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A Study on the Thermal Oxidation Behavior through the Activation
Energy Analysis of PP Blends Mixed with High-Flow PP

Tae-Hyeon Kang, Jae-Shik Lee, Dong-Hak Kim'

Dept. of Chemical Engineering, Soonchunhyang University

2 % E AL PP(Polypropylene)”]dt LFT(Long Fiber-reinforced Thermoplastic) B4R o] H7lEE 14
EPPeY} 1,27} AP A|Aof] tiet EA AbekAsof thafl A5ttt Haake MixerE &8l ARPIAA9] & 11745}
1-345PP(polypropylene)E 0%, 10%, 20%, 30% A7Fslo] ¥ EHA(compound)} I--5PP $Heo] 20%01A4
1,27} ATpgAIA19] ¥le-2 3000ppm 7I1E02 1:9, 3:7, 5:5, 7:3, 9:13%F %2 1000ppm, 2000ppm, 3000ppm,
4000ppm, 5000ppmel WE compoundE AZ5It. o] EFA(Compound)E DSC(Differential Scanning
Calorimetry)E %3] OIT(Oxidation Induced Time)E X 3dlo] AtslAST EAlsto| R 9] AT Folstict. 2
HH o2 IFFPP7F A7FEUE o Foll ot A5 X E= AL Estilo, 13 A A|A 9] o] F7HdS
E AL A a7t otAlE AL FRlstkrh. E3F A Aol =0 whE AR EAIZE Aso] Ao & Bt
gttt A GRIT 4= ASIY, C|EHE AU AE 2 5= AUtk o9 T2 EA] ARERE, Fojd Ao
FNA A% o] IE OITE &5 = A HAeH, 53] IR{EPP7t F7He= LFT 73 22 1L 7HaAl
ASPIAAS] 27 AHo] FQsith= A& ERIskAth
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Abstract This study was undertaken to investigate the thermal oxidation behaviors of PP/High-Flow PP
blends containing different primary to secondary antioxidant ratios and different amounts of total
antioxidants in LFT(Long Fiber-reinforced Thermoplastic). We investigated oxidation behaviors by
analyzing activation energies calculated from the relationship between temperature and OITs(Oxidation
Induced Times) obtained by DSC(Differential Scanning Calorimetry). The inclusion of High-Flow PP
accelerated oxidation, but primary antioxidant(s) dose-dependently inhibited oxidation. The relation
between OIT and temperature was well-fitted, and activation energies were obtained for different
compositions. Activation energy analysis showed it is possible to predict OITs at given processing
temperatures and compositions. Optimal antioxidant compositions are needed for high-temperature

processing, such as LFT processing using High-Flow PP.

Keywords : OIT(Oxidation Induced Time), Activation Energy, Oxidation, Antioxidant, High Flow
Polypropylene, LFT(Long Fiber-reinforced Thermoplastic)
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1.1 M2

PP(Polypropylene)= propylene R:xHE %35}
of g TEAE A AACIA Wol ARgsk IEA
% SPIE AES &ko EA thFst MI(Melt Flow
Index, MFDE 7H& GradeZ} A3t Ml H2
A ¥l st REoZ WEXO HAr Bxjgy 1
Zo w2t ezl o]of] AGAoA= MIE JE 52
EAFS SRt HE g AbEolE vt &3] 1EA
Fe 7He LA MV HAL fF 550] A ¢
o, g4 Alglo] T=dsl= A|7to] Aot a1 1_._X}EO¥
< 7K 18R = M7t =11 f-53580] £o1, 84
ARgle] =dsl= AlZte] Zth 1EAS Hi= 7hgol
8 89102 Fr7t £oH 7Hg4do] HolXA Hrt
olo] Wzt 7H53dE =ol7] Holl =2 72 koA 3

E Ut Ui 22 MIE 7IXE gradeE £33
AEE B3 S AR3M) shAu Ty nE o
A AksF YeaL ol 8449 AstE ofr|sHA| =k

ol&glt & ASE L7 Q54 AlshR| A9 A7
A3P=ct E3| PPE o83t LFT(Long Fiber-Reinforced
Thermoplastic)2] 4% A& A Ato] HlAlg=o=2
AFAI717] fAsliA —’FZ]—J AEE F5= ote = 300
C ol &2 29 &2 MIE 7HKHe A& =39
F7o] o|FojRa FIIHo R ASPIAAE H7eHA
Hr} o]o] B A= LFT T304 ARS-El&= HF-PPE
235 Ao A AT ASPFA A ko] W E R
Ao o ASIA7RS slolslar Zkzko] 2AE guéglr

NUAE ofelU-$A 4] o]8sto] E&ste] Ao w

Al
£ 99 4sA5S Slsigtt

2. 4

2.1 M=

Homo-PPE SISIEEARS] HIS28 AESZ MI
45g/10min, Density 0.91g/cm’S AMESIQ, 14
SPP(HF-PP)= FBHEGAS] HR17DK AFCE MI
1700g/10min AR&3HL, MAH-g-PPE FAIAUA
9] MP60OPP AZESZ MI 100g/10min & ARE3I%
3, 12} AR A= BASFA}Q] Irganox 1010 AIEL
2 Density 1.15g/cm’2 AFE8IT, 23} ABPEA A

L Irgafos 168A1Z2.2 Density 1.03g/cm’S AHES
art.

2.2 CompoundH|Z=

Table 1°] %/3& Haake Mixer(ThermoFisher
Scientific Co PolyLab QC)& AR&35}] Screw rpm
50rpm, 7F2% 180 T 2ALCE A Z5FYt

RoP+= HF-PPE] 7t & £4dolH, RoAE 4k}
UAA| v o] 2 24, ToAx ASPIAIA Sl ot
£ 24& UEl= codeolth

Table 1. Recipe for PP Compositions, Antioxidant
Ratios and Contents

RoP1 RoP2 RoP3 RoP4
Homo-PP 95 85 75 65
HE-PP 0 10 20 30
MAH-g-PP 5
Irganox 1010 2100
Irgafos 168 900
RoAl | RoA2 | RoA3 | RoAd | RoAS
Homo-PP 75
HF-PP 20
MAH-g-PP 5
Irganox 1010 300 900 1500 2100 2700
Irgafos 168 2700 2100 1500 900 300
ToAl | ToA2 | ToA3 | ToAd | ToA5
Homo-PP 75
HF-PP 20
MAH-g-PP 5
Irganox 1010 700 1400 2100 2800 3500
Irgafos 168 300 600 900 1200 1500
wt% for PP, ppm for antioxidant
2.3 A 9y
2.3.1 O|2X H{iF
DSCE o|8stel FyslelIAE Tote e Se
HAYE Foto] AREgi
& k(Dfla) &
Fq (DI o2 Wng k(1) exoleg

f( )L HrenEEle ou|sitt o7|A I ojRF}e
Arrhenius $&& o] o] Eq. (2)9kgo] Uephdtt.
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E
R})f(a) (@)

o714 E = EA8tUA|, R 7|4, T2 E
258 9uigith. Eq. ol AAFLZIE 5 Eq. (3)
3} Zo] yephd 4= Qi

do
g Aexp(—

(%) = (- 25 £ 1n(4f() ®
gt whgo] dofuir] A7k whee] st ik
Ba. (@3} o] pehieh
In(Af) = (5 Lic 4)
R|T

Eq. (42} 2ol In(Aget (1/T)9] 12H4]9] FHiE &
P& Q1AL AZE o 2%9] Ploto® EslolvAE
AUCH1-6].

o
R

q.

1 mob

%

2
T
2
T

i

232 24 4 =¥

PP Compound®] AFM-EAIZHOxidation Induced
OIT)= DSC(TA Instruments DSC Q20
Differential Scanning Calorimetry)S ©|-8-3lo] 3k
2 3+1 mg $2%TE 20 C/min, 522&=
200~220 T, Sample Purge Gas Flow2 50 mL/min
o7 HAARL7|A 52 & F2IA F7E7]
2 ;qi]-ﬁ]-o:] x]z‘sﬂﬂ.oaq Fig qu. 71—o] OITQ] é.x%.o_
3717k £4€ 2 -3} Heat Flow”} 0.5 W/gAHE 71
FO = so] =&

A

Time,

20021°C 6.44min

T~
4
,
]

Heat Flow (W/g)
o
—
8 5
Sample Purge Flow (mL/min)

o

-4 0
0 20 40 60 80

EroUp Time (min) Universal V4 5A

Fig. 1. Example of OIT Curve

3. 2

3.1 IRSPPO| CHet Zut

Table 2= HF-PPEHFS 259 ASIAZHS vEhd

566

ZA0= HF-PP7} 37h S|9ke o Alsjo] =gsah= A7k
o] FA #advhe A& BRI 4 91oH, HF-Ppe &

o] FAHUSE o] EPBHE ARES | Ahshs
AL g% & nt.

Table 2. OIT Result for PP Resin Compositions

25 OIT(Oxidation Induced Time) (min)
RoP1 RoP2 RoP3 RoP4
200 38.9 26.4 22.9
205 87.5 26.1 17.7 15.8
210 56.0 17.2 12.1 10.7
215 35.4 11.5 7.8 7.5
220 21.8 7.4 5.2 5.2
225 10.3
5.00
y=24.851x - 47.423
4.00 +
y=19.347x - 37.211
_ 3.00 -
“EE y = 18.947x - 36.753
- 2.00 y=17.231x - 33.285
—RoP1
1.00 4 —RoP2
——RoP3
—RoP4
0.00 T T T T T
2.00 2.02 2.04 2.06 2.08 2.10 212

1000/T

Fig. 2. The Relationship between OIT and the
Temperature with PP Resin Compositions
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Fig. 3. Activation Energy Result for PP Resin
Compositions

Fig. 2i= OITAHE Eq. (&2 BRI In(9=F 1000/T
of tigt IHE=2 Yepfigly, Z29] 7271 EJ/RES
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DREPP7H EFE PPEACY THsoIA BAS BT 27 A% AT A7

ulgtch. HF-PPE A716t9S 79 712717F bl

AL I3t 2= 9I9itt. ®3F HF-PP7L A7kE]A] ¢
§ S 718718 HolBEE 129 XM=
-PP7} 71EA] gheete AlshA|Zto] Zopdtk= A
et 4= Qle)h webd 129 2704 PPE 7+
739 BEAgo] AFQlo] At 7i45E Ao o
4 SITH1,71.

Fig. 32 Eq. ()E ol-&5to] HF-PP ol digt &
el S v Wt T IE HF-PPO gefo] Z743t
FE2 ZAgo A gashe AL BRI £ Qi) o]
= HF-PP g=Fo] Eold<=5 OIT7} ZobA At &
ZHE HolFA|g, G5t A| 9] 3717} ZoAua,
250 gt Y ET} Robd 2k Aol wE 45t &
Zlo] ZrastH1,7].

mgl:

el

S fr Lo

3
o
ox. Mo

F

ol ok mo I

3.2 ArSPUXIM| HIZ0 CHer 2t

Table 32 1,22 43PIA|A|9] & & 3000ppm
o7 uAsto] &S 119, 317, 515, 7:3, 9:19] HEI
gk OIT A= 1A AR A Y H&o] 715
ARgle] sl AlRto] F7ete As 1T & A%
o} ol 1A} ARPIAAI7E 4 Absle] gt Agdo] &
T AL AT & SlSith

Table 3. OIT Result for Antioxidant Ratios

. OIT(Oxidation Induced Time) (min)
2%=(0)

RoAl RoA2 RoA3 RoA4 RoA5

200 16.0 20.5 22.9 26.4 325
205 8.4 11.9 15.0 17.7 23.1
210 4.7 7.3 11.3 12.1 14.7
215 2.2 4.2 6.5 7.8 9.2
220 1.8 2.1 4.4 5.2 7.4

5.00

y = 18.063x - 34.689
y =18.947x - 36.753
4.00 + y =19.287x - 37.605

3.00 /
2.00 -

—RoAl
—RoA2
——RoA3

—RoA4
—RoA5

In(At)

=26.01x - 51.911
y = 26.483x - 53.252

1.00 4

0.00

2.02 2.04 2.06 2.08 2.10 2.12
1000/T

Fig. 4. The Relationship between OIT and the
Temperature with Antioxidant Ratios
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250.00

220.18 216.25

200.00 +

160.35 157.53
150.18

I

RoAl RoA2 RoA3 RoA4 RoA5
M Activation Energy

150.00 -

100.00 -

Activation Energy(KJ/mol)

50.00 +

0.00 -

Fig. 5. Activation Energy Result for Antioxidant
Ratios

Fig. 4= OITZIE Bq. (922 FEQl In()<} 1000/ T
of tfgt Tefxg Yeligly, Z+49] 71&71= EJ/RE
o gH1,71.

Fig. 5% ARBPIAIA] H&o] tigt G5l H A& H]
et JER 12 ASHRA Y EEo] FUME &
A3t |A7F RolAl = AL EAT 5= AU o= 1
A ASPIA A 7L 22; ASPIR| A H ey o] OJgt ¥zt
Z7F Ytk Aog wrEnil, 7.

1A} ABPFRA Y] Hlgo] F7VEGE AtSlol] =5t
£ AR S71eta 243t | A7) daske A g2
Shoith 22 FRIRAANA 12F ARPER|A| 9] go] F
71RE Al thgh A|3lo] EoRitk= 20 R skt

p

Table 4= ASPYAAY vl &2 7:302 A5t &
=S 1000~5000ppmOE2 Z7HFHE 1 OIT Axz
ABPIA|A| 9] gHeFo] F71E4E ASte] EEth= ATt
o] F7lete A& EAT 5= Uitk ol= EF AEl
gt #7fo] £2 12 ARPYAA| 9] $Hgo] F7ste] U
et oz mohgc)

Fig. 62 OITZHE Eq. H)ZL €A Inb)e+
1000/T2 Ut Z+2+e] 7]&719] 32 Eo/R< 9
u)gich, ASPIRA|A 9] o] 71E B 71217 B
7Fotke AL 1T 4= Q). ol 12} AEA|A|S
9] VIR AtSpATro] dojA|= AR Al 23 A
SPIRA S g TS FUIR V1LV SN AeR
g1, 7]
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Table 4. OIT Result for Total Antioxidant Contents

OIT(Oxidation Induced Time) (min)
25%(C)
ToAl ToA2 ToA3 ToA4 ToA5
200 9.6 16.3 26.4 413 71.3
205 6.1 10.8 17.7 27.2 45.3
210 3.7 6.4 12.1 14.2 29.1
215 2.6 5.1 7.8 12.7 19.3
220 1.9 3.4 5.2 7.1 12.1
5.00
y=20.514x -
4.00 A
,\3'00 4
£
~ 2,00
1.00 A
0.00 ‘ ‘ : ———ToAS
2.02 2.04 2.06 2.08 2.10 2.12
1000/T

Fig. 6. The Relationship between OIT and the
Temperature with Total Antioxidant Contents
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157.53
150.59
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150.00

= 100.00

Activation Energy(KJ/mol)

50.00
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Fig. 7. Activation Energy Result for Total Antioxidant
Contents

Fig. 72 Eq. (D ©ol-&sta] APAA & &gl
it @A AIE vlaet 2 Z2 1000ppmE Al
QJstal A7} S7eke Ae ST 4 A
[1,71.
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4. Z8

PP-LFT E34A] 7140 A7 1/-5PPet 1,23
ASPEA Aol gt G4 AtstAEol dafl ERlstgirt.

A 48t Homo-PPo HF-PPE H715t9S o &
of 9Jgt 4t} A|Zto] ZHASIG oW, o]= HF-PP7t 45t
£ At AS 1T 4 A9tk 2=y HF-PP7F
F71EA] edgks wl &/dstolv A9t In(et 1000/T &
A 2] 71717 AL IRIT £ et ol
HF-PPY] 7} AFiglo] Alste] dzl= Alzto]

SR 1,22 ASPIA A Bl &ol HSE FUZ AS
27 ABPIRAI A R} 13} ASPER| A Q] H]Eo] EolAH
A Aol 9A| 53} otk RS ERlskelth ®
gt In(Det 1000/T #A IHz9] 7]&719 /st
A7} ZopAl AS I &= slom ol: 13 45}
R A9 ghgo] F7IstAA kol tieh gt A
Hojdl Aoz F7gdct

AR PP CompoundolA] MI7} &2 EX}&Fo] of-$-
2k HF-PPE 718 A$- A3 X165k =of Ast
o del= Alto] B FoMA & & & ASNL, 12
7F5A] HF-PPY] 7} /-5 A3tglo] A8k X131t}
= A& & & Ad8lon, A 1Yl 8FEE
PP-LFT Al F74olA= ABFAIAS] 24 Aol &
Koty dF Ao 2l 13 ARPTAAL vl
T2 AAAD FS FAs] T4 Aol Ao] 7k

AR} WHAjo] ko] E Zo=E wedrh

A g

RS
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