
CA5TELL6 N (51';\1:-.J )

ENVIRONMENTAL PROBLEM OF
CHROMIUM-CONTAINING CERAMIC PIGMENTS:

OPTIMISATION OF THEIR SYNTHESIS

R. Mufioz'", R. Fornos"", Y. Bellmunt"", H . Belt ran'", A. Barrio'", E. Cordonc il lo''

"'Universita t [aurne I. Inorganic Che m istry Area
(··'Eu roarce-Alcora. CV 190 Km. 7. 12121 La Foya, Caste1l6n, Spa in

INTRODUCTION

The indust rial sy nthesis of ceramic pigm ents is carried out by the traditional meth od
and involves washin g the pigments befo re their ad d ition to the glaze. The problems th at
such p rocessing entails are high energy costs d ue to the h igh tem peratu res, the use of
m inera lisers that make the starting ra w materials more ex pens ive, ai r and waste wat er
pollution owing to removal of toxic elements, as well as p roblems of homogen eity and
reprod uc ibilida d in pigmenting power.

Ch romiu m is a widely used clement in cera mic pigment product ion, bu t depen d ing
on sy nthesis cond itions, it can be found in d ifferent sta tes o f oxidat ion and these ge ne ra te
d ifferent properties, s tability and colora tion.

It is un clear w hich oxidation state is respo nsible for colorat ion. Thi s d ifficu lty in
understand ing the colou ring mechanism, and the few related stud ies found in the
literat ure, have led to u nd ertaking th is study on ch romium-con tain pigmen ting sys tems,
trying to keep th e C r(l ll) ion from ox id ising to Cr(VI) becau se of its neg ative
env iro nme ntal impact, since it w ill be segrega ted to the washing waters.

Cr can appear in oxida tion sta tes II to VI. The two mo st frequent ox ida tion sta tes Cr
(III) and Cr( VI) a re inter-con ver tible, wi th the conve rsion di rect ion fundam en tally
d e pendi ng on medium p H, presen ce of ae rob ic and anae robic co nd itions, an d
temperatu re .
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Trivalent chromium, as found in nature, it is not hazardous for livi ng beings; it is a
mineral that is found in abundance in the products of the earth, such as fruit, vegetables,
milk products, meat and, to a smaller extent, beer and wine. As a trace element, it is an
essential component.

In cont ras t, Cr(VI) is taken into our bodies th rough the respi ra tory system, water or
food (d ue to irr iga tion with polluted water), and can cause acu te gast roen teritis, acu te
hepatitis, allergic dermatitis, chron ic laryn giti s, gastrod uodena l ulcer, ch ronic
conjunctiv itis, chronic rhino pharyng itis, perforation of the nasal sep tum and lung cancer.

The var ious hexavalent chromium compounds represent the grea test th reat,
especially due to thei r genetic effects on crossing the placenta and causi ng mu tations.

Thus, a factor to be kept in mind is the handling of Cr(VI) precursors by workers.
The Spanish ationa l Institute of Occupational Health and Safety recommends that the
chromium (VI) compound quantity ha ndled should no t exceed 1 microgram / m' during
10 working hours a day.

The qu antities of chromium foun d in the environment mainly come from industrial
emissions. Na tural emissions into the atmosphere are estimated at some 58,000 tons a
year, wh ile those of industri al or igin approach 100,000 tons a yea r.

Chromates remain sta ble for up to 50 years and are even able to cross viscous soils
on migrating to undergrou nd strata. Thus, hexavalent chromium can cause irreversible
damage to the health of animals and man, as well as to plant life, water, earth and air!':",

The present work studied the green pigmenting systems of chromium-alumina and
chromium pink-tin. The former possesses a structure based on the corundum network, in
which the oxide ions are packed in a compact hexagonal way with 2/3 of the octahedral
posi tions occupied by chromium. Given the similarity of sizes an d coordination, Cr(I1I)
can easily be incorporated in the structure subs tituting AI(TII) and forming AI,.,Cr,O, solid
solu tions in the whole range of compositions, bu t their forma tion will depend on
calcina tion cond itions, as well as on the precursors an d rnineralisers used !" 11 1.

Figure 1. Corundum structure,
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The second of the above has a struc tu re based on the mala yaite netw ork CaSnSiO"
whi ch crystallises in a monoclinic struc tu re. The SiO, tet rah ed rons a re linked by tin atoms,
which arc in turn octa hed rally co-ordinated by oxide ions. Depending on formation
cond itions, the chromiu m ion can en ter the structu re su bstituting Snl' . ' . I1 I.

Figure 2. Malayaifc ltc/work.

Both the gree n chrom iu m-alu mina pigmen t and the chromiu m pink-tin have been
syn thesised by d ifferen t methodsl'", In these a Cr(VI) compound is used as a precursor,
whi ch cons idering the problems that it poses, w ill not be an ap prop ria te precursor for
ceramic synthesis. Moreover, these com pou nds present the di sadvantage th at the wa shing
wa ters will contain appreciab le quantities of Cr(VI).

The g reen ch romiu m-a lu m ina pigment, is syn thesised as follows:

- Pat en t 2,560,338 (Frayne): Sod ium di ch romat e is redu ced with sod iu m
thi osulphate, ca lcin ing the reduced product.

- Patent 2,659,215 (Pollock): Sod iu m dic hromate is red uced with sodiu m su lphate,
followed by a pH adjustment and subseque nt ca lcination of the resulting p roduct.

- Pa tent 2,250,789 (Ayers): Anhyd rous chromic acid is intimately mixed with a small
percentage of an alkaline metal carbon ate, subseq ue n tly calcining the mixtu re and
washing and d rying the resulting product. Th is p rocess is impracticabl e becau se
the acid is co rrosive and destroys the equ ipme nt.

Pat ent 4,040,860 (Masmann): Dih vdrate sodium dichromate is reduced w ith
ch loride or am monium sulphate and water, heat ing the resu lting mixture for 15
m inutes and se pa rating the pigment for me d from the sa lts . Th is p rocess consu mes
la rge qu antities of am mo niu m salts to satisfy the necessary stoichiome try in the
rea ction.

With rega rd to the ch romium pink-tin pigment, one of the sy ntheses used, as show n
in paten t 100,210 (Roma nia ), employs a mixtu re of CaCO" SiO" SnO, and K,Cr,o, or
(N H),Cr,O, as ch romiu m source, although the possibilit y is mentioned of using Cr,O"
This is then calcined at 1300-1350"C for 1-4h..

The objective of the present work wa s the study of these pigmenting struc tures,
w hich contain chromiu m as a ch romophore cleme nt. The specific object ives were:

- el im ina tio n of chro mium (VI) and halogen s as precu rsors,

- study of different mineralisers as well as thei r op tim isation,
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- producing mi nimum concen trations of chromium (VI) in washin g wa ters,

- raising pigmenting power

EXPERIMENTAL

• METHODOLOGY

The study was cond ucted using the trad itional ceram ic synthesis method . In this
method, after proportioning the precursors, the y are mixed and homogenised with
aceton e in an aga te mill. The dispersan te is then evapo ra ted and after drying, th e sa mples
a re calcined in an electric kiln at the studied temperature. To reduce the particle size, after
each calcination the samples are milled again in the agate mill with 30% wat er, previo usly
se para ting a sma ll proportion for later ana lysis of the washing waters. After thi s last
milling, the sa mples are dri ed at ambient temperature for addition to a ceram ic glaze.

In this glaze preparation process a transparent frit is used , to which 3 wt % pigment
is added, toget her with 0.1% carboxymethy lcellulose (CMC) and 45% Hp.

These compo nents, are put in an agate mill , mixing and homogenising for 5 minu tes,
and th en applied onto a white body (tw ice fire). The glazed piece is left to dry in an oven,
and after drying is fired in a fast kiln with the following cycle (Figure 3).

~ min
IOKU

16.!"wt 'nin

s--
2 ~ 'C I min,,>0

e•,
"- ,,~

~

-U.!" -c I mi n
JU 'C I m in
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o an ec eo

lime Imln}

Figure 3. Gtozc fi rillg cvde used .

• WORK COMPOSITIONS

The following compositions were prepared in the study:

Greell chromium-alununa pigm ent

VI

70%

30%

V2

65%

35%

\'3

60%

40%

Table I. Compoeitione stl/died for tile grcm chrcntiusn-alumina pigmel1t.
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A preliminary study was cond uc ted on the 70%-30% com position to dete rmine and
optimise the minerali ser and the raw mate rials used.

In the stu dv of the mineraliser, different classes of minera lisers were tes ted, which
facilita te g rea ter "reactivity in the development of the s tructu re and in corpora tion of the
ch romophore e lement, to segrega te the smalles t quantity of Cr(VI) into the washi ng
waters.

Chromium-tin pigment

A sole co m position was s tud ied in thi s pigment: CaCro,,,Sno.9,s
iO, . Th is co m position

was selected afte r va rious preceding stud ies!" :" !.

• CHARACTERISATION

• The quanti ty of Cr(VI) in the washing wa ters w as dete rmined by colorimetry,
using as reagents:

- H,SO,

- Ethy l a lcohol

- Diphenylc a rb azide

- K,C rO,

- HNO
3

The solutions needed fo r es tablish ing the ca libra tion cu rve were:

1. HNO, O.3M, in 1-1,0
2. H,SO, (l 110 v /v), in H,o

3. A sol u tion of K,CrO, wi th HNO, 0.3M of conce ntration 0.1 gCr(VI) / L

4. A solu tio n of K,CrO, with H NO, O.3M of conce n tration 10 mgCr(Vl) /L

5. Diphenylcarbazide (0.2g .), H,SO, 1/10 v I v (400 mL ), in e thanol, EtOH

The cali bra tio n curve was found by mi xin g the vo lume p roportions g iven in tabl e II.

blank I 2 3 4 5 6 7 R 9

Sol.4 0 0.25 0.5 0.75 1 2.5 5 7.5 10 25

Sol.5 4 4 4 4 4 4 4 4 4 4

Sol.l Gauging to 50 mL

ppm Cr 0 0.05 0.10 0.15 0.20 0.50 1.00 1.50 2.00 5.00

Table II. Calibration Clln'e

It is necessa ry to keep in m ind that before measuring absorbancy, 2 rnl of so lu tion 5
was ad ded to 25 m L of each reference so lu tion, a llowing these to rest for 10 minu tes.

The abso rba ncy measuremen t was carried ou t on a Perkin Elmer UV I VIS/ NIR
Lambda 19 spectrophotometer. The res ults ob ta ined for the 540 nm wavelength , which
corresponds to the maximum absorp tion of the comp lex that the Cr(VI) forms with
di phenylca rba zide were:
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Cr(VI)
a"mnn ± S n-I

ppm

BLANK 0 0.00006 ± 0.00005

0.05 0.03470 ± 0.00012

2 0.10 0.07280 ± 0.00030

3 0.15 0.13520 ± 0.00008

4 0.20 0.14560 ± 0.00020

5 0.50 0.35390 ± 0.00030

6 1.00 0.65026 ± 0.00017

7 1.50 0.83526 ± 0.00015

8 2.00 1.21690 ± 0.00050

9 5.00 2.19440 ± 0.00130

' 5"1 is the sta ndard deviation of n-I measuremen ts where n= 6.

Table 111. Ah~{lrlliJJll'Y IIlI'IlS 11 rCntl'1Jt for calibration.

CA~IELL6;\l (SPAIN)

With the abso rba ncy results of the prep ared references, a linear fit was mad e,
obta ining the equation of a straight line, in which the d atum was di scarded for 5 ppm of
Cr(VI), because S~ I was high (at high concentra tio ns the d eviation is larger). The equation
of the straigh t line found wa s:

A= 0.0249 + 0.5855*[Cr(VI)] r' = 0.997 [Ee. 1]

ext, 0.3 g pigment was washed with 30 rnl, H TO, O.3M, collectin g the mother
liquors and ga uging with HNO, 0.3M to 50 m l. The absorba ncy measuremen t was mad e,
and subs titu ted in the equa tion of the stra ight line (A), giving the Cr(VI) conce ntration in
the washing wa ters, tak ing into acco u nt the d ilu tions mad e.

• De termination of Cr(VI) in the washing waters by atom ic ab sorpt ton'!" ,

Atomic absorption (AA) spectroscopy uses light absorption to measure atom
concen tration in the gaseous phase. Since most of the samples are so lid or liqu id, the
atoms or ions of the anal yt es need to be flame vapor ised or vaporised in a graphite kiln.
The atoms ab sorb visible or ultraviolet light that causes transitions at h igher energy levels.
The an alyte concentration is determ ined by the abso rp tion qu antity. The concentration
measuremen ts are gen erally mad e on the basis of a cal ibration curve, after having
calibra ted the ap paratus with standa rd s of known concentra tion .

• Determination of the chroma tic co-ordina tes by color tmetry!'>141.

Co lorimetry serves to cha rac ter ise a colour and allow iden tification. The sys tem
adopted by the Am erican ASTM, which is ge ne rally used in measur ing ceram ic colou rs,
is the spatia l representation of the va lues: L*, a* and b* of the CIElab method .
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L* ~ 100
(usi i te}

(yellow)

+ a*

Figure 4. Spatial representation of tilt' t1tll ut'S L", a*and b",

The va lue of a" indicates the qu an tity of red (+a*) or gree n (- a"), while that of b"
represents the ye llow (+b *) or blue content (- b *). In no case does the nu merical va lue
p rovid e a degree of colour sa tura tion. The bri ghtness of the colour is indica ted on the L*
axis and can range from a (black) 10 100 (w hite).

• Str uctural charac teri sa tio n was d one by X-ray d iffrac tio n (XRO) and
microstructu ral characterisation by scanning electron microscopy (SEM)IDI.

- In this study the XRO data enabling the development of the crystalline phases to
be monitored was obtained by the powder me thod with a Siemen s model 0 5000
d iff ractometer, fitt ed wi th a cop pe r antica thode, nickel filt er a nd g rap hite
monoch romator. Measurements were made at a voltage of 40 kV and intens ity of 20 mA,
in the range 20" to 70" (28), 0.05"/ s goniometer speed and Is step count collec tion tim e
(time cons tant). Slits of 2.2 and 0.2 mm. were used .

The most important use of the powder method is in the qu a litati ve identification of
crysta lline ph ases and the determination of parameters and cell sy mme try. Other
app lications are determinat ion and refining of crystalline struc tures, the stu dy of the
degree o f crysta llinity or the determination of the size and form of cohe ren t domains.

The powder method possesses certain characteristics that make it one of the most
w idely used method s at present. These characteristics include ease of sa mple preparation,
pe rformance in a single experiment of the whole diffraction register and accurate
determination of lattice spacings (h k I).

- In materials science, detai led knowledge of the physical nature and chemical
compos ition of the sol id surfaces on a submicrometer sca le is fundamental. For th is,
mi crostructural characterisation was performed by SEM with a Leica, Leo 440,
instrument. The working conditions for the observa tion of sa mple mi crostructure were as
follows: accelerat ion vo ltage = 20 kV, p robe in ten si ty = 150-500 pA. The sa m ples we re
deposited as ve ry fine powder in an alum in iu m sa mple holder and cove red with a fine
grap hite sheet. Subsequently, a strea m of compressed air was injected to remove non­
ad hered pa rticles and possible impurit ies stem ming from exposure to the ambien t, in
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orde r to avo id problems with th e m icroscope's vacu um sys tem a nd m uurnise
in terpre tati on errors.

RES ULTS AND DISCUSSION

Green chromiu m-alu mina pigmen t

Prelimin aru silldil. .

The sa m ples prepared accord ing to Table I were es tablished in a prelimi nary s tudy
to dete rm ine and o ptimise the mineral iser and raw ma terials tha t mi ni mi se the chrom ium
conten t in the washin g wa ters and enable colour development com parable to th at of the
reference, for wh ich di fferen t mineralisers were tested.

Cr,O, and Al,OJ (laboratory reagen ts) were used as precursors in the proportion
70%-30%, wh ich co rresponds to sa m ple Vl , This pro portion was selec ted for the
p reliminar y s tudy because of its larger Cr,OJ conten t, which enabled observing the
effec tiveness of the rninera liser on washing water Cr(VI) con ten t. The s tu dy was ca rried
ou t wi th 4 mineralise rs, Ml , M2, M3 and a mi xture of M2- M3. The range of m inerali ser
ad d ition was fro m 0.5-10%. Table IV details the refe rences of the prep ar ed sa m ples and
tested rninera lisers ,

C r20J

.1. 1,OJ

Minera lise r

VIIM t

70%

30%

M I

V I/M2

70%

30%

M2

Table IV. Stlldy of tht' minemlisers.

V I/M3

70%

30%

M3

V I/J\l2+3

70%

30%

M2+3

The results found for Cr(VI) in the wash ing wa ters for the va rious sa mples a re list ed
in Table V:

SAMPLES
VI /M I

V I /M2

V I /M3

VI1;\1 2+3

REF.I '

mg C rlg pigment

0.050

0.Q35

1.988

0.04 1

0.05 4

"No te: re member th at re ference I has al ready been washed in p rod ucin g it.

TaMe V. Cd VI) conten t ill till' washillg touters.

Figure 5 plot s the co-ordinates found for each sa mple. The Cr(VI) co n tent in th e
wash ing w aters is represented at the sa me time by the d iffere nt co lour of the points
plo tte d , the d ark g ree n colour being for the sa m p les tha t had the largest Cr(VI) con tent.
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The graph incl udes 2 other reference samples, REF. 2 and REF.3, wh ich were
d iscard ed fo r the comparative study of Cr( VI) content in the washing wa ters because of
their high Cr(VJ) segregation to the wa ters.

16 17 18 19 20 21

-14

-15

-16

-17

-1B

a' -19

-20

-21

-22

-23

-24

-25

14 15

•RE F.2

•
REF .1 V 1/M 2

V 11M 3

• REF.3. ..
Y 1/M2+3 V11M1

40

38 .R~F.3

e REF•2,
V 11M 3

36 • I
L' V11M 2 i

34 • V11M 2
+

3

V IM1

32

30

2B

26

•
REF.1

24
22 23 24 25

b'

Figure 5. Study of tile minemliser.

In view of the find ings in Cr(VI) conten t and chromatic co-ordinates, it was
determi ned that the m ineraliser segrega ting the sma lles t quantity of Cr( VI) was the one
used in sa mple Vl / M2. In the chroma tic co-ord ina tes o f the d ifferen t sa mples, it canno t
be det ermined w hich presents a better colour owing to the small d ifferen ce be tween them.

The appropria te mineraliser was concluded to be M2, which was the one ad ded to
the sample referen ced Vl /M2.

As ind ica ted previously, af ter conduc ting the study of the mi nerali ser, d ifferent
raw m at erials for industrial use were test ed . These were AI,O,- l , Al,O, 2, Cr.Oi-L Cr,O,­
2 and Cr,O,-3. The Cr,O,-AI,O, p roportion was 70%-30% by weigh t, th e sa me as the
qu an tity studied to find the most approp ria te m ineraliser. All the sa mples p repared
co ntai ned a certai n p roportion of M2. The references of the stud ied compositions a re
given in Table VI.

AI,O,-I

AI,O,-2

Cr,O,-1

VI /M211

V I /M2 /2

C r, O,-2

VI /M2/3

V 17M2 /4

Cr,O,-3

VI /M2 /5

VI /M2 /6

Table VI . Sample refi·ri'lIccs .

The calc ined sa m ples were washed accordi ng to the condi tions ind icat ed ab ove. The
Cr(VI) con tents in the washing waters are detailed in Table Vll:
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SA~lrLES

VI /I.1211

VI /M2/2

VI /M2/3

V 111.12/4

V IIM2/5

V 111.1216

REF.I "

m~ Cr/~ pigment

0.098

0.119

0.065

0.083

0.355

0.361

0.054

'Xote: reme mber that reference 1 h.1S a lready bee n was hed in producing it.

Table VII . Cr(\,lJ content ill tho ll'll~hi llX usucrs .

As in Figure o, th e ch romatic co-ord ina tes and Cr(VI) conten ts are plo tted in
Figure 6.

V1 1M2f3

V1 JM2I4

Y1 1M212 -

' 0

REF .3

38 _ I
- REF.2

36 _ I

V1 1M21S
V 11M 2f3

34 e v ,"M216
,

V1 1M214

32 I
V 1/M 2J2

30 • I

::J
V1JM2l1

A: .1
2'

L'

252'23222120

-• V 11M216REF.3

V1IM 2I S

1918

V 11M2/1 . -REF.1

17

-
­REf.2

· 1'

· 15

-16

-17

·18

a' · 19

·20

-21

·22

·23

-2'

-25

16

b'

Figure 6. Study of tilt' rate mataials.

Following the same procedure as above, it was obse rved that sample VI IM21 I
presented the closest va lues to those of reference sa mples 1 (cons idered as the reference
that presented the best chromati c co-ord ina tes and segregated the least quanti ty of Cr(VI)
in the was hing waters). In the selection of the raw material, the eco nomic factor is of great
influence, so that it was nec essary not only to keep in mind the quantity of Cr(VI) in the
wash ing wa ters and the chromatic co-ord ina tes, but also th e ra w material cos t. Therefore,
in the present s tud y, the use of the Cr,Q, 2 (of high cost) was practically discarded, despi te
observing minimum conce ntra tions of Cr(Vl) and good ch romatic co-ord inates. C r,O , I
wa s chosen then, which presented low conce ntra tions of Cr(Vl), a better va lue iIi the
chroma tic co-o rd inates and lower cost, specifically sa mple V1 IM21 1.

It is to be noted that the ch rom iu m content in the was hing wate rs increases
cons iderably with the use of ind ustrial raw materials compared wi th labora tory reagents,
as can be observed on comparing the find ings for samp les V1IM2 11 (reagent for
industr ial use) and V11M2 (labo ra tor y ana lytica l reagent).
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After these preliminary studies the conclus ion cou ld be drawn that using M2 as a
minerali ser and Cr.Oi-I and Al,O,-1 as Cr and AI precursors led to better colouring
results. These reagents were therefore chosen for the study of the different compositions
indi cated in Table l.

Study of the suitable prccursor quantities

Fina lly, the study p roposed in Table 1 wa s carried out. The results obtained for the
chromatic co-ord ina tes and ana lys is of the washing waters led to the conclusion th at the
proportion 65%-35% p resented a smaller Cr(VI) conten t in the w ashing waters th an the
reference pigment, wh ile the ir ch romatic co-o rdi na tes were com pa rable.

SA.\ I PLES
V I /M211

V2/M211

V3/M211

REF."

mg Cr/~ pigment
0.098

0.043

0.042

0.054

"Note: rem ember that refer ence 1 has alread y bee n washed in producing it.

Table VIII . C,.(V[) content ill washing I N a t'f .;.

As in Fig ure 5, the chroma tic co-ord ina tes and Cr(VI) contents are plo tted in
Figure 7.

-14 REF .3
38 •-15 • •

REF .2 36 REF .2
-16

-17 34

• • L'
-18

REF .1 V 2IM 211 V 31M2f1

• 32

a' -19 • V1 1M2J1 V1 1M2I1

REF .3 30 •
I

-20

·2 1 28 •
V 31M2/1

-22
26

I·23 •REF.1
24 • I-24

V2 1M2/1

· 25 22

16 17 18 19 20 21 22 23 24 25

Fig ure 7. Study of tilt' optimum preclIrsor proportion.

With a view to compa ring the analyses of Cr(VI) by absorp tion, wi th those obtaine d
by flame atomic absorp tion, an a priori more accurate technique, th e sample was analysed
which presented the best cha rac terist ics by thi s technique. The results coincided with
those found previ ously, i.e., the sa m ple wi th the best chromatic co-ord inates and smalles t
Cr(VI) content in the washing waters w as V2/ M2/ 1.

1'. C I - 16~



CASTELLO;-.J (SI'AI;-.J)" QUALI~20~2~ --'='-'.:=~=,-,-,

SAM PLES
V2/M2/ 1

mg Cr/g pigme nt

0.040

T"blt- IX, Cr(\lJ) contnn il l the It'11:,hill g waters.

Since sample V2/ M2 / 1 presented interesting cha racteristic, it was chara cterised by
XRD (Figure 8) in order to study the natu re of th is pigm en t. The results indicated that,
un der the wor king cond itions involved, it formed a single Cr,O, ph ase, suggesting that it
could be a Cr-A I solid solution, or that the AI,O, was present as an amorphous ph ase or
with very small particl e size.

• • Cr~O I Je PDS n" JX· !479

•

"! •
2- •
Z-
'e;;
c:
Q)

<=
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Figure 8. XRD ofcalcined ;:;a111pll' V2/M2/ 1.

To corrobo rate these results, sample V2/ M2 /1 was cha racterised by SEM and semi­
qu antitative analyses we re performed by energy-dispe rsive X-ray ana lysis (EDAX). The
results indicated, as Figure 10 sho ws, tha t there are two classes of so lid so lu tion, besid es
free Cr,0 3and Al,OJ' It can also be obse rved that under these working cond itions, there is
a maximum transfer ratio of 65%-35%, whi ch explains wh y there is no improvement in the
chromatic co-ord ina tes on increasing the Cr,O, content.

According to the SEM results, the mechani sm tha t seems to take place is di ffusion of
Al,OJor Cr,0 3respectively on Cr,OJand Al,OJ parti cles, besid es the existence of free Cr,03
and Al,O, as obser ved in Figure 9. In a previ ou s stud y carried out by Agu stin Esca rd ino,
Antonio Barba and Sergio Mestre for the pigment Fe-Cr, a qui te similar mechani sm was
obtained to the one set ou t here for the green chromium-alumina pigment'!",
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• Cr,O ,

AI,O ,

• • • •• • • •• • • ••
• • •• •• •

Figure 9. Chromium -alumina pigment reaction mechanism.

With a v rew to exp laining why a larger quantity of Cr( Vl) is segrega ted in the
washing waters by the othe r sa m ples, the micrographs of sam ple V2/ M2/ 1 (sample with
smallest Cr(Vl) conten t in the washing waters) and Vl / M2/ I (sa mple with largest Cr(VI)
conten t in the washing waters) were com pared before and after wash ing with water
(Figures 10-13). 1t can be observed th at the free Cr content is larger in VI / M2/1 , wh ich
exp lains the increase in Cr(Vl) in the wash ing waters.

FiRIIYt· 10. SEA·l of calcined V2/A12/1 'without lPashillg. Figure 11 . SEA1 of calcined V2/M2/1 teitltouI wasllillS-

A - Solid Sol. : 65% Cr,O, 135% AhO,.
8 -. Free Cr: 95% Cr203 / 5% AhO]
C _ Solid Sol. : 35% Cr,O, 165% AI,O,
D _ Free AI: 5% Cr,O, 195% Al,O, .

A - Solid Sol: 65% Cr,O, 135% AI,O,
B _ Free Cr: 95% Cr,O, 15% AI,O, .
C _ Solid Sol: 35% Cr,O_, 165% AI,O,
D -. Free AI: 5% Cr203/ 95% AI203
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Figure 13. SEA1 of V2/A12/1 m1cillc'd/Jlld H'd51tt'd with 11.,0.

Chrom ium tin pigment

The pigment was synthesised by the ceramic method usi ng 5nO" Cr,O" 5iO, and
CaCO, as precursors, all being of ind us tria l qu ality. Mincralisers we re studied to minimise
the Cr(VI) content in the wash ing waters and to optimise the chromatic co-ord ina tes.

The referen ces of the sa m ples prepared for composition CaCr",,,5no,,siO,. wi th
di fferent mineralisers are de tai led in Table X.

Samples ~II ~12 ~13 ~III~I~

EI 0.5-10%

E2 0.5-10%

E3 0.5-10%

E4 0.5-10%

The sa m ples were prepa red by the sa me method ology as the previous pigm en t. The
ch romatic co-o rdi nates and Cr( VI) content s in the washing waters we re then determined.

The resul ts of the Cr(VJ) concentra tion in the wash ing waters are d eta iled in
Table XI.

S,U l r I.f:s

EI
E2
E3

REF.I '

m:: Cr/g pigm ent

negligible

neg ligible

negligible

0.051

• No te: rem ember that rcn-n-no- 1 h.1 ..al ready been wa shed in prod ucing iL.

"l ilNt' X I. Cr(V /J content in U'l1:, ltillg uxucrs,
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Figure 14 presents the results of the chromatic co-ordinates. Sample E2 is the best
one, as it exhibits high valu es for co-ord inate a", similar to those of the reference, but with
a decrease in the valu e of co-ordinate b*. The Cr(VI) contents in the washing waters are
negligible in all of them .

30

52 . 3

28 • •• 50
. 2 REF.1

E4
26

• 48

24 .0 L'

46 . 2

a* 22 • •
. 3 44 •

20
REF .1

42

18 40

16 38

• •14 ., 36 .,
2 4 6 8 10 12 14 '6 18 20

h '

Figure 14. Chromatic co-ordinates of the chromium-tin pigment,

The XRD of calcined E2 sample showed peaks corresponding to the mala yait e ph ase
together with cass iterite and wollastonite peaks of sma ller inten sity (Figure 15). These
results seem to indi cate the form ation of solid solution in which Cr replaces Sn in the host
network.

•

•

•

+

•

•

•

.. Malayaite Jepos n" 25-0176
+ Cassiterite JCPDS n" 41-1445

. Wollaston ite JePDS n" 43-1460

•

•• •

10 20 30 40

26

50 60 70

Figure 15. XRD of ealcilled ~amplc f 2.
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CONCLUS IONS

CASTELL6N (SI'AI1\:)

Both the gree n chromium-alum ina and the chrom ium pink-tin pigment can be
produced usin g Cr(III) as chromium precursor, Thi s fact will have positive
rep ercussion s on handling precursors on an indust rial level.

- In the two stu d ied pigm ents, ve ry low Cr( VI) contents are ob tained in the washing
wa ters, which implies tha t their ind ustrial process will have a minimum impact on
the polluting qu ality of waste wa ter,

- The sy n thesis mechani sm in the green chrom iu m-alum ina pigment is based on
diffu sion of Al,O, or Cr.O, respectively on Cr,O, or Alp, particles, as well as the
existence of free Cr,O, and Al,O,. In the case of the chrom ium-tin pigment, a soli d
so lu tion seems to form in w hich Cr replaces Sn in the host ne tw ork,

The ana lyses of Cr( VI) in the washing waters indicate negligibl e qu antities of
Cr(VI), and sma lle r than those ob tained in commercial pigments of the sa me
nature .

- The values of the chromatic co-ord inates are simila r to those of the com mercial
pigments bu t with the par ticularity of negligible quantities of Cr(VI) in the waters
and production at lower temperatu res,

- It is to be noted that the tw o pigmenting systems are obtained at considerably
lower temperatures than tho se used in ind ustrial processes.
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