: butylenee is. inoreaeed when the de!wdrogenation temperature‘io raioed.
.of :the dohydrogenation temperature was made possible: by ohanging the A,reaotora
—wmrwmdwmmr-ﬂmmmwwh ; 5"

-Laboratory- investigations: whloh thadbeen- ‘oarried out

-1ife of - the - oatelyst.
“moisture. oonoentration excseding 0:1% by vol. -
co

‘several yoars.agd have ghown tliat
in the butans has'a detrimental effect on the dehydrogenatio
oal oontrol of the purity) 6f ‘the n-butans used as féed stook:

Lowerang

tion unit always 5.nd1oated values of 0.03 .= 0,05% by volums of : moiature whioh laro

far bolow the - 1init of - pormissible donocntration.
of moioture entering the dehydrogenation gas had to. be -considered. . .-

“However, .a second poaaibility

O

Tha h:lghly aotive oatalyst oould piol’ up moieture at 1 yoinf; during 11:3

mov!.ng nyole and rolease the molsture during dehydrogenation.

‘It has: been pbserved

in’ pilot plant experiments’ that the. dehydrogernation ootalyst ploked up. ‘modsture on
_the .way. from-the_regensrator. to ths reactor. and: that eubaequently the oonvax‘s:lon

.waa deoreaaed to a oonoiderable exte;nt. S e R

P -
L

mdependent from this rinding, moieture deteminatlone have been oarried
‘ot 4n the ‘plant at varioiis points of the catalyst oyole. . From the results.of ® -
these’ datermlnatione it was concluded that the catalyst: nbanrbe, on the-average, — :
“0.7% moisture in the regenerator, - "From this value:it can ba oaloulated  that under-.
operatlng ‘oonditions the mo:leturo oontent of the dehydrogenation gos in-the dehyﬂro-

~genation gtep will: r:lee +0 0,26 - 0.37 by volumo. ‘due to the moisture giyenLoﬂ‘

~the catalyst and ‘pioked up by the butane whioh thereby reaohee 8 moioture ¢ ntent
above the pormieaible limit., A ' _ ‘

of 1ta oyole.

by .

Figure 1 ohows 'bhe moiature oontent ot" the oa‘balyut 1n the various etagee
~The oatalyst oontaining a carbon- doposit leaves the reactor almost
e dry and does not piok up eny moisture while in the-conveyor on ‘the way, to'the ra-; o
' ;boorptive -capaoity has been_considerably. lowered -by. 1 the: carbon -
erated ocatalyst leaves ‘the regenerator with ‘a moigture content & =
.of about 0,7% by weight and: pioks.up in the_.conveyor an additional 0.1% by weight
The' absorption of moisture by .the -catalyst in the
--concentration of e.bout 5% in the reoyoled regenerat}.

regenerator 48 ‘due to, the, moisture '_
on gas which is cauged by the

admixture of fuel gas and by the combugtion of hydrocarbon oompounde proeent in the i

.- oarbon-deposit. .
on ‘treatment with nitro|
t»O.?:% moisture, at; the- ,

t can be 00 oludj from the results

ted ‘catalyst
1E10!md up abo
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c\ﬁrying
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moiatm'e oontent oould be deteoted in nitrogeh containixig
moisture, whon. the moiet nitrogen. together wiith 107 of (butyleno, was-pagsed over—_
“the. dehydrogena tion catalyqt at 932 ~ 1,022%F,  The eub;]eo;; iothod Tar tho doters
“mination of water,: ‘therefore,: alwaya ‘gives 'low val valuee 'bhe preeouce o!' oleﬁns or-
diolet’inso - _ o .

o ‘ The fonowing laboratory%este were - carried out i.n order to obte.ia design
data for-a drying, plants SR . ; R

—— Sevarnl preliminary tents were made for drv.’mg the oatalyet 'by paeeing
nitrogen at higher temperaturcs over-it-and the ‘results obtained ate given in'-
‘Figure 2.. They-indicate that at a 10% nitrogen space velooity very high tempera- ,
tures are required for complete drying. With the small’ ‘amount; of catalyst (50 co.),
of a. modsture oontent of about 0.7% by weight, measuremnt of the ‘high expariméntal
~temparatures wis -not very-acourate.—Ths-drying -time ‘required-wae-1-hour-or, ine--..
cluding the heating time, 1.5 hourss in the drying experimnts under; vaouum, the
_ drying time itself was 1/2 Hour-and ths heating tims 1 hour.. Drying of ‘the catalyst:
“in the plant oan only be carried out at temparatures below 93297, in'order to avoid
-demage to the catalyst by heating 1t above the dehydrogenation temperature. Acoord=
ing-to the resilts of preliminary tents, oongiderably higher apaoe velooitien are
raquired. S o . —

' “ Drying of the catalyet ‘was eu'bsequently tr:led in: reaotore or 100 co. cata-
lyat capaoity and the.effects of nitrogen spade velooity, tempemture, tims, and
moisturs ‘content of the drying gas woro investigated: The effects of the moisture
oontent of thé oatalyst on the drying conditions have not been investigated since
“only ‘the drying of regenerdted plant ocatalyst with a moisture context of 0.7% by
woight was of interest and only this oatalyst was used in 2ll. experimente. Tho test
wmg. continued for 2 howrs, which includes 1/2 hour of heating time, sinos this cor-
-responds-to-a-drying time- -which-could=ba-uoed.in. the. :plant.... Figwe 3. ghows_the
_results of experiments:on the. effect: 6f temperaturc and: 8pace velooity of nitrogon
on: ‘drying of the oatalyst; it-can be.seen that at 932°F. 8 8pace velocity of 600
volumes of nitrogen por: volume of oatalyst per hour muat Yo maintained in orr.der to
dry the catalyst oompletely 1n 2 houre. R e S e R

ia wore carried out under the: BN ditios es.

moiett e content of the. Jn‘ltrogin ml:::E not exceed
’ v"ing‘;\mdenl the"‘ononditi,( g8 chogsén. The

. velocity- of 600 ol be goen m}

whioh\ 657 o the v\raber ;\resent‘ _omn- bo. driw‘an out’ }after 1

rous: 2 “hoirg “are. required. to_obtain oome.

cerriod-out in ‘order to remove ‘th ‘ontire

e -,.-}.,Tln effect otf the moiature« cnnlent in the nitrogen ueed for drying is

: to‘
A2 how r_hea ing t ma

- amoy wator [ eaen' ‘in.th t. |- They Andicate that after the remova of:
the .‘o.dsor ed: wetrr at g 329F, ia rol aced Trom the oatglyst ty
‘heating to 1,112 2°F.;rthe 1atter: 'uantily wator must’ be[zonuij ered ¢ -

i hemtoally' bound or wa‘ber of ' hydration and’ amodlnte £o only about. 0.27% by woig _to :



; : ! ¥
or catalyst drying ‘on. the convoraion 1n the delwdrogen&tion o!' nvbutane ;-1n he
plant. T 3 - ) R

- . - -

1. Nltmgen vas :lni,mdnced into the regenerator below the pookot valva
- arrangemsnt in”order to dry the ocatalyst’ during movement through -

'.tlm..pooket-maLvem—Evether—ahutting—off-—thp——oooling-—waten—fm*——
the pocket valves, no drying effoct was obtainsd.since) the. oo.talyst
was cooled. by the ‘nitrogen ‘from the reaotor temperature of T98%P.-
to 672°F. at @ space velooity of 300 ~ 40G volimes of nitrogen.
Aocording to the laboratory “tests under these conditions ‘no drying
of the -catalyst can be-expected. Ths_:lmproved drying effeot-ocbtained
. in other: experi.ments by incroasing the apace valocity was balanoed
by\increaeed cooling oi’ the oatalyst. : T

2. The upper oatalyst hoppsr of one reaotor was provided with a tail
.gas line in order to heat the oatalyst in the. upper hopper to. 8429,
and this Wwas acoomplighed by using part of thes preheated butane. |

- The high pressure drop through the catalyst in the _hopper p;gyggtgq

“the application of . auff'iciently large quantities of butane, .

3. Catalyst 'irying by means oi‘ nitx'ogen ina reactor was successful.

The operation cen be visualired from the attached drawing. Instead

of the usual transfer period during which the regenerated catalyst

is passed to the reactor by mans of conveyor 1 and, simultaneously,

the used catalyst is trensferred to the regénerator by comveyor 2,

2 moving periods are -introduced. In the. first period the regensrated

catalyst is passed into the dryer and tho wsed ocatalyst is passed to

the regenorator from the remctor as usual. ‘In the second period the

driad oatdlyst from the _dryer is trensported to the conveyor 2 by

meens of. sonveyor 1 using: a simple switching arrangement and is. {then--

introduced in the reactor- This process-for ostalyst d drying should

only be oonaidered as temporary solution, it has tha fonow:lng dis-

advnntages: - -

8., The"dried’ oatalyat leaves the dryer-dehydrogenation Teactor oold
- because of "cooling in the pooket valve arrangement and sgain -

,:p:lckam;:p moisture while 1n ths conveyor (approximtely 0,17 by -
©welg

‘be Catalyst and. niﬁ'ogen used for dry:lng‘"!‘low in parallel. The o

nitrogen leaves the dryer with about 0.6% by volums ‘of moisture

" (oaleulated as well ag determined amalytioally dn plaﬁ:t tests) -
- and |the ot talyat “thersfore , ia not’ oomp]etely ; 11 contz 1ns
C8t111 0,2 - 7. by welght of witer, - r -

o.‘( Whemu 2 rea‘.ctore Bre usbd with: l\dryer, th\ts reaiwdence $ime: oi\”

| “the lcatalyst in ‘bhe remactor is- dou'culed, awpn whwan the'dryer ia
. opsrated’ a{s fast as poupeible \ . R
... 'The procegs requr.res a d:ltio: '1 ca;)acity or re”otors :

x i—n;x;tak runs the yer omﬂated th 35'314 cj. i’t. of
.},/nit ogen jtr hod\r ‘e htamp\ rat’(n'o‘t of 9‘.7°F. ;J‘th:la cnorresp ds. tv.a apdoo veilooity—‘
,400 lumoe.per volums wuf ‘datdnyut per hour. The resiienoe \tim ‘of ‘the ‘catae

?‘;_ff-lyst in the 6 howuru." wl'he eft’eot of oatal t ar in y the "eaotor -i8..
~'ehoyn in’ ‘Fgure: 9, catelyst oying:op Mo x

-.Edrwg wa§ f




on: the baaie oi‘ 'hheee experinmt results; .
_.gn;&_,hgu_b;a,,_a_g’ 2l Xhs way. desoribed for several’ woeks. - & reactors with
-@-dryero end 2 regemratore “are’ oporated; 2 reactors are always comnmsoted with-1
.dryer and ) regenerator, . 80,628 - 88,000 cu £t of nmogen r Hpur dre Yo
‘quired. :The oparation of “the drying process in thelplanb led;, on the 76,
“fo-a- lowering of the tempera by-80:« ;\.40°F. in the: reaotor. -t qonveraiona. .
“of: 18 - 20%, the dehydmgemﬁon yield inoreased fiom 70 - 76% to 80 = B6% at.the
~10. catalyet temperature. The ‘aoid: conmmpb:lon in the plent deoreased from 45 to
rzo%. Tha -Fesulte are ehom in Figure To [ERERE T

o 'l’he ei’feot of oatalyat drying on’ the opere.ticm of- tﬁe dehydrogenatidn
unit and aoid’ ‘consunption ‘in the alkylation unit was: oonﬁrmed ‘by chutting down -
“and restarting the drying unit. Thie solution/of the: problem Sﬁ catalyst drying
can only be considered as temporary. . ‘1% 18 planned 0 ;install Ja drying unit 1n

“the” dehydrogenation plants ~Bach’ reactor shall be aquipped with- 1 -drying-oven.
arranged above ‘ths - catalyst hopper. Nitrogen i oiroulated 'by means of a blower
~which feods an dryera. -
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