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Abstract

Desk-top studies and laboratory experiments have been carried out on i) near-
field nuclide transport, and ii) groundwater quality evolution.

1. Modeling on outer boundary condition of buffer surrounded by homogeous

porous rock
{1) Survey on the philosophy setting outer boundary condition of buffer

The survey was carried out on outer boundary condition of buffer set in
existing Swedish and Swiss safety analysis.
(2) Validation of mixing-cell model

Comparative study between ordinary modelling of naer-field transport and
mixing-cell model, was carried out to validate mixing-cell model.
(3} Identification of improvement of IMAGE-MASTRA

The reproductivity of tracer concentration measurement was examined, and the
items to be improved was identified.

2. Study on leaching rate of end-member minerals
(1) Investigation on leaching rate of feldspar.

Leaching satge is consist of four satges, that are lon-exchange
satge, exponential stage, parabolic stage, linear stage. In linear stage,
leaching rate are measuremented 107'7"~10"'* mol/cef/s (Albite), 107'6~]10"!
’mol/cif/s (Anthite), 107'"~10"'° mol/ £ (Orthoclase).

Leaching rate are lower by surface area increasing.

{(2) Leaching test of feldspar.

Leaching rate of Albite, Anorthite., and Microcline were measured in
distilled water. Leaching rates were estimated 2. 0X107!¢, 6.8%X107!7, 3.4X
107'7 mol/ef/s, respectively. At the end of these experiments, alterated layer
could not be found in SEM and EPMA analyses.

Work performed by Mitsubishi Materials Corporation under with Power Reactor and
Nuclear Fuel Development Corporation.
Contract No. 050D0338
PNC Lieson : Hitoshi Sonobe, Isolation System Reserch Program,
Radiocactive Waste Manegement Project
*kWaste Management Technology Department, Nuclear Technology Center.



BE

S 18 HERESRCRTIEEMAMEREHOEFY L ICHT 25 - B

BIE =774 N PEEBTETIICET 520/E

L1 =774 =V RERRDALE DI oo 1
1.2 KBS-— 30k
L2.1 FBROBE e 2
L2.2 BESHTVABRE e 2
123 REMABEROBERE 5
1.3 NGBB85-05 Dzt
L3 1 fEROEE 0 7
132 SAABERSFEOEERRT 10
1.4 S KBIDREH
L4 1 BROBEE 0 11
142 &EM/BEHWFEREOBRTE oo 12
LE F&EWD 13

F2E BEMMITOI F2 v /e EFILloTYtoikst
2.1 HERELEHEEZR

211 BEERMHE 14

212 BBHER e 16
2.2 DTransu-2D—EBLiC & BEZHT .

2.2.1 JKEE - MIEBITRT OMRGE e 17

222 BTER 000 e, 18
2.3 MESHNOTEIZ X 3884

2.3.1 FRREEE 19

2.3.2 FRITEER 00 e 19



B 3E IMAGE-MASTRAZEICEE T A EEEAFERUHUBICOVWTORE

3.1 BENEOBRLE LICET BRE e e 22
3.2 E—XTHADH—PHIBIT BREF oo 30

H2W SMORIGEET— 5 OBELT—7N— 2 BH

F1E ROOEBRIEET 5 XEEE
L1 FAEHHE

L1L1 JICST I BHHE e 33
LL2 VE-PDOVT 7 bV RICEBFTE oo 34
L2 WEEROBE

L2 1 SROBREEER e 35
122 HEMICEBHE 0 o 36
1223 pHIZKBEE 0 e 37
L2 4 BERRE 37
125 RAOGEE 0 e 50
L26 F&¥ 57

B2E RADEHERR
2.1 HEFG®E

211 BEEM e 60
212 POBEBMERE 0000 61
22 HRER

221 BEEEER 0 e - 65
2.2.2 BRBEEEOTHE 0 e 65
2.2.3 FERBOBEE 000 e 76
2.3 BQ3/6iIt&BvIal—bhEtE

2.3.1 EESEHF 0 [

2.3 2 EEEE 0 7



2.4 F&8
ERER
SEM EPMAIC X AEREEHER



FKHIK

F18 HEBERICETIEEVMIRAEGOETY Y7l 25#E - B

Table 1.1.1 Computer codes used in analysis on nuclide transport in
near-field and far-field e

Table 3.1.1 Result of preliminary extinction test e

Table 3.1.2 Influence by volatilization of naphthalene after 3 hours ------

E2H GMORIGEET -5 DBEET—7 ~—ZXEH

Table 1.1.1  The key reports for investigation -
Table 1.2.1  Period of each dissolution stage -
Table 1.2.2 (1) Conditions of leaching test (G.R Holdren(1979)) = ------

Table 1.2.2 (2) Leaching rate of Amelia Courthouse Albite
(G.R. HoldrenC1979))

Table 1.2.3 (1) Conditions of leaching test (G.R.Holdren(i985a)) = ------
Table 1.2.3 (2) Leaching rate of alkali feldspar (G.R.Holdren(1985a)) ------
Table 1.2.4 (1} Conditions of leaching test (G.R.Holdren(1987)) = -

Table 1.2.4 (2) Chemical compositions of alkali feldspars
(G.R.Holdren(1987)

Table 1.2.4 (3) Leaching rate of aikali feldspars (G.R. Holdren(1987)) -------
Table 1.2.5 (1) Conditions of leaching test (L.Chou(1984)) -

Table 1.2.5 (2} Leaching rate of Amelia Courthouse Albite
(L.Chou(1984>)

Table 1.2.6  Conditions of leaching test (L.Chou(198%)) -
Table 1.2.7 {1} Conditions of leaching test (E.Busenberg(1985)) -
Table 1.2.7 (2) Chemical compositions of feldspars (E.Busenberg(1985)) -------

Table 1.2.7 (3) Leaching rate of feldspars during exponential stage
(B. Busenberg(?98>)

Table 1.2.7 (4) Leaching rate of feldspars during paraboric stage
(E. Busenberg(1985)) .

Table 1.2.7 (5) Leaching rate of feldspars during linear stage
(E. Busenberg(198%)y .

Tabie 1.2.8 Summary of SIMS depth profile for the Plagioclase

specimenser 90 days dissolution in aqueous HC1{pH 3.5)
(I. J.MuyirCigeo»y



Table 2.1.1 Production sites of feldspars e 60

Table 2.1.2  Chemical compositions of feldspars oo 60
Table 2.1.3  Chemical compositions of distilled water - 61
Table 2.1.4  Measured surface area of feldspars oo 62
Table 2.1.5  Conditions of dissolution test e B3
Table 2.2.1 (1) Results of dissolution test of Albite RRERR ¢ 5
Table 2.2.1 (2) Results of dissolution test of Amorthite — --ooe 67
Table 2.2.1 (3) Results of dissolution test of Microcline - 68
Table 2.2.2  Leaching rate of feldspars e T4
Table 2.2.3  Comparison of obtained leaching data and reference daté--u?" 75

Table 2.3.1 Conditions of caluculation by EQ3/6 - 77



B =Evs

218 HHEEERCET IEEMMIRRSGOET) L 7ICBET 2HE - K

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

L.2.1
1.3.1

1.3.2

1.3.3
141
2.2.1
2.2.2
2.2.3

2.3.1

Idealized model of single canister, buffer and fractured rock 3

Deformation of waste for analiisiing upstream boundary

condition of far-field mogel e 8
Geometry for analysing the effect of near-field boundary

condition e 8
Geometry for analysing the effect of Kakirite zone -+~ 9
Concept of resistance network model e 12
Boundary condition of flow fieltd oo 17
Boundary condition of mass transfer analysis - 17

Groundwater velocity dependence of normalized flux
calculated with DTransu2D-BL el 18

Comparision of calculated flux by DTransu2D-EL and MESHNOTE -- 20

F2H GPORSEET —5 OB L 77 N— B

Fig.

Fig.

Fig.

Fig.

Fig,

Fig.
Fig.
Fig.
Fig.
Fig.

1.2.1

1.2.2

1.2.3

1.2.4

1.2.5

1.2.6
2.1.1
2.2. 1)
2.2.1(2)
2.2.1(3)

Leaching rate of Amelia Courthouse Albite dependance on pH
(L. Chou (1984)) ....... 47

Leaching rate of Amelia Albite Clevelandite dependance on pH
(L. Chou(1985), Blum{198%)] e 48

Leaching rate of feldspars dependance on pH
(P.V.Brady(198%) e 49

Schematic represention of an Albite grain after 500 hours of
disselution (L.Chou(1984) e bd

XPS sputter depth profiling result for single Albite sample
reached at pH 0.57, 225 °C for 4 hr. (R.Helimann 1990)) ------ 56

Stability diagrams of Na-feldspar and Ca-feldspar (M. Ichikuni) 58

Flow chart of dissolution test e 64
Result of dissolution test of Albite 69
Result of dissolution test of Anorthite - 70
Result of dissolution test of Microcline oo 71



Fig.

Fig.

Fig.

Fig
Fig

Fig

2.2.2(1)

2.2.202)

2.2.2(3)

. 2.3. 11
. 2.3.12)
. 2.3.13)

Slope of between Si-concentration and leaching time
(Albite)

Slope of between Si-concentration and leaching time
(Anorthite)

Slope of between Si-concentration and leaching time
(Microciine)

Result of simulation by EQ3/6 (Albite)
Result of simulation by BQ3/6 (Anorthite)
Result of simulation by EQ3/6 (Microcline)



5 180

HE RS RICE T ABREMAMAE R L HD
T Y U7IICBET ATE - et



BIE 774 FEEBTETIVICET 2EE

AETH, BRFEABRO=_T 7 1+ — I FEEBITHITICAV STV 2EEV A AIE
REFOREICRIEZ I EEEHNE LT, BAEOHESICET 2EHOEITIZBIT
HEHZEIIODVWTHAEEZTY, BTFHORELEET 5,

FEIEI, BFICBT 3REEMIARICREINTVWAKBS -3, NGB85-09, &
USKBITH 5,

1.1 =7 74— OB

AENRE LR WTNICEW TS, =7 7 1 — /L NI IS ¥ 27 L L&D
il FOBEICR 77— 74—V FRROADERFEEEL 3 1-DIIERINTH S,
7774 =)V FEEROERBE SICEYBBIT OO DANT—7 L LTAVWLR S,
COX)ICHEEZFE L TOAERIBERICBI2ERNL HOTH Y, BAMICIRKD
HHEICLEEELIONS,

O WS URATLEEEFINRETEE, =774 = FOERREREN2EDORIC
O LEENBDTNIL BB, =T 74 =L NOBIREBERLERLEL S &40
E FRIA y 2 BABRERY, HEXFEEEAE, £, HEATRLEETHT®
ROBERILETAE, =771 -V FOBRERDAL I EXTEI,

@ FHEZ-XKIKITIEEPRBRTS v /Ry 7 Z0EMELNATLEY, LEE
Heir) LTHMRNEL S,

=T 74— FRBROBERT7 7 —7 4 =V FIBRr~EINEBE, +h8bb=774
—) FOUREREREL L TREBOBE L REENS Z, TOWTIEAWVENE, 77—
T4 =V M ERY 5 0 — FOBREUREOFEP =T 7 4 — )b FTOMTKFHEHE
ZEETDLEND D, BEBIOVTR, FAE, HEINAXBEHETEIEE 0 I0E
WE I REEICRBERRRAEN G HEERE RS 7 FaE 3, £, FuEAHE
BN UBSICHBERATORARERIB OB,

KBS—3, NGB85-09, SKBYITHWSHTWEA=T 74— F@ERaI—F, 77
=74 =P — FRLITOEYTH B,

_l_



Table 1.1.1 Computer codes used in analysis

in near-field and far-field

on nuclide transport

KBS—-3 NG B85-09 SKBY!
=7 | BRIRAREETRUMP | ZhiBfro— K Z774-hF RO
T4 | ZBH TROUGHZ={#H g O —F
| : Tullgarn® 5 HD
b Bay b0-1E70 %=
F #EH.
77 | GWHRT RANCHY-Z, #ifr | [LEUHE T /KR EN S
7 A oA EsbE | NAMMU, kno +-7-0
| . IMIIILECDE | 4RI IZHYDRASTAR
)}1\/_ T3y DRIL | BEFBITIL FARSL
. %0 o

#4 MEBICZ LWKBS — 3, NGB85-09 OifIc 38 7 — FAERSRTH
D, T MEENL D BESICE > TWASKBI] (FinnsjonitiEXE) T3, &G
T — 7 OB TR O HIDRASTAR RISMC, BERUAYS SR OREHE LTS
FRACMAN/MARIC, 85y D#ii% % %18 U 7-PHOENICS7S & BEM 7S A2 AV BIRES Y — LSV S
NTW3B,

1.2 KBS- 30f#EHk
L2.1 FROBE

=T 74— NEES, FEEREHT L ERERD 2 BETERINTW S, JEERET
T, BEHVHORBY OUEFEHAEEE L EICLT, EBEMEBITLTV RIS
BBELTLEIREEZR 7 V=0 LT, CNUAOKENRREHICE Y 28E
BELLTEEFrOMR LI TN S,

RSBV TEESNTOAARERL 2.1 1TRT, BEE SFHoH LEKD
BRMFEOLTEY, BREREFA—THD, ZO5HR—EORRE R >TVE, =@
1, —DOBHEHRE LIBIICEHRILT 52 L0HEETH 3,

REMD SOREOKHHERD, SEMhOMERTT, SHEMARIEKN LM TACTE
LERONBYHEBT, RURBICEALEEHTOMEBRITO3 #FitRETBLL,
FTIRERWIARZT > TV 5, FETROERISH L THERIC L 2RI AT > TWVW 5,

— 92—



DISTANCE
FROM
CLAY

50 CONCENTRATION °
O e R S AR TR

AphsstoN

Fig. 1.2.1 Idealized mode! of single canister, buffer and
fractured rock

1.2.2 RESINTWBIRE

2T 74 =)V FORBFICBOVTRITONTVAREDENT, BEOBITICHTSILO
BUTO@ELTHY, FOFZXEERHPTHMEICHT I3HELMATE L, O~QOREIIFER
WY TEEOFEZERBRLAZDOTH D, O~QIBTFERIC>WTOEL HICEE

O BHEEEEI S IBHAMELET 2,
—fEHE LTEZONTO A EBEORSEE R L2 b,
@ HEORRTEI, REFOCHICEETH S,

—EHEHOBRRBBEIIRA NI 3BAEEEL THW 3, fHOBEICIINEIIEH
LIEBH, BB T B LD ICHEICH » foH FAKDEMBSEN T FLOBKLTH 5125
KRR EZEROROAKI L 3BREORINBEAOFEIIE Y, 12—k d

%f:&b@%‘@'ﬂiﬁrééo



@ FErofITHENTED, SHRTREEKLZET S,
SBEEBIAZVIEE, HIEESBOEELEZEL TV LOLEASNS,
1 BEAYLDORIEDHEIZDETILED HDIRWTHA S LOHEMNRD D, HE
@%%%ﬁﬁmtr%ﬁﬁmmﬁutsoﬁbnao

@ BEBORSHEEAETE.
»ﬁﬁ@@mﬁmﬁﬁrbatwﬁwi%mmsm&%zenan B, CHEERL
VB,

® %ﬁ%ﬁﬁ+ﬁ%h{bb Emhiﬁan
%ﬁﬁﬁﬁ@h1X@%ﬁﬁ#ﬁ#ﬂtgA%ﬁﬁiéwéHﬁfééo%%ﬁ##
Bmﬁﬁoﬁﬁjw—Améﬁbﬁﬁmtiac&mﬂ&%%ﬁMé%étb,%K
BB IERETH B0 (L, LNBO—BHEEREEBLIEES, Tl—L0
BN OFEIDEL, GENLNREL VWA b,

® BHEOMOBR—ETH 5,
~ERIZ AT D B, BET S EHRETH 37 HOmEL,

@D ZEHBEFERI—ETH 3,
S>ERIZRATHD B, BETS I LHEETH B HOBEIL,

® HMTFKOFHNIIEHE EHE) TH5,
ISR EE L AENRRETH B,

@ HTFKOFENRERRECD 3,

RPN TREOELGB VW E TS C & REABSOENTRAROEENEES D
Fe—DDOUEITH B,

© BEBTEFL EEREC-SVWTHY,
> TFRAEFER, S, BREOYEHNRFHIEIEERTIPATEEREICHEL,
COBOEHNEEHNE VDTS B,

O EEEXRECORBRER—ETH 3,
+Eﬁﬁ%éﬁ%&brm5:&#é@ﬁ%ﬁ&éoﬁﬁﬂﬁ#ﬁf@ﬁ%ﬁ =iE
BEBBETEF v v 7TOKES, KEOBREHRUEEHOTERE THRE 2 BE
155,



@ BHEMFTTIE RAVBEVOBRIIEREL, WEEXRBEHOHITL B,
—&EBRERETH 5,

B BEHAARECORBEER—ETH 3,
TR B T AIRETH D, BEERIKEEZEAIDHIIRToNTVWS, BEICE &
ERPEEEE L > TV BIEEDARETHY, BNEEDOEEIALRNIIRIIT
%o |

© BETEYERESIIRROTOATET 3,
BB LA RNOHEO LAAS (b)) v 7 REH) ZERLTHEESF
BISRETH 5o

O BETOBEAHXLEBREEHTS 3,
~REER HTROBENBNTHZ &L, HEEERLTWAS,

® BEEHORMCLIBEALOLEIIEERT 3,

-, EEZTEHNETIMTRKENOBEN,ORYLEI LIS,

O EEMABIEREICET 2EBIIERT S,
—BEDPIIBIIEEAROBREARIY, BEEAREIERTETHEIHDRYEEL
55,

1.2.3 BEEMIAAERORER
REVARTORERRII—EEBE LV HEHIRT ShTW 5, BEOOEIERTIE
EFNAOBRE LTHEIFIATWA, TbB5, #TFKFE (Pore velocity), &
OAZETRE M T/KEMIFE ORI BEHH R E TCO—EREER,» SRAEOHARIZEH
STHREIC L AFBBITMEC S L LTWE, CORER. BECIENISBE XT3
BAL LI, BERMTAROTIDICEFH & S ES TREENEL, EHIR-TH
Be3ic LW R2ISBEN LR T 5, Mhre B LD IO ADEAICITEEM
DRBIEVE—BELNSE, MAS TRAZBOHIRFTICBVWTRENALSIL, R
7VENIBEINEE, BTN~ L0 HERE O ORNICR > THEIT 2 REL I
%0 KBS — 3 TOFTICHEVTIEZ O &L I WHITRFEN ORI BEBRDFHRE & 15 - T
LRSS,



BEMAMIBER B} 3—EBECEID BEMDOYHEBITRUEEGH . BREOY
BERE, HICBRRNOYMERITTHRE 2. 2EHOYEREIERE, F+-X572E, S
—BCRE SNISE LS TBETH 2 BEMEEE U ED, B FET 28360
OFEBLETCERERTEHOTH S, Chd I -DOBFHTCOMEBSNEFIRET
REFELIELBZILEH D, REOBEENEETEZ S, TOENSEBNICER(L LcKE®
ICR-> TEFHAB COBENERI N5,



1.3 NGB85-05 DOfEth
1.3.1 FOHE
=T 7 4 =) FOBREBITICOWTIAE C QU TRD 2 BEOFTMTHOR TV 5,

O BERGEOSEVMEICEZNG Y AT LLEROREWETFHET Z/20IS, 77 —74
=) PR OADBRRAEE5Z 5 2B E Ui

@ =774 FTFHINIEL ORASBEBITCREITHELRITT A L%
BayE U7-f#th

W RTF L2ERORRFMICBIE=T 74 -V FEFLVROTHERAINTVS bD
THY, QDETNRZ=T 74—V FEOQLD SEENICEFMLLBAORE<—Y
VEEEMICRED A1DIEREINTVS, QOENTIR=T 7 4 —IL FOE4 DEE
BICETEZERL TED, ThEHRALALDOLIE->TWVIRY, ZELABERDZ O
Bli&W S 5% Pigford EF AR EHMLINIERICOVWTOEFNZHRLICE
& ENTEETEAI-IBLOEERTFHECETVETORIKELTWAE WS
EEREFNCEI L TH B, BEP O RICL » TRV L oHh OHEEIER A8, L TR
TELEENSVIEENH B0, TOLEREMT 3DIC 00X S KEBELEOE
TUEEABGHOET SRR ZERT 3 L WA ELH A ->TWE 2 EHMER B,

OOREFTT 7 —7 4 =)V FEEFROAEREHE LTEI B0}, =774 —LF
&Dtﬁwéﬁﬁﬁﬁﬁﬁaénrméﬁ,:nw®®ﬂﬁﬁ%%mmrm5bﬁfmu
Ve QICBVWTEESINTVA=T 7 1 —IL FERIE, 75 AEHEEHTROATEHD,
BEVEUICH 7 RE(LES TR BEEES L RRAEES LTV S (K1L.3.1)
EFVOEALICB VTR, 47 REMERRERORFICESHBEL o, BERIcL 3R
HHEORD, BHBEICL34 Xy YL #SRECEO—EEIBER TRIBENER
INTWS, 75 RELERIEOM T /RERIGEENSHETSHS 0.74/ EXHVWSAT
W, TOEBOMITKICH T REMEN S H 5 R OBEIGERE CREI N TRIEN—IRE
L, BERERRREICTHERTER LUARETREEEE LTS,

QD=7 7 14— FEEHTRIRD 3 oDORFADVHINT WS,



1) BEHAITOERENOEEET
2) Tr—T74 =BT HRETNEGEOETE
D HAFIA P - RUOFNICHT 3EREAERLE OB

1) E2) DR & 3) DEEF TR, FRThENLZARRNEEINTWVS, METIE BHE
BEERICEOWTHASEERTHRRINAIZNEFEINTED, REMICE, RELS (B
E—EER) LEFMENEFMEIR TS (F1.3.2) . BEHHOBTA A= L
ELHROSE LTWSIc®, ERAME ] IRTETEL - T3, BRETR, 2XKOAF5
A b= EEUBELEROREEZEBA LIS b 22V T 2IRTDET I
{EFbh T (H1.3.3 ) , WIhLIFEEBRERIRTH 5,

#S5 RDIERRIZ
££ 5 BEOIR Y
|
#> BRRIC X BIRIED
=g R
.>
BIARRERE TR L
BREE IR h A

Fig. 1.3.1 Deformation of waste for analysing upstream boundary
condition of far-field model



EEMARER

»a
b

—TEBE \“‘-~‘*____\“h_-__"_'_"-_-‘/_____,,_—f”/M//ﬁ%%ﬁ*ﬁﬁ*ﬁMﬁﬁgi
[ — OB

ey

: @:Fvrel
BEH # 5 @k RN

CEEEHER
SRR
W

~—

/
\

Fig. 1.3.2 Geometry for analysing the effect of near-field
boudary conditions

oty

et T ]
S — - —
A

Kakirite zone ' — =

Granite {host rock)

e g Ty

— Symmaetry plane

S

F—

Symmetry plane

i A

Tunnef wall

— e e e =

185m

_._ﬁ_._E._.._E._._E_._I s -~ 7 }—— B |-—-

[ T —— |
2m Bm

37,5m

Fig. 1.3.3 Geometry for analysing the effect of Kakirite zone



1.3. 2 AABEFREEOZEET
SHABERDOEEIC DNV TIEIRD 3 r —APRITEI N TV B,
O SEHABICEE 0 BREEC

COEHBTEIBBEORERIIFLRE (LS, HBRIEFMOENMLEHHREREEE
HOES, RUAS ABHLGERE TOREBREICL > TRESI NS, EEMAMTRE
WO ERBEITRRELTIE, AFF54 b« V=Vt hH7 RAEILFEPEE S35
MEEINDD, AF T4 V-VREABRICREBING D TOL I BEEN LI
AR E e Y AN

o, IOEHONY -3 LT BEIEREBESRICBH S E/EELR
HENTWB, COLELIBEFREBERE SN THWS R, LEOERICHLT,
#o ABELEREY o BE 0 BREFVNEI-NTWAHG F TOEH, RUREDOIL
BERERIC L DHRENENT BRI TH B,

@ BEHAMNCIF LS RLEEL

D O SN/ BELN T CT—EBOMTKTHER, BashsLT3E7)0
ThH b, M TRRI—HFIT/RFENICBY 2 BHEHORENER ICHEATZE,
RN ESEEM AT 2 BRNOM T KREEL BRBER ENCEEINIEMEE LTH
EEhB,

XV T VDREZBENIE, T RKEENKE (LS LOQDERBEE 0D
BEICHET 5 E WS RLSNEREE5L 5, L LEHKS, BRETRKHEREEES
BELIGBICRIF Y v Ve VREEFEAEICE OV CERTFIRERE b 5T,
IFVUTENDEXRCHTROANEL, TUHOEBRSEARANA A ZXLLELT
HOAENTWVS, 0k, BRICKBFHBEROIVNI (RNENEZ1EE, KRERE
BPT %o RBUTE, X7 VHIEELD b/ STRERTRIEBKEREHET 5
DI D G T B BB IIER T B,
® BEHEEELOERICHERTEREEL

ZHUEL 2 IR KB S — 3OEBRT LA LTS 5, B L CEEHEAEDOR
Er—ETH5L3NTVEY, TOEMMENRILT 2MmEATHEICRMST 5 2 LHW
BETH5, CORHRIZERY VETOARTIT B, B VEIES TOZ Y45 RN
ST, SR KROS5 2 L1275 3,



1.4 SKBSlofEl
141 MiFOBE
ST 74—V FTOEERTICEODAHRE LTROLONEE I TV S,
D ERAESRHICSETNAEREET L OF v v 7IEA LI FKIZIERT 2,
2) Fow TIMER UL O ORBERYINFRE L THD, BEETONIER
HLTW,
3 HERF =R ICECAILOUMERE LT,
1) BREEEEHHhEEERL TV,
5) BEMISIIRD 3 >ORREE B,
5-1 RN
o @
5-3 bR MESELE

CNODERBHEFRELTHRHIE—EFIINEEREINTE ST, B 3EREBICHT IS
SEETIEBOETFAMEAEDIN TV S, ZhENDEFISHEEICER S (O
ARt EEZBBFRICHE700, CHoDEFLERIFCR NENH L, CDEEE
BELT BOTEAESERRy h7—22FLAHEWLNRTWS, iy hT—27EF
Vid, LRED~5) & TORERTICH LEBSEREZLV S T2 b0Th 2 (K L4
Do

COX I EBH{ZT - 1B R IL, HEO=T 7 1 — I PSS ¥ X7 LDk
LREZZE0, COREXEDHLH DT, BEE ] ASICKBNNY 7oK (RO
OB, FAOE BEARRMEE) RUATNY 7O (F+22 5 OEATLOME
5 R, ABICERS N TV ARORBEEHILE) ORLICTRTE 3 - &G
LB, COLIBETFLNOFMIERARIHRCE THEATHIRY 2 —F itk
WTTSRAREZEL SN T WS, A7 2 —F U TR, HAEI>EENEEFNERKICE
AT, BRERTHIEREY TETV0OMS - RBEREMICED TV EWS T PO —
FEHRALTWS, B, Iho0Y 7T FNEOEEE I DO CEBESHSIRM A 25T
DRATVBEDRBERIB, 1, BRA Y FT— 7 EFAORIEDBIC 2 KT 3
R TORMERFAITONTOES, 3R ISTEREI BN B &hd, r—XK
EHY, 2ITEMIC L ARTEIT->T0B, Thid, BIEERICET 3 BENDREE



#UILDOTHYD, Y 7EFILOIEL ST EELET, Boh/BEEBACUMNTEE
A ERT 1. DOLEBHT Tu—FRETENTWA I EDENTDH 5,

ey s 1229 EEH

T 7 /
. ’f’f%//
41{5

; _

— 85 5-1 [ iR 5-2 —l_c)
— &t 5-2

— #EHL 5-3 O

i ; /:/. ‘. 7 ;// ;
- ////

O it 2) B 3) i:%7 0 Yl

Fig. 1.4.1 Concept of resistance network model
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Fig. 2.2.1 Boundary condition of flow field
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Fig. 2.2.2 Boundary condition of mass transfer analysis
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A7 LR, T2 UMEEC W TREENFRSBEEICE oW I ENTFRIE
e —7H, BBOEAWMOY—Y VISIAWLhEYYI—V =T v MID2W
Tk, BEETRMDOBRENRFRIINGD, ERORBRRICHVWTIIEREREN
MNEL, FRbV—VOBTERICHELELICWIMITS S Lo, BRIC
REQFEBEEZZIEFRBVWEHEEING, £/, 775 ) VKBBEORESSE
OMEELTR, RIZFLLEDHTAI T LEDEBHREZAWS Z LA
fZxhs,

Table 3.1.1 Result of preliminary extinction test

O TSR 7507 BREORE
TS50 0. 7760, 009 — —
A7 AE—-X 0.797x0.008  1.021%0.014 i3
AT U AE] 0.776+0.004  0.994+0.013 i3
YYya—ry—=3 vk 0.177£0.006  0.2280. 008 =1
TS50 0. 805==0. 007 — —
T LK 0.769%=0.008  0.955£0.013 Eil3
77 U VERER 0.773x0.010  0.960£0.015 4
F1fbofe-y GEREHMIEE) 0.374+0.047 0. 46510, 059 =]
ILFbofe-y (BABHLEE)  0.258%0.052  0.320=0. 065 =




10) #7275V v OER
(a) #H&t

IMAGE-MASTRAZZ B (B F /K DA » MEOZRWT, EFBELL-TW3
ToHERPERE &S BRI DIV, BRAEEEEZ 50, BREHROIERIC
B HEEFEROAE, 70— DOEARVRERTH S, choDRkEHE
FELT, ARBEBRREFHAZDTNZNICOE, FA—F 74 Y ViBIEORAEDE
FEE LB T 5.

(b} BAATLE

I NERWIARSEBRREBHATDOF 75 ) VIREEORHE(LAIEIC &
b, RERERFICHELLSMERER WI3KED 1CBWT, BiETIRHN30%,
BETEN ] NEEOEROFENR N (K3 1.2) » Jok®, REEER
i, BERE T 0 — 2 MTEEREE S Bk Y — XEPARER S W BRI T
TV, Bz, REFTF—JBUENOD b L —YORNEEEHETAETE I &Ik
DERICLBRELBNNCT LI ENEENTH B EEL SN 5,

Table 3.1.2 Influence by volatilization of naphthalene after 3 hours

TR 3 Eefores X

EHR 0.720 0. 717 0. 996
FR R 0. 741 0. 506 0.683
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FHeELDH 5B,

(1) JRE

(2)

) RE—HoBEsE

IMAGE-MASTRAZRBE DIERES 7 0 — 2 VR ORNIB S —ThH 5 T EHARREH
D—LIEL>TWB, TD®H, ZIOE—XDOFEBIRERITEEUE—THB T
ENEELV, HNOH—EEBET DI L —3EK L TBITEEDOE—,
FMOEFEERET L1 2), BBRICHEETEF 75 Y 0 TR, SRS
TORBVELALBEZTIHPRBRICKEUBEEEZ 57290, MREREERTOH
—HOHEERD b —HZ2EET BHNEND B,

2) REEHORE
EREETOE—HEIERICIIE- IR X » THEIN B D, E—XDX
SUNNUTTRRE—MNFET 3, /2, E—XOREBRENESRECELLT
WBSGIRE D=7 0 E—MrRET 3, Choild, ERORRMELICEWT
SERICENEY 3 & 3RBTH B0, TN V-V OBITFICEI 2BEAEEL
THENGE-X0E—oFEHEERET 208N S 5,

X
D RE—HoBEsE
(@) et

FI77) COBEMEICEDARIBE -~ ADE—HAHET 3 HEL LT, B
KX HERBEEZNY LY, COoFEICL3E—HERLARRL ORI ER
DREEHENDEBOB RN SBT3,



(b) BE{k8yAEE

&% (RARE 1028) OBEXEA/BEREZERL, TOBRKEORMEERRTOD
EAELRAET S, COER FAAE, BEENESL EOETZRTEEN pen
A= —Thhid, FRROICHIBRETOER LV —OEREREETI &
i3, BRELBERSENROONA &N, ETETRENEL S, JOBAIC
i3, E—XRE-AABR-EREADIHII —EDOHAEBRZITS CEMBUEEI SR
%,

2) NHEMOmE
(a) FHét
IBEREPOYERITHR AL, GERACERREZEEED, E—XFKEOR
E—UNBESTCEA ZEEERTT 5,
(b) B&rAE
MEBITAHTRREINS £ S BWERESR CHREBERIMERTICEEL 5N
Vo iz, REURECERGEMEBOBRENEBMIC 0 L5 L5 HEHTIE,
RROZEALITEEMARTOILE 7 T v 7 RISEEEFZ 0, 0k, BiEE
57 0— VAN TORFLREERATEL 201, LE—HBROSHER
TH 5B, IMAGE-MASTRAREDFRETRFTICB T AT L, BIFStS L
T e/ sSOEFENBY L EZ SN B, $/, BERERE 7 o—w Lo kAR
ER— b oBEEEAL, BRICL->THRIADH—MHEBEERLAER BKTI0
REEOREOAE—IrBEEI N, Ol M SBRAIDEIE LT, Z0K
HOA—HD 2 FEREL, WA 12X 10 en/sDOFEEEET 3,
HREDOFoDENELAMEBE L LTI, EREEHMCHEET 25 4:EET 5.
Ihi3, oA TORINEREE T u— I TOBRESHPHRERIIAXLE
BB 31:0TH %5,
FROFHETOHEER LE—FENOHEZREEHEL T, E—XRROTIY
—HOEETTME L T ERORRBIEECERUEN EEOEENFETES
fifH & 12 B0 LAV EIRREICT B,
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B2l SYMORGEET— 5 DHEET -7 N—2ADEH

PERESE AR OB LA UG AR (IMAGE-GEOCHEM ) T3, &HA —KRIGEKE -
WIEBITEMAEDE I TKIGRE T VERIET 272, B4 7 LZBRETITET
BB, BANTLBBRICBOWTHEREZMBINT 57010, SATHERT 5E L2 DHEYI->
WT, BREEET -7 ZHBL, T—IRX—LL TE L LB D 5,

RS EER, FTRLRNENO—HOTH 2REODCERER I >LWTXRAERK
UEBRHIREE =T - 72,

F1E EOOBRICETZXEREE

Ehid, Albite (EEAG, NaAlSis0s ) ., Anorthite (PR&H, CaAl2Siq0s) ,
Orthoclase (QE&A, KA1Sis0s) FAEBET 2UMOBHTH 5, RAIKDVTH T LA
BEER L TEE - ARIGEREITT 5720103, Hilc Ih o ORI OEIRESEE
EET20ENDE, JITR BRICHETIOREORTLIRIERN I EETHD
BRI DWW T AEZET - 7

1.1 HESEHE

FEFER, JICST (AFHESRERE V7 —) KK 3ERE A7 LRUEYO
BERRISIZDVWTTTIRELHONTVE IFEEOLR— DL 77 LY REAVWTIT-
7o

X FAERROOEFEENEGMIOERFTELNA TV A HOIEEL, MEMEN
RENTVEHD, bLRTZIPOTAHNSE HDEHRE L,

1.1.1 JICST itk B35 H#E
UTDIEEDT - R—-RZAWT, ¥—7— FREET-7,
OBEFEFMTHER T 7 1L B14~)  (JICST database code No010 )
QBB 7 7 4 1 (T5~B0EE) (JICST database code No011 )
@FEFIRXERT7 7 1 ) (818F~)  (JICST database code No610 )



SMEDF—7— Fid TRA (Feldspar) 1, THEA (Albite) 1, Tk&EfA (
Anorthite ) J RUF TEEFA (Orthoclase) ) & L7, BF, ERARMDLIHTS
DIEREHDISO T ERFRI NS, KO —BTHREAAB L TH 5 (BHET
(Microcline) J BT M7 Uu&EA (K-feldspar) J iICoWTHHAEMRICEHHIEL
Lfce 7—# B892+ —7—FNid, TR (Dissolution)s + M@t (Leaching) |
& TEE (Rate) | =@ GShE7o,

BREXCLUTIFRT, REBHAFLREOWSTIT»1,

Ef (Feldspar)
BEA  (Albite) =% (Dissolution)
kE#A  (Anorthite ) | X [

FEA  (Orthoclase)

#EES Microcline)

A1V EA (K-feldspar)

Z (Leaching) ] ) [EE (Hate) ]

ZOER, REINIOGRIBOETH -7, ThODXRISOWTT TR I I MT
ABEEF v 7 UIHER B3R THTH-7. oI, I THEAFLE
B, EROBIEBEENRINTHS DI, G R Holdren 5(19852)% ,P.C.Fung 5
(1980)*, A.Blun® (1988)% @ 3 TdH 7o ABlmSBARLBE—- DL 77 LR
FAELEHETLHHDOTH -1,

.1.2 VE-IDOLI77LvRIckBEE
T TICGDOBREIGIC D WTE LD ONTWALTO IFEEO LV E— DL 77 L

YAXBEEER<S LK, FHARBREGETHEL

Table 1.1.1 The key reports for investigation

LE— 4 SCBREL
AECL-TR328, 2L — | 1) 20
HRRIEGWOKERP~OEEOEE S #IEY | 308 (54
A BEDOR(LE £ LR 8 (340

() AEEERT S84



TORE ERAORHBEEIRINTWSXEE LTG R Holdren 5 (1979, 1985a,
198V 08 7S Ih SIEEENRARNS bD & LTL. Chous (1984, 1985) %) 1@
R UP.V.Brady (1989)'V »EMT 56D Th-Tc, T, BROBEEEEL TER
BERERLTWAHDE LT, B Busenberg(1975)'? XA D - oo

1.2 BEEROHE

XEAABEOER ROOBBEEICERETELSERE LT, B8R SHolkxhA
BEUMHIC L 2EENARONTVWE I Ebiotce o T, BREEET 7% LD
BENC, ETCho0EZBATICETIAREZEEHEI &Lz, £, SOOBEMAEE
BT AXEAROHETE SNAEADEBIZOWT, RERICE EDT.

1.2.1 7B#ROMBEEHER
E. Busenberg(1975) ' ® B UP. C. Fung 5 (1980) ™ I3, BADIBHERISIT>VWTLTD 4
DOBEND B EERLTVWS,
(1) A% 3HBUE#E (lon-exchange stage)
SLREDERA 4 PBEPOH ¥ L > TRRSNHBETHY, BERNEKE
L OO BAURICKT T 5L EA 0N TWA,

(2) 1E8E0EHYE LB (Exponential stage )

1% VRBRIEDORDBET, B4 0 LSO NEFERETHD, 1.2.1 R
XORENG, BHEIHHIEHEREE 2~ 4 BRI TT2EEI 00TV 5,
C=Ket " 1.2.1

C  :Concentration of cation
K . :Exponential leachiﬁg constant

n : Constant

(3) HimERASrS B2 (Parabolic stage )
TEHRABEHBEOROBET, HHdEicty, BEHOEABICHE L CEE
RERT2EBETH S, BRPENELBER, —BICBA~ETHEE EEZoh
TWhWB,



C =Co+ Ko t'2 e 1.2.2
Co :Initial concentration of cation

K , :Parabolic leaching constant

(4) BEBEHHAE (Linear stage)
BRRORBIIGBETH D, BRI U TRES LRI 3EENILEHTH 3,
—RICBENEHEREELE0E, BTRMBLEI SR TVW S,
C=Co+ K. t 1.2.3
Co :Initial concentration of cation

K. :Linear leaching constant

ENTNOBEARBII OWTHREME L AHMEIT>WT, £1.2.1 ITF77,

Table 1.2.1 Period of each dissolution stage

Leaching stage Busenberg(1975) 12 Fung (1980) %

lon-exchange stage = 1 min =30min

Exponential stage = 4 days = 2 days
Parabolic stage 4 ~19days 2 ~60days
Linear stage >19days >60days

1.2.2 REMCLZEE
G.R.Holdren 5(1985a)* 3, Alkali feldsper 2RWT, HEER & AREE DS
BIOVWTHEN, TORR, RHOLRERIC L 2 BREE~OEBIC ST, UF
OREFAERLTW B,
Ro =A™ 1.2.4
R+ :Leaching rate (mol/g/h)
A :Surface area (ni/g)

m : Constant

G.R. Holdren ick®, mdD{EldpH 3.07T0.18, pH 9.170.11, E®H/K (PE 5.0) T

d—0.02THY, pHICRDE(T B EARINT NS,



F7z, A Lasaga(1984)'% 13, HEREMELBEREICK 3EBEE~OEZEICOWVT,
1.2.5 RERLTWS, K - 3EE EF), HEER SRR CEMREO(LSFE
BUTRET B EHTH 5,

R=(A/V)K - e 1.2.5
R :Leaching rate
A :Surface area (ni/g)
V  :Solution volue (mf)

K - :Dissolution constant

F72, G R Holdren 5(1987)% i3, 1.2.5 RKEMOREEICL2FELEEL T,
1.2.6 RKERLTWWSB,
R= (A® /V) K- e 1.2.6

.23 pHick3gE

BREE LI X 2B >WTHERNTEFLESDTEROXENH 20, T
TIIERIIC X 53CRICEB Lic,

pH& DRAFAEFNTW A DI, G R Holdren ©(1985a)" , A Blumn(1988)%,

L. Chou© (1984, 1985)*) ' FxTFP. V. Brady & (1989 !'" DXEATH »7fco — AN IEoH
6 FHETIEFEERB/NE LB T LAVRINTN S,

PSAREE & pHDBRR AR LT WA DA Bluns (1988) % DA TH - 72, Blums i

L. Chou s (1985) 1" DERT— & ZRWTERIT L, BILEEONEUE & pHiz—iRBIRIC
H5bDELTUTOL I BHEBREH VTS,

R=K=-+an: 1 (2=pHS6) =  —rromommmmimmmmssins 1.2.7
R=K=+am ™% (8=ps12) = e 1.2.7
1.2.4 IBFEEEE

BREEICOVWTRELOTF— I PBEINTN S, BBF(DF—FEREL T
HDIR. Holdren 5 (1979, 19853, 1987) "9 8 TH by, /v FRABR TSI OBEADLEE AR
BT B LK O RAOBREEEFM L TW5. —4, L Choud (1985, 1987) * 10
KUR. Holdren 5 (1885b) % {374 5 AEERETTY, NaPAIDBREIZ>WTHHEL,



SiEmIFIL TNy MEERRT EE GICRAEEBICHT AHEEZT>TW5, Th
SOWMFFERICHES LSIOTI 7Ny MEIXODLWTRBRFTORA S HLEL SN D
7, BEAOBEEEISIOBMEEEN SFMINT VS bONBEAETHS LYY
Mo, TITHSIKEB L THEDOERERII DLW TEEHDIIEITLT,
T & X I L ICRERERVEEEET — 7 OREEREE LD 5,

(1) G.R.Holdren (19797

G R Holdren i3s3y FHERICEK DIBEEE AR, HBOLREHE & EFHEC
L BEBIIOVWTHRTW B,

HERRHERER] 2.2 (INTRT, HAFHIAvelia Courthouse AlbiteTHh by, REL
Coarse&Fine® 2 T@HHTH %, HLREIEIIC. R Holdren 5 (1984) ¥ o T, 5AR
DA AREE (B.ET.) TRELALER ZhTh 0.035nd/gkT 0.500m/gTH 3
CEARENT VS, BEOBERIL, T2 M TEHORSEEIEREVELITY, X
D IZBERRANERRICIS B & THER L TW 5, RIC20537 5 %HF +0. 09N HpS0, (TR
%, 0.1N H:S80, THeF L, RBRICHE/AKTIEHE Ltk 100 CRITT—BzRE
HTW5B,

BB (o 6.0&pH 8. 0DBEHK TH D, FHARIIR Wollast (1965) ' ifRENT
W5, pH 6. 0430. IM-biphtalate +0. 1M NaOH +7k (50:45.45 :4.55), pH 8.0i3
0. IM-HsB0s+0. IM NaOH +7k (50 : 3.97 : 46. 03) DIR&STHEE T 5, EikthidCoarse
A TT0g/975m] , Fined¥T50g/10000iTH %5, RBPIRERIIBELTEY, BE
BT BERIZT V. BEERSEIR0. 224mD T 4 VF =tk DT TS,

pH 6. ODEHR B HRELEREE] 2.2 (DIZRT . Anelia Courthouse Albite
DOIEFEEER, pH 6.0T 0.1X1078~1. 25X 107 mo]/nd/hTH D, HEEREMKEL
BBHEL, kB em2ITI REERERERNSICABINEEERLTVS,

(2) G.R. Holdren % (1985a)%
G. R Holdren 533y FEERICK D, BREE & HFRBOBRICOVWTHHEANT
W3,
BEREHEX]L 2.3 (INS/RT . &K i30rthelase ICEASAlkali feldsper TH D
%o Kif2{330- 50mesh, 50-100mesh, 100-200mesh, 200-400mesh, <400mesh @ 5 B



Table 1.2.2(1) Conditions of leaching test [G.R Holdren(1979)]

Hem Condition

Experimental method Batch-type dissolution experiment
Sample Amelia Courthouse Albite

Surface area (Coarse 0.035 m/g,

Fine  0.500 nf/g

Preparation of sample (DWashing by aceton (3 times)

@Etching in 5%-HF+0.09N H,S0, (20 min.)
@Washing by 0. 1IN H250,

@Washing by distilled water (3 times)
®Dried overnight (~100 °C)

Container 1 2 Polyethylene bottle

Solution pH (pH 6.0 buffer solution
pH 8.0 buffer solution

Solid solution ratio (Coarse 50g§1000m1
Fine 70g/ 975ml

Shaking Agitating
Temperature No discription
Filteration 0.22m Millipore filter

Table 1.2.2(2) Leaching rate of Amelia Courthouse Albite [G.R.Hold;en(1979)]

Sample Surface area Preparation Leaching rate
Amelia 0.035 nf/g | No-washing 1. 25X 10 %mo1/ni/h
Courthouse # Washing by aceton 1. 11X107%mol/nd/h
Albite ” Btching in 5%-HF+0. 09NH.S0, | 0. 99X 10~ %mol/nf/h

0.500 ni/g | No-washing 0.31 %107 %mol/ud/h
” Etching in S5X-HF+0. 09NH»S0, [ 0. 10X 10 %mol/nt/h




WThh, HEEmREEDSARFAAEEE B.ET) TAEL ThEh0.05m/,
0.072 nf/g, 0.108ni/g, 0.176 nf/g, 0.881nf/gCTHB. BROLEFIIT & b U TH
ik RYIF L UBOHBERICAN, BEITE S BHF+20%HC] —BurEL, =
HNO & BBk Tk LT\ 3. RERIGHIEH 3. 0DHC] 7, oHl 5. 0DZEFEK, oH 9.
|DIEHBBEEIETH 5, BT 4.75¢/4Ton1TdhH %, REARIRIZ3 V1 7
/secTEEI LTHD, RBEBHIE2E2°CTHS, Bk L 0.2¢mD7 17
—ICE DT, YUY U TREHLWBROBAREZT>T VW5,

RIEREREE] 2.3 QNTRT. Alkali feldsper OWEHBEEE, pH 3.0, 5.0,
9.1 ©2hzh, 112X107°~ 10.15X10 *mol/nf/h, 0.28X10~8~4.61X 10 *nol/
m/h, 0.41X1078~5, 03X 10 %mol/ud/hTH VD, HREEHIVNZ (ILHICTEVIEEE
BERARE{R2ENICH B,

(3) G.R.Holdren & (1987)%

S 5{Z6.R. Holdren ©id, Albite, Alkali feldspar, Microcline, Anorthite,
Oligoclase, PerthiteZEDELZDERICOWT, Ny FRERICLDIEEEEENEL
TWa,

HBEHERL 2.4 (NTRT, FROFLESEEG R Holdren  (18853) 5" &
HThH5B, MERHOLERVEYHERERL 2.4 QI AHOLEREREIZ A
AAZWEE (B.ET.) TRUEL WS, RERERIIpH3 & L < i3pH 2 DHC] HFIKT
b5, BRI 2.08/ L TH 5, HBEREIFE e TRE D ZfT-TEY, ABRE
BER2+2CTH DB, ERAER 0.20mD 74 W72k DIT->TW5,

FUERERL 2.4 QNIRRT Albite, Microcline (Keystone) , Anorthite D&
FEEREEEpH 3 1BV T, e 4X1071 1 ~13.31 X107 'nol/nf/s, 0.47X107"!
~5.87X107" 'mol/nf/s, 16.94X1071'~67.90X 10" 'mol/mi/sT&H %,



Table 1.2.3(1) Conditions of leaching test [G.R.Holdren(1985a)]

[tem

Condition

Experimental method

Sample

Surface area

Preparation of sample

Vessels

Preparation of vessels

Solution pH

Solid solution ratio
Temperature

Shaking

Filteration

Analysis

Batch-type dissolution experiment

Alkali feldsper (Ul’s 5Ab1 5Aﬂ< 1 )
(MacDonald Mine, Hybla, Ontato )

- 30- H0mesh (0.05 ni/g)
50-100mesh €0.072 of/g)
100-200mesh (0. 108 mi/g)
200-400mesh (0. 176 mi/g)
<400 mesh (0.88] ni/g>

-DCleaned by aceton (3 {imes)
@Washing by distilled water (3 times)
~®@Dried at 90-95°C

500m1 Polyethylene Vessel

®Soaking in 5 %HF+209%HC!1 (overnight)
@Rinsing by distilled water
®Soaking in conc. HNOs (overnight)
@Rinsing by distilled water

pH 5.0 (Distilled water )
pH 9.1 (Boric acid buffer )

1 :100 (4.75%0.01 g/ 475+ 3ml)

[DH 3.0 (HC1 )

Room temperature (22X 2°C)
Agitated at 3 cycle/s
(0. 22 zm npembrane filter

(pH : Glass electrode
Si : Molybdosilicate blue method

Table 1.2.3(2)

Leaching rate of alkali feldsper [G.R.Holdren(1985a)]

{mol/ni/h)
Surface area pH3. 0 pH5. 0 pHS. 1
0.05 /g 10.15x1078 3.90x10°8 5.03x10"8
0.072 ni/g 9.36x107® 4,61x10°® 3.86x107®
0.108 ni/g 5.81x10°¢® 2.59x%10°¢8 2.09x10°%
0.176 ni/g 2.87x10"8 1.41x10°¢® 1.41x10°8
0.881 ni/g 1.12x107® 0.28x10°® 0.41x10""




Table 1. 2. 4(1)

Conditions of leaching test [G.R.Holdren(1987)]

ftem

Condition

Experimental method

Sample

Particle size

Preparation of sample

Solution pH

Selid solution ratioio
Temperature

Shaking

Filteration

Analysis

Batch-type dissolution experiment

-Albite (Evje Norway, NC.)
Alkali keldsper
Microclines (Barcroft Ontario)
Microclines (Keystone ND.)
Anorthite, (Grass Valley, CA.)
Oligoclase (Mitchell co. NC.)
‘Perthite (Perth Ontario )

>30  mesh (>600 mn )
[ 7 30- S0mesh (0. 300~0. 600mm )
50-100mesh (0. 150~0. 300ma )
100-200mesh (0. 075~0. 150mm )

200-400mesh (0. 037~0. 075mm )
* <400 mesh (<0.037 mm )

The same as G.R.Holdren(1985a)

( pH3 (HCI 0.001N)
pH2 (HCI 0.01N)

2.0g/ ¢ (Anorthite 20.0g/2)
Room temperature (22+ 2°C)
Agitated at 10 rpm

0.2 zm Membrane filter

The same as G.R.Holdren{1985a)

(Hybla, Ontato )



Table 1.2.4 {2) Chemical compositions of alkali feldspers [G.R.Holdren(1987) ]

(wt- %)

Microcline (Keystone)

Oligoclase (Mitchell)

Perthite (Perth )

>30 ¢ 50-100 : 200-400;  >30: 50-100 : 200-400  >30 : 50-100 : 200-400
Sifz | 66.94: 67.60: 67.34 | 64.58: 65.48: 64.99| 68.13: 68.58: 68.20
Ti0; } 0.02: 0.02: 0.02f 0.02: 0.02: 002 0.02: 0.02: 0.03
Al.0g 18.40: 18.65: 18.54| 23.45: 23.37: 23.43| 18.63: 18.82: 18.72
MnO 0.10: 0.10: 0.10| 0.00: 0.00: 0.10] 0.10: 0.10: 0.10
Mg0 0.13: 0.13: 0.13{ 0.156: 0.15: 0.15| 0.15: Q.15 0.17
Cal 0.17: 0.21: Q17| 4.41: 4.41: 4.41) 0.11:¢ O0.11: 0.13
P05 | 0.02: 0.02: 0.02| 0.02: 002! 0.02| 0.02: 0.02: 0.02
Nao0| 2.20: 2.13: 2,14 T7.51: T7.40: 7.45| 4.58: 4.30: 4.38
K.0 | 12.32: 12.70¢ 12.27| 0.58: 0.59% 0.63] 8.89: 9.50: 9.20
Total} 100.30 : 101.56 : 100. 73 | 100.72 | 101. 44 : 101. 20 | 100.63 i 101. 60 | 100. 95
Ab 21.2 0 20,1 ¢ 20.8 | 727 i T2.4 i 72.3 | 43.7 : 40.5 @ 4L7
Or 77.9 1 78.8 1 78.3 37 : 38 40 | 557 : 58.9 : 57.6
An 0.9 ¢ L1 ¢ 091 236 : 23.8 i 23.6 0.6 : 06 : 0.7




Table 1.2.4(3) Leaching rate of alkali feldspers [G.R.Holdren(1987)]

Sample Solution | Particle size Surface area Leaching rate
>30 mesh|0.034 ni/g 12.08 X107"! mol/nf/s
30- 50mesh | 0. 036 ni/g 13.31 X107"! mol/ni/s
Albite pH 3 50-100mesh | 0. 049 mi/g 11.65 X107 mol/ni/s
Evje, Norway | 0.00IN HC1 | 100-200mesh | 0.066 noi/g | 12.23 X107!'! mol/mi/s
200-400mesh | 0. 154 noi/g 4.52 X107 mol/ni/s
<400 mesh{1.190 nf/g 1.44 X107' mol/ni/s
30- 50mesh | 0. 050 ni/g 8.88 x107!'" mol/mi/s
Alkali pH 3 50-100mesh | 0. 072 mi/g 7.81 X107'" mol/nf/s
Feldspar 0. 001N HCI | 100-200mesh | 0. 108 nf/g 4.84 x10™!" mol/ni/s
Hybla 200-400mesh | 0. 176 nf/g 2.39 x107'! mol/ni/s
<400 mesh|0.881 nf/g 0.93 x107'' mol/ni/s
>30  mesh | 0.045 nf/g 8.84 X107'! mol/mi/s
30- 50mesh | 0. 056 nf/g 8.38 X107'! mol/nd/s
Microcline pH2 50-100mesh | 0. 072 nf/g 7.53 X107 mol/ni/s
Bancroft 0. 01N HC1 100-200mesh | 0. 107 mi/g 4.30 X107'! mol/ni/s
200-400mesh { 0. 179 nof/g 2.04 X107 mol/nf/s
<400 mesh | 0.967 ni/g 1.16 X107 mol/nf/s
>30  mesh|0.060 ni/g 4,22 x107'"* mol/ni/s
” o 5.40 X107'! mol/nf/s
30- 50mesh | 0. 087 nf/g 5.06 X107 mol/nf/s
7 ” 5.87 X107'! mol/nd/s
Microcline pH 3 50-100mesh | 0. 073 of/g 5.63 X107!! mol/nt/s
Keystone 0. 001N HC1 ” ’ 5.40 X10~'! mol/ni/s
100-200mesh | 0. 114 nf/g 2.80 X107 mol/nf/s
” # 3.01 X107 mol/mi/s
200-400mesh | 0. 327 oi/g 0.54 X107'' mol/ni/s
” # 0.54 X10~'! mol/ni/s
<400 mesh | 1.488 ni/g 0.57 X107'! mol/nd/s
” # 0.47 X107"! mol/ni/s
_ >30 pesh | 0.483 ni/g 62.11 X107'! mol/ni/s
30- 50mesh | 0,619 of/g 61.55 X107!'! mol/of/s
Anorthite pH3 50-100mesh | 0. 700 mi/g {61.29 X10-'! mol/nf/s
Grass Valley | 0. 001N HC1 | 100-200mesh | 0. 757 nf/g (67.90 X10™'" mol/ni/s
200-400mesh | 1. 020 ni/g | 58.53 X107!! mol/nd/s
<400 mesh | 4.475 nf/g 16.94 X107!'! mol/ni/s
>30  mesh | 0.065 nf/g 5.59 X107!'' mol/mi/s
30- S0mesh | 0.079 nof/g 6.49 xX107!'! moi/nf/s
Oligoclase pH3 50-100mesh | 0. 090 nf/g 6.82 X107!! mol/nd/s
Mitchell 0.00IN HC1 | 100-200mesh | 0. 128 ni/g 4.21 X107!! mol/ni/s
200-400mesh | 0. 334 nf/g 0.81 X107!'! mol/ni/s
<400 mesh|0.889 ni/g 1.14 X107 mol/ni/s
>30  mesh | 0.036 ni/g 0.3 x107'! mol/ni/s
30~ 50mesh | 0. 039 m/g 9.51 X107 mol/nf/s
Perthite pH 3 50-100mesh | 0. 060 of/g 6.98 X107'! mol/ni/s
Perth 0. 001N HC1 | 100-200mesh | 0. 089 ni/g 4.53 X107 mol/mdi/s
200-400mesh | 0. 227 ni/g 0.61 x107'! mol/ni/s
<400 mesh | 1.22] nof/g 0.33 X107'"" mol/mf/s




(4) L. Chout (1984)*

L. Chou s {3iRENEIC & AHBRIC LD, Amelia Courthouse AlbitedSi, Na. AlODIA
HZFERTV B,

HEREHZTEL 2.5 R T, AROREIX100-200nesh <, HFEEISB.ET.AT
0.0460.011nf /gL RE L TV B, EBHET & b o ToeE,  100°CRUT T—Bigeie
L. FUvr—sATHRELTVWS, ZBBRRY 271 /BITh Y, 10% HCITH#E
LTw3, E&ig#mpHid 3. 0~11. 30@EATHRPTEMLIETED, HCl HLLI
Ba(OH)» ISk D pHREEIT»> T 5, HBBN TOERKLLIX3e/29.501 THY, &K
HEEG, 80m]/min THEABADBEREF/ERE L TV 5, X 5120, 23nl/nin® Eik#EE TH
LWEKEDBERDIT>TVW5, RRBERFETDH 5,

SHZOWTOFRBRERERL. 2.1 17”9, Anelia Courthouse AlbiteDIAHBEE%
SIDEEEEN OS5 &pH 3.1 T2~3 X107'° mol/cf/s, pH 9.5T5 x107'°
mol/en/s, pH11.3T1.5X107 *mol/cd/sTH B Z D FiBE N3,

(5) L. Chou (1985)'"

F7cL. Chous i3, WHENEICL D Anelia Albite ClevelanditeDIFAZEEFAIE LT
W3,

HEREHERL 2.6 ITRT, ABOKEII50-200nesh THERERIZ 0. 07510, 015
nf/§TH %, EHOEBFERUARRSEHE I, L Choud (1980 DD EEHTH 3,

SIDEHEREDN SRS SN I BBEE %K. 2.2 ISR T, Amelia Albite
ClevelanditeD/EFBEREL 13pH | ~120 & TL0~! 6 ~10"""mol/caf /s TH D, pH6 fHiE
TR B EERLTN S, |

(6) P.V.Brady ©(1989)'V
AlbiteAnothiteFORAODEBEEZBEN S E EHT, pHEDHEFIZ>WT
BELTWS, TOERE, F1.2.3 17T, Albiteldl. Ch0u6(1984)5’ k3
Amelia Albite Clevelandited®7—4 T& 5. Anothiteid, Holdren S (198T)¥,
Amrhein ©(1988)'® , Brady 5(1989)'" IKLBF—F%2BAL-bDTH 5,
Brady 507 — 5 ICRIEFEZOTBIZL, Anrhein 52k, AnothiteDiEhzE
B0 ~107"mol /eaf /s DFEFATH D, pH5 ~ T TRNEL B T EARIN TV B,



Table 1.2.5(1)

Conditions of leaching test [L.Chou(1984)]

Item

Condition

Experimental method
Sample

Particle size
Surface area

Preparation of sample

Reactor

Preparation of bottle
Solution pH

Solid solution ratio
Temperature

Mixing rate

Renewal rate

Analysis

Fluidized bed reactor

Amelia Courthouse Albite (Virginia)
100-200mesh (0. 150 ~0. 300 mm)
0.046 +0.011 /g

@Dried at 100°C
@Cooled in desiccator

[()Cleaned by aceton

Polythylene reactor

Cleaned by 10% HCI

pH 3.0~11.3 (HC1 or Ba(OW).)
3g./29. 5ml

Roon temperature

6. 80 ml/min.

0.23 ni/min,

[Si : Molybdate blue method (0. 1pph)

Al : Fluorimetry (1ppb )
Na : Plane atomic absorption (1ppb )

Table 1.2.5(2) Leaching rate of Amelia Courthouse Albite [L.Chou(1984)]

pH Leaching rate

pi 3.1 2~3x107*° mol/cxf/s
pH 9.5 5 X107'° mol/edf/s
pHILL3 1.5 X107'* mol/cd/s
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FIG. 11. Changes in the rate of release of silica for Run 3, showing the transition from acid to alkaline
conditions. :

Fig. 1.2.1 Leaching rate of Amelia Courthouse Aibite dependance on pH
(L. Chou(1984)]



Table 1.2.6 Conditions of leaching test [L.Chou(1985)]

[tem

Condition

Experimental method
Sample
Particle size

Preparation of sample

Reactor
Solution pH

Solid amount

Fluidized bed reactor
Amelia Albite Clevelandite
50-100mesh (0. 075 =0.015 ni/g)
(OCleaned by aceton

[()Dried at 100°C
®Cooled in desiccator
The same as L.Chou(1984)
pH1~12(HC1 or Ba(OH)., LiOH, NaOH >

4g

Fig.

PH of a, olivine, and b, albite (data from Chou and Wallast'?),

1.2.2 Leaching rate of Amelia Albite Clevelandite dependance on pH

[L. Chou (1985), A.Blum(1988)]

Temperature The same as L. Chou(1984)
Filteration 0.2 gm nuclepore filter
Analysis The same as L. Chou(1984)
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FIG. 4. 25°C dissolution rates of anorthite {Squares—AMRHEIN
and SUAREZ, 1988, Hexagons—HOLDREN and SPEYER, 1987, Cir-
cles—BRADY and WALTHER, in prep), nepheline (TOLE et al., 1986),
low albite (CHOU and WOLLAST, 1985), bytownite (BRADY and
WALTHER, in prep.). S denotes slope.

Fig. 1.2. 3 Leaching rate of Feldspar dependance on pH
[P. V. Brady(1989)]



(7) A Blums (1988)®
L. Chout (1985)!'® DF —# AHWT, HEEEE & HOBFRREF TV S,
VEHREE & DHOBRIZ W TIR, 4eic M1 2. 3pHic L 38 THRRLIED TH 5,

(8) E.Busenberg 5(1976)'¥ B

B.Busenberg i, Albite, Orthoclase, Microcline, AnothiteDIEf#HEREE %A%
DB/ &1y FRBICEDFNTV 5, SRR, 0.963atnd 0.7 S
BTHbo

RBREHEERL 2T (NISRT, SABOKER 400mesh 3Tum) BT TH%, &
7z, HeEmEIE 1 SN0B E T THIEL, Albite, Orthoclase, Microcline,
AnothiteD hEREREIZZNEN0. 83ni/g, 1.52nf/g, 1.07Tni/g, 1.84nf/gTH B, A
HomHEMEgkERL 2.7 Z)L.xT's?‘o HERIRIE IF Rk ECO, A RTAHENSTY 7
LizboThY, Bkt bR, 3nl/ 3 TC0, HREATY LT LTNE, ik
i2508/ £ Th 5, ABHARIRIIEAERE L, HBREREIE25.510.2 CIFRLTY
%, EESEHIZ 0.1lumO 74 LT —IcLDiTF-TW3,

IEMBIMEETBIE. MYRNEHEE, RENEHBRICOVWTRD ALY D
EREERERL 2.7 B~BUSRT,

125 EROEH
RADEHIIODWT, XEHAEET->HBREELUTICERICE &7,

(1) L.Chous (1984)%

Amelia Courthouse AlbiteDIERZAIREITV, Si, Na, AlOERHEBOIEI 7L

v MENG, BHBORBEE ZOESTHEL TS, L.Chousick 3EEFDOET
WERL 2.4 WWRTo L. ChoudiZ kAU, il & DEATEINa L ALDTERR LIS IAA
R L, EORANNaAER LA +SIBAERT 5 2EOEHEBEFHELTWS,
i, ITNSORERBOEHSE, pH 3.5~5.1 T S00B¥MOEMEEIT»12BA, SiE
3154, Al+SIBRIBAEHELTWS,



Table 1.2.T7(1) Conditions of leaching test [E.Busenberg(1985)]

[tem Condition

Experimental methord Batch-type dissolution experiment

Sample Albite (Landsverk Evje Norway )
Orthoclase (Genesee mine Bancroft Omtario )
Microcline (Monshine peak Albany County Wyoming )
Anorthite (Grass Valley California )

Particle size <400mesh (<0.037 mm)

Surface area Albite (0. 83nf/2)
Orthoclase (}.52nt/g)
Microcline (l1.0Tnf/g)
Anorthite (l.84ni/g)

Container 1 £ Nalgere reaction cell

Solution Distilled water (equllibrium of CO: 0.963atm)

Solid solution ratio 50g/ ¢

Temperature 25.5%0.2 °C

Shaking Continuously strirred

C0: gas flow rate 45.3 ml/min.

Filteration 0.1 zm Millipore filter

Analysis 5i : Colorimetrically using the reduced silico-

molydate complex

Al : Alizarin red-S and by the ferron-ortho- .
phenanthroline method

Fe : Standard ortho-phenanthroline colorimetric
rmethod

Na, K, Ca,Mg.Mn : Atomic absorption method




Table 1.2.7(2) Chemical compositions of feldspars [E.Busenberg(1985)]

(wt-%)

Albite Orthoclase | Microcline | Anorthite
Si0. 68. 20 64. 60 65. 25 43. 40
Ti02 0.01 0.03 0.03 0.03
Al20s 19.16 18. 63 18. 67 33.89
Fe,0; 0.00 0.02 0.00 0.43
FeD 0.05 0.11 0.02 0.33
MnO 0. 00 0.03 0.02 0.03
Mg0 0. 005 0.004 0.011 0.44
Cal 0. 020 0. 049 0. 008 20. 11
P.0s 0. 008 0. 006 0.014 0. 006
Naq0 11.61 2.38 2.91 0.68
K,0 0. 17 14.15 13. 40 0.04
H.0* | 0.15 0.25 0.26 0.83
€0, N.D N.D N.D 0.05
total 99. 38 100. 26 100. 59 100. 27




Table 1.2.7(3) Leaching rate of feldspars during exponential stage
(E. Busenberg(1985)]

C=K .t "
Mineral
Log K. K . n
Albite —10.463 | 3.443x10-"! 0.223

Orthoclase —10.526 | 2.979x1p~'! 0.153
Microcline —10.591 | 2.564x10"!'! 0. 164
Anorthite —10.016 | 9.638x107!! 0.173

Table 1.2.7(4) Leaching rate of feldspars during paraboric stage
(E. Busenberg (1985)]

dC/dt=K P tl/z
LOg Kp K P

Albite —12.034 | 9.247x10°'3
Orthoclase —12.422 1 3.784%107'3
Microcline —12.476 | 3.342x107°!3
Anorthite —12.397| 4.009x10°'3

Mineral

Table 1.2.T7(5) Leaching rate of feldspars during linear stage
[E. Busenberg(1985)]

dC/dt=K .
Mineral
Log K o K
Albite ~15.356 | 4.406x]10°!¢

Orthoclase —15.776 | 1.675X107!¢®
Microcline —15.818| 1.521x10°'¢
Anorthite —15.878 | 1.324x1071¢
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FiG. 8. Schematic representation of an albite grain after
500 hours of dissolution (Run 2). The shaded area represents
the layer in which all three components of albite have been
dissolved. The heavy line represents the surface of the
remaining solid after dissolution. -+~ represent the bound-
ary between the residual layer and the fresh albite.

Fig. 1.2.4 Schematic represention of an Albite grain after 500 hours

of dissolution [L.Chou(1984)]

Table 1.2.8 Summary of SIMS depth profile for the Plagioclase
specimenser 90 days dissolution in aqueous HCI1(pH 3.5)

[ J. Muir(1990)]

b) Thickness in angstroms of the leached zone for each element

(sputter rate = 1 to 2 A ' 100 na',

Specimen Albite Oligoclase Andesine Labradorite Bytownite

27p1/28854 100-200 400-800 150-300 600~1200 800-1600

“°cas?e8i 100-200 400-800 200-400 600-1200 800-1600




(2) 1.J.Muir(1980)'"

I.J.Muir5id, SIMS (Secondary ion mass spectrometry ) KUYPS (X-ray
photoelectron spectroscopy ) M WT, Plagioclase OEEBEZFH T\ 5,
AlL/SiRtrCa,/SilbERIE L, FESEMOFEELISELLTW AR EERERE L
LTWwa, _

pH 3. 5T B MOERARBREIT - LBRORERLRERL 2.8 WRd, EHLIED
E%4id, Albite<Oligoclase <Andesine<Labradorite <Bytownite DIET/hSWC
EMS, COETEALISS WIEERRL TV,

(3) R.Hellmann® (1990)'®
¥PS(X-ray photoelectron spectroscopy) ZHWT, Albite@ZEEBEIHE T W5,
AL/SiEUNa /Siltz=REL, FELSIVOFEEISEMLTWERSGEEHREL
LT3, |
pH 0.57, 225°CT 4 BsfElDEBAEZT » 72 DALbite DRIERERZHL 2.5 1SR T,
EZHBOES I 150~ NABETHE I LWRINTNWS,

(4) BEAR(199D?

BAl, BROERERICOWT, ERPOMESEVEAI, N Ca AISOBAA
YIERL, Y ZRORAALBIERT A HDEHEL TS,

REBOFESGRLTOETEIZELTWS,
© EEAFEONa—0, Ca—0 #&Dprotonation

Ca’*, Na* &H*, He0 * DA A3

Al—0 A DK

Na, Ca, AlDiENEEHDILEL

SIKECERBOTWANEES

SIKELEHTOSI —0 EA DK

@ @ ® ® ®

(5 —EEEY
—Ed, Nafkf (NaAlSiz0s ) ORILIT>WTE EHTW 3B,
—RCERIZAL/ST AWK EL B> TEILLPTL, T4, CGaEROHIEH
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FiG. 3. XPS sputter depth profiling results (open symbols) for a
single albite sample reacted at pH 0.57, 225°C for 4 h. The solid
symbols represent data from the sputtering of fresh albite (e.g., see
Fig. 2) and the dashed lines indicate extensions of these calibration
curves. (a) Variations of the Na/Si and A)/Si ratios with depth of
sputtering, compared to equivalent curves for fresh albite. (b) Vari-
ation of the O/Si ratio with depth. (¢} Variation of intensity of the
Cl2s peak with depth. Error bars are 2o values calculated from rep-
licate analyses of fresh and altered albite sampies.

Fig. 1.2.5 XPS sputter depth profiling result for single Albite sample
leached at pH 0.57. 225 °C for 4 hr. [R.Hellmann(1990)]



BLRBRERNLLP TV, T, NaERIREMICEYD, Gibbsite (AI(OH s ) BT
Kaolinite (Al2Siz0s(OH)s ) BT BT EDEMONT VB, GibbsiteRK s
Kaolinite DERFIGIZOWT, ROBEREZRLTHS,
+ Gibbsite AR
NaAlSis0s +H * + TH0 = Na* +3Si(0H), +A1(0M,

« Kaolinite O
2NaAlSiz0s +2H * +9H:0 =>2Na* +4Si(0H), +Al1,5i.05(0H),

—@ L, ChooEARGNars Sane Lasioms DHIZEIDXEINED
EERLTWAS, anar anr BlFasiomq KLBNaERECERORLS (¥
75 LR 2.6 ISRT. K1.2.6 L0, RAOCE(LIZEERTETL, Si(0l), %
EaE &1z i3Montmorillonite , FPEEDEF AT Kaolinite . EVEAICI
Gibbsited VR T 5 Z ENFRINT W 5B,

.26 F£&H
(1) BEOEER
RADOBEKIGIZ>WT, UTO4-0BE RS2 LARIATHS,
(@ A A RRICERE (lon-exchange stage)
SMEEDOIGA A INERPOH * Lk > TRBINBBETH 5,
(b) IERABIRAIIELBTE (Exponential stage )
174 Y RBRISOIRDBIET, B4V ESiOBHMEEERETS 3,
(c) JkMkRa)Et@% (Parabolic stage )
MBIMHE HBIEOROBET, IHEEIC LY, BEAOTHRICHH L TE
ENLAET28ETH 5,
(d) HEKAEHBE (Linear stage)
@%®ﬁ%%ﬁ@ﬁ?éb,ﬁﬁmﬁﬂb1ﬁﬁﬁiﬁ?%ﬁ%@ﬁﬁ%f%%o
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Fig. 1.2.6 Stability diagrams of Na-feldspar and Ca-feldspar

M. Ichikuni]



(2) VBEREEE

EADOBEBEEILDVWTIRECOTF—IPIRBINTVWSY, BBRESIEELT
BY, BEMGHEBETEEV, ik, BROBERII>VWTEEL TWHRREEE
ARLTWAXRE L X0 Th -7 —ITE, Sidoar 7y MERREZN
TSIDEFLEENSFMmENTEHD, Albite, Anorthite, Orthoclase DIEREEEEIL,
ZhEN107 T ~10"" "m0l /exf/s, 1071 8~10""2mol/cf/s, 107'"~10""*mol/ccl/s D
BTHY, pHOhHEMEH TN L > TS, 72, AHOREERARE(LSIC
W-T, BEEEMECRESING ZLHRSN TV S,

@) RADEH
RODEHIIOVWTR, BAAUHEBL, H* ZHMOAALZEEBVERT 5
EPFHSNT VS, THHSORGIRMESENEEEITT S, £/, NREGVEELK
BEE, BEPOane anklFas: oms OHIZLY, Montmorillonite,
KaoliniteSzUrGibbsitedNERE &5 Z LAMEESI TV S,



B2E ROOERAR

B1ZCBVWTE SN XEMEERIET 572, Albite (NaAlSisOs), Anorthite
(CaAl2Siz0¢), Orthoclase(KAlSis0s) ZXR & U THEAEEEDREEIT -7, Orthoclase
OVWTREMOAFENRETH » 72720, RICHEKKTH SMicrocline2fHTHIE
&L,

2.1 HBAHEE

2.1 1 #HBEH

(1) REH
- HAERFAG & L7cAlbite, Anorthite , MicroclineDiREUMiZR2. 1.1 ISRT,
g, TNENORADTHRBERERL 1.2 IZRT,

Table 2.1.1 Production sites of feldspars

Mineral Production site

Albite . South Dakota (U.S.A )
Anorthite : Hokkaido Yoichi-machi
Microcline : Fukushima Ishikawa-machi

Table 2.1.2 Chemical compositions of feldspars

(wt-2%)

Albite | Anorthite |Microcline
Na:0 8.18 < 0.01 2.19
K20 0.17 0.08 11.73
MgC 0.04 0.39 0.02
Ca0 0.19 16. 39 0.34
Al,04 10.73 35.79 19. 19
5i0; 31.79 45. 09 65. 25
Fez0s 0.80 0.82 0.18
Fe0 0.26 0.18 0.04
Ti0, < 0.01 0. 04 < 0.01
MnO 0.05 0.01 < 0.01




(2) #ZEEK
BT ERDEAKEFH Lz, BEKO#HKERR2. 1.3 17”9, Na, K, Ca
Al, $i%, ELOoOBBEEABRICBI AREMETRR TNTRETRETTSH-
1o

Table 2.1.3 Chemical compositions of distilled water

(mol/ £)

Item | Concentration
pH 5. 88
Eh(nV) | 290mV (SCE)
Na < 4.3X10°¢
K < 2.6X10°°
Mg < 4.2X%1077

Ca < 2.5X1077
Al < 3.7X1077
Fe < 1.8X1077
Si < 3.6x107®

2.1.2 TAAEEEERESER
(1) BAEHOFEE
Albite, Anorthite , Microclineld3¥p#% L, 80~32mesh (0.25~0.50mm) iZ43#% L
foo BURIOBERE:I3G6. R Holdren(19852) ' S DFEEBEITHIE L .
AR RSE LR, T T3H, REKTIE, BFHEEF (550D %17
W, 5 %6HF-+0. 09N H.80, DESERKIC | BERES Bice 25120 1N H$0.0c&E L
foik, REKTHME, BEERSES (34/E) %1V, 100 CTHREI Y/,
EFRORAFMOLLREREED. B T. 5k (N7 AREBE) KL OAE L. hEm
BOMERR R 1.4 1077,



Table 2.1.4 Measured surface area of feldspars
(nd/g)
Mineral Surface area
Albite 0. 0372
Anorthite 1. 508
Microcline | 0.0756

(2) HhEEER

IBRBEE RN y FEEIC X DRIE L,

100nlDF Y F L Y EOBERICEEK 10mlE2ANRT, BCICER LK EG
AR 1L 00g ik 3 ¥/, BB, 2, 3, 5, 7, 10, 4B, B THEX
&L, ZAINEME Lic, HEBIARIFIERE S REBEITX 025E 1 CItiSB,
12rpm THRE 3 21T -7,

FEDHBBRE Z &3y FEBZE L ATOBHL, 0.2 ymA Y TF T 405
—ZHVTABE®IT-> 7, BAEEENIL, AlbiteldNa, Al, Si, Anorthite (Ca, Al,
Si, MicroclineldK , Al, SIBEEMIEL, SXRBEEORSE(ILEH~/, AES
i NadK RREFHRNEE, CalICP HFEE, Al SiRICP-EESHEBICL -7,

i, ROOEEICETAHEREITI 2%, 9 HEOERHBREORREEN LT
SEM (EEEIEFEAMER : Scanning electron microscope) BUEPMA (Electron
probe micro analizer) ik ZMEEFT - 120 SEM Tid, D F T ORFHREETEE
BEEZT -7 BRI 800ETH -7 BPMAIC YW TRAKROERE, SES HRIAD
SRRBEICOVWTAEET > 720, RASME R+ VRISICEDAATYH#TL,
1 o OWER] (FAYEY FR—Z ) THELTHSAEET>7. EPMAICL D
RIFETTHRIEST, Al, Na, Ca, K ThHY, REFRIB004ETH -7,

BEREMFER2 15 I, RBFEER2.1.1 RT



Table 2.1.5 Conditions of dissclution test

Item

Condition

Test system
Test method
Sampie

Particle size

Solid solution ratio
Leaching term
Temperature
Container
Filteration

Analysis

[

(

Air condition

Batch method

Albite (South Bakota USA)
Anorthite (Hokkaido Yoichi )
Microcline (Fukushima Ishikawa)
32~B0mesh (0. 25~0, 50mm)

1.00g ./100m}

81 days

25+ 1°C

Polyethylene container

0.2 umn Membrane filter

Na, X : Atomic absorption analyzer
Ca, Al, Si: ICP or ICP-mass analyzer




Rocks of feldspars
Albite
[Anorthite
Microcline

Crushing (32~60mesh)

Washing and Cleaning
DAceton (3 times)
@Distilled water (3 times)
@ 5 ¥-HF +0. 09NH250, (overnight)
@0. 1N H.S0, .
®Distilled water (3 times)

Drying ( 100°C)

Surface area measurement

SEM/EPMA analysis

Distilled water 100ml
25°C

Putting of mineral sample 1.00g

Leasching (25 1°C)
Shaking (12 rpm)

0.2 #m membrane filteration

v ¢
Aqueous phase Solid phase

) l
Measurement of Analysis of

concentration surface
(Na, Ca, K, Si) (SEM ~EPMA)

Fig. 2.1.1 Flow chart of dissolution test of feldspars



2.2 HEBRER
2.2.1 BRAR
RODEEZBROFERER. 2.1 (I~QRUR2. 2.1 (I~BNZR L7, X2.2.1 Ot
BRI TREBEEONHTH 5, DUTIKEIEY ZEOHRIZOVWTRT,
(1) Albite
I HEOHBREEICBWT, Siid107°m0l/ 2, Nald10 ‘mol/ £ EBEEIC, ZHThil
BIERL/I, F—7OR"S223BLWA, Si, NEbBEDO ERRIIZF—ET
b3, ABEIZDWTIRI0 mol/ L fTETRIF—ETHYD, EEELEIR s -
7o

(2) Anorthite .
CakSiDEBENTHEICEHMICERL, Z0REIEOMC LRI AHERTH -7,
CadkSiBED LREHNENTZDR. WVHESSVNSTH S, AN DWTIFALbite
ERER 107°m0l/ 2 fHET—ETH Y, BHE(LERShEh-7

(3) Microcline
SIBEDH, NI 2&8HMN0 LEPHMN AT AHERICH 72, K LALITSVWTR
107°mol/ L HET/ Y5 2WTEYD, EOEHERRSHEN -7,

2.2.2 IREEBEOTHE

RAODOERASIE 27Ny GG THEHLDOLREL, SiDRHEEN
SRAODEBEEEFHET A &ic L,

SIDERHHER &5/, 2.2.2.(0~BNcY =7 R — L TP OSi BEDRE
BEZEALER Lice [2.2.2 (DRUBIL D, AlbitekMicroclineTid, SiEERBIF—F
DEIETERL TV, LT, AlbiteRUMicroclineiz>WTid, 1 H~01HBET
DFRTDTF— 57 oR/NEFEIC L DSIDBRHEEE KD, AREESFE L .

Anorthite FX2.2.2 )&, SIBEOCEZAI0EBEISEBPNEL>TELL
TV, TOIEND, Anorthite DEREOBENI0E BIHEN SE(LL TV A EHEM
BBl TITREMNIZHENECET 2 ORKNLEREELTIET L &
L, BE—EOHSGTERLTWANANSHBEECOF — 5 AW CIEIREE L



Table 2.2. 1(1)

Results of dissolution test of Albite

Leaching Na Al Si
time (mol/£) | (mol/£) | (mol/£)
1 day [ <4.3x107% | LLOOX107° | 7.12X1077
2 day |T.17X107% | ——— | 1.21X107°
3 day T.17x107% | 1.26X10°% | 8.19x1077
5 day |6.57X107%| — | 1.14x107°
T day 6.09X107% | 1.26X107° | 6.41 X107
10 day |7.52X107% | —— | 1. 14x10°¢
14 day | 6.87x107%[1.30x107° | 1.60x10"®
21 day {6.87X107¢} —— |1.60x10°°
28 day L.01X10"° | ——— | 1.60X10°®
35 day [ 4.87TX107% | —— 11.60x107°
42 day 8.83X107% | 1.37x107% { 3.06x107¢
49 day | 1.69X107° | ———— | 7.44%10°®
b6 day 8.70X107% | ——— |4.2TX10°®
63 day 1.82X107% | ———— | 4.2TX107°¢
70 day 1.98X107° { 1.59X107° | 4.52x107®
17 day L19X107° | ———— | 4.52%x10°°
84 day |1.98%x107° | ————— |B.TTX107®
91 day 3.53X107° | ———— | 7.44Xx10"®

: N0 measurement




Table 2.2.1(2) Results of dissolution test of Anmorthite

Leaching Ca Al Si
tinme (mol/ £) (mol/ £) (mol/ £)

1 day {2.31X107°|2.30x107° [5.32%X10"®
2 day |2.25X107°° 9.58x10°°
3 day |2.57X107° | 2.04X107° | 1.63%107°

5 day |3.54X107°% | ——— | 2,62x10°?
7 day | 3.24X107° | 2.85%10°° | 2. 95X 107
10 day  {4.05%10° | ——— | 4.57%10"
14 day | 3.89%10° | 1.85x 107 | 5.04%10°°
21 day | 4.61X10° | ——— |6.27x10°3
28 day | 4.75%10° | ——— | 6.73X 10
35 day | 4.52x107° | ——— | 6.97Xx10"

42 day {4.99X107% 1 1.15X107° | 8.59x107*

49 day |5.30%x10°° 8.66x107°
56 day |4.73X107% | ———— [8.85%10"°
63 day |5.08X107° | ——— |9.45%10°°

70 day | 5.16X107° { 1.19X107° | 9. 72X 107"

77T day |5.60x107° 1.03x10™
84 day }5.98X107° | ——— {1.19%x10™
91 day |6.30X107° | — | 1.23x107¢

— D00 heasurement



Table 2.2. {3) Results of dissolution test of Microcline

Leaching K Al Si

time (mol/£) | (mol/2) | (mol/£)
1 day |9.85%X107%}3.63X107°[2.85X107°®
2 day |1.51X107° | ——— [4.59%107"
3 day |1.28X107°|4.08%X107° |3.63x10"¢
5 day | 1.02X107° | ——— | 3.95%x107°®

7 day {1.36X107° | 3.63X10-5 | 4. 13X 10~
10 day | 1. 25%10°° 4.13x107¢
14 day | 8.95X10°° | 2.85%10°° | 4. 49 10-¢

21 day | 1.45%X107° 4. 49x10°°
28 day | 2.58%X107° — | L 62x107°
35 day [5.24X107¢ | ———— | T7.73%X107°®
42 day 1.53X107% [ 4.23x107% | 7.73x10°®
49 day 1.36X107% | ——— [ 1.10x107°
b6 day | 1.33X107° | ——— |6.84x10"¢
63 day 1.37Xx10°° 6. 84x10~°

70 day | 1.19Xx107" | 3.56Xx 10" | 8.33%x10°°

77 day | 1.20X107° | ——— |8.33x107®
84 day {1.33%X107° | ~—— | L.10X10°®
91 day |L.37X107°| —— |1.62%107®

— ! 10 measurement
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g asLiclio
2.2.1 RickHBHERED /D OSIORLEEE KD, Albite, Anorthite KRIf
Microcline®iFfEEE & LT&2 2.2 IT/RL7
R = S/ e 2.2.1

R : Leaching rate of feldspar (mol/cif/s)
S :Slope of Si (mol/2/s)
A : Surface area of sample (cf/£)

DR, Albite, Anorthite , Microcline®iZFHEEERR, FHhEFH2 04X107!8
mol/cet/s, 6.77x107'" mol/cuf/s, 3.74X107!7 mol/caf/s&KE o720

Table 2.2.2 Leaching rate of feldpars

Mineral Selected Slope of Si Surface area | Leaching rate
data (mol/ £/s) Cenf/ £) (mol/cf/s)
Albite 1 ~91days 7.57%10-'2 3.72x103 2.04x1071*

Anorthite | 10~9ldays| 1.02x10°'! 1.51X10° 6. 77TX107!7

Microcline | 1 ~9lidays 2.83x10°18 7.56%108% 3.74x10717

BIETIT -1 REOEREEREOXRAELER LD, BROKE, RHORESE
FOHEFRGPEEIEWT -7 2L L, FAUEERIEB L, ZOoERER
2.2.3 ITFE LD,

Albiteiz>WTid, G.R.Holdren 519797, L.Chous (1985)'" O F— & MAHER
DREZBLEVDDOLE LTHEFoNZWTIhOXE H107!® nol/cd/sBETHY, &
BERRE N oDOMEIR L - LT

Anorthite Z-oWTH, P.V.Bradr ©(1989)'" A%pH5 ~ TV TI07! mol/eef /572
ETHBILERLTVS, FHEBRICK BRIEERS. T7X107 "ol /cif/sTH Y, 12F
XEMEDHFHNTH LD EEZL LD,

MicroclineiZ >WTIEpHHRMETE ST — 727, pH2~ 3 IKBLWTHIES
NIcbDDATH B, R Holdren 5(1979) 7 ic &k D eEthREIC kI 2 ERADIBELERE L,
Btk (pH2 ~3) DIBEITHEAL 7y BEBEL L3 I EAVRERTV S, Microcline®

BREEEICSWTH, FHEMRETRINSOE L DIEL B 35N S 5,



Table 2.2.3 Comparison of obtained leaching data and reference data

Mineral Sample Preparation Surface| Solution | Leaching rate| Reference
area {(pH range) | (mol/ cif/s)
Albite Acetone 0.0372 | Distilled |2.04x10°1®
(South S%HF+0, 09N H.S04 nmi/g | water (25 1°C) | This study
Dakota USA)
Ameria Acetone 0.035 [pH 6 G.R. Holdren
Albite courthouse | B%HF+0. 09N H.S04 nf/g | (Buffer 2.75x107¢ | (1979) ™
albite 0. 1IN H.S0, solution)
Ameria Acetone 0.075 {pH6~8 ~10"'® | L. Chou
albite ni/g | (Distilied | (Room- (1985)'®
clevelandite water) temparature)
Anorthite Acetone 1.509 | Distilled |6.T7X107'7
{(Hokkaido S%HF+0. 09N H,S04| mi/g | water (25 1°C) | This study
Japan)
Anorthite Acetone 1,020 |{pH3 5.85%10~'* | G.R Holdren
Anorthite | (Grass SYHF +20% HCI ni/g | (0. 001N (22£2°C) | (1987 ¥
Valley) conc. HNOs HC1)
P.V. Brady
Anorthite no described —— | pH5~T ~107'¢ | (198t V
Microcline | Acetone 0.0756 | Distilled |3.74%107'7
(Fukushima b%HF+0. 09N H,SO04 nf/g | water (25 1°C) | This study
Japan) '
Microcline | Acetone 0.073 | pH3 5.63x107'% {G.R Holdren
Microcline | (Kaystone) B%HF +20% HC1 m/g | (0. 001N 5. 40X10719 | (1987)%
conc. HNOs HC1) 22+ 2°C)
Microcline | Acetone 0.072 |[pH2 7.53%10"'® | G.R. Holdren
(Bancroft) | H%HF+20% HCI m/g | (0.0IN (22+2°C) | (1987)¥
conc. HNO; HCD)
Alkali Acetone 0.05 pH 5.0 1.08x10°'"® | G.R. Holdren
Orthoclase | feldspar S%HF +20% HCi m/g | (Distilled| (22+2°C) | (1985a)%
(Orss, Abys) | conc. HNO, water




2.2.3 EHBOHE
91 BEIDHBRE THOSEHI>WT, EHERFEESEM RUTPMAIC L D EE LIS RE
PFicgELdd,
PSR EFBRICE &L D7, SIM BEDERIT 800fE, EPMEEDERIZ2000685
TH 5,
(1} SEM ic X A8%E
Albite&Anorthite DWW Tid, EHERERITRICEVT, SMOREREIITEL
ZLIZR SN - oo Microcl ine TIHIEMEAREI/NSREIROIT YA BRE S
hads, OIS OWTRARETS 5,

(2) BPMAIC & BB
Albite, Anorthite FOMicrocline®EHRTHKICOWT, REN SEIARIND
BEAHEAE L. TOER, BERAROFKBRIBVWT REISOBESHICE
{Li31L, BREOAZENBRL TV E LS BEEBOFEREN ~T



2.3 EQ3/6ickBd¥ial—hEE
ERDERICE DERT 2 ZIREMEHTE T 5728, EQ/6 ZHWTEEEAROY I 2
L— bEtEZEIT-70
2.3.1 FESEMH
Albite., Anorthite , Microcline®FTE SN/ iEAEEBELEQ/6 ISADLT, ¥1a
b— hHEZET -7
AHEEAHERR S ITRY, 7z, FHERMEREL, 00 FRK>WTRAKFEH
ERE Uiz, SHOEREER—RRIBEERNTEA, ERICOWTIRBRELERZRE
L7,
Albite&Anorthite OEHEHKIIEQ/6 DA U IFIF—FN—ZXZHW,
Microclineic->W\WTidK-feldspar@EZ{URH L7,

Table 2.3.1 Conditions of calculation by EQ3/6

[tem Condition

System Closed system
Sample(Surface area) Albite ( 372 caf/g)
' [Anorthite (15090 erf/g)
Microcline { 756 cif/g)

Initial solution Pure water
Initial pH pH 7.0
Initial Eh 350 mV

Solid solution ratio 10g¢ /12
Temperature 25°C

C0: gas pressure 107% % atm

2.3.2 FEER
HEEBEAF2. 3.1 ()~B8icrmd & & biciTicEad,

(1) Albite
Albiteid39, 5H CHARTAICBE Lz, pHIZS. 59~5. BlOMRATEP /N LR LTz,
NaRe U\SiBES IR & & bic BB L, Zh2h2 60X10-°n01/ £, 7.77X10"*mol/ 2
THEELIE 7, ALITOWTI L5H%I1.09%10 "mol/ £ & 18 - 7248, Gibbsite
(ALOH)s ) OHBICLD, ZOBIBEOMIFDT B EHRTFRI N, IR
ELTHRBIT ADI36ibbsiteDHTH - 1=,
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Fig. 2.3.1(1) Result of simulation by EQ3/6 <(Albite)
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(2) Anorthite
Anorthite i20. 348 CTIEAZEHEICELE L7,
pHI5, 59~6. 120FEFH TE PN LR Lize NaRUCaBE ISR E & BICER L,
ZHhEh3. 99%x10 " mol/ 2, 7.97X 107 °mol/ £ THEE L o 1ze ANTDWTIE0. 004
H (64) $#ic1.09%X10 "mol/ £ &78 -7k, Gibbsite (AIOH)s ) HLLBL. =D
RIEPINCRDT BRERE N o7 RS E L THBET BDI36ibbsitedHTH

=7,

(3) Microcline (K-feldspar)

Microclineld29. 08 TEAETHICELE L7z, pHIZ5. 59~5. Bl THE LI LR
L7ce K RUCaEBERIFHE EBICERL, ZNEN2.61X10 nol/ 2, T7.81X107°
mol/ £ THEE LT > 7, ALIZOWTIE L 1B&ICL 09X10""mol/ £ & 78 - 74,
Gibbsite (Al(OH); ) AL, ZORIELMTEDT B ENFRIN, 2R
& LTI 50 3GibbsitedATH - 7,



2.4 £&®

Albite, Anorthite , MicroclineDiBfBEE ZREAKPIIBVWTHE L, TOER
IBFBREZZENTN2 04X107 *mol/cif /s, 6. 77107 "mol/exf/s, 3. 74X 107 "mol/caf/s
ERED, XBEL I —HT I LERR L, T/, JAMOEIRSARIIBVT,
SEM RUBPMAZHWTERHOFREZEE LHER FEUELREDShlih -1,
EQ3/6 ZRWTEMSARD Y I 2 b— MIEZIT-1ER “REME LTUHBRT 57
BEREASH B DI3GibbsiteDATH » 72,
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Fig. A-1-1{1) AlbiteDEHEERE (‘i‘gﬁﬁi‘iﬁﬁﬁﬁ)
(SEM, 800f%)

Fig. A-1-12) AlbiteDREHE (BRERERR)
(SEM. 800£%)



Fig. A-1-2(1) Anorthite OXREEE (BEHERRD
(SEM, B800f&]

Fig. A-1-2(2) Anorthite ORMEERE (BEHEHERE)
(SEM, 800f%)]
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Fig. A-2-3(1) AlbiteDWTEERER (Sigsdtr, AAFEAERAD)
(EPMA, 2000£%)

Fig. A-2-3(2) AlbiteDBREERE (SifRatr, BIEEERE
(EPMA, 2000£%)
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Fig. A-2-7(1) MicroclineDUTEERER (Kigoth, BHEHAERRED
(EPMA, 20004%)

Fig. A-2-7(2) Microcline®UrEEIE (Kmth, ARERERR)
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Fig. A-2-9(1) Microcline®MEERE (SifEDT, féﬁ@%ﬁﬁﬁﬁﬁ)
(EPMA, 20004Z)

Pig. A-2-9(2) Microcline®BrimERE (Sifgntr. BEEEERER)
(EPMA, 2000{%)



