C. The Reacticn Temperatures

he temperature dots in the presoent papsr
vere obtzined by messuremente in an aluminum block,.*
In spite of the goos inmsulation of the two ends of the
tubes protruding from the aluminum block with aghestos
cord, the radiation from the enss of the tubes results
in an around 59C lover reading of temperature lasice
the tubes than the tempersture of the &luminum hlock,
as feund 4n tests. On the other han’d the catalyst
temperatures are alweys somevhat higher than of the
surrounding space because of the pozitive heat of the.
reaction, and both corrections were left out and the
tempsrature of the block was given,

Speciasl efforts were made durlng the wvork on the
iron misddle pressure synthesis to lower. the reaction
temperature. This seemed 10 be importent Ifrom purely
economle consiceratlons, becauss on an insustrisl
scale the synthesis vwhenever pozsivle iz carried out
in water ccoler” pressure tubes ang every rise in
temperature here wouls result in a rise of the stezm
pressure and willl necessitate a strengthening cf - the
reaction equipment. .

1. Effect of Forming -

It hag already heen mentionesd elssvwhsrs thatb
the tempersture requires rfon syathesls was principally
gepencent, on the tewpsraiure of forming ¢f the irzon
cetalysts to be used in thas gynihesis. The surves
in figure 9 show the limitations in the contents already
discussed. The months of operaticn are inild out on the
ebsclesa, the temperatures on the ordinznes, and the
saturation pressures of steam 5% these tempevatures are
shown, All tests were performed with o gyatheslis gas

Hith the carbon monoxide and hydrogen in 2 proportion

* e ar ¥ wa Aone he Jatoratory i gressyice =13
+he Work was done in the labtoratory in pressure tubes,

heated in & slanting sluminum blcek furnace.

T mmog - vem - n e
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of 3 : 2 (& 11/10gFe/n).

2 has been
vre without sny
e raiseq

Curve I refers %0 & catal
put In.operation et 15 atwe pre
previous forming. The tenrpera o
to 290°C to produce 2 marimum oo ion. A% fipst
the coutraction emeunted to U5 ne » in the course '
of the secend month of cperation the aciivity of the
cetalyet rose graduslly end the contiaction rose with
it to around 50 percent. In further opersiions the
temperature could be lowered without changing the .
conversion to 280%C. I% had to be egein reised duping
the fourth month, and by the end of the fifth month,

a temperature of 300°C hadé been resched.

Curve II shows the teuperature relotionghips
with an iron-~copper catalyst vhich wae first operated
at 1 atm and 240°C for thrse daye with 8 mischgas
(contraction 50 percent} and wog chenged over %o syn-
thesis gas at 15 atn pressure after thres deys. The
maximum eontraction of 50 - 55 percent {optimum con-
version) wes obitained by ralsing the temperature in the
course of flve monthe from 25096 to 2900 .

, Curve III shows the changes in temperature in a
test with a copper-free normsl iron catelyst which was
treated at 0.1 2tm sna 2559¢ 7op 25 hours with puve
carbon monoxide. The maximum cgontractlen of 50 - 55
percent was obtained by raiging the temperzture in the
course of elght months from 235 to 272°C.. At these
temperatures the activity of the cutalysta grew graguelly
and during the eleventh month the temperature could
again be lowered to 25490 maintaining the contraction
8t 50 percent. During the fifteenth and sizteenth
monthe the temperature hag again been ralsed bo 266°¢
end then lowered to 2587C. Table 16 zives the comnosition
of some end ges obtaines during this test

U
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Table 16
Lomposition of Bad Gages of Duraticn Fxperiment

Conducted 8¢ TiTiepent Temposs tures During Sizteen
Months of (peration.

Composition of End Ges in

Menths  Temp Contr * "~ Peprcent
of °c % 7 00 Hydvo- 0 CO H, Hydro- Cavbon Np
Operation carbons carbon s Numher
Heavy
i 237 50 48,6 2.2 0.1 15.0 13.3 8.8 1.9 11.0
9 272 52 54,5 3.3 0,0 B8.1 7.h11.2 1.3 15.5
14 254 50  50.1 2.8 0.2 1k.o 11.9 7.3 1.7 12.8
16 266 48 53.5 3,1 0.1 8.2 10.6 1.9 1.9 12.6
16 259 X8 Bl.2 3.2 0.2 0.5 i2.6 0.4 1,8 12.5

The table chowr that as the temperaturc pises the
amount of gareous hydrocarbons i8 incressed, but the
comporltion of the end g8 var generally very simliap
vhen considering 2 veristion in the compcsition of the
synthesies gas from the firet to ths eixteenth month.

. Curve IV refers to & catalyst formed st 325°$
vith carbon monoxide at 0.1 atm, Forming at 325%
permitted cperations at lawer,temp@ratuves‘during the
Tiret month. The contraction rem2ined constant at
50 - 54 percen: for four months operation at 2359,
The temperature hag then to be relsed, After one year
no merse advanggges could be found over the iron catalyst

formed at 255°C.

The curves in this figure prove the
of the proper prebtreatment of the cs ¥
syanthesls reactioas.

importancs
t8 for the

2, Effect of the Compoglticn of Gas

. Table” 19 shows the converslons ob
high-earbon monoride and high-hydrogen synthesi
1 : 1ye e £Cn Mthoat s Mo an
at a reactlon temperature of 205-C {synthesis pressure
15 atn).

o N
(%
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end a fydrogen-
Teuneraturs of 20590

Hich Syntnesis GAs 8t 8 Re’
and at 15 atm Prezvure,

GOy Hyddo-~ 05 00  Hs  Hysro- Carbon By Contr,

Q%ggﬁn" - carbonglumber %
GO-rich )
Start. gas 2.2 0.0 0.2 53.9 33.9 0.2 1.0 .0
20
End gas  10.3 0.8 0.2 52.3 28.4 1.6 1.3 s,

Hy -»ich

Sart. gas

o

.2 0.0 0.0 31.2 56,6 1.6 1, 9.4

. ' 31
e 35 2.1 0.2 19, 5 52.3 3.9 2.0 13.7

0

Ens gas

o

-

Table 18 shews conversions st 225%C with guEES
of three different coupositions.

Table 18
Conversion of Cazbon Manomﬂﬂ -RBich Gas, Water G2

8nd Hydrogen-Hich Gas With & R G5 C ElGH Tsmnara*uhs of
225°c and & Pressure oF 15 &

Heavy
G0y Hydro- Cn co % Hydro~ Carboa N, Co&tr.
cerbhon & carpom Nushéy /
CO-rich ~
Start. gas 2.3 0.0 2.0 53.5 33,4 0.4 1.9 5.1 L
+5
El'iﬂ gas 2\%’2.9 ‘3-8 g 25‘5.5 15;1 ‘!';'33 3'5 9.2
w&‘t@:‘.” 363.8 108 G-O 001 E§'6t}:' 35":’5-“‘!’ 6-8 j-u 705 .
52
nd gos 40.6 L.o 0.2 8.gzn.6 6.2 1.5 15,5
H@ iCh
tart. gas (0.5 ¢.0 0.1 30.7 58.3 o.2 1.0 16.1 16
End gas 22.6 1.6 0.1 0.0 13.831%.1 1.7 18.8
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Theee enaliyass shov Lhat cperations may be
conducted at lower temperatures with low concenteration
of carbon monoxide in synthesls gos, 1.8, with less
carbon monoxide to bs converted. Al sguel temperatures
and with incrsasing hyfrogen content in the sFnthesis
g2s the contraction values increase beesugs of the
simeltensous formation of water (insteas of cerbon
dloxide), =g long as the cerbon monczide iz not completely
converted, as it wes in the last test, teble 18. The
hourly conversiocn of carbon monoxide in the twe tests
at 205°C, table 17 wes 0.66 to 0.71 14, at 2250¢
accordlng to teable 18 the hourly conversion of carbon
monoxide was 1.8, 1.7 and 1.23 1i. In the last test
on this table 21l the carbon monoxise had been converted.
As long as carbon monoxide and hydrogen &re present
in sufficient emounts in the reacting gus, the amounts
of carbon monozride remained indepensient from the
carbon monoxice; hysrogen ratio at tenperature.

3. Operations at too Low Startins Temperstures

Tests were usuelly begun ei 225 - 23500
~@lthough & goos conversion could be reeched at a lower
temperature. Thus with hyarogen-vich synthesis gas
(CO : Hy = 1 : 2) & conversion of 47 percens wasg
measured on the second day of operation at 18490,
The proportion of corbon monexide to hydrogen consumed
was equal In that ctse to 0.7 : 1. This indlecates a
tendency for the reaction to proceed according to .
Co + 2y = CHy + HoO. At thie low vescilon temperature
the conversion drops, however, in o few ¢ays, and the
results are alwsys less fevorable when the temperature
is then increases, than in experiments whers higher
temperatures were used from the steph. This way dbe
zeen in teble 19. Two compzrable teats were here
recorded with a carbon moncyide-»ich aynthesis gas
{normal iron catalyzts) one of the teste starting at
235°C (test 1 ) the other cme &t 2109(C {test 2).

R e T R - . - D
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Table 19

iffect of Teo Tow Renzction Temperaturzs Unon the
Actlivity of The Ce2talvses. ’
Days of Operaision Test #1 Poat #2
Ternp Contr Teap Contr
- og : °g %
1 235 56 210 42
2 1 22 ) Elf
?‘_ # " g% ' 27
5 . 52 - 220 21,
6 _J 55 235 36
g ; 55 250 b5
5 v B
10 " 57
i
15 55

The catalyst stsrted ot 235°C shows the constent
contractlon of 50 ~ 55 percent. The one started at
210°C produced & comtrection of 42 pereent nftep
one day, 31 percent dafter two days, and 27 percent
aefter three days. After the temperature was then
raised only 35 percent were obtained at 23590 ang
even ai 250°C,on1y & contraction below 50 percent.

L. Tempersture snd Producte of Reachion -

' 1t has already beoen mentioned (ses e.g.
tabls 16) that as the resction temperature is ralsed
the amount of goseous reacition products is increasss,
Teble 20 shows averzge ylelds with ivon entalysts
containlng i/% percent potassiun carbonate obtaineg at
235°C, 270°C and 280°, Between 235°C ana 270°C
the solig paraffine ylels dropved from 30 to 4 g/nebm,
The amounts of the liquis hy“rocarben, in particuler
of the velatile hygrocarbon, ang of the gas0ol hydrocarbon
increesed slmultanecusly. At 28000 the parsffine
Yield was stlll smeller, an?® aft Lhis tempereture the
yields in liquis anf gesol hysrocarbons were 2lso
smaller.
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Table 20

The Character of the Reaction Produchs £t Different
Temperatures.

Yields {g/ncbm Ideal gas)

" Reection Solid hydrccerbonz Licuid E?arcc&fbsns Gasol

Temp, 9¢C S
235 39 B3 5
-270 b 9 46

280 2 82 35

D. Effect of the Alkali Content of the Catalyst
bpon the Activity end upon the Noture of tne Resotion
Products. 4

We have already discussed in detail the
preparaticn of the catslyst ans the way alkalles are

-&dded, " We thall show below the effect of the alkalies

upon the courze of the synthesie. The &lkall additions
shovn in the. table rofer to percent by wveight of :
polessium carbonste to the smount of the metallic iron.
With the other alkeli salts (potessium permenganate,
flvoride ete,) the symbol "1 pereent KinOy" mesn

~ that the amount of potassium added corresponded to that

in 1 percent of X2C03,

Table 21 shows first a test with & catalyst
precipitated with ammonia and with no alxkali zagition.
The activity vas testes at a constent temperature of
235°C with 2 high-carbon monoxide eynthesis ges
(CO* Hy =« 3 : 2, with 8 - 10 percent of inert
constituents) an’ at & pressure of 15 atm.
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_ _ Table 21 ‘
3 ~ .The Activity of Diffevent Alkalizes Iron Catalyste.
Precipitating Alkeld Days of Operstion
Agent Agagition ‘
» , 1 2 5 10 20 50 40 50 100
’ Percent contraction at £359C ang
15 atm.
. TH; 0 50 50 50 50 50 49 51 g1
: Fa,CO, e 53 50 48 a9
i /% % K005 - 47 50 50 51 55 ‘56 54 oy
" 17'2 ¥ Fagfs A7 50 59 5 P 54 5 53
v, B 40 - 5% 53 . 5o
o R 5. 45 45 52 . hg 48y
»oo2 " M a5 4B a7 R &7 s
" 5 " " - _-.3.50 50 31 50 40
4] 10 .n 1] - 50 2“7 50 }!‘5 1}2
Me G0, 1%KMnOy 40 - 50 51 55 50
oMoy 1 h KFp . - &7 53 55 &8
R N EpS105 - 5% 53 45 50
"1 "KyHPO, 55 L6 o= 46 4o

~ The geries of the experiments shows that the slkeli
adrition is not necessapry for the preparatien of
active catalysts, 1f the character of the products
obtaine” is left out of consideration. The ammonia
precipitaten watalyst, entirely free of alkall, proiuced
contraction valuss after 50 daye of opeyation which
vere nol markedly below those with a normal iron catalyst
containing 1/% percent EoC0z. Tests with catalysts
containing 1 pebcent ang ovér of pohassium carbonctie
sho¥w & drop of conversion socner than with the rormal
iron catalyst, namely between the 30 eng 50 days at
235°C. VWhen potessium carbonzie has been repleced
by other alkals salts, no merked differences in the
course of the reaction during the first weeks: of
operation wers found. In these tests the catalysts
with & potassium permengenate addition caused a good
conversion, the catelysts with the petessium phosphate
addition vere less stable. ‘

4
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Table 22 zhows the ewmount ans nature of the

reactlen projuets obtained at 235°C sng 15 atm
synthesls pressure with differently &lksliized

catalysts., BPhe ylelos in g/nchm 4desl gmz varied
during the first month of operetion hetween 140 ansd 160
£ in line with the not entirely sqguel conteaction,

The amount of elkall has a very important effsct upon
the reactlon products. The amount of 80l11d paruffines
determined by the butanone method (referres to the.
total yleld of soliq, liquid an? gasol hydrocarbon)
ves 12 percent iu the abssnce of elkall, 26 percent wit
the additlon of 1% percent potassium cerbonate, 42 ‘
percent with 1 percent potassium carbonate, 43 percent
¥ith 2 percent potassium carbonate sng 45 - 48 rercent
with 5 percent potassium carbonate. The amounts of
liquid ansf gasol hydrocerbongvers corresponaingly the
lower the higher the alksli content. ' '

. \

The table 22 shows finally that the nature of the.
allkall salt addes to the catalyst 1s unimportent for
the amount and charncter on the reaction proguects
durling the firat month of operation. Teshs with 1
percent potzssium carbonste angd the corresponding
anmounts of potsssium permangensts, poteesium
gillcate; potassium fluoride, and potassium
prhiosphate show the same course of reaction inside the
variations usuel in such tests. ‘

Yielas with Different Aliali Adcitions 0 Iron Catalysts

Précipitgtiﬂg Alkalli g total Percent Fercent Percent

Agent ;. 8491%1on hyfro- Papaffin liguisd Gaseol
Vi carhons hy“ro= :
/nchm carbons
i%eal
. £8.8
Ny . 0 141 12 67 21
Neglos o 0 1k0 13 . 67 - 28
—— 1/4% KC05 148 26 56 18
anC0x 14 % - :
:: ) L KECO 157 ho o ?{.‘T 11
! 1% mnoﬁ 155 41 45 14
) 1% Ka5105 158 43 41 16
: 1% KoF5 163 46 b2 12
1% KpHPO, 154 =g £2 10
. HaDCOE 2,9_'. KECD'} ) 153 h= . . hk AR
] 5% h 167 4E 43 12
5% 155 46 44 10



