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~ POLYVINYL ALCOHOL POWDER
BACKGROUND OF THE INVENTION

Fi of t vention

The present invention relates to a polyvinyl alcohol

" (hereinafter abbreviated as "PVA") powder.

Desc on of the Rela rts

Since PVA, a typical water-soluble polymer, has many
‘functions, it has been widely used for ordinary fiber,
high-strength fiber, fiber processing agent, paper
processing agent, adhesive, emulsion sfabilizer, £film,
butyral resin, toiletr&, pharmaceutical, ceramic binder
and the like.

PVA has been-uSually produced by alcbholysis reaction
of polyvinyl acetate (hereinafter abbreviated as "PVAcC")
using a basic catalyst. The following methods are known
as a process for'producing PVA.

According to USP 2,642,419 (hereinafter referred to
as "prior a?t (A)"), there is known a method which
comprises continuously feeding é mixture obtained from a
methanol sélution containing 24 to 40 wt.% of PVAc_and a
methanol solution of sodium hydroxide onto a belt conveyor,
and subsequently ‘granulating and "drying the gel-like
substance obtained by the methano1ysis thereof. o

According to Japanese | Patent Publication- ‘No.

33,191/1970 (hereinafter referred to aéé“pripr'art (B)")
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hi gh-strength fiber, fiber processing agent, paper processing agent,
.adhesive, emulsion stabilizer, film butyral resin, toiletry,

phar maceutical, ceramc binder and the like. PVA has been usually
produced by al coholysis reaction of polyvinyl acetate (herei-nafter
abbreviated as "PVAc") wusing a basic catalyst. The foll ow ng nethods are
known as a process for produci ng PVA According to USP 2,642, 419
(hereinafter referred to as "prior art (A"), there is known a

met hod whi ch conprises continuously feeding a mxture obtained froma

e A oo RaBRBRER", S SO R G e | BidRplopelut o
drying tr“?héyﬂiﬂéf%%r‘ referred to as "prior art (C)"), there is
known a method which comprises continuously feeding a
methyl  acetate-methanol mixed solution containing
pertiallyésaponified PVAC having a = degree of
saponification of 10 to 40 mole% and a methanel solution
of a éaponification catalyst into a methyl acetate-
ﬁethanoi mixed slurry containing PVA having a degree of
saponification of 97 to 98.5 mole% on condition that the
concentration of a soluble polymer in a.reaction system is
1% or less, and diseharging the reaction product therefrom
-(hereinaftér referred to as “slurry-sapenification“), énd
subsequently removing liquid and drying thereof.

The PVA powder obtained bi.prior art (A) has a low
time-rate of solubility in water and contains an organic
volatile component such as methanol used in the production
and methyl ecetate derived from'the alcoholysis reaction,

- and a nonvolatile component such as sodium acetate. In
the case where the PVA powder confains the organic
volatile component, the risk of explosion during the
transportation of the PVA powder is caused, the working
atmosphere during handllng the PVA powder is worsened, and
the waste watér treatment equipment of the aqueous
solution of_PVA is required. In the case where'the_PVA

powder contains the nonvolatile cOmponent.suchias sodium
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substance obt ai ned by the nethanol ysis thereof. According to
-Japanese Patent Publication No. 33,191/1970 (hereinafter referred to
as "prior art (B)") ' - 2- and
Japanese Pat ent Publ i cati on No. 9,826/ 1971 (hereinafter referred
to as "prior art (C"), there is known a nethod which conprises
continuously feeding a nethyl acet at e- net hanol m xed sol ution
cont ai ni ng

acetate, the problem like poor insulation 1s caused when
it is used for electric part, electronic part and ceramie
binder.

When the PVA powder obtained by prior arts (B) or
.prior arts (C) is charged into warm.water or hot water,
blocks of lumpy powder are formed and the uniform aqueous
solution cannot be obtained. Therefore the PVA powder has
to be charged into low-temperature water and subsequently
the temperature has to'be_gradﬁally increased'and there
has been a problem of long time for dissolutioh. Further,
the PVA powder has a low bulk dehsity and a low volumetric
efficiency'and there has been a problem'of high cost of
transportation. Furthermore, the PVA powder has a large
amount of fine particles and there has been a problem that
the fine PVA particles tend to fly off when the bag of the
PVA powder is opened. |

SUMMARY OF THE I NTIO.

It is an object of the present invention to provide a
PVA powder which exhibits an excellent solubility in water
and has a low content of an organic volatile component.

The present inventors have intensively studied to
solve the above-nientioned: problemS' and have found a
polyvinyl alcohol powder which comprises a pore having an
average diameter of 0.1 to 10 pm in the range of 0. 05 to
0.4 cc/g. This finding has led to the completion of the
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partrally saponified PVACc havi ng a degree of . saponification of
10 to 40 nole% and a nethanol solution of a saponification catalyst into a
nmet hyl acetate- methanol m xed slurry containing PVA having a degree of
saponification of 97 to 98.5 nole% on condition that the concentration of
a soluble polyner in a reaction systemis 1%or |ess, and discharging the
reaction product therefrom (hereinafter referred to as "slurry
saponification"), and subsequently renoving |iquid and drying thereof.

The PVA powder obtained by prior art (A) has a low tinme-rate of

sol ubi | ity nd88tEQRt ai ns an organic volatile component such as
nmet hanol %sln F%e proguctlon and nethyl acetate derived fromthe

aIcohonS|s I e ED BELER FOPMAN ad PPOPERE 88 TRENEM acet at e.
In

The range of the pore volume having an average
diameter of O.i to 10 pm in - the PVA powder (hereinafter
referred to as "pore volume") 1is 0.05 to 0.4 cc/g,
preferably 0.05 to 0.2 cc/g.

The content of £fine particles having " an average'
diameter of 74  pm. or leés (200 mesh-pass) in the PVA
powder (hereinafter referred to as *fine particle
content®) is preferably 3 wt.% or less, more preferablyll
wt.% or less. In the case Qhere the fine particle content
having-thefaverage diameter of 74 ﬁm or léss is more than
3 wt.%,-the dispersibility of the PVA powder in water is
pobr, the blqcks of lumpf powder-tend té be formed and the
handleability also becomes poor. The upper limit of the
av_e'rag.;e. diameter of the PVA powder is | not particularly
limited, but it is préferably 4 mm or ieSs (5 mesh-~pass),
more preferably 2.83 mm or less (7 ﬁesh-pass).

The degree of polymerization of ‘the PVA _pOwder is
preferably 300 to 20,000, hore preferably 500 to 4,000,
most preferably 1,000 to 2,500. The degrée of
saponification of the'PVA powder is~preferably 80 to 100
mole%;-moré preferably 90 to 100 mole¥, more preferably 95
to 100 moie%, and most preferably 58 to 100 mole%.

The process for producing the PVA powder of the
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the .case "where the PVA powder contains, the organic volatile

corrponent

the risk of explosion during the transportation of

t he

PVA powder is caused, the working atnosphere during handling the PVA
powder is worsened, and the waste water treatnent equipnent of
solution of PVAis required. 1In the case where the PVA powder

aqueous
cont ai ns

t he nonvol atil e conponent such as sodi um

present invention is not particularly limited, but there
is exemplified a process which comprises alcoholysis
reaction of polyvinyl ester (hereinafter abbreviated as
"PVES") on condition that the specific distribution of a
degree < of saponification is caused, and. subsequently
granulating and drying the reaction product. Preferable

examples of the .alcoholysis, reaction of PVES include a

process which comprises saponifying a mixed solution

obtained from a solution of partially saponified PVA (A)
having a degree of saponification of 20 to 60 mole% and a
solufien of PVES (B) (hereinafeer referreé to as "process
(1)"), ahd‘ a. ﬁrocess which comprises saponifying a
solution of PVES (B) by means of a continuous reacter
having a residence time distribution corresﬁonding to that
of a series of 2 to .20 of complete mixing tanks
(hereinafter referred to as "process (2)").

First, the conditions which are common to processes
(1) and precesses (2) are described below.

Examples of PVES which 1is wused for a starting
material of partially saponified PVA (A) and PVES (B)
include a homopolymer of wvinyl ester (hereinafter
abbreviated as "VES"), 'a copolymer of different types of
VES, and a copoI&mer of VES'and_ethylenically unsatufated

monomer. Examples of VES include vinyl acetate, vinyl

.propionate, vinyl stearate, vinyl versatate and vinyl

t he

e
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acetate, the problemlike poor insulation is caused when it is used for
electric part, electronic part and ceramic binder. When the PVA
powder obtained by prior arts (B) or prior arts. (C) is charged into warm
wat er or hot water, blocks of |unpy powder are formed and the uniform
aqueous solution cannot be obtained. Therefore the PVA powder has to be
charged into | owtenperature water and subsequently the tenperature has to
be gradually increased and there has been a problemof long tinme for

di ssol uti on. Further t he PVA powder has a | ow bulk density and a | ow

vol unetric

{Fanspor t 1L EASTCY AR oERREs IR0 RRRLRE O Yksstaply,
particles ﬁ)?gn{)fgéeorpsdgﬁggrgner%égt %%t VES to be copolymerized

with vinyl acetate include vinyl stearate and vinyl
versatate. Any ethylenically unsaturated monomer 1is
available if it is copolymefizable with VES. . Examples
thereof inclqde monomers described on pages 281 to 285 in
POVAL (revised version, 'published by Kobunshi Kankokai
April 1, 1981)'(hereinafter referred to as “publidation
(A)" and described in the literature quoted on the same
pages thereof.

Exampies of the polymerizafion of VES include
solution éoiymerization, emulsion polyﬁerization and
suspension polyﬁerization. |

It is prefareble that the solvent also serves as a
reagent of the alcoholysis reaction, said solvent being
used for the éolution of PVES as a starting material for
the solution of partially saponified PVA (A), said solvent
being used for the solution of partially saponified,PVA
(A), and said solvent being used forlthe solution of PVES
(B). As the solvent, an alcohol capable of uniformly
dissolving partially éaponified PVA (A) and PVES (B) is

.more preferable, a lower alcohol is more preferable, and a
~primary alcohol - ha#ing 1 to 5 carbon atoms is most
preferaﬁle. Examples of the primary alcohbl having 1 to 5

carbon atoms include methanbl, ethanol, n-propanol, n-
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the fine PVA particles tend to fly off when the bag of the PVA powder is
opened. SUMWWARY OF THE | NVENTI ON It is an object of
the present invention to provide a PVA powder which exhibits an excell ent
solubility in water and has a | ow content of an organic volatile

conponent . The present inventors have intensively studied to solve
the above-nmentioned problens and- have found a - polyvinyl alcohol
powder which conprises a pore having an average dianmeter of 0.1 to 10 pm
in the range of 0.05 to 0.4. cc/g. This finding has led to the conpletion

of the butanol, i-butanol, n-amyl alcohol and i-amyl alcohol. In
view of the reaction rate and the solubility of PVES,
methanol and ethanol are preferable, and methanol is
particularly preferable.

The amount of the alcohol is preferably 1 to 50 molar
times based on the total molar amount of the monomer units
of partially saponified PVA (A) and the monomer units of.
PVES (B). 1In view of the equilibrium of the alcoholysis
reaction and the recovery operatioﬁ of the alcohol, it is
more preferably 1.5 to 30 molar times, most preferably 2

. to 20 molar fimes.

As a éatalyét used for the alcoholysis reactiohr a
basic catalyst which is ordinarily used in the alcoholysis
reaction of PVES is available. Exampies of thé basic
catalysf ‘include alkali metal hydroxide' such as sodium
hydroxidé, potassium hydroxide and lithium hydroxide;
alkali metal alcoholate such as sodium 'methylate and
potassium t-butoxide; strongly basic amines such as 1,8-
diazabicyclo[5,4,0]undecene-7 (DBUY) ; alkali - metal
carbonate; and alkali metal hydrogencarbonate. Among
these, sodium hydrdxide is .preferable in vwview . of
handleability and cost. The amount of the catalyst based
on the total molar aﬁount of the monomer units of
partiallflsaponified fVA (A) and the monomer units of PVES

(B) (hereiﬁafter referred to as a "molar ratio”) is
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present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS
The range of the pore volume having an average dianeter of 0.1 to 10
[err]min the PVA powder (hereinafter referred to as "pore volume") is

0.05to 0.4 cc/g, preferably 0.05 to 0.2 cc/g. The content of fine
particles having an average dianeter of 74 pmor |less (200 nesh-pass) in
the PVA powder (hereinafter referred to as "fine particle

generally 0.00; to 1.

Next, process (1) is described below.

The degree of saponification of partially saponified
PVA (A) is 20 to 60 mole%,'preferably 30 to 50 mole%, most
preferably 35 to 45 mole%. The alcohol solution of
partialiy saponified PVA can be obtained by conducting the
alcoholysis reaction of en alcohol solution of PVES in the
presence of a catalyst, and deactivating the catalyst when
it reaches the desired degree of saponification. 1In the
case where the degree of saponification is more than 60
mole%; the hahdleability becomes poof _because " the
viscosity ‘of the soiuti_oh_ is too increased and the PVA .
precipitates. On the other hand, in the case ‘where the
degree of saponification is less than 20 mole$, it becemes
difficult to obtain 'fhe PVA powder of the present
‘invention because the distribution of the degree of
saponification is nar;owed.

PVES (B) 1is substantially  unsaponified, and the
degree of saponification thereof is particularly
preferably 0 moles$.

The mixing weight ~ratio of component (A) and
component (B) as ‘a solid content is preferably between
50:50 and . 10:90, more preferably between 50 50 and 20:80,
most preferably between 50 50 and 30:70.

The mixed solution of component (A) and component (B)
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content"”) is preferably 3 wt.%or less, nore preferably 1 w.%or less. In
the case where the fine particle content having the average dianeter of
74 [errlmor less is.nmore than - 3 w., the dispersibility of the PVA powder
in water is poor, the blocks of |unpy powder tend to be fornmed and the
handl eabil ity al so becones poor. The upper limt of the average dianeter
of the PVA powder is not particularly limted, but It is preferably 4 nm
or less (5 nmesh-pass), nore preferably 2.83 mmor |ess (7 nesh-pass).

The degree of polynerization of the PVA powder is preferably 300 to

%ﬂéoogéggis 3 %fjs%aponl f? ﬁlgn%&%%%r?ly%}t I {f‘%gb%%ef@egg reggngé 588

ol % ”Dfsfprt@.feeréabta{n‘?&t ° 330 mhs{hoaoroef pa&afﬁab'aat%‘iyst. there
are exemplified a method that the catalyst is added after
component (A) and component (B) are mixed, and a. method
that the catalyst is added at the same time when compenent
(A) and component (B) are mixed. As a method of mixing
component (A), component (B) and the catalyst, a batch
mixer may be used on a small scale, while a. continuous.
mixer is preferable on a large scale.

An example of the alcoholysis reaction using a
continuous mixer is described below. A mixed-solution of
component_(A) and component (B) and a catalyst are charged
into a continuous mixer, and then mixed. The temperature

" in the mixer is prefeiably 40 to 60 T. The residence time
-in - the mixer is desirably determined depending on the
viscosity of the solution, the mixing rate and the mixing
temperature, but it isigenerally 0.1 to 20 seconds. The
mixture to which the catalyst has been added is subjected
to the alcoholysis reaction for 5 to 30 minutes using a-
belt-type reactor which has been adjusted to approximately
40 te 60 C. |

Process (2) is described below.

The continuous reactor can be a continuous reactor in
which a residence time distribution at an outlet of a

reactor, when confinuously feeding the PVES solution alone,
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to 100 nol e% and nost preferably 98 to 100 nol e% The process for
.produci ng the PVA powder of the present invention is not
particularly limted, but there is exenplified a process which conprises
al cohol ysi s reaction of polyvinyl ester (hereinafter abbreviated as
"PVES') on condition that the specific distribution of a degree of
saponification is caused, and. subsequently

corresponds to_é residéncé time distribution of a series
of 2 to 20 of complete mixing tanks which are connected in
series. The type of the continuous reactor includes an
agltator-equipped tank type and an extruder type. A
kneader-type reactor is. preferable because residual
matters are hardly adhered thereto, long-term operation is
possible and self-cleanability is excellent.

An example of the alcoholysis reaction using a
biaxial kneader-type reactor is described below. The
alcohol solution of PVES and the alcohol solution of the_
basic catalyét are cohtinuously fed separatelﬁ to a
reactor haéing a residence,time distribution corresponding'
to that of a series of 7 of complete mixing tanks, in
which the residence time distribution is relatively broad.
Prefefably, the temperafure in the reactdﬁ is 40 to 60 TC,
the number of revolutions in the biaxial rotators is~5 to
1,000 rpm, and the average-residence time is 15 seconds to
5 minutes.

Upon using a reactor having the specific residence
time distribution, an alcohol solution of partially
saponified PVA having a broad distribufion of a degree of
saponification is obtained from the outlet of the reactor. _
The degree of_shponification of paitially saponified PVA
is preferably 10 to 60 mole%, more preferably 20 to 45

mole%. In the case whére the degree of saponification is

_

This Sheet Has Been Rep

LU IIII e



granulatlng and drying the reaction product. Preferable exanples of the
al cohol ysis reaction of PVES include a process which conprises saponifying
a m xed solution obtained froma solution of partially saponified PVA (A
having a degree of saponification of .20 to 60 nole% and a solution of
PVES (B) (hereinafter referred to as "process (1)"), and a process
which conprises saponifying a solution of PVES (B) by neans of a

conti nuous reactor having a residence time distribution corresponding to
that of a series conplete nmixing tanks

to
&E?Lﬁlgﬁgtiéﬁéggﬁ%é gPoﬁggéesp ?1?&%héé%r§§ég§é§1 ;ééu%§€g%cr éE:Ibgelow

powder of the present invention because the distribution
of the degree of saponification is narrowed. On the other
hand, in the case where the degree of'saponification is
more than 60 mole%, the fine ﬁarticle content is increased.
The alcohol solution of partially saponified PVA obtained
from the outlet of the reactor is subjécted to _the
alcoholysis reaction for 5 to 30 minutes in the belt-type
reactor which has been' adjusted to apprdxim;tely' 40 to
60 C.

The PVA gel obtained by process-(l) or process (2) is
Wet-granuléted using a wet-granulating device described on
page 116 in -Publication (A) and described in a literature
quoted on the same page thefeof. After the granulating,
the granulated product 1is usually dried at a temperature
of 100 to 13Q‘C for 1 to 3 hours, whereby organic solvents
such as methyl acefate and methanol confained in the PVA
gel are removed, and the PVA- powder 'of the present
invention can be .obtained.

The PVA powder obtained by the process of the present
invention has less amount of fine particles, and therefore
sieving operation. for removal of fine particles  is
unnecessary.

Since'the PVA powder of the present invention has an

excellent solubility in water, an aquedus solution' thereof

" This Sheet Has Been Re.

e mmu I




Exanples of PVES which is used for a starting material of partially
-saponi fied PVA .(A) and PVES (B) include a honopolyner of vinyl
ester (hereinafter abbreviated as "VES'), a copolynmer of different types
of VES, and a copol ynmer of VES and ethylenically unsaturated nononer.
Exanpl es of VES include vinyl acetate, vinyl propionate, vinyl
stearate, vinyl versatate and vinyl - 6-

can easily be p;epared industrially.

Since the PVA powder of the present invention has a
low content of an organic volatile component and a low
content of a nonvolatile component such as a carboxylic
acid salt or the like which 1s derived from a basic
catalyst, it has an excellent industrial handleability.

X les |

The present.invention is illustrated specifically by
the following Examples and Comparative Examples. However,
the present invention is not limited thereto. In the
following Examples,. "% (peroent)“ means weight-basie.
unless otherwise specified. -

[Measurement of pore volume]

A pofe volune in PVA powder is measured by mercury
pressure-penetration method using a pofosity meter'(Auto—
Pore 9200 manufactured by Shimadzu.COrporation).
[Measurement of an average diameter]

An a&erage diameter of PVA powder is measured using
JIS standard sieves.

[Solubility of PVA powder at a fixed temperatnre]

PVA powder having a'particle diameter of 0.5 to 1 mm
(16 mesh-pass to 32 mesh-on) 1is selected, and the
solubility of 'PVA powder at a fixed temperature is .
evaluated by the following method

A 500-milliliter separable flask equipped with a
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pi val at e. Anong them vinyl acetate is preferable. Exanpl es of

different types of VES to be copol ynerized wth vinyl acetate
include vinyl stearate and vinyl ver sat at e. Any ethylenically
unsaturated nononer is available if it is copolynerizable wth VES.
Exanpl es t hereof include nononers described on pages 281 to 285 in
POVAL (revised version, published by Kobunshi Kankokai April 1, 1981)
(hereinafter referred to as "publication (A" and described in the
literature quoted on the sane pages thereof. Exanpl es of

L DOV FELED B ol il onsog 0L K. SRR ) Bargea |

I's prefar %Pi?ht%h tJ1e §0&¥§P§.1f&&0w§@5¥‘€;‘s aha %then placed in an oil
bath. The temperature was elevated while stirring the
distilled water at 300 rpm. When the inner temperature
reached a fixed temperature, 12 g .of the PVA powder
selected were added thereto, and the mixture was stirred
for 30 minutes while the inner temperature was kept
constant. The content of rhe separable flask was filtered,
and the amount of PVA contained in the resulting solution
wés determined by a weight method (namely, the solution
was evaporated to dryneés, and the solid content in the
soiution,wés measured) to measure the sdlubility (ratio of
PVA dissolved based on PVA powder added).
'[Solubllity of PVA powder at a rising temperature]

The solubility of PVA powder at a r151ng temperature
was measured as‘the'saﬁe manner used in the solubility of
PVA powder at a fixed temperature éxcept that the starting
-temperature of water was adjusted to 15 T and that the
temperature was gradually’ elevated - with the passage of
time. |

xample 1

A methanol sblutior (water content: 0.1%) of PVAc
having a concentration of.35% and a methanol solution of
sodium hydroxide (mdlar ratio: 6.001) were charged into a-

reactbr equipped with an agitating blade, and were mixed
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reagent of the al coholysis reaction, said solvent being used for the

sol ution of PVES as a starting material for the solution of partially
saponified PVA (A), said solvent bei ng used for the solution of
partially saponified PVA (A), and said solvent being used for the
solution of PVES (B). As the solvent, an alcohol capable of

uni formy di ssolving partially saponified P.VA (A) and PVES (B) is
nore preferable, a | ower alcohol is nore preferable, and a primary

al cohol having 1 to 5 carbon atons i s npst pref erabl e. -Exanpl es -of

Lhe br i maryy @ Coligby Ny L 10the mixtiPO%l OBunjditdele €6 Nate!
et hanol pr opano .
alcoholysis reaction at 40C for 60 minutes. Acetic acid
was then added to the reaction mixture to stop the
reaction, whereby a methanol solution of partially
saponified PVA (A) having a degree of.saponifiCation of
41.0 mole% was obtained.

The methanol solution of partially séponified PVA (A)
and the methanol solution of unsaponified PVA& (B) having
a concentaration of 35% were mixed at a n_lixing weight
ratio of 45:55 as a solid contént and the temperature was
adjusted to 50C . This _mixed solution ‘and é_methanol

-solutibn df_ sodium hydroxide (molar .ratio: 0.01) were
separately fed to a continuous instantaneous mixer, and
thé. mixture was continuously dischafged therefrom. The
average residence time was 2 secénds.

Subsequently, the mixture was allowed to stand in a
reactor of 50T for Zb_minutes to conduct the alcohﬁlysis
reaction, whereby a PVA dgel was obtained. The PVA gel'was
granulated, and then dried at 105C for 2.5 hours to give a
- PVA powder. The results are Shown in Table 1.

Examples 2 to 3 and Comparative Examples 1 to 2

PVA powder was obtained in the same manner as in

Example 1 excépf that the conditions shown in Table 1 were

used.
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but anol , i-butanol, n-anyl alcohol and i-anyl alcohol. In view of the
.feaction rate and the solubility of PVES, nethanol and ethanol are

preferable, and nethanol is particularly preferable. The amount of
the alcohol is preferably 1 to 50 nolar tines based on the total nolar
anount of the nonomef—Hait of partially saponified PVA (A) and the
monormer units of PVE$«(B). Ih view of th, equi librium of the al coholysis
reaction and the recpov&y qpefation off the alcohol, it is
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nore.preferably 1.5 to 30 nolar tinmes, nost preferably 2 to 20 nol ar

tinmes. As a catal yst used for the al coholysis reaction, a basic

catal yst which is ordinarily used in the al coholysis reaction of PVES is
avai |l abl e. Exanpl es of the basic catalyst include alkali netal hydroxide
such as sodi um hydroxi de, potassium hydroxide and Ilithium hydroxide;
al kali nmetal alcoholate such as sodium nethylate and potassium

t - but oxi de; strongly basic am nes such as 1, 8-

diazabicyclo[5 4, 0] undecene-7 (DBU) ; al kal i metal carbonate; and

al kal i liﬁ fgdgogencarbonate Anmong these, sodium hydroxide is

pr ef er abl w of handleability and.cost. The anount of the

catalyst based , 0fetRgnb?" Yol i¥n P Bart3hih} SHPGIPELLE! boaCT(a)

obtained as in Example 1, a methanol solution of
ﬁnsaponified PVAc (B) having a concentration of 35% and a
methanol solution of sodium hydrexide (molar ratio: 0.01)
were charged into a reactor equipped with an agitating
" blade, and were mixed. ' The mixture was subjected to
alcoholysis reaction at 50T for 20 minutes to obtain a PVA
gel.  The .mixing weight retio of component (A) and
component (B) as a solid content was 45:55. The PVA gel
was granulated, and dried at 105C fer 2.5 hours to give a
PVA powder: The results are shown in Table 2. -
~ Examples 5 to 8 and Comparative Examples 3 to 6
| PVA powder was obtained in the same manner as in
Example 4 except that the conditions shown in Table 2 were
~used. The results are shown in Table 2.
'Compargtivg Example 7
A reaction vessel wae-charged with 900 ml of a mixed
solution of methyl acetate having a concentration of 10%
and methanol.having a concentration of 90%, and 70 ml of a
methanol solution ' of _ sodium methylate having a
concentration of 10%. The témperatur'é was adjusted to 25TC.
While the mixture wae uniformly agitated in the feaction
vessel, 10 ml/min of a mixed solution of PVA having a

degree of saponification of 20 mole% and a concentration

Th-s Sheet Has Been Repl
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partlally saponified PVA (A and the nononer units of PVES (B) .
(hereinafter . referred to as ‘a "molar ratio") is - 8-
generally 0.001 to 1. Next, process (1) is described bel ow The
degree of saponification of partially saponified PVA (A) is 20 to 60

nol e% preferably 30 to 50 nole% nost preferably 35 to 45 nole% The
al cohol solution of

of 30% in methyl acetate with a concentartion.of 10% and a
methanol having a concentration of 90%, and 1.8 ml/min of
a methanol solution of sodium methylate having a
concentration of 10% were charged therein. _Thé reaction
product was continuousiy discharged therefrom to give.fine-
particles of_PVA gel (which corresponds to PVA gel fine
particles of the slurry sapoﬁification obtained by prior
art (C). The-average fesidence time was 8 hours.

The fine particlés of the PVA gel #ere_dried at 105C
for 2.5 hours to give a PVA powder. The results are shown

in Table 2.

-
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partial ly saponified PVA can be obtained by conducting the alcoholysis
reacti on of an al cohol solution of PVES in the presence of a catalyst, and
deactivating the catalyst when it reaches the desired degree of
saponification. |In the case where the degree of saponification is nore

than 60 nol e% the bhandleabilify becones poor because the
viscosity of the sofjufjon {sito i hcrleaged and| th¢ PVA recipitates. On
the other hand, in {hg@easp vhele l hd dlegrlee pf @apcnification is | ess
than 20 nole% it beéchdsy] @ff Bl cB| §t B Btlaln| he SYAnpowder of the
present invention |bbgdlSE St e SHiHt @ bR §nf | Stlh® | degree of .
saponi fication is narfpwed PVES ({B) | is| substltantfially
unsaponi fied, and {the : : : :
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degree
rol e%

of

saponi fication thereof is particularly preferably O
The m xi ng wei ght ratio of conponent (A) and conponent (B) as
a solid content is preferably between 50:50 and 10:90, nore preferably
bet ween 50: 50 and 20:80, nost preferably between 50:50 and 30. 70.
m xed sol ution of conponent (A) and conponent (B)

Example 9

PVA powder was obtained Iin the same manner as in
Example 1 except that the saponification time in the
reactor was 15 minutes. The results are shown in Table 3.

The :solubility of _the PVA powder at a fixed
temperature in water at 40°C or 50C was evaluated. The
results are shown in Table 3.
Co rati Example 9 |

PVA powder obtained in substantially the same manner

as in Comparative Example 3, the solubility of the PVA

powder at a fixed temperature in water at 40C or 50C was

evaluated.‘ The reéults afe-shown in Table 3.

c arative Ex 0

The PVA powder obfained in Comparative Example 7, the )

soiubility of the PVA powder at a fixed temperature in

water at 50C was evaluated. The results are shown in

- Table 3.

The
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is subjected to the alcoholysi§ reaction in the presence .of the catalyst.
As a nethod of adding-catalyst, there are exenplified a nethod.that the
catal yst is added after "f*pcrcnk Ar—and conponent (B) are m xed, and a

-

method that the catalys $ adde the sanme time when conponent (A) and
conmponent (B) are m xed. @ reghag o_;_ 4qn xi ng conponent (A), conponent
(B) and the catal yst, a |baRtd nrker [may| be used on a small scale, while a
conti.nuous. mxer is prleflgfablle pn d | afge scale. An exanpl e of the
al cohol ysi s reaction usiingge—gont{+ngous| m xer is described below. A m xed
solution of conponent (A.gand coﬁporentr(B) and a catal yst are charged
into a continuous nixer,| Wit Hea| riujed.| The tenperature in the mixer is

preferably 40 to 60 [err| €. [§hd ?5§Tcence time
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in the mxer is desirably determ ned depending on the viscosity of the
solution, the mxing rate and the mixing tenperature, but it is generally
0.1 to 20 seconds. The mnixture to which the catal yst has been added is
subjected to the alcoholysis reaction for 5 to 30 mnutes using a
belt-type _reactor which has been adjusted to approximtely 40 to 60

[err] C Process (2) is described bel ow. The conti nuous reactor
can be a continuous reactor in which a residence tinme distribution at an
outlet of a reactor, when continuously feeding the PVES sol ution al one,

Example 10

PVA powder was obtained by drying the PVA gel
obtained in Example 9 at 140C for 5 hours (the pore volume
and the fine particle content were the same as those in
Example 9). The solubility of the PVA powder at a rising
temperature was evaluated. The results are shown in Table
4.
Comparative Example 11

" PVA powder was obtained by drying the PVA gel
- obtained in Comparative Example 9 at 140"C-for 5 hours (the
pore volume and th'e fine parficle content were the same. as
those in Comparative Example 9), the solubility of the PVA
powder at a rising te_.mp_erature was evaluated. The results

"are shown in Table 4.

Table 4
Dissolution temperature (°C) 20 30 40 50 60 70
Dissolution time (min) 4 12 21 31 42 55
Solubflity |- Example 10 0.5 3 21 63 100 -
(%) Comparative . :
Example 11 0.3 1 3 29 65 95
Example 11

A kneader-type reactor (effective volume = 0.1 liter,
L/D = 7.8, diameter of a shaft = 1 inch). in which a jacket

temperature was 61C and a number of revolutions was 130

Thls Sheet Has Been Rep
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corresponds to a resi dence time distribution of a series of 2 to 20 of
conpl ete m xi ng tanks which are connected in series. The type of the
continuous reactor includes an agitator-equipped tank type and an

extruder type. A kneader-type reactor is preferable because residual
matters are hardly adhered thereto, long-termoperation is possible and
self-cleanability is excellent. An exanpl e of the al coholysis

reaction using a biaxial kneader-type reactor is described bel ow
The ‘

rpm was charged with 45 ml/min of a methanol so;ution of
PVAc having a concentration of 35% and 1.2 ml/min of a
methanoi solution of sodium hydroxide (molar ratio: 0.01)
which had been heated at 55C, and the saponification was
. .conducted. A saponification product (temperature: 55C,
degree of" saponification: 40 mole%) in solution was
discharged from the outlet of the reactor. The average
residence time was 2.2 minutes. The saponification
product discharged from the reactor was allqwed to stand
in a constant-temperature bath of 5515 for 30 minutes to
conduct poet-saponification, whereby a PVA gel was
obtained. This PVA gel was granulated, and then dried at
105C. for 2.5 hours to give a PVA powder having a degree of
polymerization of 1,750, a degree of saponification of
99.5 mole%, a pore volume of 0.35 cc/g and a fine partidle
content of 0.5%. |
While the methanol solution of PVAc having a'
concentraiton of 35% was continuously fed under_the above-
mentioned conditions, a coloring agent (neutral red) was
added thereto. It was then shown that the residence time
distribution correspends to that of a. series of 5 .of

continuous complete mixing tanks was provided.

-
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al cokol solution of PVES and the al cohol solution of the basic catalyst
are continuously fed separately to a reactor having a residence tine

di stribution corresponding to that of a series of 7 of conplete mXxing
tanks, in which the residence tine distribution is relatively broad.
Preferably, the tenperature in the reactor is 4Tuﬂluﬂﬂﬂ lﬁl he nunber
of revolutions in the biaxial rotators is 5 to m"l "jl",he aver age
residence tinme is 15 seconds to 5 minutes. Upont ust ng a*react or
havi ng the specific residence tine distribution, an alcohol solution

of partiall saponi fi ed PVA having a broad di stribution of a degree of
saponificéﬂﬂ%ﬁ—l%—%%%%ﬂﬁ@élﬁronTthe outlet of the reactor. The degree of
saponi fi cation. Of pﬁ\rt oaiy‘yiny Onllt:o% fv'%owaer which comprises a

pore having an average diameter of 0.1 to 10 pm in the
range of 0.05 to 0.4 cc/g.

2. .The polyvinyl alcohol powder according to claim
1, wherein a content of fine particles having an average
diametei: of 74 pm or less is 3 .percent by weight or less.

3. A process for producing the polyvinyl alcohol
powder  as defined in claim 1 or 2, which comprises
saponifying a mixed _soiﬁtion obtained from a solution of
partialiy saponified polyvinyl aleohol () he.ving a degree
of seponifj:eation of 20 to 60 mole percent and e solui:ion
~of polyvinyl ester (B).

4. A process_ for producing the polﬁinyl alcohol
powder as defined -in .cla'im 1 or 2, which comprises
saponifying a. solution of polyvinyl ester (B) .by means of
a continuous reactor having a residence tJ.me distribution
corresponding to that of a series of 2 to 20 of complete

mixing tanks.

This Sheet Has Been Re, ﬂ
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Is pteferably 10 to 60 nole% nore preferably 20 to 45 nole% In the case
where the degree of saponi fication is i - | ess than 10 nole% it
beconmes difficult to obtain the PVA povvder of the present invention
because the distribution of the degree of saponification is narrowed. On
the other hand, in the case where the degree of saponification is nore
than 60 nole% the fine particle content.is increased.

ABSTRACT OF THE DISCLOSURE

The present invention provides a polyvinyi alcohol
powder which comprises a pore -havi.ng an average diameter
of 0.1 to 10 pm in the range o'f 0.05 to _0.4 cc/g.

Since the PVA powder of the present invention has én
excellent solubility in water, an agqueous solution thereof
can easily be .prepared industrially.

Since the PVA powder of the preseﬁt invention has a
low cbntent- of an oi‘gaﬁic volatile component and a low
content. of a nonvolatile component such as a carboxylic
acid salt or the like which is derived from a basic

catalyst, it has an excellent industrial h_and'leability.

il

- 24 -



Thé al cohol- sol ution,of partially saponified PVA obtai ned from?Zeo ,O‘l?,lt7|6et—£
-of the reactor is subjected to the alcoholysis reaction for 5to

m_nut- ofght-type reactor which has been a io approxinately
?LRCEB et ~ The PVA gel obtpined by prqcesREPLACEMENTHSHEETS2) SG_
—gr anul atieq using a wet-granul att ng device GEED&hamuum:pﬂygeklﬁﬁpquiﬁ
described in a literature quot|ell Chimfs® sapageﬂa.ﬁ%to paged ...
JAhe granulating, the granul ated pioubDtawifg(sstipaged Tl icefaged .

f 100 to 130 [err]C for 1 to 3 mbsﬁ%erebggéﬂ@fﬂtocpaged::
t hyl acetate and net hanol contgined in the PVA gel

the PVROLYMIMKIL ALCOHOhe POMDER¢ xre oF RECERPT.7/8/97..

BACKGROUND_OF THE INVENTION
Field of the Invention |
The present invention rélates to a polyvinyl alcohol
~.(hereinafter abbreviated as "PVA") powder.
c: i he Relat ts

Since PVA, a typical water-soluble polymer, has many
functions, it has béen. widely used for ordinary fiber,
high-strength fiber, fiber processing agent, paper
processing agent, adhesive, emﬁlsion stabilizer, film,
butyral resin, toiletrf, pharmacéutical, ceramic binder
and. the like.

PVA has been_usually produced by alcoholysis reaction
of polyvinyl acetate (hereinafter abbreviated as_“PVAc“)
using a basic catalyst. The following ﬁethods are known
as a process for producing PVA.

According to USP 2,642,419 (hereinafter ;eferred to
as "prior ait (A)"), there 4is known a method which
éomprises continuously feeding a_mixture obtained froﬁ a

_'ﬁethanbl solution containing 24 to 40 wt.% of PVAc and a
methaﬁbl solution of sodium hydroxide onto a belt conveyor,
and subsequently granulating and drying the -.gel-like
substance obtained by the'méthanolysis thereof.

| According to Japénese Patent Publication No.

33,191/1970 (hereinafter referred to as "prior art (B)")



i nventi on can be obtai ned. The PVA pow&%LA W”] _.;n“'the'process of
.the present invention has |ess anmount of ? AR HOENY therefore
sieving operation for renoval of fin ‘2 articles isil thnecessary.
Since the PVA powder of the present invent ﬁﬁbﬁﬁﬁ195&c4lhent sol ubility -
In water, an aqueous solution thereof -— |

-12- .

|

I R

and Japanese Patent Publication No. 9,826/1971
(hereinafter referred to as "prior art (C)"), there is
known a method which comprises continuously feeding a
methyl acetate-methanol mixed solution containing
partially-saponified PVAC having_ a degree of
saponification of 10 to 40 mole¥ and a methanol solution
of a éaponification catalyst into a methyl acetate-
methanol mixed slurry -con_taining PVA having a degree of
saponification of 97 to 98.5 mole%¥ on condition that the
concentration of a soluble polymer in a reaction system is
1% or less, and disnharging thé_reaction product therefrom
- (hereinafter referfed to as “slurry~sapnnification"), and
subsequently'removing liquid and drying thereof.

.The PVA powder obtained by piior nrt (A) has a.low
time-rate of.solubility'in water and cnntains an organic
volatile component such as methanol'used in.the produntion

- and methyi acetate derived from the alcoholysis reaction.
and a _no_nvolatile component such as sodium acgtate.‘ In
'tne case where the. PVA powder zconnains_ the organic
volatile component, the risk of exploéion during the
transportation of the PVA powder is cauned, the working
atmosphere during handling the PVA powder is wprsenéd, and_Jf-
the waste water t;eatment - equipment 6f the aqueous
soluﬁ;on of PVA is requiréd. In the case where the PVA

powder contains the nonvolatile component such as sodium



can easily be prepared industrially. SI
present invention has a |ow content of an oj

~ _1? hgyder of the
Vol é) Fénponent and a
a car poxyt ;

| ow content of a nonvolatile conponent suchj g lacid salt or
the like which is derived froma basig 3cat“r'st@y7Au@ nfleXcel I ent

i ndustrial handl eability. 1 npiﬁh : The
present invention is illustrated speC|f|caIIy try—-t-tre—folkaii pg Exanpl es
and Conparative Exanples. However, the pregent invention is ot limted

t hereto. In the follow ng Exanples, "% e

wei ght -basis unless otherw se specified. [Measurement of pore vol une]
A pore valdartd) RMfe PEMEBLeMmS 1MRES U8 DY nBBNGRIYN 1s caused when

it is used for electric part, electronic part and ceramic
binder. |

When the PVA powder obtained by prior arts (B) or
prior arts. (C) is charged into warm'wate: or:hot water,
biocks of lumpy powder.are formed and the uniform aqueous
solution cannot be obtained. Thenefore the PVA powder has
to be charged into Low-temperature water and subsequently
the temperature has to be gradually increased and there
has been a problem of long time for dissolution. Further,
the PVA powder has a low bulk density and a low volumetric
efficiency and there has been a problem of high cost of
transportation. Furthermore, the PVA powder has a large
amount of fine particles and there has been a problem that .
the fine PVA particles fend to fly off when the beg'of the
PVA powder is opened. .

| S R E I o)

It is an object of the present invention to provide a
PVA powder which exhibits an excellent solubility in water

. and has a low content of an organic volatile component.

The present inventors have intensively studied to
eolve the above-mentioned problems and have found a
polyvinyl elcohol powder'which comprises_a pore having an
averege.diameter of 0.1 to 10'pm in the range of'o.os to
0.4 cc/g. This finding has led to the completion of ﬁhe



pressure-penetrati on nethod using a porosity nmeter (Auto- Pore 9200
.manuf actured by Shimadzu Corporation). [Measurenent of an average

di anmet er] An average di ameter of PVA paydeT; A8 peasyfserjusing JI'S
standard sieves. [Solubility of PVA poyder @ts %w et dt ur e]

PVA powder having a particle dianeter 0. P 1 nm (16 ngsh-pass to 32
mesh-on) is selected, and the solubility PV hallBdP9%t fa If i xed -
tenperature is evaluated by the foll ow ng hod. A I500-mlliliter
separable flask® equipped with a

N L TR ., P——

present invention.

ETAILED DESCRIPTI F_TH ED DIMEN

The range of the pore volume having an average
diameter of 0.1 to 10 pm in the PVA powder (hereinafter
referred to as "pore volume") is 0.05 to 0.4 cc/g.
preferably 0.05 to 0.2 cc/g.

The content of fine particles having an average
diameter of 74 pm or less (200 mesh-pass) in the PVA
powdér _ {hereinafter referred to as "fine particle
content") .is preferably 3 wt.% or less, more preferably 1
wt.% or less. In the case v.where_ the fine particle content
lfxa.ving -the average dlameter of 74 pm or léss is more than
3 wt.%, the dispersibility of the PVA powder in water is
poor, the blocks of lumpy powder tend to be formed and the
handleability also becomes poor. The ubper limit of the
average diameter of the PVA powder_ is | not particularly
" limited, but .'l_.t is preferably 4 mm or iess (5 mesh-pass),
more preferably 2.83 mm or less (7 rﬁesh-pass).
| The degree of polymerization of ‘the PVA powder is

i preferabiy 300 to 20,000, more preferably 500 to '4,000,
most preferably 1,000 to 2,500. . The degree of
saponification of :the PVA pdwder is preferébly 80 to 100
mole%, more preferably 90 to 'l-OQ mole¥, more preferably 95
to 100 mole%,. and most preferably §8 to 1_00 mole_%.

The process for producing the PVA powder of the



stirrer, a ref lux condenser and a thernometer was charged with 288 g of

distilled water, and then placed in an oi

bat h., TheML

el evated while stirring the distilled wat
tenperature reached a fixed tenperaturs,
wer e added thereto, and the m xture was-s

i nner tenperature was kept constant. Theifc
was filtered, and the anmount of PVA contdi

RREACEENFH

i f

red -}6?1%% w_

ed in the res

erature was
hen t he inner

ppwder sel ected’
nites while the
epar abl e fl ask

i ng solution

PRI TR, T

present invention is not particularly limited, but there

is exemplified a process which comprises alcoholysis
reaction of polyvinyl ester (hereinafter abbreviated as
"PVES") on condition that the specific distribution of a
degree of saponification is caused,  and.  subsequently
granulating and drying the reaction product. Preferable
examples of the _alcoholysis reaction of PVES include a
process .which ' comprises saponifying a mixed solution
.obtained from a solution of partially saponified PVA (A)
having a degree of saponificatibn.of 20 to 60 mole% and a
solution of PVES (B) (hereinaffer referre& fo as "process
(1)"), and a process which comprises sapopifying a
solution of PVES (B) by means of a continuous reactor
having a residence time distribution_qorrgsbonding to that;
of a series of 2 to 20 of compléte mixing tanks
(hereinafter referred fo'as "p:oceSs.(g)").
First, the conditions which are common to processes
(1) and processes (2) are describéd below.
' Examples of PVES which is used for a starting
. material of partially saponified PVA .(A) and PVES (B)
include a homopolymer of vinyl ester (hereinafter
abbreviated as "VES"), a copolymer of different types of
VES, and a copolymer of VES and ethylenically unsaturated
mﬁnomer. Examples of VES include vinyl acetate, vinyl

_propionate. vinyl stearate, vinyl versatate and vinyl



by a*wei ght net hod (narrely; the solution was evaporated to

%ﬁm%ﬁ solid content in the sol uti on was neasured) to neasure

et {Matio of PVA di ssol ved based on PVA powder added).
Soiljyb'.I" t_e{ggof PYA powder™at a rising tgenperature] ©  The solubility of
VA Mr‘ t ising tenperature was nmeasured as the sanme nmanner used
n_the solubilfty of PVA powder at a fixed tenperature except that the
starting tenperfture of water was adjusted to 15[err]C and that the
Lt-erperat.ul .. na radual |y el evated with the passage of tine. Exanple 1
A et hanol solution (water content: 0.1% of PVAc havi ng a

concent r iR e 35% aRbrRy MRIHEMIO! $OMyl | Odc@tate 1is preferable.

Examples of different types of VES to be copolymerized

—+

— e —

with vinyl acetate include vinyl stearate and vinyl
versatate. Any ethylenically unsaturated monomer is
available if it is 'copolymerizable with VES. . Examples
thereof include monomers described on pages 28l to 285 in
POVAL (revised version, publiished by Kobunshi Kankokai
April 1, 198l1) (hereinafter referred to as “publication
(A)" and described in the literature gquoted on the same
pages thereof.

Examples of the polymerization of VES include
solution poiy-merization, emulsion poly:ﬁerization and
suspension polymerization.

It is prefareble that the solvent also serves as a -
reagent of the alcoholyéis reaction, said solvent being
used for the solution of PVES .as a starting material for

* the solution of partially saponified.PVA (A), ;aid solvent
bei_ng used for the sol@tion' of pa_rtially saponified PVA
(A.), and said solvent being used for the solution of PVES

. (B). As the solvent, an alcohol capable of uniformly
dissolving partially sapoﬁified PVA (A) and PVES (B) is

.more preferable, a lower alcohol is more p;c'efer_a.ble, and a

- primary alcohol haw}ing 1 to 5 carbon atoms is most’
preferable. Examples of the primary _alcoﬁol having 1 to 5

carbon atoms include methanol, ethanol, n-propanol, n-



sodi um hydr oxi de (nDIar ratio: 0.001) were charged-inta a . reactor

equi pped with an agitating bl ade, and were nixejREPL CEM

- 14- with each other. The mixture wag i he
~al coholysis reaction at 40[err]C for 60; mi nutes / then
added to the reaction mxture to -stop thg ' . erieby a

met hanol solution of partially saponified BVALA) _having aiddgree of
saponi fication of —d ]

butanol, i-butanol, n-amyl alcohol and i-amyl alcohol. In
view of the reaction Irate and the solubility of PVES,
methanol and ethanocl are preferable, and methanol is
particularly preferable. .

The émount of the alcohol is preferably 1 to 50 molar
times based on the total molar amount of the monomer units
of partiélly saponified PVA (A) and.the monomef units of
PVES (B). In view of the eqﬁilibrium of the alcoholysis
reaction and the recovery operation of the alcohol, it is
more preferably 1.5 to 30 molar fimes, most preferably 2

- to 20 molar times.

As a catalyst used for the alcoholysis reaction, a
basic catalyst_which is ordiﬁarily used in the alcoholysis
reaction of ?VES is available. Exampies of thé basic;
catalyst include alkali metal hjdroxide' such as sodium
hydroxide, potassium hydroxide and -lithium hydroxide;

~alkali metal alcoholate such as sodium methylate and
~ potassium t-butoxide: strongly basic amines such as 1,8-
diézabicyclo[s,4,0]undecene-7 (DBU) ; alkéli - metal
. carbonate; and alkali metal hydrogencarﬁonate. Among
these, sodium hydroxide is preferable_ in view of
handleability and.cost; The - amount of the catalyst based
on .the total molar émount.'of the monomexr units of
partiallf saponified fVA (A) and the monomer units of PVES

(B) (hereinafter referred to as a' "molar ratio") is



41.0 ,Jgj?:?fT?T, .. The net hanol sol ution of partially

saponi § | e6—EXACAY d@angl't he et hanol sol ution of unsaponi fied PVAc (B)
- havingf 3} atfjon) of 35% were miged at a mixing weight ratio of

45: 55 Jag a §G&Mﬁﬂ9gm dntf and the tenperdture was adjusted to 50[err]C.

gdja net hanol solution of sodium hydroxide (nolar
<epafately fed to a continuous instantaneous m xer, and
- cont i nupusly discharged therefrom The average resi dence
time was 2 seconge™= Subsequently, the m xture was allowed to stand in
a reactor of 50[err]C for 20 mnutes to conduct the al coholysis reaction,

wher eby a g\r{ér%illym%s O(mtq__l neld The PVA gel was

Next, process (1) is described below.

The degree of saponification of partially.saponified
PVA (A) is 20 to 60 mole%, preferably 30 to 50 mole%, most
preferably 35 to' 45 mole%. The alcohol solution of
partially saponified PVA can be obtainéd by conducting the
alcoholysis reaction of an alcohol solution of PVES in the
presence of a datalyst, and deactivating the catalyst when
it reaches the desired degree of saponification. 1In the
case where the degree of saponification is more than 60
mole%; the hahdleability becomes poof because the
viscosity of'the so1ution is too increased and the PVA
precipitates. On the other hand, in the case where the
degree of saponification is less than 20 mole¥, it becomes
difficult to obtain the PVA powder of the present
invention because the distribution -of the degrée of

- saponification is narrowed. _

PVES (B) 1is substantial;y unsapohified, and the
dégree of saponification thereof is partidglarly
preferably 0 mole%. | |

The mixing weight ratio of component (A) and
component (B) as a solid content is preferably' between ;ij
50:50 and . 10: 90 more preferably between 50:50 and 20:80,

" most preferably between 50:50 and 30:70.

The mixed solution of component (A) and component (B)



granul ated, and then dried at 105[err]C for 2.5 hours to give a PVA
.powder. The results are shown in Table 1. EXx; 2-+-0--3~and Conparative
Exanples 1 to 2 PVA powder was obt ai ned, ALY -”Afwhgﬁﬁﬂ as in
Exanple 1 except that the condltlons.shpmn in ra'le T WeTeE
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is subjected to the alcoholysis reaction in the presence
of the catalyst. As a method of adding catalyst, there
are exemplified a method that the catalyst is added after
component (A) and component (B) are mixed, and a method
that the catalyst is added at the same time when component
(A) and component (B) are mixed. As a method of mixing
component (A), component (B) and the catalyst, a batch
mixer may be used on a small scale, while a continuous.
mixer is preferable on a large scale.

An example of the a;cohdlysis reaction using a
continuoué mixer is:described below. Almixed.solution of
component.(A)_and componént (B) and a catalyst are charged
into-a continuous mixer, and then mixed. The temperature

~ in the mixer is-prefefably 40 to 60 T. The residence timg'
in the mixer is desirably determined depending on the

.'viscosity of the solution, the mixing rate and the mixing
temperature, but it is generally 0.1 to 20 seconds. The

. mixture to which the catalyst has been added is subjécted
té the alcoholysis reaction for 5 to 30 minutes using a
belt-type reactor which has . been adjusted to approximately
40 to 60 T. |

Process (2) is described below.

The continuous reactor can be a continuous reactor in
which a residence time distribution at an outlet of a

reactor, when continuously feeding the PVES solution alone,



[err]
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corresponds to a residence ‘time distribution of a series
of 2 to 20 of complete mixing tanks which are connected in
series. The type of the contihuous reactor includes an
agitator-equipped tank type and an extruder type. A
kneader-type reactor is. preferabl_e because residual
matters are hardly adhered thereto, long-term operation is
possible and self-cleanability is excellent.

An example of the aicoholysis reaction using a
biaxial . kneader-type reactor is described below. The
alcohol solution of PVES and the. alcohol solution of the
basic catalygt are co'ntinuously fed separatelf to a
reactor having a residence _-time distribution cbrres_ponding
to that of a series of 7 of complete mixing tanks, in
which the residence time .distribution is. relatively broad.-
Preferably, the temperature in the reactdf is 40 to 6_0 T,

the number of revolutions in the biaxial rotators is 5 to

1,000 rpm, and the average residence_'time is 15 seconds to

5 minutes .

Upon using a reactor having .the specific residence

time distribution, an alcohol solution of partially

saponified PVA having ‘a broad distribution of a degree of
saponification is obtained from the outlet of the reactor.
The degree of ~saponification of partially saponified PVA

is preferably 10 to 60 mole¥, more preferably 20 to 45

" mole¥. In the case where the degree of saponification is



- 16 -
obtained as in Exanple 1, a nethaho
PVAc (B) having a concentration of 35% and a
hydroxi de (nolar ratio: 0.01) were chgrged

(A

Exanpl e 4 A net hanol sol utibn

i on

BBY utl

aZalk

Q.a.lLeactor

agitating blade, and were m xed. The m xg ure was subjectdd to

al cohol ysis reaction at 50[err]C for 20 N NiieeemigusBisdiama

A gel.

m xi ng wei ght fatio of conponent (A) -.and

less than 10 mole%, it becomes difficult to obtain the PVA
powder of the present invention because the distribution
of the degree of saponification is narrowed. On the other

hand, in the case where the degree of saponification is

more than 60 mole¥, the fine ﬁarticle content is increased.

The alcohol solution of partially saponified PVA obtained
from the outlet of the reactor is subjécted to _the
alcoholysis reaction for 5 to 30 minutes .in the belt-type
reactor which has Been adjusted to approxim;tely 40 to
60 C. ' '

The PVA gel obtained bj process (1) or process (2) is
wet-granulated using a wet-gragulating device described on

page 116 in ‘Publication (A) and described in a literature

guoted on the,same page thefeof. After the granulating,:

the granulated product is usually dried at a temperature

of 100 to 130 € for 1 to 3 hours, Whe;eby organic solvents’

" such as methyl acetate and methanol contained in the PVA

ge; are removed, and the PVA- powder ‘of the 'present
invention can be obtained.

The PVA powder obtained by the procéss of the present

invention has less amount of fine particles, and therefore

sieving operation for removal of fine particles is L

unnecessary.
Since the PVA powder of the present invention has an

excellent solubility in water, an aquéous solution thereof

unsaponi fi ed
n of sodium
qyi pped with an

The



component (B) as a solid content was 45:55. The PVA gel was granul ated,
and dried at 105[err]C for 2.5 hours to give a PVA powder. The results are
shown in Table 2. Exanples 5 to 8 and Conparative Exanples 3 to 6

PVA powder was obtained in the sane maprer_ as i np—Hxanpl except that the
condi tions shown in Table 2 were used.— The restRERLACBMEB DO Tabl e 2.
Conparative Exanple 7 A reaction vessel was ghdar = '-”J'ré m of a

m xed solution of methyl acetate having a con et f@?% 10%6 fand
met hanol having a concentration of 90% and 70 ifof Tettrano sol ution
of sodium nmethylate having a concentratgo’ﬁei 10%..The ¥efperature

was ad) UStc%% te%sz.la.[yerbg cﬁ\'repared :Lndustriallly. : S

Since the PVA powder of the present invention has a

low content of an organic volatile component and a low

content of a nonvolatile component such as a carboxylic

acid salt or the like which is derived from a basic

catalyst, it has an excellent industrial handleability.
Examples

The present-inQention is illustrated specifically by
the following Examples and Compa;ative Examples. However,
the present invention 1is not limited. thereto. In the
following Examples, "3 (peréent)“ means weight-basis
unless otherwise specified.

[Measurement;of pore volume]

A pofe volume in PVA powdér is measured_by mércury
pressure-penetration method using a pofosity mete; (Auto-
Pore 9200 manufactured by Shimadzu Co:poration).
[Measurement of an average diameter]

An aﬁerage diameter of PVA powder is measured using

:Jis standard sieves.
[Solubility of PVA powder at a fixed temperatﬁre]_ '

PVA powder having a particle diameter of 0.5 to 1 mm
.(16 mgsh-pass to 32 mesh-on) is selected, "and the=3-
solubility of PVA powder at a fixed tempefature is .
evalq;ted by the following ﬁethod.

A 500-milliliter separable flask équipbed ﬁith a



While the mixture was uniformy agitated in the reaction vessel, 10 m/mn
of a m xed solution of PVA having a degree ofpsi i t+or—ef 20 nol e%
and a concentration Rﬁfﬁgxiﬂ@ J.?SHEET of 30%in
met hyl acetate with a concentartion of ,10% an met hanol haying a ;
concentration of 90% and 1.8 m/mn o> 3 e han@ 7 AgGubpn (off sodi um

nmet hyl ate having a concentration of 10% wer e} charged thereir. | The,
reaction N

J

_.—-'J-‘H—"tgm- PN L Sea sk oo Aasid

stirrer, a reflux condenser and a thermometer was charged
with 288 g of distilled water, and then placed in an oil
bath. The temperature was elevated while stirring the
distilled water at 300 rpm.'.When the inner temperature
reached a fixed temperature, 12 g . of the PVA powder
seleéted were added thereto, and the mixture was stirred
for 30 minutes while the inner temperature was kept
constant. The content of the separable flask was filtered,
and the amount of PVA contained in the resulting solution
ﬁas determined by a weight methbd (namely, the solution
was evaporated to dryneés, and the solid content in the
solution was measured) to measure _the solubility (ratio of
PVA dissolved based on PVA powder addedj.
'[Solubility of PVA powder at a rising temperature]
'The solubility of PVA powder at a fiéing'tempergture
was measured as the same manner_used_in the 501ubility of
PVA powder at a fixed temperature except. that the starting
-temperature of water was adjusted to 15 € and that the’
témperature was gradually elevafedu with the passage of
time. | '
A methanol solution (water content: 0.1%) of PVAc :ﬁ'
having a concentration of 35% and a methanol solution of
sodium hydroxide (molar ratio: 6.001) were charged into a

reactor gquipped with an agitating'blade, and were mixed



product was continuously di scharged therefrom to give fine particles of
PVA gel (which corresponds to PVA gel fine rttere e slurry

saponi fication obtained by prior art (C). Thetidwrid i e tine was 8
hours. The fine particles of the . BVA gel [ Were 05[err]C for
2.5 hours to give a PVA powder. The resdlts :
[err] j

TR e — 3
——]

with each other. The mixture was subjected to the
alcoholysis reaction at 40T for 60 minutes. Acetic acid
was then added to the reaction mixture to stop the
reaction, whereby a methanol solution of partially
saponified PVA (A) .having a degree of _saponification of
41.0 mole% was obtained.

The methanol solution of partially sé.ponified PVA (A)
and the methanol solution of unsaponified PVAc (B) having
a concentaration of 35% were mixed at a mixing weight
ratio of 45:55 as a solid c_ontenf and the temperature was
adjusted to 50°C . This mixed soluti_oh ‘and a methanol
._solution of sodium hydroxide (molar lra1_:io: 0.01) were
separately fed to a continuous instanfaneous mixer, and
the mixture was continuously d;l.schargéd therefrom. The
average residence time was 2 secénds.

Subsequently, the mixture was aJ_.-lowed' to stand in a

' reactor of 50T for 20 minutes to conduct the alcoholysis
;:egdtion, whereby a PVA gel was obtained. The PVA gel was
gr"anﬁlated, anfl thén dried at 105TC for 2.5 hours to give a
- PVA powder. The results are shown in Table 1.

Xamples to 3 and Co ve..x es 1 to 2

PVA powder was b.btained. in the same manner as in - ..

Example 1 excépt that the conq.itions shown in Table 1 were

used.



reactor was 15
The solubility of the PVA

[err]C or 50[err]C was

ble 3.

at 40

15

in

in Table 3.

PVA powder was obtained in the sane manner as in
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results are shown

The results are shown
The

Exampl e 9

Exanple 1 except that the saponification tine in the

19
powder at a fixed

m nut es- .
eval uat ed.
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Conpar ati ve Exanple 9 PVA powder obtained in substantially the sane
manner as in Conparative Exanple 3, the solubility of the PVA powder at a
fixed tenperature in water at 40[err] C or T =ﬂﬁgﬁﬁ:; ed. The
results are shown in Table 3. Conparatige BEXgipLeCL JN Lgﬁ PVA powder
obtai ned in Conparative Exanple 7, the —sol uli [fiTy powder at a

' eliresults are

fixed tenperature in water at 50[err][C wa$ ‘
' §
J
Example 4

shown in Table 3.
A methanol solution of partially saponified PVA (A)

obtained as in Example 1, a methanol solution of
unsaponified PVAc (B) having a concentration of 35% and a
methanol solution of sodium hydroxide (molar ratio: 0.01)
were charged into a reactor equipped with an agitating
blade, and were mixed. The mixture was subjected to
alcoholysis reaction at 50C for 20 minutes to obtain a PVA
gel. - The mixing weight ratio of component (A) and
component (B) as a solid content- was 45:55. The PVA gel
was granuiated, and dried at 105C for 2.5 hours to give a
PVA powder. The results are shown in Table 2. .
Examples 5 tgz 8 and Comparative Examples 3 to 6
~ PVA pbwdex:' was obtained in .the same manher as in-
Example 4 except that the conditions shown in Table 2 were
used. The results are shown in Table 2.
Cgmpargtixe Example 7 |
A reaction vessel was charged with 900 ml of a mixed
‘so'lution of methyl acetate having a concentration of 10%
- and methanol having a concentration of 90%, and 70 ml of a
methanol solution of _ sédium methylate having a
concentration of 10%. 'I‘hé temperature ‘was adjusted to 25TC.
While the mixture was uniformly agitated in the i'eaction
vessel, 10 ml/min of a :hixed solution of PVA having a

degree of saponification of 20 mole¥ and a concentration



20 -

[err] - - 21-

of 30% in methyl acetate with a concentartion of 10% and a
methanol having a concentration of 90%, and 1.8 ml/min of
a methanol solution of sodium methylate having a
concentration of 10% were charged therein. The reaction
product was continuously discharged therefrom to give fine
particles of PVA gel (which corresponds to PVA gel fine
particles of the slurry sapoﬁification obtained by prior
ért (C). The average residence time was 8 hours.

The fine particies of the PVA gel ﬁere_dried at 105C
for 2.5 hours to give a PVA powdef. The results are shown

in Table 2.

nH
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pomfder at a rising tenperature was eval uated. The results

Tabl e 4. Tabl e 4 Di ssol ution tenperature
([err] O 20- 30 40 50 60 70 Di ssolution time (mn) 4
21 31 42 55 Solubility ExamlegdO. 0.5 3 21 63 100
(% Conparative 0.3 1 3 29— 65 95 Exanpl e 11

are shown in

12

A kneader-type reactor (effective volume = 0.1 liter, 'L/D- 7.8, dianeter

of a.shaft = 1 inch) in which a jacket tenperature was 61[err]C and a

nunber

of

revol uti ons was 130 '

Example 9

PVA powder was obtained in the same manner as in
Exaﬁple 1l éxcept that the éaponification time in the
reactor was 15 minutes. The results are shown in Table 3.

The solubility of the PVA powder at a fixed
temperature in water at 40C or 50T was evaluated. The
results are shown in Table 3.
Comparative Example 9

PVA powder obtained in substantially the same manner
as in Comparative Example 3, thé solubility of the PVA
powder at ﬁ fixed temperature in water at 40C or 50T was
evaluated. The results are. shown in Table 3.

Com A4 ampl 0

‘The PVA powder obfained in Comparative Example 7, the-.

solubility of the PVA 'powdeJ:" at a fixed temperature in

water at 50C was ‘evaluated. The results are shown in

' Table 3.
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- 22 - rpmwas charged with 45 m/mn of a nmethanol solution of

PVAc having a concentration of 35%and 1.2 mM/mn of a nmet hanol sol ution
of sodi um hydroxide (nolar ratio: 0.01) whi ch had been heated at
55[err]C, and the saponification was . ggnducted. A saponification product
(tenperature: 55[err]C degree of saponification: 40 nole% in
solution was di scharged fromthe outlet of the reactor. The average
residence tine was 2.2 mnputes. The saponification pr oduct

di scharged fromthe reactor wagy all pwgd tjo gt and
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in a constant- terrperature bath of 55[err]C for 30.m.nutes to.
post - saponi fication, whereby a PVA gel was 3
granul ated, and then dried at 105[err] C for

conduct

DASEMEN SFEBTYL, ves

powder havi ng-a degree of pol yneri zat4pn_ of ;"50 @ dée?%r ee

saponi fication of 99.5 nol e% a pore ol une @f 0%3
particle content of 0.5% \While the nethahol__solution

0

o)
alfine
PVAC

having a concentraiton of 35% was continuouslly fed under the apove-
mentioned conditi'ons, a coloring agent (neutral ~added_t her et 0.

It was then shown that the residence tine distribution corresponds to that
of a seri %j of 153 ﬂfg conti nuous conplete m xing tanks was provided. .

PVA powder was obtained by drying the PVA gel

obtained in Example 9 at 140C for 5 hours (the pore volume

and the fine particle content were the same as those in

Example 9). The solubility of .the PVA powder at a rising

température was evaluated. The results are shown in Table

4.

C r e Ex e

PVA powder was obtained by drying the PVA gel

obtained in Comparative Example 9 at 140 for 5 hours (the

pore volume and the fine parficle content were the same as

those in Comparative Example 9), the solubility of the PVA

powder at a rising temperature was evaluated. The results

are shown in Table 4.

Table 4
Dissolution temperature (°C) | 20 30 . 40 50 60 70
Dissolution time (min) 4 12 21 31 42 55
" Solubility - |- Example 10 05 - 3 21 63 100 -
(%) Comparative ) .
_ Example 11 0.3 1 3 29 65 95
Example ‘11
A kneader-type reactor (gffec’tivé v_olumé = 0.1 liter,

L/D = 7.8, diameter of a shaft = 1 inch) in which a jacket

temperature was 61C and a number of revolutions was 130



23 WHAT IS CLAIMED IS 1. A polyvinyl alcohol powder which
conprises a pore having an average dianeter of 0.1 to 10 [err]min the

range of 0.05 to 0.4 cc/g. 2. The polyvinyl al cohol powder
according to claim 1, wherein a contgpt_of fine particles having an
aver age dianeter of 74 [err]mor less-is 3 percent by weight or |ess.

3. A process for producing the polyvinyl alcohol

rpm was charged with 45 ml/min of a methanol solution of
PVAc having a concentration of 35% and 1.2 ml/min of a
methanol solution of sodium hjrdroxidé (molar ratio: 0.01)
which had been heated at 55C, and the saponification was
conducted. A saponification product (temperature: 55T,
degree of saponification: 40 mole%) in solution was
discharged from the outlet of the reactor. The average
residence time was 2.2 minutes. The saponification
product discharged from the reactor was allowed to stand
in a constant-temperature bath of 55C for 30 minutes to
conduct post-saponification, _whereby a PVA gel was
-gbtaine_d. This PVA gel was granulated, and then dried at
105C for 2.5 hours to give a PVA powder'having a degree of
polymerization of 1,750, a degrée of saponification of-
99.5 mole%¥, a pore volume of 0.35 cc/g and a fine pa::jtiéle
content of 0.5%. | |
While the methanol solution of PVAc having a
concentraiton of 35% was continuously fed under the above-
-me‘r_xtioned conditions, a coloring -ageﬁt (neutral red) was
added thereto. It was then shown that the residence time
dist;‘ibution corresponds to that of a' series of 5 of

continuous complete mixing tanks was provided.

{REPLACEMENT SHEET
07 AUG 1997




powder as defined in claim 1 or 2, which conprises saponifying a
nixed_snLgLLQD_QQLELﬂgg_;r0n1a sol ution of partially saponified polyvinyl
al cohol (A having a degree of saponification of 20 to 60 nol e percent
and a ﬂum yvi nyl ester (B)23 4.7 A process for producing
t he po uﬂwugy ﬂ, powder as defirded in claim1 or 2, which conprises
saponi f yi n§ at utst om of polyvinyl ester (B) by neans of a continuous

reactor having a residence tinme distribution corresponding to that of a
series of 2 to 20 of conplete m xi ng tanks.

WHAT IS CLAIMED IS

1. A polyvinyl alcohol powder which comprises a
pore having.an average diameter of OFi to 10 pm in the
_range of 0.05 to 0.4 cc/g.

2. .The polyvinyl alcohol powder according to claim
1, wherein'a content of fine particles having an average
diameter of 74 pm or less is 3 percent by weight or less.

3. A process for producing the polyvinyl alcohol
powder as defined in ciéim 1 or 2, which comprises
saponifying a mixed soiution obtéined ffom a solution of
partialiy saponified polyvinyl alcohol (A) héving a degree
of séponifiéétion of 20 to 60 mole percent and a solution

| .of polyvinyl ester (B).

4. A process for producing the Polyv.inyl 'alcoh'ol_'
powder as defined in claim 1 or 2, which comprises
saponifying a solution of polyvinyl ester (B) Sy means of

'a continuous reactor having a residéncé time distribution
corresponding to that of a series of 2 té 20 of complete

mixing tanks.
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POLYVINYL ALCOHOL POWDER
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The present invention provides a polyvinyl alcohol
powder which comprises a pore having an average diameter

of 0.1 to 10 pm in the range of 0.05 to 0.4 cc/g. |
| Since the PVA powder of the present invention has an
excellent solubility in water, an agueous solution thereof
can easily be prepared industriailly. | |
| 'Since the PVA powder of the present invention has a
low content of an organic volatile component and a low
content of a nonvolatile componént_ such as a carboxylic
acid salt or the like which is derived from a basic

catalyst, it has an excellent industrial handleability.
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