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In this review, I will explain that the irradiation effect,
which is the basis of the radiation processing, is divided
into the conditions on the radiation source and the condi-
tions on the target material sides, and the induced chemical
reactions are different. In the development of materials by
modification of polymers using radiation processing, the
phenomena induced by radiation vary depending on irra-
diation conditions such as irradiation temperature, irradia-
tion atmosphere, and the types of radiation, as well as the
stereo-regularity, morphology of polymers to be irradiated.
In addition, there are a wide variety of polymeric materi-
als that are industrially used, and in fact, they contain trace
amounts of various additives such as antioxidants, fillers,
and stabilizers. Appropriate conditions must be set for ap-
plication to actual industrial processes, but no catalysts or
reaction initiators are required, and chemical reactions can
be directly induced by radiation. The radiation processing
has strong potential for industrial development as “blue
process” that clears environmental issues such as restric-
tions and regulations on the use of chemical substances
worldwide.

Keywords: radiation processing, modification, irradiation
condition, blue process
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Figure 1.

Line/Space = 50 nm/100 nm.
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Isotactic Syndiotactic

SEM image of PMMA after patterning by 30 keV EB lithography; pattern design:
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Figure 2. PFOA/PFAS induced mechanism from PTFE irradiated under atmospheric fields.
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Table 1. Amount of emitted PFOA and melt viscosity. y-Rays irradiated at room temperature with a
dose of 400 kGy under vacuum. Heat treatment was conducted at 24 °C and 150 °C under vacuum over
24 hours.
Treated Amount of PFOA Melt viscosity
temperature (°C) (ppb) (Pas)
24 25.6 2.9 x 10*
150 Not detected 1.8 x 10*

* The detection limit under these experimental condition is less than 5 ppb.
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Figure 3. The polarization curves at 60 °C for sulfonated FA2 (S-FA2). FA2: polymer-alloy consist

of PTFE and PFA; gas flow: H, (wet) 50 mL/min, O, (dry) 50 mL/min; gas pressure: 0.2 MPa; bubbler

temperature: 60 °C.

< — LA 77 7 M2 X B 7 v #F{L PEM D
A7y FMEHZOWTHINT 244 Nt 7Y v F
A PEM “EN” 1, N4 ¥ % —IZH\» % Nafion®% D 7
AF /==l LT, 77 70FuLFLr-~F
Y7t urnr vEAR (FEP) I 2Lk vl
AFVLUREHEIEST S 7 b L7 4 VA (sulfonated
PS-g-FEP) % Rt (CF¥RR 22 um FEEE) L C
WML, ¥+ AMEICXDEEEL TH7. Table 2 I
L IVIREE 60 °C, IR 16 % THE L IO R
ZELDEDLDOTHL, FNORIZEL Tdwing,
500 mA/cm? IZF ) 5 B, K1 Ic R —
A L5457 v FLPEM L b b EWHIBE S 1,
T \WIIEIC EN10, FN20, EN50 TH - 7-. H#lZ FN10 T
i, mAHIIE 1 Wem? 24 L, RSO 2 {5050
HREZ N L7z, F7-FAl%EE (Open Circuit Voltage:
OCV) &, ¥+ 2 M X ) Nafion®7 A+ /= —
5 L 72 Nafion®-cast ZF% %, 900 mV M ETH D),
SHFRHEOERS o REhTns LHWTE 3,
NTLAARHERN A 7 — 7 VED BER B~ DG 23

HIFE X 41T\ % jonic polymer—metal composites (IPMC)
1%, #EMZ PEM OMjEICALE L 72D TH Y, PEFC
Kk Nafion®2 A s N T w3, 727 Fa1—%
DEEICIZAY —=F -7/ —=Flo, £ 4 v {5EE
KFHKDOBEDBEETH Y, 44V IBEETILH,
Grotthus BERE X 4 v DA F L v A )Lk Y EH PEM X
D 3 Vehicle Bl X 4 > D7 7 ) VBRI PEM D J5 7557
J7F 21T =Y DPEMICSEb LWL EBREINT
W54 =7k u LRSI 7 7 ik
WKEODAR LT 7YV (ALK V) % PEM &
577 F 2 —% DM REZFHIN L 755K % Fig. 4 1
Y. Wik Nafion®% PEM & L 7284, 3.9 mm @
BRITH 708, 72 VIMBDA F v &8ss ®E (lonic
Exchange Capacity: IEC) %% 3 meq/g A LD b D,
EMoEE (zFLry-FT 7 70v4AnFL v HE
&1k (ETFE) « FEP) I b 67, BOEfZmRL,
IPMC 77 F 2L —¥YDPEM & LTCHMHTHZ L
5.

]8R b



BEHRT O RAIC K 2ZDFMEOLE RS CICHM R FE

Table 2. Cell performance of the hybrid membrane at 60 °C operations.

Amount of Power density
Membrane ionomer OCV (mW/cm?)
(Wt%) (mV) at 500 mA/cm? peak power

FN50 50 948 308 523

FN20 80 972 343 806

FN10 90 956 349 1003

sulfonated PS-g-FEP - 952 325 674

Nafion®-cast 100 822 336 899

Nafion® 112 - 970 320 467
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Figure 5. Compatibility of surface modified PTFE and non-modified PTFE. Target solvent: cyclo-
hexane. (a) Grafted PSt-g-PTFE surface, (b) non grafted PTFE surface (c) immersed state of PTFE in

cyclohexane for compatibility test.

Figure 6. Laser microscopic images of p-TRCCM (a) and phase-contrast microscopic image of C2C12

cells cultured on p-TRCCM (b) and TRCCM (c)*?.
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Figure 7. SEM image of moth-eyes patterned
C6 olefin-g-COP mold. GY:0.03 wt%.
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E & B B

KRB BAE ¢ 1998 4 S R 2 Kb 12wt Za BHis A
et T (Mt (1227)). 1998 45 H AR 7 I WF 28 it
HEEWE A, 2002 4 500 H K7 LA % B a0,
2008 E KPR FREERF AL FHEWTR E, 2012 48
[FRFZERT FHTUESZ, 2016 4E R RAERE 24 0F
Jekt FEEHES IR, 2019 FERDFZERE RETHEZ (BK) .
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