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I. SYNTHESIS GAS
| {
, 0 )
The ideal composition of the synthesis gas varies SYNTHESIS
with the type of catalyst over which the synthesis re- = =
action is to be carried out. _ ” , Introduction

; . . . . '

The light ) po- cusj,f\rery sctive\precipitated-cata—
lysts for the synthesis reaction operate at low tempers-,
tures and pressures, directing the synthesis reaction

according to the equatian:

!

CO + 2Hp —-—-—\ (CHQ) + HoO

Theiideal synthesis gas for such a reaction vill consist,
B. \r Lo o

therefore ’ of two parts of. hyd,rogen and one part of carban

. monoxide . i m =

The dense, rugged cate.lysts prepared by reduction

of a solid mmss of fused pgcides are not very active and
consequently nmst be operated at high' temperatures and

relstively high pressures » under which conditions the syn-

N

thesis rea.ction proceed.s to abcut. an equsl extent by each
P .

of the reactions:

CO + 2Hp —3 (CHp) + HgO
.2C0 + Hy ———3 (CHz) + CO2

300 +. BHQ ——) 2(032) + HpO0 + C02

re

K I

giving a.n overall reacticn accord:lng to t.he la.tter equa-

tion. The 1dea.l synthesis gas under these ccmditions will,

P

therefore, consist of equal parts of hydrogen and carbon.

monoxide.
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L The usual’ raw materials for the manufacture of synthesis gas }

v

are}' coke, anthracite; lignite, or hydrocarbon gases, although

. 1
i

there is no reason why heavy 01ls and tars should not be. used. The

three solid fuelsfare lacking in hydrogen but the deficiency may

1
be partially overcome by reaction of the solid with water according

to the equation: : fj'fdw4 _

C+HQO-——) CO + Hp

The synthesis gas directly from the three.solld 1uels, therefore,

contains the hydrugen and carbon monoxide in the proper ratio for

use with the high tempera ture synthesis ca alysts_ For use with .

the low temperature synthesis catalysts, a part of: the ‘carban -- '{j

monoxide my be converted into carbon dioxide by the use of“more

water according to the ‘equation:

co+320——) 002+H2

The extent. of the latter reaction‘was so regulated that the overall

product contained hydxogen and carbon monoxide in the proper ratio

of two-to-cne: ’
3C + bHpO ——> 2CO/+ UHp + CO2
.« ) ’:j
The removal of the carbon dioxide was advantageous .

{

The conversion of hydrocarbon gases into synthesis gas my be

a:accomplished '4n & number of ways, depending upan the desired ratio

of- hydrogetho carbon monoxide . The one-to-one ratio of hydrogen

“;‘jto'carbon monoxide, suitable for' use with the high ‘yemporaturs
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T ' |

synthesis catalysts, may be obtained by use of carbon dioxide._

e c&h + COo — 3 2C0 + 2Hp S Lo '

the source of carbon dioxide being the tail 5sses from the synthesis
plaﬁt.‘ The two-to-one ratio of hydrogen to carbon monoxide, suitable
Lo

—feor use with the low temperature synthesis catalysts;'may be obtained

f

by use of oxygen: v o |

) CH + 1/2 02 ——-—)co +2Hp
or by the combined use of water and carbéh dioxide.

3CH), + 21120 +-C0p — 4CO + BHp

|
I3

The subsequent mterial in this section represents the experi-
ence of the various companies in manufacturing synthesis gas from .
the several fuel sources . Also,‘yhggéﬁggg&dable, the gas ﬁdiificstion

procedures hsve~been~giyen.
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' MANUFACTURE OF SYNTHESIS GAS
BY RUHRCHEMIE __

e

|
. R . :
The synthesis gas us'-'e’data.‘t' ‘Hédven vias‘ obté.ined by

treating coke with steam to ma.ke water ga.s and su‘bse-

quently converting enough of the ca.rbon monoxide, by

treating with more ateam over a oatalyst 'y to ma.intain ‘

!

- the hydrogen to carbon monoxide ratio at- ’cvo-to-one. '

When the synthesis plant was operated. at atmospheric -
pressure, the carbon dlioxide was not removed. from the
ens but was. pa.ssed throu&,h—the_aynthee is chamber as an
inert gas. When the synthesis plant was operating at

seven atmospheres, it was planned to remove & large :

part of the carbon dioxide by scrubbing the gas with

we.ter .

The gns gencrating plant consisted of eleven Demg

gonerators, system Humphries, which wvere operated auto-

mtically. Coke was charged to the generators 1n batches

 of 440 pounds (200 kilograms ) at three minute intervals.

The cycle of three minutes was divided about equeily v

} a.nd. ‘blowing with steam from bottom - The revereing valves, -

between blowing w:lth air . blowing with steanm from top

—which were operated with steam at a pressure of ebou’c 4O

pounds per square 1nch, required two-to-three seconds for =

(18)

Ruhrchemie

Procedure

‘Gas
Generators
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I
reverse.l. The temperature above the firebed 1n the gen-

wer&tors _varied . between 1300 a.nd. 1500°F (700 and 800 c ),
a.nd. the gage pressure 1n the generators from 1. 5 to 2
pounds per square inc Ea.ch genera.tor we.s equ;.pp wiph

one high pressure (265\p0und.s per square inch (18 atmos-

pheres)) steam boiler for waste hee.t and with a furnace )

,ja.cket which prod.uced. low pressure steam (45 pound.s per.

square inch (2.5 atmospheres)) for blowing the furna.c_es . ‘:.

K ;,‘Eiolifo__i!;‘the_-f,genere.t.orswkﬁd, a . cepacit.y of about
'28'2,009 cubic feet (8000 oubic meters) of water gas per
hour, equivalent to 310, OOO cubic feet (8800 cubic meters)

‘_»of synthesis gas per hour Each generator wa.s down for

repairs once each year for.four-to-five-weeks, so-tha.t in

continuous full sca.le "’operat:lon ten of the eleven ‘gen-

S
erators would a.lwa.ys be in use. ' The maintenance on the

generators amounted to’ about 5%.per year.

Only four generators were inu‘se at the time the Gas

| 4 | Composition
plant was visited.and these were producing 1,240,000 R :

cubic feet (35,000 cubiciiicters) per ‘hour of ‘water gas,

)

340,000 cubic feet (9650- cublc met.ers) per hour of which

vere taken from the main gas stréam, passed through the

T

earbon monoxide converters , and then reunited. wit.h the
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minl strea.m. ‘ Ta,b}e I shows the &as composition and. qua.n—

'tities for the gas plant .s‘Thesoapbon_monoxide convers ion

was accomplished by passage of ‘the water @és ‘together with

steam over a nickel catalyst at about 9®0°F. (h90°0 ).

Other catalysts could. 'be used in pla.oe of ‘the nickel, for ol

'exa.mple. chromium oxid.e, iron oxlde, etc., but.!with no

particular a.dvanta.ge_f’;! SR

‘ 7;111'"1 i N
'I‘he ha.rmful imd ities in the synthesis gas were:
‘ it

- N._i‘ L . mdr ogen B uE ide

2. Or@.nic sulfur compound.s

‘. —

3. Resin-forming mterials

A .

The hyd.rogen sulfide ca.n be remove& by use of a.ny
/\ . q
of the several processes used in the gss mdustry, for'
example, by mea.ns of bog iron ore or ext.xfaction by -

!

scgdbbihg. The organic sulfur compounds can be xjemoved'_
by reduction (with the hydrogen of the synthesis .ga.s)
‘to hyd.rogen sult‘:lde by passage over a oat.alyst at tempera-
tures in the neighborhood. of those used for the synthesis '
react.ion, followed by removal of the hydrogen su].f:lde.
| The resin-forming ns.ter:ials my be largely eliminated by
—the- choice of the condit.ions_used_:ln the- synthes:ls gas
mnufa.cture. They may also be removed from the synthesis

&8 by adsorption “ani activated* clmrcoa.].. 4.
Ve

(20)

BT
Téble’l

Gas

Purification
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/ F'I_‘h,e sulfur pu‘;'if.ic&'biqn of the gas at Holtén con-
siés\ted of twoﬁst:‘/e.ps:_._l : |
1. Hﬁrogen sulfide removal
2. Organigmsulfur removal "
V:‘I“;x;v}vxydrogen suifide ;'émové"]:_-Wé:s"quite siﬁﬂ.lar to ~ Hydrogen
Sulfide
that used by clty eps manufa.cturera in that the gas was Removalrm
coﬂtacted at low temperaturos—-’{‘j F. (25°C.) entering, :
a.nd 90-100°F. (55-—1&0 c.) leaving--with porous, hydrated
:m'on oxides with which the hydrogen sulfide reacted to
igorm iron sulfides . v A snall amount of oxygen was&added—
\'to thé‘-‘"’g'as before entering the hydrogen sulfide removal
atage, the fdnction 6)‘.‘ the voxygen' being to oxidize the
sulfides to sulfates, at least _par‘tially,'and ther‘ebyx-i'
, Increase the lenéth of tiﬁe that the iron oxides wo{zld
effectively remove hydrogen sulfide.
The contact. used was Luxmisse conteining not more = Hydrogen
] Sulfide
than 50% wvater. Wibhout any pretreatment ,, the already Contact:

porous ILuxmsse was placed in 16-20 inch (400-500 mm.)
layers in towers accénnnodating 16 lnyers euch. The gas
entered. the tower from the side and the piping was such

that. the gas streum could. be direct.ed over only cne con-

tact layer or over any numbpr of layers in serles, the
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actual procedure being depondent upon i:he agc of the con-

tact the amount of hydrogen sulfide, in the @s > the_ga.s#_
velocity, etc. The usualxga.& velociby }_l'{x_'f)}lgg the towers
was about 0.2 ;eet (6 centimeters) per second. | Nornally,
700 000 cubic feet (20,000, cubic met.ers) of sas per hour
was’ passed through Four 'cowers, ea.ch cont.aining lkO OOO
pou.nds (65 ‘tons): oonta.ct, but through only three towers ‘
when a tower was belng roch&rged. In rccharging a tower, |

only the top 80% of old contacb mess was removed from each

§

tra.y ‘and repla.ced by fresh mterial mixed with the remairi-

»

ing 20% of the old contact mass.
’ Ordinarily water @.a ma.de from coke was said to con- ' Hydrogen

Sulfide
tain from 230 to 280 grams of hydrogen sulfide per thcusand ~ Content

cubic feet (8- 10 grams hjdroée sulfide ter cubic meter),
but. he = _gas made at Holten con‘ca.ihed, on- the average, only
85 grans per thousand cubic feet (3 gra.ns- hydrogen sulfide

per cubic meter).
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,,,,,, ) \ !
The orga.nic sulfur removal was ,accomplished by pa.ssa.ge EUrl Organic,

! L Sulfur .

. of the gases, after the hyd.rogen sulfigie remoyal , .over a g

mixture of Luxmesse and sodium carbonate at higher tempera.— e

tures , hoo-57o°F. (200-300. Ce)s

AT-he Mo‘rganic‘ sulfur 'compounds were present to the ex-

lt}ent‘ of thzfeewgg;_i:gg{ _grams, of, sulfur, per“‘ thousand cubic
. ;‘e‘e.'t."(.]é-l‘j ‘grams sulfur pe‘r 100 cubic meters ). The
.organic sulfur com_pound.e :c:ona isted of ‘ahout hO%ca.rbon-
‘ox;strxli:‘ﬁide end 60‘% carbon disulfide, with only tra.ces

_ (.
of meroapta.ns, sulfides, etc. All these compounds were

re@uced to hydrogen sulfide by contar't with the catalyst
. 1n the presence of the red.uc:lng atmosphere of the syn-

thesis gas . The hydrogen sulfide nhen rea.cted. with either

X

or 1ron sulfide. The small amount of oxygen in the eas--
.2%--served to oxid.izo thc eulf ides to sulfates and thus

prolong the useful life of the conta.cty

The. gas pi-ehea;ﬁe;r lfor the organic sulfur removal step - Preheating .
. — . Gas
wa.s designed. to heat the g2 to a na.xinmm tempera.ture of

660°F. (350"0 ) although the actual gas temperature averaged —
about 550°F. (275°C.). The fuel gas requ:l.rements for the pre-
‘heater were about 115200 BiT:Us por 1000 cubic feet (100

kilogram calories per cubic meter) of synthesis gas.

—w
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Ordinarily, the tail gas from the synthesis plant was, used
o S [E A
as fuel for the preheater. N o - N
. , S | J i
The gas preheater consisted essentia.lly of & combustion

i

chamber lined. with refractory brick work, fitted with a gas
burner, an a.ir blower, and a flue-gas circul&ting blmer.
- The latter blower was 80 regulated *l'.hat the temperature i1n »
the combustion chamber was maintained at 1470-1650°F . (800- ,
900°C.). The gas heater pro;per was a' tubular hea.ter, of

heat resistant tubes. Special attention had to be paid to
1 ) ) : ;
the expansion of the tubes. T SR

| o s o

. The towers for the organic sulfur reiioval were of two ‘Contact
e | : . ] ' Chambers

© T types: ' ) '

1. Screen towers

2. Tray towers.

The former consistod. of a series of removable screen '

tra.ys vhich held t.he catalyst. \ The screen trays were re-
moved from the tower Jacket by means- of &a crane for filling .

or discharging. There was no pe.rticular advahtage to either

type of tower except that a lighter crane could be used for

changing the contact. in the screen type tower

LY e e e et

—The crude gas entered at the-bottom of the tower ‘and
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was distributed in the inner cylinder over the four screen

i

trays. The distribution was accamplished through four

— vertical ’iléa;s"”’“c}nnne 1s.. a.tv .fhe;periphery;of;the_inner . cylinder .

The purified ge.s flowed through slots into an outer annular

o

' space and thence to the @.s outlet. -

The cover of the tower was fitted with a ring cup which

B |
[

sealed the crude gas compe.rtment from the clea.n gas compart- ‘

(.
ment . The coven?wa& corruga’ced to a.llow for thermal expansion.

The second‘type of tower wes fitted with two perforated.

sheet cylinders of different diameters, 1nstead of the screen

trays described ebove. The .purifying ‘mass .was contained in

the annular space( betweem~the~perfomted cylinders . "The"inne'r

rerforated cylinder was divided into several sections which

could be removed from above. This construction made it poss:l—
v -

ble to diecha.rge the tower downward The rawv gas flowed into

the outer a.nnular apace of the tower then through the outer

verforated cylinder » through the contact mass a.nd through tile

:Lnner perforated cylinder and t.hen out of the tower.

The organic sulfur removal was accamplished by passage of

the synthesis gas through two towers in series at t.he'rate of

700, OOO cubic feet (20,000 cubic meters) per hour at a tempere.-

ture of l&00—570°F- (200-300°C.). .Bach tower contained 1ho,ooc

pounds (65 tcns), or 5500 cubic feet (160 cubic meters),

"y
|

(25)

Gas
Rates
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: contact mass. These rates were thought to be safe :for a

gas cdntaining five-to-six grams of orga.nic sulfur per.

thousand. cubic feet (20 grems per 100 cublc meters) and

were me&at—ﬁoltéh a.lthough, as yreviwsly stated , the

\

. gas actually icontained only three-to-four grems of organic

- sulfur per thousand cubic' feeﬂ:ﬁ_(lE—Ifj_gpams‘sulfur per 100 -

) \ ,
cubic metera) The reason for maintai‘ning the lower gas
rate with t,he purer gas was to allow a margin of safety

fér chance increases in the sulfur content. '

The catalyat was removed from the tower which con-
4 t,acted the fresh synthesis gas when the contact mass con-

tained 7-10% sulfur. Thus the life of the coﬁtact was

into the first posit.ion and a newly fillod ‘bower placed.
last in the series . On the average at Holtcn, a tower was
'kept 4n the last stage Ll da.ys and then a like time in the

first stage. It was necessary to cool the tower before

emptying, since otherwlse the spent catalyst. ha.d a tendency

to Oatchfire 'orl“expoawe< to airi:

- (26)

Iife of

Contact
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The following ta.bulation shows the sulfur content of . ~ Sulfur
i : Cogtent
the gases a.t various stages: S , ; 1 ' D
) . ':, . B
ot : o ! . After N »__Af‘ter
| , : T " Inlet 1st Tower 2nd. Tower
BS - g/lOOO cu. ft. — -;-»;\:‘ 0.1 _0-03 0.03) 6
o n ;!v“\. A . e .0.06.
Organic Sulfur .- g/lOOO Gaift.  b.0 030 6 - o0.Jo8)
'HQS“e.é/loo cu.m. S o 0.1 . O.lg B
. B N . oo 002
L [:,. . = .
Organic Sulfur - g/100 cu.m. 4.6 1-2 C10.2)
The total sulfur was analy‘bioally determined 'by passingm‘\ﬂ
the s over qua.rtz pieces at 1800°F+(1000°C. )avuI'pre-'
|
cipita.ting the resultant ‘hydrogen sulfide as cadmium ‘
sulfide. ‘ _
The contact for removal of organic sulfur compounds ‘Contact
A for Organic
consisted of 33 pa.rts sodium carbonate and 67 pa.rts s of Sulfur
Removal -
Luxmassé on"t*he dry tesis. The Iuxmasse conta.ined. T-<10% »
soda as received. so that 1t vas only. necessa.ry to add . o
soda to bring up the soda content to the desired 33 pa.rts-
The sod.a and I.uxmsse “were thoroughly mixed. » formed, dried
and screened, the cletai]s of which will be given below
"sinceé there was a definite technique involved:
’ Iuxmasse is the residue from the extraction of . Yaxmasse

alumina. from bauxite. It was stored outside and exposed to
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£ Na;CO3

633
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the weather and consequently its witer content va.ried with
,Vl L » v AM

 the humidity of the a.ir and with“the*rainfall. The wa.ter

K
3

content ranged from 40-60% over a period’of one yeor, the

a.vert.ge being atout 50%. It was unnecessa.ry to ud,just

\ . .
the water content‘ but at’ least d.a.ily determination of the
- [«
water content had to be made in order to a.djust the soda

J
Nt

to Inxnnsse mtio. Tt vas stated that any highly perous, '

’1ron:._:oxides or hyd.roxidee could be,,,,,,su'bstituted. for the

.

Luxmmsse, but that burned méses should be avoided since

the burning usuzlly destroyed.. the porosity. "The apparent -

[N

density ‘of thé Iuxmsse was 0.76-0.78.

Ordinary technical grade soda was used, whichnras ~ Soda

about half sodium oarhml&te and half sodium hydroxide, the
eodium carbona.te conta.ining a v&ria.'ble water of crysta.lliz-
.atilon. The figures given for the rutlios of soda and Luxmasse,

however, w'ere-colculated on the basis of pure sodium carbonate. '

l

Figure I opposite is a schenntic flow sheet of the Flow Sheet

- for
plant for the manufo. cture of the- contact for removal of Manufacture
: : _ of Contact
the organic sulfur. The wvarious opera.tions represented. for
) Organic
on the figure will be discussed separately 1n the follow- - Sulfur
, T - _Removal
ing paragraphs. o
‘ . Figure I
. The Luxmsse and soda were mixed batchwise, although - ‘Mixing
" Inxmasse

a comtimaous plant for this mixing was under cmstruction. and Soda

v,
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The be.tches then prepa.red ) were of course, dependent upon

i

he equipment sizes and amounted to: v

lff.f‘f'i‘ 1320 pounds ‘I.;uxmsse (50% vater) : (600 kilograms)
220 pounds sode. (dry)x P (100 kilograns)

1+80-5OO pounds ,of fines from screening (220-230 kilograms)

- | ——
I

The luxmasse and soda. were added together as solids to

wthe mixer a.nd stirrechor fifteen minutes, during which

time the tempere.ture sponte.neously rose to 100°F (35 C )
or higher and the mixture ‘became fluid. Then ane- half -~
—of the fines was a.dded Ae.nd the mixing continued ;;r ten
minutes. The renainder of the finea was then added and
| the mi.xing continued for five minutes langer, at which '

‘,

. time +the mixture was ready for extrus ion.

| The material from the mixer, which was not provided Extrusion
with hea.ting coils; had to be extruded within a certa.in o h?ifixzﬁie )
definite time or the materia.l would‘solidify a.nd could be ”
removed only with great difficulty from the mixer. ;The"-’"-
. solidified na.terial had to be diseerded. The solidifica-

tion took place ra.pidly at temperatures below 90°F. (32°C.)

and less ra.pidly at® somewhat higherv tempera.tures. ‘The

semi-fluid mixture vas fed to a Pasailersiebd, Yhich was &
__sna.ll cnamber with a perfomted steel plate as a bottom and ’

provided with rollers and blades to force the mixture through
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(30).
the ‘pérforations.
The perforations in the bdttom plate were.preferably
| '.
about one. centimeter in diameter lfor the des 1red particle
e e R ‘.).._;.
size--from 5-15 mm. Co :
 Phe-Paasiersiebs were of T,wo sizes. ‘ ‘Ebctﬁ:ders‘

1. Perforated p]a.te, 52 inches (1310 mm.) in
' diameter with 49-inch (1250 mm ) a.rms

2. Perfora.ted plate, 37 inches. (91&0 mm. ) in.
dia.meter with 35 inch (880 mm.) arms - . .

|

"The smller Pa.ssiersieb worked much better than the .
la.rger one, due probably to the vetter feed distribution
1n the sma.ller apparatus. At Hclten the prepared mixture
was fed to the Passiersicb., by hand shovel and as a con---
aequence the extrusion was not very efficlent from the
standpoint of labor. Five-to—seven cha.rges wene prernred

per elght-hour ahift per Pa.saiersieb.

-~ — The material from the Passilersiebs '»fel’ldirectly onto - ..Drying the
: . . ' ' Extruded
the top tray of a Buttner drier, which will be described Cantact

in more detail under the section dealing with equipment.

The drier was heatéd to el:lghtly above 212°F. (100°C.) in

order to mintain the ea.talyst at a.bout 212°F. (lOO’C )

atmospheres) vas used to heat the periphery of the drier
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..... LBy
and ‘c.hel exhaust 'Btea.m from this to; preheat the a.irlcir'cu-
lated in theilirier from bottom towards the' top. The # o
.ca.talyst leaving the drier should conta.in about 12% water
in} order to naintain the porosity. S
The dried catelyst was screened into three ‘sizes:  Sizing
fines ‘less than five millimetem, useful from 5 to 15
| millimeters, and 1arges more than 15 millimeters . The
—fines were returned and remixed. with fresh Luxmmsse and.
soda and the l&rges ‘were crushed a.nd. rescreen_ed..
The plantﬂfor preparation of' the’ su]fur removal - Capacity
of Plant

contact at Holten cdnsisted of f our xnixers, two Passier—
siebs, and two driers, with screening and other facilities

in proportion. The capacity of the pla.nt was about 57,000

'potmds (26 tons) of dried ce.talyst per day.
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Cyclic organic sulfu.c compounds were not removed. by o Resiri O
Forming
the organic sulfur removal treatment . It had been de- T Meterials.

termined thfa.t somevhat less than 0.1% of “tar-forming"
substances were present in the purified synthesis gas
at R\ihland. A sample of the ta.r-forlming substance.s was .
extracted i‘rom a large quantity of synthesis gps_a a.nd a
distillation mde . The various fractions were practi-
cslly free fromsulfur with the exception .of the frac-
t1ch bollIng &t SLB-266°F+ (120-130°C.). The various
fractions were returned iﬁdi#idyall_y tp synthesis es
s.nd the gas Iiassed over ‘ssr;thesis 'catalysts . Only the
fraction boiling 24g-266°F . (120-130°c ) had any detri-
fmental effect upon the synthesis cata.lyst. Repeated
passage of synthesis ga.s containing this fra.ction ‘over
the organic sulf'ur removal contact failed. to lower the
amount of sulfur. It was thought that the most effec-
tivekw.a'y in which these und.e_sirable ﬁﬁter'ials ‘could be
elimiﬁated ;’rom the synthesis gas vas by the'pa.ssage

of the gas through a tube heated to about 2000 F.
(1100°C ). ‘I'hese resinifying naterials were thought

to _be chiefly responsible for the deactivation of the

N

ws since. they vere deposited

on the cate.lyst a.nd transformed into resins which ul-

timtely bla.nketed‘ the catalyst.
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MANUFACTURE OF SYNTHESIS GAS |
- BY I.G. FARBENINDUSTRIE _ .
T TN T e e

_‘A synthesis gas with a two-to-one ratio of hydrogén’
‘rto ‘carbon monoxide ﬂra‘s prepared by the partial oxidation |

"of methane with oxysen=
(CH), + /2 02 .— co + 2Hp.

 This reaction appea.z-ed. s imple on paper, but practically,
.'was very difficult vo accomplish. In order to obtain'
sﬁbstantiaily complete éc_:m]re_rs‘ion of the methane an ex-
cess 6f 'oxygen had to be used, and tﬁié_ led to»wthe pro-
duction of water. The presence of the water_estéblish;d

the water-gas equilibrium and at low temperatures a.pp;-eci-'

able carbon was lost as carbon dioxide.

At 24LOO°F. (1300°C.), in the presence of an excess
of oxygen, the residual methane in the product gas varied -
from 5 t§ 8%. By passaée ‘of the. proa.;xét gas over a cat- .
alyst at 1500°F. (800°c.);'tbe residual methane could be
decreased tc 1-2%, but due to the unfavorable water-gas
equilibriuxh at the lower tempera.ture , the rat.io of hyd.ro

gen to ca.r’bon monoxide was greater than tvo-to-one. ’

A specia.l type of burner wes finally developed which

(33)

Synt,hes is
Gas from.

. Hydrocarbon

Gages , -

Methane
and

Oxygen

mde 1t poasible to produce at ch00°F. (1300°C ) a aynthesis .
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gas which contained only 1-2% methane. The prot\:ess was:
readily operable and its chiéf_ draw-back was the cost
of oxygen. From 1,000 cibic feet of msthane and 620
cubic feet of cxygen, 2,400 cublc feet of ideal syn-
thes'is gas was '«ojota.ihed- The 'énalysis of the product
—gans showed 4% carboa dioxide, 33% carbon monoxide, 58%
hydrogen, ‘1% methane and 4% nitrogen. ”
- v ! ’ ‘ !
The production of synthesis gas, with a hydrogen- ——Methane,. =
. ) : Water and
to carbon monoxide ratio of two-to-one, was acconmplished Carbon'
P ARSI . o Dioxide

according to tHe'&uation:

ot

3CH), + 2HpO + COp —> 4Co + 8H,
It was desirable to use a miﬂ'im_mh §f water in order—
to lessen the extent of the side reaction of..wa.te; F\-rith,
the carbon monoxide to form carban dioxide, ,b‘.‘t it was
found that at least 50% excess of water had-to be used
in order to a.v.oic'l dépoaition of ea._r%on.' Due to the cost
of the carbon dioxide exf.mctiocn fiom the flue gas, it
was also desirable to use a.mIn:lnmm amount of this gas.
The flue gas contained 7-10f carbon dioxide ,“ which vas

hei&,;;;.ctéd«. by the Allacid process .*

- ap K e W B @ = @ @ W @ - = = i .

* The Alkmcid process for carbon dioxide recovery was ve»r; :
~expensive and other recovery processes were btoing examined,
but the investigation had not been completed.
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The cata.-:l-ysf: employed. for the conversim‘was nickel upon a
. support, the cata.lyst composition, the procedure a.nd the technique

’being 1dentical with those. in use by the Standard Oil Company of

Louisiana. a.t Baton Rouge. . To one cu'bic foot .of cata.lyst inwtubu]ar -
reactors heated indirectly to 1hoo°F (750"0 ), the following re- '

actant.s were introduLed a.nd products withdrawn hourly.

260 cublc feet mé.;.hﬁne o 670 cublc feet hydrogen
140 cubic feet carbon dioxide 330 cublc feet carbon menoxide

236 cubic feet waﬁer (steam) 70’cubic f'eet carbon dioxide -

‘ The a.bove rates fo}~ the indirectly hea.ted reactor corresponded
to a conversion of a.bout 211-0 cubic feet of methane per hour per
cubic foot of catalyst or toa production or 1,000 cubic feet of

ideal synthesis &rs per hour per oubic foot of catalyst. The

regenerative prooess could be used in place of the con‘bmuous' :
method employing indirect heating, but the ce.te.lyst requirements
-were much greater. The rate at. ylhich methane was converted was
about S cu‘oic feei: per hour per cubic foot of catalyst and the _
pr'oduction of ideal s.ynthesi's gas was about 20 cubic feet per hour‘

'per cubic foot of catalyst.

It vas found that hydrocarbons other than methane  Other

: . N Byérocarbons .
could be used; those up to and including butane present- : ’

ing no-difficulties. A few preliminary experiments cn &
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(56)
laboratory. scale indicated that heavy tars could be used,
{
‘but- the- e:g‘tent of the experimentation did not warrant a
P {
positive sta.tement that such tars could. be successfully
used ‘comy;ercially. B ‘
The chpei' regeneratlve 'procees has beenugé'gd. to Cowper

;i Regenerator.

N o

prodﬁce synthesis gas fram tlie tall gas-of a h-yﬂ.ro-
genation plant. A d.ia.gzé.mimt’ic sketch' oi‘ the fegen-
-”erator is. shown opposite on Figure II. Each of the _ 2 I1
..vertical parts had a cross,-sectiona.l a.rea. of._ nine equare
feet (0 8 square meters) at the-top and Pive squa.re feot
(0 5 equa.re mete;;) at the- bottom. 'I‘he two vertica.l
parts wvere connected. together a.t the bottom by a nasonry-
lined chamber. The connecting cha.mber was open but the

vertice.l parts were filled. with refractory, the lower »
hotter part with sillimmnite, and the upper, cooler part
with schamotte. Oxygen or air could be introduced into

the open cozme’cting.'chal'nber.

The gases to be converted vere paeeed downward through
the highly heated aid.e of the furnsace, through the connect-
ing chamber vwhere some oxygen was added, and upward through '

the other vertical part where a part of the sensible hea.t

was given up o the lacking The above flow-wa.s mintained

’ for a.bw.t 30 minutes, the system purged vith steam for a.'bout
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| lO second.s,' a.nd the fuel ga.s introduced, preh 24t An its’ downward

pa.sse.ge 9 mixed. with a.ir :Ln the connecting chamber a.nd burned in: its

upward passage t.hrough the second vertica.l part . After about 90

minutes - on the heating cycle, the system wa.s again purged for about' ,‘
10 seconds wit.h steam, the valves reversed and the converting cycle

repea.ted!' except that the flow cf gases was,re_\versed _—

. . P
oy !

e

, “The ta.il gases from the hydrogenation units had an a.vera.ge
_pgsition correspanding: to 02 oHg.¢ (about 40% hydrocarbons
CHu-C5H12 a.nd hO‘,o hydrogen) , The direct conversion of such & gas

with wa.ter gave a synthesis gas conta.ining 11-12% carbon monoxide

and 77 78% hydrogen , the very high ra.tic of ‘hydrogen to carbon

”monh_oxide being due to the formation of carbon in the process.

Since the ta.:ll gases from t.he hydr nat.ion unit.s had too

low a carbon content to furnish a synthesist '@.s with ‘a two-t.o-one
ratio' of hydrogen to carbon monoxide, ’tests were mde on the

regenerative furna.ce clm.rging both water and’ carbon dioxide with

the tail ga.s . By this method, a synthesis gas was readily produced.

- which contained a'bout 29% ce.r'bon monox:ld.e R 56% hydrogen and only

a.bcmt o. 8% res idual metha.nc. In genera.l, the carbon forna‘bion wa.s "

somevhat h:lgher when car'bon dioxide was present 1n the reacta.nts

fed to the i‘u.rns.ce A a.mounting to 1-3 grams of ca.rbon per n , 41

cubic mster of synthesis gas.

The carbon formation did not interfere with the operation of .
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the furnace, but the carbon entrained i the’ synthesis gas had to ]

~—be- removed—a,nd.—the_removal was a d.ifficult problem. The carbon

, forma;tion could ’be decreased by.

]

1. Mintaining a higher tempera.t,ure--2 550-2 650°F .
(1400-1450°C.)

2. By the addition of more oxygen to the gas stream as..
it passed through the- connecting chamber L

3. By the use of metal oxides (iron oxide) as packing in
E the vertical parts of the furnace '
The loss of carbon was negligi'ble ;but‘bt“..he removal of th& entrained
carbon from the synthesls @as was troublesame. It was thought the
carbon formation would be entirely eliminated in a larger furnace,

where a more suitable connecting chamber could be used.

oo

" The capacity of the Cowper regenerator vas 30,000 to 45,000
cubj.e f:eet.',of synthesis _ges per hour. This corresponded to TO to
100 cubic feet of synthesis gas per hour per: cubic foot. of pa.clned

furna.ce volume or to 20 to 30 cubic feet of ta.il gas (02 .2 H6 6)

converted per hour per cubic foot of“packed. f‘urnace volume
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MANUFACTURE OF SYNTHESIS GAS
__BY THE KELLOGG COMPANY

(39)

"~ . Iaboratory experiments uiaon the ﬁamifactu.re of syn-
thesis gas’ have ‘been carried out which c_p#ered. the follow<:

1. Conversion of methane with
(a) oxygen
(b) carbon dioxide

2. Conyérsion of clty gas with

(a) oxygen
(b) carbon dioxide

3. The investigation of nickel, nickel-thoria

and nickel-ceria éatalysts(for the above reactions.

__ The experiments were made in one-inch quartz reactors

+

and in three-inch alloy steel tubes having catalyst: volumes

of from two to twenty liters.

In addition to the laboratory work, a paper study
has ‘been made of the problem of commercial manufacture of .
'synthésié —gas .

The results from the conversion of methane with oxygen

showed that:

e~

1. At temperatures from 1560 to 1650°F. (850-

e

/900°C.) eynthesis . @.s could be produced at the rate

Scope of
Work

Iaboratory

- -Results
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of 500—900 volumes of .:,as per hour per volume of cata=-’

1lyst, "with the convers ion of more than 97% of the
Sug T e e
8 o
methane. S : ' !

' 'j 2 - At a t.emperature of" 1u7o°.F (800°c ) syn-
’ thesis gas could be prod.uced at the rate of 500-1L400 °

!
volumes of gas. pef hour per volume of cam;ygp }vith ,

a converslon of about 94% of the methane.
v"’)-v The hydrogen to ce.rbon mornoxide ratio in the
synthesis gas produced. under the above cond.itions :

varied from 2 O to 2. l.

o I

The experiments upon the conversion of city gas (53%
hyd.rogen, 30% metha.ne, 6% carbon monoxid.e) with oxygen

showed. that pra.ct 1oa.11y all the hydroge”n',_rpres:ent.‘..‘.m the

original gas was burned to water before substantially com- .

plete conversion ofj the methane vas obtavined. The water

produced. oa.used the conversion of an appreciable amount
of the: carbon monoxid.e to oe.rbon dioxide by the water @.s

reaction. e

+

The reault.s from the convera ion of equimola.r qua.nt ities

of methane a.nd. carbon dio:xide showed that:

e

(40)

Methane -
and '
|- Oxygen

City Gas
- and

_Oxygen

Metha.ne_

Carbon

" Diacxide

1. At 'tehpemtures' from 1425 to 1550‘5‘. (775-

850°C:) synthesis gas oould be produced at the rate
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, i . . i s o te
of 1000 vollumea of ga.s per hour per volume of ca.ta.-
lyst while converbing the methane to _the e extent of
84 to 95%. : | o
2. At tempel‘atu'res from 1550 to 1750°F. (850~ -~
9SO°C ) synthesis gas could Be produced at the rate
N \
of 400 to 1000 volumes of gas per hour per volume of
catalyst while cenvertiﬁé' the methane to the extent
. of. 95 99% ; .
' 3. The ratlo of hydrogen to carbon monoxide in
the synthesls gas was cne-to-cne. | |
The experiments upon the conversion of city gas with - City Gas
and
carbon dioxide showed that: : ‘ ’ : Carbon

| Dioxide
1. At a tempéerature of 1750°F. (950°C.) syn- o
thesis gas could be produced at the rate of 600

volumes of gas (containing L4.5% residual mt:hane)

per hour per volume of catalyst.

2. At a temperature of 1820°F. (995°C.) syn-

~

thesis gas could be produced at the rate of 700 vol-

umes of gas (containing 1.5% of residual methane)

per houg_pe__g_-___volume of catalyst.
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5. The re.tio of hydrogen to carbon monoxide in .
~# the synthesis aas prod.uced. underﬁthe a.bove cond.itions

: : |
wa.s two-t o-one . ' .

h. The ratlo of hydrogen to ce.rbon monoxid.e in

the synthesis gas could be varied by a.lt.ering the ~ |

e

ratio of city gas to carbon dioxide 1In the rea.cta.nts. .

Of the cata.lysts"- a'rici supports teSted, the niekel-th“éi'ia
or nickel-ceria catalyst on Alfrax (electrically fused alu-

m.ina) appeared to be the most satisfa.ctory.‘ The superiority

ofr the promoted,'“eatalys'bs ‘over nickel alone lay in the pro-

[

ducticn o'f,Te‘ss carbon. ‘ .

The commercial estimtes upon synthesis gas production
covered: V
1. The use of methane and oxygen
2. The use of metha.ﬂne,wea_rbon_ dioxide, and water
-

(a) mdirectly heate.d. tubular.reactors
('b) regenerative furnaces

The prelimimary estimates of the cost of synthesis gas pro-

duction mdicated that the use of methane and axygen or

metha.ne , carbon d.ioacid.e a.nd. water, in tubu]ar furnaces was

much more expens 1ve tlnn the le.st mathod mentioned. above .

)

Cata lyg" t8

Comxhercial-_

~ Estimates
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. I.ater infornation has mde 11t d.esirable to re-estimate the cost

._c.__,
|

of synthesis gﬁs production by the first two methods but the work

‘ v
has not been completed.

¥ ) o
; ‘ ! : ‘ hy ! t i
The reaction of methane with carbon dioxide and water in a

regenerative process seemed the most economical method for syn-

thesis gas manufacture. Furnaces of the regenerative type have'
|

been designed‘to operate at 1800-2200°F. (980-1200°C.) using a
' space velocity of 500 over a catalyst consistingwf fire brick ,
impregnated with nickel. The time of a complete cycle on- the
o

regenerators has been set at seven minutés. The furnaces were

designed to operate at a gage pressure of 8 pounds per square inch..



152002082 O

| | !

MANUFACTURE OF HYDROGEN
BY THE SHELL COMPANY!

|

[

LT”ls “material upon the prbduction of hydrogen was pre-

sented iIn order to make available long-time commercial

- experience with large regenerative.furnaces]oi the type

. . I w —— [ e \ 'I' . it .’ : v | : ’ .
. which have been proposed for the production of synthesis

— 4

aas8 -
i

Three regenerators were in operation, two of which had

beeq,in continuous use for about eight years. In thét”
Period of time, no operational troubles had been encountered,

the oldest. furnaces still containing ‘the original brickwork.

—e |

'The furnaces wvere uéednto'decompose-natural gas, al- - Conversions .
though it was stated that heavy oils could be used with Gas Rates .

~equel facility. Tho natural gas contained about 75% methans

and 25% ethane and the cracked exit gas contained about %

1
hydrogen and 24d‘methane and ethane, about 64% of the inlet

carbon being recovered-as elemontary carbon.  The above re-
"éults corresponded to almost camplete conversion of the
5ethane and about’ 50% conversion of the methane.- The 1nlet:

and the ‘exit gas’ rates corresponded to approximately four

and seven cubic feet of gas, respectively, per hour per

LA

chbic foot of furnace volume‘
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- The furnaces had’ an 1nternal dlameter of 20- feet and  Regenerators
|

a heigbt of 55 feet. Each furnace ‘would accommodate a
i ’ !

throughputlof about 1, 750 OOO cubic feet of natural gas

per day,lwhich corresponded to a crqcked gas output of

2,800,000 cubic"feet per day. The pressufe in the regener-
2 N

oo

”ators was hO to 50 1nches .of water,_and the inlet gas

_entered the furnace at a pressure of 13 15 pounds per

~ . g. i

square inch.

... The regeneratorstwefeﬁmanually controlled and were

A

operated an cycles of 20 minutes. The labor requirements
were three men per shift per three furnaces. Each furnace
" cost about $92, OOO OO and required an additional - blower

expenditure of about $lO 000. OO.»

lTheadiagram opposite (Figure III) shows the flow o Flow SPé??_
through the hydrogen production plant. ‘Natural gas was - Figure IIi
introduced at the bottom of a hot regeuerator, was cracked
in 1ts upward mssage through the hot brick work, and was
discharged froﬁ}the top of the furnace. The hot,.cracked‘

gases were passed into a water wash box through a pipe

A &

- whose outlet was about lh 1nches below the surface of the

water. About 99.9% of the elementary carbon was separated

froﬁmtﬁe'éasiin the wash box, the gas being simltaneously
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SYDROGEN MANUFACTURE FROM NATURAL GAS

Power . -

Temperature = top

Temperature - eontef[ .

I

+20-mirute oyole (total)

TEREE REGENERATIVE FURNAGES
NOVEMBER, 1937
Inlet natural ges 157,569,000 ouefts .%.ﬁg,ggg_q-xg-
Exit oracked gas 250,283,000 - i ‘487.000 _—
Fuel gas 1?,156,(}00 o ’ .
) ' ' ' 00. Calo/ouems)
t 1 68 B.T.Uo/ousfte gas produced (600.
g::moonsv gb o 0,015 lbe{/o:a.f‘l.:. gas produced (0624 kge/ouems)
. Water i 15,400 1bs./hre (7 ouems o)
94,000 KWH/month

_2000°F. (1093°Ce)
2060°F. (1127°C.)

Jv_ ~ Operation

"' Utilities per minute

" Timeo - minse
o . N i : .
. Heat '~ 55 Wastegas 6530 cuefte (15 cue.ms.)
Co o Air 13,400 cul.fte. \(SBO'cu.n.)
Purge 2,0 Steam 110+ 1lbs, (60 kge)
Make 11,6  NaturalGas 2,400 ocu.ft., (68 cugme) -
Purge ' . | - 0eb.. - Steam — 110+ 1bs, (50 kge)
. Blast © Qb Asir 13,400

T S

Gas Analysess % by 7ol;xme
. [} |- R

cu.ftes (3800 cuems)

Constituent  Natural Gas = Craoked Gas Wutem%ah\

|

co

e --- Y
O2 _ | m—— 0.1
CcOo = enan ' '-107 o
534 7;.3 | 7]:_&3_{___
: ° T 2862
CoHg ‘ 22,7 0.8
Nz . . . 193 106 ‘
Calorific Values . o
- - HHV © 10,900« . 4,750+
m 9.840 4.170 L

|

|

oo |

4.9
0.l
.2
2.2

83.1

2.0
4.6

8‘,350 -
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‘gooled rrom about 2000°F. o 140°F: (1100 to €0°C.). The

\

gas leaving the wash box flowed through two direct water-“

contaot coolers, where the temperature was lowered to

5& 68° . The gas then ssed to a Cottrell precipitator
Pa

\
in‘order to remove the last traces oi carbon.‘ Hydrogen

was separated from the clean @as 1n a Linde type plant,

the hydrogen going to the ammonia synthesis plant and the
|
resldual gas_was burned in the furnsces.
| -

- - . . . ) |

. | The statistics in the tabulation opposite (Table Ll),. - Operating
vere given as representing typical operating data ‘being .——22227::
taken from operating results for the ‘month of November, 1937 Table IIt.
The figures refer to the overall operation of the plant, o |

that 1is, three regenerators -vperating for thirty days.





