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SUMMARY”

~“When butyric &0ld Was passed tHrough tHorium oxide teated”
- at - 380=4300C, ‘butyrene was formed in a 98% yleld of ‘theo-
retiocal value, - Butyrene was reduced with hydrogen in the
presence of a mixture. of -Cu-Cr oxide or Cu-Ni oxide and
.activated aocld clay;. the redused product was then frac-
tionated after being washed with cono, sulphurie -acid and
water, The yleld of pure n-heptane thus formied was about
L 40% 80 DUbYTLe @R L T L

Iso-butylene formed by the contact action of alumine from
iso-butanol, was polymerized to lso-octene by the action
of 63% oold sulphuric acid, and ‘the 1so-octene was reduced
with hydrogen in the presence of reduced nickel to iso-
octene. The yleld of iso-octane was about 20% to butanol.

INTRODUCTION

The lack of standard fuel had become serious since 1941, and oonsequentlylﬁha
study of the following metheds of preparation were started:

II.

A,  In Japan, the raw material for the preparation of pure n-heptane is
n-butyric acid which was prepared from n-butyl alcohol. In this labora-
tory, methods for preparing butyronme from n-butyric acid and n-heptane
from butyrone were examined. From these results, a small plant was
planned and construction was started in August 1941. The manufacture of

n-heptane began in February 1942.

B, The raw material for the preparation of pure iso-octane (2-2-4=tri-
methyl pentane) is iso-butanol obtained as by product of methanol produc-
tion. The reactions for making pure iso-octane from iso-butanol are de-
hydration by the contact action of alumina, cold acid treatment and hydro-
genation in the presence of reduced nickel.

After these experiments the construction of a small plant for preparing
iso-octane was begun in August 1941 and production was started in June

1942,

DETAILED DESCRIPTION

v !
A. Preparation of n-Heptane

The chemical reactions uséd in the pfeparation of n-heptane-from butyric
acid are shown in the following equations:

2 Cgliy COOH ——+ C3H7C0C3Hy + COz +Hp0 (1)
, Gat. "
(C3H7) 200 + 2H 2 E—»C';Hl(, + H20 (2) .

1. Preparation of butyrone (Readtion 1}

a. There are two methods of converting butyric acid to butyr-
one: by dry distillation of the caloium salt of butyric acid or
by catalytic pyrolysis. The former method was carried out at-
high temperatures {about 5000C) so that the distillate vias fre-
quently impure. Thus, it appears that pure butyrone from
butyrio acid is not.available by this method. Hence, a catal-
lytic method for producing pure butyrone from butyric acid was
adopted,
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b. - Experimental aggaratus and method, Butyrone was preparec
from butyrle ac using the apparatus shown in Figure 1(B)20.
.. Various catalysts, feed rates, and reaction . temperatures were
used, The catalyst was placed-in'a silica tube (22mm x 1200m
and the temperature was determined by Ni-Cr thermocouples
enoclosed in silioa -sheaths. . e

The composition of the condensate was determined by the follo
ing method: The unreacted butyric acid 1s titrated with N/10...
sodium hydroxide solution; and the volume of butyrone in the
‘condensate is determined by distillation. N

Pure butyrone is obtained from the condensate by-ffaotionatIOI
after washing with a 5% NaOH solution to remove the unreacted
butyric acid and then washed with water. =

¢.  Experimental results. In these experiments the catalyti
action was olarified and the favorable conditions of temperati
and ‘space velocity were determined. :

The butyric acid used was obtained from Sanwa-Kagaku Manufact:

and- had -the following properties: T .
Spegr. (420) Loiiiiiiiiie 0.957
BoP. (76011 HE) wvvnneiiiiiiinnnniininninn.. 162,500

_The following catalysts were investigated:
(l) Powdered CaC03
(2) 05003-Active clay (2:1)

\

{3) CaCO3-BaCO3-A0t1ve clay (1.1:0.5:1.0)
(4) CaCOj—MgCO;-Activa clay (1.7:0.5:1.0)

"~ (5) Tho on'pumice: Prepared by dipping in thorium nitr
solutlon, drying, and igniting at 500°C, Concentration (
Tho is 25,8% by welght,

(6) U 08 on pumice: Prepared by same method as (5), ¢
centration of U308 is 48..4% by weight,

The results are- recorded in Table I(B)?0.

It was found that U 0g and ThO. supported on punice were excel.
lent catalysts., Using these catalysts, the reaction temperat: -
could be decreased to 400-430C compared to a reaction temper

. ture of about .500°C using other catalysts, and the feed rate
could be Increased.

The yleld of butyrone from butyric acid is shown to be about '
by volume to the feed used, and this value corresponds to a
yleld of 90% of the theoretical,

Add*tional butyrone is present in the lower and higher boilin
' .3lon3 of the distillate, .
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The properties of the pure n-butyrone were as foildﬁs;

420
‘\‘

(Reagtion 2) .

" (C3H7) 2CHOH at; 230-235

2 T T T T T T T T T TR r 07856
ugo .‘ll".‘.“l.l“lll.".l“vtilil0‘0’!.'0‘0'.‘00.."‘00 1010070

B B P AT PV L.

Preparation of:-ure n-heatane from n-but rone. by h'dro;enation.

a, The reactions by which n-heptane is formed from n-butyrone
sonsist of 3 steps.

(C3H7)2CO + Hy = (03H7)20H0H {8, addition) (1)
(Cfi7) 20HOH = Cyly* CH: CHCoHs + Hp0 (dehydration) (2)
CgH'; CH:CHOgHs+Hp = CHy ¢ (HZ addition)- . {3)

The usual method for forming n-heptane from butyrone 1s as fol-
lows: Butyrone is hydrogenated -in the presence of MoS, catas=
lyst in 3 stages (1) hgdrogenation of butyrone to hepténol

C and 100 atm. pressure; (2) dehydration
of heptanole to heptene (G3H7CH CHC2Hs) ; (3& ydrogenation ot
the latter to n-heptane (C7Hyg) at 350°C and 135 atm, pressure.
It was said that the last step proceeded very slowly and the
presence of considerable amounts of heptene were obsarved in

_the product.

b, Catalyst.

The object of our research was to discover a more effective
catalyst. Catalysts used for this purpose vwere Ni-Cu oxide
and Cu-Cr oxide used for hydrogenating hydrocarbons and
ketones, These catalysts were prepared as follows.

(1) Ni-Cu oxide. A mixture of nickel .and copper nitrates
- in the ratio . 2,N10:;1.Cu0 by velght was treated .with.-

NaC04 solution and the precipitate was filtered, washed

drieg at 900C, pulverized, and ignited at 30000 The

mixed oxide was mixed with activated acid clay in the

ratio of 1 Ni- Cu oxide:3 clay before use.

(2} cu-Cr oxide; This was prepared by the ordinary method
for preparing Adkin's catalyst and was mixed with acti-
vated acid clay in the ratio of 1l:4 by weight,

. C. Experimental progedure ror\hydroggnation of butyrone.

400 gm of butyrona and 40-80 gm of catalyst were put in a ro-
tating autoclave of 5 liters capacity under a hydrogen pressure
of 100 atm. and heated with an eleotric Qeater, When the reac-
tion temperature was reached, the reaction was continued for
one hour, At the end of this time, the products were removed
and examined, The results are shown in Table II(B)20.

d,} From these results, it appears that the catalysts studied,
mixtures of Ni-Cu oxide or Cu-Cr oxide and activated acid clay,
were more effective than lfoS3. The yield of n~-heptane to the
ketone used was more than 85% by volume,

306



Qe

300

< ap

1‘,,\15

- ENCLOSIRE (B)20™

" 0°8g 6°65 ote | nees 8°6s | (*Toa £q %) proe .oﬂkﬁa poss of mw,aw.m m
08 898 0S¥ “r9g 6798 - (*Toa 4q g) euoafqng esm of, m ,OWm e
0°g g 6°sh T°9 8¢ . » €3 56 2

006 | w0 | e | 668 | zme | _ (%) o86~L6 wm

0% 9°€ 25 o 3 , H _ @Doev] g

0%z £29-| o1 0°06 0°gl g () acmer | C

£689°0 - | 6689°0 [o2L'0  |$989%0 | 4689%0 B (o3p) *ap ds

. €6 0°96 $°00T | 0°9% €56 | ouoxkang pasn o3 (*Toa £q %) ganposd Jo PTOTA

| €6 | zwse 8°g2 8°Tr zr w | (®) eouaaozITP emssexg
ol oL |osem 2 | zeey 89 ‘ © (me) emssoxd 2y Tewrq
Coo89T | T | oz Ut 69T (w3e) emssaad 2y marpeey
ott| orr| - om ott| - om (wme) emssexd Ty TeTiTuL
T : T .n ; . T T ,, (a1) swyy uotqowsy
osz | o6z | - ose 0sz osz| . .. (95) emiessdmey tiopgovey |
ozl o[ o ‘oz st | , (%) Pooy pasm o3 oTymy | g
R " : = e

- dnH : " : €T .“. ST ; , 0T9BX SuTXT .m.
4BT0 aAT30® YITM | opPXO | - AeTo eAT4o® ypTa : 1 ¢

POXTW 6PTX0 29-n) | 39-n | pextw eprro TNy | : owey

s | € | Tz T :
: *ON juewTodxg
NOIILVNFOOSAH X8 FNOMALNE TIOHA MVIJTH-U 4O NOLIVEVATIZ

0z(g)Ir TTAVL

307



X(NY-g

3.

~RESTRICTED....
- ENCLOSURE ‘(B)zo

The Ni-Cu oxide catalyst was more desirable than Cu-Cr oxide

since the reaotion temperature was. lower and the preparation of
~the~satalyst-was—easier: "

The prOperties of the. n-heptane rormed by this method are com-
pletely suiteble for-a standard fuel and- are-as follows:

B. P. (at 760mm Hg.) eeeeeceniiaiiiiiiiiinin, 98, LOC
d20 ‘lopooeoolpl_eee_‘ seersssansessssness e e s 0-6836
- n20 olu.toe;loou.co't-oon.l...ol.ot"volneea.o-; 1,38

n2 ’ 38777

Pilot plant for n-heptane -

From the results of these fundamental studies, a plent for producing

n-hegtane from n-butyric acid was designed and built in 1942, A

degta

led flow sheet is shown in Plate I(B)20,

This plant has a oepaeity of 30 l/dey of pure n-heptene end oonsists,
of the following units:

a, Unit for producing n-butyrone,

VWhen the volume of the unreacting butyric aocid is increased to.
3% by volume in the product, the catalyst was reactivated at
5009C and reused. This catalyst could be used for a month.
The yield of butyrone using this-unit is identical with that
‘obtained in the laboratory, . e e .

30 1liters of the product were washed with 10 liters of a 5%
NaOH solution once and then 4 times with 10 liters of water.

40 liters of the washed product were distilled as follows: The
first fraotion was a 5% out, the 2nd fraction a 75% cut and the
3rd the residue. Then the 1st fraction and residue were re-
distilled in the same manner.

b. szrogenation unit,

The pure n-butyrome prepared was hydrogenated by the aotion of
Ni-Cu oxide catalyst under a hydrogen pressure of 200 atm., and
at 2500C,

¢. Purification unit -

The hydrogenated produot was distilled and the following cuts
obtained: The 1st fraction was a 10% out, and the 2nd fraction
a 75% cut. The 1st fraction and residue were rodistilled in
the same manner,

40 liters of the 2nd fraction was washed 3 times with 10 liters
of 96% HpS0, and then once with 10 liters of 5% NaOH end
finally, 4 times in 10 1liters of water,

-The washed crude n-heptane was then rectified by the last

distiller. The distillates from this still were divided into
10 cuts, and each fraction was tested. The fractions meeting
the specifications were then sent .to a product tank and packed
in 3 liter cans, Other fraotions were redistilled and tested.
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The properties of n-heptane prépared by this plant are’ iaen..

. -with those obtained -in the laboratory.

-B; Preparation of iso-octane (2 2-4-trimethylpentane)

The reaction system for the preparation of 1so-oohane is shown in the

following equations" . e

i- C/'H90H T 1-0433 + Hzo (1)
203., ) .

]

21-01,38 ot i c43*‘16 R £ I
2301' ) o
1-Cglyg+ Hp —=.1-Cglhyg - (3)

Preparation of iso-butylene from i-butano; (Reaotion 1) -
a. Geﬁéfélly,kthehiéo-ﬁuﬁylbﬁé‘is prbduced:fibﬁliéb-buténoi
by the action of catalysts such as Alzoe and activated acid

u

clay; but alumina was adopted in this sfudy, since in the pres
ence of n-butylene is formed activated acid clay."

b. Experimental apparatus:

The apparatus used is shown in Figure 2(B)20,

..Procedure .

Iso-butyl alcohol was introduced into the reaction tube at
about 0.5 space veloeity and at 400°C reaotion temperaturs,

The reaction products leaving the reaction tube were condensed
and the condensate was collected in the receiver and the uncon-
densed matter 1s passed through another condenser to separate
the gas and liquid. The condensate 1s removed from the receiver
and the unreacted iso-butanol is recovered by distillation. The
produced gas is collected in a bottle by displacement of water.
The volume of iso=butylene formed -is determined by absorption
with 65% Hgsok. The ratio of reacted alcohol to used alcohol
13 caloulated from the volume of unreacted alcohol.

The iso-butanol used in this study was obtained rrom the market,
and its properties were as follows: sSp.gr. (d 0) 1s 0.8025,
B.P. is 106-108°C,

The alumina used as the catalyst was prepared by heating at

6000C. The precipitate formed by the addition of C0p gas to a
NaOH solution af aluminum, )
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dv - Results -

e ew fa i e fo_‘uow;. :

Reaction temperature seesssrsetassasstaconnssstsssine LOOOC..

Space-velooity, (Feed vol./cat. VOL./NI.) seessscessess 0.5

Aloohol converted seviscessserasssssssass above 95% by vol.

Volume' of iso-butylene in product ....... above 98% by vol, : -

Yield of iso-butylene from iso-butanol . approx. 74% by wt.

""" 'Notes: "The theoretical yield of i~-butyleme from i-butanol

15775.7% by weight (=56,06/74.08), The catalyst could be
used without aotivation for more than a month,

‘Preparation of iso-octene from iso-butylene by cold acid
process. (Reaction 2) :

a, There are three well known processes for the polymeriza-
tion of.iso-butylene. to iso-octens: - {1) The:phosphoric acid
process, (2) the hot acid process, (3) the cold acid process,
The first two processes are used on a commercial scale to pre-
pare iso-octane from cracked gas, the latter process is ussd
for the production of pure iso-octane (2-2.4-trimethylpentane)
by selective polymerization of the iso-butylene in cracked gas,

b, Experimental apparatus:

The apparatus used is shown in Figure 3(B)20.

. Procedure S
Iso-butylene gas, dried by cdlcium chloride, is led into a 3
liter absorbing flask, charged with 1 liter of 63% H2S0, and
i3 agitated with a glass stirrer at 5-159C, The unabsorbed gasg
is passed through a gas bottle and the volume is deteramined.

The rate of absorption of iso~butylene is calculated from the
volume of unabsorbed gas. .

The flask containing sulphuric scid and absorbed isg-butylene -
was dipped into another oll bath heated to 110°C. After reach-
ing 900C, the reaction was allowed to proceed for one minute,
and then the flask was cooled with ice water as soon as possi-
ble. By this method, the iso-butylene was polymerized to iso-
octene,

The polymer separated from sulphuric acid was washed with 5%

NaOH solution and water and was distllled to separate the iso-
octene (dimer) from the trimer. :

d.' Results- -
The experimental results obtained.were as follows:

' Condition of polymerization

Concentration of sulphuric 2cid ..eoveeeesssorrsecess 63%
Volume of sulphuric acid used ,...esseee 1 liter (1.5 kg)
Volumes of iso-butylene charged (1/hr.) .... 6, 8, 10, 12
Absorption temperature (9C)' ,.. veves.e 5, 10, 15, 20, 30
RPM Of SLATTOT ceevesovossovacossionneoncsssess BDOVE 300
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The rafé‘bf’ébsorptibn of'iso;butyiéne was abéve'95%‘a£l6-8 »
..-1iter/hr of:charged. volume and at:5-200C. .of -absorption tempera~
~tureTT (3 yat §<1o 00 ) nersased-to
" more than 10 liters/hr, the absorption rate decreased to less .

than 90%, . Loy T ‘
The desirable ‘absorption temperature range.is” from 5;1500;‘ If,
the temperature is increased to above 159C, the volume of iso-"
octene in the ‘polymér is decreased to less than 60%. .
'The ‘stirring speed has a marked effect upon the absorption of -
iso-butylene, A speed of at least 300 RPM is desirable for
optimum yields. ‘ ‘
The results of bolymerization under the best operating condi-
-tions are as follovs: ' )

Absorption temperature cesessesccsssossscssssesssrsanee HOC
YVolume of -iso=butylens oharged ..ecessssececses 8 1iters/hr
Iso-butylene absorbed ..sesescesssesass BPPTOX, 98% by vol,
Polymerization £emperatul't sssssesesssssessscessssssss 900C
"Polymerization time (at 900C} w..ivee seeessvsss One minute
Iso~-butylene polymerized sucsveesseveceacsesessss APProx. §0%
I180-00tene in PTrOGUCL eeeeessssssasnses BPPIOX. 65% by voOl.
Yield of iso-octens to used iso~butylene approx. 34% by wt,

The sulphuric aoiq can be used repeatedly.

-3, .- Preparation of iso-octane from~;§2399§g§§;§zmhgdrggggq}@pq,

It is known that iso-octene is reduced to iso-ootene in the presence
of reduced nickel at 180°C_and 10 atm., of hydrogen pressure. ...

400 gm of iso-octene and 40 gn of reduced nickel were put in a
rotating autoclave of 5 liter capacity under a hydrogen pressure of -
50- atm. and was reduced at 180°C, 'The yield of hydrogenation prodict
was about 90% by volume to iso-octene used, and the concentration of
Vppxg‘ispqutgge in ;he;hydrogenation product was about 80%.,

The 1so-octane'pfepdré& fy'thié héthod i& suitable as a standard
fuel and its properties are as follows:

BUPO' (at 760mm HS.) X RN, 99.300

dzo [EEEEEEXEEEEERE NN NI I N I A NI A A I BRI BB A A I B A 006921

nD 'ocoto'--oonocl:coo-.oooofnoo{'oa-nt‘--oconucl.-oa ‘103916

‘Bromine valUue esevscssessessssnsssesssssesessss DlOW 0,01
COmpleta data relative to these experiments aré not available,

4. Pilot plant for iso-octane.

From the results of these laboratory studies, a pilot.plant ‘for pro-
ducing iso-octane from iso-butanol was designed and built in 1942,

A detalled flow sheet is shown in Plate II(B)20. This plant has a
capacity of 20 liters/day of pure iso-octane. S

0

Results obpaihed in the pilot plant were as follows:

3l
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. Iso-butylene gas was produced by dehydration of- iso-butanol '
. vapour with alumina catalyat at 3899-é00°0;ﬂ1th_a space velooity

~0f-0.5.— It dehydzation-yield-was-90p;— - -

‘Then the gas was polymerized at 90°C for 5 minutes, after ab-
sorption by 63% cono, HpS04 at 5-15°C, The i-butylene absorbed
was 10% by -weight of HaS0j,. - - R

Invthe absorption unit,}the'depropahize: was used for tﬁe_depa-
ration of iso-butylene and the lower hydrocarbon gases, and the -

~~8eparated-iso~butylene:was recyoled.

The contents of iso-ootens (dimer) in the polymerized product
was about‘65%, and the remainder was trimer. The polyderized -
product was washed with 5% caustio soda. solution to remove the
traces of HaSOﬁ and then the iso-ootene fraction, boiling from
98-1020C, was distilled. _ _

This product was hydrogenated in the presence of a.nlckel qata.
"lyst at 180-200°C and 10-30 atm. of hydrogen with a 8pace velos-
ity of 0.3-0.5, The completely hydrogenated product, having a
bromine value below 0,01, was fractionated 1n~10%-outs, and the
refractive index, specific gravity, and boiling point was
determined for each fraction. .The octane value of the iso-
octane cut was determined using a C.F.R. engine.

The yield of pnré iso-octane was about, 70% by volume to isoe '
octene, ‘ )

The oapaoity‘or‘thé‘pilot’plaht’is'apbroximatély 20 1liters/day
of pure. iso-octane (about 15% by weight to charged iso-butanol)

Figure 1(B)20 .
APPARATUS FOR PREPARATION OF BUTYRONE FRON BUTYRIC ACID

R By -

3 -
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