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Abstract

This study examined the flame-retardant properties of several encapsulant types that could
replace existing ethylene vinyl acetate to improve the fire safety of Building Integrated
Photovoltaic modules when used as exterior building material. For the study, six types of films
(flame-retardant polyethylene terephthalate, polyether ether ketone, flame-retardant polyethylene
naphthalate, polyimide, polyethylene, and thermoplastic polyurethane) were prepared, and
various analyses were performed to determine the fire stability of each film. Thermogravimetric
Analyzer results showed that polyimide and polyether ether ketone films had the best thermal
stability. Upon measuring the light transmittance, polyimide and polyethylene demonstrated
>90% light transmittance. The water vapor transmission rate value for the 50 pm-thick
polyimide was 270 g/m*/day. Polyimide film did not ignite during the cone calorimeter
measurement; instead, only film shrinkage was observed. Collectively, polyimide showed the
best thermal stability and module application characteristics among all six types of films.

Keywords: 712 U A F e QFF A ARI(BIPV), 5% A (Encapsulant), ¢ (Flame retardant),
B g E(PV module)
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7l= A ofo] 2
BIPV A2 LA G A~
G2B ! glass to backsheet H%d 2=
G2G  : glass to glass B BE
EVA : Ethylene Vinyl Acetate
PET  : polyethylene terephthalate
PEEK : Polyether ether ketone
PEN  : Polyethylene Naphthalate
Pl : Polyimide
PE ! Polyethylene
TPU  : Thermoplastic Polyurethane
TGA  : Thermogravimetric Analyzers
WVTR @ Water Vapor Transmission Rate

LME

A o= SaAdS S 715} thso] ke oz 7|E s moA AR =9 ofj 7] Z4g
o o] IR AL it} oM = HATHE PIsf Aol A o] e Ego] A&H 0 = o] Fof2] Al 9lom, of
2 Aol 2 & EHOJ%(PV, Photovoltaic)oll B T4l 7] 20| x et . Bjegag 172 i) ofuz
€ 710U A 2 A B31E Sk AlLFL0 2 TRt o] 3] w]of -8-=]aL . SEAIRE, =] 7
T ARNE ES HA o2 B TS ARt 57 &Rl of2fwe] At mEtA olE S5317] fIst, 9
=

A

G g, A ER, 949 BT, A29AY B0 5 9] chasle] tigt g 2L 7180
1 Qlek 1 F ASLAFBIPV, Building Integrated Photovoltaic)-2 ARt ZEHZ ] TS| 2 Z18E]
o] Q= vkt sl At 'igd A Alole BIPVE BId BEat 1E oA QS sk
AS5E T84 =, U9 T 752 F-AIok= BIPV A|ARRE F/4doh= 24 Telo|h Egh R-2] 2 gou
A1 3020 o]3A = 2025137 AP RITASES] A= uA] A= ool tiulste], oftE 5 153

=of| 4-8%= BIPV A 27 0] A1, ¥ 4] AJeiAl 9] 757 742t D @ siet. BIPV A|AR 0] S-S ¢
SfA= ot ERF 2 A W S AE AR AR, 3 FAA, RrRI A Bold Fol e ol et
7Ies7Eo] AlERt AAelrh 2 BIPV REo] 559 AR QIAEIL glom, ofof ma} & SHAiA]
BIPV R ThE E oFdAeh AR 0] Bt B 5 §4Jo] 87511 Slrt BIPV BE& Eelol=
AetA Q1 e g 52| F3+= G2B (glass to backsheet) T= G2G (glass to glass)0|H, BE 4484 5 3H
of] 7} okt HE.C Zalm] A7l EVA (Bthylene Vinyl Acetate)2} back sheeto]th. EVA2] 74 melting
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pointZ} $ot (< 1207) shAfargo] 2zt =17] 41901, k] 7h2dh o] mh2 weight loss7H 2 HoloH?,
Back sheet®] 78-¢- G2G H-& AIRHA] 2HE]A] ¢hg0 2 947 0 2 EVAS] Aol ¥kt A7t L agich,

b, B = Rof| N AEE oAl 24 ke 915 BIPV RE2] sl oAl AR Q1519] 7]&2] EVA
A7 7t TRt S0l BRI dAEAdel gt A48 ettt e SIsiAl F 652 BE(d
%IPET, PEEK, F<IPEN, PI, PE, TPU)& =HIsH 0 H, ZF 59| opAf P4 AEE Slofl vt 4=
oAk, T3 A Hopd BE50] SAMR A-8o] 7FsRHA] FFIRE, lamination 4 9 F5ES 5740

=
et AvE oz 630 BE F Pl BEo] 3 848 B BE A8 7HE vt e EofFalrn.

Hz

A7) o] S @ BIPV BE A8 71548 Bls)] 9isjo] £ 67)7)0] BEL ZulsI9c), 2t B

O B4 712491 B2 Table 1] et it sfid 552 SA1 42 o= dfjs)= ZE550lth

Table 1 Information of films for potential BIPY module encapsulants

F lamel;g;ardant PEEK F lamef;]rae;ardant PI PE TPU
Chemical Fomular CioHsO4 Ci9H120; C14H1004 CssHasN> O CH, C3HsN,O
(g/c]r)n?gzt}(])OC) 1.38 1.32 1.36 0.005 ~ 1.95 0.88 ~0.96 0.65 ~ 1.44
Melting point (°C) >250 343 262 ~275 247 ~388 115~135 71~221
Thickness (pum) 25 125 125 50 100 25
Tensile strength
(MPa) @ 23°C 146.02 784.56 310 231 45-55 524 — 793

*Machine direction

7t 1529 U EAS Hrkelr] $15k] TGA (Thermogravimetric Analyzers, TGA N-1000, SCINCO)

— = —
£ ZAs19.0H, SAHXALN, 2971, 20 ~ 900C 2= 9] F 10C/min®] heating rate= F1e¥s}ict. E3H

S 2552 BIPV &2 F<=A(optical loss)E F|Adtsflof ol22 BE-0] 335} (optical transmittance)
5 UV-Vis spectroscopy (UV-2600i, Shimadzu) 2] AE+(integrating sphere)E ©]-85to] Z4o1Itt. Ej%F
I 5 ZAAL 2 oF & B 5 ohel B5E(WVTR, Water Vapor Transmission Rate)2 S45H] ¢
5o =9l WVTR (PERMATRAN-W Model 3/33, MOCON)-& =451t} WE9] G2le} ejoFa] 7+
o] HAE4= 716 $Ist] laminatorE ©]-8-5H] TRt 2=ol4] lamination-g 7198
ISkt TRk ot e e IHUEE, VA E, ARt B 2% 5 S451] $i5te] Cone
Calorimeter (KS FISO 5660—1 Cone Calorimeter, FESTEC)E Z7J5FItt. Cone Calorimeter £73-8 A4E5-2

27421 10 em X 10 cm 2719} 3 mm FA|12] A4+ Zehi2] Atolo 279 WE2 zdetste] 21/ 85/85/
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TGA 242 A=E 7IEgo2H dojx)iz 2e-FA HakF SHgo2H Al=o] EeHg4(thermal
stability) % 'F$1/d(flame retardancy) +41°] 7Fsstt. olof wi2f, & A5 f1al FHIet 657 Z5oll o
gt BIPVE] BAAE 28 K54S A1t F714%1 HluE $loto] & Ao Efslal Qe
BOPET ¥ X Pl &7 S45199tt. Fig. 1()E 652 D& 9 371 252 UE(Fig. 1(2)°l PIB)+= &

¥ Plo]™, PI(T)+&= F PIE 2Ju))o] thet TGA E4ATE BojFal 9lom, 2Rt A AT Table 2011
UHER QU
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Fig. 1 (a) TGA and (b) UV-Vis measurement results of the potential BIPV module encapsulants

Table 2 TGA results of potential BIPV module encapsulants

Flame-retarda Flame-retarda

12)
T PEEK N Pl PE TPU EVA
Tem(‘lecr)ame 3745~5352 576.8~695.6 3872~5584 391~7847 112.9~553.6 264.4~509.7 255~550
el
We‘éi?t) 088 88.326 47.173 76.036 42.792 82.436 93.007 99
0

Fig. 1(a) & Table 294 & 4= 9J50] 652] W& 5 PI7F900°CoflA] 7 -2 weight loss B2 €F42.8%
= HojZglon weight loss7} o] 20jAl= £ #7391 ~ 784.7CE 71 =& AL 3l :
PEEK W20] 79 oF 47.2%:9)] weight lossE HojFQ 01}, 27]0] Ma}r} o] 2ojz|e &1 o= 5768 ~
695.6C2 TF2 W2 HT}H =2 AL 8}olg} 4= 919jrt. 11 9]9] PET, PEN, PE @ TPU W22 ko] 052 =

=T 1

to)
SRS 2L ol A M AIRFEH, weight lossE 76 ~ 93 %2 19 -2 weight lossE H TSI,
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B AFE 9] o] AN, e E H-8E= EVA 9 back sheet®] TGAZATE HH 2F 255 ~ 550 Cf|A]
BARS} o] Fo) M, weight loss= EVAE F 99%, back sheett= oF 93%2 S151ITH?. E35E EVA 2
back sheet®] 73-¢- polymero| 2 & FAHS}LS] tf 22 7FAFE| 2 HE 5| o] o] Fojz]H, 2 Ao] AR
67 BEE Y @0 s FA Hart dofuhs 2 08 wrhE:, ofof whe, el ido] Z3elH BIPV R&
O] BAAZ ARSE] QlofAe =2 2o FAMRT 42 HEo] fad Aos wetEch

H9E REof A-85= SR A= ki et ejFz] Atolof| fAlstal QloH, HiFz| o] S2lof =
T A HAasl] flole] w2 FIEE 7HAoF gttt olof whet, & 652] Bl titt Rt E %
g. 1= 659 B9 FFIHEE HojFal Qlrt. o 1=lolA & 4= gl%el, £ PI(T)L}PE
ol 7THE =2 —rJJrEO] 91%8] T HolFqleh. TGAA 7Y £2 23E Hoj3ld PEEK 25
Aol A 40 ~ T0%2] FteE HofF=qlom, A FHoll T0% ool FiteE Ko
Tt of2fet B2 Fale = Qlste] PEEK 7% SxAl= 48570l Fadet 2oz wetdr: &9

3% TGA B Tl S0 A BF £2 AiE HolF

Thal 2= A $HAS FollA 7Fd k=7t =2 PE, PET, P, TPUE A'85te] &
Sieitt. g 853} Bl WS 517] flste] EVALE PDMSS] BF5EE te =0 =5 E ils
37 Fig, 20| BAISIITH 1Y, Antzlo 2 glo] Ahgwl= 1R BAAES] WVTR FAf whats
o7} lzlont, thA = F 10°~ 107 g/m%/ day 20 2 wearable A} Aatof] 29t 22 ER=
4= it} B5E SHAAE PETZL 7P 948t 5492 YIS, PE, TPU, Pl =02 B5L7F 57t
&= Qlek. @A eiFARof 71 de] AREE T 9l EVA S WVTR-L 9F 50 g/m?/day™? @EO]L}, Pl= oF
g/m’/day= 7]Z2] EVAHTH =2 WVTRES HojFQ)rt, iRl 2 oA A& PI 74-¢ FA7F 50 um=
HAZA] EVA S 200 umBE T} v GFe= & = 9lok. mebAl, BIPV 285 91ote] & o w2 2
WVTRo] @HTHA FA7H 748 PIE -89t EVASEFARF WVIR 21 & HY A0 = offJshH, H]
T 250 BAA el ZAE ghe A o= wehE,
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Fig. 2 WVTR measurement results of the potential BIPV module encapsulants''¥
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npREfo 2 A4 AE Al SloiA & ZEenE A Jasilth. & 2= AlddS ffeiile 10
cm X 10 cm 3719 2] Alelof] BAIAE Hof, 2=t g 7ol Al=E AllsHA Jok. B5Ee ST
& 470 MmE FollA, PETE] 73-¢ fre Afeloll dolA] = oFahS Sl f-2] Afolof| Al Fiete] B2] eigt
TPU, PEQ] 7% ¥4EA Q] lamination 374 =221 170 CoflA] &to] & o]fojF o H, PI9] Z-2-ol= 300TC
25 9] oA 2= Zdgste] 2 A= e I AE ARRNE eEsisinh

Z A2 2ule A9 A}, TPULEPE AE-2 oF 100, 200041 8-80] ARtE|o], 277%, 291%0f Al2] H
oA RE 22t AR Qlet 215} o] $of] 47t 7198% o] Fig. 3(c) ~ (d)ofl Ui 2k ol Alart A4
22 ZRISHTE SHAIRHPL AT E 0] 73-fol= A BIAE ARE &< 27t =17] ¢hatom TEo] 55k
AT TS E U TPU, PE &9 73-2olle A& 9] digo] tha: T4t Hhd, PIo] Z-fofli= 2157 =17] ¢F
of Al g0 Ak Ast: 7P A2 A& & 4= QIITHTable 3). Fig. 3(a)oll bl 22 A7tof| 2 ZF A =25
5 78, 2Rt HA] ghotA & HiEEo] 7 Rom, PE, TPU o=

i

Time (sec)

Fig. 3 (a) cone calorimeter results and samples (as prepared, mounted for the measurement and after measurement, from

left to right) for cone calorimeter measurement (b) PI, (c) TPU and (d) PE

Table 3 Summary of cone calorimeter measurement results

T-ig Peak HRR ~ THR(MW) Mass change (gram)

Observation
(SEC) (kW) (0~1000sec)  before after

Specimen

277 - 304 1) 100 s : melting starts
TPU /450 21.7 52 245.6 240.9  2)200 s : melted entirely
3) 277 s : edge ignited, intermittent frame

1) 200 s : melting

PE 291~540 10.5 1.8 240.7 237.6 DA il R, st B

1) ~850 s : no ignition observed

PI i ) i 243.1 2423 2) film shrinkage observed
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55 5ol it A @S HEREE 52 vitAl=e] dads 2 s Gt iRz 71E
o] 2] KSFISO 5660-1 52 w2, A5 5.2] el 532 offiet 22 7|02 9okl 4= glrt. 1047t
FUELHo] 8 MJ/m’ olstolH, 1087 o GFEE0] 10x o A&02 200 kW/m S Z3}514] $Fe.
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ME=KS F 22719) 7kA-856)40] 23t A@ 73S HE 2 Evfsflofsit & oA B 2o 4] Al2JEh.

4.2E

= =wolldE BIPV 0] A PgAlZA 2E5oiof & HAEA < flote] BEo] 424 5 S
of| 7V F okt BAIAME A g da 2 A= tiAlsk] f16te] 652 Hgoll thet 54 245 +~afst
%t TGA Ztof| 4= Pl @ PEEK H-50] 7P 9pet G4 PAd& HoFqlom, e 459 e 32
melting== @F =2 weight lossZ BT}, FEIE S oA += P19} PEZF90% ool FEike-S Hof
FRoU 4 P70l 9 E PEEKE 7P G ollA 40 ~ 70%9] W2 Fites Hofith. WVTR
Z7olid= PETZH 7P 9r_t B4 UL, PE, TPU, Pl 08 557t S71ek= & 4= Qleh PL 7
5 g/mz/ day®] WVTR k& HolFglom, o] 71E2] EVALL FAKRE <=2]e]t}. Cone calorimeter 727,

A0 7 Folh= A AR 51t 257 HA] 9ko ] "WEo| 5dhe AT BEH I b, F 6%
FO LE T PV 7P 9t @4 S RE A8 E/dS HolFsirt 2 Aol e Sl A
Hefell et 74 32 Aol olFF7 1o % o B = GHT 5 UEE AO|AE FTHA o
golm, AEt= Aol 2851 PIo] Aol T2 A58 45975 Akl itk 2do®
E51al BIPV 259] Wl 452 f1all 7189 EVAE PI2 tiA[& 4= Q= 7Fs/0] =2 A0 = wrs]
™, ™4 BIPV & 7HdolA= PI9] -2 melting point=. Q18] lamination 532] 243 2adt 702

T
%7

B =52 20229 ARG SRR o o2 t=efv 27 |e 7] A ¢S ol 3 A
(N0.20223030010250, “7FeHd WeHds SHE 15 =Y g s AE(X L) 222 E 7 9 A5
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