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Extraction of Vanadium Oxide from Boiler Fuel Ash

M. H. Abbasi and M. Safarnoorallah

Department of Materials Engineering, Isfahan University of Technology

ABSTRACT- Fuel oil used in power plants contain metal impurities like Vanadium. After combustion, this
metal remains in boiler fuel ash in_the Jorm of oxide. In this research, extraction of Vanadium oxide from fuel
ash has been investigated. Two processes were used for this purpose. A pyro- hydrometallurgy and a
hydrometallurgy process. In the pyro-hydrometallurgy process, using sodium carbonate, salt roasting of the ash
Jollowed by water leaching was carried out. Vanadium was then precipitated as ammonium vanadates which
on heating decomposed and vanadium pentoxide (VyO,) was obtained. In the hydrometallurgy process, the
ash was dissolved in sodium hydroxide. Vanadium oxide was then recovered Jrom solution. Effects of various

parameters in each case were investigated and the optimum condition for maximum recovery was determined.

4

) ol 1S s St s

\50 VEVY g 568 o) a,led VY Jle oI Nl


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.1.13.7

[ DOR: 20.1001.1.2251600.1377.17.1.13.7 ]

NS o 3
Ll oo S py cdlad | 3ol 81 55,5 By S szl ay
w8 L sl <at R CresSsial culs agh
C}j'u’-’l;'\t"‘?ﬁ‘r‘iﬂ T Slas gles T P b4 e Dy
okt el e Dy
0 Jom 8 X ohs yhks dg

Oz Jo 45 r.ialejClJ&g:_uh)}_n):d;LleLL“},J talia —\

5 023Ul GalS 4 b gy s Bee o8 48,5 ) g il
i gl i ool 3 YY) ol Jloprstils (sloa s
o850 o g S Sl sl sl 55 50 3 00 plost
650 a5yt =5y Al 5 S eslind U Olginsl SLT p3L
035 Jo ol (655 e gpien 5 05,8 J 5 oS s Juls
a3y 33 5853 ol Jpame ool 0l bl 505 5 3 g 5
236l 25 s e sla bl I PRI PUP

.w‘aﬁjb}%))jﬂj OM@J&J&J%JJJQ)J

S gy =Y

Olgrol STl o853 3l Guimss o 53 eoliad 3 g 2S5
el oAl ¥ s 53 S ol pliend Julow 5 il
593 A ol 51 sl il gl b Ol 45 455 Olos
el s gy 55 S 4y i el 5 S A sl b

S her — g il B VY
b S il oS o dl b ol sleslizad b sty ozl
A ol o b S s 5y e e Sl S 5 el
[¥] 755 o 57 5 el (LB g3 by (Sad s .3 8
o s b s e 5 a8 S S by glakilSs, g0 5
Jshoen (oS5 2aS 533 g go by b Ol S o 5
20l nly ol s lemsd ST 05 o S s

.J‘JC)Lﬁ(\)uﬁJSbC))JJ

YEVY g8 o) ojled VY Jlo cJEz

ol e g 2S5 3 aS el 35,0 L 5l bl
3y g g 33 3B epl apla 2 ey ST Sy s 4 Sl
il (535 SOl e 4 ol slaelSl 5 eslind
D ol adal VUt 53 @ty § 35 i loand oS5
SR { WP PRT S { PO PINCISS [N Je
O LS, 5 pusbils 51 oalasil 3350 & a9 b 5 Al
Sl sl e S Ol 4 Wl 5 e 2SS VYO O yzean
2528 13 ozl 3 30 O LS5 5 ualils (2l3L 5 i

S a3le 58S Sl a8y Gy il 4 ax g
¥V dmly 5o Jbe gl eVl o S a5 Ol
ol 53 ezl 35 50 xS a5 Olghal sUT pSul ol 45 155K
Sg3ln o5 VAo o 3 dem &y codkds el Al O 31 Gulios
Vo sgdo aa3bly doys by St p SIS FVe 5 e 5 G pane
3550 3 el ol 55 e A 55 (VO &) pe 40) sy
1 el 2y oo 40 5 o858 ki 5 528 S50 (laolSly
Ll 5 8 glaol8s 0 o S g g LG el @ Pl
deaST &) pe ar 2l g 5 JiB palie ool 4S5 50 o
JUSE PRPININ( AL S I U [ SO
555455 Wl o (sl )15 45 Wl slils OS5 cn 2age
ol (ViOy ) poablsdensiley Jbae (gl L ol aly 258!
Al A 5 (612 SO 4 SO¢ i 53 0T 51 5 35l zanlslS
b 5o ST LS5 Ol ST pimnn 5 Sopil
52540 5 (3005 S LeST ool 053k 13 b pm ool Loand
(3l s gyl 5o 5 s S 28U (glas S VYO,
248 03l g 8 5 eaally 50 A 5 e 5 Sl 5 (S5l 8
g o oalazal 55550 VU el BY 4 ebe

\F5


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.1.13.7

[ DOR: 20.1001.1.2251600.1377.17.1.13.7 ]

(Olging! 082 Wy fdond’ poll ) 5 goo .65 Wiy 0 Lo o857 = Y ol

\Wooo o, S | YooooySedi | \eooSed | e | L g
A€/ AO AO—A$ AOIVO (Asy3) 0 S
VA V1 /0 VY Yy (L2 33) 055 0un
VYA o[# 4 JA (4e252) OS]
Y-v/o Y/IA-Y[O Y/e-v o [NO-\ (doy3) 3 558
o0 /0 3,045 syl (deoy3)
JVARRYA AO=\Y V/Y-\Y 3=t (dao3) opS s 85Lesdly
o[\O-o /¥ o[\O-o /¥ o[\=2/0 o (o y3) Sl
o) o= o=o /0 b (dee ) Sl 5 b g,
VFY=-100 Vo ¥ 58 (PPm) ssUl
$IV-10 14 VY YA (PPm) (ol + oy
Fot) Yo \% IRY (PPm) 5
A s Y A (PPm) &
VY-A Vo 0 [0 (PPm) S
o [AD o[ ofo ¥ poent (PPm) ol pur 2uSls

bmdw;ﬁt,wwﬂmu,mauw
Bl olas (V) 23S1 s 4 Ol 5 o0

YNH(VO, — V,O,+YNH,+H,0  (Y)

Bl G By 5 eSS grazes 5 O gy (556 o (4
Oy 2813 b g3l b gelyietal Ofsen A oslizad (XRD) X
.uwbquifdujeﬁw;{:gyjﬁﬁabb

S3s P ke Al Y-Y
" Jo (NaOH) vy oS358 53 Sl bzl syl 3 ol s
Vol Oliaa o S o Ola 55 g il 05 g (slas L5
:\-9.')3 ‘\0 u YD ‘Su‘_ﬂé st_i ij LSLG—'-:*"'!.L”)'T ..X_:Z ‘;..u_))__i
485\ 0 3l odd Jo- 0les 5 52 3 J e N0 b Y cdale of Kl
=l I stoee 51 aabils 035 a8l w2 S pladl sl ¥
W QJJJ’_H L; PH (._,2’.«»5(.?- QJJ_{J.) s“.)u.o..ﬁ)‘ J@B
Qé“.@ﬁﬁhom}‘a&jh&z‘qUA:JJW)ﬁ&J}&J}&i

VoY

b 45 Sl J gl OF 53 (NaVOy) ogits bl sl
$ledalasl ool (gl 5 S o dalr o 0 iy 311, O O 55 e
e b e Voo 5 iy alls b ST ( oLlE o3
3% et L plinn ol B e ShalS s iy S iliien
e 05 S o alibes slgla; 5 lales jo S Dy
Clls 0o 4 B 53 b 4 485 J paes A 03l Lo S
Sy, S a2, 8 18 g Slbes 3550 5 A8 adsw
2 3Bl dee 3 VO L5 (6 20 oS il Ol 51 3 oz s
b ol g ol Kl Gmyd Vooo 5 Voo 3l Les (g y2a Syl
Jgmamee dd uny 1 Lgol 31 5 onls iy celun 5o
Lol J oo 295 4 Ol 5o s lslilslie gimy 4y 583
los b alo ol 5 1 g wslls ol o L lone
b s 1235 gy 5 Il Bl olor g O o 5
L i A B A 25 3 J s PH G 5] gl 03 9331
35 2els ey Sy o 4 ol ozl 53 IS 03
B Yoo glos 3o Bule o gun cpl b St sl  gloe 45
el Sl s a8 LT 51 s udS5 oL Ktls Samys oo

YYVY o oV oylad (VY Jho ezl


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.1.13.7

[ DOR: 20.1001.1.2251600.1377.17.1.13.7 ]

Blginal 3bT pShaal o8y C3 g 2SS land folo — ¥ Jpur

T Ao 23,
SO oy 1/40 \
CO,. 3yl \
A PR Y
(NayO o) poo 43) poibes £/0 ¢
(KO &) 30 43) oy ofo4 0
r,,:;,) ofooY I
PO, ofooy v
V’:"‘"’Jﬁ 3, A
el ofoV q
LS ofo Vo
o o4 VA
(VyOyp <) gm0 ) o0l vY/y \Y
(Fe,Op &) puo 43) 0y81 AT Wy
S ofo0 Ve
(NiO &) poo ) IS5 44 V0
e ofe0 \$
(e o[\§ \V
st o /Yy A

sl osls O3 \ S8 55 bl w3 sles 3l o elor
5 Ve ®C 3l xS glales o Al Olyee a5Cu) 4 5
8 L5 s ve®C oW wss gl Lialesl gles il oy
3 dlien glales 31y byt sl Lo po ) S50 08
S g8 ol 55 51 3l Gy s DLy S Cilzben 3lae
los 53 453 g oo pabin JSE 4 g bt o0 OLES
sy oble doys £ Olpn ) e DLy S b puze b AL SC
(220l aenS Tl il dag j3 Qo 2 guom 5 Ol 5 o0 (6520 525 sl
Rl Les ¢ B an mder Ol S Ol red b il o)
(sl slaml el nde il o RalS Pl pal s s (il
2 S 5S Cedhe a5 sl (Nag VO, ) oo Sl 55 5y Y
L oas pds glas 5o a8 das o OLES cpizean Sl g et ligls
e = ol e Sl S o2 PO L Ve °C pLIE s

\YVY ijg‘fa N a_,La.-.’-"a AV Jle ¥t

L s o3 Mo J gl 51 Sl JBISTL 035 2l 5l eslaxul
0313 gy i gl Sl U oo 4y o sl 55,18 03558
2550 g 3 b S J glowe 31 0 Mo Sl Gy Joo b g
Slerss Jolos ln 55 s onl 0 L w8 818 gl S
il G5 B, 3 2l S i Gl g caees 5 Jool
silorn 5L L il Loy Sanlons (gl 5 A8 eolizd X

A Jee (835 e gyt = gy Sl

Cowy g pul -

S50 godep = g g Ayl BN Y

Ll Sheslizal b uobils il Ol 5 350 slamably
P33 gl 0 S I3 sy 3550 S 005 Jom = 2l 03
Sl 5 Ol glas ¢ s by S Ol5m <0l ¢ LS

\FA


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.1.13.7

[ DOR: 20.1001.1.2251600.1377.17.1.13.7 ]

&
& . - ]
A
[
]
E,_._
4
- =
53 b B
Yo 5 -
5 x4 .« ™
) — Z s
Vo = B 7.
15— /‘; T
/-‘ @ s
L BT
T

T T T T T T
-s¥Dd b -,YB 1 1,¥8 1,8 1,¥4 | 4

Sladeo s s ri;LJL, bl Ol w4 4d5 Ol J.:'?'E'—Y Jss
VovOC‘5b:Ja‘5;a}§}zu|xaijbﬁMleUSu&5u

58 Olon sl 0l Ll sl 53 Oloj oF S5 by e
Sy s o L AeoC gles 53 cdas g OLES K& pf &S
ol S U FO L Fo Uyae b Voo lC glos y5 s
Al o s 4 el ST

el ST 93 J games 03,5 o LS 03 51 ey Al e
lads o el 53 350 gla el 5l el g O oo 5 S sles
Sl sy Pl eyl O slos 3B 8 50 Ll
Saph o odys @SS l 51 dins e OLET Vo 50 dolar 4
S = oot GleiSTy 31 Ll O (gles Sl LY
S ailiy 4°C (slos b 5 Tl iy o G158 e
S a5 el S 52 043 o 430 0 el 4
&5|ﬁ.gﬁ@&5ubr§)aéu&uti\o)}SJ\A
a3 023Ul e gal 5 15035358 T 3 G LB O3 J guamen 0
SRR P N D O POV IS PU p PI P PRI
bl s O kS5 5 gy (il 068 g
3ol sl slae e 5520 00 g o [ Sealiys so 3 Sl
[0} 3,8 50 plol 55 sleiSty 5.b

$NH VO, YNH, V(O, + ¥NH, + YH,O - (¥)

\#4

]

- T T H T T
Y-- Yb- Aeos Ab- 9= 3b- Yoo
(M S50k sa,38) Les

N TR K PR . I RVRAPE P PR R R C
wujaahjjgj:..,;_,;..lﬁauuﬁuot{;gﬂ:ﬁu

Oy 3 Ll s ST il 5 015 n (8 520 528
Aeo sVeoo lalas ;s slily ol el Olye 5 L5 g3
e 0 03l OLE Y 5 ¥ (gl 5o ot a4y o Kt B
S e Ol ly Ve OC gles j3 0 ft,_u-s@@_uj@m Jss
Y agde 5 s Sl S s a0 0 g8 pe ey oS (g5 4b Oles
Oi'ﬂﬁﬁlboﬁuc&\iwadﬁulﬁlbA{C)l}:dﬁwb
s U e (gl il (3ot Sl S e ol e
(8 S gt Sled g abls Ao ys Fo Olsae 4 s L S
B K el do 350 301 50ST ]zl e ST
0l azslin LS o Ol Ao C (slos yo |y SCad 4 g5 OLe)
S bl s ©ly S s Po pae U g e
deoys Qo el cmslon 53 3500 5 g (6550 55
2 AU Lo ol s Sl S oy ey I 5 ol IS
e by S s 56 S s bl olsb Ol
4 ko DL Sdas o0 OLES ) (6 0 S tl 5L sl b e
3 7S a3 AhE JEalS s 4y (s g o e Juds
VyOr &) g0 43 48 1Sl 3 3 g go ol b 2581y Ws w0
5 e prohes Sl S en ailig o g3 U glows oS5 sloml 5 o
g g5 e 33 93 5 g8 D) g DD 33 (Al xS g S
et lnil 5o s plonst WS LS O Ly S

\Y’VVJ‘,{‘J@J‘: o) UL;..;". AV Jle ot


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.1.13.7

[ DOR: 20.1001.1.2251600.1377.17.1.13.7 ]

wrobeobs 3e,0

o3 din ooy

LR

" YT

et Bl S a0

‘Q.LJUU g;’.LL}LI D‘_}:aeﬁ ‘_éf,a.a rLJ.-.« Qu{;w}y};‘?—-\g J.i&
st g3 Ol g ilisha glales o

oS fa e,

¢

E._

Y gYh e
Ehn
ﬂ-q.

T S I T VL R YA L)
FERTIE A ghd) PW bﬁ&d&ﬂﬂgTdb:ﬁU—? i

Vo pilp ol 4 mle fijy Comd

Olar il ot eals OLE V JSKS 0 sle S 4520 s e
el 55 39 Olaj 3 ug ¥ o%C 40 508 oo 043 45 (5, 4b
oSS lims S glales 53 55 00 JolS eSS
URPS 1510 W= PR JUPRPRP-S1T I U1 PRE SRCIUR S Wi Lot g DY
ol 4 515 0L (XRD)X el 3,85 L3ay 3l eslizad b e S
VVO,| VyOp VO, i e3Uils (sladuST J punmee
el sbadenST oSy cde (A JS8) e VO

VEVY g s o) osled Y Jleo cdNER!

Y

} & . (5)
b3 1h
2 [
& Ed
y o 9 ¥
& Y
T T T T T T ]
ss¥0 « 0 ;¥ ] 1,78 1,0 ;Y8 Y

Sldes p3 53 23Uy gl 5k Olyen 4935 OLj S0 T JSS
Ao o°C (slas 53 (5 o guS giual g1 31jlo o dos Sy S iliSen

57

&

iQn

® 7h ¢
E B

YRV R ; ¥/0
(wmate) gles
33 & 5T OY guasen BUE o by ol Sl U -0 K3
0 pilp daler &g mlo (S5 Capd

YNH,V,O,. ¥V,0, + YNH, + HyO (f)

ju;@‘fb’{d}wwgﬁ;ﬂja(\”)uljb‘}_b

los 55 eSS Aalal b s 4 o JASY’MOC &les 5 L{L:_J}AT

JanJ; Jj’ﬁ:c.ﬁ‘aﬁ;‘-{ gSLgchéV;:.ﬁLw :\.?)J 000 b$°°

2 Los 5t s b e A g5 sy (F) 28T G5

Ve

Y‘


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.1.13.7

[ DOR: 20.1001.1.2251600.1377.17.1.13.7 ]

A=
)
A
3.
l
. Ee-
3
8
¥ B Yeoe
E ..
* Eas
o. -/'0 { 1,0 ¥

(el Glay

Sy b, 4 50 S0 a1 les L3 -V S

------------------

430 ¢ YO 49l

Xw'éﬁuﬁb%°mu‘1W%’dejug}:b5@m—AJQ

5ol sden iyl § ~ Y-y
3 (prendsnsSy 3 08) IS il (a3 slajaobyly 5T
Y sledsa 5o sl ae s b palily gl Olyee (59,5 Lo
33 338 gm0y 4S5y ob Olan Ll sl asls LIV G
slglals o o gl Ol o Rl & ps YO (slos
heyd Yo 4y oo g omly celu 93550 Oloj 5 IV YU
3 et & ol OISRl 40°C oy Lo (2381 1y sy oS o
3205 Olal el 33 30 8IS 51 s o5 L s Qe
0al> QL VY 5 VY (5lals sad 53 5 e 5 gun Ol L5 L300
YO'C (gloas 33 358 o0 abimDha 45 (g 5b Olan sl ol

L pedsdenS g pden (6520 S sl il Yo B yme U oo

ANA

e 4o s plot 1 ga 53 ST a5 5 5 OF bl s STy
V0, sbel 5 0 1aST S5 5ol (VO and 518 ool
V50, b Koo sladenSTcmuils dal g5 JLis 01, VOp w0
it bl 5 55 IS ) 45 Azes VO Ol V04
VO, Lalls 4uST 0oy 50 s as glys Bloid O35S
b plasl ST Jlyd 5o gy ol S a0 sl
3 Sl el Szt gl sl go 55, T4 Ol Ol o b cpiman
);joa-,stsjjjlg-é;gjbbmwijl.u!j:u,ﬁhsch_ﬂ

AT e s w0 palls (o V0,

AYYY o 55 oV oyled (VY Sl (DNl


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.1.13.7

[ DOR: 20.1001.1.2251600.1377.17.1.13.7 ]

b._

;E-—

Jv-r

N

J.

by 8
=y
-8 ‘.

' = 1Y
e 12

z T T T T T T T T T
= Y eB T /A Y VY N/E VPN AY
(wela) Hley

slels s 300 5L Olyee ot Bl iV oSS
00°C (glas g 3 g wilisie

: |
& I T i
1 & Y e ¥ 1R 4 13
(b7a) Hla3e

Sls 53 0 3Uly b5k pu (B s 34 Dlyae S0 -V Y JSS
(sl VO, 4 NaOH J ga Cepui bfa) Y0°C

Ml St 5 4y 00,5 Sl b Y ) Sl 35 Y
b Y 5 bl 3L

boond STy -y

3 gy s Y 5 STy S e 5485 —F
CL“jljjgft}sgobscb;lu:sbdiwduﬂ-a
Al ceeslie g b 38 Jorlpe SIS oS 4 i
RS S Sjle 4y 03,8 sloul 03 Jo S 2815 el

AYVY o e o) oyl VY Jlo (Iaat

7o
Y

Jra-
-
J:

molar

1Y,0
1o

% T T T T T T T

= osYb =8 -;¥d V V/¥D VB Y/YD Y
(=g bus) (5l

slekls s ri:\..:l; LT AR [SO RV  E i P JS.:;
YO°C (sles 5 5 gov wilisen

4

A

3 [T

b

A

J g

B 2 b molar
x ¥

f" s 1=

bl \Y,b
® 18

T T T T - T
AL VI VAL R VAL- BV RVAL BRI
(wseluw)ole;

SWEBLE 55 @ sbly b5k Dlme 5y IMhouit Bl 301N 82
90°C gles g 3 g0 ilisen

33 ey gl a3 Yo el i Olipe ) 50 J5a 10 il
2l dys Qe 5 i C‘J"“"’ Q4°C sles 55 a5 Jl
oS gt 53 oS L 0l o | St S5 51
b 04 Jor azdlir 87 o 5 dalr o oReall el 2281,
plosil p3kiune (28T plosil o S 5 s ConialS han e b
ol 25 Jolye

3 edan 44 ISk JUisH )

VY


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.1.13.7

[ DOR: 20.1001.1.2251600.1377.17.1.13.7 ]

F(x)

ALR:)

A

AN

-/]

/e 0

.\ 2r b

, ? ] .
= «/Y8 =8 YO 1
(w2sla) e

3l cwsy F(x) = \—Y/\'X—(\—X)Y/‘“ cU Olyucds =V F S

wilise slalas o
b g Ol g e
!
F(x)=K(Z)D, ()

YN JPRU-T S0} SUTVRTIC JCM BIEIC) -GPUR U Bt

! Y
K'=(Ab/a)a,t/(d, py)
1 03,8 53 Los 51 Jitws Ol 55 oo T se sla ey a5 1T 5

-J-LL-‘ 2 25 &y e 4 F(X)

F(X)=KD,
4 Ol by el 3 I 3558 g 5 oSl a5 U o
KD, o, ey S e 5 Lo 5l 5 Wales oy 4
3525 VO gamnsl 9251 (65,1 U e o e i
Syl s &y muSTE el s RWRTR PN

D, =Deexp (-Ea/RT)

QM&‘W&J)JlJMéwULZJ‘JVLjOM \OJ.{J.-
S SL Sh3 50 S sy den 358 Gl O gunsl 58T (55

VY

F T [{
VY0 170 10 ¥

« T T T T T
1 & Y 1= 'y V¥ 19
(b/73) 4la3s

Slas s ﬁ.«,uu st gt (B maes 3 g Oljea 36 Y IS
(&w! VO 4 NaOH  J4u s b/a) 4°C

g g eSS U S e e OF il aniils |y s
oud):.job;‘f&“q‘}ly I Jju kguLg- Js (_5[).3

‘-v/rx- (V%) = At(efedd py )bjaa, Dy (V)

Ho i bfa d Olej 5 ey IVl Olsae X alslas opl yo oS
Q\JJJJWJ}D%_}&DA49-\3}3‘_}:‘}.«‘.9@0.\.5&&4&
do cOL&jt;deﬁf‘ﬂA cuab....a.i\ltj,d:ae ¢u}=j=.u
QLﬁﬂﬁRTﬁML@Jﬂwbpb ely3 s5las
debdlja.wlfbgy)éicfjuw; e
it gt F(X): \—T/\"X—(\»X)Y/V =, Joles e T e
@b ol il e Slostanal b sy dal s as 0lej
dé:-}h.w‘omr.u)\\‘J&.‘:)a;ih.;m,\g“.atuﬁjwl}_»
g;wiQT:J.;A:ij:)faskjdlv'-@"ﬁo‘mﬁﬁ:ﬁw
Q&ﬂ:wdffcﬁwwj)@)bksuﬂ.u&)ads
ji L5_'<3- LS‘SJ';—; JJ;.'._{;JQ BE ot C)L«S 39 g,'.)‘\_.b- 3}5_'!
Gt 5 bl 358 58 0 o e e P B0 (sla sl
o Sl 5 055 Jo Obey eI whale asils (V) Usla

(V) Uslos o) oo 4 LF (x) bl ol sl 8 o 0 S

1Yvy _)j:’,)ﬁ-‘:’ ol U‘-a.ja A8Y% dL«o ;d%!


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.1.13.7

[ DOR: 20.1001.1.2251600.1377.17.1.13.7 ]

-1
—l =Ea/R= 478+ mol

-b

—
/vy ¥/138

\"/-"i?

¥ Y, AY  Y,va

(17/7)X)waa

Ls 58 i KD 2 8 Syt V0 K2

rrrrrrrr

..................

X A3l G0 o) & oy 530 Judod 1P JSS

O DS g bl 316 tatas (gloo )18 pizees 5 LaolS)y
55 181 (5305 g gl 15 o 2S5 sl i
ol oS eslanud gl gl gl dal s 5l G
pyedd bl g3 1S 0 534S (65 la gy 0en = g5y oSy
Gy i 3ol Sl glie &) 50 4y wbslily e 5 43 Jo
il 8 Al i Gl S Juols Gy 5 00l
Jom S 540 53 S s O 53 4S5 S5 sllna gy
eSS 50005 ey g ol DUl oy poo 4y 3B 5 g A
sdal s 4y S AR =g S Ll 0 S

)\1:-’)-1"’)“"‘?‘1'\-*" C)L'.JJ.SJ_..&)J?O uw‘{ASJ‘JOLﬁ

\Y‘VV'J"-L)@J.'»-L\ ULQ—.':? NV gﬂa gdW:.»i

Gl sy (530 Jedons el sl s 4 g IS JLS Vo /¥0
S Sl pames izeas 5 (635 e g pdn Ll feel-
2 o 4ok pladl X Redl 3,85 i) Sl eslizal LS 5L 8
33 Lhdons ol S ) 2 s odal VYV 519 ldsia
Jrol d gaazee 53 1y aobly gladenSt 5 o gany 50|, NHVO,
SON Y I e

S S aoms —F

Q’.’.‘ C}JMJL,«SB-JANJ‘JJ éygw_’)_}igducgjﬂ

\YE


https://dor.isc.ac/dor/20.1001.1.2251600.1377.17.1.13.7

[ DOR: 20.1001.1.2251600.1377.17.1.13.7 ]

| SR TR T T P P - N T TN :
: | :
.3\/a: : :
R :
7 ) 3
S
< - M ‘ -+
] \‘-»J\ MW\»’} \"A'W\M ‘
. A MRS R o 0 1% ot Ve A
- Ve v Yoo ¥ b 5. V. A

4250« YO 4l;

X a3l G a4 28 4525 Jgamee 550 Jubow -\ Y K3

PSR
o5 3 O oo 5 s el 53 ialail 5y 40 2S1s
Fre o elail 51 pisey 5 acs el 0lgial sUT e
OV s 3l s s oy 45 05 plondl Olghos! (glauns (g5 2SS
Il (6, Kan fimman Db on SloydE g S5 ety ol
Sl XRD @l lojl plasil 53 Olgas! gzais oKty (63,5058

..\)‘J u.';b).ﬁ_gjii‘ﬁ

2% bl 3 (sl ol Kosilan B ys Ae o C (glos 5 (6 2 S 2
W.a;ﬂw;qbwwﬁeab}dnwuyou
bt SRl Ly Foo los 5 oy o0 b 4y T o
S 4l (655 ey pden Al 53 g ag bayls LSS
Sheslazal b sl ol Kol B Qo Lo amilin 487l 9l obel
W) Yo Jse i by I 1) 55 Jpe N0 clile
gl g e el 53 550 0l s 53 (50553 o
J'JOL%W@LU.JJJQ»JQ‘)M):%}1&:{@&_;5‘&
4563 58 J S ol (Gl oy dw kS5 )it 53 2S5 O - oS

w2l 6518 LSV o [¥0 5 5 O O gl 35T (55,

4sl cj‘ 9
1. Salt roasting 4. fluid- solid reaction 7. activation eneryy
2. Bleeker 5. shrinking core model
3. leaching 6. tortuosity
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