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The present invention pertains to anorphous silica particles conprising
boron atonms, to a nmethod of preparation of the same, and to their use as
rei nforogownsssBe | | ers. Precipitated silica is increasi ngPgTEBEM23Y a filler
for elastoners, such as rubber, 10 particularly for use in tires for notor
vehicles. There is a continuing need for alternatives and inproved
products in this rapidly developing field. More particularly, industry is
interested in precipitated silica that is even easier to disperse in said
el astoner and/or shows a nore tine/cost-efficient treatnent, e.g. wth

couPl |0 AMEREHODS SISChRRTIN L CHBPRISINEBORANE © astoner, and that

will 15 result in ast orer npositions f@r-vulcani zati on/ curi ng)with
I ow heat build-up, high wet grl p, and low rolling resistance. The

resently clained, silica co rls S boro ato . S 2,630,410, aqueous
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conpounds are only added to the silica sols as stabilizer, whereas the
silica sdeinfgrcement fileraot changed by the addition of sai d boron conpound.
In DE 2,716,225 precipitated silica is disclosed containing 4-20 wt. % of
B203. These silica conpositions are used in organopol ysil oxane el astoners.

The 25 sﬁrémpmateﬂ dillvasie increpsivglyl @Rl &s anfiller ¢brodiaS@nasts Ssiedh adHibbey,
obt a| ned as rEP I es inpregnated with B203. Recently, patent @aﬂppl I cations
EP 94 0f 44569 415 tijRsy @rp'I’PBqus\t‘ﬁiﬁdeﬁoirhereofs ANCARINGRG: B t@f rubber
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use of ad?s%vé/rsseo .%%'J.c'i (élatSYOanero :Imcgor ghcpv{/st gtrggrestllrlntle}c":ostr—g%gilem treatment, e.g.

with coupling agents, before being fully dispersibie in the elastomer, and that will

15 resultin elastomer compositions (after vulcanization/curing) with low heat build-up,

high wet grip, and low rolling resistance.

The presently claimed silica comprises boron atoms. In US 2,630,410 aqueous
silica sols are disclosed the stability of which is improved by the addition of boric
20 acid, sodium tetraborate, or the like. The boron compounds are only added to
the silica sols as stabilizer, whereas the silica sol as such is not changed by the
addition of said boron compound.
In DE 2,716,225 precipitated silica is discloéed containing 4-20 wt.% of B,0;.
These silica compositions are used in organopolysiloxane elastomers. The
25 silica of these compositions is not changed as such, but is obtained as particles
impregnated with B,Os.
Recently, patent applications EP 943,648 and EP 941,995 were published, both
of which pertain to rubber biends to which silica and a borate compound are
added separately to improve the reaction rate between the silica and the added

30 silane coupling agents.



in a further inprovenent of the reaction rate between the silica and the
silane coupling agent, and in an inprovenent of the dispersion of the
silica particles in rubber conpositions. The benefits of the i ] t ant
i nvent i OMOOEE458¢ in an 5 anorphous silica particle corrprrgT’ﬁﬁm& iwto 105
ppm boron atons, characterized in that the boron atons are coval ently
bonded to the oxygen atons of the sil2ca network. Mire preferably, the
silica particle conprises 10 to 125,000 ppm boron atons. Contrary to what
is clained in the standard literature (for exanple, Ralph K 1Iller, 10 The
Chemi st rly wds r@iv famnd thahtheNisepf & neanspedifid §)pe dftpretipitatdalogilioa resuitet easily
|.lica fg}amework anfiqthu .tgoes not | each
[
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from t hego piiRg i dYeh@tdrdfini 4 Rpraléingdt bPthd QpERMMRBCHe diitatpartibleSin 631, 982
silica aggregates were disclosed wherein in addition to or as 15
r epl acenmibbef ocompositiomsr Téeelpenelitss wihthes irstanhpinventia?) resideS ictaanbe

i ntraduced to tail.or il . towar i ts perfornmance in an_gel.astoner.
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desired inprovenent. These aggregates, noreover, have hi gh SA BET val ues

due to thRIvorkMiasPrsferably, Hiesllied paricle\aempsises Agite d 26HPRN AN bet ween
15 and 5QGC,A further inprovenment was found when apart fromthe covalently
bonded boron al so covalently bonded alum numis present in the silica
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Surprisingly, a new process has been found to nake these novel precipitated

30 sili cappsasieby widesitbe anidie senditions iadigined whepdbesilica slufsy dcemdhe f or
o R N PRt BRI hss o estomer composi Liens. tbre
In EP 631,982 silica aggregates were disclosed wherein in addition to or as

15 replacement for Al, other elements such as Fe, Mg, B, P, and S can be
introduced to tailor the silica towards its performance in an elastomer. However,
it was not disclosed which improvement could be obtained with these elements,
nor which of these element should be selected to obtain a desired improvement.
These aggregates, moreover, have high SA BET values due to their method of

20  production that uses aging temperatures between 15 and 50°C.

A further improvement was found when apart from the covalently bonded boron
also covalently bonded aluminum is present in the silica network. Therefore, the
amorphous silica may further comprise 0.05 to 15 wt.%, preferably 0.8 to 2

25 wt.%, aluminum atoms which are covalently bonded to the oxygen atoms of the
silica network. This improvement was not found with the other elements that
were disclosed in EP 631,982.

Surprisingly, a new process has been found to make these novel precipitated
30 silica particles pre-eminently suitable for use as a replacement for conventional

precipitated silica particles in elastomer compositions. More particularly, the



3 precipitated silica particles according to the invention can be
characterized by a DBP oil absorption of 100-400 m /100g, preferably
150-300 m /100g, a BET surface area of 30-500 n2/g, preferag(i ?1 - 300
e/ g, arfMOABFB3href erably 120- 220 n2/g, and a CTAB surfackE 903381 7 30. 350
n2/ g, preferably 50-300 n2/g, 5 and nore preferably 120-220 nR/g. The
silica particles are preferably aged gt a tenperature of >60C, nore
preferably at 65-90C. The methods for determ ning the DBP oil absorption,
the BET and the CTAB surface area values are nentioned in the experinental

part of br'é%i(gﬁé?é@éiﬁéa péﬁid?éseéé‘écﬁféinp,totthéirﬁf&ﬁibﬁidaﬁt@@cﬁéﬂécfeﬁriz%@%%fﬂi ng to
the invention has a pore volune of 0.55-0.85 m /g when neasured’in
accor danBBPwoil rabdorptes1 88 108p#dG inm4l 099, mretesan iy T?QJ&QQ 1 dBETusi ng an
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the fol | 2z W/%Z@rascm@shﬁae@iadeé B BOB350 iy sprfeathly 60B0%RIElg, gl ass

solution (Si02 O weight _rati,o about 3.3, containi nqgﬁ 15-25, preferably
17. 5-20, afﬁﬁ)ﬂ@fﬁrpéﬁf@%wyﬁ 2800RA m°fx Thepilicg B?G@,’esa@ﬁ? P& rﬁBWaa af ?y of

about 1. [ j %la@g?'_ id (nitric acid, sulfuric

aci d, hy%r?%c%%g}rr%gf%?g?’ @S%Bﬁ%‘fa%% t goa((rjésul ti ng boron-containing
silicais filtered, washed, and dried. Boric acid is dissolved in a water
gl ass solution, A water:soluble alumnu salt. is, ad , and t sul ting
al uni i *B%F‘&%PPF%S?%SF@ 'W'E‘%ﬁ@a,%s‘ﬂ@é?”r&ha"dﬁeeg.ﬁqz%“d Bt RETART A s
di ssol vegl,fdtectardatviiuell aeSmeptishd i thAbxpleHMahan s of the.ekampiss!l f at e,
nitrate, phosphate) is added to an acid solution. The acid solution is

addetf t oPraierahiyt éhe gregipitate wilicgnaceandingHe thednyention kasuainiemvesto8i | i cat e

is filt gmg | I ‘(He?.%glligz } i ved in
wat er . Agc;{ @%%%??gﬁgﬁjl y coﬂgéaﬁ%'g’f%%%?fgég um numgiﬁﬂﬁg%%% (%%5'2@‘95 to
i ncr easeprelsurzofirorpi T td B00 Braarpysiaglart egailibrium time during the analysis of 30

seconds.

15  The precipitated silica according to the invention is suitably produced in one or

more of the following manners:

e Boric acid (H3BO3) is dissolved in a water glass solution (SiO2/Na;O weight
ratio about 3.3, containing 15-25, preferably 17.5-20, more preferably about
18.5 wt.% SiO,, and having a density of about 1.225 g/ml). Organic or

20 inorganic acid (nitric acid, sulfuric acid, hydrochloric acid) is added, and the
resulting boron-containing silica is filtered, washed, and dried.

e Boric acid is dissolved in a water glass solution. A water-soluble aluminum
salt is added, and the resulting aluminum borosilicate is filtered, washed,
and dried.

25 e Boric acid is dissolved in a water glass solution. An aluminum salt (e.g.,
sulfate, nitrate, phosphate) is added to an acid solution. The acid solution is
added to the water glass solution, and the resulting aluminum borosilicate is
filtered, washed, and dried.

e Borax (Na;B407.10H,0) is dissolved in water. Acid, optionally containing

30 aluminum salts, may be added to increase the solubility. Borax solution,



WO 01/ 64580 PCT/ EPOL/ 02319 4 water glass, and acid are simultaneously
punped into the reaction vessel. The resulting boron-containing silicais
filtered, washed, and dried. Boric acid is dissolved in_wat 9 se may be
added t oWPHt6#88e sol ubility. Boric acid solution, wat ercy‘iiﬁfé‘? %nd aci d,
optionally containing alumnum 5 salts, are sinultaneously punped into
reaction vessel. The resulting boron- 4containing silicais filtered,
washed, and dried. Borax is dissolved in acid. Said acid is conbined with
wat er glass. The resulting boron-containing silicais filtered, washed,
and dri ed. n | Al I ip?ﬁ% ! b GetioHi idic
solution i SWQ%B%%%%H&%{%@V\%@&?@B algssl{.}i The érkggﬁal)'? Pﬁgég?thoﬁkisn%@ '

bor osi | i catBhe esuitingeh@dn-comdaihieng, silioadisdiltecet, Warhed, godalried y, t he

h ilica particl f the i ti de b
conpri si fig Bo1E SpBps UFqietin e DAsRoas oRERFBIS SrerAte OBt 15
wi th boric m&hdaaROds0ntoR" d4terdgidsOPhh@Rd Yosticialyi ddht@Ring HRiniHgmsal t, at

a pH of 10.5 or |ower. The silTca particles are am)rﬁhous. Crystalline and
gl ass51i ke gaitst Acd sinultaneoustyl puroped dntaceacties yegeeindne Haswtingberergeous

properties when used.as. incéj rcing filler in elastonmers. 20 Since the

ef fect of t??é‘??'ﬁg‘tgaﬂqcas'rslfpt%ée g'ﬁﬁl'}ﬁ%egnpsﬁﬁgrieved to reside at the surface
of the partpelagsis disSolvédannadtToeSaid el s Ryeionyd Wit Datat gldse. Jief ace of
the particle, it is preferred that the boron atons, and if present al so

the al um nuesUlingmeronrceniadipaisiiea iafiltered, washadeanst died particles. This

can be achigved L adl 1.0 > n t Lo lca.. and
starting®t h%orgéd%{q (Z)aﬁU%#r{Lﬁﬁr%(lé %b%%'%soé\%%?n gan 'a?ﬁjlr%l lﬁg'%ﬂ!s asﬁdstllogf Per the
inithal stageebinédtwith sdtércglagenThactesuiting alprmin@asborBsititateais| fitereédie

sulfuric acid and the water glass are dosed bel ow the | evel of
washed, and dried.

Thus, generally, the amorphous silica particles of the invention can be made by
a process comprising the steps of reacting an aqueous solution of water glass
15  with boric acid and/or borax, and optionally also with an aluminum salt, at a pH
of 10.5 or lower.
The silica particles are amorphous. Crystalline and glass-like particles are
excluded, since these do not have advantageous properties when used as
reinforcing filler in elastomers.
20
Since the effect of the instant silica particles is believed to reside at the surface
of the particles, i.e. the number of free hydroxy groups at the surface of the
particle, it is preferred that the boron atoms, and if present also the aluminum
atoms, are contained at the surface of the particles. This can be achieved by
25 first starting to make a conventional silica, and starting the addition of borax,
boric acid, and aluminum salts after the initial stages of the silica manufacturing

process.

Preferably, the sulfuric acid and the water glass are dosed below the level of
30 liquid in the reactor, for example by using so-called dip-pipes, this in order to

prevent high local concentrations of these components.



30 liquid in the reactor, for exanple by using so-called dip- pipes this in
order to prevent high |local concentrations of these conponents.

01/ 64580 PCT/ EP01/ 02319 5 The weight ratio of the anount of Slg%

i nt rodud®¥doy$438¢ he dosed water glass in the first water 5P§§@ﬂ’ gage st age
to the anount of aqueous nmediumin the reactor preferably is from1:9.7 to
1:19.5, nore preferably about 1:13.5.55 Furthernore, the weight ratio of

t he amount of Si02 introduced via the dosed water glass in the second

wat er gl ass dosage stage to the anpbunt of aqueous nedium present in the

react or heeayeighheatio sfsthednrag® StSIgB ihBoducnt LiaXhetdosEdWater fi@dseinabl y
about 1:27. 10 It is to be understood that the term "preci pi_tat_ed silica"

as used A Aidsvaler JRscrprace oRaR (9 dre IAMRYE PodRered MAdNMHBWEer, | f
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Hence, a conpacting step is preferably included in the process of the
i nvent i omeditng presentpn dhereagiorchefpecitherfiskdegadenstape éssfram G24rial1adb.on st ep.

Opt i onal involves a mlling step to ensure that 20 the
pr eci pi ték’efartarﬂﬂ ?‘é@‘&g‘? | cles have a certain size distribution. It was

found that the precr prtated silica properties, inter alia the DBP oil

absor tion and the CTAB surface areas re hardly influenced by a
gr ant¥ at ftol§ ’é’n&ﬁot‘” rstﬁq tee fermp SprGIpiigHsd r?@e‘:@teﬁf Uﬁeétge@ps not

critical d; in
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resi dencg, TP boficBhg O el @1 o Halndfind i LN S ¥ SEu LA vhRLpdENce Tt
reduced bridging in silos, and reduced dust formation, as well as for a more
15 efficient use of storage space, the precipitated silica is preferably compacted
before use. Compaction may furthermore facilitate blending/mixing of the silica
into the elastomer. Hence, a compacting step is preferably included in the
process of the invention. The most preferred compacting step involves a
granulation step. Optionally, the process involves a milling step to ensure that
20 the precipitated silica particles have a certain size distribution. It was found that
the precipitated silica properties, inter alia the DBP oil absorption and the BET
and CTAB surface areas, were hardly influenced by a granulation and/or a

milling step.

25 The drying step in itself is not critical. As indicated, conventional drying steps,
e.g. using a drying cabinet, spray-drying, flash drying, fluid bed drying, tray
drying, rotary drying, and the like are all suitable. However, it was observed that
the residence time of the precipitated silica in the dryer might influence its DBP
oil absorption value. More specifically, drying times of just a few seconds to

30 minutes (at higher temperatures) typically resulted in precipitated silica with a

DBP absorption value near the higher end of the specified range, while slow



oi | absorption value. Mre specifically, drying tinmes of just a few seconds
to 30 mnutes (at higher tenperatures) typically resulted in precipitated
silica wwth a DBP absorption value near the higher end of the specified
range, waologessow WO 01/ 64580 PCT/ EPO1/ 02319 6 dryi ng, PCHEP§IE23Wens of

m nutes or even hours, resulted in precipitated silica with a DBP
absorption value near the |lower end of the specified range. The
precipitated silica so obtained is pre-enmnently suited for use in
elastoners 5 as a filler/reinforcing agent. The incorporation into the

I d.the f.inal iti . . - j I
Cype, ol i RaoriRhe of cBhERL NS FONRRS. FestReRUR ritahPisd YIEEbAT oo,
Favor abl  DBRabssrptign obluchee=lths iowererd ehithe spatifeoahbent properties of

the final elastomer article have been reported. 10 It is noted that the
term"elastonmer” as used throughout this docunent is nmeant to denoni nate

al | el astiQBrd GpifREP Sfich! PNShthiHeGE! ré-ﬁﬁgnwgg&il?@d FrdisatinYeladBhers .
particularly, 1t Is a synthetic or natural r er-conprising conposition
t hat Smayas adileareintdrcing regant udhe ddichrpprad®nkintovthe elastemar andthe fanad

requiredto obtain finished ticles conprising saj ured) .co sitions.
re 't he RBSS RO SRIE A oaDEEoT P ES e ko 2Pb gkt e BYCIIRHRG | v ot
and becadiiiga bhehepiwehilon ad @ﬁpnéd.l F&rorableosidicBssihg dffthel $BEIPbIE/d
pre-emnently suited to such use, the term "el astoner conpositions”

i ncl udes@ndB¥&lleabpispsrtiesorithe dinalglasiamen ardicierkaugsbeenapeted, t he
precipitated silica according to the invention may al so be used as a
filler in rubber conpositions for use as, e.g., notor nounts, conveyor

bel t19, 123 rotddithat thekerm Talastarhérsisngs ezixthinglgsout ¢his eldcamidnt isstneahe t he

i nventiqn.

L o e e N A
pure”, Sficularly, it is a synthetic or natural rubber-comprising composition that may
contain all the usual additives known in the art that are required to obtain
finished articles comprising said (cured) compositions. As the use of the
15  precipitated silica in tires is of particular interest and because the precipitated
silica according to the invention is pre-eminently suited to such use, the term
“elastomer compositions” includes rubber compositions for use in tire treads.
However, the precipitated silica according to the invention may also be used as
a filler in rubber compositions for use as, e.g., motor mounts, conveyor belts,

20 and the like.

The following examples serve to illustrate the invention.

General
Chemicals used Supplier
CaS04+2H,0 Merck, "foodgrade 516A"
Sulfuric acid Baker, "analyzed, 95-97%", or
Akzo Nobel, "technically pure”, 96%
Water glass Akzo-PQ Silica, "38-40Be, SiO,/Na,0 =3.27 - 3.33"

25



Wat er gl ass Akzo-PQ Silica, "38-40Be, Si02/Na20 =3.27 - 3.33" 25 WO

01/ 64580 PCT/ EP01/ 02319 7 The BET surface area was anal yzed i n accordance
with the nethod described by Brunauer, Emmet, and Teller, The Journal of
t he Anerwoawefseni cal Society, Vol. 60, page 309, 1938. POREPTREsurf ace
area was anal yzed in accordance with nmethod NFT 45007, 5 Novenber 1987.
The DBP oil absorption was anal yzed i? accordance with nmethod ASTM D 1208.
The wat er absorption expressed in w.%is defined as the weight difference
between the dry sanple and the wetted sanple. The water activity is equal
to 10 t I L p it Ar h nunt  of
absor bed | (5tes | danangeren wsciaPPad P acctrdant WARGHE, filnals e RBUY

acti vi t ybghBulrdiuet h&nghet,eabe Telgrar Bk tuourha whAttbe Absicphi Qheoficai | i ca
particle; wth i%cfrent urface areas. 15 1 H20 absorption(wt% 2 -1)
100 H2ozeFel MAIRff: Page.PHAC9 1 106 18.02(8 nmol ) 20 To increase
reproductReICTAR stirfaBk &ir88 wasS 8RR Sed $n ak¥EiaNnEE GHPRIGFNFTL #5ddTe
measurenent cycle and the water activity of all sanples Is expressed

rel atd veNogembrr 498éf er ence sanple. By definition, the water activity of

are expr S08edE B0 barSeRBReee Ryt Y T KSR nl R AR M oG 7
1208.
The water absorption expressed in wt.% is defined as the weight difference
between the dry sample and the wetted sample. The water activity is equal to
10 the water absorption per unit of BET Surface Area. The amount of absorbed
water depends on the surface area of the silica. The water activity should
therefore be compared to the water absorption of silica particles with different

surface areas.

15
1 ' HZOabsorption(wt%)
2 -1 100
-2, _ SA(m~-¢g 6
H)Opctivity (Wmol-m =) = 1 19
18.02(g-mol *)
20

To increase reproducibility, a reference sample is always incorporated into the
measurement cycle and the water activity of all samples is expressed relative to
this reference sample. By definition, the water activity of this reference sample
is 1.00.

25 Improvements to the unmodified silica are expressed as percentages, setting

the unmodified silica at 100%.

Example 1
Silica particles were prepared according to methods A-D.

30



Exanple 1 Silica particles were prepared according to nethods A-D. 30 WO
01/ 64580 PCT/EP01/02319 8 Method A (Conpari son exanpl e not containing
boron or alum nun) The precipitated silica was suitably produced in the

fol | owi N0 05805 A wel | -stirred vessel of 0.030 nB was c‘ﬁé%%’d’“ﬁ‘?h about
16.4 kg of dem neralized water containing about 20 ppm Cat+. The contents
were heated to 80C and nmintained atgthis tenperature throughout the

foll owi ng steps. Water glass (Si 02/ Na20 wei ght rati o about 3.3, containing
18.5 wt. % of Si02, and having a density of about 1.225 g/m) was dosed to
the vessglyaly & rate of 10 75 g/mn, for 90 mn, so that about 6.6 kg of
wat er glass were dosed. Wile the water glass was being dosed, sulfuric
aci d (18Gamparisumsexduseld rad costdiningiberomosaluminag was chosen such that the
pH during the precipitation of the silica was 9.3. About 2.8 kg of
sulfuric acid (17.5 wt.% were dosed. Wien the dosing was stopped, the

react i onTid XEHisitaes sibh WR ALY pRIGUEEasH trid foRdshgPiafor 15 15 min. Next,
d was din 10 h h

sul furic aci dose mn, so that the pH was |owered to 7.5.

Abouts 0.5 Megllettirred| vessel &fi 8.0307.18° \Wwayy chergedewdtbd aboutt 6.4 far Pse.

Wat I . % ' b

the sancig s aizedylarer cBhuhilg otk 2B G5 FpbSoinE iRt o™
dosed. Sl 4070 andiaigthtamed atasiedeniperdtars treughaw the felloming stdpat t he pH was
kept constant at 7.5. u wer e neededqrgr this

5. About 20 1.4 kg (17.5 wt. %
pur pose. MaRngleRe (K2/Ng2Raeigbt Eﬁﬂ?eg?o'éh:ﬁ-@uppetﬁd%'ﬂa 18 Wo%edf P20 min,
50 L0 SRPIBIP R afabach 225 s bske s ubiaai 2 175
f r om he75 ganinpfor Y@mstiedsd thah abont 6 ke nhivatenglashwene dnsedf Whileithe er
press, and drigdl skhidy HsBa! SaRlHLYS" (18571.%) was dosed as well. The
dosing rate was chosen such that the pH during the precipitation of the silica
was 9.3. About 2.8 kg of sulfuric acid (17.5 wt.%) were dosed. When the dosing
was stopped, the reaction mixture was allowed to after-react at said pH for 15
15  min. Next, sulfuric acid was dosed in 10 min, so that the pH was lowered to 7.5.
About 0.5 kg of sulfuric acid (17.5 wt.%) was needed for this purpose. Water
glass (18.5 wt.% of SiO,) was again dosed to the reactor at about the same rate
as before for 45 min. About 2.8 kg of water glass were dosed. Sulfuric acid was
dosed at the same time to ensure that the pH was kept constant at 7.5. About
20 1.4 kg (17.5 wt.%) were needed for this purpose. When the dosing was
stopped, sulfuric acid was dosed in 20 min, so that the pH was lowered to 4.0.
About 0.2 kg of sulfuric acid (17.5 wt.%) was needed for this purpose. The
precipitated silica was removed from the reactor, washed in a conventional way,
by means of a filter press, and dried using a spin flash dryer.
25
Method B
Silica was prepared in the same manner as in method A, but 36.2 g of boric
acid were dissolved in the water glass solution. This boric acid/water glass
solution was added simultaneously with sulfuric acid to a reactor containing
30 water (“the heel”). The resulting precipitated amorphous boron-containing silica

(boron built in throughout the entire structure) was filtered, washed, and dried.



Method B Silica was prepared in the same manner as in nmethod A but 36.2 g
of boric acid were dissolved in the water glass solution. This boric

aci d/water glass solution was added sinmultaneously with _sulf acid to a
react or WOMA#¥Png 30 water ("the heel"). The resulting SF&EIPE{/ 2§{9ed

anor phous boron-containing silica (boron built in throughout the entire
structure) was filtered, washed, and drged. WO 01/64580 PCT/EP01/02319 9
Met hod C Silica was prepared in the same manner as in method A but 36.2 g
of boric acid were dissolved in the water glass solution. Instead of 0.2
kg of sul fjpeiHedasi d, 0.3 kg of al um num sul fate sol ution was added to

|l ower the pHto 4.0. 5 Method D Silica was prepared in the sane nmanner as
in met hod glllca)ma& preperat of the 2akwe ma‘nneula‘suml meﬂmdiA BuB 36 @f oboiid NUM

sulfate s ed.to | vver t 10 In all rrethods A-D
the foll o?é"?\gg""%g‘? %8&%&@% 'ms%ﬁi* IR 'QP*&@é’ af d)- 2k selfwiapeidd
approx. 18.5 kgtof Y Bhiddrasgfata s@SﬁItfé‘hdﬁa@adé@@t&ngé?%e@-f pgron was used.
In methods C-D the Al 2(SO4)3 sol ution used a con n rati on of approx.

17.5 wP. % and was only used for the acidification 15 frompH 7.5 to pH
4.0. The 9pdthpg particles were spin flash dried. Table 1. Analyses of the
bor on- contal silica particles prepared according to nethods A-D nethod

DBP w. a. SHidEwagpiepdedlin the/sanfdonhne/ag ifthethodt A Ybut ikt off 8%k 100

187 171 0
o? suﬂfunc acid, 0.3 kg of aluminum sulfate solution was added to lower the pH

to 4.0.
10
In all methods A-D the following solutions were used:
The water glass solution contained approx. 18.5 wt.% SiO2 and in methods B
and C 0.067 wt.% boron was used. In methods C-D the Alx(SQ4)3 sol.ution used
had a concentration of approx. 17.5 wt.% and was only used for the acidification
15 from pH 7.5 to pH 4.0. The silica particles were spin flash dried.

Table 1.
Analyses of the boron-containing silica particles prepared according to methods
A-D
method DBP wa. SABET CTAB B Al*
mi/100g % m2/g mig  (Wt%) (wt.%)
A 21 100 187 171 0 0.11
B 221 106 184 163 0.06 0.1
C 222 110 184 161 0.06 0.27
D 202 108 186 162 0 0.27

20 70.11 wt.% Al was present as contamination in the silica

Table 1 makes clear that the incorporation of boron via method B (the water
glass solution containing 0.067 wt.% boron) results in a significant increase in

the water absorption and concomitantly in an increase in the DBP oil
25 absorption.
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(()thl VegA)AI was present as contamnation in the silica 15 Note: Methods

B* and C* %e the sane as nethods B qu C, respectively, but
hen a water glass solution containing 0.134 wt.% boron was used, the water

absorption increased further while the DBP remained on the same level as

when water glass containing 0.067 wt.% boron was used, see Table 2.
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Table 2.
Analyses of the boron-containing silica particles prepared according to methods
B*and C*
method DBP w.a. SABET CTAB B Al*
mi/100g % m?/g m%g  (Wt%) (wt.%)
B* 224 110 184 163 0.12 0.11
C* 225 121 179 156 0.11 0.27
"0.11 wt.% Al was present as contamination in the silica
15

Note: Methods B* and C* are the same as methods B and C, respectively, but
the water glass solution contains 0.134 wt.% boron.

When the boron concentration in water glass was increased to 0.201 wt.%, the
20  water activity increased even further while the DBP remained on the same level

as when the 0.067 or 0.134 wt.% boron in water glass solution was used.

The positive effects of built-in boron are not limited to the silica prepared
according to the above-described method. In Table 3 the effects of boron
25  incorporation and of boron and aluminum incorporation are given for a different

grade of silica. Both the water activity and the DBP values increase. The



the water glass solution contains 0.134 w. % boron. \Wen the boron
concentration in water glass was increased to 0.201 w.% the 20 water
activity increased even further while the DBP remai ned on theowggrr9 | evel

as when VA16458%7 or 0.134 wt.%boron in water glass sol BETER used. The
positive effects of built-in boron are not limted to the silica prepared
according to the above-described nethgg. In Table 3 the effects of boron

25 incorporation and of boron and al um numincorporation are given for a
different grade of silica. Both the water activity and the DBP val ues _

i ncr ease.syhbRyide Qﬁé&mlﬁglaﬁﬁﬁ#{uﬂ?%l%we%lhéﬁénﬁfrQio?ﬁ éﬁe Q/Ht%%%c {{)lts)})u' It-in
alum numis given here for both the watér activity absor pti on.
The sili@adt IgleIQBB\@béOWl@par ed by sinmultaneously addl ng sul furic acid and

wat er I |,ng. ber.on - areator at_a
terrperath?% o?é%%olmganlpeg)%% §¥ %ngﬁ?%?’m%% ﬂ‘ﬁjg SH%P@?""P and water eact or
cont ent s glesse optioniafy mtbmlriy*bérdm{mg/)std buehetor Gt & {evhpdraturk cﬂnﬂ)°€' lica
1), or, alternatively, using an alum num sulfate solution (silica Ill and

s. 1ich |end arab & 933 fei 15Q mimektter this, tre mtmtewtamamafcl@ﬂgd wpklg M2/ g
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present asifaterdcdutionasilica lllahdtdicasiM)i ca Silica 1: not containing boron or
alumnum Silica ll: nodified with boron (0.06 wt.% Silica Ill: nodified
with boron (0.05 wt.% and alumnum 15 Silica IV: nodified wth boron
(0.18 W T%hieand al um num :

silica DBP  w.a. SABET CTAB B AP
ml/100g % m?/g Mg (Wt%)  (wt.%)

[ 206 100 205 161 0 0.1

I 225 116 199 152 0.06 0.1

I 257 124 207 152 0.05 1.1

v 254 139 206 152 0.18 1.1

10 " 0.1 wt.% Al was present as contamination in the silica

Silica I: not containing boron or aluminum

Silica II: modified with boron (0.06 wt.%)

Silica llI: modified with boron (0.05 wt.%) and aluminum
15 Silica IV: modified with boron (0.18 wt.%) and aluminum

Example 2
In this example the influence of the addition of B in comparison with the addition

of P was determined.

20 Boric acid was added to the heel of the reaction mixture. The experiment
proceeded as follows. First water was inserted into the reactor and
subsequently boric acid was added to this amount of water (called "heel"). After
complete dissolution, water glass and acid were added simultaneously to this
water, maintaining a constant pH in the range between 7 and 10. After a

25 reaction period, the reaction mixture was acidified to a pH of approximately 4,

and the reaction mixture was filtered, washed, and dried (entry i).



Exanple 2 In this exanple the influence of the addition of B in conparison
with the addition of P was determi ned. 20 Boric acid was added to the heel
of the reaction m xture. The experinment proceeded as follgQ rst water
was i nse¥P8H645#t o t he reactor and subsequently boric acFﬁT/ﬁg@m&]ﬁaed to
this anount of water (called "heel"). After conplete dissolution, water

gl ass and acid were added sinmultaneougjy to this water, maintaining a
constant pH in the range between 7 and 10. After a 25 reaction period, the
reaction mxture was acidified to a pH of approximately 4, and the
reaction;m n 4580
PCT/ EPOl)fg]Z%I%Bﬁﬁfﬁ%éﬁaﬁéﬁmgﬁﬂa\gzéggg? rr@ng‘ Bl&%/\rgg C(fagg&ifylalﬁc% ﬁ\gﬁpgrlt[%@of boric
aci d dur simgultameous iadditicainefomateadtiissiaom adid fantey ||)glhaasotmad expedmeeh®ry ii).

| th din. th f h d to th
et s onvias U dir ey folf raf PARSAR I ARId Tortngr Aokt Engnd aoi d
(entry i kjmultaNeb@S NRiditi % te vares ghrdeshd 'éc'ich?erft%f nyroi\ltemlpa@rl p acid to

the reaction mxture during the acidification step he reacti On was
per f of mewasnadgdestin jhe fierms sfwhaspheric ssid d@ﬁbeurgéqhquétur%Mng theat P was

added by BeilElxh e Nhd FARLIGANBL HHCAmc L RTLEAGTHOUAI Mhstapen 7 and

10) to p oric acid ard’si i ca was Trade in

t he samedggeritesd, abokte thdmtltthatdﬂlwg@racﬂedrb)PaciHny(r@ntHeyréb)ctloDBﬁlx\Mre SA BET
CTAB i /100g %nz/g1|1 entry 0 220 100 223 158 ent%y 236109 198 162
entry 2 fom "f@@“?@@ @ft""%ﬂ'ﬁ r\Arg B)gogy 4omith BRospiricacd (argrviigh 218 161

Standard silica was made in the same manner, but without addition B or P

10 (entry 0).

DBP w.a. SA BET CTAB

ml/100g % m3/g m?/g

entry O 220 100 223 158

entry 1 236 109 198 162

entry 2 225 109 200 161

entry 3 224 92 224 163

entry 4 215 100 218 161

It can be concluded that with regard to the standard silica the addition of B
leads to increased activity, decreased BET/CTAB ratio, and increased DBP,

15  whereas these values remain unchanged when P rather than B was added.



It can be concluded that with regard to the standard silica the addition of
B leads to increased activity, decreased BET/CTAB rati o, and increased
DBP, 15 whereas these val ues remai n unchanged when P rather than B was
added. \WPQVS$8680 PCT/ EP01/ 02319 13 dains 1. An anor BhEEE*¥%ca
particle conprising 0.1 to 105 ppm boron atonms, characterized in that the
boron atons are covalently bonded to {he oxygen 5 atonms of the silica
network. 2. The anorphous silica particle of claim1l, conprising 10 to
125,000 ppm boron atons. 10 3. The anorphous silica particle of claim1 or
2, furtheyaggmprising 0.05 to 15 w. % al um num atons which are covalently
bonded t 0 the oxygen atons of the silica network. 4. The anorphous silica
particle of claim3, conprising 0.8 to 2 w.%alum num 15 atons. 5. The

anor phous siyl i i£l8. Qf . ] ai - 4 wh i e surface
area is 30- ngéﬁ&f%(ES%E%ABQQ%##)}?ﬁar}SE'Jﬁi@3@- égo Wg?o'{qﬁeapﬁi’ oi |
absorption icharketerided inlthadfhg bood dtbmsnaiestavatertinbemied B the oxdgent . % 6.
The anorphous silica particle of any one of clains 1-5 wherein the boron
at ons® and éﬁm%ﬁﬁmeygk%”%w-num atonms, are predoninantly contained in
the surface of the silica particle. 25 7. A process to nake the anorphous
silica particle of any one of clains 1-6 conprising the steps of reacting
an aqueods Sbeuwarmorphoiusweitiea paiticis ofi ¢léim Wordompréting dfdicon 26 0&xppand
optionally 8' so with an aluminumsalt. 30 8. Use of the anorphous silica
particle of QW% B%f claims 1-6 as a reinforci ng filler for rubber
articles, particularly for tires.

10 3. The amorphous silica particle of claim 1 or 2, further comprising 0.05 to 15
wt.% aluminum atoms which are covalently bonded to the oxygen atoms of

the silica network.

4. The amorphous silica particle of claim 3, comprising 0.8 to 2 wt.% aluminum

15 atoms.

5. The amorphous silica particle of any one of claims 1-4 wherein the BET
surface area is 30-500 m%g, the CTAB surface area is 30-350 m?g, the
DBP oil absorption is 100-400 mi/100g, and the moisture content is >2

20 wt.%.

6. The amorphous silica particle of any one of claims 1-5 wherein the boron
atoms, and optionally the aluminum atoms, are predominantly contained in
the surface of the silica particle.

25

7. A process to make the amorphous silica particle of any one of claims 1-6

comprising the steps of reacting an aqueous solution of water glass with

boric acid and/or borax, and optionally also with an aluminum salt.

30

o

Use of the amorphous silica particle of any one of claims 1-6 as a reinforcing

filler for rubber articles, particularly for tires.



