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LAMPIRAN 1

DATA

L1.1 Spesifikasi Bahan Baku dan Produk

Bahan baku yang digunakan dalam pembuatan trimethylolpropane (TMP)
merupakan senyawa kimia yang banyak digunakan pada proses kimia, sehingga
ketersediaan bahan baku dapat dengan mudah didapatkan. TMP sendiri merupakan salah
satu bahan baku untuk industri cat untuk coating. Spesifikasi bahan baku dan produk
dapat dilihat pada Pada Tabel LI.1 s/d Tabel LI.

Tabel L1. 1 Spesifikasi n-Butyraldehyde

Kemurnian (%w atau %v) <100%
Titik Didih pada 1 atm 75°C
Densitas pada 25°C 800 kg/m?®

Penanganan dan penyimpanan e  Suhu dijaga tetap rendah.
e ', Tempat penyimpanan dikondisikan pada
tangki tertutup.
o Kondisi lingkungan memiliki sirkulasi udara
yang baik dan'kering.

Efek Pada Air Meningkatkan aktifitas antioksidan di dalam air,
sehingga akan berbahaya pada ekologi di dalam
air.

Toxicity Bersifat toxic pada aquatic life

Carcinogenity Tidak karsinogen

Sumber MSDS n-Butyraldehyde CAS No 123-72-8
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Tabel L1. 2 Spesifikasi Formaldehyde

Spesifikasi Keterangan
Kemurnian (%w atau %v) 40%

Titik Didih pada 1 atm (°C) 97°C
Densitas pada 20°C (kg/m®) 1.090 kg/m?®

Penanganan dan penyimpanan  Gunakan Tangki Tertutup
Jauhi dari sumber api
Jauhi dari Listrik Statis
Suhu tangki 15-25°C

Efek Pada Air -
Toxicity Korosi
Keracunan akut
Carcinogenity Berifat karsinogen
Sumber MSDS Formaldehyde CARL' ROTH

Tabel L1. 3 Spesifikasi Natrium Hidroksida

Spesifikasi Keterangan
Kemurnian (%w atau %v) 50%

Titik Didih pada 1 atm (°C) 143°C
Densitas pada 25°C (kg/m®) 1.525 kg/m?

Penanganan dan penyimpanan  Jauhkan dari api dan panas
Gunakan tangki tertutup

Efek Pada Air Berbahaya untuk biota air

Toxicity Bersifat toxic pada aquatic life
Carcinogenity Tidak karsinogen

Sumber MSDS Sodium Hidroxyde LabChem
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Tabel L1. 4 Spesifikasi Asam Format

Spesifikasi Keterangan
Kemurnian (%w atau %v) 99%

Titik Didih pada 1 atm (°C) 101°C
Densitas pada 25°C (kg/m®)  1.220 kg/m?®

Penanganan dan Jauhi dari sumber api

penyimpanan Gunakan Tangki Berpenutup

Efek Pada Air Tidak ada data yang tersedia, namun
biodegradable

Toxicity -

Carcinogenity Tidak karsinogen

Sumber MSDS Asam Format CAS 64-18-6

Tabel L1. 5 Trimethylolpropane

Spesifikasi Keterangan
Kemurnian (%W atau %V) >98%

Titik Didih pada 1 atm (°C) 302°C
Densitas pada 25°C (kg/mq) 1.120 kg/m®

Penanganan dan penyimpanan = Gunakan tangki berpeputup
Suhu'tangKi tidak'lebih dari 50 °C

Efek Pada Air Sedikit membahayakan biota air
Toxicity -
Carcinogenity Tidak Karsinogen
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L1.2 Sumber Literatur US 7087800 Tahun 2006

US007087800B2

a2 United States Patent (10) Patent No.: US 7,087,800 B2

Ninomiya et al. 45) Date of Patent: Aug. 8, 2006
(54) PROCESS FOR PRODUCING A POLYOL (56) References Cited
(75) Inventors: Teruyuki Ninomiya, Okayama-ken U.S. PATENT DOCUMENTS
(IP); Toshio Watanabe, Okayama-ken 3956406 A * 5/1976 Palmer et al. .....cccoocee 568/854
(JP):; Atsushi Iwamoto, Okayama-ken 5948943 A * 9/1999 Supplee et al. ........... 568/854
(JP); Soemu Miyashita, Okayama-ken
(JP); Masafumi Watanabe, FOREIGN PATENT DOCUMENTS
Okayama-ken: (JF) EP 0708 073 Al  4/1996
Ip 61-93133 A 5/1986
(73) Assignee: Mitsubishi Gas Chemical Company,
INC, Tokyo (IP) * cited by examiner
(*) Notice: Subject to any disclaimer, the term of'this Primary Examiner—Elvis O. Price
patent is extended or adjusted under 35 (74)-Attorney, Agent;-or £irm—Antonelli, Terry, Stout and
U.S.C. 154(b) by 793 days. Kraus, LLP.
(57 ABSTRACT

(21) Appl. No.: 09/874,276
- A process for producing a polyol by reacting an aliphatic
@2 Filed: Jun. CEES aldehyde with formaldehyde in the presence of a basic
(65) Prior Publication Data catalyst, which comprises a step of concentration which
comprises removing water and unreacted formaldehyde

US 2002/0007095 Al Jan. 17, 2002 from a reaction liquid by 'distillation; a step of extraction

(30) Foreign Application Priority Data which comprises extracting the polyol from a concentrated
reaction liquid with an extracting reagent; a step of washing
Jun. 27, 2000 (JP) oovvniii 2000-192468 ¢ _vith water which coniprises washing an extract liquid with

Jun. 27, 2000  (JP) ...
Jun. 27, 2000  (JP) ...

.. 2000-192469

: water.and separating the liquid into an oil layer containin;
.. 2000-192470 G Y g

the polyol aud an aqueous layer; wherein by useing an

Jun. 27, 2000 (JP) .cooviiiiiiiiiiiiieiieieeveiieneene.. 2000-192471 specific aliphatic aldehyde as the extracting agent and recov-
(51) Int. CL ering the extracting reagent from the oil layer containing the
CO7C 27/26 (2006.01) polyol after adjusting pH of the oil layer, a high purity
polyhydric alcohol can be obtained at a high yield with
(52) US.Cl oo, 568/854; 568/853 suppressed formation of byproducts such as acetal com-
(58) TField of Classification Search ............. 568/853,  pounds and aldol compounds.
568/854
See application file for complete search history. 13 Claims, 1 Drawing Sheet

Teknik Kimia - ITI



112

Institut Teknologi Indonesia

US 7,087,800 B2

Aug. 8, 2006

U.S. Patent

L1

02

9z

81

12

¢ 9

Lg 92

1

&———F 1848180 018BG
4——— £ 9pAYeprRmIO]

A.J‘N opAyepre oneydIy

B
apAyspremiog
79 INBM

14

1 am3tg

Teknik Kimia - ITI



Institut Teknologi Indonesia

US 7,087,800 B2

1
PROCESS FOR PRODUCING A POLYOL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a process for producing a
polyol which is useful as a material for polyester resins,
alkid resins, polyurethane resins, polycarbonate resins,
plasticizers, lubricants, surfactants, base materials for
cosmetics, and reactive monomers.

2. Description of the Related Art

In general, a process for producing a polyol includes a
step of reaction, a step of extraction of the polyol from the
reaction product liquid, a step of separation of the extracting
reagent and a step of purification of the product by distil-
lation. In the step of reaction, it is known that an aliphatic
aldehyde and formaldehyde can be reacted in two steps
comprising the aldol condensation and the cross-Cannizzaro

reaction, successively (U.S. Pat. No. 3,935,274 and Japanese

Patent Application Laid-Open No. 61(1986)-18741).

The reaction product liquid is concentrated, where
necessary, and separated into salts of formic acid and the
polyol in the step of extraction in accordance with a con-
ventional process of extraction (Japanese Patent Application
Publication No. Showa 52(1977)-30486 and Showa
44(1969)-10767). Then, in the step of separation of the
extracting reagent, the extracting reagent is separated from
an extract liquid containing the polyol in accordance with a
distillation process. The obtained crude polyol is purified in
the step of purification by distillation. For example, when
the extraction is conducted using a solvent such as an
alcohol and a ketone as the extracting reagent and then the
extracting agent is separated, 0.5 to 2% of a salt of formic
acid remains in the crude polyol. When the salt of formic
acid is heated during purification of the crude pelyol by
distillation, the salt is converted into a basic compound. The
formed basic compound triggers heat decomposition of'the
polyol. Therefore, the crude polyol containing the salt of
formic acid cannot be purified by distillation without any
treatments. It is generally conducted that the salt of formic
acid is deactivated by adding an acid such as phosphoric acid
so that the heat decomposition of the polyol is suppressed
(Japanese Patent Application Laid-Open No. Showa
63(1988)-139141).

Recently, polyols are used in a wide variety of fields. In
particular, when polyols are used as the raw materials for
resins curable by ultraviolet light, polyols having a more
excellent quality than conventional products are required.
However, the quality of polyols produced by distillation in
accordance with a batch process fluctuates among fractions.
Therefore, to satisfy the requirement for the excellent
quality, it is necessary that the quality be stabilized by
conducting the distillation in accordance with a continuous
process.

As described above, when the reaction product liquid is
treated by extraction using an alcohol or a ketone as the
extracting reagent in accordance with a conventional
process, an acid is added to the reaction product liquid to
deactivate a salt of formic acid since 0.5% or more of the salt
of formic acid remains in the crude polyol. In this case, when
the purification by distillation is conducted in accordance
with a continuous process, salts of the acid such as salts of
phosphoric acid are precipitated at the inside and at the
bottom portion of the distillation column and clogging takes
place. Therefore, a stable continuous operation cannot be
achieved. Thus, the distillation must be conducted in accor-
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dance with the batch operation and fluctuation in the quality
of the product is inevitable. Moreover, when the reaction
product liquid is treated by extraction with an alcohol or a
ketone, the yield of the extracted polyol is small and the cost
of production increases. The quality of the salt of formic acid
as a byproduct also deteriorates.

When an aliphatic aldehyde is used as the extracting
reagent, the yield of the extracted polyol increases and the
fraction of the removed salt of formic acid also increases.
For example, a process in which butyraldehyde is used as the
extracting reagent is described in Japanese Patent Applica-
tion Publication Heisei 4(1992)-17169. In accordance with
this process, the amount of a salt of formic acid remaining
in the extracted and separated polyol can be suppressed to
0.3% or less. However, although the continuous distillation
of this crude polyol can be conducted, a great amount of
acetals are formed from the polyol and the aldehyde used as
the extracting reagent in distillation under an atmospheric
pressure for separating the extracting reagent since aldehyde
which is used as the extracting reagent is very reactive itself.
For example, when the aliphatic aldehyde is normal-
butyraldehyde (referred to as NBAL, hereinafter) and the
polyol is trimethylolpropane (referred to as TMP,
hereinafier), TMP-NBAL acetal expressed by formula (iii):

(iii)
CHO—CH—C3H7

CoHs—C—CH,0

CH,0OH

is formed as a byproduct. NBAL aldol expressed by formula
(iv):
(iv)
Clis—CH—CHO

@5Hs—CHOH

is_formed.as. another byproduct by the reaction between
NBAJ, molecules. Moreover, methanol and 2-alkenol
expressed by formula (v):

v
CH,=—C—CHO
CyHg

v)
CH,==C—CHO

CH;

which is an intermediate reaction product of methanol and
TMP contained in the reaction product liquid is extracted.
These compounds are separated and recovered together with
the extracting reagent during separation of the extracting
reagent.

When distillation is conducted at a low temperature under
a reduced pressure, the fraction of the recovered solvent
decreases although acetals are not formed as byproducts, and
this process cannot be used practically.

When the recovered aldehyde is repeatedly used as the
extracting reagent, these impurities are accumulated and
adversely affect the extraction. The quality of the polyol is
also adversely affected. To overcome this problem, the
extracting reagent may be regenerated by distillation.

113
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means a reactor, 6 means a concentration column, 9 means
an extractor, 13 means a tank for washing with water, 17
means a column for recovering an extracting reagent and 18
means a column for removing an extracting reagent.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As the raw material in the process for producing a polyol
of the present invention, an aliphatic aldehyde represented
by the following formula (i) is used:

(i)

R—C—CHO

Ry

wherein R, and R, each represent hydrogen atom or an
aliphatic alkyl group having 1 to 6 carbon atoms
Examples of the aliphatic aldehyde used as the raw
material include normal-butyraldehyde (referred to as
NBAL, hereinafter) represented by formula (i) in which R,
represents ethyl group and R, represents hydrogen atom and
isobutyraldehyde (referred to as IBAL) represented by for-

mula (i) in which R, and R, both represent methyl group. A >

polyol corresponding to the aliphatic aldehyde used as the
raw material is produced from the aliphatic aldehyde. For
example, trimethylolpropane (referred to as TMP,
hereinafter) is produced from NBAL and neopentyl glycol
(referred to as NPG) is produced from IBAL.

As formaldehyde, an aqueous solution of formaldehyde or
solid formaldehyde may be used. The amount of formalde=
hyde is different depending on the polyol to be produced.
For example, when TMP is produced from NBAL/it is
preferable that the amount of formaldehyde is 3.0 to 6.0
moles and more preferably 3.05 to 4.0 moles per 1 mole of
NBAL (the theoretical ratio of the amounts by mgle: 3.0).
When NPG is produced from IBAL, it is preferable that the
amount of formaldehyde is 2.0 to 5.0 and more preferably
2.05 to 2.2 moles per 1 mole of IBAL (the theoretical ratio
of the amounts by mole: 2.0).

In the present invention, as the basic catalyst in the aldol
condensation and the cross-Cannizzaro reaction of the ali-
phatic aldehyde and formaldehyde, amines such as trimethy-
lamine and triethylamine, hydroxides, carbonates and
hydrogencarbonates of sodium, potassium, lithium, calcium
and ammonium and mixtures of these compounds can be
used. In the industrial process, in general, sodium salts and
calcium salts are used.

The amount by mole of the basic catalyst is 1.0 to 2.0
times as much as the amount by mole of the aliphatic
aldehyde used as the raw material. It is necessary that the
amount be adjusted in accordance with the reaction condi-
tion so that the formation of byproducts is suppressed and
the object polyol is obtained with an excellent selectivity.

In the process of the present invention, the reaction liquid s

is neutralized with formic acid to a pH of 6.5 to 7.0. Then,
the reaction liquid is concentrated by distillation in the step
of concentration and water and unreacted formaldehyde are
separated. The pressure in the step of concentration is 100 to
400 kPa. When the concentration of the unreacted formal-
dehyde is 1% or smaller, the concentration may be con-
ducted under a reduced pressure. The reaction liquid is
concentrated so that the concentration of a salt of formic acid
is adjusted in the range of 15 to 25%.

In the step of extraction, the concentrated reaction liquid
is treated by extraction and the object polyol and the salt of
formic acid as a byproduct are separated from each other.
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The extract liquid obtained after the step of extraction
contains 1,000 to 3,000 ppm of the salt of formic acid. In the
step of washing with water, the extract liquid is washed with
water and the salt of formic acid in the extract liquid is
efficiently removed and the concentration is reduced into the
range of about 50 to 300 ppm. A decanter is disposed in the
tank for washing with water and the treated liquid is sepa-
rated into two layers, i.e., an oil layer (an upper layer)
containing the polyol and an aqueous layer (a lower layer)
containing the polyol and the salt of formic acid.

The amount of water used for the washing is different
depending on the type of the used extracting reagent and the
condition of washing. The amount by weight of water is 0.01
to 1.0 times and preferably 0.02 to 0.1 times as much as the
amount by weight of the extract liquid.

In process of the first invention, a specific aliphatic
aldehyde is used for the extraction as the extracting reagent
in the above steps and the extracting reagent is recovered by
distillation after suitably adjusting pH of the oil layer which
is separated in the step of washing with water after the
extraction and contains the polyol.

The extracting reagent used in this process is an aliphatic
aldehyde represented by formula (ii):

(i)

Ry—C—CHO

Ry

wherein R, represents hydrogen atom or an aliphatic alkyl
group having, 1"or 2 carbon atoms and R, represents an
aliphatic alkyl group having 1 to 5 carbon atoms Examples
of the aliphatic aldehyde include NBAL, IBAL and propi-

5 onaldehyde. The aliphatic aldehyde may be used as a

mixture of two or mere.

The amount by weight of the extracting reagent is 1.0 to
4.0 times and preferably 1.5 to 2.5 times as much as the
amount by weight of the concentrated liquid. As the extrac-
tor used for the extraction. an extractor providing eflicient
stirring is used. A extractor of a multi-stage tank type may
be used. However, the reactor of a multi-stage tank type
requires many attached facilities and a single column extrac-
tor of the reciprocating-plate type is more efficient. By
washing the extract liquid in a tank for washing with water
disposed at the side of the outlet for the extract liquid of the
extractor, the salt of formic acid can be efficiently removed.

The temperature of the extraction and the washing with
water is 20 to 45° C. and preferably 25 to 35° C. When the
temperature is lower than 20° C., solubility of the polyol into
the extracting reagent is small. When the temperature is
higher than 45° C., aldol condensation tends to take place
between the aldehyde molecules used as the extracting
reagent.

Since an acetal and an aldol tend to be formed as
byproducts from the aldehyde used as the extracting reagent
and the polyol and from the aldehyde molecules used as the
extracting reagent, respectively, during recovery of the
extracting reagent from the extract liquid, pH of the extract
liquid is adjusted at 6.0 to 9.0 and preferably 6.5 to 8.0 to
prevent the formation of the byproducts. When pH is smaller
than 6.0, the acetal is formed in a great amount. When pH
exceeds 9.0, the aldol condensation tends to take place
between the aldehyde molecules used as the extracting
reagent.

The value obtained by a pH meter in the above can also
be used to evaluate the property of the extract liquid. The
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value of pH is essentially defined based on the concentration
of hydrogen ion in an aqueous solution and used for evalu-
ating the acidity or the basicity of an aqueous solution.
However, the value of pH can be used to evaluate the acidity
or the basicity as the property of the organic solution in the
present invention.

To adjust pH, an alkali may be added to the reaction
product liquid or the concentrated liquid supplied to the
extractor. However, it is preferable that pH is adjusted in the
tank for washing with water after the extraction.

The tank for washing with water described above is a tank
used for washing the extract liquid with water and removing
most of the salt of formic acid remaining in the extract
liquid. As the alkali used for the adjustment, the basic
catalyst used for the aldol condensation and the cross-
Cannizzaro reaction is preferable. Hydroxides, carbonates,
hydrogencarbonates and mixture of these salts are prefer-
able.

In general, the extracting reagent is recovered in a distil-
lation column. When the extract liquid containing the
extracting reagent is supplied to the distillation column, it is
preferable that the extract liquid is heated in advance for a
short time in a preliminary heating tank at a temperature
higher than the boiling point of the extracting reagent and
then flashed into an upper portion of the distillation column
so that most of the aldehyde is instantaneously vaporized.
When the time of the preliminary heating is long, the amount
of the acetal formed as the byproduct increases. To prevent
the aldehyde from falling into lower portions of the distil-

lation column, water or steam is supplied at a lower portion. -

of the distillation column in an amount by weight of 0.1 to
1.0 times as much as the amount by weight of the-extract
liquid. The amount of the acetal formed as the byproductcan
be decreased by the operation in this manner.

In the second invention, the same aliphatic aldehyde as
the aliphatic aldehyde used as the raw material is used as the
extracting reagent and at least a portion of the recovered
extracting reagent is used as the aliphatic aldehyde-of the
raw material of the reaction.

The recovered extracting reagent can be used as the raw
material of the reaction without any treatments and can also
be used as the extracting reagent. When the recovered
extracting reagent is used as the raw material of the reaction,
the ratio of the amount by weight of the recovered extracting
reagent to the amount by weight of the aliphatic aldehyde
freshly supplied as the raw material is about 0.01 to 1
although the ratio may be different depending on the con-
ditions and the frequency of the use.

By using as the extracting reagent the same aliphatic
aldehyde as the aliphatic aldehyde used as the raw material
of the reaction and by using at least a portion of the
recovered extracting reagent as the raw material of the
reaction as described above, accumulation of impurities in
the extracting reagent can be suppressed and the efficient
extraction can be achieved.

In the third invention, the aqueous layer separated in the
step of washing with water is treated by distillation in the
step of removing the extracting reagent and liquid obtained
from the bottom of the distillation column is recycled to the
step of concentration after the extracting reagent is removed
or to the step of extraction after the extracting reagent and
a portion of water are removed.

The aqueous layer separated in the step of washing with
water contains the polyol, the salt of formic acid and some
amount of the extracting reagent. When this aqueous layer is
recycled to the step of concentration without any treatments,
degeneration of the extracting reagent and side reactions of
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the extracting reagent with the polyol tend to take place.
Therefore, the aqueous layer separated in the step of wash-
ing with water is distilled to remove the extracting reagent
and water obtained from the bottom of the distillation
column is recycled to the step of concentration.

When the aqueous layer separated in the step washing
with water is recycled to the step of extraction in combina-
tion with the concentrated reaction liquid, the concentration
of water in the extract liquid increases by 1 to 10% and the
efliciency of extraction decreases. Therefore, the extracting
reagent and a portion of water are removed from the aqueous
layer separated in the step washing water by distillation in
the step of removing the extracting reagent and the liquid
obtained from the bottom of the distillation column is
recycled to the step of extraction. In this operation, the
concentration of water obtained from the distillation column
from which the extracting reagent has been removed is
adjusted to 20 to 80%. The pressure during the operation of
removing the extracting reagent is =50 to 100 kPa.

The present invention will be described with reference to
FIG. 1 in the following. FIG. 1 shows a diagram describing
an example of steps in the process of the present invention.
In FIG. 1, an aliphatic aldehyde as the raw material, form-
aldehyde and a basic catalyst are supplied to a reactor 1 via
aroute 2, a route 3 and a route 4, respectively, and the aldol
condensation and the Cannizzaro reaction are successively
conductedssThe reaction product liquid is supplied to a
concentration column 6 via a route 5. Formaldehyde in an
excess amount and a portion of water are removed by
distillation viaaroute 7 and a concentrated liquid is supplied
toran extractor 9 via a route 8. An extracting reagent is
supplied via a route-10 and a residual liquid of the extraction
is removed via a route 12. An extract liquid is supplied to a
tank for washing with water 13 via a route 11 and water is
supplied via a route 14. In the tank for washing with water
13, the mixed extract liquid is separated into two layers in
a decanter. An oil layer(an upper layer) is taken out via route
15 and supplied/tora=¢olumn for recovering an extracting
reagent 17. An‘aqueous layer (a lower layer) is taken out and
supplied to a column for removing an extracting reagent 18
via a route-16.

In the first invention, an alkali is added to the tank for
washing with water 13 via a route 19 and pH of the oil layer
is adjusted. The oil layer having the adjusted pH is supplied
to the column for recovering an extracting reagent 17 via a
route 15 and the extracting reagent is recovered via a route
20. The recovered extracting reagent is recycled to the
extractor 9 via a route 21. The polyol separated in the
column for recovering an extracting reagent 17 is transferred
to a step of purification by distillation via a route 22.

In the second invention, the extracting reagent recovered
in the column for recovering an extracting reagent 17 is used
as the aliphatic aldehyde of the raw material of the reaction
via a route 23.

In the third invention, the extracting reagent is removed
from the column for recovering an extracting reagent 18 via
a route 24 and a liquid taken out of the bottom of the column
via a route 25 is recycled to the concentration column 6 via
aroute 26. Alternatively, the extracting reagent and a portion
of water are removed from the column for recovering an
extracting reagent 18 via a route 24 and a liquid taken out of
the bottom of the column via a route 25 is recycled to the
extractor 9 via a route 27.

In accordance with the process of the first invention, since
the reaction product liquid is extracted with a specific
aliphatic aldehyde used as the extracting reagent and the
extracting reagent is recovered after pH of the extract liquid
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is adjusted, continuous distillation can be conducted with
suppressed formation of byproducts and the high purity
polyol can be obtained.

In accordance with the process of the second invention,
since the same aliphatic aldehyde as the aliphatic aldehyde
used as the raw material is used as the extracting reagent and
the recovered extracting reagent is recycled to the reaction,
accumulation of impurities (aldols, methanol, alkenals and
the like) in the extracting reagent is suppressed without
adverse effects on the result of the reaction and the polyol
and the salt of formic acid can be efficiently separated from
each other.

In accordance with the process of the third invention,
since the extract liquid containing the polyol is washed with
water and the washing water is recycled to the step of
concentration after the extracting reagent is removed or to
the step of extraction after the extracting reagent and a
portion of water are removed, an efficient extraction can be
achieved at a high yield of extraction of the polyol and a high
fraction of the removed salt of formic acid in the step of
extraction, the purification by continuous distillation can be
conducted and the high quality polyol can be obtained with
stability.

EXAMPLES

The present invention will be described more specifically
with reference to examples in the following. However, the
present invention is not limited to the examples.

In Examples and Comparative Examples, a curled column

extractor of the reciprocating-plate column manufactured by -

SUMITOMO JUKI Co., Ltd. was used as the extractor.

In Examples and Comparative Examples, the following
abbreviations are used:

NBAL: normal-butylaldehyde

TMP: trimethylolpropane

GC: gas chromatography

Example 1

The First Invention
(The Step of Reaction)

Into a reactor having a capacity of 30 liters. 7.202 g (96.0
moles) of a 40% by weight aqueous solution of formalde-
hyde and 8,110 g of water were placed and the resultant
solution was heated at a temperature of 40° C. under stirring.
Into the heated solution, 2,520 g (31.5 moles) of a 50% by
weight aqueous solution of sodium hydroxide and 2,163 g
(30.0 moles) of NBAL were added at a constant rate over 30
minutes. During the addition, the temperature was slowly

raised from 40° C. to the maximum temperature of 60° C. 5

and controlled at the maximum temperature. After the addi-

tion was completed, the temperature was kept at 60° C. and

the reaction was allowed to continue for 15 minutes.
After the reaction was completed, the obtained reaction

liquid in an amount of 20,000 g was analyzed and found to 5

contain 17.5% by weight of TMP. The selectivity for TMP
was 87.1% by mole.
(The Steps of Concentration and Extraction)

After the above reaction liquid was neutralized with
formic acid to a pH of 7.0, the reaction liquid was concen-
trated in a pressurized distillation apparatus at a pressure of
300 kPa and the concentration was increased to twice the
original concentration. The composition of the concentrated
liquid was as follows: TMP: 35.0% by weight; and sodium
formate: 21.4% by weight.

The concentrated liquid was treated by continuous extrac-
tion using the extractor. The concentrated liquid as the liquid
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for extraction was supplied to an upper stage of the extractor
at a rate of 1,000 g/hour and NBAL as the extracting reagent
was supplied to a lower stage of the extractor at a rate of
2,000 g/hour. The temperature inside the extractor was
controlled at 30° C. An extract liquid was taken out of the
top of the column of the extractor and a residual liquid of
extraction was taken out of the bottom of the column of the
extractor. The obtained extract liquid was supplied to a tank
for washing with water having a capacity of 1 liter under
stirring in combination with a 0.5% by weight aqueous
solution of sodium hydrogencarbonate which was supplied
at a rate of 280 g/hour. The temperature inside the tank for
washing with water was kept at 30° C. The extract liquid was
taken out of an upper portion of a decanter attached to the

5 tank for washing with water. A liquid at a lower portion of

the decanter was taken out and supplied to the upper stage
of the extractor in combination with the concentrated liquid.
The flow rates of the liquids at the stationary state were as
follows: the extract liquid at the top of the column of the
extractor: 2,584 g/hour; the residual liquid of extraction: 656
g/hour; the extract liquid after being washed with water:
2,624 g/hour; and the liquid at the lower portion of the
decanter: 240 g/hour.

The above continuous steps were continued for 15 hours
and the obtained extract liquid was analyzed. The compo-
sition of the extract liquid was as follows: TMP: 13.3%;
sodium formate: 80 ppm; and water: 10.3%. pH of the
extract liquid was 8.5. The extract liquid contained 130 ppm
of acetal and 1,500 ppm of aldol. The composition of the
residual liquid of extraction was as follows: sodium formate:
32.6%; TMP: 530 ppm: and NBAL: 0.6%. The fraction of
removed. sodium formate was 99.9% and the yield of
extracted TMP was 99.9%.

The above extract liquid was heated at 70° C. in a

5 preliminary heating apparatus and supplied under flashing

into an upper stage of a distillation column for recovering
the extracting reagent/at aate of 2,624 g/hour. At a lower
portion of the distillation"column, steam was supplied at a
rate of 500 g/hour. A'distillate was taken out at a rate of
2,760 g/hour and a residual liquid in the column was taken
out-at.a rate of 364 g/hour. The amount of aldol in the
distillate was 0.14% (1.25% based on the amount of TMP).
The amount of acetal in the residual liquid in the column was
0.24% based on the amount of NBAL used as the raw

5 material. “The amount based on the amount of NBAL used

as the raw material” means the amount of NBAL consumed
for producing acetal per the total amount of NBAL used as
the raw material. The residual liquid in the column was
purified by continuous distillation and a high purity TMP
having a purity of 99.9% as measured in accordance with
GC was obtained at a yield of 98%.

Comparative Example 1

The concentrated liquid obtained in Example 1 was
treated by continuous extraction using the extractor. The
concentrated liquid as the liquid for extraction was supplied
to an upper stage of the extractor at a rate of 1,000 g/hour
and NBAL as the extracting reagent was supplied to a lower
stage of the extractor at a rate of 2,000 g/hour. The tem-
perature inside the extractor was controlled at 30° C. An
extract liquid was taken out of the top of the column of the
extractor and a residual liquid of extraction was taken out of
the bottom of the column of the extractor. The obtained
extract liquid was supplied to a tank for washing with water
having a capacity of 1 liter under stirring without using an
aqueous solution of sodium hydrogencarbonate in combi-
nation with water which was supplied at a rate of 280 g/hour.
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