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— Betres VersuchsergebnisSe beil Butandehydiierung-/w”f -
' Besprechung mit Herrn Dr. Rudorfer.

: Zur anliegenden Zusammenstellung der Versuchsresul-
. .btate filhrte Herr Dr. Rudorfer folgendes aus: ‘

T Die Umsatz— und Ausbeuteangaben basieren au£ sorgfé1—’

tigen technischen Analysen. Stockanalysen sind noch in Bearbei-
tung, doch diirften die Abweichquen“ier technischen Analysen
hiervon nur unwesentlich sein.

o Der von Herrn Dr. Rudorfer verwendete Kontakt be-
steht aus Chromoxyd auf Aluminiumgel (Dr. Stoewener).. Er wurde
~von Herrn Dr. Rudorfer selbst hergestellt und enthdlt nur etwa .

% % Cr,.0,. Das Chromoxyd wird in Form von Kaliumbichromat auf
das Alaméniumgel gebracht. Die Anwesenheit von Kalium ist nach.
‘Herrn Dr. Rudorfer von besonderem Vorteil. Im Verlauf der Ar-
_beiten wurde als neue Erkenntnis festgestellt,dass es von we-
sentlicher Bedeutung fiur die Dehydrierung ist, wenn die Kon~
takttemperatur merklich niedriger als die Temperatur des Gases
ist. Wahlt man Versuchsanordnungen, die diese Bedingungen ein-
zuhaltén gestatten, so lassen sich nachiden Beobachtungen von—
Jerrn Dr. Rudorfer -sogar.mit wesentlich schlechteren Kontakten .
aohe Leistungen und hohe Selektivitédt erzielen. Vorgenannte . . .=
Erkenntnis ist Gegenstand einer Patentanmeldung. Es ist zur
Zeit die Aufgabe; ihr noch eine zweckm#ssige terhnische Ausge-
staltung zu geben. : : h

' . . Da aus den bisherigen Versuchen zu erkennen ist,
dgss—die—VFersuchs—sultate—beim—Arbei-ten—mit-grdsseren—Kontakt——
mengen glinstiger . *rden, ist es wiinschenswert, Versuche in -
grosserem Masstab durchfithren zu konnen. Es steht die Frage

-Lzur-Diskussion;-wo_solche grtsseren Versuche am besten vorgew
nommen werden sollen.

BURO SPARTE I
‘Anlage. v4'£4‘2“
\
D.a. Herrn Dr. Rudorfer v//’ o
. Herrn-Dr. Ringer, Berlin.\//

+)E:Lne ereits durchgefiihrte Stockanalyse war in vdlliger Uber-
einstimmung mit der technischen A?alyse.
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onteits wurden stets {iber Nacht mit 7% O, enthaiféndgﬁd
i die Temperatur keheinbar keinse Balle apielt. -
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pergtuxension»649-700°-dieselben Ergebnisse ergielt. . ,
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. """ 'Deta which have besn obtsined by the Stendard 01l Company
of Louislzna on catalytle delydrogenatiocn of Cz, and C4 hydrocarbons
were surmarized for representutives of I.G ., Inpdlene and the N. W.
Kellppg Companies.

————

1t was pointed cuv% that initisl investigations involvad:
the study of various cstalytic meterizls snd that s catalyst con-
sisting of 4% Crg03 supported on activeted alumina was found to be
very satisfactory. This material was used 28,8 standard for evalu-_
IWIngGehydrorenation Tesults end catelysts, The fact thet £11
brocesge data had been obtained with this catalyst et temperatures
ranging bstween 1000 and 1050°F was msntioned and the data were

~~~~~~ presented-as—followgs -

. N _— .
A. ZIAEOKATORY WORK T N

-~

b

1. Guartz Beactbrs, 1" I-D, and 200 -cc capacity, stm. pressure.

Dshydrogenaticn of 1sobutane, normal butane and fleld
butane wes studied at feed Tstes up to 1000 V/V/hour. At
FBO~V/V ENG Converslons As nizn as 40% per pass dehydro-
genation selectivity (wmols butylsnes preduced per 100 mols
butene reacting) was of the order of 85 to 90% for feed
,ogoleswo£w6vto»&2~hcurs;wwﬁt~1000'V/V/hr:“and”conv5f§f6ﬁ§”W
up to 38%, denyarcgenstion Sselectivities ranged between 85
and 90%. Conversions of the crder of 55 to 60% resulted
In selectivities of sbout 70%. : :

2o All“Netel Unitg:

1

An all-metal unit was 'designed to operate with 1" I.D.
reactors (well thickness 1/4") containing 100 cc of cata-
lyst. "1he top sscticn of the Eeaction chambar was packed
with quartz chips and used ss = prefeat:zone. Investiga-
tions with this unit involved the spudy of (a) the effect
of pressure, (b) meterisls for resctor construction, and
{(c) catalyst 1ife. : R



(a) Results with an Ascoloy-55 Reactor :

(26-30% Cr, 1% Mn, 0.6% N1 and the rest. iron)

Dehydrogenatlion of lsobutane &t feed retes rang- s
ing between 350 and 1750 V/V/hr. and pressures up to
60 1bs./sq.in.ga. were studied. At etmospheriec Pbres-—
sure, 350 V/V/hr. snd 40% conversion a selectivity of
90% was obtslned which checked results obtailried with
the gquartz reactors, Operation at 1750 V/V/hr. end
atmospheric pressure’ resulted in selectivities of
the order of 90% at conversions up to 26% per pass., &
At 0, 20, and 60 1lbs./sq.in.ga,, 26 to 27% conver-
sion end feed rates of 10Q0 and-1750 V/V/hr., selec-- -
tivities with respect to the sbgve pressures were of
the order of 90%, -85% and 75%. ~The rate of coke form-
atlon and decrease 1n selectivi&y,increaaed at pres-
sures sbove 30 1bs, : o ‘ i

Feed cycles up to 36 hours at 350 V/V/hr. showed
no appreciseble decrease in cenversion with,time on
B L

. The rélatidhship,cffcoke forﬁation,wtimenohnstreamj,
“and percent conversion was 1llustrated with Figure I. o

" (b) Results with an NCT-3 Reactor' )
(20% Ni, 25% Cr, 0.15% C, 54.85% Fe)

s , 0
(1) Operation with isobutane at 1000 and 1750
V/V/hr. employing pressures of 0, 30 and 60
1bs./sq.in.ga, checked results obtained with
the A'scoloy=58reactor Inesmich ag €levated
operating pressures decreased selectivity and
increesged coke formetion. VUp to 30 lbs. pres-
sure results were considered satisfactory.
Above 30 1lbs, the effect of pressure on selsc-
tivity and cdke formation was appreciably - -
greater, ’ .

Operétion, mogt of which wes at 30 lbs,
pressure and 1000 V/V/hr. was continued for
an on streem period of 120 hours or & total
time of 1500 hours (21% plent down time) with-
out detreasing appreclably the dehydrogenation
selectivity. The rate of temperature increase
required tc maintaln constant conversion amounted
to 1.8°F per,stream day. This indicated thet a

i

& Actually obteined - method of estimation does not
apply to this figure. ) ‘
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catalyst 1ife of at least 1000 to 1200 hours
on stream 18 e safe figure. Catalyst life is
estimated by using the spread between the tem-
. berature required for a given conversion with
fresh caetaslyst and 1100°F (appearent maximum
temperature at which satisfactory selectivity
can be obtained at the same conversion] end ~
the average rate of temperature increase re-
quired to maintaln constant conversion.

Operation at 1000 V/V, 30 1bs./sqoin.ge. .
and 25% conversion will permit on stream periods
up to 18 hours without loss in catalyst activity.

» Elimination of the hydrogen?reductiOn’period
which ordinsrily preceeds the feed cycle re-. .
sulted in a decrease in conversion which amounted _

~to & meximum of ebout 2% baszed on the feed., How-
ever, the necessity of employing the hydrogen
period is questionable. This would depend upon

- the plant-economie pletuge s — o s E

(2) . Dehydrogerstion of normel tutsne. showed ..
about the same results as those obtained with
lsobutane with respect to selectivity and tem-
perature-conversion relationship. Coke de-
position was higher with normal butene. The
following relative coke figures were used for
IrIgstrations ' '

Feed Rate - 1000 V/V/Hour
%.C onversion- “'”25%" s e
Pressure — 30 1bs./sq.in.ga.

Feed Carbon-1bs./1000cu.ft.
Reacting

Isobutane 0,768

Normal Butane 1.060

The cetelyst life obisineble with 1sobutanehis
v &also predicted for normal butane.

(c) Results with a Duronze Reactor
(97% Cu, 2.75 to 3% Si, end 0.17% Fe)

‘Dehydrogenstion of 1sobutane at 350 V/V/hr.
and atmospheric pressure showed high selectivities

% Converslon as mols of butane destroyed per 100 mols
butane fed. '



(d)
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‘high carbon formation and ebnormal lcss in cate”
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eand very low carbon formﬁt*bnz—-An abnormal loss
in catalytic sctivity occurred. Followlng these
runs it was found that the reactor had scaled to
an extent which was sufficient to poison the cate-
lyst with copper~

Res.lts with a EKA2S Reactor

The nse of KA2S resulted in low selectivity,
1vtic activity. The cathlyst was poilsoned by
iron which was attributed to scaling of the 18-
actor:

5Dehydr0penation of Propane - - -

Propane was dehydrogenated with staud&rd cata~
lyst in a Durongze reactor &t atmospheric pressure

" and feed rates of 350 and 2000 V/V/hour, Repre-

sentatire deta were presented as follows°

Feed Rats, v/v/ﬁro - 8B0- 2000

% Conv o/PaS 5 - ,_28»1«_ _,..M,Ig . SO

% Selectivity ... . ... 91 g8 . . .
__Temperature, °F 1022 1078 . . . _ ..

The sulta®llity of the warious metals for,;eaétor
construction was summarized as follows: =

“{1) Duronze - lowest carbon formation
© but scales. -

second lowest cgrbor form-
—gtion-but-—unsuitable-from—
an englneering standpoint
.due to embrittlement when
TR - - coeled.

(2) Ascoloy

¢

(3) Quertz . --third lowest carbon formation.

fourth lowest carbon formation;
suitable from both process and
enginesring viewpoints,

L
(4) KCT3

{BE) K&koS -rhighest carbon‘formatiom ang -
- scales.
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LARCE SCALE WO ¥

l. First Investidgation

InitiaX large scale investigations wers carried out” feed~
ing field butane over 2-4 mesh stendard cetelyst (4% Crols
supported on Alg03). The feed was analyzed as follows:

Mol % CzHg 8.7
! " " I-CqH1Q 23.2 , )
e . M N_C4H10 67.3 e ,
ToMCs 0.6 : : S e

Ihe resctor Wwes a 3-5/8" I.D. Ascoloy-55 tube conJ;ihing
1.3 cu.ft. of catalyst (20' packed section). The prahester
coll was fabricated from 3/4" cerbon steel pipe. All pres
heating-was-done-by-direct—firing=—The—flue—gas—Ffromthe—
preheat sectlon was passed thru an suxilliary furnsce,
wnere additionsl hest was supplied, snd then to the re-
actor section to maintaln the desired tempersture.level.. .. .
in the catalyst. The flow with reference to flue gas and
feed was countercurrent in both ‘sections. ST
. Feed rates of the order of 360 V/V/hr. were employed
at substantially atmospheric pressure (about 4# bressure
drop thru cataiyst). This study covered an on str-aam
time of 327 hours or a total time of 473 hours (jncluding
» . . . N 5 S L P P

1 1 S-S A 1e aEaonerg QX
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réiory aata witﬁ respect to tempereture-conversion relge
tienship and selactivity. ’ : -

~

2 Ses s TAVEStIFEtion

The second lsrge scale investigation was carried ou
on commercial isobutane at feed rates of the order of” |
1000 V/V/hr., 20 lbs. reactor outlst pressure, 35 1bs.
reactor inlet pressure and 3 hour feéed cycles. .A 3-1/2
NCT -3 tubg contalning 1.3 cu.ft. of 2-4 mesh atandard
catalyst wes used for this work. Arrangeme:its were made
whereby both vertical and radial temperature gradients
could be studlied. The preheater coll was standard 3/4"
4--6% ' chrome plpe. Heat was supplied to both the prehest
and reactor section by direct firing. Initial results .
from study were in mgreement with dats obtained from
. laboretory with respect to conversion and selectivity.
However,. 1ron scale was deposited on the catalyst and
abnormal loss in catelytic sctivity and- increased coke
formation resulted. The following was used for illus-

reting tyﬁical*temperature gradients:
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Locetion ' -~4--~Temperatureg-—--—-=
Wall Between Center
%“gll & Cat. of Cat.
47-1/2" from top 1097 10646 - i025
43" from bottom 1094 . 1064 1067

A filter has been installed between the preheater and
reactor to prevent catalyst contaminetion: Operation
has not been resumed slice this installation-. :

C RECGENERATION OF CATA LYST
Most regeneratlion date were obtained by once-thru opera-
tion with a mixture of either inert gas (90% N2, 10% CO2)or cy- '
~linder-nitrogen-and-—-air-which-conteined-1%-oxygen——The-meximum——
—temperature was 1350°F. Regeneration rates of the order af 3000
V/V/br. were smployed for most of the work. However, during the
_first large scale_investigation rates of_ 400 to .700.V/V/hr. werej._

employed,

| D R A e e e -

g RV W“Afl‘ofrthe‘oxygen"entering"the:réactor 1s consumed un<
til carbon removal has been completed. If the amount-of carbon
on the catalyst 1s known, the timu required for regeneratiop can

be calculated, !

! ~ :Ths use of. .stean-as s regensratlon—-gas—dlluentwa s
studied. Following the use of steam, dehydrogensation sele~tivity
decreased znd caerbon formation incressed, However, iisn removed
‘rom the resction chamber, the catalyst showed an iron deposit

" "which was apparently introduced with .the regeneratlon gas. Dus

to this condition the effect of steam as 2 reactivation gas dilu-
.ent cannot be accurately evaluated at present.

D. CATALYST DEVELOPMENT = i

!

1 Catalyst Supports- i o ‘ ,. -

Various materiesls such a&s magnesia, silica gel, Kaolin,
pumice, bauxite snd activated alumina were evaluated as
supports for chromic ¢xide, Activated mlumina showed the
best results and silice gel was the next best support.
Bauxite was felr but the iron content was too high-

¢

2. Active Ingredients - , ” . -

~<Chromium,.n19kel, iron, molybdenum, vanadium eand tin
oxides supported.on activated alumina (prepared by im-
pregnation) were investigated. Vanadium oxide on silica
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gel was also studied. The chromic oxide caaalyst showed
the highest sctivity. Vanadium oxids supporied on either
-activated slumina or sillicea gel was the next best catalyst.
A mixture consisting. of 2% nickel oxide and 2% chromic

- oxide supported on activated alumine was & gocd dehydro -

genation catalyst, and its activity appaared to bs less
sensitive to high tamperaturasu- ’ .

3. Effect of Method of Preparation on
Ratlo bf Components

Various combinationse of cnromic oxide and activated
alum4na, preparﬁd both by impregnation and coprecipita-
tion, were tested. Goke formation incressed with an in-’
creese in ch“omic oxida content. This was_}llustrated by

7*“.‘f.gz‘zrea 2. . S
. ‘

The catalysts Which were prepared Dy impregn&ting the
activated alumine with a solution of the actlive ingredl-
~ont -showed a higher level of actlvity than those prﬂparedw

by coprecipitating the componen{:s° Optimum ‘chromic ovide

contents anpeared to be 25% for impregnated catalysts- and
40. t0 -60% where coprecipitation’ wes employed. - This was
il]ustrated with Figurs 3o

4. Compounds Used g8 & ‘Source J - co
' .of Chromic Oxide . e e .. -

ihe folilowing chromium compounds were used in prepar-

‘ing chromic oxide-alumina cetalysts: b

’

(2) Chromic acid o t
T (3) AmmoniUm dichromate

Catalysts prepared with these compounds were of about equal
act*vltyu

‘5, Effect. of Catalyst Form

A
Chromic .oxide-alumina .cetalysts in lump form from 2 to
15 mesh end in pill form showed the same sctivity.

GENEFAL DISCUSSIONS | - | —

1. Polymerigation | , r

P

I.6. reported that they rad noted the accumulation of
poiymer after the reactor during dehydrogenation work.
Baton Houge reported thsat polymerization hsed never been
observed Iin their dehydrogenation work.
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4. Effect of Conversion per Passmm
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2. Effect of ‘Water on Activity
X

Baton Rouge reported that molsture in the feed caused
e temporary loss in catalytic activity. Although the
maxirmum amount that can be tolerated is not well cefined,
it was polnted out that &t atmospheric temperature; iso-

.butane accumulates & suf:ficient esmount of moisture from a

wst test meter to reduce the sctivity of the catalyst by
sbout 50%. Isobutane with & moisture content of O 03 to

- 0.04% did not cause insctivation..

I.G. reported that thev found that 1sobutane could
tolerate & moisture content of 0.03% whereas the 1imit
for normal butane we s practically nil.

3. Effect of Feed Rete
on Butylene Production

Baton—Rouge~reperted~th&t~vaincreasing~¢he~feed"ratemvm4
from 350 to 2000 V/V/hr. the butylsne per unit of catalyst
consumed could be increzsed by about 500% . R B

on Butylene Production_  1'

Baton Bouge reported that by increasing the percent con—
version per pass butylene production could be increassed.
However, 25 to 30% sonversion wes recommended due to (a)
increased rate of coke. formation, and (b) & possible’ de-

—gresse—in—catbaly

quired at higher converé;onsh

5, Effect of Temperature o B

cn atalytic Activity -

. ..--Baton Rouga results showed that at temperatures above
1600°F the activity of the standard catalyst was permanent-
1y Ilmpeired. A maximum temperature level of 135U°F wes con-

. sldered safeo _ . : - Ry

1.G. DATA

The I.G. mentioned ‘that besides the 100 ec¢ catalyst test-

ing units they had avallable two 25 Ilter units which were equipped

to carry out moving or fixed bed cperation.  There was & 100 liter

urilt which had just been complsted for stationary cetalyst opera- -
tion and g -80C lilter unit which had bsen used in the o;d work on
moving catalyst-
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The I.G, investigation of the dehydrogenation of iso- -~
butane hasg besn nearly completed. The catalyst which they used
for this operation consisted of 94% Alp0z, 5% Crp0z and 1% Keolin.
1he method of menufacture of this caetalyst consisted of wixing to-
gether 3.8 kg. of powdered technical sluminum hydroxide, 26 grams
of Kaolin, 178 grama of anmonium bichromste, 450 grams of water,
and 315 grams of 65% nitric acid. The batch was mixed together
in 8 simplex mixer to @ stiff paste Tor about one hourst -time and
then extruded and dried at 450°C. When the cetalyst was used for
moving bed operation it was formed into 6-7 mm bells by uvsing =
machine s'mller to that used in the menufecturs of bhard candy.
This mach.ne was capable of producing 80,000 bbls./hour. It
should bs mentioned that the I.G., found the pressure drop when -
veing ball-formed catalyst wss one-fourth of that found when using
granular catalyst and that the pressure drop when using pllls was

' somewhere between the two. The I.G. presented some date which is
attached in Table I which have been obtained in theilr 100 cc guartsz
.munitsnwhenwdehgdrogen&ting*isobutane?”TThé“EEtelyst used was No.
1850 and was 1denticel with that described ebove, An examinetion
of the table indicetes that the results obtained are very similar
Mggwﬁhoaewwhicthevelppmentv:eported»forwtheir@standard“catalyst:““’“"
The work had bYeen carried somewhat further then Development's, in
‘that gpece velocitles of 2000 ko 2500 V/V/hr. had been employed.
vItsw237noticeable“that”at“thééé'high space velocitles that- even
at temperstures as high as 570<600 C the converslions were low and
the selectivity somewhat impaired. ‘ ’

. .. In regard to ths dehydrogena ting .of normel butsne the
Ty - 3 A - . g
~that the catalyst activity dropped off rapldly. "At V/V's of .
500 to 1000, or even 2000, satisfactory dehydrogenation of normal -
butane could be obtsined. Ths optimum .temperaturs.for.the.. dehydrow
“genation of normal butane appeasred to be sbout 25°C lower than that
.for isobutane. These results wers preliminary and might be subdbject
to change when further investigaticns are carried out. The I.G.
were Interested iIn the relstive ratss of dehydrogenation of the iso
and normal butane inasmuch as in s recycle system containing both of
~these materialsbit was felt that the concentration of isobutane
might build up to an undesirable extent due to the fact that &
higher tempersture would be required for dehydrogenating this ma -
teriel. Development mentioned thet this had been considered but
they did not feel that the difference in ‘tsmperature was quite as
great as the 25°C mentioned by the I.G. They also felt that no .
trouble would be& found from 2 .8light. Bulldup in thé concentration’
of 1sobutane fn %the recyecle system. ( ' ; '

*In order to demonstrate thet there was a difference be-
tween the behavior of 1so and mormel butane upon dehydrogenatlon
the I.G. mentioned thet a silics chromium cetalyst which was pre-
pared from the mixed gels (molal ratio 1:0.25 to 1:2) would
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successfully dehydrogenate normel butene but was much less af-
fective on I1sobutane. It was pointed out that both the I.G., and
Development lacked good data on the relative dehydrogenstion
rates of 1so and normal butane.

. The I.G. had found evidence of i1somerization of iso to
normal. butane and vice venrsa when dehydrogenating over their -
‘alumine chromifum catdlyst. This sgemed to be of interest to them
although the extent of lsomerization was sma”l. Developmsnt had
also novliced a certain smount of isomerization, However, the ex~
tent wes so small that it d4id net seem of interest and, in addi-
tion, there wes some question a2s to the accuraey of its determin-

ation by ges analyses. - E

The I.G. have done considerable work on & search for
sultable materials to construct heat exchanger and reaction tubes
~.for catalytic-dehydrogenation plants. _In carrying. out.this work.
the method had been tortest the coking tendency of turnings of
the varlous metals when exposed to isobutane in quertz tubes at _
580-600°C with = contsct time of 1 minute or more. The metals

tested were Sicromal’ '8, 9, 10 and 12, KigS, NCT-3, mangenese -
copper (conteining 2-3% silicon) and FF30 {containing 30% chrom- -
ium.and less than 0,3% nickel).  All of the 'metals. tested rroved.
satisfactory with the exception that the KAgS did indjicate &
‘higher coking tendency., - Additionel tests were carriell out by
passing lsobutane thru tubes ol Slcromal 8, 9 and 10 for long’
periods of time. It was found that the tubss were-entirely clean
up to 50N hours but at the 516th hour carbon formation started

and rr. -1y plusged the tubss, The I.G. felt that iron carbide
forma .ic. .ight be responsible .- i1his difficulty. The tubes
were ther c¢.~°. 20 Clowlng wasr 81r wnd wers again satisfactory

“forWEOO'f:?rs*“operaticnZ””Thé“GOO”Iitérmﬁvénwatmﬁéﬁﬁamhad“tubéﬁ”””"
corstructed of FF30 and were satisfactory for an operation of

one year without coke formetion. After the sxpiration of the

year the tubes steried to form coke rapidly and it was concluded
that the iron-chromivm alloy was forming coke. It wes the general
conclusion of the I.G. that Sicromsl 8 or 9, which wers the lowest
alloy steels tested. would be satisfzctcry for the construction of
.heat exchanger tubes snd for reactor tubes., The anslysis of Sicro-
ral 8 was gilven as 6% chromium, 1% silicon end 0.5 - 1% aluminum.
¥r. Nurphree peinted . out that further tests on dehydrogenation in
the presence of. catalyst with this type of tube should be carried
out 1In order to determine definitely whether the tube metal would
affect the catalyst activity. The I.G. mentioned that some work
'dlong this line had been carried out but that their investigations
ware not yet complete, :
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In-regard to catalytic dehydrogenation furnace design
Development explained that two typea of furnaces have been de-
veloped. When low space velocities were used and low heat in-
puts to the ilubes were possible, use was mede of a close group-
ing of tubes in a forced draft convection type of furnsce where-
in flue gas circulation was carried out. The second type of fur-
nece which had been designed for use with higher thruputs. wasg de-
signed simllar to the hydrogen production furnace wilth which the
I.G. are familiar. The I.G, hed developed a furnacs for the de-
hydrogenation operation which was similar in construction to a °
-water tube boller. There wes ean inlet drum at the top and an out-
let drum at the bottom.  Between the two were 15 rows of fe.r 80
mm tubes each contadning the cetalyst, . Flue geses fram a furnace -
enter the reaction bank of tubes at the top between 900 angd 1000°C
with a2 velocity of 3-4 meters per second., As heat was extracted :
from the gases their velocity was increased on pessing downward =
in a zigzag fashion so that 8t the outlet where the temperaturs

~of~the~gas*wa3~6303650°fthé“vélocity'reacﬁéﬁfis‘meters“per second,
thereby increasing the convection coefficient. 4As a result, the
overall coefficient of heat transfer could be adiusted so that

“the”heatmiswdistributedﬂ&s»requiredwforwthewreacticn;““A“singIeW”“
oven of this variety would contain 2 cubie meters of catalyst and .
“appeared to be of en-economic type of design. ‘' Regeneration was. _

- to"be carried cut using inert zes end air with & concentrstion of
oxygen betwsen 3 and 5%. . T o . . v

Previous work had been.carried out on a moving bed opersa-

tlon using a chercoel catalyst. JIn this operation the conversion

—Rs—i- 74 ‘ ' weId1m the appara-
-tus-between 100 .- . 120 hours. The IsG. had 1ittle interest st the
present time in this type of dehydrogenstion because of the fact
,Wﬁhﬁﬁwmnghwbetter“ylaldsmwereuobtainedmwithwthewaluminamchrdmiumWWWNw
type of catalyst. in the opersticn.of this apparatus 25-30% of the
charcoal was reduced to fines due to the grinding esction of the in-
“let and outlet catalyst mechsnism. There wes no objection to this
inasmuch &8s the charcoal was cheap and not regenerated. When syn-
thetlc catalyst was substituted for charcoal in. this type of ap~
paratus trouble was.experienced with the valves inasmuch as ths
harder pieces of synthetic catalyst ceused rapid wear on the mecha-
nlsm  When using charcoal catalyst a regulation star feeder type -
of valve was used. There was later developed for. synthetic catalyst
2 valve similar to that shown in the sketch below.
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The principle upon which it works is that the leading edge of

the valve cuts thru the cuatalyst n a zone which is not entire-
ly filled with caialyst due to the fact that the angle of repose
of the catalyst prevents it from entirely f11ling the area. - In-
asmuch as the chromium alumina type of cetalyst has & sufficlent
length of 1life to be used in a statiomary catalyst type of equip-
ment, the use of & moving caetalyst has been gbandonned. ‘

: The I.G. presentéd some curves indicating the effect
of converslion on steam, fusl, pewer, cooling watsr and catalyst
cost. All these costs showed a lowering at the higher conver-
8ion. Not shown was the corresponding curve showing the increase
iIn cost of feed stock due .to loss in selectivity at the higher con-
versions. This curve would, of course, incresfe with the hlgher
conversions. It wes the I.G.'s feeling that the optimum point ,
was at 30% conversion whiéh they felt should bs obtsined &t about
1000 V/v. T ) ' L o y

S Previous work by Development showed thet substantial
savings in plant cost could be obtained by the use of higher
~feed rates-and-nigher-pressuress - Increasing the feed rate from
- 350 to 1000 V/V/hr. (elong with an increase from atmospheric to
25# operating pressure) cut_ plant cost about 25% when obtaining .
‘a 25% conversion ‘in both cases. . : ' : '

. Development steted that theilr figures showed that re-
covery of the C4 hydrccarbeons from the cracked gases could be
- carried out mers cheaply at 3004 than at 100# when using oil

’ T (88 O the cost. 0l CoKé removal
equirment were incomplete inssmuch es they hed been based on the
use of steam and air which had since baen shown to be of gquestion-
=Y o N= BT § % S5 5 15 3 OO SR s -

- - Mr. Murphree cutlined Development's program for future
work. This included a better demonstration of dehydrogenation .
under modersate pressures, say 15-30 pounds. An effort was to be
made Lo check the effect of tube size and to obtain data on hest
transfer of tubes packed with catelyst: For this purpose tem- :
_perature measurements wlthin the cstalyst mass were to be carried
‘out. The metals of construction were a&lso to be tested and _
calorized tubes were to be looked into. It was felt that this
work should be carried out on the dehydrogenation of normel butane
inasmuch as the difference in ylelds between catalytic and thermal
dehydrogenation of this feed stock was greater than tlmt for 1sg-

bptanes

A\
CWT :OBF
Attachment
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'+, - Hours

TABLE I

1.G. RESULTS ON DEHYDROGENATION

Unit Size - 100 cc
Fepd Stock - Isobuvtans
Catalyst #1850, AlgOz=94%, Cro03-5%, Clay~-1%

;18 Length Temperature
o

C-

Convo

Selsctivity Totsal

Run

300

0D
-0
90
5,

0
5 -

560575
_E80~600
. 565-575
580-600

40
40

35,7
374

89 - .
86,7

87.2
85.9-

-
on

=4

100

J O s

575-590
576575

560875

 565-575

. 540-600

. BT70-600
800

S575=600

25,0
24.7

23.5 .
223

5505

37,0

© 28.0

32,2

19

. 88.0
89.9
eC.8 - o

qupammﬂq
9___009 .
8748 -
8805

88.0 -

RN

100

-

100

570-600

2800 .

CWT : OBF

y .
‘fggédzgﬁﬁﬁWWWM

26,0
18.0

13 :”

87.0 .
88,4

BOLOTTTTETI 0T

. 87.5

- -

30

100

50 1
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