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e PART I .
JREPARATION OF ETHER
"FROM ETHYL ALCOHOL

by

o B

' ENGINEER_ 0. MIYATA
Research Period: 1944-1945

- SUMMARY

Ethyl alcohol fucl is mixed with ether for good starting
qualities; hence, large amounts of ether are necessary as
blending fuel. : B

The sulfuric acid process for production of ether is used,
but for mass' production of ether, this is not satisfactory.
Using activated acid clay, the solid catalytic process of
preparing ether has been studied, . :

As the results of this study, the yleld of ether to the al-
cohol consumed is shovm to be 60.2%4 at 200°C and at 0.33
space velocity. This yield corresponds to 92.5% of the

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

- pate of the beginning oOoct. 194k
Date of the finish Feb, 1945

I. -~ INTRODUCTICH - o T
" K. KOBAYASHI observed that ether is produced from ethyl alcohol In the
presence of acid clay at about 250°C, but the yleld is low due to the for-

mation of .ethylene es a side reation, and the life of this catalyst is very
short, .

This study was projected to con:irm these faots.

II. DETAIIED DESCRIPTION

The preparation of cther from ethyl alcohol was carried out in the apparafus
shown in Fizure 1{B)9. )

Ethyl alcohol, contained in the calibrated gless cylinder, wus run into'the
reaction tube at constant velocity by adjusting the stopcook. The silioca
reaction tube was 18mm 1,d, &nd 1200mm long, and was placed in a tubular
electric heater that was 1000mm long, and heated to reaction temperature
(180°-230°C). The middle of the reaction tube was filled with the catalyst
of active clay; and a Ni-Cr thermocouple, enclosed in a sheath of 5mm i.d,
silica tubing, was imbedded in the center .of the catalyst mass, Reaction
-—products—ieavéng—%hc—reacﬁ&on—tube—were—copdueted—through—two«oondensersr--
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~bott16, e e
The composition of this condensate, mainly ether; unreacted aloohol, and vator,
was determined by distillation,. . The -composition of gas (mainly ethylone) was -
determined by Hempel's gas analysis apparatuse . = =~ . ) s

* ‘Semples: - gzng‘zntrationsjor'alovohol'gusad 1nj‘tl'11_a‘study were 99,3% and”

the receivers and ges was collected in & gas.. -

i -~Qatalyst: ‘Qaj;alyat;uaen;mjhm;aﬂndy;mmumeuci&olaﬁobtéiﬁed—%""'
o from Toyo Aotive Clay Co. : B

Ex;gerimehtal Result. The types of. dehydration of ethyl alcohol'niay‘be

Tepresented as follows: ,
. 20;503 . (0235)20 Kzo eeecevecee (1’ )
R > : S 2 : A -2 JXTTTTTTT TN ¢ N
Generally, reaction (1) occurs at temperatures below 300°¢, and reaotion
(2) at temperatures above 300%¢, =~ o s A .

At first g-study was carried out to clarify the effeot of reation tem-
perature end of space velocity., Results are chown in Table I(B)9.

It was found that lower ylelds of ether and higher gas formation were
obtained at higher reaction temperatures, At the higher spage velooity,
the yield of both ether and ethylene was. deoreased. Concentrations of

-~ alcohol- lower-then- 99,3% are-not-effective in-this reesotion, ‘consegnem-“”"‘
ly, it was found that the most effective reation oonditions are 200°0
end 0,33 space velooity. - .

The life of this oatalyst' was tested by the same method using 9%4.5¢ al-
cohol at 200°C and a space velooity of 0.33. Condensate was. removed
from the separator every two or three hours and tested by distillation,

Table IT(B)9 tabulates typloal data only, and the mesn value in this
f;ble mi,.s tl;e mean of the total data obtained throughout the experiment
33 bl T R e e T T B T TS T D T R T

‘These results show that during the £irst part of the reaotion the
catalyst aotivity is low, but the aotivity soon inoreases and remains
constant during 155 hours of the experiment. Therefore, it appears
tgathtliie catalyst is satisfaotory for the preparation of ether from
aleohol, -
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Table I(B)Q

T

" PREPARATION OF FTRER 5 THE DEYDRATION OF .u.coaox. m 'rrm ,
 PRESENCE OF ACTLVE OLAY ,

| &xpte mo. RS D S T
Aloohol Cone. (% by vol. ) 99.3 | 9931993 | 99:3 :f9__l..‘,5~
. Reaotion Temp. (9C) 180 |- 200 .1 230 230 | 200
Space Velooity* v 10033 -0.33| 0,33] 0.5 | 0.33
Condensate Yield (vﬁ by vol.) :95,2 | 92,8 82,8 e8,0 92,8
Condensate Comp. (% by vol.) v | ,
~ Bther fraotion, (%)~ - lo99,0 | 570 | 59.0 7| 46,8 | 57,3
Aloohol fraction, (%) - 61,5 | 38.5 | 30.5 | 50.8 | 3.1
Vol, ethylene gasified '
(11t/10000 of oharge) .. | 1.69| - 2.07( . 6.14} 3.84 | 0.81
Yield of ether (Vl, 4 of charged
.- aleohol) - 35.3.]-53.2.| 52,11 42,1 | 56,2.]
- or (Wl. % of reacted alcohol), 83.6 | 90.5 | 70,8 | 82,2 [ 92.0
Hateriai Balance ’
Vol. of aloohol converted to
othor, (%) _ 39.6 | 59.6 | 53.5 | 46.6 | 63.2
Vol. of alcohol.oconverted. o ... ... ... S '
ethylene, (%) b | 5.4 ) 16,1 | 10.1 2.2
Vol. of alochol unreacted, (%) 5.8 | 33.5 | 23.6 | 42.5 | 31.2
Loss of alcohol (%) 1.2 | 1.5 6.8 | 0.8 | 3.4.
 Total 100.,0 |100.0 |100.0 |200.0 |100,0

Notes: The material balance. or this roaotion was oaloulated by following ex-

planation,

(1) Content or ~ethyl aloohol in the above fraotion was analyzed to be

9
{?) Amount of ethylene gas is caloulated on the basis of 0 38 of CpH,

from loo of ethyl aloohol,
(3) Ether is formed at rate of 89 per 100 of' aloohol. :

*Food Tol./Cat. Tol./br.

(23
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. -Table II(B)9"

" RESTRICTED -

~—HIFE TEST OF CATALYST

v Test Time, (hrs) ~ . = . . . 3

39

155

" _mean

Yield of oondensate, (%) .. . . -~ |..83.3

93.3 -

99.0

96,9

| Composition of condensates . .. .. . - f

Ether fraction, (%) ‘ : 53.0

. 69,0

58.0

58.5

~ Aloohol fraction; (%) 28.9

20.2

27.7

28,1

Yield of ether to used ale., (%) 465

68.0

61,7

60,2.

| Yield of ether to theorstical (%) ' 69.0

94,0

95.5

\92.5

T~

A e e e
OO ‘,‘o.: : LY O Y

Figure 1 (B)9
EXPERIMENTAL APPARATUS OF THE PREPARATION OF ‘ETHEH
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FROM ETHYL ALCOHOL

SN e

" ENGINEER 0. MIYATA

Reseéroh Period: 1944=-1945

o1 . :

SUMMARY

The object .of our research is to produce acetone from
ethyl alcohol catalytically, since acetone mixed with ethyl
aloohol gives better results in combustion engines than
ethyl alcohol alone.

This study was begun in April, 1945,and not finished. At

. present, it has been found that the yield of escetont from
ethy% glcohol is 56%, using B mixed catalyst of Zn-Fe oxides
‘ot 309G, IR

I. INTRODUCTION .

Demand of ethyl alcohol as an aviation fuel has inoreased with the scarcity
of gasoline in Japan. Since acetone improves the quality of alcohol by
blending, the demand of acetone has increased.

Acetone is at present prepared by the fermentation method end by the conden-
‘sation of acetaldehyde. ’ ' .

There was a demand for other preparation methods such as the ethyl aloohol
conversion to acetone by catalytic reation, This study was concerned with
the most effective catalyst and most suitable reaction temperature for this.

reaction. Since the vresence of water is necessary as indicated in the
following equution, ’

. 2 CoH50H + Hp0 = CH3COCH3 + COp + LHy
The effect of water must be clarinié&. '“jj*““‘"~4w~~M»~
II. DETAIIED DESCRIPTION

Lxperimental Apﬁaratus of the preparation of acetone is shown in Fig. 1{B)9.
This apparatus and experimental method is the same as was used in preparing
ether from alcohol, -

Semples: Samplén used for this study were piepared by mixing water and

ethyl alcohol in the following proportions: 5:5, 8:2, and
84:16 (by volume ratio). .
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:‘CGtalyst:,catalySts;used in this study were 2n0 and.Fe,0, and. their -
nixtures -prepared-by : fedp

metallic nitrate solutions with sodium cerbonate and. sub-
sequent ignition to the oxides. The weight ratios\of Zno to
Fog03 used were:- 1:9, 3:7, and 5:5. S

Results: The e?pfrimehtal results are shown in Tables III{B)9, IV(B)9,
: ) and V(B)9. : .

“III. CONCLUSIONS " e

JIncreasing concentration of cherged aloohol resulted in inoreasing formation
of gaseous products such as €05, H,, aldehydes, eta, Consequently, it :
appears that the mogt suitable condentration of alcohol for use in this
reaction is-under 16 per cent. o

Catalytic action of & mixture of Zn-Fe oxide is superior to that of either
by itself. The desirable mixing ratios of Zno to Fe203 appears to be from. .
3:7 to 55 :

The lower the reactlon temperature, the less the decomposition or alcohol,
and the more the quantity of unreacted alcohol. The yield of ‘acetone de-
creases with the decreasing reaction temperature,’ :

On the contrery, at higher temperatures, the greater is the dacomposition
and loss of alecohol. Consequently, it appears that the suitable reaction
temperature in the presence of this mixed catalyst is about 430°C.

‘No -study was mede of the effect of varying space veloclty on the yield of -
acetone, since the investigation was not completed, It.was also intended to
investigete further the use of other catelysts in this reaction,
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fablo-TIL(B}9 SR
PREPARATION OF ACFIONE IN PRESENCE OF Zno

o : Experimant No.
- B R R I N

Y

""" | Alconol ‘Concentration - (% -by wole) -~ |~ -50-f =20 i 16| 16
Reaotion Temperature (°C) *. .- . - | 450 | 50 | 450 | 430
Space Velooity* c 0.5 |- 0.5 | 0.5 | 0.5
Condensate Yield (% by vol,) . . : 67 72 | 8k 88
Condensate  Acetone Content ' : 8 1" 8.8 \ 8.3 6.6

N Ccmposition . ’ B T e I S e &
(% by vol.) - Alcohol Content 38,0 5.8 | 1.6 2,6
Yield or Aoetone to used Aloohol : o i oo )

(% by vol.) 11,2 | 31.7 | 43.5 | 36.5
Unreacted Aloohol; (% by vol,) .| 50.8 | 19.2 8,6 | 23.7
Loss of Aloohol; (% by Wwl.) 314 | 30.6 22,2 | 18,3

e Feed vol/-oat..io]'./‘hr‘

1

‘ Table IV(B)9 ' _
ACETONE PREPARATION IN PREBENGE OF F0203

Experiment No,
- . 1 2 | 3 s

Aloohol Concentration (% by wvol.) 50 20 § 16 16
Reaction Temperature (°C) - | w50 | w50 | 450 | 430
Space Val?_oity o ] 045 0.5 1. 0.5 0.5
Condensate-Yield (% by vol,) o 645 | 75.0, | 82.5 | 86.0
Condensate _ Acetone Content : 7.5 1 8,7 ] 8.1 6.5 |
B ely]  Aleshol Gomtemt - |s21| 5.7 | 21| 4.6
Yield of Acetone to used: Alcoho,l ) o :

(% by vols) - . : 9.7 | 32.4 | 41.7 | 35.0
Unreacted Alcohol; (% by vol.) 54,0 | 21,3 10.‘5 ”721,.'7 '
Loss of Aloohol; (% by vol.) = - | 30.3 | 27.1 | 22.9 | 19.6
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