AN 2 st 9 315 po 1o 0 )leuid ;,0!_9;2

IO N-TIO, Cundbl o6 & Shos wy g
2980 g 4 Al guw O393R i 9 gunws [l |

WU ol wlie g oy o youde & 21510 o2 po

Ol sl 25 Sanio oty 5 slas sl 5 poke armss S 5o

AVNNINE 2o oy e AVIVIVY bl s &

EXVOCS

o iy 39 )0 i Wz e Ao Sl wedla (g0 Sl Glml 5o (b LailS 0SS e s
O 9 9= i 5 e O3] g 00lw (3,40 THO, &l 35530 ol adlite ol )0 ol Jlo )52 52 (glodms Cvanl I j9dl g
i)l 2550 g ate jeals s a adly i (5550l el e (ygewhienST gl Lt 0 Shee 5 ad g0 ol (595 (5590
BET 3 EDX « FESEM « XRD ;JUT 5 550 g5 sd5e 5 sl oyt ysLaio dy o0 5w glocaBlS o ools 3
Aty 59,00 Ba gl ) (LimlBLY 5l i) (6= 0 ,Shos (59,00 L TIO, &ly3550 40,5 o asad ooy I3
ST 60 35l 5 039 o (Bl e DT an 0l oo el ml Sde nilosls LS g g el A Coas

s ;».o_f.«JTIO2 ASu_HJ ) U)s)_“"' ‘fLulS (5L°°9)§ 0g=9 (D g N-TIO2 u‘)_v > 9 o)_os ela_u u,«_ll)sl 5139_».>Lu.1

Pl dunST (60 9 59l g cpoafiiumns (3 gumltnnnS | (oGS sl gas 59 02 1 GlS OlolS

Sl Healg o o 8bib laaxly o 5 glate |
ol il a8 )8 1, S A >g5 0,50 Crio 0 AS
el B 5 5l e 90 Jeld o n T
=olie L aedle s (3,000 5 (5l a8 o
OieeST g lgo by L5ee Ly 5 lga 51 S oS gl
039 Py S 99a> 9 09D o0 03ls )l o>
0l jgun [3le 3 ooboans LiiSTy S G adlg s
L ool Bl wails—w (59,0 5l (omnd 090 o0
s98lw ead o ST (68 jedle I (6 olin
eSas (V) STy gollae | O Jl5u g (6 e

...\_mosa

H,S +350, >S50, +H,0 M)

Aodo

R L R R
Wit sy g Mol ay g 035 Sdlgs ()59 )0
Ao srmb 5 50 g2 ge adle s g 0 JouS
M0y slosms Cmonl Sl )5 05 )5 j5dly
2925 63 B 5o jedlsw LS 5 dg 2 ol
A5 005 (SO) o aS1 (60 ysilyas Lt ay 5 oeie
5 sl slaglldso (Sogllasy ;onie 55 5
wothal oSy il gl (i Lo Lo
S o el ] os be e g5,
Ll Jghoatt

m?20.darace@gmail.com Sg5SI ol
(DOI: 10.22078/pr.2019.3482.2596) : Jiuzus awlis




JEE b o Soe (o) 2

VY VF] om pon slge g VY A (6518 slao, ST
059 0 m® peimanns ygamaldenST 50 Cl JUIS g eay
oald 1,8 3 8o 350 (G ymaie 3,55 Ay dudlg
S99 ($9)— G‘OOJS_J &_JLM Oyt TroR loa
plzl 9 5UsS oleo (59,0 I3 LU g I3 L8 a i
Jite calizte (sloo )5 o LysT o, Shae g sl oo
OlinST g Lacdl dYY VAL lace o JblS 9598
Sl a8 51,8 (bl 05 el ()00
[¥ ] o ools oo arsd8 wlibss o [va -vyl
O LANY g AYIY Jmad oo Glhls e g 7\ F
‘0)9)_».»4 /a l_t 00— ugé Tl()2 u_.,....ll.:lf d_».a.?u
59 00loe (i yla—ieds 056l 5] oole oSy
30 golmamdl c JBS S le—eds g 0l i

sl g Sl (59,0 Bl e (ygrlinS]
US‘A_’TIOZ u_.w.JL’lS l_> 9 9y ool )|)_9 ) 0)5_9

‘f‘s’ :‘“LO}‘ & :‘ ;
olidos golae J5 - by, ab—wga TiO,
el asss

3 eobey ol Gltae et g
Olymear Jol> by Lo 5 ud byl Josbsngl
hie Ol Ko =2k 3o e Sel T Jedoe
Lo S 5 S s el cade i laae L
5;.\..«»0\))0_&}“_’%)_»)@“_«&&.[4_“941[ Jj_l.‘)bc
o)_h§ o)_.'a.'é II Jj—L’EA 4..;1 J}.Jau UL-’°)W‘° )5.b43
Saods odal Cwods Jgde o 08,5 a8l
Cwddy J_w (I 09_....:‘5,0 00 jo—R dmigu )5_144.’ Yh
Gl o ¥F h Gos gl o g A °C (sl o

2H,5 +50, ¢ ¥ S0 +2H,0 ")
So L S T8 el 4S5 00,5 o yie
LewdblS cwlial o, Shoe Jdoas ol 5l
TS (L ERUIETY It B NU WONV-SPR S 7Y NI
ws% d.*.i"]ﬁ Q"’L"""f as g_;bu.‘o )Lf LgLQoLiw_AYL)
Eel jodlgw <8l b b lews],y Jdoa v
(=97 5 Olar )0 352 9e pedle B> o lais
Lol e omly Lo (bl (2STy e (mlaan] B
(ol ~led oS iSTy yo asland F 1 S a >
5 [ (IS a1 5l >g,5 55,080, s HS
i a5 g b sled S 3 ST 1Sy
‘°3—.’.3 A.A_...MJL:IS u_i_: K9y (\V’OC YW) )5119_.4
J—doas e JUS (s ) L oS o &S5 0
Logline 9l w92 s (59— H5dls—w 32l
B )9_OJH s_JL.\.:SJ.: sud_> —L~.>‘ 5o doﬁ_w w]ig‘b
(MDEA) sl Jgb1 (60 Jite Jgdoo 5l oolazl
a3 S I8 da g 0,50 s 3l sloans 0 HS
o yoe oS Jols 09— |
329 FEVIRY g_s—i.‘.‘*L“.’.oﬁA)’ S dgdome g 096 )5@'9.“.:
Seblya (59 )0 i Djgods g 4d> 0 S
JonS a5

a4 HZS o o

3 Sl (59,0 i (394
Jgmame Josis i (e L 56 gl o
azlse yols ST (60 o gtlasl il
adgs 0 ol ol 5 Bl g ol
Sy G390 Jmod o )0 5 Hedlaw ST (g0
Eloslals (ieal L jlenn (i (g mate 9,55 4
A2l 05 Slyagil e oo JBIS Gl



“HQA )9-{){-»& 9 0‘0).0 dep O)l.o.& .&&22

’al_>.d| VEGA3 TE-SCAN oo Loy FESEM
O ooliiwl EDX 3 JUT 51 cnncJBlS )0 09590 polic
U1 51 B 05y o (5 =S o5lal jgtaie 4y
S—Sojlail jolaie ay cslys yo .0l oolai Wl BET
S ST (69 sl g aellsw (35,00 (g

D oolaiwl 81 F gleg )5 518 oo

BB 5,551, o
LBl (5551, slacs plosl jotaie amy
A S Lo o gan e £ Lo Y sl g
Kl s byl o5l L 5l e JUlS
o3Il e L 5 551,05 sladind s il
ol et dy 008 33 loiedr LS wad (gou e
LS 0 S 8 Bl s e JBIS
S =S5l CndblS o (59, Elo LLA& olox
lal dladiges (B olyo (omw) p Sz 095
)5S J3lo o 55l a sl Y g g il V g
o] Cmise Ko oy a8 L 48 o ools ), 8
S 6 STy et oo L STy S o
J=s 5o STy sles S osll ck JsS 905
yis o 031 Y8 B8 iy ) 3 Lids o

gl
JslgsgintaanS s s g5,

%958

) Jalos

VY h S8l gl VY- °C slws (o Ladiges
18 e N St L s sols 1,8 gl o
iwed] 0 Y h Sas gl Feor °C sloss ;o 0,95
S y9—0 HLB g g A S L5 aial ool 1,8 59,

(O J8) 09 dlsu!l cnJUS (ol ym s
S e lats ay N-TIO, G G b 3o
Slage laol jo 59,08 7V LN-TIO, cnJULS oL
i ST L (5, arte Ols—sas 05 ot
O S o e SaS s g 0 by e
Jedoee am o0l 3w TIO, &l )340L cadin loie
035 o V h So ety g o a8l o9l g , lakia Ol
Ve min Sos gl Jools ailwgn G 0
Y h Goe (6l ooel Cowdds e 5 ah Sy
Slod ;00,55 10 Ly ol Sl A °C gloo (o
S8 59— Sl 0 Y h o gl Fe e °C
N-TiO, &l 3550 Ly 09— i udS L5 0 o0ls
O (il)ys8 5w ld o oaal csey

SRUIVIPR N U SRV:1 PR

ol5ws lawgs XRD 5JGT
Ve agly 590> ,o BrukerAXS-D8 Advance X-ray
ool vl Ladiges ol sl aslllas gl o A0 LS
bl e iy, aalllan j Liis 4y o

Y Jshoe

polid ST (g0 3gil s anyl)d 5l las ) S



JEE b o Soe (o) 2

O/ FA XYIA XOIX L 21,20 o N-TiO, 4 N-TiO,
PV )) e b ol masa s a S e Wl PYIY
o=l e oo 0dls Cus (V2F) 9 (YVY) (V- )
ST sl s alio [LuSSl slnals L, Laald
B 550 g0 o ISt 3ollas ol 0, L3I TiO,
sanl i J by, L5 5 S g 009 5LSLT 5LS o
F0 a5 a2 o Lt XRD slacSy 09— ol
Sl )0 6,50 o TIO, Lo 55 s o
S 53 55 sy el 481 a5
o Jbls oYL S0 sk caumsLis XRD
Bl o YL K sl Sliass ol .ol
O399 i (geaslienST 53 ULT L8 5525
ojlasil ol el 0 les co jedle ay aalg
N-TiO, 3 TiO, &l,3456 ,o 5LsLT slaJiws,S
ol Yonm g YO sga> o )b adoles Ly 5ollas
Cely o alisd ST (50 4K 45 i, oL
oo b Jlws S ojlosl o 0 )T Ly ials S
Y]l gdlgs o5 adds wlidbes L as el
A S Bl g Gle e disSenl | ol e I¥Y 4
S0y aS cewl NV m L ol NP Sgy sl

el s N m L 5 07 e gl 4

2581y J21s STy slos amy e 5 o
Sl g—bsn 0ols 5 e (59, Gl > LS
5 ST ol (STy sloes 4 55T, o
OiiSly L Wi oo a8l ] a4 adla 59,00
Adfaw 59,0 Jold bl dan 0gi ploxl
58 5 ¥V ppm L 5enST 5 ¥¥ -+ ppm o bile L
Weee bt ol p GHSV g Jol> 51 olsseay (359
s adadi (GYLL) Ve - °C slws (o baid 09—
=9y 9 b sl Vatm jL_id o g (jealg—u
S35 (T gileg S olimwd bag adlgs (59,0
9809 g Sl (g cbile L ans oS
i 3 ple VSl o] Cwody o ST (60

{

do 0 e oo i |y alBileyl oy )b

9 5989w ol iy w590 e J oS

RUY [PCHUIVIR WY Y B P 1 | PO
(1,8),, = (H,S),,

H,S conversion = (HS), )
Lo (HS), —(HS),, = (80,),,

Sulfur selectivity = (HS), —(HS), %

Sulfur yield = H ,Sconversion x sulfur selectivity (M)

N-TiO, 5 TiO, &l,355L gl |, XRD o SII¥ S

Slydeb yo cad snalin Loy was o lois

e
e USSP PP

)
PRRET P

585

=]

sy

AEa LT ond (b w5 oles ¥ S



AN 2 st 9 315 po 1o 0 )leuid -.;,0!_9;2

(au.) oo

@Ti0, anatasg

Ve o Y. Y.

.

D $+ Y+ A-

(ax,9) a9l;

N-TiO, (0 5 [V ] posilis oS g0 )35 (Wl sl |, XRD I Y S

u‘)dﬁ_.:b o}.,».j c.’a..m \ Jj&.? L..: d—JLL!A SRS (0
VWA m¥Yg 5 [Y¥e] V#Y 554 N-TIO, 4 TIO,
Lo a8l a5 05 oo cdl o la JSi 51l
90 2 0 SzsS by Sy g sl i
p gyl LBl dan j0 0 )0 55> cu Ul
ol as cul e a il LIV g4 3
O9—23] i 5550 5 Sl lacJBIS A bl
Y ooogase ;0 ddlio ,had 4 S 025 o L BJH
D9 oo el 9, g anl B .ol Fam U
TiO, 5 09l Gga—ailimsmr ;0 (9% (S5 1p &S
u_cbjoé)_fL;)_.fjl}u‘)JHmJASJHQDM
°}°‘.’.9 c.'a_u: 9 )..Jk_i>55 o)'|d~.3‘ L..: Ql)é as &9’“"6“0
O3S Sdgm alp izmen 00, 5wy i
a>,0 Lo N-TiO, cwdbBlS 05 o S5

el THO, dy Cad (6,5 [ Slsw

O399 Bis PN-TIO, Cnd U 9l 5 - Shos
Sl g
N-TiO, § TIO, Bl oo JBIS 5, Shoe ¥V IS

ST o 1,

A ddle s (59,0 el e (52
5 STy Lol i oo o lid (6 —aie jadlg
LS‘)—.’Y“OC Lng)s‘/& l_’)_")"OZ/HZS = 5

VYo ppm g audlyw (59,000 ¥ ppm Ly S5
o ‘Q:.” S‘

bt TIO, a2 (59,8 (39— plssl (=l nle
Sy Oie—aS Lo 35— Glpg (el
5SS Ui =g gt 3y o
il gy 5 Sl ST S e
JEea 558 lamly ST L (s = slags
sloplan ;oo a5 oud s Jolw oy po
20,5 o po—ild a ST g0 Al o Pl

Ti-O sloaaisS 4 Wgi co sl (59, slaps]
US)Q'QS’ 9 03— J_Oﬁ TIO2 G?L‘a_w O 0090w 0
TiO, slo Jts S ojlas! jialS an p e aS s (o
OS] epg—ilies j—olis 0525 () p Holate 4y
50 5=IGT ol 5l ol mals 3do o solax il
Lol = Ll o je e olie olos F JS0
] 005 osal i Ladiges ol j0 (glo,laiie ué
A8 (o 9l 3BT ) 5o (5 maite 952y
O JSb oyl je—ax TiO, aSds )0 (59 i &S
N-TiO, ¢ TiO, &l,34—U sl,— |, FESEM , glas
Shlo e Bl g0 ;o ISl 5allae a2 o lid
Ot Ll Sy o3lail lasgie 5 0091 (59,5 (5505890
o3l (5505850 5o (s S S el TIO, Ly
4 JS—M) ol 00iS 90 99— TIO2 u‘)»)s_:la u‘)é
OL=23N-TiO, ¢ TiO, &l,34 56 sl,— |, BET ;Jul



e B L 5 Shas oo

fo- T Elt Line W%
€. . o Ka 51.87
Ti Ka 44.92
Yo - N Ka 3.2
100.00
} Yoo
YN
-
5 Y.
&
VO -
(T
N
\- VO

(kev) 5LJq
N-TiO, sl EDX 3JUT ¥ s

04 ym  Date(midly): 07/02/17

N-TiO, (o g [¥+ ] pasbis oS g0 @l yd4

\Y- -
a0 <l
CIRdE

. >, \ .
& A ey \ e o &7
4, vy e 7 4,
o rpnm d_ a s
3 - ]
—_~ L —_
20 A o0
- 2

—=-ADS-# DES

10 \

2.0

I, FESEM uslas & JSCio

VY-
<A o
=Y A
)5 ﬁ'
/\’ | L ____________ g
\ \ . Voo f =
r nm _,"; -
’_,_,&-‘
€. __.-/...!“
,-"r..--
»
—+-ADS - DES
<10 \
)Li«é .- 4 .

N-TiO, (< 5 [Y+] postis a1 o @346 (Gl sl 1, BET 3JUT 8 Jsi

52STs 5 3 N-THO, 5 TIO, &l,356 (sbacenndBIS (gl 38Lis lad g Jilia pons erbaw cvlos ) Jou>

(nm) oo o> ,lad lauigis (cm¥/g) o o> x> a_ g, (M7g) CenJllS
¥ AN \FY TiO,
\VAS AN \YA N-TiO,




AN 2 st 9 315 po 1o 0 )leuid -¢%§giﬁ2

\. (1) oS 2oy
3w n(1) sl
2 ]
v 4f 4
3
_% af -
4
2 Y

q. A

‘ TiO N-TiO, '

O 893m (597 G § 9 i S5 J )]
poins (ygemalipnST (6l Lagl 0, Shae 5 0 g0
VeroC los jo (g pais jpilg amy sy (35,000
oals JI 8 aslie 0y50 /0 L ,0l w O/HS co 4
o3 JbT & o el JBIS

e
7

d—o,0 (o N-TIO, e U el 5—lao
L amnslie jo 1y 005l 5 j98lgs (g mdylisl (Jous
l3gl .l ools s 9o g9 TIO, l,d45L
5 Gyl (o oo gl 5 54 TIO,
B 456 5 [¥- 178V 4 3Y QA Lo,

41,3 BET 4 EDX <FESEM ¢XRD &las i yupsd
059 —s Lo TIO, &ly36 50 30,5 g0 .50 ools
Sedlgs 90 SA> sl 1y (6 0 ) Sloe
Oly36l il ools s o ygam el da Cas

ul.ad.:‘) 9 Lg)_:d.:ul?:.u‘ eJ_:J.u Ao 6‘)“3 N-Ti02
s JAA5 5 A/F A4/

ST o0 il g 59— e (ol

5 Syl (Jmaud oo o gl 5 54 TIO,
N-TIO, 1S o5 5 72NV 3 SAA AT o,
AUY Glwaily 5 6 ol ( Jsad as o )l
ol e Lyl Uy gollae i 7AAJF 5 39/
039 e (=Bl e Sl e s S s 1)
o5 gl il pyilis suST g0 D)3b
slwog S 0925 iz g N-TIO, Ol d> 02> 4

-0l S THO, Al 50 ()59, (Ll

99— Oly3g 5l an Coid (g e 0 S pgilis
ASilg o g o Shoe ol Jdo 09l cnmlive g0
=l osle S plsedr (39 039581 5L A
Ao ddlaw (i 0 i (gummlinST 0 ca S

(S 35 4ol

g 00l og,40 TIO, ol,3450 laol imghy ol jo

&l

[1]. Wiheeb A. D., Shamsudin I. K., Ahmad M. A., Murat M. N., Kim J. and Othman M. R., “Present technologies for

hydrogen sulfide removal from gaseous mixtures,” Rev. Chem. Eng., Vol. 29, Issue 6, pp. 449-470, 2013.

[2]. Bhattacharya D., Turton R. and Zitney S. E., “Steady-state simulation and optimization of an integrated gasifi-

cation combined cycle power plant with CO, capture,” Ind. Eng. Chem. Res., Vol. 50, pp. No. 3, 1674-1690, 2011.

[3]. Puchyr D. M., Mehrotra A. K., Behie L. A. and Kalogerakis N., “Hydrodynamic and kinetic modelling of circu-

lating fluidized bed reactors applied to a modified claus plant,” Chem. Eng. Sci., Vol. 51, pp. 5251-5262, 1996.

[4]. Keller N., Huu C. P,, Crouzet C., Ledoux M. J., Poncet S. S. and Nougayrede J. B., “Direct oxidation of H,S into

S. New catalysts and processes based on SiC support,” Catalysis Today, Vol. 53, pp. 535-542, 1999.



e CanadB b & Shoe ooy 2

[5]. ZhangX., TangY., QuS., DaJ. and HaoZ., “H,S-selective catalytic oxidation: catalysts and processes,” ACS
Catal, Vol. 5, pp. 1053-1067, 2015.

[6]. Sun F., Liu J., Chen H., Zhang Z., Qiao W. and Long D., “Nitrogen-rich mesoporous carbons: highly efficient,
regenerable metal-free catalysts for low-temperature oxidation of H,S,” ACS Catal., Vol. 3, pp. 862-870, 2013.
[7]. Xiao Y., Wang S., Wu D. and Yuan Q., “Catalytic oxidation of hydrogen sulfide over unmodified and impregnat-
ed activated carbon,” Sep. Purif. Technol, Vol. 59, pp. 326-332, 2008.

[8]. Xiao Y., Wang S., Wu D. and Yuan Q. J., “Experimental and simulation study of hydrogen sulfide adsorption
on impregnated activated carbon under anaerobic conditions,” Hazard. Mater., Vol. 153, pp. 1193-1200, 2008.
[9]. Reyes-Carmona A., Soriano M. D., Nieto J. M. L. P., Jones D. J., Jiménez-Jiménez J. and Jiménez-LopeZzA.,
“Iron-containing SBA-15 as catalyst for partial oxidation of hydrogen sulfide,” Catal. Today., Vol. 210, pp. 117-123,
2013.

[10]. Soriano M. D., Nieto J. M. L. P., Ivars F., Concepcion P. and Rodriguez-Castellon E., “Alkali-promoted V,0,
catalysts for the partial oxidation of H,S to sulphur,” Catal. Today, Vol. 192, pp. 28-35, 2012.

[11]. Soriano M. D., Rodriguez-Castellon E., Garcia-Gonzalez E. and Nieto J. M. L. P., “Catalytic behavior of Na-
V,0,, bronze for partial oxidation of hydrogen sulfide,” Catal. Today., Vol. 238, pp. 62-68, 2014.

[12]. Wang SH., Wang Y. B., Dai Y. M. and Jehng J. M., “Preparation and characterization of hydrotalcite-like com-
pounds containing transition metal as a solid base catalyst for the transesterification,” Appl. Catal. A, General, Vol.
439-440, pp. 134-141, 2012.

[13]. Zhang X., Wang Z., Qiao N. L., Qu S. Q. and Hao Z. P, “Selective catalytic oxidation of H,S over well-mixed
oxides derived from Mg2AIxV1-x layered double hydroxides,” ACS Catal., Vol. 4, pp. 1500-1510, 2014.

[14]. Chun 8. W., Jang J. Y., Parka D. W., Woo H. C. and Chungc J. S., “Selective oxidation of H,S to elemental
sulfur over TiO,/SiO, catalysts,” Applied Catalysis B: Environmental., Vol. 16, pp. 235-243, 1998.

[15]. Kang D. H., Kim M. and Park D. W., “Selective oxidation of H,S to sulfur over CeO,-TiO, catalyst,” Korean
Chem. ENG., Vol. 33, Issue 3, pp 838-843, 2015.

[16]. Liu C., Zhang R., Wei S., Wang J., Liu Y. and Li M., “Selective removal of H,S from biogas using a regenera-
ble hybrid TiO,/Zeolite composite,” Fuel, Vol. 157, pp. 183-190, 2015.

[17]. Tasdemir H. M., Yasyerli S. and Yasyerli A., “Selective catalytic oxidation of H,S to elemental sulfur over
titanium based Ti-Fe, Ti-Cr and Ti-Zr catalysts,” International Journal o f Hydrogen Energy, Vol. 40, Issue 32, pp.
9989-10001, 2015.

[18]. Cavalcante R. P., Dantas R. F., Bayarri B., Gonzalez O., Giménez J. and Esplugas S., “Synthesis and char-
acterization of B-doped TiO, and their performance for the degradation of metoprolol,” Catalysis Today, Vol. 252,
pp. 27-34, 2015.

[19]. Diker H., Varlikli C., Mizrak M. and Dana A., “Characterizations and photocatalytic activity comparisons of
N-doped nc-TiO, depending on synthetic conditions and structural differences of amine sources,” Energy, Vol. 36,
pp. 1243-1254, 2011.

[20]. Shao P., Tian J., Zhao Z., Shi W., Gao S. and CuiF., “Amorphous TiO, doped with carbon for visible light



AN 39250 § 310 yo 148 0 lac -.;,0!_9;2

photodegradation of rhodamine B and 4-chlorophenol,” Applied Surface Science, Vol. 324, pp. 35-43, 2015.

[21]. Yu W, Liu X., Pan L., Li J., Liu J. and Zhang J., “Enhanced visible light photocatalytic degradation of methy-
lene blue by F-doped TiO,,” Applied Surface Science, Vol. 319, pp. 107-112, 2014.

[22]. Kalantari K, Kalbasi M, Sohrabi M. and Royaee S. J., “Synthesis and characterization of N-doped TiO,
nanoparticles and their application in photocatalytic oxidation of dibenzothiophene under visible light,” Ceramic
International, Vol. 42, Issue 13, pp. 14834-14842, October 2016.

[23]. Ba H., Duong-Viet C., Liu Y., Nhut J. M., Granger P. and Ledoux M. J., “Nitrogen-doped carbon nanotube
spheres as metal-free catalysts for the partial oxidation of H,S,” C. R. Chimie, Vol. 19, pp. 1303-1309, 2016.
[24]. Chizari K, Deneuve A., Ersen O., Florea I., Liu Y. and EdouardD., “Nitrogen-doped carbon nanotubes as a
highly active metal-free catalyst for selective oxidation,” ChemSusChem, Vol. 5, pp. 102-108, 2012.

[25]. Duong-Vieta C., Truong-Phuoc L., Tran-Thanh T., Nhuta J. M., Nguyen-Dinh L., Janowska ., “Nitrogen-doped
carbon nanotubes decorated silicon carbide as ametal-free catalyst for partial oxidation of H,S,” Applied Catalysis
A: General, Vol. 482, pp. 397—406, 2014.

[26]. SuD S., Zhang J., Frank B., Thomas A., Wang X. and Paraknowitsch J., “Metal-free heterogeneous catalysis
for sustainable chemistry,” ChemSusChem, Vol. 3, pp. 169-180, 2010.

[27]. Dhaya I. M., Sharma S. D., Kant C., Saini K. K. and Jain S. C., “Role of Ni doping in surface carbon removal
and photo catalytic activity of nano-structured TiO, film,” Surface Science, Vol. 602, pp. 1149-1154, 2008.

[28]. Kim D. H., Choi D. K., Kim S. J., Lee K. S., “The effect of phase type on photocatalytic activity in transition-
metal doped TiO, nanoparticles,” Catalysis Communications, Vol. 9, pp. 654-657, 2008.

[29]. Yu J., Hai Y. and Cheng B., “Enhanced photocatalytic H,-production activity of TiO, by Ni(OH), cluster modi-
fication”, Journal of Physical Chemistry Vol. 115, pp. 4953-4958, 2011.

[30]. Daraee M., Baniadam M., Rashidi A. and Maghrebi M., “Synthesis of TiO,-CNT hybrid nanocatalyst and its
application in direct oxidation of H,S to S,” Chemical Physics, Vol. 511, pp. 7-19, 2018.

[31]. Cheng X., Yu X. and Xing Z., “Enhanced photoelectric property and visible activity of nitrogen doped TiO,
synthesized from different nitrogen dopants,” Applied Surface Science, Vol. 268, pp. 204-208, 2013.

[32]. Keramati N., Nasernejad B. and Fallah N., “Synthesis of N-TiO,: Stability and visible light activity for aqueous
styrene degradation,” Dispersion Science and Technology, Vol. 35, pp. 1476-1482, 2014.



Petroleum Research
Petroleum Research, 2019(August-September), Vol. 29, No. 106, 17-20
DOI: 10.22078/pr.2019.3482.2596

Investigation of N-TiO, Nanocatalyst
Performance in Direct Oxidation of
Hydrogen Sulfide to Sulfur

Maryam Daraee*, Alimorad Rashidi and Abbas Jorsaraei talar

Nanotechnology Research Center, Research Institute of Petroleum Industry (RIPI), Tehran, Iran

m20.daraee@gmail.com

DOI: 10.22078/pr.2019.3482.2596

Received: October/09/2018

INTRODUCTION

Nowadays, a main problem is air pollution and
environmental standard regulations have been
hardened so we need to until treat sulfur-
containing gas before transpiration into the
atmosphere [1]. The Claus process has been
engaged to remove H.S from sulfur-containing
gas such as natural gases or refinery Plants.
The Claus process includes two steps: thermally
(Equation 1) and catalytic (Equation 2) [2].

3

HyS +50, erma® $0, + H,0 (1)
Catalyti

SO, +2H,S ——— 2H,0 + 35, (2)

Selective catalytic oxidation of H,S has achieved
great interest in recent decades, which H.S can
catalytically oxidize to elemental sulfur in one
step. Metal-based [3] and carbon-based [4]
and hybrid [5] catalysts are used for removing
H,S for direct oxidation process. Also, doping
with metallic (Nb, Ag, Pt, W, Mn, Fe, V, Mn, Co,

Accepted: February/05/2019

Ni etc.) and non-metallic (C, N, P, F etc.) has
been demonstrated as an effective route in
various application such as lithium batteries,
gas sensors, photocatalysis and electrochronic
devices and adsorption [6]. In previous work,
and TiO,-CNT hybrid

nanocatalyst, were synthesized, and its activity

TiO, nanoparticles
in direct oxidation of H_S to S is investigated [7].
As respects, nitrogen modifies the acido-basic
properties or changes the electronic surface
state of the support and interaction with the
deposited active phase and thus provides a new
catalyst with better efficiency [8]. In this work,
N doped TiO, was used as a catalyst for direct
oxidation H,S to S for the first time in 200 °C
and O,/H_,S of 0.5. The influence of the nitrogen
concentration in N doped TiO, nanocatalyst on
the desulfurization activity and sulfur selectivity
has been investigated, and the results will be

compared with undoped TiO,.
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EXPERIMENTAL PROCEDURE
CATALYST PREPARATION

TiO, nanocatalyst: TiO, nanoparticles were
synthesized according to previous research [7];
moreover, Titanium (IV) isopropoxide precursor
was mixed with isopropanol labeled as solution .
Some nitric acid and distilled water were mixed to
reach pH=1 and labeled as solution Il. Solution I
was stirred vigorously and simultaneously added
dropwise to the solution I. The resulting colloidal
solution was stirred continuously for 2 hours to
form a sol. Solution was aged for 24 hours in
ethylene glycol bath at 80 °C and exposed to air
for 24 hours at ambient temperature to produce
a gel. Samples were dried at 110 °C for at least
12 hours in an oven and were calcined under
nitrogen gas atmosphere in a furnace at 400 °C

for 2 hours.

N doped TiO2: In order to synthesiz N-TiO, with
15% nitrogen, at first a certain amount of urea
was mixed as nitrogen source with distilled water
and dissolved with the aid of the stirrer. Then a
certain amount of TiO, nanoparticles synthesized
is added into distilled water, and urea and is
stirred for one hour. The suspensions is sonicated
for 30 minutes. The resulting mixture is dried at
80 °C for 24 hours. Then, is calcined in a furnace

at 400 °C in atmospheres of nitrogen for 2 hours.

CATALYTIC ACTIVITY TEST

Catalytic activity test is done in a setup of
catalytic. The mixture of N, and H,S gas and O,
gas are used as feed. In addition, 5 g mixture
catalyst (1g catalyst and 4g quartz glass with
30-60 mesh) in the reactor was placed, which
was fasten by quartz wool from both sides, and
it was placed into the tubular reactor. The H_S

and SO, concentrations were monitored used

gas chromatograph (Agilent 7890b) model to

measure their concentrations from the outlet
of reactor. H,S conversion, sulfur selectivity
and sulfur yield is obtained by equation 3 to 5,

respectively.

; H,Sin—H,S,
H,S Conversion = —2-—2-0ut (3)
H3Sin
i HySin—H3Sout—S0;
Sulfur selectivity = T22in~H290ut =2 020ut (4)

HySin=HaSout

Sulfur yield= H_S Conversionx Sulfur Selectivity (5)

RESULTS AND DISCUSSION

BET surface area measurements are given for
TiO, and N doped TiO, in Table 1 and Figure 1.
The surface areas of TiO, nanoparticles, N-TiO,
were 162, 178m?/g respectively. It is anticipated
that the interstitial space of TiO, increased
because of nitrogen groups inserted into TiO,
network and inhibited from agglomeration of
TiO,, and surface area N-TiO, increased than to
TiO,. Therefore, the addition of nitrogen has led
that the N-TiO, catalyst has higher surface area
than undoped TiO,.

Figure 2 shows the EDX analysis for 15% N-
doped TiO,. Furthermore, content of metal
ions and nitrogen doped in the TiO, matrices is
calculated by this analysis. 15 wt.% of nitrogen
doped TiO, shows the presence of O, Ti, C and
N according to atomic weight stoichiometric, and
no unexpected impurities have been observed in
catalyst. It indicates that the nitrogen has been

inserted into TiO2 matrices.

Table 1: Surface area, pore volume and pore diam-
eter measurements for catalysts.

Catalyst | a, ., (m?/g) | Pore volume (cm3/gr) | d(nm)
TiO,[7] 162 0.14 3
N-TiO, 178 0.17 3.4
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Figure 1: The N, adsorption—desorption isotherms of catalysts: a) TiO, [7], b) N-TiO,,.
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Figure 2: EDX analysis of N-TiO, nanoparticles

CATALYTIC PERFORMANCES

Figure 3 indicates the performance of two
catalysts TiO, and N-TiO, with 15 weight percent
of nitrogen for selective oxidation of H_S to S with
optimized temperature 200 °C and O,/H,$=0.5
for feed stream 4400 ppm and GHSV 17000 h.
The results show that conversion 15% N-TiO,>
TiO,. Moreover, 15% N-TiO, catalyst with 99.2%
of H,S conversion and selectivity of 99.4% have
activity higher than TiO,. According to our BET
results, nitrogen provides higher surface area
for 15% N-TiO, in comparison with TiO, catalyst.

Also, According to our EDX results, presence of

nitrogen groups is caused that N-TiO, has better
performance than undoped TiO,. Nitrogen
species due to their electron density which
provides basic centers for HS dissociation are
the most active sites for H,S selective oxidation.
Also, synergistic effects of TiO, and N may be
lead to N-TiO, better performance than TiO,. N-
TiO, exhibits much higher activity in the direct
oxidation reaction compare to the undoped TiO,
due to higher surface area and pore volume.
These results show that N-TiO, catalyst keeps
favorably side reactions during selective oxidation

of H,S at 200 °C and O,/H,S ration equal to 0.5.
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Figure 3: Catalytic performance of catalysts for direct oxidation reaction in 200 °C and O_/H,S ratio of 0.5
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