
root, I pc-r DESCRIPTION Title of the invention METHOD FOR PRODUCING NONIONIC
SURFACTANT Field of the 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 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  of physical properties, to exhibit good operability as having low freezing
point and being in the liquid state within the wide range of temperature (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 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 (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  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-(E0)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 :c 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-(E0),-(PO)y-H(3) wherein, R represents a linear or branched alkyl group having 8 to 24
carbon atoms; ED represents an ethyleneoxy group; x represents an average ED 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  remaining ethylene oxide and
remaining propylene oxide, respectively, of not more than 5 mg/kg: R-0- (E0),- (PO) y- (E0)z-H(4)
wherein, R represents a linear or branched alkyl group having 8 to 24 carbon atoms; E0 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 fl0; and z
represents an average EO addition mole number ranging 1 z 20. Detailed description of the Invention
[0008]         In conventional techniques, there has been no sufficient discussion on efficient methods of
producing a block-type nonionic surfactant with a good hue and appearance, and high purity. [0009]
The present invention provides a method for producing a 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 (III) . After the step (II) , the product mixture is
reacted with ethylene oxide in the step (III) . [0011]           In the present invention, the contents of
water, remaining propylene oxide, and remaining ethylene oxide are limited as described above.
[0012] <Step (I)>        The step (I) contains 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-(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 produced, if the alcohol represented by formula (1) just has  a water content of not more than 0.1%
by mass in the reaction with ethylene oxide in the presence of a catalyst. The water content of the
alcohol represented by formula (1) thus has no limitation when it is fed. In the reaction with ethylene
oxide, the water content of the alcohol represented by formula (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 more than 0.1% by mass in the reaction, a dehydration treatment should be introduced to
adjust the water content. Dehydration may be performed, for example, by holding the reaction system
including the alcohol and the catalyst for 0.1 hours or longer at 80 to 150C under a reduced pressure
of 1 to 10 kPa to distill off water. During the dehydration treatment, an inert gas may also be
introduced/distilled to decrease moisture in the reaction system. The water content of the alcohol can
be measured by the Karl Fischer method or the like. [0015]       A catalyst used can be an acid catalyst
or an alkali catalyst. From the point of simple purification after the reaction, an alkali catalyst is
preferably used. Examples of 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 quaternary 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. Among these catalysts, preferably used are hydroxides of alkaline metal and alkaline
earthmetal , more preferably alkaline metal hydroxides, and even more preferably sodium hydroxide
and potassium hydroxide. An amount of the catalyst used is preferably 0.1 to 5% by mole relative to 1
mole of the alcohol represented by formula (1). The catalyst can be added in any form. It may be
added in the solid form for reducing water together introduced in the reaction system, or may in a form
of aqueous solution from the point of ease of handling the catalyst. When the water content of the
alcohol of formula (1) is more than 0.1% by mass through the addition of the catalyst, the dehydration
treatment as described above is required before adding ethylene oxide. [0016]        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 thereof. [0018]  



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 introduction of whole ethylene oxide at a reaction temperature of 50 to 200C, and more
preferably 100 to 160C. [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 150C 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 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 ethylene oxide-adduct. For the pressure tight reactor, an autoclave equipped with a stirrer,  a
temperature controller, and an automatic introduction device and the like may be used. [0021] <Step
(II)>        The step (II) is a 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), which has a content of remaining propylene oxide of not more than 1000 mg/kg. In the step (II),
the alkylene oxide-adduct having the content of remaining propylene oxide of not more than 1000
mg/kg may be produced 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 maybe produced by reducing propylene oxide in the product of the
reaction. R-0-(E0)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. [0022]       From the points of detergency and stability at low
temperature, in formula (3), y is preferably 1 to 4.  [0023]        The reaction of the ethylene
oxide-adduct represented by formula (2) obtained in the step (I) with propylene oxide can be
essentially performed in the same way as in the step (I). Catalysts usable in the step (II) are the same
as catalysts described in the step (I). In the step (II), an additional catalyst may be used or not. 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 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  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
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)
.  [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 160C, and preferably to 110 to 130C 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  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  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 (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 160C;
and holding the reaction system to 100 to 160C 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. [0035] <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 nonionic 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-(E0).-(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 1 y 10; and z represents  an average SO
addition mole number ranging 1 z S 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 200C
to obtain a nonionic surfactant represented by formula (4). [0038]       In the step (III), an additional
feeding of the catalyst maybe 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 (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 



dehydration treatment as described in step (I) is preferably performed before adding ethylene oxide.
[0039]        Instep (III), 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
(III). 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 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 an alkali 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
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 g12/100g. An Iodine 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,   "clear" refers that a sample has a
transmittance of not less than 97.0% at 700 nm when measured at 20C. [0045] Examples 



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 (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 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. At an elevated temperature to 155C, 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
155C to obtain an ethylene oxide-adduct having an average addition mole number of 9. [00471 <Step
(II) >           To the ethylene oxide-adduct obtained in the step (I) cooled to 130C 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 130C 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. [0048] <Step (III)>       To the alkylene oxide-adduct obtained in
the step (II) heated to 155C was added 715.7 g (9 molar to the alcohol) of ethylene oxide and reacted
for 2 hours at 155C. The reaction mixture was cooled to 80C, 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 80C 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] <Evaluation> A nonionic surfactant was evaluated for hue, Iodine value,  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) Iodine value       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 (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
5B802.5HQ (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  temperature)
was 20C. 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]  [Table 1]  



Example Comparative example   2 3 4 5 6 7 1 2 3 Step ( I )  Water content in alcohol (% by mass) fed
EO mol amount 



(relative to alcohol) Reaction temperature (C) Reaction time (h) 0.05  a ' 155 0.5 0.03 11 155 0.5 0.04
7 155 0.5 0.07 9 145 



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 9 



155 0.5 0.12 9 155 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 



2 125 3 250 1.5 115 2 600 3 130 1 700 2 120 4 100 2 135 2 



300 2 125 1 900 2 125 0.5 3000 2 130 1 1500 2 125 3 300 Step 010  



fed EO mol amount (relative to alcohol) Reaction temperature (C) Reaction time (h) Unreacted BO
)amount (mg/kg Unreacted PO amount (mg/kg) 9 155 2 Less than 0.1 0.5 11 155 2 



Less than 0.1 1.0 7 155 2 Less than 0.1 2.0 9 155 1 1 1.3 5 140 2 



0.9 1.0 9 145 2 Less than 0.1 0.5 10 155 2 Less than 0.1 1.0 9 145 0.5 



10 8 9 155 1.5 Less than 0.1 0.8 9 145 2 Less than 0.1 0.6 Nonionic surfactant Hue(APHA) 



44 30 63 61 30 82 45 120 90 53  Iodine value (gI2/1000 0.18 0.10 0.20 0.27 0.10 0.31 



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
(20C) 
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Claims 

 1.  A method for producing a nonionic surfactant, 

comprising the following steps (I), (II), and (III) : 

 <Step (I)>  

 reacting an alcohol represented by formula (1) hav ing 

a water content of not more than 0.1% by mass with ethylene 

oxide in the presence of a catalyst to obtain an et hylene 

oxide-adduct represented by formula (2): 

 R-OH          (1) 

 wherein, R represents a linear or branched alkyl g roup 

having 8 to 24 carbon atoms; 

 R-O-(EO) x-H    (2) 

 wherein, R represents a linear or branched alkyl g roup 

having 8 to 24 carbon atoms; EO represents an ethyl eneoxy 

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 f ormula 

(3) having a content of remaining propylene oxide o f not 

more than 1000 mg/kg: 

 R-O-(EO) x-(PO) y-H    (3) 

 wherein, R represents a linear or branched alkyl g roup 

having 8 to 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; 

Clear Clear Clear Clear Clear Clear Clear Clear Clear Cloudy  Claims     1. A method for producing a
nonionic surfactant, comprising the following steps (I), (II), and (III): <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; E0 represents an
ethyleneoxy group; and x represents an average EO addition mole number ranging 1 x 20; <step (II)> 
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and y represents an average PO addition mole number  ranging 

1 ≤ y ≤ 10; and 

 <step (III)>  

 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 remai ning 

ethylene oxide and remaining propylene oxide, respe ctively, 

of not more than 5 mg/kg: 

 R-O-(EO) x-(PO) y-(EO) z-H    (4) 

 wherein, R represents a linear or branched alkyl g roup 

having 8 to 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; 

y represents an average PO addition mole number ran ging 

1 ≤ y ≤ 10; and z 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 a lcohol 

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 performed at 10 0 to 

160 °C; and the reaction of the alkylene oxide-adduct wi th 

ethylene oxide in the step (III) 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 

(II) is continued for 1 to 5 hours at 100 to 160 °C after 

addition of the whole amount of propylene oxide. 

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-(E0)x-(PO)y-H(3)        wherein, R represent s a
linear or branched alkyl group having 8 to 24 carbon atoms; E0 represents an ethyleneoxy group; x
represents an average E0 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 (III)>        reacting the
alkylene oxide-adduct obtained in the step ( II ) with ethylene oxide to obtain a nonionic surf act ant
represented by formula (4) having contents of remaining ethylene oxide and remaining propylene
oxide, respectively, of not more than 5 mg/kg: R-0- (E0)x- (PO)y- (E0),-H(4)        wherein, R represents
a linear or branched alkyl group having 8 to 24 carbon atoms; E0 represents an ethyleneoxy group; x
represents an average E0 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 an average E0
addition mole number ranging 1z20.        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
200C; the reaction of the ethylene oxide-adduct with propylene oxide in the step (II) is performed at
100 to 160C; and the reaction of the alkylene oxide-adduct with ethylene oxide in the step (III) is
performed at 50 to 200C.        3. The method for producing a nonionic surfactant according to claim. 1
or 2, wherein the reaction of the step (II) is continued for 1 to 5 hours at 100 to 160C after addition of
the whole amount of propylene oxide.         4. The method for producing a nonionic surfactant
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).        5. The method for producing a nonionic surfactant according to anyone of
claims 1 to 4, wherein R in formula (1) has 8 to 16 carbon atoms.        6. The method for producing a
nonionic surfactant according to anyone of claims 1 to 5, wherein R in formula (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 the 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 the formula (3) is from 1 to 4.        9. The
method for producing a nonionic surfactant according to any one of claims 1 to 8, wherein the nonionic
surfactant represented by formula (4) is produced by adding ethylene oxide, propylene oxide, and
ethylene oxide in this order to an alcohol.        10. The method for producing a nonionic surfactant
according to any one of claims 1 to 9, wherein the reaction in the step (II) is conducted at 110 to 130 C
and the reaction in step (III) is conducted at 50 to 160C under a reduced pressure of 1 to 10 kPa. 
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 4.  The method for producing a nonionic surfactant  

according to any one of claims 1 to 3, further comp rising 

a step of reducing ethylene oxide and propylene oxi de in 

the reaction system after the reaction of the alkyl ene 

oxide-adduct with ethylene oxide in the step (III).  

 5.  The method for producing a nonionic surfactant  

according to any one of claims 1 to 4, wherein R in  formula 

(1) has 8 to 16 carbon atoms. 

 6.  The method for producing a nonionic surfactant  

according to any one of claims 1 to 5, wherein R in  formula 

(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  the 

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  the 

formula (3) is from 1 to 4. 

 9.  The method for producing a nonionic surfactant  

according to any one of claims 1 to 8, wherein the nonionic 

surfactant represented by formula (4) is produced b y adding 

ethylene oxide, propylene oxide, and ethylene oxide  in this 

order to an alcohol. 

 10.  The method for producing a nonionic surfactan t 

according to any one of claims 1 to 9, wherein the reaction 

in the step (II) is conducted at 110 to 130°C and t he reaction 

in step (III) is conducted at 50 to 160°C under a r educed 

pressure of 1 to 10 kPa.  


