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ABSTRACT

Admixtures have long been recognized as an important components of concrete used to improve its
performance. The original use of admixtures in cementitious mixtures is not well documented. It is
known that cement mixed with organic matter was applied as a surface coat for water resistance or
tinting purposes. It would be a logical step to use such materials, which imparted desired qualities to
the surface, as integral parts of the mixture. The use of natural admixtures in concrete was a logical
progression. Materials used as admixtures included milk and lard by the Romans; eggs during the
middle ages in Europe; polished glutinous rice paste, lacquer, Tung oil, blackstrap molasses, and
extracts from elm soaked in water and boiled bananas by the Chinese; and in Mesoamerica and
Peru, cactus juice and latex from rubber plants. The Mayans also used bark extracts and other
substances as set retarders to keep stucco workable for a long period of time. (ACI Education
Bulletin E4-03)

Chemical admixtures confer certain beneficial effects on concrete, including reduced water
requirement, increased workability, control led setting and hardening, improved strength
and better durability.

Many approaches have been adopted to investigate the role of chemical admixtures. One
approach is to determine the state of the admixture in concrete at different times of curing.
The admixture may remain in a free state as a solid or in solution, or interact at the surface
or chemically combine with the constituents of cement or cement paste. The type and
extent of the interaction may influence the physico-chemical and mechanical properties of
cement paste.

In this paper an attempt is made to discuss experimentally the performance of a local
proposed economical additive on cement mortar affected by aggressive environmental
conditions.

1. Introduction

Many approaches have been adopted to investigate the role of chemical admixtures. One
approach is to determine the state of the admixture in concrete at different times of curing.
The admixture may remain in a free state as a solid or in solution, or interact at the surface
or chemically combine with the constituents of cement or cement paste. The type
and extent of the interaction may influence the physico chemical and mechanical
properties of cement paste.
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Also found on several ways, the water is the most important fluid on nature. Among its
properties, is noticeable the capacity to penetrate in small pores or cracks, and the capacity
of dissolve a large amount of substances.

Several researches refer and attest the great importance of the water molecule on the
concrete structure, especially on the first ages, caused by the cement hydration and
consequent hardening of the concrete. However, the presence of water after the hardening
of the concrete and after the reduction, or the ceasing of the hydration reactions, may cause
the deterioration of the concrete or of the steel bar embedded in the structure. The water
take action as a direct agent (lixiviation) or transporting noxious substances, such as
chloride ions, sulfate ions and acid, or components that can activate and propel many
chemical reactions that speed up the degradation process of the matrix, proportioning this
way a substantial reduction of the durability and the use life of the concrete and reinforced
concrete structures.

Some authors emphasize that the permeability of the water is the most important factor
to esteem the durability under the most diverse conditions of service of a structure. The
permeability regulates the speed of aggressive water penetration for inside of the concrete
besides controlling the movement of the water during the ice-thaw process. Therefore
concrete must be projected and manufactured for the environment to which it goes to be
displayed, because the permeability is related to the porosity that varies in accordance to
the composition of the concrete, its factor water to cement, its age and even though with its
form of launching. (2)

Many important characteristics of concrete are influenced by the ratio (by weight) of
water to cementitious materials (w/c) used in the mixture. By reducing the amount of
water, the cement paste will have higher density, which results in higher paste quality. An
increase in paste quality will yield higher compressive and flexural strength, lower
permeability, increase resistance to weathering, improve the bond of concrete and
reinforcement, reduce the volume change from drying and wetting, and reduce shrinkage
cracking tendencies (PCA, 1988). (2)

Reducing the water content in a concrete mixture should be done in such a way so that
complete cement hydration process may take place and sufficient workability of concrete
is maintained for placement and consolidation during construction. The w/c needed for
cement to complete its hydration process ranges from 0.22 to 0.25. The existence of
additional water in the mixture is needed for ease of concrete placing and finishing
(workability of concrete). Reducing the water content in a mixture may result in a stiffer
mixture, which reduces the workability and increases potential placement problems.

Water reducers, retarders, and super-plasticizers are admixtures for concrete, which are
added in order to reduce the water content in a mixture or to slow the setting rate of the
concrete while retaining the flowing properties of a concrete mixture. Admixtures are used
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to modify the properties of concrete or mortar to make them more suitable to work by hand
or for other purposes such as saving mechanical energy.

D) disgpgerseqd

Increase of slump is different according to its type and dosage. Typical dosage rate is
based upon the Cementnous material content (milliliters per hundred of kilograms). The
FIGure below illustrates the influence of dosage of Lignosulfonates and HC ( Hydroxy

Carboxylic ) acid on slump. It is shown in the FIGure that HC acids give a higher slump
compared to lignosulfonates with the same dosage.

Journal of Engineering Sciences, Faculty of Engineering, Assiut University, Vol 41, No. 2, March
2013, E-mail address: jes @aun.edu.eg



424
A. M. Ahmed et al, Performance Of A Local Proposed Economical Additive On The Cement Mortar
Properties Affected By Aggressive Environmental Conditions, pp. 421 — 440

— o
> . e —
Hydroaxycarnpoxylic ac«i’, T
5 S L=
Lagnosulfonato Ja e
42
=2, 4 i 0
2 3 B 5

Dosange-arbdary unils

Fig. 1. Influence of dosage of retarders on slump (neville, 1995).

Where a fire occurs in a compartment of a building, the structure of the compartment
should be required to contain the fire by continuing to perform those of its normal
functions which contribute to the integrity and insulation of the compartment. The fire
resistance test of Section Three grades elements of building structures in accordance with
the time for which they are capable of fulfilling these functions while subjected to
heating conditions representative of an actual fire in a compartment. Although the term
fire-resistance has often been used indiscriminately in the past to denote the resistance of
materials to ignition or spread of flame, the use of the term in this standard is
restricted to the performance of complete elements of building structure without
individual regard to the performance of the materials of which they are composed.
Materials which perform well in the combustibility) or surface spread of flame tests may
not necessarily do so when build into an element of structure and subjected to the fire-
resistance test. B.S. 476 : Part 1 : 1953

2. Experimental program

The main aim of this program is to investigate experimentally the local economical
additive for producing cement mortar present aggressive environmental conditions for
different groups of normal strength mortar specimens modified with this new type of
organic admixture. The experimental approaches in this study consist of testing standard
cubic mortar specimens under static load. The main variables studied were Different types
of admixtures and divided to:
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e Group 1 Suggested an organic local admixture, which was fabricated in the laboratory
and contained in their composition wastes from petroleum refining industries and
silica fume (is a by-product of melting process used to produce silicon metal and
ferrosilicon alloys) and wastes of coke industries (Naphthalene sulfonate) and pure
water (BM 2010).
e  Group 2 Control admixture (commercial admixture) ( sedrete Wp)
e Group 3 Control admixture (commercial admixture) (plastmix wp)
e  Group 4 Control sample ( without admixes )

All groups of mortar specimens (252 cubes), with and without admixtures, were identical
in size, 7x7x7cm. Specimens were cast and hardened in fresh water conditions until testing
date. After that, specimens were divided into four groups depending on the type of
admixture. Each group consists of 63 cubes as shown in Table 1. Then, all groups of cubes
were tested under axial compression load.

Table 1

Number of test cubes for groups division

Number of Suggested (Sedrete (Plastmix
test cubes (Control) - pN12010) Wp) Wp)

Tested after 3

21 21 21 21
days

Tested after 7

21 21 21 21
days

Tested after
Dryd in 100 21 21 21 21
°C

3. Materials
3.1. Technique of preparing and producing the suggested admixtures

The experimental technique for preparing and producing the suggested organic
admixtures (BM 2010) was carried out by adding the naphthalene sulfonate to hot pure
water in 50 °C and mix them with mechanical mixer and adding the wastes from petroleum
industries and silica fume to the mixer until obtaining homogenous solutions.
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The composition and correlation of components of the proposed admixtures by weight
from their solid particles are shown in Table 2. a. , b.

Table 2. a.

Composition and correlation of components of the organic local admixture

Correlation
Type of . of
. Components of the admixture
admixture components,

% by weight

1-Wastes from petroleum refining industries 1.62%
(brown liquid solution)

2- Wastes of coke factory (Naphthalene
“BM 2010« sulfonate)

32.25%
(Suggested)  3- silica fume is a by-product of melting
process used to produce silicon metal and
ferrosilicon alloys 1.62%
4- pure water 64.51%

Table 2. b.

Chemical analysis of the organic local admixture
(Tested by Analytical Chemistry Unit — ACAL Assiut University)

Parameter Description

Chloride 0.0132 % (wt/vol)
Sulfate 0.1416 % (wt/vol)
Calcium oxide 0.1624 % (wt/vol)
Aluminum oxide 0.0560 % (wt/vol)
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The system of mixing of the proposed admixtures with the mortar can be achieved as
follows: the admixture, in a shape of solution, with different doses must be diluted with the
required amount of water of the mortar. After that, the obtaining solution must be mixed
with the different components of the mortar mix by using useful method of preparation of
mortar. It is necessary to notice that, temperature of the required water for mixing should
not be smaller than 25°c to prevent the appearance of sedimentation of organic elements.

Compatibility of initial components of any admixture represents an important
requirement for its chemical characteristics. Compatibility of admixture components
means their correlation in the ability of producing additional chemical reactions and their
common effect on the cement materials properties.

3.2 Mortar mix

Different doses were used for obtaining each admixture on producing cement mortar.
These mortar cubes specimens were tested after 3-days & 7-days.

Ordinary Portland cement of specific gravity 3.15,(Assiut cement). Local natural sand
which passing from sieve No. 20 and retained on sieve No.30 were used.

Table 3.
Physical and mechanical and chimical Prop. of used Sand

Property Sand
Volume weight (t/m3) 1.73
Specific gravity 2.63
Finess Modulus 3.00
Cl 0.04
So4 0.26
PH 7.4
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Table 4.
Sand sieve analysis

Sieve size % Passing
4.75mm 100
No. 4 100
No. 8 100
No. 20 100
No. 30 0

No. 50 0

No. 100 0

No. 200 0

3.3 Test procedure

All of the tested cubes (252 cubes 70.6x70.6x70.6 mm) were hardened in fresh water.
Each group has:
e 21 specimens tested After 3days to measure the compressive strength
o 21 specimens tested After 7days to measure the compressive strength
e 21 specimens tested After drying it in an oven of elevated temperature up to
100°c for 1 day after cured in water for 7 days (to measure the compressive
strength and water absorption

Water absorption was determined by means of the difference in weight of the specimens
before and after the heating in the oven.

Standard paste: (reach when Vicat test needle ( ¢ = 10mm ) penetrate (0.5 — 0.7 cm)
on the specimen).
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Table 5

Details and properties of mortar mixes

] Cement Sand Additives Water
Mix
No.
(gramme) (Kg) Dose Type
1 200 600 without (Control)
Variable
2 200 600 (0.2-1.4%) (BM 2010) o
produce
Variable standard
3 200 600 (0.2-1.4%) (Sedrete Wp) paste
Variable (PlastmixWp
4 200 600 (0.2-1.4%) )

The testing machine ( Control 2000 KN) was used. Each specimen was loaded axially
and gradually keeping the rate of loading constant. The mortar specimens were tested
under static axial compression loading after 3 & 7 days hardening in fresh water.

4. Test results and discussions

Test results of the all-cubic cement mortar specimens, without admixtures, modified with
the suggested admixture and, control admixture, are presented and discussed.

4.1. The optimum dose of the suggested admixture according to compressive
strength

Effect of different doses of the proposed admixtures on the compressive strength of
mortar specimens having the same workability (standard paste) and hardened in fresh
water at different ages was studied. Optimum dose of each admixture, at which maximum
values of compressive strength occurred, was determined and the results are shown in
FIG. 2.

Journal of Engineering Sciences, Faculty of Engineering, Assiut University, Vol 41, No. 2, March
2013, E-mail address: jes @aun.edu.eg



430
A. M. Ahmed et al, Performance Of A Local Proposed Economical Additive On The Cement Mortar
Properties Affected By Aggressive Environmental Conditions, pp. 421 — 440

Es00 Suggested Admixture (BM 2010)
1]
-
& 400
300 M
200
== 3day
100 ——7day
after drying in 100 ¢
O L 1 1 | L 1 1 1 L 1 L 1 1
without T ) R q VY 1.8
Admixture dose

Fig. 2. Effect of different doses of suggested admixture on the cubic compressive
strength of mortar specimens hardening in fresh water.

It is Obvious that, optimum dose of the suggested admixtures equals 0.9% by weight of
cement. At this dose, compressive strength of concrete specimens modified with the
organic admixtures (BM 2010) at age of 7 days increased by about 55% compared to the
control specimens without admixtures.

4.2. The optimum dose of the control admixtures (sedrete wp, plastmix wp )
according to compressive strength

Effect of different doses of the proposed admixtures on the compressive strength of
mortar specimens having the same workability (standard paste) and hardened in fresh
water at different ages was studied. Optimum dose of each admixture, at which maximum
values of compressive strength occurred was determined and the results are shown in
FIGS. 3.,4.

Based on FIG. 3, optimum dose of the control admixture equals 0.5% from weight of
cement. At this dose, compressive strength of concrete specimens modified with the
control admixture (Sedrete wp) at age of 7 days increased by about 24% compared to the
control specimens without admixtures.
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Fig. 3. Effect of different doses of Control admixtures (Sedrete wp) on the cubic
compressive strength of mortar specimens hardening in fresh water.
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Fig. 4. Effect of different doses of control admixtures (Plastmix wp) on the cubic
compressive strength of mortar specimens hardening in fresh water.
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FIG. 4 shows that, optimum dose of the suggested admixtures plastmix wp equals 0.2%
from weight of cement. At this dose, compressive strength of concrete specimens modified
with the organic admixtures (Plastmix wp) at age of 7 days increased by about 32%
compared to the control specimens without admixtures.

4.3. The Optimum dose of Admixtures according to water absorption of mortar

specimens

The effect of dose of each admixture on the water absorption of mortar specimens was
investigated compared with the control specimens. The results were determined and shown

in FIGs. 5,6,7.

(%]
o
o

%absorption

% absorption
I~
o
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o
1
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1.00 - =B\ 2010

000 I 1 I I I I I I

-7 VY V.£

Admixture dose

[
-
i

without

Fig. 5. Effect of admixture (BM 2010) dose on the water absorption of mortar
specimens.

On the light of FIG. 5, it is obvious that, optimum dose of the suggested admixtures
BM2010 equals 0.9% from weight of cement. At this dose, the water absorption of mortar
specimens modified with the organic admixtures (BM 2010) at decreased respectively by
about 41% compared to the control specimens without admixtures.
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Fig. 6. Effect of admixture (Sedrete wp) dose on the water absorption of mortar
specimens.

FIG. 6 shows, optimum dose of the suggested admixtures sedrete wp equals 0.2% from
weight of cement. At this dose, the water absorption of mortar specimens modified with
the control admixture (Sedrete wp) decreased by about 31% compared to the control

specimens without admixtures.
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Fig. 7. Effect of admixture (Plastmix wn) dnse on the water absorntion of mortar
specimens
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A first glance on FIG. 7 it is Obvious that, optimum dose of the suggested admixtures
equals 0.5% from weight of cement. At this dose, the water absorption of mortar
specimens modified with the control admixtures (Plastmix wp) increased by about 6%
compared to the control specimens without admixtures.

4.4. Comparison between the suggested, control aamixtures according to
compressive strength

It is necessary to notice that the suggested admixtures (BM 2010) using dose 0.9%
increased Compressive Strength after 3 days by about 60% compared with the control
specimen with admixture (Sedrete wp) & by about 8% compared with the control specimen
with admixture (Plastmix wp) as shown in FIG.8 .

Cubic Compressive Strength after 3 day

FcKg/cm?
w
O
o O

wJ
o
o

[
u
fan}
j‘

200
150
100

50 —4—sedrete WP —fll=plast mix WP BM 2010

without T ©0 eV <4 VY V£
Admixture dose

Fig. 8. Effect of different doses of admixtures on compressive strength after 3
days

It can be noticed that the suggested admixtures (BM 2010) using dose 0.9% increased
compressive strength after 7 days by about 19% compared with the specimen with control
admixtures (Sedrete wp) & by about 14% compared to the control specimen with control
admixtures (Plastmix wp) as shown in FIG.9 .
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Fig. 9. Effect of admixture on compressive strength after 7 days.

4.5. Comparison between the suggested and control admixtures according to water
absorption

It is necessary to notice that the suggested admixtures (BM 2010) using dose 0.9%
decreased water absorption by about 23% compared with the control specimen with
admixture (Sedrete wp) & by about 100% compared to the control specimen with admixture
(Plastmix wp) as shown in FIG.10 .

4.6. Comparison between the suggested and control admixtures according to
compressive strength after hardening in an oven of elevated temperature up to

100°c

After Hardening the mortar specimen in an oven of elevated temperature up to 100°c it
was noticed that the suggested admixtures (BM 2010) decreased compressive strength by
about 8% compared to the control specimen with control admixtures (Sedrete wp) & by
about 3% compared to the control specimen with control admixtures (Plastmix wp) as
shown in FIG.11 .
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Fig. 10. Effect of admixture on water absorption
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Fig. 11. Effect of hardening the mortar specimen in an oven of elevated
temperature up to 100°c
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5. Conclusions

Based on the results of the experiments carried out on mortar specimens containing in

their compositions wastes from petroleum refining industries & wastes of coke industries
and hardened in different conditions exposed to static load, the following conclusions can
be drawn out:

1-

6-

The suggested organic admixture (BM 2010) were prepared and produced by adding
coke industries wastes with petroleum industries wastes with silica fume to hot pure
water in 50 °C obtaining homogenous solutions and give good results on the behavior
of mortar specimens comparison with the control specimens without admixture and
with the two control commercial admixtures specimens.

Optimum dose of suggested admixture, at which occurs maximum values of
compressive strength and minimum values of water absorption was determined and
equals 0.9% from weight of cement. At which, compressive strength of concrete
specimens modified with the organic admixtures (BM 2010), at age of 7 days hardening
in fresh water, increased respectively by about 55% compared to the control specimens
without admixtures. But, it increased by about 19%,14% compared to specimens
modified with the control admixture (Sedrete wp, Plastmix wp)

The suggested admixture (type BM 2010) increased cubic compressive strength of
mortar specimens hardened on Oven Of Elevated Temperature up to 100°c by about
14% respectively compared to the control specimens hardened in the same conditions.
The suggested admixtures (BM 2010) decreased water absorption respectively by about
41% compared to the control specimens without admixtures. but, water absorption
decreased by about 23%,100% compared with specimens modified with the control
admixtures (Sedrete wp, Plastmix wp)

The specimens modified with the control admixture (Sedrete wp, Plastmix wp) having
dose more than 0.7% was dissolved during curing in water. But The specimens
modified with the suggested admixture did not dissolv until dose 1.4%.

The suggested admixture showed a better influence compared with the control
admixtures (Sedrete wp, Plastmix wp).
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