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SUMMARY .

MISCELLANEOQUS TARGETS

JAPANESE FUELS AND LUBRICANTS - AK[‘ICLE 3 ) .
NAVAL RESEARCHE ON ALCOHOL FU{E‘ :

§ R

Japanese Naval Researeh pertaining to the production of alcohols
/from various sources and the agpplication o3 alcoholic aviation fuels has

! been investigated. This report deals primarily with the improvement of -
fermentation techniques, the synthesis of nlcohols, and the ‘practlical testing

Jof alcoholic avistion gasolines. This program was, for the most part,
-carried out during the last year of the war and was necessitated-by the acute

igearclty of conventional aviation gasoline. Interesting findings include the
fact that_approximately one pound of ethylialcohol could be produced by :
-fermentation from eleven pounds of sweet potatoes and that, after a year%
‘research ‘1t was found necessary to limit the use of ethyl alcohol fuels to

trainlng planes in view of its service per ‘ormance characteristiecs.
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 _INTRODUCTION

i : LY - r h
. : W RS

' ' This report 1s concerned primarily with research actlvities at the
' First Naval Fuel Depot, OFUNA, relative to the fermentation, synthesis and
. practical  testing of various alcohols suitable for use as aviation fuels. A,
fAsummarysof the alcohol research program &t the rirst MNaval Fuel Depot has
- been prevared in English by Engineering Lieutenant Commander T. YAAN0TO of
. the Japanese Navy and is submitted herewith as Enclosure (4). Detailed
research reports, have been prepared in English specifically for, end reviewed
with the Japanese authors by the Petroleum Section of the U,S., Haval Technical
Mission|:to Japan. These reports are submitted as Enclosures (B)1 to (B)17
inclusive. . .

; ? Since the research reports, drawings and“other umportanb documents S
. cf the First Naval Fuel Depot haé been burned during August, 1945, under the .
' o f,the Director of this institution, it was necessary to recall the

from hahoratory notebooks, lagboratory apparatus, and pilot plant equipment.

This woitk required a period of nearly three months. /@Lthough this progrem

* was carried on under the supervision of the U.S. Naval Technical liission to

i Japen, the reports submitted as Enclosures (4) and (B) do not conform to

- fmericail standards because of the difficulties encountered in the translation
i and necessary revision of these articles.. However, these reports do indicate :

~ 1 with considerable accuracy the quelity and extent. of the Japanese. Tesearch. =

- Additional information, aupplementlng that of Enclosures (A) and

(B), hae been obtained through interviews: with cognizant personnel nf the S
First: Naval Technical Depot, YOKOSUKA4, and Kyoto Imperisl University. A .
typilesliplant for the fermentation of alcohol from sweet potatoes was visited .
at SHIMABARA, Kyushu, on 18 October, 1945. Related Amy research activity
at FUCHJ has been discussed and the Preliminary Report of the 0il, Chemical,
and Rubber Division of the United States btrategic Bombing Survey has also
been- reviewed,
b " The alcohol progrem is of 1nte1est since it .emphasizes the extent

“to which Japan was forced to rely on substitute fuels because of the scarcity
of 4viabion gasoline. The necessity for :using alcohol end other substitutes
. 1g discussed in NavrechTap Report, "Japan€se Fuels and Lubricants, Article 2-
i Naval Research on Aviation Gasoline," Index no. X-38(N)-2. No attempt has
' been made to evaluate the date -which have; been collected at the First Haval
Fuel Depot. These data are presented as being typical of this particular
fleld o: Japanese research activity.

{
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Location of Target.
First Naval Fuel Depot, OFUNA. Kanagawa Prefecture . o

:Shimabara Aleohol Plant of the Kyushu Regional Fuel Department,
SFEUABARA Kyushu. | X - R

Kyoto Imperial University, KYOEO. .
First Naval Techalcal Depot, xoxosuxa. ” X

Japanese Personnel Interviewed.

S KOMATSU Ph. D., Civilian Advisor to Department of Fuel Research,
First Naval Fuel Depot. (formerly Pirofessor of Biochemistry st
Kyoto Imperial Unjiversity, foremost and very capable chemist of

: First Naval Fuel Depot). ° |

i K. NAKATA, Engineering Commander, Japanese Navy, Head of Aviation .
.. Gasoline Engine Test Section, First Navel .Fuel Depot. (aeronauti-
cal best engineer of better than average capabilities).

T. UMEMURA,’Engineering Lieutenant Commander, Japanese Navy, Head
- of Fermentation Section, First Naval Fuel Depot.

T. YAMAMOTO Engineering Lieutenant bommander, Japanese Navy, Hesad
of Gasoline Blending Section, First Naval Fuel Depot. (research
- chemist of better than average capabllities)

i ;
Research Assistants of the First Naval Fuel Depot Whose Names are Included
in»Individual Japanese Reports: N ;

: l

B YOSﬂI Chief Engineer of the Shimabara Alcohol Plant,

i S

S. TAhAKA, Ph. D., Professor of Biocnemistry, Kyoto Imperial Uni-
versity.; fg -

T, KONDO Captain Japanese- Navy, Head of Aviation Gasoline Engine
T Teqting, First Naval Technical Depot), YOKOSUKA, (of average capa- °
I -bility, but not:.thoroughly versed in the details of work conducted
: by his staff). ! )
S.;OLA, nngineering Lieutenant bommander, Japanese Navy, AVietion
Ei“ ;en&ine research engineer, First Naval Technical Depot.

Referenced Japanese Reports: P
» Et . Technical Notes on Research Work, Ammy Fuel Research Institute,
“ ) FUCHU T e

Additional Referenced Reports

b United States Stratezic Bombing Survey, Oil, Chemical and Rubber -
P Division.’ Preliminary Report, 27 November 1945 .
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 THE REPORT

a

FART 1"

FERMENTATION AND SYNTHESIS

SRMENTATION OF ALCOHDL

Ethyl Alcohol j i ; ) ) -

By the spring of 1944 the shortage of hydrocarbon type aviation gasoline

L ‘ had 'become so acute that it became neécessary to give immediate attentican
i . toithe use of ethyl alcohol as a substitute. At _that time, however, the
b supply of cane sugsr and molgsses from Formosa, Java, and the Philippines
i ' was'deeressing, and 1t was found nec2ssary to convert butanol plants to
3 the: production of ethyl slcohol; to utilize Japanese sweet potatoes and

i Manichurian grains as raew materials; and to install additional fermenta-
. . tion plants throughout Jepan. Research relating to the transitlon from
. ' sugar and molasses to other raw materials was primarily concerned with
; the, selection of proper nitrogen nutriments necessitated by the use of
7 such substances as sweet potatoes and ksoligng. Detailed Japanese

i reforts on these studies are given in Enclosures (B)1l, (B)2, and (3)3.

In the meantime, other laboratories were studying these and related ‘
problems. At Kyotc Imperisl University, for example, a survey was being
made of s%gb one ‘hundred and fifty different varieties of sweet pote-
toes. The’purpose of this research was to select the most suitable
varieties for use as foods and as sources of alcohol, since the extemnsive
utilization of sweet potatoes as a fuel source would serlously affect

the Japanese food supply. i '

.2.?:'Butzl Algohol ¢

Theé:re were several butanol fermentation plants in Japan at the outset cf =
o the war. Most olf the butanol thus prepared was to be used in the menu-

= quture of -iso-octane. The Amy and! Navy research laboratories investi-
gated independently such subjects as' the proper choice of bacteria end’
the selection of suitable nutriments: for the acetone-butanol fermenta-
tion. Japanese reports on these studies are given in Enclosure (B)5.

. 3., Fermentation Plgnts"

During the 'last year of the war the Japanese government gssumed control
of many of the alcohol plants throughout the islands. 4 typlcal example
isithe Shimabara Alcohol Plant of the Kyushu Reglonal Fuel Departmect. .
In 1944, with a yield of one pound of alcohcl from eleven pounds of sweet
5 potiatoes, 3840 kiloliters of alcoholi were produced by this plant. A
SE brief description of this plant is submitted as Enclosure (C}.

. In:1945 the projected use of ethyl alcohol as au aviation fuel for traln-
ing planes necessitated that many of, the butanol plasts be converted to
the: production of ethyl elcohol. ' In! April, 1945, the Japanese Navy

.. ordered the design of a simplified alcohol distillation plant which was

- to:produce 500 kiloliters of alcohol per year from sweet potatoes. It

; . was planned to erect a large number of these plants throughout Japan.

; Plant design details and test results are given in Enclosure (B)1l2.
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“An interastlng activity.in connection with the alcohol research program

“was the investigation of the Bergius wood sacohsri“icstion process as

an slternate alcohol source. Studies on the hydrolysis of pine wocd and

. the fermentation of wood sugar were underway at the First Naval Fuel
‘Depot ané are repérted in Enclosures (B)4 :and (B)2, FPart I, respectively.
- A pilot plant, designed to treat 12 kilograms of wood per day, was

- constructied in 1945 but never operated. At the same time, Ay labora-
§tories ware independently investigating t?e ‘Same process.

; [
OF ALCOHOLS :

L. lhethzl Alcohol

EISeveral plants producing methanol fram carbon monoxidn and hydrogen were

. vigited in Japan. Typical of such plants was that of the Oriental High
. Pressure! :‘Company, OMUTA, Kyushu, and that of the Ube Plant of Teikdku

: Nenryo Lngyo K.K. A flow sheet of the methanol synthesis equipment at
 the Ube Plant is included in NavTechTap Report, "Japanesgse Fuels and

. Lubricantis, Article '10- Miscellaneous 01l ‘Techuology and Réfining Jastal-
11ations"q in

Depot in TOKUYAMA a synthetic methanol plant was also in operation.

- (Refer t0 Enclosure (F) of above report). | As a fuel, methanol-water

. blends (uo-éo) were used for auxiliary injection in fiohter planes. . It
was repo:ted that test work on auxiliary injection fluids showed that

dex No. X-38(N)-10, Enclosure (£).7 At the Third Naval Fuel

water was the most effective, methanol next, and ethanol third, but the

'? Japanese Navy standardized upon the 40-60' ‘blend of methanol and watier in
-;-view of : reezing point consideratiofs.

. The Oil, Ghemical and Rubber Division of the United S8tates Strategic
! Bombing Survey in a preliminary report has. presented the following data
' relative: to the production of methanol in: Japan.rb .

Year Month Methanol Production Rgte
- . (Tons per Year)

i 1933 : 100
i 1940 March ¢80
i 1942 kiarch 20,350
i 1944 March 28,500
i 1945 March 13,900 |
gg 1945 July 600 : ]
: Research'at the First Naval Fuel Depot Wau primarily concerned with

. increasiag the yield of methanol and also in utilizing waste gases from
. the butaaol fermentation as a source of raw material for methanol. The
. latter project was disoontinued when the butanol fermentation progrem

| was stopped.

; The synthesis of butanol, as an intermediate in the production of iso-
. octane, Was.extensively investlgated by thHe Navy. A commercial plant

with design capacity of 33,000 kiloliters of iso-cctane per yeer from
butanolw(prepared from acetyiene) was in )peration in Korea. The Pirst

'Ii Naval Fusl Depot was actively interested in this project.throughout the

(Navtechxa -Report, "Japanese Fuels:and LubriCants, Article 2,
, u38(N -2, Enclosures (B)10,11, 12 l)v-
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PART II » f .

—_

SERVICE TESTS OF AVIATION FUELS

A ENGIVE TESTS

The utilization of ethyl alcohol as en aviation fuel hadj been investigated dby: ©
.the Third: Naval Fuel Depot at TOKUYAMA some 15 years before the war, but the :
‘tests referred to in this report and carried out during 1944 and 1945 were
necessary ‘40 supply information upon the use of ethyl. alcohol in modern eir- )
- iheraft engines. Experimental work was initlated at the First Naval Fuel <
"~ :Depot, OFUNA, in April, 1944, and at the Flrst Naval Technical Depct at YOKO=- g

: ‘SUKA in Mey of the same year. The lgboratory work and some of the single and
S multi-cylinder tests were carried cn at OFUNA, but most of the full-scale
engine and all ‘of the flight tests were carried out at YDKOSUKA.

The practicel result of this one year perimﬂ of research was the use of ethyl
‘alcohol in training planes for the last three months of the war. It was -
found that 99% ethyl alcohol cculd be used in engines of 300 to 500 hp with .
Irull-power rating, but for high output engines, it could be used only under .
. | conditions of reduced power. In all carburetted engines, 94% ethyl alcohol
' ;geve acceleration difficulties; whereas, 11 solid injection engines, 945

- ;ethyl alecohol could be used for the low-power range. Blends of equal parts
‘of gasoline and 99% ethyl jalcohol having the same octane number as the base
‘gasoline ‘could be used in‘'high output engines at reduced power, but a suffi-
‘clent amount of 99% ethyl lalcohol could not be obtained in Jepan due to the .
‘lack of magnufacturing equipment. Blends of gasoline and 9L% ethyl alcohol :
could not be used due to insolubility charaoteristics. _ ce

The first tests concerned the utilization of 10% blends of ethyl alcohol in
‘aviation gasoline. However, with increasiag shortages of aviation:gasoline,
the blending ratio of ethyl alcohol for experimental purposes was increased
progressively, until in October of 1944, tosts were made relating to the use
'of straight ethyl alcohol as fuel for training planes (Enclosures {B)1ll to
’(B)17, inclusive). In these test programs many difficulties were encountered
gWith ethyl alcohol due to0 its low speciflc heat, 1lts low volatility, its bigh
ilatent heat.of vaporization, its pre-ignition tendencies, and its corrosive
\bction onmétals. These difficulties are summarized by Chemical Epgineering
‘Comdr. T. YAMAMOTO in Enclosare (A). Significant test results with 99% ethyl
alcohol include the following: - ‘ ‘

A N Volatilitz of Ethyl Aleohol % . A

In. view of the low heat of combustion oﬁ_alcohol end its high latent Leat
of veporization, poor distribution resulted in multi-cylinder engines,
. causing wide differences in mixture strength in the several cylinders. . e
v Theseivolatility aspects also caused difficulties in engine sterting end
f _acceleration, particularly at low atmospheric temperatures. (Enclosures
" (B)11] Part II, (B)12 and (B)17). ] g

; In order to improve the volatility characteristics of ethyl alcohol, tests

i were carried out with ethyl ether, acetone, and gasoline as blending i
sgents, as reported in Enclosure 15)11 Part II. Ethyl ether, elthough . il

© imparting  improved volatility\characteristics, increased detoneticn, thus :
‘limiting 1ts allowable concentration. | A blend oT=3A ethyl ether in ethyl
alcoltol was used .practically in training planes, and this concenﬁration,
plusg! ‘the use of asbestos insulators between the cooling fins on the cylin-
_dersiand the employment of a means for heating the intske gases by the

" exhaust, decreased the starting difficulties in cold weather (Enclosures
(B)lifand (B)17).

o
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. 2. Bubo Ignition of Ethy filcohol

)

Extensive full ‘gcale engine tests showed ;that in spite of the high octane
number of ethyl alcohol (92 octane number as determined in the GFR

engine) its practical performance in Japénese combat multi-cylinder

engines, operated at high boost, was unsatisfaectory due to autou-ignition
tendencies (Enclosure (B)17).  Single cylinder full-scale aircraft eagins
tests showed that at lean miXtures auto-ignition occurred with straight
ethyl slcohol. 4t rich mixtures the power dropped markedly, and the - "
higher the boost, the narrower the alr-fuel ratio band between these two
performance limitations <(Enclosure (B)1l, Part I, Figure 1). This .
characteristic, coupled with its volatility aspects, prevented the suc-
cessful; utilization of straight ethyl alcéohol in multi-cylinder englnes E
of high;output. 3 o Boo t

3. Qgtpngtion of Bthyl Alcohol i

. More then ome hundred compounds were Investigated for extending the limit

- of safé operation of anhydrous ethyl alcohol relative to mixture ratio :
I/ - and boost pressure by increasing its antl-knock properties. Of these, @
|  tetra ethyl lead was detrimentel and di-cthyl selenlde was the most

effective, but this finding was not pursued dus to the shortage of sele-

nium in:Japan. -(Enclosure (B)12). ?

g Spéctfdéraphic investigation of the mechénism bf combustion of leaded’
ethyl‘qlcohol in comparison with leaded iso-octane was carried out as re-
ported .in Enclosure {8)13." g :

| CORROSIVE PROPERTIES OF ALCOHOL FUELS |
’ \ ! ) i , . ,
1. gj! :l 9_! QOQO:_I s . ‘ . M

Certair. semples of ethyl alcohol proved to be very corrosive to aluminum
and bress in carburetor and engine induction systems. The cause of this
corrosion was determined, and for its provention, dibutyl amine and

sodium arsenite were: proposed as additives by the First Naval Fuel Depot

and the First Naval Technical Depot, respectively, and the latter was

actually used (Enclosure (B)12).

Ethyl ﬁicbhél caused .the inside of steel drums to Tust, and synthetic

resin varnishes of vegetable oil base were found to be the most practi-
cable. ' {Enclosure (£}16). ‘

2. - Methyl Alcohol i i

Magnesﬁﬁm and magnesiuﬁ'alloys were veryfsubject to corrosion by anhy-
drous methanol. The addition of an alkaline solution of potasium chro-
mate wes found to be effective as an innibitor, . (Enclosure (B)1%5).

i N . : A -
! ! .
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ENCLOSURE (A) -

Y

SUMMARY OF
 THE_ ALCOHOCL RESEARCH PROGRAN
'FIRST NAVAL FUEL DEPGOCT

! e

CHEM. ENG. LIEUT. CCMDR. .
T. YAMAMOTO ,

Prepared for and Reviéwed with Authors
by U. S. Naval Technical Mission to Japan

December: 1345 E
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I, IN‘I‘?ODUCTION

icstudies on production of methanol, ethano] and other alcohols wers started

. prior t0:1930 by the Navy. No attention was paid to the use of thsse al-

: cohols for:aviation fuel, since there was nc demand for high octans fuel at

| that time., Owing to the rapid d evelopment of aircraft engines, and expansion.
I of the alr forces, an urgent demand for high octane fuel occurred in 1935,

| Consequently, research in fuel chemistry, and especlally research on synthe-
i.tic fuel, was greatly expanded by the Navy. In 1940, several alcoaol fac-

i torles were actually operated, producing toth synthetic and fermented alco-

i hol. Etxyl alcohol was first used as avietion fuel in 1945 to meet the

P shortage of natural gesoline. :

| II1. GEN"RAL SUMMARY

o

. The production of methanol on a semi-lnduqtrial scale was started in 1934 at
- the Naval Fuel Depot, TOKUYAMA. Methanol was first employed as a raw ma-

" terial i3 the manufacture\of explosives, tut in 1940, the use of methanol for
. aviationifuel was adopted mo increase the ‘output of aeroenginss by taking ade
vantage of its extremely high latent heat of vaporization. Since the supply
- of 100 ortane fuel was scarce, the use of: methanol was extended to various

" types or aircraft engines. :

_ Research investigations were made to incraase the yleld of methanol by in-

. ereasing space velocity and employing diff'erent catalysts. A copper catalyst

- gave a hlgh space time yield but had low heat resistance. A.zinc and copper

chromite catalyst having high heat resistence was studied, and satisfactory

results were obtained in commercial-plantsi with its use. Studies were ex-.

tended to the synthesis of methanol from carbon dioxide and hydrogen, waste

! gas from butanol fermentation. (Enclosure (B)7.) Almost the same conditlons
I as for the water gas process, alspace time yield of 0.5, were obtalned. This
~. process, ‘however, was not developed commercially because the butanol fermen=-

-+ tation program was stopped.. The corrosioll of the fuel system in asroengines
' caused by the use of methanol was studied, and it was found that corrosion

-4 could be prevented: by addition of 5% by voluua of sodium bichromata ané 0.,1%

t caustic soda solution. (Enclosure (B)l5)

i In order to obtain isobutene as a raw mstﬂrial for the synthesis of iso-
i octane, ‘the synthesis of isobutanol from water gas .- was studied, but the re-
I sults were unsatisfactory. (Enclosure (B)lO) '

i The cracked gas rrom petroleum, the hydration of propylene, butene, and 1iso0-

. butene 11 the, presence of sulphuric acid (HzSOh 5H20) was investigated In

. spite of success in-obtalning ylelds of the corresponding alcohols close o
%heoreti*al this process was not developed on commercial scale. (E closure

i B8. 4 R

: In 1937 & plant for synthesis of normal butanol from acotylene was planned at

. the Chossan Chisso Hiryo Co. (Korean Nitrcgen Fertillizer Co.) to produce
60,000 kl of iso-octane per year, Research on this process was started inde=-
pendently at TOKUYAlMA and at Korea, and continued up to the end of the war at

" the First Naval Fuel Dept. The butanol yield was more than 85% o theo-

. retical.! (Znclosure (B)1l0, Article 2 of this series). A plant based on this

.. process was installed at. AONAN North Korea, with a capacity of 30, 000 k1l of

3 iso-octane per year.

I Before the war, butanol fermentation factories had been constructed to supply
" raw material fur production of 100,000 kl of iso-octane per year.  To improve
i ‘the techniques of these f?ctories, research was undertaken on new types, of

L
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S Sl . i : :
fernmntation'ﬁggterig. A strain superior to that of Weizmann was discovered.
(Enc¢losure (B)5, Part II, Part IIT), Twenty per cent of butanol and tea per
cent, of acetole were obtained from sugar molasses. {Enclosure (B)5, Part I
and i(B)5.,, Part IV), o Butanol could be.produced in yilelds of only 20% by

we;gnt of suggr,‘whereas-ethyl alcohol could be¢ obtained in yields of L%%.

in 1944, the serious shortage or aviation gasoline forced the use of alcohol
. dirdctly in aviation fuel, and the butanol fermentation factories were con-
" verted to produce ethanol. At first, the .source of raw materiai for slcohol
was | cane sugar and molasses from Formosa, the Philippines, and Java; then it
vas necessaryito change to grains from Manchuria and seeet potatoes from .
Tapen. (Enclosures (B)1, (B)2, Part I and Part III.) Ethanol had been pre-
‘riously produced mainly from sweet potatoes by the amylo-process in Japan. '
"or ! the aleohol-aviation program, hgwever, the :"Koji"-process was adopted
. which had been used formerly by theYSake brewers. The "Kojim-process when
applied to grains and sweet potatoes gave a high yleld of alcohol. {Enclosure
,(B?:}, Part IV)., . :

A simplified alcohol distillation plant was dngigned for production aleohol ‘
at "Sake" breweries. (Enclosure (B)6). Since food supplies were becoming
crifiical, howsver, investigations of alternative sources of alcohol were
necessitated, and in this connection the -saccharification of wood cellulose
and&th? hydrolysis of pine wood were studied. ' (Enclosure (B)4 and (B)2,
Paris I). L e 5 '
Sl i < LT :
vany difficulties were encountered’ when alcohol was used in aviation fuel due -
to 1ts low volatility, low anti-knocking properties, and corrosive action on
metals. Ethyl ether and acetone wers examined:for increasing the volatility
‘of alcohol. :(Enclosure (B)1l, Part II). "The ethyl ether was produced from
‘aleohol in the presence of acld clay at 200°C in a vapor phase. The yield
was 90% of the alcohol. Acetone was also obtalned from alcohol in yield of
:90% with a mixed catalyst of zinc and iron oxldes at 430°C. Ethyl ether was

1getinally menufactured and used ror“facilitatin% starting and acceleration of -

training planes in cold weather. (Enclosures [B)9 and (B)12).

Thé:uniform diStr;bution of alcohol fuels to,é;ch cylinder of radial type .
" ‘meroengines with carburetors was difficult, and tests were made in full-scale
engines on sléohcl-acetone, alcohol-ether, and other blended fuels,

(Enclosures (B)1l, Part II and (‘BY17). Acetone increased the volatility and -
‘anti-knocking properties of aleohol, but ethyl ether did not give satisfact-.
‘ory results.i it ‘
gIné;rder to overcome the low anti-knocking properties and preignition caused
by jalcohol, as observed in the test with a Bono-cylinder testing'engine,
many anti-deltionants were studied, but none were successful. .

The: combustion characteristics of hydrocarbonsiénd alcohols were studied

spectroscopitially,-but these investigations had not been completed at the end
. -of |the. war. ;|(Enclosure (B)13). o :

" To iprevent corrosion of engine accessories, sodium arseaite and dibutyl
amine were proposed as additives by the First Naval Technlcal Depot and the
First Naval lluel Depot respectively, and the former was actually used. -
(Enclosure (B}iz). It was found that the corrodsiye action of alcohol on
metals was caused by impurities such as chloride -and copper ions present in
_the, alcohol. (Enclosure (B)1ls.) To prevent the corrosion of alcohol sanks
"and; conteinei’s, several types of paints were tested, and it was found that.a
paint made from synthetic resin and vegetable 0il gave the best result.
{Ericlosure’ (B)16). G, :
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L, HSUMMARV

ilVarious oll oeskes were decomposed with protein decomposed.
' fungl, and the decompoesed matter;was used as the nutriment
.- for the alcohol fermentstion of sugar. k

" The following significeat results were obtained:

Percent f " 'Ethyl- Ferment -

. i Nutriments - .(based on suger) : alcohol ing time
' % % (days)
. Soya bean cakes 3 ; 86.4 3
" Peanut bean cakes 5 g 92.7 .4
- i Cotton-geed cakes: 3.5 , i 87.0 4
. Castor bean cekes 14 § 88.2 3
.. Cupura seed cakes 20 : ‘88.2 3
"_Pupa oil cakes 14 . § 88,2 4 "

rNote. In all c¢ases the sugar concentration is 11.6%.

INTPODUCTION
A. Historx of Project

l

It vias hoped that soya bean cakes or other 0il csakes might be used as
nutriments in the alcohol fermentetion of sugar, but the nitrogen is most-
ly in the protein form, which is unsatisfactory for use as nutriments.

Decampoeition of the cakes by acid ori alkali is dilficult beceause of the
apparstus and ma%erials required. - Therefore, it was thought thet various
oll«cekes might be decomposed by protein decomposed fungi, end the d¢com-
posad natter used as nutrimsnts for the alcohol fermentation of sugar.

Be. Kby Research Personnel Working on Project

Razuo SHIBAZAKI
DETAILED DESCRIPTION

A, i A protein of soya bean cekes is decomposed by bacterise, 1n the
folnowirg manner : ‘ ;

A ng semple of powdered soya bean cakes and 10ce watgr in & 40cc erlen-
meyexr flesk was digested for an hour under 13.6 kg/cm® pressure. After
digestion it was innoculated with Bac. mesentericus Trevisan ver. Pro-

“:teolytieus II nov. ver., and kept at ‘37°C. The sample was analyzed after

24 hours, 36 hours, and 48 hours and the results obtained &sre shown in
TabLe I(B)1. ; ' ‘

B.  The ethanol fermentation of suger was studied, using the decomposeu
products of soya bean cakes &s the nutrimenus.

‘The details of the test were as followa _ -

‘ Powdered sbya bean caekes (3 or 5% for;total sugsr) were dailuted with five

times as much weter as the weight of soyea been cekes in a 40cc erlemmeyer
flask. This was digested for an hour; under 13.6 kg/cme pressure. After
digeéstion i1t was innoculated with Bac'. mesentericus Trovisan ver. FPro-
teolyticus II nov. var., and cultivated at 370C for 48 hours. After this
[

= i D
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- :treatmenty the decomposed products and lsgm of sugar in a 200cc er]enmeyer T
|| i flask were diluged to & total volume of 150cc,anu digested for 15 mlnutes
. under 6.8 kg/cm pressure.

o | After ou]tivation at 50°G., the results tabulated in Table II(B)l were
2 ;obtainedt :
,f ! C. Studying the ethanol fermentation of sugar by the same method, but
Lyf- - using the decomposed products of verious oll cakes as the nutriments, the
: jresults babulated in Teable III(B)l were obtained.

B

I1T.: coNGLdSI()NS
jA. Using the decomposed products of soya bean cakes as the nitrogen -

Il souree; 41.5% or 3.0%, ve. totel sugar), and then fermenting mash of

- 11.58% suger concentration for five days, bhe yield of alcohol obtained
- was 86% ur the .theoreticsl value. On the contrary, using 3% non-treated
. soya beain cakes (ve. total sugar), the yleld of alcohol obtained was

3 only 32.L% of. the theoretioal value for five days.

ﬁ_B. Usiné the dacomposed products of other oil cekes ss the nitrogen(
i BOUTCO, &he results were as’ shown .on Table III(B)1.

U HTE is pomsible to ‘inerease the, ‘yield of alcohol and to rhorten the fer-
<Y | 'menting ‘time ¢ompered with contrast (using non-decomposed product of
- soya bem: cakes as nitrogen source.), :

E c. The results of these findings have not been extended to commercial
! nractice. { .

Wi
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Table I(B)I
NITROGEN ANALYSIS OF DECOMPOSED MATTER

) Time 'o}f' Culturej Ammonia Type Nitlfogen (%)| Amino Type Nitrogen (%) 2
' J} O In Soya ‘Total - In Soya |. Totel -
i Bean Cakes 4. Bean Cakes : .
0 5.7 0.165 2,30 0.185 2,59
-2 6.4 0.250 13,51 0.685- 9.56
. 36 v 0.635 8.80 - 0.850 11.83 .
lp8 7.8 1.110 L5 45 - 1.475 20.51
» B ’ ' Table 11(5)1 , '
/ G SOYA BEAN, CAES IN ALCOHOL FERMENTATJ'ON
“Soya Béan cidity Sugar (91:) AlOOhOl Fernentation - E
Cakes for - pH | (ce) - =; _Produced I
Sugar | (%) Rested | Fermented | (%) Percent | Time
9| 2.24 7.9k 3L.b ‘2.5 32,1 | ~— |’
‘DigeSFed 2 2.3 2.61 | 2.32 £ 80.0 Lo 56,3 | —— ||
| Bacteria | 31! 3.8 2.79 0.05 100 6.7 86.4 5 |0 G
- Treatment | 5 3.8 2. 65 0.05 100 “7.0 89.8 3.5 - v
Robe: In all cases total sugar is 11. 58‘}: *Days
Table IIL(B)1. i ;
' YIELDS FOR VARLOUS CAKES L K
, © | Amount Total Sug;ar Yield of Alcohol* . Ferment '
‘ Used (%) . -1 Time (daya)
Peanuﬁ:oil cakes - g 5 : 92.7 o L
| Cotton:seed oil cakes 3.5 : 87.0 -~ I v
- Castor. bean cakes — j .. 88.2 3 =
' Cupursa. seed cakes 20 <. 88,2 3
Pupa oil cakes i, 1. . 88.2 L
*iffPercent_ of theoretical value ‘(}
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PART é:
CHEM. ENG. LT. CONDR, T. UMEMURA
CHEM. ENG. LIEU?;' $. NAKANURA

; . ihe

Resesrch Period: 1945

Ethanol formentetion of wood suger produced b§ the Bergius method was studied.

Production by Bergius method hsas not prcgrstﬁd‘far, since only 3 samples were '
:studied. /It wes intended to continue thie study, but time was not available.
éThree sa&ﬁles were prepared in the roilowiﬁghmanner: "

1. HCl in wood suger neutralized\wiﬁn€3ac0g
2. Be in above mentioned semple wasiprecig
W

; b tated with HzPOge .
3. /P04 in .above sample wasvprecipitgted ;

th ca(0H)z2.

N

The suga#lpbnoentfation of each sample wasjca. 7%

.| Rice bran (2%) and (NHg }5804(0.7% based on total sugar) were used as a‘nitro-
‘gen souroe. = ; ) - < -

'The percéhtage of produced alcohol in woodeugar mash was c&e. 2.8-3.0%;‘and
;percentagm of fermentation for theoretical value was c&. 72-78%.

' The resuits of sample No.3 were most exceliént, and semple No.2 wss next.
This deté has not been kept because it wes| intended to repesat the experiment. .
'No further data ere available.” qo

1

_gNo commeﬁqial appliéatioq of the Bergius piocess for obteining slcohol frem
i wood has!been undertaken. i

LA photog?éph of the pilot plant used in‘fe?mentation tests is shown in Figure

i i i
gt iy ; \
i |
i H
i i
- qo 0
i : 8
, : .
H i
o N i
i i B )
' i o ‘_
¥ it ).l ' .
4 i :
t H H -
i ii I
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PART II

. by
CEEM. ENG. LT. COMDRa T. UMEMURA

CEEM. ENG. SUB-LIEUT. T. FUKUZAKO

Research Feriod: 1945.
SuaARY

Flask-~tests were conducted with the objeot of
‘determining whether or not corn and kaoll can
be used for raw materials of aleohol manufacture
by Koji process without ‘the use of a nitrogen
source., The following signirioant results were
- obtained:

Corn showed good results (a) for the manu-
«  facture of Koji, (b) for saccharizing power

of Koéi and (o) as a raw material of fer-

mentation. i "

> ' The saccharizing power of unrefined gaoli
is inferior to that of corn, and it vas no%
found to be a satisfactory raw material for

) ;W fermentation; that is ‘to.say, the fermentation

was slow and subject to putrefaotion. However,
it may be possible that kaoliang can be used
for alcohol manufacture.

A.: . History or'Pro;ect

Because of the increasing importance or alcohol as an aviation fuel
in:Japan, 1t was deemed necessary to study whether or not corn and
lhacll could be used as the raw materials of alcohol mapufacture. '
ITWas expected that a large amount of corn would be imported from
the: continent.4 The work was begun bJ investigating the rermentation

by tne oji process.

i

B. ' Key Research Peracnnel Working bn Project

chemical Engineering Sub-Lieut., T. mnﬂmmxo

DETAILED DESCRIPTION -

A.'Q Test Procedures |
1. Mold and Yeast Used for Test

- For Koji: Aspergirus Oryzae (mﬁnufaoturad at TANAKAYA in KYOTO).

)

i Yeas#: Tokl-yeast.

X-30(N)-3
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2. ' -Method of Analysis

Acid Value: Reported as cc of 0.1 Nj :
o of 1000 of sample. . NaOH for neutralization

PH: DH test paper (manufactured by Toyo Filter Paper Co. Ltd )

Saccharide: Fixed quantity daterminéd by Lehn's method.

I
: | ;
B .Algqhol‘(Ethanol): The alcohol coantent of the distillate of

., 100cc sample was) determined. ; b

3. ;tmanufacture of Koji

Kogg was pregared in a large Petri diéh in a thermostat main-
ained at 33°C. The Koji were removed after 48 hours without
any .additional treatment. T T

L. | Soaking Apportionment:

‘_:» Yeast msh*..no-.o.o-.o-o”-.a;oo...loocc
- &J_i.oooco"oooo.o-o.oooooo.'aio-..c Logﬂl
Raw materials.......s......:f.....ZOOgm
W&tel’............i-..a.....qf....130000

Note: Yeast mash: Mash of rice was sascharized previously
by Koji of bran, 1% lactic acld was added and then
. pure culture yeast mash (abouti 10%) was added to
© {pis masn. The mixture was then fermented. .

. B. Test_of Koji for Saccharizing Power .
1.§f Pregaration of Enzyme s

Twenty grams of Koji were added to 200cc of water (35°C) and I
kept for 2 hours ln a thermostat at 350C. This enzyre solution

was filtered. Ten ccC of above enzyme solution were added to

50cc of 2% starch solution and then saccharized for 2 hours in

a thermostat at 55°C. ' A portion of this saccharized liquid

was used for analysis. The quantity: of saccharide was analized

‘by Lehn's method and was recorded as glucose. '

2.;? Experimental Results

Taﬁie I(B)2 shows the results of the saccharizing power test,
and Table II(B)2 shows the results of the analysis of the
products of the fermentation of Tests No. 7 and No. 6.

III. CONCLUSIONS | |

FooA. As shown in Tables I(B)2 and II(B)2, corn has a rapid fermeata-
' dtion of'about 80%. This indicates that corn is a good source of
. Koji. P

I
i

B. iIn the case of kasoliang, the rate off fermentation is slow, acid
value is high, and pufrefac%ion occurs. :Kaoliang does not appear

to be a good source of Kbii. This may be dque to the effect of tannin
which is included in kaollang bran. . If this is the case, it will be
necessary to test refined kaoliang. : '

-

It




£38(N)-3- | RESTRICTED

BICLOSURE (B)2

a

C. f Industrial applicatlon of the ucxe of kaol:.agg as a raw material
wilL necessitete the following studies-

1, The steaming method. :
2. Development of a satisfact.cry crusher.
'3, ' The effect of steaming and crushing on soaklng time.
Y '8 The kaoliang mash is very viscous and the sugar content "
: cannot be concentrated by kigh pressure steaming. Some
Lo other method must be devised for concentrating the mugar.

i
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CHEM. ENG. LT. COMDR. T. UMEMURA
CHEM. ENG. LIEU?. Y. NODA

Research Period: 1945

SUMMARY

| " The conditions of ethanol fermentation when corn is —
! 'digested at low pressures were investigated The : i
‘ifollowing signiricant results. were obtalned:

1. Corn was crushed to a 3mmqnesh powder, and
L digested for 7 hr under 1.75 kg/cm? pressure.
A When HF was added to thisicorn mash (ratio of HF
: to corn 1s 1/20000), the fexrmentatlion was 81r of
the theoretical value. ‘

i 2. Fine powder was not suitable for fermentatlion,
i ‘since the pipes were clogged by the formetion of
Iy dumplings which interfered with the fermentation.

L 3e The results skown in Taole III(B)2 were
o obtained. :

1. INTE"ODUGT TON

A. Histo:z,of Project

«In Japan, cultures of asperglillus oryZae supply the diastase for the sac-
charification of grain staerch in the manufacture of the drink known as -
ji made from rice, or take koji made from wheat bran.

:Before saccharification, it is digested for sterilization end conversion
L . . of the starch in the grain by heating under pressure. \When the corn is
i7 - digésted under low pressure, the conditlons of ethanol fermentation are
i unsatisfactory. The purpcose of this experiment was to investigate these
L . conéitions. In the original process, the procedure for the fermentation
ofuarain was carried out in the following stages

i_lﬁ Conversion of the starch by heating under pressure.
_ _ 5;2, Saccharification of the starch by dlastatic actlon of the mould,
| ) 3 Fermentation of the sugar by yeast.

'Elgure 2(B)2 is a simplified flow sheet of the ethanol ‘fermentation of :
COTH,

B. j Lex Research Personnel Horking on Pro ject
‘ Chem. Eng. Lt., Y. NODA
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1I. DETAILED DESORIPTION

f B

1. - Mgterial of Mash and its Analysis. f

The First Experiment %

"

COTMeevesosvsnoacesessssasaseanacesssasssquartered
Stal‘ch Value......-.....-.-.-.-.....-.-..;61.2&7:'?
" Directly reduced SUZAT..eccscescesosossesesehe?P

2e Condition of Digestion.

Timel.......'l.......'“"l...lﬂ'l.....'.'lll Img
 PTOSSUT e cvececassoseascnnssannsssssssla?75keg/ci™

3., Condition of Saccharification. Saccharification was performed
with take koji {aspergillus oryzael), the temperature of sacchari-
fication was 55°C, and the time of saccharification was 2.5 hr.

L. ' Material of Yeggt . Dried”strips of sweet potatoes were used
and the conditlions were ‘as follows: Sl

A1CONO . eeoeansncasocaasasnsesaldelijo /
5CIAIEYeeeacnennesnerveccassnsss5.45°%10cc wash
PHeeeoooaoroedonernoconoanss veeehe? '
Volatile @Cideceveessccscaessasa0.l
 Ballingeeecesessseresescrcescsaesbed

5.  Materigl of Xoji. The materialeOmposition was as follows:

Dried strips of sweet POLALOCS. eesnessnrenseas 0P

.Pupa oil cakes.................;.............10%‘

Wheat D8N eosceceoscoossecsasssosessnsesssssess0o con
Rice-NUllSiosuscrssssssocsrssssnseoscsnsoonnncas 3070 i

Total.....................L....u.......lQOﬁ
This koji materiasl was cultivated with Aspergillus Oryzae.

6.  The yield of alcohol wus 45.8% of the theoretical and tho -
results are tabulated in Table IV(B)z.

The Second Experiment '

1.  Material of Mash. The same corﬂ as in previous experiment.

2. Conditions of Digegtion.

B D SRR 4
= Pressuré..esssscscscescssscseonnacsels?5 kg/cn

3.; Condition of Digéstion.

Temperéture...,.....,..........;...........5500
PiMEeeececoesscsacsosescssssncantasssssssessed NT

Ao . Materisl of Yegst. The yeast was the same as in the prgvioﬁs

experiment and was used under the following eonditiqns.

t& 7
Q§ 30
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BLCONOLoeececcecnnnscanenssssansanslalifo
Acidity...................,.......5.3cc/10cc mash

3 R R R LR R TRy T

- Volatile 8Cild.cscecasescccccncseaeasle)
Balling...................u,......h.é

5, Material of koji. Same as in previous experiment.

6. The yield of alcohol was 45.4% of the theoretical value and the
results are tabulated Table V(E)2

G.;» The Third Experiment.
R Materigl ‘of mash. The same corn as in previous Expefiment.

"2 Condition of Digegtion.

Tj-me-'...'....'......;'..."...‘..l.."........é hr
PrOSSUIe seescessccasssssnsssscssssssals? kg/cm?

T - 3. Cbndition of Saccharification.

Temperature........,.....a.....p.......,.....55°c
TAMCn 2 v enennnsnnoecasasesaseassssssssssassaed BT -

Le Material of Yeast. It is the same as in previous experiment
and was used under the following conditions: " . :

51CONO0Leesceccovanscnnssssassacessedfd
Acidity.‘..;.............;......a.h.7cc/lOco mash

PH.--......-.oao-ooo.uc.ono-oo.on-l}-k

Volatile acidesecccccsssasccaneasss0sld
Balling............f..............8.57

5. Material of koji. It is bhe same as mentioned above.

6. The yield of alcohol was 53.4% of the theoretical and the
results are tabulated in Table: VI(B)2 ‘

D.. The Fourth Experiment.

S N Material of mash and condition of digestion were the szme as
mentioned above. ‘ . :

- Condition of gaccharification.

- Temperature..............;...................55°§;
PR TAME e aesnsonacacnssnoasssssesssssnnsannnnsRe33 DE 0
3. Magterial of Yesst. It is the same as nentioned above and was
used under the.following conditlions:

A1CONOLe e eveneennneeeooasosantacnnnsssReBio
AGLAIEY e eueeesnennnenreasmcsasansasssha9 ce/llce

pH-oo-on..coc.a--n---‘o.-.nnac.-o.o ..... ipe
= Volatile acld...vecenneas P s S §
BallingZeseeeescocoeocoran, R Y ¥

3l
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Material comﬁonents are the.following:

COI‘n.........\-.‘-......-.-.-...n-..-........8070

Rice hulls.....................f.a..........20%

to-the mash, and the ratio of HF/mash was about 1/20000.
of alcohol was 8l.3% of theoretical and the results are tabulated
in Table VII(B)2

I.xCONCLUSIONS

s

In this experiment; HF{40% aq. soln.) was added .

The yleld

ing HF in the fermentation, good yields of al(ohol were obtained by the low
rgaure fermentation process. .

Table III(B)2:
SIGNIFICANT RBSULT% OF CORN FERMENTATION AT 10W FPRESSURES

(Pressure' 1. 75kg/cm2) éE s

. of | Degree Diéested Added | Total | Rested | 4% of %, of
P Xpe of- crush | time, hr. | ratio sugar | sugar aleohol fermen-
Co of HF i tation

1 Quartered 11 0 11.69, | 4.59. | 3.5 45.8

2 Fowder 7 0 12.38; 3.55 3.6 45.4

3 Powder 7 Q 10.05° 2.13 L.l 63.4

L Fowder 7 1/2000| 10.33 1.42 5.4 81.3

32
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_Table TV(B)2
CORN FERMENTATION AT LOW PRESSURE

\

(Corn Was Qu@rtéred)

‘Time pH | Acidity Sugar . Temperature Al.cohol
- (hr) lee) (em) °c) - (%)
0 5.0 " 4.0 11.685 28 0
Io 6 4.6 . 5.5 111325 30 . 0.8 I
18 Lol 8.5 8.626 ‘ 32 2.5
2l "4.0 10.5 7.135 . 3h.5 3.0
30 308 11.7 6-235 314'“5 3.3 v !
42 3.7 13.7 5.625 3ka5 3.4
48 3.7 15.0 544172 33 3.5
Sl 3.5 15.5 4.852 3L 3.5
66 3.4 15.6 4,657 34 3.5
72 ey 15.7 L.6L0 . |- 33 3.5
.78 3.4 16.0 L.64O 33 3.5 .
8L 34 17.2 4,590 ° .33 3.5

’ Table V(B)2.
CORN (POWDER) FERMENTATZFON AT ILOW PRESSURE

: (Conecentration of Mash: 12.38%)
‘Time | . pH .| Aeidity Sugar Temperature - A1lcohol
fnr) - (cc) (gm) °c) : (%) ,
0 5.2 - . 2.8 - 12,38 29.5 0
"6 4.8 ¢ L.5 10.:21 - ’ 31 o -
, 18 L.6 6.9 7.08 36 3.0.
: 2l bl 8.6 6.73 36 3.5 -
' 30 Lk 10.4 5046 36 3.5
36 Lok P 12,0 5,23 36 3.5
L2 4.2 13.0 C k9T 35 3.5
48 ke? 13.3 o k.03 35 3.6
-l 3.8 14.0 © 4,02 35 3.6
60 . 3.7 14.8 3.97 34 3.6
| 66 3.6 15.4 3.94 3 3.6 :
72 3.6 154 3.92 b 3.6
- 78 3,2 15.6 3.62 34, 3.6
‘ . 8k 3.b 16.4 3.55 3b 3.6

3




D

X-38(N)-3 RESTRICTED

o . ENCLOSURE (B)2

Table VI(B)4
CORN (POWDER) FERMENTATTON AT oW PRESSUHD

Table VII(B)2

.., EFFECT OF HF ON CORN FERMENTATION AT 10W PRESSURE
Time | pH Acidity Sugear © Temperature Alcohol
(hr) (cc) (gm) | (°c) (%)
0 5.4 3h 10.33 27.3 0
o 5.2 L.l 9.97 28 0.2
12 5,0 L.k 4,95 31 . 2.6
2L Lo 4.6 3.11 36 L.6
30 L.3- L.3 2.13 ' 36 5ely
36 L,2 L.2 1,68 36 5.4
B2 | 3.8 3.8 1.55 36 5.4
L8 3.8 3.8 1.49 36 5.4
SLP 306 603 lOLPLP @ 35-5 5-1+ .
60 3.4 6.5 1.43 35 5.4
.66 ! 3.4 " 6.9 1.42 3L.5 5

34

: (Concentration of Mash: 10%)

Time PH Acidity Sugar Temperature Alcohol
(hr): (ce) (gm) (°c) (%)

0 5,6 3.2 10.00 27.5 0 -

6 5. L.1 9.55 28.0 0.4 .

12 L.8 5.9  6.83 | 31.0 2.5 %ﬂ\
18 °© L.0 6.0 5.15 7| 35 2.9
© 2L 3.8 6.5 3.73 ! 35 3.6

30 3.6 7.3 82,87 34.8 3.7

36 136 8.6 . 2.51. 34.8 3.9
k2 ER .9 .26 4.8 L.l
48 3ok 9.3 2.17 3.5 L.l

5k . 3.2 9.5 2.15 b5 hol

66 3.2 11.2 2.13 34.2 L.l
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, : - FART IV -

: T ‘ by

| CHEM. ENG. LT. CCMDK. T. UNENURA

] k CHEM. ENG. LIEUT. M. TAKAHASHI

f I o Research Period: fl9hh-l9u5 : e L <8

i : i _ ) i

1

i SUMMARY

' 'Thé most suitable raw materials T th- - ii in the alcohol
.fermentation of sweet puu.ioes was stualed. Tns corn-kecji o
“'showed a good result, and ‘t's sa>charifying power was -

" nearly 93% that of the wheat-koii. ° :

1. INTEODUCTION _, | , ;

¢ lIn aléohﬁlic fermentafion, the sweet potatb must be saccharified before being
. subjectedi'to the action of the yeast. The;e are three saccharifying prooesses

. used: I §

1. .The AmyTomyces method i "
2. {"The mineral acid method ;i - -
3. ' The koji method :

In this project the koji method was used. i 7

. There an§)two materials used in the Aspergillus group for saccharilying sweet
i potaotes; namely, aspergillus oryzae, the 'so-called "vhite Koji", and Asper-
* gillus gwamori, the so-called "Black Koji'.

| However,, the raw materials in the culture:of moulds aave a great ilafluence on

: the‘saccharifyinngower of the mould. Thé most sulitabls raw material for
these moulds, from an economical point of iview, has previously beea rice oren.
In this research, raw materials other thari rice bran were used. la the case
of Aspergillus oryzae or "White Koji", kaoling with rice bremn, corn with rice
bran, were: Selected as suitable raw materials for growth of the moulds.

SR Tre euﬁbﬁres of the mould of with these iaw materials was not perfectrsince - -
the power of saccharification was only 94% of the yield using rice bran.
hspergilius awamori (Black Koji) showed ¢omparable results. | )

b .

- | It is atsumed that the culture superlor it saccharifying power will give
equallyigood results in fermentutlon experiments. Therefore, the authors i

studleaﬁphe saccharifying power of varioud raw materials.

- ' II. . DIiTAILSD DESCRIPTION
' ‘Details of Test Procedures andiGondi@ions

1. The raw materials mgntionbd above were steebed for 14 hr, and
then boiled for 50 min. Aftez; this treatment the spores of the
mould were mixed with these meteriels, and ~hey were %ept abt 2390,

H
! . 0
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for h8 hr in g fhermostat. During thls process the raw materials .
were stirred frequently to maintain: an equal temperature.

;12.,; bxperhmental method of determinlng the 'saccharifying power of
kol : »
:T- ae Enzyme solution:~Twenty grams of ko ji were added to 200cc
.. water, kept for 2 hr in a thermostat at 35°C, and riltered.
' b, Starch solution:-4 2% scluble starch solution was pre- '
Q* pared.

&5 The enzyme solution (50cc) and:etarch solution 91600) wore
. mixed in a flask, and kept for 2 hr at 550C.

LN

o ‘The quantity of reducing sugar - after saccharlflcation was
i determined and it was expressed as the degree of saccharifica-
“ tion. it

3.. Method of Analzs;s= T - o N

F] 1

ﬁ o Suéér was determined by Hanes' methdﬁ and cslculated as glucose.

Thb pH value was determined by test’ paper specially uade for the
pucpose by the Toyo Filter Paper Go, Lta. ; -

B. Eznerimental Regults:

-

l. j The results of experiments on the saccharifying power of Asp.
Oryzae Prepared from dlfferent raw naterials are shown in Table

| VI[I(B)Z.

I . 2.1 "The results of the experiment on the saccharifying power of
v ‘ Aso. awemorl prepared from different Taw materials are shown in
5 - Table IX(B)2.

2-3#1‘ mxperiment on the fermentationfof sweet potato mgsh by koji.

Asp. oryzae was found to be more powerful than the Asp. swsmori in
saccharifying power as determined ahcve. Hence, in this experiment,
Asp. oryzae was ussd in the cultiVation of rice or a mixture of comn
ani rice bran.

a. Anglyis of Sweet Potgto. ﬁame of the variety ia Geaji:

i Water.............................70 1
') " (Jl‘llde fiber..-.....-..--..-..-.....l0
JE Total Nu cevececceceacoceniosesessa0,1%
: o Starch valu€.eceescoceseesntiosassss2ld

Ty " .. b. Preparetion of Magh -

A 385 gm sample of gweet potatdes was placed in a flask, end a
small amount of water added. The mixture was ground sllghtly
and was sterilized in the usua] manner.

77:;’ : bl

Ce Yegst ! - i

A 10cc ‘S8ample of-koji extract (balllng-lo) was placed ia & test
tube, and sterilized by the usual method.
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ok ” o Yeast was innoculated o this medium and incubated for 24 hr

- at 309C. i ‘
d. Sgccharifzing and Innoculation Cow f
. Ten percent by weight of B 0]t was added to the swest potato in L
) the Trlask and the mixture was incubated at 55°C with frequemt = .

: S sheking. After this treatment, the mash was cooled to 30°C,
o ERE and the yeast was innocul¢ited. ) .

o e. Method of Analysis

} . i The pH and acldity were dﬂtermlned as ‘usual. Total sugar was
determined by Hanes' method. The alcohel in the distillate of
the fermented mash was determined by specific gravity.

f. These results are shgwn in Table and Table XI(B)2.
III. GONPLUSIONS |

1.57 It was recognized that the saccharifylng power of Asp. Gryzae was
_greater than that of Asp. awamori. i ¢

2. The corn kol was shown to have a good saccharifying power, apnd it S
was. nearly 93% that of the rice- bran koai.

3. . Other materials such as, kaOlig_jL (1) plus corn (5), and a mixture .
of castor seed cakes, corn, and rice! hulls, are also useful raw materisals

f for. the koii.

: Lo ; Experiment proved that other types of koji besides rice kojl are
capable of application in industry.

i
b
1
i
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Tsble X(B)2 |
EXPERIMENT ON THE FERMENTATIONS OF: SWEET. POTATOES
Test No. F Af‘t:er : Ratic of
ermentation Ratio of | the Consumod
Fermenta- | Sugar Based on
pH Acidity Rested Alcohol .
3 co Sugar gu/100ce % : tion Total Sugas
1| 40| &7 1.0 7.9 .97 .93
2 10'0 5.3‘ 2.0{2 7.‘& o&b o%
3 | 43| 31 4.0 6.0 -7h -
4 he2 4.6 1.6 1.5 92 .82

“ Note., Koji material is rice.
.- Before fermentation pH is h..l acid:lty is 3.2cec, and total sugar

is 4.3 gn/100cc.

EXPERIMENT ON THE FERMENTATION OF SWEET POTATOES

Table XI(B)R

| After _Ratio of

= e Fermentation the Consumed
Test. No. Ratio of Sugar Based
F nt
pH Acidity Rested Alcohol i eg:m & onslT,;::l

. cc Sugar H % 4

] gn/100cc

1 1| 4 0.65 7.7 7.5 95

2 4.0 | 4.3 0.64 8.5 96 98

13 o2 | b5 0.5 8.0 9 97

i 41| kO 0.5 7.9 I90 97

Note: ;] material: Corn 5: Rice hulls 1

Before Fermentation, pH is 5.0, a.c:Ldltv is 1.9cc, and total

| sugar is 15.5 gm/100cc

NS
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e . THE ABSCRPTION
' . CF INORGAKNKIC NUTRIENTS IN THE
ALCOHOLIC FERMENTATION BY YEAST

¢

< by

CHEM. ENG. IIEUT.
M. KUNO

@

‘%TI' -~

Research Perio@: 1945

Prepared fer and Reviéwed with Authcrs "
by U. S. Naval Technical Mission to Jaran

i :
Decémber; 1945

Lot
iy

143
& Bowi]




' x'§§33(N>-3 o RESTRICTED

ble

L

[+

-Figure
Fiawe
Figure

‘ Figure

TR C T ENCLOSURE (B)3

LIST OF TABLES
AND ILLUSTRATIONS _

!E: f \\

I(B)3 Change in Concentration of SOy, PO, K, and Mg
”‘g‘;:',». Duins Fementation ....-..-..f..-..a..-.a...-o........]?&86 ‘66

‘1(B§3> Systematic Analysis of Cultureffor Mg and POL.........Paée L7

2(BQ3 Systematic Analysis of Gulturé'for 50, and K.eeooooooolage 47

3(B)3c Change in Concentration of‘Mgé 50y, and PO :
- During PermentatlioN.sscesccceiioccccecaccocvecacoann ...Page 48

b(BWB Change in Concentraticn of K luring Fermentation......Page 48

4

& .

i

it

i i
e i |
i i
T i
i i g
{;. \\\ i
i
i it i
;

A4 5 .

s




REST[RICTI‘D X-38(N)-3

\!

l .
i : =
mchURE (3)3 .

., SUEMAHY } :

Pl "The absorption of phosphate, sulphate potassium and
ol . ‘magnesium from the Knopp's culture, solution during
R f ‘the fermentetion by Saccharomyces formosensis Nake-
L _ zawa ‘the distillery yeast employed for alcohol
i ' production from cane sugar, wes investigated. The
I ‘absorption of sulphate, phosphaté, and potassium - : :
' quring the yeast growth increased during the first .
‘ , . iipart of the fermentation. After (120 hours the cone-
S icentration of those ions in the oulture solution
Coh iporeasek gradually with time, The absorption curves

o o ‘;or these ions, therefore, 1ndicaned a minimnm at
“about: 120 hours. 4

The absorption of magnesium was not apparent through-
,out the growth of the yeast, !

I, mmomcnon o :

‘Meany tnvestigations of organic consti1uents in' the course of aleoholis

1 fermentation have been studied, but sfince the. absorption of inorganic.
-matepiels by the yeast had been studied by only a few investigators,*
The present research was undertaken with Saccharomyces formosensis

ké 'Research Personneanbrking>oﬁ Project .
i . : m L

= Chem, Eng. Lt, Gomdr, ‘7. MOMOTARI
:"1' Chem, mgo Ltc M. KUNO ’

1T, DE'I'.AILED DESCRI‘PI'ION
A. | Test Procedure

531. :coéponents of the culture sblﬁtion.

Sucrose........ 100.00 gm
KNOB.........-.... 2.00 an V :“
i ‘ ‘ KCl..........;n.. 0.12 gmn ) )
‘ E mzPolﬁ'oo-o.oouo-o O 25 gn
é: ) v . Mgsol., 7H@..0"'.0 o 25
T Hzo.otu.o'.o..n. 1000.00 cc‘

2, Procedure. ' i 1 iy
i kvl 1 1

i'Saccharomyces formosensis Nakazawa distillery ye&st No. 396 -as
icultivated for 3 days in 10 cc of Kn0pp98 solucion ‘and introduoal
: 'into 2990 cc of Knopp's nutrient kept at sbout 23°C., After eech
30 hours, 200 cc portions were removed, boiled to stop fermentation,
:aand the yeast cells filtered off. The filtrate was evaporated to
i dryness, dissolved in HGl, and daluted to 100 co.
The procedures for systematic anulysis are shown in Figures 1(B)3
B and 2(B}3, and the results are shown in Table I(B)3 and Figures
S 1'3(B13 and L(B\B.

| *S.;ianaka: Mem. Coll. Sci. Kyoteo Imp. Uni., A, 129 (1939)-
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III . CONC UJSIONS

The experimental results show that potassium, sulphate, and phosPhate
. are absorbed by the yeast during fermentation. ,

‘After tho ‘Pirst 120 hours, the absorption of these constituents decreases
! and they are slowly removed from the yeast.

Ma.gnesium .does not appear to be necessary for the fermentation, since
n none is Elbsorbed during the process.

Potassium, sulphate and phosphate appear to be absorbed by the yeast
“during formentation, and hence their presence may be considered as

necessary )
] . Table I(B)3
0+ . CHANGE IN CONCENTRATION OF € SOL, P, K AND M
) e _ DURING FERMENTA TON R
; ;
g S0, |__*o [ S T | S—
. || Bour ™ l?*m’al‘.—'— —] Wol, me mol, L] mol,
ratio Iﬁ%c ratio j100cc ratio ']%é"c retio

o 5;4 0.965 | 17.2 | 0.986 | 90,5 | 0.998 | 2.6 1.056

30 15%19 | o.811 } 15.7 | o0.900 | 89.8 | 0.991 | 2.5 | 1.016
6o | 7.6 0.780 | 14.6 | 0.838 | 88.3 | 0,97 | 2.7 | 1.095

90 %é;o Qfsléf 13.2 | 0.757 | 84.3 | 0.930 | 2.4 | 0.975
120 §§;7 “{70.277 | 8.9 | o.50| 7.2 | o.852 | 2.5 | 1.016
150 %3-0 “1 0.308 | 9.1 | o.522 | 75.8 | 0.836 | 2.4 | 0.975
180 | 4.2 | 0.431 | 20,7 | 0.613 | 75.5 | 0.833 | 2.4 | 0.975
210 b7 0.482 | 12.0 | o.688 | 77.0 | o0.849 | 2.5 | 1.016
24,0 25;5 0.566 | 13.2 | 0.757 | s1.0 | 0.893 | 2.3 0.934

{270 | 6.9 o708 | 1.5 | o.831 | 82.0 | 0.904 | 2.6 | 0.975
e (Tabulated Data for Carves Shown in F:lglu'e 3(3)3)
46 n A.'v
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‘ ﬁmple A. (20c c)]
o ‘ Ac |d|fy wnth HNO4

X- 39(

I Acld phosphoommomum molybdute

Pregcipitute' Flltrote
Dissolve in NH, OH

Add Mg-mixture

| Filter and igrite

& Mg, P, O, ,, Mg, RO

»Figure i (853 . :
SYSTEMATIC ANALYSIS OF CULTURE FOR Mg AND POy

{Sample B (20 c.c.)] : ‘
Add BaCl '

:Precipitate Filtrate

lgnite Precipitate Add.. Elo (OH)p Filtrate

| Ba SO, ) " Precipitate

POs] L (Mg

Add NH,4 OH,Na, HPO,

Filter and Ignite

Add (NH,), CO, Filtrate

. BO [@ ]_E“‘(:'EJ

?L_ = :—\\ :
R W
g "

Ty . \;

IR N

)

Bl !

: Figure 2 (503
! ‘ QYS'I'I‘?’IIA'I"IC ANALYSIS OF CULTURE FOR 304 AND K-

47

Evaporate
with -
G H OH

IKz P1Cl, l L

Add . H, PGl

Fllte.f cnd Dry

A

\
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mg/icoee

| 1 A I ! 1 | 1 L ]
¢ - 30 60 0 126 150 ig860 210 240 276

> Time Hours

Figure 3 (B)3
. CHANGE IN CONCENTRATION »
OF Mg, S04 AND PO; DURING FERMENTATION .

i

mq/i00cc
D
L=

4

e |-

§2)-

==> Conc.
2

8o~
1% -
16}

. ’7'{:—:

W

1 (| L

: Sy 1 oy B
a 3 Lo - 50 o 150 “;l’io 210 240 AT
i m‘*) Time HORUTS
. ; ‘Figure 4 (B)3 | - i
CHANGE IN CONCENTRATION OF K. DURING FERMENTATION
A\ :

RESTRICTED

0




RESTRICTED | “ Y xeas(Nya

[
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I ’ |
L by’
- " 4 ENG. COMDR.
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|
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b {fIabora&qry tests of the hydrolysis of pine wood by the
R .. Bergius process using conc. HCl were repsated, and a

i i:pilot plant was erected for continuous operation treating o
. 12 kilograms of wood per day. This pilot plant, however,

: ;ang-never‘operated.
'I. INTHODECTION . ) .

v

fThis,reséErch was started in Janpary, l9b5ﬁ ﬁd obtain fermentable sugar from
i pine woodis (Complete da?a not available.):

Ll I i !
- It was meinly carried out by Eng. Lieut. M. MURAKAMI.
' II, DESCRIPTION B :

A. Chipped pime wood was immersed in: concentrated hydrochloriec acid
(409i) and allowed. to stand at room temperature. The optical rotarory
power and reducing power of the solution was measured during reaction.
. After one hour, almost all of the celluloses in the wood were hydrolyzed
to aci¢ cellulose, and after 24 hours; the hydrolysis reached equilibrimh
_About: 80% of the total sugar was inverted to glucose.: ; :

B.flThe chemical stability of glﬁcoseitowards HCl in the solution was
studied, becausé it is important is deciding the maximum temperature for

Gludose is pasily polymerized to higher polymers by conc. HCl, but if
the: temperature of distillation is lkept below 50°C., mecre than 90% is -
relitverted to glucose by boiling with| dilute HCl. /7 o

_C. . Recovery of HCl by vacuum 4istillation from hydrolyzed liquor was
investigated and 90% of the acid was recoveréd. The concentration of
distilled HCl was 32% and the conceutration of HCl remaining in the re-

v sidnal sugar solution was 5%. g '

D. Fermentation Test. The residual sugar solution from the distillation
was neutralized by 0 diluted to a 7% sugar solution. The
soliation was sub jected éo fermentation test after inversion. Eighty
percent of the total sugar was converted to ethyl-alcohol (3.96% of the
orizinal wood). o ‘ ‘

E.,  ‘The separation of the acetic acid included in the distilled HC1
solution was .studied using a U-tube type separator, -and it was separated
into two components, 95% of HCl end 90% of acetic-acid in purity, .
respectively. J '

F.ELA pilot plant treating 12 kilogrﬁms of wood per déy was erected in
b on?r to test continuous operation biut it was not used. (See Figure
E 2(B)ks s | ‘ '

o N

-Thé€flow chart and operating_conditiéns of the pilot plant ars shown in
Figure-1(B)k, . i ,

i B N i °

recovering hydrochloric acid from the| hydrolyzed liquor by distillation. . =,
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STUDIES ON BUTANOL FERXENTATION.

(In Four farts)

\ .

CHEM., ENG. LT. COMDR. T. UMEMURA
MR. Y. TWKEDA
MR. S. SHIMADA

CHEM. ENG. LIEUT. M. TAKAHASHI

1

. Prepared for snd Revﬁewed with Authors
by U. S. Naval Technical Mission tc Japan

Research Periiod: 1941-1944
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T. UMEMURA

PART I’
! | by
' CHEM. ENG. LT. COMDE.

: Research Period:
¢ ’

* C ' ) SUMMARY?

1941

faThe production of butanol in quanitity from the butanol
"fermentation of molasses was studled, and 9. 6%

acetone

" and ‘21.6% -‘butanol were produced: from the total sugar by

E ‘ ‘the regulation of PH to 7, and using the proper nltrogen
‘j»source such as soya bean cakes, etc.

L. INTRODUCTION
| A. Historx af Project ‘ _
In the past, many butanol bacteria were selected by: the agricultual
department of Tokyo Imperial University. The bacteria best fitted for
the ‘butanol fermentation of molasses of the above mentioned bacteria was
found to be the No. 314 bacteris. K . ’
Therefore, using No. 314 Dbacteria, the conditions of butanol fermenta-
o tion of molagses ware investigated.
il . U : 5
A B. Kez Reasearch Personnel WOrkingfon Projsct
: Chem. Eng, Lt. Comdr T. UMEMURA
II. DETAILED DESCRIPTICON
: A. !;Test Procedures
] 1.  Analytical Methods. T
: ngcetone: Acetone is determined by Messinger's method.

Butanol and Ethanol:

‘ Butanol and Ethanol is determined by Johnson's
;' method. ;

e ' Sugar: Directly reduced sugar i: determined as glucose by Bertran's
. . i method. After saccharification by acid, total,sugar is determined
: . -'as glucose by Bertran's method. -

Measured with pH test paperﬁ

pH:
:TZ. Cultivation Method. This 1é i+ accordance with Weizman's
, method. e molasses mash is adjusted to a sugar concentration of

.7-8%, and is sterilized for 30 mlnutes a day for 3 successive days.
:+It 1s innoculated from & pure culture of butanol bacteria which may
be maintained in corn mash. Arter innoculation, it is cultivated

» at 379C in the incubator.

.;Bxperimental Results
" 1. Analysis of Molasses. .

57
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Dj;reCtly reduced Sugar .-..oeo..o--t--.--o-.’-o.o-o :.A}..lz gm,/].OUCC
T()tal Sugal‘......................-.'.-.-.c-....-.., 64-52 gm/lOGcc
SDGCj-fic SraVitY (2OO/I+°) ©93000 000000 DOPCRIOOSRUEOSSRGOIN TS 0.8122
Ash 0...t...l.l...‘.0..00-.....-...;'.0'-.u.'..l.(-....ln..l ‘(r.?l%

= Nj.trogen ...oeo.o...o-c...too.‘tolc'foo.oooo..o.t.o...so'.. 00»225%

2. . Selection of Bacteria: In accordance with Welzman's methogd
sultiabie bacteria for molasses are Selected from the butanol hac-
terias which are kept in the Agricultual department of Tokyo Imper-
ias University. Bacteria No. 314 was found to be suitable fo1 mo-
lasses as indicated in Table I(B)5.

3. Bffect of pH! Experiments were carrjed: out and the following
regults were obtained. ' ‘ ) ‘

a. pHe e for sterilizatiom. Holasses masn comtaining ca.
8% sugar as total sugar and 5% soye beaE cakes -ipn total sugar
was sterilized for-30 minutes a day, continuing for 3 days. The
changes of pH were obtained and are recorded in Table II{B)2.

" b. Relation between pH-change and fermentations: Molasses

' mash containing 8% sugar as total sugar and >% soya bean cakes
in total sugar was sterilized for 30 minutes a day, continuing
for 3 days. The molasses mash was adjusted to the desired pE
by the addition of a measured quantity of alkali, and then
innoculated with bacteria No. 314. The results obtained are
l1isted in Table III(B)5 and IV(B)5..

| 4o  Relation between Sugar Concentration and Fermentation: Thﬁ
molssses mas s adjuste o e des.ired sugar concentratlion and to
a pH of 7 by the addition of a measured quantity of alkeli.

Other trsatment is the same as previdusly described. The results
are tabulated in Tables V{B)5 and VI(B)5. v ' ~

5. Relation between Nitrogen and Fermentation. The data showing
the reletlon between the amount of n.itrogen end fermentation are
shown Ln Tables VII(B)S5 and VIII(B)5. The molasses mash is adjusted
to the desired ratio of soys bean cakes to total sugar.

Other treatment is the same as mentloned above.
III. CONCLUSIONS )

"Butﬁnol bacteria for molasses fermentation weré selected, and the best condi-
tioas .of fermentation were studied. '

It ﬁas found that No. 314 bacteria is suitable&for molasses fermentation. -

It nas been found. that it is best to adjust the pH to 7 and to use the proper
nitrogen source such as 5% concentration of soya bean cakes to total sugsr.

A sugar qoncentrétien of 5% in the molasses feimentation is suitable for the
formatlion of 'butanol. ,

s
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: Table I(B)5 ‘
EFFECT OF DIFFERENT BACTERIA ON KOLASSES FSENTATION

= . Directly
e - pH Reduced Sugar

Bacteria _

o N No. Before =, After Before After
: i : Fermertation Ferment.ati:on Fermentstion | Fermentation

1 48 he2 | 4,968 | L.z

S /A 5.2 he8 | 4950 1.487
| owms 50 hobe ba5k2 1.166

173 5.0 ! e 0.933
- 3L 4.8 b2 | k368 | L2 .-

Table TI(B)5
CHANGES IN pH DURING STERILIZATION

. |'The Initial,| . The lst "\ The 2né The 3rd .
i . pH Ste/xjilization Sterilization Sterilization

\

P . bt

it 6 . 5.4 52, | 5.0 4
(1 S - I \\
5.8 L 5.6 5.6 .

5.4 Lo ‘5.6 . 5.6

)
O ] |~

it

. Table ITI(B) 5 :
1 EFFECT -OF INITIAL pH ON FERMENTATION

(Analysis of mash béfore fermentation. )

No. of Initial | Nitrogen | Acidity| Total :
T Experiment pH Sotirce ce=. | Sugar (%) ¢

alt 1 467 | Soyi besn| 2.57 | 8.569
= T - citkes
: ; . 6.2 Cm L 0.18 | 7.626

N

i 3 6.9 it 0.02 | 7.550 |
B — Vi ’
e © 4 8.3 i " 7.626 7
5 6,2 . :Jéxone 0.88 7.335
i : . Vi
; 6 _| 7.2 L wo |- 70339
Co 7 8.1 L " 7315 | "
59 |
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: Table V(B)5
; EFFECT'OF SUGAR CONCENTRATLON ON FERMENTATION
é, . : .
|No. of Exp. pH | Tota.l Sugar (gn/10C cc)
1 1 7 | bl
-2 L 5.850
3 "o 6.321 .
’ L o - 7.018
5 "o 9.588
= " L 10.392
i ;§\\\\
: ' Table VI(B)5
EFFECT OF SUGAR CONCENTRATION ON FERMENTATION
l

(Ana,flysn.s of mash aff,:er ferwentation)

No. ‘of
! m'-

Acidity
PH (cc)

Fermented
Sugar
(mg)

Ferxm nted
Sugar

" Based on

TotaloSugar

Produced

mg/17¢
cC

Acetone !

Produced
Butanol

mg/100
ce

Produced
Ethanol
mg/1C0

cc

4.8

2.56

4.632

90.7

4.7 345

5-1428

'92.7

82

U3

4.6 Loh6

54518

8.6

850

152

4.6 L}-- 72

5.402

76.9

896

158

4.8 4,60

6.392

| 66.6

855

159

o fwm] oW

4.8 | 4.80

6.59%4

63.4

824

150

61
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Table VIL (B)5 '
EFFECT OF AMOUNT OF NITROGEN ONFERMENTATION
i v ;
oo S (Analysis before Fermentation)
\ No, of Amount of Soya bean Cakes Total sugar
\ €XD. Soya bean Cales % based on Total pH {am/100cc)
' (gm/100cc) Sugar @ -
I 1 0.5 8 7 6.172
2 0.25 ba5 L 5.591
| 3, '0.05 0.7 . 6.651 ‘
| ‘ ‘
“ H =
. o ~ Table VIII(B)5
. EFFECT OF AMOUNT OF NITROGEN ON FERMENTATION
5 = i ‘
(Analysis after Ferméntation )
No ‘of FinaJ. | Acidity | Fermented | PFermentod Produced Produced Produced
"Exp, pH ce Sugar Sugar, % 1 Acetone Butanol Ethanol,
3 g ! (gm) Based on :(mg/100ec) (mg/100cc) (1ng/100cc)
_ Total Sugar :
1 b6 | w15 B316 69.9 232 ,
2 " " ha28 75.9 406 917 132
3 " n " 4368 65.6 - 350 820 136
. 5 : h ‘
f 62
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PART II .

by :
Y. TAKEDA

Chief Engineer in Central Research
of Formosan Governinent General

S. SHIMADA ‘
Engineer in Central Research
of Formosan Government General

4

Research Period: 1942

SUMMARY

Various bacteria for the acetone putanol fermentation

. ' were selected from different soils. Several effective

L
INZRODUCTION

ﬁp
i History of Project 1. - .

bacteria were found and the foLlow1ng results were ob-
tained: :

1. When dried strips of aweet potatoes were fer- = 'm
mented, using 21.4% of rice bran as a nitrogen
+ gourcé, the resulis were as tabulated in Table IX |

(B)5 5 | )

2. When dried strips of sweet potatoes were fer-.
mented, using 1.86% of (NiH,) 280, and 1. 4% of CaCoO3
as_ a nitrogen source, the results were as shown in
Table X (B)5

1

Strong bacterlia for acetone butanol fermentaticn were selected from
various soils in order to ascertain whicn bacteria ‘were tke most suitable,

DFTAILLD DESCRIPTION

Key Research rersonnel working on Projsct ; B

Engineer S. SHIMADA

AY,

.
fion
i
i

Test Procedure @ - ~
l.: Exemination of Bacteria

a. Collectiqg the Soil. Most of the soils were obtained
from cane sugar or sweet potato farms,

Y

b. Selection Method. Samples containing 7% dried strips of
: gweet potato mash (water 50ce dried strips of sweet potatoes
. 3.5gm, rice bran 0.5) wers placed in 8 3 x 2.5cm test tube,

and digested for 40 min. under 2kg/cm“ pressure. The test

801l was added to this mash, heating for 3 min. on a water

¢
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 bath., After cooling, it was cultivated at 379C under 1l5mm- -
‘'20mm Hg - pressure for 120 hr, and then & part of the culti-
'gating mash was added to the new mash. This treatment was

!l rejisated 5~10 times, and the product was tested by the Itdo-
i form reaction. Promising samples were then subjected to

‘| plate culture. :

T2, i Piéte Culture. The componenﬁs é? the artificilal oulture_solu—u

tion's were as follows:
i ‘/ : “
# Distilled WALEToeseeeuecsssssssssallOCC

MSSOAo..-o'......-...,..f.........0.2gm
Nacl...f.‘\\....lf.l-..;’ .-....-‘..lhobo-.@
Bt HEOOOORt I 17
Pept ne....'00.......;.0..!0....0.5.0@

An sxtrect of yeast (50ce), glucosé -(15gm), and egar (6gm) wes added

’«toéﬁhis-artificial culture solution., ! This mash was sterilized 30
miniutes a day. for three successive days. After opereting plate cul-

20my; Hg - pressure for 5 - 7 days: | o »

i;;w R - ‘ . ‘ .
3. | send Culture. Send is boiled in acid and alkali, washed with
water, end aried. A smell quentity of this send is put in a steri-

i

lized test tube, sealed with cotton Iin a CaClp - dessicetor and then

ture as in ordinary methods, the mash was kept &t 37°0 under 15mm-

i

R o qos .
Whén'using this sand for en expeiimerit, the glass seal 1s brokean, the
send is.added to the unhulled rice mesh, and kept at 37°0,
- gl |

Teéfjof Fermentation

' l}z};Preparation'df Mash and Analytiéal Methods. A\mixﬁure of sweet

potato (21gm), rice bren (ogm), &nd water (o00cc) were placed in e
500¢c bottle, mixed well and digested for 40 minutes under 2kg/cme °
pressure in an autoclave. The mash volume weas about 290cc, and when
mesghi wes analyzed,; the total volume wes put in a mortar emd pulver-
ized sufficiently. i S ;

i 8 uentitetive analysis of sitiarch. A 20cc semple of starch )
" was placed in & s0wcc rlesk, 180cc of distilled water and 20ce .
. HC1 (specific grevity 1.125) were edded, and the solution heated
.. Tor 3 hrs..on a water bath. Afftier cooling, it was neutrelized
. with alkeli and diluted to a tof;al volume of 500cc with water.
. The total sugar in the mash, measured by Bertran's method, was -
i~ about 20ce of the above-mentioned sample. The starch value in
100cc .of mash wes 0.9 times as much as the quantity of sugar.

SO S

" b. Acidity. A volume of 20cc|of mesh were diluted with 100ce
i of distIIIe&’water“in a 300ce flask, end titrated with N/10
. NaOH, using phenolphthalein &s &n indicator. The escidity is
£ exp;essed as cc of N/10 NaOH required to neutralize 100cec of .
2 mashe -~ . : )

w

64
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(

¢.  pH. The pH was-dqtermihed with pH test paper.

{

ﬁz. Analysis Method After Fermeﬁfation. The mixture was analyzed
;as follows 96 hrs. efter innocul&ation. . : 2 '

SR - ¥ Rested sterch. After stirring the fermeniation bottle,
i 20ce of mesh in & 150ce flask were diluted with 80cc distilled. -
L water end 10cc HCl (specific gravity 1.125), saccharified for o
3 hrs. on & water bath, cooled, neutralized, end %hen diluted
to 200ce with water. The totsl sugér in the mash was measured
by Bertren's method on & 20¢cc portion of above-mentioned sen-
'ple. The starch value in 100cc of mash is 0.9" times @s much
as the quantity of sugar. ' : -

i B ( a

"b..  Acidity. After filtering the fermented mash, 1lOgc of
filtrebe 1s titrated with N/10 NaOh, using phenolphthalein as
indicator. ' k. '

‘Acidlty is expresséd a8 c¢ éf N/10 NaOH to neutralizs 1oocc”of
fermented mesh. | i .

: \
c.’” pH. Seme as previously. \
i, i v

d. & 'Acetone.  Acetone was determined by Goodwin-Messinger's
method, end is expressed as! grams in 100cc of mash. .

e.  .iButanol snd Ethenol. Determined by Christensen's method. "

Resuits, The Fesults are aé tabulated in Table XI{B)5.,

Test of Fermentation Using (NﬂélgSOA and CaC0, as NutTiments = =~ - @ o

The following results were obtained. f
1, Dried strips of swee%'potatpes (21gm), 0.39gm of (NH,),SO ,

0.3gm of CaCOz, and 300cc water in a 500cc bottle were digegtea—for :
40 hrs. under 20kg/cm® pressure.! The moler retio of (NHg)gSO4 to .
_VCacoa was determined by experiment to be 1 : 1. . i

[ 2. Result. The initiel mesh shalysis wes as follows:

AC1A1tTehoessesl0.0
‘pHO‘..oO;iolodvotoscé

Starch.,,.q.....s.o

.. The results of the experiment are tsbuleted in Teble XII(B)5.

 III. CONGLUSIONS - . ¢

' Bacteria for acetone-butenol fermentation were selected from verious soi  and
. the effectiveness of each was exemined.

'f'ent bacteria for the acétone;buﬁanoi fermentation were found.

f Using rlce bran or (NH4)2so4fCaCb3 as theﬁnitrogen”sourcé, the following Y
: results were obteined. ’ § : :

I

Butanol for starch. .. ecesesagbout 20%
Acetone for starch.i........about 10%

65
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RESULTS OF NEW SPECIES O
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F BACTERIA

IN BUTANOL FERMENTATION

g (NITROGEN SOURCE: RICE BRAN) .
Name of Baoteria Yield of Yield of Time of Fermentation
s o Butanol Acetone) hr
: KN 1 l 19.96- 10.21 | 120
KN 12 I 19.46 10.24 120
KN 16 i 20.01 10.98 ! 120
RN 20 i 20.89 11.26 120
; KN 21 ‘ 20.46 11.75 120
i KN 26 ; 18.71 9.7k | 96
! Wediuhann . 19.26 9.72 ' 120
i T 7 — -
: i Table X(B)5 |

RESULES OF NEW SPECIES OF BU%ANOL BACTERIA
IN BUTANOL FERMENTATION

} Name offéacteria Yield of Yield o: Time of Fermentation
£ @g " Butanol Acetone! » hr
KN 1 20,29 10.86 | 72
KN 19 21.00 . 10.78 ! 48
KN b6 20.40 10.55 72
Weizmann - 20.29 10.52 ¢ 96
;*Nitrogéﬁ source: (NEj)280,+CaC03

’ b . : :?
i  Table XI(B)5 -
ANALYSIS OF FERMENTED MASH USING RICE-BRAN

AS NITROGEN SOURCE

Analysis of Fermented Mash.

%i;‘?ﬁﬁg %f

i “
Bacteria Aclidity Rested Acetone Ethanol Butanol
T o (co) Starch (gm) mg/lOOco mg/100ce | mg/100ce
‘KN 1 tlyedy 46 0.5 0.5513 ‘ 0.0972 1.0779
‘KN 12 ﬁh-b.“ 56 0.5 0.5532 0.1050 1.0509
‘KN - 1L, ipedy 46 0.8 0.5538 0.0754 0.9916
(KN 16 Ph.6 38 0.6 0.5930 0.0384 1.0808
KN 19 T he2 75 0.7 0.5476 .0.0480 0.9698
= "KN' 20 ﬁh,é L0 0.6 0.5081 0.0469 1.1274
‘KN 21 kb 40 0.6 0.5346 , { 0.0352 1.1600
KN 23 Vil oly 51.5 0.3300 0.0409 “0.5863
KN 27 bk 58.0 0.8 0.5476 | | 0.038L 0.9933
"KN 46 g}h,B‘ .59.0 0.8 0.5259 ¢ | 0.0570 1.0101

‘ 5; Origjnal mash analysis- : - ? :

: tarch l.......C‘.b..lo.....l‘.'.l’l.I...Q".'l.. 5“’8“
10ce
5.2

F 0 & 7 L AR R R

PHo ol B R TR L
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Table XII(B)5
ANALYSIS OF FERMENTED MASH USING (NHL)ZSOL AND Ca003
AS SOURCE OF NITROGEN

X-38(N)-3

"

Bacteria | Acidity | pH IvRested | BEthanol Acetone Butanel
; : (ce) Starch! {gm) §§mg(100cc mg/100cc | mg/100cc
KN 1 39.5 Loh 0.38 0.0649 0.5428 1.0147
KN 12 38.0 Lok 0.33 030574 0.5239 0.9436
KN L L3.5 Lo3 0.81 0.0639 0.4464 0.8517
KN 16 39.0 L.L 0.38 0.0654 0.3366 0.5732
KW '19': 32.5 4.6 0,40 0.0876 0.5390 1.0502
KN 20 5040 4eo2 0.43 0.0978 0.4728 0.9572
KW 21 37.0 L., 042 0.0538 0.1646 0.2387
KN 23 43.0 L.3 0,33 « .
KN 27 35,0 bady 0.k | 0.0796 0.3192 0.5073
KN 46 41.0 L.3 0.45 " 0.0632 0.5277 1.0199
" Weizmann | 34,5 Lob 0.41 0.1223 0.5258 1.0145
/(
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 PART III
_ by .
- i | CHEM. ENG. LT. COMDR. 'T. UMEMURA :
CHEM. FNG. LIEUT. M. TAKAHASHT ’

} - Research Period: 194k.

:"A means of increasing or strengthening-the fermenting

.-power of clostridium acetobutyricum was conducted by the ‘ -
~use of physical stimulations such as an electric lamp,

. Xx-rays and supei sonies. :

=

. The significant results were as follows-

l. Super soniecs sllghtly 1mproved the fermenting power of o
organisms with short time eixposure of the stimulant.

‘2. Incandescent lamps decroased the fermenting power of the
organisms. ; S

3e X—rays had varying 1nf1uences in accordance with the wave
length of the ray: viz, long waves increased the ‘ermenting
power of the organisms.

I. INTRODUCTION

A, e-nistory of Project

A device for lncreasing or strengthening the fermenting power of butanol
bacteria was Weizmann's method, but the effect of physical stimulation
was not studied. In this report varlous physical effects on fermenting
power were investigated.

B. Key Research Personnel Working on Project
Chem. Fng. Lieut. M. TAKAHASHI.
'IT. DETAILED DESCRIPTION ‘ £

X A, . Description of Test Appardtus

S 1. Sand Culture. A test tubes, half f£illed with dry pure sard,
. . was steril®zed by dry heating, and was then innoculated with
b ;.clostridum Acetobutyrlcum.

3y ;'20 ‘The test tube contalnlng the nourishing medium contained
< :{sucrose (3%) end soya bean cakes (O 3%).

i3, A vacuum flask was evacuated to about 20 or 30mm pressure.

ol A flask containing 500cc of the culture medium consisting of
1. 20gm sucrose and 2gm soya bean ciakes.

<
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i Boe Details of Test Procedures and Conditlons

As mentLoned above three physical stimu]ating agencies were used and
ghe times of exposure of the sand culture of bacteria were 10, 30, and
0 seoonds.

These oultures were subjecte,)to the phyelcal stimulation along with the
control culture, and.were cultured in an evacuated apparatus, at 20mme to
30mm pressure and at a. temperature of 37°C for 24 hours. Atter 2u hours,
these cultures were poured in & new medium containing sucrose (4%) and
soya bean cakes (0.4%) at 37°C. After A& hours, the butanol and acetone
contents were determined. Other cultures in the medium containing
sucrose (6%) and soya bean cakes (0.6%) were held at 37°C for 48 nours
and the: effect was determined as &above.

C. Experlmental Results

b 1.. Yields. In the cese of the super sonics or W-anticathode

| X-ﬂay products were formed in the ratlio of 6 parts of n-butanol,

b 3 aarts of acetone, and one part of iethanol, just as in the: normal

Mo buanol-scetone fermentation. However, the incandescernt lamp and

i © Cuianticathode X-ray influence yieléed an abnormal ratio of acetone

butanol. In the former case, 120 grams of mixed solvent was
obsained from 342 grams of sucrose.= Detailed data are presented

below. { -

s 2,{ Details of Tests.

a, Effect of super sonics.

{11 .
Super sonics; 480 K.CE, 300 Viatts

Y

- i Exposure of the sand cultures to super sonics was conducted as
° - above mentioned, for 10, 30, and 60 seconds, In the case of -
4% sugar mash, 10 seconds? exposure showed yields of butanol
comparable to those obtained wnth the control, but 30 or 60
i: .second exposures resulted in 1nferior yields., It was almost
i ' the same in the case of 6% sugar mash, except that the effect
; .. of 10 seconds' exposure was to: glvs a cons1d°r8b1e increase in
? ' in the Vield of- vutanol.

' The influence of super sonics in increasing the fermenting
activity of"organisms was not too promising., The results are .
tabulated in Table XIII(B)5.

b. The effect of incandescent lcmp. A 320 Watts mercury lemp
! + . was used. The time of exposure of the sand culture to the
i : incandescent lamp was 10, 30, and 60 seconds. The activity of
: i+ fermentetion was decreased in gccordence with the duration of
exposure, The results are tabu1ated in Table XIV(B)5.

? S N The effect of X-rays. j

LNE (1) Cu—anticathode (3000 Volts 10 ma). All exposures to

b Cu-anticethode x-rays decrcased the Termenting ability of

the orgenism., This was espec1ally true of the exposure to

; : the rays for 60 seconds whiich gave extrewely poor fermen-,
[ . 1 tation yields. The resulte are tabulated in Table KV(B)S.

i
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(2) Woanticathode é65000 V, 3 ma). In exposins the sand
cultures to W-anticathods for seconds or 60 seconds,
the esctivity of the orgzanism increased and gave a better
0 » yield than the control in the culturs of 4% sugar mash.
PSR The seme was true of the effect of exposure on the 6%
o - sugar mash, The yield of butanol after an exposure of 60
i seconds was much superior to that obtained after 30 seconds’
i’ S ezposure or to that of the control. (See Table XVI(B)5.)

i - de Summary of data. The percentage yields of butenol under
o ;T the Various stimulations studied are tabulated in Table -

XVII(B)5.
IIX. commsxons L ~

2

. The effecta of three types of physioel sthnlasion, super sonies, inoankmcent

lamps and x-rays, upon the send culture of clostridum acetobutyricum,were
studied, Super sonics inoreased the fermsnting activity of the orgenism

i slightlyafter 10. second# exposure but dacreased the sctivity after longer
'exposurea. : g ,

Inoandeﬂcent lamps showed an extremely bad influence on the fermentation
activity This influwence increased with anreasing time of exposure.

In the oase of x-rays the results are difrerent for Cu-anticathode and
W-anticathode.

The Cu-anticathode rays decreased the fermenting ability, while WLandsathode'
was erfootive in increesing the activity of bacteria, viz; exposures of 30
seconds ‘and 60 seconds gave an increased fenmenting ab*lity over the control.
The . 60 sieconds? exposure was extremely efreotive in increasing bacterial '
action, i ‘
j : Lo
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. Table XITI(B)5 |
 INFLUENCE OF SUPER SONICS
(480 ko, 300 watts)
- Ratio of i
5’1meu of pH | Acidity | Sugar Consumed :Acetone Butanol Time of
Ixpasure ‘| ..{(ee) | Content| Sugar to (mg/100cc) | (mz/100cc) | Fermen=
(se:c) ‘ (%) Total Sugar| ; tation
. (%) (hz)
0 | sz| 27 A 95 .4 . 420 820 48
0 L] 2.8 L 95.4 a3 825 L
30 hobi| 3.2 b 9.2 398 725 "
60 | k3] 3.1 Lol 9kl 146 756 "
0 | a2} 5.7 6. 7l 7 1O 926 48
- 10 Lo2| ' 2.7 6 85 | 520 1209 "
30 L0 5.9 6 18.2 109 - "
60 L0 5.0 6 51,6 3his 882 "
o Teble XIV(B)5 |
. TNFLUENCE OF INCANDESCENT LAMP
o "Ratio of § » L
Time of | pH':}Acidity | Suger Consumed i Acetone Butanol Time of
Exposure e (cc) | Content| Sugar to (mg/100cc) | (mg/100cc) | Fermen-
- (sec (%) Total Suger | | tation
o , (%) (hr)
o | hk| 25 u 92.5 w2y 779 48
10 hob| 2.4 3 90 . Lok 715 "
30 whi 3.9 92.4 1227 105 "
60 k6| 2.2 3 92.4 2 1,55 "
0 heb | 2.4 6 6l 5 412 959 48
10 2| 3.1 6 58 387 893 "
30 sl 3.2 6 32.9 208 593 "
€0 6] 3.2 6 32.7 228 673 n
o
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Table XV(B)5

 INFLUENCE OF CU-ANTICATHODE

(3000 ¥, 10 ma)

X-38(N)-3

Exposure

|Time of |

;(sec)rigv

Acldlty
~ {ce)

Sugar
Content

- Consumed

Ratio ofé

Suger to:
Total Sugar

0

Acetone
(mg/100cc)

Butanol

(mg/100cc)

Time of

Permen=-

tation
(br)

<]

.Il"'o ll-

5.7

75

386

L8

0

bk

2.2

60

364

427

30

body

4.8

30

287

K27

60

3.6

7.6

slele |

26

| ek

65.5 |

L47

872

16

70

L62

| bk

o|lo|ol o

30 - 3.2 25 202 1015% "
60 ‘ f l&co’ 7.15‘ 53 | "
*Probably in erro# by infection.
Table XVI(B)5
INFLUENCE OF W ANTICATHODE

(65000 V, 3 ma)

Time 01‘;?5,
Exposure:
(sec) -

Acidity

(ce)

Sugar
Content
(%)

Ratlo of
Consumed!
Suger tc
Total Sugar
(%)

Acetone
(mg/100cc)

Butanol
(mg/100ce)

Tine of

Fermen-

tation
(hr)

N

,2.4

T4

340

667

L8

30

2.9

87.5

385

703

60

3.0

95

400

856

ek

L77

L6

30

3.8

76.6

576

961

60

. 2.9

I
[ AN = N B Bl I

96.5

586

1355

73 .
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Table XVII(B)5
YIELD OF BUTANOL; . -

f (Fermentation Time 48 Houré)‘
i . | tone. 0| A% Sugar Mesh | 6% Sugar Mesh

: | | Mash
-} ., |zmosure ~ ! ‘ -
' % | Y Time | O sec [10 sec |30 sec |60 sec| O sec|l0 sec|30 sec 60 sec

guper | '20.5 | 20.6 | 18.1 | 18.9 | 15.0 | 20.0 | - | 13.3
‘Sonies . ° N . ;

Percentage | (ncan- t ’ o

Yield gescent‘ 19.5 17.0 10,0 | 11.0 | 16.0 | 14.0 9.8 | 1l1.3

o | !temp , .
Eutanol .

I =

%:311-Anti- - 10.0 | 10.0 - 14.0 . 16.0%| -
i cathode i Al

f ' iaathode | 16,0 - 17.0 21.0 | 15.1 - 16,0 . 22.0

* probably in error by infection. =
8
! i - N f
i - pe© - ! ,:
il
74
; i
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PART IV

t ;j - ‘ : )
o by . :
i Y. TAKEDA - : : o

35 a Chief Engineer in Cenbral Research’
P of Formosan Government General

o

G : S. SHIMADA |
. Engineer in Central Research
of Formosan Government General

Research Period: léhl-l9h2

!l
,.

= smmny

A promoter; for the aoetone-butanol fermentation of dried

Hg strips of'sweet potatces was- deeired.

"It was found that rice bren, peenut bean cakes, soye bean

. cakes, banko ‘beans, and the powdered Formosan brewer's girains
. on which Ryzopus Delemer has beén bred,  and (WH4 ) 5S044Cal03

. gave exeellent results as promotiers of butanol ermentatlon
from dried Formosan sweet potatces.

1o B L
- : - — o Tl

I m‘monucnon /, ' PR
A, | History of Project S ] o

'In bhe agetone-butanol fermentation irom dried strips of sweel potaxnes,
a good result cen not be obtained because of the lack of nitrogen eand
other nutriments for the bacteria. :

oo Ind regard to this, the question arose as to what kind of materiels should
be iadded to the principal raw materials.. At presemnt, rice bran is consi-
dered to be the best fitted for the Iurpose, but 1t has disa&rantageﬂ Ain
the following respects:

1. It must be used in large q\antitiee {20%. besed on :aw meteriel)=

g, The rice bran is & good. fodder, end is daifficult td obtein in
4 “ large quantity. '

3.» According to the literature, fermentation is retarded when rioe
bran is added.

HENE: 1N Rice bran is comperatively expensive and is difficult to prea'
ﬁ serve since it .contains oil. Hencs, it 1is considered to be desira-
ble to find the materiel heving|as few of the above dissdventeges as
»possible in considering the fernentation efficiency on an industrial.
scales . 1 . o

_ Kex Research Personnel ﬂorking on Project .
Engo of Formosan Gentral Research s. SHIMADA
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II.| DEI'AILED DESGBIP‘I‘ION OF_FERMENTATIONS ng : :

’é A. The Testi of Rice Bren
P m____E&___________. :

i The fermentat on was carried out in the usual manner by edding rice bran .
- to & mash4contain1ng 7% dried strips of sweet potatoes. . -

The peréentage of rice bran is the peroentage based on the total emount
. of mesh.' The results are ss tebulated in|Table XVIII(B)5. In the -follow-
. ing experimeats, rice bran is used as & control. \

. B. The-Testigg of Peanut Boan Cakes § , = o

L sé The fernbhtation was cerried ocut by adding different percc_.ag « 6f pea=
+ ' |. nut bean cakes. The addition of 0.5% cake was sufficient for normal , i
: fermentetion. The results are as tabulats& in Table XIX(B)5. . i

Ce The Teeting of the Soya Beem Gakes i

The, fernwntatlon was, in genersal, unsatisfactory. The optimum results
; were obtiained with 0.5% soya bean cakes. ; This quantitv is 7% of the
I sweet potato content. The results are - tabulated in Tuuad XX(B)S.:

D. ThgyTest_gg of Black Sesame Seed Cakes

= n

The fermmntation was carried out by adding 0.1, 0.3, 0.5, 0.8, and 1.0%
black s?same seed cakes to.the mash. ; . N

In this oase the fermsntation was: poor, and the cake wus not effective as
a promoiing meterial. * S '

T T T T T TR T T

E. The.Testigg of Banxo Beans

-Banko boans were tested in the seame manner and the adequate quantjty of
! benko beéns was found to be 0.5 or O. 8% (This is 7 o1 10% based on'the
évsweet potatoes.) , .

pres

The results are tabulated in Table XXI(B) -

i The fermentatfon wasg carried out using rice brean and Asp.
<0 yzae or Rhyzopus. Delemers ; . . D e

13
)v

uThe fermentation was normal, when 0.5% rice bran and 0;5% AsD. : .
| Orrzae, or 0.5% of rice bran and 0.95% Rhyz. Delemer was added. The - .
? : results are tabulated in Teable XXII(B)S.

' The Testin%A of Rice Bran wnn the Extract of M. wnlan the
Lo exbract of the fungi was used, ermentetion was poor. The -
o results are tabulated in Table XIII](B)5. ‘ ,

The extracts were mede as follows: §45 gr. of the: fungi were boiled
in‘250cc of water for 2 hrs., filtered, and concentrated to lOOcc.

G lThe Testing of Formosan Brewer's Gruins

«

l. } The filtrate of Formosan brewer's grains was used instead of
water, both with and without rice bran. =
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.In every case, ecidity was verv uigh, and the rermentation failed.

2. Formosen brewer's grains we~e ineffective as the promoting mate-
:;1al. The results are tabulated in Table XXIV(B)S. _

-ﬁa.  Formosen Brewer's Grains’ on whieh Rhyz. Delemer had ‘been bred

.were used. The results are tabulated in Table XXV(B)S. Using 1% o
»=Qof the grain, the fermenteation was normally cerried out &nd the P
“yield of the solvent was satisfeutory. : :

IThe Testing of the Green Tea Wasue o | ;1 0

The resulte using green tea waste weru upsatiefactory;ﬂsince fhe fermen-.

tation wag very poor.

Ia' »

®

]

bz smndel o s = e i a s

4‘ : w
s N

The Testing of (NH4)3895+38005 oL (NH4 )2804 + Rice Bran :
: I i =
f 1. 'Using only (NH4)o8 as & nitrogen sou;ee, the fermentation was :
inot normal, while us *botn (NH;; )»804 end CaCOgz, the result was

comparetively good and was super Lo to the control in respect to the ﬁ
| rested starch. - X

he results ere tabulated in Tab le XXVI(B)S. ‘
-;2. Verying amnunts of (NH4)280L- CaC0x were used, and it was found
ithat the yield of solvent decreased witg increasing amounts of

I (NHg),80,~ CaC0z. In all cases,.the acidity was low and the rested
starc wés - smal Since Celcium|was used, it appesrs that Ca-salts
are formed by the acid produced durlng the fermentation procees.

If this is the case, an excess of CaCQz should be advantageous in
=1owering the acidity. The resul1s are tebulated in Table XXVII(BRS.‘

5. Varying ratios of CaClz to l'NI-I4)2so4 were used. It was found
.that the optimum ratio was ? : 1 , :
' i

,.The reeults are tabulated in Table XXVIII(B)S.

s

'?4. Consideratlon of eriment: on use of CaClz-~ (NH,)oS04.
a. In the case of the 7% nash of dried strips of sweet poha—
" toes, the addition of 0.08 or 0.1% of (NH,) 250, {1.14 or 1.45%
beased on the sweet potato content) end O. 68 or-0.12% CaC0 -
{1.14 or 1.71% based on the sweet potato content) is considered N
to be adequate. ! : N : A

b. . Adding (NHg),S0, “and CuCO , if the (VH‘;) S04 was in excess, .
“the W1ela of ecetone was 1n<reased and the bu%anol yield was R
decreaeed. : AR

\ ;. w

f; ir Ca003 was inlexoess, the. yield of ethanol was increased.

§5. ‘The ‘festing of Fertilizer in Place of Pure - (NH4)?sog.
E(NH4) So4vused as fertllizer can be used as effectively as chemioally
pure 4)3304. The results are‘tabuleted in Table XXIX(B)5. N

2
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6.

an¢l reported herewith,
nis ed and the characteristic effect

tanned.

III. CONGLUB]ONS

:The best material as & nitrogen source in the

sweet potatoes vias found to be rice bran.

The Testi ﬂ of a new species of .
Using the new Species Of soEI bacter,

the superiority of the new spec;es wag recog-

G

RESTRICTED

I .
Bacteris wit
@ develope

(%%§2280%4gg%93.
abcTELOTyY

Of {NH4)5S04 end CaCOz wes ob-

The results are tebulatea in Table XXX(B)s.v

fermentation of dried strips of

Satiefactory meterials for use as nitrogen source; in'order of effectiveness;

are listed below._ ‘

5

The followinag

Black sesame besn

Extract of Asp. Oryzae
Extrect of Rhyzopus Delemer '
. Formosan brewer's greins

] Green tea waste

‘When (VH4)ZSD4 and CaCOz were used, the yield
fyield of butanol was decreaséd when the (NH4)¢SO4 was in excesa.

Whan Ca005 was in excess, the yield of ethanol

_ering the new species bacteris, adding O. 13%
- guperiority iof the new species was recognized

(NH4)2804 and CaC0z was obtained,

¢ =

materiels were found to be unsatisfectory:

N

of ecetone was increased and ‘the

was increased.

CNH4)2SO4 end 0. 1% CaCOz, the
and the characteristic effect of

Table XVIII; B)S
EFTECT OF ‘RICE BRAN IN SWELT POTATO FERMENTATION
B After fe;mentation .
Percent of . = ;
Rice bran acidity™ | pH | Rested | Bthenol | Acetone | Butanol
: (ce) sterch | am/100c | gn/100cc | gm/100cc
‘ i ' gm/100cc| : :
o 0.5 - 33,0 L2 | 2,95 | 10.265 | 0.375 | 0.744
. - - ,I. f ° -
1.oﬁ; 40,0 L2 | 2.05 |10.342 0.401 0.825
1,500 32,0 L.6| 0.67 |0.391 9,570 1.082
Nt : ‘ T
2.0 30.5 hely Oa71‘“ 106434 0.582 1.099

; * Bercwe fermentation; acidity 8.0ce, pH 5.0, Starch 4. 94 gm/lOOcc.
- ** oo cf 0.1 N NaOH required to neutralize 10¢e of product.
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Table XIX(B)5” ;
EFFECT OF PEANUT BEAN CAKES IN SWEET POTATO FERMENTATIOH

Hzf‘

N ° » ' Arter fermentation®
Exp.No. | Percent of — _
B Psanuts® | Acidity | pH Rested | Ethanol | Acetone |Butznol
| Bean cakes | (ce) | -] starch | (gm) {(em) (em) )
7 ) (em} ,
. 0.5 26,5 | 4.6 | 0.47 | 0.276 | 0,506 | 1,012 )
R 1.0 27.5 | 4.6 | 0.46 | 0.419 | 0,509 | 1.047
1 | s 25.5 | 4.7 | 0.45 | 0.361 | o.588 | 1.077
s Rice bran | 27.0 |[4,6 | 0.65 | 0.285 | 0.596 | 1.131
e 1.5 ! il ‘ -
| oar | 39.0 (43| ket | 0052 | 0,036 | o.om |
2 | d3 - | 19.5 [4.7] 052 | 0.392 | 0.486 | 1.033 .
i 0.5 . 26,5 |43 | 1,17 | 0,296 | 0:429 | 9.853 - ?
Rice bran 25.0 | 4.8 ;6.23 0.371 | 0.552 | 1.047
; 1.5 S |
L Before Fermentation, acidity 9. Occ’, pH 5.0, Starch 4.9, for Exp.
Ro. :
nefore Fermentation; acidity &. 5cc, pH 5.0, Starch value 5. 06 for i
. ] Exp. No. 2 )
- - Table.&[(B)5 .
EFFECT OF SOYA BEAN CAKES IN!SWEET POTATO FERMENTATION = °
' o |After fermentation*
e g:;:egt of Acldity | Rested | Rthamol | Aceto B znol
e ean S >4 es e 8no. cetone 2
Exﬁf“°' Cakes - (o). | staren (em) (em) | (em}
C A | (en) - . ' -
T 0.1 245 3.38 0,078 0.208 | 0.396
0.3 . | 22,0 | 1,50 0.189 | 0.429 | 0.820
0.5 27.0 | 3,01 0,200 | ©0.502 | 0,918 o
‘. Rice bran . ] 3} : : ‘ B N o
e 1.5 33.0 1.86 0.185 | 0.492 | 0.875
il 0.5 19.0 | o.2 | "0.376 | 0.515 1.017
ig | e | 240 0.k 0.429 | ‘0.495 | 1.008
"o 1.0 . 25.0 0.50 0.457 0.479 | 1.002 .
oot Rice bran Y : ———— — :
1.5 27.0 0-59 | _0.32 | o.5k7 | 1.125

* Before Fermentation' Acidity 9.)00 Starch 5.06 for Exp No. 1
Bufore Fennentation, Acidity 8. Occ,'Starcn 4,79 tor Exp.' No. 2
i , I

i
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v o Teble XXI(B)S| = -
E ELGT 'OF BANKO BEAN CAKES IN SWEET POTATO FERMENTATION

' Pércénéiof’ After fermgntetion*”

Bankosii:; : : B -

; v beens ! . | Acldlity Rested Ethanol Acetone Butanol
] i {cc) starch (em) | (egm) - em).

0.1 i 24,0 | 2.86. . 20@ 0,212 | "0.409

23.0 1,08 0. 282 | o.,16 .| o.885
20.0 0.65 | "0.360 0.458 1.023
| 20.5 0.58. 0. 32% . 0.483 1.056
30 | =10 | o.5 355 0.496 1,055

“Rice bian
1, 5.‘ 27.0 0.55 0. 3&&'_ 0.,80 | 1.049

o
4. "
w

* ﬁefore Fermentation: acldlty 9-5’°v>3tar°h;5'09
u

B ;3 . : - :
B Table XXII(B)5 |
EFIEGT OF RICE BRAN 'AND FUNGI IN SWEST POTATO FERMENTATION

P ‘ ; After fermenta@ion*

Percent ot' - T :
Price bran "} Acidity Rested Ethanql Acetone Butanol

& Fungil’ . (ce) starch |- (gm)! (gm) (em)
b K < s ; {gm) : i

Rice 32.0 0.48 0.364 | 0.581 | 0.999
26.5 0.52 0.27€ 0.546 | 1.104

I
1 "

18,5 0.51 0.343 0,550 1.029

Rice
A

LI 4

A ) i

Rice 26,0 | 0.43 o.31§ 0.575 1.062

{Rice | 1.0| 21.0 o.bk | 0.287 | 'o.538 | Lo |
. l

ow |loo|owr |loco|r
°

o

Oryzae - ‘ ‘Rt Rhyzopus Delemnr'
* Before Fermentation: acidity 10.5ce, starch 4.79
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: ",, Table mIIJ(B)s
‘rf’ EFFEGU OF RICE BRAN ANL THF EXTRACT OFEFUNGI IN SWEET FOTATO F&RMENTATTON .
ta ' After rernentation"‘ !
. Percent of = -t =
" il Rice Bran Acidity Rested Efhanol Acetone Rutenol
P !l & Fungi “{e0) starch | {gm) © Aem) (egm)
i [ extract : (gm) { ,
I/l Rice brem 1.5 | 35.0 0.57 | 0.506 0.533 | 1.002 )
: , “o
i Rice bran 1.5 | C : '
(o[ AE 10ce 27.0 0.52 0,461 0.615 | 1.037
| | A 10ec 25.0 2.21 0.300 0.311 0.615
Rice bren 1.5 , * !
| RE 10cc 38,0 0,86 " 0.L66 0.492 0.929 : ‘ '
E il RE 10ce 26.0 2.72 0.315 0.258 cau67 | -
© AE: Extract of Asp. Orz. RE: Extraci; of Rhyz. Delemer !
1 Before Fermentation: acidity 9.5ce, §t;arch 5 03 R
: Tadle X.X"V(B)5 o
} :EFFECT OF FORMOSAN BREWER'S GRAINS IN SWEET POTATO FERMENTATION ol
i After fe!rmentation* A
H P(., ¢ent. of : : . : :
b Formosan - Acidity Rested: iF‘thanol Acetone Butanol
: birewer's (cc) starch | | (gm) (em) (zm) . _
; girain- , (gm) ; ‘ , ’ %
Q03 - 18.5 2.95 | | 0,087 0:i258 | 0.523 | "
* 0.5 19.5- | 2.35 | 0.02 | 0.331 | ,0.669
11,0 20.5, . 2.67 11 0.111 0.317 |- ~0.637
Kice bran - .
(1.5 P 29.5 ° 0.48 H 0.242 0.587 | 1.175 )
g ] X ' ’ o
*;Before'Fermentation: acidity lquScc, sterch 5.15 i : -
i s Table XV(B)5 B
EFFECT OF FORMOSAN. BREWER'S GRAINS ON WHICH RHYZOPUS DbLﬂHER
i HAS BEEN BRED IN SWEET: POTATO FERMENTATION : v
Perc*ent of - © Ai’tell fermentation#
Formosan/ =
| brewer's grains | Acldity Rested Ethanol Acetone Butanol
; with Rhyz. . (oc) starch; {gm) (gm) - (sm)
: Delemer _ (gm) ! : )
Rims.:bran 1.5 345 0.59 .| 0.095 0.514 |  1.049
R.Eib.g. 1.0 ZLe0 | 049 || 0.134 0.555 | 1.040
i " s 17.0 0.42 | O.1kh | - 0.465 | & 0.885
i 0.3 17.0 J..a1 - 0,106 0.346 0.703 -

i

S i i -

R.E Formosan brewer's grains on which Rhyzopus Delemer has
R been bred.

. ¥ Bofore Fermentation: acidity 10.5qc, starch 4.89.

. J

i o i
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Table XXVI(B)5 | | ‘
EFFECT OF (NH;)2S0, Cac03 OR  (NiL)280, ¢ RICE BRAN.
; IN SWEET POTATO FERMENTATION g
‘ After rermentat.ion- ’ ’
| Persemt of I ctatty §§3t° Ethinol '} Acetone | Butamol
1 iR (o0) (gn) {gm) {gm)
| Rice brani 1.5 bhe5 0.70 0.138 0.520 1.185
-~ |] (wE, ) 280,/ 0.1 0.0 4.7 b 0.027
|| (w0280, 003 77.0 ol ! 0.011
o %(nnh)zsoggo,l 30,5 0.31 0.167 | 0.456 1.095
© [caco, 0.z / il (
[ (w1280, 0.3 32,5 0.26 0.132 0.432 |  0.954
"Mw@ ?@5 1 ’ ‘
' Rige brar 0,5 55.5- “3.69 © 0.161. '
(Nﬁa)zsﬂl 0,67 )

;* Beforegrermentation:

acidity 11.3cc, Starch’5.02 gm.

HE : Table XKVII(B)5
EFTEOT oF (NHL 250, AND CaCO3 IN SWE

ET POTATO FRRMENTATION -

After fermentation*
Pﬁ:ﬁgﬁﬁaif Acidity ~§ggggg gﬁtyanol Acetone Buta nol
i (ce) Aglﬁﬁ)‘ Q?n) (em) (gm) o

Rice braﬁLl 5 33.0 0.504 | 0,161 0.597 1.264

(NE, ). sc& 0.05 , -

cac& %001 26.5 0.509 | 0,203 0.479 1.036

(NH, )2804 0.10 ‘ | i

CaGO3 - 0.2 23.5 0.333 0.259 0.463 1.003

(v, ) scm 0.2 R . o : |

Cacd3 0.4 22.0 0.223 | 0,201 0.4k 0.965
: 8)2305 o3 i i
T:CaC i 0.6 23.5 0.311 0.105 0.512 0.927
!_(NHh)zsﬂu 0.5 " | ? -
‘CaC03” | 1.0 38.0 0.245 0,064 0.312 0.722

* Beforé}Fermentation:

acidity 4.25cc, starch L.89

!
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! Table XXVIII(B)S
E]?FEGT OF (N'H, )2804 AND 08003 IN SWEET POTATO FERMENTATION |

} - Arter fermentation* )
; - Persent of  -| Acldity | Kested | Ethanol | Acetone | Butancl
: material (ce) starch (em) (em) (em)
(em) : |-
| Rics bran 1.5 35.0 0.502 | 0.267 0.608 1.153
: (NH,) 2804, 0.3 -
i CaCDB 0. 05 5600 "-0187 . 00929
| (NH,) 2802 0.1 j ,
CaCd3 0.01 | 56.00 1 4139 ° 0.020
(NH, 2804 0.1 - :
| CaG3 0.05 25.0 0.578 | ©.203 0.525 1.028
! (NH}, ) 2504, 0.1 | T
(NH,)2804 0.1 | : A '
Caco: 0,15 24,..0 0.430 |  0.324 0.530 1.102

J . * Before Fermentation: acidity 9.00dc, Staroh 4.98 em.
‘ o

Table KXIK(B) 5
FFFECT OF (NH),)280, FOR FERTILIZER IN SWEET PO'I'ATO FERMENTATION

After fermentation®*

Percent of - | Acidity| pH | Rested | Ethanol | Acetone | Butenol

material ' (ce) Starch (gm) (gm) {em)
: (gm)
Rice bran 1.5 33.0 4.5 § 0481 0.214 0.5487 | 1.006
(NH, )} 250, 0.08 ;
cacl; 0.1 22.5 Le6 | 0.39 04194 0.5325 | 1.061

Nﬁé )2804 0 ‘ - i
" 0.1 25.5 Le5 0.48 0.159 0.5619 1.012
h 0.1

Sachs 29.5 | & | oo | o.080 | o.605, | 1.038

* quo?e Fermentation: acldity 9.500; Starch 5.18 gm.

83




- X-18(N)-3

ENCLUSURE (B)s

 Table XXX(B)5

RESTRICTED

THE EFFEGT 013’ (NH[,)gSOL, AND CaCoj3 USIN(: NEW SPECIES OF BACTERIAx

. After fermentation
b i Test Species ? Acidity | pH Starch mthanol Acetone | Butanol
i} No. ‘No. 5| (ee) (gm) | {em) (gm) (em)
'E " rmz, 39.5 | kok | 0.38 | 0,065 | 0.543 | 1.015
e EN12 | 3800 | kb | 0.33 | 0,057 0.524 | 0.94k
; 3 CRNLL | k3.5 4.5 | 0.81 | 0.064 0.L4b 0.852
T | KNL6 39.0 Loy | 0.38 | 0.065 0.337 0.573
1 CKN19 | 32.0 | 4.6 | 0.40 | 0.088° | 0.539 | 1.050
é{ 6  KN20 50.0 L2 | Oob3 0.098 0.473 0.557
?f 7 ffxwzl, 37.0 Lobh | Oo2 0,054 | 0.165 | 0.239
Te | ®wes | #3.0 | &3 [ 0.33 | .
9 }fsz7 35.0 b | Ouish 0.080 | 0.310 | 0.507
0 |  mme | s1.0 | 4.3 | 0.5 | 0.063 | 0.528 | 1.020
11 | Veizmann| 3k.5 Lo | 0u41 0.122 0.526 1.015

Table XXXI(B)5

* (NHL)"SOI} 'EEEEREEERN N RN RN N J 0 13%
Ga003 ‘de0oececssnrceessceneense
A01d11ly cecsssssscasscesesslloOcO

O.l%

NITROGEN SOURCE MATERIALS

Order . Material . Optimum Concentration
§ i (based on Mash)
? 1 Rice bran 0.5
| 2 (NH), ) 280y, 0.1
g 15 CaC03 0.1
? j;. Peanut bean cakes f 0.1 - 1.5
5 L Rice bran* : 0.5
é 5; 'Banko bean i 0.5 -. 0.8
él éﬂ Soya bean cakes 0.5

84
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e EXCLGSURE E.iB)G
'I._ INTRODUCTION |
P i ) .
4 A. ;Bistory of Subject | | o
By éf er ‘of the Naval Supply Office, ork was started in April, 1945, onm
% the?ﬁesign‘of-a_distillation plant to|produce 500 kiloliters rer year: of
i . second class Alcohol (alcoholic content above 94%) from spirit with )
; ualeqpoli content of 30%, made from-sWeet potatoes by the sake-breveries.
On_éﬁe basis of this design, the equibment was constructed by:the Chemi- .
calqmngineering_Departmenﬁ'and the plant erected at the Iinums sake- .
brewery in CHIBA Prefecture. A parfoymance,test~of*this plant: was made
; in July, 1945. e ‘ | -
HI . |
; B. |Key Research Persomnel Working on| the Project _
i BT ' | L :
: HI. Nav. Eng. T. SHIBAZAKI '
| i S Eng. Lieut. S. SHIOMI :
| IT. DETATIED DESCRIPTION e ‘

1i
i

E§et of the process is given by Pﬁ%te 1(B)6.

spirit to be rectified is pumped from the reservoir to the feed:

tiank and it flows down, under constant head, to the preheater, where
ted to -about 650C, and the ligquid| is charged to the rectifiier. The
ted vapor (alcchollic content of about 95%) from the top of .the’ .
ligent to the preheater and condensers. The residual gases, such as
are discharged to the atmosphezf.

H

"the condensate from the pfeheaté& and condenser is c¢ooled and sent
%, the remainder plus condensate from the reflux condensen is re-
? tlie rectifier as reflux. i : . :

W

.. . [ :

3, with alcoholic content of less ‘than 0.1% by volume, is withdrawn
iibottom of the rectifier through an automatic liquid level:regulatior.
I 0 ' i

i%sary for the'distillation is prd&ided“by stripping steam introduced

at the botiom of the column. Two outlet [
oil accwmulated in the ocolumn. ;

i

The desi;n.operating conditions and the ma

_ below andien Figure 1(B)6 and Table II(B)6

A'perrdﬂﬁéncestest was made ou July 31, 1¢
in Table!I(B)6. :

ipes arée provi<ud to take out fusel

terlal and hegt balances: summarized

.5, and. the results are summarized

| III. CONZLUSIONS | ,
| This ap atns,waS‘shown to be suitable f&r practical usage. It hﬁd reserve
! capacity;! and only three meny including ljdistiller, 1 fireman, ani 1
! assistaq:;”were required for its Opeggtioﬁ. L o
-i: éi i . ; :
| S 87 L
e S | v
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Table I(B)6
PERFORMANCE TEST REE?ULTS

. ;?5 Quantity Concentration Absblute Quéntity
‘ i : of Alcohol of Alcohol '
igi’;"{t"“ 277“.l+kg/hr | 25% vy weiéign{ “69.3-5kg/hr
% uggggﬁg%;‘ 75.3k§/hr ; 92% by weiiht 69.30kg/hr é
ﬁgghg{ . | - | 0.05kg/hr ”

___trauﬂﬂ; e

i _[37 5
= 4 = .36
i | _ | 35 ;
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ENCLOSURE (B)7
PART I

o E M by ' ﬂ :
i a CHEMICAL ENGINEERING LIEUT.

Y

S. ENDO -

Research Period:% 1943-1944 ‘ W kiy;

3
1l

0 : B ) 1

SUMMARY -

Sone experiments were made to find a good, catalyst and eccn-
ditions for the synthesis of CHz0OH from COg and Ha, for uti-
lization of the waste gas in the butanol fermentation indus- .
irtry. The catelyst to be used for the industry was Zn-Cu- =
:chromite (atomic ratio of Zn:Cu:fr=8:3.2:2) or Znt+Cutalumi-
- nate (atomic ratio of Zn:Cu:Al=9:2:1), . The duration of ca=
i talytic activity is 400 hours and 260 hours, respectively.

, i The experimental cgnditions which afford good results, are:

. i'pressure 200 kg/cm®, temperature 250 - 2700C, for the chro- .

b

- mite catelyst; and pressure 150 kg/cm?, temperature 250 -

b -:-2709C, for the aluminate catalys

.. pure methanol under these condit:

t. The space time yield of"
ions is 0.4 - 0.5.

‘I.  INTHODUGTION
A. Q?History of Project
e ]

It is'well kriown thet in the n-butsnol fermentation of starchy materieals,
L allarge quantity of" GOp“and Hp is produced. For utilizing the waste gas
i . of this fermentation industry, the prisent experiments to study the fun-
5 damental conditions, of the methanol synthesis were undertaken from April,

~ 1943 to Msrch, 1944, A larger scale pilot plant wes established in the

- Dapot in May,™1944, But the projdct Wwas discontinued after March, 1944;

£ - therefore, there ig$ no data of & larger scale experiment. A flo# sheet.
L for ‘this pilot plant is shown in Figure 4(B)7. The important references!
I - for :the methanol thesis from COg and Hp are mentioned in the following
‘ literature; . : , ! ' !
. 7. C. Woodruff, Ind. Eng. Chem.,: 19, 1147 (1927) -
1 Je Co Woodruff, U.S.P. 1695447 i
+ +Be No Dolgow; Chem. Zentr., '1085,.12653 (1934)

«

i;Be No. Dolgow, Chem. Abs., 28, 5805

A' Zo Karpov, Chem. Abs., _3_4_, 5047 (1940)
i B« M. Bocharova, Chem. AbsT, 32,4518 (1938)
| FUJII, J. P. 154358 5

I .

i
o

]

B. ??Kbx Research Personnel

‘Chem. Eng. Lieut. Comdr. A. YAMAOKs ' -
iChem. Eng. Lieut. M. YOSHIDA i B :
s ! Chem. Eng. Lieut. S. ENDO o e

. Engineer INOUE
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ENCLOSURE (B)7 :

[0 T

' A. Desbription of Test Apparatus
[E

:sheet of the pilot plant is showﬁ in Figure I(B)7.

oription of Test Procedures

1. | Preparation of Catalysts. Solufions of 0.5 N Cu(NO3)z, 2n(NOz)
3,§gnd_Cr(N5g53 or AL(NO3)3 were mixed in definite proportions and
heated to 80°C. -The solution was poured into an equivalent amount
of 0.5 N.NaOH, and the precipitate formed was washed with hot water

and; filtered. It was dried at 350°C;, powdered in a ball-mill, and
made: into tablets. | :

Were mixed in & ratlo of 1:3, il

Procedure of the Operation. Toijthe reaction vessel, which con-

tained S0cc of oatalyst, the mixed gas was parsed at a rate of 411t/
ar and heated slowly to 200°C duringj|? hours. Maintaining the reac-
tion vessel at a definite temperature and pressure, the reaction kS
products were obtained and their composition determined. The gas
composition was determined by the Hempel method and the ~-qposition
of 1iquid produect, being composed of i CHzOH and Hg0, was determined
by 'the specific gravity. From these|data, the volume of the 'charged

. gasy specific velocity.in the reactipn vessel, and space time yield

it

of (CHzOH were calculated by the foll?wing formula: -

iy

;. The volume of charged gas ='Thaﬂequivalent ges volume
. of the liquid products + The volume of waste gas. °

Spacevvelécity (SsV) = The volims of charged gas (lit[hr)
. The volume of the catalyst (lit)
e : . 1

Space time yleld of CHgOH (S.T.Y.) = e
The quantity of produced CHzOH »er one hour (gm
The volume of the cavalysti{cc] -

C. Experimental Results i
The effect of temperature and the chemical composition of the catelyst on
the yield of methanol is shown in Table I(B)7 and Figure 2(B)7. The
duratiori of catelyst activity was investigzated by determining the tempere-
ture necessary to maintain the SiT.Y. of CHzOH at O.4 - 0.6. The results
were shcwn in Table II(B)7 and Figure 3(B)7. " "

fThe;atomic retio of a good mixedvcétalyst is és follows:

de
Al

Cu
s 'Cu

: 3.2 ¢ : . :
21l ; .

I}
N @

Using these catalysts the following S.T.Y. of CHzOH were obteined at the indi-
catsd tempergmure. ’ : , :

_ i cat. - " Temp.
Zn%Gu:Al

| ‘ S.TOY:.
ZniCu:Cr = 8:3.2:2 . 250 - 3209C | 1.3 - l.4
= 7:2:1 300 -~ 325°C | 1.2 - 1.3. '

94

\

The Rew Materisl Gases. COp frim merket and Hpz produced in the .« |
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The: act}tfrity of the catelyst depends larg aely on the Cu-content. As Cu-content
increas’-’as, the catalyst becomes more act:\ve at low temperatures. ° :
‘The conditions under which these catalysts show durebility in'regurd to cata-
llyst acbivity are: ) .
; Zn Cu:Cr . Zn:Cu:Cr Zn:Cuzil
: Catalysb composition g 8:3.2:2 - 7:2:1
. ‘Reaction pressure 150 kg/cm | 200 . 150
i Reactloi temperature 275-400°C 260-355. 250-310
. Space velocity 15000-16000 15000-~16000 15000-16000
i S.T.Y. of CHz0: 0.4-0.5 : 0.,4-0.8 0.4-0,5
! Lire of‘ cata?yst 150 hrs : 400 v 260.
0 1 P L v
A .
I: H ? N
| N
! > - o )
;\ . ]; i ]
s ‘i "

SRR
o
\

{




Table I(B)7-a

ENCLOSURE (B)7

' CATALYST ACTIVITY IN SYNTHESI

S OF CH30H

RESTRICTED

Rl

t
.

7:5:3, Experiment No. 4 7:6:3,
. . ,

96

Copdition* . . Product . STY
~8V Total | % of CH40H CH40H >F CHE304]
| tew %) (&m) T
14650 13 |40 5 - 0.05
14860 27 139 11 ool
14035 4k 130 13 | 0.3,
15350 80 . 39 31 S 0.3 _' "
15800 105 739 | 0.l
16190 118 .39 46 0.46
16248 151 . 38 51 0.51 |
16340 181 36 65 © o 0.65 1 -
16355 178 30 53 | 0.53
14380 27 132 9 . 0.09
14745 45 48 22 0.22 | T
| 15160 89 |51 45 0445
1 15760 120 ° 49 59 ©0.59
i 15870 143 47 66 ' 0.66
| 16900 143 a0 "os7 057 |
16270 142 37 53 |  0.53 |
15890 129 133 Lz | 0.42
14800 58 38 " 20 | q,zo:
15400 8 | | 44 37 | 0.37
16700 162 46 75 0.75 _
16710 | - 200 s 102 1.02
17230 192 43 84 0.84 .
16210 192 42 81 0.81"
18860 201 38 76° 0.76
16920 | 177 3 55 0.55
?In all ca%.;és& pressure was 200 vKg/cmz, time was 2 hours, The nctat:a].ysi; was
égggg §§.Zg50u:0r in the following ratios:  Experiment No. 1 7:1:3, Experi-
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Table I(B)? b

B)7

CATALYST ACTIVITY IN SYNTHESIS OF CH40H

x-ss(N)-af

catélyst
Zn:Cu:Cr

ondition*

Product,

(00?

~5V iotal

(sm)

T oF SH-oE
%

) 3

OH

[ CH,OH |
“léu

of

3dn'

7 9:3

230

15470

100

47

&7

0,47

5000

250

16830 |

151

51

77

25;77

275

17003

203

51

04

1,04

300

18233

1248

51 .

126

1,26

16290

197

49

'96.5

0.97

1 350

16830

195

“hd

. 85.8

© 375

16214

- 1159

38

60

10460

400

16430 .

1176

32

5655

- 0456

|wor |

Zn:Cu:Cr

15810

§108.7 ,

'57.7

62.7

0.68 ,

, o 8332:2

250 -

17657

1229

61

1.40

'5090

275

18335

1236

55

130

1.3

200

" 18750

1260.5

51.5

13%

R

17501

1248

46

114

%D

*550

16805

5223

46

103

1,03

375

16895

1194

0.81

225 |

15240

64

49

o,3iv"

-250

15220

Te7

Sl

05385 ;

275

17030

1154,

46

0.7

=300

18700

1242

50 -

1.21

325

18330

1272

&7

1 28

. 350

17260

1246

s

l 01°

375

17380 | |

217

32

0.69.

400

0. 36

f* In all cases:

16390

‘97

1181

20

pressure waéfzob‘Kg/cm?, time was 2 hours.
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SN o . Table II(B)7-a |

§ M
H 58
. . I

'THE RESULTS OF THE DURATION TEST ~ L. "

g~épndf%10nfl

1] .
Product

" Total
_{am

% of, CH30H
Len

013303
{am)

S. T. Y.
- of. CHyCH

250~270

T 16660

103

39

0

" Cok0

15440

115

| kO

:O.kﬁ

i1

Tk
L:::%, o ;§?70,
Lo |lig70

154,30 |

04

139

40

0440

b | lzwo

15380

99

il 38

37

0.37 |

111 -
il

1280

QO

15540

119

[0

k8:

- Oek8

280

o Sohet e i
;_ 1

15490

109

39

10.39

li280 -

15610

106

E
| 38

0.0

e | 290

+ 15830

- 126

47

047

290

i

15570 -

120

49

0.9

|oago ] 300

15970

- 131

58

10,58

00

15680

124

38
Ll
Lo
38

47

: 0 .b? 0

300

16050

127

38

“zs0 | 300

15510

124

36

N X
 Oubl

15780

118

37

L0l

1o 224 | 300

&|EE|S

" *| pressure:| 150 kg/om?;

Time: 2 hrs.

iCatalyst:|Zn:CusAl::7:2:13

&

5000

258 | 1310 | 15640 w2 | 0 |36 o5
268 1310 | 15860 °| 123 39 48 0.48
: R B _ ‘ , v
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‘Table II(B)7-b

THE RESULTS OF THE JURATION TEST °

CX38(N)-3

e Condiﬁioﬁ*

Product -

1 Tehp.

S.V.

4 of ‘CH30H,

CH4y0H

'S. T. Y.

‘of CHyCH

i

1 2x0% . e | : gm) | -
10, it 275 | 15420 65 | 35 ©o22 "~ 0.22
U [l 275 | 15480 9L M40 38 0.38

- 300

‘ 16108

137

40 ¢

55

0.55

300

15860

125

48

60 N ®

0.60,

300"

15637

107 -

49

53

0.53

100 i}

300

15637

. 118

L5

54

0.54 .

26 ||

1300

15283

79

51

ey

Oou.

310

15320

90

49

b

Oukss

310

.16520

100

39

39

0.39

320 .

340 .

15230

82

L3

35

0.35

340"
360

15660 °

Tk c

37

27

0.27

360

400

15100

73

25

19

0.19

W ||
160
180

w0 |

| zoe |

- * Ppres

Tol

Pt

Time

Catialyst: 2n:Cu:iCr::8:3.2:2;

2 hrs.

)

iéure: 150 kg/cm?

50co: i

99

(%)
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o A Table IT{B)7-c|| =
A R : THE RESULTS OF THE DURATION TEST

il . Condition*

-8. Te Y,

(tx} - | Temp.] s.v. |’ Total of CH;0H "'

L (%) (gm)
230 | weso | 56 0.2
250 | w730 | 78 v 0.38
260 | 15350 105 E 53 0.53 |

N =1 270 ] 15740 15 .| - @§ 56 0.56
3 270 | 15770° | 118 - 50 59 0.59
O 270 |. 15810. | 1200 51 51 | 0.5 ' ?
275 ] 15790 | 120 | 5L 61 o.61 | o
280 | 16230 | 129 | 49 | 63 0.63 |
o l _ 280 | 16000 ss | 49 W ATy
2085 | 16460 | 145 R o N
o D285 | 15930 | 17 51 1 6o ~To.60 -

285 | 15620 109 46 50 0.50 | ° .o
285 | 15760 10 B 43 47 2 0.7 § §
290 | 26185 | 111 W o b
N A i ] 300 | 15340 98 I 46 L5 .05 |

I S PP+ 300 | 15380 |° 85 45 .38 ~ 0.38
L] 23 305 | 15375 | < 93 w6 L a3 L0443
| sl 310 | 15660 107 s 48 0.48
S o268 | 310-] 15570 | 59 46 | ous
e 278 515 | e | & A EEY
: 276, 320 | 15030 99 5 45 0.5

‘45 7 05
53 _ 0.53
0.38
36 v 0436
38 : 0.38
0.35
0.39
0.40

s | 298 325 | 15670 107
o318 | U330 | 15840 123
, _ 338 330 | 15250 | 140
5 36 - |° 330 | 15280 92
. 1 352t | 335 | ‘weso 90
Co | a6k | -'au0 | 1090 91
o | 370! 345 | ‘1u950 97
“ b 378 350 | 15625 102
5 396 | 355 | 15320 115 38 ik 0.ih
’ ‘ 400 | 355 | 12615 102 30 30 . 0.30
B B o * %é;essue: 200 kg/om?

! : Time: 2 hrs. . i
: L lcatelyst: zn:Cu:Cr::8:3.2:23 5000 :
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W
[+

0
W
W

p =4
W
Yol

ERCEN - - o
&=
(=)

. i « : i
i i 1 R
[ i : . ! .‘ \

Wb e

4
-~



' i b
RESTRICTE X-38(N)-3
 BNCLOSURE (B)7 :
i .
cuM ap. 2180
| :Ev,_(\[:il éilﬁMQ:LQUELE
| I 1 ReAcTion vesseL
% } i - H= 500mm.
i _ i | ID.= '25mm.
- T \ . = L TcmF. Mex. 590'6
- _ ! i P'ress. Max. 300 mz
T L + Calalyst volune S0cc. .
. B V1. Ve RS ) ) i
, , _PRESSUREGAUGE
: _Cooling Wate _,_§ J i - ) Ve ‘ - o
|-
' . . wasle Gas
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MEESE . Liud et

Figure 1 (R)i7
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FLOW SHEET OF THE PILOT PLAN:F FOR METHANOL SYNTHESIS
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I

SUMMARY,

; : . This study wes made to find & fiew catalyst for the metha-
; .~ nol synthesls from water gas. *The result of the experi-
"~ ments was as follows: :

The Zn-Cu-chromite catalyst, having the composition
Zn:Cu:Cr = 8:3,2:2, was found o be a good one, Its cat- : .
elytic activity was kept for 20 days under the following
conditions: :

i

3

Reaction temperatire «-+-«s+++250=350°0
Reaction pressure s«--+s«s+++150 kg/cm?
! ,S,V. lll..'n".no-.o..‘0006010’000"15’000 -
: S.T.Y. -oo‘-..oooo-oncu--g.;-no.cpo.s—l.().

I, INTRODUCTION

A.  History of Project

Previously, a Cu-uranium catalyst was used in the methanol synthesis

plant because of its strong actlvity at'low temperatures and low pres-
sures. However, its activity was imopaired by overheating and the poi-
sorous action of suilfur in the gas. The Zn-Cu~-chromite-catalyst, men-
ticned in Part I, was therefore studied. .

B.  Key Research Personnel : . .-
' Chem. Eng. Lt. Comdr. 4. YAMAOKA
Chem. Eng. Lt. S.: ENDO
Chen., Eng. T. INCUE

II. DETAILED DESCRIPTION ; ; ‘ o ; !

The gas:used for this experiment wasia mixture of 1 mol of CC and 2 rols
of Hp. - CO was prepared by burning charcoal and tke COp was removed with
caustic. The detaills of the experiment and the apparatus used are the

same as those described in Part I. | ;

The: experimental results: Using theépreﬁiously studied Zn-Cu.-chromite -
1 catalyst, similar results for the experiments made in Part I were ob-
L tajned.? The Zn-Cu-chromite catalyst, having the composition Zn:Cu:lr=
: © B:%.2:2, was found to be a good one. Its catalytic activity wes kept
fo1r:20 days under the following conditions:

i . i

I gt 107
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Reaction:temperature.._._.l,;.oi.' 250_35008

... Reachblon pPressure,,...c.eeeeeesss 150 kg/cm
S’v'.--oo-non.oo.--o-n..a.-.o- 10,000-15,000

S.T.Y. o.poo.-.a:ooo.oo--o.--oa;..'. 0.5*1.0.
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: SUMMARY o

This investigetion wes undertaken to produce higher alco-
Lhole, such as isopropyl and secondery butyl alcohols, from

_ e and C4Hg in cracked petroleum gases. It was recog-

e ,;n?zgd that 52% dil, H wes sctive in the direct hydra-

i ition reaction of CgzHg ?-HzO(VEP ) at 1109C. This work

o ;was conducted from September, 1958, to April, 1940b : o

I. mmmucnon

o

It is weli known that Berthelot assumed that gaseous olefines react with con-
centrated, sulphuric acid (corresponding to HgSC4(0-1)Hg0) and chenge into v
alkyl sulphuric acid at normsl temperatures: end pressures. He also confirmed

ithat the nlkyl esters of sulphuric acid were readily hydrolysed to correspond—
ing alcohole end sulphuric acid.

Though tho mechanism of these changes 1s obscure aud Berthelot only assumed
the formafiion of alkyl esters in explaining these phenomena, many investige-
tors (Kolhe, Senderens, Willieamson, Brooks, Humphrey, Ipatieff and many others,)
have generally accepted the formation of the intermediate 'product as probable.
Thus, the following reversible reactions. ere now generalJy accepted:

RGH" CHR' + HpS04 $RCH2> CHSO4H
2>cnso4n + HgO-:-R z> CHOH + Ha{j04.

In the gaueous olefine-steam reaction which ‘was investigated, mainly at 1100C
‘apd- normal: pressure by ‘e streaming method, the d@ilute sulphuric eeid {about
52% H2S04,'  corresponding to HgS04. SH20) seems to act differently thea des-
‘eribed above. Accordingly, experiments were carried out under varigous condi-
‘tione by f;he author, in order to study the’ new phenomena from both the thecme-
tical and practicel points of view,

;

II. DETAILED DESCRIPTION 3
”49.'§App aratus B . . ]
The uppe‘atus ‘ugsed is shown in Figure 1(B)8 and 2(38)8.

»B. Test Procedures

The gaseoue-olefine passes through a gas meter, is introduced into:a
stean evaporator, and mixed with steam at different retios. The ges en--
ters the bottom of & convertor which is filled with pumice pieces and is
heateéd to 1100C electrically. Varylng congentrations of HsSO4 flow down
‘over;the pumice surfaces and mix with the ascending gaseous olefine-steam
mixture An a eountercurrent. Thus, the gas is hydrated into the corres-
ponding alcohol by the direct catalytic action of dilute sulphuric acid.
The alcohols thus formed ere distilled out of the convertor to.be cooled
in a :condenser.

Othec experiments were also tried in the same steaming apparatus, employ-~
ing various solid catalysts (tablets 2mm x lmm ) instead of pumice piecea
Other experimental conditlomns and procedures were the seme &s the pre-
Viougly mentioned. This study on the! direct hydration of gaseous ole-
fines in the presence of =o0iid catalysts was sttempied ac a comperison to-
the dilute sulphuric acid cetalyst. These results of the solid catelyst
hydration of propylene are given in Table I(B)S. The experimentel re-

25 sults of the dilute sulphuric eacid hydration of propylene end butylene at

[

< i
! 1
B :

N
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Co. Summary of Experimental Results

tures of the reaction.

from propylene at 110°C were fouud to be as follows:

RESTRICTED

1109C are given in’ Table II(B)B and Teble III(B)8 respectlvely.

1.13 In the sbove experiments, as much es 15% of the charged olefine
_was changed directly to the corresponding alcohols. Conditions of
the: resction were varied by chenging the concentration of dil H2S04
catelyst, the ratio of steam to charged olefines, and the tempera-

2. i The most favorable conditions for the formetion of isopropanol

concO Of H2804 catalyst...l.’.l.'....'.l..oncszi
i Mol. ratio steam. to charged olefinesS..ccceccesed

Yield.oooooo-oaaoo.oooic“Dcclloo-on-.-oucnlols%

(5

S.A " The most favoreble conditions for the formation of secondary
butyl alcohol from n-butene at a steamrolefine ratio of 3:1 were

found to be as follows:

‘ V . GODCo Of H2804 c&tE\lySt...'.......e.....-....50%
: Yield.‘.....'......‘.I...‘I.C..Q.............le%

4.;J Some data were obtained as to the effect of tempersture upon
yield of product. It appeared that variations in temperatures ex-
erted no appreciable effect on the yleld of product. A temperature

i of 110°C was the most convenient expérimentally.

5.v‘ The concentration of alcohols 1m the aqueous product was no

5' greater than 4% by volume.
III. CONCLUSIONS

-By a streamlng method employed in the laboratory, gaseous. olefines
verted to corresponding alcohols continuously, under the influence
talytic hydretion action of dil. HoSO04. Yields of isopropanol end
butenol verying from 10-13% were obtained et 1109C in the presence
HzSO4, using 'a charged gas composed of 3 mols of steam to 1 mol of

D

can be con-
of the ca-
secondsary
of 50-52%
olefine. .

It is considered, however, that it would be difficult to apply these experi-
mental results on a commercial scale, since the concentration of alcohols thus

formed is too. small to recover economlcally by distillation.

E : : ;i ‘ iH2
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S ENCLOSURE (l{)8 K
Table' I(B)8
SCLID CATALYST HYDBAT] ON ‘OF PROPH.ENE -
s Experimental Conditicsfns Products*
Q.J . . ; . | Steam ' '
= : Cata]ysts | Gas Ratio | Conv. %
S Heaction | Space Calculated
: E (Kinds and Compos:.t::.ons) | Velocity Tg% -fran Gas
| (cfg * per hr - |(mol.)|Consumption | |
p i B ) “
aF "I : :
et Ba3(P01+)2+ H3P0h (Molar Ratlo) 1220 278 1 2.2 =
Ba3(P0j)2 + H3PO),. (Molar Ratio) 140 - 278 1 2.2 °
&+ | Ba3(POy)a:4 H POg,, (Molar Ratio) | 260 | . 27@ | 1 . 10.0
9: .1 Ba3(BQy % 2+ H é Molar- Ratio) 170 - SO R § 623,
- Ba3(POL )2+ 3P0 (Molar Ratio). 1180 278 - 1 5.5
Ba3(POy )z + HsPoz, (Molar Ratio) | . 190 278 | 1 L B )
‘ ‘\Ba.B(POA)2+ H3P04 (holar Ratio)-| 1200 278 1 2.7
-1 cao 4 PO (tiolar Ratio) { 160 ' | =~ 276 Ta 5.6
----- 0 1 cad L+ . mPoy (Molar Ratio) . 170 |1 =76 | 1| 27
ot PPPO (Molar Ratio) | 180 | 276 1 Y
i H3P0h (¥olar Ratio) | 1190 . © 276 . . he5
-+  HaPOy: (Holar Ratko) | 200 .. 276 L " 3.6
R ‘HBPO[, (MoLar Ratio) |+ 1270 : 1670 - 1 Seks
+~., POz, (46lar- Ratio) |+ 170 " |- 786 Sl he3
" +:. H3PO),. (Molar Ratlo) coodge o b 706 1 6.0
AlPOI;rAcxd c1ay 1=twb) S 180 f, 0302 |- 3 | bk .
| ALPOit- Acid Clay - (1-1 wb) e[S g 698 3 1 3.9
.| Mg~Borate ¥ Acid Clay 214 wt; I~ B 545
2, | Hg-Borate 4 Acid.Clay (1=1 wt 96 | 3. © 1540
Hg~Borate. +Acid Clay (=1 wt) k 806 : - 3 . 6.0
:.| Hg=Borate + Acid Clay (1=1 wt)" 1 524: 1 3 3.9
5 - A1203:+ Acid (Clay (-1 wb) okbh | -3 1
L 57 -] A1203 4~Aeid Clay: (1= wb) o916 b 3| 5.7
L 3 | Al03! +Acid Cla.J (1—1 wt) 17 5161 -3° 39 @
x . Acid; Clay 1 490 3 . heB
' Al-Bérate FAcid Clay (1=1 wb) 504 3. 4,0
Cu-Borate, +-4cid: Clay (i=1 wt) - 587 ) 3- 3.7
Cd-Borate +Acid Clay (1=1 wt) fo 250 = 3. 3.7
- H3POy+adsorbed. on Pumices - i« oo 1620 1 31 T12.5
- B=Borate + HaPOj E(1=l'mol) = - |- 180 |- -35.3| 3 549
H3POy 4 : Acid” Clay- (=xwb) L0180 | 1544 -3 309
63 o-BorateHI3PO HAcid. Clay%'l.l]wb)-,‘:: 1180 | 7 30,00 3 68
¥n-Borate + Aeid Clay : V- | . f o 28,0 3 T4
H3P0a (@dsorbed on; $ilica Gel 13477 107 | 20
Ag250 4 H3PO (11 /mol) - . .17.6 9 © 6.8
-50. | Ag2S0 +HaPO, (L=1 mol) - L1621 25 )
5L - 'Cd3(P L,_)z +:HaPOL (54 wt). o - o158 3 13.0
E £ (96=4 wt.) L L4 170-180 7 »13.'3 3 8.1
Zn3(P04)z+ o (5=3 wt) ; ; "170<180°| i 26.1 3= 2.7
2P0, (5:3 wb) - - ) 150 | 263)y 3 81
s‘oL so (11 wt) 1150 15.0 3 I )
3% Na—stearate-fhE%HgSOh.\l—l wt) 1150 - L. XReB] .03 1 13
3% cg 5SO3K-H+5%H2801z (1:1 wt)| 180 150 3 el
3%Na5S0,4558H250);  (1=1 wt) 1180 150 3 8.9

*All products conta.lned a trace of polymers

Il5
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, mable II(B)8 |
SILUTE SULPHURIC ACID HYDRATION OF PROPYLENE

J i
-1

SR o g : 1
Expe. Conditiona i]l. Raw Gas' c%oaitiona* Unconverted Gas Compositions* Distillates i
" ) 1 (%) g
-l _
. R
o 7 Specific| . g
co2t O2 co | H2 C3Hb con t o2 jcCO Hp |Grams |Gravity H]
‘,f) : RERN ; (15/4°C) ‘
0 3 0.2} 1.2 0.4 | 0.1 9.6 0.2 | 0.8]0.2 ] Q.0 54.0 1,0000 O.1
23 3 0.5| 1.3 ] 0,0 1.1 | 9.6 | 0.0 1.6 0.0} 1.6] 56.0 | 0.993 | 8.3
.30 3. 0.0| 1.2 | 0.4} 0.5 | 87k 0.0 |3.710.1] 1.0} lhk 0.9977 | 9.1
3R 3 Gels | 0.7 ] 0,01 1a1 9.8 0.2 | 0.6 | 0.2 0,1} 15.4 0.9%4% |- Tob
s 3% 3 0.1 0.7 0.0 L1} 93.7 0.9 | 0.9 0.5} Ol | 17,0 0.99n1 | 12.0
35 3 0.0 2.4 | 01| 181 90.3 0.5 | 1.7 0.0] 2.8} 22.0 0.,9935 9.8
38 3 0,0 1.0} 0.3} 2.0 90,8 0.0 {2.0(0.0 2,6 | 19.6 0:99% | 12.7
40 3 0.0 | 1.0 ] 0.4 | 040 85.9 0.0 2,5 10,2 | 3.3} 50.0 0.99% 93
42 3 0.1 0.7 ] 0.0 1.1} 83.9 0.2 |2.2|L3 ;0.1 46.0 | 0.9992 § 10.6
45 3 0.0 0.8 ] 0. | 1.3} 90.7 0.2 |1.5]0.2} 1.3 42.0 | 0.998 |12.5
73 3 0.0 | 0.0 ] 0.0} 0.0 | 96k | 0.2 1.0l0.21 0.1} 3.0 | 0.9984 15.0
0 3 0.0 ] 0.8 | Ouki | 1.7 82,1 0.2 {3.0}0.1 ] 0.9 12,54 0.9957 | 13.8
50 3 0.8 1 0. | 0ot | L1 188,01 0.2 2.4 ]0.8] 0.6 16,4 | 0.9969 12,2
h2 - ‘ 3 0.,0) .61 0,0] 2.2 81.2°| 0.2 | ket 0.6 ] 2,11 27.0 0.9568 | 4.1
43 J« 3 0,0 | 1o4 | 0.3 2.4 g2.8| 0.0 12.6/0.0] 3.2} — — 1 21.3
.. 4 S 3 0.0| 0.6 0.k | 0.4 | 788 | 0.0 1.2]0.2] 0.&8] 22,0 | 0.9962 20.5
55 3 00| o.gloz]o.7}ese] 00 fLsjol 13| 48 | ——— | 20.2
57 3 0.6 0.2] 0.4 | 2.2 | 88.0° 0.0 |1.610.2) 2.4 15,8 | 0.9959 16,0
- 58 3 0.0f 2.8 ) 0.0 0.4 | 75.4°1 0:0 L2loal 14| 500 | —— 13.0
159 3 0.0] 3.6 0.0 1.4 | 889 02 } 5.410.01 0.3 22,0 | 2.99%3 | 12.2
52 3. 0.0{ 1..2| 0.4 | 1.5 | 87.0 0.2 | 1.8 0.2 | 0.21] 16.0 0.9770 |} 11.9
‘0 1. o2l 2o oiloél 02]L2]02 0,0 | None | 0.9937 | 9.8
25 1 0.0] 3.6 0.0} 0.9 6561 00 7.810.0 |-0.2] Noae | 0.97% 8.8
25 o 8 0,0 1.5} 0.2 | 1.1 82.2 0.0 | 2.610.4 | 0.3| KNone. 0.9%84 | &
28 0.0} 0.4 0.3 1 0.7 91.7 C.h | 1.3 0.2 | 0,2] HNone 0.9969 - | 10.7
K o0] 15| 0.2 1 1.1 { 80,0 0,0 | 2.4 0.2 ] 2.8 ] Kone Kane 10.2
30 002 0.2 0.2 0.2 916-6 :’01 0.5 0.2 0.2 Nons None 9-3
L] o.0f 1.8 0.2] 0.8 | 83.0 0.8 | 1.8]0.0} 1.2] Nom® u,y9el | 7.8
1 k2 0.6] 0.2 0.4 | 2.2 | 93.0 0.0 | 0.8]0.0 | 2.2 Nope | 0.9998 | 1L.3
by 0.610.2] 0. | 2.2 991 03 1.1]0.6 | 2.2| Rone | 0.9964 1.4
‘y8 0.2 0.2 0.2 1.2 952 0.2 | 0.3{0.21 0.5| Home 0.9977 | 13.5
cfo1s2 0.1l 1.6 0.6 | 2k | 874 | .2 2.310,3] 15| Home | 0.9972 i
L. 58 1! 0.0} 0.0} 0.0} 0.0} 97.5 0,0 | 0.4} 0.2 | 0.0] Hone 0.9987 | 13.0
160 § 0.0l 0.8} 0] 0.0}8681 0. ola2u4l00] 15| Nome Hone | L&
K2 6! 0.0} 0.01 0.0} 0.0 9.9 | 0.0 | L.3{0.0{ 0.0 Nome | ©0.9977 | 8.9
L8 61 | 99.0 .0.0] 0.0 0.0 0.0 96,6 ‘0,0 | 0.4 0.2 0.2 | : None 0.9963 9els
- 50 6. | 94l 0.0] 0.4 | 0,31 0.7 83.4 0.0 2,801 0.9| YNons 0.9986 | L:.0
52 ¢ 1 92.5] o0} 2.6} 0.0 0., | 81.2 | 0.2 | 4e&s}O.d 1.4 | Home | 0.9968 | k1
51& : év 9’0.1 0.0 Ouls 003 0.7 92¢9 i,ooz 1.0 0.1: 007 Nons 0.9%1 1.0
L) 155 & 199.0| 0.0} 0.0 0.0 0.0 |'96.8 | 0.0 | 0.6} 0.2 0.0| Nome | 0.9964 | 111
i 58 6 | 96 0.6 0.2 ] 0ot }o2.2 | 2.2 | 0.0 0.9| 0.2 | 0.0 Wome } 0.9985 | 10.2
P s :
o Cplly homclogue were contained i
/ |
/ Hée
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Table ITI(B)8
COa

DILUTE SULPHURIC ACID HXDRATION OF BU

7967031087
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0771 606 D 0
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.Raw Gas Campoéitions*

Cplig
6
3
9
0
9
1
7
2
9
6
7
.8

Al

N
)

Steam
Ratio
H0
s
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

G
(

React,
T -
(oC)

#No CmHn or H2 present

i

\
%Expa Conditions

ration
(%) -
40
42
Li
46
48
50
52
5h
54
6
58
2
£2
2
£2
2
£2
2
2
A
52
52

di1-H2S0y,

Concent-
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i AN ENCLOSURE: '(Bfg
5 . PART I :
B PREPARATION QF ETHER =
= FROM ETHYL ALCOHOL

) | «

by |
ENGINEER O. MIYATA
| ¢

o : ' Research Period; 19441945

i
B4 :

SUMMARY

Ethyl alcohol fucl is mixed with ether for good starting
- Qualities; hence, large amounts;of ether are necessary as
- blending fuel.  « / z ‘ «

[

. The sulfuric acid process for production of ether is used,
;" but for mass production of ethe:, this is not satisfactary.
Using activabted acid clay, the solid catalytic process qf
preparing ether has been studied. ' ’

! As: the results of this study, the yield of ether to the al-
cohol consumed is shown to be 60,24 at 200°C and at 0.33

.- apace velocity. This yield coriesponds to 92.5% of the .

' theoretical. (cf, Table IT(B)9.) The life of the catalyst
appears to be longer than 155 hours. :

Date of the beginning Oct; 1944
- Date of the finish: Feb, 1945

" I , : )
I. ,INTRODUCTION _ i .

K. KOBAYASHT observed that ether is produéed from ethyl alcohol in the
presence: of acid clay at ahout 250°C, ‘but the yield is low due to the for-
mation of ethylene as & side reation, and:the life of this catalyst is very
short, "

This stuhy was projected to con:irm these{facts.

IT.  DETATIED DESCRIPTION .

il

The preperatlion of ether from ethyl‘alcoh6l'was carried out in the apparatus
showvn in Figure 1(B)9. ~ . . )

Ethyl alcohol, contained in the calibrated glass cylinder, wus run into the
reaction; tube at constant velocity by adjusting the stopcock. The silica
reaction: tube was 18mm i.d. end 1200mm long, and was placed in & tubular ‘
electric: heater thuat was 1000mm long, and heated to reaction temperature .
(180°-230°C). The middle of the reaction:tube was filled with the catalyst
of” active clay; and a Ni-Cr thermocouple, ‘enclosed in a sheath of 5mm i.d.
gilica tubing, was imbedded in the center:of the catalyst mass. Reaction
productsi leaving the reaction tube were conducted through twe condensers.
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t'he con&ensat'a was collected in the receivers and ges vasgs colleoted in a gas

lsot1 le « : o

'Enc compos:ltion of this condensate,-mainly ethenr, unreactad alcohol, anl wataer,
was determinei by distillation. The composition of gas (mainly etnylems) wes
detormined by Hempel's gas analysis appaeratus, !

- Semples:’ Concentrations of alcohol used j.n this study were 99. 3% and

i catalyst- Catalyst used in this study wes aetivated acid clay obt&lnod

‘from Toyo Active Clay Co.
E:x:perimeutal Result. The types of, dehydrextion of ethyl alcohol may be

‘ represenE"&T as i“oIIows-

R

2 CH.O0H (CZHg) 20 Hﬂo P ¢ §
CH0H . CgH, Hy0 ceoeeccces (2)

Generally, reaction (1) occurs at temperaturea below 300°C, and rnotion
(z) at tamperatures above 300°C.

At first a study was carried out to clarii'y the effect of reation ban-

perature end of spa.oe velocity. Results are shown in Table 1(B)9.

‘obteined at higher reaction temperastures. At the higher space velocity,: :
alcohol lower them 99,.3% are not effective in this reaction., Conssquent-.

It was found that lower yields of sether and higher gas formation Iare
the yleld of both ether and ethylens was decreased. Concentrations of

ly, it wes found that the most effective reation conditions are 2009C
end O. 33 ~space velaclty. “ . »ﬂ

The life: of this catelyst was tested by thie seme method using 94.5% al-
cohol et 200°C and a space velocity of 0.33. Condensate vas remcved
from the geparator every two or. three hours and tested by distillation.

Table II(B)9 tabulates typical data only and the mean value in this
t(:able is" tl)m mean of the total data obtained throughout the experiment
155 hours

‘These re,sults show that during the first oart of the.reaction the
catalyst activity is low, but the activity coon inoreases and remains
constant ‘during 155 hours of the experiment. Therefore, it appears
that; tliis eatalyst is satisfactory for th«a preparation of ether from
-alcohol,

Ie—
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o i Table I(B)9 )
] PREPARATION OF ETHER BY THE DEHYDRATION OF ALCQHOL IN TER
PR PRESENCE OF A(TIVE CLAY

Expt. 1o, [ 2 3| 4 | s

Aloohol: Cone. (% by vol.) 199.3 | 993 | 99.3 | 99.3 | 94.5
Reaction Temp. (°C) 180 200 230 230 200
Space Tolooity* ‘, 0 0.33) 0.33] 0.33] 0.5 | 0.33
Condensate Yield (% by vol.) g 95.2 | 92.8 | 82.8 | es.0 | 92.8
Condensate Camp. (% by vol.) f i
Ether fraction, (%) ' [137.0 | 57.0 | 59.0 | 46.8 | 57.3
Aigohol fraction, (%) : - | 61,5 |. 38.5 30.5 50.8 | 3%.1
Yol. ethylene gasified f | |
(11t/100ce of charge) 1.69| 2.07| 6.14| 3.8, o.m1
Yield of ether (Wl. % of charged ' :
alcohol) 35.3 | 53.2 | 52.1 | 42.1 | 56.2
or (Wl. % of reacted aloohol). | 88.6 | 90.5 | 70.8 | 32,2 .| 92.0
Material Balance ' 7 )

Yol. of aleohol converted to

1

sther, (%) - v39.6 | 59.6 | 53.5 | 46.6 | 63.2.

0

Vol. of alcohol converted to

. ethylene, (%) bk 5.4 16.1 10.1 | 2.2

Vol. of alcohol unreacted, (%) 54.8 | 33.5 | 23.6-| 42.5 | 31.2

4| Loss of alcohol (%) 1.2 | 1.5 6.8 0.8 3.4
‘ Total - 1 100.0 | 100.0 |100.0 |100.0 |1.00.0

FfNotesziiThe material balance of this reaction was calculated by rollouins eX-
planation,

“ﬁ(l)‘ gontent of ethyl alecchol in the above fraction was analyzed to be
i2) Amount of’ ethylene gas 1is caloulated on the basis of 0, 38 of CoH,
: from lee of ethyl aloohol.

{3) ZEther is formed at rate of 89 per 100 " of alcohol.

*Faged Vol. /Cat. wl. /hr.»
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ks - Table II(B)9
: ) IIFE TEST OF CATALYST -

| Composition of condensatae:

' Yield of ether to theoretical(%) '

Test Time, (ﬁrS)

:

39

155

mean

Yield of cordensate, (%)

¢

8313

93.3

99.0

96-99

Ether #yéction;(%)‘

5310

69.0

58.°

58.5

_Alcohol. fraction, (%)

28.9

4‘20.2

27.7

28.1

Yield of “ether to used alc., (%)

4615

68.0

9107

60.2

3

94.0

92-5

-
-
o
-
3
o
e
=

0 e T e —
e .:.:.4\'..‘0.“4 Y XYY
) DOAA AN ATI A Vo

69,0

- |:/Reaction tiibe
" Lcatalyst

-

lce water—2

Receiver

‘0

il
Figure 1 (fi

124,
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© 95,5

EXPERIMENTAL APPARATUS OF THE 'PREPARATION OF ETHER
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I - PART IT : : S
‘PREPARATLION OF ACETONE
FROM ETHYL 'ALCOHOL

oo
by :
ENGINEER O. MIYATA

Research Periodi 1944-1945

_ ' The object of our research is to0 produce acelone from
.’ ethyl alcohol catalytically, sirice acetone mixed with ethyl
alcohol gives better results in;combustion engines than ~° -
. - ethyl alcohol alone. § _ S Ll

- This study was begun in April, 945, and not finished. A®

¢ present, it hes been found that.the yield of =cetons from
! -ethyl alcohol is 56%, using & mixed catalyst of 2Zn-Fe oxides
" at 430°C. e .

I. INTRODUCTION | )

Deman&udf ethyl alcohol és an aviation fuél has increased with the scarcity
of gasoline in Japan. Since acetone improves the quality of alcohol by
blending, the demand of acetone has increased.

Acetone is at present prepared by the ferﬁentation method and by the conden-

There wés a demand for other preparation methods such as the eth&l.alcohol

. “conversion to &acetone by catalytic reatioa, This study was concerned with

the most effective catalyst and most suitéble reaction temperature for this
reactiocn. Since the presence of water is|necessary as indicated in the
following equation, " i 2

2 CoH5OH + Hp0 = CH3C0CH3 + CO0p + LHp
The efféot of water must be clarified. | :

II. DETAIIED DESCRIPTION

iExperimé'ntal apparatus of the prepar&tioﬁ?of acetone ig shown in Tig. 1(®)9.

This apparatus &nd experimental method is the same as was.used in preparing
ether from alcohol. : 5 i A

Swﬁples: Samples used for this stud& were prepared by mizing watser ané
o ~ ethyl alcohol in the follcwing proportions: 5:5, $:2, and
8L4:16 {by volume ratio). :

i i ’ : SR
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' Catalyst: Catalysts used in this study We#e Zn0 and Fej05 and their
; - mixtures, prepared by precipitation from correSponding ‘
¢ metallic nitrate solutions with.sodium carbonate and sub:- :
sequent ignition to the oxides.! The weight ratios of Zn0) to
Fe,05 used were: 1:9, 3:7, end5:5. . .

;‘Results:JjThe»expéfimsntal results are sh&wn in Tables IITX(B)9, IT(B)9,

TIT, CONCLUSIONS

v;ncﬁeasing concentration of charged alcohol reéulted in increasing fo:ﬁation'
5f gaseous products such as CO0,, H, aldehydes; etc. Consequently, it
appears that the most suitable concCentration off alcohol for use in this
reaction is under 16 per cent.. " i
] i ' } 3 X

catalytic action of & mixture of Zn-Fe oxide is superior to that of either

by itself, -The desirable mixing ratios of Zn0 to Fe203 appears to be from

357;to‘515; i ; ;

The: lower the: reaction temperature, the less the decomposition or alcohol,
and the more the quantity'of unreacted alcoholi The yield of acetone de-
creases with the decreasing reaction temperatu?e. '

on the contrery, at higher temperatures, the greater is the decomposition
“and: loss of ‘alcohol, Consequently, it appearsi that the suitable reaction -
‘temperature in the presence of this mixed catalyst is about 430°C.

No study was made of the effect of varying spase velocity on the yield of
acetone, since the investigation was not complated. Tt was also intended to
investigete further the use of other catalystsi in this reaction, )

S 126
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i Table TII{B)9

i PREPARATION OF ACETONE IN PRESENCE OF° ZnO
‘ ﬁ; A ) s | Experiment Wo. -

: | ; 1 2 | 3 | &
Aﬁéohol Concentration (%4 by vol.) _f | 50 20 16 16 o
Reaction Temperature (°c) W @ 450 450 550" 430"
Space Velocity* ) | 0.5 |.0.5 0.5 0.5 |
candensate Yield (% by vol ) ? “ 67 72 8l g8
“condensate  Acetone Content o 8.4 8.8 8.3 6.6
Compcsiticn j

% by'vol.) Alcohol Content /| 38.0 5.8 «] 1.6 2.6

’ Y'eld of Acetone to used.Alcohol ; S
i (% by vol.) ; 11.2 | 31.7 |47.5 | 36.5
" Uﬁreacted Alcohol; (4 by vol.) :§ 50,8 | 19.2 8.6 | 23.7.
Loss of Alcohol; (% by wl.)’ | 31.4' [ 30.6 | 22.2 | 18.3
ﬂ: Y s * Feed vol/é?t.vcl/hr : : ‘.,
Table IV(B)9 ,
ACEI'ONE PREPARATION IN PRESEN"E OF F8203 !
L R 7 .o : _ Experiment Yo, =~
R | B 1 |2 | 3] &
Ai&ohol Concentration (% by vol.) : 50 20 16 16

’ R&action Temperature1x°c) S

4507 450 | 450 | 430

Sppace Velocity . 0.5 0.5 0.5 0.5

Condensate Yield (% by vol.) . | 6.5 | 75.0 | 82.5 | 86.0

= ‘_Q&ndensdte Acetone Content ﬁ 75 8.7 8,1 | 6.5

| Composition”
0% by vol.)  Alcéhol Content

H

52,1 | 5.7 | 2.1 | 4.6

Yleld of Acetone to used Alcohol

(% by vol.) . ; 9.7 | 32.4 | 41.7 | 35.0
» ﬁﬁfeacted;Alcohol; (% by vol.) E 5,.,0 | 21,3 | 10.8 | 24.7 -
: ﬁ Loss of Aleohol; (% by vol.) ”}ﬁ: 30.3 | 27.1 22.9 | 19.6 |
: 127 SR .
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!

- wSUMMARY

. ; iiSome experiments were made to study the synthesis of - Co =
' ;#1-butanol from water gas with an r-alkall catalysts. The

com9081tiou of the best catalyst was Zn : Cr=7 : 3

: (atomic ratlo)

1. INTRDDUCTION |

AL History of Project ’ é ‘ ' >

In Japan, commercial iséoctane was prepared from n-butanol, bub its
octdne number was comparatively low., :To increase the oct&ne value, a
purer isooctane was required and, in this connection, the present study i
wds jundertaken to find a good catelyst for synthesis of i-butanol from ‘

- water gas, The results of these experiments are incomplete because the
nroject was discontinued.

“ i

: B. Key Research Personnel Working on Project - aJ
| e {
1 ! Chem. Eng. 1t. Comdr A, YAMAOKA oy A ,
t A Chem.' Eng, Lieut. { S, ENDO '

b i’ Chem. Engineer . T, INOUE

‘11, DETAILED DESCRIPTION

A. Apparatus and Test Procedure ﬁ

; O )

i " The | apparatus and operating procedure: ‘used’ in thig study were the seme
: - as described ‘in a previous report on the methiénol synthesis. Zn-chromite
catdlysts were used which were prepered in the same menner as those de-
scribed in the methanol synthesis, exnept for the fact that no copper
was ! 1ncluded.

The powder cataTysts were each- mlxed with 304 by weight of K2C03 and air
dried. The feed gas con31sted of & mixture of one volume of CO and two
= volumes of H2. . ; ‘ ‘ o

The ! liquid -reaction product contained i-butanol, methanol, other alcohola
and ;water. Determination of the content of i- butanol and methanol was
made by the distillation of the produﬂt
B. 2?Experimental Results ”{ ’

fll. The relation between the composition of the . catalyst ané the

. yield of i-butanol is shown in Table I(B)10.

2, Results of an activity 11fe test of the catalyst
(Zn ¢ Or = 7 : 3), using & gas of co : H2 = 1 : 1, are shown lin
’;Table II(B)lO .

11, CONCLUSIONS o 5

A When water gas of the eomposition co : Hy, = 1 : 1 wgs passed over
Zn-chromite catalyst heated to L,50-475°C, undér 250kg/cm~ pressure, eand
sPave velocity - 5000, the space tlme yield of .1iquid product wes 0 25~0.35
The contents of i-butanol and methanol were each about 25%.

B, ! The most effective _catalyst studied had 'an atomic ratic Zn : Cr of
7 w3. This catalyst maintained its activity for 200 hours.,

{

13t
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] Table I(B)10,
! ; SYNTHESIS OF ISO-BUTANOL FROH #ATER GiS
5 Catulyst 'S.T.Y. of Liquid Product Lcntent of i-Butenol
(Zn Cr) (gm/ce/hr] LwtF)
10:0 0.10 . : =y 10 :
7i3 0.20 i 15 o
55 . 0.14 . 12 :
37 1 0,10 ‘ 8
ol |- 0,09 §‘ | 7
! Reactlon Pressure.... .Hc ..... e eleeenaa.200K2/ Ccm?
" Reaction temperature.........iveccs.. .4>O-L75°b
, 8.V, ....a...-....-..a‘..;..,..."..-.‘a,....,..,000
Table II(B) O
LIFE OF CATALYST IN SYNTHESIS OF I—BUTJ-.NO_J FROM V/ATER GaS8
S.T.Y. of . ucmtent of ! Contert of
Duration | Liquid-Product i-Butanol Ch30n ¢
o (hr) (gm/ce/hr) , lwtde) {wei)
20 0.25 27 30
] 80 0.25 23 5
. 120 0.30 L2 30
' 160 0.35 i 25 25
: 200 0.25 25 25
‘" Reaction pressure.....u......1.»......250kg/cm
i . Reaction Lemperatul@.cecseecseivosesessb50-47500
; A Sov‘ IOI.'GIa,.‘nlo-o';olu-l..vtu‘;oocuoﬂ'lQas. BOL)O
i |
i i i
| i i
.i' ~‘
[ 132
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" PART I

, by | - ) S

T Y CHEMICAL ENGINEERING LIEUT.
: ! K. TSUNODA .

" Research Period: tl9hh~l9h5

Ef Objective of Project The‘obJecﬂ of this test was to find ,

i, the fundamental engine -performance of ethyl alcohol as avia- . ¢ .
"tion gasoline by the single cylinder testing machina, pro-

ceeding to the full scale enging test.

;s;Signiricant Results Ethyl elcohol has very high anti-knoek
' . ;. properties as compared with usuzl aviation gasoline., In
! ‘" apite of its octane number being only about 92, its maximum i
i -allowable boost 1is over (<4} 600mm Hg in single- cylinder‘
: ' Kinsel 4 type aircooled test eneine. :

/It is apt to cause autoignition even at lower boost which
. easily changes to preignition. 'We get. the diagram (drawa
', from memory) of the limit of the autoignitlon as shown in
i Figure I(B)ll. o .

5“According to Figure I(B)1l:- ; -

1. Autoignition does not occur at any air-fuel ratioO 0
below (+)0 boost. ! } . Tl

2. Autoignition begins tu ocour between (+}0 and (+4
100 boost, and the HP 1is somevhat higher in the area
of autiognition. 4 , ¢

‘3. The area limited by autiogn1t101 on the lean side
and the rapid decrease in the HP on the rioh side *
becomes much narrower above (+) 400mm boost. :

L." There is no safe combustible area at b#)éOOmm
boost. = i ]

+.'Autolgnition begins at definite temperature which is just
© 2009C in this test., This tempecature is supposed to have
;. some relation to slow oxidationof alcohol. v "

I, INTRODUCTION : j B .
A,@ﬁ History of ProJect { g 7

Since April, 1944, we began to use eLhyl alcohol as an aviation fuel,
‘At first we blended it into gasolineronly about 19% by volume and tested
the; éngine performance carefully. However, with the increasing.
shertage of aviation gasdline, its blending ratio was increased rapidly
to 30, 50 and 75% for experimental purpose, and finally, in October, we
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:ébegan to test pure ethyl alcohol as the fuel for the training-alrplane

{50% blend of ethyl alcohol was the hlghest ratio actually used in
trailningiplane.,). Above experiments by full scale engines were done

: majinly &t the First Naval Technical Depotiat YOKOSUKA. The folloming

experiments were done particularly on the; single cylinder engine perfor-
mance. of pure ethyl alcohol from October, :1944 “to Mareh, 1945

B. Key Rasearch Personnel Worxing on Proiﬁct

i? Eng. Comdr. K., NAKATA '
C Eng. Lieut, Comdr. T. NAKAYAMA

DETAILED  DEBCRIPTION _ ¢

"A.’ Descr1ption~of test apparatus

Single oylinder taesting machine

3: "Kinsei" 4 type air cooled cylinder

i Cylinder diametsr 140mm;
o stroke - 1 50mm: .
" .~ Compression ratio - 66(variable compression)

_ Maker: Ishikawajima Aircraft) Company Ltd.
- Engine Counterbalanced and maximum Engine Speed
J;; 3000 R.P. M 0

B. Ter st Procedures

i -
0

: Physical and chemical properties of used ethvl alcohol We
" usiad.'ethyl -alcohol whose various properties were established as
"llalcohol" in the Naval Fuel Speciflcatlons.

Geppral. The alcohol may be added;as sp301fied to gasoliné.

HI 1, Purity: 99 wt % min.

-1, . 2. Specific gravity (15°/L°C) 0.797 max,

E 3. - Distillation:

S . distillate at 78-80 €. 95% ' min,
o 4. Reaction neutral
e 5. Solubility in water

This alcohol "shall be mixed at any ﬁ

'emperature and be a cleaxr solu=
tlon. : ‘ ‘

C.rg Methods of Tests

We made three tests of engine performancas in order to find the anti-
knock: propertles of pure ethyl alcohol: }

lﬁ The first test series was the boost -up: method; namely, we
~. elevated the intake air pressure from (=) 1o0mm Hg for each 100mm
. . +boost, and found when -the fuel began to detonate, as judged by
exhaust flame color., We called thisg point "the maximum boos:s of
the fuel.” 7 )

2'~ The second. test consisted of changing the air-fuel ratio; Et
every boost we changed the air-fueliratio from the rich side. to the
lean side by regulating the fuel supply, and measured the change of
the: HP accompanied with the air-fuel ratio.
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ENCLOSURE (Bs11
3, The engine's ignition was switched off at every air.fuel ratio
and it was determined whether thkie engine continued to runj that is,

| whether ethyl. alcohol already began autoignition or not. We called

‘this point the limit ¢f autoigniition; that is, the boost at which

. autoignition began. ‘Ast a rul's, when the rear spark plug tempera-

" ture exceeded 200°C, autoignitian occurred., '

D.éi Results
By “above mentioned method the enginefperformanceédiagram_(Figure 1(B)11)

of ‘pure ethyl alcohcl was obtained which had the brake horsepower as .
ordinate and the air-fuel ratio as ahbscissa.

| III. CONCLUSIONS : - }

&.i  on. the Anti-knoek Properties

By these single cylinder engine tests, ethyl alcohol proved itself to
i be very high anti-~knock fuel. For eiample, normal aviation gascline
which had 91 octane number began to detonate at about (+) 200mm boost,
regardless of air-fusl ratio, but pure ethyl alcohol did not detonate
even at (+)600mm boost if mixture wais rich enough. From this point of
view, the anti-knock property of pure ethyl aleohol seems to be no
préblem, but it has other various weak points as an aviation fuel, such
as. volatility. Even if an excess of| ethyl alcohol is supplied into
the- intake for the purpose of increajing its vapor pressure, the amount
" of:vapor evolved does not increase, ?ince ethyl alcohol has a fixed
boiling point. In the case of the full scale engine, therefcre, the
distribution of fuel to every cylindsr becomes very bad, which causes
the. detonation. We cannot conclude that ethyl alcohol has very high
_ antii-knock property from the single ¢ylinder engine test alone. It
i 0 actually has high anti-knock property by single cylinder engine test,
; but: often it proves to be low anti-knock value by full scale engine
tests.. : B - ’ e

B. .. Autoiggition of Ethyl Alcohol }

Ancdther weak point of ethyl alcoholgas an aviation fuel 1is its autoigni-
tion property. Ethyl alcohol has the property of beginning autoignition
undler high pressure and temperaturs.; Autoignition induces preizmition, '
- whiich is not desirable. If the area! limited by the beginning point of
S auf;ocignition of the lean side, and the point of rapid fall of the HF on
theé: rich side, is called "the safe combustible area,” it becomes very
na:row at (+) 300mm boost as shown in the:diagram.
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Research Period: 194h-1945

¢ SUMMARY
¥ To examine the practical value of alcohol as san aviation
.fuel, esPecially to improve its volatility, the author
. examined the effect of blending ethyl ether, ecetons, andc
' .'gasoline with ethyl alcohol. :

" he effect of the latter two was satisfactory, but' the former
ﬁvwas not satisfactory because of 1ts knocking tendency.

,INTHODUCTION v'
A. ‘. The Cnaracteristlcs of= Alcohol :E ‘ ¢

;-l. Heat of combustion of alcohol is less than that of gasoline,
;vthus fuel nonsumption of alcohol is increased.

L2, Iatent heat of vaporlzation of alcohol is very large; thus
its volatility is very poor, and the difficulties of starting, sc-

. eceleration and cylinder distrlburion of the fuel arise, tut its

-'anti-knock property 1s 1mproved by the cooling effect cf alcohol.

?'3., Corrosive Action on Aluminum 'Alloys and Steel. Becduse of

. these properties, the setting of, carburetor ruel rlow must be

. changed, and the addition of arsenle soda (sodium arsenite)

o {5mg 100cc of alcohol) is necessary to prevent corrosion. In tkis -
i way, for the training planes of '1000 to 1500 hp class, alcohol can

2 -be used for limited. performence, but for first class planes alcohel
.. cannot be used as fuel because 1t limits the performancp of engines,

B. ?}Key Research Personnel Working on Project : o "

CHEM. ENG. IT. COMIR. T, NAKAYAMA {

vDELlIEED DESCRIPTTON

I

A. ; Description of the Test Apparath » ﬁ

The aircraft engine *"Kinsei" 5 type aas used for testing these fuelsb
Its characteristics were: '

u ‘ﬁ 14 cylinders and double-row radlal air-coaited,
. Compression ratio, 7.0 4
i+ Carburetor type,
:"Cyllnder bore lhOmm, stroke l50mm,
Maximum output power 1300 hp at 2550 r.p.m. and
+350mm Hg {(aviation gasol:ne with octane rating 91 was used).

. X-38(N)3) 2
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Ethyi ether has high volatility, but it ceuses ¢
allowable concentration is very small, and conse
”adjin sufficient quantity to affect the volatili

Acet

g 1
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Water bréﬁé tybe dynamometer was used.

B. Test Procedure
3

C. _ Ee“imental Results
The mixtures of alcohol and blending fuels:

CONCLUSIONS

uel.

formance results as shown in Table I(B)ll.;

i
|
-
1
1

.etonation.

\

Therefore, iss
quently, it cannot be blend-
ty of the mixture,

RESTRICTED

The mixtures of aloohol with echyl ether, scetone or gasoline were

' 'tested by "Kinsei" 5 type engine.,” The test was made at every boost: (+)0,
/(+)100, (°k)200mm Hg, etc., @nd the minimum fuel consumption of each.
mixture, semperatures of cylinders, and exhaust gas were recorded,
‘the volatllity performance characterlstics of each mixture were observed.

Gasoiine had’ a,higher heat of combustion than the other. blending agents,

that! the .fuel iconsumption of “the gasoline aléohoX blend was lowest,

the

1L

140 -

7

Howaver
Bffect ofithe gasoline on enti-knock proPerties and volatility was not a§
greab as that of acetone.

Thus,

yne has good volatility ana anti-knock proporties and its blended fuel
showed the best; performance,. The more acetone ¢

hadvthe‘properties and per:%

1dded, the better the result-
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) SUMMARY
e In order to eliminate the shortcomings of alcohol for avia-

A tion fuel; namely, the corrosive action on metals, the low

antiknocking property, and the'low volatility of alcohol, - e
the experiments deseribed herein were carried out. - Since " ¢
+he research was stopped with uge war's end, scarcsly any :
&6f the results obtained were applied in practical service.

I. INTRODUCTION

;In‘l9hh, ﬁhe third year of the war, in viewgof the séarcity of aviation fuel,
it was decided to utilize alcohol for aviation fuel, since it could bs pro-
duced in Japan. ' R i 7

- ‘Many difficulties were found in the utilization of alcobol for aviation fuel .

(even for training planes) due to the difference (compared with gasoline) in

fuel-air »atio for the complete combustion, the low volatility due to its 1

high latent heat of vaporization, the corrosive action on metals, the dis~ '

solving actlon on paints, etc. A4S a result, of the low volatility, the dis- B,

tribution of the fuel to each cylinder of g full scale aviation engine was

not uniform. Consequently, detonastion or-pre-ignition was likely to occur

in the cylinder supplied with too weak a mixbure, and irregular firing in '

the cylinder supplied with too rich a mixztire, even when the operation was

made at-.a:proper overall mixture ratio. Alithough experiments were made by

‘the suthor to eliminate these defects of alicohol, only one finding was given

, ‘practical application. So the use of alcohol was developed for each parti-

' cular engine mainly by the experiments made at the First Naval Technical

Depot and Yokosuka Alr Corps. All°of the cetalled data of the experiments

made by the author were lost. Therefore, this report was written from

memory. ' I g

@II. DETAILED DESCRIPTION

i: o : X ;

S A. On the Anticorrosive Additives of '‘Alcohol g
; Y - o ’

The,déeessories of the engine made of iight alloy castings, especlally

the inner surface of the carburettor body which was made of aluminium
glloyed with a small amount of copper, were corroded by the use of o
alconpl. Moreover, the parts made of brass and steel were glsc stained,
: altholugh this corrosion was not as severe;as that of the aluminium alloy.
- There'were two types oI corrosion of the sluminium allcys, one.of which

i was the foriiation of a gelatinous deposit on the metals, and the other,
the formation of pinholes. Steel and brass were 'stsined but not cor-
roded? Although the reasons for this ¢orrosion were not fully understood
when \these experiments were made, anticorrosive additives for alcohol -
viers sought. i . '

¢
v

i

The eéxperiments made were as follows: !Test pleces were cut from engine
accesgories and were polished by sand paper untll they exhiblited a glassy
luster, . . | ; i

They%were then”éubmerged in glass bottles contaeining the samples of alco-

hol end held thermostatically at a temperature of 60°C. "~ After 50 hr bad -

. elapsied, the test pieces were taken out, and washed by reagents to elimi-

= + nateithe depospt;'then dried and weighed. The washing reagents were tk - :
. cold nitric acid for aluminium elloy, 5@ cold sulphuric acld fcr brass, "o
and’LQ% solutipn of ammonium ferriec citrate for steel. - slthough many
kinds of additives were tested by measuring the decrease Iin waight per

i !
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,'cm? of the test plecas under the above conuitions, aliphatic“amines such’
- ds ethyl amine; diethyl amine, dibutyl amine, cyclohexyl amine, ete.,

showed goodiresults on all of the metals tested, especially dibutyl
amine, which was the best, 1n regard to the quantity tn be added to alco-
hol, the addition of 0.3% by wt. decreased the corrosion: considerably end
0 5%“eddit oD gave perfect results.

’In connect*on with this work, 1t is of interest that Yokosuka First ‘fech-
nical Depot developed sodium ereenite for this purpose, and this com-
tound was selected for practical use in view of czvailability, although
dibutyl aane ‘was superior. :

E.  on the Prevention of Detonation | S

'Anhydrous alcohol showed a performance nearly the same as the 87 octane

aviation gasoline whem used by carburettor engines having less thaan 1,000

. horse powervout-put. The octane number of pure ethyl alcohol cannot: be

measured by the ordinary G.F.,R. motor method due to the fact that the.
air-fuel‘rabio showing the maximum knocking rate is out of the range of
mixture regulation by the carburettor. The octane number, as actually
determinediusing a carburettor nozzle having a large diameter to obtain
the air-fuel ratio for meximum knock, was 91-92. ‘The difference in the
entiknockiug properties indicated by the C.E.R. engine and the practical
engine was mainly due to the non-uniform di-tribution of fuel to each .
mylinder cuused by its low volatility. The cylinders which were supplied
e weak mixcure were more likely to give what was later found to be auto-

:ignition wlth a high boost pressure than whan an aviation gasoline was

ueed thatiis to say, the possible 1limit of isafe operation for alcohol,
zelative to the mixture ratio and the boost: pressure, was narrower than
.hat of gasoline.

ﬁlthough one method to extend this allowance is to increase the anti-
knocking . properqiee of the fuel, tetraethyl :lead lowers rather than
raises the antiknocking property of alcohol. Therefore, more than one ‘
hundred kiads of\edditives to increase the coctane rating of alcohol ware
tiested. Among theee, iron-pentacarbonyl and diethyl selenide were effece

tive. Althoughwbhe octane rating of alcohol with 0.3% of iron-pentacar-

honyl added was approximatély 100, this fuel could not be used practiea.
cally on accounﬁ'of misfiring with continued operation of the engtne.
Thie was due to mhe deposition of iron oxidm {formed by combustion)
on the insulator; of the spark plugs. The use of additives to expel the
sombustion residue of the antidetonant, such as the use of ethylene
bromide in. ethyl fluid, was not at all succoesful. . o
Dimethyl selenide ‘had an antiknock effect: for alcohol one-~half as great
as iron carbonylx and gave no cylinder or spark plug deposits. While this
vompound showed]promise as a satlsfactory antidetonant for alcchol, the
experimente were\not pursued in view of the shortage of selenium.

b. On Increasﬂng the Volatility of AlcohoL

FThe greatest short -coming of alcohol as an aviation fuel 1s its low vola-
:‘ilitv. in- spite of the fact that alcohol jias a boiling point lower than

‘that of the meanivalue of gasoline, its volatility 1s extremelLy low,
pwing to -its high latent heat of vaporization. In general, the fuel is
evaporated partly in the carburetor and the remainder is introduced in
iin.the liquid sgate. The fuel which does not evaporate is apt to flow -
'along the wallslof the suction pipes and ths super charger casing, end
ithen flowidown 0 the. lower part of the engine. Hence, there are dif-

Ri
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‘eould not stop and restart in the air durling the cold seascn using
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ferenoes 1o the alr-fuel mixture ratio on the upper part anu ths lilower
part of a radisl type engine. This pbenomenon is more pronounced with

alcohol than gasoline)due to alcohol's low volatility. In order to “

'increase the volatili%y of alcohol, biendling fuels suitaple for this
purpose wers tested. The experiments carried out were a8 follows: -

Measured volumes of the fuel and air at a constant temperature Nere
introduced into a spiral glaes tube which was insuleted from the heat of
the atmosphere by a Dewar's flask.: The evaporated fuel escaped with air,
and tae part of the fuel which was not: evaporated flowed down into a
measuring graduate. The tests were macde by varying the air-fuel ratio,

- and the relaticnship between the amount of the fuel evaporated and the

air-fuel ratio“was obtained. The volatilities of fuels having different
latent heats of vaporization wers compared by the curves which uombined

’latenb heat and volatility (boiling pomt) effects.

The effects of the blended fuels are sxunmarized as follows:

1. Alcohol blended with 20% by. volume of ethyl ether showed nearly
the seme volatility as ordinary aviation gasoline.

2. Alcohol blended with 30% of acetone or isoprop{l ether was also
about the seme as the miyture described above in !

: V
§3.1 Methkanol had sca‘gely any efJect on the volatility of alcohol.

L. Water included in alcohol se*iously suppressed the evaporation
of alcohol. “ i

,5, The mixture-of 75% o1 aviatiOn gasoline and 25% of alcohol

showed the meximum point: @il the volatility-mixing ratioc curve. This
maximum point seemed to be Qaused by the formation of an gzeotropic 4
‘mixture.. The maximum polnt[eould ibe moved from 10% to 30% of alco-
hol depending on the preperties or the gasoline.

Although the primary training planes hav1ng a 300 horse power eagine

alecohol alone, the difficulty was eliminated by the use of 3% ethyl
ether 'blended with alcohol, the application of asbestos insulation
betwesn the cooling fins, and by heatirg the intake gases by means
of the exhaust. This scheme was used at temperatures of +200C and

' below. . ; .

I
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SUMMARY

"

:;The‘more excessive the sir-ratio,* the more remarkably

intense is the observed spectrum o: the lead-~uxide band

in the fleme spectrum cf the-leaded alcoheol.

On the other

hend, when leaded commercial lso-octane is used for com-
bustion, not only the intensity iis generally weaker than
that of alcohol but a certain maximum point appears.

finished. . |

1
I. INHRODUCTION - .

IT.. DEﬂ%ILED DESCRIPTION y

This experiment wos stsrted in Nov., 1944, tut was not

ead ccmpcunds are the excellent anti-knochs for gasocline; buv, "on
the other hand, they rather promote knocking when- employed for alcohol.
with this in mind the spectrcscopic investigation on the difference of
their. acmditions for combustion was carried cut.

‘Each definite quentity (0.2% vol. %) of tetramethyl -lead was added to
ethanol ! lend . commercial iso-cctane, snd spectroscopic photographs were

taken of

photometer. See Figure 2(B)13.

The: resuits were as follows:~ When leaded

‘the more:

‘their inner flame as they were bzrnt under different conditions
of air-retio. The intensity of each specurum was measured by a micro- =

i

the lead-oxide band (»A5678) in the flame|spectrum.

. il
On the gther hand when leaded commercial
bustionr,not -only the intensity is genera:
but 8 mazimum point tabout 88% air—ratio) aprears. ges Figure 1(B)13.

I3

~ Table I(B)lo
* SPECTRUM INTENSITIES

iso-octane is used for ccm- .
1lly weaker than that of alecochol "

Q

alcohol is used for comhustion,
the air-ratic, the more remarkably intense is the spectrum of

Air-Ratio | e2g 75% . Beg 105%
Rel, Int. of . : . :
PbO-Band* .1 1.4 4.1 11.2
|Isocetans! | air-Ratio - 71% . 82% 93% 95%
"0 | 'kel. Int, of - . \, i
' PbO-Bend* .. 0.7 1.7 1.5 ¢ 1.0

* ‘This is the relative intenSLty of the PbO-band (:\J\
5678) against that of the Pb 1Lne spectrum (-~ 3672).

*'Ehe "air-ratio" is defined as follows: Air actually supplied at -
cqmbustion theoretlical air volume aﬁ complete combustion.

X-38(N)-3
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R RADIO INTENSITY ° PbO(AA5678)

s .. OFSPECTRUM FOR " Pb (13679)

QUARTZ
SPECTROSGOPE

S 9-_____.
INNER CONE L

 CONDENSER LENs SUT

i
H

1 The femperomre of the possoqe way though which the sample cir mixture
passes is properly heated electncally -

;;lfﬂ The"oir ratio” defined previously is :
g  {air) 1+ (aw)2 o . .

theorehcol mr volume for compleie conﬂ:ushon

i
o . "

. Figure 2 (B)13 |
. SKETCH. OF THE APPARATUS FOR COMUSTION FLAME
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summnij

'é The tracee of copper-ion and chlorine-ion in ethanol defi- .
' aitely possess corresive propertias and the corrosion seems SR
ito be accelerated by the co-operative reaction of copper- : :
lon and chlorine-ion. i @
',  INTRODUCTION " ix ;w,' |
1} H
The aliphabic alcohols ere much more corrosive to the metals c¢ommonly -employed
in autamobile construction than normal hydrocarbon fuels =md much trouble has
':unccurred. {The trouble most generally ercouritered was the corrosion of brass
¢ and aluminum in carburetors, due to the reamy attack of the aluminium by alco-
. thlo 4

]I. DETAILED DESCRIPTION

'he ethenol, which attacked che aluminium m&tal ‘violently, wes distilled intio
two sepersite parts. The distillate (pure aloohol) did not attack the alumi-
riium metal: at all, but the residue part attecked thé aluminium metal violently.
Jhen the risidue part wes enalyzed by meens . of chemicel and spectroscopic -
mwthods, Nacl, Fe, Pb, Mg, Ca, Br and gasoline, etc., were found to be present.
Of these impurities, chlorine-lons and copper-ions were found by laboratory

: 1est to beithe aetive components of the corrosive substance in ethanol.

o e T

'The test”cmnditions were &s follows: f
I Test piece.....................aluminium metal {lecm x Sem) -
'Eest temper&ture......O...I............O'...0..0.....‘5000
'Pesm time.....‘..l..C........QC.....'....QO..“.‘.24 hrs.

Uhe aluminlum test plece wes immersed in ethanol et 'a temperesture of: so°c maine
tiained by meens of thermostat for 24 hrs. The appeerance of the attacked tast
rlece was of two types: one state consisted of pin-hole black spots- on the
aurface of the test piece; the other, a geletinous substance which covered the
gsurface of*the test plece. We fourd that former was caused by the copper-icn,
-the latternby the chlorine~ion.

‘ccordinglv, it was possible t0 ovaluate thel corrosion, visually.

‘ The copper-ion or the chlorine-ion alone is not markedly corrosive when presen& R
in ethanol;  For example, evei when ome of these classes of ion exists (0.02 g
Ter liter uf ' ethanol), corrosion scarcely appeers. When ethanol connains both
ions, the Porrosive action of ethsanol becomes very noticeable.

F

It would' be deduced from these experiments: that the meximum allowable content
of copper-ion is 0.02 mg, and chlorine-ion LB 1 mg per liter of ethanol, when.
eluminium meta_ contacts both. § )

! *l )

In the case of alloy of aluminum and copper.lbecause it contzins coprer-metel,
the aslloy I8 attacked by ethanol containing ‘the chlorine-ion. only, but unat-:

tacked whenveopper-ion only exists. | )

B P ’ ! . '

The meximumnallowable content of copper-ion is 0.02 mg end chlorine-ion is cne
ng per liter of ethanol, if the corrosion of aluminiumw metul by etherol is to
be prevented. 4 -

i 1;. -

"
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‘This problem: ccourred when the chlorine-ion wes mixed in ethanol thet had bean
-transported hy a ship-tank which previously treansported gesoline, and lts bot-.
fou: was. £11lad with sea-water. The copper-ion in ethenol entered when: the
eﬁhanol,ﬁaauQiatilled~by-copper~oolumn,on_a,oqhnercial_scalo., As. the anti-
_gorrosion dope of such: ethanol, it is supposed| that aliphatic emines muy be
.suitable: foriithe copper=-ion, because these form the complex salt of copper ani‘\

amines. . @zﬂ

To preweit;tﬁbubleffrom the chlorine-ion 1n_tfansporting at sea, only cleapn

drums, but nov: ship tenks, should be used. : , .
; i I‘ ‘ e - FE

s T
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SUMMAHY

% Studying the action of pure methanol on metallic magnesivm
-:ribbon from Kahlbaum, the following oonclusions were
g ‘reached: ‘

) 0 1. The corrosive action of pure methanol is pre-
o Che o vented by addition of water, especially when potas..
il -gium chromate is added. H .

2. A precipitate is formed by the reaction of potas-
slum chromate and methanol| which can be removed by
addition of very small quanttty of alkali.

T i 3. Methanol of 99.0% purity and or sp.gr.0. 769-0 799,
: BREERTA when 5% of 0.1% potassium chromate solution and 5% =N
of G. 1% caustic potash solution are added may be kept
i for 50 days in a magnesiumj vessel without any prec!-
[ ’ pitation or corrosive action.

_4., The anti-corrosive action of an alkaline solution .
i . 'of_potassium chromate is also effective for L0% metha- " S
7 npol solutions. ;
¢

finstory of Project

The| purpose for which this research was made was to exsmine a methed of
prevanting the corrosion of magne31umlby methanbl end to° find whether or
notmethanol could be used for avratipn fuel. There are seversl methods

o for'rendering magnesium alloys anti-corrosive, such as the fluoridation
method Sutton method, and 3engaugh méthod. 'These methods are effective
against air and sea water, but are not effective in the preserce of
methanol. Therefore, the present experiment was undertaken with metallic
magnesium ribbon 8nd a magnesium alloy.

i

B. qu Research Personﬂel j

Chem.Eng. Lt. Comdr., A. YAMAOKA
Chem.Eng. Lt., M, YOSHIDA
Chem,Eng, L%., S, ENDO

P

.2.

'II. DETAILED DESCRIPTION

A, fiMaterigls

MatoriaIvahich were used in this exneriment are:

Mg:- métallic ribbon from Kahlbaum S :
~"Mg-alloy - contains Mn 0.1 - 0.5%, AY 5 - 7% Zn 1.5%
CHqOH - CH40H from market, d. O. 796 purity 49 0% by wt.

I Methanol was purified by removing acetone by Bate'sz*
| _ y se'3™ method, aldehydes b .
“ .‘Dumlop** & Lenz s*** method, and acids and esters by distiliauion zit v =

- we -

il *Batoa, J Chem. Scc. 123, 401 (1933)
= i« **Dunlop, J. Am. Chem. Soc., 28, 355 (1906)
; ***Ienz, A. Anlyt. Chem., 52, 96 (1933)

i
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caustic pctash dehydrating with magne31un according to Bjerrum's metbpd
and finally, rectifying with a rectifier off 10Ccm length and 6mm diame-.

. I ter. At YA 59C., 99.5% was distilled. From the density of 0.7865, the
. I purity was ‘estimated to -be 99.99% by the method of Bjerrum.

'!»B. Metnod of Experiment

]

¢ In this experiment,’the metal was dipped ”nto the ligquid to be examined

- and keptiat room temperature for a definitie time. Observations were
“made and ‘recorded. : S

III.. EXPERIMENTAL RESULTS

'iA. Expe riments with Mg-ribbon

; xPure methanol ‘reacts violently on Mg-rlbbon with the evolution of hydro-
-! 88N The: corrosive action of commercial meéthanol on magnesium and its
alloys was: therefore attributed to the chemical property of the methano} _
Eand not to impurities. Influences of water and other substances on the =

corrosive;ectlon of methanol were studied.
! !

i 1. Influence of water. The results of thse experiment are shown

in Table T{B}15. _The corrosive action of CH30H on Mg-ribbon de-

eres:ises as the water concentration is,increesed With less than

2% water present, this corrosive action is excessive.

2. Influences of Inorganic Substances. When 2% of 0.1 moler

aqueous solutions of varlous lnorganic ¢ compounds were added, some ¢
comparatively effective. irnbibltors were found, and the resulfs are
ecurded in Table 1113115 .

3.' Influences of Organic Substances' Aniiine, pyridine, quino- N
linu, ﬁydroxylamine, ether, acetone, acetaldehyds, ethyl, propyl- -
andbutyl alecohols,lecitine, an® soap were tried as inhibitors. The

v : ° corrosive action of methanol on metallic nagnesium was preventied by
' thei; presence of soap.

\

o

| B. Espyriments with magnesium alloy |

: The’alloy was polisned with emery-paper, mashed with petroleum ether,

; and”then immersed in methanol, i

1. Pure methanol acts bn the alloy: and the original. shape of the

~elloy is lost after 5 6 hrs. | : |

| - .

2. ' The: corrosive action of the methanol is. dlmlnished by the-

,aduition of water. With methanol containing: L% water, appareat
corrosion does not take place for 2-& days.

3. ! potassium Bichromate. The antl«corr031ve action of the addi-

tion of potassium. bichromate solution to methanol is stronger: than

that: of water. The results of experiments using potassium ;

“bichromate solution are shown in Tab e ITII(B)15.

h." Potassium Chromate.QXThe results using potassium chromste as

; an:iphipitor are sShown. Tn Tebles IV % V(B)15. It was found that a ©
ol ( nrecipiuate appeared when K2Cr0O; was used as an inhibitor. The

c - formation of this precipitate could; be delayed by adding a small

concentration of alkall as shown 1nfrable vi(B)1l5.

fi

0
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‘IV. CONCLUSIONS -

‘When Mg-ribbon is immersed at room temperajure in pure methanol, hydrogen and:
‘magnesiumjmethylate are formed. The latter is soluble in meth-nol, and thus.
‘the corrosive action of methanol on the mefal and alloy will proceed. However
the corrosive action is prevented by the addition of water, since the methy~
late is decomposed by the action .of water and is convertsd to magnesium
‘hydroxide; which is deposited on the metallie surface. Thus, the water serves
to. inhibit the corrosive action of the metihanol. Potassium chromate was alsc
‘found to be a useful corrosion inhibitor. ‘

2

|
f . Table TI{E)15 '
P INFLUENCE OF WATER UPON THE CORROSION OF Mgz BY CH3OB
I i - »
| Time. , Amount of Hz0 (%) | |
! {hr) C.1 0.8 . 1.0 2.0 5.0 10.0 . 30,0
T Y I'b 2o 30 af | 5% 51
2 | e b 2b | B0 ar at |. 5t
a | R b R ot ar ar
24 . of cf ar
120 ae ef | of
240 ) i b be cf
11200 b - b ce
o . Koy to_the Meaning of Symbols
Vioiénm‘evolution of Hp j a. Criginal form destroyed.
Rapild evolution. of Hg LA « IS Entire surface corroded.
ModeTrate evolution of Hp G. Some surface corrosion.
Slow evolution of Hg d. Littls surface corrosion.
Very slow evolution of Hp 8o Originel gloss dgsstroyed. -
g - fi. Original gloss maintained.
- U
1 | o
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i Table II(B)l:J: :
INFLUE[CE 0F INORGANIC SUBSTANCFS UPON I'HE CORROSION OF m BY CE30H
Indii'ganic. Sut:@ttmces; : Appeerance of Mg & GHSOH Dugree of Corrosion
] Po‘(:fﬁssiixm ferTocyenate | - The surface of Mg 1oses its slight
S R e gloss > ,
i i B
KgCrz07 Brownish precipitater formed very slight
Bor;gx The surface of Mg blackened slight .
NE. « | The gloss is lost | slight g
(NHg )2C05 The surface of Mg blackened slight
Sc&ium acid ;‘uﬁhosphate The gloss is maintrai‘;?ned slight
| MaHCO3 8 The gloss is maintained slight )
Kc1'05 "The gloss is maintai.:éxed slight. -
| NE4 CHzCO0 " The precipitate is formed slight
: ol -
ol J . Teble III (B)lb o
_ INFLUmCE OF E2Crg07 UPON THE CORROBION OF ¥g BY CH30H
. KaCra0y Tine of Exposure (days) o
Exp. Amounit: of Concentration of | 1| 3| 5 10 20 30| 50| 7C |Precipitant
Noi» Aqueous Aqueous golution Remarks |-
I | Bolution Used Used .
" lwor %lqgcagom (% | =1 = = -|§ |44 lpps | slient |
B 0.1 | =fe| = = -] -l g | ## | erignt
10 1.0l -|~bef ]| =] -] --| # | slighc
L1 co25 T |~ -1=| -] < -]==! # | slient
1.0 . | -l-|=] -] -] -] -] -] Excessive
"‘ :2_5.5 B [ - S| -] -l. =l = | Excessive ‘
The deéree of corrosion is shown es foll_«f:ws:
. {-) no.corrosion of Mg. :
.. (#) less than 3 corroded spots.
. (##) Mg slightly corroded.
I ) Mg excessively corroded.
‘ i = l Bl 0
K 162 :
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Table IV'HI ) 15

X-38(N)-3

INFLUENCE OF K2Cr04 UPON THE CORP(SION OF Mz ALLOY BY CHzE

i KaCr04 Time .of Exposure (Days
“ | BEXpo Amount of Concentration of 1
: I Agueous Aqueous Solution. :
No.' | Solution Used Used 1|3| 5(10 {15 |20 |30 |40
ol % of cHsoH) (%) A
Ky 2 0.1 IRHRINNr
K5 5 0.1 “l-lB| -] -1-]#I#
| 10 - 0.1 - R I e
K 15 0 - -1 -1-1-1-
ks | =20 0.1 -l -1-T-1-1-
Kg. ) 1.0 --lBl - -1-1#p!ls }
x| 1.0 R =3 R I R B
Xy, 10 1.0 T -1-1-1-1-1-1-]"
Xg . 1 2.5 BBl ===« -
K1y 5 2.5 ABBl- |- - | -1~ ]~
X 1 5 1BBulw e | == | =] =~} -
Key - .
- The degree of corros‘ion is shown as follows:

i Do 'slight precipitate
© = DPe excesslve
L= no Mg corrosion

. 4o less than
‘ #ﬁ. mg sllghtly corroded

precipltats -

3 corroded spots

163
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i ‘ Table V(B)15
. ! INFLUENCE OF ADDITION OF KpCr Q4 AND H20 UPON
. THE CORROSION OF Mg-ALLOY BY CH3OE
o : KaCrOg4 : Time of Exposure (days,
Exp.| Amount of Concentration of | The Amount [~ T
S "~ Agqueous Aqueous Solution of HgO 11 3} 5110 {15 | 20} 30{40
No. | Solution Used Used | :

“ |two1 % or cHzOH) (%) (Vol %) )
46 5 - 0.1 5 S R R I I
’8%” w0 0.1 " 10 -l -]l =-1=-1- -
71 20 ' 0.1 20 -1 -8 - it
75 5 ¢ ¢ 0.1 5 | -l -12] - Z

74 10 0.1 . 10 - -{P| - 2
§ K=CrCy, ‘
51 | wt. % (H30H -
o 0.01 ‘ 10 -l ~lP{ - -
521 0.01 B 20 -l-12 1 - i -
53. | 0.01 . 40 -3 - ) -
" KgCralw :
wt. % CHzOH |
48 | 0.06 | 10 - l- |- |7 N
49 | 0.06 ) 20 Pl-|-1|- -
150 | 0.06 ) ‘ 40 Pi-|-1|- -
l The degree of corrosion is shown as folldis: T
p. slight precipitate | ‘;&G

| PD. excessive precipitate : |

Lo no Mg corrosion » |

e less than 3 corroded spots ’

. #e Mg slightly corroded j

. ) .
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Table VI(B)15
INFLUENCE OF ADDITION OFi KpCrOs AND ALKALI
UPON THE CORROSION OF Lig-ALLOY BY CH3OH.

_  RESTRICTED

I

‘Key

i

ﬂ b B XaCro0g Alkali% Time of Exposure (days)
EH B /A N i o
“|Exp.| Anount of Concentra- | Amount |Concentra- :
i Ad. Soln. tion of Aqg.| of Agq. [tion of Aq.| 1 |-3]|5[10 |15} 20| 30 | 40
i No. 1 Uged Soln. Used Soln. {Soln. Used :
b SR \ Used !
i e Ve =
| Vol. % of (%) NaHCO3 (%)
[ (:H30H Vol % of ‘
j i CH3OH
s2 | o2 0.1 1 0.1 - S R P
23 s 0.1 1 5 -lel-| -] = =] «{ -
24 10 0.1 1 2.5 -|pl-|-]| -] -| -] -
i 25 10 0.1 1 - |- -] - - -] -
o : !
i .- NaOH |
M| 35 2 0.1 1 i 0.l - |=i-1# j§* 4
|36 2 0.1 5 ! - l-f=l=i=®] 2l s 4
: . : i i
il 38 L 2 0.1 10 4 0.1 ===l -] Plg & |4
);é' G i . # i
| 42 5 0.1 1 0. NNV
s 5 0.1 L 0.1 S = N I I I I
o . NH4OH | - |
| 37 2 0.1 5 4 0.1 -|-1-12| - -] -| =X
; T - ‘ — - —
[ = on [0 | oa |-F[-TF - #[#
a4 5 0.1 5 0.1 -] -] - | -
45 5 0.1 . 10 0.1 S [ O~ S #

The: negiee of corrosion is shown. as follows:

N

e

b.
pp’ ’

#

'glight precipitate
-excessive precipitate

' no Mg corrosion

- less than 3 corroded spots
Mg slightly corroded

ufj
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. SIZARY

ihvestigaﬁion of a suitable paiﬁt, lacquer, or varnish for"
the protection of rusting. and corroding of the inside of
drum-cens by ethyl alcohol was undertaken.

f‘ Synthetic resin vernishes of vegetable oil- base heve the -
i best qualities, and are especlally resistant to ethyl-aleo-
~ hol.
Other paints or lacquers sre not suitable for the above:
- purpose, even though they are not attacked by alcohol, since
' the drying temperature is so high that it 1s necessary to
fi use a large scale drying apparatus in industrieal practice.

INTRGDUCTION

A. ?; History of Project

i

The ‘object of this investigetion was~to find a suiteble varnish or peaint

~for the inside of drum-cans which would prevent corroding of the can and

oontamination of contents when filled with ethyl~alcohol.

B.ff Key Research Pe”sonnel Wbrklng-on Project

[
Il

Chem. Eng. Lieut. M. OKAZAKI
DETAILED DESCRIPTION

)

; A._; The only apperetus used in the test was an air bath and e large

scale drying apparatus. .

B. 3 - Test Procedure ‘ é; \ . 1 =0

1. Seven~paints, selected fron.the twelve previously examined oil-
" proof paints end considered to le resistaent tc ethyl-alcohol, were
examined in the seme manmer as jn the previous studies on oil-proof
paints. - :

2. The three varnishes which qhowed good qualities for juse wihh .

-ethyl-alsohol were painted on the inside of drum-cans: f-yh had been
\;; used once. After drying at .1509-1600C. in a large- scalé air bath,

© the cans were filled with ethyl-ialcohol end allowed to stand inm the

‘open air for 40 days. At the end of this period, the c¢ondition of

. the varnish and contamination of the elcohol was observed.

%i Experimental Resultsg ‘ f ‘ ‘ “ o

H ke The three meterials observed to be the best were(varnishes com-
1posed chiefly of vegetable oils; such as linseed o0il or paulownia

-0il, and synthetic resins. Although these varnishes hed the bvest:

rqualities in regerd to re51stance to ethyl-alcohol, the drying

temperature is high. : i

2. These vearnishes nmust be drneq at high temperature to get good

- qualities. They can be dried at lower temperstures but the qual;-

tiee are not satisfactory under’these drying conditions.

3. Lacquers composed of eellu]ose acetate or nitrsate and paints
| were unsatlsfactory. g

169
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Varnlshes cmmposed of vegeteble oils and syntt

RESTRICTED

etic resins were found =t0 be the

mos&t suitable: materials for protecting the 1nq1de of drum-cans against rust-
1ng and corroding by ethyl-alcohol. :

'Tha supply of Taw materials’ for these varnishe

s is not scarce, but their dry-

“ing-offers-difficulties in industrisal practica, since they should be dried at

1500 - 160°C.
vtus of largem

It would be necessary to prepaze a large scele drying appara-

Prectlcal am5licatlon of thls progect is not easy now, since there are many
v'prnblems to e’ invastigaﬁed, such as the components of the varnishes and the
‘method of dr#ing. ,

o

14

Q.

i
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" “Alcohol (99%) could be used for small power engines; that
'18,-300 to 500 hp sero-engines with full power rating. For"

- ';:‘.large povier engines it could bs used. only with reduced

-~ :power.

- -Aleohol (94?(\) had meny troubles when used in carburettor

. englnes, buil: could be used imn- 1n,1ection engines at reduced

- power. )i;

i ;Alcohologasoline fuel [Alcohol(99$) 504 + Aviation gasoline -
. 80% (by vol. )J with the seme octane number as the base gaso-
+1line could be used for low power' range.

', I%. was nesessary to increase the: fuel consump‘l.ion by 20-4EO$
Lo aloohol fuels. v

In winter, it was necessary to cover engine heads to prevent
-the misfiring of sperk plugs. :

- Aluminlum material wes corroded by alcohol fuel. Anodic
" ‘oxidation of aluminium and addition of sodium arsenite in
?’;:, fuel were necessary. |
" I. -INTRODUCTION

"Hlstogx of Project ) ' o 77 .

i

I
OWin(;, to the shortsge of aviation gasoline, tests with alcohol as avi.ation
fuel were sterted in"May, 1944, in coppliance with the request of the

- Pirst; Naval Fuel Depot, end after about one yeer the test was finished and )

the ul:ove-mentioned conclusions were obtained.

“Bo

’:\//:'

¢

A.

Kex Research Personnel WOr ng on Project

Eng Comdr. K. NAKATA
Eng. Comdr. K. HOSHINMIYA
-Eng. Comdr. = To NAKAYAMA
Eng. Capt. - T. EKONDO

Eng. Comdr. S. SOMA

II. Dm‘AIZLED _DESGRIPTION

Descrigtion of Test Apparatus

Various practical aviation engines were used for bench tesbs.

Various practical aeroplenes werse used for fl:.ght tests.

B.

L:" est Procedure end Experimental Results . '
& l. Alcohol-gagoline mixed fuel: testi First, aviation gasoline
it coho were mixed n the foliowIE'g proportion. : .

Aviationv £8as0. 87 octane 50% & alcoho-(pu.rity 99%) 50% (spec.
. Aviatiorm gaso. 85 octane 50% & slcohol(purity 994) 50% (spsce.

' " Avietion gaso. 80 octane 50% & slcohol(purity 99%) 50% (sapsc.

. Aviation gaso. 70 octane 50% & salcohol(purity 99%) 50% (s;pec.

173
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Several practical aero-enginés»were operated with these fuels

Tepipuu ‘10 .type 9 oyls.single row aircooled 300hp mex.boost ~50mm Hg.
Temguu 20 tgge 9 cgls.single,row alreooled 500hp mex.boost+130mm Eg.
Kotiobuki2 type 9 cyls.single row aircooled S00hp mex.boogt+150mr: He.
Saliae 10 type 14 cyls.double row aircooled 940hp max.boost+250mn Hg.
Kinsei 40 typel4 cyls.double Tow eircooleleOth meax.boost+2C0omm Hg.

Tt wag found that the engines could oe operated under the rollowing

conﬂitions. (See Table I(B)17)

;Thase,performances Were qonfirmed by flight tests with the follow-
'1n@ -aeroplanes; that is, <L . :

oo 93 type. medium training: plene(wtth Tempuu 10 type. engine)
""" Shiregiku(training plene with tampuu 20 type engine! -
' 90 type training plane{with Kotobuki 2 type engine)
.. Zero-fighter (with Sakase 10 typs engine) .
. 96 type torpedo-bomting aeroplaae(with Kinseitéo type engine)

Increasing the.fuel conpsumptioen in tnese tests was performed by
enlarging the fuel nozzle area of ths engine carburettor. The povier
to boost pressure was the same as gasoline. During the tests,
corrosion of eluminium materiels in the fuel pass was discovered, 0

andl 0.005 gm/liter of sodium-arsenite was added tc the mixed fuel to
pravent corrosion by ordere of the Flrst Naveael Fuel Deépot.-

2.'- Aleohol Fuel Testing. Immedi&t=ly after the .engine test with
the slcohol-gesolline mixed fuel wes finished, the fuel was changed
to. a 94% elcohol (spec. No. 2 eloohol) alone, and experiments mede

"with the following engines.

Homare 20 type 18 cyls.double row eircooled £000hp mex.boost+500mmHg.
Kasiel 20 type 14 cyls. double row aircooled 1750hp mex.boost +450mmHg.
Atguta 30 type 12! cyls.inverted|Vee watercooledl4(OOhp mex." +325mmHg.
Seliae 30 type 14 cyls. double row aircooled 1150hp mex.boost+300mmHg.
Tenipuu 10 type g

Termpuu 20 type : : : =

Kotiobukl 2 type ‘same as before
Saliee 10 type - : f

: i s I
Ueing No. 2 ‘aleohol, trouble occurred in scceleration in all engines
except Kesel, 20 type und the Atsuta; 30 type (solid injection), when
thé power wes veried from deed slow to medium power. Then 99% alco-
hol: (No. 1 aleohol) was applied to the sbove carburetter engines, |
and: 1t wes found thst the engines’ could be operated under the Pnlloa-

in& conditions: (See Table 11(3)17)

(These performances were confirmed by flight tests using the follew-,
ing aeroplanes.)

93 type training pleme (with Tempuu 10 type engines)
Shiragiku (training plane with Tempuu 20 type engine)

'~ 90 type training plene (with Kctobuki 2 type engine)

| Zero fighter (with Sakee 10 type engine)

96 type torpedo-bombing aeroplane(with Kinseil 40 type engine)
Shiden (fighter with Homare 20 typsd engine)
Raiden (fighter with Kesei 20 type engine)

- Suilsei {diving bomber with Atsuta 30 type engine)

., Zero Tighter (with Sekse 30 type engineg
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In these tests, fuel consumption was increesed by emlarging the fuel
nozzle area of the engine carburettor. -
o .To prevent the c&rrosion of saluninium meteriels in the fuel pass, .
i " . sodium arsenite was added tc the aleohol, but the effect was noi;
+ suffieient, so thé meterials were coated with an elsctric oxidation
. oxide film. S : . . \

., When high power flights were made, vibration cccurred, but there was
" mno time to investigate these trdubles. Moreover, whem a relatively
> lean.mixture retio was taken to avoid this vibration, becsuse of the
* bad .distribution of aicohol to €ach cylinder, (this wes t:hought to

. be one of the chief reasons causing the vibration), a very high

' "exhdust gas temperature was reached; that is, over 8000007 This ten-
- dency wes very severe in flight tests, because of the use of long .,
- @Xhaust.passes, Zero fighters with Sskese 30 type engine and also

I .

.- ‘With 10 type.engine could not fly with a boos% over zero mm Hg.

" Other marked troubles caused by alcohol were bad starting and bad o
.. acceleration. It was thought thet these were ceaused by the high
" latent heat of aléohol-as well es bed distribution. Normal aviation

', gasoline was used only for start! 1g, and was contained in one of the

" gasoline tanks or a special starting gesoline tank of 5 liters. No

. good counter-measure waS‘devisedgto prevent bad accelereticn, but
adjustment of slow nozzle or siow vernier nozzle wes somewhat effec-
tive. Moreover, careful sttention was necsssary during quick acce- -

'leration. -Even in small power engines, sqph &s:-Tempuu 10 type, 20

- type, and Kotohukl 2 type, sterting and accelerstion were not sctis- ©

'~ factory, so that 3% of ethyl ether was added to No. 1 elcohol with

' good results. 4 % ' ’ B

- In.winter, misfire of ignition:piugs in these low power engines
. ;. occurred, and as a counter-measure the cylinder heads wers covered
f . . Wwith asbestos cords. : B o
‘ T | ‘ .

“ﬂ:\.

' III. CONCLUSIONS

. This test was started only about & year before the war ended. Alecchol was

. used in treining the air corp, only about two or three months before the war

! ended. The resesrch period was too short to obtein good conclusions. Xore-

. over, even a sufficient amount-of alcohol for these tests could not be obtained.

i . ’
I - i
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R Table I(B)17. | -

. OPEHATIONAL CONDITIONS FOR AEROENGINE-J

‘ i " Consumption 'Aliowable:é . Allowable Power

Tt " increase max, boosl max. boont’ rate
Engines. Fuel - ‘(by vol.) - with alcohol- with the n
: gasoline i ordinary ga-
‘ mixed fuel soline .
' | Tempuu 70 Hoi nothing ~50mm 33 -50mm Hg full
-10 type i~ ' C - po-ex‘,
Tempuu -~ | 85 Hoi. 25% 130mm 3g 130mn Hg ful).

to | 20 type i | . 4 power

' | Kotobuki' | - 80 Hoi 10% = ~150mm i;g 150un Hg full

 [¥2 type; ‘ 1 : = power

. | sakae 87 Hoi | u . 30% . 50mm- Hg 250mn Hg . 80%.

10 type . I} powey

. | Kinsei i |. 87 Hoi \\ o 30% 60mm Hs 200mm Hg 85%

“10 type -’ ) N poweyr |-

b S Table II(B)17" -

L i ALCOHOL FUEL UTILIT¥ TEST DATA

COﬁsunlption Allowsble max. boostég Allowsble max, boost |*Power Rate
Engines |- Alcohol | = Increase with the Alcchol || with the Ordinary

i ; Gagoline * "

: ' . X P A
Honare | No.il 65°% 150 mn Hg 500 mm Hg 70% . power
20 type B (over+4-90 mm with | (over < 125mm with’

Lo supplemente.ry fuel) . | supplememtary fuel)
,Kaisei 7% . 200 mm Hg ; L50 wm He - 85% . power
' 20, type (over 4=50 mm ‘Hg w:Lth {over +160 ma Hg
supplementary fuel) with supplementary
i it fuel -
Atsuta | To., 2 70 % 250 m Hg 325m Hg | 95% power
30 type v ) )
, 'Saj_:ae No.l 65 % " 120 m Hg~ 300 mn Hg 85%; power -
"30: type 1 - ¥
Teénpw.m: No.?i’l, 70, % — 50 mn Hg 50 mm Hg full. power |
lq.‘type : i
Ténpuu, No.:;l 70 % 130 mn Hg 130 mn Hg tul]poter
20: type t : i .
Kotobuki| Noil 70 % 150 m Hg = | 150 m Hg ful’. power
pe | | .
| sakae No; 1 20 %- 50 mn Hg 250 mn Hg 80% power
10: type . : o
Kinsei | Now'l 70 % 60 mn Hg: 200 mn Hg 85% power
LQ: type
3 176 _
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., ENCLOSURE(C) :
.o :

S a
i

'REPORT ON KYUSEHU REGIONAL
! FUEL DEPARTMENT ALCOHOL PLANT
SEIMABARA, KYUSHY '
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[

;KYUSHU CHIHO SOKANFU K030 is.a government-owned alcohol plant manufacturink

alcohol firom sweet potatﬂ ‘s and is loeated in SHIMABARA. Kyushu. The vlant.1s

. under theé. jurisdiction c¢i the Reglonal Fuel Department for Kyushu. It wds
 yisited uiy the Petrolr .m.Team of - HavTechJap on 18 October, 1945. .In -the
! absence of the Factory Manager, the Chief Engineer, Mr. B. YOSHII, was-inter-

viewed and assisted in gathering the information presented herew1th.

II. HIS’J’ORY AND_ORGANIZATION l

The Shimnbara Alcohol Plant was built in 1938 and production of ethanol from

' sweet potiatoe$ started in 1939. The plant has not been in operation since

18. August,~1945, but production is being resumed in the immediate future.

| friginaliy the alcohol was used in the manufacture of medicinals and beverages

but, recently most of the production has been sent to Sasebo Naval Station for

| III. “DES&RIPTION OF PROCESS

S IV, PRODUCTI\)N CAPACITY

use' as fuel. i

+ The nameq .0of the Department Heads are list=d below:

Position ¢ : " Neme -
Head of Factory - . N. SAGARA
Chief Epgineer ) f ‘B. YOSHII
Head of Dept. Of General Affairs @ S. NODA
Chief of Operations 4 M. ODE
_Head of Dept. of Raw Materials T. HAGIHARA
*Head of Machinery Dept. **, YABE
‘Head of Distillation Dept.. d. OGATA .
Head' 'of Testing Dept.- Y. TSUKAHARA : =

The. swee, potatoes used as a raw material are obtained in two dlffarent forms:

. (1) wholeior (2) sliced and drieé, The whole potatoes are first washed ard

" then sliced before the raw mater:al is introduced by a bucket conveyor into

. twa 45 kl kettles for cooking. The potatoas are steamed at atmospheric pres-
© sure: andiithen the mash is trensrerred to tne 1ermentation vats. There are

; twenty fermentation vats each of 90 k1l capacity. Evolved carbon dioxide is not
; recovered.

E There are two rectifying columns for the 11na1 distillation Processe. Tne

columns are approximately three feet in dlameter and each has eight plates
with 12 bubble caps each. Although some 4f the caps were made of ¢OppEeT, most

of them were of wood and were held in plare by copper wire.
N i

E .
There 1s tabulated below a summary of ths annual alcohol production since the

t plant started operation in 1939: |

3. Year \ @ Alcohol Produced "
= : , ; (Kiloliters] o i
L 1939 ' : 1 1,378
= 1940 : 3,056 Eo
1942 s : 2,884 o
1943 ) : 2,817 : "
1944 : 3,840

1945 (to Sept. lst) ; ! 952

! E 79!
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V. | coNCLUSICN -

* .The Shimabare Aleochol Faotory is typical of many similar units which have
bteen set up by the Japanese Government for the production of alcohol from

sweebl potatoes. As such it is of intereat, since it indicates the acute need
for any materisl which could be utilized as fuel. Y ‘ -
‘ i ' : ’ o
i s
: i ‘ N \
e /
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ENCLOSURE (l))

LI?T OF JAPANESE RESEARCH RLPORTS PERTAINING TO ALCOHOLS FROM
i N THE FIRST NAVAL FUEL IEPOT OFUNA

¢

B

1Forwardnd through ATIS to the Washington Document center
. Refer'to ATIS No. 4577 and NavTechJap Document No., listed below)
. 5
‘NBVTechJap»No. 4 Title ;; Author Year

rnzé-oooé L on Alcohol. : ; 5%\ i ' S. KOMATSU Aug. 1926.
6,2T Studies on Denaturing of Alcohol. TO,EGUCHI oct. 1928. .
o o ! N, MATSUO
e 6.57*,§"studles on the Ignition Delay Time N, ISOCGAT Nov. 1933,
- i of ILiquid Fuel by Droppint Method. Y. NISIDA '
' © Part I, Alcohols. 1
6.; Synthesis of Methanol, ,é T, EGUCHI Nov. 1935.
6.5 Studies on the Methanol Syn%hecis. T, EGUCHI Mar. 1936.

il ‘ I. Decomposition of Methanol in the :
L Presence of Various Catalysts. .

II. Selection of Catalysbs.

. - III. Equilibrium of CO-H,-CH,OH System
T at High Pressure. 0

IV. Synthetic Conditions &t High
t Temperature and Pressure.

6.3; - Studies on the Methanol Syrthesis. ‘T, EGUCHI Mar. 1936.
e [ ‘ . {
.V On the Promoter of Catalysts.

VI. Actlion of Poisons on the

; I catalyst,
: f VII. Theoretical Gonsideratlon of
i Catalyst. * :
6.7 Test Reports on the Alcohom Blended M, AKITA  July, 1937
g Motor Benzol. ; N. ISOGAI
i . | T. WADA
i’ . H. KONISI
6,5‘ Studies on the Synthe51s of Propyl- T. ITAKURA/NOV. 1939.

Alcohol from ProPylene.

I. Concentrated Sulfuric Acid as ; =
Catalyst. _ : »

o o II. Diluted Sulfuric Acid as
Co - Catalyst.

III. Mechanism of Catalytlc Action
of HzSOthzO .

:
18l | Lo
: -
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o - ENCLOSURE (D)
;NavTechléb No, - | Title f‘ Author  Yeer

IV. On the Tranformation between
T -H280,, 5H20 and HpSO0; >H~0, Boiling
i : Temperature and 1t Cﬁemical
g Energy.

= %, i §‘~ " . V. Chemical Equ111br1un11n the ;
i : b T Hydrolysis of Propyrene. b e

 ND26-0006,9 Synthesis of Ethyl and Butyl Alcohol: T. TTAKURX Aug. 1940.
S - from Ethylene and Butylene., . L

6.10 - Sugar Chemistry. | © S. KOMATSU Apr. 194k.

=
‘.
B
i
. v
i
) =
: H “
- i
: i
| i
i
) =

.

il : :

I ‘ 182
° Y

T
i
;
:
H
{
H






