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Abstract: In this study, the effects of gamma-ray irradiation on partially fluorinated polystyrene were demonstrated. Poly-
styrene is an organic polymer material with radiation resistance due to its aromatic structure. To improve the radiation
resistance of polystyrene, poly(4-fluoropolystyrene) and polypentafluorostyrene were prepared by solution polymeriza-
tion. The ®°Co gamma-ray irradiation was performed with a dose rate of 10 kGy/h in an air atmosphere. The absorbed
doses were 25, 50, 100, 200, and 500 kGy, respectively. The changes in atomic composition, chemical structure, and ther-
mal property were characterized by Fourier transform infrared spectroscopy, X-ray photoelectron spectroscopy, thermal
gravimetric analyzer, and differential scanning calorimetry. Based on analytical results, polypentafluorostyrene showed
less oxidation and excellent thermal properties after the absorbed dose of 500 kGy. These results indicate that partially
fluorinated polystyrene is a promising candidate for radiation resistance applications.

Keywords: irradiation, gamma-ray, polystyrene, polyfluorostyrene, radiation resistance.
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EoA EAE 2 U Bt B4l & A oy,
B0 & 7] SR, 22 Az UxR Qs Wsked, W
4, WEAd Fol 8t Ao=® duA U BaA 3
A B4 LA = polytetrafluoroethylene(PTFE),
polychlorotrifluoroethylene(PCTFE), poly(tetrafluoroethylene-
co-hexafluoropropylene)(FEP), poly(tetrafluoroethylene-co-
perfluoro(propyl vinyl ether))(PFA) 5¢] )™ o= ¥7] &
71004 ] AR 2AE Al Al At e el w3
< SR g, FARE)| BhAel Ba o9 £AE EF
St & E4A ZEAYE poly(vinylidene fluoride)
(PVDF), poly(vinyl fluoride)(PVF), poly(trifluoroethylene)
(PTrFE), ethylene-co-tetrafluoroethylene(ETFE) %5-©] S th.”
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Alef. Styrene monomer(St)9} di-fert-butyl peroxide(DBP)
= Sigma-aldrich(F]=h)ell A YA 4-fluorostyrene(4FS,
>98%)3}  2.3.4.5,6-pentafluorostyrene(PES, >98%)<  Tokyo
Chemical Industry Company( £)ollA =43t . Tetra-
hydrofuran(THF)#} dichloromethaneS 2Fd3}8h@=)pllA -
Jatict. Aol AR BE Aok AGAIQle] 2R AN
skt

282 EASIE PS M =. Polystyrene(PS), poly(4-fluoro-
styrene)(4FPS), poly(pentafluorostyrene)(PPFS) Table 12]
Z79] 23] &9 Z3}(solution polymerization)2-Z A =35}
RaL skek 2= Figure 13} 2T} 52 SR ¥-871(100
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mL)2] St, 4FS, PFSel DBP2} THFE £33l A29llA 30
i FRt Rk & A 4R9]719] WEg7IeA 100 °Col %=
oA 18A17F Ft whESITt. Alxgt v g R 3
A& 3k ¥ dichloromethane®. 2 A3 T 3 2

60 °Co] 2I=ollA 2417k §Qt A xsto] T A €] PS,
4FPS, PPFSE A1t} PS, 4FPS, PPFSS] 3 o EA%F
(MY ZFzF 75000, 96000, 1120000] AT},

ZOKd ZAL PS, 4FPS, PPFSO] 7w 2ARs =t
HATY FhPAPIAT A0 ES] ekl 2AF A (MDS
Nordion, IR 221n wet storage type C-188)°14] “Co2] A1l
< AH&-3ke] 10 kGy/he] 2=AF A& = 7h2) 25, 50, 100,
200, 500 kGy®] 7vHd S5d3S AT

Y. A 243 39 A% 7= A9 £3371(FTIR
spectrometer, Prestige-21, Shimadzu)¢} X-A1 3712} £337]
(X-ray photoelectron spectroscopy, XPS, K-alpha+, Thermo-
Fisher Scientific)= A3ttt 94 549 Hsh= d5%F
H297](thermogravimetric analyzer, TGA, SDT Q600, TAYS
AMgat] A B917114 B 10 °CE F-2310 25-600 °C
o] 2= WM SAsIAT FEdol 2= (T)= AAFA
< A (differential scanning calorimetry, DSC, SDT Q600,
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Figure 2= PS, 4FPS, PPFS?| 3}8 A% 7122
FTIR A#}o|t}. PSE 1600, 1492, 1450 cm™ ol A] =
C=C A% 7%, 10287 912 cm'o|A W& C-H 43 +
ZE e AL 1T Urh(Figure 2(a)). 3, 3082,
3059, 3024 cm'oll A WEFE C-H A% %, 29229} 2848
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Table 1. Synthetic Conditions of PS, 4FPS, and PPFS

Sample St 4FS PFS DBP
PS 105 ¢ _ ) 142 ¢
(0'1 mol) (0.01 mol)
122 g 142 g
4FPS - (0.1 mol) ) (0.01 mol)
97 g 0.72 g
PPFS - (0.05 mol)  (0.005 mol)

A It
|..\\__’,::-_.‘ THF L\‘\‘_ "_J F ,,«l.
! [
F F
4Fs 4FPS PFS PPFS

Figure 1. Solution polymerization and chemical structures of (a)
4FPS; (b) PPFES.
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Figure 2. FTIR spectra of PS, 4PFS, and PPFS.

em oA CH, A% 7271 #2E th(Figure 2(b))."*"” 4FPS®]
73-%- Figure 2(a)ollA & 4 50| 1220} 827 cm'ol|A] ®+
&= Wl para 219 C-F A% +27F et 218 g<ls)
Gt} PPFSE 1652 cm'o|A] W= CF=CF 2% +%,
979 cm'ol|A] C-F A3 +2E5 7FIth? L3k, Figure 2(b)el]
A1 4FPS$} PPFS+= PSell I3l 3100-2800 cm' oA W&k
C-H %8} CH, A% +x9 93 &7t ofst 28 & =+
ATt o= WIS C-H 2%<] W7t F= X|$=]o] A %
Y= C-F Ag7x=E sl 9= A7t 7h4gk Aot o]
o} 7¥o] FTIR ¥4 A#& F3ll PS, 4FPS, PPFS7} Al =H
ZE gRlskirt

Figure 3= 7 S5d 5ol wh& PS, 4FPS, PPFSe] &
&, AbA, B4 sk MBS XPS survey SHETLE B4
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Figure 3. Changes in elemental composition of (a) oxygen; (b) car-
bon; (c) fluorine content in PS, 4PFS, and PPFS as a function of
absorbed dose.

A 747k 228, 1.78%2] Ab4 S 7HAIAL QOB R PSe
H|3)] Aks} ko] & Z18E 2 o2 AlFH) 500 kGy2] 7
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Figure 4= 7vhd &4 3ol w}2 PS, 4FPS, PPFSQ| 3}
g A3 Fx9 Biﬁ]-;— XPS Cls narrow =¥ EZE
deconvolutiond}e] #2493t Axjo|t}, PSE C-C A% +%(285
ev)e] 54 3|27} JMEJE}% 4FPse] ¢ C-C A% 7%
(285.01 eV)e} F-5 EA3lo) oa] vehd W C-C-F 2
St T%(286.8 eV)oll Fste B4 YIS /RE AS ¢
4 UTh PPFSE C-C A% +%(285.01 eV)9} W3k C-C-
F A% 72(286.3 eV)e} C-F A3 732(288.8 eV)E 2Jv]s}
= B ¥3E /K= AL 315t PS, 4FPS, PPFS

= A= =
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Figure 4. XPS Cls spectra of (a) PS_0 kGy; (b) PS_500 kGy; (c) 4FPS_0 kGy; (d) 4FPS_500 kGy; (e) PPFS_0 kGy; (f) PPFS_500 kGy.
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Figure 5. TGA thermograms of (a) PS; (c) 4FPS; (e) PPFS; DTG curves of (b) PS; (d) 4FPS; (f) PPFS before and after gamma-ray irradiation.
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C-O 2% +x(286.1 eVy7F A HATE? XPS 45 ©]&
St 4 st slsl A%t o] W) B4 A2 NE 7
bl FrAdEre] Skl mhel akake] EFo] FrbetlaL
C-O0 2% +x7F AdE A& sttt o]= PS, 4FPS,
PPFSel| 7hid AL Al A efc]zds 37159] Akt vt
Sato] AAE Aolth 3 C-F 4% olux7t C-H 2%
AUAET FoBu=E CF AF +2E Bl /KA A=
PPFS7} PS, 4FPSe]| Hlal 7hapid Al ofs) o] 2317} &7]
ojef 9] 4kt vEgo] AA dojupm g AP Wide] 7t ¢
53k Zlo g gekEr e

PS, 4FPS, PPFS?] 7l A} A3t & d2 EA1S TGA
©} DSCE #2443l Figure 59F Table 20 YERHATE. Figure
59] TGA thermogram¥} DTG curveollx] & 4= 150 7v}
A ZAF A PS(PS-0 kGy)2F 4FPS(4FPS-0 kGy)y= 2+t 380-
450 °Co] %= WHelAA Gisl7E K=o ebd A A
PPFS(PPFS-0 kGy)= 420-500 °C2] &%= ¥ jollx GE-s)7}
8= et 7wk 2AF A PS, 4FPS, PPFSe] Gi-al Azt
2 1= (onset temperature, Tp..) S ZHZF 383, 384, 425 °Co|
o 500 kGy®| e S-S A F PS-500 KkGy,
4FPS-500 kGy, PPFS-500 kGy2] d#-3] A& ex+& ztz}
371, 373, 421 °C2 7431 Th. Table 2914= TGA2F DSC
A AFEEE dubd o Akl g3 548 wdehe
71Fo g Wol ARSI e 50%2] FAIZF A ek
(Tson,), B3l T2 25(Ty), FrEldol=(Ty)E B8k
o3 A ZAF A PS(PS-0 kGy), 4FPS(4FPS-0 kGy),
PPFS(PPFS-0 kGy)2] Tipe= 22+ 415, 413, 461 °Co1L-
500 kGy<] 7rhd S-S A ZH2) 402, 407, 456
°CE ZAEIATE Tl 7% 500 kGy2] v &A% =
A} B 417 °C(PS-500 kGy), 418 °C(4FPS-500 kGy), 463 °C
(PPFS-500 kGy)= 7H4sl3iTh DSC 4 02 Z74 3 PS,
4FPS, PPFS¢] T,= Z+7} 99.8, 105, 106.5 °COI 2™ 500
kGy®] 7 S-S A 712} 97, 104.2, 106 °CE
a3t o]9f 7ol pSel| Hlsl| 4FPS$F PPFSe] EeFg/d
59 9% EAJo] 9478k Z1& 4FPSe} PPFS7| 481 Wl
AY F2E 7H)7] witolth’ 87 549 ¥stE #A%
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Table 2. Summary in Thermal Properties of of PS, 4FPS, and
PPFS Before and After Gamma-ray Irradiation

Sample T, (°C) T, (°C) T,(°C)
PS-0 kGy 415 422 99.8
PS-500 kGy 402 417 97
4FPS-0 kGy 413 422 105
4FPS-500 kGy 407 418 104.2
PPFS-0 kGy 461 467 106.5
PPFS-500 kGy 456 463 106

A3} PS, 4FPS, PPFS= v ZA 3 T Toos Tos T2k
e 93 S4o] ASE 21 L & UL ol 97 54
o] Azh= Awpd Ak o)gt Absl w02 Q3| U -
Z7} Halg Zlo] ASNolth, olel g AR P g
Z I8l €4 EAdo] FEHUA 7HE B2 BA RS U}
A& PPES7} GeHgAdo] 71 $<ralz WA WiAdel 7t
4 S8 Ao AlsH.

B AT WEE 72 0 B4t 22 N, 7k A
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