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Abstract: In this study, we investigated the effect of acrylate oligomers on the migration properties of phthalate of plas-
ticized poly(vinyl chloride) (PVC). We synthesized various molecular weight acrylate oligomers and characterized the
corresponding PVC compounds containing both acrylate oligomer and phthalate plasticizer. First, butyl acrylate monomer
was polymerized by both group transfer polymerization and radical polymerization techniques to give the corresponding
three oligomers in the molecular weight range of 1000~2500 Daltons. By solution casting method, flexible PVC films
containing both phthalate and butyl acrylate oligomers (pBA1000, pBA1800, pBA2500) were fabricated. The cor-
responding PVC films were fully characterized by studying the film transmittance, shore A hardness, elongation, thermal
stability, 7, and the degree of migration properties of phthalate plasticizer.
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Figure 1. Hydrogen bonding and dipole-dipole interaction of poly-
meric plasticizer with low molecular weight (M.W.) plasticizer.
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oFS R Sigma Aldrichol|A Fi3te] ARS-8ISIT).
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A3 A7l FH 2 71('H NMR 500MHz, Unity inova,
Varian TechnologyAh¢}, 2]l M3} 2 )X B3 497 (FT-
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(GPC, SD -200, Rainin Dynamax*HZ AH&-311t}.
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Butyl acrylate monomer (10g scale)
Methyl trimethylsilyl dimethylketene acetal(2 eqv. of polymer umit)
Tetrabuty 3-chll 1 mol % of initiator) O§c/o
O§C /O anhydrous Acetonitrile (1000 wt.% of catalyst)
) anhydrous THF(1/2 volume of monomer), 25T, Sh over M
s A
Butyl acrylate poly(butylacrylate)

Scheme 1. Typical schematic description of the synthesis of
poly(butyl acrylate) (pBA) by group transfer polymerization.

Butyl acrylate monomer (30g scale)
2.2'-Azobis(2-methylpropionitrile){(AIBN) (2 mol% of monomer)
1-Dodecanethiol(6.25-8.5 mol % of monomer)

Toluene(S.C 30%), 1107 7h over

Butyl acrylate poly(butylacrylate)

Scheme 2. Typical schematic description of the synthesis of
poly(butyl acrylate) (pBA) by radical polymerization.
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Table 1. Composition of PVC Film Containing DEHP &
Acrylate Oligomer

Composition
Plasticized PVC
film PVC DEHP  BZ-191 B“gilgz;rlzyr ate
(& (g/phr) (g/phr) (g/phr)

PVC/DEHP 20 (10/50) (0.6/3) -
PVC/DEHP

/pBA1000 20 (10/50) (0.6/3) (1/5) (2/10)
PVC/DEHP

/pBAI800 20 (10/50) (0.6/3) (1/5) (2/10)
PVC/DEHP

pBA2500 20 (10/50) (0.6/3) (1/5) (2/10)

phr: parts per hundred resin.
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Solution casting
(Glass substrate/bar coating)
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(sample shaker)
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plasticized PVC film

Solution blending
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=

gelation (75°C, 30min)

Figure 2. Fabrication of plasticized PVC film containing DEHP &
acrylate oligomer by solution casting process.

)

g

aq. EtOHZ, &3& 45 25009 W& n-hexanes 71
Sl fractionation 2 ©|-83le] & T, CTA, /AAl 5
< AAT F, Axste] SEan AES AATHE S-S
80%, 8 65%).

PVC/DEHPOISZE0|E 82|70 & MX. T43 3
9| #d o= olE S} 48 PVC FA|(KL-10)
% DEHP 7}4A]E A}E-3Fe] THF solution blending %
casting "] 02 A PVC &2 A3 Table 19 L
Ehdl 2dH) 2 PVC &3 8§98 A|lxgk &, orbital shaker
(Vision scientificAhE ©]-83 12A17F F<F £t A1z
H §HS Figure 20| YERH 23} o] {2713 9ol 34
H A (150x150x15 mm) el F-2 F 4204 THF tiH-
BS A%, A7 ZF convection ovens ©]-83ked 75 °Coll A
7+ Astste] Ha T 0150 mme] FEE A2 PVC
S AxeATh FE ol olE I =YE
59| T, A, felolRy, 71414 EAE

|Holl = He olmo]E 28]7HE 10 phr
ARESIATE Hols) 4 578 Alell= HE of

- T =




AL olE i) =] wet Wold Sl wshrt
S0l AkR, HE ofaEeolE 28]avrt 5, 10 phr =
| AES ARgste] vlatsisit:

o O

)
3
]

I

al
=

A1} EE

FE oT0|E 22|00 &Y. FE ol mdyc|E
GRS living polymerization?] GTPS} A& oA o]&-
g ZHZ Tobs o188kl H3k 2AF 1000~25009] -
ol g 0| E &2 (pBA) 35S ZH7 sk At
ol wl-¢- A& pBA1000 o] o= gz SIS T
A AL F YUoEE GTP FFE S Fgaon,
pBA1800 ¥ pBA2500-2 A& ©l5AE H7F AR Al 2h
Z S B3 4 F AN S PDIE GTP T ELH
H w4 2o £x12 Jepliglou 2% PDI < 2 olatE &
< e B EEE A
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Figure 4= 34338 pBA 3% g Zzte] FTIR 2~HE
Holt}, 7t7te] 2HERS A% A % F 1540-1650
em oA Q= ol=d wEkAle] C=C stretch 54 1|37}
AERRS BRI 4 %A, 3000 cm™! o] & 3} 1650-
1800 cm™el| 4] &1 7153t acrylate®] 579 I =A< alkyl C-
H stretch®} C=0 stretch’} Ao 2 & Uehd AL 3kl

Table 2. Molecular Weight and PDI of Butyl Acrylate
Oligomers (pBA)

Code M, M, PDI
pBA1000 1011 1451 1.436
pBA1800 1759 3257 1.852
pBA2500 2509 4585 1.827
2
Rl
o
o
=
O 0
>
——pBAT1000
—— pBA1800
——pBA2500
_1 'l 'l 'l 'l 'l 'l 'l 'l
13 14 15 16 17 18 19 20 21 22

Time (min)

Figure 3. GPC traces of butyl acrylate oligomers (pBA1000,
pBA1800, and pBA2500).
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Figure 4. FTIR spectra of butyl acrylate oligomer (pBA1000,
pBA1800 and pBA2500).
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Figure 5. '"H NMR spectrum of pBA1000.
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Figure 6. '"H NMR spectrum of pBA1800.
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Figure 7. '"H NMR spectrum of pBA2500.
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2 o3 0|E 22|07t TIEl HFE PVCe| &4
=4, Table 3¢ll= @A T2 ol olE w9t
PVC, DEHPS}FS] 7484 BH7HS 18l 2H2+e] solubility
parameter®] ©|& S 73 A FH olAHH0E gL

= PVC 3 DEHPS} “J8A40] 3t 21 &eld 5 3l
9}]\1—4_.12

Figure 8oll= & of=d g o|E Ze]ame] =9jo] ¥
PVC 59 FR= IS =4 B7ket7] f18) pvC/
Table 3. Solubility Parameters of Butyl Acrylate Oligomers
with PVC/DEHP

Solubility parameter

Sample (Theoretical value)
PVC Acrylate

PVC/pBA1000 17.63

PVC/pBA1800 19.95 17.11

PVC/pBA2500 16.77
Solubility parameter

Sample (Theoretical value)
DEHP Acrylate

DEHP/pBA1000 17.63

DEHP/pBA1800 18.51 17.11

DEHP/pBA2500 16.77

ZE ), A42H A4%, 20183

DEHP Z &£ reference® UV-Visible spectrophotometerZ
ol-g-ste] ST A A3} FE opadeolE 2F|a
7} 10 phr(parts per hundred) =% & PVCe] 3=+
PVC/DEHP ZE3} Wl A] T3] GF2 72l 54 &=
2g AT Adlen, ol FE ol =g olE &2
7} PVC B! DEHP9} “d:8-do] <otk Ao dA|gie}.

Figure 9oll= & oladdo|E 28| e] =¢jo] A&
PVC IF9] 24 Ae 9T F=A H7ksh7] 218 DMA
£ ol&st T2 4T As vehisith ¥4 23 7
ol #o|E &M 7t 10 phr = A& PVC 59
Te= °F 10°C A= SoAle Ze A2 5 At ol
FH oA 0|E 22w ApA7E PVCel tiet 7hasta
7} Q)51 DEHP @5 AR AR A9 E A4 571
Al71E o2 AR E T Table 49= DMAS 53) 54
A PVC F59] 7,5 HERSIH. - ol F ™ olE &7
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0.04f
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Figure 8. UV-visible spectra of DEHP-plasticized PVC films con-
taining butyl acrylate oligomer.
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Figure 9. DMA analysis of DEHP-plasticized PVC film containing
butyl acrylate oligomers.
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Table 4. T, of Plasticized PVC Film Containing Butyl
Acrylate Oligomer Measured by DMA

(unit: °C)
DEHP DEHP/ DEHP/ DEHP/
pBA1000 pBA1800 pBA2500
T, 52 -52 -5 -5.4

g

DEHP: 50 phr, butyl acrylate oligomer: 10 phr.

100 ——

90 | )\
80|
70[
60 [
50|
a0
30 ———DEHP (50phr)
20 | [——DEHP/pBA1000 (S50/10phr)

| [——DEHP/pBA1800 (50/10phr)
10L —'DEHPIEBAZEUO (50/10phr)

0 [ 1 1 1 1 1 1 1
0 100 200 300 400 500 600
Temperature (°C)

Td1o(Weight 10% loss)

Weight (%)

Figure 10. TGA thermograms of PVC films containing DEHP and
butyl acrylate oligomers.

Table 5. T4, of Plasticized PVC Films Containing Butyl
Acrylate Oligomers Measured by TGA

(unit: °C)
DEHP DEHP/ DEHP/ DEHP/
pBA1000 pBA1800 pBA2500
i 219 232 231 232

DEHP: 50 phr, butyl acrylate oligomer: 10 phr.

Figure 100l= 7€ ofm8do|E S2]3w¢] E9jo] DEHP
ST PVC 22| 234 ofust I3 F=A Hrtst
7] 13 TGAE ©]-&3t FA 10% 74 &5 (temperature
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g ool 28] H7} 10 phr =Y¥E DEHP g+ PVC
59| Ty DEHP @5 3 PVC 59 TRtk oF
10°C o4 A&aton ol Y olmdeo|E &
7} DEHP9} S84 ¢S EallA] PVC WellA & AztE]o] o
o oJgt I5 FH R ofgiido] Thaiw] A, $54Q1 DEHP
o] gto] 7tarEe= Ao R AR HL Table 591+ TGAS
3] =43t DEHP 3+ PVC Z59 #9 olady o] ES]
Yol WE Tyeer VFERASATE.

Figure 11°= Fd ol aZo|E &2]arm o] =9lo] A2
PVC d59] 7kistze] ojmeh J3S F=4] B7tetr] 9
3 ASTM D2240°1 ©]78}] shore A =5 S4sIirt. 2t
AT Ae 54 A¥ 74 ofmdyo|E &3 10 phr

b1 ojn o

[ DEHP (50phr)
80 I DEHP/pBA1000 (50/10phr)
[ DEHP/pBA1800 (50/10phr)
I DEHP/pBA2500 (50/10phr)

70+
) I I I
50

Figure 11. Shore A hardness of plasticized PVC films containing
butyl acrylate oligomer.
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Figure 12. Stress-strain curves of plasticized PVC films containing
butyl acrylate oligomers.
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Figure 13. Migration test results of plasticized PVC films contain-
ing butyl acrylate oligomer in DI water (70 °C).
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Figure 14. Migration test results of plasticized PVC films contain-
ing butyl acrylate oligomers in 50% aq. EtOH (25 °C).
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