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PROCESS FOR PRODUCING ALPHA-OLEFIN

FIELD OF THE INVENTION

[0001] The present invention relates to a process for
producing an ¢.-olefin from a primary alcohol or an ether.
a.-Olefins provided by the present invention are useful as a
material for polyolefins or as a material for plasticizers.

DESCRIPTION OF THE BACKGROUND

[0002] It has been known that a-olefins can be produced
through elimination reactions of primary alcohols or ethers.
In most of such reaction systems, however, 1nternal olefins,
1somers of the a-olefin of interest, are produced along with
the intended a-olefin. These internal olefins are difficult to
separate from the a-olefin of interest and pose problems 1n
preparing an c.-olefin at a high purity.

[0003] In a description of one known technique for pro-
ducing an c.-olefin from a primary alcohol or an ether at a
relatively high purity, five different types of v-alumina are
used to synthesize 1-butene from n-butanol (J. Am. Chem.
Soc., vol. 83, pp. 2847-2852(1961), referred to as Article 1,
hereinafter). It has turned out that when the y-alumina
containing a larger amount of base components 1s used, the
proportion of 1-butene 1n the entire butene products can be
as high as 97.3%. It has also proven that the lower the
reaction temperature 1s, the higher the proportion of
1-butene becomes. In another technique disclosed i U.S.
Pat. No. 4,234,752 (referred to as Article 2, hereinafter), a
primary alcohol 1s allowed to undergo dehydration reaction
at 200 to 500° C. in the presence of inert gas using a
base-treated y-alumina as a catalyst. Specifically, the y-alu-
mina 1s immersed 1n an aqueous solution of a base such as
sodium hydroxide or potassium hydroxide to neutralize
acidic sites on the surface of the y-alumina. In this manner,
the proportion of the o.-olefin with respect to the entire olefin
products 1s 1mproved.

10004] In order to allow for the production of a-olefins in
an 1ndustrially advantageous manner by taking advantage of
climination reaction of primary alcohols or ethers, it 1is
important that the following three conditions be met
together:

[0005] (a) In addition to the a-olefin of interest,
internal olefin 1somers can be produced in elimina-
tion reactions of primary alcohols or ethers. Due to
the slight difference between the boiling point of
internal olefins and that of the a-olefin, a consider-
able amount of o-olefin 1s lost during distillation
process for increasing the purity of the a-olefin. This
loss becomes significantly large and unnegligible 1n
terms of cost efficiency as the yields of internal
olefins are increased. Thus, the a-olefin of interest
must be obtained with a high selectivity and purity.

[0006] (b) The catalyst used must maintain its reac-
tivity and selectivity of the products for a prolonged
time.

[0007] (c) Resulting industrial waste must be reduced
to minimize cost and adverse effects to environment.

[0008] In view of these conditions, the above-described
technique described 1n Articles 1 and 2 are each accompa-
nied by the following drawbacks.
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[0009] Regarding the condition (a) above, the techniques
of Articles 1 and 2 each yield the intended c-olefin at a
proportion of approximately 97% with respect to the entire
olefins and thus, a significant loss of a.-olefin results during
the separation process to increase the purity of the a.-olefin.

[0010] Regarding the condition (b), the technique of
Article 1 employs as a catalyst a y-alumina obtained by
mixing a potassium component upon 1ts preparation,
whereas the catalyst used in the technique of Article 2 1s a
v-alumina treated with a base. Specifically, the y-alumina 1s
obtained by first immersing it in an aqueous solution of an
alkali metal hydroxide such as potassium hydroxide, fol-
lowed by washing and drying. In either process, an alkali
metal hydroxide 1s used to neutralize the acidic sites on the
surface of y-alumina, thereby increasing the proportion of
a.-olefin with respect to the entire olefins produced. These
catalysts, however, are susceptible to change on surfaces
when the alkali metal components elute during the reaction.
This change 1n the surface condition of the catalyst atfects
the reactivity and the selectivity of the products in the
technique of Article 1. The reactivity and the selectivity of
the products are also affected in the technique of Article 2,
then, the reaction must be stopped to re-treat the catalyst
with a base such as an alkali metal hydroxide. Such a
retreatment process must be performed periodically during a
long-term continuous reaction. Therefore, neither of the
techniques described 1n Arficles 1 and 2 provides sufficient
reactivity, selectivity, or catalyst life required for catalysts
for industrial use.

[0011] Regarding the condition (c) above, each of the
techniques described in Articles 1 and 2 involves the use of
an alkali metal hydroxide upon preparation or pretreatment
of the catalyst and thus produces basic waste solution. This
waste solution must be neutralized with an acid for disposal,
and as a result, the volume of the waste solution 1s signifi-
cantly increased.

[0012] Accordingly, a need exists to further improve the
conventional production processes of o-olefins that make
use of elimination reactions of primary alcohols or ethers.

SUMMARY OF THE INVENTION

[0013] Itis an object of the present invention to provide an
industrially advantageous, environmentally less harmiul
production process ol a-olefins that takes advantage of
climination reaction of a primary alcohol or an ether 1n
producing an a.-olefin. Not only can this process produce an
a.-olefin at a high proportion with respect to the entire olefin
products, but can also ensure the reactivity of the catalyst
and the selectivity of the products for a prolonged time.

[0014] In an effort to find a way to solve the problems
described above, the present mnventors have found that, 1n
producing an c-olefin from a primary alcohol or an ether, a
higher proportion of the a-olefin can be obtained with
respect to the entire olefin products and the reactivity of the
catalyst and selectivity of the products can be maintained for
a prolonged time by using an alumina catalyst 1n the
presence of an amine. The present inventors have also found
that the proportion of a-olefin to the entire olefin products
can also be maintained by separating and collecting an ether
compound, the intermediate produced during the reaction,
along with unreacted materials, from the reaction products,
and allowing them to undergo the reaction again. In this
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manner, the reaction progresses 1n the same fashion to
produce a similarly high proportion of a-olefin with respect
to the enftire olefin products. These findings collectively led
the present inventors to complete the present 1nvention.

[0015] Accordingly, one aspect of the present invention
provides a process for producing an a.-olefin through elimi-
nation reaction of a primary alcohol or an ether, character-
1zed 1n that an alumina catalyst 1s used 1n the presence of an
amine.

[0016] Thus, the present invention provides a process for
producing an co.-olefin, comprising contacting a primary
alcohol or an ether with an alumina catalyst in the presence
of an amine.

[0017] In one preferred embodiment of the process of the
present 1nvention, an ether intermediate produced in the
reaction, along with unreacted primary alcohol or ether, 1s
separated and collected from reaction products, and at least
part of the collected ether intermediate, and unreacted pri-
mary alcohol or ether 1s returned to the reaction system.

[0018] Preferably, the amine 1s one having a boiling point
higher than that of the a-olefin product by as much as 30°
C. or more under atmospheric pressure.

[0019] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

[0020] Preferably the primary alcohol or an ether for use
in the present invention has a structure shown by the
following formula (I):

R1—O—R? (D
[0021] wherein

represents a straight or branched a
0022] R’ P 1eh b hed alkyl
ogroup having 3 to 20 carbon atoms, and

[0023] R~ represents a hydrogen atom, or a straight or
branched alkyl group having 1 to 20 carbon atoms.

10024] Examples of the straight or branched alkyl group
having 3 to 20 carbon atoms as represented by R' in the
above formula include n-propyl, n-butyl, 1sobutyl, n-pentyl,
1sopentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, unde-
cyl, dodecyl, tetradecyl, hexadecyl and octadecyl. Examples
of the straight or branched alkyl group having 1 to 20
carbons as represented by R” include methyl, ethyl, n-pro-
pyl, n-butyl, 1sobutyl, n-pentyl, isopentyl, n-hexyl, n-heptyl,
n-octyl, n-nonyl, n-decyl, undecyl, dodecyl, tetradecyl,
hexadecyl and octadecyl.

10025] Examples of the primary alcohol include n-butanol,
n-pentanol, 3-methyl-1-butanol, n-hexanol, n-octanol,
n-nonanol, n-decanol, n-undecanol, n-dodecanol, n-tetrade-
canol and n-hexadecanol. Of these, n-hexanol, n-octanol,
n-nonanol and n-decanol are preferred. Examples of the
cther i1nclude methyl pentyl ether, hexyl methyl ether,
methyl octy ether, methyl nonyl ether, decyl methyl ether,
cthyl pentyl ether, ethyl hexyl ether, ethyl octyl ether, methyl
nonyl ether, decyl methyl ether, isopropyl pentyl ether, hexyl
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1sopropyl ether, 1sopropyl octyl ether, 1sopropyl nonyl ether,
decyl 1sopropyl ether, dihexyl ether, dioctyl ether and dide-
cyl ether.

[0026] An alumina catalyst for use in the present invention
may be any industrially produced, commercially available
alumina, mcluding vy-alumina, Al,0,—S10,, Al,O,—
Cr,0;, Al,O,—7r0O, and Al,O,—T110,. Of these aluminas,
v-alumina 1s particularly suitable to serve as the alumina
catalyst in the process of the present invention. The alumina
catalyst may contain a small amount of an alkali metal, such
as lithium and potassium, an alkaline earth metal, such as
magnesium and barium, and a rare earth metal, such as
lanthanum. No particular limitation 1s imposed on the shape
and size of the alumina catalyst: the alumina catalyst of any
size and shape, mcluding granule, pellet, and cylindrical
shape, may be used depending on the shape or the size of the
reactor.

[10027] Examples of an amine for use with the alumina
catalyst 1n the process of the present invention include, but
are not limited to, primary amines such as butylamine,
hexylamine and octylamine; secondary amines such as dibu-
tylamine, dihexylamine and dioctylamine; tertiary amines
such as tributylamine, triethylenediamine, tetramethylethyl-
enediamine and N,N,N'N'-tetramethyl-1,6-hexamethylene-
diamine; and cyclic amines such as 1,8-diazabicyclo[5.4.0]
undeca-7-ene, pyridine and dimethylaminopyridine.

[0028] While amine may be used in any amount, it is
typically used in an amount of 0.1 to 20% by mass (1.e., by
welght), and more preferably, in an amount of 0.1 to 5% by
mass with respect to the primary alcohol or the ether used as
the material.

[0029] The reaction process of the present invention may
be carried out by using any known technique, including
batch reaction process and continuous reaction process. Of
these, continuous reaction process using a fixed bed reactor
1s preferred in view of 1its simple operation and productivity.
Preferably, the fixed bed reactor 1s an ordinary, single or
multi-tubular gas-phase fixed bed reactor.

[0030] While the process of the present invention may be
carried out at any reaction temperature, i1t 1s preferably
carried out at a temperature of 150 to 350° C. and more
preferably at 200 to 320° C. in order to maintain the reaction
in gas phase. Also, the process of the present invention may
be carried out under any reaction pressure. The reaction
pressure 1s properly determined depending on the type of the
material 1n order to maintain the reaction 1n gas phase and
1s preferably 1n the range of 3 to 500 kPa, and more
preferably in the range of 30 to 300 kPa.

[0031] Although the amine, and the primary alcohol or
cther may be simultaneously fed to the reactor filled with the
alumina catalyst through independent routes, it 1s preferred
in view of simple operation and construction that the amine
be first mixed with the primary alcohol or the ether serving
as the material to form a mixture, which 1n turn 1s fed to the
reactor filled with the alumina catalyst. The rate at which the
mixture 1s fed to the reactor 1s typically 1n the range of 0.1
to 50 hr™", and preferably in the range of 0.5 to 10 hr ' as
measured in the liquid hourly space velocity (LHSV) in
order to maintain the proportion of the a.-olefin in the entire
olefins 1n the reaction products at a sufficiently high value,
as required, for example, for the material of polyolefins,
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although the rate may vary depending on the volume filled
with the alumina catalyst, the type of the primary alcohol or
the ether, reaction temperature, reaction pressure or other
parameters.

[0032] In the process of the present invention, an inert gas,
such as helium or argon, may be fed along with the amine
and the primary alcohol or the ether serving as the material.
In such a case, the amount of the iert gas to be fed is
preferably 1n the range of 0.1 to 1000 L per 1 kg of the
material (1.e., primary alcohol or ether), and more preferably
in the range of 0.5 to 300 L per 1 kg of the material.

[0033] The reaction mixture so obtained is subjected to
simple distillation process to separate the intended c-olefin,
other olefins including mternal olefins, water, and other
components, and if necessary, the a-olefin fraction 1s further
purified using techniques such as distillation to obtain the
a.-olefin of interest at a sufliciently high purity required to
serve as, for example, the material of polyolefins.

[0034] In the process of the present invention, it iS pre-
ferred that the conversion ratio of the primary alcohol or the
cther for use as the material be adjusted to 75% or less, more
preferably to 70% or less, and still more preferably to 65%
or less 1n order to increase the proportion of the o-olefin 1n
the entire olefin products in the reaction mixture to a degree
that does not require multiple distillation or purification
ProCesses.

[0035] In addition to the olefin products and water, the
reaction mixture contains unreacted material (i.e., primary
alcohol or ether), amine, and one or two kinds of ether
intermediate produced in the reaction.

[0036] The ether intermediate produced in the reaction is
an ether with the structure R'—O—R"' when a primary
alcohol with the structure R'—O—H is used as the material,
whereas when an ether with the structure R'—O—R” is used
as the material, two types of ether intermediate, having the
structures R,—O—R" and R*—0—R?, result. For example,
if n-octanol 1s used as the material, the ether intermediate
will be dioctyl ether.

10037] By distilling out the components with relatively
low boiling points, such as the olefin products and water,
from reaction mixture, the unreacted material and the ether
intermediate are collected as a residual solution. Then, at
least part of the residual solution can be returned to the
reaction system to produce the a-olefin. In the process of the
present invention, this procedure helps reduce the amount of
waste solution and increase the product yield with respect to
the material used.

[0038] As implied by the description above, the amine for
use with the alumina catalyst 1n the process of the present
invention 1s preferably one that 1s readily separable from the
intended a-olefin and can thus be collected along with the
unreacted material (1.e., primary alcohol or ether) and the
cther intermediate. Specifically, the amine 1s one that has a
boiling point higher than the boiling point of the intended
o.-olefin preferably by 30° C. or more, and more preferably
by 50° C. or more, under atmospheric pressure. Upon use,
such an amine, along with the unreacted material and ether
intermediate, remains 1n the residual solution that remains
after the components with relatively low boiling points,
including the olefin products and water, have been distilled
out from the reaction mixture. This 1s advantageous since no
further amine needs to be added or mixed when at least part
of the residual solution 1s returned to the reaction system.
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For example, when n-octanol (bp: 196° C. under atmo-
spheric pressure) 1s used as the material, the product is
1-octene (bp: 121° C. under atmospheric pressure) and the
ether intermediate is di-n-octyl ether (bp: 287° C. under
atmospheric pressure). A preferred amine in this case 1s for
example octylamine (bp: 177° C. under atmospheric pres-
sure), tributylamine (bp: 216° C. under atmospheric pres-
sure) or N,N,N'N'-tetramethyl-1,6-hexamethylenediamine
(bp: 210° C. under atmospheric pressure).

[0039] Not only can the process of the present invention
for producing c.-olefins yield an a-olefin at a high proportion
with respect to the entire olefin products, but 1t also can
maintain the catalyst activity for a prolonged time. Further-
more, the process of the present invention allows the use of
the unreacted material and the ether intermediate by-product
in the reaction using the same catalyst. As a result, the
c.-olefin can be produced 1n an industrially and environmen-
tally advantageous manner.

[0040] The o-olefins produced by the present invention
may be used for the production of polyolefins and plasti-
cizers. The procedures for preparing these materials are
well-known to those skilled 1n the art.

EXAMPLES

[0041] While the present invention will now be described
with reference to Examples, they are mtended to be only
illustrative and not restrictive and do not limit the scope of
the 1nvention in any way.

Example 1

10042] A 1500 mm-long glass tube reactor with the inner
diameter of 22 mm was filled with 20 ml of a y-alumina
catalyst (N613N), manufactured by NIKKI Chemical Co.,
[td., and was heated to 300° C. by an electric furnace.
n-Octanol (bp=196° C.) added with 1% by mass of n-octy-
lamine (bp=177° C.) was fed to the tube reactor under
atmospheric pressure at a rate of 52 ml/hr (LHSV=2.6 hr™).
During the reaction, the temperature at the center of the
catalyst layer was maintained at 300° C. The reaction gas
obtained at the outlet of the tube reactor was passed through
a condenser to condense and collect the reaction mixture as
a solution. Part of the reaction mixture was collected at
predetermined time points through the course of the reaction
and was analyzed by gas chromatography. The reaction was
carried out continuously for 150 hours. The results are
shown 1n Table 1 below. As shown, no significant variation
was observed 1n the conversion rate through the course of
the reaction.

TABLE 1

Reaction Conversion rate Selectivity (%) Proportion of

Time of n-octanol *ether 1-octene/octenes

(hr) (%) octenes  intermediate (%)
1 56 35 65 99.1

20 49 36 64 08.8
40 48 33 67 08.9
60 48 36 64 99.3
S0 49 32 68 99 4
100 48 33 67 99.0
120 47 34 66 99.0
150 49 35 65 99.2

*di-n-octyl ether
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Examples 2 to 4

[0043] For each of Examples 2 to 4, reaction was carried
out under the same conditions as in Example 1, except that
a different amine 1s added to n-octanol fed to the tube
reactor. Two hours after the reaction had been started, part
of the reaction mixture was collected and was analyzed by
gas chromatography. Amines used in the Examples are as
follows: dimethylaminopyridine (bp=162° C. under 6.7 kPa)
for Example 2; 1,8-diazabicyclo[5.4.0undeca-7-ene (bp=
81° C. under 79.8P) for Example 3; and N,N,N',N'-tetram-
ethyl-1,6-hexamethylenediamine (bp=210° C. under atmo-
spheric pressure) for Example 4. The results are shown in
Table 2 below.

TABLE 2

Conversion rate Selectivity (%) Proportion of

of n-octanol *ether 1-octene/octenes
Ex. No. (%) Octenes  intermediate (%)
2 28.3 26.0 74.0 -»09.5
3 16.6 21.5 78.5 ~00.5
4 60.2 40.7 59.3 08.6

*di-n-octyl ether

Comparative Example 1

[0044] In Comparative Example 1, reaction was carried
out under the same conditions as 1n Example 1, except that
no amine was added to n-octanol fed to the tube reactor. Two
hours after the reaction had been started, part of the reaction
mixture was collected and was analyzed by gas chromatog-
raphy. The results are shown in Table 3 below.

Comparative Example 2

[0045] In Comparative Example 2, reaction was carried
out under the same conditions as 1n Example 1, except that
a base-treated alumina was used as the catalyst and no amine
was added to n-octanol fed to the tube reactor. The base-
freated alumina was prepared in the following manner. A
v-alumina (RN-03, manufactured by MIZUSA WA Chemi-
cal Co., Ltd.) was immersed in an aqueous solution of
sodium hydroxide with pH 9.9 at a ratio of 5g y-alumina per
100 ml of sodium hydroxide solution at room temperature
for 24 hours. The alumina was then washed with water, dried
and baked. Two hours after the reaction had been started,
part of the reaction mixture was collected and was analyzed
by gas chromatography. The results are shown in Table 3
below.

TABLE 3

Conversion rate Selectivity (%) Proportion of

Comp. of n-octanol *ether 1-octene/octenes
Ex. No. (%) Octenes  intermediate (%)

1 93.4 97.5 2.5 82.0

2 46 67.9 321 97.0

*di-n-octyl ether

[0046] As scen from the results of Comparative Examples
1 and 2, the proportion of 1-octene to the entire octene
products was significantly reduced when no amine was
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added, leading to the industrially unfavorable results.
Although the use of the base-treated alumina increased the
proportion of 1-octene to the entire octene products in
Comparative Example 2 as compared to Comparative
Example 1, the increase was still industrially insufficient.

Example 5

[0047] In Example 5, reaction was carried out under the
same conditions as i Example 1, except that n-octanol
(bp=196° C.) added with 1% by mass of dimethylaminopy-
ridine (bp=162° C. under 6.7 kPa) was fed to the tube reactor
under atmospheric pressure at a rate of 18 ml/hr (LHSV=0.9
hr ). Two hours after the reaction had been started, part of
the reaction mixture was collected and was analyzed by gas
chromatography. The results are shown 1n Table 4 below.

Example 6

[0048] In Example 6, reaction was carried out under the

same conditions as 1 Example 1, except that n-octanol
(bp=196° C.) added with 1% by mass of 1,8-diazabicyclo

[5.4.0Jundeca-7-ene (bp=81° C. under 79.8Pa) was fed to
the tube reactor under atmospheric pressure at a rate of 26
ml/hr (LHSV=1.3 hr ). Two hours after the reaction had
been started, part of the reaction mixture was collected and

was analyzed by gas chromatography. The results are shown
in Table 4 below.

Example 7

[0049] In Example 7, reaction was carried out under the
same conditions as in Example 1, except that the tube reactor
was heated to 280° C. by an electric furnace and n-octanol
(bp=196° C.) added with 1% by mass of N,N,N',N'-tetram-
ethyl-1,6-hexamethylenediamine (bp=210° C.) was fed to
the tube reactor under atmospheric pressure at a rate of 52
ml/hr (LHSV=2.6 hr™") with the temperature at the center of
the catalyst layer maintained at 280° C. through the course
of the reaction. Two hours after the reaction had been
started, part of the reaction mixture was collected and was

analyzed by gas chromatography. The results are shown 1n
Table 4 below.

TABLE 4

Conversion rate Selectivity (%) Proportion of

of n-octanol *ether 1-octene/octenes
Ex. No. (%) Octenes  intermediate (%)
5 58.0 61.4 38.6 08.5
6 68.6 73.3 26.7 07.4
7 17.5 31.3 68.7 ~00.5

*di-n-octyl ether

Example 8

[0050] In Example 8, reaction was carried out under the
same conditions as 1n Example 1, except that methyl octyl
cther was used 1n place of n-octanol. As shown, the con-
version rate of methyl octyl ether was 25.0%, with the
selectivity for entire octene products being 72%. The pro-
portion of 1-octene to the entire octene products was 98.5%.

Example 9

[0051] In Example 9, reaction was carried out under the
same conditions as mm Example 1 except that a residual
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solution remaining after octenes had been removed by
simple distillation of the reaction mixture obtained in
Example 1 was used as the material (composition: 67 mass
% n-octanol, 32 mass % dioctyl ether, 1 mass % n-octy-
lamine). The composition of the resulting reaction mixture
was as follows: 43.7 mass % n-octanol, 26.0 mass %
di-n-octyl ether and 30.3 mass % octenes. The proportion of
1-octene to the entire octene products was 98.5%. These
results mdicate that the unreacted material and the ether
intermediate separated and collected from the reaction mix-
ture can also serve as an eflicient material for the reaction.

Example 10

10052] In Example 10, reaction was carried out under the
same conditions as in Example 1, except that n-nonanol was
used 1n place of n-octanol. The conversion rate of n-nonanol
was 38.5%, with the selectivity for entire nonene products
being 38.9%. The proportion of 1-nonene to the entire
nonene products was 98.7%.

Example 11

[0053] In Example 11, reaction was carried out under the
same conditions as 1n Example 1, except that n-decanol was
used 1n place of n-octanol. The conversion rate of n-decanol
was 40.2%, with the selectivity for entire decene products
being 39.5%. The proportion of 1-decene to the entire
decene products was 98.6%.

10054] Obviously, numerous modifications and variations
of the present invention are possible 1n light of the above
teachings. It 1s therefore to be understood that within the
scope of the appended claims, the imnvention may be prac-
ticed otherwise than as specifically described herein.

[0055] This application 1s based on Japanese Patent Appli-
cation Serial No. 215537/2001, filed on Jul. 16, 2001, and
incorporated herein by reference 1n its entirety.

1. A process for producing an c.-olefin, comprising con-
tacting a primary alcohol or an ether with an alumina
catalyst 1n the presence of an amine.

2. The process of claim 1, wherein an ether intermediate
produced 1n the reaction, along with unreacted primary
alcohol or ether, 1s separated and collected from the reaction
products, and at least part of the collected ether intermediate,
and unreacted primary alcohol or ether i1s returned to the
reaction system.

3. The process of claim 1, wherein the boiling point of the
amine 1s at least 30° C. higher than the boiling point of the
a.-olefin under atmospheric pressure.

4. The process of claim 2, wherein the boiling point of the
amine 1s at least 30° C. higher than the boiling point of the
a.-olefin under atmospheric pressure.

5. The process according to claim 1, wherein the primary
alcohol 1s n-octanol.

6. The process according to claim 2, wherein the primary
alcohol 1s n-octanol.

7. The process according to claim 3, wherein the primary
alcohol 1s n-octanol.

8. The process of claim 1, wherein the primary alcohol 1s
contacted with the alumina catalyst in the presence of the
amine.

9. The process of claim 1, wherein the ether 1s contacted
with the alumina catalyst in the presence of the amine.
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10. The process of claim 1, wherein the primary alcohol
and the ether are represented by formula (I):

R'—O—R"~ (D)

wherein

R' represents a straight or branched alkyl group having 3
to 20 carbon atoms; and

R* represents a hydrogen atom or a straight or branched
alkyl group having 1 to 20 carbon atoms.

11. The process of claim 10, wherein

R* is n-propyl, n-butyl, isobutyl, n-pentyl, isopentyl,
n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, undecyl,
dodecyl, tetradecyl, hexadecyl or octadecyl; and

R* is hydrogen atom, methyl, ethyl, n-propyl, n-butyl,
1sobutyl, n-pentyl, 1sopentyl, n-hexyl, n-heptyl, n-octyl,
n-nonyl, n-decyl, undecyl, dodecyl, tetradecyl, hexade-
cyl or octadecyl.

12. The process of claim 1, wherein the primary alcohol
1s selected from the group consisting of n-butanol, n-pen-
tanol, 3-methyl-1-butanol, n-hexanol, n-octanol, n-nonanol,
n-decanol, n-undecanol, n-dodecanol, n-tetradecanol and
n-hexadecanol.

13. The process of claim 1, wherein the ether 1s selected
from the group consisting of methyl pentyl ether, hexyl
methyl ether, methyl octyl ether, methyl nonyl ether, decyl
methyl ether, ethyl pentyl ether, ethyl hexyl ether, ethyl octyl
cther, methyl nonyl ether, decyl methyl ether, 1sopropyl
pentyl ether, hexyl 1sopropyl ether, 1sopropyl octyl ether,
1sopropyl nonyl ether, decyl 1sopropyl ether, dihexyl ether,
dioctyl ether, and didecyl ether.

14. The process of claim 1, wherein the alumina catalyst
1s y-alumina, Al,0,—810,, Al,O0,—Cr,0,, Al,O,—Zr0.,
or Al,O,—Ti0..

15. The process of claim 1, wherein the alumina catalyst
1s a y-alumina.

16. The process of claim 1, wherein the alumina catalyst

contains an alkali metal, an alkaline earth metal, and/or a
rare earth metal.

17. The process of claim 1, wherein the amine 1s a primary
amine, a secondary amine, a tertiary amine, or a cyclic
amine.

18. The process of claim 1, wherein the amine 1s selected
from the group consisting of butylamine, hexylamine, octy-
lamine, dibutylamine, dihexylamine, dioctylamine, tributy-
lamine, triethylenediamine, tetramethylethylenediamine,
N,N,N',N'-tetramethyl-1,6-hexamethylenediamine, 1,8-di-
azabicyclo[5.4.0lundeca-7-ene, pyridine, and dimethylami-
nopyridine.

19. The process of claim 1, wherein the amount of the
amine 15 0.1 to 20% by mass with respect to the primary
alcohol or the ether.

20. The process of claim 1, which 1s conducted at a
temperature of 150° C. to 350° C.

21. The process of claim 1, which 1s conducted at a
pressure of 3 to 500 kPa.

22. The process of claim 1, wherein

the primary alcohol and the ether are represented by
formula (I):

R'—O—R"~ (D)
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wherein

R' represents a straight or branched alkyl group having 3
to 20 carbon atoms; and

R” represents a hydrogen atom or a straight or branched
alkyl group having 1 to 20 carbon atoms; and

the amine 1s selected from the group consisting of buty-
lamine, hexylamine and octylamine, dibutylamine,
dihexylamine, dioctylamine, tributylamine, triethyl-
enediamine, tetramethylethylenediamine, N,N,N',N'-
tetramethyl-1,6-hexamethylenediamine, 1,8-diazabicy-
clo[5.4.0 lundeca-7-ene, pyridine, and
dimethylaminopyridine.
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23. In a process of producing polyolefins or plasticizers

from a.-olefins, the improvement comprising producing the
a.-olefins contacting a primary alcohol or an ether with an
alumina catalyst 1n the presence of an amine.

24. In a process of producing a.-olefins, the improvement
comprising producing the o-olefins contacting a primary
alcohol or an ether with an alumina catalyst 1n the presence
of an amine.
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