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. FUEL MANUFACTURE

Catalytic Cracking of Petroleum Fraction

For the purpose of designing, obtaining the date for conbimuc-
tion, and determining the operative conditions of petroleum catalytic
cracking equipment, the semi-commercial experimental installation wvas
established and the various experiments have been performed, the -
catalyst being the Active clay. It was proved that of the various -
kinds of reaction columns examined, l.e. those .of centre tubular, fused
salt circulation, long tubulaxr hollow types the last mentioned 1is con-
renient in comstruction and good in function. ' o

Hydroreforming of Catalytically Cracked Gesbdine

The hydroreforming has been studiedess the aftertreatment for
the catalytically cracked gasoline, whereas the catalytic reforming or
the sulfuric.gcid treatment was proved to be rather more convenlent for
the present purpose, the large scale practice of the hydroreforming
being accardingly stopped. : o ' ‘

The results of investigation can be outlined as follows:

1. = Reaction conditions. S -
 Press. 20Kg/c Temp., 150 - 200°C  Space Velocity 1
2 When the catalytically cracked gasoline 1s treated under the-
' foregoing conditions, the unsatd hydrocarbon in the gasoline can
. be decreased to ca 0,1% the Sulfur being almost completely re-
moved, - ' _ ‘ '
Se Catalyst used, ' - L o _ .
The NI:aAcid clay (1:1) catalyst used was proved to have a short
1life, and the octane value and the lead effect was not so eleva-
ted as expected later on together with the improvement of the
cracking method, the catalytic reforming or the simple sulfuric -
acid washing was found more recommendable for the purification
of the catalytically cracked gasoline, the studles- line were’ stopped.
Study on High Pressure Hydrogenation o
 { Of Petidoleum Naptha Fraction

- The mly'bdenuni trisulfide fabricated has been examined for the
pressure"hydrggenati_on of petroleum Naptha fraction with the following
results. .. . ‘ Coe- = T

Catalyst . oS -A clay
'01Y veloclty S lleerlone MOSBASM' ‘ -
Hydrogehiveléelty - , 1000 L/br - S

Space velocity R % o "

Yield of aviation gasoline ~ 40 -50% - 50 - 60 %
Octane Rating of Aviation Gasdline R

on 0,1 vol$ leading : " 89 -90. 90 -91
Remark - Marked Decrease in The- catalyst -

activity is observed has a long
in the first period, life...



Catalytic Cracking of Action |

Aceton was anticipated to be abundantly obtained as-the byproduct
of the butanol fermentation. o - S

_ : For the purpose of fabricating isooctane from this byproduct
“‘pceton, the fabrication of isobutylene by the catalytic cracking of
aceton has been studied. The process was at first fundamentally exa-
mined in the laboratory scale and then with the gemi-commercial ex-
perimental plant. ' - o . -

The results obt.ainedv are sumi'.ized as follaws":



ivet. - ZnClg R ' MO, - B T
Catalyﬁt - Carrier Active Carbon Carrier »Alamin_ium . 'Active th -
© 7 Silicate
Reaction Multitubular : Box Type : Adiabatic Cylinder ,
- Rpparatus Catalyser, outside Heak Transfea Aree | Type Heated to Rea.c-
L Heat Tra.nefe;z.\rmge e 15m tion Temp, with =
o Heating Medium - Superheated stee.m
- | Heating Medium - : ' Hot Air at Sbart. ,
. : Dosam A
4 Tiphenyl Ether T5% S
| .| Diphenyl - 25% SR
Reaction ’ | T i S : ’
Temp, — 280 - 300 .4’90 - 50 \#50
-'Spe.ce \ : | C
Velocity . 0,05 041 - 0,2 0.3= 05
‘Catalyser - %,mfrs 8 e, 30 mins.
Beéeneration‘ N o Can_ be regenerated with. : |
‘| Of Catalyst = | Impossible . / ‘and Steam © 30 mins,
o o -( ‘ tain;lng 02 Content)f o

To Acetm Charged 15%

S iy

@Lton Cha.rged 15%
T}: eton Converted 25%

‘To Aceton Charéed 20% |

B

ors Large thity of ge Amount of Mesi- | Large Que.ntity of
- Acetic Ac;d foucmed yllenefommd, Acetic Acetic Acid fomed. '
g Acid smll. - o




mm_;facture of Isoocfba.he fraom Butanol .

_ On passing butanol through the phosphoic-acid Kieselguhr cata- -

lyst at 300 - 350°C, with the liquid e:ga.;:e_‘velocity Ol - 0.2, the .

" dehydration .occurs together with the isomerization, givimg the butylane. :
gas mixture ‘containing 30 - 40 % of isobutylene. This gas mxture is poly-
merized by passing it through the phosphoric _acid-kies’e].guhr talyst at
150 - 200°C - with the liquid space velocity 0.5 - 2 to isooctams, which

15 hydrogenated at 180 =-2307C with the Nickel kieselgulr catalyst-to
1sooctane, the throughout yileld being 45 wt % against butanol and the
~life of catalyst about one month. - B e

~ .Studies on Aromatization

" For ‘the purpose &€ elewating the octane rating. of the low octane
inferior crude or synthetic petroleum fraction, the aromatization in a
commercial scale of 8 sh fraction with catalysts containing chromium,

alumina and'etc., was’ undertaken and an éxperimmmtal ni tallation in a
semi-commercial scale was under construction. It was abandoned however,
on the way of comstruction owing to the sudden change of national

situation. ... T e _ ] o N

. Manufacture of Aviation Gasoline From
SoJa Bean Oil By High Press. Hydrocracking -

IS

___ The high press. Hydrocracking of Soya Bean Oil gives and aviation
gasoline in an yield of 35 - 40 %, the life of catalyst was proved to be
at least over 20 days. Tl Coe .
The results obtained are sumarized as followss _
Raw material oil - - - .- Soja bean oil. _
Catalyst . IR ' Molybdenum Trisulfide
0il1 velocity o 500 c.c. DEr-hr.

‘Hp Veloclity S : 2000 1. per hr. =
Liquid space veloclty 0,5 - '
Puration of operation ' -~ - 16 Days

Yield of Aviation Gasoline . 34 - 4O %

-

Manufacture of Aviation Gesolime From Rubber _
Continuing to the laboratory experisemt with the Autoclave the

manufacture of aviation gasoline thro the hydrocracking of rubber has

been studied in the pilot plaht with the follqw:lns‘reeults,

1. Two stag"e..-Hﬁﬂ;“ ogenation ) ‘ . | i

.Crude Rubber depolymerised and liguifiied by submitting it to the .

8epolymerisation at 280 C under elevated steam press is hydrocracked

in the liquid phase with +the flowing catalyst, ‘the middle oil thus .. .

obtained being hydrogenated in the vapor phase to the aviation gasoline.

e k-



2. Th.erml Cracking - Hydrogematlon ;
Crude Rubber depolymerised and 1iguified at 280°C under or

press 18 thermally cracked at 420 - 450°C. the middle oil obtained

., being ‘hydrogenated in ‘the vapor phase with the Mo catalyst to the
. aviation gasolines . _ o B |
e Octane values Of] aviation Gasoline thus obtained by the Pirst
Method : 0,13 Vol 4 leading 91.
by the Second Method ST 95

synthesis may be elevated, ‘A concrete plan for 'fgbricatiﬁg"‘tﬁis L
catalyst was in progress when there occurred such difficultlies as :
hopelessness for obtaining a large amount of nitric acid required, -
1nxpos\si‘bilitfr far preparing a stainless steel tenk for dissolving with
nitric acid and so-On. - Fortunately the yellow mmd (natural Iron Ooxide)
is considerably found in. various districts of Japan "and the consumption
of gltrtc acid can bemaved to a greater ‘extent by using this md. o

The experiment has been performed with the catalyst prepared from
the yellow mnd as Taw material by operating & pilot plant having a treat-
ing capacity of 100 w3 /hr. of £eeding gas.c On basis of ‘the results ob-
tained the properties of the yellow md catalyst are compared with these
~those. of other catalysts as summarized in the following Table.(See page @)’

Simplified Coal of Peat Low Temperature Carbonizaticn Furnace
| Suiteble to Manipulate in Coal Mines. SR

Aniinternally heated, rectangularly ghaped brick furpace baving a
charging capacity of 300 kg coal per .one operation -has been experimentally
built and examined, the carbonization product belng drawn out from the - )
bottom of the furbace. The conclusion led was. that this furnace reguir-

ing a small amount of ateel bar is easlly constructed ‘and the coal is :
. suitably treated by the coel miners Por. the purpose of low temp carbonil-
zatim. ‘ pl v ’ ' . )

. - S

On basis of the results of investigation the commercilal enlarge-
ment of the furmace of this type was wnder examination.

The conclusion 1is outlined as follows.

1,  Irrespective of the classification of coal, powdered or block |
- coal, bituminous or nonbituminous coal is equally used for the
charge .of the furnace. N :

L g

5—-



The furnace is easily constructed and.ha.ndy féa;'"o:p_e‘ra.ti.on.

. Phe Low: temp. tar is obtalnable

The duratiom of carbonization is 10 - 15 hrs, for the 300kg.

. —charging experimental furmace.

The result of the carbonization ezperiﬁe_nt is exa.m’pléd as.
followss o _ ' - o

Charging Coal Yield of Tar in %~ ~
Ubari Coal \ 10 -12 -
Minami-nayosi Coal . 10 - 1+
Poban-Takahagl Coal 6

‘Talmeplkl Peat 55



' | - Yield |  Reaction |Life of .
Catalyst Feed Ges . | of 01l 'Temp, Catalyser NOIE
o - ~ o)
. . . . \ce . . cc/m3 : c . Mmths ’
gind componteion |00 luotorny |
- ]‘;,a.rgg Quantity
o Abous : 2%0 o 1of HNO3 Requii[ed ‘
Iron 100 | 86 - 1 3 for falricating
_Ga.talyst o , Catalyser
250 ;
ric " 600 . -1
,°_id | Kieselguhr 125 | :
.YgllowVMu‘d 100 . I BN Cu, Mn, :
Yellow Cu - 02 | L | etes requ:lrecl |
‘Mud - | Mn 0,0 | " T " 2. are smell |
Catalyser KpC0 4,0 . | . - o
~ o . 100 | ; .
| Nickel Cu 25 | " | 180 ‘
| catalyser II?CO . ? . , ?5 - 6
S Kieselguhr 200 w0 ) 2O . .

- .6 A -




__ Volatile Liquid Fuel From Low Temperature TaT - -

1, Catalytle Cracking of Middle 0il Fracticm of Low Temperature Tar

b

~—Catalyst . |  Active Carbom. .| -~ Kenum-Earth | Active Yellow Muﬂ.j
Reaction Temp °¢ . B50 S 500 .- S l|.60
 gpace Veloéi‘_by o 1.0 w0 | 0.5,
Yiexamdé | 22 25 o
Acidic Compound in | . B A E | _
Fabricated GQBOliPO. v 15 - 20 . 20 -« 25 } 20
oA - | B
f Remarks ‘ B Acidic oil compounds 'in +the charge middle oll S
S . fractiom Amount to wgp .. FRNE
2.  Vapor Phase Ref ing of straight Run '_a"“'n&"'ci‘éckéd.vGasolm_e Fraction.
Catalyst © pctive Clay | Kenuma-Earth - Active Yellow Mud. |-
Reaction Temp oc 350 %50 - 40O %50 - %00
opace Telooity | belowO0.5  below 0.5 . | pelowo.s

The yield of gasoline obtained was about 60 - T0%, the amownt of scidlc
o1l being less than 10%. The ¢coloration was not eminent and the stability
wvas pram;ment-ly increased but detailed examination was gtopped. '

3e° The charging tar containing 40 - 50% of acidic oil, added with 15 -20%
: of calcium hydroxide and left standing about 2 days, was distilled.
The yield of distillate was 60 - T0% ageinst the charged tar, the
‘acidic o1l compounds being decreased to 15 - . When left stand-
ing for only & shart time after addition of -calcium -hydroxide the
decrease in acidic oll component was not observed. Cw

Kanuma pé.r‘bh active clay, yellow’ md, etc. have no ‘effect as calclium
hydroxi_dﬁ. : . S ’ v ST :
. -7 -



mnﬁacture of Aviation Gasoline From Camphor -And Camphor o1l

1. Aviation Gesoline from Camphore R -
C_am;phor"d_issolv_ed‘ in a 1ight oll for instance ‘4n the Fischers
a.'bgo‘u."ption_,qilja.nd’vapo‘risegl‘ is ga.ssed. thro the -phosphoric acid-

kieselguhr catalyst at 250 - 350°C with the space velocity 0.5

0.35 (es sol®), gives a dehydrated liguid fuel iIn an yield of

70-80 wto.% against Camphor. = ' T .

2. Aviation Gesoline From Camphor oll. E o
Commercial camphor oil contg. ce. 50% of camphor 1is passed thro
the reaction tower packed with active clay at 350-400°C with the
space velocity 0.1-0.2. The aviatlon gasoline thus obtained in an
yield of 50-60% is available for the alcohol mixed fuel. This ‘
gasoline- contalns, however, somehow a large amount of gum and 18
of slightly’acidic character. : "

The-heeﬁy 'fractidn my be used for the heavy oii- or far the ra.w
_material of lub. oil. The life of clay catalyst is shortly limit_ed’.v‘

Ttilization Of Pine Root 01l

The fatrication of aviation gasoline £rom the pine root ofl has —

been studied and the several processes have been developed, the executlve
‘conditions also being determined. S , o

The studies on the treatmentof the pine root o1l began at thé end
of 1943, and in the £irst period the utilization of installations found
in the existlng petroleum refinery plants was aimed, whilst in the last

period of the war these existing ingtallations have gradually destroyed
by. the air ralds and could no more be reliable. Therefore the importance
was attached ‘to the simplified fabrication jn a smell scale, such as sim-
plified contact reforming in this period. - - ‘ : o

1. __Contact Distillation. _ SR I
3 The pine root oil mixed with active clay, stirred, heated was sub-
mitted to the distillation and the distillate vas rectified to
obtain the aviation gasoline (cf Flow sheet I). B

Properties of Aviation Gasoline thus obtained:

Sp.Gre . . 0.850
Dist. Range B S '
1. B - | 76°C
50% S 2607
97% ' 206."%
Dry Pt. ‘ 20 ™.
Octane Value : 80
with 0.15% vol. o
1eading ‘ . Bk
Acid value 10
Gum Content . Tmg/100 ceC.
Oxidation Induction Period :
e s "5 nre.

-8 -
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b,

2

forming. ' .
The pine root oll depitched was distille _é.—the—di
charged into the aistillation kettle to the vapor outlet of
distillation kettle the reaction columm. packed with the actilve
clay are directly attached. The catalytic reformate thus obtained
was rectified to catch.the eviation gasoline (cf Flow sheet II).

stillate was

_‘.Properties of Aviatidn ,Gaséline ‘thus obtaineds: .

Sp. Gr. .. T ook
Dist. Range - '
~Te Be | , -80°C
- 50% R & (-
9% o : 202 7
Octane Value {3 : 83 .
on 05% vol. lea B - 8T S
Gum Content 5 mg, /100 c.Ce
Oxidation Induction Period 4 hr..

Ac‘idvalueo . ) o 1.5

Catalytic Cracking. ,i B R - ' ‘

‘ When catalytically cracking the single pine root oil the catalyst
wes heavily dirtied and 1ts regeneration was very difficult. There-
fore the suitable“petrolfeum fraction was blended before the pine

. root oll wae submitted to the catalytic cracking. This process
has however never been carried out in aslarge scale. _

=

R

Hydroreforming. o ‘. - ' .
The light fraction of pine root oil topped was stabllized by the
- hydrogenation in presence of the nickel catalyst. '

Hydrocracking.



, FLOW SHEET 1.

Pine Root Crude ‘pine Root Ter ' active Clay
Wa%hing |
" Pine Root Ylended Crude |
s .

Catalybic 1\)1517111&1310&1
: ‘ ‘ a i Water 511ld Loss
Dietillate - Regldue - 20

30 -5 _

o

Light Tu Heav

i FuTudn ‘

]

J °11 Filtrate

10 __ 1|0-
Aviation Base Geigoline Heayy oil

WL

~

Waate activL clay
and adhering oil



~ Pine Root cxrpde S Pine Root Tar
" ‘Veshing C R ‘
: . i Blended

Ppine Root Crude 100 -

. pepltching Distillation ' o
Water and Loss 50

Depitched. 01'1;750 .
Catalytic Reforming

1 - .' ;#e%ianéeg | o | LOBJ5,’

| - .
~ Heavy oil 15 : \
| " reavy oil 3T

Aviation Base Gésoiine'



P essm:e_ﬂiﬁrocracking of Pine
Root Oil Fraction

 The 95 octene Aviation gasoline has been obtained in an yield
ca 50% by the hydrocracking of the light oil fraction of pine-root
oil, the 1life of catalyst being considered 1o be at least over %

The results of émerin?nt- are summarized as ;foilowsé N
| catalyst ' Molybdenun trisulfide
‘011 velocty . - ... 1000 c.co/Bry
Hp velocity T 1000 L/br. o
‘1iquid space velocity i
"Yie1ld of Aviation Gasoline . 50 - 60% - L
‘Octane value - o 0.15 vol % 1ea.d:|.ng9h -=95.

. simplified Treating Method for Crude Pine Resin

SMlifiéd method of m,rgnfa,ctu:’:-:lné'the aviation gasoline from the.
‘pine ;-esin'ob-ba.:lned from the pime tree by catting 1ts bark has been

‘studied and followipg method was determined C

. e , | Fraction . Alcohol Blended
Crude ‘ S . _‘__‘Dis‘ti],]a:be-])is‘b-—' o SR .Gasoline
mmn | | Sover 200c —

AUV , o Fraction . ' ‘Resin
~ _Contact . P : 1 Heavy 011
b |— Reforming — | Water S ' :
ve |- - 1 S
py e 30}, o | 1 rutrete —
2 | Residue-Filt — ‘ "

| wasteclay . f
~ General properties of the finié};_ed Products

1. General Properties of Pine 2.,  General Properties of FPime
Resin Gasoline .~ e Resin Heavy 01l
appearance -~ colorless, .clear . appearance - Yelloglsh Green -
P, DI5/i°C . 0.82 - 0.83 &b, Gr.mISA%C - ey
Acid value 0.,2. =0k Acid value . -~ 0.0 0.3
Reid Vap Press R T e T
Kg/cm, at 40°% 0.1 - solidification temp. below - 15°C
So_l:!.dification Temp below - 50°C - Flash Pt e -0 =100 - 110°C
Engler Distillation ' : . Yiscosity (Redwood)
over Pt. 60°¢ - . at 30°C - , 50 - 60
10% o 130°c S S
50% - 170%

00 eCoe ' ’ —
R S B[00 SeraBa S0 - g0 mine



Treatment of Shirekauba Berk 01l

The dry distillation of: outerbark of shirakamba iree gives 50%
of dry distillate. In the southern district of Homshu and Hokkaido'
where shirakamba trees are. abundantly found, this-bark oil also i
cansidered to be a valuable source For liquid fuel. The treatment for
o’bta.inine.-thg_ aviation gasoline 48 carried out almost same as that for
the pine root oil. The Yield of aviation gasoline 1s however a little
higher than that from the pine root oil. ; e e
. 7The properties of aviation gasoline obtainéd are nearly equal to -
those from the pine root oil but it contains a little more lower boiling
fraction than the pine root aviation gasoline. . ' ' _

Shirakambr. , Crude  Shirekemba Active Clay '
e N |
Shirakambe Blended Crude 100
. Depitching Distillation
pepitthed O1il , Resildne o Water an& Loss .
" Ist Chotact Distillation . . T o
‘pistillate R‘egi‘dne  Water and ioss
gnd Contect Distillatlon "
- T — 1.
Distillate Resildue Water and Loss

Aviation Base Gasoline 13 |
- mnu:factureofAviationGasoline from Orange Peel

Essential oil rich in limomnene obtained friom the crude orange peel
by preesing with the ‘roller or by the steam ‘distillation of the dried
peel is catalytically reformed in presence of. the Active clay catalyst
to the aviation gasoline. o , S T

 The practical application of this method was under examination but
was stopped owing to the sudden ‘change in the natural situation. -

. 15 -



Manufacture of Aviation Gasoline
. By ‘the Treatment Of Needle leaves

The essentlal oll obtained by the sSteam distillation on needle

leaves such _as'p:lzne or cedar leaves is catalytically reformed in

presence of al_ctijre clay catalyst

—

-Thé‘lai:'ge‘f scale ptr_e.ct;l.cé of the process under examination was:

stopped on account. of the sudden change of matural situation. --

Manufacture of Etherified Alcohbd

" When 94% Alcohol is passed at 210°C through the active'clay'.h.‘ '

catalyst with the Liquid space velocity 0.5-2, the liquid product. con- -
taining 50-70% of ether is obtained in‘a 1iquid yleld of over 95%. The ~
etherified alcohol thus ob_'l:a.:!.x;ed is available for ‘the aviation fuel of .

good starting property.

bl

‘Pehydration of Ethyl Alcohol

" " Absolute 'Eth'yl‘AJ‘.cohbl is required for mnufactﬁrﬁng'tﬁé gasoline

alcohol mixed fuel, whereas for the mnufacture of absolute alcohol the
- dehydrating agent such as dichlorethylene; benzin-benzol mixtune which
is at present bardl)y obtainable in Japan is ;req,uired. Co

considered from this situiticn easily obtainable dehydrating

agents bhave been searched for.

With avtive Alumina Sh-95% alcohol is dehydrated to the 99% (each by

‘wt $) at first, when dwhydrated at 80-100°C with spdce velocity 0.2-0.5
but the studies on the life of catalyst, the wvariation in dehydrating rate
etc, remin still unfinished. ‘Fullers earth and silica gel give no good
result. - : : ' SR :

2,

1.

Addition Agents for the Alcohiol Gesoline Blend — .

e

Separation ~P.éotecting Ageﬁt".l T o : SR ,
Taurylamine, the most powerful separaticn protecting agent for -
the alcohol@soline blend, has some difficulties in the itstmext
effective and has practicability. . -
Anticorrosive Agent,

. "As the ‘anticorrosive asgent for the alcohol 'gasoline blend for

aluminium —alloys the sodium salt of napht Henec acid_obtained
from the waste soda g0l2 resulting from refining of the natural

- petroleum product to obtain the lubricating oil has been evidenced

the most effective,

o The emount to be added to such a blend is about
O o . . o -..'. N - ] . )

..11.,‘;



LUERICANT MANUFACTURE

Manufacture of Aerolub Ol from Saponifisble Oil -

~ The original method characterized by producing moncolefine with
the Zn 0 - Znclp catalyst involved a disedvantage of givimgdduring the
hydrogenation. a . great -amovnt of solid product through the ‘mmtual action
of catalyst material, which stops the reaction tubes and others and
disturbs the smooth running. The 4nvestigation bas therefore been ‘

carried out to remove this obstacle end the following method was drafted.

. The fatty acid obtained by the saponification of ‘hardened fatty oil
and added with the mized catalyst consisting of o4 of iron powder (yellow
earih), of Zncl, and 0,065 of )5 €Oz and thrown into reaction at
550" c)i’cg“ 2 hr. m]iger a‘bofrt%v‘er- . ﬁ%eomgéfﬁwdrogen'mes;, .glves. in an
yield of about 60% the : monoolefine rich fraction {the yield of monoolef ine
is sbx)ne‘vha.t lowered as compared with the case where the Zn0-ZnC1, - catalyst 1s

 This monoolefine fraction added with 20% of napthalene and 20% of
dehydrated acid clay and thrown into reaction at 200°C for 5 brs. gives
en orange yellow phosphorescent oil. When acid clay and non reacted:
papthalene removed, The aerolub oil is obtained in a yield of 256
.against the raw material fatty acid, . S S - T

_The yield of Luboil is somewhat elewated when Alchloride instead
- of acid clay is used for “the catalyst for polymerisatiom. - B -

‘ Catalyst for Production of Aerolub O11 ,
By -_Polymriaa-l;ion and Hydrogenation of Soja-Bean 01l -

original Method - the soja bean oll polymerised at 3200C for 8 hrs.

with the Active clay catalyst was submitted to the 2 step-Hydrogenation

i.,0. Pirst to that with Molybdenum trisulfide and secaondly to that wlth-

Ni catalyst to the.Aerolub oil. ‘ e : o

: This method has now been studied in view of further improving to

- simplify it and succeeded in the single step complete hydrogenaticn in
the labaratory exp. by using the Fi or Ni-Mo mixed catalyst, the result

being verified by the continuous- pilot plant operation snd the conditions

. Por the large plant operatiom were determined. ‘ _— ' -

Manufacture of Aerolub 01l From Sojs-Bean Oil

The original method has conslisted in the polymerisation of soja
bean 0il, the hydrocracking of polymerised soja-Bean oil in presence of
molybdenum 'Q::lsulfide catalyst, the hydrogenation of resultant oil with
Ni-catalyst and topping in vaco to obtain the aerclub of the desired
viscosity. method bas been investigated in arder +to further simplify
- 1t and to £nd the substitute free fram-the deficient raw material of
catelyst. The consequent modification can be eptomized as follows,
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Soja- Bean oil thermelly polymerised -atk350-511-090v under reduced
press. of 750 m/m for 24 hrs, gives in about a 90% yleld a dark brown,
highly viscous polymerised oil of- Todine value about 60. '

The Hydrogenation of this oil in presence of about 60% Cu catalyst
(CusNi:Acid Clay = 1:1:1) under 150 atm, of hydrogen press. at 350°C for
3 hrs. gives a hydrocarbon of bluish purple color the vacum distillation
of the resulting oil with about 20% of Acid clay added ylelds an aerolub
of the desired viscosity. : - v o

Pilot Plant Research on the Manufacture of Aerooll
From Polymerised Soja-Bean 01l By H_ydrogena.‘bion

In Connection with the manufacturing method of Aerooil from poly-
merised Soja-bean oil by its hydrogenation 1in presence of the Cu system
catalyst, the conditions Tor the 4ndustrial operation have been studied
through the -continuous hydrogenation in the pilot plent with the follow-
ing results. ' ' o

1. System - Liquid Phase Hydrocracking with the flowing Catalyst

2.  Reaction Conditions Press. 150 kg/cm® ‘- Temp. 320 - 360°C .
. 011 Velocity 1 vol per hr. per vol of Reaction
. = : Tube

| Hydrogen Veloclty 2000 Vol. per kr. per Vol of
: : . ‘ - Reaction Tube
3 Catalyst Cu - Ni -~ Aﬁi»@ Clay system 5 - 5% as metallic Oxide v

Manufacture of High Grade Motar 01l from Saponifisble Oil
Manufe , ‘
i. High Grade motor oil

Fatty oil 90 © Active Clay . o Finished
‘Cracked oil IO Thermal I Active clay__)Filtrat:Lon al’rocluct |
‘Mgo 12 cking Treatment : S .

) ' . ‘ Yield Against

50 - 55% |

The high grade motor oil obtained by the forgoing process, dis-
tilled in vacuo and topped gives the superheated steam cylinder oil,
the yield of oll being 40% against the base fatty oil.

3,  Tank Lubricating O0il

| base fatty oil
o,  Superheated steam cylinder oil

Acid Clay

. - o L .. OO - - . . . ’ . E .
_ ;Zga bean oil Ester ?l:-5 hermel Acid Clay_Filtration Base Stock

Cra.ck—mg - Treatment

Blending  ggock

Blending -I— Tank Lubricating Oil
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l’o.

2.

" An-automobile ,'1u'b1;i’ca.'bing oil fabricated by the thermal depoly-

Utilization of Rubber As A Source of Lubricating 011

The examination of a liquid product obtained by the following

~ process and seemingly avallable as the lubricating oil has proven

its inferiority in properties, empecially in stability. The prac-
_tic'a‘bilitx of this 1ubricating oll was thus rendered quite help-

(2) The light oll fraction is stripped by the vacum distillation

(3) The foregoing fraction 18 polymerised with the acid clay catalyst

.,

the yield amounting to 409 against charged crude rubber. o

— -

merization of crude rubber dissolved in petroleum light oil fraction
in presence of the acid ‘clay or aluminum chloride catalyst, filtra-
tion, topping, followed with blending of the resultant viscous :
liquid to such a 1light lubricating oll as machine,oil, answers
almost to the requirements of the specification, whilst various
troubles occur in practice. - ' :

The improvement has been therefore sndertaken to remove these ob--.

gtacles. It wag proven that ebout -20% addition of the synthetic lubrica- |
ting oil obtained'f_rom _fatty oil is mos;l'f‘.ﬂe;frfective'for the present purpose.

1.

2o

_ addition Meterddls to Lubricating Oil

Antioxidant | B
The org phosphides such as tributylphosphides, 'bricr,e_sylphosphid.es

- act in general' singly as the antioxidant of moderate strength for

the lub, oil., Of the vulcanisation accelerators the reduclve sub-
stances, fof' example, dibenzodithiszoldisulfide further increase
+the effect which 1s irrespective of the manufacturing proceés of -
the base oll, soja Bean 1llpoid having the same effect as the fore-
going phosphides. L ' '

The a.ntioxi&ative effect is jespe'cia.lly remarkable on the synthetic

mineral oils, being tolerable for castor oil., As obvious from the

following example the amount of Antioxidant added to the oil lies

in general in and order of 0,01%.

Tributyl phosphide 0.2% " against base oll
Dibenzodithiazlphosphide - 0.05% ‘ "

~ Soja bean lipoild : 0.2% "
Dibenzodithiazlphosphide . 0.05% o T

Oiiihess, f[mprover"

" The allyl alkylketons are Méﬂi‘ectite_ as the oiliness ‘ﬁ‘npfov:ér'. .

Rl W

gtearophenone added in an..amount -of - about 0.1% to the mineral oil

results in an marked improvement of oiliness, stearophenone the

molecule of which contains toluol instead of benzol- being highly
effective for the present purpose. ' .
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' CHEMICAL ENGINEERING

Constructidn: of thé Catalytic Reaction Apparatus

As the fundamental examination the distribubisn of Temperature
and air stream in a layer packed with the catalyst.has.been determined.

Tt was proved the temperature gradient in the radical direction

4n the tubuler packed layer is parabolic, the mathematical apalysis also

being tn@ertaken.
' psan application, the reaction velocity of butanol dehydration for
fabricating isooctane from butanol was studied and this-reaction was studied

and this reaction was proved a primary reaction. On basis of this, a .
 steel plate reaction apparatus was proposed against the maltitubular one
formerly used. In this reaction tower a number of steel box for packing -
the catalyst are superposed inside the brick furnace and the reacting
Gas passes successively 4these boxes, the temperature being regulated by
circulating the hot air. The bredth of the box is selected in the arange
of 5 - 15 cm in accordance with the magnitude of reaction heat, construc-
tion of the reaction tower being convenilent. A gseml-commercial experi-
ment with this reaction tower for dehydration of butanol gave a yieid

" of 94% Dbutylene. ' R ‘

0il Cooling Synthetic Petroleum Furnace
. N -

For converting the hot water cooling synthetlc petroleun furnace
for the cobalt catalyst into the furnace for iron catalyst there occurs
a aifficult problem that the pressure of hot water reaction temperature
of iron catalyst and the strength of the furnace can no more tolerate
. this high pressure. To avold this difficulty the use of proper oil
boiling at about 200°C instead. of hot water was considered for facill-
tating this conversion. Accordingly, the heat transmission 1n oil
cooling system and the selectlon of oil have been studied from the
gtandpoint of chemical engineering and was In the stage of going into
practice. ’ . o : oo A

7.

—_ L _Stﬁdiés- on thé Heating Furnace . |

f ’ &

The engineering analysis:of the furnace of equiflux type was
gndertaken along with the measurement of the relationship between flame
length and quantity of primary air as well as the temperature distribu-
tion. in flame. o PR . R b .

. "Results obtained were thit the length of flame in the industrial
furnace is about 60 times of the dlameter of burder and is shortemed by
20% by mixing the primary air. :
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Heat Exchanger Having No S‘beel Tubes
(Made with Steel Plates) . . o

For the purpose of econimizing the steel tube, a heat exchanger
mede with steel plates of floating head type wes ‘developed and &
trisl heat exchanger having the area of 5n ~has-been-examined for
its heat transmission. It was evidenced that it is same as the heat
trensmissibility in a tube whose radius is equal to the.distance
between two plates. - ' , :

Flowing Low Temperature Carbonization

-whis process is a low temperature carbon;!.za.tior.i using finely
powdered coal. The principle of the method consists in grinding
finely powdered coal to the particles under 50 meshes, letting it
- £1low through the tube with superheated steam or with hot gas end -
carrying out the dry carbonization by eventually heatlng the tube.
. An examination was started with an equipment having the capaclty
of treating 10 kg. per hr, It was proved that in this case the ‘
tube is apt to be clogged anfi the good results are hardly obtainable.

Thus this procesé d1d not come to completion. AS a modification
a dry carbonization furnace ghaped like a cyclone wes constriucted and
the fundamental experiment was made herewith. e

Measi‘:ring) Appai‘atus f’oi‘ 011 Refining

l. Flowmeters and level controllers fabricated by various makers
- were examined for accuracy along with the function test of the
air acting valves. The latter was, however, stopped halfway.

2. In order to measure the thickmess of high pressure steel pipe In
a convenient way from the outside of the pipe and to avoid-
the danger ascribable to the uneven thickness a trial thickness-
meter was fabricated. The principle of this meter consists.like
as that of the electromagnetic crack finder in utilizingthe _
veriation -in the electroinductivity of the electromagnetic coil,
St : i

Sinmlified Heat Resistive Coating '_ l(‘

Since a special heating furnace was used for the heat resistive
- ecalorizing the simplification for this process was undertaken and
succeeded in e method consisting in spreading a spreading agent -
over the surface of steel pipe and glazing it at 700°C by the gas
flame etc, in"air, The Heat resistivity is somewhat inferior to that
-of calorizing but is effective to prolongate the life of heating pipe.
" An example of the composition of the spreading agent is given below,

 Magnesia .. 35
Titanium oxide
Aluminium . 40%
Alumina - 5%
Zinc oxide ' 1
Carbon - : wgé
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" Velding of Special Steel

Welding method for chromium-molybdenum steel pipe for high
temperature and pressure_bas_ been studied and it was ascertained that
when preheating at 300-5009C and annealing ‘atT00-T50°C the welding - -
is accurately executable. On basis of the experimental results a

welding specification of elongation over 15%, tensile strength over
50 kg/cm and C,harpy impulsive farce over 8 kg/cm2 was proposed. v

Studies on the Packing Stuff
(Substitute for Long Fibred Asbestos)

Packings obtained from the domestic producte and substutable for
long-fibred asbestos have been examined and the-use- of those of wirenet
reinforced short fibred asbestos, of aluminium.foil, of synthetic rub-
ber and etc. has been determined. - = 4 : .

Non-Burned Brick

_ For fabricating the brick, the crude brick formed mast be
burned in the heating furnace end plenty of fuel is thus ccmsumed,
Non-burned brick fabricated by mixing the proper amount of binder
such as calcium oxide and water glass etc. with the cinder already
subnitted to the thermal action, and subJecting it to natwral drying
has strength and heat resistance sufficlent enough to be used for =~
constructing the furnace of small scale. :

Studies On the Substitute Container
of the various s ystitute containers examined no- recommendable’

container is found for iqliia fuel excepting those covered with the
polyvinyl alcohol varnish. ~
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UTTLIZATION OF FERMENTATION PRODUCTS

 Utilization of Fermen'ba.tian Products';_'wr

The fermentetion products which from the standpoint of aviation
fuel, became the cbjects of investlgation were as follows,.

1. Ethyl Alcohol

2, - Butyl Alcohol
3. Aceton ‘
4, Butylic Acid

5. Isopropyl Alcohol

" In the first period of the war the butanol fermentation wes
studied as the raw material for synthesizing isooctane,

" The commercial prcduction of dbutyron -from Butylic ‘acid was also
underteken; the process has, however, never been executed., ' In the later
period of the war, the general shortage of fuel was anticipated, there-
fore the lines of work directed to the direcd utilization of ethyl
alcohol. In these studies the first importance was attached to the /
_ problems of main and by raw materials then those of various fermenta
tion processes to elevate the yield, as well as . to the problems con-
cerning the plant installations. Insthe last period of the war the
simplification of fabricating equipments and its diminuation have
been undertaken in order to take measurgs to meet the intensification

of aira—a*di. ' S T
o ' Butylic Acid Fermentation :

_ Butylic acid cbtained from cane sugar by the butylic acid
fefmentation was added with calcium carbonate to give calcium dbutylate
 from which butyron was fabricated by the dry distillation. In this-
process the problems to be solved concerned with the isolation of  —
excellent butylic acid bacteria, the amount of bysstubf and calcium
carbonate to be ‘added as well as the operation of commercial plant.

' These problems were once solved but the practical production
bas not been executed. o - .

-Selection. of Bacterium For Aceton _Bntanél Fermentation -

About 27 kinds of bacteria were collected and the fermantation
period, the yleld and etc. were compared under varying conditions for
treatment, Ph and others using thecorn as raw material. '

these bacterium, but five kinds of them give the excellent fermentation
and are comparably universally compatible with the various varying con-
%éziong. 3’ 'ﬁgga yield is below 22% on sugar basis; the fermentation time

It was evidenced that almost no marked difference is found among -

‘
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prevention of the Sleeping Phemomenon
In Aceton Butanol Fermentation

For the purpose of getting a clear insight into reasons for
‘such phenomeéna as lowering in yleld and prolongation of the tlinme
of bheginning of fermentation often observed in the aceton butanol

fermentation on account of
dull progress from the beg
mein fermentation and etc.

. the prolomgation of this time or of the
inning of fermentation to the state of -
, kind of microorganism, nurition, com-

temination, kind of raw material, ~trégting conditions and other
cultivating conditions have been ezamined without coming to the -
decided conclusion. As the consequence of further .examination

undertaken on demolition of the equipment, washing, sterilization

and cchers, it was evidence

d the foregoing phenomenon is ascribable

to the fact that when cooling the fermentation tank containing the
cooked mash after it being transported the contamination found injy~ -
air enter into this tank with air by dint of the reduced pressuxre

K S
—

prevailing in the T nk,. Consequently, this problem was conviently,
golved only by sett?ng én alr compressor. Furthermore as the con-
tamination responsible for the’ sleeping phenomenon 4-5 kinds of
pacillus such as several specles -of lactobazllus, bacillus subtils
and etc. were isolated and the sleeping phenomenon artificially }ro-

voked.

N.itrogen Sourc

e for Aceton Butanol Fermentation -

In the aceton butanol fermentation using cane sugar &8s raw
material 10% of soja bean redidium is used against sugar. Studles
. have been done to economize this soJa bean redaidtum and to find some

‘other ‘substitute nitrogen
;-,‘mrized up as follows.

sources, the results obtained being sum-

1. The bacteria can be maltiplicated'only with soja bean

residium can be
. Then the amount

performed by inoculation’ of this mesh.
of soje besh residium formerly used can

‘be exonomized by 10%.

2,  Regarding other

tor bean, chrysalis peanut ‘and cotton se

Nitrogen source, such as residua of cas-

ed, rice-bran,

the conditiocns for pretreatment are nearly equal to those
for soja bean residium, 1,e. the treatment under pressurt
of 30 1lbs for 50 mins, and the addition of 5-15 on basis
of sugar are sufficlent enough to the- fermentation.

Alccholic Fermentation with Cane Sugar As The Primary Raw
Material and Soja-bean Regidium as the Se_cc.ndary ‘

For the change from

the buﬁaﬁol fermentation to the alcoholic the

conditions for the fexmentation attaching cane sugar and_soJja bean
residium have been d_e'bermined.- _ : -
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Soja-bean residium preheated under pressure of 301bs for 30 mins.
is mixed with cane sugaxr, added with a small amount of _a.mnonium gulfate’
and calcium oxide and then submitted to the fermentation. The passable
results are obtained when adding om basgis of sugar 7-10% of soja-bean

residium, O.4 - Osh of ammonium sulfate and a little amount of calcium

Oxid.q. T

- /Subé‘bitute Nitrogen Source for Alcobolic Fermentation

With the ‘shortage of soja-bean residium the substitute Nitrogen”
source was searched and examined for use. It was verified that the
redidua of castor bean end peanut, rice-bran, powder qf arum root and
etc. are available for this purpose, On addition of the materials in
an-amount of 5-10% is sufficient to supply nitrogen required, In

addition to the above mentioned & cmallzamount of ammonium sulfate and
calcium oxide mast: be added. . :

~

Saccharization and Fermentation of Callulosive
‘Substance : ) ‘

In view of the fact that the fermentation raw materlals clash
with the provisions, the f@rication of alcohol from fibrous material
_was considered and the fundamental experiments have been done with
various methods such as those of Scholler, Bergius, J ordanl etc.
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CATALYST. AND MISCELLANEOUS

. ‘Studies on Fabrication Of Catelysts.

Catalysts for the Pe'broleumCatal_y'bic Cracking. :
Activation, Calcination and forming of the natural Fulleris
earth have been studied and the data for selecting the appara-
tus fcrﬁmercial rabtrication and operating process have been
obtalnec,. Synthetic .catalyst and active clay syntheslzed from
the natmral Fulleris eaxrth have been also invqstigated.
Molybdenum Trisulfide. : ‘ o _

A wooden cylindrical tenk handy for fabricatlng general metallic.
sulfides .and especially for mixing the carrier was first-made for..
the experimental Purpose and examined. Next a continuous fabri-
cation was studied in order to further simplify the fabrication
and the experiment with a gemi-comnercial plant installed on
tasle of ‘the results of 1aboratory experiment was carried oute.

in this mrocess the finished product was dried by dirculating the
heated gas under ordinary pressure instead of being dried in vecuo.

Phosphoric Acid Catalyst for Butene Polymerizatiaon.

The fabrication of the solid phosphoric acié ca.tﬁyst- wag studied.

Vil

In view of the deficiency of domestic -phosphoric acid source, the

catalyst containing a decreased amount of phosphoric acid and
the substitutes containing the natural Fullers earth but not
phosphoric acid were also studied. Tt was evidenced that these
catalysts are to some extent practicable when phosphoric acid is
consumed away. : ' .

Nickel Catalyst for Low Pressure Hydrogemation. |
The febrication of Wickel catalyst for the low pressure hydro-

genation of such-as isooctane, cracked gasoline, polymerized

soja bean oil; pine root oil EW"“-bee:r—'studied, “Further in
view of the deficient domestic nickel source the economy of the
nickel has been undertaken. It was proved that the catalyst
whose nickel content 1s jowered from 50% (generally used) to 10%
can be used when the carrier and the forming method is speclally
contrived. : : ' :

thermal treatment prior to the chlaiﬂa%ion,;&briquetting ‘of coal is
not always necessary if the bituminous coel 18 properly chosen, -
and aluminium chloride obtained by the present. process is, when
used for the olefine polymerization in no -respect different from

+hat fabricated from metallic aluminium by the cubtomary process.
- 24 -



Catalyst for Hydrcreforming Of Catallybieally .
- Cracked Gasoline R

v »~,“Gonsidered~from.the_detic:Lencff in niéke;l._ source in, Japen,
‘the -catalyst substituted for that of nickel system have been ‘gtudied.
Phe results obtained are sumrized asg follows, '

1., Metals examined for .catalyst raw material. - : - A

. of Fe, Cu, Mn, Zn, Sn, etc. 2 or 3 are converted into hydroxides
with KOH and prec;l.pifbated.- on active clay or Kieselguhr and
formed to the catalyst. The experiments’ have carried outim .
the autoclave. ' - ‘ . :

o2, The best result was obtained with the Fe-Cu-Kieselguhr
system, but as compared with the Ni catalyst, not only highly
elevated templ and press, are required but also a large amount
of catalyst is necessary. It is considered therefore that
this catalyst can not be prectically used as far as the present -
extent of examination 1is conserned. ' - '

Simplified Floldification of Waxy Crude Petroleun Oil

In order to i’écilitate senéing-‘back of such highly waxy ci'ud.e .
_petroleum as Pendope crude (m.p. 39°C) which is in the ‘golid state at
ordinary temperature, the finidification has been wdertaken by - ’

mixing it with addition agents like Paraflow and with other diluents.
‘ No addition agent capable of fluidifying such waxy crude with
addition of a smaller amount was found. As the diluent lower bolling
hydrocarbon was'proved most effective, whilet an. equiamount of the

oil had to be added to the crude for lowering the solidification temp.
to 15%. Therefore the fluidifisation by dilution was proved imprac-
ticable. - - ' 4 : :

' “Sttidy on the simple dewaxing of such crude oil at the actual |
place was not undertaken. ) - _

Studies on the Fabrication Of Reference Fuel

The charcoal absorped oil of Fisher synthetlc petroleun is
~<hiefly composed of hyﬂrocar’bbns of N- >fine series and a small
amount of thoee. of armmatic series, Jut is almost free from Napthenic
hydrocarbons. It montains about 10% of N-heptane and shows and octane
reference fuel for determining the octane rating. A fraction contalining
a larger amount of N-heptane was washed with sulfuric aclid to remove
‘aramatic hydrocarbons and. then submitted to the repeated rectification
to obtain N-heptane.: The rectificate thus obtained in the laboratory
had physical constants nearly equal to those of pure N-heptane and -
the knockiéter indication was also almostr as that shown by the American
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standard reference fuel. For fabricating somewhat a larger amount -
of such fuel still there lies many problems to be golved but it can
be sufficiently used at least as a secondary reference fuel having

about zero octane rating. ' - : : ' :

o — ”

. Thermal Expension Coéfficient of Ethyl Flwd

. Since the 1ea.d:iﬁg of ga;soliﬁe is carried out on 'Eh;e.'f.vvbium -ba.sié N
a volume change due to a varying temperature nn.:gt;affeCt-thb_ amount of
~ ethyl fluid and the leaded octene rating in consequence. To examine .

this effect, the thermal expansion coefficient of ethyl fluid was

deterin:lned.'ov‘er a temp. .rang.e',of,jo-hO°c at every 5 degrees.

Tt was evidenced that the volume change of ethyl fluid due to the
varying temp. brings about a variation of octane rating smaller than 0.5,
a nearly negligible order of magnitude for the routine test work, when
sampling 300-500 c.c. of gasoline. - : S ' -

Doterminatinn Of Tetraethyl Lead In Ethyl Fluid
For the purpose of dsterpining tetraethyl lead in the ethyl fluid
the lead cantent was estimted by directly oxidiZing the former without
dissolving it into ‘ga.eo:‘l.me,_a'.nd examined for accuracy of ‘_a:_:a.lysis.

It was evidenced that tetraethyl lead in the ‘ethyl £iuid can be
estimted, when the former is carefully oxidized directly with .HNO3 into.

Pb(NO3)p, preventing the evaporation loss, ther turned. into PbSOywith
- HpSO), and gravimetrically determined, with almost the same accuracy as -
that obtained when the ethyl £1luid is dissolved into ‘gasoline and then

‘analysed for lead in accardance with ‘the similar process, -
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