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Figure 4.1: Pressure drop over fixed bed 
microreactor as a function of time on line­

Baseline FT run 
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Figure 4.2: Conversion as a function of time on line-
Baseline FT run 
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Figurc 4.3.1: Mcthane selectivity as a function of time on line­
Baseline FT run 
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Figure 4.3.2: Olefin I paraffin ratios for the C2 to C4 

rangc as a function of time on line­
Ba.\·eline FT run 
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Figurc 4.3.3: Hydrogcn / carbon ratio of overall 
product spectrum as a function of time on line­

Baseline FT run 
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product spectrum as a function of time on line­
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Figure 4.4. t: Schuiz~Fiory piot of 
hydrocarbon product distribution­

BU!>'eline FT run, 8 hours on lille 
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Figure 4.5: Variation in alpha value of hydrocarbon 
product distribution as a function of time on line ­

Baseline FT run 

Figure 4.6: Variation in {"arbon mass balance 
as a function oftime on line­

Baseline FT run 
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Figure 4.8: Pressure drop over fixed bed 
microreactor as a function of time on line­

Bifunctional process, physical admixture of cOloiy!!.t!. 
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Figure 4.9.1: CO conversion 
as a function of time on line­

Bifullctiollal proce.<;s, phy.<;ical admixture of cataiy!)'(!)-

Figure 4.9.2: (CO+C02) conversion 
as a function of time on linc­

Bifunctional process, physical admixture of cataiy!)-(!'-
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Figurc 4.10: Variation in carbon mass balance 
as a function oftimc on line ­

Bifunctional process, physical admixture of catalysts 
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Figure 4.11.1: Metbanc selcctivity as a fundion of time on line­
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Figure 4.1 1.2: Hydrogen / carbon ratio of overall 
product spectrum as a function of time on line -

Bifunctional process, physical admixture of catalysts 
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Figurc 4.12.1: Hydrocarbon product distribution­
Bifunctional process, "low oddity" HZM-5. 
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Figure 4.12.2: Hydrocarbon product distribution­
Bifunctional proces~;, "low oddity" HZM-5, 

physical admixture of catalysn', 72 hour ... on line 
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Figure 4.13.1: Hydrocarbon product distribution­
Bifunctional proce~'~ .. "medium acidify" HZM-5, 
physical admixture of catalysts, 3 hour.~ on line 
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Bifunctional process, "medium acidity" HZM-5. 
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Figure 4.14.1! Hydrocarbon product distribution -
Bifunctional proce ...... , "high addity" HZM-5, 
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Figu re 4.14.2: Hydrocarbon product distribution -
Bifunctional proce ... s, "high addity" HZM-5, 

physical admixture of catalysts, 78 hour,,· on line 

" 

--- ---

• • • , • " 
Carboll lIun,iJ<r 

64 

I
- ponna. 
-+-01.­
__ No"", ..... 

~-

I_Po~ 
,-+-0I<6a> 
__ N.pht ........ 

_ A",...,oo. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

, 
~ 

j 
";;" " • , , 
• , , 
• , 
• " • • • , 
• , 
• , 
~ " • 

• 
0 

Figure 4.15: Overall carbon number distribution 
after 2 to 3 hours of synthesis­

Bijimctional process, physical admixture of cataly!),t!), 
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Figure 4.16: Pressure drop over fixed bed 
micrOrl~"actor as a function of time on line­
Bifullctional process, dual bed arrangement 
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Figure 4. t 7. t: CO conversion 
as a function of time on line­

Bifunctional proce!)'!)', dual bed arrangement 
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Figure 4.17.2: (CO+C02) conversion 
as a function of time on line­

Bifunct;onal process, dual bed arrangement 
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Figure 4.18: Methane selectivity 
as a function of time on line­

Bifunctional proce.<i.<i. dual bed arrangement 
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Figure 4.19.1: Hydrocarbon product distribution­
Bifunctional proce.<;.<;, "'ow acidity" HZM-S, 

dual bed arrangement. 4 hours on line 
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Figure 4.19.2: Hydrocarbon product distribution­
Bifunctional proce ....... "'ow acidity" HZM-5. 
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Figure 4.20.1: Hydrocarbon product distribution -
Bifunctional proce/j'/j', "medium acidity" HZM-5, 

dual bed arrangement, 4 hours on line 
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Figure 4.21.1: Hydrocarbon product distribution -
Bifunctional procefj"!j", "high acidify" HZM-5. 

dual bed arrangement. 2 hours on line 
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Figure 4.21.2: Hydrocarbon product distribution­
Bifunctional proces.\" "high acidify" HZM-S, 

dual bed arrangement, 79 hours on line 
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Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

''''" ..... 1IIJ''' AND RECOMMENDATIONS 

iii r,P,nnrtf~cI amounts of aromatics and narll1trlen,es made 
on the Cl1romatoi~ralm ....... 'n .. '.,. are still these 

valid as the acid 
deactivates. 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

v .... '"'~'" e:a~iolilDe on 



Univ
ers

ity
 of

  C
ap

e T
ow

n

'00 

00 

00 

m 

~ • " 
~ • , 
• , • 
0 

• 
• 
" 
0 

Figure 5.1: Conversion as a function of time on line­
Boseline FT run 
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Figure 5.2.1: Methane selectivity 
as a function of time on line­

Bm.eline FT run 
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Figure 5.2.2: Olefin I paraffin ratios for C2 to C 
range as a function of time on line­

Ba!l'eline FT run 
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Figure 5.2.3: Hydrogen I carhon ratio of overall 
hydrocarhon product spectrum as a function of time on line­

Buseline FT run 
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Figure 5.2.4: Hydrogen I carbon ratio of C1 < fraction of 
product spectrum as a function of time on Iinc­

Baseline FT run 
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Figure 5.3: Schulz-Flory plot of representative 
hydrocarbon product distributiou ­
Bo.\·eline FT run. 136 hours on fine 
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Figure 5.4: Variation in alpha value of hydrocarbon 
product distribution as a function of time on linc­

Baseline FT run 
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Figure 5.5: Variation in carbon mass balance 
as a function of time on line­

Baseline FT run 
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Figure 5.6.1: Hydrocarbon product distribution­
Ba,wline FT run, 22 hours on line 
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Figure 5.7.1: Methane selectivity 
as a function of time on line­

Bifunctional process, physical admixture of cataly!>ts 
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Figure 5.7.2: Hydrogen I carbon ratio of overall 
hydrocarbon produ(>t spectrum as a function oftirue on line­

Bifunctional process, physical admixture of catalyst:J' 
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Figure 5.7.3: Hydrogen / carbon ratio of C2+ fraction of 
product spectrum as a function of time on line­

Rifunctionfll process, phy.<ticfll admixture of cfltalyst!)· 
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Figure 5.8.1: CO conversion 
as a function of time on line­

Bifunctional proce."i!>·, phy ... ical admixture of catalysts 
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Figure 5.8.2: (CO+C02) conversion 
as a function of time on line­

Bifunctional process, physical admixture of catalysts 
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Figure 5.9.1: Hydrocarbon product distribution -
Bifunctional process, "high acidify" HZSM-5, 

phy!}icul admixture of cotulYSb', 65 hours on line 

--

- -

-

. -
- ---

-~ ,.. 

'" V "-.. 
~ """ , , , , , 

" 
Corbon numb<c 

Figure 5.9.2: Hydrocarbon product distribution­
Bifunctional process, "high acidity" HZSM-5, 

physical admixture of catalyst!}" 428 hours on line 
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Figurc 5.10.1: C] to C4 paraffin selectivity 
as a function of time on line­

Bifunctional process, physical admixture of catalysts 
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Figure 5.10.2: Gasoline (Cs to Cll) selectivity 
as a fuuction of time on line­

Bifunctional proce!!;!!;, physical admixture of catalysts 
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Figure 5.11.1: Methane selectivity 
as a function of time on line­

Bifunctional process, separate catalyst layers 
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Figure 5.11.2: Hydrogen / carbon ratio of overaU 
hydrocarbon product spectrum as a function of time on line­

Hifnllclional process, .<;eparate catalysllayers 
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Figure 5.11.3: Hydrogen / carbon raiio ofC2+ fraction of 
product spectrum as a function of time on line­

Bifunctional pT()ce ....... separate catalyst layers 
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Figure 5.12.1: CO conversion 
as a function of time on line­

Bifunctional proce ...... , ... eparate cataly~·t layers 
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Figure 5.12.2: (CO+C01) conversion 
as a function of time on line­

Bifunctional process, separate catalyst layers 
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Figul"e 5.13.1: P.-opanc seledivity 
as a function of time on line­

Bifunctional process, separate catalyst layers 
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Figul"e 5.13.2: 1~l"opylene selectivity 
as a function of time on line­

Bifunctional process, separate catalyst layers 
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Figure 5.14.1: Linearity OfCfo paraffin frAction 
as a funclion of time on line­

B(functional proce.\·.\·, .wparate catalyst layers 
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Figure 5.14.iv: Linearity of C6 olefin fraction 
as a function of time on line­

Bifunctional process, separate catalyst layers 
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Figure 5.15: Aromatic content of Cs carbon number 
fraction as a function of time on linc­

B~f'unctional process, separate catalyst layers 
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Figure 5.16.1: Hydrocarbon product distribution­
Bifunctional proces!;, "low acidity" HZSM-S, 

separate catalyst layers. S hours no line 
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Figure 5.16.2: Hydrocarbon product distribution -
Bifunctional process. "low acidity" HZSM-5, 

...eparate catalyst layers, 269 houni no line 
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Figure 5.17.1: Hydrocarbon product distribution -
Bifunctional process, "high acidity" HZSM-5, 

lieparate cataly.st layers, 6 hours no line 
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Figure 5.17.2: Hydrocarbon product distribution -
Bifunctional process, "high acidity" HZSM-5, 

separate catalYlit layers, 268 hours no/ine 
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Figurc 5.18.1: Ovcrall carbon nnmber distribution -
Bifunctional process, separate catalyst layers. 

Beginning of run (active HZSM-5) 
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Figure 5.18.2: Ovcrall carbon number distribntion­
Bifunctional proce~'~' •. <;eparate catalysllayers, 

End of run (deactivated HZSM-5) 
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Figure 5.19: Gasoline (e~ to ell) selectivity 
as a function of time on line­

Bifunctional process, separate catalyst layers 
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Figurc 5.20.1: Bcnzcnc content of C~ to CII fraction 
as a function of time on line­

Bifunctional process, separate catalyst luyers 
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Figure 5.20.2: BTXE aromatic content of C~ to C Il fraction 
as a function of time on line-

Bifunctional proce!"!>', !,'eparate catalyst layers 
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Figure 5.20.3: Total aromatic contcnt of Cs to Cn fraction 
as a function oftimc on linc-

Bifunctional process, separate catuly!!>,t layers 
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Figurc 5.20.4: Total aromatic and naphthcnic contcnt 
of Cs to CII fraction as a function of timc on linc­

Bifunctional process, separate catalyst layer!!>' 

-· --, 
~ E 

11)1) ,-

• 

8'; ,,1----- -
., l t -::---;--­
~ii "' · . .. 
i. -;; oa I '... .- ~.---~-------
• c . .. . 
.: 'E <0 1-----'=--- • • 
U • • 

, 
;!: ~ '" e 1; 
f ~ X!f-- ---­
< • 

, '-'+'--c:-'+-:c 
, '" 100 

!-r-- ·,,-C+cc--~+'--c+'---=+--~ 
10t '0' , "" "'" "'0 " '" 

Tim. on li".lhuu,,1 

112 

. ",,,,,,", IT run 

. "'_ .<tdlly" II/.' '' ! 
" "HiP ..;oily" IlZi;M~ ! 



Univ
ers

ity
 of

  C
ap

e T
ow

n

SURVEY 

113 



Univ
ers

ity
 of

  C
ap

e T
ow

n

STUDY 

1 

reactor 
a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

115 



Univ
ers

ity
 of

  C
ap

e T
ow

n

octane nurnb€~r. 

116 



Univ
ers

ity
 of

  C
ap

e T
ow

n

117 



Univ
ers

ity
 of

  C
ap

e T
ow

n

I: 

~~~~~==:::;;:=14 .. 15.. 
ethane 

~============================ __________ -===-= ____________ am 

=== ...... -==-==="""'= ...... =---------"iin':l-:u'uii'arunue:------...;31.61 

:i:===""""-------32.1I1 t-2-butene 

:t====------34.38 c-2-butene 

fJ1 3-rne-l-butene 

118 



Univ
ers

ity
 of

  C
ap

e T
ow

n

2-me-butane "!:::=============""""' ................... """''''''=;= ...... ______________ .40.18 

:3:==----G:1IIiI 2-me-l-butene 

j;::====-_______ -4II.OO 

::!::===------64.01 

~===~i!b------«t<48 benzene 

119 



Univ
ers

ity
 of

  C
ap

e T
ow

n

i::;;;===-""""" ...... --------'14.88 toluene 

:;===----85 .. 18 et-benzene 



Univ
ers

ity
 of

  C
ap

e T
ow

n

} di-et-benzenes 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

propane 

r=====~==================~------~~~~--.~ 

f=========~c~_:;2~_bh:u;t:en~e:---=-------------------:M·41 

.74 
:::1:==---38.09 3-me-I-butene 



Univ
ers

ity
 of

  C
ap

e T
ow

n

2-me-butane 

I-hexene 

------.. _;.....--::--:-15 n-hexane 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

"":;:=--1I).'UI2} di-et-benzenes 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

/ 
( 

.11 

I = 

I = 

n= 

:::: gl 

I :::: 

:::: 0.1 

== == 0.1 

\1'11<-:."'11. :::: 9 g 

:::: 

= g== g 

I g I 

::::::2x 

atoms :::: I 11 
== 
= 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

, \ 

f'" "" i0 ('\ , t2-. t3 ) 

127 

" 
'j \ 

4 



Univ
ers

ity
 of

  C
ap

e T
ow

n
/ aroma1tlcs 

/" Ho:rsle:y 

c h, J" 
I ,"cS C ('\12, ) 

128 



Univ
ers

ity
 of

  C
ap

e T
ow

n

S I J...\ • I (' <;; \' u: n l 
,M-j 

fr· '\s --SO (\ '" 

to 

out 

129 




