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Abstract: A Succinic anhydride was used to attach carboxylic acid to the phenyl group of polyphenylene sulfide (PPS).
The reactive PPS (hereinafter referred to as r-PPS) synthesized in this way was modified by dry blending with neat PPS,
and then the m-PPS/m-POE (90/10) blends were prepared through an extruder. The color of the injection molded blend
test specimen became grayer as the r-PPS content increased, which was presumed to be due to thermal decomposition.
This is thought to be because some of the aliphatic chains of succinic acid were cleaved under high temperature pro-
cessing conditions. As the r-PPS content increased, the tensile properties showed no difference or slightly decreased,
while surprisingly, the impact strength improved by 200-300%. Therefore, even in the case of PPS that has no reactive
groups available for modification, it is thought that it can be applied to various fields by manufacturing a blend through
modification of PPS using carboxylation as in this study.
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Figure 1. Chemical structures of the materials used in this study: (a)
AX8840; (b) r-PPS.

Al
H

o g
30 A

@Lég}l } sttt wEbx PPSE 3lA1A WS- |
oL Al e TR EHe] ARV kA=
‘31’5}%‘\‘4 ARE-EH PPS Helle o 7o
= %«] TS e olE Ealste] ¥HAS 57
O} o] Bg FAo] F7tE o] Hl-g-o] WAYsL

ez :LEHE AR5 E} ALl Friedel-Craft ¥H-3-2
o Zg== RES 8331 2™ Figure 20| =A|3}
9\1@.19 ,20

3741 += Figure 39} 72o] T8 jacketo] AX|E three-
neck flaskol] reflux columns: A3l 4431} Hhujd =
chloroform- AM&-315932 ¢17]9l] PPS pellet, succinic anhydride,
AlCL; 55 93 60 C, 5 A%k o] wRgh & w33k PPS
pelletS- filteringd}3L ethanolZ washing §F & 40 T ©]/dol
A AZ3A Y 9Hg i Z 2 THFE WA A=
THFS] H]Fo] PPSET} wobx] PPS Hello] flask vl o =
71e}eko}l magnetic stirring bar7F 2+ EX] ¢Folx] wuHko] E
7VeskA Tt Wk v @S- chloroform® 2 v}Ro] ALE-3l 73
$oll= chloroform®] H|5©] PPSHL} =o}A] PPS Hlo] i

ok, fo

<

2-3 mme]

o ol
b
N

Bt Sl
o}
JaN 3
( ,\/ k  ACl
PPS

Figure 2. Reaction mechanism of the carboxylation of PPS.
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Figure 3. Schematic diagram of the reactor set up for r-PPS syn-
thesis.
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Table 1. Composition of the m-PPS/m-POE Blends

m-PPS
Lot# m-POE
PPS r-PPS
1 100(900) 0(0) 11.1(100)
2 95(855) 5(45) 11.1(100)
3 90(810) 10(90) 11.1(100)
4 85(765) 15(135) 11.1(100)
SUM (3330) (270)

*The numbers in parentheses are the actual masses (g).
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Figure 4. Expected reaction mechanism of the r-PPS and the m-
POE.
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Table 2. Processing Condition of Twin Screw Extrusion for the m-PPS/m-POE Blends

Die Zone Zone Zone Zone Zone Zone Hopper Screw speed  Feeder speed
#1 #2 #3 #4 #5 #6 (tpm) (rpm)
300 300 300 300 300 300 280 260 101 4.01

Za)v, A)4978 A535, 20254



7RSS o8

Table 3. Processing Condition of Injection Molding for the
m-PPS/m-POE Blends

Set temperature (C)
Zone #1 Zone #2 Hopper
300 300 290 270
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Figure 5. FTIR spectra of succinic anhydride and succinic acid.
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Figure 6. FTIR spectrum of the PPS and the r-PPS reacted in this
study.

Figure 7. Photographs of the extrusion of the m-PPS/m-POE blends.
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Figure 8. The effect of r-PPS content on the extrusion torque for the
m-PPS/m-POE blends.

4= FHA ] EAL] WSS m-PPS W] r-PPS &
Hslol| w2} Figure 89l EAISHATE -PPS H7Fgo] Z71
wt B4 Fetgke] 7 5 wi% o] Folle oAl 2ha
sRom B39 AEE ¢ F718 S B 5 ] gt
Hog uEAl BRES FEY w e 25 EA
ol Z7hsk= Agko] 9lora o] 7% -PPS7} PPS9}
m-POEALO| 9] AW HAE S F7RAZATIAL o4 & 3l
o -PPS 5 wt% F-2o] ] a3= ®lvky Ayt ?

r-PPS9] 71521 7](-COOH)2} m-POEQ] ol ZA] 7]2] w3
o RZ FolElaL E-UEE m-PPS/m-POE(90/10) B4 =2
FTIR 2= EHS- Figure 9l =AISIStE Figure 49] &g o)
AUFS B 7HEA7)9}F dlZA)7]7F Whe-2 3P o 2E]7]
(-CO0-)¢} U=7](-OHy + A== vt ol & BT 575
33l RESRE ER1T Q). 2 ERS ATEH 2000-

r-PPS % in m-PPS

Transmittance (%)

4000 3000 2000 1000

Wavenumber {cm“)
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Figure 10. Photograph of the injection molded specimens of the m-
PPS/m-POE blends.

Table 4. Color Values of Injection Molded Specimens of the
m-PPS/m-POE Blends

r-PPS content (wt%) in m-PPS

0 5 10 15

Color 133 120 51 46
Chroma 59 16 12 15
Brightness 176 154 137 136
Red 171 158 148 149
Green 193 170 151 151
Blue 204 170 140 137
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Figure 11. Color values of injection molded specimens versus 1-
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Ao A Wslo] ofFEske ZoE ALRET o] Fgh B
22 7hAe) 72 fIle] ogh Aoz Azt

m-PPS/m-POE E3I=9] QIS Figure 1391 A5
Figure 149 m-PPS/m-POE &l =9] ulchal 8-S wA|819th
AnnealingsH<| 24 73%% -PPS $+o] F7ighol| whet 7+
28RE S B 5 ddd vhHol annealingdt 7390l 7<)
zto]7F ATt jJr A0 9= AW F2Eo| =T
7kt Zo] WA ol annealingS SHA] 942 7-F-oll=
A matrix 2] weak point= Qg+ F3fo] o] & AS= 3
=S

m-PPS/m-POE £ =9] SA7EE Figure 159 TAI8KA
o}, matrix®l] -PPS7} ESHEHA A7) G433 SRS
_H_MT:} Annealings 314 92 79 r-PPSE E@s A] 2Ek

= W 12 Vg o] v B A7 B
%F*Ol Z71ekell et r-PPS 10%Y ™ 55 Jm= °F 450%

Ol‘

Polym. Korea, Vol. 49, No. 5, 2025



632 e
50
G T A untreated
X 40+ @® annealed in a hot press
A
o
e
S 30 F E
® e
g T %__ s
= 20¢F
o
o 1
5
o 10
L A . aseemmic e *
o L i i L
0 5 10 15

r-PPS content in PPS (wt%)

Figure 14. Elongation at break versus r-PPS content for the m-PPS/
m-POE blends.

A untreated
. 200 @® annealed in a hot press
E .
L
= 150 |
-
g
< 100 Sk
o e

® 7 N
s // \‘\‘)\ -
o 5 Al Bz
z 50 ,I// =

0t

0 5 10 15

r-PPS content in PPS (wt%)

Figure 15. Impact strength versus r-PPS content for the m-PPS/m-
POE blends.

ol 7kt HuighE Holthrt v 7”\5‘}31‘3}. gt
annealingS 3+ 790l r-PPSE E§35HA] S o °F 50
Jim 301} -PPSE 5% E8INS W= 110 Jm=Z °F 220%
oA} =713t o83 Z7FE matrix@] m-PPS A=}
domain®! m-POE 7} Ale]e] AHHZE akatof 7|13t

AREATY SA7 == SAAUA 7} elastomerl] 155 0]
elastomer’} M sl= ol release= =8 ©] 7% A4
o] F7kE|ojx] T4 ouA] dgo] 7] wEelzt
3L AR E AT

olte] 71414 EAJe A#E 2oFPH m-PPS/m-POE &
A=2] Young’s modulus, 1=, g 5 AHEAS
r-PPS 3ol S71gtel| e} oFk 748105 annealing 4215
Sk AJHe] g o] & 7S Bt ol= r-PPSe] ¢Fel aliphatic
St R ® ARREHUTH whH FA7E2] 739 matrixell

|l

O

L

Za)v, A)4978 A535, 20254

CoPyE

-PPS7} 5-10 wt%o 2ok ] SA7F =] F4% FdE 1
31 annealing® & 4% U5 dAsIAE vl ol AWH

o) 7)0l5k= Aoz AThE ).
4 £

PPS2] phenyl®ll succinic anhydrideE ©]-8-314 carboxylic acid
£ BoJX PPSE 3L ©] = neat PPS) dry blending
3l m-PPSE =3It m-PPS/m-POE(90/10) EHI=E M=
Azsteleh. 3= Bei7E FEskal B2t S7FeE vt A8
577 7T = Ak A" AT color7t -PPS Sl

S7Fetell wet sjale] M ol dRsE FHHIA
t}. m-PPS matrix W2 r-PPS &k Z7} wat QFEA LS

O 7ZHAei e ol -COOHZE =i gell a-9] 7h
Z70) we} succinic acid®] aliphatic chain®] dt=]o] Q17
E/d0] At Ao AGETE vl FAMEE r-PPS
7} Eskgel wE} 200-300% 571818 ©l= r-PPS7} PPS
matrix’dZ} m-POE domain’d Alo]ol| A A-8-3hA| = 2H8-5}o
A& S AT 71deke Ao g A=A
ool dde] AFE Fol] W ALt EAEe
7WEo] vl ofef2- PPSS} AekiEWE B/l slarA)l o
7}1/\1 5}2 EOH tﬂ—}dﬂ %}:A -PPSE = irslo]_# VAl

T <=9

MOEE BT FAYEE G508 PYAY e
oA FE R A1 918 % A A ¢

5 U2 9 daael 9 e gk
S8l TFsstelet ALEHL,

okl

ZAlel 2: 2 A= 20249 % WHETsh thEkd ] A
Qo7 ATEJLFAHNE R-2024-00622).

olaetE: AAES olalldFel

g

o2 AT,

H=2

ok
ki
o
ror

1. Park, S. J.; Lee, J. E.; Park, J.; Lee, N. K.; Son, Y.; Park, S. H.
High-Temperature 3D Printing of Polyetherether-ketone Products:
Perspective on Industrial Manufacturing Applications of Super
Engineering Plastics. Mater: Des. 2021, 211, 110163.

2. Chung, S.; Park, S.-A.; Park, S. B.; Kwak, H.; Oh, D. X.; Hwang,
D. S.; Jeon H.; Koo, J. M.; Park, J. Biobased Super Engineering
Plastic Nanocomposite of Cellulose Nanofibers and Isosorbide.
Polym. Degrad. Stab. 2023, 215, 110445.

3. Minami, Y.; Honobe, R.; Inagaki, Y.; Sato, K.; Yoshida, M.
Alcoholysis of Oxyphenylene-Based Super Engineering Plastics
Mediated by Readily Available Bases. Polym. J. 2024, 56, 369-377.

4. Park, S. J.; Lee, J. S.; Lee, J. E.; Moon, S. K.; Son, Y.; Park, S.-H.
Influence of Nozzle Temperature on Gas Emissions and Mechanical
Properties in Material Extrusion-based Additive Manufacturing



10.

11.

12.

13.

14.

15.

16.

17.

72-43}= ]88k Phenyl Terminated-Polyphenylene Sulfide/Poly(ethylene-co-glycidyl methacrylate) &l =2] =271 34 633

of Super Engineering Plastics. Int. J. Precis. Eng. Manuf. - Green
Technol. 2024, 11, 1769-1779.

. Yan, P;; Peng, W.; Yang, F.; Cao, Y.; Xiang, M.; Wu, T.; Fu, Q.

Investigation on Thermal Degradation Mechanism of Poly(Phenylene
Sulfide). Polym. Degrad. Stab. 2022, 197, 109863.

. Yu, Y;; Xiong, S.; Huang, H.; Zhao, L.; Nie, K.; Chen, S.; Xu, J.;

Yin, X.; Wang, H.; Wang, L. Fabrication and Application of Poly
(Phenylene Sulfide) Ultrafine Fiber. React. Funct. Polym. 2020,
150, 104539.

. Zhang, M.; Gao, Y.; Zhang, Y.; Zhang, M.; Gao, Y.; Cheng, B.;

Li, Z. Preparation and Properties of Polyphenylene Sulfide/Oxidized-
Polyphenylene Sulfide Composite Membranes. React. Funct. Polym.
2021, 160, 104842.

. Gao, Y.; Zhou, X.; Zhang, M.; Lyu, L.; Li, Z. Polyphenylene

Sulfide-Based Membranes: Recent Progress and Future Perspectives.
Membranes 2022, 12, 924.

. Zuo, P.; Tcharkhtchi, A.; Shirinbayan, M.; Fitoussi, J.; Bakir, F.

Overall Investigation of Poly(Phenylene Sulfide) from Synthesis
and Process to Applications—A Review. Macromol. Mater. Eng.
2019, 304, 1800686.

Akhmadullin, R. M.; Irdinkin, S. A.; Shkodich, V. F.; Rakov, A.
V.; Farakhov, M. M.; Saifullin, IN.; Akhmadullina, A. G; Antipin,
I. S. Development of the Polyphenylene Sulfide Synthesis
Technology. Russ. J. Appl. Chem. 2022, 95, 980-987.

Durmaz, B. U.; Aytac, A. Characterization of Carbon Fiber-
Reinforced Poly(phenylene sulfide) Composites Prepared with
Various Compatibilizers. J. Compos. Mater. 2020, 54, 89-100.
Guimaraes, F. A.; Guimaraes, V. A.; Goedel, F.; Batista, N. L.;
Silva, F. A.; Costa, M. L.; Botelho, E. C. Mechanical Performance of
Continuous/Short Carbon Fiber-Reinforced Poly(phenylene sulfide)
Composites Eng. Fail. Anal. 2022, 141, 106613.

Wang, W.; Wu, X.; Ding, C.; Huang, X.; Ye, N.; Yu, Q.; Mai, K.
Thermal Aging Performance of Glass Fiber/Polyphenylene Sulfide
Composites in High Temperature. J. Appl. Polym. Sci. 2021, 138,
50948.

Chen, G;; Mohanty, A. K.; Misra, M. Progress in Research and
Applications of Polyphenylene Sulfide Blends and Composites
with Carbons. Compos. B Eng. 2021, 209, 108553.

Nadkarni, V. M.; Shingankuli, V. L.; Jog, J. P. Thermal and
Crystallization Behaviour of Polyphenylene Sulfide in Engineering
Polymer Blends with HDPE. Int. Polym. Process. 2022, 2, 53-58.
Dorigato, A. Recycling of Polymer Blends. Adv. Ind. Eng. Polym.
Res. 2021, 4, 53-69.

Nag, A.; Arifianti, A. E.; Khankhuean, A.; Ajiro, H. Polymer
Blends Using Poly(Trimethylene Carbonate). Eur: Polym. J. 2024,
214, 113146.

18. Liu, X.; Yuan, Z.; Zhang, Y.; Xu, P.; Zhao, X.; Yu, Y.; Ye, L. A
Novel Strategy for Constructing Electro-Conductive Segregated
Network of Polyphenylene Sulfide-Based Foam enables Electromagnetic
Shielding Effectiveness. Compos. Struct. 2024, 346, 118446.

19. Liu, X,; Xie, B.; Cheng, Y.; Luo, L.; Liang, Y.; Xiao, Z. A Sensitive
Monoclonal-Antibody-Based ELISA for Forchlofenuron Residue
Analysis in Food Samples. Biosens. 2022, 12, 78.

20. Yadav, G D.; Kamble, S. B. Atom Efficient Friedel-Crafts Acylation
of Toluene with Propionic Anhydride over Solid Mesoporous
Superacid UDCaT-5. Appl. Catal. A: Gen. 2012, 433-434, 265-274.

21. Amato, F.; Motta, A.; Giaccari, L.; Pasquale, R. D. One-Pot
Carboxyl Enrichment Fosters Water-Dispersibility of Reduced
Graphene Oxide: A Combined Experimental and Theoretical
Assessment. Nanoscale 2023, 5, 893-906.

22. Krishnan, S.; Raj, J.; Robert, R. Ramanand, A.; Das, S. J. Growth
and Characterization of Succinic Acid Single Crystals. Cryst. Res.
Technol. 2007, 42, 1087-1090.

23. Coltelli, M.-B.; Mallegni, No.; Rizzo, S.; Fiori, S.; Signori, F.;
Lazzeri, A. Compatibilization of Poly(Lactic Acid) (PLA)/Plasticized
Cellulose Acetate Extruded Blends through the Addition of
Reactively Extruded Comb Copolymers. Molecules 2021, 26,
2006.

24. Caires, F. J.; Lima, L. S.; Carvalho, C. T.; Ionashiro, M. Thermal
Behaviour of Succinic Acid, Sodium Succinate and its Compounds
with some Bivalent Transition Metal lons. Thermochim. Acta.
2010, 500, 6-12.

25. Koutras, N.; Benedictus, R.; Villegas, I. F. Thermal Effects on the
Performance of Ultrasonically Welded CF/PPS Joints and its
Correlation to the Degree of Crystallinity at the Weldline. Compos.
C: Open Access 2020, 4, 100093.

26. Kishore, V.; Chen, X.; Hassen, A. A.; Lindahl, J.; Kunc, V.; Duty,
C. Post-Process Annealing of Large-Scale 3D Printed Polyphenylene
Sulfide Composites. Addit. Manuf. 2020, 35, 101387.

27. El-Wakil, A. E.-A. A.; Moustafa, H.; Abdel-Hakim, A. Effect of
LDPE-G-MA as A Compatibilizer for LDPE/PA6 Blend on the
Phase Morphology and Mechanical Properties. Polym. Bull. 2022,
79, 2249-2262.

28. Wang, Z.; Zhang, K.; Wang, H.; Wu, X.; Wang, H.; Weng, C.; Li,
Y.; Liu, S.; Yang, J. Strengthening Interfacial Adhesion and
Foamability of Immiscible Polymer Blends via Rationally Designed
Reactive Macromolecular Compatibilizers. ACS Appl. Mater.
Interfaces 2022, 14, 45832-45843.

I
e}

ELRL
293

T Ia=

Polym. Korea, Vol. 49, No. 5, 2025



