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ABSTRACT 
This paper investigates the effect of using Partially Treated Waste Water (PTWW) on the 
physical properties of cement mortars collected from a Battery industry. Cement mortar 
specimens were casted using Deionised Water (DW) and Partially Treated Waste Water 
(PTWW) in six different proportions by using Ordinary Portland Cement (OPC) of 53 grade, 
Fine Aggregate (FA) Silica Fume (SF) and Super Plasticizer (SP). Silica fume, a mineral 
admixture obtained from metal and alloys industry and a Super Plasticizer, CONPLAST SP 430 
were used in this investigation. DW and PTWW were analysed for pH, suspended solids, 
dissolved solids, alkalinity, acidity, hardness, chlorides and chemical analysis. The chemical 
analysis showed that the chemical compositions of PTWW were within the CPCB standard 
limits showing that it can be used satisfactorily in cement mortar. Soundness, consistency and 
setting times tests were carried out cement. Compressive strength test was carried out for 3 days, 
7 days, 28 days and 90 days and  durability tests were done by using 2.5% of HCl, H2SO4, 
NaOH, MgSO4 solutions for 30 days. The results indicated that the compressive strength of 
concrete of the mixtures prepared using PTWW was comparable with the DW and the results of 
durability tests shows that weight and strength is decreased very modestly when compared with 
conventional mortars.  

Key Words : Deionised water, Partially treated waste water, Silica fume, Super plasticizer, 
Compressive strength, Durability 

 
INTRODUCTION 

Ever since the outbreak of industrial revolution 
the standards of living of people is progresss-
ively increasing and subsequently the demand 
for infrastructure facilities has raised proporti-
onally. As per central statistical organization, 
there are about 32 lakhs industries in India in 
the year (1998-1999). Now it was increased to 
many due to population. The production of 
cement has diminished the lime stone reserves 
in the world. Thus, it is desirable to obtain 
cheap environmentally friendly substitutes for 
cement and river sand that are preferably by-
products. Fly-ash is used extensively as partial 
replacement of cement.  So also as against the 
problem of increased demand for water, the 
availability of usable quality of water is getting 
diminished every year all over the world and 
particularly in the developing countries. So 
researchers developed waste management stra- 

tegies to apply for replacement of fine aggreg-
ates for specific needs. 
Several industrial wastes such as fly-ash, 
quarry dust waste recycled aggregate used soft 
drink bottle caps as fibre reinforced concrete 
have been tried by various researches. The 
results have been encouragingly increased in 
terms of improvement in strength parameters 
like compressive strength, split tensile strength 
and flexural strength. 
Vidivelli B. et al. 1 had studied on fly-ash 
concrete using SEM analysis as partial replace-
ment to cement and had reported a significant 
increase of 20% compressive strength respect-
ively. 
Gamashta Lalit et al. 2 developed the concrete 
strength by using masonry waste material in 
concrete mix in construction to minimize the 
environmental damages due to quarrying. It is 
highly desirable that the waste materials of 
concrete and bricks are further reutilized after 
the demolition of old structures in an effective  *Author for correspondence 
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manner especially realizing that it will help in 
reducing the environmental damages caused by 
excessive reckless quarrying for earth materi-
als and stones. Secondly, this will reduce pres-
sure on finding new dumping ground for these 
wastes, thus further saving the natural environ-
ment and eco-systems. Durability, reliability 
and adequate in service performance of these 
reused waste materials over the stipulated 
design life of designed structures are of para-
mount importance to structural designers. This 
paper critically examines such properties in 
reused concrete and brick masonry waste mat-
erials and suggests suitable recommendations 
for further enhancing life of such structures, 
there by resulting in sufficient economy to the 
cost of buildings. 
Prasad M.L.V. et al. 3 had studied mechanical 
properties of fiber reinforced concretes produ-
ced from building demolished waste and obse-
rved that target mean strength had been achie-
ved in 100% recycled concrete aggregate repl-
acement.  
Mageswari M. et al. 4 using the combination of 
waste Sheet Glass Powder (SGP) as fine ag-
gregate and Portland cement with 20% optim-
um replacement of fly ash as cementations bin-
der offers an economically viable technology 
for high value utilization of industrial waste. 
Using of SGP in concrete is an interesting 
possibility for economy on waste disposal sites 
and conservation of natural resources. Natural 
sand was partially replaced (10%, 20%, 30%, 
40% and 50%) with SGP and 20% optimum 
replacement of fly ash in Portland cement. 
Compressive strength, tensile strength (cubes 
and cylinders) and flexural strength up to 180 
days of age were compared with those of 
concrete made with natural fine aggregates. 
Fineness modulus, specific gravity, moisture 
content, water absorption, bulk density, perce-
ntage of voids, percentage of porosity (loose 
and compact) state for sand and SGP were also 
studied. The test results indicate that it is poss-
ible to manufacture low cost concrete contain-
nning SGP with characteristics similar to those 
of natural sand aggregate concrete provided th-
at the percentage of SGP as fine aggregate up to 
30% along with fly ash 20% optimum in 
cement replacement can be used respectively. 
Ustev. J et al. 5 Determined the performance of  

concrete made with coconut shell as a replace-
ment of cement. Cement was replaced with co-
conut shell in steps of 0%, 10%, 15%, 20%, 
25% and 30%. The results obtained for 
compressive strength was increased from 12.45 
N/mm2 at 7days to31.28 N/mm2 at 28 days 
curing and it met the requirement for use in both 
heavy weight and light weight concr-eting.  
Raval Amitkumar D. et al.6 explained the 
compressive strength by replacing cement with 
ceramic waste and utilizing the same in 
construction industry.  
Vijayakumar G. et al.7 had found that use of 
glass powder as partial replacement to cement 
was effective. Patel Ankit Nileshchandra et al. 8 
examined the possibility of using sto-ne waste 
as replacement of Pozzolana Portland cement in 
the range of 5%, 10%, 30%, 40% and 50% by 
weight of M 25 grade concrete. They reported 
that stone waste of marginal quantity as partial 
repla-cement to the cement had beneficial effect 
on the mechanical properties such as com-
pressive strength  values for 7, 14, 28 days were 
less than the ppc cement. 
Kumar Venkata Sairam et al9 investigated the 
effect of using quarry dust as a possible substi-
tute for cement in concrete. Partial replacement 
of cement with varying percentage of quarry 
dust (0%, 10%, 15%, 20%, 25%, 30%, 35%, 
40%) by weight of M 20, M 30 and M 40 
grade of concrete cubes were made for condu-
cting compressive strength. From the experim-
ental studies 25% partial replacement of cem-
ent with quarry dust showed improvement in 
hardened of concrete.  
kumar Jayesh et al.10 studied the performance 
of fly ash as partial replacement of cement. 
The values of compressive strength and split 
tensile strength are found by partial replace-
ment of cement with varying percentage of 
0%, 10%, 20%, 30% and 40% by weight of 
cement of M 25 and M 40 mix. The com-
pressive strength of the samples was recorded 
at the curing age of 7, 14, 28 days and for split 
tensile strength of the sample were conducted 
test on age of 56 days. It was observed that the 
compressive strength was better on age of 14 
days than the other proportions of cement.  
Pradhan Debarata et al.11 determined the 
compressive strength of concrete in which ce-
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ment was partially replaced with silica fume 
(0%, 5%, 10%, 15% and 20%). The compres-
sive strength test was conducted on age of 24 
hours, 7 days and 28 days for 100mm and 
150mm cubes. The results indicated that the 
compressive strength of concrete increased 
with additional of silica fume up to 20% repla-
ced by weight of cement further addition of 
silica fume was found that the compressive str-
ength may increase or decrease. 
Amudhavalli et al12, examined the performa-
nce of concrete made with silica fume as the 
partial replacement of cement. Cement was 
replaced with silica fume in steps of 0%, 5%, 
10%, 15% and 20% by weight by M 35 mix. 
The reported from this percentage mixes in 
compressive strength, split tensile strength and 
flexural strength at age of 7 days and 28 days. 
The results indicated that use of silica fume in 
concrete has improved the performance of 
concrete in strength and durability aspects. 
Md Islam Moinul et al13. investigated the usage 
of fly ash as substitutes for the cement was 
replaced with fly ash in steps of 10%, 20%, 
30%, 40%, 50% and 60%. Compressive 
strength and tensile strength were determined 
at 3, 7, 14, 28, 60 and 90 days. The reported 
from this paper sows the results that strength 
increased with increased of fly ash up to an 
optimum value, beyond which the strength 
value starts decrease from with further addition 
of fly ash. The six fly ash motors, the amount 
of optimum amount of cement replacement in 
motors is about 40% higher compressive stren-
gth and 8% higher tensile strength as compared 
to Ordinary Portland Cement mortar. 
Gowsika D. et al.14 investigated the usage of 
eggshell powder from egg production industry 
as partial replacement for ordinary Portland 
cement in cement mortar of mix proportions 
1:3 in which cement is partially replaced with 
egg shell powder as 5%, 10%, 15%, 20%, 25% 
and 30% by weight of cement. The compres-
sive strength was determined at curing ages 28 
days. There was a sharp decrease in compres-
sive strength beyond 5% egg shell powder sub-
stitution. The admixtures used are saw dust 
ash, fly ash and micro silica to enhance the 
strength of the concrete mix with 5% egg shell  
powder as partial replacement for cement. In 
this direction, an experimental investigation of 

compressive strength, split tensile strength and 
flexural strength was undertaken to use egg 
shell powder and admixtures as partial replace-
ment for cement in concrete.  
Al-Chaar Ghassan K. et al.15 determined the 
use of natural pozzolanic cement substitute in 
concrete materials. By means of a test series, 
four mixes using three types of natural pozzo-
lanic as well as a class F fly ash are evaluated. 
The effectiveness of each pozzolanic in contro-
lling alkali-silica reactions has been studied. 
Correlations have been revealed between the 
mechanical properties of the proposed mixes 
and a Portland cement control mix. The results 
are also compared with industry standards for 
mortars made with fly ash and silica fume. It is 
findings to indicate that one type of pozzolanic 
may be used as a substitute for fly ash, but not 
for silica fume.  
Hailu Biruk et al16. investigated the usage of 
sugar bagasse ash is as by-product of sugar 
factories as a possibilities for the cement was 
replaced with  sugar bagasse in steps of 0%, 
5%, 15% and 25% of the ordinary Portland 
cement were prepared with water to cement 
ratio of 0.55 and cement content 350 kg/m3 for 
the control mix.  The test results indicated that 
up to 10% replacement of cement by bagasse 
ash results in better or similar concrete proper-
ties and further environmental and economical 
advantages can also be exploited by using 
bagasse ash as a partial cement replacement 
material. 
Seyyedeh Seyyedalipour Fatemeh et al.17 
investigated the usage of paper waste as a 
partial replacement of cement to controlling 
environmental aspects has become a major 
priority. The concrete mixes prepared with 
adequate amount of these wastes, cement, agg-
regate and water compared in terms of some 
tests especially strength with the conventional 
concrete. At the end, the advantages and disad-
vantages of the use of pulp and paper industry 
wastes in concrete formulations as an alterna-
tive to landfill disposal were discussed. The 
research on use of pulp and paper industry wa-
stes can be further carried out in concrete 
manufacturing as a new recycled material. 
Faseyemi Ajileye Victor et al.18 examined the 
usage  of  microsillica  as a partial replacement  
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of cement in concrete. Cement was replaced 
with coconut shell in steps of 0%, 5%, 10%, 
15%, 20% and 25%. The compressive 
strength and of the samples was recorded at 
the curing age of 3, 7, 14, 28 days. The results 
indicated that the compressive strength of 
concrete incr-eased with additional of silica 
fume up to10% replaced by weight of cement 
further addition of microsillica was found that 
the compressive strength will be decreasing 
from 10% replace-ment of cement. 
Ghutke1Vishal S. et al19. examined the usage 
of silica fume as a partial replacement of 
cement in concrete. It is suitable for concrete 
mix and improves the properties of concrete 
i.e., compressive strength etc. The objectives 
of various properties of concrete using silica 
fume have been evaluated. Further to determi-
ne the optimum replacement percentage 
comp-arison between the regular concrete and 
conc-rete containing silica fume is done. It 
has been seen that when cement is replaced 
by silica fume compressive strength increases 
up to certain percentage (10% replacement of 
ceme-nt by silica fume). But higher 
replacement of cement by silica fume gives 
lower strength. The effect of silica fume on 
various other pro-perties of concrete has also 
been evaluated.  
Dilip Roy Kumar Singha et al20. investigate 
the strength parameters of concrete made with 
partial replacement of cement by silica fume. 
Very little or no work has been carried out 
using silica fume as a replacement of cement. 
Moreover no such attempt has been made in 
substituting silica fume with cement for lo-
w/medium grade concretes (viz. M 20, M 25). 
Properties of hardened concrete viz ultimate 
compressive strength, flexural strength, split-
ing tensile strength has been determined for 
different mix combinations of materials and 
these values are compared with the correspo-
nding values of conventional concrete.  
It has been found that utilization of recycled 
waste water in concrete construction have 
lately gained worldwide consideration and 
ate-ntion, Mohamed Elchalakani et al21.  
explained about sustainable  concrete by 
using recycled waste water from construction 
and demolition waste. 

Silva Marcia et al.22 examined to add the 
recycling of sewage treatment water in concr-
ete mix to determine the concrete strength. 
Concrete is the most widely used construction 
material in the world. Production of Portland 
cement used in concrete produces over 2.5 
billion tons of carbon dioxide and other green-
house gases worldwide. In addition, concrete is 
one of the largest water consuming industries. 
Approximately 150 liters of water is required 
per cubic meter. of concrete mixture without 
considering other applications of water at the 
concrete industry. A detailed research agenda 
has also been developed for additional knowle-
dge on this topic in order to understand and to 
reduce the environmental impacts of the conc-
rete industry. 
Murali G. and Vardhan C.M. Vivek et al23. 
studied the influence of various effluents on 
concrete structures. Laboratory scale concrete 
blocks of M 25 grade were moulded and used 
for strength analysis. Effluents from automobile 
industry (E1), powder coating industry (E2) and 
chocolate factory (E3) were used for curing 
concrete and its strength parameters like comp-
ression, tension and flexure were tested after 28 
days. It was observed that (E3) enhanced the 
compressive strength of concrete by 3.84%, 
tensile strength by 2.46% and flexural strength 
by 1.96% compared to conventional water 
curing, indicating its direct applicability in con-
crete curing sector. 
In this present investigation, various low cost 
material such as silica fume, CONPLAST SP 
430 and an effluent from battery industry were 
tried as partial replacements to mortar. The ad-
dition of the above mentioned components 
were done under three proportions.  

AIMS AND OBJECTIVES 
The aim of this investigation is to know the 
applicability of materials such as Silica Fume 
(SF), CONPLAST SP 430 super plasticizer 
and effluent from battery industry as substit-
utes to cement mortar. The objectives of this 
investigation are investigating the compressive 
strength parameters of cement mortar. To inve-
stttigate the durability parameters for percent-
age weight loss and for percentage strength 
loss of cement mortar. 
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MATERIAL AND METHODS 
Cement 
The most common cement used is an Ordinary 
Portland Cement (OPC). The OPC of 53 grade 
conforming to IS : 8112-1989 is been used in 
this investigation24. 
Fine Aggregate (FA) 
The  sand  used  for  the  experimental  proced-
ure  was  locally  procured  and  confirmed  to  
Indian standard specifications. Those fractions 

from 4.75 mm to 150 micron are termed as 
Fine Aggregate. The river sand and crushed 
sand is used in combination as fine aggregate 
conforming to the requirements of IS : 383-
1970.25  

Silica Fume (SF) 
Silica Fume used conforming to ASTM-C 
1240-2000 26 as a partial replacement of cem-
ent. The properties of SF are shown in      
Table 1. 

Table 1 : Properties of silica fume 

S/N Tests Analysis 
1 Specific gravity 2.1 
2 Bulk density 576 kg/m3 
3 Size 0.1 microns 
4 Surface area 20000 m2/kg 
5 SiO2 92% 
6 Al2O3 0.7% 

Super plasticizer 
In this investigation super plasticizer- 
CONPLAST SP 430 in the form of sulphona-
ted naphthalene   polymers complies with IS :  

9103-1999 27 and ASTN 494 type F was used 
to improve the workability of con-crete. The 
properties of super plastizer are shown in 
Table 2. 

Table 2 : Properties of super plasticizer 

S/N Physical test Analysis 
1 Specific gravity 1.224 
2 Chloride content Nil 
3    Air entrainment 0.8% additional air is entrained 

Water 
DW and Treated Waste Water (TWW) were 
used for this investigation. The waste water 
was collected from the battery industry and it 
is treated by sedimentation process to use in 
the mortar mix.28 Cement used for this 
invest-tigation was tested for the parameters, 
soun-dness, consistency and setting times. 
DW and PTWW were analysed for pH, 
suspended soli-ds, dissolved solids, 
alkalinity29, acidity, hard-ness, chlorides and 
other chemical analysis. Cement mortar was 
tested in support of comp-ressive strength 
for 3 days, 7 days, 28 days and 90 days and 
durability tests were done by using 2.5% of 
HCl, H2SO4, NaOH, MgSO4 solutions for 30 
days under three batc-hes in six different 
cases     for  1:3   mix propo-rtion. In batch-I,  

case-A predictably used Cement, fine 
aggregate were mixed with30 DW and 
analyzed for strength parameters and case-B, 
only TWW is used instead of DW and all the 
other ingredients are same as in case-A. In 
batch-II, case-C only 92% of cement is used 
and the remaining 8% it is mixed with SF 
and all the other ingredients are same as in 
case-A and case-D only 92% of cement is 
used and the remaining 8% it is mixed with 
SF and all the other ingredients are same as 
in case-B. In batch-III, case-E, 91.2% of 
cement and 0.8% of SP is used and all the 
other ingredients are same as in case-C and 
case-F, 91.2% of cem-ent and 0.8% of SP is 
used and all the other ingredients are same as 
in case-D.31 
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RESULTS AND DISCUSSION 
The various results of tests done for cement 
on various cases and are presented in     
Table 3. All the parameters were observed to 
be within the permissible   limits.32   The  
results  of  tests  doneon DW and PTWW are  

presented in Table 4. In all the values are in 
mg/L except pH. The compressive strength 
of concrete cubes made with six diff-erent 
combinations was determined at the           
ages of 3, 7, 28 and 90 days results shown 
Table 5.33  

Table 3 : Results of tests done on cement 

Batch no. Type of 
concrete 

Soundness, 
mm 

Initial 
setting 

time, min 

Final setting 
time, min 

I 
Case-A 0.5 110 210 
Case-B 0.7 145 246 

II 
Case-C 0.5 130 240 
Case-D 0.7 146 267 

III 
Case-E 05 100 200 
Case-F 0.7 120 225 

Table 4 : Results of tests done on DW and PTWW 

Constituent DW PTWW 
pH 7.3 6.5 
Suspended solids 0 150 
Dissolved solids 15 260 
Alkalinity 10 10 
Acidity 2 5.2 
Hardness 2.5 10.5 
Chlorides 3 10 
Nitrogen 0 50 
Zinc 0 5.0 
Lead 0 2.0 
Copper 0 5.8 
Cadmium 0 4.1 
Nickel 0 5.3 
Iron 0 5.5 
Chromium 0 4.5 

Table 5 : Results of compressive strength on concrete 

Batch no. Type of 
concrete 

Compressive strength of cubes MPa 
3 days 7 days 28 days 90 days 

I 
Case-A 35 42 52 55 
Case-B 36 43 53 56 

II 
Case-C 37 51 63 67 
Case-D 38 52 63.6 67.3 

III 
Case-E 38 44.5 54.5 58.5 
Case-F 38.5 45 55 59 
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A graphical comparison of 3 day compressive 
strengths of all the six cases of mix designs is 
presented in Fig. 1. It can be observed that 
case-C, case-D and case-E exhibited compres-
sive strengths of 38 MPa to 38.5 MPa for 
cement mortar. This is far better than the repla-
cement of SF in concrete with 10% which gave 
a compressive strength of 16.38 MPa. A 
graphical comparison of 7 day compressive 

strengths of all the six cases of mix designs is pre-
sented in Fig. 2. It can be observed that case-C 
and case-D exhibited compressive strengths of 51 
MPa and 52 MPa for cement mortar and later due 
to the addition of super plasticizer the compressive 
strengths had been decreased. This is far better 
than the replacement of SF in concrete with 10% 
which gave a compressive strength of 17.85 MPa 
for hardened concrete.  

 
Fig 1 : Compressive strength of cement mortar cubes for 3 days 

 
Fig 2 : Compressive strength of cement mortar cubes for 7 days 

From the Fig. 3 results show that comp-ressive 
strength increased in case-C and case-D by 63% 
to 63.6% at 8% replacement of SF at 28 days. 

Further due to the addition of super plasticizer 
the strengths in cement mortar had been 
decreased.  

 
Fig 3 : Compressive strength of cement mortar cubes for 28 days 
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This is better than the replacement of quarry dust 
in concr-ete with 10% which gave a compressive 
stre-ngth of 53.5 MPa for concrete.34-37 From the 

Fig. 4 results show that compressive strength 
increased in case-C and case-D by 67% to 
67.3% at 8% replacement of SF at 90 days. 

 
Fig 4 : Compressive strength of cement mortar cubes for 90 days 

When SF is replaced in cement, the strength is 
significantly greater than that of control mix. 
This is due to high pozzolanic nature of SF and 
its voids filling ability. The results of percentage 

weight loss in cement mortar specimens imme 
rsed in 2.5% of HCl, H2SO4, NaOH, MgSO4 solu 
tions for 30 days under six different cases for 1:3 
mix proportion is shown in Table 6 and Fig. 5.  

Table 6 : Results of durability tests for percentage weight loss 

Batch 
no. 

Type of 
concrete HCl H2SO4 NaOH MgSO4 

I 
Case-A 2.30 18.50 0.30 0.50 
Case-B 2.20 18.40 0.27 0.40 

II 
Case-C 2.00 13.0 0.20 0.50 
Case-D 1.90 12.80 1.15 0.40 

III 
Case-E 2.10 15.50 0.25 0.60 
Case-F 2.00 15.00 0.20 0.50 

 

 
Fig 5 : Percentage weight loss of cement mortar cubes for batch I, II and III 
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The results of percentage strength loss                 
in cement mortar specimens immersed  in 
2.5% of HCl, H2SO4, NaOH, MgSO4 soluti-

ons for 30 days under six differrent cases for 
1:3 mix proportion is shown in Table 7 and 
Fig. 6 

Table 7 : Results of durability tests for percentage strength loss 

Batch 
No. 

Type of 
concrete HCl H2SO4 NaOH MgSO4 

I Case-A 14.00 40.50 5.00 8.50 
Case-B 13.90 40.20 4.85 8.20 

II Case-C 12.50 40.00 8.00 8.60 
Case-D 12.30 39.50 7.20 7.60 

III Case-E 13.00 40.00 8.70 8.50 
Case-F 12.00 39.00 7.70 8.00 

 

 
Fig 6 : Percentage strength loss of cement mortar cubes for batch I, II and III 

CONCLUSION 
From the results, it can be concluded that the SF 
is a better partial replacement for cement. The 
rate of strength gain in SF is high. After perfo-
rming all the tests and analyzing their result, the 
following conclusions can be derived. The use 
of SF is a necessity in production of not only for 
high strength concrete but also for low/medium 
strength concrete as this material facilitates the 
adoption of lower water cement. The optimum 
7, 28 and 90 days compressive strength had 
been increased in the range of 8% SF 
replacement for both DW and PTWW. 
Compressive strength increases when the 
cement is replaced by addition of 8% SF. When 
compared to other mix the percentage loss in 
weight and strength was found to be increased 

by the addition of super plasticizer along with 
the SF. The workability of cement mortar 
decreases as the percent of SF increases.  
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