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Totzek’. Reply of Mr ‘Totzek of the
Heinrich Koppers Company of Essen, - ——.
Germany, to a letter by the-North®

German Coal Control, Eay 2,-1947.

Translation of a document. found on’
TO..( Reel 238, Part Ao .

Ackérﬁann, Dr. Latest German De-
velopments on the Gas Phase. -Gasolin
. Sintheszs at-Middle Pressures, 19L%
1945, " PB 82,060. Translation of.a
docuziént found on FIAT ‘Reel X-116,
Franmes 1717—1 ; o _
Duftschmid. Three Papers on the -
. Duftschmid 0il Circulation Process: .
Repor't. on the Hydrocarbon Synthesis/
from Carbon Monoxide and Hydrogen by
the 0il Circulation Process. Oct. 9.
1939. 3 pp. III. State of Ex- . -
perinents cn Alcohol Synthesis by the
. -Oil Circulation Frocess., August 11,
— ——— T X94}t+—}1-pp.— Translation of documents
ound on TOM Reel 134, Items I(b) 11;
(b) 12; I(b) 13.

T—L;éh Lichael Dr. The. Status of. Hydro-
carbon Syn’c.hes.ms fron CO—H2 Lixtm‘es.
July 24, 1941, Translation of a
‘document found on TOX& Reel 164, Frazes
: 1A3—153. ) - -

Boente. Solid Aromatics in the EOLD
" of Pitch Hydrogenation, FPoelitz. .July
.15, 1941. Translation of a document : -
found on TOU Reel 164, Frames 190-192. - 0049-0051

2
3

~’\‘ : L
Burean of Mines Translations do not include A-hél, T=471, T=4T77, "
T-481, T-483, K—l, K=2. -




T—h66 ‘The Koppers-’l‘otéek Powdered anl
- Gas::.flcc.t:.on "~ 'paper - réad by
,_July:

Frese. Hydrogenat:.on of Bltumnous
Coal LTC Pitchs (From Dr. B L. |
Frese's Files, Main Laboratory, -
Ruhr&l .GombJHe, B?ttrop). Dec. l9ld+.

8"Kolbe : 'lbrdrocarbow Synthes:.s-mth an—
Iron Catalys‘b. ~Sept, .13, 1940, Transla—
tion of a document found on TCM Reel 178
Fra.mes 2627-261;2 L
T-h69 Réelen, Dr. Hydrocarbon Synthesis w:Lth
Iron Catalysts. Ruhrchemie A.G., -Sept..
13, 1940. Translation:of a document
which appea.rs Qn ’i‘Oh Reel 178, Frazmes -~
261;3—2669. : .
T-u70 Three Pa.pers by Ctto. I. Operat;ng
Directions for Sta.rting the Producer.’
Nov. 7, 1941. - 6 pp. bperatmg
Directions for the Producer Plant.
Boehlen; Feb. 7, 1942..-10 pp. III.
Operations for Stopping the Gasifiers,
Seco! ition. Doehlen, Aug. 30,- .
1943. pp. incl. 2 graphs. Transla—
ticn ofv_docx....crts which appe& on TON- L e e
Reel 12, item 33, © . 0148-0I71

T—l.72 Donath, Dr. B.B. Caleulation of Hydro--
renation of Naphthenes., 7 July 27, 1938.
Hith Pressure mcperinents, Ludwigshafen ; A
558, _0L72-0179 -
ra " .

T-173 Ginther. Refining of Liguid Fhase Gaso-
line from Scholven. Karch 25, 1942.
High Pres"ure Experimeénts, .Ludwigssafen,
558'




Aromatlcs-Naphthenes
May. 22, 1943. Peters,

5 pp. and h curves. .
he. Aromatlcs-—Naphthenes SO
he Tungsten Sulfide Agata.lyst '
May 25, 1943.. 1 p. and 1 curve, .
Peters and Trofimow, Tranglation of do o
-ments-which appear on '1‘0..! Reel 173, h‘a.mes Y

\ 699~702.. . Ny A 0131-0192-

T=475 . Brief\sﬁmnarles oi‘ Three Papers on Spht.tmg

o Hydrozenation. I. Splittinr' Hydrogenation
Catalysts with HF Treated Alumina as Carriers.

June 12, 19/1. Rotter. Document appears on.
TOM Reel 173, Frames, 483-488. -II. Tungsten-
Free 'Splitting Catalysts-of the 5102-A1203—
Fes03 Mixtures Treated with HF, May. 1944,
Gunt er. Document appears on TOM Reel 173,
zzes 401-408. III, ' The Splitting Hydro-

genatlon ‘of DHD Residues.  Feb. 1, 1.943, _
Gieg and Simon, Document appears’on TG -~ - :
Reel 173, Frames 366-392. . 0193-0199

T—h76 Pcters and &mther. Upper Limits of N~
; and Fhenol Cecntents and Lower Limits for
the Aniline Point of 6434 Injection.
Dece 17, 1940. Translation of a document
" .which appears on TOM Reel 173, Frames
&2‘6M¢

T-—h78 Connection Betwem Nitrogen Con.enu of
,Cils and Their Splitting Hydrogenation
Abi_Lity (Splitability). Three papers
by Gun.,her, dated Karch 23, 1942,
Jan. 8, 1943, July. 13, 191;3. Transla-
tion of documents appearing on TCK Reel
173, Frames 633—61‘1, 621628, ‘and" 565—
-567. : 0203-0227

T-A79 gmther, Ha.rtmann and Simon. - Replacing

of Terrana in 6434 by Synthetic Silicates

Sept. 21, 1939. Translation of document

appearing on TCK Reel 173, ﬁames 549=-

553, . 0228-0230

e

e




Ref:ming Catalysts 7525, 7675, 7360,

"~ Nov. 1940, . Trenslation-of & do
appea..s on TQLI ‘2°el 173, ~{-razne§ymk99

" T=L8 Gunther. rehydrogenatlon Catalysts.b

K-5

K=6"

‘Use of. 8376 Prehydrogenatlon Catalyst
(Alumina-#-Ni) for Various Feeds. Oct.
1942, Translation of a documentiwhich
appea.rs on TOL! Reel 173, Frames 320—328. :

Pier, L'. Pcrdro*ena..lon Gasomes. J..ﬁ‘ect
of Raw Materials, Catalysts, and Cperating

Procedures, Taken from Angewandte Che
. Vol. 51 (1938), pp. 603- L

Thibaut, ‘Louis.- Develo;nent of the Tech—
nigue of Hydrogenation of Solid Fuels and .

" of their By-Froducts. - {Faper presented by’

¥, Thibaut, Director of the Compagnie

Francaise dos n.ssencesSynthe tiques, at the h

XX Congress of Industrial. Chexistry,
Paris, Sept. 22-28, 1946). Chimie et
Industrie, Vol. 59 (1948), pr. 5h3-551.

Nama..n, Fm.edrich Karl. The Effect of
Highly Compressed Hydrogen Upon Unalloyed -
Steel. Translation of an article appear-
ing in Stghl und Risen, Vol. 57, 1937,

- pp. £89~899.

Kaumand, F.K. The Effect of AJ.lonng~
Additions on the Resistarice of Steel to”
Hydrogen tnder High Pressure. Translation
of &n article zppeering in Stzhl Eisen
Vol,., 58, 1938, rp. 1239-1250s-

0319-0363




Translatlon Book 2.12 Prepa.ration of Octyl

Zelexi:m and N, N. «Kosheleva. Tra.nslatlon
of ‘a_document on TOM Reel 255, Combust:.ble,- o

Sha1dk, No.3 (1934), ppe 3 - . O364-03Th o
: Translation Book 2.'!1 Craclo.ng a.nd Hydro— e

genation of Esthonian and Kashpirian Shale
Tars.  N.D., Tilicheyev and G.N. Sledzhiev.’

‘Translation:of. a document. found on TOM Reél

.- 255, Chemistry of Solid Fuels, Vol. 2,
-"No. 2 1931, PP. 3-15. Sincla:L d trans—

“lated only part of the a.rt:.cle) ' 0375-0381, "

Trans on Book 21.0. Thermal Decomposi—
‘tion of Gdov Shales Under Hydrogen Pressure,'
By ¥y.P. Tsybasov, S.A. Dy"nshlt.s and I.5. ° .
Levit. Translatlon of a document found on: . ;
TOM Reecl 255, € ombuotible Sha.les I-o. L o
1935), Pp. 82-87. : .. 0385-0394

Acetate and of Acetic Esters of Secondary

"Alcohols with More Than Eight Carbon Atods,

Translation from a document found on TOU

Becl 72, Tvem 78. | , 03950817

'Translation Book 216. The Interaction of

the Sulfconic-Acid Chlorides, Formed by keans .
of Sulfochlorinating Aliphatic Hydrocarbons
with Armonia and Ammonia Derivatives.

‘Dr. Asinger, Dr. Ebeneder, Dr. Boeck, Dr.

Schnidt.  Jan, 1941. Translation of a
document found on TCI Reel 21, Bag 3045,
Ttem 25, Frames ‘250000451-48L4.

Translation Book 219. The Constitution

of the Mepasin Sulfonates. BEy Dr. Asinger.
Cet. 29, 1941. Translation of a document’
found on TCY Reel 21, Frames 240000438~
24,0000450.

Translation Boock 222. Freparation, )

Character and Capilliary-Chemical Properties

of Hexadecane Sulfcnates and Sulfates, Ey

Drs. Asinger, Zckhardt, and Ebeneder.

Translation of a document found on TOM Reel

21, Bag 3043, J.te:‘x 26, Fremes 260000L8<—<0A Oh51—0b63

“



SR-ll Tra.nslatlo Book &3. Stablllzatlon
‘and. Ref:uu_ng; of Shale—Ta.r Benzine. by -
Hydrogenation, By A.D. Petros, -B{A.

"~ Rozhiltzéba, and D.N. Andreyev, Trans-
- -lation of ‘& document” found on TOM Reel "

- 255, Chemistry of Solid Fuels, Vol. IV,
-‘-.No. 5 (1933),. PP. 1+59-1+9. - o
.Translation Bock 2.‘:‘1T ‘Determination
.of ‘the Hydrocarbon Groups in Shale. .
- Benzine. By V.iV. Chelintsev and AP -
Sibertsev. Translation of a document
found on TOM Reel 255, Chemistry of Solid

Fuels, Vol. 4, No. .6, (1933), PP 573-5T1-

_Translation-Book 226, Destructive }i;rdro- :

.genation of Kashpir Tar, ' By S.S. Nametkin,

F.,I. Sanin‘and E.F. Rudskoba, Translation

of a document found on TOU Reel 255,

Chemistry of Solid Fuels, Vol, IV, No. 6, >
1933), pp. 598605, - ' .. 0L82-0490

Translationm Book No., 228, Catalytic De-
sulfurization of Kashpir Tar Shale Benzines
in the Fresence of Hydrogen under Atmos-
pheric Préssure. By A.S._Broun.” Transla-
tion of a-document found on TCM Reel 255, °

emistry of Soldd Fuels, Vol. 5, No. 3, v : L

_,1931; s, PE& 27-273. N O_&‘,il-—OAW
Translat ion Book Xo§ 229. De;ulfuri;é- ‘
tion of Shale Benzines by Hydrorena.,ion

in the Presence ¢f Catalysts., By

Nazetkin, S.S5., Sanin, P.I., Makover, .

5.B. and Tziba, A.N. Translation of a

document found on TOM Reel 255, Chemistry

of Solid Fuels, Vol. 5, lo. 4 (15317,

- FPe 333-357.

Translation Book 24l. Hydrogensticn cf
the Neutral Kerosene Fraction of Gdov
3..ale Tar. By Klukvin, K.A., Folozov,
R. Ph., and Fheophilov, E.E. Translaticn
of a’ docuzent found on TCM Reel 255,

' Chemistry of Solid Fuels, Vol. 6, No. &
oo 1935), Fp. 34O-34T.

o a




53;17

Translatlon Book '169.

Translation: Book 176.
. and. Lignite-Tar Fractions ’ |

._By N,V. Ershov.

"Journal of Applied Chemist

Translatlon Book 21;2

Primary Tars and Their Stablhzr:tgg_

fluerce upon- Shale Benzines in
Colparison \utthSynthehic_Inhlbn.tors.
Translation of a -
document - folind “on' TOM Reel 255, " .
(USSR)’

Detailed Discussion of

* HMeiler Operation on Oil:

" Shale at Balingen. -
(Building Project).— Trans—
. lation -of a document found
‘on TCM Reel 123, Frames '
85—121

Vol. XII, No.

Dewaxing of rude 0il. w:.th
Solvents in the liquid -
"Phase for the Production
of Cold Resistant Oils. '
Report by Dr. J. Moos.
Translation of a document
found on TCOM Reel 113,
Document 10, Item 1.

The Refining of Fetroleum

with Iigaid Eydroflueric
T .Acid to Produce Diesel-

. Fuel, Lutricants and Fuel
Cil for the Armed Forces,
Federal Institute for

«~ -Petroléeun Research, In-

‘stitute for ‘Technology,
Hannover, July 7, 1S.i4.
_Translation of a document
found on TCM Reel 113,
Item 6.

M -

~ :

Flow Sheet, Preparation

of HF Cata]yst.. Transla~

tion of a document found

-on TOM Reel 195, Fart 12,
.. 9, Frame 31504.

0536-0539

s

" 0540-0550

05810601

0602-0604




Ia-
. o g

"3 . -Detection of Iso- and "Alicyclic Compounds in Satu~

.. rated Hydrocarbon Mixturess By Df. Dornow,. Pe-

troleun Institute of Hannover Technical School, =

July 7, 1944, (Translation by Standard 0il Develop-
y.. from a document found-on-TOM Reel-T73,._

Refining of Light Oil from Low Temperatures Carbor

" zation of Coal. By W. H. Oppelt: -+ 0611-0619.

' Azienda Carboni Italiani. ‘Description of the - -t -
Plant. (Translation.-of an Ttalian doctment).. - - - 0620-0653

A Chronological Sumiary of and Comrents on
_Dr. Michael's Liquid Phase Process. (Schaum— T
fahrweise)., By L. W.-Alberts. =~ = = . i . 06540662

7 - Report of "Fouchers" ’_'oxi"CO+H2 Synthesis. (I.Ge _
' Farben), October 1547, -Section II of Yart I. ' ]
0il Recycle Process. Comients by L.W. Alberts. =~ 0663-0666

Report for thé FIAT consisting of a letter and .
drawing by Dr. Winkler on the subject of "Ver-
gasung von feiner Kohle nach dem-Verfahren von
Dr. Winkler", (Carburation of Coal Dust-Accord- *
ing to the Winkler Process). :
1 . ' K . ’
9 Report by Dr. Fr. yiinkler ‘entitled: "Historische
 Entwichlung der Vergasung von feinkornigen Kohlen
nach dem.Verfahren von Fritz iinkler.™ (His—
torical Development of the Gasification of Fine
According to a Process Developed by Fr.
Wiygg'.) Part I . . . - N
Report by F. Halle, L. Lorenz and G. Vietzel
entitled: "R8ntgenographische Untersuchung der
Carbidierung von Nickelpraparaten im CO-Strom
zwischen 140 and 250°." (X-Ray Examination of
- the Carbidization Frocess of Nickel Preparations - . :
in 0O Current between 140° and 450°+) —Part II. 0721-0739

. s
1 A group of German memos relating to the above .”
report. Included are memos: - 70, 71,-72, 73,
s 755 T8, 84, 93, 94, 103, lOA,_lGS and 114. 071»0-0’75”-3




13

TiLg Synthese CO+Hy a L'I.G. Farben. 3® partie.

es Essences de Polymerisatlon" (The Synthesis
of CO+H, ‘ab I.G. Farben. - PRart III, “Polymer
Gaso ) Included i
follow1ng reports

;*5-1.. "Magn351umphosphatkontakt n, (ﬁégneéiﬁm

phosphate catalyst,) h pp. By
Dr. Schittze.’ 7/1&/ :

‘"Wersuche zur technischen Herstellung des’
" Polymerbenzinkontaktes,"  (Investigations’
on the technical production of polymerlc
" gasoline catalysts.) 1 ps« .

Dr. Schitzes 7/14/47.

WPolymerbenzinkontakt," (Polymeric’
gasoline catalyst ) 1 p. By Dr. Rabe,
8/2Q/b7. o

"Polymerlsatlonsanlage Schwar“helde.

I. Mitteldruckanlage. II. Hochdruck-'
anlage." (Folyzerisation installations
- at Schwarzheide, I. liddle pressure
installation, II, .High pressurec in-
stallation.) 4 pp. and 1 diagr. By
Dre Haubach. 7/15/47.

5 "Versuch ,2ur Lozogen Ve*teilung von
Prosphorsaure auf aktivierten Holzkehlen.™
. (Investigztions on the homogeneous dis-
tribution of phosphoric acid on activated
"charcoal.) 9 pp. incl, 2 tables and
1 diagr. By Dr. Minch. 4/11/38.

6. "Gbe: das K rhalten von Fischergas-

© Polyzerbenz (The Knock Behavier of
Fischer Gas Folymeric Gasoline.) 11 pp.
incl. 4 tables. By Or. llnch. 4/14/1938.

Report entitled: ™Die Isosynthese" (Isosynthese) .
by Helmut Fichler and Karl-Heinz Ziesecke from the
Kaiser-iilhelm Institut fur Kohlenforschung,
Yulheim.

07€9-0931

o
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’ITED'STATES o
"OF THE 1nmznxon

RBPLY OF MR. TOTZE& 0 THB EEINRICH KOPPERS COMPANI OF ESSBB
GBEMAHI YTO -A"LETTER BY THE HOR‘I‘HGERMAR C_OAL_'COI_?T_RO»L MAY 2, 1947

I vill explain the point.a 10 23 and 26 or your queationnaire
.b .giving you an examplo or compubation of the resulf.s.' Tho
example is baced on- & sample ot aort ‘coRl vhich vsa uscd in nA
1 rge.nugber of . the 'oxpor_;menta and h_ad the rol;oving ultimate -
;;analysiai’ R T ) - '

EE wWater
Ash
Bz
Pure oarbon
Sulfur by combuation .
52 .
02.

1 & 0 e ‘

COmooaitions of the Gaa

Gas vas. oduceﬂ of tho app*oxinately rolloving co-poait.iona.

B C°2 . 1
: :2.08;
52 S o 1.00%

According to these figures.the proporticn of:CO : Ey 1s
1to1, a'sn'd‘t'bbj forn together 84% of the gis. This bas been

ths result of the test. We will show belov the poasibility of

obtaining a gas of such composition. o h




ﬂCaiﬁdh‘Ealance

Introduced

o CE composy
see abovo)

S unt of gas meésxixiédt
(o 42 + 0.15) 0. 536 - 0.306 kg/ncbm
S , AU : . 0.705 kg-of C
2.3 +0.306 . o R ¥‘5 h5al lnéﬁg_,w

Carbon loss and difforence in measuremants

Ao.aos ~70.705 o.1do kg - 12%

Loaaea of conl amounting to 8 - 1#% hﬂvo been round during
the course or tha tests. Theae amounta dopond vory grently en the. .
unifornity or ‘the powdoted coal aupply.. Operat ona ahowed tbac ve

‘Bad to conaider 8: normﬁl a losa of cﬂ"bon amounting to 10%

Kzgroggn Balance
'Hydgogen in g8a:
é.} x 0.52
Hydérogen froa écalf

_0.09

Hydrogen from decomposed stean:

0.97 - O.b?
Acco ingly 0.50 ncha of ste&n have been decompoegd with

= .50 nchem

carbon.




The oxygen, nltrogen and sulfur prauent in the coal will be

'neglected bccauso of the small ﬁmounto-ia vhichAthey are preaent.

Stoan Rog rementn
The stean nncoauary to carry out the gasirication»proceas

19 compoaod rron the steam deconposed and from tho excess of stean .
. hecessary tO‘maintnin-tbe process.. The vnluo 1a obtained from the
vater gos equilibrium. | '

Koitber the equilibriun for vator.gas ohtained in-the preaence
of carbon, nor that in 1ts abaence c2n ba-usod &s a bania for
computationa of the powdered coal gas*préducor. (Vo reror here
to the vator gas equllibrium ‘conatant as given tn literature)
The results obtained are explninod by graphic method&or 1ntor-
pracﬂtion of vater gﬁs oquilibriua consﬁant for tho two casos.

In therOﬁgered'coal producer 8 value will bave to be
used vhich ¥ill be an internediate botween these 8bove equilibria.
For the :stke of safety we have based our coﬁputat;ong cn the
‘equilibriua constant.obtained in the abéencbvbr carben, because
ve bive found ibhat the equilihriun approsches this constant.
“This produces 8 certain &lsurtnco adout tba maximum roquirad apount -

of toﬂﬂ.,'




vﬂeo = § --.2992-;2:-!32

The values tor 002, Ee &nd CO are known rrom the componition

.of the gaa giveniabove.‘ The value of vﬁeo is ﬁnknown. According
 to our~experience, the uater aas equilibrium munt > be’ produced
:1n_the powd red gae producor at 1200’0 vhen nsins nott coal of tha
 compoa1t1on 31 'n above. The curve shown in the appendix gives

a value of 2.5 ror KH et 1200'C. The value of 7320 1a.ob;&1ncd

rron thcae riguroa. K

- 2:2.%.0: 5--- k2.
“50 T To.h2

vBeo - 0.375 ncbm ate&m per ncun gﬂa

..

Total steam: VHZO",O-BTS'X 2.3 = 0.86 noix ste;u/kgdot
ST - ! : .~ coAl use

Total steanm requirchants:

0.86 + 0.5 v _ - 1.36 ncbafkg of the
= — coal used

‘Stean requirements in kg: B _
1.36 x.0.80% .. =1.09kg
.
Steam from the moisture in the cosl = 0.02 xe
Required frcm an outside supply of ateam
1.09 - 0.02 S~ -~ 21.07xg
This semple computation shows that the calculated smount

A} . : B




ef 1 :;1.5'to_2
'betveen i8 and 8%

-;the'heat values. Thsy can be computed as follova.

«

.Intrcducad"

1l kg of povdered coal u.h.v.

Proheating of . uteam to 1200°C,
: .07 'x 0. 524 1200

in tho Producta.
The l.h.v. of the 538 produced - “}%752c?1/ncbn

Ecal in the gms producod: : _
2.3 x 247 o . = 5400 keal = 64.5%

losses of C . .
0.12 x 0.805 x 80Q0 = 770 kcol = 9.2%

'Senalble‘heat in the grs produced {moint)
Gas: 2.3 x 0.37 x 1200 = 1020 keal |
Stesm 0.86 x 0.32 x 1200_=330 keal - 1450 keal = 17.2%

Balance: (Radiation and Convection T —
Losszes) : 764 xcnl = 9.1%

838% Kcal = 100.0%

- - - - - -
- - - -




o LR o - SO R, Jp - B
Ve may'state‘thét'thé-laet Ltem 1n the balance the radiation
and convection losaab vill be coneiderably louar on a 1arger ‘seale

71nstallation because thia faotor 1s relﬁtively high in experimental

—y

- 1nstallation becnuse or ‘the size and the length of operations,»f

vill be greatly~reduced in operating unltn.
Wo may- add the rollouing
Should a high CO concentrntion be required 1t 15 obtninad

nccording to . the equation
2C + 02 = 2C0

This reaction 1s atronsly oxothermic. .C0y 18 added to reduce
_the tempenaturo, “with the folloving resulta. . L R .
C+Cop w200 B :

_ “The &moun; of CO, necessary ip.dqfeﬁm;nod‘by thq;£emper3£ugp
of the outlet gas, vhich 1s alvdﬁb computed td be equalito 1200°C.
The material and heat balance of luch 2 gas will follov
exactly the exanple cited nbove, i.e. aftor rope&ting conputatlona

using data obtﬂined_in experizents.

Amount of Ste2m- Produced o R - .-
Moo

As stated above, the heat contenta manirestod in the sens
heat of the ganea csn be readily .nc*eased The texmperature of’
1200'0 is very high 8nd its utilization in steam boilers 1s
economtical. It pernitﬁ obtaining high pressure steam which can
be used a3 & gource of energy for the pro&uction.of oXygen.

/8/ Heinrich XKoppers

G.m.b.H. . ’
Operations Section/!ot;ex
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- Changes in the Water: Gas Equilibrium COnstsnt"§£B
o w0l vith-the tempBrature . P
(In Prosence of Carbon) . S
- : - pt-partial prems.
- totaX presgsurs atm
v: partlal vol.

60
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!
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20
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Changes 1n Water Gae Lquillbrlum Constant Kw
‘with the Temperature .
1n th.e “Gas- Phaee 1n the Absencs ot Wg)

vco X ¥
'?CQ’X ?Ba

vii.-.o ateam eorrtoht
Given. -gas tsmpera.tum én rront .
. of washsr: 'l e

Wator gaa'
\'Ol./a Ro »

1

vH20:




LATEST GERMAN DE VbLOPMbNTS om THE GAS P
ASOLINE SYNTHESIS AT MIDDLE PRLSSUHES,

by Dr, Ackermann ,
X=lg . e
E=S3TD, Frgmes 1717-- 1787

Skmma.J o’ Reaulta ”
I th, mlddl nresaure eynthoal w th 1ron cata
or dirrerent orl n, usinb O-rich gag, )
liréiﬁﬁér'the Louta or. the Lux gag purlficatian'maasaﬁ
are eult#ble Tor uze as catalysts in thn synthesls arter
oﬂs prelimi ; treatzment. ' Ths taaperuture roquired is
higher than wish aetual cetalys,a, but ap§ ars to to
capable or being lowered by a guit table reduction (ror;-j
;ng-heihodsf of the catalyst.
As an example, tas preliatnary éas puriflcatlbn Lux
‘ ylno and alxallaation, oper-
a for 3 000 hours with a LO-ricb eyntheeia gas at 10

nydrocarbons,_or which 154.gran were the higher nydro-

cerbon (prepane ané up).

<

2). Tha effect cf alkall content on she life, olefin, para--

£fin and aicchol Io**'tlcn of the carrler-free tatalysts

wes relnvesiigated.
A Xiquld phase synthesls catalyss, 2500 hours old and
conta;nidgbzﬁ K;CO, produced an 87% CO conversion with

175 gr higher hydrocarbons, with.no methane productidn.
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roportion of ozygenated compouads ia only aboufwl/é‘

Qat DeruuBQ‘ n the llquid nhasa.
TA comoarlsa1 af | ﬁ“c oltated fer*ic nlt"ate ca%alysts
K3303,ahowe‘ithat Eh x,cos producedltha.
ce’ meﬁhane [} oduction is ;cduced from 18:
'tq'é g/n’clbm‘Cﬁ;’:fM in comparlson with the usual alkali—-
26,t1on of C. 28% K:COz% Tue groport-on of parafrin f rmed
biae not been @stermin her al&allzatlon than 1%
ﬂelds produeta rlcher 1r paratfin, but the l‘fe of the
,utalyst 1n proportionately reduced. The offect of
'nlkalizat;on on the. produotxcp ct c:y tEna :d'producté
i but-sllghp lL»o-mnar»con'fo the 3rfeot in the liquid

.

rhnes. ,
Sklzrforts ta the process of woductiun under prone-
uﬁc, hich b -»  2o f -7 oo Aigquid ?hage
to oporatigAl in th3 gaa phace wag 3% succoasful.

.4) Powlored ir>a, =siivatad with cospor and alkaliea, can

2o used for gas phaze hydrozenaticn., Aotivis *Y 1s not
sfactoxry (3C§ ceavorelon of GO 1% 2€0° C.). Sure
erisl giy, no zethene was formed viih & bhigh thruput.
&) The aubséltutivn cf rotassium ellicate for potassium
¢c2rbonate in catclyste cepocilcd uron carriers and in
carfler—frse calclysy, és proteétcd bﬁ & patent, has not
een found to affect the direotlon-o; the GG:H.‘coheump“
tion, mor the peraffin productlcn. IV is poesible %o

-sasroduce & larger amount of KzSiC: than,oi KaCCs into




—

1upon th; prono"tlon of thﬁ GO Hs consumntion nor on tha
[pararfin nroduction could be obaerved. Blua,water-gae

"has been used Ain’ thsse. testa. ;‘ )

_ II Mlddlé ureaaure ’yntheais experiments with cir-
cul lon of . ths tall gaa wlth a low pr0p0r31on of make-up gae
to oltculatipn gas and uging eithor o uo-ricn aynthesla sas
or an.Ha-rich aynthesla gaa ﬂho“ed that.

l) with CO-rich gas (and a carrler—rrea CdtalYﬂt) tha pro—
portlon .o% olrcu.aulon Bas (between 0.6 and 3. p./l part of
~ pnke-up gaa) did not arfect ‘the coqaumotlon proportion of
CO to Hy, as could hqu been exoected ;hs effect was-
'great on the canveraion, 1ncrc°ae in yielad from 170 to-
leQ,g/ncbm CO + Mz and tha‘blerln proportion increased  from

65% to 785,

2) No solution of the problems wasuéound‘in—zha circ

tlon’ tests with doloaltc carrier catalysts and a 2

with 2 circulacion proportlon of 1:1 because of depoaition

‘on the catalysts.

III. Circulation uxperimén:s at @iddle pressure with

catalysts reduced by the canufacturer with elther water gas
or with hydrogen-rich syntihesls gas for ths 1lncrease of tho CO
conversion, an through that %o increase the yleld and the pro-
‘p »%ion of olefines, p*oduced the rol*osinﬁ xnro-aation.

1) ;be Hy:CO consu:ption proporticn was lncreased.rrum 0.63

with direct pass of ihe sas %0 0.8% with a 1:1 circulation




zatlon and. ylulda.
2) The Ha GO oonsumption moreases from 80}5 wi.th _ 20 Ka
-1 co watar ga . An a. aingle paas and &a: dolomte ca.talyst
85,; m a two atago proceaa and to 0. 96,» m.th a l-nnd
X 1.02 gan J.n the i’lrst ntage and l:2 ln tm‘aecond a’sage
The methane torma.tion atill mmainn very -high, rom.tns 1
‘to 175 or the produots formed, depending on the method o
oporation. - The _px'Oportlon of _oleﬁ.nos is allgnt;l.y in-
creased by olrculauon, from 43 5 % 48 5% . -

III b, cxrculauon testa with water gae or b.ydrogcn-
rich gas on dolomite oata:Ly ts reduced with CO at O.l “ata
resulted in satisfactory gas utilization undsr suwtable oper-
ating co:iditlbns'. ) | ‘

1) Preliminary tests under a great variety or‘@eraﬁng con~
ditions peraitted us to celect opamung’conuuonn gultable
to afy Hp:CO ratio. , o
2) The Tollowing circulation proportion {vol. clroulauné
gas:voluass :ﬁa}:e-up gas) with a norzal load of make-up saj
(100 n.l1i, make-up gas/h, 11 catalyst volum) were‘adapted

to properly utilize the mgke-up gas used:

Synthesis gas Circulation ratio
Ha:00 about

1.18
1,37
1.56
1.84
1.90.
1.83




‘bly hlgh ror J.na.ustrial operat:.ona. Exoer:.me tal_ mnn with

sion.

The efrcctivenees of the ﬁrocees even at atmoepher.io

preaaure hag been cuncovered at a lower. emenc preaau.rc
m.tn c:.rcula.tlon, vy ahaﬂlng that the Ha + co conaumption
bat 2 a.tm gauge was but sllghtly leas than at 10 ato.

3) thn ihe md.d.le pressure. clrculation synthssia w:.th
..cuw. §08 1s used ina u:Law.-.; m...oz' reduotion of ths
catalysts, w:.thout Tirst opem»ing with no c.rmx.atlcn
of the ga.s, the synthe 19 tezperature can be reduced 'by
about §°° to 210-212°C, ~ With water gas of the composi-
tlon of 1.28 Ha:d CO a.nd a ou'culauon pmportlon of . 7

5, 175 g of hydroca.rbona are obtalned:-on the averago,

although o ka:CO ccasuzption is not caurely 1u the
saze proportion as in the water gas.

4) Even with a oirculatlon proportion of 1:2,5, 167 g
hyd&rocarbons are obta.uxed from water gaa Fith an 88% CO
conversion. The fomatiop of nmethans 38 greater with
highsr circulation proportion, than with lover, and with
a .circulat_icn of 1:2.5 1;_3%111 ‘etha'l 19 21 8.,




: under reduced preasure. Higher etarting tempere.turea

matlon d.urlng clroulatio'x water gas aynthesla on dolomlte
: ca.rr:!.er catalyata, arter havlng derlnltely eatabllsned
the. satiai‘actory yield of total Cﬁa
With v~ry ow ntaz ting temperatures and very
sllght tempera.ture incree.aes, with a very low CO
conversicn of be‘ w 70,-, the CH. rormation is ‘
-roducoi Lrom the  normal 14,,0 to 6% or the liquld
. prod.uota.
not as much as expeoted. )

It appeare tnat the tendenoy for methane- produotlon a
a pecullar property of ths dolomite carrler _catalyst’ used.
The metbano rormtion could not dbe kept below 10% 1n 1ong
tize operatlcns with a 90,: CO converslon even with strong -
alkalization. : ) _

_IIIF Middle pressure circulat;on‘syntheais viﬂ)’
kiselsuhr-mgneaia ca-alyat uams water gas indicated tbe.t
thig ca’talyst behaved exactly like the :\lgloute catalyst
with respect to_H;:C0 conaumption, per.nlaslble lcad, CO

converslcn, synthesls tsmpera.ure and mthane formtlcn.




1) A ayn*hssls ﬁemnerature 1orer1ng by 10° was brought

about by ths carbon mcnoxidc < hydrosen reduotion or

A

thesle with cO-rlch syntnsslé gaa, in comparlson uo -

the usual rcduction uroccsa.

2) a 10° louerlng or;ths:tampératdre resulta éiﬁoVWith

‘the reduced pressure Coﬂredu;tlon of carrier-fres cata-
lysts" for mlddle'prgaaure synthesis‘wiih water'sas.
Sinilar g ntnesls temparaturea seex to be wall suited
ror tho same space velocities as.in the carrier oat;-
'lya 8. ¥For equally high CO conversion tha«H,:CO con-
usption ig équélly higﬁ,.l;é, 0.9 with water gas,
Appreclably more methanefwasffermedl(17 g) with low;
alkalinity catalysts (0.255 53603). ‘ :
3) only negative resulis were obtained 15 the experi-
ments for the direct pregsure reducglon of the dolo-
alte catalystg with hydroben— *ch CO-free gyntie alé
gas.,
4) A repea;e& scivetion of o dolonlse catélyét reduceﬁ
®ith .ydrogen, for aynthesia with water gas at 250°,
hasg been found to ha*e no effect upon the actlvl.y in
the ziddle pressure synthe ia.




1ch 5yntheale gaa at atmnépharic nresaure 1n tne tempera—
-turea or 280-u20°c Hag produced ths moot anorablc reaulte

-

.80 far. Tha simplest pracess to- be 3arrled out’ 1nduatr1-
Aally produces eepaclally high aotivity state for the mlddl

'_prcsaure synthaaia ‘which manireatn 1uaelr in lower aynthe- '
8is temperature and - greatly reduced tendancy of nethann '

‘ro tion. .
Speclal tes/s_nAve aﬁbwn that:
‘1. Dalomite c/ertalyata with 1% K3C05.. -
Re-rcduotion by the Taifun Proceaa or the catalyat
élrcady~reduced with hydrogen was successful.
S%111 better results are obtalned when green corn

i reduced by ths T irun Proceas. ,

The carbon dloxide which used to be remcved from
reduotion gases ror tba sake of safety, can be left
in 1%, )

The effect of sgpace velocity is alight as 1cng as
kept ab“ve 2000.

Ho preheating of “he reductilcn gas is naceasary.

. The reduc.ion te:pera.ure ahould mDBhly be kept

between 300 and 3so°c with thick layers cr ca.alysz.




The mathane formatlon with & 20 % co converatcn‘“‘
amounts to 4-5ﬁ of tns liquid produota.

.\_"

2) Uee or mo“e strongly alkali”ed dolamite catalyat

tha mlddle preesure aynthasl with a diraot gne thvu-
Ono might poaalbly deteot dlaadvantases o’ tnz
1ncroased alkalizgtlion 1n a lozer catalyst lita and

- a reduced.c gumption ratio of Hy:Co.

3) Tajfun-roduced 1150 catalysts excelled by a com-

plete absernce of mathane formation. ‘Their 1ife was

not, howover, satlcractory. : -

'4) Carrlen-rrea catélysta ghowed the same advantages

for water gas olddle pressure ayntnesla after Talfun

.reaction as do catalysts upon carrlera. ‘The methans -

formatlon 18 egain reduced to a mlnlu

5) A cobalt catalyst reduced by the Talfun. prooesa ‘for

experimental ressone ras’alnoat'lnactivo.

6) The gonnection ba§ ba3n invesilgated betwesn carbide

forzatlon and Iree carbon,

Vi. GExpericental atacspherio presgure redubtloh under

speclial Operatlnglcondltlonq. ’ ’

1) The carrier-free catalyst can elso be usadAwitn satia-

factory CO conversion at temperatures below 225°C., if

operased at space velocitles comzonly used in largs scale




1ng m.th a prOper Ha CO consumption w:.nh iron oatélysts
at a‘cmospheric pressure with y:. 1ds slmila.r ‘to tho

cc .ult cata.lystja.

Fozra proper oonaumpuon pmportion B.‘.CO N the clr—
cula.t:.on proporuon of Ha-rich Bas must be very hig,h,
about 12-14, The- aa.co conaumption 3. lesn aa.t:.z-.
factory m.th a lower c:.rculationﬂ prop. rtion, but oco-
nomme.l convoralona are 85111 obtalnablu wlth n.
l‘.ar.:tul effeots of the water gas reactlon are’ reduoad
by,lﬂvlng the sym:heaia gas as dry as possidble during
pynthesié. _ The synthesls temperature 1s bé_tweon’~205
anmd 225°C. ' 7

3) Bries p,ra:ummary experiaents at inoreased space

velocitiea (excessive loads). The c.italyat 1ife amd
the Ha:CO conguzptlon appeared less prozising with
a sgralsht pass than She recirculation process.

L.
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lysts, wiilch wap doveloped b Dr. Lincikh in lv~7-1°‘6
elco found the bost mothods of using 1t. The principal
constitusnt of tnardatalyst 1g iron with gmall amoﬁnts of
readily gvallable and chesp adaitzon:cubstanqec. It cen -

rated for use in a Very Bl"ﬁlG Zanner -

cnd re-fusing to form a nsw catalyst.

. . s :
The synthesls gas 1s high in CO and has a preportlon of

CO:E; = 1:0.7-0.85. This Dakes the cynthesis parsicularly
sconomical AL combined with a waler Gas producer; e.8., &
#inkler generator, 1n w§;cn ¢C-rich EAs is produced dlrectily
All converalon becomea, in this case, unneceesary. The gas
must, of coures, be purified from sulfur and froa organic gul-
fur, and if the CO; contents are high zuat also be passed

shrough CO; ecrubbers.

The synthesis 1s best carried out at 25 alm pressure

Skerefore a oiddle presegure synihesia. -




’.'L""L »,_‘ .

reactor.- The oil nrodueed is recircul tad iTne'synthesis'or
motor fuals is doqe *n two otabcs, without the' use of an 1nter—
medlatewboa scrubbing. Ths f£ixed bed catalyst overcomes any -
difflc uies-in‘sepSration of_the oll p“oduced rrom the cata-
lyats, ag well hbitno non;udlrorz distribution ol :hm catalya
;1n fhé'oii_bbcﬁrlng‘1n'tn§ processes with rlnely alvided sug-
pended. catalysts, |

4 —OF THY OIL

The heat of the reaciton lh th5.o1l circulation system
is carried away fQom Ege catalyst by the o i‘c}rculﬁ 13gelf-"
A unlférm te:peraturq 1s produced throughout th§ whg}e bed of
the cutalvst rl*hout verheating even the cost active cenlera.
TbE‘ﬁettlng reduces the forzztion of the undeglrable proqucts
which oight torn as the results or an excessive convereion.
Thé forzation of beceoua products 1s lower .han in the gas clr—
culaticn p“oceaa. )

Unlike 3lhe processes with indirect “ﬂat redov
catalyst ls’g;t disiributed in thin layers. The reactcrs used
have no insg2ts in tbsm; Tne process may well-develcp into one
involvin: the codBtrucsion oL large synthesls units, with the

wlting conatructional esdvanteges.

YDROCAREQ: NTH

Eighty~seven percent conversion the two glages were

‘obtained/l cba eyn .hesia gas with a epace/ilme yileld of 0.72 kg




of productlQ?/li catalys 5
of 150 g nroducts/cbm gae.

' "Avj' p nrimary)gdaoline (50—55p ole;lnee, 2% oxygen
T . QeR. 65 . : . .

B

ga? oil (40°45ﬂ olef¢ es, 6-lp oxygen, o n.
78) . .

:20ﬂ hnrd paraffin wax (m.p. 95°c)
1&4 gasol (about 755 olefines)
5 alcohals (chlefly ethanol)

¢he'oll cir ﬁlétlbh orocess éaniba»chénged ovefito.tﬁc

synthsaic of oxygensa ted comacund " With g pressure of 180 atn-

r1tn only ¢5 ~-30% converal n of the synthﬁals gas in g aingle

ge, and with & proporticn of CO da = 1:1,-50% and over of
alcohols were produccd in all the ‘ractlons The hibh proasure
and- Yhe higher temoerau""ea used roduce the gize of the role-
culea, end as a result a relativ 1y larger azount of lower ana
'm.dule elcoholg is produced Zhe o1l clrculatlon can, néver—
theless, bs gleo udeted o tho elcohol synthsg , and one
Goubtlecsly may expect o prodace aleo the hlbhe. élcohoisﬂwhen
uslng catalysts roated by the ters sburg aethod. One Dgy even

exp2ct that tha abovq ned favcrable affect orf the catalyst

Te 74t ' ’ ng T2akening of the ‘active centers of

further conversion %0 olefines of

& N
¥_ERACJECT CPPAU
ihe plant Aesigned for £,000 te/ann procduction and laild

¥ .% perzit enlarging 1t to 15,000 te/ann, 18 %o be aperated




=w1th off gases of the butanol and ammonla eynthus.&» ~The pro—\

‘unlta and tha gasollne and gasoil used as motor'fuala. The

paraffin wax will be used. ap.a rav materlal for the productlcn f '

of detergents, I r wnlch it 15 well sulted.
Operuuin' under such eondltlons th° ekperlméntal*pros

ductlon r*ll ‘be 0perated wlthout additlonal-goata

- The process- 1o provected by .h~ Geru“n and torelgn patent

applicationa as f‘llc. }
112-18-35 (0. z. 9 101) -
11-5-36 (0.2. 9 635)

3—%1-39 (0.z. 11, 461)

In. -eddition, the 1ron catalyat which so far han been

found best, 1s protected by DRP 708,512, 11-1¢-35 (0.Z. 9,099).

/ /‘Duftechzid

October 9, 1942
BRIEZ REPORT ON TH: HlJPOC&RBO SYNTE=515 FROM
CARBON OIOXIDZ ARD EYDROGEN BY TH= CIL uln""LATION PROCESS
- ~
. The data required for the calcula.‘o1 and design have
been obtalned in the 9 te/mo pllot plan:.for the developzent or

synthesls of motor fuels and paraffin frod water gas by the oil
A\l .

circulation process.
The o1l circulation process Za_chargcte 1zed by:
(lj The heat of the reaction 1s absorbed by the ciﬁ—
cuia:ing oll from she catalyst and carried aray. The




n. 15 tnarerore aolved riuh the almplest

'bpossible re ctor conatructlon (towere wlthout 1nsets)

1nst“llgtrbn w21 consls. or °2 torers, filled with tho
ca lyst»ulthou any insets.

(4) The synthesia plant groper ;g the pd"antnve
over the Ruhr ham*e-”ksch;r plants by requirinb less
vtLan ono—.alf the costa gnd about one-third ot the
requirezents for maté: als (iron aﬁdiateel).

: A he copt of a 100,000 te/ann piant'(syntﬂes's
Pl ant without 528 production and without the usual

auxiliary uni.s) vlll amount according to the esti=

zates of the M.T.A., Ludwlgsbaren to Rd 4, 700,000,
0

th an g@dltional 80%,02 ,“OO ror thﬂ catalyst
prcductlén.

(5) The sfi;peela requires & CO-rich gas in propor-
tlon of: £0:50-56:44, pgroduced directly in the Virkle‘
gas generatiors. No converaslon is necessary; ,

(6) The primary products are: 40% prizary gaaol‘ne
w1th an 0.n. 62-63 (¥ith 0.1 ThL - 81-85). The 2% oxy-
gen convent can be rexoved py treating with aluzitna

waich will increase the o.n. to 70-75 (with 0.1 TEL -

o,




“12p vropans
423 propylene
7% butane
26" butylens- .
1aobutylene

\ .

methanol,

“highsr aicohols}"
acetaldahyde, NREC
acetone eto.

;Tp@ proportion of the products can be mltered

7

within Qprtai lioits.

7) Ona hundred ang rlftv g or ths-above producta ncba
CO + H; have bcen obtalned go far in tha pllot plant
Further develcpmen possibillt are preaumably
still yrsrcnu in the process (variatlon n. tne cacal)st

migsicn of the final purification of the syntheals gas,

v 18 therefore auggeéted that a productlbn unit
20 -~ 10,000 te/ann be 1né£§iled,1n sooe already.
projected plan:Awitn an avallable sultable.
gas eupply: The ccet or such a plant, including ©
cost of the ca.alya.s, will amount to RM 522,000, for -
the 5,000 te/ann unit, or R4 809,000 for the 10,000 te/ann
unit. The ccnatr uctloq of a 10,000 te/ann unil would

require 380 e iron and 0.8 te copper.

/8/ Duftschald
. -~




Vo August 11

STAT OF EXPERTMENTS Of -ALCOHOL symm&:szs
L _,BX_THE OIL CIRSULA ION‘PROCESS ‘

Dr. Muller-Cunradl haa orde*ed in February 1940 fbidhaqgej'i

nover the oll circulatlon orooase o the nroductlon of higher

alcoho and to conduct the proper experlments,_thls was done
from February To May 1940 1n a 160 11 reactor, in which ths
earller hydrocarbon synthesls experlments have been run.

Tn llne with ths then exintlng 1n¢ormat;on on_the hydro~ o

.carbon’ synthﬁsls obuained in our orn ezperlmenta, tho rolloving
. operating oonditlons wore Buppoepd to result in the lncreaged’
formation of oxygenated oroducun. »

(1) "h° uge of hyd-ogen—rlch syﬁthss-a gas.»

{2) Uee of hlvher pressures.

{3) X ete coaverslon.

(4) ”he use of special catalye»s. i

The catalysts ‘avorlng the ‘formation or ox, genated coo-

pounda had first uO be prepsred, and moreover the erfec. of
o;eratlng conditions had yeg to be deterzined, and tho 'lrat
seriee of expe: Trinents was thererore Tun with ike catalyst 997
prevlouslv uged for the syﬂubesle of hydsoocardons (reductlon A
temperature $00°C). Experlmenta were run with hycrogen-rich -
synihesis gese CO:H{ = 1:3, with a converslicn of 30-40% ins ad
of the 503 cozmenly used 1 thc synthesleg of hydrccarbqné.

The cperating press was varled during the course of

the experigzents. The followinkg pressures were uged:




'150}atm
_ , 180 atm. T '
The presﬁu.e of °O ata was nlao usea be§ause of the.advan£Aéea-
'or having 8 process ualnb the same kind o: equlpment Tor ths
synthesls or. hydrocﬂ“bons and or alcohols. The hydrogarbbn

eynthesla_was_supposed.to operate at 25‘atm and carrying;but'

the: alcohol gynthesis in .t he gane mlddle preasure equipmsnt

-

would nat urally orrer 8CR e adVan.agEET'_—
T“n “rlunnts led to the follo

1th our- enrlier obaervanlona.

The oxygen content or the prod c.s lncreasea witn 1n-

c"eaeea pregsure.  Ths average'oxyﬁen content of tnc total pro-

duct, including the éaqol, calculagéd-from ahalysls of the [

verage O en Content

3.5%
7.5
ll.é%
180 : 11.5%

The formalion of waler-goluble alcohols ran parallel with

the gbove:
Proportion of C,-Cse

Aleohols Ain the Zotal Product

18.4%
24,72
40.5%
36.2%




arge excess or hydrogen reaults ina h¢gh propor—

tion of tbs low molec
m.tn some cx,' Cs andCs aleohole).

‘.”he lncreaeed pressurs ‘also results in en uddltl

1ncrease in the prcportion of the lowervalcohols .

"‘ns above "eeulta show that.

Tha ‘nc*ensed hydrogen conwsr qf tbho  aynthes

&as ralses ths’ oxy ren content or. ho %o tal pro-
ductc nE mh? lower ulcoho c partlcipate or fer-

ensi ﬁIly 1n T 3 *ncrﬂaaed produCulon of oxygenated

co::mounds .

The lhcrease in.pressure-affects the increased

%otai bxygen content a \;;11 a3 tkhe formztiion of

tne_lowér elcoholsg ih the éame ¥ay as’an increased

hydrogen’éonpcnt of thé‘;yncnsslc gas. 7

T:e :ellcwing =a¥y Lo svated wilh regard o ths'rofmﬁv on
of hgdrocarbons whlch.procnedsalde by side wita the .oduct‘on

of ozyggnated cozpounds:

-

The present resulis uerely confirs the éarlier ones previously
obtalined: thus in experiments with an o~ernu1ng presgure of
100 atm, other conditions rezalning the saze, 5.5% of watnr s0l--
uble alcohols were obya*ued when the pr o“ortlon of CO: = 1 1,
and 15,74 of water soluble alcobola were obltalned vi\.h Co: ='1:3.

An examlnatlon of earller- tésgtes for the synthesls of. hydro—
carbons wilth the synthesls gas in proportlon CO:E; w-1:1 ghowg
ru‘tbermare that The increace in presaure favors the formatlion
of the C,-vz alcohols:

Cppau 130 ata vSEv, alcohola 68/ of the total product,
Aersnburg 200 ata, alcohols 12-14% of total products.

s We understand in thils case by total productis. all the producis
with the excepticn of bh¢, Caf s, CalHs, CO; and Hy0.




The lnoreased hydrogen cont nt 1owers the

fpercent ef fna oxygen-free product; 1n the tota
. produets. Thig. ln me ly another statement of
: the ract that ths oxygen derlvat1ves have 1ncrease'
"It results, however, in a strlking lorerinﬁ or

the molecular welvht of the nydrocarbons,'uo that
‘much gasol (C; and CQ) and llght oile are rormed
 The rlse in preaaure arfecta in this reapect the<

- proceas in the same vay . as tne 1norease of. hyd*o-

gen in the synthssla gas.

Ths’eXporlmsnts were run wltﬁgfho’purpose of p:dduélng

synthetically prizmartly thd higher alcohols, and the above resul
could not bs consldered very eatlsfactory in uhls respecc

e The gcncenc} to grcduce chiefly low Dol. v, producta is
'nrfectcd greatly by the ;emperature of the synthesls. This view-:
polnt ‘has, however, been taken Lnto conaldengiicn’ r:gh: froz the
giart in thla sexles of e19erl¢en.n, and the catalyst was re-
duced at as 1ow a teoperature as possible (500°C), no. izprove-
mentg could nowever bDe observed with the catalyst 997. A gecond
_posaibili:y zight have been offered by—a change of zhe‘COhHa
. Tasio, xpcause the CO-rich bas produces nore n‘ha-bozlinb oils.
This ueasure was then used as shown bel w.

The higher alcohola (C;;-b;o) werevpartlcularly desired

for the production of de»erbents, and would be contaihpd in the

higher fractions of the 0ils produced.

: 100 at3 150 ata 180 ats
Fater soluble oil, 150-250°C  9.2% 9.4% = 6.7%
Water goluble oil, + 250°C " 6.8% 4.6% 2.e8
Vacuus fraction (1lzm 100-200°C) 5.4% 4.8%2 2%

v




‘formation or only .8 Very. small amounu or hign bolllng"oll

,constltuents.; e f

The averawe moleculnr welwht of the alcohol in tpls ‘frac-

tlon ras assumed to be Cig, and the alcohol value .aa,obtained

-fron the aaponiflchtion and hydroxyl numberb.* ' -

The fraction conslsted .he“eforo of WO-¢O% alcohols.- Oné~
could obge;;e haro no clear rel atlonahlp beuveen thls Value and
preeﬁure, and tne»important_qﬁestlon of-whuths; the higher alco-
kol Odntenﬁfincreases %1%h in reazing preszurc':uat’bé atill con-
gldered unanswered. e cannot cv;luaté in this respect the tent
at 20 ata bocuase 1t failed to fit into the ploture and produced
hard¢y any higch boill ng o1l,%% -

" Cne Zay notlce the relaulonehlp betreen the EXperlunntal

nd the space/ting yielad,
180
35-260°C
0.95 kg/11,cay

process cay perhspa prove of interest in
the production of lower alcohols when operating
with a large excess of hLydrogen and at high pressures

ihls zeihed leads to hilgh alcohol results, as has been shown
by more sccurate analysls. - . .

** 'Experlence hag shown Sthat after catalysts are cperated under
_more exireze ccnditlions, they no longer give normal values when
cbarged over to milder reaciion conditions., The order in which
‘the tests were run were - A*ra. cperating at 100 atm, and only
thes a% 20 atm. —

e



(5oétm:and.o§éi).’ Apureciable amounts ofbthe
'Ca and Ce hydrocarbone are stlll formoa in that
ay, ana‘ he process’ coulc be run 1n conqection
~€wlth thé'c 29 process. In this way addltlonal
amduntu or"b‘tanol, enyl alcohol, aleo alnehydea
'and ¥etones could be- obt nqd.___ ' _
‘Ape_lmenta vlth thc ay Ths _uigaS»Cdiﬂg = ;°1>nave5been
'_run' after iompl ting the teuts with hjdroben~rlch ynthesla.g B}

the pressure was 120 atia and the conversion 30%.

As expected, the amount of thez higher bolling consvituents’

was increagsed with ths higher curbon monoxide content,
ob tained

24.0% gascl -

21.6% o1l - 150°
12.7% o1l  150-250°
9% 01l + 250°
32.7% lower alcohols

. .

he C,L—C;g rféczlon now amounted o 7.2% of the total preduct,
¢ were, however, surprised to f£ind that tha pfoportlon"
o‘younds heg acturlly increaced in this Mgher:

. 1:1
Hydroxyl nuzber ) 60-65
Seponification nuxmber 89-95

products ¢ the following coxmposliicn

seshanol

eshanol

Sropancl

alcoliols CQ"C;;

alcohkols c;a-Cao

vater goluble fatiy ac‘ds
‘a..y ‘acids Ca-C;;

fat >4 aclds Cxa—bzo

"



 26.5% hydrocarbon 200%C: )
" 73.5% hydrocarbon = 200-300°C)1/2
3. 5% hydrocarbon; soo°c )

Ilelda-170g/cbm converted co + Ha
'Rhactor temnerature’/

" Bottom  -{ " eseoc
qu S 260°

Ccnversion 32,5» of CO + Eg

"In our later work we retalned tne rollow1n5 opefating con-

‘ditlons; -

(1) Incomplete conversion, with the degree
of conversion reduced %o 20-50p

(2)-C0-r1cn synthesis 533,.00:83 = 1:1
(3) Pressure 180 ata .
.“he 1ncreased yleld of high molecular welght alconola

to be I ored:
(4) By ualnb oxygen-comblning cataly

(5) By selection of catalysts Operatlng at
lover temperatures .

Dr. Linckh has accordingly celected tha(:oll ng catalysta:
Catalyst 1227, especlally active-in rdrnins 02
Calalyst 1374} especlally active, operates well even at 1 atm

ALCOEQOLS
Tesgt nuzber
Catalyat number
Degree 0o conversica, % of CC + h,
Pressure, ata
Space/tine yleld, kxg/li,h
Yield g/cbta CO + Hz conversion
Cold catchpot oil, % by we gn. of

uotal prcduc~161 )




i
e

Tall gasoil, & of welght of “total -
o preduction - L }
CActivated charcoal 0115, ‘% of welghx
by total production - )
Water soluble aleohols, % of welght ‘ et e
.. by total proGuction - : w o 8.9
Gasol, % of weight by total groductlon - - 31,8 1t 30,2
Reactor temperature, bBott L T 250-260 - 195~264
~—Reéactor temperatwre, top % : : .7 270-280  224-274
‘Percent C;a-Ca fracblon in total Co s S -
‘production S 20
Snpcnirlcatlon nuniber of C.z-bao fraculon 4
" Hydroxyl number of Ci15-Caz, Lfraction : 4

Ay

audlv v 1 27 did not produce the deslred'lncreuse in . N

at 186-224°, btut requires

;perature in oréer o maintain conversio . It

roduce soze lron carbonyl at the lower

-

ed ue o sBuspect vhwt Ihe forzation of

the carvonyl reiuced the activity of tie catalyst.

intended %to repea the test with catalyct 1374 at lower

forzmatlen cf the cartonyl.

ulsvicrn

PR
Daaniviin

catalysts have teen
egpsclially cdevelceped by D-. Linckn fer

We gelecsed catalysts =hich zave the




thesls (wltn a good alcohol and 011 yield ﬁe,

-based our cnoice on the assumntion that tne éat¢1ysts which
 3175 hign ylelde 1n lower alcoho will prodace hlgh molecular
."elght alcchols under other operatlng oondltlons..v, «_‘é' ’

. These exneriments have not, horever, brou ht ug much

6aer toftne solution of the;problem bece use the reaults
cbt, alned vlth lDBt of th°se catalysta were very s-mllar ta

has° obtained with the catalyst 997 in the large unit.
lvst 99? waa.alsa_uaed in t:;'newpd§1t for purpose or_cot;gplsonj
and proved, in many respects,. the bést,‘ The hydroxyi numbe%é
‘cf the C;a—cis'f?acffah<€iéeeded sllghfly_thcse obtalned‘p;e
vlously, and this cataiyst e%ceiled'¢apecially 1n'zhé'uni:6rm1$y
of operatlng cond*txons vhen co“parcu with the newer catalyat
which gave fluctuatlona in tne courae of the ayntneala.

The new unlt also lald at rest some of the uncertalniles

about the 1rregularltiés in the operﬁticn cf tné larger unit

In the l&rgef unit the preseating of 0ll was dons by direct gas

firing, co that any possible small difficultles in the circu-

:lation could have resulted in a harmful overheatling of the. oll,
th a epllttl?g of thc~h1gher alcohols. o gns firlnslwan'

in the new unit %here it was3 rﬂplaced wlth sieaz hed.lnb

a temperature control. The 1a:ge unis ales will later

this eocurce of danger excluded,
The next experiment was run with catalyst 1432 which was
recozzended by Dr. Kuller as being oxygen-active as a conclusion

frox work in the larger unit. The catalyét cperated ihroughout

very uniformly. The circulation oil which coniained the higher




rust colo..‘ However tbe alcohol rormatzon was .n gener
entlrcly slin ar‘to that 1n uhe othsr preliminary experimnn'ca°
.hone ‘of- theae etperimnnts have bzen successful ln
'the.absolu amounts of thn hlgher boillng rractione, Ho cata-:-
ysts have been roan wnicn permitted lowerlng the syntheala ‘
'gemperqture. nd tnyﬂsby o ercomlng tne sffect of pres sure ‘on
 red&c1ng he alze or moleuules. ‘ _
_ e lea rned at that time the results on synol nrocess
,dbtaincd in e"seburg
”hvy found t“at apecial condic*ons of re-

Quciion of the catulysts (with a. large azount

of hyarOren) peralutea uslnb the fused lron

catalyst at 195-220°C. Wwith tneso'cat_alyntu

&n zlcohol concen raticn\af 804 in the middle

and upper oil fracfions could be Abtalned at an

operallny pressure of 20 atm.

Yerseburg/has found, in this way, & solutlon for the pro-

blea of production of figher alcochols froa CC + H,; using iron

catalysts.
adove wofk in the oil clrcul@::on process should
leave no doudt about the applicadbllity of the Lergeburg results
%o work with the oil circult. Their work germl:.ed chansing
froz the high ﬁressure synthesis field %o the ulddle pressure
syntilesls.
-¥e are getil ‘fcr runé using catalysts activated

vhe Kerseburg method ihe operat 1ng cc“di.ions will be 25 ata

-




i ,“

-

. 195—225° 2 tnn eonverslon knpc low, wlﬁh a temperature possl—

bly eelected somewh&t hlgher ir required by *he oll phaee°




_ UNITED SmKTL
DEPARTMENT OF PHE INTERIOR -
"BUREAU OF MINES -
e OF“IUE OF SYNTHWTIC LIQUID FULLS
mu:sxwa, mssouaz

T-464
) M. Sternberg
December 15

THE STATUS OF HYDHOGARBON SYNTIESIS
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-TQM*ReeI'164:”Sramos'1434153f‘

Gosg '1rchlgt1 n ?rooogg
(For Gasoline Produstion)
“Ths gas circulation process was developed to overcoms
the peculler difficultles of the CO-Hs synthesis with iron
ts which requires a‘vory careful heat regulatloh; Tem~
peratures of 300° and.abov ‘which nust be uaod for tne pro- '
duction or.hlgh Anti-knocs gagolineg, can no- lon#er be obtained
in tubulur or plate reactors, )

In ths 5as circulatlon the heat or the reaction is
not leé away through the wall bul by the reactlon gas 1:se1r
and led to a waete heat boller outside the reactor where 1.
is cooled to 50° below the reaction ~emperature, the waste
heat boiler can be malntalned relatively saall in slze,becausé
of the large difference 1n temperature. No éomplicated lneets
have to be bullt inside the resctor. Ths texzperature interval
inslde the reaction space 1s limited to 10° by She absorption

ty the gases- 6f the heat of the reéc:ion, and the makeup Eas




':'mnst be clroulated about 100 tlmes between ths reaction apaoe
jand the waate heat boller in order to-leave the clrcuiu wr%h
Aa 75—80ﬂ converslon. In adﬁltlon to the above hot olrcult

there is a cold c1rcu1t wlth a oL ulutlon 1ns1de tns cold
clrcult of about three tlmaa. Its purnose is ths reaoval of -
water by cooltng~t0’the’temperature or the'coollng water and
the deposltlon of the high- moleculn. welgnt “eactlon productﬂ
whlcn kit d otharwlan clog tho catalybts. The gaa whlch
finally leaves the sycton 1e cooled to about wa°c and ths
' 11ght gasolino and tho greater part of the gasol are also

condonsed.

o ‘Tho carbon dloxide 1s now removed and the gas led

through a gecond stage which 1s nbout four timen smaller,

and ths total comveraion is increased to over ©O5.

A catzlyst ot verx hlbn mechanical s:rensth 15 réquired
because of tho great gas velooity {the tize of residen :co of the
cas lﬁ the catalyst bed 1s less than cne gecond)- Operntlons
up to 5CO° with sintered ca;bonjl iron and a small azcunt of
Vborax have been foeund sa:iéfactoé'. Th{s catalyst showa no
tendency for *soing through®., I1ts hea?% cénduotivity is g0
good that no local temperature riges develop dus to overheat-
irg. 3Ihe life of .nls catalyat bas been found to be around

4 1/2 zcontha in emall scale %ests.




”?@he'pfesélng‘of’ths”cétéiy P rders nust . ba dona
wlth very vlgorous nhaking, slnce only in that nay can a
honogeneous catalyst grain ve obtalnnd and the ca lyst

wquld.otnerwlse show a tendenqx to scals durlng operatlo'

High-testigésol;ne‘lsnobtalned by operdtlng at uftem—j

‘porature of 300°C or over. The breaking down of CO to cnrbon
1s prevented by not parmittlng the uemporatura to axoead 330°C
A pressure of 20 atlxm has been selected. Tho efficlency at
s~aller preaaurea is 10he., while at nigner preaaures the C
content 1s“nlsher. The space/tm~ velociuy in the tl.st cta§c
is 0 8 end 0. 6 in thcupggond etase. The gas aiXture bas  the
£ame p soportion of COE, as Ln water gas, nazely 4 5 and even \\\—
cleser to 1:1. A high content 1n inerts slows down‘the pro-'
duction. The gas productlon with axygen 13 therefore recomacnd
The sulfur content zust be bolow 208 S per cublc meter.
. Finighed Products
(othylenc 8%) 15 polymescs 75 elhylens
(propylene 9%) gasoline or ‘lubricans
Gages (exoept UO% (propano 3% 38 alk. benz. 8% propylenas
methane and (butylenec £7 (5f Lo atane) lubricant
e%thane) . {tutane 2% 7% 18> octane

Gazoline, -200°C 474, rerlnedbéiﬁ, o.n. 84 . 44% =o%or gaso-
' line

uidale oil, _ o
200-350°0 : catane nuaber aboud 50 . 15#% Diesgel oil

. . -




Alcobols in water - . (559
< of roaction - . 73 (20% propanol , -
SR .o ) (Balanoe. butanel, ace-
. taldehyae, aco-~
tone and ecldas:

le-zoﬁ g sification (methana + othane)’ to- 80-82 parts oI
tha above prcductn :

ReZ 'xln' of Gunllne

The orude &naoline contalns 3-4% O and cust be refined.

This 1c done by passing at atmospheric pressure over aluiina’

at 380° and finally over bloncilng earth &t 200°C. The*loas
or zntérial azounts to.5-63%. Tho octane nuqbe:wgr'tbé brd@é;
gasoline 1z tnarabj increased Iroa )-7¢ to 64 (reassarch
pethod), with 50-553% bonxng below 100°C after roﬁ.:ﬁ.n*. ‘The
reflncd‘gaaollna 13 siabllized with alpha napht“ol, ‘and ‘has
chown a atorage stabllity of 2 1/2 yeara in a speclal atora,_a

vest,

Zhe Unggtupaved Gasecs

The olefines can be ueed in a variety of ways; the
butyléne Zraction containa 62X o-copounds and can be uged

for ths productlon of sechnical grade 1so-ootane; propylens




Ths mi c‘.dle 011 200 :sao"c, contnina 1-1 1/2;4 oxy

and can be used as a Dleael 011 1thout any pretreatment.,,;ne

estans . number i 50 the pour polnt -28 c.

fron 01)

The niddle oll produces with SOa 66% of rerined pro-~
ducts nnlch wll; fora 607% ﬂotor 011 obtalnsd by polymer at101

With A..Cl;.

Two stage Opératlcné with a total oonversldnﬁcr 91-92%
of llduld.producta {after yolymeriuation of the asol) ‘will pro-
duce 133 g wl.“ouu ethylons "ee:very, and 14~ g with eth&leno
rccévery, (which reguires a Linde plant), pa; ‘nctm of pure gas.

About 805 of th2 production is gasoline and 20% Diesel
Se T

A circulation renctof which was oariginally planned for
800-1000 te/ann of crude prod;cte and had a layer of catalysts
60 ca deep has been used at 325°C for a long tize with an inert-
rich off-gag of 3he butyl plant, with an_adjustedvoo.QOntenta




UThstreéctéf‘operated.de’é?peoted- It 1ndlcated the dealrablllty
or 1mprovem°nt8 1n ‘one’ “espect only. The crosa.aectlon of tha
gas clrcult oh“nged up to 1 10 and the velocltlaa or <he’ gas
stream could change corrospondlnbly.. Thsy crlsinated 1n the
turns 1n the gas path Gas eddles were looally produoed which
1nterrered\wlun the passlng tnrough the cutaljst bed.- 'Dlviding
_the patglyg;.bedllnto several lntarmeq1ate spuces_on qxfrereﬁf
levels nnd ﬁith'sm@ll_1ntermed;aﬁe‘s§aéee.was an 1mpro; czent.

The neyw conaﬁ;uctlona ere made with this in mind.

" .Foom Prooggg

’TT/\\§>~13 s a proceaa in the llquld phase %1th the fines

dlnperelon of a floatling cutalyut and tho gas oust in thla
prcucaa he dis:r: ased througnout the liguid in the forz of
ths minuteat bubb%gg} Such a finc subdivislen 1s obtaéneq by
elther intensive ag%irring or by using fine-pored fddh.;iatea.
Thie method of operatlon bfrers tho aﬂvaﬁtages af avéidlng_v
any loccal o%crheatlng ol the catalyst *hlcn,maq lead %0 a high
mdthane production and %o a depositlion of carbon, and the gasi-
ficatlion ig lowered %o an ‘insignificant anmount. In additicn,
the oatal&at 1s uged in 1ts sloplest fora and can be renswed
wlthout'lntarruption of operatlions. High boliling “odacts of
the reaction are used as -the suspeasicn mediumz, and pincipally
the paraffins. o

"he foan proceas wae develcped for tne prodnctlon cf an -

olefinic middle oil. ;ne amount of higher boillng constituents




hlgh boillnb products are dlatllled over and must be_returned.
The preferreu oreneure 18 20 atm like in the gas olroulation

' prooess.

Ths rOam is produoed by neans of stlrring wlth a ver-
itical shart mixer a shért distance above the: bottom of the
vessel, This arranbement n“a been found satlaractory 1n sza1l
ncalo Tuns, but atlll or‘era ca"taxn ucchnlcal dlfrioultlea ln

“large scale operations.

The use of a fcaa plate in place of a mixer 1s_techni-

cally izpler and may be readlly incorporated into large scale

operationa. .
The catalyst slnks in the liquid phase 1n tha course
of tlme, and the CQ.al liquld zuet be slowly moved upwards.
Tko gas and the liquid ere separated above in a cauchot and
the -11quid again re.urned froa below %o the reacicr - The cool-
ing can be done during the return of tn liquld to remove tﬁc

heat of the “eac.lon.

Catolyst-and Regcticn Conditicng

A finely divided highly active iron éa:alyéc 18 well
adopted for the procees, €.g. a finely ground reduced precipi-
tation oxide catalysVv. Oxygen 1s excluded by grinding the
catalys®t in oil.




The suaco/tme efﬁc:l.enoy mcreaaes wlth the pressure,
het»er enioi ney 1‘eaul a in a. eavins of reactlon sua.ce, a.nd »
tho equloment coé are kept Low by operatlng at 20 a"cm preasure.

b.en Operatlns ror the produotzon of middle 011 arml.
na.rarrln the aynthesiu iz dons in the temperature range or
200-—250 C mle in the. proceaces ror gaeollne the temperaturo
ra;xée 1c around 300°C h order to obtaln high ootane numbera.

re CO than Hy 1o. consumed in the reaction gaa.. A.
progorticn of CO:Es between 59:45 and €0:40 ls rocozmendod.

~

Miad :

The purpose of tho middle oil process wa3 the, product-

ion of a maximun amouﬁt of,oiefi@ed. Iron obtained_froa fgd
Lron oxlde,>flnciy ground with a‘abcll'a:ount of pataésluﬁv
carbonaue ar potasslum borato wag ugsed as a catalyst..

The operating terpernture was 240-250°C. The spacs/tlﬂa'
yicld of the stirrad reactors was 0.4, in the foad'plato roactors
0.2, calculatod %o the volume of the liquid phase. A certaln
q;qzcellé lef in tho preduct digtribution bty ths'propcr celect-

icn of catalys%a. Zhe preferred proportion of products was:

Gagoline, -200°C ) :51,—
Kiddle oil, 200-3%0°C 0m
Paraffin, +350°C 395

100%
In addition:
Gasol - 2-4%
Ca, Cq aleoboln in the e

~ water of rgactlon )
Gagification leas then. &%
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ﬁsmp Oﬂdr4t'¢ﬂj ran 1 mcnu undbnu, v

#tages, Lt iy Teoos “andad tq_udnvurc‘ﬁo—doﬁ'c:_thp’cofﬂg‘mtx

reaent 1h aVc"“'utnﬁv,’WL:h an intermediate: removal of

whae tLJ~pcnzonta'crvuhc inerts in. tho Sakoup gdn.urd -

“cperations can 30 b¢ ccndu.ncd in onc nt&ba by return—

33_ thae ult ar:er'wasnlng out tho carbon ilbxldo.

£inn Content’
6%
663
443

%e3s of & 23C-350°C fraciicn of one ru
ol the low olefins content

und o7 tha detoraination of the

70%
745

ia 61 ?.}“Zbulmi Approxl natesly

2i409n minZie o1} fractiones.




0044

wnen 0perat10ns are run An more atabes, e,g. 1n three~
etages, 1t 18 recommended to convert 50-604 . of ths CO—Ha mix-»
ture’ preaent in every stabe with an 1ntermediate remcval or
COa. whsn the contantn or the inerts in the makeup gna are

1ow, ooeratlons can also be conducted in one atase by return-_

'1ng the gag to ths olrcuit arter washlng out the carbon dioxida.
Guslity of the rodue"

7 Tha gascllne obtalned 1n the process ror middle oils
has an octane nuaber (R,i.) of 72 after rcrinlng.
The olefine content of the middle oil has been obt

by hydregenatlion measuremsnts %o bal

Fractio
- 200-250°C
250-350°C
300-350°C
e olefine condent of a 250--5r °c trac»101 or one run
was found tc be 60% averays in splte or the low oleelns content

- of the hijsher fractlons as found by the detornlnatlon ot tae

hydrogenation nuzber,

The straight chaln copeur dn of the individual frac- .-

tions have been found to ba:

206-250°C 69%
£50-300°C 70%
300-~350°C 73%

, Ths ‘amount of products ls dlatributed approxizately
o slzilarly t0 that in the indivicdual =id4le oil fractions.

-

B - i ) e




Casollne, -200°6-— 15%

1iddle oll, 200-250°C 15,a
., Mddle 011, 250-350°C 55p
. Regidue, 350°c

Coks -
. Gas

ZOnly about one-third‘or-tnéfparbrrln 18 of burficl—

ently low unlecular welght: to permit its direot use for para—
fr n oxida lcn.

Ugen for Middle 011

e:a#g§nﬁ6'“ _ _ , 7 _

A direct addltion of HaS0s to the olefines of tho middle
011 of the 230-350°C.rrac§1§n produces sulfonates accordélng to
ths,:ork‘dcﬁg at the zain laboratory of Ludwigaharen; and thsy
zay be consldsfed very higb-grade detergents. Ths balance of
the neutral oil, unlegs used as Diesel oil, can be convcrted
into “Mersol, an excellent detergent, ﬁy sd;IocnIorlnai;on, or
into aryl sulfonates by condensatlon with beazol and sulfo-
naslon. _ , \ ‘

Turkey red olla;>$r leather olla, can be produced by
sulfonaticn of the unsaturavted constituents (230-350°C) with
emulairlcation of the aaturated'oonatltuentn;, '

Leather oils can elso be made by oxidation of she cicdle
‘011 fraction 270-350°, and leather fats can be cbialned by GXi-
daticn of paraffins (Dr. Pfirrmann). ’




or carbon monoxlde and water to olefinen (830-350°C;vﬁﬁpp0
prccess) e .' PR L 9
_ Aldehydes and alcohols can be obtained by tne addition
:~o$ carbon monohide end’ hydrobenatlon to the olerlnen (oxo0 pro-

cess or thc Rurhonomle)

ubricants a Fuelpy s Lo T

Ths nore strongly b"anohad mlddle o1}l or tbc gasoline -

procesu can p“Cduce lubricants with viscogity number.nr 105 -
whioh will mﬂet all the specifications by poly"crlalng with
'_alu:inuz chlorlde aftar purlrlcatlon fith'sulrurouu aoid
The. middle ol_ froa the middlc ol prccﬂes 13 atill betterv~—
uxtcd for the productlon of lubrlcantn because of the larger
oPOrtlon of utralgbt <hain compounds. -The beavy n&“htba
+100°¢C, can be polymerizeé together with the niddle oil. A
.lubricant with thc'vincon 1ty nusber of 114, and a vlacosily
£ 2.0° at 100° can be obtained with a 47p yield It moete
all the requirezments. Ths middle oll fraction. 200-3: 20°C has
a cetane dumbn of 60 vhcw ueed as Diesel oll. Its péur point
1o -10° &nd 1s therefore not entirely satlefacsery. It can,
howxever, be made to weet the astandards by lower cut and by a

1ight cracking of the higher constitusnts.

Gasoldane Progega

Increasing the tezperature to 310‘.’0 and returning the
d1stillate %o the llguid phase, §roduceg the following products:

,
— .




”Gasqllne, -2oo°c B
‘M1ddle 0il .ooo-sso°c
Pararrin,

Y-
eae:.r:.cauon ~ . about- 155'

”he enriched "asollne no obtaxnad hau an cctane num-
‘ber (R.u ) o 78 aftsr refin 1ng.- 23.
The gnaolino procasa has not yet bnsn tos ed eapo“i-

”mon.all” ovor, lonver per cd or alms

”he lleld in quuld and Solld Producta is Hlsne»
: necquag of the Lowor - Gpsificntion
160~l70 sramo of ligquld produots can be readin obtaln
per aorzal cubic ceter of t&e FwTe gas, W
%o be ‘added. It ia expcc:ed that ylclds ol over 170 s =34
obtainéd in the fulture

Test for tho nppl catlcn of the CGas Circalation and - vha

Toam Processg for the Prod otien ol Synol Productsg

.

" Tants wit h tho aynol ca-alyats of Aifferens size Of par-
tlclee have been run in the 4-llter gaa olrculauxon reacter
Cperations were conduoted for five weeks at 195°C with
a 5—5 ma particle size and the space/ftine vield of 0.4-0.5.
vor 'lve weekg the space/time yleld deore asea suddenly
catalyst was plugged up with the products, some of the cataly




became soft and could be grouna un between thn ringera.. Reclr—‘
"culation or the products with’ a 50p oonvereion- 3roduced nly
 one-ha1I tne alcohol yields a alnst cha Leuna aynol prooeas.
”‘Olerinea replaced the mixed alcohola. Converslon was thén ruf-?.
ither feduced Ln order to reduce 1o ono-third the, resldencb

”tlme with the catalyst. The - produots nave not yet bean studled‘”'

any close;.

COa“aer partlcle ot cat.lyet (12-15 mm) had n longer

11re but the BPQCG/tlmG yield obtalned with thsea wapo only 0.2.
onratlona oould not yeu be conducted by thn roam pro-
cess at 195°C with the finest slae of cata-yat because the .
opaca/time yield_waa too low. At 210° the apace/tl;e yield of
12-0.16 has been reached. " - Invostlgations showed the producto’
to gontain 75-80= of the alconol contents of the Leuna producta.

The eXperlmenta are beinm contlnuyd
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uOLID ABCLATlCu N ”HE HOLD 0 PITCH
: . HYDROGENATI N PCELITZ

By E@Qnta

1011 Reel 164, Frames 190-192 : D July,is, 1941

The ample consisted or 100 ks llquid pmss LD

obt alned in the hydrosenatlon of pitch at higher uoncentra—
3\\' . .
* tions or pltch

"he p ch contained

49, 6F solids (benuene 1nsolubleu)
50.4% o1l -

14.6p ash in the soli

8 87 soluble asphalt in oil

b‘Oll:‘ specific gravity 1.096/50°C

nation of Solild Arozatiog.

A

' lo speclal enrichaent of nny definite solid aromatics
has been found in the HOLD, not even of hydrocarbons like car-
basol, pygéne hnd coronene which have been found %o be parsi-
‘cularly atable in the indusgtrial nydrcgehatlcn préqesses. Car-
bagol 1s p:pséht in only slightly higher concentratlon than in .
the other liguefaotion olls, pyrene 1s alzoet abaen., and coro-
nene in only- slisntly higher concen:ra.ion.




Tes =4 have ahown

1) raol = about O, 2,; (or the total we gm
or FOLD)

Thia ls approxim“tels the same amount as 15 usually
found in the 11quefactlon oll rrom bitumlnous coal tar
tch. The presence of carbasol ln FOLD is axulalned
by the presence of carbaaol in'bituminous coal tar pitch
'2) Ryrene Lo .
Pyrene is occasiongllj‘pfasent :b”theAéxtent;of

10-155% in the cdal liquefaction products (especially of
1l.t.c. 0ll) end 13 depoaltsd in ths cryaualllne rorm
during thg- rraotionatlng Vacuum dlgtillation of the
1l.t.c. olls, bu;gp;ng has been found in the pitch hydro-
genation producta. _ _ o

The forzation of *y:ete in the coal liquefacticn
products ls probabl; to be explained in tha prefornatlon
of the pyrene moleculcs in tke ntarting producta,

3) Goronene - about l.5ﬁv(to total weight of EHOLD)

About 0.25% coronene 1s origlnally produced in
the vacuun dletillation (1-2 m3) of the HOLD. When the
resldue 1s agaln rebeated (a process similar to 1l.t.c.),
additional 1.25% coronene 1s obtained. Part of this
hydrocarbon is therefore probably present'as_sucﬁ in
ths HCLD. The remalnder 1s probably newly formed dur-
bing the high heatlng of the residue. It 1s already .

known that during the l.%.c. of ﬁydroéenation residues

the solid arozatlics becone enrlched‘ln the l.t.c. o0il.




Thé’msitlngﬁéoint-of7¢dfbneﬁe(la'452?c’(°;tr;)

'bolling po at 525°c at. 760mm. ,Tné'nydrocarbon,

aub‘lmes readlly and usually goes over dur-

1ng tha l t. C.: or the hydrogenation realdues togethsr
wlth the ng—like I ction nlth a bclllns polnt aq
760mm of Aoo—soo" and ths vum—lxke o1l na de coroﬁ°n
_more or less in soluuion. BT T

:The proport on cr tne gum—like fractlon, b.p.
véCO¥§OO°C, 1z relati vely smhll ‘cocpar aring to ccronena
1n the HOLD,Fand ceoronene orystalllzea roelatively
euclly during ths 1 t.c. or the hydrooarbons and - may
eaally cause tho nlug;_,ln° up of the outlet.

study of deposlta rro;_Fns prccgoler o: tha

Poolitz 1.t.c. k1ln indicated the following compoaition:

75-807 highpbolllnb gua
Should tae saparatlon of coronens rrou tha
reacticn produots offer no partlcular dlrflcululoa, the

prcduc?lon of this hydrocarbon would prove advantagooua.
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pusis KOPP~BS~”04uEK DOWD“RaD
v AL GASIF IOATIOW

~ The piass;cgi gaslrleatlon technlqua depcnde very )
‘largely on the phyoical. nakeup of the fuel; ao” that osson-
fially onlyvlg;pa and noafbaklng fuels can bo gasified., ‘
echﬁi al pfogreee dg:ands ﬁhe developmcﬁt of é'uhl;
ganlrlcaﬁlon process, which would perazit tnoiéémnlete
‘ ilon of fucln of any Lind into ges. Nie zust tnen _
selecﬁ a piysical state or-uhe fuel 1n which all golid .uela.
can bé obtalncd. This leads to powder gaelflcation ﬁh&cn
howev er, can be successfully periorzed only in auspennlon.
Pomderzd qu1 ganification 18 as 0ld as the aalrication '
%echniqus. The'vhcoret¢Cal prccesaea_bgve been‘understood
and aystezatlzed and ths- experzuentql work perrorzed Accord-
ing to the earldicr coacepllon, an effectlve int erchangc R
heat and material 1s brought about chicfly by the relative
iotlon, conveation snd diffusion be?ween the gas eavelope of
the partiples of coal dust and the.reacting asenta{ analogously

to the gaeificstlon processce in quiet bsd of tha fuel.

®A paper read ty Friedrich Totzek, July 2, 1947, in Eseea.

-~

Yot

i



) ”h~se polnts hgve been coneidered in the structural
.form #nd fne 0perat1ng condltlona or ths Tirst experlmental
'-generatora bu~1t wnlch permltted . maxlmum relatlvg motion
botween  the coal dust particles and the’ reaction. agq_t.‘
" The react.on consleted at first in: combuatlon with a- ateam—
vcarbon dloxide mixture atb tempornturea up to 1600° Thﬂ'
resulta werc'd;cappqintins. only 20-25% of the carbon 1ntro-r
duced wag sasificd;’_The anrser particles of coal dust pre;
.e1p1tated in Iie generalor, the ash was bared and alagged
The finest coal particles were. carrlod out 1n the gas strean
ungaairioﬂ.vATne dlr;erent series of experilments-have brought“
exnadatlve proor that - no cafiéfdctbry 5Aslflcation_5y purely
endotierazlly acting *eagenus could be brougnt by contact
of carbon Tith carbon dioxide or ateam, and that the relatlve
zotlon was lngufficient to brlng about & satiaractory sa31ALCation.
The .ollowlng e-pe*lmonts were Carried out wltb an air-
steam oixture at a temperature of 1200°C. When strongly re-
activc fuels, like brown coal dust and brown coal 1 t. coke
dust wsre used, the gasification results changed aqddenly.
The slag s%1l1 was produced in the 1lquid form. The gas out-
let temperature was 1500°C. '
These results lead to tbe reall»atlon that the princl-
pal 1mportance ¥as not in the rcla‘lve motlan of the ruel but

in the kinetic energy of the gasification reaction,v(i.e. the




'materlal and haat exohange ' ”hcse,_ho" ver, recelved com=
A plete play ‘only when the particle of the dust vas, very finely_
'ground anﬂ tbs coal duac anu th' reageny were purrectly

mixed. Thia will make the - gaslflcatlon nrocasa ‘almost. 1nde-
.>nendent of time and the mslting of the ash will be prevented

nby the rerormatlon of carbon monoxide and hydrocen.
The final form of . the genarator took 1nto conalderatlon

t o8¢ rncts based on natural lawa.-'”hs results of the testa

Iurnlahed a proof of the acouracy or tnz theory and conatruotlon.
in the different exuerimﬂntal geries, brown ‘cosl dust,
rown coal 1.%t. coke dust, and bit tuminous cosl dust froa the
gas flane co,l t¢ the 1enn coal and even Lo coka dust ‘have

Toen gacified pertectly. Tho dev*ee of g sificatlon (—83511113- -
paess .*; ﬁg lntroduced)

u-amounted to about §5%. Tho ash was carrled out dryf ith the

gaa surcaﬂ. , ‘

The 5us1fylns noano Jere al-—s~ea3 and ozybeu-atoan wisvh
a prehicating temperature of around 1200°C The gas outlet ten-
perature vas betroen 9C0 znd 1200°C cepending on the roac.ivlty
of the fuel. o

The gaslfication process and the gaalobtalneq aré charac-
terized by the following data: a high ocncentfatlon of CO + Haj
regulabie progortion of CO:H;,‘depqndins on the preheater Sez—
peraturs and the steaz additlon; klmp;e_aulfur compounds; nO
gua :oﬁnerq;,a practically complets gasification of the fgsl




.*ﬁ“'”’ihtrcﬁu ced; o noaslbility of gaslfying any aolld fuels
L ‘tlvely em;il oonaamption‘ot ensrby or oxygen. '
ihﬂn oxygen 1a kﬂﬁd a fuel or any Llnd 1nolud1ns
waa e fucl can ba uaed ror the’ production of. gas ror tho
lfol owing industries: . The Fiscnar-TrOpnch ayntheala, sh
'iyresoure rynthesla, ammon.n aynthasls, clty gas productlon
"uel gas of every kind, All these lnnustrlaa can now bé_
built. arcund any desired fusl and Opernted with it
"h. above . pr0pertleu or the gases, and 1n partioular
the concentration of CO + H; of up to 95%, theo rcgulable
ra«lo of uO s, and ths tcmpera~ ure a%t which tho gas lcavés
" the procducer, and finally a BTU heaclng Value of 2,000 to
2,400 & c“larlosjcb. permlt applicatzon of :he process for
the 1ren, worka: ‘
The blast fiarnaces follow the rules or gaairlcntion or
golid fuels by produclnv a gas of the highost carbon nonoxide
»concentration. This gas is the reduction agent of the 6re.
The 'blast furnace curve® tives information about thoe concen-
trations in the different. temperaturs zones of the blast fur-
nace shaft. It 1s furtner known, that the reducing ability
of ths gas 1g conslderably increased in the presence of a
peitaln proportlon of hydrogen, e.g. 754 CO and 25% Ha. The
gas produced in powdered fuel gasifiers is idealli sulted with

feabeot Vo Semperature and concentration to mee$ thege requirenents




and may be used for.the reduotion of oreu, a.g. tor the éro—
_ductlon of aponge 1ron. Lhﬁ gas escaplng rrom the blast fur—
nace artsr the reduction of the ore will have a heating valuo
:or’around 2,000 k calories/cbm and can be used as a fuel gas
.ffo; the hearth furnacen, 1: neceaaary, rith carburlzatlon.

The powdered fuel gagiflier orrera a further poaslblllty
to produce a gas qf the higher carbon mcnozlde and hydrogen
concentration at euch a nlgh temperature to per"it smelting
operatlpnu in cuitable aoulpment and to reduce countercurrently
'the ore witk the off-3ases rrom e first unlt." :

"Lc design ehows that coks 1n the iron smeltlng.prcceaees
could be replaced by other fuele, which follows froa the above
conaideraulonn. Experizents and proposals o ellminato ‘coko

froa blast furnaces have been known (¥iberg et,al).

The opinlons of F. Wueatl® on the Bassel process are baged

on the gbove. Thelr prinolpal pointgoonsist in that, were 1%
posalﬁle-to’gasify coal dﬁat at high temperatu}e with a pro-
ducilon- of a gae of nlgé conoentration, ths possibility would
be offered %o utilize cocpletely the heat of the reactlon of

the combustlon of carbon in purelj‘metalldrglcal processes.

#3tahl und Elgen, Volume 41l (1921), Pages 1841/48.




U UNITED ﬂATbS T
'DEPARTMENT OF. THE INThRIOH o
"”J ‘BUREAU OF @INLS - ' S
0 ICE 'OF SYNTHETIC. LIQUID’FULLS :
OURY GySY'

, P - I XT3
‘Main Laboratory of'nuhroel B Hugo Stlnnes Works -
GmbH Bottrop . IR - December 11944

HIDROGENATION OF BITUMINOUS COAL LTG PITCH

A,Ihtrdduqtloﬁﬂﬂ

/-

The hydrogenation or bltuminous coal hlgh temper&-

'ture pitch nas been performed on an 1nduetrlal acale for

many yeurs,,ln.partlcular by the Ruhroel GmbH.’ The coko-

piltch has baéh‘round'edtirely-eatlsfactory,da'a raw matér-ﬁ
1al for nydrobenation, 80 -that today the prlncloal amounns

of the pxtch prdauced 1n coxling plants 1s used/up in this

~way.. The bltumlnous coal hlbn texperature plitch ofrers

adVantabes over bltumlnoue coal as a raw material for hydro—w,__l‘

‘genatlon because of 1ts aromatic basic structure and 1ts

low agh content. - _
High temperaturo pl Schr 15 & pyrogenic deco:poaLtlon
produet of coal, 1s low 1 hydrogen and has an aromatlc
structure because of secondary cracking reactlons on thse
highly heated furnace walls. 1t is the-hyéfbgen-poorést
rav product of hydrogenation, and requires therefore nlgher
ueuperatures and preasures for 03 hydrogenation than does
bituminous coal. The reactlon products of hydrogenatlon are
also poorer in hydrogen and richer in arocmatic hydrccarbons,

than aii other hydrogenation products. These proper:ieé are




Yeryvéeéirablé, 'Tne.fqel 01ls obtained-from coking pi

poséésg higaer solvent adtion'for.aéphaltlc,materiai“ and’ are
Lesoeclally aulted aB- solvatlnb agenta. ‘The. middle 011 and
. the crude gaaollne can: be converund by nultable Operatlons

1nto a gasollne Wlth.an aromatlc oontent of 40—50p. . Phe’ hydro-

L ganation of ths coke pltch mlddle 011 by the Runroel proceEEv

(slngle atage vanor: phase hydrogenatlon at 600 atm Wlth—pr&-.
dominatlnbly spllttlnv conditions) produces an avlatlon grso~
line rhﬁch can be equgl in quallty to the products or bitu~
minoug. coal nodxo"enQulon only rnun ohe gasoline obtalned in
,tna -atter 13 aftersards dshydrogbnated . - ',, o

Tis low ash.content of coking pltch ig an adVantage

during hydrogenation because no eroalon of the equipmont such

as occurs with bituainous coal, can naﬂpen.

The hf'rogenazing coadltlons for coking pitch are the
game ae 1n the hydrogenatlon of bl tuninous coal, PLtéh 1s dis-.
solved in 1ts own heavy d1il or in high boililng taf ollg, pitch
distillates, ot3. A portlon of the return HOLD 1s addéd %o
thie sclutlon. The catalyst 13 added 1n powdered fhra and
puzped through the converters wita the solution. Abaut 65% of
tho an°Cv101 feed 1s converied to digtlllable o0ilg; the reu&
ie withdrawn ss HOLD. Part of the latter 18 agaln ret wrned,
while the rest 1s broken down into heavy 01l and l.t.c. .resi-
due by the working up of the residues.

The large industrlial scale l.t.c. of tliuminous coal’

haa made a great progress within the last,yegra in Germany;




the dletlllatlon of the‘l.i tar wlll aleo be euited fo

hydrogenatlon. he were commlsuloned by .the’ Reloheamt rur

-

letachrtsausbau 1n Decemoer 1942 to atudy th15 problem, prln—

clpally rrom the standpolnt of prlmary 1mportance to . tha Relch—

gant, namely To determine wnetner tne neavy o1l obtalned during

the hydrogenation of the 1.%.c. pltch would meet the requlre-
ments ror marlne fuel oll we perrormed prellminary tests- in
January é;& February 1943 uslnb ‘an 1. c c. pltcn of The Byx—'
Gulden uor&a. This wao hydrobenateu in the llquid phase: ror
.coﬁnarison wlth the n. sh tcmperature hydrobenatlon. The amount
of the earmple wag only bOO Rg, and the testls could only be
extended over gix daya. Prellmlnary eiperlmenta ‘With the 1. t.c.'
tar :r the Upper Sileslan hydrob natlon workaAwere run in '"rll
1943, and with tne 1.t.0. ‘pltch samples from the Fuel Investi-
gation’lnstltuﬁé of tho Technische Hochschuls,in Darmatédt
(uncer the leadersnip of prof. Agde) in iay 1943. ve obtafned
two tong or L.t.c. pltch in Hoveaber from the Gesellscna;t fir
,Teerverweruung, Dulsb g-Anlderlcb obtalned by thla fira by
gas dietlllatlon of l.t.c. tar in tubular 8t111. Toe 1l.t.c.
_tar was derived froa a Kopéers flushlng ges installation at the
Oheim alne of the Helchawerixe Herzann Goehring in Kattowitz,

we obﬁained one a tional ton of l.t.o. pltch in January 1944,
and ten %tona in warch 1944,'troa;the l.t;c. tar of a Krupp-

oo

. Lurgi plant of the von Velsen. mine of the SaArgrubgn-A.G;, We




Teets were conductea up :o.uhe end of July, and had

to be frequently dlscontlnued because of tne dlsturbances

from soeclal condltlons.
1]

‘1I. R“w uater*

Anaiy g8es or sevcral bltumlnous coal l t.c. ultcnes are
aummarlzed 1n Table l ‘with an aVQrabe analyela of- bitumincun
coal high tgmperaturg p‘tch O purpose offcomparison.
fbllowlng princlpal dirfércnces can be- geen between the

of p;;én: ' ’ -

1}. Toc l.t.c. pltcths'appreblably nigher in

hydrogen than coking pilch. Its hydrogen content 1s
even .way above Efgi.or the coxing tgg. Tne oxygen
conten;.o§ the l.t.c? pltch 18 glso zucia higher. .. The
cafbon éontent is cbrpeapondlngly apprecigbly/IOQer_
than of the coking piteh. lHitrogen, sulfur and chlo-
‘rine contents do not differ apprecladbly.

' The ultizate analysia persits one to reallze
the far rsaching difference ia the baslc structures of”
the twxo kinds of pitch, which lealfone o suspect a

different behavior during hydrogenaticn.




4.-'.:5 -

for the 1 t.c. pltch than for- the coking pltch. Thw
v hi th molecular relght conatituenta, 1naolublo even
ln the boillng mlxture of tet*allne and ¢ peaol (80:20{’
- which have tha hlsnest nolvent prOpertles ror pltech,
_are only presenu in very small a*ounts 1n the l.t.c.
pltch. - These . compounds which were rormerly erroneously
céiled "rrce carbon® are Just the ones to'orrer dlrrl-,
culLiea in hqdnob natlon and reqult 1n depositione in -
the pipelinec and 00ﬂverte“s.‘ They are therefore |

nriched ™n the HLLD and thelr amount 15 directly pro- .
rbrtlohal 10 the amount o:'tetrallne-c:egol golids
present in the raw materials. It hac been found in
pracilce that the hydrogenatlon of coking pitch i3
economical'dnly when the tetraline-cresol sollds»in’.
the plt*h do not axceed 10p. -

: Fractlonatlng extractlon shows already, that

© the l.t.c; pitch %111 be more Tcadlily hydrogenated'
because of its low tetraline-cresol sclids and its

higher proportlon of benzene and gasoline, than coking

pitch.
3). The inorganic contaninations in 1l.%.c. piteh
are present in a different foram Shan in the high ten-

perature pitch. If the. sollds ingoluble in a solution

e




_of pitoh 1n tetrallne-cresol or 1n the middle 011

.‘of therpltch hydrogenatlon are filtered almosc

90% of the total ash of tha coklng pltch remain

nlth the sollds. upon the filter, vhlch permlts

‘one to conolude uhat ths ash in tns coklng pltch :_

.‘19 moatly preaent a8 lnorganic mlxture.w In_.

“l. .c;ﬂnitch only 20—50% of the total aah can be

_removed by f1 ltratlon. Tns prlncloal amoun® 15

aoluble 1n o1l and thcrefcra oannot be aeparatod

by rlltration. The 1norgan1q elementa find them-
éél%ea'lh che icél“coﬁblnatlod, érééumably, ¥ith

the ozygéﬁ coééo&ﬁds of 1.t.0. pitch. Theso-pbtallp—

orgenic oompoundu are extraordlnarlly stable and aro
aly decomposed at tempera»urea over 500°C Thia~

behavlor of the l.u.c. pltcn ash leads to d;rrlcul—

ties durlng hydrog enntlon,-"hicn havo never bnen

'observed with high temperasure plich, The te;pera—

ture range of 300-400° 1a reached in the prehea.t-a. .

-and the decomposition of the metallo-organlc com n

pounds takes place ln the preheater during the hygro-

génﬁtlon crvtne 1.t. pitch. This reaul 8 in very

hard depoaiﬁlons in the prebeater wnicb bsco“ee com-

élete;y plugged up in a short while, The deposits

conslst cnly of inorganic ccnatiﬁuents, pTincipally

of iron.




'tofal ash- 15 shown_lnﬂfable 2., One_may see, thsre what
'the l.t Co plteh. asn conslats moatly or 1ron ox;dea _
‘10n° may draw the conclu on that 1roﬁ 1a ths aubstance -
‘whlcn lnueraccs wlth ths acld o> xygen compounds in ‘pit
:and cccura 1n- an oll soluble torm in the pltch. Qhé‘

cannot yet ﬁaclde at nresent wnetner the 1ron is

obtalned from the aah\constltuente_of the bituminous’
“coal, or from the iron walle of the 1.t.c. equipzent;

_which appears more. probable.

III. Hydrogenatlon n the Liquid Phase

The firgt experizents on hydrogenation of l.t.c.
‘wers run in hydrogenailng exactly lilke the ccking pitch in the- -
-llquid phase. The experimental conditions and results are.

sunmarized in Table 3. )

The firet test, S 35, chows that l.t.c. pitch bahaves
very differently in hydropenation than ﬁbébfnlgh teopgeraturs

-~

'pitcb,*={Test S 34-2): The piich concentration of the paate
,waé S5 high;r and the reaction condltions were unchanged: Sﬁt
the 1.%.c. plich neverthelesa’gavé a clear reactlon product,

free from solids and asphalt, while the product rrou‘coking
pltch was brozﬂ-black in coal ana contalned 7% sollds in addi-~
tion to 4.5% asphalt. ‘ : o

g



_&
2” gasolinezgnd mlddle oll could bendlstllled.orf
‘_*the l t c.. pitch reactlon product The residual heavy oll 13 -
 ;green1sh-brown and has a vlacoalty of about 3.5° on the Bngler af"
'vlscoalmeter (2 8 mm caplllary) at 50°C Only 37p : ollne
‘and mlddle oil are dlﬂvllled over from tha reactlon pr duct
from tnc coking pltch up to 325°" Tha,heavy 01l 1s usually
a black very vlscoua 011 Wlth over 105 solids and 7% asPhalt
Its ?lscoalty is too hl&h to be determlned in the Enbl r vig-
,coslmeter._ A nsasure or the vlecoslty was obtalned 1n a bltu—
‘men viscosimeter (s mmlcaplllary).at 100°C, and found to be
2‘20' | . . | | . . . _‘
Ths I;t.o} pitoh, unlike high teéperature gltbh,ls.
‘downgradedicomplotely under the abovg reéotlon congitions ;pto
aepheli-frea products, forming vapors at tholreactloﬁ_témpora~
'turé. Thig very ordfifylng fact nevertheless 1ntroduéss,gre€f
dlrficultles 1n the hydrovenatlon in the liquid phase. The
reactlon producta are oostly in a Vupor fora in the upper p“rt
'or the converter, and they no longor possess ths abllity to. -
“earry ocut tbe powdered cétalyet fron the converfter, 7Thn 1§tter
sinks, thorafore, and is collocted 1n the bottos part of tho
converier. The ﬁign concentration of the catalyst 1 tha lower
part of the converter causes %he farmatlon of {?action centera

there, the' temperaturo of which can no longer be mantered after

a few daya of operatli on. The converter operates very unevenly

.g? fire%, and exhibits, even-after a few days, a strong tendency




to audden temperature rises, whioh makes tha whole process
entlrely 1mposslble 1néustrlally (personal notatlon by Dy,
Frese. Use Lorer Temoeraturea or: Lowor Preseures). B

: ‘A more quiet operatlon Was antlcipated by contlnu—
ously ﬂral ing the deposlted catalyst rrom the convorte'J
This measure has not led to’ the desired resulus, because’the

vy

catalyat apoarently becomeu flrmly adhsrent to thsf§allé, nnd
‘cannot be co"nlctely withdrawn.’ » . o
Test § 35 kead to bs dlscontlnued becauae\afte“ rivo
dayg of opsrqtions the preheater no lonvan paasea any matorlal
tnrougz 1t The reason for 1% vwas the fact zentioned above
that the inorganic ccna.xtusnts, in par-lcular iron, which are

1n organlc coablnatlon in tne bitch, are docomposed 1n th

temperatu‘e range of the prehsater and deponlted in a veﬁ§

“.solid :orm, o _ .
Ths tesperature was lovered 20° in Test 5 I6 and the
gas thruput increased. Tnese_measurea were, hogeverl_lhsurfi
cient %o carry the catalyst out of the.cénverter and producé
a moré qulét operation. Moreover, depositions in the preheater
continued to fora and cauged a coiplete'plusglng up after elght
days of test. ’ ' - .
The two series of tests have‘shown the practical imz-
poselb iity ot hydrogenatlng l.%v.c. pitch by itgelf in .h.
11quid phaee, and a mixture of l.t.c. pitoh and coke piltch in
propor.lon 1:1 was used in Test s 37. The reactlon -texp perature

could now be safely’ maintalned and the preheater had only




tlo conetltuents vhlch f,lled to Vaoorize at the reactlon
temperature, and the catalyst waa carrled out or ths conver~
ter. The pronert es of ‘ths reactlon product wore thosa of a -
imlxture of the nroducts in S 34 and S 35

1.t.c. pitch to coking»pl ch increased: the yield 1n gasollne
and mlddle 01l and roduce” tne vlacoslty and the asphalt. con-
tent of the hMavy oll. The produc 8 were rlchar 1n hydr

and th~ phenol content rose.

Ef? >%s werc =ade 1n Tegt S 40 ke reduce tre addltlon

of coking piteh to e ml;;mua w:thouf making ths coaverter opera-

tlonsg difficult.. The purpese of thege expericents was to main-

taln the aswhal» contcn. o the reaction products as lov as
posslble by minizmun éadlt--ﬁs of ceklnb pitch and to 83111 por—
‘D1% the Alrnet use of the heavy oil as a fueloil, t;xdg,rh of

a lower worih. The cohing pitch proportion in ths toual pite
var cd betwaen 20 ana 27‘ + The neavy 011 obtalned satlsfie

1n most casea, the *cqul‘e:enta for fuel oll, after the solids
had be“n reooved by ril:ratlon. ;be-.emperatures in tke con-
vertera, hovever, sgain becaze undanageable witih ihege mlztﬁbes
of pitch, =0 that the coking piteh esdditions did not apcear to
be satisractory rc: the hydrogena:ion on an industrlial scale.
There was also the usuval plugging up of the preheater, al.hcugh

only after a longer tize of opsratiocn.




We may summarize the results of our ctudy or the hydro

genation of l.t.c' pltch 1n the llquld phaae as rollow

1tee1f. It 13 comp’etelybdowngraded at 450°b wlth 700
atm hydro en partlal proseura.

2). The hydrogonatloﬁ of 1.t c. plteh glone 15
1mpoaslals in the llquld phase under conditions com-
renly used t r cohing pitch or ror bltuminoue coal.,
L.%t.c. pitch is doﬁngra@ed go far 1in ths'course of
the reactlon,~tbat all the renction products are i
:ﬁg-#ap:r form at cne :eacflon temgeraturc. The lig
uld pra ?%'ia abn°nt and cannod "omove the cat¢~)eu
Lron uh= reaction spaco. The catalyst 1s cOLlectﬂd
in the convertqr, and T2actlon centers are formed 1

‘shich tae temperature will rise guddenly, so that the
whole raaction can no’ longer bs mastored cnamically.
A ”be rezscval of the de osited catalyst throuzh
a converter HOLD d;d aot seen pogsible ‘with the equi
mentvuaed.
when solutions of l.t.c. pitch in heavy
are heated'to ovef 300°C, & témperature reached in the
pfeheater{ the zetallo-organic compounds are decomposed: ;
Tn1; brings about a very sclid inorganic deposition
which completely plugs up ihe preheater after scme time




The mlxturee of equal parts of 1 t. c.'ultch
'and coklnb pltch produced no deposlts in ths prehaater
becauso tbe esh constltuents were apparently carrl a

ouL '*11::1 vhp mlxture. When the'proportion of colﬂ.ng

pl»ch i the tota¢ pltch 1ls lowe"ad to lsss than qu,
fdepo_“t: are agaln formed in the preheater.

3). ﬂlxtures of l.t.c. pltcir and hig h nemnerature
pl ch can be readlly hydroy enated in ths 11qu1d nhaes,
when ths cohing pitcn prooortlon is not “under, 35—40».
_“ne catxlyat no lonuer remalna in the converter anad

an be readlly malntalned. )

addit;on of l.t.c. pltch to céklng pltcn.i
incréaées-sc:e%h&t the gasoline and middle oil yleld.
-The heavy oll becomes thlnher end contains lese aolidn
and asphalt. With coking pilich concentration in the
,otal pl tch less than 30%, the game diffilculties are
erxperlenced as dur nb the hLydr obenatlon of X.t.c.’
“luch alons.

4). The 1 t.c. pitch proﬂucus are richer in hyd:o-
gen and conteln more oxygenated compounds, in particulax

phenols (see Section VI).

I7. Eydrogenation with Fixed Bed Catalyat




uld phase showed the baslc~differences~1n the hydrogenavlon pro—
pert en of 1 t.c. pltch and hlgh temperature pitch and we
attempted to hyaro enate 1. t.c. pltcn over fixed bsd cataly

ln the oonyerter. Tne hydrc*enation with fixed bed catalyata
_has so. far aeen possible only wltn ‘middle olls. Hibher mole-'
cular welgnt raw matariale, in particular uhOBe contal 4n§
asohaltlc materlala, narued the catalyst in a vary ahort tlue,

maklng 1 lnactlvo and requlrlng its replacenent. . Our cfforts
\

.10 worlk the coking pitch pastc cver fixed?bed catalyntn; even

after rezoving the cdlids by filtration, caused the domplets

coklﬂg up - fﬁth&.convertcr affer a few days. Wo have, towsver,
be_u cuccezsful in anrobcnatinb the anpnalt-rroe hcaV) oil of
tbe_cqg;ng pL tch lLQLerac-ion at 700 ata over catalysts deve-
" Xoped hcre 7ith the production of 5acollne_and mld@le-oll, 2
wi:hou» damaying the catalysta. '

e " Cur ﬁxpe iaents been auumariued in detall L

Table 4 a1d nhiowed that l.t.c. pl»cn can_be hydrogenased ov~~

 fixed bed catalysts 1a contlnuous Opsratlons without damaging —_—
h-thc catalyst, in spilte or its high co1ten. 1n sxb;«an ses inzol-

ubla in a.audard gasoline (asphalt) becauge of 1ts paculiar

constitutlon. Tk3 1insoluble cqnatltuenta of th2 l.t.c. plteh,

the amount of wialch correﬁponda 0 that of the tetraline-cresol

sokidsv mugt, however, be previcusly removed by 'lltration,

because they are not downgraded curing the hydrogenatlon and

are deposited upon the catalysts. The inorganic ccqtamlna.1c1a




also which are formed ‘y the decompositiqa_or the orlglnally

"}”i’organlc*comblnatl ns.of the: metala and could not be. removed by
| flltraflon in thaipast cause not merely deposltlon an the pre-
'heater, but also & aettllng .out ‘on the catalyst° prer;mente
for the removel pf the total mah from tbe 1.t.c. p;;chAﬂad
 "tharefortho bé-éarrled cut éoncurienfxy'wlth thefEtudy 5f
-ths_hydro natlon of 1.%.c. oltch “and the *esults are repo*ted
in tae followlng secti' o ’

J. : Hyirogenatlon was carrled out at g presaure of 700
ata. A ni;n partial nresaure of hydrogen of at least 500 ata
is 1ndlsvencab1e for the downgrading or the hgh molecular
‘weirnt cona»,guenta of pitch. The catalyat used was slmilar
to tng one de§elgpéd éfdvlodsly fér ths spiltflng h&drpgqna?
_tldn of m{d&ie oll to hléh aromatlc gasollne. 'Ifa'éharacter;
1gtic feathrebla tha vér;fémail amdﬁnt qf‘;he heavy mepaia} It
conglists esaentlallj of aotlvated aluminua hydrosilicates upon
whlcn?less.thaﬁ‘lﬂ molybdenus end 2-55 chrozium are depdsitéd.
The catalyst is shaped in a proceas develofed ngre~and-produces
a very abraslonfreslstenﬁ.plll. The experlaenta were.rirst per— -
Afor:éd in the usual vapor phase equipment., The voluxe of‘tha
catalyct azounted %o 5-7 1i. Ia the Test G.S. 13 and the sub-
sequent ones, the converter was provided with A HOLD drﬁln at
the bottom part. 2-6% of %hs azount injected was periodically
dralned tirough that lime. In this way, 20-30% of the ash in-
troduced was withdra=n {rom the reaotlon space. The pase with-
‘dra¥n. waB8 again returned to the 1nJe§tlonvp£:éuct before flltrat%?n.




_ _ Even wlth deaahing perrormed very carefullz+ aB in.
Test G. + 15, the prehsaver was plugged up with 1norganic depo-

*,sltlons aftov longer operation and the unlt was equlpped with

two- preheaters 1n the Test G.S.vl7. In tha flrat preheater

the pacte 18 heated to a temperature of not over 300°C, while'

- the hydrogen 19 hsated so hibh 1n the second preheate that 1n
'-thé ﬁottqm part of the. converter where ths 11quid and the gas

Joia, A_tehporature of 440—460°C 18 reaohed Tna amount orﬁw;;;
" hydrogen  was 1nofeaéed and the preheater heated g0 high that

the gaa'temporature'at the outlet was 520-550°C. Thig unl.,
ahomn-1n Jlg; 1; nés _been round'vary e&:isractory. - The detnr—
~@minatlion of the volums of the rlrau preheatcr berore the .test.
and arcer twnnty-elght days of Operatlon slhowed no reduction.
The pressura riltratlon of the aolutlon of l.t C.
‘plpgn,through coram¢c fllter qaterlallvaa done by using midale
o11 22 a salvent. The midale oil of the cokinglpltcb hydro-
genation was uséd in Tests G.S. 12 and G.S. 17-1, 1in tne cirer. .
tests the middle o}l separa.ed in the l.t.c. pisch nydrobenntion
itself. wish a pltch concentration of 603% the golutlion gtill
could Le fl‘tered wlth high efflc‘ency. ‘As the eolutlon 18
treated thermally for ceashing, the pitch content of the mix-
ture can be increased to 70,% because of the ready ’1ltbrab111ty.
In tLe experizment G.5. 13 an unfiltered mixture was added and )
the pitch concentration reached 803. ‘
The reactlon .empe*at ~e for .be proceas with fixed

bedméafglysts was-4&0f460° C. 'Practically solid and asphalt—free

=




,(Lngler viscosimeter w1tn 2, 8 12 chlllary) The mlddle oll

and ruel 04l cut WaB at about 3oo°c_

Zn uhe reaction product G.S. 17-3 the middle 01l %aa'

cut at 325°“. " The vlacosl Ty of tn~ heafy oll at 50°C was. 159L
Howevar, as descrlbed in Spctlon VIiII, 1t had already baen found
that a thernal af er—tﬂcatm nt can rsadi*J reduce tns<v130031ty ‘

of tn. heavy o1l ‘down to tna roqulrnd value, with’ a,slmu¢taneous
deslrable 1ncrease in gravxty; o
V ‘Tha propertles or th° renctlon products obtaln“d ia
thego teets are discus"ed more “fully in sectlon VI.
Ic w:,arlze, cur tests of hydrobena: on &f l.t.é.
oltcn over fixed bed ca.alyau have ghown tnat. S
1). Bituzincus coal 1.%.c. pitch can be hydrogeratcd
over a fixed bed catalyst without having she ca»al)a.
uaudgC4 durling coatlnuous ogeratlons.' Thia process 1s
pr‘ct10ally the cqu possible one ro. Lydrobenauion ol
 §@:1xed l.t.c. plich. I%T posseeses.a number of addl-
tlongl adrantages, sdch as éﬂhlgh epace/tine velocity
of 0.5 kg new 011/11 of the reaction space and hour
anc. the complete downgrading of all asphaltic materials. -
Piteh 13 co'pletely broken down 1n a ainhle passage'

»h‘ough the hydrobenaaloq unit wlth .he prodac.ion ol




Sectlon V).

the valuable ga%oline, middle 611 and heavy 011 ‘ The
oropert les of ‘the heavy oll correapond 1mmed1ately to

VI and V&II). The crude gasollne and ths mlddle 011
c,n be converted 1nto highstest aV1at10n 5aaollne (sne

Secu on "LI) do EOLD 1is produced whlcn ellminates

_Egﬁ_gorklng um . of ‘the residues°

2)~'5 complets ellmlnation of the constltuen«g
in'pl ch, 1naoluble 1n alddls. oll and thP nractlcully
éo ;l te ellminatlon or the organlcally COJblned ash
Are ke grellmlnary “equlremento for ooera~ione ovgr
fixad bed catalyata. This problem was éolﬁbd in
.S. 17 by a cnemal pretreatment of the mlxture 1in

ihe presence of 0.5% S, rcllo wed by filcra ton (se

). The amount of ash of the order—of magnitude

till‘presontvin epite of the déashing

of the haterlal, which oay leudbln.a setiling out in.
the' preheater or upon the catalyst during continued
Ferasions, £nc 2 constructiion modifications were
uged wa.ch ha%e boen found asatlsfactory in G.S, i7.

a). The material aqd the hydrogen were heated

%70 Jdifferent preheater The material'then

nov heated to a temperature higher than 300°C

that no decomposition of the metallo—organic




Uik s

compounde tamea olace 1n the prehEater. fhs

¢uqu1red nat 13 1ntroduced wlth the hydrogen.
b). Breaking-down or_;he Q:ganically‘com-

1néd ash 1s poatpohéd’to the bottom part of

tbe converter, ‘and the raw maxerlal enrlched

with ash 1 dralned throubh a HDLD llne 1 the

gm}QM‘  4. . bottom part of ths ¢ verter, to ‘the amount of
2-6} of th, mauerlal In this vay 30%'oi
‘tnenemail amount of aéhistill 1htroduced'can
-bs_r zcved before 1t can. dazage the catal)st.

4) . Tna‘re"0ulon product of the 1. t.c. pitcn hydro—

genatlon over i xed bea catalvsta ls a )ellor—brown oll,
hich 1g practlc“lly Iree fron solids ond aaphals. ]
5-6% water, 8-105 gascous hydrocarbons, HaS‘
anc uﬂ; and. about 85,5 liquid. ‘roaucts are formed, referred
to pitch. 8;10% of the liquid producis 1s crude gaqéllx .
he proportion of midédle oil and heavy oil depends on
the cut. Ath the cut at 300°C (viscosity of tho he:;‘
61l 5-6°5/50 C), 0-20% middle o1l and 50-75; heavy cil
: fbrmed; depending on thé reactlon conditions. 12
midqle 01l ls'dlatllledvto,326°, 22% nidale oll is
obtained -55ﬁ neavy oll of a vizcosity of 15%°2/50°C.
S). fne the ‘_“l prﬂtreat nt of the raw prcducts
for dsashing causes precducts of the reacticn to be
lower in hydrogén.— T anlline’polnt of the érude 580~
line drops by 15°C, ¢ -giavl:y‘of éasollne aidale oil

and heavy oil are increased.




able & ahovs tha* the total ash oontent ofbthe Teed
.cons sting ot 80% 1.t. plnch of the Oheim mine in G. S 13
?amounted %o 0.303. \81qple b ltratlon euch as’ done in- G.8. 12
rermlts lovering tne ash contaqt of the 60ﬂ feed to onIy Q. .Bp,
because,. ag a&ready mentloned, 70-807% of thsAtotal-aeh-or l.t;c.>
-lpltch is 1n or5an1c combination end therefore in g eolub ‘e form.

ve firat of all found that part of. thls ash: can

be presipiteted and filversd orr, when the Teed 1s boated with -

o om all adﬂltlon of sulfur for atout one hcur to a tcmoerature
~of 100-150°C. in this wny, the esh content of the 6€0% feed
céui& be rcd@ced'to 0.04% 1n G.S. 15. Tne ‘mddilt 1on or.uﬁlfur
{ hae, however, the, diuaavunt“be trat the: £1ltersbility of the
’pltcﬁ Teed 1s preally reduced due to polymerilzation. The
sulfur additions g d therefore not exdeed O;l“
The dénsnlng achleved in Tegt G.S. 15 1s )ct lnsuf“~
cient, becéuae it nas'led’to-a plugglng up of -the pre hente‘
Iiler geventeea’ dayg of cyerat on. Ve have cucceeded;llowever,
 in Aalscovering a prccecaLghlch nct morely perzits a egtrlclcn~
removal of the ach, tut alego icproves the i1t prabllluy of ths
-feed and of the or nal material to such an extent as %o lintro-
duce desirable changes in tne.prc erties of the reamctlon products.
Lﬂ feed is led with the adaition of flower of sulfur
at about =CO°C threugh a sysvea cf pires. No hydrogen 1s added.

S3all amountas-of gag are nevertneless foraed uhroubh splls ting




[

,and prOpane. mhe reaction 18 t a- great extent 1nd°—’

pendent of - pressure. Operationa are conv»

’pressure whlcn rorms 1n ths unlt through the solublllty or

- gesea ln tn~ pwoducts at thewtemperanure of ‘the deposltlon

vesael. »Tnls pressure fluctuatea between 50" and 60 at

"+ " The’ equipmnnt uaed by us 1s shown in Fig. 2.. Thls 18

by‘no'mnans an ideal foram and rlll have to be reaesigned for

én 1 ustrlal 1nstallatlon.

The 1nd1v1dual regults ara ahown in Table 5._'In the

7

gﬁrieﬁ of experlments C 4, the cond long 1n'C 4-3 were,IounQ

‘to be the most favorable.. The oeries.of7teet C S snowé“tnat

;vhan thcse condltions ure ualntulnnd the epacc ti' :e;flcicncy

can be xucreaued to 1.5 kb/ll/h. Wi1th conditlors such &s in

C 5~%, which _aj be conolcered the Opu un.COndltionp Lor <he

-von. Velgen piten study, the ash content after the filtration,

referred %o pitch, wae lowerea from 0.3 tO 0.0063%. “The filtora-
bllity of vhe solutlon 1s of prime lmportance - fer tneffemcval

of the sol*ce and the ash rrom the pitch golutlon, espe»l ally

 for ia iﬁfial 0peratlods. In thip respect l.t.c. pltcn 18 also

supericr tc the ccking pitcn. Table 6 shows the tizes
required by the .lifferent pitch feeda to pass :nroughfan experi
zental pressure rllter under identical conditions. TAe ﬁime of
filtration of biy uainous ccal crude soluilon is given for com-

parieon. %ais was a reactioﬁ product of the coal exsracilon




.

hlgh temperature hydrogenatlon can no lonbep be fllterea lndua—,:
trlally.‘ ‘L.t. &, pitch on the other hand ecnl produces tech
cally Iiltermtls solutlon at the same conoentratlon and- with the
game sclvent. ‘The ravorable effect of thn additlon of o nmall
amouﬁt of kleselgur upon the filtration time may be notcd “Even
with the conccntratlon or 70ﬂ l.t C. pltch in tae feed, -the
time of flltratlon' er the aduit on of 1% of hleselbur

gane ‘ag for the crude solutlon.

De;ermlnatlona 7-9 snow the abovc'mentloned lngreasc in

the filtratlon time aulting froa the addltion of small azounts

of sulfur.. The feed 1a entirely un¢.luxahla thout the sdal

“tion of kieselgur. Cot mlnations 10 and -11-deal wlth the re-’

actlon products of the de;ébing'experlm;nte C 4-3 and C 5-4.
Cne can see that with the thermal pretreatzent Tho filtration
time 1s good even without the Addlglon of klésolgur, in s?ite of
the'nluh'aulfur adalticon, -The feed _deashed by our procesg is
cohpiderably'aire resally filtemmtls than the corude exiract.

we have been gble to coqplé%ely coniira on a sedl-
technical filter plant the result found with the experizental
filter, and we are of the oplnlon, that the industrial f1ltra-

Tlon will encounter no difficultles. in the 1ndustrial deashing




<or the firgs - tube co*l. In tne ary stata 1t was locae and could

'be readily removed ne hanlcally. ‘The 1ndustrial equlpment shoula
.be constructed witn a readlly accesslble catohgot ln rront

. he maJ sum*arlue tnat e have’ found 1t posslble “o

attaln a practlcally complete deasnlng of the l t.c. pluCh by

a novel procesu. _I'_un~ treatmanc as alr aay haa be n sno

ln bectlon “V, the const’tuulon or ‘Sha p tch is changed by th;

splxcting off of hydrogen anq hydrocarbons, These changes aré

in a de;i able alrcctlon, bec ause thc prqduqts of the subéequenf'

hydrogengflon are also poorer in nydfogéh,‘l.e;.atroqbly &aros vlc.
The dcashlng-e:fec: of»the proécss is so thorourh tha

+s I.%.8. sitch eud can be hydrog enatea over flxea o e} cata-

lyst witbout naralng it during continuous o *ratlonsvby ¢epoal-

tions cf tho ash.
'VI. Primary Products of Hydregenation

Table 7 shows the cozposltion of the baseous aydrocar-
‘bons produced in Test 6.S. 13. The deteraination was dore in
the regular Leuna equipment. The analysis of the off-gases
was not done in the other tesle, but it may be agsuzed
composition of tne gases 1s practically unchanged.

The analytical data for crude gQSQILne froa thke l.%.c.

pitch n:drobeﬁauion over fixed bed catalysts in Tests G.S. 15




seen that ths

r actlon products to be conslderably more aromatic. The crude

in mable 9.

‘The effect of ‘the thermal pfetreatment of the ﬁltch

aolutlons 13 partlcularly great 1n the heavy oil- produced in
the - hyaroue14tlon, ao shown 1n Tablo 10 Not only 1s uhsre o
mech dgslrcl ‘inerease of the grav ty, sut ths pour‘polnt'and

viscoplsy at 20° are conslderubly lower., For that rea

depoulilon) ﬁust méhé the Qéavy o
viscous, and they are not forzed in the thermally prehea:ed
feed in G.S. 1?. Thosd ozall depoalta d1asolve at highes ten-
‘rea, and the viscoslty of the two.olls at 50°C 1s practi-
:né_ea:e. The theruwal pretr Ataent of the pltich solution
bas, tk erefore, the pare effect as d subssquent tempera;ure
treatﬁcnt'(cracklngl. See Sectlon VIII.
Ine begvy oils ol the 1l.t.c. piltch_ hydr enatidn over
fixcd ted catvalysts produce higb—grade ryel olls. Horeve
oil froa G.3. 17 zust be given a_ higher rating because o&
arozatic baslc struciure, and the betler solventi actlone upcn

Aspbaltlc'forelgn 0ils produced theredy.




veact‘on proaucts of the Imt.c. nydro enatlon that BN ! ;1ne

“hlgh temperature pltch.. When the 1.t c. pltcn is pretr d

_tl‘rmally for deashinb prlor o hydro enatlon, the reaculon
oroducts\become slbnlflcantlj lower 1n’hydrogen,-ana beccge
those rron coking p.tcn

Th° crude gasollne and mlddle oll prodaceﬁ c nno be

uged as. suc Hogever, as snown Ain Section VII, they can be
ueged As' ‘ > the prbductlon'or hlrh—;ect avxntlon‘gasolinc;
'eu§y‘oll produces, dlrectly, a hlgh-grade fuel\“
oll,-wnlch can, however, be still further improved by cracking,
ae‘snovn in Section VIII. B ' 7 | - jf

II1. Aviutlon'anoline frca Crude
ascline and Middlc 01l

The crude gasolline and the oiddle oll froa *he 1l.t.c.

pltch hydrogenation cannot te used as cuch. They are, however,
ra® products for tae pﬁﬁéuctlon.of high-test aviation gosolire.

It must be predicated upcn Ihe use

ol a esuliable Operaubﬁu pre-

wo

ceas ana of catalysts with prizarily a splisting action.

g

have worked up crude asoline and aidéle oil froa 1.t.c. pitch

{(from S 40) by the Ruhroel proceas in cne stage at 600 atn
pressure over one of th2 catalyst prepared by us. Wwe first

operated wilth the crude bdsOla e and mlddle oil of the hydro-




mlddle oll) and flnally rluh nlddle oil B alone._~
: " The analytlcal date on. the feed olls, the reaotlon

Aconditions, the ylel’a and tne rea 1on products are ahown 1_
Tabie 11, The table gLves: also the corresponding values: for
’the vapor ohage hydrogenatlon of crude’ gaaollne and mlaule ‘ol
;rom t“e hl?n te”pe*ature oltch hydroeenatlon. Comparlron of
the pr 1nclp,l data, euch ac baalflcatlon and space/tlme yle‘d
sho"ed that tne 1.t.u. mldale 011 1s converted lnto gasollne
exactly liks ths middle oil froa the'dpklng;p;toh;r;lt_1e¥mqat
remarkable zorcover, that the dual;ty‘oflﬁhe gésollne produced
s practicelly the same. The ghsoiidé from the 1.t.c. ﬁlicn
is sozswhat higher 1in hydroren,‘but tbls plays no. role Ior the
decldlrb racto-a of gacollne eveluation) raly the octan num-
her anéd the load curve shown in Fi1g. 3. The aviation caso-
iiné outainzd froa cé‘lng pltcn (type V.T. 330) 1a considered
today one of the bezt gasol;nea. An aviatlon gasollne of the

C 3 quulity 1is obtalned by the ad&ltion of te cal lso-octane.
The giuay of the cvorléad curvas shows that practically tie
saze high quality gasoline is zlso obtained from the l.3.c.

plitch.

Pable 11 shows also that from'tng pure B—middle'oll a

gasoline of exceptional quall y ls obtalned, with, howeve a
high gasificatlon. This fact was already knowxn to us {rom

the coxing pl.ch B-mldule oil.




nor ze;.o&r rbsulté_ngve showa tpat crddé Zaco=

gen“ulon ca n be converted

‘can bé:bbtained as froam the coking
tlﬂn of G'3 qu.’ltj avl t*ﬁn'gaao—
pltc-...

! N ' . : o .
yiold of the stall 1s 0.5 and therelcre
%o that from égkldg'p ‘

rel -‘I‘c.d Cv tha
s hyéroseneilon of middle
hecrc;cnatlon
oral years by f;
muMule—oil vo hig

3

o diffzceulticn Lndustrial

o

1s a d2six: 1w : w12
vo walen ; Iorelgn oils, L guch of
phais coasens, gn added witzout depositlon.cor flocculutlcn
whicn-~~"1d lead Yo :he’piﬁgging up ¢ the pluelires and orl-

fices. The éakl 33 piteh aydrogenation heavy'oil (Welhei= fuel




was uaed prlﬁax 1y as’'a solvent to mlx wlth euch o1l wr
would VQad %o depoeltlona. .
“hs heavy 011 obtained from a thermally pretreated
l t.cC. nltcn (1able 10, experlment G.S. 15) “bas the requlred
vlscoeity of o-6°B/50°C but- uome what oo low a gravlty; because
the latter should be en excess of 1.050. Nor are the.pdﬁr point,
and the v1iscoglty at 20°. satlsfactory. |
F lloninb tnﬂ request of Director Dr. moenrle, ve have

'fsubjecued thls fuel 01l to a eimple tumpﬂrature treatmenu with-

. - out adultion of hyarogen. e did thln in the same equ-;*ent as
for the dea cblng of 1.c c. pluch (Fig. 2). Tho 09»1mu* reaction
condltlcns had been prc loualy round 1n autoclave tests.

Ona ﬂay sce Ifrom ;able 12 that our tests have led
ths deplred resulto. 7Ths oll cracks at gbout 470°C wlth tha
spittty nb off of nycrouen and baseoua hydrocarbons, the 5rav1ty
ie increa ged and the viecos .Y and the pour p T are consldsra—-
bly lo ered.' Unfortgnately‘a gxall lhcrease 1nAthe aspaalt. con--

_ tent and the Conradson test cun ot be here avolded. It can,
hozever, be kept within permiseible limits. The formation 6:
the low é‘-tolll““ congtituents of cracking causes the fiésh polnt
%o be no longer satlsfactory. For this reason topping:or the fuel
011 becooes neéeseary. ”he sazple shown in Table 12 was cbialned

by distilling off about 5% gasoline and middle oll to odtaln

agailn she flash polnt of over 1C0°Cr(dpen cup).




Aa already disousaed 1n Seotlon VI and as may bs seen’
from Table 10 th, tnermally prehsated hydrogenatron heavy 011
poseea"es tnw desirea analytlcal valuns., Th~ procesa 8ug 539 d
hy s for a compl°t° deasnlnb of 1.%.c. pltch made tho Bubse—v
quent craoxing or ‘the. heavy oll unnecessary. It may, however,i:
be eoonomlcal to 4o 1t. Tns cut between mlddle 011 and heavy
01l could tbsn be made g0 hign that a maxlmum mlddle oll yleLd# 

18 obtalned. The heavy oil thus obtained would. have a high

vlééoslty. ‘Qur tecto have shov, hnwever, that tnls can be .
reduced uo tnc required level by a oubanuent oraokinb

‘sagoline and middle oil formed in that Way will carry an
aépreciab;e part of the coat of thls.slmp e process. We cper:
ated at o preccuraAcr 125 atz which formed 1h éutoclaves unéer.
the s°lqctcd cowdltiona Lor the reaction. The. reaction is,

Low eve‘, i;;gél; Lndependﬂnt of presesurs, and a.lower preesure
rculd be aatlafacto Y.

We may sumnarize by’ etatlnb that we czn cbange

\h=avy 0il from the thsrzmally unpretreaued pltcn by a crucking
process at 470° and about 100 ata pressure into a fuel oi1l which
wlll cocplciely ¢ tlsfj ke “nqu‘remenua of the lavy. The asphalt
content will then be sligntly increased. The 5-10% 5aéoline and
middle oll zust be later distllled off %o obtaln the required
flash poln%. Tne_gaalflcation losses or-the’proceés agount to

5-10%.

k¢ Sherzally pretreated l.t.c. pztcn produces a heavy
011 which neets the Navy requ1$e ments for Tuel oil.




U The 1noreased yleld of iddle 011 may 1n thls case,
“:nowever, makezit advlaable to first conduct dlstlllatlon to
‘ths productlon o'- heavy 01l of hlbh vlacoelty and then con=
vert 1tvaubsequently by a cracking proceas 1nta fuel o1l whioh .
i wou1d meet the requlrementa. It would be tut 11tt1e 1nferlor
,to the Velhelm fuel 011 with regard to 1ta solvent propertles
for hlgh &sphaltlc fuel olla.

IX.- Summary;and Crltieal’E#aluatloﬁ of ths Results

Oui iesta extended over 1 i/2 yearé and‘h#ve brohghf
'us to a aoluclon of the problea or nydrogenatlon of bltumlnoua
| coal l.t.c. piteh which could not be anticlpated and which
hsas oauaed us to evaluate ths l.t.c. pltch.as an outatandlngly.
n‘gh—grade raw materisl for nigh pressure hydrogenatlon. Rntu—
rally, ‘the assu=ption munt~be agde bere -that the quality of the
1.t.c. pitch 1s the same as was avallable to us in our tests.
Ih_th:‘cdurse of our investigallon we could prove the
Ahlsbly surprising fact that a solution of 60 parts l.%t.c. pitch
and 40 parts middle oil, freed from sollds and ash, could be |
ny'drogen.'ated over fixed bed catulyst without cazmaging 1it, 1in
’ con:lnuoha operations in splte of the 204 standard gasollne?
:insoluhlea preaent in the-solutlion. Consldering the well-known
eenaitivity to asphaltic materlals of ths catalyat used this
~result is extraordinarily surprlalng. 1s can only be explalned
by the consldefable differences in the average cona:ituggod-ct




'_eeen from ‘the analytical data, however,

behavior cou1d not have been pred'oted

The hydrovenatlon or the l.u.c. pitch over a- rixed bed
catalyst 13 carrled out wlth a vory much highcr concentration
or the catalyat tnan in the hydrogenatlon of coking pltoh in
thc l_quld phaso, and as a result.a complete downgrndlng of tho
1.t c. plitch is obtalned to asphalt—free liquld reaction producta.
- ‘Ihe nydrobenatioﬁ equl Zent is similar to a Vapor-phase‘stall
Opcratlonc are done wlthnut HQLD and only a yellow-brown oil 15
obtained ae o product. Thg 1iquld phase hydrogenation of high-
tempnraturc pltch producea, on the dtnsr hhnd,.oniy sone GS%A
asphalt-froe oll while the rest formsz the HOLD wéioh 15 high
in gspialt and is a highly viscous paste. - ., -

The cozplicated and costly working up of this HOLD is

one df the zost ungtt:active_taaka'or hydrogené:idn,‘an¢ is
complctely‘ellmlnated in the working of the 1l.t.c. pitoh, It
requlrea," wever, an eliminatlon prior to the Jydrogenation
of the midhle oil-ineoluble conatitucnts and of the tosal ash,
'anlpélng that crganically bound. This problem was ariginally
@ifficult but could be solved satinfactorily. The deashing
process developsd by us has tha additional advﬁntage that the
basic structure of the l.t.c. pitch is alt tered, which results
in the Teaction products of ¢ subsequent hLydrogenation %o

be poorer in hydrogen and therefore more valuable.

~N




‘ _ " The deashing prccess 18 exceedlngly slmple and should
"_offer no difriculties even in-its 1ndu5tr1al realization. The
”costa of ths proceae, compared to ths worklng up or the ﬂDLD |
B should bs. very sllght.-

The feea of the hydrogenation unlta 13 a rlltered
'eolld-rree féed, and all ths technical dlfflculties met in’ the
'vllquld phase hyﬁrobenation of: coking pltch are avoided, as well
as the ectt11n5 out and cc&lng up inside the preheater, the plpe-.
- linea znd tho converter _nd in particula- the ‘hot catchnot. Aa ‘
'any practlcal man knors, this alons’ offere a’ sreat advan»age.

A further advhntage of the process for the hydrogenation
of 1.t.c. pitch over fixed bsd catalyst developed by us conslsts
in almgct double- spoce/tice yleld of the btall,;n éomparlson
ﬁltn she ua?ai.qoking piﬁch hydrogenation. This means that the
gams high prebsure‘oqﬁlpnent w11l work up 1nvth9 cams $izZe double
the amount of pit h producing ccrréqundlngiy greater anounts of

gagoline and fuszl oll.

- It 18 particularly surprising, cnd could not be aﬁtl-

clpated, that we sguccceded in obtalnlng'rea_tion productg of a
quallity which are practically ac high as those obtained from
high teoperature pitch. The primary crude gasollne and alddle
cil can be converted Y0 an avlatlon gasoline of the same qualltyr
»by motor tests as the middlevoil froa coking pltoh,vuslng the
_Ruhiroel process of the single stage vapor‘phaae hydrbgenatlon
which has been used industrially byvtns Ruhroel'fer sevaral .
years. éhe,l.t.c. plich preduces aviation gésbline of C 3
rquality; ' |




Tne heavyroil from ths thermally pretreated i t a.
pltch 1s .mmedlately produced of a quality to meet the very
strlct requlraments for Navy fuel oll. slmple crackinb )
procees permlts stlll rurtner 1mprovement 1n 1t_ quallty.

Tr nydrobenat‘on procesa for the l.t.o. dav310p°d>
_and p”GpOBed by us.can be represen»ea by a flow aheet shown 1n ’
Flg. 4. 1t snows the three prlnslpal paths of operat¢on

1). Deashiqg of the 1.t.c.- pitch solut: on by -
e temperature pretreatment at '410° and 50
atm, and followed by fi.tratlon.
Hydrogenation of the 5olid and asphalt-

free golution at 450° and 700 atno.

" Hydrogenation of the. crude gusoline and

atdale o1l, using the Ruhroel iapoé-pnaa
procees at 485° and 5&0 atm.
e xay. ada to CHis a fourth s.ep.
4). Cracking of the fuel oil at 475° at
about 1CJ ata.
Tre flow shect shows the following balance of the
reactlon products:

100 kg of 1.t.c. pitch produced

So;uble groductg

‘ kb Navy fuel oil
25__ kg aviation gasolin

QIQQrQQuotg

kg gasecus hydrocarbons and
NH;, H38, which give abous
10 kg of l.p.g8. (prepane-tutane)
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-.wgsté‘ products

EQO
,l___ g aollda

. 5
ho have Spplled for two patenta on ths atrength of the

results of Tur 1nvestigatlon.

' Circ(_xmeta.ncea bave- unfortunately forced us to alacon-
tinue our ‘ce*:ar“ca sooner thah we wilshed. Wwe regret in partlcular
that tna continuous tast (G.s. 1'?) could not bo ccmtlnued ror
seve*‘al monthg as. wéﬁ planned, but had to be int erruoteo ei‘ter
twenty-elght days of operation. ‘The mtended tests or direct»

"ee of 1l.t.c. tar u._..d to be postponad to soze later d“tc. In

—— LR RS T

SpAss ¢ W2l ..-.;., =2 hove bnnn qble to solvs prob e get
to us by the Reichcamt and %o I “‘nlsh a dermlo.e praoof for
The excepuon guitabLility of betumtaous cosl 1.t.c, pitch %0
hydrogenation.




fable 1-

AJALYSIS OF VAHIOUS LTC PI‘I‘GHES AND THEIR. COI&PAR.{SON
i WTI'H HIGH TLMPLRAI'UBE COKIX‘-G PI‘I‘GH

'Bitgminoﬁa, Coal LTC Pitch

" . Saargruben A.G.
Reichgs- . -
werke ' 10te . 1 te
‘sample ', sample

e 1 mo

Tetralinewu*esol o e :' ‘ ' : '
" (80:20) Solids - i 0,50 % 0.654% R E 10 ¢

pshi total . - 0.33% 0.20% 0.15% - 0.4 %
0.122  -. 0.035% . 0.35%
0.21% 0.1155  0.05 %

Fractionol Extroetion:

Tetralix- Crecol-
. Tucolubles . )
(e3:20) 0.5% 0.5

Benzol Iarolubles 5.5 % 5.0

Stardard Casoline . )
‘Insolublea 26,0 20.5 % 28.5

Sclubles 61.0% 63.5% 66.0

Ulticate A."!-ao"
85.9 & .
6.9 6.9 %
0.4 %
0.05%
0.9 %
about 5.0 §

VW W

(ty caifference)
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Coose

 HYDROGENATION OF LTC AND COKING PITaH TN-TUZ LIQUID PHASE
Ca‘réstant*'Reactio:i_ Conditionst Pressuré 700 atm. Gas: 98% -Hydrogen, Loadvzvl'kg/l/std_...-

' Catalyst: Iron Oxide Upon LTC Coke, 25 - T
‘ - Of The Yeight Of The Faste+ "' -
.- LLIG piteh - Coling Fitch
' Saar.~ Kine von Velsen = L : s " Ruhr
L , : . , , » - o t g T s '_" Lo ) s el

Test HNumber co L83 Lo o : - o S _ A

Uppér Silesian - Mine Cheim-

. Pasting Ox1° -~ = - " Froduct. . . Froduct “Heavy 012 fiom - I{e:.vy ¢il froa o . , .
s . - Heavy 031 Heavy 011 Coking-Fitch Cokinr Pitch - B ‘Product Heavy 0il, Filtered

Pitch inrt".hg‘Paste‘: .

LTC Pitch ST 35 L . _ 50
Coking Fitch % _ - - : - 35 o 7.5 . - 15,
Temperalture °c S LEC=470 - '
roporticn of Gas

. in the Feed

Duraticn of Test

Eeaction Products, )
iteferred to Pitch:

water -

Gas

widdle €il
Heavy Cil

Heavy 0il :
Viscosity ©
2.8 mm czpillary/ (0,54 8.5 6.5 . = , ] s,
@ capillary /1000 - - : 1.5 DA <3
Asphalt . Free | Free 4.5 : ' 0.7 .
Remarks: ' Upcrations Operations <ulet Cperaticns ’ .
Irregular Pre- irregular Pre~ Prcheater Clean Operations Irregular, Preheater Fingged Up After
heater Piugsed heater Plugged A Tests s 48-2 and S 406 oL
Up W . -




.‘Table =

s

rI)DZOG:ﬁSIA‘I‘IQrI OF LI‘C P’TCh OTR J:.JU:.D BuD C.«LALYST

Consta.nt Reactlon Condit" ons: Pmsaure-' 700 ‘..tm, G_s- 9873 t,ydrooen, “Load, About .x.O kg/ll/n
Cata lyst.,<.% Mo, 2-5% Cr ' .dum.m.m Hydros:llcate Carrlcr, In A mm Pills s -

-Gosp;zA G.S. 1B

‘ ‘Mine Oheim

Orig:.n of Pltch " Mine Ohein. Mino ‘Cheim AUine o' Vclsén “iine v_én \Tcisen .

d.f"— pl\-\-h
143 d(llc O.l

Pfoduc‘c
Middle Cil

Product
“Middle 031

Coldng Pitch

szsting 0il :
; Middle Oil .

UG Pitch in Pasto X .. 6o T 80 - 60 so‘..vvo
Deashing Prosess . .. . - .. Pagte Filtered, Pasto Not File . Paste F.lt"rﬂd I 3 " basto Therzally
: . . : R AdGLLS ‘ T I . Toclooatsd In

cf 0,17 = - € 5 with sdditien
L 0.5% S Then-

-
L.
VA Aam 2
vl

e e e e e e TR T S S
#O adabiions Torandy, Ko Dodslilly -

Ihj ection

K3

" Ash Content of - Paste e.ftc: D»asmnv.
: S b} :C.‘lga..t .

Ratio: rced-Gw x 1,000
Duration of Tcs’b, Dws
of Fater Referred to Pitch )

[ 10
=
k]
D e
04
o
e Se
=
Q
]

< <,
¢f Gaa Raferred 4ok

of szolinc Referred -

WO R e

of } f*dl'- 0-‘1 n.efe:'re
of Heavy 0il Referred to Pitch
Spaceftime eff. 1 kg ilew 0il/1i/h

35
-/

fasoline, D
.4
A ns ¢

Q "Iu .
Hiddle 011, D}Z - : 0.953

Phenol, £ by Weight ' . &
Beavy 0il, D13 1.035

) ~
Viscosity ©E/50°C 6
nmunﬁbyngm - 405 - < 0.5

Roaction
Producta

EAY

¥ 31

1.035 056 ' L L0850
6 . .0 : 25
<0.5 : , 25 . ©.35 .

with 2 Preheaters and

1.035

Converter Let Dowm; Converter Let-Dowmng . Undd

_ Remarks:

Regular Vapor Fhase
Equipoment.  Plugzged
Up In 5 Days.

Preheater Plugged Up
In 7 Days. 3ireng

: gedimen:ation in 4he

Preheater Plugged Up
After 17 Days.

Ceaverter Let Dewvnj; After 28
Days Run, the Feed Prehexter
Remined Unobstructed.
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- Test Number

Temperature  o¢

Oﬂ/ 50°C,

fcrrcd te Pitch

Viccosity °E/50°C
Peferred tn Piteh
t T Resicdue”
Referred to Pitch

'

Gas:
Teight & of Gaz Beferred
to Injzuticn Peed
11 Hp/kg Injection

1z Y.wuroca bons/kg Iniection

C Ko, of Hydrocarbons

410
0.65

c‘AA
L s

K10 - 410 430 410.- 410

0.65 | oss 0.65 .  0.65
Ml C51 fres Bydvogeiallon of Culdig
60 v 60 - 60"

0.t s 0.6

ol aledatitte)

~y




v Comparatn.ve letratlon of Crude Solution oi‘ L T.C Pitch, Coking rn.tch and'
- L.T.C PltCh Paste l:.xpermental Filtér Presses

. F:ther Press with Ceramic F.L'Lters » Hade by the Schmna
. yellow, Gmded 30" ’ Apparent surf’;.ce. 130 sqocm.

' V‘Opera’cing Condlt:.ons" ucmper"ture of pa.ste, 150°f‘

opez‘ating pressure, 4,5=5.0atm""

Load: 1 ‘kg. The filter timé required for 1 kg was measured, and then, without_ o
o renewing the filter, it was twice refilled with 1 kg and filtered. The
re.,idue was removed from the filter only artt:r the thrce passes.

Filtration time, min/kg,. at' . Total Filtration
_150°C and 5 atm gauge .- Time of
1st kg 2nd. kg 3rd ke 3 kg

‘Cri_.zde solution ‘ » L ST 1205

508 céking pitch S . 105 . 269
50% pitch m.o. : S . .

50¢ 1.t.c. pitch - . 9.0 Y 1.5,
 50% pitch m.o. - : L o -

50% 1.t.c. pitch
_50% pitch m,o.
18 kiselgur

60 1.t.c. pitch
40% pitch m.o,
kisslgur

l.t.c. ptch
pitch m.o.
kiselgur

éﬁL

l.t.e. pitch
piteh n.o0.
sulfur . -
kieselgur

~2
&

(@]
RR]R RKR]

l.t.c. piteh
pitch m.o.
sulfur
kieselgur

Lo

[oa

L.t.c. pitch
pitch m.c.
sulfur
kieselgur

602 1.t.c. pitch
40% pitch m.o.

0.5% S pr=treated
thermally in C-4-3.

&0Z 1.t.c. pitch
I.(}' ;,utch m.o.

o,
RURK




‘Summary of the Gessous Hydrocarbons

Rofex;ré& to ‘Inj-o:oi_zion. Poed:

= 2,53 - % by weight
; '_1.94 % by welght

2.0 % by wolght
- CHjg = 0.08 %'b_y- woight,
“ Gy - 0.2 % by wolght

. Total Gas Hydrocarbons _6.27 % by woight

Basifioation Rsferred to Pitchr 7




'oOSzf

il szude",' gasolinolih l.tie. pitch 'hydrdgéna;tj.bn__ovp: fixed bed ca.talyst:_

““Effect of thermal pretizatoont of. piteh paste before hydrogenation. -
* Comparison with erude gasoline from coking pitch hydrogenatien: '

LTC Pitc':h‘}.’.lyar'ogénation )
G.S. 15 .. Gis. 17 :

. Pitch Pasts, Not . Thermally Pre- .  Coking Fitch
. Thermzlly Pretreated: treated Pitch Paste Hydrogenatioh-«

" Gravity, 15%

100779 : _ " 0.859

Engler Distillaticn’ ’
b.p. 5°
1000 “Vel. & . 23

95¥ol. & C  165%
Aniline Point -~ °C 428
Pheool = M. % 3.5

Bases nt. % 0.5

Ultimite Analysis =~ -
c 4 £5.3
y%

s




uiddl., oil of the 1.t. c. pltch hydrogcnation over i':bccd bed. catalyst.

Effect“bi thermal ‘pretreatment of the pitch- p&s*"befbre hydrogenation
and comparisen with hydrogenation products 2L _oking pltch

-LrC. Pitch uydrogenation
G S 15

Paste Not Pre-~
treated Thermally

G.S. 17-1

Paste Thermally
Prctreatqd

Gravity, 15 - = 0.955 - . 0.580

.Eagler Bistillatica
LI R 1820
250° % by Vol. . 148
95 Tol. % OC
'Ani'iinqpoi‘t %
% by .

‘Bases Z by ot.

Fhenol

Ultimate Analysis
T
R

1H§drogcn3ﬁion“

of Coldng Pitch

0.997 .

215°
30




0il} frem l,t.c. pitch_hjﬁpoéeﬁition_o?er
2rison %ith fuol oil from hydrogerdition of coking

Y

" Lrc Pitch Eydrogenaticn,

G.5. 271

Pusto Pretreated Coliing Fiteh -
Thermzlly " Hydrogenation

AT

1.105




vv Tabie“ 11
Hydrogenation of ‘crude gasoline and middle oil from the twdrogenation of l.t.c.
and coking p:.tch :u: the ‘vapor phase, by . the Ru!u‘oel process. .

. Redction cond:.tlons. Pressure 550 atm, gas: 98% Ha, temp 485°C, Ration,
feod: gas = 1 3, load 1.0 kg/li/h. - _

: Ca'ta.lyst- <1% Mo, 2-5% Cr, upon an aluminuzn hydrosilicate ca.rrier. ; _ :
. e . © 0il from )
R o Oil from low temp. ca.rboniz. pitch _ coking pitch

- A-Product. - B-I.Siddle 011 75% A—Productv 75% A-Product
S U258 BALO. 258 B-M.O.

CGravity, 15% . 0.965 ~b.903'* e 0.936
~170°, % by vol. - S : 0. . o 5.5 .. : - 11

Phenols, % by vol. 1.7 ' 0. 92 21
l{2, % by vol. _ 9.6 © 10, 10.1 : © 9l

2
o
o ©
00
.Eh

ater, % k0 3 S
. Gassous wdrocarbo'm, b4 13 ©oaT. B £ 12.5°
Gasoline, % - 57 . ' : 52 E 33

B-middle oil, % ) 2 o300 33.5

,Gasificaticn fecd ‘ 19 T - 22

Staal space-tine yleld
kg gas/11/n -0.57

- Gravity, 25°C - . 0.789
‘Engler Dr'tillztim. .
b.p., °C ' 51
100 °C, % by vol. 33
95% by vol., °C 144

Reaction Froducts

Vapor pre:ssure, ntﬁ 0.3

Aniline point, °C ' +12;3

% aromatics ‘ 41
Iodine number, %

leti.mate analysis.

%C
ZH

Octans pumber. MJM.

Analysis of Casoline

Nct leaded
0.09% TEL
© 0.12% TEL




vReact:Lon éond::.tlons-: Tcmperature A70°c pressuro 125 at.m, load 1.0 kg/li/h

Gaseous .x_-eaetn.on products: Gasn.fication, % of i.njection feed
Total gas/kg macct:!.on feed: 50 hE
H ) "o " 511
. Hydrocagbons ’ : . h511
C-number of tvdrocarbons o 2.02°

.Liquid p*oducts of reaction.

' Injection Foed Products of Reaction.
“H.0s from G.S. 15 . after Distilling off
;. 5% Gasoline and M.O.

bravity, 15% ' . g T T 1,057

Engl Dlstill..tion.
175
35

Viscosity, °z/2o°c

€ /5500

Pour point

I-;I_Lash point, °C

Asphalt, %

Conradsan Test, % G

Ultimite analysls:

%C
% H
%S
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'DLPAHTMLNT OF. THE INT&HIOR
’ BURKAU. OF wINES -~ .
OFFICL OF  SYNTHRTIC: LIQUID FULLS
LOUISIANA, MIS S
Lg o . T~468
. _010’8 R dy-Sternbarg
: Decamber 28 1948’

HIDROGARBON SINTFVSIS HITH AN IRON CATALYST
By Kolbel

TCM Reel 178, Frawes 262’7-2642 .7 september 13, 1910

_.I odue L
LT la hardl; necensary for e ta explain to my fudi-
' »enoe the :meortunce of tms ‘topie, nor the mteneive"workz and
the great 1ncereut shlcn has been creu;ed_slncg.tne tfasoline
synthesis by Franz Fischer ana aans Yropsch has resulted in a
successful industrial éppllcatlpn. the excessively raéld-cclen—
Tiflc and industrlal developzent of Tae co
made us forged thut the use of cobalt as & catulyst mukeé us
dependent on 1%s importation from abrOaaforAﬁhe colonies, and
is uneconomical. I don't know whelher the 19% logs of cobalt
used as a catalyst in a single circult is covered by tne Gerdun
production, but 1t 'ls certuin ﬁm;t the total CGerman cobalt re-
quirenments go principullylin the sleel Lnduat;y, and 5re in
no ay covered oy douestic Qroductlon. As long; us this 1s the
cage, depqﬁdence_bn cobalt s a handicap ana the rurtner_develép-
ment of tae Figcher-Tropgch synthesis, w&ich is a key process,
and a starting polnt for an entirely new organic cnemicﬁl indus~
try, tue develoyment vhich we may be able to measure by the
izzensge develepzent of thé inaustry in Anerica based on a further -




. eieta 1n tne neeessity of centrallzatlon of the manufacture or the
'catalyst because or the "hi h Value of cobalt and of thorlum, whicn
‘aleo will be ellmlnated by hunblng to lron. The catalyst developed
by us 1s- elmple to prepare wltn slmple oquiphent and can be done ln

the rucure at the synthesis worka. ‘ f. R - o i
-1t muet further be remembered that ehanginb the catalyet

'from cobalt to 1ron will - greatly reduce the cost of the cataly
”hese are not the only reugons for thﬂ trend o the develoenent or
th° beeollne eyntnesle catelyet ln tne dlreetlon of the agpllca~'

+

;lon of iron: The greateat uttrectlon does not eoneiat in the elm—
ple adbecltution of cobult but rather in the poeslblll;y of uyntbe-
,elzinb more reaaily convertible and cheaper products than can be
done with cobalt. Thls applies eleo To. the gzsoline synthesized
with iron, whlcb can be-censlderee un_gginu useful as such, unlike
the cobalt baeollne
'Tne problea or syntiaesis of throcnrbons with lron cata-

lyst.le by no means as novel as it s agsuzed by many Franz
Flacher-himselfAhae contlinued the develoyment'or iron catulys: with

his ciharacteristic stubbornness ever since his conception of "the

idea of preparation of o1l :fom coal by synthesgis of CO and M-

contalning gases. In-fact he was first %o produce in 1925 at
ataospheric pregsure the homoloys of Qetbane from caﬁbon igonoxide
and nydrosen using iron catalyst. The work with the ;ron eataljet
has been cOntlnued,even today in spite of the high gtage of develcp-
zent of the cobalt etheriun catalyate, ard without regard to the




’éxiéténce:of;fgnddmshtal disqdvantagesﬁoraizpn‘cgialyst against-‘

"cobalt and nickel oatelyst which were belleved to exist. The
 éffarts were contlnuously stnrtea anew,. be0¢use or the reali
'_tion tnat 1ron plays in nature as ﬂell us 1n the arts a mo*e _
i3.:portant role as a catalyet, than cobalt nnd nlckel _ Flnally,
1y lndustrlal catalytlo procoaees -involving Lne uge of coatly
cetals nave been changed ovar in the course of the ue:eIOpmen»
io the uge of -ron.' humerua pacentg or the I.4G._narben1ndustrla.

lead one 1o assuze that they bave wo““ed Iér e loﬁg'tlme on‘ths’

use or.ircn'catalyet-I r the reauction of carbon- nonoxide and'ths-'

'rormatlopvcr hydrocdébanu. The results there recorded can, how-
ever, not be e: perimontally subastant atuu in aplte of the-zanj
earnest efforts, nor 4o thoy equal as far ag is xnown to the
“esulté obtalned by Fischor ard hig studsnts. Wwe further afé
fazillar with different work in Jasan ‘which consigted in aluoegtl
palnfully Aécu:a:e réproduétl n of the principal features of Fis-
'cnér‘s publicalions, but wilch have braugh: out nothing new beyond
the resul%s obtalned by Xul. .French scientists hava oceupled thea-
selves intensively wilh the physlcal investigation of iron catalyst.
The X-ray and therzo-magnetic mothods used by them are hishly ori-
ﬂ5¢nal and very interestinyg, but they sust be used with the greatest

this fiela. e ’/

.Fundazen Problexzs with the Iron Catalyss

ihs reason for the slower developzent of the lron catalyst

circuagpeciion according W tho resulls ot cur expericenial work in

in cozparison %o the nickel and codalt catalyst is found basically

=/




ﬁthat in tne seriea 1ron—coba1t-n1 _ the actlvlty 1ncreasea
with respect to reduction of CO to hydrocarbons. or theae three
elements, Whan conaidered ror the teonnical hydrocarbon eynthssla,'
”viron offors the greatest attraction, but aleo tundamentuliy-pre-
senta the greatest dlfflcultles because: 1t hns the 1e¢u. actlvlty.
This Iinas its eXpreaalon in 'ne reaction temperaturaa with the '

‘ dlife:en» catalyst metals: _at.atmoapheric_preagure,,tha hydro—

Carbon‘s§gthesin can be carried out at 160°C'w1tnvniékel, at’
170-180°C with cébalt’ and only at 226-260°C with tho‘iron'cata{
blysts khovnktoday. Tne necaaelty of uslnb hlgher temperatures
with lron introducea a multltude of dirrlcultlea and problema.

1) The roruaclon or t;aseous products is greatly ravorod
by rlslnb te"peraturee, 1.e., the llqueractlon bcccmea poorer.

2) Tae formation of secondary productn, e.g., through
the decozposition of the high molecular welght prlmarj paraffins,

1s greatly favored by rising texperatures. The types of gecon-

dary products, e.g., from the high decomposition molecular weight

prizary paraffins affect very unfavorably the life of the catalyst.
3) The geparation of carbon fqpmﬂthe carbon nmonoxide, the
so-called carbon deposition, becomea greatly:increased at hignei
reaction teipératures, which will threaten grent.technical:ditrl-
cultles, .especially in the synthegis 1n‘tnb middle pressure range.
4) The srnthesla equipment 1s the Dore difficult %o con-
struct and is the more eXpenslve, tne higher the reaction tempera- °

ture. wers ve to peralst in leadlnb'away the heut of the reaction




'w$th water detinlte technloal li"ltations w111 b 1mpoaed by .
%ttna reaptlon temperaturee. Tne empirzcal experlence uccumulated
wltn cobalt and nlckel ag’ oacalyets. cannot be used for the’ solu—r
tion .of these baslc pr blems, becauae iron catalyut.dirfersﬁrrom
the two. brothsr élemen by speclal converclon prop rtlea durlng
the rcaction. . C
‘ ‘The ‘cobalt and nlckel can cause tro &1nda or reductlon
'éh carbon monoxlde. S B
1) Oxyben or‘the carbon moncxide may be eplit off as
water during the fgrmatlon of hydrocarbcns. {CO + 2 Hy e Cﬁav+ H0).
. 2) The oxygen in the carbon monoxide can-be woed for. the

production of darbon’¢10x1da with the forzation of the unwanted

dethane. (2 CO'+ 2 Hy = CHa + C0a).

Iron, bowever, offers a th.rd and prlnclpal kind of re-
dctiﬁn, 1n whlch OXygen ls usea in thz formatlon of ¢arbon cloxi“c,
~1cn the slzultaneous formation however or hydrocarbons (2 CO+ Hy =
CH, + CO3). Ve mlbht mention here in parﬂntncala tnat Figcher and
Tropsch's statewont in thelr colleoted work on the study of -coal,
that the 1iron end copper catalyst alvays cause the reactlon to
procesd by way of rormaflon’or oarbop dioxide, and wltncu; forza-
tion of water, does not abree with our cbgervatlons. We have deve- -
loped iron eatalyat in wm<>h there was a oonsiderable amcunt of
water formed during the carbon monoxide reéuczlon, which therefore
approached quite closely %o tbg 1deal case already stated by File-
cher and Tropsch in 1926 of ths use of Tuter yas prﬁdﬁcté, using
equal purta‘of'chrhpn:ixnzids and water accofﬁlng_td the equaticn
3CO+ 3 Hy = CO; + HaO + Cﬁa. “we do not wish %o digcuss this’




lony;closar at the present, bacaune our work ln tnls dlreetlon has
not yet been completed.

Tho compositlon of the 5&8 must 31 aya correspond to ths
reaotlon, when water is formed tha proportlon of CO~H3 must e -
Sl 2 2:1 wheq carbon dloxido 1p formed, and whsn both reuctlona
occur the prOportlon should be 1 1, l.e. the prOportlon such as.
exigts in the usual water sas (blue gas) Nnturally the naturo
of the bydrocarbonu Tormed will bo dlrrerent dependlng on “the .
Operatlon. when an iron catalyst is used with carbon monoxlde -

' rich baa, wlth the productlon carbon dloxldo, produota very: hlgh
‘in oleflnoe are . obtalned~ when - water is Io med with hydrogon—rlch
" gas, the producta auoume a wore saturated oharacter. Thege pogsl-
billities or variationa dlrrerent1a 1ron aynthnsla Irom the oobalt

—

ana nickel catalyat and are 1n themnolvea exceedinbly desirable,

Lo

but uqulre overcom.nb consideradles difficuities,
- After having brlerly digcussed the problems net during
the azfﬁIESEEHE of the lron catdlyst I will procecd with comauni—_
coiino goze results of our own work in this rield, carried out in
Rheinpreussen with Dr. Aokervann and later with-Dr. Ruschenburg.
will not overleoad you wlth detalils of the work which hao.loated

for nearly four years, and will 1imit myself for ths sake of brevity

principally to the comunication of the results.

Invegti : »

The purpose of our work @&id not conslst merély in find-
lng a aubstxtute of iron for cobalt, but to dsvelop the hydrocarbon
arntncels #ith iron. to suoh an extent that it would no’ 1onber be

'a mere substitution for the synthesls with cobalt, but would




dlreotlona, in ths contlnuatlon of the work ﬁegun at K¥il-at .
.atmoaphﬁrio prcssure and conneotlnb 1t to the “aynthol“ work
_of Franz Flsoher done 192& to: 1924 uning hlfnar pressuren
ror the production of anti—knock bacollne._ The reaumptlon of
the work with 1ron catulyst appeared to Very promiaing becauao
“in the peat ten years o> 4 dcv OPQ“ﬁu ol qyntnol, cOpa;aergoLe pro-
grees had been made with 1ron oatEIynt whlch hed not yet bdpn used
.at 1noreased nreeaurca.r

At tne tlme we started our work, the atatus of develop-.
ment was blve1 in the publluatlons or Franz Figcher and in the
worx of X. heyer with an irom - copper catalyat contulnlnb 25%-
ooppor, uslno o synthesls gas oontalning 28 CO and*ﬁﬂﬁ H,, and
who obteined £5 g liquid hydsocardoni/noba during 4 - 5_ueeka*
Opera;ibn. The‘oonvérsion 5iﬁnout exception proceeded by way of

cerbon dioxide formation, the temperature

CO:H, propoertion of 1:2 usea 1in these tests was the zost unfavor-

able lmaglnable ror.ﬁork wlth:thia catalyst, und the reaction by
vay of carbon dloxide requlredvtha reciprocal proportion of 2 CO
to'l H,; 95 5/cb:uWaa the theoretlcal maximwi yleld with the bas
of composition selected, COtHy = 1:2. NO guccees was obtalaed
working with carbon monoxide-richer gas, because the action of

the catalyst 4ropped aoff very rapldly nrter an Lni tlal high yleld
at normal presswrea. Attempts %o conduct the atmoespherlc presaurea
gynthesis by way of #ater formation were also unsuccessful in She
teavts perforoed at the KWI.




- Our resulte witn the atmaqpheric preaaure eynthanlu

3w1tn 1ron catalyst conaiated at that’ tlme in Lttempts'to increaae
1tn llre and accordinsly also ths yield over 1onger perioda. ualng"

a8 oatalyat of ‘much aimplor componition, and accordlngly algo much
gheape°'r he wore alao suoceearul ‘An working wlth a gan contaln—
ing.mbru carbon monoxl e,wlthout harmlng the catalyst. >Thin nuc-

cees wWas: achievod by avoldinb alde roactions, wlth ths productlon_
" of subau ncee whlch causgsed a 5radual polnonlng or the catalyst.

However, aven 1n spite ol the appr eclably highsye ylelgn we obtaihed.
in our work at atmospheric pressure, it still roma?nad much Below
the 11quld product yield of th catalyst. This staje of'do?elop-
~ment of the atmoapnerlc preasurc syntheslo with the tron catalyst
1g of 1little interest to .he outsider, and I will rerraln rrom giv-
inyg anjldetalla./ The work wag contlnucd and no uetalled inforwa-
tion was given when positive results wore. obtalned.
e consldorcd at the bebinnlnb of our 1nveutlgatlon that
ths iron ca»alyn§ could become of practical intgreat only after

the ylelds could compete with the yields obtained witn cobalt cata-~

1yet. Thig, howe¥er, was agaln possible only if the CO:H, ratlo was
selected to correspond to the operation of tho iron catalyst, or A
conversely when ihe work of the iron c&talyat was adapied to the
,hydrogen-i;ch'syntneela gas. I.e., our task became to find an iron
catalyst wltih which operations with carbon wmonoxide - rioh gas be-
paaevpoaeible,'or else operating conditions in which the iron cata-
1yst cperuted like the cobalt and nlckel oatulyat, l.e. by way of

waser rornation. . -




bilé*

- 9
\ Ths very rirst preseure experlment wlth our own ‘iro
catalyst, whloh we begen 1 in the spring of 19:57 and were admtteé.ly

based upon.Fischer's synthol work showed o atr1k1n5 reaulta,‘
“which Opened the poaalbllities of satiery1n5 both requirements

whan worklng under- preeaure. Hlth an appreeiably 1eaa activa

) catalyst we" round durlng these rlrat teets that whan operating
with watar gas (1 CO Ha) a aurprlsinsly large amounc of water:

‘was formed at pressume alf 7-9 amg ‘and a tcmperature 01‘ 210°
with an almost complete utlllzation o tne carbon monoxid Tna
amount or water formed was up %o 40 g/cbm and the drOp in, orrz-
clency of 4he catalyst wus barely percoptible in spite of using
watcr  @as. The higher ‘pressure apparently overcame the ha:mrul
influence of highar concentration of CO ana tna nope ueemad Justi-
fied that waler rormation wlll be conaiderably lncreased when vater
a8 was usqd under pregsure. On the strength of tnls experience,
we continued our experiments vlthin the pressure range between 5

. andrlbolatms using high-carbon ménoxi&c as well as hlghehydrogén
gares, we‘would obtéin up to 80 g.of water per cﬁm synihesis gas
with hydrogen—rich’gases‘at mediua pressures of 7-15 atmospheres
with a formation of 85 g of liquid and golid products, almost 30%

" of which conalgted of paraffin. Up to 1/3 of the conversion pro-
ceeded ﬁ& way of water forzatlon. e have got 8t1ll better results
ueing other catulysts. I would, however, not like to talk about 1t
at present, because tae work has not been completed.

The work with carbon nonnxldn-rich gases was appreciably
more successful. we have aucooeded rignt rron the atar: in oblaining
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tnree pnrta uo To two parte ﬁ,. Thé life of tnese cntdlysta
5eemeu almost unlimlten, and. appearsd even 1ngonvenlently lonb'
'}4~for & ragia development Damaue to Tae catalyat by the nigh.
carbon monoxioe content aas thercrore ovarcoue by tne ‘use or
"preaaure. 'Tue prOQUGvB were “aner clear \colored sliuhtly yellow
_and, ulvays entirely free -from crystgllxzed pararrln. Fran;_F;s—-
-cher nmudo a reportd 1n‘D¢cqabcr 1937 qn the ‘midale preasuﬁe_eyn—_uv*
thesls wiich Qua'thé':lrst'prellminnry communication on the iron
catalyat pressure synthesls and which was“in'a surprisingly good
agreemen» wlith our results, ' L B

Ve devel oped the rollowlnu nypotneslu from the unexpecced
fact that tane hara’ done hy the catalyat at hlbn Carbon monoxlde
concentratlons and at ntmospherlc pre"ﬂurc dlsagpeara when the
pressurc is increased. The formation of hydrocarbons ‘on the cata-
1yst metal of tae clghth group of Tue perioaic systen was caused

'—apcorulng té Frunz rlacher on two competiling reactions of carbide
hydarogenation. The carblde formatlon a% atmoapheric pressure 18
appérently easler witn iron Cutnlyst'tnan the hydrogenatlon.

A minizuz partial pressure of hyarogen seewms to be required
for a successful operation of the synihesls in order to hydrogenate
tae carbides formed from carbon monoxids ana to re-forms suflicliently
rapiéiy the active centers of tne catalyst through the re-formation
of carbides. 1t the gbsolute hydrogen preasure, i.e., the h:drogen'

concentration, is below the minlmum, all the active centers of the
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oatalyst wlll become'blocked by tha carbide formation,_and the
will qul kly dr0p The mlnlmum pressure ot hyurobe_

is 0. 5 atm abs wnﬂn workin at ntmospher 'prgssure.v hhen,Wate .

saevis used witn 50p co oonverslon, the p:eubure 1n the tall gaai

13 already too 1ow. ' PR f'>ﬁ. e
hhlle uslng gaa with atlll nlgher bo content the concen-

tratlon is too 1ow cven in the synthsslu baa, tne catalyst becomes

'carbiaed" or carbonlzeu, ana 1ts actlvlty drops rnpldly. - when.

operatlon nt nigner pressure, . B, at 10 alng, and wlth a 60%

. converslon of vo, ths nodrcgen preuaure ualnb water ‘gas remalns

-3 atms dba. hhen -the etartlng #as contalna 3 CO'Z H;, 1l atn upp-

rad ’l stlll be. present with a CU convcraion of 9l%, or with a gas.

>or ©0:1 ﬁa, 0. 5 atm abs rlll remain w*tn 814 conversion. Wwhen

‘operating wlth a hydrogcn pressure ‘or about 1 ata aba, as happens
with a as whicn conslsts of 3 CO:2 H; at a pressure atl 10 atmy, .
we may expect not rerely a‘high converélon,vq;hlgh dnounf of lique-
raculon but also a long 1iife of the'catalysﬁ This hypothésis
presupposes tha- the ablllty %o fora carbides does not increase
to the same extent at lncreaused pressure, as the hydrogenation
abllity.  Such 1s the case when tae 1ron catulyst is reduced
{formed) at atmos@hérlé pressure bdefore operatlons at increased
pfessures. Accébdlng %0 experience a maximum activity may also be
attalned under such conditions.’ If the calalyst is ionedlately
sturted under full mldale precsure, it hardly reaches full acti-
vity, and the carbide formation exceeas he hyarogenatlion. we
realize that our nypdtheslﬁ is not'ehtlrely rrge froa contradlics

tions, but 1% perxaitied ua 1o explaln the surprising differences
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1n tne bebavior of the eatalysta at atmospharlc and under mldnle

”pressures. we owe to 1t many 1natances when ualng 1t resulted

Qur prlnclpal work naturally consisted 1n the develop-
‘ment of-a suituble catalyst of wnioh we have broubht out aeveral
types euitable for dlrzerent purpoacs. For the aa&e of brevlty
I will report nsre-only on the elngle—aubstance catalyat with -
which we operat.d the lcnbcat Aa,tns name iﬁpllea; thc»catalyst

contalns none of the. uaual adultlons. such as copper.»manganese,

>

aluminum, etc. It conslsts essentially of Airon, and 1ts activity
is £;e result of o epeclal method of preparut&on which causea the .
formation of a'definite'modirlcatlon of iron oxide. The discovery
of this. catulyat vhlcu excelled in sizplicity and cperatlon was the
result of our dpgllCdtlon or tho moat mode"n zethods of nntalytic
caemistry, wnlch ‘nag to our knowledye not yet been applied ta tne
atudy of tne catqutlc processes of gaaollne synthesis.

1a, uechanical PrOQGrtigg

,7 Purely in outward appearince tné catqust looks some-

what like the silica gel 1in ;tructure, aﬁd has the saéz extraordi-
nary hardnegs and meobanical strenoth. fna catulyat doeg not lose
this atrengtia durlng Qperatlona. the 1iron Catalyst offers QQVant-
ages over tne present cobalt catglyet in its mechanlcsl prOpertibs.
Its £1lling wels;ht is exceptionally laryge, and the reactor effi-
clensy, referred to space, 1a 2 1/2-3 %imes as large with this iron
single substance catalyst than ¥ith the present oobalt catalyst.

B3



. . P"enax‘atlon »
" A» “The. preoaration of our 1ron~cata1 at 13 equally surpri
'flnbly aimple as 1ts comoosltlon. We already have prepared it on
a semi-teohnlcal~sc»1e 1n batohea of 10 ks and ovar and obtalned
reproduclble hlbhly actlve catalyets for several years. It ia
’,obvlous tnut wlth such chenap atartlng muterlal and slmple methcd
of preparation the c“talyst costa play a very subordlnate role.
Theiy &mportance eln&a st1ll rurtner unen conslderlng the llre
 _ana tna yields obt talned with lt.‘ ‘At tne very start the rep“o—».
ducibility of the lron catalyst otfcred_great difficulties, which
as rar/aa‘wa know hhvg,not yet been overcome in KvwI ror.dbal Studies.
Tbﬁf ¢epénq;oﬁ appareﬁt acéldentu in the prepar&ilon of the cata-
7 lyst, which makes the work'much more difficult and 1ts technlcal

real'"aticu 8% ll qucs onable. Yio have realized the cauae or -
thege d1fficulsloe anu e’lmlnated thaﬂ a 1onb tice ago. The Igpro-
duclidbility cr sood ir on ca~aly5ta 18 no lcxger any probleﬁ to us.
" Yields £nd Life »

othcr standards cust be uged when 1nd1c5ting ths yield
and the life of our 1iron catalyat than with the atmospherlo press~.
ure cobalt catalyst, bgCause the life of our 1ron catnlyat ig not
ﬁeasured in weeks montha but in years. Referred to active gas
ingredienis the total yleld in g€asol, liquid and solld products 1is
on an average 145 g/ncbm during the first one-half year. After
ons year's opsiration Sais Sotal ¥ield crogpad e ihe avorags
%0 143 g. After one and one-half year's operation 132 g total

products were 83111 obtained per nebm of active gas ingredients. .

. .




'lThese data refer to : one:_tage process wlthout clr ulatlon and

wlthout 1ntermed1bte regeneration. Hhen several Btageo are ueeq,
.»,or the gas clrculated these yielde can be still further increased
“accordlnv to our eaperlence.' The final 11fe or our lron oatalyst
A'cannot yet bs 1ndicated ‘bacause our flret ca alyete have been
‘eerlouely damabed 1n tnelr actlvlcy arter 15 montna of operation
“by cutside influenoe - rallure of the temperature regulator, free-
_1ng oA'the gas llne etc.,‘The cacaljst with the longest operating
timo Ls still ln.uoe althoush 1t also has heen»damagod, and gives
~today efter 19 months of cperdﬁion a water clear liquid product~
including gasol of~n total amount of 130.g/cbm active ingred:ents.“
The duts < peak production have no meaning Qitn fhe'lron catalyof
’but under epeclal eonditions a greatar yleld up To 160 g/cbm active .
gaa 1ngred1ente can be obtalned.
ng of Liuofaotlon

Eprmation of iethane and CO Conversion

‘fhe carbon zonoxide convcralonvcould be maintained during
the first 6 moaths of Opcratlon at 92%, with a degree of lique-
faction of 734 and meihans rormatlon of 9% ot the carbon. monoxlde
converted., With 1noreasing Operatlng tize the products fo*mod by
tpc‘lroo cazalya» are changed in the dir eculon of foruation oI
lighter boiling and gasol hydrocarbons. -All these data are given
for a single ssage process. - :

Somce Utilization or ce Veloci

A space veloolty of up to 270 is oblalned decause of the

great density of our iron catalyst with a normal\sae load, 1.e.




;*n one hou. the gaa vol ume 13 &70 tlmes greater than the reactor
 vo1ume. We may give 1or nurpoae of comparlaon the Space velocity
'durinb the atmospherlc pressdfgbcobalt avntheele whioh reaches a
{'maxlmum of only 150 with the slngle stabe process, 1.6. the. gas
volume is 150 tlmes that of - the reactor volume. : The two Btage
process commonly used atb present 1ndustr1ally reduces the apace
veloclty to only 70 1T thﬂ total gas canvcrted 1s rererred to all
jtbe reﬂctors used. The‘anace-utll_:atlon is 3.5 to 3.8 tices as
'hlph with the iron catglyet as with ‘the cob&lt catalyst at atuoa-
'pherlc'preesure. Tnls peak load 1s usually reduced in the course
“of. operatloh, énd the average :space velocity is only equal to
°170-190. o ' ) S ‘
S nthealg and Ogerg on Condltlcng
One great advantage or the 1ro1 catalgct in comParlson ‘with

she cobalt catalyat 1pvfound in that 1% need.no~ bs reduced with
hydrogen, which offered very great difficulties at first and can
only be done today at a greatv BXpenBe.‘ Tne stars 1§g of the iron
Vslngle gubgtance 6atalyst as wol* az our other 1ron catzlvst ilea
dors undar cevtain madily re-prodncible oonditionn vith tho syntho-

818 ggd %0 bs used in the synihaels. Thls ‘rormlng , as we call

our atartlng, is very important for the actlvlty of the oatalya:.

A perféptly definite carburlzation condition is 1mpor:dnt for the.

proper operation of the iron catalyat, aad 1% differs quite con<-
siderably ffom thaﬁ requifed.rcr the atzospheric pressure synthesis.

‘Tre recoénizatloa of the, proper degree of carburization
is, bowever, very simple. 1 will ezphasize here tlhat we are not




B ced to fo*mlng at’ low pressure with carbon monoxlde and at

high temp ratures for the productlon of our bett . catalyat

Depending on the. operatlng conditlons,'éhé syntheais
temperature of tne catalyst varies between 210 and 260°- ‘the syn—

thﬂcis preasure benwaen 5 and 20 atms,,normally 1n ‘& much narrower-‘

range of between 9 ana'15-atms.' The optlmum gaa compositlon, when
ooerating with the iron cat lyst by way of carbon dloxlde rorma-
tion,. is aporoxlmately 3.narta c0:2 parta Ha. .

I om glving nere analysna of tha'atartlng gas and tall
’g thn o slnble cubst“nce catal t wnen operatlng by wny of

-

‘fermation of carbon dloxlde

)
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hyurocarbons

Properiles of the Products
In my Aiscussions of the products formed with the single

substance'catalyst I will 1ipit myself to such which are forzed
in the operatlions by way of carbon dloxide forzatlon. The data
referred to the averawe b:oduct of a one year operaiing periocd.
The épeczzzc gravity of ths total yield of the liquid productes
was 0.710 %o 0.715, -

The boiling range was as follows:
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olefirne content of the frhctlons vary wlth the de—
creaeing bolling point between 46 to over 70% Up to 7% alcohol-
like. subsuances are. found in the fractt ons. to 150°C. Thﬂ‘mbtor‘
prOpertlea, as expreased by Ths. ootane number of - the Btabill«cd
fradtions, ara._ S T -
-120°¢ - o.n. 85
=150°¢ Sm 76
=165°¢ B N £
~-198% = - u 56
Tneso rzguras anon that the Gasollne with Che 1ron cata-"

lyst may Jusuly be called that, unllke‘tne cobalt gasoline tne
octane number of which 13 1nuo garably ibwér. Ko cracklnbjor

the hydroocarbona obtglneu with the lrom\bdtalyet is required.’ -we'
az;r-bute these high octane auzbers to the relatively low boiling
- _polntg, to tﬁe higher iso -hydrocarbon content, to the presence of
alcohol-like substances and to tne‘nlgn olefine conﬁegt. The iron
5duoixna fulfills a1l requirexents on purity as well as the cobalt
gasoline. The gasoline olefines are as hiraless with réferenco

%0 gua formatlon when formed with the iron catalyst as the cobalt
oleflnéa. The rwotor behagior is perfect, I have used the gaso-
line obtained with iron catalyst for many months. Tbe diegel
fuels show good inflammabllisty which'variea depending on the boll-

ing point .of the fraction between 55 and 72 cetans nuaber, which

corresponds to 71 %o over 100 cetens.




"The'gaéol ﬁhichlcomeé‘0vér-wlthﬁthé Abbve'prbduétﬁ con—a
. %aing over. 50ﬂ of Cg hydrocarbons and 15 comnosed o: 60-75% or
~olefines;" ' - :
Eguigment
7 3 The results communlcated hare were obtalned in laboru—,:”
tory as well .ag.on a pllot plant scale. The pllot plant tasts
ghave baen emohaal"ed rlbht'from ths very Btart because the

dif*e"enca bet"ecn tho laboratory synunsals and large scalo

 'cqu1pmen» i3 too great, accordlng to tho eﬁnerlence wlth cobalu

cyntoesis, to p"rml* draw*n any conoluslons. Our pllot plant
equipment hags an hourly D”OduOulon or a“ound io cbn gau tnrunut
and offers th:ra;ore,_a.re;dy, the poscibl’i‘" to appreciato the
tccnnloai dlffloultleévté te experienced in large scale Operaziona,
if tho. cons.ruculon of the pilot plent reactors is to te retained
1n 1ndustrial cquip;enu.’ ”nla eXchidcntul lnsta.latlon has now
beenﬁuséd without lnterrup.xon for over two years. TIhe 1nd1vi-
'dualloatalyeta rave nct'been uécd for longer éhﬁn geven months

to savé timo. During that tize the results obtalned were slol-
lar to tnose obtalned in the laborntcry., sicrecver, the pilot
plant tcsts gave us a better insight 1nto :hb‘caurée3of the re-~

acticn, in particular with reapeet'tO’:he heat effects. We have

rald parsicuiar attentich to the reactor construction in the develqp4

zent of our synthesls, because the technical ripeness of the iron
catalyst synthesis is merely a question of tine proper reactor con-
structlon. Wwe have already mentloned tnat the high reaction tem~

?era:ure orfefs one of ithe princlpal problems in the synthesls with




_1ron cataly_ lj Mastnry-or these temperatures 1ntroduces diffi—

R cultles whicn are agg“av ted by Jhe high apace,v oclty and tha
i hlgh catal}st~thioxness, making sufflclently rag_g ellmlnation
of the heat of tne reactlon a very - Berious problem. This rapid
lleaﬂinb away of ‘the hsat of the reactlon 18 far. more 1mportant
_.wlth thﬂ'iron catalyst tnan with the cobaln catalyet bechuse
.thy dangensof carbon denosltion and of the reactor plugglng up
'13 kere much greater.. Were one to retain tha usually used.re-.
_'moval of ths beat of the eactlon by nesans of water, preanures
of up to 60 atms bauue are to be expected ln thc ccoling part
of the rcactors when uslnb the pane reactors as heretofore, vhioh
can bé overcoxne 1udustr1ally but Wlll 5reatly 1ncreaao the cost
.of the réactors. on tha other hand 1% had been sug ;eated to sub-
'-utitute o1l coolin" ror the high coolins water pressures, as has
becn done by Frans Fiscner in Mg firat 5&601 ne gynthesis reac—
tors._ This docc ot appcar a satiafac.cr;—soluuior to us,  because
a heat excnange systen outslde the roac.or cannoc matnrlally reduce
its costs in comyurison to dlrect water cooling at nigh p*esaurea,
we were also afrald that even with high glrculqtzon velocities of
she cooling oil 1ts heat absorptlon properties would be inauffi-
clent to produce satlsfactory and sufficient heat recoval. e
started out with the ldea ‘that water was tne ideal cooling agent
in every respect, particularly for the gasolline eynthasis reactors,
and we have developed a reactor in wh;ch the heat of the reactlon \
15 taken away only by the evaporation of water, but in which the

pressure of the synthesls reacticr steaa heiler gyatex exceeds

o



bntlrely 1ndepenusnt1y from the above we

anotner metnod whlcn seems to be,suitable to overcomg 1:h.~ dangsr

of tho carbon depoaltlon or reactor plubglng up as well as for
n'ntne mastcrlng of the hig n temperuture and hlbh heats of the re-
 °ctlon._ Thls metnod conslsts 1n uslnb the 1ron catalyst eyn—
thesis *n tha 1¢qa$d yhacv,.-. . 1n a slud5e or enﬁislon or the
catalyst in the syntncsla.oll. Inis proceds orreru advantageu
lbéth wlth'rcﬁpééi to 0pe:atlond and othcr‘conatruct‘on of uhﬂ
resctor: the intimate contact of tHe cooling medium with ths
catalyst with the complete ellmilmation of She wall separating
the ‘wb ﬁroduces 1deal heat exchan"c ccnd-tlons, under which the
ove h~g»1nb o> the carbon depoaltlon, as wall as thb RTINS
are alz zoat cc*ple ly excluded. 'The a"‘eavlons for carrying out
gagsoline eynthusla in tha 11qu1d phasn made by the KWI in duelheim.
which are -known to me, appear llt*le promising at least frono tbn
- standpoint of ccnstructlion. . derbellevc 1o have achieved impor-
tant progress partlcularly in the consiruction of our 1liquad phaae
_reactor becauge of 1ts exceptiowal slzplicity. a.urally, the
synthesis in the 1liquid phase introduccs fumerous new probleas,
80 tnat welcannbt as yet make any definite reports on 1t, parti-
cularly because carrying out orbthese téa;a wlll require very nuch

time with the exceptlonally iong life ol our catalysts. We can,

however, already say today that we have reached practically the

RN




'lron catalysus of¢ers a’ rew addiulonal nroblems ln gas productlon
'nuriflcatlon, acrubbing, reintroduotlon ot the off-gae oarbon
d1ox1de, etc. Hovever, 1 geen to bave used up too much tlme for
diacuaslon of” th°ne proélema and must therefore come to a ulose..
nave alreauy emphaalzed that thc 1mportance of hydro-

ohrbon ayn*h.als need no lonaer be disousscd Tne rapid develop—
ment of sasoline. ayntnesis by the Fischer::;Opach methods‘»s,d—‘

_ cl_lly in ths dlrec-ion of orllnb up of tke priuhry p“oduot

» vnich may prcduce ghortly 5a“ollne as & by—product deservea par-
ticular attention wltn the iron Catulyat bocause the products
obtalned from 1* are nmgh An unaaturatcd conuounda even in the
hizh bollxng fractlons, whlcu offer new possibllitiea in their
working up 1a co:parlson with thne cobalt products. I roald not

like to conclude @y comzunicatlion without hcknowlcdglng the pupport
. N PREPE B .

of our work by Dlreétof Xogt or without expressing thanks to oy

collaboratorg, in particular to Dr. Ackermann.

/s/ Kdlbal
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The upe of iron as u Catalyst ror the’ nyurobenatlon of '

. c_rbon ‘monoxide to. nigher nyurocarbons uatcs far back. Tho
‘Eandische AL&Lln unu Soaafabrlk has oubliannd al‘eaay 1n 1913
“informsition on cne productlon of higher hydrocarbona Trom ca‘-'
bton aonoxlde unde‘ presu'“e us nu iron: cata;Jats.

- Frana 1s§ue" anc co-workers have ‘carricd out exten=

vq~g;33rlmehta in that fleld at o latver oaate, between 19?1
end 1923, in tae al 1n wlelheizm-Rufirs  We Za¥ consiller the
narac»eriutlcs of this ct cerizental pericd to conslét in the
activation of iroa by means of alkalies. Th2 methods of pre-
paration of. catalysts atv tnatd tluc were utlll very lmperfect
and the activity was rclatzvely low. Iron was used in a coo-
paﬁt foro, e.p. as ircn filings coated wilh potassium carbonate.
Juch masses were naturally but little active. FWork had to be
doae under such bn&élcal'condltlons which forced conversion to
the limlt,>namcly at hlgh pressures qnd-hlgn temperatures, ©.g.
at 150 ata gauge and 400-250°C. Liquid products were then ob-
_iained, but no hydrocarbons, nazely only oxygen-contalning sub-

stances. : This mixture was called synthol. 1% 18 of interes?




‘fb'know in'fhls»connection; thac che synthol teets were not rur-b>
ther contlnued because ‘of the 1mpoaslb111ty of obtaining uata-.;'
lysts of long llfe.f Tha masses became hard and p’ugged up after
a short tlme and cOuld be removed rrom the reaotlon apace only )
1w1th great diffluultym o ‘
' We learneu at th&u tlm° to 1mp"ove the catalyat produc-: T
ulon by finer subalvlalon of the actlve matal ana the tempera4ﬂlb
ture anu uresaure cOuld be “then lowered. The £irss produculon
. of hlﬁhsr hyarccarbonn at ataosgherlc p‘essure rus suoceaotully
’ dane An 1925 uging ca;alysta prepared by.mgch&n cal mlxing or
iron bxide and zinc oxldé, The reactlon teugerauure oulll wae

atv 305—180° 1. es gt11ll relativ ely Qlgh.

I% had been recoynized already 1in 1229, ‘that cobalt was

also capable of forzming hignér hyérocarbons. The testa with
co“alt vere rot, however, at rlrst oonuinued in part because

hey were nol very suCC“Buful in part also bccause of the high
cost of cobalt.‘ Thus, duriag the first four ycars oI the dévclop-
zent ol gasoline synthesls work was done alizogt exclusively with
'iron Catalysts; AT that tlce chlefly decdmposltlon catalysts were
=mada ob%ained by rocasting dr_nltrute aixtures. The ylelds obtained
with tha®t type of catalyst were ra:ner'sméll. ‘Bven 1n 1929 the
maxizua yleld_did’ho: exceed 11 mlp of 1liquid products per cta
wvater gac. ° The revaliation of the knglisn pound sterling to one-
hélf its forzer value happenedyin that. year. Thig reduced the
purchase cost of cobalt To0 about one-half. The experlmenis with

the cobalt calalysis were started afresh., The intrcduction 1o




'cobalt of” tns 1mproved prouuction methods already ueveloped for

iron resulted 1mmealate1y in’ appreciable progreea, and two years

1ater a yield of 100 g/cbm coulu be reuohed blnce tnat tlms,

1.e.-51nce 1930, the development ment almost ex Iuslvely by wayj  :
_ or the oobalt catalyst ana tne lron ca»alysts have nOu_been"
‘atudied to any extent for tsn yea"a.,

q partlcular lnducemsnt to . start anew the tests vltn
iron hae teen nroauced gone ‘tlpe 840 . efter nne developuent cr
fhc cobalt catauyst nad reuchud a certain 1im1t. gngrlments_
w1th iron catalysts We“e ‘taken up 1in Germany agal An at least

six dilfferent placos, 1ndﬂpenduntly from cacn other, .
" Franz Fischer haa coamunlcuted in @ closed méetlnr of

Tthe & dI h‘s nov experl~enual regults with the iron cacalysvs. A
gacond sucn meetlnw bas ta&en place last Tueuduy, eptomber 10,
194 .  "ue prlnclc@l poinis froa H Plohler's regort cre here
repeated: '

7 1) batalysts were used contalning only iron or-at-zost
also al&allﬂs, ena formed by preolgitatlon witn soaa Or a;monla.

2) ¢ ormlnv- is rcqulrod prlor to starting. “This con- 2

slsta 1n a predreatoent witi carbon ionoxlde or carbcon monoxide-
‘rlun saaes at hlghor'zcmperatures but lower pressures than the
synthesls pressure,.

3) The preferred synthesls conditlons are 15 alzs,

220-250°C, CU=rilch gas.

4) The ylelds obtalned were £-5C% parafflne or 40-80%

gasoline. The\stabill ed and washed gasoline ‘contained 045




oleflnes, 90% came over —145° anu had an octane number of 61. '

aoalyats had a.tannﬁncy ror ueposltion of elementary carbon.‘
_ As a result these cotulysts could best be used in-a horlaontal
: layer. Wlth a vertﬂcal 1aye y di*iicultles arcge in the gas
paeslnb throubn tne catalys%s ana much efxort had to be usged
fcr overcomin&_th @, and the. 1nveatlbaulone 1n tnat fleld are
.stlll ‘in frogrese. _ ‘

Tne patent applicutions of tuc I.G b woen'1935'and
19 7 haie, the - rsantluy, ‘become known and included a new type
of erq catalyst obtalnna by sinveri 4 of mixtures of rlnely (S

vlded lron with dtnnr oubstancea. ‘Tnls type of sln.ered au“lyats_
is naturally conplderably less active -taan preclpltatlon catalysts
a%ively nlsh reactlon Leaperatures, e.g. | 320-380°C

Tae Lurgi Cozpany, Frénkrort/:alﬁ has deveioped an iron
precipltation catalyst wnicﬁ‘Op‘rates at about 250°C with rather
good results. A '

‘Synthcesls experiments wilth iron catalyste have aleo been
carried out in the meantize in the ladoratories of the Brabday Coa-
pany in Scawarzheide. They also obtalned good resultszusing pre-
‘cipitation iron catulysts. o

Dr. Kalbgl haa'alfeady réﬁor:ed cn the results of tne
GXperlmeqis in Hnelnﬁreuas°.

As far as our experiments in Holten are concerned, we

not 1izlted curselves to prepare.a single catalyst which would
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opulmum resulta but have tried ratner to apply the experlence
agained 1n the maantime wlth cobalt to carry out the work on'a’

broau basis. As a rea we are now'in a posltlon to produce’

-1 dividual catalysta for a great Varletj oz purposes, as. I wlll J.

'show you later on a few examules. _
he have 1nvestlgatea the preparaulon of the catalysts
by roastlnb of nitrates and partlcularly the prcparation of the
prec pltatlon catalysts of the most dlversified kind.  Without
blvlng dctnlls on. the ureparatxon of tatalysis’ proper, ve oay Bay
the follo Lnb abcus the 5eneral etyerience with our 1ron catalysts.:
Vie may conalder the lou hydro enatlon property of\iron ag bning
1h several respeCuS 0n0 prlnclpul dlrfcrence from cobalt. ,The
l‘quefactiﬂn ia Unnughﬁutxmrc ravorahle than with the cobalt in
soltc of the fact ant all iron catalysts znown neretorore opera—
ted at “nlgner uemoerutures than cobalt. In adaitlon the Batu-
ratlon éta:é of ‘the llquld p;cducts 45 conslderably lower, per-
mitting the producilon of large yiclag of tnd‘ééluable olefines.
" The lower tendency for me;hané forzatlon in cozparigon with cobalt
permitied operatlons wlth.a auch wider range of synthesis conCl-
flons, hout Causlnb elther excegsalve gasification or too low

conversioa. This offers greater poealbllltles to affect the
¢course.of the eynthesls by changlng operating conditions, ané in
particular %o change the beiling point range. :

ron dl;‘ers appreclably froa cobalt also in one other
reapec?, namely with: regpect to the proportion of carbon woncxide

and hydrogen used up. This proportion of censuzption of CO and Ha
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18 not constant wlth cobalt and may be changed wltn the compo-
sitlon of the gas or by preseure. However, thsse chansea of the

" gas or-of- the pressure are very slight witn cobalt and permlt

‘the varlatlon between 1 00.1.9—2 1 Ha On tne other nand wlth
".Aron the proportlon may be Varled much more dependini on tns mlx-
;turo, the form of ‘the eatalyst and ths experiagital conditions,
proauclnb thn greatest varlety’ of consumptlon propqrclon.

We have _nveetibatea thls ln detall and can’ touaj 1nd1—
cage to a c rta;q extnnc the u' portion of carbon rcnoxlde to
Ahydroben batveen the 11m1tu O 6-1 4 Ha.l co, wh&cn canvbe set
at wlll by proper chnice of the lron cat“lyct ‘Vie can in par-
tlcular prepgrv such lron CatalYSuJ nhlcn consume carbon mono-
vxide’and hydrogen ln,thg'e xact proportion 1n which they exist
’1n the water gas. We can in uhla way overcome.the dlfrlcultlas
of hav1n~ to prouuue bases vltn appreciably more carbon monoxidc
bthan in the water gas. '

It has been necessary so far to use a obmposltloﬁ of a
géq witn cpbalf‘catalysth which corresponded to the def lnlte con~
suzpt16n~pr0portion. fnls required the préparatibn of a speclal

.syntneals‘gas.' Dr. Kolbel has Just now stated tha%t the gas com-
position had %o be‘adjustcd.to the catalygt. we cgn, on %the other
hand, produce iron catql}a:s of such composltion that
sultablé with the gas most easily produced, the water

You might state that carbon monoxide-rich gases may be

necessary for the production of definlte products, such as a high

.olefine or high paraffin content. Such 1s, however, not the case.




:tabe. Tne carbon monoxiue-rlcn bases favor the” deposltlon or
elementary carbon, whlcn nay’ l an to not._.ble ctli’ficulties 1n

Operathns.- de have completely overcome thls uanger by uslng

our new catailysts. - G ' f ‘.:" S

. J

The iron e :lysts developed by us can e started in a

Léty -of ays. 'We‘may subject thsm to & pretreaument at atmoe—
pheric pressurc at tenperatures eachcd in td- syntn,s s and’ uslné.
waxcr'gau. 1t is" remhrkable that rater zao Tay also be reglaced
'by otker anses, such as nltroben, carbon uioxide or even air,
we have rcund that startinb with watnr as ab hlgh pressure 1is
.dlsadvantageoua and” in oany cases rcaults 1n rallurea. Unlike
Fipgcher and his cﬂllaboratore we have had ‘gocd T eoulta wlxn re-
duction witla hydrogen, which was wuch ezsle“ with cux iron ca.a-
lysts than with the usual cobalt catalyéts. Such iron catalysta
can be reduced and made ready. for operatlons in tha reaciors,
7ithout any losé of.tlza-ror "forminy", as 1s also'thb'Cdbé"yltn>
cobalt ca-al sts. Flscaer has furtnermore éuggested t0 carry ocutb

he pretreatment of the cata.ysus with carbon monsxide in vacuum.
This, however, offers no parsicular aQVan~abBS nor experlience,
Wie have found that with iron cdtalyéts; predictions of
their activity at higher pressures could not be zade froam bekavior
a% ataospheric preSBure; One is therefors forced t0 carry out all

alddle pressure catalyst veSuB at elevated tempe‘atures. Preésure




resisting eXperimental reaetors are no%s as. reauily obtalned ag "

“for atmoapnerlc pressure reactora, and we had to uge short tests:
‘of: the 4if ferent oatalysta 1instead of the long duration testa.
rNevertnaless, we may conslder the 11fe of ‘Qur, 1ron catalyet to::
;ba at leaat as great as tnat of the nresent cobalt oatalyst

basinb it on semi—technlcal »ents. He haVe aucceeded in raia-

lng tneuact vlty of. the 1ron catalysts to: such an extent that

the roactlon temp er ture coulu be uae&fcloae ~o that used with'
cobalu caoalysts, nacely 2°O 230° Tn se temueratures are stlll
too nibn to peralc the usse OI 1ron catalysts ‘in tne 1arbe indus-
trlal reactors as pre ent aVullable. vwe Therefore make: the efforts
to further luorovn the cat.lyat prepar aclon to permlt a further
lowering of tns reactlon teapcrature. he,alno ara worklng on a.
new type of rcactor congtructlion ana the practical results cbtalned
with:thea vill be presently reported. )

“Vie have.éarélcd cut our pilot plan;'tésts in pressure
water ccoled tubular reaciolrs ofAkno:n~con£cructlon, €e.g5. in re-
actors with a gas tiruputl of iz cﬁm/h; »We.duplicﬁtcd the béaﬁ
results of our laboratory tests 1in a pliot rlant. - prcCuced iron
catalysts nmaking long tera tests. Ouwr pllot plantiégéts have
gchown that the iron catalysts differ favorably with respect %o
hardness of the partlbles frono the cobal* catulysis. As a result
our iron catalysts have a very h15n abraslon resistance, One san-
ple, which has been used for two mon»ns in the pllot plant react
showed no carbon depositlonncrino*ease in volume. 1ITne emp“ying

0f the reactors offers no aifficuliles.




"It is well known *hat all products or the oatalytic

nydrobenatlon of . carbon monohlde contaln more or 1esa of oxy—

Agen—éontalnlng compoundg and the more the_hirher the reactlon
nresoufé.v The middle pressure producta obtalned lth the lron ‘
catalySus conudined cor“eapondlngly Varlable amounts of oxygen—>
‘containing materlals, dependlnb upon Operating condltlons and
ﬁne catalysts’ used. Vie hava,avenAfounu3that relatlvely largeﬁ
.}amodnés.of QXygén-coﬁtalnlng primary producte can fe readlly- .
éroduced. ¢n13 directlon of uhe synthesla appaars, hoWeve ’iﬁ
manJ “esgects lesa pro_iainuz »
1) Tue oxygen—ccntainlns prbduots.are non—qngform{
ané consist by no meons éf ﬂ‘céhbls only. ‘
-2) The lbwn: molcculur melghts are moatly presenu,raﬁur
 unan the more Va¢u4ble higher nolecular “elgn* compoundc.

n-contalning conatituents cannot.te

sepgrat2d LY avallable wmcans Iroca the hydrecarbons.
4

) We bave found in the weantlice other ways to pro-
auce cxygen—ccﬁtainlnu producté'Ld tas pure stuﬁc, such
as alcohols, acids, esters, ketones, aldehydes, ete€.

I %111 now tell you the nuzerical d4ta obtained in our
expcflménts, starting with the dependenos-of the:course'of the
synttesis froz 5he catalysts, then f?dm the operating conditions
and finally the sucmarized results. I v

Table 1 showsg thﬁt we can produce «with this catalyst
elther.&nré gasoline or more paraffin (2&,58% gasoline or 50-3%

paraffin) with the same operating conditions.
A :




o Ths‘malntenance of the most favorable metal concentra-
tion has beer of prlme 1mportance_for the activity or ths cobalt

-;catalysts.. Theﬂlarae number of . teats performed haVe caueed

-»adoption of ‘the 1 ',r cobalt‘mlxtures. ‘This 18 the. reason why,

’ unllke the Kv I ana Rhelnpreuasen wé have not yet ‘reached tne
_conclualon that the questlon of -the. adaltlon of carriers to lron
catalysts haa been definltely solved in favor of the carrler-free~

catalyats.' Ve have 1nateaa studled uarefull) the prOportlons

for iroﬁ. - v » .

‘Table 2 shows an illustration of the changes in the
course of synthesls vith the metal concentratlon. Higher boil-
ing producis are qﬁtd;ned‘wita‘lrbn with ;ncreaéxhg met&i coh-l
centgatldn, othér condlticha bglng left the same and,vlce‘veraa.

The preparation of datalysﬁs‘involves'a number of operations which_, uv
cay be 6Eaned. Table 3 snows cianges in the course of synthesls
Vp"oduced by varylnb tne operatlona aurlnb the catalyat productlon,
whlle retaining tnc compoaition of tne mass. . This meaaure ‘alone’

has been found sufficlent to affect appreclably the liquefactlon

and the boiliny péint range.

Table 4 shows the same thimg for a second’ variation of a
alngie operaticn 1in the preparation of the catalysis of the saze:
cozposition. Tnla‘aga;n permitted changing the bolling point
curve as well as degree of saturation (10-25% gasol, 16-45% géso-
line, 35-66% paraffin, 54-75% olefines). ’

| Table 5 shows %toe possibllity of affecting the boiling

points and degrees of saturation by a third variation in the
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L preparation of the catalysts of tns same comuosition (16—52%

xgasoline or 66—22% paraffln) _ s
'”e have vhrlrled the fact tn§t such varlatlons in the__i
preparatlon can be. equally successfully oarrled out on a: pllot
_‘plant scale, as can be seen from Table 6. )
‘ “The subsecuent *ablesg ehnow the posslbllltles or chang-
1ng the course of the synunesls with the same catalysts by ueing
dirfercnt sYnuh.sis condll ions. Table 7 shqws the effect of 1in-
_grease 1in pressure. In agreem nt'wlﬁn the results obt#&néd else-'
”where; the’co~'e"slon at uumOSpherlc presuure was cénaiderably ‘
lesé than at higher press ure.. We were forced to gperate at the .
75% CO conﬁérsldn at an elevated preesure to oblain the-saze Jlelds
vae are obtalrea at atmospn rlic preaaure Wltn a 955 converﬂlon of
CO. Obvlouslj under gucn concutlorxu the llquefactlon 1lg -corres-

-pondinblj goor r. For tae saae CQ converslon, tne yleld xncreased

’71»h 1ncreaslug prees ure up to 10 atus gawge,. und was no loaber‘
appreclably higher at 20-atzs gawge. <The boilinyg polnt curve
changes Ain tae well known way in producing legs gasoline and more
pararfin witn increased pressure. The degree of saturaticn 18
not appreclably affected by inereasing the p%eseufo.

Table 8 showa &l ke motned of operation froa
the cozpositlion of the gyas. We mean specifically under operating
conditlons tne detalls of gx5 supply, as c.g. the flow velocity,
ete. The zore carton mdnoxidé and ;héxless hydroéen,is pregent
in the %all gas, the less gaséllne énd she more paraffin ig ob-

tained. The amount of unsaturated hydrocarbons 1ncreases slzul-~
taneously with increasing carbon monoxide content.




We have found that wlth the 1ron catalyst ths dllutlon
’or gases or lncreasing the flow veloclty operated 1n ths same
»ray, namely’by lncreasing tha gasollne yleld and the oleflne
content while the paraffin formation was 1owered, as can be
;seen in Table 9.

. The lndlvidual examplen cited above skow that tha boll—
1ns points and degree or aaturatlon of the liquid produots oan
.be arreoted by a whole number of different measures. Were we
to utlliue 21l these posslbllltles almultaneounly, [ e. were
we to select the cntaly&& and tne method of operation for the
optimum éondlﬁlons, one could easily get up the desired highest
gasoline or pdrafrln_yleld or else the Mighest yielda>1n unsatu
ra~cd hydrocarbons.‘ Table io shows a few examples. The firgt
mothod. of operation produced 81% gasoline and 6% pararrln »Ths
paraffin contained 70% sulfuric acid-golubles and had an octane

nuzber of €9, or when leaded - 81 (bolling -200°C). Ve obtained
only 14% gasoline and 64% paraffin yield in the third method of
operatlion. ' v

An igprovement in the octane nuaber of the primary pro-

duot has heretofore been possible exclusively by increasing the

proportion of unsaturated hy@roéarbona. Wie know, however that there
exists a further possibllitly by produc;hg a sirong branching of
hydrocarbons in the primary products. We have mads attempts to
work in this dxrecticn,-and have cdeveloped gpecial catalysts for
this purpose. The second coluzn of Table 10 shows the results

¥ith such a catalyst (D). The olefiné‘content of the gasolins




appreciably higher, namely 72 (b.p. -200° ) s Showé'thatf

ve have been successrul 1n 1ncreasinb the proportion of: «hs
1so hydrocarbons, aa has also- been conflrmed by a bolling P
analyela of the preclsion &1st111ation fractlons.

s

Table ll ghows numerlcal exampleu on the conaumptlon
proportlon of GO:H, already uiscuased above. It may be seen
that with seven»catalysts of the same' omposltlcn B but prepdred
"‘somewhat dlrferently, the conaumption proyortiqn can be cnanged
An relatlvely small steps over a wide. range, keeping other syn-
cneals conditions unohanged A sisult aneoua chan&e of " the syn-
. tkhesls condltlons pernitted stlll further changlng of the con-
'~ sumptlon proportion. A co1pa?lson ghows -further that with 1n-.
bcfeasing carbon monoxide aonsumptllon the prOportlon of the un-
‘saturated hydrocarvons increases. Table 11 anwé further that
the m;ximum paraffin }1e1d_£s obtalned winen the carbon monoxide -~
hydrosen>probortldn'1n the syntﬁesls sas vas tue sane as in the
off-gas. - t | o .

Table l2 8n0Ws a pillot plant Test, nauely the parafiin
gyntnesls from water gas, wita all the lmgor:antAdata. Tﬁb low.
metnéne formation of.only_?; with a yleld of 145 /ncbo of the
active pas 1s worthy of notice. ‘Tie parafiin yleld adounted to 64%.

Table 13 gives Jurtaposition -of the wost favorable indi-
widual results so far obtained with_tne.iron‘and the oobalt cata-
lysts. ‘'fhey show that thne iron catalysis do not merely reaca the

yields obtained with the cobalt catulysts, but even exceed them.
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It mue ;

of the lron catalyst is by no means conoluded and 18 atill being -

.cdntinuedt Further, mprovements can tnerefore be antlcipated ‘with

certalnty. ,
In the dlscusslone which followed Kolb'l has stated

that his catalysts were less seneitlve to sulrur P 1son ng bu

‘had nc nuz —-mal data at that uma to »substa.ntlat > his opinion.




hanglng the ‘Coursa of the Synthgsls
b hs Catalysts _

Fundamvntally dlfferent methcas of preparatlon andl )
composition. . The sgame synthesls conditions: 20 atm
‘sauge, water gas, 245°¢, Operatlng method I. = - .

Boillng “olnt Dist ribution. in Percent by heighx of - tbs/
Liquid Producig: -

: ___,________________Jl____.~
o Gasoline ~ - Heavy Oil sor't Paraifiin. Hard Parafflm
Catalysts -ZOQ°G 200-320°C o »320-&60°C . 460 c
s8.5 . - 24 - w0 ms

20.6, a3 16.5 S s0

Table 2: Chonging tne Course of the Synthesls
by Chonging the L“vql boncentrqtion

Catulyat B, wuter"gaa, 20 ata gauge, or e*atlon I.

»

xetal Concentration ' . drddle

CO conversicn ' » o 75.
Yield, g/ncba of
actlve gas 140
Gasol, .% of tue yleld 17
Boillnyg ranbe. . )
Gagoline, % by welght
of liquld preoducis . 27
011, % by welght of . .
liquid preducis . . .17
Paraffin, % by welgh® :
of liquid products 56
Qiefines: % by volune
in gasolline . 6B
in oil v 54




. Changlng.the Courge of 3 nthesis by
. Cnanblng the Preparation of the .

'20 atno 5auge, water gas, operation I the same cataly
conoosltlon. . _

Catalysts
Temperature

% CC conversion

% €O in CHe

,d‘ ¢O in COa
Gasol, g/ncbn
Ligquid products,
Cg/necba

Boiling. rang .
ﬁ uasollnu by rt
% oll .
% paralfin *® T'

Olerlnes: % by vol.-
in gueoline .
in oil"

Table 4: Changing the Course of Synthesis
("ari‘y‘cn, ‘n Catalyst Pr cparatlo1-
Variation 1I)

ata gauge, water gas, operation 1, the esance Catalyat

Catolysats ' B 4 ' B 6 B 7 B 8
C0 conversion . &0 75 80
Gascl, & by wt.
of yleld' 10 25
B.p. range
uaaollne, % of )
llquld produots 16
011, % of liquid .
products i 18
Paraffin, % of
liquid products 66
lefinzs: % by vol
An gagoline, 64
in oil . 56

d3 & 88 &8




by bhanglng the Method of- Preparatlon
: atal t9° III Varlatloni -

20 atm bauﬁe water 5&5, operatlon I
of catalyste. :

Catalysts = .~ - B9
€0 conversion .’ 4+
B.p. range: '
Gasoline, & by at. 52
011, % by’ ws. . 26
Paraffin » by wte 22
Olefinuve: % by vol.
in gasoline: :
in oil - ~ 46°

20 ata gauge, water bas, oper tlo
co»-«)csltlon -

Catalystis
CO convergion
B.p. range:
Gagoline, % by wt
011, % by wt.
- Pararrln, £ by wt,
Olefines -
% by vol. in gasoline
£ by vol. in oll




the Course of the Synthesis .
Pregsure : N

gas, came catalyst, same metdod

Pressure, atm gouxe = atm Pregsure g
.CO. conversion . e 9D T -7
Yield, gfcbm . .80 - 98
B.p. range: = T » :

% by wt. of gasoline &7 - 32
v @ g * o1l 24 .7 30
LMo Rowe W oparaffin 8 38
~Q0lefines: -~ : ) ’ ) )
" by vol. in gasolin 68 - 64
an nooY o1l 41 - ’

Table 8: Chonglng the Course of Synthesis
by Alterin; wothod of Cperation,
. Yaliiagnt I

20 atm gauge, 245°C, the same catalyst, operating pro-
- cedqure and compogliilon vary.

ais Waser CO-Ricr

Operating Prcoecdure
: ) - Ga . Gzos

tn
E
G ¢t
jag
™ 0

o
cE.

48.9 48.1
70 G0

25 . 20
)
51 50

or_CO in gas
Hs
c

[ ]
ow

QB

O converslion
range:
by wt. of gasoline
L * 01l
" * " paraffin
finea:
by vol. in gasline
n " ,'011

»

888 IR

(o]
| ad
A0 2 Ao

72 86
76 82

&3




bhangea in Course of synthesls by Chan ng
P*ocedure to Vari
20 atms,
- game catalys

Veloeity of Flog ) rhoreaslig —e—— .

Yielqd, g/ncbm of actlve R
“constituents - . 125
% gasol in the yield = 13
Bolli range: : S
Aoy w elbht or 5asoline ., 2o
e - % 01) : o 13
mw e W varai‘fln S -8e7
‘Olefines: )
: by volume in basollne 80
"oll 72

Table 10: 3 ultaneous bhanbe of C 1taly t

Catalysts -~ ,B B

Presgure, ata gauge R Lo : 15 20
Gas water water  CO-rich
gas gas . gas
co. : ' 39 ) 39 50
Ha o 48 48 38
gagolina by wl 1bht 81 39 14
oil 13 31 22
" 6 3Q 64

= l)‘\\i}f"

% by voluze in basollne .70 67 80
" " " o1l 65 - 58 73
Octane nuaber 69 ¢ 81 leaded

(Primary gasollne_—zooéc)




ble 11: - Displacing the Consumption
L Proportion of CO:Ha .

Catglyst - _B9 . Bl _Ba ._B6_
: R - CO 50.9%

Gas A :
Pressure, atm. R
gauge .- - - mT—— o Ha. 38.14
thod, of S Co R ST
- operation = =——— ' . R ¥ §
Consumption pro- S S S
portion: : T o : ‘ N
COixHz ~ . 188 1dL. { 105 0,97 0.88 0.71 (to 0.6)
Bolling range: ) ’ R . 5
gasoline 2 16- 35 . 485 25 . 20 - )
- ol S ) 23 20 20 13 -
paraffin - = : oo . 4% - 3b S5 - 67
efinec: R - -
in gasoline v - - . 65 €3 - 79, 80
54 - 63 75 74

Paraffin Synthesls with Vater Gas

Catalyst: B2
Gag: water gas with 38% €O and
48% Ha (1:126)
Pressure: 1b atns
Temperature: = 230°C
Contrgction: 605
CO conversion: 80%
CO as COa: 25.6
CO as CHe: 7.0
CO gasificatlon: 67.4
a2 converslion: 80.0 ~
CO + Hj converslion: &0.0
Consumption Proporilon:
CO:H, 1:1.24

-~

Yield g/ncbm active gas ingredlents

lat . 2nda 18t and 2nd’
skage stage —gtage
experizental calculated calculated
Gasol ‘ : .10 3 13
Liguld products © 135 - 20 - 185
- P BeA 23 - 168
(Cons'd, on following page)




' - ptage . ' '1f". stgb
experimental ¢ > ;-calculated

Bollinyg rans o .;‘. I S Lo
gasoline S - zgo:‘. o _ abeut 702 olefines
o1l T e 200-320 “__ 5 e 704 olefines

. soft pararrin 320-460°C 22% - .
hara paraffin Lover 460°C

witn the Iron ﬂPd uobglt atalv ta

o . Catalyst

Xiela, g/cbm, lst stage :
Yleld, ;/cbm, lst and 2nd stage
'Boiliﬂb range:

gasollne -Ooo° by weight

oil 200-320°C

paTafiin, oter I20°C
Olefines:

in gacoline

in 01l

Octane nunber {primary
" -200°
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RATINC DIHLGTIONS FOR STABTING
o THL PRQDUCER

N 9mbez- 7, 1941“

The Btartlng up of tha producer ‘must be under ths renpon-
gible dirsction of the phift supervlsor of ‘ths sas worka, and tna

followiny directlons nust Dbe Iollow :

A. Starting a Cold Producer

1). Check all fhe parts of the producer: the Q:atejdrlve; the
-fepirculatibn pumps, the gkirt drive, and the scraper of the gas
outlet elbow. - . | - o A
A 2). Cheok to make sure that the flare Valve is olosed Sepa-
rate tha prese ure release pipeline of the coal plt pocket by turn-’
ing the elbow at the valve and put ‘in a bllnd. Test to gee that tne
slide 15 inserted in the gas outlet.
5}. The generator i pressured up ¥lth alr at 20 ata after each
gajor repair. . The pressuro 1s next released.
‘ - 4). water ig fed into the Jacke? until the level oI the water
can(be-aeeh in the slgnz glass. .
5). Remove the bdlind from the ateam plpe, start heat1n§ the aan
pocket, test the. condenser head.
6}. F111 grate with dry, no longer 51ow1ns and bur1ed cut agh
(aboqt 2.5 obm) through the poker hole 11d,‘a;ranse four torchesg of




’etcalaior and have additlonal wood wlthln reach near the dlfferent
’poker hole 1ide. . - . . .

7). Open the spray cooler oirculatlon draln while leavlns tna
1nJectlon valves and ‘the condensate dellvery ‘alvee closed o Supplyh.

cooling water to the spray cooler Jaoket

_8); Chook The difrerontial pressure gauge for alr, oxygen and

Bt &m. : . ) ’ .,‘, . ’ . B ) -
8). COpen the coal pocket and coal conical rlng._ o -

10)._Sznrt oporatinb tne oxygen compreaaor with alr or else start

latar the plpeline with 4.5 ntm ‘alr frou the auxllliary comoreaaor.A

ll) nght ths 1lbnt1ng torches and throw .thsm in slmultaneously,
through all the poker holea (1 1a forbiunen to saturate the torches
with tar, midale oil, or even with- 115nt oil). '

12). Supply some alr (50 mm Hg) and put in all the wood nimul-
taneously 1Ato ths four poker Openings. :

13). Close the poker openings.

14). Open full the flare valve (no flare valve of any other pro-

" ducer must, however, be open at the same time). . S

15). Close the coal cone, fill the coal pocket bin and close the
coal pocket 11d. | .

186). Give 1/4 of a coal pockat—full of guulrlcnulon coal after about
15 minutes (the coal cone is to be opuned £or about 12 seconds).

17): The water drain valve of the stead pipeline at the gasifi-
cation inlet elbow‘must b§ opened, the remaining steam shut-off valves
§re oﬁeaed, taking care not to permit any steam golng through the
dltrerential pressure neter.

18). Increase the amount of alr to 400 mn Hg and add stean (2 o Hg)

.-




19). Slowly throttle tr flare Valve.-'

presoure Deblns to.excqu 1 atm, close tne nruln vulve of tne steam

- uipellne.i Incredse the prossure 1n the generutor to 4 atms- by ana1-1~

by regulatinb tne flare valve.
: 20). nebul tc tae ‘amount of’ stean to ugree Vlth the atartlng
dlabram BCG X IV/40.

.f21). Fill the spray ‘gool r clrcult with water, open the suotlon

valve under the spray cooler start up the eirculation pump and open

<

the ;njectlon valve. Turn off the condensate draln valve and check

the,cqndénsate trap., ‘faen send céolincfwuter-through the heat

exchanger.

22). add 174 pochet-rull of 1blzlcatlon ooal in half hourly
1ntchnla uftor the rir ¢ coal acuition.

&5) Ubserve the gus outlet te*perature. when 150°C 1s reached,

444 one adaitlonal pou&e»-full of co¢l.

'24). when the £u0 outlet temperature reacnes’ at least 180°C auain
add 1 poc;et—full; thig 18 Lo Dbe ‘contlinued.
. 25). Yest tne'bus for 04 after aauihg the first pocket-full; with
zp o, or less, the pas 1s lit.or else sent throuﬁh the steam cooler
to the pressure release line, alle tne leve t0 the flare 1s closed.
Reyjulate the, coclling water supply in tae steam.coolers. Unless tnere‘
are gowe lrportant reasons not to do so, the uus must be sent throwga
the steam cooler. .

26) . Watch thé CO, content of The ra¥ gas. 1t must vary between
22 and 25% CO,. The carbon isonoxide must be deterained by analysis.

27). turn off abain the producer avout 20 hours after Tie addi-

sion of the first full coal pocket, and release the pressure (sée




0perat1nb directlons for shuttlng down ths producer)
28) Beplaoe the blind dlsc 1n the. 5as outlet w1th an oriflce.
Agaln ncrease the pressure 1n the producer to 4 atms and
‘ produce the .same conditlons as exiated betore shutting down..~
| 30). Arter the producer is rull inorease 1ts preasure slowly
: by throttling the flare valve (dur:.ng 2 bours) keeping the amount
of air. constant at 400 mm Hg and rebulatlnb the amount or aceam in
accordance with the dlagram BCG X IV/40.

. 31). when the produoer is full, ZInorease alowlyrnyer a two nour

'perlod tne-prpsaure to- the requlred_}_vel,»m;inta;nlng thg.agount ot
alr-at 400 mm Hg and reguldtins the steam by the‘dlagrau>EQG KIV/40.
32). Changé over from alr %o oxygén after 18 ata gauge 1s reached
iin-tne.producer’(élose tne'lntermedlate pressure release valve‘at the
secono oxygen co*presaor) and arter the air has been curned off, stean

1g get atl first at 25 mm and oxyben at 20 na.

33) . Viatch the producer pressure after chamging 1t over %o oxy-

gen and regulate the flare valve accurutely. Slowly increase the
pressure o 20 atam.

;4); Connect tbe producer to the raw gas pipeline by slow opening
dr the nalin Bnut—prf valve., Then glowly cloge the flare valve or the
valve to'tﬁe condensate cooler. _ ' »

35).'Regulatevthe cocoling water of the heat exchanger and of the
spray coolex.

36) . Increase. tne load on the precducer, while lncreaslnb every 10

' @inutes the oxygen additlon by 10 2m differentlal pressure. The amourk
of stean 1s to be regulated correepond;ngly accordlng tq the ourves on
dtagram BCG K 1IV/41. '




) e Ir tne operation’or the pr ducer were_ 1nterrupted for 1ess
‘than 8 hours, operations cun be resumned, alreotly with oxy en, keeping

i

the followlnb in mlnd.

i

1). Test whether water can be seen in the. aight'slaés;

.2). Gheok'\hetner the ash pocket neatlnb has been started and
>whethar the’ ccndensatlon tr¢p ls n order..

3. bhock to- sae nhat the poklnb holea aro cIOned.

,4).-cnecx whethcr»tne coal cone is set and whether tne aah poaket
_lld i1s closed’ accorulnb to airectionn..

5). Open the flare valve comoletely, but nio second producer may
be slmultaneouuly pressure released througsh the flare pipellne.» V

6). Control the dirferential'uressure meter for oxygen and steanm.

). Shou;d any blinas have been lnserted in the gas outlet, they

must'flrs. e wi thdrawn. The upoe. etea anut—orf valve 19 opened

watching ‘that the stean does not go throuuh the differcontial pressure -

meter. The steam pilpe arain valves ut the pasificatlon agents intake
sust be opened, ', '

8). Set the gteam and oxysen valve in accordance with the ourves,
dlagrais BCG K IV/4l; tne arain valve of the steaa pipeline 1s agaln
closed when no more watef escupes. .

g9). The flarebvalve is agzaln tnroctied until the'produqer hasg~
Teached 4 ata gauge pressure

10). Test Las for Uz. wita 2p U, or less, tne yas 13-1it or else
sent to the pressure release pigeline over the steam 6g;ier, while the
valve %o the flare 1s closed. The coolinyg water in thes steaa cooler
- 18 regulated.




is turned orf and the condenser trap 19 ohecked
'12). The bae outlet temperature must be watched ‘When ‘the tem-

perature’ reachss 18090 the ooal may be added a8 needed Iaafne‘gcne-'

rator full when the bas 1nlct tamperature le 180°C ths neating up

can prooeed unch~cked
13). The flare valve or the valve to the ;;;cr ccoler 18 slowly
throttled lncreaslng the producer presaure (see Scctlon A, paragraph
’Eé). ncrmally,_tne time rcquired for regchlng\tne'requiredvoperatlng
conqlfions'should be one hour from this momcnf. - o
14). The COg content of the gas should be 33-36%. ' Zhe. oarbon mono-
xide 1ig ©o bc checked by analysis. '
) 15). When 20 ata pauge prcsaure 13 rcachod the malin gas ouulet
valve 1s Opeﬂ”d and the producer conneotcd in parallel ‘bs rlare
' valve or the valve to tha vapor cooler is slowly olceed., _
16). The amount of cooling water in the heat cxchanser ahd-tne_
spray cooler ‘are rebulated.

17). 'slowly brinb the perfornance of the producer up to requircment&




“TOM Reel 12, '"Item_,:s:s:
Frames 30'22-30137
1). Askanig Regulgting Uit o ., R
o The superv on and operation 13 not done by the operating
_erew of the gas, works, but is. done automatic;lly Acoordingl

o

ﬂemployees of the BCG may be employed at thege units.
a). _sﬁ_fw&@_

' The pressures in ths generators dep'nd on the settinb of
tbe Askania gas’ presuure rebulator benlni the desulrurlzatlon. The
Operat1n5 peraonnel uay not tiake any 1*partant dhanges in ths eetting.
Only the 8h1ft roreuan is pernitted to mpke any changes ‘An pressure,
and special attentlon muat be paid to always have aurflclently high
gas pressure in the preasure va.er scrubbere, which will prevent too
.great a atrain on the drlve mOuors of the purp - turbine units. When-~
ever lrresularitlca in the regulator unit mnke u'lmposslble to main-
tain a constant gaa pressurs, regulatlons aust be done by hand,by thn
regulator Operatora, ano the yus presaure is to be observed arter
stort time intervals (3 minutes).: The ;as volume recorder nust be
observed during the copening or closing of the regu;ation valves. .The
thruput must not exceed the capacity of the regulator even for a shord

while, because this causes troubles with the measuring unit, or elsge

water can be readily entralned by the gas into the pressure scrubber.

b). te reggur

The gteaa pressure as well =ust be kept constant at 23 ata

bauge by using the Askania reguletor. In case of trouble the regulator




-

o _must ne turneu 0¢f anu the hand regulutor eet 6 50565" = hne ‘the
steam pressure 1a 1nsurflclent an alarm 15 aounded. The purpose
 of ‘this slgnal 1s alscusseq 1n anothsr sectlon.
_0’  Oxxgen Preseure~ ‘ »
: The otyben pressure ls best ooupled up wlth the stean preasure
.'for graater safety of oparatlons, ana 1s aleo equal to 23 atm'gauge,,
”These aining low ulrectlona are 1ntendeu to prevent feaalng oxygen
alone'lnt :tne 5enerator whan steam 1s shut orf In apite of this
'safety measureL_yhe oryben preusure must: be continuously watched Tha
lead seal tag on the bypass Vulve of.the oxyben regulatlnb Valve may
'bevbroken only by'tne snift forewan in case of emergency, and the
shiftlforeman must then Gescribe ‘in hig lsg the urgent nécess;ty rdr
doing .so. o | ' _ 
Avunen th. dlarm slgnal Lor 1nsufrlolent steanm pressure is
80und"d, the oxygen rebu‘ator musc imuenlaCely be chanbed over to
‘hand re uulatlon and the supply turned off, 1In add-t;qn, the super-
. heater 13 proteczed by 1mmealately lettlng off steam and the yns bur-
ner is extingulehed. All the oxygen'euﬁply valves ;o thevlﬁdivldual
gcnerauors nust be lnrediutely.cloéed. Time'lbasea are avolded by

inforaing the oxyben plant only afterWards about the occurrence.

2). Operating the Producers

-'a). Settinz the Producer Logq ggd Fixin;: the ngg n_- Stean
-Eroporglo

_The proper load upqn the produger 18 created by the correct

supply of oxygen and wgusification steaxd.

The amounts are read off bn the pressure difference zeter
on the dlagraa BCG K IV/4l. vhen changin; the load, the oxygen plant
must be immedlately notified ‘under normal Operaulons, to peralt the
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planu to maintaln & oonetant oxygen ereeeure. ‘The'exygee'eteam
'ratio muet be" eet in accordance with BCG IV/él.» Thie eet or
;ourvea contains different ourves (A, B, G D ‘and E), with eacn

curve repreeentlng an 1noreaeed stean eupply in the- elphabetio
AAorderr . 'The eteam supply muet be-kept as 1ow ae poeelble to main-
tain a proper quality of the ‘gas (euftlolenc formation of mechane).--”
fit must, - however, be get: dependlng on the appearance or the aeh, to
'erevent dlfficultles in ash removnl.v The produoer operatore must
therefore contlnuously observe the appearance of the ash ﬁhenever;
hard elntered ash plecec are present the producer nust be operated‘
cooler by 1n reasing.the pteam addltion. . The-produoer then must be
eet to tne‘n x% higher curve; 'The increaeed addiﬁion of ateam cauges
”La lowerlng of the temperature 1n the gaeificatlon eone, becuuee tne
conversion. process of the steam with coal to carbon monoxidc connu~ee
heat.‘ Only after the neh bna again become free of slag, opcratione
can be changed over to a lower steaz~oxygen proportion. Slagglng pay
‘also manlrest lteelr in othor ways.. ‘

" 1). The fire zone can bs dlsplaced, which will be shown by
variations in the Jacket temperatures. For thig reason the Jacketl
te*peratures of %the elag“ed—up producer Zust be connected to the gix-
coil recorder, while normally the Jacket temperatures cf gas genera—
tors are only recorded every two hours. S

2). The gas production does not correspond to the amount of
oxygen introduced. Ve uay make a prelimlnary aasumptlon of an oxygen
oonsumptlon of 0.15 cbm oxyben/obn of pure gas produced.

3). The saa outlet temperature 18 above normal.

4). The pewer consump-zon of the ash rezoval unit 1s above

<



ALl tnese points must tnsrefore be oontlnuously Watohad
-even when Operations proceed fr e of trouble.

Durlng operations the carbon monoxlue content 13 contlnu—
ously determlned by analysis., bare must alwaya be taken to have the.

gas samples dralned free of water, 1.e. kept clean:

B). gedlng COnl to .the. Producerg »
- The regular supply can be ‘checked by the producer operator

. by obserVation of the EBes outlet temperanure._ Should ths latter be-
come-:m.u ey than norma.l trxe coal pocket Operators pust be informed
tobpermlt then to tell whether any lrrebulurlties have occurred 1n .
'tne 00a1 supply (0041 remalning . by hanglnb) The upper units 1naide7 .
the proaucer are protecteu from any danber by reduclnb the load when

_the pus outlet temperuture exoeeas 400°¢C, and L neceosary the pro-
ducer uay have to be shut uown. 1f the coal 1a supplied normally
and yet tne baa Outlet .emperature rises, other causes aust be found

and the shlrt supervl or cust be informed.

e). 3§h.hemov§; from the Producerg

The asa to be removea from the producer depenas on tne pro-
ducer lopd. © As much ash must always be removed as 1s lntroduced in
tne gasification coal as non-combustibles. If too much ash 1s intro
-duced, too much unburned materizl remains in the ash (uneccnomical),
while when %oo much l1s carried out, the gasificatlion zone 1s shifted
upwards, which may also be observed at the gas outlet temperature.

'The amount of ash removed may be get Sy changlng the number
of teeth moved Lty the rack and pinion. The ash pocket 1g to be esp-
tied after 8 too»h¢hours (nnmber of %teeth pushed forward, zultiplied

by the number of nours of 09°ratlon).' This is done by the ash pocket




oerators who must Work under special operatlng directtons, vhile th‘ﬂ"
":senting of the ratohet and thio etartlng and. atopp1ng of. the atartlng
-<motor must be done by the producer 0perator.. Tha latter must alao

qpervlse tha grate drlve.' The drive connectlon must be protected
during the deashlng by hanglns out a notloe to prevent any. unwanted
'closlng of cns oiroult. : "f-f

Sbear pins ara used ror the maohanlcal protection of the dr1ve,v

'and three aifferent shear plns, numbered 1-3 ‘are avallable. In
'regular cperatlion. only ths snaar pin 1l 18 %o be used. The putting 1n

of the snear pins must be done’ carerully and. ﬂz?prod.ucer pla.nt aupor—-‘ ‘

vlaora munt chack the correct settlng in every cage. Should these
shear pins break because of the too hard Operution or the grate, the
zan in charge of the. Operatlon zust be notiflod and he’ in turn must
give new dl:eotions, It ip entirely for bldden to uge o»hc* shear —
pina or even steel plns wlphout’séeolai directions. .
). The Jacket Feeding R

'The cooling water Jackets of the producer must be Bteadily
supplied with the condensate in amounts based on continuous observa-
tion of the water level.-1in the qteaﬁ colleotor. The water level may
under no oonditione drop below the alnimua level, And on the other
hand only enough must be fed to have the level vzslble (aocordins to
directlons). Should the gaairler need to be overfed in order to i1l
the gpray cooler olrcuit, this may only be done under speclal direc-
tiona of the shift auperfiaor. The producer 0perétqr or else the
especlially responsible feed supervisors must be held responsidle for
- 1%. The care and servicing of the feed puups 18 also entruated to

+hea, Should the teed punpﬂ get out of order, ths emergency ‘eed




':uae with a speclflc consent of tns men 1n : 'be of tha operationa.

anis may, however be only done in exceptlonal oasea because of the
unfavorable water supply. Arter the 11ne had been used lt mgst be
shut dovn and drained.. L S .

‘ The produce" Jacketa must be rebulnrly fluahad to remove
che slucge accumulatlona and. to prevent too great conoentratlon of
evaooratlon resldues or the water in the coollng Ja kct. A rulo nust

‘_ba es ,abllsh,u that each proaucer must be flushed at least once é »
Teek’ b) the prouucer operdtor aﬂd later by the foed men . with at
1eaet 50 cms or water ﬁmeasureu on Tie 8igLT ylacs, drained orf
‘Snculq only 15 cas bc arained thisg must be done frequenclygin time
1ntervals of about one aour. Toe time of cne sludge removal and the
amount of water draincd is to bc entered by the operutlnb personnel
ln’o the ope”ation 105. Ao aaaivion after “eaca dralnlng the boiler

- “a—

water gample must be take N and testeu by npe Laln laborato“f.

Per’ect operation of the spray cooler clroult 15 a necessary:
prerequislte -for trouble-free oPerutiona. The condensatlon traps 2ust
be continuously watcned. Thcy @ust be rebularly cheomd by the pro-
.duce bger"o*. The olrculation punps nust use 9-10 asp o.'curreﬂt
if-the amount of water injected 1is sufllclent for coolinb of the pas.
The heat is rewoved by the return cooling water in the neat exclhanger.

The “aximum poaalble amount of water must alwiys ‘be supplied to insure
su:ficlent water in .ne Abeat excbanber and must be @stablished by ob-
servinb .he off-water tempera.ure. sShould 1t be necesgsary, tie coollng
water Eay be throttled down In that paruxuular producer, on wnicn the




qu p

tamperature of tha Wauer 15 uhe 1oweat. If ths water aupply la
Lllncreased the temperature of ths water should be 45~50°C.  2ha,
'temperature must be 1owered to prevent too rapid destructlon ot
 ths cooling tubes and corroslon..;snou;d tne"olrcult get ‘out of.
commission, whlch.ls readlly recognl edlby the'lov current conaump—
" tion’ of ‘the . clrculatlon pump or by the 1nsurtlolent gas oooling,‘
producer load muat be 1mued1atel; redueed and the olrcult a&ain re-
- .filled by additional “feed. ‘This may be done by overreedmg the :.mu—
- viuual producers, or with a sinble produce ouc of operation and the
heat exchanger zuat be. stronbly rluaned under the supervlalon or the
operaC1on auperviaor by opsning the arain valve while ths 1njoct10n
valves or the suctlon valve on tha‘spray cooler are kept closed.
snould tnzs fall to bring about the. dealrod rosults, The management
must be notifled. Ths produoer operator is rurther entrusted thn
the care ‘ot tns circulatlon pumpa and with the p“OpeP main %enance
oftheta..dralnlnt,. , . - o

£). ‘Operation of the Skirtg |

Should the contlnuous electrlc drlve ror operatlnb the gkirts.

not be nvailable in all the producora, the gas outlet space is kept
olean by rodding out the skir® once every shift, which will require
about 40 half-revolutlons. The operation auperYIBOTB mugt pay partl-
cular attention to this task and enter the time in the leg.

g). Sc ' rvioc
’ 'Thé scrapers for the cleaning of the gas cutlet bend zuat‘
be hand opérated twlce ln every shift. When doing this the spindle
‘Gust be-completely dramn up and down. The soraper must not, however,

be left in the extrexe 1ocatlon, because of the danger of the gpindles




, '.l‘he su'pér-.-z' -
- vlaor must checa durlnb avery shift tne easy peratlon or ?Pe ecrapérs,,
‘ “the pure de grOduced _hould have an average heat value ot
'4500 kcal/ncbm (= 100 kcal/nobm), and all varlatlons must be avolded ;,
. 4s much as. posclble. bxperience has shown that the hsat Value 1a
vhighcr wltn smaller Las loau than w1t1f25¢ger 1oads._ This iy be
compeneated rirst of all by a dlfxerent efrlcienoy of removal of car—'
‘bon dioxide 1n the prensure scrubbora, for Which purpose the opera-:f
to"s of tne pressure sorubbers mubt be blven more detallen 1nforma-«
tion by tne supervlsor of tne 588 produccion on tne Operatlng condltions.,
) hrzorte nust be made_ to have tna rebula 16n as sensltive as
 90551b1e and to avol 14 large 7ar1atlone. The density recorder glvee
'goou 1nfornqplon on this poinc and wust tnererore be continuously o
observed Changing the loud of ths Las works must alvays be folloved
by regulating the rebsure water acrubblnb. With very small as load
the ineat value of the £25e8 2ay exceed 4600 xcal/ncbm, An spite of a
high CO, content. In such c“ae, the producer load must be 1ncreased
with a posalble gtvart 1n5 of a second oxygen compressor and feed the -
excees gas to tue 9aok insuallatlon. should this be 1mposelble fobvv
operational reagons, the average heat value 1is obtaineq by a nisner
load or the producers, by -non-uniform operations of the different -
producera, or occaslonally by snut.lnu one ;roducer out of oper atlon.
Getting one of the producera out 0¢ oPeration must, bowever, only be
done wnen one &ay 4nt101pate pore tinan 12 hours of excess capaclity

of tbe generators. One snould avoid reduclng the oxygen ooncentira-

tion béqause of she difficulties o: the regulating and the undesirable

effect upon the whole cperatlon. S\




8.

‘5The,5aa produoed 15 oombustlble and exploalve and narmrul

"when breathed in. For this reason, ‘any leaks. muet be continuouely

, looked for, and the managemant muat bé“ctlfied 1n speclal caaas,'
‘e. g.-in caae of breaks of the main paoklng. »

“ When the gas odor becomes notloe e, good vantllétion'must*
be taken care or and any weldlng 0perat10ns whlch are being pertormed
must be 1mmed1ately stOpped ' Open’fire and wolding must, as a bene-- 
ral rule,‘be done only ﬂith a rritCan permission of the managemant._
The auperVLBOr must ask for a writtcn permlsalon An all doubtful
‘cases. dheJ the B8as odor becomea atrong, the goene or the trouhle
must only be apprOaghad with gas‘maaka, and a second man, also with
a gas mask, must aleo be pfeaent;-éhd A leaks become very large, |
efforts nust be ‘made to exclude the oorreaponding parts of the unit
or, the plpellne, or shnttlnb then off.

The gas producer bullding must be always esufficlently ventl—.
lated In particular, all the wimdows and doors of the ash removal
and coal service stations nust be always open on.the windward glde-’ .
even during the coldest tize of the year or. during the black-out.

The shift supervlsor or foreman is made responalble-:or it.
b). Lubrication -

All the lubricating places of tha equipment and macnlnery
must be regularly serviced. "A special oiler 18 put in charge of
this task. Should any lubrication places beoome plusged up, %this
_must be notifled ln writlng Tns supervisors nust continuously sat--
1gfy themgelves that all tbs lubrication placea are 1n order.

-




fmedﬁdilgg Instruments‘

' - 'Phe’ mec tcal. ehopa are entrusted witn ‘the maintenanoe

:fand 0peratlon of tne -oontrol lnstrumenta exceot the Junkers calor1-~v
meter. Should any 1nsnrument fall a mvaaage snnuld ‘be - sent by
:telepnone to tne ghops. In case of minor trouble cuch as stlck—. _
1nb of ths. recordlng paper, tnls. may be nelped by ‘the producer Opera- '

tor, or else. waen breat dlfllculrlee are to e nntlc;puted ln opera—_'“ f

'tlon and a: rapld flxlng of tne 1nstruments cannot be done by ths
'mechanlc, tua shlft supervisO“ ;ay be requegted to help (e. g. dltr-
‘erential yreseure gauge for L08 and oxyben),

Vinen the’ Junkers calorlmeter ‘breaks down the laborntorj is
to be 1nforacd- ana thn latter 1s neld *esponslble for the operatlon
~of this 1nstrument.

d). Snifs Log an gperntlon Hecord

A sh,f* lob s p*ovlaea for'uhe baa prooucuion. All. the
luporudﬂh operation events rmust be notea ln tne log to keep the. new
shifts informed of all tnat happens aurlng the shift.

A number of- operatlon records must be kept for the super-
vision of tae wacialnery and equipmen.. This nust be done wit h extreme
care by tne.produber operétor. The énirz supervisor has to watcn uhB
entries, because irregularitles in cperatlon of tue plant can be pérJ'

ticularly readily recégnized toere. Toe shift foremen have to read’

the rec6rds and initlal taem at least once aurlng the shift.

/8/ Otto




OPERATIONS FOR smoppme THL GASIFILRS  SECOND 'EDITION |

"Tcnfﬂeel 12 Item 33~#
Frames 00'18-60'41

The shift supervlsor 18 pripard ly responslble for %hsl

stoppins of the producers.

A. St gglng of the Producerg wlthout Presaure Re aes
El).vSﬁOpans_tne coal‘supply of'the producer.. o
2)}:Hegdla§1ns valv 'fdr oxygen iavatOpped;"warnins sign Ais

hang up. .i | : 'v. : ‘ |

3). Tho Atoam aupply valve is stronglyAthrdtﬁibd_reduc;ng.the

'ateaa supply 1o the producer to about 2-3 ma.

4). .The second shut-down oxygen valve ls closed and ths in-
btetween pleoe_ls pressure released. , . »

5). Tim‘atdam regulating valve ig entirely clossd, the <prer
maln steam valve 1s also clcsed.‘ A warning sign 1s hungvup.

6). The grate drive 1s stopped, the gwitch secured.

7). The two outlet velves for raw gas.are closed after about
16 oinutes. The intermedlate pilece is pressure re}eased an# tha -
pressure releaso valve 1s loft open.

8). The pressu;e An the produoer 1s regulated by opening the
flare valve. N o B

8). The water level 1s watched and the water fed as durlng nor-

-

mal Eéeratzona.

B, Shutting Down with Pregsure Relegge
1-?)}. As before. . -




) Flare ValveAis sllghtly Opened anu the producer pressurela
.drOps slowly
_9); Tha water 1evel 18 watched and tne reed continued  ‘the

ﬁpressure release may proceed only at a. sufriclent rate to keep ths

;

water 1evel always vlsible.'
10) thn a pressure or 5 atm gaube 18 reaohed the gpray cooler

’.;elrcult 13 ‘taken out of operatlons, with the olroulation pumps stoPped.

thc 1nJectlon Val'es and the condensate draln valve olosed. The wate.

1n the clrcuit 1s then alowly let-out untll-gas eacapes. This iz %o ;

vbe repeuteu at guort 1ntervals untxl the pressure in the prbduoef'l

permlts a stendy reauction of the condensate formed.

- Tha switch for the clrculatlon puzp 1s secured.‘

11). The shut=off stean Vvalve of the atuffing box of ine'gasl-
'rying a&enta intake and between theo aah 9ocket preaaure rolease Valves
are closed. |

12). when tne producer no longer stands under any preasu.e, the
‘percanent emergcncy flare 1s opened. In the absence of a permanent
emergency flare the poker hole closure 1s opened and the ventilating -
ﬁlpe'is get up. Tie neating steam line, the filllng line and the
shu?—dff steam lines for tae ash pocket are closed with blinds. A

blind disc should be put in the gas outlet only in case of a longer

stoppage of the producer (over 24 hours), if no work is to be done

on the producer.

c. Turning Over the Gas-Producer 1o the Repalr Gang
— Work on the\producer is permiasible only with special pre-

cautions as lony as there 1s rlre in. the producer.
1). Bllnd nisca Dust be inserted into the gas outlet and 1n%o

-

the flare pipeline before beginning of work.




.2}, It ls 1mportant to introduce nltrogen for two hcurs after,>
'.preeaure release through the. aah pocket and with the open ash cone;i
3). Durlng that time the bolta of the flange conneotl ne whioh
‘may-. be 1ooaened 4. 3. not the oneu between tha produoer and the ash
foutlet elbow can h3 loosened down - to ths 1ast four bolta.
&). The followlng work 18 perm&tted during thla oPeratlon

condlnon H

.a). bxezmging the' -ash’ elbow closure lida.

- ). Lxcnaﬂglns the ash oonea lnoludlng ths drlve
shaft and the upper drive. _ B
Attention muﬁt be pald while working on a agg'ﬁ that a tem-
‘porary 114 on the £sh outlet e;béw, adrrxcléntly stéongly—faatened
b& bplta, lsbput on cieﬁ during she_short71nterruption of wbrk. .
' c).'Cnanslng Qr’cne'packins'or the connecting v
pipelines. The packing between the ash outlo®
a1bow and‘tna producér can, however, under no
conditions be replaced.
d); The packing of all ths sturrlng boxes, exoept
ths pyrometer stuffling box.
.#e). Exchanging the packing between tba ash pocket
- and the ash outlet elbow with a set-ash cons.

5). The producer is flushed for at least 24 hours with a very
0a~-free nitrogen (1—1.55);)§h3n the packing between 4ths producer and
the coal hopper can be renewed or work done on‘tha coal cone and the
scraper of the gas ocutlet elbow, after having taken care, however,
of dreatiﬁg guction after opening the ash cone and the ash pocket -
,lid‘arter the oxygen was tuwrned off. At tention nust here be pald




. have- only one 0pen1ng at 8 tlme 1n the upper purt of the producer,‘

" to prevent sucking 1n any air. moreover tha coal pocket pressure&

releaae plpellne muat be bllnded orf

'6), No othar repalr work may be done ln the producer berore

is’ emptled.

D, Empt n the Producer

’ﬁl) A1l the work desorlbed ln bectlon B, 1-13 must be performed,

9);-Inser§1ng the blind lnto-the gas outlet.and 1pto the fiare
iine. ) ' N .

3). The grate arive is oonnected to aischarge and tae aah, and’

alater coal, are emptied in a’ atrong blast with nltrogen and with the

uaxlmum poeslble motion or the ratchet.

4). The emplying of the asn pocket proceeds in the same operation
Svegs as ' in normal 09erat10ns, without, nowever riret pressure releas-
1ng une ash poc&et ann 1nstead blowlng nltroben uurlng the asih removal.
The emptying of ihe. asi pocket gust proceed with partlcular care. Tne
prouuct101 of mucn dust must be avolded/beoause of the poseiblllty of

dust flres.

E. Fluehigg of thn Producer

Rhen the producer cannot te eaptied by mesans of the grate

‘drive,‘it'muat be flushed with water. This work requlires the follow-

ing precautlonary oeasures:

'1). First of all, tie work deecrlbed in Section B, 1-13, must

be Carried out,.

2). Tne blinds in the 5as cutlet pipeline and the flare line

are inserted. -
3). Tae blind inserted into the.coal hopper pressure release

pipeline.




_ , »‘4):' The producer 19

'.way of the aah pocket.

: '5),. Ths coa.’!. pooket J.e l:ept closéd - a.nd the ' coal cone is set.

A po‘er ho is Opened and the spray ng tube 1s 1nserted . The annu-+<
1&1‘ enaoe between the pokar hole and the _spray tube is tightened up
by moist cleaning cloth or in othar ways. ‘

'6). The aeh cone - 15 ralsed a.nd furngce suapendad th., aeh bln

Al:.d is aorered up and amms out of ths way.

) The apre.y tubs 1is 1ntroduoed as deep into the aab bed as
posaible and the v-a.ter slowly turned. on. Only enough water is turned |
on .not to bave the steam: px'essure great enough to throw out the paok— »
:Lng around ‘the spraJ’ tube. Thig work must, however, be done by at
least two nen. Tne ﬂ.uaning is oontlnued unul the produoer is.
practically cleo.n.

8). iIf, bowever, the producer cannot be e“pt...ec‘. even in this
zanner, otner methoda, zust be used.

F. Enterin oducer ‘

1l). Shbuld 1% beocoms necésaéry to enter a producer, all ths blinds .

must be in place ‘and all the drives muat be protected (by safety ell,gna).

2). Blinds nust be J.nserted in

a). Gas outlet

b). Ash pocket pressure release pipeline

c). Ash heating line

4d). Sealing steam for the gaaiﬁ.catlon
agent astuffing dbox

e). The flare valve :

£f). Coal hopper pressure release pipellne

g). Spray cooler drain line

Notice to b, o and A: it 1g sufficient for the uge of ths~
producers %o ingert a blinmd into the main pipeline.




3) uffloient airlng of the producer is provi

draft or freah air bl wer).
é)&
second man present.

5). Tne fire slnaers rema1n1n5 1n the producer are elimlnated

and after that the repalr an tne prouuoer work can be carried out
without any 1nt°rrerence, except for the conatant udherence to di-
rections “ebardlnh the uae of open I ames and Oarrylng out of
~wsldlns

_G.. Ligcellgnnoug
1). The Jacket of the producer can be rinsed with cold Water for

o

raciu cooling of thn producer after eﬂptylng 1t or aftcr flushing 1t

Vempty; ) : _ _ )
2). 'As long as there exists the possibility of fire in the pro-

ducer, the Jacket must never be emptly i.e. the water level must

be vlsible‘
3) A8 800N as the a sence of a fire nas been provon by enterlng

the producer, the water Jacket can be compleuely dralne
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CALGULATION SIF H!DROG&NATION OF NAPHTHEHES
By Dr..E L Donath

Summery | e

‘The assumptlon 1s made that the dehjdrosenatlon»oqqiii—‘
briﬁm'la reachsd during dehydrognnation of gasoliné at 48d°c.and

50 atm and that other tcmoeraturas and preesurea, at vnich similar
'dedemgenation could. be emected can be calculated. (Figure 2}.

e . 1% vas further asau...ed uhat tne dlphcnyl rormatio'x as con-

densation product rosults in the lgue'or activlty of the catalyst
‘and that otasr te"peraturen nay be calculated ror tho same dipbenyl
forzation as for 480°C and 50 ata H;.A

Wit h thsse assumptions, the following series of tempera-
tures, Hz and gasoline vapor partial pressures can be calculated at
which the equillbrla for ths dehydrogenatzon and ror condengation are

Partial Pressure Partlal Press- Ltr. of
of Hy of Gasoline H3/100 g
ata’ : : ata Gagoline
200 - 0.88 3600
' 100 0.77 2000
Starting Point . . : .
of Experiments : 0.67 . 1200
425 . 20 - - "0.68

365 - , 5 0.28
220 . 1. 0.2

Teats under these conditions were %o be carried out,




Tests (performed by Dr. Slmon with 50 8 gasollne ‘and 600 11
Hy) . at 480°C 60 ‘atm Ha- partla.l presaure and 0. 67 atm 0il vapor pa.r-v
' tlal preasure resulted in tne formatlon or a produot oonsistlng oi’ ‘
20% napnthenes and’ 65,a aromat:.os {maximun. values). ' o
V Wwe m.q.y agsume, that thls value representa equulbrium, and
w:.ll obtaj.n then the Iollo ng va.lues for the equlllbrlum coneta.nts,_ -
making the slmpllfylng assumpt;en tbat the aromatics consist or ben-

zene, and tne naph'chenes of cyclohexanes.

baﬂs‘i‘ 3 F.zc (;61'112-1’46 5 Cal..
pc H€'~065x067=0.4-3atm.

sz = 50 atm._

P 1. . .
»CGHIZ = 0.20 x 0.67 = 0.13 atm.

uheI‘BfOI‘e‘

xpoy
_ PCeHg Hg ~ _0.43 x 50°

0.13
pbsﬂlz

= 4.1 x 10° at 480°C

log. KPl = log. 0.41 x 105 = 5.6 at 4eo°c

The Nernst approxlma.ion foraula has been used ro‘ calcu-
lation of the temperature ‘coefficlents of thaae equ.llbrium cons a.nts,

and the following expreaalon was obtalned:

-Q .
. . = c—— x 1.75 1 by (o]
3.) 1log Kpl T = T-e-S-r xlog T+257

- 26500 +3x1,76 xlog T + 4.8
4.57ML. x T

from which we may calculate for temperatureé between 200 and 600°C:




' Teggéraﬁure o
LQ
4.571 X T
'- 3 L 1. 75 x 1og T

Z'rG 48 a8 %8

 “‘4.iv 1og'xbl - .' ;: .- :4-2;6."4f1f5. 4,5

Thervaluas.in the>equa;10n'4) have-been plotted as a ocurve
.1n'F}gure 1, and the Value hpl rromptha equatlon'z); 1.e. direct e#4“
perimental Value lg:uged.. 1% may be . seen that tne two Values aiffer
by less than one-tentn of a percent, and- lt appears permlaslble to
insert the Kﬁ obtalned from the tcmper;ture coerrlclente calculated
by tue approximatilon rormula.' In this way the broken line 1n~FLgure 1
for Kp has been obtained and markﬂd."exPerimental“' ’

A lexperatuwre c,n be found for any Hy pressure bv uslng ths
Kpi "experi zental” Valuee of Figure 1 and these pressures will give
the suauxe dehyurogenation as s ‘obtalned at 480°C wlth 50 ata Hg. The

followiny values are obtalned:

5.) sz 50 atm. (starting point, according to definition)

X, 0.43 x 505 = 2.1 x 10%; log K. = 5.6 for 480°C
s SRS F Pl

Py, = <00 ata. _
“ - :
= 0.43 x 200% = 2.6 x 107; log K., = 7.4 for 580°C
17513 - 3 10g Kp) = 7.4 fo

pl"z 20 atn.

Ep, 0.4%3 .x 20% = 2.6 x 10%; log kp, = 4.4 for 430°C
0.13 ool




0.43 5 0.1° = 3.3 x 10™°; log -&pi'='-2.5 for 225°C -
0.13 ' R v .

— 1gure 2 containa the values ol the equatlonas) to 55),
showg thererore the relative ohanoau of temperature wlth tha Ha press-
ure, with whicn ths uaue denydrogenatlgn ) obtained as at 480°C and
60 atm.

nupg’ementary aasumptlon is made to. permit one to get in-
formatlon ocn the deg@rioratlon of the oatalyat using ths equllibrium
cozputations. It 18 asauzed that :he deterloration is causcd by the
roruatlon of dlphsnyl and that uhB concentration (pariial press ure)
of the a1 henyl is no larger than-in the teat at 50 atn and 480°C. B
Ve ge:: '
6.) 2 CgHg = CroHyo + Hp ~- 10 Cal
froa which we get trom tbe Nernsgt approximaticn foraula:
7.} log Ky = log 0536 = 10000 .+ 1.4
p°12510 x PHp 4.571 x
Fcf te:peratérea from 200 to 600°C the foll wlng values for Kp, are

‘obtained:




1.4

):_'»;qg&pz_ R 52 46 4.2 3.9

v 'Thsse valuesvfor sz éfé.blottéd ln:FL uré l. From thls,
and equat;on 7) ¥e can obtain for, 480°C and &0 Atm hydrogen -O;é3iatm

Pogig &7

the par pressure or bloH

hpa : .8 x 10% (log Kp = 4 aa) whlch permtts cal ulatlng

— S R
94) PGy Hyo T = 0.45 ~_=2x10
10712 17 x~1ofx x 50 -
N Thia partial presaure for p°1 Hlo and the equntione 7) and
8) permita calculatln& tho parulal presaure of Ha, at which 0.43 atm
Tgiig partlal pressure‘and axffereny vemperaturss amd the Cl Hg fore
matlon is as large as at 480°C, and a partial pressure of hydrogen at
50 ata and of CgHg at 0.43 atm:’ '
P s . Pr, = 0.432 = 9.3 x 10°
. x 2.1077 x K__ K
Peiotio T Pz P2 P2
log Kp = 6.0; Kp = 105; p, = 9.3 x10% _ 5.9
) 2 6 -
10
5
= 5,2; Ap = 1.6 x 10%; p, = 8.8 x 10¥ ='5.8
' ) ' THg 1.6 x 10°
4.65; Kp = 4.5 x 10%; py, = 9.3 x10% = 21
- ‘ 1.5 x 10%
4.2; Kp = 1.6 x 10%; p Py, = 25X 105 = 58~
1.6 x 10%




10e)  600°C::log Kp = 3.9; kp = 8,,103' pﬁé - 9.3 x 105

' The hydrogen partlal nressurea 80 calculated were plotted

-1n Flgure 2._ It may be ﬂeen that the danber of formatlon of diphe
(condensatlcn product) 19 smaller durlng dehyarogenatlon at hlgnar
itemperatures and higher pressures than av lower Hg pressures and
temperatures. _The aame partlal preseure of ‘the aromatlc produota of
0.67 ata and 6.43 atm 18’ pere prasupposed and no aide reactiona are
aaaumed to take plaée. = B N - ’

-One’ muy compute ‘the . magnitude of tha partlal pressures or
.thé aromatlcs and o1il at dlfforent temperatures andfﬂg'pressuree
‘withoul any resultlng atvong condenaatlon (dlphenyl formatlon) asg

follows from tne experimental conditlons so far used.

11.) Computation for 580°C and 200 ata H

log Kp, = $.9; Kp, = g = 10° pcmﬁm 2 x 10-7
e = ] {p, X . = 3%
Pogig ~ \ }92 - PGy ol x pﬂe : 7 8 x x2x
-\0.52 =o0.57atm

Ganoline partial prceéure = 0.83 ata referred to 50 g gasoline
and 1800 11 Hj - . o

Calculation :or 525°C and 10Q atm Hj.
log Kp, = 4.1; Kp, = 1.25 x 10%;

'pCGHG = 0.25 = 0.5

Partial pressure of gasoline O, 77 ata, referred %o SO g
sasollne and 1800 11 Hy : Co




11b) - Calculation for 425%C and 20 atm .

log Kp, =:4.5, = 3.2 x 10%;

Partlal preasure of gasollne 0. 55 atm,
gaeollne and 450 it Ha :

‘Calculagion for ;5@30 and 5 ati Ha.

log_Kpé]= 4.9;'Kpé

Gasoline partial presgure 0.43 ata, referred to 50 g.
asoline anc 100 11 Ha

Caleulutlon .for 290°C and 1 ato Hj.
log Ky = 5.3; Kp_ = 2 x 109

Pogig 2 x10% x2x10°7 x 1. | . = 0.2 ntm

Gagoline partial pressure 0. 31 atm ‘referred to 50 g
gaaoline and 35 11 Hy

-

Tests accordlng to conditions in the foramulas 11) to 1a4d)
are intended to be performed; larger amounts of Ha result in a sav-
ing of the cataljs and are therefore advantagebus,'and'have no.

effect on the dehydrogenation equilibriua.

/s8/ Donath
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" 'REFINING OF LIQUID PHAuE GASOLINE
FROM - SCHOLVEN

N SCholven 11qu1d phase gasollne (P1305), 2nd

165°C was reflhed with the catalyste 7360 and 8376. Thﬁ ‘con-

.

dlitlions were:

Pressure ~ 250 or 50 atm.
Tenperature ’ 17 - 25.5 m.¥.
Thruput - .3.0 or 0.5 xg/ll/h
Gas:oll 2.0 ~ 12.0 cbz/kg
CS; addition 0.75% to the weight of
o the feed

ﬁetallc can be seen 1n the table.

Co~parab1e teats wlth catalysts 7360 and 8576 ahowed
"the’ refining was no better with 8376, but the .m'drogena.tlon
appreciably q1gher, which was unfavorably reflected 1in the
o.n. The teéts with 8376 were run at 250 atm only. At 18 mv,
a thruput of 1.0, and 5 cbxn gas/kg o1l the‘tests and the lodine
numbér of ths pfoduct were good. Oniy 19% aromatics were re-
talned from the original 23%. As a resuls, the o.n. was reduced
by 2. Tbe tegts were not satlesfactory with higher gasollne par-
t1a1 pressures (3 or 2.5 cba gae/kg oil).

/8/ gunther
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o THR B PaPwRS ON
AROMATICS~NAPHTHLNLS EQUILIBHIUM

Dr, v, MUffllng‘haa-éaiculatéd,-sévéral Yeare ago, the

equilibria for benzene-cyolohexane gnd_ror.toluené{methyl'cyclo-

. hexane anngpéesehted”thcm‘gfaphically'1n thé’ hset of curvés

RSK 5731-16. Tne material 1is dlfrerently presented 1n the sneets

- of curves II and III P

a.) In the Sheet II the relatlonshlp between the concen-

tration of - the aromatics ana the partlal preesure of

~ hydrogen in the uifferent tempcru.ure rarges cag/be

geen more reddlly

b.) Sheet IIT illustrates the teoperature and pressure _

relationshlp necessary to produce thermodynamic equi-

te concentra%ion of aromatlcs.

[

1ibria at def

\
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P B ey Senmttsis.
400 420 440 460 480 500 520 540 - 560°C
+—i—g. Benzene-ocyclohexane :

(/_/._. — = -« Toluene-methyl cyclohexane

Fig. 1. Aromatics-Naphthenes Equilibtria
at Different Partial Pressures of H;




i

Benzene-cyolohexans.

Toluene—méthylléyclohéxang

80 120 160 200 240. 260 ata
H, partial pressure

Fig. 2. Aromatlos-Naphtheneg Equilibria
at Different Tezperalures
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Fig.”3. LEqullibria &4ndPtions for
} Various Concentrations Aromatics




. THE PRODUCTION OF ARDMATICQ—NAPHEHENES
EQUILIBRIA ON. THL NICKLL—TUNGSTLN CATALYST 6718

I3

1;) An romatlce-naphthenen equillbrlum 15 eetabllahed

1nelde a wide temperature 1nterva1 upon ths nlckel-tungaten cata—f
lyst w1th a thruput of 0.0 and a total preaaura o 50 atm re-
. gardlees of whether cne starta with the pure aromatxca, witn the °
pure naphthenes, or with an aromatlcc-napnthenea mlxtura.
2. ) With methyl cyclohexano at e temperaturc of 460°
an equllibrium becomes establlsbed wlth gplitting as a slde re-
aotion which' prodﬁéﬁa at 510°\\\~§% gaelflcataon and the for-
matlon ol benzene as well as toluens. WLth‘benzene cyclohexane,

8plitting haa_bnlyibeen obgerved.at uemberézurea'above 50G°C

Tha produation of °qu111trla cf %o aromatica and naph-
»henes on the catalyst 6718 "ere tested by conducting benzene-

cyclohexane 1: 1. wixzure, or pure benzene, Or pure cyclonexana,

as well as pure toluene and pure methyl cyclohexane, agé\thalr 1:1

nixturs. The testpjwere run at aifferent tezperatures and under
the usual dehydrogenatlon conditions over 100 wls of the nickel-

tungatén catalyst. The conditlons were:

“Total pressure 60 ata

Partial pressure .

~ of feed 6.5 or 5.5 ata

-Hydrogen partial ' ;
_ pressure ) 43.5 or 44.5 atm




' Thruput
) bas thruout

'_The products obtalned at dlfferent operatlng tempera-

turea vere tested for thelr 1ndices of refractloa/and the anl—

-,llne point

~The results “of.- the teets ‘are shown in Tables I Ia and-
II and compared with the tneoretlcally calculat d equllibrla

values. The computatlona were made on’ the strength of the re-

sults of Dr. v. Muffling of June 11 1939.

-Tdble'I (cf;'Curves 1)

'Benzene:CXclohexane'mlxture

Total pressure S0 atm

Partial pressure, feed 6.5 atn
Partial pressure, Ha 43.5 atn .
“Thruput - 0.5 kg/li Cat/h
Hydarogen ‘ 200 11/kg feed

: Refr.

°C . . Index
235-270 . .1.4380
288 © 0. : 1.4282
320 . 1.4270
357 S . 1.4240
374 - 1.4248
400 : .76 . 1:4242
425 1.4318
451 - . T 1.4812
467 . .1.4685
476 . - 1.4750
500 . - 1.4880
- 527 . ) 1.4923

552 . 1.493

400 a. 11.4348
485 . 1.4822




