] Bt Surface-nodi fied titani um di oxi de The invention

rel.ates to a surface-nodified, pyr, £33l hy duced titani um di oxi de,
a process for its production as ﬁd)ﬂjﬂocgsb@gu'g 528 JUN fpawn t hat

hi ghl y-di sperse pyrogenic titani um di oxi del (for exanple, ti1tam um

di oxide P 25 S from Degussa- Hul s AG, on account of its | ow average
primary particle size (garﬁgleaﬂgd9£ié3eff%éﬁ#ﬂkyr %Edghe aggregates and
aggl onerates resulting fromthe pyrogeni c production i process, has

advant ageous properties as a U/-A and UV-B bl ocker in cosnetic sunbl ock
preparations. |n addition, it i s known that an increasing degree of

di spersi on of Thgeinveptigni talatexi e dhasurfacarowdifiedef prcogenicably

UV-bl ocking praghtes. titanihg aYé&fwﬁﬂ|é‘bf%£@%%c%09fiEEﬁpP%&QE@?&ﬁaééy

pr oduced ti1tani um di oxi de necessitates the use of high shear forces
in order to alfitév@SalhfghSBegree of dispersion, above all in ol eophilic
preparations. Consequently, pyrogenically procuced titani um di oxi des

al ready surbate-isoBhbdwrdthat hhighly-disperse pyrogenic titanium dioxide
(for example, titanium dioxide P 25 S from Degussa-Hiils
AG), on account of its low average primary particie size
(21 nm) and of the structure of the aggregates and
agglomerates resulting from the pyrogenic production:

10 process, has advantageous properties as a UV-A and UV-B
blocker in cosmetic sunblock preparations. In addition, it
is known that an increasing degree of dispersion of the
titanium dioxide has a favourable effect on the UV-blocking

action.

-t
%1}

The hydrophilic surface of the pyrogenically produced
titanium dioxide necessitates the use of high shear forces
in order to achieve a high degree of dispersion, above all
in oleophilic preparations. Consequently, pyrogenically
procuced titanium dioxides already surface-modified with
20 alkylsilyl groups are known {titanium dioxide T 805 from
Degussa-Hlls Aktiengesellschaft) which, in addition to the
improved dispersibility in oleophilic preparations even at
low shear energies, also bring about an improved UV-
blocking and a decreased photochemical activity in the
25 pyrogenic titanium dioxide. (Technical Information TI 1176
“Highly dispersed Titanium Dioxide for sunblock

preparations”).

A disadvantage of the known surface-modified pyrogenic
titanium dioxides is the low interaction with hydrophilic

30 constituents of the cosmetic sunblock preparations, which
is due to the exclusively oleophilic character of the

surface.



20 alkylsilyl groups are known (titanium dioxide T 805 from Degussa- Hul s
Aktiengesel | schaft) which, in addition to the I mproved dispersibility in
ol eophi lic preparations even at | ow shear energies, also bring about an
i mproved UV- bl ocki ng and a decreased $hot ochenical activity in the 25
pyrogeni c titani umdioxide. (Technical Information TI 1176 "Hi ghly

di spersed Ti¢pai ypy DEexbHethori Srerdiahk is thieepakvalopnent.of a A

di sadvant age of the,  known sur ace-noqgfLed pyrogeni c titani um di oxi des
is the | ow i RYEPERREGAL W t AL PJHr e Hi 53R 14/ E%ﬁ%‘gﬁ?mﬁ?% 5‘?r$"?1%ecosrret iC
sunbl ock prepadatioasionhdthwhich sinpertisn tiohdtexal ateophyl bt enphirdll
character of the surface. . 1

The obj ect o?stﬂeh¥ﬂ583?+ghci%P??ﬁf?ﬁﬁkﬂ%ﬂ%ﬂ&%ﬁcgfeghlbl%§r%g ?ﬁ%ally
produced tHtdhspersibkiiley ihmehpdrdpitidic amddiihi odepphibicwedhrimparts to
it an ol eophilic as well as a hydrophilic character, and which exhibits

a good 5 difpersl OLLit¥n ProVHEOPNd L £ thodd r2L8OPBY Lo Ge B By

produced titanium dioxide, which is characterised in that

2

it is treated with at least one ammonium-functional silane.

In one embodiment of the invention, the surface-modified,
10 pyrogenically produced titanium dioxide can be
characterised by the following physicochemical data:

BET surface area: 15 to 100 m?/g
" Bulk density: 150 to 700 g/1
pH value: 2.5 to 8.5
15 Loss on drying: 0.1 to 2.0 wt.%
Loss on ignition: 0.3 to 13.0 wt.%
Carbon content: 0.3 to 12.0 wt.%
Methanol wettability: 0 to 50 wt.%

In one embodiment of the invention, the invention can
20 provide a surface-modified, pyrogenically produced titanium
dioxide, which is characterised in that an ammonium-

functional silane corresponding to the general formula
(RO) 3-n+m SiR'%{(CH2) yINR*R’R*]"X }n

n = 0-2; m= 1-2 with n+m<3; y=1-5; X = F, Cl, Br, 1
25 R = alkyl (Cl1-C5); R'= alkyl (Cl-C18), aryl; R®= H, alkyl,
aryl, benzyl;
R' = H, alkyl, aryl, -CoH.NR®; with R® = alkyl
or one of the silanes listed below
(RO) 3S1C3Hg[NsCeHi2] X~
30 R = alkyl (C1-C5); X
(RO) 3S1iCsHe[pyridinyl] %™
R = alkyl (C1-CS): X
(RO)3SiC3HdOCHgCH(OH)CHZ[N(CH3)ﬂ*X'

il

B4

Cl, Br,

1}

il

cl, Br, I



THe ihvention provides surface-nodified, pyrogenically produced titani um

di oxi de, which is characterised in that it is treated wwth at |east one
anmoni um functional sil ane. I n one enbodi nent of the invention, the
surface-nodified, 10 pyrogenically pr oducéd titani um di oxi de can be
(1:2ar act (i(r)bsecrjm/by the foll ow ng physi cochem cal data: BET surface area:
to g Bul k densitygr - a1kyl (C1-C5); 15@3t og#001 9/ | pH
val ue: 2.51to0 %.5y15(Loss)anHryiné: ?
0.1to 2.0 w.% Loss on ignition: 0.3 to 13.0 m.%
Car bon content: 0.3 to 12.0 wt. % Met hanol wettability:
grovfgeSO mﬂ.%@ oneléF;gH%;ygyywa%@FSQFahag igvention, the invention can 20
( e a surface-nodifie pyr ogeni c y. produced titani um di oxi de,
whi ch is charéfeteri sé‘dﬁl%‘“?ﬂé@%ﬁ’%@ﬁl{i) 2 functional silane
g_orR{ ESp]Om(jgl?@f t hf e, [ ORI A OC,Hs ) 31 3 (RO 3-n+m
i R[err err = 0- 201 3 | th, z.y=1-5;, X =F d, Br
| 25 R = al kyt1(d -CE,()C,HB#arh :ng’r*lg& %?%‘%G, gé?‘?mﬂé = H, alkyl, aryl
benzyl ; [e2Bd™= H, G KyfN (GHybsC{RrB] (L) 2rr] = al kyl
20" [~CH2'NH (CH3) -C3He~S1 (OC2Hs) 3] 2 '

or a mixture of two or more of the above-mentioned silanes
10 is used for the surface modification.

Examples of silanes which could be used are:

(C2Hs0) 38iC3Hg [N (CH3) 3] X"

(C2Hs0) 3S1C3Hg [N (CHz) 2 (CisHaq) 1 7X7

Ccl- (CH3) 3'N-C3Hg-S1i (OCoHs)3
15 J° (CeHs) (CH3) 2"N-C3He-S1i (OC2Hs) 3
Br- (CeHs—CHa) (CH3) 2"N-C3H¢~S1 (OC2Hs) 3
Cl™ (C12Hzs) (CH3)2'N-C3Hg—S1 (OCaHs) 3
Br™  (CioHps) (CHs)2'N-C3Hg-Si (OCoHs) 3
J . {C12Has) (CHs) 2'N-C3He=S1i (OC2Hs) 3
20 C1° (C16H33) (CH3) 2"N-C3He~S1i (OC2Hs) 3
Ccl- (CoHs) 3"N-C3He—S1 (OCHs) 3
J” (C2Hs) 3" N=CoH4~S1 (OC2Hs) 3
J7 (C2Hs) 3'N-C3He-S1i (OCzHs) 3
Cl- (C4Hg) 3"N-C3Hg—-S1i (OC2Hs) 3
25 Br~ (CaHg) 3" N-C3Hg—S1 (OC2Hs) 3

The invention also provides a process for the production of
the surface-modified, pyrogenically produced titanium
dioxide, which is characterised in that the pyrogenically
produced titanium dioxide, in a mixing unit with intensive
30 mixing, optionally in the presence of water or dilute acid,
is sprayed with the silane, with the silane mixture or with
a solution of the silane or silane mixture in ethanol, and
+hen further stirred for approximately 10 to 30 minutes and

subsequently tempered for between 0.5 and 6 hours at a
35 temperature of 100 to 400°C. The tempering can be carried

out in an atmosphere of protective gas, for example, Ns.



or ‘on€ of the silanes listed bel ow (RO [err] 30 R =

alkyl ¢(d-C5); X=d4, Br, | (RO 3SiC3H err][pyridinyl] +[err]
R=alkyl (d-C5; X=d4d, Br, | (RO 3SiC3H err][OCH2CH (OH) CH2 [N
(CH3) [err] Xerr] 4 3

R alkyl (d-C); X d, Br, | or one of the follow ng silanes
2C1- CGHlZN@EEebQLog%@:?E@l £3AEd HithnidmdHibgibk use&BERRNGE €4 1]
[err] Cl[ er ( ) 2N -Nerr]- (CH3) 2C3H6-Si [err] 2Br

L , D) ¢ . .
CH2 [err] (%}Lénww[é%?fl@ PErthe fype desgyfibed) in PEIRRNREH3) - C3H6- Si
[err] 3]2 8hzkMbpLYLe @fr !t ¥EcKHidBHeh Thdnlle, ahereEcaenibanevo sithanes 10
Lgegsggefor ﬁQﬁgﬁgsfgggegngézlgaﬁégp. Exanpl es of silanes which could be

5 The surface-modified, pyrogenically produced titanium
dioxide according to the invention can be used in the field
of cosmetics, in particular as a sunblock, also in toner
powders, paints and vafhishes, in silicone rubber; as
abrasives and polishes, for example, in the field of CMP,

10 In the field of cosmetics, in particular in sunblock
preparations, the surface-modified pyrogenically produced
titanium dioxide according to the invention exhibits the

following advantages:

- improved absorption of radiation in the range of 300-500
15 nm

- good dispersibility in oleophilic and hydrophilic
preparations

Examples

The titanium dioxide used was the pyrogenically produced
20 titanium dioxide P 25. Titanium dioxide P 25 is known from

the series of publications Pigmente No. 56 “Hochdisperse

Metalloxide nach dem Aerosilverfahren”, 4th Edition,

February 1989, Degussa AG.

The physicochemical data for titanium dioxide P 25 is as

25 follows:



[err] "83SiC3H6 [N (CH3) [err] [err] 3SIiC3H6 [N (CH2) 2 (C18H37) ] [err]
[err] - (CH3) [err] (OC2H5) [err] 15 J[err] [err] (CHI) _

2[err] N-C3H6-Si (OC2H err]) 3 Brerr] (CeH err]-CH2) [err] [err]
(OC2H err]) 3 Cllerr] (Cerr]2H25) (SCH3) [err] (OC2Herr]) 3

Brlerr] [err] (CH3) 2 N-C3H6-SI (OC2H5) 3 J[err] (C12H25) (CH3)
2[err] N-C3H6-Si [err] 20 O - (C16H33) (CH3) 2[err] N-C3H6-Si [err]

[err] [err] 3[err] NNC3H6-Si [err] J[err] [err] 3[err] N-C2H4- S
[err] J[err err err err err ; P
3[err]N—CBL[er1]-Si %err} g 25]B£[er1] [[erl] 3[er§]r§(§§ﬁ§ﬁ§ ﬁﬁgﬁffe

The invention al so provides a process for the productijon of t he

surf ace- nodi fC&S, R&YI QUMBLAT Ty produced titan um i
characterised in that the pyrogenically - produced tiftaniumdi oxide, in a

m xing unit VgéRavid@NStoitardl Matedd, optronal Ty I'n THe s, Rq§ 0 wWater
or dilute acid, is sprayed with the silane, with tlhe sillane m xture or

with a SOAppeDfarde The siTane or siTane m xture 1 n1gdsanehicand
then further stirred for approximately 10 to 30 m nut §podér
subsequent|y_tenpered for between 0.5 and 6 hours at g 35 tenperature of
100 to 400C. BiE déwenfeid Hreean)be carriasf/g out iIn gwoatmsphere of
protective gas, for exanple, N2 B

Average size of primary particles nm (21

Tamped density®) g/l ca. 100
Specific weight'’) ' g/ml ca. 3.7
Loss on drying’) on leaving the < 1.5
supplier’s premises $

(2 hours at 105°C)

Loss on ignition®)’) (2 hours at 1000°C) < 2
pH value®) (in 4% aqueous dispersion) 3-4
Sio, 1 < 0.2
Al,0; ¥ < 0.3
Fe,05 © < 0.01
Tio, °7 > 99.5
Zr0, Y -
HfO, © -
BC1 8137 < 0.3
Screen oversize® (after Mocker, 45 pm) % < 0.05

1} in accordance with DIN 66131
21 in accordance with DIN ISO 787/XI, JIS K 5101/18 {(not screened)
3} in accordance with DIN ISO 787/II, ASTM D 28C, JIS K 5101/21

in accordance with DIN 55921, ASTM D 1208, JiI$ K 5101/23

w
s

31 in accerdance with DIN ISO 787/IX:ASTM D 1208,JIS K 5101/24
6) in accordance with DIN ISO 787/XVIII:; JIS K 5101/20

7) based on the substance dried for 2 hours at 105°C



4= s« The pyrogenically produced titani umdi oxi de used can be a titani um
di oxi de of the type described in Ul manns Enzykl opadi e der techni schen
Chem e, 4th Edition, Volune 21 (1982) pages 464 - 465. 5 The
surface-nodi fied, pyrogenically produced ®itanium di oxi de according to

the invention can be used in the field of cosnetics, in particular as a
sunbl ock, al g9 y,0.d ONELe subsp&\é@l%ﬁom&akmh&ﬂg Mafggighes, in silicone
rubber; as abrasives and polishes, for exanple, in the field of CWP. 10

In the field9%fiCtromert ds,a F‘?’i‘sb’e‘ﬁ‘fqtc‘tﬁ e 19§s Langrid e preparations, the
sur f ace- nodi flbﬁde&%ﬁg@%gq@lnlsyopaqgm&er witl bodakdnge dbaxicde according to

tBe I nvention exhibits t follomﬁng advant ages: - inproved
absorption o radiati.on in_the 300 500 15 nm good
di sper si bi | i B AT tt'é‘SBh |98n§ﬁﬁ Hgg?gé prepar ati ons

S TiO, P25 is placed in a mixer and sprayed with the silane,
with mixing. The silane can be dissolved in a solvent, for
example, ethanol..-On conclusion of the spraying, mixing is
continued for a further 10 to 30 minutes, followed by
tempering for a period of 0.5 to 6 hours at a temperature

10 of 100 to 400°C. The spraying and/or the tempering can be
carried out in an atmosphere of protective gas, for

example, under nitrogen.

Preparation of the described Examples

Example Silane Quantity of | Quantity of | Tempering | Temperature
silane ethanol time [°c]
[g/100g P25]|[g/100g P25] [h]

1 Si 270/75 5 10 2 120
2 Si 270/75 7.5 0 2 120
3 Si 270/75 10 20 2 120
4 Si 275/75 5 10 2 120
) Si 275/75 7.5 0 2 120
6 Si 275/75 10 20 2 120

15 Silanes used

5i 270/75 = Cl7(CH3)3N' - C3He-Si(OC:Hs)3 {75% solution in
ethanol)
si 275/75 = C1™ (CigH37) (CH3)N® - C3Hs—S1i(OCzHs)3 {75%

solution in ethanol)



Exanpl es The titani um di oxi de used was the pyrogenically produced 20
titani-umdi oxide P 25. Titaniumdioxide P 25 is known from the series of
publ i cations Pignente No. 56 "Hochdi sperse Met al | oxi de nach dem

Aerosil verfahren”, 4th Edition, February 1989, Degussa AG The
physi cochem cal data for titaniun1dioxiqe P 25 is as 25 foll ows:
5 Ti t ani um
di oxi de o P 25
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Behavt our towards water hydr ophi lic

Appear-ance : _ | oose white
powder BET surface area ' [err]/g 50 + 15
Average size of primary particles 8 nm 21 Tanped
density[err]) o/l . ca. 100 5 Spechic

' ca. 3. 0SS on
3?;?25%:;;}gRe§H}§§xﬁgrﬁP??§§Sts of ap%licability < 1.5 supplier's
prem ses % (2 hours at 105[err] O Loss on

ignition [er?hg measwed DWAVIHO@ReetrhChf prepared sunblock pastdd _
val ueferr]) eﬁﬁfb:%@%eooéjSabqs'osr%%ri%'n%n)in the UV-A and UV-B gqjg%féln. S 2

[err] [err]

< 0.3 Fe2®3 ' <
0.01 11(xhqe¢qqparison with the known product T 805 is shown in >
99.5 5 Figure 1.

These results ‘show that the titanium dioxides according to
the invention can be used very effectively in sunblock
preparations.

Thus a better absorption of the radiation is achieved
10 primarily in the 300 to 500 nm range.

The product T 805 is a pyrogenically produced titanium
dioxide which has been treated with a trialkoxyoctylsilane.



Zr2 ¢ HO2 [err] HCL [err]

< 0.3 - Screen oversize[err] (after Mocker, 45 [err]m % <

0. 05 1) in accordance with DIN 66131 2) in accordance with DIN I SO
787/ XI, JI'S K 5101/18 (not screened) 3)gin accordance with DI N | SO
787/11, ASTM D 280, JIS K 5101/21 5 4) in accordance with DI N 55921, ASTM D

1208, JISKS5 91/23 in accordance with DIN | SO 787/1X; ASTM D 1208, JI S
K 5101/ 24 % ﬁmﬁccordance with DIN SO 787/ XVI11; JIS K 5101/20 7)
based on the substance dried for 2 hours at 105[err]C

6 8) basédSuonfahe-moisfhede maf@ifétﬁ(befnry %ﬂwub&datiﬂzﬁﬁﬁ){lﬁrr] C 9)

HC1 content is 8189?3&'tgﬁgfag%efigééoss QQI %Ogreated with at

_least one ammonlum—functlonal silane.

5 2.Surface-modified, pyrogenically produced titanium dioxide
according to claim 1, characterised by the following

physicochemical data:

BET surface area: 15 to 100 m¥/g
10 Bulk density: 150 to 700 g/1

pH value: 2.5 to 8.5

Loss on drying: 0.1 to 2.0 wt.%

Loss on ignition: 0.3 to 13.0 wt.$%

Carbon content: 0.3 to 12.0 wt.%
15 Methanol wettability: 0 to 50 wt.%

3.Process for the production of the surface-modified,

pyrogenically produced titanium dioxides according to
claim 1 or claim 2, characterised in that the
pyrogenically produced titanium dioxide, in a mixing unit

20 with intensive mixing, optionally in the presence of
water or dilute acid, is sprayed with the silane, with
the silane mixture or with a solution of the silane or
silane mixture in ethanol, and then further stirred for
approximately 10 to 30 minutes and subsequently tempered

25 for between 0,5 and 6 hours at a temperature of 100 to
400°C.

4.Use of the surface-modified, pyrogenically produced
titanium dioxide according to claim 1 in cosmetics, in
sunblocks, in toner powders, in paints and varnishes, in
30 silicone rubber, as abrasives and polishes, for example,

in the field of CMP.

A A



10) determ ned by neans of a pycnoneter with reference to air

Preparation - general procedure 5 Ti® P25 is placed in a mxer and

sprayed with the silane, with mxing. The silane can be dissolved in a
solvent, for exanpl e, ethanol.On conclyysion of the spraying, mxing is
continued for a further 10 to 30 m nutes, followed by tenpering for a

period of 0.5 to 6 hours at a tenperature 10 of 100 to 400[err]C. The
sprayi ng and/or the tenpering can be Abst#iaGted out in an at nosphere of

protective gas, for exanpl e, under nitrogen. Preparation of the
descri bed Exanpl es Exaiiface-hbbafited Quemtivny difoxQeentity of Tenpering
Tenper at ure sil ane et hanol tinme

[[err]C] . / 1 Ll AL es 1
Si 270/ 75 Pyrogenically pﬁﬁduch k?ggaggé di@%ﬁ%%dﬁ?ggace ﬂggifleds

270/ 75 %ith ammoniunmFunctional s2lanes is ppapluced by spzaying theg/ 75
10 5 ﬁy%bgenicallyzproduced t?Panium dioxide with the silane,

with the silane mixture or with a solution of the silane or

silane mixture in ethanol, and tempering.

It can be used in the field of cosmetics in sunblocks, in
toner powders, in paints and varnishes, in silicone rubber,

as abrasives and polishes, for example, in the field of

CMP.

Fig.1



4< Si 275/75

5 10 2 120 5 S

275/ 75 7.5 0 2 120 6 Si 275/ 75
10 20 2 120 15 Si | anes used Si 270/ 75
[err] - [err] (75% solution in et hanol ) Si 275/ 75 [err]

(CH3)2N[err] - C3Herr]-Si (OC2H5)3 (75% solution in ethanol)
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