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future. . The high. pressure operatior vere 31 5
- ‘the damagés could.be repaired-in a ‘short. time,.
“some-8talls.: However, the. distilletion and interme
“storage, &3 we‘l &s ‘gasoline ‘scrubbing; stabilizetion an&
‘gas production were. id such. &, oegstzan that they. could o
' ba repaired within a short time,” Only 3 of the 39 ‘tanks
“.the intermediste tank;storage. for vapor phase and catchap
prbductu were undamagied -and one of them could be used in part.
0f the § distillation tnits, 2 could bo reopaired vithin'a
~"‘month, U in: 6 months, and the remaining 2 in'9 monthsw. “The
rich -gas systen wus oub of .service for 2 months and the liquid
gas proquction could be reoumﬁd at sbout: 30% within 2 months =
T EndTapeut 604 In 5 months ;1T the hyga**cumpressora’cculd ‘be
rapairod in the same. time. , ISR

Wil " From this condition, particulawly*the almpst comblete o
- destruction of our processing facilltles following: hydro--":
.genation, it was evident that a reaumption.of norml operationa
3 -with our present nothods .¢ould not be expected for several
: 1aonths.- We, thevefors, sought and found a way which promlsed
R resunption of operations within 3 waeks by'improvization.- )

"

Wo dscided upon an entirely new msthed of operation by L
borrowing pressure tanks And steam distillaticn units. from -
other lass soverely damaged dopariménts for_our vapor phase T
and THD plants, such as the. containors from the L.P.G: doo
storage and tho. prassure stabil;zat;cn unit from the T-52 plant

_Before showing the nev nathoi, let us take a look at the -
old one, showa in Fig. 1. The let-down from the prehydro-" -
- gemation and gasoline stalls vas . formerly decompreased into
“the davatﬂring»tankn by wvay of the sccalled ant eggs .




‘driving off the &nd-
'seyubbed with caustlc soda and .
" second . column At 18 8t nt

; thg- Fy . B 6y G , :
longer decompressed to stmosy! eric pressure, but 'ls conveyed
by the pressure directly from the_25:atw, expansion tanks
../into-pressure containers of 150 .m3.capscity, formerly use
" a8 L.P.G. containers, In these L.P.G. tanks the waterls
+-geparated ‘from-the product; the amonium‘sulfide<armonia -
wvater 1s removed with a' container pressure of-14-18 atm.
absolute and the product free of wvater is atabllirzed at.
 “41ts own pressure in pressure columns ‘(butane.separstion unit:
"6f the T-52 plant) and then conveyed under presgure into .. ... ..
. *.the steam heated distillation unit of “the-DHD-II plant with-
s ! out_an intermediate container. From there, the gasocline 1§ .-
i QraND-Of £-88~£inished. product without.an .intermediste._con-
tainer over .caustic scda .and water scrubbers and an after
stadbilization. The supplementary ‘serubbing with caustic
- goda-and water and the stabllization of “the gesolines pro- .
- duced from the let-downs after the let-ddwn stabilization .
", and:separation in the re-distillation was:negessary, becduse-
. a_ complete stabilizetlon of the vapor phase let-dovn could ..
. ‘'not be obtained at high thruputs ‘with the limited plant
facilities availlable. ' - B P R T DT
»-7 . On-the contrary, we are better able to use this process
vith the let-down from the DED ptalls in available similar
apparatus, due to the higher gasoline cbntent in the-let-. -
, " down. A supplementary vashing and stabilizsition of the DHD -
- - _gasolines produced is not necessary here for the products”

frp'm pressure distillation.” FEE L=

. -

" Attention should be called to ome thing. Wher availsble




£ raw products*—
‘aval abl_

producta ‘because S
- to cbtain a: sstiafactory test. Of course, a1l of the hydro en
'sulfide in the.let-down product will appear in _the liquid .
.__gas from the let-down stsbilization and in- the residual gas
" -from the pressure let-down. The liquid gas must, therefore
be scrubbed before” delivery," ‘which requires more ‘czustic -
soda then in normnl operations, Experiments have already been
. made to scrub. the liquid gas with alkacid. = With an L.P.G. = .
‘containing 20 ‘g BoS/1 the following results were-obtained by-
scrubbing with al cid lye: with 1 vol. alkacid lye/l vol. -
. L.P.G., 99% of the H,S was washed out, with 1 vol. alkacid
©.. - 1ye/3 vols. L.P.G., 38% of the En8 was washed out.. However,.
wrmmmnrees WG NEW- O thod - has - this.. advantage e-that. 1t requires. LOVer ..
" L.P.G. distillation units; pumps, tanke, and smaller gas ..
- 1ines.. In addition, the processing of .the rich gas is .
" eliminated in the vapor phase and the DHD plant. The de-. .
. treased space taken up and consequent decrsased quantity of:
- 01l in process, &s well as the underground storage-in the
~—%L.P.G.containers used as intermediate tanks, provides :
greater safety against borbing attacks.- This method is &lsoc
espacially sultable for. underground storage because of the. - -
: Epreci&bly}smaller aspace required. This method has enadbled .
P8litz to obtain a relatively high production of quality

VT and DHD. gasoline. in a short time. In the direct: stabilization ,
70-85% of the' L.P.3. present was irmediately obtained in a ;vf~7 e
‘1iquid eondition._ The residual-gas produced under pressure..
causes no cocndensetion in the Iinss, because of the absence

. of 05 and higher hydro-csrbeons dus to the removel of the greater

\A-part of the propane and butane contained in i1t. The content .




the ‘product. VT » - phi

products from the d.phsa C : proc

imilar manner, if the corresponding pparatus:
‘‘installations were avallable in the .. Fig
_pro sed new. method- :
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- a, This may happen because.of fo

. h s whioch will oause. scme matcrinl to be entrapped and .. .
. carried through the pipe line,  'One must first attempt to blow.
‘. "thpough the ‘orifices in the pipe line, i.e. an exhaust valve in
the density recorder is opened, : o

.7 bs’ The level in the catchpot has beoome too high. . -
.. .The aocuracy of the level readings must be checked, The level
~"'tube ia Teplaced and the level is again read off to sec if the ...
oo pending was oorreoct, - When there ls muoh foaming one: may observe - .-
.. foaem entering the levsl glass from-above, dub a slight foaming . =~ -
T will not.be directly obscrvabde. Higher temperature.at the . .. ... ...
<W~wux»m&wm¥?vﬂ%mﬁv:m1wéﬁiada. : - e 80~ uoingw mb.?mgtwof@cwwiwnﬁm@mm
© . water)., It may be mentioned here that a tar stall 1s more likely . . -
" to.foam, than a gasoline stall., The catohpot in 4the tar stall .
‘must always de suffiociently laxrge. . = o : o AR
The valves to the meter are . e.
. The pots are then drained into the measuring pipe ‘ a -
" a ywrong reading be again obtained, wa shall have again to assume
“thdt eome of the fesd to the cold catohpot rsaches the gas line.
(This would also be indiecated by the density redorder, 1f ' .

connected; because it is more, sensitive).

Remediea:  The level ‘in cold oatchpot is lowered or the tLémper-
ature raised (it naturally may happen that the toamin? is 80
strong, -that these measures still de found inadequate]}, and the
. mjecti n reduced, It would be possible in oase of need to - * --.:
- . operate with no. flow meler, e e e e




{Liquid phasel. moeans B b3 LOY

- -1evel indicators, cold ‘zas flow meters, sto. This dicates AT
__th_e}:aqrubbigg 04l is being entrained from the sorubber. - It .. R
,waa.-.prinoipa,lly‘:.roam,':baoause-‘ “had ‘passed the. gas. oiroulation .
: jimmpa and the oatochpot.- The. sorubber must be immediately checked
© " { gerubbers most 1ikely overloaded), end_the principal measuring . -
- -- instruments again put in eration, This trouble has ‘once happened

in the I.G. as follows:i ' e hot -catohpot bottom. of one of the
. stalls was oarried over, the wash oil irmediately reacted with
- 1t, Dbegan to foen and boil overs - R

~gither
fvins_eotiqn’ o .
‘ The Bps E£Xs inoreases: -
Thiszmay‘ bveﬂcaused: bY*.f; ” e

—

" a. Too low & temperature; T . et T
N v, A very great change 4n tho amount of paSe
1. " __(Remark: vhen the 4njection feed 18 reduced,”

LT ‘say to one half, while the amount of intake gas

renains,the sans, the temperature must he some- .

what lowered -to keep the speciric gravity
-unchanged. (Remark in pencil: In thls casd

the D, &0 mul@.‘rise). o




-aiseotoration’
protiy’ gg.f ely .

; _ : on. 8 hanges. in-spe
-however,: also. caused by other reasons, nemely

" the hot catohpot, - For this reason, the two level gauges are
-se6%, and the hot catohpot again” emptied-until-gas-escepes -from

~ below. - Should the orude catohpot product still indicate alrt,
‘a reduotion in the size of the hot catchpot as woll as‘& ahor{;. ’
. ofrouit in the heat exchenger must have ooomTed. .

. 'When eolids eppear in'the oatchpot,

beceuss the pressure releass valve will some YIorn _

. This ie the reason why today needle valves are ingtalled here
with seats of Dura mebalj in addition they aore made replaceadbl

P

011 in fhé'f‘piﬁe line of fhhe'indicétdrs.pn/thé catohpot;
The pipe line of the level 'indigatora has became’ R

"plu_gg'ed up.

‘ds The level tube itsclf is plugged W3

R 1. 'case's‘liké_mthis, the indicator pipe line must be again

fushed with gas, or with oil, if the gas has not halped (a

_gitall hand pump :mst'be placjg& ne;.:’,by o

of the hot oatehpot is contimuously kept hi

. _Coke becomes dsposited in the hot catchpet, oreating eddy ‘=
effeats (Leunz:"bathtub effeot”) which entrain gase . - - oooooow
- e o - ’ I L .




The large smount of entrained gas is
se-of the pressure release pob. .

S0 9e  The outlet gas flow neter and ‘the pre: ‘ or
. - ‘geuge give higher readings. Find out if the amount of ocold ‘gas\
“has been greatly increased. .If such is not the oase, ‘the gas’
inlet -flow meter is probably out of order, and thg operator of
the ‘rogulator valve has opened the latber too.fars... The inlet. -
" gas flow meter reads therelors too low).. It may happen then the
““some of the contents of the sump phase is ‘forsed into-the hot

. oatohpot, end the level will rise very moh.:

'’ appavently this happens Tather frecuently; the ope:
' thezg.nl thereforas be pargfully onithe

- . n Ghe
ocatohpot 18 00 low, . Yy 6ot 1 produced and gases are.. . -
ocarried over. Uhen the level reads correctly,: this effect may be -
‘avoided by keeping the level in the upper gauge within the glass.
T+ naturally may also happen, that the level gauge is wrong, ‘as
.. a Tesult of plugging up, foam\.ng, or optloal lonse. . .
3 11. "Injection dosg not': SRR o
- Frequently caus Dy 1 - ne Ceee

— -

' .~313., ‘It may happen with two middle o}l pumps in parallel,

_ that when cne pump is shut down, the second ; whieh is ket "
_ running, does not supply a suffioclont emount, g 8 18 e result
of o fallure to isolate the surge tank on the pressure side of
the shutedown pump. The Ny in this vessel may then begome ex-=. - -
hausted through the pwp (eéspecially with a raised suction valve) .

into the suction line,. and tnus reach the gecond pumip. T

T . - T . e
S . i ) ;







*pr. Nathias Pier,-Heidelberg
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splitting in the presence of 1y
example 'in-passing -the llquids to: be prc
“at high temperatures, the ash 1s retained on th

separated and 1
- comparatively

‘been found, that de-aching may-be -obtained in-
e manner, if the substances under discussion are treated
- or ‘ammonium carbonate at high .temperature in. the pre~.
. penoce of water, preferably.under pressure. - ‘About 0,2 t0-10% . ... - RS
- water, based on the quantity of oil to be de-ashed, is used for . - -

. this purposé, . When so treated, the ush in solution or fine  ~ . - .
dispersion assumes su¢h a coarsely dispersed form, that it can

- — -then be removed without difficulty by mechanicel means, - such as =

" f£iltration, centrifuging or sedimentatioh.

: _ the oils to be treated may be treated direstly
“with solid ammonium carbdbonate and the water added separately, :
4% it 1s not already present in sufficient quantity. But the
" oils may be also mixed with a watery solution of armonium Lo
. carbonate. when COg is used alone or combined with ammonla - ' °
.gas, pressures of from .5 to 100 atm. have proved advantoyeous.
The temperatures to de used range between 100 and 4000C, The -
additional use of Hy, is redommendod in order to avold enun-
.desirable decorposition of the oills. The pressure hydrogenation
. and extraotion products may also be treated in the preseribed - .
manner directly after thelr producstion, while. they aré still hot,
as; e.g. on the cooling run from the reactor. - P

- Compared to tbe use-of H,S0,, as used in the de-ashing of tars,
the process hereln described sé‘thi‘s advantage, that no-losses -
ogour “d_ue‘ to the -_formgtion of aold resins. In the knoéwn process

e




B

ce 0l an - t: at a pressurs.
- tempexrature of '4659.C,. ~The reazction materla :the 1
. pressure converter: is,conducted to a ‘hot oate s Jfron.; )
e sludge. (let-down) is drawn off at the bottom and the reactlo
- produoct, consisting of ‘pasollirie, mi ‘01 end" “part-~of-the-
" ‘heavy oil, together ‘with the hydrogen,: drawm off at the tops .-
- From this reaction product, “the heavy oila boiling above 3259 .C
‘are separated by. distillation and then added:to the. let-dowm. .
# (Abschlomm) » " The mixture of both 1s then centrifuged, producing
Targentrifuge 0il’ contalning 2.7% a‘sh,‘which.will.,pass;thrt_:’.,,jbhe;
- finest filters. - - B NSNS - SO
- 7To this oentrifuge oll contalning ash is then added S% .. -
- water in the presence of a mixture of H, and CUp at a pregsure. . o
of 75 atn, where the partial pressurs o?_the—'ﬁ’- 13 40 atMme. and | ot

-~ that of the COp 35 atm., and the mixture heated for 30 min,- to
‘~‘*-Imqncw«wmatha;a;hseqﬂént;;mt:gﬂo,g' o4l oontaining only O:
~_ash ‘As obtained. [ I S £ T ————
o - If-the sentrifuge_oil ¢ontaining ash 15 Tixed with 106 crmonium o
carbonate and % water and heated for 1% brs. to 310° ¢ ina :
olosed Vessel @ 5 atm., the filtered oil will contaln 0,3% ashe-

A . . ~.

RS

——

Example 2. ' T A ‘
An extraot containing 0.7% unfiltrable agh and derived by .

. pressure extraction from rhenish-brown coal with the use of -
tetrahydro-naphthaline 15 gtirred for 24 hours at normal pressure

_ and heated to IB309 C, together with the extragtion nediun (80% -
_extract ‘and 20% tetrahydronaphthaline) and with continuous- in-
Jeotion of CO , emmonia and steam, The tetrahydro-naphthaline ~
belng ev‘apora%e’d in this operation is constantly replaced. The . -




Process for de aahin

3881 e‘hydrogenation or
shale or: peat,

‘inoreased. tempera
ortamonimn-oarbonate
Lo}

aotion from sub ) :
d by treating these 8\
tures: and;preferab der pressure

- ‘disper




: a W are ated. _ a.
the rallroad 1ine betweon Berlin and Frankfurt/M.

t 1s’a-subsidiary of Interessen-Gemeinschaflt ‘Farbenindustz
 AsGa. (I.G, Farben), Frankfurt/M. It is one of the ‘largest ohem= :
 4cal plants in the world and oo : 3e 5. kn by aboud .

«3" km wide, - pi ; i

=+ The-plant-wag-built-by ‘Badische-Anllin-n da..
‘Iudwigshafen/Rh. in 1916 and started operations in-April 1917,
© It received its name from the small village of Leuna, within the
" boundaries of which 1t ‘is looated. Its-original purpose was ¥
make nitrogen for sgriculture and- munit)ion_a “by-:the Haber-Bos
_process,. developed-by B,A. & S.F., which takes the nitro en-o
-~ the air for use as required, It can produce 860000 tons/ann,
-of nitrogen in-the form of ammonia {prewar). o
. The plant was'looated at this particular point because of: Lot e
its strateglo location in the heart of the Central German:ingugbe - -
_ riel and brown coal region, ‘offering good transportation. facilities:
' _@nd en abundance of ‘the principal raw materials required for the
" ”'émonta“"’s’ynthesIB",’“‘f“coal‘*.nnd”merWthewlatt@:«wzpedmtromﬂthw
. Saale, 2 km away., - . T 0 o S
In 1923 the manufacture of methandl was taken up. l’éthanol.
or methyl-alcohol, was formerly made from 'charcodl and ‘therefore.
. ealled wood aloohol. It is the basic material for many cheriical :
" processes, particularly for the manufacture of formeldehyde, - -
vhich 4s en imp t Tuow material for the synthetio resin in~
dustry. Thé capacily of the.plant for producing methanol has
. been inoreased from 30000 tons/ann to about 150000 t/ann during
“the war. cL - ' o ’ . ‘

Y

- [

: “In 1927 gasoline production was started. Thls enabled Ger- s

many to produce a. part of 1ts motor fuel requirements from ‘

" domestic Taw materials, such as tars, oils or brown coal by -
pressure hydrogenation. The origlmal ingtallation of 100000+ L
t/ann has since been enlarged 4o produce over a half millon tons - -~

per snmum,-




e
tha: total heatling surfage

in:
'f_-,in 7 'boiler houses (Prewar figures)..  The. ‘approximately 20

T ofcoasl per: day required to nroducq this. steam ig- supplied" Yy

en~-cut . min \ da.ml"
1o

The power plant haa ‘a noninul capaosity of 82000 KWh.'f Th

power distribvution system consists of 520¢lm cable 1ines and
, _ubstatlons. (Prewar i‘igu::es). i » :

A F et e S AT

The water t.'orks is 10003:06. about 2 m away near the village :

g Das 1% on the Saale. The cgpacity of its pumps 1s over 24000

prevar figure), which corresponds to a water: reauirementy "
.,of a city 1iks Berlin, -liost of thé water’ is used for cooling -

. purposes and is returned to the river arter repeated use—aﬁ&
cooling over hue;e oooling towars. : :

o T i e

ahops, weltare institutiona such as emerg spital, modern
bath houses, dining rooms, etc. as wol: off rice buildinge, e
leoture hall and J.aboratorles. . =




D
or. the valuable produots of:h
' | Togover '13 poss

AUnfortunatoly, only J.et-doxm nroduoed by )
operatins ‘method can be processed by filtratio
oonditiona necessary. i‘or a. i‘iltrable let-down ar
in the follouing. S , P

. Pnsting with a middle oil :m.oh in arumat:ios. 1imitation :
of the hydrogen consumption and. consequent hydrogenation,’ :
produoing a’largely bitunigoud: hj _ Bt
~low thruput {below 0.4 t/m%: ertor vol/h) at low and TR
 medium preasures,-und a- ‘heavy-oil - low as possible, =
This applies to pressures up to about 450;atm, If the - e
.pressursc ls incredsed to 700-atnm, the operating conditions -
con be ‘cxtended.  The middle oil pastihg remains the.same, R
o ‘but the hydrogonation temperature cag. boe increased to 4'70-480"
' . and the thruput increased to 1.0 -t/m” converter vol/h. - The ' .
wwm«uwwmhydmgen .conswption-can.aleo-bo-ineroasad,so.that,- baaideswmmwwmw
- the bituminoPa hyﬁrogenation product, a greater proportion of ...
- .7 . 1liquid products, gasoline end middle oil, is pioduccds This
" .. operating method at 700 atm., thersfore, represents an in- .
termediate stage between hydrogenating extraction and nomal
hydrogenation, whose let-dovm 18 still praotically L
unfiltrable. v

‘ The ﬁ.ltration 11:.;011‘ is i‘itted to tho charaoteriatica
of the fllter foed. :-Since the solid particles are mch reduced

. in size in the hydrogenation process, filtratfon can not be

.. done thru a thick cake of solid particles, but the cake must
be constantly ronewed. The filtcd bases should be-made -
readily interchangeadle, because parts of the hydrogernation

* biltunen ‘beccne insoluble by furtho‘ Mpyaerization at the high -
riltration temperature of 150-200° C necessary and the .
rilter bases ‘becorio- cnked by lac-formation. - - ,




hoiceraniec filter. inserts‘are readily fouled,g
ion-of 1luc by hydrogenation bitumen, :
‘might ‘be. considored, 4f the ceranic filte
da'b readily regenarated, .

U with o "thin 1ayer £ ".at
00 iitm. are’ about 240-280 ‘kg/m>/h, &t 700 atn. about '
fundor. special conditions even: '200=250 ke).
of -the filtrate is only 0.006 to 0,04, so that only about
0:1%;~or-less; of-ash~is-contained- in‘tho bitumen -froe-of
" solvents,” The filter residus contains 35-40%0il, largely: .
‘easily distilled miadle oil, ~ It ean, th ore,‘be rapidly
: oarboni ed (Schwc en) ‘with little loss

’ The advantages of let-down prooessing by filtration, A
oompared to the formerly usual methods of centrifuging and lo
 temperuture corbonization, are obvious, The carbonizing .-

- department (Schwelerel) is relieved, because only the . -
solids proper need bo processed and not the large cuantity .
of heavy 01l contained in the contrifuge rosidue, -The. -
L carbonization losses are, therofore, sraller and. the
~_carbonization process itsolf simpler, so thut’it can be domne -
"””””“'“f““”"In brick ovens, Inéxponsive to Bulld and~operates ~In additYed;,
: " 0l) froee of sollds, vhich, due to its: characteristiecs, can - -

- oven be.hydrogenated under the vorst condltions, is returned .
to hydrogonation, go that gasification could be furthor :
rcduced. L R .

. The partioular opnruting method revuired to produce o
" filtrable products yiclds about. as ruch elcotrode coke (3273) — -
“at 700 atm. as oil {54%), if it i desiréd to make clectrode .
" coke from the hydrogenation bitunen. It is to-be expected that ~
with the furiher developnent of this operating rethod the .

proportion of oil can be considerably increased, so that . . .- -
" filtration nay also be applied to fuel oll or gasoline +
niddle- oil, respectively, even with a modified operating method.
Then the foal of complete utilizatlon of coal wlll have been
reached by utilizing the C-oonstituents in the ash of the
- carbonizatiow residue, worthless today, in the rorm of
R anuable elcctrode coke.




.control r m;

~satigfactory measurement
.is ‘done quickly from a . central instrument board on- vhich
" pressure gauges from all the lines .are: 1ocated., Thi Vshould
' be near. the Bta‘l wall : njtue outsida; S :

: B : Hconveying solid substances .
“'should be constently flushed vith a smll quantity of rluShing

gas or oil; see measuring points II, III, IV .or V. A back
' :flow or coal paste must be avoided by all Keans.

Masauraments are madax

1. Poaition of Rest..

Lo T Valvea 23, ah 25, 26 32 and’ 33, as’ vell as all o" valves
are olosed. Valves' "g" ‘and "p" _ars also-closed, with the .

. axception of groups II, III, IV and V, vnich are flushed '

- with gas during operations. ‘Valves B, , 3,721, 22, 27, 28,

30 and 31 are open. R : " _

2. “Measurement. . o =T

~a. Before starting the measur rement, clcse the
*a" apnd "b" valves of groups II 0.V, 1nc1usive.

Cot

A




Open valve-9
Turn on and read urrent f"om differential pres-

Siisure indicator.:

.Close valve Sf.f

‘' Open-valve: B,

 Arter—2b) abové‘ measu*e poinus I to x inclusive. -
'Revevse\by olosing valves 23 and 26 and>opening

o yalves 24 and 25,00 ¢

Then, after 2b), above, measure oints II to Ix'

- 3. Shut orr. ‘

-Close 311 "a", "b" and "c¢" valves.
.Close valves 32 33, 2%, 25 and §6:_§3
Open valves B, P, 3, 21 ‘and 22. o
-3lowly open valve 25 and—de-compress.,”
- 'Slowly open valve 2

‘Open valves }0 and 1.

‘REEARKS

Open valves "a" and "b" of groups II*’III IV and
V for injecting. flushing gas, -
Ture off the gauges used in the measurement.. -

If dbe equipmenu in aervAced prope 13,

trouble.--

By &ll means avold a back flowv of- o%IS\containing

solids. Thiis not Oﬁ;y causes p;ngging of the Leasuring l;nea;




onetermtne whethezyor not ﬁhere
? 1in nd ra" va

.+ Th :

‘and flushing ga Assuming that the equipmen
. -satisfactorily, 1t will suffice, in this csase
_‘1inea toﬁxhe s3talls in. question for a sho:t t

’%rlov £ gs

lve is:.left
pipe wit

t 1s ‘serviced .
to-flush-the - .:
ima each day :
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In the prehydrogenation t “and: . :

: dlo olls with the newly developed prehydrogenation catalyst. =
- 8376.{7840 1 250) easily benzinated middle oils are: produced -
-7 @22 UV, though their anlline points are above the corre- .

. sponding 5058 produots. If it-is desired to prehydrogenate -

weaker -than-with-5058;~the-middle-olls rust first~be-sorubbed
. - with 50% concentrated H. S04 before they can be readily =~ = . -
L T henzinated. with 64344 ‘-éhen introduction of an M,S04 wash'is, .. -
" ... ‘therefore, essentlal to avold disadvantages in_ﬁydrogenvcon-' L
. sumption, antl-knook properties of the gasoline and the ~ '
~ ¥ield of DHD gasolines with the introduction of the. new pre=. . . . .
~hydrogenation catalyst.  The extent of these dlsdadvantages ‘may
~ be estimated in. the proocessing of bituminous coal liquid phase - ..
_ gasollne and middle oll viith catalyst-8376 without an IpS04 -+
~...wash compared to 50583/ - . - e T R B

“abb, 25 mO/t gasoline.,

‘Excess Hp oohsumption :
Octano number redustion : abt,

wmi-L-..mm,-.v;.T....,“_.m..,w.,l...w,T_,‘-,.,.j,.mm.»w-I;o s svm Of ;,'Yr el ﬁ‘"":ﬁ“m - proce g8 .
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‘peductions with H, and-steam‘at:
no; sulfur, while Zhe Fe catalyst

: ; s~ bhat ~of-the-catalysts.-
o sulh ha given mnolyses, but -still containéd con-.
-'siderable oxyg udging from our experience,:thése catalys
oan, . tHerefore, 'have no:activity normal: to -us, Obvlously, -
no reduction :in sulfur-content accurs during reaction in.the
7 onse of the lo catalyst, because less sulfur ls presont: than *- ..
~ corresponds to. the quadruple valued 1’0, while the quantity of
~ 7 oxygen and sulfur combined,gpproximately does. In thé iron . .
catalysts a.greater sulfur content is present than corresponds. . -
to the FeS-stage and this is decreascd to'the wvilue corresponding
“ " to'the FeS in the-roduction with hydrogon. 'In the presenco of =~ - -
" -Ng0 and Alg0e: the sulfur content evon drops somewhat below the
proportion of TIeS ' . e R :
.. Vith these catalysts, vhich represent no uniforn sullfides, .
eriments were made at 200 atn. for the reduction of hexanol

-

and the‘hydrqgenatipn of benzoley

" Demperatures of 434-440°C were uscd for the reduction

of hexanol, but'no thruputs are given. 4 reduction of 89,.2%

of the hexanol is obtained with llo, one of 97,6 with the

best Fe-iAl catalyst, both in the prescnce of 33 CSg. - Without

CS, the reduction was somewhat smaller, 83.6% and 56.2:7:. . .

re%pectively. - In these experinents the catalysvus -already .showed
- deterioraticn aftcr hours, which vas.perely delayed by the . .

- .addition of sulfur in quantities up to 17%-CSz. . R
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: into ‘.’thXAne, ‘eve:
ter, ‘but’in the prosence
‘u:up to 46.0—60%

, gly, an additiog\of» ulfur is not recuired or S
'»desired above O, 5%, at the most, when working vith our = .~
~sulfide-catalystss--On-the-contrary;- -Varga-maintains: that uhe
optirum stlfur offect is obtained with a sulfur addition of _
. 1=15%,- Based on the article discussed herein, Vargais - .
Cno.olalim mo .apply advantagecusly to 1mproperly prepared su_?ide
~,cata1ysts° 5 i

' TIn summATy ;- Puohs and Brendlcin worke with catalyst° still
{v,containing mich oxyeon, - The activity of theso. catalysts is = = .-
‘. ‘much.weaker than our pure sulfide. catalysts. | In’ addition,v "

. ‘these catalysts show deterioration even in the presence. of .

- large cuantities of” sulfur, whilo the pure, prOpefly prepared

- catalysts show nones.

oot ot e s A




i ppert )
-on:. of: liquid phase preheaters;: enbodied :
n T-83, which see. . Tables and dilagrans mentioned by Sehappert.
are not. u?ailuble, but: the diagrams: in T=83 ufford a helpful

*oomparison or: may even behthe ‘B

" Iwme the cntire feed 1s TUn thru preheatera. »bcut

' 70% ofbthe heat {nput:into the first converter is recovered

'in the heat exchungers. . If the percentage of heat recovered
‘at-Leuna ot 200 atm, 1is higher (80-90%), this is due, on tho
‘one hand, to the fact that & 200 atm. the let-down heat cxchange

- {double c¢oil) provides an additional heut recovery. TFor 700 atm.

-arsuitable-hext—oxchanger-world-rirst-kave-to-be provided

 -On- the other hand, the F-vnlues of the hoat cxchangers at Lcun

ar hipher (valocity).v'
ocholven and ! ordstérn.

e Bituminous coal pustc caufcs difficulties, dus to— _
swelling, in the heat oxchangers, as compared to dbrovn coal. .
Due to the low cost heat in the Rubr district, they were -
satisfiod to confine thoir heat exchange to the Ilnput gas, so -

" that only about 33% o“ the recoverable heut is rccovered.

3. _Croup: Pdlita and nger silesia.« S

ilere the thin pasts and Lﬁﬂ“u gas %ogethar are passed
s dhru hedt exclhiangers.— The thick pusts iq faiat vk ﬁ'separately.

while the remaining ecmmon hocting to the reacstisn teampsraturs:

ac
..—18 done.ia the socalled mixture secticil. «bout. 304 of the Leab

mﬂ:‘%




N1Q-x
The:tablo- yrall:
‘and Upper-Silesia in the new:
hat ot MNordstern is based on:
' a, This requires a de - in thruput: of ‘about
-4f the olroulating gas. inlet temperature is not raiscds..
ible-to:'say how-tonp it will-:take-to fo
ok of:the ‘preheater.at Upper Silesia is,

- %2§§4%‘8h°”5 th°:Pr¢hénte t Upper Silesia, s
_Installed. {Upper ske ‘Figure 3, T-8

Case 2 shows -the effsct of the increased concentration of
the thin and thiock pastes. This,might:be_possible~toFg%§§,~>
t B
o be

, . sxtent, since ‘the turbo-mixer has bsen very 'satisfaotory,
. P#1itz. This will heavily burden the heal exchangers,
T mure, 527 t/h-tompared to 43,7 t/h, But the heat exchanger
- --outlet. temperature will drop sharply, =o that more hairpin' )
 go0ils will bejrequired in the mixture section, boocusc of the -
- BmA1 10 tempersture._difference; which; in tura, will cause a
R . steep  increase"in tha pressurs difference, .This proc edure-
‘-.v--thereforea possible only in connection with A gas Leat eXolmmpgers
‘See ‘Casa 4. AR : . T

e

‘Case & shows ‘tho effect of .the operating method with.cold paste,
‘successfully used at Nordstern. The cold paste 1s:not. token
fren e preheater, as shown in the diegram, but injected - .
- ‘directly into Coaverter II, or possibly hoated slightly 4n a -
*° hairpin coile, With a somevhat highér. temporature a grsater
-injection may be possible. L o -

Casa 4 shows the favorable effect of &'‘gas heat exchangeis A

conalderuble saving in hect is effected, The paste inlet

tcmgerature into the heat exchanger is higher than 1 Cass Iy

141° compared to 100° C, vhich may, undsr certain conditlons,
. be of irportance because of the viscosity. The ¢old paste was
"~ petzined for reasons of simplieity. The gas-hilrpin coils are




28
1nt:oduetion of ‘such: a: converterwu@
knomm-at what miminum tenmperaturc Convert
react,. Until the: Nbrdstern opérating. mcthod:becnne
"1t 7as. believed that 4235° C. vas the lowest possibdle: ;
If-4% were desired to keep the. circulating gas-inl emper-
ure.at.60092.C.,. about. 8. hairpin ©o0ils could ]
shat even {ron the stanapoint ‘of steol reqnir
~~ duetion of a: "preheat converter® is not serious, purticularly
‘since the saving in heat also eouula the cost. of any s :

v "'Qquired fo “uel 6&5 nroduoticn

" The other column of the table shows the case: embodyins
: _al pcssibilities for *mprovements %o date,3suoh as :

-1.‘.& small inoreaeo in concentration,‘:« ek
~. 2 Cold paste, . : SR
3¢ Gas hent etchnnger,_ S
4. Preheat converter.. '

7 SR S A O eyl

In asddition, some other possibilitias'for improvemenx waré
- conpidered, whick, ol course, &o not equal the offect of a.
.. preheat converter,: such as: o TR O

5. Reducing the gas guantity, - I
6. Connescting tho hot part of the prehoater 1nstegd
‘af oocurrent, for reasons or \nll tenperature.

Flgure 5 shows @ ocnparison between the present scheme
-and the schome embodying all possibilities for irprovercnt.

- -“moha encirecled figurcs correspond to the number of the proposed

. "hange, (See Figure lor3d of T-83, ~%). v

-;‘J“ Figure ‘6 shows the co¥ *esponding tenpernture diagrams.

" {5ce Flgure 2 or 4 of T-83,-?). It is possible to reducs
“the eirculating gas inlet temperature considerably and to. . . ST

. .save about 10 hairpin coils. I{ no- -atternpt- 1s nade to eoononize Y

Soon the hairpin coils,vvhese can be further relievad. TR

: " The saving in- heat ecuai +0 abeut 7,000,000 k alég gé
~afficiency is worth noting. The stall resi ance so refuced,
Only 4 careful test ﬂg cooperation with Upper “iles;a will shOW'which

of the proposed modifications should be mude.




omparisén of ‘conditions and
" pesults of “hydrogenation of Scholven cosl at 300 and 700

. atm, ' Conversion’ to the highsr pressures: rosults in these

t advanteges: T . B R e S :

The following table shows & ¢

—

atalysts may be used which contain no ‘scarce motals,
.attack the converter by corrosion, and ere “cheaper,
N A"highe":{reéctvion,‘téinpard.tui'e ‘ney bé vded, with con- -
sequent higher producticn, 2 scmewhat greator dof
- and perticularly & -decrease in ’(:ho}'e.sphalt produced, whiech
2 ‘ -

-free T e residue B

composition, . . . .



Converter Tomparature %

__,GEZI"Efw v

pure coal -

1.5% Bayernasn |

: .3.?5 R@




;The axcraoting hydrogenation further s&ves the adaiti S
of Bayermass and* sulf;gran, vith—consequmnt better fil- e
. trable let-down.,,”- - . PP

Tho thruput the oil yield bascd on iuput coal, and the o
. heavy: constituents ‘of -the oil yiald, such &s aaphnlt iy
decrease, ' But equal boiling fractions zlso: “beccne heavier
- - and Hp-poorer. While, for example, the gasoline from the

crormi RS O1L DG s BLAA LS - OLL -804 - L116 -ROAV Y011 - D1OCO 8805 - BAOUS <
an anti-kneck value of lesz than 70 (Res), the gasclino
rgom ?rtrgcting hydrogenat&on has an anti-knock value of
78.5 (Res). . .

Gasirication and, to a certain degree, decomposition
decrease. oy .




Coalt

Bt LR T

“L.T,C, of j-
T oonteilug vaortion s
R ucentriruse
" residue,
130 ¢ 220,20 .
Deconposition %”"”"”””‘“”“”95 B
Total thruput, t/b?/h . 0.26 -
011 Yield, kg/t E B
pure coal - :
of vhich: gasoz.aoo° ﬁ
S -011-325

_hy 011+325° ,.»
bitumen,% -

Lst.dovﬁ'r&turn ol

"Gnuificttson S al

Asphalt in let-down -

_heavy 011, .:"ﬁ ‘14.7'; ) 18,0 -

(1) 51nce the topping residus still containg varwing quantities S
| Tof middle. o;%i the asphalt contant of tho heavy oil nay ’

be scnawhat

éher. L ‘ —

'hy 011
,proportion Topping of -

L.2.C, of
| residue,
1:0,32

 }95,g;wfme,wm

,"1'9'.‘3 |

L.T.C. of .
1£iltor T~
- sidue. s

85:15 ° | the 11~

trats,

centrifuzs|

1:0.50
e X
“0.67 -
758,
) 11

T

e e

ok

29;0‘1{m"




. “the; purely. W , : ,
of lowv.boiling hydro-carbons,:the cracking of pet
o -temperesture -carbonization-of. 14d fuels, formerly.
exclusively, other processes hav - the course. of time, -
- pescome-of- importance, such'as:the. olymerizationof gaseous ' .
"hydroﬁcarbons:from'naturalhandqcrqcking'g&ges;fcgtalytic~gracka'
- ', -catalytic hydro—carbonp‘Synthesisufrom»co-Hé~m1xturesﬁand,
~in-particular,.catalytic pressure hydrogenation Liquid fuels
. can. be obtained by purely-thermal procesaes wvith sequent e
©-'d1stillation and refining only n relatively small yields from.
o _.coal.gnd,otnanihigh~molecular¥rawjmSterials,fbecause,of"their
S low-Hi-content, as.well as from:H,-poor oils.:  Eowever, the’
. ,ﬂponvegsipnjof,such"raw,materials gnto:liquid preducts with on
sm3ll lossea is possible by splitting in the-presence of & - -

‘ ;-ﬁ,catalyatjwifﬁ“s4multan§ous sbsorption of Hy under‘h4gn;pre§sﬁrc.

Coal and olls were alresdy hydrogenated under pressure by
Bergius in 1913, but the process has become, of practical .. = . '
importance only since.the introduction of poison-proof catalysts
S by I. G. Farbenindustrie, A.G. Bituminous and brown coal, - . SRR
d"WWW”wmmmwwaeatgwcoelwextraot,mpitch,mhighwandwlnwmtcmper&tuxe@janﬁ;;Olemwm;mmwwmwm
Con ~shele, petroleum and its. products of distillation, extraction )
~ or oracking, etc., are suitable raw materials. 'Valuable fuel olls,
~ “'dlessl oils, 1lluminating ofss, lubricating oils, paraffins and
gasolines are the refined products obtained with the hichest
. yield., It should be especially emphasized thst tho steadily
- rising derands on-the quality of the preducts,-particularly
that of ths gasvlines, are also belng met by hydrogenation in.
every respect. Lo .
_3uiting the process to the most veried raw materials and
the desirég”p?obertiesxof the end products:is facilitated by
sub-dividihg 1% into two different working'stages. In the
first stage, the liquid phase; high molecular, esphalt-rich,
a3 well as raw materials containing ash, such as ccal and U
heavy oil residues sre processed with s finely distridbuted cata-
"1yst, vhereir, in general, only small quintitiea_of catalyst are -
used -for sircng splitting. In the second stage, the vapcr thase, —
- .Aydrogenation is accomplished bY passing the feed, particularly =~ =~
the middle and heavy oils produced-in the preceding liquld phase, S




L eaction 1 i :
yst vh\bhdi' here used 1 maximum cancentration

- e try,: therefore, to widen ‘the range of applicstion f
‘1xed;catalsnts a3, mich as possible,; ;’requent JAnterchenge. 8.
ot poskible for practical reasons, and a'life’ of many- months,
or.even years, is expected of them today.  They can; therefore
S be’used wherever ‘thei» life is not affected by the separation.
“.of high molecular,: partlcularly asphalt-containing, substances
‘This is true of 211 oils of medium boiling range,. though-icerta
‘high molecular,: asphalt-poor, substances “may also be processed
‘over_ fixed-catalysts. Brown-coal-carbonization {L.T.C.) tan,-
RTINS ¢ o example, may be converted in a single stage to paraffin, - o -
" ‘Iubricating or diecsel.oil or to a- middle o1l suitable for sub- RN
,'sequent vapor phaae hydrcgenation.m B PP A , _..;..f‘

. “A large number of spacificallv acting poison-proof catalysts
LBTE.. availabla today,.in shich.the.relation.of hydrogapnation.to......
splitting effect 13 .30 adjusted: that the reactizn mey be suited
. to &pny end product &nd guided irthe desiréd direction by the -
- 'simmltanecus utilization of .temperaturec .and pressure influences.
" In the production. of gasoline, for example, the manifold reaction
. possibilities may be utilized to obtain ceriain desived nroperties
 .largely independent of the raw raterial. The products produced
over fized catalysts are well refined and stabilized. A o
- further advantage in working with high catalyst concentrations -
1s this, that fevor gaseous hydro-carbons, particularly methans
‘and ethane, are formed than in the. ligquid phaae This-is of ’
particular imporitance, because rmch hydrogen is: corsiumed 'in -
the-formaticn of gaseola hydro—carbcns,gwh~le the hydro-carbons
themselves. are less valusble than gasoline, oven though they
- bene %t tha fuel market in the form of. liquid geses.
”heninflueace of te*peratura ds . of pr¢mar; imbortancejuo
the course of the reaction. The spesd of reacuicn of?h}drogen—
ation and partfculariy of splitting increases with rising iterp-
-erature. Furtherzore, the equilibriur-fer the absorpticn and

7split‘ig° of_ﬁz-ismccnstantly teling dis?}gggd in-the direction




bout: 5009, C-it is poss " to split without hydrogepation wit
uitable catalyats; or ev n-to-dehydrogenate; and produce-gas
~with hig&?ﬁz"omaticﬂcontent_. The temperatures, at: which
‘ - types. ocour, may, o ‘course,. considerably .ov

the influence of catalyst and pressure

, nerease ressure-generally.oeffects..increased hydro-.
-genation. ;It'also/prevents,ttherefore, the separation-of Hy-poor:
. products,;thus‘makingsit&pcssible to work with higher tempefatures
v than with a lower. preasure... In the.final result, the olls and
7 "gasolines preduced under such;gqnditicna;-mayfevgn'be;poorer; '
,IJ.»HQZthan;withmIQWer_H2¢ppesaures.w;ﬁigh pressure also results-
1% greater reaction Speeds end moro Yaw miterial can; thereforsy
©. . be prooeseéd‘1nithe'sams”reactidﬁ:space..,As,an'example¢o£7the’
. - effect of pressure in the liguid phase way be mentioned the ~ - .
. .8low processing of old bituminous—coal-or high molecular asphalt = .
/.. &t 200-300 atm., which, at considerably-higher PressSuros; @.g. .
700 atm, and over, is done without difficulty at sstisfactory- -
o f..."  speeds., When uding fixed catalysts, the range of application : R
R “bf“ﬁﬁé”varibuﬁ”catalystsﬁiswfurtherwincreasedwbyMgveatarmagawwmmw@”;mm”@w
S ' pressure. Tho possibllity oxists, for exsrple, to obtain = - S
hydrogenation effects with groatly reduced splitiing, or to
-cbtain special effects with little hydrogonating splitting -
catalysts, as e.g. in the direction of enti-knock gasolinesy —---
Besides the total pressure, the relation ol oil vapor
- to Hn partial pressure is also important. - By 1ncreasin§rthe
01l gapor'partial pressure; the degree of hydregenaticn is -
generally reduced. Furthermore, the tizs of passege thru the’
reacticn space must be suited to the desired reaction. :

- Just &8s in wmost other hydro-carbon conversions, .the reactions
o in catalytic presaure hydrogenztion are not conmpleted in one pass,
- - but thosa,constituents'not-completely converted to the end = | v

product are either recycled o prosessed in & .separzte reaction.
For example, in jthe liguid rhese Hydrogenaticon of coal the

‘heavy oil produced is recycled, 12 we desire to produce middle
oil with-1ittle 1iquid phase gssoling. If tHe middle oil is




- as; shown in Table 1. L

. i gur 2 : co of
pressure hydrogenation reactions as I have descrided the
“may-be-observed: hov: muchthe-character-of-the liquid-pha:
-duct ‘is dependent upon the raw material and how easily it.
in: the vapor phase with fixed catalyst. -

" In'the production of gasoline it 1s the taskiof the liquid
. phase-to produce intermediste produgts from high molecular raw,

matorials, Thease cover tho whole boilling range of gaseous

" ‘hydro-carbons to the heaviest olls more or less unifornly. - Their
" properties resemble ‘those of the distillation or low temperature .. - -

-carbonization produ_g}'s of the gorresponding':e.!::gjigr;q;s o

iptmibereionty o S o . - .
e e e

If, for exafple, distillation residues bolling ‘abov

- 3259 G- from an _asrhaltic base and a mixed base orude oil are pro- L
' -gessed in the liquid phase, middle oils well suited for diesel.

fuel ere produced, vhose properties closely correspond to those

:of the distilletion middle oils from the original crude oil,.

- . _—




= . Tt mey.be noticed that “the hydrogen contents indicated by the ,
- ‘aniline-point of the-vorresponding ‘fractions -of the 1iquid phase and '
:distillat;qnhproductSjare-verysmnch'aliksi¢*This_rule, indicated here
‘in two examples, 1s 8o generally valid that the properties of hydro--
. genstion middle olls from & crude 01l residve my be predicted with -

B great precision,. 1f the prope 3. 0of the middle oil contained in the -
~originel crude oil are lmown. . .- e ST e

“There is.a similar, though not quite so close, relation between :
A tho ccals, if the hydrogenaticn middle oils from coal are compared . . ... &L
" f””wttu“tne”ccrrespondingwa_ddlewoils»froawL.T.cvm(lonmtamp;@carbanizati ) N
.. tar, sfter the rhenols have been removed from both. See Table 2. R




S ‘ It my be observod tha‘ the coincidence 1n the h:;drogen
~.o0 7 0 “values: is notas complete as with petroleum products, which- is due, .
a«wm,.,_m...mwwﬂmnﬁothw«cause&, -to-the-fact-that-the-heavy- oils- pesent-only s
: ‘ ~ a relatively small proportion-of the original coal,’while in hydro-
genation practically the entire coal appears as. o:ll. The phenol
content of the crude middle olls is larger in low temperature
.carbonization than in liquid phase hydrcgenation. However, the
absolute yleld in phenols, based on- t.he coal is" larger 1n _‘_.v,,, :
hydrogenation. : , )

‘ " The. yield in paraffin, also;-1s coneider.;bly greater 1n the
- direct hydrogenation of brown ccal.than the quantity of paraffin

" which may be recovered from the: u.T C. -tar in the 1ow temperature
ca.rboniza.t on of the 3zme quantity of brom coel, .

k " In t.he production o* ga.solines from heavy oils or from coal :
the middle olls are the principal product of liquid phase - '~
hydrcgenation, plus about 20% gaseline. In this gasoline the’
-character of the raw materisl may still be racognized ‘as - shown
“in ;.he exa:rle of som3 liquid. ..haae gasolines fron petroleum in
‘Table 3. —

- e :




9peo. - Gravit
% %o 100°.C .
% t0.170° C

| -190-210°C

" ‘Octane number; . . |
 (research method) -}

e The ootane number of -l1iquid phasa gesoline rises fpom the - . .
‘””‘"""f“‘”’?’“"“‘;ﬁxvd*hasmto%wasgizalb*baaemorudew‘ -to.tho.sromatio. cracking ... ...
‘. pesidue, which yields a liquid phase gasoline vith an octane ‘number T
" of 73.. The aniline points of the fractions indic¢ate that«the . .;. SR
_drop in the aniline point with rising boiling péint is greater In *the
“products richer in aromatics’tban in thoss richey-in hydrogen. ‘The
gasoline from-the sasily splitting wixed base orude 0il 43 rich-in
constituants boilling belovw 100° C., while the oils poorer in hydrogen
yield gasoline witk a lower content of low boiling constituents. .-

- . —

' An exan:p'le"cf i_f.ho properties of chemicalllrcrmgd liquicb R
" phase gasolines from cosl iz given in. Table k., G PR

W
Sy,




| % unsaturated

lootans 'n‘umb'er.» b

|- (reseavch rothot)

L . T

fhe octons number of 1iguid phato gosolinss fronm ceal is
ghor than that fresm ortde oll and from ¢oals rich in bitumen

pesidues. As expocted, fatty coal yiolds a gasoline-poorer -in ‘
‘Hydrogen than that from the gas flams coal riched 4in hydrogen ccuing -
from the same {isld. Very gonerally speaking tho 1fquid phase LT
gasolines from 603l contain much low boiling ‘eonstitusntno because
" they are prodncaed VY hoeavy-eplitting.. T T T .
‘ - With ray materlials ‘pelatively rich in hydrogen tho
- anti-knock valuas of the 1iquid phase gasolines 4rop in the
ghsr fractionz, bub not as much as-in natural gasoXines-or. - .
, aie gasolinss, In. gasolines from gas oil residues -~
T peor 1o -h.gdrogan the anti-imock values of fractions aPove BT

. abeout 130V C rise again. mke risc io ditumincus coal 3’3&011:1?38_ -

38 _even gharper, vhich is related to izs high aromatioe content

noarly equal the valuos obtained 1in procossing arcantic gas 04l f——~ ‘

T



 coking, ‘or liquid phase hydrogenatis

-8t:will by.the lind of catalyst, the temperature and’ Pressure,”
-On.the one hand, it is possible-to work vith atrong splitting up
on the other hand .to obtain & more or less og - £0! 2
-without splitting the carbon structure. )

S An mportant épﬁiic&fidﬁjor pressure hydrogenation: taking
- place without splitting ic the refining of gasolines and benszol
. as.they are produced in cracking; low tempe;'ature -carbonisatiqn )

- Raw bonzol from bituminous coal coking is catalytically - .

- ¢onverted into a stable product, hardly richer in hydrogen, at

& pressure a3 low as'about 40 atm, More motor bengol can be - -
Pproduced by hydrogonation, not only beocause the losses fornerly - -
incurred in benzol rofining sre practically eliminated, -

but algo bocause tho middle and heavy beunzol boiling above the S
motoz!mbanzolu;&canwal.so..bowmdemu‘aseﬂrrnpumnghiohwhnx-dlycmwww»‘%www
¥ileld motor fusls with sulfuric acld, are-comzpletoly saturated at’

about 50-200 atm, by careful hydrogenation without an appreciable

- loss in octane number, Table 5, for example, shows in tho %cdinef,.

" number of-s.middle benzol fractioh, bolling betwesn 140-180° C,

" how far saturation gces, At tho sams:time only an mqrc,aptib,ie'
hydrogenation of arcmatica takes place, as indicatsd by the spec. .

- gravity and the -octane numbar.:. Furthermore, the color-becomes
as clear as water and tin.product is freed of sulfur.to 0.006%. -

. In the seme way, L.7.C. gasolinos fronm bituminous and brovn
coal are refined, which, at 200 atm, yiold stabdble gsaonngis, a8 . -

~¢lear as vater and almost free of sulfur,
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TableG shovs ‘ me or the raﬁ.n:.ng of liqnid phaae e
~—~products, & liquid o' gasolina fro:n a. young bituminoua -eoal ...
‘,vnnabonmg nd t of 2159 S _ o

e '; Tabloﬁ -

: ,nydrogemtion of mtmnous Conl: uqum Phaoe Gasoune |

uehelogri cca
phase &3s5014.

~ Spes. Gravity -
$'to100°C

% %o 170° ¢

- End potnt, °c
&% Pareffin

& Aromatics

. % unsaturated

Octane number: -
Research methos .
Motor "




: “ n ‘\‘ \ /’f""_‘: had .._,'—‘ \\‘\\.‘ ) I ,k L
o ey o
- “ . \T‘/// i R ,‘\\\\”‘ (
“ m e ! L \-\
SR ‘
/,// e N

nd- tio:
and dshydrogenating oonditions in'
onaiderablo improvement of. the motor
softhe gasoline may oven be. obtained in ons
+. 1% will then have an : : '
od) and contain over 50% aromatics.

- The ph .8'in the ray gasoline from coa ‘removed
h chemical refining, vhich gweatly reduces tho gasoline ylold.
In pressure refining they are converted: into hydro-carbons and
: 88’ n g ' ‘Depending upon the hydrogenation
. " % ies..or.naphthonos-without-

con o The pressuve refinsd gasolines are-colorloss, odorless-and

... :lightproof and in tests and boiling characteristiocs correspond -
..Yo the best commorcisl gosclinss, - The contont of un;agt;n-aped

: '}g‘--~':gt:als">1-1.-%;""tha"‘gum“oontant far bolow 10 mg/100 cw” and

the sulfur coutent below 0,01%. . . - LT AR
. 'The most important fiold of application of ‘the vepor phase

1€ aplitting hydrogenation of middle ofls to gasoline, - Just ag - SR

-in the 1iquid phase, the rav matorials avre impertant for the .
properties of the gagoline, Eowever, the determining factors .

;..;.;,m.;m;mwmm.,,thaﬁc;m;stwmmmmrmm-«mtim.wwmmwwmw' —

The dependonce on the chomical structure of ths rav materisl
is particularly noticeadblé in tha rotor behavior of tho gagolinss,
Table 7 shows the spocific gravity and octans number of- several
gasolines produced under comparadls conditions fron various raw
materials, Tho ootans numder of the gasolines rises with ds.-
creasing hydrogen content of tha middlo oila, For asuto gasolino
from Hy-poor rav materisls, such as browa coal, asphalt basa

'oils, oracking residues and biturdnous coal it equals sboul
67-75. If gesolires With lower end point are produced the octans
oumbers rise. Vory Ha.poor aromatic middle oils may also bo _
obtained from Ho.rich middle olls by . solvent sxiraction,—Ono vy
to obtain good gasolines vith high vield frca very H,y-rich . .

-®»iddle oils, such as zre produced by the C0- syathaelias, 18 to
-dahydz-ogana%a then togather with Hp-poor middie ofla,

-

sl




~-Brown-coa

. Cpuda ou nsphalt base
- Shale: ou “paraffinic
:Shale 011 asphaltic
‘ §1.7.0,-tar
. Brown coal liquifacti .
- Crude oil eracking residuo -

. Bitum, coal liquifaction & extraot

: ’"'Bﬂ.tum. conlhigh tomp t&r T
“ " Bow much the quality of the sasolmn fron the aame z\aw
. material may be influsnced by the catalyst and procossing S

- conditions- 18 shown in.Table B, Sovoral groups of catalyuts

saro available today. . Tho f£irst and most important group. tncludos |
used for a2ll feadn in the vapoxr phasg,  Gasolines proQucsd by

e OREA1FBES. AT which hydrogenate.snd split. strongly ARA MAF. DO oo

. them show ootane numbers adbout equal to distillation or L.T.C. .

o gasolines from the camo rav materials. Column “A" of Table 8

_ahova a gasol!.na 80 pz-oduced rrcm bitmainous coal middle 011.

e e '.i‘ableB e o

Autd Gasoline from Bitum, Coal M1ddle 041 wiu; Various cataiyata.'. -
. Catalyst

Spec, Oravity

| -‘vrobo' K vr':‘_-,’_

Rosearch Mothod
o Motor%e‘._:hod, e




Rining oxygon g
ipa, & preparatory treatms squirsd by cheomicel rofl
i “hydrogenating ‘eatalyst: in-a’ socalled ',x'mehgdrg ;

stage.: jome ¢asas tho use of higher pressurc, 8.Q. -
and over, ig advisabl The processing of impure materials' then:
almo bocomes possibdle, Furthermors, it boconmds: D ihls to-work

1th veakly hydrogenating catalysts-ol ; e
A1l hydrogenstion gasolines produced by these tvo groups
Cof catalysts haove a relatively Ligh naphthsne "end -1soparaffin
content and are chardctorised by good leed sonaitivity of’
their: ootane-number,

T A third group of catalysts "D" emsbles the prcduction of:.

. By=poor. gasolines ospacially rich 4n arematics. - Higher temper- . .-

" afupes,- apound 500° €, are then used, . The -yleld in aulo gasoling,.

. which equals 90%/wty vith the operating uothods hero bafore .

. mentioned, is hore below Q0% /ut, I¢ becomss smaller, if we aim- v~
at a graa{er.maromtio content of the gasolinea and the ‘111ddle o1l
.used is paraffinic. Coluem "D", Tablo 8§, shows such & gasoline

.. obtained from bituminous coal middle oil wvhich contains 508 -
. aromatics ‘at an oetang number of 95 (rosecrch mothod), - - .

Spee; Gravity

Qctane: mmber.i
“Research Mothod — }
Motor Mathod -~ -

-




' - lgaav en-apprecisdbly higher octane

. _The' mothod of produsing or preparing a8 middle ofil also in..
“fluonces the Quality of the g2soline, Table 10 shows tvo

‘, ‘83g0linos from drovn coal tap, Tho niddle o1l feed in tho‘fira‘i‘."»

coluzn was odtained by : ha se ogenation. frog -
w_,bxtommccnl.«‘.-r..!!.c.mtar;gw Y

““1{ttie : of. the . r cataiyst,

Hore the paraffin in the tar vas not split to middle o1l, ﬁt

_© w38 geparated fivst ag such, With &pproximately equal boi :tlzgm
L ourve, gpecific gravity and sraematic content the seeond gaso o
number, . _ o

-



' ogeration gasolines. are. excéllen table Por- S
.-aviation cnginas‘becausa,or;their@high;stab 1ity, good -ant ~knoclk
Cqualities andﬁle&d'sensitivity.]:?hevpropartien of two such .. - -
© o7 'gasolines obta ned from potrole 1 middle 0ils ers. given in Table 11

oo Thiz table shows tho )8
o-produced byhhydnogunationiaud“pgrtihularly'their high "1gad o
‘sensitivity, Thavgasolinexfrcminn‘aaphalt;base,oilvhae_an octane
- numdor of 77 (motor method), which i3 increased t0.91.5 by the . - -
- -sddition iof 0.095/vol, of tetreethyllend ard to 100 by 0.27%/vol.

1zh ‘octans hﬁﬁﬁeﬁsmdrfbviatipu'gaééiiiéé ;

As shown inPFigurc 3, the lead gensitivity of hydrogenation -
- gasolines not mixed vith tetracthyllead i3 3tdll vexry good, .inapite
- of their high snti-lmoeck value (Klopfwert), snd with the same -
mwwbae1c;octane;qnmben@izmxambo&torvthaawinwdtstilinticu%gazaxinea““”“”T“”“
: r{?@ potroloun,. SR T TR T e

- Indugtrisl Applicetion of Hydrogonation, = _ N '

' Cortain sdvances in ths ficld of chenlstry and physical ,
chemistry_of'catalytio.hsdrogsnstion kave been shown 4in charactor-

... 4stic exarples., DResides, it 13 .0f the atmost impodtence to the .

—. industriel application of the Process tuat the high pressure. _
equirment ficld has kopt pace with. thin Gevolepment, The extent - .
of the problem to bs solved in commen vith the steol Lndustry o 5. 2

" ‘be gathered frox the fact that paterial containing ruifer can be
eafely procasspd ¥ith hrdrogen toley in rassction converters of

zore than 10 &’ capacity at 500° C azd 700 atnm, progsure.

B Dy
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“water i ‘gravity | Stall pre
injsct.| recorder | sure differ,

" The
- process,. such-as solide, ash
ave entered in proper places, -
hermocouples,

' Arrsngemsnt of tho = ST R
- Depending on construction, three kinds of measuring arrange- -
ments are imuse: = . oo TR

' 2) -théfmoqouplés velded on .

3)  thermocouples—in drilled ho

o St e T 7 T e SO e s

: The first kind mentioned, originally the most widely used

- wag obteined by placing the'tﬁermocouples in protecting tubes,
in most cases introduced into tee pieces in the pipe 1line by
mosns of gaskeTiconnections, It has however been found, that
these protecting tubes in pipe iines carrying so0lids became
ercded, and thic might.lead aftsr scime time to grave distur- . -
~bances. IV was mext tried to replace theso protecting tubes
vith weldad-cn thermocouples {the welds insulated), This methed
of measuring temreratures has-been found very gatisfzectory, and
iater, for rcacons of econcuy, this method vas also used in -
Fipe linés where no 50l1ids wveres prascal, Raturelly, tepersture
zeasurements obtained in this way sre not adsolutely. corrsct, -
Ror was 1t really & cuestito ¢ measuring accurately the tex-

- yeratures abl those poinis, and 1t vas sufficient to record

- 7apldly and accurstely the relative variaticus, acd thase ware .
so recorded, v L S

Tl 3
X g

iz the coaverter propé?,'thérmccouplés installed in




pr ting tubes
presaure resis

081t covered all: ‘pipe’ lines. and space at &° cof:
00_meters from the place-of the. mishsp.. . It had ‘then been de-
“eided to prevent this kind of damage: by a ‘pressure-tight clo
_of the tops of theé protecting: tubss. ' The thermocouple wires
Were: dravn “through :the connections as in spark plugs, while"
“pipe line on the side led to & manometer; the pressure of vhi
. wag’ checked daily, -Saveral ‘protecting tu’bea may be connected +
N - 3 aingle manometer,, and measured separately, | When there is
. pressure'in a praviously ‘evacusted pipe line, this pipe line mu
i-be-:dL5connected-and-the-stall- eventually uhut dom ror the -
roplacement of - the protecting tube. i : ,

L When sta.il operations a.re started 311 tho protecting
- tubea are first evacuated by the use- of vacuum pumps or vater

- suction—pumps—(otcasionslly also repeatedly filled with nitrogen)

in order to eliminate traces. of moisture, vhich may occasionally
produce entirely false’ reading through the produotion of additionnl :
thermal currents®,

-

o A fow themocouples are used for the measurement of the outer

wvall temperatures of the. hairpin tubes in the “hottest part of

_the preheaters. They ars set at differcnt lovels of the tubes o
”"“'“‘by'valding “them "to the” tu'bas ’ ang“the welds are” not “Insolated. T

—In addition, some of the mm 1mportant themocouples are .
) connected to recording instruments on the instrument board, .
- (They are marked Re on ths sketoh). Thoy serve as & check on
the proper functioning of the operator and furnish the basis
_ for the evaluationfof disturbances as well 2s_for the recognition
of diaturbancos ,( chauger ahorts,‘ solid content of the KOLD and~ —_
the like) }i
, i .

SOne of the thehnoconples are providvea wvith ala:-n signals,
(chierly converter .thermocouples). They are intended to call
the operators' attention to the necessity of taking moper pre-
clutions At the mmm‘. of appearance of -danger, -

e - 'rhe temperaturo of the converter shan und covers is
neaszred by thdrmocouples: 1:1301'{'7 4 1nto drilled holes drilled
.t tho critical points.

%H. N, STERNBERG
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of_ Directors ,"
mavigshafe

1y $n :
i chamicnl mdustrg 4An tho past desades, :

. of tho century it was still generally. underntood to be t.ha
absorption of hydrogen by unsaturated organic compounds,’ Tod.a
wo knov that the t@mhydrogmm 1onhasamuchbwoadorwning

n unsuspectedly large number of syntheses of organic and in-
organic chemistry are. based on the absorpbion.of. ‘hydra gen by
olemon$s, radicdals or compounds capadle of absorb:lng 3 '

—However, I should 1like to. cinrine melf to-. tha‘ ! mortant

s 1ndumtr§.n1 j:rooeues of: , %

S Kydrogemtien ol nitrogen to amonia i
. BYarogemevion of GO to methanol and Righer alcohels, ena
e HS’drOgenation of cosl, petrolemn end tar to gaaonae, R

A
vhich hav:: been develo:ped ’by I.G in the past deoadea. S -

‘ ' Today, I should - nlno te speak of the problens euoauntercd
enrdell- S0 broadening.and - continued -develozaont--of - the - dony-

processes. Although threo of ‘the procosses have several points
in common, the difference in reactions offers a multitude of

 ftiew problems of greel importance. All thyes of than use. the
sane rav matorisls, air, steam, and co3l o coke, PFrom these
ray ma.teriale, hyﬂrogen i proaucod for all three of these pro-

, coaees which i3 conducted intoc the furthoer reaction rocess -
wi nitrosen for tho amsonis synthesis, with CO for the

mathanol synthesis, and by itself for the hydrogonation of coal.
The gases are cleansd for-all thrse of these syntheses, though
the gas cleaning diffors in tho varicuc processes, because esch
Procens Toquires s differount dogreo of clesnliness of Hy or

-~ the mixed gaess, The oleaned gases are ccxmprossed and 3o sdded

— to the ‘catalytic processes proper, vhich differ-in various - :
ways, AQue to theo variation in the chemical reactionu. ‘

. ‘I'able 1 gives a d.eoper inaight into the mchanim of the
reacts.cns. .1 have indicatl sd ths chomical eguations of the




_ Reactlon Hormula of Hydrogenauion Procoasess

ocottona  fud sy
S [predliet

Ammonia synthesls L 152 N 5 H, = 2 rms | 2000

Methamol . % :co+232—caaox§ | 200 |

S o S Rt iy e Qi i e,

Hydrogenatlon of:

Cosl . - i - Coel ¢ Hz :.Ggsoli.ne - {abt 2500

Petroleun o Pe..rol +Hza % | we0
Tar T&+H2.‘_""_ | * 000
Lda Réao ulon l

- ‘me'tlianol‘_ﬁynthesis; o : o , I
~ isobutylalcohol - 40048 h;; céqgo:{ + .,520 2420
Kethane forzation | GO « :5 Hy =R 4‘&20 4200

B hy&rogenaticn cl
: : cca.l, *aet“c, & tary

Meuh&e formaticn 015334 + 15:12 2 1601{4 '. ,:' 500

! " 1-'503-': 2156

+sa
52

- _&l87 .

4273




Bas:lcall:v, the
lig. for all’ thre

the. reaction Bpace 80 that the" opt:{mm tememtur@ |y ‘be constantly‘
maintained by propor vithdraval.gf the heat? d@Veloped. One'ching S
ferther way o taken from the ta '

the firat two reactions indicate ‘that olume ‘contrastions take

place in the’ ‘conversions, - Tho- shive thing. wey 6lso be said of
-eartaln pertizl) roactions of hydrogemtion. -This ralten: 5. ._a'ppeam
advantagaoua to voz-l.. with highez' pressuma. S e

: Another. :l.umartant tasz:, not diroctly d.eriwd Lfron.the . tedble,
s the spseding wp of the roactions. - Most hydrogenationd procesaess
" proceed vory sluggishly and such -resction speeds os must be Qssumed
~for - induatricl applications ocan only bs obtaived with the use of -
- catalysts, —In-most processes, hovever, - eatalysts have further taska.~
I should 11ke to point ‘to the other port of the table, which - :
_ghows " that numerous sids reactions are possible betwesn the mtarialn
'iavolved in tho rezctions in _the mothanol synthesis and partiounlarly .. -
" .the produoticn of gasoline by hydrogenation, These conversions Lo
" apre, generslly spsaking, entirely pescible under ths thermo-

¢ conditiony of the processes, and the task of-the- catalyat
‘48 alno to sliminate the alds maot‘ons as fayr.as pospidleo and.. . T
- to direct the conversion 3o that-the desired produot my be ob
: -M-mm¢ v:.th~t1w~higmst maﬂb}.e*:rield i i ey

- X belleve I havo cutlirod the main m'oblems v.tthout vhoss
~ solution the industrial application of thoee hydrogena 1on pro- :
" cesses would be impossible, The production of hydroge

suitadble construction of ths reactlon spaces &nd the utiuey
. Quradlility of the catalysts, as woll-as. oﬂ ths msterials, }zmst
‘ be soIvaa technicany e.nd econcnicauy. L

o I ghould nw like t:o go :Lnto “the goiution of theﬁe problem .
. more in detail, first of all, th¢ production of hydrogen, Various
possibilitios exist for tho industrial production of- hydrogen, .
Their choico dceponde upon the avallable rav matorials end souroce

of power, Other factors, howawver, arc of ths utmost icportence.
for our synthoéces, --For example, & mixturs of hydrogsn &nd
nitrogen ias required Taor the y"ocucuion of ammonia, The adxmixiure
‘of gaseous hydro-carbons LfF undesiradle. because they deceme ecn-
- contrated in the recyeling yrocesns of e syntheses aad must-be -
ronoved frcn the circulating gases by docemprgasion, in-which
ocess hxdz'ogen logses are mvoidable. )

Q'."v‘»:', )

.




' ustri
implest, : bocause 1t:

this process is used I : b
bo. produced ‘sepirately, B “liguifaction of air or:

burning hydrogen in 6ir, - Hydrogen electrolysis is less. suitabl
“for the methanol synthesis, since recourse would bave to ' be had
‘to coal for the 00 roqQuired.” Bocsuse of the current requivemen
electrolysis can unfortunctely-do used -industrially only vhsro. .
gheapf""}mtell;“powr"‘13“'avatla‘b cuch-&g-here-in-NHommay-or-1n

 With the development of. tho aum _aynthesis ve also develop
the production of hydrogen from coke water gas,  This process 13 '
. .at. present well muitsd for.the manufacture of ammonis, if cheap
_goke is available, . Tho intermittent hydrogon process has this. .
.“"defect for the methanol and gasolino syntheses, that budbble guses -~ .. .
| containing nitrogen arc-obtsinod vith the watsr gas by the periodic.
- chenge. If the nitrogen contcat is to Bo held within tolorable
‘1imits, the water gas produced at the siard ‘of ‘each gagification
-mist Yo collocted By 1tself and only about 75% of the total _ :
wﬁgducmqnwc&n,,;b..e;.}&sseﬁ,tgr;,bqu@?tima‘ A solutfon of this -~ . -
fioui:z; bas long been seen ia tho continucug gasification of s
oxygen steam mixtures, Frénkl-Iinde recently succecded in =
-~ improving the oxygen equipuent. so that oxygea can be proguced -
" 4ndustrially at rcasonable cost. SIECTEE S
. . The produstion of hyérogen from trown coal represents @
problem of. the greatest importance, By its ‘solution the large
brown cosl doposits in various countries w1ll be mado availedle
for large scale hydrogenatfon. - - ' QLT IERERR

After experimonting for many years, this problen is satis.
factorily solved by the use af cn:y%an and the Winkler generator. -
 OGapificatton takes place at about 1000° C. Depending upon the
“gasification medium, this apparatus can bo used to gengerate fuel
—  gas, 8a well as & & ure of nitrogen and hydregen or & water
o= .. gas almest frege of rogen for the mothanol gyntheses, Only
~ 7 aip, or sir with s little steam, is used for fuel gas, and &
 mixbuce of 50-50% azygen-nitrogia, to which steem is added, for
- - the ammonia synthenis, Pure oxygen mized with _lmge..qmntitios
. ‘of stea: is uged fo.gsnarate hydrogen.w.The brova cvoal 18 eonpletely
gasified in this proceas and. ¢nly vory smill guantities of hydro-
carbons are prosent at these high tegperatures, The winkler
gensrators at leuna generate, 75000 »2/a,

PR e B
, L T
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I.6. Q- t A
e splitting of stoam is the wmost ‘satistactc 18 g:{
roduction, -The conversion: requiros very high-temperatures,
: d within reasounblo limits only by suitablo-catal
000..C.aro: nocessary for a: satisfactory- and- spoedy

‘Reduoed-nickel: setivated vith verious edditions is

a-pertl 1y suitable catalyst. 0Ono ‘characteristic of the
‘nickel-vataly ts_:j:193-;»their.~high£§qnsitivity to ‘sulfur, . Only -
e .. 10 mg -sulfur/wd causo poisoning. Orgenic
ulfur.compounds found in many 23808 0T -just os harmful 86, -
HoS, end & way had to be: found to Vo thew;  The~only fessible:
“ " golution so.far is based-on theo catalytlc splitting in HpS, which
“Ymown metheds, . . L
o B oduction of gases, their clear ng posed & ‘
_ - pumber. of pro'blems;zdii_‘fe;-inﬁigr=~ the throe processes end.depend-
- ing upon the degree of ‘cleanlinoss required, _The scnmonia syntha- -
.7 sis requires a ges ontirely free of Hp8 and €O, ‘o avoid polison-
- 4ng the catalyst.  Tho €0-Ho mixtura for the methonol synthesis .
is oarefully freed of Ha3. To be sure the cstalyst 15 less son-
) sitive to oulfur than the cmuonio cata_iys_t, but only small .
.- - quentitles of sulfur doxege tho copper in tho rethanol ‘conv
S— i s01ine-syathesis-prequires. s least. pur
T © catalyst and apparstus are sulfup proof and CO. -
-~ - tpoublesome only because they are convortod %o methane by hydrogsn. '

The water gasos produced by theso rsthods are clesned in~
several successive stages. Tholr principal constituenisg, are Hp
‘and CO and they arc zlwvays polluted by En3, depending ugen’ the
sulfur content of the raw mstorial used., %o remove the TO, 1t
i1s converted to COp and By by ‘catalytic conversion with atean, -, -
This conversion is made as completely as posoible ia the ammonia
‘and gasoline syntheses, but ouly to the oxtent of the required
proportion of CO and E2 i the methanol synthesis, Shough this
process is not particularly sensitive to s » the processing
of gases free of sulfur has DRy advantagee, £o0 that it is gon-

) g;'ally advisable to clesn the Bp for gasoline production of ite

¥:. For the sulfur-pcor ceke volter gas wo have devéloped the
geteTally known method of dasulfuring vwith active carben. This
procsss-requires more extensive equipment for goses with high
sulfur content, such as btrown coal gases, In the search for
Axprovensal va recently. succesded in finding organic liquids,

=
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- . [Coke water gas, Intermitten

thesis gasos ‘eom

‘ oxide @ 200" atm,

11 own cmpoai on of col:e
gases- 'by freezing ’I‘ho production of hydrogsn poor in
trogen for themetﬁnn . ' ‘ o

pecial modification of. this procosa, -

‘ -~obtained frem-coke-aven-gases-for -those:

1ytic: upntting d@ao*ibe heroik. o

- ydz'ogen pro-
fon, rable 2 shows" tha material and' Dower. reqguliremento

for the production of 1000 m cleaned*‘hydrogan By: vardoua pro-. ... .-
-aessas and compreased to 200 ‘atm, The power requiroment inm. .
p cludes m.mnmy povor and manufact:ur.tug steam oonverted N\

- Rev Mntex-m. a.nd Povor Requimmnt: for 1000 m3 Hydrogcn @ o° ¢
_snd 760 7 ) cleaned & comm' ssed to 200 00 ata,

»n ’ 'n. n ?lth 02
Browvn Coal. water gas vit.h 02
olca oven gas rraezmg ' :

Hyd ocu'bcn decomposition

- vith steam
Eydrogen elec‘;xiélyals




of . the. cont.
~ . various pros ]
. somt of plant and ropairs
. by considering &ll theb
- the most economical pro

o Poem the production of hydr rogen we now coms: to hydrogena-.
.o tion proper and-its problans,ivhichﬁuceed;thcs’e ¢ hydrogen -
<77 produstion im thelr mmltiplfoity. oo T L S s

© L. The most important of .these ‘probloms has always boen the =
catalyet, ‘since ‘ito effectiveness is . a dsternining factor in .
the cholce of preficurs and tomporaturo, os woll ag the dimensions

ﬁ»«ww,wﬁ,;;ﬁwﬁ,.c‘\“.,.mqmm . . . A . .
- h i 8o vt TR T i o SRR

It 4a still impoesible, at this time, to predict a suitable
cstalyst for a given process; - We arg, therefors, sti1l dependent
upon & systematic sosrch-for-the dbost catalyst,. Thousands of
ostalysts have boen examinod for their abdility to speed up and.

::tnirol reaotions and thoir resistencs 'to chemical -and physical
ueNCon, P - R , : o

The msént;_day..monm catal’ysi consists of mtani‘o dren - -
of especial purity aotivatod vith small guantities of alkall and
eluninud oxide. o : o N

¥hile the problem of the armonis.catalyst 1s chiefly the
speeding up of the-resotion, that of controlling the reaction
{2 8ddsd to 1t in tdo methanol synthosls, ~Tadble 1 shovs the
formation of isébutyl alcohol snd methane &s & posslble gide
pesaticn of this synthesis, 2But oumerous other possibilities
for conversion exist,.vhich zay produce higher hydro-carbdbons,
slcohols, aldchyles, cetenes and scids, - -

P

The basic subsiance of the wmethanol catalyst. is oxidic,
Zine oxido activaited with chrosis acid is usced, Ouwr experiments
shoved that very clese limitls m-‘compqgition_ masd be beld Vo _

¥




of the cosl, such as ‘oxygen, ‘sulfur and ni
be: containea 4n tho gasoline, with hydroge
sepsrated by themsslve n: the: ‘second: stage
J-formed or the middle oll odu om v :
'_"hydﬁngenation are convertad into gasonnes by fuprther. aplitting

' hydrogenation, -To Go-this the catalyst: must-not only be -
m a position to spesd up splitting and: hydrogemtion reacotions,
... but -81so.to. control. them.s0.that .they . will: take.place.together
4n the proper time.  If tho gplitting effoct is too atrong
~unsaturated hyﬂrocax-bona and products of condensation are i’omd
~ On the other band, 1f hydrogenstion 1s too strong, methane may -
- preferably be formed with high: rogon -consuxption and. dnvelop-‘
- ment of hoat, = The combination the other constituenta with -
“bydrogen must also take plach Et the same tirs ., A further ' 7
; *ditnculty 13 ropresanted by the fact that: Qha”sulm contained.
; -1n the coals is generauy an active poison. - :

mm ‘incresce in & ‘wes of deciaive importance -
‘'to the hydrogenation of ¢co Decomposition without a catalyst .
’ is possidle under the most favorable conditions of resction '
s to-the~-extent-of ~adout- W*M*mlrthwﬂmelcmt*otwmmwwwwm
: - nui ble catalysts has made 1t possible to decompoge the cosl 958,
_Other improvements in the process, however, are partly responsible .
for those results, . It was found, o,g. that the alkalinic ashes = -
of brown coal act a3 negative cntalyats snd ‘strengly retard de-
- camposition, This difficulty vas overcoro by troating the coal
.with toid ‘to neutralize the ash,

‘The proper- appncation or tho. catalyst too, greatly 1n- :

. rlnence& the decompositicn, To got a -high catslyst effect the
cozl is impregnated vith a catalyst solution, and i1t was [
“airficult enginecring problem to. develop guitabl and -
proportioning devioea, vhich would asaure unlrom distribution,

In the search fo... cttalyata the sulﬁdas of ‘iron wore rozmd ,
at first, to bo suiteble, Then it vas found-that catalysts con-
taining metallic oxides of the 6th group, vhich are transformed —

- into-sulfides in the course of ths process, or more aActive,  later.

1% proved advantegeous to use thess catalysts as sulfides of

- special structure froa the start, and their effectiveness could

. . be céusideradly inciPeased thereb;. The basic substances of
catsmta todsy sre iron, ttmgsten and molﬂdem. :




tomporsture . i
equilibey

_ . Exccedling those liwnits wmay ciuse si
lop wuch mora Reat than the process propor

vory repldly, the converter may: R AURY
op even catastrophen - of. the

. Ono possibllity-of tcmperative control 1s by the

- gas'-supply-.m‘:(‘he catalyst apace may be f).u_shad--_i;vs.th*gase's'i;-’

7 Wlll cerry off ‘the heat of ronctlion,  Alvery cersful develapmeni
~of tho pgas supply system -closoly. suitsd. to the hHeat. of roaction

of the process is necossiry fo meintain o safe hesat equilibrium -

dn the converter..  Constant hezt goneration is 8 preroquisite

‘for this, which, in turn, is depeadent upon the converaion end, -
in the final analysig, on tho unchanging effeetivenoss of—t —

‘eatalyst, This céthod of temperaturo control was used in the

develonment of tho -armonis aud methanol synthesss and lesd to
-the dovelopment of- tuke cor tors, .. : i

Purther possibilitics of bedt re {oh oxist in the re-

: éyonng of the products of peaction end the addition of cold zas

Tin various gonog of"the reaction space, Changing the rate
and specd of feed wmey £1lso De used for regulatiag tho heat, The

s last two mothods ere qf particular imporisnce to hoat control

-for tUe hydrogenation of coal in the liquid phsse, - .

e ?

Eedt -exchenge is clozely comnceted with toxparaturo remuls-

) iién..;; -ia_order to simplify the process ve must try to cover, -

 the Leat losses by tho heat of ‘retction, vhich requizes a hizh

coaversion and very good heal exchange,

;. Thoe last problem to ve Giscussed is thet of construction
C.materials, Ye had found & vay to overcome theaffects of hydrogen
- Adn the a—wonts syathesis by lining. the converier. jackots with . =
a hydrogen-resistant meterisl,  In the tethanol sarnthesis the - =~
. effecct of €O on tho ferrous materials was 2dded to the problex:, e




used -in this process, at vhich forrous sull: formed; des
ing the matenisl end forming encruststions of ferr ;oulride
Thosescause fouling of heat “ozchangors and: theroby reduce hag

recovony, In the gearch for rellef. our metallographiats. finally
discovared the suitebility of a'zine costing,: which, howover, do
not consist of a thin layer as applled. in ordinary galvanizing,
ut-of & aiffusion-laysr-of zinc-iron mixed:crystals,.obtaine

by 8 ;a'pgtmi’t,pentma_t;fc with hot sinc vapors, -

£1n4 o msterial of suffictont
_ 2 that would.elso resist the. ..
of Es8 and B, A combination of these properties

s found in chromium stools containing ‘gmall quantities of Mo

" and V. . These alloys wero later improved by the eadition of oo o
~tungsten,  This material today rosists the combined offects of T

T S S S

- temperatures and _presgures.end-of “Hj ang HpS-in conbimuous.. . ————
" How that T have cutlined tho problems of industriel bydfo-
‘gonation in raiher Bo14 strokes by examplor of - tho-emmeni;—the e
pethanol and the gogoline synthssos, I shall again summarize : R

" 4n Table 3 the varicus differencos in the three processes,  You

yvill. £irst obsorve the gases roquired for carrying out tho synothe- - - '
ges, whose constituents co-dotoroine tho choice of the hydrogon '

. process, Beslde these are the harnful constitusnts vhich must Yo

removed in oloaning the gos.. In the last columm are the un-
desirable constituents vhich lead to unpleasant concentratiocns
in tho ciroulating systems of tho synthoses and cause hydrogen

' -'%101!803. -

 ‘@he seotion of catalysts shows the rising domands on then, J
from the spoeding up of the roactions and-thelin ‘control to the -

" menifold tasks of tho catalysts in ths gasoline syuthesis, end

v

1t may be obsarved hov. the increasing prodlems were solved dy o
thae developrent of metallio, oxidic and gulfidic catalysts, Tho
1agt column of this seotion sbows the increzsing dexends on :
the oonstrustion mateoriels, vhich are & maximun in coal hLydno- . ..
gonsation, viere heat*rea:.s%anoe and resistance ageinst Ho and HyS

» _attacks are required at the same tize,




Bpoed-up Reaotion i ‘
- " & control Roaction
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: -5
‘ px-e!ieater section.mzd 2" seotion containing"' the cold catch pot
‘cooler, the catch pot- itsalf end the cireulsting gas washer, The
: sections themaelves avra’ ﬁrbtected on 3 sides by reinforced con-
. orete walls vhile the back sid left entlroly opo 0<%
. rnpid esospe of gase

In all Germen plants cnly the hot converter section was.

closed by concrate vans% while thoe prohoater section and the:

cold apparatua, such es ths _catoh pot and washsr, were outside of =
" tha stall,  To be sure, rost German plants had 3 concrete dack - -
wall, wvhich howevor, extended onily to about 1/3 of the height of .

the otlwr walls and hnd an 1nter-ohangsnblo heavy woodon door in

T M,Mthe xxﬁ.tla.:l.e._m.mw st et e S

T Fo “doubt, the plant pla:med fe:- Louisim offors a poater
faotor of safety. Howevsr, nuoé trouble nsed be expected in the PR
cold sections, if it is properly and carsfully installed, Thr,ough-' S
. out many years of experience I have kuown of only ono ceze vhere . . .
. & fire of considoradle proportions.ccourred due to & leak in'a-
_enall valve on & goparator in the circulating gas line botwoen
* the control room and the stall, A large portion of the cold hlgh
prossure lines (all gas circulsting lireo with separators, cold
g£as linos, product lines, cote.) with all valvaes must be located,
unprotected, in ths open, .in any csse, Ths possible saving 1n cost
1f the third oold catch pot section were loeated in tho open,
- rocoive csreful consideration, From the standpoint of slfaty thia
would be anta'.r'ely justiﬁed.

- I8 3e d...fﬂ.cult«to docide cn the bdest. location of the pms 2
of the hot circulating systenm between tho hot catehpot and the ST
- preheater, This equipment, with its lines conveying hot materials
‘containing golids, is d&ngeréus in 1tself, particularly at mistakes
in operaticn and requires considerudle nppmtus vith a larze
aumder of valves., In Germany, ihis equipment vas located on the
back wall of the stalls., To locate this equiprment on the front

T wall ef tho stan be-.veen the control room &1 and the sun, would




{nvelve considerabdle
rotact this equl

oty ond saving:in cost, all high prossure .

‘ veying products and gas should be as short as possible.:
This is particularly btrue. he:'f"fg_aa*‘hircnmm.ng»"aystom,‘a:ifbac'ausa
the comparatively long line esonts an important cost item. -
‘An expansion joint should be in this line £ 1t is’intenided ‘to
‘operate the ligquid phase- goparately from the vapor phase, Sleetoh
2 shows a: proposed arrengement, Tre lineos own dotted nmust be

“added; "‘"‘The‘j‘:“‘ga“c"“'circulating'“jli 49 properly:located.paralle
. ‘the wall ef. the pums houge, T e valve waintaining pressuro

‘‘differense-ghould be located the control room. . il

S In ,conéidé“r_étion”gf the pb_in of vi ‘08808 heé@in'_'o
“7 -¢he location of the limes, 1t is: probably best ‘to lay out the.

"o longitudinal wall of tho puzip heuse perallel to.the front of™
the stall and the control room. The pumps should be so arranged

.. that the lines aro shortost, 1.e¢. the pumsps should be clomest Lo
C 7l the equipzent they servo. Pumps - serving simiiar purposes,-guch -
B8, yAtOT_injection pumps, should be groupcd togotber.. All lines .
e . conveying product should 'Eié”’p_ropefrly”"”""““‘luid*j’:tr*u"tr’efr:chﬁth'—,m-&m@@w::fmm
, stogi ‘greting cover thru the control roox 40 the high pressure - - -
atalls, . o o E R PPN

. The skatoh shows the pumps arrsnged fronm right to Yeft
in the following order: gas circulating puaps, ddle oil in.
-+ jectton pumps for vapor phase, wator injection pumps, flushing

o1l pumps, light nephtha injsgtlon pumps, ccal pasts prosses;
‘and wash oil pumps for circulsting gas washor. “This layout wer
_pepresents & besic srrangoment detalls rust be conagidored vhen-

detail &rawings sre made, - S

4] Cosl Pfe"atibn.-

. . The coel preparation and pasting builldiag should be properly
locaf®d rear the high prrssure paste pressos, 39 order to make the
_ hoat. jadEetsd coal paste circulating 1ins as shori . es possible, -
~ " Che sketch shows 3 pacte tanks, I consider 3 tanks of 25-30 .
"~ - eapaecity, 2 for proparing ilhe peste and ohe as an-equelising tank
— .fpom vhich the paste 5 conveyed to the mgtan in & recirciulating
line, betier than 2 tenks of 10 and 60 capscity. The tanks

R




: ‘ 0 1 : 1quid pha 0"
‘_vtho h:lgh m'essum "3&:105.013:1 ot the stell ig not too. lon
In sudden decomession this line- gets yery hot ohd & good ax-
: . st bo- provided %o permit linoer expansion and -
prsvent: leaks, ' The sl.e‘bch shov whe—veauei—to tho, lert of' 'che
:liquid phase atall, &

'i‘ha Pirg in- the prche.‘,
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'Under corval ,  oRd
-QUEBLI-VisSco6ity &nd concent sztion,: &
concentra ion; in that tho. visoo ‘y £ more cGncontre.tad
“ah jal’ 3 hofollowing

Visddéit myst be-alvays measured &t
(as dn th@ cago of truo iscosity)

- tne Lea.saremonts. L o
"In tho p:'el..minaz":; c perimem »un, only he lass h:‘eo r0-
s ou:.remcnts vore: an*::c-o‘.a.ma..aly adhoréd uo, Tae roquiremsnta of &
: constant ‘temperésure wore not wet howsver, for reasons to.be .
mmﬂmwg.n.mn uolov,, An_splte of the use of osfats. A constant tém
. Perature must be considercd as & principsl Poquiremont I BITITNE
Vo “viscosity aeuemmatious, ‘and ospociel 1y so. with substences sucgix
: uacour pagtes, - & pasio at 850" . C is foux ‘tines aa viscoud AB at
70 ‘1.8, very small changes. ia tcupcr abure Tesult in enormous o
nges in visooaity, .This experimenizl error had to be definitely v
oliminatcd acfore evem ub_.m&ing about . :retb.er inves‘cig&tions.. ‘

> With reger ¢ to nox qenclc.‘s;"f"':a, ve chould montion, that “the
ncme “plastograph is somowhal mislee ; ¥hat io mant is an
© instrument Sor ‘ne*vuremcnt oi‘ higher "ositias.

piription of the Plastograpn- (Or.\.g*. 1"ozﬂm) A roller iza rauated
cengtans spoed of Tor in a vot vith tho poste (the. -
‘-:m:ace"), 18x13 em 4b size, 2 istance (and thorefors -
- @als0 & gr‘.aucé ensxt.z.v.i‘cy) is obt ; - at'g,gem,ng eeth on
tha outside of the roil &ud | A b : . *he pab,. ¥hen
used for operction cond trol, the'paste was L.wde to pass through.
she Tob upwvarGs uhro R Svo ni; ¢ }:sl*c-.u,o"*-' tésting, these
asiprnles are blO ea il cap e S e
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~ Heating is done 1n ta o1l 111ed thermostat of the Hoppler
@ - well TR I T e T TR T

- ESRE SENRTISTEAE S LRGN TS PSSR EEROPREgE st S-e SN OIE <t

T T the potational resistonce (waich fs proportional to viscosity) o

- is measured by means of 8 -so0-called oloctrodynamometer connectod
with thoe pot over two ball bearings by means of o coupling (fig

+2, Ho, 8).  Tho dynsuometer consists ofa synchronows motor, 1, <.
‘mounted on'a pwinging suspension, All rocistance met by the -

tooth of the kneadsr inside the ‘paste will be monifested es a force
in the casing of ths motor, end 1%t will tend %o rotato the housing
in & direction oppositc the direction of potation of the anchor, -
Those momsnts of rotation, damped by an o1l demper, &4, are:trans-
forred by means of a pystem of lovors (3) to the measuring part

. (5,.6).  Sevoral larges weights {7), vhich sorve as initial lcag,
. permit oxtending many fold the range of moasurements, o

«




L fFRASTOCRALH

s T 'mm elegant and accurai.e elcctrodynamometer haa not been B
L s changea by us in its essential parts, ths thermal inadequacy of © ‘
B tana——— ol the kueddor “esused us tu uake oxtensive CBANZEs ia 1t. Iscosrtrmﬁ
- . . ‘velues were found to vary vidoly, whensver a draft of air was pro- =
. dueed, The reagon for it can be found in the Lollowing facts of e
' 'ghnics' the woll conducting motal parts protruding out tho: pante, ,
"guck in", under the chengzing outside conditions, varying amounts:
of heat from the paste, alinys more at first than furnished by tha
heat supply of the thermostat. .. There will be o temperature drop -
inside the mass of the paste. The parts adjoining the metal, in .
particular the tocthed roll will be ospecmlly stvong"[y arfocted

. Comstant cond.t fons for viscosit:y evalu:.ticn night concoliv-
ably de producod by-immersing the whole appzratue into a thormo-
stat, say an air heated glass boz. For soms impertant reasons,
tho outaide temperatura +vill mostly be vay telow the thermostat
texperature., In thig case vo would-deal not with a stdtic, but
~ dynamic tegperature equilibrium, i.e, the drop in- temperature -
- . would rewain, but would becocs constant. Tihis mesns that deter-_
= mining the & nverage temperature of the prste to establish s -

‘definito connection betwoen texperature and visccsity, ospecially -
,1f the latter 13 expresssd in sb.,olute mﬁ.t is cxtremn' difficult,

e
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As & result of these precautions, ons dischargs Ats
orrespouding heat radiaticn is lax-geiy‘ avoldsd, so that ‘each
~n - point gﬁtho paste 1z at (ho-samo temperature, almost identi
; - In sddition, e heatsd by-pass for’ the kneader was_ introduced
" 1n the kneader, This heated bypass, aided by & worm-drive,’ produce LA
- 8low. circulation in‘opposito direction to ;the”j_gg_gx;.}gﬁi\gnaimgiald,w;mmwmma,;,
b.ghd«»rpments*’;tlms*ruattnng'{fim”qgfzho”w‘ét‘é:"”,”""for ‘& scparation of . e
~.the solids, The luocader” conslsts of ‘matel, and-is surrounded by .
. 8 wooden-box, filled with glass wool,  The ‘01l inlet and outlet - _
.- hoso connsctions arc combinoed into bundles and wound vith asbostos "
copds,” ;o T B e Germen R
' Proliminc Thorzsl Experiments, The success of this careful - -
work was atriking,. 5.besn found that thoere was in fact no .
rolationship with tha outside temporaturc, and that the peste =
assumed very closely the temporature of tfm»oil ‘bath:—The figures
- .. belov vers obtainod.for the purposs of. comparison the old with = ™ -
. tho new odels, i . o ' ‘

L

T 012 Arrangeront: | Ly E T
oy 615 g(s) 76,1 82.2 87.0 93.5 97.5 102.8- 108,0 132.59

[,

. paste 62 69.0° 72.1 73,0 85,0  83:0° 92.0 96.0 12039 - -
a 7.1 -10.1 -9.0 -1C.5 '-9.5: -10.8 '-12,0--12.0°

- - . \ —




“on the absolute s

‘x':a‘s‘tea,. ored, € , :
: _produced,- tho-v'visc,os:tty deponded. enornously on the ¢oncentration,
SRR G e

L

the resistance scting on ‘the' clrouniferonce of the '
Theago:figures mst Do expressed: in viscosity terums
te-gcale,  For this PUrpose. very. viscous transparent’
gnihotic oils supplied by the ‘I.8, Co. were mgasured in s Sete
Ubbelohde viscosimcier, which Pormits divect measurements.ia th

bsolute - systom-aand vas uUsed for the standardization of the - -

‘plastometer. —The points obtained gave us the calibretion curve

‘Moapuremonts of Paste, ' Meaguvemonte of viscosity of coal .

“wnon changes. in concentration were quickly

1 hnvevexwtm;wthat**z*?‘cmiu*'vrzc'défts'w&am*eé’ﬁphds' to . "
& certain concentration, Hor can this posaibly do true, bocause .-
Years of obpervation have shovn, that the finsross-of grinding,

“moasured Ly passing through o 10,000:mesh (0,05 mm), varies very -
greatly during a.t » dnterval of -24 Hourg, ‘Thig: must™be ab- - o
‘tributed to the variations in tio structure of the cozl,” 3&01'9079‘1','

the second requirement, of & wiformity of the pestlog 0il, 48

= z;ot atrictly met, bocsuse of variations in the solids. and Ssphsit S

n 1t£__ — Y vk , ~

lover the loss of interost in

__ Hoasurements o viscosity..

sporation, because the arors ¥y do-observed aro usually gro.

_ st,
vhile changes in the finonass of the arind ead in the composifion

: of the pasting.oll.are con nuous-in-character, -

In-@ctual practico t¥is would result in Slowly rising amd =
falling vigcosity curves, with irregularitied in coms. parts, '
These megtﬂmlties'-_cnl

the sttention of the opersting department
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: 5-11, e Description vb Test-v
' . '1.' Tests with Gasoline-Containing Biiddle 011;from Scholven.
2. Tests with Gasoline-Free Middle 0113 from Scholven. ‘

g i e W,3-Wmeata,~xim*casqline -Con. »aining and*,ﬁas oIine‘Rx:eem,.w
v _ , Middle Oils fz'om Upper oilesian Coal. R

| III._"Analyais-of'Liquid'Produms of Readt_:ion_._{
~IV.. Analysis of Gaseous Prodﬁcfé;_qf=3eaction.-’ »

V. - Summary. L et
. , ‘ : : , e

I, General Experimental Conditions.

“1. Apparatus. .

"'he converter consisted of a KR8 tube, 1&5 1 1fd. and about. .
5.5 m. long. 1Tne volume of the catalyst vas. 5 3 liters. - The
.vhole length of the converter was haated with 3 electric heating
units. Additional heaters vere used for the bottom, the head
“of the converter ‘and the lead .from the preheatef to the bottom-
- of the converter. The inaide temperature was measured in 6 places.
" The largest temperature difference of the six places was 0.3 ov. -




-Tﬁe‘Ruhrﬁl-c&talyst”K'hlS,wasiused;

‘of riffled 6 mm pills, :

'vThe test-at present s still‘b 1ng continued'
can no 'as yet'b 1ven. B

. The tests were run vith a make—up gas of the<follow1ng
;composition- B : v '

98 2-@7,%» e

T i

co 3 0.1-0.3%'"_ ,
Wy upEm o o

The pressure in the be 1nnin3 was 670 atm.’ The principal
‘tests were run at 500 - 550 atm, In conclusion, a series of .
tests were run at #50 atm. The gas.thruput was, indepandently

of the injection, always 15 m3/hr. (constant time of contact, -
variable partizl pressure of 011)1 The decompressed gas at the
stall outlet wes measured with a2 gravity. indicator and.gas meter.
The automatic equipmeut pe nitted get*irg " the average samples
over 24 hours. , , ) v

-

- R N Inaection Feed,” - ‘_W,'

e o

R V2 {:] tests were run with gasoline-containing and gasoline-"““ -

,,free middle clls cobtained in the liquefacticn of bitumincus coals
of wvhich the Hyarogenat¢on Works at Scholiven furnished 10 and 2 m3
respegtively. Short runa vere zade with- gaaoline-containing and ’
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Duration:.of: Experiments.
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Scholven n.o. Vith
own B o1l (60:40)

60 Upp. 511, m.o. Vith
B. oil from 56-58
dayl _‘60 -40)

1- -63} Upp. 311. B m.o. ;’ .
R §: m.o. from 59-60 ‘
aays ( 60:340)

701Schelven mios -
local B ®.0..
. {60:%0)

"541;0




-‘»stsolina-Containing Schelven: Hi 195011.‘.
catchpot ans.lysis

Sp. gr., 15°
_ Distined over, -
: belov 165° Still

AnilSne point, °Cr o

_-165" (no gas. @asol )

Aniline point, °G o
)1 5°

" Aromatics in '-165°
- gasoline, % vol.

Vol. % belew 100° in
-165° gasoline e

% ‘phenol in cat chpot
- {by- Veignt)

weight % psridine in
. catchpot .




: An pt, °c -165 .
e (no. gaa..gasoline)
- A;_An.pt‘>165° 8

e )

~~Aromatics '-165‘
) gaaoline, in vol.%ﬂ _

% bg volume helcv
©.100% in -165° gas,

Height % pheno]_a
- in catchpot .

Veight % pyridin
in catchpot : ’




a Prod.uetion, kg ~165°
‘ gasoline/! 11/

Sp.G‘r. 15°  o— e 0.816

e S S

" An. pt, % -165° gasoline
{no ga.s. gasoline)
an.pt 165

Vol. . % aromtics in
- -1659. ‘g8soline. -

. VoL_j -100° in -165°
gasoline |, .

~ Weight % phenols 1n N
o eatehpot

. 'Wpight % pyr,idin'e 1n
catchpot
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dine number, Hanus i

Aromatics - olefines, s ' ' : ‘ R
vvmgdwbym«“wwmwm«ww mﬂmmmr)‘luwtwmmmwmm mm%-ﬂh«mwwmw -mmmch.aw-mmmmwmm

‘Octane mxnber (mot. msth.)
Rot leaded
- 0.05% by vol.
-'5.12% by veol.

,AniA_l»ina‘vpoint,-,o

B




_hchine Humber, Hanus,:

Vol. &, Aromatics e -
e Olefines o

mmmm«mm«mmm g - e

c v [ v K e
. ,1'2 e 12.0%
-Octane Number (mot. meth.'f'

Mot Leaded e s 79,04
+ 0. Oﬁ%lﬁy voli ..

Sp. : Gr. , F“"lso'
Aniline Point,




% by Vol., Aromtics

A iR

- ‘Octane Number:
" TNot Leaded .

+ 0.12% by Vol.

Aniline Point, OC




- 10% by Vol
'907’5 by Vol
-100°_Point. '
Characterization Num‘ber* -

it ey

Aniline. ‘Point, cmwmmw;;aw;wMWm;;W@;

Corrosion Test o

. -Doctor Test :
.- Bonb Test™ - 0. 12% by Vol. Pb
Gum, 100 mls

‘Lead sludge, mg/200 :nls

Iod.ine I\Imnber, Hanus
Hydrocarbons;:
~ % by Vol. Arcmtics 4- Olef’lnes
- Naphthenes .
Pareffins - -

: Ultimate‘Analysis

. Octane Fumber (mot. meth.)
5 Ngtcleagedv - o
-~ [o}




'.l‘ha ‘gasified hydrocarbons: ve cal ‘
n butane, dissolved to'a’va

lowing e of the I. | g5 i, the earbo
- ofy the

was-ckloulated: and, rofery
carbon in gaaol carbon in: the gas o In these computations,:
:n-butane- remining “solutio: 101ine ~not taken in
conaidera.tion.

L Gas aamples weve taken for 16 v :
Foelvas. oompletely in equilibrium. -+The amounts-of ‘838 were referred ‘to.
~.normal volumes (760 mm; 0° C), and tho deviations from the gas laws
e were taken’ into accaunt—in the recalculaticn- from % by volume “to’ .

W_..d.wwjmbx _waight. s et e e ot

SL. Testwith Scholven Gasoline—containing }fmidle ‘011 )

"Experimental Conditionsx -
eren:peratura e 25 5 V.
Pressure ‘ “’ 500 atn. L
Load o 1.:;5‘T<g/11/hr -
Testcd on the 19-th day.




'by Weight

Hydrocarbons ~.of Carbon . =

100
n-C gH iO ‘ . o
. 05312 o
— O‘btained from 100 kg Injection- , C N
o a) in catchpot %0, 33 kg gs.soline (G = 87.7"‘,5) = 35 59 kg C
b} in th-a gasecus product, pentane and higher hydroo&ﬁbons
102 kg . 0. 85 ¥g C ..




l-at day







coe

~ Total: 49.73 kg gasoline = 43.36 kg C.*

Hydrocarbons -Sti11 Rersiining Gasified:

1708
5.53 | L
1.7811-C,By, 1n total CyHfyy = 41,5 - |

~ .

713,22 & of ‘the iﬁhj;étion A
S = e
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< ~lo “in- cotalv-
94 1o = 41.0 5

13 66 ﬁ bj welght to inJectlon

“1ed hydrocarbona‘ta gaeollne * gaalficaticn = 21 2 %

Gasifiea oarbcn to carbon in @asolina + c ln-gaaitication 2l.4 %

'A(







: 1.42 by wt.
. R 1°37 u . :
P34

158 " 1eGulyg in total Gy, = 40 F
neUghip St PR

e I Toual 3;; 13.96 T oy s wt. of injection -
Gaaified nydrocaroons, to Easollne -~ gasification = 23,0-$ ,

Gaslfied CaI‘DOu« ;0 ca.rosn "!'t &').801110 S {;&"' 01-,0_

e




Theso yields rdmained“c natant
Ain efflclency of ‘the cataly

. .;boiling o.tnt up- to :
2. 3. by vol, orva’fractxon ‘boiling below 1009, -
he -octane number-of -this zasoline (motor method) wag' "78.05

‘With: the addition of 0»05,% by vol. of lead; the .o
;jWaB ralsed to 87.6,;; v S atees SR

N - | The gasoline obtalned fz'om tne aaoline-free acholven 011
. (680. atm, 26,5 mv, thruput of 1.0 1i/hr) contained 45. arome
“atics,s &8% 6f the gaaolin. -d1gtilled below 1009,  The -cotane -

;Q;;@mwmnumbamofwthewgasolwemm » 7090y~ WLLh-0s065-%~ DY~ VOL s 0L 1 BRA wwrrwmmiswinsmiuin

o B8aD -0 97 4Be - The - gacolines are- be:.ng tes»ed by the - D V.L. in
~ overload motorso — LN

3. The gasolines can be readily refined and protnces then an .

E aviation gasoline wm.ch satiaﬁ.es all requ:.rementa._

. ‘-.4.. With gasoline»conuainhg Scnolven middle oll, gasltication .
». losses at 2565 mv were equal to 16% (to gasollne é gaslﬂcauon),

at 2605 mv R ) 21 %o .

.With gaeoline-free Scb.olvm mldale oila ..he gaslrication at
28,5 nv was also 21 ;E _

"‘he gasiflcatlon with ge.eoline—fz'e Upper* Silesian o1l vra.a . 23%s

A comparison of gasinca.ticn losses were found in puot plants

with those in a large scale produotion ghow the former to be alwaqra

-

abcu'c 2}% me;her. : R







- “Before. the first vorld war, Dp. Pier: conducted high-
xperiments: on CO-H, rezctions:in “the Nernwst labordtory..:
n 1923, he succeedfd in the high pressure . methanol: esis
+in’ the lsboratory of ‘the Badische Anilin & soda Fabrik.at -
“Lugwigshafen.  A-practical; quantitative conyerslon of water.
‘gas: to methanol vasgobtained-with"the1aid]ofﬁdatalystsVat'a SR :
 temperature:of-about.400°.C.and.pressure.of,.first,. 1000 and then ..
. 200 atm.-—Within a period of ‘6 months. the process wss applled-on.
‘an'industrial ‘'scale at Leun The isobutyl syntheslis vas elso
=discovered at the same: time, “extensive development of syn- " . i
L vthetics,~fuelsg»oIeanaers,‘aolvéntsiandaotﬁerl1aportant,prpducts'L'”
"~ of organic chemistry.followed, basad on the two syntheses, = - :

.. 7. The successful high pressure hydr genation of coal and - -
01l to gasoline, with poison-proof'catalysts, closely followed - ..
" the methanol synthesls. The basic experiment with a ‘sulfur-
" 'proof ‘Mo-gatalyst, whilch yielded.l part/vol. gasoline from . .
"1 .part/vol. brown coal tar, succeeded in January 1925. It was™
. . ‘soon realized that the process had to be subdivided into 2 stages/
‘f“"@”“““Ttha"liqnid*and"theﬂrspatﬁ%mmemgwinwordqrwtoaobtainwgreatonmmmmmww«mmﬁmw
o . catalyst effectiveness and greater thruput. . ERE ‘ T
. : ] L L -‘1*,‘. g e ‘_‘ o - - B :
- Based on szall, continuous experiments, 1t wasM ecided tc R
build a larger experimental plant of 100,000 t/ani. at)Lelina,
vhich started operations in April 1927. So many difficulties
in heating and-heat exchange, construction materials, etc. :
particularly in the liquid phase and residue proceaslng, were.
encountered  that in 1929 to 1932 it was decided to convert
operations from direct hydrogenatlon of coal to the hydrogenation
of tars and oils. .In 1932, hovever, the problem of direct hydro-
genation of coal was solved by increased decoumposition and con-
sequent decrcased residue processing and direct hydrogenation of
coal was successfully resumed.” In 1933 the productlicn was
inereased to 300,000 t/ann, which waz £gain doubled in 1940. This
was done without building any new stalls and the originally
calculzted production ¢osts were realized: s - ’

By 1934 the hydrogenation of bltuminous coal had slso been

Phee o !

-




n competitiol the
. hydrogenation has. forms

supply, in-psrticular £ .
The development of _German eviation gasoline-production

. generally diverged from the cours ‘followed by other countries
~yith more abundant oll supplies. - Iso-octsne is synthetically
o produced -from: GOAHé—isohutyIl ‘01l and.is:also obtained from. = .
. hydrogenstion 0ff-gases, just as alkyloctane.: ‘However, most.
them.high;‘gra'de ~fuels today are gasolines in aromatics,

‘prqdupq'd; by the DHD:process

- .. - - The DHD procéss produce products- particular
i+ oaromatics, . from which toluol, ‘e.g. can be ‘obtained.: : .
T possible to produce considerably more toluol by bituminocus coal ..

"% 70l hydpogehation' than by’ coking. “ Phenols-can-be.obtained £OOm Liverid S

- _the products of hydrogenation in a 'similar manner.. e

Itids T

[

" . Ar indieation of the importance of bituminous cosl hydro- .
genation as a basis for vay - materials for the chemical industry - .
are the solid, pure aromitics produced in the ‘decomposition of .. .

L coal. The solid . arcmatics are charactorlzed by thelr symmetrical .=
Biiitaunniasar s :truc_tm,-waaw-giy'x-emywcox'oﬁ‘éswcarbuol._andq,b‘am:'p BRYLENG o ..coromiaimmerioiromiiimmionergins

[,

- : " with the exception of PBlitz, I.G's. motor fuel production S :
f'* 7 1is based on dbrown coal and its proportion of the total motor 72 - TR
“uel production is comparatively smsll. It has been repsatedly
pointed ocut since 1933 that bituminous coal is of grester interest
to chemistry than brown coal or petroleum. It has also been -~ __
shown at Leuna that the chemical products produced from brown -:
coal besides gasoline are steadily increasing in value. TH&..
_production costs of processing bitumlnous coal at Hydrogenatlo
Works 3cholven have turned out-to-be very satisfactory,-even to
without a nitrogen plant in connection with it. - The utilizetion_
" py the chemical industry of the chemical by-products, of bit- ‘
uminous coal hydrogenation is of.the greateat importznce today.




yaroge :
el supply, in psrticul 3y a:
elopment atidhﬁgdéolinemp

genera11y~divergedlfrgm;the‘courso»rolxowedtbyfcthari¢ountrie
with more abundantfpiljauppliast;_Iso-octane;is[synthatically
producedffrom”COQHg;isobutyl”oilland¢Lstalso.obtaihedpfrom-ns
hydro enatipn:Offfgases,jjust;asjalkyloctane;h_Eowever,~mbs
the high grade.fuels. today.are.gasolines rich in sromatics
goducedgby‘the,DﬁD.proceas,fﬁ':'- o ST

el o The DHD?procean;produces;products~particular1y~rich in -
7. sromatics, from which toluol; ‘e.g. can be .obtaeined. It ds -
e= - - possible to,groduca;ngnsiderably more toluol hby bitumincus coal.
" hydrogehation than by ocoking. “Phenols can be .obtained from - -
_the products of hydrogenation in & similar mamner. - .li S
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.. . An indication_of the importance of vituminous coal hydro-. .-~
genation as a8 basis for rav materials for the chemical lndustry

. ‘ape the solid, pure aromatics produced in the decomggsition of

coal. The solid aromtics are charactePized by thefr symmetrical
" “”“‘“‘*““'a‘crum",*"u‘gwmrenqt;'-ﬁporongp »@rbazolmgadwbmperylanem;.t_m,_,

- #ith the exception of PBlitz, I.G's; moter fuel production
-is based on brown ccal and 1ts proporticn of the total motor
-~ fuel production is comparatively smsll. It has boon repaatedly

pointed out sincs 1533 that bituminous coal is of greater interest.
to chemlstry than dbrown coal or pstroleum. It has 2ls30 been .
showvn at Launa that the chemical products produced from dbrown- LT

- coal besides gascline are steadlly increasing-in value. The - , .
production costs of processing bitumincus coal at Hydrogenation "~ .
Works 3cholven have turned out to be very satisfactory, even :
without a_nitrogen plant in connection with 1t.  The utilization
by the chemical industry of the chemical by-products of blit-
uminous cosl hydrogenation i3 of the greatest importance today.




apor Phase: Qegi,dlihe
trongly hydrogenated
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. Coke ‘Oven Tar .. ‘
Bitum. Coal Crude Tar -
* Brown Coal L.T.C. Tar
- Pe—trolev.,m'_.Residué‘
. gas 011 -

Fuel 011 and

Auto Gasoline

bwn oa
Petrcleum Residue

TTH-Diesel 011,
Lubrigat. 011,
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;tnesa attempts ‘represent only & ncdest neginn-ﬁg End
~products of. bituminous;coal hyarovenﬁtion An; the middle or

upper ‘boiling renge,.
;character “ywlll form

i The attaeh d d;aqram shou* ; ' of - kmnewn -by-products
fr04 100 kg of “dry’ coa’ froe of: ., for which a demand exists 'l
industry and which, in part, are so obtained in Germany. - O£

. gourase,  these products are: dependent upon “tho-kind-of coal
" .processed ad "the mgthod, of oncration., ‘The-flgures given
- diagram muat, therefors,’ be considefed only approx_mations

—"indicating ths trend. :' o

0f ‘the known by-prcductszfrom loo_kg; qf dpy aﬁdfésh-fﬁeé'f- 2

3 . ‘ ‘
:higher organic compounda, nnicn are of imnortgnce partly for the
producticn of dyes and partly for the nroduotiou of luminescent
and phosphorescent substances. Taese substances have;~1n part,
been difficult to obtain in the pdst znd it s quite possible
that an incroased field of aopltcation will ‘bo- found® for ahem
with increased production. v o e
These proaucts have beon uainlx found in uhe upper bo*ling
range of the liquid phase catch pot, but were also present -
" in the lzt-down. Thelr recovery fz*o"1 the let-down rich in .
asphalt is very difficult and queatﬂonable. For the recovery
of these u"cducto ve would recocmend the inscrtion of a second
csaich pot behind the first hot catch pobt, in vhich 8 smll part
of the catch pot preduct, which would probably contein the .
greater porticn of these p*oduc in concentrated - form, vill be-;
precipitated free of asghelt by- c,c11n~.erltae additicn of wesh .
©0il., The coumplete precipltation Would have to be done by the
addi 1cn of 1ow boiling u;Cd cts. Recovery could then e .




: depending’

£ the feed -present -in the 1iquid-
-only in:the fraction boilirg between  180-220

henols consists of. arholic £cigd, ‘the rest. o o _
Th'as'e_;‘pr\q@qupa_wv,f"_o;_-‘my_;the‘;_'raw.:;ﬁnnteria.ls--afox--d;he-v-product_io.p Qs
Bynthetic resins, disinfectants and other substances.,. The mixt
of coresol and ,xyl;enol‘,;_a.fi:’er'}the'r;emoval,: £ the carbolic.acid - -
and in the form in which it is obtained, has been found.to be .

L an _exCellent,‘s‘tabi_lizer'f(inhibitoi')-:fo:f,-lead.ed:ga‘aolines.-*?;AIl :
~.German, aviation gasolines preduced’ in Yelheim during the late.

‘ »wa_r»years,_were'-va'fcab:_tlized.{'-yith?O".Olﬁ‘ £ this 'inhib‘;!,_t‘or-._; o _
=~ The Pecovery of these products would DrOPerly be effected «

rom &. fraction boiling between 180-2209C" taken off in. the

o Asdlatillation, .0 T AT R T T R

... Of:ocourse, 'if"theziiqﬁ‘i.d"éﬁd—"‘"’;l‘?ér Dhasé stalls were
: be largely reduced with the catalysts in uss teday. Catalysts-

" would then have to-be developed, wiich, at least, would not - |
. attack the greater porticn of . the.phenols, LT

o o Cér‘botid"acid' 18 the most d1fficult to reduce of all the - .
—  phenols. It would acoordingly, remain to the last. - In-general;, o
' 'oarbolic;ac;d commands tho highest price -of the common phenolsy L.

7 3). ‘If the catalyst is correctly chosen, the entire fraction
of the vapor phase catch pot bolling between about 160-205° ray —

. be recovered as 8 product-clear as water end very:- similar in its
chemloal characteristics to oil of turpentine, ingluding its
specific gravity. The demsnd for sultable solvents in the .

- entire chemical solvents industry, particularly in the paint and = 4
varnish field, 13 very great aud further increases in demand met ... "
be counted on. - Experiments in Germany Iin recent years with this -
preduct cleariy indicated the superiority of this hydrcgensticn A

J— -




: win ffgases rlso-oe _
'a-kylation which dncreases the' p
lubricating oils’ can be mide from th

d subsequent: condensation

- 6)," About 1% sqlfur (3% E

fate canjbe;recoveradyfromuv
ofi the .coa i‘Asauming-thathmeri

. weie derived from coal, ‘the entire vorld domand £
su

] ﬁantife7éésolindﬁrequ1rémént
or nltrogen mnd’
be covered from these by—products
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uent of. the hydrocarboﬁ WXt
“}mock value as possibl

= ﬁp&raffinsA‘rops sharply witi ng boiling—noint——r—s——wftn~—~‘

"~ .a long stralght chain, and reuches 0 with n-heptanc; bolling:

. point G89C.  "With the naphthenes also, the octane number drops '

With 'rising boilling point, as shown for the h~ring nephthene.

“'The 6-ring nephthenes have s gomevhat higher-octane number; -

though simllarly dependent upcn the bolling point. ~ The o :
ISR tUraAted show s stuildr“bdnavior”“tndugn“thafr“nnti-kncc*”““”“wmmmmm
" value increases 4f the double coxbination is shifted towards = = 77
the center of the molecule. 'Even though the vasaturzted are,

generally speaking, not ‘ikely to be considered es aviation

gesoline, because of their péor storage properties and tendercy _

to pitch formation, the olefins recently produced by catalxtic :
“ecracking, mono-olefins not too highly concentrated, form-an - - o
exception. Contrary to the stralght chained parafrins, the

strongly ramified isoparaffins show very gocd anti-knock

values, even. in the higher boiling range. . For lrstance, ino-

octane (2.24-trimethylrentane) Dy definition has an cctane

nuxber of 100, while the n-octane hes &n octane number of only

20. - The aromatlics have still higher octane nurbers than

‘iso~octane, their anti-knock value even rusea at first with

_riging boiling point. . el

The ph“sicaL daté o'a few imporiant ¢so“&ra;§*ns my be'
seen in Table 1. AmO"E the 1sopararfina, psrticular attenuion
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"frbm co gnd H. by wny of isobutyl oil was

ho@ever, comparatively'

“ The: 'basic type of aromtic is benzol vhich, after thorough - .~ -
rerining, 1s used as aviation benzol’ together with ' small- quantitiea
of toluol and xylol mixed with aviation gasoline. ‘Table 2' ' . -

.-shows -the -physical data of.a nunber of important pure aromtics.‘ S
Besides their-high ootane number, they are: superior to:iso- = = = .~
: . paraffins in their appradciably higher heat value par liter. “This -
s 1 % ~of-importance;: bmuaowin«mnynnodernveirplmn w0~ QUOS LA OB i
of space is more important than .that of weight. ' The disadvantage -
~~of benzol, that 1t solidifies at lov temperatures, is elimin- - ,
sted in,the higher: aroma.tios bccausa tl;eir melting poi.nt 13 o
'generally‘ far belov 09G. - - N i

' The octane nusrlbers (motor method) given in the Teble are.
mixture octane numbers. These are detormined by mixifig the
‘substance. to be tested with a.gascline of known octane number
and then calculating the anti-knock value from-the- oct.ane
: 'number obtained for the mixture by the mixture rule.

The. determination of the mixture octene nuzber is im- .- -
porta.nt -on thé one hand, because the anti-knoéck value of hydro-
“carbons with’ very high octane nuubers can no longer dbe deter- - :
mined, they.can.not be made to Iknock in the usual test motors.
- On t.he ot.her hand tha mixture octane numb@r,:gives us'a picture
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LR » oft:th
: retlon is not so simple
.octane.nunber. of .isoparaffina-
decreases sharply. with increas ng
o urated.: i Examples - of :the reverse
- the aromtics. 'For example, pure: 1 mixed wi :
‘gasoline with-an octane -pumber of -42 shovs an-increasing -
- mixture octane number from about-80 to 110.° On the contra
. /other aromatic ‘hydrocarbons; as, for examp e, diethyl-benzol
. - and‘ ethybropyl-benzol, show ‘decrsasing octane numbers with' in
creased. concentration. It is also. possible: that the formstion
+-of ‘@ mixture 4n tho ‘carburgtor is ‘strongly Influenced by the ..
- high-boiling range of these hydrocarbons 2t high concentration.
A test in'an injection motor would give & more acourate picture.

i Bocause-of ~thedr-dependence onvartous - factors the Tmixtiin
 octane numbers must be evaluated with caution. Hovever, they ,
~.-.permit & valuable evalution of the anti-kanook value in — L

.systematic tests, particularly with -the new high antl-knoock
‘aromatic hydrocarbons. - L TR i

e " Whille ac_cordip§ to-the motor method aromatics appear only

. about as knock-prooi as iso-octane, they are.uniformly better

-~ according to the research mothod, which also corresponds to
results ln practice. The reason for this discrepancy is in - L

~ the different behavior of hydrocarbons towards changos 'in motor .

- temperatures. Isoparaffins do not show any change in octane .= T
number with.a rise in temperature,. while aromatics show a more .
or less sharp drop.” With the hydrocarbons investigated a .
decrease in temporature sensitivity was obsorved vith rising _
boiling point. ST R T ST R

.. - Besides the ~temperatui'eﬁéens‘1tiiritj‘; - thé_‘eena-itivity”to el e i
tetrasthyl-lead additicns is slso of importanée in aviation . .
gasolines. It has besn shown that with rising aromatic content

it

£y
i




-

th that A
r-anti-knock qualities by
- 1fy-for example, we take 2 gasolines
ctane nurber, one with high isoparaffin snd .
igh aromstic content, the sromatic gasoline maiy
e far superior in e ‘tos Aromtic gasolines.&are ..
particularly i-knook qualities to isoparaffi
gasolines. in an overldad test of dense mixiures (excess air:
coeff. less than 1), With lesn mixtures the -overload capacity
;of aromatic fuels drops more rapidly, vhich runs parailel to -
-their dependence upon temperature.  But, ‘in spite of this,
‘aromatic fuels: are ‘auperior in'anti-knock qualities to 1so- o
‘e Loy peraffinic fuels of the same -c’cta.ge' number in overload tests ot
e e OB G- BT e mpera tures o about™ 8§01 "C5even with Iéan mixtures
o - /(excess air—coeff. greater than 1) . SRR Sl

P 1

e .Table 3 gives a summary of the results that mey be obtained: =
with various aromatic Tuels by overloading, compared to known
aviation fuels, in which the performance of a mixture of . .

.- 50-50%/vol. of ethylpropyl-benzol and hydrogenation gasdline .
"~ from bituminocus coal with an addition of 0.12% lsad at an’t
. excess alr coefficient A= 0.9 is set at 100. R




mpar.
: high perrormnnce, T
‘motor ruels e

. ouW..87 aviat, gasol,
memmmfr. .bltum, coal........
e O 0%/?01. Pbc< :

o.n. 100 motor fuel. .
_¥with 50%/vol. 1o~ . ..
- paraffin + 0. 09%/1;'01. Fb

‘ Aromtization ge.aol. '
fr. bit. coal 8300 atm.

+° 12%/V01—‘. Fbo

. Aromtization gasol, "
v gitch ‘@700 atm.
- 0. o%/vol, Pb. -

‘Pure iso-octans
- 0.69 %/vol. Fo.

Yo ,
- A tetraethyl lead edﬁition ‘of 0.12%/volr should not de exaeeded, )
because larger quantities may cause valve corrooion and 1gnition

trouble due to 1eoad deposits,




) a
our: 89; Wo found that the i
R4 dependence; of ‘aroratic fuels on excess ‘alr is' reduced -
by -this Process; -ao: the;tai‘n.the":’liean“mixt\"zrer]‘ra ga 8"
verload, up to 103, can be" an’ : '
wi

ignition, : .
“In“order to Use this proosss it is werely nece
. the denaity _ration‘fq 1:8, vhich 1a already bei

practice, at lesast'in part, to obta 1 :

- Catalytic pressure ,‘hﬁdrogehagibﬁ 11 normel operation. ylolds -

good auto gasolines from coal. tars snd oils. Without any .
‘- change in the process, but. meroly by adjusting to & lower .

L ~-gasoline end point, aviation gasoline can be produced, 'which'liag‘

&n -octane number of §7 after adding the usual quantity of

, .ﬁg,tnag.thxl:,1caa_:%Avmuon,guounom:mmb1“mimus»cosraxww_“j'wr*ﬁ

e particularly. high grade, though.gasoline from brown coal and - .
= Dotroleum can also meet the requirerents of 87 octane aviation
. -gasoline. : SO e R »

I oo O}

K




dniwork '

e : dehydrogenation of
yieldsffuelsvofjthisjkinv;“fDehjdrog&nation
de o:distillation and: other oil 'y ‘ 18 pl
to:hydrogenstio ~plants, oo

¢ not.been made to a
~oll-rich countriss, Th
-other ‘iso-peraffins, :
kylation.. Polymerization:
‘ Ty L . in" large quantities in
-.:-the.cracking -process; which' is':oon’-vé"zfted"to’."d.ti‘scbutylene“’ .
the presence of a catalyst and’ then hydrogenated to’ iso~octane,

... Polymerization 1s. closely related to alkylation; in vh;ch{p:_oée_ 8 ‘. .

L ~butylene is brought to resction with-iacbutane. =

' 'Because of fts limited f'z‘Jéi;'r.o‘lown,resouroea, Germany has

no ‘extensive ceracking industry, and the isocbutylene required for

- [ @MW;QRO;QQMneWprnductl.on,,,,ms'.mzuza;bo»~prodwedwfmmothor“i-‘svmw“mi
T T Tmaterials,  Of these, we might mention isobutyl-alcohol, o
‘ - synthetically produced from CO and H,, and-the off-gases from ..
pressure hydrogenation and gasoline Synthesis. While iso- -
“butylalcchel may easily be dehydrogenated to iaobutylens, the
‘eonversion of the Cy fractions of the off-gases montioned to . -

e

-




For.a.battor undox‘standing ‘of.-the. produot.ion f-aromatic-
. fuels, Pig. 2:indicates the position of the equilibrium- between
" .’hydrogenated and aromatic ring systems 4in two examples, ' It
v‘shovn that vith yalot ne benszol and methyleyclchexane .

=50 - e and -in' the-presenco of catalysts,
Qwhicb: adjust: th uilibrium, hydrogenatign predominates in.

‘the temperaturs range betwsen’ uoo and 450 “while at’ hig,ho

... temperature between 460 and 560°-C .the equilibrium is on: t.ha ,

"~ 'slde of aromatic products. It 13, therefore, pcasible to.- R
“obtain more or-less hydrogenzted products by regulation of the R
~temperature, - The position of theo curves also indicates that ' 7 F
dehydrogonation is easier with 1noreasing molecular weight.

e Ay S ROWTE im?ig.msm mlig,htﬂnmm eng P mer smmwm .
ted p: o

the equilibrium sharply to the side of hydroeg roducts.
~This msans that under norml conditions of catalytic pressure
.hydrogenntion and adjustment of the equilibrium at 200 atm. or

. - more, aromatics can be obtained only in alight concentration,

: ,even ir the basioc charactar of the rav mterial 48 aromtic.

: Howeve:; , the formation of aromatic gasolinea frcm H opoor
middle o1l 13 possidle by c.romtization at 200 to 700 “atd, -
Iég-pressure and temperatures of 500° C and above with suitable

talysts, vhich split the middle o1l with as little gas
formtion as possidle, The partial oil vapor pressure should
properly de higher than in benzinaticn. In confornity with the
above conditlons of equilidrium, the niddle oil is more eromitic
than the gasoline. It is important to de the reaction B0 .
that no unsaturated coubinztions take place, which would cause -
troubleaome condensations on. the cata&yst, because the catslyst




0°) B
from suitable middle ‘oll , , : _ : ¥y the
as used in benzination. ' By comparison, gasolines of. any origin
‘be converted: to.fuels rich in aromatics by dehydrogenation
| ‘ > hydrogenation

ormnge

- are used for aromatization, ' - = .=
~Aromatization catalysts last a long time, while dehydrogenation
catalysts pnust be regenerated almost every-other-da Regen=

eration requires about- one ‘fourth of the total- time e

- :The poorer in H, the gasoline to be processed is, o
-easler dehydrogenation talkdés place, .e. the lozses are smaller
-and the aromatic contént of- the DHD. product is higher.  -It-is .
even ;possidble to convert the puroly paraffinic Fischor synthesis
gasoline to gasoline rich in arcmatics by dehiydrogenaticn, - ,
e DU -LATDOrs Lures - mus t-be-used-and-greator-losses by
= ification must be figured on.  The gas losses equal about .
5% with gasoline from bituminous coal and &bout 20% with
gasoline from brown coal, if an aromatic concentration of 50-608 -
s desired,” The aromatics from the higher fractions are. e

: alvays enriched. The highest concentration, 90% and more, cen
- be obtained by IHD of aromatization gasolines, B T




omtic Centent, %

ke

- --The £irst columm shows . a-product produced by benzination - e
- front bitum, coal middle gi‘g.w_w‘egd__q:,,nitrogamand.mulfur-pol;lut&m»v’mw
by*pn-trutmt"ﬁt}i”‘@“%trongly hydrogenating catalyst and then .
processed with a strongly splitting;c&talyst. -~ Commerical aviation

: %nsgline vith an octane number of :
507 C s produced this ¥ay. ' _
v, The second colurm shows a product progessed from & gasoline

¥ith an end point of about 180° C with the same catalyst, The

. fraction 90-180° G then dehydrogenated, and the constituents

- bolling to 90° C mixzed wvith it, This is a distinctly high gﬂ:de

. fuel, superiocr in performance. to commorsial iso-octene gasoline
.With an octane nuzber of 100. R ‘ T
~  The third columm shovs a product produced by aromatisation

" with & strongly splitting s weakly hydrogemting catalyst,

and an: end point of ebout . o




noreased concentration -
e appreciably increase
th rising ‘bolling

. - The particular characteristics ‘0 ) , '
‘high anti-knock value, good behavior:in - the: overload motor;-an
-high heat value par- 1iter, ‘Sustify ‘thelr. introduction as’ high:-

2 performance fuels by all moans’at hand,.since -they may be-pro+-

s duced in large quantities frdn;_;oermn,_;-aw_, mterisls.,

—
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C a des_dﬁiﬁt‘.‘l,on_ deal.
', & recognition’ of whi
olr-application ;

928 ‘experimsnts Intended 0 5t and’ cloarest

y . the complex pheno : sorption,
ments ‘with inert gases, especlally with:

~Tae-Linde -Tce Machine Company has furnished ms with

'fa‘bpﬁt '35 mls each of about 90% pure orypten and xencn,  Hovever

- thess ‘gases: were ‘required in their pure form for adsorption ex-

- periments, and the ‘cono'ezitrationf{methods; known-at that tims pro

. inadequate, espeoially with the susll amounts of material avail-
able and the high cost of ths material (1 ml of these gases &t -~ ‘
‘normal pressure and ‘temperature wus priced then at RM. 30.) and - -

& loss-free separation was therofore necessary

¢, - -Theiessumption was made of ‘the existence of & ¢ritiocal I
. temperature range for .all geses, below which tho gas is so per- - .
-fectly adsorbed on-aotivated charccal, or any.other adsorpent, . . . .-
: as to be practically non-desorbablo, ¥hile the. desorpilon .uBS i
;mmm-'mw-«»mmg_iblswabcvzr*that“*t"emp’éi‘dﬁﬁre 5 tho following method of sep~ . E
aration-of thetner , gR3es vas acocrdingly aelected Ifey : '

“The mixtuve. of argon’, crypten and xenon were brought in

contact vith a sufficlent—amount—of activated charcozl. to have
- not lass than 1 g. chercoal for every 10 mls of ga3s,  {Th

charcoal had been_previously freed from gases by heating to 400%

~in vacuum), The coal was then gredually cooled to the temperature _

of the liquid air, and the ‘g3seous mixture was quantitatively
adscrbed., The temperature of the activated charcosl container
¥as then gradually reised under continucus evacuation with &

rercury vapor jet purmp, followed by a8 mercury pision purp 13/,

and the - different fractions of the oevacusted gases receiv

separately. We have found that the three corponents of the gas

mixture could in this way be obtainsd in &n absolutsly pure form,

¥Relersnces. &t the end of the a‘.rti_c,e, - ,

— . "



o od . of separation vas: ‘freq ntly estod in. thi way;
an permitted us to work for twe years with' the: smll amounts
“and- xenon eilable without uffering any

inglip Ie £ aeparation of any e by the_
od of: adaorption, ‘folloved by desorption y wWas sulted oa
quantitative separation.  Occasiénally the method must be
~especially-adapted-to-specific-requirements.~ Aotivated- oharcoa
<. may . for instance bo. replacod wvith any-other adsorbent, such as
~silica or alumins gels, &nd the froacticnation done by freezing
Lor.b daorption inat £ 8 com'bﬁnation o ' escri'b

s anition- to. the naparation of the 1nert gases, tho.
method s alao used for. the aeparation of gasoous hydrocar‘b h /4

Re.ultu of’ Mee.eurement of Adsotion of Pure Gases. ,j

"~ The follou‘ing results found 1n thesa adsorptiorx meaaurementa -
~ were wort.hg of notigce: o ;

*swtes"“at ook i a e b ’ti‘on*"f” e"adsorptron”isotherm”‘"”‘“"““
o inert gases mRy be very acourately represented within a very
broad temperaturs renge above, end occaslonally below, the .
oritical temperature, at’ prossures up-to 100 mm mercury by the ---
. Ostwald parabolic equation of the adsorption 1sothirm, whilch 1n
the notation of Freundlich hes the form of a m.p~. : .

‘This would have lod us to expect, in cont.radicticn to our .
above mentioned experienca, that at p = 0, "a"™ would be always -

-~ equal to zero, 1,e., that in vacuun all the adsorbed gas wlll be . .
desorbed, regardless of the temperature., We have found, that as .
the ten:perature drops, the adsorption coefficient X decomes
gradually larger, &nd suddonly beacmes very mmuch larger in the -

egion of the oriticzl temperaturc. This 1s true for 21l mart

guses, and an identical curve =3 be used for all .6rt gases’ to '




or the sharp ey oL th
obsez*vation, however, that this oritiecal
' e t asiderably from the eritic

. ¢ :in e : : ~and-

‘tho. number and ,_kiid : usly edsorted other. gases,: '
.mey clte here by way of ‘example, that propane is” occmpletely daz
Zrom activated carbon only at t mporatures .of 0° C, vhen ad.

sorbed alone, but that dosorption elreedy proceeds.at..-10. or

¥hen different anounts of butans vero sbsorbod similtaneously,
. 'It has been found vith the: 6&6&1&&11? _f_cdﬁzplafteiy;_ 1nert _gases,

: . that vhon tho adsorption laws .8ro_considered under proper corre. -

... Sponding conditioens, thoy can be expressed by vory simple formulns
oo S0P, 211l the membeors of the sordles, at’ lov prossures and for very
. wide tomperature rangss. For: chomically reactive gases the ¢
. adsorpticn laws are connideredly more complicatod, S
2., ~Tho offect of molecular siructure on gaf-adse tion, The = .
7 molocular BLIUG 1O, rabthor chan the moloch we s affect = - -
: .~ adsorption, Mothane and crypton show qualitatively as well as
A wwquants,tativclmammrhmsm.smilaravadsem:.w-behsviuz';“"“alth‘cﬁgh.
T - %ho molecule of methans 1s some f£ive times 1lighter, than crypton,
In the sdsorption of this simplest hydrocanrbon molecule there are =
forces tronsitional to cherosor 2don in addition to the Purely _
wechanical forses of. adaorption of the inert gases, ' The sdsorption
.of methano 1a never-thn.lesg sinmllap to that of the inept gasen,
-~ Just as the molecule of methans 4s. structurally simila» to that
. of the inert gases.. - S e LT e

Conditions in hydrocarbons vith two or mere carbon atoms are still
more ccaplicated.  In addition to the fast that the adsorpticn i
isctherms of these gases oan no longer be representod by & simple
parabolic equation, like tho adsorption isotherms of the inert
gases and net @, ohe mey also observe remarkable differences
betwveon the vidual_ edsorption and Eeacrption isotherms, . The.
adsorption equilidrium of the higher hydrocarbona.ts,nqt_ striotly

- reversidble as 15 tho case with.inemt gases, and gases hav the

Sk s

RERE

S

g A
ol o

. struoture of inert gases, - These phenomeona mey be explained y the

assuzption that cozplicated mdlocules are” adsorded in different -
‘manner by the sace sdsorption medium 11/, 5 S




. z ore using it foz &
watlon, it eactive substances, c.g. WAt

logen compounds, oxzygon trogen-containing ‘or, unsaturated

oupounds, sulfur aloxid “C., OF Uso susch substences o di:

ro-oxists £inelly tho
ure of ‘eny-sdsorbed

of 1tn demorption tompereturs,

1. ‘Donaity of Cherge,  AS & recult of the cuntinue ‘ohango. An'U 0
tho Rdsorptive power:-of"a'me:iiumm’.th"an'increasm_load, the
-Beparation. is tho sharper, the largsr the amount of the adgorbont’
-used,. " Wo may use as & gensral diractive_the statoment, that with
‘& lssa than complets formation of o monomolecular. cover -layer by -
-the higher holling componeuts tho neparation &z & rule: 15, o]
. excelleont il good sepavations can atiil be ‘obtained with still . T
¢, bigher concentrations, R T E
v The amaller tho amount of sdsonbead used for zdgorption,
.~ the smaller ip algo tha gap in ths temwerature acele vhore no ) . ~
‘gas is dosorbed, before tho. gop diseppoers Onbirely ... O LB s ioeicmssinis
TTONLY R TIOTe 0N T loss 6tiong enrickiont in the fractions, instead S

~of .any .charp sepsration,

- To scparate a larze amount of a mere volatile gas from a
szaller amount of 4 lsss volatile ‘ong reqQuirses ruch loss of an
adsorbent than 45 roquirsd Sor the separation ¢f smaller amounts
of more volatile from larger amounts of leas velatlle substanccs,

‘A pre-fractionating may te advisablo in such a case, ' The sharpusss
of separation of tvo consccutive mexbors of o Lozolegous series,
0.Z. of paraffin hydrocsrbons, -beccmes cmaller vith incrsaming -
‘moleculer weight of the substences, aad becomos still lona. in caso
of & nixture of Aifferent imomers, But oven in ¢ifficult cases,
8a% in the soparation of isotopes, 10/, a good separation can be
odbtained, vion in addition to the (IPoctiocns alreefy given, tho
folloving are intellligently applicd: . r : - o




ndsorption vessel 1a ve'»y atrangly €00l ‘ ‘ orption
the additional danger w1ll bo presem‘: o;rrapid condenmtion‘of
the condensi’ble : nstitugn ' the

- Dirst: n'aotions : distilled il
-the other hand :
and.bring,_ f:he aaseous X ontac
at’ reiatively oh tomperatices, and’ only thsi mgaduany coal.
. whole vessel, =11 the netive surfcce bocomes oraly. charge
* and the constituents vill Be sot free uniformly and in Froper
sequence during the d@so:-ption which wiu fouo_

Rate of Desorptlon ‘A8” alrea&y nnentioned-‘ e ratea of
oron and sorpcn besomae. lover at’ 1over tem;ez’atures :
and ‘bolov the critical sorption teumperatmro oquilibrium bacomes
as a rule Very slovly ostablished, At = given: touporature,
the highor boiling ‘constituents of a mixture: are occns:l.onailg
adsorbod more slowly, than the lower boiling. This may lead to
e " errors when dasorption is begun without giving sufficlent timoe :
i wwmfor adsorption. .. Should. ons. wish to.sepsrate_highor.boiling. gasesm S
. present in lov¥ concentration from lover boil:l.ng gases, by mssing :
-a streem of gas over the adsaorbent, care must ve taken abo
aeleoting a aurficiently long tizne of cmtaot. S

(One page of the original missing in the microfilm )

5. The Gas Fluahin biathod One may ‘also obta.tn a good heat

Ct > n3tead of high vacuum in a stream of gas

either not &daorbed or but 1ittlo adsorbed-under the- cond:.tions :
- uged at cemospheric pressure, e,g5. hydrogen, nitrogen, neon or

helium, This method of operation offers ‘the zdvantage of per-

mitting to do without high vacwum equipment, the use of which is

frequently Aisliked in industrizl laboramtories. A stream of

an suxiliary gas permits _to c&rry out the desoz"p"ion at very low




‘temperatura range of -8

‘hydrogen
W= C. On the othen ha Q)
f - the gassous '»:hydroc_a:-bép PY '
r hyapsiEplification of the process of separation of mixbur
of ‘hydrocerbons ias- Dossidble, wvhen no- quantitetive -separation

T
- ovVery componont of the mixture ig. required. - I% is guffielent

: ~then to break up the mizture --into"‘fracticgs .0ach of which containg
_ p ﬁydra .

* two saturated and tvo uncaturat carbons,: because -

- such miztures ‘can’ b veadily enalyzed by other mothods, . VWorking -
-in this manner, gpecial thermostats cen be ‘dispensed with, -end

- the procoss arrangsd by ueing only such constant temperature . .
‘- batha, which 'can be found in any leborstory, such &s carbon . .

- dlaoxl -dee-salt mimture, ico, wvater, at . T

- tempora 8.  The" poaai‘bil : o nelysi L
T T of complieated miztuves of hydrocerbons usf@gg_ﬁhis mathod 48 . i
s PROVOR - DY - AUNMSMOUS eXDETATC YRS 57(5, 8/.) -
-7 - . that the desorption mothod is particularly suitable as & mioro i

e

zatal runs (57 to . They show. al

 meathod, -

~Tho analysis of a bituminous coal of ths lMindon eollicry o
for the higher gasecus hydrocarbone and the 12t%le g=seline present
in the ocoal has already boen very accurately done by the desoerp-:
tion mothod fn 1932, vhon tho oxpericnce was es yet -very limited,

" although in tho smail gee samples obtsined by grinding in vaouum
. only 1,8% by volume of pontane and 1.%% hexane vere found,

The sige of. thé gas samples ngeded for anzlysis will depead
primarily on the auniliary physical and chemtcal zethods necessary
for the control of the Sesorption method and for the rreparation
and identificat{on of the degorption frastions produced, L




coxbustion: analy*si i
also by maaurem@nts of
rrinations, rofr

.o ec , object dn
Ee D uiokl -roached;: when ‘a-ges, -orudo ~refined by chemios :
means or by diatnlation, 16.broken down into threo fractlons. by
“desorptiaon,: &iscwdin%&g Bmall first” aud last: fractions, vhich
“gontained all:of the itles, . If a single. desorption. produce
& middlo fraction not yot sufficiently pure, a ropetition of the
.. pracess ip cortain to b»irg aboul: the desired rosults. The, de-
,gsoz-ption wothod has ‘also proven very. valusble for the: removal o -
: .the last tracea of imp\mities in gaaes ob‘ba ned by o'kher mthoda. S

8. Anal 15-for 'r:vaces. ‘ Adsorption and deaoz*pcion method W
‘ part pied for tho:dotection of traces of: ccntam- T
v :I.na.nta. . 8hould the mtention be to determinc. quants.tatively
o small amounts of some high bedill congtitusnt, a very zn:an s
e ’““"mmt'"”of hAei-n &'bsorbent’”ls 3 cLent for a” quantitative ga T e
.. paration by adsaorpition, The . cowect ‘shoice of the asdsorplion:
' temperature is & preroquisito for tho suiccess of such an anslysis, -
. 88 voll as & sufficiently long timo of conmtoot-with the sdsorvent,
-Should t&w emounts of contarminants bo very small, vhon:-deali ‘
© 0.8, with traces of hydragen sulfide, osrion: bisulfide, -soety ene ;
or higher hydrocarbonrs, organie vapors, ote.,.in air or 1ndnstria1
© gases, work is dono at’ atnosyhoric pressuro vith & relatively ldw .
rate of flow, Résulis are obtaired more-quickly, if adsorption
“can bo carricd cut st increased pmsm:ro, or whon it is ‘posgible
to partially liquefy the gases, The adsorption of tho higher
boiling constituonts procseds quantitativoly from liquelied gasas
as wvoll. The folloving experiumsnt with »adivm emanation shows . -
how small the amounts may be,  The amcunt of the unabsorbed
_ emanation vas very accuxrately follsowod up by electiroscople

S




conatituen
: i Yo the: rings formed in’
. analysis whlch permit the: identification:
ponents of the! mizture,. “should ‘the-adso
: oontainors copnoct wdt.
1o-to concontrato In &k -compartmont. one
mixture, . Inr .acocrdance with the Drinsiple o
mixture 13- J&gt"-mﬂﬁ ‘thoough- the ad.

keep moving towards the outlot, until
~components vill bagal through g

ths constituents
‘be. worlked

. 81 v to that used*indt’xstﬁany.fogg: :

. greiny matertal “which koops changing during the courgsd . of &

.~ chemleal operation. - Shoulq;gm_g_%p;:inciplewbe;—.used,-isi‘oz'—r'vth&wm%w"w““”’“"’“f""

Msepuationv«or-ﬁgas‘ssfby‘“ads’orption-, & mopmber -of. such 8luices 15 _' o
- gonnscted serislly, and tho gasegous mizture 18 made to pags :
- thmough i,  Each such vessel ig independently: supplied at the
. ond with fresh adsorbent ;valle at tho-iother end a similap -
- slulcing arrangement wvith evws the adsorbent of 2ny-ong component ‘

-of the 4nd introduces 1% into a dosorbent for SRR

\ errangement vormits keoping each fndividusl
for adscrbents at- the opiinne terpsratwe for the R
on of tho component, '
that the

A

heps solootd ?m&-unb R
borhaps selectively working:
at adsorbers. AT

L 3
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) ; ofth
t artic ) sulted to feeds, such as tar
ch contain no or ver; | nd where accordingly -
large proportion of. the HOLD _ ot ] fsentito'the.recévery.
- of  the residue *-Thiaffeedlrequires~chieflygthatfcatalyStgbz v
¢ g¢pircu1t;zand;aaTa«result¢eahighfc0nﬁent
st-is'produced’immedigte;y,iﬁtthe'firs :

.7 There 1s,1however;fno~such'advantagelwith feed with high
. content of sollds and agh@right;atmthewstart,wag,Weu
I ' s'coal 7“H1th.bitumiﬂous-coallcontain _ o
3. -4z coal.partik_esant,utilized‘in_the hydrogenation process, - -
qs?wellfasftwo.percent catalyst, it became,necessary,Jthat'with2~"; 
-8, 25% solids content of‘the.gg;n at least 4.x 1. 222 of the = =0

‘injected paste (508 coal - 5

o1l) be sent,y.?fﬁq the Fecovery
.. of the residue. . e T T

o ~In such case the hot circuit assumes the task of pro- :
© "ducing & greater security of the brocess. This is the result.
of better_mastery;of-the‘."swelling zone" by mixing 'in the -
eritical zone.of the preheater the 50%  cc S th—250-—ef—— —
.. HOLD.  The more Sluggishly reacting HOLD ~the... - . o0
: Ahydggggg@ti&hwneaationwinmthenconverterfproper:“reauciﬁgwfﬁé“ T
U "pa : ' the rter.  This greater
- safety brought about by the return of a .certain proportion of
" the HOLD results also in a sraller. throughput through the
- stall, as found in my tests in 1937 in Leuna, because the rate )
of ‘passage through the stall is increased and: the paste remains
the shorter time inside the converter. : _ :

f ~The disadvantage of the "hot circuit” ‘consists in its
" —-relatively high cost of the complicated equipment, with the.
- hot-61l-operated valve &ssemblies, pumps, many valves, in part
- water cooled, a complicated metering installation and also all
the troubles connected with such equipment. Should there be
trouble, with the "hot circuit” suddenly getting out of ‘use,
. . the vhole stall operation is disrupted, This is just the placs
; __ vwhere the danger of “passing'through" and of coke formation .
X side the converter 1is the ‘greatesy because the Preheater ig
set for an amount of gazs necessary for larger flow, ‘which is
‘suddenly greatly reduced. A3 & resuli, the converter intake -




- - are
S with the above menticned safety. 1nstallatlon consisting of.a
+ 100% reserve of pumps-and valves. :Stopping sudden disturban

S is very difficult without the™ reserves, ‘regardless ‘of whether

a8 resunmption of the "hot circuit!

"yrepairs”(depositio AT the pipe’
general rule, a sudden shut-down of the" "hot circuit" 1s rare,
because a sloving down in use is- ‘caused by valve troubles, 1
must never the less be taken into consideration. ' The shutting
“down ‘of the "hot circuit" 1is the most inconvenient, vhen. the

~.~3tall temperature-had for:certain reasons. increased.. In- this

case the circulating feed will be unavailable just when most
‘needed.,» : S

~ As a general rule a’ "hot circuit" with the required
reserve installations offers certain advantages in pover’
‘consumption of large plants, as well in introducing a certain
safety.factor,. but "{t_also. carrics.. with.1t.certain. dangefE.
,vhich must not. be overlooked..

: The 1nstallation costs will be reduced and a safer way ‘
will in my opinion be chosen, if in this small installation the
intended HOLD addition to the coal paste after completeﬂoressure
_release, be Increased, expending for that purpose power on
pumps, but entirely omitting the pumps-necessary in the "hot
circuit”., It becomes then possible to run tests on the most
favorable smounts of HOLD to add to the paste.-vlgzmay happen,
that a very small amount will be found sufficilent, and possibly

even none at all. As & general rule, a higher coal concentration -

requires a greater HOLD addition to the circult, 1.e. a hlgh
‘coal concentration is thinned cut before introduction into the —
.converter.  wWere one to select a lower coal concentration, the

- addition of HOLD may bg\reduced. There 1s no doubt gbout a




: i1tional reason
Lo accontinuous  flowiof 13 ‘requir
“Anfour places of the "hot ecircuitl(s: the-by=pass ‘line and
‘the flow. meter), ‘-According to . my rocollections, this: amount

'“_f{."uill‘be;athleas‘ 400 - 500711/hr.  The total recivculation:of

. ) .
et ot qags ¥ ri s trotoem ¥

"ot civeult” wiTl 1000 11i/hr, and the fluahing
i \ -changing: thereby:the

ING THE "HOT CIRCUIZ"

'the purps or- valwye asgemblies, the pipe
- lines LL and IR and fhe vaives 16 are to be-flushed with nitro~
{"gen‘through‘the;v61Ves“;7‘—)ﬁ6 and 5_~-7,1the>same,for.the o .
‘valve assembly through the valves 16 =26 ->5 -7, e
- equipnment-1s then ready for cperction. R LR :

- 1)L Aftéévfepéihs.og

Th,.e_.,PiPe;,lines‘,.:;mwand.«,m»az»&aextﬂff‘rl'led”v:‘t L IUSHTIE TS
fron the surge tank to stall pressure.  Attention must.be paid.

to have all nitrogen removed fro® the pipe line through the .
valve O pleced at the highest point. No' gas bubbies should be
pgrmitted to remain in the pipe lins. s S

3}s The purps are started with the by-pass open {vaive 18):
the pressure releage valve 19 i3 opened for = short tire. The _
purp is.to be set for smsli delivery. ’ . »

B}, The valve esgerbly Is connected with the stall as acen
the level i3 reached in the -neT catcnpot after starting the s
or after repairs. For this pupese, ths two sucticn valvesn
2. and thes pressure valves 3 and 4 ars oponed. The pump by-n
18 1s clozed,” ' o v _— :




pump :oxr- valve assembly.
will be indicated by reduction inthe
readings ‘ o

R In case of b), the two- valve e.ssemblies and "
i the _reserve. pump are 1mmediate1y put in operation as
~described.above, and the amount of h el _cuit slowly
increased to the .proscribed level. —
- After this ‘has-been acco lisheq, the pump f’ormerly
1n ‘use. is shut down' as pid 1om;- S

1) The pump shut down and the flushing oil turned off (valve 10)

' ’ _‘ 2) The valves ”1w§x}g. 2 1in the auctiomslde of _the. circm.t ave-mmm.m;;
T turnec‘f"?)ff ‘ : Gl

_ 3) The valves 3 and 4 in the pressure side of. the circuit are
L . “turned off.’ v

ll) The valve aasembly 1s flushed with flushing oil threugh%e
wlrglves.lz ->5-37, and then vith nitrogen through ‘ )
=35 -37. ’

5) Emptying the pipe hnes 1L and IR through the valve 19 after
-inserting the blind gaskets in_the pump by pass lines. Flush- -
- ing with nitrogen through 16 -7 5 -7 7T of 16 -7 19,

6) Before the pumps or valves are sent away for repalrs, blind
S e v-—gaskets are mserted in the two: suction lines LL and I:R or
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_.wator, such as phenol, are: obtnined in a watery T4
insuch & dnuted oon&ition that ‘theds. z'emoval or fusrthe

,,oasaing is ve: 1y,
ide ' steamlng temperatures,

_jvconsiderabie quantities of water, basides~the ‘congtituonts to

" be removed, vhich rust Pirst bo :-emoved by superheated steam

"with & gresat expenditurs of hoat onergy, before the desired

. higher temperatures can be obtained, ot wvhlch: ‘the sdsorbed

constituents are driven off so fazt that o be reowerea_

:"'rauitnbly ooncentrated i‘om : :

"A fupther disscdvantege of this m'ocess—ia that the sdsorbi

pmr of the coal declincs very rapildly, because not all con-' .
' gtituents present can be driven off by steaming and secondary
. decompositions of tho adsorbed,constituents take place at the -
tempmtura,a ‘80 that the adgorption media are orten oon-~

S ih Ao m.plete:l.ymspoilsdu ow. opemtinawperioda.m A

) By using gmnular active coal, for example, @ rapid o ST
' mechanieal dismtegrauon of the cca.l alao takoa plaee at suwch %
ha.gh tempemt\n-os. : \ R

: It hns a.lz-eady 'boen suggeatod +0 remove su‘bstances rrcm ‘

v adsorption medis used to sdsorb them frou gases by trsatment vith

" solvents for these subatances aad then romove the residual solvents
from ths adsorption msdia by steaming., According to the process
"of this tnvention the disadvantsges of the pracess for the ‘

_  treatwont of watery flulds first montioned horeinars affectively

_ avoided Dy the combination of the characteristic of sdsorption

4n a wvatery mediun with the characteristie of oitroation
| mentioned in tho second process of removing the subatances fronm )
adaorption media used to adsorb them from geses DY mosns of solventa .
- and the further charactoristic of the .guboequent remova.l of. tho -
residual solvents Crom the adserption medis, . = - .

' According to this invention, therefore, vaste wvaters -
oontain.tng phenols, 8.2, aro t:u'st treated ¥ith adsorption medis,




ery 0,5% phenol solution can ‘adsord zbout 25 to
their weight of phenol, while in contect with
‘phenol in-bengol-the -aans-degrec: D
only with & content-of '12% phenol

‘... 0f particular sdvantage in the removal of. the adsorbed
‘substances has been found to be the use of solvents which can
not ba dissolved or are difficult to dissolve in water, or of -
- .-solvent mixtures in:vhich one or nore ‘compone its possess this
. quality. - Such solvents are benzol and carbon-disulfide, or & '
' mixture of bsnzol snd alcohol, bengol and acetongete, |-

/777 It has been found that the charged edsorption medis, such ag
.. active carbon, czn bo readily frocd of ‘the adsorbed substances - =
s DY means_of such solvents, even in a completely goaked condition,
o T and that the exiraction cepacity of thiese solventy Iz hsrdly — "
' . affeocted by the sirmltansous presence of water. On the other S
-7 hend, these solvents can again be removed from the adgorption - -
. medie in the simplest mannor, &s by steeming or treating with
: ,_‘boiungva}:er. o ' o R .
. The operation 1is preferably performed in such a manner
- that the waste wators to be cleaned are conducted thru the.
adsorbing medium from the botton towarda the top, vhile the .
_treatment with the solventa and the subsequsnt removal of tho .
. solvent tales placoe in the opposite direction, from top to
boitom. Soveral adsorption media containers may be arranged
in series if ncod bs or desired. In this oounterflov operation
a high average charge of ths adsorption media is odtainsd and a
highly concentrated soluticn of tis substances to be removed ‘
from the solvents in extractlon. After sopsrating the dissolved
substances from the solvents, as by distillation, the solvents’
ean again be usad; ¢ e oLy e g




’ By us ing solvents, vhlch
d:!.ffi.cult o dis.,olvo in-wator th
L.y

, ubstances containe
therein as e.g. - was ¥ olrer o coXluloso pl
etei Tﬁ ~glosning- *opmsai_.:x.on Ty "

, clawed ¥ tews can ‘,g"- “be umd :(‘ar im‘iu tﬁia purpose

.cases, whcro‘by on ‘o mmtb_fcr }ctm. of it ca.v"f'm carbvm my 'tm
forred, -depends on the fluid to be trested. F

cAn thp t.*eatwm; wosto waters contr.:..n..nu ph

. ptean metivated earbon has proved $o bo dost. .
ind of adsorption me d:.u. %o be used i,x naturally derendent o
upon the kind of £luid to Ybe trcatcc.z. S The leind of solvent .oy -

- mixtura of golvents %o he used PTor oxtraction is- doncn&cnt upon
the kind of substazma o be ‘.xlso**om :’nd :removcd ‘ .

“"”"“““““"“"‘“““’””’"""’"“""”"“hs udsmﬁio&”md..a m:r b@“"u"tsa“mmmrv"*in‘ Tl Mze@,
- form.. V¥hen worliding withe @unuIAz' paniicularly coarsze granular,
adsorption ncd..a, {fhe use of beds. over 1 motaer doop, oz the .
arrangement in series of 3everal conm:.ners‘! has proved to Lo

advantageous, = Yhen using pulverized adsorption media it is
‘1ikewisa propor to s.rrange zeveral f£iltaor. pl@ments 1n ﬂarios.

Coke plant waste ea..s.;, vho e priacipal constitueat was
ebout 0,55 phenol, was conducted thru a layer of gramular gctive
-earbon 1.5 matc“s Qeep in & &irection from boﬁ‘om to top, afier
first romoving the susrendod matior containsd in the wator., Tho
coal adsorbed al:out 257 of Lits velzht of phenol, Ths molst coal
vag then gprayed fron the tep wiith “hot benzol, Ths content of phonol
in the benzol "'loving of £ a‘* the boi.ton vas a'bout 11%, The ‘bcn..ol '

-~




particularl ‘of ‘waste vaters, characterized t sating the flulds
with: golid. adsorption media,: advan‘bageausly ‘after pre-eleaning,
e.g. after. removing the 'guspsnded matter contsined in the

o “the sdsorbed substences from

» mixture

increapsed temperaturss, and £inslly driving off the Jgesidual
solvents remaining on ﬁhe ndsorpt" on medis in a -suitable mnner
a.s“'by rinaing vit.h steam. S

o, Proeess aoeording to Glaim-v-l charecterized by sing
-~ which cannot be dissolved or are difficult to disnol er:.n vater, B
S ‘:or mixtm‘es of such solvents. . S :

'3, 'Pnocess sceording to- cumrz.»ana 2, charactarizod by charging
" . the adsorption media from bottcm to top -md regenerating thsm ~
- from top to bottom. o RN L

s A .mwmmmmm)w AR e ik R eSS i e P AR

B, Process acoording to Claims 1 to 3, characterized by deep :
“beds of adgorption media, 1 meter or more,: or poss&bly 1n :
-several contas.ners arranged in sor:.es. : g

e T e e
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& high coal:content, can no:langer bo conveyed without danger -

thru heat exchangers vith perallel ‘tubes, because of & tendsncy

-tg_- clogging. Excessive wear in the bends of :the preheater. tubes
B - i th ¢

- These difficulties iay be avoided by keseping the proportion 3
- of eogl in the mixture balow a certain point, wvhich, however, - '
- 'should not drop below & certain limit for sconomic.reasons, .. -
~.or by not. grinding the ccal tod fine,  Wear-resistant return - -
; v . ‘bends have also been built for the prohoater tubes. Howover
amisiimeaesini B 8 . 3MPOSSible . to_preheat. ths. coal-olil. mixturae.by.heat..exchange ... ws
o in parallel tubes, for the reasons given above, unless the 1 ..
© .. proportion of ‘coal 15 hela balsv the minimum economic limit, On
: the other hand if the heat oxcienger cannot be used, & large | -
amount of outside -heat will be continuously require&,' vhich must .
- be supplied by an expensive priheater;= The cooling surface . .. '
. for the products of reaction &re &lso relatively costly and a ..
large amount-of cooling water ‘ls required, o :
Co It has now been found thai these disadvantagos can be o
- .avolded, 1f, in using the operiting method first mentioned herein,
care 1s taken that the greater poztion of the feed stock is-pro- . . .
heated by hoat exchangers and 3hat it contains e lower pro-
porticn of coal than the othor portion, which is not preheated _
or cnly slightly so.: T : . S o

: The process is properly virked so that the ?Ort;on'or the
~eoal-oll mixture with the lowe: coal .conteat is brought to, or ... ... .-
nearly to, the reaction temperature by means of heat exchangers ..

. :"_




gh
entirely or: partly ae 3 cooling modiun for “the" react:.on
itself and conveyed directly to the reaction spsce for this
- purpose elther cold or only anghtly heated, In case this .
mixture is to be slightly heated, this can de ‘done in a speoisl
- . part of the preheater, or, if neod. be, in a heatoexohanger, to a.:
+ temperature at. vhich o’ swelling occura '8ay 250" C or less,” 'I'hs
" temperaturs. range, vs.thin ‘which mlling vould oceur, is quickly -
- bridged over by mixing 1t with the other porticn of ths coal-oil
_mixture heated to, say, 420" C, giving a mixture temperature
“of "about 370°7C." The actual’ “eoal” “content "In"the” mIxture 18 1ess ""’"f*‘f“f
| “than that figured by the mixture rule, beca.use 8 pa.z-e of the coal SR
.1.s already uqulfied in preheating. S

- The process is rurther deacribed on tha attached drawing
Bgzmana of punp .(a) 16 t/h of-a coal-oll mixture: containi.ng
bituminous ¢oal and ‘57% heavy oill are injected., The
" bituminous- coal was mixed vith 0.5% tin- n;xalate before the S
paste vas mixed., Thru line (a”) 30000 r*¥/h of Hy 1s injected
. . into the cosl-0il mizture, .The coal-oll mixture containing ‘
.' gﬁrua heatad to about 4200 C in the heat exchangers (b) and- (o)
: pump (a') 8 t/h of & coal-oil mixture containing 55%
bituminous coal and 45% heavy 01l is injected. In this case the
-coal vas 8lso mizxed wvith 0.5% tin-oxalate before pasting. This -
- mixture is heated to about 120° C before injection, in order -
to decrease its viscosity. The two coal-oll mixtures mset bdefore -
the prehoater (d), which latter thoy enter at a mixture temperature
~of 360° C. nzq mixtum 18 haated tn the. preheatez' to the resction—' "

~




‘space, 'in-orde
to:do with tha

eating up and which can then be further homted together fm
,wcez-tain peraturson-withou ing 1

Process Tor- ths. pressure hydrogenation of coasl-oil
_»mhtturea, vherein: the greater portion of the mixture. to be.
processed 1s heated by heat exchange with the products of r
.--¥hile the smaller portion of the mizture is mot or only slight
hea.ted and wherein the mixture, after ccmbmi.ng both portions, "
" 18 furthor heated to the resction texperature, charasterized
o by the greater portion of the coal-oil miztnre heated by heat.’

exchange having a louer coal content than the othesx- portion. .

' ":’””’“?:-ocess accordlng “to" claim"‘f’””chnracterized’“‘by ”heating
" the portien with the higher cosl content to tezperatures of
250 c or lese. S B :
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‘ uitadble catalys m&y ‘be motallic: compotmda '
roup,- particulorly-the-5.-and and 6,-group, 88 -well-ag: compounds ;.
£ cobalt, iren, tir and lead, and metello ds, such as.chlorine, - -
7 bromine, emtimony, -selonium: o others, and their compounds. ' Amcng v
.. the . metallic compounds;. ths. ha.loganidaa, oxides, sulfur salta, -
‘thiocynnntos, aulfidea and 'phosphor compomda . a.re the best

- Suitable solvents’ catalytic aubstances 3

- . acetylacatons, ccetonylacelono, ethylp@opylkotone 5. ¢yclohe:
-acetophenone,. 83 well as benzaldshide. and- phewlacetaldehyde

" Xetonic: acids, such as pyroiacemic acid or levulinic acld, may

- 'also ba used. Mixturss of these solvents with cach other or vith L
g alcohols or lov molocular fatty ncids &ro also uuitable. R o

e my;’””ror emple";”"ﬁissol‘ve‘“tha z:etnlnc“”chlmdes“cr” ""Wm*m""‘",
S the iron group or the 6. group, particulsrly of molybdenum, or .,
..tho thiccyanate <f molybdonunm % tungsten or iren, in acetons, Others
o

way be discolved in acetylecetone, such as covalt chloride, iron
. chloride, cobalt-and molybdenm-thiocynnate s molybdenum h.aiogenides :
’and molybdic acid . ‘ .

"‘he feed stock, f’or exexple, 1is Linely cmshed or gx-ound snd
" sprayed with or- soaéed in a solution of tho catalyst at o-di.nsry
or increoased tenperatm-e and the solvent distilled off,

- necessa.ry

- “Ab times s 1t way be of advantage to remove the alkalinic
~acting ash constituecats in the coal, either fmly or. in part, or
to neutrali..e Lhem with aecids,

Tho fend stock 5o propared. is tnan properly pasted v:l.th high

) bo;ung 011 and: subjocte" to msmhydrogenatian. : SN —




cetone’ in vhich molybdic acid chlorids, odtains
_hyd.rogen ‘chioride ‘over sligh ly heated molybdic acl
foroin such: &' menner that 0] 03,o ‘ 1

: 'by the ccal. 5

f-portion of 1: 1 and treated toge*'her with hydro en, . -
fzeznperature of ‘4600, c whereby 95% £

preszure-of 250 atn, at'8s

I!.‘ 0. 03% molybdic acid toget‘.her with hydrochlorie aé&d

: _-,(Ifo .+ 2 BC1) is added, undisaolved to the coal, 94% of the
. carbtén is ccnverted to- minly liquid ‘prcducts, . ontnining 6. 5,o

e asphnlt vhen operati unde; se: ide ndl e, -

-

," Patent cmms. :

an Process for producing 1iquid hydrocarbons from coal in - oo
“erushed and preforably pasted condition. by treatment wvith hydrogen
under praossure at-increassed temperature, whereby the feed stock - -

b4 g pr@Yed-with-areatalytically- ac‘cingvsubstancwdisaolwdwin R e et

wvhole or in part in an organic solvent, charncterizod by using
ketones or aldehydes as solvents.




ins isuggested a
- perallel tubes We
thru one -tube:snd. th
vansmission-determi ‘tests wlth water
ouble and-quadruple;.a getisnts . The:
‘with.the quadruple tube are considerably bett

: thanf--thos,e,iwith*the-twin::i-,ube-. The calculations ‘showed that in

“"'heating 26 tons of ‘thick paste heat ‘exchange with 327 tons-of”

‘. letdown, a total length of 4000°m of 45 mm tube would be re-

©"" guired. Dir. Joscnhans reports the construction of such: ‘. -
. elements each 20 m long. Dir, Josenhans got in touch with Leuna:

' about-the welding end was ‘told that the conatructlon.is feaslble. . :,'

" The ‘inside hollew spaces. in the 'quadruple arrangensnt could be -
£illed with cast metasl, as zink, to improve the heat transmlssion.

"'The'f'd.ift‘icultiesﬂofvaw‘fvlango*c’onnecuonﬁia«atowbe-wouarcomwby;&*
~-sleeve, vhich, in addition, willl have lover radistion losses,
. The- 1inesr expansion can also. be controlled, according to’

- Dir, Josenhans. @ . . L L e

© D. I. Frante suggests to transmit the eoxcess Heat contained

_in the letdowvn to & primary system by means of &n auxiliary -
1iquid and-then transmit this heat to the.coal paste in.a-. '~
secondary system. ‘A sultable: auxiliary liguid could not be .. -
found, as yet. The tubling required for D.I. Franta's scheme .
would be about the saue as for Dir, Josenhans ', LT

I1., Discussion..

. . e

1. Several years a%o a dlock condemscr, i.e. two parallel
--tubes surrounded by metal, was tested for 1ts hoat transmission.

_Results_ obtained indicated thai, compared to & concentrisc. —-
srrangement of tubes, the K-values were much less, only . -




v an-in stallation 0
o a's ngth of high pressure-tub ‘s pequired
w:lth “this scheme. “Attention should be called to the radiat.ion
‘losmes,: which. have. 'been overlookad so far, . but whioh
: out’’ : f the length o

3b)
‘atm. ¥hen uaing only #000 w3 gas,- This, inerease in- oircu‘.lating
punp differential preasure is a1fficult to take, beceuse they : -
. are how slmost loasded to capacity. Therefore, the make-up .
gas (Frischgas). would have to be ‘supplied separately from the .. . ...
- eiroulat system and at & higher pressure. ~In this: connection
. Dr. Kimwerle points out that we would have to give up an dm- . .. ,
T portant auxiliary medium for” evalmting”thwswnw «iaewthew s
- density differential in the stall. - PR :
- 30).~ mmber of cherts’ were. submi*ted showing the L
irregular acouxmlation of tha letdown at Gelsen'berg, mcluding

1.': -The ohart of the liquid level gagas.
2, The cha.rt of the cold gas geze for Gonvertor 3.

3. The chert of the moan value recorder, ehowing
v the momenta?'y yield of letdown.- -

B A ten'peratura che.rt from tho thormoelamenta
"' attached to the high pressure line, which also
. indicate the irregular ;yield ct letdown. 7 .

o L my hanpen that the leftdmm valve is completely closed
“for from 5 .to 8 minutes, auring ‘which time no letdo'm accumulates. C

a3

.




al to racover the =
1-41g-based r,zprimarily

on.a+heat exchange experiment successfully conducted &t .. o

‘Gelsonberg. For palieving the precheater at Gelsenberg the "

- ‘entire ccal paste with the entire gas volume 18 run thru & paste:.
. hest exchanger wherein this -paste with & mssn congentration of

46% 1s hested without difficulty from 1009 to '305°.C. . This
experiment has now been_running for 5 ‘weeks and the K-value '
‘hE ‘“"'b*eeﬁ”ﬁ*teadf‘at“aw-'élow~»1vwwoﬂbean‘,knom‘amog_ I

 vious experiments et Ludwigshafen thet bituminous’ coal paste,
‘at least of normal_ concentration, could be heated without

‘hesitation to the lower limit of the s¥elling range, about ,300,00.‘ s

‘It is, therefore, proposed go heat up thick paste plus paste gas,
instead of gas to about 2507 C v
‘proposed at ‘the last neoting. . On the centrary, 4the entire.
inlet.gas is to be heat excpanged~w1th the lstdown: :

o a‘.) - Bither in a normel doudble coil (jé_ckéted tube) made
by Hannesmann, see Appendix 3, or. SR = e

'b.) 1in a specially constructed heat exchanger element. .-

_ In a.) the letdown would flov in the 4nner circular
epross-sestion and the gas in counter current in ‘the outer
congce: tgic ring -space, “Tho entire gas could hereby.be heated
“from % to ‘about 250° C and this gas would be added partly to
‘ the . paste and pertly to the thick paste. The objection mads
_ by Unper Silesia that water cooled valves would be necessary

C in the gas heat exchanger (B.E.B) 0



develop both Bchewes, .
hans..88..3 ~that proposed by ludwi Sk
“point of pra tical maturity. The. Ludwigshafen proposal-is-
to be given precedence, besause: 1t may be espplied in practice
ith lesser and known medis and greater operating simplicity
The scheme -of ~exchanging the heéat with an suxilisry liquid may
also be further developed, 1f asultable medium is found for
" transmitting the heat. = The Tudwigshafen proposal-haes ted -
- un¥mown fectorss . .o T e e :
. _a). Cen 528 thick puste be heat exchangod? In this cese = .
" the concentration .of the thin paste, as woll as.the thlck paste, ... .
“may be lowered at the ‘expense of a.greater thick -paste thruput. - . .70

"“‘T’v'"”?’"“"’”.””‘**"“"f"'""i’““*‘“ﬁ7‘1”“1‘Ig*¢f‘»fhma_’«a‘asﬁ.‘ancé?mtha-'i;«;hémwm&mﬁan.q,af,ﬂdou'ble';.«tuh,em.ﬁ;g.w:%;
heat exchangers .15_jaossible? : T R R
Qur ;'_meediat;e progrem is thorefor: -

: 1). Iudvigshafon to measure viscositics of thick paste within =
the range of U6 to 53% and the temperature range between 100 and
3QO°G. These viscosity measursments are to be mde with & -
specially constructed viscosimetor under pressura and without
pressure, 83 well as vith the apparatus operated by Dr. Hupfer for
determining the heat transmission. . S B o , o
2). After making these experiments, Golsenberg shall also
be advised of the results, so that, in case of faverable results,
Gelaenberg may possibly decide to increase their present concent-
ration of h&%. - : : o S :




pa a._llel-;tu‘bes

0. 2). An euxiliary liquid g-in a jacket surrounding
‘the high pressure tube. The-heat of tho. let-doun is first abi
by this liquid (oil) amd is then transmitted to the paste in:a .

U gimilar second system.  Table:2:-shows:the alpha values -cedoulated
. for Dinyl. Dinyl , ecoordingly, is. elliminated as an auxiiiary. oo
77 liquide It has not been determined yet what liquid would glve L e

. “'the high value of alpha = 500, used in Table L. . o oonE

3). The same case 86:2), exo ot that the letdown is cooled .~ .

Co - ‘more, to 262°C, for direct compar<ey with Case 1).  The co2l - T
m'v‘-amwmww-\-‘-m«‘mste,,.;iraf.mmnmcormgy, »—‘w‘vuivw-;lﬁm et s ..m,Mw‘w-ammm—m.‘«.Mmm.f»&,.

©'3). Supplementing Cases 1 to 3, Dr. Wilde caloulated &
_4th case on the same basis: S : aba

'

1t was assumed to b& possible to separate the paste and -
‘Jetdown stream into 2 parts (different prosses and 2 expansion
norzles). The result indicates 2 tubes on’ the chargling side.
and 2 tubes on the return side, each 48/76 mm, arrepged — - .
diametrically opposed to each other and wall to wall., A heating
, - . tube is wrapped tightly around the J.tube dbundle. The space
betweon the. tubes Lz £illsd with lead or cast aluminum.

In consideration of the radiation losses 1t my be perarked
trat 200,000 Kcal/h wore supplied in each case. In reality, the
radiation losses ara prodably considerably greater. -




h o\-ve.lue or:-pa
~Gelsenberg for new tubo!
m Gelzenberg for old ‘tubss.
‘23 t paste and

o _:,,.._In Scholven aftor . 2500
ating days yith a load of 28 t paste 2 22
a.nd 2000 m” gas.. .-~ - . :

L I ano&-va}ue of 250 for the thick paste 1s used in the
“‘calculations for thes letdown coolor, ‘this would probadly repreeenu
the upper 11m1t , inasmuch as in the 3 plants mentioned. only
. P81itz runs thick paste with & value of about 22C. ‘Gelgenberg )
'””"””””‘”"”'”””’ana” Scholven rur only” pasts“or“nmlwvcncentmtienmthm thiam A
‘ part. —
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2.3 = 187 Koal/°c,
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he operating method proposed I
tod to about 1?30:
: O L8

“possible that no
nd, Br.. Wilde caloulated

- outlet. temperature .~ -
.- ‘ ‘but the paste presses.
o~ curves indicate~tha

® _ ure drops 135 C, ¢
keal/n, vhich equals sbout 289 ¢ baged .o

i CAfter & nimxteg the pasto temperature dr
~ 'ponding to 1.6 x 10° kecal/ 1 eQuals abe : 1
~the total thruput, ' The prshester riov works vith a greeter, i.e.
“more favoreble, tenperature difference and rogsins gboutb :10-129
o - of-1%, so that the total paste enters the first converter with a
" temperature still more than 15° lover. ~If & £ifth converter . ..
- 48 to be intreduced in Upper Silesia &8s & prcheat. converter regquiring
. the lowest possiblo rescticn temporature, fluctuations of T=109 C~ . i
-~ ‘'should be avoided, =~ .~ e e e T

m’w%ws’ne-;,w»,ém%nwmmmmmmm
LR ’

..dix

1.6, ‘Perbonindustrie, AG,
" Iundvigshafen, Rh, - - ,

”’;fLeunaf_zﬁAmay, 1943

Your letter of 15 My, 1943, regarding oxchange of
. experiencss with letdown-paste heat exchanger.

- -  1n Leuna, too, the letdown is not producsd constantly.
Since this causea fluctuating quantities of heat, the heated :
gas 1a injected into ihe paate-gas mizturs ahesd of H,BE.1I; ‘g0 that
. BB, IT vill act ag squalizer and protect tho couverter fronm
- fluctuvations. : . R T - .




all vith 8000 1,
‘outer. the hot . pot vhen the feed
) ‘paste,; -Aftor-the :lchang@;;;to'fscoal"Daste. ~vhich .
—-3s gradually increased from-8000 L/h to the dosired mexirnm of -
32000 L/h, tho converter temperatures arc adjusted so that the

‘.. letdown produced equals botveen 25 ‘and 30% of the ‘coal paste

' “jection at the time, In & .can;itionf.o;f_iequiubrium-,.;i.e. after
the stall has been brought -up-to-reaction temporaturs, the ...

_ “quantity of letdovn equals only 22.25% of the-injection, or .. .-
- 7000-8000-L/h-letdown. vith 32000.L/h_cozl psste imjectiom, .~ ... .

T it e O R A

L 7). Ko, because the irrogular quantities of heat supplicd
_ will be equalized:in a following hoat exchanger. (coal paste- = T .
. product vapors-gas mixturs) and e fizsl prohester (8pitzenvor- -
_heiger). . . . R S
The seme qusstions, not available, &rs ansvored by P81lits,

24 May, 1943: - SRR  DRERRIRL W AT

" 1) :3412).' The quantity of lot-dewn in cosl stalls fluctuates.
up to 3 m°, and the tempsrature, recordcd by clamped-on thermo-
elemsnts, up to 1,5 gv. Ia tar stalls, the -lotdovn quantity - . _
£luctuates up to 4 m’ and the temporature up to 3 mv. These small
fluctuations occcur regularly., ' R : :

g

3). The fluctustions are recorded by elements and mean
value recordsrs. T o ' N




“conl paste, up to
"6 hours. equilibrd
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the ‘B.S-concentration vithin-the range-
the stibastance’ to be hydrogenated uvntil the
s been Teached.,

el Accordding O enti t hand:the process.
. patent is ccnducted. in such'a way that a geaseous port
- products of hydrogenation, containing the optimum quantity .of
""HyS required for the rocess, 15 seperated fron thom and used
again for hydrogenation in thé recirculating system, =~ "~

I workdng  this process ons mRY; e.g. proceed InTmuch g
‘ " manner that the liguld and gaseous products of hydrogenation SRR ST
. are pertially decoupressed and the hydrogen-rich "A" off-gas = .
obtained thereby is returnod to the hydrogenation vessel with such
an H,3 content that this, together with HpS generated from the
su content of the feed atock, will equal the optimum quantity.
- of H.8 roquired for the process, It has been shovn that it 48
: poasﬁblo ‘herewith to adjust tho Iégf;’ contont. of .the hydrogonation gas
- in the recirculating system, by proper choice of tho expansion
. prossure and texmperature, to the desired degree, vithout distur-
ding side effects, such as a troublesoms accumulstion of methane .
and other hydrocarbons -in the hydrogenation vessel. 3By completely :
expanding the residual products of hydrogenation to atmospheris T
pressure, & "B"-gas rich in hydrocarbons 1s released, which still
~eonteins a large amount of E,3, "In case the H,3 in the "A".gas
1s not emough, additicnal E,3 msy be separated from the "R"_pas
.and 8ddsd to the "A"-gas f{a ths desired amount. o

According to another. oporating method of this inveurtion,




0418, poor.in sulfur, vhich are.to be hydrogenated themselves,
may be. advmntageously used forvmh%gg the. mnt of ;the oir-
o same Tims.

letely or largely ;8 Lr
Ep-rich off-gnsea of’ ‘the tion

7 ,

‘ ocess and then adjuat. ‘the- H.',s contont of the gas returned to

-the rozction vessol ta’ tha dssired dogree by adding vashed gas o
~to the unwva: hod- ,gas. ’

' g ST Undaz- certain conaitions th.e adju.,tmnu of t'.he optimm
i GORSON L WAY - 8180 bwobtainedwbywdiscmgingmawmtuanmttty
' . of tha off-gas-containing H.8 thru & valvo and replacing the dis-
charged gas by-a corrospending quantity of hydrcgen, One may also
- combine both mothods, that of removing a portion of the hydro- -
genaticn gases with %hnt of romoving desired amounta or 320-

In cases vhere the 3 content of the off-gnsas containing
hydrogen isg msurﬂcient ¢ agsure cptimm incrFeasze in- efrective-
ness, additional H.3 must be: provided or such quantities of 828

. sulfur or other sulfur coxpounds supplying 528 must bo &sdded
to the material to te hydrogsenated, in ordor to assu:*e the desired
HQS-concentration in the reactlen veasel. '

In all operating mouhods of this inveniion tho H,S 1= pre-
‘ferably added to the recirculating gas stream only r the gas.
atream has passed tho conveying device, pumps, etc, 1i.e. just .
bvefore the roturn of the gag to the hydrogenation vessel.,” The ~ -
required % ckn &lso be added here to ths.maks-up hydrogen. . 1f,
©.8. s-conten.. of the recirculating gas is just encugh %o
asme opt 328 eoncentraticn in the hydrogenation vessel tha




" Phe mixture of pydaroxenation g : : \
to tha reactioin_vessol £rom the second towerg - oo
- ¢ Tho condenastes: obtained froz condeqsatg.an under pressure ;.

‘may also serve as & source of additional +— The Hagam;gdproggrly ,

. 8UD-

‘be obteined from these by trostment with vdshing 1i

g aguent-seperation-by-hesting;~for-example. ..But,..a8 Lalreddy. . ..o
" ‘menbdiomned, the additional K. 3 may be obteinzd from the "Bf-gas = 7. .-
;- fpaction-obtained in the ex snsion of the condensats. . :

- It is already known that ihe hydrogenation gases emerging -
‘from tho hydrogenzbtlon vessel may bo freed of the hydrocarbons
“and sulfur compounds, particularly Hes by scrubbing with oils, .
According to this older process, the gas so washed and used again
for renewved hydrogenation ccntains lezs than 0,3% HpS. On_the
. contrary, eccording to the invention at hand, the S-content 1is
_only reduced to & concentration vhich will produce Increased -
effactiveness in the iron, cobalt and/or nicksl catalysts used, -
and wvhich amounts %o over 1% in all cases. According to another
working method of ths prccess at hand, the H,S 1s completely
- removed by thse. scrubbing process shead of the conveying davice o
~and certain quantities of H,3, vhich will produce increased - o
"effectiveness, are ‘then sgaln added to “the hydrogenation- gas -
" -after passing the . conveying dsvice, The hydrogenatlion gas returned
_to the hydrogenation -vossel contains not-less then 1% E,S.

L




..each kg, of oll, The resction is started with the additi

; rogenatlion; -suc
5 wheh sin “the desired irvon,” cobalt -angd,
After this has boen done, the conditions are. dete ined,
bestfyield n the desired endtproduct is obtained :

gelf ‘be: 1ncreased but- purer:
“the»subseQLenz rerining pr

by-products, or wh_ch 1n cer ain cases, may even be. obtained
' __uhey vill not neoed to befrefined L

L A Cbrown coal tar’ mlddle o1l with a- spocifio gravity of ‘0.97

- and a sulfur content of 0.9% is hydrogenated at 200 atm, in the

. presence of & nickel-hydroxide catalyst in & strecm of hydrogen .

in such & way that 1560 litcrs of hydrogenstion gas. is used fgre;’

Tgulfur to tho‘middle 011, "The products of resction ‘are expsnded R

.- to 100 atm, and cooled, Fo" osch kg. oll used, there escaps 370
liters of "A"-gas, based on 760 mm and 0°C, contnining about 83%

o 12.5% hydrocarbons and 21.8 mg s/1, ”ais gas is rocompressed

R 200 atn, and again conveyed to hy ogenation after adding 590

- 1iters of wake-up gas. In the furthe* expansion to atmospheric

pressure an additional 87 liters of "B"-gas are. obtained, which

© . contain 13% Ha, 97% mothane hydro carbons, and 90 ug Hésli

s The product or roaction obtained 15 a clea. oil with a apsciric '
- gravity of 0.8%2, which contalins 58% constituents boiling to 180°,
no phenols and hardly any unsuturated h"droc *bons. ‘

it the same browva cosl tar middle oil, 1s h drogenated under

-~ the same conditions, but wvithout returning the "-gas to the °

- process and using 1560 liters of make-up Hy per kg. of feed stock, . -
1nsteagé a hydrogenaticn preduct is obtained vith a specific-gravity

of 0.8 containing 5% rhenols, 11% un«aturated hydrocarboq@,<and
only 50% of constituents hoiling to 180° ¢,




"f”ﬂ'g

27.8'g . ; ; :
his off-gas... do: ik i optimum, hovevar, .only:
0'g of sulfur are required. 255 liters ‘are separated from the
13351 off-gas end freed of: Hs8 by means of': ‘alkalinic 1rouéhyur
‘xide suspension, The gas 8o Freed of Hgs ~together with 4451
- make-up H, and 1000 1.of unwvashsd off-gis containing S, is-
returned To the roaction vessel.” In the ‘exponsion of - he 11 ui

“condensates, ‘thore oocape “dpothier 113 Y of” gas conta ning 5

‘methere hyurocarbons, )Sp Hy, end 160 ng Bes

“_with_thﬂs operati L.e%nad 81 5% of a clear on vith a

“specific gravity of 0.760 13- obtained ‘The gasoline yleld: equals -

56% of the feed material, I va, oporate vithouL the addition of
b |

If the- circula 1ng gystem is operated v&thout reduoing the
-content of ths mdded off-gases to the required amount, the -
g%gag 18 rapidly enriched with Rés and the gasoline yield dropa’

Patent C1 aima. _ e
1. Process for the &djustment of the grontest ineroase in

- eoffactivencss of irom, cobalt and/or nickel catslyst, in relation

to theo yield in the desired Troducts of reaction in the pressure.
aydrogenation of carbonaceons sudastances in the prasence of
sulfur, by varistions of the operating conditions according. to
patent T13792, charscterizod by soperating & gaseous portion of
the products of hydrogenation (if need be by partial expansion)







lange. S :
(Teaﬁf#Islslo) This flenge split into
.'drawn tight.. The ‘reason vere old-cracks,.
-from the onter side ‘to & boit hole, - This- raised the qucstion

T The diatWibution ‘extent of ‘the . doformations on’ the o T
outer” surraca of ‘a normsl 120 mx, " 325 atm, threaded flange’ vas B
' measursd:. Then a tolt hole wvas glit from the outside and the -
deformition on the inside or the alit hola wns measurad uaing
8- aenaitive Askauia gauge SRR O

: Tho teat arrangement m»y be raconnined on the nttnched
o aketches. - S8k-1 shows the msasured deformations as a_neasure of -
”~-w~*~~ww~at~ain op-effont;~SX-2-shovs~the-stresses-calonlated-Cron- them'thmwwwww e
- Thoy are 12dicated on the outline of ths sur surface, outside of the
section where positive, inside of tho soction wvhere nosgative. -
The seccnd measure”ent vith a @lit bolt hole 15 shovn in red

(at right). . s

For teat purposes the lo&d vas applied in a direction
opposite to that used in practice, wvhich, however, doss not
affect the distribution and extent of the defo~mstiors. ‘

with s normsl flangse, blnck 1lines, the strains and stresses
- diffeor very little from each other. . Tho sigas and distridutlon
in the ring test are svident on the top coupared to the bottom side.

: The signs ik the radial diroction vould be expected to be
Just the cpposite, if we concelve the flange assuning & bell shaps
dus to tending, However, according to the measurements it must :
be agsumed thnt the »ransxorzat;on 1nto the bell shnpe 13 caused




‘The -comprossive s

“Fundsmentally, -the:gr
" on’'the inner (threaded) edge, to the % ;
 streases due to the threcds are not -brought out:in- this: )
¥hen the outer: raterial around & bolt-hole is removed the
‘meximum stress is shifted to the inner ‘edge of “the ho i
‘50%-gréater-than:in.&-norsal-flange....(Here also, the.
“iIn stress directly on the sherp edge is not: brought:-ou .
' test). ‘Since there exists & compressive siress on this edge, - .
. in-addition and porpendiculsr to the high tecsile gtress in an. -
© o sxial direction, 1t may be 'a‘smmed:vthntgsliding,18..‘notl"‘_obstruct
. nero, and that not the shearing strength but tho elastic limit~
o of the materisl must be “considercd the "l1imit of overstrain, =
.. i{nsofar as the design stresc is not shifted 4n-another direction -
‘. by tho chapo of the flenge and the condition.of the material, . -

' ‘In sny ecamse, & break in the outor flsnge material at the .
‘bolt hole must be conzidored ss seriously sndangering the flange.

e SO
’
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: vo, ‘therefore, gelec oonsuruation materi.
these temperaturciranges, ve must’ sssama thﬁ%‘thsﬂh

connsctiona are not insulatad.




