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The Study for the Film Performance of Powder Coating by the Control of
Surface Tension, Viscosity, and Molecular Weight of Levelling Agent

Seok-Gon Kim

Department of Industrial & Engineering Chemistry, The Graduate School,

Pukyong National University

o= homopolymer 6% 3} copolymer 3F<
A geto] EEAE R Axste] FAEse &It ok=2EA W HEA FAd A

48 YEZ+E n-butyl acrylate®} 2-ethylhexyl acrylate 2% 9} Zx=w e} Wk 7fA Al =

di-t-butyl peroxide® AF&38t] THAYE, A 9 Fxpgo] olsh 1 FIAES I
it SAERE el 1 wtk A% FYszl dwol] dA AsAFAE dFS FA
AR, 27 AT FFE Fo ALE AGHGI 53], 1H FFHo| (Tt x YAHE
Adte] S A= A AS 2 AGEICH B st EamBETE S 7EA| oA
o B E AMEel S A5, EHAA 2AHE A%S #HAaA7 = 2944 oot

Abstract

The levelling agent is used in order to prevent the idefect generated in the film of the
powder coatings. After, 6 Kkinds ~of homopolymer and 3 kinds of copolymer was
synthesized, and with applying it into the silica, the levelling agent of the liquid was
manufactured into the powder form, and then applied to powder coatings. The raw
material in the composition of acryl group levelling agent was used 2 kinds of monomer,
which are n-butyl acrylate, 2-ethylhexyl acrylate, and the di-t-butyl peroxide reactive
initiators, with different synthesized the levelling agents. It was considered that in the
formulation of powder coatings, it did not affect full curing behavior because of input
the levelling agent about 1 wt% degree. Therefore, it was indicated that it affects initial
behavior. In addition, when it came to using or more monomers was better than using

one of the monomer. It was more effective at reducing the defects on the film.
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Figure 1. Film formation process-of powder coatings.
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Figure 2. The chemistry of acrylates.
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Figure 5. Schematic model of powder coating levelling agent.

_13_



2-5. A =89 9 2%

—_—

0
o
or
&
e

—

NI

A 2] wetting F-=9|

4

ol

B

# Apol o]

oA 9} &

= o

deiE =

==
=

ks

o

el

2 4 At} Wettingol & A A} #

R}

-
1

48 7 oA

B

N

AJr

37 )

g 274

2 S- A (wettability)

w

)

—
fite)

2 (13 2o,

.
RE

o | #

N
i

()

¥sr. + /YLy €os O

Ysv

ontact angle

Tangent T to drop profile

Fluid Drop

@
=
o
i
1]
oo

Specimen

Figure 6. The case of interfacial energy balance between solid/fluid/ gas.

_14_



B

™
ol

N

el

ol
iy

%0

+

i~

70
ojn
'K

ol
M

X

)

el

70
ojn
'K

o)

AxEA

hydrophilic) 2}
hydrophobic) ¥}

%

B

3 o},

stol nwW the

e A A

1) fish eyes

2) crater

3) pinholes

4) orange peel

5) Bénard cells ‘& shrinkage

6) sinking

7) bad recoatability

8) brush drags (application effects), etc.

1) Fish eyes;

F =2

Aol 51 Wetting

T Sk

=
=

5~ 20 mm 7}A] ©}

pe
L

=4 L 7Z7]

o] ¥AH

2) 3} (crater)@A ; fig. 7% o] fish eyese}t

1 ~ 5 mm7A &

7=

\A
B

\.—_mﬂo

(pinholes); =& 2]

3 ¥&

1 =

S

b=k wro @ UowA fig. 87 7o) 1 mm o

7

o

4

ﬂo

)
Mo

el

B

4) 29X I (orange peel) A; fig. 99} #o] =19

_15_



gl o]

Jog »x

(wave)e] Z7]e| we}h

3L
-

223 Fo

A o ttEA ny 5

-
1

Al webA th2 A YEeR
ok 40 cm9 A olA 7HE wo)

°F 3 me] Aol A

=
=

1™, &

Z

©] 0.1 mm ~ 30 mm & X0l A

gl

(short wave, range 0.1~ 1.2 mm)<

=

)
B

S
T

Hola 71 &= (long wave, range 1.2 ~ 30 mm)

)
—_

\.—_mﬂo
‘umo
B
\.—_mﬂo

w
22|

5) bénard cells & shrinkage; =59 743}l 424 9

25
o)
H
el

i
)

ox

o] A

j

o] 725 o FA £l #u

Al
=3

i)

Fol 7} ol

9 %

A

o] vtolx|
DOI (distinction of image)7} Sro}zith. o]

W
XO

B

wetting’d ¢ 7=

A

Ao Apgoz

=]
=i

ol
=

gl

B

PN
T o *

gk

A A

_16_



Low Surface Tension

P
e B

Figure 7. Origin of crater.

Figure 8. Effect of levelling agent on coating appearance.

_17_



short wave long wave

Figure 9. Origin of orange peel.

_18_



3.4 ¢
3-1. A%k % A=

BoAGFo A AFE3E o™ R:xw = n-butyl acrylate (BAM, Sigma-Aldrich
97%), 2-ethylhexyl acrylate (2-EHA, Sigma-Aldrich 97%)Z AAl §lo] AL-&3}
At} HAI A= di-t-butyl peroxide (DTBPO, Sigma-Aldrich)S AF&3t$laL, &)
2+ n-BuOH$} xylene R A §lo] AM&3tATE HEA o Rwew 24, 7HAA
Folek @ gujo] S Table 1o YeRH AT

= o)
=349} ethylene glycol (Sigma-Aldrich)& AFg3le] W Ha A9} =19
A&7 SAsta, FAANGAE Axtsidn. BARRE Alx8t7] flske] AES
T A 2+ polyester resin (CC-1514-2, Cytec)¥} epoxy-resin (KD-013K, = %=3}3})
£ AHEea, 329 BEAle ob=2d Rimvlo] whel 37FAA JRAIA B2 &
= geste] A AlRES Al xste] AMgstde AE WAAE benzoin (7]
ADS Abgslg or, F27 25 BaSO, (Sigma—-Aldrich 98%)% AM&313a
Aol MZAS FHsE F7]) AEE2E TiQ, (DuPont)E AH-&3td o, Algda Azt
ol 77 05 mm AF =& (E23)= AF8sAth
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Table 3. Recipe of polymerization used in the preparation of samples

Solvent(g) Monomer(g) Initial charge
Xylene n-BuOH 2-EHA BAM (%)%
2-EHA(1) 35 65 0.09
2-EHA(2) 35 65 0.15
2-EHA(3) 35 65 0.20
BAM(1) 18 32 0.09
BAM(2) 45 ab 0.15
BAM(3) 45 % 0.20
2-EHA +
35 .5 475 0.09
BAM(3)
2-EHA+
35 175 475 0.15
BAM(3)
2-EHA+
35 b 475 0.20
BAM(3)

*. DTBPO phm(part per hundred monomer) wt%
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Table 4. Composition of hybrid (50 : 50) powder coatings

No add add Remarks
Crylcoat 1514-2 50 50 SK Cytec
YD-013K 50 50 Kukdo chem
Levelling agent” - 15 I;;)gglleegization of 9
Benzoin 0.5 0.5 Miwon
TiO; 50 50 DuPont
BaSO, 10 10 Sigma-—aldrich
Total 160.5 162.0

“ Acrylic home or copolymer. with silica

Carrier

(Fummed Silica)

Active substance

Figure 10. The structure of leveling additive in powder form.
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3-3. 54 2 ¥4

3-3-1. ¥4 W HEAY EH A

FAdE xW FEAY FEREAYN 2484 542 FT-IR spectrometer (Thermo
A}¢] Nicolet380, USA)9} a5 =A o] A9 GPCE Agilent 1260 seriese] RID
detectorE AF&3}% 3L, columng PLgel MIED-D (300 * 7.5 mm, 5 mm)< AF-&3}o]
A A9 282 3B5CE FAs9 e, THF §vWE o422 1.0 ml/min
o7 BA39 Y, d X += BrookfiledA 2] DV-II+ ProE A}£-3o] cone CPE-41 AF&
stlom, 23ColM Aets] 2 ml AF ko] Skt E3, FW G2 Ao o] &4

AdA Tgs A7 A8l AAFAFE FA (DSC, differential scanning
calorimeter) & AF&3FAth Al 5o} F A= 10 mg oW 2 3l 52 $5+= 10 C/min,

=54 H9Es -100 ~ 50Tt

3-3-2. ¥4 HEA ¢ film9 HEFZH H E¥ dqHA FA

_Zr
Sotel BE BEAE 0m FAZ AH 299 AL AFHAL. 24 )T

o whgel A oA ol ol A gig iz %S et

Table 5. yp and yp value

Material Yp ¥D Y
Water 51.00 21.70 72.70
E.G 29.70 28.60 48.30
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Figure 11. Instruments of contact angle.
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S

i e .
Figure 12. Instruments of forced convection dry oven.

Table 6. The sample weight of powder coating with DSC

No add P 2-EHA P 2-EHA P 2-EHA P BAM P BAM P BAM P 2-EHA+ P 2-EHA P 2-EHA+
0 a
(1 () (3) (1 (2) (3) BAM (1) +BAM (2) BAM (3)

1195  11.85 9.29 14.03 1021 1426 1510 1210 12.01 13.24
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Figure 13. The measurement principle of wave scanner.

.

Figure 14. The measurement principle of DOI.
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4. A3 9 13
4-1. A E BH FHEA B =H

F9 FEAY] 4L SAERS] =9I ol T 2o weEbA, I
d 9T 7o ANEEl Ve A4S SAsel 1 43 gE< Table 59l e +

o %l Table 59} #Zo] H&E NV 2%, PDI7F Aol 97FA1 ¢ H H &A1& A4

TAERAA W1 FEA R AEHY] HdMe e HPdol FostER

& Tg7tF 79t Tgek f2l do]2%(Glass Transition Temperature)2}il &}
A A Polymere] H]ZAAA F-Eo oA Segment (FAAIES]
Tl A 50719] PAF-A@) 7 2 AL olE3H= Micro-brownian

motion (Segment®] 3] ol 93 ASF-Segment’} 24U & YEZ SHuly B}

oA g A EA =& ol7] AAgHel Holy] Aztels 2E=E Te(frd

delem)et doh/S FeEldo|2& 9 BF DRI &2 A

AAbet=rtel whek Bl =5t A AFel7h Bol i £ dn ¥, A, s REE

Mol fFeldol&=e) AolrH A oMW H|2SARE 58] FAfke] Aol wow oy

A AFs =Ll mel o] 2 Tg #2 &

nel sRE O FY el 2% Fhe] ZolTF Aol 4 dar, AAF T]FEdd o H)

Qe ghow o £ghe ARk slo] HAs)h

oft

Table 7. The physical properties of 2-EHA & BAM

Monomer Weight (g) Tg (K) Molecular weight
L9-FHA + 2-FEHA 26.92 203 184.28
BAM BAM 73.18 218 128.17

L* : Levelling agent
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L
=

& Tg At

Al
2

M

1/Tg=(Xy / Tgy )+Xy / Tgz )+ === +(Xi / TG oo

el dol&% (Tg) : copolymerd el X, , X, , X; @ =2 mole

vl g Tg, , Tg, , Tgi : homo—polymer? 7] do]2%

~

2-EHA mole = F9% / AT = 2692 / 184.28 = 0.15
BAM mole = F9 % / &A% = 7318 / 12817 = 0.57
X2-EHA = 0.15 / 0.72 = 0.20, XBAM = 0.57 / 0.72 = 0.80
1/ Tg =(0.20 / 203)+(0.80 / 218) = 0.0049

Tg =1 / 0.0049

= 206K= -67C(205.9K - 273C)

AEFEs Tg AL

1/Tg=(WM; / Tgy )+(WMz/ Tgy )+ —7—= +(WM; / TG) i,

Tg : co—polymer? & dol&% WM, WM, WV : Ex=mo] A& v]g,

Tgi, Tgs, Tgi : homo-polymer?®] rebzdo]= %=

WM2-EHA = 2-EHA F % / BExew F5F = 2692 / 100 = 0.27
WMBAM = BAM #9% / Ex=v F%& = 73.18 / 100 = 0.73
1/ Tg = (027 / 203) + (0.73 / 218)

= 2135K = -59.5C( 2135K - 2737)
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Table 8. The physical properties of levelling agent

A =(PS) N.V(%) Mn Mw PDI

L 2-EHA (1) 80 99.10 3691 6774 1.84
L 2-EHA (2) 74 99.20 3507 6299 1.80
L 2-EHA (3) 62 99.20 3260 5748 1.76
L BAM (1) 160" 99.20 24852 100880 4.06
L BAM (2) 340 99.10 6277 15450 2.46
L BAM (3) 210 99.30 4477 10663 2.38
L 2-EHA +

380 99.30 9672 18449 191
BAM (1)
L 2-EHA ~+

330 99.20 8350 17768 2.13
BAM (2)
L 2-EHA +

280 99.20 6666 15838 2.38
BAM (3)

* The viscosity of pyroxene by 50% of EA
Table 9. The glass transition temperature of levelling agent
L 2-EHA | L 22EHA | L 2-EHA | L BAM | L BAM | L BAM | L 2-EHA+ | L 2-EHA+ | L 2-EHA+
(1) (2) 3) (1) (2) 3) BAM (1) BAM (2) BAM (3)
-65 -54" -67(59.5)"

e AA K9 -48.36 | -52.23) | -53.76 -55.95 -55.72 -57.21

* Tg of monomer & theory Tg of levelling agent
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Figure 15. The glass transition temperature of levelling agent polymerized
by various monomers; (a) L 2-EHA, (b) L BAM, and (c) L 2-EHA +
BAM.
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Figure 15. To be continued.
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Table 10. Surface energy of various levelling agents

levelling agent

coating film

Samples surface surface
water EG water E.G
energy energy
L2HA QO 80£0.5 60+0.5 26.86 87+0.5 64+0.5 24.87
L 2-FHA (2 7405 57£0.5 29.80 86+0.5 65+0.5 24.07
L 2-FHA 3 80£0.5 64£0.5 25.48 86+0.5 62+0.5 26.03
L BAM (1) 8220.5 70+£0.5 24.25 86+0.5 66+0.5 37.48
L BAM (2) 73£05 60£0.5 30.11 80+0.5 59+0.5 27.31
L BAM (3) 71+0.5 60+0.5 21.79 71£0.5 b1+0.5 32.59
L 2-EHA +
7405 57+0.5 29.80 77+0.5 58+0.5 28.32
BAM(1)
L 2-EHA +
72+0.5 60+0.5 30.91 78+0.5 66+0.5 26.31
BAM(2)
L 2-EHA +
67+05 63+0.5 37.30 80+0.5 58+0.5 27.80
BAM(3)
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Figure 17. Overall Tg curve of powder coatings prepared by various
levelling agents; (a) P No add, (b) P 2-EHA(1), (¢) P 2-EHA(2), (d) P
2-EHA@3), (e) P BAM(1), (f) P BAM(2), (g) P BAM(3), (h) P 2-EHA+BAM(1),
(i) P 2-EHA+P BAM(2), and (j) P 2-EHA+BAM(3).
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Figure 18. Enlarged Tg curve of powder coatings prepared by various
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Figure 18. To be continued
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Figure 18. To be continued
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Table 11. Tg of powder coatings prepared by various levelling agent

PNo P2EHA P2EHA P2EHA PBAM PBAM PBAM | 2BHA P2°EHA P 2-EHA

add 1 (2 (3) (D (2) (3)

- - o

BAM(1) BAM (2) BAM (3)

o723 56.60 95645 5710 95680 5721 5745 57.02  56.64 96.64

Table 12. Gloss and DOI wvalue of hybrid powder coating prepared by
various levelling agent

P 2-EHA P 2-EHA P 2-EHA

o - -

BAM (1) BAM (2) BAM (3)

P 2-EHA P 2°EHA % P 2-ETFgS P BAM P BAM P BAM
oY) () (3) (1) 2 (3)

9720 9870 9760 9750 = 98309930 - 9870 9850  98.40

Gloss 750 9840 9790 976009850 9930  98.70 98.50 98.60

609 9730 9830 9720 9790 9870 9960 9930 9360  98.60

97.80 9850 9780 9810 9870 9950 9950 9880  98.70

Avg 9745 9848 9763 9778 9855 9943  99.05 98.60 98.58

92.80 7450 7890 7870 86.50 80.70 9220 9250  91.00

9260 7360 7620 8170 83.00 85.60  92.40 91.20 88.50
DOI

9450 8020 8360 80.30 89.60 8320 9250 9260  88.70

93.10 7990  85.00 8380 90.70 83.60 92770 9280  89.50

Avg 93.25 7705 8090 8123 8370 87.00 92.45 92.28 89.43
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Figure 19. Gloss value of hybrid powder coating prepared by various
levelling agents; (a) P 2-EHA, (b) P BAM, and (c) P 2-EHA+BAM.
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Figure 19. To be continued.
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Table 13. Wave scan of hybrid powder coating prepared by various

levelling agent

Long Short du Wb Wc Wwd
wave wave dullness 0,3-1,0mm 1-3mm 3-10mm
P 2-EHA
1) 26 22 22.3 18.7 34.1 35.1
P 2-EHA
2) 8.2 7.7 19.8 11.1 12.7 21.3
P 2-EHA
(3) 175 104 20.2 11.1 21.1 31
P BAM 13.7 172 22.1 18.3 176 28.3
(1)
P BAM 2.2 175 26.7 28.9 239 26.2
(2)
P BAM 159 12.3 20.8 174 199 32.1
(3)
P 2-EHA+
BAM(1) 16.4 115 22.2 124 185 24.3
P 2-EHA+
BAM(2) 10.7 7.6 19 9.2 114 22.5
P 2-EHA+
BAM(3) 13 119 224 18.8 20.9 23.6
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Figure 21. Surface smoothness of hybrid powder coating prepared by

various

levelling agents; (a) P 2-EHA, (b) P BAM, and

2-EHA+BAM.
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Figure 22. RSpec-Peak specular reflectance of hybrid powder coating
prepared by various levelling agents; (a) P 2-EHA, (b) P BAM, and (c) P
2-EHA+BAM.
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Figure 23. Flowing evaluation of powder coatings.
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