Journal of the Korean Applied Science and Technology
Vol. 38, No. 2. April, 2021. 476~487

ISSN 1225-9098 (Print)

ISSN 2288-1069 (Online)

http:/ /dx.doi.org/10.12925/jkocs.2021.38.2.476

TRE 0% ot2d4A B4
o}a Y- £2O| EAEA HIT A7

(20214 3€ 319 A 20219 49 28Y A 2021 4€ 289 A=)

Syntheses of 70% Solids Acrylic Resin and Comparative Study
in Physical Properties as Acrylic Urethane Resin Coatings

Seong—Kil KimT - Hyong-Jin Park’

Korea Industrial Technology Networking Cooperative, Ansan 15476, Korea
R&D Center, Kun Yong Co. Ltd., Pochen 11188, Korea
(Received March 31, 2021, Revised April 28, 2021; Accepted April 28, 2021)

L ¢ . IFE T0% otZBFAE TASH] 98l nm-butyl methacrylate(BMA), methyl
methacrylate(MMMA), 2-hydroxyethyl methacrylate2-HEMA) @ acetoacetoxyethyl acrylate(AAEA)<}
caprolactone acrylate(CLA)E AR8st] F5HA0 fFeHol2E(TYE 50 T F7Aste] Hstale
o, e oflZd4A Y et EAEE 4717HOH values)9] F7tell el S7HEIH =2 118
2ol otm L] Aol Aost F-SI/HAIAIE di-terr—amyl peroxide ©]low, Aol dgxAL Hhg
HAAL 5 wt%, AMolEA 4 wi%, ¥k 140 ColA HstATh 4A1ztollek. Ao 2=
FT-IR¥ 'H-NMR spectroscopy® 215191, 48 EAFS 1900~2600, BAF BXL: 1.4~2.1
S Aot A ofadsex|9t FIHA  EZdo]4Alod|o]EQl  hexamethylene  diisocyanate
trimer(Desmodur N-3300)2] NCO/OH THH|E 1.2/1.002 XAEste] ofmad-2H& EYPLERE A
Zollek Emo] 294 EAoR &, A, HAXARY ZHRARE dZAE 9 FEE vl HES
gyt BaA, AZXARY, 7R, QEAE 9 FEo] gogt s ey, 5] CLAE 10 %
TR Tae Aol epstal ¥ HEot w2 AEE UEITh
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Abstract : To prepare acrylic resin coatings containing 70% of solids, we used n—butyl
methacrylate(BMA), methyl methacrylateOMMA), 2-hydroxyethyl methacrylate(2-HEMA), and
acetoacetoxyethyl acrylate(AAEA), caprolactone acrylate(CLA) as raw materials, the glass transition
temperature(Ty) of acrylic copolymer was adjusted around 50 C. The viscosity and molecular
weight of the acrylic resins was increased with increasing OH values. Di-rerr—amyl peroxide was
found to be the suitable initiator to get high—solids acrylic resins. The optimum reaction conditions
found in the study are 5 wt% of initiator, 4 wt% of chain transfer agent, 4 hrs of dropping time,
and 140 C of reaction temperature. The structure of the synthesized resins were characterized by
FT-IR and 'H-NMR spectroscopy. Number average molecular weight of 1900~2600 and molecular
wight distribution of 1.4~2.1 were obtained. Crosslinked acrylic urethane clear coatings were
obtained by curing reaction between the synthesized acrylic resins and hexamethylene diisocyanate
trimer(Desmodur N-3300), the equivalent ratio of NCO/OH was 1.2/1.0. The physical properties
from the following studies were carried out: viscosity(Zahn cup #2), adhesion, drying time,
pot-life, pensil hardness, and 60° specular gloss. Various properties of the acrylic urethane clear
coatings were also evaluated on the coating specimens. Adhesion property to a substrate, drying
time, pot-life, pencil hardness, and 60° specular gloss of prepared paint showed quite good
properties. Futhermore, prepared paint containing 10% of CLA showed quite good properties for
adhesion, low viscosity and high hardness.

Keywords  acetoacetyl group, caprolactone group, high solids, acrylic resin, acrylic urethane

coatings
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(ultraviolet—electron beam) 73} Ez&, 4 2ZE ol 3 o|EE TYT A= /494, W
3 52 & 4 Atk o794 high solids & A4, AR, ohektt g 43t B
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Hgoto] ARG giokom, Eet EajolaAlof
dlo|Ete] Zeprtgol disiMe A7 w7t ¢l
ot wEbA AAEA 2 CLA 54718 Shdt
w20 WAt HAEe] At ofF J2a =
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2. 4 &
2.1, A<k

ofmd HL-MZ A p-butyl methacrylate(BMA),
methyl methacrylate(MMMA), 2-hydroxy ethyl
methacrylate(2-HEMA)+=  Aldrich ChemicalAF
acetoacetoxyethyl acrylate(AAEA)+= EastmanAl,
caprolactone  acrylate(CLA) R2ik®= Dow
ChemicalAHETE: Tone M-100)9] AHAES
Zyzy Aot HAAIR amyl peroxy—2-
ethylhexanoate("4&%: Luperox 575)¢t rbutyl
peroxy— 2-ethylhexanoate("d55 "4 Luperox 26)
v Arkematte]  AAES, QA
2-mercaptoethanol> Yakuri Pure ChemicalAt
o 1FAE, 84 nmbutyl acetate9t
n—hexane2 Kanto ChemicalAtel A4=oF5<d
AROl 1gAIFS ZH2E ARBSEltE. R eI
Eo]aAlotd|o]Ex= CovestroAt HDI trimer(4
EZ: Desmodur N-3300, NCO: 21.8 %) A=
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benzotriazole FEAFEY: Tinuvin 328)<} F
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o] AAEE, S-S5 A= BayerAt Aditive Ti,
AetEE SUAIAL AloFQl di-n-butyltin
dilaurate(DBTDL)E Z}2} A&ttt
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1 Le] 4% EZ=ta3o] {7]189Q1 a-butyl
acetate 95.4 g& WA Y31 %5 130 T7HA
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2-HEMA 83.4 g, AAEA 20.0 g¢ 2l =%t
Aol AL AHolsAE FLsHA &t &
HE AT HFHEIE AREst] 443 F<t Aot
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7t B ¥ES A&t WEES SA4AFEH
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L 0ZE, 9= OH value 90&, 72 I13E 70
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T BHs5ig. Al ey EgEAl Sui2A
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B @Y el me 4T olaYsd Az
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600 o2 MYStT basecoat® WMAE ATH
T AxI E85g A2 TH FA7 0.076 mm
7} ==& Doctor Film Applicator 0.15 mm
(0.006 inch)& Argste] Tzt & ARofA 7
A7+ AZXAF

wg felne A8 v e 748 200
mmX150 mmX5 mm= 2N Exob AXH
2 gfe] FHube] AW 74zt FUsH] sH%

2.7.2. BRAYE B4

D A= 54

T390 AT ASTM D 4212¢] wet TQC
B.VAKVE 2227) Zahn cup?Ql stainless steel dip
viscosity cup No. 2(volume : 44ar, orifice
diameter : 2.74)E A&t FAHEE S35

ot

) AxA 54

AZAIZRE KSM 5000-25129] Zmo] AXA|
ZHNE "o det =85 e 9 TAYL
0.076 m7} === Doctor film applicator(0.006
inch 2 fejge] ZgE 3 oy $328 £
AARZAZ . Hrpe AP (dry-
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7F Lol Ao g AL

o

4) 60° A¥ e =4

60° Z4W FEE(60° specular gloss)SA
KSMISO 28139] E==me} HFYA-H|ZEHA T
Tabe] 200, 60° 9 857 FW FE = S
A, AR fejme] A9 2710049 &
Aesto] A2tstitt. Al@HH-2 BYK Gardner
AHByk AG 4563) FHE ZHYAE ARG
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Ar ZA& KSMISO 15184 =8} HiYAl-
A"A|F 7o ot & HAr SAHHoR ZHo}
Aom, ALATHL Fed A8 2.7.13 &
2 HyoeR AHE AFS F, Yasuda Seiki
SeisukushoAt(serial No. 4664)& AF&slo] A&
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AZL F AR golZE WAA FH 59
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ot YdolEe} mletagdolEs PRELY|, of
agefolEL Ba47t Gobdel e fa4e
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r~amyl peroxideZ AF&SI=Hl AAAE HL
AES Ad, ramyl peroxideZH Ao 7
L ogus gey Aol B717e BEE §
A 4 ekl Bustdnh wEkA 2 gAelA

o WRSAAAIR  REEZIZE fARE rmamyl
peroxy—2-ethylhexanoate(APEH) 2} +butyl
peroxy—2—ethylhexanoate(BPEH)E  AM8-ot&=

ol ZAAAle]l e BRArgE fdEel A=
FF= Hlugt AAE Fig. 1o HESIT Fig.
Lo At o] WH-g7iAAZ APEHE AMSRE A
of BATE fAhE, 22FAAS AN
tert—amyl”7] 9] JFog Fe JAHATE e o]
APEHE HHS7HAIAIZ A7gstalet. BHE7HAIA €
a4 das Ad4, J948 2 WA dF=
nAE Alwm dA Qed, ARl Be A
A2 dosht He 9 ZAEel AsthH
=d]8fota Addol =kl Hi, ARER
T Ae mols Edgetd 442 st
19 HETE WR gobd AEE dAo] WA
Sto] A= 2ol viiA yepgo=z, ojd A
= Adst HAErt YoM sEdERtEol
2000 ool Hi= Fo= AAstA=d, Wl
AAe] AMgRFS A Rl ghegol| thste] 5
wth2 A5t

2712 elshe A e A8ES ol
9l Argoh= Helth. AA 9EAIZE 84T ]
A HEgol 75 % A3YH 647 Aa Al A
A MAAE] 20 % 1 wt%s 3023 Hstst
A 1AZE 302 FQF SRS AIFT

T 2 o

4000 40

3500 1 | 0 Molecular weight
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©w
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(=3
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Fig. 1. Effects of initiators on molecular
weight and viscosity.
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Diakoumakos G[11]2 Aol FAZ hydroxy
functional mercaptan®t non—hydroxy functional
mercaptang AHgote] AMols &, THo &
4 4 dA9 Ax AdoA, Afels Fi=
AR Ax, WgAd 2 EHA AdEelA
hydroxy functional mercaptan©] 93t &35
ety Busteich wieba] 2 AoMx o
o] FAZ  hydroxy functional mercaptan?l
2-mercaptoethanol-& AHgslo] &2 HA &
L g=Fo tiste] 2~5 wt%7bA] HSEAlA A
At A3, Asfol Ao AHEF F7tel wet 2
2 D JAETE 546 HASHAL 4 wit% O]
FollAE FldEARFe] 2000 olstE FAE Gl

<

ct. ETE}H Sy gBrztEre] 2000 olAtolHA A
ezt Fe 4 wi%s HA] FdFor A

O Aol BAE T A4 o2 EAA|] 2
A 2 WA BAE S 5 oo

3.1.2. S-S A gt IF

olad Rluol Fgxe] wE Bz %
=9 tﬁﬂ—g Adstalcth %%LE—% 120
C~150 °C77}11 ASIAIZEE 2~5A1774A] S
7IUA otad4AE Attt 181 whex
2ol w2 O}EL‘“” 2]0] WArg g wo] Wst
£ AESFY high solidshs 93 27# vz
S ot shelvh Fg. 2+ HJ%%EOH gt
Btk AT Wl el Aoy, vheen
140 C7HA= Bk AAZ7F 37 71- A5l
gout 140 T ool HAwst Ao 2Ast
A A=l g gxde eedste] uet
£ uEiAl gt
Hog %% 2] ”*Oﬂ el FHEAE
60% U=, ol S8

7h= gt @11‘?_?%94 % 10‘ mfEeI[11] Aoz
AR E QL whebA] 2 AgelN aEEs Su
B2EF 2000 oA e HALE wESE o}
32422 high solidsslelr] 9Jgh £¢ ext
130~140 C7F 27l om, 140 CT7t o 4%
gt 29E el

w0l A% Adeld, Hohx 17_
Al WMol 2 G mAE gl Ao
2 Uttt S5 szl 447k o] FREE
2 wske Holx 9 globd A A3
4xzow AR,
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= Molecular weight

3500 7 Viscosity -3
é 3000 - 25 'f-::
b | X
:E’ 2500 i - Lo 2
3 [
2 2000 %
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0 0

120 10 140 180

Temperature (°C)

Fig. 2. Effects of reaction temperature on
molecular weight and viscosity.

4000 20
g s 7 wm *%
£ 200 v | z
(7]
2 2000 oS
3 1500
2 1000 L5 &
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° 0
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Fig. 3. Effects of dropping time on molecular
weight and viscosity.
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S AFEH, OH 2 60~12002 W3}l &
gt B9l AAEA9 CLAS] Z/et ke
StAA 42t otadeAE FAdstnt. ofnf gt
gF ot d42]0] XA Fig. 49 Lt} Fig. 5
L HSA-9-7505¢] FT-IR Hl@ AHEZIM,
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Table. 1. Polymerization conditions and physical properties for high solids acrylic resins

Materials(g) .. | Molecular | .. . Non-—
Exp. No. e OH Value Viscosity Weight Dispersity Volatile
BMA | MMA [2-HEMA| AAEA | CLA C2 M| MM
HS-6-7500 | 51.39 | 3470 | 1391 60 12500 1974 2.1 70.2
HS-9-7500 | 47.73 | 3141 | 20.86 90 15500 2066 1.5 70.1
HS-12-7500 | 42.70 | 29.88 | 27.82 120 28000 2456 1.4 70.8
HSA-9-7505 | 37.60 | 36.54 | 20.86 5 90 3725 2382 1.4 70.7
HSA-9-7510 | 27.46 | 41.68 | 20.86 10 90 8100 2556 1.4 70.1
HSC-9-7505 | 37.60 | 36.54 | 20.86 5 90 5500 2602 1.5 70.6
HSC-9-7510 | 27.46 | 41.68 | 20.86 10 90 9800 2614 1.5 70.4
CHs GH; CHs [ 7
CH-G CH-C, CH-C - CH-G —— /
O 59 o o o
9 ? ? Q B 2
C4Hom CHs e qZH4 ((er)z 5 40 @
OH | 0 H
¢-o
GHe s
¢=0
- CHs |,
(a) =
4000 3000 2000 1000
_ ~ Wavenumbers (cm-—1)
CH: GH: CH, Fig. 5. FT-IR spectrum of HSA-9-7505.
CH-G CH-C, CH-C - CH-G ——
0 =0 ¢=0 ¢=0
? ? Q Q
C4Hen CHs o qu-’& (qHz)z
' OH | Q
CE#)
(GH:)s
K
- H Jna
(b)

Fig. 4. Structure of high solids acrylic resin.
[ (@ : BMA/MMA/2-HEMA/AAEA, (b) :
BMA/MMA/2-HEMA/CLA ]

A 17 AReo] AXAE F4127F 247 e
d ulgo] 4% Shlatsit,

Fig. 62 HSA-9-75059] 'H-NMR AHEH
(131914, 0.9 ppmelAl CHs-C, 1.3 ppmel C-
CHy-C, 1.4 ppmoll C-H, 2.0 ppmoll R-OH<]

L

Fig. 6. 1H ~NMR spectrum of HSA-9-7505.

2 1 -0 ppn

3.5 ppme] CH3 Of 3.6
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Fig. 7. FT-IR spectrum of HSC-9-7505.

Fig. 8. '"H-NMR spectrum of HSC-9-7505.

3.3. oz X|e MYE A X Mt
ol=2=42]71 high solids =22A ¥&sH &=
F=24e @71 AsiMe 447] @ o2 E A
7b grlel A &8i28 4 dS Ao ARAF
g2 M-S Aok f14]. mhebd 2 A9
oflME AR A2 Zh= high solids =]l
Mo A& Aol mlustal 3|9 #2424 &
doll oJet HA=e] Wt BFPS Fstarat st
Ak Adolzt &2 AAA BelA= dynamic
e vy oAt mAAQl WA= BA
o] ¥R gElr Yehvte AARA, SA4E
Q1 A A7l 4xr 2 A 4Er1e F
Aol ers AdEs A2 e 2=t ¢
2, ozEHzE, AES ool 28717 T4 A
&9 £l d=5F AAE7] ade] o 22
of mAA2 Hojx|il, S4o] FrIst] ol% &
AE7e Qlgo] F7tsHAl "t 12 43, 27
d3g, 372t gL £O02 FAaZFo] F P4
Hog azdte] AsH Agchs 14 g
o] HAel 7P 2 #& etk wEbA high

e

-
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solids ==2] AHALSE A= AEAS &
A7t FETY AEL ofmELA] FEU 4
AFS AHAZITHEE Bz} QIoH15]. E3 A8
A5Fo] ofm A E FA45H] AT avHd &
A WdgFolzta g4 afle], 2 +
Z9F HAmete] IA A FAEATS FAok=
s}HE2 dAsHA FA=F &8 ZIth High
solids 215 WE7] §JsliAe oladsyAe &
A5 AstR At EAES 22 7t Ed BiH
2 BT AALEE Este] AT B
o=z gk "avt oot

FAE7171e] Wiste| w2 ol d4x]e] HAR
2 As Ax), 441771 12091 HS-12-75002)
Aesl 277 907 6091 HS-9-7500,
HS-6-7500] H|sto] =2 HAAYZE Yepfx
AEY olE 4719 FgH17]e] Axtz S|4 =
W A7]] ghfage] wE FAdel AHske Sl
M 7HE FAI7HE A SAstHA AR
of &S @ A= BAAES TYsioF T A
o2 JZrE Q7)o #4717k 900] AATS o
T A

A A7 900 TsA R:mel
AAEAS} CLAS| FHel g @2 HAYZo
H3lE AP ARE Table 1o Yehfgd],
AAEAS] A% 3=Fo] 10 wt%Ql HSA-9-7510
2 sEFo] 5 wt%l HSA-9-75058c AAZ7}
Z7FtATE 7104 fgt EQl AAEAS =

doayn HAPZ fart oietaon, 3

AAR o T8 +50 T2 1A5197] ool
2 3588 2wl MMAS ggol
S7tste) whet FAZTE SUFe Ao AzEH,
wabd AAEA Hope T =2 Riovjof o5
AAdo] #ede AT 4= 9drk E3F CLA9
7490l AAEASL AR A YERSIT
AAEAS CLAS] vHlwoME AAEAZF HEA
Aol Fzatdrt. o)A CLAS Fx Fof
H 13gEo] $£AAES AUl Q7] i
A4E Yehis Aoz et

a8 BALel T Ao Rl FF
2 g W2 BExpefo] WSk Table 13}
Fig. 9~100] uYetiold], Eabee] w®ish=
AAEASE CLA®| 9JaljA= & ztolE YERA

gkt

N o2 Wt o o
Mz

=
L,
o

o]
Ol
I

b
Rl ook b

=

- 483 -



Vol. 38, No. 2 (2021) TRE 0% otAd5A FAT olmD-odet TR TukEA Hlw A1 9

Elution curves

100

— HS-9-7500
HSA-9-7505
- HSA-9-7510(1

80

60

40

20

. J Y

20 23 26 29 3 3 38 41 44 47 50

Retention time

Fig. 9. Molecular weight distribution curves.
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Fig. 10. Molecular weight distribution curves.
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3.4, OI3 8- EteX| =29 HiE W =Y

3.4.1. o3 Ed-¢H g4 TR 9] gt

ol g g -] TR AAAEE HE2
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Tinuvin—-292, UV Z5AQl Tinuvin-328, AX
Al Byk 066N % Zst=ujzA DBTDLE ¥
a1, ZTjo|aAlod|o]|E4=R] Glol= FRE5A
ol Additive TiE %ol NCO/OHE| TFH|7}
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=

Table 2. Preparation of acrylic urethane clear
coatings

Weight

Materials (i)

Part A(hydroxy acrylic resin)
High solids acrylic resin (70%) 133.3

Byk P104S 0.7
Tinuvin 328 0.7
Tinuvin 292 0.4
Byk 066N 0.5
DBTDL 0.1
n-Butyl acetate 11.0
Part B(curing agent)

Desmodur N-3300 35.2
Additive Ti 0.2
n-Butyl acetate 11.0
Total 193.1
Solids (wt%) 70.0
NCO/OH 1.2/1.0

3.4.2. ofad/eHesA] =Rl B4

Az =70l 71EE4-S Table 39 YehAS]
th T29] HEEs APl TAEE 8% &
oz ~xmyo] ZAAe HES Tro AxE
Zahn cup 12-20% Aot} AXSE Tgo] 4
TE 35~12022 HAxe] Zo|7t go] HAYst
Ak o]A2 high solids oFZEAE ARg-sto]
T2 TPES 70 %= 517 wRolH, BF
2 ole HAEQ 20% Hrtl fiFdoz =4
el oy 50% olste] HAEE 71X AELS
2xgo] zrdgol Fastt. FA4Ee] AHsh=
Agete 8ol HE 2 wkgA SHAE AL

8% A9 ©s we WY 44T 5 9k

AZANE ASFAZRIF 408~60802 H|WF
£ Ustfledl oA TeAXA A
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Table 3. Film properties of acrylic urethane clear coatings

Group I Group I
Test Ttems HS- HS- HS- HSA- HSA- HSC- HSC-
6— 9- 12- 9- 9- 9- 9-
7500 7500 7500 7505 7510 7505 7510
Viscosity(Zahn cup#2, sec) 95 105 120 57 48 42 35
Drying time(dry—through, min) 40 47 50 55 60 55 60
Pot-life(Hrs) 1.6 1.5 1.8 2.0 2.2 1.8 2.0
Gloss(60° ) 92 91 96 93 92 90 93
Pencil hardness H H 2H F F H H
Adhesion(Bare/Base) 2A/3A 2A/3A 2A/3A | 3A/4A  3A/4A  3A/4A 4A/5A

Zuf[18]9] DBTDLE AH&3t97] RO R Alm
"ot FRARARES 15A7~2.2407t0 2 v WA
Be THHAEE B AXAES -5k
AstEme]l JFor AXRARE wE o 7t
ARA|ZEO] Zrobxl Aoz g7ten) g £
TaE now BA4ste] 494, & F99 Aol
Aot g Aot AHEshA H|A=7t sk
7V

== = . ot
AG9E A7) Seide FHE[19]7F =of
stet 2 APoA EREL 60° HAHYH
T7F 90~960 % 2Rt AiE YUY =
ato] ALl F~2HZ Hwd thh e Ane
Uehfoitt, kute] Ame= ARSSE ofad4%]9]
T, NCO/OH &4 Foll wet 24 =&
o], 2 AdofA ARESl ofa A= T8 +50
T2, NCO/OHE 1.2/1.0e2 1A},
2-HEMA®] £47|9h 12519l7] diiol HAg
AFEE CLAS] Z=AM7uh, AAFAS] TEA7|=
aEskx] ol EFEI s, & under-
crosslinkingo] ZAiSte] EEfA L7} Woprl 7o
2 A= ZFER0]e dF ZleHel
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et AEEE eI

4. 2 E

mbutyl methacrylate(BMA), methyl methacrylate
(MMA), 2-hydroxyethyl methacrylate (2-HEMA),

acetoacetoxyethyl acrylate(AAEA), caprolactone
acrylate(CLA)E AR&Sto] ofmd421E gAst
e, FFAY T, +50 TR, 4717+
0oz 747 WIAIA FAHTE Fof HspAQ
hexamethyene diisocyanate trimer2t NCO/OH
o] FFHE 1.2/1.002 st ol3d-gHg &
Bras Axstolt AX re2 ruto] 54
Al ?F A3 o2 22 dE2 4k

1. High solids otZ224%]& 47] {5t =

A A An w2 AR terr—amyl
peroxy— 2-ethylhexanoate’} &2 Zgha

o de HAEE YERAL, JHAIAIS] A
|F 5 wt%, dHolEAY F 4 wi%, W

2= 140 C, ZsIAZE 4Ate =z ARt
At 8A1ZFo] A BRSO3l

olo oo o

a4 AAEE S Beg
= AYEst F7tEgon, 98 B
AAEAY CLA®] @ug7he AAEe 2
G A otk

N
o

3. olaEA9] SHIFEAFS
BASERL | 4~212 YEf
o] W3l= AAEAU CLAC] 9
o] UEiA] gt

4, AZF T2oA AAEASF CLAY| @2 A
2, AZ, AXARE, 7HARAZE g9 9 A
A4S ®Bw HES 23} CLAZ 10%
Tt =87F FaEe] 4ot e A

o =2 AxE UEsith

1900~2600,
B
S RIS

- 485 -



Vol. 38, No. 2 (2021)

>~

A2 =

QFE 20199 FERFNO] FEDFINE
QAFARIT BAY AT AREA ol 7
Fyet.

=
=

=
&
=

References

K. Lelicinska—
Serafin, P. Manczarski, “Volatile organic
compounds,

A. Rolewicz—Kalinska,

ammonia and  hydrogen

sulphide removal wusing a two—stage
membrane biofiltration process”, Chemical
Engineering Research & Design, Vol.165,
pp. 69-80, (2021).

2. R. Gonzalez-Blanco, M. F. Cunningham,
E. Saldivar-Guerra, “High Solids TEMPO-
Mediated Radical
Polymerization Journal of
Polymer — Science  Part A’ Polymer

Chemistry, Vol.54, No.1 pp. 49-62, (2016).

Semibatch  Emulsion
of Styrene”,

. T. McAfee, N. Leonardi, R. Montgomery,
J. Siqueira, T. Zekoski, M. F. Drenski, W.
F. Reed, “Automatic Control of Polymer
Molecular ~ Weight  during  Synthesis”,
Macromolecules,  Vol.49, No.19  pp.
7170-7183, (2016).

4. F. Gasc, S. Clerc, E. Gayon, ]. M.
Campagne, P. Lacroix—Desmazes,

“Supercritical CO2-mediated design of Pd
supported catalysts using an amphiphilic
functional  copolymer”,  Journal = of
Supercritical Fluids, Vol.105, pp. 136-145,
(2015).

L. Cai, S. F. Wang, “Poly(epsilon—
caprolactone) acrylates synthesized using a

facile method for fabricating networks to

achieve controllable physicochemical
properties and tunable cell responses’,
Polymer, Vol.51, No.l pp. 164-177,
(2010).

. L. F. Gao, J. Oh, Y. E. Tu, T. Chang, C.
Y. Li, “Glass transition temperature of
cyclic and  the
counterpart contamination effect”, Polymer,

polystyrene linear

IFPE 70% otAL4A]

H

10.

11.

13.

14.

15.

- 486 -

Tt ofa Y- RO EuEY M 4T 11

Vol.170, pp. 198-203, (2019).

J. W. Kim, D. C. Lee, J. S. Choi,
“Synthesis of FEco-Friendly High Solid
Acrylic Resins and Curing Properties of
Acrylic Urethane Resin Coatings”, Korean
Chemical Engineering Research, Vol.55,
No.5 pp. 586-592, (2017).

. A. Romo-Uribe, “Viscoelastic Behavior of

Unentangled POSS-Styrene Nanocomposites
and the
Dynamics”, Macromolecules, Vol.50, No.18
pp. 7177-7189, (2017).

Modification of Macromolecular

. J. P. Xu, S. Xue, J. L. Zhang, Y. Han, S.

Q. Xia, “Molecular Design of the
Amphiphilic ~ Polymer as a  Viscosity
Reducer for Heavy Crude Oil: From
Mesoscopic to Atomic Scale”, Energy &
Fuels, Vol.35, No.2 pp. 1152-1164,
(2021).

A. A. Berlin, N. G. Matveyeva, “The

progress in the chemistry of polyreactive
oligomers and some trends of its
development. 1. Synthesis and physico-
chemical properties”, Journal of Polymer
Science, Vol.12, pp. 1-64, (1977).

C. D. Diakoumakos, 1. Raptis, A. Tserepi,
P. Argitis, “Free-radical synthesis of
narrow  polydispersed  2—hydroxyethyl
methacrylate—based tetrapolymers for dilute
aqueous  base  developable  negative
photoresists”, Polymer, Vol.43, No.4 pp.
1103-1113, (2002).

. L. J. Bellamy, T7The Infra—red Spectra of

Complex Molecules, 4th ed., John Wiley
& Sons, Inc., New York, (1966).

C. J. Pouchert, J. Behnke, The Aldrich
Library of 13C and 1H FT NMR Spectra,
Vol.1, Aldrich  Chemical Co. Inc.,
Milwaukee, (1993).

J. L. Mann, A. K. Grosskopf, A. A. A.
Smith, E. A. Appel, “Highly Branched
Polydimethylacrylamide ~ Copolymers  as

Functional Biomaterials”, Biomacro—
molecules, Vol22, No.l pp. 8693,
(2021).

Y. H. Fu, C. Perales, T. Eliason, D. E.



16.

17.

Bergbreiter, “110th Anniversary: Reversible
Solubilization of Polar Polymers and
Polymeric Catalysts in Nonpolar Solvents”,
Industrial &  Engineering ~ Chemistry
Research, Vol.58, No.31 pp. 14579-14587,
(2019).

A. Paknejad, R. Mohammadkhani, H.
Zarei, “Experimental High—Temperature,
High—Pressure Density Measurement and
Perturbed—Chain  Statistical
Fluid Theory Modeling of Dimethyl
Sulfoxide, Acetate, and Benzyl
Alcohol”, of Chemical and
Engineering Data, Vol.64, No.12 pp.
5174-5184, (2019).

G. M. Tow, E. J. Maginn, “Fully
Atomistic Molecular Dynamics Simulations
of  Hydroxyl-Terminated

Associating

Isoamyl
Journal

Polybutadiene
with Insights into Hydroxyl Aggregation”,
Macromolecules, ~ Vol.53,
2594-2605, (2020).

No.7  pp.

18.

19.

20.

- 487 -

Journal of the Korean Applied Science and Technology

Y. Zhang, L. Yuan, F. Chen, A. J. Gu, G.
Z. Liang, “Cure kinetics of cyanate ester
resin using microencapsulated dibutyltin
dilaurate as catalyst”, Polymer Bulletin,
Vol.74, No.4 pp. 1011-1030, (2017).

H. S. Park, D. J. Chung, H. S. Hahm, S.
K. Kim, W. B. Im, S. J. Kim, “Preparation
and physical properties of weather resistant
silicone/acrylic resin coatings”, Journal of
Chemical Engineering of Japan, Vol.37,
No.2 pp. 158-165, (2004).

Y. M. Boiko, “Statistical adhesion strength
of an amorphous polymer—its miscible
blend self-healed at a
temperature below the bulk glass transition
temperature”, Journal of Adhesion, Vol.96,
No.8 pp. 760-775, (2020).

interface



