Primary Products

Diesel Qi1

The anslytical data for Ruhrchemie Diesel 0il {as prepasred iy
1938) are given in Table 5l.

Table 51
Rubrchemie Diesel 0il, 1933

2 Goloury Pale Yellow E
SPeETe & 150‘:9 00765
nomon 2000, 0,762
Acid number 0.02
Fiesh Point

Fensky-¥artin 75%C.,

Open dish 850z,
Setting point - $%C.
.V, gross . 10,900 kz. - cal.

" net 10,100 ° #
Viscoaity @ 20°C. 1.1695,

H w5000, 1.09.
Lzh, Water, Asphalt 4
Analysis :

Carbon 8%.5%

Hydrogen 15,28

D, N, 8 0.0%
Boiling range (Fngler)

1.8.5, 200°¢.,

Ur to 225°C, IhE

b © 253%. é};

3] t 2?5(}8@ 8&

ki i 3{}’30{31 955‘;

[ I | jlooca . 97};
Cetane No.

{R¥#4 Motor) CEeB5

In recent years, the Diesel oil has conformed Lo the speci-
fication given in Table %2,
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This 0il gives a very clean echaust and only a swall
proportion of carbon moncxide and was found prefereble, on
this ascount, to natural oils for use in underground mmtors,

For usa in low-speed engipes, up to 70 or 80% of
refined tar oil could be used o give a nixed oil of cetane
mumber €0,  The proparties of mixed cils prepsred using the
wider Fischer-Tropesh fraction 180 to 220 C. were less
favourable, particularly as regards setting point.  (See
C.1.0.3, Hsport, Item No, 30, File Mo, XAV - &),

Use of Hogesin as Metsl-working lubricant

Of the 970 t. psr mopth of the 220 - 320°C.
"Kogesin® fraction producsd by Hoesch-Renszin, 500 - 620 %,
were used, after washing with alkali and drying, as & lulwicant
for metal cutting, dvilling, grinding and polishing. Pary
wms used in the Hosssh steel works and part seld 4o outside
users,

The remainder of the kegasin was =0ld to Buhrchemie as
cracking stook oy lubricating oil synthesis,

Recovery of Fetity Acids end Alcochols

The primary woducts {more particularly those from the
medinm~pressure progcess ) alwaya contain small emounis of
fetty acids and alechols, but it was only 2% the works of
Hoesph-3Banzin thet they were regularly recovered, The
procedurs was as followsi-

The hot gases Trom the rescticn vVessels Were neabtralised
with seda soluticn at 150 C. The gases entered the bottom of
the neutrsliser colump exd the bulk of the sods st the top,
but owing to ths revid fommation of sodium blcarbomais from
the C0_ present in the gases, it is 2leo necsssary to add
& poritlon of the sods in the middle of-the column.  About %0F
of the faity acids present wers remwved at this stage and
the remainder wsre obtained by sublecting the Dissel oil
fraction of the product o &lkali weshing.

The fatty acida were recoversd by treating the liguoers
from both processes with sulpburic acid and exirscting thse
liberated aoids with benzene.

Tne spproximete composition of the ecids is given in
Table %@



Primary Fatiy Acids. Hoesch-Bensin
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: The monthly protuction emounted to about 18 t. (or 0.4%
lof the total primary preducts of the plent) and the epproximabe
o8t of recovery, inecluding caspital charges, was given as ‘
100 BM./t. The acids were used msinly in the form of calcium
or sodium selts in the company’s own grease-making plant.

The aleohols were recovered from the reaction water which
separated from the oil after the main condensers, and also
rrom the condensed water obtained when the active carbon
scrubbers were being steamed. The combined agueous liguors,
containing C.5% by weight of alcohols , were distilled to give
2 distillate containing 70% organic matter, 8~10% of which
was aldehydes, ketones, esters etc. and the remsinder a mixiure
of alecohols of the aponroximate composition given in Table 55,

Table 55

Alechols from Reactlion ¥ster. Hoesch-Benzin

Methyl azlcohol 104
Bthyl K 25%
Propyl ® 305
Butyl " 254
fmyl and Hexyl alcohels 1G4

The crude 708 concentrate was sold to the Reichamonepol for
1,000 RM./t. pure alcohols. The cost of preducing this
concentrate was given as 107 RM./t. pure alcochols, which figure
ineludes 7 RM./t. capital chergez. The production mmounted to
26 t, pure alcohols per month or 0.6% of the total primary
products,

No attempts was made borecover higher alochols {rom the
Diesel oil fraction,

Hax

In thg wax refinirg plant of Ruhrchemie, the residus,

bepe = 320°C., from the distillation of the atmospherie-

pressure synthesis profuct, together with the wax recoversd



=i
-
n
e

from the catelyst by solvent e;{traci;ion was sutjected ta
vacuum distilletion at 6 mn. wressure in a still comprising
two emitimuously orerated columna, arranged in series

Triese columns were erranged with @he neating coil in en
upper compartment and the heat exchanger and condenser in
the lowor section, Tne heating wes efTected by & super-
heated water circulation. The .Lr:.é column, v:}“n-::h Trovided
distillate~l, was muintaired atl 16\ G, and the seco ard, which
gave @istillate-11 end residue, at 200G, The two
distillates were run without Turther ":reain‘;enf' to the "sorft
wax® storage and the residue after cooling ard fisking
hecame 'catelyst wex’t,

The residue ahove 32{)03, from the mediwm-prezsure
product was subjected fo vecuws distillation in o similar
pair of coluans to give two distillates (‘13@00., End 5’000{_}“:}
and & residue, The distilletes were neuiralised ina
disintegrater with 1% of a hot 5. caustic sodz sclubtion amd
than washed with water. The peutralised distillates were
than treated in s Henderson sweaiing plant, Distillate~]
gave an gil~free sof't wax, rnp. LG - L5°, 70 parts of which
ware tlendsd with 30 }ﬂrto of the hard-wax residue fran the
disti ll;ﬂ;t;on DaTWw 30 ~ 55 C-a, to give crude "plastic wax!,
e Do 75 Co  Distillate~IT was wwa*ﬁa o give cruda
Pblock paresfin', m.p. 50 = 52°C, " The low—melting material
Trom th sweaters went Lo the conmbiped soft wex storage.
The block pararfin, plastic wax and the remalnder of ihe
high-melting distillation residue were eash refined with
2 %o % of o omixture of nipe paris of "Bleichton 3 Lochativ®
{= bleaching sarth sc2d by Bleichton Gum il , Aiﬁ"]ﬂ‘neﬁ)
and one part of "Decalit” {active carbon sold by Lurgi

The daily input of raw materizl to the plant was
435000 kga {21,500 kg. of normel-pressure residue ahove
320‘:\'5 and 29,500 kg. of mecxm_u-»pz"eseare resiine altove
3,0°C, ) and the daily ouvtmet of refined producis was as
howr in Table 56,



Taily Output of Refined Wax Froducts, Rubrchemie

lielting point | Production !
(appémxjmate Jsl ¥z, /day
Ca

Soft wax (incl. swest oil) 35 - 45 22359
Block paraffin 5 - 52 2200
FEsaatic wax 70 - 75 2634
Catalyst wax &c - 90 6366
B, B. Hard wax o -~ 95 8976

Flow-shests for the refining plept are shown in Flgures
7 end 8.

Figere 7 also gives the dimensions and other details
of the sweating plant, presses and other items of plant.

In the proparation of blooh peraiTin, the swealting
process occcupied about i nours, and the highest melting
Tortion of the sweat oil (about 1/5th of the input to the
sweaters) was recirculated with fresh feed. In the early
deys, de~ciling with solvents had been investigated but it
was concluded that swenting was cheaper,

The tulk of the soft wex celled "Gatsch", was deliversd
to Witten for fatsy acid menufacture, the remsinder,
including all the first rumings from the sweaters was cracked
to provide raw mebterial for lubriceting 03l synthesis,

Lrigr to 19%%, Ruhrchemie used the namées Piara iin V¢
to signify catalyst wax refined by eartn treafment, end
fparaifin V. " for refined hard vax from the medium ressure
process, This terminology has not been used since that date

ot Hoesch-Benzin, the residue above 520°C, of their
pedium~pressure product wes vacuun distilled and the Traction
valow L50YC., {760 mm. ) was deliversd to Witten ard ths
residue { >450°C, 3 760 m. [ sent to Ruhrchenie, together
with the catalyst wax, and refined in the Ruhrchenle plant as
dezeribed above,

Referring to the Brabag waxes, Dr. Savter sald thai the
- oA - s e 4
ters "lacroperaifin® {which freruertly occurs in documents)
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was applied both to the total cstalyst wex, m.Tu ca. $0°C,

obtained at the Brabag (Schwarzheidag atms;heric-pressﬁr;
plant, snd %o the residue, Bop. > 490 C., mp. 95 - 100°%,
obtained by vacuum steam-distillation of the catalyst wax,
The forerunnings, bBop, below 450°C., from the distillation
were added to the 'gatsch’ and the fraction 450 - 450°¢,

known as "iMadium pﬂ.&‘.‘&ffiﬂﬁ, e Pe 5O - 5{)0(3, s, ¥as used for

rolishes, '

frabag prepered an oiptment base by hydrogenating the
crude HacroparalTin at &.}OOG., and 80 atm, The product, T Pu
45°C., was extrected with pentane apd the extraot (70% of the
inpat material), after itreatment with bleaching earth, was
obtained as a soft, whits non~viscous product resembling
iard, 1t wes rendered odouriess by distilling-off lower
Tracticons in steam under reduced pressure, The 307 of materigl
left as residue froi: the pentane axtraciion wen returned to
the Wulk Hacroparaffin stock,

Dr, Sauter conaidered thst eracking in the resence of
hydrogen st 350°C, end 8C atm, was the bast methdd of
eerverting hard wex into gatsch suitedle Tor fatty asid
synthesis by the Witten process,

Ruhrehemie consider that the waxss scontain about
10 - 20% iso-hydrocarbons with short side cheins,  They
had not carried out eny ftrisls of the I.G, modification of
the Schagrschmidt Sbll_ method and were inolined to accept
the L.& Tigures with ?eservea from srxanination of the
structure of the olefines pressent in the primery prodacis
{sce B 453 ), there was soms evidence that the proportion of
iso-Hydrocarbons might be as high &3 20 - LO¥% in the wax
fraction, 10 - 20% in the Diesel oil and 5 - 104 in the
benging,

The soft wex has elwsys beoen consldered to e more
foranched! than the hard wax, but Bahrohanie bolieve that
thie may not be so, as the short side chalps will affeot the
ghysical propertiea less, ths longer the main chailn, This is
periicalarly the case with « -methyl groups.

Buhrohemie gave the following genersl information
concerning the utilization of the grades of wax scld by them

T 'Soft Wexx' was used as cracking stock, as raw materiel
for the Witten oxidatior process, for the inpregnation of
paper and matches, for the mamifacturse of leoather oils, &nd
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- in the artificial flower industry,

'Block Paraffin'® was a subskitute for the similar

material derived from petroleum and brown-uoal tar.

*Plastic Wex' was used for the imprsgnation of wooden
or cardboard casks, in the rmamifasture of Dapar and
artificial flowers, in the marmfocture of oinkrent bases,
leather pressrving products and candles,

'Refined Hard Wax' was used in the impregnation of
papsr, textiles, wooden barrels, in the mamifasture of
candles, floor and hoot polish, leather preserving produsts,
lubricants, carbon papers, for electrical insulating
meterials, particulerly in Condenszere, rust potection of
metal, elecirolytio bath covering and in the artificial flower
industry.

The principal firms to whom deliveries of these waxes
were made by Ruhrchenie were as follows:e

Ceresin Planty Other Indusiries
Schliemann, Hamlmrg, Sidol-Werke, ¥3ln,
Schlickum, Dermstadt, Chemiache Fatrik Pferson,
Struve, Hamburg, < Augsbarg.

Prifser, Hemburg. Thompson=ferke and
neturger Waghswerke, Hineburg. Jegenbergwerke, DHsseldory
Vogelsang-Werke, Hamburg, [adwig ¥3ller, Heilbromm,
Compes, Disseldor?, Hydra-werk, Berlin,
Tromm, X#ln,
Soludtz, Frankfurt a, M, The follewing carbon-vaper
Berliner Ceresinfabrilk, marufaciurers g-

Berlin-Neukdln, '
Chemische Pabrik Dessau, Dessau,  Gfnihar Wagner

Zeha-Werke

Ruhrohenise stated that the ceresin mamifachurers mede
blands of Filscher-Tropsoh wax with residusl wax from
- i »
petroleun diatilletion as substitutes for omokerite,

~

Hemoval of Alcchols, eto,

The aleohols and other CAyRan=containing substences
%hich occur in the primary products of gynthasis with iron
catalysts can be sepsrated from tho hydrocartons by counter-
current extraction with & 20% aguosus solution of soap.

Tire alochols can then be removed from the soap solution by
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itetoratiry scale with CLromatograhiic methods usirs Siiiza

gel, aluminium silicstes or activated alumine,  The prizary
product was passed through three columns in series st
slightly reduced pressure and the effluent from the thirg
colurm was practically frees from OxXygen compounds, The
alcohol concentrate could be displaced from the absorbent
by hot or cold water,

Refining of Primary Products for Lubricating 0il Svrthesis

¥or the production of lubricating oil by volymerizatisn
of' the olefines present in the primary product, it is
Necessary to remove aleohols and other compounds which react
with aluminium chloride, Ruhrchemie had developed two
processes for this purpose, In one process, the fesd~stock
was vopourised and passed over activategd alumina at 350°g,
at a rate of 100 ~ 200 ml, liquid per 100 ml, catalyst per
houre  After 400 hours it was necessary to interrust the
process {o burn off carbonaceous deposits on the catalyst,
bt after 1,000 hours the catalyst was still active, The
loss obtained in laboratory trials was not morse thas 0.2 te
O« 3/ It was claimed that no shifting of the double bond of
-olefines ocours during the process, ‘the main resction
being the dehydration of alcchole.

The other process consisted ip treating the fesdmgiook in
the liguid vhase with concentrated chl? solution at 140 -
160°C. , in counter-current.  This procéss was just ss
effective as the other and somewhat cheayper, Products
obtained With some of the early iron catalysts contained
diolefines, and could not be satisfactorily refined by this
neans, but no dir'ficulty has been experienced with the latear
iron_catalyst products. :

Ruhrchenie 'Hot' Clay Refining froceas

Ruhrchemie found that the octane rumber of olefinic
spirits can be raised by vapour-phase treatment at 250 -
35000. in the presence of acid activated clayvs such as
Grenosil and Tonsil, The effect is cunsidered to be due
partly to movement of the deuble bond towards the centre of
the chain and partly 4o isomerisation of the caroon chein,
Purely paraffinic spirits do not respond to the process ang
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the rise in octane mmber increases with increase in the
olefine c.ntent, No cracking takes place during the
treatment and only a small emount of polymer is found,

Tn small scale trisls the results given in Table 57
were obtained.

Table 57
Hot Clay Refining, Ruhrchesie
FPrimary T. V. P, Iubbs
Sterting ikterial active cracked | cracked
carbon spirit spirit
spirit
4, 0,692 0,720 Ca749
Olefides, % 11 59 83
{Octane number L0 60.5 £1.5
Treated daterial
Octane rumber Sy 70 81.5
Increase in octene muber 14 9.5 20

Large scale tests were carried out using a tower
containing 10 tons of activated clay and passing 3.6 Ctis e fha
of vepourised spirit preheated to 400°C., the temperature in
the tower being about 300°C. Spirit fram the cracking of
Diesel oil showed an ociane ruuber increase from 56 to 70,
and the overall loss was 2., 1,0 being due to polymer forma=-
tion. -

Besed on theve large~scale tests, the cost of the
process, including capital and erection costs, was calculated

as 0,6 Rpfg. per kg, of spirit treated.

Anelvsis of Heactilon Products from Iren Catslyst Fxperimenis.

The reaction products obtainsd when using ircn catalysts
contain, in addition to paraffins and olefines, alcohols and
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various oxygen~coptaining substanoes distributed between

the oily and aqueous portiona of the product. The methed ¢
analysis used by Ruhrchemie in their pilot plant experimsnts
wes as follows:-

Hhe portions of product recovered from the various
collecting vessels were mixed and the agqueous layer separated,
The latter, which containe alsohols but no hydrocarbons, is
distilled until 40% has besn collested. The distilists,
which contains all the eloohols, separates into two leyers,
the upper layer consisting of higher alechols and a lower
aqueous layer contaiming lower alcohols, meinly sbbyl, which
ere determined by conversion intc the formie amcid estars,

Tns hydrocarbon layer is distilled, ocuts being mede st
150°, 2009, 3280 and 11.600‘,, vacuum being used for temperai-
ures above 20078, A =mall emount of water sepsrates from the
fraction boiling below 150°C.  The Gemsity, refractive indax,
iodine mmbar, hydroxyl ramber, secid rumber, saponificstion
‘munber, carboryl mumber, and percentsage removed by Lreatment
with sulphurio~ghosthorie asid mixture are then determined
for esch fracticn,

Sulphurie ecid-phosphoric acid mixture removes clefines
and a2ll oxygen—containing substances, I% elso atbeck: the
mors highly branched chain pareffins and the differsnoa
betwesn the amount of materisl rewoved by this resgemt and
the amount of clefines and oxygen=containing substarcss in the
original ¥raction gives an approximats indication of #is
extent of branching of the peraffins, Rubrchemie do rob
conglder that thare is any relieble method for determining
the proportion of iso-paraffins in miztures of these with
normal paraffina,

Analvais of Olefines

ixr, Bdchrer of Ruhrchemie determined the proporticn of
olafines in the rrimary ard secondary poducts of the

synthssis by oponisation followsd by treatment with moiss
silver oxids epd determination of the formis roid produoed,
By this methed he found that in the wrimary produst
obtained by synthesis wilh cobalt catelyst at normsl
pressurs the percantage of the olefines with the double topd
in the o-positicn wes € - 12, whereas for medium pressurs
synthesis with watar-gas recirvculation it wss 35, and v the
material obtained by eracking normal cobalt catalyst product in
& Dubbs unit it was 68,
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Dr. Rettig, of Rubrohemie, had worked out 2 method in.
which close fractions of the hydrocarbon mixture wers
oxidised by heating with nitric acid (4 = 4.25 to 1.30) in
the mreseance of Véoﬁ or 420 as activators,

=

The K~olefines give & fatty aclid «+ GO and ars
extimated by detemmining the latter with térytag Other
olefines give two molecules of Yatty acids, and by analysis
of the mixture of acids produced, the proportion of olefines
with double~bonds in varicus positionz car be estimated,

It is claimed that the proporticn of normal to branched
chain olefines cen alse be determined by this method,
Further details of the nethod are given ir a dogument
rreparsd by Dr, Iotiig,



