OATALYTIO GRACKING WITH A FIXED-BED CM'ALYBT
DESCRIPTION OF ‘THE PILOT PLAN‘I‘

Ths experimenta were - oarried out 1n e. ahen-type reaotor whoae interior
was biick<1ined and which was insulated from the outside., The heat retuired for
%wemﬁwﬂ@**ﬁ@*ﬂ*t*ﬂ*pmauﬁwfwﬂm"twm‘mmﬁ”ﬁ
wag -obtained. by superheatmg -the -charge ehook -above the raqu.’u'ed oz‘acking tome
perature.

The catalyst was arrenged in 2 beda, each of vhich had a oapaoity of
17.5 oue ft. The height of each bed was 13.7 inches ann the diamotor 4.6 £t.  The
0il vaporu ‘yassed from the top.to tho bottom of the reastor. The regenerating gas
%as introduced half-way botween the 2 catalyst beds and distriluted” itself uni-
formly through both beds. During prolonged periods of ordcking (exoseding 60
minutes) the temporature of the lower bed was, on the ovorsge, 18 - 36° lower than
that of the upper ‘bed. (See Table 1)
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Smoe Velocity Space Velook Space velocgz Space Velool AV,
Cracking vol/vol/hour 0.6 vol/vol./hour 0.5 vol/vol/aour 0.4 vol/vol/hour - Reactor

Tims Upper Lower Upper  Lower —ﬁpper Lorer  Upper Lower  Tempora-
. Bad - Bed Bed Bed -  Bed Rad Bed Bed ture

O 788°F 788°F  788%°F  788°F  788°F  708°F  788%F  788°F
20 792 784%7  792°F 784°F  792°F  7ug°F  797°F  786°F

€0 _ 802°F 772°F  789°F  733°F  802°F  784%F  788°F
120 , |  80B%F  /TTF  804%F  7790F
80 : | ~ 806%F 777"?\

e diam‘muon of carbon was not uniforn. for toth catalynt ‘bads. - The,
amount of calrbon doposit decreased unifomly from the:top to the bottom in the di-
- réotion of the flow of the oil vapors. 607 of the total cerbon doposited on the .
oatalyat wae present in the upper.bed, wherpas 407 wad deposited onthe- oatalyst 1n
‘the ‘lower bed. Sirice both beds were egenen‘rated the |seme quantity of rwgenemting
Esa, quform turning of tihe carbon. deFoaits on ea:Ein bad couldTnot b:[;::)twuxed e.ml .
hie aultet in &certain Aiff! oulty wmn mr alone wae rat‘h.ng galm. __

Laed as reg

‘ \ m» 0il 1‘peheat\er heated thwa gas 11 ch».rga (I\LPI Gra.vity about s»h.z)
»'\l‘rom &l - 87&I°F. ~The max:lmm t\lu-ough\put wap 527 y;an per ur anw nindmun
"106  gajlons pe T hour. The residence Eﬁa i the & capadi y thr ughput .

'3 secopds.axd- at. a hroug put of 166 gallo per! a ut 6 ooohd ‘I'ho
e per ‘t 91\1 Df gqs oﬂ.u ‘ ST S
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The prehsater for the ragenetat:lon eas was“a tubula heater with oon- ‘
veotion and radiation zones. The regenerating. gas » Whioh':4 mixhure of air and”
nitrogen or dir alone, was hoated from 68-= 93529F, ‘The maxim throughput was a‘bOut
247,000 ou. ft. per hour and the minimum throughput was 3 ou. £t per hour.
The maximum pressure of the hoated gases was 103 paig. and tho minimum pressure

ﬂa'?”imh‘i'}mat"é‘amm *umghpuﬁ*ﬁﬁ-mmeo-oom
per hour. - ;

The blower for the regenerating gas had & oapaqitmwpf,about”254,000ﬂouo
ft. at a pressure of 14.7 psig. and 689F. It operated at 950 r. p. m.'with a
motor of 140 HP. . The maximum. pressure difference.obtainéd.was 260 mm. Hg.. -
turbo~-compressor operated at. 103 psig. and 68°F. at a oapaoity of about 240,000
ou. ft. per hour. It was oporated by a motor of 14 HP 0t-676 r. p. mo Ths maxi-
mum preaaure difference obtained was 126 mm. Hgo

The odpaocity of the tankage used in connooi:.i'on with the operations was
650 barrels. 6 measuring vessels of a capacity of 528 gallons each were uaod,
- togethor-with-a gas- holder of -a-0apaclity -0f -B86- s fhs - cmmmiim ol

Mecha.nioal control of Valvos.

- The various opsrating periods were oontrolled by wweans of a contact drum
which, on rotation, opens and closes the oorresponding va;lves by eleotrioc operas=
tion of a hydraulic system. The control operation was arranged in such a way that
after oach opsrating period tho drum had been turned once by 560" omriug 20 con~-
tact positions. Ths mechanism oporated as followss

The 0il level in the surge tank of the hydraulic system iz kept at such
a level during opsrations that the pressure is kept below 285 psig. A pump oonw
tinuously circulates oil from the suotion tank into the surge tank. The o4l level
is regulated by an overflow valve and the regulator "@" (gee the attached diagram)
maintains the pressure constant at 236 psig, When the oontact druz is turned
electrically or-mechanically, a.new position-of.-the. contaot-drum 4g.reached. and.
electric impulses aro given to the corresponding eleotrioally-operated valves. which
pormit tho 6il to pass from tho surge. tank to the Sera~K - o1l i'osaure operated gate
valves and allow the correspond:mg amount of oil to flow;
'euction tank.. In order %o ahmv 40T oorreot operation of ;l;

diagram on_the_panel boa.rd and irregularities in the opare:bioxi" are indlcated by
1tabl . arregting mohaniem on| the o tact drum prevents further m
tEon of[;;ba drum beft:re the operating Eime o% & valve (about .20 eeconPa)hae elapo d.
Ite~mac| o4l with a viaoouif:y of about 86 SUS af 100 and a-pour pcini: of‘ -90°F
is euitlwabie fu' the hydrau\llip sy‘&atem. R : i ‘ |

oparai ion oi' the oLntaot mchm iem iT d’b@z 1bed. u,i_‘olidiva’:

I
1
-
L.
I

" - The; ohnrge\l atook‘ ia pdhxped f om* eh\waga ough & ma‘muring vosseh. into

t\ha prelbater whers it g ‘vaporir.ed.' “l'he oi\l vapox" ‘enter-the ‘!'aaotowr 'bhroﬁxgh

~vu1ve 1, roaotion produots leave the reuotor 1.hrougm valva j -after oopling
'J;er thq prodqct meaauringrvoaaei whor«& eepa ation into l‘iquid }md ga}}:eoua




howevar.dmroturned»inﬁo~thevrp1ahb.
Pnrging with craditing Gas. L

Ey switching from posuon "p" %o "eM, tho feod stook !.u bybpasaed and tho
roactor oen be purged with cracking gas (from the ges holder) which flows through
valve-3-to- 6y _Valve 8- lszs.ed‘....i‘ha..ail..nhioh.condsnaaaAmthunoohrAaJapuated
in the aeparator. O S S e

Purging vrith Nitrogen. '.

The oraoking gas 18 oiroulated using poaitions "i‘" to "1" end valve 6;
reactor valves 8 and § are oloseds valves 7, 8 and 9 are open. Nitrogen is intro-
. duoed into the reactor by neans of the blower after it has boen prehsated in the
regensrating gas-preheater; the gas is -passed into the reactor half-way between
the catdlyst beds. The purge gas leaves the reactor through 7 and 8, is cooled
and purified by 8 of n oentrifuge; it is partly vented and partly reoyoled
.through valve 115911
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When regeneration is oarried out with recycled gas at elevated pressure,
the recyolé system is brought up to the desired pressure using switch position "k".
At position "1" the recyoled gas is enriched with air which is introduced through
the gete falve 14 proportional to the amount of carbon on the catelyst which has to
be burned off. The pressure ranges from 44 - 50 peig. The pressuro on the reactor
i3 released at pasition "m" by opening the gate valve. 12, o e

Regemre.tim with air aloms is carried out with poaitiona in¥ ﬂ'xrough p*.
The gate valve 11 is alosed. Air is suoked in through the air filter of tho blower
and '1s paseed into the reaoctor ‘through the prehsater and is. finally vented through
valves 12 end 13. At dofinite poriods cold air 16 injected into the reactor through
the regulating valves b and 6. Positiong "m" and "p" serve as prBtection for the
blowers. le quantity of gas ﬂmving through tha reaotor 18 reguiated by regulating
mlva e. i = ST EERE Sk ;

; : 'fha reaotor is aubaequenkly pnrged ageg.n with nitrogen analagoua to the
f!rat nitx'ogen purge period, Tho reactor. is olosed in position "g", the. gas is re=
oycled through tho reaotor by-paes (valve 16). At pos!tion "u" a new oraoking

period abarts. '

T the joracking satalyst- J}EF thotfo alumimm gilioats ‘of the app oxie" |
: mta conposition. P 02 whioh hag| boen propared by a specinl progess. Two :
\mtopas of 1 ton of ha oa alyst| have wreen piepared for the ocathlytio|orack! ing pi]\tot
" plant agd the first- batch was: of éntirely unsatisfelotory notivity (it prodused 20% -
. of gdsoline boiling ‘below B46°F. )e This. ontelyst was' thmrm\ only.
. 'ing tho [undt exd. trt%::irg the. opyrating perscunel. | Ths second batoh

~of-somsyhat batter by | (gaao inb yleld - 26% of gdsoline bo ling.
Tie. partiole eiee s ab extremo mportance :for. thaao Ayity of il
“oubs=shiped ostalyat srould have|n lemgth of (0,24 ~ 0.4'1}:" | .
‘m)ddle 911 ‘amdunted to; 47% (26% 9f gasqline-toiling bolow 545%;). por

4 smaller soale. ind:l\na iad it & le ‘ag breionl inorocsen when tho -partiole eilze ia

Che ~?‘the wnver |1on this oase m 60% with 33% of asol
wonp I qomrere ¥ &8




Because tha oatalydt*did noi:‘“‘
what: unbatiei'eotory;olnrge stook was 9\ ; b op s
_bose of obtaining detalled informat: _the quality of potential.: pr uote.wf['he,
purpose of the operation wao to obtain mainly data on the regéneﬂation of the
.eatalyst end the oomtrol of thermal conditions in this operatin  Sadipleh’for
materidl Valances wore taken fn such e wWay that aliquot parts:of the liquid. tnd
gaseous réaction produots wore taken in the' ‘ratio in whioh they twre’ pﬁ‘oduood end
theso. samples were distilled .and stabilired.  An automatio. gaé sémpler- (l"igure 3)
was used i‘or constent sempling of the cracked gas.

Regeneratiqn oi' the catalyat.

The problem in the regeneration. of catalyst which hao becom dnpotive
by oarbon deposition consists in keeping the temperature bolow g maximum of
1,022%F, and, at the same time, carrying out the regensration. in the shortest
Possible time in order to réduce to a minimum the unproductive time of ths init.
Combustion of the carbon is carried out by meens of oxygen—conta:lning gases whioh
‘algo serve for 'the dissipation of tho heat liberated. The rate of oombustion is
proportlonal to the oxygen concentration, which msans that a large emount of gas
3s required for the removal of heat. Since air alone is used for the regenora-
tion, the quantity of gas required is larger than in the case where a gas enrichod
with oxygen-is-used-end- the-quantity-of gae to-be-used-is-1limited-econoniocally by
the presguro drop in the catalyst bod. 1In order to decrecse the prossure drop,
the catalyst can be arranged in sewveral beds which are operated in uerios duriug
the oraoking period and in parallel during regensration.

As long as the oxygen concentration in the gas has not reachsd that of
air, much inert gas is needed. This leads to recyoling of the regenerating gases
in erder to keop the amount of insrt gas ag small as ponsible.

. In the Houdry process, ocombuptiocn of the carton deposit can be carried
out with air aloms without having to pesg an extremoly large amount of air over
the ocatalyst because the heat of reaction is oarried awvay by means of ‘molten salt
oiroulating through the catalyst. For ths pilot plaat, regemrat:lon with direct
removal of heat through the combustion gas was planned end this process was to
be o/e.rried out at atmospheric pressure or at elevated pressure (up +to about 60

.pedgs). . It had, however,. been. proviously found :that regereration-of-the chtalyst
will only bo complete when tho gases onter the.reamotor. a4t about 760°F "Sinios, .on
“tls othor hand, the maximum tomporature in the oatalyat ‘bed must . not/gxcaed 1,022°F.,
only a temperamre dif ference of about 270° is available for-the removal of ‘heat. -
Labaratory tésts had indicated that at a gas inlet temporature of 7529F. not all of
‘the” carbon deposited on_the catalyst will be turned of £ but that a ‘temporature of*
860%F. was mecessary to completely remove the carbon, - This means tht over I{h
enfiire re gemreLtion timo the temperature diffd rence cannot, always bo 2 it
1s:désired to completely remove’ gEe oar’ hJEnta ina 20\'5&1“ reao tor
indicated the x gmmke of hhe average part ture ¢Af foremoe .over ths, entire re-
.generation tims, -1, 6., n ,tha time unfdl the ooke ‘haa banen entirely. | \Lumd off
“but the time atl vhich the, initial| temporature of ﬂ-.:)' oatalyst, (oraoldng tem tmum)
‘ ference, ocordlngly,éh\v about;

‘ baen.reaohad agail:m Ths mean| teipo: ature dif
~ 1109F, . That mant. howover, that only g third of - tormp: ratufs differende of -

78TO, ‘oould. be‘ utni\zed inf practice. - eq htl& 6no of ‘the main o Jectives of |
thy 1nvaﬁ\tigati‘bn was| to £ind the Lfaotoﬁfa wmq}h pré [ominaqtly afreot “teme |
' porature ditfer\pntial‘ r s i $lo _20 <gallor reeotor had shown tmt in-

-0 'auo‘ hn the maan +.e\bpa:a, ',e dii?ferenme wes' ‘to be expa o‘lﬂad whan uovoml—-oa alyst | -

 Avtaga T suoling of. ﬂ"- hot batelynt, the metn
<~4"‘,'9$8994' lot |




The Maoham:m b Car' )n"bom‘buation’

. yat,oontain a oarbon degoait indi-
.oa'bed "ttt b carbons 6701 tho deposit Had tho fortuld U3Hj 1t vas
rurthe ory: found ‘bhnt. of - tha averége, ‘about: a third- of i the. earbon ia: d to -
€0 end bwo=thirds to 00y, Under thbse conditions the heat of comblistion for the
carbon 1s daloulated to be -aboub 14,460 Be.%. uo por pounds. Th amounb ‘of ‘carbon-
depogitad on the catalyst dopendé on tho oporating conditions.-dnd; edpocially; on
tle obarge stock. Using o mixed base oharge stook (end’ point 7629F.) which las
-besn-used-as-the—char; Mtooie%w-wnwﬂot-phnwmwthmarbon-tmommé
emounts to about 2= 7 by weight 6f the.ocatelyst. .. . -

At ths start of the regeneration per:lod the catalyct hae ntul the tem-
porature of the ordoking period, nitiely 762 ~ 768°F._ Consequently, in the BXPOTi-
monty to determine thd ignition tdmboratuye of tho carton ouly tho temperatire of
the rogensrating eir was varded., In these investigations it was found that the
oarbon consista of ons portion which 1g easily ignitod exd u pértion which 1s dif-
fioult to ignite. Whoreas the first kind of carbon is ignited with air already at
482"5‘., the ignition temporature of the second partion lies eround 816%%. If air
is pormitted to intoract at 788°F, with catalyst containing carbon and if the ro-
moval of heat is suffiocient to mintain the temperature of the oa.ta.lynt at thie
level, the carbon ignites. . The combugtion, howover, stopa.cbruptly. as. gobn! 'ag.the
oasily-ignited doposit has boen burned off. If the air temporatwre is raisdd to
816°F., the more diffionltly-ignited carbon starts to burn, At 968F. finmally o
smill amount of residual oakrbon,approximately 6% of tho tokal carbon, is burned
off. . Up to now, it oould not be proved whother feilure to burn the reésidual oarbon
affédots the activity of the catalyst. The findings with respact to the different
1gn:lt.ion temperatures of the carbton were confirmed in a spivial’ 1abbrator$r apparatus.
In thé first burning poriod the bulk of the combustion watur is fourd in the regenera-
tor waste gas. It oan, theroforo, bo assumed that first tip-hydrogen-containing '
varbonacgous deposit end oil roesiduss are burned off and tint a carbon with low hy-
drogen content or free oarbon rems.:lns on the oatalyat. o

- ‘Whereas the aacond burning period shows little reiation.to tho octicentra-

tion of oxygen in the regemsration gas, the combustion of tiv eaaily-ignited car-

bon 48 extrembly dependent on ths oxygén .oontont of the regenorating gas, e

amom ‘of oasily~ignited carbon is H_»ireot 'roporj;ional to0 1ho _extent of pirging

alyst after oracking, but e ] prolonged and \ntensive purging

. easnyi-iénited carbon is still present.: For a rormal purging period the ratio of -
tho two oarbon modifications emounts to bout one-third eadily-ignited and two-
thirds. dirﬁoult‘.lyhignited carbon.: The:amount of dift’icul'bly-lgnited ogrbon de~
gende on the operating conditions (temperature reached by the. datelyst during
burning of the eaaily-ighited .oarbon, removal of hwat by regemmtion gases,
Tperainxre of regom\rating‘ gaaeer. | 2N '

Reo:role Pr‘ooetn.\ : }

\ | : [ R,
)

NS Remot\ral or Fthe hem: o!‘ ﬂLombue‘hon o!\” the m‘larbon lrequh «\‘as gas qmntities

o!‘ 2.000 5,00 ‘yolumes poh- vol me. matelyzt. “Thase, J.a‘rgo qu ntitios of e{aa '
: oling: of the Anert:. é;a-mir 0 r*dquired for patalynt reg

i - Agbording to' the composa.t:l ' he carbon dsposit (Gi‘ h) - stodn s §

du‘ ed during regensration. mj:d tho 4{ ter vapor| Jcon L(:ration v 4re recyole g ;5

‘reach 15$ 31noe‘ the gynthetic" oatalyut s. susceptibly to wter,
mﬂbsasw to-se mi;ek tho w tor. by - oonwneatidin ani ‘thia rueeu {Eho comlt fom' ‘bhis

tnia of ovperati\ ) ‘




. Roganoration ut Atmosphor

For catalyst rogenerstion by a reoyols prooess, it 1s advinbageous.to
contact tho ocatalyst with. the regemration gagses-at the’ ignition température .of
the more difficultly~ignited carbon bobause then stoppage of the combubtion dannot
gcour, It could b olearly shown that:otherwise an-intorruption in the combustion
of tho ocarbon ocourd even when duf fioidnt oxygen is present in-the rooyole gas.

- "SENorating ti6 doponds on The emount of oarbon.on tho ‘catalyst and the re-
gensration ,com‘utiona.....A.,.,A‘,.A. s O o e S o

8ines no. petroleum. produofsv wero java:llabla ' gniddle oil from the hydro-

génation of brown ebal was run in the unit and the operating times were inorsased
in order to obtain a suffielently large carbon dopoait. - o

‘ The amount of carbon burmed off wag caloulated by assuming a henting
value of 14,400 B. t, 4. per pound, The amount of oarbon deposit shown in Table 2
oorrosponds to definite operating practicos using mized-base natural 011 products
(boiling rango 829 ~ 762°F.). The times required for purging with oracking gas and
the firat nitrogen purging period are not considersd in the regenorating. tlmé eince

-.80.exeot_times.wore. obtained -in-the experimental-unit-end-the -connsotion ~0 by
added for the. pumping periode is only very small in commorcial operation. Regenera-
tion was oarried out ueing 106,000 - 175,000 ou. £t. of gas por hour whioh was in-

“troduced 4nto the reactor at 816°F. As soon as the combustion of the oarbon was
finiehpd, the ihlet temperature of the gas was reduced to 788°F. in order to bring
the temporature in the catalyst bed to the oracking temperature. Subsequently,
oxygen in the oirculated gas was replaced by nitrogen.

The following table shows the results of regensration with oirculated
ges at atmosphorio pressure: '

Table 2
Cracking Conditions for
Potroleum Gas 011 - Mean
(320 - 762°F.) _ Temp. T Ratio of
... Craok Carbon-on Regeneration -Diffor- Rogenoration Cracking to
vol.oatelyst/ Tims,  Catalyst 08 ¥ enod-: . -Pime Regenoration
hour Vinubos & by Weo  (ousfte/hour)... . OP;— Minutes = Perded
1.0 20 2.2 108,000 116 _ 90 . 114.5
, o - 176,500 108 66 11 8.3
0.8 60 80 | 08,000 [——18 | 160 . 1} 2.8
- ‘ 175,500 w1 1p 17
120 88 |- 106,00 |- 132 200" TSR
I 116,800 117 | 18§ 131
80 106,000 - 126 - | 210 | 112
a - 176,600 | -1;Eo'y'j e [ 1 0i8




: “of: “of roi ;
(11, ahd the ragemmtation $ino 1o 280 miniec). the oo  benperature,
£foron0e in bhis case ia 65/~ 72%F, .In'a cummeroial unit it will, thSrefare,
not; be. Hdvisable to oomplotsly burn off the' carbon, espscially sirics thore are no-
indiocatioy 5. that the activity of the ocatalyst is appreciably affestad by the re-
B8 08B o e e e

. Reganeration at Elevated Pressures . 0 i

-7 The reocyole regeneration procoss at élevated pressure (106,000 ou, ft.
of gas per hour at 47 poig. and-176,600 ou. £t. of gas par hour ot 73,5 peig.)
did not show- ahy great advantego over'the opsrhtion et atmosphorio préé'é}nfe' with
respoot to the time roequired for oombuotion. The moen -temperature difforence was
about 2 =:4° higher since’ the start of the combustion was gomewhat earlidr due to
the  inorease id ‘partial pressure of the' oxygen in' the regensration gaes the tem-
peratures of the catalyst bed rige more rapidly than during oporaticn at atmos~ -
pherio pressure. This, again, results in difficultiss ir the ‘control of the air
congentration of the regensrating gas aince. the maximm temporature-is. easily..
‘exodaded dib to; the greater spood of combustion. Somptimes, sudden peak tempera«
‘tures are observed, Since the oracking process iteelf is operated at atmegpherio
preasure, the prossure in the reactor muat bo released prior to' the .oracking
porded and this, again, prolongs the regemsration tims anll requires oomplicated -
oontrol moohaniem and a pressure-resistent reactar. ‘ ‘

Rogemaration with Air Alome. —~ -~ -

. Tho result of the ignition exporimente made it advisadle to oarry out.’
regenoration with air alone without exeessively inoreasing its quantity. Due to
tho' dif ference in the ignition temperature of the two carbon modifications; the
posoibility presentgd 1tself to oarry out combustion with'air alom. At first,
alr of about 662°F, was used and the. first third of the coke was hurned off with
an espoolally fast temporature rise end a mean temperature dif ference of .about:
3600, Tho loat lMiorated lests the catalyst amd tho air. to_suoh an extent tiat.
fl}d""igﬁitﬁifﬁo raturo of the difficultly-ignited oarton is reached whioh 1s -
thon burndd off irrespeotive of ths oxygoh ooncentration.  The difficulty in this
¢oage lies mainlyiin the'change from the first to the gocond burning peridd beoause
the 7difficultly.ignited” carbon miy ignite already whils the £irst portibn of the
- arbon 5. atill turning if the temperature rise is too sulden. In this cdge it
48 Yupossidble to avold oxdseding the maximum temperature. If the rise in the air.
_tempamh‘:;eL:omu . ‘ I A RS

too late, combustion stops. | -

outs - ‘

folL 8 on 1};1:5 'regeﬁg'xjat:ton—\wi-th air é.log'e‘wgre carried

g | ouitt «r}é;;«himw@ atr.:
® regenorating-air by 1 _ax_w:«i»f‘a"p"quhehtqr' :

ropeoorabng air by the adgsblon of cold

v

o (only ‘oontble it

1o In ordor to cuntrol the first temperatire mxim 884b),
. oarbon Goposits grester than 17 by welght of oatalyst), ‘end in o;s:‘;o;r.».\
%o avold stoprage of the- combustion during switoh-over to frthsq'tmd' :
+.;. burnin ":;'w;'._,ieﬁf'. the n ',.,',.al?anins«,,@P@r ture was m.

ible with
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These two. mothods ﬁ .:q&f’a.ﬂlvétf’.regenération’i.Mﬁh‘ ‘air alone ar e
suited #bi comerolal oporation sinoo the. preheater 1ag is too largs
for continuous changes:in. throughput and -for changes,over. short ...
poriods of tims. Consequently, this method of attack was abandoned
—goons . - - i . ' S

8. The pretpated regenorating air wes mixed with a definite amount of
cold oir; prior to ite entramce into tls reactor dnd-in this way the
inlot temporature was controlled. A constant amount of air could be:
maintained at the sams temperature during tho entire regenerating -
period. Only at the start of ths regeneration and after termination
of ths hirning time ¢old ‘air’was added in order to.control -ignition
of the two modifications of barbon and in order to ajein roach the
oracking temperature. Addition of cold alr resulted in an inorease
in the emount of ‘air passed over th catalyst whioch boourrod exactly
at tho time when an inoreaged amount of heat.had 'to be removed from

_the_roaotor. The addition of cold air was controlled by air-operated

valven.;

It was ettempted to conduot the entire regenoration in such a way that
the air left the prehwater with a temperature of 788°F.‘snd vas brought, by the
addition of ocold air, to the desired lower temparature at the begiming and at .
the end of the regemsration period. The choice of tho temperature of 788°F, was
made for the follaring 4 reagons: - :

1, After each repensration the emtire catalyst must be brought, ae uhiformly'
as poseible, to 788°F. ) ‘ ' -
2, Tho air in the reéactor is heated rapidly to 816 . by the hot catalyst so
* that ignition of: the "difficultly-burned” carbon takes places. . .~ . = -
3. Tho ohange from the first to the second burning period cen be easily ob-

tained with air of 788°F.

4, . It muat be attempted to “carry out ;_ggejnp_rétibn with an vai;r"'i'xiiét témpera=
" ture as low as posoible” in arder to obtain a large “temporature-difforonves

: In this typé of regereration with air-alone, part of tho faiff1cultly-
ignitable” carbon was not completely removed since. the- catalyst which 1s oontacted

£irst by air will Yave a temporature énly elightly higher than 788°P.. Te addition
:11; 00ld air was comtrolled in-euch a way that the temperature -in-the last layers of

cétalybt.qutdid 'nr Qxcdped'l’.(ta‘ff‘; P S g

IR NS In an extended test in which T.98'bét¢th o mtalyl't were “rogenerated, the
operation was carried out with air ‘of 768°Fs; the catalyst donthized 2.2% by weight
~of -carbons 106,000 ‘ou, £t. of air "wp:e'-p\reRwatwad_auﬂ':frdm-‘ﬂblié*}aﬂto the 4th | .
miviits the addition ¢ oold air was varied rm{.asf,a«m oue o 0f 00ld bir down to
. il 1 ! : . ! )

01 Wo‘,fto 3 m .0

‘ £t, nbustion poriod lasted 36 minutes, ~From the end;of the dombustion
.perdod™(86. minutes). to the-5)th minute, 2 | k

) . minud » 1,260, ou, £, of oold gas per hour were: -
-intnoduced. into :tho . re oi;pn;_“.;?.i‘_he‘ total rogenerpbion’time, . jncluding purging with. -
‘nitrogen and bringing o'.tem'liiﬂt,ﬂﬁnfq',-ma-flo .miputes. = The mean A mporature dif=
‘fordnov in the rin was:160°F, and tho ratio of bracking to regensration:time . was -
‘11 8.6+ The oi) vdo@anxs’icn‘w:;a'pqroqwed.frw;o'm ‘batoh to ;Wba;bqh,qm 1nd@atgd«}id;ﬁis\* fol-

P



. In order to removo the carbon ao pletely "1t was moocessary to brins all
oatalyst beds to a temperature of H66°F. ~This mceesitated a continuous increase
4n the temperatire of the regenerating air.” Adventngeoualy, this ‘could be acoom=
pliched by operating the preheater at 8689F..and only. lomering the air temperature
at the start of the regensration peried and at the bagiming of: the oraoking period
by addition of cold air. This oould not be done in the test rums ‘because the oapa-

ci.ty .of tho_blewer_was. Mutfioiont_g e

Temporawro ocontrol in tho reaotor was obtained. by moaha of thermooouplea
whioch wore arranged in iren thermoocouple wells in the oatalyst bed. The temperature
owrve cbtairad during regensration with air alone showed a steeper rise as compared
to the temperature for the recyole regomeration operation, but normally the maxi-
mum temperature of 1,0229F, was not oxceeéded. Howgver, when the thermocouplos were
immersed dirsotly into the catalyst bed without the use of thormocouple wells, :
dofinite dif ferense in the temporature. ourve: “of .the 2 regeneration processes. could
be obaemd. When 1gn1tion -of the 2 carbon modiﬂcaﬁm started, frequently tem-
perature poaks wore .observed whioch were up. to; 200°F. higher than the temperatures
indioated by the- tlwrmqoouploa in the well. In ths case of regensration by re-

" oyoling of gas under pressure also, temporaturo maxima were observed when unpro~
-tected thermocouples were used, but the- temporature peaks were not as high as in -
the' otlm' 00868 . 'l‘emparature peaks - can be: o.voidod by ecorrect contml of the added

peaka appear very swldenly. It 13 aooumed that temperature peaks are detrimntaf
to tla oatnlyat and lead to a premat\re deorenaa in its ao‘bivl.ty o

18 the oarbon dopoait on tbe oatalyat oxcaoda 2%, regeneration with alr
alone bocma inoreasingly . a1 fioult because & $oo-rapid ohange to ths second °
burning perlod will umvvidauy lead to excesaively highiemparaturea. ‘A deposit

of (3% of 'carbon on t yat r quirau‘ 4 - 5 000 oﬂu. t‘t. of adr per ou. £t of
o8 stalyst per ho S ] T

| ‘ - T
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ph ree ' ot to appm‘\'aims esign

1%” m‘ onu'a 1on wlth ah" o.lm; 19 ad\vanta
 § ‘wn. co yling W tho ‘combul‘tion gaaoa '

,.,f!;!!_,.eaiw

sration taks
.or 'at‘r leﬂ' ; Ben




tion tail) gaves are available for- purging wtth‘ ; gasen, ‘a 'spocial ‘inort gas
manufacturing unit must be. provided for a ‘oracking wnit in which the gmeration
-of-the- ~oata1yetw1t voarriadwout inwlwpaarvm;hwair ‘alone:— o = \ :

Pui-gink or tre Reaotw. ' . o - s

! Bofore the carbon-contnining oatalyet i rdgenorated‘ yang; of'; oxygén~
containing gaaee. the reactor must be as free as possibls’ froml ore’ binge
otheriile, daplosion of the oil vapor=rogéoraticn g 35
Purging of tho redotor after the” oracking peried is carrled out b 18..0
mg gasen. ‘I'ln reactor is. subsequently purged with mm @aa:i or to. teplaoa
the oradking gna by a nonwcombustiblo gas: After rogonerab:lon the'r nétzor ds
rreed from otygen-containing rageneration gases by purging with inert gde | Thnso -
ging tinss must bo noluded in the rogeneration timo emd should, thorbtok'é ‘bo
as short as poaaible. s .

Pui-ging with Craoking Gas.

Purging of the reactor with oracking gas took place in a spoéial oyéle.
A bléwer oiroulated the gas through prehsater, reaotor, ocolor and centrifuge.
’ “'The purging effeot procoeds amptotioally. 1, ¢,, for a given’ amoun{: “of
purgihg gas & maximm of separated oil is obtainsd aftor a definits tims. This is
indicated in the following tables

Table 4
Rate of
- Amownt of Amount of " Flow in
Purging. Timo Purging Gas 011 Soparated Boparator
Hif,. oﬂ.ft./j\our 1bs. . . ft./a@o. Remirks
& : 12.1
10 3631 17.0 3.3
16 : 18.1 .
20 2.3
5 L 224 o
10 ;L ) 26,8 7.9
16 s ) - 6.4 ;
6 A N N
10 10,680 | 22. o | . Pog [formtien
TR RTINS S VY ',
I N R - 11 S fog formation
ety 28.6*‘5';-’ S
~ Imroihg_ing s amnmt of“' purge‘ gna d«amw} pquirqldto oybtain

jentity was oounterated

ARG

ted, However,. the' inorease in the g
the norea%od ratlp of tFw of the. pu

?Emr:;o bint- the :



A4

dropo 1n the contrifugal soparaim' and cansed. the: forma 19n of 041 fogi . Whon o
‘quantity of purging gas. exoeoding "8,820:0u. £t. per hour was. pasaod through +he'.
-separator—(diameter-7s S“iuohee)-nt*a“gaa*ﬂow’m -the-geparator-of-lees~than-7.9—
feet per socond, fog was formed. . These.oil fogs ‘oould- ot ba. aeparatod ond,
consequently, were recycled. Even whon no fogs’ were obgservod, it was nocessary.
to_have at loast 3 centrifugal separators in series in order to obtain satiafac~
tory aaparation of the—oil),— o .

?liﬁJheJapMMM&.MﬁmemM
purge gas volume of 8,820 ou., ft. per hour and a purging time of 10 minutes. .
inuat, however, bo expooted that shorter times cen be* reaohed for the' oraoking
gas purging period when suitable separators with largor diametera are installed.

Purging with Inert Gas.

The purging oxperimonte for the regeneration procouss using recycled gases
#ndioate that & volums emounting to twioe that of the recyoled gas is suffisiont
or satisfactory purging. This would indicate that in a commeroiel unit a volums
of inert gas oorrosponding to 2 - 3 timss the reactor volumo would be satisfaohory.

The, exporiments on catalytio craoking Ina f.‘ized-bed renctor are oon~
sidered completed, with the exooption of catalyst development, singe it is bo-"
liovod thatsufficient dosign data have been obtainsd for tho constiuction of e
ocommoroial unit.

The work on moving~bed oatalytio cracking which hus beon otarted about
a yoar ago seems to indioate that this procoss will be superior to catalytio
oracking in a fixed-bed reactor.
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