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u=@; |vSwQO}y j}ta |}=OROQowo Vvm =w l}Dv}U
p}�wR=o |Div VQ@ |=Q@

�OWQ= T=vWQ� � |QmW O}aU
�OWQ= T=vWQ� � u=} QH=D |[DQt
�OWQ= T=vWQ� � |OtLt |Oyt

�Q=}O=DU=� |Hvo O}tL
�OWQ= T=vWQ� � |v=kyO hQW=

�OWQ= T=vWQ� � xO=R|Qy=wH utwy
=yOv}=Qi |xaUwD |UOvyt |xOmWywSB 'Civ CavY x=oWywSB

w CU} R \}Lt |wQ Q@ ?QNt w |OH C=Q}F-=D =@ ?wr]t=v |}xO}OB |Div |=y|oOwr;
O=wt |=yxOvvmxOwr; u} QDsyt R= |m} Q=OQwirwU C=@}mQD xm =Hv; R= "CU= u=Uv= |DtqU
Ovts=_v |UQQ@ l} j}kLD u}= QO 'OvwQ|t Q=tW x@ V}q=B syt h=Oy= R= |m} w |Div
=@ p}�wR=o |Div VQ@ 1�HDS� |vSwQO}y |}=OROQowo Vvm =w l}Dv}U u}}aD Qw_vtx@
QoVvm =w R} Q l} QO =yV}=tR; "OW s=Hv= NHS�204 *|Q=HD CU}r=D=m R= xO=iDU=

|}=[i CaQU w 55�70bar Q=Wi '360� 380�C|=tO QO 2|}xQ]k QDU@
XwYNx@ w =yuiw}D R= |}=OROQowo xm u}= x@ xHwD =@ "OW s=Hv= 0 5�2 h�1�LHSV�
=Pr 'OwW|t KQ]t j}ta |}=OROQowo QO w CU= Q=wWO |viw}DwRv@|O w |viw}DwRv@ C=kDWt

pOt CQwYx@ w uiw}DwRv@|O Q=OOQowo |xO=t |=Q@ (HDS) Vvm =w l}Dv}U =Hv}= QO
uiw}DwRv@|O HDS Vvm =w |xHQO xm CU= u; R= |m =L xrY=L G}=Dv "OW u}}aD |v=wD

Q@=Q@ R}v HDS Vvm =w |R=Up=ai |SQv= "CU= 1 4 Q@=Q@ p}�wR=o l =QwN QO
"OW u}}aD 15kcal/mol

shokris@ripi.ir
tadjerianm@ripi.ir
mohamadim@ripi.ir
ganjih@ripi.ir
dehghania@ripi.ir
javaherizadehh@ripi.ir

'uiw}DwRv@|O 'CU}r=D=m 'l}Dv}U '|vSwQO}y |}=OROQowo %|O}rm u=oS=w
"|Div |=yVQ@

xtOkt "1

"s=N Civ QO |OQowo |=ypwmrwt "1 pmW

V}B |OOaDt |=yQ}Ut R= Vvm =w xmr@ 'CU}v 1 pwtQi |oO=Ux@ Q=OOQowo |wkrL
[5w4]"OwQ|t

%OvwW|t |Ov@s}UkD =yxwQoQ} R u}= x@ s=N Civ QO OwHwt |OQmwo C=@}mQD
&3O=R; Xr=N OQowo "1

OQ=O OwHw|r; C=@}mQD pmW x@ OQowo 'Q}]kD CqwYLt QO wCivV}q=BCavY QO
|=Q@ "OwW|t hQ]Q@ �HDS� �|vSwQO}y |}=OROQowo� x@ swUwt |Ov}=Qi |] xm
xO=O Vvm =w uSwQO}y =@ CU}r=D=m Qw[L QO �1 pmW� Q=OOQowo C=@}mQD Qw_vt u}=
pmW|R=o xOt; CUOx@ H2S &OvwW|t p}O@D u@ QmwQO}y w uSwQO}y O}irwU x@ w

"OwW|t =OH |v=U;x@ w CU=
j@=]t l}D=tW Qw]x@ |]N C=@}mQD OQwtQO�HDS) |vSwQO}y |}=OROQowo

:[3�1]OwW|t s=Hv= 1 pwtQi
R� SH +H2 ! R�H +H2S (1)

|}xkrLOvJ w �l}D=twQ;� |wkrL C=@}mQD OQwtQO �HDS� |vSwQO}y |}=OROQowo
l} u; |}=yv pwYLt xm 'OwW|t s=Hv= x@=Wt Qw]x@ ,=@} QkD R}v �l}D=twQ;|rB�
C=@}mQD Vvm =w Q=mwR=U xD@r= "CU= H2S R=o w OQowo uwO@ *̀ }=t u@ QmwQO}y

87 6 18 VQ}PB '87 3 4 |Qw=O '86 7 15 Ci=} QO %M} Q=D
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Dv}U

uwQO w HDS CU}r=D=m K]U |wQ OwHwt hrDNt |=yR=i R= |}=tW "3 pmW
[15]"|R=ixU QoVvm =w

"p}}wR=o l =QwN C=YNWt "1 pwOH
C=YNWt Q}O=kt

T.SULPHUR �wt 1 1
SP:GR@60F 0 8520

IBP 223�C
5vol:� 249�C
10vol:� 259�C
30vol:� 280�C
50vol:� 300�C
70vol:� 320�C
90vol:� 354�C
95vol:� 366�C

FBP 378�C
MeABP 296 82�C

|D=}rta \}=QW u}}aD |=Q@ "OvwW|t x[Qa Q=R=@ x@ '�10�50ppm� CNwU R=Ht
|=yQoVvm =w |L=Q] |=Q@ w |Div ẁvDt |=yl =QwN OQwtQO CU}r=D=m |xv}y@
l}Dv}U CU= sRq 'OwW|t xO=iDU= |O}OH l =QwN w CU}r=D=m R= =yv; QO xm O}OH
|Q=HD s=v =@�Nippon CmQW O}OH CU}r=D=m "OW=@ XNWt HDS Vvm =w
QO [24]"CU= 5 ULSD OL =D |}=OROQowo Ov}=Qi s=Hv= x@ QO=k �NHS�204
|UQQ@ |=Q@ 'x]w@ Qt QoVvm =w |L=Q] ut[ 'CU}r=D=m u}= R= Q[=L VywSB
uiw}DwRv@|O |xO=t w R=Q}W p}} wR=o l =QwN R= xO=iDU= =@ HDS Vvm =w l}Dv}U
1 pwOH QO p}} wR=o l =QwN C=YNWt "OW xO=iDU= Civ CavY x=oWywSB QO

"CU= xOW x�=Q=
|Q=HD s=v =@ HDS Vvm =w l}Dv}U u}}aD QO xO=iDU= OQwt CU}r=D=m
C=YNWt "CU= =v}twr;-  |x}=B =@ CoMo |=yCU}r=D=m ẁv R= wNHS�204
xOW x�=Q= 3 pwOH QO u; |}=}t}W C=YNWt w 2 pwOH QO CU}r=D=m u}= |m} R}i

"CU=

[5]"uiw}D Rv@|O (HDS) Vvm =w l}D=tW "2 pmW

&�R-SH�=ypw}D w =yu=DB=mQt "2
&uSwQO}y O}irwU "3

&=yO}irwU "4
�CH3-S-S-CH3� O}irwU|O p}Dt|O p}@k R= (R-S-S-R') =yO}irwU|O "5

&(CH3-CH2-S-S-CH2-CH3)O}irwU|O p}D=|O w
&�R-Sn-R'� =yO}irwU |rB "6

|}q=@VwH |x]kv w OvQ=O OwHw QDu}ovU C=@}mQD QO xm =yv; C=kDWt w =yuiw}D "7
|r}mr; C=kDWt Qo}O w �DBT� uiw}DwRv@ |O w '�BT�uiw}DwRv@ %OvQ=O R}v

"u;
XNWt|vSwQO}y|}=OROQowo|=yVvm =wXwYNQO xOWs=Hv= |=y|UQQ@ =@
w OvwW|t |}=OROQowo |v=U;x@ =yO}irwU|O w =yO}irwU '=yu=DB=mQt xm CU= xOW
R= |}=OROQowo xm |r=L QO 'Ovvm|t O}rwD H2S x=Qtyx@ =Q x]w@ Qt |=yu@ QmwQO}y
=Hv}= QO =Pr "CU= Q=wWO |viw}DwRv@|O w |viw}DwRv@ C=kDWt R= xS} wx@ '=yuiw}D
Vvm =w Q=mwR=U "s}=xOQm |UQQ@ =Q uiw}DwRv@|O R= |}=OROQowo ' ẁQW |x]kv u=wvax@
C=@}mQD Q}=U OQwtQO "CU= xOW xOQw; 2 pmW QO l}D=tW Qw]x@ uiw}DwRv@|O

"OQ=O OwHw =yVvm =w R= |y@=Wt |xm@W R}v |}xkrLOvJ

|vSwQO}y |}=OROQowo "2
|O}irwUC=Rri "CU=uoty=v|DU}r=D=mVvm =wl} �HDS�|vSwQO}y|}=OROQowo
|=yCU}r=D=m u=wvax@ ?=NDv= u} QDy@ 'Ov=xOW C}@FD pNrNDt |x}=B l} |wQ Q@ xm
uO@}rwt |=yCU}r=D=m R= =}vO QU=QU QO 'xRwQt= "OvwW|t ?wULt HDS Vvm =w
xO=iDU= 4xOvyO|kQD u=wvax@ R}v |irDNt C=Rri "OwW|t xO=iDU= Qw_vt u}= |=Q@
QO [10�6]"OvyO|t u=Wv =Q C}r=ai u} QDq=@ Cr=@m w pm}v =yv; u=}t R= xm Ov=xOW
HDS CU}r=D=m |Q=O}=B w C}r=ai QO |tyt Vkv =v}twr; '|DU}r=D=m |=yx}=B u=}t
|=yR=i R= |}=tW 3 pmW "CU= x}=B u} QD?U=vt (  )=t=o R=i =@ |=v}twr; w OQ=O
u=Wv =Q |R=ixU QoVvm =w uwQO w HDS CU}r=D=m K]U |wQ OwHwt hrDNt

[15�11]"OyO|t
\ki CU}r=D=m OQmrta w |D=}rta \}=QW w |L=Q] |=yQDt=Q=B |R=Uxv}y@
u}= QO uwvm =D wQu}= R= [23�16]"CU= Q}PBu=mt= ?U=vt |m}Dv}U pOt uDW=O =@
`=wv= xRwQt= "CU= xOW s=Hv= u=yH K]U QO |OOaDt |D=k}kLD |=yQ=m xv}tR
OQowo u=R}t QDxv=Q}oCNU \}=QW x@ |@=}CUO |=Q@ 'O}OH |=yCU}r=D=m R= |irDNt

sy=HvB |xQ=tW �h} QW 48
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QmW
O}aU 'OwW|t p}O@D H2S w u=Dt x@ w xO=O Vvm =w uSwQO}y =@ CU}r=D=m Qw[L QO

xD=irwU =Q =yv; w xO=O Vvm =w CU}r=D=m |Rri |=yO}Um = =@ xt=O= QO xOWO=R; H2S
"Ovm|t

l}Dv}U Q@ xwqa uwJ 'uoty=v |DU}r=D=m |=yVvm =w l}Dv}U |UQQ@ |=Q@
p=kDv= pt=wa Q}F-=D =OD@= CU= sRq 'OW=@ QF-wt Ov=wD|t R}v sQH p=kDv= CaQU |}=}t}W
l}Dv}U Ctw=kt =@ xU}=kt QO sQH p=kDv= Ctw=kt xm|DQwYQO "OvwW |UQQ@ sQH
=Q Vvm =w l}Dv}U w OQm Q_vhQY u; Q}F-=D R= u=wD|t 'OW=@ lJwm Q=}U@ Vvm =w

"CiQo Q_v QO QoVvm =w |Qy=_ l}Dv}U pO=at
%OQm s}UkD xDUO wO x@ u=wD|t =Q =yCU}r=D=m QO sQH p=kDv= |=yCtw=kt
|}xQiL Pwiv Ctw=kt 'h} QaD j@] "8|tr}i Ctw=kt w 7|}xQiL Pwiv Ctw=kt
9=yxOvyOVvm =w OwQw p@=kt QO CU}r=D=m GQi w prN xm |Dtw=kt R= CU= CQ=@a
|Dtw=kt R= CU= CQ=@a R}v |tr}i Ctw=kt "Ovm|t p=ta= 10CqwYLt GwQN w
CqwYLt w =yxOvyOVvm =w GwQN w OwQw Q@=Q@ QO CU}r=D=m h=Q]= R=o sr}i xm

[22]"Ovm|t O=H}=
Q=@l} w |ak=w O=a@= =@ CU}r=D=m Q=@l} '|}xQiL Ctw=kt QF= |UQQ@ |=Q@
Qw_vtu}O@ "OW SQ=W QoVvm =wR} Q QO �18< mesh <25� O=a@= =@ QOwB CQwYx@
QO w V}=tR; |QU wO |] 'p}O@D u=R}t R= |}xQDUo QO |}xQiL Ctw=kt C=QF=
R= xO=iDU= =@ xm HDS Vvm =w p}O@D OYQO "OW |UQQ@ Cw=iDt Q=Wi w =tO \}=QW
QO 'xOt; CUO x@ QoVvm =w hrDNt \}=QW CLD w CU}r=D=m Cw=iDt u=R}t wO u}=
CaQU u=Um} Q}O=kt |=R=x@ OwW|t xOy=Wt xm u=vJ "CU= xOW sUQ 4 pmW
|xR=Ov= wO x@ \w@ Qt� |vLvt wO |wQ Q@ Q_=vDt |x]kv wO Qy �LHSV� |}=[i
Ctw=kt uOw@ QF=|@ Qou=}@ Qt= u}= "OvQ=Ov |}x_Lqt p@=k Cw=iD �CU}r=D=m hrDNt

"CU= |}xQiL Pwiv

"Vvm =w l}Dv}U u}}aD |=yW}=tR; |L=Q] "4 pwOH
=tO Q=Wi `}=t |}=[i CaQU

(�C) (bar) (hr�1)

1 360 55 0 5
2 370 60 0 5
3 370 60 1
4 380 65 2
5 370 70 2
6 370 65 1 5
7 360 60 2
8 360 70 1 5
9 380 70 1
10 380 55 2
11 370 55 1 5
12 360 65 1
13 380 55 0 5
14 370 60 1 5
15 370 70 0 5

"NHS-204 CU}r=D=m |m} R}i C=YNWt "2 pwOH
200 (m2=g)xS} w K]U

0 3�0 6 (cc=g)pNrND
|}xv=wDU= CU}r=D=m pmW

1 16 (inch) CU}r=D=m R}=U

"NHS-204 CU}r=D=m |}=}t}W C=YNWt "3 pwOH
2 7 (mass�) Cr=@mO}Um =

20�25 (mass�) uO@}rwtO}Um =
60�80 AL2O3

1�4 SiO2
0 5 Na2O+Fe

|m}Dv}U |xrO=at u}}aD w =yV}=tR; |L=Q] "3
l} R= l =QwN QO OwHwt OQowo CU= sRq HDS Vvm =w l}Dv}U |UQQ@ |=Q@
Ow@ xOW x}yD R=Q}W R= xm p}} wR=o |x}rw= l =QwN u}=Q@=v@ "OW=@ Q=OOQowo |xO=t ẁv
x@ u; OQowo =D OW |}=OROQowo ,qt=m CU}r=D=m QDU@ |wQ R= Qw@a =@ =OD@= �1 pwOH�
CU}r=D=m OQmrta |xv}y@ \}=QW Q=m u}= s=Hv= ut[ QO xD@r= "OUQ@ 10ppm Q} R
u}}aD u}vJ l}Dv}U |=yV}=tR; s=Hv= |xOwOLt w CiQo Q=Qk |UQQ@ OQwt R}v

%OW
:(LHSV)|}=[i CaQU &55 � 70bar :Q=Wi &360 � 380�C :=tO
j@] =yv; Kw]U w |D=}rta |=yQDt=Q=B '=yV}=tR; |L=Q] |=Q@ 0=5 � 2hr�1

|=yV}=tR; |L=Q] pwOH 6xv}y@ |L=Q] VwQ R= xO=iDU= =@ w xOW u}}aD 4 pwOH
O=OaD u} QDsm '=yV}=tR; |L=Q] R= VwQ u}= QO "OW |L=Q] 'l}Dv}U u}}aD
|=yQDt=Q=B u=wD|t =yv; |xr}Uwx@ xm O};|t CUO x@ xv}y@ CQwYx@ =yV}=tR;

"OQm XNWt q=@ CkO =@ =Q |m}Dv}U
V}=tR;=D=m QoVvm =wR} Ql} j}kLD u}= QO xO=iDU= OQwt|}xQ]k QDU@ QoVvm =w
xrwr u}= pN=O "CU= �QDt|Dv=U 20 `=iDQ= w Iv}= 1Q]k =@ |Owta |}xrwr pmWx@�
xOWQB CtUk wO u}@ QO Q_v OQwt LHSV T=U=Q@ CU}r=D=m R= |YNWt sHL
|kQ@ umsQo l} j} Q] R= QoVvm =w V}=tQo "OQ}o|t Q=Qk |}xW}W |=yxrwro R=
umsQo u}= "OQ}o|t s=Hv= xOW ?Yv QoVvm =w |HQ=N |xQ=OH |wQ xm |}xv=wDU=
s=Hv= PLC l} j} Q] R= =tO pQDvm w CU= |}=tO j}kO |=yxOvvmpQDvm x@ RyHt

"OwW|t
s=Hv= CU}r=D=m |R=UxO=t; pta =OD@= CU= sRq QoVvm =wR} Q Q=m ẁQW QO
Vvm =w QF=Q@ 'OvDUy O}Um = CQwYx@ xm CU}r=D=m p=ai C=Rri Qw_vt u}= |=Q@ "OwW
"OvwW|t p}O@D uO@}rwt wCr=@m C=Rri O}irwU x@ �DMDS� O}=irwU|Op}Dt|O =@
x@ QO=k w Ow@ Oy=wN p=ai OW=@ |Rri O}irwU CQwYx@ xmCU}r=D=m R= |WN@ `k=w QO
DMDS \wrNt j} QRD R= xO=iDU= =@ uOQmxD=irwU pta "CU= HDS Vvm =w s=Hv=
Q=m u}= "OwW|t s=Hv= |DU}r=D=m QDU@ |wQ Q@ uSwQO}y x=Qty x@ Tm =twR}; p}�wR=o w
xOW x�=Q= ptar=QwDUO w CU}r=D=m ẁv x@ xHwD =@ w XNWt |}=tO |xt=vQ@ l} =@
24 OwOL x@ CU}r=D=m uOQmxD=irwU pta ,qwtat "OQ}o|t s=Hv= xOvR=U |wU R=
DMDS =OD@= xm CU= CQwY u}= x@ |R=Up=ai Q=mwR=U "OQ=O R=}v u=tR Ca=U

sy=HvB |xQ=tW �h} QW 49
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Dv}UQ}tovq CqO=at Q}_v |Qo}O CqO=at R= u=wD|t sQH p=kDv= |=yCtw=kt Cr=NO
w |r@k |=yV}=tR; x@ xHwD =@ [16]"OQm xO=iDU= R}v pO} Q |xrO=at =} OwwrWv}y�
j@=]t 12|v=wD |xrO=at l} R= j}kLD u}= QO '=yCtw=kt u}= Cr=NO sOa C=@F=

"OW xO=iDU= 2 |xrO=at
rA = �kC00DBT (2)

CaQU C@=F k 'Ct=k= u=tR t 'OQowo C_re C 'Vvm =w CaQU rA u; QO xm
:CW=O s}y=wN 2 |xrO=at pL R= "CU= Vvm =w |xHQO n w |Qy=_

ln (Cf=CP ) = k=LHSV (n = 1) (3)

|xrO=at pmW x@ 2 |xrO=at pL 'OW=@ 1 R= QDnQR@ =} QiY Vvm =w |xHQO Qo =
:[16]CU= 4

1
n� 1

" 1
Cn�1
p
� 1
Cn�1
f

#
= k
LHSV

(4)

`@=Dl} w h�1(wt�)1�n OL=w =@ HDS Vvm =w CaQU |Qy=_C@=F k u; QO xm
C_re Cf &pwYLt QO OQowo |vRw C_re CP &Vvm =w |xHQO n &CU= |}=tv
T=U=Q@ "CU= h�1 OL=w =@ `}=t |}=[i CaQU LHSV w l =QwN QO OQowo |vRw

:CU= u}vJ Vvm =w CaQU C@=F Tw}vQ; |xrO=at
k = k� exp(�E=RT ) (5)

OL=w =@ =tO T 'kJ/mol OL=w =@ |R=Up=ai |SQv= E 'Tw}vQ; C@=F k� u; QO xm
|xar=]t |U=U= C=}[Qi "CU= kJ/mol K OL=w =@ =yR=o |twta C@=F R w 'K

:[16]R= CU= CQ=@a l}Dv}U
&Ovm|t Q=m �p=tQDwR}=� =tOsy \}=QW QO QoVvm =w �

"CU= pt=m Plug u=} QH �
umtt w OQ=O Q}F-=D Vvm =w |xHQO Q@ VwH |x]kv V}=Ri= xm u}= Qo}O |xDmv
\}=QW CLD "OwW 13 \rDNt OOa l} Vvm =w |xHQO xm OwW Ea=@ |DL CU=
QO ' 1

LHSV p@=kt QO 4 w 3 CqO=at *AJ CtU QDt=Q=B sUQ =@ Plug u=} QH
|xHQO Qy [16]"OQPo|t -=O@t R= xm O}; CUO x@ |DU=Q \N O}=@ 'C@=F Q=Wi w =tO
?=NDv= Vvm =w |ak=w xHQO u=wvax@ 'OW=@ QDQ=wty |]N u; pY=L xm |Wvm =w
QO Vvm =w Cw=iDt C=HQO |=R=x@ CU=Q \N l} Qw@a R= pY=L G}=Dv "OwW|t
HDS Vvm =w |y=oW}=tR; |=yxO=O xm OwW|t xOy=Wt "CU= xOW x�=Q= 5 pwOH
CtU QDt=Q=B sUQ xm OyO|t u=Wv 6 pmW "Ovm|t |wQ}B 1 4 xHQO l}Dv}U R=
Ovm|t O=H}= |DU=Q \N C@=F Q=Wi w =tO QO 1

LHSV ?ULQ@ 4 |xrO=at AJ
u}= x@ 'CU= xOW xO=iDU= p=QoDv= VwQ R= =ypmW u}= sUQ QO "OQPo|t -=O@t R= xm
|Owta QwLt u; x@ xHwD =@ w xOW ZQi Q_v OQwt Vvm =w |=Q@ xHQO l} xm CQwY
CkO |UQQ@ =@ w Ct=k= u=tR ?ULQ@ u; Q}O=kt sUQ =@ TBU "CU= xOW x@U=Lt
R= xO=iDU= =@ "CU= xOW |UQQ@ Q_v OQwt *Vvm =w |xHQO CLY �R2� uw}U=QoQ

Vvm =w C=HQO =@ |v=wD pOt |]N j=@]v= ?}=Q[ Q}O=kt |xU}=kt "5 pwOH
"hrDNt

n= 1=4 n=1=5 Vvm =w xHQO
0 9870 0 9546 (R2) uw}UqoQ ?} Q[

w 370�C|=tO �hr= %V}=tR; |QU wO QO |}xQiL Pwiv Ctw=kt Q}F-=D "4 pmW
"50barQ=Wi w 330�C |=tO �? &60bar Q=Wi

Q=Wi w 370�C |=tO �hr= %V}=tR; |QU wO QO |tr}i Ctw=kt Q}F-=D "5 pmW
"50bar Q=Wi w 330�C |=tO �? &60bar

R= |Qw@a p=}U |]N CaQU u=R}t Q}}eD =@ '|tr}i Ctw=kt QF= |UQQ@ |=Q@
xU}=kt w |Q}oxR=Ov= =Q HDS Vvm =w p}O@D OYQO Q}O=kt 'CU}r=D=m QDU@ |wQ
wO |] 'p}O@D u=R}t R= |}xQDUo QO |}xQiL Ctw=kt C=QF= Qw_vtu}O@ "Ovvm|t
p}O@D u=R}t 5 pmW QO "OW |UQQ@ Cw=iDt Q=Wi w =tO \}=QW QO w V}=tR; |QU
xOW |Q}oxR=Ov= QoVvm =w hrDNt \}=QW QO xm hrDNt CaQU GvB |=R=x@ 'Vvm =w
�LHSV� |}=[i CaQU u=Um} Q}O=kt <=R=x@ xm CU= K[=wQB "CU= xOW x�=Q=
"OW Oy=wN Q@=Q@ wO R}v |Qw@a p=}U |]N CaQU CU}r=D=m sHL uOW Q@=Q@ wO =@
wO x@ \w@ Qt� |vLvt wO |wQ Q@ Q_=vDt |x]kv wO Qy 'OwW|t xOy=Wt xm u=vJ
Cr=NO sOa Qou=}@ xDmv u}= "OvQ=Ov |}x_Lqt p@=k Cw=iD �hrDNt |]N CaQU

"CU= HDS Vvm =w QO |tr}i Cw=kt
'Vvm =wl}Dv}U QO sQH p=kDv= |=yCtw=ktCr=NO sOa R= u=v}t]= x@ xHwD =@
|L=Q] uiw}DwRv@|O HDS Vvm =w |m}Dv}U |xrO=at u}}aD |=Q@ sRq |=yV}=tR;
xO=iDU= 'l}Dv}U |xrO=at u}}aD |=yVwQ R= |m} "OW s=Hv= QoVvm =wR} Ql} QO w
CQwYQO xD@r= [16]"CU= 11Tw}vQ; |xrO=at |=yC@=F u}}aD w |@ QHD |=yxO=O R=

sy=HvB |xQ=tW �h} QW 50

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

"""w
|H

voO
}tL

'|O
tLt

|Oy
t'u

=}QH
=D|

[DQ
t'|

QmW
O}aU |v=wD |=ypOt HDS Vvm =w |R=Up=ai |SQv= w Vvm =w xHQO xU}=kt "6 pwOH

"hrDNt
|R=Up=ai |SQv= Vvm =w xHQO VWwH xvt=O

(kJ/mol) (�C) l=QwN
28 2 655-210 Bej et al4

94 1 5 566-242 Yui and Ng16

176 Pseudo �rst 524-345 Diaz-Red et al3

138 1 5 515-196 Yui and sanfond16

87 1 5 576-185 Ferdous et a16

92 66 1 4 378�223 Q[=L Q=m

G}=Dv"4
p}�wR=o l =QwN R= 14|vSwQO}y j}ta |}=OROQowo Vvm =w l}Dv}U Q=m u}= QO
xm u}= x@ xHwD =@ "CiQo Q=Qk |UQQ@ OQwt 15uiw}DwRv@|O |OQowo xO=t |=Q@ R=Q}W
sQH p=kDv= pt=wa Q}F-=D =OD@= 'OwW|t s=Hv= uoty=v CQwYx@ |DU}r=D=m Vvm =w
w |}xQiL Pwiv Ctw=kt pt=a wO Qw_vt u}tyx@ "OW xar=]t Vvm =w CaQU Q@
XNWt xrY=L G}=Dv x@ xHwD =@ w CiQo Q=Qk |UQQ@ OQwt |tr}i Pwiv Ctw=kt
=@ TBU "OvQ}F-=D|@ sQH p=kDv= |=yCtw=kt xO=iDU= OQwt CU}r=D=m QO xm OW
QO "OW u}}aD HDS Vvm =w l}Dv}U |v=wD pOt |=yQDt=Q=B |=yV}=tR; s=Hv=
q=@ CkO =@ s}_vD p@=k AtB l} R= l =QwN s}_vD |=Q@ xOW s=Hv= |=yV}=tR;
CLD PLC |rQDvm sDU}U l} j} Q] R= Q=Wi w =tO u}vJty &CU= xOW xO=iDU=
xOW xO=iDU= pm}v |v=Q VwQ R= xOW |Qw;`tH |=yxvwtv R}r=v; |=Q@ "OvOw@ pQDvm
=@ j}kLD u}= QO "CU= ?U=vt 100ppm R= QDsm OQowo Q=Okt |=Q@ xm CU=
Q@=Q@ u; |R=Up=ai |SQv= w 1 4 Q@=Q@ HDS Vvm =w u=wD '|@ QHD |=yxO=O x@ xHwD
|R=Up=ai |SQv= w Vvm =w |xHQO |xU}=kt |=Q@ "Ot; CUO x@ 92 66kJ/mol

xOW x�=Q= 6 pwOH 'Cq=kt Qo}O QO xOWVQ=Ro Q}O=kt =@ j}kLD u}= R= pY=L
|@ wN ji=wD Vvm =w xHQO w |R=Up=ai |SQv= Q}O=kt OQ=wt R= |Q=}U@ QO "CU=
ẁv 'CU}r=D=m ẁv hqDN= Crax@ OwHwt |=yCw=iD "OQ=O xOW s=Hv= |xar=]t =@

lQDWt pYi |m} R}i |=yxO}OB w Vvm =w Q=mwR=U 'Q=OOQowo `HQt xO=t '=yl =QwN
"CU=yR=i

Vvm =w C=HQO |xvt=O |xOwOLt xm OwW|t XNWt 5 pwOH x@ xHwD =@
x@=Wt |=yQ=m G}=Dv =@ |@ wNx@ 16|oQR@ |xHQO Q_v R= '|R=Up=ai |SQv= Q=Okt w

"OQ=O Ck@=]t

|Q}oxH}Dv "5
=@ =yvD HDS CU}r=D=m OQmrta w |D=}rta \}=QW w |L=Q] |=yQDt=Q=B |R=Uxv}y@
Vvm =w l}Dv}U 'VywSB u}= QO "CU= Q}PBu=mt= ?U=vt |m}Dv}U pOt uDW=O
x=oWywSB QO uiw}DwRv@|O |xO=t w R=Q}W p}} wR=o l =QwN R= xO=iDU= =@ HDS

HDS Vvm =w |m}Dv}U |xrO=at u}}aD |=Q@ |}=yV}=tR; "OW |UQQ@ Civ CavY
|xOwOLt QO xm OWXNWt w OW s=Hv= QoVvm =wR} Ql} QO w|L=Q] uiw}DwRv@|O

"|@ QHD |=yxO=O =@ hrDNt C=HQO |v=wD pOt j=@]v= "6 pmW

"n=1 4 |v=wD pOt T=U= Q@ CaQU |=yxO=O |Uw}vQ; |vLvt "7 pmW

CU= 1 4 u=ty xm xHQO u} QDy@ 'Vvm =w hrDNt |=yxHQO u}tND w VwQ u}=
"Ot; CUOx@

QO xm OvDUy |Qo}O |=yQDt=Q=B ( k� )CaQU C@=F w |R=Up=ai |SQv=
QO HDS Vvm =w p}O@D u=R}t Qw_vt u}= |=Q@ "OvwW u}}aD O}=@ 5 |Uw}vQ; |xrO=at
?}DQDx@ w C@=F H2Oil C@Uv w Q=Wi 'LHSV |=R=x@ w 360�380�C |=y=tO
xm '7 pmW |vLvt x@ xHwD =@ "OW s=Hv= 125nl/1 w 60bar '1 5 h�1Q@=Q@
C@Uv T=U=Q@ |R=Up=ai |SQv= Q=Okt 'CU= xOW sUQ 1

T ?ULQ@ ln(k) u; QO
(k�) Q=Okt R= k� Tw}vQ; C@=F u}vJty "O};|t CUO x@ \N ?}W �E/R�
Q@=Q@ |R=Up=ai |SQv= |D=@U=Lt Q}O=kt "O};|t CUOx@ �\N -=O@t R= ZQa�ln

"CU= 2=7� 109 OwOL Tw}vQ; C@=F w92=66 KJ/mol
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|L=Q] |=Q@ |tyt Q=R@= u=wvax@ w 'Ov}=Qi |R=Ux}@W QO u=wD|t l}Dv}U |xrO=at

"OQm xO=iDU= HDS |=yQoVvm =w |R=Uxv}y@ w

Vvm =wl}Dv}U QO |Q}F-=D|tr}iCtw=kt w|}xQiL PwivCtw=kt Q_v OQwt|D=}rta
u}}aD w |@ QHD |=yxO=O R= xO=iDU= =@ l}Dv}U |xrO=at u}}aD |=Q@"OvQ=Ov |}=}t}W
|xU}=kt R= xm Ot; CUO x@ 1 4 |xHQO =@ |v=wD |xrO=at Tw}vQ; |xrO=at C@=wF

CWwv=B
1. hydro-desulfurization
2. trickle bed
3. free elemental sulfur
4. promoter
5. ultra low sulfur diesel
6. optional design
7. pore di�usion
8. �lm di�usion
9. reactants
10. products
11. arrhenius
12. power low
13. complex
14. ultra deep desulfurization
15. dibenzothiophene
16. order of magnitude
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