2002 AR s =a
HERREE

AW, £54, i, 057, 4FA, 1DH
FE A AT L
RABA FAT GAE 150
o ok
-

F& Ao oA daolr, 4ol A7) Wi B @ Ao 2EF NPS
lgelop @t A48 BY AdelN WA ALLL AYF FEHOR ofuzETe T
24 A4S 2= nPAS AxFoen A5 Pl A% AT Fdstch
Mpes obmzalaly] A% A4 £F BAL Agagon, 74 Bde £3 240 o
2 Az 20 2 72E AWYL BHAAAG. AxD AR GFFE, A5 54, 82
54, 47 8% 54, 27 204 % 59 342 Bl 1 g4 Faskgn

Abstract

Spent elemental mercury must be very carefully controlled in storage and disposal
due to its dispersibility and toxicity. Amalgamation was attempted to solidify and
stabilize the liquid spent elemental mercury generated from nuclear facility. The
appropriate metal and alloy which convert liqguid mercury into a solid form of
amalgam were selected through preliminary tests. And optimum composition of
amalgam was determined with structural integrity. The amalgam form, in optimum
composition, was characterized and subjected to selected performance tests including
compressive strength, water immersion, leachability and initial vaporization rate to

evaluate mechanical integrity, durability and leaching properties.
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Table 1 Metal Powder Used in Experiment

Grade & Average Particle
Metal Powder Manufacturer . )
Purity Size (ym)
Dong Yang Chem. | First grade,
7n 6.22
Co. 85%+
Shinyo Pure First grade,
Sn ] 8.15
Chemicals Co., Ltd. -
Yakuri Pure First grade,
Cu ) 28.8
Chemicals Co., Ltd. 99%+
] Cu 65%
Brass Nilaco Co. 439
/n 35%
] Cu 90%
Bronze (I) Nilaco Co. 4.21
Sn 10%
] Cu 70%
Bronze (II) Nilaco Co. 5.79
Sn 30%

A=2HEE =AY Y3 A4 1 cm xE°] 15 cm 279 28 AJHE &
e de2)y 34 22S A7 635 mme] s 7
231 NE E397|2 F3<= 3000 cpmol A 30-120 = AE JEAZ oS, AAE olEs
3 487 P 44 FuR Azt SEvet HrE FEAIEEA HAE &
= A Hagh AEE e o s AxstE AdE opEthE 98y &7 ¥ @
i A7)7F 5 mm olskel FEe® Az v P]5 EPA(Environmental Protection
Agency)®] TCLP(The Toxic Characteristic Leaching Procedure)o] W& &3 Ao &
83 AEe 22 Hoe® A7[7F 9 mm o3kl FEOR AFsST
oprztsl W] oJste] vlwAd & AVN(FA 25 cm xEo] 25 cm, A4 5 cm x¥=
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ZA3E Table 20 YERHSA T
Table 2 Compressive Strengths of Amalgam Forms
Amalgam Type Compressive Strength
Cu-Amalgam (50 wt% Pure Hg) | 1,065 Kgf/cm® (104 MPa)
Cu-Amalgam (53 wt% Pure Hg) 789 Kgf/cm® ( 77 MPa)
Cu-Amalgam (53 wt% Spent Hg) 797 Kgf/cm® ( 78 MPa)
Cu-Amalgam (59 wt% Pure Hg) 777 Kgf/cm® ( 76 MPa)
Cu-Amalgam (67 wt% Pure Hg) 382 Kgf/cm® ( 37 MPa)
Bronze(Cu:Sn=0.9:0.1)-Amalgam 632 Kef/em? ( 61 MPa)
(53 wt% Pure Hg) svem :
Bronze(Cu:Sn=0.9:0.1)-Amalgam 612 Kef/em? ( 60 MPa)
(53 wt% Spent Hg) svem :
Bronze(Cu:Sn=0.7:0.3)-Amalgam 17 Ket/em? ( 1.7 MPa)
(53 wt% Pure Hg) svem ' :
Sn-Amalgam (53 wt% Pure Hg) 6.4 Kgf/cm” ( 0.6 MPa)

5 L ghako]l Z4zF 50 wt%, 53 wt%, 67 wt% ¢l T opdz undE A9l e
ghiFo] 53 wt% 1 T8 ol A e UFAEE FAS A EE AHEC] w§-
S5 GFAEE AUL 98T & F vk T ohEzh) £ kel FAALE
FEPEE volA = AFS ehfIth S+ Go] 53 wi%el w5 Foo) ohwrzt m
A} 2 £ Fdue 2 WSS ofuz nAA ) FEAEE A9 wan

S F2Y Y4 daFo] 27 53 wt% 9 H e (8] 241=0.9:0.1) o} &3k 113 A o
4 FEE 4% A5, F 1A GEHLEE vLeA dehdon P opug 1
A9 vwa o e G e Uyt A e ngAg $EE ndA)
of Hl3lol= 2~3 v AL =& ko]l

E5 2 FFol 53 wid% 91 BE(FAFAN0703) ohug nFAe) F$F FEE T
o] obubzt mAAG el HE(FE:FEA=0901) obnzt mAA ] uste] F=Pwst @



A3 FS & AU

T2 g5 53 wt%sl FA ozt A o] dEA L= 6 kgf/eme ©ldtE A 67| of
HE AER Ukt o|v] QoA Agsk nlep o] FA oprzt P A= TN Fol
FH JEHE FASH|E AN 7Y dore BpoX = 5EAE AY7] " Fx
A ARl Jdar ®B7] ofH it

kA AT 53 Aow yEd £ 8 53 wt%sl g opEz iy A ¢}
AE(F8:54=09:0.1) otz mE Ao thate] AFEA, §EEA4, IS5 B4, &5 =
A &7 &5 BA, 27 712 £ 58 #EEIY
33 H+ 5A

T otz mE A, HE (e F24=0.9:0.1) o}E7 mE A tiste] 30U7F HFAZ
T AE=AEE =AY AR 7Y F =AU A=t vlw el Table 3004
A F o], Ay F AL Ase glden, Lo 4w i FuketeE AL
2 YEelst=d o] 7hEe Aol Aol whe) opEzhe] SRV FAF oA E ] wiEql A
o7 AZHAY. HE AF Ay Y HEe ofEz ndAE B Lo AFAARE F
Z3 NS FAE & gz A & dAdY

Table 3 Compressive Strengths of Amalgam Forms Containing 53 wt% Mercury
after Water Immersion Test

Amalgam Type

Compressive Strength

before Water Immersion

Compressive Strength

after Water Immersion

Cu-Amalgam (Pure Hg)

789 Kgf/cm*(77 MPa)

1,097 Kgf/cm?(108 MPa)

Cu-Amalgam (Spent Hg)

797 Kgf/cm*(78 MPa)

1,125 Kgf/cm*(110 MPa)

Bronze(Cu:Sn=0.9:0.1)-
Amalgam (Spent Hg)

612 Kgf/cm(60 MPa)

1,060 Kgf/cm?(104 MPa)
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Table 4 Concentration of Hg in Leachate

Hg Concentration, mg/L
Sample Description
KEP TCLP
Pure Mercury 0.188 2.61
Spent Mercury 151 114
Cu-Amalgam (53 wt% Pure Hg) 0.0069 -
Cu-Amalgam (53 wt% Spent Hg) 0.0073 0.055
Bronze(Cu:Sn=0.9:0.1)-Amalgam
0.017 0.027
(53 wt% Spent Hg)

Table 5 Concentration of Cu in Leachate

Cu Concentration, mg/L
Sample Description
KE.P TCLP
Pure Mercury - -
Spent Mercury - -
Cu-Amalgam (53 wt% Pure Hg) 0.72 -
Cu-Amalgam (53 wt% Spent Hg) 0.66 5.9
Bronze(Cu:Sn=0.9:0.1)-Amalgam
<0.1 5.1
(53 wt% Spent Hg)

Syt = 2PZAE A7 ETAAIH e & AFd A9 &2 F T2
o] F%7F 0.005 mg/L °]2elH, var2 TCLP| W& 8= A 23} 0.2 mg/L ©]d9]
W 3 A EE BRdY. v A1ETAAEHe &5 AEH Y V5 EPA
o] TCLP €& AW && AFAA, &5, §& At 5o AR Gt A& A4S
Hlasl7] o] g 7] wiitell Z4zte] AlgHos AEst & 1 ARE ZF 59 7|FoRE 3t
gk = vk glth

TE
Boh w)g- A YElgEY ol 2o opuzt 1y o no} wo of
gtk s ot feivet A7 ES AR wel A @ Ad e obEzt
APA = v el AdErlE B V1 A = AN ofRt 2 ey



gtk Wb v TCLPel whe Ag Avks vael fa 47 w4 slzncd
W e kg UdeEhiATh v T ok n AL Sevet S 4AAE B
NEE WHAANAE BHAW, ST wyrIE] W G A pAerhE T

=

oluzt wHAe £% 54 W $4adw duE,

4% oy nRAL Seude} mwe) JEud B Ge ge Yo, g
olurgt maA Aol wlale] 8% SAo] B S5 Ao e

seet A BT ARl he S50 F poo yEE 7 opuy ngAst 3
5 oopuzt wHA BE $eU fa8 A7 B4 J1F olaerh ¥ EPAE TCLP
e 829 2 7o FAe fAA/E BAES T4 QA 2] g =
TCLPo) we §%91% ¥ 249 v28 S48 wol Uehlre sgoy o ons
Atk AE ohwgt nFAG B £2AF T4 FEE 2494 olaw Yehut.

ASTM C-1308 (Accelerated Leach Test for Diffusion Release from Solidified Waste
and a Computer Program to Model Diffusive, Fractional Leaching from Cylindrical
Waste Forms)oll w2 8] obdzt g Aet A (78:724=0.9:0.1) op&3 1A <] &
7] & 54 #F AHE FLo distelE Fig. 14, 8o uiste] = Fig. 20 22 o
P ATk ZF 9ol AR Fom yedilew, g4 wdS A Rsto] AL gk
Aoz Y= 29 o ¢ ko] gk ik mdol o ALgd A
A AAFo R 3 23 28 FAHAIFE Table 6] YE A,
obitzt mFA S} FE opEzt nFA L Lo FAALE 107 emYs AER A9
Hl=stglom o] BHaASE 3.02x10 7 ~1.19x10 1 em¥s W99 e JEhA
th opEzt P A ES T FAASTE W5 BNLoA Alxe v agAe
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2.50E-06 [

Data for Cu-Amalgam (53 wt% Pure Hg)

Model for Cu-Amalgam (53 wt% Pure Hg)

Data for Cu-Amalgam (53 wt% Spent Hg)

Model for Cu-Amalgam (53 wt% Spent Hg)

Data for Bronze(Cu:Sn=0.9:0.1)-Amalgam (53 wt% Spent Hg)
Model for Bronze(Cu:Sn=0.9:0.1)-Amalgam (53 wt% Spent Hg)

2.00E-06

T

& 1.50E-06
1.00E-06

5.00E-07

bﬂ.

0.00E+00 &

2 4 6
Time(Days)

10

Fig. 1 Leaching Data Points of Hg and Diffusion Model Curves of Hg
for Amalgam Forms

6.00E-05

5.00E-05

1 Data for Cu-Amalgam (53 wt% Pure Hg)
Model for Cu-Ammalgam (53 wt% Pure Hg)
A Data for Cu-Amalgam (53 wt% Spent Hg)
rrrrrrr Model for Cu-Armalgam (53 wt% Spent Hg)
O Data for Bronze(Cu:Sn=0.9:0.1)-Amalgam (53 wt% Spent Hg)
————— Model for Bronze(Cu:Sn=0.9:0.1)-Amalgam (53 wt% Spent Hg)

4.00E-05

Y

% 3.00E-05
2.00E-05

1.00E-05

o_-7
-

[y
0.00E+00 =+
0

Time(Days)

10

Fig. 2 Leaching Data Points of Cu and Diffusion Model Curves of Cu
for Amalgam Forms

Table 6 Measured Diffusion Coefficients of Hg and Cu

Amalgam Type

Diffusion Coefficient of

2
Mercury, cm’/sec

Diffusion Coefficient of

Copper, cm-/sec

Cu-Amalgam (53 wt%

Pure Hg) 2.87x10 Y

3.02x10 V7

Cu-Amalgam (53 wt% Spent Hg)

1.00x10

5.73x10 7

Bronze(Cu:Sn=0.9:0.1)- Amalgam
(53 wt% Spent Hg)

9.42x10

1.19x10 1
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(a) (b)
Fig. 3 Microstructue of Amalgam Forms Containing 53 wt% Mercury (x500)

(a) Cu-Amalgam Form
(b) Bronze(Cu:Sn=0.9:0.1)-Amalgam Form
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Fig. 4 X-Ray Diffraction Scans of Amalgam Forms Containing 53 wt% Mercury

(a) Cu-Amalgam Form
(b) Bronze(Cu:Sn=0.9:0.1)-Amalgam Form
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Fig. 5 Cu-Amalgam Forms Containing 53 wt% Spent Mercury
(a) 25 cm Diameter x2.5 cm Height
(b) 5 cm Diameter x5 cm Height
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