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Abstract

In this experiment, the reference concrete samptggaining Portland cement as binder and the ctacre
samples with the addition of ground granulatedttiamace slag (85% and 95%, respectively as reptaat of
Portland cement) and other samples containing graaolite (8% and 13%, respectively as replacemént
Portland cement) were analyzed regarding the Idmliyaof chromium. The prepared concrete samplesew
subjected to long-term leaching test for 300 daythiee different leaching agents (distilled watamwater and
Britton-Robinson buffer). Subsequently, the conagiin of hexavalent chromium in the various ledeba
spectrophotometrically was measured. The leachargrpeters as values of the pH and the conductivére
also studied. This experiment clearly shows thalrfeethe regulation and control of the waste addito the
construction materials and the need for long-tetndys in relation to the leaching of heavy metal®ithe
environment.
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1 Introduction

With increasing contamination of the environmenhe tproblem of heavy metal

immobilization becomes very significant. New teclugges will be developed only when

heavy-metal-containing by-products can be suffityeand safely removed. In many research
centers, the studies are being carried out to stblige problem. One of possibilities is to
incorporate these by-products to construction naserAlthough stabilization of wastes is

a confirmed technology, little is still known abdbe mechanisms involved with the leaching
of contaminants from the stabilized waste [1].

One of the industrial by-products is granulategsbfarnace slag, which after adjustment can
be used to replace a part of Portland cement icreta structures [2]. The granulated blast
furnace slag contains a certain amount of heavyalsethat are hazardous for the
environment. After incorporation into constructioraterials the amount of leachable heavy
metals is rapidly reduced, but on the other hamtijgher than in the case of concrete without
slag [3].
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Other possibility of Portland cement replacementaddition of Puzzolans, which are
materials that predominantly consist of reactiv®,Sind ALO3; and are able to combine with
portlandite (Ca(OH), a by-product of cement hydration to form furthgel products.
Therefore, they have been widely used as an additivcement, in which portlandite is
a major hydration product. Their widespread usebmaxplained by their beneficial effect on
the properties of concrete leading to technicabnemic and ecological advantages [4]. It is
widely accepted that puzzolans can increase thabdily of concrete composites, reduce the
heat of hydration, increase the resistance to teulittack and reduce the energy cost per
cement unit. One of the most widely used typesuaizplans is a natural zeolite [5].

There is a need to study whether the incorporaifaiternative materials in the production of
cement is liable to increase the quantity of hemneyals [6]. The term heavy metal has been
used as a general term for those metals and seatgmetith potential human or
environmental toxicity. One of the most harmful fer of heavy metals is hexavalent
chromium. Groundwater is the most threatened bghieg of hexavalent chromium into the
environment [7].

The paper presents a comparative study of the ahrorieachability from concrete samples
containing an addition of ground blast furnace séagl ground zeolite. The hexavalent
chromium leaching of waste-based concretes is coedpa the reference Portland cement -
based concrete samples as well.

2 Material and methods

To study the leachability of heavy metals from teenent composites, the concrete samples
without any additives as well as the concrete domtg 85% and 95%, respectively of
a special additive based on slag as a replacenidpdrtiand cement and concrete samples
containing 8% and 13%, respectively of a zeolitaasplacement of Portland cement were
prepared (see Table 1). For this experiment Pattleement CEM | 42.5 N (Povazska
cementaren, Ladce, Slovakia); special additive daseslag (Povazska cementaren, Ladce,
Slovakia); natural zeolite (Nizny Hrabovec, Slowkiand aggregates of fraction 0/4mm,
4/8mm, 8/16mm from local sources (Vychodoslovenstaebne hmoty, Geca, Slovakia)
have been used.
Table 1: Mixtures of concrete samples

Samples Cement | Additive | Water Aggregates
kg/m® kg/m® L/m? kg/m®
Reference R - 0% of additive 360 0 Fractions
Zeolite-based Z8 - 8% of zeolite 331 29 0/4mm: 825
Z13 - 13% of zeolite 313 47 162 4/8mm: 235
Slag-based S85 - 85% of slag 54 306 8/16mm: 740
S95 - 95% of slag 18 342

The concrete samples prepared by standard procedtree cured in water during 28 days,
then were cut into smaller specimens with dimersi@50x50x15 mrh dried and weighted

to the constant weight. Consequently, the concsateples of various composition as
mentioned in Table 1, were placed into three vari@aching agents: distilled water (DW)
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with a pH value of 6.54 and conductivity value o8 puS/cm; rain water (RW) with a pH
value of 6.24 and conductivity value of 11.27uS/amq Britton-Robinson buffer (BRB) with

a pH value of 2.01land conductivity value of 3930/qnsto long-term tank test leaching.
According to the basic characterization tank tegtorted in CEN/TR 16142, the concrete
samples were placed into tanks filled by particldéaching agent so that the specimens were
immersed at least 2 cm to ensure the permanenacatowith liquid leaching agent. The

leaching of the tested concrete samples proceededaoperiod 300 days under laboratory
temperature of 20 °C.

Britton-Robinson buffer consisted of a mixture obrioc acid (HBOs;, 0.04 mol/dm),
phosphoric acid (§PQ;, 0.04 mol/dm) and acetic acid (C}£OOH, 0.04 mol/drf). The
original pH of Britton-Robinson buffer was measurad 2.01. The concentrations of
hexavalent chromium in leachates were measured sinyg uspectrophotometer DR 2800
(Hach Lange, Germany). Chromium (VI) content waalgred spectrophotometrically, as

a red-violet complex of chromium formed with 1,%ldenylcarbohydrazideq{lx = 545 nm at
10 mi cell).

Conductivity and pH of leaching agent were measatetie beginning and after 300 days of

the experiment by using Multimeter X-matePro MX30®ettler Toledo) and pH meter FG2
— FiveGo™ (Mettler Toledo).

3 Results and discussion

The pH of leachates of all samples has been monad fcidic to alkali region due to
concretes leaching (Table 2).

Table 2: Changes in pH and conductivity of leachalige to concretes leaching

pH Conductivity
Sample Leaching . . Absolute Relative Initial Final
agent Initial | Final change Change us/cm] | uS/cm
(Final/Initial)

R 8.77 2.23 1.34 532
Z8 Distilled 8.66 2.12 1.32 400
Z13 water 6.54 | 8.48 2.34 1.29 1.3 399
S85 7.91 1.37 1.21 551
S95 7.83 1.29 1.20 531

R 8.87 2.63 1.42 459
Z8 8.76 2.52 1.40 438
Z13 Rain water | 6.24 | 8.56 2.32 1.37 11.3 426
S85 8.44 2.20 1.35 458
S95 8.37 2.13 1.34 496
R 7.48 5.47 3.72 880
Z8 Britton- 7.18 5.17 3.57 942
Z13 Robinson | 2.01 | 7.30 5.29 3.63 3930 845
S85 buffer 8.40 6.39 4.18 575
S95 8.32 6.31 4.14 694
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The highest increase in pH has been observed fittlo®BiRobinson buffer where the pH
increased 3.57 — 4.18 times compared to the irohal Regarding the other leaching agents,
the relative pH increase was found 1.20 - 1.341aBd - 1.42 times, respectively, for distilled
and rain waters. The increase in pH values wasechlog leaching the alkali compounds from
the cement matrix and consequently surface pretipit of the new formed compounds as
reported in [9]. When comparing the particular gete samples, the highest pH changes
were recorded in distilled and rain water for refere samples what points to the more
intensive leaching of reference samples. On théraon slag-based concrete samples which
were responsive for the lowest pH changes in whtere been found to cause the highest pH
changes in Britton-Robinson buffer.

As it can be observed in Table 2, due to concieteshing, the conductivities of both distilled
water and rain water have been increased signtficarhe raise of ions in both distilled and
rain waters is linked with the leaching processoomation of compounds dissociated in the
leachate. The decrease in conductivity of BrittabiRson buffer was likely caused by
neutralization reactions of alkali-based leachingdpcts of concretes with acidic components
of the Britton-Robinson buffer.

The measured hexavalent chromium concentratiomsaiching agents after 300 days of the
experiment are given in Table 3. The leachabilityconcrete samples in selected leaching
agents was evaluated by the total leaching rateaiculated for all samples by dividing the
measured dissolved mass of chromium in a particwiaer-based leaching agent by the
corresponding time of exposure (7200 hours) anal tirface of the sample, as shown in
equation (1) according to [8]:

Vg = Xd(TxS) (1)
where, V4 = Cr (VI) leaching rate per unit area (png/AmXs = maximum amount of
hexavalent chromium ions leached-out during theeergent (ug),T = period of test [= 24 x
days of leaching (hours)g = area of exposure surface?jm

Table 3: Different levels of hexavalent chromiuma@achates and leaching rates

Sample Leaching agent TE%X'_% [ug\itjll(glr/\él.)mz]
R Distilled water 0.033 291
Portland cement _ Rain yvater 0.021 1.92
Britton-Robinson buffer 0.013 1.24
Z8 Distilled water 0.042 4.04
Portland cement + Rain water 0.043 4,55
8% of zeolite Britton-Robinson buffer 0.008 0.82
Z13 Distilled water 0.059 5.75
Portland cement + Rain water 0.055 5.29
13% of zeolite Britton-Robinson buffer 0.017 1.66
S85 Distilled water 0.038 2.73
Portland cement + Rain water 0.030 2.77
85% of slag additive| Britton-Robinson buffer 0.009 0.53
S95 Distilled water 0.026 2.13
Portland cement + Rain water 0.022 1.84
95% of slag additive| Britton-Robinson buffer 0.006 0.45
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According to [10] the lower is original pH of mediuthe higher hexavalent chromium
concentration should be detected. In spite of twest initial pH (2.01), the lowest
concentrations of leached-out chromium ranging f@#b to 1.24 ugxIh.n? have been
measured in Britton-Robinson buffer compared tceptieaching agents. This phenomenon
was probably caused by a high initial level of diged ions in Britton-Robinson buffer
corresponding to the high initial conductivity whitmhibited the possibility of heavy metal
leaching [11, 12]. Thus, the correlation betweenatd leached-out concentrations was not
confirmed. The leaching rates of chromium for samm@xposed to distilled and rain waters
have been found to be more than four times highesp for the reference sample.

The leaching performance of concrete samples abwsrcompositions was compared by
using the leached-out masses of chromium per 1 fkipireder (ppm), considering the
differences in weights and dimensions of concrategdes, as it is seen in Figure 1.
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Figure 1: Leached-out masses of hexavalent chrorfriomm the concretes of various
compositions

When comparing the leached-out concentrations ofaveent chromium regarding the

concretes composition, it can be concluded thasémeples with zeolite addition leached out
more chromium than the reference composites anddheretes with slag addition, as well.

In addition, the higher mass of leached-out hexatalchromium was observed with

increasing content of zeolite in samples. Thisdreras found out in each leaching agent:
distilled water, rainwater and Britton-Robinson fieuf respectively. Analysing the leached-
out chromium masses due to rainwater exposure;dherete samples with both zeolites and
slag additions proved the increased leachabilimmmared to the reference sample. When
considering the rain water as the most probablehieg agent in the environment, among the
studied ones, the incorporation of the wastes aotacretes could slightly rise a risk of the
chromium leaching from the concrete materials.
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4 Conclusion

The incorporation of secondary raw materials andtevanto building materials brings
economic benefits, but on the other hand, theeessbstantial risk of harmful emissions into
the environment. In this experiment, it was found that the most aggressive leaching agent
Is distilled water containing a very small amountdgsolved ions. The lowest aggressive
leaching agent was found out the Britton-Robinsoffen, even with the very low pH value.

The content of hexavalent chromium ions in leachatesamples with zeolite was higher than
in the leachates of samples with slag addition esférence samples without additive,
respectively. In fact, the lower concentrationiekavalent chromium ions were observed in
Britton-Robinson buffer leachates (despite low piue) due to high value of conductivity.

Distilled water and rain water were more aggressian Britton-Robinson buffer. Despite

low pH value of Britton-Robinson buffer, the low&d of leached hexavalent chromium was
observed even lower than in water solutions.
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