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~Inorder’ to obtain sabieraotoxy converaion. the temperature i‘or the—
dehydmgemtion of propane must be kept: about 20 to 40 F. higher than: ‘for the
dehydrogenation’of butane ‘but this 1s not: accompanied by Yosses in the: yield -
‘because of the h:lgher ‘thermal’ etability of the propene.. The Opbimal reaction:
temperature liee e.t 1 040 «1,02%, e o

‘\.. PRI

, Since the dehydrogenationkreaotion result:e dn an. 1noree.ee in volume
dus' o hydrogen formation, " the reaction. prodeeds -better if: the :preasure is-
kapt low. “For: technical. reasons;. h(mever‘ it is: not feaeible to. work at pres=

w

sures. below e.tmoepherio. T : , N ,_'. i

. c::mparative experimente on ‘the’ dehydrogene.tion of bu*hene enﬂ propane
gave .analogous. results with’ respect to oata.lyet aotivity. Catalysts which were.
found to be the most setisfaotory for bitane were-also found best -for propane
e.nd vice vorsa. COneeQuently, tho same eatalyete which wene uaed for the de=
hyﬂrogenaﬁon of ‘butene have been ueed for ‘propane and ‘the development of . -
-special ‘propane catalyst was unnecessary. - Consequently, at: present,:e oatelyet‘:_
15 used oonsisting. of 90% elumina (S0% aotivated alumina and 10% precipitated -
almnina), 8% Cr,0g and. 2% KgO. It is assumod ‘that :lmprevemente which: will be
found"in ‘the future with respect to improvement of the aotivity for butene .
dehydrogenation mn aleo be applicable to the dehydrogenation of propane. ' ,: w3 B
: The most advantageous epace velooity les. between 600 e.nd 1,000 volumee

of. gae (etanderd oond:ltione) per volume of: catalyet per .| “hours It is not. advis--
-able-to: ‘go=to= lmr -space-velocities: ‘beosuse-this-would: tend“to increase=the ==
, reaotion space, whoreas 8pace. velocities: above 1 000 are -not e.dvantageoue N
becauee -the amount of heat to be ‘introduced per. ix t area of . the reactor. wall
‘becomss too large.  This' ‘results in excessively: hi wall: temperaimre&which
ueuany leads to  losses in yleld due:to craok:ln 'l‘he conversion also. deoreases.

very rapidly with ehortening oI‘ the reeidence £1me - Yihich: space velocity: between
eonvereion desired and th qual




llpoaeible beceuee,emll amounts” ot‘ wete apor. notioeebly de vreeee‘ he conver ion
_obtained. " The.water concshtration in'the feed gee muet not -exceed 0.02 to: 0.03%
"by woight. This would % ‘ g 680 Wt‘ﬁ‘l

eince a: mnving catalyst: which- ie regenerated m a: eeparate unit elweye talnes up
moisture from the etmoephem. : o ‘

' ‘The following resulte were obtained w:lth plent catel’yet 6448 at 1,0769F,
& 8pace.veloodty of 1.000;1 ‘and ‘an operating. period 0of 4 hours’ over.a total of
860 hours-of delwdrogenntion. ‘The: expsriment. shows “that under the reaction oon-‘
Nd:ltiene given, propane dehydrogenation 48 oerr:!ed ‘out. with eatiefaotory reeulte :
oven with a 1ese aotive cetalyet. . :

Table 1

e S .%:Conversion.. % Yield N4 carbsn-‘a“éghm .based.
. ‘ (% by, vol ) (% by vol ) __on propane reected

-

M'ter 50 houre : 39 A - _ 16
.20 " 27 e 0.9
" g0 T . 28, 1 8 | . 0.6
u-goo O 2a 89 0.4
B R D B o
Average R 2é_23 /32 S 008“

Cetelyet consuxnption about 0. 3%
by wt. ‘based - on. propylene mde.

. A eecond exper:lment wes_ made.with an. eeﬁeoieny agt/ive vg_ei_;elyet which,
ho‘never, has not been in commeroial’ production as’jyet. " The catalyst 4648 is the
same ag- ‘the preﬂouely-ueed catalyet 6448, exoept that it contains 2% more" Crzo .
‘Dus t0: the inoreased activity of the’ catalyst;. the’ reaction: temperatures could.
-~ be lower than in. the riret—experlment. The zeeulte obtained are shom 1n the

' following tablea
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""The 65%5.’13}6"1?ﬁk’?ﬁﬁ?ﬁ?ﬁ%‘é'iﬁ"’ the end of the experimént,

— A

' The .attached diagrams which show ‘the oouree oi‘ the reaction in relativ.
th most imporhant reaotion conditions are based-on data obteined witha
st of . averago aotivity lying between the aotivity of catalyat 4648 and -
lyst 6448, ‘The remilts refer to a period in which the oatalyst had a.lready
been uaed for eome time. =~ -
Figure 1 shows t.ha change in oonversion over. an B-hour period. Curve 1
1voa the. approximte condition with a oatalyat operated under normal conditions’
? radual inorease of -temperature according ‘to change in ‘conversion). Curve 2
shows the chenge in conversion- whioh ;takes place when' ‘the temperature is mised )
too rapidly. The catalyst in that case is too active .and deposits too much carbon .
which~-results in-a>rapid-deerdase in the conversion at’ “the end~of' ' the™ operating‘“’ =
period. The. Anduotion period which ‘18" always observed may have its cause A0
‘,traoes of water which are formed dur:lng regeneration_and by the: mduotﬂqn or the
;higher chromium oxide in the course of-the. regonsration. . The relation of ‘the
‘average conversion to the -8pace - velooiw is shown iR Figure 2, whereas' Figum 3
“ohows: yleld ‘and carbon deposi.t as functions of the operating tomperatum. :The ..
following taMe shows ﬂxokcomposiu :F:: th}mao r exT gas ozpreaaed in 4v01
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The' temperature: of the: fuel gas was moagured ‘and: also the: temperatur o
masuring polats insido-the-catalyst layer.: The temperaturs. inoreased from the
renotor:inlet to the ‘outlet.’ .Tho point of highest temperature in the-catalyst
-bedwos.assunsd_to-reprosant-the-reaction-tenporaturev—Figure-4-showe—the-—
.oourse of 'the temperature within the ocatalyat.leyer. at.a.reaction temperature.
of '1,068% ‘Th'a‘»ﬂow;-'»qf”prqdpo‘ti‘épd...;l‘uelggaszwqa-"para.’[lla,l‘.‘

o7 The propane wad brought to the resction temperature by means of & gas-

heated preheator. However, the heat-losses on the-oomparatively long way from
‘the"prohsater outlet to the reactor inlet were 80, high that tho reaotor inlet .
‘tomperature wes only 842 to 860° go that the gas reached -the reaction temperature
-proper only at, the end of the first third of the catalyst bed which resulted in
incomplete utilization of the catalyst. The catalyst volums was 0.5 cubio feet.
The.propane used.in the experiments.came partly from the butane dehydrogenation-
unit and had been separated from the C4 Hydrocarbons by laboratoyy distillation
and partly from tho hydrogenation unit; the latter was freed from olefins by

“washing with sulphurio acid followed by distillation, Speoial diying of “the”
propano was not necessary since the pseudoazeotrops of propane and water was
taken over as a prelimimary out during distiTlation, . '

" -.' . The following reaction conditions were useds; Temperature = 1,040°F,,
which was mised according to the Conversion obtained; Through<put ~ 424 cubis
. foet ol propane per hour, corresponding:to.a space velocity of 801:1; " Length
- of “operating period - 6 to. 8 hours.  The results-obtainsd are given in the fol-
lowing table; - A . ’ '
=== Table & _ . -

Lo -

o, | 10s8%: | 1076%;  Average

% Comversion (by volo) - | _ 28.6..| 22,0 | 22 , | 22 ..
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the yield and- cenvere:lo

" oroased yield is:due %o the. por e
larger oross-section of. the. tube and -th e»,-voiroumeten 8" epoﬁsible for:

”'tmme—tn'mberdepeetted—*'rhe«mteriﬁwof»thev ‘aetommyoaleowhave.a-

~gertain; effeot. -The lower conversion.is. explained ‘by the: lower. gas.inlet .

'hemperehxre which aotually’ ufzil:laes only a.bout t'wo-thirde of the eatalyet.

: Teble § indicates that. at the’ beginning of the experiment opérating.
periods of-8 hours cgiild be maintainéd whioh - 1ater had to: be reduoed to—6 hours

because of the inoreaeed oa.rbon deposltion eaueed by the- rj.se :ln temperature. .
The r‘egenere.tion -of " the catalyst was carried out at, atmoepherie pressure
with a mixture of air and nitrogen. -Care was teken that the regeneration tempera-
ture did in'no case exoeed the temperature of the preceding operating period.
dne thousand sixty (1,060) cublo feez of gas per hour were used.for regeneration
_.and._the. pressure.at the reactor_ inlet was 48,6 = 61.6 psie.., whereas ‘the pressure
at the reaotor.outlet was 14.7 peia.g which corresponde ton pressure loss. of .
33.8 to 36.8 psi.- . -

The reactor temperature was lowered to 878%F. (meesured in the catalyst
bed) prior to regeneration.- The oxygen content in the regeneration gas amounted
to 2%-during tﬁe first two-thirds, of the experiment and was kept couns tant during

: the entire regenera.tion period. buring the last 100 hours "of - dehydrogenation
the -oxygen content in the regeneration gas was only 1-to 1.5% because of ‘the'-.
"higher carbon deposit which had to be nainteined in order to-keep the temperatares
at ‘the desired level. Towards the end of ‘the regeneration period the oxygen .
content -was inocreased to 2%. _After ree.ehing the end of 'the regeneration period
the reactor was heated to the temperawre of the. subeequent operating period
while the gas flow (2% oxygen) was maintained in order to assure complete re=
-femration of - the -catalysts “The’ re.tio of meotion 1o 'regenerati on time :lnclud-
ng heating, ‘amounted -to 2;1. . v e : L

- Due to tha laok of feed~stoek and help, the ) erimente had- to be dia-
eontinued. “The Sicromal-& tube did. not ehow any corro 1on at the end of the
experimante. A ; " v S R R T

The experimente ehmv that ﬁle dehydrogenatiorx or propu.ne talnee place

under almoe the .8 otion conditions gnd wit ~about the same .rqsults as
|the dihydrog tion of - bEtane. ‘THé. ;1eld is about 2 ‘to| 3% hig‘ er ard the conver=
“|eion about 2T\to 4% lower,: . The seme consideration ’mnet ‘be: applied both:

proee soa wilth. rea‘bect +p design, with the m difipation; that for a atisfdotory :
eonvex sion in the dehydrogenation- o( proparje; Only the Bolid «bed- pﬂ Je8g :I\e of
'prectioal inuportameeo - The: demydrogemtion ol‘ pro‘pane 1\5 eimp \ler as. oempax“ed to :
./the d Mrowa$io of .ﬁtnsofar
" |ean"be: sepal‘fxted by ‘dist: natn :

cenv s:lon. ‘ :
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