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light transmission, and/or enhance the aesthetic appeal of window openings.

[6663] Safety glass typically is formed by a process in which two layers of glass and
a plastic interlayer, such as PVB, are assembled into a pre-press, tacked into a pre-laminate,
and finished into an optically clear laminate. The assembly phase involves laying down a
piece of glass, overlaying a PVB sheet, laying down a second piece of glass, and then
trimming the excess PVB to the edges of the glass layers.

[0004] The plastic interlayer generally is produced by mixing PVB polymer with one
or more plasticizers, and optionally with one or more other ingredients, and melt processing
the mix into sheeting, which typically is collected and rolled for storage and transportation.
In the lamization process for automotive windscreens, sections of PVB sheet typically are cut
from the roll and these cut sections are shaped and/or stacked for assembly. A cut section

then is taken from the stack and assembled in layered arrangement with a rigid substrate (e.g.,



from the roll and these cut sections are shaped and/or stacked for
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[0007] Accordingly, further improved methods are needed to enhance the blocking
resistance of PVE sheet, without adversely affecting optical clarity of laminates and glass

adhesion properties of the resulting PVB sheet.

SUMMARY

[0008] It now surprisingly has been discovered, according to the present invention,
that a polymer sheet comprising a bifunctional surface modifying agent disposed onto said
polymer sheet surface results in enhanced antiblock characteristics without adverse optical
and adhesion effects. Also, it has been discovered that antiblocking characteristics may be
imparted to a surface of a polymer sheet by a method of manufacture comprising disposing a
bifunctional surface modifying agent onto a surface of said polymer sheet. Further, the

present invention includes a Jaminated safety glass comprising two sheets of glass with an
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polymer sheet disposed therebetween wherein the polymer sheet has a bifunctional surface
modifying agent disposed onto said polymer sheet surface, said bifunctional surface

modifying agent comprising, an anti-blocking segment, and a compatibility segment.

DETAILED DESCRIPTION

[6612] A plasticized polymer in sheet form, according to the present invention, has a
bifunctional surface modifying agent disposed at the surface of the polymer sheet. Although
the embodiments described below refer to the polymer as being PVB, it should be understood
that the polymer may be any polymer having a suitable glass transition temperature. Typical
such polymers include polyvinyl butyral, polyurethane, polyvinyl chioride, poly(ethylene-co-
viny! acetate), combinations of the foregoing, and the like. The bifunctional surface

modifying agent enhances the blocking resistance of the polymer sheet and comprises an



pplymer sheet disposed therebetween wherein the polymer sheet has a
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60, parts plasticizér per one hundred parts of resin (“phr”). The amount of plasticizer affects
the T, of the PVB sheet. Normally, increasing the amount of plasticizer decreases the T,.
Generally, the PVB sheets have a T, of about 30 °C or less. PVB sheets having a T, lower
than about 20°C are often used as acoustic PVB sheets. Plasticizers commonly employed are
esters of a polybasic acid or a polyhydric alcohol. Suitable plasticizers include, for example,
triethylene glycol di-(2-ethylbutyrate), triethylene glycol di-(2-ethylhexanoate), triethylene
slycol diheptanoate, tetracthylene glycol diheptanoate, dihexyl adipate, dioctyl adipate, hexyl
cyclohexyladipate, mixtures of heptyl and nonyl adipates, diisonony! adipate, heptylnonyl
adipate, dibutyl sebacate, polymeric plasticizers such as the oil-modified sebacic alkyds, and
mixtures of phosphates and adipates such as disclosed in U.S. Pat. No. 3,841,890 and
adipates such as disclosed in U.S. Pat. No. 4,144,217. Also commonly employed plasticizers

are mixed adipates made from C, to C, alkyl alcohols and cyclo C, to Cy, alcohols, as



Louis, Missouri as ButvarTM resin. [0014] Additives may be added to the
PVB polymer to enhance its performance in a final product. Such
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both sides of the sheet may be controlled by adjusting the
at the surfaces of the PVB sheet and comprises an anfi-blocking segment and a compatibility
segment. Exemplary embodiments of modifying agents include alkylbenzenesulfonates
(RCH,SO,M), alkylsulfonates (RSO,M), alky sulfates (ROSO;M), alkylcarboxylates
(RCOOM), polyalkoxycarboxylates (R(OCH,CH,),0CH,COOM), and alkylphosphate esters
{ROPO,M,); where M is hydrogen or a metal cation (e.g., sodium, potassium, magnesium,
calcium, and the like) or an ammonium ion, R is an alkyl group, and n, the number of repeat
unit, is >1. Preferably, the agent includes at least one sulfonate radical. In a preferred
exemplary embodiment, as is shown below, the anti-blocking segment is X and the

compatibility segment is a sulfonate group having a positively-charged counter ion Y

disposed at the sulfonate group (-SO;-Y). The resultant structure is of the form
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surfaces of the die opening or by providing texture at the roller surface.
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“DSNa” or “DSMg”), one exemplary embodiment of which is of the formuia

CH(C E—Iz)u—@— SO3Na (or Mg)

and which may be used in combination with DSH.



blocking properties to the polymer sheet and is of the form R wherein R is
a linear hydrocarbon chain having about 2 to about 44 carbon atoms.
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applications of tite agent include, but are not limited to, spray coating
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preferably about 0.1 to about 2 wt. %.

{00221 In one exemplary embodiment of a gravure coating technique, the bifunctional
surface modifying agent is disposed (e.g., dispersed or dissolved) in a liquid carrier, and the
tiquid carrier is transferred onto the polymer sheet using a gravure coating apparatus. The
carrier is subsequently removed from the surface of the polymer sheet, e.g., by evaporation.
[6023] The resultant PVB sheet having the bifunctional surface modifying agent
deposited thereon has a Biocking value of at least about 50%, preferably at least about 70%,
and more preferably at least about 90% less than the blocking value of a polymer sheet
comprising PVB resin without the bifunctional surface modifying agent. The clarity of the
PVRB sheet having a bifunctional surface modifying agent deposited thereon may be
determined by measuring the haze value, which is a percentage of transmitted light that is
scattered so that its direction deviates more than a specified angle from the direction of the
incident beam and may be determined according to ASTM D1003. Preferably, the haze
value is [ess than about 3%, more preferably less than about 2%, and most preferably less

than about 1%.



deposited on the surface of the PVB sheet. The concentration of
modifying g agent in the J a- carrier should be sufficient to achieve the
desired concentration of agent at the surface of the sheet. In a typical

Ve idEHAique, the concentration of bifunctional surface ntédifyg*4gEme3

in the carrier is about 0.1 to_aho t49hwt.% based qn t esxg g&ﬁw{% Rtlonf agent
100286 jiquid L[sesbFsioBRE BrdmpaRT S SR ST BF AP hinersion o & 48

depoteehnif de; $hg) Beshertialisnmiatipdintfradbgobs pesuivent based

... liquid carrying the. modifying, agent at upon retriev
e e
tendagentf iethE Enshvet sionibech ti@lssifie wishioabrutidvofragiermiagably within
aboug%%’graig el r%%@?)@jﬂ%@lﬁ%ﬁ%ﬁ%k@%Mdf@si%l@égﬁém%h@&tnot

to about d even more preferably about 0.1 to about 2 wit.
having bFRRY Anshe ERenTpRIEMBEER: M VLA PraturarEust nods R, be
meadhe YNGR SUriaseeg iYiNgiae et IS Hiaparaciesah.dispe mad ah
dissolveci) in a liquid carrier, and the liquid carrier is transferred onto the
betwisen e ¥Rcdetising hy®afre coating apparatus. The carrier is
subsequently removed from the surface of the polymer sheet, e.g., by
.. evaparation. [0023] The resultant PVB sheet having the bifunctional
modifying agent deposited thereon has a blocking value of at
least about 50%, preferably at least about 70%, and more preferably at
[602i8ast abolh:e Gslidesngtiests therd lsekimgthakraspiesolymer sheet
comprising PVB resin without the bifunctional surface modifying agent.
The clarity of the PVB sheet having a bifunctional surface modifying
1. PagunetbpBeHan thereon may be determined by measuring the haze

[0026@lue, whichds§ persaniaaatebirapemitestdight dhaitisstscaitaradosmiat

its direction deviates, mqre than a specifie gle fram the direction of the.
B OB A o Bt TS e TR, B elcd Wit a
hamBreferabiyk the flaze Allbelkeiadssitandivout ®%berRbB gredeintignlesgoved,
and Eﬁé"oﬁ‘ﬁﬁfh‘éto?g%sc%@%m&?&@ @Wﬁsﬁleg? MQH§' %(gﬁxgayé/cgvith a set of

111 TtJS2004/017953 [0024] The adhesion of the PVB i
standtrdet HEhvintpadpifs sersapead e acAR IfTRIghgenn g dpysre of g gemaln
adhSelfaraiherecfissulistantialiunalinaiadepyihe.IRseRes 06 tess is lef:
adhered to the PVB sheet. Ata pummel standard of 10, 100% of the glass remains adhered

to the PVE sheet.

E

2. Blocking

[00627] This test measures the tendency of the PVB sheet to adhere to itself. In this
test, two rectangular filmstrips are cut and placed together in completely overlapping pairs.
The top sheet of each pair is adhered to a piece of tape of a corresponding size. The film
pairs are placed centrally between two steel plates and the assembly is subjected to 69 kPa
pressure at the temperatures of 7 °C for 24 hours. The strips are then peeled apart in a 90-
degree peel test using a peel testing apparatus at a peel speed of 84 inches per minute. The

blocking force is quantified in pounds per linear inch (PLI).



bifunctional surface modifying agent. Preferably, the adhesion value
(quantification of the tendency of the PVB sheet to adhere to glass) is
within about 20%, more preferably within about 10%, and most preferabl
WQAHABE6t 5% of the adhesion value of a PVB sheet not hGVHga4/0179%3
bifunctignal_surface modifying agent disposed on the surface. Adhesion
3. %dreECRERSured by, for example, a pummel adhesion test, which _
[0028peasureSihadsongsirange dwiyadihhaRinaiehade arith (RY B esst and is
EXAMPLES [0025].Th loWIngiests NeLs HSed indhe BYORIRS A lusin
peﬁ%%ne?%aﬁdés%en‘%%ﬁﬂ%&% glas%s Iamgiﬁ];te sarg’g%s are prepared :
Numistinstardattautociare ofdringten svharmmeraneRfmIunS R smRHt of

haze R ‘%aﬁe%&&? RA b PHmBRGIes ¥ikBI8 tRATTRAkdABreak the glass. Al
broken glass unadhered to the PVB sheet is then removed, and the
amount of glass left adhered to the PVB sheet is visually compared with a

Ex ASAPelEsiandaiitadiageSpPYasdsearrespond to a scale in which varying

degrees of glas in_adhered to the, P h I icul
10028 e SANGAFACT SE P UM ACR o TR M T RS B0

weightFVIRksiandarc:afc1 w100ty dibtye gissstrervaiagddhENéadHoSthealy/B

_sheet. 2. Blocking [0027] This test measures the tengdency of the.BMB. ool
meﬂ?ﬂ%nect A 8((’1‘hd’erg’%‘t|?§9§ M Thie” fleﬂéltf}%t%?) r(éectangufar fil_ﬁgtéi%suzagféngatvaﬁavf
agenplalieriigelizbt @hmﬁmm@lﬁnﬁeﬁdpﬁr@@aﬁ&r IngEcHiRpishBaEs GreBiERd using
a hidtA5 AHNRIRY OrRUELE QLIARE RIS GON R P ARG RS FEFin Hae MFld faif

are placed centrally between two steel plates and the assembly is.
forcedl i apelidapredmepgh prabsslipg dichaviREmECiitealas i BRFIBE A g forward end
deurtiiﬁ%ﬁiyiei)ﬁf%ﬂaﬁ;@c@ﬁﬁgw?a@artm?t&apdﬁ@ﬂie&m&elm issibepa |86€IC. The
. testing apparatys at a peel speed of 84 jnches per.minute. T. locki
iR R ANHERA S AR I ik (o, B G
rougR GilrfelS20A4I0VOES t@b%dﬁmc(mwﬁcmeqcm’émw@dﬁég ghass
durir(flgalm .of the ll'%ggggte made with PVB sheet and is

apmnation

s b
ta

EXAMPLE 2: Dip-coating of the PVDB Sheet

{0030] Dip-coating of the PVB sheet was conducted by dipping the virgin PVB sheet
into its respective aqueous solution containing its respective bifunctional surface modifying
agent at room temperature for a period of time, e.g., 20 seconds, followed by drying. Some
of samples were immersed into a fresh water bath after dip-coating. Some of samples were
dip-coated at elevated temperatures. The dip-coated samples and the control samples were
conditioned to 0.35% moisture level in a conditioning cabinet. Examples of dip-coating
conditions, including the type of bifunctional surface modifying agent (surface modifier),
concentration of solution, dipping time, and the like are presented in Tables 1-4 respectively,
along with the results of the pummel, blocking, and haze tests for the dip-coated samples
thereof.

[6031] Table 1 illustrates the results of the pummel, blocking, and haze tests for the
samples dip-coated with agueous solutions of sodium salt of polystyrenesulfonic acid
(PSSNa), DSH, or DSNa, followed by a second immersion in water for an equivalent

duration to the immersion time noted.



performed in accordance with ASTM D1003-61 (Re-approved
1977)-Procedure A-using Illuminant C, an observer angle of 2 degrees,
and an apparatus for measuring the amount of haze is a Hazemete
WRigE! ; which is available from Hunterlab. EXAMPLE 1: ﬂ”fﬁ?f?géﬂfﬁgss
of PVB Sheet [0029] Plasticized PVB formulation to make PVB sheets
Tab ‘?:émprlsmg 100 parts by weight PVB resin having 16.3 wt.% hydroxy!
content calculated as PVOH, 52 parts additives includ n. triethylene glycal

smeethymmmatepmmmmaiummmuuﬁigmdhééaéﬁ‘@ontrgpmmei
ent, u t light a nts, tipxjdant other ingredient$ghesi
R ing o o Flenciey MRar The Pt

S pre usmg ntensity mixer. The plasticized formulation
was then melted in an extruder and forced in meltfd+hh through a

heeting-die-having-a rectangufar die opening at it iggward eggodelimitegls
by a pair of opposing die lips. The temperature of the melt is about 180 C.
Careolthickness of the extruded sheet is about 30 mils (0.76 mm). Each
side of the,ghege has a ropigh surface that allows airg® be remaged fromé.6
the interface of the sheet and the glass during lamination process.
EXAMPLE 2: Dip-coating of the PVB Sheet [0030] Dip-coating of the PVB
sheet was gagucted by dipping the virglt PVB shédisinto itsdd8pective 6.5
agueous solution containing its respective bifunctional surface modifying
agent at room temperature for a period of time, e.g., 20 seconds, followed
by. drying. $6iNe of sampla§ were imméfed into 206sh watdh-¥hth after-2
dip-coating. Some of samples were dip-coated at elevated temperatures.
The dip-coated samples and the control samples were conditioned to
0335% moisture level in a conditioning cabinet. Exa%rﬂﬁes of d@p‘q’eoating
c6RRgitions, including the type of bifunctional surface modifying agent
(surface maodifi ) conce tion of sol Bgn dippi time anﬁ Be like argg
p Pesented n‘?% les 1-4 re éjctlvely along with the results of the
pummel, blocking, and haze tests for the dip-coated samples thereof.
[0]031] Tabl %I_Hlustrates tae)results of the pummelgblocking, gag haze ¢35
tests for the samples dip-coated with aqueous solutions of sodium salt of
polystyrenesulfonic acid (PSSNa), DSH, or DSNa, followed by a second

6.8

immersion ipygater for an eguivalent 20! 0.48 0.30 9.0
9. BbSH 2.0 201 0.43 0.30 9.0
10. DSH L0 201 0.10 0.30 2.0
L1 DSH 0.5 20' 0.14 0.30 7.3

"Followed by second immersion in water for an equivalent duration to the immersion time
noted.
? Solution temperature increased to 40 °C.

3 PSSNa denotes sodium salt of polystyrenesulfonic acid.

10



duration to the immersion time noted. 9 WO 2004/111116
PCT/US2004/017953 Table 1. Sample Surface Concentration Immersion

Blocking Haze % Pummel No. Modifier (wt. %) Time, (sec) Value

WRIMGLH¢PLI) 1 2.00 0.50 6.6 Control 2. PSSNa3 2.0 607E 585448 8>3
3.DSH 2.0 60'0.06 0.40 6.5 4. DS .060'0,750.503.2 5. --29
00ho 6.5 CHraiboIaFais BB BB, BRI g st the
sampl& @p&th Vi dhd@Os30:8c0s 8f DSH 20204 'PrfletB . 8h&Btrd@ons for
vari(g?.gll_'ml'grszlgil(%ﬁ]fgsodg% g.otell.eg)aﬁlll—,leo.S 20'0.14 0.30 7.3 'Followed by
L SR TR PSSR Th AT F IO AN equivalent duration to the immersion
time noted. 2 Solution temperature increased to 40 C. 3 PSSNa denotes
odium salt of polystyrenesulfonic acid. 10 WO 2004/111116
PCT/tIS2004/017953 [0032] Table 2 illustrates the results of the pummel,
blocking, and haze tests for the samples dip-coated with aqueous

SERIpHONS of R EL Navifg, 2 YaHRbA O R E R AT ORR In Y 1@ i $i R mel

times at room temperature.

No. Modifier (wt. %) Time, (sec)  Value Adhesion
(PLD
12. - - - 4.14 0.40 7.5
Control
13. DSH 2.0 60 0.10 0.30 9.0
14. DSH 2.0 20 0.12 0.40 9.0
15. DSH 1.0 60 0.15 0.40 Q.0
16. DSH 1.0 20 0.24 0.40 9.0
17. DSH Q.5 60 0.40 0.30 9.0
i8. DSH 0.5 20 0.51 0.40 8.8
[0633] ‘Table 3 iHustrates the results of the pummel, blocking, and haze tests for the

samples dip-coated with 1 wt. % aqueous solution of DSH/DSNa mixtures having a variety

of DSH/DSNa ratios by weight for various immersion times at room temperature.

11



Table 2. Sample Surface Concentration Immersion Blocking Haze %
Pummel No. Modifier (wt. %) Time, (sec) Value Adhesion (PLI) 12. - - -
4.i4 0.4 7.5 Control 13. DSH 2.0 60 0.10 0.30 9.0 14. DSH 2.0200.12
VB4 DSH 1.0 60 0.15 0.40 9.0 16. DSH 1.0 20 0. 243 HP8 477>
S§I056004003090 18. DSH 0.5 20 0.51 0.40 8.8 [00331 Table 3
Mistrates the results of the pummel, blocking, and haze tests for the
samples dip-coated with | wt. % aqueous solution of DSH/DSNa mixtures

s%'ﬁ?ié‘g VB Of OSSR R NA A ORI NRIENT BIGYRAGUS H¥REI510N Pummel
es at room temperature. 11 WO 2004/111116 PCT/US2004/017953
Table 3. ddediflersurfacértdhtentraligreififsersiohadbcking Haze v Adhesion
Pummel No. Modlfler (wt. %) T|me (sec) Value A(ﬁsmmn (PLI) 19 ---

COAQIO 25% DSNa

20. 160% DSH / 1.0 60 0.03 0.40 9
0% DSNa

21. 160% DSH / 1.0 20 0.04 0.40 9
0% DSNa

22. 75% DSH / 1.0 60 0.04 0.40 9
25% DSNa

23. 75% DSH/ 1.0 20 0.07 0.60 9
25% DSNa

24. 50% DSH/ 1.0 60 0.05 0.40 4.5
50% DSNa

25, 50% DSH/ 1.0 20 0.06 0.50 6.5
50% DSNa

[0634] Téble 4 illustrates the results of the pummel, blocking, and haze tests for the

samples dip-coated with 1 wt. % aqueous solutions of DSH/DSNa (or DSMg) mixture
having a variety of DSH/DSNa (or DSMg) ratios by weight for 20 seconds at room

temperature.

12



TablR %

23. 75% DSH /1.0 20 0.07 0.60 9 25% DSNa 24. 50% DSH / 1.0 60 0.05
0.40 4.5 50% DSNa 25. 50% DSH /1.0 20 0.06 0.50 6.5 50% DSNa
0034] Table 4 illustrates the results of the pummel, blocking, and haze
WA APHE samples dip-coated with 1 wt. % aqueous sol %ﬂg%‘(mmﬂ%s
DSHIDSNa (or DSMg) mixture having a variety of DSH/DSNa (or DSMQ)
fatios by weight for 20 seconds at room temperature. 12 WO
2004/111116 PCT/US2004/017953 Table 4. Sample Surface

et rlmer am MagibeAWL. Yakmmel
SiF“lf?%éé (sec c%l%}% lfjle Ad%‘gé}:o&r}]i&(%g}? qm@??% O%g%lgﬁ\ck%ntrol 27. 100% e

NeH / 1 24olds0.5 9 00%iDBNa 28T imsadesshH) 1%48Ju5.05 n_5 9 250 Adhesion
DSNa 29. 50% DSH / 1 20 0.08 0.5 7.8 50% DSN@ﬁg 259 DSH /1 20

007053 75% DSNa 31 5% .DSH /1 20.0.0 _
B&SH/ 1 200.090.50 - - 3.50 0.6 i

Control
27.  100% DSH/ 1 20 0.05 0.5 9
0% DSNa

28. 75% DSH/ 1 20 0.05 0.5 9
25% DSNa

29. 50% DSH/ 1 20 0.08 0.5 7.8
50% DSNa

30. 25% DSH / 1 20 0.07 05 3
75% DSNa

31 5% DSH / 1 20 0.08 0.5 0
95% DSNa

32. 0% DSH/ 1 20 0.09 0.5 0
100% DSNa

33. 75% DSH / 1 20 0.07 0.5 9
25% DSMg

34.  50% DSH/ 1 20 0.05 0.5 9
50% DSMg

35, 25% DSH / 1 20 0.10 05 8
75% DSMg

36. 5% DSH/ 1 20 0.28 05 0
95% DSMg

37. 0% DSH / 1 20 0.23 0.5 0
100% DSMg

38. - - - 2.06 0.4 6.5

Control
39 20% DSH / 1 20 0.02 0.3 1.5

13



100% DSNa 33. 75% DSH /1 20 0.07 0.5 9 25% DSMg 34. 50% DSH / 1
20 0.050.59 50% DSMg 35. 25% DSH /120 0.10 0.58 75% DSMg 36.
5% DSH/1200.280.50 95% DSMg 37. 0% DSH/ 120 0.230.50
WPI95 BBy 38. - - - 2.06 0.4 6.5 Control 39 20% DSH / 1 BT84 %3
13 WO 2004/111116 PCT/US2004/017953 80% DSMg 40. 40%DSH / 1
20 0.04 P4 8% DSNa 41. 30% DSH ! 120 0.04 0.3 7.5 70% DSNa
42.20% DSH /1 200.07 0.36.5 80% DSNa 43. 10% DSH /1 20 0.22 0.3
90% }&0035] The above desc%ed emboglmfents of RYB sheet ¢
avmg bifURc onal surface modlfylng agents deposited on surfaces
thereof &@%stitifde for use in typical PVB interlayer applications for

Ig{pinategb?afg%glass Furthermore, thegbove-degggibed emhpgliments, 7 5

because of the modification of the sheet surfaces, are especially useful in
manufactdfingSNa
42, 20% DSH/ 1 20 0.07 0.3 6.5
~ 80% DSNa
43, 10% DSH/ 1 20 0.22 0.3 5.5
0% DSNa
[0035] The above-described embodiments of PVB sheet having bifunctional surface

modifying agents deposited on surfaces thereof are suitable for use in typical PVB interlayer
applications for laminated safety glass. Furthermore, the above-described embodiments,
because of the modification of the sheet surfaces, are especially useful in manufacturing
non-interleaved acoustic PVB ipterlayer products.

[06636] The PVB sheet as described above also has several advantages over PVB
sheet that does not have bifunctional surface modifying agents deposited on surfaces thereof.
First, the PVB sheet having the bifunctional surface modifying agent deposited on surfaces
thereof has a considerably reduced tendency to block while maintaining sufficient optical
quality and appropriate adhesion properties to glass when the sheet is incorporated into
laminated safety glass. By having a reduced tendency to block, the PVB sheet can then be
stored and transported with a reduced need for refrigeration or interleaving. Second, because
the bifunctional surface modifying agents disclosed above are at least partially compatible
with the PVB, additional processing steps such as washing the sheet to remove powder do not
need to be performed. Other advantages will be readily apparent to those skilled in the art.
[0037] While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the

scope of the invention. In addition, many modifications may be made to adapt a particular

14



non-interleaved acoustic PVB interlayer products. [0036] The PVB sheet
as described above also has several advantages over PVB sheet that

does not have bifunctional surface modifying agents deposited on
WO EL ereof. First, the PVB sheet having the bifunctiodal SHALE179S3

.. _modifying agent ' i ;
it T B Y e S At osental

scopaimrepfiakthensfsichiplopadsd s Badyamion ans anliertedir biparaistar
embiggx/?géﬂﬁ‘mgéﬁqeﬁaigaiﬂe%@&%@ae%M’t@g;@a@alfgeaa denay datiaeiihie but

B sheet can. then be_stored and transported with a reduc ﬂ%need f%r d

that therigeraiiem oilineinda dih greedRrItheliRe & HE BIRUTER6 A LuRRER e

clajgmodifying agents disclosed above are at least partially compatible with
the PVB, additional processing steps such as washing the sheet to
remove powder do not need to be performed. Other advantages will be
readily apparent to those skilled in the art. [0037] While the invention has
been described with reference to exemplary embodiments, it will be
understood by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof without departing
from the scope of the invention. In addition, many modifications may be
made to adapt a particular 14 WO 2004/111116 PCT/US2004/017953
situation or material to the teachings of the invention without departing
from the essential scope thereof. 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, but that the
invention will include all embodiments falling within the scope of the
appended claims. 15 What is claimed is: 1. A polymer sheet, comprising:
a bifunctional surface modifying agent disposed onto said polymer sheet,
said bifunctional surface modifying agent comprising, an anti-blocking
segment; and a compatibility segment, wherein said bifunctional surface
modifying agent

15



comprises the sodium salt of dodecylbenzenesulfonic acid. 2. A laminated
safety glass comprising two sheets of glass with an interlayer polymer
sheet disposed therebetween, wherein the polymer sheet has a
bifunctional surface modifying agent disposed onto said polymer sheet,

What iSaigihdungtional surface modifying agent comprising an anti-blocking
segment and a compatibility segment, wherein said bifunctional surface
modifying agent comprises the sodium salt of dodecylbenzenesulfonic

1. dcighiPmAr polysherosieetingomprising: a bifunctional surface modifying
WwentApased.ontacapaeLahsel sydAMAIONAL SIARE: sheet, saic

_ modifying agent comprising: an anti- ocl<| g segment; and, a

bifuncticn SafilsittyRegiMpatagrie ImREs M g ompatibility segment comprises a

siHfonatedadicpdegRtbithgrein said compatibility segment further

comprises.a. positively charged alkali metal.,counter ion. 4. The polymer

ety BRI, SR <S8 R Rtking CBGIRER cOHRREoghoalomg  agent
Ipptotaes dhegrotiprocwiprkiing eclihearsnzirotenivarichain, a cyclic group,

or a combination of linear hydrocarbon chains and cyclic groups. 5. The
polymer sheet of claim 4, wherein said hydrocarbon group comprises

AhoBFE RCELSAEE) SRBDNCAIBSE THE poliitar Shedifdt cYéEﬁ:h gn Interiayer
whigresn shéckicychosgdupecemerises ahariytigrqepyiieslarainaied sifetytional

I ising,t I I |pt
surfacegigg%fgg‘%ﬂ;%%%&&%g?%%;ﬁgﬁ %%é?dp\:\(l)%rlﬁgrép %Hgl%? oqy! ﬁ[m%ngﬁéi surface

o De / _ sheet has a bifunctiona ‘
modifyiggrRaest HRIBRYITISYR AN HISIESES SRETSATIESIFhTerrdblitysgoment, wherein
said  bifunetional swiiseednodibangragenigeampisingridésan gati-bleeking  salt  of
d S€ ment; a]pd .a compatibility segment, wherein said compatibility
odecy zene%é*,u onic. acid, . . . -
segment comprises a sulfonate radical and wherein said compatibility

segment further comprises an alkali metal positively charged counter on.
3. A polymer sheet, comprising:

AN

-a bifunctional surface modifying agent disposed onto said polymer sheet, said bifunctiona!
surface modifying agent comprising:

an anti-blocking segment; and,

a compatibility segment, wherein said compatibility segment comprises a sulfonate radical
and wherein said compatibility segment further comprises a positively charged alkaii metal

counter ion.

4, The polymer sheet of claim 3, wherein said anti-blocking segment comprises a
hydrocarbon group comprising a linear hydrocarbon chain, a cyclic group, or a combination

of linear hydrocarbon chains and cyclic groups.

5. The potymer sheet of claim 4, wherein said hydrocarbon group comprises about 8 to

about 50 carbon aioms.
6. The polymer sheet of claim 4, wherein said cyclic group comprises a benzyl group.

7. A laminated safety glass comprising two sheets of glass with an interlayer polymer
sheet disposed therebetween, wherein the polymer sheet has a bifunctional surface
modifying agent disposed onio said polymer sheet, said bifunctionat surface modifying agent

comprising:

16



8. The laminated safety glass of claim 7, wherein said anti-blocking
segment comprises a hydrocarbon group comprising a linear
hydrocarbon chain, a cyclic group, or a combination of linear hydrocarbon
chains and cyclic groups. V. The lamina Led Safety glass of claim 8,

an antiWReKeHa saighdyeragarbon group comprises about 8 to about 50 carbon
at . 10. The laminated safety glass.of claim 8, wherein said cycglic ,
a comy N, SSaTEds WA Dy Pobt ST DA I AIar th b p AP BEte radical
and whiifeinctioa aiosepedibdim edifyiagt Agtmrdispusegoatoadcat pehamsrsihedt,charged
counteSRid bifunctional surface modifying agent comprising: an anti-blocking
segment; and, a compatibility segment, wherein said compatibility
segment comprises a carboxylate radical and wherein said compatibility
8. Jegneniniudihentompaisesiaipositivalychiarged alabiowial seymtenr @dmprises
a hydrobarbe ?P&%QS@PHQ%%OJ AR rﬁzd‘f‘é@%?%%scﬂgir?”a“& locking fegment - ination
comprises ocarbon group comprising a lifear hya carbon chain, a
of lineagWREGRHBN SF Al ATISH FHESNI@ERSear hydrocarbon chains and cyclic
groups. 13. The polymer sheet of claim 12, wherein said hydrocarbon

a group comprgjsggfgppglt_S to,abaut 50 carban atoms. 14. The

aming s A0 .garoagn atoms. olymer
o REFOreR 13 WheRsH LaitPcric Wrst '”cgﬁbri§€é°§%83§Wé%%ﬁ?mpr's"s

about 8115, ghdaitrfifaedeafdtyrglass comprising two sheets of glass with an
interlayer polymer sheet disposed therebetween, wherein the polymer
sheet has a bhifunctional surface modifying agent disposed onto said
10 SR GHER SIS BIRTRCTHANSGr4OE B ARG SR ATC LB HITBIHRG Sdh Penzy!
group. anti-blocking segment; and, 17 a compatibility segment, wherein said
compatibility segment comprises a carboxylate radical and wherein said
compatibility segment further comprises an alkali metal positively charged
11. ¥&rgpFneet, comprising:

a bifunctional surface modifying agent disposed onto said polymer sheet, said bifunctional
surface modifying agent comprising:

an anii-blocking segment; and,

a compatibility segment, wherein said compatibility segment comprises a carboxylate radical
and wherein said compatibility segment further comprises a positively charged alkali metal

counter ion.

12. The peolymer sheet of claim 4, wherein said anti-blocking segment comprises a
hydrocarbon group comprising a iinear hydrocarbon chain, a cyclic group, or a combination

of inear hydrocarbon chains and cyclic groups.

13. The polymer sheet of claim 12, wherein said hydrocarbon group comprises about 8

to about 50 carbon atoms.
14. The polymer sheet of claim 12, wherein said cyclic group comprises a benzy! group.

15. A laminated safety glass comprising two sheets of glass with an interlayer polymer
sheet disposed therebetween, wherein the polymer sheet has a bifunctional surface
modifying agent disposed onto said polymer sheet, said bifunctional surface modifying agen
comprising:

an anti-blocking segment; and,

17



16. The laminated safety glass of claim 15, wherein said anti-blocking
segment comprises a hydrocarbon group comprising a linear
hydrocarbon chain, a cyclic group, or a combination of linear hydrocarbon
chains and cyclic groups. 17. The laminated safety glass of claim 16,
a compaisIgin @itk hy WRERIQIANOHR LA SRsy rABALEShiorRBO Ul &DLANAR radical
o W SR A LRGSO L5, R PRI ST SEnig ey charoed
countegigiinctional surface modifying agent disposed onto said polymer sheet,
said bifunctional surface modifying agent comprising: an anti-blocking
segment; and, a compatibility segment, wherein said compatibility
6. JEmERESRhRLES ARSIl b art Fiie FPEN A TSR R A Feament
comprisegmeydrhutheyncoroppi sesarpbsitivdilyeeh asgiedcatkal wiedal, sayntergaiup, or a
combingflor BEIRBLE SEAslaim LRs uhageipald antblocking segment
comprises a hydrocarbon group con¥pr|5| g a linear hydrocarbon chain, a
cyclic group, or a combination of linear hydrocarbon chains and cyclic
17.  greupsniddtctneRolygresssbiesph clainidewheneimpaicbhdiogasbstomprises
about 8%09909‘9%0@5@5 rg:lgpnq; 8 'to about 50 carbon atoms. 22. The polymer
¥ SSheet of claim 20, whierein said cyclic group comprises a benzyl group.
23. A laminated safety glass comprising two sheets of glass with an
18.  eriavmiRolyiarty el BispaseddnprehahnGed e iBL BRYYVER 3 benzyl
sheet has a bifunctional surface modifying agent disposed onto said
polymer sheet, said bifunctional surface modifying agent comprising: an
anti-blocking segment; and, 18 a compatibility segment, wherein said
19. go&%@ilgwe%%%g% prises a phosphate radical and wherein said

_compatibility segment further comprises an alkali metal positively charged
a bifunglipfiflesyggce modifying agent disposed onto said polymer sheet, said bifunctional

group.

surface modifying agent comprising:
an anti-blocking segment; and,
and wherein said compatibility segment further comprises a positively charged alkali metai

counter ion.

20. The polymer sheet of claim 19, wherein said anti-blocking segment comprises a
hydrocarbon group comprising & linear hydrocarbon chain, a cyclic group, or a combination

of linear hydrocarbon chains and cyclic groups.

21, The polymer sheet of claim 20, wherein said hydrocarbon group comprises about 8

to about 50 carbon atoms.
22, The polymer sheet of claim 20, wherein said cyclic group comprises & benzyl group.

23. A laminated safety glass comprising two sheets of glass with an interlayer polymer
sheet disposed therebetween, wherein the polymer sheet has a bifunctional surface
modifying agent disposed onto said polymer sheet, said bifunctional surface modifying agent
comprising:

an anti-blocking segment; and,
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24. The laminated safety glass of claim 23, wherein said anti-blocking
segment comprises a hydrocarbon group comprising a linear
hydrocarbon chain, a cyclic group, or a combination of linear hydrocarbon
chains and cyclic groups. 25. The laminated safety glass of claim 24,

“a compHiSTRIN S8Ry ARPERAERP B UL ERTIRAII RS ARAHTR IR AbAUEL %&?ﬂﬁ% radical

atoms. 26. The laminated safetP/ lass of claim 24, wherein said cyclic
and W*GFSﬁbsééﬁﬁﬁﬂé‘é@'%”B\éﬁEWGFBubgW RPBRR PSR! BRFRIAGValY charged
countebifanctional surface modifying agent disposed onto said polymer sheet,
said bifunctional surface modifying agent comprising: an anti-blocking
segment; and, a compatibility segment, wherein said compatibility
24, Jdgmirticaieprististy irdhatd, saifate?Scanbexgiatsait psspleatdnedieament
comprigdilanierethaif grINpabbityssRIMpMdHHNeGLEaMRFISesia PeSEINENoup, or a
combinGJaFcs kel metal countetion; whergin said ant-blocking segment
comprises a bénzﬁ group. .Sﬁﬂe 65&'&8F°é1ﬁ’éet of claim 27, wherein
said anti-blocking segment comprises about 8 to about 50 carbon atoms.
25.  ¥Be laminated safety glass of claim 24, wherein said hydrocarbon group comprises

about 8 to about 50 carbon atoms.

26. The laminated safety glass of claim 24, wherein said cyclic group comprises a benzyt

group.

27. A polymer sheet, comprising:

a bifunctional surface modifying agent disposed onto said polymer sheet, said bifunctional
surface modifying agent comprising:

an anti-blocking segment; and,

a compatibility segment, wherein said compatibiiity segment comprises a sulfonate, sulfate,
carboxylate, or phosphate radical and wherein said compatibility segment further comprises
a positively charged a[k.aﬁ metal counter ion;

wherein said anti-blocking segment comprises a benzyl group.

28, The polymer sheet of claim 27, wherein said anti-blocking segment comprises about

8 {o about 50 carbon atoms.
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