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Introduction:

Practiocally the entire Blechhammer staff left the plant at
the end of Jamary, one or two days befare the Busaians entered
the area., Following a pre-srpanged plan, they congregatel at
Naumberg sbout 20 miles from Leune where an office was set wp to
arrange for their distribution to other German hydrogenation plants,
By the end of Fehruary, Nmumberg was so full of evacuees that the
autharities insisted on ths removal of the Blechhammer people and
a large proportion of them went to Varlum, near Peine (Brunswick).
The movement of these pecple was surrounded with a good deal of
secrecy due, it was disclosed, to their fear of being handed over to
thes Russians for restart of the Blechhammer factory. The managing
director of Elechhammer, Ir,Josenhans, was interviewed in Naumberg
ard I ,Kronig, the chief chemist, was interrogated at Vorlnm,

700 ats. pressure hydrogenation of selected Uppe Silesian ocoal
mrovided the mein source of liquid products at Blechhamer. Hydrogen
production was based on gasification of medium temperature ocke made
by carbonisation of bituminous coal hriquettes. The tar mroduced as a
by-product to cocke mamufacture was cbtained in two fractions by
controlled condensation, The lighter fraction was sold as Navy
fuel oil after topping off light petrol and the heavy tar was
used as a pasting oil component in the coal hydrogenation proceas.

The ariginsl plen was to hydrogenate coal in the ardinary
way, i.e, recycling to the liquid phase stage all products heavier
then middle oil, Befare the erection of the plant was conpleted,
however, it was decided to increase the production of Navy fuel
0il by operating the liquid phase hydrogenation stalls jn such a
way that the production of distillate heavy ¢il exceeded pasting
oil requirements, Blechhammer data on this method of operation are
of particular interest because they provide a basis for assessment
of a threse~stage coal hydrogenation grocess, i.,e, 700 ats liguid
phase hydrogenation of ccal to glve heavy oil, middle oil and
petrol, liguid phase hydrogenation of distillate heavy oil to
give iiddle oil and petrol, and vapour phase hydrogenation of
middle oils to petrol products.

Another change which was made t{o the original Blechhammer
plan was thet as the shortage of aviation fuel became more acute,
it was decided to make aviation fuel instead of motor petxdi.
D.H,D. ,butane dehydrogenation and alkylation units were therefoare
erected, '

Ten medium temperature carbonisation units ware installed,
each with a dssign capacity of 275 toms/day of ooal, These units
behaved very satisfactarily and a throughput of up to 325 tons/day.
was achieved, The coel was Triquetted using sodium sulphite lye
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from peper memifaotuze es a bipdine agout eod the fiaished
Triguettas contained 2% of moistura amd 124 of ash, The coal had
a ourbon pootent an the ash-apd-molstire-fros banis of 43,54 The
tur yield on orrboniastion was 9% Ty weight oo the coal, the
heavier ey frastion showntad to 358 of the total tug,

The carbordastion unlts wers started up in Jotober 1905, Baforw
ths iprdrogenation plant was prendy, the tar middla oil, topped to
120°C in crder to raduce the flaah point below 8550, was sold
as foel oil ard the heayy tar wam dlspossd of to other caspantes
for ums ma road tar, ets,

The hydrogeneticn plant actually instelled at Hlechhasmer
insluded four liquid phass stadls for 700 ate gperation, Bach
gtall had four converters simllar to thoss nped at Geloenbers.
The interns]l ddsmetenr was {1000 oo, and helght 18 M, The internal
ddatetar of the reactich baaket was 850 mn. and the_resotion
wolume provided by four convertors was rooghly 37 W7,

Tvo vepour phams rre-saturation staila were instajled.
Each had three coreerbers and wag deslgoed feer 300-350 pta
operation, The plant was equipped with tno vepour phame mplitting
stalls fittod with two comverters wach and Sezignel to cperate
at ZO00-350 ate.

Tha coel used for hydrogenebion wes speolally palscated
Uppar Sileglen coal with an B2 aontent of 5% and a carbon content
on the ash-sod-ood gture-free hesis of

It wan sriginally planned to add two further seotions to the
hydrogenation plant, each somgrieing twe 700 ate liguid phose umits,
one pre=gbturation apd coe wspour phase splitting o With thees
additionm, the total output of Blechhamwr was to he L0070 tone/
Feor of mator spirit apd 500,000 tanafresr of fuel cil,

If was coneidered likely that the demand for fuel oil would
decreasa and acoerdingly, conzidersntlan had been given o the
mection of me & more edditiopal 700 xts stalls designed for the
eatalytic hydrogenetion of distillate cosl heavy cil to middis odl,
The ldea was to re-dismtil distillats apal hesvy oil leaving m
10% heavy residus which would be roturned ay pasting oil to cosl,
Bydrogenation, The distiliate was to be kydrogemated over B376
catalyat af 700 als and st a temperaturs of abeut L509Q,

The hydropenation plant started up in Aprdi 1% but by
July, bomb damage to other bydrogemation planta had res:ltesd in
suoh a lerge mwplus availzbility of hrown cosl tar that it wes
dacided fu lgpart this mataris) for hydrogenation at Blechhanmer,
During the tires mmthe Guring w#hiek the osel bydrogematicn Flent
operated, it was stated that operation wes extremady satisfactory,
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It was found that for the hydrogenation of brown coal 130
tar it was necesssry to increase the muber of converters in
each of the vapour phase stalls to four, It was found imposaible
to operate liquid phase hydrogenation of brown coal ter at 700
ats because the rate of hydrogenation of asphalts was so high that
. oatalysts could not be kept in suspemsion in the reaction vesgels,
Pressure was m&:.n.gly reduced to 400 ats,

Details of Coal Hyérogenatiom to give Exgess Heavy Oil.

The flowsheet shewn in FigJOX was supplied by Dr.Kroenig,

" For simplicity, it refers to operation with coal as the only raw
material, Actually, the amount of heavy tar which it was Proposed
%o introduce into the coal paste at Blechhammer was comparatively
snall and would not grestly influence the flowsheet figures, A1l
figures are tons/hanr and refer to the operation of the total
plant installed at Blechhammer, j.e. 4 liquid phase and L vapour
phase stalls, :

The coal was crushed and the first catalyst, iron
sulphate, was added before drying, Dr.Kronig considered that
better results wovld be obtained if the iron sulphate was added
a8 a solution in crder to obtain more even distribution. The

mixture was then dried and it wes stated thai, during this
process, neutralisation of alkeline conastituents of the coal ash
was effected. The dry coal, with 2% of moisture,was next mired
with approximately 1.5% of its weight of Bayermasse, a residue
from aluminium preparation, This Bayermasse was previcusly dried
to a moisture content of 15%, A third catalyst, 0.3% cn the
criginal coal of sodjum sulphide, was next added, immediately mrior
to the pasting stage,

In order to produce heavy oil as one of the new-formed
products of coal hydrogemation, it is necessary to reduce to a
minimun the amount of recycle heavy oil in the coal paste, This
necesnitates the use of paste with a .maximum coal content and
the use of middle oil as a pasting oil camponent, Special
difficulties are thereby introduced., PBor example, heat exchange
between ingoing paste and exit products is not satisfactory with
very thick pastes, Again, pastes made up of light cils and
containing a low concentration of asphalts tend to settle when
hot. These difficulties were overooms at Blechhammer in the
following way: All the ooal was first made up into a thick paste
comtaining approximately 51% of total solids. About 40% of this
thick paaste was injected directly to the preheater, typassing the
peste interchanger. The remeining 609 was diluted down to
epproximately 43% total solids, i.e. maximm solid content for
satisfactary paste interchange, and injected to ths hydrogenatien
stall via the paste interchanger, In order to guard against
settling of solids in the preheater, as mich as poesible of the
dijuent oil was supplied as high asphalt content heavy oil let down
from the hot catohpot. Settling in the preheater was further
guarded against by ocirculating a quantity of heavy oil lek down
from the catohpot to the preheater, without cocling ar letting dom
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to atmoepheric pressure. This reaycle wee oarrled out with the
st typs of remote cumizol bot recycle pums as umed in the o
Ipirocgmation stalls et Leuana,

4 omall emount of pasting oil (55 on the oosl treated) waa
sontinmaonaly injocted direct %o the aheatwr, The ohjest of thiz
wan, firatly, to prevent plugging of the [rehester in the avemt
of a brealclown of the paats inlactora and secardly, to provide a
dutelfoant filo Detweon the pasts and the juner wall of the
prahsater tuben, .

Tha totbal liguid otioh to the atall was equivalent to
a rate of 1.5 tons per ¥¥ of reactlon volurw per howr, This
sorremponds to the traatmend of 0,55 tonm of ash & molsturs Fees
8oel per &7 of resotion volume per hour, The Figure sugplied
at layiwigehat'sn for coogplete 700 ats hytroganation. of hituminoua
agal to miidle oil flos wetrcl wam 0,45 torm par 13‘ af reastisan
Talune par haur, .

Tha papte temperature st the ecit of the interchanger waa
oot allewsd Lo expesd 31G°C. The sxit terperaturs of the preheator
way usaslly coptrolled to 51570 and wes ever allowsd io axsess
2590, The resaction temrers’ipra iy the converters wea kopt
2o wnifom 23 possible at aboot 4A5°C,

The ciroulating gas rete was eqﬁ:i.wﬂ.ant to 3.3 H3 e kel of
asb-apd-moisture-frea ocoel, The Wmrogen partisd propsurs of the
inle: of the asaverter aystos wea SRS ats,

The whols of the produsta from the hydrogeretion rawctors
peaezzed to 2 ot catslpet which separated hesvy Ligquid apd sotid
Froduata o the extent of A5-50% of the ingoing pasta, Soned2E
of this product was recyoled hot to the vrsheatera az ajrsady
deacribed, The remaining BO% was ocoled end lat down to
atmospherio preasore, sfter which a further 125 wns retuprped direct
to pasting sa Aiduent for Yth'n" pante, The peadifyal 75% wan
mired with reughly 705 of its weight of dilneat kmavy oll obtainsd
oy tepping of £ petrel and middle oil drem the neld catobpet mrohect
ard the mixturs was fugalled. Toe Pupalled Pilirate was umed as
peating cil vl the —esidue was carbomiasd for regovary of oil,

The fasd to the carbonmimation ovens wea given a praliminary
flash diatiiletion {reatmemt to remcwe part of the cil., Hecoversd
ol frem the flash distillation ard osrbonisstion ovens wugp umed
az # pasting 0ll conatituemt. The coks Crom the sapbornieation
ovena cortained all the ash conetituents of the criginel coal
plus the catalya=t plna the make squivelent te ths soal which bagd
reziated ligquafaction by the hydrogenation tresiment, The iattor
smounted to roughly 4% on toe aum,f. ooal fed,

The affigluenoy of recavery of oil in the twoestape alndge
aarbonisatien plant wea of Lhe crder of 7o ard the odl loat at
thda atags smounted to 4.5 - S on the am.f. poal trasted,
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The vapoars from the hot catochpot were cooled and the .
cordensed liguid separated from recycle hydrogen in the cold - -
catohpot. The liquid product was let down, separated from
aquecus liquor and distilled to give 0-160°C, 160°=210°C,
210°-325°C and > 325°C fractions. Roughly half the 210°-
325°C and two~thirds of the ™ 325°C cuts wers recyoled as
pasting oil components, Ths yields of new-formed oils, expressed
as weight % on the a,m,f, coal treated, ware approximately -

0° - 160°C 8.2%
160° - 210°C 6.;:%
290° - 325°C 32,45

>325°c 24,5%

Total 68.2%

210°-325°C middle oil amd)> 325°C distillate heavy oil
were blended in the ratio of 1 1 2 to give fuel oil, the yiald
of which smounted to 32.5% by weight on the a.m.f, coal treated,

The remaining middle oil hlended with the Iighter boiling
fractions was subjected to vapour phase hydrogenation in two
stages. Pre-saturation was carried out over 8376 and 5058 oatalyst,
followed by splitting hydrogenation over 64,3.

The pre-saturatien was caxried out in two stells, each with
thres converters of 8 oetalyst volume, The first. two
oonverters were packed with 8376 and the third with 5058, The
presaure was 300 ats,, mean reaction tempearature 4L10°C and the
maximm throughput 0,8 kg, per litre of catalyst per hour,

The yield of saturated product was 7% by weight on the feed,
This product was distilled to give a petrol fraction which
was blended in a final petrol product and middle oil was fed
to splitting hydrogenation. The cutting temparature depended
or whether aviation ar motar fuel was required, In the former
oase 2 0 - 155°C fraction amounting to roughly 45% of the
saturated product, wes hlended direct into the final petral,

The residnal middle oil hydrogenated in two stalls,
each with two convertars of 8 M’ catalyst volume, packed with
6.3k oatalyst. Pressure was 300 ats, average mean reaction
temperature 390°C and meximm throughput - 1 kg per litre per
hour., The oonversion P pass was 50-55% when making aviation
Puel and 65-70% when msking motar petrol. Yields ware 81-82%
by weight of the feed of 0 - 155°C aviation fuel ar, alternatively,
91-92% of O - 185°C motor gasaline, The farmer had a volatility
of 55% at 100°C and a clear octane mmber of 7, which oaxld be
increased to 88 by addition of O, Yy weight of TEL, The
volatility of motor petrcl was 354 at 100°C and theolear octane
manber was 70. The final blend of splitting stage motar petrol
with the light distillate from the saturated product had a
clear octane mmber of only 6ih. It was intended that, when
making aviation fuel, the light distillate from the saturation
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produck shoald be tod Yy the D,H.D, Prosess. 4 D.ED, Plltlij

with a ospoity of 26 toms/hour of fasd had bean installed,
4n alkyiate plant for the profucticn of 6,3 toma/howr of fiaal
product hed ml=o been built., _ B

Foenol Extreetien,

Fhenole in the ligquors from both coal carborieation amd
agal bydrogenation wars extracted with phenosolvan {isscbutyl
naetats), This wes a development made Jointly by Lurgi sod the
L. The two liquors wors treated acparately and timre wers
tirea plants; two operating sl one spare,

It wan intemdsd to increase the output of phenolis
preducte by washing the 160-210°) petrol fractiem with reayola
bypdrogenation plant liguor from the phenosolvny extrsction
plent., Thie washing was to be cigried mut eounter-morent st
& temperatme of 759, :

Tha spent liquor from the phenosclvan plent contained
rather less than 200 mps, of tar acid per litra, There wara
saricya restriotlens on effuvent dispomsl et Blsehhame: and the
epent ligquer had %o ba trested in the following way:

Tt was first diluted with reayele epoling water to
reduce tar acld ocontent to 20 nge1itee and to ralsa the
tengarature o 25°C, It was then treated with diplococcus-type
bagteria which reduced the tar soid contemt to ¥ mge/iitrs,
Effluent frum this treatment was Finaliy paomped over waste
zahes Tron the pomer mtaticn, when phenclas were oxdldismed down
o leeg than 0,5 mza/lltcs,

Ireatment of Hydrogarbon GFases,

4 Linde plant ned been aracted at Blechheomes i apdar to
provide methens, othane, propene and Totenes from the mixed hydro-
carbong produced in the Wydvogemation procesa, These peparated
gbfma, gpart from chose required at Blechhammer For eligrlete
roduction, were to be aent to Heidebrach foar use 23 ohesdoal raw
matariale, & pipeline, B Jm, long, bwd besn inetallied, for this
- parposa,

Comts,

Very little data on costs were avallable, The delivered
coat of conl wed 10-11 merkafton, mleitled workers wope paid
80 plga - 1 mari/hour apd unakilled woarksrs 55-70 pf, Tha
@idd]le Zerman teown ocal tar which was supplied subsequent to
duly 194 cost 80 marie/bon, .

Acoarding Lo Dr.kronlg, the estimeted copts of mroducticn
of heavy ail end aviation petrol at Blachhemmer were 250 marie/tm
and 450 marks/ton rospectively. 65% of these ooste weme oamital
ohergee whioh inslwded intereat on cagpital at the pate of bt
ard amcwiisation of the plamt aver = perisd of 11 yerra.



