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. " - 1 - DESCRI PTI ON PROCESS FOR PRODUCI NG AGGREGATED LATEX PARTI CLE

- Technical Field The present invention relates to a process for producing

» Coagul ated | atex particles. In nore detail, the present invention relates
to a process for producing coagulated |atex particles froma polyner |atex
in high vyield. Background Art In order to recover a polymer froma polyner
| atex prepared by emnul sion pol ynerization or suspension polynerization,
granul ati ng processes for coagulating apnd granulating the |latex are
required. In general, polyners are recovered by granul ation from pol yner
| atices by the follow ng procedure: A coagulant is added to a polyner
| atex at a tenperature sufficiently |ower than the softening tenperature
of the polyner to form coagul at ed DEBERCPPEIN i cl es. The resulting m xture
is then heated to at least the softening tenperature of the polyner to
produce slurry, PHRYIBSWROR\WRIEHIGING | AGERECGATRLY i TRrEX lers T tcher pol yner is
recovered as granul ated powder. In this process, the reason for setting
the tenperature of addition of a coagulant to be sufficiently |ower than
t he softeni tenperature of the polynmer is to suppress secondary
aggregatﬁ%ﬁﬁgﬁt %k - 2- resulting coagul ated |atex particles. In

general , additjon ) )
é € present invention relates to a process for

producing coagulated latex particles. In more detail, the
present invention relates to a process for producing
coagulated latex particles from a polymer latex in high
yield.
Background Art

In order to recover a polymer from a polymer latex
prepared by emulsion polymerization or suspension
polymerization, granulating processes for coagulating and
granulating the latex are required. In general, polymers
are recovered by granulation from polymer latices by the
following procedure: A coagulant is added to a polymer
latex at a temperature sufficiently lower than the softening
temperature of the polymer to form coagulated latex
particles. The resulting mixture is then heated to at least
the softening temperature of the polymer to produce slurry,
followed by dehydrating and drying. Thus, the polymer is
recovered as granulated powder. In this process, the reason
for setting the temperature of addition of a coagulant to be
sufficiently lower than the softening temperature of the

polymer is to suppress secondary aggregation between the




~of the coagulant at a tenperature equal to or higher than the softening
tenperature of the polyner frequently forns coarse coagul ated | at ex
particles due to secondary aggregation. In the worst case, the system nay
be conpletely agglonerated. To overcone this problem it is known that
granul ating processes such as a gas-phase coagul ati on process (for
exanpl e, see Patent Docunent 1), a noderate coagul ation process (for
exanpl e, see Patent Docunent 2), and 3 _granul ating process using a spray
dryer are used as granulating procesSes for a polymer |atex, the
granul ating processes being capabl e of producing coagul ated particles
havi ng satisfactory powder properties. Even when these processes are used,
gr anul atiesm Litd nysr @O@%%t@ﬁgrlfa&@%dﬂaafttJ@let%npeIrratgﬂrééﬂadvxeradqurhe
pol ymer softening tenperature fromthe viewioint that secondary
aggr egatifortfits COFEddedt FFdempere i aBlalytanwmtiiohas tgemwrral |y
performed at g tenperature close to or |ower than the polyner softening
t enper atthfe SHOFVEY, TEMPGHST Wempdr &he 9 lomfst Tampntnefia™y in  the
granul ati on process.. \When .t he granul,ation tenperature is set to a
t enper atcl?ragst?xggﬁl\}@tfqnd\%rext FRAT e 5o IRt SR t enperature, the
mechani cal _strength of the resulting coaqguyl ated | atex rticles tends to
de_creasé"l.ggsreg&e)cﬁ;%élqueﬁ[ﬂ ff?leawl%rs&e n?&’cﬁ STXSrJFéEHb_g}atl % s are produced,
whi ch ”%%m%ﬁ%‘é'etly %g%l%rm%%%scsédt_r oubl e such as clogging of a
To overcome this problem, it is known that granulating

processes such as a gas-phase coagulation process (for

example, see Patent Document 1), a moderate coagulation

process (for example, see Patent Document 2), and a

granulating process using a spray dryer are used as

granulating processes for a polymer latex, the granulating

processes being capable of producing coagulated particles

having satisfactory powder properties. Even when these

processes are used, granulation is preferably performed at a

temperature lower than the polymer softening temperature

from the viewpoint that secondary aggregation is suppressed.

For this purpose, granulation is generally performed at a

temperature close to or lower than the polymer softening

temperature.

However, a lower temperature is not always preferred in
the granulation process. When the granulation temperature
is set to a temperature excessively lower than the polymer

softening temperature, the mechanical strength of the

resulting coagulated latex particles tends to decrease.




“filter cloth. That is, in the known granul ation processes, in order to
obtain coagul ated | atex particles having a desired particle size in high
.yield, it is inportant to suppress both secondary aggregati on and
generation of fine particles. For this purpose, it is essential to perform
an operation in a granulation tenperature range (generally, from about the
pol ynmer softening tenperature to a tenperature about 10C | ower than the
pol ymer softening tenperature) in whigh_the influences of both are

m nim zed. However, when the granulation tenperature is fluctuated by
various factors in the production process, the yield is decreased by
second aggregation or a trouble such as degradation of filtering property
i s causé®PTBFYERELAri én ler IR REyEYtt iod] ddne pPasticdesi wmyepraisidaesd,n
production. In addition, the conposition of a polynmer that can be

recover #F4E Yo TESRiLtedt 7 PROGESEW IGdE SMCHn aFr (deggdng oy h r espect

to flex&bl pol yner latices having a polynmer softening tenperature of 0C
or | owe }l%Friéiﬁq¥ﬁcult to set the tenperature of the systemto the

e um ThUL2EoL8ul b 0BT F aBR PaPERBR S L aRNBESBECBBEal REASFRER gh
) gh
71 o LR Lt sebate desertiasd giand o Lpn, Lepiologtes, @
SOfteniBgrkggﬁgrgagéeigfh&%%”&ield, it is important to suppress
both secondary aggregation and generation of fine particles.
For this purpose, it is essential to perform an operation in
a granulation temperature range (generally, from about the
polymer softening temperature to a temperature about 10°C
lower than the polymer softening temperature) in which the
influences of both are minimized. However, when the
granulation temperature is fluctuated by various factors in
the production process, the yield is decreased by second
aggregation or a trouble such as degradation of filtering
property is caused by generation of fine particles, thus
causing problems in production.
In addition, the composition of a polymer that can be
recovered is also limited in the known granulation processes.
With respect to flexible polymer latices having a polymer
softening temperature of 0°C or lower, it is difficult to
set the temperature of the system to the optimum granulation
temperature range as long as water is used as a medium.
Thus, coagulated latex particles cannot be obtained in high

yield.




" tenperature or |lower, which is secondarily aggregated extrenely easily and
is difficult to granulate, is a process of adding a high-nol ecul ar-wei ght
. polyani on having a carboxyl group and/or a hydroxyl group in its nolecule
to a rubber |atex, and adding dropwi se the m xed |atex to an aqueous
solution containing at |east one alkaline earth netal (for exanple, see
Pat ent Docunent 3). In this process, however, for exanple, at least 2 to 8
parts by weight and preferably 4 to_6,parts by weigh of the

hi gh- nol ecul ar - wei ght pol yani on nust be added relative to 100 parts by

wei ght of rubber solid content in the rubber latex, the viscosity of the
resulting mxed | atex nmust be adjusted to 200 to 8,000 nPas, and
subsequent | yIRh&dfiikégn Fétéhenﬁbpvﬁedaéﬁédb@ﬂogWﬁ§@1ﬁ¢@@ﬂ1 to 80 cm hi gher

than the 1liquid level of a coagulant. In this way, it is described that
sat i sf atSHy Spal? ORI REFgsH é@$anaw1@l%mmu%w oduced

unl ess na congﬁtlon are satisfied. In general, it is eaS|Iy supposed

t hat thé°O AT & BPWBISh St afome e S aghfo I BoFM wei ght

polyanign to a poI | atex c s .the follomnn problems: (1) The
orlglna& L TR 5F'éfQWHPeW Hé%wﬁﬂ sscdanyhy 3 iy appregeded by a recovered

B 11 oty eeeid f%ﬁﬁf{ O S o TR O ol Yard A6 to
signifi %%maddqg\ﬁe%h%l gener ci% CBI ﬁ’ga é;i[,dly%r}%o(n?’%a%lnce the viscosi ty

of the late
carboxyl group and/or a hydroxyl group in its molecule to a

rubber latex, and adding dropwise the mixed latex to an
aqueous solution containing at least one alkaline earth
metal (for example, see Patent Document 3).

In this process, however, for example, at least 2 to 8
parts by weight and preferably 4 to 6 parts by weigh of the
high-molecular-weight polyanion must be added relative to
100 parts by weight of rubber solid content in the rubber
latex, the viscosity of the resulting mixed latex must be
adjusted to 200 to 8,000 mPa-s, and subsequently the mixed
latex must be added dropwise from 1 to 80 cm higher than the
liquid level of a coagulant. In this way, it is described
that satisfactory spherical coagulated latex particles
cannot be produced unless many conditions are satisfied.

In general, it is easily supposed that the addition of
2 parts by weight or more of a high-melecular-weight
polyanion to a polymer latex causes the following problems:
(1) The original quality {(for example, thermal stability)

possessed by a recovered polymer itself used for various




" less, nmust be adjusted to 200 nPas or nore and preferably 1,000 nPas or
nore by addi ng the high-nol ecul ar-wei ght polyanion, the liquid

. transferring property of the resulting latex is inpaired. Thus, this is
not a satisfactory process. That is, under the present situation of the
field of granulation of polyner latices, it has been still expected to
devel op a granul ating techni que capabl e of suppressing secondary
aggregation and generation of fine pagticles under as wde a tenperature
condition as possible without degrading the original quality possessed by
the polyner itself so that the desired coagulated |atex particles can be
recovered in high yield. Patent Docunent 1: Japanese Unexanlned Pat ent

Appl i caFUgROSEfh Meyatifo NG r IoFat@6k7 (Bt dite Pecifemn 2L Fapgarsse

Unexam ned Pate Agpllcatlon Publication No. 60-217224 Patent Docunent 3:
Japanes@mﬂﬁg%aﬁ BT A AL @SLaST PouIadan dieads. t2- 37987 Di scl osure

of Invent.ion Rroblens to be Sol ved by the Inventlon In order to solve the
above pF&@P&ﬁECQQF RS- 18R] ]| é@ttg' q'n@%%& Gh 9 %ovi de a

novel ran |at C bl e of re ar regation and
gexeragl%nugﬁsk%%%tﬁéfﬁfg%géi % &#% g SSEW%' ﬂg H%Bh%? n es

possi bl g it haldegr adiyng Lhe or igignaly Q%a'o' Yo RO 5L A0 RO YT
itself So esire coag&lated P

1,000 mPa+s or more by adding the high-moclecular-weight

polyanion, the liquid transferring property of the resulting

latex is impaired. Thus, this is not a satisfactory process.
That is, under the present situation of the field of

granulation of polymer latices, it has been still expected

to develop a granulating technique capable of suppressing

secondary aggregation and generation of fine particles under

as wide a temperature condition as possible without

degrading the original quality possessed by the polymer

itself so that the desired coagulated latex particles can be

recovered in high yield.

Patent Document 1: Japanese Unexamined Patent Application

Publication No. 53-30647

Patent Document 2: Japanese Unexamined Patent Application

Publication No. 60-217224

Patent Document 3: Japanese Unexamined Patent Application

Publication No. 52-37987

Disclosure of Invention

Problems to be Solved by the Invention

In order to solve the above problems, it is an object




" latex particles can be recovered in high yield. Means for Solving the
Problens In view of the above-described present situation, the present
_inventors have conducted intensive research and found that secondary
aggregation and generation of fine particles can be suppressed under a

wi de tenperature condition wthout degrading the original quality
possessed by a polyner itself and desired coagul ated (aggregated) | atex
particles can be recovered in high yield by spraying or adding dropw se a
polyner latex into a gas phase containing an inorganic salt and/or an acid
in an aerosol form and dropping or feeding droplets of the polyner |atex
into an agueous phase contai ning a dispersant. Consequently, the present

i nventi & H&® BE&P At dmyadred tﬁu?ﬁﬂﬁﬁﬁﬁna|ﬁﬂﬁﬁ#|§ﬂ@ﬂu&a§ﬂ@§‘to a process
for producing coagul ated |atex particles including sprayrng or addi ng

dr opwi s&TE FEHY TP A0 FHERE Gasl hRE TR ARG 9@t ioforrgéhi ¢ sal t

and/or an acid.in a rosol far and _ droppi ng, or feedrng droplets of the
polynerqgﬂﬁi? i gh%g Hﬁﬂ%ﬁaqﬂﬂﬂﬁn Q¥(ﬁsﬁﬁﬁﬁﬁ%ﬂ urg A

preferred adi_nment rela%ﬁ_ he ab scrr rqce S for producrng
coagul ated TareXt Far B°8%: e\/\,i’i"ért Gt ¢ Jﬁ‘?er eat

wat er - s r und avi Si ert A
LSS 0 A, SO I8 SIS S8l T

produci q_%.t(égia%)léll Ated At c&h PR tr'e%o%re%eir e'hq_gh yield.

Means for Sclving the Problems

In view of the above-described present situation, the
present inventors have conducted intensive research and
found that secondary aggregation and generation of fine

- particles can be suppressed under a wide temperature
condition without degrading the original quality possessed
by a polymer itself and desired coagulated (aggregated)
latex particles can be recovered in high yield by spraying
or adding dropwise a polymer latex into a gas phase
containing an inorganic salt and/or an acid in an aerosol
form, and dropping or feeding droplets of the polymer latex
into an aqueous phase containing a dispersant. Consequently,
the present invention has been accomplished.

The present invention relates to a process for
producing coagulated latex particles including spraying or
adding dropwise a polymer latex into a gas phase containing
an inorganic salt and/or an acid in an aerosol form, and
dropping or feeding droplets of the polymer latex intoc an

agqueous phase containing a dispersant.




~the softening tenperature of the polyner in the polymer latex is 60C or
| oner. A preferred enbodi nent relates to any one of the above processes

. for producing coagul ated | atex particles, wherein the droplets of the

polymer latex are dropped or fed into an aqueous solution containing 0.001
to 10 parts by weight of the dispersant relative to 100 parts by wei ght of
the polyneric solid content in the polyner |atex. A preferred enbodi nent
relates to any one of the above processes for producing coagul ated | atex
particles, wherein the content of the water-sol uble polymer conpound
having a physical gel-formng property is 0.01 to 3.0 parts by wei ght
relative to 100 parts by weight of the polyneric solid content in the
pol ymer | at ek. Prepeeredr egbepbbeanfenclaekbat €8 thet Abcupodesdesberbed
process for producing coagul ated | atex particles, wherein the content of
t he wat BFOSEEGhIEE TpBLPREF L8GNFeaId Hed@ch d ad eXppditd gl egel Whemeildy property
is 0.05 to 1. arts by weight relative to 100 _parts by weight of the
pol ymer iF€€sBPHIMES Lalgw: dRClvdeshé paltpresalabde. PR yFEre GO8l B MiSodi nent
relates. to.an onﬁ of. the above processes for producing coagul ated | atex
parti cl B8V e PePRYStRE1dESHerSEHE s PEORGHitdni ¢ pol ymer surfactant and/ or
an anionic %urgggéggt. é#ﬁrgferrgd e agdingnt rel ates %o %he
above- descr i BeB S proredsFor I pPotcFig2t68ghiPatBYd PRERTphiPEi 8P8YS wherein
processes for producing coagulated latex particles, wherein
the softening temperature of the polymer in the polymer
latex is 60°C or lower.
A preferred embodiment relates to any one of the above
processes for producing coagulated latex particles, wherein
the droplets of the polymer latex are dropped or fed into an
aqueous solution containing 0.001 to 10 parts by weight of
the dispersant relative to 100 parts by weight of the
polymeric solid content in the polymer latex.
A preferred embodiment relates to any one of the above
processes for producing coagulated latex particles, wherein
the content of the water-soluble polymer compound having a
physical gel-forming property is 0.01 to 3.0 parts by weight
relative to 100 parts by weight of the polymeric solid
content in the polymer latex.
A preferred embodiment relates to the above-described
process for producing coagulated latex particles, wherein
the content of the water-soluble polymer compound having a

physical gel-forming property is 0.05 to 1.8 parts by weight

relative to 100 parts by weight of the polymeric solid




~ the nonionic polyner surfactant is at |east one conpound selected from

partially saponified poly(vinyl alcohol), polyacrylic acid and salts

_thereof, nethylcellulose, hydroxymnethylcellul ose, hydroxyethylcellul ose,

pol yal kyl ene oxi des, poly(vinyl pyrrolidone), poly(vinylimdazole),
acrylam de, and sul fonated pol ystyrene. A preferred enbodi nent relates to
t he above-described process for producing coagul ated | atex particles,
wherein the anionic surfactant is @tslgast one conpound selected from
carboxyl ates, sulfonates, sulfate ester salts, and phosphate ester salts.
A preferred enbodi nent relates to any one of the above processes for
produci ng coagul ated | atex particles, wherein the water-soluble polyner
conpoun&cﬁéﬁn%gl@-ﬁﬁfsm@dwﬂﬁéliaﬁéﬁhing property is at | east one conpound
sel ected from hydroxyethyl nethyl cellul ose, hydroxypropyl net hyl cel | ul ose,
car boxymet hyPcBFFlif658d ®BbPefisgntibrelakgente aevydongepPitvahpvaboveagar,

gel ati n, carra% | ucomannan, pectin, 9 curdlan, gellan gum and

eenan,
pol yacr YWPCCESES deri PHIEE NI Gegidtsd dibca madt idiesredNEededdy one of
t he abo r.ocesses . far produci ng coaqul ated | atex particles, wherein the
gas phai%ecglﬁis&eﬁga@.tz R yo) aZé‘%’&ﬁ’t“gcb)P SoFr anth GPgHIRTe 38l t and/ or

t he acignﬁ%k]kj%%r%o %%Qtparts by weight of the polyneric solid content in

t he pol yner Tat ex. chré#érred enbodi ment relates to any one of the above

processes fof profuglBd cRBEHIALRY 1818¥BALLT heS.ptl8 8hcribea

process for producing coagulated latex particles, wherein
the nonionic polymer surfactant is at least one compound
selected from partially saponified poly(vinyl alcohol),
polyacfylic acid and salts thereof, methylcellulose,
hydroxymethylcellulose, hydroxyethylcellulose, polyalkylene
oxides, poly(vinyl pyrrolidone), poly(vinylimidazole),
acrylamide, and sulfonated polystyrene.

A preferred embodiment relates to the above-described
process for producing coagulated latex particles, wherein
the anionic surfactant is at least one compound selected
from carboxylates, sulfonates, sulfate ester salts, and
phosphate ester salts.

A preferred embodiment relates to any one of the above
processes for producing coagulated latex particles, wherein
the water-soluble peolymer compound having a physical gel-
forming property is at least one compound selected from
hydroxyethylmethylcellulose, hydroxypropylmethylcellulose,
carboxymethylcellulose, water-soluble alginic acid

derivatives, agar, gelatin, carrageenan, glucomannan, pectin,




“the inorganic salt is at |east one salt selected fromsodium salts,
potassiumsalts, calciumsalts, magnesiumsalts, alumnumsalts, iron
.salts, bariumsalts, zinc salts, copper salts, potassiumalum and iron
alum A preferred enbodi nent relates to any one of the above processes for
produci ng coagul ated | atex particles, wherein the acid is at |east one
inorganic acid selected from hydrochloric acid, sulfuric acid, nitric
acid, and phosphoric acid and/or at least one organic acid selected from
acetic acid and formc acid. A preferred enbodi nent relates to the
above-descri bed process for producing coagul ated | atex particles, wherein
t he wat er-sql ubl e pol yner conpound having a physical gel- form ng property
is a watE¥rodérubigeldiag puE agng eeliveaiwid.c APcefdsmigdtdmssdi nent rel ates
to the above-descri bed process for producing coagul ated | atex particles,
wherei n t he®i RoF§SRFEdsgMPofamgnEareilakesale. ary oneppéf EheedberBodi nent
relates to any one of the ahove processes for produci ng coagul ated | at ex
parti cl & CSHTE S %013[ RE SRYREr cragai adsichyad st Padded lEsopwinesaim o t he

gas ph has. a.vol une-averag roplet size of 50 pmto 5 mm A preferred
embodi rr%%tEé PEPatds 5o SR 2IhE g)fgt %é) éﬁo@értﬁr $e d&d9 0P T8 Guci ng

i R SR e g e
weight of the polymeric solid content in the polymer latex.

A preferred embodiment relates to any one of the above
processes for producing coagulated latex particles, wherein
the inorganic salt is at least one salt selected from sodium
salts, potassium salts, calcium salts, magnesium salts,
aluminum salts, iron salts, barium salts, zinc salts, copper
salts, potassium alum, and iron alum.

A preferred embodiment relates to any one of the above
processes for producing coagulated latex particles, wherein
the acid is at least one inorganic acid selected from
hydrochloric acid, sulfuric acid, nitric acid, and
phosphoric acid and/or at least one organic acid selected
from acetic acid and formic acid.

A preferred embodiment relates to the above-described
process for producing coagulated latex particles, wherein
the water-soluble polymer compound having a physical gel-~
forming property is a water-soluble alginic acid derivative.

A preferred embodiment relates to the above-described
process for producing coagulated latex particles, wherein

the inorganic salt is a calcium salt.




"~ According to the process for producing coagul ated latex particles of the
present invention, secondary aggregation and generation of fine particles
_can be suppressed in granulation under a wi de tenperature condition
wi t hout degrading the original quality possessed by the polymer itself,
and thus coagul ated | atex particles having a desired particle size can be
produced in high yield. Best Mdde for Carrying Qut the Invention The
pol ynmer |atex usable in the present_ifyyention is not particularly limted.
For exanple, polymer latices produced by enul sion pol ynerization,
suspensi on pol ynerization, mcrosuspension polynerization, mnienmulsion
pol yneri zati on, or aqueous dispersion polynerization can be used. Anpbng
these, from £hBTGfRRpBENEMPRdiNEnEUEELPESSCER 2PE eBSi PY &bat RbPved and
coagul at ed | at ex %articles.having sati sfactory powder properties can be
obt ai ne®FOGEEFEr LOT1 ProdyGiags rdidedd by admm gk sdiopnemangion are
preferaghé used. W.th reﬁggct to polyner | atices produced by the above
net hods, x§W§WE$ro#368Fy F3YEC 1°0 F99E6h C4iomed Senddion then@asde particl es
of (1) I r. Late repared b ol.yneri.zin nonmer m xture
incIudi%S%%Sy 61607 éP%?aneﬁﬁgﬁgﬁﬁﬁf%ﬁﬁ é&ngg§?ﬁ50§§k§¥{fbﬂpb 60 per cent
by wei ght of y%' ster. O to, 40 percent b ight of an
: oA . .
aromatic YIny|8ﬁ%§%%§§§ ﬁﬁggéﬁeﬁgrgg%?t8§ §8I8H¥ 8P¥ag§|ﬁ F 2HBNGner
copol ympiizaklse Wbl [BR4ACHHY St 8k 8 atex particles, wherein
the polymer latex has a polymeric solid content of 10 to 55
percent by weight.
Effects of the invention
According to the process for producing coagulated latex
particles of the present invention, secondary aggregation
and generation of fine particles can be suppressed in
granulation under a wide temperature condition without
degrading the original quality possessed by the polymer
itself, and thus coagulated latex particles having a desired
particle size can be produced in high yield.
Best Mode for Carrying Out the Invention
The polymer latex usable in the present invention is
not particularly limited. For example, polymer latices
produced by emulsion polymerization, suspension
polymerization, microsuspension polymerization, miniemulsion
polymerization, or aqueous dispersion polymerization can be
used. Among these, from the viewpoint that structures can

be easily controlled and coagulated latex particles having

satisfactory powder properties can be obtained, polymer




" methacrylic ester, and the aromatic vinyl nonomer, and O to 5 percent by
wei ght of a nultifunctional nononmer and (2) a polyner |atex prepared by

. polymerizing a nmononmer mxture including 50 to 100 percent by wei ght of
but adi ene, 0 to 40 percent by weight of an aromatic vinyl nononmer, 0 to 30
percent by weight of a vinyl nonomer copolynerizable with butadi ene and
the aromatic vinyl nononer, and O to 5 percent by weight of a

mul tifunctional nononer. These pol yney; latices can be preferably used
because of a reason described below The particle structure of the polyner
in any one of these polyner |atices may be a graft polynmer having a

| ayered structure with a single [ ayer or two or nore layers wthin the
exenpl i fi%dd CEFMPFIRICER ot iegudisd ans pedtymegdrzsitd@inaEne [Hudfesdb By pi cal
processes for producing the above-described 12 polyner latices are
describ&qurdetailirL for exanple, Japanese Unexam ned Patent
Application Eug i cation, Nos. 002-363372 and 2003- 119396, but are not
linited ther 8¢6" FREPHGEyFBr PPAYTEEs LAELCFFHBEOIHEGE RYethrRePEPHBI y used

pecaue ish o] WELhal o5 g e sl bosd 85 PR ool 1ers
can be SRS 08D 115 ROLUTTR L AESS, S LorRarLed 25 coaoul ated
;Ogrt ihgl %ﬁi’?‘@aﬂlng}t’?nngr %%p%%n%rrggﬂiééd?et 994 HRai eSS M XU Kol AL X
by weight of an acrylic ester, 0 to 60 percent by weight of
a methacrylic ester, 0 to 40 percent by weight of an
aromatic vinyl monomer, 0 to 30 percent by weight of a vinyl
monomer copolymerizable with the acrylic ester, the
methacrylic ester, and the aromatic vinyl monomer, and 0 to
5 percent by weight of a multifunctional monomer and (2) a
polymer latex prepared by polymerizing a monomer mixture
including 50 to 100 percent by weight of butadiene, 0 to 40
percent by weight of an aromatic vinyl monomer, 0 to 30
percent by weight of a vinyl monomer copolymerizable with
butadiene and the aromatic vinyl monomer, and 0 to 5 percent
by weight of a multifunctional monomer. These polymer
latices can be preferably used because of a reason described
below. The particle structure of the polymer in any one of
these polymer latices may be a graft polymer having a
layered structure with a single layer or two or more layers
within the exemplified composition ratio and is not

particularly limited.

Typical processes for producing the above-described




- by copo

| ymeri zation or graft polynerization of a nononmer conpositio

mai nl y conposed of at |east one nononer selected fromthe follow ng

. nononer

group i
al kyl g
acryl at

group may be used alone or as a mxture. Exanples of the no
nclude, but are not |imted to, (1) alkyl acrylates contain
roup having up to 10 carbon atons, such as nethyl acrylate,
e, butyl acrylate, and 2-ethyl hexyl acrylate; (2) alkyl

n

nomer
ng an
et hyl

met hacryl ates containing an al kyl gropp having up to 10 carbon atons, such
as nethyl nethacrylate, ethyl methacrylate, butyl methacrylate, and

2- et hyl

hexyl nmethacrylate; (3) vinylarenes such as styrene, a-

met hyl st yrene, nonaochl orostyrene, and dichl orostyrene; (4) vinylcar

acids s
as acry
chlorid
such as
mul tifu
trially

gl ycol

B YFS TadAHice Sa @t Saf rdingt dyl idetaddi dn,( Powignamnmdyeani des
lonitrile and 13 nethacrylonitrile; (6) vinyl halides such a
¢APARTRA eFRTdeecakd teitoremdration Ratdyicaidamattes.(8) a

but adi ene,_. . and i sobutyl ene;
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such

s vinyl
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at e,

ne

e size

o O,V O cteh A1 DG DLLYRISal e 5] g ad yrer et on

suspens

i'on polynerization, €, can be
various effects of improving quality can be exhibited even

when the polymer latices are recovered as coagulated latex
particles of the present invention. However, polymer
latices usable in the present invention are not limited to
these. For example, latex particles of a polymer prepared
by copolymerization or graft polymerization of a monomer
composition mainly composed of at least one monomer selected
from the following monomer group may be used alone or as a
mixture. Examples of the monomer group include, but are not
limited to, (1) alkyl acrylates containing an alkyl group
having up to 10 carbon atoms, such as methyl acrylate, ethyl
acrylate, butyl acrylate, and 2-ethylhexyl acrylate; {2)
alkyl methacrylates containing an alkyl group having up to
10 carbon atoms, such as methyl methacrylate, ethyl
methacrylate, butyl methacrylate, and 2-ethylhexyl
methacrylate; (3) vinylarenes such as styrene, o-
methylstyrene, monochlorostyrene, and dichlorostyrene; (4)
vinylcarboxylic acids such as acrylic acid and methacrylic

acid; (5) vinyl cyanides such as acrylonitrile and




~vol une-average particle size of the polyner particles may be neasured
with, for exanple, a M CROTRAC UPA (manufactured by N KKISO Co., Ltd.).

. The polyneric solid content in the polymer latex of the present invention
is not particularly limted as long as an object of the present invention
is achieved but is preferably 10 to 55 percent by wei ght and nore
preferably 20 to 45 percent by weight. Wen the polyneric solid content

in the polymer latex is |ess than 10 pgrcent by weight, a large anount of
water is necessary for reducing the solid content from30 to 40 percent by
wei ght, which is a polyneric solid content on conpletion of typical

emul sion polynerization or suspenS|on pol yneri zation, to less than 10 - 14
per cent MRFRAS YHRONIGIHsRfuerft)l winHe Hadddied st emtwimylt raddtordiste t ends to
i ncrease., On the other hand, a polynmeric solid content of the polyner

| at ex eXcedi RFFE-I5or GRF By ORRAILGHIE id0lek) ot paradetltar (& fect the
granul ati.gqn proces of the present invention. However, in such a case, the

pol yner i T§v B%F R0 Hi%’&ﬂlfefrl%lqut}ﬁ(ﬁ’n%xma@lent%e heat
generat| rlzatl di ffi.c t to control or scales are
frequent &Bé%dlctyge rﬁg {rgﬁerniuz]éfﬁ al’rﬁ@%‘l%ﬁ”&%@si d content
in a pql I Lex can be red |.a |ng f the latex in a hot
air convec %rhfecrry Ogﬁfatsjl;i (;L W%}% d:ll%i‘talll%ly(z)]e HEREFE and t hen

tCﬁLC:J;?téerﬁb eftt@ls/l%(}lé/ rﬁrj}ccols Ocilmeth%%nrty ate, tehcraeattheyx_]_ez{eorgltyhe wei ght of

dimethacrylate, divinylbenzene, and glycidyl methacrylate.

The average particle size of the polymer particles is
not particularly limited. However, polymer particles having
a volume-average particle size of 0.01 to 15 pum, which are
produced by typical emulsion polymerization, suspension
polymerization, or the like, can be preferably used. The
volume-average particle size of the polymer particles may be
measured with, for example, a MICROTRAC UPA (manufactured by
NIKKISC Co., Ltd.).

The polymeric solid content in the polymer latex of the
present invention is not particularly limited as long as an
object of the present invention is achieved but is
preferably 10 to 55 percent by weight and more preferably 20
to 45 percent by weight. When the polymeric solid content
in the polymer latex is less than 10 percent by weight, a
large amount of water is necessary for reducing the solid
content from 30 to 40 percent by weight, which is a
polymeric solid content on completion of typical emulsion

polymerization or suspension polymerization, to less than 10




“drying and the weight of the polyner after drying. In the present

i nvention, the softening tenperature of the polyner in the polyner |atex
_is not particularly limted. However, the effect of suppressing secondary
aggregation, which is one of the objects of the present invention, tends
to significantly exhibit when the present inventionis applied to a

pol ymer | atex having a polynmer softening tenperature of 60C or |ess. From
this viewpoint, the present inventiop,is preferably applied to a polymer

| atex having a polyner softening tenperature of 60C or |ess. Such a

pol ymer | atex has the problem of secondary aggregation during production

by the known anulatlon 15 processes. Furthernore, fromthe

above- d&?éFﬁﬁgd Come esedddty i rifentliosdt iof igrsd Spiadfeary abl y

applied to a polyner Iatex havi ng a pol yner softening tenperature of 40C

or | ess LR IR PGS tyy INP5EaGR | eS8 ThE fdedr HS@Rt EnRSIYSTiA he term
polyner af t enin te at ur means heat i ng tenperature of an aqueous

suspensiol 90ﬁ?§F%nﬁg gp§$ g&“ﬁ&l}ﬁ&@xpﬁﬁH%§dé§9pﬁép

saltlng t technlque at mhlch th ent of . resultin
aggregateg 9B PvsS pRbt Perdd crda yi@&%i ﬁ c@ﬁ@nugfﬁhﬁﬂyﬂFq t han

wat er canpt f a ul at mer. particles pol ymer
softenlﬁg ?g%pgrgg%ﬁ% é%%eég%%ﬁéasggb ’tﬁ@'?@iEbﬁhﬁﬁsﬁét &ﬁ: First,

di al ysi §c8 %%1%%%10%a% el thigxﬂggmﬁ % I &% and P8£hexa%810f each

of the dialysis tubes are tle% e di al ysi s es are
the heat generation in polymerization is difficult to

control or scales are frequently produced in a
pelymerization tank. The poljmeric solid content in a
polymer latex can be measured by placing 0.5 g of the latex
in a hot air convection dryer at 120°C for 3 hours to
~volatilize moisture and then calculating the polymeric solid
content in the latex from the weight of the latex before
drying and the weight of the polymer after drying.

In the present invention, the softening temperature of
the polymer in the polymer latex is not particularly limited.
However, the effect of suppressing secondary aggregation,
which is one of the objects of the present invention, tends
to significantly exhibit when the present invention is
applied to a polymer latex having a polymer softening
temperature of 60°C or less. From this viewpoint, the
present invention is preferably applied to a polymer latex
having a polymer softening temperature of 60°C or less.

Such a polymer latex has the problem of secondary

aggregation during production by the known granulation




~inmmersed in an aqueous solution containing 3 percent by weight of calcium
chloride at a liquid tenperature of 1C for 8 hours to conplete the
. coagulation. As a result, tubular coagula are prepared. The resulting
tubul ar coagula are heated in hot water, for exanple, at 5Cto 60C with an
interval of 5C for 10 m nutes. The tubul ar coagul um heated at each
tenperature is dried in a hot air convection dryer to evaporate water. The
water content of each tubular coagulignis determ ned fromthe weight of
t he tubul ar coagul um before drying and the weight of the dried tubul ar
coagulum A tenperature at which the water content is at 16 least 5
percent by weight [ower than the water content of the unheated pol yner
parti cl &9 SFER-ned Vg heraasst vy fsiom $dfer ehavgtdemsaridtas e idwpding pr esent
invention, droplets of |atex sprayed or added dropwi se in a gas phase is
dr opped T8¢ PEESERto 1@TeddRdods Fivase regficgiabilng aprdiissertsam . A nain
pur pose of usi a dispersant in the present invention is to stah|
di spers?%egog'g'ﬁleé‘t SF AR Polomeesodicaiad Mrepsgirdaire Phdde C t her eby
suppressi_ng secaqndary aqggregation. 2gqnse uently, in the present invention,
even undér §°% & éré‘t"ug’gr 1@Tan n(ﬁ:quRAﬁi ‘the yield is generally
decreased drastjigally b econdary aggr a%ion,nco ulated | atex particles
havi ng a des?ﬁeéﬁgo %%%¥3§e%3§8n%§prchg Fz8 cBﬁﬁggeFe§8§§F8&n9n
extrenel gl yiekd, Lo the wn ranul ation processes, in order to
eMelottleg Y1-g st ey R ’

obt ai n Coagtlateg lapg% S %%%1ng %emperature of an agueous

suspension containing aggregated polymer particles prepared

by a salting-out technique at which the water content of the

resulting aggregated polymer particles is at least 5 percent

by weight lower than water content of unheated coagulated

polymer particles. The polymer softening temperature can be

measured by the following method: First, dialysis tubes are

each filled with a polymer latex and both ends of each of

the dialysis tubes are tied. The dialysis tubes are

immersed in an aqueous solution containing 3 percent by

welight of calcium chloride at a liquid temperature of 1°C

for 8 hours to complete the coagulation. As a result,

tubular coagula are prepared. The resulting tubular coagula

are heated in hot water, for example, at 5°C to 60°C with an

interval of 5°C for 10 minutes. The tubular coagulum heated

at each temperature is dried in a hot air convection dryer

to evaporate water. The water content of each tubular

coagulum is determined from the weight of the tubular

coagulum before drying and the weight of the dried tubular

coagulum. A temperature at which the water content is at




~particles having a desired particle size in high yield, it is inportant to
suppress both secondary aggregation and generation of fine particles.

. Therefore, it is essential to performan operation in a granulation
tenperature range (generally, from about polynmer softening tenperature to
a tenperature about 10C | ower than the polymer softening tenperature) in
whi ch both influences are mnimzed. In contrast, according to the present
invention, use of a dispersant can sjignificantly reduce the limt of the
high tenperature side of the granulation tenperature range, 17 thereby
provi di ng advant ages of inproving the operationality and suppressing the
generation of fine particles. Furthernore, with respect to polyner |latices
whi ch ha#é@st “pEeymsats it aifisdt dpparattdae dheo@asien swsrtentd ofhi ch are
hithert% difficult to granul ate, desired coagulated |latex particles can be

obt ai ned"en YSREALRA PHIYGR Y RALE iGids 18 dafidackfsertdeume 18R ti on.

Accordi ngly, the dispersant in the present invention is not particularly
Iinitedsgg¥ﬁgﬁ&gég ETF SFErsant has an effect of stably dispersing
coaaul ated | ehopyparisles seflered,an eaysays phess, Examples of the
non on! Gl AL, SIPROAY S 36 Al g e oG sy sgtant s and
hydr oxi ggrugﬁmnghta@%s%mtfafi%fﬂntgh% Wi o haty S35 STRGEAI digspersion
using a dispersant in the present invention is to stably
disperse the coagulated latex particles entered the aqueocus
phase, thereby suppressing secondary aggregation.
Consequently, in the present invention, even under a
temperature condition under which the yield is generally
decreased drastically by secondary aggregation, coagulated
latex particles having a desired volume-average particle
size can be recovered in extremely high yield. In the known
granulation processes, in order to obtain coagulated latex
particles having a desired particle size in high yield, it
is important to suppress both secondary aggregation and
generation of fine particles. Therefore, it is essential to
perform an operation in a granulation temperatﬁre range
(generally, from about polymer softening temperature to a
temperature about 10°C lower than the polymer softening
temperature) in which both influences are minimized. In
contrast, according to the present invention, use of a

dispersant can significantly reduce the limit of the high

temperature side of the granulation temperature range,




" coagul ated |l atex particles can be achi eved, nonionic polymer surfactants
and/ or anionic surfactants are preferred and anionic surfactants are npst

. preferably used. These nmay be appropriately used alone or in conbinations
of two or nore of the surfactants. The reason that anionic surfactants are
nost preferably wused is that when an aqueous suspensi on of coagul ated

| atex particles after coagulation is dehydrated by filtration,
filterability tends to be superior to;$4hat of the case where 18 other

di spersants are used. However, fromthe viewpoint that the secondary
aggregation is suppressed, there is no significant difference between use
of anionic surfactants and use of nonionic polyner surfactants or other

di sper s&MESSOYTRECAHG AT A aditepass aft dimpnesting mitee ey adricomidty
surfactants. Exanpl es of nonionic polynmer surfactants that can be used for
the abo¥®% FIPELE SSHAL S FFGTALE 181 ek insymaadisdes -conposed of a

conpoun a_mxture., ?Qtainin two or nore conpounds selected fromthe

Qr,
fol | owi RGEGFSERCT Sy Aipife & SERESEO LG MO Ih At idasy "usdhitav& ol y( vi nyl
al cohol ), acrylic.acid and s ) reof , cel ] ul os
| cohol °4§ﬂ G LA d E{t t f t hyl cel ] ul
ydr oxy ylcelTul"ose; , idone),
hyd t NIRRT 565 &t 1oy, Y YT AT
pol y(vi XEE.ﬁE¥?¥%E'é§fyl m de nd sul f onate ol ystyrepe._ . Anong t hese
conpoungl_s, f@r om the Vi evvptoit%t AT Sﬁceéf eecstlroef&j Cgotﬁ%ﬁé%tsei#:g‘astee&%ndary
aggregabh%%igﬁkﬂe%%npQ%g@b%%ﬂ%ehaﬁ%%extremely high yield under a
mild temperature condition.
Accordingly, the dispersant in the present invention is
not particularly limited as long as the dispersant has an
effect of stably dispersing coagulated latex particles
entered an agueous phase. Examples of the dispersant
include anionic surfactants, nonionic polymer surfactants,
nonionic surfactants, ampholytic surfactants, cationic
surfactants, and inorganic dispersants such as calcium
tertiary phosphate and magnesium hydroxide. BAmong these,
from the viewpoint that satisfactory dispersion stability of
coagulated latex particles can be achieved, nonionic polymer
surfactants and/or anicnic surfactants are preferred and
anionic surfactants are most preferably used. These may be
appropriately used alone or in combinations of two or more
of the surfactants.
The reason that anionic surfactants are most preferably
used is that when an aqueous suspension of coagulated latex
particles after coagulation is dehydrated by filtration,

filterability tends to be superior to that of the case where




" particles, partially saponified poly(vinyl alcohol), nethylcellulose,

hydr oxynmet hyl cel |l ul ose, and pol yal kyl ene oxides are preferred. Partially

. saponified poly(vinyl alcohol) can be nore preferably used. However, the

nonionic polyner surfactant is not limted to these. Exanples of anionic
surfactants that can be used for the above purpose include anionic
surfactants conposed of a conpound or a m xture containing two or nore
conpounds 19 selected fromthe followng group. Specific exanples of
anionic surfactants include carboxyl ates such as aliphatic

nonocar boxyl at es, pol yoxyet hyl ene al kyl ether carboxyl ates, N-alkyl
sarcosi nate, and N-acyl glutamate; sulfonates such as

di al kyl Qs FdEPREEed L saltkEn &1sed -f ofigeyeral freroltdls vieswcfigwat es, | near
al kyl benzene sul fonates, branched al kyl benzene sul fonates, napht hal ene

sul f onath -artortiﬁ FERYRLATYo RISTSAAE 104 Ky sappEesisese deTendise&o and
N-net hyl --N-acyl taurine salt; sulfate ester salts such as alkyl sulfate
esters, thg&}%‘lca th SEEPSCe LeTIfE s N ed esionis I igctardsSs and oi | s;
and phosphate ester salts. such as al kyl hosphat es, . pol yaoxyet hyl ene al kyl
et her p%%ggﬁlasteesqfeélnoduoﬁ&cyc& ?llfeﬁ%r%ﬁ‘%ﬂ"btﬁ%n% ‘é’f’ﬁ%}: gﬁ\égﬁﬁéﬁ"éE.S'Armng
t hese, r Vi I that .the effect. of suppressi ng secondary
aggregagﬁgﬁgggg%ée%%gggﬁ%kggggnﬁaféknﬁgr'%ﬁ%&?digohﬁﬁﬁpn' | f onat es,

sul f at e gstel+$alls, and phosphate ester salts are preferably used, and
sul f onat es an& sulfate ester salts are nore preferably used. Mre

speci ficall ypxgx8RLe8§£Ofonionic polymer surfactants that can be
used for the above purpose include nonionic polymer
surfactants composed of a compound or a mixture containing
two or more compounds selected from the following group.
Examples thereof include partially saponified poly{vinyl
alcohol}, polyacrylic acid and salts thereof,
methylcellulose, hydroxymethylcellulose,
hydroxyethylcellulose, poly(vinyl pyrrolidone),
poly(vinylimidazole), acrylamide, and sulfonated polystyrene.
Among these compounds, from the viewpoint of high effect of
suppressing secondary aggregation between coagulated latex
particles, partially saponified poly(vinyl alcohol),
methylcellulose, hydroxymethyl cellulose, and polyalkylene
oxides are preferred. Partially saponified poly(vinyl
alcohol) can be more preferably used. However, the nonionic
polymer surfactant is not limited to these.

Examples of anicnic surfactants that can be used for

the above purpose include anionic surfactants composed of a

compound or a mixture containing two or more compounds




~sulfonates and sulfate ester salts usable in the present invention
include, but are not limted to, sodium|lauryl sulfate, anmonium | auryl
_sul fate, sodi um dodecyl benzene sul fonate, and sodi um di octyl

sul fosucci nate. Wen these anionic surfactants are added to an aqueous
phase containing a divalent or higher inorganic salt serving as a

coagul ant, the anionic surfactants may be reacted with 20 the inorganic
salt to forma water-insoluble salt. However, even in such a case, the
ef fect of suppressing secondary aggregation between the coagul ated | at ex
particles is satisfactorily exhibited and thus the anionic surfactants
can be used for the purpose of the present invention. In the present

i nvent i &i¢ QQF?QxﬁﬁQﬁnthﬁ ﬁQk¥QN%ﬁkﬁ§éhﬂh |@Rﬁ¢kﬁ%@dﬂ§mﬂk%%<ﬂé preferably
0.001 to 10 parts more preferably 0.005 to 5 parts by melght
and nost?" lﬁﬂé&%%ﬁ aétﬂi% cﬂ?lplaﬂrea SHHRPRIIgHe s duh s tad e tiar t s

wei ght offgglynerl solid caontent in _a polyner |latex. Wen the content of

the di sf&FS&" tftﬁjeéi%lyﬁﬁ’seé:hysleqeesaslHﬁaﬁ@%?%—‘m’@lﬁ‘}%l ght
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alkylbenzene sulfonates, naphthalene sulfonate-formaldehyde
condensate, alkylnaphthalene sulfonates, and N-methyl-N-acyl
taurine salt; sulfate ester salts such as alkyl sulfate
esters, alcohol ethoxy sulfates, and sulfate ester salts of
fats and oils; and phosphate ester salts such as alkyl
phosphates, polyoxyethylene alkyl ether phosphates, and
polyoxyethylene alkylphenyl ether phosphates. Among these,
from the viewpoint that the effect of suppressing secondary
aggregation between coagulated latex particles is high,
sulfonates, sulfate ester salts, and phosphate ester salts
are preferably used, and sulfonates and sulfate ester salts
are more preferably used. More specifically, examples of
sulfonates and sulfate ester salts usable in the present
invention include, but are not limited to, sodium lauryl
sulfate, ammonium lauryl sulfate, sodium dodecylbenzene
sulfonate, and sodium dioctyl sulfosuccinate.
When these anionic surfactants are added to an agueous
phase containing a divalent or higher inorganic salt serving

as a coagulant, the anionic surfactants may be reacted with




" secondary aggregation of coagulated |atex particles can be suppressed, a

| ar ge anmobunt of dispersant remains in the recovered coagul ated | atex,

. wWhich may adversely affect the quality such as thermal stability. In the
present invention, a nethod for adding the dispersant is not particularly
limted. Exanples of the - 21 nethod includes a nethod in which a
predeterm ned anount of dispersant is previously added in an agueous phase
and a nethod in which a dispersant_igycontinuously added according to the
anount of spray or dropw se addition o? the polyner latex. It is
sufficient that when coagul ated |atex particles are dropped or fed into

t he aqueous phase, the _coagulated |latex particles are in contact with the
di sper safte IREEIYGe satlite tretlived ias widted-imigalditls tesd t .abdlasrevRaf er abl y,
in view of si.nple operation, an aqueous solution of the dispersant having
a predefdSH fdd SUShGeMassri dhs & [ SURPHEE 2N a@seidaBE t he net hod
is not limted, thereto. The concentration of the aqueous solution of

di sper s&F95SG2 G & BOrRIUHR YR détitex RAREiYRS IFurt hernore, in
(he PSSR JANEILIAY 030000 B LS 30] W o pol MIETcompound having 2
S b A G B e O T, e o ™
process and pAWHEE Lresent invention, the content of the dispersant

in an aqueous phase is preferably 0.001 to 10 parts by

weight, more preferably 0.005 to 5 parts by weight, and most

preferably 0.01 to 3 parts by weight relative to 100 parts

by weight of polymeric solid content in a polymer latex.

When the content of the dispersant in an agueous phase is

less than 0.001 parts by weight relative to 100 parts by

weight of the polymeric solid content, the effect of

providing dispersion stability to coagulated latex particles

is decreased. Consequently, the effect of suppressing

secondary aggregation tends to be difficult to be obtained.

On the other hand, when the content of the dispersant in an

agueous phase exceeds 10 parts by weight relative to 100

parts by weight of the polymeric soclid content, while

secondary aggregation of coagulated latex particles can be

suppressed, a large amount of dispersant remains in the

recovered coagulated latex, which may adversely affect the

quality such as thermal stability.

In the present invention, a method for adding the

dispersant is not particularly limited. Examples of the



~ characteristics such as bl ocking resistance and powder flowability. In the
present invention, the term"physical gel"” neans a gel containing physical
_crosslinking formed by hydrogen bonds, ionic bonds, or the formation of
chel ates between pol yner nol ecul es. The phrase "having a physical - 22

gel -form ng property” nmeans that a change froma viscous fluid (sol) to an
el astonmer (gel) can be visually observed when an operation for gelation,
for exanple, the addition of an ingrgfnic salt or acid or heating, is
performed to an aqueous solution containing only a water-sol uble polyner
conpound. The term "water-sol ubl e pol yner conmpound having a physical

gel -form ng property" is defined as a water-soluble polyner conpound

havi ng f‘]’?é?%é’&)\}élcéf‘-’@ﬁ@r By methedndtre Msisitule @nssiefremicmtheummirtaviing t he
physical ;. gel -form ng property usable in the present invention is not

part i culd&ﬂ%?q%aﬂq f BEIGY Sy Aieshove 35 Gsdriaopscahase aschisi ted. For

exanpl e ter-sol.ubl e pal yner conmpound conposed of a conpound or a
m xt ureh@%ﬁto Hinnéj"%t]wﬁgl Sr & T @8 i FeTE e R Usd 1 iBstaache dsindimiong gr oup

can, be, ¥5etng SRR hereel nclice int ead bl el gime T
A R e o LR B NV,
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coagulated latex particles are in contact with the
dispersant. Therefore, the method is not limited to the
above. Preferably, in view of simple operation, an aqueous
solution of the dispersant having a predetermined
concentration is prepared and is then used. But the method
is not limited thereto. The concentration of the agueous
solution of dispersant is, for example, 0.0l to 10 percent
by weight.

Furthermore, in the present invention, by adding a
water-soluble polymer compound having a physical gel-forming
property to the polymer latex, the production of more
satisfactory coagulated latex particles can be achieved from
the viewpoint of reduction in fine particles and coarse
particles in the granulation process and powder
characteristics such as blocking resistance and powder
flowability. 1In the present invention, the term "physical
gel" means a gel containing physical crosslinking formed by

hydrogen bonds, ionic bonds, or the formation of chelates

between polymer molecules. The phrase "having a physical




- present invention, anong these, carboxynethylcellul ose, water-soluble
alginic acid derivatives, and polyacrylic acid derivatives are nore
_preferable. Anmong these, water-soluble alginic acid derivatives are npst
preferably used. - 23 Exanples of the water-soluble alginic acid
derivatives include alginic acid, sodium al gi nate, potassium al gi nate,
and ammoni um al gi nate, but are not limted to these as long as the
derivatives have a property of form a physical gel by reacting with a
pol yval ent netal salt or an acid. The “ratio between mannuronic acid and
guluronic acid in the water-soluble alginic acid derivative is not
particularly Ilimted. However, a higher ratio of guluronic acid is

pr ef er alfied BOCAISE PHOPSBIUY't yesinsf dch@itng a&heings dadomgel vitsemdss t o

i ncrease.. Therefore, the ratio of guluronic acid in the water-soluble

al gi ni c fTd¢ild dépilvatioven slgeteman ((ggtl) Iceastbes Werednty Iopsseivgist and nore
preferably at |east 30 percent by weight. Al so, the nolecul ar weight of
the wat E8oRTHPESEELHEr oo msdditd ore péde MXE@IE t & calieldd tilstre e ts ol ubl e
al ginic _aci,d derivatives is naot particularly limted. In view of the
liquid PPan@PEPARRG SRdbety aRiG RF preedddd oS e Tapmedodia y@of a 1.0

percent _by wei ght ~agueous sql uti,on asured with a B-type visconeter is
preferaﬁﬁéefuéosﬁéygéﬁn ir; a&ﬁ&nﬁbpgﬁﬁkéf@ﬁ%ﬂ%f%?%ﬁ?%ﬁ(ﬁﬁ@yﬁﬁéé. A pur pose
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physical gel-forming property" is defined as a water-soluble
polymer compound having the above property.

The water-soluble polymer compound having the physical
gel-forming property usable in the present invention is not
particularly limited as long as the above property can be
exhibited. For example, a water-soluble polymer compound
composed of a compound or a mixture containing two or more
compounds selected from the following group can be used.
Examples thereof include water-soluble alginic acid
derivatives such as alginic acid, sodium alginate, potassium
alginate, and ammonium alginate;
hydroxyethylmethylcellulose; hydroxypropylmethylcellulose;
carboxymethylcellulose; agar; gelatin; carrageenan;
glucomannan; pectin; curdlan; gellan gum; and polyacrylic
acid derivatives. In order to achieve the object of the
present invention, among these, carboxymethylcellulose,
water-soluble alginic acid derivatives, and polyacrylic acid
derivatives are more preferable. BAmong these, water-soluble

alginic acid derivatives are most preferably used.




" is to inprove the shape retention of coagulated |atex particles during the
granul ation. The possi ble nechanismis as follows: Wen the pol yner |atex
.1s coagulated in a gas 24 phase, gelation of the water-soluble polyner
conpound proceeds at the sane tinme. Thereby, on the surfaces of | atex
droplets, a gel filmis fornmed in conpetition with the coagulation of the
polymer latex. As a result, the mnmechanical strength of the surfaces of the
| at ex droplets increases, thus suppr§§sing a phenonenon that the shape of
the coagul ated | atex particles is changed to an irregular shape by an
i npact when the coagul ated | atex particles enter a |liquid-phase fromthe
gas phase, and suppressing the generation of fine particles due to
breaki ng of &&agul&ce@f lacexaparticclebleThdodmyic leédr deulitvviang vesagul at ed
particles have a spherical shape and the generation of fine particles can
be suppré$déife AlGBrdichdiaid pemddum cHarinater i Retessiveh agisiaieki ng
resi stance and powder _ flowability can be further inproved. The content of
the wat &% AHAE PBhiaktEmadShmpiitd 21savidy 1ime i) dic dihaga Forkang
propert i% theeﬁpes nt invention is not particularly limted as |ong as
the obj &8t 1§t 4 Hied&m Narest FOPREFT b adinBhie HRACak s t he
above- descri bed .vi e int, the cantent is preferably 0.01 to 3.0 parts by
wei ght , %iorreeaf):&ejfngr aj1oc>;1 ¢ FP YT AL by Ve Yhe? B cul ¥ y
preferably ;0 %%t%%l Jn[% rts wei.ght, . and nost, pref.erably 0.1 to 1.5
parts byaméight ree% i@%%ﬁgoﬂ@% acfH1and g&iuronlé)a01é in “the

water-soluble alginic acid derivative is not particularly

limited. However, a higher ratio of guluronic acid is

- preferable because the ability of forming a physical gel

tends to increase. Therefore, the ratio of guluronic acid

in the water-soluble alginic acid derivative is generally at

least 5 percent by weight and more preferably at least 30

percent by weight.

Alsc, the molecular weight of the water-soluble polymer
compound represented by the above water-soluble alginic acid
derivatives is not particularly limited. In view of the
liquid transferring property during production, the
viscosity of a 1.0 percent by weight aqueous solution
measured with a B-type viscometer is preferably 2 to 22,000
mPa-s and more preferably 2 to 1,000 mPa-s.

A purpose of adding a water-soluble polymer compound
having the physical gel-forming property to a polymer latex
is to improve the shape retention of coagulated latex
particles during the granulation. The possible mechanism is

as follows: When the polymer latex is coagulated in a gas




100 parts by weight of the polyneric solid content in a polyner |atex.
When the content of the water-soluble 25 polynmer conpound having the

. physical gel-formng property in the present invention is |less than 0.01
parts by weight relative to 100 parts by weight of the polyneric solid
content in the polyner latex, a gel filmdue to the water- sol ubl e pol yner
conpound is not sufficiently forned on the surfaces of |atex droplets
sprayed or added dropwise in a gas_ p Ase. Consequently, by an inpact when
coagul ated latex particles enter a |Tquid-phase, the shape of the
particles easily becones irregular and fine particles are easily
produced. Thus, it may be difficult to obtain a powder having satisfactory
powder BGSErt i9ed atdent o dihige wattamdsolwidre tHvd yoemt enmpafurtche

wat er - sol ubl e pol ynmer conpound having the physical gel-formng property
exceeds PFOFSF&St €€ prewsiagit timg.-ar Joemedunt aof thebstmfesaterdived fromt he

vvater-scil uble polynmer remains in the recovered coagulated |atex particles.
I'n such é‘tﬁéfsé‘,mﬂ%r@t&ua@i O lsddimd-s diesmesl igt svmpiet) emdaittd Bde
degr aded. _Furt her rmr%_,a: h vi scosity of the m xed | atex increases, which
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the coagulated latex particles is changed to an irregular
shape by an impact when the coagulated latex particles enter
a liquid-phase from the gas phase, and suppressing the
generation of fine particles due to breaking of coagulated
latex particles. Thereby, the resulting coagulated
particles have a spherical shape and the generation of fine
particles can be suppressed. Accordingly, powder
characteristics such as blocking resistance and powder
flowability can be further improved.
The content of the water-soluble polymer compound
having the physical gel-forming property in the present
invention is not particularly limited as long as the object
of the present invention can be achieved. However, from the
above-described viewpoint, the content is preferably 0.01 to
3.0 parts by weight, more preferably 0.01 to 1.8 parts by
weight, particularly preferably 0.05 to 1.8 parts by weight,
and most preferably 0.1 to 1.5 parts by weight relative to

100 parts by weight of the polymeric solid content in a

polymer latex. When the content of the water-soluble



~the mixed latex to an aqueous solution containing at |least 26 one al kaline
earth netal as a process for granulating a rubbery polyner latex that is
extrenmely difficult to recover in a particle form According to the
description of this process, at least 2.0 parts by weight and preferably
4.0 parts by weight of the high-nol ecul ar-wei ght pol yani on nust be added
relative to 100 parts by weight of the polyneric solid content in the
rubber latex. The follow ngs are descyibed as the nain reasons. (1) Wen
the content of the high-nol ecul ar-weight polyanion is less than 2 parts by
wei ght, the sealing effect of the rubber by a film(gel) of an al kaline
earth netal salt of the high-nol ecul ar-wei ght pol yanion is not

suf fi ci RRLYEY COMROWS dmsying diha mhye deal |grtlexEémmibed quropdrt y dge of
1,000 to 3,000 nPas, which is the nost preferable range, and the shape of
the rubbél® RESHRAHgdd Hentian i¥s epparthampe by parisgactwed@it t he ni xed

| atex draplets enter. a |iquid-phase froma gas phase. In contrast,

accor di dg 1t 1 dEhPaThemy offidverPt iHh RMemRk@ntoloid t he _
ot 1 ol ST T e RE Pork At 7 (9 TR R 59 BeCP (TR o, for
100 par (X VBRI (R EEOI et ool FRERY PP WG Bl ol | at o,
coagul ats‘:{f}éa%e%x ofairatﬂle%i &d afLVeitn§ sspi%.la!féc?cérorachPeoc\(\chrrop%io eerjt[ri eaS can be

gas phase. Consequently, by an impact when coagulated latex

particles enter a liquid-phase, the shape of the particles

easily becomes irregular and fine particles are easily

produced. Thus, it may be difficult to obtain a powder

having satisfactory powder properties. On the other hand,

‘when the content of the water-soluble polymer compound

having the physical gel-forming property exceeds 3.0 parts

by weight, a large amount of substance derived from the

water-soluble polymer remains in the recovered coagulated

latex particles. 1In such a case, the quality such as

thermal stability tends to be degraded. Furthermore, the

viscosity of the mixed latex increases, which may result in

a difficulty in handleability such as the liquid

transferring property.

Japanese Unexamined Patent Application Publication No.

52-37987 discloses a process of adding a high-molecular-

weight polyanion having a carboxyl group and/or a hydroxyl

group in its molecule to a rubber latex, and adding dropwise

the mixed latex to an aqueous solution containing at least




" - 27 produced. This is probably based on the follow ng: Both the

coagul ation of the polyner latex and the formation of a gel film proceed

. in a gas phase, thereby suppressing the phenonenon that the shape of the

| at ex droplets (coagulated |atex particles) is changed to an irregul ar
shape by an inpact when the latex droplets enter a |iquid-phase fromthe
gas phase and suppressing the generation of fine particles by the inpact.
Thus, the above properties can be achigved. The viscosity of polyner |atex
containing a water-soluble polyner conpound having the physical

gel -formng property in the present invention is not particularly limted.
In general, however, a polyner |atex having a viscosity of even |ess than
200 nPa®TCatlFé ldms icdd tho i@ lprags enPranss® ifer  gMarhdutt imoolel em  Thus,

t he presen&ﬁjnvention is essentially different fromthe above-described

t echni qFe R hPH YIS liateeddet d'st wetyiemedsi i fdiqulti sted emoderal | ows

the spherical shape %; the particles to be maintained against collisions
on the Mgdi &3 et he present invention, a nethod for adding a
wat er - sol ubl e pol.yner conpound havi ng t he physical gel-formng roperty
to the polynéchﬁgngigon epﬁ??FEﬁPEEP? Pnithed. PrREESExafpl €S28R aqueous
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to 100 parts by weight of the polymeric solid content in the

rubber latex. The followings are described as the main

reasons. (I) When the content of the high-molecular-weight

polyanion is less than 2 parts by weight, the sealing effect

of the rubber by a film (gel) of an alkaline earth metal

salt of the high-molecular-weight polyanion is not

sufficient. (IT) The viscosity of the mixed latex is below

the range of 1,000 to 3,000 mPa*s, which is the most

preferable range, and the shape of the rubber is changed to

an irregular shape by an impact when the mixed latex

droplets enter a liquid—phase from a gas phase.

In contrast, according to the present invention, even

when the content of the water-soluble polymer compound

having the physical gel-forming property is extremely

smaller than the content in the above-described invention,

for example, even when the content is 0.01 to 1.8 parts by

weight relative to 100 parts by weight of the polymeric

solid content in the polymer latex, coagulated latex

particles having satisfactory powder properties can be




~ preferabl e because of the sinple and easy operation. However, the nethod
is not limted thereto. For exanple, a predeterm ned anount of

. wat er-sol ubl e pol ymer conpound in the form of aqueous sol ution or powder
may be added to a polyner latex all together or continuously before or in
the course of polynerization or the like as long as an adverse effect in
pol yneri zati on process, for exanple, gelation is not caused. \Wen a
wat er - sol ubl e pol ymer conpound in the i,oLm of aqueous solution is added to
a polynmer |atex, the concentration of the aqueous solution of the

wat er - sol ubl e pol ymer conpound is preferably, for exanple, 0.01 to 10
percent by wei ght. \Wen the concentration of the aqueous solution of the
wat er - sELHBIUESsh] y iYLl cdrfpdunsdpabsl y dsssacham the If plerwaintg by Budilght, a

| ar ge anmpunt of aqueous solution nust be added to the polymer latex in
order t&FSIFORIYREd@Neaf Hd¢ e hflatrx v rths| fina thohy s & onpound,
and thus the .l oad of wastewater treatnent tends to increase. On the other
hand, Tt HFESREAToR deSaqidoiy R TRRb P WIPRGFs M dhssol ubl e

pol VT SRS PSR A0 RRLeent e veLal  Lhe v scpsl Ly of, Lhe
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gas phase and suppressing the generation of fine particles
by the impact. Thus, the above properties can be achieved.
The viscosity of polymer latex containing a water-soluble
polymer compound having the physical gel-forming property in
the present invention is not particularly limited. 1In
general, however, a polymer latex having a viscosity of even
less than 200 mPa-s can be applied to the present invention
without problem. Thus, the present invention is essentially
different from the above-described technique in which the
increase in the viscosity of a mixed latex allows the
spherical shape of the particles to be maintained against
collisions on the liquid surface.

In the present invention, a method for adding a water-
soluble polymer compound having the physical gel-forming
property to the polymer latex is not particularly limited.

For example, an aqueous solution of the water-soluble
polymer compound may be separately prepared and a

predetermined amount of the aqueous solution may be added to

a polymer latex after polymerization. This method is




" and then stirring or mxing the whole for about a few minutes. In the

present invention, the polynmer |atex containing a water-soluble polyner

. conpound havi ng the physical gel- formng property (hereinafter also

referred to as mxed latex) is sprayed or added dropwi se into a gas phase
and coagul ation can proceed in the gas phase while the shape of the
droplets in this state is maintained. The size of droplets when the m xed

| atex is sprayed or added dropw se _ By be freely controlled according to
the supply formof dried particles, T.e., a product. The vol une-average
droplet size is generally 50 pmto 5 mm and preferably 75 pm to 3 nm The
size of droplets when the m xed latex is sprayed or added dropw se can be
i ndi r ec5p 1 Begamype wdadde igrrHe \voldimesay ersga tpant.i cl e si ze of
resulting coagulated |latex particles with a M CROTRAC FRA- SVRSC

( manuf adPHEdE thy tREKRESOCS 18 ok Limifachahsmedent iFoemiagmpleha ni xed

| at ex sgfayed or ., added dropwi se in a gas phase is brought into contact
with a PEERGUIEIRENESp ARG odGhedristd WHe Palemedo ceimasind ddgul at e t he
| atex and is then dropped or fed.into an agueous phase containing a
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effect in polymerization process, for example, gelation is

not caused.

When a water-soluble polymer compound in the form of
aqueous solution is added to a polymer latex, the
concentration of the aquecus solution of the water-soluble
polymer compound is preferably, for example, 0.01 to 10
percent by weight. When the concentration of the aqueous
solution of the water-soluble polymer compound is less than
0.01 percent by weight, a large amount of aqueous solution
must be added to the polymer latex in order to add a
predetermined amount of the water-soluble polymer compound,
and thus the load of wastewater treatment tends to increase.
.On the other hand, when the concentration of aqueous
solution of the water-soluble polymer compound exceeds 10
percent by weight, the viscosity of the aqueous solution of
the water-soluble polymer compound is increased. In such a
case, the operationality may be impaired. The mixing
operation of the polymer latex and the water-soluble polymer

compound is easily performed by adding an aqueous solution




such as sodi um chl ori de, potassiumchloride, lithium chloride, sodium
brom de, potassium bromde, |ithiumbrom de, potassiumiodide, |ithium
. 1 odi de, potassium sulfate, ammni um sul fate, sodium sul fate, ammoni um
chloride, sodium nitrate, potassiumnitrate, calciumchloride, ferrous
sul fate, magnesium sul fate, zinc sulfate, copper sulfate, cadmumsulfate,
barium chloride, ferrous chloride, magnesiumchloride, ferric chloride,
ferric sulfate, alum num sulfate, po% ssiumalum and iron alum aqueous
solutions of inorganic acids such as hydrochloric acid, sulfuric acid,
nitric acid, and phosphoric acid; organic acids such as acetic acid and
formc acid _and aqueous solutions of the organic acids; agqueous sol utions
of orgaffc thecid e sl o st mammune®, te dile wnlatetmtle tesodi um
f or mat e, d.calciumformate; and al cohol solutions of inorganic salts or
organi ¢ dey T IRst IS g Uttibenghadie Soni et or ifds  anmoni um
chl oride,, sqodi um brom de, sodiumiodide, potassiumiodi de, nmagnesi um
chl ori d&¢&%S-'um chl oride, bariumchloride, magnesi um sul fate, zinc
sul f at e, cogger sul fate, .acetic acid,Fgr form c acid, and et hanol

sol utions of “SodinPERSEFTde VSBELGRY bEBRI 881YEGH dmtiesdrgBta1péPassi um
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latex) is sprayed or added dropwise into a gas phase and

coagulation can proceed in the gas phase while the shape of

the droplets in this state is maintained. The size of

droplets when the mixed latex is sprayed or added dropwise

may be freely controlled according to the supply form of

dried particles, i1.e., a product. The volume-average

droplet size is generally 50 pm to 5 mm and preferably 75 Hm

to 3 mm. The size of droplets when the mixed latex is

sprayed or added dropwise can be indirectly determined by

measuring the volume-~average particle size of resulting

coagulated latex particles with a MICROTRAC FRA-SVRSC

(manufactured by NIKKISO Co., Ltd.).

In the present invention, the mixed latex sprayed or

added dropwise in a gas phase is brought into contact with a

coagulant capable of coagulating the latex so as to

coagulate the latex and is then dropped or fed into an

.aqueous phase containing a dispersant. The coagulant usable

in the present invention should be a substance having both

properties of coagulating the polymer latex and causing a




"~ sulfate, amoniumchloride, calciumchloride, ferrous sulfate, nagnesium
sulfate, zinc sulfate, copper sulfate, cadm um sulfate, barium chloride,
. ferrous chloride, magnesiumchloride, ferric chloride, ferric sulfate,
al um num sul fate, potassiumalum and iron alum aqueous solutions of
i norgani c acids such as hydrochloric acid, sulfuric acid, nitric acid, and
phosphoric acid; and organic acids such as acetic acid and formc acid and
aqueous sol utions of the organic acigs can be preferably used alone or in
conbi nati ons of two or nore of the coagulants in an aerosol form In the
present invention, when a water-soluble alginic acid derivative is used as
t he wat er - sol ubl etpol ymer conpound having the physical gel-formng
pr oper t Yelediorumt dieomadertsodibls aglfvameay, damrousi.chiEgampd,es arfri c
chloride, ferric sulfate, alum numsulfate, or the |ike can be suitably
used as e coGg Rt Pgdindengugens) Sod uwhiansofof dmagigandg @Sadttiong
physi cal %(qu . _Anon the?’1 , _cal cium_ chloride can be nore suitably used. The
amount 6P Co&GulPEt Wy dHiatd Sgge ot assiam chlqdigini didhiumand/ or aci d,
used isCr11l t n%cessaar'.ll%[fl imte but is {)referabl_g 0.2.t0,20 parts by
wei ght &ndfore 32 Cif“r I, PR B YA PECBYGei ghthiwrabPrevids: 100
parts i f t.he pqgl.yneric.sol.id content .in th ol ymer | atex. When
the ano nfc\gt%fsq(h}%)nagl?ldalne’( 3&1 BING A e'u?é)(jfaissﬂ%sséﬁrfl%iﬁ'o. 2 parts by
wei ght %ﬁhﬁhﬁﬁﬁ.E%l%%%ega%%%i%%Asulfate, ammonium chloride, sodium

nitrate, potassium nitrate, calcium chloride, ferrous

sulfate, magnesium sulfate, zinc sulfate, copper sulfate,

cadmium sulfate, barium chloride, ferrous chloride,

magnesium chloride, ferric chloride, ferric sulfate,

aluminum sulfate, potassium alum, and iron alum; aqueous

solutions of inorganic acids such as hydrochloric acid,

sulfuric acid, nitric acid, and phosphoric acid; organic

acids such as acetic acid and formic acid and aqueous

solutions cof the organic acids; aqueous solutions of organic

acid salts such as sodium acetate, calcium acetate, sodium

formate, and calcium formate; and alcohol solutions of

inorganic salts or organic acids such as methanol solutions

of sodium chloride, ammonium chloride, sodium bromide,

sodium iodide, potassium iodide, magnesium chloride, calcium

chloride, barium chloride, magnesium sulfate, zinc sulfate,

copper sulfate, acetic acild, or formic acid, and ethanol

solutions of sodium chloride, sodium bromide, sodium icdide,

potassium iodide, magnesium chloride, calcium chloride,

ferric chloride, acetic acid, or formic acid, which may be




- weight of the polyneric solid content in the polyner latex, the |atex may
be coagul ated insufficiently. On the other hand, when the anount of
. coagul ant (gelling agent) used exceeds 20 parts by weight, the coagul ation
property is not affected but the amount of coagulant (gelling agent) in
wast ewat er increases and thus the | oad of wastewater treatnent tends to
i ncrease. Exanples of a nethod for contacting the mxed latex wth the
coagul ant (gelling agent) in the presgpt_invention include, but are not
limted to, a nmethod of continuously spraying or adding dropw se droplets
of the mxed latex into a coagul able gas phase atnosphere in which a
predeterm ned . anount of an aqueous solution of the coagulant (gelling
agent) “SSORLFFoRH yHs roaEdati ong dey cybladrsanl theus. bdmwginng the mi xed
| atex into contact with the coagulant (gelling agent). The state "aerosol
formt i $FGE AR SN HioHS &F d9 s iss sHE drostess @aslivm a ni st
form buf.P %r ogi ets Q{ﬁthe di spersing coagul ant preferably have a
vol ume- &VerrAde SsaPatasS 13 SO Te 96 ARMARiHM |51 kiied Sor sS6HUm nvent i on, an
aqueous nsiqn of . coaqul at.ed | atex particles prepared by conpleting 33
gr anul atsl%%%%encfy HE i EH e Cgl;lc?&lﬂiieng qagtcﬁé’élh Csrblotrlﬁ?é%' EFFTEOVE ati on bet ween
pol ymer pardicl eg jpd cQa ted_.latex particles is ac&el erated by the
heat treatment.’ Rﬁ?ﬁ?&?‘é‘ﬁ“ tsﬁlg%lﬁ%ﬁér T ¢ f%ttl?e tEhpETa &Hfi ng t he
heat taabTRAl dud f1Q%, PHRLIGH Abhb,9%, #9908 ¥ dNgNeat

magnesium chloride, ferric chloride, ferric sulfate,

aluminum sulfate, potassium alum, and iron alum; aqueous

solutions of inorganic acids such as hydrochloric acid,

sulfuric acid, nitric acid, and phosphoric acid; and organic

acids such as acetic acid and formic acid and agueous

solutions of the organic acids can be preferably used alone

or in combinations of two or more of the coagulants in an

aerosol form.

In the present invention, when a water-soluble alginic

acid derivative is used as the water-soluble polymer

compound having the physical gel-forming property, calcium

chloride, ferrous sulfate, ferrous chloride, ferric chloride,

ferric sulfate, aluminum sulfate, or the like can be

suitably used as the coagulant (gelling agent) in view of

obtaining a strong physical gel. BAmong these, calecium

chloride can be more suitably used.

The amount of coagulant (gelling agent), i.e.,

inorganic salt and/or acid, used is not necessarily limited

but is preferably 0.2 to 20 parts by weight and more




“treatnent tenperature is preferably up to 120Cin view of its easy
operation. Thereby, the nechanical strength of the coagul ated | atex

. particles further increases and, in addition, the water content decreases.
When the granulation is perfornmed at a tenperature higher than the pol yner
softening tenperature, this treatnment need not be perforned in some cases
because the sane effect as that in the above heat treatnent can be
achieved in the granulation process. 34n_the heat treatnent, a treatnent
for preventing aggloneration nay be perfornmed in order to suppress
aggregation between particles during heating and during drying (or after
drying). Subsequently dehydratl ng and drying operations are carried out
accor di BFe6rebivedt o8l Lrebinsds b%ﬂ@l%glﬂ-]@ttédfq drexd Q¥amaindises of the
present _i nventi on can_be recovered |n powder form In the process for
produci g @@&@ﬂtatoéd ther @ lymaniq e¢ 16# Qg Spte déntthiene sy, accor di ng

t o need, dltlx\ﬁs? %5 as an antioxidant, a heat stabilizer, an
ul t ravi o0& =abs GRGHEY CTafoawy e | (edddmy agenta uasd dént 34

ot esont %PﬁLS%?{a%%%'-%?@%&g%ﬁ%ﬁeps R 1R aX Pt o
2532222“%?- e SR ER 'aéixpﬁf”' Snﬁreé’%ual 1y B YRR et SArnvent | on
can exhighit 1an exgell gt gf dﬁ%ﬁé@&”lﬂﬁ%%%f%ien€1y. On the other

hand, when the amount of coagulant (gelling agent) used

exceeds 20 parts by weight, the coagulation property is not

affected but the amount of coagulant (gelling agent) in

wastewater increases and thus the load of wastewater

treatment tends to increase.

Examples of a method for contacting the mixed latex
with the coagulant (gelling agent) in the present invention
include, but are not limited to, a method of continuously
spraying or adding dropwise droplets of the mixed latex into
a coagulable gas phase atmosphere in which a predetermined
amount of an aqueous solution of the coagulant (gelling
agent) is continuously sprayed in an aerosol form, thus
bringing the mixed latex into contact with the coagulant
(gelling agent). The state "aerosol form"™ is not
particularly limited as long as the droplets are in a mist
form, but droplets of the dispersing coagulant preferably
have a volume-average particle size of 0.01 to 10 pm.

In the present invention, an aqueous suspension of

coagulated latex particles prepared by completing




~exanple, an inpact nodifier for thernoplastic resins such as vinyl
chloride resins, (neth)acrylic resins, styrene resins, carbonate resins,
~am de resins, ester resins, and olefin resins and thernosetting resins
such as phenolic resins, epoxy resins, unsaturated ester resins, urea
resins, and nelamne resins. EXAMPLES The present invention will now be
described in further detail on the basis of exanples, but the present
invention is not limted to these exagples. (Measurenent of polyner
softening tenperature) A polynmer latex (15 g) was charged in each dialysis
tube (Spectral/Por 4, MACO 12, 000-14,000, 916 mm x 25 mm x 30 nm
manuf act ured by Funakoshi Co., Ltd.) of which one end was tied, and

anot her e idremani e deateat adwmiialy dics neegheschashat sausage shape.
The dlaIyS|s tubes were immersed in 3,000 g of an aqueous sol ution

cont ai nid¥y PMsERdaen thfgmohﬂnﬁﬂalmnrm@msomrdé:m crddujuted enper at ur e
of 1C for 8 hours to conplete the coagul ation. Thus, tubular 35 coagula
are preﬁéﬁ@&iPﬂﬁ?%@%ﬁﬂt%%u?QQﬂiﬂEﬁtﬁﬁ) thende@t Hewmagdnant-hot water at 5C
to 60C w an |ncrenent of 5C for 10 m nutes. Each heated tubul ar

coagul u#l]&thoé%h hee Pt driditaL farihed tempenrdiurg ([duegmedhicodedityer at

100C %r 12 hours to evaporate water. The water content was determ ned by
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Lreatment temperature is preferably up to 120°C in view of
its easy operation. Thereby, the mechanical strength of the
coagulated latex particles further increases and, in
addition, the water content decreases. When the granulation
is performed at a temperature higher than the polymer
softening temperature, this treatment need not be performed
in some cases because the same effect as that in the above
heat treatment can be achieved in the granulation process.
In the heat treatment, a treatment for preventing
agglomeration may be performed in order to suppress

- aggregation between particles during heating and during
drying (or.after drying).

Subsequently, dehydrating and drying operations are
carried out according to conventional methods. Thus
coagulated latex particles of the present invention can be
recovered in a powder form.

In the process for producing coagulated latex particles
of the present invention, according to need, additives such
as an antioxidant, a heat stabilizer, an ultraviolet

absorber, a pigment, an antistatic agent, and a lubricant



~wherein WA represents the weight of the tubular coagulum before drying and
W represents the weight of the dried tubular coagulum A tenperature at
~which the water content was at |east 5 percent by weight |ower than the
wat er content of unheated polyner particles was defined as the polyner
softening tenperature. Wth respect to polyner latices in which the water
content of the tubul ar coagul umwas drastically decreased while
coagul ati on was performed with the gqy§qys solution of calciumchloride at
a liquid tenperature of 1C and the water content was no | onger decreased
at least 5 percent by weight in hot water at not |less than 5C for 10

m nutes, the polyner softening tenperature was defined as 0OC or | ower.

( Measur @dshtoepfapnnee partdlot edssnt dm arfhe tpars il elsi zerathsttriidsut i on of
coagul ated latex particles in a suspension prepared in each exanple and
each c&FEPECES W& Shnpresins ngwsitddmwi thrm eMaORIFRAC FRATBVRSBE ©
(manufactured by N KKISO Co., Ltd.). The fine particle 36 content (percent
by wei gH3teRasdTdétre AU S rorRReie iceumfl siqami Yatafldrdie Warsfig@s i cl es
having a.di aneter of |ess than 50 pm (Measurenent of coarse particle

cont ent PPAREFe ARG ST LAY AP A HEF St ent : about 10 percent by

wei ght) cont articles prepared in each exanple and

| ning_co | at ed | at ex
each conpara?b?ecgigﬁggge&a aLGBj BEFE4CLES BGePL6RS Pht FA8i BRSRPPR an
aSp'rat%&Ve%%Q%%Q%%glé§hfﬂy% an excellent effect when used as, for

example, an impact modifier for thermoplastic resins such as
vinyl chloride resins, (meth)acrylic resins, styrene resins,
carbonate resins, amide resins, ester resins, and olefin
resins and thermosetting resins such as phenolic resins,
epoxy resins, unsaturated ester resins, urea resins, and
melamine resins.

EXAMPLES

The present invention will now be described in further
detail on the basis of exampies, but the present invention
is not limited to these examples.

(Measurement of polymer softening temperature)

A polymer latex (15 g) was charged in each dialysis
tube {(Spectra/Por 4, MWCO 12,000-14,000, ¢16 mm x 25 mm x 30
mm, manufactured by Funakoshi Co., Ltd.) of which one end
was tied, and another end was then tied so that the dialysis
tube has a sausage shape. The dialysis tubes were immersed
in 3,000 g of an aqueous solution containing 3 percent by
weight of calcium chloride at a liquid temperature of 1°C

for 8 hours to complete the coagulation. Thus, tubular



" dehydrated resin was recovered and dried at 50C for 24 hours in a hot air
convection dryer to evaporate water. The resulting dried particles were
classified wwth a 16-nesh sieve. The coarse particle content (percent by
wei ght) was determ ned by the follow ng (equation 2): Coarse particle
content (%9 =[(W)/(W + W)] x 100 (equation 2) wherein W represents
the weight of the dried particles remaining on the 16-nmesh sieve and W2
represents the weight of the dried ticles passing through the 16-nesh
sieve. (Ratio of recovery of coagulated |atex particles) In coagul ated

| atex particles prepared in each exanple and each conparative exanple, a
ratio (%9 of recovery of coagulated |atex particles was determ ned from
the cusdiagtilee afeegprereyed.(f iThe pasuildieg dntteritar Waaguiei gletre)  of
particles having a dianmeter of |ess than 50 pm the particles being
nmeasur e@SRtER e hAtCRETRACAERA-"SVIRSC €97 C (wiufagc timcamisy tNIHKISSG Co. |
Ltd.), and the weight (coarse particle content (% by weight)) of dried
particl 9T dfafHitngeSon Fard hesireg dwbuHar qoagilumpfateleasd fying t he
dried 1%arti cles with the 16-nesh sieve by the follow ng (equation 3)

Rati o ofSFBEGFEMF S By Ardicghef 2 D¢ Al seyadtiare drgsh et 1R 15y

et Aioe 1Y RO USSR LY, RN LR Png B ook N

determined by eguation 1:

Water content (%) = [(Wa —.Wb)/Wa] x 100 (equation 1)
wherein Wa represents the weight of the tubular coagulum
before drying and Wb represents the weight of the dried
tubular coagulum. A temperature at which the water content
was at least 5 percent by weight lower than the water
content of unheated polymer particles was defined as the
polymer softening temperature.

With respect to polymer latices in which the water
content of the tubular coagulum was drastically decreased
while coagulation was performed with the aqueous solution of
calcium chloride at a liquid temperature of 1°C and the
water content was no longer decreased at least 5 percent by
weight in hot water at not less than 5°C for 10 minutes, the
polymer softening temperature was defined as 0°C or lower.

(Measurement of fine particle content)

The particle size distribution of coagulated latex
particles in a suspension prepared in each example and each
comparative example was measured with a MICROTRAC FRA-SVRSC

(manufactured by NIKKISO Co., Ltd.). The fine particle



Dried particles (30 g) (drying condition: 50C x 12 hours; sieve: 16-nesh
pass) of coagulated |latex particles prepared in each exanple and each
_conmparative exanple were placed in a cylindrical container with a dianmeter
of 5 cm and a load of 0.3 kg/cn2 was applied at 60C. The particles were
kept in a thernostatic chanber at 60C for 2 hours while the |oad was
appl i ed. Subsequently, the particles were left to cool at 25C for 2 hours
to prepare a block. The coll apse r_até'é) of the resulting block was neasured
with a powder tester PT-R (nmanufactured by Hosokawa M cron Corporation)
by applying a vibration for 60 seconds wwth a vibration strength of 2.2
and an openi ng of sieve mesh of 750 m The collapse ratio of the block was
det er m FEAUNT t(pericentoivnyefialiiat ivers 4det e@olilngps & noat ithe( %) = [(WB -
W) /WB] x 100 (equation 4) wherein WB represents the weight of the block
bef or e CHEVIBLiVichAaEidssrnard (W odpragddad ashdamdinghte ofiamed eyl ouk
remai ni n% on the sieve after the vibration. In the evaluation, a powder
havi ng &5681 IF85% 2Patfo of 90% or nore was eval uated as excellent, a
powder havi n? a coll agse ratio of 80% or _nore and | ess than 90% was
eval uat ed as ‘JoBEUrEBBIBE HAGFAG BR2EGLFAFSECRAENE) of 60% or nore and
| ess than 80% was_eval uat g fair, and a owder havi ng col l apse ratio
of |ess thanZ{66b}§R§]§5189a? aﬁ@B gg 688?.“1( ?Pgﬁﬁﬁitl:i ?poPﬁdﬂgeEEGFeBGWder)
by weight) containing coagulated latex particles prepared in
each example and each comparative example was subjected to
suction filtration with an aspirator. Subsequently, the
dehydrated resin was recovered and dried at 50°C for 24
hours in a hot air convection dryer to evaporate water. The
resulting dried particles were classified with a 16-mesh
sieve. The coarse particle content (percent by weight) was
determined by the following (equation 2):
Coarse particle content (%) = [(W1)/ (W1l + W2)] x 100
(equation 2)
wherein W1 represents the weight of the dried particles
remaining on the 16-mesh sieve and W2 represents the weight
of the dried particles passing through the 16-mesh sieve.
(Ratio of recovery of coagulated latex particles)
In coagulated latex particles prepared in each example
and each comparative example, a ratio (%) of recovery of
coagulated latex particles was determined from the
cumulative frequency % (fine particle content (% by weight))

of particles having a diameter of less than 50 um, the

particles being measured with the MICROTRAC FRA-SVRSC



" Angl e of repose, angle of fall, angle of spatula, aerated bulk density,
packed bul k density, cohesion, dispersity, angle of difference,
_conpressibility, and wuniformty of dried particles (drying condition: 50C
X 12 hours; sieve: 16-nmesh pass) of coagulated |atex particles prepared in
each exanpl e and each conparative exanple were neasured wth a powder
tester PT-R (manufactured by Hosokawa M cron Corporation) in accordance
with the Carr's nmethod for evaluati flowability (Chem cal Engi neering,
1965, Vol. 18, pp. 163-168). The d'eg‘?gzee_ of flowability was determ ned from
the resulting flowability indices. In the evaluation, a powder having
flowability indices of 80 points or nore was eval uated as excellent, a
powder (Fanudg citiigwabiblyi W KKIGioc € .of LA .poi pirgl athenored gitd {@ssrsd han 80
poi nts was eval uated as good, a powder having 39 flowability indices of 60
poi nt s ®aridicd cagdnitess tilaky7Weigditit)s afasimesl patred cds o aiamaianichga powder
having flowability indices of |ess than 60 points was eval uated as poor.
(Fil traPlfoR A& &Eshn sigieods sugpenditor 31666 idyingolyreerdmiebl i d

content: 10 percent by weight) containing coagul ated |atex particles

pr epar e®3H1EAEF Siddpltecand-asch @dﬁi’@rgw e dedeivd ngas(esiistdered to
sucti on3f iltration with an aspirator (filter paper: FILTER PAPER No. 2,
150 mm PA*® di anet er, manufactured by ADVANTEC). When the tinme required

Ratio of recovery (% by weight) = 100 - fine particle
content (% by weight) - coarse particle content (% by

weight) (equation 3)

(Blocking resistance)

Dried particles (30 g} (drying condition: 50°C x 12
hours; sieve: l6-mesh pass) of coagulated latex particles
prepared in each example and each comparative example were
placed in a cylindrical container with a diameter of 5 cm,
and a load of 0.3 kg/cm? was applied at 60°C. The particles
were kept in a thermostatic chamber at 60°C for 2 hours
while the load was applied. Subsequently, the particles
were left to cool at 25°C for 2 hours to prepare a block.
The collapse ratio of the resulting block was measured with
a powder tester PT-R (manufactured by Hosokawa Micron
Corporation) by applying a vibration for 60 seconds with a
vibration strength of 2.2 and an opening of sieve mesh of
750 pm. The collapse ratio of the block was determined by
the following (equation 4):

Collapse ratio (%) = [(W3 - W4)/W3] x 100 (equation 4)

wherein W3 represents the weight of the block before the



“for filtration was 60 seconds or shorter, the powder was evaluated as
good. When the tine required for filtration was |onger than 60 seconds and
. Wthin 90 seconds, the powder was evaluated as fair. Wien the tine
required for filtration was |onger than 90 seconds, the powder was

eval uated as poor. (Preparation of polynmer |atex A) Deionized water (130
parts by weight) and sodium |l auryl sulfate (0.043 parts by weight) were
fed in a glass reactor equipped with,a thernoneter, a stirrer, a reflux
condenser, an inlet for a nitrogen gas, and a unit for adding a nononer
and an enulsifier, and the m xture was heated to 50Cwith stirring in a
nitrogen flow Subsequently, a mxture of butyl acrylate (hereinafter also
ref errediRFadsigprand B remregents the weiight) ehdrouteeckydr oper oxi de
(0.02 parts by weight) was fed. After 10 m nutes, a m xed sol ution

cont ai niGRPATSIGH (PR SRy ISRt @i st diheaatidimattel qr0. 01 parts by wei ght),
ferrous sulfate heptahydrate (0.2 parts by weight), and distilled water (5
parts by wei ¢ht FReafyadyditdrn f 6r ReWdery #avinof gx Fealapres. Zagart by

wei ght) re fed. After the resulting mxture was stirred for 1 hour, a

m xt ur e Contdi AIHS MRS €70 Y a5y Stasghtont rald yRowdast Hieckyiatae
G oper ST TED T IS B Yol VS Ao RAOIN e | he i xtur o
g\r/]er a %%rziil%%t%fd %s %%%rds,' aFlggerFerr”?{aexfin%uraj nc%flhaeps%ddga}gioon ooff 6t0h%e mxture,
or more and less than 80% was evaluated as fair, and a
powder having a collapse ratio of less than 60% was
evaluated as poor.

(Flowability indices of powder)

Angle of repose, angle of fall, angle of spatula,
aerated bulk density, packed bulk density, cohesion,
dispersity, angle of difference, compressibility, and
uniformity of dried particles (drying condition: 50°C x 12
hours; sieve: 16-mesh pass) of coagulated latex particles
prepared in each example and each comparative example were
measured with a powder tester PT-R (manufactured by Hosokawa
Micron Corporation) in accordance with the Carr's method for
evaluating lewability (Chemical Engineering, 1965, Vol. 18,
pp. 163-168). The degree of flowability was determined from
the resulting flowability indices.

In the evaluation, a powder having flowability indices
of 80 points or more was evaluated as excellent, a powder
having flowability indices of 70 points or more and less

than 80 points was evaluated as good, a powder having



" aqueous solution of 5 percent by weight sodiumlauryl sulfate, the aqueous

solution containing 1 part by weight of sodiumlauryl sulfate, was

_continuously added over a period of 4 hours. After the m xture was added,

stirring was continued for 1.5 hours to prepare a crosslinked acrylic
rubber polynmer. A m xture containing nmethyl nethacrylate (hereinafter also
referred to as MMA) (8.0 parts by weight) serving as a graft nononer
conmponent and cunmene hydroperoxide (0,01 parts by weight), was
continuously added to the crosslinked acrylic rubber polyner at 50C over a
period of 30 mnutes. After the addition, cunmene hydroperoxide (0.1 parts
by weight) was added and stirring was continued for 1 hour to conplete

pol ymer if2awiadmi 1 itiyug ndd e sa ofol6Pmpo inddseo rAnivand rrgpda leslsukaay ditage
particle size of 0.175 pm a polyneric solid content of 40 percent by

wei ght , POaRd sa we§l yverl usdfede gisng atienpanat @ e@cofdez5Gawiag pr epar ed.
(Preparation of polyner |atex B) Deionized water (130 parts by weight) and
sodi um Eagwgbllddv dndicesoad gasss thpnwdilgPoinkesr eafse ¢ vied vatgidass r eact or
equi pped with a thernonmeter, a stirrer, a reflux condenser, an inlet for a
nitrogeR°§&s, and a unit for adding a nonomer and an emulsifier, and the
m xt ure was hgaigd to 50Cwth stirring in a nitrogen flow Subsequently,
a mixture of (BAI*T8E8°BaFe5®hy wei ght) and cumene hydroperoxide (0.02 parts
by wei ght) s fed. After 10 m nutes, m xed sol uti on contai ning di sodi um
ethylenediaﬁgﬂe?gP?gﬁﬁeFH?Be?ﬁ?ﬁﬁ girPgo 9} ?Pogymerlc solid

content: 10 percent by weight) containing coagulated latex
particles prepared in each example and each comparative
example was subjected to suction filtration with an
aspirator (filter paper: FILTER PAPER No. 2, 150 mm in
diameter, manufactured by ADVANTEC). When the time required
for filtration was 60 seconds or shorter, the powder was
evaluated as good. When the time reguired for filtration
was longer than 60 seconds and within 90 seconds, the powder
was evaluated as fair. When the time required for
filtration was longer than 90 seconds, the powder was
evaluated as poor.

(Preparation of polymer latex A)

Deionized water (130 parts by weight) and sodium lauryl
sulfate (0.043 parts by weight) were fed in a glass reactor
equipped with a thermometer, a stirrer, a reflux condenser,
an inlet for a nitrogen gas, and a unit for adding a monomer
and an emulsifier, and the mixture was heated to 50°C with
stirring in a nitrogen flow. Subsequently, a mixture of

butyl acrylate (hereinafter also referred to as BA) (B.5



" by weight), ferrous sulfate heptahydrate (0.2 parts by weight), and

distilled water (5 parts by weight); and sodium fornal dehyde sul foxyl ate

- (0.2 parts by weight) were fed. After the resulting m xture was stirred

for 1 hour, a mxture containing BA (89.0 parts by weight), AVA (0.5 parts
by wei ght), and cunene hydroperoxide (0.01 parts by weight) was added
dropwi se to the m xture over a period of 5 hours. Furthernore, during the
addi tion of the m xture, an aqueous. g@lution of 5 percent by weight sodium
| auryl sulfate, the aqueous solution containing 1 part by weight of sodium
| auryl sulfate, was continuously added over a period of 4 hours. After the
m xt ure was ag)(r:led, Stirring was continued - 42 for 1.5 hours to prepare a
crossl i Aéed &K M b&"d SOMmaRsG hydnasanasd dont%idd MpIVARY. 0 parts by
wei ght) weer vi,ng as Pr af tf non r _conmponent and cunene . hydroperoxi de

(0. 01 pdlFEY WEHHET wadidsit idth dHAYF St fd Miks S e IHd<d i nked acryl i c
rubber | yner_.at 5Q0C over a riod,.of 30 m nutes. After the addition,
cunene Hydroper idOeSO(dd’.uf1 [%II{)Y B IagistldLaasded and -4 M3 was
continu for. ourg t | et ol ri.zatiqn. Thus, | ymer |atex B
havi ng ggfvgl%&r?éé;%rfaed%o%%?%%%% z%e%%fahyéf.rf%? rr(;-B ? 6’5\%% ¢ solid

cont ent .Qf; 4Q per, N o)VARVYST yner. sof.t eni.ng .tepperature of 0C
or | ower, lv%gls )'p_raglggtrdel%?{:l _ reg%té"rraé:te?ﬂgﬂ(%fp%gé&sg% r 14 93’%)6) alf'JleclirgSﬁ:i(gieu(lll1 wat er
(200 parcsniy deiyal Jsu 15EWMRSR0aR) | o parts by weight) were fed.

After the resulting mixture was stirred for 1 hour, a
mixture containing BA (83.0 parts by weight), allyl
methacrylate (hereinafter also referred to as AMA} (0.5
parts by weight), and cumene hydroperoxide (0.01 parts by
weight) was added dropwise to the mixture over a period of 5
hours. Furthermore, during the addition of the mixture, an
aqueous solution of 5 percent by weight sodium lauryl
sulfate, the aqueous solution containing 1 part by weight of
sodium lauryl sulfate, was continuously added over a period
of 4 hours. After the mixture was added, stirring was
continued for 1.5 hours to prepare a crosslinked acrylic
rubber polymer. A mixture containing methyl methacrylate
{hereinafter also referréd to as MMA) (8.0 parts by weight)
serving as a graft monomer component and cumene
hydroperoxide (0.01 parts by weight), was continuocusly added
to the crosslinked acrylic rubber polymer at 50°C over a
period of 30 minutes. After the addition, cumene
hydroperoxide (0.1 parts by weight) was added and stirring

was continued for 1 hour to complete polymerization. Thus,




" produced frombeef tallow (2 parts by weight), ferrous sulfate (0.002
parts by weight), disodium ethylenediam netetraacetate (0.005 parts by
~weight), potassiumtertiary phosphate (0.2 parts by weight), sodium

f ormal dehyde sul foxylate (0.2 parts by weight), butadiene (80 parts by

wei ght), styrene (20 parts by weight), and diisopropyl benzene

hydr operoxide (0.1 parts by weight) were fed in a pressure-resistant

pol yneri zati on contai ner equipped w a stirrer, and pol ynerization was
performed at 40C for 15 hours. Thus, rubber latex with a rate of

pol ymeri zati on conversion of 99% was prepared. The 43 resulting rubber

| atex (278 parts by weight) (polyneric solid content: 92 parts by weight),
wat er (25 Redie rpyabge ¢hihpevisgdiaumodoas predacged pardhdieefs itzal lodv (0. 2
parts by weight), ferrous sulfate (0.002 parts by weight), disodium

et hyl enédildmi H&vefr RQESTETE o God04 Fantsenty oleidghPrerosodi v wedaimdl, dehyde
sul foxylate (0.1 parts by weight), nethyl nethacrylate (4.0 parts by

vei ght ) 2%h@ 8YpEiRe 216 epdcs tepparaitiie aleld Cad Was Pyselanest-i zati on
cont ai ner eq?igged W, th a _stirrer, and polgnerization was performed at 60C
for 4 hours!PFRBErahipg| OhePOL¥ReX E2WPEnBa rate of pol ynerization

conversion of 99% a polyneri olid content 6 of 32 percent by weight, and
a pol yner so&?éﬂ?%ée?eW%g?ﬁt&iéa BRTHE BY WS%EPF)mﬁgdpFBQ&E@anPEXgNPLE 1)

The pol ¥l 9% 046PREYTR" kS S/t § oMY £et09Pe ass reactor
equipped with a thermometer, a stirrer, a reflux condenser,
an inlet for a nitrogen gas, and a unit for adding a monomer
and an emulsifier, and the mixture was heated to 50°C with
stirring in a nitrogen flow. Subsequently, a mixture of BA
(8.5 parts by weight) and cumene hydroperoxide (0.02 parts
by weight) was fed. After 10 minutes, a mixed solution
containing disodium ethylenediaminetetraacetate (0.0l parts
by weight), ferrous sulfate heptahydrate (0.2 parts by
weight), and distilled water (5 parts by weight); and sodium
formaldehyde sulfoxylate (0.2 parts by weight) were fed.
After the resulting mixture was stirred for 1 hour, a
mixture containing BA (89.0 parts by weight), AMA (0.5 parts
by weight), and cumene hydroperoxide (0.01 parts by weight)
was added dropwise to the mixture over a period of 5 hours.
Furthermore, during the addition of the mixture, an agueous
solution of 5 percent by weight sodium lauryl sulfate, the
aqueous solution containing 1 part by weight of sodium
lauryl sulfate, was continuously added over a period of 4

hours. After the mixture was added, stirring was continued



" by weight) was sprayed into droplets so as to have a vol une- average
droplet size of 200 pmin a cylindrical apparatus having a dianmeter of 60
.cmwith a spiral flowtype cone -nozzle, which is one of pressure nozzles.
The nozzle dianeter was 0.6 mm and the spraying pressure was 3.7 kg/cn®.
The spraying was perfornmed at a height of 5 mfromthe liquid |level of an
aqueous phase at the bottomof the tower. At the sane tine, an aqueous
solution of calcium chloride with a Lg%ngentrati on of 30 percent by wei ght
was sprayed into droplets so that each droplet has a droplet 44 size of
0.1 to 10 musing a two-fluid nozzle while the aqueous solution was m xed
with air_so that the solid content of calciumchloride was 5 to 15 parts
by wei gHtor HelSatiopest &0l GO gFsmmes ah\Cnassghimkefd taveryplol g et sol id - cont ent .
Furthernore, water at 40C was continuously supplied fromthe top of the
tower alFSHg™EFe i Andl=fdine sfontRairandMsis ol 2 Hatrames bRl Bt wat er was
about 750 parts b wei ght relative to 100 parts by wei ght of the polyneric
sol i d cAf eI AS3.3 FFéide MO Siei PP CAFIEo PR S STHRS S of partially
saponi fied, _pol y(vi,nyl al cqhol) (KH 17, . manufactured by N ppon nt hetic
Cheni cal™ 8’6’% 1% ,(ao Eq%dﬁgrstegr A ¢ IR )it i R cloh 3 sly
supplied t the fl qw ter so th the solid caont of partially
saponi fi%éjd%_&()el N \ﬂsﬁ%lngﬁ%(%%oqy]\ﬁé:s rdl%jt)eﬁaﬁoé‘wmtgl‘fduq a5 Ve to 100
parts b%e‘ﬁ@_'oglhtofOfBOt ngn%%é/srterIA%tse(}l Itqle %%&iecrgdn, cumene

hydroperoxide (0.1 parts by weight) was added and stirring

was continued for 1 hour to complete polymerization. Thus,

a polymer latex B having a volume-average particle size of

0.175 pm, a polymeric solid content of 40 percent by weight,

and a polymer softening temperature of 0°C or lower, was

prepared.

(Preparation of polymer latex C)
Deionized water (200 parts by weight), sodium soap

produced from beef tallow (2 parts by weight), ferrous

sulfate (0.002 parts by weight), disodium

ethylenediaminetetraacetate (0.005 parts by weight),

potassium tertiary phosphate (0.2 parts by weight), sodium

formaldehyde sulfoxylate (0.2 parts by weight), butadiene

(80 parts by weight), styrene (20 parts by weight), and

diisopropylbenzene hydroperoxide (0.1 parts by weight) were

fed in a pressure-resistant polymerization container

equipped with a stirrer, and polymerization was performed at

40°C for 15 hours. Thus, a rubber latex with a rate of

polymerization conversion of 99% was prepared. The




" The latex droplets (coagul ated |latex particles) dropped in the tower were
fed wwth the flowng water into a receiving tank at the bottom of the
.tower to prepare an aqueous suspension of the coagul ated |atex particles
having a polyneric solid content of about 10 percent by weight. The
tenperature of the suspension in the receiving tank was 40C. An aqueous
solution of potassiumpalmtate with a concentration of 5 percent by

wei ght was added to the 45 resul ti_ng4 gqueous suspensi on of coagul at ed

| atex particles so that the solid content of potassiumpalnmtate was 1.0
part by weight relative to 100 parts by weight of the polyneric solid
content. Thus, a treatnent for preventing aggloneration between the
coagul afE§UlALae gabbieyl datwis (208 ftembed byThe ighttl ur(@odametrien heat ed at
70Cwith _stirring to performa heat treatnment. Subsequently, the mxture

was dehy@raCeFoRi@ndri &d Psotsx by2 wedwhd) /t gatieac dvér PeE scdagul at ed | at ex
particles.. (EXAMPLE 2) The process was perfornmed as in Exanple 1 except
that wifePdY 26D §988 REORMCEA frew et dmltliow t(&p 2o0Pamhe bivower

al ong the.inner |1 of the tower. (EXAMPLE 3) The process was perfornmed as
in Exan'B’Fég%tgmg%trrtDHé SUSIERGR r{&.'%ﬁﬁ Q&E&&J%Ysaﬂe&tgih&ﬁ o 1SR al gi nat e

(ALGITEéth%Eene q%%%%%%%%%ag%e%gqgc%OQ%%%O%%E%%n%y(Q%E%%%)?ns% %%898
formaldehyde sulfoxylate (0.1 parts by weight), methyl
methacrylate (4.0 parts by weight), and styrene (4.0 parts
by weight) were fed in a polymerization container equipped
with a stirrer; and polymerization was performed at 60°C for
4 hours. Thus, a polymer latex C with a rate of
polymerization conversion of 99%, a polymeric solid content
of 32 percent by weight, and a polymer softening temperature
of 0°C or lower, was produced.

(EXAMPLE 1)

The polymer latex A (polymeric solid content: 100 parts
by weight) was sprayed into droplets so as to have a volume-
average droplet size of 200 pm in a cylindrical apparatus
having a diameter of 60 cm with a spiral flow-type cone
nozzle, which is one of pressure nozzles. The nozzle
diameter was 0.6 mm and the spraying pressure was 3.7 kg/cm2.
The spraying was performed at a height of 5 m from the
liguid level of an agueous phase at the bottom of the tower.

At the same time, an aqueous solution of calcium

chloride with a concentration of 30 percent by weight was

sprayed into droplets so that each droplet has a droplet



~solution viscosity of 120 nPas neasured with a B-type visconeter) with a
concentration of 1.5 percent by weight was added to the polyner |atex A
~(polyneric solid content: 100 parts by weight) so that the solid content
of sodium alginate was 0.4 parts by weight relative to 100 parts by

wei ght of the polyneric solid content. The whole m xture was honpgeneously
m xed by stirring to prepare a m xed |latex. The m xed |atex was used for
spraying. - 46 - (EXAMPLE 4) The proc l{ss_vvas performed as in Exanple 1
except the following: In place of partially saponified poly(vinyl

al cohol), a 3.0 percent by wei ght aqueous solution of sodium | auryl

sul fate (EMAL 2F NEEDLE, manufactured by Kao Corporation) was continuously
suppl i e¢itze toHfe Of.llowiond Ongire us isg Ehatwotfd usal ind zezdrt emti lef tdedi um | auryl
sulfate was 0.4 parts by weight relative to 100 parts by wei ght of the
pol yrer iBEU$ENSd Seditden. WeEXAVREE 51 tThe ipr soeshawas hgersfiodrimed as in
Exampl e 3 except the_ followi ng: In place of partially saponified

pol y(vi ipRteditc SRolcplcd ug ehderdsiaer Wy \Reitghtl Sadaadiss byometiight of sodi um
lauryl sul fate (EMAL 2F NEEDLE, manufactured by Kao Corporation) was
cont i nudGdAF1SGppe 440 Pate FYoweighkadr theo Poamemie $61liig cont ent  of
sodium | auryl sulfate was 0.4 wparts by wei ght relative to 100 parts by
vei ght GPHHRET -polf e ™odS d Tefft, 40 C was continuously

supplied from the top of the tower along the inner wall of
the tower so that the amount of water was about 750 parts by
weight relative to 100 parts by weight of the polymeric
solid content. A 3.0 percent by weight aqueous solution of
partially saponified poly(vinyl alcohol) (KH-17,
manufactured by Nippon Synthetic Chemical Industry Co.,
Ltd.} serving as a dispersant was continuously supplied to
the flowing water so that the solid content of partially
saponified poly{(vinyl alcohol) was 0.4 parts by weight
relative to 100 parts by weight of the polymeric solid
content.

The latex droplets (coagulated latex particles) dropped
in the tower were fed with the flowing water into a
receiving tank at the bottom of the tower to prepare an
aqueous suspension of the coagulated latex particles having
a polymeric solid content of about 10 percent by weight.
The temperature of the suspension in the receiving tank was
40°cC,

An aqueous solution of potassium palmitate with a

concentration of 5 percent by weight was added to the



" (EXAMPLE 6) The process was performed as in Exanple 3 except the

followng: In place of partially saponified poly(vinyl alcohol), a 3.0

. percent by wei ght aqueous solution of sodium lauryl sulfate (EMAL 2F
NEEDLE, manufactured by Kao Corporation) was continuously supplied to the
flowing water so that the solid content of sodiumlauryl sulfate was 0.005
- 47 parts by weight relative to 100 parts by weight of the polyneric
solid content. (EXAMPLE 7) The procesgswas perforned as in Exanple 5 except
the following: In place of sodium al gi nate, an aqueous solution of

hydr oxypr opyl net hyl cel | ul ose (60SH 4000, manufactured by Shin-Etsu

Chem cal Co., Ltd.) (having an aqueous solution viscosity of 4,000 nPas
measur ed SAYH IR BAIROUA SLERSIED @it Iforpdirdast rlaticon refirtid gser cent by
wei ght was ,added .so that the solid content of hydroxypropyl nethyl cel |l ul ose

was 0. 4% QMﬁﬂﬁﬂdlqﬁﬁﬁﬁQFEQQ)PHF?%ﬁ%qmsHﬁ}mﬂﬁﬁﬂﬁ_W@ﬁ tthé " pol yneric
Chat  { REREomiten O s G ih Fy a0 i 1D P A Sty YieltdiR el ative Lo
100 Pat L D ASLON 0y LIS BRIIETE 5oLl 4 Clenl ¢ (SRS ), The

agglomeration between the coagulated latex particles was

performed. The mixture was then heated at 70°C with

stirring to perform a heat treatment. Subsequently, the

mixture was dehydrated and dried (50°C x 12 hours) to

recover the coagulated latex particles.

{EXAMPLE 2)

The process was performed as in Example 1 except that
water at 20°C was used as water flowing from the top of the
tower along the inner wall of the tower.

(EXAMPLE 3)

The process was performed as in Example 1 except the
following. An aqueous solution of sodium alginate (ALGITEX
LL, manufactured by Kimica Corporation) (having an agueous
solution viscosity of 120 mPa-s measured with a B-type
viscometer) with a concentration of 1.5 percent by weight
was added to the polymer latex A (polymeric solid content:

100 parts by weight) so that the solid content of sodium
alginate was 0.4 parts by weight relative to 100 parts by
weight of the polymeric solid content. The whole mixture
was homogeneously mixed by stirring to prepare a mixed latex.

The mixed latex was used for spraying.



" by weight) was sprayed into droplets so as to have a vol unme- average
droplet size of 200 pmin a cylindrical apparatus having a dianmeter of 60
.cmwith a spiral flowtype cone nozzle, which is one of pressure nozzles.
The nozzle dianeter was 0.6 mm and the spraying pressure was 3.7 kg/cn®.
The spraying was perfornmed at a height of 5 mfromthe - 48 |liquid |evel
of an aqueous phase at the bottomof the tower. At the sanme tinme, an

aqueous sol ution of calcium chloride %Lgh a concentration of 30 percent by
wei ght was sprayed into droplets so % t each droplet has a droplet size
of 0.1 to 10 pmusing a two-fluid nozzle while the aqueous sol ution was
mxed with air so that the solid content of calciumchloride was 5 to 15
parts by wei §RKAMPEEafive to 100 parts by weight of the polyneric solid
content. Furthernore, water at 30C was continuously supplied fromthe top
of the tower T&PoRECERES| HABr PREFPTBED BRelfoWBrmMBet haexEABtafbENt of water
was aboyt 750 parts by weight relative to 100 parts by weight of the

pol yrer FO1LIO8HIG codfeMLaCckR $10 PR&dErt Yy amangHti esg SViEYdt i on of
sodi um |_auryl _sul fate (EVMAL 2F NEEDLE, —manuf actured _by Kao _Corporation)
Ser Vi ngaig O&SSpé’r aft RSSO PVnFeday adisiSe S HiRE Afowdg Wat er so

et hgagund el @hagsod iy syl o0, foparts by veight
dr opl et &o(EA3ANAGG0 JAl 26 RIGLLETS ApRED (" HI® ALK Led With
so that the solid content of sodium lauryl sulfate was 0.4
parts by weight relative to 100 parts by weight of the
polymeric solid content.
(EXAMPLE 5)
The process was performed as in Example 3 except the
following: 1In place of partially saponified poly(vinyl
alcohol), a 3.0 percent by weight aqueous solution of sodium
lauryl sulfate (EMAL 2F NEEDLE, manufactured by Kao
Corporation) was continuously supplied to the flowing water
so that the solid content of sodium lauryl sulfate was 0.4
parts by weight relative to 100 parts by weight of the
polymeric solid content.
(EXAMPLE 6)
The process was performed as in Example 3 except the
following: In place of partially saponified poly(vinyl
alcohol), a 3.0 percent by weight aqueous solution of sodium
lauryl sulfate (EMAL 2F NEEDLE, manufactured by Kao
Corporation) was continuously supplied to the flowing water

so that the solid content of sodium lauryl sulfate was 0.005



"receiving tank at the bottomof the tower to prepare an aqueous suspension
of the coagul ated |l atex particles having a polyneric solid content of
. about 10 percent by weight. The tenperature of the suspension in the
receiving tank was 30C. 49 An aqueous solution of potassiumpalmtate
with a concentration of 5 percent by weight was added to the resulting
aqueous suspensi on of coagul ated | atex particles so that the solid content
of potassiumpalmtate was 1.0 part weight relative to 100 parts by
wei ght of the polynmeric solid conteni. Thus, a treatnent for preventing
aggl onerati on between the coagul ated | atex particles was performed. The
m xture was then heated at 70Cwith stirring to performa heat treatnent.
Subsequ®aitity, bvhaeighkt ned akdy ed dtey di0ét e rdusd bar iwed gfB0© X th2 hours) to
recover the coagulated | atex particles. (EXAVMPLE 10) The process was
per f or MB@ LaFSTA CERQAEe CONEREdpt the foll owi ng. An aqueous sol ution of
sodi um al gi nat e éALGI TEX LL, manufactured by Kimca Corporation) (having
an aqueous $8 Fbh V/?scosity of 120 nmPas neasured with a B-type
visconeter) with a concentration of 1.5 percent by weight was added to the
pol ymer | at ex8 PpOF§HEr VeSsBFrdoEBRteAs: 1n1B82BRAESs SoexreP§hteso that t he
solid cqontent .of sodiu al ginate was 0.4 parts by weight relative to 100
parts by ChSVARE of [PhE B0yt FORAM d1CREsRr. SAaNGNS Fodthien
of hydroxypropylmethylcellulose (60SH-4000, manufactured by
Shin-Etsu Chemical Co., Ltd.) (having an agueous solution
viscosity of 4,000 mPa-s measured with a B-type viscometer)
with a concentration of 2.0 percent by weight was added so
that the solid content of hydroxypropylmethylcellulose was
0.4 parts by weight relative to 100 parts by weight of the
polymeric solid content.
(EXAMPLE 8)
The process was performed as in Example 5 except that
the content of sodium alginate was 0.01 parts by weight
relative to 100 parts by weight of the polymeric solid
content.
(EXAMPLE 9)
The polymer latex B (polymeric solid content: 100 parts
by weight) was sprayed into droplets so as to have a volume-
average droplet size of 200 pum in a cylindrical apparatus
having a diameter of 60 cm with a spiral flow-type cone
nozzle, which is one of pressure nozzles. The nozzle

diameter was 0.6 mm and the spraying pressure was 3.7 kg/cm2.

The spraying was performed at a height of 5 m from the



" was honogeneously m xed by stirring to prepare a mixed |latex. The m xed

| at ex was used for spraying. (EXAMPLE 11) The process was perfornmed as in

. Exanpl e 10 except that 50 water at 40C was used as water flowng fromthe

top of the tower along the inner wall of the tower. (EXAVPLE 12) The
process was perforned as in Exanple 10 except the following: In place of
sodium |l auryl sulfate, a 3.0 percent by weight aqueous solution of sodium
dodecyl benzene sul fonate (NECPELEX_%Q.SL manuf act ured by Kao Cor porati on)
was continuously supplied so that the solid content of sodium

dodecyl benzene sul fonate was 0.4 parts by weight relative to 100 parts by
wei ght of the polyneric solid content. (EXAMPLE 13) The process was
per f or med @5 d 1 ewedmsife aro aseapts e s @it dliendpotitronplast ehef toodirum | aur vyl
sulfate, a 3.0 percent by weight aqueous solution of sodi um dioctyl

sul f osucci nafé TPPEEERSCYIPE, naRuRSEEQEEd SBy ukdenCofperation) was

conti n”fcﬁqy .suppl.ied so that the solid content of sodium dioctyl

sul f osu TGS TR 2 Sy aldighely dhmsreand brooaiattts WaF wei ght  of
the polyneric sqlid content. (EXAMPLE 14) Deionized water_ (200 parts by

vei ght ) SPEETEIN Ot RIS & itdady spsitgtter g Mo sdmerlet 0. 002 parts

by gize of 0.1 to 10 pm using a two-fluid nozzle while the

aqueous solution was mixed with air so that the solid
content of calcium chleoride was 5 to 15 parts by weight
relative to 100 parts by weight of the polymeric solid
content. Furthermore, water at 30°C was continuously
supplied from the top of the tower along the inner wall of
the tower so that the amount of water was about 750 parts by
weight relative to 100 parts by weight of the polymeric
solid content. A 3.0 percent by weight aqueous sclution of
sodium lauryl sulfate (EMAL 2F NEEDLE, manufactured by Kao
Corporation) serving as a dispersant was continuously
supplied to the flowing water so that the solid content of
sodium lauryl sulfate was 0.4 parts by weight relative to
100 parts by weight of the polymeric solid content.

The latex droplets (coagulated latex particles) dropped
in the tower were fed with the flowing water into a
receiving tank at the bottom of the tower to prepare an
aqueous suspension of the coagulated latex particles having
a polymeric solid content of about 10 percent by weight.
The temperature of the suspension in the receiving tank was

30°C.



" weight), disodium ethyl enedi am netetraacetate (0.005 parts by weight), and

sodi um f or mal dehyde sul foxylate (0.2 parts by weight) were fed in a

. polynerization container equipped 51 wth a stirrer and the m xture was

heated to 60C. Subsequently, a m xed sol ution containing nethyl
met hacryl ate (55 percent by weight), styrene (40 percent by weight),
1, 3-butyl enegl ycol dinethacrylate (5 percent by weight) (total 100 parts
by wei ght of nonomers), and cunene__hﬁgnpperoxide (0.3 parts by weight) was
continuously added over a period of hours. During the addition, sodium
ol eate (0.5 parts by wei ght each) was added after 2, 4, and 6 hours from
the start of the addition_ of the m xed solution. After the conpletion of
the additi on®Bf 2aghecnbxedlublioni ofi, popasspohypeimibeitenwial performed for 2
hours. Thus, a crosslinked polyner latex with a rate of polynerization
conver sCERCENTFGHI LA CF polPgRseENE ol Weichit emts ¢idd3s!l per ¢t by wei ght was
prepared. An aqueous sol ution of sodiumalginate (ALA TEX LL, _manufactured
by Ki mi €&SE3tgodafiddFP Eh SWSkE e 08q$do 92 adiatecord afiec BSitti 35120 nPas
measur ed mﬁ%h a gfty%ﬁ, vi sconeter) with a concentration of 1.5 percent by
wei ght SRadPaddéd e cothe FoPyRRL Pt Botesciory merlind tade #asort-ént: 100
parts b ight) so.that .the solid ntent of sodi.um alginate was 0.4
parts béa&%i gm l"reélggt%i \}’8113611’60*-8619-@ BT e g_hf”e&r?htthé’fgéi#’fneri c solid
ﬁ?Qéﬁ”nggQ%éWﬁ%'%oﬁ“éﬁ%%%t%%%.ho%%%%?e%”%E%a@hé%% %%rs%&%%E% i%% prepare a

agglomeration between the coagulated latex particles was

performed. The mixture was then heated at 70°C with

stirring to perform a heat treatment. Subsequently, the

mixture was dehydrated and dried (50°C x 12 hours) to

recover the coagulated latex particles.

(EXAMPLE 10}
The process was performed as in Example 9 except the

following. An aqueous solution of sodium alginate (ALGITEX

LL, manufactured by Kimica Corporation) (having an aqueous

solution viscosity of 120 mPa-s measured with a B-type

viscometer) with a concentration of 1.5 percent by weight

was added to the polymer latex B (polymeric solid content:

100 parts by weight) so that the solid content of sodium

alginate was 0.4 parts by weight relative to 100 parts by

weight of the polymeric solid content. The whole mixture

was homogeneously mixed by stirring to prepare a mixed latex.

The mixed latex was used for spraying.

(EXAMPLE 11)

The process was performed as in Example 10 except that



~ The mixed | atex was sprayed into droplets so as to have a vol une-average
droplet size of 200 pmin a cylindrical 52 apparatus having a di ameter of
.60 cmwith a spiral flowtype cone nozzle, which is one of pressure

nozzl es. The nozzle dianeter was 0.6 mm and the spraying pressure was 3.7
kg/cn2. The spraying was perfornmed at a height of 5 mfromthe liquid

| evel of an aqueous phase at the bottomof the tower. At the sane tine, an
aqueous sol ution of hydrochloric acidsqwith a concentration of 10 percent
by wei ght was sprayed into droplets so that each droplet has a dropl et
size of 0.1 to 10 pmusing a two-fluid nozzle while the aqueous sol ution
was mxed with air so that the purity content of the hydrochloric acid was
0.5 to Y& £t Qs gies usiest iafe wagerl 00 queimas fapmwdihghttast athehsol yreri ¢
solid content. Furthermore, water at 30C was continuously supplied from
the top OFhé&oRerthsl dRgemhaaldnaE Wkid teathe tower so that the amount
of water. was gggﬂgLéog Earts by weight relative to 100 parts by wei ght of
t he pol yner. féent by wei ght aqueous solution of partially '
saponi fied §V|n al cohaol manuf.act ur ed on Synthetlc

Cheni cal Indu B5°55LFa%) p?é?&FﬁS aé%a lBlEﬁ@PEéﬁtl ?XCE fit FAtous| y
suet) ?.‘%&%éﬂﬁ%ﬁ’v! o 2@“3{0)" i, 15 SR £l B
parts Dby Oh ity Ef)%'s ik 3 ol dcl%mt Helge B AR dropl ets

sulfonate (NEOPELEX G-15, manufactured by Kao Corporation)

was continuocusly supplied so that the solid content of

sodium dodecylbenzene sulfonate was 0.4 parts by weight

reiative to 100 parts by weight of the polymeric solid

content.

. (EXAMPLE 13)

The process was performed as in Example 10 except the
following: 1In place of sodium lauryl sulfate, a 3.0 percent
by weight aqueous solution of sodium dioctyl sulfosuccinate
(PELEX OT-P, manufactured by Kao Corporation) was
continuously supplied so that the solid content of sodium
dioctyl sulfosuccinate was 0.4 parts by weight relative to
100 parts by weight of the polymeric solid content.

(EXAMPLE 14)

Deionized water (200 parts by weight), sodium oleate
(0.5 parts by weight)}, ferrous sulfate (0.002 parts by
weight), disodium ethylenediaminetetraacetate (0.005 parts

by weight), and sodium formaldehyde sulfoxylate (0.2 parts

by weight) were fed in a polymerization container equipped



“in the tower were fed with the flowing water into a - 53 receiving tank at
the bottomof the tower to prepare an aqueous suspension of the coagul ated
. latex particles having a polynmeric solid content of about 10 percent by
wei ght. The tenperature of the suspension in the receiving tank was 30C
and the pH of the suspension was 2.0. The above-descri bed crosslinked
polynmer latex (3.0 parts by weight) (polyneric solid content: 1.0 part by
wei ght) and a 1 percent by weight emd-sified dispersion liquid (20 parts
by wei ght) of glycerol nonobehenate (0.2 parts by weight of glycerol
nonobehenate and 0.07 parts by weight of potassiumrosin acid) were added
to the res¥Jtin . _aqueous  suspensi on of coagul ated latex particles
(pol yneMitd §‘olsigc&r6&¥té‘ﬁ‘td: 50 Pt oy age ibgbedaition &XiGri ng.
Subsequgp&%y, a %igpercent by wei ght aqueous solution of sodi um hydroxi de
was added" 5 EERTrdlr Ch&F8 %P 108y $98M €187 % "Bt B YIThe suspensi on was

Lhen Mg e, 1050 e SLLIND e D8 he VP i ) <o
ocouer PIEEI04 AL ALK AV R (ULERS) Matugoys, ol il o o
P BN R e TR
polyﬁEfh&@&%éeﬁo&eabyW%thp%QE%dh®0%%%@%£) was continuously added

over a period of 7 hours. During the addition, sodium

oleate (0.5 parts by weight each) was added after 2, 4, and

6 hours from the start of the addition of the mixed solution.

After the completion of the addition of the mixed solution,

postpolymerization was performed for 2 hours. Thus, a

crosslinked polymer latex with a rate of polymerization

conversion of 99% and a polymeric solid content of 33

percent by weight was prepared.

An aqueous solution of sodium alginate (ALGITEX LL,

manufactured by Kimica Corporation) (having an aqueous

solution viscosity of 120 mPa-s measured with a B-type

viscometer) with a concentration of 1.5 percent by weight

was added to the polymer latex C (polymeric solid content:

100 parts-by weight}) so that the solid content of sodium

alginate was 0.4 parts by weight relative to 100 parts by

weight of the polymeric solid content. The whole mixture

was homogeneously mixed by stirring to prepare a mixed latex.-

The mixed latex was sprayed into droplets so as to have a

volume-average droplet size of 200 pm in a cylindrical




" 54 100 parts by weight) so that the solid content of sodium alginate was
0.4 parts by weight relative to 100 parts by weight of the polyneric solid
. content. The whole m xture was honpbgeneously m xed by stirring to prepare a
m xed | atex. The m xed | atex was sprayed into droplets so as to have a

vol une- average droplet size of 200 pmin a cylindrical apparatus having a
dianeter of 60 cmwith a spiral flowtype cone nozzle, which is one of
pressure nozzles. The nozzle di ane1e$ was 0.6 mm and the spraying pressure
was 3.7 kg/cnR. The spraying was per %r med at a height of 5 mfromthe
liquid | evel of an aqueous phase at the bottomof the tower. At the sane
time, an aqueous solution of calcium chloride with a concentration of 30
per cent appag@itgint heasing pr aliedstietro o offl etns vsidHt katspeiacil dilapi-étygeas a
droplet size of 0.1 to 10 musing a two-fluid nozzle while the aqueous
sol ut i oFOREs NIAEE Wit il rissenehatf tressoital nazorlteent  dfhecalazaim chl ori de
was 5 to 15 parts by weight relative to 100 parts by wei ght of the

pol yner ¢ 3865eEF Wont B EuRRteER®r SPTAMEBE RrC36TrRayasont-iinkausing .
supplieg fromthe top of the tower al ong]é;he inner wall of the tower so

that thePEmSETeYIRdhatesr R dBsG ats@ el thpt ieiyfirameltds ve to 100

parts by .wei.ght of the polyneric solid content. A 3.0 percent by weight
aqueousxisl&ud‘%i (L)Lﬁv@fl LoFumIUEHA PROATREE (EGAR O QUEESL EhamdmWedct ured by

Kao CO&&%O [t%tel Os%)mes ?:ri\rlt{er:g a0 a%u%lo%pse rsso q}t imtﬁls onO rf;[yl r%%%s_ﬂo)gr i5c5 acid

"with a concentration of 10 percent by weight was sprayed
into droplets so that each droplet has a droplet size of 0.1
to 10 pm using a two-fluid nozzle while the aqueous solution
was mixed with air so that the purity content of the
hydrochloric acid was 0.5 to 2 parts by weight relative to
100 parts by weight of the polymeric solid content.

Furthermore, water at 30°C was continuously supplied
from the top of the tower along the inner wall of the tower
so that the amount of water was about 700 parts by weight
relative to 100 parts by weight of the polymer. A 3.0
percent by weight aqueous solution of partially saponified
poly(vinyl alcohol) (KH-17, manufactured by Nippon Synthetic

Chemical Industry Co., Ltd.) serving as a dispersant was
continuously supplied to the flowing water so that the solid
content of partially saponified poly(vinyl alcochol) was 0.4
parts by weight relative to 100 parts by weight of the
polymeric solid content.

The latex droplets (coagulated latex particles) dropped

in the tower were fed with the flowing water into a



" supplied to the flowng water so that the solid content of sodiuml auryl
sulfate was 1.5 parts by weight relative to 100 parts by wei ght of the
_polymeric solid content. The | atex droplets (coagul ated |atex particles)
dropped in the tower were fed with the flowing water into a receiving
tank at the bottomof the tower to prepare an aqueous suspension of the
coagul ated |l atex particles having a polyneric solid content of about 10
percent by weight. The tenperature of §h§ suspension in the receiving tank
was 30C. The resulting agueous suspé%sion of coagul ated |atex particles
was dehydrated and dried (50C x 12 hours) to recover the coagul ated | atex
particles. (COVPARATI VE EXAMPLE 1) The process was performed as in Exanple
2 exceptrecigdvingaitiendl by $hgobiotitet pdl b rypweal ¢cohpirepaas mot used.

( COVPARATI VE EXAMPLE 2) The process was perfornmed as in Exanple 2 except
that padicaisy sggpenistoad ofoltpeyicppigudladeidoLp twes prot igded dvadringhe
tenperature of the flowi ng water was 5C. ( COWARATI VE EXAMPLE 3) The
process 2wk LyBRrdCneg ldd Contrafpiod 2boutepd PRacensaky aliighdaponi fied
poly(vin%] al cohol ) was not used and the tenperature of the flow ng water
was 30CTTe( CENPARATIVE EﬁAﬁPEESEFP@@Slﬂ%lﬁrgE@S§e\%@§Vﬁ@ST deved WaS | n

Exanp|e3%° %%%Ftkga%H of the suspension was 2.0.

| The above-described crosslinked polymer latex (3.0
parts by weight) (polymeric solid content: 1.0 part by
weight) and a 1 percent by weight emulsified dispersion
liquid (20 parts by weight) of glycerol monobehenate (0.2
parts by weight of glycerol monobehenate and 0.07 parts by
weight of potassium rosin acid) were added to the resulting
aqueous suspension of coagulated latex particles (polymeric
solid content: 100 parts by weight) with stirring.
Subsequently, a 25 percent by weight aqueous solution of
sodium hydroxide was added to control the pH of the
suspension to 4.0. The suspension was then heated to 70°C
with stirring to perform a heat treatment. Subsequently,
the suspension was dehydrated and dried (50°C x 12 hours) to
recover. the coagulated latex particles.

- (EXAMPLE 15)

An aqueous solution of sodium alginate (ALGITEX LL,
manufactured by Kimica Corporation) (having an agqueous
solution viscosity of 120 mPa-s measured with a B-type
viscometer) with a concentration of 1.5 percent by weight

was added to the polymer latex B (polymeric solid content:



“sodium lauryl sulfate was not used. (COVPARATIVE EXAMPLE 5) The process was
performed as in Exanple 9 except that sodiumlauryl sulfate was not used

. and the tenperature of the flowng water was 1C. Table 1 shows the

granul ation conditions (the type of |latex, the polyner softening
tenperature, the type of dispersant and the anmount thereof, the type of
wat er - sol ubl e pol ynmer conpound (physical gel) having the physical gel-
form ng property and the anpunt thereof,_ and granulation tenperature) in
coagul ated | atex particles produced in the exanples and the conparative
exanpl es. Table 2 shows evaluation results of the fine particle content,
the coarse particle content, the ratio of recovery, the bl ocking

resi st andd, PEFd SpSNdEE Gl ithpt &he SI9d ifd Icondiandn afatsedium coagul at ed
| at ex parti.cles produced in the exanples and the conparative exanples. ¢ m

o J 0 033931Gt6 &6 &-¢d ®adte Yo eighd relgtiventy WO Barg® bw M M v co
MMQA) N.Nh%l) % ga 9 C NST. .Cm O ,
7 weig of the polymeric solid content. The whole mixture

was homogeneously mixed by stirring to prepare a mixed latex.
The mixed latex was sprayed into droplets so as to have a
volume-average droplet size of 200 um in a cylindrical
apparatus having a diameter of 60 cm with a spiral flow-type
cone nozzle, which is one of pressure nozzles. The nozzle
diameter was 0.6 mm and the spraying pressure was 3.7 kg/cm?.
The spraying was performed at a height of 5 m from the
ligquid level of an agueous phase at the bottom of the tower.
At the same time, an aqueous solution of calcium
chloride with a concentration of 30 percent by weight was
sprayed into droplets so that each droplet has a droplet
size of 0.1 to 10 um using a two-fluid nozzle while the
aqueous solution was mixed with air so that the solid
content of calcium chloride was 5 to 15 parts by weight
relative to 100 parts by weight of the polymeric solid
content. Furthermore, water at 30°C was continuously
supplied from the top of the tower along the inner wall of
the tower so that the amount of water was about 750 parts by
weight relative to 100 parts by weight of the polymeric
solid content. A 3.0 percent by weight aqueous solution of
sodium lauryl sulfate (EMAL 2F NEEDLE, manufactured by Kao

Corporation} serving as a dispersant was continuously
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supplied to the flowing water so that the solid content of
sodium lauryl sulfate was 1.5 parts by weight relative to
100 parts by weight of the polymeric solid content.

The latex droplets {coagulated latex particles) dropped
in the tower were fed with the flowing water into a
receiving tank at the bottom of the tower to prepare an
aqueous suspension of the coagulated latex particles having
a polymeric solid content of about 10 percent by weight.
The temperature of the suspension in the receiving tank was
30°C.

The resulting aqueous suspension of coagulated latex
particles was dehydrated and dried (50°C x 12 hours) to
recover the coagulated latex particles.

(COMPARATIVE EXAMPLE 1)

The process was performed as in Example 2 except that
partially saponified poly(vinyl alcohecl) was not used.

(COMPARATIVE EXAMPLE 2)

The process was performed as in Example 2 except that

partially saponified poly(vinyl alcohol) was not used and

.the temperature of the flowing water was 5°C.

{COMPARATIVE EXAMPLE 3)

The process was performed as in Example 2 except that
partially saponified poly{vinyl alcohol) was not used and
the temperature of the flowing water was 30°C.

(COMPARATIVE EXAMPLE 4)
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sodium lauryl sulfate was not used.

(COMPARATIVE EXAMPLE 5)

The process was performed as in Example 9 except that
sodium lauryl sulfate was not used and the temperature of
the flowing water was 1°C.

Table 1 shows the granulation conditions (the type of
latex, the polymer softening temperature, the type of
dispersant and the amount thereof, the type of water-soluble
polymer compound (physical gel) having the physical gel-
forming property and the amount thereof, and granulation
temperature) in coagulated latex particles produced in the
examples and the comparative examples. Table 2 shows
evaluation results of the fine particle content, the coarse
particle content, the ratio of recovery, the blocking
resistance, the powder flowability, and the filtration rate
in coagulated latex particles produced in the examples and

the comparative examples.
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and Conparative Exanples 1 to 3, by using a dispersant during granul ation,
the optinmumgranul ation tenperature range is greatly extended to a
tenperature range higher than the polyner softening tenperature, and thus
the optimum granul ati on tenperature_ £@nge can be significantly extended.
Referring to Exanples 1 and 3, it is'confirnmed that the addition of a

wat er - sol ubl e pol ymer conpound having the physical gel-form ng property
to a polyner latex can further inprove the powler properties such as

bl ocki ng resRetfancéngntiopbwdeples| dwabdl Pt pndFGotperaties Eehepieng to
Exanples 9 to 15 and Conparative Exanples 4 and 5, with respect to pol yner
| ati ces iR -h&We v igel yamst spsfrsemith gl urdmee rename adfic@C dhe | ower and
which are difficult to granulate by known granul ati on processes,

coagul att&d e @ GFariad e thespaakelrd gwifdend amdadlly cwtteastedortd ow
coarse particle content can_ be recovered in extrenely high yield under a

mld tEnpErRSEAd UEen didtiash hgheie 5hedddda aelpftsde 9 dening

temperature, and thus the optimum granulation temperature
range can be significantly extended. Referring to Examples
1 and 3, it is confirmed that the addition of a water-
soluble polymer compound having the physical gel-forming
property to a polymer latex can further improve the powder
properties such as blocking resistance and powder
flowability. Furthermore, referring to Examples 9 to 15 and
Comparative Examples 4 and 5, with respect to polymer
latices which have a polymer softening temperature of 0°C or
lower and which are difficult to granulate by known
granulation processes, coagulated latex particles that have
low fine particle content or low coarse particle content can
be recovered in extremely high yield under a mild
temperature condition by the production process of the
present invention.

Referring to the examples, in view of the improvement
of filtration rate, use of an anionic surfactant as the
dispersant is more effective than use of a nonionic polymer

surfactant.



" present invention. Referring to the exanples, in view of the inprovenent

of filtration rate, use of an anionic surfactant as the dispersant is nore
.effective than use of a nonionic polynmer surfactant. 60 - CLAIMS 1. A
process for producing coagul ated | atex particles conprising: spraying or
addi ng dropwi se a polynmer latex into a gas phase containing an inorganic
salt and/or an acid in an aerosol form and dropping or feeding droplets
of the polyner latex into an aqueous @hgse containing a dispersant. 2. The
process for produci ng coagul at ed Iate§ particles according to claima1,
wherein the polynmer |atex conprises a water-soluble polyner conpound
havi ng a physical gel-formng property. 3. The process for producing
coagul ated | atex particles accordi®gaidSclaiml1l or claim2, wherein the
softening tenperature of the polyner in the polyner latex is 60C or

| ower. 4. IFhe Rorseess s droprodidig o capdwltadted dtaexpararitdladss accor di ng
to any one of clains 1 to 3, wherein the droplets of the polyner |atex are
dr opped “SFPEf %o an aqueous sol ution containing 0.001 to 10 parts by

wei ght of the dispersant relative to 100 parts by weight of the polyneric
spraying or adding dropwise a polymer latex into a gas

phase containing an inorganic salt and/or an acid in an
aerosol form; and

dropping or feeding droplets of the polymer latex into
an aqueous phase containing a dispersant.

2. The process for producing coagulated latex particles
according to claim 1, wherein the polymer latex comprises a
water-soluble polymer compound having a physical gel-forming
property.

3. The process for producing coagulated latex particles
according to claim 1 or claim 2, wherein the softening
temperature of the polymer in the polymer latex is 60°C or
lower.

4. The process for producing coagulated latex particles
according to any one of claims 1 to 3, wherein the droplets
of the polyﬁer latex are dropped or fed into an agqueous
solution containing 0.001 to 10 parts by weight of the
dispersant relative to 100 parts by weight of the polymeric
solid content in the polymer latex.

5. The process for producing coagulated latex particles
according to any one of claims 2 to 4, wherein the content

of the water-soluble polymer compound having a physical gel-



"solid content in the polymer latex. 5. The process for produci ng coagul at ed
| atex particles according to any one of clains 2 to 4, wherein the content
. of the water-sol uble polymer conpound having a physical gel - 61 formng
property is 0.01 to 3.0 parts by weight relative to 100 parts by wei ght of
the polyneric solid content in the polynmer |latex. 6. The process for
produci ng coagul ated | atex particles according to claimb5, wherein the
content of the water- soluble polymer_conmpound having a physi cal
gel-formng property is 0.05to 1.8 %grts by weight relative to 100 parts
by wei ght of the polyneric solid content in the polyner latex. 7. The
process for producing coagul ated | atex particles according to any one of

cl ai s formigg wrersintyt He 0di0dpdros ant0 immrasndnd ove igyhpo Inerdert isagr fact ant
and/or an anionic surfactant. 8. The process for producing coagul ated

| at ex paidd Fleass ducordiaig of dhal Mol yneheireiseltitk aworticorti drpdiharer
surfactant is at | east one conpound selected frompartially saponified

pol y(vi mPHLYRECoREYeX pol yacrylic acid and salts thereof, nethylcellul ose,

hydr oxynet hyl cel | ul ose, hydroxyet hyl cel | ul ose, pol_yal kyl ene oxi des,
pol y(vi nyl®+ pySR*@sTes POATRATE oAt e)atest hatas dartdid essul f onat ed

ol ystyrene. . The pr.ocess for producing coagul ated | atex particl es
poly yaccor&%ng QO %lainl%, whé%ein thégconé%nt of the waé%r—

soluble polymer compound having a physical gel-forming
property is 0.05 to 1.8 parts by weight relative to 100
parts by weight of the polymeric solid content in the
polymer latex.

7. The process for producing coagulated latex particles
according to any one of claims 1 to 6, wherein the
dispersant i1s a nonionic polymer surfactant and/or an
anionic surfactant.

8. The process for producing coaguiated latex particles
according to claim 7, wherein the nonionic polymer
surfactant is at least one compound selected from partially
saponified poly(vinyl alcohol), polyacrylic acid and salts
thereof, methylcellulose, hydroxymethylcellulose,
hydroxyethylcellulose, polyalkylene oxides, poly({vinyl
pyrrolidone}, poly(vinylimidazole), acrylamide, and
sulfonated polystyrene.

9. The process for producing coagulated latex particles
according to claim 7, wherein the anionic surfactant is at
least one compound selected from carboxylates, sulfonates,

sulfate ester salts, and phosphate ester salts.



~according to claim7, wherein the anionic surfactant is at |east one
conpound sel ected from carboxyl ates, sulfonates, sulfate ester salts, and
_phosphate ester salts. - 62 10. The process for producing coagul ated | at ex
particles according to any one of clains 2 to 9, wherein the water-

sol ubl e pol yner conpound having a physical gel-formng property is at

| east one conpound sel ected from hydroxyethyl net hyl cel | ul ose,

hydr oxypr opyl net hyl cel | ul ose, carbox%nethylcellulose, wat er - sol ubl e
alginic acid derivatives, agar, gela fn; carrageenan, glucomannan, pectin,
curdl an, gellan gum and polyacrylic acid derivatives. 11. The process for
produci ng coagul ated | atex particles according to any one of clains 1 to

10, whereilD i heTlgaprafese fontmtadudig teo2PaRatd® Tyt avei it i1 dde
inorganic salt and/or the acid relative to 100 parts by wei ght of the

pol yner iazsutdihg o ety iond hef pol arimes 2 at@x9, hdherddin priacesstd:0¢ produci ng
coagul ated | atex particles according to any one of clains 1 to 11, wherein
the incryanke sulynier atonmagtd drevisad ta st ect el fgam Sochimg salts,
potassiumsalts, calciumsalts, magnesiumsalts, alumnumsalts, iron
salts, RAIRfEBAILS azilrasfalanss coppeind ssglsctebtfsgium al um and iron
alum 13. The process for producing coagul ated | atex particles according
to any SHETFE¥GE et cellludraei hideoxum thpylneghy ket lwkesd nor gani ¢
acid sel ected from hydrochloric acid, sulfuric acid, nitric acid, and
phosphoﬁqygﬁﬁypgﬁﬂy%ﬁe%ﬁulose, water—-soluble alginic acid

derivatives, agar, gelatin, carrageenan, glucomannan, pectin,
curdlan, gellan gum, and polyacrylic acid derivatives.

11. The process for producing coagulated latex particles
according to any one of claims 1 to 10, wherein the gas
phase contains 0.2 to 20 parts by weight of the inorganic
salt and/or the acid relative to 100 parts by weight of the
polymeric solid content in the polymer latex.

.12. The process for producing coagulated latex particles
according to any one of claims 1 to 11, wherein the
inorganic salt is at least one salt selected from sodium
salts, potassium salts, calcium salts, magnesium salts,
aluminum salts, iron salts, barium salts, zinc salts, copper
salts, potassium alum, and iron zlum.

13. The process for producing coagulated latex particles
according to any one of claims 1 to 12, wherein the acid is
at least one inorganic acid selected from hydrochloric acid,
sulfuric acid, nitric acid, and phosphoric acid and/or at

- least one organic acid selected from acetic acid and formic

acid.



“least one organic acid selected fromacetic acid and formc acid. 63 14.

The process for producing coagul ated | atex particles according to claim
10, wherein the water-soluble polymer conmpound having a physi cal
gel-formng property is a water- soluble alginic acid derivative. 15. The
process for producing coagul ated | atex particles according to claim12,
wherein the inorganic salt is a calciumsalt. 16. The process for
produci ng coagul ated | atex particles ﬁgccording to any one of clainms 1 to
15, wherein the polyner |atex sprayed”or added dropw se into the gas phase
has a vol une-average droplet size of 50 gmto 5 mm 17. The process for
produci ng coagul ated | atex particles according to any one of clains 1 to
16, wher eilf .t h@hpolpmeress dicex thrasluwipy) yergud sseld d aaed eirafcllds to 55
percent by weight.
according to claim 10, wherein the water-soluble polymer
compound having a physical gel-forming property is a water-
soluble alginic acid derivative.
»-15. The process for producing coagulated latex particles
according to claim 12, wherein the inorganic salt is a
calcium salt.
l6. The process for producing coagulated latex particles
.according to any one of claims 1 to 15, wherein the polymer
latex sprayed or added dropwise into the gas phase has a
volume-average droplet size of 50 pm to 5 mm.
17. The process for producing coagulated latex particles
according to any one of claims 1 to 16, wherein the polymer

latex has a polymeric solid content of 10 to 55 percent by

welight.



