
Copyright © 2015,

JOURNAL OF APPLIED SCIENCES RESEARCH

ISSN: 1819

JOURNAL home page:   http://www.aensiweb.com/JASR         

Published Online 12 December 2015.                                                                                                      
 

Corresponding Author: Jeyalakshmi R, 
University, India.
E-mail: rajyashree64@g

Assessment of Corrosion Protection Efficiency of External Treatment By 

Sodium Silicate  In Lean Cement Mortar For Ferrocement Matrix
 
1Jeyalakshmi R, 2Rajamane N.P., 
 

1Professor, Department of Chemistry,  Faculty of Engineering  & Technology,SRM Unive
2Head,, 3,4Scientific Officer, Center for Advanced Concrete Research (CACR), 

 

Received: 3 October 2015; Accepted: 28  Novem

 

© 201

 

 
 Ferrocement (FC) is made conventionally with rich cement mortar with low water
mm  which provides    adequate  corrosion  resistance  to  the  embedded  steel  reinforcement.  In  the  present  study,  a 
Cement Mortar (CCM) of cement: Sand: Water= 1: 2: 0.40 was replaced by a very lean cement mortar of with proportions of : (Sa
Ash): Water= 1: (8:1): 1.6 which was found to have about 67%  reduction in Embodied Energy (EE) and Embodied C
(ECO2e) contents. The cost of lean mortar was less by 45%. When ferrocement made with the lean mortar and then treated with s
silicate solution (SSS) to make  it less porous,   became corrosion resistant. No corrosion was observed even afte
Wetting and  Drying (AWD) cycles of Accelerated Corrosion Test and exhibited lower values of Water Absorption and Coefficient
Water Absorptivity (COA) besides showing more positive values of Electrochemical Potential (ECP). To pr
corrosion, corrosion inhibiting specialty chemicals at 1% dosage level were  admixed and  then exposed to AWD cycles. The cor
resistance of the samples were compared with 10%SF admixed LCM specimens. The study showed that 
sodium silicate solution  sufficiently effective in controlling corrosion  similar  to that of CCM and SF admixed and compara
effective than corrosion inhibitors. The  micro structure  showed that external treatmen
structure and less detached crust laitance compared to untreated. LCM  could have surface  crack due to its leanness ; sodium
solution could  penetrate through cracks forming layers also acting as f
of  chloride ion in the matrix.  
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INTRODUCTION  
 

Ferrocement is a kind of composite material 
consisting of cement mortar and layers of 
reinforcing mesh or small diameter bars closely 
spaced. The reinforcement for ferrocement (FC) 
generally metallic (also non-metallic sometimes) 
meshes and uniformly spread out within the entire 
thickness of the element. This reinforcement of 
matrix with layers of wire mesh produces an almost 
homogenous material, which exhibits high 
resistance to impact and exceptional strength 
characteristics [1]. The most important qua
ferrocement, is its high ductility/elasticity besides 
significant resistance to cracking, imparted to the 
cement mortar by the good sub
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ABSTRACT 

Ferrocement (FC) is made conventionally with rich cement mortar with low water- cement ratio having cover thickness  of  2  to  5  
mm  which provides    adequate  corrosion  resistance  to  the  embedded  steel  reinforcement.  In  the  present  study,  a 
Cement Mortar (CCM) of cement: Sand: Water= 1: 2: 0.40 was replaced by a very lean cement mortar of with proportions of : (Sa
Ash): Water= 1: (8:1): 1.6 which was found to have about 67%  reduction in Embodied Energy (EE) and Embodied C
(ECO2e) contents. The cost of lean mortar was less by 45%. When ferrocement made with the lean mortar and then treated with s
silicate solution (SSS) to make  it less porous,   became corrosion resistant. No corrosion was observed even afte
Wetting and  Drying (AWD) cycles of Accelerated Corrosion Test and exhibited lower values of Water Absorption and Coefficient
Water Absorptivity (COA) besides showing more positive values of Electrochemical Potential (ECP). To protect the LCM
corrosion, corrosion inhibiting specialty chemicals at 1% dosage level were  admixed and  then exposed to AWD cycles. The cor
resistance of the samples were compared with 10%SF admixed LCM specimens. The study showed that external treatment of FC with 
sodium silicate solution  sufficiently effective in controlling corrosion  similar  to that of CCM and SF admixed and compara
effective than corrosion inhibitors. The  micro structure  showed that external treatment of sodium silicate solution exhibit more dense 
structure and less detached crust laitance compared to untreated. LCM  could have surface  crack due to its leanness ; sodium
solution could  penetrate through cracks forming layers also acting as filler. EDS analysis confirmed the increase in Si content  and lack  
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Ferrocement is a kind of composite material 
consisting of cement mortar and layers of 
reinforcing mesh or small diameter bars closely 
spaced. The reinforcement for ferrocement (FC) is 

metallic sometimes) 
read out within the entire 

thickness of the element. This reinforcement of 
matrix with layers of wire mesh produces an almost 
homogenous material, which exhibits high 
resistance to impact and exceptional strength 
characteristics [1]. The most important quality of 
ferrocement, is its high ductility/elasticity besides 
significant resistance to cracking, imparted to the 
cement mortar by the good sub division  and  

distribution  of  reinforcem
characteristic has led to the successful use of 
ferrocement in various industrial applications such 
as hull/boat/ship construction, new building 
structures of various shapes/configuration, repair 
and rehabilitation of existing structures, 
constructions in corrosive environments   such   as   
marine   and   sewerages   [2]-
has demonstratively proven very long service life, 
but this depends on some important factors such as 
mortar composition [4]-[7], corrosion protection of 
reinforcement, permeability of the matrix, 
construction practice , curing conditions [
Extensive investigations are carried out on FC’s 
mechanical properties and several prototype 
structural elements were built to demonstrate 
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cement ratio having cover thickness  of  2  to  5  
mm  which provides    adequate  corrosion  resistance  to  the  embedded  steel  reinforcement.  In  the  present  study,  a Conventional 
Cement Mortar (CCM) of cement: Sand: Water= 1: 2: 0.40 was replaced by a very lean cement mortar of with proportions of : (Sand: Fly 
Ash): Water= 1: (8:1): 1.6 which was found to have about 67%  reduction in Embodied Energy (EE) and Embodied CO2Emission 
(ECO2e) contents. The cost of lean mortar was less by 45%. When ferrocement made with the lean mortar and then treated with sodium 
silicate solution (SSS) to make  it less porous,   became corrosion resistant. No corrosion was observed even after 120 days of Alternate 
Wetting and  Drying (AWD) cycles of Accelerated Corrosion Test and exhibited lower values of Water Absorption and Coefficient of 

otect the LCM-FC slabs from 
corrosion, corrosion inhibiting specialty chemicals at 1% dosage level were  admixed and  then exposed to AWD cycles. The corrosion 

external treatment of FC with 
sodium silicate solution  sufficiently effective in controlling corrosion  similar  to that of CCM and SF admixed and comparatively  more 

t of sodium silicate solution exhibit more dense 
structure and less detached crust laitance compared to untreated. LCM  could have surface  crack due to its leanness ; sodium silicate 

iller. EDS analysis confirmed the increase in Si content  and lack  

Accelerated Corrosion Test, Embodied Energy, Ferrocement, Fly ash, Corrosion, Sodium Silicate,  Inhibitor. 

distribution  of  reinforcement.  This basic 
characteristic has led to the successful use of 

ocement in various industrial applications such 
as hull/boat/ship construction, new building 
structures of various shapes/configuration, repair 
and rehabilitation of existing structures, 
constructions in corrosive environments   such   as   

- [3]. Furthermore, FC 
has demonstratively proven very long service life, 
but this depends on some important factors such as 

[7], corrosion protection of 
reinforcement, permeability of the matrix, 

curing conditions [8]-[10]. 
Extensive investigations are carried out on FC’s 
mechanical properties and several prototype 
structural elements were built to demonstrate 
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construction technique and to evaluate their 
performance in service [11]-[14]. Durability is 
always a main performance criterion of  FC. Usually 
FC  or  reinforced mortar  members  are  typically 
built with 3 mm to 8 mm reinforcement cover 
thickness, made skillfully with rich mortar using 
additives, low water- cement ratio and proper curing 
regime. Few studies are also  on corrosion behavior 
of FC.[15]-[17]. According to the ACI-549R, 
studies are needed to suggest anti-corrosion 
techniques to prevent penetration of water and 
aggressive  salts [18].  

Protective surface treatment on concrete such as 
(i) surface coating applying as thin film (ii) sealing 
whereby blocking of pores and (iii)  surface 
impregnation (where the surface  near  zone  is  
impregnated  with  a water repellent agent leaving 
the pores open) are widely accepted supplementary  
techniques  to protect the steel reinforcement under 
aggressive environment. This kind of treatment does 
not interrupt construction work and is hence cost 
effective. In this paper, the effectiveness of sodium 
silicate solution surface treatment of Ferro cement 
slabs are presented and compared , in terms of 
microstructure and  water absorption and chloride 
penetration resistance. 

 
Materials And Methods 

 
Conventional Cement Mortar (CCM) of 

proportions 1: 2:0.40 (cement: sand: water) was 
used to  prepare FC slabs of size, 150* 150*12mm, 
with the steel reinforcement (placed in  the middle 
of the cross section)  in the form of one layer of 
welded wire mesh (6 x 16 mm guage, thickness 
1mm with tensile strength of 435 N/mm2) covered 
with one layer chicken wire mesh (0.5 mm thickness 
with  opening area 150 mm2 ) on either side.  They 
were assembled and placed in the mould. Another 
set of Lean Cement Mortar (LCM) of mix 
proportions 1: 9: 1.6 (Cement: Fine Aggregate: 
Water) was used to prepare FC slabs.  Four replicate 
slab specimens were prepared for each mixes viz., 
Conventional Cement Mortar (CCM), Lean Cement 
Mortar   (LCM), LCM admixed with 1% Calcium 
nitrate (LCM CNI), 1% Migratory Corrosion 
Inhibitor (LCMMCI)  and 10  %  Silica  Fume  
(LCMSF.) One set of (4 replicate)   specimen mixes 
were cast   with  addition of 5% NaCl (with respect 
to   cement)   to   create   corrosive   atmosphere.   It   
was designated as LCMNaCl, LCM CNI NaCl  
LCMMCI NaCl & LCMSFNaCl. Mix proportions of 
materials used in casting of FC tabulated Table 
1.0.The   ingredients   of   mortar   were   mixed   
using   an electrically operated  mixer machine. The 
wooden mould of FC was filled manually with fresh 
mortar mix. Vibration was almost not required since 
the mix used was self compacting in nature.. The 
specimens were demoulded after 24 hours and then 
submerged in water for further curing. Cylindrical 

specimens with mortar (size: 75mm dia* 150mm 
height) were  cast in plastic moulds to find out the 
compressive strength. The external treatment of 
LCM specimens were carried out on oven dried 
specimens (24 hours at 1000C) by soaking  in 
Sodium Silicate Solution (SSS) having a Molar 
Ratio of 2.0, for 48 hours. It was  then allowed to 
dry in air for 3 days, before subjecting them to 
AWD test. It  was designated as LCM-T. 

 
III. Tests On Fc Specimens: 
3.1  Accelerated Corrosion 
Testing (ACT): 

As Portland cement matrix provides excellent 
optimum alkaline environment (pH ranging from 
12.6 to 13.5) so that the steel remains protected 
from corrosion. Thus, there is a need for adoption of 
a suitable corrosion testing method for getting the 
test data within short duration of time. Towards this, 
Alternate Wetting and Drying (AWD) Cycles were 
adopted; each cycle consisted of 16 hours of 
soaking in 5% NaCl solution followed by oven 
drying  of the specimens at 600  C for 8 hours. The 
oven dried specimens were cooled to room 
temperature before soaking them again in 5% NaCl 
solution. The FC specimens were cured only for 3 
days in water and then air dried for 3 days before 
subjecting them to ACT-AWD. This short curing 
period of water was adopted to generate porous 
matrix so that faster corrosion of embedded steel is 
made possible.  
 
3.2. Electrochemical Potential 
Measurements: 

Calomel Electrode was used as reference 
electrode to measure the Electro chemical potential 
(ECP) the embedded steel and the reference 
Calomel Electrode were kept on the surface of the 
specimens. More positive of ECP is expected to 
represent   lower rates of corrosion. 
 
3.3.  Water Absorption and Coefficient 
of Water Absorptivity: 

FC specimens were oven dried for 
24 hrs at about 1000C;  after  cooling  
to  ambient  conditions  and  they  were 
soaked in water for 60 minutes. The 
amount of water absorbed, Q, was used 
to compute the Coefficient of Water 
Absorptivity (COA) using the formula: 
COA= (Q/A)2  (1/T),   

 A= surface area, cm2  =2*a2+4*a*h where, Q= 
Amount of water absorbed in 1 hr, ml, a= Length of a 
side of square slab surface, cm. h= Thickness of slab, 
cm; T= Time duration of water soaking, seconds. 

 
Results And Discussions 

 
4.1. Corrosion of Ferrocement slabs  LCM  with 
and without admixture casting under saline 
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conditions: 
The visual inspection of the specimens cast 

under normal and saline conditions with and 
without admixture was of different LCM  ferro 
cement slabs followed over AWD cycles. It was  
found that  initiation of corrosion of steel within 7-
days of AWD test in LCM and the rate of corrosion  
gradually increased initially and  after  120 days it 
was found to be severe. During this period, FC with 
CCM had not developed any corrosion spots 
indicating the effectiveness of CCM to protect the 
embedded steel from corrosion. However the 
corrosion initiations of LCM specimens were 
inhibited by external treatment of sodium silicate 
solution as indicated by LCM-T specimens. They 
did not show any corrosion spot after 120 cycles of 
AWD .  

Corrosion reaction has started in the specimens 
cast under saline conditions much faster. The 
corrosion rate in the specimens was computed and 
is shown in Fig 1 &2. It was also observed that 
mortar mixes having fly ash alone LCM NaCl and 
1% corrosion inhibitor (calcium nitrite and MCI) 
admixed specimens have shown considerable 
deterioration of wire mesh from 7 days onwards 
and rate is faster  after 60 days. Thus highly porous 
LCM matrices did not get any benefit by the 
presence of corrosion inhibitors with and  without 
NaCl admixture. In  the  present  study, the 
corrosion inhibition efficiency have been found to 
be high in the case of SSS treated LCM  FC slabs 
than chemical corrosion inhibitor and resistance to 
corrosion rate is same as that of  Conventional 
cement mortar even at prolonged period  of 1 year. 
The efficiency of LCM matrices with and without 
NaCl at sustained corrosive atmosphere is 
compared with that LCM-T. It was found to be 
higher for LCM-T(97%)  than that of LCM (50%), 
and it was found to lower to LCM NaCl  (25%). 
Surface treatments are widely used to improve the 
resistance of  concrete cover against the penetration 
of aggressive substances, both in new and existing 
structures, to extend the service life. Surface 
impregnate materials are mostly silane based water 
repellent agent and sodium silicate based pore 
blocker; they  penetrate into concrete pores and 
react with cement hydrated products to cause the 
pore refinement so that the  corrosion  initiation  
were postponed thereby reduce the corrosion rate. 
There are few reports on surface coating  of  
sodium silicate, ethyl silicate treatment [20]-[22] 
which  induced a dramatic decrease in capillary 
suction, chloride diffusion coefficient and 
carbonation depth. In our present study, external 
treatment of FC slabs  helped to significantly 
reduce porosity of mortars  and thereby restricting 
the movement of chloride ion. A chemical reaction 
of sodium silicate occurs with the Ca(OH)2 

(Portlandite) present in the hydrated cement matrix  
thereby resulting  in  further binding action in the 

matrix and increased impermeability to water 
penetration. This  is  generally  possible  if Sodium  
silicate  solution treatment is done only after the 
initial cure (up to 7 days or so depending on 
conditions) has taken place in the cement matrix. 
 
4.2.  Electro-chemical Potential (ECP): 

The potential shift is a function of the durability 
of the protective layer on steel surface. Thus, the 
corrosion potential of rebars in concrete is a good 
indication of either the depassivation or activation of 
corrosion. The ECP of -602 mV recorded in FC with 
LCM and this value is high and more negative  as 
compared to -190mV of mix CCM and -186mV of 
mix LCM-T. According to the guidelines involved in 
ASTM C876-87 the probability of corrosion 
initiation is greater than 90% when corrosion 
potentials are more negative than ( -350 mV ) 
relative to the copper–copper sulfate (CSE) and -270 
mV relative to the Saturated Calomel Electrode. The 
inhibitor system studied in the present work showed 
less negative values for the mixes CCM and LCM-T  
and indicate their ability to protect the embedded 
steel from corrosion . 
 
4.3  Permeability of FC Specimens: 

As water ingress into concrete is directly and/or 
indirectly responsible for all its degradation 
processes. The CCM mix had produced COA value 
of 11*10-10m2/s and this can be considered as 
indicative of satisfactory level of impermeability 
since no corrosion was observed in FC specimens 
even after 90 days of AWD. The COA value of 
5.8*10-10 m2/s observed for FC with mix LCM-T is  
also smaller than that observed for FC with mix 
CCM. The treatment with sodium silicate solution 
lead to a decrease in the water absorption and 
provided  better performance by limiting the water 
ingress into concrete with significant improvement in  
durability. Water absorption after 7 days is 
approximately  one half with respect to the untreated 
sample. Thus, non observance of corrosion in FC 
with mix LCM-T  could be attributed to improved 
denser microstructure due to chemical treatment, as 
indicated by lower values of COA. Similarly, 
observation of corrosion in FC with LCM can be 
attributed to low degree of impermeability as 
indicated by COA value of 13*10-10m2/s which is 
much more than that for the mix CCM.  Thus, 
untreated LCM needs further treatment to make it 
suitable for use in FCs. 
 
4.4.  SEM microstructure of LCM & LCM-T under 1 
year exposure period  to corrosive atmosphere:   

Environmental Scanning Electron Microscopy, 
ESEM, in combination with Energy Dispersive X-ray 
Spectroscopy, EDS ( Quanta 200FEG SEM, 
operating at 30 kV in the low vacuum mode using a 
back scattering detector) were performed on external 
surfaces (depth 1 mm ) of concrete. SEM photograph 
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with corresponding EDS analytical data for LCM 
mix cured for  1 year with exposure to accelerated 
corrosion condition  has shown in Fig 3. The  
hydration products, ettringite, calcium silicate 
hydrate (C-S-H) and Ca(OH)2 were seen in the SEM 
photograph. Un reacted Ca(OH)2 (hexagonal shape) 
can been seen along with fly ash particle.  The 
elemental analysis of mixes reveal that diffusion of 
NaCl have taken place (approximately 4 .5%) that 
indicate porous structure of specimen fasten the 
corrosion of mesh in Ferrocement slabs.   

Beneficial effect of silicate solution treatment 
was found to be significant in our study. Higher 
porosity in the concrete permits easier penetration of 
SSS also  more  pozzolanic reaction to occur.  This 
causes   reduction in Ca(OH)2  content leading to  
more hydrates of calcium. Dense morphology and 
more homogenous C-S-H inter percolation aid to 
reduce the size and amount of micro structural pores 
have been achieved, as shown in the SEM picture of 
LCM treated with Sodium silicate solution (LCM-T)  
in Fig 4. Penetration of silica into matrix is 
confirmed in EDS analysis as shown in  increase in 
Si atomic weight %, leading to pozzolanic reaction to 
make the matrix more compact. There is no sign of 
chloride ion diffusion/penetration  in these specimen 
even after exposure to NaCl under prolonged 
duration of 1 year indicated that sodium silicate 
solution forms a multiple surface film coat thereby 

reduce the diffusion of chloride ion and significantly 
improve the performance of Ferrocement slabs of 
both short and long time exposure of  chloride.  

 
V. Ecology of FC Mixes: 

Using the basic data available in literature, the 
Embodied Energy (EE) and the Embodied 
CO2Emission (ECO2e) contents of FC mixes were 
computed and are given in Table 2; the cost analysis 
is also worked out. The calculated values  indicate 
that EE of CCM is 3309 MJ/m3 and this value 
reduces to 1131MJ/m3  in case of mix LCM-T and 
thus LCM requires less energy to produce. The 
ECO2e contents of 652 and 225 kgCO2efor mixes 
CCM and LCM-T indicate that LCM accounts for 
lower quantity of emission of Green House Gas. 
Thus, LCM is highly eco- friendly material. Even 
though 90 day strength of CCM is higher as 44MPa, 
the actual cost required to produce 1 MPa of strength 
in matrix (i.e. ratio of cost /  fc)  is only marginally 
lower (by 6%) which is desirable as finance is used 
more effectively in LCM. This discussion considering 
strength can be indicative only and the data would be 
more favorable with increased age of FC structure 
mix for LCM-T as compared to that for CCM since 
the LCM-T develops higher strength with age 
because of presence of fly ash which also contributes 
to refinement of matrix and continued strength gain 
due to its pozzolanic reaction.

 
Table 1: Typical Ingredient Contents Of Mixes 
Mix type CCM LCM (1)  LCMSF  
sand/binder w/w 2 4 4 
Water/binder 0.4 0.8 0.8 
Fly Ash 
(%binder) 

0 50 50 

Binder, kg/m3 650 373 362 
Cement, kg/m3  

650 
 
186 

181 

Fly ash, kg/m3 0 186 181 
Sand, kg/m3 1301 1490 1449 
Water, kg/m3 260 298 290 
Density, kg/m3 2211 2161 2101 
 28 days Compressive strength , MPa 
 
 

       44 
 

    22 28 

1. Similar ingredient contents in mixes: LCMCNI, LCMNaCl, LCMMCI, NaCl , LCMSFNaCl  
.  
 Table 2: Ecological & Economical Advantages Of Lcm-T 
MIX ID CCM LCM-T %change  Remarks 
Cement kg/m3 650 190 70 Reduced cement content 
90 day str, fc90d MPa 44 27 38 Lower strength of matrix 
EE=Embodied Energy MJ/m3 3309 1131 66 Lower Embodied Energy 
ECO2e kgCO2e/m3 652 225 66 Lower CO2Emission content 
Cost Rs/m3 4776 2764 42 Lower cost 
fc90d  /Density(kg/m3) MPa/(kg/m ) 50 82 - Higher strength for given self weight 
AWD cycling 90 days  
No of Corrosion Spots 

 
0 

 
0 

-  
Similar corrosion resistance 
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Fig. 1: Corrosion rates in FC slabs  without  premixed NaCl salt under AWD cycle 
 

 
 
Fig. 2: Corrosion rates in FC slabs  with  premixed NaCl salt under AWD cycle 

 
Fig. 3: Sem photograph of LCM specemen (exposed  to NaCl soultion) (x1600)and its corresponding EDS 
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lement  

O Ca C Si Al Mg Na Cl 

At.wt.% 55.02 1.22 16.33 23.68 2.01 1.13 1.2 0 

 
Fig. 4: SEM photograph of LCM –T )  expose to NaCl solution and its corresponding EDS 

 
Conclusions: 

External Treatment Of Sodium Silicate Solution 
On LCM Provided Overall Performance Enhancing 
Properties To The FC Specimen As There Was No 
Sign Of Corrosion On The Wire Mesh In FC Slabs.  
Whereas There Is A Considerable Deterioration Of 
Wire Mesh On LCM FC Cast With Chemical 
Corrosion Inhibitor. They Did Not Match The 
Protection That Obtained From Conventional 
Concrete Mortar And From Using Silica Fume Due 
To The Chloride Diffusion Into The Lean Mortar 
Under Sustained Exposure To Saline Condition. 
Under Accelerated Corrosive Conditions Of About 
360 Days, LCM Mixes With Addition Of SF And 
Chemical Corrosion Inhibitors Under Nacl Premixed 
Conditions Showed Marked Severe Corrosion. 
Based On The SEM Microscopic Observations And 
Less Water Absorption Coefficients, SSS Treatment 
Can Be Considered As Effective In Reducing The 
Corrosion Rate .Use Of LCM Instead Of CCM For 
Making FC Results In Reduction Of Cement Content 
From 650kg/M3(Which Is Substantial) To 190 
Kg/M3, A Reduction Of About 43%. LCM Is More 

Eco-Friendly Than CCM Since The Embodied 
Energy And Embodied CO2Emission (ECO2e) 
Contents Get Reduced By 66% . However, The FC 
With LCM Needs To Be  Treated Chemically After 
Initial Curing To Impart The Corrosion Resistance. 
Since Fly Ash Is Used As Part Of Fine Aggregate Of 
FC, The Matrix Is Likely To Improve Further With 
Passage Of Time. 
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