Polymer(Koreu). Vol. 29, No. 1. pp 96-101. 2005

B 9 olwy ARYE A 29 ARE A8

ey ALK TSte] @ oYM BB o
TR B HER . FYGT
*pajusty TEATEE “esiatd e Al A E ke
259 A= 20054¢ 149 149 )

Investigation into the Thermal Stability of
Fluoropolymer Coating for Heat-Resistant Application

Hey-Jin Cho*** Juhwan Ryu*, Doo-Jin Byun**, and Kil-Yeong Choi**"
*Department of Polymer Engineering, Chungnam National University,
220, daeduk, Daejeon 305-764, Korea
**Reliability of Assessment Center, Korea Research Institute of
Chemical Technology, Daejeon 305-600, Korea
(Received November 25, 2004;accepted January 14, 2005)

ZE: PTFE @ PFA 59 EA45A= H 92 ALg 2571 260 Coll @ahs 12 g4 @ A4EA, 2 A
oA 8 280 C, 75 7te] Axgol JAME FEF 4 OW**ol %21%9- BEapch et Z1AA A
w84 9 2ud AN 2 5o Ay 4o 3 2 A s 2
gulo 2ol FHHEZL, w4 BEEA, Yaadxd B4l 9@ H& % 71%6}@ ZHatA] Fahvh= 7o) 2%l
et 37 Aghge] Aol 7o)y =3 E7|E WPH BasA] FEuke) 280 C dmgtel e £49] 2
Th= Azte B RE2 X0 S FE47A6 i dEeEe] &g AAsta Ak

Abstract: Fluoropolymer of PTFE and PFA ec. is a heat resistance polymeric material that it is known as that maximum
continuous use temperature reaches for 260 C. It was observed that these polymers had the enough thermal stability so
enough that it was kept by thermal aging of 280 C/7 weeks too in this study. However, such thermal stability means that
bulk material property is kept such as mechanical strength, melting point and initial pyrolysis temperature etc. If these
polymers are evaluate by coating property such as surface contact angle, surface morphology, surface scratch, thing that
heat resistance is not enough was confirmed in this study. Thermal aging of flouropolymer coating was achieved by gear
aging oven that the exchange rate of air was controlled, and the analysis results were indicating serious damage of surface
morphology and adhesive strength on metal substrate.
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1. M2 g Favjel 2 7pr)7] olel BW mEAlRA ARE T g
u}h BAa|is AubA o Table 10 4H wheh o] 5k v
£ 242 (fluoropolymer, fluoride resin)i= Hoivt 8h&tA QAL YA o] Azl 2181 polytertratluoro ethylene(PTFE), perfluorcalk-
I8 GokgAl, AAAN ) R vk Algg zhe nRA R E P oxy(PFA), ethylene tetrafluoroethylene(ETFE), (FEP)fluoroethylenepropyl
UlekEAd, 141%“ gl Fo] Holvk tEael 4 F4e] ene TA FOoRE TR, e §E° FW IAYARE FR
okt 58], A4 8-83e] 330 Tl 2oe] thFEe e A4 300 C oo §8% ZH: PTFE 549 PFA #747F ARg-do?
A *ZH*-E U 458 52 &8 25E /M gle ¥ of °]% PTFE 7|8t PRA 4= 7] 944 AHE 25271 260 Cofl =2
HE R 9l B S ofelel nli AAEwn} gde. skl Skl ol A% U AR wol slew gel 2o,
2 Sosio] AgT YeEge] RrHE A SEAT A 48R slnlzd 4] WGl Beel 97E Bat WA 6
BEa gt o]2d g 545 vlEe] B4R aRE 24 on 53] xE] ZAbl sl G5 714 5180549 %}7]
8, RE A ’lﬁ"c’ﬂ ol 553 vhavl A5E HYOEA, dAdel g ofwils Aeh Hay daEo] UH @l o)s
271 g@dol a7EE 2AEe] ARANY EoblM BaFA7 | olg T4 BagR7) zhe uldA meAlRAe] Adved &
H & L5 akar 9l 24e ngyd o, Aol dig Hael FERThs WeA a¥
trO7 olgh e HEAQ] dE, BagAE B odolmd 42 7 o] dgdsts A8 Hrlsly) ofele W el EAEd V1 &
ARE Fob BAM| 8 JaAveh Fe ARET)7] Fol drivtein v Ae® AztEch & 2SS PTFE 74 Hi(fim, 300 pm)7h
PFA 4% &< 314 ZHcoating film, 25 um)S GO E, 7] w3
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Table 1. Typical Properties of Teflon Fluoropolymers 2 dlo|lHE #=33)
Property Teflon PTFE  Teflon PFA  Teflon ETFE  Teflon FEP NAFALEZADSC) #42 TA instrument®] 2 DSC 2910 &
Specific Gravity, glem’ 215 215 1.76 215 A8 Ag3le], 10 C/min®) 24552 400 C7HA] 7185k W
TensileStrlength.psi 3000 ~5000 3600 5800 ~6700 3400 o7 Ai B9/ dolA ZAHEY L, EARAATCA) 4L
e P A A L Ta insment®] £ TGA 2950% o184191 10 Tnin®] 8%
‘ T2 700 C7HA] 7hdshe B Fa B97) slellA 453
Taber Abrasion. mg. cycle 12 - - 148 Greslo] o5k WS Hmay] 93 AFeH Bad] B2
Coeffic}ientofFriqion 0.12~0.15 0.2 0.24~05 0.12~0.20 [ Eluho. 7b B [ o] A= o
Static. Dynamic 0.05~0.10 : 03~04  0.08~03 a8 1A IR 7 BAA] BUR-100 pm)e] A AR
Contact Angle, water, degrees  104~111  104~111  90~100  95~105 o 4 nfola 28-S AMES ubE AF YPEoE FH)Egloh
Melting Point, T Kby 306 267 260 4 Y&zt 8% A HoMEY BY
C;Z:el?]szeﬁ:lre.ecc 379~429  379~399  302~323  360~385 AE7L 242 768%5762] o|v|X] SAEZ ZH= SEO 300A B
Contim;ous, lnlerpm'mem 260,316 260.288 149,199 204,232 S ALgEle, 2340 Wb 2oy FF 10 L7t HER 23}
Thermal Conductivity Wimk 0.5 0.19 0.24 0.20 = aeg ek dlojgle] EHL Foin ExrA| HF
Thermal Expansion, ppm/ C 100 Fg disle] 1039 4 FAs Fo| HAEs dv WL
Water Absorption, % in 24 hr <0.01 <0.03 <0.03 <0.01 2 =35 A
R - ’ ' o Hol0u BAe duwslel od B444 AT EWY Dsh
£ #E3)7] 918ke] Nicolete] =42 Magna 550 2 IR Plan Advan-
otk AYe sl om, A FHvte] 47 ads 4 tgeS ARESIlom, Aicglol] sty A Hgol FETEHAS Al
|3 71E02 Frkstaak stk §3) 2 dTelAe dukde 5 HUF(~50 pm) TATHE UEY E npo]IRES *}%6}01
2 A F2e] WEA S Hrtete o R VAH A%, 97 dhe) A7l 3 @A R B35 2ol 23 resolution 4 cm”, 1283
3 A 2% 84, §4 AV AY o WsE ASshe U scan®] 574 2702 F43igirt
9oll, FRARM] BH E4E 9T B2Y HE54 2 w3 25 MAO0IE BE Y 230K AlY
A4, B9 HA 7 x T& #5ste] E4A4R] IEEHY g & HMarEm 7 #Edd A rSHGeA mafge) dAo] e
e A=A} cold gun type®) FE-SEMS3! JEOL®] =¥ JSM-6700F &S Al&
don, 4 21 WD 8 mm, 5 keVold 10008182 23}
2. MY A},
233 4¥-E CETRE 2~ A Ag7] 29 UMT2E A&
21 E44X| ZE 2 agy AL, W 04 cmo] H2hEg 74l 22 spindled AHE-SH
UlgAl Badx] meuke] dwgl B9 ATl 9skal 300 c}. Spindle®} ©]% A2 10 mm, °JEE5EE | mm/min, T3 §-3}
pm %vﬂel B4R A3 25 um FAQ) BAasA magete) & BHF(F)E 5914 200 g7hAl LA Al Fat & Frlehe e AL
A NBE NEEe, £4d 9§ 4 BarAs 25 4 29 8] 234X AZAFE) rhEAFE 54 sl
% %**Xl dx3l 54 Hlﬂé}@l A8kt BagAl 4
> FY Z2H AT AL sheet F BEOE, T3 A4S 3.0 U EE

=

s ©

IEALAG)NA e FH 180180 pm YA 27)¢] PTFE

A S 300~400 kgiem’e] o2 W3 4AT F AH2)sto] YA E 49_5]5 oA g 548 A vl B

E 3 =
A bR BBk 25 A TR BAATEOIA Ax 25F AT 2= 2elsad bgdd BasAs 3% 1A
]

3 PFA 7] IY o, &AM AEH PFA £AE LFulH Atole} Ao 6“*51—“— A= Wrgdes thre] g
7)) 4 Aol et 2545 pm FAR A2 =4 A3 Ba F vk 2 A7) AH8E PTFE 79 PRA 2= &AL W
T st uojtt. A Baga g, 200 T AL AR 259 300~330
2.2 Ydt W o] 8§ =L /I gk B AelMe 3] wdds Bt
Fioghe GAslel] o3 & uelste] §7] AFEol 24 ah7] 943 did) Mg 2R 280 CE A, vlw AlY
H 7)ol mE ]S ARske] 733E =alEkgich Algel AF SERA 160 TE F7istel duaiel, dFd4os Bags]
B3 AJE71 Y Yasuda Seisakusho®] =3}41317] 2@ 102-SHF- HEAFE RE & AR 2EE (60~280 T M/ d A
Sb ARBEE e, AR Sl 37 AFEe ARME 4~T73]% % o2 sl B At #Ae] Ayt Fv1 Fo Aot
A3l w8t 2E 1603 280 TE MEEle] 15, 35, 57, 75 AEo] o]FoiA RUF YEFEE %%‘01 om0 oy
42—‘191 w5 AZke . alEkgln) ste] e F7] AFEe] AolHE 7)oy nSA 7S AHget
23 QHAY X HEN o] 1,3,5, 759 Aoz 7R #Ase gyow AE )
E4pA] HE o AEg A Z42 Instron?] Universal Tes- 300 um F72] PTFE 77 RE0 8 535 441 TH o
ting Machine %% 5567-% ARE3I1 oM, Al &ele= KS M3054f wsfell ot 7)AA B wshe] P, Flgun? 1o] Hof = 77
E7)9 288 A)HE ARSI Cross-head speedi= ASTM D 882 o] Q1A 7w W Algo) wake sotE =t 1603} 280 T o T+
of F3to] 500 mmvmin®} LI FHASALL 670 AlHe] Het gho 7hAl diesh 240 Bl duesh Agte] Ayl ol g
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Figure 1. Influence of thermal aging time on the tensile strength (O, @)
and the elongation (L], M) of fluoro- polymer (PTFE) film at 160 C (O,
(hand 280 C (@, W)
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Figure 2. Changes in melting behavior of fluoro-polymers by thermal
aging. Non-aged vs aged sample at 280 C /7 weeks. (a) Fluoropolymer
(PTFE) film and (b) Fluoropolymer (PFA) coating.
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Figure 3. Influence of thermal aging time on the contact angle of
fluoropolymer (PTFE) film (['1, M) and fluoropolymer (PFA) coating (@)
at 160 C (hand280 C (WM, @).
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Figure 4. Formation of hydroxyl group at fluoro-polymer surface by
thermal aging, non-aged (--) and aged (-) at 280 C/7weeks.
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Figure 5. Surface images of fluoropolymer(PTFE) film after thermal
aging at 280 C (><1,000). (a) non-aged (b) aged for 1 week, (c) aged for
3 weeks, and (d) aged for 7 weeks.

Figure 6. Surface images of fluoropolymer (PFA) coating after thermal
aging at 280 C (X1,000). (a) non-aged, (b) aged for 1 week, (c) aged for
3 weeks, and (d) aged for 7 weeks.
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Figure 7. Scratch test results of fluoropolymer (PFA) coating, (a) non-
aged coating, (b) aged coating at 280 C /7 weeks.
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