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. (A) Comparison of Gasolines Prepared. from Hard Coal Liquefaction 0il
(Scholven) by the Va.r ous Processes -9-

Experi.menta.l Gasoline

Gagoline . VP 705 C;V. 26 '~ Ruhroel Process

Catalyst, . 5058/63% . TOL9 < mmmmecme-es Kh13-mvmmnmmanss -
Feed : " Gesoline + Gas 0il Gas Oil . Ge.soline + Gag 0il Gas Oil
Chamber Qutput = ; — .- - 0,15-0.20 060 - O-He——
Ges Yield -~ 20-22 a1 2
415 : 0.741 . 0.786 - 104773 0.5
Boiling Point Curve = S o . o
©ASTM -100° ~ S Co : L L
(212° R,) Vol % 60 T Lo ket
F B.P. : 150 165" R 1.;:—*165"*
Aniline Point - 1+5° 16° 13°
Aromatics + Olefins, @ . ' - 4
b ' - B Lo R,
Octane No.- (MM) Clear =~ T2 8 79 -
+005%TEL(19cc ‘ .
o orGal) : 86 87 87
PQr Gﬁl ) ) \'90;5:.,.._.*.._.‘_,_‘. . - 90_:5 S 90'5
Pago 500 Yo

-1

c(B) Inspection of Gasolino from Bard Coal Sump Phaso Gas 011 (Scholvon)
Propared by the Ruhroel Process. Sample from Two Druins ‘Made 3=0--
o a.nd. 3-23-19)4-1 (’-l-—l-hl) (Table) Co : C

Pago 523

(C) ]'_nspoction of Gasgoline from Hard Coﬁl”Sump“Phase Gasolme-Plus-Gés’bil
Scholvon) Propared by tho Ruhrool Process,.  cample from Two Drums
Modo 3-8 and. 3-11-1;1 (3 25-1&1) (Tablo) . : =

Pago 525 o T

(D) Inspection of Ea.rd Coa.l Sump Phase Gasolino i‘rom Scholvon. - Average
o Sample from Two Drums Made 2-19- ‘ X ; »

: Pago 528

(E) Note on the Anilino Point o.'f Hard. Cool Sump Phaso Gasollna-Plus-Gas Oilﬂ'

: from Scholvon. _Soo. alsgo.Note. of l 2C- l (2-19—411 ' LT
. I '

The e.nilino points woro as follows'

 REST R”I ‘CTED.
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Pago 529

(F). Inspoction of Untroated (Caustic-Washed) Conl Go.aolino from Scholvon
" Given by Dr. Urban in Discussion at Wolhoim on 2-15-41 2-19-
{Tebio) ,

_ Pago 53!+

(G) Notes About the Opomtion of tho 7019 Chambor - in Scholvon (1-31~ hl
———kf‘bornoorr)—-(e-rl-llrl)ﬁ ]

‘Tempora.turo o 27, 5 mV., at 30 Termina.l Temp (Appr. 1020 )
Feod o 35 Parts Hard. Coal A-Gas 01l

. 65 Parts Self-Prodnced B-Gas 01l
Abstroif;r T 3% t030% Gasoline

| Gasolino Phenol Content 0. 03% to 0. 1‘,';

B Product Phenol Contont 0. 07" '

_B. Product Anilino Point -ll°

Catalyst spaco - . 16w (563 Cu. Fb. )
Food Rato © 10 Tons = 0.625 kg. /1/hour (10 Motric Tons = -
e o 11,02 Short Tons = - 63 Bbl.). ‘
. Yield DU About 0. 13 Xg. /l/hour (Calculatod, ‘Not Givor |
ea feld ,eo% ,#»o.%% R

. (H) _»Inspoction of ¢

8 011* (A-Gas—eﬂ%-ilrem—s«;holﬂvon_(l*
Probably Should. Bo ,l -

Table) , =

x Rt M cerl

—(H) Inspection of Coal A-G—as 011 from Scholvon. . AVOrago Samplo of Four

~prums-Made—t-iS I 20=1t 1) l‘lhhle] .

; Pagen 536- 539
(E) Inspéct

’ of Hard Coal A'bstraifer - Gas’ Oil Plus Gabolino Fractionb_
WD, (635" F.)) from. Scholven. Averpgo-Sample of a 10 m3
Tor.ixporiments.in.. ap 42" (1 28-&1)“(‘.?&1)1@)

g
i
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Pagon 547 -51*8

(J )y Comparison of Sump P,ho.se Go.solino and Gas 011 fram Ruhroel, Scholvgg,_ _
and Gelseﬁborg-Bonzin Jll-‘l6 -40) .

Y

Ruhroel "~ Scholven Golacnberg
Ar ;172 ; AP _22 ; AP " Hp -%_
ey : Cu X C. . °C. | %
Frac. - 320° - v Lt ' _ : . i—
. (108° F.) with : T Ll o
Phenol and - . ~ o T
Pyridine <25 9.3 89.7 -17.2- 107k 86.5 -23.5  10.3 85

. Frac. - 320° .
) wiﬁﬁouf Phenol - B
and Pyridine <-»25. " 9,2 90.% ~1_2’.6 10 5 88 6 -1h 0 10 6 87.6 ,

i T B S R

Frac. = 165° - T B Coa o ‘
(329° ) with - o e
Phenol and o , : : o :
" Pyridine b 12,3 87.20 430.5 14,0 85.7 27.8 3.2 86.3

without Phenol ' g v S v
_ and Pyridine 5.2 12.6 87.k +30.5 14.0 -85.9 . +27.3 13.4 86.5

© Froe. - 165°-320° , - S ,
Pmd-me w5 8.7 B90<B5 9.5 866D 9.9 85.6

. Frac. - 165°-320°

without Phonol . o AR . ‘
. ond Pyridine <25 8.8 90.0<25 9.8 89.4'<-25 10.2 8.0
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The 320° (608° F ) B.P. was cut from the sump phase Abstroifer in &

Hempei column.

Scholven—-

L L Ruhroel Gelaén'borg
Density at 15° - 0.960 0.923 0.930
Engler Dist.: : - o

I.B.P. . 62° C. 50° C. 60° C.
5 Vol. % - 1%°c, 78° C. 104° C.
s " 185° C. abs® . - 162° C.
o5 " — . .216°C.’ - 185°¢C. - 195°°¢C.
3" " - 236° C. 207° C. . 215° C.
by v 251‘-’ c. - ee8°¢C. 231° C.
55 " . " 265° G akl° ¢, - 2k8° ¢,
6" " - 279° G, - 261° C. , 262° c.
(IS 290° C. | ' 2716° C.  2F1° C.
85" " 303° C. 29u° o .291 c.
9" " 318° C. ° ¢, ° C.
F.B.P. 98 5%/32&" C.* 97%/323 6 9870/32L e
Bottoms, % 0.5 1.0 . 1.0
Toss, $ . 05 1.0 " 1.0
4 at 200° - . 3.0 7.5 4.5
mow 17o°. ‘ 12.0 21.0 17.0
—n—385%— 15.0— 25.0 21.0
W 200° '.__‘ - 19.0 . 32.5 . 27.0
e g @ T e Bl O 89100 9040
"Tiefk" (2), % ‘ 0.5 1.0 -
Aniline Point - <-25 C. -17.2°-C --23.5° C.
Phenol, % . 4.3 13.4 ~i7.0
Pyridine, % . o b0 2.4 2.4
Elemental Analyeis: - o ' R
Cy B 89.72; B9.70° " 86.53; 86.56° - 85.03; 85:39:
Hg: G 9.9, 34 10. ‘*9: 10.59  10.2T; 10.36

T

_Pagos 5“9 590, 933~ 555

(K) Inspection of an A‘bstroifer Ma.de by Tewns 1n Experimonts on Hydro-
“ 7 genation of Soft Coal A-Gas Oil over Ruhrool Ce.talyst Sample
‘ Tal\:eng 19 ltl) (ll- 7-l+l 3-19-41) (Tablos) :

by ~~r——~,——|‘

_ .Pagee 551-552

o (L) InSpoction of Louna. Aviation Gasoline T 702.
[ “Seaplo (BT Wl)ﬂ(’l‘ables)

Avéragé 6f 4 Ton L.

P .
8 el W
R —— o . . |

(M) Note Concerning bhe Status of the Ebcperunents_ on Hydro ena.tion of
: So;t‘t Coal Qver. Ru.hroel Ca.ta.lyst K-, 29 in Touna {3-3-41) -‘,“:_:; =

™
L The run is being mado at ‘700 atmosphores___gasolino-recycle-gus (r about
5 «mv.w’l‘howfeed.*

;;600 “oti, (B8R0, poi) Hp partial prognire) and-a-témporature-of 26
Trate wag® 1eft constant for ten daye -after. being slowly 'brought 4
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At o food rate of 1 kg /l/heur pure A-gas oil gavo 80 to 85 por cent gasoline
(F.B.P. 165° (329° F. )) end a rosidue of finel boiling point 260° to 280° (500°
to 536° F.). The ton per cont phenol in the food was reduced to 0.5 to 0,8 per
cent.- The aniline point of the’ gaeoline was about +30° (86° ¥.) that of the
~residue about +16 to +24° (60.8-75.2° F.), P -
3

. . An improvement in the phenol velwe and possibly in the aniline point
18 to be- ‘expected by recycling the B-product. The feed rate was increased to 1.5
kg./l/hour to make more B-prod.uct This lowered the gasoline concentration to
about 65 per cent end ralSed final boiling point “of the residue to about 315° C. -
The-phenols-rose to 1, 3 to 1.8 per:cent. while the aniline point remained practi- -
cally unchanged. According to the. last.-two reports fram Leuna -the feed rate was
further increased to 1.7 and 1.8 kg. /l/hour. The gasoline concontration sank
correspondingly to 60 per cent. -

T The i‘ollowing ie—pz-opesed for.. the continuance .of _the, experiment

l. The own B-pred.uct which is now availeblo in largor emounte should. .
be recycled. ‘mixed with the A-prod.uct in the ratio of production.

k 2, Proliminery oexperimonts-in the 50 CC. rea.ctor havo ehown that in
~—ordor to got e good anilivie pointof the ~B=product—1t—is bottor- to-obtain—the
desired 50 o 60 por cont gasoline concontration not by increasing the foed rate .'
Tbut by reducing the prossurc. - It is proposed, thereofors, to rediice the feed rate
again to 1 kg 1/hour gnd at the samo time reduce the total pressuro until the
gesoline concentration ‘becomes 50 to 60 per cont. - Tho foed must Iin this case be -
e._mixburo of A-product and own B-product since too high a phenol concentration _
at- lower Pressure can dmnage the catalyst. (Table of run cond.itione on the next
‘.frame. i ‘ , i e

- P8ge.539-... S cw _

(N) Inepection of One :Ba.rrel (No. 1209) of Louna A-Gas 01l Received
2B (I9-H (WBle] T

: Pages 560-570

o

(N) Correspondence on Gas 011 Hyd.rogene.tion Ebcperiments at Totna (2-19 lytl)"~

- (N) Letter - Winkler to Schunck

“ The first Tour vesults of the 700 gas phase’ experimente have been™
" roceived, = From ‘these it 1s pecn that the gasoline Jield oven at the feed rato.of
Tl, Wieﬁeti_ll too-high (85 por cont)- ‘g0~ that practically no-B-product is- produce_d, .

i
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It was.therefore propoaed. to raiso the foed rato until tho gasolino yield. is 50
t0 60 por cont-end thon mix tho corresponding B-product,with tho A-product. The.
- phonols:will thus, as in tho first exporiment, agein be roduced to below 0.1 por .
cont. It is remarkable, ‘however, that with thig-catalyst alroady a stronger .
aromatizetion tekes place as indicated by the aniline pgint of the gasoline of -
165° E.P. When recycling tho B-product tho a.nilino point and therefore also the'
a.romatic contont wi].l be :lmprovod.

—

Pagcs 562 563

(N) ~Tnspoction of Soft Coal ACas 011 (Sample from Leuna, Jan. 19&1)
! m#mn : | ‘

Pagé 56l

==(N)= Inapoction of “Soft- Coal B Product from-the- 5958 Chenhor . (Samplo from
Leum., Jan, 1941 (2-4-1&1) R

Pages 565 -566

(N) Lottor Concorning 700 Atmosphere Experiments with Ruhrool Ca.talyst

(From Ruh.rool to Leuna) (1-27- lll)

e - Tho following cond.itions are proposed for tho second. experimont mth
Ruhroel cata.lyst and soft coal gas oil. v

1. To prev‘é‘ﬁ’c unnocosso.ry abrasion use the catalyst as delivored
(6 mm. pills) : « ‘

= 2, To obtain more quickly a result for the obta.lnable gaeoline quality
""" ¢ propoged” to use-as feed pure-soft-coal-A-ges- 01¥;-—The-firet- experiment-has -
in catod that our catelyst with a feed of 5 per cent. phenol will reduce that
letoly. -However,. 1t could-bo possible that - -a~phenol’ content of 10 por cent "

i

in A-gas olI might damAgo tho catalyst. We considered it Org_IIETH o
uso a B~ga.s oil a8 soon a8 possible in recycle. . s S -
4 T ' ‘
.3...We. reques’o to dbring tho- reactor. to 26.0. mV. and leuve 1t at 'bhis
tomporaturo for ol hours without foed. After food inJection is begun, tho tem-
pomture is to be brought slowly to 26.5 mv. o

: ‘h - As- product gas ratio we aga.in reccmmend. l 3000 'i"he gés 15 to_ ,'bo-l
-gasoline-rocyclo gas with about 85 per cont He. o : ' .

, 5 We request to ha.vo the feed. rate e.gain rais&d. slowly starting at
-0, 2 ‘cg /l/hour .‘afpout a8 in tho first oxperimont.  The feed rato shall bo so
“arranged that the ‘gasoline concontration” in tho Abstreifer (cut point 165° “column
distillation or 170° Engler distiliation) is not over 60°per cent, If this hes’
1not been obtained with 'a feed rate of 1.5 kg. /l/hour, WO Propose- not" to increaso -
wthe»-feed.*rahe»a.nywmorewbut«to—reduee~the~preesure WW




RESTRICIED

—_—

" 6. 700 atmosphere is the proferred e’xporimbnta.l pressurc. ~This pressuro
i8°to be roduced until the desired gasolino: concentration in the Abstroifer is = .
obtoined if-the conditions montioned in 5 gbove occur. - ' :

"Page 567 ’ _ , o ,
(N) Cover Lettor for Note of 1-24.41 Concerning _H#ogonation of Soft Coal:
Gos 01l in tho Ges Phase at (00 Atmosphores (1-27- )

Tt is romarked that the high gasoline yiold (1.6) cemnot bo casily '
handled in a large roactor and that, theroforo, for tho Louna gas oll a second
catalyst has boen introduced into tho exporimontal reactor whose cracking activity
‘415 less apd aromatization properties are strongor. With this catalyst still '
botter r'c]gtgts in tho desired direction aro oxpoctod, ' :

:"'PaSOS-*568-570'—:’? R SRR T R R ‘ A e L e e ‘ B

: (N) -Notos Concorning Rydrogenation of Soft _Coal Gas_0il Ovor Ruhrosl
 ~Catalyst (1-2h-EL) o — .

- .. . L. . ) I v . : .li Bl
_ _ The following additional roport is mado for the oxporiment period of
- Jonwary 7 to 17. S o ‘ : s

 Undor the direction of Dr. Dosllein an exporiment at 700 atmosphoros-was-—-
‘started on Janwary T in the 5 ka. roactor in Building MPA 69 at Ammonialwork . . .
----- Morsobuig. It was-to bo tried if soft conl gas o1l could bo hydrogonated accord~""
~ ing to the procedurc found best at Ruhroel with hard coel pitch ges oil, and what
‘quality gasoline could bo obtained by this proceduro. . Since no oxporienco. wos
“available  concorning the'hydrqgenation»sus_ceptibility of soft coal product accord-
ing to the Ruhrool mothod, tho catalyot was first so chosen that in spito of the
“highoer-phenol -content- of -the-feed - (soft-coal A-gag.oll had gbout 10 por cont as
‘comparod with 3 per cent phenol in pitch gas. 06il) reduction of the phenol would =
be mssured. - In tho course of this experiment it was shown that the phenols of the -
goft coal gas oil are ponéid,era‘bl:y‘foasior“to"red.uce"than--thoee—of~‘~tho;;pitcﬁ gas
oil.~-At & foed rato of 2,0 kg./L/hour and a hydrogon partisl prossuro of 450
atmospheres tho phonol content of the Abstroifer was 0.01 por cont. ‘On tho other
.hend. tho. catalyst. was. §0 active that in spito of a food rato of 2.0 kg, [L/hour
“and a roduction of the. prossurd to 450 atmospheres partial  prossure 82 volumo:poy -
cent gosolino: (cut point 165°) wap still containod in tho Abstroifer. Thero was
“no B-gns oil since tho totel Abstrolfer had-a final boiling point of' 220° to-230°.
Tho rpsidue was & heavy gasolino. - e e ST

— he-oxporiment-should, thorafore, ha only considerod a8 & proliminary
oxporiment. Tt has shown ug that o can weakon tho hydrogenation' compononts of =+
the catalyst cohgiderebly without hoving to fear poor phenol roduction. This - =

“wonkoning will then produco &’ roduction-of ‘gagolino- yiold so-that B-product.can ...

“be rocyclod. We Wiope to obtain by this mothod a. congidorablo- inCroaso of - ArG-.. i
matics in the g ‘ ‘

\ .
»o:gcpopMent’s..;wé?;@lmady;:ZQ.

gasoline and to-int¥enso the ‘octano nunbor: which-in. the preliminary ..
5~rqs'gax‘ch.; e B e
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e Thdi=reactor'ha¢ Sfiit‘er catalyst s_pa.ce,.---»—"Ehe«-co.tolyst-KhIB_'wns_délmox:e_d
in'6 m. pills which woro crushod into smaller pioces at Leuna. L

Sinco it wes foarod thet the high phenol content of 10 por cent in tho
goft coel A-gas oil might damage tho catalyst, tho oxporimont was bogun-with.a_
uro of A-gos oil with B-gas oil from the 5058 chamber (1:1). This food had
& Yensity of 0.870, an eniline point of 32°, o finol boiling point of 325° and &
plqonol content of cbout 5 por cont. The gas wos takon from tho, gasolino recycle
‘gtroom of tho plant. It contains about. 85 per cent hydrogon. . -

-

The oxperimont woo sterted on January T, with a feed of 0.2 xg. /1 /nour
at o temperaturc.of 26.0 and a pressure of 700 “atimsephoros (ebout 600 atmosphoros
~hydrogen partial prossuro) and -a -product.-to- gas_ratio of 1 to 3,000. Tho foed was
glowly incroasod to 1.0 kg./l/hour by Janmary 9 ond the temperature to 26,5 mV.
_Since at this food rato the total Abstreifer distilled at 162°, the foed was - -
reised to 2.0 kg. /l-'/hour by Jenuary 13, while keeping the tcmperature and product -
~to gnas ratio :,uhcho.rrigod,.; Also, starting on January 11, tho pressurc was reduced
to 600 atmospheros (obout 510 atmospheros hydrogen partial -prossure).  Bvon ot . ..
thogo roaction conditions 90 per cent of the Abstroifor boiled at 165° and the
final bolling point of Tho KBEtTHifor—wos 230" to 250 Fho-Progsuro-wos thore-
fore further reducod to 530 atmospheros (450 atmospheros ‘hydrogen partial prossure)
on Januory 15. Tho gasolino concentration in tho Abstroifor wus st1ll 85 por cent
Tl thHo Tinal boiling point of the Abstroifer remoined 225°, At b P.M. on
January 17 the rooctor had to be taken off stroom since tho prossurc differontial
“bocamo too-high; - Examination:showed the.lower. part. of tho reactor and tho sieve
to be full of asbostos fiber which probably cemo from tho packing matorial of tho =
pump packing glend. Tho removed :catalyst was getinfactory. Abrasion wao slight -
" considering thot the catalyst hed a very angular ghope and that it had been
exposod tdo o high foed and gos rate. No conclusion should bo drawn from the gaso-
line quality valuos obtainod so. far. ‘A5 proviously montionod, the activity of the
catalyst is too high for soft coel gas oil.. A'clear picture can be obteined-only -

whon _the food contains no 5058 B-gas 0il and the self-produced B-gas oil 1s

recycléd. Novertheloss, it should be noted that tho-165° B.P.—gesgline according. ..
to an analysis in Leunsa had 50.to 60 volumo per cont bolow 100, gn eniline point

of about 40°, snd an octeno number of T9.5 (rosoarch mothod). Loss calculations
mist naturolly give o higher valuo at the enormously high sctivity of tho catalyst -
than when e milder catalyst is ugsed at a yield of sbout 0.5 kg.‘/l/hour_and. g gagol
1ine concontration in the Abstreifer of 50 £6 60 por cont. ~The balancos for T
January 16 gave &-loss-of 16-17-por-cont based .on.total foed, and of 1h-15 por -
cent bacoed on. oxygen-freo fesd. In thie calculation the light onds condensed
from the Abstroifer releage-gas. aro calculated half as product and helf as gas
Tiod, reloammgm P -8B _
|

| Tho cxperimonts aro being continued with our mildor catalyst K29, In -
this now serics of experiments On.y. pur?)—)x:'gug—orl—rsﬂm&‘&ﬂ%eé-—in-ap&tuﬁ_it&_
10 por cont phenol content, to obtain quicker rosults. We hope, Judging £rori the’

provious- experimonts, . that. the cutalystﬁfill»-,x;!gdupo this High phonol conce’ntro.tion
without sufforing demngo. " Conditions are to be 80 arrangsd that tho ‘Abstreifer—

'
b

“will comtain only 50 to 60 por cent gagoline (to 165°).  After rocycling of tho
golf-produced B-product final reports about gesoline quality-and: losses con be -
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agos 571-573

(0) Current Oporo.ting Cond.itions of the Ges Ol Vapor Phaso Hyd.r @mtion

ot Loum (l-lG-Ltl)

5058 Cha.mbor . ‘

P S

Ca.talyst 5058 B
* Food Rate ; 0.8 to 1.0 kg. /1/hour

Temperature - © 1922 nV.
Gas Yield . Slight, Only HQO NH3,- a.nd HQS Splitting Off
Foed} Soft Coa:l’*A=Gas*Oil—--"~* :

D 0. 910

Aniline Poiat +15 C.

Tnitial Boiling Poimt 70°Ci

_Finel Boiling Potnt . 325° C._
: Phenol, ‘ T T

Hydrogen, % - 10.0 to 10.5
Abstroifor' :

D - 0.800-0, 805

“Cut; Point of Gasolino 120°

-120° 20 to 25 Volume %

Anilino Pon.nt _

~Abstroifor 50° 55 “Ci

Aniline Po in't -120" - 55° C.

) CTL>120° " 55° €.

Phonol, W’c. % 3 <05

Tho chamber is operatecl to_keep the phenol conton‘o below O 5 woight por-..
cont 80. that tho feed for this chambor in mixture with the rocyclo oil from tho ’
6#34 chmn'bor has. . phonol: contont below 0.2 woight por cenbe . o

2_. 61+3h Chamber

:Catalyst 61+31¢ :
‘Feod . 0.8 k:g./l/hour ;
Temporature ' - 20—21+ mv.,
RS Yield T T T The botalyield” from tho A products 1nclusivo;--~.
T of lossos by 0, N, and S is 78 per cent for
- gviation @e.soline (product fector 1,28). ond.
N - 98 por cont for motor gaeoline (product e
L - factor 1,11)
j‘ood' SR 5058 B-Gas 011 6&3& Feod. Gas 011 1 1l
Dﬂ? i o =0 800 E— ]
‘”'Aniline Poin‘b‘ : 50°-55 C. R
“Initial- Boiling Point -120°%:C.:
~Finnl Boiling Point 320 Cu
“Phopol, % . 048 i
Hydrogen,-%. o 13,541h, o -
’“Sulfur, '%w . S a '3‘0 "“ i
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- The high sulfur content 1s o'btained by introducing HoS.

4

Abstreifer
0 o 0. 750-0 %0 ‘
Gaso'line Cut Point 140° (Conditioned by octane ‘nimber which
i S ) mist-be 71)
-140° hs Vblume %
Aniline Point/Abstreifer 50 -55 -C.-
Aniline Point. -140°. 50 -55 C.
Aniline Point >140° ‘ 50° -55 C.
" Phenol; % - ——0.02°

_B_Raﬁning_oi‘_ﬁaéoi ine

The gagoline 1g” caustic-washed and-“the ‘wash"1s“80" arranged that about
0.02: per cent of the phenols remain in the ge.soline as -inhibltor. Stabilization
follows

Feed.
-100 T 65 Volume %
Initial Bolling’ Point O 1h0°-145° C.
Aniline Point - - 50°-52° C.

. Bydrocarbons:

. Aromatics. 5-7 Volume %
Olefins . 223 Volume %
Naphthenes _ 40 Volume %
Paraffins | 750255 Volume %~
Hydrogen ' 15 Weight %
Sulfur S <0.001% -
Octane No (Motor Method in CFR - oA

Motor): L ,
Clear 2= T TLi.72 .
= 0v820:9- TEL* - -8
90 5-91 5

12TEI-

‘ * Units doubtful

1.’.895:.,5;.;51.

?,.
(P) Prelimina.ry Notes Concerning Experiments wit.h Ruhroel Catalyst KhlB in

Leuna (Written by Ruhroel)- {1-15-h1). .:_.‘.:. e

(R Catal st Com osition.
T G 5 £103, 5 FeT. oent Zn
“gram: 0“”"19!' Ta5¢ ‘grems-HF

60 pexf cent »ADV paste, ko per. cent Terrana, 2 per

Tnmﬂ“*Mosu per-100-
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«‘Form 6 mm Pills, Corrugated

Agp atue

Leboratory of Dr. Doellein, oven 201. The oven consigted of & Nig pipe
of 45 mm. I.D. and 3620 mm. length. - Catelyst volume about 4.9.1. Spaced along
the reactor were 6 temperature points. . Of these only . 4 had the preecrfbed tom-
perature while the top and bottom ones were 1.0 to 1.5 aV, lower. The reactor was
-heated by only iwo heating circuits and one reactor-head heater (We: have three
heating circuits and one heater each for head, foot, ond trans:er Llne. xnue—We
obtaln & constant temperature throughout: the catalyet volume ) :

s Tre eTectricel heatere are not insulated. - To obtain better temperature
dietribution compressed air 1s blown in between ‘the high pressure pipe ‘and”“the™
electric heater., ) 4 . )

: Feed

e “The feed ehould not have a high phenol content—and —therefore- 8. eoft coal
_A.gas - oil, and B.gas oil from the 5058 chamber were mixed 1n.1 1 ratilo. Analysee =
are glven for--' ; SRR — e S PERIIN

Soft Coal A.Gae 011 (for Ka 9, 10, 11, 16 of 1-u.u1)

’ . B-Gae 011 from the" 5058 Chamber (Reeidne? Inetallation I Me 821 ‘of
el T R AR

1 I Mixture -0f-Ae- and B-Gae Oil

Gas (Averege Composition)

‘ HgS,‘f’v

RESTRICTED.
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Operating Conditions. ' - -

-~ The chember was brought on etrean with & gos throughput of 15 md on-
1-5-45 and wes at 25 mV. on’ 1-6-45. - The temperature was ralsed to 26.0 mV. &t
_noon and remained there until 5:00 A.M. on 1-7. Feed injection was started at
5:00 A.M. on 1-7. Further progress of the experiment is recorded in a table..
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“ Pages 580585 .

: - gtmospheres far the hydrogenation of gqgg_.‘ggs oil st Scholve *

- After s comparison of the varioys feeds,. Abstréifers;. and gesoline from
the Scholven hydrogenation at 300, atmospheres over 7019 catalyst on the_one hand,
and the Ruhroel process at 600 stmospheres over‘157/335 catalyst on the other hand,.
hed been reported on 7/27, the Scholven feed for the 7019 chember waes run under '
verious conditions according to our procedure over the newest catalyst K—545/349,
ap pert of a series of tests, The results have been compared with the experimental
results which were obtained at about {he seme time and from the same feed in
Scholven in a plant scale experiment with the 7019 chembers. ™ '

. ‘In Table I, gesolines of various ‘Pinal boiling points have been gut
from & 7019 Abstreifer. and two 346/349 Abstreifers which were obtalned in one
case with fresh gas and in the other cage with very dense recycle gas. Their
most importent anelytical date were .determined.

: Table II shows the composition of approximately qualitatively equal
gasolines prepared (1) according to thé 7019 procedure ab middle gas density end
(2) the Ruhroel procedure, cne with fresh gas, and the other time with very high -
ieneity gas, - - : L

————The-results-can be sumariied' as follows: =+

.~ 1. The gasoline according to the Ruhroel has more naphthenes end paraf-
fins than the 7019 procedure gasoline. The motor octane number, however, showa
even for the original 3asoline,_an6 particularly for the leadéd gasoline equally
good knock quality within the limit of meagurement. " L

i 3. The dctane rumber decreases for botl gasolines with increas ing cut
point, for the 7019 procedure however, considerably faster than for the Ruhroel
procedure. (Note: There is a. penciled quesfi‘éﬁ"'iiié;i'lé"i'ﬁf'thé‘f"‘mérgih‘;"‘oppoéite‘"ﬁ;')'

3. The. componontsboiling up to 100 degréds-aré much larger for the

Ruhroel procedurs. This as woll as the fact noted under 2 “pernity cutting the
346/349 goeoline considersbly higher than the 7019-gasoline (185-190° versus 160°) .
“for attelnment 'of equal quelity; a larger .chember yield cen thus be obteined. :

. 4. Under équl trestment of the gasoline  (caustic wech) tho 346/349
‘gasoline gives-a light stable gasoline while. the. 7019-gagoline discolorizes after.
8 fow days. Other refining toste. glve approximately equal values. e

5. Tho 7019 gesoline hes e higher fodine number.

. 6. ‘The most ‘si'gnificmlut »difiérehce-'between the two proced}zresiethe
- gesoline yield jper reactor unit and.time ‘unit which-can be obteinéd, For prepa-

1t

‘ration-of-equal-quality-gasoline - the.Ruhroel. procedure ,kwith'.,.fre,sh‘oga.s.,‘81&%@.15.9% -

and with extremely high recycle ges s three times . lerger yisld than the 7019 ~ .

procodure at medium gae density. At tho same timo the roaction tempgrature for the.
~dattor-progedure- 18.10-15".C. f....h‘ighe‘rm.‘.than\“for;:ﬁhe‘.,;.i Rulrosy protedury, T




.. This investigation waes to give an approximately quantitative comparison
of the two methods, It mist be considered, however, that the feed was run only
once through. There will be a certain shift-in-gasoline quality when the Ruhroel:
procedure is run with pure coal A-gas.oll and under recycle-of -the-own-B-product——-

A decrease in output is not to be expected but, since the more aromatic
A-gas’ o1l would be present in higher concentration in the feed (because of the
‘greater yleld of the process) under approximately equal hydrogen contont of the
7019 end 346/349 B-product, the quality of the gasoline would be improved.
(Tables given on £ilm.) . ' . o

AAAAAA

and 6434 (Bottron B .

: . The treating experiments which ere given in the following table were
made -on gasolines-obtained from the. Scholven gas phase. strippor as per t of our
series of treating experiments., The purpose Was %6 obtain treating data to be
compered with our gasolines, regardless of motor performencé. The gasolines were
cut (1) %o 190° C, (corresponding to our conditions) and '(2) to 160° C. (corre-
gponding to the actual motor requirements). The treat was made in the laboratory
under the usual conditions, including rerunning. ‘ e -

. Remarks concorning the results: (1) light stability of the semplos ls
very good (in diffuse 1ight), (2) tho inhibitor effect noted by usis also present—
in the Scholven /gasoline'l"particularly the.one with the higher citt point. (Tables
given on film.)” - . Lo . S S




Pages 589~594
S, Discussion in Welheim on 1[29[41 concerning tho Uge of 700 Atmoeghe;re
Vapor Phage st Blochhammor for Ausbau  IT (1/29/41 Schlesien-Benzin)

o Dr, Kroenig reported that it had been definitely decided to procsed
with the gasoline production (Benzinierung) at Blechhammer in “Augbau¥* I at 300
atmosphercs and that no chengo could be made in this. For Ausbau II, however, the'
questiontof using 300 or 700 ‘atmosphero vepor phase i still open. It would have
to bo docided by 4/1/41 at the latest, For Ausbeu II about 120,000¥%* residual
gesoline (Sumpfbonzin) end ges oll- (-325°) ere available in which, according to
o—ur—pmmmmmtc;—there—are—%ﬁeeﬁ—gasoline,,(-aoc° S N ,

Dr. Winkler declerod this smount to be approximately right for 2 two-
stage aromstization reectors. The high gesoline content in the feed would be a
disadvantage. o '

—Kpoonig-remarked-to-this-that-1it-seems fundementelly. possible 1o ..
underteke an exchange between Augbau I end Ausbau IT so that Auébg,u II gasoline
1s given to Ausbsu I and Ausbau I returns the corresponding emount of gas oil to -
Ausbau II." The 1limits for this exchenge are to be determined by the following

considerztions: . :

R

o 1. Ih Ausbsu I the amount of gasoline ls not to becoms 8o high and the
-gas-0il-so -1owAvthatﬂ;ispo-mild..,a..ABeaufschlggu_x_lg _of the two double 6434 chambers
takes place, ""’ . LT ' :

p. The exchenge between gesoline end gas oil in Avsbsy I should not go
so far that the octane number of the gasoline from Ausbau I is lowered appreclably.

'3, The exchange should not go 8o far ‘that the heevy gasoline fractions -
svailablo for DHD from Ausben I ere decroased too mich. |

_ Without compiete im;estiga.tion it can be aesumed.th‘at:the‘géﬂoline
- fraction (-125°) from Ausbau IT which is about 60 per- cent of ithe gasoline (about
29,000 tons/y,ear) may be exchanged against gas oil from Ausbau I.. Concerning the
-distillation, cutting out the fraction to 195° geems feasible.  Dr. Kroenlg agreed .

£ notify Dr—Winkler later whether, according to IG,the exchange is possible to
~{his degrees  DriWinkler-would-then-orient- his-experiments. in that direction. "
After sdditional testing and experimental work Dr. Winkler is to submit a report

- and ‘work-scheme for- Ausben IT conﬁ'giining all data hecessary for msking the decision,

L _About: gasoline VT 706b, obtelned ab 700 atmospheres from pi‘céh gas oil,
heving 165° F.B.P., end stabllized. at Scholven, Dr. Winkler reported 'the following.
“data:- (the-gosoline was treated with-0.,5% ol Ub p'ér‘cent‘suifuri‘mid‘-and-bheﬁ-
with 10 per cent caustic.: Then it was rerun with three per cent gas loss.) -

*fugbau expended unit. h

~¥Jnits-not-given; presumably toné‘.

20~



* Allowable limi‘c lO mg..

D15 J.800
- Cloud Point -4° C.
.Crystellization begins below -60* C.
Vapor Pressure . 0.4 atm,
E Distillation: T )
I.B.P, 42 °C,
20% - 83.5
30% 91.0
40% 97
50% 103
60% _ 113
0% 195
80% 3137
90% 153.5
95% 164.5
F,B,P,, 98% at 170,
tesiduum _ma%_
Reaction of Resld. “Neutral
100° Point 45 Vol. %
Index No. (Kennziffer) 114.1-
Aniline Point = - ’ -4.,5
Aniline Point (Aromatics Removed ) 7.5
Corrosion Neg.
=Doctor-Test - Neg.
Glass Bowl Test o . 0.02 mg.
Bamb Test’ , ﬁ 0.12%
Regin not Taken Up 18.4 &/100 cc.
Rengin Taken Up Directly* 8.6 mg./100 cc.
Leed Sludge : 12 mg./EOO ey
Todine Nos« 1D
_Aramatics Plus Olefins 51 Vol, . -
Naphthenes - 37-Voli %
Paraffins| 12 Vol %
~.Elementa: . ;
£ [ 78853‘70
B R 11.61%
'8 ST 0. 0072%
~Qcteane Numbexr (Motor-Method):--= S
Clear | ‘ a1
~0.05% lead | - 87.5
0.12% 1ead EEE : 9.0 -

[ .

Dr. Winkler recommends tq contact Dr. Dehnlow of the L ufti‘ahrtministerj.p_xg
~Berlin," concerning the izaluation of the Welheim gesoline and also of “the CVol, ‘
~gnd DHD gasolines - 8- he-knows. Cng of. Scholven: doeshpot aatlsfy require- "

mente of ‘the Luftwaffe cnncerning iodine number, light ‘gtabllity, and resin test, "
TIT“DBD—ga.soline 1 supg_osed to be unsatisfactory_in the Yead sludge toet, It iss
: thig. serl le8_.of._nigh. du al”it’“f‘?‘a'ﬁéli‘ g-that-they-heve—a~minimul..—.

el



aromatic content of 50 per cent, The Welheim gaédline is added to.the 87 (octene?):

gasolines to the extent of 70 per cent 8o that the arcmatics content of the mixture
is 40 per cent., o . : ' o . LA

The Welheim gasoline.is prepared in é,' chamber’ dontaining 10.5 md ca'talys’o’." :
This chamber consists of: R " '

2 "regenerators" (heat exchangers ?) ' \
1 gasheated preheater- T )
(heating ges consumption 4000 mS/hr. with 5,500 heat units (WE))
. with 23°return bends (Haarnadeln) . ' I
2 oven : o
1 Oven 900 mn ID, 12 m long and
1 Oven 1000 mm ID, 15 m long . : _

The ovens haye no_ Blondey (baffles?). but temperature distribution is nevertheless '
excellent., At a feed rate .of: e . , ’ -
S 9 t/_hr. fresh oil: B~- gas oil = l:l o
28000 m3/hr. inlet gas (72-74% B, = 450 atm, H partiel pressure)
e 5000 mo/hr, cold gas » - : \
_The temporatures were as follows: ’

Reactor—1 | A e
Thermocouple 1 o2 -3 R S S : 6__ .
Millivolt 251 - 85.50 25,7 262 . 26,2 P62

Roactor 2 - . A i ’ _ R
Thermocouple = 112 - ~111 - 110 - ~109: - 108 -107---106-- 105 . .104 ..103....102.. 101..
Millivolt 25,0 25,1 25.5 25,8 26,0 26.2 26.0 - 26.2 26,2 26,0 26.2 26.0

4 ~ " Regulation of the temperature at en output of 0.4 presents np greater
~difficultles-than-in-the-5056-chamber which has been In operation for a long time.
Only.throe timos in two years of operation has the chamber “gone high" and in‘each’
case mechanical difficulties, not the process itself, were to blame. At a:feed of

~ 10,5\tons per hour the amount of inlet gas is 28,000 md/hour, the cold gas 6,000

. m3/nour.. . The' stripper. concentration i 50 o 55 volume per cent, In the "Benzinie-
- pung" of "Sumpf" gesoline end gas oil from the pltch chamber the losses at high ™~
_presswre are 12,4 per cent, ‘the lomses im;gtabilization:and transport: to Scholven
331 to 5.1 por cent, Dr. Winkler will prepare e C-balance which will show the exact
- composition of the gas formetion, including fixed gases (stabilgag). In a prelimi-
“nary investigation’ the composition of “the-gasified ‘carbon without fixed gas was as -

0y = 16:2
2oz 22,1

‘nC4 =211

IG m/ton ‘of 1 gasoling, .4
matization’ chembor serves as gas wash for the



e . Dr, Winkler-expects catalyst lize or at least & year, probably 1 year.: -
The longest catalyss life atteined’ in industry wntil now was 180 days. _Checking
‘the catalyst efter a run in the small reactor showed that -it still had good activity.
In any cege the loss of catalyst activity, if there is any at ell, is ‘congiderably
less then that of 7019 in Scholven. The catelyst is used in the form of 10 mm, '
pills, - It is practically free_of bewirtschaftet metels. The catalyst will be
Purnished by Welheim,--Roughly the cost of catelyst wes estimated to be about 1500’
Reichsmerk/m3, The apparent density (Schuettgewicht) is 0.65. The hardness is
excellent,, The new catalyst has been changed from the previous one go.that 1t
furnishes arometic gasoling. immediately when put on stream whereas the previous _
catalyst had to lose a poek (Spitze) before furnishing highly aromatic gasoline.

R ' . o
A8 to the pdstwar usefulness of 700 atmosphere ges ‘phase hydrogenation
Dr. Winkler remarked that the cut point, of gasoline would then be’ 185° F. He was
convinced that even for. the use as motor gesoline.a premium price could be obtained
ag compered to 70 (octene number?) gasoline, since the Welheim gesoline at 185 cut:
point has ifmediate "Aral-" duelity and furthermare 1s a desirable blending gasoline
for Fischor: gasoline..-If -aromatic-gegoline should not have a peace-time, market,

there would still be the poseibility of prepering a hydrogen rich gasoline using

somg\vh?,t'modiified cg.tgl_yst at a temperature of 22 mV.: R
Swmmery —:- ) ' S -y

" Tho dlscussion Tosulted 1 the- cdhcivlsIén*thut*ﬁfor’*Anﬁbau“H~31echhamner~the'—
epplication of 700 etm, vepor phese hydrogenation seems very: advantageous under the.
following conditions: e : ;

L
Augben IT _vithout changing the performsnce of Augbau-I is pgssible.

That the exchange of. "Sumpt " gas_bl’iné'and‘fgas o1l between Ausbau I_an@. ‘

" be obtained yfhich’_ gatisfies the reguirements of ‘the Luftwaffe.

2. Iﬁat“from“‘écholven"gaa_ oll-at -760. dtmospherésié”high quelity gasoline can

3, That the,],esaer“.yiéld_'of 1gobutane in the .dromatizdtidh processis
o, S . : . B : : R 3

» i)e_rzﬁ;isaiblé - —

s B e

) - ..+ .. For ‘the ‘proparation.of. high quaelity gasoline from hard. coel, lique~ -
faction products, several processes cofi beconsidered. - Thoge are gsgentially ...
Taromatization W " b WH%WMH—@MMEM

' end the DED process in’ various “combinations.: This report”
_conteins the main results obtained inthe ~aromatization of hard coal liguefadtion -

under various pressures,

product, vith o catalyst, of the Rubrool in Ludvigehafom: ™

'""‘"’"}'Sixfcé—a;t""soofﬁtmos;éhex_'éE-»depdgén#pmﬁial:-;preasure, & sufficient aromatic con® -
..,xent,,,Wa;g;;nop;;gpﬁéiiﬁé'd?‘th@“hydrqgenfpartialﬁpreesure»kvg.suréducedhtd,the“w\l_‘a.ll;é _of 450
Eomcothonos-vhich 16 Froquently used Industrially at Welhetm: ~APtor e lengthy run -




_Starting Material Withont _ . With

I : - "sump” Gasoline =
%--200 °C, | C9.5 e .38
F,B,P,, °C. ‘ 330. o 303

Reaction Conditions:- . !
Operating hours - _967 © 1031
Bp pressure, atm. 450 - . 450
Temperature, °C. 500. 500

m\opghput 1.l R -

- Gasoline output kg/l/hr. 0.4l L 0456
© Gas yield/gasoline & ges made 19 . . 157,
Gagolines:¥* : ‘ : : ‘ ; :
Spec. Wt. o 0,780 " 0am
Ar]iline'point R T S L R R e T f:,:;,::f:",vfff:e ‘QZ:T," L A R T " SITLIEE 15 CRLELEE
% =100 °C. - S . 235, S 4
F.B.P., °C. . - 11 . .o 165
"Vol. % Arometics & Olefins ‘ 42 o T 38
Iodine No. T 11.5 . 13.2-
Octane No. CFR MM: . . AR -
" Clear . 2 : e 156
ofoa2 b 9048 o L 90,8

¥Gopoline from the first operating period of the 2.L.oven at 600 atm. Bp
pressure. o e IR '
A  in aromatic content’ (plus olefins) of 50 volume per cent ag obtained
“from pitch gas oil under equel ‘conditlons was therefore not -attained fram the-hard.-
coal gas oll using Welheim catalyst. Contrastéd to pitch gas oil the phenol content
T o the Tproducts was highThe contentof- aromatics-plus- olefins-using-hard-coal ...
gas oil alone was 42 volume per cent end with addition of ""sumpfphase” gasoline
cortesponding to the operation for heating oil, was 36 volume perscent. It is: - .
—gquestionable whether gasolines with thils aromatlcs content are satisfactory. A "
" pich mixture curve is available so far for only.one gasoline with 36 volume per -
cont .aromatics plus olefins* from a test with Oppan; it was below the-Cz curve, In
‘however, the tests have not boen concluded. R e R T
9, Experiments in the 2-Liter Reactor - ..o oo

qTstITTatIon. of  ABSIFEIfer product” were-carried—out-using-

ng period of the 2-liter reactor at. 600"

¥ T gavslino 1s fron the Firat operotd
. atiospheres, .hyq:ogen},partigal“prQSBur?. R




cataiyst shifped to ug by Drs Winkler, Rubroel, Welhoin, oh Jamery 26, 1941, A
Scholven hard cosl liquefaction gas oil¥* served as starting materiel-for—the—
experiments, It was run with and without "Sumpf"” gasoline. TR

- T following table shove tho enalysis of the starting materisl
after redistillation without -"Sumpf" gesoline and with an addition of Scholven
* "Sumpf" gasoline (epproximately the ratlo of the heating oil production method ).

Starting Material - ‘Without - With '
S : "Sumpf* Gasoline =

‘Specific-Gravity - .0.974:- . 0,904
Aniline Point, °C. =20 ' =10,5
1,B.P., °C, 173 B4
% to 150° C.. - . 26

200 . 9.5 : 38
225 . -y bo48

o50 40 R - A
EaTe [ B == 797 ’::86
- R 9% -
F,B,Pr—2Cr—— _3%0 1 33
Phenol Content, % 174 13 -

o

The yun was sterted with 1iquefaction gas oil under addition of -

phenol-free arometization B gas oll in the ratio of 1:1 at 600 atmospheres '
_hydrogen. pressure.  After 40 hours run time a change to recycle wes made and & __
temperature of 25 mV (40° ‘terminel temperature) wae first chosen. ~The velues g0
obtained. }82 run howrs) are shown in the following table. According to this, with
1.1 kg./1/hour throughput-at a yleld of 0.59 and 14.5% gasification per gasoline

plus yield,** a gasoline with 33 volume per cent aromatics¥¥* is obtained. (Table :
;on microfilm, page 5 of the paper) -Since thle aromatics  content. vas too lovw,.& _
“chenge was made from pitch and coking tar. to gas oil. -At-25,5.mV & gasoline of 38 ..
t0 40 volume per cent arcmatics was thus obteined. After 460 run hours; Scholven
gas oil vwas agaln uged and now (506 run-hours )-a-yleld-was-obtained.of 0.44 ot a . ..
hardly changed aromstics content of 35 volume per cent. Since raising the temper-
ature to 26 mV and the feed to 1.5 kg. /1/hour produced no reise:in aromatics content,-
“tho unit was changed back to pitch gas oll &t & foed vate of L1 and_the-hydrogen —
~prossure ratio changed to 450 atmospheres.. Under these conditions efter 800 run .
hours, en0.35 yield of gasoline of about 46 yolums per cent eromatics was obtained.

~—— .. Tho reactor was again changod to Scholvon gas il and et ' 04177
~yleld (967 ‘run hours) and 19 por cent gas yield, a gasoline with 39 volume per cent -
aromqﬁiqs was obtained. - . G LT A e e LU e e

1

¥.The .samo. 01l was used af ' experimentsin Welheim.
##C_in the Cy to C4 por N
###By tho enilino point moth




A change wag now made to ges oll. with "Sumpf" ‘gagoline eddition and
_w_i_i}h 1.5 kg./1/hour throughput (1031 run hours) the F161d was 0567 —~Cas-yleld-was—
15,7 per cent and the arometics content of: the gasoline 33.5 volume per cent. The:.
run was then continued without "Sumpf" gasoline addition. at.l.l kg. 1/hour feed
rate (1211 run hours) and: at e yleld of 0. 4 per cent with 20 per cent gasifice.tion ad

a gasoline of 41 volume per cent aromatics.

After 1220 run hours pressure ves raised to 540 atmospheres, At
present the reactor is leveling out under these conditions; et first an 0.41 yield
of geeoline of 40 volume per. cent eromatice wasg obtained.

" The 165° C F B, P ge.solinee from gas oil and’ gas oil plus "Sumpf"
gas oil, conte.ined ‘about 35 and 47 per cent, respectively, boiling bélow. lOO c.
CFR 0cta.ne numbers were 77.5 to 80, respectively, and with 0712 TEL-88% 5>-'-to 91 2.
The iodine number of 5.5 to 16 wes comparatively high.
‘ 'I‘he produced B gas oil had a specific gravity of 0. 92 and, abt 25.5
.1V, an_eniline point of -20° C. and, at 26,5 mV, of -»24" C.; boiling renge was .

ebout 150 to 320° C., the colar was yellow. 1

The following table BhOWB the elemental analysis of feed and gasolinee

Ga.solines )

. T . Hour 967  _1031
Feed T Feed T e G- omat e

_ ‘Gas 011 - "Sumpf! Gagoline - 39. 33.5
% C, 86.73 '86.27 - - 87.82 87.35
% H 9.11 CL13,34 112,30 0 12.43
%0 3.29 . 0.21 - 0,000 . 0415
N 079 i 06XT 0,065 0,063
g 0.08 - -~ <0.01 | €0.01° . <0.01
~Gram- H/ioo G -G rm el 0 50 e 15 0 48ty L 1A GOL L 14,35

8H "Diep"*/100 cc T9.85 15,59 - 13,89 14.20
Diep: (available 7). '

A bomb test i’or the gasoline from Hour 967 showed no pressure loss.
'The. gum test before ‘aging was 3.1 mg. /100 cc., after-aging 33.9, unleaded (equal -
resin) 2,2 mg. and was therefore good.r The copper dish was high at 59, 7 f‘urther B
tests are not yet a,vaileble. ‘ ; : ‘

The ma.ke ges (C -04) containe an ‘average of 39% total butane
'I'he bute.nes conteined an. a.verage of. 33% Isobuta.ne.‘ :

— e

From this e.re ca.lculeted the following Values for workup of gas oil
or gas oil plus Su.mpf ;ga.soline.

e



A _ sumpf Gaesoline ..
Feed R Without . With
_Vol. % aromatic ,in ‘gasoline - 39 33.5
% Make gas/gasoline f make gas 1wl 158
. Produced per ton of gasoline: . R
" kg butane = . : .95 75

kg isobutane ' : - . @5
| . - oo~ R . ) :
3. Experiments in the 0.2~Liter Reactor

_Procedura

-

- A 3l-day run was made in & 200 co. veactor with catelystIu No+—7978—
obtained from Welheim on Januery 28, 194l. It was started at a 600 atmosphere
totel pressure and 25 mV = 475° C, with hard coel "Sumpf" gasoline plus Scholven

- gas 0il and recycle from a previous experiment with the

spatio-of 1:l;  at-a-fesd-rate: of :046,--- After 3.days the temperature was ralsed to
25,5 mV = 483° C. and the feed to 1.0.  After 5-days pressure was reduced 1o 450
atmogphere, on the 12th day the temperature raised to 26,0 mV = 493° C. and after
a further 4 days the change made to récycle of the experimental product at a 3:2
ratio. After 23 days tho temperature was agaln raised eight degrees and finally
~efter-24 days a change made to liquefaction gas oil and 7 days run made with this
feed: ‘The product was yellow to yellow-brown. - : s SRR '

\

. In sddition to this a short experiment with hard Goal” liguefaction gas
oll without Moumpf" gasoline wes made. Aromatics are reported as weight per cent
(eriiline point method according. to Dr. Hirschberger.) The enalyses of the Sth,
9th, 20th, end 30th day of the run are swmiarized in a tablo. '

T gy 600 avosphere s hydrogen: Pressure; -feed-rate -of.1 V0.and . 25.5.mV.
‘temperature, gesoline with 38 weight per cent cqual 34 volume per cent aromatics
wes obtained from coal liquefaction gas oil with 16,5 per cent Scholven gasoline
(-160° C.) at & ylold of 0.5. The gesoline had 43 per cent boiling at 100°~C:~
and a motor method octane nimber. of 76. " The-B-gas 0il had en eniline point of
~11° ¢, and contained 0.29 per cent phenol, . The C- gasification referred t0 gaso=

+1ine-plus-make=-{Gun-ves-14-por.cont, . when. roforring. to nowly formed goecoline plug’

make~ gag, 16 per cent. Yield.ond aromatics concontration were: constent for- 170hry

o After lowering tho pressure. Prom 600 to 450 atmospheres’to obtain high
_aromatic concentration in the gasoline the yield dropped from 0.5 t0:0,38 within
'48 hours and 0 0,31 in another 250 ‘hours, -The -phenol - content, of - the B gas oll.
“Increased. ITom U.eg O UsB% hv‘aromz%%ee-eentent—in—the-gaeoline.aﬁmm._
change to 400 atmosphores rose only slightly to '36-38 volumo per ‘cont.  The
fraction boiling ot 100° C. dropped from 43’ to 35 per cont, Motor: method octane
_number. was: 75,5, . ‘The,aniline point of thd'B gas' oil dropped from -1l t0-=15%Cy




. In the last 7 deys the experiment was. continued with herd coal -
liquefaction gas oil without "Sumpf" gesoline et 450 atmospheros. " A yleld of
0.31 A gesoline with 42 volume per cont eromatics and 28 per cent boiling to 100° G
- was obteined. Motor method octene number was 73. Aniline point of the B gas -
o1l was -18° C. A short experiment-at 250" atiospheres and 27 mV with gas oil
without "Sumpf™ gasoline yielded a gasoline with 55 volume ‘per cent eramatice'
with a quickly decreasing yield (first day 0.3, seventh day 0.17).
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Poges 607-633
Summery Re port on Hydrogenation of Cosl Gge 011 aver Catalyst KAL3 ab
Pregsuree A'bove 300 Atm., Ap_x:il 1941 :

[ '
'.‘_,Contente::.-;. R

I. General Experimental "Conditions

‘1, Apparatus .
2. Catalyst
3, Gap
4, TFeed
—5+—Run-Tength—
II. Run Description

_l""‘Experiment with- Gasoline Containing Gas- Oil from Scholven

=@, Experimente -with- Gasoline-Free Gas.Qil from. Seholven
-3, _Experimente with Gasoline~Free end’ Gasoline-Containing Gas
Oil from Upper Silesian Coal

’ III. ‘ Analysis of Liquid Reaction Products

IV. Ana.lysis of Gaseous Reaction Prod.ucts and Calculation of Yield

" ¥y. Summery
I.. Genoral Experimental Conditioué
o Apparatus ».: el S

~The reactor consists of an N pipe of: 45 ma. I D and about, 5.5 meter
length, .It was “hested by thEee electric heating elements; foot;-head ,- and -trans=. .
fer 1ines from-the preheater to the- reactor foot each had a further heating®
~e1ement1—§-nside_tempera,ture_wae measured at 6 points, _tp_e greatest temperature

difference between the 6. points vas 0.3 mV. o - oy

‘ The preheater wes a coil of 6 nm. I D. NB pipe about 12 meters long in
"'a gas’ heated ‘1oad-bathi--The- geperator:was: a.5-1iter. high-pressure yesgel with =
g gauge glass. The separator product .wasg continuously relessed 1nto a low preseure

container. - The- released product gas wes ugh—a“gae—med'er V:Tals W
composito sample for ‘24 hours ‘taken by an automatic sampling device. Product wae
'withdre.vm gvery half hour, moagured and gravity tosted. A composite eample of -
roduct collected during 24 hours was enslyzed. For: “balanco exporimenta the. gas
“dissolved  in-the product at - . atmosphoric. ined——Tho-
“wag-fed through Hofer pumps wiich ren without difficulty throughout the eyperi-
.‘-~mente. “The- food was: cleaned ahosd of tho _pumps through & Bosch filter.. *Temperh
“..aturzsowore measured with iron-Const,antan thermocouplee,__‘w 1nal 1 empora.ture
was 40° C. . : . A P




2_. Catelyst

Ruhxoel catalyst K413 was used,. in the form of corrugatod 6 mm, pills.
3,13 Kg 5.3 1 wes uged in the roactor.

Gau '

Fresh gas of the following averuge composition 1s used-

B v 98.2 - 97.4%
co . Ool - 003% ‘
N2 o L7 -2.3%

Initially the prossure was 670 e.tm. The main experiments wore run at
500-550 atm,  Finally, some viere run at 450 atm.’ The gae-throughput wes -3:5‘ m3/hr.
regerdlesas of feed rate. . _ 2

= j 4 Foed : ‘“:‘ﬁA e snaeriRa T ARR t:%"—'{,i"_;:":—',' 2 S ,,r._,’* |
The main experiments woro ma.de with gasoline-can&&inmg and gasoline-
free hard coal liguefaction oil from Scholven. Short runs were modé with oil '
- from Upper Silesian hard cosl, which ‘had ‘been prepered by IG_] Farbonindustris,
Ludwigshai’gn. . The mo,in analytica.l date are summarized in Table I on the film.
SRS & ¢ < A—gae oil Was never: used alone as foed. At t.ho atart of the run it
was used 41 50:50 mixture with B-product from the run. Aftor em11hbr1ﬂm_—a.'_
attained, B-product froi the run vag uned in the proportion in which it was produced .

Run Length

‘The run.ab’ presaures above 200 atm. 1aeted 70 days (1-25 ’eo 4-4-41)
The run 1s bcing continued at 500 atm. Run condit/o;m were a8 follows :

umperaturc Preeauro Feed Rato

stream Doy o Fcod eV °F.. . Atm. Ke/lfBr.
1 ,_No.Feed ‘ S Increased' ST8T0 0.0
2 , ‘ . .P4.0 889 870 - 0.0
3 ------—-Scholven Gaeoline / Gas o1 . .. LI T
et WA BRL - Own B-011. (50 50) ' 24.08896701 023
4 25.0. %@L 670 . 0.5
5 25,0 %1 670 - 0.8
6 25,0 921 670" .- 1.0
R FERTR 25,00 91 670 - 1.2
g1l 25,0 9L - 670 1.5
J_'@ng — .\ 25,5 937 500 .. 1.5
2325 - ' S 987 . 500 - 1.0
26-28 W : . 'gs4 " B35 L0
29-35 954 ... 5% 1.5
36-46 969 540 . 1.5




47-58  Scholven Gas 0il with Own

B-01i1 (60:40) - 26,5 969 550 1.0
59- 60 » Upper Silesian Gas 01l with : . N ‘ -
. © "+ "B=01i1 from 56-58 Day }60 140) 26,5 . 969 550 1,0
61-63  Upper Silesian Gas 0il Gasoline T e o Cs
: with B-0il from 59-60 Day (60:40) 26.5 969 .550 1.3
64-70  Scholven Gus 0il with Own '
B-0il: (so 40) : ‘ 26.5 969 450 1.0

‘o The rem reme,inder of the report consiste entirely of summerizations ‘of the
.verious experiments in tabulated form. The transletion of the summery of the
~report follows: - _ e B ‘ :

'Sumerx , ' S i o i
| 1. The yields obtained from gasoline containing hard coal liquefac‘dion oil o
(Scholven) at 500 a.nd 540 atm, and & feem rate of 1 45 Kg/l/hr.mar

at 25:5 mV (957° F.) a ylold of 0.58 Kg/l/hr.
Bt 26.0 mV (954° F.) a yield of 0.65 Kg/l/hr.
at 26.5 uV (969" F.) a yleld of 0.68 x.g/l/hr.

.The yield from gasoline-free. ‘Seholven gas oil was 0.48 Kg/l/hr. at
26.5 v temperature;—1+0; Kg/l/hr feed rate, end 550 atm. pressure, and 0.41
Ka/1/hr et 450 atn. pressure; T

: . “From the Upper Silesian herd coal liquefection 011 (a.t oSO atm. , 28, 5.
'mV and 1.3 or 1.0 Kg/1/hr. feed rate) the yield was 0.70 Kg/L/br. from the gaso-
line containing and 0. 52 Kg/l/hr from the gasoliné-free feed. ,

T 2 From g&eoline containing bcholven gae oil (at 540 atm., 26 5 mV and.

- Lad5. Kg/l/hr -feed).a.gasoline with 42:volume per cent sromatics was. obtained._ﬂ;
The 165° C. E,P.. gasoline has 49 volume per cent-below 100° C. -Its motor octa.ne -
number 1is 78. 0 clear, 87.0 with.0. 05 volume per- cent TEL. - T

From ge.eolme free Scholven gas oil (at 550 atm., '96.5 my, and 1. 0 -
Kg/l/hr feed) , & gesoline with 45 volime per cent aromatics was obtained. “The
165° C. E.P. gasoline has 48 volumé per cent below. 100° C. a-cloar motor octane
number of" 79 0, end 87, 0 with 0. 05 volume per cent TEL.~ SRR

. CFrom Upper Silesian coal the gaeoline from gasoline containing gae
oll hrd 41 volume per cent aromatics, -from: gasoline free gss- oll 47,...por—eent

sromatics. The. part. boillng bolow 100° C. w‘es 47 and 45 volume per cent, respect-
—l-v-ela,-.-—-cleaxz-eeta,ne-numbe ¥ _ cent TEL 85 5 and
87 5, reepectively g e e R

. .J
L -

LA The geeolines are eaeily rei’ined and produce avietion gaeoline meeting
ell Bpecifications. e I :

' ~4 .mLese...tolga,e,Mdn.othemvamouelexper:Lments,..,meleﬂ i‘_,Q.ll.lpll.%{;

o -pec-



-From gasoline-containing Scholven gas oll at 25.5 mV, 16 per cent
(based on gasoline plus gas yield), end 21 per cent at 26.5 mV. From gasoline-
~free" Scholven gas oll, at 26.5-1V,-the-loss. 1s. still 21 per cent. From gasoline-
free Upper Silesien gas oil, the loss is 23 per cent. : '

: L Generaiiy, ‘when comparing results from emell s¢alo 'equipmont with .
plent date, the gas loss velues in the pilot equipment are found to be about two
per cent high. ’ o — .

5 The 1éo’butahe content of the total .butane- is, in all 'éxpgrimants, about
40 por cent at 26.5 nV. It increeses with decreasing tomperaturo, - to sbout
55 per cent at 25.5 mV. o ‘ ‘



ngas 634-646

et V1 -1 fact whether 700 or 300, e.tmoepheree 15 prefere.ble for vapor phaee
hydrogene.tion is important in various reepecte' '

1, Generally, that is for the “Benzinierung" end the applice.tion of
fixed bed catelyst to the greatest poeeible extent (i‘or exe.mple for prehydrogenr
—a‘crlen—ef-—hea"" oil urwvlnm etc )

2. For the preperetion—of high quality fuel by aromatizetion.

'3, For the queetion of combine.tion of "Benzinierung" 'or aromatizetion
with dehydrogene.tion for preparation of high que.lity fuel.s :

C o

4. Especially for the currently very important ceee of "Ausbe.u" II in
upper Sileme.. ) L

4

Vapor phase hydrogenetion at 700 amderteken by— the IG at. Lud— :
wigehei‘en/Oppau at the bame time with liguid phase' hydrogenation at 700 atm..and .
developed catalytically. It has never been applied in industry by IG in spite. of

the fact that the work indicated that the 700 atm. operations in the vapor phage -
made it possible to use less noble catalysts, that 1s to save “tungsten and molyb-
denum, and also to increaee the i‘eed and. decrease gas ma.ke. - The ressons ere that:

S Procuring the 700 atm. high pressure reactors cree.tee a bottleneck
in the production of high preeeure reactore. e S

.. 2,. Because the 700 atm. high preeeure material had not been eufficiently
- developed perticulerly i’or “the- higher temperatures of.. vapor phase hydrogenati,on.

: 3, Becauec the cost for the 700 atm. procees, a,t 1east while thie

“Process was -gt11l in development—went—higher—than that for 300 atm. in—epite of
_the higher feed rates; therefore 700 atm, wag sclected only where it was abso- =
lutely necessery such as in the hydrogenation .of a.sphalte and. liquid phese hydro- :

-genation of coeld wvhich ere. difficult %o hydrogenato.. N MR

o 4. Because the 300 atm, va.por pha.ee hydrogene,tion wee developed to the :
eytent thet 1t filled all the practical requiremente. - :

The case vas difi‘erent where, aside from the" ?00 a.tm. liquid phase, only

: art—iee&'eﬂ:y—}f—the-}ét—ter—ms-edda

,»-In such ceeee there ie immediately & coneiderable advantage in working under equal
Vpreeeure. - Sterting with thesge coneidoratione, 700 atm. has been uged for ‘the gas:-
phase both in Welheim and Luetzkendorf. In this manner g common’ gas ¢ycle could.
‘be 'used- for 1iquid and. vapor phase, circu;ﬂhating puinps anid ¢ompressora could be
paved and the recycle gas wasgh decreeeed.. Catelyete for'the 700 -atm. vapor: phage -

~hydrogenat: :ton"we:z'ewdeveloped~l 4n-Welheim—Pitch-was-used: Aae..rew_.me.terial s-aromats...

. izetion in this case produces. &.gasoline with 50~ Vol {erometice ‘or-more- which hes

proved itself ag aroma.tic high qua.lity fuel
--T -

-~

PEPE I T



_ Shortly .after the beginning of the war the preparation of high diality -
- fuel on en aromatic basis which hed ‘been worked on for a;long time by Ludwigshafen
togother with REM became of practical interest. To prodice in a. short time the
necessary emounts.of aromitic gasoline, several of the 300 atm. gesoline chambers
in Scholven, Poelitz, &nd Gelsenburg were changed to eromatization. The aromat-
ization gasoline which has been made for some time in Scholven and lately &lso '
in Poelitz from hard coal end which contains about-S0 Vol. %-sramatics (CVab)
is prectically equivaleit to the VI 706b (FBP 165° C.) which. 1s obtalned from
‘pitch. Both do not have quite the rich mixture rating of the 185° C. cut point
VT 706; according to a report from Welheim & new, recently installed catalyst
produces 165° C. cut point eromstization gasoline with about 50 vol. per cent

aromatics whose rich mixture rating is-similar to that of VI 706,

With increasing requirementes for eromatic fuels the DHD process which .
"hed been developed in the meantime in Ludwigshafen/Oppau, could be installed in -.
addition to further incroase of the CVb chambers, In addition to an improvement
_of aromatization this process has the following adventages accarding to IG:

.1, The DED inetallation means an edditional processing of the finished
gesoline from the present instellations and cen therefore be installed without ..
. disturbing production. - For a complete .change of the -avalilable hydrogenation facili-
‘ties however, . equipment changes (preheaters;” oil wash, etc.) would be necessery
causing & temporary loss in production. S : .

p e - e pregent  1so-octane- alkylate-progrem which. in cage-of the . .. .
“production of high quality fuel by aromatization--- because of the different com-
position of the product gas as compered to "Benzinierung" -- would have to be con-

siderably limited, can be kept going when using dehydrogenation in combination -

A

with "Benzinierung". -
* '3, Fundamentally the DHD procedure permits formation of better products
.and higher.aromatics contents from equal raw material when compared to. aromatiza-
_tion aince the aromatics content can be widely varied according to requirdments.
DHD gosoline from the "Benziniorung" of. hard coal liquid faction preduct with 50
volume per cent aromatics corresponds in rich mixture rating—to a-185% Cyout . -
point.aeromatization gasoline from pitch, for example VI 706, Unblended it is a
‘compénent‘fo;j“»the’iprep’aratiOn of Cp.fuels end with addition of 20 per cent of- ’
“light gasoline from hard coal can-bebrought_to Gy -quality without iso-octane.

: 4, . The DHD procesﬂf:pez;lnit6~rv'bhb—prqg1uct1onw ,oii,,hiéh' _tiuality i‘uelé 'f‘rom a’
lerger number of raw materlals thon aromatization, which ls very significant for
an “installstion such as Poelitz which-1s to useother rew materials than coal.

£

=l 5. The DED. mboe’éﬁMﬁ_ﬁed\m’c only with "Benzinierung" but
“aleo with aromatization particularly with a weak eromatization. e

P . i . ) . o . . L i i
_ i From these  considerations: and: after-a successful DHD large scale experi~
- ment in ‘Ludwigaha.i‘én/ Oppau, ~the ‘building -of - dehydrogenation ‘installations én the

‘basis of hard coel were.decided for Poelitz, Scholven, “and for Ausbem I of upper
~Sileslaen. i T s g :

i
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ror Turvher new installations particularly ‘for Auebau II of upper _
Silesia 1t seems right to reinvestigate the question of the most suiteble prepa-
‘Pation of high. que.lity fuels on the basis of new experiments. To be able tg i
include the 700 atm, aromatization which proved ‘itself for the pitch proceseing
in Welheim, new date had to be obtained for the a.romatiza.tion of hard coal lique-
~faction »il.at 700 atm. ‘ : . ' .

) According to agreement,’ therefore, experiments were started in. Welheim
and Ludwigehefen/Oppau at the beginning of 1941 for hard coal gas oll hydrogena-
tion with Welheim catalyst. These experiments were carried out (o) with gasoline
froe hard coal liquefaction ges oil-from Scholven, (b) with hard ‘coel ligue-

“faction product from Scholven with higher gesoline content (32 to 38 per cent to
200° C.) which corresponds more closely in composition to the gae phase feed
available for upper Sille;_m~ o -

: According to checking experimente ‘with. Sileela product no great differ-
—znces-ars-t0.bo-expected  compered - with. +the Scholven product. . Attention ig celled,

however, to the fact that with increa,eing gasoline concentration in the gas oil .

the aromatics concentration ner‘essar:lly decreaees. ;

~ Roports about the comparative experimente in Welheim and’ Ludwigshafen/ :
Oppau are attached. Results from theee experiments egree well, (The most- important
_figuree are briefly compzared.) : oz

CIf theee figu‘res ore compared with the results from induetrial 300. a.tm._
aromatization, they prove to be -somewhat more favorable in -yield and gas formation;
however in contrast to the 300 atm. sromatization no product with 50 volume per
cent aromatics was obtained from the hard coal liquefaction ., gas oil. In Case
(A) the gasoline has 40% and 47%% volume per-oent plus olefine respectivoly, in
‘Case (B) 35 end 42 volumo Der cent reepactively. S SRR

According to analysie by ‘DVL~the "two- producte from the Welheim- experiment
will be 03 fuels. Further determinetions have been made to find out if it 18~ '
) "boesible to incregse the aromatics content to 50 per-cent-as- required for a Co
fuel. The aromatization gesolines at 700 atm. differ from the 300 gtm. eromatizd-~
“tion gasolines in a higher- content of low. boiling components (45, per cent- egainst -
35 > por cent at 1oo° c.). |

. To anewer the quee;tion whether to uee 700 or.. 300 atm. vapor phaeo hydro-
_genation, 1t is not sufficient: to conelder only the current status of sromatization.
“Further 300 atm. aromat_ization expermente at, IG- have ‘produced catalysts with high .
-ylelds and lesser gas formation than the. currently industrdally used.esromatization
- catalyst, In case of the 700 atm. oromatization, oxperiments in Wolheim and in. .
T Tudwigen 19 . br‘cherxgtrg“the-‘catarlyst-the-erexnet-i-eeﬁeeneentre-
" tion can be increaeed. It ehou]d be mentioned thet by comparatively minor cha.ngea
300 atu, catalyate cen-be used for 700 atm. a.nd vice verea. .

?

1 *Determimed according ‘to correctod a.niline point method




It is more impartent for s degision whether the 700 or 300 atm, hydro-
" genation should be used, to consider not only arcmatization but also the other
vapor phase processes such as processing of heavy oils over fixed bed ("Festange-
_ordret") catalyst, prehydrogenation, end "Benzinierung, "* and the combination of
"Benzinierung" or eromatizationtwith the DHD process. As in aromatization, some-
what higher yields end concentrations are indicated by the results of small scale :
experiments at 700 atm., compared to 300 atm, It seems more probable that en indus+
trielly useful catelyst for the processing of heavy oils over Tixed bed catalyst -
cen be developed at 700 atm. than at 300 atm. For. the-”Benzinierung" there exists
the possibility that it can be carried out-at: 700 atm, 1h one step rather then in
two steps like the 300 atm, "Benzinierung." Opposed to this, the 300 atm. "Benzin-
erung" hes the advantage that it is proven in industry.r R ‘ S

A decision can be made asbout the various processes when the yield
(referred,to the feed of "Sumpf" gasoline plus ges oil) and the quality of the
aviation gasoline produced are compared.

In the following table in addition to the yield of aviation gasoline “and -
aromatic high gquality fuels, the yield of these products including avistion alkyl-
ate is given., For this not only the butene from vapor phase but also from the
1iquid phase process is calculatéd for elkylation. Raw material ‘is a hard coal
gas oil with 40 per cont "Sumpf” gasoline such as will eventually be produced in
‘upper Silegia, On the basis of experiments of—which—the—aromatizatiOn wes—c arried—
out in Welheim and Ludwigshafen, the others in Ludw1gshafen, th'Wfollowing

‘picture presonts iteelf: . B e
e ‘  yield
b Without Algxlate With Algxlete
."Bonzinierung" at 300 atm.- Avistion Gasoline
-+~ -Octane No. 87 C About 84,.~; .. About. 89 .
Aromatization at 300 atm. Cs quality; 40 Vol., " o
' % eromatics-(1)- - . About -8L....-.. . About ’86

'Aromstization ot 700 &t atma ‘ 07 quality with .
gbout 35.yolume.

per cent aromat- o . S
C o les (1) ‘ About 82 Avout 86
"Benzinierung" # DHD ‘Blending stock with _ o _ S
e et ey b .50 vol. % aro- T .
e bus (A 02 e

' ‘ o quality (2) - “About 76 - - About 92
Mild aromatization ‘at 300) . . A; o ‘ ’
atm. DD - ')  Attains almost’ .. About 76 Asout 81
‘Mild aromstizution at 700) the above quality e e
—arme r 7)1 P —— o B — p— .".b"uf"'mu — Ahmlf"ﬂﬁ -

'(l Aromntics by corrected aniline point method , B !

~-(2) This DHD gasoline cen be made to Cg quality with 20% 1ighﬁ gasoline instead of
iso octane. ’ ‘ I i S , : R, ‘

e ‘ : : L I S

400°~C7 (destructive-hydrogonation?)-

mpressurehydrcs st 1o @



It cen be seen that the difference in yleld for comperable quality is- .
comperatively slight for the 300 and 700 etm. process. Since the yield is the most
important factor for judging the economics of the various methode, no unequivocal
decision con be made on the basis of working costs. The, differences for working .
at 300 and 700 atm, will not, be greax‘in any case. C '

S

The initial cost for aromatizstion kE: according to our estimates, higher
for 700 then for 300 atm. in spite of greater yields., ' The differences are however
here aleo 8o small that they are In the order of 1 per cent compared to the tetal
ipstalletion cost, . . :

E— If we therefore favor -a--700- atm. vapor phase - inetallation for husbow IT

“of upper Silesle, it is for the following reasons: ;

, (l) Avebau I has a 300 gtm. vapor phase / DHD installation. In spite of

‘e gpace separation of the two installations, there is a. posaibility of exchenge of

products;. however, the.exchenge of.liquid phase gasoline. from upper Silesis IT . __

sgainst liquid phase gasoline from upper Silesia I iB at the expense of the qual--
ity of gasollne,from upper Silesia I.

: .. (2) In upper Silewls, II there may be the necessity leter to produce
motor gesoline from heating oil. For processing the heating oil over fixed bed .
“catalyst at 700 atm, there are then no changes necessery in—the liquid~phase -bub-
th__gas phese installamion might have to be enlarged. :

E—

(3) The 700 etm. vapor phase is also very easily converted. to the pro-
duction_of motor gasoline or normal. .aviation gasoline. Here the yield is somewhat
larger. compared.to 300~ atm, Furthormore the catelysts at 700 atm.will contain :
less rare maierial+than those for 300 atm. :

Ve nmust, hcwever, report that upper Silesia II after instellation of the
~700 “gtm. vapor phase ‘hydrogenation-will-not beriq a-poaition-to- -deliver-a-high.--
quality fuel with 50 volume per cent eromatics.; By current estimaie, ‘an aromatic
fuel of 35¢% erometics and 42% olefins will be produced which has Csz. quality. -The
prepération of 02 fuels is however at the present status of aromstization impos~ .

‘Biblo. i — ‘

— e,
T '.

- The decision for r_buildirig the vepor phage unit for upper Silesla IT is
_very urgent. 'As shown however it is very hard to meké on a basis of economics -
.,s1nce it concerns small differences of large quantities. Thc question as to the

' O IT Y is certaln that fuel of no more then Ca’ quality is required
“‘hﬁlieve‘thEt‘ﬁﬁO‘Etm"aremattzatien*wili-be*suffieient——-%f—hewever-e
© quelity is desired, then the 700 atm. installation will have to be run. for normal:
- "Benzinierung": or light arometizetion, and sdditional dehydrogenstion ingtalled.
"It is to be. chocked whether the preparetion of CQ ‘fuels’ is possible by product
© éxcliange with upper Silesie I. As Jong a8 these various questiohs are open, “the
“decision about building a DHD 1nstallation in upper Silesie II will ‘have to welt.

e



In the above considerations it was: ‘presumned ‘that obteining suiteble
construction materials for 700 atm. is no more difficult then .for 300 atm. ,- which
is considered permissible.

Also the above considerations show that the reagons for reconnnending a
700 atm, vapor phase installation for upper Silesin 'II and leaving the decision
about a DHD installation open have no general validity. For each new installation
it has to be determined which operating method best corresponds to the local con-
ditions, the rew materials, and the requirements for- the finished products.

nges 647649 T - :
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W. Note Concerning Regeneration of Extrecti Solvent fram 700 Atmosphere
Vapor Phase Hydrogenation* (7/1471943) ‘
For the confirmetion of results on regeneration of extract gas oil (P 64)
~which have:been obtained late:in 1942 dn-a-serics.of: experiments -in. 50 cc..reag=
tors, and to obtain exact figures for the resulting ges formation end obtainable '

chember yield, regeneration experiments have agai‘n been performed in a five-liter
- Vapor phase reactor. . . _ b .

—

s Unfortunately, the solvent furnished by the extraction division was
only slightly used, go that the improvement due to regeneration is only small.
Since the origine.l o1l still had a good "eufschluss" ability (78 per cent reforred
to pure coa,l) R naturally only a small increase could be obtained ‘oy regeneration
(Blwte 82 per cent). ,

: Tt is to be assumed however, that the favorablo reaction conditions end .
the measured .gas-formation e.nd yield which havo been determined are elso applicable
1o~ mere exhaudgted solvents.ﬁ e PR

~The resylt of the“’experiments“end“ analyois-of- prod'u\cts'-'are ~given-in-the -
attached table, - Determination of the Menfschluss" ability .of the oils wag made -

through experimental aufachlues™ in—'eutoclave by. Engineer Reinnuth . ..(See note by'
Relnmuth of 7/1/43 ) — . , v

In sunnnation, it cen be ‘reportod today, in egreemnet with previous com-
. municationo, that. the regoneration.of -exheusted. extraction .solvent. by mild.vapor..
phase hydrogenation 1is possible, Application of 700: etmoephere pressure is recom-
_mended for egquipment reassons even though_lmr_pressures could be used, ‘At &
reaction temperature of 13.0.mV, the gasoil molecule:is cracked but: the phenol is -
‘not reduced. The reduction—eM&eeMieh te.kes plecc hasAno harmful effect on
the "aui‘schluss" ability of ‘the oil: -

S Since the ge.s i‘ormetion is very elight e.nd a higb. feed rete ce,n be used
a regeneration chambor can be run With the very high output of approximetely l 0
,,hg. regonoratc.d~oil per., liter per. hour.

¥ Se0 slso notee ef 5/31/43 and 11/24/42.




A strong hydrogenation catalyst 18 required. Most sultable, therefore,
18 pure molybdenum sulfide or tungsten sulfide (5058). These catalysts are very
expensive and .cannot be procured at present. One could use the. avallable catalyst
58 II (largely molybdenum sulfide). It also may be possible to develop a ca.talyst
with desired properties according to our-procedure.

Experiments on regeneration of extraction solvent are considared cloged’
for the present. '

(A table of data is included.)

nge 650
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‘ (‘ﬁwerkschaft Mathias Stinnes {6[19[1943{
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In addition to the usuel water. injection in the regenerator (after the
hot catch .pot), a portion of water wae injected after the coal paste pumps* of
“Chanber 52 (ahead of preheater and furnace), sterting late in May, 1943. This ves’
to prevent thc formation of scale, or at least to diminish it. 1

This addition of water aheed of the furnaces was not made in: Chember 108.
- It was observed that the water- separated in the 52 chamber had a consid-
crably higher COp conternt theri the water in 'Chamber 108. This: fact: was-the Tore .'
inexplicable,! since the dilution of the water of the 52 chamber, by the added water
"injectlion shiould léad to & lowering:of "CO5- conternt. ~Feed and feed-gas were- -algo -
equal for the two chambors, The possibility could be assumed that additional COp
-is_formed by the addition of water shead of the reactor through s reaction of the :
Wa.ter with carbon or carbonaceous material. : - ,

: To study this problem, several experimente were made in the Techniache
~YVersuchsanlege; -following- Experiment G. 71/9 in the Chember. 2. filled with. cetalyst
534. We chose the vapor phase reactor, since it wag currently available ond,
i‘urthermore, it could bo. assumed that the. reaction to be observed Would take place :
most easily at high cetclyst concentration. . '

. Firet we inJected 1.3 kg. water' (approximetely 22 per cent) ai‘ter the
ffurnace, With an oll feed. (PI02) "o & kg. per .ho ‘
“vater vas impoosible for mochanical ressons (pump) Furnace tempera'ture wao 25 5
mV; pressure,..550. e,tmospheres ;. Foed’ gas, frosh 888; .ond - ‘tho feed rate, 1.0°kg, pcr
-hour, . 28,5 per cént.gasoline wag. obtained. ' After: equilibrium hqd been obtained ‘
-the seperatcr water and the reaction gases were. analyzed.- ol

‘r\' . v ¥
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. tne same experiment was repeated two days later at equal reaction con-
ditions end feed rate‘'snd injecting the same emount of water sgheed of the pre--
heater end furnace. .Loss of catalyst activity wes observed immediately. Gasoline
formation fell to-23.5 per cent.. :

§ U — ﬂ——.watép—Ai!ter—Rea'ctor" ' Water Ahead.of Reactor
Separatar Water: o '
C0n .. 14 g/ 217 g/l
Ngg 44.2 gfl 39.1 gf1
. 7.0 g/1 5.5 gf1
Phenol- 4.8 gf1 7.6 gf
o _6mg/l 5 mg/1
D415 0.94 . 1,004
Reactor Gas: , - :
Co (Drechschmidt) . .~ 0.2 Vol. % 0.5 Vol. %
C0Oy (bulb) - 0.0, : - .00
PrOduCtG&S: TR i T S LR T e R , ’ ~~ >
€0 (Drechschmidt 1.4 Vol. % 2.2 Vol. %.
_‘,'.002.. (buid) o ....0.0 0.0

N 'Most noteble is the large increase of the COp content of the water which
. had-beerr—injected-ghead of the furnace, which can be explained only by additional
formetion of COp slnce no COp escapes in the gases. The reaction in questioncan -
be_only the conversion of carbon monoxide: CO 7 BpO i2C0p f Hp £ 10,110 Keal per.
Kmol, which is practically complete to the right between 400 and 500° at atmos-
pheric pressure in the presonco of catalyst, Under vapor phase hydrogenation con-
ditions>(no conversion catalyst, high Hp partial pressure, very slight CO concen-
tration end CO partial pressure), the conversion according to thé above eduation
ig very incomplete as evidenced by the CO content of the reaction ges. Only about
11 grams of water, which is about 0.85 per ccnt-of the injected water, reacts with
about 17 grams ar 14.5 liters.CO to form 27. grems CO per hour. ! .

et

@

It Wc»_annot‘b'e ‘seen :f‘er.m our éxpériments «w,helthor‘ the reecting carbon mon-w
. GXide is only that introduced with the fresh ges-cr if. additional CO.is obtained,

possibly by splitting off of CO or COOH groups from the feed oil.....
: .~ The €O jcon.tg.aht of the frosh gas varies according to 1t_é'lc,6'rnpésit'iéh from”
- "inde". and-generator. hydrogen. between 0.2, and 0.5 per cent. If the €O, vesh is .
overloaded, CO contents of above 0.6 per cent have occurred. . The difference in . .

the CO content in the reaction gases of ‘the two experiments we explain by different
~ CO content in the respective-feed gases. - L i v -
 Assuming an average CO ‘content 0.3 por cent in the fresh gas, 60 liters.
~ U0 WouTd Fave pasbed tRFoIgH tie Cimmber—por—hour-with-abewt-20;000-11tere-Le00—
ges; only 14.5 liters, or about 25 per cent, were converted. If CO was also formed
. by:dsstructive hydrogénation of the gas oil, the percentage s still less. This -
_smount_of rescted CO_is 8o 8mall that 1t cannot be determined by enalysis of-the .
of-w Mm8-per-hour.)y—
ot -conditiona:

i

5
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. with the feed or formsd in-the-reaction so that even without water injection an
equelly lerge CO conversion would take plece. - This-1s-so-far. correct.in that a_
_emell amount Of conversion elways tekes place. It is also the reasocn why too high-
a: CO content in the fresh'ges is feared since, due %o the high exothermic cherac- -

_ter of the conversion, there is e danger of the furnace going out of control. On
the other hand, it is known that the equilibrium of the conversion goes to the -
right only with a lerge excess of water vapor. It is therefore eesily explained
that only with the injection of larger amounts of water eheed' of the reactor the
large increase in COQ'forMation is noticesble. The denger of the chamber going
out of control with a sudden increase of fresh gas CO content-is, of course, per-
ticulerly great when running with water injection shead of the furnace. -

A . “F"firthermore',‘ “a strong*increaee—of-the—apec-if—ie.—grav~i~try~of~i;hé;saparator__
water due to the high COo content 1s noticeable. This mst be considered if there
_are_difficulties in the water-oil Separation:

Peges 655+657 -

Y. Effect of Product-Gas Ratio in 600 Atmosphere Wfapdr Phage Hydrogenation
(Main Leboratory of Ruhrool GMBH 6/4/1943) -'

A A product-gas ratio of 1:3000 was used in our work on 600 atmosphere:
vapor phage hydrogenation, the results of which Have bYoen reported—inthe-report;
"Ueber die einstufige spaltendo Hydrierung von Pech-Mitteloel in der Gasphase bel

~600 ath" (about one step destructive hydrogenation-of -pitch-gas-oil--in the-vapor - -

phese at 600 atmospheres). °

. . To complete our previous -wofk,:.exper'i@éﬁa have:been carried out in the
‘Pochnische Versuchsenlage to-determine the influence of different feed volumes at
constant production rate-(Exporiments ,G70/le5),,_7.,Reactor,'- conditions were as follows:

e ey

.-Catalyet VOLUMS |l B e
Catalyst =~ . - .. . Ke34 ..
Poed - Lo - porfiee/icR .
_ Temperature . g5yt
' Pressure T 550 Atmospheres
Gag . : R Frosh Gas .
_ . JFed Rate . 1.0 kg /1. /o
- . o 1:3000

1:6000°

The teble presented in the 7ilm shows the experimental results ab verious
X ge-ratlofm—rIt ‘  “be—gecn that : ormation, and-analysis of
‘reaction products do not differ significently and ‘are, within limits of experimon-
‘tal condition, largely independent of the ges input.. AT T

XN a W o e1=Yd

T Thg eporiment-indicated, however, that et the ‘Low ‘Product=gas Tatio of
_1:2000, that 1s, at a high oil partiel préssure, catelyst activity drops consider- .

—»—ably~£aster~‘_«thanf.a.t,a.nr.a,_t‘io_.oﬁi.l‘:,S.OOO;ord_higher. Thed86réaned contact. time at the




high gas. throughput of 1:6000 shows up in a decrease of the phenol- and base -
reduction, a low gasoline aniliné point, end decreased*hydrogenation of the feed
gas oll. This means, as proved by Experiments G70/4 and 5, a docrease in output
“for the higher gae throughput when recycling B-gao oll,
S
RN ' The 1ncrease in gas. formation with increasing gas throughput-<as showu
by the table, could herdly mean an actual increage in the formation of gassous
hydrocarbons, since decreasing contact time could only lower this formation.
The .higher figure results from the fact that at the higher gas throughput more low
boiling components from the separator are entrained. In the plant where the gas
is continuously recycled, gas formation, therefore, would probably be independent
of gas throughput within limits of our experimental conditions.

B

‘In summery, our experimenta have shown that for the single st%p destruc-
tive hydrogenation of gas oil in the vapor phase at 600 atmospheres, a low gas.
1mroughput-(l~266O—Hnﬂrisss?—harms—the—cataiys%——wh&%e—a—high—throughput—(l 6000—
and above) decreases output and gives poor reduction of phenols and bases. Most:
favorable is the gas to product ratio of 1:3000 as used.in our previous experimento
and in the plant. The limits aro congidered to be 1l: 2500 -1:4000,

Peges 664-674 . o | - -
~7BB. -Investigation of Dehydrogenation for the Analvsie of Naphthenes (Main

Laboratorx of Ruhroel GMBH)

A report on the dehydrogenation of naphtheneo to the correeoonding
hydrocarbons is axtached Thig io & sghort summery of the work cerried out by
Dipl.-Ing. thn from August, 1942, to. February, 1943,

' ... The purpose of this work wan, first, to work out an analyticol procedure
for the quantitetive separation of naphthenes end paraffins in the gasoliné Tange.
The..separation. of-aromatics.by. concentrated. sulfuric acid, nitric acid, or extrac- .
tion with liquid 802 is relatively easy. - A separation of naphthenes and poraffins,
however, -1s not mede at present and the content only calculated from the aniline -
point. Asido from the fact that the accuracy of these” calculations ip doubtful
it hes been lately a considerablo disedvantage that we~ never have the pure hydro-

a%bon claooes soparated, particulorly in the - analysio of "rest” gaooline. . '

TV IE Wes b0 be tried, thereforo, to " convert naphthenes in aromatics-free o
gosoline-quantitaxinely_inio_theoconresyonding;onomat1cs.v -Conversion of pernfflns
hod to bo svolded go that they would be aveilsble in-the original form pfter
separating the aromatics. (Concluaionscan be dravn 88 to the identity of the e
naphthenes by separating and- andlyzing the aromatice formed: from.them.)  The. work
-by;Hahn—can—ho-oonaidened—olooed—in~xha-anaiytical—aapecxr—oinse_mhe dezirable
catalyst and working conditions have boen found by meking oxtensive uge— of—previoua
work, particularly by Zelineki., The undesirable property of the catalysts; that -
they are ‘quickly poisoned by aromotics’ and” praraffing, lg Insignifidaent in- analyt-'
‘1cal work where catalyst ig oasily changed and 3asoline throughput is omall.

L

_The. fn-+herwpurpose—ofuourwwork;onudehydrogenatlon_wasmtheﬂprepgration

;fof highly ‘aromatic "gaseline " I.G, has’ workod'severol years™ 1ntonsively on” this
‘problem end hag developed the two equivalent procossoo DHD (I Ga_Iu) and H. F
~(Ioune); uoing, “in” part American w0rk.,~ S '

o -3g-



The experiments carried out by Hehn so far are limited to ‘our gasoline
VT 330, It cen be summarized at this early stege that in this alreedy highly & -

- aromatic gasoline & further increase in aromatics can be obtained only with great
loss to ges and coke. Furthermore, at the high dehydrogenation temperature, = .
olefins and dlolefins are formed which immediately polymerize, in part, to higher
boilingoils end resins and, in part, ceuse decoloration-of:the-gasoline-and

‘delayed gum formatiqn. An additional treat would therefore be necessary.

, In spite of the fact that the dehydrogenation would never become signif=-
cent for our prosent gasoline, the work was continued with a view towerd other
gesolines which may have to be warked on. Active catelysts were developed and.
favorable reaction conditions including the usuel, such as temperature, feed rato,
gosoline partial pressure, and, in addition, favoreble catalyst regeneration con-
ditions were determined. The -exporiments at atmospheric pressure may be considered
closed, so that now only experiments at 50 to 100 atmospheres are still to be mads,
on Which I.G. 15 also Working. —Theso sre_tobe—carried out. first in equipment.in -

-the-Technigcho Versuchsenlage. ...

- - Dohydrogenation of Naphthenos

" The addition.of hydrogen is a revergible roaction whose equibibrium is

- changed with increasing température in favor of tho unsaturated compounds. With
plstinum catelyst, benzene can be hydrogenasted completelyto cyclohoxanc below
_200° C., whoreas at highor temperatures the reverse reaction, dehydrogenation of
cyclohexsne to benzene, occurs quentitatively.. Since in such reversible reactions -
the some catolyst catalyzed the reaction in both directions, it is to be expocted
‘that hjjdrogonation catalysts are also good dehydrogonation catalysts at higher. ‘
temperatures. * Zelinski¥ has olrcady proved the presence of-naphthencs in petroloum
fractions uiing platinum, asbestog end polladium catalysts. T : :

,Q}iant@ta.‘ciVe-:Determination of Naphthones e

.."- The dohydrogenation of cyclohoxane to benzene wag used to doetormine tho -
offoctivences of dohydrogenation. cetalyst in the apparatus (Figure 1 on the £ilm).
The cyclohexane io inJected into the catalyst gpace from the micro burctte. Cata-
lyst temporature is held conetent within a few degreesee‘nt.;lgr:\:de in an electri-
cally hooted iron block. Conversion can-be ‘calculated from the gas volume and
the.donsity. of. the.cooled roaction product: -Gas. analyses often-show the gas to

‘bo morc than 98 per cent hydrogen. = .

—

2 An espdcially effective:catalyst'was platinized carbon, which was pre-
pared from activeted carbon by saturation with agueous solution of platinum chlo-
ride and consequont -reduction by: hydrazine hydrato. -Preliminary experiments '
low feod ratéa it was oven posgible-.to dehydrogenate more. than 80 per cont of the
cyclohoxane to benzene, -while eother purfaco active-catalyste,' such as silica gel
and’ clay,. were entirely. inoffoctives Some conversion was aldo obtained with.
char'@onl and with cracking catelyst K438, 'Tho latter, however, coused. cohsiderable
carbon formstion, = <& R e oo

W Bor. 4 (1911) 3123, Ber. 45 (1912) 36767
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The curves (Figure 2) of the effectiveness of active.ted carbon and
activated-carbon-platinum catalyst, respectively (0.1, 1, and 10 per.cent Pt.)
‘et temperatures of 400° end 450° C., show that at low feed rates, even- e.t 400°,
81l platinized carbon cstelysts give 100 per cent converaion., Most effective,
of course, was the 10 per cent platinum cetalyst, which gave 100 per cent con-
version even at high feed rates. (The benzense, -dus-to ite purity, crystallized.
immediately in the ice-cooled receiver and plugged the gas line so that-ice
cooling could not be uged. The curve is therefore increased, compared to the

, other—curves, by-the-partiel pressure of benzene.) .

 In the dehydrogenation of pure cyclohexane the platinum activated carbon .
catalysts show no loss in activity after running for several days. When dehydre.t- ’
_ing with pareffins (normsl heptene and normal hexane) and gasoline (VT 330 and
VT 77), the cetalyst was soon poisoned. Benzene vapor will slso poison the cata~ ,
"lyst. When heating these poisoned catalysts in nitrogen at red heat their activ-’
ity was increased but not brought back to the original activity. Regeneration
-.oxperiments in alr, even below. 350°, lod bo.ignition: end:complete. burning: of - the-
-cotalyst. Nevertheless, the platinum-carbon catalysts are useful for "the quanti-
tative na.phthene determination in hydrocerbons. Up to five snolysss cen be =
cerried out with the same catalyst in one apparatus.. Experiments with synthetic
blends of benzene and cyclohexane gsve identical results ond e limited error of
0.5 por cent. The most useful catalyst 1s that with 10 per cent platinum. The -
_platinnm from used catalyst is best recovered in aque regia after burning the
carbon carrier. e

De_}xgdrggenation of Gasoline Eractions

Plutinum catalysts pre not suitable for plant scale dehydrogenation of
gcsoline because. they are easily poisoned and very expensive. To find suitable
atolyst for this" purpose “a series of non-noble motals ortheir oxides were applied
—on aqtivcted carbon and tested for their activity at 450° with cyclohoxene in the
~apparatus-of Figuro 1.~ Metal contents wore 10 ‘and 25~ per cent of the: cctalyst
weight, rospectively. The following metols were effective: Cr, Mo, Ni, and Co.
(The cobalt catalyst, however, produced so much cracking that ina short time the
catalyst bed was pluggoed with carbon. ) Almost inactive were Cu, Ag, ‘Mn, Fo;- “and I.a.
The hydrocarbon content of the gas from 96 to 98 per cent according to the. cate-
lyst, indicated deh,jdrogenotion with—only slight gos formation. Results ore
giveén.in. Figure .B.... ALl hoavy mctal catalysts,. howeover,. show.loss.in.activity.. .
Evon: the heavy metal activated carbon _catelyst. could not bo régencroted, .and e
Tonburning corrier hod to bo used. Experiments with silics gel and terrena poste
showed & strongly. reduced activity, whereas active cley as. corrier showod no'de-
cregge in ectivity againet CdI‘bOn. These cotelysts could'bo.regenerated by burn-
1ng with oir to their orlginul activity The curves for the effeotivo hcavy motal
curbon and“cbrbo‘n“platinm*(emcr—cent)—cetalyst. Tt cafi be seen thct some

siderebly Most effective is the mixture of 20 per cent Cr end 5 per cent Mo on o
Alx03. A i’urthor increase. in the.content of effective motol oxides givos only am

innignificent increase in dehydrogenation ectivity. Also concidorably better was_
“achromimr ontalyst”with*'()“l“per'cent Tatdnun contont*-*****-‘“

el e e s
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‘With these rogeneratedle catalysts, 400 to 800 cc. gasoline (VT 330--
topped 175° C.) per dehydrogenation period was run through & 150 cc. reactor.

. The ga.‘gsoline vas_injected by a small pump into an electrically heated preheater,
where it was vapqrized and heated to reaction temperature (Figure 3). A second
feed line allowed the addition of a carrier ges. The reaction product could be
withdreyn from a receiver during the run efter being cooled and liguefied. Inlet
and exit gas were. moasured by gas meters. R ' o

' . Preliminary experiments indicate that the mixed catalyst with 20 per -
- cent Cr end 5 per cent Mo on Al0zis the most effective platinum-free catalyst,
also, for. the dehydrogeretion of gasoline. The catelyst can be regenerated- in -
air and regeins its previous actis ity, which et tho beginning is even. higher- then
* that of the fresh catalyst. If air'is fed too quickly_,.the'burning»of the depos-~-
ited cerbon may bring the catalyst to white heat. In this case, of course, the - -
catalyst can be destroyed end its activity reduced to one-third of original. It -—
18 necessary, therefore, td mix the regenerated oi¥ with inert gases for heat - .
removal.: - Nitrogen:or:stesm is-useful -for that purpose. . The catalyst could be.
completoly regenerated in three hours by using pteam-air mixture; the end of the.
regeneration was detormined by quartitative testing for COp. - : '

The purpose of dehydrogenation experiments was to determine the most -
favorable gasoline partial prossure and to check whether hydrogen as carrier gas
ghows  an advantage over dehydrogenstion without carvier ges. ‘The. experiments -~
_indicated. that even g smoll sddition of .carrier gas offects a considerable decrease™
in gas formation. At a gasoline partial pr'ﬂéés’mui;éméf"“llo""(iid"iiér"r'ié‘r"“gé;éﬂ)’;'.‘"che?""'_
tail ges contained 22.8 per cent hydrocarbon, whereas even at a partial preseure . -
of 0.825 only 16.6 per cent hydrocarbons were found. Furthor incroasc of ‘the =
corrier gas leads to a decroaso of' hydrocarbon. components of the tail gas te—— -
14.8 (gasoline partial pressure, 0.265); the dehydrogenation effcct, however, i
decrceased due. to shorter contact time. A gasoline partiel pressure of 0.8:at- ...
furnaco temperature of 28 mV scems most useful. ‘Tho dehydrogenated gasoline so
“obtained “had a density-of-0.835(feed density; 0 813) iend-an eromstics-.content .o
of 78 weight per cont (feed, 59 per cent by BUM method). . 0 .

It ig intonded to carry out tho seme process 'uhd_er pfe'ssu,r‘e__;i—'&ﬁ_—‘%i.—ves

»'r--ivi»to'r. fiafx;a.co‘{éfp the Technische Versuchsanlage, where ‘4% is to be cxpocted: that ™
dohydrogenotion can be cerried out ot lower temperatures and with lowor gos

Pomes 675-676 1 . . .

- 00 " Asphalt Determingtion in Liguid Phnso Sepordtor Product end Hootin 01l
{Moin Loboratory ot Ruhroel GMBH). e O

i

" Several series of experiments on the-‘onalysis of Mesphelt" in liquid

phase seperstor product end heating 0il heve been carried-out. The following -
_reswlte heve been obtained:, By "sspholt” is moant o material which ig soluble in
“benzene cnd insoluble~in normol gasoline. LIt includes all those high mdleculsr,
dark brown.or black amorphous meteriels whose exact, chomical composition carmot -

~be determined T thelubooll-enalys 18-where-the~concept-of-asphalt-was—First—
+“introduced, -it:means ‘products’Which-are formed Jin thermal. and oxidative tre: :
Of thé oil by polymerizstiony - L e S




: In’ our separe.tor product and. heeting oil, however, addition of normal
gasoline causes mainly the precipitation of crysta.lline materisls, such:es. :
"earbazol," "pyren," anthracene; etc. These ¢an by no means be. congidered
aephal’os. This cen elso be concluded from the’ fact that ‘asphalt, according to
-DIN-DVN. 3660, is not to be elcohol soluble; whereas our precipitates which coneistﬂ
of condensed ring systems ere soluble. R

} Sepere,tion of the real aspha.lt from the coprecipite.ted crystalline S
, materie.l is enalytically almost impossible., We' have tried so fer to.carry thie

.. out by heating the precipiteted asphalt not as prescribed by.the DIN procedure at
105°, but at temperatures: (above 200°) wheré a part of ‘the crystalline ‘mpterial

: sublimes. Thie determination, however, is very 1naccurate e.nd poorly reproducible.

S Therefore in’ the future asphe.lt determinations will not be made on- the
‘geparator product and heating oil. - Ingtead, the benzene insoluble residue will

" be determined according: to Procedure DIN. DVN 37924 This will give eesentiolly

- a.mepsure - of -the mechanicel impurities present. . Agphalt. determinations. will . .
‘therefore be only carried out (1) in lubricating oils sccording to Procedure. DIN
-ond DVH 3660, (2) in the feed ¢nd in the residue ef the liquid phase according to

: Procedure for R- esphclte. . o . R

nge 617 7 '_”;f;‘ e

;1ppl,mpreesure Filtratio' o Coel Decom osition Products with Addition of

: A pressure i‘ilter with .a cere.mic ineer’c "40" (12 5 -cm. diameter) was
used- for the filtration of coel decomposition products with: certain percentagee
;of boti:oms added The boutome contained about 26 per cent solids. G

, After the filter ti.me for the pure dccomposition products had been
'*jdetermined”‘additionmf—%—le—and 15-per—cent-bottoms were - made, -gnd - the- in-w-'
créagge in filter time was’ observed. The following table givee a survey of twoi -
“series. of e:,cperimonts which worg carrled out using tWO different*decomposition .
produote with different flltration chnracterietics' o ‘-; _ ST

-', ', Lo i Filterink Time' .
‘Number . ... Semple SRS Saconds por 1,00@ G

Lo 000 g.NProducb of 4/@7/42 - HSa 20
R .”950 2 Product o o
a7 50 & Botbons, i #e.
R - ,-",.FSUU g. i'roauct "_""
b 17 200 g. Bottoms 187

- 850 g Productffd}‘ o
lC ..‘:3‘..‘ f150 8 Bettome‘.-'- L 313




Tiltering Time .

Number .- _°___ . _-Semple Seconds per 1,000.G.
w950 g. Product e

2 . 50-g. Bottoms _ 131 -

oh ' 900 g. Product 2'6'_5‘

100 g. Bottous
850 g Product. R
20{ - 180, g. Bottome;. _?;3.'

S AL filtrations were carried. out at 5 a,tmospheres a.nd 150% C.‘

' i The experiments indicate thet an addition of 5 per cent bottoms of »
-medium solids content lengthens Tiltration time two to three times;. lo per cent»
lenghtene it eix to nine timee, and 15 per cent lO to 15 times. s .

: Pegae 6'.78 680

- EE. Ex 1osibility of 011-Aifimix£u}és;gnd ;ts:Prevention'b Additioniof:

- . These experiments were carried out to determine under what conditione'_
vthe heavier oile form’ explosive mixtures when vaporized in'g stream of alr. & =~ - -
‘Furthermore, . it was to be. determined, under what conditions these explosions could -
) prevented by a.dding “inert ‘gases- ‘such~as’ 002 and” nitrogen. ~The -following-equip-
ment was used: A flask was ha.lf-filled with the oil, and a constent air stream .
'of 20 liters per hour was ‘blown - through -and. ee.turated with the oil at. different
?temperatures corresponding to’ the ‘vapor pressure of the oil. ‘This mixturo Wae :

+ exploded by eparking in a heated flash tube. In. this’ manner the: aly’ stream, ‘the
‘01l temperature - (and ‘therefore. ‘richress: of mixtire) ’. ond: the temperature of the
- gag before explosion could ‘be: varied Gae oil heating oil and pitch dletillate
'iwere 'begted_, et - SO N .

Gas Oil

R

S At constant air rate of 20 llters per: hour the gae mixture wes explo- B
tsible e.t oil’ temperatures of 120° to 180% corresponding 10,90 to 126.grems oil
.par. cubic.meter. of . air, or,. aesuming an average molecular welight of 150, to about‘_‘
1.3. %0 1.9 volume pPér cent oil. When the explosion space was “pelow180%; mo I
3 w’aereas at all temperatures above 180° exploeions

. explosa.on could be o'bta.ined
;took place ee.sily. ,

Addition of carbon dioxide to the extent of 20 per cent (i oL, 5 liters
) ; e—ient—-tq»p : i Lnit
“added, at 1east 100 per cent-: haeed on. e.ir had to be edded to prevent oxplosion.

With 10 per cent Wolheim gesoline added to the'__fome gas oil minimum

t@mperature*ofwtheuoil»for«explosibility_waeJOn-and_rthe‘_max;lmum temueraturo for
' : £181 b ntof “the; mixturw ‘I‘hereforc the

i -43 - 5



‘ explosive mixture was between 320 and 590 grams per cubic meter ‘of air, Assum-
ing en averesge molecular weight of 110, this corresponds to 6.5 to 12 yolume - °
—perecent»combustibles in ‘the mixture. - Minimum temperature of the reaction spsce
was again 180° ‘| Twenty-five per cent 002 was required to. prevent explosion.

Eeatipg ot T e j. : o

. Explosive mixtures were obta.ined ab oil tempera.tures of between 260
and the initilal boiling point of the oil, corresponding to 100 to 150 grams: oil
per, cubic meter of air. ~Assuming an averags molecular weight of 220, .this’ indi- :
cates 1.0-to 1.5 volume per .cent oil vapor in ‘the mixture. Explosions agein .
- required .a-reaction space- temperature above 180°—Thhtrmrper1W
dioxide based on -alr was required to prevent explosion. One hundred per cent of
nitrogen wa.s required for- the same purpose. o

Pitch Distillate

v

: 'I‘he required oil temperature waB l30° o 170" 45 to .LOO grsms—eil—perw

: cubic meter, or 0.5 to.1.1 volume por cent oil vapor assuming an. average molecular
“weight of 200. Minimum reaction spaoe tempera.ture was 180° . Fifteen per ccnt_

002 prcventod explosion. o . N e

. Psges 697 7oo

NN Effectiveness of Various Cata.lysts for Dostructlvo Hydrogenation of
“Hlgh Boiling Pitoh from Coal (6/28/441

: The purpose of this work carried out with interruptions, from June, .
1943 to June, 11944, was .on the' éne hand to compare the provious IG Catelyst -

‘ 11002 {2 per cent MoOz on' coke) with the ‘gubstitute IG Catalyst 10927 (approxi-' i

:.:»mately 10 ‘per cont. Fe on coke) and on the:other hand to prepare a more . effective -

» catalet with simpler mea,ns and using currently aVailable rew materials. e

In our experiments the seie pitch and the seme mixing oil (heavy ol
from pltch liquefaction) were used throughout and at the game- reaction conditionsiL

- ”_”The reaction conditions were as follows

Feed I 70 per” cent coking pitch ‘and
.o e Lt oo 30 -per cent heating - oil——
Catalyst .~ . . . 1 to 4 per cent based on feed
Feed'rate - . 1.0 Ka. por liter per hour
Tempers,ture T ek o mv L e

Gas . " Frosh ga8”
“Product Gas Ratio 7 1t0 45007
" Run“length " 5 to 10 days- por run e
" "Apparatus e "8 -11ter reactor with "ofen-entschlamnung

(bottoms roceivor?)

q
A

S oel g I

_ uction conditions, and lproduct workup differ from those in the pla.nt,,.
a_nd ca.n thorofqre not ba "used for direct compa.rison.‘ v

a4



o prevent enriching the ce.te.lyst in the lewer ‘part of the reactor some -
product was withdrawn from the bottoms receiver every two hours. one to tvo per
cent of the feed was thus withdrawn a8 'bottoms. ‘ .

Workup of Liguid geaction Product

: Bottoms end seperator product were recomhined.~ Ge.soline and gas oil
-were distilled off up to 325° C. .The residuum.Was an asphslt-rich highly viscous
“heavy oil which was tested in the Bitumen viscosimeter at 100° T

: A further indication of the degree of decomposition in the product is
-given by the asphalt content. The C fraction ‘was. determined since determination
of thé normal asphalt produces .poor velues I was also attempted to obtain
.accurete figures for the solids decomposition, but results were doubtful and not .
reproducible. . Solids decomposition was. Pbétween 30 and 25 per cent based on' solids'
. in the feed. Results are given in-a table, and the following -conclusions: are
f:dramn-' S e B i T

: . (l) The superiority of 16 Catal&st 11002 - (Exp. 833/1 gnd 39/1) is
‘obvious. , Substitute: IG Catelyst 10927 (Exp. 534/1--4) is the next best catalyst.
Three. per cent of this catalyst has the ‘Same effect ‘ag-one’ per cent - 11002. P

. (2) Series 834/1--4 shows that catalytic effect increases ﬁﬁth catalyst
vicencentration. Three” per ‘cont baged.on feed soemns to ‘be the optimum for 10927,
Thie corresponds to a Fer concentration intho mix of’0.25° per centy S ”..7~w

s L (5) “The catalytic offect’ of 10927 is partially due to the effect of -
‘the colte (compare 538/1 and sss/eb) but msinly to the effect of the iron (compare
1554/2 or. see/é with 838/1) |

o o The ironwiﬁ introduced ‘as: FeSO4 and then precipitated with excess sodium O
’hydroxide.; The résulting NapS0y 18 not- -washed out.---To. determine whether the -?~»,,;n
" podium salt destroys activity, the catalyst, before recipitation with sodium, -

‘hydroxide (Exp. 834/2) 1g compared with 10927-(834 /1).:The. effect of both catalysts

‘ is very similar, but: 10927 is the more effective form.

(4) other suhstitute catalysts wore made by precipiteting either smsll,‘

"~ gmountg- of -very- effective hydrogenetion metals, ‘such’ as*molybdenumrer—ehremiunrdxr
Tromall quantities ‘or iron in large. concentrations on. terrana and Kieselguhr All

, these oxpcriments (833/4--6 end SSS/@ and. 3) give no pbsitive results.‘

Those experiments for checking of liquid phsse catelysts bre considered
‘ closed for the present. - - ‘ ‘ o . S

.nges 701- 705 ‘ff*[f ";'11 g.,.fh-.ﬁ }{{ fl:"’ffyf;fﬁuﬁ
‘ﬁooﬁ~~' drogenation of Coel Extract and Cokinﬂ Pitch Over Solid CataIVBts

'~‘_ (M ch 19441

u..-.d..».....a.».. s

tf“ﬁt"' -

A hote. of. Mhrch 5,%1942 reportod onzhy ogenation of'hard coa extract
‘ with solid catalyet. The conclusion ‘wag thst thie process A8’ not practical since
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golids build up on the catalyst, weaken it, and plug the reactor. These- experi- '
ments were made using solid extract dieeolved in heavy oil or gas oil from pitch
- hydrégenation. Further experiments have now been mede from Avgust to October, -~
'1943, using the filtrate. In these experiments aleo, ‘the reactor vas aJready
plugged ai‘ter thirteen da,ys. : SR -
: It can therefore b° said _qg_c_ls@_ix.@.lx that Mmmweﬁl
. xtract over eolig cgtel_l.xst ig not possible. i

The only poesi’bility for hydrogenation of the. extract ig therefore a
. "Sumpf" phase hydrogenstion. ~The low ash content of the. extract should be sdvan--
“tageous in decreasing the-excess.solld reoiduum._ 'I‘his night possibly. be added
to the rew. decomposition before filtration, thue saving.a special work up of the
residuum. In a note of July,’ 1943 e sumnary of Sumpf phase hydrogenation of
various raw materials on a hard coal basis hag been glven. Tt cen be seen from
this- that hard cosl itself should be at least.as easily hydrogenated as extract,
gince..in the. 1atter cage there is the ‘additional difficulty that the elurry oil
must bo able to dissolve the extract which 1e not amays r,ne case.

,\ - Even ii‘ 8- workup of the residuum were unnecessary in extract. hydro- -

-genstion, the procees of extraction is more elaborato ond expensive then the
workup of, reeiduum in coal hydrogenotion., We do not believe that the additfonal
expenges are balanced by the better hydrogenation ability of-the extract. . Hard

coal extract therefore, should not be particularly advantegeoue ag hydrogena.tion ‘
: feed etock . . v -

.

Lo B._ Cokir_xg Pitch ‘ C '
Co Experiments wero carriod out to hydrogenate over solid cata.lyet a ;
solution of coking piteh which hed. ‘been. free. from solids end the grestest part
of ash by filtretion. The resulte may bo eunnnerized by stating that coking pitch -
e ydrogenated.over.. solid catalyst,  The heaviegt constituents of the -
‘ pitch aro not decomposed and remain on ‘the ca.talyst. The. catalyst loses its
~activity- and~the~furnace_-pluge completoly after 8 ehort time , though not ag - '
quickly 28 in the cage of coal oxtract‘.‘"t : - o

. The above oxperimon’ce correapond to the exporienco that heavior s
.,vma.toria.le than. gas oil cannot bo dostructlvely hydrogonated over solid coto.lyst
" without dameging the cotalyet’ Quickly and’ permunently The cope’ 1g-difforent -

* whon hydrogonation without: cracking "1 t0. be. achicved (for exa,mple TTH process -
- for lube-oil. prepara‘oion) “If ‘tho feod hag” only o low aephalt content thie -
'procesa can be run for a long, timo without damoging the ca‘calyst ' N

W%W@emnwmmmmhme by our_oher-
vation of nid-1942, ‘that-heavy oil from pitch- llquefacation at 700 -atmosphores. -
-can. be . deetructively throgcnatod to gog-oll over polid cutelyet without damaging
“tho catalyst. 'In'that cagé, an’ “aophalt” frog 'food was! used; - HYdrogenating-on -
.asphalt-rich foed such at pure ‘Filtrato, (6% R-Aephalt) or' pitch solution (5. 5%
-R-Adphalt);-howevor; geemed otill hopeless. -The recults Of ‘Docember, 1943, which

—Jmlicated-‘“thnt-filteredweolutione of~hardwo@low.:tempcratnre-coking pitch can be
destructivel : WorG” therefore' -




surprising. = Even, solutions with over 60% pitch (17% R-Asphalt) leave no cerbon-
aceous residue on the catalyst. Our present problem, therefare, is not the hydro-
genation of low temperature coking pitch over solid.cstalyst, since this problem

has boon.solved, bub the complete de-mshing of the pitch since. the ash r\aturally
remoing on the catalyst end causes 1t to lose activity. :

o8 706-70 _ k ' ,. e
PP, ration of Olefins i‘rom thetic goline not Quantitatively
L 1 Succeesful= ) L ~ T

For the separatio? of olefins fron a 'hydrocérbon? mixﬁre""tvo nethods gan

be used accordi.ng to Koch.r e - ST B 7" :
: "1, React.ing the olefing Yo form di‘bromides ‘and decomposition of those
by zinc duat-glacial acetic acicl.2 .

e 2. Reacting the olefine 1o form the mercury double compound and decom-
posing thig by dilute acids. ‘This complex of olefins with mercury salts, f:rst
observed by Deniges was first introduced into. hydrocarbon analyses by Teusz .4 .

“With the- improvements of Koch; this mercury ‘acoetate: method may be considered the
only method which permite seperation of wnsaturated compounds from hydrocarbon
'mixtures and isola:tion of the: compounds in pure form. ) _ : -

Separation of the olefins from "Kogasin" (synthetic gasoline) vas mado
‘f’"..‘a.ccording tor Koch. ‘ v R
" 250 6. of Kogaain_m_(lmline,.l‘[o. 66.5) WeB_ shakemiomhours with
125 g. mercury acetate and 250 cc: alcohol, the undissolved acetate going in'bo _
golution in-a chort time. - The acetic acid formed was- then noutralizéd with dilute:
potassium hydrox1de under- cooling. The. olefin mer,cury: compounda were. salted out '
in o meperatory funnel by a eeturated solution of 50 g. ‘potasgaium bromide; they .
-goparate-as-heavy oily-liguid..-To-prevent: “their. regolution .in the. gascline layer,
sheking must be ‘cerefully avoided. - From 250 cc. of the Kogaqsin, ..... 50¢cc,  of olefin '
‘mercury compounds-dre-obtained which are separated. from-the-water 1a,ycr above them'
“and’ then repeatedly shaken with water. To geparate the dis_lved sa‘gurated hydro-~-
carbons the material is heated thirty minutes with: -steaming. 50 €cs concentratod '
hydrochloric acid: is added and the libera’ood olefin romoved -by suea.m distillation. B
_The. 250 cc.,Kogauin yield thus. PR y . ‘

200 cc. hydrocarbon mixture of iodine No. 41.

16 cc. ci‘ oloi‘in parai‘fin mixturo of iodinc No. 105.

-Ee-eHaw-eleﬁ-a-efl-iedim-—Ne.ozm i

(L) "Koch- diasertation Jena 1930. S
“(2) Englor ‘end Lchman, B. 30, 2365\ (1897)
*{(3) . Doniges, Compted Tend. acadeny. sciences. ‘

»~(4)—~Tausz«—1>etr 13-649~u(1918),-Ang.‘chem._._?_@‘,m%s (1919)
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From the molecular weight (88) of the obtained raw olefin an iodine number - of4288
is calculated, thus indiceting & pure olefin content of 70%; the remaining olefin-
poor ‘Kogasin’ still contains a emall amount of olefin mercury compounds—i‘rom which
it 1s best eepara.ted by vacuum distillation. )

: - For complete removal of the olefins, this Kogs.ein of- iodine number 41
is then treated with mercury acetate at boiling temperature (275 cc. / 125 g‘ems,
mercury acetate /200 cc, methyl ‘alcohol ‘are kept bolling 10 hours.). With the ~
previoosly described workup of ‘the reaction m.ixture, 275 ce., Koga.sin o:f‘ iodine .
" No. 41 yield- L . . :

’ eoo ce. hydrocarbon mixture of iodine No. 22 s.
20 ce. olefin paraffin mixture of iodine No. 91.
25 cc, raw olefins of iodine No. 175. :
‘ The quantitative separation of the olei‘ins from Koga.sin I was” therefore
, not possible gince the lodine number of the final hydrocarbon mixture was: gt111

- 22.5. The Boparated olefine still contaln: 30 saturated hydrocarbons R but they.
could proba,bly ‘be. obta.ined in pure form ai'ter an additional mercury a.oetate treat.

nges 708-715 e‘: _ T = - 'v :

QQ Determina.tion oi’ Aromstics;NaphthenesL -and-- Para.fi‘ins in- Gasolinesl
Dispersion, Reﬁ'action, and Density (2/21]___)_ ’ \

‘ This article presents some a.ne.lytical work to eva.luate the me/thod of .
W Leighe ‘a8 written up in Oel Tnd Kohle 39; 883 (1945) The article iteelf was
" besed- on the paper- " by Werd snd coworkers, Ind. . Chem..Analytical Edition 6

396 (1934) and 10, 559 (1938) Some a.nslyses of products are. given. o

nge 716 717 1 R L

T A solution of 6. 96 grams COrone { in one- liter—ei‘ xylene was hydrogenated'
“in an autoclave at 270° Ci Twenty grems ‘of 5058 catalyst were used with a lS-hour
reactionr time and a.n initial pressure of 680 - atmospheres (maximum pressure 900

_ stmospheres)ﬁ———a1

- The xylono solution of the hydrogenatcd Coronen did not react with
alcoholic picrin solution therefore, ‘no unreacted: Coronen romaincd, The xylene
u—wge—ev-a,pepated-—t.h_ conish =Y g.rocrygtalized from xylene, once. from -

glacial ecetic acid, “and’ then redissolved in gla 18l “acetic acid and precipitated
with water.- The purified reaction product ) melts at 254° C, and’ crystalizcs in
yellow pletes. Ite formula by’ carbon hydrogen analysis correeponds to dodeCahydro—'
““Goronen (CpgHpg). The solution’in. hot “sulfuric acid ig"doep. red-with red fluo-
reoscence while that of (eronon is green with weak- blue fluoresce.mre Dehydro- i

~~genatfuan—cn:?«themloda:::a.hydroccaronen,.in.na.pln;luu.ene..ee:l.u‘cism, usins platinum cata-

) i ;,j y:l.elds ‘pure” Coronen- with-no-side- rea.ctions.




ss. genation over 5 Per Cent
o) (11/22/ fain Laboratory of Ruhroel GMBH

v The ‘accurate estimation of nsphthenes subject to dehydrogenstion is e
“very important in evaluating hydrogenation gasolines for further processing. The
previously used aniline point method is only approximaete end gives comparable but .
not gbsolute values. The determination of naphthenes according to Zelinsky (Ber.-
45, 3678 (1912) 'end Ber. 56, 1718 (1923)) 1s based on dehydrogenation of their ..
_hydrocgrbon mixture withplatinum or palladium ebove 300° C. We found that at
this temperature psraffins with long side chains lose considerable quentities of -
hydrogen end mey simulate & naphthene content of as much as 20 per cent. Experi-.
ments with platinum on silica gel catelyst (5% Pt) showed a qualitative dehydro-
genstion of cyclohexane and its homologs even at 230° C., in a recycle apparatus.’
At this low temperature paraffins are herdly attecked. -A:25 cc. cyclohexene
produced 1.380 grems hydrogen. corresponding to. gualitative dehydrogenstion to
benzene while normal heptsne under similer conditions produced only 0.014 gram
hydrogen ‘end kept an unchenged refractive index. The cause of the logs of hydrogen
from the paraffins seems to be not the dehydrogenation of normal heptane to toluene
‘but formation of high moleculer resinous polymers.  This polymer mey algo be the
ceuse of the eventual loss of catalyst activity. By ‘regeneration in a current
- of oxygeh the catalyst regeins full activity after several hours. Anglyzing the
_ combustion gas far CO, and Hy0 permits a celculated correction for polymer forma=
tion. The following table presonts experimental results: e

% Mothyleyclo-: - -
hexanc -~ . % Methylecyclo-

g : - Calculated = hexsne Theoretical
‘Mixtwre: - - - . . From H-..-— . Correction .Calculated ~Valuc, %
10 cc. Methylcyclohexanc) T B '

- Same. - . .- 20.26 -0.19 = 20.07 ~ 20.0
‘n-Heptene - o *1.01 . -1,10 . 0.00 .- 0.0
Toluene —-—w o - B O R S S O FY 3 SR ) VI
10 cc., Toluene |- ) . o S S

©10 cc. Heptane )y eel 0 -0.20 9,0l 9,09
2 tc. Methyleyclohexsne) . . ..l | R :

» Tho hydrogon was oxidized over-Cul & ‘weignod“‘i‘a"s*wa_teréf

By this new method the nephthene -conten{; of VT 330 gasoline gave a
. dehydrogenatable naphthone: content of 9.6 per cent (calculated as cyclohexane ).

pure ¢yclohexens content of VI 330 was 8.8 por cont. Tho naphthencs'in VT 330
therefore are about 92 por cent cyclohexane. The. naphthenc content calculated by
tho enilino point method (40 per cont) doviates considersbly from theso values. -
Tn VT 330, thercfore; there must bo haphtheno-like hydrocarbons which it is diffi--
cult or impossible ‘to dehydrogenate. It will bo attompted to identify these in .
—fupure—oxperimenta,— ot B

=49~



Pages 721-723

La,boratorx of Ruhroel GMBH )

o Pfaff and Brunck roport in Boer 56 2463 (1923) , thet pereffin hydro- ,
carbons con be qualitatively decomposed to methene over a Ni-Al»s03 at a tomperature-
of 260° C. with excoss hydrogen, while nephthenc carbons are not attacked at the
gomo condltions, The NiAlQOS catalyst was propared as followa- ’

An oauoous solution of 1 ol Ni(N03)2 x 6 Hp0 was mixed with a solution
of 1/3 mol” A1(NO3)5 x 9 HyO in sodium hydroxido end furthor sodium hydroxide wes:
- addod. for complete precip tation. Excoss NeOH is noutrelized by CO». This -
~Ni-Al-hydroxide mixture is mixed with 1/5 mol pure Aly04, washed thoroughly, dried
at 120° end reduced in hydrogen at 320° to 350° C. Roaults of several eXpori-
_moents_arc givon end sumiarized ag follows: The NiAl505 catalyst of Pfaff and
. Bronck  splite poreffin hydrocerbons to methano but under the seme conditions
naphthonos sre slgo criocked, whorcas ot lower temperatures.or with less active
catalyst the nepthhenes remaein intact but peraffing aleo ere only imcompletoly
attacked. Naophthenes and pareffins cemnot be seporated in this mommer.
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Items UU to W are three consecutive’ reports of .a series of pilot plant
runs on the hydrogenation of hard coal extract, carried out at Leuna between August,
1936 and July, 1937,. These reports cover 82 pages of the film; The following
presents a translation or resune of theé aim of ‘the experiments, the equipment used,
‘and the summaries of the three reports,

‘ReportrNo. 1.
~Problem

-

In the extraction of hard_coal according to the Pott-Broche-process’ 8

brittle, practically ash free, product with.a melting ‘Point of about 200%.C,. 1s .
produced, . Liquid products can be obtained from this material by hydrogenation.
aotion_aonditions_ami_process,_ihey.max_be fuel oil or ges

oll plug a certain amount of gasoline. In the runs reported. here fue" oil was the
desired enﬂ product. C

Progess - - . ' - o . _ o

~The hard” coal: extract wog ‘gupplisd” by thie" experimental unit Kérnap in the
Gewerkschaft Mathies Stinnes. The materfal was supplied in lumps (i.e., free of

_ solvent) and hed to be crushed to dust.- The extract dust is slwrried in oil toa -
Lo per cent slurry.  Slurry oil-is at first anthracene oil end later the topped
separator product oil produced in the run. Dry.ground catalyst is added to the

- slurry to the ‘extent of 5.per cent based.on extract,. The finistied slurry is run-

through a measuring vesgel to. the slurry pump which feeds 1t to. the high pre’“s’sure
equlpment, . .. : S : : :
[ o

. . The. slurry is heated together with the hydrogenation gas and passed
through the ovens which are arranged in series. The equipment works at 300
atmospheres pressure, The.. charmber 1is equipped with a gas recycle. The consumed

hydirogen is replaced by freshigas: which is- eempressed. by additional “compressors
. from 220 “to 300 atmospheres. T '

: The liquid products of this process ore bottoms (Entschlunmmng) and

_'sepnrator product (Abgtreifer). Both products are’ accurstely moesured after pres- '
sure rélease.  The bottoms go to a centrifuge for work-up. The separator produ
after: wnter removal, is topped. in. separate d.istillation equipment and used as’

‘Eguipment o LT L e
Low Pressure Equi nirAhcnd. of High Pressure Stgg__

The cxtraot is precrushed s crusher echer) thenircd.uced._ﬁurther_.in-

Y disintegrator-uand FLinally-ground.ir.a- 1112 (Sch] .agscheihemnuehle):. The- -Pinpl -

“extract-dust-leaves-1,8 per: "Cent-on 0y ’+00 negh sleve. 'lhe catalyst” ig growd Ina’
‘ballmdll. (Kugeimuehle) L :




‘ - The sluwrying 1s done in two containers (5 m3) which ave equipped with
stlrrers, The contalners are gds tight and gas blanketed. .Under the fecd valves .
~through which the weighed extract dust.is introduced ere coerse sieves to distribute
the extract dust slowly end-evenly into the slurry oil to preventvjlmnp“fo:_'mtion.' .
After adding the catelyst algo, the slurry is hented in the slurrying vessel to 95
~}'l];o;"105“’;;~nnd:pmnped."ibuf.‘il‘.l\llr-lines, slurry- and measuring-vessels must be epsy to -
cat, C e ' T : : L oo S '

. Bigh Pressire Equipment .
A smnll catalyst glurry pump with a modified plunger serves os' slwurry
pump, The chamber itself in the first installation ‘wasequipped with three ovens
of 200 liters edch. 'The oven walls have length of 8 meters end diamcter of 300 o,
There is & 50 mu, layer of insulation inside the ovens, leaving'a clear ingide o
diameter of 200 mm, A heat exchanger serves to preheat the entering gas, 'The actuai—
heating of the prodict gas mixtwre tokes place in s N5 double-coil, using heating~ "
gas. The heating gas is taken from the 200 gtmoppheré presmuve ring of the tar .- - .
recycle line and returns to the suctlon side.” It is-brought on temperature by an
*lectric preheater,- In addition to the ovens ;- the separator -end the necessary "
soolers arc in the chamber. The scparator recelver is outaide, :

N A
. Purther parts of the ‘equipment are & gas circulating pump and two 2-stoge- -
fresh gas compressors, . ' R N L 2

| ) —

 Low Progsure Equipment APtor the High Pressure Stags

S Mg Gotbons (Enthohlemmg) aré deprosdured 1n o containck vhich s -
equipped with'a level recording device for eccurate meesurcment, ThHey are" pumped
out at intervals through an Eckardt meter ; : S

-t

A Hpubold centrifuge at 51

‘ ~ For depressuring the séﬁur&tbﬁ ‘produ'cﬁ tw?a5 vpﬁbic neter containers are
~avallable, - They are-used-separately for-24-hours “eack,”The full vegsel is con=.
nected to the distillation colum and sérves as still pot.  High pressure steom -

_ coils heat the charge stock in the Btill pot end the reboiler. The colum ig-Te—.

5"r,p,m. (No. 278) is uged for centrii‘uging. ‘7

meters high. Gasoling end residuum are measured in -cglibroted vessels-and puped: ..
out through Eckardt meters to permit o further check on qu_antitiesx.n» The ,{eleaséd'
"@ases from separator and bottoms ond the aistillation: gasce go to the _"Hy'-gag-‘;fj g

. system’ aftor being medswred, . ..ol

o BmFo ) T e |
, - The chamber wag sterted up on 8-29-36, It was first heated with gas - \
- circulation alene to 300", then enthracenc oil wag fed and the temperature incrégsed.
to Lo0®,_Here- olrcady—the—tompereture-aistrtbntton—tn—tie—throe— ~prover——
very bad, " The radiation of the furnaces was. 80 large that the second and third =~
furnace were lowér in temperaturs than the firat. It was proved latet ‘that the
heat' of ‘renction when using extract slivry did not improve this condition, The -
slurry (500 Liter:of 30 per cent slirry; feed rate 0,9) ‘was preheated to 450°,
Entering the.-second-furnace the temperature was 50° andente
100° Lower, Exit. temperature_from-therthird—furnace-was-330% weble—
Tecd rate ag-indicated-by-prelininary cxperiments,” the temperatire decronss . would: bo
“st111 greater, Bigher preheat could not be obtoined beceuse of equipment ‘Limita-
~tions-in- the heating gag 1 by
frosh gas, 56 that the ch

- Diffioulties worc algo. expericnded in teasuring fhe
_Was ‘taken off gtream on 6-9-36 for scveral.ohmnges.




Chsnges in Equipment

'I‘he third oven wag' removed altogether. A second N coil wag built between
‘the firet and second oven to reheat:the material.. Also the ?:Lnes between coils and. .
oveng-vere-welded-wherevey possible to avold flanges. Insulation wes increased.,

The limiting Ny heat-exohanger coll in the heating gas circuit ‘was replaced. by‘ a N5
“coilto; permit higher temperatures. S e o :

: . To. increase velocity 1n the furnacee a hot recycle was built 1n, s:!.milar
;to that of tar oham‘bers. . S . _ ST

- : ’me scheme of the: high pressure equipment is :lndicated 1n the flow sheet
(l323a) The fresh ges :is introduced into the suction side of the ‘gas circulating
. pump - in- the 300 atm. -line by COmpYessors. T & heat exchanger {he gos absorbs. the
“'heat -of the vapor products of the oven and then combines with. the slurry ghead of

ater—ee%—‘?he—gse—s—lmy—mture—pesses_t
the first oven, the reheater, and “the second oven, . In the separator, the 11qu1<1
“nigh boiling oil end solida’seperate.from the vaporized “products”and” gas: :These -
latter-go through the heat’ ‘exchanger to the separator: receiver. The combined
rcaction volume of the. twd furnaces 1s l+00 literss . . . S ,

Run‘No.
J‘I'he progress of this run is discussed in some d.etail. 3 It 18 sumnnrized.
below. R e el e

' - Run No. 1 (Ron from 8-31-1936 to 9-6-1936)

: It wos d.iscotntinued because of poor temperature distribution.~ No‘."h;i_lbnces-i-'ﬁ-'.
could. be mmle from thie ram, i .

. Run No. 2. (Ran from 9-14-1936 to 9-27-1936)

o Feed eoo 1itei7hour. The' cxtract content of the feed wae et first
30 per ‘cent, then 1&0 per cent (sturting 9-19-1936) o v

,oo m3/hour, 1uter 500 m3/hour (starting 9-21-1936)

Gns Throughput 3

Throgghput o.aa (kg extract/liter rcoctor volume/nour)

,Mﬁjmum Gven. Tempernture.; l#55 C- G

,_,,f'_Ehtschlummmg L
Loss, Baged on Feed . .
’LOse, Bascd-on Extract T

losees (15 mﬁ/hour) “the hde;ogen consumption'was calculo:ted to be 10 more thon 720 m5
}; may zz less thnn that sincc leelmge of the hot equipment presumnbly ia greater
en gold. .



.. The- extract ves slurried with anthrucene oll wntil 9-22-1936 then with
“topped Abstreifer. ‘Since the amount.of topped Abstreifer will not be sufficient,
it 1s planned to continue the exporiments using centrifugo oil and finolly Ent-

chlmmnmg e S . , - .

VMDuring the lost days, the resistance of the chamber rose: i’rom 2 to 8

otmospheres. “When an attempt wos made to increase the slwrry veloclity in the

oxchangers by using the hot recycle, the gas cycling pump cut out end the Entschla-
rmung 1ine from the. separator plugged, a0 that - the: seporator ran over, Since the '

1ine could not ‘be cleared, the’ Tun vos discontinued.

o For further runs it is pLanned to slurry the extract with Entsohla Irung or.‘
with oil from the centrifuge. Therefore a cold gas line will be installed between -
__oven 2 and separator to.. regtmlte_the_mtio_of_Entochh_____m_md_A_bstneifen ’

o e leaknge constant of the. chamber will be determined to pernit closer
calculntion of hydrogen consumption. SR .

Report No. _ff::'f': | :
L Problem _' .‘ LT .-‘{ - ’_ o -
o "It was the purpoee of this experiment to continue the previously reported'
. series of . 300 atn, hydrogenation rung:on hard coal extroct, under modii’ied condi-
. tions. The desired end product ie otill gasoline and fuel oil.

Wy

' Procese

LR In the previoue runs, topped separotor produot i.e. a 200 -_350 C gas- :
‘ oil was uged for olurry-oil with admixture of -fresh catnlyst, ohd the Entschlamlmg,
after centrifuging out. the solids,. produced at commerciel fuel .oll; in the.new runsy
-the slurry oil-is to consiot of topped separator product and Eotschlam:mng in the .
wiratlo-dn. which they. are. produced. ...The.remninder..of. the. mixture, after- centrifuging, 4
represonto the fuel.oll producties¢ The catnlyst is-recovered and reused after
- gentrifuging, The following odvantoges are to be realized by this operating pro-
cod'ure. [T — _ . ,
‘ (1) Improvenent of the pour point viscosity, ond asphelt content of the fuel
. oil this neceseitates increuse of the throughput.'” n S L

A

- U ' vely 0111 g_topped_separator product s slurry oil,
o crooted 8. danger’ of drying out and. consequent ‘coking or -sceling: due to the slurry, '
in tho heat exchnngcrs.‘ Heavier olurry oil pre\(ento this. - e

{’ﬂ Smring An_ cents : rt of‘ +'he -n'r'nr'iur-i' 'lg‘___

recycled uncentri.fuged° olso oonsequent catalyet suvings.

R RLRIE 5-'::' Because of the henvier slurry oil, the extroot ooncentrotion :ln the siurry‘ ,
Wﬂﬂ reduced t0 25-30% he feed rate wes. raised to conpensote for this. o

‘ Eguipment (Flow sheete given on the film)

, The : equipment p )olo _
cold @o.e line wos inserted; hetween oven 2 und separator to lower the separotor




——————

tenpcruture. i the course of the run, o water wash (200 rm, pipe, b m, high) vas
1nutulled in the recycle gos 11nc to remove annonla end CO . .

‘ This run was nade fron 10-5-1936 to 11-5-1936 without - interruptions. It
wan dincontinued after all the availgble .extract (65 cc.). hiad been worked up, This -
" rmn io digcussed in detail, including distuseion of the hyirogenation: product quulity

and of the rnterisl balancee, Following is c trcnslctioc of the sunmdry. )

Swmary _'1..Hﬁﬂ

. Pilot unit runs on the hydrogenation of hard ‘coal extract ct 300 atm. WGre 4
made at Leuna, to provide a basis for the Welhein hydrogenation plant then wmder
construction, The run lasted fron 10-5-36 to 11-5-36 The nurpose was %o hyaroe,er-
. ate the extrnct to gasoline und fuol cil. L ‘ e ‘

. The feed rate wog 0 27 to O 35 (kg extract per liter reuctcr space per -
~hour ]

L‘".Feed hoo Ttrs /hr with 25 to 50% Extract A
" Renctor ‘temperature: - 6.511V L
Ges feed: 500 Ltw,/ur. =~ =~ .. B
Pressure: 300 Atm, B ’
Yicld per ten of extract' . Appr. 250 kg Gnsoline
R " 500-550 kg Hoating 01l
200-2)0 kg Gd§*7

: The gaaol 1s highly aromatic with excellent netor pcrformance charucter-”
- ~ietics. The -octane:: number ig’ bctWecn 75 and 90, depending on the cut point (160 and ;
200 C. respectively) , _ o ,

: Per ton of extruct, abcut 30 kg of ccid oils of o phenollc character are :

: produccd “which ere included in the higher cut point gesoline,- -They-ate mainly
~cregols and xylenols. These can be -cither recovered ‘separately or’. eonverted to -

. benzene ond, its honologe by 50 ato. dehydrogenaticn together: with.the crude gaeoline.
Inclusion of'thene‘low bolling aronatics further 1mproves the quulity ef the gasolinc.

LT eupared'with the wsusl gasolines, this’ ‘préduct hoa an excellent misci- o
fbility with mcthyl nlcehol, duc to its high arcmuticn content.f :

: The]90-250 6. fraction probnbly containe appreciable emounts of~ tetrelin
Cin eddition to the cresols. . Experiments attenpting to subsbitute this fraction for'
-the—tetra&én-eresel-n&xture—ueeésén—extraet-nrepareticn~at—Khrn :
fcble. thract production uight becone oonsiderably eheuper if. this fraction ceuld
be “used  for’ ‘slurrying the ‘conl, thua making unnecessary’ the, planned solvent ‘cycle of

,'removcl of”solvent fro extract naphthalene separation, ond- naphthalene hydrogena—
*tion. o : : '

,““,‘ '




. The fuel oil, @ mixture of ‘topped- scpurator product ‘and Entsc 5 in
ratio of production, shows favorable ignition properties; and burns g without carbon
residues It does not quite neet the viscosity and ash requirements of the German
novy;. however, ‘gnall -scale experiments pronise oonsidcroblc quality inprovenent
-when 0porut:lng at 700 a‘bn. _ ;-- : _ ,

' ' Hyd.rogen coneunption per ton of cxtract was 906 nZ' at 300 atn. Using 70%
;Bg will roise. this by nbout 125 m3/ton. . ~

v ooort No. 2 v
Problon~ '

The purpose of the rung is 'bo obta:Ln chcnical nnd opemting data for thc
‘hydrogcna’cion plant Welheln,. Although Welhein. will use 700 atri,, the pilot pltmt
‘can only use 300 atm., Theae runa are continuntionn of those previously rcported

;—’but under cntmged condi'hons. SRR - S T S

. ks

i The va“inblcs to be ’cested are. various catulyste in 1iquir1 and solid io“u, '
»and the peri‘ormnce of various feed stocks of hord .coal origin, such-ag pitch wary -
‘or anthracene oils, which mny be used in addition to or instead of the extruct §
TPurthernmore, sufficient gasoline was to be prcpurcd. to permit further workup by -
;dehydrogcnution in 8 10 litor rcactor.- BN :

“Not so mch omphasis wad placed o tea‘cing thc fuel oil, -since’ the oil
produced’ at Welhein: &t 700 atri, will be topped Abstreifer and thus contain no solids
or asphalt, while %he pilot plant fuel oil 1s of considerably lower quality. That
pnrt of' the pllot plant fuel oil production not used. for slurrying wae cen‘crifuged :
and. saved o8 sturting oil for Welhcm. R L PR _

, guip rent: - -

“The equipmnt was cascntially‘ 'bhe eame as that doscribed in. ,'Report 1. K
‘Nowly installed was o gas prehenter of ten U ‘twms of 24 rm. diany, two of which
“porved ag Anternédinte’ preheaters. between ovens 1 and 2, in Runs No. U and 5,
Previously, tho gas-oil nixturc had-been: heated in two !115 m, dian. heot exchungo
-colls in ecries, using a hcoting -gas which had becn heated elcctrically. - :

" 'l‘hc d.istillation reboiler vas changefl to electric heating to permit goi.ng:
to higher tenrperutures 3 (225 insteacl of 180°), ‘so that-tho phenolic components -
conld be distilled overhead. for 1nclusion in.the gasolinc, to pernit aubsequch’c
- workup by dchydrpgenation. Rune To. 4-8 are described in some detail, rollowing

0 L‘valuntion'

4‘__,‘ 4

. Concerning atalzsts, the Molybdenun—colz:‘cutalyst*» provcd considerably ‘
norc dcsirablc ’chan thc heavicr iron-cntulyst** Iron” catalysta caused deposits 1n'

FGatalyat 11002;  containtng 2% Mo on cokd (Gile) 8. grs 1.85
*¥ Tron: catu],yst cullod "Zschirmrnnsse" Sp.. gr. 3 22 ST



the heat’ exchangers even though the velocity was increased from 3.5 to 7.5 m/sec.
In Run 6, &t the high velocity, the pressure drop had increased to 11 atm, after
W-weeks: Evenat a velocity of 4.6 m/sec., no pressure drop was experienced when
using the molybdenum-coke catalyst., ‘ '

. ‘The yleld varies with the temperature distribution in ovens 1 and 2, and
‘with the soaking time, Gasoline yield (incl, C5-and 50% of Chs) was highest, at 25,
in Run 3, at good temperature distribution and Wwith long soaking time, Tt went dom
~ to about 21% in 'Runsmﬁ and 5. Temperature distribution between gvens 1 end 2 beceme
much.worse efter the intermediate heater was removed, after Run 5... Oven 2 inlet was -
20° lower then then oven 1. For this rempon, results from Rung 3, 4, and 5 can'not. .

3 d

bo compared on one basis with results from Runs 6, 7, and 8.

o Cm Rm‘6ﬁ,'?hé-feed contained 35% extract.and.éo% hard coal tar oil, The
high feed rate of 0.6 (based on fresh feed) affected the gasoline yield unfavorably. -

(7.7% based on ncw feed), No gasoline seems to have been made from the tar oil, Of
‘the 10.7% nophthalene in the tar oil, about 83 was reduced in the chembers——

- - Comparing Run 7, using the Molybdenum-coke catalyst with Run 6 which used .
‘iron catelyst shows that in spite of the higher feed rate, (.28 ve, 0.195) a'pour of _
0° .and an esphalt content-of -13% are-obtained to compare with +17° pour and 17% »
-asphalt in Run 6, Although the.gasolineé yield of 16-17% including 1light cnds s
2-3% lower than in Run 6, this is probably due to the 12° lower reaction tcmperature.
Disregarding the freedom from-iron deposit troubles,.the. coke catalyst is congidored

-superior.on -a-performnoce-bagig,

© . - Rw Ta, using pitch for feed, ran without difficultics, The gasoline yleld:
of 10% is 50%.less than that from extract, The feed rate of 0,38 kg. pltch per ltr, :
‘oven volume per hour wes higher than that' uged for extract: The pour of the slurry .
-011-wes=~10°, the asphalt content 6%, o . cee TR T
.. InBun8, the cquipment was converted to be used as a combination chembgr)
“1.ei"Oven 1 was operated-in-sluity operation-as usunt, but Oven 2, separated from 1 .
by o separator, wog. opernted in vapor phase wlth a fixed bed catalyst. Presumabdly,
~however, o -part of the Abstreifer of which:85%:boils below: 350° C., pusses over the
Ly +-phase, “The yleld, compared with Run 7, increased abowt 1005, to .
near 306, . The. pour of the sluryy oil is.comparatively high because 'of the high feed.
.rate, the asphalt.content normal at 10-13%. This operating method is considered of
--great potentlal tmportance. singe. 1%.-produces-in-one-gtep-the finished products from
" ‘the rav material, omitting intermediate distillation and tenkege, Several varistions

- of the ocheme, to produce.different ond products; are briefly. sketched oty .
: " In Run 8b ,;anthm cene=oil -regiduc as rfed.:!.n addit ion ftq“ the extract, ‘This
run 1p“compared with' Run 6 where horé-coal-tar-oil was fed, to ghow that the modified

; 13- U0 an - Increasc -gqsolinejiclt_l. B T

... . The hydrocarbon enalysis of.the: product. gosolines. is puminriged . in Table-8,-
The gasolines from Runa 3-7 are approximately “1dentical,. They are highly aromatic -
_and-have a 10-20% phenol .content, - They have high octane numbers (Delco Motor) .
~increasing from 80 to 90 with increased cut point. Since ‘chemlcal treat of-‘the' -
gasoldnes-entails-high~loeg esy-thoy were fiurther™vef 1n6d by tFontment at. 60, atmoss._.
. phieres over NiWoscatelyst . (nickel-tungaten -7).at -high -hydrogen- partinl: pregeure s
‘This reduces:the phenols to aromatics and dehydrogenatos. part. of  the naphthenes .to.: .
“form more ‘aromaticss  Octanc. numbers .of. 85-G3 ‘are ‘thug-obtaincd; the highest ‘occirring
~in gasolines from Runs 6b and Ta, where hard coal-tor dnd pitchiere added,” The © .t

i




gosolines from the iron-catalyst runs rcquircd. ouuetic nnd acid. wash for color ,
stability, while those from molybdenum catalyst runs reguired only a ceustlc wagh..
This-iswprobablyabecnuse of ‘gtronger- hydrogcnution ~by-the. molybdcnum catulya’c in
the - slurry phasé., = : —

" Gosolines from Run 8 differ fundumontally from fhc others in tha’c they are
highly naphthenic, and. contain- -omly 1-3% phenols, which could be decrcased further by
Increasing the temperaturc or decreasing the feed rate of Oven 2, The: gasolino is
cagy to refine chemically, The treated gasoline has an octane number of 70-80, “which
decreases with increasing cut point. The aviation gasoline is more leud-euecc:ptible
than the aromatic gusolines, incrcasing from "{l 5 to 81+ 5.with 0,08% lead..

~ Phenol yield 1g 3-3, 5% based on oxtract with the iron. catalyst, 2 2,o with
the. coke catalyst, and 0.7% in Run 8 ~About 5% of “the phenols remains in the voter |
laycr. About. 70 80% of the phenols are corbolic ncid and cresol.— T

. The gas yicld depends on scveral varia‘:ﬂ cs, and w:;s from 25-28% baued on -
ex’cract ‘except in Run-8" wherc 1t VO'I‘lCd. frog- l"-35/o;' "'It is Dctween b-pnd: 9% based -
on. total feed. e . AR

Hydrogen coneumption was 700 800 m3 per ton cxtrao‘c, or 120-220 m3 pcr ton
of fecd, and about.20% higher —frT'.Run 8 e o ,

Thic heat of reaction was 66 Cal. /kg foed 1n Run 7 with 25% extmct 41 the
fced, 80% 11berated. in-Oven:1 and 20% in Oven 2;. 1t was 9 Cal./kg. feed in Rm.Ta .
-with 3% pitch in the feed, 66% in Oven 1 gnd 3&% in Oven 2. For comparison, the .
‘heat liberated in the tar- chomber in Leunu is 50 Cal /kg feed, in- the coal chnmber
120 Cnl /kg. foed, | . :

ag_es 80:[-8&2 e

Re;oort on the Hydrogenation of Pitch Obtaincd by Jéhc Low Tempcraturc Cokin& of Hard
Conl. Main Lnboratory -of - Ruhroel GmbH, Hugo Stinncs Wcrke - Decembcr, 191ﬂ+

' 'I'he contents of this report are well sununarized in a. "Sunnnary
und Criticul Evaluation of Results_,;’ thc trunslotion of which foll/ows. :

15 yea&'s of experimentation on thc hydrogenution of hard. coal low ;
1:empex'(ﬁ:u:c'c(:u[r arbonization pitch have. indicated o solution of the. problem which had"
not been suspected and which indicates this pitch' to be -oi cxcellent materianl for. . .
high preassure hydrogenution, this aseumcs o:t‘ courae that the pitch is of the quality
whichwasuscdinthiswork. AR B s

- During the course of ’cho experimcnts the surprising fact wos dcfinitely
proved that o solution of 60 ports of ash and solids~frce pitch.in Lo parts gas. oll -
_.cah;, be. cont inuously hydrogennted over fixed catolyst- without :domnge to the ‘latter, in.

_ spi‘be of o’ “content of the golution of 20% gasoline—insol\xblos. Cengidering the. well
Jmowvn sensitivity of uged catalyst to asphaltic material, this fact s pnrticulgrl*z
“Burprisings T Ib LA ‘only“cxpln‘inable“"by "the“"aupposition*that*'bheﬂow’cemp erobupe-——s-
~carbonization: pitch, s.entirely: different.in- its:moke-up. from Yegular: “coking® pit,
‘Thig: ddfference-is partially recognizable from the unulyticul dnta; however, such a

ooneideruble difi‘erence in~perfornnnoe wae not expectcd from thesc data.




Since o conglderably highcr cutulyst concentrution ie utilized in the
hydrogenation of low temperature carbonization pltch over fixed bed cotalyst thon
obtaing in the hydrogenotion of regulur coking pitch in the slurry phasc, the former
is completely reduced to asphalt froc ‘liquid reaction products, The hydrogenation
cquipment’ is sinilar to a gas~phasc chamber;- it does not utilize a- product separator

[{Abochnoidér) and the single product 1s o yellow-brown oil, In the sluwrry phamsc
T phaoc) hydrogenution of high temperature pitch only 60% of aspholt free oil
is produced while the remainder is taken as nepholtic and-highly viscous mud or
bottoms gAbsch } in the separator. :

. The oomplex ond expenoive workup of the Abschlamm, one of the mont
unpleasant problems of hydrogenation, is. therefere -entirely eliminated when working .
with lov temperature pitch.. However, it requires the complete removal of ‘gas oll
1nsolubles ond total ash, 1,0, including the organicnlly bound, prior:to hydrogena—
tion, This Initially difficuit problem was brought to a entlofactory conclusion.

The specially developed de-ashing procees has “the’ further advantage that the funda~
mental structure of thic low tcmperatire pitch is o modified by it that the rcaction‘

'products ‘of the consequent hydrogenution arc poorer in hydrogen and connequently
nore’ valuable. .

'iq_ﬂ Tho de-ashing procese is very simple und should produce no difficulties -
cven when applied on a plunt scale. Its cost should be slight compared to the workupf
of Abechlamm..ﬁ IRV T : , ‘.m_-qh -

e ~~The-uge- of filtcrcd solids-frec feod to- the hydrogenution equipment nvoids”m
fthe cuuse for all the. technical difficultics met in glurry. phasc operation, such ag -
sedimentation and: coking of the preheater, the lines, the _oveng, nnd porticulurly of ,
-the scparaton. Thie ‘alone-1s.g great practical udvantage. L i

_ : A further advontage of - our process of low temperdture pitch hydrogenation
<ovcr ‘fixed bed oatolyst is the doubled ‘Sutput compared to the” usual process.. This
" mcang that twice s miuch“pitch.can be worked up ond twice a8 much product made in

“the 5010 cquipment,nnd the same time.,’

'.‘\_M‘< '..Jx

o Tt ie purticularly surprising thut we succcedod in uttaining a quality of
-product which 1s not epsentially inforior to that from high femperature pitch.. The
- prinory . crude gasoline- end_gon ‘011 .can: be processcd by the"well known Ruhroel onc-- .
_.gtoge: hydrogenution ot 600" ntui_to produ 4 on.gasolineﬁof the_eameiporL__v_
sffornnnce ruting ag thut from high temporature pitch gas” oil, i ova C 3 gasoline.-‘

: The‘hcavy_oil from thermully pretreated low tompcruturc pitch is produced
n o- quality which posses the strict navy requirements for fuel oil.-By n simple ‘
coneequent cracking process, its quulity ‘can be further improved.\~ o g

- — prOposed nydrogcnation process is 1llustratod in o flow sheet which
]indioates 1ts thrco nain steps.“ui ; o

L (1) De-ashing of. the low temperature pitch slurry by o treet at hlo C.‘
iand 50 atm., with coneequcnt filtration.-,;g ‘ O

'.

S (2)’“‘“ “drogenation of the solids- and” asphalt-—frco solution at uso o
and 700- atm. e




(3)- Hydrogenation of the ‘erude gosoline nnd gue oil by the Ruhrool process
in the vopor phase, at h85 C. and 550 atne

' If required., the following fourth stcp oy be udded.' "
| (!+) Crocking of the, fuel oil at u75 ond 1oo ot
Fron thc flow sheet, the following nateriol bulunce is obtained
‘FEED: 1oo kg. Low Temperaturc Gold.ng Pitch

- 26 kay :Av’iatioh gasoline
70 5

oo BY-PRODUCT' 22 kg. guseous hydrocurbons plus NH5 and Hgs, which yield
10 kg. Geseous Fuel (proPune-butone) . LT

R g PRODUC‘I‘- W5 g Navy - fuel ot < = O

| WASTE PRO'DUCTS" 6 5 g Woter
\ e kg. Solids -~ -
R 7 7.5 R

' A— | The rcoults of the experinents haVe been consolidnted‘into tw0 patent
applicatione. o

Circumstances havc provented continuation of’ tho experincnte a8 plonned
The. long term.run had to be:discontinucd after 28 dnys, and the planned exporinentsj
using 1ow temyoroture carbonization tar. directly hod to be postponed. R

TBANSLATOR'S NOTE Following are abstructe of thc main topics of the
rcport o st Spm P e ,

e Introduction' Thia delineotcs the- stptus of~hurd cool high temperature
coking pitoh as-hydrogenation fccd.' Tt 18 in- 1orge/scole operation, ‘particwlerly
‘with Ruhrocl., The pitch is preferred $6-the-coal-because—of—ite-aromtic-structure
_and lower-ash content. Tt 1z the most hydrogen deficlent product -gubject to Hydro-*
‘genation ond therefore. requires higher terperatures and’ _pressures “than hard cogls "
The hydrogenation producta gre ‘nlso nore hydrogen deficient; ‘more aromatic, ‘ond.
_therefore.more: desirable,.. The. fuel oils have ‘excellent asphalt solvent: proPerties.,
-Suitable treatment. of gas o1l ond-gasoline permits productlon’ of gosoline of 4O-50%
arouatic content. . The low. ash-content of the pitch is of odvantnge ‘since 1t: erodes<
‘the: oquipncnt less ‘than coal. . The remainder of ‘the’ introduction nanes” the: sources .
- of various low tcmpcrature carbonizntion pitch somples which wore experinentally
Jhydrogenated. ' 5 PRI N o e

. FEED" The following nain diffcrences bctween high nn& low temperature
pitch were notod' ' . T .
‘ l

(I) Hydrogen ond oxygen content of the 1ow tompcroture pitch are "
oignificontly Thigher; carbon content consequently 1owor. Nitrogcn, sulfur, and
ﬂohIewine~ure«eseentially~thowsanc.~me ' -




(2) Fractional extruction onalyses show the' Low. temperaturo ‘pitch con-
siderably more soluble in’ non-polar- solvénte, - There are only slight amounts of
high moleculoxr .compénenta, ingoluble-in boiling tetralin-cresol mixtwre (k:1).

These: particularly aro whut cause’ deposits in linos und ovens H thoy accumlote in‘.
thc Abschlum. o R -

(3) In thc high tcmperuture pitch almost all the ash 1s present a8 oil .
insoluble inorgnnic material, whileé in the low temperaturc pitch 70-80% is oil -
soluble, presunnbly chenically bound in ‘the: oxygen-compounds. - These coripounds - are.
very stable; decomposing: only above 300° C, : Thig caused them to decompome specifi-
oslly in the prcheater of the hydrogenation equipment producing hard scales, mostly—
of ‘iron, and quick plugging of the preheutors. - The ‘agh from low tenpernture pitch .
containg 70-80% Fe. (ag Fe 0.) ond 5-15% wuter solubles (mogtly NeCl), while the ash
’from high temperuture pit%thontains about 15/0 I"e205 and Slt% Water solubles. o

Slurry Phuse (Sunpf phase) Hydrogcnotion

‘ Two uttcnpts to usc slurry phaso Operotion with' low tenperature pitch -
i‘ood showed this miethod of operation to be practicully Irpossidble, This is due to
thc ‘Tact that “the pitch is. much more cosily and complctely hydrogenated: to asphalt-
‘frec products whiT:h ore” vapors "ot redetion tempcrature. .Congequently thc;r cannot-
“carry the-powdered catnlyst ou_fr_of the reaction chambcr, which. leads_tojperatMQ_
difficulties, this cven under nildcr conditions than used i‘or high temperaturc .
Pitch : ;’ S T o et coal

-~

; Mixtures-of high spdf low tomperutvre pitch with not less than 35-&0% of
B the forner can. be succossi’ully hydrogcnuted Inglurry- phnse. AddIng the low- temp~
" erature pitch increases ‘the usuol gasoline ‘and .gog. il Yield sonewhst and causes |
_'the heavy oil produced to be 1css asphaltic nnd less viscous.- LT T

: : It vag’ olso. fo‘und that the low temperatwe pitch products sre more
ihydrogen rich ond cont vn nore oxygenated ----- compounds, psrticularly phenols.

R

T I‘ixed Bsd Operation

: 'I'he contents of: this soction, except for some oquiunent dotuils, are
surmrizod in the: dctailcd surmary, - In addition, - thc ‘cotalygt corposition is
givcn ag’ essen’qislly consisting .of, activotcd uluninun hydrosilicntes, on: which
less thun lp Moly'b und 2- 5% Chroniun are doPosited.. '

-oshing, of tho Low Tem:poraturo Pitch

e U The finally dovoloped do-ushing procoss consisted of adding flowers of
MbWMHMMWMﬂWWMW
aystent of pipes ot 400° Ciy y without: hydrogen: addition, however, emall amountsof gas
are cracked off; porticulorly ncthone, -ethane, "and propancy - The- reaction ig espen-
“tially indopondont of ‘predgurc, ‘but“the prossure Wwas kept betwecn 50 and 60. atu, to
Xkeep the god dlsgolved 4n the oil. " “Ash could be reduoed fron 0.3%. %00, 006%, by
filtrstion of ‘the- product rcsulting fror this: treutment, 1,o Kieselguhr is roquired
hns_filtor.ioidlto..ottainmpracticalu:ﬁiltering*tim.,. — :

he emnining_j' hree cctiorrs which discuss the“q "lit go; the hydrogenation
& products urelsufi’icicntll sumarizc, -in-the- :




