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Abstract Polycarbonate materials used for livestock barn roofing undergo degradation not only due to
the factors such as temperature, humidity, and UV exposure in outdoor environments but also from
gases generated in livestock settings, such as ammonia and hydrogen sulfide. Therefore, we studied the
development of materials to improve weather resistance, impact resistance, and chemical resistance with
various tests including DSC, FT-IR, thermal deformation, flexural strength, and impact strength,
confirming the optimal content of 7 wt% (utilizing ECOZEN). In the weather resistance test, the PC-2
material exhibited a AYI 2 level, and it was observed that UV absorbers of the Benzophenone and
Triazine series showed inadequate weather resistance compared to the Benzotriazole series. we expect
that future development efforts will focus on creating polycarbonate-based materials with enhanced

weather resistance and chemical resistance for the applications in livestock barns.
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Fig. 1. Development schematic

2. 28

S PC B3 BV A A58 Ayl L FA82
2 289 % glow], 53] SAke] 49 AR WaRryo
2 Qo) PET AQe] A= AgE glork, WA,
F44, WS4 B4V} glol #2 pC AdE M85t
T Slek PC 2% BARRAL 9% A 3L Bl g
She qlgtel WAl mat S el AES A4
FHEADFE APA0R AT glont,

=

wgslol BT 9lrh. Twe] AL ok 1Y 2
o] 4714 §@o] Qon, FHowm AREHZ WS
V-2500]c}.



5111‘
>
&
oy
ﬁ_ltl
.

2 A254 A1ZE, 2024

Table 1. Types of waveforms for PC materials
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Table 2. Competing materials

PC 1 PC 2 PC 3 PC 4

P Company

Manufacturer |S Company|S Company L Company

3.2 PC Alloy 2&X 4E

wskshg PC Alloy &4 AAE 8l 3 =47t %
o, Ujelshg 84 5o 5% Poly-
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modified (PCTG), ECOZEN (Bio copolyester; 17]%
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Fig. 2. Chemical structure of PC alloy materials
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Fig. 3. Chemical structure of exchange reaction
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cyclohexylene-dimethylene Terephthalate (PCT),
Poly-ethylene-terephthalate glycol modified (PETG),
Poly-Cyclohexylene-dimethylene  Terephthalate
glycol  modified (PCTG), ECOZEN (Bio
Copolyester; 171573 PETG) & ZTolAHZA 47|
435S AESIY o, Table 33 &t TG E2tA
g9l PCT+ CHDM (1,4-cyclohexane dimethanol)
o] TPA (Terephthalic acid)gE FIAIA W= EA
goz Y3shyd 9 yFA82 <ol |T whE 135l
T2 s FEA4F0l APoA Fon, Axet 245t
£ 9ol olv] AxRE WEA] sfjof skt Yyt HE &2
AEo] H|gto] AR 2LV} E11, ARAE tha Zo]
A SO HdeA] gt

PETG ¥ PCTGE 72} PET 44| ¥ PCT =A19] &
3t d=o] 439 CHDM ¥ EG (Ethylene glycol) &
H7Ysto] A28t copolymerZ2A T A& 7+ &7t 714
A 4, Wsked 52 vkt %ol ECOZENS

3,



A7 &5hE =1 A A25d A%, 2024

Table 3. Characteristics of candidate raw materials
for PC alloy manufacturing

PCT PETG PCTG ECOZEN
R terial TPA+ TPA+EG+C | TPA+EG+C| PETG+
aw materiatl - cHpm HDM HDM | Isosorbide
Crystallinity | Crystalline | Amorphous|Amorphous|Amorphous
Thermal Ablove . .
resistance 2407 60-70T 65-75C 80-110C
Chemical
resistance Very good Good Good Very good
In.qpact Good Normal Good Very good
resistance
Extrudability Bed Good Good Very good
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A7l SRt EHAE O R V)& PETG 4| e &
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siohal sttt 2 AtolAls A H7H 24 2
= EYE Benzotriazole AAZSAE A7g5to
PC alloy &%& AABIAL, Table 4+ 71 &9
fEAQl 2/ Hl&o|t}

Table 4. Typical composition of the developed

material
Composite Content Note
Polycarbonate 93 MI:7-10g/10min
ECOZEN 7
Primary antioxidant 0.1 Phoenol
Secondary antioxidant 0.2 Phophite
UV absorbers 3 Benzotriazole
Additive 0.2
Total 103.5
S FEZ YAl PCe ECOZENS] 18 §H3A|
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Fig. 4. Pilot sheet Extruder
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Table 5. Sheet extruder specifications

Type Unit Ext. E30P | Ext. E30P
Screw Diameter mm 30 25
Screw Speed Max. min-1 160 170
Max. working temp bar 350 350
Max. melt pressure bar 500 500

134.14um

Fig. 5. Cross-sectional Images of Pilot Extrusion
Sheet (Optical Microscope x 50)
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Fig. 6. DSC graphs for PC/ECOZEN blends at
difference compositions
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Fig. 7. Heat deflection temperature graphs for

PC/ECOZEN blends at different compositions
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Fig. 9. Izod impact graphs for PC/ECOZEN blends at
difference compositions
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A1 1716 cm™ BZog o]5dS & 4 Qo E3
ECOZENellAgt  uvEhb= 1247 cm’  C-O-C
in-plane deformation peak”} PC%} alloy =WA] A}
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(-0 stretching_
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Fig. 10. FT-IR graphs for PC/ECOZEN blends at
difference compositions
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Fig. 12. Yellow index results of development product
(1,000 h)

4.4.7 UsHshe AI™
dmYol eZ sEE 1.0~47.6 ppmo W,
2 Aol AR FrYols 25 w/wh AR B¢
Higto 25 E AR ololA s= 74 At 25,000ppm

Table 6. Chemical resistance test results

1-layer

168h
Before 9.2462g 6.9885g
After 9.1193g 6.9883g
Rate - 137% 0%

%)




S48

+E 39E

3371& 719 EFIRYO|E &4 AT AT

O= 7IE3St AIE 27dolzt & 4= Stk WiEH AlE
wHog o I AF AARY U 4=
H|7 B7151900 table 6OA] Hi HlQ} Zro] EZA|
2l 168AI7H = 3-layer= A U Q)3 Wl gl-S
gelstalon, &5 S0 4% it w3l £ 4%

of o 1.4% AT & & U,

A=

=21

5.

B A7olde Wey @ gekshyo] AHE 248
A EehvolE 85 2ak Az 714 gush)
SJ#l PC 471 7IMko R sto] WA 2 vhsfatie] 7
A A4S AL, 7120 BF AF TN T
2 3Ho L 245 P skinBo] A&3lo] 29

A0 gEUol tARREo] G Aot

E3 st PC alloy &4 A 98l 34 3=
7F $skaL, iskeld 9 Wis-A4de] 9%t ECOZEN

(Bio-copolyester)e AR&sto] A7 7Rdo]] #8519
t}. PCe} ECOZENS SFH=E WalS A|2oto] w3kt
3ol 9%t alloy7t A2 o]FojFHEA DSC,
FT-IR(ATR), €W¥, 2%, SE74LE 5o B4 #st
£ Hst ofgfiet ol Z&st9h
1. ECOZEN 3go| $7135 fedol2 =7t 9%
SHA RolR|1, 1 9= PC 100%2+ ECOZEN
100% Atolell &4%he &I 4= Uitk
FT_IR &4 A3 C=0 Z% 137} PColAE
1772cm”, ECOZENOIAE 1716cm ™ ollA] LrERt
£t ECOZEN o] Z713% ad mjazt
A ARIA AL, 1716cm™ B0 & o]Esl= AL &
% 9t} 3, ECOZENOIA YERGE 1247cm™,
C-O-C ¥g m 37} PCS alloy WA Al
A2S & 4 AY o]= <= dry blendolA Y
Efte 03 9hg &l oJgt wahikgo] zgE
Aog WAHTE PC grade 7€ 4 E4, 714
4 B4 52 1HFL ©f ECOZENY HF g
7 wt% A& BRI 5= QUolct
3. W& Al 23 PC-2 &A7F AYI 2 &0=
UEREC ™, Benzophenone A, Triazine A¥

ARo

2=

9] AQ)Adg4Al= Benzotriazole AR Y37g
‘g5l HIEFHES Rl 4 Uik
4. Wz Al 23 3-layer AF @5 w0

ol S % Wl Wabh ghe-S Slshsct

19

Fig. 13. Polycarbonate corrugated sheet materials
with 3-layer co-extrusion process
technology
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