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‘ ' HYDROGENATION AT HIGH PR&:SHFES a ' :
PBESENT S’I‘ATUS OF THE _PROBLEM ARD POSSIBILIT! OF F’UTUHE DEVELOPNENT

Dp Erich Fresa S

- .m‘raowmm-

During t.he 1ast few daca.daa, the lach' of nat:ﬁ,ve petroleum a.nd '__'_‘ KEETEN

- the vital inpcrtaace of this mterial :ln tho n(‘tional eaoonony hae led

' 'Gorman :lnduatry to dimcﬁ 1@3 offorta tmrarda the pradu@tion of synu- =

- thetic oils to aak&;up_im' t.he natuml deficiency 1n patroleuma f'rom

RN —

o ’a cmmmmmt ot- view,,_pgtrolﬁum_and the#pnoduct.a&abtainad from it

S areucczspoacd ossentially of tuo eloment,a &' carbcn and hydmgenk*_.iinm

i

—mmsenmnnmw&mmmrm»w
“rial, s mmely‘, coal (bituminous coal and lignite) whow hemica’l. ccm» o

: poaition is cloae].y related t.o that o!’ pe%‘.r'olm.mg9 it 18 logical to——-_r-———"i“

conalqwg__msslbi.i y of convertmg this materi}l mw vimfpstm; -

- lenmo " The . fundmntal difference bct.wcen petroleum ‘and ¢oal s’ that
. petroloum prodncts contain 2 % 3 tims more chemicallycbﬁﬁnd hydrogcn C

' (in wo:l.glﬂi’"’percont) than doos coalc Consaouently, it is neceseary

'onlrto increase tho hydrogen content of coal and to eﬂé.min&ta tram

o:r o:srgen to obtain Droduct.a similar 'co natural- "pctrolemnu Tkm px‘ocoqa' '

' “”’“"which 1nvolves the addltion oi‘ hydrogon is kn&vgx aﬁ hydrogenationo Two s

.~-“—— N

f"such procesaes were daveloped in Germny, both uasd coal as the :lxrlo

tial raw mterial and—?:esulted In the productien of petroleum=lika"'*:

s e “ —-

- &hstancashihasa_pnocessécﬁam S e ,;,_:'

v

S

s (1) Hydrogenatioa of” ccal at- high preasurss'_——flw T
| __by the Bergius-1.G. Farbenmsthod. -~ =~ =
(,2) “Hydrogenaticen of carbon monoxide- by tho (
) Fischeru-'l‘ropach synthesiso S




The firat procedure ’ whose pract.ica]. origin da,tea from the ,‘_._‘ B

T /\ work of Berg:lus 1n the t:l.rst and second decade of this centm'y,
‘ ---v,'developed to :lts present state by ths InGa Ferbenindustri‘e;‘ F,'_\mde-

_ mentally, the prooedure oo{nsists in introducing into the coal molecule

‘ad.ditional lwdrOgen at high preesures and 1n the presence of‘ euitable

rial and break:i.ng down large morecules By this meano, the or:lginal

: 'eolid material 1s traneromed into liqﬂtd productsﬂ | gimultmeou]y ’

—refining process 15 involved by whioh harmfﬁl‘impurities are elim- ,

inated ‘In t.he second prooeea, ‘the raw mater.ials first react with

- eteem and aoxygen to give ca.rbon mono:d.de end hydmgen, which :!.n the _

reeence—of—suitable eatalyste~oomb1ne—‘bo —produee—eynthetio oi]so ,

-This procese takes pla.ce et atmoepheric or

the Berg{ue process nas used chiefly for. the ~

producti&i of aviation gasoline autmobile gasoline, Diesel oil

‘T; = - lubricating o:'s.l, and fuel oil for navel purpoeeaH g “The higher quality w0

R gasolines were obtained from bituminous cosl, and the bétter Diesel

oils and lubricating oils from lignite., 'J.'he Fiecher-z'rrepsoh syntheoo__, I

. sis resulted ohiefly :Ln the production of high queiity Diesel oils and

.""-———for compoumis wit-h wax-slike pz'oper't%:}.esﬁw 'I‘he gases which fom during

both ‘these—*processes“may—fnrther be converted 1nto motor fuel“'and“iﬁto

EER—— . -~

T e e

- .- . T o
e L

A:——~synthetic high entiaknock aviation gasoline of the iso-ootane typeo e

The two procedures did not *co;npete 511 Germany, but supplemented each

other .t‘or the production of the neoessary individual finiehed-materialsa




CURRENT HE-THQD OF HIGHaPRESSURE HIDROCENATIOH

In th‘ follouing Pa&“% thﬂ cumnt mothod of hydmg“cnitioh R

at high proaauros, u doveloped by I G _F rbonﬂ, will ba ennincd

e

’ briam,_ma_;m:pggsibiug,oz_.xumm d“tj;jlomta vr.l]l be. conaidenod., R

— . , uescrd.g orof-the—l’rocm

*:a — —Thc«pmceaa is div:ldod osseut:l.ally two.parts,,_t.he aoa

: called sumpcpha” and the, vapor phaseo - Jn the stﬁnp:phaar—hydrogcn—iw

added at. h:lgh presauren and in t.hu prvsancoﬁof}{powdered cata]ysta to

.ftahd aolid or pitch»liko raw. mtorials, convorting thom into liquids

- cgnsmm_pﬂ.ncj.pm;r of zdddle aud hea.vy oilao , Tho heavy oila ‘are

In the vapor phaao, hydrogen :l.s uaed at high prossuro """" d in the pres» o

ence ot a f:lxcd catalyst bed to crack thase m:l.ddlo oi‘.l.s int.o gaaolino..,'._"f ‘

o R ‘Gemn gld_xggenation Pla.ntl T A A - i

The rirst plant. 4n Gemany to apply thisb proceaa on,an 1n==

B duatrial acals was the Amoniawerk Hcrseburg (Leunawarke) 1n 1927,,__

data obtained principally from remrch by I&—G Farbeninduatrie 5 R

. :.".

Ludw:lgshafen, during ‘the next few yeara 1ed to the drec_tion of othez' ‘f: ‘

- .:7 sym‘.hei;ic—ei:l'.:gl@_7~ t.s negr__ﬂLe source Q;f;_thc_m\!_mmri& O_Iheaew

/w-—«'- BT

p.lant.s are- usbedin Téﬁle 1 » t.ogether witm tnexr appmmw—amim

S

. _‘-.w\ t

proiluction capacityo‘ The valuas are given fram memry and must. t.nem,,. '

fore be considered only as appraximatco ,f
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R&w lleterials for Hd.gthrSsaure mdrogeélat:.on. e ;___'. ._

Bitmninous coal 1ignite, _and the tare resulting from their high- : '.
and 1ow==temperat.ure carbonizat:mon 5 pitch shale oil and :lts residues, heavy
petroleum reeiduee,, coal exbract ang, i.n general all bitmnous»—-—and asphelt-

X 1ilce eubstances having no other slxlfic usea, mnst be coneidered as poss:!.ble

raw materials for h;y‘drogenationa_ Consideringrbitmn:mons— coale, a moderately

young coal ,A!hp_s_e_geh,cpntent_ia_net_too_high, 18 beet to ueeo The ash con- __'Q B

tent of the coa.l must be low, ‘as the removal of the as@ carries out of ﬂthe

——'—' —,-«proceae 2 to 3 perbs of Oilo At present. 'bhese 0:113 can 'be recovereck on]y
h ,-——-—-Lv‘\--«-‘.

a hlgh loss in low=-temperature carbonization furnaces and with the use ‘of-- a.

considerable aznount of apparatueo Improvement of the refining proceee would

bring &bout an apprecieble reduction :Ln production costs s particularly by in-» -

" .creasing the oil y:.eld;. ?lith—bmnd :Ln view, exp riments involving epecial

‘,__..q"

_ distillations new methods of filterinb, and improved prpcedures Tor centrica

fuging v:ere under way A[A_; SREEI i ",;"j_’ T e

' Older coal suoh as anthraeﬁ.to, cannot at preeem: be 'xy*dz'ou

genateda IxL judging the suitability of a raw matex:iai for hydrogenation,

the h;ydrogen to carbon retio may oo taken ae a rough crit.eriono Gener- T

- ally speaking > the higher the h;ycxrog,en content of the rarmatenel the

" more easily it takee up hydrogen, and consequently, the higher the rat.e- |

i'f'};'».,Ifi-'i'_._of*convereion “that. mey be expected 1n the eump phaeeo
| 81nce hydrogen ie to be introduced with ths help of cet.alyete —

-

o into the ca.rbon framework the preseure dur:lng hydrogenation is an’ eeo,_v _'

g sential f'actor.. . I.euna, the first large German pla.nt t.o be Installed

&

3 "_ operated with lignite at'a preesure of 200 atmospheree for \both the sump

- /

- phaso and vapor. phaeec 'I‘his Prﬁﬁmre was t°° 10“ for other e materials,

_‘_g_.e

4——4‘.' SN --puch—aa~bitumieous 'ooel%piteh and presaures—uere d.ncz:eaaed.to_3m -

tTiospheres £6r ﬂxe aump:pgxaeeo l_The—ei‘fitr*ar,crvf e e




B —

convarber or yield or middle o:lls per cu.bic meter“o‘f‘ccnverter—space ggr

hcur, tncreazaa cona:{dera‘bly, othar conditi\/ being the samag. when t.ha 7 '~ - ) ]
praaaure ia 1ncreaaed° _ 'rhe favorable effect oi‘ :i.ncraaaad preaaura ia par- i 1-~;:f,

ticular]y noticeable in the asphalt deccmpositiona I’t has been shom axs

-' perimontal]y that coa.‘l. decompoaes relativel,y quickly int.o high "xolecular-'
. % e
might o:lla cont.a:’ming a considerable asphalt ccmccntration, but that the

doccmpcsition cf thia asphalt*requirea a longer timao ) Increasod presauro»_’_

reduces th:ls ti.me interval thus :lmproving the efficiency of t.he proceas. '

For - particularly resistant mat.erials 3 such as bituminous coal—tar pi.tch g

from high-»temperatura carbonization, l_wdrOgenat:Lon is possible only -

abova—BOO-tc~h00~atrospheree o At—presenﬁ— a producti;on—of—e. 259—“bons

middle oll per cubic meter reactor space per hou; “may be fconsidared a . R

sntisfa.ctory output of middle‘ oi]. (based on bituminous coal), for a sump

T phase reactor.: For_hfgh-tumperatun thc“hea, the cut‘put Ts genérd.u.y

wlmr, and for tar o:u.s, it 1s correspond:l.ng];r higher

- In detemining the output an- imporbant part is played by__bhe cata«-' : g
lyst s small amonnts of wh::.ch (generally lesa than ‘one perccnt) are addsd 1n i -

powdered or dlssolved from tb the coai or paste fed into the sump-phase reac— L

o A,_Ator.o- Generally speaking, the i‘unction of the catalyst is 1383 impor’uant at.

[
e T

high presaures t.han at. lmr ones. Examplea of liquid-phaao catalysta

\

aras Holybdemm on Fuller's .earth, molybdemm on. lignite 10w—tempera—

Tture” coke ﬁ(gruda)(R.m 1.1002), basic iron hydroxiﬁa “cn thia lignite

dcnum catalysts whcae use was abandoned 1n Gemamr in racent,y years

because oi‘ tha scarci‘ry of th:!.s metal were faund to be considerably more

- .

K active t,han the-iron catalystso»_ Lhe catalyst. Ral!, 10927 used moat.




" 7,,¢,,Arecent1y in a}nost all aaman lvdrc:genation p]snts was propared at. Ieuna,

a.nd m composed of sbout 50 psrcent coxnbustible material and 50 percont

“alho_ 'l'he ash hsd the fol].owing cenpos:ltion:

'F'2 39 abmlt 11 psrcant ; Cso, about 17 percent. | ~'I£'.;":':_-V“V+~eut 0&2 percent ., .

) _»I'elimination of smnon:hm chlor:lde, which :Ls—high]y corrosive ~d.n ths presenco

-, t

| of wstsr by injection of a calcium oxide suspension 1nto 'bhe hot. catchpct

| Y_Jmpeded operation. 'Ihe Scholven works nsed th:.s cata]:yr't for the hydzo-

genation of bitmnineus coal “at 300 ammphefes, ‘whereas the nsighboﬂng

"""-:i“wworks of Gelsenberg p esaablished I:ate used 1°5 percenu iron- sulfata plus 'i

i——fm~~~~“— wg percent”"beyemasse“ plus*‘02>3" percent "sodium— sulfide """ a t a pressure of

) 700_ tmospheres., Experiments '«ith pitch at the Ruhrol works in the prss—

~ence of csta:brst produced only an :mcrease of about 15 percent in outputo - T

P
Al

"A- certain degree of catalytic activity must therefore be attrlbuted to-

the particles of ash and unreacted coal which are almost alwsys found in

-‘-'7-',, the products (25—30 percent in the hesvy oil), and which : fihen present 1n

sults obtained for experiments in vrhich f ely powdere coal wa.s hydro-»

- .
— - r,..g.

Problems*of‘lﬂgh—?ressure m'drogerstion. .,'. :

Under certain circumstances 5 the nature of the a.sh part:leles L

er e __:,___,,,

:.Ln the presence oi‘ calcimn oxide are respenss.ble for so—cal.lea "E“

_______.._._..A»m.__.;" P _; T U PO

o
g e




removed from time to time to pravent. undssiz_-able cperationnl diatm":anceso s

, At. Imma and *?ess’éI'Ing, wﬁé_‘liﬁﬁ:e wai‘ ﬁsad‘ aa st.art:[ng matarial
‘ thaao csv:lar deposits conatituted a serioua problemo : solid particlea s,
- containing ash, depoait m t.ha connecting linas betmn reactora mducing

. +heir_croaa_aoctimand_increaaiﬂg_tha_pnesauxe_drop_thngh_th — “all
At thr31 this d:u‘fic\ﬂty was ‘avoided by int $ .

Chlorine 1n the raw product 13 ha.rmful since it reacta vdth am-—

' mon:!.a evo‘.[ved_in the courae o:t tﬁe‘pmcess;‘to*fom-anm‘noniw chloridu., e
The 13*'1"9!‘ conpound i.n canbinat1on ll'ith water under certain conditions L

ia—h“to S timaa'aa“corroaive‘as—concentrated rwdroc?ﬁortc—actd-——'rhiu

corrosivo effact. is noticeabla on the outlet side of the- atall, par- L

ticula.r]y in the heat axchangera ’ at poin'ba whera water startn to cone

denso (a 11tt1‘é‘“be167v‘“320°c )o Higﬁ—preaaure linea rapid]y tecme cor-v’- 1_ »
: froded,, COnsequenth', the-chlorine content of the raw materials must P
- ba watchod contirmally . The problem waa remedied by 1ntroduction of
s aod:lum carbonata -Oor- —sodium sulfide in amounta equivalent to the chlorire, e

cgm-,ent,- In. the case ef—sodium_sulfide, a certai.n amount of &atalytic
L acj;j_vj_ty has been attributed to the hy Jrogen sulfide evolved :ln th% |

; "'-"jstalls | Hoﬂaver . experianca has 8ho£ that sodium sulfide—cannot be
" addgd to 311 raw n;atarials s because_it causes deposits in ths heat ex-

_:_'::_changers and in the preheater pipaso 4 In ganaral no such disturbanca

naed ‘s anticipated when sodium su:tfide 1s used for coal, -

| For c.ertain temperature ranges (about /280-35000 ), coal
S

paste prapdred from bitlminous coalAshaws undeairable smlling phancxnana,

A A g A

'---;.- T e p—

N whj:ch——atfact—tm”ﬂuidfby oi‘ the paste and are responaible for péor hea.t

uo percent coal. ;uLou, muning_oﬂ—werejrdmzentﬁ.y‘adde”d at— approprm
. , T = Bl e 00 . : R

. 9 .,,




pointsn_ In many cases, thq~__gh1y coneentrated paste or. some portion of

Ty was heated'with traces of hydrOgen 1n a preheaber and the use of the

heat exchanger eliminated thus making the passage through the rtgion of

mlling as rapid as poseible, : R " T S

Hydrogenation being an axothezmlc procees some meane ‘must be

found to remove the- heat liberatedo Thls is most frequently accempiished. 'f

oither~by cireulat&ng~eole-aysregenzemuswsinaee_57 : A ‘
cold. hydrogen 15 assigned to ‘the man aftending the reactore, and is done

' magnally', If the eperator fails to/;bserve the beginning of a. reactlon in—

time, the interior of the reactor mqy become coked or the connecting pipes
‘g _

”,_may become ruptured due to excessive temperéturesaq The heat release of

¥ the 1iquid~phaee stall depends both on. the‘material used and  on the effi—lklééﬁbaﬂ;;
ciency of thB ch&mbero In general it lies betmeen 100 and 200 kcal /kgo4_'
-'; of feed giving an everage value of about 150 kcalok This heat release of L

“the liquidephase stall is somewhat nigh, but it can be regulated manualxyv'
by the furnace operator as neededa Should the outpuﬁ of the chamber be

improved by introduction of a better catalyst or.by some other means, 1t ; w[‘_‘é

"'ould be—neceesary—to-remove more heat per'unit volume and per unit of

tlmeo -In other words “the: operational procedure‘would become more diffi-

o

cult and more dangerouso It 1s,~therefere desirable that manuel cqntrol

be replaced by the automatlc introductlon of cold.gas° Such eutomatic

; heat regulation was recently tried out in a number of stalls at LeunaNEnd

S .

found setisfactonyo The nature of‘ﬁhe process naturallv determines the_filjm;%*;x

-_ limits within which theJheat releaee can be controlled automaticallzn

m ,v.-,_r,,_ e e .

present we are :er 1rom hsv1ng reached these limits, however, they should

not be neglected inﬁtheoretical calcula&ions for future estabi::i:shments°

flcleney.of”a stall are-not basedfon facto_ﬂAt present-

TSN : L T

rent\output would be morewthan satisfactoryoudsA-




| - »,? For a long* timo, ‘one- -of the pr:lncipal sdurcea of trouble :i.n sump-

o phaae operation m the hot catchpotw The construction of this imnortant--"f"—‘_'ﬂ LT
i v ' —»pieca ‘of apparatua haa been the aubject of mnch work and affortﬁ | In recent .
yaara, thiq problam has been solvad by means of a aeparator uhosc construc—-. ;

tion haa boen doscribcd in another report (A New Hot Separator for Bﬂ.gbo

Pressure }(ydrogenation, Operating Withéut Depoait; Formaticn or Goldng). o

o " e *"‘i‘-_:‘z“*_ el ..-..._...-. s e - e

." X BINATIOR‘OF suup- AND VAPOR-PHASE mRoraNA'rxon PHOCESSES e

Qualificai;iona of a ‘Good Vapor—Phasc catalyst...

AP S

Further proceasing of sump—phaso producta is ca.rried aut *‘1 the

*"”vapor—or s phaae. Aa alreatkr atated the middle oﬁ. formed in the sump

phuedsm&r*Mdrogemwd to asolina at high preasurea and' in presance
o fof upecif:lc catalysta > ‘to. give gaaolim A satisfact.ozy -rapor—phase cat.a-

hst. is one that producah a good yield of high anti—knock gasolira, a.c.,cm- .

pa.niod by a min:lnum of gaaiﬁ.cation. ‘l‘ha catalyst snauld effectively crack
—\”“'\.

large moleculea and prcmote lmdrogen saturation of tha un.: turated fraction

'

formed without howaver carrying the fomattion oi paratfin—like compmmds

too faro Simultaneously 3 the proeass should entail a refining procadura )

by which the newly fomed gasoline ;15 freed from undesirable sulfur > n:l- :
trogen, and oxygcn ccmpoundso ) I-orecvar, th;. activity of a good catalyst_

HAIN

o ) sl*ould nc.. de..r°a..= sharpl,r :Ln a °hort period of' if.weg :

1 . . i e ezl

Such compo.mds s sulfidea of‘ the mat.als in. the sixth group of T

'k— =€

the~pefiodic systeg_, part.icularly t-angst.en and‘inolybdenum, have proved t.o .

' Addi-u

tion of chromium, mckel cobalt Or‘ iron "ln small amounts s somet.imes )
N improves the cat&lyst for this react.iono : AH&ition of 2.ead serves to limit
. ._ excessnre hydrogenatingo The ox:;.iiea an& sulf:.dea oi‘ zi_nc s gluminum, -

magnesim . silicon, calcim, and similar elementa, are moderately efﬁ.a

. S S Y U < =l




_,“.ﬂciorxt -e:ilitting-.catelyats._., Uaed alom_ﬁt preasures__of 200 to 300 atmoe—

pherea, these catalysta are not dnreble nor are t.hey active .'m reducing
phenol and pyrid.’me groupao In consequence, mixburea of compounds fraa .' . T

both groups were most frequently used as- catalystao i o

, Developmnt“of*\(apor-»?haae Gatal;yeta—ixraemaw
The progresa 1n develop:l.ng gas-pbaae cat.aJysta :I.‘or use in heavy

,.__ﬁ,

German i.nductry ma;,v ba. smnmarized brieﬂs aa followa
‘l‘he fi.ret catalyat used at’ Leuna conaisted of ebout 60 percent

R of 200 atmospheres s the output was relat.ive‘.ly smallo _Aﬁber e short. .time 5 ,7

e r

the refi.n ig act.non of the catalyst became insufﬁ.ciento In the early

" 1930‘8, cata]yet KSOSG, -bomposed almost exclusive_]y of tungsten sulfide

(WSg), was subatitutedo This new catalyst increased t.he efficiency of I

_ the etalla two to threafold even at decreased operat:l_ng temperatureso In‘ R

——fact 5 every'bhing being equal‘ *thie ca.talyst ie -bhe beat 80 far. developed |
wit.h respect to outptrbo Its efﬁ.ciency, refining action, and durability-ff" o

(one ye 4) were all satisfactory., ' However 5 its grea.t disadvantage waa

o that 1t was. too active a8 a twdrogenating agent, and- produced a gasolj.ne' .
"*whose octane rating was poor This dirficulty was. a.lleviated at. Ieuna

.oy ca.rrying out aromatization in some of the stalls, in presence of the

- ~.:catalyst first described and at high temperatures (about 550°-==570°co}°~

- .Gasification in these aromatizatign atalls amounted to 30 to Lo percento'

 The temperature in the 5058 stellsf‘was maintained at L1® to h3o°c,

el

: lfcaaificationm:l.n these stalle was about 1_5 percerxﬁ~ In normal_tmes, one -

' k:llogram of 'bungaten catalyst. cost abou'b 12 markso The cat.alyst charge o

for a standard etall coat ebout 350 000 tcr hO0,000 marks&

e '-“’—"d”" T T e




The ex'bent of the 1osses in t,he arometizing chambers and the

T A growing need for--wti—knockhgaeoline led to the development of catalyet.

K6h3h, v.hich consieted of j.errena p].ue 10 percent tungateno Holever S yhen ‘
used a.lcne, this ca.ta]yst wae—sensitive 'l:.o phenol, nitrogen compcunde endA »
t.he high-boil:i.ng fracticna of 'ohc middle o:.l (over 32690.). -As a result

11'. became imctive rapidly Ae a coneequence : the KSOSB cataJyat was . given

,..——-—- et o

preference over t;he new. one ae a firet-etage cataJyst but wae opere?{-,?d—at

_ lcwer tempera*buree (abonb 380°-hoo°c )o KBOSB assured the reducf.ion or all
ﬁphenole and. nitrogen ,,ccmpoundeo ,The middle o:i.]. wae' then paeeed orver 56113!4.

L e

| "j';f,;. used as a. second-stage catalyst, and cracked to gasolineo The gaso:une had

_;r, MM __an_ average cct.ene number___of about 67 for middle

te 7)4 for bitminous coal middle oilso - _'.-
“In order 40" transform thie gasoline :.ntc a highly arometic av:l.a- B

ai ;:

—~tion- gasoline o8 th:l.rd—stage . the DHD- (high—prese demrdrogeneticn) was <. "

' necesseryo This etall was operat.ed a't. low pressures (25 to. 50 atmoe- .

v pheree) and produced 0:h4 to to Oa6 tons of gasoline wcubic met.erwf

3

‘ cetalyet. per hourq ; I.osses through gesificatn.on ranged between 10 and
. o R .,,__,xﬁ» PP BN

o 20 percent ’ axm often h:!.ghero 'I‘he catalyst was composed essentially’ of.

-_.r--'.

- alujninum ox'.i.de containing 10 percent molybdic acide “The process :m- . o
. volvea the elimination ol hydrot_en and i.e endcthermic, which means thaf.

the prcduct mustbe heated eft,er paesing thrcugh each rea.ctoro The o

whxch purifn.ee the highly arcmatic gaeoline et low tmperaturee (about

el
e T Vi

~nf§‘—~ = _,-.~—-2 grﬁco )o - The— Dm~cata1yst—must-be—reacmvatcd gt —iirequent »intervals by'—— ———

V

a current of air at hi.gh Lemper‘aturee (abou.t 560°G )o . 'l‘he ocLag_e_ mzmber »-r,_',

o:f.‘ ‘the geeoline thus obtamed :Le bet\ -een 80 and 82 enotor methcd)d‘ With

e R

the except.ion of - the Ruhr31 works 5y all mrdrog enat.icn ..... P lante :'m Gemany

b operat.ed by - the vapor-—ph e procese ~at 300 atmcapheree;v and_m_xecent.

o yeare ueed a delvdmgenatiorretall for the production of eviat;!.on gaeo=r

[
P

e T =




Developnont of Sunp- and Vapor-Phaac Catalzato -

_ - ._‘_,i. It '«as to ba axpected t.hat a procesa as. extenaive as. the gase-
i phase proce«a s which im'clvad hydro enation in onc phaao (1!5058) and |
eliminatton o£ this expensiva elemcnt in t.he mx;b two phaaea (l!6h3l;

- ' DHD), would not be tha nltinata proceas in lwdrogenation proceduroa ' Tho

anmmt of‘ dlstillation, tank spaco, and t.hrcefold ccum;:nreaa;lox'l;L ga woll -

aa the xmmber of lwdrogmtion chambars, machinas > and additional per- ‘ ’

. aonnel mre consider&bleo; Thus 5" 1t m 10g:l.ca1 to try to combina thc
threo proceaaea into a singlo operat.iona ) l'he Ruhr31 rasearch laboratory

conducted ovar ‘a pariod of years , experimenta whoae object was to da=

B | volcp a gaa-phaaa catalyst that would effective;;r crack 1arge moleculea 9

: retard exteneivc roduction of the producta to phraffims R prcduco little

gasificaticn, be a gocd refining dgent » and poaseas du.rab."n.il.:!.‘l;;r.a | An
. the cracking cata].ycta prepared previously had shcrt life > poor refin-

ing cbility, and in somc caaea low activity under the preasure condiu-

% . tions ‘used (300 atmospheres)o It seem‘ed that the deaired properties
| could ba attained only by a significant increaae in the bydrogen par=» :

G

tial pressura° : Therefora‘f\a cata]yst was Baught whose activity for o
S cracking wculd not ba~ affect.ed by high presauresp -
These rsquiremantn were caacntially satisficd by a catalyat

)
L5 R g

of type K53 5, whoso development and applications have bean discuaaed in

- PR
o

" anoth.er raport. (Status of tha Recent Research ﬁork on Wdrogcnation with

‘a Fixnd Catalyst at 700 Atmospherea)o 'Tha catalyst carriex' was composed

L “ of 60 percent crude Fullerﬂa car‘h and hO pe;-cent activated Fuller“s
L O earth (tﬁrrana) 2 to which was added 0;{ percent—molybdamm, 2 percent

;ﬁ_ chromixm, 5 pércent z.inc, and 10 percent suli‘uro The catalyst was

hydrogen at 350"0., Pmparation_m Jhpla and inexpensiveq E




The catalyst operated in the .gas phase at a pressure of 700 a‘b- =

mpspheras 3nd a temperature of h90°—500°‘c° The gaaoline output of O.,S ton ; - o

gaaoline per cubic meter. of catalyst volume per hour obtained :ror middle /
) Al 4“ . . .

oil from bit\minous coal is exceptionally higha . The octane number (motor o

mauhod) of gasoune cbtainad frm pit,ch midd1° oil'_is about 82, and
that oht&ined i’rm bitminouz coal middle oil is only Blight.ly lowaro

e ,;..._._.._cf R e

'rhia gaaoline givoa exceptionally gaod results in ovsrchargod motoran _» 1 T c

T_ o In mcent veara » tha composition oi‘ the. gaaoline—was maintained ap- !

o *"‘:;*:'———pro:d.mat.aly a8 ‘fellows- [0~ to- LS percant—aronatic ccmpounda ¥ bS to SO
" percent naphthama s 10 to 15 percent parai‘fina.o v 81ight }m.ngea in tha .

5 catalyat make n. poasible to alber the gasoline compositions ‘In th:!.s

way, gasolinea with an aranati.c content of - 60 to 70 percont mre pro«» :

- pared.for a time, High e an‘bi—-lmock gasolinea were obtained, from ngm L
nite or its 1;51:‘13o Tha gaa fraction, pproximately two-thirda of which

was 63 and Gb hydrocarbons and the ba.lanca 61 ami 62, repreaen‘bed

[UCORN

—

’\

- - about 16'-percont of the middle ofl feéda o

'l.‘he heat. mleaso in the ra&tetors 1198 somewhﬂm—aromﬂ 160 v

Lmmear

s _-. 1 .\
kcal /kgo p‘.ltch micd].a oil fead (wi.th‘Kﬂth about 200 kcal With KSOSB“ ",'
according to experi.mental conditionc: o betweerr 200 and ,_.00 kcal ) a:nd

~ 'thus shOWs that the mrdrOgenation effect is: not excesaivaly higho

?’i*-h catalysts. xéhah and x5058, it was most. important. that i- N

. S

2 +he middle oil—fead—contain-x(:one of.athe fraction boiling abova 325°Co '

bscause these catalysts wers deactivat.ed by carbon and asphalt deposie- .

"ffm*‘mth catalyst KS3S, hmver, such precautiens are. unneceeearyo




3299 C.,) ‘f rom f'h“ aump-»phaae °°1d separatqrb which are nomally recycled in
the sump Ph“‘“ The’ rewltins outpnt in niddle 611" 18 aoubla that obtained' S

in the sump phase., b:ven asghalt-aoontaining pitch rrca 1ow-temperature car- "

bonisation can be !vdroganata’ci by this procassog' o L

W:lth KSOQ and K6h3h the gas cyc],e of t.he .uquid phas_e”and the

gas cyc’té"“a’f‘:’the ”v—apor phaae had to be oparated entirely separate]y from .
. ohe anothara ‘rh:ls was- no I.anger necesssry with 1(53 So This improvement '

not--only makes tor econﬁny in machinery and me.npmr o but 'alao nffers vari- ,

,.,,__v

' ous ‘bechnical a.dvantages, : - -_.,.‘,4,

~ e

nead for separa.te sulfurization.which ia hazardouaa T

1 T Sl

L I:Lelds frcn Ruhrol combination Sump— S
' _ 3 Vaporama Wﬁ‘&ﬁion FFoceaao LT

e ‘l'he procesa davelcped at the Ruhrol was ueed industrially on
a la.rg,e scale for several yearao . In view o.f the good results obtained

R ns::holven 11* and'Blechxammar II"

-

S _'rha, amount. of mdmgen conaumed——per ton—oLgasoline_producad~”——‘—*—‘ —

vax-iad in the individual planta beimaon 1000 and 3000 cubic meters o da-»;
pending upon. the raw xna‘i:.:saria'.!.° _ Hydrogen consumption increased frmn tara
to lignita a.nd waa highaet for bitminoua coal(, About 6 to 10 percent

of” the hydrogen ...nput was present. -.m the end croducto' Most of the re-» ~

' "'J maining fraction was pmsent in the product gasea, A 'porbion was aiso
present as diSSO}.ved Ivdrogen and -ag- water s lg;‘drogen sulr 1de, and ammonia,,

Based on the carbon content of the material to hs hydrogenated 1t w&s cal-.

e -_.,__ St ey -

» culated t.hat 911 to'?ﬁ peroent. conversion to liquid and gas products occurredo S

—_ .
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B One mmdred kilograma of ash-free bituminous coal will Yield 50 t° 53 kilo"'

S *grhms of automob:ue gaao].ine and a simila.r quarrﬁity of tars (100 kg ) '111 |

-

produce 65 to 70 kﬂogrmo ) _ o

- Ecouomc ASPECTS OF uxms—mnssm moaoasmnon N, cm:nmm e
. o The cost per kilozrzm of automo’bile gasoline in Gemw variea be- |
i '"een 15r and 2 Pfemig s=75° pf /u.s. Gallon) derrertding upon. tha plant and——_-w—{
to some exbent upon the natur-e of the raw material and the required process- | o
ingg,f A rew material auch as 1aw-carboniza.tu.on tar from lignite s. which con- -

—

tains little or. no ash requlres ~NO extansi.ve processing of the residueo As

e B
resu:lt ~-the Brabag Boehlen and. Brabag Hagdeburg plants, i.n which ash-f"ee S

tars Wsre. processea" ne;'e itha least expensive to operat.eo

- — There are- other “ways—in- which. the%drogena’oi.on_process can. be-__,. _'_MM_'—.’: e
madg less exoensiveb These will be discussed belmr e
: The @oﬂ‘t‘@aﬁ‘—ﬁétﬁrrpxants—tn—aamm‘were—genaraﬁy—desigmd

fox' a yearly output of 200,000 to hOO 000 tons of gasoline per plant.-, The

| more rec’é’im p].ants, deaigned for the‘ hydrOgenat.ion of” te.r Swere bu.lt

“ on a sénéwhat larger Scaleo , The choica of plam. size waa frequently

detsmined more by military than by econcmic raa:sona 3 i‘rom the military

-4

point of view, 8. mzmbar of small eatablishments was often preferabla

t.o a aingle le.rge om:° ' ?sith a selling price of gaaoline of 300 marks

per ton, tﬁe yearly 1nco.=ne at theae pla.ni:s, from all ma:riketable prom

( ‘dncts » was about ho to 50 percent oi‘ the t.otal value of tha plant;.

In othe" mrds, if a plrint. with an ammal production of 350,000 tone AT

cost about 280 ooo,ooo marka to bu:lld, 1ts annual incane frm market«- o

éble pi'oducta amounted to about 11‘5,000,000 to 1230 0c0, 000 markso -

About 25 psrcent of . the gaaol:me price rapresented amgxtization costao*-_. - Sl s

An :ﬁxcrease :m the sizs of*tha plants Yo yearly production capacity of;ifv-r;

U AU

e TN

o ., 17 = -
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B 2 to 3 nillion tons would undoubted]y make it posaible to reduce the prica ’f B

. : <7
2 of gaaoline considarablyo B

S:!nultanpouoly, -8 aonaiderabla r“' _ » in m >
aurtmH In recent yaars , In- Oomamr, a p].ant with_'_vl yaarly output of 350,
tona ma:l.nta:lned 5500 to 6000 peoplo (not counting coal production)o _ rma
figura, which 1nc1uded hO to 50 pereont ‘women;,- m considerably tco high

a:nd m a rasnlt. of war conditioneo Inm 'Ehe uriter's opin:lon, this ﬁgure
may be reducod to about- 3500 paople in the exieting plants under momal

100 tom °f gaaoline waum ba or °du°°d PPI‘ man per yearo In an estaba —ﬁ

1ishment tan tinaa this gm > 1t anouldw.‘ba possible to Frove thia pro-==

duction tigune.thrge tn ﬁ.ve timea or mores

Jhe_mntual_impmmemuha_prmess oﬁ:ers_ anothar meana

;Sy which :u, may be possible to reduce the cost of the productso It has"“*'"' =

' already bean atatod the proceeaing . of tha reaiduea obtained by l‘nydzt'oq,»----u-!--«r » o |
genation 5.s both exnensivo and waatafulo Eurther experimsntal uork in : ,:; N

-

Pl T th:s comect}_m would probab:[y prove succeasful (see ‘report Oﬂ“tﬁé""f“il“' 'v

' tration Experimenta Hith Hydrogenation Residue“ which describea—tha"
filtration of residues through porous clay filter cylinder-)., 'One* mathod

nhich promisqa good resulta 13 the processiz:g nf reaidues by vacuum

distillation, yith possib).e addition_ gf supernsat.ed staam@ From an

econonical point of vie'ar, it would be desirable to make u§e of ths rasi—- RN

s LR e =

dua temperatura and the converter preasure of the hydrogena:tion stall

e w:,,-—__

and to in:}ect the msidue directly by means of automatic ve.lvea with

: ] ‘Nf'




partial—fproasuﬁ or tha oil,, Tho ranoval or tha dietillation reaidue » wh:lch

duction of guephaaa operation at 700 atmosphorea, already deacribeda S
S Anothor problea which 13 only partially solved 10 that of cata- , -
].ycta, oapacially for tha mmp phaseo_ ‘l‘ho catalyata 1n preaent use mrt

~T__._ _ discoveredaormor less empir:l.eally | Exporiencq,_hﬁna shown that aone__c_ata- '. "
. 1ylts are suitable' for our purposo, and othera umnitableo ) Intans:lu
. acientific raeearch on the aubject of cata,lysta, baaod on bha lataat dis-n -
coveriea, night lead to :lmp_orbant resultso of part.icular :Lnterea‘“ ror ‘
- }t.h:l.s purposo would be tha study of t.he catalyst sur:face by msana of olec~ ‘ o
: tron and ultrmicroscopes ,“the use of x-oraar diffraction pattarns :Ln ez-
e amini.ng cryatal atructure, and other s:hn:llar tnathodso Why, for 1nstanca,_ )

' .ia it so difficult to split aaphalts that thoy frequent]y inact:lvate tho .

.catalyst. after a. short t:lmez_ Are the asphalt fmolecules ao largo t.hat
| o t.hay envelop 'bha catalyat. molecnlea 2 thus praventing acceae oi‘ othsr
moleculea to ths catalytié splitting centera and rendoring"the catalyst e T

. _» mactsfva? ‘18 th‘ls is the case -ahould not catalysta ba choaen with mora o )

= widely spacsd at.ea centers t.o g:\.ve t.he asphalt moleculea tha nacasaa.ry

. woom through which to ‘reach the" centera of catalytic activity" Should

e strivs r,o devalop oil-soluble catalysts of & puz‘ely‘ organic nature
(tetralin and homolognes) s or would an oilosoluble mixture of organic

and inorg&nitz auhs:hamces be preferable? Thé anmra to thoae questions

Cwill undoubtedly contr:.buta to the eliminatlon of the problems of hydro— o

L2 . S ) .

genation., ' _' S '_ LT '.a_ u -: o : /

A 1arge percantage of the manpo:zez' employecr at present. is as-?-.— : L

- g_f;aigned to the superv.taion ami accuraté control of operatiorm such aa the

ot
.__—_,:-

regulation of temparature, qnantityg praaaure, time of reaction, and

i 4-—/

e 4.-'°t.her procasa variableao Ranoval of prpduet.s ia generaJ] pe: IR

ST




. o~

- nammllyo Devaloment or auton tic controla, adaptad to uae at hiyh presQ_ (e

‘ nuro 5 jaaould mako a further reduc’ti.on in m&nposmr poaaib109 thua randering .v :
N the procea?mo"e roliable and leaa ex;'aenaivac j;‘ o ' |

Another poi.nt. ’rlhich daaorves apecial dttantion, Jis the recovcry }_

%’of twproductao Just ae the tars deriwd froa coal hava, in the courao of |

ti.ne y become a veritable traasura trow of valuable aubnt.a.ncea tor marw

o .'.__\pm'poaaa 5 1t sam reaeonab].e that the oils fron bydro;zenation may be c:cm»=
—* aidarod a aourca o:t! valuable byproducta., For t.he most.‘ part, the new 700-
B v"-vamospherr catalyata do not destroy the funﬂmental naphthonic or 'aromati.c E , |
nature of the coalc Since the product.a fomad are all pura accurate frac-‘"

tional diatillation 18 usuaily all that 18 needed t.o separatc tham inbo

woll-dei‘md’ grcmpa f : ,_', _ _ . B “ LT

) In this way ; the crude gaaoli.ne and middle oi,l fractio*x of the -

sump-phase cold aaparator produces about- 15 percent phanols and oresols P  ‘
important materials in the productinn_of synt.hetic resins and p].asticso
Toluene and other benzene homologues may also be isolat.ed°~ With a suite-. -

R able catalyat the entiro 150" to 200"0. fraction fran the gas-aphaae cold

) ._separator may ba recoverado Both 1n ita chemical properties and in its -
;';_‘-specif:lc gravity, this fract.ion closely resemblea oil- of terpentineo - Tha

o naed i‘or suitable solvants in the paint ami varnish mdustry, .88 well as S

~*pelishes > —print:l.ng, etco)*“is exceptionally great—andﬂhas increased conenA L
sidembly in the last f‘“’ years. - Recent experiments in aemarw, showad e

thase bydrogenation prodncta to ve super:lor in many ways—to téx!penti.ne

oils -in the. manufactura of varm.sheso : Plaaticizers , which play an 1m=-,. B
portant part. in the va:mish 1ndustry, in tha production of rubber, and :!.n

magw other fielda, carprobab],y be prepared— by appropriate treatment of

“%he h:i.gher fractionen e




. ',. ..

High molecmlarnweight organ:l.c compo\mds with an arcmié.tic stmc» .

tﬁre, auch as pyrorm, chrysene, _carbazole, gluoranthom > perylene, poronane ,‘

e and,_ot.her subaf.ancas, wluch can: be uacd directly in tha dya industry, oi' :
R hydrogenated to co-pomnda uaed for 1xm1nescant and phospboroacont purpoaea P
_can’ bo i.aola’aod uithout difficulty from. the lvdrogenat.ion productao | _‘

Gonaidﬂ‘hble amounta of ammom.a ca.n be recovorod fron waate .

water, and cocnaidorable amounts of sulfur rm waste gaso If the ent.tro '

trogon and mlfur recmred from the byproducta would probably be suffi- o

c:l.ant to neof. rorld consunptiono LTI T

Another pla.n whj.ch appea.rs to offer economic posa:i.bilities is
the combination of high-pressure Ywarogenation with the Fischer-'rropsch

-.bituminous coal would ba carbonized

o and 'bhen gasifiad by steam and the 1ow—teznperatura_canbonization tar_m-s :
covereda A portion of the synthasis gas thus obtained rould be used in
--ths Fischero'rropscn proceaa, and tha mrdrogen of tha remaining gas u‘ould

be usad in high—presaure lvdrogenation of the low-temperature ca.rbonizam R |

- a combinad procesa have been made by the German sc;lentist Oo Hnbmannc LT

= : R .\
T a' . .

- _..".* concms:on

_ I'b vrill be see‘n from the precedmg aiscuss:.on, tha.t there

B ",_'ead.st a mmber of ways in which 'a lvdrogenation plant may be :meroved— s
- from an econcnnic point of viewo The i‘ull imporjzance of this procedure ‘.
will became apparent during.jhe nexb few decades when the: natura,l pe—- .

R -'-'”‘ : troleum resources begin to diminisho Coal the present supply of wh:.ch




Lo .,

.

1e eutinated to be sufficient .f.‘or more than a thousand 37081‘8: "111 bacome :
“ the chiof substitutao ?Io ara st;uandering éatural resources auch ae coal,

_‘,“gg}‘\hich naturo hna rartunat.ely given ua an almndzmco., Valuable aubatancoa
;‘whicn aro preaant :Ln coal and wh:lch are the reuult of mﬂ.liona of y’oara °f

— sdlar energy, ‘are bei.ng deaf.royed m a fow nirmtas by e s:!.mple procass of
1_';cmbnation¢ 'l'hia bahavicr-m a 1ack of responsibmty tomn'ds thia most

"-'i‘f'i_"prec:.oua of ran materiala which is mmwva heritageo 8 WQ st therafofa
o tend all our efrorta ntawards pmerving the materials now available and
| '-vrtowazds uaing t.hm aﬂ agvantageoualy asg’ poea:[bIe;" *'rha—*pmceaa daacribad

abovo q,;‘i'ers one means of accomplishing tfnis aim It. is atill 1n1.ha .

NG - S T T

‘early devaiopmantal atagba, and a long and difficult road l:lea ahsad of

_ua berore the problsm can f:!.nally be SOIVOdo Howevar, this ehould not

L be a detarrard’.o;- Scienco has solqu many vital problema s tc the greater T

: ""_.Agood of the whole human race s and m are c:onv'inced that ultimately this

| path t.oo wil‘!. lead to the top of the mountain a goal vshich prmisos to -

' reward &u. oux' seientific and aconomic efforts abundantlya

Tra.rmlat.ed _by
N Ro Br_ink:!.ey

S .Research and Development Division :

- . Office of<Synthetic: Ligquid Fuels

- .Fuels.-and Exrloaives Division -
U.S. Department of the. Intarior -

. Bureau of Mines © e
.~ . Central. Bxperiment’ station LT
- . Pittsburghg Pennsylvania L

e -_“2/20/&7 S




' " mm sxmmmn FOR HIGH-PRESSURE - RIS
mam:on, OPERATING WITHOUT mosnercamnm aa coma S
' “”‘ Dro xrich rron o

._.‘ . L -. /,, . . . . . .,;4 S ) . . f

‘!.'hs 113&1; hwdrocarbcnm gasoous prcducta (ucludius hydmaon

putloipating 15 the maoucu) resulting. fron the' hiah«pmssnrn 11qua-pnaeo

< hydrogonation ot noal tar,, and patrolonn oua ara soparatotLin _tho hot

o Y _..;»_‘__.__ R ———

...E?-‘_;‘_.‘_’.E from. *h‘ hnavsr 0113. vhich rcontaz.n unroactod mterial,, aah and
used ““1’” 7‘7’“ the- kot ”Puﬂ“r;‘» wmch 18 ‘loeetod ‘after the'last" connrtor -~ —

_ and 1a lmpt undez- tho aam preeaure as tho high-proeaure convartera, a loval

%::»or 11qum13 constantly minhiud*tnathrlmr sectim- *bfming"n“dirrerantial/ e

pnsauro matrunant t)mt meaamaes tho liquid bead 1n tho ves:

[s ture or tm nquid and saaeoua Produ“' '“"P“’G iz “h’ “m”r ’° ”’ m'”

e .

' additional coou.ns ocenrs u 1y abont 10==20° ’ouar than tho tonporatm

\ T ¥
@ e - o ™ e e B P,
~ d - ? — . - e A

of the last comrser; o RS

E ? Thesa lwt sapmtors, einee the aarly devolopnant ot highapreseure

- _hsdroseﬂauon, havo causoa: mmerous diaturbaneaa by cokjns and ac eus ]nt 1on - /

=TT s

uquid rssim ot m saparatom Au. Sntornal tnstanﬁions uhick farvor

m looation or the prcdnct 1n1et p:lm uas chanaﬂi rrom cent.ar ‘to a- pochrt-a

- o uk zqs.m raductim aleng ths aide oa.* é‘ho Baparatoro Ahothor uodirication




; , ofi‘eet a zne inner ,‘11,0 T T R
Doposita :I.n f.he aaparator could aleo be svoided by addit.:lonal mo~

mmatmormnqum . First, amchanicalatirmmmtauod

LTS = e

Bnt- m-pt for roeent]y dcvelapad_instamum 1n which the agitator dr:!.v-
mﬁthinthohigh-mm zono, ‘the- opcmtionor aatirmdr:ln ahu‘b
t'*throngh ot h:l;gh-premre atnfﬂ.ng Boxes was utmlw daff1cult and the re-

| au:lx was @ new. aourco or coxrbinun Mho , o

| lvdraxﬂ.icanynaing heavyoﬂ. to opmto tho hot valve bmao Soliddaposi.- |
' tfon waa thns co‘tx‘o *a.nd

S

- kept fn mtione

| mB presed to hb satisraotory, lmt the cost or material, mchmas,, .
' > and 1abor was very hig]h 'rhis ﬂrocadure ‘hed u;s m operatin,g diﬁ‘icultias.
aspocially when the aeparator bed - to be ompt:led ror soma reason an:l no produet

T - _“* s ey

wag availnblo—ror rapumpmeo ‘rh:ln dzscnssi.on !.ndlcates the pxtont ot thd

-)ought and onersy which was spent tor years in attemptfng to soIvo thT“ﬁi“

X

portant problon ot tho hish-pxcsaun hydrogenation ;;rm:osao - }.‘_ N

e

e %" f‘f — T £ 1%Mval@344mmmmg:ammh_uepmtonﬂeh—»—«—— S

”~

S attainod graat :nnprovmnt in tha procese in an mziWeimple mner

and resu.lted 1n better operauon,, 1mr eo;ta (°8D0cia]], 1n com hon R

Cwith th’ rowmpine Mthod)g and a kish G.egmo of sarctyo -

‘l'ho mthod devoloped by us was the mtroaueuon 1nto tm 1mr .
. part or the separator of a moderate amount or gas takan from the gas circu«- IR S

lation atrban which eansad a whirling motaon or’ fho hoavy liquld and aimlc e

: taneoua coolins By thia mam?, aop}osi.t rormation‘gnd coking*'aro .omad-




thn BQOoLoDo can bq ‘taken out. at. - com.tn hoight abon tho point at mch

ths cironlauns aa.s ntroan m ntroduood and tho ham liquad ‘cam nwayn

I

bo !nopt uthin a comm lm).o :[t was roarod -hat ureo mts of 38
aon.ld bo omﬁ:d nmy tm tlh sep}mtor us,z{x tno dluoharasd Booorauno - Ac_‘?‘_’ L
tual pmtico, homVer, shomd shat tm was nof. ths case. | ' o

= m_conatméfloﬁ ‘i;r the nov soparator u ahm‘ tn ?lsuro lo

In the 1mr part ot a- not separatar which was 9 m ).ong with an hmer

v» ~r

“m“r of 0.8 n D}o a daacrxhuuon ring (e) was p;.aoad through thc."., | o

| ﬁ e ___holea or which circnlation gas naa 1atroduccd at thc_ztatez_ or T.-'. 00=61
Cm /hra, (ueasnmd by a mter), ‘Bm :u.quid ubechlam m draun ott by tho

aseonding pipb (3), which was aurroundod by an 1nsu1at1ng layor (4)

\‘ -~

tom or a cona with ths agux artna %o, - m muth or_ the 1iqn1d outlet S

k' pipe s 1n tuis case. about £ mter abm tne gas diatributfon g:.ns (z)o_ ,, ]

‘l‘ho ond of tha long" p:l]po (5) which was used to moaanre 11qu1d 1evel uas T

: approximtcly at the aamo hoisht as thn uppe: ond or the liquid diucharss

__!- pipo (3)o The mtmauction o;' the prod%ct emd tho gaa 1nto the aoparator L
i:ook place throggh thn pipe (6),, uh!.eh w8 1ocatod a].ong t;w mn. or tho

separator and waa bent a 11ttlo at tho cnd touard thﬂ hmid?, . thnt tho

i e ._\...—~ S R

3

\‘T
£ncom5.ng 11qu1d did ‘not run aloung tho nlla (which eould causo do;:ositim)
but 1'011 freoly on tha aurtaco_ot the l:lquid -nh:ln tha separatora aaso-

&

" eacaped through tﬁe ontlet pipe ('m The level of tha nqnm 1. tnzg

-l

. vmparator m‘hvpt‘ aoaso emh—low tho ond br tno mlet pipo ‘6)3 m A

H

. - 11qu1d. contpnt ahould be ml.ntainod in tmg case o at a mlnilmm ot 500=‘700 -

Thc Erincipal fdvantegen of tMe 1nsta11ation ?ra the follow:lng
g gk o '

sy
e e,
i,
-

i‘n the separator aro avoided{, by 1ntrodacing larso
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) amount- or coa.d c:lml.ation su mto the lowor part or tho aoparntor and
md.ucing a whiruns notion ' (z) 'l'ho 11:1\\10. contonta ct tho soparator m

. cooloa dimtly by the Mrodueod cimlatlns gu eo 100 to 150’ holou tho
tomporaturo or the onterug uaterm. Aopndug on tho quantity ot m and

huw 11qud° By th:la noana, a8 lowononeh tanyeraturo 1. roachod u tn. -
aoparator so thnt tuperatnre rise canood by any rmm reaction u novt

1argo onousb to%rom—eohb——MLWmcuon o the acparator lna e*apocial.———~—'———

aavantag anould a auddon :lnosom or temperat\u-o within tbo convomrs B

—*“ﬁk—orﬂan—intompﬁon—of—the—mgular—produc%—tlow_oecura—sy varying—tho—ﬂw

ﬂ of circulati.on sas, the separator contents can - be- coohd do-n to‘a*lo- o

touperatnrc, sinco tho resular addi.tion ot heat frm nowly chargod products

is absonto flloroover, mn the rlow 13 mtemptedo ,this up;rator can '

- nOver. be complotolr~emptied by umga throngh the _valuﬂwhich resulntcaa ER

. th’ "9“"‘“’ 1°'°1°; m’ is ancthex. admtaa of this @ eeaima particularz.y

l —

when now~to the soparator 15 raeumaa atter a disturbanc.o Uaunlly in_ AT

PR

o mch cgsos an extremly haavy abachlm with a high contont of oaan.y uta _ T

p— P

tlins—solidn—:lg-tomdg M_ﬂmJ.i __,;,,L jhmseﬁm&er_dim&oj_thia hom

L mterm aé oncoc : Tho uppor gasoons paco or the aoparator i.s auo oooladi.A

: by about 10° so that a ccnd-nains an‘l rinezng -rfoot on---»thn nlls 18 csaurod,-. "

;.;_’r’l

- 1n a sevins or rnol—gaso 'rh:ls point 13 mwtant parti.cularly with respoct e

o * %o alxquid-m” c,hambam which operatO‘at—praasm alrovo 4




- '*’baen solvei yet, (4)~By takins ort-the I.owsz.' eovsr,, to wh:lch the 11quaa
""discharge ,,.190 is rastened;,, tha total sepamtor spaco is z-eadny access&blo.

v'_‘rh:ls 1s not poaeiblo wi.th th.e :omr fnnnal bouton aaparatmg (5) 'rho

X 'Aﬁ_.anatalhtion rongn practs.oally n’o“ddditional hb@r nor qxpsndituro or S o

..’

Ll _.'mterialo e e —
- ,}' 'l'ho oxperi.encon ot' "Rnhrol" with tha.a separator dovelopd 1n thair

plant ‘and uaod 1n tho higheproasuro hydrogonation or coal tar p:Ltch at 700

5"5111081’1!01'68 0701‘ a 2-'108#—901:10& m_vex:y_satisfaetorye 'vhaman pmxmaly,, _' S

—

d-p}" E ]
[ ¢ s
most or tho ahntdouns ot the convartors aftor a short operating tim wara

e

) gauaod by coking of the ho% aaparators which £

_d with ths new aeparatorsa After each

" shutdom of a atal—l—(opsrating't mo uy~t.s: 45 9““ daya).,,_ -round_thaz*in_tha“_ _*__,n_._;;

m caxr aasumex, ', 10

separator_ of thls now..design-nojﬂidﬂﬂdm@;ﬂ&_tmd

therefore,, o 1§defin1to poriod or operationo‘/, On account_ oLﬂds 1nc a‘a‘en R

I onstream ti.me,, the mcraase in output or LY sumpf"Bmse 5“11'%’ ab"ut 12= ; | L

1.5 ﬁparcent at_our nlant.:




mnALf Oﬂﬁsibmndﬁs B
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jp;— v

tiv.ely hazardous 'y ouing t.o the presance of high praasure and high tem-

perature, the tendency tawarda deposi:b:l.on “and plugging of the matet:tals

Mﬂ The opcration of a hi.ghepresaure bydrogenation planb 13 relapa .

participating in the reac:...on, and thefinflammabmty and exploaivn na-;f_._,,,_,.;;',fjfi?

tnre of the gases and—l:lquida handledo .

. B of converter temperatures.,- Operational carelessneaa could cause an in— T

crease in converter temperature large enough to exceed the safe lim?nita

R—— F e S

’93"‘10“ is high]y em:bhermic, necessitating extreme che in regulat.ion__ T

o of operation of tha unito Contixmoua operation is eseential for a T

' These characteristlca o.f the bydrogenatlon pa'ocesa must ba

B considered in the ovaral;l design of a highopreaaure planto In addi- .

‘l':.i.on9 all p:Lecea or* equiment “‘such'as“pmnps—compreaeors;"-and~circu-— ~ =

i mmber to provide enough spares to haﬁd.le amr operating comtionh -

The smalleat econqmically feasible plant. mﬂld contain

threa aump =phaae atalla““aﬁd‘two“‘va’gfor“phaae stalls: '-Two~of~theq

. »‘: sump -phase stalla would nomally be in 0991'3’1"5-0119 while the third

B S g

would be 1*eld in readmess aa a epare., 'l'he capaclty Of the two

vapor-phase stalla should be equal to 130 percent of the :ifclalewoil

BTN




s l : ;
prodhcod :m th/‘ two mmpfaphaae stalla Spares for the most important. e

injection pumpa and- gas compressora should be provided. . Usual]y the .

aparo capacity 13 25 percent of the total required eapacity of the in- '

- — jocti.cn pumpa and gas compreasorso : In Larger plants, this figure nay

b. roduccd by suitabla manifolding e L s

and the paate pumps, a highcr pez'.centage oi‘ apare capacity i.s pPro=-

vided. | 'rbaae units are set“up in seta of four aa "8 ‘minimum mmbero

For ‘some u.nits, part:l.culai'iy the circulat..'mg ccmpreaaors o DI

""Q'Fcr example " four ccmpreasors 560 10, 00" _éizbic meters per hour ca/-v

30 000 cubicx meters of hydrogen per houro If a. highapreaaure stall —_—

pacity—(} operatinE, 1 spare) are im;tzallbd 1f the. plantwreqnines oo ﬁ__:»_,_.____“'_«j"_‘__: ST

L *“—needs 30 OOO kilograma feed inJection per hour, the amallest mzxnber of B

paste preasea would be four of 10,000 kilograms per hour each with

threo 1n cperation and one ae 13

'!

- manifolding would be installed to recmce the m:mber of spares ro-

!'hi.t.a thiﬂ rapoi't does not conce,

| B 'A'"‘jof the materials of construct:.on used for high-pmssure installa-

: "“"M-.:tiona s 1t nay Be atated that for preheater tubea and connecting pipo L

[

g "'-f"%:-' comxou OPERATIHG n:m"mm:rms S

'l‘he most. common cperating difficulties and some methoda ’in

use for their prevention are’ briei‘ly‘*marimd belowo




o3 _"‘

R Regenarat.ors : o
co - (Palto oxchangers “where incoming fcod :la ST TS
e S — -hoated by overhead gaaeaafrm the~hab_.catchpot)
- . t 1 :
Tho princ:l.pal difﬁ.cultiea in thsaaa un:lt- aro formation of

dcposi.ta (which mcraaao preasure drOp and dncrem hnat t.ransfer

B ratea) and corrociono The tandency to deposition is largoly 1n- _
harcnt. to the natur- of the materiala handledo Cmrtain typea of

;fu" o coalftend to‘ mll and to fom a:pl‘a‘stic masa within the tempera‘as“'

ture range of 250‘-' and 350"0., It has alao been noted ~tha~tka—hi:gh

water content in 'bhe feed increaaos the tandsncy towards daposition "

: and pluggingo | On the gas side of theae unita s inorganic aalta such
aa annnonim_chloride and sodium carbonate cause t.rouole by deposn.t- e

ing out° COrrosion is usually found a‘b 'bhe back end*-of the o= . E ',-}.}'.--' R

gema%era—andﬁts:cmed—b = oni.tm_chlozzide_nhich_is_ﬁommd_fm

-

*-—. - 4

Saveral precautiona are naceaaary in order to avoid these

'!

. difficultieso. Water content of the féed is kept at a mimmumo

R 1

£ —-:j‘ raate—and—gas~mu8t~be——kep‘b in—separate 11nas~ and—sheuid—mt —ba m:i.xed

below a- temperature of 35@00.

- _g88. side in Qrder—to remova“ inorganic salt

To prevunt corrosion, the aci ontant, (012‘)‘61’ th’e’"feea

-1_.’. D

,"”_ia neutralized uith "Squigram" (Haas)*or soda asho ) As~the—usa »of——w—»-:#

o Sulfiéram in pitch hydrogenation “haa caused daposn.tion in tna rae —

SR ST
ng'eneratorsp soda aah :l.s used, _but Haz‘s ia not. in;jur:}.ous :Ln cbal '

lvdrogenationo . . .T{."-.—. '.'




Praheaters._f-lf e
e e SR T

Gorros:lon and Haroaion are *)arbicnla.rly sevam~ in thase unitsc -

i

At Galaenberg,_thesa conditions occeaionally caused theahaj.rpin_tubca

- ] to burst, part:lcular]a' at 1mr part of thc band This difficulty can-

; vbe prevantod by keaping the flcw valocity be].ow 8 to 10 metera per

| -:soc:«md<> Thd temperatura of the tuba wal:l. nmst bé very carerully con- o

—_

- f'_culating ﬂue gasea,, 'remporary strangthcning df“tha bond ic _x;ot at

- -Liipreaent usad aa a prevantativa mea:mz'm> Special choico of~materials-— -*—*M

'”-.contiuual check ‘on- the wall““thic eas . and a strict program of pe-=

e ,,,‘., R

et e e _\___

';'-riodic exchange and testing of" tubea on atlrc _1'3'are excellent sa.te«-

g Buardso e e e e W T

‘ ‘ uqorganfc:deposi;té—(ncavj_arn)— and co1d1: arp tha most com- e

e et e

mon operat:.onal difficultieso ' "caviar" fomation, usu&lly moafb seep _

rious :l.n t.he first. convax;ter, may bc reflardod by :anreasing gas

velocity 5 :i.f»the -fomation ia n_pt decreased sufficiently, it must_ba

- removed by a screw-tvpn comreyaro “?'1'0 minini ze—coking— ‘all: intex*nal

o piping in the convorters is réduced to ammmmo A_The cooling gaa

il [

L j‘n now in,ject.sd th:zgugh tmfvcaaelmwall rather*than through the
s P = = i ’:':j’r”:-‘:,(‘(?‘- .. . T N N C .l =

7 Increaaea :I.n temperature are eonduciva to cokc formaticn,

a.nd_all.important_temperatux:e—control.points are equipped with~alarm




Gommcting Pipingo

- converterso At Ruhrol tns injection ofﬂwwa*'ber 1mdj ately bef.ore tha e

Ringclike deposits am ccmmon 1n the hot piping betmn the f_’l-;_j'_‘;' o

i nrehaatar,preventa this.. occuérencs\«~4w previously ataf.ed the. water RO

' must be introduced after the regenerators to prevent trouble w:hth de- 3

M"'__'Aposition in: them W:f"_.:n-' ” - -

A large percentago of the oparatiﬁg difficultiea :Ln tho

highe-pzossure stall _are caused brplugging of t-he hot catchpoto m3°

- *_

problems are diecussed in a aeparata roport. and a new deaign for

LI =

T this unit which 1s :ln successful operat.lon at thﬁ Ruhrol plant 1’

describedp “-_ "*‘ff'“- ) —— e

R Gas 01rcu1ation szgtena

‘.-

: —Most of the operating d:.fficulties 1n this saction of' a’

| }ﬁrdrocm'ban dex'atea (nsually tarmed "gas lvdratesﬂ) can )
. aliminated by avoiding temperé.tures belaw 35°Co W'ithin the cir-a

culating gas 1 SK

“the coaprcasor suction lina ,by atéaﬁi' tracing 18 sufficient to pre-“___: ] 7

vent low temparatures,, : Tha heat of ccmpreasion is nomally sufﬁ.-L : ‘

oy

"A Naw Hot Separatoxf in High«Presaure Eh'drogenation, Oparating
ZWithout Deposit-Fomation or: COking" by I)ro ‘Ench Frése, :

_ October 19)460 L




, Inorganie salt.s, particularly ammonixm carbonat.a can frew “ T

L quontly be prevented frcn precipitating by proper heating and in- B

oxide and ammonia ccxrbent Of the circulating gas will vary coal .

uaunlly increases the carboh dioxido content, uhiln coal.pitch

farma no:ro ammoniao _

-—aulati.ng of the linesof_ Depondingm&he feed stock, tha carbon dio_.-ﬂ_

. ', ficult to handlo .. a8’ soma carbon dio:d.de 1a alwaya preaerrb in~the

A o B

néﬁa-aup hydrogen ‘rhe fomation of amgnium carbonate is more

T

lj.kely i.xi“the Wi' tﬁea "*‘_;__‘.W,J\

Handlingofl-‘eadandl’roduc‘b.;w e

The usé 'of pmnping tanka for providing suction heaﬂ for -

tha high«opressure paste pmnps 18 not adviaablao cmlsas oparatiozx 3

may empty 2 tank and stop paste flow to the conv‘ertersa Also 5 the o

'. narti.cularly -on.- accamt‘of_the_hot_piping_present@wihe_uaual nraa--'_ﬁ'r

ceéure is to prcvide several circulating pumps which keep a con~

stant i‘luid preaeure at~ tha auction of tha paste preaseso"—~'.l‘hesc e

i‘ed to the paste presaaa with 'bhe surplua ra‘t.u"" | to a collectw -

:lng tan.k in ths paste preparation building In this m, the

. pumps- ~angd- the plping ‘are so > arranged- that. any exaess of paate —is— BRACES e f

——paste—presa buzlding is entlrely aeparated from the pa;sta prepa?ac.' e

t.ion 02'4 storage equipmento * L T e -

'l."'-

* . Im operating the Paate presses, ,all piping and part.icuu

puﬂxp is usual].y kept turning ovarg so that :i.t can 1mmediately ba s

_put into service when naeded to eliminate the necesaity i‘or manipcv

o _ulati:ng asveral heavy high-apressure vafl.vea,>

Sy . .
e B .

]
<>
i

larly the pump check valves‘éhould be- kept woll haatedo ~The spar@ N



, y 00caaional]y, overflow of ‘the hot, catchpot cannot Jbe prae o
vantcd, thereby pemitting the heavy oﬂ. uenauy remmd “at bottan Faoo
of thie veasel to flmr in{;o the’ product separator or ‘cold catchpoto' -
' j’ir‘l.'o _rcnowo this heavy 011 'rlth 1ts content of solid and aaphaltic ' '
) .nat'eriala s py-paaa piping is i.natalled from t.he product separator to
" the bloihdown drum. The product separatcr 1s blown down until.clear .

Of m ouo ’ ” - . ’ ,'“_\J,_,, - . ____ """""" ...... I—— : |

An 1mpor:bant fact in connection with,highepreasure mrk—

A

- is that valvea should never be used@a a poait:lvev mksans of’ sapa- -

-j,-f.j_*-‘-rating h:j.gh fron :l,cmr preasure ayatems or the Eigh«-presaure aya‘bm

";-.j_ , *1£rom the adnosphere; as evan—mpltiple valves are not dapendable,,
f gk i » .
Suitable blind flangea should be used for this pu&-po

T

’ = sungsr:om m nipnovmnu's N mssxm,

Cepee i I.ike many other recent industria.l developnant.a, tha high- .

preesnre hvdfcg """" tion prm—haa ma.ny pmrsibmtiea for improvo., =S

A s oerrees LTI

—_— »

Immediate 1mprovament cou].d be- achievad by“limina-

_hot. and cold catchpo‘b level,. the rate of cooling gas injsction
: for converter tanperat.ure control 7 a.nd variat.iona in gas circulae R

tﬁn ratea are a. faw of the many mstancea in which aut.ematic—cor

q_A‘.J

\ trol would great.ly 1mprove operatione rhe dmlopment of- auch :Ln-

(Iauna)_dm:j.ng the - waro Other high«bressure processea are auto-='.

maticalIi co"brorlled in large industrial 1nstallationao f




e —'rhe poasibility of combining 11qu1d== and V&PO’-"*PW° :

opara‘mblo;?;iai’s Been auggeated as ' a moam of saving haat,, diatj.llan_..__,. N '-
I t:l.on, ccmpreaaion, qpcrating, and maintenanca coatso '.l‘ha preaant

_ catalyata :ln genorai use ‘for the vaporephaso operation (K«SOSB and"

K—GhBh) are norb auitable for this combimd oporat.ion, raed '.: %

R

atocka boiling abovu 329°c° cause a large drop in cata:lyst act,ivity

o and :I:l.:i‘ca° This fact necessitates a very careful distillation or

tha vapor—phaae feed., Catalysts a:lmilar to x-535, developed*by

Ruhr"1 at Bottrop, can handle heavy ons without d;uficulty and

- i
i L e

would thua parmit a combination stallé' :

s ‘--Thene—ara 5. homer Pt addltional req,somjor_not attempto e

1ng a combination of the two processeao For examp139 the_ﬁ.xed

e e e PO e

catalyst beds useddn tha taporcwphase—requim in most cases dif-a- .

N Iorant. temppraturps and__differant gaa to p_oducj;x:atios from

liqnidwpme operationaf_lt is ~mac;s_aia.t'y to:—introduce__additionalﬁ¥—f~m— P

circulati.ng gaa betuen‘ _'bhe two_perationa and to mgulate t.lr‘o

temperaturea "'rhrs tamperature‘c‘ontrol—m:tght‘be“attained by the

——circulatixrg —gu*addition—smm ;fso that~the combinat.ion- opera--fl_» Lo

o]

tion is theoretically possibleo However 5 | the occurrence of nor«» _

T mal operating diffioultiea R such as overflmring oi‘ the hot catchc ‘

Pot,—would—cause asPhalti;c malterials.and*aolida to—enter_the*fimd _
cat.alyst bed Inatallat:.on o.f.‘ '\secqnd hot catchpot after the e

-—f—i—rat one night prevent thi' "dﬁ‘,fieultyo S - _:;'"}:f:f;_.'.m& — .

-

A I‘ixed ca.,alyst requirea a- constant faed- matertal both

I quant by and’ qualityr Attaining this “would be‘quite aifficl —l—

»when directly\ connacted to. a ]Iquid-ophase atallo A small 1ncrease |

' i;n—temperature (even 2°c ) :in the liquid-»phaao stall vi-l—lwproducof e

(v_" .o . "5}"—'.::-!“‘1---1 .

- " 8o




o C N . _ L o
‘xa lightsr prodnct with a largor volumcc This type of fluctuation is R

un&voidableo‘

It seems poseible to solvo tho problena incidontal to this

cambination of liquid-and gaawphasa opera:t.iono However, thiaatypo

e

u<—operation~haa~thus far been limited to smallip11otmp13nt taqggnu-f
The affort is’ justified, but one_should proceed cautiously, as’ ado s

- AY .
: gditional problems will ariaegvdg{;“‘=g#“

_3c, Another suggestioﬁa}or‘iwprovement of the proceas 13 ; 

. [_:; ..

T T

-f%;?¥?to—buti¢f££¢;1igp§dmphé;qiiiéiiéiié;iﬁéiéﬁ ;converterﬂ are Slightly

- .inclined frcm the horizontal rather than verticalo'~This change will

f?the hydrogen gas in smaller bubblesﬁ Experimental work'ia naeded

P T

_to show whather suCh a8 construction is advantagsouB, Keﬁ'difficula.

'\/

removal —and- the“greatiy increased araa requ41¢uo —

T It ‘has- been suggeated~that bhe connactingﬁplping“ba”

*unen_conyerte:s_couldﬁbefminimif“d:b?”stand:pipes wiﬁhin the conw

verterS/'7Tha cﬂief adVdntage is tha aaving of high alloyad

<materlai 5etwmen the converterso The disadvantages aro (a)

L tlon of the converter~space which»decreases output (b) +the

bility of slaw corrosion and erosion of the ascending pipesp which';w

causes“short circuits andm(c) difficulty in. replacing the_p;ping

Two types of deaign are’ posaiblef:tChg:ging_gnd discharging_pro~~mwrmw ~f?¥m~fﬂ

ducts<frcmwthe top or bettom~of~tﬁe conver’ber° thn charging from T ,"I:fi

tha §op, difficul y'may ariéa when - the converter is removed fvmm g'f o “f <




[

doposition would uaually occur 4n this 1ine°' !lhen charg-.ln from _. S

below » the. cormacting piping batwoen the conveztera in the lowor

v\

part of the chambar nay burst. if plugging occura., ‘rhis is nore

dangorous 'bhan the bursting of a pipe 'in the uppor chamber. . Al—
though 44 ia difficult to decida which operat:.onal method ia

V. prc.l‘erable, we bel:levo that. the formér design, the.t is ,Acharging

_and diachargin,g from the top may be slightly bettero‘ — _‘_

Tranalated_by :




S‘I'ATUS OF y
- WITH £

,,'_;__-,_-M .maoemm'rﬁm OF. MDDLE_QIL

. lbat of” the gaeol;i.ne produced on a hrye scals in Germamr ﬂm'in? |
“the last few years of the-war-care .f.‘rom a- high-preesure process which was .
'(-.'developed by the I. G. :arbemnmtrie. This process was operated in the

ga.s phase at approx. 200 to 300 at:noepheres. In order to mcet the eoecifis-

f.AvAcatione designated by the ‘\."ar Department s it v:as xieceesary to proceae the

‘middle oil (boihng po:mt. no! higher t.han 325’0.), which was obta:med from

either bitum:inous or broxm coal, in tv'o sepa.rate gas-ohase stapes. ~ The

'igasoline thus produced wasg. et:r.ll not satisfacbezy for av:.ation purnoses, S
and had to be treated in'a third stage, the mm ope:ation (high-pressure i
dehydmgenabion), before the requ.ired octene’xmnﬂ)er was. obtained.
| 'l'he ﬁrst stage v*as operated a.t» relative]; low tenperature with

‘a strong hydmgenating oa.'balyst 3 such as tungeten sulfide \m

e
Seen et

reaeon for, us:.ng thi’s—ceta]ysp x?as-—tO“co e

. tuents in the mddle oil to vza'ber and\ampnia. - Althoup.h suppression of ’

' ,gasoline .t‘ormation was attempted during th:z.s stage s it. was not possib]f

x _;_to_prevent exbens:we h,rdrogenat:r.on 31’ tbe ve.luable aroma'c.ic inpredi‘ents

initially pre°ent i“— the nidd]:e—oil\ ~~1"¢:)::' the second -stage- ‘a- crackinp'

-,ﬂf;;_ca.talyst such as rerrana pme—m*bu‘ngsten-euiiide—(-xéhak)— ueed Pt ie :
- catalyet eonverted ~the prehydrogenated middle oil into gaeoline.- H:.gh-

Al

octa.ne aviat:i:on gasglme could not » hov'ever, be produced from the more or

. 1ess paraff:.nic and maphthen:.c middle o:Ll from the first stage. Further 5 o

_—

~ the gas cycle of the liqu:l.d ohase and the ges cycle of the wapor phase -
' he.d_. vtye operated ent.irely separately from ons, another, owing to the

>~

sensit.:witngf theli: t.alysts ,_thereby neceesita}%ng o,dcht:.onal gas cir— "j o

| ‘ eulatin&pumpa_and _suoemaion, especielly in sme.]l plants.




i fowr days., At a hydrogen partial preasure of 500 cr, better still 600 at- o

b4
e

An additional diaadvantage of the IQGQ Farbenindustrie cracking '

catalyst (K6h3h) was ita sensitivity tc the poison:lng action of oz;ygen-» and

L

nitrogenacontaining :!.npuritiea at 250-300 atmospnares; Ii’ the middle ou .
containod even 5% phenol the catalyat activity docreased .'ztbmxtA 50% in a

mospheres the catalyst was active :Ln the reduction of phenols and the cata-~

lyst life was aa.tis;t‘actory0 - Howevar, high hydrOgen prassure reduced the

hydrogenating abllity of the catalyst to such an ext@nt that gasolinec

with an unsatisfactory octane number ‘were prochxcccl°

Ow:l.ng tc”the difficultiea encouutered with gas-phase lwdrcgena-

b — - -

, that would have ‘both cracking ‘and hydrogenating propertieao . It was desn.red

to« have dura.ble cata]ysts thch 1would reduce the oxygen- and mtrooen-—cong( -

oe.imng products 'y a.nd retain the ftmdamental aromat::.c character of the :

Tmddle oil. “‘J attempted i'rom ths; very beg:.nnlng to- deveJ.op F-) ca.talyst -

s “ P
B S Yy . iy - ——

- _{'h:ﬂ'._i aq= ~eeu e hifhe ""-v— asollnean - a - gine i _'.u-‘£E=# 04

: that produced :m one etage the. saj.me high-quality gaso]ine as. was- i‘onnerly

obtalned in three stages. These catalysts used a part:n.al pressure of

tests‘ in exneri.ncntal plants 5 We i'inally succeeded in develoc:.np' catalysts _'

hydrogen of _500 atmspheres and WeTe tested in experinental units with ‘

middle: ozl_fmm_hitans_cqal_(acthzen_axm Gelsenberg) or~nitch hydm-

genat.iono

'r - . ‘ ’ '
The disadvantage of i{evi‘ng to use ‘this ca.talyst at high pressures

N munber of” h:.gh-preeswce vessel _and al so the emall di.;t:.llation plantre;-

Y

- qulred "Ihere were no diff:.culties d.‘b all in carrying out this prooess on

a large sca}ae,-«él‘he ch:.ef advantages are enumerated es follows'

e such -as-, 500 to- 700 —atmspheres msr more than compensated -by- thesmall




jes Approximtel.v 1/3 h:lgher yield

(2) Sna]le—r pereemtage of gasii‘ication T
(3) slaller hydrogen requiremnt.a Y
(L) Sa:ving in constmcuon material .

., ( 5) One gas recycle instead of three
The lovr sensitivity -of-the catalysta tmrds«oil&ofﬁthe - Sump-— phase cycle

_ made 1t poss:l.ble for Ruhr’l f.o have .one commoh gas cycle for sump and vapor

--»-A—phase > resulting "in- a.n additionatl advantageo , In gensral the sump phase . ~

" —requires a acrubbing oparation of the recycle gaa on accoun‘b of the high
hwdrocarbon gas formation 5 the 'gds phase recycle gas, hewever ] doea not o '

- . require auch a scrubbing operation., It was now posai.ble by combinir‘.g

both sump_ and vapor phaae recycle gas streams, to elimmata 'tﬁ L6~ derubbling

aa the gas phase oila ac'bed effective]y as a scrubbing mediumo The cost

o of prepar:lng these catalysts ‘was low, as no large quaxrt-ities of exPensive s

. metala ‘were required. With these catalysts R it was also possible s 88 de="" " T

, scribed Later in this report, t.o operate economically ayen with asphalt-

;—17 — containing p:u'.cne' _a_—s, t—essenﬁm—me—pmsmaa——ﬁso——fb—#&—e&;
-»—_~;— - Q- -to_proceaa oils distilling above_325°co, This proceas enabled development

.. of fixed bed mrdrogenation usﬁﬁg‘ aterials"ﬁhf “h, until now;‘it m—pds- -

a:lble to split on],y in the aump phase, ] _
_One_of—t.he catalysts developed by. Ruhro.l. contained a terrana-

r&ﬁn%cmﬁja_ﬂmdihat a ca.talsrst Drepare¢fmm the A. D.V.

paste (Sudchem:.e, Mmich) was well . suited for this process. The- paste wh:.eh'

_"

3 was mxed 1nt.o the catalyst made 1t rigid when dry and made poss:Lble t.he ,

productxon of cheap pellets.-—We found the:b the netale of t.he 6th grroup of

the ~periodic system and espec:.ally vrao]ybdemxm and tungsten were pood hydro—
] .

genati.ng eomponents. ‘me iwdrogenating ab:.li vy of othez- metals such a.s

zm, chrorrﬁ.um, or iron, is insignificant by comp&r:.son.' s:.nce in—Gernany "




only molybdemm could ba readzly obtained 2 only this eamponent as the

. au;fida prepared by thermal decompos:!.tion of ammommn aulfo—molybdata,
'ans nsad. _ o ST

,“~ 7 The first satisfactory catalyst used on & large scale by Quhrol
with the middle oil ﬁ'om pitech !wdrogenat:!.on was K157. Thi.e cate.lyst ba.d

- the tollowing compos:ltion- 98% cra.cking eomponent (A D. V.—paste) 5 2% hydro-
genating emnpomnt consist.ing of 12 m]ybdenum (preser:b as’ sulfide from

) amnonium sulfo-mlybdate) . and 1% z:mc (present as o:ude). ,

" The det.emﬁ.nation of t-he proper proportion of the t.wo component.s
vay next studied. It vas observed euvm—m -t it was necess(.;ry
to wary the ratio between cracking and hydrogenat.ing comoonents, depending T

for u e_w.!.th middle_nil oﬁginatin&ﬁmm the hydrogena.tn.on of bltunﬁ.nous

’ coalwhhhcontd.md approx:.mtely 15% phenol should possess mora o:f.' the
hydmgene.ting coxnponen‘b' a cat.alyst to be uaed on the middle oil origa.nat:!.ng
from pitch lvdmgena.tion and containing only 3-k% of phenols should oon'ba.in

(from bituminous coal, _brovn coal, pet.rolenm, or other souchs) could be

pmeessecf-at 709 atms;:heresﬁ’m—the—gas—phaee,—pmv:i.ded—the-cat.alyst_com 'j'

position was adjustecl in the marner described. We mrked with oils which

nriginated fmm bnovm coalﬁ(lzem) an¢from bit\mﬂ.musvcoal,‘_(._sgholven -

. aelsenbergrnpper—SileszaL—The-principal aim—of—course——was—the—fnrthm- )
7 devalopnent of a catalyst for the hydrogena.tion of the m.tch middle oil of o
Ruhrol. In the ,course of h—l/a years we developed 536 ca.ta.lysts 2 which a.t

fzret vere tested in emall 50 ce. comrerters H the sata.sfactory catalysts were

-.,-‘:.‘......._., [P A,_.

later tested in 5—1iter converters. e o
" “In the course of this investigat:.on the activiby of catalyst m57
1.

was :mproved as far as phenol a.nd pyridine reduct:lon a.nd ammatie content. .

'_.«—q

of the ﬁml_ga.soline were concerned We also found that (1) When the




b
3 .

vy
MYIR

‘I‘errana was treated nth dilute hydrofluoric acid a batter crack-ing cataljrst

: masultedu (The excass /hydrofluoric acid was neutralizad vrith ammonia and the
" resulting ammonium fluoride removed from t.he catalyst during tho act:.vatjcn { B
: processo) (2) The activity of the hydrogenatiom ccmponent could be improvad -
by the addition of small quantitiea of chromium or iron 3. which are only i |
sligﬁtly active. by themaelveso 'l'ha_hydrogenation ability of the mimd cata-— .

- ]ysts was considerably better ihan that of “the straight moly’odemm catalzato

| 'rno catalyats (both ‘treated with hydrofluoric acid) which we' T -

..horoughly teatad on a large scale . had tha folloming ooaxpoaition: ——

T

| — ———

K335- _ 1(157 plus approx:lmat.aly 2% cr (as_ oxida)., e ]

Kahé :~—60$ "A.D.V.-_paste;- hO%—‘Eeprana,—pluo-LgJe/loo ge of carrier N -
. (aa ‘oxide); plus 2 g. Cr/100 g.-of carrier (ds oxide), plua
"1.g. l!o/loo go of carrier (aa sulfido)o Co— LT

_ Since catalyst K3h6 was oo strongly hydrogenating, the molybdemm -
’ conteot was. ]:ater rednced to Ooh to. 006% '].‘hua, we were able to ‘save mo].yb- " . Vi |

J
denm—whicb—is—scuco—in—eemaer—In%a—cwrst_funtheLexpeanta,__

I discove:ed_that_thc_aiqgggg_oﬂlead_impedad_hxdmgenation, which was desir-.

able because German requiramenta specified a high (over 60%) aromatic content _

_of the gasoline The catalysts of the type h29 and h36 all contained lsad, .= - |

Catalyst Kh29 had the following canpositions ) ‘ o —_ ~ 2

60% A, DoVo paate, LOZ Terrana both treated with hgdrofluoric acid, e
—plus—2-gs chromium/100-g--of - carrier~(as oxide); plus Y g.—of lead/____:,_
- 100 g. of _carrier (as oxide) ,__plus Osh g- of molybdenum/loo g of b
carrier (aa sulfido), “‘*- i

Bowavar, such a catalyst shmc’l inferior m'drogenating ability and also poor

activity for the reduction of pyridine and phenol, v

: tions for aviation g,aaolina were reducad by the German Department i’rom 60 to P

' hO% aromatic contento Aa a reault > the search for more active catalyots,

particularly for handling: niddle oils from coal, was continuedo e

ey

_,_,,

The probl’&m waa then to make more active catalysts for phenol and

T

pyr&dinewelimination without entii-o]y deatroying the- aranaticity of _the pro- ;‘;“_“i;;.




_ duct.,, Ie found that the finished catalyst should nof: be activated in a hyﬂrogen

- stream ’ vbut rather m a twdrogen sulfido atream or :!.n a lvdrOgen stream wh:lch

N 'concaimd—uma wdrogen auuma,, As ‘treatment with hy-rogen sulfide 1a asess- o
- cnlt. and dangerous on.a larga scala , we addod 5—105 of elemanta‘.L sn].fur to tho k
‘ catalyst. This sulfur was. removed later when the catalyst wae activated
in the }wdrogen st.ream at 350 to 400°C. Catalysts of this type (xsaa-sas— .
n ‘.536) were more active than prenous eatalyst.s and were satisfactory in
pyridine reduction, At nrosent, f.'r‘ey constit.ut.e the best cata]yst.s known

n . —

51 for-hyd gemtze&a%#w—atmsphema—mssune._ﬂm_}_catalx&ts |

“are similar in activity a.nd composi.tion (sulrur and molybdenum content
. _-—ware— slight]aLGMnged),—and_can_be_adgusted.to_i:he_varions_niddle:qils

P

to be hydropenatcd. I the(ohenol content in the mddle oilus h:.gh, the

molybdenum content of the c: talyst vias increased by 0. 1%. The 3 ca.talysts—

‘had- the fol]omng compos:.t.i

f.’b!!si’-ii‘.uent ‘

- ®A,D.V. Pa.st.o, %MWW
#Terrana, ' o
Zinc (as oxids) g. /100 g. carrier -
~ Chromium (as oxide) g./100 g. carpder _. . .. 2.
- Nolybdenum (as sulfide) g: /106~g——carrier
Sulfur (as flowers of sulfur) g./100 g,
SE c:rmser (Given off as st upon activa-
tion

- *Ebched vd.th_hydrorlmric a.cid.

I

folloxﬁng data ‘were" csbtained rhen ca.ta:ly.st. K535 was used-

e gggratingﬁta—ofﬁf —

j Conv: Temp.. 500'Cfat1he*peak"ofactint e T
Yields 0.5 metric tons of gasoline/m3 of—cat /br- '
'Reduction of phenols: 0.1-0.2% from approx., 4.5% in Zaed.

- Reduction of nitrogen bases: 0.015% from a.pprox. 2-3% feed

" “Aromatic content of gasoline, approx. 45%. -
-Octana nucber of gasoline, 80-82: eccording to the motor msthod

| Octane number after the addi.ti.on of 0.11% TEL, 90-92
Heat. of reaction, approx. 160 kg.cal./kg feed~ ,

*.14fe of the catalyst, approx, 300days __ .’
) Gasiﬁcatzon,-—approx. 15% otﬂ‘.he A nﬂ.dd]a oil usad.

\ : —6-'
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'l'hc good gasoune y:lelds obta:msd by Ruhrol at- 700 a.tms. in .
© the gas pbase operation with these new catalyst.s led to ohanpes in con-
struction plans for Scho‘l/ n and Blecmxanmer. Fm‘f.her develoo":cnt of - '
" the hi.gh—oresmxre !wdrogenation process will be along the 1:'pnao of the
advances eited above. - _— ' B

_ HMGEJATION OF’PITOH, BI'HMINOUS wAI- EXTRACT, AND HEAVY OIIS

'I‘he cracking of the high molecular weight asphalb—containing

-

o ~ prodncts of the high-pressnre hydro t:.on of bituminous ooal, h:l.gh and
_ww—temperahm—pi%eh:(e&rbonizaﬁon oitch), eoal ext:.ract., and heavy o:l.l

o -‘-.fv_*hoiling abovo 329"6, ‘was nntil now carrtad out 1n the sump phaaeo Tha powderedi l :

- cata]ysts*aere—nﬁmd—mto—a—pasbe_vd.thjhe oil. The paste was t.hen pro-

cessed into heavy oil boil:lng above 325°C.- and mddle oil bo:i.ling below —

—m325oc;-'rhe axtentrofamiddle oil- productionin-»-thie_phase depeﬁded‘*"’ 2

gteat cregree on the™ nature‘of the starting produet,_hut rarely was morg____;_

———

.25—mtr1c—tons/m3——of—eomrter_nul.lhr obtained The catalyst o

@ e e e
1 v

LI

; was—rerzgved—xm%he—heaw'_oil_lejgdmm and lost

F In view of the deficiencies of this pmcecture s Ruhrol carried

| _out experiments during the ].ast fow' years sn wh:u?: hydrogenat.ion wa.s

eamed out. in a ﬁxed cata]yst bed““*;Thej !

o increase t‘ne efficiency of ‘the process and- to reduce to a nd.nimm

thequantity ‘of residue- formed._,ﬁ Tha: cat.alyats war:e sin'dlar to those S

described :m ‘the first portion of this raport. The exoeriments 'aarta

T carrmfoufin—a—contimous—plant-usi%&ht&r conveni:.ar under 709_atmoa-o

pheres preaaureo : The-*ral materia'l.s lvdrogenated warat 1) bituminous coal

e gapfrom high«temperature carbonization (coking oven pitch) s () b:ltuminoua _
coal ext.ract (Pott-Broche) B (3') heavy 6il (above. 329’09) product. from pitch

lwdro;;enation, (1;\) bituminous coal tar pitch from low-temperature carboniza—

) “i'."".'"- o tiono It ‘was found that (1) high-temperature pitch and oxt.ract_could not be

. wdrogenated ovar fixed catalyst, (2) heavy oil (abote 325°C: y-from pitch

S

derOgenation and low temperature pitch could be mdrogenatedo '




g The reaults of those exoerimenta (using catalyst x53z.) with t.he
raw materials 1 'and 2 are ammarized in a short reporb ('mm Reel Wo. 7, .

- .:Bag 2132, ‘rm‘get 30/4.11 Bottrop oo). “The acunt.y 'of the caualyst in
.both cases decreased rapidly with time Deposits formed on the ca.talyst

_ surface increasad t.he pressure drop through the chamber a.nd finally neces-—
s:ltat.ed shutung down t.he apparatus after a fou days. Homver » v are

| at:l.ll of the 0pinion that the }wdrogenation of bit.mxj.mus coal exbrac‘h _
.(Pottv-Broche) is not an economi.cal procesa whpn compared vdth coal used °

direct]y, for t.he follmd.ng rea.sona _ {1) m.gh cost or pmﬂuct:ton—of—ﬂm ‘ '_ :

extract., (2) lor ofﬁ.c ency of the hydrogenat.ion or a....ract as eomparod - L
with—tha_}wdrogenatton—o£~coal~ B)—maller yiold—of gquMﬁ- SR

roct lvdrogenation of the aame quaubity of coal. - -

, ——w-f.—”-w—-mvé-—-—~The com catchc-pot haa.vy oil (boili‘ng 31)070"32? Co )_°btain°d frm

TTUpiteh” hydrogenatton , Which was~too valuabla to-be: usod—~as a fuel by- th‘

— Navy"waajaroceosed—to—middle~on-(and~some—gaaol:lne )-:'r.—n—erack—ing—expo*" -

o 'l'he @talyat used was K539 (see i‘irst part of this z'eoort .and oartic\.larly
PR J7). 'rne yield was appro:d.mtely 0.45 metric tons/m3 of catalyst R

wlur’ha/hr Gasxf:.cation vas a.pproxi.mately 15 percent of the heavy o:.l

LA,

feed m.t.h the following comnos:r.tion by we:.ght of total gas Omduct-

01, 13 percent.;“—cz, 25 percent 9- 03, percont- J.so-c& s 2 percent, n-Ck, ‘

12 poreent. The reaction uat.er amunted to about 3 percent of the heavy

e on—une basis or- previous expem.ence w.itn the cracxing nydmgenauon

"\.*’-

o.f.‘ high molecular ueight 0113 with a ]ow lwdrogen content > as, for :lnstance >
the heavy oil from pitch. Jiquefaction, in wiich the ‘earbon cout.ent 13—92 5 |
percent, and- the lwdmgen only 7 5, _\_ve feamd the deposition of carbon in

T __...\§ .

1:ne eatalyat..- “We. actually d:.d find such a depoa:lt after 62 days oﬁoporatﬁlon.




t

‘This conaisted of 30 percent ash and 70 percent organic materia.l, of which

V93.'T pcrcent was carbon and 2.1 parcent hydrogen. . 'me ouantity, hmrover,
- was so small-that a- catalyat. 1ife-of half a year could bepredicted, The ... .

deposit ms present in the form o,f a loose powder wvhich did not plug the
catalyst. bed nor ‘the ]ines and/ did not prodnce operational difflcult.ies.
' Dur:lng the“initiJ neriod of operation s at z,so°c. s VO found thaf the . ca.ta],vst.
' thad a: tendency to- detenorate s]ight.ly and Lhat. its actlvity decrea.sed soma-— B
'what. 'me ‘same phenomenon ms observed in t.he hydrogenation of 'x'd.ddls oil.

However, the : sma.ll decrease,in activity could be_ compensated by raa.sd.ng t.hs —

R e U ———

-ft.empcrature to 500‘0. 5 ;- N B L "—.e.., . . " _‘ t

— - - -

~—We. specified tha.t_ the catalyst should produce the greatest a.!munt
of cx_'aclang vr.lth the ]zast amount. of hydropcna.t:.on of the niddle o:.l a.nd |

that t.cmoeratures should be chosen so that’ bhe crack:mg stocped w:x,th t.he-

-—procmcuon of ch:.eﬂrmlddle*o:.l. " — — — .'_;.;

PR,

Por th:.s reason, the use of all strong hydrogennt.ion catalyst.s ;,5

was excluded. . Pure cracking cata]ysts uithout hydrOgenat:.ng meta.ls d:l.d

not. prove enccessful, as - t.hey were poorly active and 'became inact-:.ve very -

o were obtained from K535(comoosition given :l.n first part of this report). .
:'The product.a wh:.ch were for'med under the experimental conditions given ‘wWere:
W_approximate]y 39% heavy 0il (11 pmducts), boiling. above 330°c., ﬁﬁch%s

mtnmetLto_the c;r_c;,e, 3LE nﬁ.ddle oil which: was furt.her nrocessed in t.he

- ga.s phase. to gasoline over catalvst. Kh29, 9% gasollne, 15% gasiflcation,

% reaction water. The forzation of gasoline was kept- at’ a min:lmn

haverthelcss 5 even: under the xmst favorable cond,1 tions approxlmtely

Bl I

. =

15 to 205 hvdrocarbons in the gasoline range were) present in the nﬁ.ddla -

Ly -




-

, We carried cut exneri.ments on the ruri.per process:lng of this
| nﬁddle oil fraction (boiling betv:een 180 and 330°c ), under conditions
' similar to those described in the first part of this report. ‘We found
that for this middle o:ll t.he catalysts of the tYpe K53l weofe. too active

' ‘and hydro;'enabed the- gasoline ‘oo far,jso that the, octane nurber was
clecrea.sed.. On the ot.her hand, pure cracking catalysts mre not- active

o enough.- The best results were obtained with. ca.ta]yst Kz,gg . desgrj_bed 3n !

the first. part. of th:.s report. This cata]yst eont.aine a sma.ll qua.ntity i

of-lead; —which contmls thg,bydrogemting -ability- of the: mlybdenum. 'rhe S

aronatic content of the gaso].ine prodneed 'nith this ca.ta.lyst was a.lmost

: *as high—arthat obtalned from pure crac‘cing cat.alysts. As the phenol
and pyridine content in this ﬁddle*oil vzas 1ess than 0.5% thie catalyst
-could aatisfactorily effect Aits reduction, Remarkable in this connect:lon .

: na_ihe_cmnpazatiw_aaaa_oi_camkmg_thiﬁ_middle oil.; In spite of—fairly
low temperaturo in the converter (appm:dmately 475°c.) the gasoline yield

using catalyst ;29 nlth this oil was appro:dmtely 0.8 metric tons/m3 of
cat../hr ' me oct.ane mnnber of the. ﬁ.na.‘!. gasoline (mtor nethod) vias nea.rly

H_Ta‘n‘d m‘fh 0.12 vo:L. percent. Tﬂf@‘ﬁﬁm—w— 9I.—The—oontent-of
a.romatic hydroca.rbons was appro:d.mately ae%. The gasol:me was very ' _ ,

- foomtts sz

s;tmlar to the D.I. D. ga.sol:me ma.de in Germany accorch\ug to anation gaso-

1ine spec:u.fications. T _»‘

| 4 - In t.he cracking hydrogenation—of-haavy oil_toqnidd]z oiLover
- fixed cata.'!.yst beds vie are orima.rily concerned with“a eombina.tion of. litnlid
“and gas phase. hytjmgenation. Part of the oil was probably present in the
..reac%:lon apace in the vgpor phase, whereas a l.arger part of the oi.. v:as -
probably present as a liquid a.nd thus pa.ssed over the ce.ta.]yst° Si.nce |

'ct evan at room temerature vas ]iquid. a.nd free oi‘




>t'.;-“

lesa euch a hot catchspct is neceaeary for the following reasons.-..\ In the '

feed there are preeont high molecular we:lght, high-amelting organic. cwpounds

‘Ehat were not comr‘bcd in the‘""s@p phase;‘j*’On account of~ the ease with
which the heavy oil dissolvea subatanceo of aromatic character, these comar‘
younda are mostly preoent in diseolved fomo It wao found that even with ‘ _‘ L
the use of a fixed cabalyat bed ,wthe greater'portion of theae compoundo

was’ not changeds Aa“fhe reaotion product becm-richer -in hwdrogen than

the atarting met.erial 1t diesolved theee substancee less easily; on cool- | }—'-'

_ - of the: total reaction product, Generally, it was on];r about O°5 to lio -

—_— e,

 But on account of thoir great volu:ne and gum—like characters these com—

poundc caused frequont disturbances in the operation by plugging up the

cooler and. the J.inea of t.he 1.tquid level measure appa::atus of. the cold

, catchc-pot and therefore had to be removed before the ma.t'éﬂa:l.‘vra‘c:mltm.a
, IR A

'rhe apparatue was themfommodﬁied in- suctr a~£aahion thatr-.vtheﬂreaction

Tt product went ‘directly fram the convertor to a hot catchepot s 88 was the

e ~case-in the old- amp_phase_operats.on,_xn_xhia hot catch-pot kep'b at V

350“0.,, t.he heaviest oila condenaed togethex;yw}th the highcmolecular o

L]

weight crystalline material 5 the latter remaining in *eolution at t.hat
tempereture., The lighter producta “passed. fram. the ‘hot catchopot to the

x co‘oler.» and .separ,atora The products from hot and. cold catch—pots wero ~'

Cany

then coxnbined¢ B R -._*‘*3,“'_ o ' S

) T

R After some fime o ‘a precipitate fomed again at the bottm of tho

cont.ainer » so that u was possible t.o decant from the top clear raaction ‘

product for d:lstillat.iono The thick past.e-»li.ke residue was centrifuged




a.nd the filt.rate further processed with no d:.ff:l.culty. B 'i‘he orgaruc -
. ana.lyeia of t.he cryatalhne com'ammds obtai.ned from the residue showed
a high percfntape of a comnound identified as corcnene, G%Hu.. .
B. Clar [z, 12730 (1931)] in 1931 unsuccessfilly attempt.ed
“the syst.hesis of the hydrocarbon, “The first successful synthesis vas.
. reportcd in 1932 by R, Scholl and K. Meyer | Bor., 65, 902 (1932)]
‘ '"'-v~~repox'ted coronene as a subat.ance melﬁ.ng a.t. L29=,30° .5 cryst.allizing in

yenort_needles P and gi.ving a-blue violet fluoreecence in organic solventa. -

A fevryears ther 3 the I. G. Took out several mréizzxrpatents—vmtch—descﬂ;bed——————

the pmduction of coroncna -4n conjunction vdth some o»her po]mmclcar

. arcnat:.c compounds such as ca.rbEEIe, pyrene. and"their—homlogues, hydw-—

oyrena and benzoperylene s from the residue cf cracking hydmgenation. In |

 British patent. 816 ,162, ( 1937) .coronene 1s described as’ meltdng at 430—432"0.

_and havinp a bluish fhzorescez}ce~1n orpanic solvem.s. Iiiﬂ.l.‘?hO“—H:—S._ﬂewman

described the synthcsis of hexabenzcberlzene (coronene)--[J—*Am—Chem.—-« Soc,-,——_—_

' yé].lmv needles. : The coronene produced by r2uh::'c>l crystallized in 1ight

yellow needles melting at 128°C. ‘The chemical elerentary andlysis and the : o

molecula.r wen.ghﬂ agree with the Values calculat-ed. -

Only 2 patent*s'refer—tc—the—uses—of—ccmneneT_An_I,_G._@atent :

deecribes the pho sphorescent mater::.als produced by coronene -in combinat:.on |

m.th perhydmanthraccne or: pyrene._ The General Amline and Film Co.

' tions product.ion oi‘ sulfur dyes .f.'rom coronene and.& ulfur or” sulfur-con-
tanﬁ.ng matemalsoh_' It should be re.menmered, however, t;xe.t coronene ms~

B Very scarce. ,Previous to -its discovery by the I. G. in the hydrogenation

~ and cracld.ng residues, the cost of coronene 4in Germarw was, according to

R, SchQ}l and K Heyer [Ber., T, 467 (1238)] 57 1000 Marks per gram,-

. It was, however, iﬁ connect.:lon nith the pmdnction of ndddle oil ‘and ga.so-

et

-, . Lo f;*—.

. 1'-&3: a




' nm ﬁ.'om e:lther the heavy oil rron b:.tunn.nous coal t.a.r or b:.tunﬂ.nous coal
hydmgcnation that pure- ooronene eould bvé- obtained. :I.mla.rge qua.ntit:.es as.. o
by-oroduct. Th:.s > also opens up t-he possa.bihtz.es of i‘urther*technical

use of coronene 1n the near fut.ure.

Exper:manta were - carried out by Ruhml on the hydrogemtion of
tar
bitunﬁ.mus coal carborﬁ.zatlon/pitch over. f;:.xed catalyst. beds at pressures

, of 700 atmspheres. 'n'xesa enper:lmenta are described in a comprehensiva re— "

' _"‘1nfomtion was obta.ined“ (1) ca.rbonization pitch‘cam-not—be—hydrogenated_

- - pitch mey be hydrogenated witrr good results nnder cortain oondit.icns over ’

a fixed cata.lyst Eéd“(xsss)‘at—'zoo “atuospheres;” wi:thout“the'fom_e.t:.on—cu B —

'_f,’dﬁposits- ) F‘rom 100 parts of ca.rbonizatn.dﬁ'pitch approxim.t.ely 85% or— —

— Lhydrogenat.ed 6ils, Lﬁﬁ'ga‘srfitation—amtﬁ%—mter—wewobta&ned‘—(a—)—'ﬁw
sné&ial concu.t.:l.ons :an.mdmi—a—ttemﬁ.—pretrea '

‘ ,seauent filtrat:.on over Kurtzen ﬁlters,,_(h) The middle oil‘ which was pm—

) _A:,duced under Item (2) . I3y be processed m the gas phase over a flxed catalyst

Cat 700 a.tmspheres to a high Ouahty gasoline, The s:.mficance of thesef“‘ e

- operationa o - -

' Preparat.ion of the muhrol ‘Gas Phase Catalyst. x535

N lhterials required for preparat.ion of 60 kg’ o.f.’ fini she«r ca,talyst--'“”:— wa————
90 k8° A D. V- pasteA with an averape ‘water content of approxjmat,ely
» 24 kg. of Terrana. 41 ke 0"‘:.3~hydmf1uoric acid (70-72%), 3.0 kg,

oxide (Zno), 6 kg. sulfur (aS flovrers of sulf‘ur). 2.3 kgo of chromic I

'___;_'j,de (Cr203), .35 k. of amonim su]:fo mlybdat.e (Nﬂh)zlbsk,

-—13--:.




S

17 kg.of anmonia density 0.910., - 5 R

Appm:d.mtely 90- kg. of A D.V. paste»were nﬁ.xed in a mimr dur- '

tng the add:.tion of 0.1 kg. or hydrofluoric acid over a oer.tod oj.' 1/2 hr. :
Af.ter 10 kg.; '!errana were added, the mixture was ng;ltated"for another 10
nmmtea. After f.he add:.t:lon of 3.0 kg. zinc oxide and 2.3 ke. of chromi.c :

acid anliydride (aa a 50% solution) the: mixhn-e was lmeaded for another 10

nﬂ.mxtes until homgeneous. '111en a ﬁn'ther quzmtity of 10 kg. of Terrana

vas added and the acid ur].xtm'c neutralized with aporo:d.mately 8 kg. of

“t.echnical a.rnmia > 25‘3 mluy,zon. After”chat—ranother—lo—mnutes';lmaading

fol‘.lowed. 'l'hen 6 kg.—ef sulfur as £lowers. oi‘ sulfur. were added “and- knead.—

—ing-continued for £or 10 nﬂ.nubest*f:gj_rgglly-ﬂbhe“ prescm“oéd quantlty of 1 35

e
U S

"kg. of ammonium sulfo mlybdate, dissolved in 9 kg. of 25‘%—ax'|nnnia, a.nd t-he

- /i'ema:ming h kg. of Terrana. were added. Knea.ding of the mixture was" con—

'm.timxed for: aopro:u.mately 20 minutes hnger——The—paste—thm—fomLm :

comgressed int.o one large cyl:l.nder and th‘en*mmfactured—mta—sml—l- cylin—

= I ders awmummh—&tmte%mgm material thmugh a.

_;,',vertlcal extruder., The granules were dried at 70-75°C. for 3 ‘or l; days._

F:mall:ﬁ —the—pelletm nere_actnzateﬂ_:.n . a hydropen stream at- 350-360"0.7

Translated by M. Leva T
November 191&6 e
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Dra'Enich‘ ‘E_‘:asq.-' |

, Aecording to tzm process used vy Io G- rarhen!nduatrion the unre<” i
.acted 3011& oomponenta and tho agh from the raw mtoriala, coal, li@ite,,
p:l.tch haavy roaidnal oils, ete,,,, axo mom in the so-callod hot ecpu'ator o

_ of ﬂw haghepmssm plant.., ‘s';osef:ner vd.th b.eaﬁ oile, as haavy oil 1ot~do€m

- op- abachlam~~«(ﬂ~oalnn-~).~ “Tha- concentration- or soud mtartal. h thia sl\u'ry

it S .

snonld not ba pemitt-d to riao above 30- percent, “the . o:ll conﬁent 15 at

= et oy )

It 13 noceaaary for f&e oconmy of this procoss to recowr for

— oy

&circulation as graatfa porucn ot tha hoavy oil as pésaibleﬁ In workins

ap thia HS OoI.oDo an- 011,, obtaimd dv.rzng hydroganat:lon,, uaa~first-—addod 80~

Tthav “$he solid"eautnnt waa reducea %o 15 percont‘, tho solids wore then para

&10 psrcant solida and constituting about 75 parcont or tha total on. red

te__tho_cantximgana ._uao¢ toz_ropasting theﬂcoa:L, ,_tha pom‘sionwwith.a

the ‘9;0%&l—«oai.:l.xi,_t:taxz23 tmataut -abcut_ 5W1m1 anounta or atoam in
1ow=-temperature earbonz.zing fumces (xrupp ha].r fumcea with eon'nyora) o

The - carbonization oils wera usesd in the oil. circnlation of the hydrogena»

— i ( .
txon proceas' m 1ightor fraction was usad as. A»midalo oil raed so th.o

. gas phaae the hcavy 01l ror pasting trash coal.. ' _
_ ‘.l‘hs uss of this process 13 relat:l.vely oostly‘, masuauch as it

: requiras expansive and’ axtensiva eqmiment and rosulta in high 1dasss of




<>1>:I.9 ospooially dunns ‘mo oarbonizauon; therororo, ozperimon%s mm startod

| at Io Go Farbeninduatric Lo sol'n %h!.s aoparation problem by anothor mthcd

B auoh as rutrationc Kowavor., satiafaotory rosulta woere not obtainod, «booanso |

the aaphalta i.n the residue rapidly clogsod tho r:llter cloth° "Addit 1on of

<lilumxt.-.;n washing of’ the fntors bv th:l.n ono and aimiler mnipulatiom ioro -

nnoucooesm 11; ovorcming thiz diftieultyo

. J.P:lnolly8 ~wo:{!@!n!mc'l)J’.ri.ml_‘!;o_ao:!:lro _the. fntenng pro'blm by tho_ - i_,,;, -

use_ ot filter oylindora of ceramic mate. .al, as. tho Rubrdl Goaob oH-: 0 Bottropg

obeainoa aatisfaotory ru.tmtions 1n the aoal-extraeﬁon proooss (potc» ,j‘_’;;;'_'-.jf"-'-'f'."--” =

Broche)° Bsing tho aamo coramlo mtorialn oxperimonts mro run on &- sm

¢ laboraiory acalo with tho roaidu.e_ from _pitch. hydrogonatiem with prqmiaing

_mz‘gggg;l_.‘gaﬂ_o 'rranoitiom to largoosoale operation WS plazmeda___

"— -~ The rosults or the 1abomton~y rntor;lng tosts ‘showed that when

the resmuo ‘was dil‘tod bv ‘about douhlo 1te volums of A«middle o1l from th"

am_nprayhase,, ﬁ: could bo f:u.terod one third as qnickly as. cool-oxtraez efrlna

L e —— RS

.'onto Wath &11\1‘506. p:&tch hydrogonation residno wo obtainod & mIan proénct

o ‘mto of 200 laln rntor S’ﬁrfaco/hrcc whue im. the largo¢aca3;o oporauon '

/ e EE

with coal ax’sraci; fl].ter product ratos of 700=500 lolm ~1':.!\13191.' et.z:erfacsm/h:t.'°

or an average of 600 1. /n fntor smrfaeo/m' wore oblained.

We ean ehorefom calculate & throughput of about 402 " of dle

1utod ou/eylindor/hrc,, ;lo eo abous 1.4 m° of mon-diluted residuo,‘ as tho

filter cylinders used by Rnhraz. “pave-a rn.termg surface of 22 m? each.’ m ;’

 daildy performnco of such & filter would be about 34 aa of \mdilutod residuao
This" porformneo is, or oourso, stul lmsatisfactoryn  How=
overa I be].ie'we tnat we may expect an increase 1n tiltor pertomnca by

continuing ‘ths oxporimnts with additions of amall amounts of "Bloichorde "

i




flowrs of sulfur, 3250‘, or other mzredun%w | .  1 o |
I M ouz' tiltoring toam wz'- éerrie& out uith a raa:l.dua tm gggc_g '

m:rogonation, farther exgorinents should determine whether this method 1s

alac aypu.cabl.o to the rosidm rm cml hydrogenation. We bonevo that

bettox' reanlts wouu b- ebtamd as tho coal lvdragenation restdus containe \

a 1araar poronn raah _sgoleton end less a-phalt,, o e ‘

-.on.a lnrau acalo with hydrogmtton res!.due, the procedure mnld
- be as follows: About 33 pmont ot tha reaidus m :umd thmughly by

. stirnng and repmnp:lng with about 66 pemnt lu-m.due on. Lrom tba uqum o

phaaa boning “between 180-320"@0,, or botter stt.ll thh a 1ight :rract:lon ot

this 011 bozling bamonclsoozwc than heated to 150°c¢., f':u.torcd cn fntor

eylinders of cammie untereﬂ mterial cr a—deﬁnit&grain sﬂ.za s and_washsd—--

uau with th» em middle oﬂ. or tha J.ight fraction. that :ls used as dnuent >

‘.l.‘hs ﬁ.ltrate i.s soparated“ 1n ons d:l.atination 1nto niddla and

heavy ona Tha mlddlo ou 13 noed—as clunent for additional residua,, the

~; C e e

heavy oil is used a8 pasting o:l]. fpr coal or othe:e raw mtez-i.m].u 'ﬂ:ﬂ

uashod tiltration residne,, uhich atm eontaina 25@50 porcant 0119 19 removed’““’” e

from tho riltor and uteam diatmad 1n a rotating vosaal at abont 560°cn

All oxcopt O 5 porcant or tho oil is recovered. Ths 011 is usod as duue-

' ""'**tion 0110 ‘ n ‘_ 4, T ,,A_i':f;_,ﬁ'.:':'f.’.',ﬁ'_. ‘,~‘ﬁ¥ IThIITLL

A sliort doncriptzlon of the t'uter cylinder appeai'a- on the. next

‘rhe selection of d:llnt:l.ng oilu tnat can - dissolva asphalts

: and—contain simble amounti ot_ phenola or their nOmologuoa,_seﬁms ta e

be 1mportan1:, Procipitation of aaphalts in tha residue and eonaequently

. poor. fntration occurs when pararrinic alls are ueed as dﬂ.nontau Ths

- A-middle ous or the sunpfephase n,arogmuon of pitch and bituminoue o

T




' ooal, which aro mdny auiublo, can bo rewdoa aa uasblo omc
\ 'l‘ha o.dvantaga at the rutoring procee- ovor tho low-tanpmtun o .; |

| carbonmtlon is tho :l.cw ot1 lou, which 13 abont 85 pmut m oarbontsa-,_ wh__a_’_g
tion amd below 8 porcont of the unduutnd residue oil in tho rnterh; pro- . ~_“_

i

cess. The utn, thmtoro, o:r raoharsad c:u. mld ba 40 n da:uy in ccch N
oporat:lng coeal ohamber with an hourly injaction of 52 ‘5 coal puto nna an |

. Bourly H.0.L.D, of 154- o If ws acsune & 60 p-rant gmum viold from
*thu on, 11: vould man that 2] E t more g g could be prodnaod rron :

-100 p‘rts or mlo . 1; - ':':*.N - “ : ‘_:" * Po—— ___
Doacrigtion at the mter cynndora and mu— oiomt:lon—

. ‘Daacrigtiono—, The tiltar cylindnra uaea--arnnhﬂn—mre mdo of- sin.m

— tered_ qua?t_“hamotte materxal of a eorta:[in grain ﬁize pnrﬂxasea xrm_n }
, Sclmhnachor in B:otishoin. wﬂrttonberg, Rings orthls porous futor Mr-\ .

m mro cemented togethar b# "l’.lingarit" paokins 1'11'6‘ “ﬂ"‘ in "‘“"'31‘“

and romd into hollow cyunders arranpd vortically within a pr-ssurc vessol,

1 cyllndor- in oach preasnro naulo 'rh. total riltertng aurraco or one cylinob :

aarmazl.na., S S R

" At the lower end ot~tho—futer1n&u_ajgl_ma__®h1eal funnel | with

an antcmatic patoutod closure thx-ough du.ch the rilter cako wag dropped mto

t

a eontamr. on the ‘bottom of this vouol was a contrinnco with rotating - '.:

scrapers to disintegrate the cake . A "Redler” couveyor under tho ccntainor
_-earried the rutar rosiduee to the rotating:naml :l.n_:hich tho_.stoa.m din- R

tillation mentioned abovo was carriod ontc- 'rhe who].o mzallation was

" _blan¥eted. by carbon diox:lde . — I

gg t:l.on, The hydrogenation reaidue-rduuont mixture, heatcd to
6o In




’rhﬁ Prﬂeaur- voascl tho tutrato passou thrmgh the eyllndcrs trom tho out- i
o 1do ioward and runs off at the Jmnr onda into a ccunon pip.‘, 1gam o ._ “
o "filter reudurdcpoum on- the- onts!.da or the-—cylindcrao »m. progm. a..,.____,__,_;

" ing rn.trat:ton 48 kept at 4—5 nmoaphona, , Artor tha rostaut has mehod :

a ou-tain thickneas, tho liquld contents af the tn.tar nsaol m blown back

lnto the rew utorial. eontumr by mm of cu prossure. The r:lltor cm

" 1s then ‘ready for washing. The filter vessel is now filled with solvemt, - -
= ‘\duch rmwa an the hzavy on\trom the filterxr cako: ' ' .

T . After removiug tne eo].mt tm the presauro vessol, tha t:lltor

_—x.J‘ -

cm is drioa by hot coz ror a shm Htim& M the conioal rutar cloanre_;ﬁ'_'v.;;v_ﬁf
1: opcm“&~ana‘“the tn.tar cako aecnmlatod on_ the outsida ot the eyu.ndorsr o

1- thro'n into the collecting uesol by z bl.owing co _at 78 atmos-
phoraa presauro :l.nto tho insida or the cyunarieal rilterarum exaoas cog e :

n_.....,_&

e,

m__MJcmpum”Jn_tm b_c.tm of the. co.uectigg uml Jﬂﬂh‘l th- o

residuo throngh an opening onto the 'Redlor" belt, whieh carrits :lt to tho

- rotat!.ng atean.ustuntton—uuoh

PIRY it

- The hourly perromnco of sueh e Tilter :l.n large-acalo oporaticn
'ﬂw nunber ot hour:l.y ru-

nthAocnmponLcm_oxgx;ant was about 12°15 m a;
In snch a ruter ‘up to 5000 f:l.ltrationa havo been

trationl s about 3«4.,
) oarri.d out untn. the aing.l.o ringa had to be ronovmlq ‘Regeneration of the

R7eL]
N

r:llter rinss is not .eonon:lcah '

Translated by W. Oppenheimer
October. 1946




Dr- urieh~Eroee _

- mmowcmnrazmnxs |

Tho poaaibility of exbracting coal by var:louc aolvmts haa N

long been lmom,, The oarly oxporinenta Wer® run under mild conditiona e

and were. chicfly concomod uith obtaining a general knowledgs of tho

A chea:l.c&l st.ruct.uro of coa.lo In ordor tcr ‘obtain*battervt&lﬁa—hué- =
~c:romaed texmp ere.turas and prosaures wers used. Under such conditions

extenaivo chsm.gos in ‘the coa.l atmcturo by dopolymerization could not -

bo promntedo ‘

T
Eulieg)

‘ \At psosent 1‘5‘. 13 penaible to disaolvo moat of the organ’ic o "

= - mteriald.n coal_&Lpnealuma_abm.lOO_amcmpherﬁs —and _temperatures -

above 400°C¢9~using sultable sclvents, such as tetralin, tetra.line :

N °r°’°15 and middle-ofils Nsultinz frcm~coa1~ or pitch hydrogenation.

After filtfétion‘“a aubatantially ash=.tree éxtraet is- obtainedr~ At.= R

- Vtgm‘pﬁ:.s“ to produce liguid ~~product.s from this extract by high-pressure

: ‘ny'urog@'xﬁti'o'n'_Ha"ﬂ‘b‘e‘en—uxrsattafactorj;‘fho.—yiﬂda—&re:auchﬂai—ler

= - iny 75 to 80 parmnt. of the “coal-is_ prascnt. -in-the- extract the— ~~~~~ . I

prodnctian of gnéline fron coal by direct hyqrogana.tion -is auch 0OTO .

officient than by oxtraction; In addition, the ‘cost ‘of ‘the axtract

T relatively higm, For t.heaa ﬁasons “the oxtract“pmduced—in—recenu

_ceaaed into a3b=free olectrodes for “the production of aluminun and -

B electm”““l“ T’“ c°k° was mwelrﬂ‘oicmar»lly woll suited for this puurpo.-.se° o




Tho early coal exbraction work at. Ruhrol was perforned w:lth N

aAsolvent_compoucd of 80_ partsﬁofﬂ .tetra.lin and 220 ot.nx:eaol‘,_kpproxﬁ.a =

mtoly 20~percent. of tho tetrann was converted to naphthalone during

the ‘axtraction pmceas and was rogenerated by hydrogonatd.ono Solvent

losses, _wh:lcp _had to be compenaatod by the introduction of fresh

‘‘tetralin, were ‘so hiah that the process was not oconomical —As acons —

eequenco > tetra}:in was replaced by middla o:l.la raaulting from higha

nts gave good rasult.s under

- cortai.n conditions, Va.nd, for thia reaaon, the plant. ws modif!.ed to

‘pernit the use of p:ltch hydro genation n'd.ddle oil,, Figure 1l reprosonta

”f""‘“:tho_flouahaot_nf_thétPottoBroch o:ci:ra<:'t,:!.orr1::rcn:azm—uaod._bv—ﬁu?ml'ﬂ'l :

- e _—

R m~-—~—~uBot.trop-. '!__; SR P

7 The follouing pages. preaexft a imry ot the coal extraction

work carriod -out- J.rkthe —laborataryfofﬂﬁuhrol—during—recant—yuarc _ Tho

T

progress of the work on the aolvation process 'is also reporbeda -

- EXPERI!&ENTS wrm 'PULVERIZED. ( coAL,( DRIED)_
THE &msas"'nrms MINE

?he*.Use——of—Aig“&ddle—Oil—aa-Solvm% _

Th:Ls coal was extracted—brﬁamiddle oil (boiling ranga 200-==

319“6 ) from thes hydroge aae
aults 5 that is, a yield of about 80 percent of exhract based on the

‘coal, were- obtained under the following conaroxona

lc F‘xbrac:t.idd temperature was M)O Ccs using freeh A~m‘3 dd_.a -

oil 2 and 395"05 with ueed and b].ended solvonto

,2; Reaction time was 90 minutom -A shorter reaction tima

nccossita.ted the uso of incraased reaction temperatures __

3. Goal content waa—~33==~l/3 parcontq Highsr coal contont

 caused operattonai“difricultiosu R




‘bo Recgt_:lo ratio was 60==§5 percant usod aolvent to a minimua

of AO-»AS porcent froah Acmiddle oil botoro each racyc].c perd.odo Lower

concentratimn of frosh oll caused a rapid decreaso in ths extrarction -
. yields, becauge an insufficien€ “guantity- of hydmgan»donor (totralinc e
_flikn ) material was: prount “Addition of mll amounts of hydrogan in
:Ltbor;tory sxperimnts incroaaed the perm:!.asible cont.ent of rocycle |
}ﬁiddle oil t,o 75 porcont, thua roquiring 8 nakosup of only 25 porcenﬁ'.

freah A—nﬂ.ddlo oilo In largaa-acalo tosta with hydrogon 5 sarioua cok«-

ing difi‘iculty caueed by the accumulation of mt.erial in balla tho aizo

| of pigeonegga in"tl'fe aeccnding pipas nccuasitated ahutwdown of ths ‘ |

Pl““’ af “" °“1¥ bx‘iﬂ‘f “operating —pe\rioda;_’; ST

o -

) o D:lacuaaion of Gaseous and Liquid Producta

1~ —-MP&rtial t:pl*' 'oting of. the eoal—produced-«low—»boi‘inb

r—gaaolineuliko»pmdum,—or "coal oils" to the extent of about oris: V

| percent of ‘the - cQal cha 3 o

N

2. The coal oila which ars m.thin the boiling rangs of 't.he

. solvent middle oil could not be 1sola'beda , Hmvar, it is beliaved '

that the decreasod efficiency of the recycle soivent for t.he extracc-

ticn process was caused by the tormat.ion of coal oils, and the resu1t==

ing docrease .'m tetralin—type compounds in the golvent.
.

F e ‘!'ha r/o*m..t:i.on of_coal oil TR deyandent "Dlv on. the -

react.lon uemparatureom Additicn of hydrogenwduring “the reaction WaB

AL Lo I

Mthout—effscta A_f:“ i _ - _~__~*__ : *‘__1_ Lo -

.

L. The high=boili.ng or resine-like oils formed during &% l b__ S

tract.ion were found in the high=boiling fraction or tha“distmllate or

,.,Q‘f

: remined as residLe in the extract, dopending on the melting point of

Clble, N



-

'~ the extract produced. With an extract of 230°C. melting point, meterisl

be.lancos ehowa& no lou in quantity of paterial R but. in qualityo - To
obt-ain this, melting point,c dintillation of ths ash-fres filtrate rc- -
enlted in a rcpl&ceamt of the J.ouoa of niddle oil aolmt. by newly
 formed higher-bomng oils or.lg:lna.ting from the coalo o R
- s, Gadneation -amounted to 2 to 3 percent. of the coal fesd

and Q. 2 to 003 percont ot the aolmtg bxben‘b or gaaif:lcation was"r""" ey

-f.mcuon oﬁhe roact.ion twpemtnm~md roact.i— t.im and independeat

" of the amount of hydrogen ,added, R

Inﬂ.uoncc of tbo Na.ture of the Sol\nnt

L S, .

Exporimntal work showad tha:b _the middle o.u boilins botmon B

200° and 315‘G,r—was a- vcx'y suitable solvent.., Highar»boilhxg oil frac=- , -

. tiona gavo aatisfactory yiold&ot exbract and- stablo tiltraﬁaao How-»

evar, 4the raw ¢ ext.ra.ct provad so__ditf:l.eult t.o ﬁ.lter that the use of —

thcso~high=boningxoila raa out. o.fwt,he questiong_,_'ﬂm_addition o T “‘* R

hydrogen did“not—:lnpme—tm—fﬁterabi—}it;o s

. Unsausract.ory resﬁlts mro obtainad with‘ B-middlc-oil—from
WWMWW&LM_

tion of the sump-phase. cold saparstor reaiduo ‘over a find catalyst '
 (see roport on. "Statua of the Rocont Raaearch Work ou Hydrogenation a
with a Fixad Catalyst at 700 Atnoapheros“) » nnd wit.h the middlo il .

from tho cold soparator when hydrogenating carbonfzat.ion—'pitch" o\rar &

ﬁxed catalyst (aee SamS report)a The reason for"poor rsuulta with-—»-~~--~--~--

theae cils may be tha.t. theae oj.la wers t.oo naphthenic :I.n nat.uro a.nd

wWOre too highly hydroganated (hydrogen cont.ent 9 5=9c8 ptarcen'rx'.),a

Extanaiva experimants tere performed with middle oils ob«»

tained .’m sump—»phasa derogenation at the Golsenbarg and Scholvan o




plant.ae Tho niddle oils obtainod 1n 19140 wero unaatiafaatory as ao].a- N

mtac Bowavor, when about one perccnt of hydrogon (on t.ha basis of

coal feed) was added, ﬁlturablo ext.ract. yiolds of 83 to. 85 porcont

“were obtalnodo —These rosults were reproducod in aeveral series of ox-
porimnts in which rocyclc solvent was blondod with 40 to 50 percent
of fresh middlo oil and hwdrogon addodo Tho exbract y.l.old avoragecl

R about 80percmtc

| thor oxperimanta with ni.ddlo oila pibduced in 1942 from tho ;” o
mo plants gavo 1eaa satiafactory rosulta; even with t.he addition of

hydrogon., Theae- oila meno poorer in hydrogen than the 191.0 oila., Im~- |

. o provodan‘f. 1n oxtract yiolda rosulted when the. oxtract.ion tenperat.uﬁ _
' was 1owered t.o 380'0.,, ‘but-was- acconpaniod by ﬁ.ltiring ditficultiecc B
This probleu was solved by rapidly raisd.ng tha tenporature to- l.OO'co o

S R T R T — N S

for a- snort. mterva.l aftox' tho oxbract.i.on periodg N

— "f”’::{ff_‘}_: EmRI!IENTS WI'ZI! CELSENBERG CQAL

Gehonberg—coal—whtch—iz—geo}ogically younger—than—llathiaae |

“Stinnes coal and quite _g_j;.‘;_'ferent atrncturally, could—br.exbractogi w:u:u .

Hmnr, react.ion could be obtainad only by add:l.ng hydro '~~-—~»llath1aa~~-

‘Stinnes’ coal conld be oxtracted with niddlo oil from Mpaphaao hydro-»

gomt:l.on at q,pleenberg, when hydrogen was added and reaction wa.s

porfomd for 60 ninutoa at 380'6,, s followed by short afteretroat.nent ""f .‘f-' Lt

T et t.oo'c ~ No- satisract,ory yields vere obtaimd, howver, Lr_on the

extract:lan of Gclunberg coal with Gelaenborg middle oll. As othor
experimnts ahowed that youngar bituminouo coal can | be exbra.cted as -
aucceaafully 23 the Hathiaa—Sthmes coal, tha poor reaulta obt.a:lnod




“with Golunberg coal my be oxplained by 1t.s apceific st.ructuro ’ which

-~ makes ext.raction w:l.th solvents aifficult. In addit.ion s tht Golaanborg Y
middlo oll d.a an mfficient aolvont, 20 that ths nat roault of ext.mct-— S

1n3 Gelnnbcrg coal nith Golsonborg niddlo oil ‘was highly msati.afact.ory;:

DE%RIPTION OF LARGE-SGALE OPERATION

i O ra Gonditiona and nold
= - In hrgc-acale oxbraction ot—b:l.t.uni.noua coal, only Hat.hins- '

Stinnea coal me uaedo

two-t.hirds A-n:l.ddlo oil. fron t.ho hydrogona.tion of ;:a:ltc:h.a Conta.ct tm

,_:ln tho ruction chamber was 60 to 90 minut.oso 'remperaturos were gen—

_ orally higher than t.hone trsed in 1aborat.ory oxpar:\mnts, nmly, 415
t.o ABO c,,, ﬂith the higher tenperaturo at. tha :I.nlot of ‘the reac‘bor, .

'rhe pressurc was kapt at 100 atnosphcroa in t.ho mcti.on chanbem ’l'ho

oxtract. yield was umlly 78- to BIrpercont, baaed on aah-frce coal o R .E

Whon t.he cruda cxtract did not f:!.ltor properly, 1'0 waa run through tho

rsaction chanber a second tim ghia procoduro was uaually succeaafule
_The addit.ion of“hydrogon waa maumstfulr—on:a_largucalg

Wlthin 2 very__sncrt. tme o ball-ahapad ~pluga._appeared :Ln t.ho aseond:lng

pipcau Howcwr, during noma.l operatiow without hydrogen depasita

‘ gradually fomed on the walls of t.he ha:lrupin tubea, particularly to-
wards tho end and 4n the aaconding p:lpoc, Operating poriods as long as -
7 1.00 days vwre achievodo The tubea were then renoved for cleaning and
roplacod by spare tubes., ’_ Velocitiea in the ascendin,g tubes mre 15 to
20 cem. par second, and. in t.he dcscending pipe, 30 t.o 35 cm. per aecond '_"‘

It was aaaumed t.hat under ttsesa operating conditions no- noticoable quane

t.:ltios of g&ﬁmer than‘ diasolved gasns wcre preaent in the apparatuao .




' .xtmctnooooooooaooc..oonca' 68"70 partﬂ

- gos containing about 70 ' _ -
~ percent paraffin hy- I
dmcarbonﬂchogoooooooovn ,#34
ga”nn.ooooo»eoooo»ooccoc a, ¢t l __"

residus containing 25- _
30 percent. a'hococnooooc 26-28

_ ggorati Dctailo - ' o
c In tho drying and grindlng plant- (produd.ng 5 5 to 6,,0 tons
per hour o.f.‘ dry, powdered coal and mrkod Sta-lO on t.ho flcw di.agrm}, —
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“mith 2 parts_ or ~solvent to 1 part. or coal. The solvent contained ma-

coal was dried and pulverized until 80 ts 70 percent of ths mater.tal

_,.’ B

was smaller than 0006 ma, The pulvarizod coal’ waa mde ‘into a’ slurry T

terial from t.he tank St.=-23 and uaah i‘iltrate fm St=13 (an filtor

R

f"“,‘“‘"_* B waahinz diacuaeion below) 'l'he alurry was. heated to. 8o0° Go and then
fod by means- o.f -piston —pumps into highepressure paste pumpa by which o

f +he coal_aolvent nixt.ure is injnctad through the” rea.ction chambar, ‘

S5t=12, at a rate of 15 to 17 tons per houro Extraction and solution
of the coal occurred a.t a temparature of. l,l“S‘T”I;BO'CT pr?mox_ ‘ - —

100-150 atnospheres » and contact time of about ‘one” hour. -

The roact:lon chamber was ainilar to the prehea.ter of a

hydrogenation stall a.nd consisted of a aystem.of pipas s - 15 mters :Ln
1ength, conncctod 1n aerieac, The deacending pipes had an inside
diametor of 120 mm:, - the- ast':exn:l:l.nrpipuaJp 180-ma. Tho crude extract.»
¥ was cooled, released*fi‘om" préssure, and passed a.t -4 ‘temperature of
' lSO’C to t.he filtration unit St«=13~ Filtration separated ‘the crudo

| ,
extract into a roaidua consiating of ash and mrmcte&coal, a.nd an_

A




ssh- and solid=fz°ee filtrate The lntter was pmnped to the diat.illingl“._-;m
unit Stn15, for* further procesaing

ﬁ,ach Piltar unit contained 32 “l’ erzon" £ilters (cee report
on "Filtmt:lon Experinenta with Hydrogenation Residuo“) These were

\

ringa of apecial pomua clay filter material ce.mented togetmr by

”Klingorit" packing rinss soaked in uatarmglasa and fomd into hollow

N e g et L, W .. .

0 . B . L
T [T T i TR G - S L T 6 M T U I A 1 e NI

eylindors arranged with:!.n a praasure vessslo Tha total filtering gur=

- face of one- cylinder was 2k square mteru‘ . " o |

| Ths averago throughput per filt:: tmit was about 13 tc-na ot |
. axtractasolventereaidue mixturo per mur, correaponding to about 3 2

7 ’«ytona axtract per filter unit per hour or '0:610 tons filter feed per

square ~netar o!’ filtering aurface per houro Tha filter presem dx'op.

- weS 3 tn l.; acmapherea and t.he filter temperature, l50’b The filtex'

cako or residue was washed with solvent at the samse temperature and

p-r‘essureﬁ The first small portion of the wash solvsnt was added to _

iﬁ‘é“i’iltratg, theé remﬁudéor‘rfeturn@d”'to**bo'--naed*in-*making~up»-»thew-coal_.' |

- ot —_—

e

s':,lven.. sluriy.

he unre&teﬂ cpa}_ and ash reaiﬁuﬁfﬁer—rmaa.—lﬁw

_ filter units,, wag carried by a “Redler® copmyer t.o St-lBa for re=——

nauezy_m:_the_ézaah_:gly_snta The residue was freed of o:i.l 111 rotating

drums at a temperature of about 360"(}o : !rhe resz.due frcm this opera«-'

e tion, _containing 25 t.o 30 percent aah and lass t’nan 005 pe rcant SQl"f

vent, was used as fuel in the boiler houseo e

- In St=l5 ths sclvont was removed from the asnc- and’ solldofree

extract (filtrats)-in & two=vstep vacunm diatlllationo The residwe

rssaaining after vacuum. distillat.ion was dravm off in 1iquid state,

' chilled w:.th watar, and carried on conveyer belt.s to the shipping rooti, -

'!.‘he produ.ct. had a melting point ‘of about 230'003' aah, content below

Y

'cB,,“s'.l




0,05 percentn -and uatar contont belcw 1 percantc: For separating the "1
‘hclvy oils boiling over 320'0» ths total ol was radistillod in Stolbc
: Part of the iniddlé oil roaulting fron this dietillation WA roturnod '

to tho oxtraction procoss and tho remaindcr to vapor-phaso hydrogona=

tion. The small amount of rcaidnal heavy oilg boiling dvar 320‘069

was chargod to sunp—phalo h:drogenationa‘f

Thp gases obtained when the crude extract 1eav1ng the rsace -

tion chamber as. released from tho high reaction presaure were. sent

_uoftho wastc gasez from. the highcpreaaure hydrqganatian plant for o

rocovery of the hydrocarbon productso S

Translated by 'w oPPGnh Qiﬂer - | s w_...
January 19h7 o .

Researchfand Development—ﬁ&visi
O0ffice of Synthetic Liquid Fuels
Fuels and Explosives Divislon
U.S. Department of the Interior

- Bureau of Mines . )
—Central Experiment«Station e ]
. Pittsburgh, Pennsylvanla B
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‘mh Prouuro ‘__!_{;rdrojggmt:lan Gases

' ’i’he gases foz-mod u a by-pu.-qumt during the high pfreaaum hydrogana«-

t.ion are chiaﬂy the aaturatod hydrocarbonu CH&, 0256 ’ 0338 and normal

and 150 SR Boaides, depending !."rom the raw xmtar"al, varying amounta
" of HpS , Mi3, €O, and CO are formed. '

AT —— 11 compoait:lon orthrgamn;n h;uroca.rbona > ko el the parcentaga of

CBh, CiHg, C3Hg, n and 1 - Chﬁlo depends chiefly on the reaction temperature
e and the eatalyat. An A’ gonam rulo tha contont ar Mor Iydrocarbons,

rcaction

DT el

vemperature ““d approximat.oly in’ tha fnllawing sequanoa ot praotically
 vsed “‘“m*' groups: oxides and axidn and carbon suppcrtai:i catalysta,

aulphides, catalysts on active sil:.lcato 8upports -
- During the operation of comarcm hydrogonation (and DHD) plants in | )

_Gamany the follouing (m Table l)_avarage and. approzd.mte hydrocarbon

- gas conmpositions were founds -

e . TABIE.I — BT

LT a, Iiquid phau I

R“ Material ¥ mtmninom Coal
, . 'UPE"r Sﬂ.leaia

26 .-
Tl éh T
32




b, Vapour phma

caﬁlyat, - Carbon - Silicate - “%u}.ph.tdo . 3414cate  THD | :
sugpgrt . A prort : oxide support

Temperatm ~ 500° ~500° . ~koo®  ~4oo®  ~510%

cgﬁa B Tm s =
1P S | S o 26

TE cu/total o B L R S

~ The gasas fomd dur'ing the hydrbg‘oﬁﬁ’blon as mll as the inart gaaea ,m,fv ,W_

(Hz, CO (‘Hh) introduced with the make- up hydrogen into the hydrogﬂmtion e
- gas circui* muat be removed fraxn 1% as far as 1% ia ‘necegaary to maintain L

the_desm_ed h;zdrogen partial preaaurek_A_cerzain a.mountA i‘_thema inertmmw_ﬁ-ﬂv f.

g,ases ia disaolved 1n 'bhe hydrogena.‘bad prcduot. The remmral ot inerta :Ln .

el

this way m often?_‘ ”.g. in moat gasphaaa operatiena, mxfﬁcimt. If ‘this

5.a not the oaae, the moat. economical vy iu -an add:.tional sarubbing of tho

vrec_.rculation gas with o:u. undar operating presm:re. . Vor the calculaﬁ.on__:.i,_._,_._,.,

-of “the ﬁnail hydrogen parﬁial preasuro and the amount of acrubbing oil

the solw bxlxty coefficients (Henry'e law) o!' ﬁg and t.he inert gases nmnt
be known. They uere dmrminot! in experiments. with pure gma or dartvad

" from preaaure gas ana]yaio and gas ‘quantity in cperat.ing hydrogonation units.

-In the following tables 2 and 3, solubility noa!'ﬁeients fram tho-o two -

sources are listed. It my be mwlnd thaf, they nomlly decrease with -
increaaing‘pressure and that the proaonce of highly compmasod hydrogsn

'reduces thé soﬁxbilitiea ot othar gases. - Te use of different solwnta

- has shown that the -solubility in oils with lower spe¢ific gravity is higher.




' Tdble 2

Sélubilitiéa‘ of Pure ~':'Gasés ‘

© - (Volume Cas per Volume 01l per Atm )
‘a. Hydrogen ' — —
Heavy e e » o B .
_Haphtha  Qasoil e
{0,823 ; (o8B0 o (0.916)

Pressure atm 200 50 200 100Q.~ 200 -

[T arR——

- o, , v | g
femp. € - ' - :

- o.088 06 0.8  0.0l8 - 0.0M6
T .8 0.08__ 0.073 . 0.086  0.050

s b ay
b n;gggggn. - :

01267 0.2 o122 — 01 T 0.09

010

DRSS T+ BT v
200 _0.16

@l Vethane

100 IL'}(G;375.A.);jf“?fff”“élégm”"

B I

.- . ’ o . o . o
1. fas Volume &% 15 € and 735 n/per Hg.

2. Technical atm = 735 n/per Hg. .
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‘;5&2‘%

For the calculation of ‘the hydrogen pars:lal pronure :lp the racycle

- gan_ besides the solub:uity coe:ﬁciam from tables 3a and 3b the -
following dnt.a mus‘b be Imowm gas fezmtton and cowouition wi’sh regaz'd
to the quantity of berdrogonaud ptodnct, t.he apacific weight thmof, the
hydrogen conaumptim angd hydrogen amlyain. .Then the . calculation 1:

- made accardfﬂg to Henry's law. If 1t shows- .that the hydrogen partial
preame without acrubbins h\too 1an, dif!omnt quantitina of serubbing
oil are nm until tho right hydrmn part:ud m oan bo
intrapohtod 1 the uolub:ll:lty coeftictent of" the sorubbing 011 differa

!‘ron thoao ot‘ the hydrogomhd pa-oduu, tho gu coxspoaition is obt.aimd

o by trial énd amr. ~An-easier way for the oaltmlatim 13 t.hen $o mumc

—~———

that aorubb:lng oil and hydrogonated producb-hm the same aolubiuty
- cou!’tic:hnta. Arm ‘termination of the ulmlauan the sarubbing oil.

A qnant:lty nuerk na%urally be oorroatad according to the actual solubility

coefficient.
-TThe- hydrogenatod~ groduct as wsll as ,t.he acrubbing on are. mlea.aod

" from vrorld.ng praa-uﬁ: ummlly* in t‘wo atsget—In—tha—ﬁrst—atagfe—( releaae
to 20-50 atn) lmm gases ars obtained, the bulk of propa.ne, ‘butane and . |
"f‘:light gasolins renﬁ.ﬁing diusolvad in the liquid product. Theso gases L
escape partly in the ssoond rcleaae stage at about atmonplmric_ pressure

-reepecz:!,valy in the atabilimticn plant. * The scrubbing o1 1is 'nomany,'

”

after reI""“ o:atmonphcz!.c_puammef_in_sdditinn mcnam_to about

0.1 ata tq’ avoid an nndm °°"°°nm*'1°“ of 1ight ends in the recirculation -

-

gas. .
i . . L )




. v o
| '.!’ms caloulation of the feleaéé gas quéntibies:- and compositions.

is made either according to Henry's or Raculs's law. For the calculation

uccording to Benzw' B 1aﬂ tma solu‘:ility coefficzent.a obtained during

'pres.;ure releaae must be_: used. The resulis of both compntation—metnods

’ aré in f’DOd agreement, the caleﬁlaﬁion accord:lng te Fenry‘@ law iw ',

soxaewhat simpler. | o —~ -

V'f‘he following forxrmlaé'were used for the calm.latian, B

© B henry‘s Lawe-.. - - S

Ty

R Iv?—"'-‘“—& N Z

whereby is: ° _ ,g‘;r

e releaae ;;resm_re

- part.ial pregsure oF & consti uont inthe relnased ms. .

'volnm“of-_constitumgt“ in obme (normgl"‘“cbmiiti‘ons = 15 T,

wm H)) dissolved in 1 chm of hydrogenated product before-

-l

pressure “elease.

..).:m..u.:sm_ubs.lﬁy coafficlent — - . - o

v~—-- = RAs- quantitv sat—frea‘frmrl*cbm of,_o:!.lp"" It has 6 be

*

ok

Pe A = quantity of a conatituent uhich romina in the product.

P V = qizlsmtﬁ:ywat a constituent which is ;x:glahn'ed.




" Raoult® s law.

27 Zz?'%';“;z'r

whereby is T

g = rdol-fraction of a cemponant in tho gaa.

W om S "11quid

n

" original ..product_ Yefore
e -polense o

- " .-,‘,")‘"ho_i"vtﬁd’}condanqg&s.
= e " re]_msad gn? ».
I ---vapour"'preasurefbf-fa—r component .

_P‘"“"total proaam R

Bsginninv—of ~coudenaa*bion R

Z

T
e

‘f:nafrien—ﬂf—eenésnsatignALg =X =8

Pt et ey, T Lty T

taghington, D. C., 10 Feb 1947






