5 /nc/drnfé m,am

Roesl 138
Document No. XV

Colleotion of Reports’ llado by the Reaearoh Laboratory
Roport No. 304

: { Research Laboratory
‘\J\ Me-219 ~
' ' Leuna Works,-
December 9, 1941.

kd

The HF-Process and the Moosbierbaum Plant

)

'R'oport given by Dr. Keufmann at the
..Petroleum Conference held at Berlin on
November 26, 1941, .

Fundamental Obsomtions COncorni ng the HP-;Prooou

) The. HF- prooesa is a dovelopment of the hydrororming prooeu [
started by the Standard 011 Cmnpany Au you lmow, it 18 an intermittent
p{-oooas. - . ) o
Ve ‘operate in a produotive HF—pe_i'iod, roilowed byan p_x;pfoc_iu'oti,ve'
period of catalyst regeneration. - LI RO ‘.'»_ o :

o T I* shall explain the mndamentala of the \prooess on the basis of
Figure 1. Initially, when we first .8et up our production sohedule, wo
had to baae it oni the ocurrent. experienoes made with processing petroleum.
Ve had ‘to arrange for the two alternating periods’ oh the basis of 1l -
~ratlio, that is, on the basis. of a 10-hour Tegeneration. period following
8 10 hour produstion perio‘&.A ‘For thia reason, we had to’ choose a two=~
“unit 'system; one unit would‘be An opei‘ation. whihrthe_ other would be

‘re| enoratod. : L A
g e TN

1. ) Hoosbierba.um, First Stage « of Plant Devolopmont (be I)

o Figuro 1 demonstx-atea ‘the teohnical ,equlpnent uued\at ‘the: firat
stago._, Sono of it is: baaed on the peraonal experiencea whioh I had L

"glthorod in the United Statea. ’ : . _-"f Tﬁ, Lol et I“-

S rhia unit’ 18 oharaoteru"ed by ﬁh’e follming—featuréa: The largo
:'ohamher reactor ‘or convertor is unheated; the ‘necessary heat is. Antroduced
‘Anto the reaotion mix!:uro outoido of the oatalyst chamber (indioated ,by :
lrron); both groups share one prehoater. The hot switoh valves are ‘placed
between the prehoater and the reaotor. Thi—a figure shows only two reaotors.
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In to.ot we operate with two reaotor units comprising three resctors eachy
and between each of the reaotors.an intermediate preheater has been placed
for reheating the roaotion mixturo, the BP-roaotion being of a strongly
ondothernio nature. e

P—

2.) uoocbierbaum, Seoond Stase of Plant Devolgs_ment (MubEL)

1 Taking into considention the endothermic nature of the HF-
reaction and the exothermioc nature of the regeneration reaction, ‘when
wé erected the seocond stage units, we chose .a tube. furnace having a
heated jacket. Furthermore, we gave up the prinoiple of using one pre-
heater for two reactors. An entirely self-contained reactor unit having
‘s preheater of its .own is more independent; ‘another -advantage of this
arrangement is that the aensitive hot-=valve mechanism between the_pre-
heater ‘and ‘the reactor is not needed any-more. -

N . i -

Initial‘l‘uks S , R ’

l’._

S . ua_y hs mention that at the end of 1939, when we “deoided to build e
teohnioal -plant, the following tasks had been assigned to us: We were

" “supposed .to- prepare a suitable aviation gasoline having about & B4

~ quality,’ from Roumnian straight-run gasolines‘, whioh oontain too mch |

'paraffin. o L ST

L Latar on, ‘we reooivod the data obtained by DVL, where one of our
firat pilot plant products had been aubjeot to the motor test. It turned. .
out to have such an” outstanding auperoharging oapaoity in the: aviation

.. motor, that it was: -not designated as an "aviation gagoline”, but as a

. "high-efi‘ioiency gaao].ine ». From that time, Moosbierbaum had'to" ‘supply |
high' efficienay gaaoline. And at thats by a process working up petroleun.
Hitherto, in. general .only mineral ooal and ‘its derivatives had been used

a8 & parent material for suoh purposea ("Aromatization"). 1.

Furthemore, the oontinuous development of av&ation notors
__'resulted in continuoualy strioter/requirements oonoerning «the quality~¢f
» HF-gasoline. SRR o ‘_H. o ‘ L

However, ‘We auooeeded in meeting these»evezf striotor requirementa, ‘
' too, even .while using the unheated. convertor, by syqtmtioally develop— DR
. ’ing the prooess, parbioularly the. oat&lysts. UL 'f
r"-—-._

: In these convertors we- have partitioned the catalyst beda in
such a menner ‘that in the oourse of.the reaction ‘the vapors will 'pass over
‘ oonstantly more and more aotive catalysts, within ‘each of the’ individual

_reaotors u well a8 on pauing frcm one: reaotor to the next -Onoe -

coTET Only by ohooaing this mod,e of aotion o suoceoded more or leas :
in- diltributing the HF_ reaction over the whole length of the oatalyst bed; .
thereby we obtained good results. ~However, the results in the tube-mmoo{
were still 4-6% more favorable. -
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Chemical Reactions and Mozie of Oporai:ion

*I want now to discuss ‘brioi‘ly the ohemioal changes taking placo
and the mode oi‘ operation to be used. ] -

Tho quality of a high effioienoy gnaolino is nowadaya prinoipally
expressed by its- supercharging capaoity in the motor up to the knook limit.
A desirable supercharging oapaocity results either frot the prosenoe ’of

) aromtios or of widely branched hydrooarhons. :

o The rormation of aromatica ooours along with the formation of
hydrogen. . . .

1. ; By the dehydrogenation of. naphthenio hydrooarbons. :
By converting peraffin hydrocarbons into cyclio hydro-
: oarbons and by dehydrogenating ‘them thereaftex:.

: Y . . These oonversions oooaeion an endothermio reaotion of" about
150-200 cal/kg of reactor charge. (Roumanian-petroleum gasoline). -
~important although undesirable side reaction consists in the splitting :
of ‘the: thermally relatively unstable. paraffin hydroocarbons.: ~Principally,
_coke’ and hydrocarbon gas are thereby formed and the output is thus re-
“duced. The more paraffins are contained in the-parent material. and ‘the
“higher the requirements the HF-gasoline has to meet in Tegard to its. )
" aromahic oontents, the more: loasea will be inourred in the prooessing.

u

‘ Operating Conditions AR

: i “The . optimum gressure for auoh pe‘troloum gaaolines ia 15 atnx.
Both units in.Moosbler aum, - however, have been built- fors 16-30 “atme, in
‘order to be ‘able to:process also. gasolines having' a high' naphthene oon= '

‘ tent :if neoessary. The Hy. partial pressure in-the recycle gas is’kept
at about 65-70% of the total preasure by meana of waahing and. oooling. :

The reaotion tempera“tures average a’bout 500°. :

We are using aotivated aluminum oata.lyats oombined with 5-10" of

'- molybdio aoid. The Moosbierbaum oatalysts are prepe.red -at Leuna.
N

’ The rotation between the HF reaotion and the oatalyat regeneration
doponda extonsivoﬁ upon the quantity and- quality of .the feed stock on ‘the
“one-hand, and upon the quality of -the final product, ‘on the other hand. ‘In
- the igourse of time. we oould render-it more profitablg. In the actual ocase,
with Roumanian gaaolines having-a: high~paraffin oconte , the’ conversion !
period la.ats about 17 hours;- the catalyst regeneration,. tho unproduotive '
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part of the prooess requires about 9 hours. On ‘processing petroleum
gasoline containing more naphtha, the ratio would beoone about 30:9 or
better, nocording to the aotnal qualities,

The normal’ oata}y_st ohlrge wan .5-0 6. kg/l/h

. Crude Ganoline HF=Casoline

'

Density at 20°C. =N : o._7so ' 0,776

(Lowest Boili'ng Point 0, - 62 S 44
: T - {(vele % up to 100°C. » 18 S 36
Boiling Range ?701. % up to 160°C ] 94
‘ - (Highest Boiling Point ©°C, _ ],.65 164

— .
- .- —

APT °C.. - DR e . 8.2 - 0.8

'Bromine Humber Co ‘ . - 0.51 .“2.3-:
Olefins Vo1. £ = o 1.5
.Aromatios Voi.'_}’ S : ,‘ e 14 B4
.Nuphthenes Vol.% = ST - L s o ~8
bc % L e 0 esue 87.94
H% . B _ 7 v ‘

'stea.m Presmre (He:ld) B

1468 12.16
0.3 0.8

4_f7,vLaa.d Bomb. Test mg ST e AR o R T
'Ootane Nmbei- T e T e
 Ostane Number.+_ 0.13 Pb oo T g o

o . v - - el

Results S ent R IR R o

] : S
' I am now going to disouss the principalx resulta of the prooeuo

) © " The pioturo (Fig. 3) denonstr&tos hou lone\propert"tes of the o
ganolineu were ohanged by the T{F-prooesain& ‘The aninne point 1 of 48.2°
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would be sufficient for 1ndioat1ng'that in th'ia oasuy we aro-dealing with a
semi-paraffinic gasoline. Now I am referring to the aniline point of the
HF~gasoline; it 18.0.6°. I want to add that the aniline point gives a
very satisfaotory oriterium for a rapid first evaluation of the whole re-
action. Practioally,the operation of the oonvertors is ohaokod by moans '
of the anilino point, to a ].arge extont. . o |

- "I want further to remind you that.not-all of the orude ganonne
undergoen the HF-process proper, but only 80=90% of it. The lightest
fractions, up to about 70 or 80° are admixed to .the HF-product ("HF-
fraction") without further. Pprocessing ("H?—gaaoline"). }p

: . ‘The oleri.n oontents rise from 0.5 to 1.5%. The lead 'bonb togt
is unobjeotionable. The analyses refer to an EF-gasoline refined with
sulfurio acid. After oareful studies we have found it most suitable’ to
refine petroleum HF: gasolines, using very oxi.guous quantities of sulfuric
) aoid. The table shows tha aromntic oontants to have r risen from 14 to 54.

“The ohange in ‘the ootane. number is mtoresting. I shbuld like
" to_say that we have determined these values—at Launa; DVL found an octane
—number of 95 for the _same gasolines = . _ e , o

The ourves (Fig. 3) denonatrate the praotioal resnlts of the,,g :
_variegated oorrelutions be'heen the qualitieu of tho pnrent énd of the e
final prod.uot. . : ! S L

/X want to 3ay here 'hat I railed Gto mention when I disousaed tho i
oquipnent ‘used for the I..and for the "IT. stage at the Moosbierbaum plan‘l::
The first-stage oatalyst chamber: measures 42 nd a.nd tho aacond-atage

oatalyet oha.mber measures 22 m3., s T N
. .

: These curves (Fig. 3) are Mluenoed by the following faotax -
. 'The ehangen in output’ depending upon the’ qualitiea of the feed stock and. .
‘of: the final products, ‘along ‘'with some mporhant changea An the operating
.oonditionss Your are seeing. here, the’ Pigures for the oharges and for:the
ratio of the HF reaotion period to the catalyst regeneration\ period, inol. o
‘the time needed for. rinsing. - The. more paraffina.are contained in the
‘feed stock gaaoline, the lower must-be the charge chosen, . This tendenoy
effects still more deoislvely the time ratio. ‘The same applies, of oourse,
when different- quu].itiea of HF gasoline are to be obtainod on using tho
‘same feed stooks: - g : o _ :
Lo At thi.n timo we oannot dicouu other important effeots, suoh as’
~the ‘influence exercised by the ’boiling range of the orude gasoline, by -
‘the. nature of the so-called residual gaaonne which contains no aromatics:
and partioularly by the oatalyst. .



22 w3 Flant (Mbb IT) -

Crude Gasoline P

EF-gasolme output
&'ude Gasoline Hav:lng .B.Po

B AJP, 48

| — Teedstack for Productlon

L5




|

The following table shows in detail the prinoipal and side
produots to be expected at Moosbierbaume The Ammonia Plant at Merseberg .
is buying the crude gasolines direotly from the individual Roumanian
firms, since we failed to get the support of the *Viifo",

Hoosbierbaum Staso T and II

Crude Gasoline AP §0°; HF-Casoline 50 vol. % Aromatios.
STAGE I STAGE II
) 42 3 oatalyst 22 n® ocatalyst

- %ofyr weight % tofyr weight %',

Input, orude gasoline. 80,000 100 . 60,000 . 100

‘Output, HF-gasoline 59,000 . -73.7 47,400 79
Redistilled residue 2,900 " 366 .. " 2,100 - 3.5..
-Coke. -. .. S 11,100 T led - .. 880 - . lel

EES S s o8B0 . 1.2 8BO S led
ey : 4,700 . 6.9 . -1,960 2.8
Co—o . 4350 . Bed " 2,250 T - 5.8
-Cg - 7 3,600 4.5 2,600 . 4.3
[ 3Cqi= \,‘- : 1,200 . ~21.6 "~ <800 . . 1,37 |
mCg.. L. 02,2007 2.8 1,600 2.7

- .. This tahle contains also the side products, whioh had not been .
mentioned hitherto. 'I want-to stress that these figures may vary within'
- & fairly wide range when the given conditions vary (aniline point of the

" feéd-stook gasoline 50°;. aromatics contents: of the ‘HF-gasoline 60 vol. %).
I. should-like to add that.the hydrocarbon side-products consist nearly

exclusively of paraffin ih?droog’:f';’?%“nﬁab"v.&hi’ra!é used as heating and motor
g88e. o S e e TR Cewed i

— P

oo This demonstrates again the greater éfficiency. of the tube ~ . .

- furnace in comparison with the convertor, in regard to the ratios.as well
as in regard to the abgolute quantities of the products obtained. {The
difference in the time ratio which we have previously mentioned, is im=

Portant;,there: 10:10, and heres 17:10 hours.) . . - ..

SRS £ '}-A'?f'ei-.’diﬁ;-“i;ia.fbe[gi’veh*—'oéno'ei‘nugv'i‘:he"i;;gst@'t and operating’

_costs, inoluding the energy roquirements.
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lloosbierbaum I and I (100 000 to/yr HF Gasoline)

Invaatmant Costs..

Totals RM 17,050.000.- Total: RM 106.60/t0 Total: Ru 29 /to
contained therein A HF-gaso’line o R HP-gasoline
Proheaters for con- ' : Auxiliary material Steam 2.7t
vertors . 3,080,000 -. - - 13, 10/1; HF-gasoline = —— - :

TN - N High tension -
‘Electriocity and op- j‘ Operating costs - stean 268 kwﬂh/t
erating equipmant : » 6600/t HF-gasoline , : -

- 2,000,000 Y " Water 70 mS/t
L o ’ (Energr 29 RN) - '
Piping 2,750,000 e (Repairs 20.50)
‘Soaffolding, girders -  Amortisation 28.so/t
-.mstallation 1,610, 000 : - BF~gagoline « -
: . (20% of 15,080,000)
storage\tanku 1, 080,/000 7 (7% of 1 970 000)
" office Buildingu SN Conditiona presumed -
1, 125 000 ~ T Crude gaaoline AP 51°
Roada, truoka, °t°'v§ o
650 oo .. \-"jj' _ : f
Air Shelter 980 ooo e L !

e The .tnvestnent o:’gts win appoar to- be very high. However, it
. mist be taken into oonsidération that we were buuding on. a tract of ‘land
: 'hioh\ had not been . openod up;.when ‘the first etage was plannod, the_ : :
- general oonditions ‘were .not ‘such that the need for exparnsion oould be

: roruoen; thus, the aeoond atage had to be build quito aepamtely, toof-_

R .., Tho operating oosts are cautiously oaloulated. "R very poor feed
-stook: wag chosen as the ba_sia_ of" .o't_:r,qalculation; that s why we auuned
that it 'ou'ld yieldtbn-].y 73% of;}'HF-.'-gaao]_.ine., %13 clalculation gives a .

- Whon the yieldt inoreaae the apeoirio opemting oosta may be T
expeotod -to deorease.’ Our low yearly: output aﬁd our expanding in. sopmte
.steps affected the prioea adversely, too. . oocbierbaum, wo are alac



paying high prooes for energy. F\art:hermore, the Uoosbierbaum pltmt .
operafes’ inolated fron any -simllar large work, such as hydrogenation unitse

Catalytic Crackin king

Our laborntory is not only studying the use and rei‘inement of
petroleun products; already’ before ‘the war started, and now again, we have
extensively investigated the problem of satalytic eraoking. This process,
too, 18 an intermittent process used for converting a part of the middle .
oils boiling up-to 400°C. into gasoline. Vihen the prooeaa is adequately
oontrolled, it yields good avidtion fuels, too. -

Middle 0il vapors are passed without presaure at about 400° o
over a synthetioc aluminum silicate catalyst, without any. hydrogen admixture.
More coke is formed. At the HF-process, l-1 1/2% of coke were formed;-
with catalytic oracking, 3=5% of the feed-stock are converted into ooke..
Therefore, .the operating periods are much shorter, only 15-30 minutes. -

In ‘oonparison thereto, the regeneration and rinsing periods are mach longer
than with the ﬂF-prooess » namely about 2-4 times-as . long as the opetatlng
period. . . :

Yields | SRR R .',-f RN g

e - {
=

L Again, there 13 an extensive oorrelation ’be‘tween the outpult and ‘

‘ quality of ‘the ocatalytic oracking products:and ‘the properties of the middle .
-0ilss  0il ‘having a naphthene base is eamsiest to work up; -‘oils containing ‘ .
_pre<eminently parsaffins are hardest to work ups: They yield a lower gaaonne ‘
output, whi.le the pox'tion of gaseons hydrooarbons iq_inoreaaed at ﬂ'ze sa.me R
time- ol : AR . L .

mrthermore, the quality of the gasolines produeed is somewha.t
£ .’mferior to that of the naphthene oils. e : _

The yielda to be expeoted onworking 'up a i)'re-emihen'tlyl, naéht’fi’ene‘;\.‘.,
middle oil ‘averaget . «;_,_ T T ST LT e : SR

Gasofine up to 165° vb .28 -30% B
cs and 04 Hydrooarbons - ‘-!A : ,'10:- 15%"'.
Hz,_methane and ethane (ethylene) 2 -3
COke L "h':f'-:"f S g § 3_5%
R-oil-;.(biie_eel on o so-seh
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.-T}{e KK-Gasoline

i The catalytic oracking gasoline has a good octane number (m!)_of
78-80, with an additlon of 0.12 lead it reaches about 90, although it !

ojoni):aina Jmoch less aromatios—(zs-so%, while ‘the HF gasoline oontains 50—’
55%)e - . C ) !

i

The olefin contents are higher in oracking gasolino than theryl

are in HF-gasoline. But they are absolutely harmless uni-olefins. The |
storage stability of oracking gasoline is exoellent.

Overohajixlg Capaclty S Lo

,._Authentic DVL data conoerning the super-ohqrging oapaoity of
the KK gasolines are not yet available.. The results of tests made at
our own testing unit at Leuna demonstrated their excellent behavior in the -
?viation motor. - The super-charging ourve lies conaiderably higher than ’

hat ‘of By, gasolines. . . ) R

; ~ This desirable property of this gaaoline is to a large extent
due to the “Tact that the paraffin hydrocarbona in the cracking gaaolino

are widely branohed. o S Vi e

Lo -

Hydrooarbon Gases

- Beoause oi‘ the peouliar oompoa:ltion of the cs and;C4 hydrooar‘bonp -
fomed, ‘it -geems very desirable to follow up the oracking process with
an alkylation process,- thus causing a i‘urther amelioration of ‘the quantity

' and. quality of the” gaaoline.

of e

—— e,

— : Figure 4_ shawP the p].ans made inJ’egnrd to our mture exnax;sion\
- at Moosbiarbaum. L ; .

7-9-47.





