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Synthesis in the Lilcuia TFhase

e following is arn account of the waorl of Tr, Blbel
of Thelunreussen in this field. A catalyst without z
carrier was used, of cumsosition Fe 400 @ Cu Q.2 - 0.5
¥, 00 , precipitated in the way described for the
“?eliémreusgen medium pressure catalyst, The 1. alkali
prevents the formation of wethane, and if less alliali were
used the main product would be low-bolling hydrocarbons
instead of wax. Pretreatment is done for 1 day W_tn fag
with HJ/: 0.5 at a temperuture 10 - 25° above ihe initial
synthesis teumnerature.

This catalyst is susp” hal

ol in ciesel oil so as to
give a suspensio:. containing 10 - 207 Fe, srd syothesis is
dcne in cne stnee at 230 - 2 B, 3 - 4% atm., with '
syntuesis ;as baving 10, /00 = 0.5, at « space velocity of
about 75/h. mecireulétion is not neceasary. The utilization
ratio, X, is <.5 asthe reaction forms carbon dloxide and
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no wator, It is interesting that part of the Tissel oil
rezcis to form larger molecules, ard in particular, that
not only the olefines in it react in this wey, but zlsc the
paralfins., 2% a result, the smount 6 wax obtained ver
Cile L, S"Luh&\Ls gas is extremely high, being 130 - 4.0 B
“he yield of products produzed from the synthiesis gas, that
is, Dot 1nclua1nb the welght of material derived from the
Jlesel oll, is 180 g./cu.m., and this does not inciude
methare because none iz formed. Yorzing to this yield,
the catalyst 1ife is 1 - 2 months s, but for smsller yielcs
+ha life i< longer.  The products conbain 50 - 400 wax,
B.p. 2 290%., 50 - 603 olefines, and 10 - 250 alcchols etc,
Toe wore alkali in the catalyst the more aicchols are
formed.

The syrthesis products are obtained by vithdrawing oll
and catalyst, filtering and returning the catalyst, all this
being done in an atmosphere of synthesis gas. «fter 1,000
hours, the lisuid in the reactor is reneved, helny replaced
by fresh Ddesel oil,

3 - Lom nrgan, wath the oL ‘

This 2ilant used 3 ou, m 5 opilot nland was o crstrucbed
with interral cocling coxlq tc deal with 750 cu. m./n. but

this had noct yel heep tsed, ror a full scale plant, very

large reactors could be used, eacn zansble of ;rod401ng

7,000 & procu ts/year, on account of the efmplicity of the
design.
For tliis reason, soupled with the bich yvield of wax ard

o
tion of methane, Rheinpreussen consiier that

negllpible °
promising of a1l the vroncsed modifications

thig is the
of the Pischer-"ropsch synthasis.
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o ntheslis and Tne;

WO O lldﬂlé“phasg
o

Belore 1jm1 the: satisfisd

La,
Sas~rate were chosen 3o get a

L Lnsuf“*c cont to keep the

t tﬂﬂ@ ““a°0ﬁ ﬂlouq rocircula-
th thrcuwh ths
in S Lhroseh

1 L andG




7 eveilstle {mee Pirure 1 oF EICS Pirg”
g A sting of a wide vertical tubs, 6 =,
high, fitted with jackets through which the lweating oil

ciroula ted, The first contained 55 litres of the oil-catalys:
pixture, The secornd contal.ned §5 litres and differed in having
a wider head so that less oll was carried off in the gas -

stream, particularly at higher geas rates. “hatever the gas
rate, however, much cil is always carriec off and the level
of 1iguid in the converter sinks. Hence s condenser is
arrenged to condense out all the oil din the gas and return
it eontinuously to the ceonverter, The water elso condensses

here and is separaied from ths oil before the latter is
raturned. Only benzin and gssol remsin in the gas and are
sbsorbed in thz active carbon scrubhers, The oil level in
the reactor, as shown by a sight-glass, ieg then kept
censtant by drawing of” the liguid synthesis products
periodically through & filter siick immersed in the oil,

As the oil level is altered by very small eltsraticns in
the pressure, if the latter is nct kept ebsolutely constant
the amount of oil drawn off, and hence the yleld calouleted
frou it will be very variable, Hence not only must the
pressure be kept as constant as rossible but yields must
rever be celoulated for pericds shorter thau several days,
or a week In meking alteratiopns in the pressure, far
starting or stopping an experiment, sudden changes nust be
avoided or the cil-catalyst mixture will frotn over into
the cordenser and separator, :

Tn the first experiments the gas w. s passel into the
reactor through a ceramic -late which divided up the zas
stream into small bubbles,  after interruptions of the
synthesis which allowed the catalyst to settle, this plate

ecame blocked ard pressure differences of up to & atm,
peross it were necessary to re-estanlish o correct gas
rate, It w s reoleced therefore by o simple COpLeEr
caplllary tube, Thnis never blocked and Zithough the gas
was net distributed neariy as well the conversion was just
as good, '

Tf the reactor has tc be shut down for eny purpose the
whole contents are drawn off from & valve at the botton,
while gas ig still passing to keeo the catalysi in suspen-
slch. On cocling the mixiture sets solid, end in doing sc,
partial separation occurs. But on remslting end putting
the mixtare back in the reactorihe sctivity of the caltalyst
is undiminished, Empiying and refilling mey e done meny
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times in this way withcut affecting the activity,

, At the end of an experiment the contents of the reactor
ere emptied as just deacrlbea, filtered hot, and the wax
cbtained used ess the liguid medium for the next experiment,
This is better than using Zresh Diesel oil each time because
it takes from 2 to L weeks, accordinz to the neture of the
catalyst, for this oil to be replaced by wax,

All the foliowing data refer fo synthesis with water-gas,
an: the temperatures required are the same as ﬁvr srdinary
medium pressure synthesis, being from 230 - 25¢°C. In
general no inorease in temperature ia neCessary dqring an
experiment after the end of the runming-in periocd, L pressure
of 15 aim, is alweys used as there is no reason o BUDDOSS

that the best pressure is different from that far ordinary
svnthesis,

The comversion of carbon menoxide, U..» is 70 - 75 in
one stage, with recirculation ratios of 1°%o %, but at times
it may be as high as 30 - B2, If aynthesis were bain
conducted in several stages, however, as it wouid be on a
lzrge scale, it is better io restrict the corwersion in Stage
I to 65 ~ 75 20 as to minimize gas formation end get the
best possible catalyst life, The residual gas from the
first stauge is perfectly suitsble for use in a seccnd stage,
where a conversicn of 70 - 7%. can be obtained, In a two-

sbage test a total conversion of UGG £ 93 - 94, wss
ottained,

The famation of methane is in all cases swaller then
o the corresponding ordinasy svathesis, During the early
part of the catalyst 1ife it is particulsrly low, being 4.5 -

(_p

L or even less than 1 of the total products.  For a
catalyst wnich nroduces a high proportion of wax, the average
smount of methene formed is 3 - 4y when working at a totel
conversion of TO - 20., In the later stages of the catalyst
1ife the formation of methane incronses,

The utilization ratio, H_/C0, is bigger than for the
ordinary gynthesis unde* o*ﬁc wise 5lﬂ111r conditicons Tor
Stage T 1t is usually above 1.3, being 1.h ~ 1.5 in two
exsmnles guoted, Strangely encough it ffegted by
the recirculstion ratio, sand changirg:
hag little efTect, Even without re
sbove 1.3, The utilisation ratic in €
and is in fect about 0. 90, Y¥or the two stzges
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utilization ratio is 1.2k -~ 1,28 which corresponds well with 4y,
composition of the water-gas, Hurther work has the aim of )
meking the utilization ratic egual to this for each stage
separately because 1u any stage, deviation of the utilization
ratio from the cowposition of the gas supplied leads to a
dimirution in yield.

The effect of gas rete and of the concentraticn of
the catalyst in the oil is shown in Teble 46.  The volume
of catalyst is the volume of dry granules, before grirding,
which is mixed witl the reguisite amount of cil to £ill tha
reactor,  When 10 litres of catelyst are used, 50 litrez of
il are reoniraed, and when more catalyst is used rather lesgs
0il 1z employed, All ressits sre for a recirculaticn ratio
of 3.

Tebile L6,

Licuid-vhase Nedipm Pressure Synthesis Iron Catalyst
o -~ r

f (Rabrcheaie, | !
]
Velume of Gas Rate, Conversion
Catalyst, cu. . /. U
Titren i s
o | 1.9 73-75 !
40 1.5 6251l
10 2.C Ah3=-52
20 2 375 i
22 3 62-E4 I
20 b L8~53 !
|
30 3 9-75
i

The yield, caleulated from the 90 - 93, conversion
obtained Zor two stages, is 170 g /cuam but direct measure-
ments of the yleld have nct yet been made, on sccount of
e

aizfleulties 10 measuring the mmounts of gases concerned,

Just as in ordinary synthesis, the neture of the
nroducts is dependent, in the first slace, on the catalyst
used, ond ir the second, - n the ‘syathesis conditions.
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égcatalyst which gives a high provortion of wax by ordinary
nthesis will also do so in the liquid phase synthesis, It
;s uncertain whether hard wax is cracked slowly, to soft wax
‘and Diesel oil due to its long contact with the éGatalyst.
there iz one differernce from ordinary synthesis, and that is
“that the products are more saturated,

The longest test so far carried out lasted Ior 75 weeks
without any marked deterioration of the catalyst, although
the producticn of methane increased from 2 - 2.5% to 6 = 8. of
‘the total products. It car be said therefore that the life
of a catalyst for liguid phase synthesis is no less than for

ordinary synthesis,

, The effect of adding various substences toc the oil-
featalyst suspension has been investigated, in order to
dzcrease the utilization ratic to the right value for
water~-gas, alkali was added, in the form of soda {inely
powdered and suspended inm Liesel oil, sufficient to form 10k
by weight of the iron present. This cecreased the
etilizaticn ratio from 1.30 tc 1,08 ~ 0,96 and did not

' gchange the conversion or the gas formation. But after 6

" davs the wax produced beceme brown, and was {inally brownish
blecl, jelly~like and only half solid,

In snother experiment 5 litres © fatty acids were
sided. This put the utilization ratig a8 to 1.¢1 from the
criginal vaiue of 1.15, but it decreased agein rapidly and after
& few days was 1.05, The fatty acids had by this time been
cestroyed, as shown by zero ascid cr ester nuabers fur samoles
: S i I . ERr 2y
in the r?%?%ga, dhile the acics were still effective,

of the o0il
the amount of methane/ﬁnoreased to o - 10, and the conversicn

diminished somewhat.
The data in Table 47 give the results of a norasl two-
stare test,
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Pable L7,
Liguid Phase Synthesis in Two Stages with an Iron Catalyst
.{Ruhrchemie) ‘
istage I | Btage IT  |Total
Tize, nours. i 233 32
Tezperature, L. : 250 252 t )
Fressure, atm. 15.0 15,0
Gag-rate, cl.m/n, 2.1 1.33
Recirculation Ratic 2 3
Contractiocn, ¥ 50.2 3545 £7.3
Converaion of 00, 5 6l O 75.0 31,0
00 converted to COQ, ,‘. 25,0 31.3 27.6
CO sonverted to C 3.3 £€.3 ba 3
C0 converted = 1 u).d rroducts 1.7 62,4 63,4
H converted, : _ €9, 3 13.0 91.6
68 4 M., converted, v £9.4 7.0 91.2
Utilizfition Ratio H, /G0 1.36 1.05 1. 24
Yield, g./N.cu.i. 126 93.0 170
Boiling Range of Products ¥
_oneon, 18,4 50.3 24,9
200 - 32690, 21.9 . 33.1 29.8
320 - LAGC. 26,6 8.3 ( 21.4
150 - o, 32,1 ) (" 23.6
Clefine contents =
- 20C%C. 63 73 6%
200 - 3207C. 24 5 17
Residusl Cas Anelyses ;-
cc, 24,7 48.3
Cu“Hm 1.6 1.8
C 3 01
né 27.5 0.8
H? - 30,0 12.6
cA, 2.1 5.6
By 13,7 21,2
1.3. “arbven have slso investigated liquid phese
synthesis, a_nfi Dr. lichael gave the following accuunt of
their work. The catalvst is prepared from carbonyl irom by

burning in cxygen. Sme 1. K CO, or borax is added and the

rdxiure redvced at 230 C. un lf 1% contalins 2/3 mntalllc,
iron and 1/3 ferrous oxide, Tt is then mixed with the oif
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Synthesgias is

sarried out at 20 atm pressure in a simple tube of capacity

.5 cu.m , fitted with a porcus plate.

The oil is recirculsted

;4 such a rate as to change the contents of the reactor
swenty times an hour, and with this rate there is a 10°0C.
rise of temperabture through the reactor,

The synthesis gas
iz passed in through the porous plate ani s ges

recireulation ratic of 1 is used. The resistance of

the porous plate doesz not increase during synthesis. The
progress of the gynthesis can be Judged from the analyses

in Tahie 48.

Tehle L3,

Liguid Phase Synthesis. I.G. Farben

Residusl Geas

Synthesis
Gas Fo recirculation, ‘Pecirculation,
65, conversion. with removal of GO 5
s % 4
cO, - 30 25
co* 53 3 ”izi.
g2 Lk 33 35
ch, y 3 15
N2 2 iy 12

& comwersion of Ugg | g5 65:: was used, for a single stage,
and this gave an ocutput or pgeducts of 350 - 450 g./1litre
Prom each M. cu.m, pas comverted, the following
products are obbained (Table 49). .

catalyst/day.
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Table L9,

Products from Liguid Phase Synthesis. 1.6. Ferben

Clefines,| Cxygen, 3 ‘:
1 weight v by S by T

£. weight welght
C 10

12 20 70 L

Bén%ln 20033- 81 70 3

riddle (il 200- 3257C. 614 5G~50 2.3
Hax 325~ "G, 27
Aloohols ]

[

the benzin was of a poorer quelity than that from the high
gns recycle synthesis, but more wax than the amount stated
could be produced if reguired.

Pests of this process have lasted three months, but
atter sbou®t two months, running trouble was experienced from
denosits of ferrous carbonate which formed con the upper
narts of the reactor walls and then Tfell of f and interfered
with the smooth working of the QQDthesls. 1t was thoubpt
thet this trouble mizht be avoided by using shorter and
wicer reactors,

J

id phase gynthesis, Lurgl point out
the following objections:- It is very difficult fLo serarste
-cdta yst Gust from the 01l ard if this dust remains in it
iz re Cl”CLlat ed, seide are formed which atfack the
c;ts*vst, Jnere arc also corrosion difficulties. Croa
large scale the very big sass f hot oll copeiitules 2 fire
hazare wvhich 1s ﬁarulcularl; dangercus in war time,

Reviewirg the ligu

gu
{J
A

“hen She costs of the oil filtration and recirculation
plant are considered, it is doﬁbtqu if Lhe procesz is chegnor
than the conventionsl, mediun rressure, synthesis,



