;e3ef cTvb6TTINt (. Title of ¥h& y nventi on PROCESS FOR PRODUCI NG a- OLEFI N
Field of the Invention 5 The present invention relates to a process ﬁp&y
producing an a-olefin froma primary al cohol or an ether. c>-Qefins’S
provi ded by the present invention are useful as a material for polyolefins
or as a material for plasticizers. 10 Related Art It has been known that

a-ol efins can be produced through elimnation reactions of pri mm”’mmmmmm
or ethers. In nost of suchr tion syst however, interna
i somers of the a-olefin of i a“;ll"':'escfnf, é}%%ﬁ%%%?f‘al ong 15 with the .

i ntended (x-olefin. These internal olefins are difficult to-separatée Trom

the a-ol efin of interesPRIKESFoFORYPRODYHE NG GrepBFINg an a-ﬂmmmwmmm“mmmn
h

high purity. In a description of one known technique for prod

a-olefin froma primary al cohol or an ether at a 20 relatively iq?mﬁgrlty,
five different types of r-alum na are used to synthesize 1-butene Trom

n- but anol F{gld ppf theningentionol. 83, pp.2847-2852(1961), referred to as
Article 1, hereinafter). It has turned out that when the 'Y-al um na

cont aisni ng a | agerprevemt bhvéeattononpbatesstosaupedecesbefds proporti on of
1-butene in the entire butene products can be 1 as high as 97.3. It has

al so provghodieinghan! enay1dfie raas | £ ot BN A LUEGhE, of hgn Né BIREF . t he

proportion of 1 butene becones. In another technique disclosed in US patent

No. 4,234 ¢l df SLTE Ll 18 @SV tAE | Srdsert NEAGLARILET Are 2uBEEIRN ¥sal COhO
is allowed to undergo dehydration reaction at 200 to 500C in the presence

of inert Qaiﬁa’e'éi‘i‘ﬂlanf‘Sgbl&SQEEﬁn'sYbi%' HE Bamdte®iGat #loyst. Specifically,

the r-alumina is imMmersed in an aqueous

plasticizers.
10 Related Art
It has been known that @ -olefins can be produced
through elimination reactions of primary alcohols or ethers.
In most of such reaction systems, however, internal olefins,
isomers of the ¢ -olefin of interest, are produced along
15 with the intended ¢ -olefin. These internal olefins are
difficult to separate from the (& -olefin of interest and
pose problems in preparing an & -olefin at a high purity.
In a description of one known technique for producing
an -olefin from a primary alcohol or an ether at a
20 relatively high purity, five different types of 7 -alumina
are used to synthesize l-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 7 -alumina
containing a larger amount of base components is used, the

25 proportion of 1l-butene in the entire butene products can be



solution of a base such as sodi-um hydroxi de or potassium 10 hydroxide to
neutralize acidic sites on the surface of the r-alumna. In this manner,
the proportion of the a-olefin with respect to the entire olefin products
s inproved. In order to allow for the production of a-olefins in an

I ndustrially advant ageous manner by taking advantage of 15 elim nation
reaction of primary alcohols or ethers, it is inportant that the foll ow ng

three conditjons be met _together: (ai In additiopn to éhe x-ol efin of
i nt er est , 288nPdPRaPSoPdr PR -1 sbhelasca sBepﬁPBGBcégaFnt i HPHEEI &Re20
reactions of primary alcohols or ethers. Due to the slight difference

bet ween t Feapsipnn§epperatore dser fie Highess thed pueperdiameofh Lol efin, a
consi derabl e anount of olefin is lost during distillation process for

i ncr easi nguthesepbecopesf. t ke anotkéintefhniqhesdibedosed 28 UBgnificantly
| arge and unnegligible in ternms of cost 2 efficiency as the yields of

I nt er nal pheénnsNar e 4i,2G4eased .(réffesredhaon-ad dntialfe int er est nust be
obtained with a high selectivity and purity. (b) The catal yst used nust

mai nt & N hégelifa€tieyi)t,y ad paiithasel adicohioly ief dleweddidicmderiga prol onged
time. (c) Resulting industrial waste nust be reduced to mnimze cost and

adverse efbRGEPat2oRNYebRTBA! at! 200 W Gookltess awigrd¥hcd HE
above-descri bed approaches described in Articles 1 and 2 are each 10

fhe tecnnihott BSPRthBle"Bopeligensea OB MRIM. € LOBLAIGRLLD) TN B
fhus, "a sPARFPrAEREFas ER6T rr SN HRCERREE ok A0 TR SaSelar ation
Process tgoiﬂgﬁggsgftgeb%%%i%%cgfaghgo%iUM‘ﬂyd}oxide or potassium
10 hydroxide to neutralize acidic sites on the surface of the
7 ~alumina. In this manner, the proportion of the (@ -olefin
wlth respect to the entire olefin products is improved.
In order to allow for the production of a-olefins in
an industrially advantageous manner by taking advantage of
15 elimination reaction of primary alcohols or ethers, it is
important that the following three conditions be met
together:
(a) In addition to the -olefin of interest,
internal olefin il1somers can be produced in elimination
20 reactlons of primary alcohols or ethers. Due to the slight
difference between the boiling point of internal olefins
and that of the ¢ -olefin, a conslderable amount of «&-
olefin is lost during distillation process for increasing
the purity of the ¢ -olefin. This loss becomes

25 significantly large and unnegligible in terms of cost



Regarding the condition (b), the technique of Article (1) enploys as a
catal yst a Y-alum na obtained by m xi ng a potassi um conponent upon its
preparation, whereas the 20 catal yst used in the technique of Article (2)
is ayYalumna treated with a base. Specifically, the r-alumna is obtained
by first imersing it in an aqueous solution of an alkali metal hydroxide
such as potassium hydroxide, followed by washing and drying. In either
process, an_25 alkali netal hydroxide is used to neutralize the acidic 3

sites on ?ﬁ@iﬁbﬁﬂﬁzeaﬁftpeayaﬁ#ﬁ§ ofhdndwynadc cdehiing are givpgaasesh of
a-olefin with respect to the entire olefins produced. These catal ysts,

homever, Thes sutbeptitlefin dfngetearesurmasesbehebhtahred| kwakth aet al

conponents elute 5 during the reaction. This change in the surface

condi ti onhbght beleatavysy ahBlepusittge reactivity and the selectivity of the

products in the technique of Article (1). The reactivity and the

selectivity of (hp Phedoatalgse akea mhbkecimadnitainhd tisealaricqrueriafy Article
(2), then, the 10 reaction nust be stopped to re-treat the catalyst with a

base %NChaﬁé a81atkabityebal thrdpesiadetsSeeh a PrdidiRjdi iy 0cess nust be
performed periodically during a long-term continuous reaction. Therefore,

nei ther of the cefhﬂégﬂfﬁiﬁssiﬁa{qgéﬂal%a»s%eﬁlu&) RN rh%gerarq: \y des 15

sufficient activi selectivity, or catalyst life requi for catal ysts

for indusgy iaﬂnlyée B‘Egé%tl gvhgéza‘i)%@%g't%z) € erRAPmeAC of the

t echni ques escrlbe I'e I nvol ves f%e use of an al kal i

et al hydr oxi dey ynopopr $aLALLENCBAaRERRE ! ERE! IERLfddis gl st and

thus produces basi e SO waste sol ution nmust be neutralized
with an acid_ for osa ol ume of .the waste

d,a
S0l Ut | on ?BPE?aﬁ’i‘?chﬁFF?Pﬁ@ 180 a0t AT de 1 AL S A st e fur t her

i rqQve
P % accompanled by the followilng drawbacks.

Regarding the condition (a) above, the techniques of
Articles (1) and (2) each yleld the intended ¢ -olefin at a
proportion of approximately 97% with respect to the entire
olefins and thus, a signiflicant loss of ¢ -olefin results
15 during the separation process to increase the purity of the
@ -olefin.
Regarding the condition (b), the technique of Article
(1) employs as a catalyst a 7 -alumina obtained by mixing a
potassium component upon its preparation, whereas the
20 catalyst used in the technique of Article (2) is a 7 -
alumina treated with a base. Specifically, the 7 -alumina
is obtained by first immersing it in an aqueous solution of
an alkali metal hydroxide such as potassium hydroxide,
followed by washing and drying. In elither process, an

25 alkali metal hydroxide is used to neutralize the acidic



25 conventional production processes of a-olefins that make 4  use of
elimnation reactions of primary al cohols or ethers. Accordingly, it is an
obj ective of the present invention to provide an industrially advantageous,
environnmental ly | ess harnful production process of a 5 olefins that takes
advant age of elinmination reaction of a prinmary alcohol or an ether in
produci ng an a-olefin. Not only can this process produce an a-olefin at a
hi gh proportion with respect to the entire olefin products, but can al so
ensur e t h&itt@sctan ithe unface afal ¥ysalymdnahe thereblyedmorieasizg tihe
products for a prolonged tine. In an effort to find a way to solve the
above i demriodpoedt jmrolfen® -olbEipr witht respectots lkhee enduine tolatfinisn
produci ng an a-olefin froma primry al cohol or an ether, a higher

proporti oprafdudesd .a- Fhekien cazallys taht hiowedel; wwireh suseettidle the entire

ol efin products and the reactivity of the catalyst and selectivity of the

products hanye i Hhafmkes Gheh thE ALl inetdly ¢cempenént € énhbe
catalyst in the presence of an am ne. The present inventors have al so found

that tie RREYd ite Heattddi | NTAA st @hlahQec il thellsRirFady KBHdit i al so
be mai ntai ned by separating and coll ecting an ether conpound, the

i nter medi fee yHOUMIGA Y Id¥ELNS rmﬂé&g%ﬂw Md htl‘x@@ﬁfé@f’img:] ials,

fromthe reaction products, and al em t'o undergo the reacti

e p RS SIEAN OB [ 24y 1 L0 2
ol ef 0 Br auchsy Thesd 1l s SRR V6 el €D ANGuBE SRR Aiygntors to
affected in the technique of Article (2), then, the
10 reaction must be stopped to re-treat the catalyst with a
base such as an alkali metal hydroxide. Such a re-
treatment process must be performed periodically during a
long-term continuous reaction. Therefore, neither of the
techniques described in Articles (1) and (2) provides
15 sufficient activity, selectivity., or catalyst life required
for catalysts for industrial use.
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 pre-
20 treatment of the catalyst and thus produces basic waste
solution. This waste solution must be neutralized with an
acld for disposal, and as a result, the volume of the waste
solution is significantly increased.

As described, a need exists to further improve the

25 conventional production processes of ¢ -olefins that make



5 Summary of the Invention Accordingly, one aspect of the present invention
provi des a process for producing an a-olefin through elimnation reaction
of a primary al cohol or an ether, 10 characterized in that an al um na
catalyst is used in the presence of an am ne. In one enbodi nent of the
process of the present invention, an ether internediate produced in the
reaction, along with unreacted primary al cohol or ether, is separated 15
and col | ected from reaction products, and at |east part of the collected
ether int élﬁl?emfateé‘-lwmfbd?ﬁa&ilmﬂmﬁ/ Ry dkceholbs ¢x etheraded to
the reaction system Preferably, the amne is one having a boiling point

hi gher than t hafAcchrdiamgdyol dfti dsprasdedt]dntiase mit tlhes R0 B8HCE or nore under
at nospheric pressure. Detailed Description of the Present Invention A
primary alinsesltion ao eidarideorarusindus titaPlesedvan tevgedbadn has a
structure shown by the followng fornmula 25 (I): 6 R_ORz C1 ) wherein

Rl represepts rdnilditidiily ledy dahash 1l dodadl O4dh "ﬁi’éﬁ@s ﬁr&Q car bon

atons, and Rz represents a hydrogen atom or a strai anched al kyl

group favigi@ £l nisd 35 M@%@;&f&g@mﬁﬁnﬂmm %é@éﬂf‘&n 0ggbganched

al kyl group having 3 to 20 carbon atonms as represented by R |n t he above

formit a T gehydesnamdy kit Wends Mulpale AEITAL . o SRS wBzhexY!

n- heptyl , n-nonyl.,” n-dec cyl, tetradec
hexadecyl and octa vl | es of the st ranched al kyl group
naving 1 810 %R %Sﬁs RSB Frlnr Rt TREREAR At Ay PLS pyl-
n-propyl, r:]:o%% on Wi t%:lI!;[ )érespecq:enl:tcy the | &} @fngélldlefﬂgxgzl:éducts, but
can also ensure the reactivity of the catalyst and the
10 selectivity of the products for a prolonged time.

In an effort to find a way to solve the above-
identified problems, the present inventors have found that,
in producing an ¢ -olefin from a primary alcohol or an
ether, a higher proportion of the @ -olefin can be obtained

15 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 in the presence of an amine. The present
inventors have also found that the proportion of & -olefin

20 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

25 manner, the reaction progresses in the same fashion to



n- heptyl, n-octyl, n-nonyl, n-decyl, undecyl, dodecyl, 15 tetradecyl,
hexadecyl and octadecyl. Exanples of the primary al cohol include n-butanol,
n pentanol, 3-nethyl-1-butanol, n-hexanol, n-octanol, n nonanol, n-decanol,
n-undecanol ) n-dodecanol, n tetradecanol and n-hexadecanol. O these,

n- hexanol, n 20 octanol, n-nonanol and n-decanol are preferred. Exanples of
the ether include nethyl pentyl ether, hexyl nethyl ether, nethyl octyl

et her, methyl nonyl ether, decyl methyl ether, ethyl pentyl ether, ethyl
hexyl et hprodeckeyla sdmillagtliyehighemndpordiydn eifhe® -odedin mdthyl ether, 25
i sopropyl pentyl ether, hexyl isopropyl ether, isopropyl 7 octyl ether,

i sopr opyl reepgktettioerthed @emyires @drediiyl patddbrGtsli h@hesectfderdingisoct yl et her
and didecyl ether. An alum na catalyst for use in the present invention my
be any i nduillecaliiely ddd athe praseet dlnversvmid ad ecdmpil et nghe | Ncl udi ng 7
-al um na, A1203-Si Oz, A1203-Cr203, A1z03 2r02 and A1203-Ti 02. O these

al um nas pre¥enl YRiRAtipoparticularly suitable to serve as the alum na
catalyst 1 n the process of the present invention. The al um na catal yst may
contaigy a small anount of an alkali netal, such as 10 lithium and
potassium an al kaline earth netal, such as magnesi um and barium and a
rare eartgumﬁggk,oqu% ashaifigpum No particular limtation is inposed on
t he shape and size of the alumna catalyst: the alum na catal yst of any

si ze and shape, ,i.n i.ng.granul Ll et, .15 and cylj ndrjcal. shape) may be
used dependi ng %ﬁcgkégg gBé %P%tﬁgpgﬁfe%%ft#ﬁéi?%ﬁ% J#GQE&%ﬁﬁﬁgé of an
amne for use,with the alumna catalyst, in the process of the present

[ nvent i onPFRYAAAS, SpBEOSES hden BRAGHPINS T | GaPySERPnEDTOER as

xyl am ne and octyl am ne; seconﬁ%&g am nes such as
r

but yl am ne
%; an ether,

RSN SPEVRVES PSS U IS U LTV o g

10 characterized 1n that an alumina catalyst 1s used in the
presence of an amine.

In one embodiment of the process of the present
invention, an ether intermediate produced in the reaction,
along with unreacted primary alcohol or ether, is separated

15 and collected from reaction products, and at least part of
the collected ether intermediate, and unreacted primary
alcohol or ether is returned to the reaction system.

Preferably, the amine is one having a boiling point

higher than that of the @ -olefin product by as much as

20 30°C or more under atmospheric pressure.

Detailed Description of the Present Invention
A primary alcohol or an ether for use in the present
invention has a structure shown by the following formula

25 (1):



am nes such as tributylamne, triethyl enedi am ne,
t-etranet hyl et hyl enediam ne and NN NN ,N -tetranmethyl-1,6
hexanet hyl enedi am ne; and cyclic am nes such as 1,8 25

di azabi cycl o[ 5. 4. O] undeca- 7-ene, pyridine and 8 di met hyl am nopyri di ne.
VWhil e amne may be used in any anount, it is typically used in an anmount of
0.1 to 20% by nmass, and nore preferably, in an anount of 0.1 to 5% by nass
with respect 5 to the primary al cohol or the ether used as the material.
The reaction prBte®sRf the preseti)invention may be carried out by using
any known techni que, including batch reaction process and conti nuous
reacti on whegesn RO répessentsnai stpasigheaotri brapchedsalkyilngreoup xed bed
reactor is 10 preferred in view of its sinple operation and productivity.

Preferabl )‘La_vtihg f3i %@d 20e &ar®et @it onfs ,2and K2 N2EPresentlse a0hydlHolgent Ubul ar
gas- phase fixed bed reactor. Wile the process of the present invention may

be carrie N\ +h i YRS A gy | f i ed out
at atmmg%ﬁh§%?%&%#%€&iumdnme%#ﬁ%é%ﬁfg%%%%%igﬁ%in

order 40 mRLRLA Btbhg reaction in gas phase. Also, the process of the
present invention may be carried out under any reaction pressure. The

reacti on pressuge._i roperky._d rm ned dependi n.20 the type of the
material in ordg?‘ élﬁﬁi Bl?'aitir{l’et té:%raéL %?I o g%ﬁgglggggﬁgs]éw&n@ﬁos&igref erably
f 30 to

Dokl "R 1 KR EngAh R A gt O AT B 30
sinmul taneously fed tqQ the reactor filled with the 25 al um na cat al yst
t hrough i AGe¥endermlgydosly P§p§°pyﬂveﬂéﬁqi¥¥ﬂ1%ﬁQRFYﬁlsimTP%n%%%ration
and construction that
isopentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl,
10 undecyl, 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-propyl, n-butyl, isobutyl, n-pentyl, isopentyl, n-hexyl,
n-heptyl, n-octyl, n-nonyl, n-decyl, undecyl, dodecyl,
15 tetradecyl, hexadecyl and octadecyl.
Examples of the primary alcohol include n-butanol, n-
pentanol, 3-methyl-l-butanol, n-hexanol, n-octanol, n-
nonanol, n-decanol, n-undecanol, n-dodecanol, n-
tetradecanol and n-hexadecanol. Of these, n-hexanol, n-
20 octanol, n-nonanol and n-decanol are preferred.
Examples of the ether include methyl pentyl ether, hexyl
methyl ether, methyl octyl ether, methyl nonyl ether, decyl
methyl ether, ethyl pentyl ether, ethyl hexyl ether, ethyl
octyl ether, methyl nonyl ether, decyl methyl ether,

25 isopropyl pentyl ether, hexyl isopropyl ether, isopropyl



the amne be first mxed with the primary al cohol or the ether serving as
the material to forma mxture, which in turnis fed to the reactor filled
with the alumna catalyst. 5 The rate at which the mxture is fed to the
reactor is typically in the range of 0.1 to 50hr-1, and preferably in the
range of 0.5 to I0Ohr-1 as neasured in the liquid hourly space velocity
(LHSV) in order to nmaintain the proportion of the c~olefin in the entire
olefins in the reaction 10 products at a sufficiently high value, as

requi r ed, oftvlegdihgire, isopromy lmmanylaletdtepoldastivnl ikpoprophbgjthehe rate
may vary depending on the volune filled with the alum na catal yst, the type
of the prdihexyadl ethelr,odibledydt ledihenr eaat iddddayipeatdtare, reaction
pressure or other paraneters. 15 In the process of the present invention)

an inert gas, sufihadamifhi gatalystodor e n e Prerend tihvdierigh ne and
the primary al cohol or the ether serving as the material. In such a case,

the amountna f pehanynehlaueadsitba Q;e {J:Qihdcfedf’”ii‘dh{rﬁlldﬁ.dlrl}} hevderesrof 0.1 to
1000L per 1kg 20 of the nmateri al , primary al cohol™ or ether) and nor e

pref erabl th{?tihge 13 g%d%goﬁ é?u:ﬁ?ﬂ& PEL.0, d k§18f the def.ré al 5

reaction i xture 'so obtarndd iss ecfe nﬁte i st Fdﬂlon ptocess to

separate I nt ol ef other oleflns ud|n |nterna
ol ef i ns, gﬁ@eran‘iogf Egét'he(rai:J qﬁﬁﬁ?erﬁl mla{lr?cf | f ngcgglg'ﬁ 15 he cx-ol efin
fraction ]

obtain thg§l tligf‘le fguiﬁ g’l%SIt%g S g’hm %u%% ci dl Stl IJ(X/S g%'tut (r)ed to

rest at suf i ci BhtT
serve as exa

he naterlal of the ss of the
present |h68nPF8ﬁng§t°Fst e PEESER Y HAY %4%?%95 %b |8& F&P@b 4i¥§ torimary
al cohol or the ether for use as the naterlal be a%lusted to 75@6or | ess,

nore pref BRELPPREEiR0G, Smalds amoynt of |an Flka etal, such as

10 1lithium and potassium, an alkaline earth metal, such as
magnesium and barium, and a rare earth metal, such as
lanthanum. No particular limitation is imposed on the
shape and size of the alumina catalyst: the alumina
catalyst of any size and shape, including granule, pellet,

15 and cylindrical shape, may be used depending on the shape
or the size of the reactor.

Examples of an amine for use with the alumina
catalyst in the process of the present invention include,
but are not limited to, primary amines such as butylamine,

20 hexylamine and octylamine; secondary amines such as
dibutylamine, dihexylamine and dioctylamine; tertiary
amines such as tributylamine, triethylenediamine,
tetramethylethylenediamine and N,N,N’,N’'-tetramethyl-1,6-
hexamethylenediamine; and cyclic amines such as 1,8-

25 diazabicyclo[5.4.0]undeca-7-ene, pyridine and



10 preferably to 65%or less in order to increase the proportion of the
a-olefinin the entire olefin products in the reaction mxture to a degree
that does not require nmultiple distillation or purification processes. In
addition to the olefin products and water, the 15 reaction m xture contains
unreacted material (3.e., primary al cohol or ether), am ne, and one or two
ki nds of ether internediate produced in the reaction. The ether
internmedi ate produced in the reaction is an ether with the structure

R - O Rl wéddmethliaminenyighigie 20 with the structure RI-O-H is used as the
material, whereas when an ether with the structure RI-O-RZ is used as the
mat eri al, two t ypdd.eofamdiniee maynber Msdidatianr anwiampuite sttr vestures R-ORL
and RZ-0-R2, result. For exanple, if n octanol is used as the material, the
et her i nt eypechiadiley Afsed |dn En cGimonintt ceff Herl tid 208Bybylingdss | i angd andré he
conponents with relatively | ow boiling points, such as the olefin products

and wat er priefePabA3Lt G M tafcunt [/EE WUkaed Sk oy aidse with thespéber
internedi ate are collected as a residual solution. Then, 5 at |east part of

the resi dya) +3Q YridhrSARRBHAL Winathd G EHEr neasd | 89 EYS R dLi 1 oduce the
cx-olefin. In thé process of the present invention, this procedure hel ps

reduce the anouq.heof]:e\éﬁ%a‘ttj_%nsglr%tg'e%% aﬁd ﬂﬂécr;ﬁ%s_ﬁ]ﬁe@ rWéi‘FEi(btn )ﬁ%%’%\n’ th

respect to the nmaterial used i nmplied escription t he

am ne for c‘é&@:i\@c# %J%ﬁ)f'&ﬂﬁaat%%} eﬂﬁ’oﬁn i éﬁ}ﬁﬁiém%ﬁ??ﬁd:{lﬂﬁ '@5@ nt

invention 1S prefera one Is readi[y separable fromthe intéended

o mary. aRERCR Hiace ane Fe g R e otk o AT B ke U o
amne is one,that has a hailin oi nt higher_than e boilin ojnt of the
"t ended EOREIFHAE FAACTAR PHIFORF CRthin o Dief e oreadtbfCLs
10 preferred in view of its simple operation and productivity.
Preferably, the fixed bed reactor is an ordinary, single-
or multi-tubular gas-phase fixed bed reactor.
| While the process of the present invention may be
carrlied out at any reaction temperature, it is preferably
15 carried out at a temperature of 150°C to 350°C and more
preferably at 200°C 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 is properly determined depending on
20 the type of the material 1n order to maintain the reaction
in gas phase and 1s preferably in the range of 3 to 500kPa,
and more preferably in the range of 30 to 300kPa.
Although the amine, and the primary alcohol or ether
may be simultaneously fed to the reactor filled with the

25 alumina catalyst through independent routes, it is



preferably by 50C or nore, under atnospheric pressure. Upon use, such

am ne, along with the unreacted material and 20 ether internedi ate, renains
in the residual solution that remains after the conponents with relatively
l.ow boiling points, including the olefin products and water, have been
distilled out fromthe reaction m xture. This is advantageous since no
further am ne needs to be added or 25 m xed when at |east part of the
residual solutionis 12 returned to the reaction system For exanple,

when n ocPaedleryes iposdamh®s siinmlspmrperatiensapd)corstregtient teat
material, the product is 1-octene (bp: 121C under atnospheric pressure) and
t he etherthntemde@i@Beﬁi;sﬁ-miﬁbdxn@ﬁheﬁh&nptimarﬁS&Ib@hdbroathhspheric
pressure). A preferred amne in this case is for exanple octylam ne (bp:

177C undeetaketDspeing LI Matdridluihd aforme 4 hplxdHE, wadech ainospheri c
pressure) or N,N,N N -tetranethyl-1,6 hexanet hyl enedi am ne (bp: 210C under

at mospher itgrr @S e tolQH‘éJtréH&%xcaﬂltﬂﬂi RFDaesthef al bfida eé&ﬂél*é‘t’ ention
for producing c~-olefins yield an a-olefin at a high proportion w

respecy tenkheag@l iaite Wit RHY GPiustire B fda Al S0rk@N-dRELLAI Dst hE
catalyst activity for a prolonged tine. Furthernore, the process of the

pr esent Q&ggtg;?g_g_ lno%elﬁra?]rgferlﬁe Pf i Mﬁctggdnﬁi.gjfé?ég@d%éh: et her

i ntermedi a eactlon using e sane ca
oo SRR 13 A S A REUE AL 40 e
i nt ended £52 's's St airls o ke igﬁa’r’t&% T %on%‘?ﬁwnt the
scope of the invention_ in any way. Exanple 1 25 A 1500mm | ong gl ass tube
react or WPEhttge & 1orkefin in” the entire olefins in the reaction
10 products at a sufficiently high value, as required, for
example, for the material of polyolefins, 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.
15 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 inert gas to
be fed 1s preferably in the range of 0.1 to 1000L per 1lkg
20 of the material (i.e., primary alcohol or ether), and more
preferably in the range of 0.5 to 300L per 1lkg of the
material.
The reaction mixture so obtained is subjected to

simple distillation process to separate the intended « -

25 olefin, other olefins including internal olefins, water,

10



13 di aneter of 22mmwas filled with 20mlL of a r-alum na catal yst (N613N))
manuf actured by NI KKI Chemical Co., Ltd., and was heated to 300C by an

el ectric furnace. n-octanol (bp = 196C) added with 1% by mass of
n-octylamne (bp =5 177C) was fed to the tube reactor under atnospheric
pressure at a rate of 52ml/hr (LHSV = 2.6hr-1). During the reaction, the
tenperature at the center of the catal yst |ayer was naintai ned at 300C. The
reaction gas obtained at the outlet of the tube reactor was passed through
a 10 condandebthercenpfippaentsd @and dF ndtesszast,i dhdnatoylLefas a sol ution.
Part of the reaction m xture was collected at predeterm ned tinme points

t hrough t Beacttbacisl fulreheeapuirdF iad uwsahgraichiadides gascic lgomat ogr aphy.
The reaction was carried out continuously for 150 hours. The 15 results are

shown in Eﬁékgﬂafe%awto%b%%wwao @Laﬂéfiﬁa@f Yﬁfé%b@”a’é’aﬁ observed in

the conversion rate through the course of the reaction. TABLE

React | onCapyey Eh.%ﬂﬁigeﬁ& P&I(flq@ft Rdi¥eld P Rrvl U A (eéQa%Bfé‘,es*

et her |nterne i ate por oct’ene/ oct enes

9@153% gggobé8§3§2348§6§%9§§%%&5% 96048366499. 38049326899. 41 0048336799. 0

12047 iI*-n-octyl ether 14 Exanples 2 to 4
ESLd??FBnSf a??ﬂﬁﬁéﬁép%gﬁessxeic%hsﬂge“r%eﬁ { RBPEREemma Y d*hdded o
n-octanol pre eE:(J):e h%ha¥b%he rc%%%te(:)crsio-ll;mg‘a urs af H'leer [}rhiemarreyacatll.coon hlad been
started,
or the ether for use as the material be adjusted to 75% or
less, more preferably to 70% or less, and still more
10 preferably to 65% or less in order to increase the
proportion of the ¢ -olefin in the entire olefin products
in the reaction mixture to a degree that does not require
multiple distillation or purification processes.
In addition to the olefin products and water, the
15 reactlon mixture contains unreacted material (i.e., primary
alcohol or ether), amine, and one or two kinds of ether
intermediate produced in the reaction.
The ether intermediate produced in the reaction is an
ether with the structure R'-0-R' when a primary alcohol
20 with the structure R'-O-H is used as the material, whereas
when an ether with the structure R'-0-R? is used as the
material, two types of ether intermediate, having the
structures R*-0-R' and R?*-0-R?, result. For example, if n-

octanol is used as the material, the ether lntermediate

25 will be dioctyl ether.

11



part of the reaction mxture was coll ected and was anal yzed by gas

chromat ography. Am nes used in respective Exanples are as foll ows:

di met hyl am nopyridi ne (bp = 162C under 6.7kPa) for Exanple 2;

1, 8-di azabicyclo [5.4.0] undeca-7 10 ene (bp = 81C under 79.8Pa) for
Exanple 3; and N,N,N ,N tetranethyl-1, 6-hexanethyl enedi ami ne (bp = 210C
under atnospheric pressure) for Exanple 4. The results are shown in Table 2
bel ow. TABLE 2 ConversionSel ectivity (% Ex. No.rate of n-octano

(99 Cct enes* et h&y disttdrliidaigatoeylr diyoy tcamparieritHotierte/ el #nvely low

(99 228. 326. 074. 0>99. 5316. 621. 578. 5>99. 5460. 240. 7 ~59.398.6 15 * di-n-octyl
et her Conmaridtine dodargd e shdim dnglis a6 lefifxprpdects aeacwateryasrémrri ed
out under the sanme conditions as in Exanple 1, except that no am ne was

added to0 ReRWt¥IOMik&AItD, e WihedE0ed AatdDaOah@UfBe abEREt e reaction
had been started, part of the reaction m xture was coll ected and was

anal yzed Ry 1Qasmel ate HURINAWARNYG J6 B4 dfa Bl So BRLYER N Thadl & 3

bel ow. Conparative Exanple 2 In Conparative Exanple 2, reaction was carried

out unger 3 U ANTIdd Ui B dImBE B fuds o XCERTd NPL B RARE. T 02t ed

al um na was use no am né€ was 0 n-6ctanol fed to

the tube reactor. .The base treated al um na was pre%ired Ln the foll ow ng
manner . Athe reaction system to produce the d-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.

10 As implied by the description above, the amine for
use with the alumina catalyst in the process of the present
invention 1s preferably one that is readily separable from
the intended ¢ -olefin and can thus be collected along with
the unreacted material (i.e., primary alcohol or ether) and

15 the ether intermediate. Specifically, the amine is one
that has a boiling point higher than the boiling point of
the intended @ -olefin preferably by 30°C or more, and more
preferably by 50°C or more, under atmospheric pressure.
Upon use, such amine, along with the unreacted material and

20 ether intermediate, remains in 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 is
advantageous since no further amine needs to be added or

25 mixed when at least part of the residual solution is

12



-alum na (RN-03, manufactured by M ZUSAWA Chenmical Co., Ltd.) was inmersed
in an aqueous solution of sodium 10 hydroxide with pH 9.9 at a ratio of 5g
7-al um na per 100mlL of sodi um hydroxi de solution at roomtenperature for 24
hours. The alum na was then washed with water, dried and baked. Two hours
after the reaction had been started, part of the reaction m xture was
col l ected and was anal yzed by 15 gas chronmat ography. The results are shown
in Table 3 below. TABLE 3 ConversionSelectivity (% Conp. Ex, No.rate of

n- oct anol réthonednte* theheeachtiennsyis&iealRr oPort ezampile]- wheanaloct enes

(99 193.497.52.582.0246__ 67.9 ~32.197.0 * di-n-octyl ether As seen fromthe
resul ts obctanpar ¢bpyelbsacpuadel atmhodphleht PPIRFIre) dfs s enne to the
entire octene 20 products was significantly reduced when no am ne was

added, |e€ﬁé“ﬂa£8r&9§ | RS hrballe¥ H@fQV%b%@d% r@pul 1214 thiegh the use of
t he base treated al um na increased the 16 proportion of 1 octene to the

entire ocheiSsphasie! prblaChghanal (oEKimLe hdtmomiared d qulapar at ve

Exanmple 1 e I ncrease was sti i ndustrially 1 nsu anple 5 5 1In

Bxanple ?ﬁaﬁcgm rwgﬁpcsa%wegggggaewg%@otﬁg@ﬁﬁ%eg&%%dsuyegns g In Exanpl e

1 exceép n-oc¢ (bp =
di net hyl C d kP d to.th t
under 2t nBERREFFEd,ABLEEr 47, R15, KAELAS S0 krdibe e A bR T,

hour s aft r the r act| n had been started, part, _ of the
E under a mospﬂergc pressure),ptributylamlne (bp: 216°C

under atmospheric pressure) or N,N,N'N’'-tetramethyl-1,6-
hexamethylenediamine (bp: 210°C under atmospheric pressure).

10 Not only can the process of the present invention for
producing ¢ -olefins yield an ¢ -olefin at a high proportion
with respect to the entire olefin products, but it also can
maintain the catalyst activity for a prolonged time.
Furthermore, the process of the present invention allows

15 the use of the unreacted material and the ether
intermediate by-product in the reaction using the same
catalyst. As a result, the ¢ -olefin can be produced in an
industrially and environmentally advantageous manner.
Examples

20 While the present invention will now be described
with reference to Examples, they are intended to be only
1lllustrative and not restrictive and do not limit the scope
of the invention in any way.
Example 1

25 A 1500mm-long glass tube reactor with the inner
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reaction m xture was collected and was anal yzed by gas chromat ography. The
results are shown in Table 4 below. Exanple 6 In Exanple 6, reaction was
carried out under the sanme 15 conditions as in Exanple 1 except that
n-octanol (bp = 196C) added with 1~ by nmass of 1, 8-di azabicyclo [5.4.0]
undeca-7-ene (bp = 81C under 79.8Pa) was fed to the tube reactor under

at nospheric pressure at a rate of 26nL/hr (LHSV = 1.3 hr'1). Two hours
after the reaction had been 20 started, part of the reaction m xture was
col | ect eddaanletas efiakmmdwby gadlelr wadhogbaphpf dhe rabluwhisaare shown in
Tabl e 4 below. Exanple 7 In Exanple 7, reaction was carried out under the
sane 25 coatlalyshs(M61BN)Exmaph€attuerdepy NAXKIt Chemiloalr €act,ol.td., was
heated to 280C by an el ectric furnace and n-octanol (bp = 196C) added with
1% by masanaf whlsNnéatdd tet saveChpl- anbehexaidichyemadean AeochAns1210C)
was fed to the tube reactor under atnospheric pressure at a rate of 5
52/ hr (kbBV==1866Chr adied &hithhast eyPREaEULE al Jdtg1GaR (Bp the

catal yst layer maintained at 280C t hrough the course of the reaction. Two

hours maft g4t Be {;gackL@NtBagnkeelnal 2ehe¥orPanlie®! althfospiRGlicon m xture was
col l ected and was anal yzed by gas chromat ography. The 10 results are shown

v S5t A8 GALORHS Bl TPkl O o B MBusthg e
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

10 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

15 results are shown in Table 1 below. As shown, no

significant variation was observed in the conversion rate

through the course of the reaction.

TABLE 1
Reaction Conversion Selectivity (%)
time rate of octenes * ether Proportion of
(hr) n-octanol intermediate | 1-octene/octenes
(%) (%)
1 56 35 65 99.1
20 49 36 64 98.8
40 48 33 67 98.9
60 48 36 64 99.3
80 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

14



1-octene/ octenes (~)558.061.438.698.5668.673.326.77.4 9717.531.3~ 68.7 ~_
>99.5- * di-n-octyl ether 15 Exanple 8 In Exanple 8, reaction was carried
out under the sane conditions as in Exanple 1, except that nethyl octyl
ether was used in place of n-octanol. As shown, the conversion rate of

met hyl octyl ether was 25.0% wth the selectivity 20 for entire octene
products being 72% The proportion of 1 octene to the entire octene
products was 98.5% 18 Exanple 9 In Exanple 9, reaction was carried out
under t heEXamRlesndli tPohs as in Exanple 1, except that a residual solution
remai ning after octenes had been renoved by sinple 5 distillation of the
reacti on m xt urRomlgadnesf | BxdEnabgs €2 1toas, useactionhwasacariaed out
(conposition: 67 mass % n-octanol, 32 nass % dioctyl ether, 1 nass %
n-octyl anamiyr fihe sanposohdbhiohstlae imsBkainpller #ackkeBphl thdateawas as
follows: 43.7 mass % n-octanol, 26.0 mass % di-n-octyl 10 ether and 30.3
mass % ocdEfiesrerdbeaing@oisi 88d€f foO0Rslt8B8Lah6olt Bedebi theO&lhBBE products
was 98.5% These results indicate that the unreacted material and the ether

i nt er gedi pdLc66PAr AR S A taat athd YA dHEor Gasd | e XtalF€egan al so
serve as an efficient material for the 15 reaction. Exanple 10 In Exanple

10, reactyon Vs Gﬁérfé&'c@i'&nUrﬂﬁfEuI:Qewéé‘”@oi@@@'t&hoﬁﬁda%ab”aﬁéi%leﬁ 1)

except t hat n-nonanol was used in p ace of n-octanol he conversSion rate

of n 20 n(g)yagg)é éfﬁforﬁgtég/%ai%§h e s qeddd i iy f@épggﬂ\'}g BN e s
are as follows: dimethylaminopyridine (bp = 162°C under
6 .7kPa) for Example 2; 1,8-diazabicyclo [5.4.0] undeca-7-
10 ene (bp = 81°C under 79.8Pa) for Example 3; and N,N,N’,N'-
tetramethyl-1l, 6-hexamethylenediamine (bp = 210°C under
atmospheric pressure) for Example 4. The results are shown

in Table 2 below.

TABLE 2
Conversion Selectivity (%)
E rate of Octenes * ether Proportion of
x. No.
n-octanol intermediate | 1l-octene/octenes
(%) (2)
2 28.3 26.0 74.0 >99.5
3 16.6 21.5 78.5 >99.5
4 60.2 40.7 59.3 98.6

15 * di-n-octyl ether
Comparative Example 1
In Comparative Example 1, reaction was carried out
under the same conditions as in Example 1, except that no
amine was added to n-octanol fed to the tube reactor. Two
20 hours after the reaction had been started, part of the

reaction mixture was collected and was analyzed by gas

15



products being 38.9% The proportion of 1-nonene to the entire nonene
products was 98. 7% Exanple 11 In Exanple 11, reaction was carried out
under the 25 sanme conditions as in Exanple 1, except that n-decanol was 19
used in place of n-octanol. The conversion rate of n decanol was 40.2k with
the selectivity for entire decene products being 39.5. The proportion of
1-decene to the entire decene products was 98.6. 20 Clains: 1. A process
for producing an a-olefin through elimnation reaction of a prinmary al cohol
or an et hehromphegEephyzedThe Xes¥lEH aFenfhaweainl Jables3ubedown the 5
presence of an am ne. 2. The process according to claim1l1l, wherein an ether
i nt er nedi GovpprativedEkamphe 2eaction, along with unreacted primary al cohol
or ether, is separated and collected fromreaction products, and at |east
part of the colircCedpatitivdOEkanpleed ateacahdnunasachedipd warty al cohol
or ether is returned to the reaction system 3. The process according to
claim 1 oanderWiReeEsAmktheoadliiéons aBeihawikagmpaebai,| ekeepd Hhat gher than
that of the ~x-olefin product by as much as 30C or nore under 15

at nospher§sBL e28HERA éluﬁﬂﬁapwa§eﬁ§eacﬁgr@h@gchaQQ%toﬁﬂdQEdﬂdﬁﬂHé]-tO 3,
wherein the primary al cohol is n-octanol. 21

. AF( 3. A3l wAYYa é&EdAEE ﬁEgc%ENglAEXdA¥8 Rhie- %M%eAEeé%toéa A$naphse -
aY. A3N. A. A29P "/ 05D

o xem 6 gLeplen salastickag) boakiol sl spboshosh el pbashaal oo ca o
~alumina (RN-03, manufactured by MIZUSAWA Chemical Co.,
Ltd.) was limmersed in an aqueous solution of sodium
10 hydroxide with pH 9.9 at a ratio of 5g 7 -alumina per 100ml
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

15 gas chromatography. The results are shown in Table 3 below.

20

TABLE 3
Conversion Selectivity (%)
Comp. Ex. rate of octenes * ether Proportion of
No. n-octanol intermediate | 1l-octene/octenes
(%) (%)
1 93.4 97.5 2.5 82.0
2 46 67.9 32.1 97.0

* di-n-octyl ether

As seen from the results of Comparative Examples 1

and 2,

the proportion of l-octene to the entire octene

products was significantly reduced when no amine was added,

leading to the industrially unfavorable results.

Although

the use of the base-treated alumina increased the
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10% & ()-10%& ()-!'f @O%F& () - Ef F10% & ()-"'10% & () -
Y10% & () crHaP %4 & (3 -8 P &g hé&/é &€ der DERE, JéQc/@oﬁ)nad been
*10% & ()-(10% & () - &100(& () 3! 10% & ()-"10% & ()-=z, gd
8&$19 ¢ & s(i) 16c1 %iﬁ?a action mixture was collecte s

10% & () - 2tllo%i& ()- 0I 10%{& () 3. @10% & () - QCLOY& () - 10%& ?)-10%&' ()-L3T
109%& .
10( @9510% & (%%E%ﬁl%@fﬁ?'??t%ﬁg)&y A TP AR 1 W8 () -

210%& () "pdpie 4 GEDGYS 109%& ()- "1 10% ()- 3

Example 7
In Example 7, reaction was carried out under the same

25 conditions as in Example 1, except that the tube reactor
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109%&' ()-s310%& ()-M 10%&' () - YSz#109&' () -
+5cdEbCO10%&' () - F. $109&' () -, 109%&' ()-F * 10%&f()-(1OW&T()-&10%&T()-EdYNC 10
10 10y<s10%&' ()-F&9 10%& ()-37S10%& ()-5 10%& ()-310%& ()-' ™ { dEYNC 3
910%& ()- 10%& ()-3 Y10%& ()-10%& ()-10%& ()-s!10%& ()-J{ HIEYNC L!10%& () -
10%&f() 3y10%& ()- 109 ()- YL10%& ()-S10%& ()-H=xdEYNC *:!10%& () -

D 109K () - &10%&' () - F$$10%&' ()-" 10%&' ()- !'10%&k ()-X \ dEYNC
3710%&'()-,510%&'()-3!10%&'()- 1 10%& ()-3. 10%& ()-,910%& ()-CbClO0%& () -
109& () - #88&héated0td0280°C by an electric furnace and n-octanol
10S<s10%& ()-3L9! 10%& () -*edEbCs10%& ()-| GLOY& ()-Sz109%& ()-9
109&' () - (BPYE (I6TCLO&RAEN- ButHEDE B$1ANEs( p£" MOKEN( ), N' -109& () -T
109& ()-10%& ()-1ym10%& ()-]"]dELC1L 109%& ()-1/!10%& ()-,S 109%& ()-*T
109& () - Feét2Q¥&LR 1&10%/¢Ehé§:am8th§hé?(é@1&9uﬁ@ 18t lo%&oéb)Y%% 1¢Ws ()-F
F7109%&' () -, 5@0% ()-3{10%& ()-1 @ dEYN
8 109 (4o FehdOiob) 2200 ﬁ):a@l-,o bl EordQMrbLeni-lO%E () TMAEYC
s!109&' ()-Y 109%& 10%&' ()-10%& ()-11 109&: ()-yS10%& () - 2nKdEYNC

5 52mL/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

10 results are shown in Table 4 below.

TABLE 4
Conversion Selectivity (%)
Ex. No. rate of octenes * ether Proportion of
n-octanol intermediate | 1-octene/octenes
(%) (%)

5 58.0 61.4 38.6 98.5

6 68.6 73.3 26.7 97.4

7 17.5 31.3 68.7 299.5

* di-n-octyl ether
15 Example 8
In Example 8, reaction was carried out under the same
conditions as in Example 1, except that methyl octyl ether
was used in place of n-octanol. As shown, the conversion
rate of methyl octyl ether was 25.0%, with the selectivity
20 for entire octene products being 72%. The proportion of 1-

octene to the entire octene products was 98.5%.
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109%&' ()-10%&' ()Irs Example 9, reaction was carried out under the same

109 ()-Y!'10%&' ()-109%& ()-!109& () - ##$IPSSSAENMDCE&- 109&' () - +: 10%&' () -) 109&’ (
-3 conditions as in Example 1, except that a residual solution

"109%& () - Y$10%&' () -"10%&' () - $W/RBEE>&JENMDCF9" 10%&' () -1 7y109& () - S5& 109&' ()
- L3! 1098 £3m@1A0/¢ 4FtEr/ 0dBBRet) hadBBAREEEMEHED 6F18%hiple- 3 910%& () -
10%&' ()- 109%&' ()- 10 10 10S<10%& ()-']""

(A(] (8ELCEL 4981 411 3RY8E (Lhe! 28%&tEbnYMixture obtained in xamfle 1
109! () - @O%& ()-"10% ()-| ((()W)) dEbC MLOY&' () - FS#10%& ()-" 109 ()-

1006 () - 108 £308108ELA4 bt 5151 IFRCRBIAYEL Oh: SEHIAUES ) b oLAURM), -
109 ()-+f 10% ()-3 ) , ta+++++++xnbhCML

10y <10%. 43 - ROEL 0 i&&gio?/&é} SpymlER ) o2 § amq%rybCfﬁa;ow ()-F

LZ&O%&' -3 "1 A& 0Y&' r100& F 10% r--- S e
iggfi; a8 %"f@%ﬁ%@%Oéf}&ﬁ%g#i%%éyflS?%S&iph hFubl e/ 1/ AEMTOG 2
s () ESNEERT A mads (3 prabhgasy ) 63080§fﬁf1fb8@ OO 8g 100 ()-

10 ether and 30.3 mass % octenes. The proportion of l-octene
to the entire octene products was 98.5%. These results
indicate that the unreacted material and the ether
intermediate separated and collected from the reaction
mixture can also serve as an efficient material for the

15 reaction.

Example 10

In Example 10, reaction was carried out under the
same conditions as in Example 1, except that n-nonanol was
used in place of n-octanol. The conversion rate of n-

20 nonanol was 38.5%, with the selectivity for entire nonene
products being 38.9%. The proportion of l-nonene to the
entire nonene products was 98.7%.

Example 11
In Example 11, reaction was carried out under the

25 same conditions as in Example 1, except that n-decanol was
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