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vy 01ls.and-residues. in.one stage,:
‘ph presaent end with little gas forma
"Ho consumption, if ‘the ‘feed materizls &re
tures between: ﬁ “and '550°C ‘in-the presenca
lysts at such-a high thruput, sbove 0
1.per.iliter.reactlon space pex,
~thmt the asphalt content, ‘det
: cod to less than &5, prof: : Dy :
refurabiy 35 to 60%, constituents boiling to 35000, . based o1
1quid end:product, sre. nevly formed. ' The &srhalt: dotermin
oldo method is reduced to less than 24, prope bolo '

peraztion. :
© By weakly hydrogenating catslysts are rnieant: those, ‘
" {vencss is beiow those of the sulfides of the metals of thc dAvon
- group, Ymown as hydrogenation catalysts. - Under considsration are, .
. @.g. porous substances, lils Grude lignlte . coke),. sctive coal, Aoon.
oxide, fuller's earth, active silicic scld, kieselguwr or msgrosis, L
--~by-.«-themelvewor.;ztogetharﬂ,ﬁ.tnv,,smll.,ﬂquan‘ai._tieswgf,_,Q_\':hqz; 5uD3LANCOD ,
particulerly oxlides or other compounds of metals of the S5t Znd 6%¥h

groups, as well &s iron sulfate, ‘nickel sulfate or other sulfates.’

The effactivénéé“s of the catalysts is determinad in the following

. mamner: - .

A mliddle oll, boiling between 200-and 32503, from mikxed base’
petroleus, of & spec. gravity of 0.8%0, is paased over the catalysi,
‘arracged 1n a fixed pesition in the resctlion apice, in vapor forn,

" together with Hy, at a pressure of £00.atm and a temperature of LO5°C, ..
with 2 thruput of 1,5 kg oil per liter catalyat space per Lour and o
an H- supply of 3 mé per kg oil. With the cstalysts under ccnsideration .
for Inls process less than 15 liters Ey per liter roeaction 3pace per S
hour rust be used. In general, 0.5 to’l kg or more gasoline per liter . -
reaciion space peir hour are formed berein. - , _— , :

o - Typical feed matorisls ave neevy oils and residues ‘containing
about 6% to 655 asphalt, determined by the prorane ‘method, such as - -

i




) above
ous operation;
ti '

he feed nnterial o P 24
ubjected to splitt.ing Pressure hydragenat* o
on the. manticoned catalysts at a pressur
- 480°C ‘and ‘various preasures gbove 250 ez 300 500 and 700 atm,
‘and with varying ‘thruput, ‘0.g. 0.7,:1.2; ' .kz per 1litexr: resction

. apace. The investigetion of the correspenéing product of ‘recction

- ‘obt&ined will then determine vhether ‘the p» rescribed results. rogard
ing asphalt content and the formation of middle oil cen be: ackie
‘If the condlitions are met, the: ‘tenperatures and thruput can te -
ner inqrgaaed with genarally beotter results. ~Prezsure h,

h,” “”conducted mder” ths ccn;h tors-so-determin

" The rrezzaure range,: d.eterminea in c.he above mertioned rru.nror—for
splitting Tesidues..of crude oils with vsrious eaphalt content can be
taken from the foliowing compilsation. 7he pre-experiments te Ceter-
mine preasure  and thruput for the feed m&mr.ﬁ."s tow used 'hculd

"be conducted witnin this pres-zure rcsnvo. .

Propane Asnhalt B 22 Pﬂesaure ot a Tempemtu'e :
» betvaen 450 end 50000

?”O to 500 atm
v IH’J() to 800 atn

. Depanding upoz the nropane asunala, content of a fead . mterml
the - ;olloﬁ.ng pregsures are: derive{l- v




g v torl ith s ‘resie, :

within & preusure, ange of: 300t ‘500 atm; and subr

residue of 25 to 50% &t pressures from 400 :t0 800 ot
‘of- the forsgoing wi

IR, e ge the propane asphelt, as ¥ell as the quantity of
e YO Tes 1due, has been. determined for. & Paed. substance 3l
: s found’ “’th&f"';""ba's‘adf"mxwthembove«dat&.,mthawpr,eza* ros Ao
corparatively. far spart, 1t is advisable to conduot the 1=
ment at the mean pressure: so ’Qerived,', which, will generally lead to -
sUCCess. B ’ . R s s e

I

: As already mentioned, thrupuia of wore then 0.5 kg, €.8- 1.2 to -
1.8 kg cr more per liter “ponction space are used.. In the processing
of Ho-poor substances the lower limit of the ziver range 13 preferred
and the upper limit for Hy-rich substances. 1t is further desirable '

. ¢o choose the thruputs ana working temperature within the given =~
{igits sc that more than about 200 m3 Ep per'1l m3:reaction spsce PST .
heur react with the fead substances. L , ) S :

With reference to the temperature to pe used, it should be
mentioned that 1t should not e so high as to causé trcublesoxe -
dehydrogenation. The bést Way is-to use & temperature 3¢ low that
the spec. gravity of the fractions .in the end product bolling above
2250G - is not appreclsbly. higher then in the fced substance, ¥hich is

_generally the case at temperatures between ¥5g and 5209C.- :




*'The 'product of . r
4. 2.5% propene ssphalt. ! ‘ % cons tituer
35000 have been newly formed. .  The 'gas .forieation is
the constituents tolling below 350°C, including. the gsses £
Constituents-boiling t0-3509C-are-returnsd.to-the reaction.
after removing the catalyst, together with fresh feed materl
" this manner, 17.5% gasoline and 71.5% diesel oil with & cetans
“of 39 are cbtained from the feed material. 'Th ’ _ b
- earbons boiling below-3500C-is, therefore, 8%,
~1s 520 m3 per ton of products boiling o 350%C

.U UIf anoperating pressurs of 320 atm iz used, with a thruput
S0 Ihl kg per liter reaction space -per-hour, & product.containing 565
 constitfuents boiling to 350°C 1s obtained. Gasificetion is thehi - . e
:'-16% and the propsne asphalt content of the product, of reaction 9.5, .
.. The space-time yileld 1s 0.22 kg of products boiling to 350°¢C LR e
1iter reaction space psr-hour, and the nev formitlon:of’ cous
"“""”"_'_'bo:‘iizxg“’tﬁ'%'j{)%tiswﬁoﬁ;~‘~‘:~B-es§,des—;~—twice«-asv-.w-tmch-—cata.lys_tm" %
for continuous, trouble-free operation.  The yield in gascline-and-—
‘diesel oil is: éls%*»when the constituents bolling above 350°C wre - -
_recycled. The diesel oll has 2 cetane number of 32. The Hp-sonsumption
1s avbout 610 m3 pew ton of products bolling to 350°C. Compaed with -
‘the.operating method claimed Herein ths resuiis of the somparative - .-
exporiment .are, therefore, considerably less favoreble in every respect.

Patent Claim. ‘

Process for the splitting pressure hydrogenstion of asphsltic.
heav? oils and residuss, cherscterized by ireating the feed =ubstances
~ wiih H2 o teaperatures between 450 and 550°C in the pressence of |
. weakly hydrogenating catalysts with a taruput so high, above 0.5 kg
feed substance per liter ressticn space per hour; and a8 pressure so
" far abova. 250 stm, that the asphalt coutent ig reduced to less tnan
, preferably less than 3%, &nd 30 bto 70% constituents boiling to
350°C arz nevwly formed. e S ST ;




PROCESS FOR’CONTINUOUS LIQUEFACTION OF -
- SOLID CARBONACEOUS SUBSTAWCES

- German Patent 722629
.- 'Class 120, CGroup log, -
G ..".8.vJapua‘r’y,v. .193'(,;: o




wdered: carbonaceous..]
btained: 15 compressed b “high isur
y.circulating hydrogeh undes gh pressurs. It ls.
o the reaction: temperature-and .conveyed Lo ‘the reac
' hs & i .we :save heavy oil, etc. and
e and hydrogen 1is- accela-

© ... The fesd materials for this -process are solid -fuels, such &3
'prown coal or bituminous‘coal. ~Younger couals: are .particularl :
: suitable, Because they are most easily formed into & watery:
: ‘""vand‘are,‘iespecially easy to liquefy... ...l RN e

<+ It 1s imown to drench or: sprinkle csrbonaceous ‘subatances
~ be subjJected to pressure hydrogenation with a watery catalyst
. solution, then dry them a&nd mix them into a paste with olls con-. -
" tgining ocetslysts. F¥ater, in this case, is, therefore, not used = -
“{n- the sense of the process at hand. In-enother known process; '
-mmhighwpressura.,ateami,ia,_ﬁuspdﬂ_ip,g}gg; high pressure hydrogen in -
_the hydrogenstion of coal. By compar yon, In~the process at-hacd
- the wvater is used to form a doughy mazs. from the finely powderec =
coal. Before hydrogenation, the water ‘s again removed by the — :
hydrogen circulating st high rressure.. . SR . . ‘
The process is further described in the folloving exsrxple.
and attached drawing. - . s o : :

Example. - - - S e e : ,
Powdered coal with 2§ iron oxide a3 catalyst 1s mixed with an

equal anount of water into 8 doughy mesz in vossol 1.  The mixture

1s compressced to between 2 and 50 atm in the low pressure pudip e

and to betwcen 20C and 250 &tm in the high pressure. punp 3,.&8nd

then conveyed toc & -drying autocieve heated to between 350 and 383°C.

The doughy mmss 1is here éried by hot hydrogen, conveyed in ccunter

current to the doughy mess duringhits passegs thru the autoclave

with the ald of & cenveying device. The mans 1a then conveyed to. o
- a preheating autoclave 5, vhere it 1is ralsed to between 380 and 300°C.

e ey ey

A

i




to the preheat
ying sutocla
‘consi

dry conditis
“enters ‘s reaction yessel:

‘“$ded with sn agitator. Here it is brought into contact with. pr:

heated hydrogen, vwhich, as shovn in dotied lines 'in the drawin

has bsen conveyed: thru heat ezchanger T ang'gas heater 12 and hez

to between %00 and 4400C, vo that liquefaction in rsactlon vessol 0
can-take-place within:-a-definite-time. i i i i i

' The mizture of 1llquid oil and gas 5o obtained flows thru hest
‘ exchanger T_and‘;a,dravgypffﬁfrop ;he;high'prqaeqre,oil geparat 8.
' 'In the processing of Puschun coal, with s proportion betweon
coke.and volatile mettor of 1:2, 0.4 to 0.7 kg:coal per liter rao-

‘ ~act1on spaée per. hour ¢ould be liquefied in the described manner. ' L
“In comperison with pasting tho coel with 0il, under othervissc equal . -~

conditions of resction, a 30 to 403 greater liquefaction was ob-'

- . tained. -The 1iquid oil obtsined is & heavy fuel oll with a spec.

gravity of about 0.9, which has the same properties as that.pro-
. duced by the known processes. -The degree 0f liguefaction of tho:
“ptrufc031“1swaboct*90§:~wrhowheavyﬂoilwcanwbqwconverted#toegaaolino~@«
by a ‘second hydrogenation. -~ - o B R LRI S

@“'Pgtqnt Claia.

: . Procesg for the continucus liquefactlon of solid carbonaceous
-- substances, e.g. coal, by preasurs hydrogenitlon and pasting with -
water, chiracterized by compressing the feed materlals, pasted -
vith water, by means of a high pressure pump, then drying them

" with hot circulating hydrogen under high pressure, hoating them

to the reaction temperature, and finally hydrogenating them in &
reactlon vessel. S : v : : Sy







pe
gaaoline, rom - coal d1d. not agree as well as was
this: reason, the ohance of errors of measurements. affecting th
: ‘investigated in hopes: of find.ing means
‘At prasent,adthe scatterin.g of_th

aa- satisfzctory in viev of: ‘the’ conditions of operation and the .
amall -amounts . of materials‘used. '.Ehe :anestiga.tions disclosed

‘egulari t1e:
These may be

. vertica.l tubu )

- X " The off-water, which excapes with t.he gaa as moisture,
T my affect the raw materizl balance up to.l %$. This explains -
T— »’”‘“’ the variations " in the almost alwvays ~too - low values Lol the i
‘' “water. produced.  The most offective means of checking it consiats :
" in'an-elementary balance, vhich mst be performed as noarl'y as
possi‘ble once in every series of ezperimeLn_tﬁa_._.h_”_ , ,

.. 3).  There exists up to 1% dffference betveen the Podblel-
- .- niak and vapori ed g8soline high vacuum daterminations, an ex-
;.'pla.nation of whioh 15 being sought. i »

Study at the Different Accounting Centera.

: The high pressure rav materia.l talance in 10 liter converters
"4s cowputed for the. follo-ring subdivia-ons- .

. a) coal panta, ‘ © o e). gas-containing a.nd vet catch—
~ b) ofl flushing © 7 f)ymow hat
c) Water mjection \ . h ‘ ’g) Off-vater

d)- Hz consumption (calculated.) h) off-gas

otal output

potal intake v




rough
to’ the mixer ineide ‘the’ paste storage Tank,’
' "“ficiently frequently controlled g

The consumption of hydr en may :
Yowing average values, ottaineda praviously in larg
>al. hydrogenation

B gasoline .

~middle, oll
“heavy oil e
gaseous, hydrocarbons S

: The consumptionscalculated 4n. this- way was compared with ,
"that obtained from material balence and . was 1n rather good agree-,
~ment -with i1t.  They were 3.3% too low on the average. - The S
© .- nydrogen consumption amounts to 2.7 - 3.2%, or 3% on the average,
e = tha»totalmintake“(in*srams) .and.tha.intake.side. of..the.rav. ...
" material balance should be increased 0.1%5 on the average. The .
accuracy at these places is .therefore entirely satisfactory. vIt .
reszins yot to be determined from the voluminous avalladble- - B
material to vhat extent the. accounting bases weould have ‘to be.
changed in processes rar an excess of heavy 011._v- SRR
Outlet accounting posts: e - g) R

The determination of the 11quid products found by hourly )
wolghings must be dblamed for the most frequent uvncertainties.
Disregarding the fact that scales are frequently inaccurate be-
cause of the rather rough treatment, and require recallidration
at regular intervals, losses during the filling and errors in
handling are unfortunately not rare. ' Occesionally, vhen these
.errcrs amount to over @ 2§ of the material balance, corrections =
- are made on the strength of resulta from the precesding days. S
The intended use of closed collector containers for the products
with level irdicators vould produce a valuable 1mprovement in

- -the asouracy. ks -

g) The proportion of off—vauer, waich leaves in the form of

. moisture of the off-geses, is not at present takem into con.
N sideraticn. A coémparison of the ueasurfa amounus of . off-water

. -




L P

ssume, that the:

‘Increase the total reterials'balance: to & )
“they are most affected by the temperature of;
xpand This will readily explain the variations. in the
ormation of fresh water express ed in percent to
1so0 are scattered in the same ‘proceedure by +1:0:
tioned here; however, that the nature ‘of the prell ‘
of ‘the . coal my affect .c onsiderably the new water formation’
p ionally been

- “vaporised gasoline
© 2y gaseous hydrocarbons - -
~.23)..00,0 0\02 P KB3 and Ho3 - -

.07 The amount of vaporized gasoline in the off-gases is usually .-

© " determined in a Podblelnlak. A compariscn with the high vyaguum i
_‘distillation method (Stockanalyse) shows the agresment to be rather 2
‘poor. Were cne to assume. tho results of the-high vacuum enalysis. . .. -
to be corroct {and it probably is the more accurate method), one’ ' -
__would find that in'5 cases out of 6 ths Podbielniak anslyses account

for only-’”'ohé’”'"iiéi'{i“or'"”'the”i“‘m'pcrizcd'*gauonne‘mwthe«-av;eragena.bou.t‘;,50%.w.wwm.m

"~ Podblelniek analysis indicates much lezs than the 60-70% vaporized =~

gasoline actually present in the converter gas. This discrepancy, el
the.significance of which has been undsrestimated in the past, may -
never-tho-iess reduce the amount of the total material balance by

14, .Dr. Merer is now working on &n’ explanation of the deviations.

- In_this connectlon, we investigated whether it was permissible

. to use.83.1% as the carbon content of the vaporized gasoline in tke
gasification. The vaporized gasoline from stall 1197 consists not
only of pentsne, but contains sccording to the high vacuum anglysis
results alsc around 185 Cg hydrocarbons, and therefore 83.66 C.' -
The sgreemert 1a_entirely satisfactory, tecause with the assumption

“of B83.6% C tne gasification would be changed by less than 0.1%.

- The gszaous ‘hydrccarbons wers cslculeted 4n the balance fron the
C content «f the hydrccarbons in the off-gases, after deducting the .
carbon in the vaporized gasoline, under the easurption of their ccn-
taining on &n &Vertge 79.0% C. The carbon ccntent &as ‘determined -
from results of high vacuum &nalysis was 79.8%. The technical ana- - -
lysis frequently indlicates somewhat less gsseocus hydrocarbons,




a dent ‘and ar evhat higher:
lues qf tachnicu analysis may-be .
for.:the compuw.tion of g _ The srell content of gas :
drocar’bcns 'in ‘the converts i “makes ‘it very difficult. to find
1

gat of: ‘of “ory
determ..natlons of’ orf—vater, va.por d-gisoline,’ ‘&nd” occas* onzllyof
the gssecus hydrocarbons are: ‘too low, but that when only around 988
of-the: propcrtion-mintako. -output.is . .found., in the raw materisl, & -
- correction in the catchpot: and. KEID outpu ‘not necosﬂaril indte
A material halence ‘which adds up to over : :
: urdened. vith larger arrors. -

L All th«*ao nources : rrora aremw- y kept within very. x'mrrow ,
: llimita. . Di:,regurding lea.ks which can bo readily sorrected,:one: B

could egtimite the’ nncertaintiaa ‘in the ravw material bslance to be
around.% 2% in o 10 liter converter. This represents an 8ccuracy .
“which could not ba improved vith tho smn umounts of rencted aub—

' .stances.

; The ams unta of coal a.nd oil are u.,m.ll" rathor accura.te 1n *he
mrterial-balanco-which- neans, thntmthamunnorrsctod C. balance &li’imw '

.mostly very good.

: / s/ AHupfé:‘r




:the tes: ~the 10 1L1€
~ba omputéd ‘as material .
- working-up iof ‘the residues. The
“off-vater aro estimted £rom “the
 Fischer retorts, while al

©Y i The acouracy of ‘23 uncorrected eleren

culated have been tested. The little table

on-the-average -values,. .the.o cattering end
Balances used in: tkis- tesi vere “buced on-a
be readily corrected. S L s e R

o Ave:ag’e values; @ 000 - 9
~ Average scattering® * 0.95 3.8

 Extreme veluss, §  95.3-105.9 76.7-136.3 52.8-20 61.6-18.0

... . The emrbon. and sulfur balances add up therefore: on’ the average

- ' to around 100%. Of the oxygen eatering the resction about 0.9% -

i amm i s ~unPecordod ;- and .@scapes..dstarnination chlefly as mo isture’

‘  of the off-gases. .About 203 of N i3 lost.. It is essumed that It
‘also leaves-for-the most part with the converter gas &8s NHa. The -~
primitive gas scrubbing on & 10 1iter unit has not so far 'ggrmitted'- S
any more accurate determinations. e TR i T :

. The scouracy of the elementary balatices (v.: average scattering)
drops in proportion to the azount present of an element in the total -
input from C to 3, as could be éxpected. = : :

.

" On the average, the raw material btalance (high p:r-éss‘ura,ﬁh:];anco) ’,
add up to §¢% with a scattering of ‘£ 1.58. FHe greater accuracy can ..
\ be expected with & 10 liter converter. S o B :

/s/ Eupfer, V. Eartmann




tely. use ra' af'f‘ s for. correcting them. .
“Trequent “  ‘ g’ hor the damege Wil be small

. ey 1ndependent1y in suehn

o di"ectiongwgggm “the-higher. suﬁ@rviaing D raonel 5
tine, and wAY CAUse. gawmege, vhileh - coulu ‘heve been avoided, if-
‘the operating personel waS. prop ’SUructed 1n the’ righﬁ"
:procedure.v : : Gy

e . f‘ng personol h 5" to. perform -
'_certa*n ‘definite, tasks in &'of an emeigency pressure releaueb
" for the execution of which, and in their proper sequence,-he- :
- 13 kept recponsidble. A freauent 1nstruction of the per onel'
,’in this service 1s 1muortant ; . .

: . Precautlons io Be uscd ln the l*quidiuhusp in case of trouble 2
are different than in the vapor bhase. As a. general rule,” - )

uempe*ature‘*eac*icuswproceed -aiower- znwthem¢1quid phase,mthanw.

in the vapor thase. They also ‘frequently occur locally.as = =

raaction centers, vhich affect but little or .not at all the

“adjoining. tnermocouplos oD coqverumw,operation thermocouples

The most sensitive and dangerous parts of 2 stall are always '

the connecting pipe lines between the converters, vhich have a
_tendency to burst at high temperatures, end particular attention
must always be paid to-.the last thnrmocouple of the ‘converter.

This last thermocoun’a in the liguid phase is. frequently unaffected
by the converier reaciions, - wvalle in the vapor phase © emperature
rises in the converter glways affcci the adjo;ning couples and

the outlet the*monouplcs. . O

The rollowiﬂb p“el¢m¢ ry d‘"ect‘cns are considered necessary
' fexr the conver»e" operator at the Louisiana Plant: ,

e 1) ‘Iiquid Phase. - B .;f s L "

: "'oiuilar1~ to the Gér" '1n t“Llauions, the converter temper-
“atures will be &80 - 383° 1cu1d ‘goxe - ccnxerter thermocouple»L‘




: . inaloaton avnsd” of The gas
" preheaterjis‘simultuneously“putwout;j_b)vHhenftheSe‘valves;areh
~ ‘closed {not before, since-that would draw: the vapor phase back
vards) the let-down valves of the stall are opened up in the .-
der converter II -3 converter: I and the pressure rolcased:
way ‘the-needle .valve in front of tie prossure.releage.tover..
‘The.pressure in.the stall is cirultansously released as rapldly
as possible to spproxinmately 300 atmospheres by means of-the - RRS
“pressure release valve on the suctlon side of-the stall outlet,

‘;;“f;*““*tOfieavefthewhangerqupfnange~qf*prsssurestf“ihefpressurefof“all'_f

the liquid contents of the stall is relcased by meuns of the
‘needle valve in the pressure releass tower.  Tho pipe 1line iz
briefly. purged vith hydrogen and mext vith nitrogen, and event
with flushing oil, . The residual gas pressure of the stall is
released through the expansion valve -at the stall outlet.

2 If the stall pressure. would fall rapidly because of the
.~ bursting of -some pipeline, or some other major leaks in the ' -
-stzll, efforts should bo made to effect the let-down of the
" converters by a complete opening of tho let-down valves and of
the needle valve of the pressure release tower (eventually also
‘opening of the by pass.  The addiiional pressure releasc of the
.. 8tall will in this case be omitted. . SR R
~" . e} The hot.snd cold catch pois are to be let down in the  ususl -
“way during the pressure releasé operations. All the gas inlet .
pipe lines (cold gas, RCID lovel indicators, ete: ) must be clossd,:
.~ to avoild eny sucking in of the fecd becsuse of the differences
. ‘of pressure.. . - \ . e -

@) - The compressor operators for the make up hydrogen, the nen .
gervicing the gos girculationipumps, the feed pumps, the mainten-
-ance 'of circulation pressure differcnce, must te lmmedlately
inforrred of the steps taken, in most cases with direction to




can not be—reduoed ‘with cold gas, tho amount: ‘of feed must ‘be;
“halved. ' Should ‘the: thermocouple -ree ing reach 5309, the’ tota

niection; must.be: stopped Sy ‘poth- -CRBES8 ;- the-c mbustion RAS

he .preheater must be re“tly throttled If = thermocouple~-*
: reading should ‘reach 5 0° the eqergency prossure release must

b) After uhey are closeu, thc pregsnre in the stall is’ released
through the pregsure réleoase. valve, . in such & vay, that -the -
‘pressure” drops from. 700 to-300 atmasphercs very-rapidly {(2°-3 .
‘‘minutes) in order to ‘letve' the dangerous temperature region; the -
- remainder-of the excess pProssure is reduced more slowly to . ;
-~ protect-the~catalyet-and-the-equipzent;~and-in~such-a~way;~that-:
in 8 minutes the- pressure -be reduced to 150 atn., &after 13 minutes
to. 75 atnm.,; after 18 minutcs to 30 atm,, and. in 25 minutes to
0 atm, . In particulerly criticel cases the pressure rolesse must
be. accoxpiished still wore’ repidly, especlally during the “first
moments. o . : : o :

¢} The cold gas gupply is cut ff during thé‘ébové,oparatibns;ﬁ
beginning viun convexrter I. ' _ ;

d} Tho coupressor opﬂrators for maLe up h“n rogen, the service
usn at the gas clrculation pumps and at +he circulatlon pressure
differenco are to be irmediately notified, 1nfo*ming thea of  the
steps: to be taken by them.

| - :
e) €Oy introduced into the E38 preheate"‘

f) Fluehing with nitro~en 1n cage of repairs.
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ule is: obtain a; if suifides .of ‘heavy metals
ruller'u eaﬂth:(Blaichorde), vtously trestad with hydrogonp‘
:fluoride, i3.uged as catalyst 2oIt ba

: el
uimota sulfides are used vwith
‘ean be restricted only to a much lesser'

-compared to the active coal already proposed .
- 'sulfides-of metals. for.: splitting 1iquid - bhydiocarbons . to. gasoous,
- the carriers .according to this invention have the advantage of.
'~ considerably greater mechanical strength, ¥hick-¥s of partlcularf‘ :
importancefor the reactivation of the catalyst.. Other known carriersh
such 'as active sillicic acid or! fuller's earth not previously treated

. with hydrogen-fluoride, show a conuiderably lowor erfcctivanena or »aﬁf:'
a..shorter erfectiva 1ife.: . s

e rangga enin s R T

Particularly “suitadlo foed materials are middlo '113 snd gaso=
"lines, besides heavy oils. If solid feed materisls, such &8s coals,
peat or wood are usad {or producing gasecus hydrocarbons, they are
first converted into liquid hydrocarbdon mixtures. It 1s advisable
to subject the feed materlals to be processed, particularly those. -
derived frcomcoal or asphalt base oils, before use, to a refining
. process with liquefiod gases, such as butano, propane, ethane, or
chenlcal msdis, such as aluminum-chloride or sulfuric acid, or to
rofining pressure hydrogenation. B

The pronsura heat treatment of 0113 is done at a tenparatura o
betveen 400 and -700°C and a prossure of 20 to 200 atm, or more,
_ properly in the presence of hydrogen. The cholce of conditions
"i1s dependent upon the quantity-of gas dosired. The temperaiure
i3 proporly held about 20°C hizher than in the usual pressure
hydrogenation. - While temperatures of about 400 to 3300C are used
in usual prossure hydrogemation with sulfidic catalysts, for example,
temperatures above 430°C are uved in-the process of thia invention. - -

Another means of 1ncressing the gas yield is decrease in thru-
put below the otherwise custemary quantity, e.i. belowv-about 0.5 kg,
with Ep-poor feesd materials, and belcw atout -2 kg, with Ha-rich




)£ _thg omposition of the. hydrocar
1t the composition -ofra: ga

o op

CRHjo
Cs5 12’

»Exnmglo 2. ' R . :
T K miadl ”oz:rrram German’patroleum“at 450°C-together*rithwﬂewwwnmwwmwm
. under. &8 pre«aure of 220 atm, 13 run over o catalyat produced by
- the deposition of wolfram-sulfide on fuller's earth previously- -
treated with hydro-fluoric acid. ¥ith a thru-put of 0.7 kg. per,
1iter catalyst space per hour, 32% of the feed material 1is converted
into gaaeou- hyarocarbons ol the folloving composition. o

CaHg .
30

If activo silicic acld 1a used a3 carrier, under otherwice
equal conditions, the volfram—sulflde is ccnaiderably lesa erfective.

o Irvavtnruput of 1.5 kg at 4209C 13 used, so that omnly 6% of
tke feed material is converted to gascoas throcarbona, this gsa
has the following cqmpoaition.




] esn .for the:production ol gaseo Y
than one cszrbon -atom in: ‘the molecule from liqujid, b
substances, particularly hydrocarbong, by catdlytic pressure hea
treatment in ‘the presonce of sulfides of . heavy metsls deposifed
- ier ‘substances, preferably in the :presence .0f hydrogon,: undax
ich''conditions that™ at?*taaatfzoﬁ---°or»"'10ra""gg;;*thg*f:feed"-mtor:alwin i
convorted into gaseous. hydrocarbons, charactorized by using full
arth previously treated with hydrogen-fluoride:as carrier subatsnce
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TP ion a1
reaction; wh
.preheated or:

‘bining both:
. ..a preheate

‘caused by
508!

"It bas now.been found that th heat oxchangers “be pr
/" from exceszive wear by the sams . principleo, . Lf: the feedrmaterial,
“partly in the form of a coal-oil mixture with.a: comparatively louw.
‘coal content and partly. in ‘the form of & cosl-oll mixture with e

high coal.content, is preheated in such o mannor that the larger
portion of the material to be treated, uith Jowsecorl content, 18

.-+ ‘preheated by heat'exchange. with the products -of reaction, and tho :
0 smal)ler portion, with high coal content, 18 proheated by outslde ' :
et -heat SoUreos to . or nearly fto*,'f_?’,thc"rea.cti,on,te'mper_aturo, whereupon .-

- ‘the two portlons &are combined and  conveyed Lo hydrogenation.' The
7 wear in the prehcater caused by -the mixture with high . coal. content .
‘can be readily 'prgventod;by_\weazf‘-resistsnt raterisl, because this . ™
_preheater con be spall in comparison with the heat exchangers: for-
the_greatsst portion of ‘the coal-oil mixture. This operating
‘mothod. prevents  the cooling occassioned in the process of tho main
. patent in mixing the portion with ‘the lower coal content, praheated
. . "in the heat exchanger, so that a preheater for heating the mixture
'-'@—w"hwhvwmvtoﬁthcvl»»»reacuonmtamparaturaﬂ._.ei.,t;hex:m.,bp,cpmagwgpgggggg"a;w or nead b3
: only very sxall. oo S : S B A

The smaller portlon of the coal-oll mixture with & coal content
of 50 to 65%, for example 1z -heated to approximately the desired
reaction temperature in 8 gae-fired preheater provided with wear-
resistant return bends, e.g. ensmaslled, sné the larger pertion of
the coal-oil mixture, which m2y contain 42 to 35% ccal, 1s heated
to approxizately the sano temperature in 2 heatl excbanger. The .

~  two_partisl streams 80 heated are then conveyed to the reactlion .
-.vessel, either separately or combined. . . ' '

A5 for the rest of the process, the conditions set forth in
the main patent are valid. I 4 o L

The attached draving illustrates the process in more detail.

The greater porilon of the coal-oil mixture with the lower
coal content, together with Hpy, is forced from -1ine "a" thru heat
exchangers b and ¢ by puxp &, ard thus_ brought to reaction tempert-.
tupe. It then flows dirsctly into the £irst reactilon: converter a.

S




‘pressure hydrogenstion of c 1-o0il mixzturss, characterized by pre-
heating the feed material, partly in the form- f-a:-coal-oil 'mixture
with low’'coal content apd partly in‘'the form of" a:coal-0ll mixtur
“with: comparatively high coal. content, in such a manner- -that the -
'v-"-;gr‘eate_r‘rrpox'tio.nmofﬂ.‘»tho‘Lmterml;wito.-ﬁbe‘...,trea.ted,,.'Nith;;low‘..;coe,“ cont
“is heated by heat exchange with the products of.reactlion, and the
‘smaller portion of the mixture, with relatively high ‘coal content
‘18 heated by outside bheat sources, to, or nearly to the rsaction

- te‘mpgaturo »- ¥hereupon both portions ere comblned and conveyod. t
Cpe@etLom . It e s e T I TS T T







. po! ,
‘gom® analyticml data vd.th ‘the carbon
] ! tha hydrogemtion
alstion betws .
hydrogenation” results is different for the coals f Uppe .
" The coalsd‘ran ‘the'Ruhr distriot contain for the same’ carbon conbent.
‘volis.t:.lo mat't'.or nnd ars oasier to’ hydr nate ;-

SE ‘ r the. B.ock Springs ooal. { :
cmos—for ths- Ruhr coals.- -An extrapolatian of the. hydrogenaticn .regults with Ruhr
1 comls to the. carbon content of - the Rock Springs coal givas tha follow'i speci ic

e Codn, maF, coal
. 'Rmaction temp.
% Coal conversion. . ’
Space time yisld of: Biddle :
. oil+ asoline kg/1.h"
? Gas/MO +gusol. +~gas .
-Aaphalt in pasting oil

To ehock these figurus the ash nmlyaos of Rock Spr.'mgs coula should also
ho compared with thoas from Ruhr coals. Ths conversion figure is lower than that
obtalrsd at Pittsturgh in Operation 182, tests 4 and 5, viz, 98%. .Ths rsascn for
this difference ie probably a low fusein ccntent of ths Ro"k Spr.’uga coale.

. From jthe a.foremntiomd spacific data the following figures ror the hydro-
geoation . of Rock SMS coal are derivod ascmmxsg two different losses in the
HOLD recovery: : .

7 c i.n KOLD - 0il loss

¥iddle oilfg;solino ,afmF cou.l Nl
% Ry'droca.rbcn gasoa

“.coz/

Thruput toes maP coalﬁns h
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: 1) "he solvant propertics ‘of 'the solvcnt nmst be as nea:ly 1'.he same ags L
possible of the pasting oil in -vhich the codl has beer; st.spenﬂed or in whiech

the hydrogen..ti

22) Under the corditicns of amlysis, the solvent "xust not dissolve
a:ay of the ccal ingredients, or <m1y very little of tham.

: 3) The solvent. must wall dis.:ol*a asphalta and resi..s forned ‘in’ the
. hydrogsnation, ard rust under fio conditlena prccipitate asphalts arnd- reains,
thus producing too high results, ] '

. " A1l these ccnditious are natm'any bes.. satisfieﬂ bty tho same pasting

" 0il as used in the operaticms. Howsver, this oil .can in most czses ot bo -
considered in the analysis because of its high boilL.g poirt. Sclvents have
accordingly been suggested for laboratory extraction, which apprcach in thelir
propertisa the pasting oils es nea.r]y a3 possible, but are rmdﬂ;,' vo]atile.

'i'he solvent nest frcquently used 53 ben..olo

" An exa'-.imtion of Table 1 shoss that the difference obtaired with
different solvents is very slight, when the hydrogenation conditions were
. .good, e.gs. in the process for the production of gasoline and middle oil at
700 atm, and one my well eonclude, .that benzol kas very nearly the-golvent
properties of the oasting oil and extractica in it therefdre repreeents :
- cerrectly the degree of vtilizaticn, ey




or
: cbmptrhed fron ‘hhe results of the benzol
wh..ch s much orey, than

.;ubs%ances‘,j hich
ydzogsnatim corditions. 3
_ation. conditions are: gooa, E - tsnces do.not. form,. ‘or. élse. they Torm. at
the start, and are so chan d by subﬂocuent hydrogemtion, that they lo..»e ‘th

. »‘jimolubil:lty in bar.zol.,

."‘from Upper Silesien coe.l a%.300 ata of hydrogen which’ pemit dmézine some
dedvetions an the propcrties thesa substa.ncw :lnsolable in bemzol. it
" Table 1T | Ei??f m‘t.he tltineta analyam' e some .
insolubles., : - .

'iable I'.'to i
" Benzol . | liadle oL Substance soluble’ - -
* insolubles irsolubles in middle oil and
FATEE : : _1nsoluble in ben..ol
Com T T (ealcuzazed)
83,73 .. 0 91,29 7 . . B6.30
3,70 ) 3.7 C . 3.63 .
426 o 1.26 ) 7.2
v . 1.59 co 1645
' % 8, volatile 179 - 2,09 L1650
‘The substance uoluble in mim.le o0il and insoluble in benzol shm a
sm’prisingly hizh pe“ccn‘tage ef oxygtn. 4 decomposition of a.sphalts made
“according %o buida and k.ow gave the i'ollo:-'ing resultax




‘ “are 80 arranged. '4n the %sblej; that the hydrogenaticn
itio on Improved ‘from left to right. Welhein: roperates-at:100=-150
tn in the absence ok £2800US hydrocai*bons msrely. in the presenco of middla
‘which give up hydrogem. In the Ludwlgshafen: extraction tests at 300 atn
~of -hydrogen,- the: hydrovenation and splitting conditions are: bottor than in.:
. Felhoim,: while at presc‘uras of and’ 700 this is true to an- higher

I 506‘.atm S
© 7 bltumen
-~ extraction

S (banzol solidas)
5 smgol, An bemzed
. soluble in gasoline
. ' (s-asphalt)
: 5 goluble in benzol ard T
gasoline (oil) 1966 0 ATe4

S bard aspaalt and ..arbenes B 60;5' S 26,1 13,9 -
% asphalt resin o 5.5 ... 11l © 3.0 o 66l

souressm o T 23,00 2663 8460 672
%oil : S . 10.5 ‘ 3605 492 1905.'

"~ The benzol - gaeoli.ne brea..:inb deen, a8 woll as by the Suida-r.iofz-Leme
pethad, show 'a relntiﬁmhip botwecn the couporents of asphalt and the hydro-
genation conditions. In the least hjdrogonated ard split Welbeim bitumen there
are 2% bersol insclubles, in the 700 gim hydrogenatiw mly 9%. The s-asphalt

. increases semev.-hat ‘a':lth greater hrdrogemticn, .. C : o v

—y

: Eueh ha.rd a.sphﬂt has been found bgr the Snida. and ¥otzelemme mothod,
which decrécses ateadily =ith groater hydrogenation, vhile the a.sphalt mina
exhibit Iardlr ary chenge _ _ . - .




reture. coledn, paralle
smperaturs tard, ard the hydroge _
enzpl'{insoluble substan end

“4n the £lushing g

decomposed by cra
vo learned that these-res ;
bons; which ars.unstable ard very 8sens

‘vets the idea*-:thatwthe:--‘re‘sinb’::precipitated,‘,b‘y;.,benz_dl_{j ogen
..and ‘in’tho ‘L.T.C. are. principally docompesition products. of ‘bitumens;
that they only becoms soluble ia benzol_'by'additioz;al_hﬁ.:ogengtiq or.ex

ci




‘which was the first to. use hean eu.h.nso*s,“,
.obtained with the mixing orifiocs ard the 'y )
our preliminery exporimeats have shown’ that 'thcra ig no. settling of ‘8 hom
“paate in the pipe. 1inea even when heated ‘o -the ‘oporating
temperaturas . Frea e ‘practical stnndpoint;: a- sufficient- Amprovenent - of - the
‘mixing of the thin p:x.ste is producod: by o nlac.mg tho” niring rozzle with .
. power stirror which guaremtosa-e sufficiontly unifcen mixing of the compoaents,
“.-and pormits wsing the supply Yank with a stirzer merely. as buffe« tank,
o the. gtrangth of qulitative end quontilative toota with 2 1 ‘Izboratory modﬂl, a
_suitable mixer for s continucus production of thim paste ds récommended, with
the production of 1,14 te/hr, and vhich consiste of a 10 vane double turbine
‘with'a pipe line and brezker arms,  The nixinz noticn is increased by such -
-locaticn of the feod lime tha? tho mintuse of thick paste and oil, entarin‘,
*“at the.botton will te just sucked cut, =ad will romain es leng'as possible In -
the puap for better mniddng,  The ml;h.;onshipa cr.a“rw botween ‘the hbo*ato*y
v model and the industrlal size unit ave wied An the detani.q&tion of the rpm,
. N mizer dimensicns, recirenlaticn and pomor rejuirements- o pacduce geometrically-
e g dndlar L Igw condtticnn i the Yakoratony **d“'in:h::”;:"ﬂ 2eYe s Bmperdmerty i
in the laboratory model and theorebical cctaiderations of siirring and nixing o
procosses have resultsd in producing userul sugpesticos for the improvepent of
The thin coal paste prepa.;.—;bicn in Ste-.tm. S e




(Kerzen) : cons
The cepacity of uhe‘
| f‘iltar i illustrv 2t

-~ £ilter cake dn.acharga dﬁ".&C«»a o
_.besn replaced: by- ~a uughroon’ closure

gave ¢
(ceng) held agqinst {he shnrp

" asat by nitrogen : ‘ % intex:deu tc' replses the nitrogen Ty
oil pressure to avoi s n* urcgan Failur

- Tpe-disckirged cak : hru the opc
under tnert ges (CO,) prossure, from which it-ls- a*s‘.lmrved into a Redler
- conveyar thru a chute by & ravolving reke. The Redlar: ‘conveyor is &lso:
- under COy. pream..ren “The Redler. conveyoer: 1s protected aguinst wear by re-

inforeing plates;: .xhn Qowvnvcr deli
“tributor into tro | {2). Bittner L.T.C
abauk.308..ail,. t.hc.wa_a.ln,msiduc 2eC
ash. The kiln rwidne ‘zesz to tis b

Tha cglum. {f1iter) m teu.e..'
Sehumacker, Diotigheim. Welbeir. he

pore ewface and will pass 1002 lite

- -absolute prﬂr,ss\ms*c Ey COEP-.AL.L._C'!,
dmiz T 3n 200 secoxnis, which. mesns a 55 &
£1ed with the pwrity of the BRZ 40

ivors uh" 1iltez' residue thru g dis-
<X o 'rasidue containa

OJ..GI‘

,‘"' & qu:ruu refs actovy, "'nished by
g tried cub several pore sizes, ERG‘)'O, ‘
40, =20 and Ultra.. At the.preseut tiza, BfG 40 is In'vsc, Tt has 365

re of wator in 100 seconds at 1 etn S
ke Ulira material will pass 100 liters
ccrzase-in capacity. Welheinm is satis-
Niltrate. Leaks In the f1lter columns -

hardly ever oceur at Welheiw, . rlihoug o tonsicn spring must be drawm.

as tight eg poszible in-assaxbiy.
are dipped in water glaos ?:c.horf as
4hat ths wire reinferccment on the
with, because {hey vill ers
——=: wire is wrepped- 211y over
with ecolumnz of leuger glemontsy

<O
C’:

The séals betuwesn the rings (Klirgarit;

1ye Iperdence. ‘at Welhedm has shom
ter column rings cunnot: be. diepensexl

easilys otherwisc. ~In new columns the
srtire lengzth of the cclumm,. Experimenis

5 to 6 c'smnued rj:ws, a"-a ‘also. plannau.

"'be .-_J‘e ¢f the cc‘t:::s- 5-1000=1500 f_.l’o“ations, wherein four (4) -

- tons of rev fle2ld por fiiter m‘t cf

22 nf £ilter murfece is processed ‘per

filtratica. 4n averags cf thrse (3) “13.»"5»-0:' per- hou.' are mace, which




“ evallable.: The f£iltratior prossuro' L e ;
verflow limited by an orifiqe (T’Benﬂe)g J.ltration ‘time proper is -
on 3 to 6 minutes with a-tctal cperating t.ane of ‘17 to 20 minutes, depend-
ing-upon the &go of the- oolu::m o wosh filtrate
noggure. as pasting oil. - The i‘ilte ‘eake ig axpelled with COs: @ 7.5 to 8»

" atmy. This pressurc’my Yo 10901'0:1 3P %K éake’ is expellcd with & sudden’ .
~ghook. ‘A rapid-cpaning valvs is ussd for this,  The bricks-(filter elements) -
are flushed’ during re"illing of .ran feed by applying CO, pressure from the
“inside to the cutaids. Filling end emuy“.ng tircs are ﬁept a3 low &8 pos—
sible to keop wp the- eapaoit;r and -provent, demage to:the filter by drying out,

- The fillingvtizza ghould be abeut 2 n.,x:utas. ‘When the filter is :shut down it: = -

- 1s £illed with mdddlé oile . Thé.valves are operated by hand nheels, for which
2-men-por-Tilier-are-roquired ¢ Tke- <L0_-copsuzption- 18500+ /h/filbarﬂmi‘bw

- Welbein-1s zhort en C02 and S.s ccns’mer*‘*g elesnmg and recy ...ing of the y

cused G050 0 I O o e .

‘The two (2) Bt:.‘.tner h]:zs for deo:!.l...n" uhe ﬁ.lter reaidt.e have a cap- =
acity cf 1.5 ¢/ and do not o-aerat'\ very: atisi‘acucrily. because of leaks in~
- herent- in the cons’crt.cu*ong Fel, =3.;n prcaoses to replace then by another

types

The topping of the rire fillrate is ene -4n two' (2) stages. In the .
o first stage it is cencentrated to Su,» bitumen content, in the second to 100%
- -bituzen €@ 220°C sof‘temr,5 roint. * Bisecntinucous vacuun agita‘bicn i1s used for -
+his. The preheatling is done- in harizontal gas heated pipe coils. Continu=~
ous cperaticn  (short cm.m) has u,oently been adopted, though the second. -
stags 18 st111 in the experimental 3tzge. Eolding the level in the column is
waived herein, The bituwen is granulated in a water trough and drained cna
" vibrating scresn. 4 smll water content “of the. granulate docs no. narm, be-
- c2uss tLe e;.ectroae coke. ie mde or;r addi.: stean anyway.

. in cooperation. with 8 i.'!.f.er namuactxz‘er, premm-ably Imper:lal, Weln e
‘heis is developing a continuous pressure filter, Dr. Schmitz rejecte the
‘use of a "filter aid", or filtering agent; because of the difficulty of ita
eq.:a.l distributien on the oolmma and for economic reasons, R

/ Pxl
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S of _ccﬁrap, ,the.,ec'i"'eé'se: :eatajyst',_a§tivity_and, uality of " pgas
" %o be evaluated, but this can be dome in separats experiments and only witha
- small mmber”qu,sulecto;d‘@ts;]‘.yats. T e By PR R T o

‘In the 1iquid phase, however, the amount-of -thermal reactions is -
 consd ble, therefore the influence of ‘catalysta on the reaction more qiffim
- rcult-to determine. "In addition the coal hydrogenation reaction 1s influenced .
‘to-a considerable. extent by.the quality of the recycled pasting oil and. the o
. amount .of settling of catalyst and solids and of stirring in the converter. - :
"Furthermore. the asphalt and solids content, the coal conversion and the o e
" “composition of the new formed 01l must, be determinéd besides: the q{::e time 0.
_  yield of .mew formed oil and the tar formation. That means that autoclave experi- =~ .
T e rets f’faﬂ*‘wwgive*roeuzplpto.‘pictnm;opxhe«. parformance_of. a liquid phase . .. "~ . = -
catalyst. Experiments in ccentinuously working converters must be made and the T
influence of the recycled pasting oil and ‘tpouble freeness of operation observed.

_ Vapor phase catalysis have an influsnce on the following reactlons: Ll

removal of oxygen, sulphur and nitrogen, hydrogenation of olefinic double bonds. .

" and aromatic rings, severance of carbon to carbon bonds. ' Each of these re- .
actions can easily be studisd in model experiments. For the coal hydrogena-
tion model experiments are mare difficult. Therefore, conclusiors as to the

_.action of the 1liquid phase coal hydrogenation catalyst are difficult, because
they are mads usually from & very complax reaction. The splitting and hydro-
gevating action of a very active catalyst, viz chlorine, in small scale experi-
pents may be seen from the following table: : ; ' o

Ccal comversion . i 1.0 -
Cas Formtion/i.0. — - 10 ~ -
. Asphalt content of pasting oil 1.0 -




o it vas found impossible to )
'c’ostsf:omjthe,--'hyﬂ:ogenation idues, othér'c vere.’

Vi satisfying ‘results were obtained with about 5 iren '
the neutralization-with sulfuric acid, . Y

o " ~In the:liquid phase hydrogehatlion rand »
" aotivity of the recirculated molydbic acid was impaired by mts of:
" inorganic and organic solids.. Therefors, here the’ use ‘of  high catalyst -
concentrations was abandonsd and only small amounts of catalysi were. used ‘and
7~ discarded -together with a 6mll amount of HOLD, containing also the 3norganic
'and"orga‘nicfaolid's‘And""resistant aspbalts: from: t - feed. To. obtain the .7 '
optimm effect and avoid the settling out of the. folyodic acid, this was used
"‘on support. The best and. cheapest carrier was stsam activated lignite semi- "
coke (grude), socaked with sulfuric acid.in order 10 neutralize 90% of the '
. alkmlinity of the ash and with 2% of rolybdic acid a&#()&tlA)zrﬁoOL-.; ‘This :
catalyst was comercially used. -1t was replaced ‘only becausd of the scarcity o -
; ) “4pon sulphate and ‘..

molybdenum, b . j e
operation.of the comrercizl plants eithcut & sensible :eduction inthruput.

For, the hydrogenation of bituminous coals also, molybdenum oxide ' . .
(coal soaked with ammonium nolytdate) .ms used with good results as catalyst.
later it ms found by the i.c.1, that hydrochloric acid (also hydroiocdic acid) -
is a very active catalyst for the bituninous coal hydrogenation, It ia -
favorably used together with tin. Usually 0.06% tin oxalaté and 0.75% chlorine -
" as ammonium chloride were used, howsvaer the high corrosivity -of hydrochloric
acid, especially at the temperature of water condensaticn, necessitates a
___  neutralization of the hydrogenated product before the beat exchangers. Tin '~
ard chlorine catalysts vere used commercially at the Scholven plant. The -
tin oxalate was later on replaced by a tin ore residue containing about 15%
tin. The same results with this mterial were obtained, using the same
. ‘amount in terms of tin. ‘ : - o ’

At 300 ata pressure good resulls cere obtained with bitumizous . .l -
coals of ‘a carbon content not exceeding about 83%. . For higher carbon content
coels, a sufficient asphalt hydrogenation was obtained at 600 atn hydrogen
partial sure. At this pressure, however, the chlorine corrosion was = °
Torse.  Therefore, catalysts were tried which shonld permit to work without

c_hlcrinb and vhich also are avallable in Germany. . . .




E ng the low car ' prin
‘pressute of.700 atm, there “seems to be no need to use chlorine as 1yst
‘course,”with chlorine as. additional catalyst to.tin or molybdenum higher'
thruputs and“ylelds are” attainable,The- following catalysts, employed in. ..
- compercial or semi-comnercial equi
‘plant, omitting all catalys o

. s ; LN
Iron‘catalysts (1.2% FeSO, Fio0,

‘ Molybdenum . (about 0.02 0.05% Mol3 as. :(NHL)ZM."OI. solution)

: These 3 catalysts should be compared under similar operating condi- . ‘.
" 4ions in small seale experiments, For the .tin and molybdenum catalysts, an:
- glkaline reactlon should be avoided by adding ‘ammofitun chloride;, but to . -

‘"""'7'””"_""""“pﬁa‘ve‘nt““'c‘hlbr‘iné*ccrmsm’;“’weﬁchloﬁnewcmtmv»gfmtbo»Mﬂnted»_,liqucxz;-mxstmm.
" " be kept below 0,04 at most 0.1 g** per 1iter.  If the natural chlorine content
of the coal 1s too high, corrosion can be avoided by adding an amount of & - -
sodium sulphide to the coal sufficient to keep the chlorine content in"the
liquor below the mentioned limit. "=~ C o e
: = If the results with tin or molybdenum as catalysts wore comparable
to those with tho iron catalysts, the former are to be preferred because there

48 less danger of scaling and only a small ameunt of solids is introduced.

The experiments with these catalysts would give. reliable results if they were, . '
made under reaction conditions as similar as Podsible to those expected in — '
Louisiana. That means that the. new formed oil consists of middle oil and -

gasoline besides the heavy oil loss. Ths. IOLD recovery shculd also be .
similar to that in loulsiana in order to obtain a similar recycle pasting oll. .

» Inasmuch as the Rock Springs coal comtains sufficient sulphur, '
no a@dition,of ¥ayS will be necessary - : ]

-~ - %%If -in this cass the liquor or the layer between the oil and liquor Gontain . -
black flocks of FeS, the chlorine content is ‘oo high.’ o R
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" StettiarPolite,
1/, Decsmber 1942

i . Inthe low temperature casbonizaticn € 530°C in the’
~can-0f-10-to-15%-18-gonerally.sutfered. with pitch, letdor
- 40°30% with centrifuge residue from Silesian coal; the losses
the 01l obtained freo of water and -golids. The reason for the following
exporinents was the. fact that various materisls, added to the feed for

E cthei* reasons, reduced the yield in L.T.C. products. . This phencmenon.

. 4o the ided that the yield could probably also be increased by the
- -addition of suitabie substances, which either docreased the always ob-. .

- sarved additionsl coking of a pert of tha injected oll or decrsased gasi-
fication, - | - " R _ L D, ‘

. “Pitch letdomn, obtained in the hydrogemation of bitﬁminoﬁé_coal tar .
pitch, was used firsi es feed meterizl for the experiments, later ceamtrifuge
residve cbtaired in centrifuging coal Zzydrogenat_icn letdcwm,

-+ A. - Erpeciments with'Pitch Jetdomn, |
o . - i

e - .. <. The work Was taken up in cur laberatery so that pltch let=
- down, elsc proccased in the plent st tko tinme, was cartcnized in the Flscher
L.T.C. retors. This material, with the additicn of superhosted steam, pro= .- -
. ‘dueed the follo=ing yleld btalance in ile laboratoTy: 7R.5% oll, 3.8%'gasi- -
fication, 23.7% additional cckizg. : Lo R

-




e

_tch letdown was obtained,
un (red), and 0,5.t0 15 wi

“of; \ P
‘inasmuch as it was found thab the yield was" higher in the’ lant than in the

. 1aboratory,: 72.5% oil in the laboratory against 83-83% in tha plant, This

difference may be: explained b7 the fact that our materials were heated.in.

.-the laboratory to: '520°C at tho rate ‘of 500 per minute: and “then carbonized in

In ordaz' tc elimi.nate th:.a drawback and come clo°er to J.az'ge seal

S plant operations, we have altorod the Fischer retort so that the letdom or
‘ ‘. rosidue may be injected drop-by drop into the retart already brought up. o

“carbonizing temporature. : It wes hereby found that tho yields in the’ plant
.and the lsboratory erc practically the same:: 85.5% oil in the laboratory '

e f”’“""“"against*&q’as,’a S Es plamt s For EAAet T of BTy ed " $eentun s AN

4rm the same s]ight increase_in y:[cld vas obtained witn the altered retort '
asbefcre.' D S

_ Thcutrh the increase in yiald in tbe carLoniza*ion ‘of pitch letdown -
was- mhportant, ancther cffect was observed here, as well-as later,in the

- carbonizaticn of centrifuge residue, i.e. the-boiling analysis of»%‘xe lotw

down treated without cate.lyst, cozpared to the sample tréated with catalyst,-.
showe:a shift in favor of the niddle oll fraction to 2009°C, Then, however,

" the product obtaincd fron p:!.tch levdown treated with cntahst becoms beavier. ‘
_ (See Tadble 1)

3, & mmmm.cﬂw
vor bﬂe&fz_rst experiments with pitch le.dm only centri.fuge

residue from ceal @ *ogenaticn ¥as carbc.xi"ed, also with the altered retort amd =

with superheated stem. Witk 110 g feed carbonizaticn was 1imited to 75 min-
utes with-subsequent additional-10- m:!.mrtﬂs. A series of experiments on the: in=.

. fluence of the carbonizebion terperatrre ifdicated that the optimm yleld:

was obtained at 53000 i.e. at the sorme qe~pera*ure used: 4n the plant, (See
L&ble 2)0 - . : N .




ofy
bhe caxbe ~samples -
uded for these sulfur. experinents ‘wag’.ca
“£ions; 1ater described -herein.ik oithespercentage.of. :
fourd that 1,25 is the upper linlt. “Further addition will do ne.
'  Balow 1 he yleld will drop &gdin.” (Séq Table 4}
CHiT While we were st xper ing with the Gués.in.the. ’
‘the plant started to add catalyst to material +0. ba carbonized in July 194
‘The -laboratory results w Yerein confirmed; the everage yield in Jims 1941
was T1.55 oil against 79.5% in July. ~4&s already mntioned, in:the -carboniza
‘tion.of pitch letdown 1t -was ncted that the addition of sulfur raises ‘the. "
pidale ofl comtent, but thab above 3009C the oil with sulfur additicn ba~
, comes heavier. Similer conditiocns-apply %o L.TiC. oil from centrifuge rssidue,
.’ except that the entire quaniity of tke product-to 360%C ¢ :
fa incressed, as ahown in the boiling amlysls, Tabla 5,.
- OELALREY I e AT it e .
-~ ! The'highor initial boiling point obtained in the laboratory experiments ‘
‘1z due to the fact that the aftercocler oil was not treated separaily in these
experiments, which was dong in the plant experirents. The aftercooler oll =~ = -
analyses ehow more censtituents in-the Sfractions between 280 and 360°C with. ’
.. ulfur edditions then without sulfur._ (Ses Table 7). e * o
. Fluctuations were observed in iha Iractlons balow 280°C, Frequently
- more light constiluvents were present witheut addition, which, however, could - -
be charged against our éondensaticn difficulties at ‘the start, particularly:
with the aftercooler cil, bocause the still lighter constituents could not .
be fully liquefisd in the cstalyst trestment, Recently, conditicné Lere‘are .
the sams as in the lsberatery. (See Table B). o : D

~At times, the yisld in ths large scale plant experiments would drop,
contrary to resulis-in the laboratory wilh the. samd mierial, At first we
assuzmed that the suifur reacts immediately when added to the residue and is*
no longer present, cr in izsufficlent quantity, at the entrance to the carbeplz~
ing kiln, It was found tHad temperstures of 70 to 9090 caused a barely percepe o
" tible HpS fermation, and that at 1109C traces were obssrved in treaimenis vp to




" i The ebove menticned drcp in the. L, yield
“-tions wasy-thereforsy “due-~to-decomposition ol
- today, & -drop always occurs when the kilns are re
because of repairs and are, therofors, shub cff

7 These, experirent
. that the addftion of suli
"ol yield, if suporheated stoam Is ) on S
" gtorage container does no harm, The chemistTy of the reaction may even:]
‘based on tho formeticm of HoS which may possibly be,.’coqvqrtgd: to split pr
ducts at the carbonization temperaiirad ‘Forcpsrating 'resscns, it was also '
" ‘deeirable to add code and. sulfigranto the residue in: plant operations.  Howe.
“over, laboratery experiments with scde. shoved that the yleld is reduced . .=
hereby.  For example, Tesid , ‘addition yielded 74.5% oil, i
I4H IS s0da " ondy 720 e ' ' i ‘ it

!

* " On the contrary, tho cage 38 different, if part of-thé sulfur is re~ -
* . placed by soda, By preperly proporiicning both, the negative effect of soda’ "
-~ ‘ean be controlled so that at least the same yield, at times even higher, is- .

‘cbtained as with pure sulfur. oy SR - T

¢

Table 10 gives & picture of the cenditions and shows-that with 0.15
to 0.3% soda znd 0.9 to 1.2% sulfur, based cn the centrifugs residue, gives
- at least the.seme Teoults as withoul aoda and with sulfur alcne. ' - =

These sxperizents were follewed by those with additions of sulfigran -
%o the residus, which showed that the yield is incroased when-small quantities
are used, but ihat larger quantities, abcve 1.3%, do not affect the yleld
either way., Sulfigran reaging between 0.3 and 0.9% prodused +he game yleld
as sulfur alonz, tub 7ith 1,33 sulfigrsn and ncre the yleld appreached that

~ without any catalyst., Accordingly, sulfigran may ve added withoul misglvings,

- particularly since,2t times, the yleld is even betier, when it is used to= '
gather with suifur, 4han wita sulfur alone, as with residue II. ~When using ™"

0.2 to 0,6% sulfizren and 0,95 sulfwe, besed cn the recidue;-the yleld-is




_10% by adding sulfur and superhect oea stcam, particu..arly wken the sulfur is _
" added, together wilh scda‘and- mf_fi@an -in ke form of a 20 to 25% pe vta, Sy
as wag shovm in ‘o}:o Ya% es* oxpn Jaonce SR :
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. 011 _froa Comirifugs Residve (Plamt) .

D uith Sulfur | (July 3941)
T : Sample of 7-25.| Sample 7=31

.

S

Initial Boll
4o 320°C -
B 340%C
e 360€C -
Spec. Grav./50° |-
N » - i e g A VA




Aftercocler Oi

1 zso°c

2809

73009
U835
3409
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o Determina‘hion of Sulfm' Content in Cﬁn‘uriﬁlg’a Rcaiaue aftor various pericdu. o
m:,,g !8 f: lig Expe 1‘ & OC ‘

400 ) % s
‘334 %
At —_2079 ’

2433

© 195
1.63
1.26
1.05
0.80 -
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049 4.:0.3 -
046403

‘ﬂ‘ 0,8 + 0.2
5,0 4 0,15
2.5 470,15
1.8 4 0,15 s 18
155 #0355 |- RS T 0l T2 2.2
‘,.T‘I:zam**mn««w«» e e e S o « it o e d.92,7m-. '*59#::55.’8-»«» wl.sw‘ vw:n o

0.6 + 0,15 - ' ER S B R B 65 22
0ok + 0415 ’ S DRI B IR B
0.25+ 0.1 o
0415+ 0.1




‘m 15 thesdischa~gemw ™ e'pana 8XD >
: approximatoly mX {kapoa) = 1.4 (with. £rictionleas
If the“f 1ct10n cannot ba neglected, m: iﬂ somevhat less than

The temperxture of uhe diacharg¢ng gas 1n the end'~ross-

_ seétion, aasuming adiaba*ic expansiou, is given by
(3) Tl/Tg ® . (pl/p )

- The density of the ﬁischarging gas in the end cross— i
saction of the opening. than 18 { » - A R

(§) ; D.é S ‘x p8 X T Vi#ﬁ é°¢;i .;

X = g

~ where P, is the critical pressure in kg/cm and c is the .

comprea:ibilitv factor.

" Furthermore, according to Eﬁtte, Vol I, page 553, the
diacharge velocity 11 -

RN

‘(5)'\' f2g X x ?1“1 x m-1
S 1 ;D,—'I:I




= 1.9 = =1.2, and

4.- . . ‘)*‘,v‘v L
2 x 1k % 0.525.x.1.2 x 10 x p,, or

0.725 = 10

&

x pl.. (ke/n2).

) ._'p.l' (atm) ». »







~f§rographi ‘ chsmcterioti
1on of: ccal True, the or Lnal toc. hig
ss,-,th’ ney mothod:
e can .ﬁhinguis Y
ks IEXY. kv'- traing Vit lanz
ohle) and fuaa.’m (Fus ; 4, attritus’ (durain
urit, Mattkeoale) %o the. eecend gt _\iue "abtritis may be composed quite
dif.ferently, iepending on ‘the ‘proportion of its const tuents; ard ‘may_there
ore &lso.behive very. differently from 3tan s while. in the:
"homogénéous. camponents, the ocaly, difference which may exis Wit
‘the Gifferency in the degree of coalirication (Kﬂhlwein, Gluckauf

p, 13243 Fﬂhl-'oin, ; ‘r:nnn, K.;i'mes Ib:ld.,

ugui. : in
tna following prel.’uninary t:eatms'rb« RO

" Ashing of thin splmers ‘b coal Ty ignd
hich. leaves.-bekind .an.ash. sisletcr
undar a microscepe. : ‘rhis method can

i

bacenticn of coal with cxidbinv agcn a:, thiuh vill result in t.be
solution of tie more roidily “aolublo conziitusnta cf the coal: ard make the
~more difficultly soluble-plant reesidues visible wnder the miercscope. - “This
maceraticn is done in chromic acid; or a alxture of calc*mx chleride. and
nitric acid, .or chlorine dia zide - accti" acid (dipbanol ‘ .

- The most’ inportant nothed “or the examiziition of coal in transnitted-
light consists in the examinaiion of thin sectdons, In which a tablet of cecal,
grovrd thin encugh to become irana -zara'ﬁ,,L e:.a:m_ned under the nicroscope.

Good resulis ars alzo obt ai.zea. by the ‘thin cectinn nethed in which
4fe coal is softersd with lgiroflucric acid, inbedded in nitrocellulose and
cut with a misrotomes . Very geod . ihin seclicns are obtained oy this somevwhat
“eompiicated m*thod ard the:’«z microscopy} pivoduces good resulis el
: ' The emminaticn of ceal in tr‘u:smitted 1ight requires. o‘varcommg the . . .
- diﬁ‘ficult;es of ‘preducing thin secticns with. the added dﬁfficulty that coals

!
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easier to To=.
“cognizs than.
~.3n. anthracitanf'
78-98% C. Is
: »;.usually pure ;
“ecal, Indus<
trisl differ~ '
entiaticng c f "raqugntly
- short flame -».-  grades '.':zto
“eoal, bitumle | old _shalao
nous coal, long]. - .
flzne coal. Ths 2 : i .
coaYitication—{~ : » wmw
‘deereases from § - - : - R
.short. to long |
~flare c0° ° e o » ,
. The qegree of coa..ifica.uion is dete rmined by observﬂna tho coa.l sa.mple
in polarized light,:becauss anisotrop:.. p'npc:'tiea ard rei‘lec “ve par'ar increase
“with the coalificationc . _ ,

; The low coalification grades of short £ 1ame ‘coal pemits' ready a.tstmg'uish—*
1na of its struetural comstituents, becavse they hava suﬁ‘ereu ﬁ’e least change -~ -
: co'*parison vith the other grdea of coalo ‘ .

. Spores, cuuicle, ete. are mll prase rved in tne ‘bitummou" coal but less
_so than in the long fleme coale =+ .. . . ‘ , . S
: R . A—~~A N
’ cuges in the tumincus subutances are already ver' pronounced in the .
bituminous. ecal, shich for t.he.u rea"cn 15 ccngidembl-r less re..dig ..dentified. _;

Durain is least readil‘j' recocnized in the sho*t flame coal, because the.
coalification of tke spcres ard other bi.tu:ainous mterials has progressed tbe .
farthest. .-




On
sentd in siz 1
hmann Proc.. 3erd Intern. Confer. Bit.:
- The 1imit of elssticity of:the brig
- produced ‘elastic shocks, while the stronger dul
Jonger time, and ‘merely tends to'soften the blows
comes enriched dn dull coal, tho:finer fraction in bri
end hardness’ cf the ¢ull coal.increase. ‘with—inéreasing

" The bright and dull coals Lave approxim o1y squel specific gravitis
vhile fusain hasa much. greater specific gravity, and this may be used asa:’
basis for their separation. - The sink ard flcat process produces. good resul
. and is, the most frequently used process “(Raub, GMickauf, vol. 75, p.-1013
. Gotte,. ibid., vels 72, p. 738). Tho s¢ =ration is made 4n heéavy'solutions

" (carbon tetrachloride. < Xylol, or bromcform for spéc. gre in excess of 1.6)
* The higher ash centent of the fat coal dntroduces however frequantly great =~ -

tneertaintiez in thc separation'(Stach, Internaticnale Bergwirtschaft wnd & . - °

' Bergtechnik, 1930, ps 259)c o

) Dull and bright-coal ean rot be wsll seperated by this process. An . ..
’ emf:‘]ié”’dt‘"’t!ie’"sin?:*‘ani‘”‘ﬂoat"sspamﬁmwﬁs ':ngqm-in§=tht_&?~.tahlswb_eln,lm(ﬁaub,m,m;,w
. SpeGre ____ _Percent floctine constitucpis % sunk
. ¥iirain eclsrain durain transit. shale  material-
_— . ’ and fusain . -

. 109 1)2.3 . 2694 508 . 700 : ) 993 L 902 Do
108" Lo !.2-3 - 26015 508 700 - 709 . 1006 .
107 : 4292 \ 2604 5'7 609 i 6.7 . "‘]201
106 . a1 262 55 65 5.8 LU
1.5 . L0s5 25.5 5.3 6.1 3.9 18.7
1.4 . -3862~ 2502 L7 5.3 1.1 255

: A modification of the sink and float method iz the centrifugal sink -
process, in whick the separation Is also prodiiesd: 4o keavy solutions, and -

~ the glpking of the particles greatly accelerated by centrifuging.. “In additicn, |
centrifuging bringe sbout 2 sharpzzr separation of the structural components,




£ separatl
ardthe geparation is ne
to Hofemann - (G1% vol, 66 )) ‘bright coal is.b
suited for coking, the dull ‘eccal for ‘hydrogenation, low temperaturs-carboni-.
zation and gasification, and ‘fusain for powdered coal combustion. ~Accordin
to Kihlwein (Gllckauf, vol, 70, pa 95 & hydrogen: ‘coal’
fron fusain and much opaque-attritus,: _
. prebitumens, .. The composition of durain may.:

. In the presence of a high proportion of . opague conatit
I gas content is below that of the layer vitrain while wi
. .content -it.is considerably a A S R

.. . Sterch ard collaborators etidled” rogeratd
.. components of _thefstr’ucf)xre”of anthraxylon (ind. ‘Eng.-Chenm, -
Fuel, vols 18, p. 196) .4 The hydrogenation was dane.at an initigl temper- - i
s ature of 20° and ‘a reaction temperature. of '430° under 7 atm pressure for~ .
‘.- 3 hours dn a sclution of tetraline and in the presence . of SnSo . - ; ‘
"‘"”’“**“'M'W},/*"Sl-ze-mgli:h~éesigmtim‘~ﬂanthruylw"ﬂtor.uone»,oﬂwtha,;components;,;oi‘,,,_coalgmwww ;
| -structure does not guite correspend to our {(German) definition Glenzkoble - .
. {bright ccal) or vitrain (vitrit), bui.seems to come-close to it. Keither .
. ' is the Germgn terms "Mattlohle®™ or ."Durit™ quite the equivalent of Pattritus®,.
. ghich is mofe of a definition of the groundmass which may be either o S
_transluscent (limitsd conlification) of opsaquoe thigh degree of coalification)e . ..
o _ The Erglish fusain correspords to the German "Fusith, . The coal bands - Coe
.. (vanded coal)arw composed-cf splint coal (Schieferkechle) and bright coal -
(Glanzkohle), vhich consist of the following structural comstituentss - B
splint coals 20.-35% anthraxylen, the btalance attritus {principally opaque), -
fusain, etc, Bright coals 5075 amthraxylen, balance attritus {prineipally - - -
transluscent), fusain, ete. = . S N R

| eeonn oG etCn e S el S B -

A1l samples containing lose tkan 89% C tﬂire"hydrogenated with a good -
~ yleld, All anthraxylcoms gave botter yield than splint Zoal of the sédne




This mig‘xt ‘hevo: boen- expected ‘because. opaq 3
the ‘high CtH ra'bio. : The hydrogenation y161d Was here only 62%.' 21 - 63% of
‘the opaque material-was:rateined as not.capable of: mrdmgenation. : The ‘hydro="
‘genation rosidue is 2lways directly proportional to ‘the opague matter. ‘Opaque
attritus does not: correspend- to the fusain, use the characteristic fibrous
structure i3 absent in.itj.the. hydrcgenatina.maidu
—3$it.nonta‘a.m also di.;.ferento R

The tars, and viscons oi;s ebtainecx ha a lwsr CrB ratio th
‘iginal coal, but it i3 roughly proporiichal to the latter. Tars obtaired
he l'wdrogena ticn of apores.and roeins had -a higher hydrogen and ‘lowor-carb
content,” The CsH- mtio of the hydrcrcmtion residu *amﬁghu 'l'.han !m the
ori_,iml conl - ] .

Hydrorrenatim of fusa...n (Ind. Eng. Cbevn., vola' 31, p. 190)

' : , "’ha hgdrogenaticn oi‘ i‘usa*n ras surprisingly bc-tter than expectod In R
‘some cases yields as high as 25% have boen obtained , _ . .

" One may judg‘e appz;o;irately hwami‘:;:mmb;g;gg&;;: on ‘uill vroce 4 from ,
N ani E contant, the CsH ratio.. :md ‘aleo frem the volat.’tle matter conxent. ]

Fusain is up to a’ pcint readily }nrdrogenated, out more d:lﬁ‘icult]y
o beyond that, “The ters obtaired had in all ceses a lower C:H ratio than the
“original coal. Thke principai preduct tas the insoluble residue, - In it, the T
~ C:H ratio was higher-than in the ori'viml fusain, The insoluble residue - . -
" contains more volatile ccnstitusnts. o ' <
. o .
'l'he C content of a coal i.:creases with progressive coal f‘ica.ticn, 2
ani the hydrogenmaticn ca pacit, of ceal can to’a certain extent be prodicted
from its C content. This Is prm:.ri.;r trus for homogeneous bright coal,
. prizeipally composed of anthraxylon. The conditicns with splint coal
.~ {principally attritus) sre more.complicated; their carben content has an
internediate walue, which depénds on_the proporticn of spores and other
. bituminous materials, and is ro measure of the cpaque matter and fusain =
content. The sane appliea 1o the C3H ratio and ths proportion of volatile
" matter. Petrocrap‘uic ce uemimtions mpt In this case be made use of . It




¢ ‘assunpticn is made; that. eve
is_ hydrogsnated. ” - g

the opinicn that splint conls are not well suited to kydrogenation, becausa:

their principal constituent is the- opaquo_attritus.. Whenever splint coal ool '

contains’ but 1ittle opaque matisr, its hydrogonation again beccmes ecasier, .

-7\ 'The tranaformaticn into gases, licuids, and Soluble materials amounted to

52 < 87%+~This yiold 1s lower, then in thé hydrogenatlon of bright coal,

' ttor, transluscent attpitus ord anthraxylen.. The Cal
: , pi‘d&ucad”’“m"ézlt’:'a;}'s'ihi—g:“.'rwthm.—s-imtha«.‘originalu.coal,,*bujhm«mwmw
1ower tkan in the residue from the hydrogecation of fusain. No spores nor .
resinous matter is found in the benzol imnoluble residue, which.shows that
‘thay have been hydrogenated.’ . ' -l R R ‘

U Unlike the American investigators, the Germans have found that - - - -~ -
gplint coal 1s mcre readily hydrogenated then bright coal. :All agree, however, -
that a structurs comstituent rich in speres ani bituminous matter of low’ v
gesification is belter sulted to hydrogenaticn than a material hich in opaque
matter, . e. one which has far prozressed in coxlifieation, and it may be :
assuned tkat the 3ifTereacéa are nerely a resull of the ron~witfornity in -
the classificaticn of the coal stricture ccnstitventis, ' S

/8/ Hoenkels
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e

" residue, while the scluble bittz:en of the- anthra::yleﬁ tmd attritus affects
i similm‘ coking propex’ie.u S e » ’_ ,

) ~Tn tHe hydroganation mdar
0% of the attritus coal and 15.8% ¢ the ant
soluble- products,

3) The-porosity of coke from stiritus is very slight, that of anthraxy-':

lon very strong.  The poresity of coke from anthraxylen:is-much. more: reducad o
by the addition of attritus tHen W *‘cllm- fren the £ 1

%) The very different behavior of bright coal and sttritus during the low
emperature carbonizaticn ‘and coltinz is ‘prineipolly deternined by the: insolubla

5) Anthraxylen is- nore r'm:dly . de.zea than the attritua, and 11'. eom-
b.tnea with'a greater &mount of oxygen than the a*tritua'. S A

‘Hcre tests wore made with the’ l"um bitun_nous* coal of the Matthias Stinnes'_-’;

rine of th- i‘ollowing compcsi icnz ’

 Ultimte ana_ysis _ nelnem a.naly ..57 : ﬁor pprpose of."_ '
- : : o : compariscn: Stinnes
" coal X 1068: Leuns

,analyses R

% Vol. batter - - - 29.16 229,91 .
c R | g7.m . 87.12
o ‘ S 3% e
ko e ST T 2.33 0 0 L1.8L

3 = L03 0,93




' The structural constituembs prownd top fincness gave the following
raction values when extracted v th*different solventss : ‘

* Benzol under: presds
"-carbon disulfide.-
* benzol, ‘after €S
“sum of 4) end 5)
. Theso figures show that the extracticn yields are reduced progressively frem '
“anthraxylon through the attritus to fuszin, megardless of the solventy = " i

.MZ) vwﬁn‘w OSD_DatiCR ) -9 m..,.,.:m.,*:w‘,‘....awww;*

7 Coml samples, ground toQ™ fincaess wore Heated in the pr ca40f polyb- .
demun catalysts in a benzcl suspension in a ‘sheking autoclave and under com=
pressed hydrogen to temparaturos below the decczpositicn temperature of coal, . -
- The reaction-mixture was next extracted under normal pressure with benzol, Hith
gufficiently lcng tims of hyirogenaticn most of the coel can in this vay ba.

converted -at 200 - 285° C to benzol soluble preducts, e

- Anthrexylen and attritus (picked frcm the Stlmnec ccal) wero hydrogenated s
in thisezy for 9¢ hcurs each atb. 21560, with hydrogen under a pressure of 180
atm, 15.6% extract was in this way cbtained fres tho enthraxylen and 1C% from

attritus. SRR - : ST

— -

3) - Coking and Low Tamperature Carbomlzatlan i : -
& . .. . 5,

mle

Tho following ¥alues show the relati
za dur

end-attritus Upon {ke velume Incrsz

&

. - R ' ' ‘_"_:}.,,,
meen prepertion of antbrexyleon ?




K11 degrees of awelling of mixturesssnthraxylon end attritus during co
ing are much belew tho cnss calculated from the iaw ol mixture -and which sho
-locatoed .on.straight 1ines of.tho.euelling, of mixtures g . deviatio \
7 law of mixpures 1s greatest:with about: equal proportion of anthraxylon and. at-
" tritus, .One may also cbserve the smaller amcunt of

~

; gwolling with the/\ fine
ground coal, than with coerser graing cf the Stimned mine  bituminous- coal, as
pas already been pointed cut in the first commmicaticn on the/n ground coal;
which 4s not observed with othsr ‘bituminous cosls {Kestfalian mines)s~The de
“yietion from the: law of mixtures mey be expressed by the factor i oo ”

The V in this formule represents the voluze of coke found 1In the Lesbris test, o
end that calculated from the law.of mixtures by the formula V cale & gV apthr, +
e - et i i i 100
_ ., Where a ard b are the percentages ‘in the mixture. The fact, that
__even-a spall addition of attritus reduced.swelling. by wmore than corresponds to.
© . %the lew of mixtures finds its ngpr‘essiou"in__the smaller value ‘of £, than l..

'This phencmenca is similar to the lewering cf the melting point of mixtures
of two cubstances wiich is generally cbserved.: The lewering of the ewelling may
well be based ‘on tho fact, that in temperature ranges, at which the ewollen dn=.....
thraxylcn solidifics, the enthraxylen + attritus mixture still romainsg so soft,
. that the ges bubles bturst, which results in the formaticn of a lass porous cokeo, . -

the ccel dreps as follews:

I bitumen is ramoved froz ceel by extraction, the degreo&f pcfosity oi"» e




ith. pure-anthraxylon 2
= The: drop “in:the baking ability
‘extracted £

: .Vol}me'"-c‘af"npke,‘_ﬂ?inb mB—Lambris L
Stimés minds  Vestfallsn min

~Hot extracted Anthraxylon -
“'Not” extracted wtiritus = -~ .
" Extracted gnthr, with added bitumen ' -
.. Extracted enthr, with added bitumen
e from abtritus 0
-Extrected attritue with antraxylon bit:
- men added: : '

Extracted.attritus with attritps bituzen
.. edded . | R

< g~ = The anthraxylen bitémen cé\iszas a greater‘ :Lﬁcroasa, in ﬁor_osiﬁy than the
attritus bitumen., The coking proportles are never=the~-less primarily deterain-.
ed by the propertics of the insoluble Tesidual coale ~ T - L

e

| o= Oxidation 4/,

" The follcwing tests with picked anthraxylen and atiritus “sarfles from the
Stinnes mine coal were made to get informetion on the difference of oxidizing
power of the different structural comstitiuents, Seven samples of anthraxylen
ard attritus constituents were growd in e vecwn ball mill and kept, the same
as all ths cther samples, in well ground ground-glasa steppored bettles to-

- protect thom agsinst cxidalion or any other changes in the air, For the test -
they wore cxidized in air by heating them in crystallizing dishes inan ‘elec-
trical drying cven et 1109, The gain in welght was determined cn an analytical
balance every iwo o tFrez days for a tetal of six weeks, and 5 saxples of 0.7 g.




Wolght of ,‘Sf:g.'uqtural‘- Constituent
Oxidetion in the Drying Cven,
errod- _oUnqx:_:‘.dizedbGéal

Pays:of oxidation . . Increases in Velght

R «
-
: 1 R *
23
Lok
g . o 8.4
,,n,»nmmwwmmwm-w»-«'-n‘no?qm-’nwmrmnm& " s ™
13,3% 0 L
"15.3. .
17.3
20.3 -
22,3% -
2,0 -7
27.0
20,2 - - ' ‘ T
242.0%, 720 - 6.05

' Hemting-veluo determinaticns were mde after theso time intervala. h

- The table shows, that both kinds of cczl ccnstituents, as well as the
banded coal mentioned ahove, absord approciable amwounts of cxygen ab 110°.
The - inercase in waight is large during-the first four days, amcunbting to 3’7
to 4%, while after some 40 days more Uhe; acquire a total cf 6-72, In agree-

. ment with clder cbsarveticns, mada with English coals, anthraxylca absorbe
_oxygea more rapidiy end in iarger amcuntz, then atiritus. BT




N lvdro'-enation tcsts are avail&blc with structure constituentu i‘rcm the
same coal, A Brassert ccal brokern down into. its constituants by Dry Lohmnn,
: had the following compoaition of. these constituents. e

_ Anthra:ql Anthrmlg Attritua

" % esh, maf coal - 145 '3.79 .

Sl ' 87.12 ¢ - B7.52 A
, TH O © 5.6 0 .. I 5.13 R
s O~ s - s -.‘ﬁ......w.S.SS.wmn e iimyinemiir 6.61-”,, W-”:GO@M«W':& ,—am«.w- i
B i 1 L : ’ : -56 - : -58 0062 6 - o o

'S wolatile o D684 , ‘ 0.97
‘ 3 total . 0.93 1.1
avail, /100 g C 484 R . 4454

T

’rrsnslator's note: The following terns were used in t'ﬁ.s translations.
il - Banded cocal for Streifenkchls :

Atiritus for Mattkchle ;
Anthraxylc.n for Glanakohie
Fusain for Faserkehls -~

‘See fooinote in =205 for & comperiscn of“ihe terms

hed

’ L/'pkl




. ENERGENCY ‘EXPANSION - DECO
NOTENTSPANNUNG~ OF‘HYDROGENA 10

in cover,. 3'jaeke :
.8 converter elements, of: which 2 in coni
I are r&sistance‘elementso

(
L T 3 jacket elements,:
'inlet 1 _element- in the upper-part. or the .first catalyst
“layery. as well as:l element in each catalyst.layer and:
S element ‘below.  The number of- elements 1s,: thereforo,
" dependent upon the number of catalys ! ‘With the
- generally abandoned flow. ‘Prom bottom. top “the gas’ spa' :
. "elements..are above the corresponding. eatalyst layer. At
times, there 1s a, resistance element 1n the outlet of S

' _converter I. -

[

_g_ ination Converte - (200 atm, tray converter)z ST
oo ~_Cover and jacket as above, also elementis in the catalyst
e B “”“"““na ‘below thae™ trays?“”ﬁdditional -aYementin-converter I
' ‘4nlet as above and in converter IV outlet, A vapor phase -
converter with 4 trayséltherefore, has 9 elements, at

'+ times a 10th in the outlet, A convereer with 6 trays ;

~has 14 to 15 alemen»s°,

ggcggded arg

: Liguid Phazes 1 - 2 elemonts each convertar, converter L
: inlet on eash econverter, also preheater and heat
: exchangern both passzes Inlets and outletse

~

Vaggr Phases As above excopt that the converter inlet
is usually recor&ed only for converters 1 and IIo

Converter Operat ' ’ ' BN
Each stall iliquid and vapor phase alike) has 2 men,

- relieved every 6 hours (12 hour shift). One man rune the
stall the other. does the clerical and catchpot uorko_j




: -8 d-be:-no 0
“the condition of this or that

in an emergency the experienc
major.control elerments and, in’the
e; g. only-the elements in the cat

-~ 'Pire in ‘stall 2 due to sudden changq'éf'injeetedfféed and
 subsequent .rise in temperature. R T AR ‘

-

: - The stall in question, was a B-product stall in which the
: w0 Comperature. rose so fast that the connecting pipe between R
MWMMMwmwwwwﬁwwmmeeonvcrterswlmandm11~burstmtixhinw4w-w5;mingwaxxezmxhewrise;MMWMM;w
: : ~was firat noticed. Fig. 1 shows tho temperature rise in o

. 3. ' When-to expand in an gmerggggz;: -

the vapor phases

' be controlled by cold gas, the injection into converter I

converter I. - ° . .

Instructions for]équgenéy expansiodlare_aVailable onli tdr
@ 24 oV cut injection immediately to balf, ,
@ 26 mV cut out injection entirely: immediately.

@ 30 oV shut oil pressure valve in cireulating line
and .expand over 45 om valve 9. ' .

The norzal temperature of the vapor phasge is 18 to 23 ov.
Cold gas i1s used to depress the texperature.

‘Liquia phaso‘coal‘sta;lsvére~expandbd only inrqgie of

defedsive equipnent or fire in the stail.

The normal téﬁﬁérature of fhe coal s%all is bétwe§£-24 :
and 26 n¥. As soon as a rise in temperature eazn no longer




A11.valves are.hand operated,

line from converter I.ther
pressure),’ cause of the:

e
d
A1) letdown va ‘
"~ normally. open.

- “with auxiliary expans

- “operating: stand 60 m, :

. ,For each stall are avallable:z
2 -Q30,mm'va1ves'at”the’pit;
-eonverter-in.the. stall valve group

valves-at B, E. 11, and 27®a

) got and the cold eatchpot,

Seguence of Operationa,

First,'théipit valves are:elds
%o the pit are compressed with N2
then de-sludged in the following“ssquences

The hot catchpot is emptled’
catchpot and the
pit (or normally,
converters from IV to I and

.The sludge s lst down a% present
 been cut off the sirculating line.
1s based on the necess

" sequence
- in-da~sludging converter I,
the other vessels flow back

i

ives are 30 mm. The valves

‘the de-sanding
. ~elosing valve (ol
nger of erosion in:this:line
-val 3 the.pi$ are

“No expansionqtower‘is”availébleg;ﬁut‘one
ion-potifor: 4-to- ‘

6. conl stalls.. .

The diétanca‘of~tﬁé~piﬁfffom‘ﬁhef5£allf1§i70_A,Tffom?theﬁ-

2 letdown lines, es
2 e<30,mm;va1vqs‘roraeaéh
,.2s well as 2 - 30 mn
ch on the intermediste eatch=
The normal letdown can also be

iverted -to the pit by a valve.-

@ 200 atm. The stall is.

in the nb:malvwéy;‘

owed by da-sludging the
heat exchanger IX last,

only after theistall has
The above nentioned :
ity of evolding, e.g. that
the residues still eontained in

‘each wi£h5ﬁf5;

ed ahd tha‘linés’rrdm'thé stail

Then the cold
intermadiate catchidtﬁare'emptied into the
if possible), fol

and cause uncontrollable mixtures.

S




‘they
fe &1 operating'and

‘gas intovthgé
,Sm

When the temperature 1n a vapor phasa stall'isl
than normal 1njeetion must be eut. ofto e

From zg'to 26 mg

o7 0m 28 o _
Above 28 mV : - 3eﬂonds

: 'Emergency expansion ‘to 100 to 150 atm requires abt. 6 mino .
~ with 4 conver%erso e . . .

Poukerts
L If 1t is left o the Judgment of the operator to de-sludge
aftez an element, 1iquid phase convarteg has sutomatically-
indicated 27 =V, there will, in all probability, be no
troudble., 4 ccherter: shculd be decompressed at the same
tlmeo

-

In Rheinbraun an elemen‘ will rise locally due to caviar T;Jj'_"’k'

ecoking. ~The general rule ean, herafbre, be applied only SRR
to bituminous coal stallso S e : .
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bituminous' coal liguefaction-middle oils and other purs. oil
petroleun middle oil or decahydronaphthalene {decalens), at 200:to. 2
partly - at 600-atm:- The-iso-butane:content-of -gasification.correspends..

/- tHe butane-isobutane equilibrium only at the highest: aromatization tempera
" tures (27-27 m¥).- At lower temperatures: the isomerization equilibrium . -
* {5 fot attained with the fuller's earth catalysts ard uantity of iso-

butane produced by splitting is increasingly bove the ‘equilibr value.







But the g,ree.test efficiency,.is
e, Af .the products’ of -the liquid phase are considered
ga.soline, digsel oil and -fuel . oil, whose quality is. to ‘be” snbordim.ted in-

"Coal Consumpt:lon‘

‘Hp-Consumption- . _ e

*Gasoline Production -~ .. .- 0.461. (av. ga.s ) .20 (auto gaa )
0.48

*Fuel 041 - 7 - S . N 00536 _ , B
Rt 15 T 773 BT o & & RRRRCRR———— SUHE B3 ECI— - . om0 Bttt
- L.JF.G. (Lig. Fuel Ga.s) : ' o _ S
- Hy-Gas Excess
L.,T.C. Residue

On the basis of calculation of T-139, wherein on],y paste hee.t L
exchange was ﬁgurod on froca the start, the follomng calorific efficiencies

are derived: - ‘ e
'mquid+ Vapor Phase Li.qu;ld Pbase Aloze
33.6 . B X ’

Amlogoua improvenents may be made and consequent increase in.
calcrii‘ic efficiency obtained he"e also. v i

- i

~-1) by the introuuctim of a Linde pla.nt in hich fhe regidual ~
water gas and Hp are decomposed, (E of Hp = 39%), ° ,
. the efficlency rises to 39.2 and 42.6;:

2) by ut.uzzing the L,T.C. residve, the effmiency risee L
%o 1.0.6 amd 44.2%. .

3) Tke live stean cooler for utllizing the waste heat in the
Jetdown and product raises the d‘ficiency furtber :

to 41,3 and 45.2%. Fam .

I .
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: s ccasionally’ : If tho reaction.
ts.kes placa :ln a8 hqrizontnl tube, thore may be producod, in
hor}

‘ally result in undesired effocts, es’sh
actual pmctiee

blo of - Intorforenco ththe Coura ofa’Rm ion

e mta on hydroearbon aynthcais from .3 00-32 mixture, which :
ead ‘not b ‘discussed in greater detail here, a type of converter of th
ollowing construction was testeds the catalyst was -introduced into a’
rtical. converter: baving. the form of & vertical cylinder.: The gas was"
" supposed to flow fromthe inside of the: cylinder radially to the outsida
“. (£ drawing at the bottem). The temperature of the catalyst could be . :
measurod at any point by means of a mmble thermocouplen : L

i . The Bnrpriaing fact was found that no heat of reaction could be :

obsemd 4n tho bottom part of the tube, while heat maxima were recorded at .

. .the top, which exceeded the permissible_values. .Ths. -principal part.of. the.. ...

" siream must have fiowed 'thraugh the uppar part of the catalyst, while in the .
lower part pract:lcmlly no gas flowad through ‘

- " The explanation wes found in a.n obeervation of ‘the cha.ngea 1n T o e

‘density of the gas.  The disappearance of most of the hydrogen and the fom— :
tion of carbon diuxiﬂo and heavy hydrocarbons, caused the density of the :
gas to have’ nearly doubled, so that theoretically the gas outside the
cylinder was twice as heavy as the gas inside. .The rosults obtainsd were
similar to what bappens in a U tube, in cne leog of which, in this case on
the outside, a hydrostatic excess pressurs was cbtained which counteracted
the drop in pressure, produced by the resistance of the gas flowing from the
inside ocut. ¥hen this resistance to flcw was less than the opposing hydro-
. static pressure, and such was the case here, the heavy ga8 was forced to -
‘enter at the bottoz from’ the cutaide. This disrupted however the whole
distribution of the flow, no gas passed through-the bottom of the catalyst
cylinder, while too much passed through the tap, esus}hg the production of - -
an zmpcrmjasible high temporatura N o

Applieatimtootbumue , = R
Changes in density are mfzzrauy the greatsr, the higher the
. pressure used, Intheuampleabmapmssmafmatmmappned At .
higberprwmtheeffwtmﬂdbemchmsﬁonglyprmd




Path thru catalyst v




40 uss. the-moment - of- rotation nrcducsd by the liq'
for datermining viacusﬂ;y

.. 7 1) The first metked i zostly. used. by maaucing the rate of
e steal ball thrcugh the 1iquié to be’ ‘tosteds - ;

: T.Vizcosity is de‘term.r 7 sing Sto"@é“ ])3.%: o
mE 2 x 581 rz‘f-i-ﬂ x (1—!-2.4 )

N aml.sD ar 6 the densities o the mtaria], of the ball end of tne liquid, :

V.= rate o...g.rcp of the. a:ll;
D - radius of the ball .
R - ralnus £ the gylindor -

Tbe fcrmula may be used c-I.y fo‘. & ball failing through the center of
. the cyiinder, ‘Uncontrollable devi:tfons are avoided by placing the tubs in'ag. in-
olined ;:osition and permitting the all to slide down the wall,. . -

. We ecould di-'f‘egard this lest refinement for mcr-.sm“cmsnts wnder high-
pregsure, end keésp.the tube. verticquy The/sketch #3 shows how we belisve the
test should be rum, The tube is eithor £illed ¥ith the coal paste befcra the
start of the tesi, hydrogen preesur: applied, and heated; or else it is 1o be
get up in the ccal pesie pipe line, . The latier arrangement has the edventage
of permitting measuring the -fnles £ad cuitlet te vperatures’ of the coal pasie,
aveiding the neceasity. < measuring t_x o.,ar.;eravura insid the tube proper,

The ball s suspended by 2 sufficiently stiff stcel wire to & emill

. iren ancho;, Beld In position Hith a s::all olectremgnet {holding ccil), ¥hen

the current threugh the sleocbromagnal is i:zucr*upted, the anchor falls off.~
and the bell bagins tc.zink. Ihe roment o i_xterru-\tica cf the swrrent is




...« If M da the moment cof rotetion notin
. viscosity is - e u B TR D R
R e g M _ g
" ‘Sketches 1 .end 2 show the way in w%xich the process could‘be used in th

“,;wml.presaurmmml.atmwwi‘hww%:wlindur*is"m'ated“‘by motor; Yhe epoed of i

which can be regulated, and which is located outside the high pressurs space, .
Tke cylirder upon which the moment of rdtstion .is transferred,- hangs on a leng -
Tod, which is ccnnected through & cooled tube to a suspension. The suspension:
- (sketch 2) 1s ‘sugpended ‘Irom e point in & wey to permii it to rotate, and car- . .
- ries o contact emm which slides over an indicater (téraid ‘winding), The oppoge
ing merent of rotation is. supplied by & spiral spring. :Tho spring and indicator |
are placed in a cold pert of the hizh presgsuvre apparatus, They are azcessible
after removing pressure, reslsting cap,  The angle of rotation 18 limfted to
scmeWhat less than 180°,°dnd provisions must be made for convarsicn to differ=-
ent ranges of measurements, Thia my ba done without interrupting the test by
changing the rpm of the driving motcr, ' The continuous roplacement of the paste = -
in the roteting cylinder is done through keles in {ts tton, - The drain is locate

ed at the desired level, In thia way, theilevel of tho paste can never become -

too low, but ‘may occasicnally bacone.too high, but can e}ways be brought to thes . -

Tequired height by~ throttling down the supply line.
_ Advantegess Centinucus indications of viscosity.

" Disedvantages: Complicsied structizs, ise &f dellcate parts, such as
o , - #plral springe and elecirical Indicaiers, - -
) . . : /2/ Eamacher

/el




.. “continuous. constriction o
to examine  the question, ‘1f a:bett ‘
; ‘changing the.processes used in the domestic ‘motor fuel

It s essential herewith that all sssantial factors contri-
_buting to the.supply of motor fuels ta takoen into consideration..
1An;evalnation*of-thelprocagaes‘withiregard'only“toﬂthe"efficiency*‘;
“baaed‘cnfcoal»consumption,“vithont_conaideringxtha'quality of the

7 £1pal product, would not do justice to the processes currently used:: -

* to produce. high grade motor fuels and lead-us astray in our plan- .

’-uning'sincefthe_orficiency,of,coal'haturally*bocomes.poorer-the”mpre.'

‘pefined the final products arc. - The reasoa for that is, that con-.

siderable energy is required to produco.ths refined products, with- .. .. -

- out _increasing the heat value.. . .

* ﬁw%~4wwwsvory~¢onver§lonmofhamprocesawto@aaathardendvproduct,mpcaaiblg;megw“f

in hydrogeration works, for example, entalls a considerable change

in the calculated efficiency. A comparison based on the afficicney:

" at the motor shoft will also give a parvorted plcturs. This maasure
of value would, in the first place, not satisfy the siandards of '

_value applicabls %o transportstion, such 83 ton-mile for truck trans-

portation or actusl milsage for passenpger traffic. In the accond

- place, it wonld insdmissibly undervalue the quallity calory, charac-

' terized by such proporties as anti-knock, pirity, volsatility, anti-
corrosion, or willingnoss ta ignite, demanded by motor transporiation
for the maintenance of 1ts perloruance &rnd perticularly by the army .

to safeguard its technical superiority. i B

udtore_ape adjuéted to quality. An airplané”can'not*fly vithj‘
a goneratcr for solid fuels, not oven with suto-gasoline, although
the fuels in que3tion ere similar in neture. } T

. .:_ In ths. third plzce,; &n evaluatlon based on efticﬁéncj neglccts>ﬁ'
the difficulties enccuntered in the conversion ani preparztion of
notéf“ruel'powgr in the molor and ‘48, therefore, mislgading gagd . :

- - K4

-




‘pra¢ ally dequate. : :
calory. requires the least expendiv re in
operation can ‘not 'be compared with
‘ tirely. differen,‘ onditions Wit respect ‘to ‘us ful

raf{lic andihion_ :
and difficulty ip: 3its: gupply.’ ?ne“efore o B
32y be compared as supply: éimilar products of equal.
xR used in motor transportatlon ‘vl =anme’ expendl

Furthc ore, in en omparison the aquipment requlrement of -ths.:
: 1nd1v1dual orocess must be considered.‘ .

Lo An arﬂangement therefore, in the ordaer of ths cosl effic sney.
the efficiency.at.the motor. sbaft is only of theoretl valus. .0 ¢
Its- practical application is limited %o those. cases in which:an -
~effect with respect to the ceal- »onsumption be recognized,-utnpr
: conditions being compa*able.j"---.v ‘

: Tha following tablaa must bc evaluatcd=from theae points of
‘,fviev. If our planning Wore baced only'on the offliclency, the" e s

..ateam-engins, with a meximun efliciency of about. 18% would be our

: only basis-of compariaon and the ruturc *evalopmsnt built upon it. s

: The proceazses for the production or 1 Gquid- or gasacus fucla

can be compared frecm tho most varied pointe of view, such as rav .

material requircment, . ircn reguircment, space. roquiremont, parsonnal .
pequirenent-and- othoru,wallwof~vhichwfactova»doteruino the. - price- otmwmmmmwmw
tbo final product. However, tre purpo 3 of the final product will

alvayn be bhe dete*nining factor in ¢ osing the proccas.-

'In an arrecgezent of tkte. ‘proceszes according to thair efficiency« .
_'and a comparisor of all fuols, it would be found~ thAat the less ro-
- fined fuel had the highest use-fector. If ve vere to draw & cor-
clusion frcm this fact and ceonsider only preccesses with high calorific
‘efficlencies, we would be taking s -step Lackvards in civilizatlidd.
The calorific efficlency can only be conaidered in a divisiocn accord~
ing to the final product, although not p*imarily, but vithin the ’
requiréd 1imits.

Eeit=or could the 3r€&t08u ofr1c¢ency be the determ*ning fector
in past plezning, but primaﬂily quality, ircn requirement, utilisy,
delivery tine and the degroce of technical dovelopment and safoty ,
of opsratione of the processes £{ hand. The &rmy, DAVY 8nd air Jorce
. will slways dexzand the best fuci with the best motor. .The pavy baa.
- been converted frcm coal to olil firing~ in spite of the lowar ‘

- efficlency. ‘ :

S~




[ table fuel becomes’ available, ‘becaus . oply 1
The L.T.C. coke produced 1n the bituminous ‘coal low

"He mnat'-thercfora, atick to th 1dea tha
procoasea tte coal" efficiency or the efficiency at the motor. shaft
may indicato the choice:of the process, these efficlencies must: ‘not
‘bo misused -for'a- general grading-of -the processes-in-such-a: way-that
conversionz in the entire motor industry will bscome nacessary, -the
effects of vhich cen not be determined figuratively in'a manner simil-.:
“...1apr to the efficiencles.  Such conversions have certain disadvantagaa,
“’which aveniually cause Inéreased material conaumption and increaned
_.coal requircments, while thers 1S no relation betwsen these dis- -~
_-advantages and the saving in :conl, becauss only 3.,5% of bituminous—*ﬁ
-+ coal consunption and -13% of brown coal consumption was used for -
. mineral oil producticn in 19%1. These porcentages will rise to
"5.5% for bilituminous coasl and. 17% for brown coal.in 19%2. Even'a
saving of 30% 4in this direction would mean only about 2% bituminoua .
‘and/or brown coal injection, by vhich Germany's entire motorization .
) would be endangered, while othar consumors with 25 to 30% of the i
”””““””””total consuzption of fer much grestor posaibllitios for™ ssving;”luch““““””””““
. as electric povwer production fron 30 million tons of middlings in - :
‘bituminous cosl mining (ballast ccal), which novw remain in the - . = .-
ground, . and from which 11,000,000,000 Xvwb/ann. could be produced. o
. The utiliz=tion of this source of Lcnergy has sb far besn neglectsd
only because RWE (Rheinishékeatpbalischc Elektrizitousverko -does
not want the coal mining industry to participate in public utility
pover production, according to the Ruhr coal aining 1nduatry. :

. The tables (not available, but coxzpara T—l}B) divide. the
individual processes into 5 groups:

-+ Table Iz High p*essure hydrOgenation and nyntbeais proc—
) es5803. .

o

'Tabie II1: Combined-thrOrona*icn“éad aynthosia'proceasea.'

Table III: Proceszes for tbe prodnction of bottle gas at- -
e e 250 atna. i o _.'

\\\\ Tadble IV: Kotcr fuol procesaes for use in vehicle generator..

Teble V: Comperisen with other mhans of transportasion.

s




o Tabl 'II;showa.thebcombinedeprocesse -of lovw_tempsrature car-
‘p“bonization;ang/or3CQking;offbituminousﬁand{bro ~coal with sub=.
" 'sequent tar hydrogenation'and L coke synthesis. ' The

£ bituminous. and brovn coal. car ion e

various ways. ~The-losses-occurr

entirely either against the axcess { »

‘ving.upon;vhether'carbcnizationiis;intended-pr;marily“forgthe‘produc-‘
tion of coke-or of .motor fuel. For bituninous coal cerbonization
with'subaéQuent'tar‘hydrogenation;(comparegcase-I)!vnithen getan il

fficiency betweenv31~an¢;59%;,depcnd1ng upon” the method of calceula-. .

tion, and for brown cosl carboniszation with stbsequent tar hydro-n.:*

- genation (compare case II) between %% and 60%. Table II was-complled

.80 that the losscs. in carbonization wore .credited partly to coko =~ .

"and partly to tar, deponding upon the calory content.-— - %

.. mable II also shows that, even though the coal consumption, -
,‘Mi‘gﬁmypqwguagtityzqr'coal’directly,converted‘1nto,motorifuel,=is.' S
, comparat1véiyf1bwjfth6“coaI“requirsnsnt;wparticulgrlyminmbituminpusWM
coal carbonization, 15 many times as great. The difference beiween
coal consumption -and coal requirement glves us a rough-idea of the . .
quantity of by-products-obtained. All of the combirations mentioned -

_4in this tabls are:used in Germany today. R - R o

oo _Since in combined brovn coal cartoniration and tar hydrogena-

¥ tion the excess of Grude-coke 18 rolatively szall) compared to i
bituminous coal carbonization, and since the problem of the disposzal .~
of the oxcess Grude has recently been elinminated by its use in pover
plants, the-combined process of brown cogl carbonization and hydro-
genation could be carried out to its fullest extent. Erown coal tar--
‘gasoline quality 1is near the lover 1limit of aviation gasoliine re-

guirementa, although the auto gssoline and dlesel oll produced:- by - ¢
thigucgmhinedrprOCst 1s qualitatively very good. . I

Bituminous coal carbonizaticn could Just recently be carried - -
out in earrest, because the process vas not sufficilently developed
" for large scale producticn and the market fo» excess coke, 88 well
as its use, was not sufficiently clarified. The process conbination




‘subsequent
In the necea ' - oducts obtaing
‘hydrogenati v 8% . care muet be taken
they be in 4.1 aviation an 8¢
lesel 01l and pa hows a process combination
which bituminous . coal’carboniza -peplaced by bitumino
~“Such 'a combination 1 in several plants’in the
carcity of good coking cosl in the Ruhr di
pposed by a wlder demand. . The use
i : ‘st 250 atm 1s further

. '3.) Teble III. Gases vit a heating value of 4250:kcal/m> are

producsd in thils ‘process as motor fuel. -Th:e"se‘ are; bottled at 250 . '
atm, and can s8lso bo used in motor: tpansportation, if need be.. . -

. Bottle gas is particularly suitable for the ‘operation of stationary

“engines: under: favorable conditions. -Its .dizadvantages for motor.

- transportation are its small radius of action of about 300 km and
" 'the heavy bottles, which reduce the pay 'load of a 5.t truck by 3

Y L —

tons. -

4) Tablo IV shows those processes which 'supply fuel for vehicle
genorators. - The vehictle gererator can not replace the motors re- - -
wquirec‘mformm%xehicles'..mhichmmushtﬁbewoge:;a&e;d%giwgg Jiquid fuels.

e

Even in the future, its use will be of impo>tance only for heavy - -

“"trucks and busses.

.~ The gua plant that must bs carrled slong is-heavy, requires
special servicing and takes up much 8paco, since a cooler and 8 -
cleaner go with it. The converalon to generator gas 1s coupled with
an appreciable loss in motor capacity aad the gas production is ,
difficult ¢o adapt to the varying demends of practical vebicle -,
operation. ’ . N . o

. _For this reason and also bscause ol frequent repairs to the
generator ejulpment, good eccmomic results can only .be achleved
%hen ‘properiy tralned operatora are szployed in sarvicing the.

vehicle. 1I5 is intoresting to kmow in this comnection, that no

"~ gavinge in iron requirementibe obtained with generator operation,

_as_the follovwing calculation shows:..

10000 gereretors require 50000 & iron. 10000 diesel trucks .
. of equsl.pay load capacily require 80000 t of diesel oil

per annun for -the production of which 50000 t of iron &re T

lixewise: required.. - ‘ . d e







:Discussions
: Ludﬂigshafen/hh

Repont from PE11tz on the shu

mstion on similsr occurrences
about-plugging-up.through the formation of.
.. ammonium. csrbouate,etc ‘
o gas hydratesy o

“II. literature.on gas h =Y &
_ Bureau of Mines, Pitfsburgh, listed in
_ Hydrogenatien Plant file as T-316.""

" I1I.Control of.thé.preﬁéureEdifferencés'prbdﬁéed during the
" Soplugging. Translationﬁ?g73;‘8ureau of Mines. -~ CR

;y,’DiséuSSioh'of_ofﬁeruexperiehﬁe{dnfiﬁg disfﬁp£ionTor'6pera£i§nsl
7" 4n high pressure stails (emergency HOLD, bursts of flame, ;
e f"cngzm.imafbetmnmcouverters)z

I...Dr. Wissel réeports about a shut-down of the coal stalls 13
‘end 15 1n»2811tz, - . R

There are four coal stalls in P8iitz, in groups of two on
one circuit. The pressure difference in the circult amounted to
60 atm, The pressure difference per coal stall amounted to 30 atm,
on the pressure side, the gas circult 1s supplled to the stalls |
in two bundles, separate froum the gas circuit of the tar stalls;
. on the suction side the gas of the tar stalls is no longer carried -
- sgparately, and there are therefore three parallel bundles. :The
- make-up hydrogen is added to the circulation pumps on the
_pressure side. . : e .

About 8 days’beque the cay of the accident a~strohg retrench- .
ment of operations.became recessary because of formation of ice

~




st

nce,
“minutes from 27,2 to 27.8mv Ve
'4n ‘the first converter has w ked succ Ly, but it has:
been sufficient to lower th mperature, - About ‘six minutes
later the gas suddenly beg égainftojpass”bygfthefstalls]were
ssed by, 2 -3 mi utesilater;a‘pipe_betgeenathe'deiandF rd. -
“convertersiburst; minuté%later*therpipeﬂlineabetveenmthe~ 3
“/third and fourth converters in the second stall.  The" smergenc
' _but the going through could:not .

-J~}Investigations’made;have.shown that the sudden. stoppag '
the gas by passing was caused by hydrocarbon hydrates. 'Dur
the pressure release in thevs;allscon~the5n31t‘dgy,ﬁpiqcesfof :
gas hydrates were found. After-all excess preasure has dbeon .- . o
_..released _%aswggalysia_proveduthe‘presence‘of hydrocarbon gases, -
~which hed Qﬂbe‘explained'by-the'existence of ‘gas hydrates. .. oo
A few days after the trouble, gss hycrates were blown out. " The
P81itz _circuit +a operated with water injection. The water 1t

o

separated from the circuit behind the™oll~scrubbers:

It is particularly to be regretted, that in the adjoining -
‘stall 14, wvhere men were working, two fitters recelved mortal = -

wounds, - Ppovisions. were made to give warning signals to men:

vofking_id a stzll next to?onemwhere there are difficulties.

‘In conclusion, ﬁhotograpﬁs were shown 6f‘th§ two damaged stalls.

. Dr. Pler: An officisl description of the accident has been
sent to all the participants of the meeting. The first explanation
one could think of was the plugging up of the gas circult with
gas hydrates, - The presencs of gas hydrates hasg actually been
proven. S :

T Dr. Pler next. suggested, that representatives of the differsnt
works discuss thelr experiznce with gas hydrates.. It was equally

. "{mportant to discuss the removal of smmonia and-the formation of.
qymonium carbonate. It is known,:that sbove & certain teumpersture,




lerge snd small scele equipment in Ludwigshafen through
‘formatiorn of propane hydrate. The first trouble attributed to
propane Lydrate occurred”L 1938 1n a~100 % convert -
The converter was opersted at 700 atn,. pressure w%th;crackingi
‘residues, the ‘amount of circulation: gas was 185 m?/nr, The
“HCircqlationﬁgas_cqntalnedflessfthan-18% hydrocarbons, the ..,
- average .carbon number vas 1.4, A pressure difference becamo ..
--established,Jandfcould‘ndt‘at'first“beploeateq."’Ithvasfgssumed

_that the trouble was tc bc attributed to tHepresence of amuoni
:salts, and the water flushing behind the catchpot and the hoat .
. exchanger were increased. to 1.5 kg/hr of water behind the heat
",ﬂexchapgerfand 2.5 xg/hr behindvthe'gatchpot.‘"Thase~precautions% i
" were not however sufficient. ' The converter had to be cooled =~
“and turned off. Testing tho equipment did not help in locating
.the _plugged up pilacs,. ing the matter ove vas R
assuwred that the troul s caused by gas hydrates. Immegiately T
-upon starting again pressure differencss reappeared. The.  ~ '~ = o
pressure difference disappeared every iime the pressure was reduced .
" from T00 to 200 atm. This pointed definitely - . I

crmaerty 25c0g Waerhe.
’;c,"::'.r' Hlooa H;pz/shljt

OF | scrubber HGR .

Outlat of Lomearier 703. Wo rKirg up' af Cné;r.k:nj
4 T residues. ’ ST

-




8a
’”large ‘scale experiment with fuel oil in the T00 a
8ok niSeptember 194

'To avoid the formation of gas hsdrates, the pipe 1ines from L
the catchpot 5o the ‘intake -into: the oll scrubber. were: heated: to
L40%; in addition , 100 1i/hr of warm vater was injected behind
-»mthe catchpot to prevent & rormation of: ammonium carbonate‘

B Prcksurc d.jjcr
19 agatrst 187
Cimoemrad &ateme
4

Serubber

S N
Circulation pump
suction sida '

Sirubbing - O
- outick btd.ﬂ Serubber
804 -

“uring the operation of the stall (large scale fuel oil
test) a rressure difference of 4 atm, usually existed between _ _
“the outlet from the catchpot and the iIntake to the oll scrubber.
The oll ssrubber its=elf produced ne ncticeable pressure difference.
This pressure difference prevalled in the whole stall outlet
- during the whole 10 week test, with a single exception “when the




A third case : dréto vas

“+<4n"the-DHD stall while.the converter. vas being filled with
. the prassuref:elease:gas,*.Thb'Outside,tempernture ery lo

fand;the'opergtipns‘veré o;rriqd:putlat 59‘§tn; s

J,Di..K.;Winkiéé]tdld'Qf7£boubies"u1th‘bropane*hwﬂiaté;iﬁ"

5.ﬁelhem.;vThe;circulationfsas*vas'Q°t4heat¢d:Fh9n-the]liquig"’¥ 
e _phase was sterted with 650 atm, in the fall of 1937. Water - .
s WG S-10 Jocted . 1nto, the gas. coo r and into the circulation ges

to avoid pluggings up with amm {um carbonaté.” Shortly after”
the start,  vith the outside temperature not exceptionally low,

propane hydrste began to form in the _7T0.mm pipe 1ine of the

.ciruit. Propane hydrate rods could be pulled out of  the gipe.fﬁlrn
. 11ine, Since then, the whole circuit 1is heated to 35 400
- ¢, and no more vater injected into the circuit. Care 1is taken .

to have no liquid water in the ¢ircuit, under the assumption,
that gas hydrates are only formed, whon liguid wvater 1s present,

No mope difficulties with propane hydrate have been encountered

aftqr-theselprecautions'have.beenvtakan,
' Jelhelm now avolds the formation of ammecnium carbonate
by adding no carbon dioxids to the circult, only ammonia. To

'do this, the CO,-containing make-up gas is added shortly before

~front of the:catchpot. .= .-

the compression of the-ecircuit, and &1l 002_18‘scrubbed out in

A second case of difficulities frem gas hydrates occurred in. -

'Dedéﬁher'1940f1n the -vapor phage. - The operations in Welheim are-




8. oL | e ar
"It took some 1% days to thaw’
' 1nceAthen,ath:ed‘to»of-no

thi circulstion gos

7 Inthe United Statés, hydrocarbons are .th
eV nvgpough 1t31§;cost1y,j S T T e

Df; Ffesé'éddé&4on tdvbr;~W1ﬁkler”réﬁérkéf

‘which the events were .summarized. . v ,

. - 'Dr. Kuppinger reported of trouble in Leuna vapor phase ' -
“%cau§eﬂfbng;awhydrateswdnringwlg .while operati “with 5058 in
the prehydrogenation. ' The same.phenomena were met w{th™in Barl™
"in 1938 during prehydrogenation, and in an aggravated Way.— k

. hydrates formed 1in both»caseS‘in'the'suct;on\side of .the circul-

" atiocn gss pipe.llne, +vhile the load on the stall was still small,
and much gaseous hydrocarbonslwere,formed;’.They could be avoided -

by suspending the water injegtion-intofthe heat exchanger. S
S REREEIEIR ) Y S o : e

.Dr. Urban: The rormatlon of gas hydrates has never been -

‘observed 1in Scholven, Conditions with 300 atm. are more favorable a

for the svolding of formation of gas hydrates, than-at 700 atnm.,.
There was trouble in Scholven in the-gas coolers in front of

the o1l scrubberBTconnected in parallel, dbut that had to be.
at*ributed to ammonium carbonate, At present the rule is being
__ enforced of having a man touch the coolers every 15_minutes to :
. *aee whether they are too cold.. . R




ii..berg.has. been st

and the same amount int
_water into the circuit, AUS !
surf%ciently_vell' 1imincted, - The mek
*“the™ suc e

L : v gas hydrates so far been observed in Scholven
ﬁ:in;the;vgpor}phase¢‘rBecause-of;insufficient@cboling,'the”catchpot
temperature is-25 -33095Q€Theﬁrer1uxicodler'de i 1y two
. ' ;paufriciéntirormfopr.;” : ‘ i

S : , \ ugs
Afrequentlyjoccurred_in,the‘large_scale'1nst311ation's

’g.Ludwigshafen 1qg§he pgrg;}elftupgs‘or'the cooler.

© % pp. Usbsn hos made the further. remark that plu ing up )

0> 1
ﬂ R e atatd o ;am“,ilUlt e
Dr. Jacob reported about the troubles in Gelsenberg. Gelsen- -

A,mgngggthQ}years'ago;ﬁyﬁntilfno water was injected

1ntojthe‘stalls,?troﬁbiéhwwera“met”in%thewvaterwcoolerywimunxgﬁw

could be overcome by injection of water. The formation of Aammo
rbonate has been proven.. R T -

" In November 1939, the only stall then in operation was re-
ceiving no cold gas. ~The stall was thon immedistely 1let down. .
After the emergency let down, the stall was-ggain £iiled with gas.
The‘circulation;gag‘pipe i1ine was taken apart, but neither S
armonium carbonate nor propane hydrate crystals were found in 1it.

*Troubles'hsvevalso»occurréd_in'wéshers, caused by pressure differences. -

“Investigation has:shdvn,"that.thefRaschig rings wvore coupletely
‘pressed together.: Neither ammonium carbonate nor propsane hydrate
was. found here elther. It may be that propane hydrate had formed
i{mmediately in front of the washer, and then been passed through.

_ Nothing of this kind has bgcﬁrggd_in the vapor phase.

. - 'Por some time now, no circulation disturbances have“beéﬁ ﬁéﬁ;j
--—possibly-because‘the'gas“coolerg‘are operated in & way to keep the




zing
as.passing-through),
i pressure difference .
hours; but not. entirel
: ‘re: 1 “The ‘'elbows at the inlet.
o rong constriction
‘ ‘éfPlug“chsisted%ofwatsnowflik“ mass
“produced a large amount
following composition:

20% CyH.

L2k 0 - S
& g A s DA T AR

;Y%Yhigher hydrocarbo

No water had been injected.” The temperaturemofvths~circu1t vas 300.
Ko other difficulties have been’ encountered in operation. S
.. Dr, Peukert: The gas circuit in Rheinbraun has 8 parallel
vundles’ in ‘the cooler. The pressure is 500 atm., 15% hydrocarbons
— {n-the-circulation gas; C. number 1.3, Bacause of foaming, the. i
catchpot must be operated very warm, {.e. at 709, 1000 kg water/hour
_are injected into the stall. The circulation gas is saturated with
vater behind the catchpot. Tho gas 1g cooled to 25° in the -~ -
eirculation gas ¢ooler., 1t vas found one day, that no gas was )
passing through some of the eight bundles of the gas cocler, Water
wvas added in the plugged up spots,”and‘steam4introduced. This -
- freed again all the bundles. Since then the cooler cutlet temp-
- - erature 1s kept at 30°,-and'np‘more;p1ugging has occurred. - There .
v gpe dbut a few milligram of ammonia=in the circulation gas, the
. earbon dioxide content is 2 - 3%. : o ,




1941 the pressure -
~in the 6434 stall,

increased pressure L ‘ ‘

o;peceSsitate?thelc10s1ng‘dovhyof~the ta]l Someti

the 'stall had to be:closed down because of-. eed shortage; whi
-permittedgto'examine,ths‘StallgandidisCIOsed‘thepexistence,of
gaschygxates;WﬁTﬁé;gas-hydra;eSjvere}f rmed'vith:a;ggsipreaSure;
.of 300 atm., and at s temperature of 15°. ' The vater injection.
amounted to 500 1i/hr into the last heat ex er, 1000 11/hr
vbehindfthe*productwcodlet&andm500m11/hr@pegv tall: :
‘jcirculatiOn;wfThis;1srgo'amount‘9f~vatg ‘4njectiaon is dene-to
" 'keep the ammoniaicontentnat'l 2 mgfml R SR

In the ter liquid phasgxa.pluggingfup1qcpunred;‘prpbably

.)near,thejcirculation-gaq‘cooler'duringuoperations with producer :
< tapr abt T00 atm.>~The.oatchpdt‘témperaturezyasr30s35°,%~mhe~gas.,
- passage.was reopened by rpducing‘the_pre;dure.%_It_vas,decided that”

"4t had been;cauged‘by.thé”formation_of:gas hy ates;'iThe'catchpoti~”ﬂ"

‘was then operated at 50 - 60°; and no more plugging has been .- . . -
~observed.. e e e e ey BT S e S el

et RENTTS
e o

_II.» Dr. Nonnomacher gives a survey o 1iter ure on ‘ ]
“His report has been translated by Dr.“zhndiner.of'Pittsburgh;_
~ from reel 9, pages 288 - 296, (7-316) ORI S L

111 Schappert~reporté on the gas'circuit atVTOoiétm;~part1charly
from the viewpolnt of the measuring technique. ~Pranslated -.
‘Bureau of Mlnes - T35, ‘ ’ o ’ :

. Dr. Drucker. - Scholven measures the pressure difference = 7
of the whole stall, the pressure difference of the oil scrubbing
including the circulation gas cooling, where gas hydrates may
form. -A by-pass around the oil scrubbing may be put repidly in
use with-the help of certein valves, should any disturbances
be experienced. These valves &re in & small space of about.2 m , .
permitting their being used 1in but. a few seconds even by hand. -
__Heating 1is provided for this small area and easiiy done. . .

pgty .

- There are no elettrical valves og,thé cogl side in Scholven,
only oil operated valves. 041 aperated valves have been proven to




t»:-.s’hc_l:fx-ﬁm’e_asure’me"’n_ts w0
‘ -proposed method -of
ufficisntly buffere

" Brabag: In'Brabag the measurements sre
as in-Leuna, . The pressure difference in the ‘elr
measured ‘in the lLeuna way. .= .o e R

.. . Dr. Frese: In Welhelm the preasure difference-in the cir-.
culation gaa’is measured in. duplicate, : There sre two recording -
- “alr activated manometers in Ieunsa.. -However, these manometers,
are frequently very slow.’ They give repid reedings at the .normal
_pressure -difference, but with a difference-of 50-atu,, ‘1t takes
‘the vinhometer 2. -3 minutes to reach the ‘final indication. .

‘Mr. Egli tells about the slowness of recording by air operate
manometers, ' Systematic measurements have shown that with larger - .
.- pressure differences 1t takes 2 - 4 minutes to reach the final .= .. .. o
: © " "peéding, while the - oAn the;cylind.rical‘ differentisl manometersleg - :
@wdvﬂmw,...‘ww.m.,,..,amogntm;».tg_’,_,:qn_lympm_”fje seconds. Mr. Egli suggesis therefore that . .

. 'in the most mportaﬁf‘”fiﬁrf’é’“‘drﬁtﬁe‘“"circu‘mtivn""gas‘*diﬂ‘erenti_q:l«-»w?«
. ‘pressure connectlons ‘should be provided for an air: activated and & - -
piston differential ‘manometer. - R L

o

:  In service the air actuated manomoter is easler to use. -
© The. operator i1s howaver in position to notice abnormal pressure - -
indications on the piston manomster.. Gelsenberg doubts whether . -
the service man on the maintenance of the pressurse difference :
should be permitted to railse the prossure difference.of the
circulation pumps in case of trouble. The opinion has been reached,
that independent changes of the circulation pump pressure difference
by the attendant may produce more harm than good. ) ; o
IV. Should gas be psasing thru, the emergency let-down 1is
tmmediately used. The first converter in each stall is let down
first, than the second, third and fourth. , ‘
' pp. Winkler and Dr. Frese. In Velleim the first converter is . .
also let down first, There are.np electrically .operated valves in

—_— : .
1 . v .




gases._ from.
detonation’o

LT pp, Pier: - The pictures sho v 3
~.consideration. should. be -given to the vortical pipe lines in-a -
" stall being strengthened; or else ‘that th connections between
_converters be made as shori-as ~possl
"' be-ayoided as far-as possible

¢ : ~Ing. Berger sketchod 2 suggestion in which long hot =i
. ‘connection lines-would bPe avoided by placing the risor tubes - insid
. the converters and joining then together.. Thse length of . the . .. ..
“connecting lines would then awmount to only 45 (?) of the -
i D@8t 018608y AP SRS o P

~ From constructiunal'féb'r‘x,sindei'atidns the execution is readily.
possible.—- In. such a case,’ particular_attention should be paid.
- to heat expansion of the hot ‘connecting lines,: . ‘= N

To avold coling, tue dipping tube should be led downwasrds =
‘along the edgs of the converter,.as is done 4in the hot catechpot..

. _ The sug“gés’tion has also been made -'to"'deIi‘beraLtely'weakén the
“ plece of piping-leaving the converter, in order-to create a sort .
of a "shear pin" in case of the copverter‘passing- through.

A veakening of that kind 1s possivle snd practical, if the
upper sector of the tubs (half the circumference) is eroded down
to limiting wall thickness for a distance of ‘1 meter. o




: gas_ h
ur requast ‘to make _
aleulation of- ‘equilibria
ormation ‘on the’ convectiou diagra

' operating conditions, the smounts:of.

of ‘the gas at the’ principal places (including the m

. and.also: the amounts: of weter snd oil: injection

required for the formation of gas hydr
operations, To make" it easier ror you,:

5 "\ That:part of the aiscussion vhich‘referred to construction .
of . the.stall walls will pe transmitted to you'in'a -t cia :
report, - together vith the oonclusiona drawn rrom

Ye widh Cotaks” tnis”dpportunity*to**eqnastmellwthemm

" ’'different works.to inform us, 8s & form of ‘exchange of experienc
- of all the- {mportant ‘disruptions and" special events, as well as
precautions talen to; overcome. the difficulties, which may be -
4mportant’ for the other hydrogenation plants as’ well as for

new designs, and may contribute to the avoidance of troubles

~and accldenta there.

' /§/ V.Simon,...xiebep.-'




‘hydrates at our plan
‘Pecurrence;

. .-i2. The 1iquid phase circul
. pressure as well as the 8f“°‘,"1|°n".8?'.-d,_

3, The étggef’—-“«:o@lérs ‘in the vapon phase: are}.pr'ovided?vith
warm water retwrn, so that during cold weather the cooling water -
5 be kept et a temperature eround 107, .- A

—wmvf-(%m‘;ﬁi‘w m\»mmwﬁmmwm«bﬂ - DARTERRENNE P “-fn%m»ﬂw&mf%w'w;mmmmq&x&
© . 2.4lleglble signalures.

e ~On ‘the qu"‘_rm:‘dcioﬁ". of Gﬁs _dei*hte_s.

p8lLts, 2/1/42

We may mention with reference to the plugging up with
propane hydrate on 11/25/40, that the gas hydrate wes formed
" in the eirculation cooler, when the catchpot temperature (w -

thermocouple) was not cperated at the usual tgmperature for
coal products at 70%, but was kept at 30--35°. el

The gas;hydi'dte formstion which has caused the explosion

of stalls 13 and 15 on 11/21/41 vag caused by the failure of the o

- vater supply (which resulted from the formation of ice mush in .
the intake), and with the interruption of power -and stesna :
production caused py it, The catchpot temperature was. temporarily
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A lmowledge of; ring systems more: condonsed
st the field of hydro

ars’ generail;r obtained, which ‘appeaz: as. g*een "1\zoresconua in a Bolvent.. -
ube ‘experiments. in- the condensatio cf ooz nenc‘ \CE ahc‘rm th follo

. Coroncne condenscd with .r‘.]Cl s dn "he proportion of 112, for 2.
hours 8. 200°G first proauces a reddlsh brown ‘substancs. This protably ccnm :
" sists of & conglomgrata '0f various preducts of condensation. - Ify after'rac
. moving the unchanged coronene; ‘this product is heated to 500 = 6009C, most .
¢, probably tho mastable (labile) r*~1€,
HITmate  frcmths ot~ ecke s This-hyire
v " earbon 1s -insoluble in ths ordinary solvent, A%t this bigh tomperature it
nelts during -coking. - The s;b.,tam.o aypsara to be a uniform lvdroc;rbm of
coroneneslike etructure. N ; L :

Sincs & small amo.mt of ) groc...rbcn, enocugh-for axperin -r'tal <
purpoae can be made i1 e ccmpara 1y short time, it would be desimble "
rot to ship larger quantities of ccrionene cutsida, unutl the product ¢’ re= .
action has bgen more clearly definsd,. . !

R f‘"D mnm IOR, DSEYDRCGENATION AND
- PLITTING OF CORONENT m‘a ¥S,
( ~‘lqe m iment .

1) The best hydrogematisn temperaiure of ccrensne with catalyst
q058 is 24 ¥ (2o7°0)3 but krdrogenatien elresdy sterts et 12-_3 we

Sy A ld‘-’ presgure, abt. 220 atm, 200 .g coronene in Gecalone
(decamrdronaph vhalene) soluticm can. e uzed with 200 ce .z 800 g catalyst. Ab-

out 97% coromene is perhydrogenrted, With grealsr ccneentration of the ccronens .

based on the cataiysy, the cat&lys«., acsivity is reduced end an. ever Iarge; per-
centage cf ccromens remalns wmaffected when using lerger qan»i‘ies of ‘to :

!




“b).At-high pressurs, no sppreciable delwdrogenation ‘of : the"
place up to: temperaturaa of ‘abt. 23.5 mV (450°C),

of coronene '»in decalen,

e tha decalenex

Using 1000 co dccalene tc,300 o = 800_ g
50)8 Q 600=700' tm and’ 22 mV (42500) .

l...Spl.ittina;tempé :
.. -fcr decalene -

00 LT 19 mv : 1 3759C
S B 21 m¥ 2 4109C
U357, o e 23,5 wV oz 45090
18"

5

tkﬁ A% low pressurs, the splittinv activity of the catelyst was -
alree.dy reduced@ abb,, 100 g coronene to 300 co 5058 to such an extent that
@ 425°C enly 10% oi‘ the decalene %waa aplit Lpo . . N

: 4} If we use perh:,dmgezr.;od soronsns In cur experiments to "plit
" up tke corcnens, the activity of the catalyect is probebly not reduced as much,
.. and, in heating to 23.5-25 =V (450=476°C) € 3CC.atm., £0-9C% of ;ths corcnene
" is-split up, while 10-20% of ths corcners iz dahydrogenated. (In these exa

periments we worked with and withcut decalene as aoI“enu. In the latter ax- o T

periment ihe decaleze was split w 95 )




. g L in the coronens hydro

debydrogena’cion ‘éxperiments and’ about 1 o 3‘5 ‘in:the experiments with’ perlvdro- :

germated coronsens, . Tha detefmination of -C an@.-l! 4n'this organic matter on t
talyst showsd 4.2 gH t0.100. g. C..; Thia sorres ponds a.the heoretic 1, ve




Coronens|

Dece.lene al* f'ntlv split, et »
S Coronene partly c.ehydrogan-a B
iy a.tad B :

/,-."2é i3

_ Coroneno j: *

Dac.xlax:e spl. FLy 1/3
,..'\ec::onene not aplit, [N Eh e
slip‘atly denycrcvemted i D

150 g
‘purhydr.

.t Corcneno

:,5{’\' gt

poriydro,

Coronens

G2 d ....;,,;.t.., '?6? M §

. Docalere 8plit 1/” L
Pernvdro~CGrCLsne :

: p_:zrahv ‘ dehydrog;

T

.. Dacalens. alzost. cozplotos... |

) .,,....m»."'...”ns .

1y 'split. Coronenc largely
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npoverishuent. of vanad
_ _of nitrogen represents only a fractio
under ‘conditions of hydrogenation. In a pre
for 3. years at Telhs a much greater:!
Taver

comnection with the question into the possibility of nitrifi-

. cation GE- chromium steels in catalytic pressure 'hydrogenation as a cause
of trouble in-gperation, we examined &40 liter converter ‘of \N10.stesl, =
hich had cracked near a weld -(welded-on outlet nipple) at 510%.C and 650
tm. . The converter in question bad be perated in Stall 703 for 2-37
- months at 700 atm in the liquid phase and 1-1/2 months at 700'atm in: - -
" aromatiz:tion when the trouble occurred... The crack was presumably due to
- excessive_hardness-of the material before fabrication and neglected heat = °
‘treatmont after weldingo L. . .o oosl o
e . After mechanically cleaning the surface, samples were taken from
g -the inner wall by planiﬁwg“"aff"”l.’”éﬁéiéaé‘biffe”‘layers'”ea‘ch.*O;'Z*m%hidanhesewm»
' .4 samples were analyzed in Oppau by the Kjeldahl methad, with the following

“1ayer, 0.030%N,- 0,828V "
0,029 , 0.80

" e 0°0u .. ,.0‘77

AN n 0.007 ’

» s 0:89 -
outer vall,0.CO8%N, (abt. 0.8%V).

. A nitrogen enrichment £f gver 0.2% in the surface layer ‘penetrat-
ing to a depth éf abt. 0.5 ma, is, therefore distinetly noticegble, while
no deterioration .in the vanadiun content of the surface layer occurrad.
This absorption of nitrogen is atill below the maximun possible, Compare
Report 18622, by Dr. Reitz, of 10 May 1941, according-to which a nitrogen

.. _content up to aboutl 0.2¢ in'a depth up to ubout 0.2 mm is possible. The
overall operating time of this converter, sce above, s much shorter than
with industrial size converters, so that a still greater nitrogen absorp- .
tion must te figured on- , ‘ o o - S
According to'Dr, Class of the materials testing laboratory at

.~ Iadwigshafen, an examination of .the burst K10 preheatertibe from Welhelm
showed 0.18% N5 in the surface layer of the immer wall. This represents - . .
a much greater increase in Np-content, corresponding to the much longer ’







linee my plug thedline m& f-ax £0 ccn mrﬂb, ;venaa An e_“c a.uionaand ‘repalr.
.. Gag hydretes th-mselvaa have been:knowm Jor ¢ 3 time.. - Fuupbry' Davy in 181 !
. d1pcoversd the first ges hyirato by csolding dwvich}arine cea to 0°C. {ref. 1),
“In the yoors 1838:t0 18606, Villert dincovered tast hycrcdbons guch 88 r..ethe.ne,
ethano, propane, acetylens,:and- ethyie Lormed | sas hydrategs - At tho present’’
ime, a lﬂ'go mmbcr of cyis sre TmSwn which'may fora hidrates. Isao-butene and
ated: hylrocarbon’ r:.:*cc:ulea “for whick tho.obsexv- -
teor mgde with gexrtsinty. In’ gdditdon,’ 002, 328, o
- end CH;,SE{ fora hyd're\.eo'. T!z::::b ceupsunds have the fol}.omns ‘proportiesz:  They - -~
“mre white crystalline combustibdle raterisls wilch have 2 greater volume -than
vater, similar to ics. T*mar conditions in which they are not gtable, the by-.
drate dec-z:pcse ..n‘bc gases. This deceupusition-takes placo. with a. creckling.
ik o} & -1 Xl < t-ME - L g o Rt i 1 ;cr**pr penryo Tt hr-pivetes-g-ereiler-thén-that-of-wate:
&t the sams temperaturs. Sc, for cxgmplo, i domp propene which is saturatod:
with water vapor at 3,3°C. {ucdcr which ¢onditions the hydrates ia the atable
_phase) dscomes converter vO a :mi:me, L;.e cotlgousstion point of ths g‘.ses
drops some T°C. \ _ Lo . ’ ' ‘

A tbom_,,h—(p Lag evpo:imnta study of x:ethnma ard ethane hydre.uéa wan
,zerfomed bty tho Awerican rescarch woxkers, 0.L. Robexrts, E.R. Brownscoube, and
" L.S. Lore (refex‘e‘.cos 4 and 6). W.J. Wilcox, G.D. Cerscn, zni D.L. Katz, (ref. n:
investigated ropene £nd nel .ne:.c h}ﬂ_m‘tes.

- {The aext coragresh 13°a descri ipt ton of the experimental equipuent
used by Foberis wnd cthers., e ) )

Figurs 2 glves the zmolling poiat curves Jor the hrirates of methane,
ethane, propene, end n-butane. Pressure is plotted logari mically.  From the
melting point curve from etheao hirirete, i1t con be cesa thei at 09C. a pros
of 2.8 stmegpheres ls  peede? for hydrate formation; at 10°C 8 atmoépho’rke—a;l

eo--o—--gm_--’-—-gc_asgam—

*Chenical Bnginses, U. S. Burecu of- b’.i*rs, Pﬁsee_rch T cve:.opmen. Divieion,
Office of Syutastic Liguid Fucle, Plitsburgh 13, Pemnaylveanlsa LT




in tho solid Lorm. I the drying
.‘fﬁcisnt eAton'c thats o water ..n th

e A moro ' exact 1nvcatic.....10 : ‘
those compouna.a have tho formulu: Hrydrocarbo: .20 Apnm imtoly 5—kﬁo@.‘cme e
_of. H ~are found to every cubic mo bydrcecrdons. - X more than 5 kilogrems™
Bm hydrocarbon aro omplcy*c. , then quid water. will ba, ‘obtained together

in

q
water Injection. > resent dale, only vory few iﬁvest_isations
of hydrccarbon ges mixtures cnd : sdrates have been made. Figurs 3 gives
dzata for two patural gaces © ) 2tz of Wilcex, Carcon,and Eatzs
From this {igure, it can bs eeen.ti _geo containing 86.k percentimethane,
6. 47 percedt ethene, 3.5 percent propeue, cnd 2.13 percont ‘bn»c.:za, forosd hye
‘drates at 25°C. This temperzitre S 5 ;urcent h’ghar then wla critice.l tem—-, .

—blgh psrcentage of methare have o alcg qutum;.rv pomt Loz u;ura te rom_s

‘tion than the corresponding critical Ar& for pure msthane.  In &ny case, by
extrapolation of the curves of Figuro 3; 4%t cen be seon that ot temperatures =
of sbove 35°C. prectically no h:’ll‘:t’:i cen exist quite without regaxd to pres-~ . -
sure no matier bhow high. : :

SRR Prom the forsr‘:izu tor ‘B & cnt 3 bo prmzetical pro-~
cedures for evoiding hyirste £c: z - i lowecring of pmssara,
{2) heat.kng of t‘"e gas 1 nes, oF {2 3 .

Demwreticn of v‘.e Rovak:
tion of 2 drying fluid ixic tl’.e
chloride evlut.;c... Acgord in;

“ticn of en 18 percent ce.lciu:'. chx,

e

yc".&cl.ug reriorned by injec~
mple, alcobol or a calcium

raferences 2 and 3}, by inlec

n, ..b.s ‘omuon of hydrates in

Pyt
[0 g-teas
4
\

LN
¢P

P
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50114 edsorbents, such as calcinn chloride, silica gel, sodiws hyiroxide,
2 _aml/or alumina. . Using thesa 3ont5 pmo‘cical:\,v compleue;y dry gasea can. be
; re.dily obtaincdn T : TR : . SN

Rmeranm a ' : S SN
iy S‘chmd.;;r, "C.'c:nc ZeHte 8T GESHLTatE™ S P o v TeekaT
K Vo*'tragc 29, .;.927, pp,leSB (Rﬁnew tae-1 1tstc.uure ’co 1927)

E.G. Bamorschmld Gua_hya:cf.oa . Am. Ces. fes. tonthly 18,
(3936) po 273. . oo ee ' o

BeGo- E_z.-:erscxmd | Fat. Pet. Icws, Hay 19%0, p. Rié2.

K

0.L. F.ohorts, u.u. B“'owns oirbc-, and L.S. fore, ”Ifiathizﬁe and
Ethzoe Eydra 01X & Geg Fi, Decenyer 1940, p. 37..

U.b.~_acon» Fo. 2 227,955, December 1S:0.. .
. 0.L. Pcbcr‘..s, et at., Pet. Eng. 12, So. 6, Harck 1951, p. 56.

¥.J. Wilesx, D.B. Ccrcfvz, and D.L.- Kot “Hst\.r'*‘ ccu zz,vcra.e
Ind. Eng Ckexm.,: 2‘, ‘j, na; _u»-, T 002.
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ssure
July 28

- Several:

asproximate calculat

“mation Wore made based:on ‘iterature;

‘;p'LantS. B Althcugh, y
“nifieant facters wers not
. drate formation, 4he influence O

lated curves agree quite well

" culating stream in 2Y1 hydrogena

Thus water in the llgquid: phase iz ‘probebly’ always

een‘t ake ‘place }at‘,appropriate Spr
.. Calenlations ere made
. ‘plantz showing the tempsratures
~ hydrate  formtlon is. possible,
plant behavior’ ERE
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The attached figure

“to, tho right-of the indicated cur
abéve and to the left of tre curv

laticns show that the posaibili

ent ST the campesition of the hyd

“as a first approximatien, the t
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latingz gas stream.

In
partial pressure of hydrocazrbon
side of the circulating eireuit
correcspends to 2 temperature for
gae taken {rea the canpressor ou
back into the suchkivn elde, LI
140 atmospheres. Al this par
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drate fermaticn; it-is b
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£ the ‘hydrogen pertials pressure; -
yelth L
culating gases are-always “saturatad

“because-oL the gbserce cof

nch 2sthe ]
behavior of: plant systems,.
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2 water is 8p
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n plante {with the .
present,
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an approximate gas hydrzte phasa. diagrafe "Below ard
ve, gas hydrate “forzatlon is -imprcbable 3y whereas -
, Gas hydrate formation is possible. The calcu-
r¢cf pas hydrate, ' '
ixture in the circulating gas.
ipient gas hydrate foomaticn can be
the hydrocarbon gases. in-the eircu-

{1iquid~ cr vapor-phase type), the
e abscrpbion units on the suction

rgiely 200 ataospheres, This

icn of 299C, "Even.if some cf the
reeireulation eircuit is bplended
of hyurocarbena will

.i%inz temperature -for gas hydrate

-23°C. . 1n crder to avold gas hy-

Lo

.th‘;mif percens COp 5& HpS was pregent in the eircu~
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fermabion is comparatively independ=- ”
Hence,

drep ealy to.. - )
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. gh press' v-es -and’ certain ex.p rigents v
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ubic meters of cirs
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ican p_\_c\.lce that introduction’ cf -8 i»:.~_., ‘

HZO/:u oi‘ recycle gas did nob prevent the foraation of gas hydrates,
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drate formation on the temperaturs-pressu
.The phase’ dizgrams of the h'rcx*'ates oi‘ ;
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December 4, ‘1941, = Accordis

zas hydrates of hydrocarbon mixturcs
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omponent.s inthe gas_pnase have the
fracti in:the:s

“oummabtion of Xy is-egial to: 8.., and cta presaure oi' M; ab osphercs, t'xe su,m"‘m_n‘
‘ -By "nzar -r:tnrﬂol*hx }
o i‘rcm

o At & te: 5.3 ratura of “l(}vx,,, - bz stk d c,lcdla.t.‘...:x'shmm that summation

Xl 2t 1 atage : 11,02,  and arv .z procsurs. o 21 atmespheres, the sumof %
35.1a29. 1By, J.i"xe € tmpclat.ior.,sw ign ¥y = lont pregsure’ of 13“5 at.mc §
‘Hence, ot 0 Ga ,:n ecv. po;....-‘s Guh :

. atmosphgre

v
...;e pz‘:: ..u_,
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pulgasverfghron)
Hsating Surfaoe Pxocesu ‘(chperscﬁeizflache :

i : Noo l)o : 'l'he xlushing £33, procoss, repree nted sblely by Lurgi, i
ings all the heat required to the ceal’ dirocﬂy with the flushing gas, The -
satest tar ylolds are obtained with:it, which are 90% of the Fischer. amalysis.

he. proportion of oils of marine fuel o:.l quality in this process is-55 to. 65%,
based on the total pitch and tar. yioldas;-not- 1nc1udz.ng the- gagoline yield. The

" ‘properties of tho fuel oils obtainsd by this process arc not as good as those
of the.oils obtained by the othsr procogses. However,. tha fuel oils: obtained by
“‘the Lurgi ﬂunhﬁg gas process meot all reqwe:nonts specified by ‘the- navy.

R : ‘l'ne L.T.C.. gas obtained in his precesa, .
: able ab excess L.T,.C. ges, is diluted with nitrogen in its production.end has
2 keating valus of.ocnly.about.2000. keal/nd.. -Hovover, this gas.may.alec.be. obe,
- tained free of nitrogsn, if. & ocncentrated gas is desired.  For this purposa the -
gaa ia burned with cxygen inntead of m.th ..1:: in tho cven. - (Ausolmitz Fethod). R

Ons adventags of thls procaess is the fac* that it has beon used for
years in the warbenization of browa coal en the largest seele, - Consequantly, the
- procsss has besn tested in all its: detailz and practica‘ly el:lminates a.ll risk
" when used for bitumincus coal.

The plant costs i‘or th.s Frocess are ‘the’ 1ov'e-t. F‘oi&t.;empietev'plant
they equal abouts . , . .

0,17 « iren each t/ann tar prodx.cts, or .
250,00 RM n

- Nos 2), The bezting surfrco procesa ergs the regqu’ "ed. heat “rom the ;
‘cutside over heated walls of ccramic -nterial as.in the-coke oven, or over netallic o
malls. e o B P, e T

L ©  Kcppers, Didier anﬁ Lurgl uée éﬂramic mtarial, while Brennstoff Techw -
poAcke (B.,T, Procsss .:né Krupp-lurgi usze ircnm cvsn-walis. )




;pbcéaéé’a- using : ~tempera
, at.most, 700°C, -~ At her temperature the metal would wor
therefor, difficult. ok imposgibla.to: produce-a-largely- degasif

as used for certain purposes, euch as ‘carbide furnacos or buna work

ting surface processes ere natuis 11y concone

15p!
; . Thﬁ 3Koppers- E
. *u3ch s from which the folloving fige -
- ures ere derived: ) e

ra 05300_ % iron cach t/enn tar pioducta L
L 450,00 0 RMOC. M fom e ;

BT The combined procesees, recently represented. and pushed by: .. . .
- - Didier and Kollergas, are heating surface processes; which operate the oven with -
.. & certain amount of flushing gas. The thruput can’ thereby be almost coubled. N
Because tho L.T.C. gasos are Zaken avay faster from the ccal, they are less
cracked and the ter.oil y4eld is ‘higher than in the simple heating surfaca pro-
~-cesses, - In his bid for Auschwitz, Didier guerantosd a tar yield ef 85.5% tar.
- Thig process will certainly be well.under comtrol in the mear future srd widely
ueed and the properties of the tar products varied, : R SR
e . 'In the heating surface Procosees,as well as in tho combined processas, .-
-much’ greater wear and tear of the plant end cost of repairs than in the “flushing .
gas process must bo figured in the cost of product, = - L

Speoific investzent figures aret - - -

0;200"{; iren csch t/amm tar pr—oductsr, or ¢
.. 328,00 RE e om Dm0

,',‘" .. S - . o

Gemsrally speaking, busizess in ihe field of bitizimous ccal low
temperature carbenizalicn Iz in full sring in every recpect.  The processss cen
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" ‘Circulating gas, incl. cold’ ga.s, Ql = 2000 m3/h, = 0,18 kg/m3
“ ' Pressure P 3 300 atm. ‘

- Mean temp:z 15 mV, equals 300°C equala 5'73° absolutoo o

.".‘Pressure drop for resistance to flom :

R — a,m 20,9‘«»\20002 -x-0,18:%-1.-%. 23_ 0.868 xJ.D5 xm.m.c.._ﬂ.m~
SR 15 ‘300 288

:mH,G 58o7atm

~Tg th, dedtheh tatic pres g ’
inPreheater, Pass 1, 3 rising pipes@8900'nmkg T _'1.6 atn
" . " 3313, 5 " ’ @ 8900 o 2,7 °
" Ele ct, Preheater,”. "5 " " &]0400 " B 3.1 "
® the 4 converters. ‘ : A . 4.0 "
-7 Heat Exchanger, “inlet pass (Hinweg) A 1.0 "
" Tier Vashe = 0 n
- Total Pressure Drop - 2 21.6 atn

Resistances in Gasolime Converter 1001 ,
: . After its Shut.Dovn J
By Dr. ningbardt, Gelsenki:chen-ﬂorst, 3 February 1941

The attached diagram shov:s the reaistances in Converter 1001,
supplementing Dr. Klinghardt's report of 27 January 1941, for the purpose .
of equmalizing as much as poasible the errors of testing by layers. The
diagram shows the normal resistance of a new converter of 105 mm w.G.,
corresponding to a resistance of 15 m W. G. per ]a.yer of tntalyst. The
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veas ylelds dn liquid phase. .
' le experiments, compliled.
: B itz and. some, old

: lus ethylene correspond to the yield:
Afte completion of extensions ‘I and: III

cals urxi _operating. nethads, within 'the 1imits of errors, i

y deviating PBlitz values, shich should ‘probably be'checked,
fi the "ton of ‘pare” caal, ‘the-ethane yiold, when. running %o gasoline
dle oil, is naturally ba’ttsr, 'because cf greater gas:fication. ’




Gonverter ‘Size

o COnversion {Pure Coal) S
’Pmctical 011 Yield,t/ma/h

emperature °c

oofn Yield, %/Pura Coal

f f775 CoGasification/c in Pum Coe.l

N ;ch casisicg;;_gn Qf .;;és:f. 2

" %CasCH/.

|10 mEu
a1

%-1 o2
26 l

2292
=3~102 "

" kg Cly/t Pure Coal '

Sl
kg CZH,-.S»CzH(./t pract, oi.. yield
"t/ann CyB, 5 CoHg /767000 Coal (OHT)

t/azn CZH4+(12L6/767000 Coal +
o 5000 hot tar
S 4000 wéek zas

22,8
2:0:9 :
v 18-:9

502 °

©59,5
47.5
- 68.5

~

N

0«714
(Thruput)

4‘?1”1._ o

‘ ! gesif.‘o -

18“2

.& 1"4 p

S
.~.;.-0.9J| .
2144
» ;1;21-&" - :

* 1036,,&; [y

e 3R 53

=131
20.0 -
,¢ 101 D

49:3

36,8

52,6
203
50,8

- 27400
. 26200

171

513

"'1 &.E
35:3

ase
Joma e
L on,zmwxwz';,lm
192

e

52,0
397

4329

30.7

| 20400
Sesoo |

30,6
W3o.1w,
16,0
48.8
: ‘._31.‘.6
24349

producer tar

m.E. & Fean Errcr
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5o the 94 S '
cases be: direcily below the i
1 from below should properly:
eateat tondenoy: to.plug.

_ essol should: be emptled.
vessel are very troublesome. in oper : 1 require -
aifficult hand-cleaning oporatlons. The' sdme :th ¥ be said

ges; the storago tanks Tal and T-2, the centri-.
tanks .T-30 and.T=31,.8nd the pastin ‘ PN

_ ... The ‘automati ";.ié_ﬁ'e'l“",gégéc'j'én"thélH.'O".» D: vessels V=26
- "“'and V=14 should properly be operaicd with bubble gae. The
- ‘g¢loat system with flushing oll supply, shown on Drawing. .

| D=1107, is probably morec costly “sng ‘will' cause more trou

-




" Fr ths sams charge -of uuno'a n ulfide 10 ‘and -
ors’ mda and 2 to 4 mm grains were scroe ned. from crughed 10 mm tablets:
The 3 tatalysts’ wera - compared -with- -gach-cther in:the: Jbenzination.
oil from . Brwchsal o1l end in’ the pre"xydrogenat,.on -of Scholven bituminow
" conl liquefaction middle oil with. equ.l 'Lhrunut, 'oa..ed on the wetght of the
catalyst ’ with. tne i‘ollowing rasul'bs:

Benzinc.t ion

Form of Catalyst = 10 m tablots

. Bulk weight, kg/lit.. - = 2.29_ .

Gasif. /Gaaol."+ Gasif,

- .basols - Co“centrat ion

it e vy e

Pentans Content
&% =~ 1009C 4—-—-higher —-;

Aniline Point . &————————= cqual —————y

B - Middle 041 - T .- . { scmowhat groster hydrogezation

. v - : & lewer final boiling point '

R . . - ' .

. ‘.‘Prehydrogenat ien

Porm of Catalyst = 10 == tablets 3 m teblets 2«4 mm Grains -
Bulk weight (kg/1it} LRe29 2.78 2,02 Sl
W‘——M . )

Gasification R "eqmi, baced on injoction

Gesols Cenceatraticn — — equal - 51 jower

Lo % - 10098, “'P‘.;__’ -—-—————-—-——9 - docraasing —*——'———"‘—"——?
Hiddle Cil: AP, - S——————— P b B




ance to pre~ and de-hydrogenation, and with-beng ‘the
experiments-should indicate. the sams advantage ‘of the amall pill size as W
058 and. DHD,  our, large.seale. plants, should I '
28 qui as posgible because

o _‘;_,the “experiment ngaréiv_ mdoin 1\"“]'.5::.;61'; ~convarjtaz"‘;-‘3'l5.‘ 'With , ‘
3" mm pills ‘and 2 to 4 grains fron the 10 mn pills,” made from the ‘'same:batch of
-tungsten-sulfide and charactorized by the figures in i;-he';t‘oll_owing -tables ..




g ".voms botw. thblets -

‘or grains, 1-/d’ 3954 T
) in tablets - 61.3%/Wol.
R .

‘poros) or’ grains

~Load op Catalvet:
-'*'Thruput kg/1/h
L kg/kg.catal/h

o gas/l/h '

n’ gas/kg o1l _
Relative resid. )
‘tizme in comverter,)
ealctl. fr. voida+)
pores = catalyst )
‘epace - WS )

I '5005%/‘7'01"' :
05 }_ﬂ»v T

- 1".53.25/9‘01.
260900
25,3 0

T a68 ™

50.5%/vo1
49 .5 .




1 11ter 10 mm tabl
‘benzination, 12
prehydrogenation

S 1 1ite 10 mm' tablets, as baforsy =..2290 g

7 " benzimation, 22 to 24 April 1943. - |

. This experiment was dist tinusd ‘aftsr tho converter wes rapldly
-decompressed by & lesk in'a‘ conneceting:line and we wore afraid-
“that the, vc_:‘at;:&lyst ‘actlvity nmight' possibly ‘deteriorate- becsuse of’

1 1iter 10 m tablets, ac before = 2290 g i
benzinaticn, 26«30 April 1943 ' )
v+pruhyz‘irogengtion,_@l-’«.ﬂayal$ﬂm_

" © 1 1liter 3 mm tablets K5058/J, #1061 = 2780 g .
benzinaticn, 6-10 May 1943 o R
_ prehydrogenation, 11=1/ May 1943
C N e _‘L -_4‘ L B -
1 liter 24 mm greins £r. 10 tm tablets:
- . K 5058/J, #1060 = 2015 g

= penzinaticn, 16-21 Hay 1943 .
prebydrogenztion, 22426 Mpy 1943.

‘ During the bonzination experimeat the comverier leaked and was decone -
... pressed in the 19.5 aV period aftes the 18 mV poriod kad been Tun without trouble. '
. The experiment was ccntinued afier the irouble was corracted, since the catalyst
" had apparently lost ncne of iis aolivity. (Y1014 befere the Interrupticnt  Spec.
Grav. 0.733, 148-100°C, 453-1500C, after the interruptions _Spee, Grav. 0.736,
14%-1000C, 49%~150°C.) ' A o .

 Benszinmtion was rum without added sulfur, prehydrogenation with 0.5% Cs;.
, : o : [ -




Gasification is highest with the 10 ma pills end lowest

the.difference baing.about 3% at both, cxperimental temperaturo

the butene values, the docrease in gesificsticn is principally dus to a decrease’

 4in'0y<C3 constituents wiile retaining tke C; quantity, although the .G values for
the 3 mz pills doviatc somswhat.  The velues for 13obutane content fluctuate so
muoh that’ thkey ‘not ‘included in Table 2. ' . AT, :
St Upifperences ¢éan also be recognized in'the boiling curves' of the gaso-
. 1ines. A greater percentage to 100°C ia cleaTly cbtained with 10 mm pills,-and
' .aleng With it apparently also & sopevhet higher pentano content, than with 3'mm =
. pille or grains. The 2 latier give eppreximately equal constituents:to 100°C, "
“while the 5 values obtained with both axperimental temperatures.take different . .. -
courses, though they probably don't vary much from-each other, The increage dn. -~ -~ . =
- 1ight ccnstituents in the gasoline with 10-mn pills runs parallel to tha increase
"mgsaﬁfimftim,althoaghmndmmwinthealmmuqmutyo:bntam,andatw
- least & constant relative quantity cf butane could be expasted, In contradiction .
" to what has been said above abeut the quantity of butanes; ' The butane contents
- obtained arg, therefor, still In doutt, for tho tine being. .

L No differencss are rccognizable in ths Hp-centent of the gasolines. Noth~
“ing can'be sald about anti-knock quality, beesuse most of the anti-knock values = -
were lost in the explosion ocn July 26th.. S . S IR AT
Somewhet greatsr hydrogsnation with 3 mn pilla and ‘grains than with 10 mm

_pills 1s obtained in the middle oils, . Although tks difforenco is small, it is

worth noting, inacmuch. as it shows up much greater in prehydrogenatlon, ses below.
‘At the sams time the boiling point with 3 rm pille, and even more so with grains, ’

- 13 considerably lower thsn with 10 =m pllle. . D .

L. ... . 8%411 greater and mcre. interesting differences than in benzimae 0 .
4ion are obtained with ths varicus forme of catelyst in prehydrogemstlon. Results:
obtained at the two different experinmental temporatures aleo agree-with.each other =
here. Gas$ficatiom, baced cn injscticr, seems io ba pracilcally the same in all
cages, The yield In prehyircgematica gasolire is distinctly lower with grains
- _ : S .

~ : Ce N,




. ics, which aro - the disadven-
"tages of somcwhat lox"cr pﬂtane %-’OG -corsent of ths gasoline, ' Fhen ihe
Bamiddle oll is recycled, which wa ) doz:e here, the sonewhat greater gaaoline :
~‘concentration with the craller cital, i_zcs Shguld-pre umb..y shiow ‘up. gt111 more .0,
“ distinetly, because. the. Bemiddle -0 ] :
~gonated ‘somewhat-stronger, oven ‘the 3t :v.sn% mxch,
S with 1ts low bulk welght, sinco It enmich te consider
. enyway, the 3 m'pills Bave g “u:"uher. urvvantagc ovér tho 10 mm pills, The results
at hand were obtained in spite of a 20% greater deraity of the 3 ma pills. Ccnse-
quently, with.equal cste ret Jozd, £111ing the 'cat:.iyst space. with more active: . o
-materisl permitied a greater, thrum..t and g8 g*e:tnr-vield with it¢ But @ less dense -
: c«talyot could alzo be used, ¥ which: 3 % “tablets. sufficient strength, :
i i w.v.w,vn;sazxa:;az:.s\ of.which. the:sbcws.mamad., w&%m Mdon and.. battanﬁqmiddlsw o
L oil could possi‘oly be ephancedy - _ L ‘
: In prohyu ceencilen uhG a,'_nll‘ catalyst 'shapos offsr the advantage of
_woaker hydrogenation cf tn;'* g:}..olinc » ch ‘increaszoes il antieknock quelity and
‘makes 1t better sultablo DiD feed, as well as strmger hydrogenaticn of the
riddle oil and conssquent easi':r \cmmaticn° He could elso cperate with equal
.enilire point of the: middle oll o of the u cr fractlon of the middle oil, and
.. thus c.,tain a gasolLe L4111 poorer in 2% lewer. texperature or increased thru= .
pl"“ ’ X e . : R

the cecarser oll molecules
) g of the catalyst 1n the
l»raer vlLS: as cc...‘“rv »1ih th 21115 cr tHa v ‘.*’na. The result s -
& goeater charge of the catezliryst :-:-mlle., faster diffusing, molecules, -
which still g3t inside whinlered, an seer charge with larger molecz:lea. This
condition might slsc bs expreses dv vongnr mean reazidence time of the smaller = -
Ao] ocmes an a s’w*"cer *cr- % o2, The resulis can then be de_duce':. from

et a—ancn with large pills, ..he charged
vba ~'~na,icn of large molecuales amd 2t ’che sane
e iler "ole~1_;.9. The gresier guantity of




gasoline constituen
igh gasdl’ine an

bt
the greater dens
.produce: fewer polnts:

 Bx ont Juoted By Dr. Kydnig in 1931 T8 o ¥ :
. pills.  In that case, however, the effect of the 228 ter density of ths 4A'mm: -
'pills was primarily apparent, while here ths differen ‘density was only about.
. 20% and at the same. time, tho difference in the' sizelof-»11ls,; 10«3 mm, wag - = -
greaters * Contrary to the present cxperiments, the denser 4 m pills then produc~: . ...
‘ed a greater %-100°C in the gasoline than the 10 mm pllls. ‘Moreover; only the
- gasoline yield was compared at that timo, vhich was lowor with the ‘denser catalyst,
‘"““ba'sed‘cn”ﬁhe.”Imr’fmight'*offtks"'ma}r;r,“!.:n":.‘#gme:ber',*«%sed*cmoqua1+w§1um—»~mwmmwm~w
of catalyst, Other experiments in 1631 by Dr. Siron with catelysts of various o o
densities brought the scme result. gs tho abeove mertloned experiments. . e I
. . ~In concurrent oxperiments by Dr. Peters in May 1943 (1-264) increasing
_ gasoline concentration ard slightly rising aniline pointa of the middle oll
" was alsc cbtained with decremsing pill size in the benzination of Bruschsol gas
oil. Hore precise data, particularly on tle density of the pilis-used, which
would permit a closer ccoparison with the experimerts under consideration, are-
. not contained in Dr. Peter's report. . - o e o T
. - ol . S
13 - o ) : - - .\ . . . ) —_

Judging from results reported hereln, a check of the influence of ©ill
gize oz eatalyTt oetivity o=@ qunlity of pmoduct would ccexm dcegirabtle with other.
types of catalysts, since a genmeral applicaticnm to thenm of these results is im- -
possible without further ccrnsideraticn,” Such experiments with alumina catalysta.
are under way. In caso a similer changs in the anlline point curve with decreass
ing pill size is obtained in prehydrogenation with thez, the pregent disadvantage
of K 8376, against K 5058, of 2 highes eniline polimt of ihe gzsoline and a lower
aniline peint of the middle cil, particularly in the higher fractions, with equal
anilins point of the tctsl prekydrcgemation preducty, cculd be cvercome by converss
fon to smsller rills. -Experiments Tith ths pilled DED eatalyst X 7935 kave slready




RO




LT




i WW.,Spac.GraJ/zc o,

b . Spac.,: Grav?ZOO

- Aniline Point ©C

| ASTH: Begin € o

» : nt Res.-?deth
. Hot . ¥oth, /m M. +'C.X2 5 Pb

Ni-oil > 1800: _i %

51 6/79»0 ",j:'
~}.0.797 L0795,

;306/97.6 Joclev s
f..Q.rQ 35,8

0.734 - - JLO

o *,_61/6?.4-? 60,5/61.3
56 g2
: aipy

59.7 . 5.7 -1

L

R 8/61
68

Qo8-
o113

52.-1

‘ ;289/97.

0.7 o '726 :
€2, 5/63.0 .62,;/62 8

0,792

271;/97 8

. q3°5 o “ .96"

309/98.3 315/98

47 X

83 . 303

28.8 . "’21,0

£T7.3 . 739.50
8.2 77.0. =
BheR o

‘k‘ 55;1/83.2 v

A3 372

0. 725» Gl

75 03 i_ N

25.2.

0a788 0.791 :
3747 24,8/45.3

- . -

g g e
’ 4305 B ’44°a8 :
78,877 8.8 .

0.8

6.3/8L

2ol m .
0.875  0.870 .

‘Aniline Point G-

CASTH: % k,zzbo

- % - 2750 -

BEad Point ©C

Phenols ' o

.= 1509 W, o

Spee. Grav./20° - -

Aniline Point C

4 :

S'E’vmgegin <G e
-100° '
320

Octane Mimber: Res.-tleths -

Kot beth, /B i, +0.12 Fb
S Ml-032 >15001 Wi.eR
_ Spec.CGrav./200
© Aniline Point %
ASTiy § - 200° ..

T 250
Bn3 Peint OC

Y ¢ A 7793 -
35.6 - '"7;8 i .
8201 s 81‘-0
311/98.5 )04/98 s

G712 0.724

60/6)  58.5/59

43 53
10 -
38

66

61/86

%3

0,790

745

30

70 72
308/52  204/98.5

8 )
3995‘ 'v A

£8 -

%00/98.8

76 63"
54.3 67,0
CO 7 95e

5
29)/98 3 28/%/93.5

32& R 2Ry
0,700 0.707
62/62.5 = 62/62
i L 51
% 8

50 . 37
7%

0.4
€2.5/56.5

1595

C.780
725
51

8
292/93

7.8

TRUTT Ay

30°3 O 300

845 858
L 312/98.5. 310/93,,.3
- 0,055

306/08 5 361 /99
S O 008




L0 S T
6°es - REESR o |
: mm.w.,m . . o0/ anyp °dg

I VAR 0 : -
©'668°0 [ 006°0 - 005° L o02/

! . L . (00e=942) o%le<
- otes o gter rogey ,
2L8°0 988°0 00g/* auxy °dg.

Gl

o otgy

‘T2z
- 0°LE.

€L8°0
L E00T

geoq

- v
oo.o.\.vﬁo‘ .omnm

%4

2

. 0°€E R
698°0 - 002/ °avap
. 6°0Z : S
_ ERE o
. g°0¢
€re°0
€04

R ) 0&04
o0%/*Avap °da
: =M
. 0°ge ‘

228°0 002/
" OQONv . _ , *ﬂeg
oo , Ko

os\ﬁzw *dg .

Lz
203'0
Y

092 S 'y
SooBRL'0 - 6 o0z/*avay *dg
. . Ho@ ,. L 9 R d M

8440 i o0Z/eay *dg
179 5 0" o . =l :
e | 3  oDETSOOT
e 4o 8% 0°Le. : REL S
| s 19470 © ofg/avap s
AR ¥ oY S =* 4 000T=
s R 4 ; . Lo f
- 2TE |0°95/662 . G 96/61E s pg Aureq pug
. $°61 . : con . 0BT
et o - 06T
. o00T = ¥
0y UtBog ISV
, oomﬁh
o038 = *J°v
Op VIYOQ OUTTTUY
- qUE/Anay coodg

1 JONPOTY T

8967 . L°LZ| o0BI~% UOFIRIFUC0LOH* TOUTY

pe'o 03°0 - 08°0 C O qfasy/A ndnaygy
seopfer 6t/ 561/t o A eanguyoduoy
sy 1 ge Vsefie

| sTrg-mmor

ok ) 5 * ; Fh &aoh
1 6°02/6T 4°61/8T - §°61/81
e _

LT et €Y1 - 03ug

BT ~w'g "

E

40£[Vq5g JO uavg




yarogenation of coal. in: -
appears technically possiole at’ such preesures. COmpare, :
@B, ProssuTe . ‘gasification.. In ordor to obtain: preliminary

£ ;h..kzxperx.mentsﬁ,‘.irera mde ina; tray autoclave without

e - ‘being, some data on Rhenish brom coal S
o »‘(68.7% '¢).and Upper. Siles.».an ‘bituminous coal (78.9%.C) are:

- awvellabla,  The figures obtained are contained in Table 1. -
" The most impox-tant data for brovn coal deperdent’ upon” ‘cemper- e

' "._"t.ture ers ‘given in Figure 1l and: ‘those dependent upon - pressure

in Figure 2. PFilgure 3 shovs these values :or bituminous coal T

el depondent upon pressurs.

o ~In detail, brovn coal showe an :mcrease in convex'aion -
;._&nd ‘011 yield whon the temperature 1s increased frém 22 to 25
AW wﬂiﬁ.lwgasificetionwapmmnt’7~is~a*m:1mm B G- BDONT = Pl Y eoimseniinion
‘determined solely by the apparatus.. 01l yleld and pure.coal - ..
conversion naturally incresse with dncreasing pressure. A
digtinct minimum in gasification, proviously unknown, at a’
preasure of about 25-50 .atm. 13, however, worthy of note.
The doperidencs upen pressure is similar for bituminous coal,
, altimugh at 25-50 atm. tho oil. yield is lower than .for bro'un
coal.

'me folloving detailed data ve*e obta.ned for brovn coal
at 25 mv : ) :

1‘088‘11'0 ) ‘ Q O 2

% pure coal .conversion - . .45 55 ' BY 65 B4
% oil yiold/pure coal . - 8 15 2 30 &7
% gasif./oil yleld + gasil.. .~ 34 -2 25 32
% n-c ganif./oil yield + H-C gaaif(ps) ah

5 aa CO + 002 gasification : = (#o) (uo) (20)







. . Upp.S11.Bit.Coal
" EE-Iﬁii v.oL.7.42)
T H 0 ["‘r l-l.,’!
Wa%er-freo Courl
Ash
Pure Conl:
c .

Crudé Tar

Conditions of aneriments° (Afte* dipping the tray autoclave 1nto the pre—,' 

Length of experiment: each % hrs. on temperature.
Length of preheat.: each 1 h

s

heated lead bath, the gas analyses vera made,

9
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'Extract S . R :
Hoaviest oil , - S8
o -qud ~Bheae- dist:.naucn heavym,oﬂ,
Liquid- phase niddls oil - ‘
. Vapor phase middle oil -
. Gazoline ‘

J.‘aﬂ B.ubfl-..N bPO A COI‘L

Coal
Extrect |
Hegviest o021~ . ' :
Iiquid phaze distillsticn heavy oll
Liqu...d phase niddle ¢il

Yapor phase middle oil
Gaﬂoline

19'39950
(L% (3\_

9

S




SPHALTIC 'BASE.

‘Yeung bite - Low bite - High bitume ' Asphaltic
uninous . . wsen-brown . en brown .. bsfe miner-

b

L JI.A\OQ

o Ash 0,06 - 0.

wv;so«vi;nmr-n Hmw’wﬂvw\m-%lw i~,603_nmw-«-:quw-;mawm'zQ,.owmmwm?.&l'nwfmg‘llw o

oS 659 6.5 Buk = 743

‘ Heaviest oil. H = - 7.9. U8
h O+N4S - . bed ) L4, ?

Liowid pkege H . . - 8.9 © a3
digt. hesyy O+NtS 1.7~ = - R2.8
Lig bane N0 7L 7 11.0 0 0 7 10,9 -
ddle o O#N+3 2.4 S A% B

£

pidgdle oi)  O+I43

“Gasoline "Ho 16.9 g
o oemss T2 0

15,0 - . 15,0

E=3




‘Semi-liquid or solid Ly i‘usible" '

- §oi Pacaffinie mineral oil residues | e
- bw2 Paraffinic-asphaltic wineral oil residuas :

Xv'ost?:yﬁinsoluble in €Sy, unsapom.fiable v
(elaterite, peat, brom coal » ofl’ shale)

Substa.nces Related to Bitunsnso S e o ‘.""f . .

A,

Tars ‘and Pitches (obtamed artixicall,, by destn.ctive distillation
of natural orgenic substances) (In the distillat:.on of tar oils,

the residues: tar pitch) - _ o

lo‘ Tars

a)' Wood tar
T gel Sedimentation uar
. ae2 Rstoﬁ._ t;ar

') Peat tar

.e). brown coal tar
d) Shale tar

e) Bituminous coal »tar

Pl




g). Tars from'fats

residues from

' Sl Pr 1y, 211 the naturally occurring substances, -or products obe
~tained -from natural products without deccmposition end consisting of hydrocarbons,
"must. bercalled ‘bltumens, .'This arrangement is largely in agreement’ with-that used-’

in the German geientific work and the usual American way:  The difficulty existing’ .
_in Germany of calling bitumen the'distillation residues of asphaltic base mineral -
.olls7is overcome by calling also the 0Sp=gcluble compchenta -of patural asphalts:
~-bituens in the narrower meaning of the word. ‘In other-wbrds}the‘ wider meaning- -
~of ‘the term, bitumens are the substances cnumerated in the tableé, while in tho

ot ~prachical meaning bitumens.are.the.distillation.raesidues.of-asphaltdc

eral oils. S L ce Dl : PR
S In Germany the term asphalt mean3 the nmatural or artificially produced -
mixture of bltumon in the narrower meaning of the term with mineral substences in
‘varying proporticn. - The word esphalt should not be used. for pure seluble bitumens.

= Atern like mincral oil asphalt must therefare bo avoldeds In Amerfoa, |
-bitunen in the narrcw sense is called asphelt, T L

: : #e understand by tar the liquid and semi-liguid products of thermal ~ -
" decompeositicn of ratural crganic substaaces, such as peat, woed, btrown or bitu- '
ninous cecal, cbtained as byproducts, Pitch is the distiilation residue of tars. -

‘Gaseund Fassorfach, vole 83, 1940, p. 241).

E. J, Fischer distiagulshes between
I, FKatural asphalts

II, Artificial aspbalts and pitches




) direct pitch {direct residus of: drydistillation)-

ike: materials ob
“of ‘distillstion”

. PARALISLS BETVWEEN TES THEORIES CF FORMATION OF = .-
NATURAL BITUMENS AND THE PRODUCTS OBTADNED = °
“.i ool IN PRESSURE HIDROGENATION ... .0 i

e Tha thecries of formatien of mineral oils, asphalts, resins and
- -coal, based cn the effécts. of high pressures and temperatures during geologic : . -
ages upon plant and animal raw materials, ars of certain significance in'the sci- .
entific study of preasure bydrogenaticn, especislly in the liquid phase. Many
.Anvestigators _have ass ' among
-the bitumincus raw na A : e
. the action of gaseous hirdroge. was also ccnsidered. in this connection.
_parallels may therefore be drawn between these preocesses end wint happens in the-
‘liquid phase or in processes at elevated temperatures and under pressure. The - .
polymerization of asphaltic-base mineral oils to asphalis under the infIvence of-
_high pressures at high temperatures, as well s splitting, depolymsrization and
. dehydrogenaticn, are transformations which occur during pressure hydrogenation
‘and pressure extraction. The presence of hydrogen cr of substences giving off
Lydrogen, possibly with catalysis, change the transformation products originally
" - formed at the high temperatures and pressures, Gsasecus, liquid and. solid hydro=-
carbons of greatly different molecular magnitudes such as asphaltides, waxes, ete, -
exist side by s3ide in matural deposits as they do In the-products of prassure -
hydrogenation, Depending on the chosen conditions and catelysts, pressure hydro--
geneticn permits cn the one side the production of the most diversified groups of
bydrocarbons from cne raw materiel, as well as preferentizl production and iso-
" .latlion of ceriain iypes present in the raw material. The £inel products of ithe
- 1iquld phase hydrogenation still permil the reccgnition of specific preperties -
of the raw materials, The generic differences of tke bitumens are at times mera ..
. proncunced in the final products of the liquid phase tkan in the originel raw.
mterial. This in turn permits us to draw conclusions on the origin of the raw
materisls, so that the development end applicaticn of pressure hydrogemation rep-
resents a valuable supvlement and elaboration of other investigation methods.
Thus, a pressure exiraction under mildly hydrogezating conditions permiis an




- Naturel - Aspmlt'?te -/ Bituminous: ' Brown'coal’
".asphalb : (Be,n»halm) N L : exttract
(Tr:.n_aad) o Ruhe) - ;oo CentraliGer

Soi‘tening point s R S Dcran not -
. s : melt unda-
.co:mo...edw,

Ultimate analysie of:.
‘ the pure semple o S .
S 4G o . 81 - 87.05
‘ : : 10.5°  9.05:
. 0.8'\ - 1 73
0.7 T 1029 )
7. «R8

I

g H/100 13,0 10,3

g ( D+K+8)/100 g C 105 3.8

Iv. " o ,K‘ .
Nov. 14, 1942

-LIQUID PEASE ASPHALTS -

The ligquid phase raw m.te‘rials‘ ere primarily mixtures of different high-




-

’ide by -sidey: and affe
~this reaaon the properties:
£ the ‘available methods’’ greatly -affected by the. :impur
:"Hor'ever, the application of the method: of decompositio

““the. high molecula. \1eight compounds obtained in nydrocenat:.on._ One may follow in
“‘such decomposit...on of ‘the hiph: molecular group subatances the- connection between

he raw materials and the hydrogenation products obtained from them, as well as the
effocts of varying hydrogenstion conditicns’ upen the  same: raw material, The high

- molecular welight -substances from the heaviest }wurogemtcd petroleum oil s 'have'a
- ~different” compoaition than the: covrespond:!.ng products’ from-coals  and ‘tars, -and ‘the ;
‘-different mineral cils, tars and coals give different high molecular m:.ght svst’ems.v L

- These -substances must be’ considered zs- the primry splltting ‘and hydrogenation

- products from-tho-raw materials, and they are therefore of varticular interest. . ' -
. ‘The 1iquid.phase hydrogenation attacks the structure of the natural high: molecular -
“welght compounds very sparingly in comparison with the Trude thermal methods of
“.cracking, low. or high temperature coking,  Liquid. phase hydrogenation converts .
-aluogt-all-the.combined- coal-paterial-into-liquid-and-soluble -substances,-whils:

“the high and low temperature’coking enly-a. smell part of th2 material is attacked,
nazely the scecalled bitumens, The principal high molecular. veight substances :
¢btained in hydrogenation are thersfore- pref'arentially capable of throwmc light
upon the’ constitubion oi‘ the gtarting materialo R ‘

A nun'ber of interos’bing i‘acts could as a remzlt be learncd abcut the
“appearence of highly condensed aromatic ring sysiems in the hydrogenmaticn asphaltsn
" The. different ring systems possess differeat stability againsit the splitting, hydro- -

- genaticn and. dshydrogenaticn roactions which cccur simultancously during the destruc-

tive hydrogenation, The continuous return-of the high melecular weight substances
into the process may especlally enrich the mest stable ring systems, EHEighly con-

dénsed aromatics and hyiroaromatico have- beeri obtained only in very limited amounts -

from the asphalts, resins or heavy oils from hydrogematicn but the structure of

~these aromatlcs may neversthe-less permit drawing ccnclusions on the cenfiguration

of the hLydrogenaticn asp‘aalts, especially because thesz arcmatics exhibit practieally
the same reactions with different substances, as do the asphalt-systems-themselves.

. _The particularly symzetrically comstructed corcoene bas so far been identified in
- hydrogenation acphaits from different raw materials, as well as pyrene, its homole

" ogues and benzopryenene. -‘There are also indications of transiticns from the amorphous :
. asphalts %o thess crystalline arcmatics. The present’status of investigations does

not, however, permit @S to state whether these ring systens sre present in the
orig:lml raw materisl, or are formed during the destruciive hydrogenation rom the

. primery splitting residusse .

— e/ Rank







R R o That turbo prscompreesion has not fmmd practice.l applica.tion
do:ostic }mlrogenation plants wm3 not beciuse we.couldn't build: suitable
- machines for this purpose, but entirely becauss ‘of the drive problem, Th

~ direct elestric drive with high tension squirrel cage motor was considered
the ‘nost suitable, bocause of its simplicity end cleanliness, but was.at
such a disadvantage besause it required.3.5 $imes the mormal starting -
current, that, for that reason alonae, t\n'bo—compressora of ecmomice.]_'ly :
large ca.pacities could nmr ‘be wsed. [ . e

‘ Thm-eforo, turbo precompreaaion with d:lrect motor drivs as’ with i
- othar mchinss—inhﬂromation could,never hold Ats. m:n.w

' Bomver, the advantagea of turbo precompress:lon are 8o great .
that the use of this metbod: of compression.cun not be made dependent upon
the electric drive alons, Even though the thermal efficiency of the turbo- - -
compressor with the 1ight gas mixtures to be ccnveyed is below that of the . .
piston compressor, and a correspondingly greater capacity requirement o
(Leistungabodarf) must be allowed for, this is not decisive, because the
greater capacity requiremnt of direct stean turbine driven compressors: is
anply covered by the elimination of the electrical losses, herebefore
‘made allovance for, in the generator, transformer, cable and motor, with -~
-the customary electrical drives of pistom compreasors. It is, therefore, -
entirely immaterial how great the individual losses in the variocus machines
‘and apparatus are, a3 lcng as the total loss does not excoed that formerly
allowed for,~ In other wonds, whon trying to deeide for or asgainst turbo
preco-pressicm, the detsmining facter 1is not omly the greater capacity

3If we look at the proble:z h-om this & angle, tbsre 13 probably
- nothing in the way of using turbo preconpresscrs in most cases.

n,-ﬁhedtwbocomprmioniamed,thegumixhn-eofﬂz,cc, o
CO, and-steam, formerly compressed in the low pressure stages of the pisten




comparison.betwaenz ‘Hy-prossure processe
—pression ha.a ‘been workod out: s

A): Pressureleas %m

=) ‘Préﬁwc’-co@éemiém- :

’ 'rom quantity conveye:_l s = 100000 Hm3/h 52(985) e 700 a.tm
i Waahout pressure for 002 =13 atm o

. The gas figuroe gven comapond a.pproximtely to the proposod
Blechhamer plant, extension la

D.’m.g. 2 shows tbe type of comtruction, size and mmber of com=
- pressors required, as well as necessary building volume and builteup floor
space. It is computed from the quantities to be conveyed, determined by
Dr.. Pirzer of the nitrogen plant at Oppau by accurate line meaaurements.

Accordingly, the fonaaing are required for f.he cased @van:

Al: - 12+2  6-ctage compressors, 1-325 ata.
o 1042 ooster ¢ sors, 300-725 atm,
Bldg. vol: 101800
Floor spaces 7800 m? (buﬂt-up)

- 341 turbo compreseors, 1-13 atm. -
842 piston compressors, 11 to 725 atn
(Special construction)
Bldg. vol: 87500 23 -

Floor space: 5550 = (bullteup) )

- 942 6-etage compressors, 1-325 atm.
1042 booster compressors, 300-725 ata, -
- Bldg. vol: 90300 =3 )

Floor spaces 7000 2 (built-up)




1ge COmpTressors; ‘are’ eliminated,
By the ‘elimingtion of a 20000. m tur o-generator, no longer rec
1 : : ' 3 is saved in the power

with’pressnreless conversion, 101800:&0100 : L _
o0 pressure LA 90300:76500 AR

Similar relations e?Is—t betmen the weights of the machinea

Diag. 3 shons ‘the most :lmporta.nt data for further evalua.tion,

. Power data . -
Machine persormel
Finished machine weights - :
‘Net machine costs {(without installation) :
Operating costs . (without capital burden & repairs)

_ Powar

R Although the capacity requ.ired at the compressor shaftg*(or the
total compression from 1 to 725 atn bas increased with the use of turbo
precompressors, the r plant-turbine capacity is not éxceeded, . (Ses
also Diag. 4, Fig. 1) The losses-herehefore charged against direct

. elect:ric drives are now also conceded the. turbo compresscrs. Cdnsequently,’

e in losses occurs, but simply a wearrangement, The considerable
. reduct:lon in lubricating oil requirement with the use of turbo precompressors
should also be noted. (See also Diag. 4, Fig. 3)

The turbo precompreesor, of course, also pemits savings in labor
without comsidering the fact that turbo compresscors belomg to that type-of
machines uhichmveryseldcnmtafcomisaionduetod&mges to the
tachire since sources of fallure, e.g. valve plates and springs, piston
rings, eic. are not present. The sarme thing, of ccxrse, also applies to
stean turbines for drives, :




gear, cables, etc., otherwlse require
.guch as air and gas decomposition,
‘finished machine weight. {and ‘much

e  The foregoing necessa :!:npliesreduc
compressor ‘plants in which turbo compresscrs are us
compressicn. . (See also Diag. 4, Fig. 7« "
.. Savings my also be obtainod in this item, even if capital burden '

" gnd repairs are mot considered. I we consider both of these factors, turbo
L c.ompreaq_ion is a still better dealo B T L e

7 The compress 14ght gas ,  to 13 s not
economical if the direct electric drive is used, However, if the stean ‘
‘turbine is used as direct drive, the lovwer thermal efficiency of ‘the’ turbo-
*cdmprqss,o& compared - to the piston compressor, is fully -of fget by the
~elimifatién of all former electrical losses. The powsr plant capacity 1s '
not increased, rather decreased, therewith; consequently, there is nothing.
; mtheuay of using turboecompressors with steam turbine drive.
"IV, - Outlocke T R
" On the basis of the foregoing investigation, one may comclule that
- in many cases turbo compressors could even be used for processes in which
“ 'COp must be washed out at a pressure of.28 atm even if the pover plant .
- capacity would have to be moderately increased. I .
le; , . .
. . Gompression of 160000 Kn3/h = 190000 n3/h from 1 ata to 23 atm
absolute in the first 3 stages of: the &-stage piston compressor. Isothermal -
capacity required for 1 ’/min, 3 7.4 PS (metric HP). : o

Nis = (190000/60) % ol ® 23400 PS (isothermal capecity reqid.)
Isothermal efficicney Bis c -
Effective capacity req’d. Be




According to a:periments 'by Dr. Pirzer-lu, suction capa. 1

3 46 xn3/h e 300 atm abo. and 3ooc, pV—deviation 1.2

ﬂl.&xBOO/loz s 11500 m3/h each booster compressor. o

' Isothermal capacity req'd. Nis e 363X

a efficiency . . Eis =.0,80 ' '
Effectivo eapacity req'd. No = 1..55 KH

T T e B T A B e S

10 ope'rxting mchinea "woq 'd. 4550 Kﬂa

Required capacity of bocster compressors L] 4550 KW :
'l’otal compressor capacity required . L] 37300+ 4550 = 1.2350 Kl

E; ect ic lgsges: ST : 4 :
a). G6-stage compressor: 4.5% generatar'loss — .
- loss (synch. mot )
o - 8.5% total loss. - |
" Turbine capacitys '25000/0.915 27400 KW, stages 1:2 .
X
= 1.11.00 K, atages 1-6 -

b). Bocster compressor: 1”5% generatar loss
L o . 0455 cable " .
- . (synch. mot.) ,
o= 13,08 total loss. .

Turbine capasitys - 4550/0.87 = 5200 I for booeter -
compressors. ‘

Por the total required compressar capacity of 42350 XW,
L6600 X# must be furnished by the pewer plant
turbire which means an electrical loss of 4250 XW.




thermal ei‘ficiency E:Ls 0.59, we obtain the ofi‘eotive capacity .
the turbo compresaor and therewit.h also ‘turb:lne cape.cit

With a price for ‘power of ma 0.0Z/kwh, the cost is, therefore,
increased by 8000 x 1900 x 0,02 = Ri. 305000/ann. However, sincé about =
'RH, ‘4000000 are saved in the cost of plant, which, at only 103 capital - -
“burden.still ‘amounts - to RN, 400000/ann, turbo precomprossion i3 economical
. ‘even in this case. - Here, ve have not even considered that the lubricating -
woﬂ«commption -is‘reduced-by-nlf-of-that otherwise - required-ard- <that- tho«mm
cost oi‘ operating—personnel and repa:!ra 19 less than" for piston compressorm ;

RS “. " Turbo precompression a.lso saves mterm in the booster p:l.ston
, compressors »if the elimination of the heavy machinery in the low pressure .
. stages is utillzed by increasing the RFI of the pistan compressors from " .

125 %0150, This increase in RPU is permissible without questicn, because:
the stages requiring great massive strength are-no longer used. Neither
“does this 20% increase in RPY imply any risk for the plant, because the -

' . well known 725 atm booster unit compressors bave been runriing satisfactorily
i for sevoral years @ 147 RPM,

» Tho demand for econoxy jn comtmction mterials mst not remin
merely a demard, it must be put into practice.

R ences wi 80
o~ oo - leune Werke, 29rhrch1943

: Sincetheendof19391mmahaahadamrbocompressorinopem

tion for compresaing catalyst gas from O to 29 atm. abs, max. (aralysis: '

29.1 COp, 3.0 CO, 49.5 By amd 18.4 K,/ density 0.81). This-machine has

2:? worgzg to our entire satisfacticm ar‘ber overcoming initial operati.ng
Ticulties, .

y - : ihese satisfactory operating experiances have induced us to
propose the installation of a similar oon;n-essor, but with increased. eapaciiw

. for our hygas compressiom,




' “the produotion—is not red t
~fa:llure, be us of: its 1arga cap&c:lty 3

' préaaure eonversicm 18 aasured

e 3)., ‘l‘urbocompreasoxscanbeuaedonlyinamphnt in
.which the composition 'and density of the gases . is fully known, ' .

L " ‘so that the RPM and mumber of stages can be definitely determined. .
i o rerion Y SOT DO COTPr @SB OL'S . aith stean turbino drive, only.very limited . . ...
B  adjustments can later be made witbout disturbing operations for——=

- yariations in gas density within the permiseible mguhtiom .
(shiﬁing the pumping limit, RPN and oapa.city)o RE :

' 4)e The. regula.ting Tanga of & hzrbo comnressor ‘with steMﬁ
drive depends upon-its pumping limit. According to our experierco,.
the pumping 1limit is 70% of full Io‘:id in the nost favorable case.

‘ Aaarule,mchleaamisatﬁrstrequimdwbenamw-
plant i3 started, so that the. capacity can be reduced on]y ‘by very..
"uneconomioal recycling,

t'z'hen only 3 mchines are in operatim, fairly 1arge Jumps .
« in capacity occur in the course of further pla.nt expansion by an
jncmse the total capa.cityo ‘

. H:lth turbo co::pressora alcn a, cveraticns are dii‘ficult to N
maintain during operating disturbarces in case the required quantity
“drops below the pumping Iimit of the last machine,  In this case we
must recycle and at tbe same ti:ne dolivar a quantity of gas difficult
to regulatee . L e

5), In a sudden failure of a turbo compressor, the reserve
_compressor can be operated only after about 3 to 4 hours, if the
- turbine is cold. If the turbine is hot, this time 1s reduced to
'1/2 to 1 hour, i.e.l/Boftheprcdmtimdrcpsuﬁ‘forlorBto
4 hours. -~




1'stage suction ‘nipples , %
tha we.lls so mach " -tha

...). The axtent of repairs ‘and-the- e'required
o them is dﬂicult to determine when a turbo compreasor :
taken cut,  Contimious uniform’ operation: can;’ tl‘erefore,
- ‘be depended on with just one reserve compressor with 3iin
. operation.,. Consequently,, 2 Teserve ' cOmpressors: should
3 proparly be’ providcd L . .

. 2) ‘The conp ,arison n in the building volune a..fxd the costs.
ard ircm requirements, must be roviced, because the lecturer
-aszumsd_that pover production was simply taken out of the
_power planu and trmaferred to the compressor bui.,dlng.'

) _ “hercrore, the a.dditioml differences in fimures” growing out of
w-ﬂx‘.s “regroaping-or Tubdivisiortnty smaYYer-tnits sng’ possi‘ble ‘greater T
distance betw*en the bo :Ll"r or pcr:e* house r.u,t be ta&en mto gonsideratim
&s follows.

-a).,pcséible reduction in tho porér house tuilding "volu:ze, :

S b, posaible inerease in the building volwze of the rcturn
- cooler plant with tho puzp drivaa ’

¢). posaible invraase in tha building volume for the pipe
‘lines (Qifference in Gistence botwesn pover or conpressor
housa from ‘the boller houss for steanm supply and gas
1ines}, and : : AR

‘d). increase in the buzlcxing volure oi‘ the conie..eers
» (aivision into smaller uits)s - - S DR

F‘a congider it proper that cur opinicm should be submitted vO
&KJB and the Reichs-Office for Industrial Expansicn, in view of the fact
that theze points have been cef .miteiy cleared up in prectice,
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: 9. o observed singe the
that leaks were produced in the differ
year operation; these leaks were caused by. ¢
through the whole thickness: of the tube wall. - : :
tigation has :shown, that we were dealing he th intercrystalline
..corrosion.. . This. damage:cccurred preforen! 1y.: s mit;
. of welds and on the outside of the elbovs. The l.d. 37 BmAS
" tubes made of the ordinary steel (St. 35.29) was mostly 150 mm, .-
. .The attacks are chiefly cbaserved near the coal catchpot, but also
-, in.the pipe lines carrying.the B middle oil. We may'state on th
. strength of exhaustive investigations, that ‘econtent. of
""the 011 was' the cause of: the attacks.- " P

:.'The ogourence of such corrosion 18 the Tesult of combimed
tion of three factors, namely: . - 777 Vi e A S

L1). tﬁe use. of.-matqrial“ a;jn:' o' be b"ééifrﬁﬁed;
«~~;w»-m-w»-w~->-~m_~m_«-w»~+~‘e)-rétrains~-inmthqwmtaéﬁi;;WW;W ’ '
-7 3) chenical att@ék by the feed.

- . _'The presence of the feed can not be avolded; we may there- .
. fore look for help in changing the first two factors. One must
consider therefore the use of non-corroding material, 'such as”
s8lloy steels or & corroaion rssistant IZL steel. Alloy ateel-ls

. at present entirely excluded, and the procurement even of the
IZ1 is at present so difficult that we may not count on its
introduction. (It must be bora in mind, that flanges must be mads.
of the same material as the tube themselves, if a far-reaching
protection against intercrystalline corrosion 1s looked for, and
the purchase of. flanges is particularly difficult.) There remains
the poasibility of coating the pipes-on the inside with a protective
coating, ©.g. with an enamsl or with a baked on artificial resin
lacquer,- -We have already begun experiments with-an artificial - -
resin lacquer (Munkalit, from Munk and Schmitz, Cologne). The -

- coating is however dissolved by oil in a short time. Chromplating.
the insides of the tubes would probably help, but this proceedure
appears to be impossible today for tubes of such dimensions. The
seccnd factor, the elimination, or at least the reduction of strains,




: pip
because: of intercrystalline corrosion, and s being :
operation.. The labor. requirementis. under ‘the. existing conditi =)
5t be oonsider intolerable, and we are.tirylng urgently to fin
£ overcoming this: ‘aifficulty.” We request: you therefor
inform us of any experience: you may Ve . ha.d. J.n this: problem
might' full o

I.G.Farbeninduatme A G. o Indwigshnfen Rhein
SR - Anmoniakwerk Meraseburg - G.m.b.H., Lsuna Wo
: .‘.'Hydrierwerk Scholven A.@., Gels enk.-Buer .
Union Rheinische- ‘Braunkohle A.G., Hesaeling

'”,‘,-_.nydrierwerk PBlitz 0., Stettin-PElits.

w. M. Stemberg




B Operating a liquid phase stall (coal)

a) starting , e FRER R :
b) i recaut mbﬁmﬁEEWSB:EEX§:3°nS during o erbtion

c) precautions 1n case of trouble 1n 8

d) stopping a coal stall

¥ Operating a nqum phese’ stall (tar pitch oil)
- a) starting Lo ‘

b) precautions and obse vations during the
g operation of the™ liquid phase stall

¢} precautions An case of trouble in a lic%id
phase stall

"d),shuftihg dowvn & liquid;phase staill

_.8) Operation of a vapor phase stall (prehydrogenation
: and benzination)

1




' any .drops in pressure,

A MR Tk e A AT

) FLUSHING AND PRESSURE TESTING OF A HYDROGENATION STALL

0.7 Nitrogen is passed. through the whole equipment until
- analysis of the gas taken behind the cooler indilcates less than '

4% oxygen (preferably about 1%).-

The vhole 'stall is then filled"

to & pressure of 300 or 700 atm, through the usual gas and feed
- .1ines.  When the intended pressurs is reashed, the whole installa-
. tion remains under that pressure for at lesst 4 hours to observe -

The pressure may not’ drop more than 2 atm

per hour. During that time the-gaskets, cover, stuffing boxes,

ete., ars tested by listeningz and brushing with & soap solution,
thnmtha&pressuremtestiagwiswcowploted;wthewpreesurewie~r91093ed*in“ww

the vhble'1nstallaﬁionsthroughval

inlet valve open,

1-the pipe lines, wvith the stall -~

2) FILLING A HYDROGENATION STALL WITH EYDROGEN, — ..

R argesb

The stall, after being flushed with nitrogen and the e
pressure rsleased 1s filled with hydrogen from the pressure side;. .-

While doing this, the production

of greater pressure differences

1s avolded. (Testing of manometers, or opening of the stall by-pass).
When filling a stall with new catalyet, the length of time to be '

used in filling given in 8a) must
3) STARTING A CIRCULATION PUMP.
The shut-off valves on

are removed and the by-pass valve

be ocbaserved,

- _ the stctlon and pressure sides are .
kept closed, the blind flanges in the intake and cutlet of the stalls

of .the. pump 18 opened. The machine

1s next set under 10 - 20 atmospheres cof nitrogen, permitted to run
for about 5 minutes, and the pressure released. The process is

repeated, and tests ars made for

oxygen. Vhen the latter drops to

belov 4 or 1%, £illing with hydrogen begins from the suction side of =

)

S




If. the. circulation pump-. 15 to. be openeumfor repairs, 4tids. .purge
vith nitrogen, exgctly as during the starulng. After:e test: shovs
1< 1,5% hydrogen, -the blind. flanges on' the pressure and the. suc-
“jtion sides are 1nserted 1n t gas circuit - and repairs begun

S " The preheater ia Tirst purged with air in the following
way: the circulation blower is started with closed suction and

" pressure valves, and the suction valve slightly opened, The - T
‘. pressure valve on-the blower remains closed &t first. The air. is 7

- ‘'sucked in through the pilot. burnexr- and. blown for half an hour out<
side by opening the pressure valve of the-blower ‘(the pressure valve o
-~ on-themrin-burner-must-rexzzin-closed )~ Post s are - made-Lor- 8w
(20% .oxygen) 1in the pipe line to the waste burner. In the meantime
the blind disc in the fuel gas line to the pilot burner is opened.

For the pilot burner a difrerent gss vas used than for the maiu ‘
burner. : , : : ; ‘

' The pilot burner (safety flane) 18 11t with a lighter.

' The ‘blind flange in the fuel gas line to the main burner 1s only
" drawn after all the pilot burners bura perfectly.’ After this 1s
done, fuel gas is slowly fed into the main burner, until the gas
ignites (watch the flawe; color). Vaen i%f burns properly, circula-
tion gas 1is fed into the barner “When opening the valve of the -
clirculaticn gas to the burner, the flame must be watched, to see ’
it 1s not extinguished, . : L

Vhen everything is in order in’ the preheater the. supply h
 of the fuel g8s and clrculation gas sre increased to mcet ‘the '
requirements.‘ ‘The burners are so set, ~that the oxy%en content -on. - ..

the pressiure side of the circulstion-ggﬁ‘be 2 - 3%
CO and Oz 1in recorder &nd several dally analyses).

testing for CO2,




oo

in opei ~Afuel:

fuel gas fall;.al
v 1y ed. -The bearings of

©1f avdailable, those of.the air bl

served hourly The 'safety valves in the fuel gas are

-week and the xploSionkd%scs‘on he;preheateraonceia*VQek

ks operation, and.d

(.. of a4 co
36 m?&volume};

Aftér:thgidesired‘pféSsﬁfé'has*beén reached ‘i{n the sucti

i _."féidefo the stall,’ the-electric_valve on the suction side is opened
Lo and wlthin 20 minutes,. 28,390 u’/h of . gas-1s pasgsed through-the -

heat exchangers and 2,000 m?/h of paste gas to the preheater. A 4
oo .11ttle ‘bubbling gas i1s passed through all the -cold gas lines, The -
preheatsr.ls.nov.-heated-to-temperature,;-£0+2200C-at-the-rate o St
. .20:-359/n, to 3500C at 15 - 25Q/h, snd to #15° at 8 - 120/h. At -
170 - 1806 in converter I the oil flushing in the circult (1ight
oil bottoms) is started, 3 m>/h in the heat exchangers and 2 m>/h -
- in . the thick paste pass of the preheater. At 290° in converter '
~ 1V, feed 1s'changed over to pesting oll, and the amounts through
- ~the heat exchangers and preheater incregsed to 10 and 5 W/h
respectively. The correct behavior of the cold gas is tested at
200 - 3200C converter temperature, beginning with the last con-
verter. Yhen the converter temperature reaches 4150, the change
_ over to coal paste is made. The paste load and the reduction in

T __pasting oil are regulated by the temperature rise in the convenster L

(reaction beginning in the stall). The maximus temperature and
thruput are usually resched. in three hours, and namely: 4810 in.
converters I and II, 4802 in converter III, 476 - 4780 in converter
IV, and 445 . 4500 in the hot catechpot. When the o1l flushing -
~ mentioned above 1s Begun, 200 - 300 liters flushing oil (light

.:%l,bottoms).are.fed each hour into the desanding, and 2000 - 3000
‘m’/h-of stirring ges into the bottom of the ecatchpot when the - :
propes licquid level in the catchpot Has been reached. Desanding and
HOLD-release are put in operation vhen tha hot catchpot 1s filled to

1




.. The’ stall must -be - ‘operated on such: a presaure‘ differenco, thst
tho stall pressure (prepressure Loxr “.cold gas) ‘be-not below 15 atm
but . the ‘vhole 1:511:4311 differsnce ghould ' _ 42 atm, vith

s :
‘are £illed. ﬂth‘oilvvhile the pressure in’the stall is still: oolo
the operating préssure. . The" pressure ‘releas® steps in ‘the 700 atm
_'atall in front of the valves ‘are '350-500 atm behind them;  200-250
~atm directly in. front of the: conicel vessels and. ~1.5-2 atm-inside.
~‘of- them, " After the change over to: coal :when - the ‘amount -of - solids
- 4in the HOLD has reached 15%, 1t 1a,sent to be worked up; while = .
ozgrating with EOLD (vit:h below 15/0 solids) it is used as pasting SR

‘b) Precautions and tests during ‘the oporation of a coal sta.ll.

S,

S w.m.,m,.,mW,M‘I!z'xmz'ganc:r Jet-dowa. pipe. wline,d,resarva 1e.-down,.lines,ww~m e
‘. reserve group of valves for let-down, a3 well as the de-sanding, :
.are rinsed twice per shift with flushing oul, Safety valves: of’
‘the 50 atm collector vessel for the let-dowm. are .flushed daily-
vith ‘steam’ condensate, thz -2 atm catchpot twvice a week with steam, -
(prevention of- formation of armonium carbonate). All the orifice.
flawmeters are to be tested. by blowing, etc..each shift. The pipe
lines to the level 4indisators ih the hot catchpot are dally’ rlushed
wvith gas, and weekly with oil, . The let-down orificss of the -

. _hot catchpot, 8lso of the caviar desanding, the nozzles in the .
 conical: veuels and the emergency let-down towers are inspected once
a week,  The emergonoy let-down lines:dnd the throttling orifices i
in them are tested for erosion after sach emergenoy let-down. The
"edleotric valves (rapid shut-off valves) are tested daily in the )
morning shift. The bearings of the recycle gas and make-up sir. '

. blowers are under continuous observation. The stall is observed
- for leaks three times per shift. Check the. thermostat temperatures
; :beoauae of the possibility of falsze . temperature indications. . .

3 -'~Precautions in case- of trouble in a stell.

* 1) runavay convarter temperaturs




109, “one ‘mast: immsdiately‘proceed vith ‘the emergen
‘;e.»the contents of. all the converters and the hot
'_ressure Treleased’ simnltaneously through the: emerg

3 Plugging up of the make-up gas (resultingvy
© . .coking: of the converters)

LStoppage in the ‘cold and- operating gas supply
(causing inability to control the temperatura,
~and coking).. ‘

. Stoppage of paste pumps."

Stoppage of electrical current

e RTS8 AT SR AT T 530

Stoppage of cooling vater.

oo

Iarge 1eaks in preheater or Stalls.""

Complote plugging up of converter or. lines.

3) Pluggingup.

i Ifcipient plugging up becomea manifest in the 1ncreased
total pressure difference in the stall. Tests {determination of
partial differential pressures) indicate the danger spot (heat
exchangers, cooler, pipe lines behind the catchpot), and an
__Aincreased amount -of water.injected in front of them, (ammcnium .

o salts) As a rule, this will eliminate ‘the plugging Up, oo it

e 4) Heat exchangen. short clrcuit

" A heat exchanger short circuit is made evident by the
darkening of the catchpot product and a reduction in the stall.
- pressure difference, as vell as by the presence of solids 1n the ‘




=0 ;
10 m3/h-in. the ‘hest: exchangers and ‘to 5

At the]converter temperature_of?BOS i era*ions
Light ;oll bottoms ;and th B

. ) '“20-30 minute and: the fuel gas
pilot: lights extinguished and blinded.  .The blower‘remains In
operation-until-80-90°-hairpin-~ temperature 1s reached-{chrome
nickel thermocouple),. "The stall is separated from the cireuil

. .and the converter and. the hot catchpot are pressure: released thy
“oothe valves in the pressure. releasge. cowar; . Each unit.is: twice to be

 »empt1ed. “The heat exchangers, starting with heat exchanger I ‘are
cemptied st 150-200 atm. pressure.— At. about 30-50 atm,. hydrogen %

o blown-in & vigorous strean two to three. times ‘through ‘the gas in-

. take %o the heat exchangers and the paste gas lines to-obtain the.
_ < preheater. hairpins free from oil and ccal paste. - The residual’

- pressure of around 30=50-atm. is released with a closednby-pass .
" through the stall to the outside. The stall is nmext flushed with

‘;-nitrogen to below 4% hydrogen ‘end ‘the ‘blind flanges are: 1nserted

et ) - ”’Operatidn or uiqgid"rhsw ”'S‘taII“""‘””’"M"“" S ey

: (e.g. a bituminous coal tar or pitch stall as a four--
converter stall with 36 wd volume, mincral o1l stall with 3 con-
verters, of 27 m> volume). S v" -

a)-,Starting.;'

. : Heating up: to 220° at the rote of 30-35°/h %o 3500 at .
15 to 20°C/h, to #50° at 1%4-179/h, &nd to the temperature desired
for the throughput at 80/h. In the coal taf or pitch stalls the
‘amount of operating gas through the heat exchangers i1s 25,000 to
28,000 w/h, and_2; 000 for the return of the HEOLD, 1nh the petrgleum
stalls 18,000-20,000 m>/h over the hest exchangers and 2,000 m>
in the return of the HOLD. ' The coanverter I and tho hot ca chpot
are begun to be filled with the cold HOLD return at 185-220° C
(vhen first starting, a paste with about 20% catalyst is.used and
added to some suitable heavy oll, such as light oil bottoms) and
with make-up feed, t the start), 2 md>/h mgke-up -feed over the
heat'exchangers;:l make-up feed and 2 /h let-down retum

Y .




st the changi T :
“'supply of 1et—doun ‘hag become available.  At. a converter tempera o
. ture of 4750, up to 1.5% make-up catalyst (referred to make-up feed
is° continuously added to the let-down return.  The. throughput - ol
the: make-up feed is increased: ending ‘on- %he let-dovn concentra
tion and o) oduction or let-down :
e 5. ‘t-down to the- desired
1g'concentration must proceed slowly over e ‘period of 20-24 nours
" (espeolelly after. a previoys filling with fresh make-up catalyst)
In.the:tar.and.pitch.stalls. the-.concentrations.of.-the.-solids.is-
kept between 25 and 30%, with mlnersal oil stalls at 20-25%, 3000
", 5000 w’/h of stirring gas are. introduced into the hot catchpot
' from belov after the temperature had reached 4%0° C. ' The concen~- .
tration of -solids in the:let-down 1s regulated in the not fully e
“loaded 'stalls by regulating the temperature, and after the maximam
temperature and full load have been reached, by regulating the = -
injection. ' As:soon as the required. concentration of sollds hay’
been reached, ‘enough let-down is sent over for working—up as is’ - -
_ necessary to maintain a given concentration of sollds. . The maximum -
converter temperature in tar stalls .was 483°C in converter I and
478-480° 1n converter III and %74-478°C in converter IV, with®
44é-450° in ‘the hot catchpot; the HOLD temperature was 150-160° in
oo 4 e catehpot™ 65-TOOWWWTheuu&xtmum*couver‘er“I”and”II”temperature””““
<. 7 of the mineral oil stalls was 484-4860C, converter III 4810, e
" ‘converter IV 478-480°, 435-4420.1in the hot. catchpot, 150-160° in . .
the let<down and of the cold catchpot 65-70°. - The catalyst paste .
of the tar and pitch stalls was made with 1ight oii bottoms produced )
(20%), in petroleum stalls with the HolD (1 ) : o

b) Precautions and Testa during the Operations of the
Liquid Phase Stall.

The cold gas is added slovly (in stages), to prevent ‘
the converter contents frcm being entrained into the hot catchpot,
fi1lling 1t, and having the so0lids reach the cold catchpot to roam g
and de carried iato the circult which will result in increasing
the pressure differences in the circuit. The solids content in the
let-down should not materially exceed & maximum, lest local resc- -
tions be produced. In tar and mineral oil stalls the running avay .
of & converter unit is not so dangerous, because reactions there al- - -
vays remain localized. ZEwmergency. let-down &s a rule is not required,




t;angle'vélve, and fina
.(When ‘there are cosl

U tion in the ‘hairpins-is here the greatest
~atalls’ there are at- leat: 5-7 minutes time:
let-down).. e-rilot-burners and-fuel-gas in-the-preheaters-is
urned . off all electric drives of the machines, 'ete., are:turned
off.  As. soon. a8 . possible after the" emergency 1et—down all’the:
pipe. lines ‘of ‘the let-down, emergency ‘let-down and. the de-sander
‘ag well asg the groups: of- orifices, are-put: underuflushing oll: (to
-‘prevent ‘any plugging up).--One:gas: return blower from each’ pre-"
“heater 1s set to-the outside for further cooling of the preheater.
"'As soon as possiblé offorts mist be made to put the stall back :
under Ppressure. and rlush 1t with gas passing at 230-50 atu.-

' ' When the hot circuit 13 stopped, the cold return of the ’Afgvg

let-down is~Increased Irom 6 tO 10 mg7‘"€b prevent to production or '
: local reactions, and .thereforo ‘coking which might result from slow-

i ~~”wwww‘ng-dovn"or the motion"”the“*emperature"also“must"evantuallw"bewm”"‘ ’

lovered

: The runni away of the temperature 15 far less dangeroua'
than 1n the coal sEa%I Should It _however be impossible to master
the temperature (persistent high temperatire), then the same pro-
cedure ‘must naturally be followed as in a cosl stall ’ :

Leaks, short circuit in heat excha ers and pluggin up"'
.. are handle as in coal sia T . : e R




‘of a prehydrogenstion stall (catalysts !
e.. a 3 convertor stall of 27.w’ vol

i otalls vith frosh-catalyst, particularly 5058, the . <

- “one hour to 10 _atm, -0
00 ‘one howr from 100 - 300, The temperature I ,
S0 U pe watehed: 1t should not exceed 150° C. Vhen fLlled, 40,000
w T /hiof gas 1s set to.pass efter 20 minutes, and the further =
158 ¢/h, to 350° at 10%/h."

“heating up to 2500 C.ia done at the rate

T The cold gases, starting at the bac ,must b tested when T
~."_the converté¥ té@mperature recaches 3009”0.°~The‘injectionjisﬁbegun“ R
. when oconverter I_has a temperature of 355  C. ,The original 5 -
1'w’/a wi,

injection of % m’/h 1s increased hourly by up to 20
. and then dy 1/2 m”/h until the full load is-reached. After the
i thruput has been réached the gas supply is reduced by 1000 m’/h to
... 30,000 - 35,000 mw’/h (dspending on the stall operation). The o

* temperature 1s set depending on the phenol and nitrogen- values

.. of the hydrogenated product. The partlal pressure of hydrogen ’

- . should not drop to beslow 235 atm. - With freshly filled catalyst
and good heat exchange, stall operate authothermally for a - '
long time. . 1000 - 1500 1i/h of flushing water (condensate}) .
in fronot’ of heat exchanger II is used., In combination stalls
with catalyst 5058 and 8575 the 5058 catalyst occupies the -
last position, - ; . .

o ‘When filled vith nev catalyst, the dust is blown: out before
- 'tha'stallf;s'closed'by”alternately forclng n;trdggn“through‘it from

o




-l The formation of & 'liquid phase 'which would form beloir
L opustiat ell-times. be.avelded, -Should -the: tomperature become -less - -
“‘than 355%, injection must be inmediately stopped, because. when the
. vapor: phase.reappears,. the resactlon will become.uncontrollable,. .. .
‘and #1111 :be carried over inte the gonnecting pipe line, which :
- may spring a leak or burst.. The catalyst pills will crumble even . -
if a runsway can be avolded. ‘When the temperature difference.
. inside the stall rises, the place of plugginghas to be located, - .
.12 the plugging 1s in -the hoat exchanger return pass, adouble :
“amount. of flushing water 1is to be uscd for a short time, dut :
..suddenly. Care must be takon of the propressure (not under 10 atm,
" when the pressure differenc: beccomes hizh, and” the injJectlon as
well a8 the amount of gas giring through are proportlonately reduced. -

. d)." Preeautions to be Tiaken in Case of Trqub;gfiﬁ the Vapor Phase. -

. . In_cases of & short eircuit in the hosat exchanger, which becomas
apparent bty a daTkenlng ol thoe catchpot product, the-imjeotion 1s
turned off, and the stall 1s operated dry:and cold.  The stall is
shut down, the pressura relzased and the heat exchangers tested.

When the curront is off, iﬁjection 13 immediately stopped. If -
the poweT i@ only off for £ short time, operations may be resumed
with an intake temperabture of 355~ C.

. — -

Vhen tle hydrogen supply iz off, as well as in casze of larger
ammmEYmeJhkﬁhmﬁrﬁam@mpgsweMwmumw.
and the gas recycle continued, until the difflculty is corrected. -
¥When the trouble is over, ihe stall is brought back to intake
temperaturc,—and the operaiions regumed. ’ '

l
-




- m¥y: gause local reaction ‘rate
ipip “lines ‘may burs

. The injec 1on i completely stopped.1 en"
he load 1s about 4-6 n: /h at 355° C, equally the" water injection
‘Vhile the injection is bei reduqe ,'t
8 incressed in 4 hours to ! 2 /h
dry for about 4
. 7 [h and to 115, at
: 9
o Ths suction side of the 11quid phase gas circuit 13 steam heated:,
and is insulated’ (formation of propanc hydrate-at lov_temperatures)
con tha“pressure 'side the temperature is abt. 55-60°, on the suction
© silde 60-659,  The circulation gas 1s cooled to 30»-*350 in ‘the .-
“eirculation gas cooler. (not.below 30°, because of: danger of propane . :
hydrate formation), and the condensate injected on the suction: side,,; o
Ve as.well as any entrsinment from the catchpot are continuously drawn
e i O L L EPO@ -~ £h S . cALChPOE S v The.s gasniawuni.fomly Adistributed. 0. the_m
: " serubbers in operati n The waxinum loagd’ of .a scrubdber (15 m E
' yolume) was 75,000 m?/h of gas and 35 m?/h o1l. The scrubbing 011
_was returned to the -scrubber through 2 pressure release machines,
- 2 'supply circulation pumps and 2 additional pumps. The oil scrubber
temperaturs was between 35 and 402, Tho condition of the scrubbing-*
oil was determined by measuring the time of breaking of the foam; -
“with over 350 sec. for the bresking down of the fosm after 3 - 5. 7
- minutes shaking in-the reagent bottlse, the. scrubbing oil 1is used up
.and is replaced. The fractiocnal pressure release of the wash oil
proceeds from 700 atm. to 38§ atm, and then further to 1 atm. . '
The pressure drop in the circuit vas currently supervised by recording,
and so waz the temperature. - Observation for leaks in ths circuit
vere made twice a shift., The catchpot vessels on the pressure -side
were stripped twice a shift e&nd the vessels on the suction side of
the circulation pump were stripped uantll gés camé whenever the -
wvarning signal was sounded (level indicators with alarm signals).
the eleciTical valves and the Ferranti slides in the circuit were .
continuoucly watched and serviced {(greasing, etc.). Circuits vhich
have bee% out of use, and ccoled circuits, are tested with 30,000 -
/h gas, and heated up 1n about 4’ - "5 hours., The liquid level -




not-in operation vere briefly. started once:1in
' 0 aa_te '

Cwith light o1 bottoms. ‘
with B8 were flushed with uns
own" (p?even

t ‘
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- results: of -experiments. in-the filtratio
)4 at 300 atm and 23,5 MV, with a thruput/space/time
coals were compiled in a report of, February 23, 1
ter; 0.2 m? (Kerzenfilter)
-e.a.speclal: Dorr. £11ter for.thin. layer-filtration
. e) = a suction filter rebuilt by us for thin layer
e f41tration, I R N SN

oo o The results of filtration from the three (3) types of filters " -
were entirely satisfactory'as to remcval of ash; the ‘bitumen obtained contained
70,1% ash and 'mostly less.” The filter yields from a column filter with letdown,

.-which in a test in the test pressure filter had ‘required 1-3 minutes, was about
©300-400 kg/m/h net fiiter time, which, however, was reduced to about 120-200 kg ' -

by the operations of cpening, cake removal, etc. With the Dorr filter the yield, -
- 'using Kieselgur as filter-layer, was 150-200.kg/zn2/h; with quick removal, 1.6, "

more than 1% Kieselgur consumption, even 200-300 kg. ‘Almost the same result
was obtained with the rebuilt cell filter, But since it only requires ebout 2 : o
. ;.‘houra:nto}apply»m—-].ayex_‘vand»vm-amﬂhryvmlzsts’u;%”hom‘s';’?’cnly.“about“’“’"”'"””“"-‘“””‘"“””?”"”’"'""f'f”
6-8% are auxiliary operations, i.e. the filter cperates almost fully continuocus- .-

. ly, and the total yleld of the thin layer filter, therefor, excseds that of the
column filter, v o . e e

T . After the rebuilt Schichtermann & Kremer<-Baum sucticn filter cperat-
‘ed satisgactorﬂy with discontinuous knife adjustment, an old suction cell filt-

* ‘er by Groppel, Bochum, wag rebuilt for thin layer filtration with a filter aid.-
- This filter had about 8 m? filter surface, bul only a very flat trough with very -

low submergence. Conseguently, the trough hed to be deepened to sbeve the axis .

of the filter, which caused centinucus leaks at the ‘stuffing boxes due to the

insccurate roller bearings. The fastening of the filter cloth alsc had to be

changed, because the filter was criginally supplied with filter cloth. After L

overcoming these difficulties, the filter cperates satisfactorily, the entire let-

" -down produced could be processed. The filter aid consisted of a mixture of

- roughly 3.2 parts Kieselgur and 0.8 parts peat.  ‘Other materials have not proved
satisfactory, because the application of the filter layer 1s already difficult,
Moss peat hag a surface similar to Kieselgur, consisting of siliceons shells,
surrounded by a-cross of fine silicecus hairs, vhich rrovides a particulsrly

“porus base. The large surface moss peat is coarser and hes this particular dis-
advantags, that it isn't rigid, it sags in the ‘heat and, therefor, camnot

LT e L




onized in the”‘Fischer retort, compared to- 34.5%__1‘:01:1 *the. column filter residue.
he former, . therefor, contains hardly eny more oil than the latter. - The bitumen’

.obtained. from.the. i‘iltrate varied .between. 0,09-and-1,1%:in-its ash. oc\ntent after

_'the apperatus- has been .thoroughly rinsed.  Even the product’ topped. in:the tubula
) apparatus for a short time 'and then ‘granulated In water contained only 0. 21% ash

although the apparatus had not been especislly cleaned.. The Pilter,
orked very satisfactorily with mspect to ‘purity of: filtrate. :

T The yields obtained during this period cannot’ be directly ¢
with t}te results obtained at the start of the experiments-at 300 atm. because:

“the 1atdown, as”measured in the test filter, had an average filter time about
* three {3) times as long, 6=9 minutes compared to 1-3 minutes.. This deteriora-

tion in the filter time of the lotdown was obsorved particularly with Saar and @ ..~

' ‘Ruhr coals. With' Upper Silesian coal a deterioration in filter time was- -also obe

D L e B

served,-which was partly dus to the unfavorable temperature distribution in the

-Lorm ~(4)- ~cemverters:~ The-three {3} amd~feur {4 ) converters conld mnot be-min=

tained at the same.temperature 4s converters cne (1) and two (2), in which the -
main-conversion takes place with consequent greater heat of reaction.  From exe

- perience it ia better to have the .temperaturs rise towards ths end of the reactidn'

system, so that sufficient conversion will take place even in the last converter,
in 3pite of the deoreasing Hzeconcentration. ) )

In order to equalize the deteriorating filter yield the filtra-

. "tion temperature wag cnce Increased from 130-140 to 180°C, which increased the
yield to 100-120 kg. This vas made poszible by increased coaling of the lines

to the vacuum pumps, whereby the vaporized oil could be 't;gtter condensed and re-.
covered. Furthormore, a further increasas to 160180 kg/m%/h could be obtained by
increased cutting off of the cake, i.e. an increased consumption of filter ald,
whereby the former yield with letdomn from 3C0 atm operaticna could almost be .
reeched again, Again, the cperating peried could be increased from 36 to &0

- .hours by using a thicker auxiliary layer, so that only about 5% of the total

filter timé needed to be used for the three (3) bour pericd of rinsing and re~

_application of the filter layer. In periods of normal cake removal the filter

aid ccnsmzpt:l.on therefor, dropped to 0.3 to 0.4% of the procesaed letdom.




oight - the filter:
decreasing yield,:
the: thin ;
u‘b]binder‘and*"instamtiqn;g or about Ri,. 100,00 installed. By comparisecn,’
1m? £ilter ald for the thin layer filter costs only R, 3,50-
-filter brick costs about 26 times as much per m2 as 3

over, o, rick costa roughly -RM,

edvantage could cnly be overcome, if it wer - brick
‘which we "have“not "besn able to do up t6 tHe pre -On"the” T hand, the ,
- cost of the filter aid can presumably be'still lowered by using-different mater- .-
=7 ials. Sinee the ‘thin  layer f1lter, in Its present form as vacuum filter, works -~ -
-+ “almost fully continuously, needs almost no ettenticn; is very simple ard safe, and ' -
. produces at; least the same -yields, whils: the’ extensively- mechanized :column pres-
... .-8ure.f1lter.is a very complicated and.costly apparatus,- congiderably ‘more-expen= . : -
-~ _sive to operate, the comparison:favors the ‘thin: layer filter, by far. ' . o

L ~.-The development of.the thin layer filter is not complete. In the
- transition to-the pressure filtér the sams progress must be made which character- .
" 1zes the column filter as pressure filter, particularly the-use of higher temper= -
atures, which in vacuum, is limited by the evaporation temperature. Increasing o
.., tbe prossure alone beyond a certain figurs does not-cause_sny. sppreciable improves ...
RO ~"ment, becauss the porosity of the loosely applied auxiliary layer is reduced . ,
' thersby. The progress achisved to date with the 0.2m? vacuum filter built into
a pressure tank has been unimportant. The reason for it is this, that the_con- -
trol head bullt for vacuum cannot be kept tight against pressure and continuously
blows off (leaks). The filter must, therefor, -be-rebuilt before further experi- ~
ments can be made, : o S . '

. " On the othker hand, great progress is to be expected from the care-
ful removal of the letdown from the high preasurs vessel, particularly at high
pressures. With easily filtrable letdown the filter yield is doubled, with let-
down difficult to filter it is even irebled. This means a longer 1ife for the
filter bricks end decreased consumption of filter aid with thin layer filters.

In future planning special procedures must bs developed for careful withdrawel

of the letdown from the hot catchpot o
| Supplement to Report of 23 July 1942,
By Pfirrpam, Ludwigshafen, 24 July 1942.

| ° " " The results obtained with three (3) different ccals, Upper Silesia,
Ruhr and Saar, in the £m2 £ilter show some differerces in that Upper Silesian




g .
a'for 300 atm, ‘that conversion and f£iltrebility are clcse related to the age;,
of the coal {03 or C: content) and that with equal ash.content the coal is :
. better filtrable the younger it 1s, is elso valid bere, Consequently brown -
" coal'is -censrally che best. to filier, conversion is as high as 8%, The ash’
content reducos conversion bccau'*e it is irpossible to bring the unconverted -

e w-«cod -belcw-the: percentage of - ashe~—With- -highor-ash-contert —the-unconverted ——w- e

residwal coal ccntent in tho rosidue oven rises sharply,. which ds- probably L
due to the diluting effect of ths ash, The same thing is true of cxtraction

with tetraline witheut Hz, where I have experimented with it. e

=

o If we, therafor, compare the filtrability of the letdom ob=

: .;tained by various processes, it 1s sufficient to compile the data for a kind

. of coal of a certain composition, independent -of its origin. We can then .
predetermine the behavior of coale of other composition within wide 1imits,

: . The attached diagram attempte a graphic representation of the
filtrability of biltuminous coals varying in volatile content between about
.'.0 a.nd 25%, with an ash content of roughly l,.%o : ‘ .

About the same relation exis 8 i.n the ccmrersion of a coal of

’ I.D% volatiles but increasing ash content, The filtrability erd also steadily -
.--drops wlth increasing ash content, approximately. following the same curves,

. . The dlagran shows the_ influence of tke cperating method. . .The easiest to .
filter is the mc‘t obtained with tetraline crescl, with yields of 500 and -
above.About the n Yields are obtained if the ¢oal 18 pasted with approximately
double the quantity of middle oil and - no letdewn- is recycled, which is pos~
aible only in discontinuvous operatiocn. With letdown recyeling and 1:1




