¥ A
ERE Nt




DEVELOPMENT O0F CATALYTIC CRACKING

BY
~ N. NAXARARA
PRESIDENT OF TOA NuNRYO K.K.



:x}ahkn):?qf. RESTRICTED"

ENCLOSURE: (G).

TABLE OF CONTENTS

The ROPOI'Y cceceeecseivcasscescsscsococssacnsssscssoasncsccsccsss PAZO 35
Appendix I Calalytic Cracking Tests of the Nippon 01l Co. ..... VPa(;e 39

Appendix II IList of Papers Obtained Dealing With Catnljt:io T .
Cracking Research in Jepan...eeecescseccssccesresss. Page L1

LIST O0F TABLES
AXD ILLOSTRATIOXNS

rigwre 1(C) Rough Sketoh of Inner Construsticn of Toa Henryo
Type Nooction TOWEr tececrcececssocscecscoscsnesess POgo 37

Flgure 2(C) Flow Chert of Coollng System, Toa Xearyo Type
Roanotion Chaader R Y Y IR R Y N T Y RN Ry P.',' )8

34



RESTRICTED X:38(RY-10°

-+ /The.study’ of 'catalytic  oracking of..kerosene:snd: gas oll was first started
‘by:Ryonosuke. KOBAYASHI .and.the. late _Haru KAJINOTO. under the direstion of Prof.:
TANAKA:of ‘the Imperial .Japanese University .of TOKYO in 1934  In 1937; Ryo- . -
nosuke- KOBAYASHI,: with-the ‘essistance’ . of Yuzo KOGA:(Ogura 0il Co.) ‘and Tohei:
TAKAYAMA, (Nippon Soda’Co. ), continued .research work but .failed to make much .
hoedwey : as demend for.aviation gasoline was not great..at that time.: In 1938,
stimulated.by report of the sucoess. of the. Houdry Process,In U.S.A., KOBAYASHI
and WATANABE succeeded in proving that 92 ootane gasoline (0.1% lead edded),
wes ‘obtainable by this method. From this timeé on study of the.prooess was
very nuch elcoursged, and KOBAYASHI was sent to America to study the process.
Upon his return,. more was learned about the progress of the Houdry Process and
also the fact that U. 0. P. weas meking headwey in this work. The possibility
of -buying the license was discussed by the Army and Nevy, and study of the .
process wes more vigorously continued by Kobayashi Research Laboratory, Ogura
011, Nippon Soda, the Army and Navy. .

Ay

-'In 1939, with the.opening of the Army Fuel Institute, Engineers of the .
Ogura 0il Co., (KOGA, ISHIMARU, ISHIKAWA),-designed_the first oatelytio oraok-
ing pilot plant under the direction of Lieut. Col. AKASHI. This plant still
exists in the Fuchu Army Fuel Institute.  In the fall of 1939 Toa Fuel Co.
sent NAKAHARA end KOGA to-the U. S. A. to purchase the Houdry patents. Lieut.
Col. YANAGI of the Army end Lieut. Comdr. FUJIMOTO of the Navy also went to.
the U. 8. A., with HORIS of the Nippon Gasoline Co., to negotiate.for purohase
of U. 0. P. patents. In the meantime, Toa Puel Co. (TSUKUDA et al.), con=
firmed .that 92 octene gasoline could be obtained by catalytic oracking. All
negotiations for purchese of the.patents failed since the Moral Embargo was
declared in the U. S. A. about that time. The necessity for completing the
process in Jepan beoceme imperative and design of commeroial scele units began.
As & result, the Army started construotion of two units in MARIFU, the Navy
two units in YOKKAICHI &nd one in Formosa, and-Toa Fuel Co. ono unit in NiKA-

YAMA. Of these, only one unit each was completed by the Army and Navy before
termination of the war. .

In 1941, orders were given to the oil oompenies by the iar Dept. and
Dept. of Cozmerce regarding the conversion of thermal oracking unitc. Nippon
011 converted their oraoking units at XANSAI and YOKDHAKA to catalytic crack-
“il:i. and these were in oporation bdefore the termination of war. (The Kansal

t was first to be converted and startud operating in 1943). Showa 011
converted their Schwartz units to cuatalytio cracidng ana started operstions
before august, 1945. Nippon Soda continued studios st its subsidiary, Koa Oi)
but the work wes postly oceatered on reforzming and did not progrose very far.
One of the two oatmlytioc orscking units in the Arny Rorlnoz started operation
in tho summer of 1943, and gno of Navy's Yokkaiohi plants also sterted about
the sexo time. All the Arzy end Navy units had automatio eiroulation of gas,
0il, air and steox, but tho Nippon 0il unit had to bo switched by hand. Nono
of theso units weo oquipped with the molten salt, or other method, of absorbdbe
.ing.reosotion heat. . N

The difforence between tho Toa Fuel Co. and Army and Kavy units was that
in the former the abaorptioca of roaction heat at tho time of regesocratiocs of
catalyst was effectod by .zesns of water vepor. As to the nunber of the re-

action towers, the and XKavy plantd wore equi{gzd with threoo units por osze
- : ntgn or a zultiple therecr: 1.6. Toaotion t wa® ajual to regenoration
» while

Toa Noaryo had four units or a sultiple; L.o., the enorsetion
tine was twioe tho reaction tize. ‘The iaterior comstruotioa of all the reac-
tion towors was similar; {.e., a oyliaodrical reaction tower equipped with a
certain aumder Of perforuted ioaclwdw). pipes, some Of whiod wore used s ol}
vapor inlet pipes ond others as oll vapor outlet pipos. The oil vapor inlet

ips wao a4 o ¢ pipe for the arny and Bavy, and a double pipe for Toa Kenryo.
fm?:er to Figure lfcr * : pipe ary

3s



“X-38(N)-10

. ‘s‘ué;';ps,im‘ ,rc)

. ‘Dhe results of Nippon 0il's’ test Tun’ are -shown™ in Appendix I. Army:
obtainpd a somewhat higher 'avistion: gasoline 'yield, but-the-octane-valie-was-
between 90-91 (0.164 Ethyl Fluid). - This wds causeéd mainly-by.the difference:
between the automatic ‘and ‘hend-‘worked method:of-switching: oiroulati
also due to the fact that in the resction tower, the holes of the oil.:vapor
inlet nozzle were arranged in' uniform pitch in the-Nippon 0il" design, ‘while- 1n
Army design, the holes Were arrenged in non-uniform- -pitch: with'a smaller nume.
ber towerds the base of the reaotion tower, thereby oausing more unirorm dis- ;
tribution of oil vapor in. the reaotion tower.»_

e Army installed a. pilot plant at mcrm ror researoh“work,fand tne e
tollovd.ng poiats were mainly studied: - (1) design of the oil vapor inlet noz-
zle, (2) catalyst studies: a mixture of active-acid olays obtained from the
acid clays produced at NISHIKANBARA Distrioct, Niigata Prefecture, end in' the’
neighborhood of ITOIGAWA, to which was added a.small quentity of ohronium ox--
ide, showed good results. "Kenuma®™ earth, however, was better. In partioular,
activated "EKanuma" earth had a higher aotivity after regeneration than when °
fresh, snd its activity was meintained for & longer time. (3) As to.the reao-
tion tower, it was clearly shown that over-heating et the time of r egeneration
could be prevented in a single oylindricel tower heving no internal structure,
instead of using a tower with cooling tubes, if five times or more of the - -
theoretical quantity of air,- required wes red 1n at ‘the time of regeneration
of the ocatalyst. - : ;

Cata.lyeic cracking: research acudies were a.lso mde by the Nlppon 01} and
the Mitsudbishi 0i) Companies, but_ no significant results were reported. -One
example of Mitsubishi's research work is given in a report presented to the -
Army, (Refer to Appendix 1I). The Toa Nenryo Co. studied various catalytic
oracking catalyats, the oracking of ksrosenes and gas $ils produced in the
Southern Islands, and also roaotion tower design. The data thereon are given
in reports listed in Appendix I. The Navy ocarriea on research work indepen-
dently, details of which were not disclosed.
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APPENDIX I

CATALYTIG cRACKI.NG “TESTS' OF THE NIPPON OIL. co., LTD.
o 28"Nov.: 1945

I. . The catalytic oracking of kerosene rrom Sumatra crude was atudied ond
laboratory scale at the Tsurumi and the Kensai Refineries of the Nippon 0il Co.
and at the Tsurumi Refinery on an industrial acale. The Sumat'.ra kerosene had . -
the following inspection: ) :

7
Specitio gravity.....................................0 828
) Diatillation .
IBP,casscvsssascosesasossscscssscssnsssanssessssl569C
97%eecosacassssscccssecscssnsssassascensncecssss?0°C
Sulphur..............................................0 °3$
ma‘s.".I'....IO........'..l.'..l..."..'l..l..ll.l 2
Armties..n..................-..--................. 12%
NOphthONeBesccacssccccscssctscccsoscsssscsscscncssnse
Pa.rartins............................................ 86%

II. Teste of J’aganeao Aotivo Acid Cleys

The tollovins roaction oonditiona were used ‘1n the tests of the various oclays:

Vol. of Catalyst.-.-.o.-u.-.-..............-..-.. 3.8 1it
0il preheat 'l‘cnp..u.............................460-47080
Cracking TeDPesccosscasccesccsssssscacsnoccsasecss400-4507C
0L) £10Waeecoovosecscscncccnooscscncsossssssssnenel0 Oc/mn
Spoace volooity..-n.....................-.-.-......... 1.0

Toat No.
1 2 3
Clay "A" frGm Takoda *B* frox Takeda “D* from Nippon
Clay Co. Clay Co. Clay Co.

Clay Analysis

8. 02 “‘ 67.2 69.8 68.0
Total Cracked 0f}

Yield, £ 83,2 95.0 87.5

8. G, 821 022 823
‘Avistion-Dist.” (dalow 180°G)"

Yield, $ 10.0 13.3 17.3

8. G . 758 7 761 «708

Clear 77.4 76.2 76.4

0.1% lead 09.8 08.6 60.4

30
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III. Effect of Reection Conditions

Takeda Cley c c . ¢ o aBm - mB  mB
Vol. of Clay; (1it) 19 19 19t 19ty 19" 19
Ran dength, (1) e ee e e
0il Rate, (cc/min) 300 250 " 250 250 " 240 _24;':‘ 20
Preheat Temp., (°C) 500 450 440 480 480 450 440
React. Temp. (°C) 450 460 460 450 450 . 450 450
Space Velooity 95 .79 79 . W79 79 W9 - .79
Cracked 0l | S h :
Yield (%) ‘ 97.2  99.0  99.1  99.0 94.0 “9'7‘.'5_ " 99.0
s. G. .21  .822  .824  .826. .820  .824 .18
18P (°C) 74 - 62 67 . 68 64 s2° - SL
.¥.B.P. (°C) 287 289 280 285 285 287, 283
"4viation Dist. : . ‘
Yield on Cricked 0i) (%) - 10.4 10.6°  10.6 10.9 12.5 9.7 " 14.6
8. G. 766 768 760 763 .735  J759 J745
IBP (°C) 42 44 40 58 46 48 4
50% pt (°C) 123 118 ns 122 117 124 17
vs% pt (°C) 154 148 147 158 151 153 147
Ootene lo.
Clear 76 73 75 78 78 77 77
0.1% load 8l 88 89 68 90 90 90
IV. Troatmont for Jeproving Qotans Number g T e

l. 4 Troatzept. Dy trosting the avistion gasoline with 2% of BO%

N804 o Hp804 avistion gesoline of 91-91.5 (with 0.1% losd)

was obteinod in yield orf 00-82%.

2. atalytio Treatment. Dy passing 60 co/min of craoked oil boiling

below over J. . of Taxeds B or C clay oataulyst at & resotion tem-

orature of 330-3800C, ma ¢viation fuel wep produced with an ootme nun-
ar of 92.1.02.4 {(with 0.1% lead). - :
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APPENDIX II.
“LIST OF PAPERS OBTAINED DEALING WITH:
. CATALYTIC_;GRAC@{G ’ RBI:‘,ARCH AN .TAPAN
(ATIS No. 4647
. -NevTechJap No. " Title (& Co.) " Date.
ND26-0032.1 Result of Catalytic Cracking on Pilot ‘Oot., 1943,
o " Plent Scale. (Mitsubishl 01l Co.) - o
0032.2 . Catalytio Cracking of Gas 0il Frection o Axir., 1943.
» of Palembang Crude. (Toa Fuel Research )
0032.3 Report on the Test Run of Catalytic  July, 1943.
v Cracking (Toa Fuel Ind. Co.) _ -
0032.4 - Catatytic Cracking of Gas Oil from - May, 1942.
v Kettlemen Hill Crude (Toa Fuel Research .
m.) . : : N
0032.5 _ _ Catalytic Crmld.n? of Gas 0il from’ ApT., 1943,
Lo Mangunjeja Crude.(Toa Fuel Research Lab.) .
0032.6 X Catalytic Cracking of Gas 0il from '
_ Djambi Crude.(Toa Fuel Reseearch Lab.) June, 1942,
0032,7 Catalytic Crecking of Gas Oil from June, 1942.
Synthetic 0il by Fischer-Tropsch.
(Toa Fuel Research Lab.)
0032.8 Report on the Result of Test Run of the Nov., 1943.

NNE Unit. (Nippon Oil Co.)

0032.9 studies on the Catalytic Cracking Re-
aotion Tower. (Toa Fuel Research Lab.)
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