Addi‘'tjve for reducing chromum(Vl) ions to chromun(ll) ions The invention
relates to an additive for reducing C(Yl) ions to Cr(lll) ions, whichis
particularly useful for reducing the chromiun(VI) content of cenenting nedia
(hydraulic binders), and to a process for the preparation thereof.
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Additives are known which allow cement to be treated to reduce chromium(VI).
Compositions containing Fe(II) sulphate as an agent for reducing chromium(VI) may
be used to this end. However, Fe(Il) is unstable in aqueous solution, so these
additives have to be used in powder form. A precise dosage of powders is awkward
and requires specific equipment. Moreover, these additives rapidly lose their capacity
to reduce chromium(VI) ions, owing to oxidation of the Fe(Il) ions on contact with
air. The efficacy of these additives is therefore reduced if they are stored for a long

time.

In a highly basic medium (pH > 13), such as in the interstitial medium of cement,
tin(II) reacts with the hydroxide ions of the medium so as to form the Sn(OH),;* ion

according to Equation 1.
Sn** +4 OH — Sn(OH);> Equation 1

The Sn(OH)4> ion is able to reduce CrO4* to Cr(OH);. by the oxidation/reduction

reaction of Equation 2.

2Cr04% + 8H,0 + 3Sn(OH),* — 2Cr(OH); + 40H + 3Sn(OH)s* Equation 2



2 I1t.will be recalled that the redox potentials of the pairs used during
the reaction are as follows: E (Sn(OH)@2"/Sn(OH) 42-) = -0.96V E
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use thereof requires expensive suitable equipment.

Besides, an agent for reducing Cr(VI) ions in hydraulic compositions comprising
tin(Il) ions, in synergistic association with a lignosulphonic acid, is known from EP

0960 865.

One aim of the present invention was therefore to propose an additive for reducing
Cr(VI) ions to Cr(IIl) ions, in the form of a solution that is stable in storage and that
has a capacity to reduce Cr(VI) ions which remains substantially constant for a long
time. The term “stability” herein refers, primarily, to the absence of precipitation,

even at a pH of greater than 2.

Another aim of the present invention was to propose a non-corrosive additive of this

type having a pH of greater than 2.

Another aim of the present invention was to propose an additive of this type in which

the tin(II) is stable (no precipitation) even in an alkaline medium.

Another aim of the present invention was to propose an additive of this type that does

not modify the properties and the behaviour of the added materials.



not nodify the properties and the behaviour of the added materials. 3

Anot her aimof the present invention wasy to propose an additive of this type
all'owing the chromumVlI) content of the added materials to be reduced to a
value-of less than 2 ppm Finally, another aimof the present invention was
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According to the invention, the complexing agent of the tin(II) is a carboxylic acid or
a salt thereof. The carboxylic acid is preferably selected from hydroxylated
carboxylic acids, such as gluconic acid, tartaric acid, citric acid and the salts thereof.
Particularly preferred are the salts of gluconic acid, especially sodium gluconate.
Other compounds capable of releasing carboxylate ions in solution may, of course,

also be used.

The concentration of tin(II) complex in the additive may vary widely. In practice, the
concentration is controlled in order to limit the supply of water, without leading to an
excessively high viscosity. Conventionally, the concentration will be between 1 and

30, preferably between 5 and 25% (expressed in % by weight of tin).

Preferably, the additive may also comprise a pH-adjusting agent such as, for example,
sodium hydroxide. In order to prevent excessive modification of the properties and
the behaviour of the materials treated, the pH-adjusting agent is preferably selected
from the additives conventionally used in the preparation of these materials. Thus, for
the treatment of cements, the pH-adjusting agent may especially be selected from the

alkanolamines, especially triethanolamine and triisopropanolamine.

Finally, the additive described may also contain other additives conventional for the

desired application, especially for the preparation of the cementing medium such as



from.the additives conventionally used in the preparation of these
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the invention rel'ates to a process for preparing the additive described
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The molar ratio of carboxylic acid to tin(II) compound is preferably from 0.5:1 to 5:1.
Although the structure of the tin(II)/carboxylic acid complex formed is not specified,
it will be noted that the stability of the solution (clear solution without precipitation)
at low temperature and at alkaline pH is particularly high for a ratio higher than from

1.5:1 to 2:1. This stability is maintained for higher ratios.

The type of tin(II) compound used of non particular incidence. In practice, it will be
selected from water-soluble tin(I) salts, such as tin(II) chloride, tin sulphate, tin

fluoride and tin acetate.

The reaction between the tin(II) compound and the carboxylic acid or its salt is rapid
and complete. The order in which the reagents are introduced is of no particular
incidence. The reaction leads to the formation of a water-soluble complex, which is
stable both in an acidic medium and in an alkaline medium (up to pH = 14). The
tin(II) thus complexed is stable with respect to oxidation, but available for an

oxidation/reduction reaction with chromium(VI).

The additive described is particularly useful for producing materials having a low

chromium(VTI) content.
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Finally, according to a last aspect, the invention relates to the use of the additive

described for the preparation of a material having a low chromium(VI) content.
The admixing is carried out during the step in which the cement is prepared at the
cement works. It consists in introducing the additive, after the step in which the

clinker is obtained, during the preparation of the cement.

According to a preferred embodiment, the additive is used, within the cement

preparation process, during grinding.

The proportions will advantageously be determined as a function of the water-soluble

chromium(VI) ion content of the sampled material.

A better understanding of the invention will be facilitated by the examples, given by
way of illustration but without entailing limitation, and by the attached figure,
wherein:

The single figure shows the chemical displacement in NMR'*Sn of:

(a) a25% by weight SnCl, solution;



cement works. It consists in introducing the additive, after the step in
whi ch the clinker is obtained, during ®he preparation of the cenent.
According to a preferred enbodi nent, the additive is used, within the cenent
preparation process, during grinding. The proportions w |l advantageously be
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entailing Iinmdypad sdmiordpdpdiyd hdrerdhd ackeshflé gure, wherein: The single
figure shows the chem cal displacenent in NVRI 19Sn of: (a) a 25% by wei ght
SnCl2 solution; 6 (b) a solution prepared according to Exanple 7; (c) a

sol ution pr@‘)ar eld according to Exanple 8; and (d) a solution prepared
according t ‘Eagﬁﬁle 9. Exanples Unless otherw se indicated, the specified
percent ages are percentages by nmass of the given species, nanely tin
chloride (SnCl2) or sodium gluconate. Exanple 1 29.32g of water then 25g of
di hydr at ed Splespotherivsy indiceedc B spegiedpergentagsiseare perenipgrsrby @awh ¢plde with a
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stir. Aclear, slightly yellow solution having a pH of 2.5 was obt ai ned.

Examples 2 to 9
i Example 1

29.32g of water then 25g of dihydrated SnCl, were introduced into a suitable
container, equipped with a stirrer, then stirred at ambient temperature until they had
completely dissolved. 45.68g of sodium gluconate were then added while continuing

to stir. A clear, slightly yellow solution having a pH of 2.5 was obtained.
Examples 2 to 9

Example 1 was repeated, but the amounts of tin chloride and sodium gluconate were

modified to the amounts indicated in Table 1.

The appearance of the additives prepared in Examples 1 to 9 was evaluated at ambient
temperature, then after cold storage (0°C) for 24 hours. The results are summarised in

Table 1 (below).

It will be noted that the solution of Example 6 is highly viscous and has a sediment. It

is assumed to be a supersaturated solution.

The solutions in Examples 7, 8 and 9 were studied by NMR'"’Sn (Fig.1 (b), (c) and
(d)) and compared with a 25% by weight SnCl, solution (Fig.1 (a)).

The NMR tin tests were carried out at 300 K on a Bruker Avance 300 spectrometer
(111.9 MHz for tin 119) equipped with a 5 mm BBI probe.



Exampl e 1 was repeated, but the anmounts of tin chloride and sodi um gl uconate
were nodified to the anmounts indicated7in Table 1. The appearance of the
additives prepared in Exanples | to 9 was eval uated at anbient tenperature,
then after cold storage (0C) for 24 hours. The results are summarised in
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magnetic field (-2 Hz). The pul se sequence consisted of a single pul se of
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poi nts. TheThisINMRI daterdealonstsatés Bddformaetand$ canglexes rbespeendglutmatdrand
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gluconate.
Table1
Examples Tin Sodium | Gluconate/tin | Appearance | Appearance
(% of gluconate | molar ratio at 0°C
SnCl) (%)
1 15 13.76 1:1 Milky Precipitated
2 15 20.64 1.5:1 Milky Precipitated
3 15 27.52 2:1 Clear Clear
4 30 27.52 1:1 Clear Precipitated
5 30 41.28 1.5:1 Clear Clear
Sediment, Sediment,
6 30 55.04 2:1 viscous viscous
7 25 22.84 1:1 Slight haze | Precipitated
8 25 34.28 1.5:1 Clear Clear
9 25 45.68 2:1 Clear Clear

It will be noted that the solutions prepared with a gluconate/tin molar ratio of 1.5:1
and 2:1 are clear at ambient temperature and do not precipitate, even after prolonged

storage at 0°C. As far as the concentration is concerned, it will be noted that the



Exanpl es Tin Sodi um @ uconate/tin Appearance Appearance (% of gluconate
nolar ratio at OC SnClzZ) (9% 1 15 13.7@ 1:1 MIky Precipitated 2 15 20.64
1.5:1 MIKy Precipitated 3 15 27.52 2:1 Clear Clear 4 30 27.52 1:1 C ear
Precipitated 5 30 41.28 1.5:1 Cear Clear Sedinent, Sedinent, 6 30 55.04
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clear at ampiegnte {iesREeAktbf@e ahPCdevéipfor RieaMblidbel.5qven after prol onged
storage at 0OC. As far as the concentration is concerned, it will be noted
that the 8 solutions prepared with an anount of SnCl2 between 15 and 25%
are stable for_a |l uconat e/ tj.n | ar ratio . of 2:1 il.e. the sol utions
prepared wi {nhorél_ﬁr ﬁ@i alg%ﬁ ﬁlf’{l%’? gPfg%ngﬁseoﬁhgaﬁpﬁgi‘opé’rpu&gméSéeaﬁlfre@&?tseven
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the sol utions, turbi d|t¥ nmeasurenments were taken, using a TUB 550 IR

turbidity niatleramplestp, 75§ and Q- hEhasisbults ase supmansaddd Table 2bglepes 1, 3, 7, 8

and 9. The results are sunmarised in Table 2 (below). Table 2

Table 2
Examples | Tin (% of | Sodium | Gluconate/tin | Appearance | Turbidity
SnCl) gluconate | molar ratio
(%)
1 15 13.76 1:1 Milky 1004
3 15 27.52 2:1 Clear 3.7
7 25 22.84 1:1 Slight haze 42.5
8 25 34.28 1.5:1 Clear 6.2
9 25 45.68 2:1 Clear 6.3

The turbidity measurement clearly reveals the difference between a clear solution

(low turbidity) and a milky solution (high turbidity).

A turbidity measurement taken after 24 hours (measured value 927) in Example 7
demonstrates the appearance of a precipitate. The solutions prepared in Examples 3, 8
and 9 remain at the same level of turbidity even after prolonged storage (for longer
than 1 month). This would seem to indicate that there is a turbidity threshold, below

which the turbidity of the solution remains low over a prolonged storage time.

a) Tests of the reduction of chromium(VI) in cements

The solutions prepared in Examples 1 to 9 were used, as they were, to treat a cement
having a soluble chromium(VI) content varying, in the individual batches, between

3.5 ppm and 5 ppm.



Exanples Tin (% of Sodi um G uconate/tin Appearance Turbidity Snd 2)

gl uconate nolar ratio (% 1 15 13.76 191 MIky 1004 3 15 27.52 2:1 C ear
3.7 7 25 22.84 1:1 Slight haze 42.5 8 25 34.28 1.5:1 Cear 6.2 9 25 45.68
2:1 Clear 6.3 The turbidity nmeasurenment clearly reveals the difference

bet ween a cThearn®at whs oeated badditiorbiodhe gomentdt the nletkaf thogtimdesn ( hi gh
turbidity). Aturbidity neasurenent taken after 24 hours (neasured val ue
927) in Exanple 7 denonstrates the appearance of a precipitate. The

sol utions prRPYLSMit) Nof4adiekeSis3indiatedNth $pnenaE Bolatiord helasiaereol ﬁ &l odf
turbidity even after prolonged storage (for longer than 1 nonth). This

woul d seemdhoorhivdi(¥4) presenain th eementsasedetermbnedi hyypridieaalliebd, bel ow which the
turbidity of the solution remains | ow over a prolonged storage tine. a)
Tests of the reduction of chromum(Vl) in cenments The sol utions prepared in
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prior analysis. The chrom um VlI) of the cenment thus treated was subsequently

det er m ned o
The results are summarised in Table 3 (below).

Table 3
Examples Tin (% Gluconate/tin | Dose of Cr(VD) Cr(VI)
SnCl,) molar ratio solution | T=0 [ppm] | T=1 month
[ppm] [ppm]
1 15 1:1 400 0.3 0.2
300 0.3 0.3
2 15 1.5:1 400 0.2 0.2
300 0.3 0.2
3 15 2:1 400 0.2 <0.1
300 0.2 0.2
4 30 1:1 200 0.2 0.2
150 0.3 0.4
5 30 1.5:1 200 0.2 0.1
150 0.2 0.2
6 30 2:1 tba tba tba
7 25 1:1 240 0.2 0.2
180 0.3 0.3
8 25 1.5:1 240 0.2 0.1
180 0.3 0.3
9 25 2:1 240 0.2 <0.1
180 0.3 0.3




i mredi ately, then after ageing in a bag for 1 nonth, in accordance with
Standard EN 196-10, which specifies the protocol for the analysis of
chrom,um(Vl) in cenents. The results are sumuarised in Table 3 (bel ow).
Tabl e 3 Exanples Tin (% d uconate/tin Dose of Cr(VI) C(VlI) SnCl2) nolar
rati o sol utli el bemoted phet all of theootution§ mstel allpped the chSormium (¥ G0t @ Be 300

0.30.3 215 1.5:1 400 0.2 0.2 300.0.3 Q.2 2:1 400 .0. 2 <0. 00 0.2
0.2 4 30 1T 5’%6 tB."‘zV%.“% Ofi’%“ %"% fg? PP 150 Wis%%o‘zfoéed?%u%‘.oiy @%63}&' 0.2 6
30 2:1 tha fBAcIHRA to cefrnts ind4O0ui. @ocglegn@éﬁigngh DifecBved Fhesh Rishltdde 0.2 0.1

180 0.3 0.3'9 25 2:1 240 0.2 <0.1 180 O.
maintained over time, the values recorded after 1 month being constant, apart from

reproducibility errors.
b) pH stability of the additives
The pH stability of the solutions prepared was assessed as follows.

A sample was taken from each of the solutions prepared in Examples 7, 8 and 9, then
introduced into an appropriate container equipped with a stirrer and a pH-measuring
probe. An NaOH solution was added dropwise to each of the solutions, at ambient
temperature and while stirring, to establish in succession a pH of 5, 7, 9, 11 and 13.5.
Once the pH had stabilised, the appearance of the solutions was assessed visually.
The results are summarised in Table 4 (below). Even after they have been stored for a

plurality of weeks, the solutions having a pH of 13.5 in Examples 8 and 9 are still

clear.
Table 4
pH Example 7 Example 8 Example 9
2.5 Clear Clear Clear
5 Slightly precipitated Clear Clear
7 Slightly precipitated Clear Clear
9 Precipitated Clear Clear
11 Precipitated Clear Clear
13.5 Paste Clear Clear

These tests demonstrate that the additives prepared with a gluconate/tin molar ratio of
greater than 1:1 are stable, i.e. clear, even at alkaline pHs. It is assumed that the
precipitate in the solution in Example 7 originates from tin(II) present in non-

complexed form, owing to the absence of gluconate in this solution.



10 It will be noted that all of the solutions tested all owed the
chromiumVI) content to be reduced to H value of less than 0.5 ppm i.e.
wel'l below the regulatory threshold applicable to cenments under the
above-nmentioned Directive. These results are nmaintained over tine, the
val ues r ecoﬂwedtahiflimrof 1thcrmwrtpltreiimgar¢mnquntconaipanablef degree rof ploodulatibn| i ty

errors. H st ahil.it d|t|ve ep abi,lit e solutions
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appropriate contai ner eqwtg ped with a stirrer and a pHneasuring probe. An
p

NaOH sol ut |lnrpamlaad@ré@prmr swhbeving thexreduetiver ¢ftect of the| thgmum(Véhmnen@

t enper at ur and succ Qn a. 5. 7, 9,
15 o 15, < PR TR, G LERe FMNIsTERERL®: MR Bt ons
was assessadbustﬁesawlm.resp“ébaorvaﬁuthdrs iRk lﬁmh% s&difiehsTabl e 4 (bel ow). Even
after they have been stored for a plurality of weeks, the solutions having
a pHof 13.5 in Exanples 8 and 9 are still clear. Table 4 pH Exanple 7
Exanple 8 Exanple 9 2.5 Cear Cear Clear 5 Slightly precipitated C ear
Clear 7 Slightly precipitated Clear Clear 9 Precipitated Cear Cear 11
Precipitated Clear Cear 13.5 Paste Cear dear



These tests denonstrate that the additives prepared with a gluconate/tin
nolar ratio of greater than 1:1 are stakle, i.e. clear, even at al kaline
pHS. It is assumed that the precipitate in the solution in Exanple 7
originates fromtin(ll) present in non- conplexed form ow ng to the absence
of gl uconat@®ainis t his solution. 11 The stability of the conplex inparts a
very consi derabl e degree of fornmulation freedom facilitating, in
particular, conpatibility with a broad range of additives., It may also help
to stabilide t RdBbgi fqrv@duﬁn&a%w)ap@sm/%ﬁgﬂé 10BY, yCOMNEING &N pdUSQBh as,
in particular, I | e Lvq eff t he
chrom um('VI) i(%(r?]lg{i?%“%zé p F%gtﬁﬁlg%ntdgc&alf ?iEtaﬁlg Ogtaéq' |P|le?y0fbf t he
additives provides themw th a certain robustness with respect to
variations in the processi ng% conditions. 12 Clains 1. Additive for reducing
O (V1) i ong-t oAdditiveiascording o glspprly whiey inin the dersuel 2 deargdrents§p1utioBonpl ex of
tin(ll), and a carboxylic acid or a salt thereof. 2. Additive according to
claiml1, which is in the formof a clear aqueous solution. 3. Additive
accordi ng 30 eiAddaivecdcaording toreitheaclain?,l osdaini 2y wheeinahd oapbkyicaadid is s
gluconic acid. 4. Additive according to any one of clainms | to 3, further
conprising a pBlucawc@sid ng agent. 5. Additive according to claim4, wherein
the pH adjusting agent is selected from the al kanol am nes. 6. Additive
according to claim4, wherein the pH adjusting agent is sodium hydroxide.

4,  Additive according to any one of claims 1 to 3, further comprising a pH-

adjusting agent.

5. Additive according to claim 4, wherein the pH-adjusting agent is selected from

the alkanolamines.

6. Additive according to claim 4, wherein the pH-adjusting agent is sodium

hydroxide.

7.  Additive according to any one of claims 1 to 6, further comprising an
antioxidant agent selected from hydroquinone and the derivatives thereof, propyl
gallate, (t-butyl-4-hydroxyanisole), (2,6-di-tert-butyl-p-cresol), ethyl vanillin,

rosemary oil, lecithin and vitamin E.

8.  Process for preparing an additive according to any one of claims 1 to 7,
including the steps of bringing a tin(II) salt into contact with carboxylic acid or a

salt thereof, in the presence of an appropriate amount of water.

9. Process according to claim 8, wherein the molar ratio of carboxylic acid or salt

thereof to tin(II) compound is from 0.5:1 to 5:1.

10.  Process according to either claim 8 or claim 9, wherein the tin(IT) compound is

selected from tin chloride, tin sulphate, tin fluoride and tin acetate.



7. Additive according to any one of claims | to 6, further conprising an
ant i oxi dant agent sel ected from hydroquidnone and the derivatives thereof,
propyl gallate, (t-butyl-4-hydroxyanisole), (2,6-di-tert-butyl-p-cresol),
ethyl vanillin, rosemary oil, lecithin and vitamin E. 8. Process for
preparing dn. a@dicessvier poaperiolg agndteridipvinge lofv diramimsn( 1) oontent, ineblding ng t he
steps of bringiing a tin(ll) salt into contact with carboxylic acid o a
Sai Lt her eof | MR-t optbieinee st matia D s il EProt AL amougt OBy ocess
accordi ng to ch@difV8accohBALIJLIAAR INBI7Ar ratio of carboxylic acid or salt
thereof to tin(ll) conmpound is fromO0.5:1 to 5:1. 10. Process according to
either claim8 or claim9, wherein the tin(ll) conpound is selected from
tin chloride, tin sulphate, tin fluoride and tin.acetate...13 .11. Process
for prepar ﬂﬁg r%ﬁfsearp?%r?i"fgat\?ic%malll’ Wéﬁerc?m@]ﬁiwr{ﬂl)‘s %mgﬂlc,]blpﬁlue& udi ng t he
step of bringing the material into contact with an appropriate anmunt of
additive according to clainms 1 to 7. 12. Process according to claim 11,

wher ei n t hd33maPeacess adcgrdingiadelaim ile, wibawar thelrsatemlo@esslsccwgcfmrdicnglents, claim
12, wherein the ymaterial .is l.ected, fromccenents, . cal cium sul phate and its
hydr ated for ms,cal?lluip ségﬂlaéen%f‘dé&a}g%mi{ﬁq%o@é’@f%‘i’rfi@&&g{i ve according to any
one of clains 1 to 7 for preparing a material having a | ow chrom un(Vl)

content.
14. Use of an additive according to any one of claims 1 to 7 for preparing a material

having a low chromium(VI) content.





