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Field of the invention [0001] The present
i hvention relates to a nethod for producing a nonionic surfactant.
Background of the invention [0002] Noni oni ¢ surfactants,

obtai ned by the reaction of conpounds having active hydrogen such as
al cohol with al kyl ene oxi des such as ethyl ene and propyl ene oxides to

cause addition pol ynerization, h perties as a surfactant
such as good solubility at |om1t§%%%%§@%?giggood stability in hard

water, low critical mcelle concentration (cnt), and | ow surface
tension at critical mcelle concentration (y cnt). These surfactants

t hus have g 1w & aid et appl | cati ons such as a detergent, an
enul sifier, a penetrating agent, and a sol ubilizing agent.

Noni oni ¢ vstiforc R PRIastd e ardyr ol aE ueeeryragpck addition
pol ynmeri zation with ethyl ene oxi de and propyl ene oxi de (hereinafter,

also referred to as bl ock-type nonionic surfactants) are known to
have controlled HLB as desired by sinply controlling addition nole
nunber s, Famrd d odmtthee ipoieriticef physical properties, to exhibit good
operability as having | ow freezing point and being in the liquid
state wi tllR0®1lhe wi de range of tenperature (JP-A-H010-212491
published on Aug. 11, 1998). [0003] For nonioni c surfactants,
in addition tngﬁdB§?§ﬁ€§ SRVanELeR et e s tuh aageghelsfoyipyoducing
capacity and perneability, inprovenent in qualities such as hue,
scent, afdlROPARMILS PUHIECHAY 4 nportant. There have been vari ous
proposed net hods for producing an al kyl ene oxi de-adduct with a

| ong-chai n al cohol having inproved qualities in the past. For

exanpl e, JP- - 702 di scl gses that a nonionic surfactant having
good staE% ﬁﬁé%%ggagéﬁégﬁ%é%?%ﬁ%ﬁ%%ﬂna|| amount of by-products is
produced By 3ddi tion of an al koxyl ating catal yst, adjustment of a

water content in a liquid phase of the reactant, and subsequent
renoval of thengatahye! sty rhldehle, 0Bbtained 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 (cémc), and low surface
tension at critical micelle concentration (y cme). These
surfactants 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 nmethod for producing a nonionic surfactant, including the
followng steps (1), (11), and (Il11). [0005] <Step (1)> step
of reacting an al cohol represented by formula (1) having a water
content of not nore than O .1% by nass with ethyl ene oxide in the
presence of a catalyst to obtain an ethyl ene oxide-adduct

repr esent

foroula (2); .ROH(1) erein, represents a linear or
br anched o ROV =dPaupP AR S 85 o3 A bn SecthDeRoB (Y aF(B3v 0
wherein, ;R 1epr n |.i near. or_br.anched .al ky roup having,8 to. 24
car bon atSW%?Pﬁéggﬁ iggéh 8D§Hb%%%%f€h€%§§Jé¥ﬁﬁ%?gﬁﬁﬁ“V‘%Eﬁ?gggﬁyﬁd%n
aver age ditei ranging ; -+ 1.0006] <S ( %)>
step of ?gél I E’g ?ﬁnelﬁ%%ﬁ%/?g%g?%%(i}gg% ai(}guc é(ﬁlfge%? é?glebn]tlesgqeb%/ °F 0%&191 I ai 2)
obt ai ned qigygtyhe step (1) with propylene oxide to obtain an al kyl ene
oxi de- adduct represented by formula (3) having a content of remaining
propyl enqo@xizde of not nore than 1000 ng/kg: R-0-(EO),-(POYy-H(3)
wherein, R represents a |inear or branched al kyl group having 8 to 24

carbon atons; EDxr aphesantssarfathgh€Beoxy gHaupioN tEPSLSSHEEia8 of
average ED addition nole nunber ranging 1 x 20; PO represents a

propyl eneosyrfratpntamiich reep reesantis yama weragel RO adiligd meaml Pity,

nunber ranging 1 y 10; [0007] <Step (I111)>
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 liquid 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 (I), (II),
and (IITI}).
[0005]
<Step (I)}>

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

oxide in the presence of a catalyst to obtain an ethylene



Ay

siep of reacting the al kyl ene oxi de-adduct obtained in the step (I11)
with ethyl ene oxide to obtain a nonionic surfactant represented by
formula (4) having contents of remaining ethyl ene oxide and
remai ni ng propyl ene oxide, respectively, of not nore than 5 ny/kg:
R-0- (EO)- (PO vy- (EO)z-H(4) wherein, R represents a |inear or
branched al kyl group having 8 to 24 carbon atonms; EO represents an
et hyl eneoxy group; X represents an average EO addition nol e nunber
rangi ng P}S%dg?U;aC%(B‘qteﬁ?%ﬁ%nfae%r%yﬁm&@ f#bup; vy represents an
average PO addition nole nugﬁer ranging 1 y fl10; and z represents an
average EO addR%8n mol e nuhbkr ranging 1 z 20. Detail ed description
of the I% en%hgp 00g81:e in conven#jonal t cggi ues, there, has
been no SUFFicirent 4F5EGESPSR Bnt HPFFEi Bnrmst 35fYr 948EPnER%INg
bl ock-t ype . nonj,onj f t wth a good hue and appearance, and
hi gh pur?tfg Féb%@%ﬁﬁﬁ Y e present invention provides a nethod
for produci ng @_bl.qent yge nagmiyoni ¢ surfactant having a good hue and
appear ance and high pufity. [0310] In the present invention
the produle r@iix, URerepRbaLALRYAt NEnah KL B8 0Hier addyat geBLAl H&’Qihg
the step (I11) has a content of remaining propylene oxide of not nor
than 1008 &®/ kg befooe dhems) &0 Wddneserd e ERBYI LR O/ brou%)t-‘eand
product mxture is reacted with ethylene oxide in the step (IIT) .
[0011] x represehtstha avesept Eaveddiohon triel € aningids eingiaiern, < x
remai ni ng propyl ene oxide, and remai ning ethylene oxide are |imted
as descricbé@&:above. [0012] <Step (1)> The step (1) contains
reacting an al cohol represented by formula (1) having a water content
of not ndP&0ERan 0.1% by mass with ethyl ene oxide in the presence of
a catalyst to obtain an ethyl ene oxi de-adduct represented by formul a
(2): RO€Epp (I1)>

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—O—(EO)X—(PO)Y-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;
[0007]
<Step (III)>
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, Rrepresents a |inear or branched al kyl group having 8 to 24
carbon atons; R-0-(50)x-H(2) wherein, R represents a |linear or
branched al kyl group having 8 to 24 carbon atons; HO represents an

et hyl eneoxy group; and x represents an average EO addition nole
nunber ranging 1 x < 20. [0013] From t he point of ease of
handling, in formula (1), R preferably has 8 to 18 carbon atons, and

nore preferahly 8 to 16 carbon atons, Fromthe points_ of detergency
and stabiq‘?"ﬁ}%fjgaﬁﬁé% RO Rt RS BRI ERanPYidanges
from4 to 14, and recﬁ{/ef rably 3 to ﬁ%& 014] In the

met hod of THE Present: iTveltT dif % R oni factant having no
probl emin appeapa su S udi.ng c be produced, if the

al cohol represgnpeg%g)yxfg??rﬁra%@)z jhnust ﬁdz}s a water content of not
nore tha % by L epgtd i el EMF i i :

pr esence%&%r%{(}égt glrrggﬁ?:bgrﬁ%g\%a%er c%%?ear,# &%fa t edgggg%l Qggggeééﬁjfré%
by fornmulga tElh 4t RUS-HRS dtnld MEALIP IS 4 tah Se fiffh eddbdPEgFERST T N
wi th ethylene oxide, the water contént of the al cohol represented by
formil a hpriesepitef ahabkirrdgeor0. A8%4 BY oHBES1 e MEELOF %@{gam%lo 4@ <
0. 06% by mass, and even nore preferably 0 to 0.05% by mass. en the
wat er cozioenPoirepmEserit®a Hrddobynstss drvugieyreaptd htfan average
dehydration treatnment should be introduced to adjust the water

cont ent . PDehyidiat punmohy dremper froamethg flox pxsip! endy hepdengnthean
reaction systemincluding the alcohol and the catalyst for 0.1 hours
or | ongeRvgrage £ BIUGE uiemale svuderr pransing bfs 12 t9 210. kPa to
distill off water. During the dehydration treatnent, an inert gas may
al so be introduced/distilled to decrease noisture in the reaction
system The water content of the al cohol can be neasured by the Karl
Fi scher RETRSSr dF&TRE O ®fgihe InventiQh al yst used can be an
acid cat a[loéﬁ% or an alkali catalyst. Fromthe point of sinple

purifi cati dfter the reacti on, an alkali catalyst is preferably
used. Examl esafoihc. el dogtal sl diel udg Brost ed ackds sk og,

sul furic and phosphoric aci § ‘acids such™as's

chl ori de I ifflfﬁr'- M Nepplkal i

i ncl ude tdgrg?iug(rgigglmbﬁeg f ?_%)5 des o C&ZI alé ne Lgénjé?%lak;ﬁ%]ygﬂ%
metal s, ABAiGHALCENIENABIRNIMTL aCgo8R0htE BYEr 9Xbd8raReEasshdMigh
hydr oxi de, anmmoni um hydroxi de, cal ci um hydroxi de,” ~ bari um hydr oxi d%

or the | pkeitgnd al kaline metal carbonates such as potassium
carbonate and sodi um car bonate. Anong these catal ysts, preferably
used are [bpdodxi des of al kaline netal and al kaline earthnetal , nore
preferably al kaline netal hydroxides, and even nore preferably sodi um
hydr oxi de and Pbeapseaenhytnosmndeon Arranides 0 fmettherdc dbal psbdusedgi s
preferably 0.1 to 5%by nole relative to 1 nole of the al cohol

r epr esenbeé@chy tvpempri¢nic spnf asdtaaitybeviag dgoaddeak andangpdaramce t
may be added in the solid formfor reducing water together introduced
in the raaet héALsPsrd®Y-or may in a form of aqueous solution fromthe
poi nt of ease_of handling the catal yst. Wen the water content of the
al cohol &PO%8 nula (1) is more than 0.1% by mass through the addition

of the catalys t.he dehydration treatnent as descri bed above is ,
requi r ed beforihaiiﬂﬁ B S HE<B F&B.’%%OdHCt MLFRET G2 bR 1ng

Foh <SSR SRR SRR AR S WY
oma . . unt”
2u:€?a2t SERFEREB LT LINE pRobYl e RS BE Al RIXVR Gpopgpay s
- 2.
To0i7) b D P P e e TR Aagh A Rrdaue ARt
addi tionigngeapRErdPG el kethiltee RAFIIOMM Sehe GRIUA NUORS) . OF

[0011]



. The'reaction of the al cohol represented by fornula (1) with ethyl ene
oxi de can be perforned by addi ng ethylene oxide to the al cohol 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
tenperature range as above, the addition polynerization is preferably
performed under a pressurized atnosphere in a closed vessel. A

reaction pressure i.s preferagbly an anbient pressure to 0.8 MPa.
Al t hough a rea% Fihs BregE m%eﬁéti:]iqrf'ca’?rf‘%: IR PorvrESfici ng

unreacte hyl.ene oxide, the reaction.is_ preferabl rforned.for
01 10 3 BITE Y S AT G TAG REBRRL THEPFat: PBhapaare
pr ef er ablqy r t ours after introduction of whole
et hyl ene %)?ﬁéqeéd;té%q%ée%écrt%%dt%nép‘égature of 50 to 200C, and nore
preferablpygh to 160C. [ 0020] The reaction is specifically
performed as follows : placing the al cohol represented by fornmula (1)
and an aldgddp cat)al yst in a pressure tight reactor having

i ntroduction nmeans for ethyl ene oxide and for propyl ene oxi de;

hol di ng the reatid sepyst eBcaita8thd eedo®Cngngerallkdinll @b ded ticanBye
water until the water content of the al cohol decreases to a given

val ue; cdiduetliang1iitaoDenor eptaei auhantt elfenat intg-d hRahe®pes akungskso
50 to 200C; adding a given amount of ethylene oxide to the reaction
system ourduetiydenkeckédet intHopreésenae 8fhawrstaly S0 ttoo oP@ACHt an
obtain an ethyl ene oxide-adduct. For the pressure tight reactor, an
aut ocl avetéydignse @Riidar addigt regpreseniepdrat ipemgbat (2l ter, and an
automatic introduction device and the |ike nay be used. [0021] <Step
(11)> TReO&t ep (11) (%) a step of reacting the ethylene

oxi de- adduct represented by fornula (2) obtained in_the step (J]) with
propyleng%ﬁ%ﬁﬁéﬁtg BBPﬁﬁﬁeﬁﬁsa?k T d%?gﬁﬁﬁﬁgﬁ¥1aﬁg§ eSER Bdh%V1n9
formul a %3%6b i%bxﬂ%? a .cont ent of remai ni ng propyl ene oxide of not
nore than ngfkg.l}ni¥ﬂ% 'step (I1), the al kyl ene oxi de-adduct
having the conte L (@ )rgﬁainReg propyl ene oxi de of not nore than 1000
ng/ kg may be produced tthrough adjusting conditions in the reaction of

e CLny Weag < e adguebenenr gSPbed: by AALMAR 2hth StBRp(hhlin

wi th propyl ene oxi de. ternatively, after duc
has been gobbapnegarbbe 2t did engo PedieRdHAUC arhavhhd ehBex508L80b ; Ohng
remai ni ng propyl ene oxi de of not nmore than 1000 ng/ kg maybé produced
by reduckngept-epghesecanxaderhget B0 PAQUULHN Gholdening@ist ir¥hging 1 < x
R-0- (EO0)x- (PO VYy-H(3) wherein, Rrepresents a |linear or branched al kyl
group haw 29.8 to 24 carbon atons; EO represents an ethyl eneoxy
group; X represents an average EO addition nole nunber ranging 1 x
20; PO rdpodsdnts a propyl eneoxy group; and y represents an average
PO addition nol e nunber ranging 1 y 10. [0022] From the points
of detergency AxemstHs Pogntare] @raemfehandldng n frorfakania) (1), iR
preferably 1 to_4. [0023% The reaction of the ethyl ene

oxi de- adFEE @SN EACe8 B9 1BrFriIrReR AtIwt aidish Moy e peefespblly) 8wkeh

propylen% oxi de can_be essentia%%y erforned in the sanme Mﬁ% as.in
the step @l FATERPFHONE - usEHPR GhF R e p L APFezrpenteadngtakility
catalyst%fdescribed in %hg stgﬁ %I%.tln t he ste@ %Igﬁ an_addi ti onal
cat al yst PR 0S8 oR P WHEBRSAATHEGI t FoRAF - EAPRLYsFaPgeTsbaom ¢
maybe of .the ,sa i ff t_Ki f catal yst used in the step
(r). \/\her"lz%a(i\%/ét eg?ldggnr?t%éamp%ef%‘bﬁa{élgfhilteéngfzoXi de- adduct represented by
formul a (Bhqls§ over 0.1% by mass through addition of the additional
catal yst for the reaction with propyl ene oxide, the dehydration
treatment as descCihpedetModt &F dhe ipvd¥afteral)ondigh ora{mrpoxbfé&{
addi ng propyl ene oxide? [0024] é%'The aﬁbunt of propylene of?de
used nay she raRpEeR hatehy reslpisbadnM 4 Righbddieidangachr&mead olrd it can

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



.. Propyl ene oxi de can be added through any node. The addition node nmay
be collective, portionw se, continuous, or conbinations thereof.

[ 0026] Fromthe viewpoints of the qualities of the resultant
noni oni ¢ surfactant such as hue and scent and reaction rate with the
et hyl ene oxi de-adduct, propylene oxide is added to the reaction
systemat 100 to 160C, and nore preferably 110 to 130C. The reaction
is preferabl¥ erformed for 1 to 5 hqurs after additiqn of whole |
propyl en& 8% &% SPRE6E Y B 1BBE BREe ot dhere b MEsst 1218ReorgapElon

[ 0027] ropyl ene ide is in a as state Wi t hj
[

| omoy at T SEEYIERPERRNCRE Ol (e den e B O ATl Ll frer

e T o roddidet. BePLRESUILARM) A IRARNS Lol Lf AARA, VI Ehysthas no

reaction pressure 1s pre I en essure

[0028]  jimitadibrkRBn(l s e akky ides i -

cont ent oﬁwﬁéﬁgfhing debylgnéﬁgxigé1%%9%g?é#%%ﬁ@?ﬁ%ﬁ%%@%geﬁg7ﬁgl?g,
obt ai nedthld whee2CBbRYEAL dOLIRXATBbEO1DYprRELRLES HIrNeS IhhY9is
the reaction of the ethylene oxide-adduct Tepresented by formula (2)

Wi th propylegReaoNivie to @ .98k byl pakbsjeabee HREBEeSB1Y) 0, t8 DI O6LSEy
of reducing an anount of propylene oxide in the reaction system after
t he reactia@s,i andheveremodel priefewasn vt loe tet oy losre bgX mdesaddnkén atie
propyl ene oxi de has been conducted (process 2) or conbination of the
pr ocessewvateand ot eWretiremdree theactld .t iy stagppeth orhe anda atibohn € am
be determ ned by checking an anount of propylene oxide in the

al kyl ene dghivdeadd@uc traaEpentnyewl ¢ dsd inthedurednto gfd prdpyheneater
oxi de in the al kyl ene oxi de-adduct can be determined through a
neasur emERREEN TR r BEEYPSALAPRIA L LB kRISTRE e ToFc XML %g'rlacpwmg

HS- GO) . 0029] . For the process 1, to_progress the_reaction
b 1 he elbhg! BRECHHPRESKHHRE AR L LS BFCPhSRATA (IF GRERLYSE for

| id ffici d . i h i
st am 1 0 fr BPOFHOPE ROPerT FH00 B8 TaB U Pof BRHGRY PESTTBLEE
130C for 41 f f.er. .addi td | i de, .
condi jtiocr)r:%'st grl%t %(?éﬁtr?g %ﬂg%al%y:()fgf?gqlfge&ﬁ{jo hgq'gl%h%gn?eglﬁ%%gtlon
addi ti onypRbe dawEer of; 1he ga!eyp 'n%y)e éi@cﬂ%é"dl%od@@é&/s%@%fﬁi to

formula (2) obtained in the as a starting mater

step, theeckired sanddik@amunt tok cabakysh 4$efeh PhE wi€dr AMGcdhe
addi tion nol e nunber of propylene oxide as defined in the present

i nventi obf thbsambahg&scwh|bepﬁ@dsﬁ@eanb?|KMéeﬂﬁrQXFﬂ§cHQQuﬁétH@&i@ﬁ
a content of remaining propylene oxide of not nore than 1000 ng/kg.
[0030] the liklkear the process 2, to reduce an anount of propylene
oxide in the reaction system an introduction/renoval of an inert gas
in an ai rl0pA&de and/or a |liquid phase may be enpl oyed. The operation
for reducing an anount of propyl ene oxide may be perfornmed under

anbi ent, conpr8ssédadysietisedd cpredbsusd. i3 ratalyst orTker stldeld )
may include stages of reacting the ethylene oxi de-adduct represented
by fornuF&tééYS%btaFH@B thet ReiBtepf( FlmRileh Pyrddyicatd ogx iaddaro the

obtain an al kyl ene oxife- dduct represented by formula (Bﬁ and_ of
reduci ng*&*€6nC8nt 2812 ]é’f‘ri? n?%ﬁaﬁg%ﬂ%ﬁée&ﬁ%‘?lé‘f UeRe -al KyPERESS of
(1) may CPRCRIAE CACEThGE TroFEle IS THe AT AUt Phes RUGuEES and
| 2 ined i.n,the st it h |
P esenb el B 3oL 808 050 Lk Ut 8 20 Lt OB SBY L0
ho i SRERCLEFIR AT "B QREERS, OXCpbl i bR S 30U
tertiary amines, hydroxides of alkaline and alkaline earth

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

potassium hydroxide, ammonium hydroxide, calcium hydroxide,



.~ The-content of renmaining propylene oxide in the al kyl ene oxi de-adduct
represented by fornula (3) is preferably not nore than 1000 ny/ kg,
nore preferably not nore than 900 ngy/ kg, even nore preferably not
nore than 700 ng/ kg, and still even nore preferably not nore than 500
ng/ kg. From the viewpoints of hue and appearance of final nonionic
surfactant product, the |less content of remaining propylene oxide in

th | k j de- adduct ted f | 3).i h

br of o 1 LE R ESTLHa,5H FEe O (i oURB A ISF1S B¢ EAL 2 R 0arn Ben
| ese { hait, it | S A AN IS R8T | REET Rhebe,
content, A5yl tiﬁegkgrggth¢§§c§ ?ga%gc;}%,g%g%g%@ggffge nleg;%%?’ nd

I n production-of d nonionic nt ene oxl

propyl en i n j ' ' : I

or The st S B e by v el & (af e e,
known copyentehv@iflnord Rtte AdVICONt LI 10E HRdBd:0i 9 DEOPRYLLLEs Pxhde in
an al kyl ene oxi de-adduct of the step (11), which is a reaction
product diydragildee caur atoohtpo@dubki aat(au?ber uediat &) prépélapnges. 1
hue and appearance of a final nonionic surfactant. It 1s a remarkable
advant ageoe Béubg mdle tded dtniventtar 3, mbbatof vhec antrehblspepiréceakky Set
to not nore than 1000 ng/ kg ef ficiently provides a nonionic

sur f act aforwiulla d lgood Thee cabid lyppeapanbe. afded4lin any foSmnceItheay
step (Il) follows to the step (1), the step (II) is generally

per f or mre®€ gdgadeday drhaygal jch figyan skap xeduekng swalfee peoeklerl is
specifically perfornmed as follows: introducing a given amount of
propyl enéf&xcdaasst dRetBeRypamiel oigmtituer BBy alnat foxm RE 3Tepoys)

at 0.01 to.0.6 MPa wth controlling at erature of the ethyl ene
oxi do- ad FUAETE T BEON G 1S BEL e [RASF g RVRSE bag (s Cep et o oen
to 160C for 1 to 5 hours. after.addition.of aole pro ene oxide to
bt a n akiSi BT8R O A Ri ErYs S0rRBan B BYEPATRUNL (35 RaGr nghen
content @f qLermini R [ . not t g.

[ 0035] <%t‘éﬂ5 ?531 ﬂag% i ﬁ?@%@ﬁﬁ%%@% ep o ﬂ‘-?%gctn?l[r‘% t he
al kyl ene gaxide-adduc te Qi@idIRd dd) ddif Stiss (dddvdi 14 féc?i%f%.}?ﬁfﬂf‘e
to obtain a“nonionic surfactant represented by fornula (4 iC as
each conkeltingf t@RBIdHNG:ElRY]| ene oxi de and renai ni ng propyl ene

oxi de of not nore than 5 ng/kg: R-0-(EO)x-(POYy-(EQO)z-H(4) wherein, R
repr esent[goaslli near or branched al kyl group having 8 to 24 carbon
atonms; EO represents an ethyl eneoxy group; x represents an average EO
addi ti on nol e Thebemouangbligethyl2fe BRidepussénhsayab@rapytepebxyely
group; y represents an average PO addition nole nunber ranging 1 vy

10; and 2djgstesemtishian theeraggeSOraudat Lontooke- huhdermohayi agodniz
S 20. [0036] Fromthe point of stability of appearance at | ow
t enper at #edatilyef gonmihg awpung p§ pheferaphglirepredenpad Ryriormula
preferably 5 to 12._ [0037] . In the step (Il11), the reaction of
the al kyl(\é'r)ie GECRECAduC i PR @ e et bR FoRweed, and

enployin%u%h sane qther materials ang teactjon conditions, and

preferre di RERESTBP VMR M add ABSECLA TREAEIAPYY,, AR e¥ent Aare
used is the_al kyl-ene i de- adduct. represented by forrmula (3) prepared
fromt hep§|ecf%ﬁ ltyeﬁlr cé}’:_eﬂ:toeg%&%]oc{ r’lfﬂjaa? B8t e the step (111)
follows t@gthe steps (1) and (I1), the step (II11) is generally
perforne& i he sanme reactor used in these steps as is. The step

(111) is speci F:E%gjlleﬂep%gi@%n%%na%ef Qld Qs :tk%fg}n%gg'ghétﬂé{]gncﬁi@j Veie

anount of ethy oxi de 1n the reaction sys ning the
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and reacting for 0.1 to hours at 5 00C to obtain a nonionic
sur f act agbmbepaesemed Har-Jdo mul a (4). [0038] In the step
[ooisl



.. represented by formula (3) is nore than 0.1% by nass, the

dehydration treatnment as described in step (1) is preferably
performed before addi ng et hyl ene oxide. [0039] Instep (II1), a
noni oni ¢ surfactant having the contents of remaining ethyl ene oxide
and remai ni ng propyl ene oxi de, respectively, of not nore than 5 ng/ kg
is obtained. It can be preferably achieved by reduci ng the anmounts of

et hyl ene oxi de %%d%propylene ox I Lhe reaction systemafter the
reaction of thé ?F€ﬁéC@xP§et ﬁdﬁ FO 8pr EEBREERNRFYf BY nhiPE ST Gt h

et hyl th t (L1l Speci f f h Id
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reduced pregpyr Sl% g%lt Q:190kPa g%"é)e AAE ef!era\ﬁg]s{)%eg 198 to 160°C

operation s stop Conti nued can Be d&term e y thecking
amount s qf, ethféylpe%%qugéjeo fangd c;% £ghe oxide in the nonionic
surfactant accofding to need. [004 After the step (I11), an
after-trgalpment of the catalyst used in the steps (I) to (I1l) may be
performed according to need. The after-treatnent can be perforned by
any nethod. Exghapkes e¢hylik@ealbartd rigatifenind rddidtsaddrwithad kald
catal yst, addition of water and a m neral acid such as hydrochloric
or phosphemperatitds orargye arggati®racithes uetdasi @ceidymer tzdoidheis
reaction liquid to forma neutralized salt, the addition and a
subsequeptredemnpirlyt penfandednyidey t@Eprsoipizad etnbepthatral st shbded
and filtration thereof, adsorption and renoval of the catalyst or a
neut r al | ¥&8seal-t Amwl@y Rma%ma mg prefexakly om hnhdedtvipxessre
adsorbent, extraction of the cataly fromthe reaction liquid with
wat er or tRafes ¥F@ -anPéF§anpl §oF@éﬁFlO&nGlménléx@ﬁﬁnﬁﬂﬁfhﬂ%ﬁﬁkﬁy(ﬁ
t he catah st mnth an |03 exchange resi t hese et hods, from
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Fromthe points of hue, scent, urlty active agent,

noni oni Ctéhhﬁfa%‘éﬁ:@&*e prEodyced ﬁ@GQf d'aﬁﬂi %M?r@f%%%’ﬂly RWRNE0Rs0°C.

preferably has an | odi ne val ue of 0.05 to O gl2/100g. An | odi ne

val ue canobeoadj usted by controlling an anmount of renaining propyl ene

oxide in the step (I11) . [0043] Fromthe point of stability

of appear ance, Theceontent.onf ilsy speeddfdicall vt herfeomed G s Wdlkkaswnt

produced according to the present invention, in particular the

cont ent plapaohgakkyl sdechbycuokpirespnekdr byl Fodmtleo (1% bydnas sa 1l

nmore preferably 0.1 to 0.8% by mass. The content of polyal kyl ene

gl ycol ceﬁteéyeaj Bt Rrep ssent Fbuht iepactel deviow éntrpduchéontegars )
[ 0044] The noni oni ¢ surfactant produced according to the

present ﬁﬁ?éﬁhx%ﬁ%ﬁéﬁé@%ﬁQdﬁ§§E¥QP¥%@H%E§éQﬁaﬂﬁﬂd%@9G@&ﬁ@ﬁ#%ﬁ@p

"clear" refers that a angpﬁa as. a transm ttance of not |ess than

97. 0% at SY66RnhheR hRead Lg{d%é tlooéQ5]cPa 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,



. Ekanples The foll ow ng Exanpl es denonstrate the present

invention. These Exanples are intended to illustrate the present
invention and not to limt the present invention. [0046] Exanple 1
<Step (1) > In an aut ocl ave equi pped with a stirrer, a

tenperature controller, and an automatic feeder, 252.2 g of al cohol
havi ng 12 carbon atons (trade nane: Kal col 2098, Kao Corporation) ,
98.2 g of alcohol having 14 carbon atons (trade nane: Kal cql 4098,
Kao Cor p&r SETBRY 2EHES O gt OF L ROH ARt 81 aH MR LRs T Rdugehydr deetce
for 30 niQ%% at. ,110C under 1.3. kPa. A water content of the

resul t ant* g%ﬁhﬁﬂ‘ 8 e He¥ydration is shown in Table 1. Then,
t he inneruﬁkﬁgsphere of the autoclave was replaced with nitrogen. At
an el evated tenperature to 155C, to the reaction m xture was added
715.7 g (v girhyQ the al cohol, on the assunption that an average
nmol ecul ar werght of the alcohol was 194.2 (1.8 nol) ) of ethylene
oxide (in Tabl gnk steferirad tg as Qo ¥ rdfdiing Mad eadipend t was

reacted for 30 mnutes at 155C to obtain an ethylene oxi de-adduct

havi ng arxa\G-agRurddiddgre @it Qb eorafi18 (B004BLasstapifl the>ste
To the ethyl ene oxi de-adduct obtained in the step (1) cooled to 130C

was added I30%itlg pdpyilaate taxidie 8 asHBd In ofn pEOPYl @ne ©xide-ddduct
Table 1, referred to as PO and, after the feeding, it was reacted
for 3 homepraseit3ed by dotraiwiaan 3al kyhénh bride- eadduent (ef hydwemining
oxi de/ pr opyl ene oxi de bl ock adduct) having average addition nole
nunbers ®ropyipnenexdliedef ant propytkie I®0MBgdkg9 akn the step (II),
respectively. Measurenent_ of the al kyl ene oxi de-adduct with an

Agi | ent [E&dSg&YE egds CHATRBSHIHPMAV NG diftafeeitentefel rermabnirg
HS- GC) showed _t hat an anmount of unreacted prqulgagaoxide in the
adduct WEECRY3SRG IPFLG0RIBPASMGF g 113 1000 Mg /g (WRyY %k ypeprdiced

i de- ad ined i. h . 11). _h d 155C dded 715.7
o (5" ol & EE N B GFEIGE COPOSER TN oFRter SRAL BacP b Feor e BYHRRS
at 155C. om%er-%@%hc%n r@\}a)ge@’e%t% 1%8?021&# ey 8@2%’ & dsthe%ddbﬂ) 2‘1’%‘%‘}2 Pa

i
for 30 mnutes Tor renoving unteac yi'ene ‘oxide a ropy
oxi de. A for inin i d pyl i e
oxi de. AUl e LAITSHY 1o PLOKEENG0Y, d2 ag. RERPLhSHs O dha
lactic agiducthBaginddH @asS ndld,r £8E 4 Dby B dNJUIRS A 84Chaleng the

extracted to obtain a nonionic surfactant having average addition

mol e nunkenscof &f ke iod ge%g&eﬁélcﬁfﬁ@&kdﬁat abecet i 808 ood deg

of 9, 2, and 9, respectively. 49] <Eval uation> A nonionic
sur f act anhywae pratiuasdadb§ areduuei nd qetaiey MalexiRoihefheobproduct of

pol yal kyl ene gl ycol, and appearance according to the follow ng
met hods. tResulebstdom.shown in Table 1.
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), y is preferably 1 to 4.



- [0050] (1) Hue Hue was nmeasured with a colorinmeter for
petrol eum products OVE2000 (N ppon Denshoku I ndustries Co. ,Ltd).
[0051] (2) |odine value An | odi ne val ue was neasured accordi ng
to the Wjs nethod that is known as a standard nmethod for measuring
an lodine value of fats and oils and derivatives thereof. [0052] (3)
Pol yal kyl ene gl ycol (PAW content A pol yal kyl ene gl ycol content
was neang% y high performance |iquid chromatography (HPLC). Used
was an H stemincluding a differential refractoneter (Tosoh

T20 o O SR R e Pt BE oot AT o 2ol by

I S d S
Denko K B0 T G0ad] [ Abbear Anear cetp TRt REbRy TR Al ab e
eval uat eghebi SRATUEHING, P RNMHEd tfiﬁ%@leatsaﬁgowa aé\ RLOEH ts*efég RYS
in a quartz cell haV|ng an optical path length 1 cman ured

for trangpitidignae atsafl A WHS sﬂté@epﬁppil@é%i@éeéa&éf 3808atalysts

(Shi madzu corporation). A measuring tenperature (sanple tenperature)
was 20C. dassanplesi hiavitlge ademnem [t anceref gtelp | @S9 t hah KL% wes

rated as "clear"” and a sanple less than 97.0% as "cl oudy". [0054]
Exanpl es catiad ystandyChrparsatd v Beanpl wbeh &n 8dditionalNooatalgst is
surfactants were prepared with nodified conditions of Exanple 1 as
shown i nuPsldl.e it matdbevaf ublitedsame tde dififienst &dnidnofxahpl eatalyst
Results are shown in Table 1. [0055] [Table 1]
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. |
[0026]

From the viewpoints of the qualities of the resultant

nonionic surfactant such as hue and scent and reaction rate with

10



Ekafrple Conpar ati ve exanpl e 234567123¢Step (I ) Water
content in alcohol (%by mass) fed EO nol anount

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 (IT), 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



o ('r‘e'l ative to al cohol) Reaction tenperature (C) Reaction tine (h) 0.05
a ' 155 0.5 0.03 11 155 0.5 0.04 7 155 0.5 0.07 9

[0029]

For the process 1, toprogress 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 amount of catalyst used in this
step, and the addition mole number of propylene oxide as 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



145 0.5 0.03 5 140 0.5 0.05 9 155 0.5 0.05 10 155 0.5 0.05 9 155 0.5
0. 04

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 is a remarkable advantage, found

13



9 155 0.5 0.12 9 155 0.5 (1) Step fed PO anount (relative to
al cohol ) Reaction tenperature (' C) Reaction time (h) Unreacted PO
anmount (ng/kg) 2 130 3

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
holding the reaction system to 100 to 160°C for 1 to 5 hours
after addition of whole 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.
f0035]
<Step (III)>

The step (III) 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-O- (EQ),- (PO) - (EQ) ,-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 1 £ y £ 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
embodiments 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 catalyst is added, it may be the
same as or a different kind from the catalyst used in the step
(). When the catalyst is added in the reaction with ethylene
oxide and the watexr 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 (III), 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 (ITII). 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 ligquid with an adsorbent, extraction of the catalyst
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fed EO nol anmount (relative to alcohol) Reaction tenperature (C)

‘Reaction time (h) Unreacted BO anount (ng/kg) Unreacted PO anpbunt
(nmg/kg) 9 155 2 Less than 0.1 0.5 11 155

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 TIodine value can be adjusted by controclling 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
toc 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 pi‘esent invention
and not to limit the present invention.
[00456]
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: 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 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 5.
[0047]

<Step (II)>

18
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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/propylene 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/kg.

[oco48]
<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.

[0049]
<Evaluations

Anonionic surfactant was evaluated for hue, Iodine value,
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0.5 10 8 9 155 1.5 Less than 0.1 0.8 9 145 2 Less than 0.1 0.6
‘Noni oni ¢ surfact ant

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) Todine wvalue

An TIodine value was measured according to the Wijs methed
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 (HPILC). 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 cm and measured for
transmittance at 700 nm with a spectrophotometer UV-1600

(Shimadzu corporation). A measuring temperature (sample
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Hue( APHA) 44 30 63 61 30 82 45 120 90 53 iodine value (g 12/ 1000
0.18 0.10 0.20 0.27 0.10

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

Nonionic 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.

[0055]
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. 0.31 0.17 0.42 0.36 0. 23

PAG content (% by mass) 0.8 0.6 0.7 1.3 0.6

1.0 0.8 0.8 0.7 2.0
[Table 1]
Example Comparative example
1 2 3 4 5 6 T 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
Re“*mngggpm“““e 155 | 155 | 155 | 145 | 140 | 155 | 155 | 155 | 155 | 155
Reaction time (h) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
fed PO amount
(relative to alcohol) 2 2 1.5 3 2 2 2 2 2 2
Sten Rem“b“gggpaﬁ““e 130 | 125 { 115 | 130 | 120 | 135 | 125 | 125 | 130 | 125
(m) [ T T T T T T Ty
Reaction time (h) 3 3 2 1 4 2 1 0.5 1 3
...................... | ST R S A N NUUUUPUURY SUNRUDI ST N NN
Um?aﬁ;i;ﬁgfm°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 9
Re““m“gggpm“““e 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 0.1 0.1 0.1 0.1 0.1 0.1
L”“eacziigigbmn°”“t 05 | 1.0 { 20 | 13| 10 | 05 | 1.0 8 08 | 0.6
Hue(APHA) 44 30 63 61 30 82 45 120 90 53
Iodine value
Nonionio (g12/100g) 0.18 0.10 0.20 0.27 0.10 0.31 0.17 0.42 0.36 | 0.23
surfactant
E@ﬁ;ﬁzg 08 {06 |07 | 13 o6 |10 ] 08108 | 07|20
. Appearance (20°C) | Clear | Clear | Clear | Clear | Clear | Clear | Clear | Clear | Clear [Cloudy
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Appear ance (20C) Cear Clear Cear Cear Cear Cear Cear dear

dear O oudy C ains 1. A nethod for producing a nonionic
surfactant, conprising the following steps (I) , (Il) , and (Il1)
<Step (1) > reacting an al cohol represented by forrmula (1)

having a water content of not nore than 0.1.% by mass with ethyl ene
oxide in the presence of a catalyst to obtain an ethyl ene

oxi de- adduct represented by formula ELZ)_ - ROH(1) wherein, R
represents a |linear or branched al k{fl-2gP§up having 8 to 24 carbon
atons; R 0- (EQ).-H(2 wherein, R represents a |inear or
branched al kyl lgroﬁpm%l’é@?ﬂgfgrt BYo4UEINHoR APBASNLIEDSHESAESEREs an

et hyl eneoxiedlolRiy 3tk I ERLEREN'S AN AU 29 FD agdh PRyl @

«<Step (I)=>

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-0O- (EO) -H (2)

wherein, R represents 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 (II}>

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- (EQ) .~ (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 EQO addition mole number ranging 1 £ x

< 20; PO represents a propyleneoxy group; and y represents an
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. <step (Il) > reacting the ethyl ene oxi de-adduct represented by
forrmula (2) obtained in the step (1) with propylene oxide to obtain
an al kyl ene oxi de-adduct represented by fornmula (3) having a content
of remai ni ng propyl ene oxide of not nore than 1000 ng/kg: R-0- (ED)x-
(Po)y-H(3) wherein, Rrepresents a linear or branched al kyl group
having 8 to 24 carbon atons; EO represents an ethyl eneoxy group; X
represents an average. HO addition nole nunber ranging 1 x 20; PO

r epr esenfY S IFORA AEOEE Gt dipte FHIKRT SRRt sl ah ¥ &% ekbgeamd
addi ti on nol e nunber Ggﬁging 1y 10; and <step (IIl1) > reacting the
al kyl ene oxi de=<&d&&ct dined inthe step (11) with ethyl ene oxide

to obtain a noniagnic_sutrfactant.represented formula (4). hayin
contents of rer?ael%rr(}itﬁélget h?l %j;féy%%l eo}é:'h@e_r ‘%’gl?(%if it r%%b%ﬁ é‘ﬁ’e%gf?l %‘é‘?p
respectiy, , 0f r hﬁg. : . r

repr esent(?ﬂaét I“ﬁr%{;t%ttg[rpabe?la%lc e alr%/ r@%tra(cﬁ%) %a%?%borg{]cgog f%% %%

at ors, E‘%e&ﬁ:@s%?ﬁ:’&ﬁtﬂﬁﬁﬂﬂﬂf&'e%)yz%iﬁ% Joh G €5 S Srafla AYBhG9e EO

addi ti on ndl e nunber ranging 1 Xx represents a propyl eneoxy

group; Y &teRfesenbsial ave e ifPndgi-bboneAB & iMDeL shardiiR&1L Yor
10; and z represents an average EO addition nole nunber “rangi ng z
20. not2 molfee tietrh@ fgtkpr oduci ng a noni oni ¢ surfact ant
according to claim1l, wherein the reaction of the alcohol wth

et hyl ene oxi deRi-0-t(E@)gt €pOL |- (BG®) pa&rforpd at 50 to 200C, the
reacti on of the ethyl ene oxide-adduct with propylene oxide in the
step (I1) is pwhkeyersd &t rép@esent60€; landatrherreagncbadodlkpe group
al kyl ene_oxi de-adduct with ethylene oxide in the step (IIl) is

per f or ne&aaingos ite 26F@rbon atomg; HhrepreRetthoin ptéyleneg=y group;
noni oni ¢ surfactant according to claim1 or 2, wherein the reaction
of the sFepSPFEFerSScEht FHGEEIROEC 219l Ll il UtiRY Fargiadg lt &rx
addition<pf t he _whol e amount of rgﬂylene oxi de. 4. The met hod
for prOdUC?HQ OnGRPIFIEE 1= eneoxy Jgroup; Yy represents an

average PO addition mole number ranging 1 < y < 10; and 2z
represents an average EO addition mole number ranging 1 £ z <
20.

2. The method for producing a nonionic surfactant
according to claim 1, wherein the reaction of the alcohol with
ethylene oxide in the step (I) is performed at 50 to 200°C; the
reaction of the ethylene oxide-adduct with propylene oxide in
the step (II) is perﬁormed af 100 to 160°C; and the reaction
of the alkylene oxide-adduct with ethylene oxide in the step
(ITT) is performed at 50 to 200°C.

3. The method for producing a nonionic surfactant
according to claim 1 or 2, wherein the reaction of the step (IT)
is continued for 1 to 5 hours at 100 to 160°C after additiop
of the whole amount of propylene oxide.

4. The method for producing a nonionic surfactant
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. according to any one of clainms 1 to 3, further conprising a step of

reduci ng et hyl ene oxide and propyl ene oxide in the reaction system
after the reaction of the al kyl ene oxi de-adduct wth ethyl ene oxide
in the step (111)

according to any one of claims 1 to 3, further comprising a step
of reducing ethylene oxide and propylene oxide in the reaction
system after the reaction of the alkylene oxide-adduct with

ethylene oxide in the step (III)}.
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