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Abstract

lon exchange resin particles should not be found in steam generator(S/G) sludge. The suspicious
spherical resin particles observed in S/G sludge sample were characterized for particle size
distribution under optical microscope using the micro-technique, for element analysis by the electron
probe micro analysis (EPMA), and for molecular identification by the IR spectroscopy. The particle
sizes are distributed from 1 to 200 i for the sludge, while 40 to 500 i for the spherical resin
particles. The results of the elemental analysis showed different major impurities: Si, Al, Mn, Cr, Nj,
Zn and Ti for the sludge particles, while Si, Cu, Zn for the spherical resin particles. However, both
particles contain Fe as a matrix of magnetite (Fe3O,). IR spectrum of the spherical particles was not
quite similar to the IR spectrum of ion exchange resins used in S/G system. These results indicate
that the spherical particles are not related to ion exchange resin particles and may be formed by the

process of the sludge formation.

Key words : Spherical particles, S/G sludge, characterization, micro-technique
2 o
A LH2e IR A FAME ol2uFATE DM E ¢ F), AR
g E Ao 71887 €82 AR FoA BAEY o] 2RFA YRR AHE 7Y A

£9) B4¢ 2339t TR S o §5he) BARARASE YA T7] BES, EPMAE
FYYAS HRE, 22T R 23 2HEY vl oJshe] o LABFA ARE ZA} ).

-59.-



dJ. Kor. Rad. Waste Soc.

&8 A9 AR} =71 1 WA 200 mol Yot FE YRF= 40-500 mo) ek, SajA|e) g B
Y47} S, Al Mn, Cr, Ni, Zn, 28] 3L TiolRQl oy 8 UAR= Si, Cu, Zn o]}, AR L =
T 25 Holgih. 73 UAY R 2F2HEYL ZIH7) &5 FIATANA AHL3E
SugrAe] 2HAEYH W uPE o MZ XA 4SS BAFUT o] AR Fd

Vol. 4(1). p.59-64, Mar. 2006.

o= o oY M)

71 S8A AR TolA EHE 79 A7 ol 2 BFAE oY AnkFel A7} YA EE

oM &2 eA PAE] A FAA B

A dehia i

A 9o TEHUA, S A, SR vz S

I.4 &

A dhdd e F7ER7) Al E o]
AFFAE AHESE B8 Algoen AJxdd)
FES vd £ e F2 5 AU JAsix gl
o 2Ev AE 12 55 S9EHA 2R S gl
o83 &eA7 A Fut) gl &8ix e =4
< F71EA 7] A2E YoM ] sleti A m g 5}
kg olHE FAY F QU= FRE AFIY. ¢
Fo] o] 2u &R YA} ¢fA] S dA=E
ol 2u g Aj2Ele] A=E FXd EAV e RS
oujFteg o] ugFA YAt £FX| Foll A
BLA| g S gs)of gt EBiA Foll o} A
2 Fo EAENE A dAE Beldoes BR
3t B4 SA3] AFME BEE uigez &
o422t Zlgo] Hastet, At B He ko
Mg Fo SHFe EXEt= BAS A L AF
AU = BT AR FaKHd A5t &
A2 24381718 a7k Qlo), v)A YA-E o
F7] M PAETOZE BasH, olES &
3HA thg ¢ = vAIRA o] Hasir) thekdl
A =T ES o83l AN A sldlA 1-1000
m 37]19) A YAE FolH FIYAETS A
#, ¥ ¢ 8318} ICP-AES T+ ICP-MS & of
23l o]59¢] Fe £4 8 5 dohz, 3l

£ 7= e 948 24 £8R| e 4R}
A7) @ L BFsh= HPolx FAd YA
7} o] 2 REFARJNAE W= HA L VEdtgen,
£3] JA@R| A 3telA nAETE o) £3R2

A=)
e g

-60-

FE 9] ulA FHYA B, 271RE 24, A
U 2F 54, vl §4, o2 7R 218d3te) vt
SR &3, HEEN L FIR $38 o2 o

I. 4%

7}, 7171

28R AR $UBRAT A7RE 24 12
YAte] AdE e AR A LEICA, Mz6)T} 33t
P (LEICA, DMLP)E AHE-3t itk <A YAt
2 PEYAY U vy 2y 2y
EPMA(EOL)E AM&3Ith 94 4L €8x &
microwave acid digestion system (Milestone Model
Ethos Plus)3 &4H8 AMR-3to] L3583 I1CP-
AES(JOBIN YVON Model JY 50 P)& ARg-3le] 24
Sglt. o] LTBFA R E Blsty] st FT-
IR (SENS IR Technologies, Model Travel IR)-& A&
3t} IR 2HEHS SH3 30t

W, Aok

AN8&E &3l Wl HNO;(Fisher, Trace Metal
Grade, 70 %), HCl(Merck, GR, 32 %), 2
HF(Merck, Pro analysis, 48 %)& 3 A)3}A] a1 A}
£33k, 2% EFE 2+ ICP-AES S
FEF 8N (Spex plasma standard, 1000 wg/mL, 2 %
nitric acid solution)& A28} 9},

SR BERN
AR S

=
@ A& HAA



The Characterization of Spherical Particles in Steam ---

E8A A FE 120T oA 4417 23t A
IRy FEIFS 7ot dAalFA "o 2]
3] AZ3 A2 EFAE 718FT microwave acid
digestion systemelA] §-A3} 3}k, FU B o
2 &g ule8-A3} §H] ICP-AESE 8-S 24
3kt
@ €8A YA 7] Ex 53

Az <A £ 2%-& EEd(flexible
collodion-butyl acetate, 1:2)o] @31 EE {4 &4t
AR, SFFol &% B4ddg FH3ta aykst
o Mg Bde FHstdn. sME Eadde
microscope slided] AA& 11 AzAZl & B
u) 33} digital image analyzer® o]-8-8tad &2}=] ¢
e} mFg @At YAt 27] BEE SA3CL

g, €8A W 39X FF
@ <8A W IR A L D

7ol 28R wiekd A (Fig.1 F2)d) <8A ¢
AE EAZ o, RIS o) 88ty &R &

o At FEYAES AEete AFAskAck A

Fig. 1. Photos of spherical sludge particles and the
gridded petri dish.
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Table 1. The Characteristics of Spherical Sludge Particles in Various Sizes

A7 () FI PHrig | A NS | NSRS | PEE
15 1094 0,52901 1094 0.529001 0,00015
35 505 0.24420 1599 0,77321 0.00086
55 35 0,01692 1634 0.79014 0,00023
75 168 0,08124 1802 0.87137 0.00281
95 35 0.01602 1837 0.8883 0.00119
115 141 0.06818 1978 095648 0.00851
25 27 0.01306 2005 0.96954 0.01674
35 23 0,01112 2028 0.98066 0.03913
45 8 0.00387 2036 098453 0,02893
55 10 0.00484 2046 0.98936 0.06602
65 5 0.00242 2051 0,99178 0.05449
105 17 0,00822 2068 1 078004
Table 2. The Analytical Results of Sludge
Element Fe Ni Mn Cr Si Zn Ti S
wt % 70.5x0.5 | 0.84+0.02 | 0.59+0.03 | 0.30+0.04 | 0.20+0.02 | 0.16+0.05 | 0.14+0.02 | 1.67+0.05
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Fig. 2. The size distribution of the spherical particles in
S/G sludge.
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Fig. 3. X-ray diffration patter of the spherical particles in
S/G sludge.
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Fig. 4. Photos of a spherical particle and the cross-section
of the particle cut by half.
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Fig. 5. The EPMA results of the spherical particles.
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Fig. 6. Photo of conglomerated parts of the filter paper
used in nuclear power plant.
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7. FT-IR spectra of various sludges and ion exchange
resin.

Fig.

o
=

pepain,
V. 38 2 ¥F Ad7U4

B AFA M S712487) €83 F &/}
TH AR s o] TEFR] YARJRAE ZAL
A, vF, Ao vhe- JE-EA | FTIR ~¥E
&4 59 A7z 2 uAg o dut &YA9
AA 22 &L magnetite A2 YAAL
T Ak dut A YAFE F2 1 WA 200 i
715 Role A H|3lY FHYASL 40 WA
500 w2 FhAe g & 27&E 7A3 glon,
W &R ET} Al o] 1 AR YREL W
71 6l Fo] e g o|F 1 AL}, olE0] FHE

ﬂ‘ﬂ_iki o] uof ¥ 2 71Al Hhgol ¢

& 8 seed TS 8 Zo g, 2|3 v
S %lxl o AL AAE o ) os) A" A
o2 FASAL AA 4L F71EH¢ HES F
a8t} o9} 22 AT A= BF 9A S
719 £8A) F A717t HolsHA 21 73 YAES
of i3l olemErA|RIAE A= H4d 4
A& Aojet Ay,

ay B A7 AMSE GARA S3XE B4
A71el ERFLANN AHE Aes dnFoz &
E 4304 2 EE €84 Fo I YA EA)

ah= Re obde B 3] Mg,

18
L1

)
=

64-

Vol. 4(1). p.59-64, Mar. 2006.

2 &9

r-lu

[1]A.S. Teetsov, "Preparation and use of needles
and micropipets for handling very small
particles", Microscope, 47, 63-70 (1999).

[2]Dickey D. Huntamer, " Identification of Cleveland
mine tailings in Hunters creek drainage, Stevens
County, Washington", Microscope, Vol. 48, 93-
105 (2000).

[3]Sophie Sobaska, et al.,
Investigations of dust emitted by a lead smelter"
Environ. Sci.. Technol. (1999) 33, 1334-1339.

[4]Robert M. Silverstein, G. Clayton Bassler,

Terence C. Morrill, “Spectrometric identification

"Microchemical

of organic compounds” John Willeys & Sons, 4th
ed., 95-177 (1981).



