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Features of home-made PADC detectors for heavy ions
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Abstract
New home-made PADC detectors have been developed and applied to the educational experiments for elementary
and/or junior high school students at the Maizuru National College of Technology. The home-made PADC have
higher etching velocity, which make it possible for us to reduce etching time and keep safety during the
experiments. An anti-polymerization agent was used to produce such a new type of PADC detector, which has
lower degree of polymerization than that of commercially provided ones. Etching-tests have been made for the
home-made PADC, as well as for commercially obtained PADC sheets, which were irradiated with various kind of
heavy ions. In addition to these, a series of infrared ATR analysis (total reflection absorption measurement) has
been performed, obtaining the changes in infrared absorption spectra with ion fluence for both kinds of PADC.
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Fig.1 A repeat unit of PADC poly(allyl diglycol carbonate).
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DEHEDTTF L U EEE2N LTo R RALEIC I — AR — R AT ABFEL TV D, T OfEIEIE A
PR MEOEWEIRE LTHLN TV D, Z O I EEASRICAE U B REZ 0ROV AR Y =F L
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Fig. 3 (b) (TR 4P - Bija2kE (THINKY, AR-100) (2 TH—IZIRAET 5, £D%, EHNHBEHANTE
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Fig.2 Staring materials for PADC. Fig.3 Manufacturing process of home-made PADC.
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Fig.4  Radiation source *!Am. Fig.5 ?'Am used in the experiment.
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TATFT VT TANRTAFT v 7O OOMIBINEE TR SN TRIZAA v TF o7~ 73y ML D il
o, BEERNICEAIND,

AHFIE TIEARI 3 HEEITIEAFRE & 0.9 mm @ BARYOTARAK & H{EPADC (2, =R F— o 4
E— A EIZT Xe A 4 2B L2 (Fig6), ARKEOZ X LvX— 7z Z BHIEREO P I
Table 1 IZ/n 9 &80 TH B,

Table 1 Xe ion irradiation conditions.

ion I:r?:jgt Fluence S;%%::I;g
: 2

MeVin) | onsem) | vnm)
2.0 x 1010

Xe | 336 30x10° | 11980
5.0 x 1010

Fig.6 Irradiation room for medium energy beam.
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IAFRE X 0.9 mm 20 BARYOTRAK & Techno Trak &2 ONH/E PADC & A% v 7 L= 6 DIZ Ne A 4>
ESiAF VRN Fe A AL ERE Lz, £/, A¥ v 7 ORIHEIZHEM THDH TR —T 4V H—%
Lo, AR RNV X =2 B &= Ne £ A & SiA A KN Fe A4 DRI ZITV, =y FFE
v MEOFESCEESC N7 v 7 oy F U 7 HEEZH, 4 PADC REHI KT 2 = v F o 7 OfifhT
Z I tm, WRESSHE Table 2 DY Th 5,

Table 2 Heavy ion irradiation conditions.

Incident energy Stopping power
ion (MeV/u) (eV/nm)
Ne 399.1 37.6~38.9
Fe 498.6 228.2~239.7
Si 799 57.1~57.7

Fig.7 V Otlcal rosco (BX53M) .
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o, e Ve DR KREWVIZET v F 0 VHRIFREME s DL ILE < 72 D, V & VKOV, DRfRE K
(WIZRT,

%
V= v, (1)
-, o FRE VNS 1BV, V-1 (Reducedetchratio) 1= v F By MMERRKE S L 725, KRER
TII I =y F o THEDOMEITIIESH T O v Ty FEEE AW,

2.3.2 RO RIE

(LA D AR 2 BlE2 T 5 121E ESCA (X #OEE70) ° AES (A—Y =E\E1mk) .
EPMA (BFHR~A 270774 Lol FIESFII SN, ZNHIEEWVEELRF>—T &
B NEE LR LFX—ORWE 0BT 2 R BHI IR 3 5 7o B 2 72 o fatE i | <. &<
MBI OGGITITETORBIIIE LWL ORH D, AT CHER L7z iR7TATR 3B 2729 2 L 72
MBI OPINEIK D TRINBIL AR 7 MV ERIET D 2 & BN TE D 2KHIEE TH 5 (Fig.8).

Fig.8 Infrared microscope (iD7 ATR).
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3.1 HYEPADC O¥MEE TV 7 7 HUTHT D= v F o 7T A b
EABIEA % 0.085, 0.169, 0.254, 0.338, 0.422 wt% WL 90°C O EAREEFE CINEL L 72 PADC O
BRE{LE % DFHE% Fig9 I~ d, BuE{kizo BIE PADC X, HEBILAIORIMEZHECTIZE X
675 <720, HELSEET D, £o. BEBHIEAIORIEN 0. 169 Wt% Z B2 12300 L EADRAR
RIEITNE RO D, B RaX /& 0338 wt%iil L7543, PADC % 1mm MU 512800 H
?“_ ENRTERWD, =y T o 7RG HHEs & L Cofli il%ﬁ‘(&)é ZEnbnol,

(d) 0.254 wt% (e) 0.338 wt% (f) 0.442 wt%
Fig.9 Photos of home-made PADC after heat curing.

HABGIEAIZ 0.085, 0.169, 0.254, 0.338, 0.422 wt% #sH1 L7z PADC IZxt L CT V7 7 fp & Bagt L
SREaDT v F o THER % Fig 10 (oRd, EAE 2% L7- H{E PADC & BARYOTRAK (285
I/?t v NOBEROE A Figll (R, fitihizoyFry NOELE [um], Bz TF s
RFfE] [min] & LT\ 5, BUEREZ B 90°C & LAV L L7=85812 B\ T, IRINEDS 0.085 wt% K T
0.169 Wt% T, Ty F By hOIERIENFE L7, LvL, HmINEZ 0254 wt%ll EFRN4 5 &
KHOTNDBREL =y FEy REELL eo7z, Lo TEABIEAIOTRMEX 0.169 wt%h i
THDHZENDbNroTz, £o, Ty F U 7 30 2BV, BEEBHIEAZRMN L TWWBELE
PADC (0.00 wt%) O v F 'y MERILX 7.82 um TH Y, HABGIEAIZ 0.254 wt%iish L7- A {E
PADC O v F 'y MNELIIM 225D 16.95um & 72 o7-, AL, EABSIEANCK 2=y FE Y b
DR EEARET 2+ 070 R e R 2 &N TET,
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Fig.10  Etch-pits of alpha-particles on home-made Fig.11  Growth behaviors of etch-pits of alpha-
PADC with indicating different amount of particles on home-made PADC with indicating

polymerization inhibitor. different amount of polymerization inhibitor.
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Fig.12 Sensitivity of home-made and other commercial PADC detectors for Ne, Si and Fe ions.
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Fig.13 Track etching rate of home-made and other commercial PADC detectors for Ne, Si and Fe ions.
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PRI AT D ARSMR S E THIE L7- H/E PADC D A7 L% Fig 14 12, £7-. FEAREREIEOURIN

v — 7 OJF )& % Table 3 (27”7,

1.2
Xe 3.36 MeV/u
1.0 | i
— — Pristine

08 3 0x 101 fons/em? Table 3  Assignment of IR absorption
@ . peaks of PADC.
g — 3.0x10" ions/em? —
= 06 5.0x10% jons/cm? | I I IRE) {EZ?&(CI’HI)
19
2 04 — 2.0x10"" jons/cm? C=0 {Eﬁﬁ”ﬁ?}ﬁ@b 1750
« — 3.0x10! jons/em?

o X 1008/ ¢ C_O_C 1‘43%{’51:}1_%@ 1250

o0 Ether e R ED 1092

CH 24 IR ) 789
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Wavenumber (cm-!)

Fig.14 IR spectra of home-made PADC before and
after the exposure to Xe ions.
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DE—=ZIIETFLTNDZ ENRERTE H, AW TIE Table 3 1277 1750 cm™! D VAR =IO & —
7ZH H UTT o T2 E ORNEFER & ks ROV TR~ %,

B FREHCEA A 2R 5 L, BT 54 ATk W ERRENEEZZ 1T 5, Beer-Lambert
FERANC X B & WL IERRIR OE B L OV BRELROEE L iEHE S ORIl %, FREHIE TR
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%o BISERNDCEHHEE T A —F 20T 572010, EPIIHERIROCE L 7 v Z0OBRE R
L. OO ERER TSRO D MBNH 5, Fig. 1512 iR7TATR THITE L7 FEx e E L 7 v>
A DR ERT,

11 11

T T T T
Xe 3.4 MeV/u Xe 3.4 MeV/u

Relative absorbance: A/A0
Relative absorbance:A/AQ

0.6 0.6

i i i i i i
0 5x10°  1x10™  15x10"  2x10™  2.5x10™  3x10™  3.5x10M 0

i i i i i i

5x10"  1x10™  15x10"  2x10" 25x10"  3x10"  3.5x10™
. 2 .

Fluence(ions/cm®) Fluence(lons/cmz)

(a) BARYOTRAK (b) home-made PADC
Fig. 15 Relationship between relative absorbance and fluence of Xe ions.
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BARYOTRAK & F{E PADC I Xe £ 4> (3.4 MeV/u) #MRS L. Fig. 15 1R HIEH 257, K
UZFEADNWTHT » T Fll EAR D AEIZ 6T 2 0T 0y B & BN 5 BREWTEREICEE SV T 3 2D (b221H
BRTA—2 B8 LT, BREMEREEFZEDI N T v 7 a7 R EOBRERTRQ)IHES T, F=a7T
PRERDDZENTED, Fig. 16 IR = 3 (C=0) HEROFHD b7 v 7 a7 28 L HIEEE
ORfRE T, M, A EIETHED SDSLTEA A PRI VRV ARBFZEIZ BT ATR %2 VW TC
BIfERTH D, HallE o TNAHRRRE S EWVWHFAD T AR/ BARYOTRAK IZOWT DGR T
HY ., WNKED T HRIVIZANEPADC OFERER LTINS, MTOFERIT, VAL A XDORE S
PUNT—EH L TW5, %D BARYOTRAK I[COWTERB SN TWAERT —Z 1%, B (28 MeV)
HLEDT, 70 hREAFIZHONT, AKE 7oy hTORLTEY, ZHHIXATR ETIEHARL T,
WA W EBR TIRESNTZL D TH D, ATRIEIZ L DRI, I X 2 EICHERTORORE E
IR TN, BERLRN T v 7oy F U T HEICIIREREVNH TS b b, R o 7 4%
IZH{E PADC & BARYOTRAK DR 7 ClEIER— & & 2 D& FFD,
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Fig.16 Effective track core radius for the loss of carbonate ester bonds .
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Fig.17 Relation between the damage density for loss of carbonate eater bonds and the stopping power.
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Fig.18 Relation between G value for loss of carbonate eater bonds and the stopping power.
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