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bblil:;b~aJ tlilYl:;bV\~n t'iltlii~aJ'l5lJ.1ll.5'i1"'.il~1ll. 6 wt% Fe/ZSM-S, 9 wt% Fe/ZSM-S bblil:; 12 wt% •• 
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5'il"'.il~1ll. 1:1.S ~ni1€Jll.b'll1'luhuDn"',i{~bblJlJblJ'iI~.,j~5'i1"'.ilm"'.i'lv\lil so cm3(STP)/min m"'.i'Yl'illil€J~ 
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f€J rJlil:;m"'.ib~ €Jn b n'il'l.l €J.,j ~~'ililrn'YI'1 n t'il"'.imflJ €Jll.~nl1i1 b 1~ulin~rJl;t €J 'llil~~'l3.l b~ aJ tlilYl:; b YI ~n t'il rJ 
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bn'il~~'ililrn'YI'1~bbfi mflJ€Jll.aJ€Jll.€Jn'l'l5~ iib'Ylll. Drill. Db'Ylll. t'W1.y;ll. bblil::t'W1b'Wll. hmmrn S1.0, 

20.1,0.9,3.9,1.1 bblil:; 1.1% 'iIl3.l~lilJ 
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Abstract 

ZSM-5 zeolite catalysts prepared from fly ash (58.6 wt% purity) and impregnated with iron, 
i.e., 6 wt% Fe/ZSM-5, 9 wt% Fe/ZSM-5, and 12 wt%Fe/ZSM-5, were tested for C02 hydrogenation 
to convert C02 to hydrocarbon compounds. The C02/H2 reactant gas mixture with a mole ratio of 
1: 1.5 was fed into a packed bed reactor with a flow rate of 50 cm3(STP)/min. The operating 
temperatures were 350, 400, 450 and 500°C and pressure was 10 atm. The results show that the 
highest yield of hydrocarbon products was obtained at 450°C for all tested catalyst. Compared with 
ZSM-5 catalyst without iron loading, ZSM-5 zeolite catalysts loaded with iron produced more 
hydrocarbon products with high number of carbon atom and also olefinic compounds. In this study, 
the highest percentage selectivity of hydrocarbon products was obtained from 12 wt% Fe/ZSM-5 with 
51.0,20. 1,0.9,3.9, 1. I and I.I % of CO, CH4, C2H4, C2H6, C3H6, and C3H8 respectively. 

Keywords: carbon dioxide hydrogenation, iron loaded ZSM5 zeolite, lignite fly ash 
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l~l~~b'iJu'lJ1l~Ii'l<Jjmf1J1l'l<l~1l1lnl'll<ii' 

o 
'U'YI,"-1 

iJ'l!'V\1~Lnm1nm"jH'bhu~u~ni.u~Li'JuL:RflL'V'l~\!lum"j~~<Jlm~LLt'I'i.yJi'Ahfifl m"jLn<nLn1~fltJ 
(fly ash) ~\!Li'Jumn'lJfl\!L~mJ1mrn~'V\1f11~ L~flLLfliJ'l!'V\1'lJfl\!Ln1~fltJL'V\~fl~\! i.~iln1"jtlmn1~fltJ 
i.uH'lhdtJ'll'U<?l1\I s:J L'lfU m"jtbLfl1Ln1~fltJmY11~qj'Ylui.yJ m"jliLi'Jult'1'<nlulm\!t'I'11\1b1UULL~~Li'Ju ... , 
~1U~t'I'~'lJfl\!f1flUn1<Jl Li'JU~U L~fl\!"il1nLn1~fltl~ni.u~il<n~nfluLL~~fl~~3JLUtl~lu"jU'lJfl\!t'I'1"ju"j~nflu 

" " 
fl~ ~3Jl w'fi~ b n <Jl L i'JUfl\!fi'UJ~n flU 1 UU1m rnt'l'\! ~\! t'l'1mJb11 ,htJu 1<Jl b1~U 1 umJi\! Lm1~~<.nl fl i.~ ~'ll'U<n 

" ". 
ZSM-5 ~ilm1~U1t'1''Yltn\l 50 % (~J~'V'l\!';, 2543) mJ~~<Jl<.nlfli.~~'ll'U<n ZSM-5 "il1mn1~fltl • 
~ni.u~~\!btJul~'V\'rt\!lumJ~~u1mJliuJ~1t1'll'u"il1nbn1~fltl 

oillfl i.~~'lfU<n ZSM-5 t'l'1~1Jb11iL tJUi1d\lu~n1t11 ~1'V\1U U~n1t11n1JL~~h l<nJL "ilU 

(Hydrogenation) b~~ U~n1t11~b~1Um1~t'I'uh fi flU~n1t11n1JL~~btl l<nJL"ilU'lJ fl\lrl1'1l 

mfuflub<nflflnb'1l~ b~fl\!"il1nbtJumJL~dJ~~f11rl1'1lmfuflUb<nflflnb'1l~~~<nLtJUrl1'1lL1flUm~"iln oil 
" 

lflb~~'lfU<n ZSM-5 ~L<Jl1t1~"il1mn1~fltl~nbu<Jl1~~n'Yl<nt'l'flulumJL~\!u~n1tJ1mJL~~btll<nJb"ilU'lJfl\! 
rl1'1lmfuflui.<nflflni.'1l~ (1J~itl bb~~bdJ<Jl<Jl1, 2547) ~~<Jl.nrn.-n~b~btJumfuflUdJflUflnb'1l~ :Wb'YlU €i 

b 'YlULL~d 'V'lJb 'V'lU 1<n tln1JLLU ~\!NU (conversion) 'lJ fl\!rl1'1lmfuflU i.<n fl fln'l'1l~ilfi1UJ:::mrn 20% ~ 
450 °c LL~~ 10 UJ"jtJ1mfl 

U ~n1tJ1mJb~ ~ btl l<n"jb "ilU'lJ fl\! rl1'1lmfu flU b<n fl fln b'1l~~b~bfl tI~n~n ~1 ~1 Lb~1 ilJ\!~l 'If''[ ~'V\~ 
btJu'V\5n b~LLri b'V\~n (Ando et aI., 2000, Kusama et aI., 1997) lf1Ufl~~ (Zhang et aI., 2002) 

h'V\~~t'I'~b'V\~n-'Ylfl\!bb<n\!-fl~~3JbUtl~-l'V'lLL'Ylt'l'boiltl~(lnui et aI., 1999) LL~~mJHh'V\d1~nu<.nhb~~ 
" 

b~bbri b'V\~n-'Ylfl\lLL<n\!-l'1lb~tI~~t'I'~b:n\!mtlm'V'lnu<.nlfl'l~~'lfU<n Y bb~~'ll'U<n ZSM-5 (Xu et aI., 1998) 

b'V\~n~~'ll'u (impregnation) lJu<.nlflb~~'ll'U<n ZSM-5 (Riedel et aI., 1999) hb~tI~-~bYitl~~~'ll'l.Juu6Jl 
q q 'I 'I 

lflh<Jl1~~'lfU<n Y (Bando et aI., 1998) mJd\lu~n1tJ1'lJfl\!<.nlflb~~'lfU<n ZSM-5 ~L<Jl1t1~"il1mn1~fltl 
~n i.u~m<n11"il~t'I'1mJb1ufuuJ\!'l<n"[<ntlmJL~~ h'V\::: f1rn:::m~tli.~b~fln h'V\:::b 'V\~n ~\!ilJ1mb1nLL~:::il . " " 
t'l'dJu111umJt'I'11\!~U1i:::J:::'V\11\!fl:::<Jlfl~'lJfl\!f1TfUflUb~~ (Inui et aI., 1999) 

'lJflUb'lJ<Jl'lJfl\!\!1Ul~tldbtJumJb<Jl1t1dJbb~:::'Yl<n~fllJ,;]1d\!ul1n1t.n<.nl1Jh(~hU<n ZSM-5 ~b<Jl1tJdJ 
"il1mn1 ~ fl tI~n b U~Lb~:::b~~ l~'V\:::L 'V\ ~n 1<n tll~~~'ll'U ~1'V\fuu nn1tJ1n1Jb~~h l<nJb "ilU'lJ fl\! rl1 '11 

• • ::tJ 

mfu flu'l<nflflnb'1l~ 1<ntJilt'l'1JtJflubtJUrl1'1l~t'I'~ CO2/ H2 5m1~1u 1 :1.5 ~5<JlJ1n1Jh~f1\1~ 50 

cm 3(STP)/min bb~~m1~~u 1 0 UJJtJ1mfll<ntl'Yl<n~fl\l~flrn'V\Jl3JfI\!~~ 350, 400, 450 bb~::: 500°C 
. , " 
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fl1"L(;I7l13Jl~hLi\n.JDn~m 

m~L(iI1£J!!<rrtEl1L'l~'ll'ii,~ ZSM-5 "illmnlL'lElmiT\..I,~'U~nh~ (b!!<il@ll, 2542) 'Yht~£J'ltlbnlL'lEl£J 

~nh~'1J'Ul~b~nnll 200 mesh ~~ml1J~l~L'l::L'll£Jt'll'b~£J!!1fjmEln1'll'~ ml!!b'JJ!!'JJ'U 0.001 t!!L'l<ilEl~<il~ 

"illmf'Ub~!!~l~L'l::L'll£J t'll'L~£J!!6fr~Ln<il (sodium siligate) LLL'l::~l~r1l'VI'U~ tm\!~hJ (structure-directing 

materials) 1~LLfi L<il<il~::lw~ViL'lLLEl!!tmi'l.£J!!tm1!!~ (tetrapropyl ammonium bromide) 'ltl'1JEl\!~~!!~ 
1~1~htJnmrn'YI'UbL~\!~'U~\! 5~ml!!~'UL~!!~'U 3 m~mmf'l .yhm~i\!Lml::~~mu,'VIl13J 2100 e LiJ'U 

'II. , 'II ijji~ 

b1L'll 2 ilt!!\! "illmf'UmEl\!LLL'l::~l\!~~n~1~~lmrlnt'U El1JbL,x\!~Elnmll3J 1200 e LU'Ub1L'll 2 ilt!!\! 
, 'II 

Lm~itn (calcine) ~Elnml13J 5400 e L:U'Ub1L'll 3 il t!!\! b~m.h<rrtEl1L'l~~i\!Lml::'VIltJlbml::~ 
, 'II 

t~m~fl\!LLL'l::ml!!LU'U~~n t~£JHL'YIflii,f1 X-ray Diffraction (XRD) Y-l1Jlliiml!!1J1~'YI~ 58.6% , 
m~L<il~£J!!~ld\!tJnn1m 6 wt% Fe/ZSM-5, 9 wt% Fe/ZSM-5, 12 wt% Fe/ZSM-5 t~£J1TI 

~!!'ll'1J 'Yh t~ £Jm~~~!!~lL"f\!tJ 1in1m<rrtEl1L'l~LLL'l::~l~L'l::L'll £J tL'l 'VI:: L 'VI ~n 1 'UL<ild<il ~ Ellli 'VI113J 800 e LU'U 
II q dJ q 'U 

b1L'll 2 ilt!!\! 'ltl'1JEl\!~~!!!!lEl1JLL,x\!~Ellli'VIl13J 1200 e dJ'Ub1L'll 2 ilt!!\! .ff'U<ilEl'U~~Y1l£J'YhmdLm 
, 'II , 

~itn~Ellli'VIl13J 5400 e LiJ'Ub1L'll 3 ilt!!\! 
, 'II 

fl1"'YI~HH)utlDn~mfl1"L~3J lul(;l'n"lbtleh'ln1'lHn-fuulbllPluun h~ 

m~'YI~~eJ1Jtlnn1Enm~b~!!Lel't~~b"il'U'1Je:h'lnl'll'mflJeJ'UL~eJeJnL'll'c;;l l'1lt~£J1ibfl~eJ\!tl~mrn 
LLlJ1JL1J~ti\! (fixed-bed) ~\!LL~<il\!l'UmY-l~ 1 tJ~::nEl1J~l£Jr\EltJnmrn~iiLi'U~,h~'UrJmn\!m£Jl'U 3/B 

Ul m£Jh1Jn~~ld\!tJnn1m ml!!mlLlJ~'1JeJ\!~lL'f\!tJnn1£Jl 4 b'll''U~L!!<ild ~\!El~~::wil\!mlmLL'l:: 
lmLnl (quartz wool) riEl'Umd'YI~~EllJtJnn1m ~ld\!tJnn1m~n~~h'lf (reduce) ~1£Jnl'll'1fjt~dL"il'U 

5<il~lmd1'V1L'l 30 cm
3
(STP)/min ~ml!!~'Umdmmf'l bbt'l::eJlli'VIll3J 450°C LU'ULlt'll 2 ilt!!\! 

, 'II 

'VI~\!"illntf'U~,h'Unl'll'~~!!L'JJl'YhtJnn1m~\!tJd::nEl1J~1£J COiH2 5<il~l~1'U 1 :1.5 t~£Jii CO tJ'U 

tJ1!1llliL~mtEl£J 5<il~l~1'U C02/CO 1 :0.02 5<ildlm~1'V1t'l'1JEl\!ril'll'~~!!~L'JJTYhtJnn1mLr\ln1J 50 

cm
3
(STP)/min ml!!~'Ul'UtJnmrn 10 m~mmf'l md'YI~t'lEl\!l'1l~~lli'VI.1JiJfI\I~~ 350, 400, 450 bbt'l:: 

500°C ril'll'mf1JEl'U1~ElEln1'll'~~ElElmlntJnmrn~nlbml::'VI1~mfl~El\!ril'll'tmmt'YImllAl (Gas 
, d..=t.d t:' ~ • 

Chromatography) d'U Shimadzu C-RBA 'YI!!~L'YlflL<ilEld'll''U~ TCD (thermal conductivity detector) , 
LLL'l::f1El~mbii,~ Parapack-Q ~1'Uril'll'1fj t~~mf1JEl'U~Ln~~'Unnlbml::'VI1~mfl~El\lril'll'tmm t 'YIn 

'II 

~lY-li'U Shimadzu C-RBA ~ii~L'YIflb<ileJf'll'ii,~ FlO (flame ionization detector) bbt'l::f1El~6JU'll'ii,~ 

Parapack-Q 
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1~t\il1b'iJu'lJ1l.,jnl'llf1l'fu,ml\il1l1lnl'll~ 

Mass flow Pressure 

metor gauge 

Catalylic 

reactor 

valve 

Temperature 

controller 

Exit 

Bubble flow 

meter 

.nh1t'l~'15ii.<1l ZSM-5 ~i.:lbml:;vf'iillmnlt'l€JtJ~n1u~nnibml:;'V\1m.:l~fl.:lbbt'l:;~rn:lJbiJu~~n 
" ~'-.H.Jbfl~€J.:l XRD 'Wu'-haJml:IJU1~'Y1~b't'hnu 58_6% m'W~ 2 bb~<1l.:lm'WbhtJ'lJ€J.:l.n1€J1t'l~'15ii.<1l ZSM-, 

5 ~1~'iilln Scanning Electron Microscopy (SEM) ~nl~.:l'lJtJ1tJ 15,000 b't'h 'iil:;b~w:i1J11.:lbiJu~~n 
" 

11Jb'V\~tJ:IJ 1J::;lJunu~111Jubti€JU (impurity) ~bn<1l'iilln~11~.:l~U~b'V\~€J'iilln,ffU<;1€JunTli.:lbfl"n::;vf ~U~ 
" f111<1ltJbQ~tJ~1<1l1<1l1<1ltJbfl~€J.:l Autosorb ihh 150 <;1111.:lb:IJm~eJnf:IJ bbt'l::;fl'lih'W'mbQ~tJ 8_3 " , 

·----------4~m--~------' 

'itl~ 2 tnwcll[J 5EM "lI€JJ.ffr€J~rll"IfuWl Z5M-5 rf,hiJ"lI[J1[J 15,()()() ! rll 
OJ 
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Temperature te) 

...... ZSM·5 --6 wt% Fe/ZSM·5 --.- 9 wt% Fe/ZSM·5 ~ 12 wt% Fe/ZSM-5 

Fei ZS/'v!-5, 9 wl% /-"('ZSIII-5 W;y:t: 12 11'1% Fe,ZS/\;f-5 

111'1A1~ 3 bb~'iI,j~!ilnT:a1.l1tJUbYitJUnT:ab1.l!il,j~U'lJEh'l CO2 d~'VI'h,jc;'wi,j1.l11n1tJl ZSM-5 ~ 
b~1rJ;)J,rU ,t,j~ b~;)J 1iil'VI~b 'VI ~mb!il~ 1~,h~;)J 1iil'VI~b 'VI ~n ~ El rn'VIJlil 350, 400, 450 bb!il~ 500"C 'IAIU'hmd 

, '\J 

bb1.l!il,j~U'lJEl,j CO2 b~;)J,rUb~ElElrn'VIJlil~,j~u bb!il~c;ld,j1.lnn1rJl ZSM-5 ~b~;)JT!il'VI~b'VI~nlimdbbtJ!il,j 
9 9.J 9J ~ 

~U'lJEl,j CO2 ~~,jn';hc;lb''i,jtJlln1rn ZSM-5 ~l~,Jbo/i:!J h'VI~b'VI~nmh,jbV;ul~i'il TmJc;ld,jtJlln1tJl~il 
'\J 

tJ1:!Jlrnb'VI~m~:!J~u fl,j'l'lllimdbb1.l!il,j~U'lJEl,j CO2 ~,j~U fElrJ!il~mdb~Elmn'il'lJEl,j~ld~~~.nrn.n (% 
'\J 

Selectivity) ~Elrn'VIJlilc;,jn~ll Nl'V\'¥uc;ld,j1.lnn1tJTYlnc;lblmb~'iI,jlu~ldl,j~ 1 - 4 
q 9J ~ q 9J 

Catalysts CO CH4 C2H4 C2H6 C3H6 C3He others 

ZSM-5 89,3 4,16 - - - - 6.6 

6 wt% Fe/ZSM-5 81.8 1.3 - - - - 16.9 

9 wt% Fe/ZSM-5 83.7 1.8 - - - - 14.5 

12 wt% Fe/ZSM-5 63.1 8,0 - 2.0 - - 26.9 

Catalysts CO CH4 C2H4 C2H6 C3H6 C3He others 

ZSM-5 81.1 5.6 - - - - 13.3 

6 wt% Fe/ZSM-5 81.0 4.2 - - - - 14.8 

9 wt% Fe/ZSM-5 67.6 12.6 - - - - 19.8 

12 wt% Fe/ZSM-5 55.2 16.4 0.6 4.4 1.2 1.5 20.7 
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bbi.ln~1~'JJi.l~b'V\~mJ"'~1·H)~1u~ti.l'l"I1l'JjU<11 ZSM-5 ~b<111t.J:JJ\Jlm!il"E1t.J~nh<il''''nl''id~tl5n1t.Jlm1b~:JJ 425 

'l~t<111b9m'JJi.l~nl'JjmfuEl,..1<11i.lEln1'Jj.l 

Catalysts CO CH4 C2H4 C2H6 C3H6 C3HS others 

ZSM-5 83.5 5.3 - 0.2 - - 11.0 

6 wt% Fe/ZSM-5 71.3 12.4 1.2 1.3 0.7 - 13.1 

9 wt% Fe/ZSM-5 60.8 19.9 1.2 2.3 0.8 - 15.0 

12 wt% Fe/ZSM-5 51.0 20.1 0.9 3.9 1.1 1.1 21.9 . 

Catalysts CO CH4 C2H4 C2H6 C3H6 C3Hs others 

ZSM-5 83.0 6.2 - 0.1 - - 10.7 

6 wt% Fe/ZSM-5 73.8 7.6 0.5 0.4 - - 17.7 

9 wt% Fe/ZSM-5 60.3 15.7 0.5 0.5 - - 23.0 

12 wt% Fe/ZSM-5 53.7 21.2 0.5 1.9 - - 22.7 

~ldl.:1~ 1 bb~'fi.:l':h~e:Jnt'V\llij 350°C ild.:ltlfin~r.n ZSM-5. 6 wt% Fe/ZSM-5 bb~:; 9 
• " ::<oJ 

wt%Fe/ZSM-5 lv;~~~.nru..n~dJ'U mfue:m3Jfl'Ufln''1l'~ (CO) bb~:;~b'Yl'U (CH4) b'l'h'!'U 'lJru.:;~ 
~~~.nru..n~'t;l"innidd.:ltl~n~r.n 12 wt% Fe/ZSM-5 dJ'U mf'lJfl'U3Jfl'Ufln''1l'~ 3Jb'Yl'U bb~:;~b'Y1'U 
(C2H6) 'UflmnnU'\Al'lJ';hmdb~3J h'V\:;b'V\~n'lJ'Uild.:ltl~n~E.n zSM-51'Utl~mru.~.:I.:ff'U 'YhhXmdbn~ 
~ ... .. .. ~.. ~ d ~ :'1 ~ .....'" .¥::. ..t d "'1 ~ .. 

~~~llru."YImd'lJfl'U3Jfl'Ufln b'1l'~~~~.:1 b'U'lJru.:;'Ylbn'fiblJ'UI!-J~~llru."YI3Jb'Yl'U~.:I'lJ'U 'Yl.:l'Ub'Ufl.:l'<illn6J! eJ b~o/l 
" 

'1JU~ ZSM-5 ~bo/l'1£.J3J.:ff'U~'HJ1·H)btl~£.JU CO2 lV;'dJuCO ~.J~l3Jl'Hlbno/ltl~n~£.I1VJ~b'1JeJf - 1mtl 

(Fischer-Tropsch) '~btJU3Jb 'Yl'Ubb~:;~ld'e'J lo/ldmf'lJ fl'U ~ihh'U l'Ufl:;o/l fl3Jmf'lJ eJ'U~.:I.:ff'U'~ bbiil:::mdb~3J 
" 

h'V\:::b'V\~n ~.:I3J~3JU~l'Umd~i'l.:1~'Uli:;d:::'V\':h.:lfl:;~fl3J'lJfl.:lmf'lJfl'U (Inui et aI., 1999) 'YhlV;'3J1eJm~ 

bno/l~~o/lil ru."YI1e'J 1Cimnf'lJ fl'U ~3J911'U l'UeJ:;~ eJ3Jmf'lJ fl'U~.:I.:ff'Ubbiil:;~~~il ru."YI1e'J hmnf'lJ fl'U ~'Uli:::fil~~ 
" " 

'<iIlnmdbtl'1tJ'lJb iii tJ'lJi'fl tJiiI:;mdb~flmno/l'lJ fl.:ll!-J~o/lilru.'l1brlfl H~lb'i.:ltl~n~r.nrr.:l 4 'll'Uo/l 'V'l'lJ'h~ld\l 
tlnn1r.n~1 V;'-tfl tJ~:;mdb~flnbno/l'lJfl.:lI!-J~~ilru."YI1e'J hmnf'lJfl'U~3J3J~fil~.:I~~'fi~fl ~lb1.:1tl nn~tJl 12 c.J 'tI cu q ~ 

wt% Fe/ZSM-5 bb~'\Al'lJ113J~~~il ru.'l1~'U~hl~lmdtll bml:;'V\1~t;l1 tJ b~~fl\lr'h'1l' 1mm1 'YlndlVjl 'U 

tl~mru. ~ ~.:I~~'fib 'll''Uf1'U rr.:lUb rtfl.:l'<illnmdb~3J h'V\:;b 'V\ ~mrl.:1t;l'U ~lmdtl b ~3Jmd~:;~3J'lJ fl.:lmf'lJ fl'U' 1 " . 
1 'Ud'\Ald'U'lJfl.:l<E1fll~~ ~.:I'!'UmdiJtl~mru. h'V\:;b 'V\~n 1 'U<E1fll~~~.:I 'I'h 1 V;'bn'fi~~~.nru..n~'U~.:I.:ff'U 

'U q cu 'tI 

LdeJ'Yhmd'Yl'fi~fl.:l~eJru.'V\llij 400°C '\Al'lJl11V;~iilln~\~£.J\ln'lJ~m;u,'V\llij 350°C i\lbb~~\l1u 
q '\I q cu 

~ldl\1~ 2 n~11~fl~~~ilru..n~'~LdflH~dd.:ltl~n~r.n ZSM-5, 6 wt% Fe/ZSM-5 bb~:; 9 wt% 

Fe/ZSM-51~bbri mf'l.J1mmmelnl'1l'~ bbiil:::3Jb'Yl'U b'l'h,x'U 'lJru.:;~~~~ilru.'l1~l~LdflHild.:ltl~mr.n 12 

wt% Fe/ZSM-5 LiJumf'lJeJu3Jf)uf)nl6J!~ 3Jb'Yl'U l!-J~o/lilru.'l1~ii911Ul'UeJ:::o/lf)3Jmf'lJeJ'U~.:I.:ff'U It;lbbn ~ 
" 

b'Yl'U bb~::1'\Aldb'\Al'U (C3HS) bb~:;bn~l!-J~o/lilru."YI1e'J1o/ldWll'f'lJeiu~'Uli:::fi l~bbri ~iIi'U (C2H4) bbiil:::1'V'ldV;U 
" 
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(C3H6) b rhnlJ 55.2, 16.4, 4.4, 1.5, 0.6 Ufl~ 1.2% <m:IJ~l<illJ bbfl~'Y1trhnTH~:IJ lm''\~b 'VI ~nlJu<ill b1.J 

1J5n~tJ1 ZSM-51u1J~:IJ1ru~.J~U 'Yh1V;nTnnl?lf-l~(9]nru'l'1mflJElu:lJEluElnl'1f~fll?lfl.J 1U'lJru~~bnl?lbiJu 
,Q, Q..< 6"d .::.. cv 6"d ..J' 

f-lfl(9]l1 ru"YI:IJ b 'YlUbbfl~Gil1f-lfl(9]11 ru"YI ElUGi.J'lJU 
'II 

b~ Ell'hn11'Yll?lfl El.J~ Elru'VIlliJ 450°C <il.JbbGiI?l.J 1 U(9]111.J~ 3 'Y1lJ11f-l~(9]nru'l'1~1<ilb~ El H<illb1.J 
, 'II 

1J5n~t.n zSM-51<ilbbn mflJElu:lJEluElnl'1f~ ~b'YlU bbfl~Sb'YlU 'lJru~~f-l~(9]nrusr1~1<ilb~El1i<illb'~.J 
1J5n~tJ1 6 wt% Fe/ZSM-5 bbfl~ 9 wt% Fe/ZSM-51<ilun mflJElu:lJEluElnl'1f~ ~b'YlU sYiu Sb'YlU bbfl~ 

1'Y11V1U bbfl~f-l~(9]nru'l'1~1<ilb~ElH<illb1.J1J5n~tJ1 12 wt% Fe/ZSM-51<ilbbn mflJElu:lJEluElnl'1f~ ~b'YlU 
sYiu Sb'YlU 1'Y11V1U bbfl~ 1'Y11b'Y1U ~.J~1J~:IJ1ru1EltJfl~n11b~Elmnl?l'lJEl.Jf-l~(9]nru"YI1,,11?l1mflJElu~~ 

:lJfl~lGi.J~ Gil?l1 U.Jlu:'J..ij'tJd n11b nl?lf-l~(9]n ru"YI1" 1 I?lwn flJ ElU~~lijlUlUEl~(9] El :lJmflJ ElUGi.J bbfl~ 
'lJ 'tI Cj 'U 

f-l~(9]nru"YI1,,11?l1mflJElu~U1'j~~b'VI~ld~bbUll U:lJfll?lfl.J bdm'hm1'Yll?lflEl.J~El ru'VIlliJGi.J~U~El 500°C 
'LI "I 'IJ 'U 

i.JbbGiI?l.J1u<m11.J~ 4 f-l~(9]nrusr1~1~b~ElHilb1.J1J5n1tJ1 ZSM-5 l~bbn mflJElU:lJElUElnL'1f~ ~b'YlU 
bbfl~Sb'Yl'U, bbfl~f-l~(9]nru'l'1~1~bdElHilb1.J1J5n~tJ1 6 wt% Fe/ZSM-5, 9 wt% Fe/ZSM-5 bbfl~ 12 wt% 

Fe/ZSM-51~bbn mflJElu:lJEluElnl'1f~ ~b'YlU sYiu bbfl~ Sb'YlU b'Yhttu ldJ'Y1lJn11bnl?lf-l~(9]nru"YI1'Y11V1U 
bbfl~ 1 'Y11b 'Y1'U, 

b~ ElVl~11rul b1J~tJlJb Yi tJlJf-lfln11'Yl1?l fl El.J~ El ru'VIlliJ~l.J") 'Y1lJ111El tJ fl~m1b~ Eln b nl?l'lJ El.J Gil1 
, 'lJ 

f-l~(9]nru'l'1~~GiI?l~Elru'VIlliJ 450°C ~1'V1-rlJilb1\11J5n~tJ1~\I 4 'll'UI?l1U\llU:'J..ij'tJd n~11~ElGil:1J11blf-l~(9] 
, , 'lJ 

f-l~(9].nru"YI1" 11?l1mflJElu l~bbn ~ b 'YlU S b 'YlU bbfld 'Y11b 'Y1U bbfl~bnI?lGil1f-l~(9]nru"YI1" 11?l1mflJ ElU 

1J1~bll'Yl.wU1i'~~~.J~~1?l 'lJru~~b~m11n11'YlI?l~El.J~Elru'VIlliJ~lrr:h ~l"H.J~(9]nru"YI1eJlI?l1mf'lJm.j,~lCiliJ 
'U'U Cj Cj 'lJ 

-:ijlUlUEl~(9]El:lJfnflJElu~lbbfl~ldJdlI?l1,,11?l1mflJElu~u1i'~~ ~\ldbii,El\l~lnilb1\11J5n1tJl ZSM-5 ~ (~ 
b(9]~tJ:IJ~mlmillflEltJ~nh(9]1dJ1El.Jl1~Elru'VIlliJ~1 (h~itJ bbfl~b:IJ(9](9]l, 2547) ~lUn11'Yll?lflEl.JYi 

, 'lJ 

Elru'VIlliJGi\l~El 500°C 1 'VI1eJ 11?l1mf'lJElu~~lijlulUEl~(9]El:IJmf'lJ ElU~.J1J~:IJ1ruUEl tJ~.J b ii,El.J~l n1J5n~tJ1 
'I 'U 'U 'IJ 

nl1b~ :lJl" 11?l1b ~U'lJ El.J rll'1ff11flJ ElU LI?l El Eln 1'1f~~ bb ull U:IJ~1Ubb 1.J~U ~\I ~1 El nl GiUEl tJ~~~ b n I?l , 
leJll?lwnflJElu~~lijlUluEl~(9]El:IJmf'lJEluGi\l (Chareonpanich, 1996) 

'lJ 

f-lflm1b1J~tJlJbYitJlJilb1\11J5n~tJl ZSM-5 ~b~:IJ l1i1'V1~b'VI~mb1il~ldJb~:IJ h'VI~b'VI~n 'Y1lJ11n11 

b~:IJ h'VI~ b 'VI ~nlJUil b i\l1J5n~tJl ZSM-5 'lfl tJ b i\ln11bnI?lGil1f-l~(9]nrusr1~~lijlU lUEl~(9] El:IJmflJ ElU~.J~U 
bb1il~bnI?lGil1f-l~(9]nru"YI1,,11?l1mflJElu~U15~fi bdElb1J~tJ'lJbYitJlJild.J1Jnn~tJl 4 "lJUI?l ~l'V1-rlJ'Yln 

'lJ ~ 9 

Elru'VIlliJ1U\llU:'J..ij'tJd ilb1\11J5n1tJ1 12 wt% Fe/ZSM-51V;1EltJfl~n11b~Elmnl?l'lJEl\lGil1f-l~(9]nrusr1 
, 'lJ 

bll?l1mflJEluGi\l~GiI?l 
'lJ , 
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1~ 1'i1'ib'ilU'lJ€l~n1']j"Tf1J€lu l'i1€l€ln 1']j~ 

~~nl'l'Yl~~fl1Ji'Wl'\lDl1n~tJ16fi1fl1~~'l5u,~ Z8M-5 ~b~1EJmlmtll~flEJrinh~bb~~~:IJ'l51J~"nJ ::.J , , 

m~n ~lVl~1Jnl'H~:lJ1e:J1mb"iJU'lJfl\lnl'llmf1Jm.1.1~flfln1'll~ ~flrnVlll:IJ 350,400, 450 bb~~ 500°C ~ 
, '\J 

ml:IJ~U 10 1J':j1tJ1lllfl bb~~\I-h~fl EJ~~1ll1b~flmn~'lJfl\l~~~il rn'Yl'le:J 1~1mf1J flU~\I~~~~fl rnVlll:IJ 
'U q q 'U 

450°C i1d\l D~n1£Jl6fi1fl1~~~b~:lJhVl:;bVl~n1~bbri 6 wt% Fe/Z8M-5, 9 wt% Fe/Z8M-5 bb~:; 12 

wt% Fe/Z8M-51ifflEJ~:;1ll1b~flmn~'lJeJ\I~~@)ilrn'Yl'le:J1~1mf1Jflu~\ln':hi1b1\1D~n1£Jl6fi1fl1~~~hi 
b~:IJ hVl:;b VI~ n 1~ mn~~~@)il rn.n~~~lU 1UeJ:;@)fl:IJmf1JflU~\I:Bu bb~:;bn~~~@)il rn'Yl'le:J 1~dmf1J flU 

'\J 

~U1i:;fi i1 d\lD nn1£Jl~1 ifeJ EJ~:;llldb~ eJn bn~'lJ eJ\lh 1~wnf1JeJu~\I~~~ 1 u\llui~EJd~fl 12 wt% 
'U 'aJ 'U q 

d 1 ;..v A Co 6' VI 6".,:::t d d d 1 "" 1 Fe/Z8M-5 'll\l VldflEJ~:;1ll1b~eJmn~'lJfl\lm11JflU:lJeJUfln b'll@) :lJb'YlU eJ'YlU flb'YlU 'V'l1'V'lU bb~~ 'V'l1b'V'lU 

bDU 51.0, 20.1, 0.9, 3.9, 1.1 bb~:; 1.1% ~l:IJ~li1J ~flrnVlll:IJ 450°C 
, '\J 

li1:;'V'l\l~ Ul:IJ1'Yl, b:IJ~@)l b"iJ1ru'V'l1U,'l5 bb~:;1'V'lm~ ~\lmQEJQ1EJ. 2543. llld~~~6fi1fl1~~'l5u,~ Z8M-5 
~ , 

"iJlmtll~fl1J'lJfl\lbhw~u~nh~. 11ji:'llj1~1mj3Ji:'Ilj 3J.n. 40: 62 

U1f111 ~\I~U,lll. 2546. 1l1jLbGln~1~1l1111tGljL~'W~Lle:J"i:'Ilj~1LL'Yl"i:'IT)1::bVitr;l1nril'w~"~ 1l1"~ 

uwiite:J la~21ii.GI ZSM-S ~~~Gll~~lmnlaelll. n'YlEJlu,'V'lufD~qJqJ11 '1'1 1ll~i'l51im1ldd:IJ 
d _ 6" Co Q.; 6" 

L~:IJ] ~rn:;1mmd:IJm~@)1: :lJVlll'Yl£Jl~mnl!l-~1f11~@)d 

b:IJ@)~l 1'1'1 bb~:;:IJl1~1 ~ldlqJ. 2542. 1l1ji"LA71::-H'oifte:J la~21ii.GI ZSM-S ~lmnlae:JlI~n 1"~. 
, , 

bfln~11¢il'lJeJ~'YlTItr~d b~'lJYl 050022 (1UYl 20 b:IJl!I-1EJU 2542). 

b:IJ~~l b"iJ1qJ'V'l1U,'l5 bb~:;11:;iEJ :lJrul\1~. 2547. 1l1j~~Gli:'Iljth::niluleltGljm1mm~nn 

Al1ue:J" lG1,\l1nm1mm lG1ililn 1'1$GI'tGlll~,yi1 d"Ui)fl1tJ1oift il h~. llldDd:::'1l':IJ'I'll\l 
A 0=. Q.; 6' t.d 
1'l511llj'lJeJ\I:lJVlll'YltJ1~mnl!l-~dfll~~d m\l'Yl 42; 1ld\lb'Yl'V'l'1 , 
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" .Jl'Ul~ tJu 'l<Y111JnTH~'U1J ~'U 'U1J1.J~lWinn lm.Jn1d.wmmu ru,o}1\9l~mnl ifIl nJddJYfl ~\9l{ bbi1::: 
q 

( ,( 

dJV'I11'Yl tJ1 ~ tJ u.J1J'Lb:::mru, 2546 bbi1:::'l<Y111Jn1d~U1J~'U'U<Y11Wr\9lb1~1J bbi1:::\>lltJ1mS-l"i11n~ ru,1i''U l'mu 
q q q 

'Uni1n1d lifllnJd:::<Y11J 10 h.J'l'V'J~lbbdJbm::: b'V\dEJ.JbbdJbm::: md'l'V'J~l~lm.J~\9lbbv\.JtJd:::b'YlYf'l'YltJ 
q'IJ 

• 


