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Preparation of polymeric composites for surface contamination
measurement in order to characterize nuclear facilities decommissioning
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Abstract

Double-layered polysulfone composite films, containing cerium activated yttrium silicate
(CAYS) as a fluor, were prepared from double casting of two polymeric solutions, and their
morphology and physical strength were superior to those of single-layered composites. The
prepared polymeric films consist of a dense bottom layer and a CAYS-holding top layer. The
former is made of coagulating the polysulfone and methylene chloride binary solution and
works as a supporter to improve the composite’s physical strength, while the latter holding
the inorganic fluor plays a role as an active site to detect the radioactive contamination. The
prepared films revealed two distinguished, but tightly attached, double layers, their attachment
being identified by morphology of the interface between two layers. As prepared by water
immersion coagulation, the films have highly developed macropores, compared with a dense
structure in the film prepared by evaporation. In the  radionuclide detection test of the
CAYS-impregnated composites, the films have reliable detection capacity at a radionuclide
spotting test. The double-layered composites with the dense support layer show a better
stability in holding the radionuclides spotted on the surface as well as an improvement in
physical strength, compared with the single-layer composites having shortcomings such as

being too porous or being brittle.
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ARG L HAE AT ZHLAEES SAHTA o 7I&Y dA) ddF T 5
g9dS ANG NPT TR AXS fol 84FY 23%E =X AxE olF TFZ9
2 BYEAE Ax}n oEd E5A4E 44 AgEgAdsd
(Cerium-activated ytttrium silicate, CAYS)E #3AIZ] EYHE olFTR HEL 1A AAZ
22X ZgAE (polysulfone, PSF)3 wWe#dlZZeto|= (methylene chloride, MC)Z o] Fo}zl 2
£ Fd% 9o Adsn FEE 53 MCE AAsS nEzL9 #2 shvitrification) & 53
ALY 722 1YL Atk 2P 133 9ol CAYS ¢ £ulE o] Foj7 23 A&
4g Qe EX3R B AXAINAY ti71EXE T3 2HFAZ . o|FA o] FojR 2% T
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Ao WAl 2@ 2 4R AHY A dF FLAC IA FAHR U 53], 44
Ade A A 7HE FLE FE FY st A dFS MY ANHY EUEE FF
ojtt. matA, LY AFoA LA e L9 A& 4 % FHE, 2 FHAP S
FTAAZ F e 7led A AT R AAHAAL AAE AT LE9= MREB)S FL
g EAZ dFHa gl 235z, s 298 EdFeE AAGR A& A +

de 7le 2 vy AL AdAHY FE3d 7198 ok AAANLE FUsty UE &E
£ WAbs &3 Al A 27 2§ 5 Atk F, AAY ALE Qo] ¥ EHEL
=g AFoz FA87] A% By ML FUdF oz #AYo] FUHI Y EoERA, 7
71 AZE A7 A7 21AA Jed @A PAY BRY 2XE 9% B2 33F s1ec] HEH
¢S 4oz .

AF7A ole g 2@ AFel o] INFLEEY FAHAL AAY RIFTE FLEY Ve
Ao olg] o]FojF oy ole FAAAY xF HFHA ohgE FPALe] HusiA aFEHE v
o] Atk EF, AukAQ] WA AZF 2HE FHL 294 AYL wAR EXE F o uwAE
71 444 23t 438 A(scintillation cocktail)o]l Aejdo] EAFozH B %o WAL
T 29 H7ES e 93 E AV o2l olel B, AFAst dAD 24 EgAE
24 AGlA FAYAFTES A e AHEE F HAF LY ER §lo] L¥9E FAE
A Fo 2, WAlE HIIEY AAPE A £ WAE LHEE Z8AHE SA3] 9%
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Wel AMEE 4 ATH3-6]. wEtA, ol d A 9 89 AR # e HIIE B9
d7E Aste B WALS 2Ex9 AFSA Fule e dAH HIAHY F& R A
g A9 A a7HE EHLHES FH 3l T8 9¥E & F U+

NEZE EHLAE 24 Zule Ao o] mefsford F28 84e 2 dAYAHA &
e Wibe LEERE dAstn e At AHE WAl +¥E 9=y v=E A
gatA FAste Aotk olE H3 L9 WY AJezRH WAYLEEES AT o, A
TAH EF SFHA 48 AxY 7IAY F=E A WA 2422 S FHNE F e
dAd uide GEIF AeHon(7]. A FANHFT FAE A3 AEHE V1S AHE A
d F ABAE EFsEA 714 FRE J=E AFE 7AH BEE AUE Age FoE
T Aok w2, B dFdME ATSH g TS Ade ASAFTEY £2HA 4A
R AZE TIHL FEE 8o, WA FH S HEAHE XYY HFH AAH EHE A
Ue 29 AF Age NLsr] A8 947& F33A

Z1E9 4wty ddFE FAste M LEA 59 ¥ EE AAA OE¥d FEE A
o2 EAY 4o AstHe F¥FS H Yok ol AP 4L F IHAE 2FE
U stue ARAESG L JAH EAol uEE nEA FF WHA Rdd LH9E AH
Bl q de BojY 2e Wabo] olw + Y= A, 293 & e 1EA 4 =2
A #2428 7188 A BARAFY A DEL] WRAA A EAHE A 7A@
[89]. cl8id @& /A uA AL T2 AAF A 84359 2238 TEFA o]F T
Zz BRAE AzFo=A 9B SAHE HEAT A BT EYHES o83t AFA &0
% 24 8UlE 74z AHEEA o]F E}AE Axdty 28 54 ¢ FIEREE B3 vus
At

2.4 3
21 1A A Ax

F4FA7 33dE 12 BEdAe F A A AA4H% 133 43S AH AR
HA dEedF2eol= (MC) 80 g3 EIYHE (PSF) 25 g& EFF 598 13 Aggde us
, Doctor Blade (Sheen applicator, England)& ©]€-3l4 #a ¢ 300 im9] °]|F3 FAZ A
bl £ WEo] FHHEE Q) o] 30 T AFLEANA 48 A 2 AZANAL | F

K

4

B dee EUME REL FUR Ao 1AW FUE FARAE 134 AN dojn Fe
ME 2% 9o, UL EScInOlS (DMF), n-WYHSAE (NMP) £+ dLAZ2ol= 25

3 ZHE 45 go 2 o|Fod F LT &Y cerium activated yttrium silicate(CAYS) 5 g&
BAAR) 23 Autg goe wEn $3WBY 200 pm ©)F FAZ EXHO2R, CAYSE ¥H
te o] 12 283 Y 9 BANEE et 13 AA S ZeHE ngs YeH
CAYSE TH3tE 23 §9 WEOR o]Fj7 253 728 AYUEe £9 YEL 2o AAAINA
U, gulel Zute S8 £48E] HE DY} o) FANEE Yok vl L] &2 AR H
1Pse e UL AF F AL HEu S22HE dr]2 $AA HEurt SRR 5
A, el Az 27 P F2 AL Table 19 Jehyich

]
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HadZedes gueEZsclutols, n-ved S & FYHEMn 22,000)& AldrichZ %
g rgsgen ¥xe AAAA o]l Agstdt IAE vEnR AEHE 22 FHRTE A
2898 CAYS(P-47)& SPI supplies (England)Z#E Fdsts A&t 44 271 2 -
8 ymel2 ™, 3-5 um o} 50% °14& A A

2.2 SEM

Az CAYS §3 2gae 84 dAFAE97Z (SEM, Philips XLOW)E ) g3t £4
S} 4S5 AARLE AL AW 23 ohddA Fulsgn U] FAM AzxHAS B
E AEse 89 W F-BAUE (64) B =Xy

23 3AA A 84 AE

Az FAFA &3 B AT 488 E Hrey] HEd AR p-H HE
HEA “CE oAk FHF C BEAL olaZrAE FUEY AT FE7H 23 Ba/ul
) FELAL AxUY. EFEAE d8 7HA] FAH wet A2 FrIAHARA R "E4 50
WE ZXIY A EFELYE =X B 952 FHATHTE ol&dd FAHIAL,
FHLENM e FA% v &S Hrier] H3td A Y La/HE A%718 o4t BlaaRTh
ZAY 7t B9 AEVE 23 J129 p-AH £AE JeEll= CPM ( Radioactive counts per
minute) S ©]-&3ty 7] &3

Table 1. Preparation conditions for composite films

support layer active layer
No. PSF Mc CSUM o ent PSP cays  casting  coagulation
thickness thickness condition
(g) (g) (gam) (type) (g) (g) (fam)

1 % 80 300 DMF 2% 5 200 | Water
mmersion

2 5 80 300 NMP 25 5 200 | water
mmersion
3 25 80 300 MC 25 5 200 evaporation

3234 ¢ 13

71&e ERSAES ZAs] A% nEA T BHAE Fig. 104 BARAE uieh o] &7}
g 3719 g5 7+ AUAY (Fig. 1 () - AFA7 22240 g3 FAA e g
2 9F A ZA SAsA Ao (Fig. 1 (b). A& A5 g EAste 71T A3 =
A LEES HF FFE =S 2L9E AR FAHAA ALF Tz TE vE 4o
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Aoz AL AU oy, AH AAQAAM 2 TS FHE 2LFE0] A EAFE TS
T3 AAAANA AEHE 23 299 FAFC AAHHIL Yo FAL F 22 B A R
Ede FZE FUIHBA g8 LdEFH HARA L] B&o] FUHA 5T £ 588 2

=1
oX.

T dey, #ad FrEFA Y FFo] AFer EAstd AFH FAAA oA BAAE
& AU Ao G o2 AHE it
ol F 7hA Fxo GHE HESy] A3 FAHAY LAY #Ud® FYsE T n¥sd
A 72 DEA AAF A4 LE9EE A AT BHFE EXAA nFFAD 9]
o AEA EFAV AzxHAAUT. F2H Ao PSFe vlEdIAE2 0|22 o]Fold TUdT
Zate] tiZldM n@stE AAS &2 FHB Ao 2FFo e 45 + 5 ume] A
A FAE FAFEA ALY F2E UgdE FE4E 2A83n v 257 w3 AdEs
T 54Y B9E Adsn Agd &9 nYse vHAE2ol= Fid 9
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(a) (b)

Fig. 1. Single-layer CAYS-impregnated polysulfone films; prepared by immersion coagulation (a)

and by evaporation (b).

8459 453 AzE 98, tdudEgolvio|l= (DMF)E &€& 39 Algsta Eo IX

3 982 €2 2 7|FE 4% BEHY & E 04
o (Fig. 2 (a). )83 2 7]%—%% TE9 EHY vz PANEH EF WEE JP&A S
BF3 gtk (Fig. 2 (b). ol&3? £AL Hgu] &2 HAANANHS o i{?ioﬂ/ﬂ
@AM YAHE EAHAAY ETY} T2 o8 vehvde Fi1o] ngdAgel s Je
YA "ot ol3@ 7FES BE URAATL doun] FEHdAE Yz ged. dddoez
IE XUE guslgdx EWHAANY 71FES YR 1—““4 gzl ol nA% S Xde
24 ditx oz XA e v A4S Ad Aoz HAY (Fig. 2 (¢). HlEol A=A
o Y WEY wd ¥H P4 A Ho”ﬂ o] &3t A AYL A nPIJAA
S v gty o2 yeue vgAY @A AFHQ Aotk & &£/17 A9 71T L A
5o AFEPoZAH NgE EHOZ 7]Fo]
g

r$L
i
ol
iy
o
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e EJAE Fig. l@)dA Ee npep 7o
dZH AMFH FAFNA 23H e d9 4
1l FEE olgld £F 845 AASdE ITS 3.
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HEulE F8aE 22 ASET $4% AT §d9 §uiwe tuYEFolntol=dA n-v
YsgaEoz AAAS A%, UA H4L FH YHE T AAE olad Az 23 v
28 R4e AUA "o &, 94 T2 UE Fz% NUF T2 ANF L FHAA

ey FxE &A8A At (Fig. 3 (@9 (). ¥l&d AAE T Azxd F9 F¢ AL
o Fu] FANN nRAY FEE FAANAY FI13FA FE FAA AT AxsA
€ S FAE T UR FRAN 7T FUEle 98 & & Jdoy T W AAIY
EdolAe 2EY] 7139 BEES A MEA ¥ EA4E BU

(a) (b) (c)
Fig. 2. SEM graphs of a CAY-impregnated polysulfone double-layer film prepared by immersion
coagulation (DMF as a casting solution solvent); cross-section (a), magified surface

region (b) and tob surface (c).

(a) (b)

Fig. 3. SEM graphs of a CAY-impregnated polysulfone double-layer film prepared by immersion

coagulation (NMP as a casting solution solvent); cross-section(a), and top surface(b).

4% ALl &g tudEFotutol =y n-HEAEYEF Zo] JFAL ErlE AHE
H9S BS FE oF dFe] A A& I FH d§ AL AxT F Ue A
U gutioz 2 HSHE 2AFe2A, 4§ FAA AE=EE FUAI A E
13 stold LHHAAAK e Aol G2 FEY. ofd Hld gl B vSH
t WdAZ2gol=g SulE AEEAE A5 d7] 23 M &44 KIAgE T
dEe nY3rt o]Fod = gk 4% SR dEJEZGo|=E AHEslY A%E A
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gsle "Eo] Fig. 4] 2o Mok ny¥std CAYSS ZHE B3
A 1% 729 AAAF e 71T Yol U2 FYF T
gAZol Ay Fx YL B olHF FRE 1Y FAHA §Ho] AE XL s

A gn nEA FE F7M A FEgd o3 LAZ AUFHASE GAANA £4 53, 24
Z E9Q9 A$ A4 SuE AHEEE v &l B IAAAA AxdE EA A FA o
£ 541 s #H ¥d AHII FHE 77}3}9&—55 Yetdla o ol E A
& &uje] FEd o3 333 2§ WRE FRsts AEZo vls F7143A9] Gujol g

ngad EE ddstd naggon AT AAA »cua 279 Astol oa) YepdA @
. olels ERALY ZuUE BrgAA] WM FFel ¥4 FAEA B R

Fig. 4. SEM graphs of a CAY-impregnated polysulfone double-layer film prepared by
evaporation coagulation (MC as a casting solution solvent); cross-section (left),

top surface (middle) and magnified top surface (right).

Azg nEA BFAY @x S4& FuE) A8 AEH Lu/wEr AF71E o) 8se E3
Aol =XB BARHZEY AYAE FFegch Table 201 Reole vhet Zo] fuEEFolvlol=
g o) g3td B&zd AAAA 4wd FFE AAH Az FES WLA2 2|2 FTES
8 AzY 2o AS vsd g S4E 2A%2 JSE BAG o) BA 542 2L8A
QoA AMH AL TIHA F& Aoz AA AH AN EJA FHse LFEY ¢
of Wt A § Aok 53], 7FEI B A @AELL AA FHAM dF LR
of W &8 Fa7t AREY old dAME AL dTE Y AHolo

Table 2. Radionuclide detection of CAYS-impregnated membranes

Second casting Coagulation
solution method CPM
PSF/DMF/CAYS water 223.8
PSF/MC/CAYS evaporation 230.4
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27 42AQA CAYSTH 939 Eo4E g9 1SRN A PAY 939 BA Se
AQ 18R 53 BEAS AxSA F A AT F32 AN AzE 2Y VS FA%
A FEHTL 4P ARD 2572E AU, B AAY AL FAStE AV 72 &

4 nEA AAASG PAS 24 CAYS/H $AE HHEE gAAGeR TR8UG F Y
Aole) gAE AL, WgTl Szl FAH nPsE F4 RPN, 9 PR et
e gole] AA-AA FEAE TFAW RYHY 2EA Fue FPIA FARYG 24
A goe] nYs Aol dat 9FH P2 Ee AUF PR FEY £ Yo, WA o
=8 Arhated 298 + 9k BX 542 wgth $918 30AA 49598 B ngFAA
Az8 BB 2o AAHe WHE Ye Ha YB2EEAI A vehgon], ok BE )
3ol F47 713 9o Aolo BAA Aoz AYHAYLh

R

2 Aa7E Fur)eRe AT QB2 FRHPom, ole] BASYU
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