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AFPENDIX 1
Metal Joading in catalys:s investigated.
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Cazalyst® Mem! procursoc” Cale. Co PLRe Ir Pd N a
temy. i or Ra loading™ i loading®
[1:4] {wt %) {wr %) {1 %) {wt %)
CorALGO:A Col{NOL).*6H,0 673 87 -
ColALOB Co(NO5)-"6H,0 573 85 - 046 00
618 87 . 0.14
698 &7 -
Col.IP/ALO.A | BLPICL"6H.0 673 87 Q05" 0.2
ColOPT/ALOWA | H.PCI~6H.0 673 37 06 19
ColSPiALC,A | PUNH) (NG5, 673 87 05
ColOPYALG.A | PINEL), NG, 643 8.7 09e
673 8.7 058 002
CoPyal,0,B PINH,) (NOy). 13 85 09 050
648 87 09 0.17
Co0.IRE/ALOA | ReOy 673 87 0.1%
Col.ORG/ALO,A | ResO- 673 3 2
CoRe/ALD,B Rke.Oy 573 85 I* 0.37
Col.AL/ALO:A | H.IrCI"6H,0 673 87 0.1
Col.IPWALO.A | PaCl, 673 8.7 015
Col.IRWALOLA | R, &7 87 o
Coy0, Co(NOy."6H.0 | 648
693
O3P/ALOLS HaPrCl*6H,OF 648 - 03

“

Designations for the catalysts wsed in this report
ColNO;)-*6 H-0 is used in 21 carlysts in addition 1o the other precutsors mentioned.

Cobalt and Platitum element analyses are camied out at SINTEF. Applied Chemistry and a
Amlyﬁche[abomﬁm.MdissadewermbH.Gmmesbad:oncalcmedm!yss.
Rhmmelcmmamlymmamedm&mmmemmmmﬁmbﬂ.
Gummershach on calcined catalysts, .

Not 2f the bimetallic caralysts have been analysed for cobait content, but it is assumed thar the
squmﬁﬂmpmgmmmmsmwﬂwmecobﬂtmmasmemmlﬁcmmm
used in the preparation

Nimogen ¢element analyses are carried owt ar Mikro Kemi AB. Uppsala on calcined catslysts,
chloride element analyses are camied owt a1 SINTEF. Applied Chemistry on caleined catalysts.
Adisagteemmbuweenﬂnpiaﬁnumandthedﬂoﬁd:mdysscou!dhﬂieﬂm&sephﬂm
elemern analyses shows too swall platitum loading.
Notana!ymmcvalunisbawdonzmmmxsusedunderpmparaﬁmoﬂhecxﬂyst
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‘ . Alao Chemis Nedarland by
LOCIUOn Samisreraam.oi.
ECERIIEICATE OF ARALYSES
Saﬂp'le H A]um‘ina 000 - 15 E
Testnunber : 76894 3
CHEMICAL COMPOSITION : .
Loss on ignition (1 hr. () : 1.2 zwh
Pt : T db--aer
Re H = db
) : 0.04 z db
Fe A 1 1 "
Cu H o0 ppm db
Si : ppa db
As : pon db
Na : 20 ppa db
Mg : 8 ppn db
s : 33 ppa db
PHYSICAL PROPERTIES : :
Estimated Reactor Density z 0.57 g/ml
Compacted Bulk Density : 0.65 g/mil
Surface Area : 186 /g
Pore Yolume N, : 0.59 mi/g o
B Abrasior : Q.6 = -
+ 3.5 mesh (ASTM) - o) . :f
~ 14 mesh {ASTM) : 0.4 b4 O
DIAMETER = B
Average = 1.58 -
£ 1.60 mm : % {mumbei)
7 1.52 mm : % (mmber)
LENETH - -
Average : 5.2 ma
Fi m z % (numbery)
SIDE CRUSHING STRENGTH : l-:
Average H 3.7 1bs/um :."
£ 1l.61bs/om : ] 2 (numbek)




Vixta Chemicol Company Vixta Bosholte Aluminas

Pescriprion:
Vmwmmmmam@mmmmmuw

DISPAL® alomipes. CATAPAL abymiras are available as white, frre-flowing. spozy-dricd powdets. DISPAL
alumnings are svaitablc 25 white, frec-flowing, pu:d'asousm idal di on in
waer Inall cascs, these aluminas consist of samll bochmite refemed o as
pssudobochmite.
Shemical Composttion (Typleal wulogs)
CATAPAL _
Toxt Powder Povdesr Sot
ALD, content (wrk) 70.7 -] . fiad
Leoss on hgaicon (wo) 25 20 B0
Carboa (wek) 03 0.1 0.1
S10; (%) 0.005 0.005 <0.001
Fe O (weit) 6.004 0.004 <0.001
220 (weE) 0.003 0.004 <0.001
TiO: (wih) .14 0.14 0.0
NOry (W) - 0.01-0.11 03
Viscosity (cP @ 100s) - - <50

i ol . -

Crysulline composition and size vary as shown in the fullowing able.

Corfaline Propetties Figure 1. CATAPAL Deluming X-ray
Crystelling Size (Angstroms) diffroction pattern.
Produe 2LO * o20plans  G2iplone =
CATAPAL A 135 26 23 RE
- CATAPAL B 1.30 30 %3 3£ _u FA
CADPAL D 125 47 e F
DiSear 1.20 40110 16-220° 1
a

[ N S |
% & M B

5}
ol
el

™)
20
The colamn desigmead =30 in the abeve mblc represcars the amount of wamer sxockted with the crysal
Suctute whea expiesied by the fortnuls ALO, xH:0. Cryseallit: size is expreysed in Angymoms as deer-

mined by Nerzy diffaction

Broparties (typical voioes)
CATARAL A CATAPALE CATAPALED DISPAL
Pardicle size
% < 45 microns 40 a0 £ 50
5>9ﬂm 18 18 18 20
Avenpe, micmons &5 [
Surface Ara*, m-fg 73 bored 230 110-210

* Afucr eslosss e Do pha o SO0C S ga . S s far '3 . -
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APPENDIX 2 '
Gases used in different apparatos
1. TPR and pulse adsorption apparams
Reduction: H, 5.0 (99.999 %)
Carrier gases: Ar 6.0 (99.999% &)
T vt % Hy in Ar
Pulse adsorpton: H, 5.0 (99.999 %)
CO 3.7 (99.97 %)
0,25 (995 %)
2. Volumeric chemisorpton apparatus
Reducrios: H, 5.0 (95999 %)
Adsorption: H. 5.0 (99.959%)

CO 3.7 (99.57 %)
Dead volume:  He 4.5 (99.995%)

3. Activity test apparams
Gas cromatograph: He 84.5 (99.995 %)
H, 2.7 (997 %)
Air kL2 pkr.A
CO, D3.0
Calibration mixurme: 3% CO.60% Hy, 3% No, 1 % CH,, 1 % CO,
CO hydrogenation: 75 % N, in CO
H, 2.7 (99.7%)
He 4.5 (99.995 %)

Al gases are delivered by HydroGas.

Iy
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APPENDIX 3
Example of an adsorption isotherm and the calenlation of dispersion from chemisorption
of Hz on CO’AIzO;B.

The following equations show the calculation of amount of adsorbed £as by unse of hydrogen
chemisorption (Adsorption method), and are mken from the ASTM-standard 759/

15. Calculations for Hydrogen Chemisorption

(Adsorption Method)
DOSE 1
VielSTP), = [v (ﬁ:’!ﬁ - ,)
4 L P... me"
213\ / 7.,
-] () (%)
DOSE 1
'P"‘-./r"'n
Vsl STP): [ym(P.jT...m - l)
FefTm,, _ 213\ [ P.,
| “(mr-)) () ()
DOSE 3
VoiSTPR = | ¥, (P.../T..._ -1
" 'P"/T"'li "
(=) () G)
o & P T J \760
DOSE X

Caiculation of monolayer, U, by extrapolating flat portion of isotherm between 100 and 300
1OIT 10 ZEro pressure.
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1.4
5 1.2}
u =
S 1.0F Total adsorption
£ g e ——5
L&) (SRR
Z o8
-] L
"é 1 :
= 06 ; Strong adsorption
g | :
o Weyk adsorption
g 04r e . o . iy

02 }*

D. 1 I 1 hd

° 8] 100 200 300 400

Pressure (torr)

Figure A3-1: Chemisorption of hydrogen. Co/ALO;B, calcined at 573 K

" Caleulation of dispersion from the total amonnt of hydrogen adsorbed:

p=-"Y% .100%
Vw-w
where U = amount of gas adsorbed [Nem’/g cat]

A = atomic weight, cobalt {g/mol]

V = volume of 1 mol ideal gas at STP (1 am., 0 °C).
v = stoichiometric factor

W = weighi fraction of cobalt

An example:

D - 0-88 (Womd/g car) - 5893 ¢ Colmoh) . 100 q = 544 %
22414 (Nem3fmeol) - 0.5 - 0.085 (g Colg car)
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APPENDIX 4

Volumetric chemisorption of H, and CO, and dispersion calculated thereof

Table Ad-1. Volumetric chemisorption of H, ard CO given in [m! adsorbed gasg

catalyst].
Catalyst “Toral K2 | Irev.H2 | Toral CO | Imev.CO | (COMH iy |
Co/A),0;B573 0.88 0.65
0.58*
Co/AL,OB648 032 078
Co/ALO,A673 0.76 0.54 0.77 0.32 0.59
Co0.1Pr*/AlLO;A 0.5% 0.26
Col.OPt/ALOsA 0.63 034
Co0.5PYALO:A 1.00 0.63 140 0.53 0.84
Col.0PVALO,A° 134 0.86
Col.0PVALO;A" 128 0.79
Col.0PYALO,A° 142 0.98 216 | 129 1.32
CoPyALO;B" 126 091
CoPVALO,B® 1.36 1.18
Col.0Re/ALOA 1.00 0.68 201 112 1.65
CoRe/AlLO;B 1.09 0.65

103 minues evacuation time berween the two isotherms (normally 20 minures).
MNot calcined between cach impregnation

Sequentially impregnated

Coimpregnated

a6 T .
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Table A4-2. Dispersion found from totally adsorbed H, and CO measured by

volumetric chemisorption.
Dispersion from | Dispersion from Co
Catalyst Towl Hy [ Towl CO | H,adsorption® | €O adsoption | loading
adsorprion { adsorption (%) %) %)
(mllg cat) | (miig S8 Mo 1] Moa | Moa1 ] Moam
CorALQ,BST3 0.88 544 85
Co/ALO,B643 0.82 4.95 87
Co/ALO;A673 0.76 0.77 4,59 233 87
Col.IPT*/ALOA 054 326 8.7
Col.OPt*/ALO,A 0.63 3.B1 37
Col.5PYALO,A 100 140 604 | 431 {423 | 249 87
Col.OPYAL0,A® 1.34 810 | 463 87
Col.0PYALO;AP 1.28 774 | 425 87
Col.OPYALO,A” 142 2.16 858 | 546 | 653 | 340 87
CoPUALQ,B" 1.26 762 | 414 87
CoPr/ALC,B® L35 822 | 475 87
4§ CoLORe/ALOA 100 201 6.04 607 | 1 87
CoRe/ALO:B 1.09 6.7 85
* Not calcined between each impregnation
® Sequentially impregnated
: Coimpregnatad

Model I): All the gas molecules or atoms are adsorbed on cobalt.
Model I): The nable metal is 100 % dispersed and the amount of hydrogen or CO
cormresponding to adsorption on noble metal is submacted from the adsorbad £as
amount before calculating the dispersion on cobait.
For both models: Dispersion is defined as [number of adsorption sites / toral cobalt
loading] in percent
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APENDIX 5
BET surface and pore size distribution on calcined Co/ALO.A and Co/ALO,
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BET=1sptherm - 917215
Sample:  Co/Al,C.A Mass: .Z384 g
Date: 1981.046.17 Fo: TBL mm Hg
4 Ua Po=p F/Fo P
mm Hg ec{STP} Ua(Po=P)
3= 11.56 749 @.9as 2.00424
S8 12.79 26 0.974 @.8e62%
83 13.78 7ol ?.168 ©.09659
188 14.76 E7E @.128 2.01082
134 15.62 ESe R.171  2.21320
1= o.2009 3 = 2.0723
s+] = B.0732
[ 84 Um = 13.68 cc(STP)
Sg = 178 =am/g
oo1s
0.01a ]
0.013 e
0.012 o '//
00171 -
e.ote /
o
',‘: o008 - o
L4 Q.000
‘g o007 - .
& ©.006 . 4a
2.008 4 -~
D004 -
v.0on
2 ooz ]
0001 o
0.000

T — —— -
GO0 Q00T O0N& O0E OOF 210 0.1

PP

————— T
Qi1 CIZ S® O
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BET=1sp0therm .
Sample: COJALQ.B Mass: @.379 ¢
Dates 1951 .84.18 Po: 774 m HQ
P Va Po-P P/Po _r
nm Hg cc{STF) Val(Po-P)
23 12.89 751 2.030 @.00236
44 14,48 Tae 2.057 @.0ez219
BT 15,56 787 9.e87 @.0060%
a1 16.60 e83 e.118 0.08823
115 17.64 59 8.149  9.0@SES
Il = @.0e05 s = Q.0633
s41 = @.863%
c= 117 Um ~ 15,66 ec(STP)
Sg - 179 sam/g
o.os
[-B-1F¥
0.013 -
0.012 ~
0017 =
0.0t0 -
'n;: 0.009 -4
0.008 -
£
w 9.00€ - .
0.005 - /
0.004
[ X- -
Q.00 =
©.00t - /
0.000

L L Sl T S St S ———————T | A |
000 €O 004 OO AOB SO0 QY2 0DTd DiIC o\ o0

FrFa

S51/7214
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APPENDIX 6
Fornmilas for calkcniation of activity and selectivity

mmm@mmmmmofmmﬂmmmmm
mbmmo&efudgs.kdaﬁvempouscfacmrs.F,farCO.CH4de02we
deu:ninedbymﬂysisofagasuﬁm:ofknmcompoﬁﬂonﬁeymdeﬁwdas

-A -F
Fac® n:n--lA :

1 x

where x = CO, CH,. CO,
i = intemnal standard (N.)
n = molar flow [mil/min]
A = peak areal &
F= 1.0 (by definition)

Since mivogen is inert

Dyn, PN,

whucOandIrcpr:sentpsﬂowinandomoﬂherm.rwpecﬁvcly.
nomisfomd&omandyﬁsofmefeedgaswhmnm+m,isknown:

%N, = b - 100 %
*  (Ago "Feo + M)
ey * (100 - %Ny
%CO=“0(GD N)

100

Bon, = fo o - Ny T Boco

(AG6-1)

(A6-2)

(A6-3)

(A6-D)

(A6-5)

Whennomismwn.themlarﬂowofco.dig.mdcozomofmemmbe

calcukated from GC-dam by solving Eq. A6-1 forn,:

_ A Ky
nlx-A_.._.....—
% TN,

(A6-6)
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The conversion of CO (7] cg) a5 % of the feed €O can then be calculated:

Tlco,__“oco‘“loo_wo% - (AS-T)
oy oo

Thcoom'asionofCOmalsobealculawdas[moICOm:degranofCosI:

Toco = B co . (AG-8)

CO conversion =
g Co - 60 - 22414

hmmwhmmem:pemmmwasmsabilcdmhg:hemormemmein
diﬁ’mmswhichshmudbcmmpamda:thcmmmpmmwasmtequal(:SK),lhe
CO conversion was "normuzlized” by the equation:

c-Elml

e"'E.mo

(CO conversion)r, = (CO conversion)r, - (AS-9)

The CH, and CQ, selectivity can be calculated from TOD data, using the general equation

for carbon selectiviny:

s, =2 ™ iwg (A6-10)
Byco ~0) o

where N, is the number of C-atoms in product x.

meehymmmwsonmemizmsmmmwsmmﬁA
mmmmmmmmmmmmm:«a{#mmwcb
hydrocarbens could be calculated by:

s A rm

x = m - SCH_‘_TCD - (AG"II)

Withhigbqualityofthcm!yn’sdv:mmofallsxshouldeqmlmemumofcom
(that means: be 100 ).
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Product selectivity over the catalysts investigated

Table A7-1. Product selectivity over Co/ALQ,A at different temperatures measured
after 200 - 300 minutes. P = 7 bara, H/CO =2

186

Reaction ‘

temperature = = CsCio Ci.
(X)
489 13.5 143 323 399
506 13.7 15.7 33.0 37.6
508 159 14.6 33.0 315
513 17.3 18.1 353 293
515 17.7 17.9 36.5 279
523 24.5 21.0 36.6 17.8
529 25.6 247 36.8 129

These data are shown m Figure 4-33.

Table A7-2. Product selectivity over Co/Al,O,A at different H,/CO ratios measured
after 200 - 300 minutes. P = 7 and 9 bara, H./CO = 2.

Reaction
P * Poo temzzgmre < C-C, CsCy Cie
45:45 510 1.9 136 342 403
23:23 514 13.4 162 39.8 30.6
47:23 508 159 14.6 38.0 315
47:23 513 17.3 18.1 35.3 29.3
47:23 515 17.7 17.9 365 2.9
6.7:2. 509 212 19.4 31.5 279
47:12 513 28.1 245 332 14.2
47:12 513 32.9 277 294 10.0

Some of these daw are shown in Figure 4-34.




Table A7-3. Product selectivity over Cof0.1Pt*/AL,0;A at different temperatures

187

mmrreda&erZOO-Mnﬁnut&.P=7bara,Hz!C0 =2

Reacton

emmperatare < GG, CsCio Cise
16:9]
486 132 10.0 524 442
490 12.6 11.0 330 435
506 14.0 14.5 319 39.6
508 17.9 14.9 382 23.9
523 249 209 382 16.0

Some of these dat are shown in Figere 4-35.

Table A7-4. Product selectivity over CoLOPt*/ALO,A at different temperatures

measured after 200 - 300 minutes. P = 7 bara, H/CO =2

Reaction
temperanire G G CsCyo Cie
©
506 13.5 17.4 325 365
509 14.5 17.0 363 38.1

Some of these dar are shown in Figure 4-35.

Table A7-5. Product selectivity over Co/AlO;A at Hy/CO ratios = 2 and 3, measured
after 200 - 300 minutes. T = 473 K, P =1 bara, GHSV = 5000 and 7000,

respectively.
HyCO G CC Cs.
29 10 14 76
31 15 19 66

These datz are shown in Figare 4-40.
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Table A7-6. Product selectivity over Co/AlLO,A and CoLOPVALO,A, measnred after
200 - 300 minutes. T = 473 K, P'= 1 bara, Hy/CO = 3, GHSYV = 7000.

Caralyst S GGy CsCip
Co/ALO;A 15 19 66
Col.OPVALO;A 15 21 64

These data are shown in Fignre 4-41.




