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_'production.
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2 Gas groduction.

The raw material necessary for the process is a :
synthesis gas which*contains Co—and 32 in- the proportion of A
about 1 -~-2.. The/prooes ;_vis not “bound ‘to an exact maintenance_

of this proggr:c;on With -a-lower: content of: hydrogen in the : 'l'
_~synthes‘.le gas; ‘the hydr carbons formed contain mors ole:fines.
T For the production oi‘ the synthesis gae,any fuels
which may be. gasiﬁ.ed ‘with steam can‘be use:
: " The following typeTEf—fue _may be applied::

1 ) Coke._(High temperature ‘coke. or low temperature coke
made “from”black-coal or brown~coely) :

EE
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“3.) Non—cokii_xg b:lacgtn--cog;l

By«thé gaeifiehtion with etcam, eyntheeie gae can :

: also be, prodhced from non-coking ble.ek-coal, the variou.e h
-gaeiﬁce.tion proceeeee requir:lng different eizee_of grains
;and eeh melting pointe. ’

According ,tQ\he properties of the coal, variou.e

'gaeiﬁcation proceeeee may come under'rconeideration.‘

Chember oven hee.ted from outside,

. gaeification with oxygen e.nd eteam, V‘

'or also: normal water-gae generetore if" the
‘Iump-gigze. of ‘the coal;". 8trength of ‘gagifi-
“'cation and:.ash melting point are sufficient

_,for_thieemethod.-_

“The* gas:l.fication of“‘rown coal cen also be carried-

out according to the same proceeeee mentioned under 3. ),
: except in: water-gae generatore. ,Furthermore brown coal in Y
."A',:dust form mey be gaeiﬁed. All proceesee of gaaiﬁce.tion
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,before the aynthesia takee place so that the aynthmta 585——
-,containe lese than b;2 grhin per 1oo cu.m. The removal of A

—%

_ceases—lmown'in’t Y gas :lnduatry e.g...fl)\merans of-bog_iron_
ore or washing - The :t’inal puriﬁcation for tlie removal of . )
organic sulphur ia done aocording to ur' prooesa -by mean oi’m

'*a speoia:l. a'bsorption material. The procesa works as follows-

: The aynthea:l.s gaa freed from hydrogen sulphide :ls
_‘heated :Ln Y tubular contrivance “to: ‘an- average of about 230°

'7‘ and flowe through two ﬁne purifiers whigh'are fcomxected in

use“ of activated carbon.‘; :
: The efficiency o:t the ﬁnal_purifier :I.




at the average » 'Lﬁ;of theﬁaperating period ia
about 275 C.__The heeting gas requirement:emounte at ani

perature of the combuetion chamber e
i 900° G The gae supply ie determine
rature ‘of. the eyntheeie gae. The'gae'
atructed ae a tubuler heater accordi'




purifying mags lieo in the annular spaoe between the two per—
.forated aheet cylindero. The inner perforated aheet oylinder

above._ !l‘hie construction nakes’ 1t possiblo to discharee fhe
Sower: downwards throush the :lnner perforated shoot oylinder. .

the ‘outer azmula.r space of the tower and from}there it isa
uniformely distributed through the ringlike position of” ‘bhe
{mass into the central tuba-in order to" come-out through the

":‘a »recirculating blowor and an ordinary washing coole “may
‘be built in. The cooling ca.n ‘be effected by the circ
;eynthesis gas.,;- R




3 end c -hydrocarboﬁés
’.l‘he life of 13'




The at ehed 'tableo 1 and 22 and the d:l.agrame

'characteriatic ~£eatures of the l:l.quid producta made for the

synthee:ls operating without preaeuro and for the aynthesia

'-,;;:fthe‘ eynthesis gas charged, the quantity of residual gas S
:_amounta to 30 to 15 % oi’ the eyntheeia gas quanti

) The G ntactv chambere a.re’ supplied at_, the upper
'-i;»with synthesis gas which pasges. :from the . top downwarde s :
through the catelyst. The catalyst reste upon screen raye
'_which cen ‘be. opened 80 aa o enable an easy downward ase-
;{charge.\ The reaction._heat o:t the Ksyntheeie‘ ie ‘transi’ered
”_to ‘a water-éé,oled pipe ayetem and 1ed 0ff in’ the form,of‘
'.“eteam. The ooling syetem is therefor '_under preesure and
-'_-‘oonnected with & boiler- drum according.nto the kind of steam
'f’boilere which are fitted with .the" normal -~+eam boiler ar—
“maturds.. ‘; §_:
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.- The operating temperature of -the catalyst ‘can be .
‘ easily controlled in’ the present caee in that the steem e
pressure is’ regulated.,.ﬁ- o
_ll;w;ﬁ For the’ removal of the spent'catalyst, the contaet
chambers are fitted with a trough from which the catalyst'r
is delivered by, means“of a movable scrapper-oonveyer %o
transporting vessels.:T‘ -\\\
',, o In oaoe of the synthesis oarried out under no
pressure, the contact chambers are: constructed according to

: The'rectangular chambers are traversed by
: boiler tubes in horizontal direotion. Vertically t__

»mor~the like through~them. _ X
o The gas delivery~pipe with installed orifioe.which ﬂa
; Bypﬂrvxsewth ,gasﬁloah;in;e#ery chamber is situatédﬂ
"in th removable @ vajl\mhe cooling pipes proJectathrough i
1the front: walls ‘of: the contact ‘chambers and are: rolled int r
'eeme. The cooling pipe ends of the collecting boxes are-fitted
'into groups which are. welded to the front wall of'the eynthe-iu
-sis—chambers——Theee“collecting*boxes~are“connected‘with*the‘ :
boiler'drum, similar'to the’ sectional stesm ‘boilers.
- i The. screen f‘aps which serve as’ a bearing face’ for
:the catalyst are: built according to- drawing N 106/"“" >
_they can be operated from outside during “the’ run. Generally
:four synthesis chambers are ‘combined to a block fitted with
a common steam accumulator. Such an arrangement is shown on
“drawing ZM '06/ g The synthesis chambers are completely
'.ineulated. : :
A (At the synthesis under increased pressure,‘the'{]f‘fv
ocontactxchambers are cariied out(a cording to drawing M 106/14
~and A8, They: onsist of ‘wrought iron cylindrical ‘boilers’ -
—Lwhich are arranged vertically ‘and. which are fitted_wi"
’Ldouble pipe system«between ‘the, two pipe plates as sh wh. nv
idrawing Zi 106/18. “In ‘the. annular ‘spece. between “the" inne i
and the outer tube there is the catalyst. The cooling water




1nner tubes 'In this way the reaction heat'can"be intensively -
discharged. The syetem o:C cooling under ’the. generat:lon of

supply at these contact chambers :I.s likewise done from the )
top downwe.rds. The arrangement- of four such contact chambers

-'"synthesis section and a eynthesis ‘Se
creased pressure :

.

is connected thrqugh' the hydrogenating fumaces- The pare.ﬁ’in:'._';

contained in the catalyst :ls th_ eby partly converted into -

,rof gas rich in methane is taken out. and
R b -;'



: ‘ " The remaining} ‘roducts ’are discharged with the :
. dua ; gae o:f* the eynthesie and 1iquified in the condensation.

s .The following pipe linee are: necessary for_ the :
f_,_-; ccoling system of the" syntheeis chambers. S
- - : T-‘eeﬂ water«linea,_steam.‘lines..fcr»middle.pxesauret
and :low. p;essure :for “the diacha.rge ot the steam generated in-:---‘,
‘-~ the- synthesie and 8- connection ‘for high pressure steam to .
. ‘each eynthe?sis cha.mber for *he hee.ting-up, furthermore

-

oigh’

- | | -:'-"ﬁ?f:«- ;
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the preeaure :ln the ‘ateem epaee of the boiler drum. The go-'
- vernor. is” “to be eo eduipped' ‘that an eaey adjustment of '
preseure from 4 to 25 atmoepherea ;I.s rendered poaaible. B
- - The" gas quantity put through each contaot chamber.ie
determ;lnod by . indioatirg or:l.ﬁoe meters. For supervising the T
,-gas converaion 1n “the’ contect cham‘bere—y it 1s advieable tor_,r,.,"'
_-‘inetal a. number of automatic :metruments for _the detemination "
‘of ‘the 002- content 4n the end-gaa after the eynthesie chem— -

bere..These /instruments show the degree of oonversion in: oaoh '
:Lijindiﬂdual; "ov"ej JThe’ degree’ ofconvere:lon -the .ges’ in the i
2 ) whola plant is’ determined by gas qunntity_ tere before afig
;~'a£ter each sy_njheeie atage. Theee contrivancee ﬁare most im -
.Vportant for the control; of :the- eyntheei ' 1
would be recommendable ~~adopt measuring ',devices for feed"' —
water, eteam,v.hydrogen,».regietration of the gas preaeurea "
and steam preseuree, contrivancee for "the exemination of the
_preeeure loes inr_the gae during :the. paseege through each
: contact chambe '

delivered to the cooling waehere which are 1ined with acid
proo:f hriolmork and" which are: packed with ‘acid. resieting ot
stoneware /rings. The cooling waehers aré. eprayed-i with water -
which is in circulation. '.l‘hereby the ‘hot" syntheeie gae 8
" oooled down and the heavy boiling frectione of. the syntheeis
product .are’ condeneedﬁ The’ eeparation of. the oil _from the =
waeh water takee place in. eeparate pits w‘hich are'l- e \_
with acid: resisting bricke or in- ordinary separating tanks
aecording tof the - speoific gravity. ‘l‘he wash water 15 then
recooled and uood Ags An," The s parated :f.’ractione repree”ntl
o bout 50. % of the whole productT_ 1th'an—initia1—boiling o

f

. temperature. of about~130 Ce

R



e ! The gaees leeve the cooling waehere at a. temperature
'cf about~25° Q- and -fox. the reoovery o the', 1ight boiling j
.fractiongl_tggy are. waehed—eitherimith—oil or in the well:““ o
known'menner they are delivéred to an activated-oarbon plent.
:In both caeea, the- 03 and 04-hydrpoarbone formed in the. .
eynthesie ‘may. be: recovered to g-great’ extent. Phe’; absorption,
of the: liquid hydrooarbone—ie complete so that practically
no. loee of benzene dboe ‘teke place in: the’ residual gae. i
The liquid products recovered in the activated-v i
2-ce.rbon plant‘or in the oil‘Waehing plant represent approxi-
lmately So % of the whole liquid producte “In addition t0.
“seme’ 8180 propane and butene, prcpylene and butylene ere ;1_
freoovered. : . EEi

feheet i on and an intermediate bubble tray are inetalled in
.the wrought“iron jecket.;The Jecket including all connecting

traye and for the bubble tray coneiet of eicromal eteel. The
tower__ie.eprayed in three stagee by means -0f “the~ central
water dietributing nozzlee. This devioe is 1ikewiee conpg;;
etructed of aicromal eteel. The'top epraying_;e eupplied

kept emall. Siroa tne greete//;part of the organic acido N
developed in the Byntheeis/remains in the circuleting oooling :




o !I.‘he 'gas . thus treated leavee the cooling waeher at a’
temperature o:f about 25 - 30° c and"v‘vithdrawe“all the hydro-
carbone up to the final boiling point of about 170 N RE _
The< removal. of. these products from tﬁ gaa does” not neceeei‘""‘

_tate. any_epecia.l oontrivances. ,It 48" therefore unneoeseery toA
1ve a detailed deeoription Just now. B

2 ) Smtheeia at'linoreased greaeure.

‘v.-,,tl.‘he renaining part‘ of’ ’the“‘hydrocarbone produced iB

-.'pressure syntheeie,_the condensation 15 facilitated :
. 'increaeed"pressure and can te. carried along down to
. _boiling range “of 140 c 4n“the” indireet coolers.;', inc

"ratus connected behlnd.‘ The condensatign, ombinedwith,th_
L0il- waehing can be arranged An auch a Way that automatically
'va certain fractionation of the productsﬁ', is obtained. Approx:l.
Tmately 20 % oi’ 1iquid product and : ,
—eu.m Z_('CO ,'+ H2)' c. .hand c4—hydrocarbons may be produced :an} tne_:
oil waehing o - 2




}{e;)'iurtherltreatment.

o

) The further treatment of the primary products depends

. upon the desired final products. ‘A regards the’ possibilities
“of using the primary products thoy must .be - characterised as i

follows- Ll ' .

s _.1 ) Svnthesis under atmospherio pressure. (see table 1 )
: ' " The’ recovered €, and-C,- hydrocarbons containing about
‘ 60 % of/C4 ‘and 40 % of C: hydrocarbons of which 50 %each are.
: saturated~ and unsaturated.‘ The u.nsaturated hydrocarbons can be

polymerized i~ the well known menner to ‘the high valuable S
-‘ polymerization benzene. The saturated hydrooarbons are usually
7 £illed’ in liquid i’orm into bottles under a pressure Jof 1o =, 15
e atmospheros and"'serve ae-—liquid -motor fuels—for—lorries or s
. domestic[ gas for lightening and burning purposes. T

according to the Research’method:;re'covered in the activated ;
“cerbon’ plant: r' 0il" washing ‘have; o,nly “to- be- stabilized in:order..
to give & finished motor benzene ‘in the mixture with cracked
benzene and polymerisation benzene ‘or with benzol. o =
L The 1iquid products which boil at a higher temperature
than about 145 c consist of" so-called paraff'ingatsch in the 3
emownt of 20 % with en initial boiling point of” EBGUE320 e'
and 40 % consist of a "diesel—oil fraction boiling between 200

: and~ 300 G, about 25 - :
limits of 146.~.200% .C. and about 5,
tions between 3oo° and 3zo° c.

:v'_;j;gas oils as regards vthe initiality. This fractio' is therefore
:_well suitable to improve inferior diesel oils or 0 'p oduce a
"galeable’ diesel cil in a’ mixture with ooal tar o» |




, "15" pow

, The paraff:lngateoh serves as raw material :for the
‘manufaoture of plate paraffin wi’ch a melting point of 52° c’
‘end -of ‘hérd pareffin with e melting point of es*-’- 90 c.
2. ) Smthesis at inoreaaed PTOSEuUre.
e The products are mostly‘ of. parafﬁnic character
_,cording to the table 2. by increaaing the proportion of heavy
‘boiling products. In particular the proportion of t_lﬁj;;ght




_ 1.7;.{
. -‘At.theé- synthesie under increaaed pressure the re-¥*5

quirement ‘of. electrio current is- about 1, 700.- 2,ooo KWh. per

, ton of motor benzole which depende upon the gasification
process adopted.‘This'energy required can fully be produced
from “the- quantities of steam end rea;dual gaa obtained in.the:
benzeﬁé‘factory itself, if no syntheaia gas 15 manufactured o
.'from: cracking and residual gaaee. In thia case e part of the
total quantity of energy must‘be aeperately produced.; )

g,) capi al “cost and ron required for the erection of'a

-synthesie plant.-

“”within about”Goo‘Reichsmarks*per ton»of»motor benzol 8]
coke and coke oven gaa as“ aw’ material. If brown coal:,"

:fmotor benzoleiperyyear'z;- '~ i
T _'The requirement of'ffh
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-—of-larger end smaller additions of thorium oxide Whioh in an
. extremely fine distribution is: put upon a suitable carrier
- namely upon a kieselgur of certain structure end conposition.
The present ,ontact mass consists of

200 parts of kieselgur
1co parts cf cobalt metal
= of magnesium oxide.
; : of thorium oxide. o

,_\.‘..

ly the most ifferent kinds of kieselgur have proved well

—useful “Por this purpos Furthermore it often happens that:
iuseful kind‘ cannot ‘be utilized’directly"or these purp es
_by a simple % eating procedure. o
g g" The carefully manufactured catalyst whichuaccordingn
to the working conditions can be kKept in continupus operationf’
for 527" months is’ subject after ‘this working period toar uﬂ
regeneration process at which it is Ireed from foreign matterl
such as tarry : R :
kieeelgur...,

manuiacture of new oatalyets ‘ef well as for the regeneration :
.of such catalysts which are diecharged from the contact ovens




B

“win the coolers and eepcratore. A. amall losa further reaulte ‘
from the regeneration of the contact mess. All these loases -
are low ‘as shown by, experience and may be about 5 - 1o %,per_._‘
year at a well operated plant.; ;f’; : S FoEn

2 ) Manufacture of fresh catalyst. f%u- i e 3

5 '-7? Thie fabrieation is used- for the firet filling of o
’ contact mase into the newly etarted benzene plant ae well aei‘
to eover the above-mentioned losses which occur at normal '

) cperation. The manufaeture compriees the*following. e .
. o a.) Solufion of the elements provided for th - many. =
facture of- the” catalyete, cobalt, magneeium oxide and eome.
‘“thcrihm“hydrofarbonate being principally diaeolved in acid,
suitably in -the most caeee in nitric acid..After thie, 1 e
eolution ie cleared by meana of filter-preseee and if neceeeary

quantitiee. TR :
o b ) Standardization‘ doeggeLand-precipitaﬂon of: fhisg"
'sqution with eoda and eubeequent ppttigg;upon 4he carrier.l

" Thig’ manufacture ‘18 the- most essential part.of ‘the catalyet e
" ‘production;: The working ‘method. is ‘binding to’ obtain the Pro: .

pendietribution over the. carrier. Any faulte made in. this “
) connection have an’ effeet upon the 1ife of contact masei

- c Yy After this prccedure, the material ie dried

4 -:and :
graded. Special care must “be taken in order~to cbtain"a‘uniformﬁ
and comparatively hard grain without deetroying “thé- surface. i
o ‘the - individual balle or gravels‘by the formation of el

,'d ),The "_“f “pe _y ‘ue"grade, and dr
iB subject“in a reductlon- plant to'the; ffect of hydrogen at

.—certain temperaturee and by taking great“care of oth
atituente,' :
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into the traneporting devicee and later on the charging of thia
eon act maes into the contact ovene ney be effected Without
»epecial protection means. During the traneport and charging‘of

the contact oven, ‘a emall addition- of carbonic aodd’ will be’.
oufficient._

,-‘ ) Regenoration of. epent contact maes.u}

The manufacture of the catalyst taking pure cobalt,
magnesium and thorium aa neceeeary for producing the first :

. he'fovegoing. In order. to be

thesis for the normal opeﬂation it —
ie neceseary to revivify the contact masa coming from ‘the” conp-f¥

able to rnn'the benzine syn
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. b ) The recooled catalyst is now treatéd in a eo-called
special solution station with acid whereby oobalt, magnesium o
and . thorium dissolve, however, also a fow constituents of the ~

kieselgur. After this the kieeelgur itself is separated in e
filter-station. S S Lo e ‘,
i c.) The solution obtainef' is freed from the greatest
part of. its impurities in:a. 80-CE: a Zirel precipitating
astation, mainiy from iron, aluﬂxinum and” copper by a partial
preoipitaion with” soda. fl!hereby all the thorium is likewise .
- precipitated. The quantity of thorium contained m iron’ eiudge""f--’:
o 1- 38 now treated~in a separate station or if. only a small amount', .
lof_thor:.um is present, .this sludge can~be-wastedwor-usedv-for-
other purposes. : o Tl e s
. ‘de) The furthenfpurification is now effected by th ey
~-addition of- sodium~fluoride ~in- order toeseparate in -the- i’irst
instance certain quantities of lime which would have a: detri-‘ :
mental effect upon the manufacture of catelyst _in- the further
Process. Tl - - B S
vt .. The’ solution thus obtained is then identical to that:"
produced from fresh cobalt so that the further process now'
o proceeds as stated under 2 ) RO

general view of‘ the

i ) Summary of the principal apparatus.

' The type and necessary number of the prinipal apparatus
may be seen from the enclosed pro;ject drawings snd’ sketshesu' 's;,;‘t"
well ‘a8 from the production schemes and_ several workshop
draw:.ngs. . o g o
The suitability of the use of varioue filtq- contri-;
. vances, certain presses etc. 18, dependent on the manufacturing
' capacity which is taken as’ a basis for the catalyst factory :
Therefore a scheme has been prepared which can be used for L
comparatively small plant end also an arrangem' - hich providel
for continuous processes if it is- possible to erect axlarge
scale manufacturing plant that means an installation of larger :

-22_
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" fying mess 1. of"fbnowing.mmuién- '
62 ~64 parts of lux mass = “"“*‘f*"
<33: parte Na2003 '

o “Eng nanufaotu:re ds omparitively aimple. The lux

St moisture ‘content of about 50 ~ 60 % io n:lxed with a ..

ff"kcorres onding quantity of oalcined soda ‘that - ueanu aooording
to the wator content 1/4 to 1/5 of the weight of the

Vo



~1ux mase by the addition of the duet quantity retuming i’rom
-the grading plent, _end kneaded in en. Eech-mixer ,of well-known
chonetruction. wl 5 PR K RIS
RERRERE, The raw maee thue made homoge. ‘ue ie dietributed over-
“a screen of . epecial deeign and delivered to.. the driér. Here
"-..the mass is dried ‘down to° 3 -5 % HZO.- : o
. f "The dried maee :le brought to the deeired grain eizev;_
_in a eubeequent grading apparatue.},f'!ﬂ_hie grain eize ‘must’ be - ‘4
) ‘larger or smaller according to the gae employed—e.nd the -fine
'7pur11’yers e.dopted - . : e o
B L Pops “the’ time 'be:lng we are obtaining good reeults'
~~1:eeting the menui’acture of7d grenulated mater:l.al inetead o:f
the. grained and sque.red mater:!.al. ‘The arra.ngement of the: appa—-
ratue K:! -well ‘as- the conetruction of: the moet eeeential parta
of the plent may be eeen from "t_( e”encloeed drawinge. . {;——-}i-:,






