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 The em&ﬁeeie @e used’ at Elolten was e‘b@aﬁn@d ‘by

treatin@ coﬁm with eteam %o mke weter ge and eume«{-'
»quently etmverting enough of’- the ‘carban’ mmcmide 5 by
treating with more eteam over a eate.],yet, _to mintain :
the hydregen to ea,rbon mm,oxide mt:!.o e.t tvo&to«none- |
When the eyntheeie plant was - opemted at etmeepheric
'preeeure > the ce.r‘bm dioxide wae’ not, removed frem theﬂr.
aas: but we.e paeeed through the em‘bheeie cmmr e.e an

. 1nert és. When the eyntlmsie pla,nt vee opemting at .
seven atmoepheree » 1t vas plenned to remove a ]arge

lpa.rt of the cerbcn di:cxide by ecrubbing the @e with

water. o .
R T ST :-:-., . T .
The gae genemt:l.ng p]ant cons:lsted af eleven Denagé:.f» . Gas:

generatore, eyatem Eumphr:les ’ which were opemted auto--yi
:naticelly., Coke was charged to the genemtors in 'ba.tches
.;,,of MI»O pouxids (200 kilogram) at th'z'ee minute mtervals.
The cycle of three minutes was d.:l.vided about equally
__»between blowing with air, blouing with eteam from top

end blawing witlwteam frem\bottem.f The reveraing vmves, ;
| which were operated with eteam a.t a preeeure' of ebont la-o

pounde per square :lnch, required two to three aecm&a for



and the @@e mveeewe in the g@nemtm@ fr@m 105 m@ 2
poun&e per eqmere incho &eh gemmtwrwae e@uﬁm@eﬂ wﬂ:zm
one high mﬂeeewe (265 pmm@e per equm'e inch (18 a'mee-
phera)) et@am bo:ller fer waste hee,t an@. with a8 fumee
Jeelget whi.eh pz-oduced. low preeeure eteam (&5 pmn@,e per
sq,uare 1nch (2 .5 atmeepherea)) fm' blwmg tne furnaceeF-

mch of the generatcwe ma a eapaeiﬁy of a'bout Co
,282 000 cu‘bic feet (8000 cubic metere) ef water @e per |
hour > equi;valent te—}lo, Ooo—cttbtc‘“reet (8800 cu‘b:l.c metere)
of synthesie @e per hour Each generator vae down for o
»repairs r.mce each year for four-to-five veeks » ao that 1n
contmucms full scale operation ten of the eleven gen-

.eratqrs “0“1‘1 51"’535 be 1n uee. 'l‘he mintenance on: the
\‘ - .‘l.'v"f,_" i

generatore amounted to about 5% per year

Only four generatere were 1n uee at the t:lme the i ‘
plent vas v:leitea end 'bheee Were pro@.uc:!.ng 1,2!&0, OOO - ,\ f
oubtc feet (35,000 eu‘bic mtere) per: hm oﬁ' water gaa , |
5&-0,000 cubio feet (9650 cubie meter':‘f) *per heur of: whieh

‘were takenfromthemfm gaseez-eam :

“ear'bm monmide converterm and. then

reunited wit







Ne
.min ‘stream. Table I shcw"ws’ the gas composition ‘and quan- Tabl_e“. I
tities for the ga.s p]ant. The carbon monox:ld.e convers ion

was accemplished. by pas&age of the wa.ter gas toget.her with

;» steam over a nickel catalyst a.t about 900°F. (h90°c ).

Other cate.lyats could 'be used.':ln p].e.ce of athe‘ nickel, for

1exs.mp1e. chromium oxide, iron oxide, et.c., but with no

particu]ar advante.ge .

G e—

The harm_t‘ul impurities in the synthesis ‘ga.s: vere: - Gas
’ ' . _ Purifigtion

s Hydrosen sulfide
2.-’ Organic sulfur °°mp
3. Resin-formins mterials

-
!

- The- ‘hydrogen sulf:ld.e ca.n be removed by use of any
of the several processes used in the gas industry, far
example, by means of bog :l.ron ore or extraction by )
| scrubbing 'I'he orga.n:lc su.‘l.fu.r compcunds can 'be removed.
by reduction (with the hyd.rogen of the syntheais ga.s)
to hydrogen su].f‘ide by rassage over a catalyst at tempera?
tures 1n the ne:lghborhood of those used for the synthesis
reaction, follcxved 'by removal of the hydrégen sulfid.e.
.Theresin-ferming m;.terie.ls my 'pe,largely _eliminated by
the cholce of the comgi.itions used in the synthesis &as '4

mnufacture. They mey also be removed from the syntheeis

ens Byiie.dserption’ on activated charcocal.



i T

The sulfur purification of the gp.s a.t Holten con-w

Ve

e:lsted of two stepe.

1.. Hydrogen sulfide. removal

2. ‘organtc aalfu‘r removal

The hyd.rogen sulfide removal vas quite similar to '
-_tlmt ueed 'by city gas mnufacturers in that the gas vas
ccrnta.cted at low temperatores--75°F (25 'C.) enter:lng,
and 90-100" . (35-uo°c ) leaving--with porous, hydrated
‘iron ox:ld.ee with which the hydrogen suli‘ide reacted to
_ form 1ron sulfid.es . A snall amount of oxygen wa.s a.ddéd.
%o the @e before ’en.ter:lng the hyrlrogen eulf:lde removul

etage, the. function of the oxygen being to exidize the
: eulfidee to sulfatea eE at"‘Ieast partia.lly y—and thereby
| mcreaee the- length of time tha.t the iron oxides would

effectively remove hyd.rogen su].fid.e.;,,,

» The conte.ct used. waa3 Inxmsse containing not more
than 50% water. Without any pretreatment s the a].ready
poroue Luxmese was placed in 16-20 1nch (k00-500 mm.) -

_layers in towers accommodating 16 lnyers eaoh. The @.s

entered the tower from the side and the piping was such ,
'tha.t the @.e strenm could be directed over only on\e acn-
tact—hyer_or—evwany—number—of—layere*hreew

.‘ Hyd.r

' Su.‘l.f:l
Removal

Hydrogen..
Sulfide
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actual _proced.ure being dependent upon the age of the con-
tact, the amount gt"”“hyd.rogen sulfid.e 4in the gas, the ga_._s _

A v

velocity R et;ca ‘I‘he usua’f é’a”s we*loéiﬁﬁ“’ﬁhrough thc thers -
ij.':was—about 0.2 feet (6 centimetera) per second Normlly,
. 700,000 cub:!.c foet (20 000 cubic meters) of gas per hour

was passed. through four towers R each containing lh0,000 ‘

e |

- pound.s (65. tms) cmtgct, but through only threeutowers B
| when a tower was being recharged. In recharging a twer >

only the top 80% of old contact mess was removed from each
- tray and replaced. by fresh mterial mixed with the- rema.in—

ing 20% of the old. conta.c'b ma.sa. )

L et

Ordinarily water ,gas -made from coke was sa.id. to con-v‘ " ‘Hydrogen _
T Sulride
ta.in from 230 to 280 gra.m of hydrogen sulfide per thousand Cantent |

cubic feet (8-10 grams hyd.rogen sulfide per cubic meter),
but the ens made at Holuen contained., -on the’ a.verage 5 only
,85 grams per thousa.nd cubic fect (3 grams ‘hydrogen sulf'ide

A

per cubic meter)
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. ‘I‘he c:rga.n:l.c aulfur removal was accompliehed by passage

\

'of the gases, after ‘the. hydrogen suifide ‘removal, over & .
:"mﬂ.xture of Luxnaase and- sui:lum carbona.te at h:lgher tempera-

N 1

tures,lﬁ570°F. (200-3oo°c ). o .. 4:-{

. The. or@nic sulfur compcunds were present to the ex;
tent of three-to-four gra.ms of’ sulfur per thou.sand cubic
feet (12 15 gra.ms sulfur per 100 cubic meters) 'I‘he )
or@.nic sulfur compounu.s consisted of a.bout Loo carben-
cxysulfide and 60% carbon d.:lsuli‘ide » wit.h only tx-a.ces
'of merea.pt.ans 2 sulfides, etc. All these compound.s were

f-.‘reduced. to hydrogen eulf:lde by contact vith the ea.talyst
1n the Presence of . the’ red.uc:lng atmosphere “pf the syn-

thesie gaa o 'I'he hyd.rogen sulfide then reacted with' either

' the soda or iron oxid.e to form, respectively,sodium salfide -

or iron eulfide. The smll amoum; of oxygen in the @.s--
.2%--s<—.rved to oxid.'i?c the sulf‘idea to sulfates and ’chns ‘

prolong the useful life of thé- con‘bact.

The gas m-eheater for the or@nic eulfur removal step ;
was desigzed. to heat. the gas to a naximum temperature of
: 660°F. (350"0. ) although the actual ‘a8 temperature averaged

,about 550’15'., (275"0 ).'v 'I‘he fuel gas requirements for the pre-

heater were a'bout 11,200 BoTeUe per 1000 cubic. feet (100

—~kilogmm—caﬂ:crtee—per“eub‘rc meter) of eynthesie @s .

()

Sulfur :
o Removal

"Preheating
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Ord:lna.rily, the ta:ll gas rfrom the synthesis ple.nt was. used

as f\iel for the preheate,r. , o
f [

' The @as preheater eons:l.eted eeeentia.lly of a combust:lon ,
. chamber lined. w:lth refra.ctory brick. work, fitted. with a gas. |
»burner ’ a.n a.ir blower, an:l a- flue-gas circulating blower.
The latter blower was 80 regu]ated. that the temperature in
the combustion chamber wae ma:lnta.ined at 1h70-1650°F. (800-
| _900°C ) The ‘a8 hea.ter proper was .a tubular heater, of
heat resistant tubes. Spec:lel attention had to be paid to
the expansion of the tubee o " A

The towers for the organic eu.‘l.fur removal were of twvo . Conte.ct
T ' Chambers

1 types
‘1.. Screen tovers

2. Tray towers. -

The former consieted o:f' a ser:lee of removable screen
tra.ye vhioh he]d the catalyat- 'I'he ecreen trays wcre re-
moved from the tower Ja.cket by means of a crane for filling
or ﬁiecha.rg:lng There was no particu]nr &dvantage to either
R type of tower. except that a - l:l.ghter crane could. be ueed for
' changing the conta.ct in the: ecreen type tower. :

'I‘he crude 'v'@e_, enteped. e.t the_}_;actomaﬁ* the tower and -
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wasg distributed in the inner cylinder over the four s/creen

trays. _ 'I‘he dietribution we.e accomplished through four

vertical @s cl'annele a.t the periphery of the Ainner cylinder.

- The- purified. gas flowed through slote into an outer a.nnu]ar :

: o

space and thence to the ens outlet.
R '/

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

. i e e NG
* sea‘led. the crude gas compartment from the Glean @e compart-

ment. 'I‘he cover wa.e _corm@.ted to a.llow for-thermal expansion.

——

The eeccnd. type of tower was fitted with two perfora.ted.

sheet cylind.ers of d.ifferent dia.meters » 1nstead. of the screen
tra.ye described. above. “The purifying mass waa contained. An -

the a.nnula.r spa.ce between the peri’omted cylind.ere . 'l‘he inner
'perforated cylinder was d.ivid.ed. into severa.l sections which o

- could be removed. frcm above. This conetruction md.e it possi— -
lble to discharge the tower c;w;;ara. The rav -gas flcwed into .
the cuter annu]a.r apace of the tower then thrcugh the &ater
perforated. cylind.er, through the contact ma.ss and through the

inner perforated cy.fl.ind.er and then. outof the tower.

‘I'he or@.nic sulfur remova.l was accmpliehed by pa.eeage of Gas
Rates
the eyntheeis @.e through two tcmers in seriee at the rate of
700,000 cubic feet (20,000 cubic meters) per hcmr at a tempera-
ture of h00-570°F- (200-300°c. ). Each tover contained’ 1uo,ooo

"“_L55_tona)+_on_§500_cubic—feet (160 cubic ‘meters); of
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contemss.f ‘These rates were thought to be safe for a
@.s containing five-to-six grams of orgsnic su]rfur per
thousana cublc feet. (20 gre,ms per 100 cubic _meters )'and

: were used at Holten althoubh, as previous ly stated, the
@,s aetually conta.:!.ned. only three-to-four grams of oraa.nic
sulfur rer thousand cudbic feet (12 15 grams sulfur per 100
cubic meters) The reasan for ma.inta.ining the lower gas

ra.te with the purer gss wae to allow a mrgin of safet-

»-\\

The ca.talyst was removed from the tower which con- - Life of
1 : -Contact
tacted the fresh synthesis ga.s when the conta.ct mss con- o J
ta.ined 7-10% sulfur. Thus the 1ife of the contact was
depend.ent upon the amount of sulfur in the synthesis ens .
The twer tha.t had ‘been last in the series was then moved.
into the first posit:l.on and - a newly filled tower placed
last in the series . On the average at Holten s 8 twer wvas -
kept in the last stage by days and then a like time in the
first stage. It was necessary to cool the tower ‘befare
empbying, since otherwise the spent ea.talyst had a tendency

to oa.teh fire on exposure to air.v .
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The following ta.bulation shows: the sulfur content of " Sulfur’
_ ——— _ , o - Content
. the grses at various stages. T T : ‘
L - ‘f B . 1 . T . ’ After . ‘»- . After
’ _ - ~Inlet Ast Tower 2nd. Tower
BpS - g/1000 cu.ft. . .. . 0.1 0. 03 T .,o 03) 6
Organic Sulfur - g/1000-cu.ft. bo - 0.3-0.6 0.06)
' HS - /100 cu.m. . . ok "o _0.13' ‘
. : ) . 7 . : R : . T , 0-?
Orga.nic Sulfur - g/100 cu.m. = 1"'6.'. - 1-2 - 0.2) ‘
The total sulfur was ana.lytically detemined by passing
. the gas over qua.rtz pileces a.t 1800°F. (1000°C )snd. pre-\
cipita.ting the resultant hydrogen sulfide as cadmium _ |
sulfide. SR T
The contact for removal of organic sulfur compounds - Contact
: for Organic
consisted of 33 parts sodium oarbonate and 67 parts of v . Sulfur

'\ __Removal.

Iuxmasse on the ary baeis. The_hzxnasse conta_ined. 7-1‘0%»
_8soda as received so that it was oniy necessary to add

soda to bring up the soda content to the desired 33 parts.
- The soda and. Luxmasse were t.horoughly m!.xed, formed, dried.

and screened, the details of which will be given below

since there was a defini_te technique involved:

Inxmasse :ls the resid.ue from the. extmction of - Inxmesse
—alumina—fronr‘bauxite—rb“wa_ stored. outside and ‘expoded to
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the weather and. consequently 1ts water canteht vvaried. w:lth
~the humidity of t.he a.ir and. with t.he minfe.ll. The water .
‘content ranged from ll-0-60% over a pbriod. of one’ yee.r, “the
average - be.’mg a.bout 50% It wa.s unnecessa.ry to e.d.Just
the water cont.ent. » ’uut at least da.ily determination of the
water content had. to be mde in ord.er to adJust the soda
to Luxnasse ra.t.io. It vas stated. tMtAany highl}vporous
ircm oxides or hyd.rexides could be substituted for he.
Inxnnsse 9 but that burned. mesee should be avo:lded. 'since
the vburning usua-l,]_.y destroyed the poros 1ty. The apparent .
d.ensity oft.he Ia;xnnsse_ was 0.76-0.78 .
Ord.inary t.echnieal grade sod.e was used s which wa3 Soda
a‘bout ha.lf sod.ium ee.r'bonate and half sodium hydroxide N the
‘eod.ium ca.r‘bonate containing a varia.ble vater of eryste.ll:lz- .
atian. The fTigures- given for the ra.tios of soda and I.uxnnsse,
'however, were' caloulated on the tasis of pure sodium carbonate.‘-i
Figure I :opposit.e is a Vsc‘hex'nﬁf.ic, flow sheet of the . ,Eiowi‘%ﬂéétf_
o . for
pla.nt’ for the manufa.cture of‘ the contact for removal of = . Manufacture
: v of Contact
the or@.nic sulfur. The varicus operations represented. : for
Organic .
cm the figure will be d.:!.scussed sepe.rately in the follow- Sulfur
: : e '._lﬁa.r_-;o_va_l__.
71n8 mmmphs R e e et i et g
. - - L - re I
~The mxmsse mmemma—mmm—almm@h%—mmg*
' Imsee
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The 'batchee then prepared» were of oouree ; dependent upon

the equipment sizes e.nd. amounted to.

A

y \' ! “ o
1529 po\mds qumeee' (50% water) R (600 kilogra'ns)
' 220 pounds soda (ary) 1+ (100 kilograms)

ll-80-500 pound.e of“ finee from /ecreening (220~230 kilogra.m)

The 1uxna.sele‘a‘.nd eoda. were add.ed together as eolide'to-
the mixer and stirred for fifteen minutes, d‘uring which .
time the tempem.ture epmtanecmsly rose to 100°F. (55 Cc. )
or higher and- the mirture 'beca.me ‘fluid. Then one-half
‘of ‘"the fines was added and’ the mixing continued. for ten -
minutes .o The reminder of the fines vas then ad.ded. a.nd
the mixing continued. for five minutes longer, at which _

!

time the mixture vas ready focr.- extrusion. :

| The mterial from the mixer, vwhich was not provided 3" ',Ehotru_sio_li"
with heating coila had to be extruded within a certain ) h?lfix:f:ere
definite time or the nnterial would. solid.ify a.nd. could ‘be
removed only ,vith_ great difficulty from the .mixer_. ,Th_e»
‘solidified material bad to be discarded. The solidifica-
tion took ‘pla.ce' m;my'at tempera.turessbeunc 90°F. (32°C.) .
a.nd leee mpidly at eomewbat higher tempereturee o The B

eemi-fluid mixture wvas fed to a Peesiereieb, whioh wasg a

: smll ch&mber with a perfomted. eteel plate as a bottom and

N proviﬂea with mollere anﬂ. 'bladee to i’oroe the mim:tuﬁe threugh
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‘the peﬁfgmm .

"":

-l Tomel ot

The perfomt.ione in the bott.om plat.e were preferadly

abcut one centimeter :Ln d:lameter for the d.es ired part.icle
{
eize-’-froml5f\-15 m. N

|

- s

The“Pa.eeiersiebs' were of two sizes:  * .
‘ \ 2 ees

vl':{ Perforated. plate, 52 inches ' (1310 mm. ) in
d.ia.meter with h9-inch (1250 mm. ) arms

273 Perforated pla.te, 37, ln,hes (9l+0 mm. ) 1n
" dilameter with 35 inch (880 mm . ) arms

—The smller Paseiereieb worke¢ maich better tha.n the
]arger one, d.ue probably to the better feed. d.ietribution
in the sma.ller epparatus .-‘ At Hcl;:,en the prepared. mixture
‘wasfed x{o the Paeeiersiebs by hand ahovel and as a con- 3
sequence t.he extrue 1on was not.~very efficient. from the

st.andpoint of la.bor. F:!.ve-to-eeven chargee vere prepared

i !

per eight-hour shift per Passiersilebd.

The naterial fro:m the Pe.esiers;ebs fell directly anto
the top tra.y of a Buttner drier, which will ‘be d.escribed
:Ln more d.et.a.il und.er the section dea.ling with equipment.
The drier was hea.ted. to slightly a.bove 212°F. (100°%. ) in
onler to mixﬁ;ain the ee?oalyet at a.‘bout. 212°F. (100 C )

—Steanrat—a—preeeure—ef > 265 pmnﬁs—pezuequere—tnch—ew—w

atmwpheree) vas, ueea. to hea.t the periphery of the drier

C(ew)

‘Drying the

- Extruded
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'a.nd. the exhaust. steam from th:l.s to prehea.t the ai.r circu-
]at.ed in the drier from bottom towards the top.v The
!
ca.ta.lyst lea.ving the drier should conta:ln a.bout ]2% vater
in_ order to ma.:l.ntain the porosity. '

e : N vy

The dried catalyat was screened into three sizes : Sizing
fines leas ‘than five millimetere, useful from 5 to 15 |
millimeters; and larges more than 15 millimeters .. The
'fines were returned and remixed with fresh I.uxnasse a.nd

soda and. the la.rges vere crushed a.nd res creened...._ .

T __,_E?hé p_lant forb-prepara.'ij.ioo of the sulfur removal - Capacity

- | - of Plant
contact a.t Holten consisted. of four mixers ». two Passler-

's:lebs, and. two driers, with screening a.nd. other facilities
.in proportion. The oapa.city of the. pla.nt. was . about 57 ,000

. pounds. (26 tons) of d.ried. oa.ta.lyst. rer day. N
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I
. Cyclie organic ‘sulfur compounds ‘were not- removed ”by ) Resin
— R B \ . Forming-
the organic sulfur removal treatment. It had been de- Nhteris]v.s

termined that somewhst less than 0.1% of "ta.r-forming"

‘_,..- i

su’bsta.nces were present in the purified synthesis ens
at Ruhlanda- A sample of the tar-forming ,s\zbstanoes was
distillation nade_.A The various fractions were pra.cti-
c'ally '-free from sulfur with the exception of th_e, frac-
tion boiling at 2!48—206°F. (120-130°C ). - The various
-frsctions were ret.zrned individually to synthesis gas -
and the. @s passed over. synthesis os.talysts. ‘Only the
- fractlion 'bo:l’ling-2h8-266°F2 (120-150’0.) ha.d_.'a.ny_detri-‘
mental effect upon the synthesis os.ts.ly.st. Re'peated '
passage of synthesis @.s conta.ining this fra.ction over . |
the orgsnic sulfur removal contact failed to lower the
amount of sulfur It was thought ths.t the most: effec— :
tive way in which these undesirable naterisis .could be.
elimina.t'ed‘ from the synthesis gas was by the passage

of the ens - through a. tube heated to about 2000°F.-
‘(1100°c )+ . These resinifying mterials were. thought

to ‘be chiefly responsible for the dea.ctivation of the
synthesis oa.talyst with use s Since they were depos ited

on the oatslyst snd transformed into resins which ul— |

timstely b‘.lsnketed ths oa.ta.lyst .





