Y

gy

HINICAL MISSION IN "UROPI:-
leet Tost 0<fice
e York, .Y, / B

WL, :

CM ef, J..). xTaVal erchn:.ca.l m:é; ' in "‘urope
Cm.ef of. Nav Oneratlons (OP-—l P"

TS Javal Technical *Ilsu:.on in ..-urope Techn:.cal : :
Renort ilo. 217-43, The Production of Synthetic' F'\ml.s—ﬂ
bv tho i dv-o*vn.ulm of Solid and Llau:.d Carbona.coous :

( "7110\.031' ')hs in subjoct
To. 1 as llsood»an d:.swibution.

]:131') Surcs ('A) and'(x;) aTo f01 mrdod n»rom‘bh.
: of ~z;;Lot"'V'sn}ns, “onl; throo ,(3) comp‘ to

cosics {in rmo Volmw) of ro 20rt Acre: proparcd a.nd ahz.ch arc listo»i
in disi . ‘

O (0P=16-PT b c
. COHLI"LV._:L\- oss
HavTocilislu
PIAI ..:-"o.‘ AL




ECHNIGAL REPORT No. 217-15

‘TE PRODUCTION OF SYNTHETIC FUELS BY THE HYDROGENATION =
"~ OF SOLTD AND LI :UID'A“éARBONACEOUS-VMATEBIAL'S

. ~==¢_.This report desoribes the various p

~of pf‘oduoin’g,synthetié"fh‘els»-by high pressure hydrogena- .
tion -as practiced in Germany. The various techniques of
operation, designs of equipment, and ‘characteristics of .

—

- the products are—described,. and whenever possible, the e

. relative merits and best uses of: the different items are -
discussed. No attempt has been made to make an economic
.survey.of the _industry, BE-h ol
- ‘confused- by German. finance and slave labor. However,

.- this report does analyze the _important features 8o that

.~ tHere is a technical basis:for ‘evaluation of the various -

- phases in-the light of existing Jocal conditions. The
‘data—in-this report—w ~¢-all obtained either by inter-
“rogation_or personnel, ‘examination-of -documents-—00lk-—
..lected from the varicus plants, or _by visual obsert

. hugust 1945
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fice the subject is greatly ... .. o
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RESTRICTED

TH® PRODUCTION OF SUNTHETIC FUELS BY THE HYDROGENATION

" o SOLTD AND LIGUID CARBONACEOUS MATERTALS

1. Introduction.. . = P

... —The production of synthetio fuéls"by‘the,hydrogenation
¢f coal and tar undeT conditions of ‘high temperature-and
cpressure ‘is . a conparatively new industry even though the
initial experiments were ‘completed by Dr. Bergius before
the start of-Wzrld War I. For a long time;,thesprbqess:or
converting solid fuels of low hydrogen. content to liquid’
nes with a high hydrogen content appeared to be of mere
clentfficwintereStwbecausg~g£m§p§‘gggh investment and
foperaping‘costs'of;théinecessary'plantT”“Iﬁ*1933”when”~~'w+mw
Ggrmany—started in rapidly to prepare for war, it became
imperative to improve the rocesses,'andwso-an"enormousi
amount of effort was expen ed. ip experimental development of
 petter methods for coal hydrogenation. The results of this
work were succésﬁrul;in-developing'teohniques for #reating
coal and tar so that over three million ‘tons of fuel were. -
produced in 1942 by these methods. - The cost of gasoline -
-prqd%c?d.by hydrogenation was high (about 15 cents per gal-
~lon)tl) but, for“avcountry,that‘had practicallyfmn‘getroe.”
" leum this was .not. € bitant. ‘In order to better under= .

-stand ghe.changQSM- ,praotice;fit*is of intere tO'htinin-

~ trace the-development of. hydrogenation in Ge ot i ,
: fIn'191i; Dr. Ffiederioh ﬁérgdis;gtgrted;hléltirgf ox~
wperlmentSjinjtreating coal with hydrogen under.pr BUre., f
‘ “h =D

. 'By 1913 the work had yeeche

, .his~firét.patents,pn'the-subséét " The 0l
. for a number of years, on a small socale :
* 1.G: Parbenindustris. start rk at’ Ludwigshi
: ‘2{’.‘ !




| ' RESTRICTED
1. Introduction (oont'd -

B0 produce_lOO 000 tons per year of - gasoline from- 11gnite,
-and- in April, 1927 the first gasoline was produced. The
through-puts of coal were low and the efficlencies*poor, e
. but these were gradually improved by new desj ? of equip- _ u
., ment and better understanding of: the*proceesi 1933 T
" a new high activity pelleted tumgsten sulfide catalyst was . .
;edevelOped that inereased the gasoline yield. The following
yeer another catalyst. tungsten sulfide on aectivated cley
‘was developed, which in combination with the first one;:
- was used throughout the war in most of thd plants, and pro-
duced“high quelity gasoline. , — .

. Between,l935 and 1941 about ten 1arge hydrogenetion T
plants were_created in mid-Germany, the Ruhr, and eastern .
Germany ‘to- hydrogenete Tgoals~and-tars; “Research work-had ==
‘shown the beneficial effect of high préssure on the decom- :
poeltion ‘of coal, and sSo most of the new cosl plants were
“built to operate at 700 atmospheres. pressure. The research
work in this period was largely devoted to methods of. ip-
. creasing production by changes in operating technique and/

~or equipment, as well as to methods for increasing-the  ©
-ootane number of the gasoline, With the start of the war
the . accent was on production, and every effort was made to"

" Most- plants hydrogenated quantities of tars in addition to
coal, since theuepecific output of gasoline was greater ‘
from ter - A

_ Although the hydrogenation plants were--owned by several
" large companies, the integration of the ‘'industry was such -
that ‘most of them followed the I.G, process, and exchanged

- -—information with the I1,Gs research center -at- Ludwigshafenfwwm
for the material benefit of all, The result was that only. *
minor variations in operation were found at the different’
““plants, these having been- largely’ocaused either by dif-
rerences in raw material or older design of equipment

s The tbllowing report 13 intended to present ‘thé chief N
1teme of interest in-the German hydrogenation industry, and
“0-déescribe features which have not been reported in the . -
titerature, - It is not 1ntended to be a complete record of |




ntroduction gcont 1

4German hydrogenation tachnology, bub only to.cov‘ .
portant principles of the arL_so that the readrx cTn cvglﬂ~
"~ ate the process.

v B
L

,2;,.vsﬁurces of Informﬂfion

The data-in this report were collscted by personal

>”.'spection, interrogation of personnel- and 9ramination of the

documents(3:4,5) of most-of the.hy

Germany. The ‘plants in the Ruhr ares: 4nd in mi

were .covered on two 1nspection Frigs, while some date
_obtained from -operating raports on plants Ln sastern
Germany that Solbn & te The fo
s _\JWlngﬁl —_].'l's*'—of—tlre—p

“of" mater%gl processed

rogated
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SUETV 3, - General

."The hydrogenation of coal was performed in two stages
~since it was impossible %o treat coal directly with active .
catalysts without subsequent loss. of catalyst activity due
to fouling of the surface. Therefore, in order to praduce

nigh anti-knOck"gasoline_the”cpal,wasfrirst liquefied and

“the resultant low molecularvweigg;,-"leqn 0il wap deetrus-
- ¢ively hydrogenated ovgr'actlvemdatalysts to. produce a gaso-~"
line of good octane number. . o] : o

. The Tirst stage of the process was oqmmonly‘oalled the' -— -

‘sumpjorrliquid‘phasé (see drawing No. 1). - After the soal

-~ _had been dried and crushed it was mixed with heavy recycle .

i Toil from the process and ground into a paste. Usually about

' two parts of "'c”c_Sé"l"_'“xire‘r‘e*."mhl:ed'w';;ti:l,v;fthr'eca.q.;panm;.-s'.o.1;’:L‘Aes:.y_uc,\l.g)w ol
plus small amounts-of catalyst. The resultant 715cou§“paate'~’”
- --was ralsed to ths operating pressure of elither 300 or 700 - . -

,apmosphereS'in 1arge,-hy@raulicglly-qperatéd paste pumps. S
Most-of the'plants,ope;atednthe sump phase at about 700 at-
- mospheres since.poth’&he,tn;ough-put of coal and the de- : ‘
. composition of asphalt were higher, Ths paste was next mixed . . -
with recycle h?drogen‘and-paBSed”through heat -exchangers
'bouﬂter-currsnt'to,the,qutlattproductsTfrom,thgﬁp 00698,

T+ qrohengors supplied betwson 50 snd 90 peroent =~

- (dependi pon the plant) of the heat required to _;bring‘ the—

. paste-ga xture up to ‘temper
- supplied in a tubular, gas=ir

ature. . The additional heaet was . . -
ed preheater.

the proheater at a’ temperature of about - - .
ies of three or four . L

4 i large .

8 ‘meters




(Thi .drawing
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3. ~Genn?di outli _
aonverted ‘to gaseous ‘and 11iquid- and. !
were.dgatrhntively~hydrogenazed'to;ldwer molecul

_ products, . Thus the.materialilgavxha the 1
. .after a contact time of abonx-onaohdur et
. 475°C had a ‘viscosity near that of wWuder.. _
. next | ed a‘hot'separaxor‘ihig was
a'largewsteel;xeﬁselgwmternally'1nsulated, wheré'thb,gaaqoua_
products and. the liquid plus gollds were separated. In-the
-process_of,separating~the,two phases, & large - roportion of
1atile oil congtituents WereuStrippedfout'an&V I
. -The hot separator,,there—~
, f : ude . se : e produops_or_the :
B ' Sam; P : ing of the light oil.
“”TfThemoil~andmgas - fter leaving the separator
o e partiaily-ooole ‘ ‘ rSuurrenm~heatgexchansg W

e Thé:oil‘aﬁq;gas ne

© incoming paste and gas aﬁd.then'given»a'final,cooling.Iﬁ”!f**%%~-

,_'Wgter-cooler‘ vThe'condensed 1iquid was collected in a eold

_-separatbr,'while the g88 was‘purifiedﬁinﬁa'Oil'sorubber eand

' recycledvin_the processs The condensed oil,was/expanaed ‘

stepwise'in+ei$hexAtwoLOr three stages t05atmospherlc'pres4‘
sure...The gas evolve irst;expansionjwaS“iaan in

hlgherﬂhydrocarbons, nd 1 d for fuel, (The .

.- . 'gases from the other,stages;we ~reoqver-the'c3'_i
’f'and,cu-fractionS'Which could be used as alkylatelor'bbttladfy
. gas for vehicles. “The oil was distilled and produced a . 5
o 1ight ‘heads product with,an,end-point ofﬂabout;32500'balled_
'C;ab ‘middle oil 4. The residug oil was recycled,forﬂpasting of .
 fresh coal. - A T S

“’TheJheavy'91urfy_in tﬁe?h6t«sépaiator-COhtained'tﬁe

so1ids-left from Y yarogenetion reaction; Thess solids
~were largely catalyst, ash, and unconverted coal, and- - -
- amounted toﬂabout‘20—25 percent weight of the siurry. This

material wes cooled to about‘ZOOQC and then expandgd’to_at-'_”
“MOBpHETIc presst 5 thpough—speeiil 1ves that had hard =
alloy'Stemsgan&vseqps to reslst abraSion'from the 801148,
,The'viscosityvofith%“slurry-was cut;py~§pg:ddditionvof,about f
25 percent;of_a,light<oil, such as middle‘Oil'A,_and’the_di;
“Iuted.mixture. fed to OOntianusicentrifuges,‘fTheséAmachinaS-

,wérefQOQVentionalﬁIéﬁ%grévityjfauLOmaIigjgglégépjection- o

M © - . . . R




o Y
e et e o e

_order:to fuelss——Thig part of ‘the pr 'prm&;jeas

8 oil-A which wan .

ump phase, .contained to “-much: 11
compounds to be uged 1y oline, . Hence, it
necesgsary - to-redudce mpounds-and-add-more—hy

C]
in_two -

~ nltrogen eompounds. ted-in the
" 'phenols and nitrogen bases, respait.

poisons;ror:thefadtiveﬁoatalyat employéd in the gasoline .
prqdnctionTstage;’1t'wasinege§sary;tp;remové them.  This was
aocompliahed;1n‘a;CataIyt1pgprocess called the’ '
tion_atage.¢”Thisﬂppeiaxiqn,was;conductedaatu

and 400°C ov: - pelletied: tungsten sulfide (cat

& plant that was much 1ike ‘the sump-phases .

however, were equipped with trays to- ‘

tween eaohvtwo“catalyat“beds&wasv of b les which . .-
gerved to mix the hot oil and gas vapors with cold hydrogen

intxoduCed,togcontrol_the températuré.‘~Usually;three or.:

. four converters connected!in‘series‘were;uéed-in this stage.

and'amdontabt"time‘ofvabout-le1/3.hour9'wasfsuffioieqt to
_hydrogenatefthe?gggpqtios?to_@aphthenes-and'tb‘reduce,the- o
oxygen, nitrogen, and sulfur ‘tompounds to hydrocarbons with . -
the formation oi;yaggx,;&mmodiqafandvhydrqgen sulfide, reg- -

Sow ‘ . _r'

Thé:fempératureHWQSTpﬁipoééiy“heid‘1oﬁ;in this stage

t6 gybid‘excaﬁﬁivelcracking,‘since;the‘fundnon'or the pre-

)

“jhydrogenatfenrgpepfwas[égly*eo-Saturate'thefoil with hydro-

gen and- to. dest gyidompounds_whlchlwould:poisbn'the,gaso-"f

ion catalyst, The products. of the 5pss;stage;:iﬂ f

dvgiving:afsma;l.gg?bline}cut-which“could”:»'




oY

" catalyst
ay -(-catal

averaged about one. hour,-

- W&s tO crack open the

mostly of -naphthenes
the gasoline production -

wag treated in-

TY LR - conslsting -of ‘tungsten suifide and. ‘

3tivated ol talyst 6435). mhehequipmant‘rorithe’pro~

0688, was similar to that used in the 5058 _stage, but th -
-temperature was-e-1ittle_higher, about-4259C. —he-oll-

" %¥hroughput was a Iittle greater so that the: contact time

The function of -the-643L catalyst

_naphtheénic rings ‘and to isomerize nor-

mal paraffins to isospararfins L ‘
“tion in:the average molecular weight of the-o0ll ocourred so
of the oil -boiling over 200°C was con-

that, a.liuge fraction'
. - .verted into gasolire,
. -stage was distilled t
unlegded: octane numbe

~ 8nd 95, - The heavier

gasoline fraction qu3re0yolgd;togethggwyithwrresh middle

+

O glve eviation gasoline that had an.. .-

" The liq

+ At the seme time a reduc-

uld - product from the gasolins

r of 70 to' .75, The' addition of 0,12 .~
: vol% ‘of .lead tetasthyl inereased this value to hetwsen’ 90

oll left:

;:;"bil.B:§9”§Q§46§3#:§$§géﬁff“

— | - -As mentioned in
tion of the German ga

- drogz=nation of tar an

“"hence the méch

r'al~were-mnchu51mplif1

3

the ffHitro
soline su
d pitech, -

after the removal of the

=

duétidn, a considerablé”fraequ'?”
pply was produced by .the hy- . |
These materials were easier

- .%o handle -because thevaere;alré§ﬁy;1nraxliquid“state,4and‘ :
' hanical problems attendent on the solids remov-

hermore, the hydrogen contents

©'...Were greater in these materials than {n°coal, thus both the
‘ hydrqgen,consumption,and the operating difficulties,causedu

?fbyrgoking'were;greatly reduced,

, Tars and,pitch’werethandlgd-in‘ o .step process in

- - much the same ménner as the coal, ' The orude tar was given -
v an 1nitial-distillationﬁto;remové‘the.gasoline and middle -
~:. oll. : The- latter treated either directly over 643y catalyst,




3.,
- 1¢"the phenol and nitrogen canten 2

. ool If they-were too Bigh . The heavy di

hydrogenation-treatment as done: with M A

. .was processed:in the sump o inder oconditions very:

‘- middle oil was usually carried out.dirsctly over

181' tO thOEQ : employed “tn m‘l.a;thou@ the . A ,‘P’“" i
were a 1ittle g].'eater. - The t”lmnt of the mp6£3’.°' t "
‘ ‘oava-.

-lyst, as the phenol and nitrojen dontents of the.oil were’

low, The yields and quality of the gasoline so produced . -

. were inferior to that produced:.where & prehydrogenation.
' gtage was used, but a considerable saving in investment was

“realized by the elimination of one high pressure operation. -

'*5w~-A~ns§#pr65ess@zomprOGudéﬁlhbriqégiggméglp;py'hydrogenae L
- tion was developed in 1936 by ‘the b ¢ Farbeninaﬁﬁtg}p“and“‘““W~~~W4

first put into plant operation at Zeitz in 1939. “The Yow
temperature hydrogenation process {known as T.T.H.) treated
brown coal tar over an actlive catalyst such as 5058 in the

"~ sump phase‘at.390-blo°c,and'300 atmospheres-pressure.‘nVéry S

1ittle cracking occurred, but instead a refining of the oil

took-place through the elimination of oxygen, nitrogen, and =

. sulfur., 'Brown coal tar has & high paraffin content, and. the o

- while hydrogenating the aromatics to naphthenes.. . Therefore,

purpose‘of'fhe'T.T;H. process was to preserve the paraffins,

if the temperature was allowed to rise, the-yields ofl lube

. 'olls end paraffin wax decreaseg,;and~greater'Quantities'of
. diesel oil and gasolineAwere_produced- ‘The diesel oil manu-

. the lube oils had & V.I. of 60-80. . -

factured@ by the process had a cetane number of about 50 and

r

.. Another, mew process which attracted qﬁiﬁe.aiiot“of:ét— .

.. tention in the literaturs, but which -actually played a very
- minor part in the German ‘fuel program, was the Pott-Broche,
““process for. the extraction-of bituminous coal. Onlyone -

unit had been:built and the output from this unit was{ large-

.1y coked to make electrode carbon., In practice the bitu-

"‘sﬁr9~and_b20°C,in_d§: 1iquid phase using a tetralin-cresol'-,:

minous coal was extracted at_about 100-150 atmospheres pres-

“mixture.  The pro was fPiltered to remove solids,-the-

gsolvent distilled off and recycled, and the asphalt-type ' .

tfres;due“prOcessegfin’théisgmp;phase 11ke‘pitcﬁ.?fThe“pp1nion' T




, N . " RESTRICTED . o
.~ 3. -General Outline Qr-gxdrogeﬁaﬁion (obnﬁfd.)>
" %~ of the operators of this process was that it was better
‘adapted for making special products: such as coatings and in-
sulation, than- for fuels, = e o

_ ‘The various steps of the coal hydrogenation proocesses ..
are discussed in greater detail in sectlons 4 $6°9 enclusive,
and -in section 10 comparisons of the products and operation

of the difrfcrent methods are presented,. : CL L

[T
°

_gqut quwnFCOEI

' The Germen brown coal or lignite ocoured in large thiok -

‘beds, which averaged 200 to.300 feet in depth. On account
‘of the thickness and proximity of these beds to the.surface,

:“-strip_mining;methgésfwere'employed; ‘The brown coal as mined

-resembled dirt in eppearance, since-it had a deep chooolate
- eolor, The coel nreparation, which included drying; grind-
“ing, and paste mixing, are discussed in detall in U.S. Naval
~© Technical Mission in Europe Report entitled "Production of
1 ‘ Hydrogen and Synthesis Gas from Solld and Gaseous Fuels" 9),‘
~~ and hence only the principalupoints&w;;;.be[described-hexe.!

. The raw ligniti 'fﬁIﬁéigon”ﬁhq’&iéraéé-50‘per¢ent
- moisture content before use. The brown coal when dry was..

2 / : Lo ,b o 1"5’:“"_’:}“ ‘ ’ 5 R ‘ . -
Description of Sump Phase Operationse:.— .. .

very susceptiblé to spontaneous combustion in air, and.con- -

' © sequently, elaborate precautions were itaken to keep an inert
- atmosphere of carbon dioxide or nitrogen over the: coal at. '

- all times. during theé drying, grinding, and pasting. The .- .-
~pulverizing of the coal was accomplished by mixing heavy re-" -
cycle oil from the centrifuges with-dried coal in ballor
- mixing miYls and wet grinding until the coal hed been pro-
<. perly comminuted and a homogeneous suspension of coal in - -
_011{ known as paste, produced, For best results the-oil had
8

" & viscosity of 100-150 centistokes.at 85°C.,-and sufficient -

. coal was added to give a paste that-had a viscosity of 1500-. -
2000 centistokes at 859G, Although the viScosities were - -

~ measured &t 850C., the adtual operating. temperature of the

© - :mills was usually about 1209C, since this Feduced the vis-.




TV

- the coal to be vaporized.

.of elementary sulﬁ.r
‘was not necessary(i0 2 :
—viously-been used for catalysts, ‘but iron and sulfur were -

o v - The coal was ground so that about 40 perce:  wae
- . than 250 mesh (English measure) and essentially all

cosity of the oil and permitted most of the fres water in

- - The concentration of coal in the resultant paste de<
pended upon .several variables. such as the type of coal and
the guality of tie -pasttng ‘pil. . The Wesseling plant, which'
processed Rhine lignite(1U), tould only handle 36 percent
coal in the feed on account of the ."gelation" properties, -
whereas Leuna which treated middle German lignite, operated -

" with 40-42 percent coal in the.paste. The average weight .
~__of the coal paste was ) ons ] ublc meter,

: ‘"Dur'i.n'g'the‘ grin&i g f_ths coal: ,__,c_afal:atl’ )
'S

__were added and thoroughly mixed in the paste, - Iron and sul-

fur were.the more common catalytic elements used for -brown-

‘coal hydrogenation, and since most goals contained 3 to 6 .

percent sulfur, it was usually only necessary to add iron, -

' This was accomplished by.the addition of 4-6 percent, based -~
~on the weight of coal, of-"Bayermasse™ or "Rotera®. to
‘iron oxides produced during the purification of alumine

- ores.). - With the Rhine coal; which was very low in sulfur K

(0,75 percent), it was necessary-to add about 1.25 percent
to the paste; dut1in other plants this
). Molybdenum:and/or zinc had pre- .

‘nearly as active and had the advantage of being-much-
- cheapeT. T Lo SR

“was under 200 mesh- before- it left the mill, The: paste was

.fed'to the-lerge high pressuré paste pressea in a-reoycle’ = -

~ system which- kept the-feed moving throughout .the. entire

. .menifold, and assured a continuous supply of hot uniform .
‘composition paste to each.of .the several p 8 ‘connedted in

" 'parallel, 'The paste presses-were large, dou le-acting, hy-

draulicslly driven piston pumps, which had .oapacities vary~——— ——
“ing from 10 to 25 cublc: meters pef hour meximum, depending.. =
“upon the different sizes-employed at ‘the various plants. .. '~ .

In general, the larger capacity pumps were.néwer; the smal

“ér 8izes being o0ld.machines still kept-in. aez‘i’r;"gé}

EERRTAI | R RN
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5 Phase b»orations

“to_better reslstthe abrasive’ aotion of the coal paste, the .
plungers were haricned : to -abeut 400 Brinnel,’ end the value
‘seats were made ¢l :-:p,eqially,\,hgrdened alioy st The .
. -packing materiel was u ally metallic rings of either white .
metea) or lead-cai um alloy, and.a lantern ring was located:
i in_the packing 565% ‘a0 that between 30 and 200 1iters peri--.-—-—
' pour of Tlushing oil ca@ injected to keep paste ocut of — - =
the stuffing box. By the usé of flushing oil the pacizings
had a ‘life of about aix months under ‘normal operating condi-

. The paste leaving the presses at either 300 or 700 at-
mospheres depending ‘upon-the method of operation, as will be
_degeribed_later, was joined with recycle ‘gas-and entered the
‘£irst heat exchanger .in th”e"""é’d’ﬁl’“s’t’a’ll";‘_'“‘_*Al‘irof~—th‘e’«d‘os’l%hyﬁ;ﬁ
drogenation plants were constructed on the basis of individ-
ual  eoal stalls or chambers, and each chamber contalned two

- ... heat .exchangers, one preheated, three or four converters,

.and a hot -geparator. - These pieces of -appaPatus were mount-
ipd. in-a tall ocongrets. structure which helped_tjo;protect._,phe,

. operetors by’ isolating the equipment and localizing fires
4hat might ooocur from mechanical fallures. The size of the
werious plants depended upon the number of stalls which

- .they -operated,. since the output of any cne stall did not -
+.qary greatly among the various plants, .lLarge plants, -such'

* ag-1euna, -operated nine. (9)_sump phase stalls, whereas the .

~ smaller. _ngtallatiqhs;;qg‘gg;ly ‘consisted of two to four units, -

o The j"!m'aat ;exohans"e'rs wéig 1arge“-rqf'glnés¥bf- c,hrbme'%:
-~ nicfel molybdenum steel 500 or 600 millimeters inside dia-
. mater :by 18 meters longji- the. two. gizes differed only in.

: d ¢ ) 16 heat ‘transter.mi_*
the steel forging was a dtatomite -or brick

“the aumber of. tubes and consequent evailab.

- 1ining about-65 ;-mnlmet,ersﬂ:!_ifdk‘fwhiqh—:l}nsura_té'ﬂ‘—’tltéjpre 8=
’ -wall from the hot contents, - A thin stainless steel =~ -

+Smtt) - was ‘located inside of ,the»,vinaulation';f”and,thi-s, .
contained the fluid produsts and ‘resisted.the cOrro-
-high: temperature hydrogenand ‘pulfur. The .

les was placed inside of the liner, . . P
’ conloal adapters. The .
el (ohrome-vanadium .
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L Deseription eof Sump Phase QOperatlons (a)(cont'd.)

~d.,oy and monaured: 23 by‘lu millimeters py.&615 meters idng.

Thio 5C 13 er ‘heat exhanger usually G 151 of these

tube j ‘heat transfer -area of 143 .are meters,
‘wher 00 millimeter exchanger had 195 iutes and 190

square neturs of surface. - The closures were mude by the

-eompression of aluminum gaskets in the convential manner, by-

bolts on_gach flanged head. . The assembly and construction
dtzlls are shown in drawing no C-1 in Appendix C. - S

-4 —

[ ods

In operation the paste and gas entered at the bottom of

.. ths first heat exchanger a ~about 60 to 80°C, and fiowed ‘up
- -@round the cutside of th¥ tubes, counter-current to the out-

~-1ct products inside of the tubes.: The paste leaving the

-First-cxchanger—had-been-heated—up-to-about-2009C;—and—it—
then was further heated in a similar manner in the second

~unit_to about 3200C, "{Refer to drawing No. 2 for flows in .

the sump phase). The heat transfer coefficients varied , '
greatly, as would bec expected with materials that fouled and _-
corroded the equipment, and hence the average values were -
difficult to determine., For equipment in good condition,
kilocalories_per hour -per squars meter per degree contrie
grade. (40-50"BTU per hour per -square foot per degree Fahren-

“the oversll heat transfer coefficientfvariedmfrqm—2004t0f250_»%—%«f'

~heit). After the surface had become fouled from caking or..

. SRy .

_ — " furnace about 7. meters.

.railsed to a

coking of solids, the values might drop to 50100, at which

| | time it aS‘usug}iy necessary to take the—equipment out of

o Afieifléaving thehsécéhd_ﬂéét ;xchaﬁger;jtﬁéardéd:'
-entered.a gas-fired preheater'where;its-temperaturpgwas
bout 410-4309C. - The preheater was a-

' 5-wide by

—— _bigh, divided into ssctions to hold the pre

- Drawing Nos. C-1 eand C-2-°in.Appendix C
more common types of gas-fired heaters,

“tubes weTe located 1in vertial rectang ar:

. end, and the bombustion chamb

888 -was ‘burned. in the




ving
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Phase 0 erations cont'df)

nction wag picked up by recycle blowers and returned ‘to the
mixing cnamber. This high Tirculatory system, using two
lowers of 50,000 ¢ubic meters.per'hour each (measured av
ncm. and’ A50°C) helped to prevent local overhéating and
resised the themal efficiency. The heating value of the-
fuﬂl gas employed was about 2000 kilo calories per cubic -
-meter, ?ng between 3000-&000 cubicﬂmaters per. hour were e-

*-—-——————Tﬁe—hair pin—tubes were*ccnstructed of N8 or N10 stEEI_‘—**—“

~which were chrome, vanadium, molybdenum':tungsten alloys of
) \ tubes themselves-were
l 1 Dy
The number of tubes required varied greatly from plant to
plant, the range being from 6 to 20 halrpins.  In eny oase -
" the principle of operation was the same, and the. furnece was.

* _proportioned to accomodate the number of tubes required,. on

‘the outside. of the tubes, perpendicular to the central axla,f
“were welded a -series of steel fins 300 millimeters aquare,
7four millimeters thick, and spaced-14 millimeters apart.
“These fins added heating surface, ‘and thus ralsed the heat.
transfer rate which nevertheless was very low.  ‘The heat -
~transfer coefficient averaged 6-8 kilo caloriea pe

square meter, er. degree centigrade. ‘

Arter 1edv1ng'the preheater,
1 ' serieajor't 'en or‘tbur




L.

- ...asbestos cement -sg that the thickness of the insulation was -
about 65 millimeters.- 4 thin V2A {stainless) steel liner, .
about 0,5 millimeters thick, was placed inside the insuia~
tion and connected witli the top and bottom heads through

- .concial adapters. The stainless S8tesl liner was used to| .

- contain the reactants, since it was resistant to sulfur and
_hydrogen-corrosion. - The closures were .of the ‘straight com~ -
pression type, as in the case of the heat . exchangers using. -
- aluminum gaskets, since copper would have been corroded by -
- the sulfur and emmonia. In .the top head were three or four
small inlet connections for .,Introduoi-ng‘_coa,d»hy_droan at .~
"different points in the converter to -control the reaction.

;Aﬂlﬁzgﬁiinlét@andwbutlanwcbnnectionmweremiqcatedwlnmthew~~«{m«ﬁfmfa-

center of the bottom and top.heads,-respectively,’and the™
external piping was connected by means of standard lens
ring type points, . . S B

o " The hyd;ogenation'qfiqpal is'an”extremely complioatéd’*
.chemical process, and since.coal i1s not a homogeneous sub- -

."'stance;fbut is ‘composed of many high molecular weight org-

« anic.compounds,‘itfis:i@pOSsible'toVStatejexéctly‘what '
" .o¢cured during the reaction period. An averags analysis .

of .brown cogl on.a dry basis was 62-percent carbon,; 5 per-

cent hydrogen, 1 percent nitrogen, 5 percent sulfur, 18 per-
cent oxygem,” and"9 percent ash. - The relatively—tigh ratio.

©f hydrogen to carbon, plus the high oxygen content, made

- ~the lignites reasbnablyﬂeasy'materials-to<hydrogenate; 2on

.+ the ‘0ther hand the high oxygen content caused a loss of .. -
- valuable carbon which was eliminated as carbon dioxide, and -

also a hydrogen consumption to produce water, . The brown

‘ * .coal apparently contained .a large-fraction“of-paraffin'basé‘

o while-a fraction of the nitrogen remained in ba

. ‘'substances with carboxylic_aéi@-gtoups;'as.Well“aSrcondengsf
- ed aromatic and ndphthenic rings with oxygen, nitrogen, &nd-
»iA‘sulfqr;;ncluded“1n~thé rings and in gcattered connecting .
'*vbridges{1 Undér}the4actiQn'of'heat and high hydrogen pres- .
.sure, the large -molecules were depolymerized with the lossg -
~of" a large pasrcentage of the.oxyeen as carbon oxides. from .

the carboxylioc: id groups, ‘and as water.from ether type

“'],'linkqgés.»ﬁSimildrly'pgrtmoffthefnitrogen“and sulfur were f -
' '“eliminated:asiammonia1and>hydrogenmsulfide;:respectively, e
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L. Description o;fsum Phase Operations 2)(cont'd.)

“the bottom or were again trapped in the gaé and sarried te- - o

-ward the top. 'Ir “his msnner the contents of sonverter
- were continuously'circulated,.thuS«providing be : ' )
“transfer and tsmperature control, as well as pors
_ggtérials‘thatvnee&ed_hydrogenatipn;mosp 1O .rerk d
8st ‘in vhe reaction zone., The PIrst one or two &on:
‘were usuelliy larger in diemeter than the latter on
this pe:mitted-better,cireulation«during the intial’
‘of the hydrogenétion;_;Fbr;BOO‘athsphcre operation t
- 1200 millimeter diameter by 12 meter long convertor wos o
usually used first, while at 700 atmospheres the size was -

o Y, -usually~1000 millimeters by 18 metérs.” The - last qggyggggg§;ﬁm;;‘iﬁ
i $ - GO g 6T O S -We e«psuaiiyfsoommillimetei§f5§fIB”Ecters

-long. = . s

A

-, The hydrogenation of coal was a highly exothermic re-
“eetlon, and the- feed was. quickly heated up to the rcaction
temperature of a70-4809c_withinwphe,first7few;metcrs of.
. travel., The average through-put of paste was 1.1 to 1.3
., tons per cubic meter of reaction spase per hour, and for a
- four converter coal stall with 27 cubic meters.reaction
*. wolume,. this corresponded to 30-35 tons. per hour. ~'The cor-
‘responding gas flow was about 25 to 30,000 cubic¢-meters of . -
. gas with‘é.hydrogen.content‘of.qpout;ﬁo%;. In order to. con-:"
4 trolﬁtheﬁtemperéturéfduff*gft—éareactipn due to the heat "
'libggation.ogfabout'kOO*kiloféﬁlories»per'kilcgramfof;cO@l,
. additional 10-15,000 cubic meters of cold hydrogen werel - .
-1n_rodu¢ed!througn»§gevponnactiohs;onbthe top heads, into "
- the. converters at three or four levels. The turbulent :
~eyecle in. The converters helped the heat transfer, and by

1“adjgetingﬂthe“amoqnt‘of'hydroggn added, it was possible tp
+.-oontrol the tempersature and -prevent local overheating. - )

- The amount .of gas o culated was several times that theo- -
s ‘only 1500 cubic meters of hydro- -

prodﬁction_qf{onqftbnjor'miﬁdle‘“

. The temperature was usually controlled by the ‘aspha
content of -the coal liquefaction products, since -a-high .
jasphalt<cilfreQuiredia‘high temperature to give sati$f&ct5i

: ory_converSLQQS'to-;1ghterjbils; fThe gqslfo;mation,“




- -4larly. the methane, was greater as the temperature increased,
“so.that it was desirable to operate 1t the lowest temperature -
. oonsistent with& satisfactor ‘reaction rate azd conversion.
Brown coals were usually low: @asphalt, and krerice high eon-
eraéonsc.and' little. trouble: fram this material ‘were experi-

0né of the most troublesome problems with:"ignite was
the formation of 1ittle solid balls of -oalcium carbonate
;- whioh settled to the bottom of the. sonverters-and caused
.8toppages, - These globules were ocalled "caviar"-or aceount -
«helr resemblancée to the reﬂ pfzsluc_t y and means had to
ppiied for their removal,(13,14) 11 the 1 ‘
olt+troublesomeftnﬂthe“rirst”ébnvéfféf where the ocoal —
dergoing the initial decomposition. By means of a line -
g into the bass 'of the first converter, a small amouiit
€, such as 100-200 liters per hour, could be with-
rewn and treated in the solids removal unit. " Usually. only
he fir st converter needed this simple sludge withdrawal
8y bt the plant atiWesselingfhadjmore difTiqﬁIt??Witp-:-
¢ Y ]brown?ooal,'and{mpre elaborate methods were needed
pe.with'thél"caviar"rproblem:-‘Fbrjmore~complete de~. .

on "caviar® rafer to U.S. Naval Teéchnical Mi?sion in .
Techniocal Report No..87-45, pages 52-58. 15) o

. ssing through the con#erﬁers'-in series, the
gaseo v--'gnﬁ:f‘liquidt=proc1ucts," together with a small amount.

erted coal, ash, and catalyst, entered a large

swe vessel called the ‘hot separator.. This ap-

ratus performed a:very important funetion ‘besides merely
eparati the gases:from the: heavy oil and solids.- Operat-,
ing-at a’ temperature of about 450°C, practically all of the
. water. and a’large fraotion of the more volatile 0il con=

-+ ‘stituents were stripped from the solids vontaining heavy

L. - This separation of a light overhead oil from the- .
o ‘01 was, of course, not as sharp as would. be obtained E
by datilleation. of the total product, but the fractionation
, 8 heavy oil containing solids would _have.presented

diffioulties, - Approximately -80 percent of the . .
8 up to 350°C was stripped from the heavy slurry

e

Usually the formation™ .



o ?

uu~métically‘fperate§ }iquid level controller.

e rirtion of

- The hot separator we

denum) steel 800.millimeats

dlong. (See_drawings nos,

‘talls of construction) L erte
changers‘it wia3 necessary to_insulate the
stzinlcs Lliner to hold the fluid contsnts.

——————%0p head _were inlot and outlst co actions for ths.
’ U products, and ges plus oil wvapors, respectively, as we

c¢onnections. for a thsrmoeouples well and liquid level re
-ator pipes, The lower head contained the outlet for the -
;heavy oll plus solids., The inlet Pipe was brought in and
Tths;app@xantlyﬁgavewbetter“separatibﬁ“ﬁf”tﬁé”ééE"Ehd 1iqu
products, Ths volume of. the separator up to the feed dovm-
Pipe was épproximately-l,S cubic meters, 'Inﬂopcration the
liquid level was held reasonably constant by an auto- e

! down_one sidé of the vessel instead.of;being-centerggiwginpq¢ﬂn_m .

‘There were SGVefal,minor;ﬁq;iatibhs in design of the

Separator;;the’chief‘differén; S being in' ths inlet pipe and - :

the bottom cone. One of the more:-common models employed &-- -

VH stesp Conicaldbottom“connectqr“po-preventrsolids,rrom ad-
- hering to the wall of the liner, thu

of the-solids fron-the separator. ' Coolin

Coo.serted . in both the top and bottom sections

rreshupydrogen-fbrwthe-process was
here. ' By: control of tha g

“was possible to regulates

th

Ae am
h ./product, and hence ‘the solids
y: 0f the residual oil"
. %ion the selids ocon
. and- 25 percent
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L. Descrl tion ot Sump-Phase-Operations a)(cont'd. ).
' clean light materials were handled, The bottom head had .
“rather flat conical adapter, and there were no-cooling.coils
employed. = The condensed oll-volume was controlled by a 1i--
;.-qﬁid_level-regulatqr connectsd to the-apparatus. ‘ :

g  The gaseous. products 1éaving'the’intermediété separatbr“; 
next passed to the top of the first or -cold. heat exchanger.
‘Frequently, it was necessary to add water to the gas -stream

_;_;Vét,this:pointxtoeprevenﬁ ganic salts, such as ammoniam -
~ - carbonate and sulfide fréu condensing and causing crusts or.

- 'stoppages. . About 1000 liters per hour of water were usually
-sufficient, but with certain coals, such as Rheine brown, it

- “rWas necessary toTuse so mUch a8 2100 1iters. (L5) The pro-

. movable closures.were used on-each end,—<In operation the .

.~ Quets were.cooled .in passing through.the heat éxohanger‘to”i_;‘
between 175-200°9¢, . - S T - .

- Further cooling was provided in trombofie water.coolers,
~‘which consisted of between 4 and 6 sets of 6 tubes each - -
~operating in parallel.” The pipes were 58 millimeters inside
Qdiameter by about 16 meters long, so .that the total surface
was 80 to 120. square nmeters, Frequently, part-or &ll of_the
rreviously nentioned water was injected at the inlet to the.
- .cooler, the differgnce»dependinggupon;plant”operation.' T

.- - The products leaving the c¢ooler at about” 70°¢+entered

" dnother- large vessel known as th old separator. “This. - -
apparatus was -a.cylindrical forging usually 800 millimeters .

. inside diemeter by 6 to 9 meters long. - See:drawing no. C-7

-— . in_Appendix C., for detaills of construction. The ends were
. partly swedged so that-the size of the .openings into the: -,

i

vessel were about one~half of the inside diameter,_ggg_lxtL;=?_wf%¥—4

longitudinal axis was inclined at about” 5 to 10° from the
crizontal-ingorderfto-provideﬁ&flazger;gas—;iquid;interface;

an ?thus-reduce;théjentrainment of froth in the outlet gas. -

The lower head had two connections; the upper one for the

ugas;andvliquidh;nlet,iandfthe_ldwer one for the liquid out= -— . ..

-debts On.the insidé of the vessel there were . two thin tubes
comeoting with.the inlet .and outlet parts on the head, and

these tubes were-curved so that the 'inlet stream impinged on

the ‘upper surface of the separator, while the 1iquid outlet -~ .

b
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. 1ine naturally dipped dovn toward the bottom. . On the upper.
~——nead there-was & gas outlet'connection, and this head also- -
carried an internal pipe to take gas ‘out of the top of the
chamber.  The separator was eqd*pped*wffﬁ~&—}i%uid;lnzgl e
control to_agtomatically_teghalte the Tluid volume. -

;entered the‘suoﬁionfring,bf‘the‘récyéle“gasfSystmn

suptionvringfccnnectéd"tha outlet sides of several coal

- stalls snd helped to_Simplgfy‘thé“gAg‘purificapiéﬁféﬁa:re;’
c;ggg;ationasyStem_bygequaliz -ha pressures and reducing
.the num éf”éf‘controlwinstrumant ;Tﬁé:hxggggggjcenten---f

fmw—fﬂhelnon:condenSablé'géses,'still at high'préésufe, :
. - Thi:

. the outlet .gas had been reduced -to about 60 percent; end it

~ was_necessary 1o partially purify it before using it again
-~ in the sump phase. An;oil'scrubbing'system operating at :
”m?“"—f*jﬁna—sys%emfpnessure,;waswg ed to gqleotively’remove-part-of
.. - ‘the methane and -higher hydrooarBEES“and thuslmaintain;the. _
,‘purityforpthe;recycleuggg;_ The principal parts of the—puri--
ffffication,syspequon$£5tbd of. absorption towers, solventjoir-"
.. ‘culating pumps and pOWer. I ecov: yjengines'wiﬁh@napéssary '
gas-liquid separatdrs,—vThé;towa”',wéréfsﬁeeliforgings‘that
wapied in size from 1000 millimeters. by 12 meter o 1300
millimeters by 15 meters long;;.They;wa'»usuqll '
with;Raséhig‘ringé'andfadapted“fOr.gas~inlet;
t e nnectidnsjap'the.basa*an
ot at the top. The usual
7 cpbio;m@térs,of»BolVenﬁ
116 aize tower, alb
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Phase”dgérations a){cont'd.).

AS previously ex?lained, the gas outlet stieams from .
several coal stalls wére connectsd, and this header fed.

,;mk,impgre_gas to a, series of washers all operating'in;paraileig

the number of units of course varied-with the quantity®of
#8as to be treated,  The gas outlet streams from the-washers
were also connected into a manifold that served several
booster campressors. These were single stage machines that
. handled between 50-80,000 cubic meters per hour at dif-.
ferential pressures from: 50-80 atmospheress The-outlet—gais=—
from the circulating compressors was mixed with frésh paste .
and-started another cycls throug the- apparat S

S The light liquid products in the intermediate separator.
and the cold separator were -expanded stepwise.in two ‘or-three

stages to atmospheric pressure. -Whén a two step system was

. ‘used, the inturmediate pressure was usually 50 -atwmospheres,

- and the flashed gas, being quite lean, was used for fuel. A
The gas from the atmospheric pressure expansion was treated
to-remove C3-C, , as described in Section VI, while the 1i-

‘quid’wj;;dIStiileduto;yield.a heads fraction of 325° E.P, - -

called middle oil 4, and & heavier reslduc oil that was re-

- -oyoled for pasting of coal. The :middle oil A was treated

~in the gas phase, as described in Seotion V, to make gaso-.

“eoe-line and diesel oil, ‘and this middle oll constituted the _
- primary product fram the sump phase. The-distillation pro-

- cedures and gas treatments are both covered in more complete-
- detail in ‘Section VI on Products Separation. .

| . heavy 01l and solids that were left in-the bottam
ooled by counter-current heat
hydrogen meke-up.gas and -

exchange with part of the. Tregh | _
finally by water to about 200%C.: The slurry was-then blown =~ - <
tmospheric pressure thrdugh;specialJvdlveg_operatedi” B

1d. level oconiroller, These valves had replace- = ' -
es and seats of tungsten cardb




4. - Description of Sump Phase 0 ér&tions,l&iifgﬁﬁlézlr

. “—throttle, the seats would have been cut out in one to two

R about 15 minutes while the twin was opera

hours. By operating the valves.in pairs, each one working - -

singly for about 15-minutas, the:average working life was -
about 500-600 hours.... The replacing of the seats and stems
‘was not difficult, for a valve could be roconditioned in

ﬁing. »
" The gas evolved from the_sludge wes: usually used for

fuel, and the slurry after dilution with oil was centrifuged

“a'4-~$o;pec9very~the4pasting*otrffoi“thé next cycle. The solids

-, containing residue.from the centrifuges was caked to recover -

—completely—in--Sed £onfﬂiﬂﬁwonw801idsjaemovaIf&ﬁdfOilﬁRef“f“““*“f“:4{
- covery.. o R R S L ' B

- differed in composition from the previously discussed lig-

additional pasting 6il. These operations are-covered more.

(b)  Processin or'Biyuﬁinbusf0551§; —

- .. The bituminous coal fields in Germany wers located in

~~two-principal-areas; thé Ruhr.and Silesia; and in both’ of

-these districts the Germans had large cosl hydrogenation

|

plants for the'prd&ﬁction;pfwmctorufuals. -Bituminous..coals -

~nites, since they were much older. geologically, and had
- lost’ a major portion of the oxygen as well as part of the

~-hydrogen so-that the hydrogénécarbdnlrafid‘w?S'loWér;Qhén'ﬂgf.5??
. ~that of lfgnite; The,cOndensed»ning‘spruoture;Of‘the@eoalf"_-
Y gavevthe,resultant‘Qils'higher aromatic -and -naphthenioc con-

| s R

- tents ‘than those from lignite. An average -analysis of bi- '

- __tuminbus coal, on-a. dry besis was—

. that employed with‘lignites.’,However;;sincgjthe-same.typés‘

'-[“and sizes of equipment were used, cnd since most of the

carbon;, 5 percent hydrogen, 1-percent.nitrogen, '3 percent

' sulfur;. and 8 percent -oxygen. In general the’ Ruhr ¢oals .
were a little-olde? than the Silesjan and had a slightly

lower hydzogen-to carbon ratio,.but this.diﬂfereﬁ¢e;did‘gg§';““‘"“Ww

ffect the'c -l*thrgughépup gféatlygf' _
s mechanical & éfétidﬁmaf’the'suﬁb}phaSefforsbituq

S'cOalshydrogenation’dirferad inHa“few.respectS‘frOm

~major featurss were similar, only the points of difference .
will be dgscribed in-this*section. There were two systems . -

t-ash, 78 percent




of operation which varied ‘chiefly. in tha manner in which ths
- feed paste was heated. The first or older method, as prac-

-tised at Gelsenberg and Scholven used only one heat. exohangff;.

‘8T, but had two preheaters. Bituminous coal paste of the

desired concentration could not be used in a heat exchanger,

as was done with brown coal, on account of the swelling ‘and

-fouling of the tubes, and hence-it was necessary to heat the

paste plus a small. stream of gas in a gas-fired preheater

section, The major portion of the hydrogen stream passed.

through the heat éxchanger counter-current to -the outlet prO'

ducts, as in the case of brown coal, and was then united -

with the—hot ‘paste, This mixture of gas and paste, was then
" heated in a second preheater section up to 425°C. before
__entéring the converters. .

Thls systbm was obviously less thermally efficient ‘than
~the- standard brown coal process, and this was aggrevated by -
the extremely low heat transfer coefficient of about 6 kilo

- calories per squarc meter per hour per degree Centigrade
-which was obtalned in the gas-fired preheater.,. Therefore,
‘résearch was .conducted to t to a?apt the brown coal tech-
nigue to bituminous coal. (16 J1718 It was found that-coal’
pastes of about 35 percent" concentratlon operated satis- -

. factorily in the heat exchangers with heat transfer coef-
ficients similar to those obtained with brown ooal_paste‘17)
Therefore; & new method of operation was developed in which
‘the total coal.paste was made-up into two batches. A thin
coal paste.of 36-percent fresh coal was preheated together

_with about 90, percent of the recycle hydrogén In a series

-of thrée heat™ excﬁangers. A'thick coal paste containing s

about-48 -percent  coal was heated with 10 percent recycle hy-.

< _‘drogen in & gas-fircd preheater, and then the two streams-—
' ‘were combined. The camposite mixture was heated to 425°C..
. in_a preheater in -éxactly thec samc -manner as. was done with
“brown coal. -~ Thu ratio of: thinipastc t6 thick was. ‘usually
‘about’ 1.1 to-1.2 and the combined. pastu contained about 41

- pbrcent coal.. This second méthod- of operation, as practiced”

at -P81itz and- Obersch1031en, reduced the heat. requirements_~

by nsarly 50 percent, and at the Same thp‘it greatly lower-.

e&\rhv prbssuru drop throubh the unit. S




-the..p r e -wa L .
~“since the: hlgh r hydrogen. y ery'pronounced
“effeot on ‘the ag t-decomposition. —The catalysts used - .

£ "Bayaymasge" -or "Roterz®, l.3 percent ..
.pergent . sodium s_ulride, all based on
tﬁti;ﬂzgxm» = -with-the

wEaoh*ooa]:wstallwusualiywoont ned«four~1000“ﬁillimeterw d

iameter by 18 meter "long converters giving a total reaction

volume of 36 -cubic meters. The ‘coal paste through~-puts.
‘-averaged ‘betwsen .33 and 37 -tons per hour, which gave a con-

-tact time of very nearly one hour, The gas volumes were -

30,000 cubic meters ver hour circulateéd with the paste, and:-

- 20,000 for temperature control in the converters. .The hy

drogen consumption per ton of middle-oil produced averdage

about 1600 cubic meters, while the conversion factor for

middlé oil from coal was 0.6 tons per ton. Theconversion

.0of bituminous coal was quite high, about 95 percent of the
‘carbon being transformed into gaseous and llquld productsﬁ
T At Scholven the hydrogenatlon plant operatea at 3007

atmospheres pressure, since a more -active catalyst was usea
.. A mixture of tin oxdlate and emmonium chloride, 0.06 an ‘
- 1,0 percent, respecti uly based on the weight of coal Mucvv‘
added to the paste. " This catalyst gavc the lcss’ fovoraktle o

conversion of 30. pprcent of the coal at through-puts ce
-‘gble.to those used in other plants. There were, h
mechanical difficulties in operation, sincse the
. was. guite éorrosive.(20)  The two points whe
‘corrosion oceéurred were in.the preheater t
~ecoolers ¢ Woter started to coud

T“hhlorldg salts.




o~

bl

e ‘A,Bj,t'umindus ooa} middle oils .were richer in aroma;.l.os“ o
and naphthenic oompounﬁs‘than;thosefobtained from brown coal,

and the gasoline made fram them had good octane ratings. -

The description of the fur

~ oils to produce fuels i

- (e) Irocééslggiof"Tars‘anﬁ Pitches. ’
L The hydrogenation76f“cbalftarévdnd'pifoh ﬁiayed ah X~ -

ther'p:odéSSiﬁé’Sf*theae.middle :
s desoribed in Section V. -

-ﬁtremBIY'important'part in the German fusl program for the. - — . ..

war. There were at lea

st six

large plants which processed . -

only tars'and pitches from the numerous coke ovens, and in . . .
”:j“faddition~to~thesayvnfarlywevery«coalthangggggﬁpn_plhht~'”“f'

used .same tar mixed with th

],\tfon. Low temperature

tar fr

e paste to increase its produ

om brown coal was the princip}gw

' raw meterial, and this tar contained about 81 percent carbon,
.. 11 percent hydrogen, 1;5;percent_sulfur,Q.spereent nitrogen, =
and 6.0 percent oxygen.~ The

" percent., S

phenol content was about 10-15" -

. " The orudé par'aé fecei&ed;_oontained about;2 pegﬁgn}kf
.. water and 1 percent of fine dirt. These materials were .

separated in centrifuge

s, sin

ce it was necessary to remove

~“¢he water to prevent crusting and overheating of the tar

. in the still preheater.
" yaporization of the. wat
carbonizing of the tar,

~The
er Wit
e

latter was cauqeﬁfby-suddend,
h subsequent stagnation-and -
diFt was removed to protect -the

sump'phase,catdlyst'from belng fouled“and-its;&ctivity»reé,
 duced. After removal of the dirt and water;-the ‘purified
. tar was distilled, giving am

. |tion boiling below 320°

T

C ’ and

iddle 0il plus-gasoline frac-
a heavy residues This latter

: .\material,'which”amounted,tofabout-SSipercent of the tar,

\

' was treated in the
- *Oilo k T

sump,phase,~torp;pduce.additional middle

=i . : \

-

.. The catalyst most frequently employedvfor_iarihydroi;~,
genetion wes iron sulfide .on coke breéze such as that obtaine

- ed from. coke ovens or Winkler generatars. . fbout 0.5 - 1.0
perceht of this powder wes mede. into a. paste of Q0
‘percent-concentration using -freshly: ,rippedvtar.residue.oil

‘ { . SkT . L
‘ :o:*aaven;qle;\wThis paste was mixed wiith about one hundred
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Phaée'o'erdtiaus'

times 1ts volume of heavy slurry from the hot separator at

the entrace to the heat exchangers -and pumped with the...

fresh tar throush ﬁbe“unit;“fThé”datalysﬁvconcentration '
 thercfers was sbout 4e5 Dercent of the tar feed. ;

The operapion‘of_the sump phaée'with tar'was nearly:thg

ssime. as with brown.coal, the ochie?f difference being the ... = .

greatly reduced solids

removal _problem. ' (See drawing no. 3)

A srell blecd, corresponding to .approximately the quantity
of fresh catzlyst paste, was withdrawn from the hot separa-

tor =ni centrifuged to
pumpy located in the s

2tor back to the-inlgg“ggﬂthgﬁprehgaterﬂandﬁppqggww;fm;m1w

rocover the oil. A hot recycle ofl. . | -

ystamT_resireaia%ed—siurry—frem~%h=

252 thc“turbﬁléﬁééfiﬁ”ﬁhe"cdnverters.

. In genoral the hydrogenation of tars and pitches could

be classified into two

‘chief types of operation. The brown

coal ‘tars which were low Iﬁ‘asphalt”(2-5ipercent)»required

" less drastic condition

than_Qig:xhe;pimchssmand;cracking;4~‘

~-residues which were high in asphalt. _For materials in the

"first calegory a reaction tem

pberature of about 450-46007

and & pressure of 300 atmospheres were employed. - The S
through-put of fresh tar averaged- about 0.5 tons per cubic . .
meter of reaction volume per hour, and for each ton of tar, -

. m_m-approximately'lOOO»Cubie-meters of gas were circulated.

‘The heat offreaction,was'ﬁuch”less;'averaging-about 120

“kilo calories per kilogram'of.ﬁiddle{oil,produced, and hence
thetemperature. céntrol .in the converters was much easier.
Since coal tar had a higher hydrogen content and lower . . .
molecular weight than coal, greater yields of 01l could-be -
obtained than with coal, .About 30 perce:t morse middle oil * ..
was produced in a given unit {that used-coal'tar)‘and the -
hydrogen consumption was approximity 250 cubic meters per

ton of middle 0il, or about 15 percent of thatﬂrequiqu>:orJ iZ'g1

~coal. -In general the brown coal tars were easil

in the sump phase, and

. for'gasoline production.

' ... The hydrogenation
" residues was conducted

they were a ‘desirable raw

of high-asphalt tars and cracking ~
v : 2.4 -at Lutzkendorf, where a pressure of .
) ?Oq'atﬁosphéres and a tampergture of'5009c.;was-required to




| inan envelope -
ed-at ‘the end of this repor:). .




se Operations

n account..of the refrabforj?~—
sd, the througli-put was

 low. . ho U , ' . gublc meter

per hour. A tial pressure (92-per- -

cent) was maintal order 100 accellerate =

the asphalt decomposition, but outside of the more drastio

conditions required, the rest oflthe"operation’waS»the_same-
as‘Wiph-brown4coa;,tar.. C L

;-Theihydrogenation~ofupitéhi asmtygified‘by,pge'op§ra~

" tion ai V‘Ihetm?fSeE?drawinganTfﬁf—was:cOdducg_ at”b8§°é‘*;
and 700 atmospheres pressure. The feed consisted of 60 per-
__cent.fresh pitch with a 70°C melting -point plus 1,0 percent

~ heavy re¢yg;é“bilifrom'thefprocesgymmThe«faedwrapg;ggggqged
25 cublc meters per hLour of 1iquid3'and‘ES;OOO‘cubio-metéfé““f”

of gas were used per stall of four converters having a total
reaction volume of 36 cubic meters. The hydrogen consump- - -

‘tion. was considerably.greater than in plantsg processing

brown coal ‘tar, since pitch was a material relatively poor‘*'

" in hydrogen. On the afarage;f7004890“eubicmmeters of hy-
. drogen were reguired to convert_gpe"ton;of pitch‘tovmiddlev
-~ 0il and fuel)oil,émmhe—016xhead oil golléctedrin‘thé'cold

o papator was distilled to glve a middle oil. fraotion for

: processing'in‘thefgas phase, while the residue was sold for

- "fuel oil. ‘This last. operation was quite different from thet
TpractiSed-in-plants-treating coal tars, since there the

“distillation residuc was recyoled. The high asphalt content -

of the pitch,,ahd'itstOW'susceptibility'to‘hydrggenation

mede further treatment of the heavy 01l .less attractive than-

in the. case of tar., Witha market for fuel oil, this pro-
vided a convenient way of keeping the asphalt content in

 uthgasystem-fromAbecoming too great. . The gasoline produced.. |
_from pitch had -a—good-ootane rating on account of ite high
. aromatic content,._The_pfeparation‘of gasoline from piteh

m&dé&e—oilf;s;desgnibed_in_3§g§;on.V. .

_° 5... Deseription of GasiPha3§—o eration.

B As*préviousiy'méntioned{ithéISG}pose of the gds'ﬁhasé»_

;W?S,tQ’take~the-11QU1fieﬁ,99?1‘ r middle oil from the 'sump




(Thi drawing hos been inso“tud in an envelope -
~_o- " attached at the end of this-report) — — —
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5. Description of Gas Phase Operation (cont'd.)
_ phase and, by ‘a combindtion of hydrogenation and cracking,
~convert it into gasoline, - At first this operation was oon--
ducted in one step over a molybdenum-magnesium-zinc cata- =~
1yst (No. 3510) attemperatures around .460°C. This catalyst,
however, produced too much gas and its activity was rather—
low, .so.that the through-put of oil was small., -In-1933,-
after laboratory tests at Ludwigshaven, the I.G. plant-at- =
~ Leuna first trisd pelleted tungsten disulfide catalyst (No. -
".5058) in the place -of 3510.(21) - This new material was about
‘three timés as active as tha first catalyst, and hence 1t .
" - was possible to operate at a lower temperature and obtain

"a superior. product with better yields. The tungsten -sulfide -

- ' —_ RESTRICTED B
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W was_very-active in hydrogenating aromatics to_naphthenes as_

_..well as"reducing phenols;:nitrogen bases, and sulfur-com--
pounds.to hydrocarbons. However, the high proportion’.of:
. naphthenes and paraffins in the gasoline produced by this.
method gave a low octane number of about 60, By the addi~ -
- . tion of lead this could be made into motor gasoline, but;

not aviation grade, The diesel oil on the other ‘hand was .- -

... of fair quality, -the cetapne number falling between-35 and -

Y
v

" ‘Sinoe the German emphasis was upon aviation grade gaso-

‘1ine, a gearch was made for a catalyst that ocould .convert -:
naphthenes afid normal_paraffins into isoparaffing.’ . In 1937,
Leuna. started to use a tungsten sulfide-gotivated clay oata-

1yst (No. 643k) to convert the product from the 5058 stage .

agolina produced by =

Rioh by the

) -ﬂ?i@r

1ge direetly, since the phenols .
"in the oll poisoned and drastically
Therefore, it was necessary to. pre-
: yst to remove the -

6434 oatalyst. -
‘which eon~ -

ar, However,
ired, a one

obviously, . .°
depending -




. upon the partiocular demands, but- the use of 6434 to make -

aviation gasoline, and of 5058 to make dlesel oll and motor

gasoline.became-the basis of the_German‘synthetio,ruel pro-
gram for ooal hydrogenation. : S e

(s) Prehydrogenation Stage. - .- . e
, The feed'for‘the-prehydrogenation was usually middle
oil .from.the sump phase»hydrogenation of brown or bitum-
"inous coals and tars. ‘To this was added a recycle middle _
oil from the distillation of the product. A typioal analy-.
.- gis of a bituminous coal‘middle'oil‘was:‘specir;o:gr&vityjiv
. 0.956 at 20° C.; anlline point -12.5° Ce3 phenol content
" 17%; end disﬁIlIEthn*rqngavlhs-Qgg?;c.mmww@m;,ﬂ' ' .

_-The o1l was pumped up to the operating pressur or. 300
- atmospheres in large pumps quite. similar to those used for
"pandling coal pasts. -The maintenance on these oil pumps - °
was less, however, on. account of the absence .of solids and -
the consequent reduction_in-abrasion of the pistons end .

packings. Hydrogen was next added .to_the oil from thezpréfai_ L

Bure}hea@er-which-cont&ined raecycls plus make-up hydrogen.
. About 1500 cubic meters of gas.containing between 70 and 80
T percent hydrogen were oirculated_for-each cubioc meter of
.~ oil feed. ‘ e e
: Referring to drawing no. 5,_which~ahows;a,typical_flow*“
_for theAgaszhase, it'will-be'Seen.thaﬁ'the oil and gas. .
mixturéfentered,the.bottom‘of the first of two “Heat exchang=—"
“m*—v*iers.?vThesefpieces:of:equipmanxﬁwers“bullt?exacxlyflike'the;.-
"'ones~used-forjthe~3ump*phase, and operated in the..same man~
nexr with the inlet material on - ) de of-‘the tubes ..
.. flowing upwardsland;tha;outlet'productS'on,theytube*s;de o
' ffflowing‘dQWn;.,The-siZés.variéd wi th the plant, but two of.
the most common were the 500 mi1limeter»diamster with 151 S
»tubes,.and'thaféoogmillimetgx diemeter with 199 tubes. - .
L These»two¢exchangerg'were both_IB;meters.long-and had heat
f;transfermsu:rqéegﬁof approximately“lhj_and‘l90;§
- ‘yrespectively. A new design.of the 600 millimete

- ohanger had been made in-which there were.

& total gurface area of 228 square meters:




‘This drawing has been inserted in an enve:
. atteched 2t the end-of this report)
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paratus aad nrdbabl;;been planned ror new ga phaee 1neta1-
ldations inee 1ts ‘use was, not in evidence n the plant.s

a With a reed rate or approximately 20 eubic meters of
, oil .plus 20,000 cubioc meters of gas per hour entering the -

"“gold heat exohemger at near room temperature;. the heat trans- '

Por-warmed-the feed to about 180° C. In the second or ‘hot
.exchanger the feed was further heated to ebout 300°°C. The
~ overall heat transfer coefficients were usually -about—250~ _
300 kilo calories per hour square meter degree .cecntlgrade

-(51=61_BTU_per hour-per square—foot—degree Fahrenheit),’

hough atvtlmes under-favorable ciroumstances thoxvalue
went as high as 400-500 metric units. ‘

As 1n the’ sump phase, it Was neccssary “to givc the feed
a little ‘additional heating in order.to warm-it to thc_p01nt
:..where the heat of reaotion was sufficient to caerry the tom-
 perature. up to the reaction zoney ' In the sump phase, gas--
fired tubuler preheaters were used exclusively. ~In-the gas
- phase, gas—fired ‘preheaters similar to“those employed in: the
“sump phase were used in some installations, while in other<
electrical heat was used. The former type has been des- = .
‘eribed -in section IV, but the latter: equlpment was enployed :
Conly” In“the gas—phase*eﬁ——éfiaﬁt'* e e
Lo The preheater con31sted of four to six 120 by g0 mllli—
meter tubes of N8 ‘steel, approximately 15 meters long, en-,
oased in a thin steel cyllndrlcal shell. (QCe drawing no. -
C-9 in -Appendix C).  Instead of using heating elements, the
~ tubes themselves were the electrical resistors, thus in---
- oreasing the thermal efficiency. Steel lugs werc welded on’
-the outside of the- tubes; and electrical connectione were
.. made. to them through bus bars backed up with steel plates.
The tubes-were supported by ring clamps. insulat ‘rom €ach
other and from the stesl shell at the top end. ¥

’Tnsulatlon was packed around the tubes ingide of tne shel:
to reduce the heat losses, The transformers used to rcduce-_—f‘
" the mleetric current operated .on a, primary voltage ‘ D~ oo
©.700C volts, and usually-ene was required-for
~hair. pin bends or four stralght lbngths. Th




the transformer was connected to-
cting the tops.of the two insids
: 1lp the - nGthiVu or grounded side of
3 connected to binding.posts at the top of
ol lbnnth. Thus the clectrical current flowed
Ol Complete " bend, heatlng up the tube by rea-
son ol the R lgss in the steel For obvious resdsons, &
‘low potunt 1al of about 70 voits und'a high ampere current
WuETE emvio 2d in this type of- apparatus. In general the .
of h sater -was satlsfactory when_ its limita-

Onp of the bl advantages of- the elcctrlcal type of
: was that thu heat. input could be quite accurately
snd thus better ‘control could be obtained. . The -
ctrlc-l type was olso somewhat less oxpensive to build,
¢ the power_load.was.not._too high, the operating:.
TE ﬁasonably favorable, However;—there-werc. ss :
a1 rutlbr erious disadvantages connected with the electric-
- al prcheatsr. If the material being heated-inside the tube ‘
" "started to_carbonize, polymerize, or-cake—on-the-walls in.
‘any wey such that the heat transfer was reduced, then the
C - wall: temperature of the tube increased, since the eleéctriocal:
' input remainéd constanp, . The higher wall temperature in- 7
ercaesed the local electrioal resistance, so- that the great-
‘est amount-of heat.was being liberated in
the heat transfer was:-the lowest, and this still. further
‘raised the local .pipe temperature. If the oontents-in the
‘tube continued to oake: or coat, as was usually-the ‘oase-
when the local temperatures became excessive,.then the. pu:e-.~f
“’ - heater tube would become heated to such a point that it . ..
- would: rupture and possibly cause. &: serious fire.  .For ;
reason, the- electrical praheate. yould be used culy on oclean

material_,suoh as dispilled ol

the -section-where -




) -;f _lgngihﬁA_,Thls ‘methed worked moderately well for the less
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5. Description of Gas Phase Ogeration’(alicdnt'd.)
cribed, | - |

The oil and’ gas after hav1ng been heated up to approx-

~imatsly 350% C.. in the preheater entered the first of a °

serics of »ither three or four converters. The early con-’

‘verters wens packed solid with catalyst, but the highly exo-
© thermic heut of rcaction caused local overheating and made -
- the temperature difficult to.control., The néxt step was to'

_lntroduce cold hydrogen at several points in the reaction

zon¢ by the usSe of internal down pipes of anpropriate W”
active catalysts, but .the mixing of the hydrogen and the
' reation products was-not as. good as desired.  The more- re-_
~cent designs, thercfore, supported the: catalyst on_several-
-grates with a space betweenh the. top of one catalyst bed: and
"..the grate of the next one above. Cold gas was introduged-
“to 'each section and mixed with the oil and ‘hot gas vapors
by -means of baffles in the unpacked section,. and better
,ﬁcontrol of the temperature was. obtalned . ) :

, The new convert"rs used for. the gas phase hydrogenation
- (See drawing nos. C-10 and C-11'in Appendix C) were forgings
. .of 8z steel, 1000 mlllimeters internal diameter by 18 meters

. long, and. were fitted with an internal lining of diatomite

insulation 65 millimeters thick,—similar -to that used in-—the—
“sump phase converters._ A thin. stainless steel™liner was ...
used inside of-the insulation to contain the reaction mater- .
lals and resist the corrosive attack of:high ta@perature hy-.
drogen and hydrogen gulfide. The catalyst was held on
- grates, usually seven in- number, although some ‘designs used
‘as few as four. These grates consisted of a.series of steel-

. strips set on edge with parallel’ spacing of about 10 milli--
- —meters, . The ends were welded to the internal circumfer- -
- --ence of ‘& steel hoop. - Fastened to the lower side of the.
.. ‘grating were two sets of baffles-with 8lots set-90° to each
~.other.  Under the baffle a parfm-ated distributing.
‘plate., . The prevloualy 8 were brought
.1n through the—to ' ‘ :
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5. Déscription of Gas Phase Operation ga)jcont d. )

steel liner into the space between the baffles and the grate.'

The thermocouple well was located. 1n the cénter.of the ‘con- c

verter and temperature measurements were taken at the en- =
trance and in the middle of each catelyst-bed. The materials
of construction—of the internal.parts were of ‘stainless g
steel when avallable, but galvanized NS steel was used when

.the ‘former was unobtainable.- = e

: The early’ catalytic converters employed an upward flow o
£ o0il end gas, but it-was_found that theé dust formation.
ne's tho great, especially.with the lighter catalystss;=due to
agitation of the particles by the ascending gas stream. ;

__Therefore, the newer practice. employed . downward. £1oW.
tween 7.2 and 7.6 cubic meters of catalyst could- be changed

to a converter, the difference depending- upon whether seven
or four beds- Wore used. The 800 millimeter converter was -
constructed like the one just described, but of course the

-catalyst volume was lnes amounting to about 5 cubic meters.

"The standard prehydrogenatlon oatalyst con31sted éf ‘
cylindrlcal pellets 10 millimeters in diameter by 10-milli-
metefs high of tungsten disulfide,  This meterial was pre-
pared by dissolving tungsten trioxide in ammonium sulfide -

_solution, and heating the_resultant ammonium thiotungstate.

in a strecaxf of hydrogen to give-tungsten disulfide. This
material was pollntod and used for the prehydrogenation

-stage. 21 For more complete ‘details on the preparation of -

5058 catalyst see Appcndlx B. . During the war tungsten be- ;
came quite s¢arece in Germeny, and_hence ‘research work was

~rcondugted to find a substitute catalyst which could” replace

5058. 22). One of the better new materials was prepared -from
sctivated alumina plus 25 perggnt of tungsten sulfide and
3.percent of nickel sulfide. This composition, called_

" 78L6W250, waes more active than 5058 in hydrogenating the

lower boillng constitushts in the oil, but less active in:

Jthe reductlon of phenols, "and it was much weaker as.a crack-

Ing catalyst. -The usual practice was to use a combination

-17of 5058 and. 7846W250 in—order to ‘teke advantage of “the good
‘oharactvrletlcs of oach.»- C e y L :

The standard method ‘of operation was - fill_aiifcon+




fasmia i ngetan.
The ‘advantage -of. ustng
_:educ th

ehydrogenation*stage was’ progerlxmgpeg

~«~w~at~a”temperature“nﬁtf C"the gas production was .

quite Ibw, end the concentratio of “Cq and. C hydrocarbons

was very high.. “About 10. percent: of the carbon would be con

verted  to. gaseous products of which. about. .50 percent. would

be C;, 20-30 pércent C3, and the rest Cy and C1+ - The Cy- eut

‘ contéined about 40 percent isobutane which was ueeful for . .
alkylation. = The liqui¢ product from the prehydrogenation.

‘rstage contained .about 10 percent gromatics; A0 percent naph-
‘thenes, &nd 50 vercent paraffins.  The normal catalyst 1life

 was at 1eaqt ong yeer, but under fsvoreble conditions it

might laet.tws years.
\-

i " The meckbnlc»l oper"tion of the ﬁ nhase was very S
. similar to that of thas sump phase. The. ‘through-put of oil
everaged about 0. 6-3.3 kllograms per liter of catelyst per = .-
nou*;»anc the ratio of gés added as recycle was-about. 1500;,';
~cublic meters of gas wér cubie metor of oil. -An average . -
.iourly through-»ut, ‘therefor gas gtall having: four,‘
converters of -Z23- cubic meter: .“talysf volume, would be - -
' .,OOO—cubic meters of ‘recycle ges-
_ i : roximately
OF _gee would ‘be - dideed hetween
. for. meneraturp control.. Fach of the
-had its individual ceooling gas line, and by -
Lamount of gas introduced 1nto uhe baffled
er below each bed, Atowmes

wan ", f‘_pf)vn top
rition of




~count of the large cmoun , :
.+ . products. vThelhydrogen.consumpttgng!aSﬁabout.500 cubics

‘gasoline which had en E.». of 1659 C.: gna—+

in the prehydrogenation g e h&ghiyyqxqghérmig.on'éé; 3
ttgg‘h?afbgen'édded'tn'saturating the

‘meters per ton of middle oil, end the heat of reaction.was -
about 100-150 kilo calories per kilogram of middle .oil. -

1/ —

_ grquhiﬁgmetér,ofAwatér\wasjinjécteﬁiigEOz£He7
hydrogenated:m;ddle oil end-ges ‘vapors ‘after leaving the lest
.‘converter to prevent .salt formetion, and-the products were

then cooled by current hedt exchange with the inlet
T meterial, -followed_byia*final-cooling with weter in

a.set of four to six parallel trombone coolers. ~“The condens-

i ed oll: was separsted in 2 cold catch:th;Tand:the—gas_recir—

_;gglgﬁedjwithout,anY'purigjgggg; .7~Whe£e:themsaméwgasscom«f~~fﬁl
,tpnGSSionmsystem—wés”uséa”fb?”both’ ¢ prehydrogenatior-znd

- gasoline production Stages, z water scrubber was used to-p

. Wove . the ammonis from the gas, but where each gas systém was .

separote, it wes not~neqesséry to use the:scfubber.,*Usually
“the outlet“and”inlet“gasvlines-from several stalls operzting

-on the same miterial were connected- to a.menifold, and a _ '
.bOOSter_compressep_wesgusgq;tq nake-up the«ppessure’drop in
"-The'liqﬁid;prﬁduct‘frpmAthisustéée,Jafteflre’ucing the
ssure,~wes distilleg_(as_deseTibed—Tn“SééfionaVI into-

ved;by’the.add;4

~number of 60.  This gesoline could be ‘impro

- - tion ofvtetraethylzléad to make e satisfactoryﬁmq;gr geso- -

‘line:  Th& mor: modern trertment, however, was to take t?SA)

‘ '“prebYdrogenation~gaselineAend tréest 1t in D.H:D. plent

in order to dehydrogenatenznhthenes ics end iso<
merize some of the ﬁérm&l-paraffinS“t foparaffins., .By this

. treztment the octane number of*5058wgasoliheeéauiﬁ:icﬂpg~sEQ“”fif'&f

to 2bout 80. ¢ v v c R
C Thé“fr"tion-dfitheﬁpféhydrdgénatibn‘peruct b6i1ih§, S
higher than gasoline'waS'Cellod¢middle 0il B. This materisl o
"Was ‘high in naphthengs and pereffins ‘end hence 2 satis- =

" factory diesel oil e d be mdde from it. When the latter

was. desired, a -side ‘ecm boiling from” 200 to 3000 C., was -

‘53Avwithdrawn'froﬁ'thé“still and sold. . This diesel fuel had: @
.‘éétané~numbervaAaboutl35-tQLSO.”“_ R -




‘the X { :A'ys of oal'h&dfﬁééﬁation the intern-

a1 combu

dtion engines did not require as high quality fuels ~

es were needed during the war.. It was possible therefore,

.to use the,

directly ef

- aviation ga

. -necessary-t
into aviatl

.. . -The me
~this second
those used

gasoline made by the tungsten disulfide catalyst
ter the addition of lead. Later, however, when
soline of 87 to 100 octane was required, it was
o ‘use enother stage to-convert the middle-oil B
on gasoline. e L

i
S

chapicai éduiphent end method of-operation of
or gasoline production step were identical with-
in the prehydrogenation stzge, and henee will

_require wery little explanatio

~cess (no. 6

- plus 90 per
.10-by 10 mi

434) consisted of -Io—percent-—tungster e
cent activated clay mede Into eylindricel vpellsts .-
1llimeters. _Fullers ecrth was activated with- &

__._hydrogen fluoride solutlon and a solutiop Of ammonium thio-

“tungstate infammonium;polysulfidgvadded;' After evaporating

. to'dryness

- to give tun
~/pelleted &n
"the method

... “ The mi

the product was hested in ¢ hydrogen.atmosphere
gsten sulfide and clay. "The mixtur was then
d ready for use. . For morc complete detzils .of
of ‘oreparation, see Appendix B.. :

ddle oil from the‘prehYdroéenafiQh stage was.

mixedtwithwrecycle_middle«oil-frdm-the—gasoline,stage~and

.processed -a
The oil thr
lyst per ho
stall. The

- " ’hydrogen co
SNt .

20,000 cubi
" hydrogen we

convertars. .

- The-sulfide catélystsﬂiequiféd

t- abaut 400-420% 'C. and 300 atmospheres prescure.:
oughput was about 1.2 kilograms per litetr of ¢ :
ur, or 30 to 35 tons per hour 'in ¢ four converter
gas requi nts werc decidedly less, since the
nsump tionw 2 cubi Lers’ ner ton: of -

totol. ecycled with the.. oYE ~bout

T epd “The—t

¢ meters, while only 6 tc 7,000 cubic meters.of
ré required to control-the tempereturcs in the -

ardor to prevent
- dietzl. . The
sulfur conm-




Qgscriu;iog;of‘cas

oounds, which upon hydrogenation
‘meintain the actlv

gen‘sulfide to

 The feed for the gasoline stage

free, &4 1t . wag necessary to

'suppIIEH’§ﬁfEféént“hydro-
ity of the 5058 cetalyst.

, however, was nesrly sulfur

ctor. . Hydrogen sulfide could be zdded in =

such ©s mixing with the feecd ges,

sulfide, or by using @
: mix far cooling in~the’cc
. guite populer, since it reduced the,corrosion”inzthe
The optimum_sulfur content

heat .exchenger

& znd preheater.

. wae about 2 percent, but in pra _ ,
. '0.5 aznd 1.0 percent, cince the last 1 percent

‘-gnﬁly‘to'the ectivity.

. in redu

cracking ‘thet occured,

“add ‘hydrogen sulfide to the

ny of severel

pumping liquefied

hydrogen-hydrogen sulfide

converters.

G

The letier method

ctice 1t was usually between

only addgdh b

11yst was“~very: ctive-in opening neohtt

_ cing the molec ler welght of the- oll,
convarting normal paraffins to.

ed. Approximetely 8 percent of

converted to g

sseous products which an¢

¢enit Cih <0 percent'C3,,and.10

cut furthermor
+tane. The C5
{so end 20 per

-were achieved only ,
t wég—accfdehtally’poisoned and

If the catelys

the retios of
pormal 1ifc of

o® o
— B @epended upon .

R Y8 ) 1o B

. minimum, the 1
‘types of compounds .c2usec "2 Lel - e
whereas the letter formed condensation progucts that could.

 not be des

the type of feed.

e contiined &pPTO
frzction of . the ¢

1soperaffins.

only & smell amount of

_the- cerbon in

percent Cy end

Despite%thé¢~
gas wes form-

the oil wes

lyzed.akout. 70 per-.

ximetely 75 pcreent isobu=

cent normzl pentzne. ALl of ‘these results’
nlyst wes properly operated.

when the cat

- ture wes raised, then the yield

iso.to'normal par

‘6434 cetelyst wa

weight

“and thus csused.

d “a- tempore

the tempere-

of methene increased, and.

affins-droppedz

sherply.  The -

s =bout one yesr, rut mich -
~ Unless-the phenol, nitro- .-

los5: 0

ermenent’

. compounds: were -kept 1o &

oss of zctivity wes repid

b

»soline contained 80 percent .




ceount-of bhe-hi:h
structurc of bit
soline with a hig
rjlump percdent of 1
¢ rrized to between

g”»allno Productiwn stoge:
srortoant were the use )f 5053
-nd *hc tro“tment of brown ecoel —
] In the f,rmer case
asuhlly r'ised'to;abJut 420-4300. C., and
21l recycIed s» thoithe . end product was

be converted into uviation fuel by DHD““*—"”‘

.grede.. Since the DHD. PLOCCES -Could-Prom—
th.en antiknock rating of 787 t0 99 the . -
_h Dpressure s Sr for gascline 7 Luduction wes bging
cly ueed 1;, R : ¥ e .
cosl turs did nut c)ntﬂln a vcry hlgh ncrcentﬂse -
. 2ls o7 nitrogensus- br ses, :severzl plents treated the
‘mixture »>f middle oil from the. dictlllgtion of -the raw tar
"and sump phase praduct directly 3dver the 6434 catalyst, thus
prnducing gasoline in one ges. phose ‘step. . The through—put
was lower end, as must be expected, the catalyst Life was .
shorten«a, but a..saving in investment cost wes realized.
" The ‘octane rating of the ges was- sTig tly poorer; -the-velue -
being 69, but this could be made into : acceptable svia- -
tion d by 1 g octene’ to 89 ﬁIth the adaition of

The Ruhrol AG- had a quit 'different’meth d o.
ducing .gasoline from middle oil: ' .
hgdrogenat on'’ of . g itch.
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5. Désc_,nzlog_gi.ség

—n

“sure wes 700 utnoqnnercs ”he ecuinnen and nethod of opera- .
tion, outside of the deteils mentioned, were. auite—stendard. - - -
This ceualyst was not nearly as active as the. fongsten- o
'oontaiwz ones, end hence the highcr tenmerature wés re- -
quired to nroon(o & suitable reaction velocity. At 5009 C.,’
however, the equilibrium wes unfayorcble for complete hydro-
g\nation, so thiat the reszulting Faseline was rich irn aroma-
tiecs. Thus & product wes produced that had an. octene rating
nf about’ 30 which could be raised to 92 by the’ (ddition of -
lead. .

ﬁOPc complete detglls, including tables of ¢n‘lvces,»on‘
the various products vroduceu i th g2s phase may
- Sectlon X.ooo - : .

, ngroggggxlogﬂE_ duc§° 3ggaragigg;
ggsgous Prbdggg_.‘ |

The principzl constituunts iv the geses from the veri- -
ous rheses of -the hydrogenation process consisted of setur-
eted hydrocarbons methene to ‘butine nnd hlfber, cerbon diox-
.1de, ‘¢carbon monoxide, xmmonir , 'ond ‘hydrogen sulfide to-
gether with hydrogen and - littlc .nitrogen. . In generzl the
‘gases were divided into two proups, célled leLn and rich.

depending upon the relstive amounts of prosene znd heevier

-which they conteined and-‘the| degree of satursation. The
, .. zmounts . of heavier hydrocerbéns cerried. by, the goses de- -
2P L pended upor the temperature and pressure of the mixtures; or
*"‘!L* :—‘—"more—simply on the rctio  of. the nartizl pressure of each
' constituent-to the total press sure. . Gases from the inter<’

. nediate exvansion stages (50 atm.} of the cold and inter-
mediate separator oils and-circulating ges stream. scrubber
1licuid were usuelly used for fuel directly. Since they con- .~

- te2ined chiefly hydrogen znd methane, there were insuffielent -

3 he;vier hydrocarbonq to werrant the expche of. treatment

- , Thefgaseu from the ctmospheric nre sure ges liquid
separdtors in the light oil and.solvent
»mvntloned were’ combined
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' 6. Hydrogenation Preducts Separation (a)(copg!d.)
intermediate expansion of 1iquid from 50 atmospheres -to -
- ebout ¢ mtrospheres was used ahead of the firal atmospheric
- Pressure. break-down, the ges frowthis 6 atm. stage was also
combined with the rish gas frection. . These 'gases contained
..tra mzior portion of the prooane &nd butanes produced during
, m end gas phase operations, znd were trected to re-..
r these materials, R S ' :

T 7 7 The TirTt .step usually was an flkazid treatment to re-.
move hydrogen sulfide and cerbon dioxide from the gases, _
T 1ruzid process consisted in "scrubbing® the gases with-
x - solution of elther alsnine or glycocol derive-.
_ cyeter that operated in approximately the same
as thé conventional triethanolamine’process, ~Further
5 on this step may be found in the gas purificetion o
' 20 .él;TQthical;Mission&inmEurope.Reporxmmw;NW;f~*"w
AN : on of H{Sfogen‘and Synthesis Gas. from- .
In1lid and Gascous Fuelst,\9 Sl - :
‘r£ses were next trected in a combination absorption - - °
on column at 15 stmospheres to remove ‘the gasoline’
i2h consisted of pentanes end: hesvier hydro-
~carbons. . The 1lighter hydrocarbons and hydrogen were” then:

n a8 water wesh uader. pressure to remove smmonia before -
'‘assed ‘to. the butens column. -In this unit butane and
> smell amount of pentane in the gas were- removed’ from’ the’
fe of the eolumn while the-lighter mgterials passed on to
‘Topane-column. .. Here the gases were separated into fuel s
g€7s &nd propane fractlions., TIf desired the ethane—cpuld—be —
worare ted fromfthéﬂfuel‘gas,‘butuin most plants-this was not . .-

I17of thege hYdrOCarbOﬁ,gag_sgparations'were.peh— : SO
in conventionzl equipment and accordlng to stendard - =7 -
ce, hence, there 1s no necessity to go into fur-her
1 concerning the technique 'of “operation. The propane~
fraction was either processed into high octane
- pusoline. by zlkyletion or polymerization. or.com=
liquefied, and sold as motor fuel (Treibstoff).
tpul of. this latter fuel usually amounted td about o
erit of the gasoline production and hence represented - -

2 -
S— _—

. ...“_.52_‘

e e e e




p w
treatment of the hnavy o1 *slurry from the‘hbt B
discussed in Section VI 4
separator -weré-expanded ysphe prassure and; &
removed for separate treatment as has been: previonsly 683
cribed. The oil and water phases were then separated by
decantation. .The water, conteining phenols, hydrogen sul- -
Jide, carbon dioxide, and ammonis, was" usuaily«»reatad with-

_ o*ther tricresyl phosphate or: phenolsolvan solution to re-

- move the phenols in the same manner as agqueous liquors from
cvking vlants. - Then- the water was given an ‘Alkazid treat-
went to remove the hydrogen sulfide before discharging to
avoid polution of the river. Further details on the treat-
nent of water prior to discharge from hydrogenation plants
2y be obtained i ? g s. Naval Technical Mission in Europe
Leport No. 87-45. (15) ,

The oil phase from the sump sta e cold separator was
~ent to the "AM distillation unit. ee’ drawing no. 7 for
a diagrammatic flow sheet of the distillation process. .
"Here the crude oil-was partially preheated by counter-cur-
rent heat exchange with the vapors from the still and them
: . the hot still residue before 1t_wa¢ v further heated in a
Q@k . ' gas-fired preheater. This unit was similar in principle to
\ho prehcaters used in-the gas &and sump phases of.-the hydro-
genation process. About 10 percent. of steam was inj)ected —
vith “the .oil duringAthe,orehQating in order to reduce crack-
ng of the oil and carbon deposition on'sthe tubes, - The hot
then entered 2 nacked distillation column where it was
:‘“sfcd 1nto middle oil "4" and- residue fraction.‘

Te fractionating column wes about two meters in gie-
30 meters high and .packed with Raschig rings. With
rotlo of 2 to 1 the average through-put was .65 tons
the maximum 30 tons per hour.. The end point of .




" DRAWING No.-7

(This-drawing hes been inserted in an_envelope
: - attached at the end of this Trep £)—




rich gas separation unit: and-trested-as-previously describ-
ed, while the middle o3l was s¢parated from the water. The
latter contained sufficlent phenols 8o that is was. treated

‘to racover. these-méterials in the same manner as the aqueous
phase fron the hydrogenation units, . -

el 5Thé?wholeedisﬁilié‘ on-process was quite conventional 'QEb”“

o tran
e,

and simple. The fractionstion wes not very sharp, since the — B
principle object was to.produge. a light oll forsthe gas.

~phase procesg, thet was free of high molecular weight tarry
materials.  The condensed oil eollected in the first or oil
cooled condenser was usu2lly Blended with the rest of the
011, but pert of it could te kept out for pasting purposes
1§ desired. The rusidue wes uscd -for-pesting in the sump
phase. ~ oo : -

- The distillztion of 'the gas phase cold separztor pro-
duct wes conducted in essentially the semc type of apparctus,
‘but there were more varictions depending unon the deeired
products. When btrown coal or brown-coal tor wis Lydr

_ the product of the 5058 prehydrogenation stege wes often
. Fractionoted into n gasoline of 140-150°C E.P. which woe
- processed in the DHD unit to meke eviction
gldue of middle oil B for trzrtment in tho 64
-Sometimes a portion of the middle oil wrs ren out ar
.. fuel, & cut from 20Q2C t0_3009C usunlly being removed
~ this purpose.  When bituminous cosl W.s procissed, it
customery to pass.the whole.rroduct.ofi-the £Q53-wteec—to-
the 6434 stege unless o ol toelk WS removed. <

Tﬁéxoil rroduct from the




All of these distillation steges were quite conventionel in =
_operation, and hencé this phase—of the-coal } 4
: rocess 1s not discussed in detsil. Some of the importent
"~ properties of the various motor fuels and gesolines are -
- presented in tables in Section X of this report; bu% for: ,
more. detziled ‘information about aviation gesoline the reader
is referred ts U, 8, Neval Technical Mission in'Europe,Rep%Qé. ‘
entitled "Thé:Manufacture-of Aviation Gesoline 1n Germeny!
‘U. S. Navel: Technicel Mission in Europe Report entitled -
" "German Diesel Fuels" gives moro complete information on the
charagteristics»éf diesel oils produced by hydrogen§tion,

| e

, . In the hydrogenation of the .cozlz small frzetion' wes
- - not.converted during the passage through the converters, and
-——--—this ‘together with the coal ash end cztzlyst had to be re-
-~ moved from the cycle. The most common way w&s to centrifuge -
-the slurry from the hot.seberator into ¢ clarified recycle

. __product plus 2 heavy sludge that contained most of the solids.

.». . The.-hot slurry from the hot separator, afternhavrng
. been cooled to-zbout 200°C znd blown down to atmospheric:
= pressure, as deseribed in Sectlon IV, was diluted witha -~
llghter oil to reduce the viscosity. .The solids content inm- -
the original slurry waes usially about 20-22 percent, and
approximately 25 percent of diluent oil was szdded, so that -
the resultant solids content was about 16 rercent. The S
cholce of thinning 0il played sn important part in the opera- '~ -
; ump-phase; -since—the characteristics of the . .

ing _could. be controlled at-this point. - The com- .
ition of. the oil could be a blend of clarified oil from———"
centrifuging, the residue-from the cold separator distii~- .
after removing the.middle 0il, and middle oil itself.
>'use of the clarified centrifuge.oil helped to reduce .the .
phalt content in the sgystem, since on -z second p&se through -
“the machine an additional quantity was removed with the solid -
residue. " The use of somc'middle oil in-the diluting feed :
‘helped to thin the slurry moré, and at the same time—it pre-

2y R o -y




o that they could
iong . of .these methods
¢ conditions at the -
necessary .to. thin the

¥
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&fter dilution the slurry passed to cohtinuous centri-
where 1t wes separated 1nto anm oil containing 6 to
oent - finely divided solids, and a heavy residue con-
ng 35 to 40 Peraent solids. The ash content of the
11ds in the oil averaged about 35 percent, the balance of
the solids being asphalt type constituents and fusain. The
~ '8013ds in thé residue’ contained about 50 percent ash plus
... the major fraction of the unconverted coal. The centrifuges
. employed were commercial machines, many of them mede by '
. DeLaval, which.oparsted on the automatic solid elcction
v ‘princif‘a- The inside. dlameter of the housing war about
- 480 #illimeters end the verticol rotating shaft carried
_ about 200 perforated coniésl disks spnced zbout one-<halfl
“.millimeter apart. “"The rotor turned at sbout 3200 r.p.m. o
that & very bigh centrifugal foree of sbout 10,000 timcs
‘gravity was obtained. Tungsten ecrbide valves vicre employ-
ed at the residue discharge to resist the zbrasion of the
solids. The slurry erpicity of these mechinee was approxi-
mately 2.5 tons per hour sc thet o coal hydropenstion rlent
gadta'large bettery of them handling the hot seporat-r
uc -

.The lack of complete removel of the solidc.
centrifuges was caused by the rclatively visces
the low density difference tetwesn sorme ;]
the oll,-and the extremely fins~sizc.

“eles. The operation of tne centril
between through-put end cewplotenc
‘longer contact times resulted in mere comrl
-of the solids. It was necesscry o remove “he -
&a thick slurry ipn these mechines, since too th
caused the zutometic discharge velves to bocar
This method of centrifuging ¢ivided the foed
mately two-thirds recyele oil znd ono-third rc
" the large emount of oil in the letter matori-l

Al
.




- 'd_heavy load'd

ed the liabllities:
work on the probl
solution, - -

1

In 1938 the_Leuna¥¥,nu of.
conducted tests on the f1lterability
‘three different tyves of  eduipmen ) &
cartridge filter, and a Dorr ro filte: 2}
ridge type unit gave the higheést .£ tering rate:o
130 kilograms of slurry per square moter par 'l
cell filter. averaged 100, and the Dorr machine only
The solids content in the-pasting oil,  the washing of i
Tilter crke, and the wash oil Tequirements were most LawY:
rblc with the cartridge filter, The results of thése tes
however, were not sufficiently attractive to
‘mutalletdon of filter equipment in the new hydrogenatd
tnto btuilt in 19491943, oo

?) Cobing of Centrifuge Residue.

23 previcisly moentionesd the residue Irom the centri-
rfuges conteined 69 to 65 percent oil, which 1f it had been .
discarded, would hsve been a serious 1oss. It was - thorefore
Bet e omw o forthor trogt the zludge 4n order to recover
“the =i, ntenl for reeyelo dn the system.  Thls operation
was carri.d out in coking ovens where the meterial was heat-
¢d and the o1l distilled off. leaving & dry, high ash residue
which could b turned by mixing with fresh'coal. . .

The-sludges from brown coal, which Wwere low in esphalt
wire frequently proEessed’in‘a'SCrew-type'ovén.ﬂ.See drawing
no. 'C-12 for construction and operetPon of this unit:- The -
{pnzratus consisted of a- gas=fired furnace which contained
two-steel drums ebch about one meter in diameter by 16
roters in length, so supported, one over the other, that
the upper drur discharged into’ the lower drum. The feed
inlet- to the upper drum- and the .coke discharge from the
. lower drum ware ot one end. of the unit and-the inter-con-
nection between the two drums’ ot the othor end. Inside of
cach drum was & serew that turned ot dbout one revolution

.. .o

~




C A : . S
superhecter coils were located. Auxiliaries .consisted of a
feed gump » 8nd 8 treveling reke to remove the sGlids as they
were discharged from the lower-section of the kiln, The - -
gases and vapors evolved were freed from dust, and were then
cooled. The condensed o1l was recovered .in a series of heat
- exchangers_and_coolers, and collected in settling tanks,
~ The gaseous products were used for fuel. o

~—.....In operation the sludge was pumped ‘through a heét;gizzzi;;
-changer “counter=current to the outlet-oil;—gas;—and water
oven. Ordinarily the warmed :
? and .-

o 1t was dischatg- . .

T o the drum.” possible, however, to inject the
.Feed. directly into.the kiln,vshquld_theflines_become'stopped'
-up. with material.. Superheated steam equivilant ‘to. 5-10 per-
cent of the charge was injected into ecch tube to lower the:
nartial pressure and reduce cracking of. the oil." After the
‘residue had been moved by the screw from the irlet end to .
the rear of-the top drum, it dropyped.down into the lower
drum and was carried forward until it finally was discharged
into @ sump where 1t wes cooled by water. A traveling reke
“.then carried it out and locded "it . into cars for disposal. -
. The oil vepors, gas, and stecam together with 2 small"
amount of cust left through a connection at the resr of ‘the -
- ¥ilns. .The dust s removed. in—2’' cyclone sepsrater and - o
' wos discharged hy.gravity into a2 water sump £nd was pumped
czrried away for dispoascl. The gaseous products were s
*tielly ecooled il the hest exchanger by -the feed

- materizl, enc then In to 2 water ‘cooler. - The condensate. -
from these two units was 2 heevy o0il suitsble for recycle

;&5 2 pasting wedium.. A %
- weter vapor-was .condensed in on after cooler using water = v
. ané the noncondersatle geses were useduforiheating_purposes;‘_”i
-The light oil, cfter separation from the water was sent+to
- the.distillation building and blended with the sump. phase
- overhezd product to recover 2n additionzl quantity of middle
Cooil. . wol R R . ‘

ight oil as well ac most of the

,-.th&-ruméca‘a set of steam .




; The operating temperature of the oven was about 550°C,
and its through~put was approximetely two- tone of sludge .
...per hour. About 75 percent of the oil was recovered. The
major difficulty in operation was coking up of the screws

- especlally in the lower tube. 'Usuzlly the on-stream time
- was about 100-120 days for the top section and only 17 to
to days for the bottom between cleanings. These furnaces
l-,would not -handle high asphalt content feeds on account of

.. coking of the screws. Even with relatively good feed stocks
the operating time was quite .short between—naiqtenanoe
neriods. . : R

handle the sludges from bituminous coal
drogenation P ants, ‘a8 combination ball mill rotating oven
. was employed. - This apparatus consisted of a large drum
about two meters ‘in dlameter by 11 meters. long inclined at
about 69 from the horizontal, and mounted in 2 gas fired.
~furnacse. See- drawing na. C-13 for flow detsils of this -
‘type of system.. The mill oven was lined with high chrome
- abrasive-resistant steel and held about $-10 tons of balls.

+.The feed.and part of the steam were injected through pipes

4dm the hollow trunnion at one. end,. 2nd the remaining Stesm
was introduced &t the op‘osite end in & similzr manner.

i ‘The -vapors left through the trunnion, et.the feed end.of- the

=—-—'~oven“~vThe—solidmcoke -was removed at the end opposite the

;‘“‘“”——“feed ‘and_ collécted” in a2 water-sesled sump. In the upper

section of the furngce setting werc coils for superheating .

steam and also for preheating the feed) .The suxiliaries

“were essentially the same:as those emnloyco for the :crev‘

”““type “furnace; the 'dust collector and tho heet exchenger

L being combined into ong unit.,-“ ;=

L

o . The onerating temoer“ture was uauelly little higher,
”about 560-5900C, - than’ thct used - for the: qcrew cohlng oven, -
... but the-oll recovery was essentially the same. ~About 10-
- 15 percent of stesm wes added to the cherge to reduce crack-
‘ing and gas loss. Thece ovens coked up in about five days
" of operation, but due to ‘the grinding. sction of. the- steel
- -balls they were self cleening by mcrely shutting off—the
l»feed and - continuing the vw:d:za‘t::Lon for, 10—12 hours ‘

The sludge through put was conside bly greuter than .




‘7.~ Sump_Phase Solids Removel end 01l Recovery i icontld,)

_in the screw-typé fuTnace, 3.2 tons as compared with i tons
per hour, = Andther big difference wes the much lower oil
.content. in the residue, about 1-2 percent.as.compared with
20-25 percent. The higher temperature vroduced more gas SO
thet the overzll oll recovery was essentfally the same. It

——-wes of interest, however, that theé ratio of heavy oil—to— —_—

 light oil was greater in the ball oven than in the - screw .
-type, despite the fact that the gas yleld was 'almost double. _
The retios of heavy to light oils ¥ere 4.8 and 3.4, respec=. .

tively, from the two units opcérating on the seme feed. R

o TablésNo:ié'in“Appendix‘A{pontrastsfthe operation of :
these two types of furnaces. - ™ . . B B

-~ . .The T.T.H. process. or Tief Tempretur - Hydrierung (low
. ‘tempereature pydrbgenatiqﬁ)=repreSeﬁted‘a.markedly different
_.gpproach to the hydrogenation'of .coal tar to obtain diesel
"“fuel and lubricating oils. 'In 1935 experimental work was
n*the problem-of ‘préparing lube oils from brown .
.. coal. tar by means imited ‘hydrogendtion so as not to
- destroy ‘the paraffinic nature of the tar, By 1938 the work.
~had peached the stage or commerci&l spplication, end in
193 the first snd only plent in Germeny was started at
2 ey T EE e D o
‘consisted chiefly of brown
ezrbonizetion with about 10
he r2w tar contained about
rt and: 0.4 percent water ..

_ ging.  The clarified - -
)\ rt cofitent reduced to a:
ercent. An analysis of the~tar feed
3 percent carbon, 10.5 percent
4 percent nitrogen,-and 3.7




-discussed.

—-Bbout-85-percen t-was—ma

; 8‘. 7- f e._- B | .ro ;c . 'd.)' T

"~ The'equipment in which theiconversion was conducted
vas essentlally the same as that used in the gas phase hy- " -

~'drogenation. The hot equipment was located in a stall -

which held twowheat,exchangers, an electric preheater end

~ three catalytic conventers. The Zeitz plant had five.of

these“stalls'operating on the T.7.H. process during the war.
 Since the equipment was nearly the same as that previpusly = .
-deseribed, only-those items which were different will be o

s ”,iThe'reactiop occured “in the ligquid phase over an active = .

.catalyst at between 300 and. 3909C. under 2 totzl pressure

of 300 atmospheres. "4 gqrtial“ﬁ?égﬁnre of hydrogen of - . -
> 'ntainéd”ét“%héwﬁaﬁﬁerter'inlet; but

a8t the outlet 1t hid dropped to about 80 percent. The

~_through-puts were relatively low averaging-0.35 and 0.4 tons -

~"of -tar per cubic _meter of catalyst per hour.. In 2 three con-

verter systom having ZStcubic»meter;fof1Catalyst, the .tar .. .
through-put was thera:oféfabout;9-loLtons:per'hour. Approx-
imately 25,000 cubic metsrs of gas per hour were mixed with . .

| 7T the tar end hefted 1n the exo angers snd prehezters, while

__Was aporoximately 559 cubic ‘meters per ton of tar. .

an ‘additional 14,000. cubic meters werc: rcquired for-tempera- -

- ture control in the converters. The hydrogen. consumption

! 'A.hbtisépafator wa$;ﬁdtfused*in this system, even - .

' -though it was 2 1igquid phase process since there were no - it

- -s0lids_£5 be removed. The whole product was collected in . -

e thefgo;d,cgtch;pot_and distilled

. ... . The converter design'wes & 1ittle different from that

employed in,thekgas-phase,“although the. general res
were similarl;(Hee,drawingfn07*6~l4 in Appendix C

= forging¢lOOOfmillimeters‘in diameter by l8'metersﬂlong.wQs'~f
v««insulated-&ndglined~esfwas-done‘withsbot the sump znd gzs -

;phaseyreactorsﬂ- Only one grating,-similar‘tb'that-usedMinJﬂ :
- the gas phaseﬁconvgrpar wes instclled in the lower segtion '
$0 that.the cotzlyst bed we's continuous instesd of being -
divided Into sections, t volume 1

to 8.. .
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T - 8. "Description of the T.T.H. Process.(cont’'d.).
~——-80-six down pipes located "at strategic points were used.
A ring with holes around the circumference was connceted -
to the lower end of each of the cooling gas pipes and used..
to distribute the gas throughout the catelyst bed.  As in
~the gas phase reactors the thermocouple well was located
-in the center. S R T R
A.rising Tflow of oll and gas were employed in the con-
.verters, since the velocities were not as.great as in the
other hydrogenation nrocesses .and the liquid phase tended to -.
- cushlon the cztalyst end reduce attrition. . The catalyst .
most frequently used, when avajilable, was no.-5053-tungsten
—=-tisulfide=pellets,;"the=same &s used—in vrehydrogenation.
. The comnlete preparztion of this material is-given
~ dix B. When tungsten becsme scarce, the sul tute
TN T8L6T250, sometimes referred to as 2376, 2 Ls
~letter materiel wes o mixture of 25 percent tungsten.sulfide
plus 3 percent nickel sulfide on cctivated alumine. As men-
- tioned in Section.V whder the prehydrogen-tion process, this
~catalyst was very-<cctive in rediucing oxygen and nitrogen
" compounds’ as well hydrogencting the lower boiling con-
- ~stituents, but-it ~less effective in erocking end hydros
" genating higher boiling meter The r acxing. was -
desirsble, but-the .reduced hyd 2 _ vating ws "
lability, gether the Germens fel: at 5058 N
_catalyst was etter meterizl to use whencver aveilable.

... The aversge catalyst 1life denended very -greatly uvon -
~the purification of the feed tar. “*As .previously explained, - .
. the dirt content was reduced  to: zbout 0.01 percent by centri=—"T""

‘fuging 2nd filtration, .znd grect core hed to be exercised to. -

- - Keep this dirt veluc low:- This suspended solid metter would:
gradually foul ‘the catalyst surface together -with condensed . =~ =
polymerization products that_could not be desorbed. .Soluble . -

gsh, such as"iron phenolate, «lsc cauced trouble by bteing
educed .end deposited ‘on the catelyst surfzce. The only
~wey to avoid the latter @ifficulty was to choose feed ‘tars

opntained. very little soluble inorgenic compounds.. .If
proper/-precautions were ‘teken, & catelyst life of six months:
to- year-was obteined. Regeneration 6f the cetalyst in- . ,
si as séible{fbut<ins§ead'fresh”méférial.was’charged,f'




8. Egsgrip*iog
2 and the aﬂtive ingredients- recovered at the catalyst plant.

The purpose of the process was to very carefully re-
fine the high molécular weight paraffinic substances with-
out cracking and destroying them, so that they could be
recovered as lube olls and waxes. For this reason the low

temperature.wss =bsolutely necessary, as the lube oll frac-
tion decreased revidly sbove '3909C and at 420°C it practical- o
.~ ly dissppeared being converted into gasoline and diesel old. ——
Under zctusl conditlion approximately 30 percent of the fregh
tar was converted into desired products with the following -
distribution: 27 percent gasoline, 43 percent di sel oil
5 nercent tube oil, -9 percont wax, 0.5 percent Cg
end 1/ percent residue which d b
ghaeb“tar“hvd“bgenation”nlant
=. The gasoline, as. oroducgé Was not useablp dire ctly,
but hud te be further treated. in ¢ither the ges phase plant
~or in z DHD process. Its averesge composition was 5 percent .
‘-__aTOMutiCS,_jq percent nuphthenesy-and- 65 percent. naraffins,w
dhd consequently 'the octanc reting was low6 about 55. 'The .
diesel oil frection toiled from 200 to 320°C and had a >
©- cetanes rating-of 45-50. 'Its composition was similar to tha
of the gasoline, but it was a satisfaﬂtory ‘fuel as produced,
whercas the gasoline was not. The phenol and sulfur con- -.
ten%s—averaged 1 percent and O.l nercent, respectively.’

. pfter removing the gasoline end diescl oll cuts, the"

'residae ‘011 was vacuum distilled . to produce lube oils. The
_total lube oil fraction hed a VI of 60 of80,_but~1t was, .
usually fractionatpd to produce & spind e 01l and =a. machine;’

~0il.  The relative yieclds were. gprroximately two-thirds of
, 45 Engler spindlc oil ) third of 6 to 8 En ler .
w;——“*--f*—f‘f-.machine “olle .
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'3. . Description of ;gé'm;m.a. E;p;gss;ﬁsgn&lg;)
“and “the olefines polymefigéd tc make lubricating5oils.

A A complete report of the operation of the T.T.H. pro-
cess including actual -yields for 1944 at the Zeitz plant
was obtained, and further information on the BrgceSs,ﬁif
desirad, may be obtained from this document.( 7) -

9. Desg;igtidﬁméf Eg;g-grggng~zgggg§§.

- Although this méthod for trecting coal was more 1like
a solvent extraction than a hydrogenation, however, its :
similarity in operating .conditions and its use in conjunc-:

. tdon with cozl hydrogenation plants makes this report . the
- logical place for ‘presentation. Eriefly, the theory of the

“operation was- to contact finely ground coal with a sultable

— ~golvent at~a temperature-and pressure-high-enough-to-dis——
solve a major portion of the coal. The untreated -coal and

‘ash were removed by filtration end the solvent recovered by
distillation leaving 2 high molecular weight coal~extract -
which could bte fed to a coel hydrogenation plant to produce

fuels. T VT e S

. In 1927 research work on the commercial &p lication of
“Solvent extraction to bituminous coals was.started by Drs.
_Pott and Broche. The work progressed slowly, but by:1934

. it had reached the point where it was deemed sdvisable to.

_build a pilot-plant for jesting the process on & larger

~~geale. In 1936 the Ruhrdl A.G. constructed the first &«
mercial unit with a capacity of 26,000 tons per year

~ /bituminous coal extract. On account of difficulties and
- eegliérézieswingtheipr' ess, which 1886¢

the only plant bull




markedIy ‘lower than the 38 percent obtained from- bituminous
‘coals used in nearby hydrogenation plants.. The coal was
~ dried to.0.5 to 1.0 percent moisture content, and thcn :
Agground_in b&ll_ndJlgLsc_that_QS percent was.finer then 100
mesh, and about 65 percent was finer than 250 mesh. See
drawing no. 8. for process,flows. '
T The ecal wes next mixed at. about 90°C with ‘twice its
' weight of .solvent in large steam-heated, agitated tenks.
‘"The 'solvent originzlly used wes a mixture of 80 percent -
‘tetrelin end 20 percent ceresols, while the newer operation
was to-use & sump phase middle oil which wes rich in these
materisls. After the co6zl had becn thorough]y suspended
in the oil, the paste was pumped to the extraction anparau-
tus: wThiswconsisted of~°~prehertev -and—-an- eft”action»seo-~
tion mounted in a single furnece. A gas-fired furnzce
© 8imilar in construction only larger, -then thcse‘enoloyed gs
‘preheaters in the coal hydrogenation plants, was used to__
heat 48 heirpin tubes anproximately 15 meters long. The.
e first 24 tubes were finned exac+ly like the hydrogenation
- —-plent prehezter tubes and served To bring the matertals up
*. to reéction temperature. The last 24 tubes, which wcrc'
~slightly-emaller, did not have-fins sand these served
the extraction chamber. 511 of the tubes were connec
in series with the/preheat section.form*ﬁg & circle o
/;he outside of the reaction section. 3”h9-vmsf of the con- .
structiorrwas sts ndarﬁ vractice such .ag the usr-of hﬂ* o
cyele flue gas blowers and lens rlng 101nt-conn
tween nge brnds. . D s
, The averegcvthxoughqp
hour‘Gf which 5.3 tons wa
the::solution of the coal oecurred rapldly was zbout 429- 7"
430°C and - thp pressure lOO to 150 atmospheres. Since thirc
' process was operated without the addition of" gds 0US
hydrogen’, the maximum ternerature wes lower +h the
- ployed in eoal h gﬂnatlon plants: the oper Tdl 1ny
" tions being @ comrromisé between ratcTof ‘reasction
ing of the contents. After one hour contact !
tubes, about 75 pbrcont of the ech—;rer POcl




has -been :msertedﬁin g:
tached —ath the end of this repor




9. - Description of _
| bitumens end fusein.

.. The theory of the action of ‘the solvent was that .
the influence of heat,and-caxalyzed'by;the”cregolé,wthg
cozal was depolymerized. - The-four,lobsely-bound'hydrqg
atoms 1n'thevtetralin.wereiavailable?to stabilize th
composition produets and prevent-themﬁfrom_repolymer,‘
into-higher molecular weight cokes. The tetralin, ther

-acted as a.doner of_hydrogen; or'statedginvanotheg,way

R ‘use-of tetralin provided &_means ‘of introducing hydrog

T~ - %o the system wit out the use.of. gaseous-materials.:

, . . thene and~paraffi ‘tyDe compounds, such &s decalin

W .. " décane, were entirely unsuited sinece’ the-hydrogen a
were too tightly bound to be avaiggp;g;gpxmhydzo:Fb:

4m~w*the*devloyméffﬁéﬁ”ﬁéﬁifEﬁEE%gnces\

o In the original process the tetralin would be nearl:

. all converted to naphthalene .during the ‘reaction, and ‘eon-
‘sequently it/was,necessary‘tc'use‘another Step to hyd S
genate-the;naphthalene-back to tetralin before it co :
.used again in. the extraetion. The newer practice took ‘ad-

" vantage of " the proximity of the ad jacent pitch hydrogena-

" tlon-plant and the fact that:thE'sump“§ﬁ§§€_ﬁiaaI§Tb1;.con%

téined a large percentage of partially hydrogensted ‘aroma-

, tics ‘as well as phenolies. Therefore, it was possible to
~--substitute sump phase mitddle oil for the tetralin-cresol.

- rfixture; and thus simplify operation.. The recovered solvent

was. then nrocessed in the gas. phase hydrogenation unit, and

~ interestingly endugh the octane rating of the gasoline was
'~ ralsed. - The exact .cause for the latter ¢ feet was not

.+ known, but‘it-appearedlto,bejconneqted»with;an:inCreased
. arometics contant. . - . B

. The slurry of coal solution and -solids after leaving - .-
thé: reeetion chamberAwasifiltered‘to]remqve the 'solids. . =

~Three ceramic‘Cartridge'filtersicontaining'about 35 elements
" each werc employed to filter the slurry at 1500C and six =
- etmospheres differential,pre$sure;’“The?filterumedium'wag,f,.[

o ‘a'poraus_stone.annular’ring,'about*125'bx»SO-millimeters SR
L _‘*fiﬁ“diameteruhy,33wmillimeters*thic_.ﬂiApprbximately 60 of

- these were mounted on tubes, and so al ,nged:in'the f1ltcrw.v;-f"
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9.  Descrintion of Pott-Hroche Process (goritta.) 7 o
thot the 01l passed—through the stone—into-the inner nojlow.
~-gertion and wes then collected in filtrate tenks. - The - B
solids were collected. on the outside of the geramic cart- .
: _ ridge, ~nd after about 13 tons.of slurry had been filtered,
' " the -éake wes discharged by cerbon dioxide introduced inside

=== 20f the~elemen$s-—Thé?filterépworked rcesonably well, and
: gbout 4000 batches could be hendled beforc the mediums -
beecame. 50 dirty that they had to be replaced. -
“Thesash snd solid free solution wes next-vecuuwmw dis=—— "~
50- to 103 millimeters too recover the solvent. -
, which amounted to 2.7 tons per hour, was & high .
i d-asphalt in appear- . .
2000 C. and a volatile = -
£ A : s of
cped 8902 T , cent hydr
nitrogen,’ sulfur, end 2.9 per-
n, while the ash content was reduczd to about .
This extract w&as the primery ocroduct -of" the
, s well be described -

frzction from the veeuum distillation-was
i atmoBpheric pressure: to give-recycle sol- .
: sn E.P. of 220°C, and a residue that was sent to
the sump ohzse for hydrogenation. Part of the sulvent re-
_covered was sent to the gas:-phase hydrogenation plant, while
the rest wes mixed with fresh sump phese middle oil and
" used for pasting-coal. -~ . v . o S I

5Themfi,tépﬁcake éohtaining aboﬁt.és.pefﬁeht oil by

‘weight, wes c¢oked. in a rotary kiln at about 400°C.to recover: -
he oii. The solid residue was either mixed withocoal and "~
~ burned or discarded, as it was. very difficult:to ignite 2nd
- had a low heating value on account of its high ash content. .

~.The original inﬁeﬁfion*of;the Ruhr§;f06mpan&'had'béén'T
~to use the coal extract in. the sump phase process to make ’
- synthetic fuéls. It.was sn easier mat 21 to handle than

o2l on account of the sbsence .of as d ‘materials. very

ifficult to hydrogenate.. Howe ot eadi




Processed as tar or pitech which were- further along the. y

toware middle oil, Eince*Gérmany required the-nma :

.‘duetion of gasoline frem ezch plant, it was more.

te.procecs piteh than cs ﬁextract..therefore, the extrs
ion process was not operated to.produce*xtﬁcké“fqr“hydro-

- genatdlon, butﬂrather“for-spécial purposes. It was- found
that the extract could bes coked to give & carbon that ‘made .

" good electrodesffop-use in thefgluminum'industry, and hence

-most of thegqroduc_ion-w&s_diverted to this purposc.

" Ruhr8l Comn ny 'felt thet thé‘future‘of_thewproéess lav in

.‘? ~the production of sbecialspﬁrgosg‘maﬁerialA¢rather“than in

1t be used ‘as rmolding pl tics,-fillers in structural

' . OT-as insulatiy > £02tings for wires-and—cab:

50 oY 1€ extract o solution of creso] o
id pyridinOvwaS'used”sincezordinary S0k~
ble.g:This'probess.mayffind greeter .

, ial aprlication in. the future, although t3 date its
i Treeord has not been very. im essive, = . - % e

menufacture of métor fuel. . They felt that the extract

an ‘for others. This
isvah“endﬁanp,togration- ,
o 1 '_n@*pontrast-thef_
ough the Germa fuel-lpro-

¢s of balences
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‘10.;"21§gg§§1gn of the Products of Hx&foggnatlog §cg§t'§.)»

T = 5¥ the fhree.step hydrogenation process for coals and:térs;i

the two step hydrogenation process for pltch as practiced
-&t Welheim, and the two step hydrogenation of coals end

tars followed by a DHD treatment. The last mentiohed opera-

_tilon was be ' rtant in Gérmany from

: close of the war, and. for further details on °
+this subjeet the reader 1s referred to U.- S. Naval Technical

{

.Mission in Furope Report entitled 1The Manufacture of REUE
?24) s :

© A viation;Gasoline'in Germanyuﬂ

Ehé_folloWin§ t£ble shoﬁs the princivel éharactér;‘

o igkiik:ofﬂavietionAgaspline‘prcduced by the first: two methods

| from brown corl, brown coal ta " bituminous ¢ozl bitumin- ..

T.ous conl tary d pitch.. - S S b

" TABLE

s

' CHARACTERISTICS OF AVIATION GRADE GASOLINE By HYDROGENATION .
L . . . R ' R N . . ) ] B

vRaw_Materiél -Erown . Brown Bituminous Bituminous Pitch

. Cozl - Cozl ‘Conl Ter - Coal
SRR R S

\

- Epproximate yleld, 0.42  0.72 oL
. toms/topx . T _ o

_Specific Gravity, 0.72 0.71  0.73
B LR AT A

v'ﬁiggiiiatioﬁélj.'
| mittaroc

‘f._¥9%;to{7ooc._ii£__ .

'i;;;;;f%.t5f109°c} ,.,“ 
. ?T%”§9V1?Q°C’EJ7- v

Includéé“ohl?rtpE‘c5ai'§roéesséd‘ih thé{highfpréSSurchu
Phasgy . — e e ST -




Brown | Br wn Bituminpus 5 tuminous Pitch
_COal . Coal - Coal. Tar s “Coal
RS Tar- 4 -

# 9 250°C - S
E P °c /17 » »139/98 134/93 160

Vanor Pressure,f' 0. 39 0.42
atm. - .

Chmpoéition:
'ijafiffiﬁ

da Aroma*ics' )
# nephthene  , 38.0 

Unsetur*tes = IPO
Octene No (J)tor 71 
Method) i :

o,(*}l2%_90.

:blg shows  the relatlvel" hlgh pgr 2£fin content:

ines produced from b*awq ¢52l and brown coal .
tar. and the resultant lower: octane ratings compared with
those produced- from bituminous cozl and pitch.. The yield of
~~,glso prectcr on account. of

\

the lower oxygcn ¢nd hi ,
course ‘gave the highest, conver°ion to gaszlne, while thc v
high esphslt content of the pitches mede it mdre profiteble
T %o sell a ma&jor.portion of the surplus product as fuel oil

“instead »f recycling. The svintion gos 371@4
ever, had & very-goed-octoiie T
eromatic znd isoparaffin conten

The Germen fuel program for thelwer required consider-




cbly-more cvletion gesoline_then motor fuel and Dniy 5=,
jD percent « L rot 1 gasoline productiosn, from the hydro-

'genetinn )

~tor fuel grade.

Since bitumincus

|r w materials for aviation gasoline,

sing that material producéd only aviation
01 the production of the brown eoal end -
nlants went to motor fuels, as the high o

D(F inc Lonts of 'theoils gave them lower: octane ratings.
_xen_ s, i1t wee more difficult to produce & high quality
meterd in-the-single ges phase treatment of brown coal

S

vaT. - Thoeofollowing teble shows phgvpriggipglgghggggt,rispicgvi'

T ometor

; - "Spe ciflCJgruvity 1ruc
) Distilﬂatign: 
Initiéldc
€ £5°700¢C

 %_to‘lOO°C'.
%;&51120°C 

% to 150%C
E.p. OC/%

' Vapor pressure, atm.

 Composition:
¥ Paraffins

Brown Coal

Brown C?al Tan

0.80




.. _Somc dlesel oil was produced by
coal-and—brdwn:Edélmtars;“sincewthewh
--ﬂf”thc,gigy_avewit-a good'cetane‘value.
. nhese plus. he. first gas phase hyérogenati
ic the obiect wes, te_ohtain e prod
fine end naphthenes..- The TTH proces

-—

'

TABLEJZ_fcont'd,)

'Brown Coal

Raw Maﬁéria&,_

- d promctics o - ‘ 8.5

% Nephthenes . 30.5

, : - ,
¢’ Unsaturates ' 2.0

octane No. (Motor Method)  60.%

Octane No. (+:12% T.E.L.) ~ sbout’75

. eion-of hrown coel tar-to diesel oil which
cheract ristics =s .that madevby_tne

CTHBLE. 3

hydrogenati f by
ighmparaﬁfinwconten}s
“Only the sump -
on were employed,. ...
in normal paraf- .
s gave-a high-conver- -
“had the same - -
age nydrogenation. -

uet high

_Brown:cbal'?arZ
17.0 |
2.5

o5
abbﬁi’éofﬁf_';

<e§_o£;anwnl

A1 B EYDAOGEE

AND BROWN _COAL TAR

1 0.34

2409€C.,

Y 2’300(:
o A
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| TABLE 3 (cont'd.)
Eﬁb;oc/ﬁ — o 312/99
"~ Phenol . . less 1%i;“
sulfur o v ‘~71esé 0.1%.
O 45-50 |

' Cetane NO  _5

; The T.T.H. process using brown cosl tar was. the only
‘Qombination'ofrraW”material»andfhydrogenaﬁion,~pngessesr”wv‘
. that_was used to produce lube oils and .waxes, as direct .

s h?ﬁrogena%ion_destroyed;the paraffin constituents. in the

'jwm—wﬁfMwmmothenwcoalwaupggggggs,processed.‘?The Zeitz plant produced

two grades of lube ofléj”éfli@ﬁt”&o‘Englermﬁlso%SSU)~spindlea_f;ﬁgwm;

" oil end a heéavy 6-8° Engler'(215uSSU)-machiﬁe oil. The  —-_

. - ylelds were;apprOXimatelyrtwo“partsiof the former to one of
the latter. The woxes were:clso of twe grades, 2 hard wax

"and a soft wax. The former, Which had a melting point of- _

»49~45°C,‘conS§ituted.one<thirdmofﬂthe production, while the -

other-two-thirds had & melting point of 52°9C.: ~ ' .

A

—ﬁ“_f_*f‘*Faéiicil;Wﬁsﬁproduced in limited emount 2lmost exclu-
..sively by thé,hydrogenatioﬂ.pf pitch.. As has been previous-
1y ‘mentioncd, the high asphalt content of the heavy residue
oil from the sump phese distillation would have been giffi-
- cult tqéhydpqgcnerate;-if_it had been recycled: - Therefore,
. this product wac seld.for fuel oll The yiecld of fuel oll -. .
'“'was;approximately‘tWice that of gascline., Thé Welheim plant
(Ruhroel AG) was the only-large unit to operzte-on pitch: =

:lli:f Oberﬁtion"énd %oﬁtroluqf the Units.

- Introdictio

'Thié-sectidh of the T 5p¢ deals with meéhanicalioﬁefa— L

tion of theé equipment. It will .include o summary of operat
ing sequence for starting un end shutting down the high =
pressur¢ chembers, safety measures, an outline :of control.
‘mcthods, and -z brief discussion of -instrumentation. Opera-
tions: whitch arefcpmmvn‘to'all,chemicalvipdustry;;such as-’

TS0
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11, rationand_ggr_lrol _of tn,.m.i_.(.)_ig_n&.'_c_)

operation of pumus and compressors will not be covered
—except for conditions peculiar to this particular process. -

- (b) Sump Phase Starting Procedure.

_ Before 2 new sump phase unit is first put 1nto opera-
. tion, all masonry and internal insulation must be dried.
‘This ordinarily requires abcut two days at 120°C, during
- _.which time nitrogen is pumped through ‘the system. Instru-
ment checking and servicing requires about 3 hours B

”he entire sequence of sterting up 1s as follows'

j:"~,”“Cl) Purge system with nitrogen, _ _ .
“complete, bulld N3 pressire” “+0-300=atmy end—check - for: -

“Yeaks. It is. important thet nitrogen be. used, not - o

“only to.avold explosive: mlxtures within the equlpment, —_—
but also to prevent fires in cfse therc 1s leekage in -

‘ the piping or equinment.

() Exnsnd No to- 59 uum, using the:exceSSlfor
testlng other“tquipment : a P ,

"%-~(3) Qtart gas circulators.‘
(4) Dry out prehecter mesonry.'

(5) Cheok all meters ;nd 1nstruments;’n
N (6) Blow down the nitrogen and fill the system B
ﬁitﬁ““irculating ges at*BOS—atms"-‘

. - s
Put meters and struments 1nto service.‘;

. (8) Stert heating the»system with 12 -000" m3/hr of
;'circulating gas,- of which_ bout: 1/6-goes . through the
heat exchangers. The tempern ¢ 3t the inlet to the -
.sed et airate'of aboutt'

(9¥JWhen the temperau reeches ebout 300°C the' R
,,rry of oilmand catalyst (30 percent of catalyst) is




" started to the vreheater at a rate of 1000 liters/hry
—rapidly-increas ing to 3000 liters. - At the same tine
about 1000 liters per hour of oil are &tz 1"ted throug

.the heut xchanger ‘
( )‘ teit up the hot 0il 01rculating gyguem‘at“_ﬁ
2000 1itens/hour, increa51ng to oOOO 7000 liters in
= about 30 m1nu+es.r, . L
- (11) “When' the separators afe filled'%o the normal
operating level the ex;'nsion Lves are used to hold

-

this leve R
(12) As the temperature rlses, ‘the use of fre
7000

w"""'“9-':>:L].'"i'ncr'ea'seswand~vvhenwi‘t‘"aur'oum:'=*‘l:o 6000~
is turned -through:-the’

. liters/hour the ca+elyst slurrv is
1*u‘he&t~exch TIgerss - T T
(13) Turn cooling wcter on’ slowly. e
o (14) Control temperature out of the heat cxchangers
by 1ncreacing_ga= tbrough rut. S ‘ _ »

(15) The rate of tem ‘rature rise 'is

: the system
' 1s slowed down &s the normal operoting temperature is

_.approached. "_;

.;' Shutting Do & Qum Phase Unit

(1) DrOp temperature at 2 rate of 15 - 18° et
ving-4~*~°

1 Cut back on fresh: fend, at the same time 1
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dgrationf, e‘fuoi 1in are blanked off. =

(%) A1l oil cireulation aund frésh feed is stopped
5 - 185°C.. The preheater is flushed with oil,
thcu Plown out with nitrogen. The’ chambers mist remain
GT noug to ncrmlt comnlete removal of the .sludge.

‘_’ 1

(&) Gas circu1u+ion is containued for 10 minutes,
then shut off.. The liquid is blown out in sequence
_from th@—hOu.Seﬂ rator, the converters 4 to 1, and the
rp&enerato- The--gas is blown down. through the expan-

eross th_

(7) Purge the system with nitrogen for @bout 50
tes til no more than 5 oercent oombustible is

(1) Test the elcctricgl system with about 20 volts:
from the transformer, checking the. resistance by com~ .
parlson of" voltage and amperage.

4(2) Flush the system with nitrogen to 0 5 percent
UM”nygéﬁ" '; )

. (3) Bulld up “1trogen pressure, 1ncneasing the
pressure from 1 to 20 atm in 1%-hours, and from 20 to
.-3007atm in 2 more hours, This slow buildup is neces-
1~;sary to protect the catalyst pellets from destruction
caused by unbalanced p ures inside and-outside. the




( )

turc

atmospheres- slowly, then~

w off the nitrogen to othez equlpment, and
CLrLulatlng gzs. Care’ must be taken to pre-
vln" of the cftclysb -as heat is released
H- The pressuring velocity must

ove for nitrogen.. < '

tor’ whén fhe pressure 15
circule tc-“bout lu,NOO mf/hr.

uMMLhL Lnl;t»to -the- —pstwconverfgr;ﬁ
LO ner hour. —_ o
& 2200 Jpcn thp c@ld _
-rteru,.und check the ®em~ -
each. inlet = oint to be-certzin that the -

. are "lCcT and the cold gE:_l: sctually entering
converter. Stcrt the oil feed &bt ¢ rate.of 1 to

2 m3 per hour per ‘converter, cbecnlng its progress -
. through the system with thc temper aturc elements. - Put
‘water _on the ¢oolers,. .- ST e : - '

4

(Q) Cont“ol the tcmperature to the first converter

‘by'5aj“°t1ng the cold hydrogen to the feed. If neces-.
sary, the current can-bé shut oIf of the preheater. T

(10) IncrecSe the oil feed by about 500 liters

o ncr hour to a.w lue of about 7

per hour.

~ (ll) 1f the- temperaturc in the converter falls off S
~much when the o1l feed is started, cut the feed in half -

. and ‘increzse the heet. Otherwise a“ sudden reaction -

_ may overheat the. chamber with 8 high oil throughput._

(12) Hourly sample'

“tthe_se_arator should be
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(13) As the converter tempé;zzhre approaches the
normal range, gredually increzse the hydrog en and oil
feedu to the unit to full volume.

~ (e) ﬁnL_L_g_Dm_.ﬁg.Phe_&sz_ﬂ_.u

(1) cut back the feed by 2- 3m3/hour, holding the
catalyst temner ture constant until all 911 feed. 1s
stopped. _“___f—'“* R ”‘N

(2) Reduce the in1e+ temoerature to EH firet co -
_;-mverter by -about.. lO—lZMCmner hour.m:«_w-w*wfm

(3) Follow the procedure o; llauid. T‘e'noval and
gas expansion as outlined for the Sump thce

(f) Te mngraturg antrol in t onvn

If the temperature rises in some part u? 2

,converter, the normal. control iz inecrecse of 2

- injection at that vpoint. If the - tem eryture sho .
‘going.out- of control, en T ion. verifieda by the:
. gas densiiy_&gnﬂ ey, as. : ng steps:are’
teken in sequence. as are nec uhb tumpcrature
: under control' ) . S T

(1) r’cct 1q nut off of the nreheatcr
(4) Oil feed 1s.snut S5Ef.

(3) Gas circuldation t ' ] :
1f this doe" not_Suffice, ga“ fceﬂ is out ﬂff

is always: carﬂfully tested befors o
Mtaker This tc 1n[ inclu ©s hyd*o

has bcoq re-.
CUAVGPCPY° and:
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... The lar
crete cells

The flushing and P“rsig&w -

,fthe preceding pages.

ge high: pressure equipment 1s installed in con-
enclosed on all sides, but with a2 removable.door

;/T{'—¥4~ror-1nstallation or removal of ‘equipment.. The walls extend

to the top of the vessels, and there is no roof.’ This
arrangement has protected the operators and as far:as is

_known no .one has ever been hurt: in the coantrol room by an
accident or explosion in the cell. However, the-cells are’

.80 close . to buildings’ on “the opposite side from- theﬂcontrol-"*'“'“

room, where the door ‘is located, that on. one occasion an - -
- explosion in the cell killed seven men 1w the coan?EFWEf' B..
w«ounp~bu11dingr~wk -@isadvantageof thecells enclssed on- ﬁour T
sides is that explosions of gas in ‘the cell are much more. |
violent than if one sidec were open. On several occasions
.-the-converters have becn blown or hain fellen out through
~ “the door of the chamber. The. -open construstion with only
- ons main fire wall as at- Billingham-Engi“ » dppears 1o be.

or tbe cell
c9113- T

o\ course roouir 2 MOTe Space both
r_’}*ﬁ_ X

1:?,

An emergenoy blowﬂown g]afc‘ was 1ﬂs+ 11ed “in most of

_ the plants. .

This crr°ngcment wos ‘intended ¢s a ricthod of

minimizing bomb da "ugbi but is also.useful 'in case of:
s

- aececident.

The liquid

drawn off %o an undcrground re—

ceiver from which- thbfg _ls_ycnted to the air,

The fOllOWlﬂ%BI st- of gcc1den+s in hlgh presqure

piénts since 1930

“shows only. the msior incidents, and —

1s probatly not complete, but it will givae en idca of the .-

causes and Tesults of*failures.

PI f Ycar B f“Description

Leuna

o 1930 One chamber (cell) destroyed by ,
. - . ofeilure of en S2 tube which had becn )
‘ ,inst‘lled ina ho+ location.-




\Hordstern

7 _Nb:dSter L

L
- - Nordstern

Building ex

'Expansion machine cylinder failed,
‘kllling one man, shutting down the
plant completely for twc weeks and
~partially fer +hree months ‘

.Dust explosion in the coal drying

ZPréheater fi”e, due to-splitting
ﬁof an Nlo return bend. .
Preheater explosion due to plug ,
on a return fitting blowing out. - .

‘"Wire in a sump nhase chamber- due

to destruction of an emergency L
blowdown lino following failure . .-
'of a checkv lve and a blow down

&X plosion Jn the COg ab—
sorption plant caused. by onercting

feilure of ‘& level indicator on
the absorber ond hreskege of a line“

;',o ‘the expension mechino4—Due to -
. thawing out the equipmen+ during -

extremely colo wer t_“ ——One_ﬂc;th

’{QLcakage in the circu

4cuus'd by*foundetlon

,Gas wes ccidentully turned into = fi
cell und=r repair.  Explosion. :
.Pollowea, killing three.

Clrculating ECE linc, "ugged Wlth
-hydrete, causing ov nting of  the
converter.  Tvwo ‘BORVETters werac ‘

“ blown out of  fhe- chamber bv the
s exolosion.

8’-
PR Y
: ~




- .Gas inlet line plugged off, over-
" -heating converters. The resulting
~-—explosion blew two converters out

- .of, the eell, and a fleme 20 meters

__'_;1ong*foliowedt**SQVen men in~the

~ “upper part of the coal paste pump . - ..

-house opposite. the cell were killed.

';'~‘It’will;be_notﬁd\that»most of the aceldents occurred .
when the various plants;were;nqu and could .nossible be -
'ftraped,tO'inexperienced ope ptorglmg¢$ww”,mw“@www "

e e e e e P e 6 2 = e g

<.~ . Chart No. l‘on,the following page shows the frequency
of cell fires in Leunz from 1927 to 1940. " An cx=mination of

. thls chart will show that the curve - increasacs with ‘the in-~

. ecreasing size of the plant’ until 1929, when operating ex-

_'berienée.and;development”df,1mproved.alloys and better de-

- 81gn brought”a sharp decrease. The incresse in' 1934 is -
.- probably again due to plant. expension. “The fines-in the -

. lest -several years amount. to only about .two = -ycar for 2l
-units. - - S L

o v;,In'conCluéionAitAshould.be”emphasized that,widely
spaced units with cells. open on one side  would prevent' the

majority of series/ accidents. .Cell and preheatér fires;

~while spectacular, rarely cause serious damgzge to equip- -1

“ ment or injury to personnel in the Billingham plant of
_ I.C,I;iwh;ch_usés.this'principle.:i T

.AFreenuse'was_madeﬂof 1ndicating'andlrec0rding instru-~
" ments in the cosl hydrogenation plants,*particul&rly]of 'j
- temperature instruments. Lfutomatic control was much 1dss :
. extensive, ‘and only in-the lest four or fiveo years has it -

‘been usedmpo-any'large'extenf,"Thé\automatic contrqlminstrufvf;~
-ments_werehallfspeciglly'built,and:were.usually:gffsomewhat, Qo

' .crude;design‘wheanOmpared to: industrial Ingiruments of the . -

" Unlted States. 4 brief description of the us
- ing principle ofTthe various*inStrumcnts_is_

s
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Operation-and ¢ _Units (h)(cont'd,)

" The "Ringwsage" (Fig. 1) was-almosz B?iversally used
for fluld flow indication or recording. 4 The primary -
element is an orifice plate or flow nozzle installed in the
line in the usuzl way. The "Ringwaasge" merely shows the
- differentiasl pressure .zcrdss the orifice, which 1s nropor-
tional to the square of the flow for any given installation.
. - The Leeds and Northrup "Centrimex" and possibly other.
~ Americen makes operate in a similar risnner. ' The dnstrii-
‘ment was used to record &ll ges-and.clean oil flows neces-
: ary—f0r4material~balances:or:£or:cont¥oi7féuchras fresh
‘hydrogen, circulating gas, cold gas to each pc
-various-product-gases-and-liquids:
.The coal peste charge quentity was determined by -
messurement of the stroke veloeity of the  pump. The in
ment- (Fig. 2) records an averege veloclty every three ° -
_-minufes. - The "Eckhardt™ piston displacement meter wos used

wﬁ””‘fbf*tbme_IIQﬁid»me&surements;‘and ﬁtilized-a;similar,meqhan;

+ism for recording ‘the flow.  ,.-

: f“l_Coél;feed to"tﬁe'ﬁﬁété'hiiéffandvcatalyst'féed[tb the
. 8lurry were weighed 'on "Dosierbandwezgen" .(Fig. 3). which . =~ - -
" " was a rether conventional automatic scsle, . . i

IZ;Spiral bourdonmtubes,lorfbyﬁdead;ﬁeight'pisﬁon]gquéS,
. The piston gauges can be spring lozded or pendulum weig
-loadedtffﬁecuracy'of»a,fraction of-an atm at=700 etn pr

1,Préssufevindicgtion ié-by;éaugeéhﬁiiﬁihéévyjstéeli.L R

ure wes: claimed for some of-the e instruments.

_pressure recorder (Fig. 4) we

2 pressure drop across various perts .of the System
ration. i These were sometimes ins alled with re-
1 o-that they could be easily = =

o fh tograph shows

P i o
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Pty T It was usually appligﬁégg*tggwinlet.and
‘rom-the reaction chamber;’thus,giving the opera-~
k re of the condition of the process.,~A-similggj-
instrume was ueuallyminstalled'onvall important metered -
heré“changefin“&éﬁ§1f§‘ﬁ1ghtuoccur.’ These- data _
vy for éccurate meesurements, .. . ¢ ST R

. £ combuction apvaratus (Fig.—-6) could be used for vari-
: such as~detcrmrnation_6ffoxygen'1n“thé[§as,or

~in the air. ItAcontained-a-capalysttwhich _

.&nd the amount of ated -

o1 -of th ' Arom the . -

. £ newer txpe'ofrmagnetic'bXYgen‘fecbrderT(Fié. 7) has.
Leen-developed which will indicate 0.0l percent oxygen. in

the geses. "It makes use of the grect magnetic susceptibil-

Lty of oxygen by pessing the ges mixture between. the poles.

I o powerful electromzgnet, then over a résistance dif- -
_ferential thermometer which shows = temperature effect 1f S
Toxygen is pbresent, The'iny.g&s}nhich;has’a,mggneticisussh :
~centibility. comperable to oxygen is NO, therefore ‘this =~ -

£25 must be ebsent-or‘the;quantity must_be.accurately»_

known. - PFurther development‘envisions a permanent magnet..

: insteed-of,the lQOVwa@t’DgC;‘eléctrbmagnet.‘ o

8T AnUHRS
ity change of a.
cadmium chloride;
tion of HsS. down ‘to o
actions involyed are—shown o

actant (CdClg).is-usable;in__
~hydrocarbons,.as;the:first‘(Br)”

. sence of HEN, NO, NH3 or unsaturates

. used mostly in the gas.separation un

"i,.Ultra:red{abgorptidnxins%
v to-analyze*for#methane; €t
= ‘temperature,difference“b

- 'and_pure-methane»when th
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11 mmmwmummm_o
;better then their own. .

o The most 1mportant class of instrument »as—probably

- that’ for -indicating, recording or controlling temperature,
~end very free use was made of this type in. the-hydrogena-
. ‘tion plant. ‘The extent of this use can best be demonstrated
~by the £ollowing photostats of drawings 1675 and 1677. which

.. show the pressure ard temperature points of the chamber and -

the preheater,. re=?ectively, of Sump Phase Chamber 5 of the

I. G. Leuna Plant:(42) "In the coal chamber the elements

. were iron constantin thermocouples, and because the tempera-
' tures are often.given dn millivolts for this couple in the
”ww —.literature.end.dacuments,-a-con ion-chart-is-shown-here.:

- The type of each preheater elem depends on the tempera-
ture at the point of installati “The--report-entitled R
"Fortschritte suf dem Gebiete der Messung, Regelung und~— = .
Selbsttﬂtigen Betriebﬂberwachung von Hochdruckanlsagen" in - -
the aprendix describes briefly some . of the Gérman methods

" 2nd experiments for increesing sccuracy, and speed of thermo-
metric-instruments. They cleim an accuracy of ¢ 1 or 20C .
"in thelr measurements at 1.00o to 500 C uaing photoelectri
cell comoensators.

. The P81itz and Gelsenberg olants use a temperature
~alarm instrument that covers 60 _.points in less than tw
T“minutes, but the older plants-rely primarily on. indicating ,
Anstruments which-are qwitched from one point to the. other,fw
- .with only a few points of
matically. v

Liggid_level instrument (43)#v,’t , 22
~in the U;S. -One uses the differe o
pressure, recorded on & "Ringweage®, due to the hydrostatic
pressure when very small. flows of gas ere bled into two
. tubes,. one of which-opens above. the liquid surface ‘and the
other of which extends to-a point near. the bottom. This -
instrument was used for the hot separator of the .sump phase, .
-and for other services: where heavy or dirty products were :
-.h°ndled. IR By

S The second is the~well—known displacement type whore
ithe buoyant effect of the rising level decreases the apparen“
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| RESTAICTLD
Onere tin a'i_gontrol of the Unite (1_1)( cont'd,)

1, o;~a susvended lelnder (44) - The Germans =upported
13.nde» on a.coil spring so that an iron rod attached:
ton of the cylinder rises into an induction coil
i Ievel. The increasing insertion of the lron
the industzorce of the coil which can be deter--
recorded As ﬁroyortionll to the liquid level.
Vlocfric flow meter in the 7. S. uses a=similar
D one advontagc of which is the complete. absence
y wacking or stuffing box. 'This instrument was used
old seperators, column kettles, etc. where the liquid
c tempereture -and wa<.companatively

- 1 . 1n—the high oressure
corl n nydrogenatlon plants is in iub inf zney in” Germany, and
7 r5 mentioried before, the design of the instruments 1s some-
what crude when comperad to American practice..  Electrie,

oncumutic, ghd combingtior £ - the. two types of control. are

‘utilized.” Fhe controlled valves sre usually of the dia~ -
phragm type;- often using talanced pressures on both sides

of the diaphregm rather than spring loading in one direction.

‘A .crude form of vilve’ positioncr wes developed to overcome
‘the stuffing box friction which ‘is invariebly present. in
nigh pressure control vclves. ‘Some hydraulic vslves were

l observed, but these wercd usually remote ‘manuel control —— -

valves rather than automatic. Solenoid valves were- also

built, but thbir_use in large sizes was not frequent. ,_‘




11. Qg‘erato enc Control of f;e n ts hc_or#';i) PR
end they are arrenged in'order of decreasing;ﬁumbers.v .
descrintidn-of the controls and their,appligations is'in-
cluded_in the appendix- in e report;ﬂselbsttatige Regelung‘
der Sumﬁf—und‘eqs phase Kammern in der.Hydrierung des Leuna-
Workos n R . n de ‘ = ¢ ad ,

(1) EHigh Eressure Joints end Closures. |
.~ There sre anindicationS thét-any,hdﬁel or impfbved
Jjointe or. closures for high‘pressure-vessels or viping have

been used in the Cermazn High Préssure,Qggi_ﬂidrogenétion;f

-~ Industry. ‘The flanged Piping joints us

y "_gg,Mandwthe@gaske%sfweréilén' ' y
Imilar ¢ _standarg American;highrpressure_practice:T

;"T\Tens:tings*werevusuélly,made"bfuthe>samematerialas~fﬁ"

pipe, and"the_joint-was 8 line contact bztween  the ring»aﬁd :
the grourd eng of thevpipe itselfr. o Co -

, No self-seeling gasket designs were found. The -large ‘
"Vessel closures. eil hagd the bolts,in'tension,vand‘the entire
Easket lozd wae teken-by the bolting,_~The,boltS“and,nutS~\\G
were usuelly made from one of the S steels for 325 etm. C

-servicé,.and'from one of the K steels for 700 atm. Service. -
‘Bolts were Studded into the enridd of the vessel and passed

. through drilled holes in the forged heed, with the nuts—on— . °

top of the head.

~wm'"fﬁ“wa*géhéralvtypes of largé{veSSel*élosﬁresmﬁeré found.

The 'simpler type had no senarate gasket, but the tapered end’

7. of the head entered ‘the vessel and wedged the stainiess

_steel.liner.ofnthe.vessel against the vessel wall. Thig
,design‘is-shown.on drewings C-1;,~ s 4nd C=X0'in the ap--
pendix to -this report.“,The“second*type‘of ¢losure uses -

‘ ' & facing: of lmm thick pure
. iTheAseatingasurfaces, Cot
that the aluminum 1s wedged "
-5 eeting surface ang
‘th

1

he other surface. .
drawing C-4 in-
rawings C- ¢




. the separate gasket. is used only when the vessel has no
stainless steel liner, o - :
12, ¥aterials of Gonstruction. o
. " One‘bf'theAgreatﬁﬁfobléms in highvpréssﬁre high.tEmperaf
" ture processes of ‘any kind is the dgvelopmentfor_selection‘
Iotthnstruction,materials-that;willzstand up under the operat-
ing conditions. For coal hydrogenation the vrimary reguire-
; ments of materiels for the high pressure equipment are:

o (1) Hydrogen reéistanéé~at,hiéh‘temneratuﬁe,and. !
with hi gmhydxogen;pantial~gggssurev~*~ R

””f””“”f(2§"H1gh tensile-andcreep strength at the,qperet4Wf~ﬂ¢;

“ ;1ng~tem erature., . S :
. '.:(BY Resistance-to HzS and Cl, corrosion.

o A great ‘amount of experimental and development work ——— -
-~ 'has- been done in Germeany in an. effort to produce suitable
. Bteels, but at best & compromise must be'made‘between-the‘ ' .
~.various.propertiesvlisted above. Their protlems were multi- .
= plied,by.wartime shortages of molvbdenun, tungsten, and - s

- chromium, Lustenitic 18-8 Cr-Ni steel was fairly satis- ..
'ﬂfactOry5'but the tonnsge-were so great that Germany could
B not,supply;the_high‘chromium and nickel requirements. N

.~ _The early expérimentaifwork on the'hydfbgenetion'pro— S

.~ ¢eess was done with vessels of various carbon steels, but - "~
hydrogen stteck was severe and the vessels feliled in a very

+. short time.\3l) . Low alloy chrome nickel-steels werc them——
used,’ but nickel s peared to décrease ‘the hydrogen and HsS

~resistance—of—th ko Molybdenum was then subspifutea;

for nickel, and. ave. better alloys with~l¢§§;alloying;m§tal.

“Atout . 0.5 percent Mo gaVe-h;gh;temperﬁfﬁrelstrength'pro—:»
perties‘quiyglent+t04270f§ércent NiCkel.~VKPUjp>P469;(N69:f-

R SwaS”thé~first'steel~uf;th15jtype-,'In'chronological order, .=
- Steels N6, N8, V' 24ED, and KTO were déveloped,ieach’bé;gg_1ﬁ.,

[ .en improvement over. previous mcterial for‘bigh~temperaturé,-»
~.high pressure hydrogen.ggrviced IThen,=dufing_the war, N 3V.
.and N9 were used'to.save;critiCal:elloys,;but’werqwnpt o

"~ ' neerly so resistant to.corrdsion‘as;the.earliér steels, = . "

N ey ...,




| -+ RESTRICIFD o
s‘oi~Qg§struc§ign.$¢9h§i§;)f

logren 652 from the . IG Ferbenindustrie _
: Presents some of the char: teristies of -
ntionisd,  The "Dauerst;ndfcstigkeit" is

ﬁcxi%ui ioao 2t which the elongetion does not exceed
3.001 percent pPer hour in & period of 2535 hours after
the te; nirg of the—test, and»the.total_elongation”does

:¢d "0.2 percent #fter 4% hours.

£ used iﬁrihé hydrogenatiOn rlant were class;fA;‘_ 

g€ to generzl type and ‘the nurnose for which
1,728 end of tpig report; 1ists the manufzeturers
o eénslyses, physicaliproperties, heat‘tggqgmgn;ﬂand_«
! Saf lnessv_mm, . aniousfsteeISW6f“§aqh.group.
T : coed L I

Steels are ordinary carbon Steeig, Theyvdo'not
and‘high!tempereture-orghydrcggn attaci, but they are
useful for,flangés,'bolts,,cold viping ena fittings, lens

rings, geskets —angd strﬁéfﬁral‘supports. There appnecrs_to .
“be 1ittle new.in . the ngu szeelsweéﬁhér“in menufacture or . . -
1n epvlication. e TR T Lo
e Sbeeis'ere;thg,high'températ'
ur. - The strug & ‘ »
1zed by aboyut 1 percent Cr aont. : .

A ) _ ¢ ant _group—o T

- the low elloys.  mhe.y “treztment. group is -quite
c:itical,fandfbonsi f heat the;austenitic

... quenching, o enne limg;._These”steelsﬁ z '

‘,;kcal<streng ] _t“high,tempér . :

T na eans immune): to chemical“attackyf

HPCIE R ‘fsteeleignuséd'alﬁoStiekclﬁSIéélyvfo
- vessel containing hydp but it s not
.at temp,eraturesabgv s .be'c&“use i

*n does- at
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12. - Materials of Construction.géont'gé)

“of thié‘material'contain»internal,inéulation or- cooling »
surfaces to_maintein. the shell at ‘a lower temper:turs than -
: tge nrocess materials. e o - Vo

- N6 was the first preheater tybe material that could be —
-us2d. to remnlace—18=8 Cr-Ni steél;,34)r It was not entirely
satisfactory due to low creep'strength end e low. resistance-
to hydrogen attack, but some. N6 preheater tubes were still -
in-s%rvice in Teuna during the'war. N

N8 wes first used abgpt%l%iiL__Lzhighai3”perg§ntfcr S
alloy with % percent "tungsten, and is chearer us well as
- .stronger than N6 at the preheater operating tempercture.
...X3 has somewhdt 1 wer_high temp<rature-strength-than212%=
T Cr-N1 steel, and requires particularly careful he treat-
ment, but it is still considered satlefactory for 325 etm.
..breheater ‘tubes. ' - T SR :

.;;NlO.steel(35) 1s the best low alloy material that has -
Heen -found -for high_temperaturc-hydrogsn service, end all ,
.. Preheater tubes and fittings for 700 atm. service were made”
- from-it. Exceptionally high hydragen resistznce andf creep -
- Strength were claimed. It has more vanadium znd less =~ - .
- chromium, molybdenum, end tungsten than N8, ‘thus a seving
was made -of the most critical metsls during the war. Most—
- of the newer:installations had N19 prehezter tubes whether
. ‘they operated =t 325 atm. or at 700 atm. except wherc war-
 time necessity required the use of substitutes. Tf N10 is
properly-heat treated (heated to 1050°, cooled 4An. air Stream,’

S annealed ‘at 700°) the cold tensile strength cen be 90-100

"~ ~Kg/mme.  Faulty heat: treatment can “sroduce a materiel brittle .

“at room temperature but .still:satisfactory ot 500-600° - C,. _
< Alr streamlcooling’in,the‘quengh gives 2 Erinell hardhess of . .
220-260 compsred to 240-280 by oil quench, but the Germins

that the air-cooled steel has zlmost twice the strength;A

E étm500é6009‘c_Of 5Il“quenchéd steel in that temperzture. -
range: - - .

B

NlO steel Q£ehéafer~t bes were ihVSQrviceﬂfor‘five'

-before a failure-occurred that could not be traced to =

some manufacturing flaw.  Up to thet time they h&d consider- - -
thelmetal 1mmuqe-to_hydrog¢n ettack, but they fqundathat”;f
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T  the ﬂS"‘steels-were’not-sufficiently st
contain a2bout 1 percent~0r,‘agd have 1o
~ then the .8 steels, A
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rong.
wer Mo and
1te
“Ni
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. for acid“end'chemical resista
flA'Crvsteels“for hard
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nce, 'RM" steels
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non-oxidizing, flame-resistan
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1z, M gar; ls oP Construction. (cont'd )

_ It was ‘ound that brass confainipg at least 37- 42 per-
cent zine hss very high HoS resistence, ‘but of course
- brassés cinnot be nced at the high temnergtureuvinvolved
In one set of German experiments they made a Serles of iron-
‘2ine and nicke] zince” alloys contcinlng un to 50 percent
zine to see ir Such alloys would be HzS resis
interesting to note*th*t-thedé alloys were mag
5 o<pheve= nlgrugen pressure ‘because of the.. high vavor
: zlno et the r*elting peint ‘of iron or nickel
Ing as much at" 15 percent 2inc were hot| -
but, vight be - cxpcnted, the alloys were
LE uO be or' e ictical use. . Howe
‘ ' - galv
"lincrs,-o ﬂrOCﬂdurc n“parem:ly
Y 2nd i 'still yseq. ey also’
£r convprtnr internal par's. The . . _ .
by holding the. perts in Lo
2t 3700 C., 'thus formlnc‘a vary—thin___‘“__ﬁ_*‘
: 2llcy. o,
ompound s form 90 > ”vdfoc“loric '
of. hydrotcn(cion e Ho prectical "
11 withs<ong thl‘”?ttcCP uhgrefore

wn }hlorlro is“ > in tbc fnc d, soda ash i"f?dﬁed to
nfrullzp +bl el

: : 3 Ton 4 ’rioug proo’ew in much of. the equipment
. nd pirdng. " ¢ be. trcnca her i -
—avnrce"~ g ;

’ such

hc.S 2

- [ oftpn Dleond
Valves have h

_ : acsigned 50 -
“hat the—flow is oty o¢°1ble. “Heat''
: chang er—tubc'c.nots, ] uDDTOQChLd Nlth long conieal:
. .séctions which reduce solid depocition & ‘ :
L tee ends of the. tabes ;Qtufflnﬂ boxes ar
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_-_“’trestment was an important

v ) NN

- .The PITSt report of tests published by F.K. Naunan fn
1938 (stabl und Eisen, pg 1239) stated that H10 wes unaf-.. .
fected by 200 atm hydrogen.at 6009C in 100 hours.

" feilure ¥ hydfogen attack of N10 preheater tubes after

- Several years of serviece caused additional
"~ fect. ‘It was found that chemical enalysis

study of the ef-
alone did*qu* :

- mean much with regard -to hydrogen susceptibility, but -
= fabricating and“operating‘conditions;played a congiderable ..
-rart, - Many steels showedtevidences;of‘attack only after -

" 400-600 hours -and some ‘only after- 1000 or more hours. ' Heat

fector, end in general ai

quenched steels: were Lo d” to be more resistant than o

- quenched. These tests indicated.that z'e_:s’ist_anceu_»-:L:'r»xc'rease’d___~ -
;mmvWl&bmémgecnease;in;unstablawcarbides*in:the“matrix“aﬁa”WIfh .

-~ less. dissolved carbon‘in.the'ferrite,,alSO,'that complete
~lomunity is not attained by ferritic-pearlitic steel con-

" “taining as high as 6.5 percent Cr., but that

_ &ry failure will oceur in time..

grain bound-

: _::a',ThéﬂfolioWing-fOuf figures show miéfograph§;§r’Niduz;ﬁ ,
.. tubes which failed in 700 ‘atm.. service in, the hot section of -~
&' preheater after“approximately;lljooo hours service. :

"b,twoiphotdgraphs with.2 magnificetion of 12 diameters show

the fissures caused by hydrogen‘attack'which-ultimately '
-result in_failure of the tube. These fissures zre

'kﬁoffhydrogen'attack‘an”eny“steel,ﬂyﬁhe two ric

rographs with. . _
eterioretion

& megnification of 125 diameters emphasize the g

. at the-surface in contact with: the hydrogen.

The etched— .- °

“sample in perticular shows the effect of the decarturization

~on the steel grain structure. —

;"-7"Thé~f°liéwiggm£L£yLe,jg
- one=6f—the tutes whig

nles taken

‘ Quéggéﬁdhvesis;gﬁiSém
“from ‘left

~failled. The samnles

ight_are“taken: fromwthe;1nnérfﬁubéisurface,'with the’

mdved,MO.szmwrémoved,

1 mm remove

6€—0 il .;can be Seen tr

A : 'y A / . » . ol
“oatiack.p §s' than one mill
. as a whole., - o e

Ll all -

mEteT oyer the tube -

believe that -~ -

~ " Results of Qiperiﬁéﬁtsiled fhé’dérmansftq
-the: 1ife-of* N10 steel prreheater tubes eould be

1nqef1nitely~by glving them a2 heat treatment a

-prolonged .
fter.qagh;j,,, .3













i Materials of Co g ggﬁggn (con ;'d,) e

10,000 hours service. - ﬁnparently the hcat treatment re~”

nsthbliohed the _carbon equilibrium in the steel of the.. e T

inner tute rurfuce, but . 1t 1s not clear"just how“fhis was S
‘accomoTishud -

it thorough study of the

the carton for. blocking grein slippzge =
-Proposed ©s a ‘nossible method of developing & completely

“-hydrogen resistant low zlloy steel. | These experiments were )
-ngt norried out due to. wurtime shortage of manpOWer. A

Thc German cree stre t t°st f .uputxtngae+~4‘
nAféﬁt;lgcd”’Bﬁgtest ‘pleces held»at the speci-- ¢

fied temncrature for periods of 45 hours” ‘8ach. . The dreep

strength (Dz ruerstandfestigkeit) is the greztest loed in -

"Kg/ £t which the creep velocity does not exceed: -1/1000

percent. per_hour-during -the-25-35" hour - period an the tot

éxtension ix the 45 hours does not exceed O ’Lpere‘n

"It is cleimed that this test is rebrodu

‘useful as o method of ovulu ting creep

te"m test; “ o .

" ,A second method of eveluating‘hi -
is a plot of different . ‘
“ture’ apainst ‘the nunmber

<rectangular—and lo‘
plots arse. qhown

v 8 pércent Cr 9/ pg
s and 6000°..C, plotted with

'The second pair
Ifferent ‘chrome
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t risls 1ls of Cons § gct;on fnont g_)

fructurc "ftﬂr inorr-sad nﬁriodc'of time. The next figure
shows th: rclation betwetn the. bre«k moint ond. the lozding
which 2roduces an- elongetion of 0.2 percent o after various

- Periods under tension at 5000C.  The noor OUC11t19° of wa
‘t ime . sabstitu*e N9 es comoared to NlCare vLcinly shown.

The follOW1n5 tables re,‘aken from Tebhnlcal Hesort
o, 87-45 of the U. .. Ne ¢hnicel Mission in Lurope,
and shows the uses of the Ticinal m gterio ls in high res-
<ure equlpment o : - ST

It qhould te noted‘that 3% eng N9 mov;o toth be-ri
placed by ¥10-for new COH“tTU“tiOﬂ when
ilable-in.the—neo~qury quey :

Intérnal parts and liners for +
listed gbove, but quetonLth 1828 Cp-i
ferred material},wlth 1 wcrccnt Cr s
subvtitute.~

- Aus tenitic

sure shella, tu

taken to avsid me

cen be noted fhaL ¢ ; _ T

have béen’ found, althoug b oecasions veszels have
_been blovmn. out “f‘thu cb71° by gas LAp1¢floug‘in thc cell
?p&cg : : .

,\

On tho’wholp. th '_ da”GJO““'ﬁt ﬂnd sélection of
steels apocar to be _Hv in cons unctlon with thchr
uinment de gn ' e . . .

‘(b) In°ulﬁtlon(39)

s

_ . There Were thr ses of cervice whore
- insulatlon wae Bas ressure hydrogenatl
’ 1¢tbﬁ of cov rings for - ﬁl“b ling
the. cooono w s the" 1nturp"1 i

rTe. vessel




L . RESTRICTED
12, 'Matg;ialgroﬁ'go ;t ! on_ (b _cont'd.) '

For plpe coverings in the renge of 100 to 250° C, an’
insulation called Dizmag, which wes a Magnesium carbenate,
Kieselguhr, asbestos mixture in a 60 - 25 - 15 ratio, was -
_employed. This materizl was used for low pressure steam
lines and pipes which were not cerrying very hot fluids. - -
In the . temperazture range of AOO‘-;450° C. glass wool or. . .
‘rock wool was commonly used on hot-gas and high pressure ' -

“steam lines+- A sheet metal housing outside of the %ipé‘wagv"

- packed with the wobl to_a density- of about 180 kg/m’ for -

"._glass wool and 240 kg/m3 for rock wool. At these densitles -

- “the-respective thermel conductivities at 200° C were 0,063
end 0.956 ECal./meter (hr) (®c.). ‘ e SR

At_temperatures over 450° and up to 300° C a diatomit
.insulation wze used. -This material was a kieselguhr pro-—"
" duced by 2 low temnerature burning. ‘It had a_compression
strength_of'6—3”kg/cm2,.a density of 450 kg/m3 and 2 thermal
conductivity of 0.08 Kcalories/meter(hr)(°C) at 100° C. =

Ln asbestos cement of L percent zsbestos, ‘90 percent

“kieselguhr and 6 percent alumina plus a binder was commonly *

" used-to fill in the cracks and rroduce g smooth surfcce. =

* ¥hen the lines were to be protected agsinst possible fires, -

" a thih iron sheath wes placed on the outsidec ol the insula-
~ tion snd held in place by galvanized iron bands. S

As has been previously described, the inside of the
hot, high pressurc vessels such’ as the converters, hest ex-

~“changers, and hot separators were insulated in order to

. *keep the external wall temperature below 250° )

o 'b{ prevent hydrogen embrittlement. A harder grade of- - .
ple

tomit made by burning kieselguhr at a higher temperature
- .was.used for thls purpose.._The-compression strength of the
-—Piatomlt blocks was 25 k‘/mg, and the thermal conductivity

» §(°c.) £t£.100%-C. ~ At 200-300 a2tmos- -

was. 0.12 K. Cal/meter(hr .1 (
pheres pressure - the conductlyvity of the oil,gaturated §
Diatomit Tose-to 0.4 - 0.8 k.Cal/meter{(hr.)(°C.). In

C., and there-

X E

practice. the ‘vessels were ‘lined with blocks of the insule-"" .

about 65 m/m thick, and asbestos cement. was:employed.
t up “the erccks. .The :cement had-a thermal condagtiv— .

ity essentla}ly the same es that of the Platomit.

t-the structur tééifﬁgik 1n“fhé*




- the converters and conneeting girders were insulated.. 4
layer ofTiletomit blocks zbout 5-m/m thick was laid around
‘the outside of the~structural steel and held in plece by
-2 wire ‘mesh. £ coating of.15-20fm/m'of-ceﬂent”ﬁas*gppliedj

stzlle from buckling in the case of fire, the supports for

over the ton to proteet cgelnst weether 2nd to meke &

$mooth finlshed surfoce. . Other structural steel members . -
“ere also covered with eithir brink or Diestomit and finishéed .- .
»ith-a cgmentﬁcoat.”}These_prgpautions;hAlped;;g_pzexentgg;.
more serious. eccidents in the case.of'fires;»sinc%.the“steell
~ould stend intense hect for 30 minutes or longer when so = -
“srotected. . - S R e B Y

-The-following-tebleNo ~IV shows th ¥
~tpnlication of verisus types of insul-ting aterlals ,
-or. different- anplicntions. The ordinates show*-the tempers-
Tolire’ renges and:the services; while the“hlocks'Shgwithe. ' o
.. ¥yre of meterial and the thickness fof~different‘diggg§ggs. L

13.""Conclusions. : R :

- In a2 planned economy 2nd in anticipation of WED, 2 - .

‘netion may zrtificelly stimulate the production of ‘potentinl-’
1y strategic meterisls. In this light the .chronological -

developmentﬁin‘cerm ny of the high rressure hydrogenstion - -
poroceseses nre of interest. e enrliest commercisl plants.

e the Haber units for the hydrogenation,éﬁrnitrogen.to S

monie. " Developed prior to-L?lB;'thi';probess~made-6ermany g

- *ndependent of "Chile saltpcter imports for explosives pro-
“,ducpiop during World We I. - : ' ‘ S o

~ The_ eXperience gzined in*.esign}and_operat;on of ‘these

- units proved helpful when the Germens exoinded their seareh ..

r matericls ond sterted in the early 1920%s to hydrogen-.. ..
- earbon. monoxide to_nmethsnol.: TheLdesignséofzgnxilt P
;wsafety}prc_autions?fand'ma_ &ls of con
e applied;directl‘;ﬁand;therdesignsrqf?the,c el S, ho

-exchangers;‘andjseparators;fcbuld,;with‘suitable.madifica

- *ion, be used. Thu the Germens hed. two lerge scale high
. Pressure processes 1 dveration prior to the next
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an th first coal h?ﬁrogenation plent was*started****
R Eain ‘fach of the-early work on emmonia and
methanol was. &pplied ‘directly; howeven, this operation, in-
volved ‘the handling of solids, and 1t was necessary to
" graduslly evolve speclalized equiprent such -as'-Gonverters, .
preheaters; and’ heat dxchapgers. This:latter operation. we.s
“much.more difficult than the straight -handling of gases and
clean liquids-as-in the ammonia and methanol systems.  New .
- ‘techniques were. developed end the high’ pressure stage: changed
so that either coal.or tar could be handled'in the same
X t. A second, ‘gas phase hydrogénation: was~ dévéloped.,-
rocess; middle oil from any of sgveral sources
, ' weriety ‘of motor fuelsy” Thus in the two stage
’“”h?ﬁ dg”ﬁEt onvrocessthe: answhadwﬁwfairiy~flexiole
pro ess cepable of handling a wide Varlety of .raw diaterigdls
0. produce end products:of neerlythe same Char cterlstics
or wideiy different, as debired. :

tMentionﬁhag been made of ‘th ormous size of thcse\
_plants in relation to their throughputs. The lergest plants
- were: Leuna~and Bruex each of which produced apyroximately = -
600,000 tons -of motor fuel per year. . Bach used ten to twelve:
high pressure stalls with all of: the suxilicries, such as
ges. m?nufacture, gas purification, power and steam nroduc -
5. compression and recy units, product. “treatment
~an. area of roughly fifteen squére’ ‘kilometers
1t ' to.evaluate the cost of these German plants
yitray.relationship between the reich: -
ndication may: be obtained from a:
benindustrie to: the-U.S.S.Ru

<} ,e.plant ‘to_produce: 180,000
~by. thi ydrogenation

f the high’ pressure plar
1mated at 47,800,000 R,
: arrel Leiday,




#;Ameriéan’praciice, -an: Ains d maniel operstion

- 211 but the-simplest pogitions. 'Undoubtedly:Ame cén.
“engineering and :dnstrumentztion could materially .cut
‘labor re ui ‘ but it;would: still be

3 nn
getrer:eleven large
cessing coal and tar Wi
v _gasoline (the princ
"“tons: or 32 000,000
) : eugineering this
the war: needs of :Germa;




e

3 ‘ " of crecked residues to obtain an additionsl yield of-gaso-. .

no known applications o coalvhydrdééhétiOAftofpiodﬁée‘~ o

~ gasoline or liquid fuels-in ‘the United States:

| ”j;'cértéinmﬁﬂgées-°f~tﬁé‘ﬁ¥dr°génatioﬁ:procgss‘might be &

| comsidered to zdvantage, since 1t is highly probably that
“they might sgoﬁlbecomegeconomically,feasible."The.Stendard

. 011 Compeny of New Jeérsey 15 conducting a limited hydro-
genation of lube olls in-order to saturate- them and improve
the viscosity index, but this is' precticed only on .2 very
small and limited scale. This company at its Baton. Rouge

refinery has also conducted many tests.on‘the,hydrogenationf';

_line...This work is still in progress, and has recached the

‘point where zn inerease.in the price of either crude ST

- gesoline will make the process economically attractive. .
flmhe_Standard 0il ‘Company has foilowed the develooment-of

“pressure hydrogenation for meny yeers, learning much

—hig
of the technigue from the I.G. Farbenindustrie. . Il is now

»-Hfin.a'p031tion’to‘exploitrthe prbcess'as,soon_askthé'ecanom-,,r"

ics are favorable.

T Another point-in favor of -hydrogensting "residdes is

the conservation. of ¢rude reservesl . For every barrel of
-gasoline: obteineé fro ccicdvun sbout two berrels of crude .
‘may be left in the gr .. Obtviously the marketing of .~ -
- residues -as fuel oil’is only donc¢ beceuse of the low selling -
- ¢cost of gasoline.  Therefore, the_furthcr'dnvestigation of = .

{

_the edvisability of processing thise heavy hydrogen-poor -

“'mateviels in stages sheh-as-the Germans used for tars might-
. well be considered... = = - B ERET Vo e L

' Along the ‘same line it might te economicelly féasible
' to. process the haavy_cnds,of'crudc petroloum in order to
wincrease*the_hydrogen;content'before sreeking. - Such meas-. _

ures would raise .the yields of gasoline pecr. barrel of crude CeT

and at the sere. time_deecreasse thegmount or residue to 'be

~._.elther reworked or sold. Undonuttedly-the two rrocesses -

‘ecould be sdventegeously worked together so that a heevy -

- freetion from the cride motvoleum would be blended with the -

cracking recycle etocks and hydrogéneted, the ultimate pro=- -

'u_‘ducts being-only-gesoling:an@%ga A
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, 13, Qonglgs;dns.igqnt'd.)

In conclusion it does not appear. that coal h

““tion as practiced by the Germans offers any immed
pect of . competing with

~

_Unite¢ States. Tt is

qq;tetpOSSiEle,.howevex, that certain features -of the proz
.CeES may soon becoma'justified-from both’a;conservation-and
economic standpoint. The work of the Germans should be

S carefully studied by any indus;ry-undertaking to expldit

. any phaSeé\gf high,preSsure operation.: Such =z study._should
i

be of cons
pressure plants.

Prepared by:
JOHX H, HOWELL
,Technigian; o

" ROY 4. CRAWFORD
Technician.

to
A

erable help in the design“and*dperétion of high




Type of Coal

Plant

NLlementwwfnalysis’oa
cry, ash—frue buSiS

68

89
fuivt
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5
R4
1
0
0

T OW.G
S AR .
[
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40
11
4
5
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.% available K Y 2.
_Volatile Mattc"- 57, 53.
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“;Sﬁmmafy of'Op ration Data for Sump Phase Hyd vgenation

“Mat rial Treeted Brown Coal Brown_Cbal Bitgminouﬂt Pitch
o : S Tar |

Temperature, oc. 470—480
ressure, atm. © -.300&700
atalyst




-—f*Matéfisl'Treateg

tons/m3 hr
, *otci“feeﬂlra e}
. tons/hr
Concentrntion of

aterlal in fecd»

wt., 4
Total gas flow
i/h

1ng, M /hr

‘product, VB/hr
a2 Conver sion. of
Coal

Tons of mlﬂdlc
0il/ton’ feed
Tons of C3" nlu<
C4/ton feed .
Hydrogen Concuwe

c ,ton mlddle 01L'

 'middle Oil From

" RESTRICTED

TABLE'NQ .é (contrg.)

P“ovn Coal Brown Cnel Eituminoug Pitch: 3

;.pCCif.i.\ fb(d Pﬂbe ‘

1.1 - 1.3

T30-- 25

4_-*,'10;15;000
Water added to . - o

1

TAbuL RO 6

0.75

 — ,»-.,NB 0 ; 0 o) o} _...,:,‘.4...._
20,000

= Co“l

0.9 - 1403

33 <37 a5

0.7

0 eo

-52,000 40,000

Ea

25060 T

95

oﬁé9
0.02-
1603

Anr]ysis of Sumv Phese 9119_ 

Element:Ana Ysié;_l“‘?

Bltminoue Coa%«
“ 0. 974
= o

700 800 -




,z_c
Zn
70
7N
78

gﬁs-ﬂlloo gis -C

. .

i . , uvtio
tage:j.‘ Prahydroge n?t :' y r .P teh. "

' o : . ‘ :
Temperature, C :90-410 - e QOO
Prcssure, Atm. ST 300 . 3 1 B
..ﬂtn¢ys - Tanget FP Diﬂulf*de ;uny ten Chrowo-Zine
: R : - Di\sulplnu & Malvbdionie
Y Aet. Cloy
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RESTRICTED
TABLh NO 7 (cont'd )

,,‘:—

ST o - ~~~—Gasol:lne Production
Etage Prehydrogenation Coal & Tur 1tch

|

—_——

Total feced rate, - 5 vfr". S -
+tons/hr - 20 - - 35
Total gas flow : R . S
w3/hr . 55,000 - 27, ooo
Gr::“~ circuloted with S : o
5il, ™3/hr 35,000 0 - - 20, ooo
Ges nsed’ for c0u11nf' B :
M3/hr ‘O OOO
Tons ;sqoline orocuoed ' o u
¥ ~/ton f feed/nass* O 20 : g 0.60
T ——— N | 0) 1 Y O _nluc CL/ _ o R
| "~ 1 ton fosd/passt g T 0‘“’07:“”“ S
a”ﬁrw"nﬁ ﬂ07~u“edlfon T;Awﬁ‘ :

-

’)r)g

F0ﬂsurﬂtlnn
g Leod

roouct L

1n solide
solub1e
ge~*rod

aly sis of .
t*re free procugr
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itzlyst asted in eir -+ 300%C. to convert
to the oxide. S B - :

Wy 4 330z %0y

The tungs ten oxide produced
2lone or combhined with an iw_
cal d “gelbwroe“ which contained 92 nercenb s
‘oxides Wwere then treated with filtrate from nre7
iyst batehes. The filtrate wes an- aqueou« aojn+*ondof~___
monium-polysulfide-end-émmonium-thiotun amnyxowahis

- added 10 percent make-up .Zmrenie and hyd

:{ter heating. 10 750°C. and stirring for abeuJ,B hours most

o af the oxide Was converted into ammonium\thiotunget?uc.

1 wog + (mu)zsx_ ,(1&14)2‘!'84

The solution was filtered to Temove undles Lved
iav, and..the’ fil{rate was. heated up to 70°C. Then th
ammonium thiotungstate was allowed to. :
“with continual stirring for 8 hours ng. wh -tim
- temperature wcs lowered £0-20°C. The slurry was filtered
with nitrogen pressure, and the iltrate wasw ecyel ed ;o-v

diesolve more tuﬁgsten oxide.

‘The crystals of (NH4)
in a nitrogen atmosphere: at 10 09;

. care was’ tsken to pr ent ace
;of oxidation




- REETRICTED
'P_mp_r,a:;; l_gi_ilﬁd ca;glm.i_m_.d.. )
L = ("‘ij)f? .;‘:C: r 4+ Hz -—-——9

This onerasion w conducted in a four pass heated kiln
with interaal serevis. The top two passes were heated and .
‘had hydrogen introiuced to decompose the salt, while the"
lovier two were unhezatad and used nntrozen for cooling of the
tungdten clgulfide.

was drv ground so th(t the aver~gc particle o~

abéut 0.6-1 millimeter. Too fine a powder reduced
niecal. SLP"gub of the finished pelletc. rT‘hc powder
2z regular pellet press to
~emc er""by‘“].O*mikiimeters«Jw

uheru wit* nvtrog» or curbon dioxide arouno

. present oxication. The pellets were tumbled

'lel to remove ~sharj: edgesrand produce SMooLn Ll

hlooers- The Pinished catalyst was: stored upre" &
e unt;l ready for use.

: . -Some of the jmportant data about 5058 catalv
~in the following table. I

JWeight , ’

Duter’ surface/pellet ,
Weight. . of 1. 1iter: ellets
Pellet surface/ 111

. Compressior
aComnreusi_n_s rengt




'.tg_ggaratlog of §L34 Qg; lyst (Qggj Q;)

- 1t erystellized to give a 10 percent WBz cdnt he .-
. finished catalyst.. The ammonium ‘thiotungstete: ‘wai prepar
in exactly the same menner as was done for tha 5058

‘lyst. The wixture was. then: ‘heated to about:: :
anrq qtirred.for_about 8 ‘hours. until apnroximately

The mass was then cooled in nitrogen and gro
~about 1 to 3 millimeter size before passing ough -
at 400°C. similar to that used for the pure: tungsten
- fide. A 1 to 1 mixture of hydrogen—to—hydrogen sulfide
used in the heating process instead of pure hydrogen sul ,
fide-and nitrogen. After cooling, about. 28-30 Dercent-water oL
s ‘added while stirrlng to the meaterlzl to.give’ it goa
ohevive properties in pelleting.—The-sddition of th S “
T-gld-not-make—the- catelyst me55”1ppe"r"wet”“since“thE“”“'"“*,
earth "bcorbed it.  The lumpy mase.was: séreened £o'-. -
- remove pleces over 3 ﬁdlllmetero, the oversize being re--
~ground, -and then the power wat pplleted in the same, manner
£s. was donc with 4o)u.- :

CoL T Aftor oelletlnz the oillc wero llowed to dry 3 tQ;AA

-hours to. imo*ove +heir hdrdness, snd then tumbelled: ‘s1ight-

© 1y in the mill. Aftcy. finsl drying at- 100—12000, ‘the - :

WuS stored in a nitrogen stmosnhere wntil used—-——~———————
' ‘ 1tia1 hegt treztment of 8 .- ‘10 hours i : :
,hyﬁrogan a* .n“oved the st“angth '

_ ‘-Qome of the imro“tvnt fact
given in +he ?ollowing teble: ..

'Dlameter‘

~Height
Tolume’
Weight.
—Outvr surfate/pellet.
Veight 1 ther nellets
-~ Pellet surface/liter = .. O, 39
Comoresalon strcngth ; :‘ahout-200 kg/cm2




AboroXimately 90 kilos of crude kieselguh paste havi

& water content of '60 bercent were mixed carefully for 30 -
mlnut@s with 4 kilos : ercent hydrofluoric aeid; -
oLut1on. Then - z Ful

lers earth were added and
- mixed thoro Next 3 7 kilos of zine oxide plus 3 kilos
of flowsrs of sulfur were. added- together with 4.6 s
50 percent aqunoue solution of. chromic zeid. After 10 ,
kilos more” I"ull(r's ecrth ‘hed_becen added ang- the whole
~ "1t was neutralized with ‘about 9. ..
5, density ammonia solution. . 1.4 Kilos of
rium thiOPOLychtC dissolved in 7. kilos. of ammonia ' :
oy ‘¢ odded together w th 4 kilox of F
mass thoroug

wag dricd to & Wdtnr content of 30 -33 per~;'
leftﬁ 1n+o cylinders 10 m*Tllmeters in
rs high. ‘Thece pills- ‘were dried

foru storing. In order to activate
: nt it for ‘12 hours in -

_ : tivctlon-%h l]tt contained
ngreent: Cr, znd 4.0 ent es ‘the.
1sit w-'nbs. ‘ ‘ e




APPE;-:DIX ’c
CRAWTHGS

Hcat Exchanger, SOO . dismotcr ASSembly
Gas-Fired Preheater, Section : L
as-Fired Preheater, Thbrmncouplc Location."

'L mn Phase Converter 51000 mm: diamcter, Assembly
" Hot® Scnarutor, 809 mn. dlam»ter, Top & Eottom

' Coo]ina .Asseombly , —_
Hot Leparetor, 300 mm. diametcr, Ges Injectinu,
_Assembly S o
Colad Separetor, 1000 m. dicmetor, A
Expansion Velve,: ‘Assembly end parts.
-'El@ctric “reheeter, Assembly - -
aa*EhdScﬁConVerter -800-mm= P
Gas Phase: Converter 1000 .zm .diemc*er mbly;
Coking Oven, Screw type, fection and Flo shbot
»."Coking Oven,—B& 117Typc, Flowsheet.
- TLT. H. Converter, 1000 il d1 moter,tﬁssembly.
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