D. Oxyzen-Containing Profucts

1. The Reaction Vatep

About 13 g of aqueous pProducts were
ebtained/nebm gos at 235%C, €0 - pich ges, 15 atm,

with an ilron-kieselguhp catelyst. They contained

acles (the test for formie acin was negative, rop
acetic eels wag positive), aliehylesg (poszitive test
with Schiff s rezgent}, eszters {ceteruinea by sapon-
ification, 5.2 ¢ calculated to ethyl acetate/1i of the
reaction water), also elcokols (sm21l emount of nethyl
2leochol, ethyl alcohol “etermined by boiling point

and the iodoform reaction). The reaction wvaeter wag
fistilled in a microcolumn ans o rotating bons, Figure
16 shows the boilin olnt anslysis of g froection
boiling below QOQQ %Eg percent of tue total resaction
water), _ :

The boiling voint Curve shows fistinetly the ethyl
aleohol fraction. It represzenten 7.5 percent of the
votal weter of reaction,

2. Hysroczrbons

Table BOcshows that the reaction products
bolling velow 180% as well 2s those bolling above
1€0°C contelneq varying amotnts of synthol - like
products, cepending on the operating conditions,
The presence of orgenic acids, esters end alcohols
hes been proven. Investigations of* the composition
of the higher alcohols angd esters &re at present in
process, angd vwill be publisheqd Seporately.
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, We will discuss briefly the profucts oblsined

a8 - by extraction.of s 180% b.p. gesoline obtalnes with -
an iron-catnlyst {total 5.5 nercent of the gesoline)
vith & 30 percent celceium chloride solution of the
products. TFlgure 17 shows the distillation{simiier
to- figure 15) of 2 water solutlien distilled to 959¢C.

E. City(I1luminating)Gas

As a result of the nresent shortege of coke
oven gas, the gquestion 1s freqguently asked zbout the
possibility of preparing a suiiable clty gas from coke.

e The heating velue of water gas is too low zng to. obtain
. E the requires hesting value hydrocarbons would heve to
R be made by synthesis. This 1s readlly posgsible with
~nickel or cobzlt catalysts. It vag necesssry to fing
T out wvhether the procuction of such a2 ges wes also .
R - posslble by wsy of the iron mifsle pressure synthesis,
v - Under ncrmal pressure iron catelysts dif not produce
& gas with & sufficlentiy high heating value.

~According to specifications 1 for the propertics
of this gas, the folloving properties hag to be net:

’I. Combustion.properties

1. Heat of combustion {upper beating velue)
4,200 to 4,600 keal/nchm.

2. Density (Air = 1 ) = 0.4 - 0.5

3. Gas pressure ovep 60 mm

4. Fiash point (Qttsahl) SO - ieo
II. Purity

‘1. Oxyzen lese than 0.5 percent

2. Hysrogen sulfide less than 2 £/100 cbm,

5. Ammonia less then 0.3 g/100 cbm.
-

4. 5 to 10 /100 cbm at &tmoepheric pressure
'~ 5. Orgonic sulfur lese than 25 g/100 cbm,

Hysrogen cyanide less then 15 g/cbtm, nitric
oxl<e 0.2 ml/com.
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III. Pinal Purification

1. Any poksible corrosion is conglcerably
reducesd by lowering the valuves undep
I, using Tnel purification wethods,
Polnts I - IIY are not specifications but
only directlons for having 2 pas operating
perfectly in the gos equipment. These
Speciflcations Ao not contzin the formerly
common limits of content of inent
-congtituents, G

Bruckner and Weissbach 20/ have suggested the .
gddition of propane, formed “uping synthesis, to
water gas. They have shown that mixtures of propsne
and water gas containing 6 - 7 1/2 percent of propene

~heA heating values of 4,200 - 4,500 keal/nebm.  Sueh

gas would have howvever, too hiﬁh “ensity (0,61 - 0.63)
8nd4 too low flash point (%0 - kg), - '

L ge satiefying the specifications ean be.reaﬁily ’

obtained by wixing water geses op hy“rogen-carbon

wonoxide mixtures with the total hydrocarbons of the

~synthesis gas obtelned by removdl of the liguid reactio

products arnd the me jor part of the caerben cloxide,
and containing the hydrocarbons Cl - 04.

City ges can also be obtained in the gesoline
production by converting & csrbon monoxlde - hydrogen
mixture 1 : 3 with iroh~catalyst at about 10 atm- pressure,.

The formation of the highe
reduced by using an smmonis preciy
free from elkalies, Forming and thruputs vere the
samg as uswal, The initial Semperature wasg 235°¢G,
250°C after ong month of operation, 265°C sfiter two
months an? 270%C after three montha. A gaa of constant
composlition was cobtained through the whole operation
period. Table 34 shows the inltial end en~s gas
composition of this synthesls.

7 hydrocarhons is prestl
Lot

cinitaten lron~catalyst,

3

-

3
fo
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Preparation of Ges Conforming to_ the Specifications

Catalysts: alkall fres iron-catalysts

Synthesls gas: CO Ho =1 : 3
Pressure 10 atnm

Terperature 235 1,27000

CO0, Heevy O, . CO H, GHysro Carbon No
hydro- 8 carbons nunmber
carbons _ o
Starting gas: 0.0 0.0 0.0 23.5 73.5- 0.0~ - ' 3.0
0.2 0.1 1.0 69.8 1%.1 1.8 I,9

Eng pee: 10.9

The‘ggs produced has e heating value of 4,154
kcal/nebm (Junkers celorimeter), density of O.$25
(effusion methogd), Flash number of 70 ~ 71. When'

-somewhet lover nitrogen gas 13 used the heating value

can be raised by about 160 keal without affecting
the other constituents. -

The g2s thus meets the specification requirements,
and ls morecver sufficlently puve becavse of the final
purlfication necessary for synithesis.

According to our more recent experience, the
iron-kieselguhr catalysts is partioularly well suited
23 & catalyst for the prepersvion of c¢ity geas because
of its specific tendency to Fform gaseous hydrocarbons.

IV, Qenersl Problems

A. Manufacture of Syathesis Gas.

The best results in synthesis with iron
catalystsers obtained with o gas in which carbon
O

monoxlsie and hydrogen are in th roportion of 3 : 2,
28 has already been shown. “hi greeous mixture wes
menufectured in our experimental Installation at the
institute using the usvel water g2s producer 21/ by
paseing steam and carbon dioxige over glowing coke.
This methog of prevarstion might also be suiltable
occeslonally to a large scele ingustrisl production,
because much more carbon diloxidfe is formed durlng the
synthesls with iron~catalysts then 1s regulred for the

w4
]

manufacture of synthesis gag. With normel conversion

250 11 of carbon dioxide is formed/cbm of synthesis
gas with CO : Hy ratio of 3 : 2, vhile only 100 11 of

e v = - AR M - c -
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- earbon Aloxide are necessary/chm of carbo
- monoxide -~ rich pgas accorAing to the equation

A - - BC + LE50 + COp = 600 + YBo. Even & pertini scrubbing

’ cut of %he cervon dloxide from the end 28, and its
return into the gasg producer would cover the increaseg
‘requirements of carbon dioxicde agalinst nowmel water
gae, - :

e

The separation of csrbon cloxide ney be Sone
with activates chercosl. Herbert eng Ruping 22/
reported brlefly on. guch a method of operstions for
the separation of carbon dloxice from gnsol in the
Fiegcher-T,onzch synthesls. In this synthesis (with
cobalt catalysts) almost mo earbon é¢loxide 1s formed,:
but 1f 2 syntheeis £25 be used, obteined by a partisl
convenrsion of water £23 and containing COo, 8 rezsction
ges with 35 - 40 percent cerbon dloxide is formed re-
sulting frow the contraction of the gas durlng eynthesis,
~ If sctivated charcosl saturated with thie reactlon gas
iz steamed out in the reverse divection to the direction
Yo charging it, the different gizes are set free one
after the other (as showm in figure 18), ang methone
- 8nd carbon dicxide can o .a grent extent be separated
from the 03 - Gy hydrocarbons. .

>

If the wethane present together with carbon dioxide
in the reaction gaz %5 to 10 percent) and the unconverted
carbon monoxide and hyarogen {10 - 15 percent combines)
or pagsed with stesm through the gas producer, the
&dditional comversion would increase the eynthesis yleld
to & value approaching more nearly to the thecreticsl
(208 g/hydrocarbons/nem 1deal gas).

We will compare helow the theoretical convers ions
during the production of water gas, nischgas (CO Ho
= 1 : 2) end carbon wonoxlds - pioh ges (GO : Hp = 371 2)
, used in the middle pressure synthesis with iron catnlysts.,
1. Water Gas
C +~1§20 = G0 + Hg
_ _ 267 g carbon, 500 14 steam and 650 kcal of heat
. 8re used up per cbm of weter gas (vithout regera to
' the efficiency of ths ges producer).
o 2. Hydrogen-rich Mischgas

3C -+ 4H0 = 200 + LH, + CO,
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The formuls Teépresenve the primary formation of
veter gag and its pariisl copversion into carbon dilozide
and bydrogen., Theoretically 269 g carbon, 670 Ex0 ang
570 keal of hest 2re consumes per chm of the gas,

3. Csrbon monoxide-pich synthesis gas.

5C + LHz0 + COp w 6C0 + 4y

268 g cervon, 400 13 stean, 100 11 C0, (from

synthesle) and 690 kesl of heas aps consumeéd in the
preparation of 1 chm of this gas, B T

The same amount of carbon is therefore necezsery
per cbm of any of the three gases, I

With a Dellvwik-Flelscher g&e producer, about 550 g
coke were used per chm of vater gas, or about gouble
the amount caleculsted theoreticelly without Lelkking into
account the heat of the reaction. The temperature and
the heat requirements are aboutv the seme in the preparetion
of the carbon monoxide-rich gas as in the pPreparation )
of the water g88, and the coke requirements per cbm -
of the gas o be produced are z2lso approximately the
same., - -

The manufecture of carben monoxide-rich gas in a
water gas producer of 100 com per bour capecity wae
Beconplished for sevepsl years at the Institute without
any trouble. The composition of the synthesis gas
was, for instrace: ‘ s

[

2% CO

55% G0°

37% dn
6% 1e

In several experiments with an sccurate determination
of the eontrnction {increase in the »roporition of the
nitrogen content during synthesis) soume nitregen vos
added.

- The gay weg purdified ia the some vay as the
hydrogen-rich ges.

Another wmethod for the preparation of synthesis
gas 1s the gaesifiecation of colze or coal with the addition
of oxygen. I% will not be discussed here any closer,



