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| CHAPTER VIII

DISCUSSIONS AT, LUDNIGSHAFEY 152001914
—_—_—‘“___‘ .
ON_THE PRODUCTION OF SYNTI-EESIS GAS

- ‘Information wa_s”-gi_gren -
‘Kellogg Company '
1.G.

”SH:ELL

Experiments have so far been carried out inﬂ

~ the laboratory only, always having in mind to re-
circulate the tail gas. S b

Kellogg’s opinion is that probably the 1argest
item in the lproduction cost. will be the amortization '

of the plant There?ore, it 1s important €5 GHoose )
_the, least expensive installation.‘%

~

X . The following processes were investigated S
oo R S TSR
'- l’. CH,_'_ + O2 reaction

T 1 et
Y . Sl J L = Cl?{t‘\r\“ Ou/ "

CH4+-§02 = co+2H2

Temperature 1500 - 1700°F- e

‘I‘ubes of 3 - 4" filled with catalyst and no

_ difficulties experienced in obtaining a final’ gas
'with 1 -2 % CH!& (Same results as obtained by Padovani)..

e A plant was designed having a- reactor with AL

: endothermic a.bove about 900 Co

B tﬁ&t ‘the cost of both reactor a

tubes in parallel built as heat exchanger, heat to be
Supplied from the ‘outside. Feed gas to be preheated to-
1600 F.before entering reactor, as the rea.ctions become
1 according to Keith.

 This idea was dropped, as caleulations showed

nd oxygen would be

prohibitive .
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D CHu-steam‘ reactipn/ continuous operations.
' CH4 + H 0

laad . (
T Co 3H
Temperature 88& C. ,

-

‘ A plant . was designed and calculation showed
that the cost of such'a plant would be prohibitive%
However, this calculation vas based on-old Standard”
'. New Jersey data. L -

A

3. Regenerator of y dia.‘using CHu-steam reaction. '

, Set up on. paper only, based on information
from either Bureau of Standards or Bureau of Mines. _

) Temperature 1800 szzoo Fo .

: Space velocity on intake gas 200 on exit gas -
| Designers of such apparatuses informed Kellogg
thate~l800 - 2200°F is a low temperature for the fire

‘brick- available -and- that 1t- would be. possible vith— L
out difficulties to work. at from 2000 to about 2400 F. .

Further information on this regenerator.

Cycle of T minutes consisting of 3% min. heating and
32 min. make periods. '

Assumed 15 % excess 'steam.

Pressure 8 pounds “gauge (assumed by Kellogg)

'°"erator surface 1 m2 for almost 2000: m3 gas.

, of which 12t filled with

of regenerator 20°7
aked with cata—

“catalyst consisting of fire bricks 80

1yst (vi). , » N
of this lcind have been estimated by

tors
Genera U.S.A., to be of, 1ower

United Gas Improvement Companys N be o8
°°St than the estimatea mentioned under . .
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B Information given by Dr Schiller, one of the/
i 1nventors of ‘the methane s}‘.eam process as applied by

~us &t Pernis for production of hydrogen. '

In the. years of 1925 - 1930 much uork was | :
~doqe vy I.G. on the product.ion of hydrogen from hydro- |

~carbons in connection With hydrOSenation work, NH, -
production, etc. . ' 3

1. Metha.ne steam process. _

Temperature 650 - 750 C.

: Found cat:alystq for this reaction._Afterwa.rds
' alsc catalysts were dlscovered for the ‘conversion of
mhigher_.hvdrocarbons (for instance,. tail gas of hydro-

genation’ plantﬂ) and olef‘ine-conta.:.ning ga.ses.

I.G. have or had a pilot plant in—-Opoa.u.

: 2 CHI; it 73,9_ ”'eaction. s -

>

T .
CHy + % o2 ——""co +. 2H2

: This equation 1s purely theoretical ctually
many other side. reactions take place~'Reac,tion is’ incom— -
~.plete and “02 i1s formed also. Reaction jnvestigated in /-

 pilot plant heving & caoa.city of 100 md CH,,{/hour. : »
Roughly “this pilot plant consists “of & burner to-which |
CHy and O, are fed together with a little water. »
Reaction product and unconVerted CHu and O, enter at
about 130000 a layer of brickwork, which™is followed

by & 1ayer of cat.alyst._. Temperature of product at

exit of catalyst about goo°c. Gas mixture enz;rizia .
catalyst layer still cont2 ains about 5 = 8-% CHy
‘leaving 1 the catalyst l -2 % Cﬂzp =

—formation is the well-known

Basic for the CO
terga.s equation-

"GO + H0 — C’02*’*12
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As the production of' 002 by this equation is
/ffavoured by lower temperatures 1t is Dr Schiller'

~opinion that it is better: ‘not to’ use a ca.talyst for

vthis reaction (CHq, +0, conversion) when producing

' ga.s for FlSCheI‘ Synthesis. In that case, however |
‘ . >

_obtain a final ge.s with not more tha.n 1 > 2 % CHL;

- Exa mgle-- o .
Temperature 1300 C_ \ 100 m3 CH4 + 60 64 m3 0 ga.ve
. 33 % CO
58 % H2
p Qd%-c°2
= rest '\12

_ The advantage : of opera.ting ewithout catelyst
., was’ found by accident “The process is simple, but
\1t is evident. thet the price will be determined mainly
—b:,f the cost of 02 B B

‘ Burner constructed in such a wa.y tha.t 02 1s

' suppliebtangential i

3. CH, +H o — co+3H
The wa.tergas reaction plays an important rdle

in this process. Therefore,. very high temperatures
have to be—used in order to obtain 2 gas with‘only

small amounts of CO2 i

This process gives a CO- hydrogen ratio of at -

least 1 : 3.
. ‘CHy + co2—-——'~200 + 2H,
‘ . 1. By carrying out

tion simultaneously
can bé

bb,'gives a CO-hydrogen ratio of 1
the CH), steam and. CHu-CO reac i o
_the right a.nd desired prOportion of ’2
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obtained. The overall reaction for groducing a, -gas g

with g’ ratlo CO" H-2 =1

3CH4 + CO + 2H

2 is ag follows:
2 '\———— 400 "' 8?2 .

However, in order to ‘complete- the reaction -
an excess of‘ CO and stean is necessary, 1eaving the
c02 exceqs in the final - gas to an extent of about S
5-6 %. uécbout 50 % of excess steam.-1is required In :
thin—case no or. almost no carbon will be formed. !

Catalyst same as for the CHA—steam reaotion.

: ~Although’ this: reaction can be carried out dis-\
continuously with catsalyat, rf)r Schiller believes that
wthewcontinuous_.method-.mith.—ca-talyat-,is,.i:o_.be..preferred.

‘ Space velocity with catalyst 1000 m3 T{ + CO/
hour per lOOO 1 contact ‘volume, possibly even with
800 1 contact’ volume.. These are figures for ‘the/ H2
Aproduction by the CHu-steam reaction. S

Co tact volume when working without catalyst
is much higher. However, these figures. were: obtained :
w'by Dr Schiller i’rom the 1iterature onlx, for instance ,
1000 m3 H -+ CO/hour per. 50 m3 reaction volume. This-
seems to be very high, but Dr Schiller does not believe

that one could come below 10 - 20 m3 conta:ct volume.

: Laboratory figures 111ustrating the above -
_reaction in continuous operation\ with cata.lyst at
750°C are:
260 m3 CHy |- ; ) -’ ’
7140 m3 CO, §—+1000 m3 ges having

190 kg H20

-~

=y Cu.,

" following analysis:



0y

€O . 30%
H,. ‘60_ %

00,0 6%
(CHy 2%

. .r /N2 ‘ A . 2<%——

"\

Dr S‘hiller believes that such figures can._
certainly be obta.ined in a large scale plant.‘

I.G. he.ve a ‘oilot plant with a caoacity of -
100 m> CH) per hour which has ‘been running now for _
about 3/4% of a year.. : :

LS VWhen consn.dering thiﬂs orocess the q_uestion
—arises how to Uroduce COz.jAn obvious method would
be to start with flue gas, ‘as’ ‘this usually contains '
7 - 10 ‘;f> CO R HoweverT although it can be separated
‘f on this by absorotion it is. believed that this

H.ull oertain.y not be chea.o.

Another way would be when hydrogenis produced L
a.t the same time for hydrogenation ourposes.

: ' Several processes are being investigated at
" the no'nep.t_fer the” production “0f-€054-by-TI.G- Although ;
| Dr Schiller does not want to divulge 2ny information f
already at -oresent \it is his belief that CO, can be- |
\r/vade ’*ire""ly from methane cheaper than - by absorption
from flue gas. : : R
| The above reactions can also be carried out

.Vith hydrocarbons obtained in hydrogenation processez.
‘Such hyérocarbons are \usually the mixture of cHlé zzt;j
and including CyH,g- However; somewhat differen ;

: lYSts have to be used in that G?ﬁ?ef;ffff»'v_'.
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Informa.tion given by Dr Sabel from Leune.

oA 211
At-Leuna the—I G are investigating the

production of synthesis‘ gas or hydrogen in regene-‘-"
‘f.rators (Cowpers) without catalyst "As feed gas hydro-
genation tail ga.ses a.re used consisting of 60. %

hydrogen. a.ud a hydrocarbon mixture with the general
formula »

-/"32223}{6466

These experiments confirm Dr Schiller's data.

‘With-50" - 60 % excess steam at— 1300-1400°
(at the hottest pla.ces) ga.s ca.n be produced consist-
.,_.ing-of — : = : ‘ :

11--12 % co
17 - 18 % H,
1 76 cau
rest N2 and CO

A / Production of ca.rbon ca.nnot be a.voided in T

: this case._ Sometimes 5 - 6 g carbon per m3 SYnthQSiS

TLga.s is formed., Pa.rt of the carbon ‘vemains~ in ‘the

'gas, giving difficulties in the purification a.nd :

even in the synthesis. Therefore, chambers between

" the generators were built in and 02 added at this o
spot to burn the carbon.’ Notwithstanding this, ‘a small
amourit  of carbon, say, e.bout 100 - 200 mg per m3,

,'I'emains “in the watergas._

Dr Sa.bel believes that it is quite possible

to avoid all carbon when using‘-la.rger 3enerator3- '

The present tvo. generators each have a cross—sectiona.l
area ‘of 4 m2. a.nd o height of 8 m. With better insulation

"1t 4111 also be possible to obtain higher temperatures-

Run figures: .
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1 m3 gas + 1/10 - 2/10 m3 0 (all normal m3) +
3 kg steam, ‘gives 33 m3 watergas (see analysis)

These figures are not binding

A Cowper of 8 m height produces 1000 w3

'“}watergas/ m2/hour. Increasing this’ height will
~ probably result in a higher output. - %

' Experiments. have been made in which CO has

been added. In this case a good proportion of co
: .‘and H2 could be. obtained. However, the total per-. ’;

‘centage- of CO + H,, being 88 - 90 with steam only

- (see above) 1s decréased to 75 --78 %o

Brickwork in ‘the highest temperature zone. S

) consists of silimanit. This brickwork can still be

“-*.used at 1400°c. _ “", T T T TTE T

&

Information vas given by SI—IELL (Dr Langen van

: der Valk) on the Shell Point methane reformers as

according to Kellogg's_ calculations such—process
‘when applied ‘with the ‘addition’ of\steam and CO,

,1ooks the most promising for the PrOduction of syn-
Tlthssis gas in’ the U S A.‘, . ,' N - " -

~ . _ The Reforming Plant at Shell Point has three
generators, total cost of these generators including

fbrickwork at’ the time: of building, about $ 275:000'

The following operating figures over one .
'month of. 30 days were given.r i e

1000 cu.ft W3
. (60°F 4.73 1bs) (0%/760 )
‘ ' - 4,223,000
‘Natural gas intake: 157,569 710:000 ,

Reformed .gas PI‘Oduction 258: ?23 -6 487,000
Gas for fuel: - 4,020 X 106 kecal = 600 kcal/

"Heat consumption: = m3 reforme gas



._}'rotal eteam consumption .
-~ of the entire gas re- : 3,5
forming plant : =’

power consumption
Gas Reforming Plant: :94 000 kWh
. Average tempera.ture

&ooo lbs/month = 1600 t
2 k m3\reformed gas o

—.at. top of: genera.tor .2000°F- .
, a.t. centre of 2060 F R

Ea.ch of the generators has a dia.meter of‘ 20'
_-\ a.nd a~-height of 55' They work on a heat a.nd ma.ke
period in 20~ min*.cycles._' .

De.ta on such cycles are.

--.‘.’I'ﬁiin.,f;-‘average rate per. niinut e‘;?'

Heat period .. 5% . waste ,ga.s - 530._cu ft
o T e g T 13,500 cu.ft
—Purge ' o e steam F TI0"Tbs~
make period 113 gas 2400 cu.ft =~
_Purge = o %— steam - + . 110 1bs .
Purge i 3 air 13,400'-’cu* ft

'ias analyses of the feed ga.s, the ge,s pro-i""
= duced a.nd the rest gas are as follows-,,

Natural gas ' Gas gzgduced _Rest gas

_C.H - 13 BEa
G H_ _ . e
02 _ - . 0 1 0.1
H o 713 22
N 1.3 1. 6 4 5
_ 'Celoxiific value
kcal/m5 ’ S
- + 4750 ~;';~913°
1imit 10900 : 82 0
Tower limit- = ogk0 ..o MO >°

ter 16 ~
The gas. produced af’ od
_contains & la.rge amoun'fo of. carbon, wh:lch 18 remov

by pa,ssing the gag tm-ough T yash’ -‘boxes filled vith
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water which 1owers its temperature at t‘he sa.me time to
about 60 C. Further cooling of the gas 1s done by means__

It was mentioned tha.t Shell Point also has an
,experimental generator with a capacity of about 55
cu ft natural gas per minute.





