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Abstract: In this research, the relationships between the chemical structures of 10 different acrylate monomers with 3 dif-
ferent cross-linking monomers were evaluated. The thermal stabilities of the prepared copolymers were evaluated by their
weight-loss percentage through thermogravimetric analysis, and their glass-transition temperatures were analyzed using dif-
ferential scanning calorimetry. Based on the results, some relationships between the chemical structures of the monomers
and their properties were derived and are discussed herein.
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Introduction

otagelol=A AL S aAE DR Bk opel
) TR S8 Roke ATk AAHT g, rbuyl
acrylate®} methyl ether acrylate =34 Q] Vet R FAJ o
93t FZ AL 4R, phosphate monoester] ofZ HH o] ES
ARRSE YA ZFHA), core-shell alkyl acrylate 2382 A}
231 I8 4A],* 2-methoxyethyl acrylate 7|8 Y2 E &
AAaAY 3 tetrahydrofurfuryl acrylate, 2-phenoxyethyl acrylate,
vinyl acetate, vinyl carbazole 5 4% =& ALME3 353
#) 2] holographic 7] 244 ,® methylene linker®} azobenzene-&
383k poly(meth)acrylate?] HAHEA]7 sodium alginate@}t
ethyl acrylate®] MESA ZTZTA)® 32 alkyl acrylates@t
polyvinyl chloride®] 3D ZHYE FFIA° & AF=Eo0
ZZ dEE

2 Ao R A, A 9 ZEAAN 2 ASARE
° 2 AMHE ARaFNA WE, et 2 W8S 8
FES TE0te ol 0| EA FFHA(ACMA)Y T
Aol 3t Ao, YREH 0 8 AFARE-E S 2 A
o} 2 Y T (ACM rubber), A2 218, 22238} ofm P2 UE
Y T (HNBR, hydrogenated NBR), & 43} 115 S0] ALL-5
1} 180°C~200°Ce] &3} -50°C o]} Wgtdat Zo] g+
Z710] JA} QAN A HA of2 LT T3t 7]& o] 7}
% &dstA Ay ok AT ot A HE
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Experimental

1. Materials

2 AFE Sl AHEE ACM SREA9 9= F n-butyl
acrylate, n-dodecyl acrylate, 2-ethylhexyl acrylate, cyclohexyl
acrylate, phenyl acrylate, 2-phenoxyethyl acrylate, 2-hydroxy-
3-phenoxypropyl acrylate, 2-chloroethyl vinyl ether, allyl
glycidyl ether, methacrylic acid= TCIAFZ €] L5t 53
XA AA & AFE3H 2 2-chloroethyl acrylate, methyl
acrylatel= SIGMA-ALDRICHAIZ BE] L¢3}t Z3FX] A
AA & A3} TE Tetrahydrofuryl acrylate= ALFA AESAR
A Al ES SEFAA AA F AREsHTH S Aol AR
3}+= sodium bicarbonate, sodium dodecyl sulfate, potassium
persulfate:= ZZ} DUKSANA}, TCIA}, SIGMA-ALDRICHA}
o AlFS A flo] A= ARSI FEAA AAE
Q5 A= DUKSANA}S] Sea sand, SIGMA-ALDRICHA}S]
aluminium oxide @ ACROSA}2] molecular sieves 4A, 4 to 8
mesh A& AA| glo] 22 ANESIS ). Tetrahydrofuran



30 Eun-Jin Kang et al. / Elastomers and Composites Vol. 57, No. 2, pp. 29-39 (June 2022)

< DUKSANALS] A &5 AR&sHATH
2. Inhibitor removal and monomer purification

2 Ao A Z dFAES S A AHE S 5
AaAAE AASHA. oldf, DY ol AR E &, sea
sand, aluminium oxide $=2 2 ZrolZch AY & ThafA| A|oF
B Aofl= 229 2oz whgo] doju Expge] "ol
A= @S 7] A8 molecular sievesE Hio| o] 37 K
weto] 2 2 AIFHH

3. Emulsion polymerization

T el g8 e e LEA A
Aol AHgEE S8 o R WS As A 24, A
HZAA|, HAA R o] FojZitt. S5 Sl 2 sho] W49
el T2 JHE FAIHER vhSE 9 F4to] 4t o
oA XA =Y TE2ES WFe 2ol B8 glo] AT
O HAR o]oX|A] Gr=tt. AFRA 9 BAS 7HA]7] 8]
Ae BAZEY] d3o] g2 1EAFY FA7E 285t
2 529 ofmdA dAle el sl it
I At

4. Synthesis of acrylic copolymers

2 ARoNE F TdEFA 10222 n-butyl acrylate, 2-
chloroethyl acrylate, n-dodecyl acrylate, 2-ethylhexyl acrylate,
methyl acrylate, cyclohexyl acrylate, tetrahydrofuryl acrylate,
phenyl acrylate, 2-phenoxyethyl acrylate, 2-hydroxy-3-phen-
oxypropyl acrylate®} 7}l ©HEFA| 2-chloroethyl vinyl ether,
allyl glycidyl ether, methacrylic acid 3% Z}Z S35
Tl T HAE A=A FEE A4 FHAY olF
< F A 10F =22 158 107H4] F7|51L 7k T
A 3FL Z7F C, A, MO 2 37|35} n-butyl acrylate®} 2-
chloroethyl vinyl ether®] £¢HA|E Cl, 2-chloroethyl acrylate
2} 2-chloroethyl vinyl ether®] &A1 S C22 E7]8}$ 3L 30
Zo] FAE 2FAL C1-C10, Al-A10, MI-M102 7|3}
Rt

A 5 EAY S8 S o Z wEg7) ol
T A 3g, 7hal EEA 2g& FYShL WH F 158 o
distct o2 v A o] & 20g, sodium bicarbonate 0.01g, sodium
dodecyl sulfate 0.1g& ¢ & WHISic}. WHE & AR & &
o] & §hg7|o] EIatT Wl T 30°Co) A 2087 TRkt
ot SO ERAAR BAEL-E (potassium persulfate) 0.01g
FY & da 27 b4 70°CE 5231, 70°C =F F 3
AlZFEr-gA 71 vk 9hg & =3t YA E-S tetrahydrofuran

(5093 £(5009) Ske] FUst oju 44H DAZ B

S Az 3 HE ARES FEWT F B 1057 7
I TR 2-chloroethyl vinyl ether2 £3sF £314) 9] g4
7 &2+ Scheme 19 Ueh it = A 1053 7Ha T
A allyl glycidyl ether2 AN F¢A|Q] A HRE
Scheme 2] Ul = @A 1058 7ha A
methacrylic acid2 %5 34 2] A 2+ Scheme 39|

byl

39 IEA} 3052 AUTO-Thermogravimetric Analyzer
(Q500, TA Instruments)ol] 2&f A 27 3t A] 50°Co|| A
500°C7HA] 524 % 10°C/min A2 =45

5.2. A|XIZEEAIEZHH (Differential scanning calorimetry, DSC)

23te] 1 EXA} 30%2 Thermal Analyzer System (Q2000,
TA Instruments)o]] 2J3] A4 2A st A -90°Co| A AT A
£ 3%% =71 24 % 10°C/min A2 =43}

5.3. 4 En 3 20tEe2jn|(Gel Permeation Chromato-
graph, GPC)

FTEE LEA 30F F 200°Col A FAZARE] 2% oW
2 WaHo] AR $4a FEUAE os) SR
ER}H(Mn), FHHFEAFMw) D PDI (MwMn)E 24
3Rt ACMA Z5TA C1, C2, A6, M1 4% Gel
Permeation Chromatograph (in THF) (Alliance 2695, Waters)
of 93] 35°Cof|A] flow &= ImL/min, THF v 2A4C 2 =
ekt

Results and Discussion

1. ERR| MF Y

R

SEH &

T HFAE SHeE Al mA= GRS At
7] 915t oA 0| EA StE= A Taxg 17H/470/770/12
W8] &Z7], 2-chloroethyl7] 9} 22 G ZIF 0] ALY, cyclo-
hexyl, tetrahydrofurfuryl, phenyl, phenoxyethyl7] 2} Z+-2 cyclo
288 1R 1089 3 BElE Aol 350 A e
Aot 247k F3S SAFAL & 0% FTE otz
2218 Scheme 1~Scheme 39| 7| A5} .
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Scheme 1. Synthetic scheme of co-polymer C1-C10.
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Scheme 2. Synthetic scheme of co-polymers A1-A10.
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Scheme 3. Synthetic scheme of co-polymers M1-M10.
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o]Z=ZA3E H-83l alkene FFHE-2] FJAA 2 Wo] AREE]
Aoz LA oA 0]F Fo|-&(dianion, [0;S0-0SO;] )
o] g}t] A (SO, radical)E WAYst= EAJL 7HAcHY
ZsHkgo] 4% HlSES 1:10 v]E&E Z§3L tetra-
hydrofuran/& -8Mo]| F4|5te] YAE A S o1}t o = A
AF TTUES AR d=tth ojd SRSl v|Rt
oJ &t 2= FEFA| = tetrahydrofurano]] {38 E o] A AE 1 =
b AvF 2Rt AAELFEL oA 2alEo] AAECRE
2 289 35PAY <=8 ST 5 AUsith

fr e

P

> o
K
=)‘.l_l_4‘

=2 TGA—‘?—/S:] of ¢

71] HagE VTS =T 2LofA
71]%? FARAES AdEes ] '5‘P74‘/} T2 FYS
A i%"] st 225 7|02 Hrhske Wio] A
|, & dFolAe SEE ol ol EA FFA A
|5 XPEXP FEopllA 2E= WEA £E<l 200°C
7180 E P4HE 305 35 FAREES AL

2 Hla &4

HA 5= A o slettzof ojt FEFA FAGAE ¥
Ao A, T THeFA| 9] & T1F eh44>(carbon chain)Z} BHo}
AeE FAZEE] FoAA B0l Fsh= AL
FaE A8 S0 TLT 7H SFAE ARt g
7t g F @AY 35 FAdeES Hli’-’é}tﬂ,
2-chloroethyl vinyl etherE 7} a1 ©EFA| 2 AR5} B4
702l n-butyl groupd} 271¢1 ethyl groupS 2§35k = E]-Ekxﬂ
£ AR 3 EAIY C1 9 C28) FAFAE0] 242 1.25%
2 1.41%<¢] ¥FH 2424 127091 n-dodecyl groupdt 77)¢1 2-
ethylhexyl group2 E-53t 3 QA& AR3E 5842l
C3 9 C49] FATZAE] 22 3.13% L 4.65%=A A&
S Cl1 C28] FAR A7 A A s ATH(Table 1). 53]
methacrylic acidE L% 71u A 2 ARE 249 474

Table 1. Weight Loss at 200°C of C1-C10

& g7t FAgEE vA=
o7 BALQEY, g3Ahg 47]-] 1_1 butyl 7], 27]1¢1 ethyl7]
I methyl7] & H{3 + l— AR FSFAY
M1, M2, M59] FAIZF4&0] -,Z-,L 1.60%, 3.74%, 4.06%=
A BtA4s 127091 n-dodecyl groupdt 77§91 2-ethylhexyl
group® H9E = TS ALSE TEAA M3 L M4
o BAZEAE 15.98% U 27.26% o] thS- AL BAZA
7F EAYSHETh(Table 3). BE o] Table 20 7|4 = o] Ql=el,
allyl glycidyl etherE 7}l DA 2 AMESE 55 SE(AL
A2, A3, A4, A5)%] ¢ €279 g7t Hojd s 7
ZHago] ZHaske AFAL Eolah} 7429 xlol7} Ab)
Moz HA washs Ao BAHC Baols} A%
< YA ASY] FAGAE 4.08%0]1L 7 71 SA| A3
o] FAZAE 12.06%014 o 270 S-A A29] 77
&L 9.08%0 |t} whEhA] o] 2|3t &l 7] gart FAZ
ago vA e FFLE ©aZol7t F7HEE 200°C L2
StollA] gha-ghA7t AgHE o] oFgt sp’-hybridized T A gH9]
RN A DA =N FAGRTL SV Aol 7H
& 8oz gdH
o222 cyclic ring 2 phenyl group X272 253t
T T GTAE AR SEEOIA, LR 7h DAL 7
2 cyclohexyl |37 E RS3F Z=8A|(C6, A6, M6)2] A
Hagol o 28| tiH] AL FAFEES Ushdd. 7}
o QLS ol A A6}l B FAREE
0.94%2A F 30 SHASAA 7 2 FARLAES
gigleon, 22 7t @A AMg-of| A phenoxyethyl group
= 7 A A9 FAGAEE 5.T1%EA 7HE oY A6
thu] 2 2o)7} AR = FUTh(Table 2). EZE 2-chloro-
ethyl vinyl ether®} methacrylic acidE 2}z 71 S| 2 AF
&3 SEA C6 L M62 ¢ FAGAE 2.68% A 4.83%
2A o2 F dFAE AR FRA tiE B2 FAR S
S HE$tH(Table 1 @ Table 3). ©]= electron-withdrawing
effects 7}R phenyl &2 tetrahydrofurfuryl group Eth= 2F

FgAol BS AL

Cross-linking Thermal stability

Co-polymer Main monomer - -
reagent Weight reduction (%, 200°C)
C1 Butyl acrylate 1.25
C2 2-Chloroethyl acrylate 1.41
C3 Dodecyl acrylate 3.13
C4 2-Ethylhexyl acrylate 4.65
C5 Methyl acrylate 2-Chloroethyl 3.12
C6 Cyclohexyl acrylate vinyl ether 2.68
C7 Tetrahydrofurfuryl acrylate 16.19
C8 Phenyl acrylate 5.41
C9 2-Phenoxyethyl acrylate 7.35
C10 2-Hydroxy-3-phenoxypropyl acrylate 6.18
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Table 2. Weight Loss at 200°C of A1-A10

. Cross-linking Thermal stability
Co-polymer Main monomer - -
reagent Weight reduction (%, 200°C)
Al Butyl acrylate 791
A2 2-Chloroethyl acrylate 9.08
A3 Dodecyl acrylate 12.06
A4 2-Ethylhexyl acrylate 15.80
AS Methyl acrylate Allyl glycidyl 4.08
A6 Cyclohexyl acrylate ether 0.94
A7 Tetrahydrofurfuryl acrylate 3.47
A8 Phenyl acrylate 2.92
A9 2-Phenoxyethyl acrylate 5.71
Al0 2-Hydroxy-3-phenoxypropyl acrylate 4.27
Table 3. Weight Loss at 200°C of M1-M10
. Cross-linking Thermal stability
Co-polymer Main monomer - -
reagent Weight reduction (%, 200°C)
Ml Butyl acrylate 1.60
M2 2-Chloroethyl acrylate 3.74
M3 Dodecyl acrylate 15.98
M4 2-Ethylhexyl acrylate 27.26
M5 Methyl acrylate . . 4.06
Methacrylic acid
M6 Cyclohexyl acrylate 4.83
M7 Tetrahydrofurfuryl acrylate 24.18
M8 Phenyl acrylate 11.55
M9 2-Phenoxyethyl acrylate 22.70
M10 2-Hydroxy-3-phenoxypropyl acrylate 6.62
3l electron-donating effectE 7}21 cyclohexyl ring®] E-&3] o] Astk 4= Q)
7 FoFSt ester linkage?] M= SHAIZI= Aoz 5 F O &7 o] 2P EH = Aol dF I

110 4

105
100 oo et
"“-q;“ Setttanas
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;\; s SN P = oo 1
< I e c2
= 95 4 -
) C3
= c4
90 4 =i =C5
C6
85 1
80 . . : . s
50 100 150 200 250 300

Temperature (°C)

Figure 1. TGA thermograms of some co-polymers C1-C6.
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Figure 2. TGA thermograms of some co-polymers A2, A3, A5, A6, A8, A9.

A= Ao g2 BALE =T, 22 A& (straight-chain) &4 717}
7}A| A& (branched-chain) &2 7] B} thd W ZAGAS
& Ho]=4|(C3 3.13%, C4 4.65%/A3 12.06%, A4 15.8%/M3
15.98%, M4 27.26%) o]= 7}x|AS 7|7} 78 (spherical)
Fohg 4ol wet ARI7E ERGo] Aoz Mol
A1S BAzka7} ol WAlshE Ao e,

Cheo® sl webAle] QR SHolH, 35 7k B
o olat RAZIe ) WA F wepie] 3y o] 27
oo Ao 7 BHAESREY), cyclic &2 phenyl groupS H-&
3t F A& AR AL ally glycidyl ether7} Th2 23 7}
o A iR SFAY FARAEC] AA EAs

110 4

(Table1~Table 3), o]i= 7}a ©=FA| ko] EAfsh= ¥4
o] £ I FZATFO| TUA Aol 7tnAEA 4TS H
o 2 e e AHRA Soiel AR Yole e
= 2HE

th2 Figure 1~Figure 3= ¢4
2=HoA Y FAREES A
oA FAZAET PN A
Ao FAESG o, A& 5] 200°C FAHZAEC] A2 F
3 C1, C2, C3, C5, A8,
Aot SAGE BAEO] FE NIAE ehhol, Sl
200°C AT AL 2.68%21 =314 C621 7% 260°C B}t =

FZFA| o i3t 50~300°C
25t g =, A&s 200°C
AL Huryg oz S ALSH

i
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Figure 3. TGA thermograms of some co-polymers M1-M6.
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< =N FARATE 34 TS A2 stetE

Table 5. T4 and Ty, of A1-A10

(Figure 1). T3t 200°C A A& 0.94%2] =3HA]) A6% 7 Co-polymer T, (°C) T (°C)
£ 270°C Hot & 20X FAGA7L A H o2 34 8 Al 66
U(Figure 2) & A /] AHEAHREE 224 A4 A2 106.7
e BAVL Qs Aoz wekEth 3059 BETAFIA " o o
R 9] gk O3t FEPAY FAR S dF L= A5 -5'27 o
ZF e = 2-chloroethyl vinyl etherE 71nl @A 2 AL A6 | 4'50
3t FE3A| 62 C1-C6, Allyl glycidyl etherE 7}a THaFA]| A7 29.69 12
2 AR FFHA 65 A2, A3, A5, A6, A8, A99} Meth- A8 17.74
acrylic acidE 710 @A 2 AR 534 65 M1-M62] A9 -16.64
TGA 1 =ZZ A A5t thH(Figure 1~Figure 3). A10 10.18
3. Differential scanning calorimetry analysis (DSC) Table 6. Ty and Ty, of M1-M10
Co-polymer T, (°C) T (°C)
AsAHE S LA EA HEHdo thet 8771 ot HA Ml -54.63
WS 5] fste] 35 R fEAole: M2 -2.99, 94.40
(Tgh7h 7125 o2 B asich a4 T vlad o S849) M3 -15.70, 007
sfstr sl T7ke) YA 4B demoan B M
ATNNE 2 A B& 7R S o) Ae)o) g T, " 333 -
Zr FFdo] B BEER = ged, ¢dIES M7 17.93 _4.05; 178
3t = SFAIR] = 7L DA 2 A4 methacrylic acidE M8 176
AMEE A o2 2% 7 SRS AR S8R i) T, M9 3.63
Zro] AtfA o 72 olx]= Ao 2 mholw| ¢t n-Butyl acrylate M10 2.15
Table 4. Ty and Ty, of C1-C10
Co-polymer T, (°C) Tn (°C) £ F OFAE AREE A C1 2 AL19] Tygho] 2+ 63°C
Cl 63 2 66°CQ] WHHo|| methacrylic acidE 7} A2 ALL-SH
c2 109 A M19] Th2 -54.6°C2A & 2po] 5 Byt E3 F
c3 38 U2 A tetrahydrofurfuryl acrylateS ARE-SH 352 34
2‘5‘ e C7, A7, M7 B Tgro] -27°C, 29°C, -17°CO.8 FeH o
c6 9‘31 E X (Table 4~Table 6) WEHdEZHAA {23 24 Uet
c7 -27.00 -3.98, 1.16 e
cs 48.37 30F FEEAANA 7 R Tk 2-ethylhexyl acrylate
9 332 £ F TFAR, ally glycidyl etherg 7t @A 2 AME-3E
Cl10 -3.20 =SS Ad7} -72.9°Cel A 0.2 B A E| o] A (Table 5) W3S
100.00+ ‘v
80.00- ")
60.00] [ '
=]
% 40.00 b |
20.00] 3 ‘ '
0.004 = = /
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Figure 4. GPC chromatogram of the co-polymer C1.
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Figure 6. GPC chromatogram of the co-polymer A6.
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Figure 7. GPC chromatogram of the co-polymer M1.

Table 7. GPC data of C1, C2, A6, M1 (Figure 4~Figure 7 @ Table 7) 2| C19] ZFHFEAF

Co-polymer Mn (g/mol) Mw (g/mol)  PDI (Mw/Mn) o] 7FF =2 425,1000]H, t}& 0 2 23| C2= 304,200, =
Cl 68,543 425,096 6.20 4 M1 183,000 502 gHolx ¢},
C2 62,612 304,268 4.86

A6 29,445 67,994 231 Conclusion
Ml 131,966 182,918 1.39 onclusions
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