
 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 

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

II 



Univ
ers

ity
 of

 C
ap

e T
ow

n

van 

at 

III 



Univ
ers

ity
 of

 C
ap

e T
ow

n

on 

a 

at 

was seen 

a n ""HIT -1111A a 

to 

appiear not to at 

occur. 

a rate 

was 

on stream. was 

IV 



Univ
ers

ity
 of

 C
ap

e T
ow

n

seen hpjruu>pn were a 

a water on 

a 

v 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Ll..".",,"HV W1eClg(~m€:mts ... .. .............. ............. .. ........ . . .. .. . ........................................................ . 

1.1. 

1 

1.3 

1 

LOIltents..... .............. .................... ................................ ........ . ............ .. 

VYU,vLH .. J11 .. .. .. .. .. .. .. .. .. .. • • .. ... ............ ........... ............ ...... ............................ 1 

lJ"r" .... ".£"'I-".l<>........................................................................................ .. 2 

................................................................................ 6 

.................................................................... 7 

1 1. ................................................................................................ 7 

1 ............................................................................................................ 8 

1 ................................................ .. ............ 10 

HU .. '''.' .................................................................................... . 

2.1 

1 Clete~rmlltlatH)n ........................ .. ................................................. .. 

",U"""",'I-,,"\1"I ;:;loectrolpncltornetry......... .. ............................................ . 

Clete:rmlltlatl<m .. ........ ....... ...... .. .. ................. ....... .. .............. . 

1 

.3 oec:tro;scom ............. ........... ............ ............... .. ..... .. 

. 5 

3 

3.1 

3.3 I-'ro,gralmnneCl ~"""""'''''''VH . .......... ......... ......................... ....... .. 

3 

VI 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3 1 

3 

3 

3.5 

3.5.1 

3 

3. 

3 

0.1 

1 

versus 

.1 

areas ............ . 

.LJL~."'U'h:nV'U ............. . 

on 

on 

on 

.. ....................................................... 51 

nrcnerme ............ .. ................ .. 

" "V I'"' "u, ... "" 1: ....... .. ..................................... .. 

...,..., ...... U1 3: ............................................................................................................... .. 

................................. .......................................................................... ...... 1 

5: ................................................................................................................ 1 

VII 



Univ
ers

ity
 of

 C
ap

e T
ow

n

IS 

urrn ''''n as 

most COITIl11tOnl) 11"1'-'''''''' are on 

U"';lA .... , ..... et 

is not 

can as a 

1"'''''",,,,,,, ITton.ox:!oe must 

water as a 

a 

water 

is 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

routes were 

more to 

mcmOXICLe was 

1 

VU.l.clvl3 at 

were more 

a 

1 was were 

2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

were an 

it was not 

an 

on 

). 

more 

most recent ,",v.uu.u"'. is 

came on 1 

current are 

pf()ce:ss(!s start as 

3 



Univ
ers

ity
 of

 C
ap

e T
ow

n

came on 

a 

costs or even a "",,,,,<>,,..,,a 

reserves are 

IS remote areas 

eC()llc)m),c sense. 

as 

a a 

4 

more 

cost 

as a 

,","'JlU",U,", as a 

on 



Univ
ers

ity
 of

 C
ap

e T
ow

n
as 

can 

1 

are 

reactor. 

to 

reactor ......... LWU"J·~ 

over 

to n ... ,"r"'~o 

is not 

5 

a more 

a 

reactor to a reactor 

reactor are a more 

a 

IS 

can 

nvclrc,avnaltTIH;S are 

reasons 

no 



Univ
ers

ity
 of

 C
ap

e T
ow

n

across 

more 

1 states 

IS 

6 

too 

two most cornmlOni 

to 

it means 

IS 

it is not 

.L"Y'~U',U".UH is too 

are 

to 

IS 

as it can 

water 

can 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Var'og4::matea to 

2 can 

most common lU ..... U .. ' ..... " are pnlclt)1tatlon, 

or 

et 

IS more -":Tt,>rr>h et 1 

+ + 

at 

water 

water to IS 

+ 

at 

•• .u\J.AI ........ to mCllloxlcle IS 1 cannot 



Univ
ers

ity
 of

 C
ap

e T
ow

n
re;:;LCIllon centres are 

ShrInKmg core un.; ......... 

rate 

Oxide eore ---­

Metal shell 

8 

a 

more 

an 

rate 

"1"':'1""r<.('", or it can 

to 

Re(1ucing gas 

ChlCllllleai reaction n""',,..,. ....... at 

rate 

new 

to 

rate is 



Univ
ers

ity
 of

 C
ap

e T
ow

n

as 

It 

rate 

seen to an 

r= 

cus 

,,,,,.1.1 ... ' .... curve 

9 

it 

a to can seen as 

Oel)enlOelnt terms et 1 

or 

curvature 

or 



Univ
ers

ity
 of

 C
ap

e T
ow

n

reactants 

IS 

to react 

at 

nrr,nn(1Pf1 to 

reactant to move 

are 

to 

was 

as 1 

rate 

core U1\.)"""". 

pn~tn~atlneltlt was to UvIJU...," 

"'Y'..I", .. ,y C~ODl)er atoms to 

10 

as it 

moves 

It is 

et 



Univ
ers

ity
 of

 C
ap

e T
ow

n

or to 

to 

,.,.n1nn<'r creates 

IS 

un,,'.aa.v centres can an 

was 

amount 

11 



Univ
ers

ity
 of

 C
ap

e T
ow

n

10()Kea at 

as 

a 

are to 

area 

a or 

van 1 states 

12 



Univ
ers

ity
 of

 C
ap

e T
ow

n

on as a 

to 

eXlpe,;t a more 

more 

1 

on 

c+ 

COITIOOslltloin on 

to 

~"'""W"'U no vAI;'J1Cl,Ua,UVll 

was a reactor 

\"''''i)V'''U'CU\,,'U can 

£"THltn. once 

was more 

to 

as Ul.:l,vUi:'i)"'U 

a reactor. 

13 

a 

it 

a 

18 

IS 

same 



Univ
ers

ity
 of

 C
ap

e T
ow

n

an 

a. 

zero-

to 

b. a 

on 

an 

c. 

d. 

IS most 

as a 

It a on 

14 



Univ
ers

ity
 of

 C
ap

e T
ow

n

et 1 a 

tenlClea to 

IS was to 

+ (1 

not IS 

UIUU./<,'L" to act as 

an on 

rate we 

to 

atoms. 

15 



Univ
ers

ity
 of

 C
ap

e T
ow

n

even more pn)m)UIICe~Q 

seems ... u'u~, ..... 

100 ........... ---,..---

901-----1--1 

o 10 

IS a 

on on rate 

1 

can rate 

o Pur .. dry H2 
COry He+LS p.c. eenl CO 

A HZ" 1.6 e~nt CO +3,6 cenl H~O 
01 :;15" 

6 4,6 per callI Hz 0 (solurale:d 01 
3<)" - 3S"CI 

¢ Hz + 0.1 CO + I,a C02i:" 4,7 CH4+ 3.6 HzO, 
{saturated ot 26' -27·C} pel ee!'ll 

an 

are ",1'1,"\"';1n 1 

16 

was 

It 

at 

70 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was 

o 
u 

IOOr------

80t------

!E 60.----
1.1.1 
U 

IS 40 
A. 

20 

O~------~-----~~-----~-----J 

IS even 

to 

+ + 

l.Ja'JLn.HI is two 

to an 

17 

it was 

IS a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

IS to reo,xlOllse 

an on 

... u, ...... o,vu rate 

eXlJlect to see a 

it was not 

on a 

18 



Univ
ers

ity
 of

 C
ap

e T
ow

n

IS ro.l:1tnll1l~ et 

attlemlt)t was to as 

a 

1 

HV.,uvUto "'VH"'~l,,"'U was to 

as f./v.,<>unv. 'L.<UU"'L,CLUL 

.... "' .. u.s was '-'V'U .. A",,-''''' 

nn::CllDltlne was 

content 

accurate 

9 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was 

was 

to -LJAV<V,'" stannous 

a 

a 

meant 

was at room tenlperatl 

to 

amount excess IJ""''''''''''''''''' was 

two uaCIl()ns 

was 

stannous <VUl'...,"'..,,, 

was 

""VJ'''''''VU was 

to 

water 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was to "v ......... vu was to 

two 

to 

a 

IS 

out a 

1 

to 

a 

a 

was nA,ctnrrn 

npf·t(u·rn~·rl on 1. 

was to remove cause 

21 



Univ
ers

ity
 of

 C
ap

e T
ow

n

is 

on 

elelmell1 to 

,",..,'LV"",",,,, water. 

a 

mass 

1 

was 

a to 

22 

o. 

was 

same 

as 

Tt""'l'T.nn IS 

was 

to 

mass 

IS 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was ULun4" a 

water was aUI.I<;;iu. 

"'lU<U"l"15 rralcncm was 

an oven at at atnl0s:pn,er 

area n,,'r"l!"nllln 

are 

area was , .. ,-,u"",,, was 

was 

"'''':'''''',r<> was 0, 

can seen 



Univ
ers

ity
 of

 C
ap

e T
ow

n

IS 

et 

v,,.. ... v .. on 

was to 

extent 

to 

it is 

et 

by 

8 an 9 are ... "".u .... "'".. 

COlnOlOsl1tl011S were 

1 

1 

is to measure 

1J""""'vu over a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

most common A .. ,",,,,, .. ,,,, IS 

et 1 can nrn.." n 

COlmp10SltHmS were va,.,,, ... ,u on 

reactant not to 

it were. 

common to 1 

to 

to 

V ......... ..."." were rprnn,,,pn IS ...,""' ...... a .... ' .... I..DDlenOlX 1. 

were ona 

are 

2. 

was 

a "'''''11I-1J,,-, 

was or """"''''Fo rate was 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

2. 

3. 

3 __ ..• ~ •• , was 

16 

'-'\J'VUU;o; O:>Ul.llUJL,", to room ternO€~ra1tu 

was set at 

to np1'prrrun 

same 

is more ODtlm;al 

at 

areas 

as 

to 

or 

at 

cOI-res:OOlnds to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

G as ill G as out 

Glass wool 

Catalyst bed 

Sand 

m all tie 

IS a scrlerrlatllC nmr1ese:ntclt1Cill was 

was no 

to ensure nr' ...... £ .... was set 



Univ
ers

ity
 of

 C
ap

e T
ow

n

"""ULI'.'"' was 

were 

a 

as 

is 

crOisccme was 

was a 

camera. 

were to 

a. measurement 

b. 

c. 

are to 

was to 



Univ
ers

ity
 of

 C
ap

e T
ow

n
1 

1 

a more u,"" ..... ,,,, ... 

were 

SPt:ctI'orrletE~r was 

was 

were 

a 

to a 

cornp()nents were loent1tled 

areas. 

to 

a 

source a 

over a 

a mass to area 

or -

to V"lL,""U a UWUUJll .... U 

are 

content IS 

were sut)mlltted 

was to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 

runs were n""'rt;-',rn1.",,rI a reactor. 

it can seen mass 

to 

as 

an 

CTnnUi'<lTr'n accurate to a 

were at amlOS~DneI 

are COlrlIame:o 3. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

REFERENCE DRAIII NGS REFERENCE DRAWINGS 

t 
I 

L.....---------(II! 



Univ
ers

ity
 of

 C
ap

e T
ow

n

L ______ "IIE>----I<:::J---

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_..J 

I 

.t 
E 

BASIC CATALYST RESEARCH 
LABORATORY 2 

REACTOR 64300 



Univ
ers

ity
 of

 C
ap

e T
ow

n

-

reactor is 1 was 

was a 

AlII .... 

r-n 
"" 

II II 

I 
.. 
~ 

! 

... 
"" .. 

~ 1 

c\ 

! ... ... 2 

iAli 

.... 3 ... 

t 
reactor 

u""",,,,,,,, runs were """'"rrnrrYl,A'" on 

were out 



Univ
ers

ity
 of

 C
ap

e T
ow

n

same ternplE:ratuf'e OJrQ£,!ralmnles as 

mass 

1 

eOllCIlOIlS were out rr'\t"\"f""n reactor, 

was t'u,.trt,prl 

reactor was COClleo to re,lCIllon was 

ra,.,.,,p.rl out at 

a 

was at room ternpleraltl 

stream a 

"",,,,uv'''''' were a 

vacuum. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a 

a 

measurements were .... o·M-I"'I,rw.""rI 

to 

two was 

was a more accurate measurement 

was a SWlIc:n 

was 

was 

,,,,,,-to,,,,, was a 

a a 

calibration mix 



Univ
ers

ity
 of

 C
ap

e T
ow

n

were 

--------~~----------~~·lOO% 

were 

inmol-% 

in 

was a was 

un.LlJv", at 

was 

IS 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to vvas to 

vvas to 

reactor to 

IS 



Univ
ers

ity
 of

 C
ap

e T
ow

n

I 
( 

l 

:) 1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

--~~==~==------~--~rl 

r::. 
, -J l 

'J 

n-nonane 

l-octene 

n-octane 

. \) I-nonene 



Univ
ers

ity
 of

 C
ap

e T
ow

n

i I -: ' .... , , , 



Univ
ers

ity
 of

 C
ap

e T
ow

n

mass wax to an 

is as 

we can 

== VU,'""'VV 

= 

was "".'''lVU''' .. V .... as 

VUUvlo;:' IS on 

IS an 

a+ 

is 

to 

water Ui"!';UU,;)L a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

nal:lter 3 -

1, were to 

was 

11.04. 

'"'v ............ was 

by 10 0.15 

are 

IS 

IS nr~'"plnT 

an even 

to not 

1 was 

41 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Lo:mOl[)S1110n on mass 

LOJmO~[)S1110n on 

on mass to 

a 

a more 



Univ
ers

ity
 of

 C
ap

e T
ow

n

pn~cI1Dltl3.te was r<>,"'nue:>ra,n 

to 

to 

water was 

pn~Cll)mite was 

was 

area 

was 

ca. 

was to 

was sent 

are 

to a 

was 

even 

to 

UU" .... JlVU was 

not seem to ""l".uu.'V<JUU. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

pOltaS:HUlTI content 

rate IS 

to reOUCl:l0n 

to to one 

IS 

+ + 



Univ
ers

ity
 of

 C
ap

e T
ow

n

10 0,1 

o 

700 900 

OJ see 

2 

to a 

+ + 



Univ
ers

ity
 of

 C
ap

e T
ow

n

one at a at 

it is not seen as a 

HTt:splJ!lUmg to 

IS 1) 

on cannot 

IS 

not seem to 

are not ""A.U""U no or a 

IS 

IS ,",VA.''''''''U'' •• '''' 

.. uu'''', ....... IS 

not to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 

1 

reClUc:uon CI::mcUtll:ms see 

IS 

a 0.1 x as 

...,U,"...,LJlVH VV~'''''U,H..''''' ... ,.11..1 .. ..., ..... it is IS 

so it was not I.JV"'!"'V'''' 

on a 

It 

not 

were not 

on 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

to 

not seem to vU,tUI",v 

K-Iextlenments is 

two 

to 

is 

+ 

to reverse ...... " ....... v ........ 

are as 

or 



Univ
ers

ity
 of

 C
ap

e T
ow

n

c+ 

IS 

11 

3 

1 

2 

It can 

are severe u.U.A-U,"'V 

IS even more 

to "V,,,l""'" on C01::mE~ 

over to 

49 



Univ
ers

ity
 of

 C
ap

e T
ow

n

is not to occur. 1S a 

outer core 

or 

It is even 

It was was a 

.., .... ,,,"' •• ,, •• .., are Drt~Senu::u 

areas 

area measurement. 

at 



Univ
ers

ity
 of

 C
ap

e T
ow

n

area IS 

IS an 

at or 

a 

0.1 

it is on 

51 



Univ
ers

ity
 of

 C
ap

e T
ow

n

lattice fringes. It is also possible to get distortion of the measured lattice fringe if the image 

is exactly in focus. 

. , 

Figure 3-4: TEM micrograph of catalyst MSC3 reduced in 5.0%H2/Ar at 220°C for 

16hrs (reduction conditions see Chapter 2.3.2) 
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Looking at the lattice fringes of the crystallites, measurements in the region of2.2A, 3.0 A, 

3.6 A, 4.2 A, 4.5 A and 5.6 A were seen. A fast Fourier-transformation in the squared off 

region of Figure 3.4 gave 2.20 A, 3.00 A and 3.54 A. It could be possible that one of 

Figure 3-5: TEM micrograph of catalyst MSC3 reduced in O.l5%C02/4.7%H2/Ar at 

220°C for 16hrs (reduction conditions see Chapter 2.3.2) 
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Figure 3-6: TEM micrograph of catalyst MSC3 reduced in 4.8%CO/He at 300°C for 

16hrs (reduction conditions see Chapter 2.3.2) 
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Figure 3-7: TEM micrograph of catalyst MSC3 reduced in O.15%C02/4.8%COlHe at 

300°C for 16hrs (reduction conditions see Chapter 2.3.2) 

Carbon was found in all the areas, although in varying quantities. In Figure 3-6, area 6 

appeared the most oxidic and area 3, the most carbonaceous. The most silica was seen in 

area 6 and the least in area 3. Areas 4, 6 and 7 contained potassium. The potassium peak 
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Figure 3-8: TEM micrograph of catalyst MSC3 reduced in 4.8%CO/He at 300°C for 

16hrs showing carbonaceous filaments (reduction conditions see Chapter 

2.3.2) 
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3.4.3 Mossbauer Spectroscopy 

Mossbauer spectra of the reduced catalyst MSC3 (reduced in various atmospheres) were 

collected. The spectra of the reduced catalyst are given in Figures 3-9 -3-14. 
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Figure 3-9: Mossbauer plot ofMSC3, unreduced 
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Figure 3-10: Mossbauer plot ofMSC3 reduced in 5%H2/Ar at 220°C for 16 
hours - sample unloaded in wax, spectrum at 25°C (for reduction conditions 
see chapter 2.3.2) 
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Figure 3-11: Mossbauer plot ofMSC3 reduced in 5%H2/Ar at 220°C for 16 
hours - Sample unloaded in C02, spectrum at 25°C (for reduction conditions 
see chapter 2.3.2) 
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Figure 3-12: Mossbauer plot ofMSC3 reduced in O.15%C021 4.7%H2/Ar for 
220°C for 16 hours (for reduction conditions see chapter 2.3.2) 
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Figure 3-13: Mossbauer plot ofMSC reduced in 4.8%COlHe at 300°C for 16 
hours (for reduction conditions see chapter 2.3.2) 

1.01 -,-------------------------------, 

c 
o 

1.00 . 

0.99 

0.98 

:~ 0.97 . 
C 

~ 0.96 ... 
1-< 

0.95 

0.94 

0.93 

0.92 -1-----,-------,-------,---------,..-------,------1 

-15 -10 -5 o 5 10 

Velocity (mm/s) 

Figure 3-14: Mossbauer spectrum ofMSC3 reduced in 
0.1 5%C02/4. 7%COlHe at 300°C for 16 hours (for reduction conditions see 
chapter 2.3.2) 

61 

15 



Univ
ers

ity
 of

 C
ap

e T
ow

n

0.18 
1 

was 

1 

Inu1rn,,.,.,,,,,, was too 

at 

to a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

0.1 

was 

1 

was no 

were 

not 

on stream was 

to a 

was as 

was 

over a 

are 

stream. 

an 

to error 



Univ
ers

ity
 of

 C
ap

e T
ow

n on 

stream, 

same as 

on stream seems to 

an 

to a as 

+ + 

reverse water was V<UV""'l ...... 'U as 

3, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

numerator accounts 

to 

was ael:enmrlea to 

reverse water cannot account 

on stream. 

stream. 

not VU<Ull",'-' 

water was 

2 

• • • • • • 0 

• • • • • • -1 

-2 

0 5 10 15 

Carbon number 



Univ
ers

ity
 of

 C
ap

e T
ow

n

not is seen 

on stream 

"h('"u~'1'1 an an()matcluS 

L 

;geltlat€~S IS 

6 

at must to an error 

100 

- • • :::::: • :> 

60 • .... = ~ 

t= 40 Q 
("I 

o 
o 4 8 12 



Univ
ers

ity
 of

 C
ap

e T
ow

n

-V •. "-'H.H content un.,"UJl., as a ....... .., .. :VU 

'.""'LA" content 

to sec:onClar as UVUUJl'" 

content as a un ..... ,,:vu is Clel)lclteCl 

rge:nates are """",vu,.",,,_ 

content is .... ".""u .... ..uu at 'ge:nates nr~"""'nt were 



Univ
ers

ity
 of

 C
ap

e T
ow

n

25 

-:::;:: 
Q 20 

.... 15 
= ~ .... 
= 10 10 c..t 

5 

• 
0 

0 4 8 12 

run are 



Univ
ers

ity
 of

 C
ap

e T
ow

n

on stream 

on 

stream. 

to a 

on stream. 

to 

cause a 

water 

on stream an 

2 
Ill! after 24hrs 

• after 48hrs 

• after 72hr3 

0 A • .after%hrs 

A • -1 
ill 
A 

-2 • 
0 5 



Univ
ers

ity
 of

 C
ap

e T
ow

n

on stream. 

UIUlval • .., a extent 

1-",,,,,,.LH content as a 

at 

re-

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

100 A .... ... '" • • • • • 80 • • • ~. 

..... 60 
= <:.l ..... 
= 0 40 ("j 

= 10:: 
<:.l 

0 20 
i -

0 

0 4 8 12 

Carbon number 

content on stream as a 

IS at 

a 

15 

:::::: 
" 

10 .... = <l.I -= 0 
u 

5 

• • 
0 

0 4 8 12 

Carbon number 

71 



Univ
ers

ity
 of

 C
ap

e T
ow

n

IS more 

It is 

wax was '"''"''.v".", ... 

more seen 

reverse water 

run as wax 

on stream is 

as 

is not 

not 

IS to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

wax run was 

two runs. 

are ch,-"nrn 

, • • • • • • • • • ... ... • • ... ... • • • 0 ... ... • • 1I • -1 
III 1I 

1I ... 
-2 

0 5 10 15 

number 

100 

-;::R 80 • • <:> 

• • • • 60 • • .... • 5 .... = 40 Q 
u 

= Ie ~~ 
.S:! 20 
0 

0 

0 4 8 12 

Carbon number 



Univ
ers

ity
 of

 C
ap

e T
ow

n

100 .... 
'" ".. • • • 80 • • 

... = II) -= 40 <0 
<:,,\ 

20 

0 

0 4 8 12 

on stream 

30 • 
~ .. 25 

20 

j 
15 ! 

l:.I 

10 

5 • • 
0 A A 

4 8 12 

Carbon number 

-"ILVU" content are IS a 

content 

IS an )Xvgenal,e content 



Univ
ers

ity
 of

 C
ap

e T
ow

n

0.1 

run 

run 

wax 

were even run. 

75 

one were to 

starts as 

was an 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 
I 

1 * • • • • ... 0 III • • t ... 
! 

~l 
II • 

• III 
II ItIiI 

~2 

0 5 10 15 

nnmber 

on stream. 

at a ...... ,;'>.4£,L........ at 

100 

,...... 
'I- 80 • .. • • • • .. .. .... 60 
= ,;:! 
= 40 0 
<.I 

= = .!!:! 20 0 

0 

0 4 8 12 

Carbon number 



Univ
ers

ity
 of

 C
ap

e T
ow

n

content 

is some scatter 

100 

80 

.... 
== <l.I .... 
== 8 40 
== I+:: 
~ 
0 20 , 
'"'" 

0 

15 -~ ~ 

10 -c 
~ 

""" C 
10 
y 

5 

• 
0 

0 

...... .... 
",. '" 

IS 

applearto no 1 

.... 

• '" 

• • 
• 

4 8 12 

Carbon number 

• 
A 

4 8 12 

Carbon number 



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



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



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



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



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



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



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



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



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



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



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



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




