‘jz; _L(Wing-bed oatalystio omcking. [

4 .

3 Fluid-catalynt opemtion in: the 'gaa phaao.

4. Fluid-catalyat operation in :th nquid phnae.

-bod cm:alytio cmcking_rocess.

Lt Insulated unhen.tod renotora of. catalyat cnpaoities of 0.36 cubio feet,‘
: .8 cubic feet and 3.5 cubic feet were used in the ‘developmont of this’ procoaa, :
.espacially. the\atndy of. catalyut -regonsration...A. aemi-comrcm unit uith B
catalynt capnoity of 35 oubio feet wul be atarted up- shortly. B

‘ : Sinoe tho purpose of the developmnt work on oatalytic moking waa .
{t'he mamfaotura of aviation gasoline, the use of natumal; activated clays and ot‘
synthetio catalysts on the basis of magnesium silicate was excluded: It was' ' =
“found that’ on!y .pure Al,0 -8102 oatalyst without ﬂle a.ddﬂ:ion of other metals or

‘thoir ox:ldos were euita le. e

n Tho craoking catalyat uaed at present has a molar mtio of ngo; ' 8102
of 1 ' 9 and lles outside the patent oclaiis of Houdry; it 1s° especially character~
ized -by its msthod: of preparation. The activity of this eatalyst could be” con- ',
;_;sidombly 4improved in‘the course of the last years In contrast to. ‘the natural

E olayn ’ the aynthatio aluminwn ainoate catalysta are aensitiva to water vaporu.

= Tho. ado_f o560t tius, aspecially. the oon:
.'n'-‘ai lerable ‘mprovemnt 1n' ﬂme activity of the catalyat, 13 ahom in Figum 1.

Converaion periods of 1’ -8 hours ag: compared to 20 80 minutes uaed
{_;'}previously 8till’ gave_ higher yielde of gaaoline then the formsr. ahort.‘convorsion
“period. At the sams- tima, tho quality o!‘ the gaaoline 13 improved"
1!1?18\“'9 2" . . E i .




redction products .formed, vis.;;stabilised gasoling (bolling v
8890F. ), 1iquefied gas, dry gas end coke are taken as 100 in the following F
3 g. Increasing the space velovity end lengthening the oonveralon per i T
proves the product distribution, wheress the effeot of raised oracking tomperatures
"1s unfavorable. It dhould be emphasized that the total conversion docroases with:
inoroasing space velooity and inoreasing length of the- conversion perioed. but. in- .-

oreages when the temperature is raised. . .

T TFe minimm i the~sarton deponit ourve-in-Figure-G-is-expleined-by-the

~-faot that: when-the -temperature is-kept too low, uayaporised-oil.constituents are.
deposited on the catalyst which leads to inoreased: carbon deposition, The mini-

_mum of the curve lies at the optimal oracking temperature (716 - 788°F.).  —

 Thich oracking condition should be selected for each individual oase
“depends on the type of charging stock and must be determined experimentally.
-Naphthenic oils are best suited for this process and purely paraffinio oils give

low gasoline yields 'and ‘unfavorable product distribution. -
_ The sttached table shows the product distribution and data on the
quality of gasolines produced at constant gasoline yields. It ocan be seen that
. prolongation of.the cracking period. sud simultencous lowering of the space velooity

results in lowering of the carbon formation and has a favorable effect on thoe -
ratid of conversion to regeneration period.- : :

_ " The reised cetene number of the recycle oil should be noted because it
indioates the possitility to process this material for the manufacture of dissel
0il. g o ) i ’ . \

Cl R e The average Zdi’stnbution of individual hydi'bcarbons in the liguefied and
dry gas is shown in the following table: ’ ‘
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‘ Gaaounes mde by ora.okh‘:g of hydrogenation ‘middle oils: from brown ooa.l
.nnd coal tar have & ‘higher content of ‘aromatios (about 80%)_ond & lover olefin’
oontent (botwoen 2 and.5%). The storage’ ‘stability ia aleo goods The ootane -
mumbana-aw-.aboutd.units.hwxer._.,The.aupe:oha:ginsnohmmummgwi‘

ocally-oracked gasoline are shown in Fig. 6.  The diagram compares the ‘catalytioally~
-oraoked gasolines with a hydroi’omed gaaoune and: a re%ular .aviation’ gaso].inn. '
The oonoantration oi‘ aromntios :ln theao raur gaaolinee 18 ‘aa followa: '

Kydm!‘omed gasolim | 60% ammtioa
Catalytically-cmoked ‘

.gasoline from middle oil . Co-
" from the high-pressure

hydrogenation of coal tar 30% "
“Cata.lytioa‘ny-cmolned : ,
" “gasolins from Roumnien
orude oil 227% "

Aviation gasoline - approximately 10%

The ourves indicate that the aromatic content is of extrems importance

with respeot to the position of the performance ctrve; the catalytically-oracked
. .gdsoline from middle oil from coal tar hydrogenation approaches:the- performance -

of hydroformates. In spite of the fact that the oatalytioally-cracked gasoline
from Roumanien naphtha has an'aromatic content twice as high as that of. regular

aviation gaaonne,_the position of the- perfomanoe curve is only slightly better.
-Numorous engine tests with catalyticany-oracked gasolines of various: origins -
seem to indicite that the most important factor for good performance. in the
_supercharged engines is the amount of nevly-fomed aromatios rather than the _
branching of the paraffins. 'The quallity of the non-arematio portion of a oracked
=gasoline~dis- “dependent=less “on=the= ct‘acking prooese itself than“cn the c!mical
oompoaition of the charge atook.- Cam , _

S e important ratlo of conversion tima to regenaration time 1 ddter-. ;
: mined by’ ‘the amount of carbon deposited on the oatelyst and the- conditions chosen
. for. reggnerationo “In"the subjeot exporiment the heat-of combustion of “the carbon’
'f_ ‘18- removed ‘only through the regeneratiom -gas..- 'To aceomplish:thi the quantity of
- gasl requi d 158,000 = 5,0CBOvol- 8" of | gas -per voluyme: ofcatal:} t. The max '
te rature .to ich the ‘catalyst is exppsed. should” not-exceed 1,022°F. since:
Qe the ap‘ﬁvit of ‘the catalyst is 1owe\red. The: neﬂeseit; to-use such a.
tity M‘ regﬂ[nentmg o leads| to the desijm’ aotorjs . with aevor\al -
;,oaﬂnlyat 1\bede. | The. cautalyats beds Inre: 00| eotan\l in sgries dhur:lng the conversion
7per%:d ami pamﬂllel dm-ing tho mgpmm‘_[on pe\_ 'od - order to r dhoe resiata\‘nce B
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'““”“" _ For-this rosson, ssparation of Hio maty

It haa been poasible to mise the aotivfty ‘of the ontolyst oonaidombly.
By apeoial prooeduree ‘used: in 1te manufacture an unexpacted high mechanical - - .
“strongth wae ‘obtained first about s yedar-ago. ~The experience:in-the: shaping of -
sphares. gained in the' manu!‘aoture ‘of oatalysts for: butano dehydrogenation oould. -
also-be.utilized and small, regularly~shaped ocatalyst. apheroa ‘of ‘extrems. resistence
to attrition have been produced. These advances in’ ‘catalyst prepamtion dod to. - -
investigations on catalytic oracking with moving-bod oatalysts. ‘A’ -seml-commsroial
-reactor was developed which" i shown in Figure 7. .The catalyst spheres pass ‘through
a regenoration, purging and. reaction zone. - The regonaration &sone- is praoeded by &
tubular prehea er in which'the catalyst which comes -fron the reaotor is heated to -
the temperature ‘required for stsﬁ'ting rogeneration; part of ‘the ‘combustion of the
carbon deposit by the regenerating gas takes place already in the preheater:end
the gas is not recyoled. Since the hydrogon-oontaiqing portions of the deposit’
“burn-£irst; damage-of “the-oatalyst by water vapors would-not-even-be-experienced--
in case that hot reoycle gas is used. After passing through the purging zone the
ocatalyst spheres ‘are introduced into the reactor through a double pooket-valvo
arrangement. After the catalyst has paesed through ‘the reactor it is freed from
residual oil and gasolins in the.purging cone and is removed from the reactor
through a sscond double pocket~valve arrangemsnt. By mnintaining definite .
precsures in the various zones, the mixing of the different gas streama is avoided.
The experimental reactor has bsen in. operation for over four.months. . Dur:lng this
tims“ o diffioulties with the pockot-valve arrangemsnt have been experienced.

i

It was found in numerous expsrimsnts that the loss by attriti‘on of the
oatalyae amounts to 0.4 = 006 pounds per borrel of gaaoline produoed. o X

The yield and quality of the gaoonno is opproximtoly equal to that
obtained in the fixed-bed process-and the moving-bed process shows satisfaotory
flexibility with.respect-to- various:charge-8tooks .= By-changing-the-length-of-the-
oracking period, i:e., by changing the" “speed of moving the catalyst as well as by
- difference in the spece veloocity, it ls possible to keep ths amount of- carbon

. deposited on the. catalyst approximately oonstant so that the seme operating con=
ditions can be maintained in a wnit; espeoially with respect to regensration. -
"-—The' pocketalve type of process. hao ‘the ‘advantage over. thé fixcd-bed type that -
itaoan be. operated continuoualy and control valves operated at high temperatures
,,wel_ as. 1t1«tnn ipnnnt l‘or'ﬂmir automTio ooTtrol I}ooma unnec aaary.‘
aly

F nid-'! Cat

SN e ‘ »
Sog Imrostiwtional‘ work ‘on tho‘ operauon of the «‘:atalytw‘lio oraold.ng prooesm‘_
yAth I'“luid- |ta1y81 in' thTB vapor phasF has been reosumsd since it beoEm possible|

to produce of t:lafawory aIviatio gasoline by this process, provided that a suf-| -
1oien ly hi h cat 1yst. concentration oan be maintained in the réactor.  However,

\Fh m[n: pro qo not ‘pot suﬁ‘ﬁooiqrtly oﬂvnnce " ‘to. %Fo vdeq;loo.te \bhims\}for

'.'Caiaalﬁi




, 3 '« 10% catalyst and ‘processed at about '
~ 9820F. aud & pressure of 660 - 1,470 poi with a 5pace velGolty of 7 =20
‘gollons ‘per volums per hour.  Natural olays wore uged as. catalyst.
to thermal -oracking, no increase in the yleld is obtained
“the ‘quality of the gasoline produced is considerably better ;
“espooially suited for purely paraffinic oils, e. g., Kogasin from the Fischer
Tropsch synthesis. . A greatly-improved produot ‘distribution is obtained as com-
“pared to oracking With o-fizsd-bed-oatalysts—The-products-made-by-this-processy
“however; cannot:-be used-for- high-grade aviation fuels. and, cdonsequently,. the A
interest in this method has lessemed. = ' A R '

. and.

The attached flow-sheetsshow - four possibilitics to use natural petroleum
for the manufacturs of high-grade aviation fuels. The figures used in the diagrams
are only estiiiates, tut they are based on the extensive material obtained in numer~
ouu individual ‘experiments. o T e

1. Processing of cride oil by pressure distillationm,. catalytic

orackingend hydroforming. Besides aviation gasoline, much
. diesél oil, lubrioating oil and fuel oil is-obtained.

"2, Cruds oil processing by hydrogenation, catalytic eracking of.
straight run middle oil and hydroforming. The main product
is hydroformed gasolins.

3, Crude oil processing by hydrogenmation, catalytio oracking of
straight run and sump-phase middle oil and hydroforming, In
this process considerably more catalytically-oracked gasolims

- 4g-obtained in spite of the fact that large amounts of hydro-.
formate are also made.

4. Crude oil proceseing by hydrogenation, catalytic oracking of .
. straight run sump-phase middle oil and oracked reoyole. stook :-
(with simultansous use of hydrogenation) followed by hydro-
‘forming, This method of operation produces the -largest amount
.of catalytio gasoline, - - - | '

. “The following statements can be ‘made with respect to the design of - |
@ commercial unit;  Sufficient experimentel data are available for the design of .
a [ixdd-bed unit. = Tho development of the moving-bed catalytioc process hasnot ~
yot reached completion. However, it-is believed that this will be possible ina .
short time. ~ The very promising process using a fluid-type catalyst will certainly.
- require a long time ;ﬂ'mti‘l i¥is ﬁxompletrly_de‘welopeq_ and peady for use ¢n'a-com= |
mr;roial oa.le."-', : o o ’ o | |
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