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UV absorbers. For example, experimental work conducted in
support of this invention shows that additive-incorporated
polypropylene and linear low density polyethylene (LLDPE)
films are capable of maintaining essentially constant level of
UV-blocking over time, with no surface migration of the UV
light absorbing compounds being detected during the testing

period.

Covalent binding of active molecules, including light
absorbing organic compounds, to the surface of silicon dioxide
particles has been reported (US 6,685,924 in the name of
Merck), for the purpose of forming conjugates for use in
dermatological and cosmetic preparations. An exemplary

conjugate has the following structure:

US 2008/0260664 describes inorganic particles (e.g., silicon
dioxide) functionalized with organic compounds, including
light absorbent compounds. The organic compounds are

predominantly present in the core of the particle.

It has now been found that UV light absorbing compounds (for
example, of the benzotriazole and benzophenone classes), can
be covalently attached to the surface of inorganic oxide
particles, either through sequential surface modification of
the particles, followed by reaction of the modified surface
with the UV 1light absorbing compound (herein named the
'sequential surface modification wvariant’ or the 'first
variant'), or by directly reacting the UV 1light absorbing
compound with unmodified 1norganic oxide particles (herein

named the 'one-step variant' or 'the second variant').In any

SUBSTITUTE SHEET (RULE 26)
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5
reaction conditions allowing tThis type of collcoidal silica to

iftly with UV light absorbing compounds in the same

solvent used for suspending colleoidal silica in commercial
pcroducts availlable on the market.
"The sequential surface mnedification variant' and ‘the one-

step variant' are now described in turn.

The seqguential surface medification of silica particles
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introduction of a first functional group onto

absorbing compound.

1 —~ d -+ 3 . -~ 1 = - d ~ Ty 5 e
The seccond method 1s generally preferred because each single
first functional group 1is eaclted with a molecule bearing a

concentration of the reactive sites ultimately avallable for

: b
1
1.

7 NP
Accordingly

of preparing ultraviolet light absorber additive for

protecting polymers from ultraviolet radiation, comprising
introducing onto the surface of inorganic oxide particles a

first functional group, reacting the so-formed inorganic

particles modified with said fi
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a plurality of second functicnal ¢ ting
formed inorganic particles nodlifled with salc Secon.
functional group with UV light absorbing compound.
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(&)

To this end, a first functional group - which 1s preferably a

carbon-carbon double bond - 1is introduced onte the silica
N , A P £ “ P ~1 e 4T
surface, by the reaction of silica particles with a vinyl
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{1=3, 3=2). These two vinvl compounds are

high boiling point liquids and the reaction may take place in
a solvent-free reactl medium, enploying the

(H2C=CH) 131 (OCsHzq+1) 4-2 in excess Lo provide a stirrable reaction
mixture. Thus, a reaction vessel 1s c¢harged with silica

particles and the wvinyl compound, and the reaction proceeds

under heating, e.g., at above 100°C, preferably at the reflux
Temperature, with stirring to afford silica particles bearing
vinyl groups. The reaction 18 brought to completion after

geveral hours. The reaction mixture is cooled down and the

surface-modified
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To remove axcess reactants, and dried.

Next, a spacer bearing a plurality of functional groups 1s

surface o¢f the silica particies. The number o<f functional

- —— Sa Aang I s Fore T e A Sntecar
groups 1in the spacer 1s dencted by n, where n is an integer

reaction sites available for bond formation reaction with

correspondingly n-1 UV light absorbing compounds. The number

of functional groups in the spacer 1s preferably not less than
four (n24).
Preferably, the spacer possesses a plurality of functional

groups which are identical to one ancther, for example, a

Q

plurality of silicon hydride groups. The silicon hydride
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X
with a functional group displaying high reactivity with
X

silicon hydride;, such as vinyl or allyl groups. For example;
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H-bhenzotriazole [also

named 2-{2H-benzotriazol-2-yl)-4-methyl

was chemically bonded to the silica particle through the
addition of silicon hydride groups of the spacer to the
carbon-carbon double Dbond of the allyl group. Thus, the

de surface modified-silica particles and the 2-

silicon hydri

v )

(2 ~hydroxyphenvl)benzotriazele UV  light absorbing compound

are ccmbined TOGOti@I 1n an ordganic solvent 1n tThe presence o

a sultable catalyst (e.g., PtL catalyst as set forth above).
For example, the catalyst i1s added to a reaction vessel which

was Ppreviously charged with the silica and the 2-{(27-
hydroxyphenvl)benzotriazole deriva

and the reaction mixture 1is

J’\
ik
e
H
-
=
Q
ct
O
-
1
H
J
=
*’J
r-+
0}
-+
)
P

consisting cof the silica parti

filtration, washed and ried.
recover non-reazcted UV light absorbing compound therefrom.

most preferred embodiment, a light stabilizer sultable for use
as an additive Iin polymers. This Lght stabilizer forms a
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specific

enbodimen

PCT/IL2017/050247

. . .
+
L

of invention; it comprises a silica
particle having UV light absorbing compcound on the particle
surface, wherein a carbon atom of the UV light absorbing
compound is covalently bonded to a silicon atom of an
organosilicon spacer, characterized in that tThe nearest
environment of sald silicon atom consists, in addition to said
carbon atom, of either one oxygen atom and two hydrocarbyl
groups or two oxygen atcoms and one hydrocarbyl group.
Hydrocarcyl group includes, but is not limited to alkyl (such
as methyl or ethyl) and pvhenyl. More specifically, the UVA

absorbing

2

[N

aht
.ght

t 1is

PR
compound tha

organcsilicon spacer th

e. .

co

benzotriaze

attac

RO

¥
i

compound i

covalently bonded to the silicon atom of the
through an alkyliene chain (~-CHy-),, n=2-5,

P

hed €

c.

un

Preferably, the concentration of the UV light absorbing
compound in the silica is not less than 0.07 mmol/g, e.9., not
lesz than 0.15 mwmol/qg, more preferably not less than 0.2
mmol/g, for example, Iin the range from 0.2 to 3.0 mmol/g,
e.g., frcm 0.3 to 0.7 mmol/g or from 2.0 mmol/g to 2.5 mmol/g
(measured by TGA as exemplified below). The additive may also
contain some silicon hydride groups.

Turning now to the 'one-step variant', it 1is based on a direct
reaction of the UV light absorbing compcound with unmodified
silica particles or zinc oxide particies. Any UV light
absorbing compound which possesses a functional group capable
of bond formation reaction with surface —-CH group can be used
in the 'one-step wvariant'’, such as UV light absorbing compound
which 1is substituted with —-Si(-0O-alkyl)s, for example, -31(-0-
CxHs)z. Below are depicted two UV light absorbing compounds
bearing the -81i(-0-C;Hs); functionality, one of the 2-hydroxy
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benzophenone cla

S8 a

hydroxyphenyl) benzotriazo
HO o

(CH50)38iCH,CH,CH, O =
[the above depicted
descrikbed by Farkas et
(2010)]
Accordingly, Iinorganic

PCT/IL2017/050247
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I 13! 9] O ne - -
le class:
~hydroxyphenvl)benzotriazole was
al. 1in Molecules (15), p. 6205-621¢0
such as silica or zinc

combined with the UV light absorbing compound in 2
organi solvent, e.g., 1in an aromatic hydrocarbon such as

toluene, with stirring and under heating, preferakly at the
solvent beiling point under reflux. On completion, the
reaction nixture 1is cooled down and the product is isclated
from the liquid phase, washed and dried.

Alternatively, the ‘one-step wvariant' 1s accomplished with a
commercially available colloidal silice as a starting
material, with the reaction between the silica and the UV
light absorbing compound taking place in the solvent in which
the colloidal silica is suspended in a commercially available

product (with tTypical concentrations of 25-40% by weight). In
this way, it is possible to load onto the silica particle not
less than 0.10 mmol UV 1light abscorbing compound per gram
silica. For example, isopropanol has shown to be a useful
solvent for the reaction. A nmixture of ethylene glycol and
isopropancl 1s also workable. Cther solvents, e.g., alkanols
and aromatic hydrocarbons such as toluene may also be use

The molar ratio between tThe OH surface groups of the silica
and the UV light absorbing compound (such as 2-Hydroxy-4- {3~
triethoxysilylipropoeoxy) ~diphenylketone) 1s preferably 1in  the
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range from 8:1 to 2:1, for example, from 3.5:%1 to 2.5:1. The
reaction is allowed to proceed for about twenty four hours

under heating, e.g. at the reflux.

The inventicn also preovides a method for improving the light
stability of a polymer, comprising adding to the polymer
inorganic oxide particles having UV light absorbing compound

on their surface, such as the silica and zinc oxide particles

O
jON

3,
oe

-

functicnalized with the UV light absorbing compounds descr

A thermoplastic polymer comprising the UV light stakilizer
additive forms another aspect of the invention. The surfac
1 fied inorganic particles of the invention can be added to
ride range of polymers, including polypropylene (homopolymer

and copolymers), polyethylens, e.g., high density po
D

*k
M
,-J
T)
'—r
oy
g
}._J
o
33
D
—
O
aw,
83}
o]
@)
jON
l.._(
}.‘l
]
s
0]
o3}
=
l.._(
@]
5
@)
jON
o
]
n
}.‘l
4

polyethylene (LLDPE) ,polyvethylene terphthalate (PET) and PDMS.
The concentration of the additive of the invention is not more
than 15% by weight of the gpolymeric formuiation, =.g., from
1.0 to 12.0% by weight, and preferably from 1.0 to 8.0%. The
additive 1s incorporated into the polymer by conventional
metheds, e.g., using an extruder, such as twin screw extruder
to accomplish the compounding. The pellets formed are then
processed and shaped into the desired article, such as films,
using conventional film/sheelt extrusion (e.g., blown and cast
extrusion). TIllustrative procedures for preparing additive-

incorporated polypropylene and LLDPE films are shown below,

The additive-incorporated polymers were tested tTo measure

i

ration of the UV light absorbing compounds to tThe surface

=

o
O

[

by periodically washing and rinsing he film surface with

A3

clean hexane and measuring the UV fransmission o©
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Transmission of the film (kept under different conditions as
described Dbelow), to record any deterioration In its UV

films, even after long storage periods.
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Examples
Methods:

Thermogravimetric analysis (TGA) : The TGA analysis was

performed using a Mettler-Toledc instrument model TGA/SDTAB51.
10 mg sample were heated 1in a standar 70 ulL TGA alumina
O

crucible, from room temperature to about 1000 °C, with a

heating rate of 10 C/min irp nitrogen osphere. The
heating rate > 1 ] I n ltrogen atmo ere Inhe
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(ﬁ(nnn@l) (dc2 —dcl) = 1000
(100 — del) « MW (=)

. - 3 P o + [ oy = 1TEAN-TAN s =
where dcl 1s the decomposed content (%) from 150-1000 “C of
3= ~ AT g e~ Joe . . ~ - <y {0 £
Che slllca-spacer dez2 15 the decomposed content (%) of

Silica-spacer-UVA, MW is the mnolecular weight of UVA (e.g.,

265.31 gr/mel in  the case of 2~ (2H-kbenzotriazol-2-yl)-4-
methyl-6~{2-propenyl)phenol) .
Fourlier Transform Infrared speciroscopy (FTIR) : The FTIR

instrument used was Scientific, Nicolet 1510.

Nuclear Magnetic Rescnance {(NMR) spectroscopy: NMR  spectra

were acquired on a Bruker Avance 11 instrument, 500 MHz, CP-
MAS 4 mm.

X-ray photoelectron spectroscopy (XPS3) : The X-ray

photoelectron spectrometer used i1s from Kratos Analytical Litd.

R

(Kratos Axis Ultra).

Elemental An

m

lyvsls: The elemental analyzer used 18

9

™

PerkinElmer's 2400 Series I1 analvzer.

The following set of Examples (1-3) illustrates the covalent
binding of UV-absorbing compound {of the Dbenzotriazoles

family) onto the surface of silica particles, with the aid of
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Prepavation 1

Preparation of silica~vinyl

Prepaxation 1A

10

of silica

gr

{Cab-0~sil

M

KA S

Cabot Corporation)y and 40 gr of

ane (VIMS; from Sigma-Aldrich, cab. num,

44072 7% wevre wmized in a ~necksd flask fitted with a
refliuz condenssr and Call; trap. The mixbure was heated to the
boiling point of VIMS (b.p. 123 °"C} using an oil bath (1540
Cy, and was stirred with a mechanical stirrer {225 rpm) at

this tamparature

arature th

[N

Temp

filter funnel

for 13 haours.

1lica was washed with hexans{3x250 wml) in a

in an oven for half hour in a petri dish to ocbtain 2.56 gr of
gilica-vinvi{l, Scheme 1).

Praparation 1B

Silaca {Cab-0-sil ML, Cabot Corporation) was pressed under 0.5
ton to raduce the velums by ~1.5. 10 gy of the silica and 40 gx
af Vinvitrimethoxysilane {frow &1 gpmer- A

LY . ¥a ke e ks SRR IRY -
440221~972) weaere

eflux cond

than

mived in a 250

lenser and Call; trap. The w wag heated

SUBSTITUTE SHEET (RULE 26)
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to the boiling point of VIMS (b.p. 123 “C) using an o0il bath
(150 °Cy, and was stirred with a mechanical stirrer (278 rpm)
at this temperature for 11 hours. After cooling to room
temperature, silica was washed with hexane {4x250 mljon a
filter funnel with sinter glass {(P4) and was dried at 165 °C
in oven feor half an hour, c¢cllecting silica-vinyl(l, Scheme
1).

Preparation 1C:

Silica ({Cab-0-z311 M5, Cabot Corporation; was pressed under 1
ton for ten minutes. 100 gr of pressed silica and 400 gr of
Vinyltrimethoxysilane (from Sigma-Aldrich, cat. num. 440221-
97%) were then mixed 1in a 1L cylindrical reactor fitted with a
reflux condenser and mechanical stirrer {(half-moon shaped, 90
mm PTFE blade). The mixture was heated to the bolling peoint of
VTMS (b.p. 123 °C) using a heat mantel, and was stirred with a

temperature

under nitrogen. After ccooling to room temperature about 400 mi
of hexane was added fo the reaction mixture and after mixing,
the obtained suspension was filtered on 1 L filter funnel with
sinter glass (P4}. The reactor was washed with an additional
400 ml ¢f hexane and the suspension was alsc filtered. The

sillica which remains on the filter was washed with additional
hexane (3x800 ml) nd was dried at 160 °C in the oven for 3
hours using chemical beaker (14 com diameter and 7.5 c¢m
heigl collecting silica-vinyl {1, Scheme 1).

Silica-vinyl (i, Scheme 1} was characterized by NM FTIR, and
XPS analysis.

The NMR gpectrum is shown in Figure 1; the two peaks at 134
and 128 ppm are assigne to the carbon atoms of the vinyl

e T FRp. e
assignea [Re CLhe

to the

unreacted

silica

surface., The peak at ~48 ppm is
methoxy group (due to steric
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considerations, on the average approximately tTwoe of the three
—0OCH: groups of vinyltrimethoxysilane participate 1in the bond
formation reaction with the silica surface).

Figure 2 shows FTIR spectrum for the original, unmodified
commercial silica (bottom) and the silica-vinvl (Lop).

The characteristic peaks of the unmodified silica are:

a large band at about 3433 cm!, attributed to the presence of
the (O-H stretching frequency of silancls groups and alsc the
adsorbed water;

a sharp band at 1631 cm‘tassigned to the bending wvibrations of

molecular water;

a broad strong peak at 1254-1026 cm?,assigned to the $i-0-Si
asymmetric bond stretching vibrations. This peak has some
"shoulder® at ~880 cm'l, that corresponds to asymomebric

vikbration of 3i-0H,

A band at 806 cmi, assigned To a networ 51i-0-81 symmetric

bond stretching vibration; and

a band at 460 cm! asscociated with a network Si-0-Si bond

bending vibration.

The spectrum of vinyl-modified silica exhiblits an appearance

of new, weak peaks at 3060 cmt and 3020 cmt which were

attributed to C-H bands of Si-CH=CH; group. The peak at 1600

cml is typical of C=C wvibrations and the peak appearing at

1410 cmlis assigned to C~H deformation vibrations of tThe =CH:

group. The peaks at 2986 cm i, 2958 cmt and 2987 com! were

attributed to C-H bands of the remained methoxy groups (the

characteristic Si-0CH: bkand, expected to be found a arcund

1400-1100 cm?, is masked by the strong 51-0-3i absorption).

Lastly, it shcould be pointed out that in the modified silica,

the broad band at 32433 cmlthas been significantly decreased
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analvsis according to the method set forth above and was found
To be 0.2¢ mmol/g (dcl and deZ values measured were 4.87% anc
11.40%, respectively). The concentration determined by TGA
shows fairly good agreement with the result obkbtained by
elemental analysis [measured 5C: 9.62; calculated
concentration: 0.28 mmol/g (C e.a.)]

Example 2

FPreparation ¢of silica - spacer A6 - UVA

[the UVA compound is 2-(2 -hydrozyphenylibenzotriazele derivative]

Preparation of silica ~ spacer AL
1 gr of ilica-vinyil of Preparation 1A, 1.32
Poly(dimethylsiloxane-co-methylhydrosiloxane), Trimethyl

terminated {A6; from Sigma-Aldrich, cat. num. 482196-average
Mn ~250} and 5.22 gr of toluene were then mixed in 40 ml wvial,
followed by the addition of Pt catalyst {cis~
dichlorobis{diethyl sulfide)platinum(il), from Sigma-Aldrich,
cat., num. 432849}, The catalyst was added as 2% in Toluene (50
uiy.

The resultant suspension was stirred for 5 hours at 80 °C.
After cooling to room temperature, tThe product was washed with

toluene {(3x50C ml) and hexane (4x50 ml} on filter funnel
sinter glass (P4). The product was placed in a petri di
dried in an oven at 70 °C oven for one hour, to obtain
gr of silica-spacer A6,

Preparation of silica-spacer A6-UVA

750.8 mg of silica-spacer A6, 424.8 mg of Z-(2H-benzotri
2-~yl}=4~ methyl-6~(2~-propenyl)phencol {UVA; from Sigma-Ald
cat. num., b59857-29%} and 4.78 gr of toluene were mixed
ml wial, followed Dby the addition of Pt atalyst
dichlorobis{diethyl ulfide)platinum{II), from Sigma-Al

0.2

azo
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The resultant suspensicon was stirred for & hours
After cooling to yom temperature, the product was
toluene (3x100 ml) and hexane (3x100 ml) on a

with sinter glass (P4). UV abscrbance of the last

P T ey o b 3
wasiedo

filter

PCT/IL2017/050247

with
funnel

-
OL

washed away. The product was placed in a petri dish and dried
P c 7t - 70 o T ym < 7 o~ - Py PR T ) AT o~ o~

in an oven at 70 C for one hour te obtain 0.45 gr of

1714~ = ~ T30 ™

silica -~ spacer MH30 -~ UVA,

The so-formed additive was characlterized by FTIR and TGA. The

T T b 1Y - N R - P s 4= - o o ~ £ 4= .,

FTIR spechtrum 1s shown in Figure €; the presence of the

intensive eristic

~ o
charact

cm o, assigned tc the UVA molecule, 1is noted. The concentration
cf the UVA molecules present on the silica particles,
calculated on the bhasis of TGA analysis according to the
methoed set forth above, was found to be 2.35 mmol/g (the dcl
and dc2 values measured were 5.19% and 41.63%, respectively).

Example 5

Preparation of silica-spacer MH30-UVA

{the UVA molecules is 2-{2 -~hvdroxyphenyl}benzotriazole derivative]

of

50 gr of silica-vinyl of Preparation 1C {dried for ih at 160
°C)y, 106.4 gr of Andisil MH30 and 124.7 gr of toluene were

mixed 1n a 1 L cylindrical reacteor fitted with a mechanical
stirrer (half-moon shaped, 90 mm PTFE blade), followed by the
addition of Pt catalyst {cis—dichlorobis {diethyl

The catalyst was added as 2% sclution in toluene (1.9
The resultant suspension was stirred for 16 hours
with mechanical stirrer {340 <zrpm). After c¢ocoling

L

I e
v 1A
Lﬁ;,‘;
b oo O ~
at 50 C

o rocm

eaction
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mixture was V1igorousiy m

[
X

:d. Then the suspension was allowed
to stand for half an hour, and after sedimentation, the solic
was separated by decantation of the solvent. The product was
washed twice with hexane (240 ml, centrifugation-decanting,
3000 rpm, 10 min each time). After the final decantaticn the

solid was 1nifrd

O,

sduced te 1 L filter fumnnel with sinte

,4
*i
&

s
N
7
o

(P4) and was washed with hexane (4x500 mi). The last portion

W
ny
0]
b
8}
]
0]
5
)]
)
)
-
&3}
o]
(@)
t
&3}
(s
®
o}
W
5
0
-
oy
(’?‘
-
)
wn
|_.l
o
o
0
)
U

welghed fTo ensure
that all unreacted polymer was washed away. The product was

pilaced In a petrl dish and dried 1in an oven at

fod

o
P
[
{

S

-
(@
~

Preparation of silica - spacer MH30 - UVA

~

43,3 gr of silica-spacer MH30, 129 gr of 2~ (2H~-benzotriazcl-2-
yi)—-4d-methyl-6~{2-propenyl;phenol (consisting of equal awmounts

of a material purchased from Sigma-Aldrich, cat.

2

num. 559857-

99% and a recycliled material recovered from a previocus batch as

0,
(T
€3]
@]
=
-
9]
o
0,
o
T
}._J
e}
b3
o3}
o
e}
jn
[\
n
(@9]
Q
I}
O
h
t
@]
}._.l
o
D
]
®
z,
D
et
®

mixed in a 1 L
cylindrical reactor fitted with a mechanical stirrer (half-

moon shaped, 90 mm PTFE blade), followed by the addition of

ra
ct

t-catalys

from Sigma-Aldrich, cat. num. 432849}. The catalyst was added

-
rred I

[

The resultant suspension was st or T
with mechanical stirrer (340 rpm). After cooling to room
Temperature, The product was washed with toluene (5x800 ml),

hexane (3x800 ml) on 1 L filter funnel with sinter glass (P4).

UV absorbance of the last porticon of hexane was measured (250~
450 nm) to ensure that all UVA was washed away. The filtrates
were combined and concentrated by evaporation and unreacted 2-

(2H-benzotriazol-2-vl)-4-methyl-o-(2-propenvl)phenol was

collected and reused. The product was placed in a petri dish
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catalyst was added as 2% in tolusne (105 ul)t}.
The resultant suspension was stirred for 16 hours at 80 °C.

After cooling to room temperature, the product was washed with
Vv, hexane (3x50 ml) on a filter funnel with
sinter glass (P4). UV absorbance of the last portion of hexane

was measured (250-450 nm) o ensure that all unreacted

beznotriazole was washed awayv. The product was placed 1n a
- ~1 (R . o~ o F s 7
petrl dish and dried in an oven at 70 “C for 1 hour.

Example 7
Investigation of the properties of
poly{methyl hydrogen siloxane} as a spacer for attaching UV
light absorbing compound onto the surface of silica

particles

In  the set of measurements reported in  this example,
poly(methyl hydrogen siloxane (MH30, available from Andisil)
was used as the spacer. 2-(3-Allyl-Z2-hydroxy-b-methylphenyl) -

2H=-benzot

“T

H
o3}
N
@]

,‘J
D
s
83}
n
-

o
o
a

oy
jON
83}
¥

ot
=
{

pe
}._J
'..J
QO
)
t

absorbing compound.

the UV-Vis range of 2-(3-Allvyl-Z2-hvdroxy-b-methyiphenyl)-2H~
benzotriazole and the product of a reaction between MH30 and

2= (3-Allyl-Z2-hvydroxy-5-methylphenvyl)-2H-benzotriazole:
y ) YLI Y

The addition reacticn of was carried out in toluene, at 50 (¢,

under the same conditions 1llustrated in detall in previous
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reflux. Under the cheosen conditions of reactants ratic and

reaction time, the suspension retained 1ts clarity through the

o
[0}

reaction, indicating that it did neot undergo aggregation. T
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of 5% in i1sopropanol), and the Cryce-Tem image 1in Figure
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discrete particles. Th

]

concentration of the UV light absorbing compound was measured

TGA) to be 0.15 mmol/

Q

Example 10
Preparation of Zn0O-UVA

[the UVA is Z-hydroxy benzophenone derivative]

anc®20, from Umicore Zinc Chemicals), 53.60

of

W
[@))
O
W
Q
s
[N
3

. N I3
no {
]

gr of 2-Hydroxy-4-{3-triethoxysilylpropoxy)-diphenylketone and

144,13 gr of toluene were stirred with a mechanical stirrer in

250 ml flask fitted with a reflux condenser and CaCl,; trap. The

mixture was heated to the boiling peint of toluene (b.p. 111
C) using an oil bath (120 Cy, and was stirred (250 rpm) at

this Lemperature for 65  hours. After cooling to room

temperature, Zn0 particles were washed with toluene and hexane

on a filter funnel with sinter glass. UV absorbance of the last

prortion of hexane was measured (250-450 nm) Lo ensure that all

UVA was washed away. 7Zn0 was dried at 70 °C in an oven for 1
3

5.4 gr of ZnC-UVA,

The so-formed additive was characterized by FTIR, TGA and XPS

analvsis.

The FTIR spectrum 1s shown in Figure
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}._.A
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=
~
w0
3
a
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ot
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corresponds to ZnC and upper curve corresponds to UVA-modified

Zn0)y . It is seen that the spectrum of UVA-medified Zn0 exhibits
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carbonyl group within the UVA molecule. The fingerprint region
also exhiblits new characteristic peaks of the UVA molecule. The

broad peak around 1118-1023 cm * is attributed to Si-0-31

o
-y
3

S1-0~C bands; and S8i-0-Zn absorpticn band is positioned at 916
cmt,

TGA analysis indicates tThat the calculated concentraticon of the
UVA molecule on the surface of the particle is 0.09 mmol/qg.

XPS was used for the analysis of the composition of the

al Zn0 particle and the surface-modified Zn0 particles,
to determine the atomic percent of the elements o¢n the

ticles surface. The data is tabulated in Table 2 and Table

Table 2 (original ZnO)

Name Peak BE | FWHM eV| Area {(P) CPS.eV i Atomic % | QO
Cle 284,75 1.20 2971.98 9.34 i
Ols 529.8C 1.12 40861.81 46,81 1
Zn2p3 1020.94 1.50 193072.490 3.85 1

Name Peak BE | FWHM &V % 0}
Cls 284,92 1.78 1
Ols 530.83 2.20 1
ZnZp3 1023.48 2.34
Si2p 101.88 1.41 1

The attachment of the UVA olecule, 2~-Hydroxy—4- {3~
triethoxysilylpropoxy) ~diphenylketone, to the Znd partic

Y
through the reaction shown below:

HO o

peak located at ~102 eV, assigned to the

binding energy (BE) of silicon (note tThat the UVA nmolecule
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oxygen and

Zn0 particles is approximaltely

in the reaction product,

owing to the oxygen atoms of the UVA mnolecule
nasking of surface zinc. Carbon content in the

is higher than that measured for the commercial
aastly, the decenvolution of XPS spectra for

X
hows the presence of three different binding
3
product, as Tabulated in Table 4. On the

energy band {corresponding to a single chemical

zaction prod

Name FWHM eV | Area (P} CPS.eV 0]
Zn2p Scan B 1.88 6524 .62 1
Zn2p Scan C 1.54 14095.63 i
ZnZp Scan A 1024.26 1.69 19336.71 1

Example 11
Polyvpropylene Film Preparation

o
p-jJ
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with the additive of the present invention. The
the film consists of 95% polypropylene and

1

Polypropylene homopolymer (Repol HO348G

Polymers') and the additive of the inventio

Examplie 1 were compounded by melt mixing in

size compounds. The materials were mixed in a

d
melt compound strands were continuocusly

polypro

th

as prepared

EUROLAB Digital

to the extruder at the same upstreas
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w

ssed efficiently with the aid of the additives of the

(,’)
D)
w

uppre
invention.
Example 12

LLDPE Film Preparation

thick multilavered film (three lavers) with the additive of
the invention incorporated into the 7 um thick core layer. The

composition of the film consists of 93% LLDPE and 7% additive

(by weight) .

LLDPE (NOVA Chemicals 5Sclair® FPLLZ-A) and the additive of the
invention as prepared in Example 4 were compounded by melt

mixing in a 16 mm twin screw extruder (Prism, England) L/D

ratic o¢of 25:1, using a temperature prcofile of 160-225°C, and
operated at a screw speed of 200-230 rpm, to obtain 1500 gr

batch size compounds. The materials were mixed and were fed to

d
compound strands were continuously cooled down to solidify

Pre-compounded material samples were fed to MICROTRUDER

("RandCastle’) Cast-film single screw extruder (D = 13 mm, L/D

200~-230 °C for extruder C. The machine was operated at a screw
speed of 64 rpm for extruder A and 115 rpm £ O
cbhtain three-laver film with total thickness of 400 um and
width of 150 mm. Then the 400 uym film was stretched to the

final dimensions.



WO 2017/145169 PCT/IL2017/050247

UV spectra were recorded a few days after the

the films, and then agaln about thirteen months later (Films
1T, 2% and "3" have the same meaning as indicated above). No
nmigration of the additive fto the surface of the film cccurred

during this ~ c¢ne year fTime period; as 1indicated by the UV

Yy o ihe v
spectra shown 1n Figure 13, showing that the UV-blocking

displayed by the £fi
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later, are essentially comparablic

. A .
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whereinthe phenvl ring is subs ited with —~CHy-CH2-CHz—- chain,
and opticonally with one or more additicnal groups.

7)  The ultravioclet light absorber according to c¢laim 2,
wherein the uv light-absorbing compound is 2-hydroxy
benzophenone compound.

8) The uitraviolet 1light absorber additive according to any
one of the preceding claims, wherein the concentration of the
UV light-absorbing compound in the additive 1s not less than

0.07 mmol/qg.

-7

@]

ot

seconda

9) A method for improving tThe light stability of a polymer,
comprising adding to the polymer incrganic oxide particles
having UV light-abscrbing compound on thelr surface as defined
in any one of claims 1 to 8.

10} A thermoplastic polymer comprising the additive defined in
any one of claims 1 fto 8.

11} Films comprising a Gfhermoplastic polymer as defined in
claim 10.

12y A process of preparing ultraviclet light absorberadditive
for protecting polymers from ultraviolet radiation, comprising
introducing ontce the surface of inorganic oxide particles a
first functiconal group, reacting The so-formed inorganic oxide
particles medified with said first group with a spacer having

functional group;reacting the so-
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ormed inorganic particles modified with saild second

ional groupswith uv light absorbing compound, and

=
S
@}
-
s
(s
i
i
e
h
[
O
pind
=
[
)
0}
[

vz . cai A 11l ratioalar T4 e
reaction mixture said ultraviolet light

absorber additive.

13y A process according to claim 12, wherein the inorganic
oxide is silica.

14y A rprocess according to c¢laim 13, wherein the first
functional group is a carbon-carbon double bond.

15} A process according to claim 14, wherein the carbon-carbon

double bond is introduced cnte the silica surface by reactic

l-j

O
h
ot
jny
!
®
[©)]
[
i

ica particles with a wvinyl compound of the formula

11T N YT A o v' 3 . 4 A LD LT
(HoC=CH) :S1 (OCsHzq+1) 4~ [185153, 153537,

16} A process according to c¢laim 14, wherein the silica

modified with the carbon-carbon double bond is reacted with

organosilicon compound having silicon hydride (SiH) functional
groups,wherein the numberof SiH groups in the organcsilicon

compound is not less than four.
6, wherein tThe organosilicon

and the nearest environment of the silicon atom in the silicon

hyvdride group is occupied with two hydrocarbyl groups and one
XYY

18} A process according to claim 17, wherein the organosili

|___
=
Q
(@)
j»}

spacer comprises not less than twenty silicon hydride

L]
O
o
o
o
0
~

Sl

sald spacer having abackbone c¢hain possessingsaild silicon

hydride in a repeating unit.
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19y A process according to claim 18, wherein the spacer 1s
poly (methyl hydrogen siloxane) consisting of 50-80 repeating

units.

20yA process according to any one of claims 12 to 19, wherein
the UV light absorbing compound is of the hydroxyphenyl-

e CLass.

21} A process according to claim 20, wherein the UV light
absorbing compound 1s 2-{3-Allyl-2-hydroxy-b-methyl-phenyl)-

2H-benrzotriazole:

HO o OH,
..e:,&-% «Mi‘qé E}\\Wif"”» \.,‘13"‘" 82
Tty
wﬁwf“§*wﬂxrwf

CHy
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FIGURE 1
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FIGURE 2
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FIGURE 3
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FIGURE 4
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FIGURE 5
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FIGURE 6
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FIGURE B8
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FIGURE 9
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FIGURE 11
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