- 1 - H GHLY ACETALI ZED, COARSELY GROUND POLYVI NYL ACETQACETALS The
invention relates to highly acetalized, coarse-grained polyvinyl

acet oacetal s, nethods of production and use thereof. The production of

pol yvi nyl. acetals, obtained fromthe respective polyvinyl alcohols by

pol ymer - anal ogous reaction with the respective al dehydes, has been known
since 1924, .a nultitude of al dehydes h%ving been used for the production of
the respective polyvinyl acetals since"then. Polyvinyl acetals are
generally prepared in a 3-step process (polyvinyl acetate -> pol yvinyl

al cohca. -3 \Y; al roducts resulting fromthe process which,
besi des vi MQQ %%HESET%*GRQUND”?WNMM@%@I acet at e

units. Especially po‘I yvinyl formal, polyvi nyill écet oacetal, and pol yvinyl
butyral (PVB) have gained commercial inportance. Polyvinyl acetals are

utilized fomd anBatedh WBkLH AWM 9basm I8, NBbesse N Oh Safety glass,

or window filn ecause 0 elr go pi gnent bindi ng strength, anong
ot her t hi ng&a3petypPhyyingt prareagatadart Metheds AfePRPLSCHIQ as bi ndi ng
agents in |lagyueesthackamar ni shes and particularly in printing inks. In the
| ast step of the production of polyvinyl acetals, the respective partially
or fully saponified polyvinyl_ ester (polyvinyl alcohol) is acetalized with
t he respectlhgePgPderiirst of PAEY PrdeRCEtals a@raingdi £20% Ehet he -
acet al i zat iye@pee8fvé PolyviayardvRebmil sabyopolemgeaatliogodd and subsequently
continued and _gonpl ef.ed, at i .t [ e 2 271 861 A2 and
EP 0 513 857 ‘:Lglgt&ltgb gﬁagg%%%qﬁgepgﬁg?ﬁ%%e%%e %‘%1?za°|wgln usi ng an
acet al dehygénce 1924 -.a madtivudesify aldphydesthexdngabesh usRd di f f er ent
t enper at Ur @of-aPRE Sprcet 18H NbAithel &@gﬁe&ﬁwrp@uweﬁ%pwetam_ef i ned period
of time. S eC|f|cta§IIy t S reco nded to staiil t he acetal.ization at a T1
of +8 0 C PoD9e 7Sy FoRyEl ey LRGP RLPN LY PIrE S AGEE For 1 to 6
hours, andat B-stéys qeestby (poitviinyd abetatoet-al priyvomylat a T2 of +25-C to
+40 C and GReiai Nt BodylAPRIAUEEE) | OhrddddtsSrlgu Sind Bl Nt ai ning at a
a_hig eqr

| ower tenperature Tl a, gree of acetalization 1I's %uarant eed, and by
mai nt ai ni nERRPEPTEASVPYERy 5t BIRY Y HRGePnPEP S &% vel T2, a uniform
degree of eoetain admydnabdolidie ahdagtingh gressiet sniss supposed to be ensured.

At tenper ; g tall.gation is
reduced. a%%%ﬁ@f%?@%%%?ﬁ%ﬁ%ﬁ%ﬁ%éﬁg?gécé?%qf'o% héxarrpl e shows
that at a Pehpemylypetyslk| (FVB) Bpvesgrined, caBPPEEid acetalization of j ust
71. 5 nol % Gt dpeeachbByethyll aecatddisi are dthidipeddiwt s produced at

tenmperaturges .T2.0f, > &4 h iLnsufflicl . i Iy i -al coholic
sol vent s s%h“ﬁ"éé: efioﬁagﬁ%igg\#e?ﬁélé{e%%/ﬁ%%?%%%&(M'SQF%QEP 0 271 861
A2, it is gllase.descwindey thidms: hBegause off £hedr gord RIenhRy| acet oacet al
is signifigidgting dereidiHCGnbhg dENPErtinge, TRoRvila start -of the
acetallzah:;u%n. enperatyres.T1l of +]][9 C and nor.e. rﬁsult in_a very coarse
and non- url&FRr§r aF F2 BF ndtre, 249 uEeanpf RUIHT23E°8% 861 A2 do not
show any iigedticfiiabd ek pemdéabes oind parigihasly eirf poimthagt enperature T2
for the cq_&kisr_luati on of the reaction. I't is therefore a di sadvant age. of .
this method that the product is obtained with degrees of acetalization of >
70 non- with a relatively fine grain of 25 to 75 pm average grain size, and
only withihovhe Ussy egepobfaths aprathidtdonodbf pdBrwindy¥ nediumgrain sizes
of greater 1 j.evied.q .l ' it is
r ecomend 35%‘?%1 B> eo%(e\sﬁggpgvé?%gﬁl%q_ly BrEEUﬂlf%%pZ;ﬁ}f%d

polyvinyl ester (polyvinyl alcohol) is acetalized with

the respective aldehyde in the presence of acid.
Typically, the acetalization reaction is started at a
low temperature T3 and subsequently continued and
completed at a higher temperature T;. '

In EP 0 271 861 A2 and EP 0 513 857 Al, it is suggested
to perform the acetalization using an acetaldehyde to



acetalization in a tenperature range Tl of -10 Cto +30 *C and then adj ust
the tenperature Ty to 50 Cto 80 C. However, a degree of acetalization of >
80 mol %is not achieved with this nethod. In EP 1 284 274 Al, EP 1 369 439
Al, and WD 2004/ 026917 Al, nethods are described wherein the acetalization
is started at tenperatures Tl in the range of -10 Cto +30 C and conti nued
at tenperatures T2 in the range of +20 Cto +60 C. However, degrees of
acetalization of > 80 nol % are al so not obtained here. The di sadvant age of
t hi s net hod when using acet al dehyde. iss,. as described in EP 0 271 861 A2,
that by continuing the reactions at tenperatures T2 in the range of +20 C
to +40 C, wth degrees of acetalization of > 70 nol% only relatively fine
particles arkombearabalinyddagetezsqielainriey ¢ifferant-C only relatively |ow
degrees of acqipahchEatd Q&r@fes< S eli%san theesacbeyethturks EP 1 270 608 Al,

a nethod is descr h aI start.ed at terrperatures
T1 of +12 Cf° +308?,Pm\g§‘eé’ ‘Pgr’]ugfd%%ﬁ‘E e?ﬁé?%?%%ﬁ' & 1EL5+60 Cor +30 C

However, onlxeqsmacudads twm Fhanégﬁléé§0@f-ahf€ﬁtal0ﬁz§h @rﬁon <+8B0CoIt are

obt ai ned. Haif ;29 ¥e€ldna ;fheféfmﬁa&ag&mﬁsueéﬂigem@&al flghyde is, as
descri bed |21ng ? 271 86 avé{e LaLure T2 of +30 C, with

degr ees of afi B4 (5na8fi ‘; ?)Qﬁ MBS Gifuct particles are
forned, and axetabhpdrianueesa TR of +m T te de@)r‘t&éa@ﬁ medntdinzat i on of > 80
mol % cannot g sachheMBdurbNe &P 1l +384 E&?rsN By' ﬁ\&i@t&[ﬁﬁﬂg‘@@@d to start the

acetalizatiqQn at a tenperature T1 of E encntlnuelt at a
t enper at ur e *P¥ehtemReTAt UL [Ty nadhigh f?@r?§3° iqeqte Féﬁ'b’rﬁfbr’rﬂed to start
the acetal i pabramtedd,aahénperetimteifingfatrbMdréla walyconderate it at a

teﬁperaturehIah@E ek e&tﬂ@ ﬁv%@d’f?ntaa%lﬁérrﬁ f&@%e@ewods is that wth
degrees of acet case of EP 1 384 732 A,

i zati on
product preéFﬁF‘i‘a]aﬂﬁat'il’roﬁo‘ég fr?’tﬁ rF&EE%"‘bIP&'@éluC%ﬁdl? PERoEetEP 0 150 203,
relatively benehgurdidvi Hedtqgwmhatiuses Tt bé nerwgahan 280t WC,7%5hpm aver age

particle si ég%ﬁéeeafogizél:%f’zatloﬂ BB dﬁ%dgﬁéedzng%aﬁ‘: Eae ??ﬁi‘é are descri bed

wherein the etallization I1s starte rat ures -10 Cto +30 C
and cont i nuBgtkRd+ Epperratives Exampgle B3 Eoroexgmwie sbergViaN acetals with

di fferent ahﬂwm@eaﬂdm tilevdegrees gboace} al idegtreenopf 40 to 90 nol % are

descri bed, oqu {40 7 d EP 0 513 857

Al, high deggge%a\g%o g?:%t aﬁl Z%)tél ég of 1% OEE?C})% a]tihg'% @zb%pachl eved with

acet al dehydéd(éittlpéprpélﬁ%ltﬂmcéiﬁ wqd;@pe@ atheewppeurREsTs 9érefore to

erVI dedpolyvuwlocagmwan@ﬁfacm?m ébl%@h]lﬁlﬁgi&&dhf-aaesﬁﬂhlczﬁtl on of > SO

mol % and an rage ze 0 u t tter the invention
&\4}% %g %h as tor 811;3111]%10 f‘ & Cl KRG lvg:ng

are highly e coarse ed p VI ny Y2881 0a e ‘W th a degree
of acetalization of > 80 nol k and an average grain size of -? 100 pm

obt ai nabl e Ry mcet 8y Zﬁll m Okt Pd talad negérirséd “hs@PeRt fdednpol yvi nyl
esters with a deg ﬁg é% rolllyS| E | % W t, aceé1 Idehyde '

char act eri 78¢<i ageé a‘?‘l’%té’ﬁcg allsl%tsa?ﬁné' 50" Y enperature T1 of 0
C5T15 +2i¢termmec$ub@eqamperqtmﬂhmled:m sgarenperidtaure T2 OF > +40 C,

t he tenperaédéﬁ:ﬁli'é’atbﬁﬂ”'gﬂﬁbei-ﬂﬁ% QY EEF a»l@efbbogn@fméfﬁ of 0.05 to 4
hours and the 'ilcet alization bei ngagpdan orned_in a closed reactor. A further

subj ect nat®EP b 1R e VERVRPRETF ABT WotET T 9FRE™pr oduct i on of highly
acetal i zedFucbheHmJ@r,althede;mhgl/amyh aeet oaetssils AR G0 wotdegr ee of

acetal i zat ig ﬁBwo%n ﬁgnqﬂf e@ﬂggﬁggeo 5 gilfﬁﬁ Q{ Jq9 . pmby - 5 -

acetalization parti a y saponl yVi ny esters with a
degr ee of ﬁyarb?rg&q@tyre for the contlnuatlon of
reaction. It is therefore a disadvantage of this method

that the product is obtained with degrees of
acetalization of > 70 mol% with a relatively fine grain
of 25 to 75 pm average grain size, and only with lower
degrees of acetalization of < 70 mol%, medium grain
sizes of greater than 100 pm can be achieved.

In EP 1 384 731 Al, it is recommended to start the



2 70 nol Ps with acetal dehyde, characterized in that the acetalization
is-started at a tenperature Tl of 0 C5 T1 5 +20 C and subsequently
continued at a tenperature T, of > +40 C, the tenperature T2 being

mai nt ai ned over a period of time of 0.05 to 4 hours and the acetalization
being perfornmed in a closed reactor. Suitable partially saponified and
fully saponified polyvinyl esters are derived fromvinyl ester polyners
containing 70 to 100 nol % of vinyl ester units. Suitable vinyl esters are
vinyl esters of unbranched or branchgd_carboxylic acids having 1 to.15 C
atonms. Preferred vinyl esters are vinyl acetate, vinyl propionate, vinyl
butyrate, vinyl-2-ethyl hexanoate, vinyl laurate, 1-nethylvinyl acetate
(i sopropenylacetel dta)ionviinyd tpimpet-atere ardigei RylofesierdC dfo a- br anched

ronocar boxyLish, a! g hAhNGxfldOchd, Cab@Feurh Of, €X8DI & VepVaT, o Veoval e
(trade nanes of t he conpan esol uti ?ﬁ%‘%téha%télace te is especially

preferred. &BeSFdeCHaYE Ly ?‘lﬂeﬁﬁaeiz’ relhofidhers fromthe
group conpriis agt nadtizeeyl vitlachdsestdiici.and BRriyl2d8a agadAkst ers of
al cohol s haqp“geésé %395:& Ao Qbeihgfesle}' gﬂesnetwoagl aBEOMEti ¢ conpounds,

and vi nyl S may opti{onall'y alsp co-pol ymeri zed, Suitable nonomers
fromthe gr@@ﬁcé%b%%t"’é‘ﬁé'eb‘? e greeabigabior wetfadtedi 8%acid are esters of
unbranched eempésaahred @ dehehs fwxgen@fl 10 %5 t6 aBonsC #referred

met hacrylic d esters AU r Ydo ggryl ate; methyl
met hacryl at g%ﬁt %upTé ggrtig%?ear% ﬁg ghg?:%y %F% anﬁtg a??) | at e; propyl
met hacryl at ¢60n2¢C. f@yevegndie[grsgsyqaf RISFRAL At i oifsa Oarel% - but yl

met hacryl at gre %ﬁ&hbh%y&amérdyhaf@. THY laeawaxlramrgsel afethfsspeci ally

preferred are h acryl ate; I i so-, and
t - butyl acr F%lf% %‘en %}T%éafﬂlaﬁ%%ﬁ%et ls’ %Iér:gstrégor nél %&P Irbate Sui t abl e
diens are 1231 tﬁ,ﬁi'aéi?zen‘éhadh@yi §gp¢mnﬂéﬁp¥%@m@ﬁspétynerl zabl e ol efins
are ethene e&%&ra&ﬁ%as Tﬁ&thmlraafg@nBEI cz@@@@bmdso «tyrare and vinyl

t ol uene may epol rize n orlgge ln ? @weclhl oride, or
vinyl fluorf ‘?%%tt ’\7aE§7?n b’y i3l oyed from the
group of vi fwrlle ilalntdel:esm pbttlmﬂofanﬁhetet%ﬁm@ﬁﬁﬁs ¢% deternined in
such a way fh@ted, h%npfrﬁél%ﬁi%lylm RrBEs N HREal DzAPEoYigEy| ester
polymer is 70 pon %_/A addi tional conononers in an anmount of
preferably .82 " 33?\7{'1? yRYS“based on the total weight of the vinyl
ester polyner, may aI so be incl uded Exanpl es for such conononers are

ethyl eni cal 4,y gghgabys aéo%dnavng mm&illgaa@&wﬂnea aebdsin pief erably crotonic
acid, itaconic agid, fumari¢ acid, and maleic acid; %‘% urther ethylenically

unsat ur at ePEEPEOFFF I 46 atam%%sataﬁ&mmaﬁwr@? Tprdk er2o°§ N-vi nyl

formam de; ad s@ocYyClamd mdéﬁu@rawltmpanamm a atedragr Gdpoon t he nitrogen

atom such ag NeVi pylevedy " LALY lggngltﬁ%gq.bggtgfs of fumaric acid and
th ang i 1sopro

mal ei ¢ aci d+ such as the'die esters, and nmal eic
anhydri de, aek§léfteian yfuﬁs%q Lﬂ'ofi{%e&%uP]P‘Eﬁ’ﬁr@ cids or salts thereof,

pref er abl y Heray b8 ukdiani ehacdikadwainirabkeviten aaiagogessadahyaeso cationic
nononer s ch_as |.di Y, hi A de,. ( DADVAC) ,

3-trimet hyﬁ%r‘rrr%%l%rrprljé% H%%)da%%})glr#:?ezcch OIH;I %t MAPTAC), and 2-
trinmethyl amﬁmﬂwﬁz(%t%ﬁaéﬁyl ﬂ%@l egserdeot RfatsddmeE&on vi nyl ethers

and vinyl ketongs wne, suei-fbiﬁlea@r@a&btlﬁdﬁtl@e@nafé foraiid,abl e conmonomers

are al so pol i zabl e |Ian S pto |Ianes Preferrred are y-acryl -
2nd yiet hadPol BkyBPRSFRERFER Toth) L7 mice s 469
met hacr yl orgeeahigatiopapk ox B irod e sannot be achleved -

ymet hacr yl oxypr opyl net hyl di (al koxy) si | anes, vinyl al kyl di (al koxy) si | anes,
and vinyltri( 0 si.lanes, .met hox et hoxy, net ho | ene,

et hoxyet hyﬁlén*'gi,L Hnépﬁoké%r%]pyllé:nésg%% cﬁ? Lo AP E Yt{%&%pr opyl ene gl ycol
et her radizet¢tsalfizatérangt e hempgrasabe ehasfat k‘w()anglr chpn Exanples are
vinyl L eEaRaNRId Reac Vi rﬁ@rr%;e sw%y@ b@Ngss Vil Bhopexysi | ane,

vinyltriiso oxYsi | ane, tris-(1I- OXYy) -1 sopropoxysi | ane,
vinyl tri but y£5I3Ira|’|§ 1%|Fﬁﬂ‘¥¢@§é%@o§?/sﬁqa&’ﬁethg acetalization

met Eacr y: oty i apbbratEid @y YST | ane,4 3C and continue it at a

met hacry t y

met hacryl m >¥/|J?E I?T%t% *@é%nzﬂﬂ rc‘i?.'aatdvant:ag&-. of these

3- et hacr yrebhpsEopg| that ﬂlﬁnéﬁﬁmt%m;%ﬂhﬁ@}l‘m ®f Pri chorosi | ane,

vi nyl met hyl di chl orosi | ane, vinyltris-(2-methoxyethoxy)sil ane,
trisacetoxyvinylsilane, 3- (triethoxysilyl)propyl (succinic
anhydride)silane. 3- Mercaptopropyltriethoxysilane, 3-

mer capt opr opyl tri met hoxysi | ane, and 3- mer capt opropyl net hyl di met hoxysi | ane
are al so preferred.



Further exanples are pre-crosslinking conononers such as ethylenically
pol yunsat urat ed conononers, for exanple divinyl adipate, diallyl maleate,
allyl methacryl ate, butanediol diacrylate, or triallyl cyanurate; or
post - crosslinking conononers, for exanple acryl am doglycolic acid (A&,
met hyl acryl am dogl Ycolic acid nmethyl ester (MAGVE), N nethyl ol acryl am de
(NMP), Nret hyl ol net hacryl am de, N-nethylolallyl carbamate, al kyl ethers,
such as isobutoxy ether or esters of Nnethylol acryl am de,
N- net hyl ol met hacryl am de, and Nmethyl @l al | yl carbamate. These vinyl ester
polymers are commercially available or may be prepared in known manner by
means of - 8 - polynerization; preferably by bul k polynerization,
suspensi on pol Y Hedfzatn siseopf b§P FoBPAe732 &l .omrpduet gani ¢ sol vents,
pa(rj_t :c cularly w&fiﬁliﬁ@ﬂ::&?ﬂ @o@@hﬁ&@lcﬂmlebﬁpﬁéél—él,t 298 i§tl—%ats%bb§ §19|d/e”|t S. ?L' d
nodi fiers ar oL, ,eXa . apgl .. ethan prgpanol ., i sopropanol . e
pol yreri zat i glr;':'foi ?%@r%ra%g’g;{’ ]erfélP'uél‘éJté)eéi tpé'ﬁglé)?'é? u"r“e_tE‘F 40 Cto 100 C
and is initidvager aflidfaltoy 7byvmdiiengae apamiviclei sist ;airs.. Exanpl es for conmon
initiators ardtpeh&dr bonates, such as. cycl ohexyl peroxy dicarbonate, azo
initiators, or peresters, such as t-butyl perneodecanoate or t-butyl
per pi val ate. The adjustnent of the nol ecular weight may occur in known
manner by addnt EBri F57m86LfAkr methodeamse desthitbsdlwhemtinariieent, by
variation of abB€ai fHdtiBhOis CANGRRNN & | QUpedadubys VAT LAtiQnopf the
tenperature. After conpletion of the polynerization, the solvent and excess
nononer and ﬁ%dﬂqr er, gB‘fl Uy at c’%’r‘PPS’é”aFBﬁ%%éB 8% di%CF tati on.
Transest eri f ¥&@ti®n Polyshpaniddetal & onitdf dili€evémy lala@ghgded@rgmers occurs in
a manner KnowfipelecsBes|OF LXRIR LaBLHOLY BY L9 dNGODEI L Or kneader

Ic nmediumw th addi o

process, in an al kaline or aci tiron of acid or base.
Preferably, {TRENVERr RMSegoppdaleady kaownfizamER P RH &6Rol , for
exanpl e nmet Wghaind ERe0 st ds7cAN} enighbdkggeds| dfstaedehbi Adtiba 70% by wei ght .

The transestgfifi j % l.ySi_Sa.l; ef erabl f.ormed in a basic
medi um for gé’nﬁ??“%@@a (}II]{&I géeo%( I@Bﬁ?v%-\'fﬁcﬁ ﬁﬁéﬁé’?wﬁﬁeaﬁase IS
general | y ud&dPeraguigamt ey +8f %Cto0 5 nol % per nol of ester units. The
transesterification or hydrolysis is perforned at tenperatures of 20 Cto
70 C. After i f ransesterification.or. hydrolysis, the
reaction ni #%?gtﬁéé‘ggﬁt%r_g}l?gee%?&l CnREREY T POLYKETED| vent is renmoved by

di still ati ofcehRAcCerRLHIHGD Ayiridl detivee i of cistegiohddatiom ofowder or granul ar
material . Haoemels driie apohyuidyd ¢ahel zdreye &l _ngob‘g“_obt ai ned as an agueous
solution by - 9 - successive addition of water while the solvent is
renoved by distillation. Such polyners are referred to as fully saponified
pol yvi nyl ~eSweject magtgsgebetif imydnblgsiareohighlymdeta®i®édml % By

partial |y separddidipel YwoIwingst 8ttt Nt i a degree of
hydr ol ysi s Qéet@l{%{'i% andﬁs&gglﬁn%h% T'g pgrg?igaf’f%ﬁgarsgfe%?%n‘gfggom fied vinyl
ester pol ynererprérershi§f mafl FodsRndt 4% aNguras \FadnoFize ol % to 99. 9
nol % parti€dek Iy pbbdinatile) bydBcetd Liani68. OF gdrtialle 4t scosity of the

pol yvi nyl aftgqr}pIsaggh%@p?é_?gﬁgp%sﬁ%%ggkggé o%‘%%%gi 8 4 %solution in

water) is jlﬁg% io nPas Pr . : SefVes as a neasure
for the nol PS8 Ght< AP MPhE Wdt dsespldehydmri zation of the partially
or fully sajhemiatitedipad yiri nybhtesherscetiNezdegsee DistRRt ¥ d zati on of the
pol yvi nyl alsgeohol usedri Sepgeferabl yeat, J east 100.. For the acetalization,
acet al dehydee%ie’s used, \Rhléghécatﬁ aItiJéos B*ezdusgfia?lé ?WWH&'@Y its seniacetal s
or full ac&PRFiNBrd|dls 2 taERGHRLUKRITat@E . > Pif® S€detheinount of acet al dehyde

depends on tehpedasired;degiee mfindeehdd idald QNpeFyed G¥ ltymean excess of
acet al dehy i o) t heoretjcal .anount is used in the nethod
BF 8168 e o IRELL Opdd il BRCEL] £8P

according to the invention. e &8¥ acetalization is > 83
nol % For PREfkERG|in at rbpsed treagserial ly or ful ly saponified pol yvinyl
esters are preferably contained in an aqueous nedium Typically, a solids
cont ent OfAtﬂxe]:tah%lfseOldﬁ‘sm utigon of 4 to 30% by weight is established. The
acet al i zatT on-occur S PASThdPt&Tefletlt HgitioBat 8l 3 Stethedch as

hydr ochl orfer ddied prodiduion cfcihdghhy tadest Adizéd, ocoph@sphainedaci d. The

content ofpsghdingicatatysd e el of the reaction,
the catal yi':g ¢ %(g?] on. of éhee&ggt g?f/rsz?él c%%g:e%eélkrg . SPR%% b0

mol% and an average grain size of 2 100 um by



- 10 - degree of acetalization, and the product purity ainmed for. Wen

usi ng hydrochloric acid, a content of acidic catalyst of greater than 2% by
wei ght of hydrochloric acid based on the entire reaction formul ati on, but

| essthan 12% by wei ght of hydrochloric acid based on the entire reaction
formul ati on has proven to be advantageous. A content of 3 to 8% by weight
of hydrochloric acid, based on the entire reaction fornul ation, was
particul arly advant ageous for the nmethod according to the invention. The
acetalization may be perforned in di §ferent ways: polyvinyl alcohol, acidic
catal yst, and water may be provided, and the acetal dehyde nay be added with
different dosing rates to start the reaction.. In addition, it is also

possi bl e t o a§Egl pFafiiogeof apartgrlineoy | fllyaseraroifigdd/ or the water and/ or
the acidic galilghistl adets wikh thaeghsteyrdayansh ydie bgmi ning quantities of
pol yvi nyl al o} . er r i.dic catalyst _in different dosing
rates and a'Izgggaé‘?%?glﬁgpe%\?é%ﬁlﬁ%gl%gh cgl(ré ng?%lzl'e?#l %i?la{;haif’ ﬁcéle acetal i zation,
the acidi c ésehpliratiny i% s-asdeddaed ttemparatwie Theof da@®Cakt s pol yvi nyl

al cohol , watgrs @0deacaidlieBY¥ggai1yt chbpRt hEea dtdiidlaxuel the reactants

pol yvi nyl al cohol_, ter, .and _acetal dehyde in different dosing rates. To
start the rg‘écrkf)é’nfx\?heé'r é:g‘(?t F%Tpﬁﬁ%?eﬂi ?e(’:’(’)%l"éadmtt&lé‘egerrperature T1 of 0

C T1 +20 C, opeeferpepipdidf Cime of60 05 The4avwtxd iazdt kba reaction is started
by addi ng ageéed deaydsn Me e parbasst ah Qrcfdddy aestebyt hereof.

Preferably, the fornulation 1S maintained in this tenperature range for 0.5

to 4 hours. Subsequently, the fornmulation is heated to a tenperature T2 O

> +40 C, prétrdleypanisQly paponifiles bpdphwiflgr abpynifiledc < T2 < +55 C or

+45 C  T2paHRriby1 286k BLal 8otivla EBba ¥ eEQEﬁ:Etepé 205 to 4 hours.
hat™ |

In our investigations, we V\ﬁl’e aPol e to.determne t case of
acet al i zat | SWRPARE Y d1cadRY oL ] . §iarh a8tsz HRY*Fndeed be i nfl uenced
vi a t enper sfuwit@ble. vidiylt esperataneyvifyl oésigrreabér ublbeemetd@d 6€, products

with a degritndhed el aik ot fls %aBlndl Yo RECECLARLY. > 83 MOl % and wi th
an aver age Ig{&l n size of "100 pm are sucCessfully obtalned, independent of
the set valireL6Fre? vinyl estesR fneariprhiadetataceyiykation is performed in
a closed symfopivmitd,0outingdshexalargevinyh 2-kehehVvhéta®Rite, The solid

reaction pr, ty1.S-4:50l at ALET a ream washi ng step.
Fur t her nor gfﬂ#;% %ér e%ét’oisﬁg%%égk’gn%é%%&ter ggls%ld%ni}lr esi dues present,

al kal i-es méFebatelddsdrybuPi YR F1cec ARt BiNYEn eaherafedr eat nent, emul sifiers
may be usei}brhncﬁéchbddﬂoaarmﬁwaﬁﬂ&sf?htﬁ.ﬁ.&@sSf)ﬂo0.{1 ltch%tmbyvi ny: ] |
acet oacet alg.,.T, r Q| i e polyviny et oacetal obtaine

in this mﬁﬁgrgﬁ“ﬁ’?%o%g%"%r 8?@?%%%1%10%%&0&%38%"%%1 of ®to the coarser
grai n shap8OmRHY FeEpihieniac Mgyt cieatatec dederreaidlillye i nvention exhibits
a higher bpk&faespsi.ty, significantly |ower dust content, and an inproved
flowability. ‘-All this is advantageous for |ower transport costs, a better
use of storage capacity, and sinplified handling when preparing solutions
of the pol §esifgs sbet vhiewdt steThentiswr sve provust meacterkes are al so | ess

suscept i bl £rdnd +RGILPOBS AddnFiking Ghat@RRicsvand d4& @s‘&%@s%&ﬁn speed of the
pol yvinyl acetal is.therefore_significapily inproved. The highly
acet al i zed®“%et d‘lgsggb‘ﬁa?%spBFy@??ﬁﬂo%cg‘%g’&%t]alté’ 3PeCpaFeMul arly suitable
for use asclefinz, dienes, vinyl aromatic compounds, and vinyl
halides may optionally also be co¥polymerized. Suitable
monomers from the group of esters of acrylic acid or
methacrylic acid are esters of unbranched or branched
alcohpls having 1 to 15 C atoms. Preferred methacrylic
acid esters or acrylic acid esters are methyl acrylate;
. methyl methacrylate; ethyl acrylate; ethyl methacry-
late; propyl acrylate; propyl methacrylate; n-, iso-,
and t-butyl acrylate; n-, iso-, and t-butyl
methacrylate; 2-ethylhexyl acrylate; norbornyl
‘_acrylate. Especially preferred are methyl acrylate;



- 12 - binding agents in printing inks. Suitable printing ink formulations
are known to those skilled in the art and generally contain 5 to 50% by

wei ght of pignent content, for exanple diazo or phthal ocyani ne pignents, 4
to 25% by wei ght of polyvinyl acetal binding agent, and solvent, for
exanpl e al cohol s, such as ethanol, or esters, such as ethyl acetate.
Optional ly, addltlonal additives such as retarders, adhesion pronoters,

pl asticizers, and other additives such as for exanple fillers and waxes may
al so be included. The highly acetald zed, coarse-grained polyvinyl
acetoacetals are also very well suited for Ianinated safety glass and gl ass
| am nat es, high safety glass, or MAndOMIfI4 e Igg g acetal i zed,

coar se- gr ai neethydl petkaarYAakesdiet AFS~ med G%PHE? 5 4495Rt dgeousl y used as
bi ndi ng agenétglylmeﬁgywlba&emxﬁi morpannyl soirydate b&yddabirquers and

var ni shes, r exa e d.nexht’ed gbrcoating of cans.
O her fi eI ds 6%% cafl on Bg%&ﬁ a"ﬁ%‘ i5o fekfrna I z:écd[%coarsgb%]gl ned pol yvi nyl

acet oacet al sp@ymerheabise cdeLbpa iRy e&é@ﬂ% et RREPEEor ASsY gents.

Fur t her nor e, o th@ thit Odapcasakal sti}efé,necaaﬁs&rgrrlal:nbderpmlmvl byl acetoacetal s

are al so suitable as i nd| &?ggﬂecrﬁldrqd%r qﬁ;qgéﬁé didtsEEY, ospecifical ly
bodfl es.

as bi ndi ng green he 'use as binding agent for

ceramic pomd@rrarlalﬁ&;lumd@h p@ﬂﬁ%\v@h’n"?—ﬁ}’b(ﬁm&ﬁlﬁ%l dtifg (powder injection
mol di ng) shqgélbgcgﬁp lgg.gal PR&H theuEEBES el @inyhendliighBy Eoetal i zed,
n

coar se-grai vin acetoacetal s, d gents f or
phot ogr aphi 0‘?‘¥1'itllﬁ’§ 0# §r°“t FemPRGUeISy i§ %%t&b“gﬁggo tﬁb?{yglr}g%yg as binding

agents for phmitotherpmgriaphof vty egker SUBIPNES h’éa‘% he vAR¥} er sheets. Such

films generagllyy rcgg qk 2 sehdiate - 13 - filmand a heat transfer
| ayer, in V\:hl % %yw nyI acetoacetal is used as binding agent. The

follow ng exanples are provided to further explain the invention w thout
limting it oynamalwa,y adAk. i enainmosonmpers rigy pal areunt #£100 kg of total

reaction ma q) 2 t | fof 1y 2e94he £3klsRE, oRNniRAwees sol ution of 5.2
kg of a full y sa oni %?n;ﬁy glﬁ\ol Vi scgsﬁy 2.9 nPas (DI N 53015;
€g

net hod accorM§igh t‘é)f I-‘Iéﬁ?plvéFY @@%%EQgﬁ@e’%'oIW| ree of polynerization
320; Mv apprigxiudd@0Gxateleecfaf suptr cbywianed®. 8repl %9 in 73.7 kg of water

with 18 kg Otggoﬁl{ dé‘%ﬁ%"%k%&%&t%ﬁ o8l Lﬁﬂ&)'aw@fsmaﬂqw degds The provi ded

sol uti on was erature, Ti e stirrin Subsequent |y,
3.2 kg of araeirdeblereionigral véFaaO%? a of “‘E%”i‘i-’%‘ﬁ AGt8s. After 40
m nutes of %@5@' InhDétﬁH acgdst F@rcHdrmetayledirallyt hesatonpeedt ure was raised to

50. C over a of g%%gf? ?é'ﬁisa[n%nghﬁﬂfeé eg?@féf-éﬁl% R @bt ai ned for

addi ti onal odu | tered and washed
with distil If@mam@ﬁr, @ABP| CYRLG ﬁ@ﬁ&?e@’@%’éf‘@daﬁe‘éﬂ%uraﬁ? erwards, dryi.ng

ol iyl s e A e vy i otk oy gl uni (s vae
gbt )a/u ne)d/ TREX G2 é‘eof mRRRT 1Y ﬁgg\ggggg%g@xwmcg%%?ge average grain
si ze was 126Gapeic Brddpr sddetasvddiec déathyl seidygiésepropyl

wsters, and maleic anhydride, ethylenically unsaturated

sulfonic acids or salts thereof, preferably

vinylsulfonic acid. Suitable as comonomers are also

cationic monomers, such as diallyldimethylammonium

chloride (DADMAC), 3-trimethylammoniumpropyl

(meth)acrylamide chloride (MAPTAC), and 2-

trimethylammoniumethyl (meth)acrylate chloride.

Furthermore, vinyl ethers and vinyl ketones are

suitable as auxiliary monomers.

Suitable comonomers are also polymerizable silanes and
mercaptosilanes. Preferrred are y-acryl- and y-
methacryloxypropyltri(alkoxyl}silanes, o-



95 % et hanol and nethyl ethyl ketone (MEK). Exanple 2: In a closed
reactor, an aqueous solution of 6.5 kg of a fully saponified pol yvinyl

al cohol, viscosity 3.4 nPas (DI N 53015; nethod according to Happier; 4 %
aqueous sol ution; degree of polynerization 400; Mv approx. - 14 - 18000;
degree of hydrolysis 97.9 noil) in 55.2 kg of water with 34.5 kg of 20 %
hydrochloric acid solution were provided. The provided solution was cool ed
to +16 C (tenperature T1) while stirring. Subsequently, 3.8 kg of
acet al dehyde was added over a period.of 30 mnutes. After 60 m nutes of
additional reaction time at +16 C, the tenperature was raised to 50 C over
a period of 300 mnutes and this tenperature T2 nmaintained for additional 5
monutes. AftgstHdtiryl ok tiyadys laMasy) sil@red, ywashed with distilled water,

and re- suspenoL_[erfc‘J:_:l in Wait’l?e}["r?ﬁﬁ' Qﬁr@l%x}t)@ﬁgbgl c catal yst present were

neutral i zed W e pr od uct was again filtered off; again
washed wi't h dirgtliallkpddikaldoxy ﬁ&F339§bséﬁ ently, drying te a solids content
of at |east P8, 3%rhYayRbgh tsluaﬂésg,plmhoxﬁ, withiogy , powder y pol yvi nyl

acet oacet al mnth 11, 0% b I tsawas obt ai ned. The
degree of ac’&ﬁftﬁ}cﬁ‘ifﬁf:g A)gﬁd t tglgg\%]r'ﬂwléle i ze was 110
pm The prodgmythlastbthﬂe.ardwi §§hWI€OPH1953t91é(Fﬁén8F %ﬁlg’aﬁéfﬁ% ethyl ketone
(MEK) . Exanpt& 3xam neebéu@sadawm&tsoalkawa;xmpusEmnhasonr@)f 5.5 kg of a

full f | 53015; hod
Locordr apol i s Ra z&'lp“ Wyeidheon VinyiERECRIdY o1 dnaP AR b met ho

ree o al yneri zation 850;
Mv approx. 38G@dxydilmee Gﬁnhyﬁw@WS’PWﬂllﬁﬁle%v?-Wg% Eg of water with
34.5 kg of 20 HRydr ped gcyg.ggilesowhymwtexpsmecth The provi ded
sol ution was cooled to +1 g é qperature T1l) while stirring. Subsequently,
3.8 kg of acEPWEERFTRIHYSIIANRY Bver a period of 30 minutes. After 60
m nut es of aﬁd&hbﬁyhbxyprmpyﬂDnlmaﬁh@XaB11@2?&33—the tenperature was raised to

50 C over %£58?¥§gxi§g%$ﬁﬁ%$ﬁ§id@ﬂgtgg&ygﬁyaﬁg¢rature T2 maintai ned for

addi ti onal nlnu ﬁﬁiOdUCt was, filtered, washed with
dlstllled wdredhacgrionamethy  ERHsF oY Rat &pe - ﬁeﬁﬁlnders of the acidic - 15
acryloxypropyl - trls(z methoxyethoxy)silane,

vinyltrichorosilane, vinylmethyldichlorosilane,
vinyltris- (2-methoxyethoxy)silane,
trisacetoxyvinylesilane, 3-

(triethoxysilyl)propyl (succinic anhydride)silane. 3-
Mexcaptopropyltriethoxysilane, 3-
mercaptopropyltrimethoxysilane, and 3-
mercaptopropyluethyldimethoxysilane are also preferred.

Further examples are pre-crosslinking cowonomers such
as ethylenically polyunsaturated comonomers, for
example divinyl adipate, diallyl maleate, allyl
methacrylate, butanediol diacrylate, ox triallyl
cyanurate; or post-crosslinking comonomers, for example
acrylamidoglycolic acid (AGA), methylacrylamidoglycolic
acid methyl ester (MAGME), N-methylolacrylamide (NMA},
Nmethylolmethacrylamide, N-methylolallyl carbamate,
alkyl ethers, such as isobutoxy ether or esters of N-
methylolacrylamide, N-methylolmethacrylamide, and N-

methylolallyl carbamate.

These vinyl ester polymers are commercially available
or may be prepared in known manner by wmeans of



catal yst present were neutralized with NaOH Finally, the product was again
filtered off; again washed with distilled water; and, subsequently, drying
to a solids content of at |east 98.5% by wei ght took place. A white,
powdery pol yvinyl acetoacetal with 10.2% by wei ght of vinyl alcohol units
was obtai ned. The degree of acetalization was 85.8 nol % and the average
grain size was 110 pm The product was clearly soluble in 95 % et hanol and
nmet hyl ethyl ketone (MEK). Exanple 4: 1In a closed reactor, an aqueous
solution of 5.4 kg of a fully saponified polyvinyl alcohol, viscosity 5.4
nmPas (DI N 53015; nmet hod according foakﬁppier; 4 % aqueous sol ution; degree
of polynerization 850; Mwv approx. 38000; degree of hydrolysis 98.1 nol% in

58.4 kg of \I%@l%eﬂgﬁi%%.;5pkgf@_¢faba_9 By o gpblpnéxi ztiidnsol ution were
provi ded. The provjded solution was ¢ i Ldsbampgrature Tl) while
stirring. S@é&ﬂ%‘rﬁq ?,‘ﬁg‘.“?rkﬁ& nacg?%}g%?gge]\z/\l/azs%a ded over a period of
30 mi nutes. oAmeic 4dlvienttespoftiggdprlymnefesably o' 3% me, the tenperature

vas raised tQ 3o ounupiBeT i adab1a8 Mankeananibdilfiisrs soper at ur e T2
mai nt ai ned for additional 10 gjnu es. /ﬁtég’atgis,iééﬁ%oggggypt was filtered,
washed wit h FOTsERATRIE WebBernobn FIET8he FERHE T h Water - Remai nders of the
aci di ¢ cat almst ppreseitantor e gerdbrred ati rRINFORE B nal |y, the product
was again fil f oraggl v tdhadiist Uhiedhosat er; and,
subsequentl;fkﬁéggﬂ%%t8faggoﬁ%ggﬁgggtent. f atw#ga%?f%8/gooby wei ght took
pl ace. A whﬂﬁé?cﬁﬁuﬁéwyaﬁ6+9§i?ﬂﬂmoacé?%ﬁﬁ§;955‘ HELE555hy wei ght of vi nyl
al cohol uni temwes DhHtakpets die peegrekomdtes;eruth A/ iOFIRRE¥¥E4. 1 nol % and
t he average_grai J 5 : jugt Yesedteaal | yugol uble in 95 %
et hanol andf%%? fﬁét ?pﬁég%bEgﬁgkgigsaﬁﬁﬁgagat|ve.Eﬁfgglem%é - 16 - In a
cl osed reac®sr t-RuFvdqresngodzfandess 8F . tﬁa BB YUy - saponi i ed

pfl yvinyl akgehigtmenti 8€08hé yncaLe@urreasW@:gfrm 589 16ccuretimobnadtor ding to

Fl oppi er; 4 % aqueQus | Ol 0 I IO BoTHt Mv appr ox.
18000; degr B&8"Bf dragﬁ%l%sﬁg‘% g‘*%%??%.ﬁ{@%?ﬁ 6%?5 Hwa er_with 30 kg of 20
t hydr ochl ocotent.dbyovariamioncf phevinddateRecProRdEE Y uti on was

COOL e?dtﬁ ds&@ ﬁr(xﬁdaﬁﬁgewﬁ%ﬁ £hb) _tﬂgbéﬁamzier.rhﬁger&m?’éﬁﬂézz ly, 3£8 kgf of
acet al dehyde was added aqver, a _per, u m nutes o

addi t i onal ngg??&ﬁﬂ¥Wﬁ£}Z?%%3'e§%%r3 d?%ﬁhg%arégégﬁﬁf%ﬁggc over a peri.od
of 180 mi nutes medifikrs ifnprRYessary. TOAMEENTERAYF fOF additional 150

m nutes. Af l4eLeifiSichhe product was filtered and washed with distilled
water until the filtrate reacted neutral. Afterwards, drying to a solids
content of at |east 98% by weight took place. A white, powdery polyvinyl
acet oacet al Twandestbr5%ibytimi gt sebond Figatdionond| thgii&¥das obt ai ned. The

_(il_ﬁgree Sf aggtal ifi%ﬁ%?{?sv@‘]‘sc’%f]s g_nnggﬁalgr& lr}]d&awﬁvleéﬂ@,gﬁairn Si z;a \iivas 40 pm

e product was cl ear soluble.in 0.et han y yl ketone -

( MEN) . c:orrﬁﬁ%ﬁli%é‘fﬁaéﬂH% Lo (%%aﬁﬁf‘é E ‘ﬁeﬁgéba@g"z%tsse “%? © In a

react or, anankuleinies osohoidion nefdigmwkigh gddition| 9f SGI6hPTi ed pol yvi nyl

al conol " (degree. ofcPObuRy] 4Hd 93pp0lestiaoinealrduti dysis 9.8 ml t) in
er w .

78.1 kg of kg of 35 % hyd i id '
provi dgd? Tﬁvgltrﬁriéwdéﬁ alrehg ﬁfﬂése ]@{j(r)n%gilgﬁéf, e s%ﬂ&'é' on Was

content being adjusted to 15 to 70% by weight. The
transesterification or hydrolysis is preferably
performed in a bagic medium, for example by addition of
NEOH, KOH, or NaOCH,. The base is generally used in a
quantity of 1 to 5 mol% per mol of ester unite. The

. transesterification or hydrolysis is perfoxmed at
temperatures of 20 °C to 70 °C. After completion of thg
transesterification or hydrolysis, the reaction mixture
ig neutralized, if necessary; the solvent is removed by
distillation; and the polyvinyl alcohol is obtained as
a powder or granular material. However, the polyvinyl

alcohol may also be obtained as an agueous solution by



+11 C (tenperature Ti). Subsequently, 4.0 kg of acetal dehyde was added.
After 30 mnutes, precipitation took place and the reaction was conti nued
at a tenperature T2 of +30 C for 180 minutes. After this, the product was
washed with water and neutralized. A polyvinyl acetoacetal with a degree of
acetalization of 75.0 nolt was obtained and the average grain size was 40
pm - 17 - Conparative Exanple 3 (Conparative Exanple B-5in EP 0 271 861
A2): In a reactor, an aqueous solution of 5.8 kg of a fully saponified

pol yvi nyl al cohol (degree of polynerization 2400, degree of hydrolysis 98.8
molt) in 78.1 kg of water with 17.2’Eb’bf 35 % hydrochloric acid solution
was provided. The provided solution was cooled to +11 C (tenperature T1).

Subsequent | ysu&c@séﬁgreoadaﬁﬁoai dehyseewamiadders sdivent 129 mnutes,
precipitati on t ook Ia gst?% tthg reaction was continued at a tenperature T2
of +50 C for 180" rﬁ st this, the product was washed with water and

neutralized. A polyvi nyI acetoacetal with a degree of acetalization of 71.5
mol t was obt gi@ed, ﬁ@ﬁe&@%@/%ﬁgﬁrﬂi ad a8l zﬁlwa%agan@ﬁlea’ he product was

insoluble in et h ne, ( VEK n Table 1, the nost
i mport ant fopm‘é’%ﬁi Yon® (¥ rs’ %ﬁ e) £ h%% e é’r?tlsaﬁgl yl% ® *esults of the
Exanpl es and>CG¥npmlsti Bﬂé erplb}s mm@nﬁrm@e@nnﬂre@amaml ear ness.
Exanples 1 t@eﬁlaort%setﬁwl nat ﬁé)@lfch @fbl@fmﬁobkaﬁyd mgQt oacet al ,

i ndependent of _t ich t et al i zatlon s started, by
conti nui ng tH& rggg?%t'i“ h& P% YuP& 8999—% ‘?ﬁ”&‘yél osed reactor,
an aver age gestiar pbigmam‘s b@@fpmia]n,d haveaegrésgmefe afechpdiciatsiien of > 80 nolt
can be achi eyedq }EB@% pw%cbsm@nﬁ %Ja&t%sﬁém g%k'@k&»i methyl et hyl

ket one. Conparative:- shows E gBar abl e reC| pe and a
simlar .reactd Hﬁlﬁrﬁ%e?ﬂrﬁemaé%t ﬁ'IB(é(ﬁﬁFQEJ'tlY °§ LRGP Y i lat a tenperature
T2 of +30 Calicohalcl(mied3cebctmethed hrgbrdisgr ¢e Béppbatald 2ati on of 84.2

oLt DUt ONlobadelBh3kl Gahkad |16 058 DoChpdD BRBUELBHE PRI 0 o1 Ze can be

obt ai ned. Corrpar at1ve Exanpl e In EP0 271 861
0 wPas, and serves as a measure for the molecular

weight and the degree of polymerization of the
partially or fully saponified polyvinyl esters. The
degree of polymerization of the polyvinyl alcohol used
is preferably at least 100.

For the acetalization, acetaldehyde is used, which can
also be used in the form of its semiacetals or full
acetals or its aldehyde hydrates: The added amount of
acetaldehyde depends on the desired degree of
acetalization. Typically, an excess of acetaldehyde
with respect to the theoretical amount is used in the
method according to the invention. Preferably, the

degree of acetalization is > 83 mol%.

For the acetalization, the partially or fully
saponified polyvinyl esters are preferably contained in
an aqueous medium. Typically, a solids content of the
aqueous solution of 4 to 30% by weight is established.
The acetalization occurs in the presence of acidic
catalysts such as hydrochloric acid, sulfuric acid,
nitric acid, or phosphoric acid. The content of acidic
catalyst depends on the desired speed of the reaction,
the catalytic action of the catalyst, the desired



- 18 - A2) shows that in a reactor that is not closed, with a conparable
recipe and a simlar reaction procedure as in Exanples 1, 2, 4, and
Conparative Exanple 1, a degree of acetalization of > 80 nolt cannot be
-achieved, and the tenmperature Ty of +30 C entails -a relatively fine grain
shape of 40 pm Conparative Exanple 3 (= Conparative Exanple B-5in EP O
271 861 A2) shows that in a reactor that is not closed, at a tenperature T2
of +50 C, neither a high degree of acetalization of >80 nolt nor an
average grain size of 100 pmis achiygvable. .Table 1: Sunmary of the
Exanpl es and Conparative Exanpl es PVOH PVOH HC1 AA T1 T2 t2

degree of acetalization, and the product purity aimed

for. When using hydrochloric acid, a content of acidic

catalyst of greater than 2% by weight of hydrochloric

acid based on the entire reaction fo;mulaticn, but less

than 12% by weight of hydrochloric acid based on the

entire reaction formulation has proven to be

advantageous. A content of 3 to 8% by weight of

hydrochloric acid, based on the entire reaction

formulation, was particularly advantageous for the

- method according to the invention.

The acetalization may be performed in different ways:
polyvinyl alcohol, acidic catalyst, and water may be
provided, and the acetaldehyde may be added with
different dosing rates to start the reaction. In
addition, it is also possible to only provide part of
the vinyl alcohol and/or the water and/or the acidic
catalyst and to add the aldehyde and the remaining ‘
quantities of polyvinyl alcohol and/or water and/or
acidic catalyst in different dosing rates and also at
different times. In order to initiate the
acetalization, the acidic catalyst may also be added to
part of the reactants polyvinyl alcohol, water, and
acetaldehyde or to the entire quantity of the reactants
polyvinyl alcohol, water, and acetaldehyde in different

dosing rates.

To start the reaction, the reaction mixture is cooled
to a temperature T; of 0 °C £ T, £ +20 °C, preferably
+2 °C £ Ty £ +16 °C. The acetalization reaction is
started by adding acetaldehyde or the semiacetal or
full acetal thereof. Preferably, the formulation is
maintained in this temperature range for 0.5 to 4

hours.

Subsequently, the formulation is heated to a
temperature T, of > +40 °C, preferably 2 +45 °C,



DA GS MEK DP DHwW % wmt W% C Cmn nolt pm

- 11 -

particulariy preferably +40 °C < T; « +55 °C or +45 °C
£ T, £ +50 °C, and maintained at this temperature for
0.05 to 4 hours. In ocur investigations, we were able to
dete;ming that in case of acetalization with
acetaldehyde, the grain size may indeed be influenced
via temperature T,. At temperatures T, of greater than
+40 °C, products with a degree of acetalization of

> 80 mol%, preferably > 83 mol%, and with an average
grain size of 2 100 pym are successfully obtained,
independent of the set value of T,. It is essential
that the acetalization is performed in a closed system

without gas exchange with the environment.

The solid reaction product is isolated by filtration
and a downstream washing step. Furthermore, in order to
gtabilize and neutralize acid residues present,
alkalies may be added. During precipitation and
aftertreatment, emulsifiers'may be used to stabilize
the agqueous suspension of the polyvinyl acetoacetal.
The average grain size of the polyvinyl acetoacetal
obtained in this manner is 2 100 pm, preferably 100 to

300 pm.

Due to the coarser grain shape, the polyvinyl
acetoacetal according to the invention exhibits a
higher bulk density, significantly lower dust content,
and an improved flowability. All this is advantageous
for lower transport costs, a better use of storage
capacity, and simplified handling when preparing
solutions of the polyvinyl acetoacetal. The coarser
product particles are also legs susceptible to
agglomeration in solvents and the dissolution speed of
the polyvinyl acetal is therefore significantly

improved.

The highly acetalized, coarse-grained polyvinyl
acetoacetals are particularly suitable for use as



Ex.

1 320 97.8 5.2 3.6 3.2 10 50 180 83.7 120 S Ex. 2 400 97.9
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binding agents in printing inks. Suitable printing ink
formulations are known to those skilled in the art and
generally contain 5 to 50% by weight of pigment
content, for example diazo or phthalocyanine pigments,
4 to 25% by weight of polyvinYi.acetal binding agent,
and solvent, for example alcchols, such as ethanol, or
esters, such as ethyl acetate. Optionally, additional
additives such as retarders, adhesion promoters,
plasticizers, and other additives such as for example

fillers and waxes may also be inciuded.

The highly acetalized, coarse-grained polyvinyl
acetoacetals are also very well suited for laminated
safety glass and glass laminates, high safety glass, or

window films.

The highly acetalized, coarse-grained polyvinyl
acetoacetals may further be advantageously used as
binding agents in aquecus-based or organic solvent-
based lacquers and varnishes, for example as binding
agent for the interior coating of cans. Othexr fields of
application for highly acetalized, coarse-grained
polyvinyl acetoacetals are the use as binding agent in
anti-corrosion agents. Furthermore, the highly
acetalized, coarse-grained polyvinyl acetoacetals are
also suitable as binding agent in the ceramics
industry, specifically as binding agents for ceramic
green bodies. The use as binding agent for ceramic
powders and metal powders in injection wolding (powder
injection molding) should also be mentioned.

Furthermore, the highly acetalized, coarse-grained
polyvinyl acetoacetals may be used as binding agents
for photographic films. In particular, they may be
profitably used as binding agents for
photothermographic materials such as heat transfer
sheets. Such films generally consist of a substrate



6.5 6.9 3.8 16 50 5 84.8 110 S Ex. 3 850 98.1 5.5 6.9 3.8

- 13 -

film and a heat transfer layer, in which the polyvinyl

acetoacetal is used as binding agent.

The following examples are provided to further explain
the invention without limiting it in any way: All
examples were normalized to 100 kg of total reactiocn

mass.

Example 1:

In a closed reactor, an agqueous solution of 5.2 kg of a
fully saponified polyvinyl alcochol, viscosity 2.9 mPas
(DIN 53015; method according to Hoppler; 4 % agueous
solution; dearee of polymerization 320; Mw abproX.
14000; degree of hydrolysis 97.8 wmol%) in 73.7 kg of
water with 18 kg of 20 % hydrochloric acid solution
were provided. The provided solution was cooled to

+10 °C (temperature T,) while stirring. Subsequently,
3.2 kg of acetaldehyde was added over a period'of

30 minutes. After 40 minutes of additional reaction
time at +10 °C, the temperature was raised to 50 °C
over a period of 180 minutes and this temperature T,
maintained for additional 180 minutes. After that, the
product was filtered and washed with distilled water
until the filtrate reacted neutral. Afterwards, drying
ﬁo a solids content of at least 98% by weight took
place.

A white, powdery polyvinyl acetoacetal with 11.9% by
weight of vinyl alcohol units was obtained. The degree
of acetalization was 83.7 mol% and the average grain
size wag 120 pm. The product was clearly soluble in
95 % ethanol and methyl ethyl ketone (MEK).

Example 2:

In a closed reactor, an agqueous solution of 6.5 kg of a
fully saponified polyvinyl alcohol, viscosity 3.4 mPas
(DIN 53015; method according to Hoppler; 4 % agueous
golution; degree of polymerization 400; Mw approx.
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18000; degree of hydrolysis 97.9 mol%) in 55.2 kg of
water with 34.5 kg of 20 % hydrochloric acid solution
were provided. The provided solution was cooled to
+16 °C (temperature T:) while stirring.‘Subsequently,
3.8 kg of acetaldehyde was added over a period of

30 minutes. After 60 minutes of additional reaction

time at +16 °C, the temperature was raiged to 50 °C

over a period of 300 minutes and this tewmperature T

maintained for additional 5 minutes. After this, the
product was filtered, washed with distilled water, and
re-guspended in water. Remainders of the acidic
catalyst present were neutralized with NaOH. Finally,
the product was again filtered off; again washed with
distilled water; and, subsequently, drying to a golids
content of at least 98.5% by weight took place.

A white, powdery polyvinyl acetoacetal with 11.0% by
weight of wvinyl alcohol units wag obtained. The degree
of acetalization was 84.8 mol% and the average grain
gize was 110 pm. The product was clearly soluble in

95 % ethanol and methyl ethyl ketone (MEK) .

Example 3:

tn a closed reactor, amn agueous solution of 5.5 kg of a
fully saponified polyvinyl alcohol, viscosity 5.4 mPas
(DIN 53015; method according to Hbppler: 4 % adueous
solution; degree of polymerization 850; Mw approx.
38000; degree of hydrolysis 98.1 mol%) in 56.2 kg of
water with 34.5 kg of 20 % hydrochloric acid solution
were provided. The provided solution was cooled to

+14 °C (temperature T;)} while stirring. Subsequently,
3.8 kg of acetaldehyde was added over a period of

30 minutes. After 60 minutes of additional reaction
time at +14 °C, the temperature was raised to 50 °C
over a period of 300 minutes and this temperature T,
maintained for additional 5 minutes. After this, the
product was filtered, washed with distilled water, and
re-suspended in water. Remainders of the acidic
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catalyst present were neutralized with NaOH. Finally,
the product was again filtered off; again washed with
distilled water; -and, subseguently, drying to a solids
content of at least 98.5% by weight took place.

A white, powdery polyvinyl acetoacetal with 10.2% by
weight of vinyl alcohol units was obtained. The degree
of acetalization was 85.8 mol% and the average grain
size was 110 pm. The product was clearly soluble in 95
2 ethanol and methyl ethyl ketone (MEK).

Example 4:

In a closed reactor, an agueous solution of 5.4 kg of a
fully saponified polyvinyl alcohol, viscosity 5.4 mPas
(DIN 53015; method according to Hoppler; 4 % aqdeous
solution; degree of polymerization 850; Mw approx.
38000; degree of hydrolysis 98.1 mol%) in 58.4 kg of
water with 32.5 kg of 20 % hydrochloric acid solution
were provided. The provided solution was cooled to

+7 °C (temperature T,} while stirring. Subsequently,
3.7 kg of acetaldehyde was added over a period of

.30 minutes. After 40 minutes of additional reaction
time, the témperature was raised to 50 °C over a period
of 280 minutes and this temperéture T, maintained for
additional 10 minutes. After this, the product was
filtered, washed with distilled water, and re-suspended
in water. Remainders of the acidic catalyst present
were neutralized with NaCH. Finally, the product was
again filtered off; again washed with distilled water;
and, subsequently, drying to a solids content of at
least 98.5% by weight took place. ‘

A white, powdery polyvinyl acetoacetal with 11.6% by
weight of vinyl alcohol units was obtained. The degree
of acetalization was 84.1 mol% and the average grain
size was 155 um. The product was clearly soluble in 95
s ethanol and methyl ethyl ketone (MEK).

(-

Comparative Example 1:
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In a closed reactor, an aqueous solution of 5.8 kg of a
fully saponified polyvinyl alcchol, viscosgity 3.4 mPas
(DIN 53015; method according to Hoppler; 4 % aqueous
solution; degree of polymerization 400; Mw approx.
18000; degree of hydrolysis 97.9 mol%) in 60.4 kg of
water with 30 kg of 20 % hydrochloric acid solution
were provided., The provided solution was cooled to
'+10 °C {temperature T} while stirring. Subsequently,
3.8 kg of acetaldehyde was added over a period of

30 minutes. After 40 minutes of additional reaction
time, the temperature was raised to 30°C over a period
of 180 minutes and this temperature T, maintained for
additional 150 minutes. After this, the product was
filtered and washed with distilled water until the
filtrate reacted neutral. Afterwards, drying to a
sclids content of at least 98% by weight tqok place.

A white, powdery polyvinyl acetoacetal with 11.5% by
weight of vinyl alcohol units was obtained. The degree
of acetalization was 84.2 mol% and the average grain
size was 40 pm. The product was clearly soluble in 95 %
ethanol and methyl ethyl ketone (MEK}.

Comparative Example 2 (Example B-8 in EP 0 271 861 A2):
In a reactor, an agueous solution of 6.2 kg of a fully
saponified polyvinyl alcohol (degree of polymerization
500, degree of hydrolysis 98.8 mol%) in 78.1 kg of
water with 11.7 kg of 35 % hydrochloric acid solution
was provided. The provided solution was cooled to

+11 °C (temperature T;). Subsequently, 4.0 kg of
acetaldehyde was added. After 30 minutes, precipitation
took place and the reaction was continued at a
temperature T, of +30 °C for 180 minutes, After this,
the product was washed with water and neutralized.

A polyvinyl acetoacetal with a degree of acetalization
of 75.0 mol% was obtained and the average grain size

was 40 pm.
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Comparative Example 3 (Comparative Example B-5 in EP 0

271 861 A2): )
In a reactor, an agueous solution of 5.8 kg of a fully

saponified polyvinyl alcohol {degree of polymerization
2400, degree of hydrolysis 98.8 wmol%) in 78.1 kg of
water with 17.2 kg of 35 % hydrochloric acid solution
was provided. The provided solution was cooled to

+11 °C (temperature T,;). Subsequently, 3.8 kg of
acetaldehyde was added. After 120 minutes,
precipitation took place and the reaction was continued

at a temperature T, of +50 °C for 180 minutes. After
this, the product was washed with water and

neutralized.
A polyvinyl acetoacetal with a degree of acetalization

of 71.5 mol% was obtained and the average grain size
wag 60 um. The product was insoluble in methyl ethyl

ketone (MEK).

.In the following Table 1, the most important
formulation data and the most important analytic
results of the Examples and Comparative Examples are
summarized for better clearness.

Examples 1 to 4 prove that in the production of
polyvinyl acetoacetal, independent of temperature T,
at which the acetalization is started, by continuing
the reaction at a temperature T, of > +40 °C in a
closed reactor, an average grain size of 2 100 pm and a
degree of acetalization of > 80 mol% can be achieved.
The products are all clearly soluble in methyl ethyl
ketone.

Comparative Example 1 shows that with a comparable
recipe and a similar reaction procedure as in Examples
1, 2, and 4, but at a temperature T; of +30 °C, in a
closed reactor, a high degree of acetalization of

84.2 mol% but only a relatively fine grain of 40 um
average grain size can be obtained.

Comparative Example 2 (= Example B-8 in EP 0 271 861



DH = degree of hydrolysis in nolt AA = acetal dehyde t2 = tine at T2 DA =
degree of acetalization GS = average grain size MEK = solubility in MEK (S
= soluble, IS =insoluble) - 19 - PATENT CLAIMS 1. Hi ghly acetalized,
coarse-grai ned polyvinyl acetals with a degree of acetalization of > 80
nmol % and an average grain size of 100 pm obtai nabl e by acetalization of
partially or fully saponified polyvinyl esters with a degree of hydrolysis
of 70 nol % wi th acetal dehyde, characterized in that the acetalization is
started at a tenperature Tl of 0 C J; S +20 C and subsequently continued at
a tenperature T2 of > +40 C, the tenperature T2 being nmaintained over a
period of time of 0.05 to 4 hours and the acetalization being perfornmed in
a cl osed remzt ehows that in a reactor that is not closed, with a

comparable recipe and a similar reaction procedure as
in Examples 1, 2, 4, and Comparative Example 1, a
degree of acetalization of > 80 mol% cannot be
dchieved, and the temperature T, of +30 °C entails =
relatively fine grain shape of 40 pm.

© Comparative Example 3 (= Comparative Example B-5 in EP
0 271 861 A2) shows that in a reactor that is not
closed, at a temperature T, of +50 °C, neither a high
degree of acetalization of > 80 mol% nor an average
grain size of 2 100 ym is achievable.

. Table 1:
Summary of the Examples and Comparative Examples

PVOH pvogl BCr | aAa || T2 €2 | DA | G5 | MEK
pp | b | wts | wts | wt2 | °c| °C | min | mol% | pm

Ex. 1 320 |97.8| 5.2 (3.6 { 3.2 |10 50180 83.7]120 5
Ex. 2 400 |{97.9| 6.5 | 6.9.| 3.8 |16 ] 50 5 | 84.8 (110 S
Ex. 3 850 |98.1} 5.5 | 6.9 | 3.8 [14] 50 5 |85.81{110 S
Ex. 4 BSO [98.1{ 5.4 6.5 3.7 7 1'50 10 | 84.1 | 155 _ S__
Comp .

Ex. 1 400 |97.9| 5.8 | 6.0 | 3.8 |10 30 |150[84.2 | 40 S

Comp.
Ex. 2 500 |98.81 6.2 | 4.1 } 4.0 |11 30180} 70.8 | 40 n.s.

Comp .
Ex. 3 |2400f98.8| 5.8} 6.0 3.8 11|50 180])71.5] 60 18

PVOH = polyvinyl alcohol

DP = degree of polymerization

DH = degree of hydrolysis in mol%
AA = acetaldehyde

t, = time at T;

DA = degree of acetalization

L}

(S = average grain size
MEK = solubility in MEK (S = soluble, IS = ingoluble)



2. A nethod for the production of highly acetalized, coarse-grained

pol yvinyl acetals with a degree of acetalization of > 80 nol % and an
average grain size of 100 gm by acetalization of partially or fully

saponi fied polyvinyl esters with a degree of hydrolysis of 70 nol %w th
acet al dehyde, characterized in that the acetalization is started at a
tenperature T1 of 0 C T1 S +20 C and subsequently continued at a
tenperature T2 of > +40 C, the tenperature T2 being naintai ned over a
period of tine of 0.05 to 4 hours and,the acetalizat ion being perforned in
a closed reactor. 3. A nethod for the production of highly acetalized,

coar se-grai ned polyvinyl acetals according to claim2, characterized in
that the tenperature is 40 C <PATENISCEAL A nmet hod for the production of

hi ghly acetalized, coarse-grained polyvinyl acetals according to claim2 to
3, characterized.l hat e i.zatd L d w thout gas
exchange %”20gl%%%#}%%ﬁgggﬁﬁggo%%%%%él%ﬁgl%ﬁg gggﬁg%ﬁﬁighly acetal i zed,
coar se- grai ned peesEishyithcetdaarescebrafiatglig2bt® i as binding agents in
printing inks. §.sdh@19senfahigllugacetan stde cHar s@ogpmi ned pol yvi nyl
acetal s accordi to claimil i.ndi e ' - nd var ni shes
and anti corrosi gﬁtaa]d?%’tlg F%.a%%gaﬁggé% %1% E gt%%gfygfb:};gg,ﬁ%oarse- grai ned
pol yvi nyl acet abapacdéedi pgtroiilapararadibbndi #eg%RfeMs for ceram c green
bodi eis, cgr am ChLp@MsiSs gfldz |n7fbt b1 PO &lceSala'éiwdeS,e of highly
acetalized, coarse-qgrained.po i_nyl, acet . is im1l as

bi ndi ng agent's T PHECSGFRpH! é%ﬁgl %r}%e. aé:e%?zé%%gg&gfﬁﬂ?&ﬁf%cgcet al i zed,
coar se- gr ai ned #bola/Hemperaveralls of orfi Aglt & ¢R4i Fﬁlafﬁg bi ndi ng agents for
phot ot her mogr aphigsddRk8El @l Gontinued at a temperature T, of

> +40 °C, the temperature T, being maintained over
a period of time of 0.05 to 4 hours and the
acetalization being performed in a cloged reactor.

2. A method for the production of highly acetalized,
coarse-grained polyvinyl acetals with a degree of
acetalization of > 80 mol% and an average grain
size of 2 100 um by acetalization of partially ox
fully saponified polyvinyl esters with a degree of
hydrolysis of 2 70 mol% with acetaldehyde,_
characterized in that the acetalization is started
at a temperature T; of 0 °C S Ty £ +20 °C and
subsequently continued at a temperature T; of
> +40 °C, the temperature T; being maintained over
a period of time of 0.05 to 4 hours and the
acetalization being performed in a closed reactor.

3. A method for the production of highly acetalized,
coarse-grained polyvinyl acetals according to
claim 2, characterized in that the temperature is
40 °C <« T, £ +55 °C.

4. A methed for the production of highly acetalized,
coarse-grained polyvinyl acetals according to
claim 2 to 3, characterized in that the
acetalization is performed without gas exchange
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with the environment.

The use of highly acetalized, coarse-grained
polyvinyl acetals according to claim 1 as binding

agents in printing inks.

The use of highly acetalized, coarge-grained
polyvinyl acetals according to claim 1 as binding
agents in lacquers and varnishes and anti-

corrosion agents.

The use of highly acetalized, coarse-grained
polyvinyl acetals according to claim 1 as binding
agents for ceramic green bodies, ceramic powders,

and metal powders.

The use of highly acetalized, coarse-grained
polyvinyl acetals according to claim 1 as binding
agents for photographic films.

The use of highly acetalized, coarse-grained
polyvinyl acetals according to claim 1 as binding
agents for photothermographic materials.



