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"~ SUMMARY

MISCELLANEOUS TARGETS

TAPANESE FUELS AND LUBRICANTS - ARTICLE 6
RESEARCH ON DIESEL AND BOILER FUEL
AT THE FIRST NAVAL FUEL DEPOT, OFUNA

' ; Jepenese naval research pertalning to diesel and boller fuels, as
conducted at the First Naval Fuel Depot av OFUNA, has been investigated. No .
oonspicucus progress was made in these fields, as the greater techalcal empha-

. 8ls was on the aviation fuel research program. One interesting itesm was %he

' Japanese: Navy's minimum specific gravity specification for diesel fuel used in
. submarines, established in view of ballasiiing comsiderations. An lmportent

.. development was the use during the war period of 1% aluwminum stearate as a

i pour point depressant for waxy bunker fuels obtained from Netherlands Eas® In-
© dies crudes. In the last year of the war the supply of both diesel and bunkor
i fuels from petroleum sources became moet «¢ritical and subsetitute fuels were

. .sought. : The urgency of thils problem is iilustrated by the fect that aa a last

.. desperate measure, edible refined soya bean oil was used as bunker fuel on the

Japanese: battleship YAMATO in the battle of OKINAWA.

i
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INTRODUCTION

° Up until the beginning of the war, the Japanese Navy's chief source
. of dlese¢l and bunker fuel was imports from Celifornia. From this source, Ja-

- pan had placed in storage sufficient stockpiles to last until 1942. Cracked
residues from SUMATRA end BORNEO crudes were then utilized as bunker fuels oo®
and a blend of TARAKAN (BORNEO) crude andishale oil from FUSHUN (Kemchuria
was specified for use as diesel fuel in Japanese submarines.

- In 1944, due to Japanesevtankeréldgses to U. S. submarizes, it be-
came mandetory to develop new fuel sources, and research and practiocal testing
were undertaken on both diesel and boiler; fuels to develop substitutes.

. In Jenuery 1345 research on substitute fuels was intensified as the
situation had become so serious that the only refinery operating continucusly
. at thet time on imported crudes was the Third Neval Fuel Depot at TOKUYAMA (See
. NavTechifap Report, n"Japanese Fuels and Lubricants, Article 10 - Miscellaneous
0il Teclinology and Refining Installations;," Index No. X-38(N)-10, Enclosure F).
This refinery had a stock pile of 8,000,C00 barrels of crude: and refined pro-

" duets et the beginning of the war, but by the spring of 1945, 1t was necessary
" go utillze aireraft carriers as tenkers to bring motor gasoline from SINGAPORE
to be used es ocherging stock in the manufiacture of even more desperately needed
aviation fuel. ‘ ‘

| This report presents technical information solely on the diesel and N
boiler fuel research conducted by First Navel Fuel Depot at OFUNA during the o
war, which related principally to studies on substitute fuels, with a minor
emount of research work on:fuels of very high cetane number. Some supporting
information was obtained by interviews-with technical personnel or the Japanese
Nevel Boiler Laboratory at MAIZURU end thie Third Naval Fuel Depot. at TOKUYARA,
and wk?h.operating personnel on board a Jiapanese submarine and the cruisear
SAKAWA . :

Detailed reports of the diesel ‘and boiler fuel research projectis in-

vestigeted at the First Naval Fuel Depot have been prepared in English by the
Japenese technical personnel of the Depol: and are included in this zeport as
Fnolosures (B)-1 to (B)-15. A summery of these reports has been prepared in

( 1ish.by Neval Engineer Dr. T. ITAKURA. and is submitted herewlth as Enclosure
A. ' f: ..

‘ Since all of the research files of the First Naval Fuel Depot were

| . burned . in.August 1945, by order of the Director of the Depot, it was necoessary
to recell the Jepanese personnel to reconstruct this information from.labora=- *
tory nctebooks, laboratory apperatus and  from memory. The preperations of
these reports and pertinent drawings continued for a period of nearly three
months; during which time each Jepanese author was frequently interrogated and
was essisted by the Petroleum Section of the U. S. Nevel Technical Mission to

_ Jepan in the organlization and necessary revisions of his reports. The material
which-is submitted as Enclosures (A) end:(B) oonstitutes an integral part of
this report, and elthough it may includeiminor errors in construction intro-
duced in the translation, it does serve as an indication of the quality and
extent of the Jepanese research in these;fields.

5
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THE REPORT

PART I - DIESEL FUEL

Up until 1933, TARAKAN crude from BORNEQ, having a cetane number of 28 to
30, wasg used by the Japanese Navy for diesel fuel. The cetane number of this
fuel weés found to be too low. As engine design improved, and during the pe- -
riod 1933 to 1942, Kettleman Hills (California) Distillate having & cetane num-
"ber of 40, was specified. It is reported that when this fuel was used in the
double-acting engines Installed in Japanese submerines of the "I"™ type, smoking
was experienced, due to clogging of injeztor tips with curbon deposits.

Ir 1942, the Jepanese Navy modified its diesel fuel specifications to in-
clude, in addition tc a minimum cetene number of 40, & minimum specific gravity
0f 0,915 at 15/4°C in view of ballasting requirements on submarines. As & re-
sult of research at the First Naval Fuel Depot at OFUNA, it was found that a
aixture of Taraken heevy oil (70%) end trested shale oil (30%) met these spe-
cifications, and thls blend was adopted as a standard by the Jarenese Navy in
1943. :The Tarakan oil had a cetane numbsr of 28-30, as stated above, and the
ghale ¢il, after light treatment with_sulfuric acid, had a cetane number of 52.
Treatment of the shale with sulfuric acid wes found to be necessary to preven:
precipitation of the blend in storage. An alternate diesel fuel blend, approv-
ed by the Japanese Wavy, consisted of Taraken heavy oil {90%) and Fischer-
Tropschgcondensatef(loﬁi. _ '

_ It was well known that diesel fuel produced by Fischer-Tropach synthesis
is exceptionally well-suited for diesel use except for its high pour poiamt-
characteristics. Research at OFUNA, on lowering the pour point by cetalytic
oxidation, instead of blending, showed tlils procedure to be 'economically un-
sound (Enclosure (B)4. ; '

The production of diesel type fuels?by Fischer-Tropsch synthesis in Japa
during the wer period is shown in the following tabulation.

: Annual Production (Kiloliters per Tear)

Location of 1941 1942 1943 1944 1945
Fischer~-Tropsch ~+ : e

. Plant Gap { Semi Gas|Semi | Gas|Seml Gas |Semi Gas | Sami

P | 01l | Diesel 0il|Diesel| Oil|Diesel{ Cil|Diesel| 0il|Dlesel

TAKTKAWA 60 ! 204 |1631| 653 | 564 &1

AMAGASAKT 1 18l 109

CMUTA 1 773 2193} 2561 : 3729 3556 314 663 17

Tﬁtal 773 2193( 2621 ; i 3920 204 | 5296 967 (1227" 98‘

It will be seen that the plant at OMUTA was the only one heving substantiel
production during this entire period, and its meximum production in any one
year wes only 3,729 kilcliters. 72% of ithe diesel fuel output of the Qmata
plant was shipped to the Third Naval Fuel Depot at TOKUYLMA for Navy use, as
discusged in NavTechJap Report, "Japenes¢ Fuels and Lubricants, Article 7 - .
Progress in the Synthesis of Liquid Fuels from Cosel," Index No. X-38(N}-7. All
other diesel fuel mede by the Fischer-Tropsch process was required by the Japa-
nese Army for use in dlesel-driven tenks. &

Chemical investigations of the manufacture of high cetsne and low pour
point. fuel for torpedo boet and aviation diesel engines were carried out at the

n“First Waval Fuel Depot through 1943 and 1944. For this purpose solvent extrac-

tion ‘of verious kerosenes by the Edeleanu Process (Enclosure (B)l)and hydro-
‘cracking of vegetable oils (Enclosure (B)Z)were investigated.
: Q ,

Lf
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oy § In the y,ar 1945 the Mitsubishi COmpany attempted the menufscture of die-
ael airplene . engines following German design, iand for tvests of this engine the:

'\Mitsubishi Oiﬂ ‘Company provided 55 cetsane numbeér fuel. High cetene test fuels '
having cetane: numbers of 80 and 90, were supplied by the First Naval Fuel De- :
‘pot; using blénds ‘of Fischer-Tropsch. liquig, and fuels with 100 cetane number
were synthesi ed from whale oil wex. v _ :

i ‘The " researoh program on diesel fuels at the First Naval Fuel Depot relat-A
ing to the ufilization of non-petroleum substibutes. 1ncluded the following.

Cocoanut oil, hydro-cracked (Enolosure (B)ZL
Pressed copra oil' (Emnclosure (B)7
BEsterifisd copra oil (Enclosure (B)VL
Soya bean oil (Enclosure (B)8) :
Creosote oil obtained from high tempersture
‘carbonization of coal' (Enclosurss (B)6 ‘and (B)Ql
Pine Toot oil (Enclosure (B)8h ' .
. Dry distilled: copra oil (Enolosare (B)SL R
.Sat

isfactory iesel fuels wers produced from the sources included in 1l to 4,

but: 5,6, and. 7 were unsatisfactory due to the formation of 5ummy deposits inj:
ﬁhe‘engine.'fr i o ;! :

df 'E? Pine root oil was unsa*isfactory for diesal fuel, not only becsnse of the
‘formation of gummy deposits in the engine, but|also because it precipitated in
etoragea Thiis' was believed to be caused by ths auto-<oxidation of unsaturated .

_end|

substanoes.

.nec

essary th

' The sup;
i Of 1944 .

‘iTherefore, where pine root oil weas used as a diesel fuel it wes

m it be used directly after manufacture (Enclosure (B)eh |-
ly'of -diesel fuel in Jepan had beoome extremely critical by -the

..For thet reason, the Navy Depertinent .of Material issued orders
‘%o./the: Yokosuka Navel Arsenal to:meke further tests on certein diesel end

; -pemi-diesel eiigines utilizing as fuel, creosots oil, a by-product of low tem- -
perature: cerhonization of coal. Creosote oil proved to be very unsatisfactory:
'due to: its: low ignition quality ané the excessive formation of engine deposits.
iThe' tests on ioreosote were, paeralleled by tests on wood gas, which was unsatis-
ractory in. view of engine operational diffioulbies (Enolosure (B)8g. .

- i .
Lo 'PART II - BOILER FUEL

)
‘ B

The boiJer fuel investigations uonducted at the First Naval ‘Fuel Bepot Do
duzing the Wur were few and of the miscellaneous type, deeling primerily with -, - -
lowering the! poar-point of waxy bunker fuels and a minor amcunt of practical )
besting of bbiler fuels of non-petroleum types. As a rule, test fuels were o :
prepsredxby Lhe First Navel Fuel Depot and practicsl tests in regard tc. their ~ '
-suitebllity were conducted at the Naval Boiler| Laboratory at theé Meizuru Navy = =
:Yard,. . The: test Tesults ‘were reported to ‘the Pirst Naval Fual Depot end to the

Jayanese Fleut. . ”

Ay Up unxi the. outbreak of the war, bunker fuel for the Japanese Navy cems .
from califoruia, meeting the viscosity specifications of 2,000 seccnds: Redwood: ’
ati09C. As fhe fuel supplies diminished, specifications were ¢hanged to permit
T CMO seeondw Redwood at 0°C, which high viscosity product required preheating
to ao°c for proper atomization. No trouble wes reported by the Jepanetie Fleet

= regarding deuosits on the preheaters. W#hen the source of bunker fuel was dis-
pl&oed from lalifornia to the Netherlands Esst Indies it was planned t0 manu-.;.
famture ‘low -301ld test fuels by eracking, sincelthe capacity of the availsbie _
dewaxing plaats was insufficient to supply dewaxed bunker fuel.. Toppec crude .
from PALEMBAING contained about 20% wex and had| & pour psint of approximately :
43500, Thennal osackins using the Dubbs Process reduced the pour-point to .
approximately 415°C (the cracked fuel contained from 3 to 5% wax) which was too.
.‘high for satisfactory use during cold weather KEnclosure (B?l&h Studies were
thon directei toward- the use of pour-point depressants of the type usunlly

PR
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ﬂ‘found safisfactory for refimned lubricatiné oils, but these were not erlective.
[ However, was & result.of the research prog:ram, it was found that the addition

of 1% aluminum stearate to the cracked wexy fuel oil reduced the pour-point to

] less then '-10°C., The Mitsubishi and Showa O0il Companies used this method of

depressing the pour-point of waxy fuel oils for civilian use and the Japanese

L Navy incorporated it in the specifications of their winter-type bunker fuel.

: ; This product wasg used by the Japanese Nayv during the winter of 1944-45.

The manufacture of liquid fuel from ane roots 1s discussed in NavTechJap

. Report, "Japemese Fuels and Lubricants, Atticle 4 - Pine Root 0il Program,"

! Index No. X-38(N)-4. It was found that pine root oil distilled in a simple
! retort gave a yield of 65% of bunker fuel, complying with the heavy oil spe-

. by civilian outlets.

cifications of the JTapanese Navy, but the;supply of bunker fuel from this
source wau too small to be of significance. 3

Other outlets of bunker fuels included shaly ooal ter aha lignite, whiech,
after carbonization, was distilled in a simple retort as reported in Enclosure
(B)1)). Creosote cils thus obtained were not uged by the Japenese Navy, bdut

The supply of fuel oil had become so oritioal by the spring of 1945 that,
edible refined soya bean oll was used as a last desperete measure on one
battleship, the YAMATO, which was sunk in the battle of OKINAWA. Whille soya
bean oil was eritically needed for food, ‘the need for bunker fuel for the
Fleet wes even more urgent. The use of soya bean oll had been tried experi-

. E’mentally some ten years previously at the. Third Naval Fuel Depot et TORUY AL .

No racorded data were obtained in regard to compaxibility gstudies for fuel

- 01l blends, but it wes reported that shals oll proved most troublesome in

blending, and that blends of shale oils aad petroleum oils of the KETTLENMAN
HILLS type precipitated in storege. 1In order to forestall compatibility pro-
blems,. indiscriminate blending of fuels was not allowed in the Navy. The plen
adopted ‘wes to maintain bunker fuels of the sesme origin at the Japemnese Navy

éz Yards lccated at SASEBO, KURE end YOKOSUKA, For example, when the Netherlands

East Indies oils became svailable, these 2ils were distributed st the above
three outlets. Shale oil es bunker fuel was limited to use in a certein class

of destroyers, and this arrangement consumned all the bunker type Shale oil

available for fleet use. At no time were reports received at the First Naval
Fuel Depot from ships in the Jepanese Fleat relating to compatibility problems.

Only a minor amount of work was done at the First Naval Fuel Depot ‘during
the war on solid fuels, ‘and this included tests on pitchless briquettes obtaln-
ed by mixing certain coals (Enclosure (B)lS), and tests of coiva pressed resi~
due as & substitute for coal as fuel” \Enclosure (B)1la)

Other information on Japanese researcn pertaining to the solid end liquid.
type boiler fusls is contained in a group of Japenese research rerorts cover-
ing the:Japanese Navy's investigation for:the yeers 1926 to 1933. These re-
ports are listed in the Enclosure (C) and they have been forwarded through
ATIS to the Washington Documents Center. |

1l
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ENCLOSURE (A)

SUMMARY OF
DTESEL AND BOILER FUEL RESEARCE
AT THE FIRST NAVAL FUEL DEPOT, OFUNA

i &
by
: NAVAL ENGINEER
i : T. ITAKURA, FH.D

Prepared for aend Reviewed with Author
py 7. S. Naval.Technicgg Mission to Japan

5w }. ‘ 1 Decemberfl9h5
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ENCLOSURE (4)

I. INTRODUCTION .

Up to 1942, straight run distilTates (bo;ling range 200-340°C and 30-35
cetane rating) of various petroleum crudeés (Enc, (B) 3, (B) 5.) from
Californis and Tarakan crudes, had been used in submerine and other diesel
engines;: chemical studies on diesel fuel. had ‘not been attempted to the extent
as in the case of aviation gasoline, due:to the fact that advanced dlesel
engineSrwere not required in the Japanesnﬂnavy.

Since 19#2 however, with the progress. of submarine engines, it was neceasary
to use alsomewhat higher cetane rating fuel with a high speciric gravity for
ballasting purposes, (4O cetane and sp. grav. above 0.915 at 15/4°C) and

- various: blending tests (Enc. (B) 3) of hlgh specific grav1ty fuel with high

cetane rating 0115, were tried.

Investigation of the manufaciture of a high cetane and low pour-point fuel
for torpedo boat or aviation dlesel engines, was started in 1942, For these
purposes, the Edeleanu process (Enc. (B) 1) was applied to various kerossnes,
and_hydrocracking of vegetable oils (Eno. (B) 2) was also jnvestigatad.

With regard to bunker fuel, various attempts (Bnc. (B) 12, (B) 13) were made .
%0 lower the pour points of waxy topped residues from ant Indies and Southern
Sumatra ‘crudes., g

i
il

The next investigations were made. to obtain boiler fuel from pine: rcot oil
' and_to;prepare heavy oil from shaly coal; and lignite which ‘were obtainable
o throughout Japan, (Enc. (B) 11). i

Owing to the shortage of diesel and. boiler fuel, various practical engine
teats were undertaken tc develope substibute diesel or bunker fuels. (Enec.

IHI&EHLQIL

ifter extensive diesel blending tests of diesel oil Tarakan heavy 0il (sp.
grav. C.94, 15/4,°C, cetane value 27-30) and dil. HQSOL treated shale ocil -
from Fushun (sp. grav. 082, 15/4°C, cetane value 52, pour pt. 5°C} were.
chosen:for use by the navy:in. 1943. (Bnc. (B) 3, (B) 5) A mixture of Tarakan
heavy cil, 70 parts, and treated shale oil, 30 parts, gave a fuel with 8p.
grav, O, 915 and: 38-40 cetane rating, satisfactory for practical uss. By °
treating the shale oil 7 to 8 times with;3- -5% H2S04, precipitation or
emulsicn in the oil mixture during stora@e was prevented.

On applying the Edeleanu process to Sanga Sanga kerosene in Borneo, a fuel
of ceteme rating 65-70 and pour-ps. -20 to -30°C, was obtained in 70% yield.
(Enc. (B) 1). According to preliminary-sangine testsz the fuel thus obtained
gave peak pressure in the.cylinder lower:by 10 kg/om

The hyarocracking of coconut oil gave 90-95 welght - per: cent yield of a diesel

fuel of: 80-100 cetane rating and -20°C pour point. (Enc. (B) 2). Engine tests

; of ordinary pressed copra oil and esterified copra oil showed that both were

©+ _suitable for either diesel or semidiesel engines. (Bnc. (B) 7). Creosote oil

from high temperature carbonization was unsuitable for engine operational -

Eer%o?& ?f long duration due to piston deposits and ring sticking. (Eno. (B)
y \B .9 . i

When soya bean: o0il was used the running haracteristics of the engine were

it

satisfectory. (Enc. (B) 8) “Pine root oil was undesirable because the resinousi

matter gummed the fuel injection system.

- |3
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ENCLOSURE - {4)

All thesae lahoratory developments,; however, were not applied in practice,
psoause the ddvanced dlesel engines for torpedo boats and alrorafts were still
under deaigniat the end of the war. Details of test equipment. used at:OFUNA
are: given in:Ino. (B) 9. A desoription of the method of preparation of d-
mathyl naphthalene used as a standard fuel, is given in Enc. (B) 10.

TII. BOILER IﬂELS

- AR investigahLon of the lowering of heavy oil pour points by thermal oracking,
which was conducted on topped residues from SANGA SANGA or PALEMBANG, resulted.
in ‘actual utilization of Dubbs or Cross Cracking glanbs for this purposie. * By
‘this method, pour-points were lowered to about 15°¢C from 20-35°C, and the
ylelds. of the: oll were 60-70% (Enc. (B) 13).

Another inventigation related to the mixing of cracked heavi 0il, with l% by
weight of Al:stearate to emulsify it. (Refer to Encloaure B)12.) The
addition of il-stearate gave a 15 to 20 C pour: point depression, These
oracked heavj::0ils compounded with the metallic soap, had a pour-point of 0°C
and were: satiafaotory for practical. uss.

Pine root - ta: when distilled in a goose neck: retort, gave 50-65% by welght
of iboilex fuﬂl with specific gravity 1.0l (l5/h C), pour point -15°C, and
Elash point 85°C, These properties complied. wlth heavy oll specificatlons
of the Japanase: Navy.

Shaly ‘oval. tar and lignite, which had been manufactured by carbonizing at -,
300=450°C for: 20-30 hours, were distilled in ai simple goose neck retort, after
dehydration of the tar by holding at a temp. of 80-90°C for 0 5=1.0 hr

(Ene. (B)s-um:u.

Thezyield or ‘Aistillate was 50-65% by weight. The oll had 8 boiling point
ot 200-3&0 Gp flash point of 75=-80°C and pour point of 87°C.

Rasaaroh on obtairing heavy oil from. pine root tar, shaly coal tar anad
‘lignite tar vias still in progresas when the war ended. _

rAnothar 1nveﬂbigation was made of pitehless briqpettes for use as boilexr
:uel, obtainﬂd by mixing caking and_ anthracite; coals (Enc. (B) 15).

,Eoiler tasts. showed that cogra and copra pressad residue were satisfactory
ﬂubstitubes for coal fuel (Enc. (B) 14). i RS

I i ;
‘ +

‘\‘\ ‘ ‘ _F
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' BNCLOSURE (B)3

- This investigation was begun in; order to obtain a high -
. +cetane rating diesel fuel with low pour-point from petro- -
-+ leum kerosenes by the Edeleanu Process. The most sig=-
' pificant results were that the ‘aromatic.hydrocarbons
.- were for the most part removed from the kerosenes and
the raffinate gave about 60-70 cetane rating.

I.  INTRODUCTION

It’'was well known thet the aromatic hydrocarbon components decreased th.
cetune value of petroleum oil. Accordingly, in order %to obtain high cetane
diesel fuel oil from petroleum, it waes necessary to remove the aromatic hydro-
carbon Prom thé crude oil. In our laboratory, verious kinds of petroleum oils
were extiracted under various conditions. ! This work was carried out by Naval
Eng. Lieut. S. SONODA, C. NISHIMURA Naval Eng. Y. FUJIEDA and othemrs, during
the period Apr.,1l942=Sept., 1944, ;

II. DETAILED DESCRIPTION
A.. - Test Procedures

Liquid S0, was inserted into a 3 liter flask which was maintained at the
required %emperature by dry ice. The mixture of one liter sample and.
1igquid SO, in various ratios: was mixed with a stirrer for 30 minutes,
then, the raffinate snd extract respectively were allowed to: flow into.

i the: SO, evaporator, where SOy was evaporated by heating up to 80°C elsc=-

Poe trically. The diagram of extraction epparatus is given in Figure 1(B)l.

The: properties of the products were determined by the ordinary methods.,
Tha.method of measuring the spontaneous ignition temperature: was mainly
thit of J. S, Lewis (Japaenese Chem. Soc., 1558, (1927)), as shown in

" Figure 2(B)2. The sample oll (O.lcc) was first introduced into a reac-
tion vessel (240cc pyrex glass tube), and the vessel was evacuated.’ The
vessel was heated at the-rate of 49C/min., after which COp firree air was
introduced into it. The increase in; vapour pressure in tﬁe Tessel was
recsorded every ninute. The spontaneous lgnition tempersature: was measured,
atithe time when a sudden .ebullition of gas occurred in the nercury mano-
mezer, caused by the ignition and burning of the .sample in the vesssl. -

B.;g Experimental Results

o L Petroleum sample from various sources werse sxtracted with

. 100-wt % of liquid SO2 gt température -100C, The resulis are given

‘. 4in Table I(B)l., According to this table, it was'concluded that paref .
finic petroleum kerosenes were more sultable than arometic ones, for -
providing diesel fuel of high cetane rating. ‘ ;

2. Tarakan kerosene (aromatic) and Sanga Sange keroseire (paraffin-
ic), both obtalned  from Borneo,l were extracted with 100¢% of liquid
802 at temperature -20°C. These results wers given in Table I1{B)1,
Figure 3(B)1l, Table IIX(B)l and Figure 4(B)l. The apprsciable ten-
dencies in those results were &s followa:

a. - The extracticn effeéﬁ for Taraken Xerosene was not appre=-
ciable. i ‘ e

b. The effect for saﬁgggsanga Kerosens was Tecogaized to ba
appreciable. : :

17
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C b , ? C. The extraction effect“indfeased with higher boiling point
- i . o

in the same' kerosense.

3. A pilot plant which was- begun on 15 August 1945, had a: capacity

of' 100 -liters per hour; the flow sheet was exactly the same: as tae -
' so-called Edeleanu FProcess. ;

The pre~cooled kerosens raw stock was fed into the bottom of the
eztractor, and the pre-cooled liquid SO, descended from the top in
a:spray, and the solvent and oil were mixed with each other in
counter current, the solvent extracting the. aromatic hydrocerbons
from. the oil. 'The optimum conditlions for operating the ‘extraction
tower were :

Y

Extraction temperatuzb eesssvcsan =R59C
Extraction pressure ....... atmospheric
SOlvent ratio QO..I‘.&....OO...GQS. loo%

v The remaining SO0, in the raffinate and extract oils was rsmoved by
v heating the S02 extractors up to tempersture 800C, However, many

difficulties 1ln operation were experlenced, due to the leakage of
. SCp from valve glands and packings of plunger pumps employel. The
¢ '~ properties of raw stock and rdffinate produced from the prelimipary
; i operation are given in Table IV(B)1l. Roughly, the yield of raffil-
: neite was thought to be about 70%.

ITI. CONCLUSION

_ nized, that it was possible
to: remove tlie great pert of the aromatic‘herocaﬁ%ons(§rom pe rgf%uﬁ,

Tho extration: effects increased almost proporfionally with the inoreass of
boilling range: and paraffinicity of the raw kerosenes.

i Inéthe pilotiplant operations, many dirficulties were experienced, chiefly

dup to the. leakage of SOy geas from valve glands. It was found to be very
dificult to: operate the Edeleanu Plant with packing materials produced in

Japan. [ ] _ i
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i Table 1(3)1 ,
PROPERTIES OF RAFFINATE*
ff : 1 vield- Sp.gr Vi,scos:.ty Flash.pt | Pour.pt | Cetens
' Sample (%) | 0% | (R-2.30°0)|  (°C) (°c) Talue
Bahreli: 86,2 | 0.8093 | 33.0 none 24 64,0
(201«-3515 c) v ; .
‘ o 82.4 4 0.8834 ‘?52.1 none ,-éé L5.4
'(259-312 c) ;
Kettlenan Hills 85.0 | 0.8194 |  31.8 none -40 4.5
(50%’topped residue) _ g
Midway 72.5 | 0.8534 £ 38.0 none =26 L9.5
.(2oo~350°c) , - ‘
Tarakaii’ 0.8606 |  34.6 none -30 49.0
{200-300! °c) .
Innai, .Ta an - 88.0 | 0.8582 1 34.8 none <50 39.3
(200-300°¢C) r , , ,
‘Califorraia . 77.5 | 0.8474 none 45 48.3
(200=330 c) - | | .
| Parakas 7244 | 0.8965 | Lhdb none -33 41,7
{F.De=i50%). 5 .
| california 71.9 | 0.8603 noxqe 48.2
(217-335°C) | - :
| exico: 0.8191 |  36.4 none 12 6547
~{200-350°¢C) 2
| sumatza 88.4 | 0.7951 |  30.0 none -4l 51.2
(164=-2557C). ‘ :
Tarakan: 67.5 | 0.8571 none -1 45.4
(105- 3>6°c) '

*Extraction Tomp - 10%

Solvent ratio

19
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SUMMARY:

¢ It was the object of this projést to compare cetalyst be-
- havior and activity in the hydrogenation of fatty oils
+ using methyl laurate as a sample. Nickel oxide, copper
', chrome oxide and molybdenum suljphide were taken as cata-
lysts and it was recognized that methyl laurate changes
© direetly into hydrocarbon of Cil under niockel catalyst
~- and Into the. hydrocarbon of'Cjp:passing the corresponding “
* aloohol as an intermedlate undei: copper chrome catalyst '
and into hydrocarbon of Cj2 under molybdenum catalyst.

DETAILED DESCRIPTION

* Nickel Ozide—Clag Catalyst Los

Eighty grams of methyl laurate and elvht grams of catalyst were taken
in a autoclave which had 240 cc of inner volume, and after charging ‘the
hydrogen pressure up to 100 atmospheres, it was heated to each reaction
temperature for ope hour. Reaction products: had properties according
to the reaction temperature as shown:in Table I(B)2. ,

The: reaction product at 3509C was fructionatad under reduced pressure
of l5mm Hg as follows:

Distilling Temp. ©C &  Yield %
72.5 = 80 s 6.05
82 -~ 83 VS
83 ~ 84 - 19.88
8, ~ 86 R VY §
8 - 88 - 6419
residue ‘j 2.01

The: 83 = 84°C fraction has following physicel properties and it may
be .considered to be n=-undeocunse, CllHZb

20 .o : L
420 == 0.7401 =

030 = 1.4188
B. Copper-chrome Oxide Catalyst

The! seme. experiments were undertaken: using copper chrome oxids as caba—
lyst and the- following results (Table II(B)2) were obtained.r'

The: reaotion product at 400°C was-fractionauted undsr reduced pressurs
of l5mm Hg as follows:

Distilling Temp, OC " Yield ﬁ

15 = 50 j - 3.76
50 — 80 5459
90 — 92 433
92 — 94 5.99
94 — 95 5446
95 — 96 17.72
96 — 96.5 21.49

2.76
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L The rraohion boiling between 96-96,59C contained somo unsaturates but
i after washing with sulfurioc acid its physioal properties agreed well
& with thoae of dodecane, Cj2H26.

- Qe Hblzbdenum Sulphide Catalyst

© The same: experimants were undertaken using molybdenum aulphide as
. catelyst: and the following results Table JII(B 3 weroe obdtained:

The reaction product:at 3500C was rraqtionated under reduced pressure
of 1l5mm Bg as followa:

Distilling Temp. OC

¥ield %
89.5 = 95.0 - 1.67
95 = 96 _ '35.87
) 96 N 154492
9% - 98 - 324

The fraction boiling at 96°clhas the following physical properties
and may ‘e considered as n-dodecane, 012346

430 =10.7493
| n4f = 1.4220
,1:1.i CONCLUSIONS ’

In urdar to gst pure n-hydrocarbons by the hydrogenation of the corresponding
ratby oils it is desirable to use a molybdenum. sulphide catalyst.

¢ . Table I(B)2
! : REACTION FRODUCT PROFERTIES

RESTRICTED

CLAY CATALYST -

30

| Reaotion Temperature (°C) 300 | 350 40
Final Hydrogen Pressure (atm) 7843 Lk 5 43.6
Density of Product (20/4) 0.8224 | 0.7415 | 0.7416

1 Index of Refraction of Product (20/D) 1@@359 1.41384 1.4137

i Saponification Value 122.3 8.2 0.0

ﬁ,Iodine Value ‘ 5{0
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Table II(B)2
REACTION PRODUCT PROFERTIES = COPFER CATALYST

Reactlon Tempéfature (°c) 250 @ 300 350 400
| Pinal Hydrogen Pressure (atm) 78.6 79.0 81.5 73.1
= ; g Dens#ﬁ& of- Product (20/4) 0.3299 0.8229 | 0,7889 0.7,96
' Index of Refraction of c | :
| Product (20/D) 1.k337 1.4325 16241
| Acta value of Prosuct @ | o0a 0.3 0.3
: Seponification Value of Product 52.Q 12.9 4.0 1.7
. | Bydroxyl Value of Product 232.2 2769 (1153 | 12.9
| 10aine value of Product 1.9 0.3 0.3 6.9

L
i '

. Table ITI(B)2 o
REACTION PRODUCT PROPERTIES ‘= MOLYBEENUM CATALYST w

Reaction Temperature (°C) 400 330 400
B Final Hydrogen Pressure (atm)}) 797 61.7 61.1
) Density of Products (20/4) |- 0.8369 | 0.7479 | 0.7452
Index of Refraction (20/D). © 1409 | 1.4219 1,421
Aoid Value 46.6 0.3 0.1,
Saponification Value éa?.h ’ 3.7 3.6
Hydroxyl Value -~ 28.8 | 3.1 0.9
Todine Value | 1 126.3 0.7 | 0.8

3t
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SUMMARY,

"This investigation was carried out to obtain the most suit-
. able. submarine dlesel oil from crude petroleum by blending:
-with other high cetane fuels, It was oonfirmed that the
mixture, Tarakan crude oil 70%, socid-trested diesel oil 3%,
‘was the most useful for aubmarinq purposes, -

'I.  INTRODUCTION

It was well kaown that such fuels as Fischer oil or shals oil had high cetane
~ratings in spite of their lower specific giavity. For submarine diesel engzines
'a superior diesel fuel should have a cetane value hifher than 40 and a spenific

' ;%ravity in excess of 0.9150 (15/4°C). The high specific gravity is important
in connection with ths ballasting requirementa for submarines.® Accordingly,
" various kinds of heavy fractions of petroleoum dissel olls were blended with
+high ocetane-rating light oils, and the propertiss of these mixtures were dster-
rmined, This work was carried out by Nav, Comdr, Y. KANEZAKI, Nav. Bng. Lisut. ‘
'S, SONODA and others, from April, 1938 to April, 1640,

‘II. DETAILED DESCRIPTION

- Pertainent: physicel and chemical properties of various petroleum fractions were
{determined in order to ascertain which fractiona of peiroleum crude wera suit-
rable for submarine dlesel oil. These resw.ts are given in Table I(B)3. Sev-
“eral blending tests were carried out in order to evaluate the suitability of

. the various blends for submarine use. The results are shown in Table TII(B)3.

‘The. mixture, Tarakan crude 70%, acid treatod Fushuan shale oil 30% was found to
- be the most -sultable for submarine purposes because the specific gravity, pour
point and: cetane value of the mixture were 0.915 - 0.920, below -5°c, and 37 =
“40 units,. respactively. . ﬁ

III. GONCLUSIONS

| f )
In Blgpdfna Tests No. 1 and 3 in Table .IX(13)3, the properties of evsry mixture
‘were ulisatisfactory for naval use, : . :

'In Blending Test No. 2 in the table, the mixture, Tarakan crude 70%, acid
' treated Fushun shale oil 30, was the best flor submarine purposes.
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Table I(B)3
PROPERTIES OF VARIOUS PETROLEUM FRACTIONS -
, . I. Oha Fraction (Heckmann's vacc. Distill)
Fraction [Treet-| Sp.Gr. |Viscosity| Fla Pour | Aniline Cetanse
1@ s | (181496) fm-1.3050Y ] pe. ( (80 | poiEs) | AottEs | geres
FuDomr10 | 0.8232 - 27.4 zm;s no no 51.0
10~15 | 0.8561 29.5 72,0 no no 42.4
15 ~20 :3 0.8718 31.5 88.5 no no 39.5
20 ~25 Jé 0.8808 33.3 107.0 no no 37.5
25 ~ 30 § 0.8883 117.0 "no no 35.1
20 ~35 | . 0.8970 37.2 123.0 no 5o B4a4
25~ 40 | 0.9053 40.5 145.0 1o no 32.86
40 ~45 | 0.9153 | 45.6 159.0 10 1o 3046
45050 | 0.9267 61,0 195,0 no no 28.6
. 'II. Kettleman Hill's Fraction of 36% Topped Residue e
F.Do~0 |1 05513 31.2 no no no 53.5
F.Dens20 e 0.8399 - | 33.9 1o | no no 5349
F.Dom30 g 0.8549 37.8 no no no 51.9
J|FDo a0 :_ 0.86684 45.8 no - no 1o 51.2
. T " 5 -
- |FiDev80 | © 0.8832 117.1 no - no no 47,5
F.De,— 60 0.9021 | 141.1 no 1o 1o 3.5
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Table I(B)..S-Cont
FROPERTIES OF VARIOQUS. PETROLE'UM FRACTIONS

o III. Bahrein Frection
action Treat- Sp. Gr,| Viscosity| i Flash Pour Aniline Cetene
(%Y . .| ment (1514°C) | (R~1.30°C) | | pt. (°C)| pt.(°C)| Pt.(°C) | Value

FoDors50 0:8136 no 1o -5.0 179.0 - 70.6
22 ~ 62 0.8518 no . mno | ~6.0 151.3 59.9

- ; .| below
22 ~v E7 9. 0.8018 no i no -20 137,9 51.7
27 ~s32_| & 0.8166 no no | PRV | 1441 56,7

' E : belgw . '
32~-27 | & 0.8293 no . mo 22 148.5 58.2

" @ " . g
87 ~ 42 _ 0.8452 no ' no 17 150.1 61.4
42 ~ 47 0.8591 no 1o -7 154.9 64,7
47 ~ 52 0.8729 no . no +2.0 | 157.9 69.5
52 ~ 57 0.8877 no  no +8.0 159.4 87.1 :
57 ~ 62 | 0.9019 no ' no +14.0 159.4 31.7

/ IV. 200~360°C Fraction of Fushun Shale 01l
DistilledJ ' " ,

; : Amount
. F-D.g./z‘lo 5.0% | 0.8125 no . no ~ no 48.2 49,3
240~-260 | 19.1 | 0.8240 no " no no 52.2 55.0"
260~280 | 22.6 | 0.8300 no " no no 56.5 55.0
280300 | 21.1 | 0.8365 no | ino no 60.5 57.0
300~320 | 18.5 | 0.8420 no ' no no ©B5.4 |+ 59.0
320~340 { 9.7 | 0.8490 no - no no €8.4 84,0
1340 ~. | 4.0 |0.8510 no ‘no no " 71.1 | 65.0
Crude. [L00.0 | 0.8360 no | no no 61.0 |  56.0
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Table IL(B)3
BLENDING TESTS

RESTRICTED

I. Shale Diesel - Tarakan Diesel

Blénd%ng Ratio Treatment Sp.Gr. Pour Pt. Cetane
(%) - (=20/4°C) - (oc) Value
Ehéle Taraken |

100 0 0.8715 Fhi5 52.0

- 80 20 . Both 0.8790 +2,0 50.0
60 - 40 200 ~300°¢ 0.8830 -2.3 47.0
50 50 - Distillate 0.8940 -4.8 46,6

40 | 60 - 0.8930 -7.2 4hba5
20 80 0.9090 -11.5 40,0
0 100" 0.9132 - =19.5 35.0
:v f II. Tarakan Crude - Treated Shale Diesel

Tazakan| Shale:

100 0 0.9408 -38.0 33.7
8o 20 Shale Diesel 0.9242 ~10.0 37.0
60 - | 40 . treated with 0.9076 -1.0 40.1

50 50: il HpS0, 0.8911

- 40 60 , 0.8845 -3.0 43.7
20 80 . 0.8740 -4.0 48,7
o | 100 0.8508 -7.0 51.1
| f III. Tarakan Crude - Fischer'% Condensate

Tafakan Fiscker ;

100 0" 0.9408 -38.0 33.7
80 20 Fischer's 0.9074 -7.0 50,0
6@ 40&1 " Condensate 0.8841 +5,0 58.6
50 50?; topped Residue g
40 60" (200% ) 0.8407 +7.0 62.0
20 80" ' 0.8073 +10.5 76.9
0 | 100" 0.7740 11.0 94.6

38
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SUMMARY

+ It 18 well known that Flscher condensate oil has a high ce-
~tane reting end also & high pour-point. To use this stock
.as a diesel fuel it is necessery: to lower the pour point,
. and for this purpose treatment with rmildly oxidizing'cata-
...lysts was considered most promising. In preliminary tests
1.1t was found that treatment over: CrOj3 supported on acid
::'elay lowered the pour point of Fischér oil about 15°C. The
investigation was stopped due to economic unaettractiveness.
; -of - the process.

'I.° INTRODUCTION

- The 200-300°C, fraction of Fischer condensate 0il hss & high cetane value

" (about 80) owing to the fact that it is composed mainly of normal hydrocerbons
£013-C17. = This fraction, however, has a pour-point of 8- 10° C., and it is ne-

- i cessary. tc reduce same to below -5°C, in order to produce & satlsfactorv die-

. gel fuel. ' This work was undertaken to invwstigate the lowerlng of pour point
&by the catalytic action of mild oxidizing agents. It was carried ocut dur;na
A,rll-kay, 1944 by Nav. Eng. Lieut. H. TAKSMURA and G. NISHIMURA. This work
"was stopped because the process appeared enonomlcallv unsattraective due to the
low spacet veloecity required. g -

II. DETAILED DﬁSCRIPTION

A diagran of experimental apparatus employed is shown 1n.F1gure l(B)b. =

A catalyst boat was inserted in the middle of the pyrex glass reaction tube

(3 x 100em), which was electrically heated to maintain the required temperature.
'The raw oil was dropped into the upper part of the reaction véessel end vapor-
tized. The vapor passed over the catalyst and was partielly converted into
;cyclic hydrocarbons.

B

The product was then condensed and collectwd in the receiver.

III. EXPERIMENTAL RESULTS

The extent of conversion of condensate oil into naphthenic or aromstic hydro-
| carbons wes not determined. The pour point of the product, however, was low-~
‘ered about 159C, through treatment over Cr0z catalyst. This was due to the
fact that'a part of the raw oil was changed into cyclic hydrocerbons. Accord-
. ingly, the cetane rating of the product dropped about 4.5 units. In so far ss
. the activity of catalyst is concerned a mi:tture of ome part of Cr0z &nd nine
‘parts (by: weight) of escid clay was the most effective of the three catelysts
-tried under the reaction conditions (temp. 250-3009C, gaseous space velocity
,about 350, and atmospheric pressure). When Zn0O was used instead of CrOz, the
iactivity was inferior. The activity of Culd csatalyst was slightly below that
’of Zn0 catalyst. All catalysts tested wer: composed of one part of the oxide
plus'S¢ parts (by weight) of Japanese acid c¢lay. The materials were mixed to-
. gether in: form of a water slurry end were pven-dried. The yield of product
rwag about 99% with the use of Crog catalySU, the loss being meinly gas.

%Iv. CONCLUSIONS

By treatment over CrO0z catalyst, the pour point of Fischer condensate oil was
lowered 15 oc, and its cetane numher dropned 4,5 units.

The activity of the three cetalysts employpd was as follows:
cr03 > 2Zn0 > Cu0

4
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Table I(B)4
RESULTS OF TREATMENT OVER CrOz CATALYST

 Fischer condensste__ Treated oil

| sp. gr. (35/4%) 0.7832 0.7940
| Viscosity, '(R-l,.’50°c)(sec) 34,4 . ' 31,6

| Pour pt., °c. 9.0 -

‘Ash, Wt. 93_ ’ trace B - 0,02

7 T T "

| _C onradson:: carbon » trace § - trace

éImpuritieb: trace i? 7 t1race :

Cetane number \» 81 o n6.5
il _

Distillation (°C)

F D.l......l.....ﬂ.0“.'.'....000.60..00‘l..¢172

; 1 ...'........"....-...O..O......“....0-..192
E: 5 0..‘...'........’..'....’.....I.l..0..!"..224
: go ..."..’....‘.......'....'...'.Il....'"..296
:’f 95 ' EENEENNENENNENIE NN NN NI N NI ".Q'.'.."...ﬂ...szo
E DP........De.......'..'o.‘.v"..‘.......'".‘351
Raw oil_sfora

; Pressure_equalizer

¢ - r i

* =

Bt TRy eE e o
Receiver

é:' ' ' : Figure-1 (BM%

DIAGRAM OF EXPERTIMENTA L APPARATUS
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. , | SUMMAFY

" Physical and ohemical propertien of representative diesel
. oils used by the Japanese Navy and of twenty degree frac-
. tions of each of those fuels weire measured, It was shown
© that"the fraction near 320°C hai the maximum cetane rat-
- ing, independent of the initial: o0il, and that there is no
‘" acceptable relation between cetane value and other physi-
* ecal and chemiocal properties. £ .

|  This work-was dome by Ass't Eng, S. IKAZAKI,
© I, DETAILED DESCRIPTION |

this experimeat are given in Table I

i

. The propsrties of the diesel oils uaeduinf
. (B)5 through Table VI(B)5.

Physical; and chemical roperties of 20 degree fractions fror each crude oll
' are shown in Table:E(B?5 through Table VI(B)5. Spontansous ignition tempoza=
. gures were measured as follows with the apparatus. shown in the Figure 1(B)5.

0.1 grams: of sample are taken in the quarfiz reaction vessel and ths air dile-
. placed by pure oxygen. The vessel is heafied at the rate of 2°C per-minuts, «
. maintaining meroury head constant at ¥, and the break of the temperature-pres- o
. sure curve is measured as spontaneous ignition temperature. : |

From thei above experimental results, the setane value, spontaneous ignition

¢ temperature, U.0.P. Characterization Factior (Watson, Nelson and Murphy, Iad,

" Eng. Chem,, Vol 27, P. 1460), Diesel Indeix (Backer and Fischsr, S.,A.B.J., Vol.
35, P, 3765, and Wiscosity Gravity Constant (Moore and Kaye, 0il & Gas J., Yol.

- 33, P, 108), were plotted against the mean boiling points as shown in Figure 1

; ,(BSS through Figure 6(B)5. : . : .

It is skiown that the fraction near 320°C ﬁas the maximum cetane rating, inde-
pendent of the initial oil, and that thers is no acceptable relation beotwean
cetana value and other physical and4onemiga1 properties, -
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Table I(B)5

PROPERTIES OF DIESEL OILS USED

Fischer

Kettleman - Oha Taralkan: Shale diesel
g Kogasin Hills crude ‘crude crude baso stock:
Spi Or. (15/4) 0.7665 0.8440 C.9464 | 0.9388 10,8570
Vii. R.W.I. 30° 32, 38 707 131 42
’ 280 |
{Pour pt. (°0) .| 43 -12 15 -38 0
‘Fihah pt. (°C) 30 18 93 97
Sonradson ' k
Carbon (%). 0.0 _ 2.59 5.13 2,08 0.13
Sulfur (%) | 0.04 0.32 0.40 0.29 0,40
Anlline pt. - 8840 | 50.3 |
Cetane Wilue: 86.7 40.5 27.1 29.5 58.3
Table II(B)5
PROPERTIES: OF FRACTIONS. FROM FISCHER KOGASIN
g Heon [H/0 | . |Vim, | |Pour [Flaen | Ce- |Aniline |Sponta-
Fragtion | B, P | ra- a’ 30°% |V.I. gt. Pt, 1| 0.C. S tano Pt. neous
(°c) (°¢) | tio Sec. (°c) (%) | (B) | (%) |V (°c) | Ien.temp,
150-160 | 162 [2.13 [0.7354 |26.8 |100 14,0 | trace |0,028 69.6
160-180 | 175 |2.14 [0.7419 |27.6 | 95 |-50.0 | 27,0 |trace |0.031 |68.0 | 71.8 223.
180-200 | 19 |2.14 [0.7470 |28.7 | 93 [-40.0 | 42.0 |trace {0,026 [70.5 | 74.8 224 -
200 | 207 [2.21 |0.7546 [29.2 | 92 [-31.0 | 64.0 |trace |0.026 72,7 | 7.2 | 22
(et 1Omm)* ) : ;
100-120° | 230 {2.11 [0.7636 [30.9 | 90 |-18.5 | 79.C |trace |0.030 [74.7 | 83.2 220
220-140 | 257 |2,11 |0.7720 [33.2 | 87 |- 6.5 | 95.0 |trace [0.029 |79.7 | .2 222
10-160. | 285 [2.10 |0.7804 [35.9 | 84 | 6.0 [115.C [trace |0.032 |86.0 | 95,2 | 221
160-180 | 319 [2.08 [0.7729 [40.4 | 82 |-18.5 [138.0 |trace |0.044 |91.0 | 99.4 222
| 186200 | 325 |2.07 5He | 37.5 (159.0 |0.002 {0,038 |87.5 [104.8 | 235
26102320 | 372 | 2.05 o.éégs 31.0 0.002 [0.036 |87.5 |110.4 | 248
ROo240 | 12.04 o.€§§4 33:0 ~10.010 [0.043 55
40

* All the following fractionsiare at- 10mm,

46
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#+ All the following fract:lons are at 10mm,
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‘Table ITT(E)5
PROPERTIES OF FRACTIONS FROM KETTIEMAN NILLS CRUDE
. Mesn | B/C | 1 |Vis, |Pour [Flash | Ce- !Aniline {Spomte-
| Fraction | B,P, | ra~| @, |30% (V. L. | Pbt. | Pt, ¢.C. 3  tawe i FPt, nsous
' (oc) | tio | Sec. (%) f(%e) [(%) | (B) V. (“%C)  |Ign. temmpy
150-170 | 140 |1,94 |0.7709 | 26.3 | 96 : 0,06 34,0 L 50,6
| 170-190 | 161 [1.90 | 0.700 | 27.5 | 96 19,0 0.05 [37.0 | 514 | 243
190-210 137 1.87 10,8050 | 28,5 | 94 32,2 {0,007 {0,06 |4l.2 53.6 242
(atig:g)*! izos {1.83 |0.8222 | 31.1 | 87 |-55.0 58,0 |0.009 |0.05 |43.2 e | u2
. 100-120 | 239 |1.81 |0.8%2 |32.2 | &7 |-38.0 82.0 |0.014 |0.08 |50.2 | 60.2 | =20
120-140 | 260- |1.80 |0.8455 | 34.4 | 86 |-25.5 | 99.0 |0.026 |0.13 |53.4 | 63.6 | 240
140-160 | 284 |1.78 |0.8535 |35.5 | 82 |-12.5 {114.0 [0.034 |0.16 |56.4 | 66.6 | 297,
160-180 | 312 |1.77 |0.8623 |45.6 | 77 |- 1.5 [129.5 |o.081 0,22 | 58,0 | 73,0 | 238
180-200 | 340 |1.75|0.8765 62,5 | 60 | 9.5 11.45 0.120 {0.30 | 57.0 | 69.2 | 246
200-220 | 365 |1.72 |0.8940 {97.5 | 44 | 14.3 [158.0 [0.162 [0.34 | 55.0 | 7.5 | 252
220-240 | 380 |1,71 {0.9098 24,0 17,0 [0.232 | 0.34 | 53.4 | s2.0 | 252
. Table IV(B)5
?ROPERTIES ar FRACTIONSE?FHOM OHA CRUDE
| Mean | H/C Vs, Pour |Flash Co- |4niline |Spentansous:
Fraction | ByP, | ra~ | d15 l300c |V.I.| Pt, | Pt, | C.C.| S |tame | Pt. Tin. tomp,
(%) | (°6) | tio 4 |sec. (%) | (°c) (% | v. | (%) (°c)
(at?l!lholg')ﬁ% 211 |17 |0.8557 |32.0 | 91 0,12 |33.5 | 52,0 |
100-220 | 238 |1,78 |0.8629 |33.2 | 89 |-65.0 | 75.0 |0.022 | 0,14 [36.0 | 53.0 242
120-140 | 262 |1.73 0.8747 [35.7 | 85 |-53.5 | 94.0 [0.048 |0.17 |38.6 | 57.6 .| 23
140-160 | 283 [1,71 |0.8852.{40,5 | 79° |=40.0 [109,0 |0.036 |0.19 |40.0 | 54.4 21
160-180° | 299 |1.67 |0.8919 |46,5 | 72 |-31.0 120,0 {0,036 [0.26 |41.5 | 56.4 22
180-200 | 315 |1.63 [0,9016 |52,3 | 68 |-23.5 132,5 |0.076 0,29 [42,7 | 63.8 | 37
200-220 | 339 |1.63 |0.913 |80.3 | 50 |-13.0 |149.6 |0.167 |0.29 | 40,0 | 59.2 23
220=240 399 1.60 [0,9258 |147.2] 30 -6,5 |160,5 |0,210 (0,32 [.39,0 58.4 254 -
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; Table V(B)5

v : PROFERTIES OF FRACTIONS FROM TARAKAN CHUDE

5 Mear: | B/C | . |Vis. Pour | Flash: Go- |Aniline | Spontanevus
e (| | B8 | &R o |a e | e
‘(at?iégg)* 212:: | 1,78 |0.8616 | 31,2 | 90 56,0/ |0,018 | 0,05 | 31.7 | 51.2 | . 246
| 100-120 | 238 | 1,73 |0.8807 |34.5 | 86 80.0/{0.025 | 0.06 | 32.5 | 51.4 26
120-10 | 259: | 1.0 0.89% | 37.5 | 82 100,0; {0.024 | 0,08 [ 33.5 | 51.4 215
146;150: 283 | 1.70 |0,9026 | 43,3 | 76 |-48.0 | 117.Ci |0,022 | 0,12 | 34.7 | 50.6 238
160-180 | 307 | 1,61 |0.9164 | 5.9 | 65 | =30.C | 137.¢ [0.030 | 0.15 [ 36.5 | 50.0 242
180-200 | 333 | 1.54 [0.9353 | 84.7 | 47 |-14.5 |157.5 |0.038 | 0.23|36.5 | 47.4 251
"206-220 | 358 | 1.50 |0.9534 |180.8| 27 | -4.5 |177.0 |o.042|0.29 [ 360 | 47.6 258
2-240 | 380 1,46 [0.96% | 551.6| 13 | 4.5 297.0 |o.0s6 | 0,32 | 315 1 38.3 22 |

Table VI(B)5
PROFERTIES OF FRACTIONS F'H?H SHAL® D_I_IESEL _BASKE STOCK

'?r;mtion :";n ge/;c-: ay ‘3’(1:56 v.I. P;:f F%g?il c.C. | s oo Anpti%m o ™

198) | (%) |ti0 Sec, (%) | o) | (B |(®) | V. | (%) |temp.(%)
\(qc Tooie | 206 |1.80 [o.ens |ma1 |93 |waas 62,0 |0.010 |0.45 | 46,0 | 23,3 | 20
10%-120 | 243 |1.77 |0.8271 [31.7 | 90 |-23.3 | 93.0 |0.013 |0.42 | 50.3 | 54.0 236
120-140 | 264 |1.80 |0.8341 |34.4 | 86 |-12.0 {111.0 |0.025 [0.43]55.3 | 554 | 2u1
140-160 |28 |1.80 |0.8410 |37.1 | 84 | -2.9 |125.5 |0.026 |0.77 | 59.1 | 0.2 239
160-180 306 |19 |0.891 (41,3 |79 | 4.1 |141.0 0,031 |o.s1|61.3 | 63.4 | 238
180-200 |3% |1.75 |0.g658 {50.3 | 70 | 10.3 |153.0 |0.033 |0.37 [ 64.0 | 65.0 234
200-220 |36 |1.70 [0.8805 {69.8 | 56 | 13.2 |179.5 |0.040 |0.57 | 60.0 | 64.0 242
220-240 | 387 |1.70 °';3§§9 106.7] 45 | 6.5 |185.0 [0.067 [0.40 | 54.9 | 64.8 271

t

* 411 the following frractionsé are at 10mm,




e

X-30(N)-6

- RESTRICTED _

ENCLOSURE. (B) 5

Tii

A--- Quartz Reaction Vessel
B----Fressure Meter

C--- Mevcury Botele

] ‘ E D--- Furnace

8 : E~--Therme-GCouple

Figure 1 (B)5
APPARATUS FOR MEASURING SPONTANEOUS IGN. TEMP.
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‘ Figure 3 (3)5 N
- . RELATIONSHIP BETWEEN MEAN BOILING POINT
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ENCLOSURE : (B)6
PART I
CREOSOTE OIL

(I ‘ SUMMARY

It was confirmea that creosota ¢il was unsultable for all
types of engine operation for pericds of long duration
 due to piston depasits and ring ‘sticking. However, it
" oan be used for a short time exdept in high apsed Diessl
-‘engines, : _

| I. - INT3ODUCTION

iZTho purpnse was o acquire another source of Dissel fuels. Hsncs, the orTuosote
" @il which is a by~-product of low temperaturs distillation of coal was invasti-
gated., iamples were brought from Showa-Seike Co., Ltd. in MANCEURIA.

| Ths re udpo no key research perscnnel aséiqtins Lt. EIRABE,
‘II. DETAILED DPSCRIPTION

A. ' Samples Tested i
Tho;ﬂanples which were tested are ahdin in Table I(B)6,

B,  Tost Engines Used : ,
Thafteﬁt engines which wgre used arezéhoun in Tablo IX{B)é6.

C. : Test Procedure o : Lo
"1, The first test series relatad to states cf combusticn under
various conditions; that i1s, amoke ocondition, knocking phencamona, ex-

' .’ heust gas temperature, maximum erplosion- prassure, etc. Since the
. 'details of the experimental data were burned, the following is des-
. ‘eribed from memory. Various injscticn air pressures were tried, and
- when the pressure of injection alr was nsar 85 kg/on?, ccmbustion wae
bost and satisfactory performancs was shown at full load.

2. 'Then at ths following loads - 4/10, 6/10, 8/10, 10/10, an& 11/10
of rated power, additional data ‘mere acquired; i.e. fuel consumption,

revolutions per minute, brake horsepower, exhsust gas temperature anpd
' pressure, maximum explosion pressure, lubricant temperature at doth
inlet and outlet, cooling water temperature, smoke condition, -ate.

3. The 10hp small, high speed;éniesel engine was operatad in the
‘ 'peme way &8 the 25hp Diesel engipe. : :

At low power rate the smoke was #ery bad, tlack, and excessive, and
the speed was not smooth. j ' }

fiAt high power rates, the engine:éxhibited good performance, but amcke
 was rather bad. | " ‘

On inspaction of the cylinder afber 20 hours mnning, thore ﬁas soHe
. scoring, and the:piston head and cylinder head were coated with car-
‘. bon geposits, There were also deposits in the tip of the injection
. nozzle,:- ) ‘ § c
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carbon deposits on the piston head were directly opposite to each
nozzle hole.

As a result, the engine had to be cLeaned after 20 hours running
The fuel filter was not clogged. |

| III, concLusxons

v crmosoto oil capnot be used as a’ starting fuel. Starting with this fuel was

very difricult even when cranking with the dynamometer; but crecsote cil can be
ussd at high power rates quite satisfactorily except for considerable smoking.
At low power retes, its running was not smootia and the smoking wes exceasive.

‘This fuel cannot be used for long time running periods and engine cleaning is

. required every 20:hours, . Care must be taken when using this fuel, as it will

burn the skin.

L o ot . Table I(B)6
s ' PROPERTIES oF SAMPIES TESTE

Greosote Tarakan Pitche

i 01l less 0il*
Coloz:: black and bilue brown
' Gt . L dark; brown
© [Specific weignt (15/4°C) 1.078 0.9311
.~ |Flash point (°C) . : 62 : 78.5
| wscoslty (Reawood No.1 at 30°C) 52.6
Freezﬁhg point (°9) {-20% -38.5 .+
_ |carboir (%) - 2.23 ,
& | w;tegf(%) - ' 0.06 |
- laen ¢ S 0.027
_ |cetans value (caloulated) ‘appéoxémately , 38
: Raaot@qn ’ » ' ‘ %cidio

* Tarakan pitehless oll, prepared at 3rd'Naval Fuel Doepot by deasphalti-
zing with propane, was used for compaxison.

Table II(B)6
CHARACTERISTICS OF TEST ENGINES USED

25HP Air Injection: 10HP Solid Injeation
| § Diesel Engine* Diesel Enginax*
“-1Cylinder bore 220mm -
" |Cylinder strcke 300mm ; Lsomn
B,H.P., . . 25 10 :
. |Speed (RPFM) - 450 * 1800
. |Comp. ratio 14,5 16.5

. *Mhnuraotured by Okiko (Osaka Kikai Kosahusho), 4=-cyols, single-
i ' cyiinder, vertical.

7 **Manufactured by Niigata, 4-cycle, singlo-aylinder, vertical, small
: high spsed Dlesel engine. .

eI
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~ PART II
S0Y BE A:& 0IL

SUMMAR"

It was found that the soy-bean oll (treated with acid elay)
.was as sultable for both high spsed Diesel engines and lcw ~
) xepeed Diesel engenes as other miueral oils.
{I. INTEODUCTIQN ) \
The purpoee was to-acquire another eource or Dissel fuels. Aoccordingly, soy-
- bean oil iwas investigeted, and the results; agreed with ¢xpectations - in that
~1t was found satisfactory.

'fII; DETAILED DESCRIPTION

A. frData on Semple @ = o -

é;, ;; color ‘ . i “ ‘ sap yellow

;2 | { _ spesifie weight (15/L°C) ﬁ : v 0,925

;% éi flash point : f ‘ 173

E: viscosity (Redwood No.l at 309C) 176

i' ] freezing point (°c) E . =15

§§ ?u carbon (%) f 0.353 ©
_:” water (#) i 28 [
| reaction f . neutral

B. ' Test Engines Used

i1, Junkers small, high speed, solid injection, single cylinder ver~
ggtieal Diesel engine. Specifications were:

2,eyole 10hpj 1800 RPM
. i
il

Bore 65mm f opposed piston. type.

: 2. OKIKO, 25hp low speed, air Lnjection,verticle single cylinder
' “V;D1eeel engine, Speclifications ware:

4 cycle o i 25hp ~ 450RPYU
Bore 220mm ; stroke 300mm
Compression ratio: l o5 ) N

C. Teet Procedure

Teet ‘procedure was done under the folLowing conditions at the various

power rates: 2/10, 4/10, 6/10, 8/10, 10/10 brake horsepower. Data of ,
-thermal erriciency, fuel consumption,xend maximum explosion pressure was o
obtained by a "Farns Boro" indicator. At the same time the ccmbustion

state was observed by using indlcator cards,

o i
e = 59
i .
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A twentyvrive hofsepower low speed Diesel sngine was operated in the samp
way as %he 10hp, small, high speed Diesel engine. At avery pbower rate,
running state and smoke condition were very good and q:gine oxhibited goot

performancs,

 III. CONCLUSION
- Tho soy-bean;oil was found suitable for high ﬁpeed Diesel engines and sxhibitad

a;isfactory performance at both low and high power rates, Thers was alsc Do
. bhonomena of: sticking nor engine deposits. The smoke condition was very satic-
factory. No: starting test was made, cranking@beins dgne by the dynamoaster.
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SUMMARY , o

It was confirmed that dry distilled copra oil was unsuit-

- able ag & fuel for either diesel. or semi-diessl engines.
‘It was also confirmed that widely-used, pressed-out copra
oil and esterified coPra oils were both suitable,

f To utilize the olly and fatty products of" the South Sea Islands for fuel 011,
. verious (copra oils were chosen for the puzpoab of finding a substitute for

' dlesel fuels. Samples were prepared in July 1942, and tests were finished im
L October'l9h2. Chief researcher: Assistant Engineer KAJIW

II. DETAILED DESCRIPTION OF PRODUCTS

"A.': Deta on samples aze given in Table I(B)7.
B.{_ Data on Testing Engines are givan in Table IT{B)7

C. | Test Procedures

At the following loads, 404, 604, 80%, end 100% load factor, the fuel
consumption, bhp, maximum pressure ii cy’indar, exhaust ‘gas tempera-
turs. and composition, smoke condition, cooling water temperature, and
varlous other date required were measured

The Tesults of'tests are compared u51ng Tarakan pitchless heavy oil as
standard

\ ;D.;, Experlmental Results

v 1, Results using 25 hp air 1nJection diesel engine are given 'in
' Table III(B)7.

"{ 2 Results. using 10 hp solid-tnjection diesel engine are given 1n
- Table IV(B)7.

ITI. CONCLUSIONS |

Lo
Each copra oil tested was found to be suluable for starting, and from this
standpoint each was better than Tarakan pitchless oil. -Nearly smokeless com—
bustion (almost equal to that of Tarakan pitchless 0il) can be expected vhen, -
copra oil is used. : K
The exhaust temperature was comparatively low, viz. about 230°C for covra 0il,
about 265 ¢ for Taraskan oil.. :

None of the fuel compound was found to be corrosive against engine materials,
except dry distilled copra oil, : .

Each oil exhibited smooth running in englne performance tests, . ! =

carbon depos:.ts on piston head, cylinder nap, etc. were not great, and no ring °
stlcklng occurred in any case.

The high freezing point of dry dlstilled copra 0il and pressed-out copra oil
prohlbifs the use of these oils under cold weather conditions.
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;Esﬁérified cébra oil is believed to.be suitable for use in diesel and semi-
diesel engines in summer and winter, and there;1s no need of special ceution

in ‘conneétion with its use. It can be utililized therefore, a&s easily as

mineral olls.

I

" Table I(B)7
v SAMPLES

Copra oil

Propeity'
- \"D.I‘y distillec*

Pressed-out**

Esterified#

'rarakan
pitchless

oilf$

Color . . Dark. brown

Orange

Orange

Blue browmn

|Specific grevity 0.9

+0.92

0.97

0.93

|calorific velue (keal/ks) 9200

92¢o-9300

9250

9670

Cetane no. . . » " 54

b5

54 °

32

'|Fiesh point (°C) 85

180

L2

- 78.5

Fﬁgezing po#nt (°c) " ) +7

f+20

-8

-38.5

E 60

80

yiera (#) | 60

iand’ has sharp odor.

_propane.

70

* Distilled from dry end crushed copre

il ?réésed-out oll from copra, has arom: ,
: #- Prossed-out copra o0il treated with msthyl alcohol of same volume,

.7 Shipped. from Tokuyama 3rd Naval Fuel:Depot af

BH

4
t

matic -smell.

‘under the catalyst HC1l (34) forming methyl laurate. _
ter deasphalting: with

‘at 500°C. Contains acrolein
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Table II(B)?
TESTING ENGINES*

X-38(N)-6

lN ‘ B Cylinder Dimension Compres-
© [Name of:Engine | Type of Engine Diameter sion
| I T o= N (mm) Stroke(mm) |- bhp | RPM | Ratlo
Okika: L oyclo 2205 300 26 | 450 | 145
-y - air-injection = .
| Niigata, 4 cycle 100/ - 140 10 {1800 | 16.5
N solid-injection |. : | :
Tkegéll semi-diesel 1 1 120 2| 8o0o 8.0
*‘%Testing Engines Used (all singleiﬁylinder)
g Table III(B)?
¥ RESULTS USING 25 hp AIR-INJECTION ‘DIESEL EN”INE
Cc{p_ra oil. i Tarelan
- . pitchiess
Dry distilled Prquedeout Eaterified oil
Power rate 10/10 10/10 10/10 10/10
* o (Full) (Full) {Full) (Full)
bhp 25, B 25 ' 25 25
Tuel consumption k ¢
(gm/hp /hr 208 220 210 190
Table IV(E)?
RESUIES USING 10 hp SOLID-INJECTION DIESTL ENGINE
: C¢@ra oil Tarakan
i . pitchless
g Dry distilled Pressed-out Esterified oil
Power rate 10/10 10/10 10/10 10/10
; (Full) (Full) (Fuxl) (Full)
bhp 10 .10 10 ? 10
Fuel consumption i
(em/hp/ hr? 300 - 300 305 230

"~ 65
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i
CREGSOT;E 0IL

SUMMARY \

" Greosote o0il was examined to determine whether it was
suitable for No.51-10 diesel engine (used in high-speed
boa?) and for 75 hp hot bulbd engine (for small tramp

. use).

~ ' The following conclusions were obtained:
. 1ls For Diesel Engine No. 51-10. Combustion was irreg-
~ ular owing to poor ignlition, and the maximum pressure
in the cylinder was very high (about 70 kg/c¢me). These
results show that the use of creosote oil is unsatis-
- factory.

= i "

2, For gg hp Hot Bulb Engine.: When no alteration was.

made on the engine, the operation of the engine was
impossible unless the scavenging air adjusting valve :
.was opened a littls, and the hot bulb was hested by a

. i blow lamp every 5 to 10 minutes to keep the bulb at

" high temperature. ,

i When. the engine design was altered as shown in Figure

» 1(B)8, (Hot metal was made of Si-Cr steel) both partial
-and full load operations were possible holding the
;bulb at ordinary tempersture. Though the maximum
'pressure in the cylinder was 2 to 3 kg/em? higher than
‘the pressure whea heavy o0il No. 1 was used, operating
results were the same as those of heavy o0il No.l, and
this shows that in this case creosote oll can be used
practicallys more over, if the hot bulb was suffi-
ciently heated by a blow lamp bafore starting the engine
could be easily started. : .

"

A.‘f History of Project

" As & result of American victories on' Saipan and in the Philippines, the

surply of heavy oil from the South Ssa Islands was cut off, making the

- shcrtage of heavy oil imminent. Therefore, the substitution of creosots

0il: for heavy oll was considered by the Naval Department:.of Material, aad -
orders were 1ssued tothe Yoxosuka Naval Arsenal in January, 1945, to test
certain diesel engines and hot bulb @ngines using creosote oil. Diesel
engine No. 51~10 and 45 hp hot bulb angine were tested with crecsote oil
obtained from the First Fuel Depot. .Tests with diesel engine No. 51-10
were abandoned after two or three trials in March, 1945, for the reason
gsteted in the summary. Tests were made with the 75 hp hot bulb engine
frcm April to June, 1945. The experiments were dissontinued, when it was
found that creosote o0il could be practically used if the hot bulb was
equipped with "hot metal"™, "Hot metal™ was made or ordinary steel plate
in the first test. Metal made of Si-Cr steel was used for the second test |
and' it was found that the latterrwas better then the former because of its
heat resisting properties. : .

L - ' 7f§
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B. ggfeReaeearch Pergonnel Working on ﬁroject

o Eng. Lt. T. YASUMA
Eng. Lt. M. TOMITA

BETAILEi) 'DESGRIPTION

A. Deucrigtion of Aggaratus ‘
, Enginee. See Table I(B)B. ﬁ

ig, Apparatus. -The apparatus is shown in Figure 2(E)8 and
F gure -

B. Teut Procedure ' ‘ %

l.ﬁ - For Diesel Engine No.gl-lo.u ¥§ B _ .

?Q a. The engine was started by light oil,

., % B, Operation was continued for 5 to 10 minutes at L/10 of full
3 y load, until a smooth driving state was reached.

4. Light 01l was changed to creosote oil previously hoated
to 50-609C. No changes were made in the dienel engine.

i

2. For 75 hp Hot Bulb Engine.

a. No changes were made in either parts or settings of' the
hot bulb engine at first, and research was carried out on the
starting and running characteristics.

"

1 De Secondly, in order to 1mprove the ignition of creoﬂote oi]
.- "hot metal®™ was equipped in the hot bulb as shown in Figure
1(B)8, and investigations were ‘made on effect of hot metal and
its durability in starting and in operating charscteristics. -
‘" Hot metal wag made of ordinary steel or Si-Cr steel, and creo-
sote oil was preheated to 50- 60 c.

C. Exgerimental Results -

For Diesel Enqine No,51-10. Scon efter the fuel wes changed, ‘
the ‘engine revolutlons decreased and, the maximum pressure in the ‘
cylinder inoreased to about 70 kg/cmz, combustion becoming irregular
ani .operation very difficult. No data are available from this

' e&perimegt

a

s
{

2 For 75 hp Hot Bulb Engine.

1. a. NoO design alterations madé:
i . (1) EasJ(or starting Trough it was more difficult than
. with heavy o the engine could be started using

L starting air (air pressure being 6 to 8 kg/cmd if the hot .-
bulb was previously heatec to & red color by a blow lamp. " -
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(2) “Running cheracteristics: Setisfactory engiae running
wes not possible unless the scavenging air adjusting valve
wag opened slightly and the hot bulb was heateé by a blow
lemp every 5 to 1C minutes and was kept at & high tempera-
ture, No date are avallable from this experiment,

be Using hot bulb equippeg,with "hot metal™: 7
(1?' Ease of startigg:E‘Same as in {(a) (1) ebove.

(2) Running characteristics. It wes possible to drive
engine at any load while maintaining the surface tempera-
“ture of the hot bulb at 3000C. The temperature was
measured with a thermocouple, and results showed the same
-temperature as 1n the case of using heavy oil No,l.

Table III(B)8 shows tha operating results at full load.

(3) Durability of hot metal: Hot metal made of steel
plate was partially melted after full load operation for
5 hours,,
= I
Hot metal made of Si-Cr steel was in good ccadition after .
20 hours of full load driving. :

i
|

III. CONCLUSIONS -

. A, According to the several experimmnts wtth diesel engines, it vias
 concluded “that the low cetane creosots oil.-obtained from the First Naval
Fue] Depot was not sultable for diesel engine fuel,

" (Note: The above is not too con‘lusive as only one kind of
- creosote oil was used.)

B. It was concluded that creosote otl was satisfactory for hot bulb
fuel providing, "hot metal™ made of S1-Cr steel was equlpped in the hot
bulk: when a bad quality creosote oil was used.

e

B Teble I(B)8
DLTAILS OW TEST ENGINES- (SINGLE-ACTING SOLID INJECTION)

Cycles | bhp | rpm Bore Stroke [Ko. of Cyl.

Diesel engine No.51-10 L ¢ | 300 | 1500 | 140mm | 200mm 10!

75 hp r’gbt bulb engine 2 75 | 335 l2mm | 13 1/2mm 2
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HOT BULB : _Q AIR MANTLE
/ JGNITION METAL

T

]

HOT METAL |

CYLINDER GOVER

Figure 1(B)8

‘ ' - . REDESIGNED HOT RULB
IR : .
LUBRICATING ?1 TANK _EUFL TANK.
I)E lVERY OIL PUNE '
3 4 WATER BRAKE (FloudeType)
4 : & Water
Figur'e‘Q;(B)g L -
TESTING APPARATUS
FOR DIESEL ENGINE: NO. 51-10
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S0OY-BEAN OII AND PINE-ROOT OIL.

SUMMARY

Practical operations of diesel engine No 51-10 were made
with soy-bean oil alone, pine-root 0il alone and mixture
of both (mixing ratio of 5§ : 5)« The followling results
were obtained. . ]

l.. Soy-bean oil. had better properties than heavy oll
No.l. Therefore, diesel engine No.31-10 could be. opera-
ted easily at full load with SOanean cll.

2. By operating diesel engine Wo.: 51-10 with pine-root
01l alone or mixed oil (soy-bean oil : pine root oil =

5% 5), similar oparating conditions were obtained to
those when heavy oil No,l. was used. However, starting
wae impossible unless the fuel pump: plunger and needle
valve were clesned at the end of the preceding run. This
fact was cgused by the formation ofiresinous matters in
tha pine-root oil. Therefore, pracbical operatlons were
unsatisfactory using pine-root oil T mixed oil.

INTRODUCTION i

A. History of. Project T ' ‘5 . ‘

After ;mactical,tests of creosote oil, the above tests were made in
June, l945.

These fuels werg prepared in the PFirst Fuel Depot. Only a smzll amount
of soy«bean was tested, but running characteristics wlth soy-bean oil
were very good. Therefore, investigations were carried out only for a
short period. As pine-root oil and mixed oil.gummed up the fuel injec-

tion system, 1t was considered unsatisfaetory. As a result, only two
or thrue experiments were made.

B. Kiz Research Personnel Wbrkigg on P_gigg_
Eng. Lt. M. TOMITA./
DEPAILLD DESCRIPTION
A. Dnscrigtion of Apparatus
’1”' Testing Agpagetue. This is shown in Figure 2(5)8.
2 Fuels. See Table IV(B)S. - TTE
B. Tust Procedure | '
lﬂ‘ No design alteretion was made on the main engine No.51-10.
2§Q Starting was ‘accomplished by u;e of light oil.
3&_ Light oil was changed to testing fuel after stafting.

76
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j 4. Inves~igations were made at. each power.
;5. Soy-bean oil and mixed oil heated :to 50-600C were enxployed.

c, . Experimental Results

1. Soy-bean 011 Properties of soy-bean oil were better than
; those of heavy oIl No.l. Therefore, diesgl engine No.51-10 could
o . be operated easily at any load with soy-bean oil. The experimental
o 3,results at full load are shown in Table V(B)8. :
ﬁf2; Pine-root 0il and Mixed 011. Diesel engine No.51-10 could be
operated with the same cperaning conditions as for heavy oil No.l;
" however; starting was impossible unless the needle velve and fuel
4, pump plunger -weére cleaned immediately after tnc end of the previous
. ' operetion: This was caused by the formation of resin in the needle
ﬂ valve and fuel pump plunger. No daeta were taken.

| III. coNjLuSIONS

. A, : Engine running chardeteristics using soy-bean oil ware very good,
‘ and it was concluded that this oll was a good substitute for diesel
englne fuel. ‘ ﬂ
B. j It was determired that pine-root 0il or mixed oil could not be used
as . substitute fuel, unless they were thoroughly refined removing the
'reslncus matters which gum up the fuel injection system.

L ) . Table V(B)8
XPERIMENTAL RESULT USING SOYA-BEAN OIL AT FULL LOAD

R

N

S Regulating'¢ondition Fuel Consumption| Max: Pressure | Temperature (OC) LR
Tpm bhp - . in Cylinder - - - :
. Timing Fiill, 11t/hr |gm/bhp/hr kg/cm? Fxhaust | Fuel
ARV RS Handle | Handle i | Gas. Temp.| Temp.
1500 | 200 | 4/10 48/60 80.4 | 25 54 515 o b5
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‘WOOD GAS:
SUMMARY

The: substitution of wood gas for liquid fuel in a 75 Ap

hot ‘bulb engine was examined, and the: following results
wers obtained. : ; -

1. . Wnhen a mixture of wood gas and heavy oil No.1l (for
ignition use) was employed, consumption of heavy .0il No.l
was 20-35% of the heavy oil consumption when heavy oil
No.l was employed alone and operaticns were comparative-
ly smooth. ] :

2 . "Hot metal" was installed in theéhot bulb shown in
Figure 1(B)8 (same-as the case of creosote oil) with the

following results:
" .a., When the load was 2/10-4/1C of the full load,
j~both wood gas. and heavy oil No.l hed to be employed.

" b. Vnen the load was G/10-8/10 of the full load,
operation was possible using woqd gas only.

’ .
i

3., For starting, liquid fuel was necessary.

L. Characteristics of the gas producer were not examined
in detail, but improvements in some parts were considered
necessary. _ . |

INTRODUCTION

. Ao History of Project

Since the end of 1944, many hot bulb engines could not be driven since

" _the shortage of liquid fuel was imminent.. :

7“Therefofe, the Naval Department of Materiﬁl issued orders in October,

1944, to the Yokosuka Naval Arsenal %o test hot bulb engines using wood
gas. Experiments were nade from Mapeh to:August, 1945, and possibilities
for practical use of wood gas in the hot Dbulb engine were discovered.

B. KbY‘Research”Pefsonnel Working on Project
' Eng. Lt. S. WATANABE.

DETAILED DESCRIPTION

A, Description of Apparatys ' ;

Ly

‘The apparatus is shown in Figure 3(B)8 and Figure 4(B)8.

B. Tes} Procedurse

l.f When both wood..gas and heavy oil No.l (ignition ruel) were

G ":“ . I 78
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employed:

(a) Burning cloths were thrown into the gas producer froa
the firing hole to ingnite wood in the furnace.

(b) Satisfactory gas was produced by blowing for a psriod of
10 %0 15 minutes with a hand blower.

(e¢) The engine was started with heavy oil No.1l, fully opening
the airvalve in the gas and air mixing aepparatus.

(d) In order to control load, the alr valve and gas walve were
opened slowly and then the fuel handle (for liquid fuel use)
was regulated slowly. : -

(e) Characteristios of the gas producer and operating charac-
teristics of each load wers investigated.

(£) " Another engine with a 3mm top clearance in the cylinder
was examined. (No changes;were made in the engine).

2. Yhen wood éas without liquid fuel was used alone adjusting che
top oclearanoce in the cylinder to 3mm:

ngh  #pw,  rgn. apd "d" were the same as B,l
n"g" after operating in 1,d state for 10 minutes, liquid fuel was
completely shut off, :

"g" characteristies of the:gas producer and engine operating
cheracteristics at each load using wood gas only were investi-
- gated, :

C. Exporimental Results

1. The experimental results for when both vood gas and, heavy oil
No. 1 were employed are shown in Table VI(B)&.

' Comparatively smooth operation'was obtainable for any lcad and come

parable to the operation obtained when heavy oil No. 1 was used alons.

Consumption of heavy oil No. 1 was about 35% at 4/10 of the full load
-and about 18% at full load, as compared with consumption of heavy oil
Nos 1 when heavy oil No. 1 was used only. Consumption of wood: 1.35

j kg per boiler horsepower hour at full load. Horse power was greatly
'inrluenqed by the degree of opening of the air valve.

2. Using wood gas alone. Experimentel results are showh in Table
ViI{B}8. ; ' ‘

8/10 of full load operation wasipoésible with wood gas alone, but

- 2/10-4/10 of full load operation was difficult when hot bulb tempera-

ture was low. ;
Comparatively smooth operation was posaible at 6/10-8/16 of full load.

“} Consumption of wood was l..4 kg per boiler horsepower hour at 8/10 of
- full load,

i
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TII. CONGLUSIONS | ‘ | i
Wood gas could be substituted with satlsractor& results in a hot bulb énginé
bufi its gzagbicql application was con31dered dlfficult for the following
‘rquons. 5 :

A, Practice and skill are necessary to control the ratio of gas and
ot adr mixture.

- B. Exact setting and timing of the fue] injection system before opera-
i ting is necessary. ; .

- ﬂ,
v FUEL
; : TANK:
© \later | MUFFLE AR f ”
o ' ,/ RV er!

L

L m cLuTey | ] WATER BIAE
L L— \L/ W ] , ] CFroude Type)
I e TEST ENGINE S :

i o ater
; e
Figure 3(B)§ © : .
TESTING APPARATUS..FUR
. 75 H.P. HOT BULB ENGINE
80 '
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I. IM‘RODUCTION

. An engine test plant for testing diesel fuel was 1nstalled at the: First lnval
Fuel Depot in 1942, together with the engine test plani for aviation ruel ana
lube: oil.

The ohenlcal properties and the cetane value of diesel fuel itsell were ex-
amined by the A4th section of the Experimental Department. The senples ware
examined: by actual engine test, by the 2nd section of the seme Department, and
their sultability for practical dlesel engine use was determined

One tpr‘Of engine tést was made in a mono-cylinder teqting engine, another
in a fuill sized engine, If required, tests were made under actual. running
conditions on ships or automobiles.

Work on: substitutes for diesel fuel was also carried out because the supply
for this:fuel became vsry scearce. See report "Engine Teat of Subatituted
Fuel foir Diesel and Boiler", (Enclosure (B)6, (B)7, (B)8, and (B)14) in-
oluding tests of copra and copra oil, then creosote oil and soya-bean oll.

IX. DE'(‘AIIED DESCRIP'I’ION OF APPARATUS

»A.ﬁl Mbno-cxlinder Engine Test

Thip: C.F.R. engine test 1s the same as in U.S., and it will not be men=-
tiuned in thls’ paper. ‘

Seraral mono~-cylinder engines were installed in this depot ap shown in
N the following 1list. 1

Okiko dlesel engine

Niigata Diesel engine }
Tkegal semi-diesel engine’

for prime movers of generators

‘No. 31 type diesel engine--maim engine for hydroplane carriers.

b le The Froude type electric mynamometer wa3 used to measure the
- bhp. delivered.

v C R The RPM or total revolutions during the test was measured wvith
! . tachometers and revolution oounters.

| ‘ i;',3, The tachometers were checked with stop-watches,
i A supply fuel tank was placed on a balance.

5e The Malihak indicator was used for low Speed efigines, and ¢the
Fernboros indicetor for high speed engines to draw diegrems and to
: ' measure the meximum pressure, nean effective pressure, stc., and to
s /'~ determine the conditions of compression, combustion, expamsion,

5 .- exhaust and suctlon stroke.

The- Okill pressure indicator was also used but not oftem;

6. The- Orsat method was-usually used: t0 ahnalyze the exhaust ga®..

7. The inlet and outlet temperatures of lube oil and cooling_
water and also the temperatures of certain parts of the ergine were
,measureﬂ with mereury. thermometers, thermocouples, and occassional-

.

85i .
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ly measured by "Thermo-color®. "Thermo-color” is a temperature in-
diceting peint used in about six temperature: ranges from 300°C to
10C09C, It indicetes temperature wilh an accurecy of about £10°C,
andl. was used on such engine parts asinozzles'and cylinder neaas.

8@{' Pressure of the injected fuel, blast air, lube oil, eto.,were

measured with pressure geuges. i ~
. | . .

9..:" A five degree Lingerman chert was used to measurs the cclor of

smoke.

104 A triengulsr notoch weir type<r1bw meter was used to meashwre thé
rato of cooling water. 5

Each peirt of the engine is carefully inspected and then reassembled be-
fore. opration. The clearance is adjusted and the- englne is started by
hand if'small, and by compressed air ir large. This test operation is
continusd for about an hour. Then & preliminary run is carried out un-
til the!entire: engine and lube oil reach their proper working tempera-
tures, © : ;

The: functions 6Ff various accessories arechecked during this stage to

determiae. whether the engine hes reached:2 normal running condition or
not. : s ,

2

After,éverything,is.set‘in order, & tastfdata sheet (cf, attached paper)
is arranged and a recording trial is made. The men are then statlioned in
their respective positions, and the engine test is started carefully.

Tests ofi various loads.are made, such as'overload, full load,. 8/10 load,

6/10 logd,. 4/10 loed, 2/10 load, end minimum load.

An:offfbhr'or an. agsistant ‘engineex diredts.theftest, one assisteaat
handles: the controls, and twe or three men record the. data by the direc-.

tcr{s-éignal;

All;ooiimnS'1n*theateét.sheet'are filied) and from these data the: charac-
teristic curves are traced, and- the thernal efficiency, eto., calculated.

HP ' HE!

Riel S Fuel

i N—"%uel ! ~ Fuel
Consumption . Consumption Consuniption "~ Consumptiocn

1 : - No'Load Full Load

i~ Revolutions — > : Logd ———m—>

After ﬁhe{engine,testvis over, the enginé.is dismantled and conditiohs 6r
the principal parts of the engine, such as frictional surfaces (valves,
be;;ingg, piston rings, etec.), nozzles, fael, and lube oil filters, are
examinead. g : )

contamxnation, wearing, and decrease of bension of pisten rings; carbon
depositis. on piston caps, nozzle valve tips, cylinder caps; scratches on
gylinder walls, piston sides and fuel pump plunger; leakage of fuel pipe:
flangesi: and corrosion of engine meterials are also carefully investigated,
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|
The combustion conditions in the: cylinder are also examined firocm the: in~
dicator dlagram.obtained with a string-type indicator or a balanced pres-
sura Farnsboro-type indicator..

' B. '.Full.Sized Eugine: Test

If the amount of oil sample prepared. by the Research Department is: small,
or not suitable: for long run tests, they are: tested in mono-cylinder
engines.. But. in the case of decisive tests, such as determining the:
applicability for actuel. use, full size engines are used, and when pos=-
sible; they &re tested with engines &board ships or vehicles. under prac~
ticsl conditions,

Only few full slzed engines are installed in this depot, and most of the
tests were usually ca:ried out in the Yokosuka Naval Yard

. IIT. PROuRESS ‘OF: RESEARCH: WORK

7¢Investigation on. the performance tests of" high cetane diesel fuel flor higk -

speed Ql'ssel engines wes plenned, and a "élst" type higli speed single cylinder
diesel ‘engine: was installed but experlments were postponed owing ta the short-
age of g#soline which was: made by cracking diesel fuel. As a result, a sub-
stitute: fuel for diesel oil used in middle: speed diesel engines wast invesuéa
gated. (See Enclosures (B)6 and (B)7.) Copra oil, spya-bean oil, creasote
o0il were next examined but no satisfactory: results were cbtainegd. |

Figure vi:l'(B)Q
CLOSE UP VIEW OF NO. 31 TYPE
MONG-CYLINDER DIESEL ENGINE

87,
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Table I(B)9

i I TEST ENGINES FOR. DIESEL FUELS ANB IUBHIGAEING OIIS*
I e B ‘ﬁ Principal Dimensions
Name of Engine Type of Engine Wo, of
i i , : Bngine | Bore |Stroke | rpm |ahp
No. 31 Diesel | 2 cycle : 1 420 | 600 520 | 360
i Engiane* solid-injection o
_ s vertical single cylinder ! @
 Okiko DlesaI** | 4 cycle 1 220 | 300 L50 | 2%
¢ Engime .- air-injection i
; i vertical single cylinder i B
Junkers Diesel| 2 cycle 1. 65 | 900 |1z00 | 10
Engine - solid-injection ‘
o * vertical single cylinder | .
; ; opposed piston type ;
Niigeta Diésel| L cycle BEE! 100 | 140 |1#00 | 10
5 Engine . solidminjection :
(high speed) ~.vertical . single cylinder
K&imuin Type | 2 cycle - Sl 305 | 343 351 75 -
i Semi-Dicsel| hot bulb type P -
. Englne . - vertical 2 cylinder full
‘ o scale engine g ‘
Ko. 61 Diesel | 2 cycle 1 o | 180 | 1600 | 62
. Engine . solid-injection
. vertical single cylinder |
lsuzu<Diesel L cycle . 1 110 | 350 1600 | 100
* Engine s —solid-injection ,
g 6 eylinder, single row
i ‘vertlcal )
Niigata Diesel L, cycle . 1 220} 300 150 25
-4 Engine :’ *‘solid-injection '
(1aw 9peed) verticael single cylinder
i *Priqeipal accessories are listed on next page. o
f : 88
S il : i
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No. 31 Diesel Engine: One tupbo-blower (3200 rpm, 190 hp, 185 .
=, u§ min ’ Py

One water brake (500 to 1000 rpm, max,., hp

“ i 600 Froude type)

Marine engine was set in Auguﬂt 1942. Renoved from Yokosul:a
Naval Dockyeard, .

(kiko Dlesel Engine: One electric dyndmonmeter (450 rpm, 25 hp)

B One air compressor (100 kg/cm?, 15 hp)

: Generator engime - made by Osaka Machine Works Co. Ltd. Re-
. moved from Tokuyams Naval Fuel Depot.

;?un}sers Diesel Engine: Opposed piston type - maide by Junkers Co.
1td, | (Tapen agent Mitsubishi)
Removed from Tokuyema Neval Iluel Depot without accessories. .

Hiligate Diesel Engine (high s eed)?: One electric dynamometler
N 1 %2200; rpm, 10 hp)

Generator engine -~ removed from Tokuyama Naval Fuel Dapot.
Kaimuin Type Semi-Diesel Engine: 7

Merine engine ~ made by 'I'aguohi Mechine Works.

‘ No. 61 Diesel Engine:

Aircraft engine - removed rrom Yokosuka Naval Dookyard.

[suzu Diesel Engine:

Automobile engine - made by Diesel Automoblle Co, Ltd.,
Tsurumi Factory. Removed from Yokosuka Wavel Dockyerd ia

Niigata Diesel Engine (low spged) ) Elecﬁ-ic dynemometer (450 rpm,
, O hp
Generator engine - made by Niigeta Machine Works Co. Ltd.
Removed from Tokuyame Naval Fuel Depot.

[
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Table IT(B)9] -
-~ BOILERS FOR TESTING FUELS*

RESTRICTED

"

Kan-pon Boiler (Main):

Kan-pon Boiler (Minor):

Formerly used for auxilary boiler for A-class cruiser.

Cylindrical Boiler:

Two foed pumps
Two ruel o:!.l pumps

b;Lower .
foed pump.
fuel pump:

Cne
One
“One

Donke;y boiler:

B ‘ Dimension
»Name,s—:q’f: Boller | Type of Engine No. | Heating | Working No, of
. o _ ‘ Surface | Pressure | Burner

| Kem-pon Boiler |Ro-go type with 1 | 308.6 19 5
- (Main) air-preheater y
0il burnt
3 drum
water tabe
Kan-pon Boiler Ro~go type 1 66 1L 1l
(Minor) oil burnt
3 drunm
water tube
Cylindrioal Fire-tubes type 1 62.7 7
Boile.. single ended , .
coal burnt B
*ﬁif Notes on Boilers
One. blcwer
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PREPARATION OF PURE

a-METHYLNAPHTHEALENE *

t i ¢ (A

ig g NAVAL ENGINEER
: S C. MIYATA

Research Period: 19421943

Prepared for and Reviewed with Author
by U. S. Naval Technical Mission to Japan

December 19&5
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Io,

. The lack of-standard fuel for Diesel engiﬁes had become serious since 1941,
. and, consequently, the study of the following method of preparation was under-
. taken., The reaction was as follows: ;

m———
i
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i

SUMMARY

' a-Naphthylamine was transformed by the diazo reaction to
a-Naphthonitrile and then reduced with hydrogen to
a=Methylnaphthalene in the presience of reduced nickel ai

% 250-2909C., The yield of pure s-methylnaphthalene was
approximately 21% by weight.

INTRODUCTION .

NH NX KON CcN -

2 nano, G[ﬁ or NaCN
e E:IE:J-——————-———Ah- - ,r———dh-E:I[:j ——————— )
e (HCL) (GuCN)

CN CHy

TN+ Hp ,

DETAILED DESCRIPTION -

A.i,/Preparation of a=Naphthonitrile: (Reaction 1)

&\yoﬁlk.3gm a-naphthylamine in 270ce wéter containing 1Qcc concentrated HC1
was added 15cc concentrated HCl and 135gm of broken ice.
Then 25c¢ of an aqueous solution conﬁaining 7gm NaNO2 was added dropwise
with stirring. i

The product was treated at 80°C with 100cc of an aqueous solution contain-
ing 25gm CuSO,.5HA0 and 28gm NaCN. The mixture was steam distilled and
yellow, and o&ly, crude a-naphthonitrile was obtained. The ¢rude s-naphe
thonitrile was extracted with ether,:dried with CaCls, and then rodis-
tilled. The yield of ‘pure a-naphthonitrile was 5.9gm (corresponding to
approximately 40% by weight). The properties of the a-naphthonitrile
formed were as follows: '

| B.P., 295-297°C, M.P., 35-36°C,
B... Ereparation of a-Methylnaphthaleng (Reaction 2)

The a-naphthonitrile was reduced in 'the presence of reguced nickel
{prepared from nickel nitrite by ignition at about 3007C and by reduction
vwith hydrogen at 300°C), at 270-280°9C in a silica reaction tube (18mm X
1000mm)., The coloriess, oily product obtained (yield about 8§0% by weight}
wafi distilled at atmospheric pressure into the following fractions:

93.




 C. purification of a-Methylnaphthslens
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1st fraction : 233 - 240°C
" 2nd fraction : 240 - 250°¢C
3rd fraction : 250 - 285°¢C

? The firsb fraction consisted mainly of a-nmthyl naphthalene, 3rd fraction
. ‘'was mainly a-naphthonitrile, and the secord fraction was a mixture of

a-methyl naphthalene and a-naphthonitrile.

The yleld. of crude a-methylnaphthalene (from first and second fractions)
was aboub 78% by welight of a—naphthonitrile.

An alcoholic solution of the first and seEbnd fractions was added to the
same amount of pieric acid. The a-methylnaphthalene picrate was crystal-

. lized by cooling from the alcoholic solution.

The picrate, (m.p. 140-1419C) was decompOﬂed with concentrated NHAOK

(about 28%) to a-methyl naphthalene by waryming, and, after steam distilla-

tion of a-methyl naphthalense, was extracted with ether, dried with calci- o
um chloride, and then redistilled. -

The yield of a-methylnaphthalene ;
: from lst and 2nd frnct;ons- approx. 84%. by weight,
i from a-naphthonitrile: approx. 52% by weight.
“ from a-naphthylamlne- approx..2l% by weight,
The properties of pure a-methylnaphthaleno prepared from a-naphthylamine
were as follows:

B.P. (760ma Hg) : 239 - 240°
1 k 5%? .3 1.6153 | .
L ny’ L : 0 1.6173

m.p. of picrate : iAo - 141%

f‘:cdmpletéﬁdata relative to these experimenfs are not available,

94
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SUMMARY

i By laboratory experiments it was confirmed that by using

a simple batch retort, a naval bunker fuel of satisfacto-

i ry quslity could be distilled from lignite crude tar, the
" yield being 60 - 55%. i '

I,  INTRODUCTION

'

It is possible to manufacture about 2% of tar oil from lignite by carbonizing
at a tempsrature of- 400 - 450°C, :for 20 - 25 hours. However, it is impossible
to use this tar in naval boilers because its melting point is too high. The
problem!of obtaining a satisfactory boller fuel from thls tar.was assigned as:
an urgent problem, and the. work was carried out very hurriedly by Nav. Eng.
© Lieut.,:I. TANAHASHI, S. HIRANO, Nav. Eng., Y. FUJIEDA, during the period
> May - August, 1945. . o T

TI. DEJAILED DESCEIPTION | o

A,:y Test Apgératus: e

A pimple batch retort. with di@oose#ﬁbﬂk was designed; the details of
-whiich are shown in Figure i(B)11. . . ‘ Co

B.i* Test Procsdures

About 10kg of crude tar oil were cherged (60% of the retort wvolume) and
heated slowly to 2009C during a periocd of about two hours to avoid foam-
irz of oil. Next, the oil was rapidly heated %o the peak temperaturse. of
" 3400C, over a period:of 4 hours, -During this period the product olil was
alnost completely distilled over, arid during a subsequent period of 2
h0grs,’coking occurred at modsrate lieating rate, ‘

' C.. Experimental Results

N

A material balance for the overall 6pération is given by Figuré 2(B)1l.
All yields are weight pexr cent. s . o .=

'tPhygical’and~chemicai properties of the products and raw materials are
given in Table I(B)1ll. The raw lignite tar was obtained from Aichi Pre-
_ feécture. ‘ ‘ 5 .

I§§was'possible to remove 95% of th@ watervincludéd in the crude lignite
tar by warming to a temperature of G0 - go°. -

‘If?was possible to distill the dehydrated:tar satisfactorily to coke in
the' goose-necked retort by regulati@g the heating velocity in the initisl

period to avoid foaming..

C&frosion tests with -various metals%showed that the heavy oil was only -
© VOry slightly corrosive to steel, iromn, copper, and brass.,

III. CONCLUSIONS o S

It was concluded that it was possible toimanufacture a fuel oil from the Mig. '
nite tax oil, which was sa;isractory for use in naval bollers.
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PHYSICAL AND CHEMICAL PROPERTIES OF PRODUCTS AND RAW MATTRIALS

~rl
1

Naval Boiler Fuel
Specification

Réw Light Tar

Heavy Cil
Distillate Product

I8p. Gz, (15/4°C)

0,.9010

0.9137

| Mocosity (R-I,30°C seo)

i

below 200Q sers
{R=2,07C) X

97.0

“.0 N

|F1asn pt. (°C)

over 80 -

87.0

75.¢ 1

Pour pt. (°C)

24.0

4.C

CQhradson'deérbon (%)

©7.51

0.45

’ CaLoriric Value (Cals)

over 10,000

10,400

10,700

‘ Impurity (%M ;

none

0.07

trece

below 1.0

Water COntent.(%)

26,0

0.9

s

W,

—N

‘ Figure 1 (B)11 .
- DIAGRAM OF LIGNITE OIL DIQT.!LLATION RETORT

Q
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(100-200°C)

Figure 2 (l:?)l.‘l
MATERIAL BALANCE
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CARBONIZATION | /0O WT.% -
I [ . I ]
. LOSS GAS TAR COKE WATER
5% 23% 2% 20% 50%
COKING
STILL.
l I L 1 |
- IGHT HEAVY —
. LoSS _oas e olL COKE:
0l% 03% 01 % 13% 02%
(200-3¢0°C)
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L , SUMMARY

.. ¥rom the results of studies on fhe pour point depressants
" fopr the waxecontaining fuel oils, it was found that
¢ . aluminium steerate was most sffoctive. Fuel oils gontaln=-
" 4ing 5-10% of wax had a pour point of *15°C. By adding a . .o
- small quantity of aluminium stearats, such as 0.5 to 1.0%, '
' to0 this fuel oil, its pour poinf could be easily depresssd
below zero degree C. ' -

A8 the raw material for the manufaocture of aluminium
stearate, saturated fatty aclds whose carbon atom numbers
* were above eighteen were found o be the best, and it was
| recognized that the longer the sarbon chain, the better .
. result was obtained; however, the effeot of aluminium
soaps on the pour point of fuel oil depended mainly upon
the oomposition of the fuel oils. , <

' Aluminium stearate was produced on a ccmmercial scale and
it was used to some extent by same petroleum oompanies.
It was used (but not produced) oy the Navy in the winter
of 1944-1945. The cost of aluminium stearate was approxi-
mately 1000 yen/ton in 1944. | :

I, INTRODUCTION ?

A, Histo of o0ject

~In April 1943, it was found that a wax-oontaining fuel oil which was
fludd in the tropical zone scmetimes suddenly lost it fluidity at lower
temperatures during loading in the oll tank.

As' Sachanen already has pointed out,! the solidification temperature of

oils varies with the temperature to ‘which the oils ware preheated,:-and

thet the higher the preheating temperature, the greater the depression

of the solidification point, which, however, rises to its original , n
value in storage. 1t was necessary, therefore, to find some means of
depressing the pour point permanently to 0°C. The following methods were

considered:

= 1) Dewaxing } i
x (2 Cracking of wax-containing fuel cils
- ‘ 3) Dilution with low pour point fuel oil
4) Addition of pour point depressant

Stiudies were directed only toward the use of pour point depreasanis. At
f£ipst the usual pour point depressants were examined, e.g. "Santo pour”,
and it was found tnat they were superior for refined lubricating olls tut
nof; effective for heavy fuel oils which contained the asphaltic
substance. -Considering its colloidel properties, the depression of pour
polat may be due to the prevention of wax crystal growth and monopole

s soinp which was prepared from Kapokseed oil by sulphonation, &nd, follow=
ing neutralization, was tested for its effect on the pour point. This
scup was fairly effective and hence it was concluded that more metallic
soaps, should be investigated. 4s a; result, aluminium stearate was

! found the best pour point depressant: in June, 1943.

B. Key Personnel Working on ?rojeoi

= (O

Chem. Eng. Lisut. Ccmdr. A. WAKaNA .
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A
heating temperature is as follows:

B.
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Eng. Lieut. Comdr. S. HARA

DETAILED DISCRIPTION

Vh:iation of pour point of wax-oontalning fuel oils with their pre- l

l.‘ A wax-containing fuel oil was dlluted with 10 volumes of di-
chlorethane and filtered at -21°C. Wax and dewaxed oil, thus ob-
tained, were mixed again in various pronortions and the pour points
vere mdasured. See Figure I(B)lR. )

As shown in Figure 1(B)12, the pour point of dewaxed oil did not

change with the preheating temperatu:e, but wax-containing oil
chenged abnormally.

‘2, Normal heptane and sweated wax Were mixed in various proportions
‘and: the pour points were measured. As shown in Figure 2(B)12, the

variation of pour point was not observed.

. 3.“ Therabove mentioned solution ofiwax and normal heptane was miied

with several amounts of asphalt obtailned from Tarakan crude oil by
torping to 3009C at lmm, and the pouw? polnts were then measured. As
shewn in Plgure 2(B)12, the abnormallty of pour point was obeerved in
ou:mee 2 and 3 of asphalt and wax-coutaining oll.

h., ‘Sanga Sange topped heavy oil and Tarakan crude oil were mixed in
various proportions, and to these mixtures prepared "Santopour™ was -
added. The results are shown in Figure 4(B)12. Prepared "Santopour®
had! some effect, but it was far from excellent. One per cent of
mor.opole soap which was prepared from Kz=pok seed oll by sulphonation,,
fol]owed by neutralization, was added to the heavy fuel oil which hed
a 19° ¢, pour point. The pour point was %owered to -189C, but on re-
pesting the pour point test it rese to 1l From this it seemed that

“{ts effect was considerably changed due to change in crystul struc-

ture with heating and cooling.

is as to]lowe.

Erfect of aluminium stearate on pourupoirt of wax-containing fuel oil

Tarakan fuel o1l which contained no wax had a pour point of 135°c.
Tc- this a wax dobtained from Sanga Sanga crude oil in South Borneo
and ‘melting at 4L99C was added in various proportions and their pour
pointe determined.

As shown in Figure 5(B)12, when the uontent of the 56°c wex was re-
stricted to 7%, and in the case of 490C wax, to 114, aluminium
staarate was distinctly effective in: depressing the pour point of
oil. Also, the melting point of the:wax had a marked effect on the
pour point,

Effect of aluminium stearate on the pour point of wax-~containing fuel

oil whinh vas diluted with lower pour point light oil g3 follows:

The properties of sa fle‘used sre shown in Table I(B)lz_and Table II(B)12 !

As shown: in Table III
fuel oil having a pour point below O

B)12 and in Fi%ure 5{(B)12, it was observed that a
C and not subaect to change with pre=

heating was obtainable by blending with 30% of light oil and 0.5% of alu-
minium sitearate. By diluting with the lower pour point light oil, the

- 104
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! . i ‘
wax content of the fuel oil was reduced to a range where the pour point
depressant was very effective. ; .

D, ; Determination of the necessary tsemperature to dissolve aluminium
steerate completely in fuel oils was arrived at as follows:

0.5 grams of aluminium stearate was dissolved completely, in 30 grams

of & light oil at 80°C., This solution was mixed with 70 grams of fuel
oil heeted at the following mixing temperatures and the pour points after
prebeating at 40°C. 4As shown in Table IV(B)12, mixing at 0-60°C, the
pour point rose gradually with repeatsd pour point test, indicating that

the ‘mixing temperature should be above 80°C.

E. 1Pregaration of Aluminium Stearate.

Aluﬁdnium soaps prepared from hydrogehated palm oil, soy bean oil, ssrdine
0il, and rape oil were ‘tested. Thejresults are shown in Table v(B)la. Of

these, aluminium soap of hydrogenated rape oll was the best. .

Aluﬁinium stearate was prepared from hydrogenated soy bean oil. by the or-
dinery double decomposition method‘given in Figure 7(B)12.

© IIT. CONGLUSION

! The pour point of wax-containing fuel oil could be depressed to a considerable

. degree by the limitation of wax content tc. about 10% and by addipg a small

i amount o aluminium steerate. Wiih this method, the wax-containing fuel hecame
usable 1i1-the winter season in Japan, but was utilized only by the o0ll com-

. panies, lncluding Mitsubishi and Showa Petroleum 0il Companies. - This method

. was not used by the Navy.

’I05 -
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~ Properties Heavy fuel oil Light oil
Siiooirio gravity (d%‘j) 0.8i851+,,, ‘0.8364
Flashing point (°C) 78 41
Pour point (°C) 21 -4
Gonradson carbon- (%) 2.4 0.03
Viscosity et 30°C(R=-1) 69.2| 130.5
) Water content (%). ' 1.1 0
' Distillation test ; ;
" I.BJP.(°C) ~ 95 110
5 (Vol %) 166 180
. S0 217
© 20 238 199
" 30 250 210
40 269 . 220
d 50 283 228
60 318 232
70 332. . 241
80 W9 253
90 323 263
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No Fraction(*C) Yield(wjeight %) - Pour Poin%{°C)
ol 95-292 55 ~10
2 292-297/4mn - 37.2 .
w oil part 8.‘fl+ *17
; | wax parf 28.;8, +L0
3 297/4m - 6.3 +115
| by loss l.;3
momnggb%; ﬁ%ﬁﬁg STEARATE -
Free Tatty acid (%) _ ! 43,8
Combined fatty acid (%) 50.0
; | Ash (%) 9.9
y Free H28C; 0.5
Water content 13 -
NagS0, : o6
! Pure Aluminium stearate (91{) 51.6
Iron stearate £ 2.2 | ¢
Weight of loc (gm)’ 0.25 |
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 EFFECT aF ALUMINIUM STEARATE ON LOWERING POUR POINT FOR HEAVY FUEL OIL

Pour Point (°C) at each

:;.'Proportion of Mixing (wt %) preliminary temp.

: Heavy Fuel 0il | Light 0il | Aluminium| 30°C | 40°C' | 50°C

S i Stearate ,

I 100 0 o 18 21 18

) 80 20 0 12 16 13

I 80 20 0.5 -5 15 1

; 70 30 0 -11 14 1

g 70 - ' 30 0.5 | 17 | =5 -1k

I 60 40 o 10 12 L

i .60 40 0,5 | =21 -18 -25

! 50 50 0 10 0 0

3 50 50 0.5 ° -3 -30 -32

. e 100 0 - | - | -1

i Table IV(B)12

: DETERMINATION OF THE EFFECT OF MIXING TEMPERATURE ON POUR POINT

| | _STABILITY ¥OR FUELS COMPOUNDED VITH ALUMINIUM STEARATE

§ I (0 ) ~ Test Number

M.inng temp. C

| i 1 2 3 L 5 6

! | 20 -1 | <3 | -1 | -8 -7 -5
g1 s -1k | =l | =23 | -9 -6 -8
#| 60 -18 | <17 |17 | -15 | -1 | -10
O - -
1;- 80 -23 23 | =24 =23 =23 -23
62 | Without |
i {Aluminium *15 —_— | —] — — ] —
| Stearate
‘Time elapsed
¢ (pay) - 0 o 0 3 4 8

*Preliminary temperature in each test was 40 °C.

108

7

.



X-38(N)-6

G- ¢ | §°0 8¢ 0°85 z*¢ Tro wred perwuefospfi| 1T
- T - z°0 1€°0 T°66 681 Tro eded €T
g- | o= | st~ g0 | TE°0 166 | 6wT pa3eueBoIpAH 2t
- | 1+ | e 2°0 LL*0 vee | oLs 70 13
9T~ £ ST~ G0 LL*0 es L°g sutpaes o1
8T~ - 61- 0] 0°0 €16 gt Ppageuadolpiy 6
m ST+ | gT+ | T+ z°0 %0°0 8°€9 0%9 Tio 8
5 — o o = — s -
m st~ | er- L= §*0 ¢t 29 T usaq 9
61~ L= | 61~ LT- 91 gL s
e~ | 0= | T 8T~ €1 Lezz fos o
- | - | == | 9t 't T°0T €
- | o= | ez 5T- 0T 8°0 poyeusTonAy z
eT+ | L+ | 9T+ L+ ] T
0,05 | 0601 | 806 | Do0e @ | @ (%)
(00) @maeredmey ey 3¢ Juryestedd hﬁpﬁwh ﬁww”“m wﬁumﬂm ‘ oﬂw.”% proy Aaqes
\ (00) 29t0d amog #dvos mpuTENTY PRV £3324 Jo soTgaadoag

' RESTRICTED

$4V0S MNININATY SNOTUVA 40 SISEL

- Zr(e)A sTael

109



X-38(N)-6 -

RESTRICTED
| _ ENCLOSURE (B)12
5'~ NN ERE SRR NERARN
e NO|DEWAXED OIL| WAX T
[ | 70 30
2 80 : 2C
40 3| 90 10
4 100 O
: l o:% 2 1 - \\
30 o . = AN
'zi ] o -
HES : e
: \
zic g “/l, 1 ;l:
. 8 IVJ - B
19 AT %
| Yo Snanat ie
B ' A
D
7
i A "_
0
T
‘ 1’1, ‘"‘;
.l‘o /;" '?‘:
3
20 A A 3
b PREHEATING TEMP °C
i 1411 Ll e
: e
)

20 30 40 50 60 70

Figure 1 (B)12 ..
RELATIONSHIP BETWEEN POUR POINT .
AND PREHEATING TEMPEFATURE

1o




~ RESTRICTED ‘ | X-38(N)6

T : ENCLOSURE -(B) 12
HHH
NO | N-HEPTANE | RER WAX ;
) - | 00 | 50 ‘;
2 100 1 30
3 100 | 20
14 100 4 10
'a :
D
o: ol
b= g - -
i Smma
30t = Amms '
" ] l! ?-::F 5
F o ’:é == e -—— T 3
20 - = A1
16
PREHEATING TEMP. °C
t HH
] ¢ L 1]
O g ] | ;
10 2 30 40 50 60 70

. Figure 2 (B)12
’ - RELATIONSHIP BETWEEN POUR POINT 2
AND PREHEATING TEMPERATURE



X-38(N)-6 : RESTRICTED

; ENCLOSURE (B)32 .

H R
; “NO IN-HEPTANE | REE i
: (PARTS) “(PARTS) RTS)
! I 100 10 110
39 2 | 100" 30 730
: 3 100 10 . i 5
- : 4| 100 10 - 30
20 :5 | 100 0 L5 -
: ¢ i |4 H
§ N ; I
i
o2 HH 7
. i‘: EL A
T ; 4
P 3 HH ~
4 N i
/ N
I .
i 9|2
-2§i !
[ , 3
e ? - - 1
S ' e - : : ;
-E 4@ , ! : :
PREHEATING TEMP °C ’!
- AL - llnlnlnllllllll—tlllif il 88
o 10 20 30 9 50 60
: Figure 3 (B)12
RELATIONSHIP BETWEEN POU[l POINT
AND PREHEATING ’T‘EMPERA’) URE

n2




X-38(N)-6

AUNLYYAIRIL ONLLYIHAEd ANV
INIOd 4NOd NIINLAE dTHSNOLLYT3Y
¥(g) 4 24ndny

&}

08 O.L ©09 0§ OF O 02 O O

ENCLOSURE (b) 12

I

JUNLVEIdNEL ONILVYIHIND Ob-
; : oe-
T« ] L
HES SN
lﬂ o II 02-
1 of -
mERL. ol . Y -
] %H u / ol- o
..H.T.I.. i h \\. =4 -
us ' ! Zanw: o
23 aEa }
|4 Mo A A
T L olo|olo|Q sus ry
HH o 0|0~ |~|9 ) Faanr o)}
112 1y
T ¥ Y i
m o " A .
T AR s SSER. = 2 02
™11 b1
E .
—t— Nll-
T 90 ‘ = u ]
Haxlolololololo 5 e § = oe
H<Z o olo s
e WAVH g|o|a|p|B|m °
T 2u| = : o
- SH w [
s 2 10,4
o T =z 1or
S < K B NS B P P 1, A
11 2 [ [}
a= e
11l
1

RESTRICTED



b

RESTRICTI

W - -

INTOd UAOd NO XV# A0 LOHAAH
Zrig) ¢ aaniyy

% 02 8l 9% & 2l o 8 9 - ¢ 2 o

K-

g30Qv 3LvHY3LS

"WATY %S0 ANV XYM D06t -Hm-3e Y- ZaEuE | ,

J3IGV XVm D06V -0 ~9—0— : -

a3agv 31vdvals og-

"WNTY %S0 ANV XVM D 09GH—K—x

a3aay XYM 2096 -o—e—o -

LY e e e T I I Ty N T I

S L p—

8T
<

AN b A Snsan ) e
A3Q3 AV U 1303 NVAVHUL . IV vy

!

ENCLOSURE (B)2z

P

38(N)-6 .

t

H Hoz-
7
= <
LA 7 —
- ——
7] ¥i
- /
MEA yi ~Ol-
4
I /
f ] %
7 O
L 7 o
1 {|
i I y \‘
Fd {
I
A ” ol
Y.
o 7
~]
1 -+ "7 / -
i 111 .
= L g N
- - ) 1 AN 0z "
[ = “
= apes=
-
i al L - i ol om o
s of ik B 17} = L 3
1 | Il

;x.




' RESTRICTED " X3

ENCLOSURE (B)12

i
. N |
i 11 T
1 ! i !
203 .
IR =
a NO SOAP ADDED
10 ]
0 S ;
3 - ™
-lo — *“\ o
N ~ T
-20 @
> 5
-30 S S
& THdt i
1 = BRENESd
=40 - Eg { '? 1
' o ADDITION OF ALUMINUM STEARATE
-507
: ]
H z
-80 (HEAVY FUEL OIL) PROPORTION OF MIXING (LIGHT OiL}-i~
1 ;
_70 . - :_ i T !
100 80 g0 70 " 80 50 4o 30 20 10 0 (%)
1 :

" Figure 6 (E;)i?
EFFECT OF ALUMINIUM STEARATE
ON POUR POINT

s

-g\/(




RESTRICTED

X-§38(N)-6

ENCLOSURE (B} 125 :

.- voseH

FLVUVALS WAININATY 40 NOLLDAGONd
2r(g) ¢ sandry

; on

Gvo o0 ‘
NININATY
(ONIAYG)
(ONIHSTM)
(NOLLISOdWO003a 378n00) ¢ .
dv0S WNIIoS ‘
e INOUYZIYALNIND. .
L oo 2
Qv ALLYVY ININIOKIO
(SISATOHAAH)
) o <ol
0 omzz_umomoé
(NOLLYNIOOHTAH)
b _
e
. 710 @AY
OZHBIE(WOS) TV . N390NAAH (ONINI3Y) !
o | : s [ lo= @0 _ € __ 'mm
A0 HOON  vOSZH - 240JD 30D WOD OGN N AID MLV TN HON -

TONVIE VROS

16




- RESTRICTED

e

ENCLOSURE (B) 13

. :
STUDIES CN THE SCLIDIFICATION

>

X-38(N)-6

;fO F BUNXER FUEL C ONTAININ G>¥WAXES

1

il
il

by,:

ENG. COMDR.
H. FUJIMOTO

Research Perﬁcd: 1943

Prepared for and Revibwed with Autlior
by U. S. Naval Technical Mission to Jaran

Decembet 1945

nz. e



)(-3§8(N)-6

Tatle I(B)L3

o

RESTRICTED

' ERCLOSURE (B)13

LIST OF #ABLES
AND ILLUSTRATIONS

-

Pour Points and Crystallizing Temperatures of
SOlutj\.ons Or Wax in N"‘E.ptm .‘E......ll...‘OD.I....... I’ege 122

'Fiéuro,l(B)lﬁf mioroécopic Observations of Solidified Oils ceceeec... Page 121

i
& H

e




 RESTRICTED : R X-36(N)-6

P
i

| ENCLOSURE (B)13

SUMMARY

K " This research was undertaken to c¢larify the solldifying =
- behavior of bunker fuel containing wax, which was obtained
! from East Indies orude oil. The purpose of the research
. was also to investigate the dopes for lowering the pour
. point, and to revise the testing method for pour point do-
. termination of bunker fuel. '

i The pour point of bunker fuel ccntaining waxes differs .
. remarkable depending on the temperature at which the oil
i : © was treated before the determinstion and a maximum pour
f . point is obtained when the o0il was preheated to between
¢ L,09C to 609C. The reason of this phenomena was accepted
© 4o be the -influence of asphalts contained in the fuel
. whieh serves to change the crystallizing habits of the
. Waxes. :

_ Aluminum stearate was chosen as the dope for lowering the

. pour point, and it was found to have a merked effect on

" bunker fuels having s meximum pcur point below about 159G;

" in other words, containing less than 3% of waxes in the
fuel. ' ‘ '

The. pour points of bunker fuels were revised 3o as to ex-
. press the maximum pour point by.determining 5 points ac-
.- earding to the temperature to which the oil had previously .
" 'been heated such as 300C, 409G, 500C, 6009C, and 709C.

| I,  INTRODUCTION

" In war tima”tha source of bunker fuel wasidisplaced from California to Bast ¢
Indies cirude oil, and it was projected to:prepare a low freezing bunker fuel
' by deforming its paraffin wax using a coracking lent, since the capacity of
- available dewaxing plants was not sufficient to supply the bunker luel.

The topped residue of an East Indies crude;, having a pour point of about

409G, was; cracked to lower its pour point using a Dubbs cracking plant -at the

2nd Naval Fuel Depot. From the experimenﬁg‘reported herewith 1t was defined
" that the: maximum pour point of the cracked residue must be below 15°C and the
product, after adding 1% of aluminium gtesrate, was used as bunker fuel.

IT. DETATLED DESCRIPTION

A. "Experimental Msthod

Several typical hydrocarbons such as n-heptane, cyclohexane, henzemne,
cetane, and deasphelted Tarakan crude; oil were used as solvents and
paraffin wax having a melting point of 579C was dissolved in them in
varying proportions. For each wax-containing solution, the relation.
-betvieen the pour point of the solution and the temperature at which
the:wax crystallized out from the solution by cooling was. measursd.
The . 0rystallizing temperature was measured by finding the bresk in the
6ool:lag curve -of the solution as it was cooled from outside of ‘the
ve8sel at constant speed. There was good agreement between the  pour
point; and crystallizing temperatures,: as shown in Table I(B)13 for the
case of n~heptane solution. : . : '

It was concluded from these results that the pour point of the solution,
is not the solidifying temperature of: the solution but is that of the “
‘waxgdeposited‘from‘the solution, whica causes the whole system to solidiry.

mg
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In the above experiments there was no influence of temperature history
on the jjour point determination, but when: the oils contalned soms
bituminous matter such as asphalt, the pour point was markedly in-
fluenced by the temperature history of the oil.

For exsuple, the pour point of 3% and5 wax solutions of deasphalted

* Parakan: crude is 21°C and 259C, respectively, independent of the tem-
perature: to which the oils had been heated before the determinaticn,
but in. the .case of un~deasphalted Tarakan: crude oil, the same solutions
gave the: following pour points according to the temperature preheeted.

Proheated Temperature 209G  309C  40°C 509C  6GC  700C  80OC
3% Wei Solution 6 19 -3 =30 =25 -2, -2
5% Wec Solution 26 16, . 23 13 11 12 12

On: the édntrary, the;crystallizing«temperﬁtures of the same solutions
were»no;tinrluenced"by-the preheated temp?rature@as shown below:

Preheated Temperaturs 300C. 400C  500C  600C 700G 809C"
3% Wayx: Solution t21 24 22 24 23 22
5% Wai; Solution 26 27 26 26 27 26

From thi:above experiments it was supposed that the paraffin waxes in
those olls preheated to higher temperatures would be deposited out in
erystallized form and remain in suspension which causes the low pour
point. On the contrary, when the oils preheated to conparatively: lower -
tempersitures: were: cooled, the. paraffin waxes dissolved in: the oil would
be. deposited out in colloidal form and the whole system will solidify.

ThiStcdﬁsiderationvis also justirfied by~ﬁhcrosc6pié observation of the
solidififed oils as shown in Fig. 1(B)13. '

: Eigureﬂ;: Composition - Pourift. Preheated at Fhoto raghed
N o . (oc) , (ec) at; (°C)
: A - Tarakan Crude: 01145% Wax 1z, 100 15
. B Téraken Crude Oildb® Wax 26 30 15
| ¢ | Deasphalted Tarakan Cruds 25 100 15
0il+5% Wax
Thesesgﬁeheating,erfects whichﬁinfluenceithe pour point ol bunker: fuels

i remain for & fairly long time as shown by the following experiment.

A bunkék:fuel,having,a;maximum pour»ppinﬁ of 80C was preheated to: 1000C
. for: one:ihour and allowed to stand at room temperature of 25 to 309C for
. varying: time: intervals, and the pour points of the oil were determined

:  as: follows: v ;
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Pour Point Time. of Standing

: -300C. immediately after cooling
Z -259¢ ‘1 aay
" -160¢C HS'days
i -l80C 11 days
' -60C. . 38 days

It wes also observed that to eliminatézthe preheating effeot on the oil
it must. be cooled to solidify and allowed to stand for at least one day
at. rcom temperature. '

Whenéd.5% of aluminum stearate was added to some bunker fuels and the
effsui;s as a pour point depressant were tested, the following results
were obtained at different preheating temperatures: N

Exemple 1, Bunker fuel containing about 5% of wax.
' Preheat -temp. (OC) 20 © 30 40 50 60 70 80 .

‘Pour pt. -16  -18 -2l ~21 =13 10 13
~Pour pt. with 0.5% Al-st. 7 7 15 12, =10
Example 2, Bunker fuei aontainingAabouﬁ 3% of wax.
“Preheat temp. (°C) 20 . 30 40 50 . 60 70
Pour pt. without Al-st. -4 o 12 13 8 6
' Pour pt. with 0.5% Al-st. F =20 =19 -1l4
Example 3, Deasphalted bunker fuel cortaining about 3% of wax.
“Preheat temp. (°C) 20 - 30 40 50 60 70
Pour pt. without Al-st. 17 ¢ 18 19 18 19 17 "

‘Pour pt. with 0.5% Al-st. -7 = -5 -4 =5 -5 © <6

‘It was qnﬁcluded that aluminum stearate hasi a remarkable effect in lowering

i

‘the pour points of bunker fuels containing less than about 3% wax, which coxr-
'responds. :to fuels having a maximum pour point below about 159¢. =

250 . XSQ

Figure 1(B)13
MICROSCOPIC OBSERVATICNS OF SCLIDIFIED Olw.
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Table I(B)13
POUR POINTS AND CRYSTALLIZING TEMPERATURES .
OF SOLUTIONS OF WAX (N N-HEPTANE. .
Pour Point Crystallizine Temp.
(@c) ; (@c) |
n~-Heptane Only below -600 -
"Wax 1 -25 5
Solution - - -
% 3 5.5 14.2
5 5 4.0 17.5
Y Lo 10 4 21,0 23.1
| 20 28.0 | 29.1
I SR 30 32.0 ol
! : 50 . - | 38.5' 40.0
70 45.@? 4L6.5
90 ” 53.0 5.2
100 o 5740 “ 58.8
| \% .
‘* ’
] g
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SUMMARY'

; It is confirmed that copre and copra pressed residue are
- suitable as boiler fuels, and. it is recommended that they
: be used by mixing with coal or coal briquettes, the ratio

of mixing being as follows:

: Copra 704, coal (in_piedes-about‘l" diameter) 30%
f 5 Copra 50%, briquette (egg-shaped) 504 o
; Copra pressed residue 500, coal or briguette 50%

T. INTRODUCTION '
To. utiiize the products of South Sea Islends for fuel, copra and_coﬁré

pressed residue were tested as the substitute for coal for marine end land
boiler use. Samples were prepared beglining June, l9§2; and the teats

; finished in October, 1942.
. II. DETAIIED DESCRIPTIONS N
'A. Sample analyses are shown in Table I(B)lk
E. Boiler Used ' i v
s@ationary type cylindrical boilérg fire tubes, return flame type.

Working pressure: 7.0 kg/cm?. (gauge) ‘
Tube size: 7.0cm diameter; ngeters long.

Ce . Test Procedures

1. Tests of Lightiﬁgﬁ?ire. E

2, Tests of Steaming at High Rate of Combustion (Hand-stoked).

These tTests were compare th the tests using on ¥y coal or

briquette as standards, . :

. In the tests of lighting the fire, 4 kg of fire-wood and 100 kg of
sample were used in each case; and the ease or difficulty of light-
ing and flaming up, and the density of smoke were observed.

In the steamingtests, the rate of combustion was kept at 107.6
v kg/m</hr, end keeping the working steam pressure constant, the
. evaporation, degree of smoke conditions, etc. were measured.

3 I. Experimental Results

S . - 1. . Tests of Lighting Fire. :The fire was very easy to light when
! . copra wes used. Mixing the copra with bricuette, the diffioculty
1 . of lighting fire was considerably reduced. Consequently, the
utilization of copre was very: effective for quick steeming,

: H: " The copra pressed residue was also effectiv . osa,
L " {See Table IT(B)14) 178 for the dame purp

. Note:_ It was advisable that ﬁhe size of copra pressed residue be
50 mm? if a plate of thickness 15M1 was used as the semple,

(500 x 50 x 157%) | ' o

. i
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‘2. - Steaming Tests. It was advisable that the 1ratio of mixning
eopra or copra pressed residue mdth coal or briquette be as follows:

Coal {in pisces) 30%, copra 7%

Brigquette 50%, copre 5C% " SN
Ccoal (in pieces) 50%, copra pressed residue 50%
_Briquette 50%, copra pxeesed residue 50%

In ‘the oase of copry, eveporative power of boiler was nearly equal
to coal or briguette alone, but when copra pressed residue was
ueed, the evaporativé power was decremsed about 204.

When the copre or copra pressed reﬂidue was used, less emoke, less
clinker and easier lighting was ohteined. (See "Table IIT(3)14)

h 30 There was no danger of spentaneous combustion with copra or
N gogra pressed residue in storage ati the temperature of 100°C and
elow, . : , .

I[I. CONCEUSION

5 18 very. eaey to light the fire when,ooPratis ussad together with counl. PFor
s,eaming purposes, copra with coal is efreotjve as this combinatlion gives
lwes smoke then coel elone. ‘

wuen copra 15 mixed in the ratio of 3 7 for moal. 5:5 for briquette, <he
evaporetive power ot a8 boller is nearly equal to that for cocal alone.

From the etandpoint of fire bed thickness eJinker, flame oolor and “length,
5 1 preferable to use a mixture of ratio 515 for pressed oopra residue

' with coal or briquette, but in this cese the évaporative power decreaies

aaout 204 aompered with coel or coal briquettee alone, ,
In summary . copre and pressed copra residue ere suitable for boller fuel
when intermixed with coal or briquettes,

'y
L A ' Table I(B)l,
L S ‘ ANALYSIS OF SAMPLES

Ej ) Prepe%uy | . Raw Copra Cep§§s§§3:sed gz:%ﬂé%g Bfigﬁgitee**
%Moietere %‘ 3.6 5:# 2 R
;Volatile'hetter % | - 92 76" ok .6
' Pixed cerbon % 2.5 b | 50 70
‘Ashes % g? 1.6 4.8 ' 7 13
_Ccalorific value (osl) 7300 4300 7200 ‘ 7600

* Grade Cs (by Nevy Specification)
** Egg-shaped briquette
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Table II(B)l4
RESULTS OF LIGHTING FIRE TESTS
Time From ° Temperature | Puel !
L required |[lighting consump-
' Fuel from fire Room |Feed | tion Ease of
: lighting _[till (°c) [water (B) lighting
fire till |working (°c) (kgs)
steaming (B)"
‘ (A) ‘
Coel in pieces only 2h_25¢ shosor 26,5 |26.5 280 Slightly
;- Eo v {dirfiocult
.| coal 30% Copra 70% 1-0 2-20 |27  |29.5 290 Slightly
g dirfiocult
Coal 40f Copre 60% 1-10 2-40  121.5 (27 270 Very easy
: ; ;‘ , to light
E Coal 506 Copra 504 1-05 2-10 21.5 |27 245 VeTy easy
: | : to light
| coel 30% Copre pressed ; :
’ residue o% 1-20 2-25 13.5 (14,5 00 Very easy
) ii : to light
Coal 40 Copra pressed :
residue ot 1-20 2-15 7.5 |16 350 Very easy
- ‘ ‘ to light
Coal 50% Copra pressed : 7
residue 506 1-30 2-30 7.5 110 360 Very easy
i . to light
- ! § ; Most 4if-
Briquette only" 3-20 4=20 25 27.5 380 ficult
. to light
Briquette 30% Copra 704 | 0-55 2-0" 23.5 |27 300 Easy to
B light
" Briquette 4LOf Copra 60% | 1-05 2=10 23 2l 300 Easy to
o 4 light
Briguette 50% Copra 504 | 1-10 225 19 25 320 Easy to
| I : 1ight
. Briquette 30% Copra :
A pressed resldue 704 | 1-10 2-30 8 31 340 Basy to
L . 5 light
Briquette 40% Copra f
pressed residue L6046 | 1-30- 2=50 5 15 410 Easy to
N . : light
Briquette 50% Copra - ‘
pressed residue 504 | 1-40, ©3=0 17 16 320 Easy to
: ' ‘1ight
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SUMMARY

A study was madd of the suitability of pitéhless brigquettes
for use as boiler fuels. c

" A briquette formed of the mixture of the caking coal and
anthracite coal under proper coiditions Is suitable for
 this purpose. I1n this work it was found that the optimum

" conditions for briquetting were as follows:

Temperature, ©C ..seveecesrasssssssessss 8bout 400°C
Compression, Kg/CmMR ..eeveiveeseiossnasscasnnse 7.7
Time, MIN. eeeveesconsvcosrasascescaasocsvssacaane 3
Mixing ratio of the :

Yubari coal to Phyong-

Yong ooal l...’...‘.‘..l"0'...0.0‘..'.."......'ll 9:1

I.  INJRODUGTION

These sﬂudies were undertaken in an attembt to find an optimum condition for
briquetting in which process the caking property of coal would be used. A ¢
briquette having a strength of about 20kg/om2 and not asbsorbing water was :
designed. = o | .

Date ofﬂbeginning ofbthis project was in April 1941 arnd the date of finish-
ing wasjin Mareh 1944. : )

Key Personnel Working on Froject: |
| " Chem. Eng. Lt. Comm., M. KUMAMOTO :
II. DETAILED DESCRIPTION |

A,  Description of Test Apparatus

. The test apparatua for bridﬁetting is shown in Figure I(B)15.

-2, Lessing's apparatus was usea for the determination of the o
- -decomposition temperature. J

B. Test Procsdure

Sample coals wsre ground and sized under 60 mesh screen. The determina-
tion of the caking index at different temperatures was carried out by
Comporedon's method, and the decomposition temperature was determined by .
observing the evolved ges volume by lessing's apparatus. The briquette
wasi:formed by keeping about 7gm of the coal powder at a definite teampera-
tuie, pressure, and duration of -time., aAfter cooling the product was o0b-
tained. = :

Theﬂstrength of the bfiquette was determined by measuring the hydrauli
~pressure 1n kg/cm® required to erush the bdbriquette. -

C. ' Experimental Results and Summary of Data

1. Nature of the Yubari and-the Phyong-Yong Coal. The Yubari coal
possesses high caking power and the Phyong-iong coal is an anthra- -

The approximétefpercentage compositions of these coals ere tabulated !
in Table I(B)15. ,

BE
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The caking index at different tempefatures and the decomposition
tomperature were investigated for the Yubari coal, and tire results
are shown in Table II(B)1l5 and in Figure 2(B)15.

o The caking properties of this coal appear to start at 3959C and
S increase with increasing temperature, but increasing the temperature
i above 500°C did not appreciably increase the caking index. Decompo-

sition, as observed by the evolved gas volume, began at 380°C and
with further increase of tamperature of the Yubari coal it decom-~
poses. The results are plotted in Figure 2(B)15. Therefore, to
obtain pitchless briquettes, ceking coal must be kept at the tem-
perature causing caklng properties, or decomposition of coal will
oaseur.

2. Experiment to Find Optimum Conditions for Manufacturing Pitch-
less Briquettes.

a. Effect of Temperature. The influence of temperature on
the strength of briquettes formed under a definite condition

" (pressure=47.7kg/cm<, time = 3 min.) was 1nvestigated and the
results are shown in Table III(B)15.

The efrect of preparation temperature on the strength of the
briquettes is especlally apparent above 380°u at which tem-
perature decomposition starts.:

b. Bffect of Compressio atL__ggg;nymiiu;ggmngsgign, The
effect of compression and ‘time: of coapression were investigated,
and these data are tabulated in Teble IV(B)1l5 and V{B)1l5.

. The maximum briquette strength;(kg/cm ) is obtained at a
compression ratio of 56xg/em?.. .

3 Preparation of Pitchless Briguettes from the Mixture of the
Yubarl Coal and the Phyong-Yong Goel. For the yubarl coal only,

the optimum conditions for preparing pitchless briquettes were
determined.

The strength of the briquette formed at different ratiosof the
Yubaru and-the Phyong-Yong coals was 1nvestigated and the results
are given in Table VI(B)lS.

AJLhough the s ‘,gth of the briquette increases with increesing

mi xing ratio of the Yubari coal, the briquettes formed at a ratio-
0# 10% of the Yubari to the Phyong-Yong coal was compared with the
briquette which was produced at 5th Naval Depot, and the results
are shown in Table VII(B)15. .

IIi:. CONCLUSIONS

Pitchless brxquettes having suitable properties for boiler fuel were obtained

by teking adventage of the caking power of" the Yubari coal and the optimum
conditions were as follows: :

Temperature ; 400°

Compression (kg/cmd 47,7

Time - (minm) . 3
Mixing. ratio of ;

the Yubari coal :
and the Phyong-Yong uoal 9:1
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Mechanital and technical problems still remaln before this procedure can be
applied in mass production.

Vi
I

Pable I(B)15
APPROXIMATE. PERCENTAGE QOMPOSITION OF COALS

Coal Origin Y@bari Phyong-Yong
_ Moist. (%) 1.99 2.80
‘ o Compo- | Vol. M.(%) }1.20 7.66
. sition
. Fix. C.(%) | 47.50 76.34 :
Ash (%) | 9.31 13.20

' Table II{B)15
CAKING INDEX OF THE YUBARI COAL

Temp. °C . Caking Index
350 .
395 ¢
450
490

525
300

WO

Table III(B)15
EFFECT OF TEMPERATURE ON: STRLNGHiOF'BRICUETTE

| o Strength of
, Temp. °C ' Briquette
280 : 6.5
300 ; 10.0
320 . 12.5
340 : 15.5
360 : 17.5
380 : 20.0
400 . 31.0
L20 . : 4L7.5
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Table IV(B)l5

RESTRICTED

FFFECT O COMPRESSION RATIO ON THE’STRENGTH OF BRIQUETTE

Briquetting Press kg/cm? strength hg/om?

Condition

Temp. - 16 17.5

’ - = 4,00°C 2l 23.5

' 32 27.5

40 L1.5

Time 56 75.0

3 min. _ 63 - 64.0

72 57.0

78 47.0

Table V(Bll5

EFFECT OF TIME OF COMPRESSION ¢ TRENGTH_OF BRIQUETTES

Briquetting Time of Compresﬂion Strength. of
'cogdition Min, Briquett kg/om?|
Temp. 3 35
= 48000 6 37
10 caking
i |Compression 15 caking
v | =47, 7kg/om? - 20 ,caking
Table VI(B)15
STRENGTH OF BRIC'DETTE
‘Briquetting Mixing Ratio | Strength of 1
Condition of the(;%i)rubari ‘| Briquette kg/om®
Temp =400°C 10 20,5
i ™Mme =3 min,. 40 31.0
80 34,0
COmpreasiog €0, 8.0 .
47 ,7ke/ om S

Table VII(B)15

STRENGTH AND APPROXIMATE PERCENTAGE

COMPOSITION OF BEIQUEITES

Properties A B
. Moilsture 1.95 . 1.87
Vol M, (%) 116,03 20.63
" Flxed C. (%) 67 .47 66.37
~ Ash (%) 14.55 11.13
 Strength kg/om® 35.0 i, 21
.Composition 10% Yubari Coal 10% Smits Coal ¢
, 90% Phyong-&ong 80% Phyong-Yong
Coal Coal 10% Pitch

" A

B

Briquett prepared

and in our laboratory (10%
, Briquett produced in Fifth Fuel Depot.
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Figure 1 (B)15
TESTING APPARATUS FOR BRIQUETTING
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Figure 2 (B)15;
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" RELATIONSHIP BETWEEN DISTILLATION TEMPERATURE
AND VOLUMES OF DISTILLATE AND, EVOLVED GAS
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ENCLOSURF ()
, © LIST OF JAPANESE RESEARCH REFORTS PERTAINING TO
DIFSEL & BOTLER FUELS OBTAINED FROM TEE FIRST NAVAL DEPOT, OFUNA

(Forwarded through ATIS to the Waclhington Document Center
Refer to ATIS No. 4578 and NavTechJap Dooument No. listed below)

NavTeohJap No. - Title : Author Year
D26-0007 .1 Economical Value of Combustiion G. UEDA May 1926,
* ‘ Apparatus of Pulverized Coal. o
7.2 Softening Af nt of Boller Viater, Y.YOEDA July 1926.
743 Yhite Smoke. and the 00mbus4 ion of G. UEDA Jaly 1927.
Bunker Fuel Oil. : M. AKITA
: f T. ATROYOSHI
i H. OGATA.
AN ‘Review on the Briguette Industry. G. UEDA Dec. 1927.
765 Emulsion in the Crude 01l und
.+ Bunker Fuel 0il. T. EGUCHI Dec. 1923.
7.6 Utilization of Burned Coal of H. MIYASHITA Apr. 1929.
’ Iocomotives. , ‘ '
71. 7 Poisonous Matter in Coal B;i‘iquettss. S. SUMIMOTO Sept;1931.
Lo 78 _*':PrOperties of Various Bunker Fuels. T. NAMIKAWA May 1932.
¥ . ! T. YOSHIHIRO
: 71.;9i ' Studies on the i’ropei‘ties:éf T. NAMIRAWA June 1933.

Bunker Fuel 011, Ppert I.
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