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and Brabag catalysts, whereas the Rheinpreussen eatalyst had the ]
lowest yield. The Diesel-oil vield was lower than the gasoline vield 33
for all of the eatalysts.  All of the gasolines contained 50 pereent o
more of olefins, the highest being 70 percent in the Brabag product.
Despite a higher yield in grams per cubie moter of synthesis gas th
space-time yields were about the same as those obtained in Bureay %
of Mines runs 42, 62, 72, and 81, using unpromoted iron catalysts

precipitated from forrie nitrate solution with potassium earbonate,

NICKEL AND COBALT CATALYSTS

PRELIMINARY TESTS USING HYFLO B3UPLR-CET.

A8 CARRIER ®; DURABILITY
TEST AT 100 P. 8. I. AND WFFRCT OF

NITROGEN IN BYNTHESIS GAS

Data on niekel and cobalt catalyst preparation conditions are given

in tables 20 and 21, and on activity in the synthesis in tables 33, 34,

and 35. In the group of catalysts containing nickel and eobalt, only
three were inactive: 364, 384, and 85A. (Sce table 33.) It may be
significant that the

only constituent common to all three catalysts
and absent from all the others in this group was alumina.

Activities of catalysts 60A, G1A, 62A, and 644 containing nickel
were measured in short tests (table 33) of not more than 4 weeks
duration at atmospheric pressure. These eatalysts were of low activ-
ity, the least active being 62A, which contained cobalt and whose *
maximum yield was only 36 grams per cubic meter. Catalysts G0A
and 61A contained the same ratio of Co: Nj :ThO,, but 61A had sbout
50 percent of Hyflo Super-Cel, whereas 60A had about 80 pereent of
this constitwent. At ahout the same temperature the space-time
yield from 61A was two to throe timos that from 60A.  Catalyst 644,
of about the same composition as §1A (except for the content of
thoria, which was about one-half that of 61A), gave the highest yield,
namely, 74 grams per cubic meter.

Test 23 (sce table 34), using a catalyst containing Co-ThO,-Hyflo
Super-Cel, 100:18:100 parts by weight, was continucl for shout 2,400
hours at 100 pounds poer square inch gnge pressure, with hydrogen
{tushing after every 4 or 5 days, The results show that fairly uniform
activity was mainfained during the 2,400 hours of operation. Equall
good durability at atmespheric pressure of a Co-ThO,~MgO-kiesel-
guhr catalyst and with higher vield per cabic meter of synthesis gog
and higher space-time yield under conditjons comparable with those

of test 23, was obtained in the “X” series of tests (see tables 39 and 40).

¢ As will be shown In discussion of the “X" series of tests, use of Johns-Manville Hyflo-Cel a5 a carier
resnlts {n eatalysts of appreciably Inwer netivity than when Filter-C'el or u siinflar diatomaceous earth iz
e, Hyllo Super-Cel iy prepared by trenting Filter-Cal with A small amount of sodinm earhennte anil
caleining at about 900° C," Tt was used 10 the earlier tasis before its nferiority to Filer-Cel was determined

TaABLE 33.—Tesis on pelleted cobali-nickel and nickel catalysis T

[Atmospheric pressure of 1H:-+1C0 gas.2 A}l eatalyst compositions in parts by weight]
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om 33 to 58 and 0.691 to 0.747, respectively, the average being 41 and 0.74, respectively.

v i 3 No. 604, which was
epared by the International Nickel Fellowship at the Mellon Institate and pelleted by the Bureau of Mincs, except No. 604,
¢ ranged [T

Nos. 844 and 85A were Impregnated catalysts.

N3, 1 percent CHy, and 0.2 percent C 0.
5 Bromine numbers and specific gravity of lignid produet

3 Vohimes of feed gas per hour per volume of catalyst.
& Kilograms per cibic meter of caralyst per hour.

4 Grains per cuble meter of feed gas,

T All eatalysts listed in this table were px

pelleted at the Mellon Institute.
2 Containg 3 percent
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Table 35 contains

Co : ThO,: Hyflo Super-Cel and Co -
Iysts at atmospherie prosgure,
gas was appreciably higher
time yield was about the sa
were conducted with 16 and
syuthests gas.
with nitrogen was used to
gen, and should he
comparison indicates ne apparent deere
dilution tests showed also that
would be expected on the
directly proportional to the
shown'in table 36, where the data of
for comparison purposes.
was about 25 per
fore less than first order,

than in fest 23
29 percent, r

serve as o “hlanlo

LATRR PESTS ON PROMOT
CATALYST PREPARATIONS AND TESY
CATALYST DEPTHS, WTFECr Op DIFFERENT
EFFICIENCIES OF DIFFERENT
TIME YIELD AT DIFFLRL
REACTION TEMPERATURE WivH rLow AT
Because of changes in the

analysis, later catalyst fests are designatoed

most of the tests of this sepi

(89-type) were used. The v

and the details of ‘catnlyat

TARLE 36.—Diluent effect of nitrogen usin

. catalyst
—_— ——
Run No..__.._ . __ G0, e, d, g 651 70, e,d, ¢ 704 718,¢
Tration of test_ . i 57 4%} 83 pUit
Temperature___ 190 1452 191 188 185
Spaeo velocity 1. I 91 192 130 80 e
In-gag analysis, percent:
Flydrogen_ " R GR. 2 HR, 7 4.4 08,7 68,7
Carbon monoxide. . 242 an.o 2.7 30.0 00
Nitrogen.._ .~ - 16. 3 Lo w8 1o LB
xit-gns analysis, poreent:
Hydrogen, 7 36,3 &) 4 14,7 35 4 47,0
Carben menaxide. 250G 3.6 135 22,7 4.0
Nitrogen____ . 5.4 657, 7 7.2 4.5 -
Brontine No, of o]] 42 53 33 58
Speelfic pravily of o~ _— 732 LT 729 i)
Oil yield, prams per cuble metor:
Caledaeda 70T 86,2 FE N 101
Observed s __ 7T 84 0.0 RLUE 108 m
—_— — — e e
! Volames of synthesis gag Der volumae of eatalyst pey honr,

3 Caleudnied wsing 101 BIaMIs per cabic melor g yield with
# Gramns per eubic meler of feed g

as, izelinding nitrogon,

LS FROM HYDROGENA

esults of tests of 100 to
ThO, : Mg
The yicld per cubie meter

me as in the latter test,

espeetively, of nitrogen in the
In tests 60f and 70g, 2H, - 100 w

asc in activigy.  Tlhe
the vield did not deerease
assumption that the
partial pressure of 2, +- 1C0.

runs 69, and 71 are
The observed yield at
cent ereater than ealeulated,

LD COBALT CATALYSTS: hp
5, COMPARISON 0

KIBSELGUITRS
NT S8PACE VELOGITIE
procedures for recovery
les, Co-T hOy-MeO-Lioge
esults are contained in tahle

preparation in tables 20 and 21,

g Co r ThO), : Mg - H, 8 ¢
—

no nitrogen dilution,

TION QF CO—-PART 1

O: Hyflo Super-Cel eatg.

(table 34), but, tho
Tests 6

ithout dilution’

" test on the effect of nitro.;
compared with 71 b+e, for '

this purpose. Thi

as much a4
This i
summarized
20 pereent. ditytion”
The reaction ig there-

PRODUCIBILITY oF +
I" 30-AND 90-c,
INDUCTION PROCEDURES,

AB CARRIERS, SPACE- -
8, AND VARTATION QOF
CONSTANT CONTRACTION

of produets and
as the “X* sories. Iy

loulir catalysis =
s 37 to 46

600 hours’ duration of

reaction rate wag o
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P 2] - - & N . 8 I(j"l(t
ABLE 3; Test X-17; 1 ram ! WO, MgO P tuguese kiese
7.9 grams Of Cﬂ T Ry
3’ 2

BUREAU 0" MINES RESEARCIT

i : 100; rapid reduetion; slow
+ almaospherie pressure, « to 87100 p, 8. l..,lt 1.10 12".]2}3’ +
talyst BOKC; gramules; nlmasp fnrlu(:tinn with temmperature sehednle,

] Mydreearbon products
o
° .
E El E| 0% Q. stabillzer gases Liguids pios solids
3| 2 g : -
o [ a 5 - : N : i 3
AR AR AR-EP Rl Bzl
N - - A P IRy
AR AEEE AR AR R R IR 38l % | 2
£ % : 5 ) k=3 I3 -Ec.” a 2 g 6_; 5
SlE i slalaidli|e §27 68
3 5 c% 6 E 6 ] = b -
a ]
7.2 | 6,15 | 2.4 t0L0
| a7 lens| 609 41010
""" AR IR A RARHE R Hi v g
------- g B 40| 178 ' . o hinas | soa | 1886
...... 106 | 183 9 731 21.8 ) () () 15,11 (o AR AR
........ 06| 187 | 104 78 15‘;8 w1t 06,2 | (4 . 2 9.0 | 162.7
....... w6 | 192 ] 1 ()| f 154 | 25.9 97,2 1 741 | 9.7 &7\ 1.2
=k IR TR LA HE T
———— 106G bt B - : 14 : 3 . : ¥ 1844
AR R EEHE U AR
i HEHEHE : 6| 868 4.4 1832
106 | 186 97 T3] 5.0 IR o o | 441
oo | isp| o0 | 72i1zo) Zo|lzzimd) BT TG PR ah|
2| T | 4.1 163
5| 190 | 100} 67 ) 1040 28788 08| BE) T 8 i
; - ) ). 44 | 5.4 | 151
A A AR IS A A N S S s
. . 0.05 | 55| 134
s | 18| 97| 66|17.3 SHEHERSENE e
Ay 57| 7000 [ 8241 0.5 | 1025
16| 188 | 100 | 60|13 ARHEAR R Hh
IR aR e O i
90 {Ef} 80| 68| 171 2.8 (7_ ; a1.2 | 7.8 7.20 : (} i;ﬂ '
: s . 3.79 | 2.3.] 120,
14| 18| 101 | 68|14 .4 R : 4
HE 1R : 779 | 320 | 20| MO
tz| 18| wlo7L) e8| LY &8 ek i
e | 17l G067 sp) B AT e HEE IR
pay e | om2laie | ns) Tl it e | o)
HEAEIR R Rk
ol 0o | w00 | 7alewal| wi| s o0 | 100 | 920 | 7.0 1642
82 }gg :82 72150 11| 9t o7. .
1 . s

a Volume of feed pas per homr pter volume of eatalyvst.
5 ic moter of fead gas. ¢ hour.
:%']T;[:l;n}:: Sgrhcul)i(: meter of bulk volume of catnlyst pe
art of sarnple Inst, s i
fgonmglli:l{agm eecurred during first 200 hours a3 100 1

: ing is illustrated

The reproducibility of claLﬁl?rsg;np;ffﬁsliﬁflr;ﬂ:i!tl?]si#[?bgl (lzs 50 and 44,
in figure 17, “‘;“‘]{E},‘;’ dfj{?{h(guéﬁ the space-time yield (lu]ogr%rg.‘s SOIEaO:Ll
tests I&l? m‘lf ‘lﬂu)m meter of eatalyst per hour) at u'b;)Utt ot Tt
plus Wax I)L.Ii ﬁms of synthesis gas per volume of cata YS “[raq repro-
velocity ('VE(;I' weent contraction (in volume of I'G?C},’ﬁﬂi s opernbine
and ai)oul;_ fl > hl(;ut 0.5 kilogram in n t"Ot."ﬂl (-)f- 9:5, 1,1'[‘ tl(\m )(\1':::
ducible WIP\m]l';l}'rod by about 10° C. This difference in \'éiwlhl; oF
temperatut (‘1(.1 tE in part be explained by the difference n Vq Fpn
ture can at. {?S g 1‘38 8 grams in test X19 and 34.2 gl&n:l:ﬂ,t-l()ll e
the ca,m!yst f"‘mfm"* lsp‘ﬂce veloeity the temperature of 1OIﬁJ weieht
.X27'- At a-L{)?&; s should vary in an inverse manner with the ii‘L)fL!l(]
identieal Cn.m ‘qlch test X22 (table 41) alkali-washod rrwln-ngc‘SThO .
Of_tl\(z_ci‘lﬂflgcl- Filbor-Cel were used in preparng t‘hc‘i(fo‘thioéé wsod
%ffifl(_;’"‘.‘tif;:‘qf\\]tmﬂl1' cabaﬂyst identical in eomposition with $

g0 ¢ kieselg '
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Tor the reproducibility tests, oxeeph that
of Portuguose rieselgulir, " The sp
within the limits of reproducibility of t
general, the space-timoe vields of oil plus

Ifilter-Cel was used |
ace-time yield of this rup was
ests X19 and X27, and, in

ENATION OF CO—PART 1

~
BUREAU OF MINES RESEARCH 115

TasLE 39— Test X—19; 38.8 grams of Co : ThOy : Mg0 : Poviuguese Eicselguhr

. i r rtion; slow indaction, with eon-
P bt ressnre; 201y 4 100; rapid reduction; sl
['C“m-‘fsn 891 pellets atmospheric Im"‘!nll.r:lo!.i(n’l seheduln}

t
wax of most of the Sg_ﬁype_ g ITydrocarhon products
cobalt catalysts lie within this range. In test X21 (table 40), in n | . Liauids plus solids
. . A ilizar DI R 3 7
which the catalysi was propared from untreated ilter-Cel and 2|5 g | 07 C-stabilergises | Bawidsi
unwashed magnesia, the catalyst was somewhat less active than in 218 || &2 = s £ 0g | .|«
X22, as indicated by a slightiy higher operating temperature, The Test No, sl g g g =13 8g|%8 s il H
. ., . . . . . K= - = 2 - s =
impurities in the magnesin or kieselguhy do not appear to be of im- é £ 3|5 | & E| 5|58 T |28 28| =
. v Or ) . g g% = SE S| o
portance in the reproducibility of the tests. 1t should be noted lE|le|ElS % ¢ e 4 |2 |27 8¢
T o L) 1 . - - N s D Lo}
that 11T, 4 1CO gas was used in the first weeks of operation of test ElEVELEIE s |2 € [F lm | O | R
X21 and that this test was operated at a space velocity of 110 rather 05 | 1210
. . - 0y e BT i, 5 .
than 100. Thus, the space-time yields of test X21 are abount 10 pereen 16 L 306 | 103 58| 2 | 08 9.0 IR 1 154 | 0.7 | 1o n
- ! DS ! 7 W | A B W 4| 1.
higher and the temperature about 2° €. higher than for operation a4 b ol B B I ol Rl a0 0 jta.02 | 15| 182
space veloeity of 100, For purposes of comparison, the space-time - RN SR AR et 3.0 | . g0 | o4
" . { a |33, . . e . T
yield and temperatures of operation of test X21 were corrected to p- o | 1M Hlas | Lol e o Bl R AR
space veloeity of 100 in fienres 18 97 1 22 LR IR Bl R I R 55| 676 | 134 | 12l
space veloaity o m hgures 18, 21, and 292. of | 172 | w2| 71 78| 4.5 11-;{ éf-"f id | w0 | 20ia | 1y
M5 | g8 | W3l 78S | Bl GG S| B2 T
I , . , ; 5 103 68 | 16,1 | 4.5 ] LLO ] 245 . s 150.0
Tanne 88— Tesr N—18; 16.0 grams of Co = ThOy : MgO : Por{uguese hieselguby H(: }::: 130 66| 108 | 20 ]g- }? g:,’gl '? 3' (llﬁ ::E 31
a9 47 [17.1 ) 3.1 L) 20 " 46| 9.8 [ 1727
Cntzl}ystﬂ!?](;gmnu!es; atmosphorie pressure; 2H 3 4-1€0; rapid reduction; slow induction with contraetion Ho o176 gl 119 1.0 gL 120 2% AU 840 a3 I-:-f;_‘;
11 178 . 4| 8.3
schedtle] gl 7] wz| w124 26 W5 26 Tl [I0s | 48 [ 1788
— —— ———— — T — G0 ﬁz-; 102 ] 29-'11 ]-;: 1,},,2 iéz 7.5 [ 080 | 78| 1786
O My dracarbon products i 1;'; :((:11 (’s: E(J‘ 1 7] a2 .y Hl';[; zfi :"&zil;
p | o e e R 57| B0 14| R Gt [roes | 56 | 1758
= e ) 1| s08 72| 24.% - Ul B SR .4 | 181.6
2 g 54 0° C, slabilizer pases Liquids plus solids i]i,: }gé 491 a1 P 22|16 | 200 ;(Iillj ;223 g 3 l4li.!;
| 8 £ . — Ha | 2ot | 6| o7 |0} W b 260 ¢y |eng0 | 50 | 148
; [ A B 4 =g Py e o R T I I f;; (0 [s2:80 | 7.0 | tamw
Test No. s | Bl & g = g |8 g la = L L L L S I A R A I G SRR RN AR BTN
S8 E .| d]& olel - 7| ams g o bena| 2% 190 |0 SO
& PO < S - [ v | o = iTm| @ LR ‘ Re-reduetion (| 4401 21 1064
S E| g | E S| 85 28] o |28 2E 3 a8 97 AR L |0 L) () 2| 60,7 | o4 [ 180 | 1m0z
= & @ 5 . - =3 “, 33 5, ? sl pu 08 | 7208002 | 1.6 | 20L7 | a8 3leee | sor|ons]sns
g o 5 | g A @ s 15 [ 1 ) IR R 3| G286 8,27 | 21
HEEE-RE Elglalz 5 | 2|8 na | oaed | s | o7E | a4 24 | du | g A0,
" o} - &b -~ ol
a7 2.7 ] 1) a7, 5 a6 | 72.5 | 548 & Volume of foo? oas 15{\1‘ l;(latrl(r(!:l!(l’] ]‘;olumr' of eainlyst.
. y . v e e meter P4 s, - . .
;? I’t:f (d)ﬁ 1(3{) l:ilé f,:,? ﬁ:g 1(: (1!(; :{{lﬁ::;iqmlr:ff |(‘:-t' cirbie meier of bulk volume of eatalyst per hour
LG Y I NUEE PO S SR A R A 4 Snnple or part of sumple lost .
75 | w2 U102 2 103.3

« Does not inehide €5 or higher in gas front chareoal recovery.

mEEEPCRES aa s
c'_n-:v—::mc:.o:m-h

. . : . - imeter
71120 (28 1050 | 782 10w st h 30-centimeter and 90 centime
MitsT FIE0 50 sz i Comparison of operation .\VIL‘ abed in fiure 18, and Uhe detailod
iy sl e w0 ey | e ths of the eatalyst bed is illustrated in figure 18, i .
A ARG NN R A & depths of the H : 46 and 40 for tests X30 and X21. The apace-time
7 Eel by 1 i a o6 AR 1 data are i tables 46 " alyst bed was somewhat higher than that
B G | o | iy | G | ield of the 90-centimeter catalyst bec = . t
bl IR IR I B N I O e S B ol B yield o . 1 " converter do no
Slmsl 17 B s o gy g | ba t the 30-centimeter bed, and the data from the longer ¢ B
o | a0 | A ize o R AR S el on e auch. The temperature of operation of the longer converter
i | e 7 1. 248 | [ter as much.  L'he tempe e caminati
o | oo | Oy [ Bol o b sl 4 ass | g seatte -L'[' antly higher than that of the shorter one. Examination
B T120 F 8.3 | 7.5 |91 gl 477 ] 7 0a 6.0 was signmicantly hig . y - X330 and X21 shows averages of
5| i | Oy [ G 10| caie [ iar | g f the methane-production data for X30 and X21 s e
MwmTy T 83 en3 | ka0 |y higg | ra o > 1ILE uhie meter of C1T, for X30 and 21.3 grams per cubic
GO P 353 | (0 | (0 (D Lol (4 a0 71 15.6 grams por cubic meter o 1 B N . Belore con-
St Lzpwo) ®y ) e e s gy X for X21 during the livst 1,200 hours of operation. clo ]
s 26! as f 2.9 [ 856 | 75 Js.ou 3.0 & meler for X21 during vhe 1ms ’-oducod in ihe 30-contimater than in
e S SRS S S St S el Wl Rt ; " cluding that more methane is pr ;
* Valizie of food gns per our per volume of citalyst,

v Cirams per eable meler of feod pus,

 Wiloprams per enlsie metor of butk volume of catalyst per honr,
4 Bamiple or part of samnlke lost.

* Dyoos niot inelide (2 or hlgher in gas from chirenn ceeovery.

the 90-centimeter bed, the reproducibility of the methane data must
be considored.
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116 SYNTHETIC FUELS FROM HYDROGENATION OF CO—PART 1 BUREAU OF MIN

: : MgO : IIyflo Super-Cel
TABLE 40.—Test X-21; 830.5 grams of Co : ThOy : Mg : Filler-Cel Tanin 42— Test X-23; 88.7 grams of Co: ThOy: Mg

. N - ion: slow induction wilh contraction
[Catalyst 891, pellots; atmospherie pressuro, « to 0; 100 p. s, 1, p to u; 2H 3¢ O, except a and b, whers T : 21T - 1C0; rapid reduetion; 8
jt : - ESOE“,“ 1§ed;mniclﬁrg_dlelfﬂ;_sﬂwlg;du_gtimjwi_t_.l_zgcm}r_a_c_tiqqsel_)gg_gulgl ' A ‘ICatalyst 80T, peflets; atmosphierie pressire; 2 gsr'.hr.dll]ﬁl
o Iiydroenrhon products - . Hydroearbon products
A e & ¥
@ -3 °
2 & ° ili Liquids plus soli 5 - Jai s
3 g g 0° €. stabilizer gases | Tiouids plug solids E “J. 5 0° C. stabilizer guses | Tdqaids plas solids
. a N a ~ - ; 5 e % § . @
Test No. E E‘ .45‘ q - - i 2 g - ‘i; 5 ‘:,] g - i E | = -
S | 8 2 | B oz £ " N el Test No. = SRS g | = - a = Sal g B
Elg 28| & nls 5] . (4B izl d stelglelal|alal s SElaE 518
-8 iy B 5 =] = ] = H - Ly - 5
Bl e slelg| s g I8% = |58|c8) Sy |2l w|8]3 |8 ¢ ol E-C N
g 2| g8l g | ¢ L g 1g |37 & [T - O - B T I R A B |3 |a |S &
Al & | ol!ls| g e b | E e, 8] 5 o g 3 | H GRS & | 7] o
B — Tl | [ - 1) o ] © _ —
ad los) 180\ o9l sali08 (176 87 s3] g4 51.7 1 458 | 2.9 N N . a7l 640|363 7.5 T2
bd e oer ] o 28I RE | 10.5 | 331 | oes [enoloe |6 ton | 17| 11| oar | e 1257’ i~ A B R 1.0
. S| 102 o N | v e 1o .11 27,41 1115 726 1200 | 9.8 g 188 | 98| 70|21 colelarel s |eka| iz 17.7 181
d.. -1t aeg | o1u Wl 1 6.7 %0 1184 80.0 |13.14 | 9.7 o1 | 101 g2} 72 17,9 aalioz soe| 7os|anz|7 6 1151 i
. - 106 2T o100 | T 2006 | 401|138 dwg 9.7 [ 711 10,33 | 81 1o | 85| 07| 75226 2 | 100 | 36| ST G4 | AGT| 66 1[; -8
o = S| I ons oz as | a3 ] a | oo Joo.0 | 70 1140 | 6.8 115 189 | 05| 67 |58 4-7 Wy leana ) o576 | 02 | 1.0 1'33'8
7. - Ml 18 e mime | | 0| Ths 107.9 | 83,2 |12.09 | 12,3 M5 1e2) 08| 6|79 2-9 o2z | sy lws | s | s 13 -
bl | 1180 187 Da ) 78| 988 [ 26| 155 | 948 8.2 | 657 [ 082 [ 53 U6 | 1w | 97| oLy 9.6 fol137| 70| 759|780 7u6| 188 1"3'u
i S M8 fIse [ gl to | 27e| 1| en 0.6 | 76,5 12,16 | 9.7 me o boez ) 84l 10.8 a4 | 5|4l asn|s0u| G A8 1:”-2
. g 1841 14l g0l 161 |00 102.9 1 70.4 1/ | g7 go| 180 | 6| o5 |2n8 ol a5 s wed |6z laa 20.3 1?5.9
. Sf N6 1841 1 [ 67 2005 14| oo 90.5 | 74.2 10005 | 5.1 up | 196 | 100 | 651 33.9 | L6 e lacal sr7lesy|ses| 159|168
1 AoVl WAt us| e | te7] lolizo 850 | 76.7 [11.28 | 4.8 w4 ! 196} ol | 66|29 | L8126l aL
90| 186 | 113 2.; 13.2 100.7 | 75.8 1!1).38 53
Jonafoaas | o100 . .7 0417930045 8 — -
J nz) ol e NERLY: 9.4 (76,7 [ 087 | g4 - 85.2 grams of Co: ThOg: MgO : Hyflo Super-Cel
s | s w7 Lol iz 14,65 72,0 10000 | 705 Test X-24; 5.2 ¢ indnetion with contraction
7 }12 Igl }Uf f'g 2(ﬂ.)2 4 }(l!}.!: H lltl)il lg} ts: ntmospheric pressare; 218 - 1CO; rapid reduetioty; slow induction v
Jo1ma) oz a0 . . U0 | (s 4o | 12 lets; nimospherie pressurs; ) K
NI TVl 22 [ 12 U | 725 ilan | o [Catalyst 8911, pel sehiedule] —
Jos0 o192 ng IR 87,61 66,7 | .50 | 12,8 ) 8. 5
o 1| 2] oaor 3.6 15.4 [ 3181 1p0.4 082 '11.05 7.2 we | s | oor| 45163 ao Igg jgg 483(13 g{;% ;.ég 13:5) 133_“
.. 1t P T > ; : ; 7.5 | 1L - 6| 601 | 8on | 24 | 178
A - ¢ a5 1 e ) 20.0 N ey ) 9.1 | 880 | 2t
@ Volume of feed gas per honur per volume of catalyst, ® Urams per enbie metor of feed gas, I ]{;T %i:ﬂ lJﬁl w226 3.6 1'}-9 ;?, ? 132 (2) ?2_ 5| .49 | 5.0 | 15,3
° ilograms per euliic meter of bulk volume of calalyst per hour, 1+ 1CO used, ¢ we | 191 03 58 | 240 7138 29-‘(3 70.8 | 70.4 | B.88 | 11.7 | 141,2
+ Bample or part of sample losl. / Does nut inelude (' or higher In gas from charconl recovery, 4 115 193 05 03 13-}7 (-)" 1?;)3 (,')' hg}'g () | 847 | 167 %‘;
. . E 3 & - i 62 ‘) ‘ 0 . . 16.0-| {«
TABLE 41.—Test X-22; 28,5 grams of Co : Thiy : Mg (alkali-washed) : Filier i H:: {:J’L: d; o 12}.5 i | 3(].)2 (730 S(S.)R 657)0 wyl o
Sl tneitcotracted) A TR B S A S F A S 0.0 6.00 | 188 1609
[Pellet 890 (OhY; atmospherte pressure: 2y 4 100; raf)id reductivn; stow induction with eonteastion i S| 104 ;:2 2|54 | £0]157| sl 59 7:)..1: 387 lea| s
schedule j_ a0 | 208 b wlies | s 1782ty 95.4 | 8. . 3
5 5 7 i N4 | 169 94 ¥ - )
o Hydrocarbon products - =
51 % ) T a Valume of feed gas per hour ner volutns of catalyst.
h=4 H atp i TS,
£ |5 g 0° C. stabilizer gases | Liguids plus solids b I%r;u:}:\m: ;:11‘)&3];Ré‘llliffff;,fl‘l"ﬁ{ volitne of extalyst per hour,
= ) s Y ¢ oy oF i arl of sample lost. - v
Test N & g ;. & - % P < ‘: "]3)‘:)1:.14111%{32!]13(3:]‘@ Cs or Iigher in gas from chireonl recovery.
et o E ﬁ 3 g 5 g & B E - - ,«]]y({mgen reaclivation during week.
& 3 2 ] - = - T . ] " > ! 7
o S| &= al = i1 Tel 8|8 . ar eatalyst 89K for tests X
& f g : P - o 5|2 s I eatalys -
28 g | ESE gl o E|eE | % | & Averages of methane d)aii‘a. wglth %l :1;1111112100 il()U.T‘S woro 17.1 and 17.0
- - - R - R B Bz |a &8¢ tables 37 and 38) for the first 1, R at
H—Q " ——-% s e 2 o : “ —H_; - ° | and 1 (mbl(sb‘d? 2 sor, respeetively.  Thus with the samoe catalyst
- - - - - grams per eubie I-ni' weproducible, and therefore the methane pro-
T AR EARARHEAR A I I, the results are fairly repr er in the loneer converter,
W] 183 04| was ! 250105057 aq 77,8 3.6 | 160.0 luetion is signilicantly smaller 1n } & ine 211, 4 1CO gas
AR AR IR A R 6.2 198.5 duction 15 SIEne t induction procedures using 2I7T, g
YL s T 1gp | 17 5186 1058 |81 4.0 | 19572 The eflcct of different i ‘b he dotaited data for the tests are
114 | 183 82060 21 120|245 100.8 b 9.3 | 176.0 is illustrated by figures 19 and 20; ¢ e de : ) induction ab
HEJ 1770 951 63| 194 | &0l gs 8.5 854|765 5.1 1388 18 tllustrated by Iigl 1 45 [Meure 19 shows that indue
et sl v sofens| 1.6 .21 256 47,1 74.4 4.0 [ 180.0 sontained i tables 37, 38, and 45. £ . atmospheric pressure
Uy ere a7 ) vo 1o na| 06 ate| g5 4.8 | 183.8 €on. square inch rather than at atmosg :
He | 178 05 68 72| s2! as Hi.(J 7.0 8.7 5.1 [ 1415 100 pounds per square ; : h iold durine the firgt 400
S0 A8 971 a5 1olg 241 0112590 701 B4 | 1667 lted in & somewhat lower space-lime y ClG CUIllle hore Wis 1o
w1 51 i AN w3 s 7 55 g resulted 1t tion, but, for subsequent operating periods there was
1 5 j L6 10 } . . . ) . . i . 3} it 't BHDE AL ’ N i !
nzi o1 67185 | 1.0 001 107,31 | 40 n lei hours of opes al:lll]((i]:)l' durability.  Figure 20 shows thal Slowt'm'(iubttlll(xll,
R 08| w0 teo) 2! 39175 M2 RS INERIEY Hlerenee in vie t F ; ; sHivi :
I ane Loarear fanlo | S vee ] w01 | wns | b 631773 differen: seature or a contraction sehedule resulted in ac v
4 | ani a1 AR 0.7 ze;.é bz.0 n g 6l };g.s with & temperat the limits of reproducibility of the tests.
W ror a6 | s ige| 25! a2 | g 80.9 | 6o, 5. .5 o ™ i he ’
8L s e | (o | o | oy | s | na | 183 is identical within
i
s Volume of fi lﬂs Dpuer hour per volutme of calalyst, b (Rrams per gebic moter of feed gas.

* Kilogrars per euble meter of bulk volume of cutalyst per hour, 4 Bample or purt of sample lost.
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TanLE 4%, —Tesh X—26; 11.0 grams of Co : ThOy 1 MyO 1itter-Cel

[Catalyst 801, granules; atmospherit pressure; QIIz—ll»lé'J(]};]rnpid reduetion; slow induetion with contraction
sehedule

Tapniz 45.—7Test X-29; 38.8 grams of Co : ThOy : Filier-Cel

; - [Catalyst 1085, pellels; abmospherie pregsure in tests ¢ to g; 100 p. s, L. i tests hto oy 203 4 1CO; slow
3 reduetion: slow induclion wilh temperature sehedute]
Mo e e

o Hydrocarhon produets IS 1Tydrecarbon products
gl |4 s 1% | e T mm e | s sl
A £ g 02 . stabllizer gases Ldrguids plus solids 2 k! § 0° {2, stabilizer gases 1iquids plus solids
I |51 c I i S P pp— o I a g |71 ——— T T e
st Nu, el 3. 2 | Lo |e =R O L I - |5 5 |g =1 -
s 81 E 520" A S s 818 d a1 E10 Pz a
gL || ELE]S | gl | 8 SlEl g gl Bl e Bl e | 2B 214
stz |2 |ajR| g8 S5l 5| o Elnlz B lw)Eyalae] o SRR | w |
o ot & fa . B [ SO | L 0 I it b} = = 6 o L & el & >
4 g o = o b A = Pl - £ B =) =1 A T E _a_ k- o & o
A = I+ =) & i K cl & S e [ o & o I - & =X ta-
i ur [ © &) 6] = B n s [m] « o o &} & o = oo} = “ o
6] m1| 98| 20 04 ¢ : ; ol oia go| 178 | 10| 70|1w5] oo 6ojws) 676 8.9 | 166.2
1| 196 | 95| #6157 f: 11 oh 33 i :; ?'éé’ Z 32 :115 go | 182] 100) 68 (d)0 (2) W ciy | 4.1 3.7 | 1042
w081 76w aes s | g |02 1l 1.0 R R R T S0 |
il 8 ! 5 et h 3 f ., 20. 3 J .
115 | 194 | 104 | o6 wel "7 138 3 A R 14 s 17| 7 §91 15 es aa| TLo 40| 1447
el L] 97| 3| mo| 26| 20|20 0 | am g 4l e | we!| 72|12 35|y} 958 6.1 104.0
e | 113 5 o [ 206 | Lo || e s 1A i 4| e | L0y ) IS0 88 113 a0 7.0 4.4 | 06,4
IR E AR UL RO R HEHE M HE
SR I AP A A R B T Gl 2 ol Mol el Azl me|e s 858 7.2 | 1665
AR AN A R R 58 .00 670 18 | 160 mBl Tz me| s 24 | 1684
A I A s e 8| w2l 680 4.0 W el | m|zial woliea 37| L9 n2] 105
AR A R AR A N % IEA O R mo| w2 Wl wlges| sol|mal sl 73| 1720
Ml 3a| B W ime| s 7| s HENERRY ol ;) Rl o lama| wo|mT 0| 7o 7.6 | 1754
104 | 204 § 100 66 | 1.1 | 1.3 127 | w87 el s g 114 | 140 o w2 40| 142300 TaE | 660|804 041704
- I R SN RN S

o Volume of feed pas per hour per volume of eatalyst.

b %:l%urns per eubic meter of fecd Eas.

= Kilograms per cuble meter of bulk volume of eatalysl per honr.
4 IReaglivation with hydrogen during Lhis period. sl p o

st X-81, 86.0 grams of Co ! ThO, : Pilier-Cel

- [Codalyst 108B; 100 p- 5. i, pressure, 2H:z + 100: slow reduction; slow induction at 100 p. 8 i pressure
: will contraction sehedule]

TasLe 44,— Tesi X-27; 2 gy . . . .
t X—27; 34.2 grams of Co 1 ThOy 1 MgO : Portuguese kieselyuhr e | e | wn] stz | az|imafeer| 20 EaT AR 7.3 | 18
: , . A . ) HEVIEL W] e g | ob | (o | Ty (D) 128 L4 168
[Catalyst 89, pellets; atmospheric pm.ssure,2!12-4-[1c‘lo,1=11,1d reduetion; slow induction with eontraction 4| 12| 9| 7 1?;.3 Y line 21.)9 54 | 781 [ 820 | 2.2 | L4
scherlule wo| 186 | o 7eiana| f0f120 367 a5a | caa | 746 | 6.8 | 140.8
- SO el k| eslona| wo|1zsfaod | 0066901008 83| 672
o LS N 73[is0| 44| 1an|20a] 000|787 2038 ) 28 1754
N Ilydroearbon produets W | 7| 2ta| 1|2 |anl| TLeie20) 713 2.9 | 1450
£ 5 A | e | owe | o7 leea (| | () CR7.L| (9 | 8.07| 86| 1601
2| £ % 5 (3. stabili e A R I AR S SRR R R R R
< g 2 0° C. stabilizer gases | Ligulds plus solids y I il o] w| 73{ TE| 47|49 20 BET 76.0 | 8.48 | 14.7 | 170.3
% 5 ° 3 " _#__H_J____HW
Test No. E ﬁ‘ ;‘ . = “, ‘;*, "5 s & Vohume of fee:d gas per hour per volume of catalyst,
S 2 g ] b & 5] = = E I s ¥ (raims per eubic meter of feed gas,
g ; 3 ks E 5, - = U e e E ¢ Kilograms per eubic moefer of Btk volume of catalyst per hour.
e on - o ey f.!_ = Jg - s g_ = ¢ Sampie or purt of samnlke Tost.
'g o Z B = b i) i) E oA b 4 ¢ Does nob incinde Cs or higher o gas {rom charcoal recovery.
ElElEls | Bl&|g & E |z S8 . .. . .
b w0 o v | U F & | F G| ~ The relative efficiency of [Tyfle Super-Cel, IFilter-Cel, and Portuguese
. N - " Yieseleuhr as carriers is shown in fieures 21 and 22, tables 39, 40 and
ts | v | w2l sef 7r| Ladtns || 7Lo{Tis| 7.3 8 i3 5 R S B n T SR
va| 1| ot| a8 |zi| 25|07 |2k O TLE g LA 1 42.  Hyflo Super-Cel is definitely inferior to I ilter-Cel and Portuguese
Helln| tee | G| T 17 ks Al I : : : “aled bel ; ‘ 5
R I e R R N A R Rl B "~ kieselgithr, the space-time yield being about 2 kilograms lower than
1e ol w001l 18 .4 Ta f"]:ﬁ 00| 605 | 87 for the tatter materials, The catalyst made with Filtor-Cel kieselgubr
@l SRR LS R IR B A gave slightly higher space-time yields but also operated atb n higher
¢ 915 o - L - 1 - . .
gyt g0 s |0 AL B R R | temperature than catalysts prepared with Portuguese liieselgubr.
I AR ve cE[ERhEe e T Bae This difference i operating temperature is in part due to the greater
LIRS mO| o TN e weightt of catalyst i Gesls X19 and X27. The catalysts produced
- 14| 2| 18| 72|136| 16] 100|198 1026 | 802|408 | 7.1 with Hyilo Super-Cel gave lower space-time yields and operated at
gignificantly higher  temperatures than catalysts prepared with

a Yolume af feed gas per hour per volume of eatalyy
b {irams per cubie meter of foed pas, utalyst.
o Iilugrams per euble meter of bulk volume of catalyst per hour.

Portuguese or Filter-Cel kieschgulrs,  In figure 22, for test X21, the
operating pressure was ineroased from atmospheric to 100 pounds per
square ineh alter 1,500 hours of operation.  Ab the Ligher operating
pressure bhe spage-bime yield was nbout the same 23 at atmospheric
pressure.
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L

Tanre 46, —Test X-56; 85,7 grams of Co : Thily : MgO : Filier-Cel O TestX30, Co: ThOz : MgO: Filter-Cel, pellets 15G ce., B5.7 grams of catalyst
s : . . . 89J, atmaospheric pressure. N
[Catalyst 89F; pellets; atmospheric pressure: 2H, +hl(¥‘01: ]rnpld roduection; slow induction with contractin
aenedule — 11
® Test X21, Co: ThOz : MqO : FiltarCel, pailets 50 cc., 30.5grams of cetalys)
o Hydroearban produeets 99, otmospheric pressure.
@ e —
= 5 LG
§ E E 0% £. stabilizer gases Lignids plus selids -] 0
%; g . g B R e e e ’p'e/ o
= = B . - -, ] - a
Test No. SlElE S0, B £ |3 - | Lo S ’w\\ |4
=3 2 2 8 E - = pedl] , E . -
g o @ o = g &2 ;E R ﬂ.é o E_ £ /Spuce-r:me yield \K
g oo - B w2 3 [E8 - HFE(SE wm ]l ow L
8 5 < F] 5 0 28 i3 s & 5 /’
= = - O < = I S A B ls |12 |&]8
=] - o o 8] o o = z = 7 ] fu f / -
111 170 86 52 8.8 4.3 4.4 18.8 758 7.2 6,52 4.8 /
115 | 184 ) 4| 1.2 T B21159 121.3 | 84.1 110,93 | 2.8
114 150 by 78215 4.9 187 288 144,21 76.2 (11,53 | 12.4 ) a
T4} 200 | 06| 67| (| 0y | ) | (4 Je1dea| () 12,97 | 119 2005
114 194 111 12,4 1.7 1.2]18.2 114, 6 | 8.8 {12.60 8.9 J " ®.
8| 184 100 1R D 18,61 21.5 1215 | 78.6 (1215 | 7.6 RN 195 l&’
114 188 Ipﬂ 711171 $.6 | 13.6 1 22.8 135. 5 77.& 117 ¢ 9.3 \ == 190 :
114 102 05 724 17.1 LY | 17.0 | 252 7.1 7.8 (10,17 | 10.1 A% e =
MS |82 s | 72| 172 | 2.7 [ 144 [ 207 | 048 | 753 11.00 | 4.5 / ﬁ-—"\ o b
114 90 103 764 8.t L6 15,7 ] 20.9 958 7.1 16,48 15. 8 /O' 5 185 16;_1
a1 194 | o102 7| 44| 15187222 | 1036 | 77,8 (10,80 | 14.0 / P T ' M
14| o2 | 101 | 7| w@7| .7 ik4 |27 058753 |10.08 | 131 E// o] emperotures 1003
-
. |75
= Volame af feed gas per hour per volume of eatalyst. o0 300 800 {00 {,200

¥ Grams per cuble moter of leed gas. TIME, HOURS
s Kiloprams per euble moeter of bulk volume of eatalyst per hor.
¢ Bample or purt of sample lost,

: . F1au: —Caompnrison g i - - .
¢ Docs not inelude Cs or higher in gas from chareoal recovery, RE 18 amparison of aperation with 30-cm. and 90-em. depths of catalyst.

I I I T T T T I T T
15 O Test X 19 Co: ThOz : MgO ! Portugiese kieselquhr, ' 15 © Tesl X 29, Co:ThOz : FiltarCel petiets, cotolys: 108 B, atmospheric prassure

e — pelieted catalys) 89 K, aimosphenc pressure—.l | 1o 750 hours, 100 p.si. 750 10 1294 hours, slow induction ot

x ] } —
a ® Test X 27 Co: ThOp :MQO: Porluguese kiesalgohr, 2 almospheric prassure with lemperature schedule,
T pelieted catalyst B9 0, oimespheric pressure T @ Test X 31, Go: ThOz : Filter-Gel pellsts, catalyst 108 B, 100 psi. preassura, -—
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catalyst in the [orm of pellets and of granuloes is llustrated in figure 22,

The space-time yield is abouat the snme fop the two forms, hut the
operating temperature of the granular catalvst is about [2° C. higher
than for the petloted catalyst.  This differonce in temperature wag

] ke 230 - Relative aetivity of pellets (about 0.4 bulk densiiy} and granales (aboul 0.8 bulk density),
Mraunre U3 - Rels saetivit, £

TISOGE"- 18- - )



124 SYNITHETIC FULLS FROM HYDROGENATION OF CO—PART |

TaBLE 47.—Summary of
-

statistical analysis of catalyst data

Meansg of ratalyst testing data
Refercnee to— Gatul reighe| Surtace| Mitro- T
" atnlyst [ Weight | S para Grams per enbic meter
I}\ﬁft and ol caty. ni"}?é volime, ggn_- Tem- |_ b :
' form ! Lyst, g, '(;.) T|oeeE. lim(: Pera- !
6] por- | tore, . . Wax -
Fig. | Table eent | ©C O | CrCy) GOy Plilfs
o
X 13 24 89K--D 38.8 68,1 0,47 | 727 [ s {+an 4 | 37.0 18127 LK
X-ay I3 29 8IQ-T* 3.2 58.68 ) B8R | sz iy [y 71 361 L8
X214 14 25 801-1 3005 54,1 .67 72,0 | a8 i3ty 33,8 8.0 [31m2 2v
Xt 6. 14 31 8J-1* | egh 7 807 .67 L7 3m |315.6 | 316 8.7 3150
X-207_ 15 30 1RB-I 8.8 A5 6 .86 0.9 4185 1%13.5 [a97.4 6.4 |- 84.5'.
X-u0s 15 #0 O 108B-p 388 G5 6 .ot 713 118G | 3244 (8431 7.0 84.6 -
\;—-29 L 15 30 | 1wsBR-1* 388 A5, 6 .56 71.3 189 24. 4 13. 2 7.0 8.9
X310 15 30 L0RB-P 6.0 5L 6 i) TLER 187 28,7 U7 7.0 86.3
X218 4 25 89J-1 30,5 4.1 BT 720 ) vass (321 |sazn | s 8.0 1029
X-arw R 25 BOJ-1° d0. 5 ad, 1 . BY 69. 4 FlO2 (326,09 (9420 | 193 106.6
X-17. 15 22 | 8O0} 18,4 M1 L2 4| 4185 17.1 33.4 8.3 4970
X8, 16 23 BEK-03 16.0 423 L28 | 5| 4188 17.68 an 2 20 4805
}Ekﬂ LN 17 25 /-7 305 5¢. 1 67 720 1188 1.3 3.0 ag.0 11009
Xe2d, 17 7 s9-r 35,2 &4 AT BT 3104 2004 5.9 [318.6 ] 3857
X-10. 18 24 RGK-T* 8.8 (8.1 AT TR 3y 2.6 14370 |312,7 ] 3gn
X215 18 25 s91-p a0, 5 f4.1 Rirs 720 | 31 2L 4339 | 280|100
X-18 19 23 R} 8.0 32.3 1,28 ARG SR 1176 | 980.2 | 3 8.0 i,
X109 10 24 B~ 34.8 G8. 1 7 E A I R W R T 12,7 0,
X206 4 25 s8I 40,5 &1 .67 7200 186 feo g leazal s 8.0 102,
X-26n | . 28 BT} .0 22,9 1497 3. 0 3154 IR i 4.4 84,
X216 ... 26 sr-p Jo.s [t A7 TR0 SIRG | 421 (1330 ] 354003 nz,
X220 b . 24 BO-1 M0 T R O R T R TI IP T §.6 | 95
P T 2 -1 4.0 32,3 1.28 FEN AR} S N G020 180 8.5
X-g60_ | _____. 8 8uJ-0 1.0 229 LOT | 630 3190|4154 257 4.4 85.4
X, 27 8I-p 98,7 AR, 2 .43 Gh.8 | 3100 0.3 5.3 (4141 | 402
X4 27 8H-1 35,2 50,0 AT G| o 20,8 | 35.0 |416.6 | t857

| G=grnules: T=palleis,

# Areas andd porn volimes of unraduced eatnlysts,

3 Probebly significant.

* Possibly signiflennt.

£ 105 to 1500k hours al atmospherie prossure.

¢ Long eanverter, which holds 3 times the volume of small converters,
7105 to 756¢h hours at atmaospheric prossire,

3760 1o 1294th hours au (00 ih, per siquare inch,

! Entire experimoent. al 100 Ib, per square ineh.

103,500 to 2,260th hoturs at 100 fh. per scpzare ineh,

" Averaged over periad ef operation al spaee velogity of 100,

Because the data ol the cabulyst testing show considerable variation
{rom week to week as shown [or temperatures and space-time yields
m figures 17 and 22, it was desirable to test the significance of the
differences of the moeans by statistical mothods as developed by Stu-
dent* for small samples, ~ With this method the probability that
Lwo groups ol data muy be samiples of the sane “parent group” may be
estimated. The probability of finding diflerences of nicans greater
than observed, on the basis of two samples tuken from the spine parent
BrouUp was computed.  If this probability is less than 8 Pereent, the
samples were probably from difforent parent groups, and the difference

S Student 1On the Probable Brror of the Meanl: Bimnetrika, vol, 6, am, po1,
Yule, €1, U, ang Kendall, ML G, An Dntrodnetion Lo the Theory of Statisties: Tonden, 1037, p. 442,

BUREAU OF MINES RESEARCH 125

swas probably significant. For probabilities [rom 8 to 25 percent the
giiftfefences viyuregregm-ded as possibly significant, and for probabilities
greater than 25 percent, differences were not considered significant.

- In addition to the temperatures and space-time yields, which are
compared graphically in figures 17 to 22, the temperature and Lll_(i
yields of methane, C, to C, hydrocarbons, carbon dioxide, and ﬁl
plus wax, per cubic meter of synthesis gas were compared statistica y
n table 47, 1In all tests the means of the data for the first 1,000 hours
ollowing the induction week were compared, except where the periods
{ comparison are indicated. Portinent data about the catalysts—
the weight of catalyst, surface aren of unreduced catalyst in square
-meters per cubic contimeter of catalyst, and micropore volum_c in
ubic centimeters per gram—are included in the table. 1t should be
‘noted that the space-time yields as used in the previeus figures al:_q.
pace velocity of 100, equal the yicld of liquids plus soh(]s_ per (:ubu:
meter multiplied by a constant; he‘n_ce, any significant difference for
the liquids plus solids js alse a significant difference in the space-timo
ield.

yl?l‘?m conclusions [rom the table are the same as those from the
figures, and several additional observations can be madg J'cgu.r(hplg the
‘ylelds of CH,, C,-C, hydrocarbons, and CQ,. When mgn}hcmlp
differonces in average temperatures occur, the catalyst operating at
the lower temperature usually has a greater surface aren per cubic
centimeter and a groater weight per charge.  This will be discussed in
the section on surface arcas. If significant differences in CH,,
C-C, hydrocarbons, or CO, occur under similar operating conditions,
the eatalyst producing smaller amounts of these products usually hﬂf:v a
higher micropore volume; that is, catalysts with a lower densily pro-
duce less of these undesirnhle products. ) ) L

© In X19 and X27 significant differences oceur in the yields of CO,
and posaibly significant differences in the yields of CH, and C-C,
hydrocarbons, in addition to the difference in temperature shown in
figure 14. The differences in the produet distribution reflect the differ-
ence in pore volumes.  Comparison of tests X21 and X30 with pellob(‘.‘([
catalyst 89J in the 30-centimeter and 80-centimeter converters,
respectively, indicate that the catalyst in the fonger converter pro-
duced less CH, and more liquids plus sol:dgi and operated at a lnghgr
temperature than in the short converter. The difference in the ymldsi
of liquids plus solids, however, may be due to the refatively smalllm.
losses in recovering the larger amounts of produets from the longer

erter, _

cm(l]‘;)rlntpm'ison of the periods of atmospheric and 100-pound-per-
squarc-inch operation of test X29 indicates that more methane and
Cr-C; hydrocarbons were formed in the pressure opo,mtlon.‘ Tlhe
temperatures may not be comparable bocause the catalyst was
operated for 750 howrs before the pressure operation was begun.
Comparison of the pressure operation of test X29 and test X231 shows
that the vields of CIH, and GG,y hydrocarbons were ahout the same,
indicating that the atmospherie operation ol test X29 resulted in the
same distribution of products as in X31, which was operated under
pressure from the beginning,  The hstribution of products _of the
atmospheric and pressure operation of test X21 is similar to that in
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run 29, in that the pressure operation produced more CH, and C,=C
hydroearbons than atmospheric operation.

Differences of the means of tests X17 and X18 for temperntura
and wax plus oil are posgibly significant. The difference in tempera
ture may be explamed by the slightly greater weight of catalyst in
fest X17.

In tests X271 and X24 with pelleted catalysts 89J and H, prepared
with Filter-Cel and Hyflo Super-Cel kieselguhrs, respectively, the®
temperature of operation in test X24 was significantly higher. The
means of CH, and C,C, hydrocarbon vields were about the same
but if the entalysts ware compared st equal contractions the yiolds
of CHy and C,—C, hydrocirbons probably would be significantly
higher lor test X24. The eatalyst in X24 produced significantly more
CO, than that in test X21, which is consistent with the larger pore
volune of ealalvst S8,

The temperature and space-time yiclds of liquids plus solids in
tests X19 and X21 have been discussed previously (fig, 22).  Signifi-
eant differences are found in the means of C—Cy hvdrocarbons, the
ntalyst in text X190 with the smaller pore volumes producing larger
amounts of these products, ‘

The differenecs in temperature in tests X18 and X19with granular
and pelleied catalyst 89K have been disenssed in conneetion with
(igure 23, The catalyst in granular form produced significantly less™
CHy, C=Cy hydroearbons, and CO, than the corresponding pelleted

/—T\ZOS'G-

E-Y
54

o
[*]

KILOGRAMS OF OIL + WEX PER 1000 KILOGRAMS OF CATALYST PER HOUR

BUREAU OF MINLS RESKARCEH 127

&0 : - i —_—
o o

55 N | REeTE
50 |- . ]
as @ -

218" ¢
a0 — - T,, g

o

35— [ [

30— S AP I N

O - Pellets, 06 fo OB hulk density
® — Granules, 03 to 035 bulk density

100 300 €00 00
CUBIC CERNTIMETERS OF 2H2 +1CO PER GRAM OF GATALYST PER HOUR

Fiaune 25.—Yield of oil por unit weight of calnlyst per hour at different gas throughputs for Ca : ThD

Mg : kieselgulr at 186°-200°

Fraoge ot

[
o
1
§
]

AT I

%

w
=)
i

© Pellets 0.6 1¢ 0.8 bulk density
® GranulesO.3 to 0.35buix density

Il
(=]

w

°
:
i
:

SPACE-TIME YIELD, KILOS PER m3 OF CATALYST PER HOUR
o &
X

130 300 600 jeele]
SPACE-VELOCGLITY VOLUME 2Hz+I1C0O PER VOLUME OF CATALYST
PER HOUR

Bpace-titne piehat different spree veleeitiesfor Co 2 U'ha: Mg0 ¢ kieselguhr at 186°-200° C.

eatalyst, althongh the yield of liquids plus solids was about the same
for the two forms, Tests X21 and X206 with pelleted and granular
catalyst 89 are similar to tests X18 and X19, in thal the granular
eatalyst produced less CH,, C-Cy hydrocarbons, and CO, than the
corresponding pellets.  In a comparizon of grannlar catalysts SOK
and J in tests X118 and X26, the difference in the averages of O, is
possibly significant, but thie dilference would disappear if the catalysts
were compared ab equal contraction. '

Tests X21 and X22 show that catalyst 89J produced more Cl1,,
C-C, hydroearhons, and CO, than 890, even though the pore volumes
were about equal.

Tests X23 and X24 with eatalysts 80T and 1T, both of which con-
tained Hyflo Super-Cel as a carier, were similar, except that the
vield of liquids plus solids Tor tost X23 was lowoer.

In figures 24 and 25 the space-time yield lor all tests ot 185° to
200° C. with the cobalt—thoria-magnesia-Kieselgulir eatalysls was
plotted againstthe space velocity.,  Tigure 24 shows the varinbies col-
culated on a catalyst-volime basis and liwure 25 on g weight basis. The
(data for the granules are in table 38, test X18, and table 43, teat X206,
and for the pellets in table 39, test X19, and table 41, test X22,
For both ligures 24 and 25 the data for the grantles were consistent
- with those for the pellets. Both enrves have o maximum beyond
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whiclt it was necessary to increase the reaction temperature o greater
amount per unit change in space velocity to maintain a desired con-
traction. The decrease in space-time yield beyond this point may bo
due to two couses: (1) Overheating of the catalyst owing to the large 2
amount of heat produced per umt volume of catalyst may cause
changes in the catalyst and in the reaction meclanizm; (2} at these
high flows, diffusion may be the controlling step in the synthesis. At
tower flows, diffusion is probably not important, as indicated by the
rather high apparent activation encrpy of 25 kiloculories per meole
{ligs. 26 and 27 and accomponying text). Tactor t could he elimi-
nated or decreased by meking the distance between catalyst and
cooling surface shorter.

In test X19 the catalyst activity decreased when the operating
temperature was 207° C. or higher. Operation at 218° C. caused
some permanent loss of activity, as indicated by the inereased tem-
perature of operation at a given space velocity and contraction before
(X19q) and after (X19x) operation at 218° G
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FIGURE 26.—Variation of tem perature with fnw of 2Hz + 1CO at constant contraction.

In figure 26 the data given in table 48 for variation of reaction tem-
perature with throughput of synthesis gas at 65.4 to 71.6 percent
contraction are presented. A correction can be ealeulated assuming
fhat the synthests reaction rate is dircetly preportional to the partial |
pressure of 211, +- 1CO, so as to provide comparisons at a given con-
traction, for example, ab 70 pereent.  The reproducibility of the tests

Tapre 48.—Temperature coe ficient of synthesis rale on coball calalysts

Pomporature 0 'I‘hl}(;ughpcgt
o sol 2H 100
Test No. ‘ i, of eata Contraetion
o, oK. Lystfhour
D 8 178 451 130
184 457 216
b1t 162 204
104 A7 37
194 472 a4
2010 474 562
A L S 169 162 304
178 451 L4 &
(] 444 Ll
188, 5 438, 5 2058

‘eulatod.
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is not good cnough, lwwever, to justily such a correction. In feure

27 from the slope of the line obiained by plotting the logarithm ol the

throughput of 21, -} 1CO against the reciproeal of the temperature
(in degrees absolute), the aclivation energy of the reaction was cal-
1t 18 24 £ 2 kilogram-calories per mole.
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CHARACTERINTICS O TRODUCTS FROM CODRALT CATALYSTS

Bromine numbers are given in table 49 for liquid produets from
tosts X17 to X24, and X26 and X27, in all of which 89-type cobalt—
thoria—magnesin-xieselgulr  ealalysts were tested at atmospherie
pregsure,  The bromine numbers varied from 6 to 15 for catalysts
operating below 195° CLand at low {lows of synthesis gas. Operation
at higher Nows and at correspondingly higher temperatures (o main-
tain constant contraction) produced liquids with bromine numboers
up Lo this  number inereasing  with  inereasing lows and
temperatures. -
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