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I1fl'ntl.'r 2. -

measurements 

were ,",vuu,u,", 

an elelctr()m~lgnetlC a tenl1peran 

A 

Balance Control Unit 

B 

F 

A Electronic microbalance 
B water 
C Vacuum connection 
D Side blanket gas 
E Micro-environment cup 

G F Furnace WllilamlJl 

G Flowmeter 
H Control valve 

H 

2.2.5: Schematic ofThennal 

asa 

teU1J)e1:ature to 

mamuum~at 
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as a measure 

lS01:ner:m as ClelnOlnstJrat(:Cl 
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~ 
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eb isorption 
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01 
<II 

1.00 E 
2l1li isotherm 
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0.00 
0 50 100 150 200 250 300 350 400 450 

pressure(mmHg) 

2.2.6 a: cn.em,lsOirptlOn isotherms of the 

.. rlc:" ..... tu ... isotherm 
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2.2.6 b: 
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N 
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2.50 
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"CI 

~ 1.50 
0 

"" "CI 
til 
CI) 1.00 
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Cb.em.isorption isotherms 

aru;on:)U()D isotherm 

isotherm 

Total 
ebemls rptioD 

200.00 300.00 400.00 500.00 

pressure(mmHg) 

catalv~t after del~as:sin:g· 

A =-'-"-- x 

Total metallic surface area 
Volume of CO chemisorbed 
AIi'Oe:aaIU'S number 
Cross sectional area OC1~uplleo 

on 

> 

). 

occurs at teJnC,enltures H:U . .l~!U~ 

on area 

> 
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-----: 

adsorbed at an 
Number molecules at mOlnollayc~r 
Pressure at which a volume 

o to 1 

1 
+--

pressure of the adsorbate in the cOllde:nscld 
Relative pressure. 
Constant related to heat 

a Ml.cr()m,en1tics 

vacuum. Nl'l1'Ol!en was 
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cnaDt,eT 2.-

to 

1. 

co 

1 Mixer 
Heated Zone 

4 Valve 

Fixed Bed Reactor 

Needle Valve 
Mixer 

meter 

2.3.1: Flow sheet of fixed bed reactor. 

reactor a reactor a 

rates 

+ mass 
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Chapter 2,- Experimental 

Glass beads were plar.:cd below and on top of the bed to serve as pre-heating zone~. To keep 

the catalyst bed in pla~c plug or~ilinized glass '1','001 were placed at the bottom and top of the 

bed, The glass reactor was positioned in it~ stainless steal container and then in the l'umace. 

The fixed bed reactoc is illustrated in figw:c 2.3.2, 

10m'" 

Fi~ure 2.3.2: fixed bed react"'"' 

thermo_well 

glas., wool 

cata/y.,I., bed 

glass w(}()1 

glal" bead., 
fJOrauJ g/"", "'PPGO"t 

The Temperature in the catalyst bed was mcasllrcd by a Ihermocollpk a~ shown in figw:e 

2.3.3. 
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Gas In reactor 

Glass reactor 

Gas out 

2.3.3: Reactor. 

aPt)anltus was 

reactor was at to 

see wtletlller were prleSC:llt. 
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cases at 

same 

sarnolle at A ... "."'U,vu 

2.3.4: 

1"n1'<1£,'1"1 s:yn1:heSls were 

on stream. 

contents 

HJ .... "_U oroc:eQll.lre was oerto,nn:ed 

IS 

LI1!QDrer 2. - kvno'l"i»,o,,",tnl 

at some 

were AU .. '....,. ..... a cmom:atoluaJ)h 

were 

was .,u,roi-",k .. rt to to reCheC:K 

IS 

a n::p'rt::~it::nUUl 

Product gas;" 

t----,I.I'-l- - - +-

a 

Product gasout 
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as 

a 

was a mi~l{twre a 

1 

were ... "', .......... ,,; ... "' .... 

Column IeDgth = 30.5m 
External diameter 4.17 mm 
Material: Stainless steel 
Packin!!; : Carbosieve S II 

Detector TCD 

Carrier gas Argon 

Initial column temp 75"C 

Initial column hold time 10.0 min 

Injector temperature 150"C 

Detector temperature 250C 

TCD A Filament temp. 285"C 

TCD A Initial attenuation 8 

TCD A Initial range 0.5 

Methnc complete - end time 10.0 min 
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S~lmleSllswere ~nQ"T~~n a 

to 

to a satlstact:ot"j ..:prl", .. ",h 

_ ... ,_~._ UJlVU.U""1..3 are Sel)ar.ated 

as a clu'OITlatC)JU'llPh was 

Column 

Initial column -68 "C 
Initial column hold time 5.00 min. 
• 1: Final col -35 "C. 

Col rate 15.0 "C/min. 
Col hold time 100 min. 

• 2: Final col. -5 "C. 
Col rate 10.0 "C/min. 
Col hold time 2.5 "C/min. 

• 3: Final col. "C 
Col rate 2.5 "C/min. 
Col hold time 0.0 

• 4: Final col 280 "C 
Col rate 5.0 
Col hold time 60 min 

Anal sis Duration 120 min. 
Detector FID 

250 "C 
250"C 

12 
1234 
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"'''''''"01'' 3. - .... "'''' ..... ''' 

ff .. , ....... t •• ".n" ....... 1()aam~~S were ..... " .... "'· .... rI 

1. 

to measure 

Catal st 

........ , ...... content was 

8.8 

15.7 

21.3 

21.3 

uw,u."' .... as 

mass 

content mass 

a as 

... 11' ...... "'''' .. ''' it was 

8.3 

14.5 

20.7 

20.6 

was a 
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ChaDter3. -

a 

can to 

+ + 

at can 

assllgm::a to 

+ + 

can 

was 

IS to 31 

",,,,,.l .U.lAU.l6 core 
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Lnj'1Dlj~r 3. -

~r---------------------------------------------------------------------------' 

30 

20 

10 

o 100 200 300 500 600 700 800 

3.1.1: TPR VI""lU",," with 

was ClelnOltlstlratc::Cl contmmlng 3 

cOl:lSum~'tion was ",AUlAAUAA 

to reauce 

same. over 

consumed x 10' % 

Total Total 

2 3 4 consumed 
measured 

consumed 2 3 4 

0.07 0.51 1.49 0.09 2.16 1.99 3.2 24 69 4.2 

0.06 0.97 2.76 0.20 3.99 3.56 1.5 24 69 5.0 

0.07 1.28 3.81 0.19 5.36 4.82 1.3 24 71 3.5 

0.00 1.06 4.38 0.00 5.44 4.82 0.0 20 80 0.0 
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Lf""UU~1 3. -

'"'v •. £., .... u .. ,.£vu e:!{De:cte:Q was on was 

reQuctlOn to was COlrIlP,lete. 

was ...... n ..... ,... • .,.. to 

8.------------------------------. 

6 

4 

2 

~ o+-------,------,-------,----~ 
E-< 0.0 10.0 20.0 30.0 40.0 

3.1.2: Correlation oftotal COllsmnption and cobalt lV ......... !!> 20 and 

area were 

recluc:t10'n ""JU""uu.-,u",,, were "",UAl ...... ",," 

is 

<In'I,<>'t,, ... was 
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L,1l4'.lOfjr::r 3. -

D m.s.a. m.s.a. Pd 
lSCN 

0.89 2.83 1.58 35.3 
1.27 2.30 2.26 15.59 43.2 
1.41 1.95 13.26 50.9 

see 3.1 

5~------------------------------, 

4 

3 

2 

O+-------.-------.-------~------~ 

0.0 10.0 20.0 30.0 40.0 

ni",.,.. ... ~inl'l of 3.1.3: 

obtained from the 

20 as a function of cobalt content. 

( ) "total" ( ) Chelnlsorpticm. 
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not 

were 

on 

Co ni~ 

Catalyst (wt%) (%) 
Co/Si02 32.1 0.45 

24.8 4.20 
23.1 3.20 
15.0 5.00 
14 .. 0 1.90 
13.0 6.30 
10.3 9.50 

were 

were pre:pwred 

on 

u ..... , .. "". OIU1''''It .. ,,· .. area 

AU"" .... U."" SlllTllCe areas 

ULaJlU",U were 

1 
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de~;;rease as seen 

30~~--------------------------~ 

20 

1\1 
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i 10 

:::s 

0 
0.0 10.0 20.0 30.0 40.0 

3.1.4: in"......... surface as a function of cobalt IOaclmg for the 20 and 

" ..... ,..,;n .. obtainE:d from the "total" ( ) chelnis(J.rptilon 

as 
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area 

areas 

sw1a(;e area 

0.00 

0.11 

0.20 

0.28 

areas 

1.00 

0.89 

0.80 

0.72 

286 

265 

233 

194 

hll'nfi;'" 3. -

are eXl:>resse~d as area 

areas 

sw::rru~es areas 
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300 
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'Hl'lfnt.,,. 3. -

l 

can seen was a 

cases. 

FT 

Time on stream 

2 16 20 24 48 

17.1 14.2 9.1 12.5 7.6 

30.9 26.0 24.9 29.0 23.0 

39.4 41.4 37.0 39.7 29.0 

lOO~-------------------------------, 

80. 

60 

40 

20 

o+-----~----~------~----~------

0.0 10.0 20.0 30.0 40.0 50.0 

on stream 

3.1.6: FT activities of 20 and FT conditi1oos, 15bar g, =2. 

Amount of metal area loaded in the reactor: 

to as as 

secltlon 1 
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Chant,er 3. -

area as ,,".nu ..... 

50,-----------------------------------~ 

0.6 0.8 

20 and lUlllZ~'lU? Imc:asulfed as CO conversion at 2hrs on 

stream as a function of the metal area eXJjlose:a, as Qmmtified and "total" CO chemisorotioll 

determination 

is 

.;>Wd.a.",,," area lU~ll..lII::;U reactor 

was mt~lllre:cl ... ~""" ....... 

atom cle[len41S on inc;re~lSiIlt2 ILl' ...... ". l()aaLnJZ 

" .. ", ... ""'''' are 
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Chain 

2 16 20 24 48 

0.81 0.78 0.79 0.77 

0.84 0.83 0.84 0.85 0.84 

0.87 0.86 0.85 0.83 0.86 

IS 

to 

to on 

+ 

not 
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-",,, .. ,11',,, .. 3. _ 

3.1 a 

was • ""LL"''''Ll nas 3.1 

3.1.8. a: 

=2. 

3.1.8. b: Chain 

15bar g, = 2. 

10~------------------------------~ 

8 

6 

4 

2 

o 2 4 6 8 10 12 14 16 18 20 

Carbon nllnlber 

r.Atlllvd at 16-24hrs TOS. FT conditij[)Ds, 

0.0 

-0.5 

-1.0 

-1.5 

-2.0 

-2.5 

-3.0 

0 2 4 6 8 10 12 14 

Carbon number 

15bar g, 

at 16-24hrs TOS. FT oon,ditilons. 
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= IE 
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7 

0.40 
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8 9 
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3.1.9: Ratio over the total fraction versus carbon .. " ... 'h .... 

\-,~) 
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nn1upr 3. -

... VJ,L., .... "U.JU ... ,U eJI{De:ctec1 was .......... UJI,<>.t .. 'u on 

measurements 
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+ + 

3 

+ + 
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at 

3 

0.07 l.28 3.81 

0.28 1.19 3.61 

4 

0.19 

0.44 

.HIl'n1;:·" 3. -

consumed 
measured 

5.36 

5.52 

% 

2 

1.3 23.9 

5.0 21.6 

3 

71.1 

65.4 

sO?-----------------------------------------------~ 

40 

30 

20 

10 

o 100 200 300 400 soo 600 700 800 

4 

3.5 

8.0 

3.2.1: TPR ..,IUJ.U,",:O of of the redluclllg mixture 

Ih.}'V_'JVUU! uncaIcined. in 1---I,'::IU'-4IJIUUI[ll calcined and (- - - --

areas were VV ....... A .• ""'"' 
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100.0 

80.0 

60.0 

40.0 

20.0 

0.0 

3.2.2: 

0 20 

0.63 

0.76 

0.58 

was 

jJ\ 
40 60 

UVIll~"lI1"'J' calcined 

D 

0.80 

0.97 

0.74 

80 

to 

1200 

1000 

800 

600 

400 

200 

0 

100 120 140 160 

with OM ... · .. "'" sizes between 250 """t'\JUWll. 

m.s.a. 

1.13 

1.35 

1.04 

m.s.a. 

5.44 

6.54 

5.00 

were 

123.9 

103.0 

134.8 
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L'11!anter 3. - .n.C::3U",J 

0.92 1.16 1.64 7.91 85.3 

1.09 1.39 1.94 9.38 71.9 

uncalcined 0.92 1.17 1.63 7.89 85.5 

D 
m.a.s. Metallic surface area. 
Pd Cobalt average diameter. 

It was wetness 

one 

tonner aDt)ea;red to 

two 

area 

ch~emlsomtlon were 

or not 
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0.00 1.00 

0.28 

0.28 

0.72 

0.72 

BET 

193 

194 

ChaDter 3. -
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Surface area 
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on stream. 
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3.2.3: FT activities 
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38.9 

15 

FT 

20 

41.4 
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25 

Time on stream 
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Catal 8t 
Metal loaded in FT 

reactor m 

53.6 

56.8 

56.8 

FT measured as CO Cobalt area loaded in the 
converted % at 2hrs TOS FT reactor 

33.3 

39.4 

38.9 

0.29 

0.35 

0.27 

50~----------------------------------------------------~ 

40 

30 

..... 20 
«I 

10 

• 

O¥---------~----------,_--------_r----------._--------~ 

o 0.1 0.2 0.3 0.4 0.5 

area FT reactor 

3.2.4: FT of VVI"'';'''-'2 cIltalvsi.'1 lme~as1Jlfed as CO conversion at 2hrs TOS as a 

function of the metal area as quailltU:ied (- pm "' .... , ... ,,"', 

( u,.J''' ..... 'JV&4111 calcined and ( 

n aglun:Sl 

to 
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were not as UA ................ . 

2 

0.82 

0.87 

0.77 

0.60 

0.63 

0.61 

to 

16 

0.86 

0.40 

0.32 

0.35 

24 

0.85 

0.85 

0.81 

cases. 

Paraffins/T ota} hvtl, ....... ,,. .. h,,. .. 

Carbon fraction 

0.45 

0.39 

0.42 

0.50 

0.42 

0.49 

0.57 

0.48 

0.57 

48 

0.83 

0.86 

0.65 

0.65 
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0.8 

15 
0.6 'il 

Jg 
15 

~ 0.4 

0.2 

o 2 3 

3.2.5: of n" .. "H1n~ over the 

calcined. 1.-4'-- ,,,-,,,u·,,uu 

3. -

0 • 
• 

4 s 6 7 8 9 

Carbon number 

carbon fToo"h" ... versus carbon nunlber {--,a-- '''',.r .... ,''' J.l.m 

M;)ll.I-<tIJUUm uncalcined. 

are 

no cases. 

vu ..... u. ..... over 

Linear l-Cn olefins 

Carbon fraction 

0.83 

0.91 

0.95 

0.99 

0.89 

0.83 

0.74 

0.87 

0.76 

acc~taJd.eJtlycle were most atnmClant an.'VU''''A 

were no "'AI' .. J.£JL£ ........ U.. ditter'enlces 

0.66 

0.83 

0.64 

0.60 

0.69 

0.60 

were ± 

0.50 

0.52 

0.49 
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asS:WIlntl.on was 

cases. 

content 

Caml st 

15.7 

15.7 

21.3 

21.3 

21.3 

21.3 

1 

same amount 

was nrc::seJlt as "-'u,'U'" 

eX1Jectea measurements 

m~:aslure:d clonc:entra1tJ.OllS were not 

14.5 

14.6 

20.7 

20.7 

20.7 

20.8 

was 

a 1 
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Sec::OD,Q one 

was seen 

was ... ., .. 'TV .. ·,... at 

a 

l"l'I1"l'Il""<i!t<i! were ....... 'LAV.,.l(lenttcfU. 

+ 

+ 

sug;ges:ted to 

Moles 

1 2 3 4 

1.28 3.81 0.19· 

1.24 3.74 0.27 

+ 

+ 

consumed 
measured 

5.36 

5.33 

one impre:gnated 

case 

1.3 

1..5 

% 

2 3 

71.1 

70.2 

a 

cases. 

to 

4 

3.5 

5.1 
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3. -
so 

40 

30 

20 

10 

0 
.......................... 

0 100 200 300 400 500 600 700 800 

3.3.1: TPR 

in and ) 

"" .. '1"<>r·" areas were 

cne:mlSOI'lPt1C)D alJparatllS was 

same COlIC111tiOllS as COlICllllcte:Cl 

measurements. 

UU;'I.«J,U,", "' ............... '_ areas were Cailculat:eCl 

an to 

one pre:paJrea 

were Dre:DaJ["eCl a .... V .... Uli'" 

"'!:lIt'!:lII",rC1TC1 were ob1tauled 1, 3 6 
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D 
m.a.s. 
Pd 
® 

® 

vol CO 
adsorbed 

1.27 

1.41 

1.54 

1.28 

1.33 

1.85 

2.06 

2.32 

1.88 

1.94 

Metallic surface area. 

D 

2.30 

1.79 

1.95 

1.65 

1.68 

D 

3.34 

2.72 

2.95 

2.39 

2.45 

diameter of cobalt metal. 

case 

LnlClDfler 3. - .n. ... " .. ,." 

m.s.a. 

2.26 

2.51 

2.73 

2.31 

2.36 

m.s.a. 

3.34 

3.67 

4.12 

3.34 

3.45 

to 

m.s.a. 

15.59 

12.11 

13.26 

11.16 

11.42 

m.s.a. 

23.02 

17.73 

19.90 

16.16 

16.68 

most 

43.2 

55.7 

51.0 

60.4 

59.1 

29.3 

38.0 

33.9 

41.7 

40.4 . 

1'IT'f~l'I!:1r$'lt1inn was 

was not ext)ec1:eC1. 
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area 

were not 

1, 

1 

"' ............. , ... areas 6 

a or 

areas. 

not an 

nm. QrrIPT'~1"c! are ,;)UJLLU4;L1. e:xccmt one 

areas are two sets 

··""" ....... I' ... ".rI" areas were as ... "'Ii"""".u ...... 
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were 

to 

3 

sw1a(~e areas 

areas 

0.20 

0.20 

0.28 

0.28 

0.28 

0.28 

0.80 

0.80 

0.72 

0.72 

0.72 

0.72 

as one 

011 

h 

1 2 cases were .... UA"U .... 

L174rlVCit!r 3. -

233 

235 

194 

207 

196 

196 

area 

a 

230 

230 

205 

205 

205 

205 

cases were .,n"'nAI~t 

was 

290 

293 

269 

288 

273 

273 

1, 
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Llllanter 3. - .n.C;;,.JU£I') 

case a01JeareCl 

an()tnl:::r _. __ ... __ was 1"Ir"'1"I!lI1I"Pt1 

to <!l11''T!lII'''' area 

see se(~u(],n 

FT 

Time on stream 

2 16 20 24 48 

30.9 26.0 24.9 29.0 23.0 

32.3 27.1 25.5 24.9 18.8 

39.4 41.4 37.0 39.7 29.0 

52.4 51.6 48.8 47.8 44.4 

34.8 32.0 30.2 28.5 

33.9 31.5 30.9 30.3 26.2 

100 100 

a b 
80 80 

60 60 

• • • • • 40 0 0 0 
0 

I!I IJ • • • I!! • • 0 II 0 • 20 II 

0 0 
0 10 20 30 40 50 0 10 20 30 40 50 

on stream Time on stream 

3.3.2 : FT activities of time on stream TOS. FT 1Sbar g, 

) ) ) 
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'""",,,,I,, .. 3. - .n.C;;O)UI,lol 

area 

.uU,UoUAji;" were as one 

C1eloeIllC1elnt on on 

on 

60 r-------------------------------------~ 

50 

§ 
'2 

CI.) 

> 
§ 

40 u 
0 0 
u 

• • 
30 [J 

t: 

20 ~ __________ --------__ --------__ ------~ 
0.8 0.9 1.0 1.1 1.2 

Metallic area loaded in FT reactor 

3.3.3: IT .. ...t1vitv measured as CO ...... """ ... "'jn."(O/. at 2hrs TOS as a function metallic area 

ext)()sc~a (clbtaiined from the "total" che:misiorption 

) VVI<''''.'J2 and 

n ~" .... u.,. 

a 

are 
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at 

nor 

2 16 

0.84 0.83 

0.85 0.85 

0.86 

0.85 0.86 

® 0.83 0.86 

0.86 0.84 

cornpareCl to 

same amount 

nnrlTor 3. -

imore:ssjlon gW]C1t::u IS 

24 

0.84 0.85 

0.85 0.83 

0.85 0.83 

0.86 0.85 

0.85 0.85 

0.85 0.85 

were more pwrattinic 

to 

48 

0.84 

0.84 

0.86 

0.86 

-over 

one 

was 

more more eXltenslv'e h:yCll'ogeruluoln 

more as 

"' ............. , ... area .u ........ " .... 

reactor 
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.. "", ... rL>O- 3. -

Paraffinsffotal 

Carbon fraction 

0.63 0.27 0.34 0.40 0.50 0.50 

0.58 0.23 0.32 0.37 0.42 0.50 

0.63 0.32 0.39 0.42 0.48 0.54 

0.70 0.42 0.49 0.55 0.61 

0.63 0.29 0.31 0.33 0.38 0.45 

0.55 0.25 0.26 0.27 0.34 0.40 

0,8 .,---------------, 

0,80 

0,4 o 
]i 
0 

f-< • 'iii 

IS 
011 

Iii 
~ 

0 
0 2 4 6 8 o 2 4 6 8 

Carbon number Carbon number 

3.3.4: Ratio par.il.tfillS over the total carbon fraction versus carbon number. 

same .I."'" ........ "". 

to were 

,..",,"tv>n atoms 3 to 7 were 
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cnaDter 3. -

are 

lor 3 

were 

VAA ........ '" were Dn~Selt1t 

were Q.O)"'I.U.l.l"'''' 

It is seen 

a 

Co Zn Co Zn 
21.3 20.7 

16.2 12.0 15.5 11.9 

11.0 30.6 12.0 31.7 

16.9 16.5 14.9 12.7 

12.0 35.1 10.6 35.9 

Concentrations ofMn and Zn were to: 
1 MnO coverage 
3 MnO coverage of the 
1 ZOO coverage of the silica. 
3 ZOO coverage of the silica. 
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cn,ant,er 3. -

were I-'.".,~t ... , .... as 

at 

at 3 was ....,.~,.~."' .... 

+ + 

aOlleared at 

+ + 

;:O;Ull\JiI1U:;;:O; were retlreSienlted a 

srunnles were 

were SUllSeQUlentn 

at was iI1::oi~jWl1"'U to 

+ + 

+ + 

a to 

1. .. "" .. " ..... " .... c,ommnrmtion was eXl,ected U"'\"iI1U:liC 

not .... " ....... ,,_ 
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40 

30 

20 

10 

o 

3.4.1: TPR 

at 

at 

100 200 300 400 soo 600 700 800 

of the blank sam]pies. (- ) OJ._'J<,1VJ.UI V\J.", .. ,.'-J2. (.......... ) 

of the redlucirlg mixture 

31 

+ 

+ 

+ 

+ 

1 

in 

It 

+ 

+ 

AUUL ....... to 

was 'n1' ........ ' ... to 

as 

IS 
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3. -
70 

60 

,; .... .... · .. II 

• 
II 

• 
10 

SO " II 

" 10 

" .. 
II .. 
" " II 

40 II 

" II 
II 
II 
II 

30 " 

20 

10 

0 
0 100 200 300 400 SOO 600 100 800 

3.4.2: TPR of the (-) v"I .. ..,..""2, ( - - - '.n"""'Ju/£. 

( an ... ) of the re(1IUclllg mixture in 

1 or 3 

were 

seen. at 

+ + 

cases ..... ''' ....... 1'1tnJ· .. 

at COITespOllaea to 

+ + 

cases. 

at to 
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so 
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30 

20 

10 

0 
0 100 200 300 400 soo 600 700 800 

3.4.3: TPR of the ) 

( .11.8. of the redlL1cil1Ut mixture 

a 

were ditter~~nt. cases more was CO]llSUllm~ ..,AIJI.,11oUl".;UUlln 

more so are more .... AJLJLA"" .... to 

sw1ac:e areas 

un<~oated case. 
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YlflYJTOr 3. -

~r-------------------------------------------------__ 

40 

30 

20 

10 

o+-----~~------~~==--~------~~------~------~ 
o 200 400 600 800 1000 1200 

3.4.4: TPR ....... ,'" ..... of the .... "''''',,,,,, .. ''''. ( -- ) pure --- ) 

of the reaUCUll! mixture in 

consumed x 10· % 

1 2 3 4 2 3 4 

0.07 1.28 3.81 0.19 1.3 23.9 71.1 3.5 

3.01 1.89 4.90 4.99 61.4 38.6 

0.61 1.90 2.69 0.78 5.98 6.21 10.2 31.8 45.0 13.0 

0.27 5.47 3.04 1.66 10.44 9.91 2.6 52.4 29.1 15.9 

0.29 0.29 0.00 100 

1.79 1.32 3.76 6.87 3.97 26.0 19.3 54.7 

0.66 0.90 2.14 3.70 2.96 17.8 24.4 57.8 
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• 

was 

atoms as a perce:nulge 

It is ". ... " ... .., 

to a Irrc~atll'!r "' . .,.'t"', ...... 

vol CO 
adsorbed 

0.76 

0.19 

0.12 

0.06 

0.05 

0.08 

0.18 

"'riMY""'" 3. - .. ~"', ... _ ..... 

apl)8nltus was ... "'.,., .... """ at 2 

amount 

to 

D m.s.a. m.s.a. 

0.97 1.35 6.54 103 

0.26 0.33 2.14 315 

0.27 0.22 1.81 372 

0.13 0.11 0.90 

0.08 0.08 0.54 

0.22 0.15 1.41 478 

0.44 0.31 227 
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D m.s.a. m.s.a. Pd 

1.39 1.94 9.38 72 

0.37 0.52 0.66 4.28 158 

0.27 0.60 0.48 4.01 168 

0.13 0.29 0.24 1.99 339 

0.05 0.08 0.08 0.54 1248 

0.19 0.50 0.34 3.19 211 

0.50 1.25 0.89 8.43 80 

m.a.s. area. 
Pel diameter of cobalt metal. 

area 1 

was 

coa.ted cases or 

or 

areas are "mleru;urc~dn areas 

were it 

1 or 3 mo:nOU1Y 

"'lIy·Ta ... ·"" areas 

SUI'Iac:e areas. 
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3. -

areas 

BET 
1 g. Surface area 

measured 
or 

ZnO 

Silica 1.00 286 286 

0.28 0.72 194 206 269 

0.56 0.44 117 266 

0.21 0.17 0.62 139 177 224 

0.16 0.46 0.38 93 109 245 

0.16 0.46 0.38 97 109 255 

0.52 0.48 89 137 185 

0.20 0.16 0.64 130 183 203 

0.14 0.45 0.41 83 117 202 

350 

300 

2S0 

os 200 
; 

I ISO 

'" 
~ 100 

SO 

0 

0 20 40 60 80 100 

Mn or Zn addition to 

3.4.5: BET surface areas Mn or Zn addition over u ..... _,..., 

( ( ::K ) 

( ) 
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n.ar)rpr 3. -

on 

"'''',,",f'TU'" was per1orme:d at .. "" ... "".u., .. ", .. "run,.,."..., 15 g = 

were COlmpare:d 

cO~Lted cases. 

areas 

eXl!lresse:d as reactor. 

same amount 

areas. 

FT 

Time on stream 

2 16 20 24 48 

39.4 41.4 37.0 39.7 28.6 

30.1 21.5 20.9 20.9 

29.1 24.5 20.6 12.7 12.8 

27.8 10.4 8.1 

16.5 13.8 13.1 10.8 8.7 

21.0 18.3 16.7 15.2 

27.8 14.7 11.6 14.1 13.3 
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ChaDter 3. -

l00r-------------------------, l00r-------------------------~ 

80 

60 

o 
U 40 

20 

o 10 

3.4.6. 

a 

80 

60 

40 

20 li. 

20 30 40 50 o 10 20 30 

on stream on stream 

time on stream TOS. FT conditi!ons, 

v"')o ..... "''2. ( 

( 

sO~------------------------------------~ 

40 • 

30 
x 

20 

10 

0+---------~--------~--------~------_4 

o 
Metal area in FT reactor 

40 

b 

• 

50 

2. 

) 

( ... ) 

3.4.7: FT """h'",", measured as CO COI'1IVf!I"!'ll 

loaded in the FT reactor obtamc:d from the .. "n·n .... "" cilemlisorption). 

2hrs TOS as a function of the metal area 

( . 
( . 

( ) 

( 

x ) 
( ) 
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,na''Jrer 3. -

to 

at 

Chain 

2 16 20 24 48 

0.87 0.86 0.85 0.83 0.86· 

0.81 0.82 0.17 0.65 

0.81 0.80 0.79 0.17 

0.83 0.83 0.78 0.76 

0.69 0.57 0.58 0.59 

0.67 0.75 0.75 0.76 

0.62 0.72 0.72 0.72 0.73 

... "'."<IIH ..... " over 

It was unc:x1Jc~tc:d 
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g 

x x 

iii 

o 2 

3.4.8: Ratio 

.... "'.·"'M ..... " over 

0.62 0.37 0.43 0.47 0.51 0.57 

0.59 0.34 0.38 0.43 0.46 0.53 

0.45 0.42 0.47 0.51 0.57 0.62 

0.34 0.26 0.27 0.44 0.41 0.47 

0.41 0.27 0.31 0.37 0.42 

0.47 0.21 0.30 0.35 0.44 0.52 

1.0 

a b 

0.8 

X 0.6 • X 
X 

= 
~ • I x x 

• I!!I 0.4 • • Ii • ~ [J • ~ I 
0.2 X 

0.0 +--:-_,--_---,-__ --,-__ --.--,-J 

4 6 8 o 2 4 6 8 

over the total hvl1irnr..~rhl,.n fraction versus carbon number. 

sec:me:a to aeJ)en.(]8Jl1 on 

* ) 
( ) 

rnr\VP1ro;lU',n or 
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( .n.anr,!'!" 3. -

were most au' .............. OX'vg€mated. 

more ethl8Il4JI 

;:UUJlUCU amounts. 

Ethanol/T otal 

0.07 O.ot 

0.02 0.02 

0.03 0.02 

0.17 0.02 

0.34 0.02 
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4SCN 

pn'lI1"UlnrpOO to measure 

as 

1. 

4SCN 

"&on ..... ", .. 3. -

was 

21.3 

21.3 

21.3 

21.3 

21.3 

mass 

iml)rel~a,ted in four and calcined in between each 

Cobalt nitrate dissolved in water. 

Cobalt nitrate dissolved in methanol. 

Cobalt acetate dissolved in water. 

Cobalt dissolved in dichiorollnetlilanle. 

20.00 

18.34 

18.80 

16.90 

13.90 

ones. 

was not 
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was reQuce:Q 

at 

one 

it is nrC'Da!D1e aJlUUUllUlL ... i:I were Iorme:Q 

o 200 400 600 

3.5.1: TPR of: 

of the rec.tlI1CU:12 mixture 

two 

800 

tenloe:rature was 

tentlpc:rature was 

at 

1000 1200 

or 

was 
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nflTITor 3. -

w~--------------------------------------------------~ 

15 

10 

5 

o 200 400 600 800 1000 1200 

3.5.2: TPR of: ) and (-) 

of the redluclIlg mixture in 

consumedxl0' % 

Total 

2 3 4 consumed consumed 2 3 4 
4SCN 

0.56 1.28 3.62 5.46 4.82 10.3 23.4 66.3 

0.72 1.01 3.77 5.50 4.82 13.1 18.4 68.5 

0.33 1.62 3.36 5.31 4.82 6.2 30.5 63.3 

0.65 1.16 1.62 0.49 3.92 3.84 16.6 29.6 41.3 12.5 

0.23 0.84 0.21 1.28 3.14 18.0 65.6 16.4 

to reauce 1 was 

at as 
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were 
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was 
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IS 

-S~----------------------------------------------------~ 

3.5.3: TPR ..... ",nI .. " of: ) vvr· ... ?'l.J~ and 

of the mixture in 

area 

cm~m:lsorptlOn are 

...... ".,", .• " ... on 

atoms as a pelrcenUtge 

were n"f''T\!l'rptl 

acetonate. 

1"I'h·,;,tp was water acetate 
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water acetonate 

ace:toIllate was 

theretlore to 

a 

QlSpel:'SlOln is not 

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

14;lT'llp.1"4;l1inn on a \"'o-acacl 

vol CO 

4SCN 

0.43 

0.69 

0.59 

2.05 

0.91 

m.a.s. Metallic surface area. 

was over 

callcmatlcln te~mJ:)enltuJ:e was Wllrnown 

D 

0.57 0.77 

0.90 1.22 

0.81 1.04 

3.18 3.64 

1.70 1.61 

Co 
loaded 

52 

48 

49 

48 

48 

area 
loaded in FT 

0.20 

0.32 

0.27 

1.04 

0.56 

Pd diameter of cobalt 

to a 

was' 

on 

174 

110 

121 

31 

58 
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4SCN D 

1.18 1.55 2.10 

1.73 2.27 3.08 

1.52 2.10 2.70 

6.02 9.35 10.71 

2.06 3.87 3.66 

m.a.s. Metallic surface area. 

Pd diameter of cobalt metal. 

was 

was over .............. u ........ 

an lnr'1"Pl'I"IP11t 

area 

area 

"' .............. area was eX1Dresse~d as "' .............. , .... area 

3. -

Co 
loaded 

52 

48 

49 

48 

48 

an amount 

Co 
loaded in FT 

0.55 

0.80 

0.70 

3.07 

1.27 

areas 

to 

to 

1 

64 

44 

47 

11 

26 

one 
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cases ........ ,""'" .... "" areas were 03UllQU'!Oi. 

causes Q,A ..... UJLU .. 

sm1ac:e area 

area 

areas 

BET BET 
Surface area Surface area 

4SCN measured 
g. 

1.00 163 163 

0.73 119 91 

0.73 119 102 

0.74 121 100 

0.77 126 108 

0.81 132 20 

on 

on stream. 

was peJ1orme:d at 1 = 
are SUDlInIlll1 
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over "" ..... "' .. j''''' .... 

as a retierel:lCe 

sUItac:e area. It 

area 

a 

sUIta(~e area arcmn.Q cornpslIeCl to 

FT 

Time on stream 

4SCN 2 16 20 24 48 

7.1 5.6 3.9 4.1 4.1 

57.8 56.2 55.6 53.3 44.0 

64.8 41.3 41.3 42.5 

82.2 54.5 48.4 49.9 43.0 

42.1 33.0 32.1 32.0 33.8 

119 



Univ
ers

ity
 of

  C
ap

e T
ow

n

not 

80 

• 
• 

LIl!anter 3. - It',o, .. "" .. 

• 
• 

0+-----------,-----------,-----------,------------,----------4 

o to 20 30 40 50 

on stream 

3.5.4: FT activities VVJV'U,V1 over ca!(;mea, 

) JVl':i ..... v··.ul.l ) 

FT conlllu<ons. ISbar g, =2. 

area IVi:lI.UI;;U 

are out !:lIl"'T1V111"\1 versus area. 
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LI1!aDter 3. - ,u ... ,,, ....... 

lOOy-----------------------------------------------------~ 

80 
c:: 
0 
'j!! 
~CI.l 60 §f2 
O~ 
UN 

tij 40 

E-< 20 
IJ;" 

0 

0 0.2 0.4 0.6 0.8 1.2 1.4 

area in FT reactor 

3.5.5: FT activities versus metallic area loaded in FT reactor, ( UU'<.M..~,-" over 

DreDarabon , (. ) 

=2. 

ny<> ..... ".rI a 

cOI'JresJ)on~ded to 

were .. u,""' .. , .... to 
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Chain 

4SCN 2 16 20 24 48 

0.82 0.84 0.85 0.84 0.84 

0.83 0.83 0.85 0.84 0.84 

0.81 0.85 0.83 0.85 0.83 

0.82 0.81 0.81 0.81 0.80 

0.73 0.74 0.79 0.73 0.82 

par:attilns to nV(lI'OCarOOllS was over 

appearted to UA ............... ... most pm'8tt:lllc I-I .. v ......... '.., 

was 

as 

was 

one 

more .. Jw ... J ....... '" to a ""''''''~T''''' extent. 

ParaffmsITotal 

Carbon fraction 

0.63 0.21 0.31 0.32 0.38 0.45 0.52 0.61 0.67 0.73 0.78 

0.59 0.44 0.51 0.57 0.65 0.72 0.81 0.85 0.90 0.95 

0.78 0.69 0.70 0.75 0.80 0.85 0.89 0.95 0.94 0.97 0.98 

0.63 0.56 0.55 0.60 0.72 0.76 0.79 0.84 0.90 0.94 

0.39 0.48 0.51 0.58 0.62 0.69 0.73 0.78 0.84 0.86 0.90 

122 



Univ
ers

ity
 of

  C
ap

e T
ow

n

CnaDtier 3. -
UfO ~-------------------------

0.80 

0.60 

'3 0.40 

~ 
~ 0.20 

=--

0.00 4---------,------,---------.----,----,-----,---.J 

o 2 4 6 8 10 12 

3.5.6: Ratio of over total carbon fraction versus carbon number for ( ) 

over ) , (. ) 
( ) 

FT 15bar g, =2. 

most was over 

hvdrc}cail"bc:ms were im;ig:niiicfmt. 

cases more 'Da:ratnrric 

more 
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4SCA 

was torme:d 

were oertbrm:ed 

VV .... J7 .... ". 300°C 

VV .... J7 .... ". 350°C 

was a .I.ll!';.lA"'.1. 

21.3 

21.3 

21.3 

21.3 

21.3 

Cobalt nitrate in water. 
Cobalt nitrate dissolved in methanol. 
Cobalt acetate dissolved in water. 

YIn .... ,."' .. 3. -

was 

1..;a1.cmatum in air 

270 

270 

300 

350 

21.9 

21.9 

18.6 

14.7 

19.5 

Cobalt dissolved in dicloromethane. 
and calcination under air. 

1 

an ......... 'HAJ.'" 

18.8 

16.9 

13.9 

13.9 
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was 

were 

to 
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+ 

hvrtrn,rr",n C011SUme:d was 

two 

was ""'"''A!!;''''''''' 

+ 

+ 

not 

was ",UllUU:U 

at 
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4SCA 

4SCA 

and 350"C = 

15 

300"C 

350"C 

Lnc'JDlc~r 3. - .n ... ," .... '" 

consumed x 10' 

Total 

2 3 4 consumed 
measured 

0.74 1.11 3.58 5.43 

0.86 1.47 1.64 0.68 4.65 

0.80 1.35 1.44 1.09 4.68 

1.09 0.37 

0.52 2.34 0.67 0.49 

1.46 

4.62 

im~)rel!!;nation, calcined in air. 

Total 

consumed 

4.82 

3.84 

3.84 

3.14 

3.14 

% 

2 3 4 

13.6 20.5 65.9 

18.5 31.6 35.3 14.6 

17.1 28.8 30.8 23.3 

74.7 25.3 

12.9 58.2 16.7 12.2 

3.6.1: TPR --~, .. ,-~ of: JVI'~,",U-UIL ( - in air and (- ) 

calcined in nitroge:n. of redluclIlg mixture in 
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·"',.,nll"",'" 3. - .n ..... " ....... 

20~----------------------------------------------------------------~ 

15 

10 

5 

o +----""'-...-.-­
o 200 400 

3.6.2: TPR "' .... , ....... of: .;JVK:'-'U··4'-'''' 

calcined in nitro2en. 

scans 

two 

CaI,cmau(m te:mt)eI11twre was 

QTouns were 

"' ... ,,'"""'" was '-'VA.AU.lI,Jl'-'L,,"'U 

600 800 

of the redluciIlg mixture 

1"11'\,.,,,, .. 11 hvcirolzen CO]lSum):)U(].n at two tel1noc~ra1turc~s 

was to 

1000 1200 

)Calcmc:a in air and (- ) 

in 

are 

are 

acetonate 

IS 

nms were 1I"IP1'fn1'1rn 
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was 

at 

at 

18 "e}coe:cte:d" one 

was 

were one 

to was not 

"''',U,'''';~JlUU was ",...,.'-u.u 

to 
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5 30 

0 0 

·5 ·30 

-10 -60 

-IS ·90 

·20 -120 

·25 -150 
0 SO 100 150 200 250 300 350 400 450 500 

3.6.3: TGA (- ) and DTA ( 

at 5°C/min in air from 25°C to at 500°C for 2hrs. 

~~---------------------------------------------------------------------, 

IS 

~~--------------------------------------------------------------~ 

3.6.4: TPR ..... "iFiI .. " ,",VElLln.'" cfltal'V!:t.<: '"' ... ,~ ....... in air at , ) 3000C 

( -) 3500c before reallctU)D in TPR ......... " .... t .. " of the reOl1lCII12 mixture 

in 
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·,.,.. ... if"' .. 3. - .n.""''' ........ 

area 

cmnp.are:d to vV-,",<1"'" 

deC:OIT1DOSeS at 

on 

over 16 

atoms as a pelrcenulge 

mtro)(en was 

to 

at 

acetate is as a 

acetonate 
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·M"' ... l''' ... 3. - ...... ,,, ..... ,, 

vol CO Co area 

4SCA 

0.39 0.46 0.70 51 0.18 213 

0.39 0.46 0.69 51 0.18 215 

1.73 2.44 3.08 48 0.80 41 

35 2.78 3.76 4.95 51 1.29 26 

D 
m.a.s. Metallic surface area. 
Pd diameter metal. 

areas as 

swtac:e area a 

co;ntr:ac1JlCtlOn Dec:aw;e it was was a ............ "" ..... uu 

<>,..t·i1.1,i"'l' was to 

swtac:e area. it aPI)ewrs 

areas are areas 

were "'".uu"" ......... '''''',..r.wiii ...... to eXl)ectea SW'Iac:e areas 
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were U'&I"oU,",A ones one 

same mtroll[en at 

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

areas 

4SCA 

0.30 0.70 

0.30 0.70 

0.25 0.75 

0.20 0.80 

on 

15 g 

one ........... AA ........ 

area IV" ............ at 

LIJ4'lDt4~r 3. -

BET 

163 

114 

114 

122 

130 

= 

was 

measured 

163 

99 

96 

134 

17 

as as 
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nUTI'''',. 3. -

one CaJlClIlea 

was not enJtlarlce,a. 

It 

FT 

Time on stream 

4STCA 2 16 20 24 48 

51.3 44.3 43.9 43.7 41.0 

62.6 51.5 48.1 43.3 

67.5 42.5 39.7 39.6 36.7 

300°C 42.4 38.8 39.1 36.2 32.3 

350°C 42.0 35.4 34.9 33.2 31.1 

~.-------------------------------------------------------

• 

____ 8 -- -- -----

-----

w+---------~----------,_--------_.----------,_--------~ 

o 10 20 30 40 50 

on stream 

3.6.5: FT activities ( ) 

) 300°C and ( ) 

VVa::ru"J1 350"C FT COnmUI(mS, 15bar g, =2. 
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C1U1Dtc~r 3. -

were .................. , ... area 

b 

one can see 

mtrQl;~en aDl)earea to 

reactor. 

areas mc:re~lSec1. It 

2 

were 

..... ".""""" .. "'11 ones at 

100 

80 
= 0 
'i2 
~rI:l 60 
=0 
BE-< 
0 
U 40 

"tiS 

E-< 
20 

~ 

0 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

area FT reactor 

3.6.6 a: IT activities versus metallic area clfltlllV!Il,ts IoiIUIoiIJUCU in ( ) J""" ............ 

\1"11::.,"7'." and ( ) 
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100 

80 

60 

ii 40 

20 

0 

0 0.2 0.4 0.6 0.8 1.2 1.4 

area FTreactor 

3.6.6 b: FT "rTIVlfll"'~ versus 11J.,,,,,,,,,,,,,, area loaded in FT reactor r."TlUV~ltl: calcined in ) 

over calc;med, ( prep'aratlon , ( • ) ... v"' .... ,v-

CalClIlLatlon was not 

"""......... Cal.ClIlatlOn cases are "''''''>AI" at 

salt used 

2 16-24 

Nitrate 0.6 60 48 12 

Acetate 2.2 75 45 30 

acetonate 2.3 42 7 

it can seen 

was 
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acetate cases cases. 

COlilV(~lon:s. were 

It must areas, 

V .... 'L...u"'''''''. i. e., bec:omle ",;~T;;:'1V'f1 

is not 

Q1Spet'S10~n or areas as <leltenmrle<l 

to 

same 

at or 

Chain 

4SCA 
2 16 20 24 

0.80 0.80 0.85 0.80 

0.83 0.84 0.85 0.84 0.85 

0.84 0.84 0.85 0.84 0.83 

300°C 0.72 0.73 0.85 0.73 0.74 

350°C 0.75 0.75 0.84 0.76 0.75 

to are 

Drc,QUC1:S were more DaJraI1n11!LC 
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""fln1''''''' 3. -

same 

prC)QUcts were more PWralJtInllC 

v ...... ""..., more pWrat1tInllC 

4SCA 

0.58 0.24 

0.58 0.34 

Carbon fraction 

0.52 0.59 0.66 0.74 0.79 0.85 

0.65 0.72 0.78 0.83 0.87 0.94 

0.55 0.52 0.58 0.61 0.69 0.75 0.79 0.83 0.88 0.92 0.95 

0.30 0.54 0.56 0.63 0.68 0.74 0.78 0.82 0.88 0.91 0.95 

3500c 0.43 0.27 0.38 0.44 0.51 0.59 0.66 0.71 0.76 0.79 0.88 

1.00 ,..-----------------------------:----, 

.-= ~ 0.80 

0.60 

0.40 

0.20 

0.00 
0 2 4 6 8 10 12 

Carbon number 

of over total carbon fraction versus carbon number ( ) 

(. ) (. ) ( ) 

and ( ) 350°C FT 

15bar g, =2. 
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were to 

It appearc:::(J 

over 

over 

Ratios 

4SCA Ethanol 

0.20 0.00 

0.22 0.00 

0.27 0.00 

300"C 0.67 0.00 

350"C 0.46 0.00 
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was to see 1.111"1"'1'1,,,,1' 

eXl)ec:tatJIOn was 

were nrl:!nl'Jtreli_ 

was 

oven 

see 

'"'v.J ...... conClen1:ra1tioltlS were 

"-'V'V"'''' content 

4SCN 

more ...... ' ...... " ...... m:l:Orlmatlon .. ,~ ......... , .. "u .... 

not 

eXl)ectea ones as was 

to a '"' ...... "A"'A'~ ........ .." .... extent. 

21.3 

21.3 

21.3 

21.3 

Co 

18.34 

20.1 

4SCN calcination under .. H .. ·,.,. ....... 

in dessicator for 5 then dried at 120"C. 
dessic8ltor, dried at 120"C after lml)re~~atlon. 

in dried microwaves after lm]pre,grulltlOn. 
in dessicator for 5 then dried microwaves. 

Not determined. 
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two it apt)eared 

one 

not 

mean ml>re:gmmcm more 

was 

consumed x 10· % 

Total Total 

4SCN consumed consumed 

2 3 4 measured 2 3 4 

0.56 1.28 3.62 5.46 4.82 23.4 66.3 

0.46 0.63 3.76 4.85 4.82 9.5 13.0 77.5 

1.19 0.26 0.92 2.37 4.82 50.2 11.0 38.8 

microwaves. 
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15 ~ 
I' 
II 
II 
II 
II 
II 

10 II 
II 
II 
II 
I I 
I I 
I 
I 

5 I 
I 
I 
I 
I 
/ 

J 
0 

0 200 400 600 800 1000 1200 

3.7.1: TPR --_.",,-- of \J\J.U"U,v~ catRlvstl;;. a.- ); c.- ) and d.- -). 

of the redlL!ciIlg mixture in 

area 

area are 

IS ODDO!Sl .1" .. ,""'..,' ..... it was ret)Orlea 

were 

was 
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4SCN 

on 

re;alCoon was ..... ,.'ri';"......., ... rI 

water 

scans oD1ta1I1OO 

b c are cOJmt:,ar~ed, one 

a 

D 

metal. 
5 

1 

1.22 

2.00 

Co 
loaded 

48 

52 

then dried at 120°C. 
microwaves. 

g 

Co 
loaded in FT 

0.32 

0.52 

110 

68 

= 

can 
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·,.."' .... 1'''·'''3. -

d 

was InUrPrll'r! 

not corllmm 

ditlellem~e was 

were torme:d 

was eXl)mlea to ............ r"""""",·'" was cOJl1ume:ct it was 

seen 

c 

d 

FT 

Time on stream 

4SCN 2 16 20 24 48 

56.2 55.6 53.3 44.0 

48.4 43.4 43.1 39.9 

36.6 36.0 35.4 33.0 

12.2 12.1 11.2 11.0 

microwaves. 
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nnn,,,,,. 3. - KP'IlUI,rll 

80 

........ --.-- +----- - - - --+ 

t: 20 

O+-----------.-----------~----------~----------_r----------~ 

o 10 20 30 40 50 

Time on stream 

3.7.2: FT activities of JVIII:'-'U'"l1UI a.- ( in 

dessicator 5 then dried at b.- ( in des,siclltor dried at 120"C """"".ft". after 

imp'regrlatlcln, C.- ( ) Not in de5iSlaltor, dried microwaves ......... ,-... after iml)re~~ation, in 

dessicator for 5 dried microwaves. 

4SCN 
2 16 20 24 48 

0.83 0.83 0.85 0.84 0.84 

0.86 0.84 0.85 0.84 0.84 

0.83 0.84 0.84 

0.74 0.85 0.74 0.75 

microwaves. 
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it more y ................. u"" were V.HJUCtJ.\,,/;;;uc 

Catal st 

0.59 0.44 0.51 0.57 0.65 0.72 0.79 0.81 0.85 0.90 0.95 

0.70 0.40 0.52 0.57 0.65 0.71 0.76 0.80 0.84 0.90 0.94 

0.70 0.29 0.40 0.43 0.52 0.59 0.66 0.72 0.77 0.83 0.93 

0.35 0.40 0.37 0.42 0.46 0.52 0.61 0.69 0.75 0.79 

in 
dried at 1200C 
dried 

5 

1.00 -,--------------------------------, 

0.80 

0.60 

0.40 

0.20 

0.00 +------,------,-------,-----,-------,-----,----' 
o 2 4 6 8 10 12 

Calton number 

3.7.3: Ratio of over the total carbon' Trl'I,M"U," versus carbon number 

in dessicator for 5 then dried at 

b.- ( in aeSSlclltor dried at 120"C stra:ight after nn):,reg;natlon, C.- Not in des:sicator, dried 

in dessicator for 5 microwaves. 
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at tenlDelratl.:rres arOlmo 

as it 

,-,,,',,,un content 

2S 

2S 

at 

SeCtIOns 3.1.1 

21.3 

21.3 

21.3 

21.3 

21.3 

lml)re~;naltion at room temlperatuJre 
nnJ)re~:nation on heated 
imJ)re~:nat:ion on heated 
imJ)reli:nat:ion on heated 

+ + 

onto 

ext>ec:teO ones 

1. 

Co 

20.3 

20.0 

20.6 

18.4 

18.7 

two 
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Tru ...... ~·n on 

room tel1npC~ra1turle. 

was more pn::aOifiUnaJn 

COl1LSUl1ned to 

nll"","!:Ilrprl at 

room teD1Perature to 

S1X~CU~S are no:n-real1ClIDle 
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Moles 

8T consumed 2 3 4 2 3 4 
measured 

0.26 0.97 2.91 4.14 6.3 23.4 70.3 

1.25 0.87 2.70 4.82 25.9 18.1 56.0 

0.88 1.11 3.02 5.01 17.6 22.1 60.3 

0.59 1.15 3.41 5.15 n.5 22.3 66.2 

at room 

w~--------------------------~--------------------------~ 

15 

10 

5 

O+-----~~~----~~--------~--------~=-----~--------~ 
o 200 400 600 800 1000 1200 

3.8.1: TPR VV~"'V''',""l'2V'J 28 1.(---) 

of the reClUCll12 mixture in 
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w~-------------------------------------------------------------------------------------------------------, 

15 

10 

5 

o 200 400 600 800 1000 

3.8.2: TPR 

Uncalcined 3, (----- J ....... "'.u ....... 5 . 

imJllregnatc:d at 

of the red1UciIIg mixture 

.... ".y.4I' ... area 

sec:tlOln were ..... " .... ""r ... rI 

Iml)rell~tlOn was COnUllOlnly room tel1npc~ra!turle. 

........ , ......... 'u were pre:pwrea 

Im10reflIllat1C)D was ......... An.' ... 

pre:pwrea at 

a £wID-Slen uU .......... jl;.l,IU ... ,VU nrt'I"'p,~~ at room ter:npc~ra:ture. 

1200 

(-) 

in 

1 was 
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D 

2ST 

0.56 0.72 

0.61 0.78 

0.80 1.14 

0.64 0.90 

m.a.s. Metallic surface area. 
Pd diameter of cobalt metal. 

It is 

m.s.a. 

0.99 

1.09 

1.42 

1.15 

Co 
Loaded 
InFT 

48 

53 

48 

49 

Co area 
loaded 
inFT 

0.26 

0.28 

0.41 

0.30 

138 

127 

87 

110 

lInprC~gI1latlll1g ..,v~, ...... ~ u .. ~.~n.., at room ternp,eraLtw:e 

5 

were 

a 

.~",_·in ... at 

~ .... ~, .... u mtJrate onto 

mr,retZnftticln at room teInDeraltUI 

are 

area 

areas are 

own a " ....... ", .... , area .......... ' ........... '''U"T<lIr'''' areas 
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1:!111"i"!:lIt"P area was eXl)resse:d as 

see:me:ato 

areas 

2ST 

on Qt'1I"jpalm 

A"""."" .... VU was pel1orme:d 1 

areas 

1 g. 

contains 

1.00 

0.72 

0.72 

g 

are sunnnall'i 

.. ",,... •. .,. .. 3. -

was at room 

areas. It IS 

BET Surface area 

163 

117 

117 

measured 

163 

91 

93 

at room ternJ)leraltw'e-~;ho 

3 was not. 

= 

at 

4 
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·",nnr"· ... 3. _ 

4 theret,ore ...... ~.u"' ... .","' ... , ........ 

........ 'UUlU ... at same tenrlpe:ran a 

not a .... VJ'A ........... lVU at 

or 

FT 

28 
Time on stream 

2 16 20 24 48 

uncalcined 79.4 56.4 53.3 54.6 48.5 

uncalcined 80"C 89.5 37.1 35.0 36.2 32.0 

calcined 80aC 73.8 51.1 51.1 50.2 49.9 

calcined 80cC 76.5 64.1 62.1 60.1 54.7 

100 

0 

80 
c: 
0 .... 
E 
8 
u 60 0 
U -----
E-t 40 
IJ;.. 

0 

20 
0 10 20 30 40 50 

Time on stream 

3.8.3: FT of in 

at room 

at at ). 

at cobalt nitrate and alumina at 8OCC. FT 
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ChaDter 3. -

Chain 

2S 
2 16 20 24 48 

uncalcined 0.84 0.86 0.85 0.85 0.87 

uncalcined 0.84 0.89 0.85 0.85 0.85 

2SCN 80"C 0.84 0.85 0.85 0.84 0.84 

2SCN 80"C 0.85 0.80 0.85 0.82 0.82 

PaJ:aftins over correS1DOl1l0ll1l.2 to to 

....... ,J.VJ.,li' are SUInrrlBn 5 

aPi>eareo to more pruratltinilc 3 4 

uncalcined 0.70 0.48 0.51 0.59 0.66 0.72 0.77 0.80 0.84 0.90 0.94 

uncalcined 80"C 0.72 0.34 0.46 0.50 0.57 0.65 0.71 0.76 0.84 0.90 0.94 

80"C 0.69 0.43 0.45 0.51 0.58 0.67 0.73 0.78 0.82 0.91 0.94 

80"C 0.81 0.73 0.72 0.79 0.83 0.88 0.91 0.93 0.96 0.98 0.99 
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3.8.5: Ratio of ...... .,,,ffi, ... ,, over total carbon fraction versus carbon nWllber for CB.IJIIUVS1LS. 

"1I~,a''''llI'''''' illllpl1egnatioln at room tenlperatllfe; 3.- ) .,.,VIC.'-'U··.U" 

unc;EllCllile<l, impregllatl(m at 4.- (. I.>VI"''"' .... - • ..,L\. CalCll11ed, impregilati()D at 

• VVIU"'L.i?'V ................... illllPl'lef,Ulaticm at cobalt nitrate and alWllina at 80"C. 

betore emancll was to most ....... L .. n. ..... UL ox:ygt:marea COInpClUllld 

eth.amli to 18 ± 

12 
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.. ", ..... .0 .. 3. - ."' ... ., ..... ., 

area. 

Moles % 

4SCN consumed 2 3 4 
measured 

2 3 4 

5.46 10.3 23.4 66.3 

5.36 6.1 26.9 67.0 

5.14 26.1 21.0 52.9 

20~----------------------------------------------------------~ 
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1 g. Surface area 
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1.00 163 163 

73 119 102 
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8 

some 

at 

correSlpol1Ldll1lg to 

FT 

Time on stream 

4SCN 2 16 20 24 48 

57.8 56.2 55.6 53.3 44.0 

70.2 53.0 47.2 51.9 49.2 

0.9 4.3 3.2 1.6 

98.9 56.8 59.1 50.0 
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