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Decontamination Performances for Particulate Contaminants
in PFC Surfactant Solutions
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Abstract

The effect of perfluorocarbon (PFC) and PFC surfactant on the interactive forces
between particulate and solid surface measured by atomic force microscopy (AFM) with
SisNy cantilever and silicon wafer was evaluated to understand the role of PFC
solution as a decontamination medium in decontamination process for removing
radioactive particulates from the substrates. It was obtained that the PFC solution
containing perfluoro-1-butanesulfonyl fluoride (Krytox) as a PFC surfactants even in
the concentration as low as 0.1 wt% displays a good surface active effect. On the
bases of these results, the decontamination technique using PFC solutions was
applied to the simulated specimen contaminated with particulates and the
decontamination performance was evaluated. As the results of ultrasonic
decontamination using PFC medium, decontamination performances in PFC solution
containing PFC surfactant was far better than those in pure PFC solution and the

particulate contaminants could be removed quite effectively.



#2 (CFC-113)°]

2z

Shub =

°©

A 2]

lox |
=4

A

A
LI

a1z} A
| A FA
A A A&

=]

oy o B
ﬂmmg_xgar.é
o N X ,
ATLMTMAE_ﬂnﬂTMCM_. 5 =
_%x_b o J T B
w Do R o} o
dqu‘LlLZﬂ‘uJ oHoEﬁLJ%
%ﬂ@_s%ﬂﬁq, 7%ﬁﬂ 4
1J|_.A ‘_HLIH _.D‘:AI Hd_‘l ‘WLﬂU E.#Jl
) h#7%1p1 N@oﬂ of o~ M W
ﬂmﬁwfrfr@o - Oﬂ@i%g @m_xNA%GE}
: X
%Wi%m#@% BEE T Nax Tk
M_EM AH.WPOTE; ,Cn_mo_],.o,lc._‘mw __Qn_ﬂ.oouﬁoioEﬁdﬁﬂ_l n%_u‘o|W
_‘.w ]a el %o T by X —
,_mojm‘_giﬂoaa WPW%WEE o??xﬁﬁldﬁ_Urgoﬂ * 4 o T
m G 0 _d _ = 1 ® o T
TR S C o BB o cuﬂﬂgﬂmﬁo_ G Moo
ﬁ.i.xor%@%, . QEIO ~ = = T ® Moﬁo_ B2
Sy o X 70 oW R = T %iV%iq TR do o T = <
1_xo_x Lxﬂa X 3 < B }zﬂgﬂ»ua - o < Llﬁ.
A ﬂﬁnﬂm]ﬁnﬂa L z:.dr&o XT o T mﬂduﬂn o
N = N o 07&0 ~ oy ) B mﬂmﬂﬁ
%%72@@@@ Cﬂﬂﬁdl.ih_w ,mldﬂmm_wlio ﬁnx.%dw. O
V\Elﬂy‘ul.m.m a,quJ_ﬁl 71,_momﬁ‘mﬂ~u o_LO_.UMTdDL\a/lU\WAH W ﬂ“ﬁﬁLdM Mo"_o,ﬂl,_u
ﬁg.ﬂﬂlmnlmm qu%au%@ﬂ nﬁﬂumﬂx oq_amm_u C{M@r __mcib
o T Zumm_&lj.o o B Xﬁaq = o,_x_.o‘_ﬂLiXoZ Fdﬂﬁull 7F4|DI
&»o]dl Wuzﬁﬁei Q_uﬂﬁaﬁ‘mﬂ&l WEHO‘WEAIO_EOEO PUEO._‘“”W ﬁoPNE
_X].L] . W ™ ] ~ a
qﬂowﬂﬂﬂ%&rw_ ﬂﬂﬁmxﬁ.mﬂ ﬂ;maﬁmgaﬁoﬂ_zﬁ Mw,mu.mﬂo_a oEMdﬂ
o T 0 e = B 0 [
oz P % 2 o S O 7 o g = o= % - of p Mo do = ¢
T ~ W_ XY — - ﬂwh L A_I — o %o ° &o o_.._ TK Q. o o NI O
7Ao}lmgo$ NN oy = M R o X < _z@ﬂ
Mo ,]__oo n_moLo o oy o o% EOJOQO_GLHI7eL zx_ﬂlt LEt
wuﬂloﬁoﬂﬁvﬁgoﬂ ]ML L_Lmﬂ» JA_UM_,_NMU,ﬂIﬂJﬂME ﬂu_lmnuﬂ;lMﬂ }Aon_m
ﬂwe%prﬂﬂ,%% MWM%&”AT Mmhvmaﬂﬂuﬁmﬁv %frm“_mw @QNM
X e xX RN ~ ) ~
%Mﬂugaﬁoﬁiw.P_&uEﬁo_aiVa duwﬂhn_'e]gﬁﬂ%% Wo" i ajo MMQM
mAﬁﬂgwg qangg@ mx@aa%@% of o M - P
;i wro%%@wmﬂ im o A= g %Nﬁgc,@ﬁﬂ w9 T Hoijaw
: T T m o Y oo N —_ T =z A w2 ey . oy Y T
T T w 3 = A o mE W T s T S T 15 O oy X
%LE%L oy Mo ow )T B @Hu.P < o 9 @lo_a
G ToR il " H o HA_._n w = m 3 B ‘UI = o MM_I 1_.0 il T 5 ﬂ,AI
ﬂn__/unn%_imﬂ_w do __o_.uw_l% QWEJ mﬂmmﬂ E;oux_. T O
Ty N R PUuo_NrPﬂ B B N l?ﬂluamo.gﬂroo ﬂFE%
P < i il Al o AR 1£m d#yadrq I o S
o%olx_ﬁ ox]o 0 .71_xoﬂo_n4ﬂu1z_|£ - K Gl £
do N X 4 ™ E_;g%%%@%q = Hl%ﬁ R T = 2 %JA%F
Aiﬂﬂ@o_%q%yy_z aaﬁ%o_bz_ﬂ}ﬁzogi1%%0_7 UMA.
si . ‘I‘.:ﬂ — 1_,Nﬂ| _.Aﬁl p— =) OuﬁO .;Iopﬂ si ﬂ 1ﬁ_A|O ATH_ ) N C ~0 O_ —_ % < @.U @) C oF 5 ﬂl
1H X° ro\.ro_aﬂrqO aai . — x,_.\_.oF.muZ o R = 8 FEL o 7L
N 0 it ol = = 2y w R ) AT Mo NN -~ X o B
FoRe Fé]%ﬂ%_x = o . 4714 T ™ e = ® T = Ew 0 F
3o o o I O ~ BT m RS m M X x| o %)
2l ﬂq,uﬂ%@FOMM o = og%iga,id@ﬂa Mﬂe%ﬁ
oy A = 3 ?wﬂd%o_ﬂmﬁrge?%ﬂ A@@ﬂ%
! 5 P oo P © | me O W g B e = ™ :
ST ﬂw_g ioog_m ﬂwpuomﬂﬁﬂw mﬂ]%ﬂuﬂo
— — - = T =
< < Wugﬁmrooaﬁ%7%ﬂmmw Evvﬁ%
xa¢x%@1%1@ N § T o
Hfﬂ_m%EamMEﬂ% W ﬂnoo%ﬂrau
E.%oﬂ_cﬂ i iunuﬁ_&
_!‘H_OI_Z }E‘Ll..wnjn_ LC
OT . 7ﬂ\l§aﬂ_ol
O N



v 250 Al

BN T
IOI\I
of B ¥ <<
—_ =
Mmmwm% %ﬂo whﬂﬂ,_éma
X —
4@%% - @1%1&% 2T 5w
w of _ & oo O o T N = 5 o Yo uo
= . n 4 foog LA g N
=3 Fe B g R w o o2 Fgs f o & o 1
BN - o T I~ m )
@mm_/, o 5 N do B B o ﬂV% THr T B Jo o B -
F £ A L odo T w B oM o [ a0 B X
_iwml_]r‘_ g2 = Aso#o O~ - - = L.ga__o B X
ﬂo_wo a - do = o FA\/@.' W B o <o = MHT .
O#EX‘J,A;OH h,m‘._ EE\LI)AOY‘I PZ\#WF,LI O_l O_/ﬂ_\nﬂ zi . ~
augmm__% g = Wy g N B omg SRS o o
s o = n — vy oy BT M —_ BR ﬂ_ﬂ o s
i aK < I ._oko; < 5 A = g WoZo X -
TEE i RS - ® S Tk L of <
N ST m A A~ — go B" oo > XO N 5 o B 1 _—
T g or BN A e < U= X on AF 2 m BT T i & &
of g ° (Emadﬂﬁ Jlﬂw\m N ﬁmﬂﬂglo% ng
L_O = E_H EE ﬂo o T_,_AI EE N ) o WAI ﬂ ‘7A| L_L o 1 s :i =
ﬁV%m ézu..d]rP% Mﬂowjeg w T H ﬂnoﬂoz HT%
<ok =z 5 e S ) A%%w =T - o_;mﬂ_ﬁﬁg N
& T2 1%%3%%\110 _ 5 S e oo TR
25 5 o g S = 9 T W o = N X o
X 1“ .mﬂ ﬂm_l —_ ﬂo 1o = ‘m.ﬁ_ ~ ‘ﬁIVH M R ‘_H.ml Dm ) 0 = :.;E H_AIO 1FL 1:_/' —_—
Ho — O E%%ﬁAgoﬂ &R N _%g_o% ﬂmﬂﬂ%vgs m o
%ﬂ%? 4 F T g Do M | = L W%%%A% 5 Jo
]J..l . Y 5 3 T X
A_WMLBWE_LQEEMUMNE,%% LM%@ wumw O_i_iﬁmo_/ ~ %
% ol 3 zio}fgil_am 7 0= oW o o o x "
_EJZ.dﬂﬂJ|7ﬂ7d%Eoﬂ do O % Z X g TR W Bs _io_,_x G
N 5 5 < 7 TE®R -5 =% & g B g B S
BN T B R M~ a, ° TR = T X L oI - P o e R o X
o O 7P],A % A n8 B = © ay o o iy oo T
o o w0 e &lS o _= = - {30 o_/]_..rdﬂ ~
N iﬁMzS%%ﬂiiEwﬂlo_u. ﬁlﬁmm V%ohﬂA%%_/o g o
2o ﬁllxu%7u.wr Oe S 8= Qquv%z% m o T
T K& T o o~ % W do _ B Q% T =W slsH)o_zT T =
X & o 8 2 ™~ — = oo 5 S 22 oy X —
B N O - oF ) ~ TS = B8 <O s I B T =
= £ il ) o =R Nd = B o GT
< uﬂ#%uobrlﬁ pFh TN Jtmkﬂ omu}imro@.%x o
w E#E_&1iza_wrmu§ﬂﬂ§uu mommmx 4 %ﬂwh}mﬂﬂqg s
s il N oH o T < < o B —
o,_ﬂzﬂ*ﬂ%&o_@imemm%wuo._o_a G Nrmmvmm% é@dﬂ&u]mﬂﬂdm.]ammu& x P
2 O@p ﬂ]ﬁ}m@}}f{ - =2 & Mo K,‘oi | ol iy
P%ﬁ}L@qu o X W ﬂdpS(% *0 %Hﬂﬁ L e B o
B OH e a0 W G wm < T cai A R g = X ofo oF =
PEERTOET Heo™d g Foe S oo F g B x § o b T w
BN ol o 7 L axN T B _Lulga el
! g B s N .l,_su.c]w T = =T o
o 5389 T Namﬂ_za@rm B odo T
SRR :T@ML_L%imWw%Q% w
S ot o
o T 54 i 43:;
P =) A_W W o o = ok o
O_NI_U —_ -
N o X
A



Stk 29 AW AvelA Ha 1em ol g A9t HE
F 2 Aex 29 2o wel I
& 2208 sl A9e FARAT. AD N Fol A5E
nelste] §91% 60 CE ALY F vlolAd] s v x2g3 ADS A
[ex|

t
rir
2
ules
oo
2
~
i

At 2259 A9 = AAES AFEste] AJHES AUE Al & §9do] Hlo]AR T}
Al Y WE7tEE gt AW Al 5% PF-5070 &9 oA AlFHg & 7y
AZAZ o vdie dol Mals& A5t Ad d 2 Ad Fo o F A9
Hgdlo] Yo g WAls 2497] (Scaler Rate Meter, SR-7, Nuclear Enterprise,

o]

= T

Lid)el elsf) 60z &<t vk WAk s SAste] 1 AR5 A 27 SddHE
o /\6]14

SYE A% AGAFE LA

2HE QA SAES A7 AdEgAA ADEAT nARE Aol

8 dgdozZn PFC 2 PFC AAZAAA7 o d A}
S AR Atole] Ago] WA= JFE SisNy cantilevere} He]Zgo]s] Aojel] =-§3}
= : 3 =

1 i
ox
Mo
it
ol
rlr
=

o

>~
>

U oo
_O|L
&
o,

N
N
2&
R
A

o

AFM “&v]¢] SisNy cantileverE A W HEAIZ]H 27| = cantilever?t 28
Zelol# FWH Afolo] Ql=o] Agati 2w U HIAZIWH HHo] gt T H
= A7t Ao HE Ao Qe cantileverE FEAZ|WH HEY <o) g g 2}
7F AR "olA = HHEF eV " o] A A YEid e 19E dukdow RAkE
(adhesive force)E WERHTE o] RS cantileveret 1A FWHAFolo] EAst= o
T2 electrostatic forces, magnetic forces, Van der Waals forces, capillary forces %-©l
sl 7ilgtrbar 4 A Uk

AAZEHAA PFC 3 PFC ARG A o] F&& Abet7] flste] B 314 FHORE
Aee Al ZdolHe F4a PR ImxX1m ¥9)e AFM 342 Fig. 1o 33k
Fig. 39 AFM 3t ®l¢l el A A& vprol7by Al dojs g obf A% ¥
AR A e AR &7 FolA A3 SisNy cantileveret 2z Z g ol3 Abol 2] force
vs. distance curveZ Fig. 20 &3} t}.

E AEE dloly xdel| PF-5070 PFC §9vhs &9 459 PF-5070 £ 0.1
wt% KrytoxEs &3 &9 29 & =A% force vs. distance curve® 27 Fig. 3
% Fig. 40 F538tith,

Fig. 49 A3 23X E SisNg cantilever®} o}F AL &84 UA && 7|59 A
ol FEHAPolol = ofF F Rz o] EAFTS % ¥ %9
3M AtellA] 7Ekgk PECAl A8 ARl PE-5070S <2%
FAELE 235y ol Ak S A FE 75 AuIdeld HHAA F

A& 4 T Aok
g AgEgols THe AWSAdAR 0.1 wt% Krytox7b 23 PF-5070
Ho g Fztelo] s AAHNSTE & F UthHFig. 4).



8 —
08l ]
06F ]
04 ]
02f ]

= 00f

E02f

804 F

S 06
-0.8
1.0
1.2
a4k

400 200 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Fig. 1. Iym x 1gm AFM Distance (nm)
image of Si(100)
in the air.

Fig. 2. Force-Distance curve in bare Si(100).
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Fig. 3. Force-Distance curve measured Fig. 4. Force-Distance curve, measured on
on Si(100) wetted with PF-5070. Si(100) wetted with PF-5070 solution
containing 0.1 wt% Krytox as a PFC
surfactant.

2ol o9 dA7F HFE F4¥W, B 39, A& 2 A3]8 PP gownell tldt
o 253 ADFAE o] &t oAy 7HA A ZHselA PFC 1AAAA AES F3
sto] 1 ANE 7|ttt

3% PFC €9 oA A A'Z 29N 29 Al Ad A%S 229 H&
AZHE 2 ) }Dﬂ ZAFsEo] o1 ﬁl)re Fig. 5ol #5335 ow, o255 AlHo FHol
upg} oFzko] Aol oyt AAAFE F 1394 2302 o0 AALERE oF 25%°lA
55%7k A1) e dS & AT

‘Y A2 29% AES PFC &9 o] AXAsta 2535 7S o SvtE AA
FHOoRHE &d Fom Y7l "olx oA &do] e dLE Eith
Fo w2 I Ao dEEe] dAUE WojH o mA vud Adoe] & HE o
2 B0 A 274 "olA Yo YAt vlwA JAo] AN =k mHel H
2 o g olZnte] A oA = wig- A2 ADAFIE DA = HAIAE BEATh



T3 & Ads £ PFC &9 oA 53 A8k S7kol wheh Al A7 oF
T FEe BolFa

PFC Wl fair = T4z A4 edEds AAT & oo ot A9 28
= TN e AMEE PHe® PFC &9 el 7138 FW3 dAbato] o] 245
Y& A 7 = AMISHAE H7bste], AMEAAATE ADel vA= FFE 24
Sttt olet BrEsiA = olw] AFsAA T LAFHE L dAFeke] o AEE S AFM W
How AR AiaiE AdSgArt X A e ko] Ao glojAal glom,
ol AMEAAE EIsh= PFC 8ol 3k Aldo] PFC &l A el Aol H3) €5
8] etEets d5E 7he sl

PECA AAZAGA7E A Zatell mA= F&FS A¥R7] fsiA &3 PFC &9 Wl
0.1 vol%7} =5 FS-62 AWZGAE £ 60T "AFE&H F' oo "= A'=
S dE o2 A Al dde® 2083 259 Ade Fdelen, 2 d3E &5

25 — 35
Il PF-5070 onl
H 20 min 1 30 L [ PF-5070 with|
- ] 40 min 0.1% FS-62
25| ] E
1.5 I~ 1 20 - -
w 5
D 15 - -
1.0 g
1 10 | i
0.5 - I
1 ﬂ
0.0 ) o LI [ |

SUS(2B) SUS(polishing) cs Painted SUS(2B) SUS(Polishing) CS Painted

Specimen Specimen

Fig. 5. Decontamination factor (DF) for
various specimen contaminated with
'Particle A" in pure PFC fluid.

Fig. 6. Comparison of DF for various specimen
contaminated with 'Particle A’ in pure
PFC fluid and 'Decon. solution F’.
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