rogf, | pc-r DEQCRIPIION Title of the invention METHOD FOR PRODUCING NONIONIC

TSy, E;'NZW‘RNE%H dé’f:ﬁe invention [0001] The present invention relates to a method for
producing a nonionic surfactant. Background of the invention [0002] Nonionic surfactants,
obtained by the reaction of compounds having active hydrogen such as alcohol with alkylene oxides
such as ethylene and propylene oxides to cause addition polymerization, have good properties as a
surfactant such as good solubility at low temperature, good stability in hard water, low critical micelle
concentration (cmc), and low surface tension at critical micelle concentration (y cmc). These
surfactants thus have a wide variety of appligﬁﬁ)‘ﬁ%%‘gﬁ% a detergent, an emulsifier, a penetrating
agent, and a solubilizing agent. Nonionic surfactants particularly produced by block addition
polymerization with ethylene oxide and propylene oxide (hereinafter, also referred to as block-type
nonionic surfacteats) freksownstedayercontrolled HLB as desired by simply controlling addition mole
numbers, and from the point of physical properties, to exhibit good operability as having low freezing
point and b¥mAGHRTE" RGuIERERE Wit W RTangERFAHpEHRture (JP-A-H010-212491, published
on Aug. 11, 1998). [0003] For nonionic surfactants, in addition to properties of a surfactant such
as emulsifying capacity and permeability, improvement in qualities such as hue, scent, and stability are
also importagnt, Thersrhavg.been, uanigys,proposed methods for producing an alkylene oxide-adduct
with a long-chain alcohol having improved qualities in the past. For example, JP- A2000-344702
discloses thiEt @ddnionic surfactant having good stability of appearance with small amount of
by-products is produced by addition of an alkoxylating catalyst, adjustment of a water content in a
liquid phase of the e tRTC SR SubBYGTEH PBNIAR EEHcCatraIyie Byditraish producing

a nonionic surfactant.

Background of the invention
{0002]

Nonicnic surfactants, obtained by the reaction of
compounds having active hydrogen such as alcohol with alkylene
oxides such as ethylene and propylene oxides to cause addition
polymerization, have good properties as a surfactant such as
good solubility at low temperature, good stability in hard water,
low critical micelle concentration (cdme), and low surface
tension at critical micelle concentration (y cme). These
gsurfactants thus have a wide variety of applications such as
a detergent, an emulsifier, a penetrating agent, and a
solubilizing agent.

Nonionic surfactants particularly produced by block
addition polymerization with ethylene oxide and propylene oxide
(hereinafter, also referred to as block-type nonionic
surfactants) are known to have controlled HLB as desired by

simply controlling addition mole numbers, and from the point



Summary of the invention [0004] The present invention relates to a method for producing a

' nonionic surfactant, including the following steps (1), (1), and (I11). [0005] <Step (I)> step of
reacting an alcohol represented by formula (1) having a water content of not more than 0 .1% by mass
with ethylene oxide in the presence of a catalyst to obtain an ethylene oxide-adduct represented by
formula (2): R-OH(1) wherein, R represents a linear or branched alkyl group having 8 to 24 carbon
atoms; R-0-(EO)x-H(2) wherein, R represents a linear or branched alkyl group having 8 to 24 carbon
atoms; HO represents an ethyleneoxy group; and x represents an average HO addition mole number

ranging 1 x© @FWLQ:{EBE’H’)B?ESS@@OFF@&EBH§ tH@%ﬂj}ﬂEﬁé‘ %Rfﬂbiéd’d@(ﬁ represatited by
o B B e e L B e

represente aving a content of remaining ene oxide of not more than 1000
mg/kg: R-04EQY«RD) - E@lawherein: R sepresgotsr bnearof branshed alky! group having 8 to 24

carbon atoms; ED represents an ethyleneoxy group; x represents an average ED addition mole
number rang#®B1 x 20; PO represents a propyleneoxy group; and y represents an average PO
addition mol[%gggn]ber ranging 1y 10; [0007] <Step (I11)>
For nonionic surfactants, in addition to properties of
a surfactant such as emulsifying capacity and permeability,
improvement in qualities such as hue, scent, and stability are
also important. There have been various proposed methods for
producing an alkylene oxide-adduct with a long-chain alcohol
having improved qualities in the past. For example, JP-
A2000-344702 discloses that a nonionic surfactant having good
stability of appearance with small amount of by-products is
produced by addition of an alkoxylating catalyst, adjustment

of a water content in a ligquid phase of the reactant, and

subsequent removal of the catalyst by filtration.

Summary of the invention
[(0004]

The present invention relates to a method for producing
a nonionic surfactant, including the following steps (T), (II),
and (III).
[0005]
<Step (I}>

step of reacting an alcohol represented by formula (1)
having a water content of not more than 0.1% by mass with ethylene

oxide in the presence of a catalyst to obtain an ethylene



step of reacting the alkylene oxide-adduct obtained in the step (ll) with ethylene oxide to obtain a
*nonionic surfactant represented by formula (4) having contents of remaining ethylene oxide and
‘remai'ning propylene oxide, respectively, of not more than 5 mg/kg: R-0- (EO),- (PO) y- (E0)z-H(4)
wherein, R represents a linear or branched alkyl group having 8 to 24 carbon atoms; EO represents an
ethyleneoxy group; x represents an average EO addition mole number ranging 1 x 20; PO represents
a propyleneoxy group; y represents an average PO addition mole number ranging 1y fl0; and z
represents an average EO addition mole number ranging 1 z 20. Detailed description of the Invention
[0008] 9 EdavesiiraleeppkrRsERfe his Besnnbasuffidient discussion on efficient methods of
producing a block-tﬁpe gonionic surf? galnt with a good hue and appearance, and high purity. [0009]

The present inventloﬁ% ovides a method for producing a block-type nonionic surfactant having a good

hue and appgarapcs and bighRusity,{Q010] ; ne ol the MesaRtBventan, the pradugtmixtye

containing the alkylene oxide-adduct obtained in the step (II) has a contént of remaining prépylene
oxide of noBmiote tancEINSomgidgtnefere the step (Ill) . After the step (ll) , the product mixture is
reacted with ethylene oxide in the step (l1l) . [0011] In the present invention, the contents of
water, remaining prdpflen8®kid&l and fémaining ethylene oxide are limited as described above.

[0012] <Stexﬁ?@1:>ei TEe step. (g%contgirés ﬁ%céin an. agl)cohol }éeé)ﬁgﬁ%ii(tegestg formyla é/l) having a
water content of not rhore than 0-1% y mass with ethyl SO K NCero ét%ﬂ/st to
obtain an efhylene pxideradeiicirepiesented-by furoua 2% RQMM eneoxy group; and
X represents an average EO addition mole number ranging 1 € x
< 20;
[0006]
<Step (II):>
step of reacting the ethylene oxide-adduct represented
by formula (2) obtained in the step (I} with propylene oxide
to obtain an alkylene oxide-adduct represented by formula (3)
having a content of remaining propylene oxide of not more than
1000 mg/kg:
R-0- (EO)x—(PO)y-H (3)
wherein, R represents a linear or branched alkyl group having
8 to 24 carbon atoms; EC represents an ethyleneoxy group; x
represents an average EC addition mole number ranging 1 £ x <
20; PO represents a propyleneoxy group; and y represents an
average PO addition mole number ranging 1 < vy < 10;
[0007]
<Step (IITI)>
step of reacting the alkylene oxide-adduct obtained in
the step (II) with ethylene oxide to obtain a nonionic

surfactant represented by formula (4) having contents of



wherein, R represents a linear or branched alkyl group having 8 to 24 carbon atoms; R-0-(50)x-H(2)

* wherein, R represents a linear or branched alkyl group having 8 to 24 carbon atoms; HO represents an
ethyleneoxy group; and x represents an average EO addition mole number ranging 1 x < 20. [0013]
From the point of ease of handling, in formula (1), R preferably has 8 to 18 carbon atoms, and more
preferably 8 to 16 carbon atoms. From the points of detergency and stability of appearance at low
temperature, x preferably ranges from 4 to 14, and more preferably 5 to 12. [0014] In the method
of the present invention, a nonionic surfactant having no problem in appearance such as clouding can
be producedER¥idtaRehSTBPreeht<Bf forfiifh TEVESIHERT aR¥SRY ¢6mentsiast more than 0.1%
by mass in }:rl\eesrea%ggg V\ﬁi_th etg ene 1g‘)xidgrig t?.% pre ntg\%ﬁi a catalyst. The water content of the
alcohol represe}ﬁ?e by formula )I%ﬁ)us RaS Ro Tiniitatidn WHekit is fed. In the reaction with ethylene
oxide, the water cogteﬁtqh@pxalpgb@LLemg§§n§9d by f@smula (1) is preferably 0 to 0.08% by mass,
more preferably 0 to 0.06% by mass, and even more preferably 0 to 0.05% by mass. When the water
content is marerhan 0. Raby messsriit ¢he réactean; eodebydratitie tteaikeht ghrauld beaminaguced to
adjust the water content. Dehydration may be performed, for example, by holding the reaction system
including th® diCordt ariheRatliyiifor 9 HotPE §ERREEr 8P8@ Y360 P8 EFeHEcedpressure

of 1to 10 kPa. t gistill off water, D ringt debydration treatment, an inert gas may. also_be
. =
mtroducedljélgs%%e ‘teongescr%asg"ﬁoglg re%rsl‘) tr?eggéla%ﬁ%r} sli}cs) emn. The Watdr content (%f fhé‘aicohol can

be measuredbyrbe-KasEischer naegieshon thedike, [0QLR]p ; alystused ganhe agacid catalyst

or an alkali catalyst. From the point of simple purification after the reaction, an alkali catalyst is
preferably Bseddbipmisiosod it avhlkataksnnthgelBforstEacisndue rap selfaittandphosphoric
acids and Lewis acids_such as stannic chloride and boron trifluoride. Examples of the alkali catalyst

include tertfafy Gifire SRy AskideC8r ARAIM P KA 4T netisZafid Hiaternary ammonium

i.e. sodium hydroxide, potassium hydroxide, ammonium hydroxide, calcium hydroxide, barium
hydroxide or the like, and alkaline metal carbonates such as potassium carbonate and sodium

carbonate. pereng thesa catahisis,iprefesablynisedrarehydeaxides of alkaline metal and alkaline
earthmetal , more preferably alkaline metal hydroxides, and even more preferably sodium hydroxide
and potassil®? B§droxide. An amount of the catalyst used is preferably 0.1 to 5% by mole relative to 1

mole of the alcohol represented b forgnula 1). The catalyst can be added in any form. It may be
added in the solid fSﬂn%PVéa&b%fn%g“\ﬁ &0 %?ﬁﬁl‘o&ﬁ’ceéﬁ%m PRSI s§SERE B ¥Ry in a form

of aqueoussalutinfrom the okt of ease of handling the ?ﬁ%&ﬂc%{{b@%hﬁi’&%ﬁtﬁ jgnt of the

alcohol of formula (1) is more than 0.1% by mass through the addition of the catalyst,"the dehydration
treatment asceseribed sbo¥e it eadirediiefareyaddingwthyane oxisea 160163, anthenasiount of
ethylene oxide used may be appropriately adjusted within the range from a 1- to 20-folds molar
amount rel&i/elfetne amount of the alcohol represented by formula (1), according to a nonionic
surfactant t?gfoe roduced, and further preferably a 4- to 14-fold molar amount, and even more
preferably a b- ?o 2-fold molar amount. [0017] Ethylene oxide can be added through any mode.

The addition mode 1y Be£ollegtive, PORIONVISECRAINNRUS, AL ERMRINATIONSHEIRAE 901 8]
block-type nonionic surfactant having a good hue and appearance
and high purity.

[0010]

In the present invention, the product mixture containing
the alkylene oxide-adduct obtained in the step (II) has a
content of remaining propylene oxide of not more than 1000 mg/kg
before the step (IIT). After the step (II), the product mixture
is reacted with ethylene oxide in the step (III).

[0011]



The reaction of the alcohol represented by formula (1) with ethylene oxide can be performed by adding
' ethylene oxide to the alcohol at 50 to 200C, and preferably at 100 to 160C in the presence of a
catalyst. [0019] Since ethylene oxide is in the gas state within the temperature range as above,
the addition polymerization is preferably performed under a pressurized atmosphere in a closed
vessel. A reaction pressure is preferably an ambient pressure to 0.8 MPa. Although a reaction time is
not specifically limited, for reducing unreacted ethylene oxide, the reaction is preferably performed for
0.1 to 3 hours after ethylene oxide has been fed. The reaction is preferably performed for 0.1 to 3

hours after introductién bRRNBIESERPend BT 4CR redctiBn tempRRREreSf B®#=200C, and more
preferably t .Jr(gSOC [9 % The reaction is specifically performed as follows: placing the
alcohol rep]rxgé)rgﬁ'&a lt?yqfo?%%d 2 El?%%dogr%lgﬁéli %gt%a?yrs?%aé’ %%léu?e@ ﬁb’ terré%ct%}ruhé%/inagrl troduction
means for ethylene axigle anskior prepylenaedde; holding the reaction system at 80 to 150C under 1
to 10 kPa to remove water until the water content of the alcohol decreases to a given value;
conducting hiReh-replacing and elevating the temperature to 50 to 200C; adding a given amount of
ethylene oxide to the reaction system; conducting the reaction for 0.1 to 3 hours at 50 to 200C to
obtain an eﬂ"@m oxdeadduct. For the pressure tight reactor, an autoclave equipped with a stirrer, a
temperature contro agg o 'rt' Qg éi n 1gzlevi r(?l
Lkl?iles astezs'g w B gt%e e;ﬁylg el

the.like may be used. [0021] <Step
(> The step (I of reacting ene oxide-a &u%%lﬁggre%%}éife%sg?g)ergu X(Z)

obtained in fg-siep|X withhprepylerewxiderteeohiéhandakylenenexde-addust. represantagsby formula
(3), which has a content of remaining propylene oxide of not more than 1000 mg/kg. In the step (I1),
the alkylen&didecddavcehavingithe dontehecbrarsinie pidpyleas dkidetotrobimord tham1000
mg/kg may be produced through adjusting conditions in the reaction of the ethylene oxide-adduct
represented B§P¥§r a ?531&%@&%%%6%%%%&%@5%, Ger the alkylene
oxide-adduct has bgemp,gbtained, the(@LIH(ylene oxide-adduct having the content of remaining propylene
oxide of not more than 1000 mg/kg maybe produced by reducing propylene oxide in the product of the
reaction. R@kd=y xR Qyr(3)adenein, R lepiesantsA litearciddaathed alkybgiowmxairavigg 8 to 24
carbon atoms; EO represents an ethyleneoxy group; x represents an average EO addition mole
number rangirePl xR FP REprasems a propyleneoxy group; and y represents an average PO
addition mole numb&_réqr%%i%? 1_& 10. [%2%2] From the points of detergency and stability at low
temperature, in formula (3), Y i§ preferably 1 to 4. [0023] The reaction of the ethylene
oxnde-a}ddU%@féeﬁntﬁdéyﬁege@t@)Qbialﬁ@ainHleﬁm%w&hﬂﬂwe%? %531 hg
essentially performed in the same way as in the step (l). Catalysts usablée in the step (ll) are the same
as catalyst8descidedartherstephsin the stepxAk)y antaddiorallcaiaysiongy dhecqused andot. When
an additional catalyst is used, it maybe of the same or different kind of the catalyst used in the step (I).
When a water<3HtEmst e th¥ie afiet did HpreReRRrop rorra f2Pis Bver b. £o%by mass
through additign of the additional catalyst for the reaction with propylene oxide, the dehydration
treatment as described in step (1) is preferably performed before adding propylene oxide. [0024]

The amount ghpropylene oxide used may be appropriately adjusted within the range from a 1- to
10-fold molar amount relative to the amount of the alcohol represented by formula (1), according to a
nonionic surfactant¥abe progueei rdnddoee peeferabhaad tmd-foldmblarmnicunt DO25]

preferably has 8 to 18 carbon atoms, and more preferably 8 to
16 carbon atoms. From the points of detergency and stability
of appearance at low temperature, x preferably ranges from 4
to 14, and more preferably 5 to 12.
[0014]

In the method of the present invention, a nonionic
surfactant having no problem in appearance such as clouding can

be produced, if the alcohol represented by formula (1) just has



Propylene oxide can be added through any mode. The addition mode may be collective, portionwise,

** continuous, or combinations thereof. [0026] From the viewpoints of the qualities of the resultant

nonionic surfactant such as hue and scent and reaction rate with the ethylene oxide-adduct,
propylene oxide is added to the reaction system at 100 to 160C, and more preferably 110 to 130C.
The reaction is preferably performed for 1 to 5 hours after addition of whole propylene oxide at 100 to
160C and more preferably at 110 to 130C. [0027] Since propylene oxide is in a gas state within
the temperature range as above, the addition polymerization is preferably performed under a

pressurize PatfidSpherOTH §RTosH PESsAIoX febhdifsh Pressukyidigefebibly-af FRISIERLRsSUre to
0.8 MPa. [002 In-step (11).,.an alkylene oxide-adduct having_a content of remaining propylene
oxide of not r%w%lrje ﬁ%}%’ % mcé)ﬁ%{]% 384:#11& .H%T%Séecrﬁ?éevé)d? fér%%g%%?’e%y a%ﬁ@cé’%gcgr
progressing-thedeaetioft of the gthylans oxidgsaddduct represerteshy formiya £2) with propyene oxide
to a sufficient degree (process 1) , a process of reducing an amount of propylene oxide in the reaction
system aftel e tediction witke stepi @l fbetwedmthéethgkent oxideadd edttanbepre pytenieoxide has
been conducted (process 2) or combination of the processes 1 and 2. Whether the reaction is stopped

or continueBRan e BE&GRIEIbyThddkinG AR ARIURESTISEBTIERE GXiué R HELaIkehel s
ide-add [ . Th t of | idein the alk ide- t b
oxide-a léﬁtqﬁ%%@%ggggg heed E.%?‘%n%ﬁfn fﬂoagé(?%%%%boﬁlfeg%%%%%f ylgne ox (@639%10 can be

determine g asurement of a réaction mixture a €7gas chroma ograpxy (HS-GC)
. [0029] madwy thgaresess kude-pregress thampactionof therethyisnenadde-adguct represented by
formula (2) with propylene oxide to a sufficient degree, a temperature in the reaction system is
preferably fsid €3 100%¢ ¢80C L antprsfedbntd 116 tdy30@ $6r 1o Sivursaktdriadditien of
propylene oxide. Under conditions for the kind_of alkyl group and the ethylene oxide addition mole

number of fAg B{AVidfe GRide: SAGTATEPFEBMETSy ISt ThimadiPHE 52p HPESE starting
material of i ie he ki e anoup sl caehiot ysed 2 g 20 s aldilon o
number of propylene oxide as defined in thé present invention, this process will produce an-alkylene
oxide-adduthkaviag ecdaniesyetemainiigapylentoxidepfdwiznare har 1080 yea/kgo0030]

For the process 2, to reduce an amount of propylene oxide in the reaction system, an
introductiorffrem B¢l LHNkRIERTinAdn &f Bieade and/araliquid plesbecndyieessplioy et The
operation for reducing.an amount.of propylene oxide may he performed under ambient, compressed or
reduced prglss%?e. ng]a ﬁ IP Egl)#é%y ifidfciie 'staaggsb?gea@iﬁg‘%ﬁ@%ﬂﬁﬂ&?@f}xide-adduct
represented by ferfani (2Lobtainedin dhe step (with, pipylene ddde Lo phipin an Alylene
oxide-adduct represented by formula (3) and of reducing a content of remaining propylene oxide of the
alkylene oxidsraeddisct tombemaore tHan $660 reglkg.iAlteraqtively, .therstepwH) maydoeludata stage of
reacting the ethylene oxide-adduct represented by formula (2) obtained in the step (I) with propylene

oxide to ob®fin BRGIRAEREBRidea Rt FEFREERR I forMmui3) HlahaEontintef réfaining

propylene ocﬂ%e Efip{%t more than 1000 mg/kg, that will be used as is in the step (Il1). [0032] The
content of remaining propylene oxide in the alkylene oxide-adduct represented by formula (3) is
preferably netgnere than 1000 mg/kg, more preferably not more than 900 mg/kg, even more preferably
not more than 700 mg/kg, and still even more preferably not more than 500 mg/kg. From the
viewpoints of hue ahdappeararicesfdiat aonioaicasurtaciaht paddlict sthedessioortgkRbdfiremaining
propylene oxide in the alkylene oxide-adduct represented by formula (3) is the more preferred. From

the viewpont-bRpottctioR ERfticS, BrslBénteht i dNBwedry Heiidt aRBeeRghle and more
s s e o 50810, a0 IR IVSTD s £
the acid catalyst include Bronsted acids such as sulfuric and
phosphoric acids and Lewis acids such as stannic chloride and
boron trifluoride. Examples of the alkali catalyst include
tertiary amines, hydroxides of alkaline and alkaline earth

metals, and gquaternary ammonium i.e. sodium hydroxide,

potassium hydroxide, ammonium hydroxide, calcium hydroxide,



In production of a nonionic surfactant by adding ethylene oxide, propylene oxide, and ethylene oxide in

** this order to an alcohol as for the nonionic surfactant represented by formula (4), it is not known

conventlonally that the content of remaining propylene oxide in an alkylene oxide-adduct of the step
(1), which is a reaction product during the course of production (intermediate), influences hue and
appearance of a final nonionic surfactant. It is a remarkable advantage, found by the inventors, that
the content specifically set to not more than 1000 mg/kg ef ficiently provides a nonionic surfactant with

a good hue and appearance. [0034] Since the step (1) follows to the step (1), the step (Il) is
generally pEAGHEHRY 348X d0r e d e thd Keepanhd al'%’e‘}?r@t‘@é%ﬁ‘?é’é Ay BEABrmed as

follows: intr ) %gg gﬁéa Wltﬁg]ggggf %ropgleges% eto th?eh %h e ox%_&addu btalned in the

step () at O. contr |ng a temperature o ene oXI ?F’o 100 to 160C;

and holding-thed egetian systerta10Q-10 J69G for i, 1a-5RaWs @Et&r adgiion.of wheleprapylene oxide
to obtain an alkylene oxide-adduct represented by formula (3) having a content of remaining propylene

oxide of notyhioed. thrad €800 Imy#kop J0086Y e« Step {HNably Bl stbpr(d hesta $tbydf cedicling the
alkylene OXIde adduct obtained in the step (II) with ethylene oxide to obtain a nonionic surfactant

represente@B G THRFhiek FESRh Y oRBsh BR réMdiniig 8ty Rt BGEE8RE Emaining
P e At AR R hCE D EPPeEdd ) dhre e Ruispreserys & fnear

or branched alkyl group having 8 to 24 carbon atoms; EO represents an yleneoxy group; X

represents 88 arpgenk adelicnmee ABMbeioeagl 4ne?8)1 ROHEPresgits adHeRWeReOXy group;
y represents an average PO addition mole number ranging 1y 10; and z represents an average SO

addition mofe@ruthbar Kélﬁging'—&h,@scmé[@(?%] canFieen #slpdiniof smpilifipeappédraney at low

temperatu |n formula (4), z.is pref ably 4 to 14, and more preferably 5 to 12. [0037] In the step
(1), the re ‘ﬁnﬁﬁe éﬁm‘éﬁs oX g‘d&?&rﬂvﬁo&hﬂ%ﬂ’é YAt BE pendfihB&employing the

same other; rﬂ@&?&&&@zﬁ fepdtion caaditigns, andipigferrgd embodiments of thep rs%aa%%m the step

(1), except that used is the alkylene oxide-adduct represented by formula (3) prepared from the alcohol
representec by darhaulafdpnSirice theistepc(fllyollows thihristens @hand{th1hestep @Hpis generally
performed in the same reactor used in these steps as is. The step (lll) is specifically performed as

follows: intrbBgcitig eediverahfstnt of eﬁhﬁeﬁé gxiaein e Feudtionssyslam tenteiiagthamlkylene

oxide- addugt gbt jned in the thf) (’é% 01 to ) 1I:\/lPa an actln for0.1to 4 %)urs at 50 to 200C -
to obtain a nonlonlcysur%c?an repr telaeby rrﬁufaoﬁ)o[ O E?ﬁ@%?e*p an additional

feeding of th@ﬁ?&?&&%%h@ﬂé%%@%@’%@?ﬁ%@%&é@d% Lnayibethezameas or a

different kind from the catalyst used in the step (I). When the catalyst is added in the reaction with
ethylene oxadelang thestvalierroentent @ the alkylene oxide-adduct represented by formula (3) is more
than 0.1% b[y mass the
The amount of ethylene oxide used may be appropriately
adjusted within the range from a 1- to 20-folds molar amount
relative to the amount of the alcohol represented by formula
(1), according to a nonionic surfactant to be produced, and
further preferably a 4- to 14-fold molar amount, and even more
preferably a 5- to 12-fold molar amount.
[0017]
Ethylene oxide can be added through any mode. The
addition mode may be collective, portionwise, continuous, or
combinations thexreof.

[o018]



dehydration treatment as described in step (1) is preferably performed before adding ethylene oxide.

*+ [0039] Instep (I11), a nonionic surfactant having the contents of remaining ethylene oxide and

remaining propylene oxide, respectively, of not more than 5 mg/kg is obtained. It can be preferably
achieved by reducing the amounts of ethylene oxide and propylene oxide in the reaction system after
the reaction of the alkylene oxide-adduct represented by formula (3) with ethylene oxide in the step
(11m). Specifically, a process of holding the reaction system at SO to 200C, and preferably 50 to 160C
under a reduced pressure of 1 to 10 kPa may be included. Whether the operation is stopped or

continued can be déRPmiRRb:SRe@ind B MO BRI RRTEESEaE afdprofyrne bxidelih the
ioni f t ding tQ need. [0040 the step (IL),. fter-treat t of th talyst
nonionic su&fggnﬁﬁ%%,g%)ﬁr]eg ?;%E)Q%% c];%nd‘bé er%ﬂerrm (asb?ééc?é an aeﬁ%ﬁr%é%f%gﬁ %e catalys

. 1Tl
used in the steps may De perrorme cording to ne e arter-tr

performed by, anyanethednxamplesofibe afiercdtreatment Hghidefokan alkalicatalyst gedition of
water and a mineral acid such as hydrochloric or phosphoric acids or an organic acid such as acetic
acid to the figactibe liguidgedoen afheutradized galt, the addition and a subsequent dehydration and
drying to precipitate the catalyst salt and filtration thereof, adsorption and removal of the catalyst or a
neutralized %%ﬁ]tﬁéreof by contacting the reaction liquid with an adsorbent, extraction of the catalyst

from the reaction ”%’fﬂgl%"éthe"ﬁ%§i8{1%’a5% 1‘5‘% gr), oK Z%g_é%?%%rét, ggg 1i:oen-ex%qlainfg;in removal of the

. . 1 .
catalyst with an ion-exchange resin. Among these met rom the point of simplicity of the step,

preferred is-ameihed of-adding g apprapiinie neptalizerde fewn anedralizad salt of thescatalyst.

[0041] The nonionic surfactant produced according to the present invention preferably has a
Hazen colapvakeyaAlPHApefAcrmeduaie 100 prerspreiaed g vt sone tiean186, ahdss@n more
preferably not more than 60, as a measure of a good hue. [0042£ From the points of hue, scent,

and purity Sf%EE7& ageht® R TorfiBnREG T Attt 5 SUIRE RO AR HHESBRERTEARON
preferably has 8n kodjae, value gh050 0-5.8L2/1000. £1jedineg vale aande adiugied by controling

an amount of remaining propylene oxide in the step (Il) . [0043] From'the point of stability of
appearance,imtarient gbhy-peatluct ingthenreniemie sustastiant peoducegsgcagidingsadhe gresent
invention, in particular the content of polyalkylene glycol is preferably 0.1 to 1% by mass, and more
preferably .3 ®rG 894 B hiase ThersticAPsT PolydiRyRAwYyEchE&e becadiideacptdarolling a
water cont?_pt in.the stefo ). [(%%4] The nqnionic roduced according to the present

factant
invention prat&rabiy ﬂaseagc‘lear AP peafaice O As B ﬂ%]?réaﬁc,b %I%ﬁrfaﬁ%efﬁaﬁ%rs mpl&Ras a
transmittange,gf AQt less dhan J7 004 At OO NREWheM Beaswed AL 206 JQ045] Fxamples.

temperature of 50 to 200°C, and more preferably 100 to 160°C.
[0020]

The reaction is specifically performed as follows:
placing the alcohol represented by formula (1) and an alkali
catalyst in a pressure tight reactor having introduction means
for ethylene oxide and for propylene oxide; holding the reaction
system at 80 to 150°C under 1 to 10 kPa to remove water until
the water content of the alcohol decreases to a given value;
conducting nitrogen-replacing and elevating the temperature to
50 to 200°C; adding a given amount of ethylene oxide to the
reaction system; conducting the reaction for 0.1 to 3 hours at
50 to 200°C to obtain an ethylene oxide-adduct. For the

pressure tight reactor, an autoclave equipped with a stirrer,



The following Examples demonstrate the present invention. These Examples are intended to illustrate
* the present invention and not to limit the present invention. [0046] Example 1 <Step (1) > In an
autoclave equipped with a stirrer, a temperature controller, and an automatic feeder, 252.2 g of alcohol
having 12 carbon atoms (trade name: Kalcol 2098, Kao Corporation) , 98.2 g of alcohol having 14
carbon atoms (trade name: Kalcol 4098, Kao Corporation) and 3.0 g of KOH were introduced to be
dehydrated for 30 minutes at 110C under 1.3 kPa. A water content of the resultant compound after the
dehydration is shown in Table 1. Then, the inner atmosphere of the autoclave was replaced with
nitrogen. APah EBRATEF terfipePAtG e b BB CaFtRa radvAinbauEe WerAHHeHOT1 S5V (B molar to
the a|00h0|.a%r‘}1thc %ssiu?getionrl]a;[hak%n average molecular weight of the alcohol was 194.2 (1.8 mol) )
of ethylene omdeeélnn Taple 1, feferred {0 as O) and, after the feeding, it was reacted for 30 minutes at
155C to obtpghan gthylene oxide-adduct having an average addition mole number of 9. [00471 <Step
(> To the ethylene oxide-adduct obtained in the step (I) cooled to 130C was added 209.7 g (2
molar to the<8lcehol) Bf propylene oxide (in Table 1, referred to as PO) and, after the feeding, it was

reacted for 3 hours at 130C to obtain an alkylene oxide-adduct (ethylene oxide/propylene oxide block
adduct) having averdye &idifonfble Afmbert6FetRficheaxidd and BroiidnelskBe of 9 and 2,

respectively, Megeurament ol e aldgne s gddiclth an Aglent ieagspace gos

_ ate
Chromatograpf]iy ereinarter, rererre 10 as G at an amount o Unreacte% [PI‘Opylene

oxide in the@ddugt Was3RUsee [Q0481s Step BHain Tathe alkylene xidesaddurtabtained in
the step (I1) heated to 155C was added 715.7 g (9 molar to the alcohol) of ethylene oxide and reacted

for 2 hours BepEsEeMhe dedictiohomixale Was covletidb 80 and:-holdeatt2. ® KPaciva 30 imigutes for
removing unreacted ethylene_oxide and propylene oxide. Amounts of remaining ethylene oxide and

propylene GIEPEERORE T e T ST SotheRBARVBYES addel 60% BF 989% Tddkic acid. The
mixture wag gred (YL LIcnaL 8GR siaced abale DpRioge Sfaciyihaving average
e, propyle ethy )

addition mole numbets of ethylene oxi ne oXide, an ene oxide o and 9,
respectively1649]estey abuatin >k nasio i fagiant wasevalyated faeusdogineaated, content

of polyalkylene glycol, and appearance according to the following methods. Results are shown in
Table 1. through adjusting conditions in the reaction of the ethylene
oxide-adduct represented by formula (2) of step (II) with
propylene oxide. Alternatively, after the alkylene oxide-
adduct has been obtained, the alkylene oxide-adduct having the
content of remaining propylene oxide of not more than 1000 mg/kg
may be produced by reducing propylene oxide in the product of
the reaction.
R-O- (EO),- (PO) ,-H  (3)
wherein, R represents a linear or branched alkyl group having
8 to 24 carbon atoms; EO represents an ethyleneoxy group; x
represents an average EO addition mole number ranging 1 € x <
20; PO represents a propyleneoxy group; and y represents an
average PO addition mole number ranging 1 <y < 10.
[0022]

From the points of detergency and stability at low

temperature, in formula (3), v is preferably 1 to 4.



[0050] (1) Hue Hue was measured with a colorimeter for petroleum products OME2000 (Nippon

" Denshoku Industries Co. ,Ltd). [0051] (2) lodine value An lodine value was measured according to
the Wijs method that is known as a standard method for measuring an lodine value of fats and oils and
derivatives thereof. [0052] (3) Polyalkylene glycol (PAW content A polyalkylene glycol content was
measured by high performance liquid chromatography (HPLC). Used was an HPLC system including a
differential refractometer (Tosoh Corporation), a column L-column ODS (inner diameter: 4.6 mm,
length: 150 mm) (Chemicals Evaluation and Research Institute, Japan), and a column Shodex
58802.5HQ[@ ldiameter: 8 mm, length: 300 mm) (Showa Denko K.K.). [0053] (4) Appearance

A product appearangg was $¥@%$egt€]y%$?e[%st%ng a terag}s{_q_n&ttarg:ﬁ d’;ltc7t00 ‘nm. és%%)gggt]gvygs putin a

guartz cell having an optical path leng cm and measured Tor transmittancs a nmwith a

spectrophotesetan §V¢ 2600 1S himadz Ui eopREationipA (Meagy iR LeBReraiwe (Sample Jlemperature)
was 20C. A sample having a transmittance of not less than 97.0% was rated as "clear" and a sample
less than 98 aseribday 1 j005aT Exangplesi 2 to Hearch@emparative Exakiptesst¢p 3(I) .Nonionic
surfactants were grepared with. modified conditions of Example 1 as shown in Table 1, and evaluated

in the same~Ra§ SE T ExHFPRE. RBs(HES S SRR TANE 15 s8] 1eaBe qatalysts

described in the step (I). In the step (ITI), an additional
catalyst may be used or not. When an additional catalyst is
used, it may be of the same or different kind of the catalyst
used in the step (I). When a water content of the ethylene
oxide-adduct represented by formula (2} is over 0.1% by mass
through addition of the additional catalyst for the reaction
with propylene oxide, the dehydration treatment as described
in step (I) is preferably performed before adding propylene
oxide.

[0024]

The amount of propylene oxide used may be appropriately
adjusted within the range from a 1- to 10-fold molar amount
relative to the amount of the alcohol represented by formula
(1), according to a nonionic surfactant to be produced., and
more preferably a 1- to 4-fold molar amount.

[0025]

Propylene oxide can be added through any mode. The
addition mode may be collective, portionwise, continuous, or
combinations thereof.

[00286]
From the wviewpoints of the qualities of the resultant

nonionic surfactant such as hue and scent and reaction rate with

10



Example Comparative example 234567 12 3 Step (1) Water content in alcohol (% by mass) fed
* EO mol amount

the ethylene oxide-adduct, propylene oxide is added to the
reaction systemat 100 to 160°C, and more preferably 110 to 130°C.
The reaction is preferably performed for 1 to 5 hours after
addition of whole propylene oxide at 100 to 160°C and more
preferably at 110 to 130°C.

[0027]

Since propylene oxide is in a gas state within the
temperature range as above, the addition polymerization is
preferably performed under a pressurized atmosphere in a closed
vessel. A reaction pressure is preferably an ambient pressure
to 0.8 MPa.

[0028]

In step (II), an alkylene oxide-adduct having a content
of remaining propylene oxide of not more than 1000 mg/kg is
obtained. It is achieved, for example, by a process of
progressing the reaction of the ethylene oxide-adduct
represented by formula (2) with propylene oxide to a sufficient
degree (process 1), a process of reducing an amount of propylene
oxide in the reaction system after the reaction in the step (II)
between the ethylene oxide-adduct and propylene oxide has been
conducted (process 2) or combination of the processes 1 and 2.
Whether the reaction is stopped or continued can be determined
by checking an amount of propylene oxide in the alkylene
oxide-adduct according to need. The amount of propylene oxide
in the alkylene oxide-adduct can be determined through a
measurement of a reaction mixture by headspace gas

chromatography (HS-GC).

11



(relative to alcohol) Reaction temperature (C) Reaction time (h) 0.05 a' 155 0.5 0.03 11 155 0.5 0.04
' 71550.50.07 9 145

[0029]

For the process 1, to progress the reaction of the ethylene
oxide-adduct represented by formula (2) with propylene oxide
to a sufficient degree, a temperature in the reaction system
is preferably hold to 100 to 160°C, and preferably to 110 to
130°C for 1 to 5 hours after addition of propylene oxide. Under
conditions for the kind of alkyl group and the ethylene oxide
addition mole number of the ethylene oxide-adduct represented
by formula (2) obtained in the step (I) as a starting material
of this step, the kind and the amocunt of catalyst used in this
step, and the addition mole number of propylene oxide ag defined
in the present invention, this process will produce an alkylene
oxide-adduct having a content of remaining propylene oxide of
not more than 1000 mg/kg.

[0030]

For the process 2, to reduce an amount of propylene oxide
in the reaction system, an introduction/removal of an inert gas
in an air phase and/or a liquid phase may be employed. The
operation for reducing an amount of propylene 'oxide may be
performed under ambient, compressed or reduced pressure.
[0031]

The step (II) may include stages of reacting the ethylene
oxide-adduct represented by formula (2) obtained in the step
(I) with propylene oxide to obtain an alkylene oxide-adduct
represented by formula (3} and of reducing a content of
remaining propylene oxide of the alkylene oxide-adduct to not

more than 1000 mg/kg. Alternatively, the step (II) may include

12
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a stage of reacting the ethylene oxide-adduct represented by
formula (2) obtained in the step (I) with propylene oxide to
obtain an alkylene oxide-adduct represented by formula (3}
having a content of remaining propylene oxide of not more than
1000 mg/kg, that will be used as is in the step (III).
[0032]

The content of remaining propylene oxide in the alkylene
oxide-adduct represented by formula (3) is preferably not more
than 1000 mg/kg, more preferably not more than 900 mg/kg, even
more preferably not more than 700 mg/kg, and still even more
preferably not more than 500 mg/kg. From the viewpoints of hue
and appearance of final nonionic surfactant product, the less
content of remaining propylene oxide in the alkylene oxide-
adduct represented by formula (3) is the more preferred. From
the viewpoint of production efficiency, the content is allowed
to be not less than 50 mg/kg, and more particularly not less
than 100 mg/kg. Even from the starting material having such
a content, a substantially colorless product can be produced.
[0033]

In production of a nonionic surfactant by adding ethylene
oxide, propylene oxide, and ethylene oxide in this order to an
alcohol as for the nonionic surfactant represented by formula
(4), it is not known conventionally that the content of
remaining propylene oxide in an alkylene oxide-adduct of the
step (II), which is a reaction product during the course of
production (intermediate), influences hue and appearance of a

final nonionic surfactant. It isa remarkable advantage, found
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1550.50.12 9155 0.5 (1) Step fed PO amount (relative to alcohol) Reaction temperature ('C)
* Reaction time (h) Unreacted PO amount (mg/kg) 2 130 3 300

by the inventors, that the content specifically set to not more
than 1000 mg/kg efficiently provides a nonionic surfactant with
a good hue and appearance.

[0034]

Since the step (II) follows to the step (I), the step (II)
is generally performed in a reactor used in the step (I) as is.
The process 1 is specifically performed as follows: introducing
a given amount of propylene oxide to the ethylene oxide-adduct
obtained in the step (I) at 0.01 to 0.6 MPa with controlling
a temperature of the ethylene oxide-adduct to 100 to 160°C; and
helding the reaction system to 100 to 160°C for 1 to 5 hours
after addition of whole propylene oxide to obtain an alkylene
oxlide-adduct represented by formula (3) having a content of
remaining propylene oxide of not more than 1000 mg/kg.
foo35]
<Step (III)>»

The step (IIT) is a step of reacting the alkylene
oxide-adduct obtained in the step (II) with ethylene oxide to
obtain a nonicnic surfactant represented by formula (4) which
has each content of remaining ethylene oxide and remaining
propylene oxide of not more than 5 mg/kg:

R-0- (EO) - (PO}, - (EO) ,-H (4)
wherein, R represents a linear or branched alkyl group having
8 to 24 carbon atoms; EO represents an ethyleneoxy group; X
represents an average EQO addition mole number ranging 1 £ x <
20; PO represents a propyleneoxy group; y represents an average

PO addition mole number ranging 1 < v < 10; and z represents
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an average EOQO addition mole number ranging 1 £ z < 20.
[0036]

From the point of stability of appearance at low
temperature, in formula (4), z is preferably 4 to 14, and more
preferably 5 to 12.

[0037]

In the step (III), the reaction of the alkylene
oxide-adduct with ethylene oxide can be performed employing the
same other materials and reaction conditions, and preferred
enlbodiments of them as those in the step (I), except that used
is the alkylene oxide-adduct represented by formula (3)
prepared from the alcohol represented by formula (1). Since
the step (III) follows to the steps (I) and (II), the step (III)
is generally performed in the same reactor used in these steps
as is. The step (III) is specifically performed as follows:
introducing a given amount of ethylene oxide in the reaction
system containing the alkylene oxide-adduct obtained in the
step (II) at 0.01 to 0.6 MPa; and reacting for 0.1 to 4 hours
at 50 to 200°C to obtain a nonionic surfactant represented by
formula (4).

[0038]

In the step (III), an additional feeding of the catalyst
may be used or not. When the catalys-t is added, it may be the
same as or a different kind from the catalyst used in the step
(I) . When the catalyst is added in the reaction with ethylene
oxide and the water content of the alkylene oxide-adduct

represented by formula (3) is more than 0.1% by mass, the
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dehydration treatment as described in step (I) is preferably
performed before adding ethylene oxide.
[0039]

In step (ITI), a nonionic surfactant having the contents
of remalning ethylene oxide and remaining propylene oxide,
respectively, of not more than 5 mg/kg is obtained. It can be
preferably achieved by reducing the amounts of ethylene oxide
and propylene oxide in the reaction system after the reaction
of the alkylene oxide-adduct represented by formula (3) with
ethylene oxide in the step (III). Specifically, a process of
holding the reaction system at 50 to 200°C, and preferably 50
to 160°C under a reduced pressure of 1 to 10 kPa may be included.
Whether the operation is stopped or continued can be determined
by checking amounts of ethylene oxide and propylene oxide in
the nonionic surfactant according to need.

[0040]

After the step (III), an after-treatment of the catalyst
used in the steps (I) to (III) may be performed according to
need. The after-treatment can be performed by any method.
Examples of the after-treatment include, for analkali catalyst,
addition of water and a mineral acid such as hydrochloric or
phosphoric acids or an organic acid such as acetic acid to the
reaction liquid to form a neutralized salt, the addition and
a subsequent dehydration and drying to precipitate the catalyst
salt and filtration thereof, adsorption and removal of the
catalyst or a neutralized salt thereof by contacting the

reaction liquid with an adsorbent, extraction of the catalyst
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fed EO mol amount (relative to alcohol) Reaction temperature (C) Reaction time (h) Unreacted BO
- ‘)am‘o‘unt (mg/kg Unreacted PO amount (mg/kg) 9 155 2 Less than 0.1 0.5 11 155 2

from the reaction liquid with water or water and an organic
solvent, and ion-exchanging removal of the catalyst with an
ion-exchange resin. Among these methods,. from the point of
simplicity of the step, preferred is a method of adding an
appropriate neutralizer to form a neutralized salt of the
catalyst.

[0041]

The nonionic surfactant produced according to the present
invention preferably has a Hazen color value (APHA) of not more
than 100, more preferably not more than 80, and even more
preferably not more than 60, as a measure of a good hue.
[0042]

From the points of hue, scent, and purity of active agent,
the nonionic surfactant produced according to the present
invention preferably has an Iodine value of 0.05 to 0.5 gI,/100g.
An Todine value can be adjusted by controlling an amount of
remaining propylene oxide in the step (II).

[0043]

From the point of stability of appearance, a content of
by-product in the nonionic surfactant produced according to the
present invention, in particular the content of polyalkylene
glycol is preferably 0.1 to 1% by mass, and more preferably 0.1
to 0.8% by mass. The content of polyalkylene glycol can be
adjusted by controlling a water content in the step (I).
[0044]

The nonionic surfactant produced according to the present

invention preferably has a clear appearance. As used herein,
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"elear" refers that a sample has a transmittance of not less
than 97.0% at 700 nm when measured at 20°C.
[0045]
Examples

The following Examples demonstrate the present invention.
These Examples are intended to illustrate the plresent invention
and not to limit the present invention.
[0046]
Example 1
<Step (I)>

In an autoclave equipped with a stirrer, a temperature
controller, and an automatic feeder, 252.2 g of alcohol having
12 carbon atoms (trade name: Xalcol 2098, Kao Corporation), 98.2
g of alcohol having 14 carbon atoms (trade name: Kalcol 4098,
Kao Corporation) and 3.0 g of KOH were introduced to be
dehydrated for 30 minutes at 110°C under 1.3 kPa. A water
content of the resultant compound after the dehydration is shown
in Table 1. Then, the inner atmosphere of the autoclave was
replaced with nitrogen. At an elevated temperature to 155°C,
to the reaction mixture was added 715.7 g (9 molar to the alcohol,
on the assumption that an average molecular weight of the
alcohol was 194.2 (1.8 mol)) of ethylene oxide (in Table 1,
referred to as EO) and, after the feeding, it was reacted for
30 minutes at 155°C to obtain an ethylene oxide-adduct having
an average addition mole number of ‘9.
[0047]

<Step (II}>

18



091091452 Less than 0.1 0.510 1552 Lessthan 0.1 1.09 145 0.5

To the ethylene oxide-adduct obtained in the step (I)
cooled to 130°C was added 209.7 g (2 molar to the alcohol) of
propylene oxide (in Table 1, referred to as PO) and, after the
feeding, it was reacted for 3 hours at 130°C to obtain an alkylene
oxide-adduct (ethylene oxide/propvlene oxide block adduct)
having average addition mole numbers of ethylene oxide and
propylene oxide of 9 and 2, respectively. Measurement of the
alkylene oxide-adduct with an Agilent headspace gas
chromatography (hereinafter, referred to as HS-GC) showed that
an amount of unreacted propylene oxide in the adduct was 300
mg/kqg.

[0048]
<Step (III)>

To the alkylene oxide-adduct obtained in the step (II)
heated to 155°C was added 715.7 g (9 molar to the alcohol) of
ethylene oxide and reacted for 2 hours at 155°C. The reaction
mixture was cooled to 80°C, and hold at 2.7 kPa for 30 minutes
for removing unreacted ethylene oxide and propylene oxide.
Amounts of remaining ethylene oxide and propylene oxide are
shown in Table 1. Then, to the autoclave was added 6.0 g of
90% lactic acid. The mixture was stirred for 30 minutes at 80°C
and extracted to obtain a nonionic surfactant having average
addition mole numbers of ethylene oxide, propylene oxide, and
ethylene oxide of 9, 2, and 9, respectively.

[00429]
<Evaluations

Anonionic surfactant was evaluated for hue, Iodine value,
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content of polyalkylene glycol, and appearance according to the
following methods. Results are shown in Table 1.
[0050]
(1) Hue

Hue was measured with a colorimeter for petroleum
products OME2000 (Nippon Denshoku Industries Co.,Ltd).
[0051]
(2) TIodine wvalue

An Iodine value was measured according to the Wijs method
that is known as a standard method for measuring an Iodine value
of fats and oils and derivatives thereof.
[0052]
(3) Polyalkylene glycol (PAG) content

A polyalkylene glycol content was measured by high
performance liquid chromatography (HPLC). Used was an HPLC
system including a differential refractometer (Tosoh
Corporation), a column L-column ODS (inner diameter: 4.6 mm,
length: 150 mm) (Chemicals Evaluation and Research Institute,
Japan), and a column Shodex SB802.5HQ (inner diameter: 8 mm,
length: 300 mm) (Showa Denko K.K.).
[0053]
(4) Appearance

A product appearance was evaluated by measuring a
transmittance at 700 nm. A product was put in a quartz cell
having an optical path length of 1 ocm and measured for
transmittance at 700 nm with a spectrophotometer UV-1600

(Shimadzu corporation). A measuring temperature (sample
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temperature} was 20°C. A sample having a transmittance of not
less than 97.0% was rated as "clear" and a sample less than 97.0%
as "cloudy".
[0054]
Examples 2 to 7 and Comparative Examples 1 to 3

Nonicnic surfactants were prepared with modified
conditions of Example 1 as shown in Table 1, and evaluated in
the same way as in Example 1. Results are shown in Table 1.

[c055]

21



0.17 0.42 0.36 0.23 FAG content (% by mass) 0.8 0.6 0.7 1.3 0.6 1.0 0.8 0.8 0.7 2.0 Appearance

© (200)
[Table 1]
Example Comparative example
1 2 3 4 5 6 7 1 2 3
Water content in
(/al;ohol | 0.05 | 0.03 { 0.04 | 0.07 {0.03 | 0.05 | 0.05 | 0.05 | 0.04 | 0.12
% by mass
fed EO mol amount
?tIeI; (relative to alcohol) 9 11 7 9 5 9 10 9 9 9
Rea"ti°n(Eg’;‘Pe*at”re 155 | 155 | 155 | 145 | 140 | 155 | 155 | 155 | 155 | 155
Reactiontime(h) | 0.5 | 0.5 | 05 | 05 | 05 | 05 | 05 | 05 | 05 | 05
fed PO amount
(relative to alcohol) 2 2 1.5 3 2 2 2 2 2 2
Sten Rea"tm“(*,g;‘pe”"“"e 130 | 125 | 115 | 130 | 120 | 135 | 125 | 125 | 130 | 125
R e I e e R e IS S
Reaction time (h) 3 3 2 1 4 2 1 0.5 1 3
...................... i RRRRTOUU ISP SN RURI JITIIIIP, SRS RIS SIPRTPIN USRI IO AU
”“‘"e“adg}’fg)m““‘ 300 | 250 | 600 | 700 | 100 | 300 { 900 | 3000 | 1500 | 300
fed EO mol amount
(relative to alcohol) 9 11 7 9 5 9 10 9 9 g
Rea"‘i°“(ig“)’pemt”re 155 | 155 | 155 | 155 | 140 | 145 | 155 | 145 | 155 | 145
Step Reaction time (h) 2 2 2 1 2 2 2 0.5 1.5 2
(]]I) ...........................................................................................................................
Unreacted EO amount Less Less Less Less Less Less Less
(mg/ke) than than than 1 0.9 than than 10 than than
0.1 | 01 0.1 0.1 | 0.1 01 { 0.1
U“‘"e“ai}:gfm"”m 05 | 1.0 | 20 { 13| 10 | 05 | 1.0 8 08 | 06
Hue(APHA) 44 30 63 61 30 82 45 120 | 90 53
Iodine value
_— C12/1008) 0.18 | 0.10 | 0.20 | 0.27 { 0.10 | 031 | 0.17 | 0.42 | 0.36 | 0.23
surfactant
ff/iGb;";]‘z’;; 08 [ 06 {07 | 13 | o6 | 10| 08| 08 | 07 |20
. Appearance (20°C) | Clear | Clear | Clear | Clear | Clear | Clear | Clear | Clear | Clear |Cloudy
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Clear Clear Clear Clear Clear Clear Clear Clear Clear Cloudy Claims 1. A method for producing a
nonionic surfactant, comprising the following steps (1), (1), and (lll): <Step (I)> reacting an alcohol
represented by formula (1) having a water content of not more than 0.196 by mass with ethylene oxide
in the presence of a catalyst to obtain an ethylene oxide-adduct represented by formula (2): R-OH(1)
wherein, R represent s a linear or branched alkyl group having 8 to 24 carbon atoms; R-0-(E0)x-H(2)
wherein, R represent s a linear or branched alkyl group having 8 to 24 carbon atoms; EO represents an
ethyleneoxy group; and x represents an average EO addition mole number ranging 1 x 20; <step (I1)>

Claims
1. A method for producing a nonionic surfactant,

comprising the following steps (1), (1), and (lII)

<Step (I)>

reactinganalcoholrepresentedbyformula(l)hav ing
awatercontentofnotmorethan0.1%bymasswith ethylene
oxide inthe presence of a catalystto obtain an et hylene

oxide-adduct represented by formula (2):

R-OH (1)

wherein,Rrepresentsalinearorbranchedalkylg roup
having 8 to 24 carbon atoms;

R-O-(EOQ) 4-H (2)

wherein,Rrepresentsalinearorbranchedalkylg roup
having 8to 24 carbon atoms; EO represents an ethyl eneoxy
group;andxrepresentsanaverageEOadditionmole number

ranging 1 <X <20;
<step (I)>

reacting the ethylene oxide-adduct represented by

formula(2) obtainedinthe step (I) with propylene oxide
toobtainanalkyleneoxide-adductrepresentedbyf ormula
(3) having a content of remaining propylene oxide o fnot

more than 1000 mg/kg:
R-O-(EO) ,~(PO) y-H (3)

wherein,Rrepresentsalinearorbranchedalkylg roup
having 8to 24 carbon atoms; EO represents an ethyl eneoxy
group; X represents an average EO addition mole num ber

ranging 1 <x <20; PO represents a propyleneoxy group;
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reacting the ethylene oxide-adduct represented by formula (2) obtained in the step (1) with propylene
oxide to obtain an alkylene oxide-adduct represented by formula (3) having a content of remaining
propylene oxide of not more than 1000 mg/kg: R-0-(EQ)x-(PO)y-H(3) wherein, R represent s a
linear or branched alkyl group having 8 to 24 carbon atoms; EO represents an ethyleneoxy group; X
represents an average EO addition mole number ranging 1 x 20; PO represents a propyleneoxy group;
and y represents an average PO addition mole number ranging 1y10; and <step (Ill)> reacting the
alkylene oxide-adduct obtained in the step (11 ) with ethylene oxide to obtain a nonionic surf act ant
representedBYY6RRIESEM SRNAECBERARAAdEIRAMAIEBINBRE oxide and rembMIBYBropylene
oxide, resptjrctié/ely, gfn{l t more than 5 mg/kg: R-0- (EOQ)x- (PO)y- (EOQ),-H(4) wherein, R represents
a linear or brancleda gl S\%gjp having 8 to 24 carbon atoms; EO represents an ethyleneoxy group; x
represents an avergg@g(gﬂgigition mole number ranging 1 x 20; PO represents a propyleneoxy group;
y represents an average PO addition mole number ranging 1 y 10; and z represents an average EO
addition mole numbeactingjitigelalylene axitles awletbotidbtairetioirttp@ nonionic surfactant according
to claim 1, wherein the reaction of the alcohol with ethylene oxide in the step (1) is performed at 50 to

200C; the réiRBGHVWIBEWIRYIEAK SRR PNIANKropylene oxide in the sy @Fi@Merformed at

100 to 160C,; t i ide- ' ylene oxide in the (I is
performed Sal;? @8%%%5?8&%%4%%@@@ '%1; %‘?ﬁ%ﬂl&rggto\g&%nﬁ%inic surfactant a(:coﬁ;4 irg to claim. 1
or 2, where@gigaigaskierah thenatanitd hoieopRinesKifre rb &pé hours at 100 to 1g@¢epfter addition of

the whole amount of propylene oxide. 4. The method for producing a nonionic surfactant
according tonglomete thamdimgkdurther comprising a step of reducing ethylene oxide and
propylene oxide in the r?%ction S t§m af& r the reactjon of the alkylene oxide-adduct with ethylene
oxide in the step (I -O- 5))'rh>e' pIOﬂ- %rcbrodu in&f' nonionic surfactant according to anyone of

claims 1 to 4, wherej in f : ht%qﬂa 6. The method f oducing a
nonionic surfactan@ﬁ%@%@h@%%é%ﬁ@@%%r@sﬁof%o , W@]%@gl? in formula (1) is a%@gr alkyl
group. RaV iy @ et tidarhivnduoms cEOnigtissertaciarthgtording to any onegpfeatxiyns 1 to 6,
wherein x in the formula (2) ranges from 5 to 12. 8. The method for producing a nonionic

surfactant @@inYg ERIBEEAESORBIaVRSaae EQvREEitioNimM@le fakiula (3) is from 1 e, 9. The

method for producing a nonionic_surf nt accordir} to any one of claims 1 to 8, wherein the nonionic
surfactant rg%'?gé@gtgd by?o)r(rmﬁaséé) sprsIESF Bxga%&h‘gpé(ﬁlmgﬁé%gﬁ%lfBropylene oxide, and

ethylene oxXidgaio Bus QfEeiaperalgeIeb additbr RforeHiRAler pERAUCIng a nonionigigiyfactant
according t0 any one of claims 1 to™9, wherein the reaction in the step (1) is conducted at 110 to 130 C
and the reattianyin d(lHh zoadresents &0 bvé6AgeuB@eadditduratbpeessure of 1 to 10 kPa.
number ranging 1 <z <20.
2. The method for producing a nonionic surfactant
accordingtoclaim 1, whereinthereactionofthea lcohol
with ethylene oxide inthe step (1) is performed at 50to

200 °C; the reaction of the ethylene oxide-adduct with

propylene oxide in the step (Il) is performed at 10 Oto
160 °C;andthe reaction ofthe alkylene oxide-adduct wi th
ethyleneoxideinthestep(lIl)isperformedat50 to200 °C.

3. The method for producing a nonionic surfactant
accordingtoclaimlor2,whereinthereactionof thestep
(1) is continued for 1 to 5 hours at 100 to 160 °C after

addition of the whole amount of propylene oxide.
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4. The method for producing a nonionic surfactant
accordingtoany one of claims 1to 3, further comp
a step of reducing ethylene oxide and propylene oxi
the reaction system after the reaction of the alkyl
oxide-adduct with ethylene oxide in the step (IlI).

5. The method for producing a nonionic surfactant
accordingtoanyoneofclaims1to4,whereinRin
(1) has 8 to 16 carbon atoms.

6. The method for producing a nonionic surfactant
accordingtoanyoneofclaims1to5,whereinRin
(1) is a linear alkyl group.

7. The method for producing a nonionic surfactant
according to any one of claims 1 to 6, wherein x in
formula (2) ranges from 5 to 12.

8. The method for producing a nonionic surfactant
according to any one of claims 1 to 7, wherein y in
formula (3) is from 1 to 4.

9. The method for producing a nonionic surfactant
accordingtoanyoneofclaims1to8,whereinthe
surfactantrepresentedbyformula(4)isproducedb
ethyleneoxide,propyleneoxide,andethyleneoxide
order to an alcohol.

10. The method for producing anonionic surfactan
accordingtoanyoneofclaims1to9,whereinthe
inthestep(llisconductedatl 10to130°Candt
instep (111) isconducted at 50to 160°C underar
pressure of 1 to 10 kPa.
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