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A Simple Dye Test for Mineral Powders
S. Vieth

Powders are typical starting materials for the production of ceramics. In this paper, a strategy is present

ed, that allows a quick quality control of inorganic powders. This strategy bases on dyes. Dye adsorption
as well as the usage of indicators allow an easy and cheap characterisation of powders. Furthermore,
the tests provide information on the chemical behaviour of the powders. It can be shown, that there is a
coherence between the results of colour tests of a powder and the influence on the properties of ceramics
(prepared from this powder).
Ceramic powders suffer from perpetual changes mainly by two reasons. First, due to their large surface
powders show interactions with components of the atmosphere (e.g. water, carbon dioxide, oxygen). A
further problem arises, if natural sources are the origin of powders: The material can have tremendous
changes in the chemical composition causing serious problems in the production of ceramics. That’s why
quality control of powders is a must. Unfortunately, the methods used are expensive and time consuming
(e.g. BET, EDX, XPS, ICP). In particular, smaller companies have only limited opportunities to control the
quality of their starting powders. In this paper a simple, quick and inexpensive method is suggested, which
bases on dyes and allows a control of powder quality.
Introduction
Coloured substances have been used in dif
ferent areas of analytical chemistry since a
very long time. Indicators for titrations or
specific reagents for chemical species are
typical examples. For the characterisation of
clays, the adsorption of methylene blue is
used for decades [1, 2]. On the other hand,
inorganic powders, e.g. fly ash, were tested
for the adsorptive removal of dyes from
waste water [3]. So it seemed to be pos
sible to develop a simple test for inorganic
powders which bases on dyes.
In a first experimental set up, modified
aluminium hydroxide powders were mixed
with dye solutions. After centrifugation, the
appropriate supernatants were evaluated
visually. The results are summarised in Tab 1.
The results show the expected relationship
between surface charge (caused by modi
fication) and dye adsorption. The anionic
direct dye is strongly adsorbed by positively
charged surfaces. The cationic methylene
blue has a strong affinity to surfaces with
a negative charge. More important: with
this simple test, using two dye solution, the
three powder samples can be distinguished,
because each type gives its own “colour
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Tab. 1 Adsorption of dyes on different types of aluminium hydroxide
* weak: colour of the solution corresponds to the starting solution; strong: (almost)
colourless solution; middle: colour is still visible but distinctly reduced)
Zeta Potential

Adsorption of Direct Yellow 50*

Adsorption of
Methylene Blue*

Non

–28,3 mV

middle

strong

H2SO4

+17,9 mV

strong

weak

NaOH

–46,2 mV

weak

strong

Modification

pattern” due to different adsorption (mid
dle/strong, strong/weak, weak/strong).

Characterisation of
mineral powders
Mineral powders can be components in cer
amic masses (e.g. for bricks or stoneware)
because they are cheap. They can also act
as sintering aids. As a by-product in quar
ries these powders can show tremendous
variations of the quality. Therefor, mineral
powders are an interesting object for the
development of a colour test. Typical mater
ials were chosen, e.g. granite, andesite and
rhyolite.
To differentiate between the different pow
der types was the first aim. Investigating
several types of dyes and indicators, it was

possible to establish a kit of five solutions
(Tab. 2), which gave a unique pattern for
each powder. To obtain the result, 1 g of
the powder was mixed with 5 ml of the ap
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Tab. 2 Components of the kit; *see also experimental part
Test

R1

R2

R3

C1

C2

Solution*

Water

HCl

EDTA/buffer

Direct blue 71

Crystal violet

Indicator*

Mixture

Bromcresol green

CuSO4

–

–

efficiency of this simple test (Fig. 3). Fur
thermore, the tests provide additional infor
mation, due to the chemical or physical pro
cesses which take place. E.g., powders 2, 3
and 8 consume both the acid (R2) and the
EDTA (R3). This indicates, that these pow
ders contain limestone (calcium carbonate).
The small pH value of the suspension of
powder 1a causes obviously a positive sur
face charge resulting in a strong adsorption
of the anionic dye.

Experimental part

Components of the kit (test solutions)

Fig. 1 Colour pattern of powder 1a: R1, R2, R3, C1, and C2 (f. l. t. r.)

R1: Deionized water
Indicator 1: Universal indicator solution
(ACROS)
R2: Diluted hydrochloric acid,
(c = 0,05 mol/l)
Indicator 2: 0,5 % bromcresol green in
ethanol
R3: This solution is a mixture of three parts
of a EDTA-solution (c = 0,1 mol/l) and two
parts of an en-buffer. The buffer is prepared
in a 100-ml-measuring flask (40 ml diluted
hydrochloric acid [c = 1 mol/l], 8 ml ethyl
ene diamine, filled with water)
Indicator 3: CuSO4-solution (c = 0,4 mol/l)
C1: 0,02 % direkt blue in water
C2: 0,06 % crystal violet in water,

Typical procedure
Fig. 2 Colour pattern of powder 2: R1, R2, R3, C1, and C2 (f. l. t. r.)

propriate test solution for 1 min and then
centrifuged. If necessary, indicators were

added after centrifugation (if they were
added at the beginning, they were ad
sorbed by the powder). Figs. 1–2 show two
typical examples. It has to be emphasized,
that all tests solutions are aqueous and very
diluted. Therefor, the test is not critical re
garding safety.
Test R1 is very simple. Here the so called
natural pH is estimated. A mixture of indi
cators gives a colour according to the pH
(similar to the well-known unitest paper).
The red colour (Fig. 1), indicates a pH 4
or smaller, whereas powder 2 causes a
pH value of about 8 (Fig. 2). Also, the test
R2 bases on an acid-base reaction: the
indicator shows the reactivity of the pow
der against acids. Powder 1a contains no
basic components. The solution remains
acidic (yellow colour, Fig. 1). Powder 2 has
E 26

consumed the acid completely (indicator
turns blue, Fig. 2). Furthermore, with test
R2 carbonates can easily been detected
(gas evolution). Complex formation with
EDTA is used in test R3. This is a test for
chemically active multivalent cations (usu
ally Ca2+). Samples, containing appropriate
ions, would consume the EDTA, visible by
a purple colour (copper/ethylenediaminecomplex EDTA is formed after addition of
the indicator, Fig. 2). If such ions cannot be
released, the solution turns blue (copper/
EDTA complex, Fig. 1). The solutions for test
C1 and C2 contain an anionic and cationic
dye, respectively. Figs. 1–2 show, that the
two powders exhibit the opposite adsorp
tion behaviour.
Altogether ten different mineral powders
where investigated with the kit described.
Surprisingly, for each powder a unique
pattern could be obtained, showing the

A centrifuge tube is filled with 1 g of the
mineral powder and 5 ml of the appropri
ate test solution. The tube is sealed (e.g.
rubber stopper), shaked for 2 min and then
centrifuged (5000 rpm, 5 min). If necessary,
a few drops of the appropriate indicator are
added. Now the colour of the supernatant
can be evaluated.

Indicator reactions
Indicator 1 shows the so called natural pH:
According to the supplier there is the fol
lowing connection between colour and pH
value [4]: pH 4,0 (red), pH 4,5 (orange-red),
pH 5,0 (orange), pH 5,5 (orange-yellow),
pH 6,0 (yellow), pH 6,5 (yellow-green),
pH 7,0 (green), pH 7,5 (green, slightly blue),
pH 8,0 (green-blue), pH 8,5 (blue-green),
pH 9,0 (blue).
Indicator 2 is blue, if the acid is fully con
sumed and there is still some basic compon
ent. Non-reacted HCl is visible by a yellow
colour. In seldom cases the indicator exhib
cfi/Ber. DKG 97 (2020) No. 5-6
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its a green colour. In this case the amount
of acid corresponds exactly to the amount
of base.
Indicator 3: a purple colour of the solutions
indicates, that the EDTA is fully consumed
by components of the powder (usually
Ca2+). Otherwise, the blue colour of the CuEDTA complex is visible. The indicator solu
tion 3 has an increased density. Thus, gentle
stirring while adding the indicator is recom
mended.

Control of powder charges
Insufficient charge stability of starting pow
ders is a serious problem in the production
of ceramics. Mineral powders suffer from
this problem tremendously. Thus, the mayor
aim of our investigation was to set up a kit,
that can indicate quality changes within
charges of powders from the same type.
For this purpose, different charges of pow
der 1 and powder 9 were investigated with
the kit described above. Fig. 4 shows the
results for different charges of powder 1. At
first, slight differences in the “natural pH”
(R1) were visible (between 4–6). Different
degrees in sulphide (Pyrite) weathering is
most reasonable for this observation. This
pH changes cause differences in the adsorp
tion behaviour. A low pH is connected with
a strong adsorption of the (anionic) direct
dye (C1). Charges, yielding a higher pH,
show a reduced adsorption.
There is also some effect on the crystal vio
let adsorption visible (C2) but less strict. The
other tests (R2, acid consumption) and R3
(EDTA consumption) give for all charges the
same result. Thus, all charges of powder 1
are quite similar.
The examination of charges of powder 9 of
fered the opportunity to show, that simple
colour tests are suitable for a real quality
control: with the help of these tests insuf
ficient charges (e.g. for ceramic produc
tion) can be detected and ruled out. First,
all samples were treated with the tests kit,
described in Tab. 2 (Fig. 5).
Here, it has to be mentioned, that all samples
show a gas evolution in test R2 – obviously
the result of a reaction between CaCO3 and
HCl. More important, two charges (9h and
9m) exhibit a reduced acid consumption
– visible by a yellow colour in test R2. By
this reason, these two charges were used
for the preparation of ceramic material. For
comparison, two further charges (9a, 9d),
cfi/Ber. DKG 97 (2020) No. 5-6

Fig. 3 Colour pattern of 10 different mineral powders (schematic)

Fig. 4 Colour pattern of different charges of powder 1 (schematic)

providing a blue colour in test R2, were in
cluded in these investigations.
If ceramic materials with a low content
(10 %) of powders 9 were prepared, no sig
nificant differences (e.g. in strength) could

be observed. But, if powders of type 9 be
come the major part in the ceramic mass,
clear differences revealed: The strength of
ceramics from powders 9a and 9d (blue
in test R2) is distinctly higher than those
E 27
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Tab. 3 Charge influence on compressive strength σ (portion of mineral
powder: 68 %; firing temperature 1100 °C); further data: results of
test R2, portion of particles <63 μm, content of selected elements
(as oxides), estimated by ICP
Sample

Test
R2

σ
[MPa]

<63 μm
[%]*

Na2O
[%]

K2O
[%]

CaO
[%]

SO3
[%]

9a

blue

31

n.e.

2,62

3,09

2,74

0

9d

blue

37,5

84,9

2,63

2,65

2,71

0

9h

yellow

21

84,5

2,50

2,61

1,53

0,33

9m

yellow

20

75,9

2,66

4,61

1,23

0,16

*values given by the supplier

Fig. 5 Colour pattern of different charges of powder 9
(schematic)

of powders 9h and 9m (yellow in test R2,
Tab. 3).
A chemical analysis of the four powder
charges indicates, that differences in the
lime content are responsible for the ob
tained results (Tab. 3). Lime is a known
sintering aid and also a base. Powders with
a high lime content (9a, 9d) provide a high
strength of the ceramic material and a com
plete acid consumption in test R2 as well.
On the other hand, the low lime content in
samples 9h and 9m results in a worse cer
amic and an incomplete acid consumption
in test R2.
If effective and ineffective charges are
available (as for powder 9), it is possible,
to develop more tests, that can distinguish
between “good and bad”. Modification of
known tests (e.g. from Tab. 2) is the easi
est way. The experiments show, that the R3
test is helpful, if twice the amount of the
appropriate powders is used. Then, samples
9a and 9d cause a purple colour, 9h and 9m
give instead a blue solution.
Again, the lime content is crucial. In the first
case EDTA is consumed quantitatively (see
above) in the second case not. Furthermore,
modification of test C2, using a different
E 28

Fig. 6 Adsorption of methylene blue (0,08 % in water): powders 9a, 9d,
9h, and 9m (f. l .t. r.)

cationic dye, allows the same distinction
(Fig. 6). This means, using the dye-test con
cept three different methods could be de
veloped, that allow to distinguish between
effective and ineffective charges of powder
9: test R2 and modified versions of tests R3
and C2.

Discussion and conclusions
The experiments show, that dyes can be
used in a very easy way, to get information
about inorganic powders. The described
concept is particular helpful, if quality
changes of powder charges should be visu
alised. The appropriate methods are cheap
(no expensive equipment, small amounts
of substances, water-based processes) and
give a result after a short time (all in all in
less than 15 min).
Of course, these methods cannot replace
established instrumental methods (BET,
phase analysis, rheology etc.). But due to
their simplicity they can be easily integrated
into the daily routine – even in a very small
company. With the help of colour tests the
reliability of the production process could
be improved, because ineffective charges of
starting materials could be excluded.

In general, two approaches seem to be suc
cessful for the generation of a colour pat
tern. First, reactions, which outcome could
be visualised by indicators. In this work
acid-base reactions and complex formation
are used. But also further processes, e.g.
redox reactions should be possible. Typical
text-books [5] describe a plethora of appro
priate methods, which could be the bases
for further test methods.
Second, adsorption of dyes. In the author’s
experiments the so-called direct dyes (an
ionic) and cationic dyes allow the differ
entiation of powders and powder charges,
respectively. Other types, e.g. mordant dyes
or reactive dyes, did not show useful ef
fects. The adsorption behaviour of cationic
and anionic dyes often corresponds to the
natural pH. Therefore, surface charges of the
powders seem to be more relevant than ion
exchange processes.
The dye tests do not yield only a colour pat
tern, that corresponds to a powder quality.
They also supply further information e.g. on
acidic or basic components or surface prop
erties of the powder. Thus, the tests allow
not only to rule out insufficient charges, but
help to understand (at least to some excfi/Ber. DKG 97 (2020) No. 5-6
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tend), why the appropriate charge cannot
be used.
In this work, a kit of five solutions (Tab. 2)
is described. It has to be pointed out, that
this kit cannot be conceived as a kind of
standard, even if several powders can be
distinguished with this kit – including dif
ferent charges of the same powder. As out
lined for powder 9, the kit can be used as
a starting-point for the development of a
more specific test set (provided that “good
and bad” charges of the powder are avail
able). Changing concentrations of test solu
tions, changing the amount of the appro
priate powder or usage of further dyes are
strategies to adopt the test to the certain
problem.
From further experiments, the author
knows, that the dye concept is not restricted
to mineral powders. E.g. powders for engin
eering ceramics (e.g. alumina, zirconia) or
fly ash can be characterised by dye tests.
Thus, in any area, where inorganic pow
der with an insufficient quality stability are
used, a dye test could help.
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