ao A 7R 7 A M (cashew nut shell liquid)S
Foto]l FARER dojRl= AlEAd Lol 71]. 7t=T
52 Fig 5¢F o] AR = A= o] Q1A 7] wi&
of wj-g- 583k A= edolct S49] o] Bx3E
of Wt th=7] wfZof of7]ofl= skt o] S| £
SHETH72]. 7tErhE o RS ©d EEZIA A 48%, 0|
% = EZIA A 16%, 415 & Z3FA W4 29% 0] 1, o] =
Ated Bt 2719 o5 AdS UEtdt 7t a9 3
1% W o) d 54 DEHPSL o] fAlslch 2l4bs
(phosphorylation)® 7}2rlse A 15 (73], 2222
| (polychloroprene) W Z2|Fe}r]all 1 (polybutadiene
rubber, BR)[74], oj€dl-Z==2Hd t]jell 315 (ethylene
propylene diene rubber)[75], @ LDPE/EVA 3551 Ed=
o o ERHQ FhaAlR v HTHT6).

2.3.4 AL TEaA

T 71AA (citrate plasticizersy= AJEZAk(citric acid)
o] o ~E| 23 A& ET] B HED o AHESE F
Qo) FANE 7HER, A 9 W 2] Sox o
L A0R YA 7S] o) FHZE AL BT o

PG TANGL AT = Sl 7ML AT FDA
L AERA} T o AH2E AE BHRE 5903 9
TH79). ARG THaAl BAo] glom §-oHEE, I

E (butyryl-n-trihexyl citrate)«= A|$tH 7|7F 5ot A1 E
PVC wWof| x{%5}7] 9|3k DEHPS] QbAgH tjeto 2 7%
t}. ET| 2 E A E g o] E(tributyl citrate):= €A 0 & Q1A
Skal Al WA do7|A] 7] wiwol A& 2% TE
PVC 9 71 35 A ol AHE-E t}H[81]. Ghiyaet> Efo
A E o] E(triethyl citrate)@} o2 Egod AEH0|E
(acetyl triethyl citrate)S Z3ol= 7[435 AEZ QA o}
AElo|E= AIdES 7HASHL o B ES A7
EH| S} oA Bl HE=E VMRt A4 AR E
IS THS2]. ETjoE A Ed o] E[83], EYFE A|E
o] E[83,84] 2 E 2] o}A]| €l (triacetin)[84,85]-2 PLAE 7}
Aot AFREL o A9 TS B3 AR A4S
FEA 7171 el = A 20%2] 7HAAE ARE-SljoF gt
QU TS oFE ALY $-8 4 AUtk 4B 5
o], E2jol g A Edo| B Lol HFgBto] 2y BAE
WEehs Aube of% AT A|29S W57 $l9) ofd of
A o] E(ethyl acrylate), W2 o e} = 2 & o] E (methyl
methacrylate) W -2 $1=F0] HEf 3 2| o] E (methacrylate)
oF 42} AHE 159 FEUAIQ] FESA Yol A (Eudragit
RS)9| FE55 V== o ARG 20%2] Ejod A Ed
O|ER 7}A3tE FEHAl gl A HE2 Aol 7
T, = 7HAAL Qe oflg 59 & Sy of=9] &
& A oA 7 & AR BE FiTH86].

0]

2.3.5 7|E} Hlo| @ wjA 2

o] olof| & Hfo] @ 7|\t AR E A 2 =T AHEE =
o2 Hpol e wjA zpelo] it

T:H(malic acid)& L¥HA o 2 A19HE Y= o A=
=4 e 7R AlEl AMEE 4= AT

2,5-t]7}2E4A o A2 (2,5-Dicarboxylic acid ester)=
Hpo] @ w2 Zp o] A -2 shA| R, B gl ZEAE of 2 E| =
(erephthalic acid ester)@} F-A}GF 125 71A 2L Qo] o]&
hAIe 7Hs/dol letss].

£ %1(Rosin)-> A5 & 2 & %l (oleoresin)S 713, &
2latol 9g % 9l Zagt A AHolth Jia P2 Tisto]
E 2 olH| o EAL = 2 ulZ of AH| Z(Dehydroabietic acid
propargyl ester, DPE)E o}A| = Z-8-4] 9] PVC Ao 18|
zEsto] YR 7t43stE PVC A2 S Astlchs9l.

1,2- A E 28 Akt 7 2 B Al | 0] E (1,2-Cyclohexane-
dicarboxylates)== PVC AFQ{of| A 714 UHHA O & AR5 =
7hAaA| F shutolm eE| o] E 7FAA o] At A&
2 d] k=90l
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3.8 E

B =R A B el Sety|o| 4| shaAle] ALgo]
ek =kl tisf AashaL, tiete=n ek 7haA 9
FA 2 EA s o] B ol A LR AR A TFAA] 2
282 sk %_”?l o|F HJA| TFEIT. theFRl Hiol 2
A Qg TR et W32 Sl MEE 7taeAlE A
z28 4= ek viole 7Rt 7k A= A 7hs, 28] &
o, =4 T AR L= Qe ZEolE kA 9] 7}
A Sl Aol = ek

A 2, 7hEHRs, A EF0|E g 22 vhole 7}
A= od 9 EFEAlEE, AR H AR AE
2AHY SEAIES] 7 i ollA HWEWP Hho| Q. ufj 2
Sudol o8 e A B =e 744 “%OM
AT HAEZ QAL .T'_Eoﬂ/\—L/\]EE’/\]—O 7L oﬂ/\{
A= 7 Stk o] Yol FAEe FakE 14171 S Ht
ol emj o] A o] FUL gl ste)

AFA 7ERAlE AR o2 diA|shs Blo] A ZhaA]
+ vl A e oS 4= gl FAlol
5 7|

H o= 20220 E 9B HEAR R o 7 u}
7] e YA 1521 (202211 70 —?511’41 ©.6451-004), 2020 =
A BRI R A 7] &5 7Ea ] L (KEIT) A48 A

o o3t A1721(20013794).

o B o
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