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" ENCLOSURE (B)10 ~

| SuMARY

E
.Isgo.etene.iaaa..s zei.fmm..ec.e&xlene..tm
.course of acetylene acetaldehyde, aldod,- crotonaldehyde,
butanol, butene, isobutene, isooctene_ and' isooctane. For
. eaéh step the conditions for obtaining maximum yields
- were studied on a laboratory scele. :
INTRODUCTION oo -

!

Usually isooctane has been synthesized from butenes in‘the “eracked gae of
“petroleum. ‘The poor -production of petroleum -and the small capacity of
the crackirig plants in our gountry obliged.us to seek other sources and

. procedures for synthesizing iscoctane in response to the demands of the
-air force. Since there was. comparatively abundant electric power and
coal, a course of isooctane synthesis as mentioned above was invented in . .
2937. The problem for chemists was to isomerize n-butene to -isobutens,

~since the other reactions were known and some of them:had been cerrled

out commnerclally, though on-a small scale. When the possibility of the
above 1somerization reaction was ascertained, it was dacided, that the
plan be carried into execution by Chosen Nitrogen Fertilizer:Co, -at KONAN
in orea, on the-scale of 30,000 Kl, per year of 1soog¢tane, and the
research was stressed.. At firet this research was made at the Tokuyama
*yel Depot and then,continued at the 1st Fuel Depot at YOXOHAMA (OFUNA).
jough this research had been continued from 1937 to 1945 and many
provements were offeored, only a part of these have been practiced com-
rcially, since the plan for the erection of new fdctories did not mate-
alize, This report is a sunmery'of*the'studies of"each reaction,

s+  Key Reueerch °ersonnel Working on’ Project

'( Chem. Eng, Capn Dr. FUJIO
'ﬂcnem. Eng. Lt. Comdr. T. YAUAMOTO

o
. [N
Chem. Eng. Lt. Comdr, S. SETO. 1.

DETATLED “Escei'*r‘rozv‘ , ; i

A, the Synthesis ot Acetaldehyde from Ace$ylene

Altlough acetaldehyde’ has been synthesized commercielly from acetylene . K
using a dilute sulphuric acid solution- of meréuric;sulphate as the cata-
lyst, the exact conditons of the reaction used by each factory were notk

v

l. Procedure

The experirents were de on a leboretory scele. A known volume of
acetylene was dissolved a known volume. . The catalyst solution in . :
"a thermostat and then the acetaldehyde formed was separated by steam
distillution and was determined by the neutral °3n wi uulvhite
method, .

. 2. “Results L L

-

The.results ‘dre eummerized in Tubles 1 -.7(i; % -.d Plgures l - 6(B)
10. " From the data the following- conclusions are derived. ‘

’r
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S S— EFFECT OF REACTION TEMPERATURE =~~~

1 - wrpn’_mgnt-nc;b'“ T =
.1 |Temp, Of.ché.t.‘So]_ (oc)'\ff~-'-",?5' 50 T "5335 o T - :
fut. of O3(0R produced | 1.i89 | 1.533 e | L5 | a0

7,—4 )

Yield of CHyCOH to 76,8 | 79.17 |V 81,6 | 80.9 | 83.6
Theor. (%) . . : ’ F W
‘|Time of Absorption '6-8f”%‘5 452t |’ 2428? ‘ 2-48" 3-25!

composition of Cat. Sol .‘.....l‘ esese &t gn of H&soh in 10000 of 25‘,’ K SO :
Vol. of Cat,.Sol. taken seseeeces Veses00000s0 0000t sbornsencna, % g
Vol. of CpH, absorbed” ...................;........................... 1 11t.;'

Above data are - plotted. in Eigure l(E)lO
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e

3
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i fanasd

D
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Rtgre 18)0 -
(REACTION TENPERATLRE, °C
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T IV A!I‘able IIBJ0 - o ..
R T Emorr OF GONC: OF- ngso,+ e
> ' . :»,..{.Fxper,imenﬁ N9~ I
— Sl A 9 [ w |
* cono. of Hps0y, (% by we.) |7 15.3 120010 | ‘268 | 30.9° | 35.5
3ut. of CHyGOH ﬁ‘éo‘ggoeg (gm) | 25 | 1467 | 1J555°| 13533 | 1.401
|¥teld; of CH3C0H to . - 752 | 76 | 80,9 7948 | 72.9
aﬁ heoretical (%) I N EEEE o S
‘ Time' of absorbtion of © | 5-30! ',‘1""'3;-58' ; 2-a8' g-g1 - L-_l5'
f.%, CpHy (hr-min.) W . -_ e

Vol. of.Cat. Sol, taken ..
.Volc of CZHZ absorbed esasene

-,

Temp. Of Cat Sol OCOl‘l.lDIQIO.l.l'.tll.ll0.0IQ.OII."0.0I..'.O.QC.'I

oao'-oahcoa-oao

oqﬁooooto.nolo sedasoe

AV T/

Above dqta are plotted in gJ«“igure 2(B)10 _b

. Ko H
"EFFECT OF CONCENTRATION OF ,'179?;‘:" i’
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ST “—*TablﬂII(B)IO‘ : R
EFFECT OF CONCRNTRATION OF HgS0j; IN CAT.: QOL. e
e T o T R nxperlﬁﬁﬁt“No.
RS T 0 S TR U B R
[reso, T t00ee ez | 2 | 3% | 5 ] 6 .7 | &
] “eat., sol, (gm) |. :° I N T R
fus, ,bf -c'i;rjqon‘, produced | 1.445 | 1,511 | 1,576 | 1.555 |- 1,489 | 1.489"( 1.467]
S ifem)? T . L RN A R R
Yield of cugcon o I'74.8 | 78.2 | 81.6 | 80.2.| 77.0 [ 76,9 | 75.9°|
. ‘theoretiecal (%) .| = - T - ST I '
Time of Absorption of | 5-0' | 3<361.| 2-281 [ 2-501 3-1;", =5t | ye520 ¢
CzH (hr-min.) RN P B A R R e

~c°n°‘0 Bfﬂﬁ‘o’ ‘0..0..‘......'l...ll.ll.. ".......Ovl.D'..l‘.‘....ll..".....‘. 25%

cooool.ono.u 2600

eve 1 1it,
oco-ooooooof' LOOC

*sevvsasesnncoine (XX ENN)

Vol. of ‘cat. dol. taken ...
Vold of Csz absorbed ...
Reaot temp sesegee _ooo.o-o-oonoo

* . Above datafare plotted in Figure 3(B)10
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‘1Time of absorption . 1-9t 2-8":' ‘2-1;8"‘
. (hr -min.) » -

[}
Y

' 6356!

Comp. Of cat, sol uof,o&oolocco;o;ottn
3 VQl. bﬁ c&t. Bol taken‘,.............

*React. .temp oo-uon-otuntn-cooo-.oc-coootoouo.oo-o-nncccao-cooonoaooo-onuo

S Above data are plotted in’ Fig‘u.re L(B)lo
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i’léune A(H)IO :
EFFECT OF VOLUNE OF C,IIQ A[}S(I?BFD o

e L
R ,___-«__Table IV(B)I0K . A SO
Ly . EFFECT OF VOLUME orF Cgﬁﬁ('ABSORBED . e
- R R - Experiment. Na.
, N P T 3.0k 5
~{vel. c'(ar czr;{'z .»abs“drbed, ~ 0.5 . 075 1,0 | +1.25 . “-.,1 up
- [cR3c0H produced (e&\) 0.788 | 1.149 | 1.555 | 1.883 | 2.080
[rteraor cuscon to | 82,6 | 851 | 80.9 | 7B | 77.3
0 theor. (%) - 1 -3 R e T

b

0

.,_

Yol gm ofi: HgSOh in 100cc jof 25% H SO

noo-oc-'o-ol’otooooootn-noonn-oo

z.o°c, ‘
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o Table V(B)10, - L
= EFFECT oF ADDITION op- cq3c00' NS
- T 2xperlment ho..v' . )
o RN I
[Wbe of CH3CO0H n'100ce | " 0.2 . |7 0.6 | 1,0 |° 1.4
‘1 of cat. sol. ‘(gm) TR T 4
[es. ox(* cx)gcox proa‘uced R 1.712 | . 1784 | 1.617]. 4
|¥ield of tHyC0M to | 88.1 | e8.1 | o1.7 1 e1a |
S theore%ical (%) . o T R
;|Time of absorpion of . _1-59#; e LEr | 2e0f
- CoHp (hr-min } R ST . 1

Comp, of*cat. sol ........................ L gm of HgSO in 100ce of 25% H sob
'VOl. of cat, sol, taken ota-co.l'0..".00"0‘0‘0004'00"! -ooopooo-oa., 5600
fReact temp .....llll‘ll!"....'....l . s00scs0000000 l+0°C
VOl. Of 027‘12 absorbed qu&ciolooooc atootml.loo.t oooooﬁoooooc--loso 1 lit.

" Above data gpe plotted in Fig&re 5(8)10
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=TT mable VI(B)1O. S
C EFFECT OF. ADDTTION OF Fez(soh) 3 SR
- - ‘ m:perlmem; Noo™ -

T vt of Fen{soy) 1n_1d°gc. ‘-0,65, 11033 j '2.00‘ . 2,667 | 3,25
f% of cat. sol. (gm) SE RN o
T %u o —— T e N

Wt. of cx3con produced "1 5v}o C1.594 | 1.594 | 1,627 | 1,570
 [1614 of CHy00H to 1 81-.:1 82.3 | 82,3 | 83,5 |/ 8L
1. theore ical (‘6) U S ) e ‘

Time or absorption of. 2-%’1'-' 3-561 : u-‘o_'. ] ’a-53+ " =250

C,H, (hr-min.) - R '

-Gomp.” Of ‘cat. - s0} 0000‘!'0!0‘0000'!"!00(! i, gm of - HgSOL in 10000 Of 25%!{
vol. or cat. s 1 ta}(en '....'.'....'.'."."......'...'..'......'...'... % é
.RGQCt temp -nn-qc;ocnooou D -oo-n.c.aoooocqoaacooonoo.n.c-onoon.ooqcoou- ho
Vol. ar csz absorbed 0'.“...'......'...."....'."..."...l‘.‘........ lit’
’ Above data are p__lqtt} ‘in Figure 6(B)10 . L —SV;V

qum 6(3)10 -
HF[CI’ oF ,wnmov o m(qo‘);

B
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: lékCZQSURE:“(a)}o‘ 5

P Experlmqgt No. . :
‘yvl'u ‘u liw‘T'/ W'2’ ;”;:”}31{@ s #?ﬁ_,;

Vol. of. GZHZ absorbed | 0,5 | 0,75 | 1,00 ] 1.3

W of c§3003 produced: iw0.5915..§l,h03- L8550 | 24903 .

|Y1eld of GH30OH to - | 97.9 | 96,0 - | 95.2. | 76.1
inooreticar (g) | o of v | T

Fop(50,)3 reduced (#) | 27.7 | 33.3 | 38.8 | hhd

Time of absorp. of "~ 0-501 1-01 | Jlep2v | L4480

i

Comp. Or Cﬂto 501 sescresctsescssivranes l gm of""THACO0H and 2 8m Of Fez(sdbjs
- “in loacc of '25% H,50
Vol. of cat, 501 taken 000000 000000000000000000cassscstrssscassectesnios 2600

React. temp tooltooooooeceooooooaoo-oooooooooolycnnoclncuc-ooaoouuuoqoon- hO?C “
3.  Conclusions

a, - The best ooncentretion of sulphurio aoid is 25%

. 5
b. - The best concentration of ‘merouric sulphate s b - 5 gﬂ
per 100ce of diluted aulphurio acld, - o

| ¢. As an additive reagent, acetic acid (1 gm per 100ce of
catalyst) increases the velocity of absorption of acetylene by
the catalyst and - increases the yleld of acetaldehyde. A

d.  Ferric sulphate (2 gn per 100¢cc of catalyst) inhibits the
reduction of mercuric sulprate to metallic mercury.: This con-

- centration-wes selected ‘on-the-basis of: known- co_nercial prac-
tice.

Lt

e, "Tﬁeyoptimum reaction temperature 18‘4000.1'Qt

f. To obtain a high yield of acetaldehyde it is necessary to
separate the produced acetaldehyde from the catalyst solution
as soon as possible.

g In the continuous operation it is deslrable ‘that the sepa-
" ration of acetaldehyde be done after absorbing 30 - hO times of
- acetylene by volume of the catalyst solution. RIS

h. . The maximum yield ls 98¢ of . the theoratical when the resac~
tion has been conducted as mentioned above, ,

" B On the Synthesis of Crotonaldehyde from Aoetaldehyde‘

. i~cetaldehyde condenses to aldol in the presence of alkeline solutions,
and aldol i1s dehydrated by distillation to crotonaldehyde.»

(39"
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' 1. The Experimental Prooedure was ag Follows -~ = -

The.reaction flask.was ‘equipped. with.a.motor-driven.effective agltaw -
5 her eter-for-measuring-tho- " tHE~GOntent o
.the flask, a burette for introducing. the alkali solution into the -
“flask, and"a reflux condenser cooled with fce water to avoid the
~loss of "acetdldshyde. It Was placed .ih a low temperature bdath, and
~freshly distilled pure acetaldehyde was .condensed by adding caustic
"soda”solution, under strong agitation. 'ATter the reaction ceased,
the agitator, the burette and the condenser were subdtituted by two
plugs and an efficlent distilling column, the top of which was, - . . .
“cooled by ice.  'The contents of the flask were distilled after the
caustic ‘soda -was neutralized with dilute sulphuric acid.. At first
unreacted acetaldshyde was distilled out into-an;ice cooled receiver,
and-after all the acetaldehyde had been disfilled the temperature of
‘the content of the flask rose to 150°C and a mixture of crotonalde~
hyde and water, formed by the dehydration of aldol, was distilled.
The"distillate, which was gathered in dnother receiver, separates
into two layers on-standing. The upper layer is crotonaldehyde sat-
vurated,withuwaterfand.tha~lower.1ayerwis,water~saturated-with CTOm - -
.tonaldehyde. The yleld of crotonaldehyde was calculated from the
solubility curves and the weights of the layers. The rate of the
. condensation was calculated from the weight of acetaldehyde used and
recovered, : :

2. ~ Experimental Results
The experimental :eshlts are shown in Tables VIII{B)10 and IX(B)lO.

3. Conclusions . . ,
“From these experiments the fdilowing conclusions were made:

a. The quantity of caustlic soda required for the beginning of
the condensation reaction varies on each sample. It appears
that the reaction begins after the neutralization of acetic
acid formed by contact of the acetaldehyde with air. A freshly
distilled sample requires less caustic soda to start the reac-

. tion than an 0ld one. For 1 kg of a freshly distilled semple

.-20ce of -10%.caustic soda-is sufficient to accomplish the.reacs ..
tion * : . -

‘b.' Since the condensation\>baction occurs suddenly, the addi-.
tion of the alkali solution after the neutralization of the
free acld must be done carefully, otherwlse the contents of the
flask boil and a yellow colored aldehyde resin is formed.

¢. The concentration of caustic soda has no serious effect on
the initiation and the rate of the reaction, From the stand-

- point of safety the use of a less concentrated solution is
bptter. In practical operation it is suitable to use caustic
soda of less than 5% concentration. .

d.  The veloéity of the addition of caustic soda will be
‘determined in accordance with the cooling capacitys. .

e. ‘‘henever about 75% of the‘acetaldehyde used has reacted,

! the progress of the‘reaction'bebomes slow and then stops. It
_appears that this point represents an equilibrium state.

.;|4g
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L maple VITT(B)10 TR
EFFECT OF VOLUME OF CAUSTIC SODA ADDED

. Expe:;menp?ﬁb.~_,'

7.1

e M
Vol. of NaOH. sol. added (co) | 67| 8. | 10 | 12 | 16 | 20 | 25
“‘Time required for addition 6 | 8|35 .37 | w7 L5 ] 50
cx;con reacted (%) | 8.0 |38.0 | 68.5|72.0 | 74t | 76,0 |75.6
lwt. of Crotonaldehyde 9.5 | 118.4 | 230.6| 242.9 | 253.9 | 268.3 | 256.6
obtained (gm) - : 1 et ' ) ;
Yield of crotonaldehyde to 29.5 |.78.3 | 82.1.|84.8 |85.5 | 86,8 |85.3
theorstical (%) ) ‘
Residue and loss. (%) 19.0 | 7.9 | 6.6 | 7.3 | 8.3 |10.8 | 5.2

© \it. of acetaldehyde used (gm) evsees
Conc. of NaOH sol .uoonannooa‘ol e

“eesese

..’0.'.ll.llo.l..l.i.i.ob'ano... 500

se000vecesevssesens lop by Wt.

Reaction temp 00000000 000000000000000000000000000000000 000000000000 " 10 - 20°C

Table IX(B)10
EF"ECT OF CONCENTRATION OF CAUSTIC SODA SOLUTION ADDED

Recation temp C) 0000080000600 00000000000000 00000000000 0000000000000

141

= ~-Experiment Noy ..o -
1 2 3 g 5 6

{gone. of NaoK sol. .(%) 5 10 15 5 10 15

Vol ofc§§ox sol, added 40- 20 | 13.3 50 25 16.6
e R N BE B B
{cHscon reacted (%) - 700, | 76,0 | 69.0 | 77.3 | 75.6 | 63.0 !
' Wt}Aogbggg:gga%g;?yde \ ‘238.0 262.3 | 237.4 = 256.6 7-216.5§,
' Yieldtgftggggggiigih¥i? g5.0 | 88.0 | 87.2° | 88.3 8533" 8644 §

Residue and loss (%) 9.1 | 10.8 9.0 | 7.0 8.2 | 1.1

Wt. of acetaldegyde uS8d {@M) eeesvsccscasessncrcrsrosssnsesrorsasssesssse 500

0 ~-20
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. Théughvthe\reaction:occurs;from,0°c to 20°C, the tempera-
bure of the reaction-must be.below 10°C “to avoid the resinifi-

~.cation:and boiling.of acetaldehydes. .. ..

''g+...In these experiments 85 = 88% of the acetaldehyde used was -
converted to crotonaldehyde, and most of the remainder: formed =~
Tesidual resims, * . . . G0

h." To diminish the resinification loss the distillation of =

erotonaldsehyde must be done as quickly as possible. .

1. Ucrotonaldehyde ‘forms an azeotro mixture with water
boiling at 85°C which consists of 24.6% of vater and 75.4% of
crotonaldehyde by welght, . In distilling a mixtuPe of crotonal-:
dehyde and water, the azeotronic: mixture is distilled but on
stending the distillate separates.into two layers. The ratio
of the upper and lower layers at 20°C'is 3,9 to 1 by welght and

ChV Lo by volume, - The. specific gravity of the layers are :
0,870 and' 0.986 at 200C, respectively, .

-~

wﬁf'”'On~£hé'Hydrogeﬂafi6h46f‘Cfoiohﬁi&éhj&é“fdmButanél c

l.. -Hydrogenation ab Ordinary Pressures

In the hydrogenation of crotonaldehyde, butanol is produced through
butylaldehyde as an intermediate, In the preliminary test of the
catalyst it was known .that, though nickel catalyst has a strong’
activity, it shows a tendency to crack aldehydes. On the contrary,
copper -catalyst has little cracking action but requires & high tem-
_perature to acconplish the hydrogenation of . aldehydes, -Consequently,
the mixed catalysts of nicKel and copper were studied.

Fresily distilled anhydrous crotonaldehyde was hydrogenated at
atmospheric pressure by Sabatier's method, Through a.glass tube
packed with tablets of the catalyst and heated in an electric fur-
nace a known volume of hydrogen and crotonaldehyde vapour were
passed in a steady flow. The products were passed through a cooler
and collected in a receiver., The temperature was.measured at the
centre of the catalyst layer, . L :

‘The analysis of the products was made by precise distillation and
separating the fraction in three parts: below 1050C, 105 - 120% -

and the residue.

The fraction below 105°C is a amixture of the azeotroplic mixture of
butyl aldehyde, crotonaldehyde, and butanol, with water which was .
formed from the catalyst and the dehydrating action of the catalyst
on butanol., The fraction of 105° - 120°C is practically pure
butanol, the purity of which was confirmed by physical constants.
The experimental data are summarized in Table X(B)lo.

2. Hydrogenation under Pressure

To accelerate the reactibn;'tdsfé were made under pressure, The
apparatis used is shown in Figure 7(B)10, and the other conditions
were same as in the case at ordinary pressures.

The bromine method for crotonaldehyde and the hydroxylamine method -
for total aldehydes were used, ' The experimental data are summarizer
in Table XI(B)10. From the above experiments the following conclu
sions, aere derived, , o : . . ’

’

\
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a.”i For hydrogenation at ordinary pressures
(1) The optimum temperature for the. mixed catalyst of
*vn"dtatomaceuus*esrt?*ts*yo0"""

. and the product. contains 80 - 85 of butanol and . 10 - 15ﬂ

. of butjlaldehyde. . ‘ .
{2). vhen six’ times ‘the the01etical amount of hydrogen to
orotonaldehyde are used, butanol and butylaldehyde in the
_product are 91% and 0 - 5p, respectively. ‘
"(3) The’ rate “of hydrogenation IHePeaRes with the decrease‘”
of the velocity of ‘crotonaldehyde at constant hydrogen. |
ratio., Vhen crotonaldehyde of 0.4 of the catalyst volume
per hour is ‘passed through the cutalyst butanol and butyl
aldehyde in the product are 93% and 4 5A respectively.

b.  ~For hydrogenation at 10 atmospheric pressure.

- (l) As ‘the catalyst- carrier, magnesia is better than
Japanese acid clay.
{2) As the raw materials of the catalyst, nitrates-and -
sulphates of copper and nickel give neerly the same
results. : '
(3) The catalyst consisting of 3 perts of copper, gert
of nickel, and 8 parts of magnesia and reduced at 300°C
gives a product which consists of 92% of butanol and
5 .64 of butylaldehyde. R .
(4) With incréafies in space velocity the content of
butanol in the products decreases, and causes the cracking
of a;dehyde by the local heating of the catalyst.
(5} In comparing: the mixed catalyst of U, 0. P, type with
copper and nickel catalyst, the former has a strong tend-
ency to crack aldehyde, and 10 - 13% of butylaldehyde
remains in the product
(6) Crotonaldahyde seturated with water is more diffioult

__to hydrogenate than an anhydrous sample and the separation,
of the product is more troublesome due to the formation of
an ezeotropic mixture. ‘ -
(7) However, the effect of pressure on the yleld and com=~
position of reaction product is small as Judged from these
experiments,
(8) Because of the diffioulty of perfect hydrogenation of
orotonaldehyde, it is necessary to fractionate butanol- -~
from the product. -

L
3. On the Relation between the Type of Réaction Tube and the Dure-

bility of the Catalyst

Even in laboratory scale experiments, crotonaldehyde has a tendency.
to orack at high space veloclty due to local heating of the catalyst.
To. obtain high ylelds of butanol and long life of the catalyst in
commercial plants, it is essentlal that the design must avold such
looal heating of the catalyst layer.
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' : Table x(B)lo !
i EXPERDENTAL nm OF maocnmxou op cnorommmm: AT mospm-:azc PRESSURE
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[T 3 §—~ 3.9, 3'4 - 'g | [0S e E Ly E . .ﬁ ,,,,, o
% wlod oy ‘éﬂ‘%g AR EL IR BN tolg
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Cu3, NL1, 5] 59 (0,78 31.2 |4 ZL,O 17.4 | 78.01 4.6] 0.828 | 1.3940
Diatm, 6{ 73 |0.81 80,7 1y 165,0[13,4 | 85,0 1.6{ 0.823 | 1.3910
" Earth 4 6] 66 1o.73° ho5 | 4 -[64,0113,4 | 86.5 | 0,1 0,822 | 13928 | 1.1
Reduced - L My |0.73 23,7 | 4 |42,317.0}81.0|2,0f 0,824 | 1,3200 | 3,0

“at"180°C Bl ATT0137| 29| 24a6 1T 142,016 [ The5 | 901 - 10,3

Cu2 b2, 4 0,77 12540 | & [42.0 | 24,4 1 82,0 | 3.6] 0,825 | 1,3973 |
Dlatm,” 4 0.83 9 | 4 |46,0]121,3 }85.0(3,7] 0.843 1,3970
Earth 4 | 3 0.81 20,8 | 4 (35.0112,6}83.5(3.9] 0,823 |1.3928| 0,7
Reduced I 0.79 124.8 | & {44.0]16.2|82.0{1.8] 0.829 1.3930 2.4

- at 180°¢ i ’

Ni1, 2y 0.73 1252 | 4 43,0 26,1 72.0
Diatm; 4 0.77 25,5 | & |4h0125.2 ] 82,5
‘ Earth 4 (160 4| 0.73 128" | 24,9.] 4.0 |43.0.] 23.6 | 86.0
" Reduced | 180 | 4 0.73 25,0 | 4 [43.0]23.7} 84,5 3.5

at 3000 200 | &|. 0.72 10,0 9.0 15,7

Cal, M 3,100 27.4 | 1.0
Diatm, | 130{. 22,8 | 75.5
Earth 4 | 160 16,7 | 82,0
Reduced | 180 15,1 81,5 3.6

-at 180°C [ 200] 2.1

Cu3, NL1,]180)5 1.13 39.5 | 3 |80.0138,7]60.0 R
st 1801 6 0.81 30,0 140.7 | 4™ [65.0 [ 15,4 85,0 | 16| 0.8252 | L3940 | < -
‘Barth 4 [ 180] 4 0,78 26,3 1 5 |40 49905
Reduced | 180 | 4 0.80 0129.1 | 6 |ay0f - |9r.0
at 300°C * . .

Cul, M 1,|180]|3 0,81 20,8 35.022.6 | 83.5 0.8227 | 1,3928
Diatm, 18014 10,53 18,3 32.0 | 5.4 | 90,9 0.82%4; | 1,3905
‘Earth 2 | 180( 7 0,40 25,8 42,0 4.5]93.0 0,824, | 13920 |
Reduced ‘ co :
at 180°C
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‘Two._types:.of catalyst.tubes. were-tested with-regard-to the distribu-
tion -of :temperature of the wcatalyst layer and the durability of the
catalyst, :The orotonaldehyde.used.was -the upper layer.of - the azepe--
“bropie-mixture;-the-purity-of-whith—4{5-90% by Walghts T

4. spparatus and proceture.

”‘A'mixed.catalystqof'nigkel,,copper,'gnd;diqtpmacequsﬂearth”in;ﬂ

"“the-ratio of'1:3:8, respeoctively, was used after reduction at

. 2000C in the reactlon tube. - The apparatus used is shown in

... Flgure 8(B)10, Crotonaldehyde in a measuring oylinder:(3) was .

"f”in%rOduced with''a small bellows pump.(4) into. an evaporator (2)

‘. which was heated by steam, Hydrogen which was sent through a
gas meter (1) was mlxed with the vapor of crotonaldehyde at (R)e
‘The mixture of ‘hydrogen and the vapor of c¢rotonaldeayde was
preheated by & preheater (5) and passed through the catalyst
table (6), the temperature of which was controlled by boiling
water at a pressure-oorresponding to the reaction temperature,
The reactlon product was cooled with a water cooler (7). and was
-gathered 1n a receiver.(8)... Waste hydrogen escapes- thirough a- - -
gas meter (9)., The heat-of the reaction was conducted from the
catalyst layer to water and -atéem evaporated at (1l) was con-
densed at (5) and (2}, returned to 'a boiler (10) provided with -
en electric heater (12),  The temperature of the catalyst layer
was measured with two thermocouples which were .moved along the
catalyst layer. Two catalyst tubes were used orie of which
(No.1) is 25mm in diameter and 14,00mm in length and has a
capacity of 0.7 liters; the*other (No,2) is a multitubler reac-
tion vessel with nineteen tubes of 15mm in diemeter and 200mm
.in-length having a total capacity of 0.8 litre.. The reaction..
product was separated into three fractions by precise distilla-
.tion,’ ’

b, -Eﬁperimental results,

The condition of the experiments using No, 1 reaction tube were
as follows: . .

(1) The quantity of hydrogen used was eight moles per
_.mole of erotonaldenyde. .- e cmee e

(2)  The temperature of bolling water was 150 - 160°c.

B ! .
{3} - The velocity of crotonaldehyde was 0.25 litre (1liquid)
per one litre‘or'the catglyst per hour, : :

After elapsed times of 2, 12, 100, 150, and 200 hours the
temperature distribution of the catalyst layer was meas-
ured and the results of distillation of the product are
shown in Table XII(B)10. ‘

With the time lapse, the point of maximum temperature
moved from the top to the bottom of the reaction tube, and
the content of butanol in the product decreased. - The
analytical data of the waste gas_after.six hours-ghows the
cracking of aldehyde. . .

002 seeee 0.0 ’ B CO oo 9.0 02H2n_2 vee 10.7
: 02 '.l_.il‘oth.. . Hz,aon 78-[} L Nz‘on-uuo.n lnl
cnﬁznu LEN] 008 . '
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- BRCLOSURE (D10

} " 'Table  XII(B)10 - o iy
;IEMPERATURE DISTRIBUTION ALONG THE' R“ACTION TUBD
AND DISTILLATION DATA.OF HYDROGENATED PRODUCT -

100 [ 1150¢ - f - 200
s taneE A6k 150 | Asl
. from- - A T
‘1"inlet of , "169 | 155 142
reaction” . r — - e — -
(cm) ) = - ;
go- . 190 | 145 |10 | 172 | 150
1000 o jeazz | w0 | 151 172 - | 154
i o e ovoli7az 139 | 150 | 160 - | 154
i+ {'Demp. of hot water (°c) " | 160 | 150 . | 164 | 163 | 164 |
Butyl aldehyde in 11iq. fract. (%).| 0.3 | 8.5 [~35.8 | 38,6 | 47.0
Crotonaldehyde fract., (%) 1.6 5.0 | 2.2 |01 | 1.9
Butanol fract. (%) o 97.0 | 85.1 | 60,8 | 60.4 | 50.7
Vb, % of produép'to charge - | 52,0 | 60.5 | 68.3 | 79.5 | 80.9

: Table XIII(B)10 _
DATA OF CONTINUCUS HYDROGENATION OF ORGTCNALDERYDE T

& g o ]
S R kg 5| 3
&84 |8 55 12213212, 18 |55l

g |28 B3RS g ds)Es
Elga |2, | B §5 gL RS B (58138
) o |TL I8¢ 28 ‘gﬁ ::1 8 e Yl
d %E %'é N BY |Bsl8s]cy n& |,0].0
@ 3 . . w o |0 . wt D.-ﬁ .
R Bl A RO ETR R
b | LoL4s/y | 2696/4 | 76.0 | 0,980/4 | 0.0 | 0,0 [2242/4 { 73.3 |160 |15
28 | 2.296/8 | 5392/8 | 85.4 | 2,033/8 1 0.9 { 0.4 |4490/8 | 79.2 |170 {150

68 | 2.296/8 | 5392/8 | 6.0 | 2.280/8 | 0.0 | 0.9 |4556/8 | 79.0 [165 {150
100 | 2,296/8 | 5392/8 | 84,6 | 2,215/8] 0,0 | 0.6 | 4467/8 | Thel {265 |150
10 | 2:296/8 |'5392/8 | 80,7 | 2.220/8 (/0.3 | 0.4 [4022/8 | 72,9 |165 |150
186 | 2.296/8 | 5554/8 | 80,7 | 2.100/8| 0,0 | 1.2 |4613/8 | - [170 |160
234 | 2.296/8 | su62/8 | 88.0 | 2.200/8 | 0.0 | 0.9 |1652/8 | €7.0 |175 [155
31 | 2,296/8 | 5605/8 | €3.0 | 2,345/8{ 0.0 | 0.9 |£387/8 | €0.3 | 170 | 160
335 | 2.296/8 | 104,/8 | 91.6 | 2.250/8 | 0,0 | 1.5 |4487/8 170 {165
399 | 2.256/8 | LOAL/8 | 98,6 | 2,370/8 | 0.0 | 0.6 [2780/8 | 93,0 |170 | 260
131 | 2.296/8 | 4147/8 95,3 | 2.500/8 0.3 | 1.2 |2933/8 | 90,0.|170 |10
47 | 2.296/8 | 106578 | 50.6| 2,320/8 1 0,3 1 0.9 {3048/8 | 833|170 [160
503 2.296/8 | 4257/8 | 90.6 | 2.445/8| 1.8 2.i 3313/8 | 83.3 | 178 | 160

: : 148 : .




~-RESTRICTED...

- EACLOSURE (5

It 1s obvious that the.low ylelds of. butanol ‘are due to ‘the
-, local heating of ‘the catalyst layer. . The tests.of. the No,2. .
S reag ’"“”fSasllwena.madeﬁundbn;zhe;aamewoendi%ionsvab*tha""
~ oo -Noek-reaction-tube. The hydrogen - used-was dilited with S
'j'initrogen&toithe;extgnt:orj81H;598,5%atowtestdphggefrgct,of”ﬂ,
""" concentration, The.experimental:data is:tebulated dn: . .. ..
- Tables. XIII(B)10: and XIV(§)10.>~a EERCEEE T S

e, Conclusions. - - : ‘
From§th999fdata;&it“iS“obvioué”that“the’reaatidﬁ“brbéféé§éd‘Véry"
smoothly. - The content of butanol in the hydrogenated ' product
was 95% or more. The activity of the catalyst did not decline
during & period of. three. weeks, Crotonaldehyde saturated with
water can be used as a raw material, In the commercial applioa~
tion the linear veloclity of the raw material through t he cata-
.lyst layer should be low to avoid local heating of theé catalyst
layer. Thus, ‘the catalyst activity will be maintained for a -
1gng period; Hydrogen of 85% purity can be used as.a raw mate-

~ pdals o EOBOR ‘ '

P

D. On the Preparation of Butene from n-Butamol . . . + .

In order to find the ‘best-Japanese acid clay for use asﬂthe dehydrating
catalyst of n-butanol, the following experiments were made,

1. Apparatus and Procedure

Iwo reaction tubes of quartz were used. The diameters of these tubes
were~2em and 3em for “c¢atalyst voliimes of 100cc and 200cc¢- respectively.
Butanol was added from a dropping burette to the reaction tube whica
was packed with the catalyst and heated by an electric furnace., The

- volume of the gas produced was measured and its composition was ana-
‘lyzed at one hour intervals, The percentage yield of butene produced
was.- calculated by the following formula. o

Yiola (4) ot buvens's i oo HMEL

74.0

Measured gas volume in litre

Butene concentration in gas produced, %

Atm, pressure in mm Hg. Lo

Water vapour tension at .room temperature in mm Hg.
Room temperature '
Density of butanol at room temperaturs

Volume of butanol used in ce s

<poiupa

Total butene in the gas produced was. determined by 90% HoS0, and iso-
butene was determined by 61% and 69% H,S0 using a speoial Method, '
details of which are as follows: At f frst most of the 1sobutene in
the sample was absorbed in 61% H,S0, and then the remaining isobutene
was absorbed by ‘contacting with 39% S°h several times for 10
seconds until the volums decrease becéme coustent. The sum of the
_gbsorbed‘volumes in 69%_&280“ and 61% Hésob Indicates the volums of
sobutene, . ' ‘ : ' :
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B ORI : 'EwcuxumE"MWzo‘;g
T ble XIV(B)lO
" DATA OF. CONTINUOUb YDROGENATION OF. CROTONALDEHYDEn  Lo
e e orn | Fivet ‘Week |Second Week|Third week| |

Vu:.,or crbtonaidehyaechargea:(liullit)v<>'3» 504512 | 47,355 {482 |
"|sp. Gr. of Crotonaldehyde Used L) 0esr0 | 0.875. | 0.873
- Purity of crotonaldehydc (%)~ e 790,01 _‘.:87;1; B - K
cale, Wb, of ‘Crotonaldehyde' as 100% Pure (gm) 394551 ] . 36.215. | 27.252...
“{Vol. of Condensed Product (1it) - ; 49ub3 | u6.3 - | 49,826
*|8pe -Or+- of Gondensed-Produt -~ -r-rv - oo 0,837 | ~0,840 | "0,835 |
Butanol in Condensed Produot (%) . - . | 98,7 98,1 .| 97,0
Sp. Gr. of Butanol Fraction m condenaed "0.830 0.820 0.833
Product’ : . i .
 [Butanol content in Butenol Fract, (%) 1 90,35 | Tes.2 "88.0
((:?cé‘)" Wt. of Butanol in Condensed Produot 36,925 .| 35,026 36,612
[cate, vio1a of Butanol to Theoretical (#) | 6.3 91.7 93,0
fiw  |Measured Wt. of Butanol Vaporized in Vaste 1,465 1,362 | 0,998
Hydrogen (kg) o .
Calec, Wt. of Total Butanolv(kg) 38,331 36,387 37.520
Calc, Yield of Butanol Condensed and Veporized 91.7 . 95.3 95.2
to .Theoretical (%) ’
. THE SOURCE AND COMPOSITION OF CLAYS\_ :
o.{ = Sourte  |Ignition| S10o |A1503 | Fes04 | Mno ca0 0 |803._| P»0
(Protecturs) [Loas (%) | (%) (Y| (&) [ (%) | (%) l{g) (% %)°
"1 | YAMAGATA 7455 | 7543 113,75 | 2.52 | 0,10 | tr. |0.32 |0.26
4 YAMAGATA 10,54 | 72.38 113,12 [ 2,32 | 0,47 {1.03 0.27
5 YAMAGATA 11067 | 7142 | 12,46 [2.22 | 0,55 [1.62 | tr. 044 | tr,
7 ISHIKAWA 1144 | 67.03 11,04 | 5.03 tr. [1.15 4e23
9 IWATE 11.01 ] 70,39 [12.96 [ 2,00 | 0,78 2,50 | tr. 0.40
0.1 FURUSHTMA - | 6,87 175,45 112,37 {2,421 0.80 11,27 - Ge73
11 OKAYAMA 3632 | 7hel2 [ 21,06 [ 0,35 | 0,51 . 0.38
12 Unknown 771 173,98 110,31 | 5.33 | 1.10 1,53 0.29
14 NIIGATA 10,22 | 69.16 12.81 2,03 | 0.92 [2,37 | tr. [0.46
15 TVATE 9.48 67,33 [16.13 3.21 0.85 12,07 | tr. |0.57
18 ‘SAGA 9e5h | 72,79 111,66 | 3.66 | 0.88 0,74 | tr. {0.56
19 NIIGATA 8.58 | 71454 |13.66 | 4,03 tr.- 10,95 10.58 |0.55
20 NIIGATA 5¢73 | 71435 (14,86 | 3.33 | 0.47 | 1.86 0.99 |0.86 .
21 CHIBA 7.99 | 73.89 {12.,62 | 2.70 10435 [2e45 1 tr, [0.93
22 YAMAGATA 7452 | 63, 2 14,38 | 0.45 1.24 | 2,96 |0.18 [-0,10
23 YAMAGATA 7428 . 13.83 |1 7.89 | 1.42 12,37 | 0427 10,09
b YAMAGATA 6,09 . 18.42 [ 3.1, [ 0,77 {3433°]2.75 | 0.48 :
25 YAMAGATA 5.94 o689 | 17.17 [ 3,58 | 0432 |2.67 [1.53 0,67
27 SAITAMA é.gg 73479 13,22 | 1,55 ’ 472 0.68
28 | .Unknown 3478 [ 76,94 | 14,80 | 2,38 1.29 | 0.66 0.21
29 | TOCHIGI 6,18 | 70453 {17.27 | 2,75 3.2 1. 0,28 {0.05
.{30 GIFU 11,02 § 52,83 |36.57|1.89 +56 10,90 10,37 | 454
3 CHIBA 731 72,96 13,53 2,38 i 2,18 11.78 14
37 '| NAGASAKT 2,41 ]76.30 115,00 | 0,60 A L] '0.99-' 1.35
SHIZUOKA 9:59 [ 78.89|1.5.56 191 11,29 | tr. 12,19 {1,01
wR TOCHIGY 0,25 | 44,86 [28.43|2.68 |0 2.26 10.48 {07} .0
A SHIZUOKA 24,76 1 6154 6,77 | .97 0 .| tr. 11,96 0,7 tr.
L7 1, ISH]KA_\']AN ‘15,01 1,65 [ 16485 | 2,16 tr, 10,87.12,06 |1,06| 0

Note: Table XVI(B)10 1s the duplicate of Table XV(B)10 except for its
‘ title which 18 PLACE OF PRODUCTION AND COMPOSITION OF ACID CLAYS,,
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“Aoid olays were used both with and without acid treatment.. They
~were dried at 110°C for three hours after: being kneaded with water
and ghaped. into cylinders 3mm in diameter and 5 = 10mm in length.

The. acidity of the ‘clays was measured by the following method,
...Centi-normal NaOH solution; previously coloured red by phenolphtha- .
lein, was added to a 0.5 gn.sample of dried clay until the colour of
the supernatant liquid began-to reappear. The dcidity was repre-

sented by the quantity of NeOH solution required.. - . . )

The ‘acid treatment was carried out in the following menner. A 150
gram sample of acid clay was dipped into 300cc of ) normal hydro=-
chloric acid, heated for 3 hours on a water bath under reflux, fil-
tered, and washed until the filtrate was free of chloride lon. -

2. Experimental Results

" The source of the various acid clays used and their compositions are -

- tabulated in Table XV(B)10, Table XVI(B)10 shows the results of the
experiments using these clays. In this table, previous acld treat-
ment of the clay is indicated, Generally, the dehydrating aotion of

- acid clays -increases by acid treatment. In general the acidity of-
the clays inocreases considerably by acid treatment and the clays hav-
ing the highest aciditles show the strongest dehydrating action.

- Figure-9(B)10 -shows-the -relation-between the. acldity-and yleld .of ...
butene at a reaction temperature of 300°C and space velocity of 1 by
1liquid volume of butanol per volume of catalyst per hour, The con~
tent of isobutene in the product is below 2% at space velocity of 1,
but is 4 - 5% at 0,2 space veloclity. ' )

3.> Conclusions

There appears to be no reldtion between the yleld of isobutene and
the acidity of the clays. There also appears to be no definite

-.pelation betweén-the dehydrating action-and the composition.of.clay,.. -
The acidity of the clays is a surface phenomenon., The soluble
iapurities, e.8., alkalies, alkall earths, etc., which are absorbed
on the surface of acid clay, are removed by the acid treatment. The
dehydrating action is increased by the acid treatment, hence the
dehydration reaction also appears to be a surface phenomenon. Since
the effect of acid treatment of the clay on the lsomerization 1s not
appreciable, it is presumed that the isomerization reaction is
related to the atomic arrangement in the\acid ¢lay, and is not a
surface phenoménon,

E. The Isomerization of n~-Butene by ieens of Phosphoric Acid.Catalyst

To obtain isooctane' having a sufficiently high octane value ‘as a blending
fuel, the n-butene obtained from n-butanol must be isomerized. There ere
very little research data pertaining to the isomerization reaction of n-
butene. A procedure by which n-butene is 1somerized to isobutene, using
phosphoric acid supported on charcoal as the catalyst, was developed in
this laboratory.  In order to obtain a butene mixture sultable for poly=~
merizavion to isooctane -the following experiments were carrled out. ‘

151



X-30(N):

~RESTRICTED -

EEE P Experimental Procedurs

-eme-bucene—used*waswpreparee*by—ehewéenyefeéi
.. 35000 on an: aoid clay catalyst produced Ain YAMAGATA Prefeoture._

'The compoeition or ges produced was ee rollowe.
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Butene =2 denrsene. 73 - 75%
Ail' n-oco-neo-co-cu’vl

The oatalyst was prepared by the following method.,v;;»‘v‘

Ordinary ‘oharcoal was orushed to 5 .- 10 mesh, mixed with phosphoric
aold (Sp.: gr. 1. 75), and dried at 130°¢ for 3 hours.

2.  Experimental Results '

"The" relation ‘between the quantity “of phosphorio aoid ‘in the catalyst
and. the isobutene content in the produced gas 15 shown on Teble XVIl
. (B)10 .and. Figure. 10(B}10, . ... R

The reletion between the reaction temperature, the spaoe velocity of .
gas and isobutene content in the gas produced in shown on Table
XVIII(B)lO,

The most suitable reactign temperature for the isomerization reac-

tion was from 350 to 400°C, and.the desirable space velooity was =~ -
“from“20 0 100, "Above thése temperatures the d ecomposition of

butene took place and below 300°c -the polymerization reaction

ocoured.,

F. On the Catalytic Polymerization of Butene under Pressure

1. Apparatus end Procedure

Partly 1somerized butene was polymerized under pressure using H Po -
.BasS0,, . catalyst_to olerify the relationship between polymerizetég s
" prod ots ‘and ‘the’ ‘applied pressure, The catalyst used was prepered

as follows, Phosphoric acid and barium sulphate were mixed in the

ratio of 1 to 9 and shaped into oylinders having a diemeter of 6mm

and length of 6mm.

Butene containing 2@ isobutene was prepared by dehydrating n-butanol
on acld clay at 350 Butene containing 20% isobutene was prepared
by dehydrating and isomerizing n-butanol on the mixture of phos-
phoric acid and charcoel., Figure 11(B)10 shows a dlagram of the
apparatus used, The volume of the reaction tube was 500cc, The
polymer obtalned was fractionated into four fractions as follows;

Fraction No. Range of b.p. Principal Comp.

el 1 : -95% unreacted. gas
2 95 = 1200¢ dimer
: 3 12 - 150°¢ . trimer
O L 150 c- higher polymers

The dimer was hydrogenated in an eutoclave under a pressure of 100
atmospheres of hydrogen using reduoed_niokel as the catalyst and the
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::The offoots Of the :reesure on the ‘ol‘merization..:V

In order to determine ‘the- erfeat of pressure on . the polymeriza-

i : @*>~Table XVII(B)IOWM SR :';Q;H;va;;
EFFEGT OF | AMOUNT ‘OF -PHOSPHORIC ACID IN/ -
GATALYSTNQN‘ISQMERIZATION OF BUTENE

dontent of H3P0, | Reaction Space* ~ composition of ‘| 0il produced.|
1n cat. Temp.. Velocity | gas. produced per liter of |
. [ . . gas o .
' v 1-CpyHg | Totel [
(gwesy T (96) .M;HTT%)m".M”?%ik.Al, feg) e
1.2 ...} 400 [ 30 . 82 .| 98 .| 0
17.7 | woo .30 | 20.6 | 96 S
233 400 . 30 30,6 95 0.2
28.4 | w0 | 30 332 |93 0.2
3502 | 400 |30 | 30 | B @ |
69.0° 400 30 | 34.0 | 8 0.3
. 1.40*

) Table XVIII(B)1O0 = -
COMPOSITION OF ISOMERIZED GAS AT VARIOUS
TEMPERATURE AND SPACE VELOCITY

: Reéct}fTemp.. “apace* * | “Composition of ‘gas produced
¢ velooity % of 1-C,Hg | % of Total Chﬂg

1300 50 13.2 ’ 9242
300 1 100 | - 9.8 93
350 50 .| 260 . 9.6
350 100 © U186 0 9446
400 20 33.0 . 93.0
400 | 200 | 2.2 : 950
b0 |50 | 276 1 85.0

' 450 o] w00 f o200 | 9240

*space velooity 1s vols, of gas per vol. - of -Catalyst per hour,
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: (Reaction Temperature 120°c)

Exp.

""Octane

Isobutene

- Prese. Fraotionation or Polymer Butene
INo. Ssure’ D (Voi .%) Polymer-’ valus of | in spent.
: (A"‘"‘” ’ 95<> 95-| 120= | 1509 1688 %;?d : }b'dioa" i
=9 - ', ' 955. . . goenate
_ 120° 150° | | . | (@imers) |..
1| 0 3.8 |61.3]12.5 18,8 (3.6 | 13,9 |
2 5 |45 [2943(23.0 [37.2 (5.8 1 15.5
3| 10 (0.8 |43 (324 22,2 (3.3 | 4.7 B8N | 2.5
[&- | 720|117 | 64,5 | 22,2 |10.5 [1.7 26,8 - 2,5
5 ] 30 ]0.9 |67.1113.,1:[15.6 3.3 | 45,9 | 83,3 | 3.5
. 6 ) 047 [ 6744 | 2649 [ 13,1 ] 2.9 53,8 82.3 3.5
./ i‘igure 12(B)10 (120°¢) Polymerization under Various Pressures .
S ‘._.,.. .' Tabl H(B)lo A e e b e e
POLYMERIZATION UNDER VARIOUS PRESSURES
(Reaotion Temperature 1500C) \ '
EXp. | Pres=- Fractionation of Polymer Butene | Octane | Isobutene
No. | sure . 5 Polym, | Value ‘| in spent
in -95%C | 95~ 120~ [1507C~ | loss »(%Ym of -gas
atms, I 1209 {150% | v Hydro- ?%)
|.abs.. JIT o S S COPY I .1 gonated {-... ... -
N BEECTE I dimers |- )
0 1.3 {52.1 {22.6 19.6 | L& 2.7 88.3 3.0
10 | 0.8 [33.4 (36,8 | 27.6 |14 | 22,7 | 885 | 2.5
9 20 0.4 }39.3 |[30.1 28.8 | 1l.4 24,2 86.8 2.
0 [ 35 | 0at |6h5 217 | 10,1 3.3 | 32.4 | 8l | 3.0
11| 45 [ 0.5 [6h5 [20.7 | 8.5 [5.8 | 28u4 | ‘84e5 3.0

Figure 13(B)10 (15096) PolYmeri;ation under Vérious Pressures
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1. GAS HOLDER I1. GASHETER FOR WASTE GAS

2. COMPRESSOR : . 12, TRANSFORNER FOR COTROLLING DISTILLATION TEMPERATURE
3. CONDENSER 13. TRANSFORMER FOR CONTROLLING REACTION- TEMPERATURE
4. HEASURING VESSEL OF LICUID BWENE 14, PRESSURE GAUGE OF HOT WATER
5. PUHP OF LIQUID. BUTENE ~ 157 PRESSURE. GAUGE OF LIGUID BUTENE
6. WATER BOILER WITH ELECTRIC HEATER - 16. - THERWONETER OF COLUWN TOP
7. THERMOCOUPLE 17. " THERKONETER OF COLUMN BOTTON
8. PRESSURE GAUGE OF REACTION PRESSURE ~ 18. SAWPLIKG VALVE OF POLYHER .
9. REDUCING TALVE. .. .. 19. TOP COOLER OF COLUWN . . __
10 STILL WITH ELECTRIC HEATER 0. REACTION TUE

21, EREHEATER

Fleure 11(B)10
APPARATUS FOR PRESSURE. HYDROGENATION OF BUTFNF TRIHER
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tioh reaction and the yield end properties of the product,
butene .containing some lsobutene was polymerized at different
anging-from-0—=—40-atmospheres—{on-gauge-at—temper=-

~ProSEuresT s
atures of 1200C and 150°C. ‘The butene used had a purity of.

96.8% as C,Hg and contained 1.9% isobutene. The catalyst vol~

ume was 500cc, and the space velocity of butene was 500
expressed as the volume of gas per volume of the catalyst per
hour. - The results are shown in Tables XIX(B)1l0 and XX(B)10,
Figures 12(B)10 and 13(B)10, The effect of pressure was con-

_siderable and. the rate of the reaction increased with inoreas-

ing pressure. At 1500C the rate of the reaction was mearly
constant above 30 atmospheres pressure. At 120°C the polymers
produced at pressures below 20 atmospheres contained less dimer
than the polygers formed at atmospheric pressure. At both
120°C and 150°C a minimim yleld of dimer was obtained, This
minimum yield was found at five atmosgheres pressure at 1200C -
and at 10 atmospheres pressure at 150°C,  The octane rating of-
the hydrogenated: dimer deoreased with increasing reaction pres-
SUre., - JR S . L ’ RS

The results of the polymerization of butene rich in isobutene
are shown in Table XXI(B)1O and Figures 13(5)10 and 15(B}10,
These experiments wore carried out at 120°C and space velooi-
ties of 200 and 600, The butene used had a purity of 96.6%and
contained 19.6% isobutene., In this case the yield of polymer~-

‘4zed butene also increased with pressure., The dimer content of

the polymer showed & minimum at 10 & tmospheres and remeined
constant at pressure above 20 atmospheres. The octane rating
of the hydrogenated dimer was generally above 92.

b, The effects of varying space velocity on the polymeriza-
tion under pressure. . : .

In order to clarify the effeot of space veloclty experiments

were carried out under the following conditions: Temperature
1209, pressure 10 atmospheres and 30 atmospheres. The butene
used had & purity of 96.6% and contained 19.6% isobutene, The
results are tabulated in Table XXII(B)10 and Figure 16(B)10.

As-these results. show,.the increase of the space velocity low-
ers the rate of polymerization and increases the dimer content

in the polymer. .

Ca The effect of the use of solvent on the polymerization
under pressure. §

A survey of the above results shows that the dimer content of
the polymer was approximately 65% and the remainder was higher.
polymers. It had been expected from other .sources that the
polymerization of the B-B fraction of cracked gas would yield
at least 90% dimer in the polymer produced. It was assumed
that this could be attributed to the butane contalned in the

.eracked gas acting as a diluent in the liquid phase polymeriza-

tion: and lowering the mean molecular weight of the polymer.
In order to determine the effect of the solvent on the polymer-
jzation and the properties of the polymer, the following exper-
iments were carried out. -Cyclohexane was used as a solvent,
since it is not affected by polymerization catalyst and is .
easily separated by fractionation of the polymer. The cyclo~
hexane used had the following properties: - .

b. p. 80 - 810C, di‘} 0.7789, 1% 1.4,276
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" Table XXI(B)10
pmnmnwmmmnm VARIOUS PRESSURES.

S. V. | Exp. Pres~ Fraotionation of Polymer - Butene | Octane ‘ Is0= -

No. sure [ " " Pol Value butene
atms. | -90°¢ | 90-..| 120- {150%C- | loss ¥m Hydro- in

~o 1T [a200¢1-150% | IV | (%) genated |spent

(%) | 11 III (%) ‘ Adimer | gas
@ | @ 7T @

200 | 32 | O | 3.3 [7506-] 7eh | 943 &b | 35.2 | 92.5 | 9.5

200 | 13 [ 20 | o [46.5 167 | 28,2 |82 | 47.2 | 931 [ 0.0

200 | 1 | 20 | 0.3 [64.7 [11.6 | 18.0 |5.4 | 52.4 | 92.8 | 1.5

200 | 15-] 30 | 0.2 [63.3 [16.2 | 13.8 | 6.5 | 60.0 | 90.8 | 1.5

600 | 16 | 10 | 1.5 |58. [20.5 | 114 [8:2 | 23.5 | 93.5 | 2.6

00 | 17 | 20 | 1.3 {705 [1h.2 | 209 |50 | 274 | 92.5 | 1.6
600 | 18 | 30 |-1.1 |74.0 |12.8 | 9.k |2.7 | 39.3 | 92.2 [ 2.0

i

Table XXII(B)10 ,
POI.YMERIZATION AT VARIOUS SPACE V'ELOCI’I‘IES -

S. V. | Exp. | Pres= Fractionation of Polymer Butene | Ootane | Iso=-

No., | sure Polym., | value | butene
atms. | -90°| 90~ | 120- [ 1509C- |loss | (%) | of in
(%) | 120°C| 150°C | (%) (%) hydro~ | spent
‘ (%) | (%) genated | gas
dimer (%)

200 | 19 [ 10 |0 [46.5 16,7 | 28.2 | 8.2 47.2 | 93.1 5,0
KOO | 20 | 10 [ 0.2 [63.5 [10.8 | 17.2 [ Bu2| 33k | 0 | 4o
600 | 21 | 10 [o0.2 |76.0 | 7.1 | 12.2 |45 2604 | w0 | 3.9
400 | 22 | 30 |03 |6h7 |13:2 | 126 | 9.2 56.9 92:2 2.4
600 | 23 | 30 |o. [70.7 [20.7 | 9.7 | 5| 39.2 | 92,2 | 3.2
"800 | 24| 30 |0.3 |80.4 | 6.2 77 | 5eb | 35.9 | 94.0 6.4

0

1000 | 25 | 30 [o0.3 [85.3 ] 9.7 | 2.8 | 1] 25.7 | 93.2
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Table XXIII(B)10 v
POLYMERIZATION AT VARIOUS SPACE VELOGITIES
Pres~ [ Exp. | S. V. | Butene Distillatlon Test of Polymer |Octane | Isobutene
sure | No, Polym, Value | in spent
atms. I IT |III IV |1loss of gas
, &) L@ @@ () | 1se- | ()
i . octane
10 26 200 l:?.l; 5.2 69.0 |13.8 |9.,2 | 2.8 93.0 3.3
10 27 400 | 34,6 | 8. 755 | 9.6 6.9\ 0.0 92.2 4.2
10 | 28 | 600 | 30.7 [16.7°F770,0 | 5.5 [7.5]0.8 | 92.7 3
30 29 | 200 | 50,0 [8.6 | 78,5 4.9 /6.1 (1.9 | 91.7 1.6
30 30 400 Lhe2 [ 9.2 77.1 | 2.0 |6.3]5.4 92,0 L.k
30 31' 600 31,1 {9.0 83.51 2.9 13.9[0.7. | 91.4 1,6

!
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Figure 15
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The experiments were conducted as follows. butene‘containing
20% of isobutene was mixed with:cyclohexane. ' The mixture, con=
sisting of 90% butene and 10% oyclohexane by volume, -was .
charged at:1200C and pressures of 10 and -30 etmospheres, The .
results are tabulated in Table XXIII(B)10 ahd Flgures 17(B}10
and 18(B)10.. In these tables the space velocity 1s that of
butenes Comparing these results with those obtained without
solvent, the use of the solvent appears. to lower the rate of
polymerization, but the dimer content in the polymer increaeee
considerably. - . . .

‘ T

3. Conclusions

a. Generally, the application of pressure increases the rate
of polymerization of butene, -

b.. 1In the. pressure polymerization of butene the dimer content
in the polymer shows & minimum at pressures of from 5 to 10
atmospheres: --In the-author's opinion, this phenomenon may be
explained as follows: When the pressure is lower than 5 atmos-
pheres the reaction occurs-in the gas phase. The dimer formed
on the catalyst surface evaporates with the unreacted gas end
is removed from the surface of the catalyst with no further
polymerization. At pressures of from 5 to 10 atmospheres the
dimer formed on the catalyst surface remained in contact with
the catalyst and is further polymerized., At pressures in
excess of 20 atmospheres the reaction takes place in the liquid
phase. In this case the dimer formed on the catalyst surface
will be washed away and will not- be further polymerized. v

¢. Vhen butene containing only small amounts of isobutene is
polymerized the product contains a little dimer, ‘When hydro-
genated this dimer has an ootene rating below 90. )

d. Butene containing 20% of isobutene was more easily poly-!

merized, end the product was richer in dimer. The octane rat-

ing of the hydrogenated dimer was above 92, i

~gy- The presence of solvent during-the polymerization, lowers|.
the pressure required for liquid polymerization, and the ylel
of dimer in the polymer may be as high as 90%, In co erciaI‘
operation the hydrogenated dimer may be used as the sﬁﬁvent. ?

. U

G. The Hydrogenation of Isooctene

1. The Influence of Residual Olefines in Isooctane on thezBlended-
Fuel i - -

3

In hydrogenating isooctene, residual olefines are apt to remain in
the product espscially when an old catalyst is used, The following
experiments were carried out to determine the permissable limits of
residual olefines. To prepare samples containing varying quantities
of olefine, isooctene was added to completely nydrogenated lsooctane,

- Isooctene was prepared from n-butanol as described previously and
1sooctane was prepared from 1sooctene by the complete hydrogenation
in an autoclave at 100 atmospheres pressure of hydrogen using
reduced nickel as the oatalyst.
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The bromine number of the lsooctane was below 1, Isooctene mixed
with isooctane at known volume ratlos was regarded as the residuasl.
o&erinev-{eoootene»w&th«added-ieooo&ene«was-b&ended~wtﬁh—en~equa&—~—
voluqe of N~l gasoline having-an octane number.of 74.5.. This gaso-
line"1s the eubetendard fuel for determining ootene -numbers by ‘the

c F,R.-motor method, ' The octene. number of thie blended ruel with
0.1% added lead‘'was measured by the C.F.R. motor method. Figure 19
(B)lo shows the relation between the content of olefina 1n the iso-
.octane and.the.octane. number of_the. blended el i

The presence. of olerines 1n isooctane- lowers the octane rating of
the blended fuel considerably, hence the hydrogenetion of isooctene
‘must be as complete as possible,

2. Activities of Various Hydrogenation Catalyst ’

. The activities of some nickel catalysts were compared with that of .
-mixed ‘Ni-Cu-catalysts-supported on'various carriers, and the change
of octane rdting of !sooctane prodiiced from the same raw material
was measured by the C.F.R. motor method. The sample of isooctens
was prepared as outlined above, and the catalysts were prepared as

follows:

a. ) u-Ni o e

Cupric nitrate and nickel nitrate solutions were mixed in the
ratio Cu 3: Ni 1, a 10% solution of sodium carbonate was
poured into the mixture until precipitation-was- completed. - An-
excess of 10% sodium carbonate was added, and the precipitate
was washed and dried.

b, Cu-Ni-Acid clay.

Acid clay of three times the weight of nickel was mixed with
the Cu-Ni cake described above before drying.

Co u-Ni'M . ) -

Magnesia inetead of acid olay was used in preparing the cata-
lyst described in(b). - ,

d. Ni-diatomaceous earth.

Diatomaceous earth of 1.6 times the weight of nickel was mixed
with nickel carbonate cake and was dried.

e. ' Reduced nickel.

Prepared in usual manner. \ -
4,00cc of isooctene- and the reduced catalyst (25 gn before
reduction) were placed in an autoolave and hydrogen compressed
to 100 atmospheres pressure was introduced and the mixture was
heated to 200°C. The catalyst was filtered, and the iodine
number of the hydrogenated product was measured by Hanust
method, The results are shown in Table XXIV(B)10.
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The initial temperatire was found: from the temperature-pressure
.eurve of the hydrogenation reaction, . Although, in the case of
~5he~-Cu=Ni=ig0~catatyst~bhevinttial~reaction-temperaturg =t
‘relatively high, the pressure drop during hydrogenation is -

rapid.  Since the Cu-Ni-Mg0 catalyst is easily tableted, haz a
‘strong actlvity and a low reduction temperature, it is sultuble

for practicael-use, The iodine values of the hydrogenated pro-

duct were all below 1, and the ootane numbers ranged from 90.4
- 'to 91.5. Apparently, none of these catalysts affect the octane

number of the product, - Lo D

Table XXIV(B)10
PRESSURE HYDROGENATION OF BUTENE DIMER WITH VARIOUS CATALYSTS

’ Exp. | Catalyst |Reducing ]|Sample | Produced Initial | Iodine | Octane
No. temp, 6o isooctane temp, Value No.
0 {°C) co of hydro-~ »
R . i S, gen&tj_on
(oc)
1] Cu-Ni - | 200§ ‘400 | - 350 - 90 | 0.4 | 91.1
2 Cu-Ni- | 200 400 355 100 0.3 91.4
clay .
3 Cu~Ni- not 400 351 110 0.5 90,5
Mg0 reduced
o Cu-Ni- 200 | oo 355 100 0.4 90.6
Mg0
5 Ni-Diatom 400 | 400 |7 360 50 1,0 90.%
earth . . 4
6 Reduced 300 00 | 355 below 0.4 91,5
Ni room
temp.,

Table XXV(B)10 )
EFFECT OF RELATION OF REACTION TEMPERATURE ON
HYDROGENATION OF BUTENE DIMER

React, Time Iso- Isooctane Exp. . | Purity of JTodine No,
Temp, . of octene Produced Lossg Waste Hy of Product
_| (°¢) Exp, used ~ {en) (&) (%)
, {hr) (em)
120 | 3.0 | 38,5 29,0 9.5 98.0 - 2.8
140 2.5 | 36.5 28,5 8.0 98,0 - 2.8
160 2.5 37.5 | 29.0 8.5 96.5 1.3
200 2.5 | 3643 | ; p8.5 8.0 97.5 0.8
A~ T
,‘r“‘
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7 . In the following'experiments the Cu-N1-Mg0 catalyst was uged, .
o _Although, in general, copper catalyst has a weak hydrogenation
e 05474 5B AL 8D bt 0~bO-dnJured-by-actlon-of-heat.and.cataly- .

" tic poisons, ‘it can be reduced in the hydrogenation'reactor at’

steam heat, since it has a low reductlon temperature. ' Acgord--- -
ing to the. literature, magnesia strengthens the heat resistance-
of the catalyst and nickel increases the activity of copper.

This catalyst may be used sincethe :synthesized isocctene con=--
tains no sulphur, o : ' :

'3, ‘Pressure Hydrogenation.of the Dimer by the Flow Method-- - - =
" LT

‘The apparasus used is shown in Figure 7(B)10, and is the same as was
used for the hydrogenation of orotonaldehyde. Twenty grams of tab-
leted catalyst were packed in the center of* the reaction tube, and
isoootene was introduced at a veloolty of lOcc-l5c¢-per hour after
reducing the catalyst with hydrogen at 210°C.for six hours. The
quantity of hydrogen used was three times the theoretical. The
pressure was kept at 10 kg/em?, At hydrogenation temperatures of
120, 140, 160, and 200°C, the results shown in XXV(B)10O were
obtained. The results obtained ut various velocitles of iscoctane
-at 1609C are shown in Table :XVI(B)10. - .

[ The Properties of Avidtion Gasolines Blended with the Hydro-
genated Trimer .

Samples were prepared by mixing an aviation gasoline with the hydro-
genated trimer, which was prepared from the fraction of 120 - 1800¢

_of the butene polymer by hydrogenation in an autoclave. The distil-
lation oharacteristics, the vapor pressure, aand the octane number of ~
blends of 10%, 20% and 30% hydrogenated trimer in aviation gasoline
were obtained. The results.are tabulated in Table XXVII(B)1O, The
ootane numbers were determined with 0.1% added lead.

i . .

A5 these results show, the asddition of hydrogenated trimer increases
the distillation characteristeristics and the ootane number, and
lowers the vapour pressure of the blended fuel. The blend contain-
ing 10% of the hydrogenated trimer nearly conforms to the specifica-
tion of the aviation gasoline now in use.  The blending of hydrogen-
ated trimer to gasoline having too high a vapor pressure would serve
to lower the vapour pressure without lowering the octane number,

5. The Pressure Hydrogenation of Butene Trimer

As elready mentioned butene trimer, the by-product of-polymerization,
was available as a blending fuel, The following experiments were
carried out in order to determine the possibillty of hydrogenating
-~--the trimer by the same method as was used for the dimer., The trimer
was separated from the polymer as the fraction of 1200C - 1800C by
fractionation. The catalyst used was the same as used in hydrogen-*
ating the dimer, The apparatus was the same as that.used for the
continuous polymerization of butene under pressure as shown in Fig-
ure 11(B)10. The outlet of the compressor was connected to the top
of the reaction tube eliminating the cooler (3), and a cooler and a -
recelver were connected to the outlet of the reaction tube. Three
times the theoretical amount of hydrogen was used. The waste hydro-
gen was separated from the recelver through a gas meter, The exper-
imental results are shown in Table XXVIII(B)10. The hydrogenation:

.
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vas cogpleted at a temperature or 160 - -180°C, ‘a pressure of 10.- 2(

kes/cm

-and space .veloclty . of the trimer . of. 0, 5 = 1.0,
—t.

It -may:-be-

————tonC UGSt hat~thohydr (3 er
nearly the same conditions as the hydrogenation of the dimer.f
. Table XCVI(B)10 . :
z.I‘I'ECT OF SPACD VELOCITY ON HYDROGEN’\TION OF BU’I‘ENE DIMER
Time | Wt, of wt. of. Purity Exp. -Jodine Vol, of.
of |- IgQ@~ -1} T30=" Soeegp et Te88 “Nooef | FISOOOtQ'né.
Exp. [ooteneused octane vraste {gm) Product per Vol,
{hr) (gm)' Produced Hydrogen of Cat,
. (en) - (% per hr
2.5 | 375 29.0 98.5 | 8.5 L3
245 725 6445 97.8 8.0 1.6 0.71 -
1.25 | 92,5 | 845 98,0 8.0 (1,0) | 1.8
1.5 | 109,90 10¥,5 98.0 0.5 1.9 3.1
1.0 | 91.0 81.5 98,0 9.5 8.7 L5
0.83 | 91.5. 8la5 9849 7.5 1.4 S5eb
Table XxVII(B)lO
CHANGE - OF CHARACTERISTICS OF -AVIATION GASOLINE-
BY BLENDING HYDROGENATZD TRINER
#ix. Ratio Distillation Characteristics Peid [ Octane
of Hydro. {— Vapour | Number
trimer I.b.p.| 10% 50% 90% 974 | sun. of | Press 0.1%
10450+ | kg/cm? | 2eaded
90% ‘
c 50,0 | 63,3 | Q4.0 |122.5|145,0 ] 285.8 0.56 92,6
10 49.0 | 72,0 [ 96,0 [135.0 | 170,0 | 293,0 | 0.50 | 93,3
30 51,0 | 74.5 |110,0 |161,0 [ 182.0 | 345.5 'o.z,l 9440
Table XXVIII(B)10
HYDROGENATION OF BUTENE TRIMER UNDER VARIOUS CONDITIONS
Trimer |Time of |React. | Vol. of Press Product | Jodine Number
Used |Exp. in Trimer (kg/cm?) (1) of Product
(1) | (hrss) (°c§ {vol./vol, . o ’
of Cat,/hr .
(hr)
2,210 6 180 0.5 20 | 2.205 3.7
.
2.160 6 180 0.5 10 2.059 3.3
2,10 | .76 160 0.5 10 2.255 4.9
4320 6 180 1.08 10 b obi65 4.0
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