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- PATENT SPECIFICA

Convention Date (France): June 27, 1828.

. COMPLETE SPECIFICATION.

U{Og

Tfea’ting Coke Oven Gas.

_We, CoMPAGNIE DE DETHUNE, of Bully-
les-Mines, (Pas-de-Calais), ~ France, a
Franch Corporate Body, do hereby déclare
the nature- of $his lntverfion, and in
what manner the same is t4 be performed,
to be parficularly desoribed and ascer-
teined in and by the following stabe-
ment:— - T T e

The objest of this invention is a new
and wseinl process for preparipg nitro-
gen, carbonic oxide and hydrofen in view
of simultaneots synthésis of Ammonia
and of methyl aleohol from coke oven
gases of which the following iz a fue,

clear, and camplete specifieation. .

Persons sldlled in the art are aware
that cdke vven gas is nowadays an impor-
tant raw maferial in the synthetic
ammonia  industry. Uoke ovem mas
usually containg about 509 of hydrogen.

Many processes have been proposed for
extractibz and wtilizing “the said hydre-
gen, and the present invention ralates ex-
clugively to cokd ovén gas thal has been

so treated and having a hydrogen con-

tent more nearly in the region of 109,.
In such residual gases therg remains a
variously ~ proporticmed —mixfture of
methane, of ethylena, of propylene, of
ethane, of carbonic oxide. of carbonie an-
hydrids, of nitrogén and also of a litile
residual hydrogen. Some of those gases

may, however, have besn partly or totally

sepazated in view of cthor manufactorings
or else for requirements of a technieal

“arder. :

Aceording o otlr‘i'qvantioﬂ, “We PIEpare
from dehydrogensted coke oven gas by a
process of partial combustion with air, &

raixture of earbon monoxide, hydrogen

and nitrogen which is adapted fo be
directly manufaclured after removal of
unsatirated hydrocarbons snd CO., info
methyl alechol and ammonia on  sddi-
fion of further quanbities of pure hydro-
‘gen to nomplete the reguisite mmount.
Thone skifled in the' art know +the

general phenomenon that if hydrocarbons -
are burnt in a gquantity of air msufﬁcl.ent
for romplete coribustion, the resulting

mixture insledes nitrogen, carbon mon-

oxide. hvdrogenn and water vapour, fo-

gether with a little carhon dioxide. The
[Price. 111

carbon monoxide contant of the mixture
is, however, usually too high for the mix-
ture to be used directly for ammonia syn-
thesis, sud it is thus necessary fo geb vid
of it. This is generally accomplished
by the actién of steam on the gescous mix-
tute in the presence of ecatalysts or by
combnstion with additional eir. What-
ever Tpans is employed, the eliminstion
of the CO in the form o¢f GO, is very

costly. o .
. In -the pioecss acoording to the present
invention, uwlihzing  dehydrogenated

coki oven gas as a starting material, all
{ke earbon monoxide semtained in the
gaseous mixture is allowed fo romain, and
it is only necessary to remove the value-
less earbon dioxide and water vapour
whick moréover are formed only in small
quantities, =~ .- '

Now we have discovered that by means

of a partial dombustion earried out with -

8 latgely ingufficient amount of air, and
furthermore conducted wunder carefully-
rapulated eonditiens, it is possible to ob-
tain from the residual gases proceeding
frim ‘the menifacture of hydrogen from
coke overl gases a léam gas very rick in
mitrogen, comtaining 159, tn 209, hydro-
gen, 109 to 159 carbon monoxide and
00, Yying batween 49, and 6% which 1s
ensily removable, but free from hydro-

carbong, execpt for small tracas which are

removed by metallic calalysta,
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It iz'a characieristic of the present in- .

vention that the (00, coatent is maia-
tained between 49 and 5% during the
parbial combustion as will be hereinafter

" deseribed.

The elimination of the carbon dioxide
is deme by washing with ammonia solu-

£ tion; oo {lie other hand the whole of the

carhon menoxide remeing in the gaseous
mixture fo he used in- the synthesis of
methyl aleohol, so that’ the purification
which is consequently' greatly simplified
is “eonfined” to the “elimination of ihe
hyﬂ.i‘aca,r‘hons and earbiom dioxide.

Ab o metter of fact, the residual rases
formiry the stariing materisl may- ba
likehed. to some extent. te a fmel which
the problem iz to fransform inte another
combustible gaseons mixture throngh in-
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complete combusiion, as is done with
wozl or coke in pas generators. The re-
sulting Isan gag will, however, he richer
in hydrogen than & lean coal or coke pro-
5 dueer uwos, owing fo the suhstantial
amoant of hydrecarbons and, more par-
tieularly of methane exisiing 1 the
iniliel  mixturs. 8aid hydrecarbons
would normally, under the influcnce of

1p Leat, decomposs inte cerbun and hydro-

gen, bul experiments have shown that if
only a par} of the hydrogen is oxidised and
if another part tharsof remains in a frec
state, the whole of the carbon is, um the
1y conirary, iransformed into carbon mon-
oxide, a small fraetion of eaid curbon
monoxida baing in ity turn czidised as
E
Were operations oonduated without
a9 precautions, there would, bdesides, be
found traces of oxides of nifromen, to an
emount, however, which wonld appear
less heavy than in the case of complete
sombustion,

o8 We have discovered that the formn-
tion of ozider of nitrogen in the eoursc
of incomplete combustion can be avoidad
by operaling wuwnder vertain conditiona
hereinafter described bat that, per contra,

19 there remrain in the gases small troees of
unsaturated hydrocarbons, especially” of
atetvlenie  hydrocarbens, -which ™ aTe
equally detritnental to ammonia catalysis:
and which we have been able to rid of

a5 through dissociation at a hiph tempera- =
tore in the prasends of iron, chromium .1 3 TOTL
whereinto fresh salution iz fed in & con-

or nickel turnings or, hetter siili. of ax
alloy mads wp of these three metuls,
Onee the conditions for rorrect manufac-
35 turing of the gaseous mixture rich in
nitrogen are achieved, we find ourselves
in the presence of nitrogen, of hydrogen
and of carhon monoxide. -
" Fydrogen is then added in such proper-
a5 tious that the hydrogon content of the
* final mizture is twice that of the carbon
monexide contained theretn, and {hree
timby that of the ndtrogen according to
the symbols.

00 4211, and
50 o N. - 3H.

" The wynikeses of wmethyl aloohol . 4
ammonia sre afletwolds carried out by
tollowing lnown progesses : L

Kitropen and hydrogen are suitable

55 for wmmonia syiothests, ond the varbon

qwonoxide san be thminated by dlready . ;| i i .
- -gufidient to talte tosts from time 1o Hme

kpnown procestey through fransforming

the prester part thereof dnte methyl

altohel which ir tondensed, and the e
0 mainder into mrethuiie, & gas whith has
practically Ro welivh oo ammonin cata-

bysis, contrary to what ococurs with wa-
saturated hydrocarbons.
We will now deseribe the process amd

"the plant for performing the swme which 95

are the objects of our invention, hy re-
ferring to the sole Figure of the drawing

-appended hereto,

- The residual gas after the removal of

‘hydvopen from coke oven gas sad blown 10

by compressor 1 is mixed with & proper

‘amount of air 'blow.n by compressor 11,
“and the mixture is injeeted into & tower

or gas generator 2, fillad with refraclory
material broken in small bits, end main- 19
tained at o high temperature by the reac-
tion Hzelf. The supply rafe of 1he
gasenns mixture iv so adjusted that com-

- bustion takes place without any faming

af the gas generator inlet and continnes 30
chiefly in the interstices of the refractory
maferiat with which . the latter iz fur-
nished,

The hot pasas pass next into fower 3
condaining e, Ni or Cr twnings, or 85
alloys thereof, and are hera subjectad ta
ihe catelytic reaction intended to destrov

all tracas of wnsaturated hydrocarhons.

The gases are then covled by means of
woter sprinkling in a scrubber 4, after 90
which they pass inte another serabber 5,

sprinkled with an smmeonie seloiion. A
st weshing with purified water in a

tower G dissolves the traces of ammonia

-rarrisd by the gaa, %

A pump 7 eireulates {he amononia solu-
tion which passes thronch a tremgh 8

tinuons monner while the used solufion
is drained, also continugusly. af anv 100
peint of the cirenit. Combustien it con-
trolled mainly by repulating the relative
praoportions of gas and of air, and the

temperature ingide {he gas wenerator so

a8 not fo produce oxides of nitrozen. 405
Experience has shown hetween what
{imit= 7t i necessary to confine the lom-
perature. Near ihe bottom of the refrac
tory biicks, the temperatures shonld nof
be allowed to fall Jower thar 1200° (. =0 210
that the hvdracarbons are praciically all
dissociated. For this purpose, we have
bt o0 avoid exceading in the wases isun-
ing from the combustion tower a maxzi-

*mwan C0. content whick will vary aecord- 19

ing to the comwvosition of the inttial was,
the rate of supply of the eas, and nciden-
fal varfations ns bv heat losses from cope
duetion and radiation. but will alwava he -
about 4 or 5%, famalvsis affected after 120
steim rondensation}. In practee il is

5 wzeertein the €0, condent, and conlral
the supplies of gas and alr accordingly.

For axammie, with in initial gas com. 125
posed a8 faltows:
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G0, - - -
-
OnHm = = =
Co - - -
B H., - - -
H, - -

7Y et
KU‘P:QCE\:’C
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100.00

the temperature is kept below 1300° C.
0 on maintaining the €0, content helow
479, 'When the resction is so con-
ducted thet the (0, content remaians be-
{weenr 4.4 and 4.7% (corresponding fo
the two extremes of temperaiure 1200° C.
46 and 1300° () the following final

gaseous muxiure has been ohtsir%ed:

- - - -

0, - = . 0
CH, - - - small traces
20 o - - - 11.8
1. - - - 16
CH.a - - 0
. - - 67.6
100.00

2%  The mixture contains no trace of oxy-
genized nitrogen compounds,

The traces of ansaturated hydrocarhons,
and especially of acetylenic hydroear-
hons, that mav exist in the gas after com-

30 bustion are eliminated by cetalytic de-
struction at a high temperature in the
presence of iron or nickel or chromium
turnings, or, preferably, in. the presence
of an alloy made up of these three metals.
The gases are deprived of their 00,
contents fhrough washings with an
ammonia solntion end next with purified
water in order to dissolve the ammomia
corried nlong. The gases are then fit fo
40 be mixed with the hydrogen intended for
the direct synthesis of methyl aleohol
snd ammonia, in whish procesa the final
mixture is compressed to 900 atmospheres
and passes, at s suitable temperature, to
45 g fivst eatalyst which vroduces the syn-
{hesis of methyl alechol.
CO 1+ 2H, = CH,0H.
Next, after the condensation and extrac-
Lion of the methyl alcchol. the mixture,
50 gtill subjeoted to the same pressure. passes
to the apparstug for the ammonis sva-
thesis preferably by the (laude process.

"T'he combustion in the gas generator 2
ot the proper temperature af the base of

‘55 the refractory bricks is insured by main-
tainjvg the CO, content’ in the final gas

35

of smrcnis.

betwaen 4% and 6% corresponding to a.
temperature not excerding 1300° C. The
upper limit, however, is ebviously of more
importance than the lower, for if ihis
upper Limit is passed one runs the risk of
producing oxides of nifrogen, whilst on
falling below the lower limit only safu-
rated hydrocarbons are intredueed which
play but an inert part in the reaction and
which when present in small gquantities
diminish  only slightly the yield
of the catalyst '~Thus, the com-
bustion s effected ' by endeavouwring
in prectice to kesp bslow the maximum
{imit set by the conditions of the moment;
consequently tha (0. content will be
maintained closer bo.the lower than the
upper lmit, so as ndt {o be taken by sur-
prise in the event of an uniimely in-
ereage in fhe rate of coinbustion.

Having now particularly deseribed
and ascerfained the nature of our said
invention and in what manner the same
is to be performed. we declere that what
we claim igime=

1. A proeess for producing a mixiure
of hydroger nitroagen and CO from de-
hyvdrogenated coke aven gas suitable far
direct synthesis of alechel and amwmonis
consisting in effecting the incomplete
combustion of said gas so that tha GO,
content is maintained between 49 and 59
ao that oxides of mitrogen are nobt pro-
duoed, and thereafter eliminating unsatu-
rated hydroearbons and COe..

2. A process aceording to Claim 1, in
which the produeis of combustion are
freed from traces of unsaturated hydro-
varbons cvonteined . therein - {hrongh hot
catalytic destrucltivn’ in the presence of
iran, nickel or chromlum. or of an alloy
made up of thess three metals, and, on
the other hand, frem C0. by washing by
msans of an amwmonia’ solution.

3. The mse of ‘the gazecus miziure
aceording to soy of the foregaing clajms
for direct svnthesis of methyl aleohol and

a5

75

a0

8b

95

300 .

4, The imnroved process for produeing 105
a mixture of bLvdrogen, nitrogen and
cathom  monoxide : snbstantially  as

deseribed.

Dated this 22nd day of June, 1929,
ANDREWS, BEAUMONT & BYLRINE,
Agents for the Applicents,
201-—6, Bank Chambers,

328, High Helborn, Tondon, W.C0. 1.

.-

Redhill: Printed for His Majesty’s Stationery Offics, by Tove & Maleomson, Ltd.—1930. @y
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