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The present invention relates to a silica particularly suitable 

for use in dentifrice compositions, its preparation process and denti­

frice compositions incorporating it. 

It is known that silica, which is widely used in the preparation 

5 of dentifric~s, can serve several functions. Thus, it can act as 

an abrasive agent, when its mechanical action assists in eliminating 

dental plaque. It can also serve as a thickening agent for giving 
' 

the dentifrice specific rheological properties and as an optical 

agent for giving it the desired colouring. 

10 Moreover, it is known that dentifrices generally contain a fluo-

ride source, usually sodium fluoride or monofluorophosphate used 

\....,/' as a caries prophylactic; a binder, e.g. an algal colloid such as 

carragheen, guar gum or xanthan· gum; and a humectant, which can be 

a polyol, e.g. glycerine, sor'bitol, xylitol or propylene glycol. 

0 

15 There are also optional constituents, e.g. surfactants, agents for 

reducing dental pla.que or tartar deposits, taste correcting agents, 

colouring agents and pigments. 

Among the different components of the dentifrice formulation 

are organic amino compounds, by which is meant compounds having an 

20 active molecule containing at least one nitrogen atom. More specific 

such compounds are fluor·ine-containing amines used as caries propyl­

actics and in particular long-chain amino acid or amino addition 

products with hydrogen fluoride, such as cetylamine hydrofluoride, 

[bis-(hydroxyethyl)-aminopropyl]-N-hydroxyethyl-octadecylamine dihydr-

25 

30 

ofluoride, octadecylamine hydrofluoride and N,N',N'-tri-(polyoxyethy-

lene)-N-hexadecyl-propylenediamine dihydrofluoride; amine oxides 

used as nonionic surfactants resulting from the oxidation of tertiary 

aliphatic amines by hydrogen peroxide, especially alkylamine oxides 

of formula R(CH3) 2 N--10, in which R is a straight or branched-chain 

c10_24 alkyl radical, and amine oxides of formula: R(CH2CH2CH)2 N..-+O; 
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alkylamines, which can be primary, secondary, tertiary or quaternary 
amines used as cationic surfactants, e.g. those of formula R~CH2NH2 , 

dimethyl alkyl amines of formula R-N(CH3)2, and cetyl trimethyl 
ammonium bromide; and 

5 alkyl-betaines, which are N-alkyl derivati.ves of N,N-dimethylglycine 
and alkyl-amidoalkyl-betains designated hereinafter as "alkyl bet-

10 
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aines". 

Examples of this class of amphoteric surfactants are: 
alkyl betains of formula: 

R - - CH 2 

and alkyl amidopropyl dimethyl betaines of formula: 

R - CO - NH - (CH ) 2 2 3 

CH3 

+/ -- N - CH - COO 2 

R being a straight or branched-chain c10_24 alkyl radical. 

The presence of organic amino compounds causes the problem of 
compatibility with silica. Thus, particularly as a result of their 

20 absorbing capacities, silica tends to react with such compounds, 
so that they can no longer fulfil their function. 



0 
5 

- 3 -

Therefore the object of the invention is to provide a novel 
silica more particularly compatible with the aforementioned organic 
amino compounds and in particular those of the class of fluorine­
containing amines and betaines and therefore usable in dentifrice 
formulations. 

Another object of the invention is to supply a silica having 
a good compatibility with respect to the different cations present 
in dentifrice formulations, such as e.g. zinc, strontium, tin, etc. 

Another object of the invention is to supply a silica which 
10 has maximum compatibility with products of the guanidine type and 

(_,/ in ·particular bis-biguanides, whose most representative element is 
chlorhexidine. 

0 15 

Finally, another object of the invention is the preparation 
process for such compatible silicas. 

The Applicnt has found in this connection that the sought compat­
ibility properties were essentially dependent on the surface chemistry 
of the silica used. The Applicant has also· established a certain 
number of conditions with respect to the surface of the silicas in 
order that they are compatible. 

20 The characteristic of the silica of the present invention is 
that it leads to an aqueous suspension, whose pH varies as a function 
of its concentration in the area defined by the two inequations: 

- pH:i:. 7 .5 0.7 log (C) (Ia) 

and 

- pH '5.0 0.5 log (C) (Ib) 

and whose pH varies as a function of its electrical conductivity 
in the area defined by the two inequations. 
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- pH-s.. 8.5 0.4 log (D) (!Ia) 

and 

- pH.Z. 7 .O 0.6 log (D) (IIb) 

in the inequations (Ia) and (Ib), 

5 (C) represents the weight concentration of the aqueous silica suspen­

sion expres~ed as a % of Si02, 

10 
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in the inequations (IIa) arrd (IIb), 

(D) represents the electrical conductivity of the aqueous silica 

suspension expressed in microsiemens cm-l 

Another characteristic of the silica according to the invention 

is that it has an acidity function Ho of at least 4.0. 

Another characteristic o! the silica according to the invention 

is that it has a number of OH- sites per nm2 equal to or below 12. 

Another characteristic of the silica according to the invention 

is that it has a zero charge point (ZCP) of at least 4. 

A feature of the silica according to the invention is that it 

has an at least 30% compatibility with organic amino compounds and 

more particularly at least 50% and preferably at least 80% with the 

organic amino compounds chosen from within the group formed by fluor-

20 ine-containing amines, amine oxides, alkyl amines and alkyl betaines. 

Another feature of the silica according to the invention is 

that it has an at least 50% and more particularly at least 70% comp­

atibility with metal cations. 

Another feature of the silica according to the invention is 

25 that it has a compatibility with guanidine-type products and in part­

icular chlorhexidine of at least 30% and more particularly at least 

60%. 
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The present invention is also directed at one of the silica 
preparation processes, which is characterized in that it consists 
of reacting a silicate with an acid thus leading to a silica gel 
or suspension, carrying out a first aging at a pH equal to or above 
6 and equal to or below 8.5, then a second aging at a pH equal to 
or below 6.0, carrying out a third aging at a pH equal to or below 
5.0, separating the silica, washing it with water until it leads 
to an aqueous suspension, whose pH, measured on a 20% Si02 suspen­
sion, complies with the following equation: 

10 - pH = d - e log (D) 

in the equation (III) 

(III) 

e is a constant equal to or above 0.6 and equal to or below 1.0, 
d is a constant equal to or above 7.0 and equal to or below 8.5, 
(D) represents the electrical'conductivity of the aqueous silica 

15 suspension expressed in microsiemensocm-1, 

20 

followed by the drying thereof. 

Finally, the invention relates to dentifrice compositions chara­
cterized in that they contain silicas as described hereinbefore or 
prepared in accordance with the process defined hereinbefore. 

Other features and advantages of the invention will be better 
understood from reading the following description and specific exam­
ples. 

The silica according to the invention is characterized in that 
the pH of its aqueous suspension varies as a function of its conc-

25 entration and its electrical conductivity, according to the equations 
given hereinbefore. 

The procedure for measuring the pH as a function of the concent­
ration of the aqueous silica suspension and its electrical conduc­
tivity is given hereinafter. 
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As stated hereinbefore, the essential characteristics of the 

silicas according to the invention are their surface chemistry. 

More specifically, one of the aspects to be taken into account in 

said surface chemistry is the acidity. In this connection, one of 

the characteristics of the silicas according to the invention is 

the force of their surface acid sites. In this case the acidity 

is taken in the Lewis sense, i.e. it represents the tendency of a 

site to accept a pair of electrons of a base in accordance with the 

equilibrium: 

B +A< ____ BA 

For characterizing the silicas according to the invention, use 

is made of the notion of "acidity function" Ho developed by Hammett 

for measuring the tendency of the acid, the silica in the present 

case, to accept a pair of electrons from a base. 

Therefore the function Ho is defined by the standard relation: 

(B :) 

pKa + log = Ho 

(B :) (A) 

In order to determine the force of the said acid sites of a 

silica according to 
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the inventioo using the Hmmett mettm, use is mede of Wicators as 

initially described by wal.l.Jng, J. Im. Clem. Soc., 1950, 72, p 1164. The 

farce of the ecid sites !a detexmined by oolcur indicators, whose passage 

pt<.a between the acid em basic foxma is known unc:ier the ocnlitiaus of use. 

'lbla, the lower the pita of the irdicator \lidetgOing the oo1aJr chlnge the 

higher the acidity of the eite. The following table givee Jn •atlllified 

mmner e REA=lJmit:etive. list of Hmmett imicatora usable for covering the 

value of Ho by detemdning in which foxm are adsatbed two euocessive 

indicators. 

colour 

Irrl iclltor Basic f oxm AcJd f omi pXa 

Neutral red yellaf red + 6.8 

Methyl red yell.ow red + 4.8 
Phenylazmaphthyltmine yell.ow red + 4.0 
p-dimethylaninoazobenzene yellow red + 3.3 

2-anino-5-azotoluene yellow red + 2.0 
Benzene azcd.iphenylanine yellow red + 1.5 
4-dJmethylaninoezo-1-naphthalene yellow red + 1.2 

CJ:yatal violet blue yellow + o.a 
p-nib:obenzene azo-(p' -nitro) 
diphenylanine orange violet + 0.43 
Dic1nnanalacetooe yellat red - 3.0 
Benzal~tq>hencne oolalrlesa yellow - S.6 
Anthrequinooe c:olrurlesa yel.lGV - 8.2 

The coloor of the indicators edsorbed oo a silica is a measure of the farce 

of the ocid sites. If the colcur is that of the acid fa:m of the indicator, 

then the valued the Ho funct.im of the aurfooe is equal to or below the 

pKa of the Jnd~tor. Low Ho values oorxespald to high force ocid sites. 

Th.ls, e.g. a sil..ica giving a red col.airing with p-dJmethylanmoazobenzene 

and yellow with 2-miino-5-azotoluene will have en acidity functicn Ho 

between 3.3 ~ 2. 

EKperJmentally, the 8S&ay takes place with 0.2 g of silica placed in a test 

tube in the presenoe of a 100 119/l mUcator eolutim in cyclohexene .• 
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11l9 silica ia pmviowlly dried at 19o•c for 2 OOJ.re sd kept protected frcm 

rroisture in a dessicator. Aa a result of athrlng, edsoxptioo, if it take. 

plaoe, occurs in a few minutes sd the ooloor change visible with the naked 

f!ffe is obsexved or possibly by •tudying the chDracteriatic a1soq>tia\ 

spectra of the ad801'bed oola1r indicators, both in their acid fom 5-1 in 

their basic fm:m. 

The first ~eristic of the silicas aocording to the inventicn is that 

they have en acidity functim, aa detemdned hereinbefore, of at l.etsst 4.0. 

The surface state of the silica according to the inventioo is such that 

ccnUtioos regaxding the nunber of acid surface sites are fulfil.led. 'nle 

nunber can be measured in the nurber of aC or silslol gro..1p6 per rrn2
• 

nus nunber is detemdned as follows. The nuroer of CJ{- surf ace sites is 

likened to the quantity of water released by the silica between 190 ard 

900•. The silica satt>les m:e previously dried at ios•c for 2 h:Jurs. A 

silica mass P
0 

is placed. in a theDrobal.ance 5'd heated to 19o•c for 2 toms, 

so that P190 is the mr588 obtained. The silica is then heated to 900•c for 

2 h:JJrB am P900 is the new mesa obtained. 

The nunber of QI- sites is calo1lated by the fol.l.CMing equatiau 

N . • Qt-

:in which: 

66922.2 x P190 - P900 

A 

V Nat- is the nunber of al- sites/nn2 of sw:face, 

A is the specific surface of the solid measured by BE.T «d expressed in 
2 m /g. 

In the pi:esent case, the silicas accoming to the inventioo advantageoosly 

have a ai-/rm2 nunber equal to or below 12 and rrore particularly at the 

rroat 10 and nme specJ£1cally bet.ween 6 and 10. 

The nab.ml of the CH- sites of the silica aocotding to the inventioo, 

which also ocnstitutes a characterizat:icn of their surface chemistry, cen . 
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al.so be evaluated t?t' the zero charge point, which ia defined by the ~ of a 

silica suspensioo for which the electric charge ot the eurfeoe of the eotid 

is zero, no matter what the iooic force of. the med.iun. Thia ?X:P rnea&W:e8 

the real pH of the surface, provided that the utter ia free fxan all iooic 

inp.J.ritiea. 

The electric dmge is det:emdned by potentiatetxy. The principle of the 

met:hcxi is based oo the overall 'balmce of the protCll& edaoxbed or desort>ed 

en the surface of the silica at a given s:fi. 

CK\ the basis of equetioos describing the overall balalce ot the q>eratiat, 

it is easy to deocnstrate that the electric charge c ot the surface 

relative to a reference correspcod.ing to a zero surfooe charge is given by 

v the equatioo: 

0 

F 
c. 

in which: 

A represents the specific surfece of the solid in m
2 /g, 

H is the solid quantity in the suspena ioo in g, 

F is the Fanday, 
+ -(H ) or (CJ{ ) represents the vM!atioo per surface unit of the excess ot 

H+ or CJ{- ioos respectively en the aol:id. 

'lbe experimenU.1 protocol for detennining the 1x::P is as fol.lows. Use is 

made of the methcd described by Berube Md de Bruyn, J. ColloJd Interface 

Sc., 1968, 27, p 305. The silica is washed beforehtrd in high resistivity 

deiooize:l water ( 10 megaohn.an), dyed and then pregassed. In practice, a 

series of solutiros at pio • 8. 5 is pnpared by ld:Hng t<ai or mo3 and 

CXXlU.ining an irdif feren t electrolyte ( J(N)J) at e ccncentretioo variable 

between 10-5 em 10-l mole/1. To these ~lutiooa is lidded a given silica 

ml38S end the pH of the euspensioos obtained is al.lowed to stabilize, 

acxx:npanied t?tt stirring, at 2s•c and \.D'lder nitrogen for 24 lnlrs, i.e. 

pi'o is its value. 

s1:Lmc1ad eollltims &:e ccnstJtuted by the eupe.matmt obtained by centri-
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tuging for 30 min at 1000 r.p.m. of part of said sane 8U8pfln8iale, i.e. 

Pi'O ia the pi of these supematmlte. 

The pi of a given volune of these auspenaiala mld the Qlt:tespcrding at1DW:d 

eolutioos is then brought to~ by mding the necesam:y l<Df qwmtity ri 

the 8W!JPen81.al9 an:1 sttn1m:d eolutiaUI are all.owed to 1tabi 1 be far 4 ha.Ira, 

Vac • ?\ii- being the nunber of base equivalm~ d!ed to paae fraa pH'o 

to pHo a knam volme (V) of suspena.tm or •Un:Lmi aolutim. 

The potentianetric assay of the suspensials mld at«daxd aolutima is 

carried rut Cll the basis of the PiO by adding nitric ae.id to '8f • 2.0. 

Preferably, the procedure involves the «liitioo of an acid increnent oorres­

pcro.ing to a pi variatioo of 0.2 pH unit. Following each ldiit.tm, the Iii 

\.._./ is s~bilized far 1 min, i.e. v8+ • l\t+ represents the nunber of acid equi­

valents to arrive at pHf. 

0 

Starting f:can pto, the tenn (VH+ • t\t+ - VCH- • NCJi-) ia plotted as a 

functioo of the incremented pH values for all the suspensims (at least 3 

iooic forces) ard far all the oouespcuding stardard aolutiaUI. 

For ~ pi value ( 0. 2 unit step) , the diffennoe is thl!ln famed 'betwem 
+ -the ccnSll'll>tim of H or CH for the suspensial ad far the cmrespading 

atarrlard solutim. Thia operatim is repeated for all the imic farces, 
+ -which gives the teim (H ) - (QI ) correspaw:Ung to the protm CXll8UTPtim 

of the surface. The surface charge is caloJlAted by the equatim given 

hereinbefore. 'I1le surfoce charge curves are then plotted as a M<:tia\ of 

the pi for all the coosidere:1 imic forces. The ZCP is defined by the 

intersectioo of the curves. The silica coocen~atim is aijusted as a 

functioo of its specific surfeoe. For e>U!nple, 2' suspensiaul an used for 

50 m2/g sillC88 with 3 imic forces (0.1; 0.01 and 0.001 mole/l). The 

essay is perfouned m 100 ml of suspensial using O .1 M potasshrn ¥rac.tde. 

In practice, it is preferable for the 7.<:P value to be at least 4 md 1n 

particular between 4 ard 6. In the case of a better ccnpatibility with the 

metal catiooa, it is at the moat 6.5. For~ good c:arpetibillty with 

fhlorine, the 1.cP is preferably at the moat 7. 

··_.,,.. 
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Still with a view to ~roving the carpatibillty, pertio.llarly with xespect 

to fluorine, it ia of interest that the ocntent of divalent end high valency 

catioos oootained in the aillca ia at the rooet equal to 1000 ppn. It h 

desirable for the al.tJniniun oootent of the silica aoocml1ng to the inwn­

tial to be at the meet 500 Rift• The ttcn ocmtmt of the si11caa acoordJng 

to the Jnvential ia edvantegeo1•lr at the moat 200 ppn. MorecNer, in 

preferred mmmer, the cal.chm ocmtmt is at the meet 500 RI" end mre 

pm:ticularly at the moet 300 Rn• The silicas acocm1ing to the inwntial 

preferably also hlSve a cartxra ocmtent of at the moat 50 ppn S'd roore. 

perticularly at the most 10 Rm· 

The silicas acooming to the invential, which are ~tible with argMic 

miino catp:U'ds are also carpatible with the different rretal catioos used 

in dentifrice oc:rrpoeitioos. nus, the latter asn inter alia cxntain metal 

catioos with a valalcy higher than 1 SUR>l.ied by active mlec:ules. For 

exmple, refexence ia made to divalent end higher valency metal catims 

c:hoeen fxan 9J.'OlP8 2a, 38, 4a end 8 of the perkdic clasaificatioo. More 

specifically, reference is nme to catia\s of gxa.1p 2a, niwnely calciun, 

stxmthm end barh.m, catial8 of groop 3a, namely al.uniniun ard indiun, of 

Q QJ:OJP •a, nanely gei:meiniun, tin end les! end gtoup 8, rwmely menganese, 
.1.rtl'l, nickel, zinc, titanil.rn, zitca'liun, pallaU11n, etc. 

'l1le said catia\s cm be in the fonn of mineral salts, e.g. chloride, 

fluoride, nitrate, ph::>ephate or sulphate, or in the fOJ:m of organic salts, 

nanely acetate, citrate, etc. More specific exmples are zinc citrate, zinc 

sulphate, st:rootiun chloride, tin fluoride in the fOJm of the single salt 
(SnF

2
) or in the fOD1\ of the dwble salt (snF2, KF), stannCJJS chlarofluoride 

snclF and zinc fluoride ( 7.nF 2). 

'1'h! silicas aocxm:ling to the ~tim are OOlp!Stible with the diff e.rent 

metal catials. The oarpatibility of said silicas with the catials defined 

acooming to the tests described hereinafter is at least ~rcodme.tely ~. 

p:referably at least 70' and in nm:e preferred mmmer at least 80'. 

The sill°'8 acoording to the inventJm can cx:nsequently be used with advan­

tage in dentifrice oa1poaitiooa coota.tning divalent ard higher valency 
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cations and more pertio•larly in oarpoeitiooa inooxporating at leoat ooe of. 

the following OCJ'fp:Xlentsl zinc citrate, zinc sulphate, atrmtiun chlodde 

and tin fluoride. 

A.ocoming to a special eooc:x!iment ot the Jnventioo, the inventive silica 

ClJl'l al.ao be oarpetible with guenidines and in particular chl.arhexidine. 

'11l9 oarpatibility ~by the teats described hereinafter 1a at least 

~xoximately 30t. It can be inJ>roved and cm be at l~t 60t ard prefer­

ably at least 90'. 

. 2- -In this case, the silice has a CClltent of anioos of the type oo_. , Cl , 
~ ~ -3 N:>

3
-, PO.c , ro3 of at least 5.10 irole/100 g of silica. The lare.r this 

oc:ntent, the higher will be this ~tibility. According to preferred 
-3 -3 variants it is at the 100St 1.10 rroles arrl irore particularly 0. 2.10 

moles/100 g of silica. 

In the Cll8e of silica prepared fran su.lpturic acid, said anioo cx:ntent is 

nore aw:rq>rlately expressed by a ccntent in ro; md by weight. In this 

cese, the ccntent is at the most O .1\. Ao::xn:ding to a preferred variant of 

the invential said oootent ia at the m:et 0 .05' and rrore partirularly at 

the most 0.01'. 

'lbls, the silicas ac::coroing to the invential are partio>Jarly well suited 

for use in dentifrice ca1pceiticns ccntaining guanidines and bisguanides. 

~erence an be made to those described in US patents 3 934 002 mid 4 110 

083, wheee tuchi.Ag is ir-l~nited illte the pxeses1t epee!ficat4Gn-. 

The Iii of the silicas occoroing to the inventicn measurEd according to 

stardaxd NFI 45-007 is generally at the roost 8 arrl more particularly between 

6.0 800 7.5. 

The above characteristics make it possible to have a silica oc:rrpatible with 

the aforenentimed organic em1no oatpO.Jrds, metal catioos and, accoxding 

to the case, also with fluorides am gu.anidines mrl in particular chlor­

hex.idine. 
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/>.part fran the sudace chenistxy charecteristica described hareinbefot9 

ero which cx:niitioo the oarpatibilltiee, the eillcaa accoxding to the 

inventioo can aleo htlve physical characteristics IMking thEm suitable for 

use in dentifrices. These structural characteristica will be described 

hereinafter. 

Generally the 8E'l' surfece of au 'c.aa according to the inventim ia betwem 

40 800. 600 m2 /g, irore particularly bet"Ween 40 Sld 350 m2/g. Their CTAB 

surface noxrnally varies between 40 and 400 m2/g end more specifically 

between 40 md 200 m2/g. The BET surface is deteimined accoming to the 

BRJNAUER-EM€T-TELLER methcd described Jn the Jcw:nal of the hnerlcan 

OlSTl.ical Society, vol. 60, p 309, February 1938 ard standard NF XII-622 (3.3). 

'l1le CTAB surface is the extemal surface detemrl.ned according to stl.!l'Jd&d 

ASIM 03765, but whilst canying wt the edsarptioo of hexsiecyl trimethyl 

onocniJ.Jn bratUde (CTAB) at Pi 9 5d taking 3S 12 as the projected area of 

the CTAB molecule. 

The sllie68 according to the invential Ctl\ obviwaly correapcn1 to the thae 

types ncmnally distinguished in the field of the dentifrice. Thla, the 

silicas eccording to the invential ca\ be of the abrasive type. '11-.ey then 

have a BET surface betweEf'l 40 and 300 m2/g. In this case the C'rAB surface 
is between 40 ard 100 m2/g. 

The silicas according to the inventioo ain also be of the thickening type. 

They then have a BET surface bebrleen 120 aRi '50 m2 /g and more particularly 
2 between 120 aro 200 m /g. They cxuld then have a CTAB surf ace between 120 

and 400 m2 /g an:1 more particularly between 120 and 200 m2 /g. 

Finally, accoiding to a third type, the silicas aC'COiding to the inventia\ 

can be bifunctiooal em then MV'e a BEi' surface between 80 and 200 m2/g, 
the CTAB surface then being between 80 end 200 m2/g. 

The s~s accoxding to the invential can also have an oil abeotptim 

bet-ween 80 mrl 500 an3/100 g detexminecS according to stlsrdard NFr 30-022 
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(Hareh 53) using di.butyl phthalate. More apecifically, said oil ebeoz:pticn 

is between 100 ri 140 an
3 /l00 g for abrasive sllicaa, 200 md 400 for 

thickening s11 fcas ard 100 erd 300 for bifunctiooala. 

MoreOVer «'d still with a view to use 1n dentifrices, the silicas pJ:eferably 

have a particle size between 1 S'ld 10 }11'• This meen particle sue (d50) 1a 

measured by the Cmlter 0CU1ter. 

The awm=ent density will generally VtJ.r/ between 0.01 and 0.3. Aooatding 

to a special antxxUment of the inventia\ the silica are precipitatia\ 

silicas. Finally, the silicas accom1ng to the inventim have a refractive 

Wex which is generally between 1J40 and 1465. 

The process for the prepa.ratial of the silicas accoxding to the inveotim 

will now be described in ·greater detail. As stated hereinbefore, this 

process ia of the type involving react:Jng a silicate with m acid, which 

gives rise to the fODMtim of a suspensial or a silica gel. 

It slnlld be noted that it ia possible to use my known cperating procedure 

to arrive at said auspenaim or gel (edditia\ of acid to a silicate aedJment, 

sinultaneoJS total or partial additim of acid and silicate to a water 

sediment or silicate solut:Jm, etc.), the choice essentially being a 

functioo of the physical. characteristics of the silica which it ia wished 

to obtain. 

A pref erred enbcdJment of the inventia\ cmsists of preparing the suspensim 

or silica gel by sinultaneo.isly adding the silicate ard the acid to a 

sediment, which can be water, a colloidal silica dispersial cmtaining O to 

150 g/l of silica expressed as si02, a silicate or a mineral or oxganic 

salt, preferably alkali met.al_, such as e.g. saUun sulphate or scxliun 

acetate. '11le two reagents are mded sinultaneaisly in such a WlrJ that the 

pH is kept ccnstant betweEn 4 and 10, preferably between 8.5 erd 9.5. The 

teTperatw:e is mvantageaisly between 60 am 95•c. 

cne pxocedw:e for pi:eparing the colloJdal silica dispersioo preferably 
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having a cx:ncentratioo between 20 mY1 150 g/l ocnaista of heating en 
~ silicate aolutial, e.g. to bet:ween 60 800 95•c mid ajding the acid 

to said DqUeCll8 eolutial until a Pi between 8 ard 10 800 prefer4bly ara.md 

9.5 is obtained. The OCllCEntratial of. the~ ail~te eolutioo 

expressed as si02 ia pmferably betveen 20 end 150 g/l. uae can be nme of 

a dilute or cxncentrated acid and !ta nounallty can vary between 0.5 end 

0 36 N, pxef erably betveen 1 lllld 2 N. 

Hereinbefore, the term silicate has been ~ant.8geoosly umerstood to meen 

an alkali met.al silicate and preferably a SOO.il.m silicate with a siD
2
1Naio 

weight ratio between 2 and 4 and preferably EqUdl. to 3.5. The acid Cl.ll be 

gaseous, such es carlx:nic acid, or liquid, preferably sulpturic acid. 

In another stage of the inventive process, the suspensioo or gel undergoes 

ageing operatioos. 

A first ageing is carried cut at a pH of et the m::iet 8.5 800 which is e.g. 

bet-ween 6 and 8.5, preferably at 8. Ageing preferably takes place h:>t, e.g. 

at a tSll;)erature between 60 and 100 •c and pref er4bly at 95 •c for a time 

0 between 10 minutes em 2 hairs. 

Another variant of the inventicn consists of preparing a suspensioo or a 

silica gel by p?031essively trlding the acid to a sediment OClltaining the 

sil.icate until the desired ageing pH is obtained. This cperatioo is 

perfomm at a tmperature preferably bet.ween 60 arrl 95•c. 'I1le 8ge.ing of 

the suspensioo or silica gel takes pl.ace under the cmditioos described 

hereinbefore. 

This is follcwed by a seccnd ageing at a Pi 'bel.o.f 6, preferably between 5 

am 6 and wore particularly equal to s.s. The tetperature aro time cx:n­

ditioos are the sane as for the first ageing. For this p.u:p:lSe, the Pf is 

brQ.ight to the desired ageing Pi by «Xling ~id. Use is e.g. made of a 

mineral acid, such as nitric. h_ydrochl.oric, sulpruric or phosphoric acid, 

or a carbcnic acid fomied by carboo dioxide gas rubbling. 

A third ageing is CMrled oot at a pH below 5, preferably between 3 and 5 
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«d even more preferably at arcu-d 4. 

The terrperature oR1 time ocn:Uticns are the Mne os far the two other ageing 

q>eratioos. 'I1le desired egeing Pf is obtained by ecid ~itiat. Thi8 is 

fol.lowed by the separaticn of the silica fran the t'e8Ctim mediU"n using 

l!ll1y known me5l.8, such as e.g. a V8CUU'R filter ar a filter pn!88. nua, a 

Q silica cake is collected. 

The process according to the inventim cm then be perfonned aooo:l.'ding to 

two main variants. 

The first varialt relates to the preparaticn of silicas oc:rrpatible with the 

organic csnino cx:np:unds 5"d the divalent mrl higher valency metal catima. 

\..._,,· In this case, the process involves washing the cake under ccnditioos such 

that the pi of the suspensioo or the mediun before drying nust oarply with 

the foll.Oiing equaticn: 

0 

- pH • d - e log {D) (III) 

in which: 

e is a ccosUllt equal to or higher tMn 0.6 800 equal to or lower then 1.0, 

d is a ccnstmt equal to or higher than 7 .o em equal to or lower than 8 .5, 

(D) represents the electrical cc.rouctivity ot the aqueaJS silica suspenaia\ 

expressed in mic:roeiemens.an-1• 

To this em, it is. possible to envisage washing with ~ter. generally 

deiooized water ecd/or washing with the aid of en acid solutiat with a If' 

between 2 ard 7. 

this acid soluticn can e.g. be a soluticn of a mineral acid such as nitric 

acid. 

However, according to a special enbod.iment of the inventim said acid 

soluticn can also be a soluticn of an oxganic acid, particularly an organic 

oc::rrplexing acid. This acid can be ch:>een fran aoc.ng carbaxylic, dicm:box­

yl.k, llyd.roi<ycarbaxylic BOO tminocarbaxylic acids. Extl\l)les of such acids 

are acetic acid BOO exa1l)les of oooplexing acids are tartaric, maleic, 

glyceric, glu<XXlic md citric acids. PartioJlarly when using a eollltial of 
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a mineral &eid, it cen be ~mtageoos to carxy out a final washing with 

deiooized water. 

l11e secad variant rel.IJtes to the pxeparatioo of an icas, which are also 

CXJTP!'tible with guonidines end in particular chl.mhexidine. 

In similar asses, a more prooc:unced washing is· carried mt. It 111J8t be 

oootinued until a washing filtrate is obtained, whoee OCllductivity is at 

the most 200 microsienens.an·l and preferably below 100 microeianena.an·1• 

As stated hereinbefore, it is .inportmt that the tinia\ cx:ncentretim is at 

the most s.10·3 mole/100 g of silica. 

As a functioo of the particular c.ase, it ia possible to carry rut me or 

more wnshing q>erations, · generally two such q>eratiala in water md 

preferably deimized water trd/or with the aid of en aqueai& eolutim of en 

oi:garlic &eid, partirularly those refez:red to hereinbefaxe. 

Fran a practical stmvipoint, the washing q>eratiooa cm take place by 

passing the washing solutiat ooto the ~ or by intrcducing the latter 
into the suspensial obtained, following the cxunbling of the cake. Th.la, 

the filter cake, prior to the drying cperatim, umexgoes cnrct>l.ing using 

my knam means, e.g. a high speed rotmy atiner. 

The silica cake, befoz:e or after washing, is oalsequently crunbl.ed am 
drie1 using any knam means. Dz:ying can e.g. take place in a tunnel or 

nuffle fumace or by atanizing in a hot air flow, whoee intake tenpmsture 

can be between Cl(:pl'OX!mately 200 and soo•c ard whose ootlet t~ture is 

between ~radmately 80 arxi 1oo•c. The residence Ume is between 10 
secarls am 5 minutes. If 'necessm:y I the dried product can be g:raD'¥i to 

obtain the desired grain size. The q:>eratim is carried rut in a cx:nven-
< 

tiooal apparatus, such as an irrpeller mill or an air jet grinder. 

The invential also relates to dentifrice oacpositiala oaltaining silicas 

of the type described hereinbefore or obtained by the process in questial. 

The silica. quantity accoxding to the :lnventim used .in the dentifrice 

ca1poeitia\S can vary within wide limits and is noxmal.ly between 5 and 351. 
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The silicas according to the invention can be particularly 
appropriately used in dentifrice compositions containing at least one 
fluoride, phosphate and/or guanidine (in particular chlorhexidine}. 
Thus, they can have a compatibility, according to the tests described 

5 below, of at least 90J for each of these materials. 
Q They are also suitable for dentifrice compositions containing at 

10· 

least one organic amino component and/or components supplying a metal 
cation of valency 2 or more. They can then have a compatibility, 
according to the tests described below, of up to 80% for each element. 

The silicas according to the invention are particularly suitable 
for dentifrice formulations simultaneously having at least one single 
mineral fluoride and/or organic fluoride, at least one alkyl betaine 
and at least one guanidine, in particular chlorhexidine. 

More specific formulations incorporate a sodium fluoride and/or 
15 a tin fluoride and/or a fluorine-containing amine, more specifically 

cetylamine hydrofluoride and/or [bis-(hydroxyethyl)-aminopropyl]-N­
hydroxyethyl-octadecylamine dihydrofluoride, an alkyl betaine and 
chlorhexidine. 

~ The silicas according to the invention are also compatible with 
20 copolymers of maleic acid and vinyl ethyl ether and can therefore be 

incorporated into dentifrice compositions comprising such copolymers. 
The quantity of the fluorine-containing compounds preferably 
corresponds to a fluorine concentration in the composition between 0.01 
and 1J by weight, more specifically between 0. 1 and 0.5J. The 

25 fluorine-containing compounds are in particular monofluorophosphoric 
acid salts and more specifically those of sodium, potassium, llthium, 
calcium, aluminium, ammonium, monofluorophosphates and 
difluorophosphates, as well as various fluorides, containing fluorine 
in bonded ion form and in particular alkali metal fluorides, like those 

30 of sodium, lithium and potassium, ammonium fluoride, stannous fluoride, 
manganese fluoride, zirconium fluoride, and aluminium fluoride, 
together with addition products of these fluorides with one another or 
with other fluorides, such as potassium, sodium or manganese fluorides. 
Other fluorides are also usable for the present invention, e.g. zinc 

35 fluoride, germanium fluoride, palladium fluoride, titanium fl~oride, 
alkali metal fluozirconates, e.g. those of sodium and potassium, 
stannous fluozirconate and sodium or potassium fluosulphates or 
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fluoborate. 

The organic fluorine-compounds referred to at the start of the 
description can also be used, preferably cetylamine hydrofluoride and 
[bis-(hydroxyethyl)-aminopropyl)-N-hydroxyethyl-octadecylamine 

5 dihydrofluoride. 

10 

The most frequently encountered components supplying metal 
cations of valency 2 or more are zinc citrate, zinc sulphate, strontium 
chloride and tin fluoride. 

Suitable elements usable as plaque prophylactics of the 
polyphosphate, polyphosphonate, guanidine and bis-biguanide types are 
disclosed in US patents 3 934 002 or 4 110 083. 

The dentifrice compositions can also contain a binder, e.g. 
cellulose derivatives: methyl cellulose, hydroxyethyl cellulose, and 
sodium carboxymethyl cellulose; 

15 mucilages: carragenates, alginates, agar-agar and geloses; 
gums: gum arabic and tragacanth, xanthan gum and karaya gum; 
carboxyvinyl and acrylic polymers; and 

20 

25 

polyoxyethylene resins. 

Apart from the silicas according to the invention, the dentifrice 
compositions can also contain one or more polishing abrasive agents, 
e.g. precipitated calcium carbonate, magnesium carbonate, calcium, 
dicalcium and tricalcium phosphates, insoluble sodium metaphosphate, 
calcium pyrophosphate, titanium dioxide (whitening agent), silicates, 
aluminas, 
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aluninoeilicotes, zinc and tin acides, talc erd kaolin. 

The dentifrice ca1poeitioos cen 41.so incoipoxate surfactalts, h.mectanta, 

aranatizing agents, sweeteners, oolourjng agents end preservatives. 

The meet widely used surfactants are aodiua lalxyl aulphate, ecdiua lalxyl 

sulphoecet:ate am l.au:yl ether sulphate, scdilln dioctyl aulph:>euccinate, 

scrliun la.u:yl aarcoainate, sod.Jun ricinoleate sd sulphated mcnoglycerldee. 

The roost widely used h.mectants are chosen fran em:ng the polyalcohola, euch 

as glycerol, soxbitol, generally in 70\ aolutia\ in water Sld prqiylene 

glycol. 

The main aranatizing agents (perfunes) are chosen fran 810'19 aniseed, star 

anise, mint, juniper, c.innancn, clove sd rose oils. 

The main sweetening 8ge!lts are chosen fmn anoog orttx>sulphobenzoic imJdes 

end cyclllnates. 

Q The mein c:olruring agents are chosen es a fmctial of the desired col.our, 

nanely: 

Rd am pink colouring: arnarenth, ezoxubin, cateclu, nat ooccin (i:aaAU 4 R), 

oochineal aro exythroainr 

green colruring: chloi:q>hyll and chloxqlhyllinr 

yellow colruring: sun yellow (Orcrage S) am qinoline yel..lOrl. 

The most widely used preseNatives are parahydroxybenzoates, fonnol and 

prcrlucts giving off the sane, hexetid:ine, quatemaey mm:nhrns, hexachlm:o­

phene, braoophene 8l'd hexamedine. 

Finally, the dentifrice m1positials ocntain therapeutic agents, the moat 

Jrrportant being antiseptics, antibiotics, enzymes, oligo-elsnents and 

fluorine-ccntaining ~ described hereinbefore. 

~Specific, wt noo Hrnit:oti•1e exa'l'ples of the inventica will nar be given. 

However, before this the measuring protoool for the~. as a functia\ of 
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the oaductivity end ocncentrat!Qn, as well as tests for me88Uring the 

c:arpatibility of silica with diffexent elements will be described. 

PRJIOOOL FOR MFJ\5URlH; 'lHE l!i AS A RH:T~ OF 1llE SILICA CXN:;ENI'RATICN 

NI> 'lliE CXHU:TIVlTY 

Q Silica suspensima with a rising cmcentmtial vmying between O end 25t by 

weight a1'e formed by dispersing a mass m of silica previo.Jsly dried at 120•c 

for 2 h::urs in a mass 100~ of deialized, degassed water (Millipore quality. 

The suspensJcns am stirred for 24 hoJrs at 2s•c. 

The Pi of the suspensials ard solutkns obtained after centrifuging part 

of_ the suspensim at 8000 r.p.m. for 40 min and filtering oo a 0.22 )It' 

v Millipoxe filter are measured at 2s•c under a nitrogen abroephe.re with a 

Metrohn 672 Tit:rq>rocessor measuring systan. 

0-

In the sane Wtl'J, measuranent takes place of the cxnructivity of the 

ampensials and solutims obtained at 25 •c using a Paiianeter CCllductivity 

meter (a:M83), equipped. with a CDC304 cell with a cell ccnstant equal to 
1 an • 1• The cxn1uctivity is expJ:eSsed Jn )lSienens/an. 

The suspenaim effect (SE) is defined by the ~ difference between the pt 

of a 20\ silial suspensial and the i:fi of its supernatant solutioo separated 

by centrifuging. 

Measuring the ccrtpetibility with bis-(hydraxyethyl)-aninq>rqiyl-N­

~ethyl-oct:mecyl an.1ne dih)idrofluoride 

1) An aquea.m solutial (1) c:ootaining 1.65' of fluorine-caitaining anine 

is fanned by cdding 5 g of 33' flllorine-cootaining anine to prq>ane diol in 

95 g of bi.distilled water. 

2). 4 g of silica m:e dispersed :in 16 g of solutioo obtained in 1) • The 

th.ls obtained suspensim i8 stirred for 4 weeks at 37•c. 

3) The suspensial is then centrifuged at 8000 r.p.m. for 30 min and the 

supernatant obtained in (3) is filtered oo a 0.22 }11l Millipore filter. 
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4) The free fluorine-cootain!ng trnine ocnoentratioo 1a detelmined by 

nitrogen microenalysis in the eolutia'l obtained 1n 1) sd 1n the eupeinatllnt 

obtained in 3, . 
5) The carpatibility is detennined by the fol.lowing relatiau 

t CX111>5tibility • N ocncent.xatia\ in aipematant (3) x 100 

N ocncentmtiai in aolutim (1) 

Hereinafter, \ fluorine-o:ntaining mrlne carpatibility is desigMted AF. 

Measuring the oorpa.tibility with cetyl 811ine h)'drofllloride 

1) An oqueoos solutim ( 1) CCl'lta.ining 1. 72' of flllorine-ccotaining anine 

is fOII"ned by dissolving 1. 72 g of cetyl anine hydrofluoride in 98.28 g of 

bidistil lei water. 

2) 4 g of silica are dispersed in 16 g of eolutioo obtaine:1 in 1). 

11le th.ls obtainEd suspensioo is stirred for 4 weeks at 37•c. 

J) The suspensioo is_ then centrifuged at 8000 r.p.m. for 30 min mld the 

supematant obtainEd in (3) is filtered m the 0.22 ).In Millipore filter. 

4) The free fluorine-o:ntaining mrlne cmcent.xat!oo is detennine:1 by 

nitrogen microanalysis in the so.ll.ltim obta1ned in 1) tlOO in the supernatant 

obtained in 3) • 

5) The ccrrpatibllity is detennined ~ the following relatioo: 

' carpatibillty • N CXX\centratim in supernatant (3) x 100 

N ccncentratkn in soluticn (1) 

Hereinafter, t f luorine-ca\tain:lng mrlne CC1tp3tibillty is designated AF. 

Measuring the cx:npatibili~ with an alkyl betaine 

The alkyl betaine used is a pnxruct marketed by AJ($) under the tradanarlt 

,_-- ! 
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A!K1I'ERIC IB. 

1) An nqueoos solutim ( 1) cx:ntaining 2' alkyl beta,ine is fonned by 

dissolving 6.67 g of 30t alkyl betaine in 93.33 g of bidistillsd water. 

2) 4 g of allice are dispersed in 16 g of aolutia\ obt.ained 1n 1). The 

Q th.Js obtained suspensioo is stirted for 4 weeks et 37•c. 

3) The suspensial is then centrifuged at 8000 r.p.m. for 30 min sd the 

supernatant obtained in (3) is filtexed al a 0.22 }Ill MUUpnre filter. 

4) The free alkyl 'betaine ccncentratioo is detemdned by organic Caibcn 

microanalysis in the solutim obtained in 1) ard the supemat:ant obtained 

\.....,.. in 3 ) • 

0 

s) The carpatibility is detennined by the following relatiau 

, cx:npatibllity • c coocentratim in supematant (3) x 100 

c coo.centratia1 in solutim (1) 

Hereinafter, t alkyl 'betaine carpatibllity is designated aBet.a. 

MeasUring the catpatibility with an alkylanxroalkyl 'betaine 

1) An aquecus solutioo ( 1) cx:ntaining 2.0t alkylan.ido alkyl 'betaine is 

fOD"OErl by dissolving 6.67 g of 30t alkylanidoalkyl betaine in 93.33 g of 

bidistilled water. 

2) 4 g of silica are disperse:l in 16 g of solutial obtained in 1). The 

th.ls obtained suspensioo is stirred for 4 weeks at 37•c. 

3) The suspensim is then centrifuged at 8000 r.p.m. for 30 min and the 

eupematant obtained in (3) is filtexed al a 0.22 un Millipore filter. 

4) the free alkylanidoalkyl betaine ccncentratim is detemdned by organic 

caxtxn microanalysis in the solutial obtained in 1) mx! the supemat.ant 

obtained in 3). 
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5) The CXJl'l)etibility is detexmined by the folladng rel.at.tau 

' carpatibllity • C 0a1oentratial :fn supematmit ( J) x 100 
C ocracentratioo in solutial ( 1) 

Hereinafter, • alkylanJdoalkyl betaine cxnpetibillt.y ia deaigneted by beta. 

QHeasurizlS the oarpatibllity with chlorhexidJne 

4 g of silica axe dispersed Jn 16 g of an aquecus chlorhexJdine eolutial 

with a 1' CQ'lcentratim 1n chlorllex'Jdine digluocnate. '1118 suspensia\ is 

stirred for 24 hcura at 37•c. The suspensiai is then centrifuged at 20000 

r.p.m. for 30 min and the supematant obtained is filtered al a 0.2 µn 

V Millipore filter. 0.5 ml of the th.ls filtered solutia\ is smpled end 

diluted in 100 ml of water in a gnrluated flask. 11lis sol.utim founs the 

test solutiai. 

A reference soluti.Cll is fcmned using the Mme protocol, rut withcut silica. 

A 1' chlomexJdine digluoauste ~erus solutim is stirred for 24 ha1rs at 

Q1•c, centrifuged at 20000 r.p.m. ard the supematant filtered al a 0.2 }JI\ 

M1111pnre filter. o.s ml of the th.ls obtained solutial is diluta:l in 100 ml 

of water in a greduated flask. 

'1118 abeoxptivity of the two solutials is then me~ at 254 rm using a 

spectrcphotaneter (Uvikm 810/820) • 

..._.,,.The free chlorhexidine quantity, designated t oarpatibility is detexmined · 

by the relatim: 

' carpatibility • Te&t abeol:pt~vity x 100 
~f erence absoxptivity 

Measuring the oarpatibillty with fluorides 

4 g of silica are dispersed in 16 g of 0.3' scdi>.11\ fluoride solutioo (NaF). 

The suspensioo is stirred far 24 lx:urs at 37•c. After centrifuging the 
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suspensial at ~ r.p.m. for 30 min, the supematant 1a filten!d oo the 

0.2 JD Millipore filter. The t?us obtained solutioo fOD1'18 the test eolutica. 

A reference solutial is f omied using the sane protocol, tut withrut silica. 

The carpatibility with fluorides is detemrlned by the percentage free 

fluoride measured by the selective fluoride electrc:de (Orlen). It is 

Q detemlined by the follCMing relatioo: 

\...._,;' 

' CCJll)atibility • 
F coocentration of test Ci:pn) x 100 

F coocentratim of reference (i;:pn) 

Measuring the ccnpatibility with zinc 

4 g of silica are dispersed in 100 ml of o.C6% Znoo4, 7H2o soluticn. A 

suspensioo is obtained, whose pH is stabilized at 7 for 15 minutes by adding 

NtOi or H
2
S>4• The suspensioo is then stirred for 24 00.ll"s at 37•c am 

centrifuged at 20000 r.p.m. for 30 min. The supernatant filtered cm the 

0.2 }Ill Millipore filter foxms the test solutim. A reference solutial is 

fmmed by folladng the sane protocol, but withalt silica. The f:cee zinc 

ooocentratioo of the two solutioos is detetrn.ined by atanic abeoxptia\ 

(214 mi). 

The c:arp8tibillty is detemUned by the following relatim: 

1 carpatibility • 1.n coocentratioo of test (i:pn) 

1.n coocentratioo of reference <wn> 
x 100 

Measuring the CCJ'l]?atibility with scdiun ard potassiun pyrqID?sphates 

4 g of silica are disperse:i in 16 g of 1.5% scrliun o~ potassiun pyroph::>S­

phate suspensioo. The suspensioo is stirred for 24 ho.Jrs at 37•c ard then 

centrifuged at 20000 r.p.m. for 30 min. The supemat:Bnt is filtered oo the 

0.2 )llt Millipore filter. 0.2 g of the solutioo dilutel in 100 ml of water -

Jn a greduated flask fOllllS the test eolutioo. A :teference solutial is 

formed by following the SllTle protocol, wt witlnlt silica. 

The ooocentratial of free pyrophoephete iDn {P
2
o

7
--) of the two solutiooa 



- 25 -

is detemiined by icll chranatography (DnHX 20001 aystan) equipped with m 

integrator. 'lbe ocnpatibility is detemined by the ratio of the axeea of 

the peaks obtained en the chranatognma am ooz:~eepad.1ng to the Pf1'0Phol­
ph8te retential time of both the test am the mennoe. 

, c:arpatibillty • peiek area of test 
peak area of reference 

EXAMPLE 1 

x 100 

Into a reactor equ4Ped with a t81p!Z'ature and pH regulating ayatan end a 

prcpeller stirring systan (Mixel), are .intrcduced 8.32 litres of sa!.hn 

silicate with a 130 g/l silica coocentratial and a si02!Na2o irolar ratio 

of 3.5 and 8.33 litres.of soft water with a ocrductivity of 1 pS/an. After 

PJtting stirring into q>eratial (350 r.p.m.), the th.la fcmned sediment is 

heated at 90'C. When the swght terrperatuxe is reachl!ld, aulph.ar1c aci! 

with a cxncentratia\ of 80 g/l is !died with a CDUIU!nt flew rate of 

o.40 l/min in omer to bring the J;ji to 9 .5. 

Q 1'his is foll~ by the sim.J.ltaneQJS m:iitial of 45.25 1 of aod.hn silicate 

with a silica Ca1centratioo of 130 g/l, a sJD2tNa20 rol.ar ratio of 3.5 end 

a flow rate of o. 754 l/min md 29.M 1 of 80 g/l aulphJ.ric acid. The 

sulph.lric acid rate is adjusted so _,,. to maintmn the pH of the reoctia\ 

mediun at a cxnstant value of 9.5. 

After c::dHng for 60 min; scdiun silicate l:d:3.itioo is st<Q>ed and sulphJric 

\.......t. acid cdjitioo ccntinued at a rate of 0.494 l/min until the Pf of the 

reacticn mixture is stabilized at 8. Dlring this phase, the terpe.rature of 

the w.ediun is raised to 95 •c. This is follOWEd by ageing for 30 min at 

said pi and at 95'C. tm-ing ageing, the Pi is maintained at 8 by mding 

acid. 

At the erd of ageing, the pH is bro.lght to 5.5 by cdding sulphlric acid at 

a flow rate of 0.494 l/min am this is foll.o«d by ageing for 30 min at said 

Pi am at gs•c. At the en:t of ageing, the pH is bra.ight to 3.5 by adding 

sulph.l.ric acid and is maintained at this level for 30 min. 
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After st~ing the heating, the mixture is f lltered am the cake obtaine4 

washed with de.icnized water until a f lltrate with a ocn!uctivity of 2000 

µS/an is obtained. The cake obtained after washing is diapereed in the 

presence of deiooized water to fOim a suspensim with a silica cxncentratJ.m 

of lo•. The Pi of the wspenaia\ is mjusted to 6 by mUng acetic acjd. 

This is foll<:Med by a seccn1 filtratim, and tha\ by water waah1ng, eo • 

to ad.just the ccniuctivity to 500 µs/an and water washing with a pH mjusted 

to 5 by acetic acid, so as to adjust the pi to S.S. A check is then m!de 

to establish that the following xelatim is fulfilled: 

pt 8.20 - 0.91 log (D). 

The cake is then crunbled and the silica dried by atanizatim. This is 

follCMEd by griOOing of the silica obtained ai an Jnpeller mill in omer to 

obtain a pcM}er, wtX>&e average aggl.anerate diameter measura1 ai the CDJLTER 

co.m ter is 8 )Ill• 

The physicochsnical characteristics of the thJs obtained silica appear in 

the following table: 

2 
B£l' surface m /g 65 

CTAB surface m
2 /g 60 

OOP oil abeoI:ptiai ml/100 g of silica 125 
3 

Pore volune Hg an /g 1.90 

pt (5% water) 6.2 

Refractive index 1.450 

Translucency % 90 

Na+ ppn 60 
• 100 9)1+ Wt\ 

Al Wt\ 200 

FeJ+ ppn 120 
ca.2+ Wit 30 

Cl- ppn 20 

c""' 5 

Table I gives the surface chernist:J:y characteristics of the silica aocoxdJng 
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to the Jnventim, as well aa the reaulta of the ccrrpatibillty with the 

organic anino ~. Table II gives the OCJt\)lltibility results with the 

cx:mrentiooal 001pmenta of dentifrice fomulatiaus, n51lely chlarhexidine, 

fluoride, zinc m¥1 pyrcphoephate. 

EXAMPLE 2 

Into a reactor equiA>ed with a tatperature erd Pf regulating ~sten ar'd a 

prcpeller stirring systen (Hixel) are intrcrluced 530 1 of scdhm silicate 

with a silica ccncentratkn of 135 g/l ard a sro2tNa2o ro1ar ratio of 3.5 

am 15 1 of soft water with a C<Diuctivity of 1 pS/an. After starting ~ 

the stirring systen (350 r.p.m.), the this fomied se1.iment is heated to 9o•c. 

When this tenpe.rature is reached, sulpturic ec:id with a ccncentratioo of 

\__; 80 g/l is ld\e1 with a coostant flow rate of 0.38 l/min to bring the pi to 

9.5. 

0 

This is followed by the sinultanecus m:Utial of 44. 70 1 of scdiun ailicote 

with a 135 g/l silica coocentratim, a sro2tNa2o molar ratio of 3.5 ard a 

flow rate of o. 745 l/min and 25.30 1 of 80 g/l sulpruric acid. The 

a.ilph..lric acid rate is «!justed so as to maJntain the Pi of the reectioo 

mediun at a ccnstant value of 9.5. 

After 60 min «Mitkn, saH1.1n silicate aaiitioo is stewed 800 sulphlric 

acid ~itial is CCl\tinued at a rate of 0.350 l/m1n until the Pi of the 

x-eactioo mixture is stabilized at 8. DJring this phase, the tmperature of 

the mErlhm is raised to 95•c. This is follCMEd by ageing for 30 min at 

this i:fi and at gs•c. During ageing the Pi is kept at 8 ~ acid additioo. 

At the erd of ageing the Iii is bXQ.19ht to 5 by <rlding sulphrric acid at a 

rate of 0.400 l/min and subsequently ageing takes ploce for 30 min at said 

If! and at 95•c. At the erd of ageing the Pi is braJght to 3.5 by <Diing 

sulph.lric acid ard saJd Pi is maintained at 3.5 for 30 min. 

After stq:Jping heating, the mixture is filtered ard the cake obtained washed 

with deiooized water \Dltil a filtrate is obtaJned with a ocn:1uctivity of 

2000 ps/an. The cake is then cxunbled in the presence of water to f om1 a 

20\ silica suspensioo mxl the Pi is adjusted to 5.1 so as to ensure that 
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The silica is dried by atanizatim 5d grwrd oo an irrpeller mill to obtain 

a pc:w:ier, wrose mean agglanerete dianeter 1a 8 }111 • 

The physicochelnicAU characteristics of the t:h.Ja obtllined silica ~ar 

below: 

BET surface m
2 /g 100 

CIAB surface m2/g 80 

OOP oil aOO<>rptioo ml/ 100 g of silica 200 
3 

Pore volune Hg an /g 3.35 

pi ( 5% water) 

Refractive 100.ex 

Transluoency ' 

$).' 4 
Na+' 

Al3+ wn 
Fe3+ Wt\ 

2+ ca WU 
Cl- ppn 

c Wt'! 

6.5 

1.455 

95 

o.s 
0.25 

350 

120 

so 
20 

5 

Table I gives the surface chemistry characteristics of the silica according 

to the inventioo, as well as the cmpatibility results with the organic 

anino carpa.mds. Table II gives the ccrrpatibility results -with the coo­

ventional COl'pXlents of dentifrice fcmrulations, nanely chlorhexidine, 

fluoride, zinc ard pyrcphosphate. 

EXAMPLE 3 

Into a reactor equipped with a terperature arrl pi regulating system and a 

pl."'q>eller stirring systen (Mixel) are intrcrlucEd 5.601 of scxU1.m silicate 

with a si.l.ica ooooentratioo of 135 9/l and a sro2tNa20 molar ratio of 3.5. 
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After starting up the stirring system (350 r.p.m.), the tlus foxrned saUment 

is heated to es•c. When the teq:>erab..lre is reached, sulph.Jric add with a 

CXX'lcentratial of 85 g/l and preheated to 1o•c is crlded at a oau;tant fkM 

rate of 0.50 l/min in otder to bring the Pi to 9. 7. 

nu.a is fol..l.CM!d by the sinultanecus additioo of 52.64 1 of scdhm silicate 
with a 135 g/l ail.ice ccncentratial, a molar ratio sJD2tNa2o of 3.5 md at 
a rate of 0. 745 l/min and 30 1 of 85 g/l sulpruric acid. The sulph.tric acid 
rate is adjusted so as to maintain the Pi of the reactioo medhm at a 

o::nstant val~ of 9.7. The sinul.taneoos ailitioo ta>ces place at ss•c using 
reagents preheated to 1o•c. 

After a:XHng for 45 nilil, scxUun silicate a:Xlitioo is stq:p:d arrl sulpruric 
\.....,1 · acid ac:XUtioo cootinued at a rate of 0.450 l/min until the pH of the reac­

tial mixture is stabilized at 8. ~ing this phase, the tmperature of the 

medilm is raised to 95•c. This is followed by ageing for 10 min at said 

0 

.v 

Pi ard 95•c. IXiring ageing, the Pi is kept at 8 by adding acid. At the 

erl of ageing the Pi is brcught to 5 by a:Hing sulph.J.ric acid at a rate of 

o. 750 l/min ard this is folla.rej by ageing for 15 min at said pH and 95•c. 
At the erd of ageing thetH is brrught to 3. 7 by cdiing sulphlric acid and 

said pi level is maintained for 60 min. 

O'l stq.ping ~ting, the mixture is filtend ard the cake obtained washed 
with de.knized water lmtil a filtrate with a ocrouctivity of 2500 125/an is 
obtained. The cake is then cnmbled in the presenoe of water to fomi a 

20% silica suspensial ard the Iii is adjusted to 5.5 to ensure that the 

follcwing relatial is proved: 

~ ~ 7.5 - 0.70 log (D). 

The silica is dried by atanizatioo ard g1."0..D'd ai an .inpeller mill to obtain 
a pcwier having a mean agglanerate dianeter of 8 un. 

'I11e physicochenical characteristics of the th.ls obtainEd silica awear in 
the following table: 
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OOP oil abeotptioo ml./100 g of silica 

Poxe Voll.me Hg an3/g 

pH (5' water) 

Refrective index 

Trensluoency t 

• 
S)f ' 
Na ' 
Al3+ ppn 

Fe3+ ppn 

ca2+ ppn 

Cl- ppn 

c ppn 

200 

55 

110 

2.65 
7.0 

1.460 

85 

200 

60 

150 

120 

50 

20 

5 

The fol.ladng table I gives the surface chemistJ:y characteristics of the 

s:tlicas of the inventicn described in exmples 1 to 3. It also gives the 

cx:rrpatibility results of the silicas accoming to the invential with organic 

anino~. 

Table II gives the ccnpatibility results with the cxnventi.alal. caip::llenta 

·Used in dentifrice f0IJ1Ulatiats, nanely chlorhexidine, fluoride, zinc and 

pyrq>hosphate. 

Fbr anparisal puxp::>ees, tables I mn II gives the characteristics an:! 

different ccnpatibilities of cxmnercially available silicas, the follcwing 

list ccnstitutjng a representative range thereof: 

581 : Syloblanc 81 (GP.ACE) 

Zll3 : Zeodent 113 (HUBER) 

Sidl2 : Sident 12 (De::;uss.\) 

Sy 115 : SylOK 15 ( GF.ACE) 

T73 : Tixosil 73 (RICH:-IWLEN:) 

T83 : Tixosil 83 (matE-R:X.JI.a«:) 
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TABLE l 

Pt¥sicochemical characteristics ard carpatibility with organic anino 

~s of silicas according to the inventioo ard ccnventiooa..l silicas. 

silica 

s81 

Zll3 

Sidl2 

SyllS 

T73 

1'83 

Ex 1 

Bx 2. 

Ex 3 

Physioochemical characteristics of silicas ' cx:npatibllity 

pi/lo3(C) p-t/log(D) SE Ho ZPC AF Beta Otx 

4.7-0.75x 7.0-0.62z - 0.17 ~ 2 2.2 0 0 0 

8.1-0.94x 10-1.0z - 0.70 ~ 3 2.5 0 0 0 

7.6-0.SSx 8. 5-0. 60z - 0.20 '5. 3 2.8 0 0 0 

8.l-0.70x 9.2-0.74z - 0.94 ~· 3 2.5 0 0 0 

8 .6-0.8lx 10-0.87·z - 0.20 ""' 3 3.0 0 0 0 

7.5-0.60x 8.6-0.60z - 0.18 ~ 3 2.5 0 0:. 0 

7.S-0.30x 8.0-0.SOz - 0.-00 ~ 4 4.2 85 60 95 

6.5-0.SOx 8.2-0.90z - 0.10 .!: 4 4.5 85 50 30 

7.0-0.40x 7 .4-0. 60z - 0.06 ~ 4 4.0 80 50 90 

The symlx>ls use:i in the above table have the follcwing meanings: 

pH/log(C) ~resents the equatioo pH • b-a.log(C), in which a ard bare two 

cxnstants ani C is the weight percentage of silica in the suspensioo: 

pH/log(D) represents the equatioo pH • b'-a'log(D), in which b' and a' are 

two coostants ard D is the carluctivity of the silica suspensi.oo in 

· µsianens/an: v 
SE represents the suspensioo effect measured by the relatioo SE .. pH suspen­

sim - pi supematan t defined e.l.sewhere: 

Ho is the Hannett coostant: 

ZCP represents the pH for which the surface chaJ:'9e of the silica is zero: 

AF, AFc, Beta, aEeta arrl Oix represent the carpatibility percentages of 

fluorine-ccntaining anines, alkyl betaine and chlorhexidine respectively, 

said quantities being defined elsewhere. 

The cmpatibility percentages obtained. with the fluorine-cxxltaining mtine 

AFc am the alkyl betaine aBeta are similar to th::lse obtained respectively 

for AF ard Beta. 
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TABLE II 

Carpatibility of silicas with the active irolecules: 

' Carpatibility 

Silica P207• 71\++ F- AF Beta Qlx 

s81 80 0 90 0 0 0 

Zll3 90 0 95 0 0 0 

Sidl2 80 10 90 0 0 0 

SyllS BO 0 90 0 0 0 

T73 90 20 90 0 0 0 

T83 95 10 95 0 0 0 

Ex l 95 80 95 85 60 95 

EX 2 90 75 95 85 so 30 

Ex 3 95 80 95 80 so 90 

The results of the table slni that the silicas aoooming to the inven­

tioo arrl more partio.il.arly ~tible with organic 81\ino carpounds, 

differ marl<e:Uy carpared with the starrlaro silicas thrrugh the fol.lawing 

relatioos: 

pi ~ 8 .5-0.40 log (D) am Pi ~ 7 .0-0.60 log (D) 

pi s. 7 .5-0. 70 log (C) and Pi ::! S.0--0.50 log (C) 
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Claims for ES. 

1. Process "for the preparation of a silica, said silica leading 
to an aqueous suspension, whose pH varies as a function of its con­
centration in the area defined by the two inequations: 

pH$.. 7 .5 - 0. 7 log (C) (Ia) 

and 

pH..?5.0 - 0.5 log (C) (Ib) 
and whose pH varies as a function of its electrical conductivity 
in the area defined by the two inequations: 

pH S.8. 5 - 0.4 log (D) (IIa) 

and 

pHZ7 .0 - 0.6 log (D) (IIb) 
in the inequations (Ia) and (Ib), 

(C) represents the weight concentration of the aqueous silica SUS:... 

pension as a percent of Si02, 

in the inequations (IIa) and (IIb), 
(D) represents the electrical conductivity of the aqueous silica 
suspension in microsiemens.cm-1, characterized in that it consists 
of reacting a silicate with an acid thus leading to a suspension 

20 or silica gel, carrying out a first aging at a pH equal to or above 
6 and equal to or below 8.5, then a second aging ·at a pH equal to 

\...._,.· or below 6.0, a third aging at pH equal to or below 5.0, separating 
the silica, washing it with water until an aqueous suspension is 
obtained, whose pH, measured on a 20% Si02 suspension, complies with 

25 the following equation: 

pH = d - e log (D) (III) 
in the equation (III) 
e is a constant equal to or above 0.6 and equal to or below 1.0, 
d is a constant equal to or above 7.0 and equal to or below 8.5, 

30 (D) represents the electrical conductivity of the aqueous silica 
suspension in microsiemens.cm-1, 

followed by the washing thereof. 
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2. Process according to claim 1, characterized in that the silica 

has a surface chemistry such that its acidity function Ho is at least 

4.0. 

3. Process according to either of the claims 1 and 2, characterized 

5 in that the silica has a surface chemistry such that the OH- number 

expressed in OH-/nm.2 is equal to or below 12 and preferably between 

6 and 10. 

4. Process according to one of the claims 1 to 3, characterized 

in that the silica has a zero charge point (ZCP) of at least 4 and 

10 preferably between 4 and 6. 

5. Process according to one of the claims 1 to 4, characterized 

in that the silica has a compatibility with the organic amino comp­

ounds of at least 30%. 

6. Process according to claim 5, characterized in that the silica 

15 has a compatibility with the organic amino compounds of at least 

50% and more particularly at least 80%. 

7. Process according to either of the claims 5 and 6, characterized 

in that the silica has a compatibility with the organic amino comp­

ounds chosen from within the group formed by fluorine-containing 

20 amines, amine oxides, alkyl amines and alkyl betaines. 

8. Process according to claim 7, characterized in that the organic 

amino compound is cetylamine hydrofluoride, bis-(hydroxyethyl)-amino 

propyl-N-hydroxyethyl octadecylamine dihydrofluoride, an amine oxide 

of formula R(CH3) 2N~ 0, an alkyl betaine of formula R-N+(CH3)2-cH2-

25 COO-, an alkyl amido alkyl betaine of formula R-CO-NH2-(CH2)
3
-N+ 

(CH3) 2-cH2-COO-, in said formula R representing a straight or bran­

ched-chain alkyl radical with 10 to 24 carbon atoms. 
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9. Process according to claim 1, characterized in that the silica 

has a compatibility with the divalent and higher metal cations chosen 

from within groups 2a,3a,4a and 8 of the periodic classification 

of at least 50% and more particularly at least 70%. 

10. Process according to claim 9, characterized in that the metal 

cation is calcium, strontium, barium, aluminium, indium, germanium, 

tin, lead, manganese, iron, nickel, zinc, titanium, zirconium and 

palladium. 

11. Process according to either of the claims 9 and 10, characterized 

in that the metal cation is in the form of mineral salts, chloride, 

fluoride, nitrate, phosphate, sulphate or in the form of organic 

salts acetate and citrate. 

12. Process according to claim 11, characterized in that the metal 

cation is in the form zinc citrate, zinc sulphate, strontium chloride 

or tin fluoride. 

13. Process according to claim 1, characterized in that the silica 

also has a compatibility with guanadine-type products and in parti­

cular chlorhexidine of at least30% and more particularly at least 

60%. 

14. Process according to one of the claims 1 to 13, characterized 

in that the silica has a content of anions of type so4
2-, Cl-, N03-

- 2- -3 P03 , co3 of at the most s.10 moles per lOOg of silica. 

15. Process according to claim 14, characterized in that the silica 

has a content of the above anions of at the most l•l0-3, more part-

25 icularly at the most 0.2.10-3 moles per lOOg of silica. 

16. Process according to one of the claims 1 to 13, characterized 
2-i n that the silica has a sulphate content, expressed as so

4 
of 

at the most 0.1%, preferably at the most 0.05% and more particularly 

at the most 0.01%. 
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17. Process according to one of the claims 1 to 16, characterized 

in that the silica has a content of divalent and higher metal cations 

of at the most 1000 ppm. 

18. Process according to claim 17, characterized in that the alumin-

5 ium content is at the most 500 ppm, the iron content at the most 

200 ppm, the.calcium content at the most 500 ppm and more particularly 

at the most 300 ppm. 

19. Process according to one of the claims 1 to 18, characterized 

in that the silica has a carbon content of at the most 50 ppm and 

10 more particularly at the most 10 ppm. 

15 

20. Process according to one of the claims 1 to 19, characterized 

in that the silica has a pH of at the most 8 and more particularly 

between 6.0 and 7.5. 

21. Process according to one of the claims 1 to 20, characterized 

in that the silica has a BET surface between 40 and 600 m2/g. 

22. PRocess according to one of the claims 1 to 21, characterized 

in that the silica has a CTAB surface between 40 and 400 m2/g. 

23. Process according to one of the claims 1 to 22 of the abrasive 

type, characterized in that the silica has a BET surface between 
'-/ 20 40 and 300 m2 /g. 

24. Process according to claim 23, characterized in that the silica 

has a CTAB surface between 40 and 100 m2/g. 

25. Process according to one of the claims 1 to 22 of the thickening 

type, characterized in that the silica has a BET surface between 

25 120 and 450 m2/s and more particularly between 120 and 200 m2/g. 
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26. Process according to claim 25, characterized in that the silica 

has a crAB surface between 120 and 400 m2/g. 

27. Process according to one of the claims 1 to 22 of the bifunctio­

nal type, characterized in that the silica has a BET surface between 

5 80 and 200 m2/g. 

28. Process according to claim 27, characterized in that the silica 

has a crAB surface between 80 and 200 m2/g. 

29. Process according to one of the claims 1 to 28, characterized 

in that the silica has an oil absorption between 80 and 500 cm3/100g. 

10 30. Process according to one of the claims 1 to 29, characterized 

in that the silica has an average particle size between 1 and 10 

15 

pm. 

31. Process according to one of the claims 1 to 30, characterized 

in that the silica has an apparent density between 0.01 and 0.3. 

32. Process according to one of the claims 1 to 31, characterized 

in that the silica is a precipitation silica. 

33. Process according to one of the claims 1 to 32, characterized 

in that it consists of preparing the silica gel or suspension by 

simultaneously adding the silicate and acid to a sediment, which 

20 can be water, a colloidal silica dispersion containing 0 to 150 g/l 

of silica, expressed as Si02, a silicate or a mineral or organic 

salt, preferably alkali metal salt. 

34. Process according to claim 33, characterized in that the addition 

of the two reagents takes place simultaneously, so that the pH is 

25 kept constant between 4 and 10 and preferably between 8.5 and 9.5. 
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35. Process according to one of the claims 33 and 34, characterized 
in that the temperature is between 60 and 95°C. 

36. Process according to claim 33, characterized in that the colloi­

dal silica dispersion containing 20 to 150 g/l of silica is prepared 
5 by heating an aqueous silicate solution between .60 and 95°C and adding 

acid to said aqueous solution until a pH is obtained which is between 
8.0 and 10.0 and preferably is 9.5. 

37. Process according to one of the claims 1 to 32, characterized 
in that it consists of preparing a silica gel or suspension by prog-

10 .ressively adding the acid to a sediment containing the silicate until 
the desired aging pH is obtained at a temperature between 60 and 

95°C. 

38. Process according to one of the claims 1 to 35, characterized 

in that a first aging of the silica gel or suspension takes place 
15 at a pH between 6 and 8.5 and preferably of 8 at a temperature bet­

ween 60 and 100°C and preferably at 9S°C. 

20 

25 

39. Process according to one of the claims 1 to 38, characterized 

in that the silica gel or suspension undergoes a second aging at 

a pH between 5 and 6 and preferably at 5.5 and at a temperature bet­
ween 60 and 100°C and preferably at 95°C. 

40. Process according to one of the claims 1 to 39, characterized 
in that a third aging of the silica gel or suspension takes place 
at a pH between 3 and 5 and preferably at 4 and at a temperature 
between 60 and 100°C and preferably at 95°C. 

41. Process according to one of the claims 1 to 32, characterized 
in that washing takes place with water or using an acid solution. 

42. Process according to one of the claims 1 to 32, characterized 
in that washing takes place until the conductivity of the washing 
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filtrate is at the most 200 microsiemens.cm-1• 

43. Process according to claim 42, characterized in that washing 
takes place with water or using an acid solution. 

44. Process according to one of the claims 41 and 43, characterized 
5 in that the aforementioned acid solution is a solution of an organic 

acid, particularly a complexing acid. 

10 

15 

20 

45. Process according to claim 44, characterized in that the afore­
mentioned organic acid is chosen from among the group of carboxylic 
acids, dicarboxylic acids, aminocarboxylic acids and hydrocarboxylic 
acids. 

46. Process according to one of the claims 44 and 45, characterized 
in that the organic acid is chosen from the group including acetic, 
gluconic, tartaric, citric, maleic and glyceric acids. 

47. Dentifrice composition, characterized in that it contains a 
silica prepared by the process according to one of the claims 1 to 
46. 

48. Dentifrice composition according to claim 47, characterized 
in that it comprises at least one element chosen from within the 
group including fluorine, phosphates and guanadines. 

49. Dentifrice composition according to claim 47, characterized 
in that it comprises at least one element chosen from within the 
group incorporating organic amino compounds and divalent and higher 
cations. 

SO. Dentifrice composition according to claim 47, characterized 
25 in that it comprises at least one organic amino compound chosen from 

within the group formed by fluorine-containing amines, amine oxides, 
alkyl amines and alkyl betaines. 
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51. Dentifrice composition according to claim 50, characterized 

in that the organic amino compound is cetyl amine hydrofluoride, 

bis~(hydroxyethyl)-aminopropyl-N-hydroxyethyl-octadecyl amine dihyd­

rofluoride, an amine oxide of formula R(CH3) 2-N~O an alkyl betaine 

5 of formula R-N+(CH3)2-c:H2-coo-, an alkylamidoalkylbetaine of formula 

R-CO-NH2-(CH2) 3-N+(CH3) 2-cH2-coo-, in which R represents a straight 

or branched-chain alkyl radical with 10 to 24 carbon atoms. 

52. Dentifrice composition according to claim 47, characterized 

in that it comprises at least one divalent and higher metal cation 

10 chosen from the group 2a,3a,4a and 8 of the periodic classification. 

\..__; 53. Dentifrice composition according to claim 52, characterized 

0 

in that the metal cation is calcium, strontium, barium, aluminium, 

indium, germanium, tin, lead, manganese, iron, nickel, zinc, titanium, 

zirconium or palladium. 

15 54. Dentifrice composition according to one of the claims 52 and 

53 characterized in that the metal cation is in the form of mineral 

salts, chloride, fluoride, nitrate, phosphate, sulphate or in the 

form of organic salts acetate and citrate. 

55. Dentifrice composition accor~ing to one of the claims 52 to 54, 

20 characterized in that the metal cation is in the form zinc citrate, 

zinc sulphate, strontium chloride or tin fluoride. 

56. Dentifrice composition according to claim 47, characterized in 

that it comprises chlorhexidine. 
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Claims for AT,BE,CH,DE,DK,FR,GB,GR,IT,LI,LU,NL,SE 

1. Silica, characterized in that it leads to an aqueous suspension, 

whose pH varies as a function of its concentration in.the area defined 

by the two inequations: 

pH~ 7.5 - 0.7 log (C) (Ia) 

and 

pH .2:. 5.0 - 0.5 log (C) (Ib) 

and whose pH varies as a function of its electrical conductivity 

in the area defined by the two inequations:. 

pH-~ 8.5 0.4 log (D) (Ila) 

and 

pH .2:... 7 .O - 0.6 log (D) (IIb) 

in the inequations (Ia) and {Ib), 

(C) represents the weight concentration of the aqueous silica sus-

pension as a percent of Si02, 

in the inequations (Ila) and (IIb), 

(D) represents the electrical conductivity of the aqueous silica 
. . . . -1 suspension 1n uu.cros1emens.cm 

2. Silica according to claim 1, characterized in that it has a 

surface chemistry such that its acidity function Ho is at least 4. 

3. Silica according to either of the claims 1 and 2, characterized 

in that it has a surface chemistry such that the OH- number expressed 

in OH-/nm.2 is equal to or below 12 and preferably between 6 and 10. 

4. Silica according to one of the claims 1 to 3, characterized 

in that it has a zero charge point (ZCP) of at least 4 and pref er­

ably between 4 and 6. 

5. Silica according to one of the claims 1 to 4, characterized 

in that it has a compatibility with the organic amino compounds of 

at least 30%. 
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6. Silica according to claim 5, characterized in that it has a 

compatibility with the organic amino compounds of at least 50% and 

more particularly at least 80%. 

7. Silica according to either of the claims 5 and 6, characterized 

5 in that it has a compatibility with the organic amino compounds chosen 

from within the group formed by fluorine-containing amines, amine 

oxides, alkyl amines and alkyl betaines. 

8. Silica according to claim 7, characterized in that the organic 

amino compound is cetylamine hydrofluoride, bis-(hydroxyethyl)-am.ino 

'\. ... ../ 10 propyl-N-hydroxyethyl octadecylamine dihydrofluoride, an amine oxide 

0 15 

of formula R(CH3)2N ->0, an alkyl betaine ~f formula R-N+(CH3)2-cH2-

COO-, an alkyl amido alkyl betaine of formula R-CO-NH2-(CH2)3-N+ 

(CH3) 2-cH2-coo-, in said formulas R representing a straight or bran­

ched-chain alkyl radical with 10 to 24 carbon atoms. 

9. Silica according to claim 1, characterized in that it has a 

compatibility with the divalent and higher metal cations chosen from 

within groups 2a,3a,4a and 8 of the periodic classification of at 

least 50% and more particularly at least 70%. 

10. Silica according to claim 9, characterized in that the metal 

20 cation is calcium, strontium, barium, aluminium, indium, germanium, 

tin, lead, manganese, iron, nickel, zinc, titanium, zirconium and 

palladium. 

11. Silica according to either of the claims 9 and 10, characterized 

in that the metal cation is in the form of mineral salts, chloride, 

25 fluoride, nitrate, phosphate, sulphate or in the form of organic 

salts acetate and citrate. 

12. Silica according to claim 11, characterized in that the metal 

cation is in the form zinc citrate, zinc sulphate, strontium chloride 
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or tin fluoride. 

13. Silica according to claim 1, characterized in that it also has 
a compatibility with guanadine-type products ~d in particular chlor­
hexidine of at least 30% and more particularly at least 60%. 

14. Silica according to one of the claims 1 to 13, characterized 
2- - - -in that it has a content of anions of type so4 , Cl , N03 , P03 2- -3 co3 of at the most 5.10 moles per 100 g of silica. 

15. Silica according to claim 14, characterized in that it has a 
content of the above anions of at the most lol0-3, more particularly 

\.._) 10 at the most 0.2.10-3 mQles per lOOg of silica. 

. o 
15 

16. Silica according to one of the claims 1 to 13, characterized 
in that it has a sulphate content, expressed as so4

2- of at the most 
0.1%, preferably at the most 0.05% and more particularly at the most 
0.01% • 

17. Silica according to one of the claims 1 to 16, characterized 
in that it has a content of divalent and higher metal cations of 
at the most 1000 ppm. 

18. Silica according to claim 17, characterized in that the aluminium 
content is at the most 500 ppm, the iron content at the most 200 

20 ppm, the calcium content at the most 500 ppm and more particularly 
at the most 300 ppm. 

19. Silica according to one of the claims 1 to 18, characterized 
in that it has a carbon content of at the most 50 ppm and more part­
icularly at the most 10 ppm. 

25 20. Silica according to one of the claims 1 to 19, characterized 
in that it has a pH of at the most 8 and more particularly between 
6.0 and 7.5. 
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21. Silica according to one of the claims 1 to 20, characterized 

in that it has a BET surface between 40 and 600 m2/g. 

22. Silica according to one of the claims 1 to 21, characterized 

in that it has a crAB surface between 40 and 400 m2/g. 

23. Silica according to one of the claims 1 to 22 of the abrasive 

type, characterized in that it has a BET surface between 40 and 300 
2 m /g. 

24. Silica according to claim 23, characterized in that it has a 

CfAB surface between 40 and 100 m2/g. 

10 25. Silica according to one of the claims 1 to 22 of the thickening 

type, characterized in that it has a BET surface between 120 and 

450 m2/g and more particularly between 120 and 200 m2/g. 

15 

26. 

CTAB 

27. 

type, 
2 m /g. 

Silica according to claim 25, characterized in that it has a 

surface between 120 and 400 m2/g. 

Silica according to one of the claims 1° to 22 of the bif unctional 

characterized in that it has a BET surface between 80 and 200 

28. Silica according to claim 27, characterized in that it has a 

CTAB surface between 80 and 200 m2/g. 

20 29. Silica according to one of the claims 1 to 28, characterized 

in that it has an oil absorption between 80 and 500 cm3/100g. 

30. Silica according to one of the claims 1 to 29, characterized 

in that it has an average particle size between 1 and 10 pm. 

31. Silica according to one of the claims 1 to 30, characterized 

25 in that it has an apparent density between 0.01 and 0.3. 
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32. Silica according to one of the claims 1 to 31, characterized 

in that it is a precipitation silica. 

33. Process for the preparation of a silica as described in one 

of the claims 1 to 32, characterized in that it consists of reacting 

5 a silicate with an acid thus leading to a suspension or silica gel, 

carrying out a first aging at a pH equal to or above 6 and equal 

to or below 8.5, then a second aging at a pH equal to or below 6.0, 

a third aging at pH equal to or below 5.0, separating the silica, 

washing it with water until an aqueous suspension is obtained, whose 

10 pH, measured on a 20% Si02 suspension, complies with the following 

equation: 

15 

20 

25 

pH = d - e log (D) 

in the equation (III) 

(III) 

e is a constant equal to or above 0.6 and equal to or below 1.0, 

d is a constant equal to or above 7.0 and equal to or below 8.5, 

(D) represents the electrical conductivity of the aqueous silica 
. . . . -1 suspension in microsiemens.cm 

followed by the washing thereof. 

34. Process according to claim 33, characterized in that it consists 

of preparing the suspension or silica gel by simultaneously adding 

the silicate and acid to a sediment, which can be water, a colloidal 

dispersion of silica containing 0 to 150 g/l of silica expressed 

as Si02, a silicate or a mineral or organic salt, preferably alkali 

metal salt. 

35. Process according to claim 34, characterized in that the addition 

of two reagents takes place ·in simultaneous manner, so that the pH 

is kept constant at between 4 and 10 and preferably between 8.5 and 

9.5. 

36. Process according to one of the claims 34 and 35, characterized 

30 in that the temperature is between 60 and 9S°C. 
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37. Process according to claim 34, characterized in that the colloi­

dal silica dispersion containing 20 to 150 g/l of silica is prepared 

by heating an aqueous silicate solution at between 60 and 95°C and 

adding acid to said aqueous solution until a pH is obtained which 

5 is between 8.0 and 10.0 and preferably is 9.5. 

10 

15 

38. Process according to claim 33, characterized in that it consists 

of preparing a silica gel or suspension by progressively adding the 

acid to a sediment containing the silicate until the desired aging 

pH is obtained at a temperature between 60 and 95°C. 

39. Process according to one of the claims 33 to 36, characterized 

in that the silica gel or suspension undergoes a first aging at a 

pH between 6 and 8.5 and preferably at 8 at a temperature between 

60 and 100°C and preferably 95°C. 

40. Process according to one of the claims 33 to 39, characterized 

in that the silica gel or suspension undergoes a second aging at 

a pH between 5 and 6 and preferably at 5.5 and at a temperature bet­

ween 60 and 100°C and preferably at 95°C. 

41. Process according to one of the claims 33 to 40, characterized 

in that a third aging of the silica gel or suspension is carried 

20 out at a pH between 3 and 5 and preferably at 4 and at a temperature 

between 60 and 100°C and preferably at 95°C. 

42. Process according to claim 33, characterized in that washing 

takes place with water or using an acid solution. 

43. Process according to claim 33, characterized in that a washing 

25 is carried out until the conductivity of the washing filtrate is 

at the most 200 microsiemens • cm -l. 

44. Process according to claim 43, characterized in that washing 

takes place with Water or using an acid solution. 
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45. Process according to one of the claims 42 and 44, characterized 

in that the aforementioned acid solution is a solution of an organic 

acid, particularly a complexing acid. 

46. Process according to claim 45, characterized in that the afore-

5 mentioned organic acid is chosen from among carboxylic acids, dicar­

boxylic acids, amino carboxylic acids and hydrocarboxylic acids. 

47. Process according to one of the claims 45 and 46, characterized 

in that the organic acid is chosen from within the group including 

acetic, gluconic, tartaric, citric, maleic and glyceric acid. 

10 48. Dentifrice composition, characterized in that it contains a 

silica according to one of the claims 1 to 32 or a silica prepared 

by the process according to one of the claims 33 to 47. 

49. Dentifrice composition according to claim 48, characterized 

in that it comprises at least one element chosen from within the 

15 group including fluorine, phosphates and guanadines. 

50. Dentifrice composition according to claim 48, characterized 

in that it comprises at least one element chosen from the group inc­

luding organic amino compounds and divalent and higher cations. 

51. Dentifrice composition according to claim 48, characterized 

20 in that it comprises at least one organic amino compound chosen from 

within the group formed by fluorine-containing amines, amine oxides, 

alkyl amines and alkyl betaines. 

52. Dentifrice composition according to claim 51, characterized 

in that the organic amino compound is cetyl amine hydrofluoride, 

25 bis-(hydroxyethyl)-aminopropyl-N-hydroxyethyl-octadecyl amine dihyd­

rofluoride, an amine oxide of formula R(CH3 ) 2-N~O, an alkyl betaine 

of formula R-N+(CH3) 2-cH2-COO-, an alkylamidoalkylbetaine of formula 

R-CO-NH2-(CH2):3N+(CH3) 2-cH
2
-coo-, in which R repr~sents a straight 



11111111111111 1111111111111111 
* C L M S * 

- 40 -

or branched-chain alkyl radical with 10 to 24 carbon atoms. 

53. Dentifrice composition according to claim 48, characterized 

in that it comprises at least one divalent and higher metal cation 

chosen from within the group 2a,3a,4a and 8 of the periodic classi-

Q 5 fication. 

10 

0 15 

\ .... ./ 

54. Dentifrice composition according to claim 53, characterized 

in that the metal cation is calcium, strontium, barium, aluminium, 

indium, germanium, tin, lead, manganese, iron, nickel, zinc, titanium, 

zirconium and palladium. 

55. Dentifrice composition according to one of the claims 53 and 

54, characterized in that the metal cation is in the form of metal 

salts, chloride, fluoride, nitrate, phosphate, sulphate or in the 

form of organic salts acetate and citrate. 

56. Dentifrice composition according to one of the claims 53 to 

55, characterized in that the metal cation is in the form of zinc 

citrate, zinc sulphate, strontium chloride and tin fluoride. 

57. Dentifrice composition according to claim 48, characterized 

in that it comprises chlorhexidine. 


