
Efficient Manufacture of Colored Concrete Products 

Choice Of Pigments For Coloring Concrete 

A great lot of publications in the past have dealt 
with the general basic requirements for pigments 
for coloring of building materials. The practice re-
sults of decades have proved that oxide pigments 
of iron, titanium, chromium, mixed metal oxides 
exhibit excellent properties in concrete. Meanwhile 
also a lot of national and international standards 
exist from which advice can be taken for choice of 
the right sort of pigment. Representatively e.g. EN 
12878 "Pigments for the colouring of building ma-
terials based on cement and/or lime - Specifica-
tions and methods of test" (which is the working 
basis for an European standard, too) prescribes 
the necessary properties of pigments for coloring 
concrete. Pigments for which the manufacturers 
certify the general suitability in accordance with 
such norms are, for sure, a good selection; such 
materials will be insoluble in water and the alkali of 
the cement, will not influence the concrete strength 
and setting, will be stable in weather and have 
uniform color and tinting strength - in one sen-
tence: they fulfill the basic general requirements for 
coloration of concrete.  

But this is only one aspect; the next choice to be 
made now concerns the form of delivery. Mean-
while, besides the traditional form of pigment pow-
der also fluid preparations (water-borne slurries) 
and pigment granules are established in the mar-
ket. A decision for a certain form of supply normally 
is a decision for a certain method of pigment dos-
age into the concrete mix - an essential point to be 
discussed in detail.  

Up to now a defined color did not occur in our con-
siderations! This will be the main issue some chap-
ters later. Before coming to this point, we at first 
should deal with some facettes of the state of the 
art in pigment dosage, in order to make the best 
out of this "foreign matter pigment" in the concrete 
plant. 

Considerations About Dosing 

Often, if metering of pigment in the concrete indus-
try is under discussion, automatically the idea of 
mechanical, computerized dosing comes up. But a 
lot of producers of concrete articles who have only 
smaller demand of colored items conduct their 
pigment dosage manually with good results, since 
years. They are manually weighing their pigments 
into dosing vessels and add them directly into the 
concrete mixer by hand. If we assume an annual 
demand of 20 tonnes of pigment, worked up with a 
paving block machine with a 0.5-m³ mixer, holding 
a good 1000 kg of fresh concrete, then we can 
estimate as an average 20 dosing cycles per day. 
Naturally, the investment of an automatic metering 
equipment is not reasonable in such a case. But 
even in this minor example, the change of powder-
pigment to granule-pigment will increase the ease 
of handling during the manual weighing and im-
prove the hygienic working conditions by reduction 
of dusting during all phases of production. 

Producers of paving blocks and related building materials know all about concrete, about cement 
and aggregates, about formulation, strength and stability, but they like it grey - coloring pigments 
are "foreign matter" in a concrete plant, better not to use them! But ..., yes, but the customer likes 
to have colored concrete ware! Therefore the pigment user under compulsion can expect the ad-
vice of the pigment manufacturer for questions of the right choice of pigments and the correct 
method of dosage. The following overview intends to discuss the relevant parameters to make this 
choice a rational one. 

Tab. 1:  Catalogue of  
Bayferrox® liquid grades 

Grade Farbe 

Solid content 
DIN ISO 787 

Part 2 
[%] 

Density 
[g/ml] 

pH value 
DIN ISO 787 

Part 9 

Viscosity 
Brookfield

20 °C, No. 4, 
100 U/min 
[mPa·s] 

  min. max. min. max. min. max. min. max. 

Bayferrox® 110 liquid 
Bayferrox® 120 liquid 
Bayferrox® 130 liquid 

Red 65 
65 
65 

70 
70 
70 

2,0
2,0
2,0 

2,3
2,3
2,3 

7 
7 
7 

10 
10 
10 

700
700
700 

1500
1500
1500

Bayferrox® 350 liquid Black 50 55 1,5 1,7 7 10 800 1300

Bayferrox® 686 liquid Brown 54 61 1,7 2,0 7 10 800 1300

Bayferrox® 920 liquid Yellow 37 42 1,2 1,5 7 10 400 800



Table 2:  Formulations for on-site-preparation of Bayferrox-Slurries 

2.1 Slurries for direct use 
 (storage stability max. 1 day) 

 B a y f e r r o x ®  

 110 130 330 920 

Water 1220 kg 1000 kg 1497 kg 4550 kg 

NaOH  
(50 % in water) 

4.4 kg 4 kg 5 kg 8 kg 

Pigment 1000 kg 1000 kg 1000 kg 1000 kg 

Solid content 45 % 50 % 40 % 18 % 

 

2.2 Stabilised slurries  
 (storage stability 8 – 10 weeks) 

 B a y f e r r o x ®  

 110 130 330 920 

Water 526 kg 526 kg 1211 kg 1490 kg 

Wetting agent  
(40 % in water) 

15.4 kg 15.4 kg 11.1 kg 6 kg 

NaOH  
(50 % in water) 

3.1 kg 3.1 kg 4.4 kg 4 kg 

Pigment 1000 kg 1000 kg 1000 kg 1000 kg 

Anti-setting agent/
thickener 

3.1 kg 3.1 kg 4.4 kg 4 kg 

Preservative 3.1 kg 3.1 kg 4.4 kg 4 kg 

Solid content 65 % 65 % 45 % 40 % 

There is another situation within a concrete factory 
with a yearly through-put of 200 tonnes of pigment. 
Normally here at least a 1-m³ mixer will be in-
stalled, working up 2,3 tonnes of fresh concrete per 
cycle. Under such conditions one can expect ap-
proximately 100 dosing strokes of 10 kg a day - 
enough to consider the installation of a sophisti-
cated metering equipment and to look for the most 
comfortable form of pigment supply. 

The Special Case - Dosing And Manufacturing 
Of Slurries 

Although the iron oxide pigments have been "in-
vented as powders" and therefore the dosing of 
powders has the oldest history, we should start our 
survey with a short excursus to slurry metering, 
since in most cases this technique will be com-
bined also with the own manufacturing of these 
water based dispersions. If we look to the cata-
logue of Bayferrox® fluid pigment preparations in 
Table 1, we find that such liquid colors contain 
around 50 % of water. A direct supply from the 
industrial producer therefore only is suggestive in a 
certain limited area around the factory, in order to 
have reasonably low freight cost. In all other in-
stances the water-pigment preparations have bet-
ter to be prepared on site. If a high daily pigment 
through-put in the concrete factory is planned, then 
one can have in view simple two-component mix-
tures from water and pigment for red and black 
slurries. With a high speed mixer the pigment can 
be stirred into the water to get 40 to 50 % solid 
containing dispersions (Table 1), only the pH-value 
should be adjusted to the suitable alkaline range. 
In the case of yellow iron oxide pigments the high 
water demand of these needle-shaped particles 
calls for relatively high amounts of water, only lead-
ing to low solid contents of maximum 20 %; in 
these cases to much water may be incorporated 
into the concrete together with the pigment. Addi-
tionally with such unstabilised pigment slurries 
some precautions have to be taken: By proper 
continuous stirring the dispersion has to be kept 
homogeneous and all vessels, pipes and nozzles 
should be cleaned already for short periods of 

stand-still. But, if the limited range of colors and the 
a.m. restrictions can be accepted, then this method 
offers a low-cost possibility of making pumpable, 
dust free preparations. 

The more flexible method naturally is, to manufac-
ture stabilized pigment slurries using wetting 
agents, pH-adjusting chemicals and anti-settling 
additives. In Table 2 workable formulations are 
given for the range of Bayferrox® pigments, show-
ing that under these circumstances also highly 
concentrated yellow slurries can be produced, with 
water contents low enough to make concrete with 
the desired range of water/cement ratio. Periodi-
cally stirred in the storing vessel, such dispersions 
are stable at least for some weeks. 

Unconcerned how and by whom the slurries are 
manufactured, once in the factory they are offering 
a variety of possibilities under the point of view of 
metering pigments. Dosing now is a clean and 
easy thing. If a new dosing equipment shall be in-
stalled in an existing concrete plant, space prob-
lems often occur; mostly there is not enough room 
above the concrete mixer for e.g. a powder station. 
Since the slurries can be pumped over longer dis-
tances, they may be the solution. With these ho-
mogeneous preparations with a fixed specific grav-
ity, both possibilities of metering can be applied: 
Volumetric and gravimetric dosage, the respective 
equipment offered by a lot of reliable engineering 
companies.  

Having in mind these positive properties, some 
limitations must not be ignored. Also with highly 
concentrated, stabilized dispersions every dosing 
stroke adds some amount of water. Especially, if 
the agglomerates contain also some water (wet 
sand, e.g.), some regions of water/cement-ratios 
cannot be achieved: Let us imagine a concrete 
with 100 kg of cement with a agglomerate/cement-
proportion of 6 : 1. If the agglomerates contain 5 % 
of water (a value often found in practice), then only 
by this percentage 30 kg of water are incorporated 
into the concrete, giving a water/cement-ratio of 
0.3. If we now want to add 3 % of pigment (related 
to cement) by use of a slurry with a solid content of 



Fig. 1:  View on pigment-silo, originally used for powder, 
now holding the respective pigment-granules – notice the 
step cones 

40 %, we add another 4,5 kg of water, leading to a 
total water/cement-ratio of 0.35. This is the lowest 
ratio possible, whereas with a dry pigment a ratio 
of 0.3 could be achieved. 

What has been said for the non-stabilized pigment 
dispersions is also valid for the stabilized ones, but 
to a less detrimental level: In cases of longer 
stand-still the supplying pipes should be cleaned 
by rinsing with water in order to avoid settling in the 
pipes and choking of nozzles. If these measures 
are taken and the a.m. limitations kept in mind, the 
user of "liquid colors" will belong to the big number 
of satisfied customers. 

Automatic Mechanical Dosage Of Pigments In 
Powder And Granular Form 

The longest experience in handling and dosing 
exists with powder pigments. These materials are 
designed chemically and physically to form fine 
particles in the sub-micron range, this means up to 
hundred-fold smaller than the anyhow small grains 
of cement. These small sizes are absolutely nec-
essary to achieve the desired colors and the op-
portune high tinting strength. Such fine powders 
have a high specific surface where attractive forces 
cause the particles to form lumps, to build-up lay-
ers on the walls of vessels and tubing and to form 
bridges of sticky powder in silos. This behavior of 
powders also leads to bulk densities greatly de-
pendant on the "history" of the material: The appa-
rent density is low just after production and milling, 
but increases with the vibrations during transport, 
conveying and storing. The only conclusion can be 
that volumetric metering by no means can be ap-
plied and that only gravimetric dosing will result in 
sufficient accuracy. 

In practice of pave making the overwhelming ma-
jority of mechanical pigment dosage works with 
powder. A great number of engineering companies 
in many countries have developed suitable machi-
nery to overcome the problems with metering and 
feeding fine pigment: So it is difficult to convey 
powders upward. Therefore it is highly recommen-
dable to install the silo at a high point in the plant, 
and to transport the powder by downstream 
movement. The adhesiveness of powders also pro-
hibits to construct silos with flat bottom angles; the 
angle of gradient should not be smaller than 60 de-
grees from the horizontal line. In order to support a 
steady flow of powder pigment, the walls of the 
cone of a silo should be vibrated during the feeding 
cycle, but - this is important - not continuously. 
Continues vibration would otherwise lead to com-
pactation in the outlet of the silo. The real metering 
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Fig. 2:  Schematic sketch of a pneu-
matic dosing system for pigment 
granules 



in an automatic balance is normally done with a 
conveyer screw where the product flow is sup-
ported by an additional spiral for breaking up 
lumps. For calculating the pigment dosing strokes 
in accordance with the concrete mixing cycles one 
should keep in mind the principles of such auto-
matic weighing: With high speed the major part of 
pigment is transported into the weighing vessel 
("rough dosage") and then with low speed, but high 
accuracy, the small rest is added to the former 
amount. If. e.g., three colors have to be weighed 
into one formulation, this total weighing/dosing 
time, defined by the manufacturer of the weighing 
device, has to be considered in planning the whole 
process.  

Furthermore must be decided where to supply the 
metered pigment amount to the concrete mix; sev-
eral possibilities meanwhile are the state of the art. 
In some plants the storing and dosing device is 
situated quite close over the concrete mixer and 
the pigment dosed directly falls into the mixing 
chamber. Space problems often makes it neces-
sary to construct the metering facility a little bit 
aside. A proved place is at the upper part of the 
conveyer belt with which the main stream of finer 
agglomerates is transported to the elevator bucket 
or directly to the mixer. The pigment powder freely 
falls on the moving agglomerates and a device, 
constructed like a plough-share, narrows the prod-
uct stream and covers the pigment with agglomer-
ates to prevent dusting.  

If we now change to metering of pigment granules, 
all becomes more easy. Pigment granules namely 
combine some advantages of the powder with the 
benefits of pigment slurries: We have dry material 
with 100 % coloring power and in addition free 
flowing behavior, like a fluid, easy to dose, non-
sticky, with the possibility of being transported 
pneumatically. 

Because iron oxide granules are a development of 
the recent past, there are more practical cases to 
change from powder dosing to granule metering 
than instances, where an absolutely new factory is 
planned with the intention to tailor-make it for gra-
nule dosage. Therefore it is good to know that a 
change from an existing powder dosing device to a 
granule facility is relatively easy. Passing over from 
adhesive powders to free flowing granules allows 
to use the same silos and one can shut off the  

Fig. 3:  Movable weighing vessel, emptying into the half-
filled elevator bucket 

Fig. 4: Total color space, achievable in concrete with oxidic 
pigments 

Fig. 5: Colorspace, achievable in concrete with iron oxide 
Bayferrox  



Fig.  6: "Color triangle", demonstrating a mixing scheme 
with three Bayferrox granule grades (top: Bayferrox 920 G, 
left: Bayferrox 110 G, right: Bayferrox 330 G 

Fig. 7: "Color triangle", demonstrating a mixing scheme 
with three Bayferrox granule grades ( top 920 G, left: Bay-
ferrox 130 G, right: Bayferrox 330 G 

vibrators. The existing conveying systems in the 
automatic balance can be used, the only modifica-
tion normally being, to close the transport screw 
after every dosing cycle (e.g. by a pneumatic val-
ve) in order to stop the easily moving granules 
from flowing out uncontrolled. An example is dem-
onstrated in Figure 1: The typical steeply walled si-
los have been constructed and used for powders; 
for the change to granules only the unnecessary 
vibrator engines have been removed and the plant 
runs granules now since two years without difficul-
ties. 

One widely offered possibility for granule dosage is 
to meter the foreseen quantity as prescribed 
above, and then to convey the weighed amount 
pneumatically into the mixing chamber. Under 
these circumstances the offered solution (see Fig-
ure 2) for the separation of solids and transporting 
air on the concrete mixer is to install a cyclone 
and/or a filter bag. Since this design is not quite 
simple - dry compressed air is necessary, bigger 
quantities of conveying air have to be separated 
from the solid material - other solutions have been 
developed. Figure 3 shows how a closed, movable 
weighing vessel with the total quantity of pigment 
granules for one mixing cycle empties into the ele-
vator bucket. Because this is done during the filling 
of the bucket, the dosed granules are dug in the 
centre of the aggregates and therefore later on in 
the mixer take part in dispersion from the very be-
ginning. 

Rationalization Of Pigment Stock Keeping By 
Additive Mixing Of Concrete Colors 

Until now, when dealing with metering of iron oxide 
pigments, color still did not play any role. But, natu-
rally, we must not forget the real purpose of pig-
mentation: To add color to the grey concrete. 

With inorganic oxidic pigments which correspond 
with the standards, the color spectrum of Figure 4 
is achievable, including also very light yellow 
shades and green and blue. 

Economic reasons in most cases, however, will be 
the cause to concentrate on the iron oxide pig-
ments which offer an optimum performance for 
reasonable price. In Figure 5 demonstrating over-
view is given over the color range of the iron ox-
ides Bayferrox® in realistic concrete paving blocks. 
Counting the specimens, the user now has the 
burden to chose from 10 reds with light to dark 
shades, from 8 yellows and 5 blacks with different 
undertone, from 13 browns more or less yellowish 
or more or less blackish, partly in two varieties on 
different tinting strength levels. Is it necessary to 
keep all these possible shades on stock, in order 
to comply with the demands of the market? 

Having in mind the possibilities of pigment dosage 
in the concrete plant, let it be manual or automatic, 
then with three or four suitably chosen pigments a 
broad range of desirable shades can be blended 
on site.  

The typical colors of clay, e.g., can be achieved by 
blends of yellowish reds and high amounts of yel-
low. A variety of light and yellowish browns are 
accessible by mixing "middle reds" and yellow, 
whereas maroon shades contain all three basic 
iron oxide colors red, yellow and black. The very 
dark browns are blends of red and black only. If a 
producer of concrete ware is able to dose pigments 
correctly, he can realize these shades for his own. 
Figures 6 and 7 are our "color triangles"; we are 
showing what can be achieved with three basic 
colors red, yellow and black. In a concrete mixes 
formulated for a front layer of paving blocks, we 
incorporated Bayferrox® granule pigments. In the 
first case we took Bayferrox® yellow 920 G, Bayfer-
rox® black 330 G and as a red we have chosen 



Blend made of Pigmentation 3.6 % Pigmentation 2.0 % 
Bayferrox tinting 

strength [%] 320 110 ΔE* 
tinting 
strength [%] ΔE* 

tinting 
strength [%]

100 X X 0.0 100 0.0  100 

95 X X 0.3 98 0.1  101 

105 X X 0.2 101 0.4  103 

95 
100 
105 

 
 

X 

X  
0.3 

 
98 

 
0.4 

  
 98 

95 
100 
105 

X  
 

X 

 
0.5 

 
102 

 
0.4 

  
 100 

Tab. 4: Color variation of a Bayferrox blend of 
55 % Bayferrox® 320 and 45 % Bayferrox® 110 by 
tinting strength variation 

Blend made of Pigmentation 3.6 % Pigmentation 2.0 % 
Bayferrox tinting 

strength[%] 420 110 ΔE* 
tinting 
strength [%] ΔE* 

tinting 
strength [%]

100 X X 0.0 100 0.0  100 

95 X X 0.2 101 0.5  101 

105 X X 0.6 103 0.7  106 

95 
100 
105 

 
 

X 

X  
0.3 

 
100 

 
0.5 

  
 99 

95 
100 
105 

X  
 

X 

 
0.5 

 
102 

 
0.6 

  
 105 

Tab. 3: Color variation of a Bayferrox® blend of 
64   Bayferrox® 420 and 36 % Bayferrox® 110 by 
tinting strength variation 

Bayferrox® 110 G, because we wanted to use the 
lightest red with the most yellowish undertone in 
our range. The blending formula for the three col-
ors changes in steps of 10 %, either in two-fold 
mixtures or - in the interior of the triangle - three-
fold mixtures. In Figure 6 we took the same yellow 
Bayferrox® 920 G, the same black Bayferrox® 
330 G, but changed the red to Bayferrox® 130 G 
which is approximately in the centre of the red 
range. With this red as one corner in the color tri-
angle the browns gain more reddishness, opening 
the field for a new series of browns. In total in the 
two figures 132 colors are realized and one has to 
keep in mind that more are possible by using other 
blending ratios. Now it becomes obvious: To an-
swer quickly to the demands of the market and to 
chose colors easily means to blend pigments on 
site. 

Relations Between The Accuracy Of Additive 
Mixing And Color Fluctuations Of Concrete 
Paving Blocks 

A manufacturer of colored concrete who has up to 
now used pigments blended by the pigment pro-
ducer, is accustomed to tolerances for the tinting 
strength of 100 ± 5 %. If he now changes to on-
site-blending, the question will arise, how the sha-
des of the blends will fluctuate, if the components' 
tinting strength varies between 95 and 105 % from 
one delivery to the next. The technical realization 
of dosing systems meanwhile is so sophisticated 
that a metering accuracy of better 2 %, often 1 %, 
is the state of the art. 

In order to evaluate this uncertainty, we designed a 
series of experiments. We prepared concrete 
mixes, typically used for the front layer of a two-
layer paving block and colored them with 2 % and 
3.6 % of pigment blends. The idea was, to look into 
a very low pigmentation (2 %), far away from the 
color saturation point, where color differences 
should be visible very well, and into a normal pig-
mentation rate (3.6 %). We mixed three artificial 
blends: an "orange" consisting of 64 % yellow Bay-
ferrox® 420 and 36 % red Bayferrox® 110, a dark 
brown consisting of 45 % red Bayferrox® 110 and 
55 % of black Bayferrox® 320 and a lighter brown 
consisting of 50 % yellow Bayferrox® 920, 36 % of 
red Bayferrox® 130 and 14 % of black Bayferrox® 
330. In these mixtures we varied the weight of all 
components on the level of 95, 100 and 105 %, 
simulating tinting strength fluctuations from 95 to 
105 %. Preparation, curing and storing of the 
blocks occurred under controlled laboratory condi-
tions in order to avoid color changes other than 
caused by our intended tinting strength variations. 
After proper drying of all test specimens we meas-
ured the color differences between the respective 
"standard" (all components with tinting strength 
100 %) and the varied blocks. The detailed results 
are listed in the tables 3, 4 and 5. As a summary 
out of 92 single experiments we can underline: 
Although we varied up to three components in all 
possible permutations with the maximum tinting 
strength variations, the resulting tinting strength of 
the mixed color only fluctuates between 98 and 
106 % with a mean at 102 % and the color differ-
ences ΔE* from 0.1 to 1.0 with an average of 0.5. 
This clearly demonstrates that on-site-blending of 
pigments leads to colored concrete end products 
within tight tolerances. 



Blend made of Pigmentation 3.6 % Pigmentation 2.0 % 

tinting Bayferrox  tinting ΔE* tinting- 
strength [%] 920 130 330 ΔE* strength [%]  strength [%]

100 X X X 0,0 100 0,0 100 

95 X X X 0,3 98 0,2 99 

105 X X X 0,5 104 0,3 100 
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Tab. 5:  Color variation of a Bayferrox® blend of 
50 % Bayferrox® 920, 36 % Bayferrox® 130 and 
14 % Bayferrox® 330 by tinting strength varia-
tion 

Summary  

For coloring concrete in many shades iron oxides 
are well established in the concrete industry. 
Nowadays the user not only has the choice of 
variation black to a spectrum of browns, but also of 
different forms of preparations: the traditional pig-
ment powder, slurries ready for use or produced on 
site, or most modern, pigment granules. 

The different parameters of the above mentioned 
products will be summarized which define the qual-
ity of coloration of cementitious or lime bound 
building materials. 

By discussing the main topic "Dosing of powders 
and granules" future trends will be focused on; 
evaluation of the dosing accuracy will lead to rec-
ommendations for additive mixing of the whole iron 
oxide color spectrum and will give ideas for opti-
mizing and rationalizing the necessary pigment 
pallet in a concrete plant. 


