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Characterization and 3D Analysis of PETG/POE Thermoplastic
Composites
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ABSTRACT: In order to apply thermoplastic composites using PETG resin to various industrial fields such as bicycle
frames and industrial parts, it is necessary to verify the impact resistance, durability, mechanical properties and 3D
analysis of the manufactured composite materials. To improve the mechanical properties, durability and impact
resistance of PETG resin, an amorphous resin, in this study, compound and injection molding process were carried
out enhanced various weight percent POE(polyolefin elastomer). The thermal and mechanical properties of the
thermoplastic composites, and the charpy impact strength, The analysis was performed to evaluate the characteristics
according to weight percent of POE. Charpy impact strength test was conducted to analyze the impact characteristics,
and the fracture section was analyzed after the impact strength test. In the case of POE material-added thermoplastic
composites, thermal and mechanical properties tend to decrease, but workability and impact resistance tend to be
superior to those of PETG materials.
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(b)POE
Fig. 1. Constitutional formula of PETG and POE

Table 1. Basic material characteristic of PETG

Molecular . .
Weight (g/mol) 27,000 Specific Gravity (-) 1.27
MFI (g/10 min) 5~6 Mold shrinkage (%) 0.5

Tg (°C) Water Absorption (%) 0.2

kwell H;
25045 Rockwell Hardness 110

Tm (°C) (R-scale)

ol AHE PETGE] RA-E 2313k ML 2l o) &,
A = 7B EAS A sto] Table 19 YERYSIT)

2.2 Compound 33 ¥ injection molding

PETG 4 POEZ 283t d7tad B s Alxs7] ¢
slo] 1342 & compound 342 A5 T). Compound ¥
Aol XM= 7]7]= Twin screw extruder(HAAKE Polylab
QC, Thermo scientific)g ©]-8-5}%3t}. Compound 574 A| 2t
& 5 k= loss&-3 118i5}¢d, 10 kg¥) 435]9] hand mixing
Zele A A3l aL, PETG @ POE®] PETG 2 POEX 7} 7
729 7|E EAS 133} compound 7} &%= 250°C, 7}
<45 15 mm/s, twin screw RPME 35, WZF bathe] & 2=
= 2400 A} Arkad B RS A2 of
off, FA| A=Fol] thet POES] Ae H-8& 1,2, 3, 5 wth= A
Astel, 2t Az Bl U SAL sloksud shalc

A|Z% PETG/POE @7}4A E3A)& compound pellet3
T} A 40°Ce] £ o 4] 1641 7HE R Q1 F oA 7271 %,
injection molding 572 #1343} t}. Injection molding ¥
AL lab. scale®] A& A}=7](HAAKE MINIJET Pro, Thermo
scientific, Netherlands)& ©]-8-35}¢] Z 85} % t}. Injection
molding®] &4 Ao =2 42 340 bar, molding A]7H
15 s, molding 2= 255°C2 Z}2Z} AAsto] YWEZAA, U
T W A B BAL Olg AR Fe2 A1Eer
t}. Compound ¥%4 4 injection moldingF 2] AL E
Fig. 2, 7t 3ol AREEl W 9] AJAIH EE Table 20] Upe}
WSl
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PETG/POE(L, 2, 3, Swt.%)

I
Cooling(24°C)
Err - JaEn. -

-) Vacuum -)

Compound(250°C, 35RPM, 15mm/s) Drying for 40°C, 16h  PETG/POE compound pellet

E - Vacuum

Specimens Drying for 40°C, 16h

Injection molding(255°C, 340bar, 15s)

Fig. 2. The materials and route used for processing of PETG/POE
thermoplastic composites

Table 2. Conditions of compounding and Injection molding on

PETG
Process Compound IIII?ZIC;I::; Vacuum
Temperature (°C) 190 195 40
Time (h) 0.2 0.15 16
RPM (-) 35 35 -

2.3 9% 54 % DMAERHY

A %% PETG/POE Q7144 B34 79 POE Ak g
o WhE QA B EAS] gete] ARFAAEA]
(Differential scanning calorimetry, 2010DSC, TA instrument)&
ol g3t Tk B4 A AR BAE 657 mgow A e
flom, 54 EE SC/ming skl Ha-47 1A
28)0] A AASHAT. 5£8l7] Ho] A B 30°Ce] &
Eo 4 52 Foke] o4} g2 AT, L= W)
+ 30~300°C2 AAJs}o] POE ZoE-80) w2 heat flow 2
FE|Hol 2= (Tg)E FH o3t

E3, POE s &0 uhe 1F 548 BA57] 9t
o] AZgdl 20w 2 7k7 | Hz, 5°C/minZ AAsto] =
Z 7] ﬁ]%/ﬁ,(Dynamlc Mechanical Analysis, DMA, Q800,
TA Instrument, Korea)2 A A5}t PETG/POE G744
o2 7 9] 7F4|(damping) EAS AU A RE= F7])F o
& 71AA Fo] HAst= w8 A4 9 71AH ME
o] AEA O R DAIEI, &S FtY] F2ES UA

ahA g 4 9leh
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24 88 E% X

(Melt Flow Index, MFI) 24
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PETG/POE &7} 44 B84 & 9] POE A FE g of mp2
% SEASE SHE Sotel £AS FOEAS 21
71(6MBA, Ray-ran, Korea)2 ©|-&3}%ic}. 2+ AR -gulct
570] AlRE ARESH] 1O 11339] w2} MFIE 54513
T, 2k ATgEe) RS BESTE ML 242 2o
whe} 210°Ce] 2ol 4] 216 kge] S1E-S ol AT,

Table 3. Conditions of accelerated weathering test

No. Conditions Unit Value
1 Light source - 6500W Xenon Arc.
2 Irradiance W/m? 0.51

102 min Light only &

3 Saltspray cycle i 18 min Light and spray
4 Exposure time h 72
5 Black pannel oC 50
temperature
HE S AREs 40°Co 2roA g 24 st 164]7F
Fok Azt 24 ARES 48 AF4E W7 Slot
o W& PTFE §7]5 ©|-&3t| MFIZ7 bath= -1Fs}
st
BTt

2.5 7|HIN EM BN

POE A 2FE o] u}2 PETG/POE & 7}AA E37) 2 9
1A B4 2A517] fleto] AEAAHE WA EAIY
7] (AG-250kNX, Shimadzu, ]apan)E o] g3t 71 A1d &

o Bs}of] ok, 7k AR ] WEE Wr=Ay] (XSE204V,
MELTER TOREDO, Germany)& ©]-8-3}o] &43}ct 1
o] QIAAIE W FZA|FLS ASTM D 638 @ ASTM D790
2ol weh Z8Yskitt. PETG/POE A7k S =9
SAWSAE A 240 W& A= HEkaS F7tst
7] 915t AlFAQ1 A 27S Table 39F o] A5Gt

I

26 BHLE BY
PETG/POE g7}4Al B34 & 29] POE A FE g0 &
AT FAZES B SJste] 227w AE)(IT504,
Tinius Olsen, USA)E 0] 83}t AFET] ZAAF L A&
of elgeo] IA A-gStER, A7t EFAHRY inter-
laminar shear ¥ bonding forces Z435}=4] AME-H Tt Y
aH=ol 05 m, FHEEE 3.46 m/s& A A5

iy E R BA =U
A 54 &4 232 v o2, PETG/POE 74
ETELXH RE 283} road bike frameo] 3D HAM|AlS 213
shoick. M 58 Teje P 404 sheol it W=
AAE 9)al POEC] AeFE g0 3wt% B34 = A AT}
5wt.%Sl Bl & A|HS AAsle], ZF A|Hof tgl tensile
modulus?} poisson ratio A4 B4 7HS JE5te] X5y
skt

A5 AH xR, A 6152 600N, T o5
1200N0.2 Agatlon, 34 Ashe A% Hgue
2] 485 vjo] e AR o). AT grow e S
go| Balad)] 3828 9] 50% o|U|olx] B E AESY

o, WAL B4 27 Fig. 3o LhER et
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(a) Vertical load

(b) Horizontal load

Fig. 3. Analysis conditions of robike frame manufactured with
PETG/POE thermoplastic composites
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Tgo] F4E-2 POES] HeFEgo| 3wt%d uf, 71 A4
e T ©]+= octene 25 7}l POEAA7} ZF #ALE
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Fig. 4. DSC curves of PETG/POE thermoplastic composites
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Fig. 5. Storage modulus of PETG/POE thermoplastic composites
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Fig. 6. Loss modulus of PETG/POE thermoplastic composites
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Fig. 70 POEA i &of w2 PETGR 7} 44 Ea4) =
o] &8 ZEAFMEDE 543 205 e Itk MFI
A QAR EAlEE R B, A& 2

glom, PETG2] 7ol = u| A A A
FshE QojubA] = 9k, POEA 2
AE YERJ AT} POE 3 wt.%, 5 wt.%

2 Aok Oﬂﬂ g B Re) A9 ARHORE o &

=

o) A1 9% ujol PETGE] 558 wafet Zo2
Flth[16]. ESE POEQ] Ak 80| 3wt.% L 5wt.% oA o
HH compound ¥ injection molding Il lojA 7}5Ad0]

et TEEE. QU O R §§ BEAGT} EE
2 A2 Aol Sose oteld AeHis

o 5

B o

2 913k ARk H(sterlc hlndrance)g]- =2 24, PETGS}
o

33714 84 24 22

Fig. 8 9 Table 40] POERI&FE g0 = PETG G744
—@—— PETG g
" e eroposwn) BatyRe] 7|AH E4S BT ATkE Uehysich. PETG
T — —4——  PETG/POE(2wt.%) B -
—.—A——  PETG/POE(3Wt.%) AR o] POEZ} A71EL o, Z(jxﬂ Jo 2 oA, Q1A
E 10 4 ——%k—-  PETG/POE(5wt.%) _ _
5 . HAE, 25 E 9 2R E gol st S Y
2 Y St
2 o Py EfUi%iet. ol POE7} PETGe] 7131 ), POE 44
£ I S s 7h A3 1 rubberyst S4 02 Qlsto] /1A B4
6 - ——
g " gA Aoz gtashs 43S Hehiglon, POEZL 3wtk
g . o uf, 2 3} Afole] 4B RGO QIste] felHol e
. 2% Aue} v R Mg ghEe] AL Ao Uk
ek WA A 2700] T IAE WEE ke POE
0 T T T T T
0 5 10 15 20 2 30 7 J7 =S ), -5% olufe] W2 FhS YRl oL, PETG
Time(min AATEOR o] R0l ARt Ao B Aughe 1}
Fig. 7. Result of MFI measurements of PETG/POE thermoplastic el qich.
composites
100 8 160 8
140
80 i\\?’_’;/\ - e U /’5\\\%
_ - b . IR LIS = Lo
g o g & g
g % $ T —— Co ] L g
3 ER ) )
g La g g 80 4 La g
2 2 % e g
5 5 o 3
2 LR, , &
20
20 4
0 T T 0 1] T T T 0
ngixepow“ poeu‘“ <POE® “‘ Poaswf“‘ "E‘:;c,lpoeu GPOE\N‘" G,?OE@"“ . GPoES™ )
Specimens Specimens
Fig. 8. Tensile and flexural properties graph of PETG/POE thermoplastic composites
Table 4. Mechanical properties of PETG/POE thermoplastic composites
Properti PETG PETG/POE PETG/POE PETG/POE PETG/POE
operties (1 wt.%) (2 wt.%) (3 wt.%) (5 wt.%)
Tensile strength (MPa) 74.5(+2.4) 68.8(%2.5) 67.9(+1.4) 73.9(%1.6) 70.5(%3.5)
Tensile modulus (GPa) 6.9(+0.3) 6.2(+0.2) 6.1(+0.3) 6.8(+0.2) 6.5(+0.1)
Flexural strength (MPa) 102.5(£2.9) 97.5(+4.3) 97.7(+2.4) 101.6(+3.7) 100.5(%5.1)
Flexural modulus (GPa) 6.5(+0.1) 6.3(+0.2) 6.2(+0.2) 6.6(+0.2) 6.2(+0.3)
Rate of change (%) -8.9 -39 -4.5 -1.5 -4.1
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Fig. 9. Impact properties graph of PETG/POE thermoplastic
composites
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Fig. 10. Result of vertical load analysis
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Fig. 11. Result of horizontal load analysis
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A (elasticity) o] 713 = 7] ]IH-E‘?_]_ Ao 2 gotE) &4
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%t
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2o & yetEch

3) PETGaAjof] POEZF 71| Q1S off, AA A o= Q1%
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Q1 o] 14 %o ATZES Ly gich. o= POEAA)
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