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VL. HYDROFORMING PROCESS,

The hydroforming »roccss was invented in Germany by the I.G. Farben-
. industrie A.G. before the-war and the basic patents wore keld by the Germens.
%THG process was developed in America for the production of arcmatics from
raight run gascline. No commercial units had beon built in Germany prior
» the war, and the Leuna pilot unit was the forcrunncr of the only largo-
cale hydroforming plant row operating in Germany, namecly that designed and
11t by the I.G. at Moosbiorbaum. The capacity of tho plant isg 7,000-7,500
of finished product por month; this was to be cxpandcd to lh,OOO tons
month; but the project did not matorialize. The unit at Towna is similar
some respocts to the.units in tho United State, but in others, quite
fferent. A simplifiecd flow dicgrem 6f the Iouna unit is atinchod as Fig.

i‘Qharging stocks werc pfimdrily gtraight »un gasolines and the éatalyst
was a molybdena on alumine catalyst containing 5-10% MoOs.

. The Louna unit consists of two reactor systems of throe reactors ecach.
One system is on stream while the other is on regeneration,

It was thought necessary by tho Germans to vary the activitics of, the
talyst in the different reactors by varying thc MoO content and the particle
gi2¢ in order to obtain a uniform coke laydown. Tho catalyst in the first
ctor 1s divided into three zones, i.e. the top zono containing a catalyst
fith 5% MoOs and with a. particle size of 10-15 mm.; a middle zone, algo with
Particle size of 10-15 mm., containing 10% MoO%, and o bottom zonc contain-
-10% MoO= but with a.particle size of 6-10mm.” The sccond recctor has two
©8 0F catalyst, both with a MoOx contont of 10%, but with a 10-15 mm.
- in the upper zone, and a 6-10 mm. size in the bottom zone, The third
ctor contains one bed of 6-10 mm. catalyst with 10% Mo03. '

The cherge first exchanges heat with tho effluont frem the third reactor
'1s then mixed with 600-1000 cu.m. of recycle gas por cu.m. of charge con-
ng 50-60% hydrogen preheated to 520°C, under 15 atms. préssurc. Tho
tal leaves the bottom of the first roactor at 80°C., is rchodted to
» Passes down through the second reactor and leaves ot h9590. It is
reheated to 53000., passcs through the third reactor containing the more
e.catalyst., The offluent from the third reactor at 510°C, cxchanges
¥With the charge and rassges to a recciver where the roeycle gas is
atod and the gas made is removed. The liquid is thon charged to a stabi-
259r whore ethene, propane and butane are romoved as an overhead product and
%% d8butanized hydroforming gasoline is mede as bottoms, :

The throughput is 600 gr. of liquid charge per litre of catalyst volume.

€0 reactors arc on-stream 6-12 hrs. and on regenoration for 6-12 hours
Straight run gasclines are the fecd stocks. t was rcporxted that, if
E280lines are charged to a hydroforming unit, an on-sircam time of 100
¥ould be obtained with 25 hours required for rogoncration. With such an
tion it would, of course, be nccossary to arrange the unit in a differont
T From the other two systoms of threc reactors cmployed at Leuna.
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The catalyst is regenorated in situ by recirculation of inert gas
introduction of controlled amounts of air. At the beginning of the rege
tion tycle, the gas contains 1-1/2 % air, and at the end 1015 air. Th
regeneration air is controlled so as not to exceed 5500 C. during any DAT
the cycle. It was believed by the Germens that this is highly importani:;
order to obtain a long catalyst life, althouzh the catalyst life obtaineg
was only in the order of 6 months. '

the catalyst was prepared by impregnation of activated alumina with
ammonium molybdate solution. It was reported that the catalys:i vas relatis
inactive during the first on-stTeamcycleuntil the last traces of ammoni
wvere removed by the Ffirst regensration. : ]

The feed stock was prepared by First distilling overhead 10-15% of .
material boiling below 90° C.; the remainder was then hydroformed, the hyd:
formate was blended with the overheed cut from the primary distillation.
yield of T6ﬁ hydroformate based on the total straight-run &asoline charge
was obtained with & yield of 72-73% Pased on o case charge. The length of
the eycle was controlled to maintain a minimum of 50% concentration of
aromadics in the final product. Typical inspection of ‘the charge and prod
obtained from a mixed base charze is as follows:- C

: Charging Stock. Product.
Sp.gr.@20° C. 0.750 . 04776
IBP.  CcC. &2 Iy
% over at 100° _— 18 36
- % ever at 1600 ¢ _ - 95 ok
- RVP: atms., '
Bromine Mumber
“Qlefins : _
~“Aromatics - 1y
Naphthenes™ hi
Paraffins- 41,5
% C. 5.6
- % E. L1453
Octane Yo. M. 58.5
‘Octane ifo. i, plus 0,125
- THEL, _ 79.0

Infqrmatioﬁ was obtained on the results from the hydroforming of paraffi
base, mixed base and brown coal hydrogasoline in the pilot unit. Theso ars
es follows:i- a . :

_ o Browncoal
Charging Stock. Paraffin Base. lixed Bage. Hydrogzasoline.
API ‘gravity of charge 5152 L3570 4ly
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Tt was proposed to subject ithe heavy hydroformate boiling above 1659, to
a hydrocracking operation described in scction VII - Arobin Process,

: It should be noted that the Levnz people were not too well sdatisfied with
heir present hydroformer design and have made experiments on hydroforming in

tubular reactor. The experlmental unit employed consisted of Tive tubes

th a 6C mm. diameter, each tube containing some 25 litres of catulyst Tﬁe
Lbes were heated by flue gas from an auxiliary burner, and s temperature of
10 %, was maintained throughout the length of the tube. In actual operation,
f course, the temperature was varied with the charging stock used to give a

gired aromatics concentration-in the produ”t The space velocity uded in
the tubular rsactor was 0.8 kg, of feed per litre of catalyst, as compared to
0.6 kg. of feed per litre of catalyst used in the present unit. The same re-
cycle gas to feed ratio was maintainsd. It isg claimed that-the use of the -

bular reactor resulted in a 5 percent increase in yield for the same aroma-
ic concentration in tbe product. wthermore, it was pessible to increase
the cn stream time using straight run to 20~ ﬁO wours, the ratio of on stream
10 regeneration times being L-5 4o 1. It ghould be empha51zed that the above
ésulis are those of a relatively small pilot plant, but it is significant

at the I.G, had decided on a plant of this type for the projected Meosbier-
aum extensions.
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VII. AROBIN PROCESS

The Arobin process is & method of manufacture of aromatics from the
beiling residves of +the THD (dehydrogenation of naphthenes) and the mp (n
i‘omin_g) rrocesses, _The' avallable charge stock consisted cf ebout 5% Teéiﬁ_
from the distillation, fThe brocess was developed to the pilot plant sta
only, with a catalyst volume of 25 cubilc ., and a cherge rete of 120 g2l
hour,

The Tollowing details of the process as applied to EF
secured from Dr. Herold of Leuna, who is in ¢
ther utilization of products from exigting processes,

Chargé fo.Arobih ?iant

run gasoline:

. APT Gravity
‘Engler Distillation.
IBP .
50%
E.P,
Bromine No,
Aromntics & Qlefins
Four Point
Elementary Analysis:
Carbon
Hydrogen
Bulphur

Overating Conditions

Catalyst Temperature 752-8%2%%,
{According %o Uotalyst activity)
Space velocity (liguid) 0.65 vol, oil/fvol,
catalyst /hr,
Gasoline concentration at
stripper 50% by volume)
Pressure 2,940 pai
Circulating gas 1000-3000 volumes/
volume gasoline/hour, to
control the heat of reaction
, (about 0.360 BTU/1b charge)
Chemieal consumption of
hydrogen 5.45-6.20 cubic ft./1b of
Tinighed gasoline:
Catalyst - myy catalyst + 1% Ma0s
(see below For method of preparation)

The MoO3 acts as a hydrogenation catalyst and
thus prevents the formation of polymers which
would cause coking,
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eld and Guality of the Product
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Average Net Yield
fethane
Ethane
Propans
Isobutane
N~Butane
agcline

W O
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Guality of the finished product {Arcbin)
APT Gravity k=2
Cctane No, (Motor Method} 86
+ 4.55 co/gal TEL 93.5
‘Bromine No. © 0.8%
Reid Vapour Preassure 5.9
. Corrosion Heg.
‘Freezing Point Selow -76°F.
' Gum {Gless dish) 4.0 mg/100 cc
Aniline Point Below -L°F,
Arcmatics & Olefins 65,0 Vol.,%
27.0
8.0

88.50%
11.45

117°F.
176
212
248
284
320
333
0.8%

freparation of the Arobin Catalyst

e

Preparation of alumina. Commercial alumina is dissolved in hot 25%
. Solution, to give about 1.56 lbs, AlsD /gallon, This solution is
h5% nitric zcid to give a i of 6. Precipitation temperature not
1229F, Arter precipitation, the solution is filtered or decanted, the
:Pltate 15 woshed with pure water until the effluent shows no nitrate,
aFed at 2L8OF, until the ash content is about 70%.

Prevaration of silica gel, Waterglass solution {Sp., g. 1,333, Si0p
1G% sulphuric acid are reasted at 50-59°F to give a 3-I pH. On heat-
58'176OF, the clear sol congezls. This gel is broksn into 1-1 /L2
204, washed until the wash walcr shows no trace of sulpkate, The gel 1s
t 24807 16 an ash comtent of sbout TO% It is pulverized in a mill
Om} until at least 90% of tae powder will pass a 10,000 mesh (per unit)

...H.T..
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3. Preparation of the "KK" Catalyst from the gel, The aluming
kmecaded in a kneading machine with enough water to make a plastic mag
nitric acid solution is added, the quentity being 10% of that theoretis
needed te Torm aluminiwm nitrate. Thon the powdered silica gol is 2ddeg st
continuovs kneading to give a ratio AlpOz: Si0p = 1:9. The mass if
kneaded for 6 to 10 hours. The mase is then extruded for 7 eed to ay
ing condy manufacturing mechine (Franconia),

L. Preverction of the Arobin Catalyst. The above sphercs are sdaks
with ammonium molybdate solution made up in such proportidns that. one v
rer cent MoOz is absorbed. The spheres absorb practically aoll the ligq
They exe theh draimed and dvied at 356°F.
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CATALYST VALVE - CATALYTIC CRACKING UNIT
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