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 :چكيده
9:;< =>?:@ A>BC@ DEF GHIJ>K:JL MN:OP=QK:RSTUVWX=O YL Z[>\]^O_` a:L[KFG =bGH YL MN:O F=c IOG=b HG L̂ dE=< [E=eT M[>OF 9 êCLf<=g G. 

9:;<U] êg M:>Oh dE NF PH:\QOF :b IJ>K:JL MN:OPGF î:L MF - jMF 
_` a:L[K FG GH Ikl @̂ _b:c mEFn<F ol L̂[p YL MN:O. jqrG DEF NF PH:\QOF :b 

_`dE GH YL _L:T MN:O r dE=< [E=eT NF A>cG :QsRK 9 êCL a:LN GH_` M:i[p P[i:WL P:@ T̂ :QsRK MN:O. UK^VK GHZ:ituOG:v fw: xG^yb zE=<[E=ev NF A>cG :QsRK 9 êCL zE GH YL {b:EN:b jP[p۱۰۰[p |:}K F [~GH. NF IeL F ŵ UT[p P[i:WL jMG:T:>Oh D>` GH xFG� �NF[K F mi:T UeVl 
_` fw=O mEFn<F GHIL =?�L YL MN:O[Sp:b .IJ>K:JL G:T |:}K F :b x[L Ubtufw:O، 

9:;< M�=K FNF MN:O kj/mol٢٣/٦٠ GH �[KF GF[BL Ub P[WK G:T �=QK :RSTkj/mol ۵۶/۵
mi:T f<:E. 

mSTFr mEFn< F ��OF b̂ IE:>V>p mSTFr [E[p �E=R@ D>sL =L F DEFr ��O M=E�� b |=l 9:BQK F �E=R@ه - f<:RL mi:T ��OFrIL nEG xFG� GH � \̂K M:i[p:b.
=>?:@ oE=� U�b FG D>S�Vi A>BC@ DEF GH G:T 

=b IJ>K:JL _` a:L[K FG9:;< U>]rF _`F=L GH oE=� DEF UT [p P[i:WL r P[p UsO:CL MG:T:>Oh a:LN :b MN:OIJ>K:JL MN:O 9:;< a:LN mEFn< F :b r PH b̂ Ul @̂ _b:c G:>RbIL mi:T IE:VK G^�b MN:O[b:E.UE� _>�W@ A>BC@ DEF GHNF ZF _` 9�� GH xFG� a L̂F=>� GH 9^yCL H=g ĝzVv Ub ZN:OSEME:@ HG L̂f<=g GF=c [> .Ue`=L GH j�:OF DEF =b _̀ [SEh=< 9rF_` fw=O jP[pG:v P=QK :RSv ZN:OHGFH {kl @̂ _b:c GF[BL ZN:O 
_>�W@ j|rH Ue`=L GH :L F لايهMF _` fw=O [E[p f<F ol L̂ xFG� ��O ZrG =b H=g ĝ NF{L ZN:OHH=g.  

  

�����واژه ���: 
9:;< jfE=� Ĵ] :T P=QK :RSTjIJ>K:JL MN:O_` jdE=<[E=eTMN:O  

  �������
  qrG 9:VwF �O @̂ a:kl GH M[>] @̂ YL � wF m¡bM:i P=QK:RST MrG =b IJE�G ]̂:QLr=>�IL U>k@ YL M[>\]^O M:iشود. jH^lr DEF :b M:i[SE F=< UT fOF P[p ¢w:b I�>CL fREN D>K F ĉUT IJE�G ]̂ :QLrG[>i:b PF=ViIL M=QVT IgH ]̂ hj[Sp:b b NrGهNrG
Sb:E]ت M=QW>b �;O^.�kL NF IJE fE=� ]̂ :Tr DE=@ 

9:̀ D>w GH DE=@GF[E:�x:s>T=@jYL M[>\]^O I]:QRE=T a:VQ�:O :b IL GFHnT=L £^�O :b 9:K ĝ F=Q@[p:b. 
mp T̂ a ŜT:@MG:>Rb M:i

                                                                 
  ¤¥¦ § ©̈ª«¬® °̄ ®± ²̈ ³̄´٢/٣/١٣٨٣ 

µ¦§¶، ·¸¹«º »̄ º § ¼½ ¶¾¿ºÀ · Á̄®± ¬® §ÂÃ به ٢٤/١٢/١٣٨٣̄° ÄÅÆÃ® ¤ Ç̄« ÈÉÊ°. ·®¶§± ¤ËÃ¸½¸Ã ¸ËÌ± ¾¤ÊÊ©° ¸Æ»± ÍÃÉ° Á̄¤« Ë̄ª¥Î±̧ Ï²̈ ³̄´ ¶ Ë̈Ï¸Î Ð®É¦ ÂÃ§ ÄÅÑ Æ̈¦É° Ò Ó̄ ·§̧ » Ô Ȭ § ÍÃÉ°.  Ö² ×̄Ì¯Ø¸Æ¥ÙÄÅÚÕ« §± ¾·¸ËÛ± ·ÉÜÕ« §± ¾¤ÃÅÝÇ´·Þ®É² Ë̄´ ¶ ±§É́Ä ¹̄Õ« §± ¾ ÂßÝ¦ ¶ à¥Ù Ä ¹̄Õ« §±، com.yahoo@alirezakam  ¸ËÌ±Ì á̄ Ö°Åâ¶ µÆ¥ãÖ¶ à¥Ù Ä ¹̄Õ« §± ¾·Þ®É² Ë̄´ ¶ ±§É́ ÄÅÚÕ« §± ® ǢÕ« §±   صنعت ¾

  

_` fkldEG \̂]^O [>OF GH fE=� Ĵ] :T MN:O[1]،[>OF dE=Q>K 

[2,3]، 
�:>K L̂ h[4] r 9 êCLM:i M[E=eT[5-14]FfOF P[p |:}K. r dE=< [E=eT 9�` GH fE=� Ĵ]:T 9�CKF ä^y�GH G^å` GH [>OF[E=eTGيك، 

|n>K:JLfOF P[p H:kSW>� I\eQ¡L M:i. 9:O GH UT ILn>K:JL۱۹۹۸ YEG æ̂:L �O @̂  [15]j[p Uæ FGF DEF GH Ub oO:SL ä^y�= K IL[Eh. 
mSTFr rH |:}K F |neQRL |n>K:JL DEF fOF =ENç 
1-CuFeS2+4FeCl3=CuCl2+5FeCl2+2Sº

 

2-CuFeS2+3CuCl2=4CuCl+FeCl2+2Sº 

  

)۱(  CuFeS2+3FeCl3=4FeCl2+CuCl+2Sº  r  
)
t
(  4FeCl2+4HCl+O2 = 4FeCl3+2H2O  [SEF=< DEF GH a Ê n>]rG[>i NF è:SQlF MF=b�>CL IQRE:b Dih M:i [p:b M[>OF.  F PH:\QOF :b fE=� Ĵ]:T NF YL 9:yCQOF M:i[SE F=<dE=<[E=eTN r UQ<:E U;O @̂ �L:T GH P[p mE:LNh IQ;S~ UV>K �:>BL[K F. 
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���P=QK :RSv 9�CKFfE=� �̂] :vn>K zE=<[E=ev GH aF=E F UVWX=O YL
fOFهب UQ\g GF=c {OG=b HG L̂ {b^�]۱۶[ .M:i[SE F=< GH 9:̀ DEF :b f e� GH :kS@ G T̂�LNF m>b dE=< [E=eT M:i 

t
 

9 L̂ 
=b j=Q>] :c YL 9�CKFfOF Ul @̂ _b. NF DEFrG �e�RL IJE PGF^Vi IgHG^� H^l L̂ x�å;L NF 

_` =>RL GHdE=<[E=eT GH fE=� Ĵ]:T MN:O fOF PH b̂. UQ<:EGH a:BBCL[KF GH UT �>CLdE=< [E=eT M:i 9 êCL NF PH:\QOFM:i H:}EF 9:VQ`F 	>e� r �w:pF 
�=@IgHG^� IWS@ FG IL mEFn<F[iH. IbLF DEF Ub Ikl @̂=

 fRJp 9:VQ`F r U \CL IK:kg:K FG U;l:< Nr=b IL x ĉ[W¡b[17-19]. DEF GH 9:;< NF PH:\QOF :b UT fOF P[p I;O A>BC@IJ>K:JL MN:O jP=QK :RST GH YL 9�CKF aFn>L [E=eT NF A>cG :sE=B@ 9 êCL dE [b:E mEFn< F dE=<.  

هب
9:;< IeT G^
MN:OfE=� Ĵ] :TIL FG�w^V}L UO Ub aF @̂IeT H=T �>RB@ =ENç  

۱-
_E[s@fE=� Ĵ] :T:i[>\]^O =E:O Ub هبaH=T �T :E aHrn<F �e>Or jYL H=g ĝ :E Dih[10].  t

-NF PH:\QOF :b MGrn>] :@:T mSTFr dE 9:Vw F 
=EH:BL jP=BK Iænl Db=T xFG� ، Dih GH �̂ 

:E f>@:Vi[20].  

۳-
9:Vw FG:T IJ>K:JL=b fE=� Ĵ]:T P=QK :RST MrG.  ? Ub=}@ UbjIJ>K:JL G:T 9:VwF UT fOF P[p fb:DE=@=? L̂qrG 9:;< MF=bIL fE=� Ĵ]:T MN:O[p:b.�^V;Lb IJ>K:JL MN:R]:;<ه -M:>Oh dE GH P=QK :RST xFG� MrG =b IJ>K:JL G:T 9:Vw F �e>OrU] êgIL |:}K F MF[15]شود.  

  ������ ���aF=E F UVWX=O YL fE=� Ĵ]:T �=QK :RST NF A>BC@ DEF GH:b 9r[l GH �G[SL o>T=@۱ [p PH:\QOF. GH YL |:V@ G^å` �=< :b N:< jfE=� Ĵ] :T GH fE=� Ĵ] :T aFn>L P=QK :RST9H:;L�t
/۸۶ [~GH [p UsO:CL. 

=b IJ>K:JL G:T |:}K F fkl jP=QK :RST MrG NF  يك PGF î:L M:>Oh9[L M FRITSCH [p PH:\QOF. r U \CL U] êgM:i
Oh<هب DEF GH UQ<G G:T:

 NF [KH b̂ x:gh YSl. 
_` MF=bMN:O o>T=@ :b 9 êCL dE NF fE=� Ĵ] :T mol/lit٢٨٣/۰=[FeCl3]r 

mol/lit
u
/۰= [HCl][p PH:\QOF. UK ĝ f e�9 êCL GH IK Ê M:i b � <̂
ه

xG^~fOF =ENç  
mol/lit٢٨٣/٠=[Fe+3]  

mol/lit٤/٠=[H+]  

mol/lit٢٤٩/١ =[Cl-]  _` [SEF=< |:}K F MF=bMN:O،
=EH:BLH^l L̂ M=QL >̂T Q̂OFU�b FG GH

١Ul @̂ HG L̂[SQ<=gGF=c .jHG L̂ =i GH UT o>@=@ DE[b 
t|=g GH P=QK :RSTmL۱۰۰[p _` 9 êCL. NF IJ>K:JL G:T |:}K F MF=b U] êg IKNr fsRK/

9H:;L P=QK :RST۵[p PH:\QOF. 
mE:LNh |:V@ GH - M:i_`�i dE NF MN:Or IJ>K:JL aN �i fw=OaHN rpm
u��
 

PH:\QOFr P[p 
_̀ M:LHfcH :b MN:O °C 

t
± GH °C۸۰[p 	\`. mE:LNh |:V@ GHM:i_`jMN:O DQpFH=b NF Ip:K �}` mi:T j9 êCL NF Iy¡WL NFهب `{� GF[BL a:Vi aHrn< F �e>Or 

9 êCL _`r MN:O Ip:K �}` mi:T NFj=>¡s@ هب
=�BL èh aHrn<F �e>Or :b :LH �i [p aF=sl 9 êCL. n>L m}SO MF=bH^l L̂ YL a Ê aF GH 

9[L IV@F è�l P:�QOH dE NF 9 êCLAAS3[p PH:\QOF . UK^VK 
:ijP=QK :RST M a:LN x[L UbM:iNF �eQ¡L۳۰

:@۱۸۰۰UB>cH [SQ<=g GF=c IJ>K:JL G:T fC@. UK^VKx[L Ub G b̂nL M:iu�
 fw:O r P[p MGF[k�K G @̂ :J>OH dE =EN GH HG L̂ Y�O 

_` mE:LNh - UQ<=g GF=c MN:Or NF Y� UK^VKr MGFH=b A>cGZN:O، P:�QOH �O @̂ GF=c IOG=b HG L̂ IV@F è�l [SQ<=g.UK^VKG:v Z:i jP[p هبUe>Or UK FH {i:�WE:LNh Z:i[K=O[K[p Z[Sb.  j:LH =? F {OG=b fklUK^VKx[L Ub P=QK :RST M:itufw:OfC@ G:T GF=c IJ>K:JL UQ<=g r NF Y� Ue~:<�b NF U>e¡@ j:>Oh GH 9 êCL - _` M:iM:i:LH :b MN:O ۶۰ ،۸۰ r۱۰۰jHF=�>QK :O �lGH 
_` HG L̂ - Q<=gGF=c MN:O[S .UK^VKG:v Z:i 
_` HG L̂ :i:LH DEF GH n>K P[WK - [SQ<=g GF=c ZN:O.  

  ��� �� �� !�" FH^VK GHG_�p Z:i۱
9:;< a:LN =? F j=b {�>K:�L ZN:OG_` [Kr - ev Z[>OF 9 êCL GH fE=� �̂] :v P=QK :RSv ZN:Oa:WK zE=<[E= fOF P[p PHFH.  

  

  #$%&'#( )�*�+ ,-#( )�*. /0(12 3* 4.�5-6 4.�5
*�8+�78زمان -�9 :�;<* 4��

  IL P[i:WLIJ>K:JL G:T 9:Vw F a:LN x[L mEFn<F :b UT H^p NF٠
:@١٨٠٠UB>cH، 

_` a:L[K FGMN:OهبU `�L _b:c G^
mEFn<F ZF fOF UQ<:E. Ub IJ>K:JLG:T 9:VwF :bx[L ۳۶۰r=u�r۹۶۰ r>uu�
 IL UB>cHGH aF @̂ a:LN_` M:io>@=@ Ub MN:O ۳۰۰، 

tu�
، >t�r۶۰UB>cHGH NF A>cG M[>OF 9 êCL dE Ub dE=< [E=eT  
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 ���&'����15 3* ������5 �1;+�0�� ������% /��1�IE:>V>p o>T=@ Cu Fe S SiO2 Al 2O3 CaO �FnlF =E:O IKNr [~GH ۳۰  
t=

 ۵/۳۵ 
u
/۶ ۷/۱ ۹/۰ ۵/۰ 

  
  _`f<:E fOH YL _L:T MN:O .GH DEF HG L̂ GH UT fOF I] :̀ jP[WKG:T P=QK :RST NF Y�۶ 

_` fw:OjMN:O GF[BL :kS@۷۳ NF [~GH [p _` H^l L̂ YL. �B< 9:VwF۳۰ G:T UB>cH 
mEFn<F IJ>K:JL U `�L _b:cFG MF GH _` fw=OfOF PH=T H:}EF YL MN:O. DEF :b jH^lr 

:bjIJ>K:JL G:T 9:Vw F a:LN x[L mEFn< F 
_` a:L[KFGMN:O jYL 

:b IVK mEFn< F IQb:? �Sih[b:E. GH _�pt
 ،

_` a:L[KFGMN:O NF Y� YL ۳۰گذشت 
_` NF UB>cHG:T a:LN x[L oR`=b MN:O fOF P[p �OG IJ>K:JL.  

  

#8%�'#( )�*�+ ,-�% !., 3" 3* 4.�5#$., �%�& 6 #( )�*.'�* /0(12 4.�5�$�+�$* -�� ��( , )�*.
  _�p GH H^l L̂ =EH:BL =b �:s�KF ZF=b U]H:;L DE=Qkbt=EN xG^yb [p D>>;@ç  
)۳(  α=A+a(1- e –bt)+c(1- e –dt)  � <̂ ��b FG GHα r t NF xG:sw o>@=@ Ub 

_` a:L[K FGr YL MN:O G:T 9:Vw F a:LN x[L IJ>K:JLr A, a, b, c, d U]H:;L fbF ?̂IL - p:bن[. F=bG:v a:LN x[L =? F {b:ENGF Z 
_` a:L[KFG =b {�>K:�LZN:O {L YLNF aF @̂G:T =>?:@ oE=� IJ>K:JL(Km)PH:\QOF =EN �E=;@ :b H=vç  

)
u
(  (Km)t0=dα/dt  

 (Km)t0 
G:v 9:Vw F =>?:@ )=;L a:LN x[L Ub {�>K:�L

 t0{L[p:b .
:b fpFH �>iF^� {b=}@ *E:QK Ub Ul @̂ç  

)۵(  α=42.93+12.48(1- e –0.027)+33.59(1- e –0.001t)  

  Km= dα/dt =0.34 e –0.027t + 0.05 e –0.001t 

GH _Jp
۳ 

BL:=EHKm 
_b:BLGHt fOF P[p �OG. NF DEF �;] :�L_�p

 G:T 9:Vw F a:LN mEFn< F :b UT fOF G:Jph NF IJ>K:JL 
=>?:@ oE=� G:T b IJ>K:JLهIL UQO:T IE:VK xG^~شود.  

  

  #8%#'1�+�� /�1,��( , )�*. '�* /0(12 �$�+�$* -���$�+�$* -��
  UK FH a[p nEG r f>]�` mEFn< F D>b -:s@GF DQ<:E ZF=bZ:i [p PH:\QOF UK FH ZnEG H[w NF j{�>K:�L G:v =?F GH P=QK :RSv .H[w :sE=B@ MnEGoO:SQLIL xFG� aNr [`Fr Ub ��O fsRK :b[p:b. Ub ��O fsRK mEFn< F :b UT fOF IkE[b9�CKF fw=O =b aNr IL PHrn<Fشود. ILH[w aF @̂ UK FH MnEG(gfn) FG x[L 9:Vw F NF Y� a:LNG:T �eQ¡L M:i H=T UsO:CL IJ>K:JL)

_Jpu
.(UK FH MnEG H[w �:>BL GHgfn

_~:̀ .^V}L �>RB@ _~:̀ NF xG:swè=�M:i.^V}L =b d]F MrG =b P[K:L Ic:b PH:L IKNr [~GH GH d]F oE=�:i[~GHIL d]F MrG =b P[K:V>c:b PH:L IKNr M[p:b. fOF P[i:WL _b:cGH UT G:T |:}K F =? F jIJ>K:JL H[w UKFH MnEG IL mEFn<F[b:E. G:T a:LN mEFn<F :b =�EH M^O NF jIJ>K:JL NF o>p IL UQO:T ISCSLشود. 
_Jp GH P[p P[i:WL [KrG :b [KrG DEF۳ HGFH Ab:�a:LN به.@ GH Uv {S;L DEFه
mi:v /=K ZG:v:>Oh U>]rF Z: _b:c P=QK :RSv xFG� PNF[K F a:LN =QW>b mEFn< F :b r PH b̂ U `�L nEG /=K ZG:v:>Oh IL mi:v a[p[b:E.  :b F�]mEFn< FjZG:v:>Oh a:LN 

_` a:L[K FG F[Qb F GH/=K :b YL ZN:O �WXIL mEFn< F Z=>ga:LN GH r [b:E=>?:@ x[p NF =QW>b Z:i =b ZG:v:>Oh_` a:L[K FG{L UQO:v ZN:Oشود .
mi:v :b .^� L̂ DEF{�>K:�L G:v 9:VwF a:LN mEFn< F =? F GH {�>K:�L G:v =>?:@ oE=�
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���HGFH Ab:�@ .
_` a:L[K FG mEFn< F:@[Vw jxFG� a[p =@nEG :b ZN:O mSvFr ��O mEFn< F Ub - b̂=L{L a[p nEG =? F GH P[SSv[p:b.  

#8%
۴'4��- 6�(�+ ,6. '�* /0(78�+�8* -�9 )�*

  GH DEFA>BC@، 
9:;< M�=K FGH fE=� Ĵ] :T 9�CKF MN:O I] êCL Mr:̀t��

/۰
=b 9 L̂ 

=Q>] FeCl3 
ru/۰=Q>] =b 9 L̂ HCl، rH MF=b G:T �K^VK r P[WKtu

 G:T fw:O [p UsO:CL P[p. NF PH:\QOF fb:? GH DEN:�h fw=O IL [>\L ä^y� DEF[p:b. fpFH Ul @̂ IQRE:b �>i UTF[T9[L NF |jH^l L̂ M:i [SQR>K �H:~ �EF=p �Vi fC@. r PH b̂ IK:kl fb:? dE DEN:� h fw=O fb:? GH Ub IWE:LNh =i r UsO:CL _b:c IgH:O H=bG:T fOF[15] .هبFjG^ SL DE GH =i j:LH _̀ a:L[K FG xF=>>�@ M:E ĝ UT U]H:;L DE=Qkba:LN :b YL MN:O j[p:b Ib=}@ *E:QK =bPHFH A>s�@[p. U]H:;L IOG=b :bj�eQ¡L M:i b U]H:;L DE=Qkbه
= K GH =EN xG^~ [p UQ<=gç  

)۷(  α = a(1 – e –bt) + c(1 – e-dt)  fb:?DEN:�h fw=O(K0)NF fOF xG:swç  
)۸(  K0 = (dα/dt)t=0 = ab+cd  {L Y�Ob fw=O fbF ?̂ aHFH A>s�@ :b aF U]H:;Lه̂@ =b P[Lh fOH 9:;< Z�=K F =ENCL FG ZN:OH=v UsO:ç  
)۹(  LnK0 = M – Q/RT  GH j� <̂ ��b FGQ ، 

9:;< M�=K FMN:O، R،j:iN:g fb:? T،DE êv Z:LH r M ،IL U]H:;L fb:?[p:b.
_�p GH٥، 

=b P[p _` YL =Rv oR` _` a:LNG:v P=QK :RSv ä^y� GH ZN:O Z:i:LH GH P[WK۶۰، ۸۰ r۱۰۰{QK:O UlGHfOF P[p �OG HF=g.  Ub Ul @̂ :bDEF_�p
، r x�H:;L 

9�CKF MF=b DEN:� h fw=O fbF ?̂ M:i:LHGH P[WKG:T P=QK :RST�eQ¡L9r[lGHtfOF P[p Uæ FGF. D>b H^l L̂ I�� :sE=B@ -:s@GF Ub Ul @̂:bLnKo 
r1/T)

_�p
٦(، jP[WKG:T �=QK :RST 9�CKF ä^y�GH MN:R]:;< M�=K F 
9H:;L

kj/mol
t�
/۶۰[p UsO:CL. 

:b IsO:SL A<F @̂GH GF[BL DEF 
=EH:BL ja:BBCL =E:O �O @̂ P[Lh fO[b YEG æ̂:L UeVlNF[15] r �FnE=@rH[10] IL[p:b. Ub:WL IprG NF PH:\QOF :b a:BBCL DEF9H:;L o>@=@ Ub FG MN:R]:;< M�=K Fj ۶۸ rkj/mol

�u
 [KH=T UsO:CL. b GF[BL IgGnbهGH P[Lh fOH 
9:;< M�=K F ä^y�jMN:O D>sLDEF

9=QST IE:>V>p mSTFr �e>O b̂ N:� hGH 9�CKF [SEh=< UT fOF =L FIL شود .IL GH fw=O fbF ?̂ aF @̂ MGF��E:l �e>O b̂ FG U C] =iHGrh fO[b =EN �]H:;LGH U
 b̂=L a:LNç  
 )١٠                                         (Kt = abe –bt +cde –dt  

  

���	'. /0( 12 ��% #( 3* 10�#( )�*�,12 �.�5 -�� �1;+�0�����+
  IL U `�LكشودGH fw=O fbF ?̂ U j:i:LH |:V@ a:LN mEFn<F :b _`IL mi:TjMN:O[b:E .NF M=Wc H:}EF Ub fOF DJVL [KrG DEF H=g ĝ 

=b 9^yCL [p:b - b̂=L PG� MrG. j=Wc DEF _>JW@ هب�e>Or a:BBCL NF MG:>Rb fOF P[p qGFng.DEF =b H:BQw FH=g ĝ Uv fOF _` a:E=l GH Z=ySwb jfE=� �̂] :v ZN:OهZrG =b UE� zE xG^~ IL _>�W@ PGشود� .GF=c {OG=b H L̂ oe�L DEF n>K A>BC@ DEF GH f<=g .
=E^y@ SEM

_̀ [K:VR� NFP=QK :RSv ZN:OtG:v fw:O x[L Ub Uv P[p۳۶۰
_` fC@ UB>cHr fOF UQ<=g GF=c ZN:O n>] :K h EDX

v Ub - b̂ =L=E^y@ GH P[p PHFH a:WK ��O _
 SEMGH _�p

۷fOF P[p PHFH mE:VK .{e~F �nl Uv fOF P[i:WL _b:cP[i:WL YL H^lr NF Z=? F r P[p _>�W@ H=g ĝ NF G b̂nL [K:VR�{VKHH=g .r =Wc DEF I}EG[@ �;O @̂ =?F GH fOF DJVL U
 :̀ F jah �O @̂ xFG� a[p 
9=QST �e`=LjmSTFr fw=O �[SST NF ST FrH^p _E[s@ [K:VR� �E� GH |=l 9:BQK F Ub IE:>V>p m

.
mi:v[>E:@ FG oe�L DEF n>K 9�CKF a:LN fp�g :b 9�CKF fw=O [E[pIL[Sv.  UT M=�EH �QJKNF9r[lt

 {L G:�phHH=g، 
�Hr[CL GH UT fOF DEF _` IK:LNMN:O۰ 

:@۶۰ jUB>cH NF :LH mEFn<F :b۶۰ 
:@۱۰۰ �lGH IQK:OHF=g، O fb:?U C] fw={L mEFn<F n>K 9�CKF ZF[b:E .GH a:LN_` Z:iNF m>b ZN:O۶۰NF :LH mEFn< F :b jUB>cH۶۰

:@۸۰ {QK:O UlGHmEFn<F :b {]r P[p PHrn< F 9�CKF fw=O fb:? =b jHF=g :@ :LH =QW>b۱۰۰{QK:O UlGHUb ah aFn>L NF HF=g{L UQO:v x[p -

a:ViUK. شود ĝj[p PG:pF UT GH F=? :b xFG� _L:T a[p U
 :̀ F NF M=Wc 
9=QST �e`=L jH=g ĝjfw=O �[SST NF Ub IE:>V>p mSTFr GH |=l 9:BQK F 
_E[s@ =Wc DEF{LH=gد. GH � \̂K f] k̂O 

:@ =Wc DEF Hr[̀ HGFH I�QRb ah f>i:L Ub MH:EN.  
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� ��
� 
��!

  ����'� '�6��*-�� �1;+�0�� ��+ , ����-6��.�	
 �(15 �2 ,�+���+�* 6�6,1��;+�5 �-6�
 ��% ��� � 6��* K0(1/min) 

٦٠  

٨٠  

١٠٠ 

 e-0.04891t)+0.2912(1-e-0.004048t)-١(٠,٢٣١٣=ل

 e-0.127t)+0.4205(1-e-0.009914t)-١(٠,٣١٤٨=ل

 e-0.284t)+0.5839(1-e-0.03407t)-١(٠,٣٧٧٤=ل

٢٥/١*١٠-٢  

٤١/٤*١٠-٢  

٢٧/١*١٠-١  

   
  

  #$%�'LnK0
/0(12T-1�1;+�0�� �,12� ���+ -����-�� �(�5��%

  ���#'�2�+������� �(15�,����-6��+ ,-�� �1;+�0�����+-6:�;<* ����* 6
K0 �-۱۰*

t=
/۱ �-۱۰*

u>
/
u ۱-۱۰*

t�
/۱ 

K5 �-۱۰*۱ �-۱۰*۵/
t �-۱۰*

t�
/
u 

K15 ۳-۱۰*
=u
/۶ ۳-۱۰*

=u
/۹ �-۱۰*

�u
/۱ 

K30 ۳-۱۰*۶۵/۳ ۳-۱۰*۹۸/۳ ۳-۱۰*۱۶/۷ 

K60 ۳-۱۰*۵۳/۱ ۳-۱۰*
�t
/
t ۳-۱۰*۵۸/

t 

K120 �-۱۰*۵۷/۷ ۳-۱۰*
t�
/۱ �-۱۰*۳/۳ 

K180 �-۱۰*۷/۵ �-۱۰*۷ ۵-۱۰*۳/
u 

K240 �-۱۰*
u�
/
u �-۱۰*۸۶/۳ ۶-۱۰*۶/۵ 

K300 �-۱۰*۵/۳ �-۱۰*۱۳/
t ۷-۱۰*

t
/۷ 

K360 �-۱۰*
�u
/
t �-۱۰*۷۵/۱ ۸-۱۰*

u
/۹ 

  IL)G:;QL:K =? F aF @̂:LH FG GH a:LN_` M:iNF m>b MN:O۶۰ UB>cHGH =Wc DEF f;>s
 Ub Ul @̂ :b H=T U>l @̂ �eQ¡L M:i:LH. UT fpFH Ul @̂ IQRE:b M:LHGH H=g ĝ G:Q�:O۹۵ IQK:O �lGH - b HF=gهNF _s>OGrG xG^~ jd>S>eT K̂ L̂ Ub d>sLG @̂GrF IL =>>�@ - [ST. GH H=g ĝ M:LH>t�
 IQK:O �lGHHF=g GH Ub HGF[K:QOF G:W< - IL èr� d>S>eT K̂ L̂ xG^~شود. >LG^ r IJR>i[21] GH DV� GH P[p _>JW@ H=g ĝ �E� UT [KH=b I� fE=� Ĵ]:T 9�CKF M:i:LH

j=@�:b 
9:�Xr PH b̂ jUW>pهب @= Ub U>sp IWp �̂ xG^~ G xFG�F IL U
 :̀ F[ST.   _Jp Ub Ul @̂ :b۸، r x�H:;L b DEN:� h fw=O fbF GHه̂? P[Lh fOH �=QK :RST 9�CKF ä^y� 

tu
 G:T fw:O GH P[p M:i:LH۶۰r۸۰ r۱۰۰ IQK:O �lGHGH HF=g 

9r[lufOF P[p Uæ FGF.   D>b H^l L̂ I�� :sE=B@ -:s@GF Ub Ul @̂ :b LnK0 r 1/T )
_�p
٦( 9:;< M�=K FGH MN:O P=QK :RST 9�CKF ä^y�tu

 G:T fw:O jP[p 9H:;L kj/mol ۵۶/۵[p UsO:CL.  
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���
    

  

  #$%�'1����SEM3" .,#( �+�*�1�� -6 3* �.�5����+
 ���1�� EDX1���� -6 ��% �6,6 )��+ ��5 #� .,
SEM 

  ���۴'� '�6��*�2�+����1;+�0�� ��+ , ����-6��.�	
 �(15��-�� �(�5��%
  :LH)HF=�>QK :O �lGH( P[p f>< �]H:;L K0(min-1) 

۶۰  

۸۰  

۱۰۰ 

α=0.5343(1-e-0.665t)+0.4228(1-e-0.012t) 

α=0.5878(1-e-0.664t)+0.4769(1-e-0.0335t) 

α=0.8482(1-e-0.508t)+0.173(1-e-0.096t) 

۱-۱۰*۶/۳  

۱-۱۰*۰۶/
u
  

۱-۱۰*
u�
/
u
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��� ����
�� ��
����	�� 
� ������راندمان�����#��� ����� 	)
� ��
� 
���

#$%�'#( )�*. /0(12 ��% #( 3* 10��,12 �.�5 �1;+�0������% -�� �(�5
  :b به  توجه{�X v̂9:;< M�=K Fb MN:OهIL P[Lh fOHaF Ŝw aF @̂ H=T GH UT 

_` ä^y�MN:OfE=� Ĵ]:T 
tu
 G:T fw:O jP[p 9=QST �e`=Ljfw=O �[SST IL |=l 9:BQK F[p:b. GH =? F G:T |:}K F x[L Ub IJ>K:JLtu

 jfw:O 
mi:T xFG� �NF[K F=L F DEF r UQ<:E mSTFr mEFn<F ol L̂fE=� Ĵ] :T ��O M=E��ILHH=g. DEF=b :Sb _>kR@ MH:EN Hr[̀ :@ 9�` r fE=� Ĵ] :T D>b IE:>V>p mSTFrO :b r P[p|:}K F MH:EN fw={Lهشود، بUK ĝN:�h GH UT MF 

_` - jMN:O 
9=QST Ue`=L =�EHfw=O P[SST,[iF^¡K IE:>V>p mSTFr

. بود
9=QST |=l 9:BQK F fw=O :b mSTFr fw=O �EF=p DEF fC@[p [iF �̂ .

_` 9 êCL GH |=l 9:BQK F �EF=p DEF GH�E� r MN:O b [K:VRه�b̂ �[K F _>]Hدf<:RL a\̂K M:i9:;< M�=K F Ub �MN:O HGF[K N:>K MH:EN. 
9:;< M�=K F DEF=b :Sb9H:;L IT[KF MN:O      

kj/mol ۵۶/۵NF GrHG: QK FfR>K.  

 
۴���� ��� GH DEFA>BC@، 

9:;<YL fE=� Ĵ] :T �=QK :RST IJ>K:JL MN:O b UVWX=OهU] êg M:>Oh dE �e>OrPGF î:L MFr MF 
=b ah =? F _` a:L[K FGL MN:ONF A>cG :QsRK M[>OF 9 êCL dE GH Y [E=eT f<=g GF=c IOG=b HG L̂ dE=<. IL mp T̂ DEF _y`:L =EN *E:QK - [p:bç  

۱-NF MG:T:>Oh a:LN x[L mEFn<F :b۰
:@۱۸۰۰jUB>cH 

_` a:L[K FG - NF Y� YL MN:O۳۰ 
_` UB>cHNF MN:O ٤٣

:@۸۶ 
mEFn< F [~GH f<:E .G:T 9:VwF :b 

x[L Ub IJ>K:JL ۳۶۰r=u�
 r۹۶۰ r>uu�IL UB>cHGH aF @̂ a:LN_` M:iUb MN:Oo>@=@ ۳۰۰rtu�

 r>t�r۶۰UB>cHGH NF A>cG M[>OF 9 êCL dE Ub dE=< [E=eT _`f<:E fOH YL _L:T MN:O. t
-oE=�=>?:@G:T 

:b IJ>K:JL jMG:T:>Oh a:LN mEFn<F 
=b As
 ��b FG IL mi:T =EN[b:Eç  

Km=0.34 e –0.027t + 0.05 e –0.001t   
۳-NF IJ>K:JL G:T a:LN mEFn<F :b۰ 

:@ ۹۶۰ jUB>cH H[w UK FH MnEG 

)gfn( NF ۱۹۵
:@۳۰۰ IL mEFn< F[b:E .GH mEFn< F DEF r PH b̂ H:EN F[Qb F 

NF a:LN fp�g :b IL UQO:T ah �Sihشود. j[KrG DEF 
:b [KrG GH P[p P[i:WL 

=>>�@ ä^y� 
=>?:@ oE=� G:T 

:b IJ>K:JL a:LN MG:T:>OhهمHGFH IK F^�.  

٤-M�=K F9:;<GH MN:O G:T fE=� Ĵ] :T �=QK :RST 9�CKF ä^y� r P[WK 
tu
 G:T fw:O jP[p به

9H:;L o>@=@t�
/۶۰ r kj/mol ۵۶/۵ [p UsO:CL.  
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