RESTRICTED.

 ENCLOSURE(B)4

'SYNTHESIS OF ISOPARAFFINS
‘ | (In Two Parts).

Ll F S OO PR BN

by

-7 Ghems Eng. Lieut, - —m o
{Lt. Comdr.) 8. NISHINO

\

Prepared For and. Reviewed With Author by the
U.S. Nuval Teclhnlcal Mission to Japan

December 1§L5

53



RESTRICTED

" LISTOF TARLES . ..~
L AND ILLUSTRATIONS

STUDIES ON THE SY_'NTHESIS OF ISOMERIC HEXANES

Table. I(B)4 Hydrogenation of Pinacoline suseeeeessesssesssesso. Page 58
Figure 1{B), Flow Sheet of Laboratory High Pressure - .
S Hydmsenating Unit. R R R RS Page 59
== Part I 7 . -
STUDIES ON THE SYNTHESIS OF ISODODECANE
Tabie II(B)4 Physioal and Chemical Properties .

Of Intermediates seeveescessisrscescesccsncsennsess Page 6L

‘Teble. III(B)4 Effect of Concentration of Sulphuric-Acid

-on the Yield of Dimer of ISOHEXEN® e.....vidsse.s Page 62

"~ Figure

2(B)4 - Graph :6f-.0ctane Rating. and ‘Vapor Pressure
" Isododecane gnd Sub~Standard Fuel .eeeeeeseecesssss Page 63

N

A

54



“RESTRICTED...

REE . STNIRESIS.

. STUDIES 0N
o Efﬂaiijo'M"EﬂR;;fé HEXANES:

. By . |
Oham. Eng..” ,”,WQ

Liut. S. NISHINO

Research Period: = 1940-1941

SUMMARY
%
Studies-were made of ‘the synthesis of isomeric hexanes,
useful as a high octane rating aviation blending fuel,
from pinacone, (CH3),-C~(OH)- %OH) C-{CH3) 2, and’ pinaco-"
‘1ine, (CH,) ~c-co-3 3, obtained by the electrolytio re-
duction. og acetone. -

By the high pressure- catalytic reduction of oinacone with

--the mixed-Copper-Chromium-oxide-as-catalyst, high ylelds--
of tetramethylethane viere obtained and the. best condition
and yleld were as follows:

Reaction temperature . ......;............... 35o°c
Reaction time cvevenee
Amount of catalyst ...

Yield R R TR EN) 87

veesenssrenasiresnss L By

Jedesessensdieevscansas 109

Plnacone anhydride was produced from pinaeone hydrate
“rwlith-sedlum carbonate. This-method is simplseiand gives
as good yields as the "Benzole method", :

By the high pressure catalytic reduction of pinacoline .-
with Copper-chromium-oxidé catalyst, high yields of
tetramethylethane were obtained and the best condition..
and yield aere as follows: }

' Reaction temperature tecnsesescesiiisietiessinn ago°c .
Reaction time. IS CRI TP T PR PP R PRSP POPPRPTORES 10 I
Amount of catalyst siceeisceionsrncscssaianseese; 8%
Tield cecverenniieatnrestsnetoisnncnnanas ebove 90%

Results of experiments. on the production of isomeric hex—
anes from pinacoline with molybdenum-oxide or nickel ox-
‘1de were as follows: ‘ :

1. - ~Ath melybdenum oxide catnlyst cracking occurs

--and the yield of isomeric hexanes is lowered, 2«2 .
* dimethyl-butane is produced.- ui;h tetramethylethane.
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S b
"2 With nlckel ‘oxide catalys

dohydrating poer "

is:not as\greab;and;itherefore;!unredqtéd‘a160hol-‘Ay"ﬁ‘“
remains and the produced hexanes‘arq4most1y tetra- ..

methylethane, =" .5

i

" WHSE RICKeT ox1de 15 used with dlatom

ceous ‘earth -

)r-acld clay- as‘ocatalyst carrier, the yield of hexanes
is raised. Using the acid clay catalyst, 2,2-dimethyi~ =

‘butane isalso; formed<as in ths ca

86 of" the molybdenum -

oxide catalyst.. . Though the mixed catalyst of molyb~:

-denum oxide and nickel oxide shows better yields than-
elther alone, 1t is less;effeqtive,thankphgjpgppegam

...chromiun oxidqloatalyst;M‘~“f

Continuous hydfogenatibh of

binacolihe‘takes;place'readh§x+,

and the best conditions and yield of isomerio hexanes havw

ing‘an.octane rating of 94 are as follows:

Reaction Lemperatire sueiueeeeivessessessons 330-340°¢
Space velocity .......;...............,.........,... 1
~Initial hydrogen bressure sesserrsencassensses 100 atm. -
‘Yield O above- 80%

INTRODUCTION R
A.  HISTORY OF. PROJECT

H. Adkins and R. Connor obtainéd’l7% yield of isopropyl alc

!

“and 16% yield of isopropyldimethylcarbinol from pinacone -and
1009 yield of 2,2-dimethyl butanol from pinacoline with a Copper- -

chromiun-oxide catlyst at-2500¢,

ochol

B. Maldvskil and T. Nizovkina obtained 65% yield of tetramethyl-
ethane from pinacoline with molybdenum sulphide catalyst at 340~

.

'

3500¢. ,
B.  KEY RESEARCH PERSONNEL WORKING ON FROJECT
Chen. Eng. Capt. S. YAMAGUCHI
Chen, Eng.,Lieut. S. NISHINO

Date begun; April, 1940; Date rinished; Larch, 1941,

DETAILED DESCRIPTION
A.  DESORIPTION OF TEST APPARATUS

A standard 2,4L rotating autoclave was used in most cases.

In the case

of the continuous hydrogenation of inacoline, the high bressure hydro-

genating unit'described in Figure 1(B)4 was used,
B,  TEST PROCEDURE - : '
-Cénvehtioﬁa; hydrogenation prdcedure was used. _
C.  EXPERIMENTAL RESULTS. o

1. The beét results of the experiments of h
with the- Copper-chroniun-oxide catalysp,wera
\ . N * .
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;Ewﬂﬁwmkw;miwn"~

FOOd (B P. 170-17300. Mp. 35 3300)‘.............’.. lZOgm used
Catalyst (Cu-Cr-O) QIQQOOOOQ,}OO'0'000'0'0'.0"000'00.0.-0 10§m
——Reae%&on»ﬁempera%ur TR T T TR T T T v e e T s e e e 35090
‘Reaction time IOllt!'l..‘..OIODDOODIOI'"OOQ'Q‘.0.0...O'O 1l hr .
‘Initial hydTogen PreSSUTE . «sicsssesssesossessossssssye 100 aLM
Upper lwer ‘of products o-cnnvn-an.vlo.oou-n-oo.oooboooal.758m
Properties of product' g . "

“ql8 .Q.;..;.....;.;....;. 0.6620

15
\Distillation data tesedsesrsassesseses Bolllng range 47-59.5%
Yield - cecsrasaiieesirertasitssessreaseevesssses 73gM TrOM 752m

ql8

4_....L..............,................,.L.;4.... 0.6631

v everivenes Lo 3770

tu-ooaoo-u.ooo.ncnon-o.-.o’nonoo.-n'o‘;-no.-ac.:t- l 3765

¢ .
R & T

"Theoretical yield of isohexane evarreniensenennesenansene 86
fActual yield or 1sohexane R TR T R TPy 62”

© 2 The best results of the experiments produoing isomeric hexanes
from pinacoline ‘with the copper-chromium oxide.catalyst wers es.follows:

Food R R 111031}
Catalyst (Cu-Cr=-0) Srrtesetietisiidientsstarasesaroanss 100
"Reaction £emperature soseviesescsicenriieniiiccnnscenens 320°c,
_Reaction .time. o---o-ooo-uo.-uoo---..oooooonovo»-otooovvua - -
Initial pressure - R R PP PR PRI 115 atm

Froducts
UPPer layer seccesscessssssesesssosrenssseancasecsss 8lgm
LOWer 1ayer sesesecsesscsssesncnsocsnsscasssscossnoe lBgm
Physical properties of upper layer .

d%* ;.;..........................................f 0.6625

n‘? -oooccotcoo--oo-uoon0000.-000-1...'-oo-'ootooq l 3755
Distillation data ... .Z....................... a7-&9°c- 79gm
Theoretical yield sesseseseerararssrssrsasssccccoassnssss 93%
Actual yield seveseeeeosvencecnsoreisscsnsssanesssensocnses 79%

3. Results of continuous hydrogenation of pinacoline were as shown
in Table I(B)4. .

\

III. GONCLUSIONS

Since pinacone is easily produced by electrolytio ‘reduction of acetone which
is readily obtainable as a by-product of the férmentation,industry, 2.3. di-
methylbutane will be easily produced by high pressure -catalytic reduction of
pinacoline which has been dehydrated by waste sulphuric acid from the electro-
lytic preparation of pinacone.
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STUDIES . ON THE SYNTHEST 5
‘v‘¢gv130j0ﬁncxun;w”'u ’

by o
... . GChem, Eng. Lt.. . -

. Comdr. 8, NISHINO.

.. ‘ K . : " T
Research Period: * 1941-1942

S L T LY

Synthesis.of an isododecane having the :ollqwing‘formulav N
‘wag tried beocause of the low vapour pressure and hish octane
rating of this compound: Co - '

(CHglg~ G = CHg~ CH-C{CHs)3
4 R*

3 '
i e

B - J
Self-condensatioh, dehydration, and hydrogenation of pina-
,coline.yialdedf51%.of~the,pure»isododecane—mentioned’above,
‘having a voiling range of~178-182°C, - =
Polymerization of 2,3-dimethylbutens (2) by sulphuric acid
yielded 85§ of another isodoecane, having a boiling range -
of 170-190°C,. under the following conditions: -

Polymerization témperature ceveesiseratreesnss 20£50C
Concentration of sulphuric 8034 seeeeeveceseess 81-845 -
Contact time trecetseeresacsnncestisseancioes 5=15 nin .

'Iaododeoane wag easily obteined from isododecehe by hydro-
‘genation and had an octane number of 93, and vapour pressure
of 0,01 kg/om?,

INTRODUCTION ' e
A.  HISTORY OF PROJECT

-RESTRIGTED-

In view of the demand for an aviation fuel having a low melting point, a
high octane number, and a low vapour pressure, for use at high altitudes,
an attempt was made to synthesize a pure isododecane from the pinacoline
condensation and to investigate its physical properties. Moreover, an
attenpt was also made to synthesize isododecans for use ag a safety fuel

' from the polymerization of ischexene using sulphurio aoid.
B." . XEY RESEARCH PERSONNEL ORKING ON PROJECT

Chem. Eng. Capt. S. YAMAGUCHI
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DETAILED DLSCRIPTION
ISODODECANE BY THE GONDENSATION OF PINACOLINE

) Ewmame un4_”““"" U

Mereh;1942;_ief'"”mmﬂ_

s

From the experiments on the condensation or pinacoline, it appeared that.

sodium was the most useful of the following: .

.godium,. alkall hydroxides,

barium hydroxide and sulphuric acid, in carrying out the reaetion

(GH3)3C-_GQ"0H3 =

Ce

2 . .

e

:Na

,No—plnocolino'¥bino¢oloie —>pir|'aeolino—‘b. e

pinacolone ——> (CH3) 3 G- CHg « CHp: CH=C(CH3)3 |
Lo CH3

a. 1 mol. of pinacoline -and 1 mol. of sodium ere ee”ed in an

“autoclave with hydrogen at atmospheric pressure and at 100-1109C

for 12 hrs.

b.  The produced yellow solid, sodium-pinacoline—ninacolate,
is dissolvad in 2 volumes of ether and water is added slowly,. . -

Pinacoline-pinacolate is separated from the upper layer,
dried by Gleuber's salt and dehydrated by anhydrous oxalic acid
to remove hydroxyl radicals.

“The product 1s hydrogenated using mixed copper-ehromium
oxide catalyst in an autoclave and is purified by distillation
in a Podbielniak distillation apparatus.

Experimental results:

The yield of isododecane was 51% of the theoretical and the physical
and chemical properties of the intermediates were as tabulated in

Table II(B)k. -

e

o ' :TAEI;E II(B)L
PHYSICAL AND CHEMICAL PROPERTIES OF INTERMEDIATES
, Sample A ' _
Condensate Dehydrate '| Crude Product of

) Hydrogenation
Specific gravny(dio) 0,8511 0,8283 - 0.7991
Refractive ipdex(n%?)v 1.44,88 1oh443 A 1.4358.
Iodine value- 156.56 9.34.
. c 80.82 81.77

Elemental - :
’ -,____'__...?.;',, ; H 12056 lt&e 59
_|Analysis _ :

: 0 . 7.53 3.64
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*j ale tabulated below

Physical and chemical nroperties or the purified produot isododecane;‘

¢ Fa AT RIS T S T MR e s S D e v e e

doilin” runbe R R R R PR 178-182”0
‘ uneciric sravity @ 0 serreveraseereesevevasesesvevsesese 047469
Refractive. index M0 u.iuiiereivnevavstiavvasnsnoenass Leh259
... Freezing aoint_...............‘........................_~110°g
. Vapour pressure. .vrive e Te v e seneneesees, Do 009kg/cm
. Octane rﬂting R N S R RS R P AT RS R RN 98
. . Elemental analysis S : . determined caleulated"
:» Cé 'o"ttnltco'r'-otv'o'-tco--a- 8&.75 l".1'l'r'sb.70“"‘“V

..................15.

Hia eeavacnsoss

B. ISODODECANE BY - POLYNE RIZM‘ION OF ISOHIIENE- IN "RLS“‘NCE oF SULP"URIC
- TACID
1. Details of grocedures \ore as. rg;;qu 300gm. of sulphuric
acid are cooled to ~59¢ in a three-neCued flask fitted with a con-
denser and a stirrer, 3
“'150¢gm. of 2.3, dimethylbutene-(z) (d%? = 0. 7011 '~n§9 'l h113) are
added slowly. The temperature is iept at 150C and the mixture is
stirred at. the rete of 300 revolutions per ainute.
2. Experimentul results: _;‘
" The comparative results of experiments in which various concentra«
tions of sulphuric acld were l‘d are’ tabulated in ’I‘able IIT(B)4.
o TTABLE III(B)L .
EFFECT OF CONCENTRATICN OF SULPHURIC-ACID ON TIHE YINLD OF
X DIMER OF ISOHIENE
(Cone. of K280, .| . Duration of | Upper layer [ Yield of dimer}
. stirring produced ) !
(%) {min.) , (gm) - {s5)
82 30 b 135 1no,regctipn »
85 15 " 140 ¢ - 90%
87" 30 — 140 o 50%
92 15 141 B 0%
94 -- 143 10%

i

'As shown in Table III(B)h, 85% concentration of sulphuric acid was

the most effective of the coneentrations studled.

The physical und chemical oroperties of the final products of hydro~
genation of the polymer are tabulated below. D

/
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' Specific gravity of product io- »
-~ ‘Refractive Index of product. (n ) eveasrisssecsaene Loli325
N Elementak.analysis“.h ,L,_,;‘hx‘w'degengined%‘:.,ﬁ zcalgulated;,.
e QT T T e e Sl 09 rrrier e 8l 7 0
. -H il.j.t‘.'l.‘l."l.:"(l vees e 15}"30‘\’_"““"‘"," n--n-lS’.BO R
Z G ) .Distillation data-of product - . S
- Boiling range - ) BER P - _percent.
T L70=2759C iveversenanasdanasiie aaseaaiesesseenes 9% Y
. 175"18000 ol-’o‘t‘cl‘-.;.“-..-n‘u,c:molaﬂ_ Vo 3 ""-',‘"“.‘ 30% t
180-18500 4sesevsne oo;uu ' ro‘ “es 35%
185219000 savsennesessenesssssseasnssaencssassassases 308
Octane rating / ‘ ST
‘unleaded_‘.,.-.u-.....u-.-u.,--.-......n........'.-... 93.1 .
lead added 0-1% o'--ocooo‘oc‘_oo-oaoono-c"n--ouo--oo'oo-ct_o,q,10502’ :
VAPOUr PTOSSUPE seisesesssesassssssssssssnesessanss 0,01kg/om
‘Flash point e R PP eI ErtaPIeRIETESIIIIIIIOIEIOIGIIIOIIOIILITD 5[&00
Freozing POLNt veciseeeinrcssoassnsssnnsoveasesssos bolow 800G
. G. _RESULTS OF PERFORMANCE TEST OF ISODODECANE R ) i

Isododecane has a high octane i‘at,ihg”ahdmé Low vapour pressura and is
prqxq_ﬂ,si_.ng as a qafety ‘aviation fuel. ‘ o e .
Determinations of octane rating and vapour”preé,sure of blended samples of
igododecane and the sub-standard fuel were carried out and the rTesults

.are shown in Figure 2(B)4. ’

. v
RN
oy .
Q IIOS y
NNRK
T(05 2
N - -
¥ 3
o[
K
[t 2
iy
Q: 03 ¢ 5y
g\{ . 4
Y 2
}— . ¥
C02 2 .
) ! q4 P {. PRSP
Sub-standard fuel . Iso-Dodecane
100 % TTlees

: Figure 2'(8)41
GRAPH OF OCTANE RATING AND VAPOR PRESSURE
ISODODECANE AND SUB-STAKDARD FUEL
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: A; Isododecune was synthesized und 1ts phyeicul properties were deter-*
'm.nnﬂ e X "

R, The orepared isodocane was considered to have good blending proper-
tles und to be of value as a safety fuel.

C. The mechanism of " the polymerization of isohexene and the condensatkm S
“of pinacoline were also studied. .
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