CONTI NUOUS WASHI NG OF POLY(VI NYL BUTYHAL) CROSS REFERENCE TO RELATED

APPLI CATION") [001 ] This application is a continuation of, and cl ai ns
priority wo,2010/188580ppl i cati on No. 12/472,353, filed MayPR®/US2000361bbe
entire disclosure of which is herein incorporated by reference. BACKGROUND

OF THE | NVENTI ON 1goRirgd doRfs WASHINGEOFipUL YQGRK 1 eTPRASFNt i nvention is
inthe field of poly(vinyl butyral) production, and, specifically, the

present CRCHVRIFERENERTOREIIAITAPP LA HOW(HY | but_yra!) producti on
utilizing continuous production techniques. 2 Description of Related Art

[ 003] Polkgo1{ vy bpphgdhtyohnds ) cdnMiBYioh 51, andeieims\priogdo, NSt Agpliostivufact ur e of

pol ynmer sheets that can be used as interlayers in light-transmtting

| ami nat es2anghsasiaaiatlys, ghoasse entirp alsyloRird 6f Wido Batem. indajoeityd gt ass of t en
refers to a transparent |am nate conprising a poly(vinyl butyral) sheet

di sposeddpgtyen two sheets of glass. Safety glass often is used to provide
a transparent barrier in architectural and autonotive openings. Its main

functi onpias KOR@ONOY bF enNengwENIUeR as that caused by a bl ow from an object,
wi t hout all ow ng penetration through the opening or the dispersion of

shards of gl ag$syiidWShdhMnakbgi Ng damage or injury to the objects or persons
within an encl osed area. [004] Polyvinyl butyral) is commonly produced

using a gapyedhd feak: @@éﬁl@n grlggl%%ldt&%ggdmﬁ%u@%tpr&%kﬁ& piocesses,

requires repeated cycles of reactant addition, “mXing, enpt yi ng, and

e L R R e
poly (VI YL UGN RbducSdiHedmhiduss.
2. Description of Related Art
[003] Poly(viny! butyral) (PVB) is commonly used in the manufacture of polymer sheets
that can be used as interlayers in light-transmitting laminates such as safety glass or
polymeric laminates. Safety glass often refers to a transparent laminate comprising a
poly(vinyl butyral) sheet disposed between two sheets of glass, Safety glass often is used to
provide a transparent barrier in architectural and automotive openings. Its main function is to
absorb energy, such as that caused by a blow from an object, without allowing penetration
through the opening or the dispersion of shards of glass, thus minimizing damage or injury to
the objects or persons within an enclosed area.
[004] Poly(vinyl butyral) is commonly produced using a conventional batch process that,
like most batch processes, requires repeated cycles of reactant addition, mixing, emptying,
and cleaning. One conventional method can require over a four hour batch cycle time.
[005] After poly(vinyl butyral) has been formed, washing of the poly(vinyl butyral) slurry is
usually accomplished in a discontinuous wash tank, which is time and space consuming. The

limitations of conventional poly(vinyl butyral) washing cause particular inefficiencies when



usual | y acconplished in a discontinuous wash tank, which is tine and space
consum ng. The limtations of conventional polyvinyl butyral) washing cause
parti cul awoiznsff38ssbenci es whencoupl ed wi t h conti nuous p@eCy(oseenplodding yral )
production nethods, such as those disclosed in copending application U S.

Appl i cat Qp1ddovitl @nfiRfoud A&y (iR Bllhﬁﬁﬁ pRIGREEMSRShods NacH Rakdsk disYlode in

conti nuousl'y wash the continudusly produced poly(vnyl butyral) slurry can

resul t iy blehyliREIRNaY. ASIRLRR NRME BSOS 1R IRMEDERRs Qe fnfbiRyAYi de
substanti al , |ne?f|C|ent storage capacity for the continuously produced

pol y(vin t : 3! I cess to
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scal abl e, and thaggpro uces was ny utyral) of consistently high
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stirred re ors, each of which is adjusted to specific processing
paranete%gﬁgﬁé gﬁﬁ?Oleor continuous input, washing, and renoval of

oly(vin utyral.) .i s. di scl osed. The, resul ti I v(vinyl utvral ) can
Phen b Moo HiRibet e ThaS fet md s LML AL i B R
conventi onal poly(vinyl, .butyral esi.h.hi an.alte tive enbodi nent, a
Comeer SiiR a R bt bty el SRl o bR e R vt o1 Cover
t he pol yvi nyl. tyral). in. . a direction opposite to the flow of the
poIy?vi%beﬁﬁ?ggg%?ﬁ(%ﬁﬁpgﬁﬁgﬁ%'%ﬂf @“tﬁg conti nuous washi ng of the
poly(vinyl butyral) resin. BRI EF DESCRI PTI ON OF THE DRAW NGS [008] Figure 1

is a sch i%E&gpresentation of one enbodi nent of a continuous washi ng
met hod. ? igure 2 is a schematic representation of one enbodi nent of a

contin uo'f'(ﬁ)ﬁ OA\Q\@&QAdﬂr continuously washing poly(vinyl butyral) in which a poly(vinyl butyral)
shurry is passed through multiple continuous stirred tank reactors, each of which is adjusted to
specific processing parameters that allow for continuous input, washing, and removal of
poly{vinyl butyral} is disclosed. The resulting poly(vinyl butyral) can then be dried to form a
powder resin that can be used in place of conventional poly(vinyl butyral) resin. In an
alternative embodiment, a counter current screw washing unit is provided that passes wash
water over the poly{vinyl butyral) in a direction opposite to the flow of the poly(vinyl

butyral), thereby allowing the continuous washing of the poly(vinyl butyral) resin.

BRIEF DESCRIPTION OF THE DRAWINGS

[008] Figure 1 is a schematic representation of one embodiment of a continuous washing
method.

[009] Figure 2 is a schematic repreéentation of one embodiment of a continuous 20 washing

method.

DETAILED DESCRIPTION



met hod. DETAI LED DESCRI PTI ON[ 010] There is described herein, anong ot her

t hi ngs, a poly(vinyl butyral) washing process for the continuous washi ng of
pol y(vi nywolzatoyr3sdsy resin in a slurry. [Q 1] Conventi onRCTWS20M0/0861p6 OCeSSeS
for polyvinyl butyral), which are batch processes, have a nunber of serious

short comings. TS idRe&ribkARQEH ok DiiRr thRks, aogohg%yloduwgywhgmg%&xssmg aci ds,
salts, and unreacted material fromthe resin urther, there is a |arge

| VSt et 08k ARNRMAliRgo Mol ftvkiBubANBR:HEl uURp! a batch vessel and the
inability to run the equipnment in a continuous node. [012] In various

enbodi men 6151% EBRY &bl @g&g%&@&sgemga@ almbwm)o&h@h %%@ﬁp%esg&ntl nuously

stirred tank reactors (CS to wash poly(vinyl” butyral) réesin, addresses

many of the AfeRRTBRLenad. dx%coun%éa%@&%g ifboanf QRS IrRRR enswlch process.

By utilizing continuous an ercurrent transport of both the solid and

the |1 qui g BASES (i@ AOLHENE I KA dhe SN fn R ORGTyESS L1 ans er

eff|C|ency 'S al ned, a reduced operating cost’ from sh wash wat er
savi ngs |s real ze T reduces
t he reqU|r S|£gm‘?“F%%ﬁégﬁﬂéggﬁg§m1&&n§g%é&h9&ma%$&gééﬁﬁg%}%ﬁg%gl such as
bat ch fl||ln%e i nin 013] In an enbodiment, continuous washing is

a

achi eved “1HP @6?3ﬁ?$§%gmcdﬁ i nuous washi ng deV|ce [014] Pol y(vi nyl
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a higher mass transfer efficiency is obtained, and a reduced operating cost from fresh wash
water savings is realized. The continuous transport of solids and liquid reduces the required
size of the CSTRs by eliminating non-productive steps, such as batch filling and draining.
[013] Inan embodiment, continuous washing is achieved in a screw-type continuous
washing device.

[014] Poly(vinyl butyral) resin that has just been formed through the acetalization of
poly(vinyl alcohol) typically is in the form of a slurry, with the resin mixed with one or more
solvents, which can be water or a non-aqueous solvent, and one or more other components
that are typically undesirable at high concentrations, such as acids, metal salts, unreacted
materials, and other processing byproducts.

[015] In one embodiment of a continuous washing method, multiple continuous stirred tank
reactors are provided, and a stream of a poly(vinyl butyral} slurry, which can come directly
from a poly(vinyl butyral) production process, is fed into a first continuous stirred tank

reactor, in a continuous manner, and then into one or more further CSTRs, which results in a



reactors are provided, and a streamof a poly(vinyl butyral) slurry, which
can come directly froma poly(vinyl butyral) production process, is fed
into a fiwetowarsisauous stirred tank reactor, in a contiPoUAS300MBEEE , and
then into one or nore further CSTRs, which results in afini shed polyvrnyl

butyral) mhastdpdiiehy r@lﬁ%m&hﬁctBh@de&ﬂ&dfﬁm&&ﬂwm(ﬁﬁlﬂi Whitichngen tehen be
optionally filtered an en dried to provide a final, dry form of resin.

[016] Thios:igmite ditBfhnd HerSRWR ?ﬂav&rw%ﬁ dygsnesmatdy at 10. As shown, a
slurry is |ntroduced continuously 12 into a first CSTR 14 in which it is

m xed wi trdrr6§04rrr1§@ﬁlbocmenﬁi HobM i ﬁgﬁrél@@em%% thpihotNhed fibtysts CSTR 14 as a
once washed slurry 16 noved t0 a Secon The slurry is then

moved outyRfgy ela%oa%eﬁ@y Eﬁ R alfsPES AR {MnGehivies Q%xéd Wi Yo1velt. Ffe sfudiyt her
processing, ich can be further washing in further CSTRs or final "drying.

As shown 1§ ﬁ]er} IlﬁgVJdl cgtw;ﬁhe I'nrs?ég'l“ﬁ ?11 Xseﬁmncg %vak&d ls nrgqg ldﬁr?ﬁn dro g@é/c%gd thr oug h

the CSTRs count er-cu manner, begi nni ast CSTR - in this

case CST Vi ng

sol vent Eif aﬁ’fd'r na %lvlggYetd%u %qgeo%?gﬁ én%:rrﬁ gg%Ga ﬁce?ﬁ%isﬁ% The
cont i nuouys ocess can f rth ed el sewhere
her ei n. Fﬁfﬁ?m%ﬁn§ Y- e ? e¥8?g€ ?m?éﬁagi%ffﬁﬁﬁis s?rgred t ank
reactors are used.in serie h.co uou u current

t ranspor £ 6?1%3?%ﬁ$“%36§13§fnséﬁ H%” %?es |@Dw%a]nu}]£e?g?ﬁeneral t he

hi gher the nunber of washing.ve r th

requi renﬁﬂ‘fnterafﬂgemrmran{}grp%ﬂgl ﬁgﬁ'ﬁl%ﬁé 68 8 S%iﬁ igt g l?Lro%?g%“ﬂ‘gvessel s
are used. Th cessing conditions i nuous. stirred tank
react or s %%%Fﬁgtfﬁﬁ ﬁgs'borwnoﬁsrroar@ﬁrﬂer%%r% &tgwﬂﬁ@reﬁ AP RERR g, as
used her shi n which the solid hase are

f1 owi ng f&ﬁ%grlre'fhr ?@@Pr%ﬁgmcmr% e P %0 rrrﬁsﬁsaf $RPCnst ant t he
driving force for mass transfer of the contaminants. [019] Any suitable
cont i nuoG¥e¥Rsts PIENt ank reactors can be used, as are known in the art.

[017] Inthese embodiments, at least two continuous stirred tank reactors are used in series
in which continuous and countercurrent transport of both liquid and solid phases is realized.
In general, the higher the number of washing vessels, the lower the fresh water requirement,
and, in various embodiments, 2 to 15, or 4 to 11 CSTR vessels are used. The processing
conditions in the multiple continuous stirred tank reactors can be the same or different.

[018] Countercurrent washing, as used herein, is washing in which the solid and the liquid
phases are flowing in opposite directions, which helps to optimize at any instant the driving
force for mass transfer of the contaminants.

[019] Any suitable continuous stirred tank reactors can be used, as are known in the art.
Continuous stirred tank reactors include stirred tanks with a centered agitator and baffles or
stirred tanks with an off-center agitator and no baffies.

[020] Such stirred tanks can be equipped with a filtration device to effect solid-liquid

separation. Filtration may be accomplished by one or more screens attached to the bottom or



Conti nuous stirred tank reactors include stirred tanks with a centered
agitator and baffles or stirred tanks with an off-center agitator and no
baf fl es. W020j0/188%8h stirred tanks can be equi pped w th &Ciusteians@ane devi ce
to effect solid-liquid separation. Filtration may be acconplished by one or
nore scr grBsvall dAshedid ond HendOid@MLenal d8tale hSidothe AR, dn8BKSoreahe Or nore
screen barrels installed inside the tank, one or nore topinserte
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in an external loop. Filter cloth itself can conprise any material of

constructipn Fhfé%loﬂﬁts%l@ k& @MpritOadyMeacdtd 8f cohfiBicBbdihhiis AMGhdk RAke b oFat ed for
five mcrons or less. Screens may or may not be equi pped wi th back-fl ushing
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equi pped with'inlet ports for slurry and wash Iiquor,” outlet ports for
washed s g S 51 % and tanks nay or may not be equi pped
with an g%%g%ﬁ gfac eﬁ?ﬁg plgi;ﬂ‘?)y\r/\/rates of an incom ng poly(vinyl
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sol i ds CE ﬁﬁ%38§%ﬁhaln ?1 %%ﬁéﬁgnugpg(€£0n1aian%ﬂ?38ﬂélurry (0. 1%

total sol n .dr SIS) to a dry powder, which is then dispersed
in the maé%?mﬁ lﬂ“% g%hghPﬁe?flrst CSTR. The dry weight of a slurry is
neasured

of the I} fgt%g’o A BB WPl o e KT e g b By T pLpea

into the, flrst CSTR, .it concentrathon ca 1%to 3q96 5% to 096 or

10% to 25%°PBIRFIEE I"‘”%‘éﬁ o‘?%l“‘é?“t?PV‘%ﬁe ’é‘ﬁfgl‘ﬁgﬂ%m o GIUPIYE [URp ST |
which the solids ¢ ncent ation is such that the slurry cannot be punped
the mat ePPEPs ¥ihhig “F@H 6 the first CSTR by neans of a screw. For

partiall ¥023] In various embodiments, the incoming solids content can be any concentration
ranging from a diluted slurry (0.1% total solids on dry weight basis) to a dry powder, which
is then dispersed in the washing liquid in the first CSTR. The dry weight of a shurry is
measured by weighing the residue of a sample after the complete evaporation of the liquid
phase. In embodiments in which the incoming slurry is pumped into the first CSTR, its
concentration can be 0.1% to 30%, 5% to 30%, or 10% to 25% total solids on a dry weight
basis.
(024} In embodiments in which the solids concentration is such that the slurry cannot be
pumped, the material can be fed into the first CSTR by means of a screw. For partially
drained poly(vinyl butyral) shurry (for instance by dewatering the slurry under gravity), the
solids concentration can be 25% to 50% or 30% to 40%. A cake with a solids concentration
higher than 40% or higher than 50% that is, for instance, obtained after centrifugation or after
using a filiration technique (under vacuum or pressure) can also be fed into the vessel by

means of a screw.



drained poly (vinyl butyral) slurry (for instance by dewatering the slurry
under gravity), the solids concentration can be 25%to 50% or 30%to 40% A
cake w thweaenli3gsseconcentrati on hi gher than 40% or hi gir€mr/ush@n/03€196 t hat

is, for instance, obtained after centrifugation or after using a filtration

techni qu @oz(s!p NE@EL ¥AGUHANATowWiaRSS Wi 8)a 167 tPdcERvO&sTretwishing efi@envpss@!l by
means of a screw. [025] Fresh wash liquor flowrate is set at a level to
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nunber of CSIRS iR the setup. For 20 parts per mllion residual nitrate ion
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pol y(vin resin ticles ar e k nstant, sus ens on and
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agltatlo for to 2.1 watts/ The t ture
range in® %ﬁn?gﬁﬁgtﬁipﬁgﬁﬁoﬁﬁ H@ygg%nlﬁk %?%mVQPP' Sdlnents
i s 400C 900C, . or 0 8Q r tenperatures can cause the
polyviny%ﬁbﬁ?§¥%@§“ﬁgqFSBF%§”?§ Qghgﬂérate by which the efficiency of the
mashing ess decrea t es .t he use of more mash fluid to
achi eve z 2Ry es]?@‘z%f]‘tp? V“F JESTR P?FB 8% 21t K& BotR Rty |

butyral) resin |n t he CSTR depends on the nunber of CSTRs sent in the
entire s&tapsonfad spshing e e disiseace ﬂ%fﬁlna?mff%éﬂeﬁﬁqrwwq‘m tnpli from

agitation is, for example, 1.3 to 2.1 watts/gal.

[027] The temperature range in a CSTR can range between 20°C and 95°C, and in various
embodiments is 40°C to 90°C, or 60°C to 80°C. Higher temperatures can cause the
poly(vinyl butyral) particles to agglomerate by which the efficiency of the washing process
decreases, which necessitates the use of more wash fluid to achieve adequate washing,

[028] The residence time of the poly(vinyl butyral) resin in the CSTR depends on the
number of CSTRs present in the entire setup. The total residence time of the poly(vinyl
butyral) particles can be 15 minutes to 3 hours or 30 minutes to 1.5 hours. The residence
time per CSTR can be identical to the total residence time divided by the number of CSTRs.
The residence time does not need to be identical for every CSTR, but can instead vary.
[029] In further embodiments, a screw-fype continuous washing device is utilized to
implement continuous washing of a poly(vinyl butyral) resin slurry. In these embodiments, a

washing device comprises a slowly turning screw (auger) that moves a continuous stream of



butyral) particles can be 15 minutes to 3 hours or 30 mnutes to 1.5 hours.
The residence tinme per CSTR can be identical to the total residence tine

di vi ded byothw/m3sssber of CSTRs. The residence tinme doesPaootUusSe@em3gioc be
identical for every CSTR, but can instead vary. [029] hi further
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i npl enent cont’i nuous washing of a poly(vinyl butyral) resin slurry I n
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(auger) that noves a continuous stream ofpoly(vinyl butyral) resin slurry
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Flgure 2 genera a screwtype washer
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in which a screwis nounted. Particles are prevented fr$n1settlln

i nduct i odeRtion Shayei4dhthe sFUP Lk Washed i s Bren fenayed fppdhctasher an be

created using an¥ suitable method, and is preferably created by the
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regul ar distances along its length. In sone enbodi nents, steamis injected
to creat @anpirhuidnben remeaedgsra sglveriivaygongminants 42.

[031] In one embodiment, the system consists of a trough in which a screw is mounted.
Particles are prevented from settling by induction of sufficient turbulence in the liquid. This
turbulence can be created using any suitable method, and is preferably created by the
imjection of air (or any other gas) into the bottom of the trough, at regular distances along its
length. In some embodiments, steam is injected to create turbulence. The air or steam is
preferably injected tangentially into the liquid to prevent plugging of the piping by settling
solids. In various embodiments, the trough is only filled partially, for example up to the shaft
of the screw, to prevent short circuiting of the washing liquid in the upper part of the screw.
In other embodiment, as compared to the height of the axis of the screw, the trough is filled to
0.5 to 1.5 the height of the axis, or 0.75 to 1.25 the height of the axis. The open gap between
the bottom of the trough and the sides of the screw can be, for example, smaller than 5

centimeters, smaller than 3 centimeters, or smaller than 1 centimeter. The amount of air or



preferably injected tangentially into the liquid to prevent plugging of the
pi ping by settling solids. In various enbodi nents, the trough is only
filled pawOi2ald/agssbor exanple up to the shaft of the scremuUst@ops@9ent
short circuiting of the washing liquid in the upper part of the screw In
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trough is filled to 0.5 to 1.5 the height of the axis, or 0.75 to 1.25 the
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be heated by the injection of steamor alternatively by heating the
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apply equally to these embodiments.

[033] For the resin that is removed from the screw-type washer, the solids concentration can

be 1% to 30%, 5% to 30%, or 10% to 25% if the material needs to be pumped from the

washer. If the resin is removed by means of a screw, the cake concentration range can be

25% to 40% or 30% to 40%.

[034] The resin can be prevented from leaving the trough by any port other than the slurry

outlet by inserting a fine filter before the spent wash liquid outlet or outlets. This filter can

have a mesh of minimum 75 mesh, preferably larger than 150 mesh, or larger than 250 mesh,

or the openings in the screens should be smaller than 200 micron, smaller than 100 micron,

preferably smaller than 50 micron.

[035] The net flow of wash water in the device is based on the difference in hydrodynamic

pressure, and as such the flow of incoming wash liguor, in various embodiments, o be larger

than the amount of liquid added to the device through the incoming slurry. The ratio between



[034] The resin can be prevented from|leaving the trough by any port other
than the slurry outlet by inserting a fine filter before the spent wash

| i qui d owbebioomssssat | ets. This filter can have a nesh ofPCrius2em/e86% nesh,
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speci fi calkey! BAYeHY! Bewabatsien g %9?‘3%16’?10 shstertinediom aepediein 'y and t he

concentration of water at the outlet of e
contaminants identical to 1 w/w%. The target acid catalyst content in the surrounding liquid

can be lower than 100 ppm, lower than 50 ppm, or lower than 20 ppm. The amount of
washing liquor needed to achieve this depends on the operation, and specifically on the
concentration of solids in the added slurry and the concentration of water at the outlet of the
tank. The amount of washing liquor can be less than 20 liter water/kg of poly(vinyl butyral),
less than 10 liter water/kg of poly(vinyl butyral), or smaller than 5

liter water/kg of poly(vinyl butyral).

[038] While the methods described can be used with a continuous stream of poly(vinyl
butyral) resin slurry that was formed using conventional, batch methods, in various
embodiments it is preferable to combine the continuous washing capacity of the present
invention with a continuous poly(vinyl butyral) resin production method, so that complete
continuity from reaction to final washing can be achieved.

[039] A continuous poly(vinyl butyral) production method that can be used in conjunction
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poly(vinyl alcohol) stream, the butyraldehyde stream, and the acid catalyst, along with the

high shear mixing, resulis in the formation of poly(vinyl butyral) resin, which can then be

extruded and washed using the method of the present invention.

[0417 As used herein, a "high shear mixer" includes any mixer that is capable of introducing

the poly(vinyl alcohol} and butyraldehyde streams into a region where a shear rate of at least

203'1, 303'1, or 403'1, or 20s™! to 4005'1, 205 to 3003'1, or 20s™! to 200s™! can be applied for a

duration of at least 20, 30, or 40 seconds, or 20 to 500 seconds, 20 to 200 seconds, or 20 to

100 seconds. In varidus embodiments, a shear force of at least 20, 30, or 40 Pascals, or 20 to

400, 20 to 300, or 20 to 200 Pascals is applied. After high sheer mixing, the particle size can

be 50 to 200 micros, 60 to 150 microns, or 80 to 120 microns.

[042] High shear mixers include screw extruders, twin screw extruders, in-line mixers

(examples include Typhoon® mixers), disintegrators (examples mclude IKA or Silverson

mixers), static mixers (examples include Kenics or Sulzer mixers), and any other device in
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[041] As used herein, a "high shear m xer" includes any m xer that is
capabl e of introducing the poly(vinyl alcohol) and butyral dehyde streans
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of the reZ%nF]%(L; g§6¥H§1§@ﬁcentratlon of butyraldehyde can be 90.0%to

2 SRS LR O i
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ol y(vi ngrerkr BgRSF I AR GE gre Oéﬁfq i 6EE FBkdR ek @g;@ §is00c 1o
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can be &t @é%%ﬁ%;%ertﬂw@%wet% B y%fem phdiasm s'()ﬂlng'if@léﬂﬁ ﬁ%@%@g:r “ ”r:
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enbodi ments_t he polyvinyl alcohol). is derived fron1po|yé¥|n acetate) that

has been Sﬁw}eoﬁoy%dnd{aeﬁsﬁ]crlﬁﬂlyldatﬁlélBﬂ%eln."ér%a@aocﬂlawmﬁ ewPEk®Aear m xer,

preferably inaliquid form Its
alcohol) is derived from poly{vinyl acetate) that has been hydrolyzed.

[045] Butyraldehyde is added to the high shear mixer, preferably in a liquid form. Its
temperature can range from 0°C to 70°C, or higher when introduced under pressure, and it
can be kept at about room temperature.

[046] The poly(vinyl alcohol) stream is directed to a region of the high shear mixer, which
is referred to herein as the "mixing region" of the high shear mixer, in which mixing with a
continuous butyraldehyde stream and an acid catalyst will occur. In various embodiments,
the temperature of the mixing region is set to be equivalent to the temperature of the
incoming poly(vinyl alcohol) stream, or within 10% or 20% of that value.

[047] The acetalization reaction occurs in the presence of acids, acting as a catalyst, in a
concentration range, for example between 0.1% and 5% by weight, preferably between 0.2%
and 2.0% by weight, based on the aqueous poly(vinyl alcohol) phase. Suitable acids and

mixtures thereof are strong mineral acids such as HCI, HySO4, HNO3, HCIO4, H3PO4, and
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tenperature can range from O00C to 700C, or higher when introduced under
pressure, and it can be kept at about roomtenperature. [046] The

pol y(vi nWwoabwnotsedsy streamis directed to a region of tIR€ThiSghoskaas m xer,
which is referred to herein as the "m xing region" of the high shear m xer,
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w Il occur. In various enbodinents, the tenperature of the mxing region is
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values from 1% and 500" or from 5°" and 505", The residence time in the second mixing

O

region can be 10 minutes to 180 minutes or 20 minutes to 60 minutes. The temperature in
each mixing region can be the same or different in these embodiments. The temperature in
the first mixing region can be 10°C to 120°C or from 40°C to 100°C. The temperature in the
second mixing region can be 10°C to 120°C or 60°C to 120°C.

[050] As used herein, "processing said poly(vinyl butyral) resin from said high shear mixer"
means using any suitable means to cause the poly(vinyl butyral) resin to be removed from the
high shear mixer, including, for example, but not limited to, forcing the resin out of the mixer
using mixer pressure or external pressure, among others.

[051] Various additives can be added to the poly(vinyl butyral) resin during the above-
described mixing process. These can be surfactants to help control the size distribution of the
particles and to counteract excessive agglomeration of the partiﬁes (see U.S. Patent No.

5,238,994) or long chain aldehydes to form longer chain acetal groups on the polymer
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region can be 10 mnutes to 180 mnutes or 20 mnutes to 60 m nutes. The
tenperature in each m xing region can be the sane or different in these
enbodi mrerwe.20ihBsisenperature in the first mxing regi onPCANSR@ DA t O

12Q0C or from 400C to 1000C. The tenperature in the second n xing region

can be 1906y5Q %%Qﬂgoﬁa se@@% lﬁtem;ﬂﬁ%cmh%%e@ss Uses: N6r29a,060r 0Cessi ng
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hel p confrol” The §i ze di e par to counteract

excessi V??{mgg H-g 9@&?%3 &4 c?c.)r]g) bret eg?ﬂ s?ore(i dqlsamgl%c? %§ cliJ(Ts??nb altl 8@9&1111 lll\llq\{]s %a%e%? 994) or

| ong chai nger thal"h ace
polynerﬁﬁfkgggg7 whi ch coul d serve as i nt er nal plast|C|zat|on (see U. S
Pat ent 46569) [ 052] The polyvinyl butyral) resin produced by the

conti nuo ce n nvention can be te formation
of the rﬁ?pmafa'GﬂgyﬁW ﬁng€6%6ﬁl &@ﬁ% ?—H“E%%&WmﬁF%éP“b ded in the
sane conti nuous s.with f additive nd pl asti formed
‘nto pel P gmfm b s Suaples e St ﬁ%P?ﬂ&?a@aPOLYﬁ Wé@&fyrai)éauﬁe deta
in US. Patent 7 49 761 053] Pol formed by the

met hods &% ﬂemowa%ﬂﬁp St bonkn TS %“F?PTVS?E’Q‘F]%/"‘&‘F%‘?‘E %3 or whi ch
it is suitable. In_one connmon application poly(vinyl butyral) is used for
the prods¥eysfsprndpIjwoiais modklssf or use in, for exanple, autonobile and
architectural safety glass, and photovoltalc nmodul es. [054] As, used herein,

a "pol ymp54d héét‘sedﬂaélﬁﬁ‘s a PRIV Shorb RSt P BEMPRIFICRIMHEE COPRATto8r med by any

suitable nethod into a thin |ayer that is suitable alone, or in stacks of
nor e formed by any suitable method into a thin layer that is suitable alone, or in stacks of more

than one layer, for use as an interlayer that provides adequate penetration resistance and glass
retention properties to laminated glazing panels.

[055] The present invention includes, in addition to the methods described herein, the
polymer resin made by the inventive process and any articles made therefrom, including
poly(vinyl butyral) sheets and laminated glazings and photovoltaic modules made from the
resin or the sheet. |

[056] Details for the various parameters of the reactants of the methods of the present
invention are detailed in U.S. Patent Nos. 2,282,057 and 2,282,026 and in Vinyl Acetal

3 edition, Volume 8, pages

Polymers, in Encyclopedia of Polymer Science & Technology,
381-399, by B.E. Wade (2003).
[057] In various embodiments, the poly(vinyl butyral) resin produced by the methods of the

present invention comprises 10 to 35 weight percent (wt. %) hydroxyl groups calculated as

poly(vinyl alcohol), 13 to 30 wt. % hydroxyl groups calculated as poly(vinyl alcohol), or 15
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than one layer, for use as an interlayer that provides adequate penetration
resi stance and glass retention properties to | am nated gl azi ng panel s.

[ 055] Thewprewersssssnventi on i ncludes, in addition to thecrashadeidescri bed
herein, the polynmer resin nade by the inventive process and any articles

made t her@bz @My hytebudpRgpaloiawdy bolpting akdhoph aat solafvehyl Bl ABLE&h gl azi ngs
and phot ovol taic nodul es nade fromthe resin or the sheet. [056] Details
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invention are detailed in U S. Patent Nos 282, 057 and 2 282,026 and in

Vinyl  Ace} &l wiPel, yheésShanl mﬁwghmegé%r&fps PALMAEBL asPolRREA aéetarte)cmﬁl ogy, 3rd
edition, Volume 8, pages 381-399, by Wade (2003). [057] I'n various

enmbodi nem&ébam&lb@ba@@é LAY bre ﬁh AlIBSdP a A AE SSlioRYIy iNQudRE hads of the

present invention conprises 10 to wei'ght percent (w'. % hydroxyl groups

cal cul at %%é}%r&?w{ymw %@6&9*&%' )a2 ity A0 dge@up (Y £ QXMlpI TR PRl cul at ed

as pol y(vi nyl cohol ), to 22 Wm". % hy roxyl groups calculated as
pon(V|n$h gh ggb) The pol yvi nyl butyral) resin can also conprise |ess
th 15 w. @6re5|dual ester groups, 13 w. % 11 w. % 9 w. % 7 w. %

ot oy ot S G MBS el 0V

I, I I
og. . b S RBtRAR doob i PRl 3o GG, 6 AR RS A" R

iaﬁ?’ﬁasg%ﬁ derecn P Al Bof TR ST R ab TR YhBh ordylffye rgggced
60, 000, 0 70, 000, , 250 t 350 000
i o (ol ROTETRYe ﬁ&ﬁ?%%éf&ﬂ%%%ﬁ‘?g kT isg Yp WniEar R ab® 8P P4 dbhyde

et gt o e PPOBE e Pl arie ( Somient BpT st XA &P AT Nos.

4,902, 46Azfmd Aéfl 6%7417%1 As used8 l%a?en? 2the term "molecular weight" means the weight average
molecular weight.
[059] Various adhesion control agents can be added to the poly(vinyl butyral) of the present
invention, including sodium acetate, potassium acetate, and magnesium salts. Magnesium
salts that can be used with these embodiments of the present invention include, but are not
limited to, those disclosed in U.S. Patent No. 5,728,472, such as magnesium salicylate,
magnesium nicotinate, magnesium di-(2-aminobenzoate), magnesium di~(3-hydroxy-2-
napthoate), and magnesium bis(2-ethyl butyrate}{chemical abstracts number 79992-76-0). In
various embodiments of the present invention the magnesium salt is magnesium bis(2-ethyl
butyrate) and magnesium bis(2-ethyl hexanoate).
[060] Other additives may be incorporated into the poly(vinyl butyral) to enhance its
performance in a final product. Such additives include, but are not limited to, dyes, pigments,

stabilizers (e.g., ultraviolet stabilizers), antioxidants, IR absorbers, flame retardants,

combinations of the foregoing additives, and the like, as are known in the art.
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and, 4,654,179). As used herein, the term "nol ecul ar wei ght" neans the
wei ght average nol ecul ar wei ght. [059] Various adhesion control agents can
be added wo 2btva3gssbyvi nyl butyral) of the present invenPCoS201m00Bmdé ng
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but are not Ilnlted to, those disclosed in Pat ent No 728,472, such
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addi ti veadlpat dﬁ_{')nmixy E(% ate he%tpf 0%_1' a\%ﬁg’w s1 'sg atcaf:é)gﬁmeﬁn ylagtlljcll 31 e
plast|C|zer an vi ny Pl asti ci zers
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@i (2o ﬁw‘aﬁf%)wp% gtte%lthoeﬁr‘?% éﬁfiﬂﬂé@@s{%a‘: g S et 8, O

triethyl di hept tetrae Iene c di hept ano di hexyl
i pat o, T0HbeL Y ALET B 1ﬂawér%ﬁ8 ot it atcﬁﬂnﬁ%ptyl and
noi iyl adipates, ||sonon ad| ate onyl , adj pat e, sebacat e,
pol yner | SSEaERPE spadeTi @%?fr éﬂp?léalds%’ﬁla&‘*cw&l&ﬁg °¥%1ﬁ
ni xt ures of phosphates and ad gates such_as disclosed in U S _Patent No.
3, 841 , sgtrclarrd i pAplert No ol 1 ad 7 Hirat b &udd rdivaly Sterpaichiet hagy! adipanang 17, and
nlxtures and conbi nati ons of the foreq0|ng Q her plast|C|zers t hat can be
used ar e Viiiois gmiedipsptedharlgrdcregiredia divgxdadippir phd/al tEethyleee gyl €kl o ¢4 to
Cl O al cohol s, as

ethylhexanoate.

[062] In various embodiments, poly(vinyl butyral) that has been mixed with plasticizer, for
example in sheet or pellet form, can comprise 20 to 60, 25 to 60, 20 to 80, 10 to 70, or 10 to
100 parts plasticizer per one hundred parts of resin (phr). Of course other quantities can be
used as is appropriate for the particular application. In some embodiments, the plasticizer has
a hydrocarbon segment of fewer than 20, fewer than 15, fewer than 12, or fewer than 10
carbon atoms.

[063] The amount of plasticizer can be adjusted to affect the glass transition temperature
(Ty) of the poly(vinyl butyral) product. In general, higher amounts of plasticizer are added to
decrease the T,. Poly(vinyl butyral) polymer sheets of the present invention, for example,
can have a T, of 40°C or less, 35°C or less, 30°C or less, 25°C or less, 20°C or less, and 15°C
or less.

[064] Any suitable method can be used to produce polymer sheets from resins. One
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disclosed in U S. Patent No. 5,013,779, and C6 to C38 adi pate esters, such
as hexyl adipate. In various enbodi nents, the plasticizer used is dihexyl
adi pat e awd/20r0/138386t hyl ene gl ycol di-2 et hyl hexanoate. [PO®AJS2010/08@P6 OUS
enbodi ments, poly(vinyl butyral) that has been m xed with plasticizer, for

exanpl e 'ef@erﬁﬁlﬁgtme@l{odpﬁﬂrﬁﬁngf APM(viEADuGPATPEHeSR 0B Pridcd cPPIdidIndIRn60, 20 to 80,

10 to 70 to 100 parts plasticizer per one hundred parts of resin

(phr). ChoGakh ﬁ%u@;mmgﬁaﬁg {%heﬁaﬁléﬁetbﬁnd‘cﬁﬁﬁw@ésb)l BrdRRLOREL Bh&ighar the

particul ar appllcatlon In Sonme enbodi nents, the plasticizer has a

hydr ocar SR En N e%é f WRImdnb@R kg, Or

f ewer thg%n%%%%gﬁg%ﬁﬂgﬁ%ﬁ@gﬁmkgaﬂm%ﬁgngnnun? o?@%|a§?T§¥?é? can be adjusted
to affec by I fy butyral)
product . " hPqRRerar EE LY R b B L Ay YL et

the Tg. F’Qéeyé \ﬁu >§L-s éz.%&ﬁ @Lg{bfg%hx%ronwﬁg%c@%@fpﬁ%la{e%s%wana gh\r,géelhém for

exanpl e, can h | ess s, 300C or Tess, "250C o

| ess, Zogecl;ngvri the sdhd?lfn eg &-::]'s?r% a% a sﬁeét CRy. M1L1%§411b0’3‘ﬂ1¥ éhg ﬁ@b’ﬁogﬁ%‘%{g %Ocan be used

to pr OdUCE rom I‘ESI ns eexe rmng a

pol y(vi nyl, btﬁl LAl sheel couny | pess extiudi @%Mb%@u&% {yboyl ) putyral)

conpr|5|ng resrn, plas i cizer, orcin hr ough a
one di %ﬁgﬁﬁ%ﬁgﬂ%ﬂ 4 B3Ry fE‘uf’Q?”h.”?mEQ?Ln; ; Z‘é@fh‘é‘?t exerpl ary met hod
ont o a r isgr R tetiarariym R PR s R OeR deRe ﬁ?a%feﬁ Hepna o O °
Pl 2 T SRR TR PRV 350 oo

mllinmeters, to 1.75 mllimet and 0.3 to 1.5 mllimeters [065] A
react or §V§W@ﬁﬁ Qwﬁéhﬁ6§W%h@ﬁ@ﬂm&%?@WbFﬁgmm%ﬁW%ﬂﬁﬁrEﬁF%@?”ﬂ%ﬂﬁgreactor

system o
y flow reactors, such as an oscillating pipe reactor, a series of static (for example, Kenics )

mixers connecied to one another to provide a sufficiently long residence time, or a multiple
chamber mixer that has adjacent chambers, each with an agitator, where the poly(vinyl
butyral) is alternatingly passed to each chamber in a port on the bottom of a chamber and a
port on the top of a chamber. A continuous stirred tank reactor can also be effectively
employed.

EXAMPLES

Example 1

[066] Four continuously stirred and jacketed vessels with baffles each with a capacity of
200 liters are provided. Each is equipped with an impeller driven by a 1 kW motor.
Filtration in each vessel is accomplished with a retractable probe (pipe) with a filter sock at
the end. The filter cloth is 5 micron poly(propylene). Pdly(vinyl butyral) slurry at 19% w/w
solids concentration and a flow rate of 4.5 liters/minute is fed to the first CSTR. Fresh wash

water is introduced in the fourth CSTR at a rate of 7.5 liters per minute to give a wash water
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can be any type of device that allows a continuous flow of slurry through
the systemthat provides sufficient shear and that can sufficiently control
t enper at Wwe.2otexasgsbes are plug flow reactors, such as amCodseéloaséing pi pe
reactor, a series of static (for exanple, Kenics ) m xers connected to one

anot her 1.0, oL Mot s, Skl SlaGU Hado? A58 RBDGE (i1 T8 ur Agjudiety 1 P €
ad) chanber

chamber m Xer %tha(f has acen s, each with an agitator, where the

I i nyl .but ' { t i o : o t
P ot it YEleoh IS BRUNR a0 368hok Q0 RG I GNATRELa D 2 POTt o

t he bott a champer and a por cont i nuous

ti d K_. t | f ively enpl d. - le 1
[ 066] Pl e Frlistrgy e P PtC s et Redp T RS B A AR i

a capacity .of .200 liters are praovided. Eé}i i S.equi wi.th an.inpeller
G von: by vy st drsa e frirs it s Sar S L RE e M BT &
retractabl e prohe ipe) with a filter sack t.h ..The filter cloth is
5 mcron pB’é‘FVJ[;}? HH@'%’@W%S@GWP@%W Ifeeg‘t?ﬁ 0p %fs)t Cgfrﬁrl? % 93?(9 15OBRTAY S ds
concentrati on and a flow rat 4.5 liters/m he Jo %qut Dgf.first
CSTR. Fr 8 souh e, d ‘P PRI AU CHOCRTI G 8oT S of 7. 5
liters per_ mnute to@gi ve_a wash waterto resin ratip of ﬁ% S'é;%ﬁ and
wash | i qiskeieaipecacedinget feERPeraists dracase) RISPECY WEiH BF fishedrt y
constant levels in all four vessels. A 45%w Wofm ution o%ippot assi um
hydr oxi déo fhet hashuge icaicatly eld fHithapressprugtenfolpBiRe thf ewshipe 168 dih t o
neutralize any residual nitric acid. Liquor sanples are collected before
and af t ethahasipnipt capsaggiomeraig dupngiieatiopensatrdusdirnt SVF RS o BiSSEER
measurenment. Slurry feed to the first CSTRis at 95C. Tenperatures in the
first, sowues finghpel(vinghbuyglrestn orrilogness iden phl heanddzggye amooc, 500C
and 35C via jacket heati n% or cooling. The tenperature is decreased
pr ogr essiyvkiwnesoindexdy Gtane hizgof SESTRe Bgen if githinhe gee snogificaiossef i ci ent 1y col d
for the processing step follow ng the washing. Particles

commercial aqueous Butvar® resin.

Example 2

[067] A trough of 2.5 m by 0.5 m in diameter is provided. The trough has injection ports

for air along the entire length of the shaft. The amount of air that is mjected is controlled

locally at each point by means of a manual valve. Steam is injected at four different

locations. Temperature in the washing device ranges from 50°C at the inlet of the

demineralized water to 80°C in the middle of the system. The screw has 18 sections along

the entire length, The flight surfaces have holes that are covered with screens of woven metal

of 325 mesh. This allows the wash water to pass through the mesh while particles are pushed

forward upon rotation of the screw. The rotation speed can be adjusted so that the residence

time of the particles can be controlled to be between 1 and 3 hours, Using this device,

poly(vinyl butyral) particles can be washed with an amount of wash water that is less than 10

liter/kg poly(vinyl butyral). The incoming poly(vinyl butyral) slurry has a pH lower than

one, while five sections downstream of the inlet port the pH is seven. This indicates that
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that are too hot can agglonerate during filtration or centrifugation. Two
runs on this setup produce final poly(vinyl butyral) resin wth yell owness
i ndex of W0.2610zm3858haze of 4.9 and yel | owness i ndex of 6pramaSh@pm3@be 5. 4.
The latter is within A-grade specifications of commercial aqueous Butvar(r)

resin. E%ﬁmér&r?en_{ BG4 hoﬁs%ﬁ&h@ﬁ]}}l?.f TRe WadWirfde kidcid ScHindd RS Shtidiss Provi ded.

The trough has 1 njection ports for air along the entire | ength of the

shaft. The.armil (ind@jcé ti{'ﬂg %prbﬁmh@ly&ﬁ)tlﬁ'ﬁuﬂeé SRRhNQL ked sb gealk ¥inalks each

k
poi nt by neans of "a nanual valve. Steamis I'njected at four different

| ocati ong,.. - ' hng 168yd Langgs, from 500C at the inlet
of the dgv%ﬂrg]-g[{rggﬁro?g%g%r}g?o E&%m@@%{hﬁ t’ﬁe %‘am e of the system The screw

h 18 i .' . i . . hol
that o o TSl OB RSB L BfesGRENERichERE b (HaFE L Gl UL EGPHRY P T0 P e
wash water .to

ass rough_ the whi | e riicl orward upon
rotation q%?hbf H@y ¢t Eaj\t/?\f‘tynf‘ &' az‘atg;lg I?)Ee %Sﬁgtlanda I&gﬁ%‘%%ﬂa }ﬁtgﬁé}%yg%?ﬁﬁ%t t he

residence tinme of the particles can be controlled to be between 1 and 3
hours. USPRIE*¥Hrs device, polyvinyl butyral) particles can be washed with

an anoun sh water .that .is |es ha liter/k ol i nyl .butyral).
The i ncoi‘?‘%&; ﬁ@ﬁl&?‘ﬁeﬁweﬂ}}ﬁ? @?5?3“ CLefiﬂ%Péwﬁg?]tgm%gﬁ i 8%”%12{12 gﬁbé)d%%?r}{%ti :Jeyfi vZa
sections d stream of the inlet port the.pH ]s seven. Thjs indicates

t hat count‘“’%ﬁ@g}”}‘ ﬁ?oqdﬁ’é\}i?%Flﬂ@eds‘ﬂé@é%@]f“ﬂIVF‘S'/glsfhaé‘g%@Wnlhegméé‘#faP%i ency is such
that the particles after washin resi dence, ti roxi mat el m nut es
cont ai n PE‘&&I‘FH%WBES ﬁ‘i‘tbtf"??f;rtegﬁ’%’été?hleﬁﬁ? Wgh?%ggﬁaﬁg%rﬁ%&gﬁﬂpg?&g%nt a:Jns :
nore than 10, 000 mof nitrates. [068]. By virtue of th resent invention,
it is nowWvBa B}%&%ﬂd&%lﬂ%@ f&%ﬁ?#ﬂ&ﬁ %%FEPHW&%?WH% hut yr al )
resin that can be used in_any conventional poly(vinyl butyral) application.
[069] Whimageriahe theigashines Al e BVEREH "B@Qﬁtrqeﬁ"gg“%\%‘t’rﬁ th@eﬁﬂ%@ﬂaﬂé%opﬁéheé% mpl ary

enbodi nents, it _ ) o . .
Therefore, it is intended that the invention not be limited to the particular embodiments

disclosed as the best mode contemplated for carrying out this invention, and that the
nvention will include ali embodiments falling within the scope of the appended claims.
[070] It will further be understood that any of the ranges, values, or characteristics given for
any single component of the present invention can be used interchangeably with any ranges,
values, or characteristics given for any of the other components of the invention, where
compatible, to form an embodiment having defined values for each of the components, as
given herein throughout, thereby forming many permutations that are within the scope of the
present invention but that would be cumbersome to list.

[071] Any figure reference numbers given within the abstract or any claims are for
illustrative purposes only and should not be construed to limit the claimed invention to any
one particular embodiment shown in any figure.

[072] Figures are not drawn to scale unless otherwise indicated.

[073] Eachreference, including journal articles, patents, applications, and books, referred to
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wi |l be understood by those skilled in the art that various changes may be
made and equi val ents nay be substituted for el enents thereof wthout

departi ngvbromv3gsséscope of the invention. In addition, peRs20maBdibeat i ons
may be nade to adapt a particular situation or nmaterial to the teachi ngs of
the inventi | ' 1 essential scope thereof.
Thereforg%k?ﬁsﬁ%%ﬁﬁ#%ﬁgggggﬁggg?1%9?%%£ﬁ??%ﬁ not be Iigited to the
particul ar enbodi nents discl osed as the best nobde contenpl ated for carrying
out this invention, and that the invention will include all enbodinents
falling within the scope of the appended clains. [070] It wll further be
understood that any of the ranges, values, or characteristics given for any
si ngl e conmponent of the present invention can be used interchangeably with
any ranges, values, or characteristics given for any of the other
conponents of the invention, where conpatible, to forman enbodi ment havi ng
defined values for each of the conponents, as given herein throughout,
thereby form ng many pernmutations that are within the scope of the present
invention but that would be cunbersone to list. [071] Any figure reference
nunbers given within the abstract or any clains are for illustrative

pur poses only and should not be construed to limt the clainmed invention to
any one particul ar enbodi nent shown in any figure. [072] Figures are not
drawn to scal e unless otherw se indicated. [073] Each reference, including
journal articles, patents, applications, and books, referred toherein is
hereby incorporated by reference in its entirety. CLAIMS What is clained is:
1. A nethod of continuously washing a poly(vinyl butyral) resin, the nethod
conprising: providing a first continuous stirred tank reactor; providing a
second continuous stirred tank reactor;
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addi ng a conti nuous stream of poly(vinyl butyral) slurry to said first
continuous stirred tank reactor; washing said continuous stream of

pol y(vi nywolzatoyr3sdsy slurry in said first continuous sti Pce@sSt@ak3¢ieact or to
forma once washed pol yvinyl butyral) slurry; noving said once washed

pol yvi nyl butyral) slurry to said second continuous stirred tank reactor;
washi ng saigdmence washed pol y(vinyl butyral) slurry in said second
continuous stirred tank reactor to forma tw ce washed pol y(vinyl butyral)
slurry; &Miohtisredaimed isg said twi ce washed pol y(vinyl butyral) slurry from
sai d second continuous stirred tank reactor 2. The nmethod of claim 1,
further conprising noving said tw ce washed pol yvinyl butyral) through t wo
to nine rore éomthoganismupyshevashingk pobddndibytyra) resihdhomethedl of claim 1,
further conprigi r%ow ng said twi ce washed pol y(vinyl butyral) through up
to thirteen rmr cortinuous stirred tank reactors. 4 . The nmethod of claim
1, wherein water imoudedaffigt comindowsaghiedignk actorThe nmet hod of claim 1,

wherein said first tin L.rr r.ea r or said second
continuous stirred ?‘%'I?graggcg damtmucﬁg ﬁl%%ankrregcgoa screen attached to the

bottom or side vvaI ddshnga caingeus slyeums eﬂwly(ﬂsﬁa:biymh) shungyi to eaid it doatilkoua
top-inserted ftl socC or afilter installed in an external |oop.6. The
nmet hod of clal'm mf %ﬁ%arce(ih said first continuous stirred tank reactor is
operated at a terrpeaisatmgrsadbatnmm sﬁm@oﬁ{ﬂﬂy(%ﬂtﬁmﬁaﬁﬁiuﬁyﬁ&ﬂﬁﬁstcontl nuous

stirred tank re ctor s dat ate OB’? and 95C. 7. The
met hod of cl afx?ﬂ PUOURH CED gp 208 Eﬁﬁé‘%@fnﬁﬁg EON lt‘&‘nf’eact or is
oper at ed at ambeiﬁ@@:Elﬁ'E)nld’eavdélﬁed&ﬁ%lﬁﬂd)u@wﬁh&ﬁﬂtos;aﬂde@ﬁ@@cﬁﬁmﬁ@i@'fsﬁﬂﬁéﬂous
stirred tank reactor is operated at a
tank reactor;
washing said once washed poly(vinyl butyral) slurry in said second continuous
stirred tank reactor to form a twice washed poly(vinyl butyral) slurry; and,
removing said twice washed poly(vinyl butyral) slurry from said second

continuous stirred tank reactor.

2. The method of claim 1, further comprising moving said twice washed poly(vinyl

butyral) through two to nine more continuous stirred tank reactors.

3. The method of claim 1, further comprising moving said twice washed poly(vinyl

butyral) through up to thirteen more continuous stirred tank reactors.
4. The method of claim 1, wherein water is used for said washing.

5. The method of ¢laim 1, wherein said first continuous stirred tank reactor or said
second continuous stirred tank reactor or both comprise a screen attached to the
bottom or side walls, a screen barrels installed inside the tank, a top-inserted filter

sock, or a filter installed in an external loop.
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tenperature of 20C and 95C. 8. The nethod of claim1 wherein said

conti nuous stream of polyvinyl butyral) slurry is provided at a rate of 0.1
to 5 litewe2pavi3ssseond. 9. The nmethod of claim 1, wherePaTaBR@o0pad19€ vi nyl
butyral) slurry has a total solids concentration of 15-25% 10. The nethod

of claimgl, whes@bthod feldihnatvhreis Bad fiRobinviik stddytiid re@wwdfeﬁa@a aBn acid
catal yst content in the liquid port| gn of 1 ess than | The et hod

of claim1 fuf CRBFREERPRITV Y C rit Food drd fid seaem qoptipugus ﬁ’c"'&?dé%i‘de%@bond

conti nuous st jsioh&dicl aNkiemB@shR orbofC SAIde@ashi ng of said once washed
pol y(vinyl butyral) slurry in said second continuous stirred tank reactor;

and noving said wash fluid fromsaid second continuous stirred tank reactor
to said first Teontthaldhing 1 whesth dabithsticeaibuors stioéd et dacwa sSvipagtedbt ssai d

continuous stream of Ly(vi utyral) slurry in said first continuous
stirred tank FPEBEHY Olpﬁzé( &?ﬁ\g&d@‘?%&ﬁse@@ ‘éqnﬁl?wellsfﬂ?dﬁ?"?ﬁeé’?md%?ﬁﬁal@l%@]
renovi ng sai die@situtd sizde@meh oot am nants fromsaid first continuous
stirred tank reactor. 13. A nethod of continuously washing a poly( vinyl

butyral) resin, the nethod conprising: providing a counter current,
cont i nuods schm/mmh@Tnfurairh,l wileesie sand em'tinhwmmehmrofpely(wmy_t butyaaimglhmyﬁus Screw

wash unit co ] AL @P V\“h a screw | ocated therein;adding a
conti nuous st 85 ?aﬁ%ﬁ‘?l{l Y ltﬁfftpﬁ?%ef:‘? slurry to said counter current,
continuous screw wash unit; washing said continuous stream of poly(vi nyI
butyral) sl ury, ﬂ"t&h&ﬁ&f%aﬁglﬂ,ﬂ&l%rrein said poly(vinyl butyral) slurry has a total solids

concentration of 15-25%.

10.  The method of claim 1, wherein the final washed polyvinyl butyral slurry has an acid

catalyst content in the liquid portion of less than 100ppm.

11.  The method of claim 1 further comprising:
introducing wash fluid into said second continuous stirred tank reactor for said
washing of said once washed poly(vinyl butyral) slurry in said second continuous
stirred tank reactor; and 7
moving said wash fluid from said second continuous stirred tank reactor to
said first continuous stirred tank reactor for said washing of said continuous stream of

poly(viny! butyral) slurry in said first continuous stirred tank reactor.

12. The method of claim 11 further comprising:
removing said wash fluid and contaminants from said first continuous stirred

tank reactor.

13. A method of continuously washing a poly(vinyl butyral) resin, the method
comprising;
providing a counter current, continuous screw wash unit, wherein said counter

current, continuous screw wash unit comprises a trough with a screw located therein;
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current, continuous screw wash unit by passing a constant stream of wash
fluid through said polyvinyl butyral) slurry in a direction opposite to the
fl ow of swDQopol3gyséi nyl butyral) slurry to form a washe@#CpalSp¢viodsibe
butyral) slurry; and, renoving said washed pol y(vinyl butyral) slurry from

said counter curr eﬁﬁlﬁ}gfﬁ@@ﬁﬂnﬂ&lﬁ l§‘§ea§'p(ﬁ%\jﬁ-lg\’@$}p bl%?iiai) '.slur]rgl to sIﬂﬁ:oﬁﬁérQQﬁierﬁ),f claim

13 wherein said wash uid is water. he net hod of claim 13, wherein

sai d screw hagonigr@ssgew ¥esh THe net hod of claim 13, wherein said screw

defines small hol : T4 M 1:7 met hod of
claim 13, further e‘%ﬁ%?%%?k%ﬁ%‘%u? gttrﬁqﬁlaﬁggl?&m é}g@[ vi)rslwgiu%agldrcglll%ggl urry by

i nj ecting ai rcurrenb cetingousrspigyhwash guit Mhiasgieg hoehstnt dieath v ¥7sh Qukr ei n sai d
air is inject . . - i .1 further
conpri sing ag?%%%?ﬁ§95§?8%§§F9539E9P$§%?§?§?§E§aﬁgﬁ§%6§i@ﬁf%%%?ng st eam
into said tropgh(vigObulital shvely hotbriofa vekkdmol8yinfllutya) shorgnpnd,si ng heat i ng
said poly(vinyl butyral) slur S| t pro1n | jacketed
heati ng, or el ect rﬁte%‘gﬁn%\%%% %ﬁ%%d g&i&§%gmﬂr§ﬁﬁ@gryg#on}:%a§il %ﬁééﬁl?&m*étr‘ ein said
pol y(vi nyl butomtiabjusstrewmgash sniheat ed to 200C to 95C. 22. The net hod of
claim 13, wherein said continuous stream of poly(vinyl butyral) slurry is
provided at a rate of 0.1 to 5 liters per second. 23. The nethod of claim
13, wher éftn sAhampbpdof dajm Pothereal pidvaphdpidiasvagrt ot al sol i ds concentration
of 15-25% 24. The nethod of claim 13, wherein the final washed pol yvinyl

butyral sl urr)f has an acid catal yst content in the liquid portion of |ess
t han | B.m he method of claim 13, wherein said screw has screens.

16. The method of claim 13, wherein said screw defines small holes that allow the passage
of wash flyid,

17. The method of claim 13, further comprising agitating said poly(vinyl butyral) slurry by

injecting air into said trough.
18.  The method of claim 17, wherein said air is injected at 20 to 800 Nm’/h.

19.  The method of claim 13, further comprising agitating said poly(vinyl butyral) sturry
by injecting steam into said trough,

20. The method of claim 13, further comprising heating said poly(vinyl butyral) sturry by

using heated air injection, jacketed heating, or electrical heating.

21. The method of claim 20, wherein said poly(vinyl butyral) slurry is heated to 20°C to
95°C.

22.  'The method of claim 13, wherein said continuous stream of poly(vinyl butyral) slurry

is provided at a rate of 0.1 to 5 liters per second.

23, The method of claim 13, wherein said poly(vinyl butyral) slurry has a total solids
concentration of 15-25%.
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25. A nethod of manufacturing polyvinyl butyral), the method conpri sing:
provi ding a high shear m xer, and a counter current, continuous screw wash
uni t, wheweinigaBis6count er current, continuous screw WaPOTOISRA10086IP6 | Ses a
trough with a screw | ocated therein; adding a continuous stream of

pol yvi nyb, al Oﬂt&%aﬂqa&f%sﬁhﬁlﬁhakreﬁhﬁ@ﬁnm_ﬁka pRPALNBuBTE A0 MQHAcigt r eam of

butyral dehyde to said high shear m xer; m Xi n(gp sald stream of pol y(vinyl
al cohol ) and exélybt eqnieabin the lignid paraerdeHesd hapd 08ppnegi on of sai d hi gh shear
m xer wherein said stream of poly(vinyl alcohol) is at a tenperature of

greater than 95 C generating a paolyfvinyl butyral) slurry in said high
shear i %2r; 4$asthodg! papgattimedel (GhYIdahidh thedndh oy wysAg butyral) slurry

from said high Shjﬁévicﬁ&@,‘@ﬁigﬁ@heﬁﬁh&eﬁ@ﬁ@& BSunEH E 8, coSRRbhiHRUSYEET ew wash
unit; washing said continuous stream of said pol ){(vl nyl butyral) slurry in
S

sai d count er Wil FEPIEIN SeigRPTHE GUECTE.CHOBURURBS FFTEIN MASHBYILSaEBIITY 2 HoBnst ant

stream of wasiqf L Ul gy iRLeaResal d pol yvinyl butyral) slurry in a direction
opposite to the flow of said poly(vinyl butyral) slurry to forma washed

pol y(vi nyl but yr alaidisg aceyiinueysdireane poral yingkdlephpl dhiasl Togh sheytimres; but yr al )
siurry from sai d GQUaL 8loGHERM rea BMIAMAL S & G MBS el Hiker, 26-
Pol y(vi nyl butyr al% ' p%o&_uceg according to %’ﬁ’e met hod™ of cl al m25. 27. A
met hod of manuf actmikinggaigetrsaui efipllybhdnylribhol) avsaidetriae o tovpriddivdgin
providing a hj gb; 3Neakq K Hear il §ifdreifi O LAUALS SR AdIh R heact or, and
é k
a second contindous stirred tank reactor; addi ng a“contl nuous stream of
pol yvi nyl al cletnptiptuteoofgadatbr HiagB5S9fiear m xer;
generating a poly(vinyl butyral) slurry in said high shear mixer;
feeding a continuous stream of said poly(vinyl butyral) slurry from said high
shear mixer to said counter current, continuous screw wash unit;
washing said continuous stream of said poly{vinyl butyral) slurry in said
counter current, continuous screw wash unit by passing a constant stream of wash
fluid through said poly(viny! butyral) slurry in a direction opposite to the flow of said
poly(vinyl butyral) slurry to form a washed poly(vinyl butyral) slurry; and,
removing said washed poly(vinyl butyral) slurry from said counter curtent,

continuous screw wash umnit.
26.  Poly(vinyl butyral) produced according to the method of claim 25.

27. A method of manufacturing poly(vinyl butyral), the method comprising:
providing a high shear mixer, a first continuous stirred tank reactor, and a
seéond continuous stirred tank reactor;
adding a continous stream of poly(vinyl alcohol) to said high shear mixer;
adding a continuous stream of butyraldehyde to said high shear mixer;
mixing said stream of poly(vinyl alcohol) and said stream of butyraldehyde in
a region of said high shear mixer wherein said stream of poly(vinyl alcohol) is at a
temperature of greater than 95° C;
generating a poly(vinyl butyral) slorry in said high shear mixer;
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addi ng a continuous stream of butyral dehyde to said high shear m xer;

m xi ng said stream of poly(vinyl alcohol) and said stream of butyral dehyde
in a regiwo20fo/838d hi gh shear m xer wherein said strearcofuSpalopsapayl

al cohol) is at a tenperature of greater than 95 C generating a poly( vinyl
butyral) slurry inesai mlg&oaba%aﬂnf%ﬁﬁ@Bﬁ@%mu@ramnﬁﬁyww&i@mgﬁam of
said poly(vinyl butyral) slurry fromsaid high shear m xer to saird first
conti nuous st shepadixprinieaid dad coiinuggsHiredytaslaicactelont i nuous stream of

pol y(vi nyl bUtyralwmﬁ+ﬁ%&ﬁc#ﬂmﬁah4Hééﬁ§fpﬁﬁ9&&ﬂﬂﬁH§)ﬁ&h§ﬁ§gﬂqﬁﬁk reactor to
forma once washed pol yvinyl butyral) slurry; noving sald once washed

pol y(vi nyl butantiabqus stinedrignkireactrgiteifosn ¢ onet washed mldvigyldufywaldumank react or ;
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slurry; and, sterdvinigess@r,d tw ce washed pol y(vinyl butyral) slurry from
sald second contl ”v‘efoso%tg%%ih Bﬁct%%%aéﬁegﬁjoiérf\g:ﬁ%%gy-ra%)sﬂurfth¥?(iéf Ld¥%ha RN )

produced accordi ng he™ e
stirred tank reactor to form a twice washed poly(vinyl butyral) slurry; and,
removing said twice washed poly(vinyl butyral) slurry from said second

continuous stirred tank reactor.

28.  Poly(vinyl butyral) produced according to the method of claim 27.
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