V-V o VY0 b iegd b)lm.:i ‘J5| 29 S § Lo Pole Oldlhe

DFE o by fone (6310 25 b (5380 5o 13 S
B ywlSS

T ooy dlll Coony T 0315551 LS pale Y 031,50 7 50

iraj_mesgarzaden@iust.ac.ir ), caio g ple oKl ¢ owd 038l ¢ (Jdne gowsd 453 (ool -
a_akbarzadeh@iust.ac.ir ) cuio g ple oKy ¢ o 01Kl ¢ Sdne Lcowd 385 (coiih — ¥
rahimi_rah@iust.ac.ir )l cais 5 ple oliils ¢ owd 0aSuisly alos skl ¢ Jgias ot =

dASs>

W9y (=l 3 d9dien (Byme adgl odle (loiar SLUS' ey S Aged I 6l (el ) (5318 (slaenST A e B9y spn nl
38 (g 8) Stz Cilises (slpgloj (o o9l duasl b ol 13 g i8S o« Shs (95 Clewl 905 jl alols o5 S
28y )l alwlid )50 (XRF) (uSyl axidl il gl S aliuwgy sl b (239 Sl sms g 8 50 S oliard oS 5
3 il (slgeoes ©pglone 53 el b o Sioed Jgboeo | abols —al (slasnus] Logas — (5318 clasS g g assus|
b el oliio 53 538 3 ggione Sligusy () (malS) pebionds ) abols (slo gy Tole 53,5 gy ook S g0 Jolos
M5 pllid 3)50 (EDX) (oGl 5 6380 (bl Jelod 9 41525 40 seoee (FE-SEM) (Slase 15 (odng) (598Ul (058 Sen
sbaglled ol JLS )5 (wyp 0l 93,5 o0yt (D953 (Sl 2l (b cogu) (pliond Sy 45 Canl 00l e i8S
oy (538 slognST Sl 555 ol ol ool Josy Sl 6 5220 5 32950 SUebows aad pskito 4y P SE 000l Jan
GByno (gl pybd s Tap wios bl o gshl Slo K1 5 ond snilis @)y il o o (glooan¥T il dnis Yoisl ol

S5 1y et oS Lo 5 e o) ()

s olals

0onl 3 (6518 (SlaspuST )35l 52 (ol 295958 (IS

T M;o

o | DU P

y » ~#©OH)
o ‘ £ Al
£ O+ v OH)

* Si
£ 0O

1 (90BN

b 15
o Jls Sif Aly Oy (OHyA

(1) Y ) CadgS o) slo S sl ) JS5

CadfBlo 4 g odd o5 S yan Lo Sl cudsls
P 2 widgls Wy wile 4 el 205 o Jus
3 JUsS155 sl e 1 00 nM Lo,is obisS clady
tgcdn &Y 50 Al ol elS i (e ) 4S5 sk

doddo—)

5o 45 0391 59 hen (SLilSsskd postiegl] () slo S
5 SB 2Ly bl Sl e oal  slite olie
A b ooy kel bl (05 gaw slogsls S
Sopsker )5 (g ¥ 5 V) ] 93 4 (saSTg 0
dorbo S5 Jols VY Ly S &SIl > 00 azgcuin
Joadloe arleg dxio 93 m > 4B)S )8 (aegcuin
(V JS8) I ) sbals 09)5 NN ey sl om
Bilae g g oo gl il (paj J3 5l & At (S gyt
el olpl 3 S ol ) bl plld 5l (So oS
ol 3y50 (o318 slasaST ) s sl adol oole lgins

sl 435 )3


mailto:a_akbarzadeh@iust.ac.ir
mailto:rahimi_rah@iust.ac.ir

V-V o VY0 b iegd b)lm.:i ‘J5| 29 S § Lo ,o,lc Oldlhe

Wang, ) cul s jasuie yuie b o Ko a5 <lp
Rise ) @y M s & (2012; Wang, 2012
Y Gsel el (lsime 5 &S > ol & (Husk Ash
o Bk (gl ) lame bl mie Sl lye5
) ol s g OMe e & alio and b 3l
o2 (Palm Oil Fuel Ash) o sladin 5 ades ljem
g Beksl lp ) lame Ll rie Wy
-0 |y POFA &gl s 0gMe bl sl (gl i Luogil
55 powieesll 5 o] qurdS (slaspuT Jlaseil pdlaiay ol
ol danMe LB oolie ol ool oyl &S T 5, IS
2l e eS|

5 sl ele g p (e oy bl
P S5 dxiee (MX2 X= 0,5,5€) clil slas]
(Jacobsen, 2015) wib o ojoin JuSis bty
sl e SLa S g Slislojl ulul  dbgrye () S
oS 53 sg3g Jlonl ol epulil ol 2 3L o (FES2)
s olpen 4 3l Sas] zex
J> Sliglojl glaie s aidl (59000 S5 )3 )95l
2o Bl Jute of sl 28 (08 2Bigian 2
G515 5 3B SIS 5 baeS] ol 028 2855
Ll y58 de

)3 P glod Sl PP S5 pslaie 4 oy p o0l
Mo V10 Soygiloes sl J ccosdosd slain & 5 318 ko
Cood 003 o)Ll pr ME &5 jslailen cawl oad o3linal
ke 4l gtz Jokxe (oilw oS (AZIZII, 2015)
5 sl clasio b Show) it slpH >l L
Jaas 500 Gyl md o vy lisee plowd GloS 5
2 b PH & diuly wild ol (b sl slaaus]
logas dob (36 eS| Slgwy V) 51 5V, clapH
Vo 5 5SesS 0)d oflul o g gl ulde > (ol (sl
ol & auiél ilé 128 aSobsl Wb S piogl
3058 31 e 30,8 e Il Jsbre S5, eis a0 386
laawsT @lydgl a8 o)y seng Jloasl opl b o 2)5 @
3 4 o] s 5 e ol £33 (gion e B (g3l8
2 CandllS gt Alg5 o Moioms deis )3 515 1 50,0n
) Oisre SIS sl
g, 415 (Reaction; HER

Hydrogen Evolution

'Y

JSE 4 oIS 9 0 dauly g ond () JenSg)n
@ Sl a8 SlY (g Aol b STy Y jlsle S
IMosil jolaia ar a5 ol 03l L5 Loaawy o ] o 53 3¢5 Wy
OgelindS” del Jolowo )3 S )3 39290 (5315 slasns]
sl sl (90 ((2959,9) Sz Sl I3 JPE ((ulSS)
Vicente, 2002; Taheri-Nassaj, ) cul sxs i)lS
3 ppdetisly plesd sletiSly » Jglle 5 (2015
S = JPlle Jpas cap lulpd e il oS
Lussier, ) cuwl oxs sb Lalys ol 5l cpilge bawgs byl
1991; Montanaro, 1992; Howe, 1997,
Lenarda, 1997; Chandrasekhar, 1999;
5 5o+ o s —(Demortier, 1999; Bao, 1999
Slslons b oy loslS (iSTy Jls o 4 aslbe A-- °C
mieo e dlge ang 5> oad AL (oBg) (2L 5 ]
Sleogsls jl dSiine gy codn A 4ok il
Al & (sapl Jolomo Sy Alog: posinagll b g 0] i
S = osledl Sk agler Y g esl 3 Jobxe
Bgdge Mo —cuwl okl Jodse maw K Ojpa
oS — (st Laipgyd) el Sied (Okada, 1998)
g Fige dauly —abie 35 slodg gdg)b |l olSeS
U Siomd p 29898 pll iy oloj g oo 4 a8l
S 4 Cond Sz £95 cnl )b Coje (U (2539)9)
ool Logas o) b ob g8 laesslp & (> LB
e 95 Glawl a5l)3 I ol 03 ojlul & 3l a9
5 SelSoynn sl I gl (25858 ) Sl SoeS
9 0P PPy A o @ bl oy oy olpe po Sy
Kim, ) se8 0 oslitel Sy psilpw sl 5| Yooms S5

(1977
4 gl ()53 g 5550 5 b ek Slgo ol g5
o) Sloyhsd (a5l «la > o edliiel pslate
Fow 3 olul B olse 5 U S IB ol oS
4 1y i quitd (g b sl gl s logl eSibus
Gl 03 Fow Kl 51 guis ¢ il sl ads Cuow
» (TEOS) olluws)l Jollys o alopllls SIS
Al o Skl 5w sl a8y IS oslo sty Fodlizul
Bl Ygame loin g 0dg Ced oS ol i
Fow Jaecum chls bes Sjlee Sl Ikl
- o0 39350 SI02 Balo i loims 11 5,8 ol madw
Camsjlae Jliwed dlge (oS o 0 cpiize cplpls o3l



V-V abo (VY0 b (@93 b)Lo.af} 5‘)5‘ 2793 S § Lo ‘asl.c Ol

Looldle bl gajpd s ok I )bpnsal cax
g d g3l ol Jols ladisel plesd Sluogas
B ol riwiib b ocwl a3, K4 gawl sl
Jlasl Fee=¥eeo cm? s3ga2e > (Shimadzu 8400S)
Symo gl p38 51 2Bjogian Sl ol @pS e culB
SRSy 8 Sow gk S8 leudiSly 5 eS8y
S (9Swg Ko dhwgy (Blo LB Ol ol (oo

ol 01335 Laseiia (SEM, KYKY-EM3200) b,

= -y
Vo dgde 0 el boal STy gladiged olend oSS
5 Ll 1, S0, (lgme duusl by L2Sly Cal 005 (2505,8
agl clels M > oS aad o Lials 1) AlO3 (gl
s e yr usln Y51 3oy Lol WS o ponis Loy (29489,
Slsie g e (o ie @ Lojis 5 aidl Stals
-0 ol 351y Il KO 9 NapO MgO LCaO Fe03

V%)

i o (7 @) (load <S5 1Y Joo
XRF ;1 dols ol U 2aiiS Ty 51 0z g

*

o o
S50Q2000038
O—O“(UU‘U‘\‘\ o3
|—<D¥z§o‘”_u_)°’

_i w <

< - |
> & | L L L2 L5 .
= P S

> < N
R T
> = x A S8 kX
- . - r <
X Ly T3 3
P » - A & = =
1N - &
R EEggEeEses s 2
= + + = = =  * £ a

LoSS 0N ) sl <l b jl,3 slge 5 cogboy uoyd

(Ignition
STl das Mo LB (slgime 2 0gMe gy i (IS wiges
etk J S50 SeS] Gl (e S pspedi
"t e g e 585 qulSepsiiaogl] (ool (o]
sl elbnnST ol gilohis cage ol b STy sl
bl «s318 sl cnl s lp D9 oo pomslis 4puS]
Ol Nedo U8 aaS9)an e dhwg deel > Jole

@i Pl (g, -Y

dao @

Sl bl Sho sl Sojedlan 5 2uSgykn mad
Ol 3os ol by ) 48 I (o) SIS sl
Gl 030,35 dnd lp! 9y Hls bl SLLS

oy, o

Clol alowgy o] Jlid 45 05 05 dlows dbgrye ) S
Voo e Sl alols S SB35 55 9 0,8 (Swd
yiog,Sue YO 5l oss SIS )y 6,5 03l b s 03ls jgue
ol YE (gl ol,8 o days $oe 3 dlols S 0dl S
S T wed LS Ol g el b w5 anuds
VI0) Soyoilomw duwl Jolore yid Lo Yoo jd anuds’ SB
Oy 89y » celw Y-0/0 d‘); .)bfu.ul.w 4>y - Jel ()Y}A
Joloee b o a8 03l Ol 3500 (i 53 5 (uiblise
Sl asye aw ol Jlis 4y (Y50 +/0) 3) S psils dpu
oA J}l}(.o )] 6)9[.9.4\.9 )J.)Lan W )4133 9 oald 9““"““'“’ b).uy.)
Blo nj el Jole 5l e VO 4 (Jlo g V) 'y 0
ey SEI (a8 4y oo PH g 0 a8l3] 135 o1 Jl> 0
ol glayguuilowguw 00,5 2V 9 VY A D polis o
DSly L Gl jglate 4 O b gaind )b cptix 3l de
LA ($pglae g Soriple ol 3 Jobre (sleSa g 03,85
3,8 5l dm > Mo glod p gl Alols claydg
=Sl dayd B glod )3 0yeS y0 Aol 3 g BT Suis
B8 Gyl el ¥ gl 5015

mbe Voo el 4 Blo 5 sl Jglre 1) e YO 4,
b Job &Sl I b alsl (Ve Ve g 1)
dl:w% UMLM:M s oeald po‘)a.m] alols UWL‘“’W
gy 05 il Jolms ¢ uanlS5 5 a3, Ol 1218 blos
Slo LI K dlug bise oM Cov gl ild Can
oo 3} o Vo o ¥ 23,5 il /50 UM bl
5 @R Ogh o Cudy Y PPM) it jo)8 Byme J5il]
sz L ol 4 aniel gl cpl jlpld waw 55k b3k

A 03ld
G55 i) gy 4 o3)S aws (il ele olewd oS5
oS . by 59ll gy

( Bruker AXS S4 Explorer WDXRF  Spectrometer)

& peme (Slhee pi (pdugy (F98) (09Kwg S W3Sy
(TESCAN MIRA3-XMU) Sl 6y s55 ily U1



V-V o VY0 ).ggb (@9 b)w cJ9| 29 S § Lo ,09.‘.: Oldlhe

Fe,(SO,); + NaOH —> Fe(OH); + Na,SO,
Fe(OH); — Fe,0,+H,0

()
(")

syl olen 4 (5318 (slasnns] FE-SEM (sl 55,5
b ocwl a0l Giule ¥ IS pd dbgspe EDX (g paie
w35 ) JS) o1 S5 sp)S g PH il
00y W N (6558 0)d ojlul g pedlesy @l ol
o] e 1S el LSS s Ly dbogye 55 (gl alls
ol j9i> (SR GE o b & 0 ol Capn s
Al dng B gpate JU 0 25 paie g LB
(FeS2) cal sudlgwyy o & = Copy Ggmabians] a2l
Slilgw (1) oyl Slilguw Y guame 5 (S 4 Llg5 o —Consl
295 e (FE203) (1) ool awST L o (H1) ool
sl S Sl e 515 (H) g (1) ol Slesldlg
=65 g awSlied (oilwdliT b syl 5 g dimd o s I 1) 395
Fex03 5 ) ol FE30s iy & ailgi o 3,565 s

(Zhang, 2014) xas LSz 5 jo )3 —(sloged

E-iliwla § Fe
pH=s (I
|l
L L B}
I
pPH =A (o

V¢

L Yoo iz GLPH 15 g 039 PH & atily i,
PHEY 53 Y Joio) dmd (oo Camdy Oglite slowS
Sas] sl ) Joloo (sLlEs 5l dols Lol @Yo
(edlS (SosenST 5l ol olyen 4y a9 3,555 (o]
oS SlapH 53 (o9 5> bl oo mjuie 5 pories)] qopmarlios
- oo aiwlS al ST e 4l > pgainagll AnST N - )

D)5 oo 48l 35 598 s Y oo gen 4y g

3 xy Baiged (L 1) (gpais cuS 51 ¥ Jgo

EDX jl diols (W3 L puuissTy
=
o y I
3o} - = T o - Y
OZzs<<no L > pH
S
:)4
b Y
o 13
a’ - . © Q9
ol S R
ST TN e
L4
I
-
. s - 3
LEzox2227 %)
é)i:.g..ﬁ.;,w)\uﬂ
BN
I
oo
1%
< & < g 2 2
2222 5820 70 )
3—';>>\'9\',"°ij
A
[
o~ e
PN
QL o 3, L -] 2 2
N T - B R ¥
S T =S = T x5 3.
¢ = - fq\ji
SN
#*

g byl Gl g ®

I a8 e > d55 0 1) (38 sl ded (Bgy el
B TCRP PN [0 [y T TR W S R
alhamd oyl Bl &S Bgd o Juols (18 sladunSg,un
Sy smlp ol Jss ey slatisly elyl 5
AZizli, ) sisb o ;518 4 VY adsle — ol 4]

(2015

H,S0, + Fe,0, —» Fe,(SO,); + H,0 (1)



Y-V a=do Y0 )ﬁb (@93 b)lo.n.:} 5J5‘ 2793 S § o ‘091.9 Ol

by ye

il (Blo B2 ol 5l e jo8 Jobl sledglone 31 )5
soaial 29800 3)5 4 joyd 5l Jelome Sy pu el ) &
g = &ly 315 SS9 d g ST o ) oo Hlaiy
9 ke jo )3 (308 S5)) el 8 (gign 2l B (Sl
Jste 308 gl 8 23l 0 JeSUse (590en 4 of ot
1o 59 (055 S9)) sl 00 Ao p8 4 255 4 4
5 5o (gl lai )90 gy SIS Sl ) (F )

Ll o ol3ls clasus]
co, co;
. +
(CHB)QNON—HQ - (CHg)zN@:N_HQ
S o ol b

H Co;
(CHg)ZNQN:N

Sy silet
(S5 255 comly) il 5 (S5 3008 VL) sl 3 oy Jols ¥ IS5
Jete 5o )8 Bjyme

SN Jybre 308 ppale i 53 (i (slasly aunlic
95 3 (@29 31 (35 )19) Sx 9 (503 )lg) US> Jste o)
sl Sy g b uST ol a aniel o 1l pdaw
0313 jome )b b i o)l o e 1 jolai] sjl6
o3l oo wly il ol (sla)lg 4 s 1S (g9, 5l 0nd
L;JA_> du)ly u.uLw‘ PEEER VN g uL\M) G uu.tblg TV
= YD il 5l eads 0ol jee Jolore cade 0 YV o=YY e
OalS 3> oy 8 ol )3 poiailisd 09,5 355 5 a0
C=N —aiS sl a4 a8 V80 Ccm™ )3 39340 g il
035 (3500990 P23 S5 SSS 4 58 39 o0 03 olats]

.3)'3 D)LJ‘ ‘551.3

UL G B
1] e
PH =W (&
:!“iﬂls ]
|
pH=Y¥ (>

Srais WU 4 jeome She i gy (S9pSl pgSagSue ¥ JSS
il (SaPH )3 sl iy p (gl allf | Jols (sladiges

oo 55l t55 Aol gmuibioge adyl sl il §
o Ar e g o udlSS Llate g gt ) ol sl
725 Jgome B Cov gl ild lo oo Sl g )5
PR T R S L P WA S YR W-RP P WA S B v LIS PR W
S Y S 53 Bl S ) e g S sSis Sim
s odbe p)5 o & 20 ¢ iS50 (bl ol 0dd o0l

ol 0a o8l Blo S8 pl i

26KV 200KX 1um KYKY- N:0897

2959 See prolal g yikd aw p oad 0Lt (3 (slarensT Y S



V-V o VY0 b iegd b)lm.:i ‘Jg‘ 29 S § Lo ,09.‘.9 Oldlhe

S5 domis £

ald b s pH 31 g 039 PH & diasly oyl 4T gl ysel

ol 03,8 ogll (gl Wl e g J S cBs 4 (3gb ~ \i

o)l 3 ] S logas (o6 cloiws) @l3sl pH

g oSl XyS e IS5 gl Vool e )

K loetiSly > SIS bl ol (claasfSIl ]

Slior & o STy ol sl b )b 1) 39y
S5 JB g 0392 Sadpo 4 (h9,de 295 (5 CuadB))S

ool Jomy sleadled b US55 gy ol logal olide 5 4000 3100 2200 1300 400
e 96 3w ¢ yg0950 (1o aps jslaie 4 gl SB Wavenumber (cm?)

10.

11.

12.

13.

14,

FOW FXW s iy oz - . . A
Cuslodal Jomr (005 1) U8 15 e 305 cByme J gl 3o pole i & JS5
Sl s3sSIS g st @ aniel o 32651 a0 51 (35 )9) am

3

o -0
Belver, C., Mufioz, M. A. B., and Vicente, M. A. 2002, Chemical activation of a kaolinite under acid and
alkaline conditions, Chem. Mater, Vol. 14, P. 2033-2043.
Kiyaninia, Y., Darban, A. K., Taheri-Nassaj, E., Rahnama, B., and Foroutan, A. 2015, Synthesis of nano
sized mesoporous I'-Al,O3 powder from domestic hamedan kaolin, Iran. J Mater Sci Eng, Vol. 12, P. 59-65.
Lussier, R. J. 1991, A novel clay-based catalytic material—preparation and properties, J Catal, VVol. 129, P.
225-237.
Murat, M., Amokrane, A., Bastiode, J. P., and Montanaro, L. 1992, Synthesis of zeolites from thermally
activated kaolinite. some observations on nucleation and growth, Clay Miner Vol. 27, P. 119-130.
Akolekar, D., Chafee, A., and Howe, R. F. 1997, The transformation of kaolin to low-silica X zeolite,
Zeolites, Vol. 19, P. 359-365.
Perissinotto, M., Lenarda, M., Storaro, L., and Ganzerla R. 1997, Solid acid catalysts from clays: Acid
leached metakaolin as isopropanol dehydration and 1-butene isomerization catalyst, J Mol Catal A Chem,
Vol. 121, P. 103-1009.
Chandrasekhar, S., and Pramada, P. N. 1999, Investigation on the Synthesis of Zeolite NaX from Kerala
Kaolin, J Porous Mater, Vol. 6, 283-297.
Demortier, A., Gobeltz, N., Lelieur, J. P., and Duhayon, C. 1999, Infrared evidence for the formation of an
intermediate compound during the synthesis of zeolite Na—A from metakaolin, Int J Inorg Mater, Vol. 1, P.
129-134.
Xu, M., Cheng, M., Bao, X., Liu, X., and Tang D. 1999, Growth of zeolite KSO1 on calcined kaolin
microspheres, J Mater Chem, Vol. 9, P. 2965-2966.
Okada, K., Shimai, A., Takei, T., Hayashi, S., Yasumori, A., and MacKenzie, K. J. D. 1998, Preparation of
microporous silica from metakaolinite by selective leaching method. Microporous Mesoporous Mater, Vol.
21, P. 289-296.
Kim, Y.S. 1977, Uranium Mining Technology: Proceedings of a First Conference, University of Nevada,
Reno.
Liu, Y., Guo, Y., Gao, W., Wang, Z., Ma, Y., and Wang, Z. 2012, Simultaneous preparation of silica and
activated carbon from rice husk ash, J. Cleaner Prod., Vol. 32, P. 204-2009.
Wang, W., Martin, J., Fan, X., Han, A., Luo, Z., and Sun, L 2012, Silica Nanoparticles and Frameworks
from Rice Husk Biomass, Appl. Mater. Interfaces, Vol. 4, P. 977-981.
Pandey, M., Vojvodic, A., Thygesen, K. S., and Jacobsen K. W. 2015, Two-dimensional Metal
Dichalocogenides and Oxides for Hydrogen Evolution: A Computational Screening Approach, J. Phys.
Chem. Lett., Vol. 6, P. 1577-1585.

1


http://www.sciencedirect.com/science/article/pii/002195179190026Z

V-V abo (VY0 b (@93 b)l.o.af} 5‘)5‘ 2793 S § Lo ‘asl.c Ol

15. Irfan Khan, M., Azizli, K., Sufian, S., Man, Z., and Seda Khan, A. 2015, Simultaneous preparation of nano
silica and iron oxide from palm oil fuel ash and thermokinetics of template removal, RSC Adv, Vol. 5, P.

20788-20799.
16. Zhang, Y., Ge, X., Nakano, J., Liu, L., Wang, X., Zhang, Z. 2014, Pyrite transformation and sulfur dioxide

release during calcination of coal gangue, RSC Adv, Vol. 4, P. 42506-42513.



