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BACKGROUND OF THE INVENTION

The present invention relates to a new process for
making alcohol mixtures preferably containing no more than
85% methanol and to gasoline compositions containing such
alcohol mixtures.

It 1s well known to incorporate methaﬂbl into .
gasoline for the purpose of increasing the amount of useful
fuel obtained. Unfortunately, the presénce of a small
amount of water in 2 methanol/gasoline mixture causes
separation of the methanol and gasoline phases. In order to

overcome this problem, higher alcohols can be added to meth-

anol/gasoline mixtures, such compositions being able to

tolerate 2 much greater amount of water than 2 simple meth-
anol/gasoline mixturel’{See U.s. 3,832,149, vu.S. 3,822,119
and U.S. 2,128,910. Higher elcohols can alsc be used alone.
See U.S. 2,078,736.

Although it has been known for many years that

-aléohols can be incorporated into gasolines, most gasolines

made at this.time contain no alecohols, and this 1s due
primarily to economic reasons.

It has also been long known to prepare alcohols by
éatalytically reacting carbon monoxide and hydrogen together
using catalysts which may contain copper and thorium. See,
for example, U.S. 1,707,331, U.S. 2,061,470, U.S. 2,500,913,
U.s. 1.741,307, U.S. 1,625,929 and U.S. 1,831,179. Such
processes, however, normally require extremely high reaction
temperatures and pressures and hence have not been employed
commerclally to any siénificant extent.

Accordingly, it is an object of the present inven-
tion to provide a simple, strzishtrorward.and very inexpen-

sive process for producing aicohol mixtures for incorporating
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In addition, it is a further object of the present

invention to provide a novel alcohol mixture and in addition

“a gasoline composition containing this novel alcohol mixture.

SUMMARY OF TYE INVENTION

5 I These and other objects are accomplished ﬁy the

present invention in accordance with which a mixture of

methanol and higher alecohols 1s produced by contacting

synthesis gas with a novel copper/thorium/alkali metal oxide

. catalyst. Alcohol compositions produced by this procedure

10 contain a unique distribution of alcohols having 2 to 6

carbon atoms and normally not more than 85% methanol by

welght. These

compositions can be directly admixed with

. gasoline to provide a new gasoline composition containing a

'mixed alcohol system which will not separate from the

15 . yemainder of the gasoline even in the presence of signifi-

cant amounts of water.

. _ Thus, the present inventlon provides a unigue

process for producing alcohol mixtures, the inventive pro-

cess comprising contacting a'gaseous reactant containing

20 carbon monoxide and hydrogen with an oxide complex catalyst

‘described by the formula -

N

.. - wherein

25

wherein

cuaThMbAcox

¥ is one or more of Ca, Mo, Rh, Mn, Pt, Ce,
¢r, Zn, Al, 71, La, V, U, Ru, Re and Pd;

A i1s an alkall metal; and
a is 0.5 to 2.5;

b is 0.01 to 1.0;

¢ is 0.05 to 0.9; and

x is a number such that the valence regquire-

-ments of the other elements for oxygen is

satisfied.
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In addition, the present invention further pro-

vides a novel alcohol compoéition suitable for admixing with

l5833011ne, the alcohol composition being composed of €, and

" higher alcohols ﬁaving an alcohol distribution as follows:

(2]
w

Ce

4-25%
0.1-25%, preferably 9-25%
0.5-70%, preferably 497-70%
0.1-125 R |
0.1-10%
0.1-10%

the percents being based on the weight of the total amount

" of alcohols in the mixture having two or more carbon atoms.

. Normally, this alcohol composition will also contain methanol,

usually in amounts of 40 to 85% although the methanol con~

tent may range from 0 to 92% or more.

Furthermore, the present invention also provides a

novel alcohol/gasoline composition comprising a homogenous

solution of gasoline and the novel alcohol compositidn of

the present invention.

Reactants

DETAILED DESCRIPTION

The material being reacted in accordance with the

present invention to form alcohols is preferably synthesis

gas. As 1s well known, synthesis gas is composed basically

of a mixture of hydrogen and carbon monoxide in which the

22/00 ratio is from 0.6 to 6, more normally between 1 and 2.

It is normally derived by heating coke in the presence of

air and then steam. Altefnétely, it can also be produced by

partial combustion of coal, rztural gas or petroleum hydro-

carbons. It 1s sometimes referred to as "water gas."
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Synthesis gas normally contains a very low amount of sulfur

compounds. It also may contzin small amounts of carbon

dioxide, nitrogen and other inerts.

Although synthesis gas is a preferred reactant,
any other gas composed primarily of hydrogen and carbon mon-
oxide and having an HZ/CO ratio of 0.6 to 6 can be employed.
The gaseous reactant should contain as 1ittle sulfur com-
pounds as possible since sulfur is a known polson for copper
containing catalysts when used in conventional methanol
synthes&s. Preferably the gaseous reactant is essentlally
sulfur-free. T .

Reaction Yode and Conditions

The inventive process is carried out by contacting
the gaseous reactant with the inventive catalyst as des-
eribed below in a suitable reactor. The reaction can be
carried out either in.fluid-bed mode or fixed-bed mode,
continuously or in bateh operation.

- Thé contact time of the reactants with the pro-
ducts is not critical but should be below about 200 seconds
and preferably between about 35 ind 135 seconds.

The reaction pressure should normally be between
500-1500 psi and is preferably between 750-1000 psi. Al-
though there is no real upper limit to the reaction pres-
sure, pressures higher than 1500 psi are normally not
employed because of the high expense involved. Also,
pressures as low as 250 psi can be employed, although it is
preferable to operate at at least about 500 psi because
formation of alcohols is favored at higher pressures.

The reaction temperature should be maintained
ﬁetween about ZOO-HZSOC,-preferably 250-350°C, and most

preferably 280-330°C. The reaction temperature, like the
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" reaction pressure, 1s not particularly critical, although a

marked decrease in conversion rates will be obtained ir

‘temperatures and pressures lower than 250 psi and 200°C ape

employed. Also, the amount of methanol in the reaction
producf inereases with practically all catalysts when the
reaction temperature drops helow about 200%. 1t will be
noted that teﬁperatures and pressures employed in this

process are quite a bit lover than temperatures and pres-

sures necessary in prior art processes for producing mixed

alcohols rrom'synthesis gas.

Catalyst 4 : :

The catalyst employed 15 the inventive process 1is
believed to be an oxide complex and can be described by the

empirical formula:

c"aTh"bAcox

wherein M 1s one or more of Ca, Mo, Rh, ¥n, Pt, Ce,
Cr, Zn, Al, T1, La, V, U, Ru, Re or Pd,
preferably Cr, 2n, Al, Ti, La, V or Pd;

- - A is an alkall nmetal, preferably Na; and
wherein a 1s 0.5 to 2.5, preferably 1.3 to 1.7;
b 1s 0.01 to 1.0, preferably 0.01 to 0.6;

¢ is 0.05 to 0.9, preferably 0.225 to 0.55;
and

X is a number such that the valence require-
ments of the other eléments for oxygen 1is
satisfied.

Thesg catalysts can be prepared by a procedure
involving adding an alkali netal carbonate to an aqueous
solution containing decomposable salts of thoriuh, copper
and the "M" element, to form a precipitate heating the
precipitate in its mother iiquor for a suitable tipe,
neutralizing the precipitate, drying the precipitate and
tﬁereafter calcining and then reducing the precipitate.

More specifically, the catalysts of the present

invention can be prepared by the rolfowing procedure:
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(1) A solution preferably aqueous, containing

decomposable salts of thorium, copper and the "M" element is

‘f4rst formed. Nitrates are preferably used as the decom-

posable salts, although salts having other decomposable
anions such as acetates, propionates, benzoates, acetyl

acetonates, naphthenates, chlorides and the like can be

_employed.

(2) To-the aqueous salt solution is added alkall
metal carbonate, preferably also in the form of an aqueoﬁs
solution. During this addition, the admixture is preferably
maintained at an elevated temperature, e.g. 80-95°C. As the
alkall metal carbonate is added to the salt solutioen, carbon
dioxide is evolved and a sky-blue precipitate whose exact
nature is unknown begins to form. Addition of alkall metal
carbonate is continued while maintaining the temperature of
the system preferably between 80-95°c until the oH of the
system, which is initially at about 1, increases to at least
7.53 prefera%ly at least 8, most preférably about 9.32-10.

At this time 2 gelatinous sky-blue precipitate in signifi-

cant amount has been formed. An alkali metal hydroxide can

"be used in place of the carbonate, although the carbonate is

preferred because 1t glves tetter results.

(3) This gelatinous precipitate is then allowed
to digest in 1ts mother liquor while the temperature of the
system is maintalned at 1its elevated value, preferably 80-

95°C. puring this time, it will be noted that the color of

.the precipitate undergoes & significant change from sky-blue

through green through brown to nearly black.

(4) V¥hen no more color Fhange occurs, an.acid,
preferably nitric acid, is added to bring the pE to about
neutral, preferably 6.8-7, which is believed to cause pre-

cipitation of any dissolved Cu remaining in the mother
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liquor. The precipitate is then filtered and washed witﬁ

water until the alkali metal content of the finished cata-

"lyst falls to the desired value. This can be easily deter-

mined by trial and error.

(5) fThe precipitate is then dried at a convenient
temperature, for example 120°C, and then calcined for a time
and at a temperature sufficient to drive out the remaining
water in.the precipitate and decompose decomposable ions

remaining in the precipitate, such as nitrates and carbon-

ates. Temperatures of 250-5oo°c, preferably 350-450°C for

periods of 30 minutes to about 5 hours have been found
sufficient for this purpose.

‘ (6) Since the Qatalyst of the present invention
is used in 2 reducing atmosphere, it is preferable to reduce
the calcined precipitate prior to use in the inventive
procesé. Prereduction of the catalyst, however, is not
necessary, since the catalyst will automatically undergo
reduction to an equilibrium value 1n use, although the
activity of the catalyst may not be as great as when a
proper prereduction procedure is carried out. In this
regard, it is believed that héating of the calcined pre-
cipitate to higher temperatures will cause significant
reduction in the activity of the ultimate catalyst produced
due to sintering of particles of the calcined precipitate.
Since a very exothermic reaction may occur when a reducing
gas 1s contacted with the calcined precipitate, it 1s pre-
ferable to subject the calcined precipitate to a controlled
reduction procedure in order to avoid heating the calcined
precipitate to above 300°C. Trerefore, it is preferadle to
carry out a controlled reduction ér the calcined precipitate
in the following manner, although any other satisfactory

techrique could be employed as well.
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The calcined precipitate is first heated under

inert atmosphere preferably in the alternate reaction vessel

to a temperature of about 200°¢. Next, an inert gas con-

taining a low concentration (e.g. about 5%) of a reducing

gas, preferably H2 although a mixture of H2 and CO can be

employed, is admitted to the gas surrounding the catalyst

for initial reduction of the metal and concomitant heat : -

evolution. Thereafter, the concentration of the reducing

gés is slowly increased to 100%, care being taken to keep
the rate of reducing gas applied low enough to prevent the
temperature of the catalyst from exceeding a value at which
significant sintering occurs, usually about 300°c. Once
100% reducing gas is reached, the pressure in the reaction
vessel is slowly increased to the desired reaction pressure,
the catalyst now being ready to receive reactant.

The catalysts of the present invention can be used
alone or supported on various inert supports such as silice,
alpha-alumiqg, Alundum, mullite and the like. These ma-
teffﬁls are preferably low surface area supports and can be
a@ded to the catalyst during its preparation (i.e. after the
sky-blue precipitate 1s first formed) or after the prep-
aration of the catalyst in conventional manners.

Product

The composition produced by the inventive process
4s a mixture of alcohols containing methanol predominantly
es well as significant amount of higher alecohols usually
the present invention will contail 40-85% methanol, although
higher amounts of methanol may be included in the product if
reaction temperature is too low, if the catalyst is calcined
at too high a temperature or if the catalyst contains addi-
tional elements fostering the generation of higher amounts

of methanol than normal.
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In this regard, 1t has been found that the amount
of methanol in the product alcohol mixture will usually

~exceed B5% 1f the M element in the catalyst is chosen as Ca,

Mo, Rh, ¥n, Pt, Re, Ru or in some instances Ce. For this
reason, Cr, Zn, Al, Ti, La, V and Pa are preferred as the M

element. 1In any event, an alcohol mixture produced by the

- nventive process and containing over 85% methanol can also

be directly added to gasoline as is. It 1s preferable,
however, to distill off excess methanol so that the methanol
content of the alcohol mixture is no more than 85%.

The portion of the alcohol product other than
methanol is a mixture composed substantially completely of
2-6 carbon atom alcohols, This cz-cs alcohol mixture has an

@lcohol distribution scheme as given in the following Table
1. ' |

Table T
C2 - h-25%

. - 03 = 0.1-25%, preferably o-25¢
Cy - 0.5-70%, oreferably 40-70%
c5 - 0.1-12%
06 - 0.1-10%
06 - 0.1-10%

the percents being based on the weight of the total amount
of alcohols in the product having 2 or more carbon atoms.
These alcohols are composed almost completely of i1soalecohols

and normal alcohols with the 1so/normal ratio being about

‘0.7/72. Substantially no tertiary alcohols are present.

Gasoline

The product alcohol mixtures of the present inven-
tion (whether containing more or less than 85% methanol) are
useful in expanding gasoline. They can be mixed with £2s0-

line in any amount, and when present 1in anounts of less than
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25% no significant effect on the operation of an internal

combustion engine containing the gasoline/alcohol mixture

-~ will be noticed. Furthermore, the mixed alcohol products of

the present inventlon can be mixed with any type of gasoline
be it substantially all paraffinic such as alkylate or

highly aromatic. Moreover, if the product alcohol mixture

employed has no more -than 85% methanol, the resultant gaso-

iine‘wgll be able to tolerate significant amounts of water

'witﬁout phase separation.

K

SPECIFIC EMBODIMENTS

In order to more thoroughly describe the present

1nventibn, the following specific examples are provided.

Catalyst Preparation

Example 1. cul.STh?do.osNayox

o 660 cc of distilled water were added 60.66
grams of Cu(NOB)z-E%HZO and 95.99 grams of Th(NO3)u-RH20.
The'nitratek were dissolved by warming with stirring, and

then 1.54 grams of PdCl, were disolved in the nitrate solu-

‘tion. The nitrate solution was heated to 90°C, and with

high speed stirring there was added a hot (90-95°C) solution

2
pH meter, sufficlent additional Na2C03 was added to bring

of 73.2 grams of Na2c03 in 800 cc of distilled E,0. Using 2

the pH of the slurry to 9.5. Heating was continued until
the coior change to dark brown was complete, about half of
the water being evaporated. The slurry was then cooled to
room temperature, and the pH adjusted to 7.0 with a 20% HN03
so;ution. The slurry was filtered using vacuum; and sucked
as dry as possible. The filter cake was washed three times
by re-slurrying in 800 cc of distilled E,0 at 6c-70%c, and

refiltering. It was then dried approximately 16 hours at
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120°C, and calcined 3 hours at 275°C and 16 hours at 350°
in air. The sodium content of the finished catalyst was 1.6

Example 2. Cul.sThCr0.3Nayox

The procedure of Example 1 was followed except
that 20.9 grams of Cr(N03)3-9H20 rathér than 1.54% grams
PdCl2 was dissolved in the copper:thorium nitrate solution.
The final catalyst contained 0.55 weight % Na.

Example 3. Cul.SThLaO.lsnayox
" The procedure of Zxample 1 was followed except

that 11.3 grams of La(N03)3-6H20 rather than the-?d012 was
added to the copper-thorium nitrate solution. 1In addition,
the final catalyst contained 1.45 weight 2 Na.

Example 4. Cul.lsThCe0.3oNayox

The procedure of Example 1 was followed except
that 22.6 grams of Ce(NO3)3-6E20 rather than the PdCl2 was
added to the copper-thorium nitrate solution. 1In addiction,

the catalyst contained 0.9 weight % Na.

Example 5. Cul_sThTio.lsNayox

The procedure of Zxzmple 1 was followed except
that in place of the Pdc12 2.1 grams of T102 were suspended
in the copper-thorium nitrate solution before precipitation.
The catalyst contained 0.68% Na.

’ Example §. Cu; ;Thing ) oNa O

78 grams of Cu(02§302)2~H20, 148 grams of Th-
(N03)n-hH20 and 4.78 grams of Zn0 in 1 1iter of water were
heated to 90°¢. Precipitation was déne with a hot solution
of 117.3 grams Na,CO; in 1.2 liters of H,0. The p¥ was
adjusted to 9.8 with additonal Na2c03. The balance of the
preparation was accomplished in the same manner as set forth

above in connection with Example 1.
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Example 7. c“l.sThAlo.ls“ay°x
In 1 liter of distilled water were dissolved 94.5

" grams Cu(N03)2-3320, 144 grams of Th("°3’n'““z° and 22.0

grams of A1(NO;);+9H,0, and the solution was heated to 50°c.
rhis was added to a solution of 170.4 grams of Na,CO5 in
0 and heated to 90-95°C. The pH

2
of the slurry was adJustd tq 9.5 with additional NachB.
The remainder of the preparation was carried out in the same
manner as set forth above in connection with Example 1. The
catalyst contained 1.47 weight % Na.

Example 8. Cul.OThl.OPd0.05Nay°x

The procedure of Example 1 was repeated except
that 1.95 grams of Pd(03H802)2 were employed in place of the
Pd612 of Example 1. Also, the sodium content of the cat-
alyst obtained was 1.28 weight Z.

Example 9. Cul.oThl.OUo_leayox

The procedure of Example 1 was repeated using 58.9
grams Cu(No3)'2-3nzo, 134.6 gramsv'i'h(N03)n-lIHzO and 28.5 grams
(U0,) (NO3) ,+6H,0 dissolved in 600 cc of water to form the
aqueous salt solution. The catalyst contained 1.6% Na.

' Example 10. CuThCry ;sNa Oy

The procedure of Example 1 was repeated except
that 94.5 g Cu(NO3)2~3H20, 144 ¢ Th(NO3)q-ﬂ520 and 23.5 g
Cr(N03)3-9H20 in distilled water were used and in addition
119.1 gm Na2003 in 1 liter of water was used. The catalyst
obtained'contained 1.0% N;.

‘Example 11. C“Thce0.15nay°x

The procedure of Example 10 was repeated except
that 25.5 gnm Ce(N03)3-6H20 and 120 gnm Na2003 in 2 liters

water were used. The catalyst contained 1.21% Na.
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llcohol Production

Examples 12 to 22 and Comparative Examples A and B

A series of experinents was run in order to
detérmine the catalytie activity of the various catalysts
prepared in Examples 1-11 in the production of alcohol mix-
tﬁres. In each experiment, 50 ce of catalyst was charged
into a fixed-bed reactor and contacted with an HZ/CO mixture
having an HZ/CO ratio of approximately 1/1. The processes
were carried out at a temperature of 288°, a pressure of
750 psig and a contact time of 52 seconds. The results

obtained are tabulated in the following Tables II'and III.
Examples 23 to 33

Additional experiments were conducted using the

‘same conditions as in Examples 12 to 22. The catalysts used

in these experiments are described by the general formula,

| c“l.STh"bNaox
with the Mb.member of each catalyst and the results obtained
being set forth in the following Table IV.
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Prom the foregoing, it éan be seen that alcoﬁol
mixtures having a novel distribﬁtion of alcohols as described
above are produced by a very simple and straighftorward
Procedure. Each of these alcohol mixtures can be directly
mixed with gasoline to provide novel alcohol/gasoline conm-
positions, or, if desired, those alcohol mixtures containing
more than 85Z methanol can be fractionally distilled prior
to admixing with gEasoline to remove excess methanol.

Although only a few embodiments of the present
invention have been described above, many modifications can

be made without departing from the spirit and scope of the

"invention. All such modifications are intended to be in-

c¢luded within the Scope of the present invention which is to
be limited only by the following claims.
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WE CLAIM:

1. A process for producing an alcohol mixture comprising
" contacting a gaseous reactant containir;g carbon monoxide and
hydrogen with en oxide complex catalyst described by the
-5 following empirical formula: ’
Cug Thliph O,
wherein M is one or more of Ca, Mo, Rh, Mn, Pt, Ce, Cr, Zn,
. Al, 71, La, V, U, Re, Ru and Pd;
A is an alkall metal; and
10  wherein a is 0.5 to 2.5;
b is 0.01 to 1.0;
¢ is 0,05 to 0.9; and
x is a number such that the valence requirements of
the other elements for oxygen is satisfied.
15 2. - Thg process of claim 1 wherein the H, to co ratio in.

gaid gaseous reactant is from 0.6-6.

- - 3. The process of claim 2 wherein sald gaseous reactant

is synthesis gas.

&4, The process fo claims 1 to 3 wherein said reaction gas
20 is contacted with said catalyst at a pressure of no more than
’ 1500 psi.

5. The process of claim 4 wherein sald gaseous reactant
“is contacted with said catalyst at a temperature of about
. 200-425°C. '
i

25 6. ‘The process of claim 5 wherein sald reaction is car;ried
. out in fixed-bed mode.
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The process of claim 1 wherein said catalyst 1is

prepared by:

5

10
8.

15
.- 9.

20
10.

25

(1) adding an alkali metal carbonafe or hydroxide to
& solution containing decomposable salts of thorium,
copper and "M" to raise the pH of the solution to
at least 7.5 and form a precipitate,

(2) heating the precipitate in its mother liquor until
change in color of said precipitate has ceased,

(3) neutralizing the mother liquor,

(4) recovering the precipitate, and

(5) calcining the precipitate in the presence of an

oxygen-containing gas.

The process of claim 7 wherein a carbonate is added in

atep'(1) of the catalyst preparation process, said

catalyst preparation process further comprising:

{(6) contacting said catalyst with a reducing gas while

-. mainteining the temperature of said catalyst below
the temperature at which significant sintering occurs.

The process of claim 7 or 8 wherein the composition
being heated in step (2) is maintained at a temperature
of about 80-95°C during the heating operation of step (2).

The catalysts according to claims 1 to 8 comprising an
oxide complex of the empirical formula:
CugTiMA0,
wherein M is one or more of Ca, Mo, Rh, Mn, Pt, Ce, Cr,
Zn, Al, T4, La, V, U, Re, Ru or Pd;
A 18 an alkall metal; and
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' vherein a is 0.5 to 2.5;
b is 0.01 to 1.0
¢ 18 0.05 to 0.9; and
-~ x is a number such that the velence require-
ments of the other elements for oxygen is

satisfied.

The catalyst of claim 10 wherein M is Cr, Zn, Al, Ti,
La, YV and/or Pd.

The catalyst of cleim 10 or 11 wherein A 1s sodium,

In e modified gasoline composition containing a
homogenous solution of gasoline and a mixture of
alcohols, the improvement wherein said mixture of
alcohols comprises at least about 40 % methanol, the
remginder of said mixture comprising higher alcohols,
the distribution of said higher alcohols on a methanol-
free basis being:

c, - 4-25 weight %

C, - 0.1-25 weight %

3
¢, - 0.5-70 weight %
‘ C5; - 0.1-12 weight %, and

Cg - 0.1-10 weight %

‘obtained by the process according to claims 1 to 9.

The modified gasoline composition of claim 13 wherein

gaid mixture contains no more than 85% methanol.

The modified gasoline composition of claim 14 wherein
(:3 alcohols are present in the amount of 9-25 weight %
and C; alcohols are present in the amount of 40-70
weight %.
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The modified gasoline composition of claims 13 to 15

wherein the gasoline component of seid gasoline contains

both paraffinic and aromatic fractions.

The modified gasoline of claims 13 to 15 wherein the

gasoline component of said modified gasoline contains

.. paraffins only.



