Polymer(Korea), Vol. 41, No. 2, pp. 301-308 (2017)
https://doi.org/10.7317/pk.2017.41.2.301

ot

Za|H|L2|dl E22210|=)(PVDF) o

2loll REE=

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

EZ220|E H|< oEHZ(FEVE)
|

oto Ztw&EHo] HE LHXI2|MY o 24 WSt Ay

AT - Mo} - =247
A&y )Ed sk A 3)stka
A, 20169 102 319 24, 2016 119 159 A=)

016 109 34 HF,

Variation of UV Resistance and Film Property Based on Crosslinking Types of

FEVE Layer Coated over PVDF Layer

Jin-O Kim, Sora Sim, and Eun-Bum Cho’
Department of Fine Chemistry, Seoul National University of Science and Technology
232 Gongneung-Ro, Nowon-Gu, Seoul 01811, Korea
(Received October 3, 2016; Revised October 31, 2016; Accepted November 15, 2016)

Hll

P E AN e ZY ZHE Z@ded ZF 22k =)(poly(vinylidene fluoride), PVDF) =+ $]oll Z® =
2 Jgd u)d el = (fluoroethylene vinyl ether; FEVE) 28 Z2| 7l g o] wl2 3leb4 2814 54 2
443S T&s Y. 238 F4 FEVE 39| 7luA| 24 d2lql F9] hexamethoxymethylmelamine(HMMM)
|&A]ol[o]E F2] hexamethylene diisocyanate(HDD)E ZHz} ARE-8te] 7kl WHe-& A-8-3t3ith A¥ =] 7]
AR 244 2 ARG (UV-B) A3 IS AEAAH3E] 4 (ASTM) o] At =Tt o] Alohilo| ES
AREE SR BEgFo] HMMMe] HElRl 7k kgt tin] 71A1%, 884 ZAes dF Zoiz d9lov Wake]
A4 UV-BRIME 538 225 Rtk 3 228 HMMMS] g2yl 7k wkSolnjzhe 7hwA] gkl ue} W=}
9)xAdo] Walul= o] #AEQ B AFE Sl PVDF 2 $]¢] FEVE Z¥ol HH3g 7ial vk A A4
oM AF oA SR QM o3t IY 7t I3tE HAslehHA e WS SEE 5 A HATH

u
to

L2 b

[

Abstract: This study describes the effect of crosslinking types on chemical and physical properties and UV resistance
of fluoroethylene vinyl ether (FEVE) layer over poly(vinylidene fluoride) (PVDF) in coil-coating. Hexamethoxymeth-
ylmelamine (HMMM) of melamine type and hexamethylene diisocyanate (HDI) of isocyanate type were used respec-
tively as crosslinkers of high gloss and transparent FEVE layer on the PVDF coating layer. The evaluation of physical
property and UV (UV-B) resistance was processed within ASTM standards. Urethane-reaction group using HDI showed
relatively much better stability against UV (UV-B) than melamine reaction group of HMMM, while some physical and
chemical resistances were found to be weaker. Also, in spite of the same melamine reaction group, the UV resistance was
varied according to the ratio of HMMM cross-linker. From this study, it is expected to enhance weatherability as well
as minimize the film deterioration from UV through optimizing crosslinking reaction in FEVE/PVDF double layer coat-
ing as a building exterior application.

Keywords: polyvinylidene fluoride (PVDF), fluoroethylene vinyl ether (FEVE), UV resistance, crosslinking type.
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Ashe 9 FalEclRel el mEnt 48 F48 she
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Srlol sl Aol s, 4 @ ek el 3
9e §A% & Qe GLT 715 TN A vk B
Q) BagAe] 4T AGo] Sre 12, s,

WAk dA3E 7H 4= Al B 588 Q1Ake]thS Table 1
N EA-EHA 70}’5} AdES g1 = Aok BE o
oflA W= gk e A7 411 kI/mol A& HERE E
2B AR WelEA] e Aol A sl
Y FH FopollA AREE e thEAR] B4 A}
A ZF 2 2= poly(vinylidene fluoride)(PVDF)<} fluorinated
ethylene vinyl ether(FEVE) 5-°] Uth™ o]&& F2 44
&, TA8 5 UdS AF58E A3UE E HHG o7
2 HgollA Z3, sid, A AW YE= FHAsH Z
S5 ot o]FolA 7HE WA Lzl 212 PVDF @i
THAE 712eR 3 Ba IYott. BF PVDF IQL =
o Ao 2azglo] Y WA of] ofFf o] Fof X uj-9-
=2 2xo 71 ¢ Az 3ol 2 a3t 19659 Pennwalt
At A Hzo] Fste Z®W-& PVDF AlFo] SA=HUTH
A= Arkemas} Solvayoll A 717z} Kynar® 5003} Hylar®
50000]2= Zﬂ%ﬁ A goldl Z2 IS g3 Avlst
3tk T TE g 83 BEATEA} AFCE 1980
A Asahi Glassoﬂ Al =43t Lumiflon® trademark] FEVE
TR itk o]E % PVDFS} FEVE 5% Hold 34
I e WS 7 8 AR EA AN Fa5 9
A5 ZpASHL 3L
Jutdel PVDF FEA-ZE= Figure 13} 7+0] -CH,-CF--
aFo] WHEEE FHE 7EAL Itk PVDF #A19] 34
ol A% 2ot £ B4 ke 59 wit%) Wil vl ¢
T3k 318k, 48hA S 7HE 4 Stk PVDF RS
AAE e did oz 284 PVDF.J okg HFaia =
g T 2 2AHS P17 Sl methyl methacrylateo]
MqES, %‘7}—’-\-"3 ol FAE A ARl QITEF o=
5 A vy 9 5 20~30% FEo|th
Figure 201 E_OZ]X]E‘ FEVEE= ﬂuoroethylene»} vinyl ether
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Table 1. Bond Energy of Fluorocarbon®

C-C Enthalpy C-F/C-H
bond (kJ/mol) bond

CF;-CF; 414
CF;-CH; 424
Hydro-carbon CH;-CH; 379

Enthalpy
(kJ/mol)

F-CF,-CH; 523
CF;CH,-H 447
CH;CH,-H 411

Resin

Fluoro-carbon

*Natural strongest UV energy in the outdoor: 411 kJ/mol (290 nm).
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Figure 1. Chemical structure of PVDF.
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Figure 2. Chemical structure of FEVE copolymer and the role of
each units.’
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Baw Ao PVDF A" 3 $loll F9 FEVE &
< F"sl= Aotk o g I IS 7%= YolA
300~400 °C2] F20 2 30~60% A= mE=2A AHH=e EF
< 7HAAL Stk meb 2R Thle o] AE 58S
st AEE ok o, & ezl vt WA 0 R =
melamine3} isocyanate 7t (HSHAIE o] &3l= W 5ol
AT} MelamineF 2] 7} A (Figure 3(a)) 2= dWHE o

methylated melamine resins ©] AH8-=™, Ex} o 674 <]
methoxy L] Wet7|ut ZAREA hydroxy Z&°] e 3
AH=3} 238 WkS-(i.e. -N(CH,OCH;),+ ROH <> -N(CH,OR),
+2CH,O0H)2.2 7t 4= 3tk 6712 methoxy 153 2t
= Wl bkt B4 aiAES e o, &
< FAES 7L o], thE EAE T AH8A0] Fom
HA=rF e 548 7HAL dth A58} 9h8-4-2 methylation
o] Fxof e} GefAl=t, methylation =7t =255, A
Lot w33 Yol e SAS 7HAAL itk HMMM #2k
© AE7t vol A FE o] =& & Fo® Yol 7t
SO, 3] F7I8AE FolHA EES HET 9
th B3 a2olA wEA AuEHe 2 JY] A, G
oA -NCOS} -OHS] ¥H&-o] &Y= A] L= blockingrZ!
isocyanate 2] 7IuA| (Figure 3(b))E = AR Aot =
It 2o =2EUS wf E4J38HE isocyanate?} polyol
o] ¥k$-3}o] urethane 4 $HR-NCO + HO-R' «» R-NH-CO-
O-R)°] o FAX S sh= Zlolt}. 53] zpe)idol| theh J3F
©] A2 hexamethylene diisocyanate(HDI) % isophorone
diisocyanate(IPDI)9} 72 aliphatic diisocyanate”} ¥o] AR
=3 ek i AFM e olF AR TRl F
< HDIE ARE-SIITE. 9det 7hatol] ofef Alxzd =u2 =
< YT A FaATEs 7R o] AT

@ H4CO CH CH,O CH,
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Figure 3. Chemical structures of cross linking agents used in this
study: (a) HMMM,; (b) HDI.
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Preparation of Coatings and Test Panels. & $370l}A]
ARESE Y FH 4Tl B2 Figure 49 7
o] A& AxEE &Frlw &4 fol e = EE=F
Al: 5 um), PVDF A% A @AZEEE7: 20 pm), FEVE %
Y =2 (AZEEFA: 10 um)e] Ml Fo tEET2E =5
FA: 35 um)= 4= 2

Primer Coat.” Z& HAgld ¢FrE2AGA: 0.5 mm)
9ol SF=(PVDF-Acrylic) =73 AT & Aol ALg
g Sk= =8+ Table 20 Webdl 213} ko] PVDFS} of=L
g A, o|FA] FAE A AR ShEE WA ks
strontium chromate, 2§} 9t= ¢l TiO,, carbon black, iron
oxide, A& <52 barium sulfateS ARE-FITH &A= 3,5,5-
trimethyl-2-cyclohexene-1-one(isophorone)= A8 T, #14
draw barg ©|&3le] 7% =2 57 5 umE =748kl 9
7] €% 320°Ce] QEoM A ¥H HI £57} 210-224 °C
7HE F AEE 202 9t ARAFA

2

Total 35 pum

Figure 4. Schematic layer structure of coating system.

Table 2. Weight Percent Composition of Primer Coating

Composition Welg}g) A)p)ercent Cor;l;nnf;mal
Fluorocarbon resin (PVDF) 15 Kynar500 FSF
Acrylic resin (Sol. 40%) 40 Paraloid B-44
Epoxy resin (Sol. 40%) 10 YD-136
TiO, 10
Strontium chromate 5
Barium sulfate 5
Carbon black 0.1
Iron oxide 0.5
Isophorone 144

Total 100
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Table 3. Weight Percent Composition of Pigmented Coating

Weight C .
.. ommercial
Composition percent
%) name

Fluorocarbon resin (PVDF) 28 Kynar500 FSF
Acrylic resin (Sol. 40%) 30 Paraloid B-44
DPP Red BO Pigment 254 6
TiO, 0.5
chrome antimony titanium buff rutile 2
Isophorone 36.5

Total 100

Pigmented Coat.” 3sl= T=AH IFuFia(F:
0.5 mm) 9o A=(PVDF-Acrylic) =732 A3 2 A
o] AR&-3F A= = 8+= Table 39 Yehd Az} o] F 427
IFE T 7217 PVDF(70%)2}F oF2E 41(30%) ¥&2 &
vtk s = A4 QtE <l DPP Red BO Pigment 254,
TiO,, chrome antimony titanium buff rutileS AF&-3IT} &4
= isophorone2 AFE-SATE. #38 draw barS o83l AX =
ot T 20 um=E S-S B9 &% 320°C2] 2 EoA
274 ¥ H %7} 232:241°C7 2 YRR 2R F
S AxAIF .

Clear Coat. PVDF A% =4d &Fu)F 2A4(FA:
05mm) 2ol ¥ (FEVE) =742 A3t} FEVE 29 3

£ Table 49} 72o] 7tuA| e} ol uje} F=H]3T), 71

e

o} - o

Al P& Table 50 YRS vlel Z20] HMMM®] melamine
HHS-0 2 melamine i (ie. 5~30%)EZ TI~T6S 4]},
HDI®| isocyanate ¥F3-© 2 NCO/OH F#H|(i.e. 0.3~0.6)2
2 1734 T8 A&tk 4 3=41< T1~T6 HMMM®]
melamine ¥H3-9A] b-cat 00532 A3l ™, T73} T8 HDI
type2] isocyanate HH-8-o|*4= DBTDLS ARSIt} &A= n-
butanol} diacetone alcoholS ARE-Jt. AX EA42 717
W H7MAE BYK 3228 AREEITh #22 draw barS ©]&
3l AZ=9YFA 10umE =431 (&7 2=
320°CpellA &4 ¥ 2 £%7) 232241 °C7F € S U=
5 27% B A=A

T8 gfo| 24 EHY 1. ¥H(EFE)ES A9 28
A= v HE52 =2 57 Z247](Elcometer 400)
=4 ‘“E‘r(ASTM D7091).
2. 78 ¥9¥ Fee GLOSS-METER(BYK)2] 60° =% 7}
ew FTHASTM D523).
L3 FH] YWEAEE 58] el thaat 2ol A
Sl 2 methyl ethyl ketone(MEK)S AH8-3}od 1kg
JZ(gauze)i rubbingZl THASTM D5402).
71882 bench vices ©]-&3te] 7} A|RE e
i :rL—‘nj— AE B2 38 7k HE crack S5 =2
2 T THASTM D4145).
g uF a2 =H0o Ak AJH-S cross-cut(l mm 7F
0 7H3+ &, tester(Erichsen tester)oll £ ¥k & A}

£ AHAR - LA Zol(e mm)E Lojuio] Ad

LU=

Table 4. Weight Percent Composition for Eight Kinds of FEVE Clear Coating Samples

Item description

Weight percent of FEVE clear coating (%)

T1 T2 T3 T4 TS5 T6 T7 T8
FEVE (50%) lumiflon 1f600x 71.1 73.7 76.7 79.3 81.8 84.4 80.7 76.3
Melamine (98%) CYMEL 303 154 12.9 9.85 7.28 4.71 2.14 0 0
Isocyanate (75%) BL3175 0 0 0 0 0 0 5.83 11
Catalyst b-cat 0053 0.17 0.17 0.17 0.17 0.17 0.17 0 0
Catalyst DBTDL 0 0 0 0 0 0 0.34 0.32
Solvent n-butanol 4.28 428 4.28 428 4.28 4.28 423 3.99
Solvent diacetone alcohol 8.57 8.57 8.57 8.57 8.57 8.57 8.45 7.99
Additive BYK 322 0.43 0.43 0.43 0.43 0.43 0.43 0.42 0.4
Total 100 100 100 100 100 100 100 100

Table 5. Chemical Composition in Weight Percent for Main Crosslinking Materials (HMMM or HDI)

T1 T2 T3 T4 TS T6 T7 T8

FEVE 70 75 80 85 90 95 90 82
HMMM 30 25 20 15 10 5 - -

HDI - - - - - - 10 18

NCO/OH - - - - - - 0.3 0.6

ZEd, A414¥ A2%, 20173
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919 Elo]Z PR ES 1Y P THASTM D3359).

6. 29 = RS B3 S =" AES 100°C
BE B F 1 A R & 7Ado] 7i5Ee] D=l £ cross-
cut(l mm 7F4 100 7+) ¥ tester(Erichsen tester)l] ¥ wF
AEF4e] AAE JAPAIT & LT Zlo)(6 mm)= Hol
o] 437219 Hlo|= L2 FE-S ZIPFTHASTM D3359).

7. 78 9 W44 5782 Dupont impact testers ©]-8-5}

S FHOE F WS (Ge. 14 n)@3/de] A
215 PN F DG =0](50 cm)E Ak LG 8t

T(1kgyE 7K F5 ozl & A 19 crack o F

o} F¥ ZF UFAS FAITHASTM D2794).

8. IH " Ax =42 A Mitsubishi UNI)S- ©]-&31
ov A=A A= ¥HB, F, H 2H, 3H, 4H, SH)Z I8 &
of o] IYFH o] o] viE d AFY) FHE Z
g 9 AxE gt Ag4le] dole oF 3mm =EAA
40081 o) AvAR HAe-g Azto R Zolgglom 13] Al

Hol] AbE Ado] miRE 312 23] o] A S AWsHA| &
UATHASTM D3363).

9. 2 " UIrke]AA 792 Q-LABAKY Ak S04
FAANE7I71E ol &3th 58] UV-B(313nm) FFHZE
AREsEe] 2k Z2AKT0°C) 8 A1ZE S 4A17H(50 °C)=
vk 3G THASTM G154).

SEM(FAIEX}L #0|d). 7k W3} A2 =E A7)
whet Ak 7bzke] A8 b g Ho]Z 9]of] A A
7|12z} £o]il SEM o|n|AE A=Y Th ARS-gH SEM 4
H|:= JEOL AF] JEM-65100]t},

Table 6. Physical and Chemical Characterization of Samples

FTIRE2|M B&7]). 7k Wi AL =3A] 7kl o
2} Az 47kl 5 o] #g7)o] e} vists dobr
7] 8l Ao HF FEHE AT ARS-gE FTIR ]
= Perkin Elmer AF] spectrum 100°]T}.

Ay o =2

7hA Fejol]l mE = =] A 2 5Hol tigh vl
Al A= Table 60 A2 st

74X 2M. 378 = 92 HMMMS A3 melamine
7t Wk3-H(T1~T6)Z} HDIE A}F&-3F urethane WH3-+(T7,
T8) =% 3 3ch F8 v Ax= A8 TI1~T6o| A&
2 T7, T8 WH] §% o9 EA4S BT Ut} 539
HMMM 3+o| 555 7357} &, o]} v =8 9
7Fd2 AR T7, T8| TI1~T6 tH] 55 olde] B4 1

32 QJth. o] 799l HMMM §o] Was 7ol
=& 73S Holtk MEK Rub Resistance A& T1~T6°]
FA o R T7, T8 tH] 53 B4 HoFrh 539
HMMM §F&o] =592 MEK rub resistance”} 3T}

UV Resistance-Accelerated Weathering Test Results
(UV-B). Figure 50l #}9]4d Algdol| o]gh 7} Al s52] #F&]A
RS B FAEH AR vlaste] A3E JERRSL
th Al 59 FE fA&2 AL A AlZel| wet Zhz
TE 258 BolFa It A& T5~T8ES A4 4000 Al
7 50% oldo = thE 7twA FejEe] Hls| gt vhHe|
A8 T1 22 294 2000 A|7HEE 8438 38 A4S

Sample FEVE Clear Coating
Test Tl T3 T4 TS T6 T7 T8
Specular gloss ASTM 60 degree 82 82 80 80 79 78 80
D523
Solvent resistance ASTM MEK RUB > 100 > 100 > 100 > 100 > 90 <50 <20 <30
D5402
Flexibility ASTM oT NPO NPO NPO NPO NPO NPO NPO NPO
D445 IT NPO NPO NPO NPO NPO NPO  NC  NPO
2T NPO NPO NPO NPO NPO NC NC NC
3T NPO NPO NPO NPO NC NC NC NC
Adhesion ASTM C.C.E 6 mm 5B 5B 5B 5B 5B 5B 5B 5B
D3359
Boiling adhesion ASTM C.CEE 6 mm 5B 5B 5B 5B 5B 5B 5B 5B
D3359
Impact resistance ASTM 1 kgx50 cm NC NC NC NC NC NC NC NC
D279%4
Hardness ASTM Pencil H/4H H/4H H/4H H/4H H/3H F/2H F/2H F/2H
D3363  (Scratch/Gouge)

*NPO: No pick-off; NC: No crack.

Polymer(Korea), Vol. 41, No. 2, 2017
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QUV-B 1000HRS QUV-B 2000HRS QUV-B 3000HRS QUV-B 4000HRS

Gloss retention (%)

mHG-T1 wHG-T2 wHG-T3 wHG-T4 wHG-TS mHG-T6 mHG-T7 wHG-T8

(b)
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- 231
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COLOR CHANGE(AE)

Figure 5. (a) Gloss retention; (b) color change of samples through
UV test.

BRItk nR7 A& AR50 MR} Bgk 249 ATE A7t
e} Z4zF g 25S Helth Al T5~T8S #4914 4000
AIZF MZHAE) <1.5 £l 2 g5 vhH Als T1Z T2

HG-T1UV HG-T2UV

HG-TS UV

Figure 6. SEM images of samples after UV test (scale bar = 500 pm).
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224 2000 AZHEE FASH Ade] A=At

SEM. 7} A EEel tisl] 4000 A17ke] 2k Al F, 3
A 28 9 dsle] s Ao R S 2 vlast
St} Figure 69 XX = thZ melamine 2 &A=
HMMM gHego] =545 9 2 dst =7} s vet
Bom, 53], AlE TI~T4= 328 o] 3= ATt 0|2} o
ZH o8 AR T59 TeS Y B FHo] vl

Isocyanate A%<l T72 T8 A&
EA7F JAL A o' ]

=

FTIR. Figure 76 YeRd v} 73o]
A1&E (4000 A17H) F FTIRS B3l z}e]de ¢Jgt 518
3= 38k Aol WskE A4t

Melamine BFSZ(T1~T6): A-2]4 unexposed -3
exposed 22| FTIR spectrum= H]wshd 33 #W3r} o
At AL g1 4 Ak L FAA Foll BHe A2 815,
1550 cm™ ¥ Z7F AbgRRthE Zlelth 1550em’ I3+
HMMMS] triazine ring®] BrAxgze} AAdzle] Aol
Bl At webi AR TI-T6 oAl HMMMS 7H
Bo] et e TIolAM 78 AA Eolle Te7kA1 9l
upexposed ¥|ZE HlWS|HH Jert 3 Hold g 1%

 Slek. of Tlze) A A9 Bakz <ol VAN
o A2 ARS 44T 5 A © AL F9H @

2dztel A adate] A UA] = 305 ki/molZ AREA Q]
QI Z9)A o dxIQl 411 kl/molEth B We 2520)7] uj
o] TH(Table 1). A3+2] st T2 exposed L Zof|=
T1~T6 25 815, 1550 cm™ ¥ I E Zro} & 4= glT}

I ggoeg A 4 9= Aol 1100em’ A
Unexposed L2 22| A o] 3] A7} 71 A Yeht= o]
£ FEVEQ| C-F, 2% wl&olgt & 4= St} TiolA T6
2 2452 Ao)A d3t & CF, A5 480 Foj=¢

HG-T4 UV
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Figure 7. FTIR spectra of T1~T8 samples before and after UV test. (Black: Unexposed, Red: UV exposed).

=
5ol &EYd T19] FEVES C-F= A4 d3l=
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