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PROCESS FOR PREPARI NG ALKYLENE OXI DE ADDUCTS 4%0 La(§ - -y
BACKGRCUND OF THE | NVENTI ON Field of the Invention 5 The
pfesent invention relates to a process for preparing an aIkQPéHé@’
oxi de adduct of ah organi ¢ conpound havi ng active hydrogen.

D scussion of the Related Art 10 Al kyl ene oxi de adducts  have
recently becone I ncreasingly sigmficant in such applications as
surfactants, starting materials for toner binders, and anti - f oam ng
"~ agents. In addition, since the devel opnent of their appl i cations and
i nprovenent in perfBRﬁ@ES& FOR PREPARENGe 8LEYLENEpPEERESADBUCESepar i ng such
al kyl.ene oxi de adducts at low costs is in demand. The nost inportant
al kyl ene oxi de adducts are those in which an al kyl ene oxi de i s added
to an alcohol, a fatty acid,_an aliphatic am ne, an aliphatic am de,

or a fatty acid ester, the BAFKGR tQH gr Bl MWW de adduct

constitutin ver o fant grou of noni oni ¢ surfactants.
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5 The present invention relates to a'process for
preparing an alkylene oxide adduct of an organic compound

having active hydrogen;

Discuésion-of the Related Art

10 Alkylene oxide adducts have recently become
increasingly significant in such applications as
surfactants, starting materials for toner binders, and
anti-foaming agents. Ih addition, since the development
of their applications and improvement in performance are

15 expected, a process for preparing such alkylehé oxide
adducts at low costs is in demand. The most important
alkylene oxide addudts are those in which an alkylene
oxide is added to an alcohol, a fatty acid, an aliphatic
amine, an aliphatic amide, or a fatty acid ester, the

20 resulting'alkylene okide adduct constituting a very
important group of nonionic surfactants.

The above alkylene oxide adduct may be prepared, for

instance, by contacting the alkylene oxide'with the
orgaﬁic compound having active hydrogen by a process

25 comprising spraying an alkylene oxide to an organic



The =mbove al kyl ene oxi de adduct may be prepared, for [

\ ( _ , I nstance, b
cgptactlng the al kyl ene oxide wth the or gani ¢ conpound havi ng agtive
grg;ﬁggn by a process 25 conprising spraying an al kyl ene oxide to an

g _ - 2- conmpound
having active hydrogen, or alternatively spraying an organigp
conpognd havi.ng active hydrogen to a reac2of filled wth an al kyl ene
oxi de; and carrying out addition reaction therebetween. In both

cases, the al kyl ene oxi de 5 I s added in accordance w
of the reacttompound hapingeeetigenhY@ﬁﬂgﬁnopQFa§l€ﬁ6?aE}¥éﬂ$é£§E§%f'rﬁss
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process (semi-batch operation), and the réaction mixture
in a state of liquid is stirred until a point where a
desired amount of an alkylene oxide is reacted.
In addition, Japanese Patent Laid-Open No. Sho

10 55-49332 discloses a process for preparing an alkylene
glycol monoether by using a fixed bed apparatus in which
clay having a Montmorillonite structure exchanged with a
particular cation is used as a solid catalyst.

This process has the following advantages:

15 1) An alkylene glycol monoether can be prepared in a
high yield from an alcohol and an alkylene oxide; and
2) Since a solid catalyst is uséd, steps, such as
separation of a catalyst and after-treatments, can be
omitted. |

20 However, since the process is involved with a liquid-'
liquid fixed bed reaction in which an organic compound
having active hydrogen and an alkylene oxide are reacted
in a state of liquid, the addition reaction dramatically
proceeds at an inlet of the reactor. Therefore, in

25 certain cases, there arise, for instance, the following



hi gh*yield froman al cohol and an al kyl ene oxi de; and . 2) Since a

solid catalyst is used, steps, such as '

akter-treatments, can be .p - omtted. 20 separatLgaesgra gﬁhggyfheand
process is involved with a Iiquid- liquid fixed bed réaction in
whi ch an organi ¢ conpound havi ng active hydrogen and an al kyl ene
oxi de are reacted : in a state of +i3jutd, the addition reaction
dramatically - proceeds at an inlet of the reactor. Therefore, in 25
certain cases, there arise, for instance, the foll ow ng ’

pr obl ens: probléms:A drastic tenperature rise omﬁng to the exothermc

reaction by the addition of the al kyl ene oxide, take t hereb
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5 Ca%glyshlgﬁerb%%% pr§895¥§5n-bk %ﬁe alkylene oxide to the

alcohol, larger the amount'oflexothermic heat, so that the
quality deterioration is likely to take place.
In addition, Japanese Examined Patent Publication No.

Hei 7-2662 gives examples of a liquid-liquid fixed bed

10 reactor using a similar catalyst as above. However, it is
required that a large amount of a liquid is circulated,
and that the amount of molar additions of the alkylene
oxide is relatively controlled to a low level in order to
suppress the exothermic heat and pressure increase upon

15 reaction. In other words, in order to suppress exothermic
heat and pressure increase, the amount of molar additions
of the alkylene oxide shouid be relatively controlled %o.a'
low level, thereby consequently making it practically
impossible to prepare an alkylene oxide adduct having a

20 large number of molar additions. In order to prepare an
alkylene oxide adduct having a large number of molar
additions, the resulting reéction mixture can be
circulated and reacted. However, in such cases, the
production efficiency can be notabl& lowered.

25 In the addition reaction of the alkylene oxide by



requivted that a large anmount of a liquid is circul ated, and that the

anount of nolar additions of the al kyl ene oxi de i ' '
centrolled to a low |l evel in order tg suppressetLZ 2323L2¥§!Z heat
and pressure increase upon 15 reaction. In other words, in order to
suppress exothermc : heat and pressure increase, the anount of nolar
addi tions of the al kyl ene oxide shdutd be relatively controlled to a
| ow | evel, thereby consequently making it practically i npossible to
prepare an al kyl ene oxi de adduct having a 20 | ar ge nunper of nolar
additions. &mplogengta Eiepdr bednreactor; atkerenbaugi et BeeRt TAMng a

| arge number of nolar additions, the resulting reaction . nixture can
be ci anuesamplanvhesecthe. npphevePf Wﬁl§ﬁcﬁd€g§i9?st%§ larger

production efficiency can be notably | owered 2 -
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Japanese Patent Laid-Open No. Sho 52-151108 discloses
an addition reaction of ethylene oxide using a
conventional homogeneous base catalyst in a tube-type
10 reactor having a mode of reaction similar to that of the
liquid-liquid fixed bed reaction. This method is involved
with a liquid-ligquid homogeneous reaction, not a fixed bed
reaction, the method having a mode of reacfion similar to
that of the ligquid-liquid fixed bed reaction. This
15 publication shows in its comparative examples that it is
difficult to increase the number of molar additions of the.
alkylene oxide. |
In Comparative Example 1 of the publication, it is
disclosed that a higher alcohol having an average
20 molecular weight.of 208 adjusted to 170°C is fed to a
reaction column having an inner diameter of 9.4 mm and a
length of 25 m at a flow rate of 3.75 kg/hr, and ethylene
_oxide is fed from an inlet of the reaction column at a
flow rate of 2.4 kg/hr. Under the above conditions, the

25 highest temperature at 1.8 m from the inlet of the



to be" overcone. Japanese Patent Lai d-Open No - |
dksclosgs an addition reaction of ethylenecﬁxide us?gg 22 151108
coenventional honpgeneous base catalyst in a tube-type 10 react or having
a mode of reaction simlar to that of the liquid-liquid fixed bed
reaction. This nmethod is involved with a liquid-1liquid honogeneous
reaction, not a fixed bed reacti-org 4 he nethod having a node of
reaction simlar to that of the liquid-liquid fixed bed reaction
This 15 publication shows in its conparative exanples that jt is -
di fficult toréacttasecohemnuibed0d!Cnermoredi apdntheipregsure is al kyl ene
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From the above résults, in case of preparing by a
liquid-liquid fixéd bed reaction, an alkylene oxide adduct
having the same level of a number of molar additions, i.e.
3 molar addition, as this comparative example, there can
10 be easily deduced very high levels of exothermic heat at
an inlet of the reaction column and a pressuré increase
caused thereby.
Accordingly, an object of the present invention is to
provide a process for preparing an alkylene oxide adduct
15 having excellent broduction efficiency without
necessitating a high-level, pressure-withstanding
equipment.
- Another object of the present invention is to provide
a process for preparing an alkylene oxide adduct with easy
20 readtioﬂ control, thereby consequently makiﬂg it possible
to operate safely and stably by using a simple equipment.

These and other objects of the present invention will

be apparent from the following desdription.

25 : . SUMMARY OF THE INVENTION



reaction colum is 400C or nore, and the pressure is ' 100.

kg/cnerr].Gor nore, so that further continuati EReof—hem—- fpeacti on
b&cones difficult, thereby making the resul ting | THIS SH!{EETOH&&BEEU have
browni sh coloring and an extrenely viscous 5 st atREPLADED acti dal for
act uak use. _ Fromthe above results, Fmease=gr~preparing by a
liquid-liquid fixed bed reaction, an alkyd ene oxi de adduct havi ng
the sane | evel of a nunber of nolar additions, i.e 3 nol ar '
addition, as this conparative exanple, there can be_easily deduced
very high | evel s Tie epoédenti tnveatoss have ca@?ﬂ@‘ﬁl@%t A4l act i on

columm and a pressure increase caused there

Accor di n]gl y, remctbprchy ot gﬂ%‘bi@é%‘ﬁtﬂ*%rﬁ?%r??%"%/jd’n using i ovide a
process for preparing an al kyl ene OXI e addu

product i on efeaetippycoiung packed wi c%s%?f%ﬁl ?F§}¥ﬁ€' Vgrcellent

pressure-w t hstandin

pr esent |nvéﬁ??ﬁﬁrF§gtBhﬁFo%?Bgovgmen£s iB %Foduc¥io£n8f9§£iéﬁ& Cin é the

CEsS preparlng yl.ene

oxi de adduct h
P S oSt on GNP AR Bl meve sl

Wil TT phat by zepchEng BficaPhyFong LREAS n the seacelosiavgasion
SUMARY OF Ttﬁé'&%ﬁ%i&ﬁ@ oxide concentration in the liquid can be made
relatively uniform in the reaction column, so thét no
drastic exothermic heat and pressure increase incurred by
10 the exothermic heat take place. Therefore, the gas-liquid
fixed bed reaction can be operated safely and stably, and
the present invéntion has been perfected thereby.
Furfher, the present inventors have confirmed that in the
preparation according to the conventional processes, when
15 the number of molar additions of the alkylene oxide is
high, the quality deterioration takes place owing to the
reaction temperature rise by tﬁe exothermic heat, whereas
in the process of the present invention, unexpectedly no
quality deterioration of the resulfing alkylene oxide
20 adduct has been found.

The bresent invention pertains to a process for
preparing an alkylene oxide adduct, comprising the steps
of feeding an organic compound having active hydrogen and
aﬁ alkylene oxide to a reaction column packed with a solid

25 catalyst, and carrying out addition'reaction of the

et Has Been Re laced
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- 6 lf _ The present i nventors have carried out addition
reaction by a gas-liquid fixed bed reaction using a reaction colum
packed with a solid catalyst, and confirmed that inprovenents in
production efficiency in a 5 high-concentration catalyst reaction. They
have found ~ that by reacting an alkylene oxide in the state of a gas,
the al kyl ene oxi de concentration in the-17aquid can be made relatively -
uniformin the reaction colum, so that no drastic exothernic heat
and pressure increase incurred by 10 t he exotherm c-heat take pl ace.
Therefore, téeggatel compdund havmgedcbbwerbﬁ@w%nc%ﬂbea%p%ﬁﬁ( Qafely -
and stably, and ] the present invention has been perfec{ed t her eby.
Further, theopidechn angaatdigquidyEizedspedererfiionn yhgrein they oaration
according to the conventional processes, m?en 15 e ou r of nolar
adgltlors of alkplaneypehdeckpqini @ state qf jgas:fRd e P39%U S i orati on
t akes place owing tQ the reaciiqn tenperatur | byt t herm
: : mc
heat , mherea§?mP°“nd|h?YﬁngPﬁségg %¥8Fﬂgeﬁr%ée%# %négﬁ ?o%? %ﬁ ﬁ%@étedly
no 5 quality deterioration of the resulting al kyl ene oxide
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
10 illustration only, and thus, are not limitative of the
present invention, and wherein:
Figure 1 is a graph showing-the relationship between
Re,, the particle-based Reynolds number bf a liquid, and
Re,, the particle-based Reynolds number of a gas;
15 '~ Figure 2 is a graph showing the relationship betweeﬁ
Re,, the particle-based Reynolds number of a liquid, and
: Rég,.the particle-based Reynolds'number of a gas; and
Figure 3 is a schematic view of a fixed-bed reactor
usable in one embodiment of the present invention, wherein
20 1'is'a reaction column, 2 a jacket, 3 a feed line for an
alkylene oxide, 4 a feed line for an inert gas, 5 inert
particles, 6 a feed line for an organic compound having
active hydrogen, 7 a solid catalyst, 8 an aging reaction
column, 9 an exhaust gas line,.and_lo a gas-liquid

25 separator.



20 “"adduct has been found. The present invention pertains to a

process for preparing an al kyl ene oxi de adduct, co I Si

[ . . . ; , rising the

ot feeding an organic compound in a liquid state having ggtive ) steps
hydrogen and an al kyl ene oxide to a reaction colum packed with a
_S$|Id catalyst, and carrying out-addition reaction of the '

-7- . organi ¢ conpound havi ng actd4 \& -hydrogen w th an al kyl ene

oxide in a gas-liquid fixed bed reaction, wherein the aliylene oxi de
is in a state of gas and the organic conpound_havi ng. active hydrogen
isin a state of |iqui DETAB.ED DESCRIPTION OF Hﬁg@ﬂgﬂﬂﬂ§§ﬁq PTI ON OF THE
DRAW NGS The present invention will bec nore ful

under st ood from t'heedergahid @@@D@ﬂ@@lQﬁW%ﬁ@eﬁFT&ﬁ%fﬁﬁﬂﬁQﬁ?n usaﬁie it the

acconpanyi ng drawi ngs which are given b
and thus, arthecpresentainyentioppis no Pa%F%%%&ﬁr}%v%#wi%?&rgﬁhoathgyh-

LU L 1S EdhafngP IRt LI At LPUSHLRDCHAEED ncge dlagg) - (e
partlcle basgg Rggnoes egg?bgamthérggsthereof and the like. , '
Examples of the alcohols include fatty alcohols each

having 6 to 22 carbon atoms; linear or branched, synthetic
alcohols each having 1 to 20 carbon atoms; phenols, such
as nonyl phenol, tribenzyl phenol, styrenated phenol,

10 paraoctyl phenol, and the like; monoglyceride,
diglyceride, glycerol, ethylene glycol, and the like.
Examples of the fatty acids include saturated or
unsaturated fatty acids having 6 to 22 carbon atoms.
Examples of the amines include primary amines; such as

i5 coconut amine, octylamine,. laurylamine, myristylamine,
stearylamine, oleylamine, and tallow amine; secondary
amines, such as distearylamine; and tertiary amines, such
as dimethyl coconut amine, dimethyl octylamine, dimethyl
decylamine, dimethyl laurylamine, dimethyl myristylamine,‘

20 dimethyl palmitylémine, dimethyl stearylémine, dilauryl
monomethylamine, and trioctylamine. Examples of the
amides inclpde alkyl alkanolamides, and the like.
Examples of the esters include fatty acid esters of
monohydric alcohols, such as lower alcohols, fatty

25 alcohols, and phenols; and fatty acid esters of polyhydric



15 Figure 2 is a graph show ng the relationship between

Re[err], the particle-based Reynol ds nunber of a liquid, and

Re[err], the particle-based Reynol ds nunber of a gas; and

Figure 3 is a schematic view of a fixed-bed reactor usabl e in one
enbodi mrent of the present invention, wherein 20 1 is a reaction colum,
2 a jacket, 3 a feed line for an - & eyl ene oxide, 4 a feed line for
an inert gas, 5 inert particles, 6 a feed line for an organic
conpound havi ng active hydrogen, 7 a solid catalyst, 8 an aging
reacti on  alcohmlaynsuch @s edthylsanewlydae, axmwlwea-’cgas liquid 25
separ at or .

DETAI LED DESCRI PExavdes 14 |thENfioene oxide 1n°ﬂH’éi%rJ(ﬁWﬁrc ESUE L

havi ng active hydrogen usable in he |nve on _is not
particul ar| Y¥idegefuch as e %smfjn‘iﬁ d? olaandsfatty

aci ds, am nes des ester m xt ure there f ke
Exanpl es of QW]&%W";H?T]CI%? S]E]'@y rb%h?fflsdseésaé'}?y be usréﬂd \?riﬁodl% to 22
car bon at ons; near o branche ng.hetic : al cohol s each having 1
to 20 rborPrat &é?ﬁf %egé’og as nonyl phenol, tribenzyl phenol,

styrenat ed phenolln addition, these alkylene oxides may be used
together with an inert gas, which is not particularly
limited as long as it does not hinder the addition
| reaction of the alkylene oxide. Concrete examples thereof
10 include nitrogen gas, helium gas, neon gas, argon gas, and
the like. Those inert gases may be used alone or in an
admixture thereof.
Examples of the solid catalyst usable in the present
invention include compounds of alkaline earth metal
15 elements, such as compounds of barium, strontium, and
calcium, including, for instance, barium phosphate |
compound (Ba,;(PO0,),): complexes formed between an antimony
pentahalide, including antimony pentabromide, antimony
pentachloride, or the like, and a Lewis base; an aluminum .
20 compound supported bj a gel carrier, the aluminum compound

being represented by the general formula (1):

Rl
NA1-X (1)
25 R?



10 "~ paraoctyl phenol, and the |ike; nonoglyceride, di gl yceri de,

gl ycerol, ethylene glycol, and the |ike. Exanpl es of the fatty acids
i‘ncl ude saturated or unsaturated fatty acids having 6 to 22 carbon
at ons. - Exanples of the am nes include primary am nes, such as 15
coconut amne, octylamne, laurylam ne, nyristylam ne, stearyl am ne
ol eyl am ne, and tallow am ne; secondary ipo - am nes, such as 1
di stearylam ne; and tertiary am nes, such as di net hyl coconut am ne,
di met hyl octyl am ne, dinet hyl - decyl anmi ne, dinethyl |aurylam ne,

di met hyl nyghatkehamknes £2Qorindi aeohy! apdl eathl afi Rt and R il
stearyl am ne, dil auryl nononet hyl am ne, and trioctylam ne. Exanples
of the hydzbigeas aton, uda allkyl griapohawingsl #ad2Phearbre, atoms,

Exanpl es of the esters include fatty acid esters of ric

nongh
al cohol s, sorhaaballogen altoshoWdthi proylses thataptofspst aRg B%eﬁglﬁf,‘d and
fatty acid esters of polyhydric ' -9-

alﬁorols, sﬁghi%saEth K¥hedEPYRol and gl ycerol . Exanpl es of the
al kyl ene oxi de include | ower alkyle ' [
e T Be spndeexamplifiod by dia1kpialuminul ¢15ors368 R NV ene oxide,

alkylaluminum difluorides; complex salts prepared by
adding to magnesium oxide one or moie metal ions selected
from the group consisting of Al*, Ga*, In*, T1%, Cco**,
Se*, La*, Mﬁ“, Ba?*, Si*', cs*, B*, Fe¥, Y*, and Ce* by
10 impregnation method or coprecipitation method; Al-Mg
compound 6xides represented by the general formula (2):
nMgOe Al,0,¢ mH,0, : (2)
wherein each of n and m is a positive number,
the compound oxides being prepared by baking and
15 = activating a composite hydroxide of aluminum-magnesium;
hydrotalcite; calcinafed hydrotalcite; zirconium
oxysulfate; and composites of a calcium salt, an aluminum"
trialkoxide, and an inorganic acid; calcinated
hydrotalcite group (for instance, a molded product of "KW
20 | 2000, " manufactured by Kyowa Chemical Industry Co., Ltd.
} can be used as a generally commercially available
| catalyst):; molded products of catalysts disclosed in
Japanese Patent Laid-Open No. Hei 8-323200; molded |
i catalysts made of MgO, CaO, BaO, Zno,'and the like.

i 25 The reaction column usable in the present invention



but yI*ene oxi de. Those al kyl ene oxi des nmay be used al one 5 or in an

adm xture thereof. In addition, these al kyl ene oxi

together with an-inert gas, -which is not particularry F?ﬁigzé gg Fiﬁd
as it does not hinder the addition reaction of the al kyl ene oxi de :
Concrete exanples thereof 10 I ncl ude nitrogen gas, helium gas, neon Qas
aggpn gas, and - the Iike. Those iner1 gases nmay be used alohe'or I n ah
adm xture thereof. _ Exanpl es of the solid catalyst usable in the
pr esent ~invention include conpounds of alkaline earth netal 15

el enents, sucd gife GHBKBMGALEH Hasolid catalystimwitieh servesg A% itim

I ncl udi ng, for instance, barium phosphate conpound

S i sy

or the |ike, thadreateips ¢alem dpq,;ﬁmi@blaric%%?%,upép}gﬂ%ghl)m;de,

gel carrier, the alum num conpound bej n Y

formula (1):size ewhich\can cool to an exke Sot 85 eé{\%éa?qng{liﬂﬁ gener al

Rlerr] 5 deterioration of.the alkylene oxide adduct owing to the

exothermic heat resulting from the reaction can be

appropriately selected. The inner diameter is preferably
from 9 mm to 2 m, more preferably from 15 mm to 1 m, still
more preferably from 20 mm tb 500 mm. From the viewpoint

10 of uniformly wetting the catalyst, the inner diameter is
preferably 9 mm or more, and from the viewpoints of
thermal removability and equipment costs, the inner
diameter is preferably 2 m or less. In addition, the
length is preferably from 0.5 to 12 m, more preferably

15 from 1 to 10 m, still more preferably from 1 to 8 m. From
the viewpoint of productivity, the length is preferably
0.5 m or more, and from the viewpoints of operational
conditions such as pressure loss, the length is preférably
12 m or less.

20 In addition,-in the process of the present invention,
since the pressure rise upon the reaction can be
suppressed, the reaction column can be desirably designed
to withstand a pressure of about 30 atm, preferably abouf
20 atm, more preferably about-15 atm, so that it is not

25 necessitated that the reaction column is designed to have



- 10 - wherein X is fluorine atom and each of R err] and Rlerr] is
hydr ogen atom an al kyl group having 1 to 20 carbon atons, or a

hal ogen atom with proviso that at | east one of R err] and Rlerr] is
an al kyl group, 5 and exenplified by dial kylal um num fl uori des and

al kyl al um num di fl uori des; conpl ex salts prepared by adding to
magnesi um oxi de one or nore netal ions- sk2ected -fromthe group
consisting of Al[err], Ga[err] , In[err] , Tl[err], CJerr],

Se[err], La[err], Mj[err], Ba[err], Si[err], Cs[err] , Blerr], Fe[err],
Y[err], andlsgail'dlck] wall Hor thenpeagridiionocodumno@sodne dheecage: of dhe

nmet hod; Al - conmpound oxi des represented by the _general fornula

(2): reactiomyCodumey fog garr]ryﬁﬂge,qqtqconventional liquid- (2)

wherein each of n and mis a positive nunber, t he conpound oxi des
bei ng pr epadd@wi@ Feastdomd 15 activating a conposite hydroxide of
al um num magnesi um

;)x_yslulkf at S; and Jé’rn?(?& %‘E?r{g?(:%’%%agﬁﬁ% géﬁ{p%i%ﬁ.%%d&%%&ﬁfp@r%iiﬁbgi reonium

ria i de, .an ' id; | ¢j I . '
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avai l abl e ), products -of catal ysts disclosed in

@%ﬁ”gg Pg;%& zslr%i,i% %éﬁit%hle%ﬁ k'iﬂ;si%égﬁ'@g:;ea'&idﬁﬁ column, & &hests made of
above substances may be provided at an upper portion of
the solid catalyst, so that the liquid phase and the gas

10 phase introduced to the solid catalyst can be prevented
from becoming ununiformed. The inert particles include
packings such as Raschig rings, McMahon packings, spheres
made of ceramic, iron or stainless.

Also, in the present invention, a multi-column type

15 reactor comprising a plurality of reaction columns may be
used.

The modes for carrying out the gas-liquid fixed bed
reaction in the present invention include; for instance,
gas-liquid, cocurrent, downward flow fixed beds;

20 gas-liquid, countercurrent fixed beds; gas-liquid,
cocurrent, upward flow fixed beds, and the like.

The organic compound having active hydrogen, the
alkylene oxide, and the inert gas are fed to the reaction

column, for instance, in the following manner. Here, in a

25 case where an inert gas is not used, the gas phase is



25 The reaction columm usable in the present invention

I s one packed with a solid catal yst, which serves as a reaction
field for the fixed bed reaction. The size of the reaction colum is
not particularly limted, and a size which can cool to an extent not
to cause quality 5 deterioration of the al kyl ene oxi de adduct ow ng to
t he exotherm c heat resulting f£amgthe reaction can be

appropriately selected. The inner dianmeter is preferably from9 m
to 2 m nore preferably from15 mmto 1 m still nore preferably
from 20 mm tcons3i tabedrbynthee alkydenentoxitde. Iof thdisf easley vdt disng t he
catal yst, the inner dianeter is preferably 9 mmor nore, and from

t he vi ewpoi mof afecessitatgéerthat rhepedthivilieng a%ddeqdispfed teodbe the

I nner dianeter is preferably 2 mor less. In addition, the

length is prsastismn qalawnp in @ statg ofpaas,r &nd ey alkylene oxide 1 10

m still nore preferably froml to 8 viewpoint of

product i vi t J8a%t e IFad IR i% sﬁaéieetofoll&nqui@"orgso.l@% (?Esher?olp&r aff from the
ergtn s AR Y Ene oxide GY'Yadi e UE he REERAH o0itmd."®
Also, in the case where the gas-liquid fixed bed
reaction is carried out under eonditions that the gas
phase is a continuous phase (hereinafter simply referred
to as "Embodiment-1"), an embodiment include, for
10 instance, a process comprising previously feeding an inert
gas to the reaction column to form a continuous phase of
the gas, and thereafter feeding a liquid organic compound
having active hydrogen and a liquid or gaseous alkylene
oxide to the reaction column.
15 Alternatively, in the case where the gas-liquid
o fixed bed reaction is carried out under conditions that
the liquid phase isla continuous phase (hereinafter simply
referred to as "Embodiment-2"), an embodiment includes,
for instance, a process comprising previously feeding a
20 liquid organic compound having active hydrogen to the
reaction column in an upward direction, and subsequently
feeding an inert gas and a liquid or gaseous alkylene
oxide to the reaction column in the upward direction.
The flows of the liquid phase and the gas phase

- 25 inside the reaction column are preferably in a cocurrent,



12 m'or less. 20 In addition, in the process of the present
i.nvention, since the pressure rise upon the reaction can be
suppressed, the reaction colum can be desirably designed to

wi thstand a pressure of about 30 atm preferably about 20 atm nore

preferably about 15 atm so that it is not 25  n -
g _ ecessi
reaction colum is designed to have -~ 14 - tated that the

- 12 - a thick wall for the reaction [
colum as in the case of th
reaction colum for carrying out conventional |iquid- i qui d ©

reaction.  gownward £lowAadfidén othe submwpoine @b ANt ting ta

pa
5 whi ch do not participate in the addition regiilonhg; be rtietes
provi ded at coneivuopsrphase odf ttie sgas Pk 3ad widenin the solid
catal yst inside the reaction colum, or the above substances may be

provi ded at openapblifwsti on of the sol
liquid phase and the sol id catalyst, so that the

be prevented ThefngWb§@Be1gghgﬁ%ncgééngucgﬁ#é§#%€fn§9%¢§IC?%ngStlcgn
ggf;h?%? ?Eggyg$o£§§f£$ géengeécgggghgglggﬁkiggﬁotSBQPﬁféElarly ”38200? .
e
limited. Although the flow rate may be changed by the
desired number of molar additions of the alkylene oxide to
the organic compound having active hydrogen or catalytic
activity, the flow rate is adjusted such that the
10 particle-based Reynolds number of the liquid inside the
reaction column is preferably 1000 or less, more
preferably 500 or less, particularly 200 or less.
Incidentally, the Reynolds number of the liquid should be
theoretically calculated in consideration of the alkylene
15 oxide in a state of liquid as well as the organic compound
having active hydrogen. However, since most of the
alkylene oxide are actnally gasified, préctically
" speaking, there would be no problem if the Reynolds number
of the organic compound having active hydrogen is assumed
20 to be the Reynolds numner of the liquid.
In addition, the flow rate of the alkylene oxide to
the reaction column is not particularly limited.
Incidentally, in order to efficiently prepare a desired

alkylene oxide adduct of the present invention having a

25 large number of molar additions, the molar ratio of the



Also,” in the present invention, a nulti-colum type 15 react or

conprising a plurality of reaction colums may be used.

The nodes for carrying out the gas-liquid fixed bed reaction in the
present invention include, for instance, gas-liquid, cocurrent
downward flow fixed-beds; 20 ~ gas-liquid, countercurrent fixed bedé'
gas-1liquid, cocurrent, upward flomwsf+xed beds, and the I|ike.

The organi ¢ conpound having active hydrogen, the al kyl ene oxi de, and
the inert gas are fed to the reaction colum, for instance, in ihe

fol | owi ng Maineslerderexider to e orgamsie wammound hesting &ctiyenot used,

the gas phase is - 13 -
consti t ut ed hydtdgeml ky | prafesdhle 1.l tHRes of mqne jaf the desjged
necessitated that the al kylene oxide is fed to reactiaon colum

_ he

: na 3t ate ;Jiutmr, efdneler AJdd Eipng,npre Preée’?‘?a}ybél 2% Wate of
iquid, as long as a part or 5 . ti | kyl ene ' i i fi i

the reacti oﬂ“%’fﬁurﬁﬂ?ifl more prefgazr%@{,y |3:]e§ ﬁ‘é’- ea%eosm}eox' ee.t Ihz 822'{ : gﬂi hn

fi xed bed
5

10

15

20

25

In a&t!é Ocr:]a..i.eS W aéxr‘é efgn Hle d&és B qléeid),n Sid'¥edd'® 0as
amount of the inert gas to the reaction column is not
particularly limited. Concretely, it is preferred that
thé particle-based'Reynolds number of a gas in the
reaction column is 300,000 or less, more preferably
100,000 or less, particularly 50,000 or less. In the case
where ethylene oxide is used as an alkylene oxide, it is
preferred that the inert gas is fed in a manner such that
thé.concentration of ethylene oxide in the gas phase is
outside the explosion limit.

The pressure of the reaction column is not
particularly limited, and it may be of a known level
genefally employed in the art. Concretely, the pressure
is preferably from 1 to 30 atm, more preferably from 2 to
20 atm, and still more preferably f:om 2 to 15 atm. From
the viewpoint of productivity, the pressufe is preferébly
1 atm or more, and from the viewpoint of equipment costs,
the pressure is preferably 30 atm or less.

As to the reaction temperature, it varies depending
upon the catalytic activities, and the like. Any reaction

temperature can be appropriately chosen in a range in



phase is a continuous phase (hereinafter sinply referred to as
"Enbodi nent-1"), an enbodi nent- i nclude, for 10 i nstance, a process
conprising previously feeding an inert gas to the reaction colum to
forma continuous phase of _ the gas, and thereafter feeding a liquid
or gani ¢ conpound havi ng active hydrogen and a |liquid or gaseous

al kyl ene oxide to the reaction cojgm. 15 Al ternatively, in
t he case where the gas-liquid fixed bed reaction is carried out
-under conditions that the liquid phase is a continuous phase

(herei naft erwisiicipl the additied eresrkion asnddbtiodiprmtedds angh nenbodi ment

I ncl udes, for instance, a process conprising previously feeding a

20 | i qui dyualgiery detemioraticyiof) the inesuhing@lkylene oxide reaction
colum in an upward direction, and subsequently .feeding an inert gas
and a |i qui crdstugfastakes RigFene A genera?'»&m@m}q&%ﬁ?rr &R col um in the.

upward direction. The flows of the |jqguid pha and the gas
phase 25 tQWRETALYIR FANGS HP RF HEP eF;ﬂ"refjé%{’rﬂrﬁf%'n Socurrent,

o s RIS S 8 B e RO oA
preferably 30° to 250°C, still more preferably 40° to
230°C. From the viewpoint of reactivity, the preferred
reaction temperature is 20°C or more, and from the |
viewpoint of preventing quality deterioration, the .

10 preferred reaction temperature is 300°C or less.

The resulting alkylene oxide adduct is included in
the liquid components, reaching a liquid outlet of the
reaction.column. The réaction column may further comprise
a gas-liquid separator for efficiently separating the gas

15 components and the liquid components at a liquid outlet of
the reaction column. In the gas-liquid separator, the gas
compdnents are separated froﬁ the liquid components
containing the alkylene oxide adduct and unreacted
starting materials. The separated liquid cpméonents can

20 be easily divided into the alkylene oxide adduct and the
unreécted starting materials by a conventionally known
purification means. Incidentally, in a case where the
liquid phase is in an upward flow, the top of the reaction
column is a liquid outlet of the reaction column, and the

25 bottom of the reaction column is a liquid inlet of the



operability. The flow rate of the organic compound having

active 5 hydrogen to the reaction colum is not particula

lmted. Although the flow rate may be changed by thep déL?red nunber
of nolar additions of the alkylene oxide to t he organi ¢ conmpound
having active hydrogen or catalytic activity, the flowrate is

adj usted such that the 10 particl e- baggd-Reynol ds nunber ‘of the |iquid

i nside the reaction columm is preferably 1000 or |ess nor e
preferably 500 or |ess, particularly 200 or | ess. Incidentall t he

Reynol ds nunpesceichheolimni d hothe bther hand; hebertthe 1iaeid '
consi deration of the alkylene 15 oxide in a state of Iiéﬁ?d agatel?da;n
the organi ¢ ggnpAuaddownwardhfilowg thei vephodr thenreaghtor CoOLtMR 1 H3t of
the al kyl ene oxide are actually gasified, practjc | y

speaki ng, theiquidulidlet of phebreactionheoRdPRol a%dn5%2$°¥t°m of ;}hehe

organi c conpound havi ng active hydrogen is.as
Reynol ds nunbeactionheolugni &s ayliq%id OUt?ﬁ%ga ?F?%gre?ﬁéf?ﬁgﬁ%?g?g‘of
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out in a closed-system without exhausting the feeding gas
components to outside the reaction system, or the process
may be carried out in an open-system where the feeding gas
10 components are exhausted to outside the reaction system.
In a case wheré the process of the.present invention
is carried out in a closed-system, an embodiment inéludes
a process comprising circulating and reusing gas
components, namely an unreacted alkylene oxide gas or a
15 mixed gas of the unreacted alkylene oxide gas and an inert
gas, without exhausting from the closed-system. By
.circulating and reusing the gas componénts, the
serviceable efficiency of the inert gas and the alkylene
oxide can be notably improved, and the amount of the
20 | .alkylene oxide exhausted to the atmosphere can be notably
redhced. Concretely, circulation and reuse of the gas
components can be achieved by connecting a portion'
accumulating the gas components at a gas outlet of a
_ reaction column, for instance, an upper portion of a gas-

25 liquid separator, to a gas inlet of the reaction column by



- 15-- al kyl ene oxide to the organic [ '
hydrogen is preferably 1.1 tinmes or nnrg of tﬁgﬁgggp?egaV|ng acahxger f
nnl?r additions, nore preferably 1.3 times or more, still nore >
prederaﬁly 1.5 times or nore. 5 _ In the case where an inert gas is
used, the feed anount of the inert gas to the reaction colum is not
particularly limted. Concretely, it is pgeferred that t he '
particl e-based Reynol ds nunmber of a gas in the reaction columm is

. 300,000 or less, nore preferably 10 100, 000 or less, particularly

50, 000 or | Ide t i ]
GSsing dF QP Ppipe. Invtarderettoy ladmeudatge MOFesed
al kyl ene oxide, 1t is preferred that. the inert gas s ?ﬁ :n

f

gﬁgggri guch émcufvelay' td epumpCc enthlawenn, &N @leF@R dé"qqﬁ'}dhe gas

_ outside the explosion limt. 15
Lngm;]e?gt/;f)rbféﬂ'ﬁﬁgimtefj[als, or pthe i kikeymay |1?9m€t“§?},°YT ei ItorrGr:;uLg 8; a
. generally enployed in the art, Co
is preferabIméidmmﬁaltysmh&mthﬁ)rgaaﬁ)r@ﬁﬁ%bisy in c?rﬁui:“{éat ella/’fi[éw?géa m
and still nore preferably from2 to 15 atm From érgh A olol) 'g}
pr oducts vit ytop hef pthe steaction eplymp is a gas ﬂuéto%: o rmréé And from t he

Yleg\év.pm n Ofcgﬂl:liupl)’rre ngd C’gﬁé bottom oft'&?e PLESSULEn | SoRal L&A Yga¥d at m or
inlet of the reaction column. On the other hand, when the
gas phase is in a downward flow, the top of the reaction
column is a gas inlet of the reaction column, and the

10 bottom of the reaction column is a gas outlet of the
reaction column.

In the case wheré circulation is carried out, the
alkylene oxide may be fed in an amount to make up for
consumption in the addition reaction and fbr discharge

15 from the reaction column as a component dissolved in the
liquid components. The inert gas may only be fed in an
amount 1oét by the amount dischargéd as a component
dissolved in the liquid components. Therefore, the
serviceable efficiency of the starting materials, and the

20 like can be improved.' Moreover, the pfessure and
reactivity inside the reéction column can be kept at given
levels, so that the operation can be safely carried out.

In a case where the process of the present invention
is carried out in the oben-system mentioned above, the gas

25 components are exhausted from the gas outlet of the



As t°0 the reaction tenperature, it varies dependi ng upon the

catalytic activities, and the like. Any reacti -
apggopriately chosen in a range in Y on 25 terperature can be
- - whi ch the addition reaction snoot hl ro

16 _ _ ceeds an
qralltyAFeterloratlon of the resulting al kyl ene oiige adgugf t akes
anf:hce gfﬂeragly enpl oyed, known - 1$enperature range can be used. For .
| nst , greferab}sngg{gtU{etraggg[of fO[err] to 300[err]Cis preferred

| rr] to err]C, still nore preferably 40[err

to _ 23U £L¢ddn Sorirt he vi ewpoint of reactivity, tﬁe prefer¥ed Lerrl
reaction tenperature is 20[err]C or nore, and fromthe vi.ewpoi nt of
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instance, a catalyst volume inside the reaction column, a
number of reaction columﬁs when employing a multi-column
type reactor, and the like; or from the aspects of
individual reaction conditions, including, for instance,
10 adjustment of the feeding rate of a feeding organic
compound having active hydrogen, or adjustment of the
amount of an alkylene oxide dissolved in the liquid phase
by controlling the feeding rate of a feeding alkylene
oxide, or the pressure inside the reaction column.
15 The reaction modes in the addition reaction of the
present invention are not particularly limited, as long as
a gas-liquid fixed bed reaction is carried out wherein tﬁe
alkylene oxide ié in a state of gas and the organic
compound having active hydrogen is in a state of liquid in
20 the reaction column. Examples of such reaction modes |
include Embodiment-1l and Embodiment-2 described above.
First, Embodiment-1 ﬁill be described.
In Embodimenf—l,'in the reaction column, an organic
compound having active hydrogen, being in a downward flow

25 or in an upward flow on the surfaces of packed catalyst,



conponents are separated fromthe |iquid conponents cont ai ning the

al kyl ene oxi de adduct and unreacted starting materials. The
separated |iquid conponents can 20 be easily divided into the al kyl ene
oxi de adduct and the unreacted starting materials by a
conventionally known purification neans. Incidentally, in a case
where the - liquid phase is in an-upgrd flow, the top of the reaction
colum is a liquid outlet of the reaction colum, and the 25 bot t om of
the reaction colum is a liquid inlet of the . :
-17- chagatiten anoklkylefe biddet whdchansd, pwasanthénlaqgag phase

Is in a dowward flow, the top of the reaction columm i I d
inlet of thepheseli ¢o chlemaby @nusehedﬂéﬁﬂéﬁlﬁﬁapﬁéon of thFeQEQPBﬁccolunn
is aliquid outlet of the reaction colum

pr eSemt | nvesomponeh Baisg: sotdve Fydrougopdit toR REARRR Rrithe o oo
adduct may be
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10 Cérrponé-ﬁ-f!é‘l)érre cga%g&'ﬁrgﬁoﬁy ) dﬁ%ﬁﬁ%&?ﬁgﬁ%&eg‘ézggﬂﬁﬁ%ng gas
- In a case whelo (NS R Alxdd Bl mtréi'?x\/%te' 99 guid phase is in a

downward flow and the gas phase is in an upward flow;
gas-liquid, cocurrent, upward flow fixed beds, and the
like.

10 By carrying out the addition reaction under
conditions that the gas phase is a continuous phase, the
following_advantages can be achieved:

a) The concentration of the alkylene oxide in the liquid
components can be made substantially uniform in the entire

15 reaction column, so that the reaction proceeds uniformly
over the entire reaction column, thereby making the
reaction milder than a liquid-liquid reaction, so that
designing of a reaction_column to have a high-level,
pressure-withstanding equipment is not necessitated.

26 b) The éxtent of a temperature rise is suppresseqd,
thereby resulting in excellent quality in such properties
-as hue of the resulting alkylene oxide adduct.

Here, the phrase "gas phase is a continuous phase”
means that the gas phase is in.a state of being

25 continuously present in the reaction column from the gas



is carried out in a closed-system an enbodi ment includes a process

conprising circulating and reusing gas conponents, nanely an
unreact ed al kyl ene oxi de gas or a 15 m xed gas of the unreacted
-al kyl ene oxi de gas and an inert gas, w thout exhausting fromthe
cl osed-system By circulating and reusing the gas conponents, the
servi ceabl e efficiency of the inert gas au - he alkylene ' oxiae can
be notably inproved, and the anmount of the 20 al kyl ene oxi de exhaust ed
to the atnosphere can be notably : reduced. Concretely, circulation
~and reuse of ihhetgad the gascoutdetnbs the reagthipoyeglyfnconABcthfy a
portion accunul ati ng the gas conponents at a gas outlet of a

reaction col presehtr invendion, songpede sobodimeptsaofadhe ggs PhAsKi d
separator, to a gas inlet of the reaction colum by

éf%gci' I arenaanﬁoiﬁaws=ead pipe. In order to circulate nore

tively, a punp, a ower, an ejector for liquid t '
materials, od)thel dRe PRRSGe CORFISdRI essentlpﬂgpdgﬁtgpl?}ﬁxﬁéhb?ﬁe gas
phase is in an upward flow the 5 top of the reaction colum is a gas

outlet & thOxigecGagy and

ii) A gas phase comprising an inert gas and an alkylene
oxide gas. .

The alkylene oxide may be fed in a étate.qf liquid,
or it may be fed in a state of gas, including a case where

10 the alkylene oxide 1s fed tdgether with an inert gas. The
alkylene oxide may be gasified in the reaction column in
an amount corresponding to its vapor pressﬁre, and the
remaining alkylene oxide may be present in a state of
liquid.

15 ' When the gasification ratio is defined as a
proportion of the alkylene oxide gasified in the reaction
column to the émount of the entire alkylene oxide fed to
the reaction coluﬁn, the extent of gasification of the
alkylene oxide, i.e. the gasification ratio, is not

20 particularly limited. The gasification ratio greatly
varies depending upon the catalytic activities and the
thermal removability of the reactor and thus cannot be
generalized. Under.conditions that the gas phase is a
continuous phase in the reaction column, for instanée, thel

25 = gasification ratio is preferably 0.4 or more, more



colum, and the bottom of the reaction colum is a gas ~inlet of the
reaction colum. On the other hand, when the gas phase is in a
downward flow, the top of the reaction colum is a gas inlet of the
reaction colum, and the 10  bottomof the reaction colum is a gas
outlet of the reaction col um. In the case where
circulation is carried out, the . - @2kyl ene oxide may be fed in an
anount to make up for consunption in the addition reaction and for
di scharge 15 fromthe reaction colum as a conponent dissolved in the
liquid conpppefieabIie0i 6eor porepnptdblymbref@d7i aramore. Ina@Bd@T | ost
by the anount discharged as a conponent ~dissolved in the liquid
conponent s. téheaekyr outt begas-1iquddr veeckbpa by gesdfringf théie starting
materials, and the 20 | i ke can be inproved. Moreover, 'the pressure and
reactivity hﬂtkhrdlenehexziéécahdnt@opémcQth§hﬁe‘§Fa§Fi§PvBﬁif°r'“BY | evel s
so that the operation can be safely carried out. , | n F cqse
where the ppyess¥her epkdrgr eaptipp ERLMBR, the gapifigarieR FAFLPnIPhe

P b ot pRetoraply 0746 nd%ed*° & anova gROREREALALR FERRUSLEY (M O™

be adjusted to a desired level by propérly adjusting the
pressure inside the reaction column, the amount of the
feeding alkylene oxide, the temperature ingside the
reaction column, and the like. The gasification ratio can
10 be deduced from, for instance, calculation of a gas-liquid
equilibrium using vapor pressures of the alkylene oxide
and the organic compound having active hydrogen.
In the case where the reaction is carried out under
conditions that the gas phase is a continuous phase, gas
15 components comprising an alkylene oxide gas and/or an
inert gas, and liquid components comprising an organic
compoﬁnd having active hydrogen, and in certain cases,
further comprising an alkylene oxide, are preferably fed
to the reaction column, feeding the gas components and the
20 liguid comppnents so as to satisfy a wavy flow region;
which is defined as a flow region in which surfaces of a
thin film in a downward flow in a wavy manner while
forming a thin film with a liquid on solid catalyst
surfaces, or to satisfy a trickle flow region, which is

25 defined as a flow region in which surfaces of a thin film



reaction col um. I n addi tion, the nunber of nolar additions of
t he al kyl ene oxi de of the alkylene oxi de adduct in the present

i fivention can be easily adjusted to a desired level from 5 t he aspects
of designs of the reactor, including, for i nstance, a catal yst

vol ume inside the reaction colum, a : nunber of reaction colums when
enploying a nmulti-colum type rea@3or-, and the like; or fromthe
aspects of i ndi vi dual reaction conditions, including, for instance,
10 adj ustnment of the feeding rate of a feedlng organic conpound
havi ng acti vénhadsmgeth downdprdt fidow whilkeforming anthim SilmnwitRyfene
oxi de dissolved in the |liquid phase by controlling the feeding rate
of a feedi nglagkyticon solid cgkaJHStoSurﬁécﬁﬁes§bﬁewaﬁ¥|géOWhEegbﬁﬁtlon
colum. 15 The reaction nodes in the addition _reaction of th
present |nveandomhar§rﬁoklpafﬂpwur§gl9nlbﬁi?gddi§§1péﬁ§ 48 "JOURNAL oF
gas-liquid fixed bed reaction is carried out wherein the al kyl ene
oxide is i n GHEMACALOENGANEERANGhOF0JGRANG " FUKUSHIMApoGmdehiadlng 48rive
hydrogen is in a state of liquid in 20 the reaction colum. Exanples
of such5reacNpenbandé3-467. Ipnerder kppbearsenfovnyAgdEfdedi ment - 2

descri bed above. First, Enbodinent-1 will be descrla g

I n EnbodlnenﬁatlsfﬁipgetpeaéPPUE €apﬂnﬁegéﬁn§rgﬁﬁﬁcgas hase apd,ilehavi ng

active hydro a éQF§FS§?g erab&y Qédzén acc Erhangg Hg%ﬁrgh£|OMIon

t he surfaces Gﬁ“

following conditions.
Specifically, the wavy flow region or the trickle
10 flow region can be defined as follows, referring to each
of the graphs (Figure 1 and 2) showing the relationship
between Re,, the particle-based Reynolds number of a
liquid, and Re,, the particle-based Reynolds number of a
gas. These flow regions are a region bound by line (1),
15 line (II), line (IIl), ordinate, and abscissa of the graph .
in Figure 1,'name1y region (a), region (b), and region
(c); or a region bound by line (I), line (II), line (111), .
ordinate, and abscissa of the.graph in Figure 2, namely
region (d), region (e), and region (f). It is more
20 preferred in the present invention that the gas components
and the liquid compohents are fed so that both Re; of the
feeding gas componénts and Re, of the feéding liquid
components satisfy the conditions in the above region.
In Figures 1 and 2, line (I) satisfies the following

25 equation:



- 20 - contacts an al kyl ene oxide which is present in a gas

phase, to thereby cause addition reaction of the organic conpound
havi ng active hydrogen with the al kyl ene oxi de. - The nodes for

Enbodi ment-1 include, for instance, gas- 5 i quid, cocurrent, downward

flow fixed beds; gas-liquid, countercurrent fixed beds wherein the
liquid phase is in a downwar d flowsnd the gas phase is in an upward

flow, gas-liquid, cocurrent, upward flow fixed beds, and the

like. 10 By carrying out the addi tion reaction under _
condi ti ons that th® gaRephd®d®RE S continuous phase, the ... Egnf¢Il)owi ng
advant ages can be achi eved: . a) The concentration of the al kyl ene
oxide in the |iquildne (II) matisfietss then fod Lowdegsegswdional |y uniformin

the entire 15 reaction colum, so that the reaction proceeds uniformy
over the entire r éb@4 @n%%ftmu, ?'rﬁege’by maki ng t he --reBan 6810 | der

than a liquid-liquid reaction, desi gni ng of a reaction

col um to have a Hiigie [(&Fd), sat:.sfle& m#@m&‘gaﬁﬂi“ﬁﬂf &8di pment i s not

neces.3|t5at ed. 20 18 =b) oz.‘rgee .tggto .(da t)eg}gerature ri Se..I.S supQI(_a&%ed

From Equatibns (I) to (II11), an intersection P of
line (II) and line (III), and an intersection Q of line
(I) and (II) are calculated.
10 Figure 1 is a graph showing a case where Re, at Point
P is smaller than Re, at Point Q.
When Re, of the feeding gas components is greater than
Re, at Point Q, the liquid compbnents are preferably fed so
as to have Re, of the feeding liquid components to be
15 existing in the left side region of the boundary shown by
line (1), namely withih region (a). In other words, the
liquid components are pfeferably fed such that-Re'1 of the
feeding liquid components satisfies the following (A):
Re, < [10/(ReS13)]V/0# | oo (A)
20
When Re, of the feeding gas components is less than
Re, at Point Q and greater than Re; at Point P, the liquid
componénts are preferably fed so as to have Re, of the
feeding liquid components to be existing in the left side

25 region of the boundary shown by line (II), namely within



theréby resulting in excellent quality in such properties as hue of

the resulting al kyl ene oxide adduct. . Here, the phrase "gas
phase is a continuous phase” nmeans:- that the gas phase is in a state
of being 25 ~continuously present in the reaction colum fromthe gas

- 21 - ‘inlet to the gas outlet of the reaction colum. In the
present invention, concrete enbodi ments- @fs t-he gas phase are as

fol | ows: i) A gas phase consisting essentially of .an al kyl ene 5
oxi de gas, and _ ii) A gas phase conprising an inert gas and an

al kylene  regien {®)Jasin other wordsJhthel Rikedd compenenfsbareed in a
state of 1iquid, or it-may be fed in a state of gas, including a
case where pRefelrablyl ipldesachxitiati Rej cof t thet freding hliuidert gas. The
al kyl ene oxide may be gasified in the reaction colum in an anount

corr espondi ngomponenteagatisfdesuthe £mdlowdng (B): remaining al kyl ene
OXi de may be pres%r;t Isn[g.gi?%(b'gfl)-(Re '°"|7Wi4’a5’ .. (B)
1 g
5 | |
When Re, of the feeding gas components is less than
Re, at Point P, the liquid components are preferably fed so
as to'have.Rel of the feéding liquid components to be
existing in the lower side region of the boundary shown by
10 line (III), namely within region (c). In other words, the
liquid components are preferably fed such that Re, of the
feeding liquid components satisfies the following (C):

Re, < [18/[(¢2)s (Rel?)* ((&,/T) )11V ... (C)

15 Figure 2 is a graph showing a case where Re, at Point
P is greater than or equal to Re; at Point Q.

Wheh Re, of the feeding liquid components is greater
than Re, at Point P, the gas components are preferably fed
so as to have Reg of the feeding gas components to_be

20 existing in the lower side region of the boundary shown by
line (III), namely within region (d). In. other words, the
gas components are preferably fed such that Re, of the
feeding gas components satisfies the following (D):

Re, = [18/[(¢~-2) (Re,*#)* ((d,/T)™**)11¥*2 ... (D)

25



15 °° When the gasification ratio is defined as a proportion of

t he al kyl ene oxide gasified in the reaction colum to the anount of
tHe entire al kyl ene oxide fed to the reaction columm, the extent of
gasification of the al kyl ene oxide, i.e. the gasification ratio, is
not 20 particularly limted. The gasification ratio greatly

vari es dependi ng upon the catalytic actd @@ i-es and the t her ma
renovability of the reactor and thus cannot be generalized. Under
conditions that the gas phase is a continuous phase in the reaction

colum, for instaWhen Reg of5the fpedingaliguid ammpqmrpl?%fzea aRss othpyy
nore, nore
preferably OR®, cat nBpint P jand rﬂ)?%at)eﬂ @Pafllnﬁ%. artnP&&e& Q, the ggscarry out

a gas-liquid reaction by gasifying t ¥Iene oxj de qﬁ to carry
out the reacppvﬁouﬁpﬁérﬁr? prefergpgy fre §HtP?e PeheveoRee Aunthe t he
gasification ratio is preferably. 0.

. b f [
rati o can feedEBQaHFﬁsF@HPPBth§e§Pr9& F§&§Fg§9 5Po£g§| ogéﬁugﬁaﬁglfﬁélon
pressure inside.the re g o L%%EFHéaﬁh igkeO? ?f namel f eedhid

al kyl eng oxi 8891PRe°fe i on cof umn,  and the
like. The gaS|f L&A QY. ra&hpo%ﬁgr words, the gas components are

preferably fed such that Re, of the feeding gas components
satisfies the following (E): '
< [0.34/((¢)e (Re,*"2))] /047 ... (E)
10
When Re, of the feeding liquid components is less than

Re, at Point Q, the gas components are preferably fed so as
fo have Re, of the feeding gas components to be existing in
the left side region of the boundary shown by line (I),

15 namely within region (f). 1In other words, the gas
components are preferably fed such that Re; of the feeding
gas components satisfies the following (F):

Re, < [10/(Re,®*)]1/0-2 coe (F)

20 Here, Re,, the particle-based Reynolds number for the
liquid components, is.calculated by the following |
equation: |

Re, = ds*G,/p,,
wherein 44 is an équivalent packing (catalyst) diameter

25 based on sphere [cm]; G, is a superficial mass flow rate of



10 be deduced from for instance, calculation of a gas-liquid

equi I i brium using vapor pressures of the al kyl ene oxi de and t he

dr gani ¢ conpound havi ng active hydrogen. In the case where the
reaction is carried out under conditions that the gas phase is a
conti nuous phase, gas 15 conponents conprising an al kyl ene oxi de gas
and/ or an inert gas, and |iquid ggmonents conprising an organic
conmpound havi ng active hydrogen, and in certain cases, ~ further
conprising an al kyl ene oxide, are preferably fed to the reaction
colum, feedi ngqtila@ pgZca™gedENtanding tisea fiscoslityupd eodpgnédts so as
to satisfy a wavy fl ow region, which is defined as a flowregion in
whi ch surfafggcmé sac]. thin filmin a downward flow in a wavy nanner
whi |l e formng athin filmwith a liquid on solid catal yst

surfaces, or to ¥ntaddgtion;iBrle thepaxgieie-baseh Reynaids numkghed as a
flow region in which surfaces of a thin film

- 23 - forj thg gaSoEAMBORARLEd LEofRdAPLated hynthe faltoFiPth with a
liquid on solid catalyst surfaces, the wavy fl ow region and the
trickl @ fl oRAP@§LBR bei ng di scl osed in "JOURNAL OF

Re, = d:* G,/ 1y,
wherein d; is the same as defined above [cm]; G, is a
superficial mass flow rate of a gas [g/cm’esec]: and p, is
a viscosity of a gas [g/cmesec].
10 Further, ¢, the surface shape factor of packing
(catalyst), is calculated by the following equation:
¢ = s/ar,
wherein S is a geometrical surface of a packing (catalyst)
[cm?®]; and d, is a packing diametér [cm].
15 Moreover, the inner diameter of the reaction column
is T [cm]. _
Next, Embodiment-2 will be described.
In Embodiment-2, an addition reaction of an organic
compound having active hydrogen with an alkylene oxide is
20 carried out by bringing the organic compound having active
hydrogen in an upward flow in the reaction column packed
with-é catalyst in contact with the alkylene oxide
dispersed in the liquid phase.
By carrying out the addition readtion under

25 conditions that the liquid phase is a continuous phase,



CHEM'CAL ENG NEERI NG OF JAPAN," FUKUSHIMA, S. et al., 10, 5 No. 6
461-467. In order to cause downward flow satisfying the above1flow
regions, the gas phase and the | i quid phase are preferably fed in
accordance with the . foll owi ng conditions. Specifically,
the wavy flow region or the trickle 10 . flow region can be defined as
follows, referring to each . of thea@aphs (Figure 1 and 2) show ng
the relationship between Re[err], the particl e-based Reynol ds nunber
of a liquid, and Re[err], the particle-based Reynolds number of a
gas. These flaw Feglening’ advantages bannbebpchiewed:), 15 line (I1),
line (I'l11), ordinate, and abscissa of the graph - in Figure_1, nanely
region (a), &9gi ohebponaeatragion of the @éﬁyléﬂeaoﬂééﬁoﬁnbgﬂﬁd169“F9ne
(1), line (I'1), line (Il1), ordi nate, and abi | ssa of . the ] hin
gbgure 2,fnamegppnen:8 cengbgnmede, subgitentiallyaig &Qﬁﬁbﬁn(F e Pgtlgennre

~preferred in the present inyention that the gas 0 and
the |i qui d ccgaag’cfem oglamng o S thek Heﬁé’&&f’f’t% SCeL ﬁ?‘gg%ﬁ?éygas
conponents an e[ err] aof the feeding |iquid ] atisfy the
condi ]E i Sns i PVEke BSo RO HES &'r?acqgong COl%{m’l r'fhlglrgegygs gﬁgtt%esl i ne )(ll )
sati sfi i P ' _

' es th%efa%ltli%vrq rrllg.ld%‘sr tha%qtéatl'i%id-liquid reaction, so that
designing of a reaction column to have a high-level,
pressure-withstanding equipment is not necessitated.

b) The extent of a temperature rise is suppressed,

10 thereby resulting in excellent quality in such properties
as hue of the resulting alkylene oxide adduct.

Here, the phrase "liquid phase is a continuous phase"
means that the liquid phase is in a state of being
continuously present in the reaction column ffom the

15 liquid inlet to the liquid outlet of the reaction column.

In the present invention, concrete embodiments of the
liquid phase are as follows: |

i) A liquid phase comprising an organic compound having.
active hydrogen, and a partially liquefied and dissolved

20 alkylene oxide; and
ii) A liquid phase comprising an organic compound having_
active hydrogen, an alkylene oxide adduct of an organic
compound having active hydrogen, and a'partially liquefied

and dissolved alkylene oxide.

25 The alkylene oxide may be fed in a state of 1iquid(



- 24 - 10 = Re[err]*Re[err] | ... Eqgn (1)

Line (Il) satisfies the foll ow ng equati on: 0.34 =
[err]*Re[err]*Re[err] : ... Egn (I1) Line (111)
satisfies the follow ng equati on: 18 =

[err]*Re[err]*Re[err] (dp/T)[err] _ ... Eqn (111) From
Equations (1) to (Ill), an intersectian2B of line (I1l) and line
(111), and an intersection Q of line (1) and (11) are cal cul at ed.
10 Figure 1 is a graph showi ng a case where Re[err] at Point

P is snalleprt fenmigobat £80i th & state of gas, \imclRiingfatdase cduerg gas
conponents is greater than Re[err] at Point Q the |liquid conponents
are preferabhg akRylene oxideadstbHefavegcher yith ameinexdigrsii obhe
conponents to be 15 existing in the left side region of the boundary

shown by  alkylenecokide mayebg gashfihedcimnobhe ayea¢hlom @ely@Rdi® the
l'iquid conponents are preferabl¥ fed such that Re[err] of the
feedi ng | i qahdamouptnenrsespendingstonits oyeROF npresyure, and the porgry)

[err] %10/(Ffe[er.r )] [err] . asent (8 420 - When
Re[err$ of rABaiBiBgngliulensnpsidnUaysPecrtesral 10 @ Sty @f point O
and greater %han Reg at Point P, the liquid conponents are
preferably 1289E8-as to have Re[err] of the
The gasification ratio of the alkylene oxide in
Embodiment-2 is not particularly limited. The
gasification ratio greatly vafies depending upon the
10 catalytic activities and the thermal removability of the

reactor and thus cannot be generalized. From the aspect
of cafrying out reaction uniformly over the entire
reaction column, the gasification rati§ is preferably 0.4
or more, more preferably 0.6 or more, still more

15 preferably 0.7 or more.

By carrying out the addition reaction in the manner
of Embodiment-1, Embodiment—z, and like as deécribed
above, the addition reaction can be carried out by a
gas-liquid fixed béd reaction. From the viewpoint of

20 operability and simplification in design of thé reactor,
Embodiment-1 is preferable. More,preferably among
Embodiment-1, the cocurrent, downward flow, wherein the
liquid phase and the gas phase are both in a downward
flow, is employed from the viewpoint of constituting a

25 continuous phase of the gas phase and widening



feeding liquid conponents to be existing in the left side 25 regi on of
t he boundary shown by line (I1), nanely within

- 25 - ' region (b). In other words, the liquid conponents are
preferably fed such that Re[err] of the feeding liquid conponent s
satisfies the followi ng (B): Re[err] [err]
[0.34/(([err])*(Re[err]))][err] -~ ...-<«BD -5 When Reg of the
feedi ng gas components is | ess than Reg at Point P, the liquid
conponents are preferably fed so as to have Re[err] of the feeding
| i qui d conpoRpArabidiby. existing in the |l ower side reglon of the
boundary shown by 10 ne (111), namely within region i I n ot her
words, the IPlEG@étéeﬁpohEn%§ &P€epP€F€?5599 thatsthe ikgui®e[err] of

Relerr] [errFORRBRELES, PPPERULRD] %ﬁ;Z?é%ﬁirifxge#ﬁfﬁ%%??dé Tagest g
or Sat o t Lansr%aﬁﬁaﬁr BuRdgBspdpEpnaR foiio “troathenty (imy oaing B8 e
fecdi NG| | 9U4doGOURA0NLRULA OhGALRLnes, tno! UiilyTBRS Skidl EPAES1Feat e

gas conponents aré€ prefe

in the liquid components can be further added to the

alkylene oxide adduct or to the unreacted organic compound

having active hydrogen. The aging can be carried out by

further subjecting the liguid components to an aging

10 treatment, including, for instance, a process comprising

leading liquid components'separated at a liquid outlet of

the reaction column to an aging reaction column packed

with a solid catalyst similar to that used for the above

reaction column, and carrying out addition reaction of a

15 = dissolved unreacted alkylene oxide with the alkylene oxide

adduct or with the unreacted organic compound having

active hydrogen in the aging reaction column.

By employing the aging process described above,

the addition reaction takes place in the liquid

20 components, the remaining alkylene oxide can be

since

efficiently reacted and consumed in the reaction system,

without affecting the gas-liquid equilibrium of

the

alkylene oxide, unlike the case of the conventional,

semi-batch type aging process after the reaction.

25 - The shape of the aging reaction column is not



so as to have Re[err] of'the'feedfng gas conponents to be 20 exi sting

kn the lower side region of the boundary shown by . line (111), nanely
within region (d). In other words, the . gas conponents are preferably
fed such that Reg of the feedi ng gas conmponents satisfies the
follow ng (D): Re[err] [err]
[18/[([err])*(Relerr])*((d[err]/T)[erc] Bh] Ferr] (D) 25

- 26- When Re[err] of the feeding |iquid conponents is |ess

t han Re[err] at Point' P and greater than Re[err] at Point Q the gas
conponent s paetpeelarbpl yinhitedo aFrom theeviReypointsfof preventing eedi ng
gas conponents to be existing in the | ower side 5 regi on of the

boundary shoackbyiking ¢f|liquidel gndiphug flow, tubylan gkaped roreser
wor ds, the gas conponents are referably fed such that Reg of the
f eedi ng gasaxenpoetersed. Thes%i?%f@gstbﬁeagéPQoﬁﬁ?@F%?B:°°1“mn may Reg
[err] [0.34/(([err])*(Re[err])) err L E 10 . When
Re[err] of YHEY{4eRPR 1P9qﬁp%nc%9%oﬁ%%?%yF%°I%@Ei%*ﬁﬁﬁs and the agiRd ot
Poi nt §2 trﬁbggitggﬂgoggg SaSrSgP£§f€é38L¥a£89e?° For instance, those
having an inner diameter of 9 to 1500 mm are preferable,
more preferably those having an inner diameter of 15 to
1200 mm, still more preferably those having an inner
diameter of 20 to 800 mm. From the viewpoint of pressure
10 drop, those having an inner diameter of 9 mm or more are
preferable. From the viewpoints of preventing back mixing
of liquids and plug flow, those having an inner diameter
of 1500 mm or less are preferable. The length of the
aging reaction column is preferably 10 to 1000 cm, more
15 preferably 40 to 900 cm, still more preferably 50 to 800
cm, still more preferablf 100 to 700 cm. From the
viewpoint of preventing back mixing of liquids and ﬁlug'
flow, those having a length of 10 cm or more are
preferable, and from the viewpoint of pressure loss, those
20 having a length of 1000 cm or less are preferable. -

The velocity of the liquid components containing the
alkylene oxide adduct to the aging reaction column is not
particularly limited. Although the velocity varies
depending upon the activities of the packed catalyst, the

25 velocity in terms of LHSV (Liquid Hourly Space Velocity)



to have Reg of the feeding gas conponents to be existing i.n the left

side region of the boundary shown by line (1), 15 nanmely within region
(f) I'n other words, the gas conponents are preferably fed such
that Re[err] of the feedlng gas conponents satisfies the foll ow ng
(F): Re[err] [err] [10/(Re[err] )] [err] ... (P
Here, Re[err], the particle-bad2d Reynol ds number for t he
I|qU|d conmponents, is cal cul at ed by the fol | owi ng equati on:
Re[err] = d*Jerr]/[err], wherein dlerr] is an e ui val ent packi ng
(cat al yst) dijampirerferdibly faued.dn wpHdd [move o ably a-‘rﬁ&béffz éiOaI

mass flow rate of

<[51 } i (rq#. d ][g/ aq,ers'qﬂgear}olr@r%%qﬁenths fram dedQ 5P -of Fa-‘qm d%}ed |

g/ cnrsec n a t h

BT s b g T T BT &
e .

O e apefaRly dhok % e pnd, MR B

5 sufficiently carrying out aglng reaction of the unreacted

alkylene oxide, the LHSV is preferably 100 or less.

In addition,.as to the aging temperature and
pressure, substantially the same level or lower
temperature and/or substantially fhe level or higher

10 pressure as compared to the temperature and pressure
conditions at the gas-liquid separator in the bottom of
the reaction column can be employed, whereby the dissolved
alkylene oxide is not gasified. ‘Such conditions can be
achieved by controlling the temperature in a lead pipe

15 equipped with a jacket or by controlling the pressure by
such means as a pump.

In addition, at the outlet of the aging reactioh
column, there may be further provided a flash distillation
equipment, such as a flash tank for removing low-boiling

20 point by—préducts. By flash distillation of the product
resulting from the aging treatment in which the amount of
tﬁe unreacted alkylene oxide dissolved in the liquid
components is notably reduced, the 1ow'boiling point
by-products, such as dioxane, can be effectively removed

25 without discharging the alkylene oxide.



superficial nmass flowrate of a gas [g/cnferr]*sec]; and [err] is a
viscosity of a gas [g/cnfsec]. 10. Further, [err], the surface
shape factor of packing (catalyst), is calculated by the foll ow ng
equati on: [err] = S/d[err], wherein Sis a
geonetrical surface of a packing (catalyst) [cn{err]]; and d[err] is
a packing diameter [cn]. 15 Mregyer, the inner dianeter of the
reaction col um is T[cm. Next, Enbodinment-2 will be
descri bed. I n Enbodi nent-2, an addition reaction of an organic

conmpound having acie/ dBiASR) Miduldtorporetits @dmmiring?@he carried
out by bringing the organic conpound having active hydr ogen i n an
upward flow igiyiereantidy austh gferecthe reactiiarh Garcdtenl yst in contact
with the al kyl ene oxide di spersed in the liquid phase.

By carrying aéciittmlaniid ipn Iemtingrthenderquizh companents irem f&e t he

|l i quid phase is a continuous phase, -

- 28 - liquial fapitle riep sthearkigged dadlede o Hihe dfhxed bed

5 reaction column. By the recifculation, the number of
molar additions of the aikyiene oxide of the resulting
alkylene oxide adduct can be further increased.

Next, the reactor suitably used in the present
invention will be described.

10 The reactor usable in the present invention includes
a fixed bed reactor comprising a reaction column packed
with a solid catalyst.

The fixed bed reactor usable in the present invention
includes, for.instance, a fixed bed reactor comprisihg a

15 reaction column packed with a solid catalyst; a feed line
for an alkylene oxide for feeding the alkylene oxide to
the reaction column; and a feed line for an oxganic
compound having acti§e hydrogen for feeding the organic
compound having active hydrogen to the reaction column,

20 wherein eéch of the feed line for an alleene oxide and
the feed line fof an organic compound having active
“ hydrogen may be conngcted to the top of the reaction
column. Alternatively, the feed line for an alkylene
oxide'may be connected to the bottom of thé reaction

25 column. Further, in the above fixed bed reactor, those



a) The concentration of the alkylene oxide in the liquid |
gﬁgtb?hgade sgbstantially uniformin the entire IqUI(rjeaction ggrﬁﬁﬂengz'
3 reaction proceeds uniforny 5 over the entire reaction
fggg?anthenebK maki ng the - reaction mlder than a liquid-liquid
high-levélso t hat designing of a reaction colum to have a
o '@ , pressure-w t hst andinggequi pnent is not necessitated..

e extent of a tenperature rise is suppressed 10 t her eb
resulting in excellent quality in such properties ’ as hue ofythe

resul ting akkylane gxindeiaddyCh feed line forten
eineht gasafer"|
IS a continuous pﬁa nmeans that the liquid phage isin gqg{gtghg?e

bei ng

£e@ihi n%ggs&heategaettbnthbereea&iOOncémeﬁnC9P
liquidinlet to tEé liquid outlet of the reaction col um. BﬁpFﬁgln??he
present invepe ebp ©8Nboritenewifodhesmeacsiophgolumn are; PAYR phase are as

fol | ows: i) A liquid phase co
npri si ng an organi und h
active hydr pgeferahdya epgploysd,y andytosed f&ﬁﬁh&Fsgg g‘sg‘ g4 naI k;?“eﬂg

S0t | ve sy apseLiguid Qép;%%ap“aigﬁ%g%“ 9 3,28k %ﬂgp@agd having
inﬁ'y{'gn‘é‘cf)'xéﬁm*;%%%%” e 3 p%q@i‘ el a 1qR1d @Lh%i@ltved
i quid, e 0 emaytbe f'Legalnastate of
of the reaction column arranged at the top or bottom of
the reaction column are more preferably employed.
As to the fixed bed reactor usable in the present
10 invention, in a case of using the fixed bed reactor in the
process of the present invention, from the viewpoint of
reducing the amount of the alkylene oxide dissolved in the
resulting liquid components, more preférably employed ones
include those further comprising an aging reaction column
15 connected to the liquid outlet of the reaction column, or
to the gas—iiquid separator arranged, at the top or bottom
of the reaction column. |
An example of the fixed bed reactor includes an
apparatus as shown in Figure 3. The apparatus shown in
20 Figure 3 is usually only used under conditions that the
gas phase in the reaction column is a continuous phase.
Next, the present invention will be detailed
referring to Figure 3.

The organic compound having active hydrogen is fed to

25 the top of the reaction column, a liquid inlet of the



- 297 or it my be fed in a state of gas, including a case where

the al kyl ene oxide is fed together with an inert gas. The al kyl ene
oxi de may be gasified in the reaction colum in an anount
corresponding to its vapor pressure, and the 5 remai ni ng al kyl ene oxi de
may be present in a state of l'i quid. The gasification
ratio of the al kyl ene oxide in Eob@slieent-2 is not particularly
limted. The gasification ratio greatly varies dependi ng upon the

10 catalytic activities and the thermal renovability of the

reactor and ttesctciomaolimryeforan ia dked-rldme Ife fo3p@n organic of carrying
out reaction uniformy over the entire reaction colum, the

gasi fi cat i on qampaund hawimg Agtive hydrogen.or Impeddifdan, pit&erably 0.6 or
ORI AN NN 1 IR O L S M s
Ut by a - Fromm daeiking d BT ERRISRE BRITE-he AN ANBEE B9 150
operabT 4 1Y s SPAL 681 08 40 SR LGS o seaa 11ne 4
for an inert gas. -
The liquid components fed to the top of a reaction
column 1 is distributed to each reaction column by a
liquid distributor arranged at the top of the reaction
10 column. The liquid components fed to the reaction column
1 are in a downward flow reaching a solid catalyst 7 after
passing through inert particles 5.
The addition reaction of the organic compound having
active hydrogen with the alkylene oxide is carried.out in
15 the reaction column 1. The resulting alkylene oxide
adduct mixed into the liquid components is in a downward
flow. |
At the bottom of the reaction column, a liquid outlet
of the reaction column, there can be obtained liquid
20 components containing an alkylene oxide adduct of an
- organic compound having active hydrogen, and gas
components comprising an unreacted, gaseous alkylene oxide
or a mixture of the unreacted, gaseous alkylene oxide and
an inert gas. The liquid components are separated from

25 the gas components at a gas-liquid separator 10, and the



Enbodi nent-1, the cocurrent, downward flow, wherein the i qui d phase
and the gas phase are both in a downward flow, is enployed fromthe
viewpoi nt of constituting a 25 conti nuous phase of the gas phase and

wi deni ng - 30 -

operability. _ - In addition, it is nore preferred that the liquid
conponents containing the resulting al kyl3e- oxi de adduct is further
subj ected to an aging treatnent. By aging the 5 resulting liquid
conponents, the al kyl ene oxi de dissol ved in the liquid conponents
can be furthaiquddedomponents are ddischiaagedofirem heureagitor, S that
unreact ed organi ¢ conpound havi ng active hydrogen. The_agi ng can be
carried out laydesired falkytlenes gajide ia‘%utcﬁe gang ted ' feherefiongi ng
10 treatnment, including, for instance, _.a process conprising

| eadi ng | i quAd-sconiiieeiges SOFRCREEFSMAY ey FRPaRYes: fem an” exhayst
reaction colum to an aging reaction colum packed with a solid

cat al yst si maag 1309 fxt used for the above reaction col umm, and

o 0 2% e el e Reskipr YA U e
compound havifid, i qed a jacket 2 capable of flowing a liquid in the
peripheral portion of the reaction column 1. By providing
the jacket 2, the temperature of fhe reaction column 1 can
be favorably adjusted to a desired level by adjusting the
10 temperature of the liquid flowing through the jacket 2.

In addition, from the viewpoints of effectively
reacting and'removing a very small amount of the alkylene
oxidé dissolved in the liquid components containing the
alkylene oxide adduct, the fixed bed reactor may further

15 comprise an aging reactor column 8.

EXAMPLES-
The present invention will be described in further
detail by means of the following working examples, without
20 intending to limit to scope or spifit of the present

invention thereto.

Example 1

A fix-bed reactor similar to that shown in Figure 3,

25 except that no aging reaction column was provided, was



acttve hydrogen in the aging reaction colum [
_ _ ( : By enpl o
agi ng process described above, since the addition regctrgn {gﬂgsthe

place in the liquid 20 conponents, the renaini [
efficiently reacted and consuned in the reactiohngggtghrylene Ongfhgﬁ? e
aLfectlng the gas-tiquid equi l i brium of the al kyl ene oxi de, unlike
Ehg fgzetpf t he conventi onal, -segy- batch type aging procesé after
the s ction. 25 The shape of the aging reaction colum is not
ORI particularly limted. Fromthe viewpoints of preventing

X1 ngq%ct,kéd LR &NRw PROGO fhevai i ek bl pdia pe'tkn k30, ' are

preferred. e slze of the aging reaction colum ma '

. “the vary d
?gﬁge§gsufgﬁgﬁ¥£é§ta@%avbylnfﬂﬁadChémieglngndustrYd%QditFEﬁs)s%%HaggeggzRg
. or instance, those havi ng an i nner dj t

1500 nm ar ec@teigstbin, an amountrooé %rbiteﬁﬁl§g¥H%§%hh5%?ﬂéfgﬁ 5%%@%“9 He

di ameter of 15 to 1200 mm still nore i
( . C referably thos
i nner hadiageanr inhe20diamgternff 3$oﬁmt§%dv?eﬁﬁﬁgﬁ? 8?66?@¥§3$%an10

drop, those having an inner dianet
1 er _of 9_nm or
5 to inert particles, stainless Rascﬁigngigggrgere used.

Lauryl alcohol was fed from a feed line 6 for an organic
qompound having active hydrogen. By using a liquid
distributoi arranged at a top portion of the fixed-bed
reactpr, lauryl alcohol, a liquid component, was

10 distributed, and lauryl alcohol was then allowed to flow
downward.through the reaction column at a flow rate of
2.4 kg/hr for each reaction column. In addition, liquid
ethylene oxide was fed from a feed line 3 for an alkylene
oxide at a flow rate of 7.8 kg/hr for each reaction

.15 column, and nitrogen gas was fed from a feed line 4 for an
inert gas at a flow rate of 5.2 kg/hr for each reaction
column. |

The temperature inside the reaction column was kept
at 135°C, and the pressure was kept at about 6.4 atm.

20 Liquid components containing the-resulting polyoxyethylene
lauryl ether and gas components containing unreacted
ethyléne oxide and nitrogen gas were continuously
separated in a gas-liquid separator 10. In addition, the
gas components were exhausted from an exhaust gas line 9.

25 At an inlet of the. reaction column, the particle-based



preferable. Fromthe viewpoints of preventing back nixing of liquids

and plug flow, those having an inner dianeter of 1500 mmor |ess are
preferable. The |l ength of the aging reaction colum is preferably 10
to 1000 cm nore 15 preferably 40 to 900 cm still nore preferably 50 to
800 cm still nore preferably 100 to 700 cm Fromthe _
vi ewpoi nt of preventing back m xing of ggquids and pl ug flow, those
having a length of 10 cmor nore are preferable, and fromthe

vi ewpoi nt of pressure |oss, those 20 having a |l ength of 1000 cmor |ess
are preferaidgholds number ofheheelipiid admpdreentsjuras chrhorand sthe

contai ning the al kyl ene oxi de adduct to the aging reaction colum is
not particle-bdyed i Reymolds\ nimkeph ofcthe|grs tgompgnents was
dependi ng upon the activities of the packed catalyst, the 25 vel ocity
in terns of118KBYV dnd cak dthewuilsphee moggqcﬂlon column, particle-

- 32 - Is preferably fromO0.1 to 100,  nore greferabl ér mO.2 to
70, still reesedrReynaliy pumhen of the Hawid omp nent%i"é‘%%o Ht’ of

S A TR L NI S T St
the unreaCtggmponents was 742. From the above results, it was
confirmed that the flow of the liquid bhase and the gas
phase satisfied the wavy flow region, ethylene oxide was
present inia continuous phase.

10 In addition, a gasification ratio of ethylene oxide
was obtained from the flow rates of ethylene oxide,
nitrogen gas, and lauryl alcohoi, and each of their vapor
pressures at the temperafure and presSure conditions
during reaction. The resulting gasification ratio for

15 each 6f Examples is shown in Table 1.

Here, the Reynolds numbers for each component were
calculated as follows:
At the inlet, Re,, the particle-based Reynolds number for
the liquid components, calculated by the follpwing

20 equation:

Re, = 4;°G,/W,, |
wherein d;, an equivalent catalyst diameter based on
sphere, = 0.38 cm;

G,, a superficial mass flow rate of a liquid,

25 ~ = 0.1147 g/cm?e sec; and



al kyl ene oxide, the LHSV is preferably 100 or |ess. In
addition, as to the aging tenperature and pressure, substantially
the sane |evel or |ower tenperature and/or substantially the |evel
or higher 10 pressure as conpared to the tenperature and pressure
conditions at the gas-liquid separator in the bottom of the reaction
colum can be enpl oyed, whereby the di ss@doed al kyl ene oxide is not
gasi fied. Such conditions can be achi eved by controlling the

" tenperature in a lead pipe 15 equi pped with a jacket or by controlling
the pressure by p,, a sistosttysofisaalpguipd, = 0.02122 g/feme=kltion, at

" the outlet of the aging reaction colum, there may be further
provided a flash distillation equi pnent, such as a flash tank for
removing lowboiling 20 poi nt by-products. By flash distillation of
the product was fouﬂésﬁptbﬁgzﬁﬂen1ﬂﬁeaégﬁﬁéoﬂﬁeéﬁnihﬁ taleki cRegheth@ount
of the unreacted al kyl ene_oxide dissalved in the |Iiquid

conponent s iBaH§PSBFVbP§&GC§GYnPHQSIBW”BGFI?Hg bBPngas compopgngBeduct s,

ch as _di oxane, e effect renoved 5 t hout di schargi ng the
ZrkyleﬁQ gx?egicu ateg by the %% 1owing gquat%on' w u _ 53 _ ging

Re, = ds°G,/n,,

wherein 4,, the same as defined above, = 0.38 cm;

G,, a superficial mass flow rate of a gas,
= 0.6215 g/cm?*sec; and

10 B, @ viscosity of a gas, = 0.0002 g/cmesec,

was found to be 1181.
At the outlet, Re,, the particle-based Reynolds number
for the liquid components, calculated by the following
15 . eqguation:
Re, = 4;*G,/p;,
wherein d,, the same as defined above, = 0.38 cm;
G,, a superficial mass flow rate of a liquid,
= 0.3457 g/cm?esec; and

20 B, a viscosity of a liquid, = 0.05508 g/cmesec,

was found to be 2.4. 1In addition, at the outlet, Re,, the
particle-based Reynolds number for the gas components,
calculated by the following equation:

25 | Re, = d,°G,/p,,



The resulting |iquid conmponents containing the al kyl ene oxide adduct
after the reaction can be recircul ated by leading the liquid
conponents fromthe liquid outlet to the liquid inlet of the fixed
bed 5 reaction colum. By the recirculation, the nunber of

nol ar additions of the al kyl ene oxide of the resulting al kyl ene oxi de
adduct can be further increased. " - 40 - Next, the reactor suitably
used in the present invention will be described. 10 The
reactor usable in the present invention includes a fixed bed reactor
conprising a reaéeveinodyntheaskse as defimedhabovel,i ¢ B8l yov. :

The fixed bed reactor usable in the present invention i ncl udes, for

i nstance, a f|xéayb@daMﬂﬁﬁﬁychﬁénmaS§ fgow rate ofr @a@&Sen col umm packed
with a solid catal feeq l'i ne for an al kyl ene oxide for feeding
the al kyl ene oxid t%gos g/cmtﬁ@"r'eém on colum; and a feed line for an

organi c conpound havi active dro e r feeding the organic
conmpound havi ng Bt i&% 1ﬁﬁﬁ§££§ °Fbat9? edct @Hogopdﬁw egb - wherein each

of thq%feed line for an al kyl ene oxi de and the feed line for an

or ganit conpound havi ng active hydr ogen may be connected to the top
of the reac Alternatively, the feed line for an al kyl ene
oxi de may H%é%dﬁﬁg% S@ét bottom of the reaction 25 col um.

Further, in the -ﬁb&vﬁuxﬁﬁéfdof’%iéﬁcé&’éiti&?s&f ethylene oxide of the

ethylene oxide adduct of lauryl alcohol was calculated as
follows. The liquid components taken out from the fixed

10 bed were stirred for 30 minutes under the conditions of
80°C and 30 Torr, in order to degas the unreacted ethylene
oxide.7 Thereafter, the number of molar addition of
ethylene oxide was caiculated from the hydroxyl value of
the liquid components after degassing. The_results are

15 shown in Table 1. Incidentally, APHA, the hue of the
lresulting ethylene oxide adduct of lauryl alcohol, was 5
or less, showing that no dramatic temperature risé took

place in the reaction column.



- 34 - further conprising a feed line for an inert gas for

feeding the inert gas to the reaction colum connected to the top or
bottom of the reaction colum are nore pref erably enpl oyed, and
those further conmprising a 5 gas-liquid separator for efficiently
separating the gas conponents fromthe liquid conmponents at a |liquid
out |l et of the reaction colum ar#danged at the top or bottom of

the reaction columm are nore preferably enpl oyed. As to the
fixed bed reactor usable in the present 10 invention, in a case of
using the fixed bed reactor in the Tab l @rodess of the present invention,
fromthe viewoint of reduci ng the anmount of the al kyl ene oxi de

di ssol ved i~the fest-trg—tcutdconmponents, T € érg_erap

enpl oyed ones Number ioficl ude t hBge furt her A@owit icfi ng an S8y BEAeH i on
colum 15 cHoberted to the Iiquid outl &rodect Rerreact RBRLEAfum, or
to the gas-liquiAddsefomsat or arranged, at tA&itofplemenot t ofP* of the
reacti on col unmof EO* An (&8RPl e of ofhBedqbi®B bed reactor incl udes
an g_ apparatus as shown in Figure 3. TPedudparatus shown in 20

Fi gur e” 3 i s—usuaty—enrbyr—used—under—eondrt+ons—that—tte

Example Nos.

1 8.9 5 or 3.73 0.985

less

2 9.0 5 or 3.76 0.985
less

10 3 2.5 " 5or 6.45 0.949
' less

i} 3.0 5 or 5.82 0.957

: less _

5 2.2 10 3.55 0.961

15 Remark *: Ethylene oxide.

#%: [kg.hr.liter]

Example 2

The same procedureégas in Example 1 were_carried out
20 to prepare an ethylene oxide adduct of lauryl aléohol,
except for the following conditions: Lauryl alcohol was
fed from the feed line fdr an organic compound having
active hydrogen, to allow lauryl alcohol to . flow downward
through the reaction column at a flow rate of 2.4 kg/hr

25 for each reaction column. In addition, ethy;ene-oxide,



gas phase in the reaction colum is a continuous phase. " - Next,
the present invention wll -be detailed referring to Figure 3.

The organi ¢ conpound having active hydrogen is fed to 25 the top of the
reaction colum, a liquid inlet of the

- 35 - ~ reaction colum, froma feed Iine 6 for an organic

conpound havi ng active hydrogen. In addtt42m the al kyl ene oxide is
fed to the top of the reaction colum froma feed line 3 for an

al kyl ene oxide. An inert gas is ed to the top of the reaction
col um from Preyd@usilye heated ank &asé-tfﬁeﬁ’ertangaé‘lt“%gen gas Weffe i quid

conponents fed to the top of a reactio

teﬁCh rea;:t i oﬁllé‘@ldurﬂﬂl ly‘-eai from a Igac'f"wf(n?eﬂii g‘f‘ﬂeo%?l)lrj@ﬁ‘:}‘aﬁ% S:Ihg gt ?gpt gf
e reaction col .um.
Sglsgmg throuehfd%r:gf?tg? s ltjﬂqé\ﬁd éagﬁslqﬂ'@rlt SO|I ca a yst%tﬁeﬁ]er
organic corrp(‘?%‘n H:aﬁﬁ Pt 7 Cd ‘igjf} i Ve rhye rc(%]gerneamhoq’?%e lg'?}ﬁlylr%?fe@ l)gir]dgf [ ;he
Carrledsout ﬂltrogen-gas was fed at a rate of 5.2 kg/hr for each

reaction column. The results are shown in Table 1. In

this case, it was confirmed that the flow of the liquid

phase and the gas phase inside the reaction column

.satisfied the wavy flow region, ethylene oxide was present

10 in a continuous phase. Incidentally, APHA, the hue of the
resulting ethylene oxide adduct of lauryl alcohol, was 5
or less, showing that no dramatic temperature rise took

place in the reaction column.

15 Example 3
The same.procedures as in Example 1 were carried out

to prepare an efhylene oxide adduct of lauryl alcohol, |
except for feeding lauryl alcohol from the feed line for
an organic compound having active hydrogen, to allow

20 lauryl alcohol to flow downward through the reaction
column at a flow rate of 8.1 kg/hr for each reaction
column. The results are shown in Table 1. In this case,
it was confirmed that the flow of fhe liquid phase and the
gas phase inside the reactidn column satisfied the wavy

25 @ flow region, ethylene oxide was present in a continuous



15 the reaction colum 1. The resulting al kyl ene oxide adduct
m.xed into the |iquid conponents is in a dowward flow.

At* the bottom of the reaction colum, a liquid outlet of the
reaction colum, there can be obtained liquid 20 conmponent s cont ai ni ng
an al kyl ene oxi de adduct of an or gani ¢ conpound havi ng active
hydrogen, and gas conponents conpr4asig an unreacted, gaseous

al kyl ene oxi de or a mxture of the unreacted, gaseous al kyl ene oxi de
and an inert gas. The liquid conponents are separated from 25

the gas conpghases attnaigentaildyi, d APEPar £her hue ofndhehyesulting

- 36 - | i qui d conponents are discharged fromthe reactor, so that

a desired al kethgienexiodddedddductapipdavrydi rdeohedseMpgnd OF 1eSSa so, the
gas conponents may be exhausted from an exhaust ‘gas |ine 9. 5

I'n the fixedsbewingathet op Frgmedic temperafyyep&ise tgoip?é??&e&na j acket

2 capable of flowwng a liquid in the peri pheral portion of the
reaction col &he reagjigno @odiung - the jacket 2, the tenperature of the
reaction colum 1 can be favorably adjusted to a desired |evel by

adj usti Bg the
| Example 4

The same procedures as in Exémple 1 were darried_out
to prepare an éthylene oxide adduct of lauryl alcohol,
except for feeding. lauryl alcohol from the feed line for

10 an organic compound having active hydrogen, tolallow
lauryl alcohol to flow downward through the reaction
column at a flow rate of 6.8 kg/hr for each reaction
column. The results are shpwn in Table 1. In this case,
it was confirmed that the flow of the liquid phase and the

15 gas phase inside the reaction column satisfied the wavy
flow region, ethylene oxide was present in a continuous
phase. Incidentally, APHA, the hue of the resulting
ethylene oxide adduct of lauryl alcohol, was 5 or less,
showing that no dramatic temperature rise took place in

20 the reaction column.

Example 5
The same procedures as in Example 1 were carried out

to prepare an ethylene oxide adduct of methyl ester of a

25 fatty acid, except for the following conditions: Methyl



10 - tenperature of the liquid flow ng through the jacket 2.

In addition, fromthe viewoints of effectiv ' ”

| ( , ely reactin

r?23Yhngoa very snall amount of the alkylene oxi de dissglsgg in the

bLd reaCtnponents cont ai ni ng the _ al kyl ene oxi de .adduct, the fixed

e meas or may further 15 conpri se an agi ng reactor col urm 8.

EAPES f The present |nveptuqnfmﬁll be described in further

detal y ans of the follow ng working exanples, w thout 20 i nt endi n
imt to scope or spirit of the present i nventi-on theret ’

Exampl e 1 : : C 0.
ster of a fatty-heddrraving ai mbleculartweid
25 excep? that —no agi ng reaction colum was providét Shoth FhFrRRre 3,

i o, Pl e Entorome AT
an anount ohcRiket Bydrbgengath eddow BRTBELUAFTST 025a%satty acf@lebyst in

flow downward through +he reaction column at a flow rate

5 of 4.9 kg/hr for each reaction column. In addition,
etbylene oxide, previously heated and gasified, and
nitrogen gas were mixed and fed from a gas feed 1iﬁe 4.
Each of the gas feeding rates was as follows. Ethylene
oxide gas_was.fed at a rate of 5.4 kg/hr for each reaction

10 column, and nitrogen gas was fed at a rate of 3.6 kg/hr
for each réaction column. The results are shown in Table
1. In this case, it was confirmed that the flow of the
liquid phase and the gas phase inside the reaction column
satisfied the wavy flow region, ethylene oxide was present

15 in a continuous phase. Incidentally, APHA, the hue of the
resulting ethylene oxide adduct of the methyl ester of a
fatty acid, was 10, showing that no dfamatic temperature
rise took place in the reaction column.

Here, the Reynolds numbers for each component were

20 calculated as follows: |
At the inlet, Re,, the particle-based Reynolds number for
the liquid components, calculated by the following
equation:.

Re, = 4s*Gi/1y,

25 wherein dg;, an equivalent catalyst diameter based on



having an inner dianeter of 28 mmand a length of 4 m As 5 toinert

particles, stainless Raschig rings were used. Lauryl al cohol was fed
froma feed line 6 for an organic : conpound havi ng active hydrogen.
By using a liquid di stributor arranged at a top portion of the

f't xed- bed reactor, lauryl alcohol, a |liquid conponent, was 10

di stributed, and lauryl al cohol was theﬁsarlomed to flow downwar d

t hrough the reaction colum at a flow rate of ' 2.4 kg/hr for each

reaction colum. In addition, liquid et hyl ene oxide was fed froma
feed line 3 for spherRyIEn@~33 Cm; oxide at a flowrate of 7.8 kg/hr for

each reaction 15 col unm, . and. ni trogen i@ feed line 4
for an . in€rd %e@‘%ﬂrfalqajt%'w‘?%ﬁség%fmg%ﬁ%ﬁ# ec?or ciei{amc'h reaction
col um. t grature iqyside the reaction colum was kept
at 135[err]C, and Phgggrgzg re We's zT(Aeéppt at about 6.4 atm 20 Li quid

conponents containin tf§c¢5 tép%pﬂm@pmmm g/cmeséguryl ether and
ng

gas conponents cButd n unr €act e et hyl ene oxi de and nitrogen gas
wer e cgntinuously separated in a gas-liquid separator 10. In
addi ti on,

t he gas conponents were exhausted fron1an5exhaust19as l'ine
9. 25 At au ifghfla @b bees.eact Tanadditdon,t A& Bhet putdefasBgs. the

particle-based Reynolds number for the gas components,
calculated by the folldwing equation:
Re, = dg* G4/ Ny, _
10 wherein 4;, the same as defined above, = 0.38 cm;

G., a superficial mass flow rate of a gas,

(- 24

= 0.430 g/cm’ssec; and

Hy, @ viscosity of a gas, = 0.0002 g/cmesec,

15 was found to be 817.
At the outlet, Rel,'the particle-based Reynolds number

for the liquid components, calculated by the following
equation:
Re, = d:°G,/H,,
. 20 wherein d;, the same as defined above, = 0.38 cm;
G,, a superficial mass flow rate of a liquid,
= 0.339 g/cm’ssec; and

p,, a viscosity of a liquid, = 0.050 g/cmesec,

25 was found to be 2.6. In addition, at the inlet, Re,, the



- 387" Reynol ds nunber of the liquid conmponents was 2.1, and the
particl e-based Reynol ds nunber of the gas conponents was 1181; and
at*the outlet of the reaction colunmm, particle- based Reynol ds
nunber of the liquid conponents was 2.4, 5 and the particl e-based
Reynol ds nunber of the gas conponents was 742. Fromthe above
results, it was confirmed that thegdlow of the |iquid phase and the
gas phase satisfied the wavy fl ow region, ethylene oxi de was '
present i.n a continuous phase. 10 In addition, a gasification

ratio of ethy«191d-ased Reyntdd=dhivmibend farorthehgald companents, et hyl ene
oxi de, nitrogen gas, and lauryl alcohol, and each of their vapor

pressures at ddieulagel dwrithearfiblirssing equakiian:ons during
reaction. The resulting gasification ratio for 15 each of Exanples is
shown in Table -1. Re, = d;4®y/®,, t he Reynol ds nunbers for each conponent
wer e cal cul at ed as fol | ows: At the inlet, Reherr] t he

particl e-based Rewhenesimdhetheosame as defdnpdqabaveonpoRedBst®éal cul at ed
by the followng 20 equat i on:

dierr]*@err]/[erGsy 3 s“Perflcia%h@P§§nf&F¥rFfte ﬁge%u99grent cat al yst

di amet er based on - 0.325 g/cm‘. g%[ean 0.38 cm

B, a viscosity of a gas, = 0.0002 g/cmesec,

was found to be 618.

10

The hue in the above Examples was measured by a

testing method based on Hazén unit color number according
to JIS K-0071-5 using the APHA column. The production
efficiency was evaluated as an amount of the resulting

15 product per unit volume of the reaction column.
Specifically, the amount of the resulting product per unit
volume of the reaction éolumn was calculated as follows.
The flow rate [kg/hr] of the product was obtained from the
flow rate [kg/hr] of the starting organic compounds having

20 active hydrogen and the ﬁumber of molar addition of
ethylene oxide. The resultant flow rate of the product
was divided by the volume (liter) of the cétalyst to
obtain the amount of the resulting product per unit volume
of the reaction column.

25 It is clear from Table 1 that the ethylene oxide



({ef?], a superficial mass flowrate of a liquid, 25 = 0.1147

g/cnferr]*sec; and - 39 -
[err], a viscosity of a liquid, = 0.02122 g/cnfsec, was found to
be 2.1. In addition, at the inlet, Re[err], the -particl e-based
Reynol ds nunber for the gas conponents, - 5 cal cul ated by the foll ow ng
equati on: -~ Re[err] :-d%%rf]*cqerr]/[err],

wherein d[err], the sane as defined above, 0. 38 cn1 Cierr]'
a superf|C|aI mass flow rate of a gas, . 6215 g/cnferr] *sec;
and 10 adduchehaving » Jerde ynmbeer % molay @S tematc

1181. t he outlet F@[errj t he

\ngtrgijg?b;%g‘%’é@;ﬂ?o|%%rﬂ?& be produqRy Hhe | Hah PLIHRISRGE s, |
6o 475, il V0 olcang B4 mmrmens sovennson: od¥hec |
?ngfa,: 0. %%dyglon, each of tﬁg‘ﬁééulél&a”¥¥ faﬁa rn¥5% a ué%g ég a
5 an excellent hue, showing an excellent quality.
In addition, the Reynolds numbers for each component

at inlet and outlet of the reaction column in each Example

are shown in Table 2.

Table 2
Partlcle—Baeed Particle-Based
Reynolds Number of Reynolds Number of
Liquid Components Gas Components
Re, at Re, at Re, at Re, at
Inlet Outlet Inlet ' | Outlet
Example Nos.
1 2.1 2.4 1181 742
2 2.1 2.5 1181 716
3 6.9 7.5 1181 745
y 5.8 6.4 1181 s

5 8.9 2.6 817 618




= 0.3457 g/cnferr]*sec; and 20 - ‘[err], a viscosity of aliquid, =
0. 05508 g/ cnrsec, was found to be 2.4. In addition, at the
outlet, Re[err], the particl e-based Reynol ds nunber for the gas
conponent s, cal cul ated by the foll owi ng equation: 25-

Re[err] =d[err]*Jerr]/[err], -
40 - ' wherein dlerr], the sags as defined above, = 0.38 cm
derr], a superficial nass flow rate of a gas, = 0. 3906
g/cnferr]*sec; and " [err], a viscosity of a gas, = 0.0002

g/ cntsec, 5 Accoxgibng ctmdthe prodelds of the presermhelnuerdoiorof nol ar
addition of ethylene oxide of the et hyl ene oxi de adduct of | auryl

al cohol was ‘&@xe|ardasexhibited an wEfeqh of | RERRPTNG ATt MLEYIBRS out
fromthe fixed _10 bed were stirred for 30 m nutes under the conditions

of sOPEidg @AFRCRNABING 3 ¥CRILERE R LY R REFRL RAQWHIBN ene
oxide. 7 Ther ool Hendy'® SR 804 Laf) (180 Habirity, without
5 eﬁploying high-degree, pressure-tight facilities.

The present invention being thus desCribed,'it will
be obvious that the same may be varied in many ways. Such
variations are not to be regérded as a departure from the
spirit and scope of the invention, and all such

10 modifications as would be obvious to one skilled in the

art are intended to be included within the scope of the

following claims.



et hyl"(ene oxi de-was_cal culated fromthe hydroxyl value of the liquid

conmponents after degassing. The results are 15 shown in Table 1.

I nci dental |y, i’ "wmfm ‘resulting ethyl ene oxide adduct

of lauryl al coh ﬂ"r""" | ess, showi ng that no dramatic

tenperature rise *tobk * S place in the reaction col um.

- 41 - - d9a-b | e 1 Nunber of
 Hue Anount  of Gasification THIS SHWWGHAS BEEN _

Product per Rati o of Addi ti ons REPLACED JUnit Vol ume

EOQr WHA{I$E@LAIMED IS: (APHA) of Raaclieor

Col umm** Exanpl e Nos. 1 8.9 5 or

3.73 .0.985 : | ess 2 9.0

5 or 3.76 0. 985 o ' .. less 10

3 2§ 1. A fprocess for gng@aring an algqg'l@ye oxide

| ess 0. 957

3.0 o
| ess _acgduct,zlc?mprlsn.ng the 1§)1.:eps of feed:g'\q-)gm organic ( gg1 15
Remark g EldMigiitnd Hélfing active hydrogen a4l alkyeléne oxide to a

reaction column packed with a solid catalyst, and carrying
out addition reaction of said organic compound having
active hydrogen with an alkylene oxide in a gas-liquid
fixed bed reaction, wherein the alkylene oxide is in a

10 state of gas and the organic compound having active

hydrdgen is in a state of liquid.

2. The process according to claim 1, wherein the
organic compound having active hydrogen and the alkylene
15 oxide are fed to the reaction column under conditions that

a gas phase therein is a continuous phase.

3. The process according to claim 1, wherein the
gas phase in the reaction column comprises an inert gas
20 and an alkylene oxide gas, or consists essentially of an

alkylene oxide gas..

4, The process according to claim 1, wherein a
liquid phase and a gas phase in the reaction column are

25 cocurrent downward flow.

miiii‘fiiiu”“um‘““




Exanple 2 ———The—~satre—procedures as in Exanple 1 were carried out -

20 to prepare a oxi de . adduct of lauryl alcohol, except
for the foll ow ng gﬂiﬂ Em" al cohol was fed fromthe feed

i ne for an organi activ%_hydLogen—nke—a++ﬁm1Iauryl
-~ al cohol to flow downward through the react) prIScOEETHAS BEENIjow rat e

of 2.4 kg/hr 25 for each reacti on c@gam. |n}addi tHEPDACED hyl ere oxi de,
- 42 - previously heated and gasified, ant—att++ogemTrgas Were -
m xed and fed froma gas feed line 4. Each of the gas feeding rates
was as follows. Bthyl 8he prodesgascaasdiag to claimt 13 wheredh Eh& kg/ hr
for each reaction colum, and 5 nitrogen gas was fed at a rate of 5.2
kg/ hr for eQ¥§anic comppypdi Bavdeguastiveehydzoges and thewelkylsable 1. |In

this case, it was confirned that the flow of the liquid hase and
the gas pha9§ipﬁsPH§ £ra mpderi Grnddtipnrs of f1°§a9 sfi édauid paesgef| ow
region, eth ne oxi de, was e I n conti nuous phase.
Incidentallé SAﬁHgastRBaﬁﬁegB%%ﬁﬁéent to be withln a wavy flow region

5 or a trickle flow region.

6. The process according to claim 1, further

comprising an aging step.

10 7. The process according to claim 1, wherein a
particle-based Reynolds number of a liquid in the reaction

column is 1,000 or less.

8. The process according to claim 1, wherein a
15 particle-based Reynolds number of a gas in the reaction

column is 300,000 or less.
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resul ting ethyl ene oxi de adduct of lauryl al cohol, was 5 . L
showi ng that no dramatic tenperature rise took pl ac| __THI$ ﬁHEETr Hﬂsmm
col um. 15 Exanpl e 3 The sane procedures RS iF :

“were carried out to prepare an et hyl ene oxi de adduc -
al cohol , except for feeding lauryl alcohol fromthe feed line for

an organi ¢ conpound having active hydrog@mn,-to allow " 20 | auryl al cohol
to fl ow downward through the reaction ~colum at a flowrate of 8.1
kg/ hr for each reaction ~colum. The results are shown in Table 1. In
this case, it was COBSTRACT QR THE: DISGKOSUREhe | i quid phase and

t he gas phase inside the reaction columm satisfied the wavy 25

fl ow region, ethylene oxide was present in a continuous

- 43 - phase. Incidentally, APHA the hue_of the resulting

et hyl ene oxi de aHHGcPrBFeﬁﬁuf?F RFGBHSF“QWE§ 3lkylepgsoxide addygbwi ng t hat

no dramatic.te r.at ur e too he reacti on col um. 5
ncEBSing tge steps o% Q ng an organ&c compound having

5 active hydrogen and an alkylene oxide to a reaction columh
packed with a solid catalyst, and carrying out addition
reaction of the organic compound having active hydrogen
with an alkylene oxide in a gas-liquid fixed bed reaction,
wherein the alkylene oxide is in a state of gas and- the

10 organic compound having active hydrogen is in a state of

liquid.
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_ ExanBIe 4
t-0" prepare an ethy

The sane procedures as in Exanple 1 were carriéd out
| ene oxi de adduct.. of - lauryl..al cohol, except for

feeding | auryl alcohol fromthe feed |ine for 10 an orgay

havi ng active hydrogen, to allow | auryl al cohol to

t hrough the reaction colum at a flow rate of 6.8

reaction colum. The results are shown in Table 1. Tn this case,

it was confirmed t

hat the flow of the |iquid phase and the 15 gas phase

i nside the reaction colum satisfied the wavy fl ow region, ethylene
oxi de was present in a continuous phase. Incidentally, APHA, the hue
of the resulting et hyl ene oxi de adduct of [auryl alcohol, was 5 or
| ess, showi ng that no dgg tic tenperature rise took place in 20
the reaction Ignﬂ. le 5 ( Tﬂ sanme procedures as
in Exanple 1 re carried out e an glene oxi de adduct of
met hyl ester of a |25  fatty ac\d, or the follow ng conditions:
Met hyl (a) - 44 -

(b)

P
(e¢) (ITI)

Rel

FIG. 1
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est'er of a fatty acid having a nol ecul ar wei ght of 217 was fed from

ttHe feed line for an organi c conpound havi ng activ

al l ow nethyl- ester of a fatty acid to fl ow dommriMSo ' mgBEEN
reaction colum at a flowrate 5 of 4.9 kg/hr for each_react

colum. In addition, et hyl ene oxi de, previously heated and

gasi fied, and nitrogen gas were m xed and fed froma gas feed |ine
4, Each of the gas feeding rates was as follows. Ethylene

oxi de gas was fed at a rate of 5.4 kg/hr for each reaction 10 col um,
and nitrogen gas was fed at a rate of 3.6 kg/hr for each reaction
colum. The results are shown in Table 1. In this case, it was
confirned that the flow of the | i qui d phase and the gas phase inside
t he reaction colunn satisfied the wavy fl ow region, ethylene oxide
was present in a contlnqppz phase. Incidentally, APHA, the hue of

t he I% ng et hyl ene ox] e adduct of the tg ester of a

fatty acid, mas 0, showi ng that\no dramatic A enperatufe ri se took

place in the reactf on col um. : Hre, the Reynolds nunbers for
each conmponent were 20 cal cul ol | ows: At the inlet,
Re[err], the particl e-based Reynol ep for the liquid
.conponents, calculjlated by the foll equat i on:

Re[err] = d[err]*{derr]/[err], 2& erein dlerr], an equival ent
catal yst di aneter [pased on

(f)

FIG 2
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- A‘SV- | sphere, = 0.38 cm Gerr], a superficial

rmess flow rate of a liquid, = 0.234 g/cnferr]*sec; and

[err], a viscosity of a liquid, = 0.010 g/cnrsec, 5 was found to .
be 8.9. In addition, at the outlet, Re[err], the ' par feete—i-a5-a g
Reynol ds nunber for the gas components, cal cul at ed by THISe SHEET: HAS nBEEN
equati on: Reg = d[err]*CGg/[err], 10 VREACED -
d[err], the sane as defined above, = 0.38 cm JerriTa
superficial mass flow rat8.of a gas, 4 = 0.430 g/cnferr] *sec;
and [err]; i , 0- 0002 g/ cnrsec, 15

was found to be 817. At th utlet, Re[err], the :
particl e-based Reynol ds nunber ferlthe |iquid conponents, calcul ated
by the follow ng . equation: Re[@grr] =
dierr]*Jerr]/[err], 20 erein rr], the gane as defined
above, = 0.38 cm .

ull
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qJerr], a superficial mass flow rate of a Iiquid, 0. 3392034 1§ —¢

g/ cnierr]*sec; and » - 4 [err], a viscosi yREPU&GEmW SHEETF . 050 |
g/ cntsec, 25 was found to be 2.6. |n addi 1P0¢ S
Re[err], the “,
particl e-based Reynol ds nunber for the gas conpofefpts 3NOV %Bca bl ated by
the foll ow ng equation: Re[err] }= Brrj,
wherein dlerr], the same as defined aboves1=-0. 3 Herr], a
superficial mass flow rate of a gas, =3t ] »sec; and
[err], a viscosity of a gas, = 0.0002 g/cntsec, - was found to be

- 618. 10 The hue ABSTRACILOVeTHEaDmBECLOBURENeasured by a

testing method base@mﬂﬁzﬁﬁmﬂ%l;m mﬂﬁhﬁé&&ﬂt“@% UCTS to JIS
K- 0071-5 using the Yy was
eval uated as an amount of the resulting .
The process for prgparing an alkylene oxide adduct,
including the steps of feeding an organic compound having ;
5 active hydrogen and an alkylene oxide to a reaction column
packed with a solid catalyst, and carrying out addition
reaction of the organic compound having active hydrogen
with an alkylene oxide in a gas-liquid fixed bed reaction,
wherein the alkyiene oxide is in a state of gas and the
10 organic compound having active hydrogen is in a state of

liquid.

Figure 3



15° product per unit volune of the reaction col uomn. Speet{ical |y,
the amount of the resulting product::per-unit-:, | REMMCEMENDBISHEEE teaction
col um was cal cul ated as foll ows. The fl oW rpate—fXgrnr] ol {he
product was obtained fromthe flowrate [ g/hriI cﬁl*m Star i ng
or gani ¢ conpounds having 20 active hydrogen gng t é QI of | ar
addi tion of et hyl ene oxide. The rgsultant ff How rate—e+—+he groduct
was divided by the volunme (liter) of the—eatal ystjto obt ai n {t he
amount of the resulting product per unit volunme ~-gf~—tTTe 1 eacti on
colum. 25 It is clear fromTable 1 that the ethyl ene oxide

- 47 - adducts having a | arge nunber of nolar addition of

et hyl ene oxi de can be produced at a high efficiency according to the
process of the present inventiof.I)n addition, each of the resulting
et hyl ene oxi dB @d®ucts has 5 n excel l ent Jrue, (shdw ng an excel | ent
quality. . In addition, f\he Reynol dg¥'nunbers for each conponent
at inlet and outl et} of tlze §eacti ox colum #n each Exanpl e are shown
in Table 2. a

| E—

(b)

(c) (I111)

Rel



Table?2. . Particl e- Based

Parti cl e- Based

Reynol ds Nunber of ~ -« Reynol ds Number of : LGtk .
~ Conponent s Gas Conponents Re[ er | |REPLAGENENT PHEET
Re[err] at™ °~ Re[err] at I nl et Qutlef i "AT ekt
Qut | et Exanpl e Nos. 1 2.1 2.4 {';.ﬂwmﬁ et LSHL
742 2 2.1 2.5 -3- 1181 I A
3 6.9 7.5 1184— 745 { 4...
5.8 6.4 3 1181 745 4 5 i 8.9
2.6 817 618 . - -
- 48 - Acc _ ce e present invention,
there can be exhibited an effect of prepar|ng an al kyl ene oxi de
adduct having an excellent hue at a hi oduction efficiency, and
w th good safety and stability, w thglt eanOyin@ hi gh- degr ee,
pressure-tight facilities. The pygsent invention being thus
described, it wll be obvio FlEREEFE]sam my be varied in many
ways. Such variations are n 11& beegar ded as a departure fromthe
~spirit and scope of the invention, a 5 | = uc@
[
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10-* nodifications as woul d be obvi ous td'one skille
i ntended to be included within the scopé: of the

RPPIACEME

NT SHEE&r» are

- 49 .- - WHAT IS CLAIMED I S: 1. d paring
an al kyl ene .oxi de adduct, . conprising the stepq df rgani c
conpound in a liquid ‘state having active hydrdggn and an.alkyfede
oxide to a reaction col um packed with a solid| catalyst, and !
carrying out addition reaction of said organic conpolnd-hawi-rg-attive’
hydrogen with an al kyl ene oxide in a gas-liquid fixed bed reaction,
wherein the kol en j.de. i f Sy organic
conpound \?I ng act ?L\?g)éhygrosgsggﬁqﬂeg Cﬁ]va} E‘eed)sqt\g"f‘e %(?QT:IE%& d. °

2. The pPrQGRss ALY & RG LA :chaignlx MR R-dderion usugégé‘n' ¢ conpound
havi ng active hydrogen and the alkylene 5 oxide are f to the reaction

: cg;ggn UNdyacx@H tdRsrd lcked with @%&@&%ﬁi@@t n &sda continuous
P confirmed that improvements in production efficiency in &
5 high-concentration catalyst reaction. They have found
fhat by reacting an zlkylene oxide in the state of a gas,
the alkylene oxide concentration in the liguid can be made -
relatively uniform in thé reaction column, so that no
drastic exothermic heat and pressure increase incurred by
10 the exothermic heat take place. Therefore, the gas-liquid

fixed bed reaction can be operated safely and stably, and

the present invention heas been perfected thereby.

Further, the present inventors have confirmed that in the

preparation according to the conventional processes, when
15 the- number of melear additions of the.alkyiene oxide is
high, the quality deterioration takes place owing fo the
reaction temperature rise by the exothermic heat, whereas
in the process of the present.invention, unexpectedly no
gquality deterioration of.the resulting alkyvlene oxide
20 adduct has been found.

The present invention pertains to & process for
preparing an alkylene oxide adduct, comprising the steps

of feeding an organic compound in a liquid state having active

hydrogen and an alkylene oxide to a reaction column packed with

a solid catalyst, and carrying out addition reaction of the



3. The process according to claim1, ‘V\/nerei n the gas phase in'the
reaction colum conprises an inert gas- and an al kyl ene OXIde gas, or
consi'sts essentially of an OXIde gas. . 4usy . The
process according to clai ””"IIIN“H “lmmﬁ”ﬂl i qw[cr B MENT BHIEHS phase
in the reaction colum are *25 tcodurfent downward -

- 50- ' 5. The process according to clainm 1} wherein

organi ¢ conpound havi ng active hydrogen and the al kyfe e26 OCT i ar e

fed under conditions of flow of a |liquid phase ) '

sufficient to be within a wavy flow regh8n- 5 or g (TTckle f1ow reg| on.

6. The process according to claim1, further co A—agihg
The process according to claim1, wherein a

st ep.
particl e-‘%g}sedI%eynoII absD er of aliquid in the reaction

1. A process for Preparing an alkylene oxide adduct,

comprising the steps of feeding an organic compound in a liquid

state having active hydrogen and an alkylene oxide to a reaction
column packed with a solid catalyst, and carrying out addition
W/ re;ction of said organic compound having active hydrogen with an
alkylene oxide in a gas-liquid fixed bed reaction, wherein the
alkylene oxide is in a state of gas and the organic compound

having active hydrogen is in the state of liquid.

2. The process according to claim 1, wherein +the
Organic compound having active hyér ogen and the alkylene
-5 Oxige are Zed to the reaction column under conditions that

a2 gas phase therein is a continuous. phase.

3. The process according to claim 1, wherein the
gas phase in the reaction column comprises an inert gas
2 ‘ i
20 and an alkylene oxide gas, or consists essent tially of an

alkylene oxide gas.

yad M~ .\..- [olale rale] ES 3 b
<. The process 8CLoOICing to claim i, wherein 2
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col um i5w1,060 or | ess. . The proce sﬁaﬁéﬁg%ﬁWﬂusﬁ E-{clalm
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5. The prodess according to claim 1, wherein the
organic compound having active hydrogen and the alkylene
oxide are fed under conditions. of flow of a liquid phase
and a gas phase sufficient to be within a wavy flow region

or a trickle flow region.

6. The process according to claim 1, further

comprising an aging step.

7. The procesé according to claim 1, wherein a
particle-based Reynolds number of a liquid in the reaction

column is 1,000 or less.

8. The process accdrding to claim 1, wherein a
particle-based Reynolds number of a gas in the reaction

column is 300,000 or less.



