
INTRODUCTION

Cement is a fine, soft, powder being used
worldwide as building material for their strong
binding properties when mixed with water, but this
binding material contains water soluble hexavalent
chromium, which generally causes skin irritation
and allergic eczema to workers who come into
contact with cement or cement materials1. According
to COSHH (control of substances hazardous to
health) regulation, the allowed level as Cr(VI) in
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ABSTRACT

The paper compared the effect of additives such as FeSO4.7H2O and SnCl2.2H2O on
reduction of water soluble Cr(VI), in ordinary Portland cement (43 grades). The determination of
water soluble Cr(VI) from cement samples was precisely conducted by DPC-Spectrophotometer
technique. The compressive strength testing of the cement mortar samples was carried out. In
addition, hydration properties of cement paste (with and without additives) are reported in this
paper. Hydration products were also studied in detail by TGA, SEM and XRD.  Tin chloride was
found to be the most efficient additive for reducing Cr(VI) in cement. XRD confirmed two phases
such as monocarbonate and Friedel’s salt were formed during cement hydration in the presence
of tin chloride but not confirmed the presence of calcium hydroxo-stannate. These studies showed
significant retardation in early days hydration.
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cement is less than 2.0 ppm2. For the reduction  of
toxic Cr(VI) into nontoxic form Cr(III), a number of
reducing agents like ferrous sulphate heptahydrate
(HH) and monohydrate (MH), metabisulphite S2O5

2-

, sulphite SO3
2-, and thiosulphate S2O3

2-, Na2S2O4,
NaHSO3, SnSO4, SnCl2·2H2O, antimony (III)
compounds, amine based compounds (hydrazine,
hydroxylamine), ammonium ferrous sulphate,
MnSO4, FeS, solid lignin (SL), EDTA, NaBH4 etc
have been studied3-9. Among these reducing agents,
salts of iron and tin are widely used10.
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High dosage of reducing additive required
the addition during grinding and packaging to get
the desired result (to use up to six months) by
maintaining the concentration that may cause
overdosing and retard the hydration process as well
as cement strength10.

Additions of tin salt were expected to lead
to the formation of additional hydration product.
Ettringite is particularly noticeable in the sample
admixture with iron sulphate. The reaction of tin
chloride to form of calcium hydroxo stannate,
CaSn(OH)6, and Friedel’s salt (tetracalcium
aluminate dichloride-10-hydrate), Ca3Al2O6.CaCl2.
10H2O

11, is well documented at 5% (w/w), but not at
1% concentration of tin chloride.

As far as we are aware, the comparable
study in the presence of tin chloride and iron
sulphate salts has not been reported. Thus, keeping
these problems in mind the current research work
has been aimed to study the effect of reducing
agents (FeSO4.7H2O, SnCl2.2H2O) added at the time
of utilization, on their reducing efficiency,
compressive strength of cement mortar and
hydration process of cement paste to understand
the interaction of additives.

MATERIAL AND METHODS

Materials
The Ordinary Portland Cement (OPC, 43-

Grade of ACC brand) used for this work was
obtained from the project site of National Highways
Authority of India in the state of Uttar Pradesh (at
district Etawah). Indian standard Sand (TAMIN,
Ennore) as per IS 650 was used in this experiment,
there are three grades of this sand (from 0.09 to 2.0
mm) Physical analysis and chemical composition
of OPC has been carried out in Oriental Structural
Engineers Pvt. Ltd and data obtained  are presented
in Tables 1 and 2 respectively.

Reagent and solution
All the reagents and chemicals such as

diphenylcarbazide (DPC), K2Cr2O7, FeSO4.7H2O
and SnCl2.2H2O, ethanol, phthalic anhydride,
H2SO4 used in the study were of analytical/G.R.
grade, which were purchased from Merck (Mumbai,
India) except DPC which was purchased from

Himedia chemicals (Mumbai). The 0.25%
diphenylcarbazide (DPC) solution was prepared as
per the procedure followed by 1.0 gram of
diphenylcarbazide (DPC) was dissolved in 75 mL
ethanol. To this was added 5 gram phthalic
anhydride and 6 drops of con H2SO4 and made up
to 100 mL with ethanol. Standard stock solution of
100 ppm Cr(VI) was prepared by dissolving 0.283
gram of K2Cr2O7 in one liter distilled water having
an electrical conductivity 2.3 mS (HANAA H18733)
and its pH at 29.3°C was 7.66. This stock solution
was used for the preparation of working solutions.
After that, 2.0 ml of DPC solution (0.25%) and 2.0
ml of 6N sulfuric acid were added. DPC causes
reduction of Cr(VI) to Cr(III) by itself undergoing
oxidation. Thus DPCA and Cr(III) formed a magenta
colored complex. Concentration of this complex was
measured by the spectrophotometer with a
maximum absorption at 540 nm12, 13. From the
absorbance corresponding concentration in ppm
was found from the calibration curve.

Determination of water soluble Cr(VI)
For the extraction of the water soluble Cr

(VI), 2.0 g sample was taken in a 250 ml beaker and
100 ml distilled water was added to it. The contents
were thoroughly mixed with a glass rod. The beaker
was covered with a watch glass. The contents were
mixed intermittently after every day hour. This
process was continued for five days. The contents
were filtered with two times washing through
Whatman 42 in a 100 ml volumetric Flask12. After
extraction samples were analyzed by standard DPC
method13, 14. Measurement of soluble Cr(VI) in
ordinary Portland cement before and after adding
the reducing additives, Additives (such as
FeSO4.7H2O and SnCl2.2H2O) were mixed in
cement for reduction of water soluble Cr(VI).

Determination of compressive strength
200 gram Portland cement with additives

at different quantity (0.1, 0.5 and 1.0%) was mixed
with standard sand in 1:3 ratios and added water
(w/c ratio was 0.40). The mortars were placed in
steel moulds to form cubes, 70.6 mm3 in dimension.
These cubes were demoulded after 1 day and
stored in water at 27°C at a relative humidity of
100%. The cubes were taken out of the water prior
to testing. The compressive strength was determined
at 3, 7 and 28 days as per IS: 4031 part 6, 1988. The
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details of cement samples are presented in
Table 3.

Preparation of hydrated samples
To analyse the interaction of additives with Portland
cement therefore going further for microscopic
studies, in this case, 1.0 % of the both additives
were blended in cement with w/c ratio was 0.40. All
the material was mixed thoroughly and formed
cement paste which was sealed in polythene bags
(cement samples as S1, S4 and S7). Hydration of
OPC in polythene bags started and making until all
the water was consumed (at 28 days) and curing
process was not done. After that these samples were
analyzed through Thermo-gravimetric analysis
(TGA), Scanning Electron Microscopy (SEM), X-ray
Diffraction method (XRD).

Thermo-gravimetric analysis (TGA)
Thermo gravimetric Analysis (TG)

determines the weight changes of a sample. TG
studies of hydrated cement in the presence and
absence of additives were recorded with Perkin
Elmer, Diamond at a heating rate of 10°C/min

Scanning Electron microscopy (SEM)
Scanning electron microscopy (SEM)

images of hydrated Portland cement in presence
and absence of additives were recorded with the
help of JEOL Model JSM - 6390LV scanning
electron microscope.

X-ray diffraction method (XRD)
X-Ray Powder Diffractometry of hydrated

cement samples with and without additives was
recorded. For this, AXS D8 advane diffractometer
equipped with a Si(Li)PSD detector including X-
ray source of Cu K radiation ( = 1.5418 Å) was
used. The scan step size was 0.024°, the collection
time 65.6s, and in the range 2 CuK from 3° to
80°. The X-ray tube voltage and current were fixed
at 40 kV and 35 mA respectively.

RESULT AND DISCUSSION

Reduction of water soluble Cr (VI) in hydrated
cement samples

The comparative analysis was carried out
to know the effect of chromium hexavalent reducing
additives such as ferrous sulphate (FeSO

4 .7H2O)
and stannous chloride SnCl2.2H2O on the reduction
of Cr (VI) by measurement of Cr(VI) before and after
adding the reducing agent in cement samples. The
results obtained after the action of reducing agents
and the reduction of hexavalent chromium are
shown in Table 4. With 1.0 % dosages of SnCl2.2H2O
was better to reduce 25 ppm Cr(VI) completely,
present in hydrated cement therefore use of
SnCl2.2H2O, described higher reduction efficiency
over iron salts. In present research, the amount of
additives used slightly higher as per previous
work15, the cause for this may be the use of additives
in their crystalline form. Therefore addition rate is
usually varied with content of water soluble Cr(VI)
as well as the form of additives10.

Table 1: Physical Analysis of ordinary
Portland cement (OPC-43 grade)

Parameters Result Obtained

Surface area, (m2/kg) 313
Compressive strength (MPa)
3 days 29.20
7days 38.13
28days 49.53
Setting time (Minutes)
Initial 80
Final 120
Soundness
Le-chatelier method (mm) 1.5
Autoclave Expansion (%) 0.09
Standard water consistency (%) 27

Table 2: Chemical composition of ordinary Portland cement (OPC-43 grade)

Composition CaO SiO2 Al2O3 Fe2O3 SO3 MgO Na2O K2O LOI Others

% (w/w) 63.5 21.70 5.84 3.50 2.00 1.10 0.35 0.10 0.5 0.30
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Compressive Strength studies
The effect of chromium-reducing agents

on the compressive strength of 1:3 cement-sand
mortars has been determined at 3, 7 and 28 days.
The results are given in Table 5. Incorporation of
additives with different dosages were retarded the
initial hydration process therefore lower in
compressive strength of 3 days with additives but
no problems with 28 days strength of cement mortar

except cement samples contain 1.0% ferrous
sulphate additive (S4 sample) as per IS: 8112-1989.
In the case of FeSO4.7H2O, the cement mortar with
1% admixture are strongly retarded therefore
samples are lower in compressive strength test.
However, at 1% SnCl2 in the cement mortar, the
compressive strength increases after 7 days curing
as well as at later age is observed. Large size of
sulphate ion ( from iron sulphate) may retard the
hydration process therefore lower in cement
strength whenever small size of chloride ion (from
tin chloride) which enhanced the hydration process
as well as strength of cement mortar, including
soluble salts SiOCl2 might have been produced and
crystallization of these salts might have been taken
place in the pores. An another cause for retardation
in initial hydration process is larger size of metal
ions (tin and iron) involved in crystallization of
ettringite leading to increase in voids16.

Effect of additives on hydrated cement
Since the cement sample with 1% (w/w)

dosage level of SnCl2.2H2O shows good efficacy
with respect to Cr (VI) reduction and good
compressive strength of cement mortar at 28 days
(S7), further investigations using TGA, SEM and
XRD techniques were carried out in order to
understand phase alterations during hydration of
cement with and without additives.

Thermo-gravimetric (TGA) studies
The Calcium hydroxide content of the

cement mortars was determined by the thermo
gravimetric analysis (TGA). In all hydrated samples,
the peak corresponding to Ca(OH)2 was observed  in
between 420 to 431°C13 as shown in Figure 1. The
generation of Ca(OH)2 in hydrated cement with 1%
additives is shown in Table 6. The percentage of
Ca(OH)2 in hydrated cement with FeSO4 .7H2O and
SnCl2.2H2O was lower than in hydrated Portland
cement (S1). The minor shift in the peak temperatures
value was observed which may arise due to change
in cement microstructure17. In sample S4, the hydration
reaction occurred to a slight degree therefore a very
small amount of Ca(OH)2 was obtained. However,
Sample S7 showed good agreement with sample S1.
It can be seen that a small broad peak between 50°C
and 200°C, which illustrates the minor development
of calcium silicate hydrate phases (C-S-H) in these
samples but very less in S4 samples18, 19.

Table 3: Samples information

Sample ID Type of cement samples

S1 Only OPC cement
S2 Cement with 0.1% FeSO4.7H2O
S3 Cement with 0.5% FeSO4.7H2O
S4 Cement with 1.0% FeSO4.7H2O
S5 Cement with 0.1% SnCl2.2H2O
S6 Cement with 0.5% SnCl2.2H2O
S7 Cement with 1.0% SnCl2.2H2O

Table 4: Results in the reduction of
water Soluble Cr (VI) by action of additives

Reducing Dosage in % by Cr (VI)
agent weight (ppm)

Cement sample - 25
FeSO4.7H2O 0.1 15
FeSO4.7H2O 0.5 10
FeSO4.7H2O 1.0 4
SnCl2.2H2O 0.1 6
SnCl2.2H2O 0.5 3
SnCl2.2H2O 1.0 nd

Table 5: Compressive strength of cement
mortar with FeSO4 .7H2O and SnCl2.2H2O

Sample Compressive strength (MPa)

ID 3 days 7 days 28 days

S1 29.20 38.13 49.53
S2 22.56 34.56 44.54
S3 20.23 32.00 45.67
S4 17.58 20.56 39.94
S5 24.67 34.46 49.93
S6 23.89 33.76 50.80
S7 20.00 33.46 53.65
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Fig. 1: TFA Curve of hydrated cement at the age of 28 days: (a) only hydrated cement
(S1) (b) cement with 1.0% FeSO4.7H2O (S4) (c) cement with 1.0 % SnCl2.2H2O(S7)

Fig. 2: SEM of hydrated cement at the age of 28 days: (a) only hydrated cement
(S1) (b) cement with 1.0% FeSO4.7H2O (S4) (c) cement with 1.0 % SnCl2.2H2O(S7)

Fig. 3: XRD pattern of sampels (a) only hydrated cement  (S1) (b) cement
with 1.0% FeSO4.7H2O (S4) (c) cement with 1.0 % SnCl2.2H2O(S7)
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Microscopic studies
Qualitative information on (Calcium

silicate hydrate) CSH gels was obtained from SEM
morphology of hydrated samples with and without
additives at 28 days, which are presented in Figure
2 (a, b and c) respectively.  Amorphous CSH gel
(light color), which is the main hydration product,
was observed in hydrated cement samples.
Dicalcium silicate hydrate phases are in spherically
small size but tricalcium silicate hydrate phases
are in large rectangular size17. Presented research
exhibited the hydrated calcium silicate phases as
shown in morphology of hydrated cement samples,
this indicating that the formation of hydration
products19.

Hydrated product formation decreased in
hydrating cement having 1% FeSO4.7H2O (S4). This
delay in hydration due to curing of cement paste
has not been done as well as deficiency of proper
silica (sand) for reaction to make calcium silicate
hydrate gel which provides strengthen to cement
materials. Thermal analysis (TGA) are also
supported the SEM morphology for the formation
of high amount of calcium hydroxide in Portland
cement sample (S1), but in cement sample with
1% tin salt additive (S7) showed (Figure 2c) that
the formation of rigid surface as well as crystal of
hydrated tricalcium silicate phase20. It is the
evidence for a higher degree of silicate
polymerization, these observations well coincide
with the compressive strength results (given in Table
5) and morphological analysis results (Figure 2).
During hydration of Portland cement without
additives liberated high amount of free lime in the
cement materials by which leads to the expansion
of small cracks17.

X-ray diffraction (XRD) studies
The XRD patterns of OPC hydrated with

and without additives are presented in Figure 3 (a,
b and c) and found their relative intensity of the
main peaks of Calcium hydroxide (CH) at (2 =

18.2°, 34.2° and 47.32°), Tricalcium silicate (C3S)
at (2 = 29.6°), dicalcium-silicate (C2S) at (2 =
32.32) and ettringite phase at (2 = 9.35°). If we
look in XRD spectra, the total intensity of CH
formation in S1, S4 and S7 samples are 3845, 2918
and 3093 counts.  This  results confirmed that the
intensity of Portland cement without additives
showed more in hydration (due to high intensity of
CH) as compare to other two samples (S4 and S7)
but as per SEM, they supported to S7 samples for
completion of hydration in 28 days except some
crystals transformation into solid rigid like had not
been done in surface. An extra peak was also found
in S7 sample (at 2 = 11.5°). This peak indicated
about both monocarbonate as well as Friedal’s salt
(Ca3Al2O6.CaCl2.10H2O) formation which showing
that clearly about hydration process.

Monocarbonate phase decreases the
porosity of cement materials and helping in
enhancing the strength of cement materials after
28 days21 but in present research work, this phase
has been found at 28 days therefore this indicated
about good strength of cement mortar sample (S7)
at 28 days. Monocarbonate phase is destabilized
to monosulphate and calcite at above 47°C which
leads to a higher coarse porosity and reduces the
compressive strength of cement samples22.
Samples S1 and S4 may be released more energy
during hydration therefore monocarbonate phase
was not found in their XRD spectra. This would be
the reason for less compressive strength of S1 and
S4. If compared with S7 samples at 28 days.

Cement sample with 1% ferrous sulphate
showed an extra XRD phases (Figure 3) in between
0 to 10 (2 angles), this phase indicating about
participation of iron sulphate during cement
hydration. Similarly cement sample which have 1%
tin chloride showed an extra peak at 2 =11.5°
which indicating about both hydrated products such
as formation of Friedal’s salt (Ca3Al2O6.CaCl2.
10H2O) and monocarbonate phase21,22,23.

Table 6: The percentage of Ca(OH)2 in hydrated cement

Sample ID S1 S4 S7

Ca(OH)2 % (w/w) 17.42 at 430.10°C 11.69 at 420.53°C 15.14 at 431.68°C
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CONCLUSION

As a result of the present study, the following
conclusions can be drawn:
1. The additive, tin chloride was found to be the

best reducing agent at dosage levels i.e.,
1.0% (w/w) for reducing 25 ppm Cr(VI) along
with iron sulphate additives studied (in
crystalline form). It seems that the efficiency
of reducing additives in their crystalline form
is significantly less pronounced. Therefore
further research should be carried out with
both powder and crystalline form of reducing
additives to understand the efficiency of
additive’s form on Cr(VI) reduction.

2. The XRD studies indicate that the formation
of extra phase (monocarbonate as well as
Friedal’s salt) in the presence of tin chloride
(1% w/w) is particularly visible; Friedal’s salt
is responsible for delay in early hydration
but monocarbonate formation is indicating
about timely hydration at 28 days. Whereas
an extra phases at 2 angle (b/w 0 to 9°) is
well visible in case of iron sulphate (1% w/
w); which are responsible for retardation in

hydration process therefore lower in
compressive strength. It seems that the iron
sulphate acts as a strong retarder than tin
chloride.

3. The TGA studies indicate that the generation
of Ca(OH)

2 in hydrated cement with iron
sulphate and tin chloride (1% w/w) was
lower from hydrated Portland cement.

4. The SEM studies indicate that cement
sample with 1% tin salt, showed that the
formation of rigid surface as well as crystal
of hydrated tricalcium silicate phase. These
observations well coincide with the
compressive strength results.
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