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during film formation. Usually a certain amount of surfactants, non-fluoro comonomers
or reactive surfmers is needed in the emulsion polymerization process to improve the
incorporation of fluorinated monomers or the stability of the final mixture of products.

40 US 2004/6790898 relates to the preparation of fluorinated core-shell particles with wa-
ter and oil repellency. The process comprises a shell wherein a large amount of hydro-
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(C P -1) was needed to ald the incorporation of the quo nated monomers and ultra-
sonic treatment was needed to assist in the dispersion of the organic compounds into
water mediate. The complicated procedure only resulted in particles made of the co-
polymer of fluorinated monomers combining non-fluorinated monomers with low fluo-

rine content.

30
A core-shell latex containing fluorinated polymer rich in shell is disclosed in Journal of
Applied Polymer Science, Vol. 85, (2002), pages 1147 to 1153. A core-shell latex with
polyacrylate rich in core and fluoropolymer rich in shell was prepared by semi-
continuous emulsion polymerization in the presence of mixed emulsifiers.

35

However this process required a mixed surfactant system (including sodium dodecyl
sulfate (SDS), 0S-15, OP-10, or hexadecyl-trimethylammonium bromide) to stabilize
the latex during polymerization. Furthermore, non-fluorinated monomers were needed
to aid the incorporation of the fluorinated monomers into the seed particles. The re-

40  sulted particles comprised the shell with the copolymer of both fluorinated monomers
and non-fluorinated monomers. The fluorine content was low.
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consequently affect the desired surface performance of the particles. Using
WO 2010/ 13WMcetier/ k2o Qobfanidp adrylate monomers are usually very expensive. To im-

prove the efficiency of the fluorinated polymers in the coating system, the most attrac-

25 tive way is to prepare core-shell particles with the fluorinated polymer as shell and non-
fluorinated polymers as core. While the fluorinated shell provides the desired surface
properties, the non-fluorinated core provides the compatibility of the particles with other
components.

30 However, the incorporation of fluorinated monomers into colloidal particles is not
straightforward. Due to the poor hydrophilicity and immiscibility of such fluorinated mo-
nomers, a tedious feeding process and/or complicated recipe of surfactant and addi-
tives are usually employed in such emulsion polymerization. Moreover the attained
latex is a water dispersion of fluorinated particles with various surfactants, stabilizers

35 and other additives and such fluorinated particles system can be used only in a water-
based system. Meanwhile those additives also decrease the efficiency of fluorinated
polymer in terms of improving the surface performance.

It should be noted that the use of non-fluorinated monomers to improve the incorpora-
tion of fluorinated monomers would result in a copolymer shell with non-fluoro compo-

40 nents and fluoro components and this would greatly decrease the fluorine density in the
shell and consequently affect the desired surface performance of the particles. Using
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1)  synthesizing a core polymer latex by aqueous emulsion polymerization of
25 non-fluorinated monomers forming the core polymer,

2) adding the shell-forming fluorinated monomers or mixtures of at least 50%
by weight of fluorinated monomers with non-fluorinated monomers to the
core polymer latex of step 1) and allowing for at least one hour of equilibra-

30 tion time in which essentially no polymerization of the shell monomers oc-
curs,

3) reacting the shell-forming monomers in the mixture from step 2) to form the
core-shell polymer particles,
35
wherein the process steps 1) to 3) are carried out under mechanical stirring in the
absence of surfactants, emulsifiers, emulsifying monomers and mixtures thereof.

Preferably the shell is derived from at least 75% by weight, more preferably at least
40 85% by weight, more preferably at least 95% by weight, specifically at least 99% by
weight or 100% by weight of fluorinated monomers.
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The present invention provides fluorinated particles possessing a core-shell structure

25  with preferably pure fluorinated polymers as shell and non-fluorinated polymers as core
to overcome the drawback of the mixed systems of conventional fluorinated particles in
the applications as additives in coatings, such as large quantity of fluoro component,
poor compatibility and uneven surface. The present invention also provides a simple
low cost process for the preparation of abovementioned fluorinated polymer particles.

30 The process comprising the 1) emulsion and/or dispersion polymerization of non-
fluorinated monomers and fluorinated monomers in water medium in the absence of
surfactant and/or emulsifier and/or ionic vinyl monomers, especially in a one-pot reac-
tion process, and 2) isolation of the abovementioned fluorinated particles by removing
water and volatiles.

35 The present invention is characterized by fluorinated particles possessing a core-shell
structure containing preferably pure fluorinated polymers in the shell and non-
fluorinated polymers in the core.

The present invention is also characterized by the absence of surfactant and/or emulsi-
40 fier and/or ionic vinyl monomers in the preparation of the non-fluorinated polymer core
and the fluorinated polymer shell.
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This invention also provides fluorinated particles with polymers from only fluorinated
monomers as shell which greatly improves the efficiency of fluorinated polymers with
25 regards to obtaining desired surface properties such as water repellence, oil repel-
lence, weather durability and chemical resistance, compared with those particles with
the copolymers of fluorinated monomers and non-fluorinated monomers in the shell.

In the process for preparing the fluorinated core-shell-polymer particles the core is a
30 non-fluorinated polymer and the shell is derived from at least 50% by weight of fluori-
nated monomers, by

1)  synthesizing a core polymer latex by aqueous emulsion polymerization of
non-fluorinated monomers forming the core polymer,
35
2) adding the shell-forming fluorinated monomers or mixtures of at least 50%
by weight of fluorinated monomers with non-fluorinated monomers to the
core polymer latex of step 1) and allowing for at least one hour of equilibra-
tion time in which essentially no polymerization of the shell monomers oc-
40 curs,
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25 ormlng monomers in step 3) are preferably free radical polymerizations. Preferably, in
steps 1) and 3), not in step 2), free-radical polymerization starter is added to perform

the free-radical polymerization.

The process thus comprises the heterogeneous polymerization of non-fluorinated
30 monomers in water medium to form the non-fluorinated polymer particles as seed and
the heterogeneous polymerization of fluorinated monomers to build the shell structure
on the attained seed particles to form the abovementioned core-shell fluorinated parti-
cles and optionally the isolation of the obtained particles. The isolation of the above-
mentioned particles can be carried out by simple filtration or evaporation of the volatiles
35 and water. In the abovementioned process, no surfactants, no surfmer or stabilizer
additives were involved. Added advantages are the ease of operation and low cost.

This invention also provides a one-pot process for the preparation of the abovemen-
tioned core-shell fluorinated particles.

40
Herewith is a more detailed description of the above mentioned particles.
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ing rate, temperature, stirring speed and the design of the reactor as well as the stirrer.

The particle size distribution can be also controlled by controlling the polymerization
conditions during the polymerization process. The particles containing fluorinated

35 polymers in the outer shell can be confirmed by X-ray photoelectron spectroscopy
(XPS characterization).

Herewith is a more detailed description of each of the preparation step.

40  The preparation of the abovementioned core-shell fluorinated particles preferably com-
prises the preparation of non-fluorinated polymer particles in water medium; the prepa-
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40 lymerization of fluorinated monomers is required to prevent the homo-nucleation of the
fluorinated monomers which will result in the formation of fluorinated particles without
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30 ticles have improved affinity to high fluorine-containing monomers. In the second step,
high fluorine-content monomers are introduced to the system resulting from the first
step. This invention provides a highly efficient process for the preparation of core-shell
fluorinated particles from a wide range of fluorinated monomers as well as a wide win-
dow of polymerization rates.
35
The final step to isolate the attained core-shell fluorinated particles can be carried out
by various techniques for the removal of water and volatiles such as filtration, centri-
fuge or simple air drying.

40 For forming solid water-, oil- and soil-repellent coating films on solid surfaces, a coating
film of an aqueous latex dispersion containing fluorinated core-shell-polymer particles
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Example 1: one-pot process

The particles of PMMA were prepared via heterogeneous polymerization in water
without emulsifier and the core-shell particles made from fluoro-polymers bearing
25 short pendant side group can be achieved by a simple two-stage method.

The emulsifier-free polymerization of methyl methacrylate was carried out under nitro-
gen in a 50mL two-neck round bottom flask equipped with magnetic stirrer and sealed
by rubber septum. 1mL of distilled MMA was introduced into the flask containing 20mL

30 of deionized water (degassed by nitrogen) with a stirring rate of 700 rpm. The oil-in-
water suspension was heated to 70°C in an oil bath for a 30-minute equilibration time.
0.25mL water solution of ammonium persulfate (34.13mg/mL) was injected into the
mixture. The mixture changed from semi-transparent to opaque-white color after 1
hour. The reaction mixture was cooled slowly with stirring to ambient temperature after

35 a 20 hour reaction time. A PMMA dispersion in water (solid content ~5%) was ob-
tained.

Table 1. Recipe for emulsifier-free polymerization to produce PMMA seed dispersion

Component Amount mMole
Methyl methacrylate 1 mL 9.3488
Water 20 mL
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25  After 20 hours, the reaction mlxture was heated to 80°C for 1 hour in order to drive the

reaction to completion. The emulsion was cooled slowly to ambient temperature after
that with stirring.

Table 2. Recipe for emulsifier-free polymerization to produce PMMA seed dispersion

Component Amount mMole
Methyl methacrylate 4 mL 37.4
Water 80 mL

Ammonium Persulfate 34.1 mg 0.1495
Emulsifier - -

Reaction Heating Profile: 70°C/20hr, 80°C/2hr, Stirring Rate: 700rpm

30
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nm 15 Exanrgpises . 4w, ThHecsipy efins attaioed PRMMOpartisibetdngkt om 260~860 par.ti cl es
with PMVA in the core and poly(2,2,3,4,4,4-hexafluorobutyl acrylate) in the
shel | Exanpl e 4. 20Fol |l owi ng the sane procedure as described in exanmple 1,
the corlé- sHe@MAe dori nat ed particles was prepared by using sanme quantity of
2,2,3,4,4,4-hexaf l uorobutyl acrylate instead of 2,2,3,3,-tetrafl uoropropyl
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W% 25 Théreﬁmommr@gyoroef methsi methapiyiate pas catied puhiindertrieogsinze ar gy of
250- 35Q0nmthrs¥a@Bk foudnd bottom flask equipped with a mechanical stirrer (stainless steel rod
with Teflon blade) and the two side necks were sealed by rubber septum. 250 mL de-
gassed DI water was charged into the flask, followed by 12.5 mL of distilled MMA. With
a stirring rate of 400 rpm, the oil-in-water suspension was heated to 70°C in an oil bath
for 30-minutes to equilibrate. 0.5mL water solution of ammonium persulfate (106.7mg)
25 was injected into the mixture. The nucleation process was observable after stirring for
10 minutes. The mixture changed from semi-transparent to opaque-white color after 2
hour. After 20 hours, the reaction mixture was heated to 80°C for 2 hours in order to
consume all the APS. After that, the emulsion was cooled slowly to ambient tempera-
ture with stirring.

30
Table 3. Recipe for emulsifier-free polymerization to produce PMMA seed disperson
Component Amount mMole
Methyl methacrylate 12.5 mL 116.9
Water 250 mL
Ammonium Persulfate 106.7 mg 0.4676
Emulsifier - -

Reaction Heating Profile: 70°C/20hr, 80°C/2hr, Stirring Rate: 400rpm (mechanical stirrer)

The average particle size produced in the large scale reaction was ca. 450 nm, which
was much larger than the particles obtained in a smaller scale, d(0.5)~295nm.
35



Fol I owi ng the same procedure as described in exanple 2, the core-shell
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acryl ate) r'r=l3‘ﬁ Wwas added into the seed | atex at room tenperature, using
a nitrogen-purged needle. The m xture was stirred for 24 hours. The m xture
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25 The morphology of attained PMMA particles with the size range of 250~350 nm.
Example 5:

Following the same procedure as described in example 2, the core-shell fluorinated
particles was prepared by using same quantity of 2,2,3,4,4,4-hexafluorobutyl acrylate

30 instead of 2,2,3,3,-tetrafluoropropyl acrylate in the shell-building step. The fluoropoly-
mer contents in the attained particles were determined by proton NMR, in CDCls. It had
been found that the fluoropolymer content with respect to PMMA core was 13.8 wt%.
The size of attained PMMA particles ranged from 250~350 nm.

35 Example 6:

Following the same procedure as described in example 3, the core-shell fluorinated
particles was prepared by using same quantity of 2,2,3,4,4,4-hexafluorobutyl acrylate
instead of 2,2,3,3,-tetrafluoropropyl acrylate in the shell-building step. The fluoropoly-
40 mer content in the attained particles was determined by proton NMR, in CDCls. It had



and the powder-form of the product was coll ected. Exanpl e 8:
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2314 E2:?3,%1,4 5,5,6,6,7,7,8,8,8-tridecafluorooctyl acrylate) in shell.

In a typical procedure, 12mL of PMMA-P(2,2,3,3-tetrafluoropropyl acrylate) dispersion
was taken from the stock emulsion and degassed by nitrogen for 30 minutes. 50uL of

15 (3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl acrylate) monomer was added into the seed
latex at room temperature, using a nitrogen-purged needle. The mixture was stirred for
24 hours. The mixture was then heated to 60°C, and water solution of potassium per-
sulfate (5mg, 10 mol% with respect to 13FA monomer) was injected to trigger the po-
lymerization. The mixture was cooled down to room temperature after 24 hours. The

20  particles can be easily separated by filtration. The solid was dried for 48 hours at 45°C,
and the powder-form of the product was collected.

Example 8: Dispersion of core-shell fluorinated particles with PMMA in the core
25 and poly(2,2,3,4,4,4-hexafluorobutyl acrylate) as an additive to commercial latex

Fixed amount of PMMA-Poly(2,2,3,4,4,4-hexafluorobutyl acrylate) (solid content~5%)
was blended with commercial latex (solid content = 40%). The mixture was agitated for
30 minute using a shaker, to form white-color emulsion without noticeable particle ag-

30 glomeration. The film forming process was carried out on a microscope glass cover
slide. In the drying process, the water was evaporated slowly at ambient temperature.
The film was further dried in an oven at 60°C for 24 hours. The water contact angle
increased progressively with increasing fluorinated particle composition. When PMMA-
Poly(2,2,3,4,4,4-hexafluorobutyl acrylate) content was 27.3% i.e. fluorinated polymer

35 contentis 3.1 wt% (Table 2, entry 5), the contact angle was 107.4°, which was 20 de-
grees higher than the pristine latex film. This clearly indicated the effect of added
fluoro-materials which reduced the hydrophilicity of the latex film.

Table 2. Effect of PMMA-PF6 on commercial latex for derived polymer film hydrophilic-
40 ity



9.4 3 2:15.9 100.3 13.5 4 1:1 11.1 102.8 16.0 5 1:3 27.3 107.4 20.6
Exanpl e 9: Core-shell fluorinated particles with PMVA in the core and

pol y( 3, 3,Wp40B/1B89B26, 7, 7, 8, 8, 8-tri decaf |l uorooctyl acryl aCe)erasioan77addi tive
to PVC 5 The PVC fil mwas prepared frome toluene solution containing 15
wt % PVC and 0.5 wt % core-shell fluorinated particles with
poly(3,3,4.4,5.5.6,.6,7, 788 8-tridecafluorooctyl acrylate) in the shell.
After dryi i n batex:PMKA-FAFGl m eBIAsRRGezined 3 for 1 hour. The water
cont act anrgm’e wag/3150 . 10 tent (%) Lontictmnol * A%k

1 1:0 0 86.9 -

2 3:1 4.0 96.2 9.4
3 2:1 5.9 100.3 13.5
4 1:1 11.1 102.8 16.0
5 1:3 27.3 107.4 20.6

Example 9: Core-shell fluorinated particles with PMMA in the core and po-
ly(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl acrylate) as an additive to PVC

The PVC film was prepared from a toluene solution containing 15 wt% PVC and 0.5
wt% core-shell fluorinated particles with poly(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl
acrylate) in the shell. After drying in air, the film was annealed at 130°C for 1 hour. The
water contact angle was 115°.
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WO 2010/ 139732PCT/ EP2010/ 057720 17 Clainms 1. A process for preparing

fluorinated core-shell polyner particles in which the core is a

non- f | uorwoavsdi3pskyner and the shell is derived from arcClrE&et1068272by

wei ght 5of fluorinated nononers, by 1J8ynthesizing a core polymer |atex by
aqueous enﬂg,limon pol ynmeri zati on of non-fluorinated nononers formng the
core pol ynet; f02) addi ng the shell-formng fluorinated nononers or

m xtures of at |east 50% by wei ght of fluorinated nononmers with

Pon-fl ulori nat edh prIGESES piePatifigfleaingtapadoyererell @ilmerqfarﬁdI@in_WhLi(ftﬂlde@bfe)V\/i ng
or at least o la, Qf: r t - i ,
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shel | - f 8rni ng rAbABPREIAEE] MOPPMBETFi R ure from step 2) to formthe core-shell
pol ymer particl es, wherein the process steps 1) to 3) are

rer par . wherein
il SiTiors, oml s ﬁ‘%ﬁ@ho‘%&% ROlR: o} B SUBTRPOR R FAMIELATLSL

m, X
according to clai M'?" d MRl c?rm'rfgstHBéFPT P¢om at | east 75% by

wei ght, preferably at |east 95% by wei ght, of fluorinated nmonomers. 253. The
procesgpaccor diz)g hdify &HemrklF6rming MGTREY MHBBomY¥Rtdragikirdtdoft & 164t Bothe
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mononmers in step S?yé{\feég LI PIRAIRA MBS ﬁse?’vi. GRS A Y B?'(S%élé
according to cl ai nf@e pahErasilaex af seegsang abgydngior ableashene haur of eguityra-
30free-radi cal pol ysretiingah iwkichsézehedllyind okgastizatomer frer shell meorfontses badi cal
pol yneri - zations. The process according to any one of clains 1 to 4,
wherein_the non-fluorinated nmononers for formng the core polyner are
selectd@ fromthe group consi sting of 35acryl ate-based nononers,

met hacr yl at e- be® edrezotigrbe sheb-formégembaseersim frenmaixfure Wronystep 2 o ttaner s
and m xtures theregfo_dBell E&?m@F?&'ﬁéés according to claim5, wherein the
non-fl uori nated nonomers arée selected from Cl_12-al kyl (net h)acryl ates.

wherein the process steps 1) to 3) are carried out under mechanical stirring in the
20 absence of surfactants, emulsifiers, emulsifying monomers and mixtures thereof.

2. The process according to claim 1, wherein the shell is derived from at least 75%
by weight, preferably at least 95% by weight, of fluorinated monomers.

25 3. The process according to claim 1 or 2, wherein the synthesizing to form the core
polymer latex in step 1) and the reacting of the shell-forming monomers in step
3) are free-radical polymerizations.

4. The process according to claim 3, wherein in steps 1) and 3), but not in step 2),
30 free-radical polymerization starter is added to perform the free-radical polymeri-
zations.

5. The process according to any one of claims 1 to 4, wherein the non-fluorinated

monomers for forming the core polymer are selected from the group consisting of

35 acrylate-based monomers, methacrylate-based monomers, styrene-based
monomers, vinyl-based monomers and mixtures thereof.

6. The process according to claim 5, wherein the non-fluorinated monomers are
selected from Cq.1z-alkyl(meth)acrylates.
40



WO 2010/ 139732PCT/ EP2010/ 057720 18 The process according to any one of
claims 1 to 6, wherein the fluorinated nononers are selected from

al kyl ( metwpaorwisates having fluorinated al kyl residues. PCHEPRIIOOET20
according to any one of clains lto 718mherein the average particle
dianmeter is in{he ran fro 80 t 8 o]

core-shell %pol y-Ith rprgg? ?cordm i f1db rée% Cf'm? oces§ asheg du?rlnat%d one
of claims 1 to rsonqmerrsm M@@@d f&iﬁ @J@Hme h)%V'?WérhaVir}ﬁJ Wﬂr@ﬁteﬁh@kﬁdﬁ@ is a
non-fl uori nat edjiyeel yner and the shell is derived fromat |east 50% by

wei ght of fluorinated nDnoners the pol yner being free fron1surfactants
enul sifiers and emul sify nmononers. A fluorinated core-shell -

accordi ARg o cl zilerﬁr%?%%a?\%?f&'”tgﬁ@ Ny QgL laies 4de 7 nuheel taﬁ?vﬁﬁ?@eé’fa”@iem ms 2
and 5 to 8. Usdiafhetet wom theabege oftfreen 80éd 80y ners as defined in any one of
claims 9 to 11 for forning a solid mater- oil - and soil-repellent coating

on solid syrfaces. cessf olid water-, oil- and, . .

o0 &1 epel fent A BueTRES sareeal-ai el Gafe RoabEntRbdiis nipcens 3 ciimedin o)
casting a coat iamy oheloficleimaahta@ueous | at ex di spersi on contai ni ng
fluoringted core-shell-polymer particles as defined in any one of clains 9

oy anneali NG e GBI EarethoHATRER A WichiiBe AT RLE noh ARSI BT, 21
the aqueous | atas toe §|ib<ii'r'§|d@'ﬂ|VQ§jd°Fﬂnaia lgast 307 bYiweidht offluggpatad megomers, the

cor e-shel | - pol yoBmgraeingdteesirams saieddtares enuldfivts ane emlulsiyiag AonBmiees. 11
adm xed with non-fluorinated polyner particles.

15 11. A fluorinated core-shell-polymer according to claim 10 having the features as
defined in any one of claims 2 and 5 to 8.

12. Use of fluorinated core-shell-polymers as defined in any one of claims 9 to 11 for
forming a solid water-, oil- and soil-repellent coating on solid surfaces.

20
13. Process for forming a solid water-, oil- and soil-repellent coating film on solid

surfaces, involving the steps of

a) casting a coating film of an aqueous latex dispersion containing fluorinated
25 core-shell-polymer particles as defined in any one of claims 9 to 11, on a

solid surface,

b) evaporating the aqueous dispersion medium and

30 c) annealing the coating film.

14. The process as claimed in claim 13, wherein the aqueous latex dispersion con-
tains a mixture of fluorinated core-shell-polymer particles as defined in any one
of claims 9 to 11 admixed with non-fluorinated polymer particles.
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