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Sustainable solidification of ferrochrome
slag through geopolymerisation: a look at
the effect of curing time, type of activator
and liquid solid ratio
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Abstract

Ferrochrome (FeCr) slag was used as a precursor for the synthesis of a geopolymer. The effect of KOH concentration,
liquid solid ratio (L/S), content of potassium metalisicate (KS) or potassium aluminate (KA), curing time on the
unconfined compressive strength (UCS) and metal leachability of the synthesised geopolymer was investigated.
A 10M KOH and an L/S of 0.26 yielded a geopolymer with a UCS 13.0 MPa after 28 d of ambient temperature curing.
A 0.125 wt KS:KOH addition yielded a geopolymer with a UCS of 14.7 MPa whilst a 1.25 wt KA:KOH addition yielded a
geopolymer with a UCS of 24.5 MPa. The increase in strength was due to the formation of Calcium Silicate (Aluminate)
hydrate. The aluminate activated FeCr slag geopolymer was the most competent of all geopolymers synthesised as
it resulted in over 97% immobilisation of Fe, Zn, Mn, Ni and Cr. The 360-d static leachability tests for the aluminate
activated geopolymer yielded a metal release rate lower than 90mgmm− 2 of the geopolymer. The aluminate
activated geopolymer also was resistant to changes in wet and dry cycles as it had a UCS reduction of 42% after 10
cycles whereas the pure FeCr slag geopolymer and the silicate activated geopolymer had a UCS reduction of 91 and
72% respectively after 10 cycles. The aluminate activated geopolymer met the minimum requirements for use as a
paving brick for low traffic pavements. The study provides opportunities for sustainable use of FeCr slag with minimal
environmental impact.

Keywords: Ferrochrome slag, Toxicity characteristic leaching procedure, Static leachability, Unconfined compressive
strength, Wet and dry cycles

Introduction
Ferrochrome (FeCr) slag is a waste product from the car-
bothermic reduction of FeCr ore resulting in the produc-
tion of high or low carbon FeCr alloy. It is estimated that
the global annual production of FeCr alloy is between 12
and 16 Mt [1]. It also is estimated that the FeCr slag to
alloy production is 1.1–1.5:1 [2]. The slag is mostly dis-
posed of in landfills and this creates environmental prob-
lems through the utilisation of possible arable land and
the leaching of metals into the environment [2].

FeCr slag is a well-known pollutant containing elevated
levels of toxic elements [3, 4]. The potential release of these
elements especially Cr (VI) limits the use of FeCr slag in
the construction industry [5]. Exposure to Cr (VI) has been
shown to cause lung cancer, pulmonary and dermatological
problems [5]. FeCr slag has been classified as a non-
hazardous waste in Finland [6] yet in South Africa it is
classified as a hazardous waste [7]. Therefore it is impera-
tive for more research to be explored on alternative solidifi-
cation processes for FeCr slag in order to try to affect
legislative change on its classification. The classification as
non-hazardous of FeCr slag, may likely lead to its increased
use in the construction industry, thereby leading to a re-
duction of volumes accumulating in landfills and fulfilling
the demands of sustainable development through the use
of secondary resources in the construction industry.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Correspondence: tfalayi@gmail.com
1Department of Civil Engineering Science, University of Johannesburg,
Johannesburg 2006, South Africa
2Department of Chemical Engineering, Malawi University of Science and
Technology, Blantyre, Malawi

Sustainable Environment
Research

Falayi Sustainable Environment Research           (2019) 29:21 
https://doi.org/10.1186/s42834-019-0022-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s42834-019-0022-7&domain=pdf
http://orcid.org/0000-0001-8498-9976
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:tfalayi@gmail.com


There are various ways in which solidification of FeCr
slag can be achieved. One way is the use of Portland ce-
ment as a binder [8]. Though cement is readily available it
has been shown that Cr hinders the hydration of cement
leading to long term leachability problems in the hardened
structures [8, 9]. FeCr slag has also been used in the con-
struction of flexible pavements as an aggregate with re-
ported minimal environmental contamination [10, 11].
FeCr slag has also been used with zeolites to produce
bricks which can be used for construction though the
study did not research on the metal leachability of the
bricks [12]. Stabilisation of FeCr slag can also be achieved
via alkaline activation resulting in the formation of geopo-
lymers. Geopolymers are three dimensional amorphous or
semi crystalline inorganic polymers [13]. Geopolymers
have been shown to be durable, acid resistant and they
have high compressive strength [13]. Geopolymers synthe-
sised will differ from each other due to the variety of pre-
cursors and origin of the precursors [14]. This therefore
calls for the research into different FeCr slag to optimise
the synthesis route to suit local conditions since one size
does not fit all [14]. Geopolymers have been used as con-
crete, mortars and grouts. The matrices of geopolymers
have been shown to be capable of immobilizing toxic and
nuclear wastes [14].
A few studies have been done on the alkali activation of

FeCr slag [15, 16] resulting in geopolymers with the max-
imum 7-d unconfined compressive strength (UCS) of
20.8MPa though there was a drop in UCS at 28 d to 13.1
MPa. These studies did not look at the immobilisation of
metals with alkaline activation but looked at the fire and
sulphate resistance. Environmental footprint is one of the
barriers to the increased usage of FeCr slag in the con-
struction industry.
The aim of the research was to solidify FeCr slag via

geopolymerisation into useful civil engineering materials.
The success of the research would then provide the op-
portunity to turn a waste material into a secondary re-
source. The effect of adding KA or KS to the original
pasting solution on the geopolymerisation of FeCr slag
was also investigated. The study looked at the leachabil-
ity of metals from the geopolymers. The long term
leachability (360 d) of the geopolymers was also studied
to establish their possible environmental footprint. The
synthesised geopolymers were then tested for compe-
tency against ASTM standards to gauge their usefulness
in the construction industry.

Materials and methods
Materials
FeCr slag was collected from a ferrochrome smelter in
South Africa. The major elements of the slag were Al, Si,
K, Ca, Fe, Cr and Mg (Table 1). The FeCr slag had a pH of
8.9. In terms of Toxicity Characteristic Leaching

Procedure (TCLP) limits, FeCr slag can be considered to
be a hazardous material as the metal leachability at a pH
of 4.88 was 549, 10.8, 20.5, 4.6 and 32.5 ppm for Fe, Zn,
Mn, Ni and Cr, respectively: the allowable limits for these
respective metals are 5, 4, 10, 0.4, and 5 ppm [17]. All che-
micals used were reagent grade. KOH, potassium metalisi-
cate (KS), Potassium aluminate (KA), Acetic acid, Sodium
acetate were supplied by Rochelle Chemicals South Africa.

Equipment
The Atomic Absorption Spectroscopy (AAS, Thermo
Scientific ICE 3000 Series) was used for metal analysis of
leachates. The XRD (Ultima IV Rigaku) was used to
analyze the mineralogical structure of FeCr slag and the
geopolymers. Elemental analysis was achieved using the
X-ray Fluorescence (XRF, Rigaku ZSX Primus II). The
Fourier Transform Infrared Spectroscopy (FTIR, Ther-
moscientific Nicket IS10) was used to determine the
bonds in the FeCr slag and the geopolymers. Particle
morphology was analysed by a Scanning Electron Micro-
scope (SEM model Tescan Vega 3 XMU).

Methods
Preliminary geopolymerisation
This was carried out to test the effect of KOH concen-
tration and the liquid to solid ratio (L/S) on the UCS of

Table 1 XRF analysis of FeCr slag

Element Content % wt

Na 0.230

Mg 8.581

Al 10.897

Si 47.146

P 0.0065

S 0.231

Cl 0.034

K 1.032

Ca 5.647

Ti 0.796

V 0.124

Cr 14.677

Mn 0.298

Fe 9.932

Co 0.002

Ni 0.045

Zn 0.060

Rb 0.007

Sr 0.028

Zr 0.026

Ba 0.181
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the synthesised geopolymers. The UCS was used as a
criterion for choosing the best curing conditions. The
lumpy FeCr slag (> 9 mm) was crushed to smaller size
(< 100 μm). Appropriate amounts of KOH were mixed
with reverse osmosis water to make 5, 10 and 15M solu-
tions. Pastes were synthesised by mixing crushed FeCr
slag with the respective concentration of KOH using a
mixing machine [18]. The L/S was varied from 0.18 to
0.30 per different concentrations of KOH. The pastes
were then poured into a 50 × 50 × 50mm mould and
allowed to harden at room temperature for 1 d. After 1-
d, the hardened pastes were demoulded and cured at
ambient temperature for 28 d. At the end of 28 d the
UCS of the geopolymers was determined using a Cyber
plus evolution compression machine at 0.25MPa/s [19].
The laboratory mix which gave the highest UCS was

then used for subsequent tests. This geopolymer was
identified as GPO.

Effect of curing time and KA/KS
From the preliminary results, 10M KOH and a L/S of
0.26 were chosen for the determination of the effect of
KA/KS and curing time on the strength of the synthe-
sised geopolymers. The 10M KOH and L/S of 0.26 geo-
polymer had the highest UCS. Appropriate amounts of
KS were added respectively to the 10M KOH solution
to produce solutions with a KS:KOH ratio of 0.125
(Sample GPS1), KS:KOH 0.25 (Sample GPS2) and KS:
KOH 0.5 (Sample GPS 3). The above procedure was re-
peated with KA where the appropriate amounts of KA
were added to the 10M KOH to produce solutions with
KA:KOH ratio of 1.00 (Sample GPA1), KA:KOH 1.25

Table 2 Preliminary Geopolymerisation of FeCr

Sample KOH (M) L/S Ratio UCS (MPa) Standard Deviation Sample KOH (M) L/S Ratio UCS (Ma) Standard Deviation

1 5 0.18 1.13 0.01 12 10 0.26 12.98 0.05

2 5 0.2 1.80 0.07 13 10 0.28 4.45 0.07

3 5 0.22 3.55 0.13 14 10 0.3 – –

4 5 0.24 4.45 0.30 15 15 0.18 1.26 0.17

5 5 0.26 5.66 0.14 16 15 0.2 2.55 0.14

6 5 0.28 2.20 0.14 17 15 0.22 4.035 0.23

7 5 0.3 – – 18 15 0.24 6.17 0.08

8 10 0.18 2.31 0.14 19 15 0.26 7.22 0.33

9 10 0.2 3.21 0.04 20 15 0.28 2.45 0.07

10 10 0.22 6.40 0.06 21 15 0.3 –

11 10 0.24 7.22 0.13

Fig. 1 Variation in UCS with time and KA/KS content (L/S 0.26, KOH 10M, curing at ambient temperature)
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(Sample GPA2) and KS:KOH 1.5 (Sample GPA3). The
pastes were made by mixing the respective solutions
with crushed FeCr slag at a lL/S ratio of 0.26 and mixed
in a machine to form a uniform paste. The pastes were
then poured into 50 × 50 × 50 mm mould and allowed to
harden at room temperature for 1 d. After 1 d, the hard-
ened pastes were demoulded and cured at ambient tem-
peratures for 7, 14, 21, 28 and 56 d. The UCS was
determined at the end of each curing period, with the
crushed sample subsequently subjected XRD, FTIR and
leachability tests.

Leachability tests
TCLP test was carried out as per USEPA method 1311
[20] using FeCr slag and the respective geopolymer sam-
ples. A modified static USEPA 1311 was used to deter-
mine the long term leaching characteristic of the
geopolymers. The cured geopolymers without being
crushed were placed in a column and completely cov-
ered with an extraction buffer of acetic acid and sodium
acetate (pH 4.93 ± 0.05). The static extraction was left
for 30 d. At the end of the 30 d, the extraction buffer
was withdrawn completely before being acidified with
nitric acid and subsequent metal analysis on the AAS. A

fresh extraction buffer was also added to the soaked geo-
polymer. This routine was repeated for 12 months.

Open porosity, water absorption and wet UCS
The modified ASTM C373-14a [21] method was used to
determine open porosity. The cured geopolymer was
soaked in water for 24 h. After 24 h, the geopolymers
were removed from the water and visible water on the
geopolymer was wiped using a soft cloth. The wet geo-
polymers were weighed within 5 min of being removed
from water. Open porosity, f, was then calculated as:

f ¼ Ws −Wd

Va
ð1Þ

where Ws is the mass of the soaked geopolymer, Wd was
the mass of the dry geopolymer,V was the volume of the
geopolymer and α was the density of water. Water ab-
sorption was calculated as the difference in weight be-
tween the dry geopolymer and the soaked geopolymer.
Wet UCS was conducted as per ASTM D5102 [19] on
the soaked geopolymer. A modified ASTM D559 [22]
was used to determine the variation of UCS with alter-
nate wet and dry cycles.

Fig. 2 XRD diffractogram of FeCr slag and various geopolymers (L/S 0.26, KOH 10M, curing at ambient temperature, curing time 28 d) M =
Magnesiochromite, F = Fosterite, Fy = Fayalite, C = Chromite, E = enstatite
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Statistical analysis
The reported results are the average of three test sam-
ples. Statistical analysis was achieved using ANOVA in
Excel. The error bars were at 95% confidence interval.

Results and discussion
Effect of KOH concentration and L/S ratio on the UCS of
the geopolymer
At a fixed concentration of KOH, there was an increase
in the UCS of the obtained geopolymers with an in-
crease in L/S up to 0.26 (Table 2). A further increase in
L/S beyond 0.26 resulted in a decrease in UCS. The in-
crease in UCS was due to increase in the availability of
OH− ions which are required for the dissolution of Si,
Ca and Al. The increase L/S ratio also resulted in uni-
form mixing of FeCr slag allowing for uniform dissol-
ution of reacting species. The decrease in UCS with an
L/S greater than 0.26 may be due to excess liquid which
would not be utilized during geopolymerisation and
would be lost during curing period leaving voids in the
monolith thereby creating a weak structure. The excess
liquid also made the hardening process difficult as evi-
denced by the design mix having an L/S of 0.30 which
did not harden after 56 d of curing. At a fixed L/S, there
was an increase in UCS from 5 to 10M KOH, followed
by a decrease in UCS at 15M KOH. The initial increase

in UCS was due to increase in available OH− ions
whereas the decrease at 15M may be due to excess K+

ions in the design mix which then failed to charge bal-
ance the mixture [23]. The design mix which gave the
highest UCS was L/S 0.26, KOH concentration of 10M
(Table 2). The resultant geopolymer from this mix was
the labelled as GP0. The strength gain (solidification) of
FeCr slag was due to the formation of calcium silicate
hydrate phases after geopolymerisation as seen in Fig. 2
(geopolymer GP0).

Effect of curing time and KA/KS on the UCS of the
geoploymers
There was an increase in the UCS with time for all geo-
polymers (Fig. 1). The increase was statistically signifi-
cant up to 28 d for the aluminate activated geopolymers
(GPA) and the pure FeCr geopolymer (GP0) whereas the
increase was statistically significant up to 21 d for the
silicate activated geopolymer (GPS). There was no statis-
tical significant difference in UCS between 28 and 56 d
for all geopolymers. GPS geopolymers may have attained
UCS at a faster rate because of the availability of soluble
Si to participate in the geopolymerisation. GP0 and GPA
geopolymers were slower in that the dissolution of Si
from FeCr played a critical role in the formation of the
geopolymer. On the average the GPA had a higher UCS

Fig. 3 FTIR spectrum of FeCr slag and various geopolymers (L/S 0.26, KOH 10 M, curing at ambient temperature, curing time 28 d)
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as compared to GP0 and GPS. This was due to that the
aluminate activation resulted in the formation of calcium
silicate hydrate and calcium aluminate silicate hydrate in
the geopolymers whereas silicate activation resulted in
the formation of calcium silicate hydrate only. It has
been shown that the right balance between Si and Al in
the precursors or activating materials is important to get
a high UCS [24]. This is because the two have to dissolve
and then rearrange into a three dimensional structure.
The highest UCS was thus obtained from GPA 2 (Fig. 1)
which had a Si/Al ratio of 1.92. This ratio falls within
the range of Si/Al (1–3) that has been shown to give the
maximum UCS for a number of precursors [25–27].
GPO had a Si/Al ratio of 4.33 and the GPS geopolymers
had a Si/Al greater than 4.33.

Spectroscopic analysis
The major mineral phases were Quartz, Fayalite, Magne-
siochromite, Chromite, Fosterite and Enstatite. XRD

a b

c d

Fig. 4 SEM micrographs of FeCr slag (a), GP0 (b), GPS1 (c) and GPA2 (d) (L/S 0.26, KOH 10 M, curing at ambient temperature, curing time 28 d)

Table 3 TCLP analysis of FeCr slag and the geopolymers (L/S
0.26, KOH 10M, curing at ambient temperature, curing time 28 d)

Fe (ppm) Zn (ppm) Mn (ppm) Ni (ppm) Cr (ppm)

FeCr Slag 550 10.4 20.5 4.34 320

GP0 26 0.31 0.26 0.18 11

GPS1 4 0.32 0.27 0.21 4.5

GPS2 27 0.38 0.38 0.22 11

GPS3 32 0.44 0.22 0.14 26

GPA1 13 0.38 0.24 0.28 1.6

GPA2 3 0.23 0.24 0.15 0.9

GPA3 16 0.37 0.26 0.29 4.9

Allowable Limits 5 4 10 0.4 5

Falayi Sustainable Environment Research           (2019) 29:21 Page 6 of 10



analysis of GP0 and GPS1 showed a reduction in the in-
tensity of all minerals in the XRD diffractogram of FeCr
slag (Fig. 2). The most significant was the reduction in
the intensity of the quartz peak. This may be evidence of
the reduction in crystallinity of the precursor. The re-
duction in the intensity of the quartz peak was also evi-
dence of the participation of quartz in the dissolution
reactions. This phenomenon of the dissolution of crys-
talline species has also been reported in literature [24].
GP0 and GPS1 showed the formation Calcium Silicate
Hydrate (CSH) around 20° and 78° [28, 29]. The forma-
tion of CSH was responsible for the gain in strength.
The GPS1 geopolymer had a higher UCS than the GP0
geopolymer due to the presence of more CSH peaks
than the GP0 geopolymer (Fig. 2). The GPA2 geopoly-
mer had a completely different XRD diffractogram from
GPO and GPS1 (Fig. 2). The GPA2 had a complete shift
of the quartz peak from about 24° to about 34°. This rep-
resented a complete restructuring of the mineral as
shown in the FTIR spectrum (Fig. 3). The XRD diffracto-
gram of GPA2 was also elevated from 15° to 32°, which
showed that there was introduction of the amorphous
structure into the geopolymer. The GPA2 geopolymer also
contained Calcium Aluminate Silicate Hydrate (CASH) in
addition to CSH [30]. The additional CASH was a result
of the increase in the aluminate available in the activator
which also led to an increase in the strength of GPA2 in
comparison to GPS1 and GP0 (Fig. 2).

FTIR analysis
FeCr slag is characterised by bands around 683 and 783
cm− 1, which are typical of metal oxides and spinnels of
magnesiochromite [31] (Fig. 3). The band around 1050
cm− 1 is typical of Si-O vibrations [32]. The band around
2356 cm− 1 may be assigned to hydroxyl stretching of
CaOH/CaO [33]. There was a shift to lower wavenumber
of the main Si-O vibrations peaks for all geopolymers as
compared to the FeCr slag. The main peak for FeCr slag

was at 1050, GPO at 998, GPS at 962, and GPA2 at 906.3
cm− 1. This showed that there was a direct link in the re-
duction of crystallinity with an increase in the UCS of the
geopolymers. The building units of materials can be writ-
ten as SIQn units. The value of n represents the crystallin-
ity of the material. The SiQn units are usually found in the
850–1200 cm− 1 where n = 4, 3, 2, 1, 0 when absorption is
centred at around 1200, 1100, 950, 900, and 850 cm− 1, re-
spectively [25]. The n value changed from 3 for FeCr slag,
to 2 for GPO and GPS1 and 1 for GPA2. The lower the
value of n, the less crystalline the material [25]. This was
also supported by the XRD analysis (Fig. 2). The reduction
in wavenumbers was due to the incorporation of Al into
the Si-O bonds. The larger the incorporation of Al, the
larger the shift as seen with the GPA2 geopolymer which
had KA in the activation liquid. The aggressive alkaline
nature of the geopolymerisation process resulted in the
reorganisation of the spinel bonds around 683 and 783
cm− 1, which may be due to incorporation of CASH/CSH
into the structure. There was also the introduction of
peaks around 1450 cm− 1 for GPO and GPS1. These peaks
are resolved as carbonates peaks which may have been
caused by the absorption of atmospheric CO2 during past-
ing and curing. The GPA2 had a significant reduction in
the intensity of the Si-O bond accompanied also with the
peak losing its sharpness as compared to FeCr slag, GP0
and GPS1. This may have been due to the re-orientation
of bonds as seen in the obtaining XRD analysis (Fig. 2).

SEM
FeCr slag consists of large particles with very fine particles
on the surface (Fig. 4a), indicating the crystallinity of the
slag. Geopolymerisation resulted in the breaking up of the
large particles into smaller particles. This was due to the
dissolution of minerals under the alkaline conditions
allowing for more packing of particles during curing lead-
ing to an increase in the UCS. The GP0 had visible large
particles which may indicate incomplete geopolymerisa-
tion (Fig. 4b); these particles were not visible in GPS1 and
GPA2. GPA2 also had rod like particles after geopolymeri-
sation (Fig. 4d). It has also been shown that a decrease in
particle regularity can lead to increase in the compressibil-
ity of particles leading to a higher UCS [34].

TCLP
All geopolymers were effective in the immobilisation of
Zn, Mn and Ni (Table 3). GPS1 and GPA2 were also

Table 4 Long term leachability (Total metal release over 12
months) (L/S 0.26, KOH 10 M, curing at ambient temperature,
curing time 28 d)

Sample Fe (ppm) Zn (ppm) Mn (ppm) Ni (ppm) Cr (ppm)

GP0 45.7 1.23 1.78 3.76 15.7

GPS1 7.45 1.33 1.44 1.23 7.54

GPA2 1.34 1.24 0.88 0.88 1.21

Table 5 Metal release rates (L/S 0.26, KOH 10 M, curing at ambient temperature, curing time 28 d)

Sample Fe (mgm− 2) Zn (mgm− 2) Mn (mgm− 2) Ni (mgm− 2) Cr (mgm− 2)

GP0 3043 82 119 251 1044

GPS1 497 89 96 82 503

GPA2 89 83 59 59 81
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effective in the immobilisation of Fe and Cr although the
Fe and Cr immobilisation by GPS1 was within the error
limits of the allowable limits. Although the XRD analysis
did not reveal any structures with the metals in question,
immobilisation/solidification was due to the incorporation
of the metals into the CASH/CSH (Fig. 2) [35]. The high-
est immobilisation was in GPA2 where there was over
97% reduction in metal leachability with over 99.7% re-
duction in Cr leachability. The reduction in metal solubil-
ities was due to either formation of insoluble metal
hydroxides or incorporation of metal into CASH/CSH
[36]. Dilution had minimal effects as the dilution was less
than 30% yet solubilities were reduced by over 85%.
The release of metals into the environment for any

material is a barrier to its use. GPA2 geopolymer had
the lowest metal release after 12 months of static TCLP
(Table 4). This shows that the GPA2 geopolymer can be
used safely without major environmental contamination.
The total metal release for GP0 and GPS1 was above the
allowable limits and hence they are not suitable for long
term use. This shows that UCS alone cannot be used as
a criterion for the suitability of a material to be used in
the construction industry.

Metal release rates can also be used to determine the
safety to use a particular material in the construction in-
dustry [5]. The 12months metal release rates for GPA2
were well below allowable limits and therefore suitable
to be used in the construction industry (Table 5). This
therefore means where GPA2 is used there will be no
significant Fe, Cr, Zn, Mn and Ni pollution.

Physical properties of the geopolymers
The physical properties of a geopolymer determine
where it can be used in the construction industry. The
GPA2 satisfies the minimum conditions for use as build-
ing brick under severe weathering conditions ASTM
C62–10 [37] and for a pedestrian and light traffic paving
brick under medium weathering ASTM C902–07 [38]
(Table 6). The effect of soaking the geopolymer in water
for 24 h resulted in a UCS loss of 70, 41 and 19% for
GP0, GPS1 and GPA2, respectively.
The resistance to strength changes with wet and dry

cycles can be used as a measure of materials’ durability.
After 10 cycles, the GPO geopolymer had a UCS loss of
91%, GPS1 UCS loss of 72% whilst the GPA2 had a loss
of 42% (Fig. 5). It is worth mentioning that the GPA2
had the highest resistance to wet and dry cycles and
therefore could withstand variations in extreme weather
of alternate droughts and floods. GPA2 compared well
with the few known studies regrading FeCr slag geopoly-
mers [15, 16]. The previous studies had geopolymers
with a UCS ranging from 13 to 35MPa [15, 16]. UCS
was the only meaningful comparison which could be
done as the other studies did not include metal leach-
ability and long term stability of the FeCr slag
geopolymers.

Fig. 5 Variation in UCS with wet and dry cycles ((L/S 0.26, KOH 10M, curing at ambient temperature, curing time 28 d)

Table 6 Geopolymer Physical Properties (L/S 0.26, KOH 10 M,
curing at ambient temperature, curing time 28 d)

Geopolymer GP0 GPS1 GPA2

Mass of geopolymer (g) 350.46 360.64 362.27

Mass of cast after 24 h soak (kg) 399.45 390.35 385.13

Open porosity 0.39 0.24 0.18

UCS (MPa) 12.9 14.7 24.5

UCS (MPa) after 24 h soak 3.9 8.7 19.9

Water absorption % 14.0 8.2 6.3
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Conclusions
FeCr slag can be used as a precursor for the synthesis of
geopolymers. The quality of the geopolymer depends on
the activating solutions, KOH concentration and the L/
S. Aluminate activation of the FeCr slag yields a more
competent geopolymer as compared to silicate activa-
tion. Geopolymerisation leads to reduction in metal
leachability through the possible incorporation of metals
in the CSH/CASH phases in the geopolymer which are
also responsible for the increase in the UCS in the syn-
thesised geopolymers. A 28-d ambient temperature cur-
ing is the optimum curing time for the GPA, GPS and
pure FeCr. The GPA can be used for light traffic pave-
ment construction which would result in high volume
utilization of the slag. The possible environmental pollu-
tion with continued use is minimal for the GPA as com-
pared to the GPS and pure FeCr slag geopolymers.
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