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Most of R.C. constructions, especially undergrquace always subjected to
aggressive environmental conditions during theipleatation. These conditions are
represented by the aggressive sodium and magnesiliate attack from surrounding
soil or underground water. When cement-based nagerare exposed to sodium
sulfate attack, gypsum and ettringite are produsgdhemical reactions of sulfate and
Ca (OH)},and GA. Formation of gypsum plays an important role lie damage of
materials. According to that, the actual compressstrength  of R.C. elements
decreases accompanied with large deformations o€rate. Consequently, a higher
reduction of the construction durability occurs. 8@ need for using an effective and
economic admixtures for the protection of conced&nents against sulfate attack or
any other environmental conditions is required.

Therefore, the main purpose of this research isttioly experimentally the possibility
of producing effective and economic admixtures fatkali wastes of oil and cellulose
paper industries. Then study their mechanism effadhe compressive strength and
durabiliyt of cement concrete specimens, subjectedexternal sulfate attack and
different cycles of durability test. The main adles studied in this research on
concrete mixes and hardened specimens were: -ifesrent types of plasticizing
organic admixtures(SM-S, CM-B &SM-0), which contairtheir compositions an
amount of alkali wastes from secondary products o©f and cellulose paper
industries, plus a known plasticizing admixturetive Egyptian markets (Addicrete
DM2),- three different concentrations of externairsunded sodium and magnesium
sulfate solutions and four different numbersyafles of durability test.

The experimental results showed that, The optimamposition of all components of
the suggested admixtures (SM-S, CM-B & SM-O) coimtgialkali wastes from oil and
cellulose paper industries and production of them a liquidity solution was
successfully and experimentally achieved. Concspiecimens modified with these
admixtures and hardened in 6%$&+3% MgSQ until 7 months showed a large
increase in their compressive strength by abou3Z6 & 38% and a large increasef
their durability index, after 50 cycles, by about 86,846%. respectively compared
to the control tested specimens without admixtuviisroscopic analysis showed that
specimens modified with the suggested organic dadres have denser and
homogeneous structure, their large pores de@ésand micro poresincreased
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compared to the control specimens. The vacuumspefirmens containing these
admixturesafter 50 cycles of durability test were filled wjilismatic new formations
and showed a very small shrinkage cracks betwemeicepaste and filling materials.

KEYWORDS: organic admixture, alkali wastes, compressive gjtien
concrete, sulfate attack, mechanism effect, agess durability,
microstructure.

1- INTRODUCTION
Sulfate attack on cement mortars or concrete l¢adhe conversion of hydrated
products of cement to ettringite, gypsum and otpbases, and also to the
destabilization of the primary strength providedtitan silicate hydrate (C-S-H) gel.
The formation of ettringite and gypsum is commorcémentitious materials exposed
to most types of sulfate solutions. The expansiesulting from sulfate attack is
generally attributed to the formation of these wemnpounds, although there is some
controversy surrounding the exact mechanisms cgusipansion [1]. When attacking
solution contains magnesium ions, such as magnesilfiate (MgS@), the formation
of magnesium hydroxide (brucite) and conversiorCeb-H into magnesium silicate
hydrate M-S-H were observed [2, 3]. In general,ccete has a low resistance to
chemical attack. There are several chemical agenitsh react with concrete, but two
forms of attack is most common, namely, leachind sulfate attack. Chemical agents
essentially react with certain compounds of thedbaed cement paste and the
resistance of concrete to chemical attack thereflagends largely on the type of
cement used. The resistance of concrete to cheatteak has improved with increase
of its impermeability [4]. The general reactionsatved in external sulfate attack have
been described previously by Cohen and Bentur [5].

When cement-based materials are exposed to sodilfistes attack, gypsum and
ettringite are produced by chemical reactions aseiand Ca (OH) GA. Formation

of gypsum plays an important role in the damagenatierials [5, 6, 7]. There is a close
relationship between Ca (OHgontent and gypsum formation. Ettringite formation
results in cracking and expansion of the mateEapansion is related to the water
absorption of crystalline ettringite. So, it is Besary to increase the resistance of
concrete against sulfate attack. Some researclses ppzzolanic, dolomite, fly ash,
and silica fume materials in the technology of cete for the increase its resistance to
sodium sulfate attack. These materials react wit{@H), and the result is additional
CSH gel. This transformation leads to the increafseement materials resistance to
sodium sulfate attack [5, 8, 9, and 10].

Over the past several years, there has been aroedceesearch effort to explore the
mechanism effect of chemical plasticizing admix¢uo& the mechanical properties of
R.C. structuresincreasing the concrete alkali content from 0.6%125% of
NaO, of the cement mass by adding alkali addition ® rfixture water has harmful
effects on most mechanical properties (compressspéiting, direct tensile, and
flexure strengths) of concrete [11, 12]. Admixtyreshich contain in their
compositions organic materials with limited dosespresent practical interest
especially for our local country conditions. Thisagtical interest attractive more
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investigators because of their availability andstariding advantages such as: high
compressive and tensile strength of concrete, driraloncrete in aggressive
environmental conditions, suitable resistance tooston, very low cost and not
causing epidemic for organism of man [13, 14].

The organic materials can be obtained from therssmy products and alkali wastes
of vegetable oil, chemical synthesis and cellulps@er industries. The solubility
mechanism of organic elements with water and mashanf water adsorption on an
organic or inorganic surface of a material are showrFigs. 1& 2. Mechanism effect
of organic elements on cement particles and ondbom space of coagulate structure
of cement material are shownHiys. 3 & 4. The action of organic elements on cement
paste and concrete mixture is determined by thectsire of their molecules and
correlation between organic and non-organic padidf their molecules. It is known
that, organic elements have the ability of adsorptin the surfaces of cement particles
and solid phase. They also take part in formatipacs, coagulate structure and
orientation molecules. The initial development obducing concrete with organic
admixtures technique took place in the USSR laboied for materials testing and
research, which have highlighted the effect of niganaterials on concrete properties
since 1981. Many research works have been focusetthe application of organic
admixtures in the technology of concrete and recgd concrete structures. Because
of their positive influence on the physical and heeucal properties of R.C. elements
not only on their early period of hardening, bigoafor the period of their exploitation
in the building site [13-18].
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Fig. 1: Solubility mechanism of organic elements with water.
1- water solution of dissolving material, 2- organic element (alkali wastes)
3-elements of dissolving material such as CaO or superplasticizers

(a) (b)

Fig. 2: Mechanism of water adsorption on an organic or inorganic surface of a material
a) Inorganic surface of a material , b) Organic surface of a material

drop of water
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Fig. 3: Mechanism effect of organic elements on the cement particles.
1-Cement particle, 2- Bubble of drawing air,  3-Water,
4- Admixture molecule with negative charge on the surface

Fig. 4: Effect of organic admixture on formation space and coagulate structure of
cement material
1-Cement particle, 2- Admixture molecule, 3- Bubble of drawing air,
4-Zone of reducing effect of double layer of non polar chain of admixture molecule,
5-Anode group,  6- Non polar radical

Investigations of using chemical admixtures for timeprovement of concrete
properties in Egypt show that, they are not sudfitiand the elements of these
admixtures are foreign by the origin and not pradubere. Therefore, the system of
our constructions completely depends on the forérgms. So, these elements become
deficient and expensive. These are the actual @noblfor business and system of
Egyptian industries. It is known that, the orgamiaterials have not the solubility with
water. So, in this research the solubility of thekements with water was achieved by
using calcium oxide and superplasticizers such B¥YF” and “PVS”. Investigations
about using complex organic admixtures, which donia their composition alkali
wastes from oil industries, such as (LSM, CLSM, BMSM-R) for the improvement
of cement materials properties were carried outI8§. But, the mechanism effect of
organic admixtures, containing alkali industrialstes from oil and cellulose paper
industries, on the resistance of concrete elenmgamst sulfate and chloride attack has
not been enough studied.

So, this paper focuses on the experimental stuabesit the possibility of producing
new chemical organic admixtures containing in tleeimpositions alkali wastes from
oil and cellulose paper industries, which represgrgaper material in our country
(type SM-S, SM-O & CM-B). And then study their macism effect on the
compressive strength and durability of normal gjterconcrete specimens of about
250-350 kg/cri which were subjected to different concentratiaissulfate and
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magnesium attack and different cycles of durabiliést. Experimental program
consists of testing 384 cubic concrete specimengrapose the best-suggested
admixture effect on their compressive strength dmchbility under these aggressive
environmental conditions.

2- EXPERIMENTAL PROGRAM

The main aim of this program is to investigate expentally the compressive strength

and durability of different groups of normal strémgoncrete specimens modified with

these new types of organic admixtures and exposedifferent concentrations of
sulfate solutions and different cycles of durapitést. The experimental approaches in
this study consist of testing standard cubic caecspecimens under static load. The
main variables studied were:

— three different types of suggested organic admesgiuwhich were fabricated in the
laboratory and contained in their composition alkeistes of oil and cellulose paper
industries (type: SM-S, CM-B & SM-0).

— three different concentrations of surrounded selfatiutions (Nzg5O,+ MgSQ).

— four different cycles of durability test (15, 29) & 50 cycles).

All groups of concrete specimens (384 cubes), witkd without admixtures, were
identical in size, 15x15x15cms. Specimens were aast hardened in fresh water
conditions until 28-days. After that, some of théb35 cubes) were immersed and
hardened in different concentrations of sodium araginesium sulfate solutions for a
period of 7 months. Concrete specimens were dividexdthree groups depending on
the amount of concentration of sulfate solutionaclEgroup consist of 45 concrete
cubes depending on the type of fabricated orgasmudures (SM-S, CM-B & SM-O)
and control plasticizing admixture (type DMThe first group (Group A) of cubes was
immersed in (2% NSO, + 1%MgSQ), the second group (Group B) was immersed in
(4% NaSO, + 2% MgSQ). But, the third group (Group C) was immersed in
(6% NaSQ, + 3% MgSQ) for a period of 7 months. But, the other cubie@mens
(189 cubes) were hardened in fresh water for agearf 7 months. The retained cubes
(60 cubes) were subjected to four cycles of dutgligst. Then, some of all groups of
cubes were tested under axial compression load.ostiopic analyses were carried on
mortar specimens (2x2x2 cm) before and after dlirabést.

3- Materials

3.1 Technique Of Preparing And Producing The Sugges ted
Admixtures

The experimental technique for preparing and priovdudhe suggested organic
admixtures (SM-S, CM-B & SM-O) were carried out tweg method explained in the
previous works [15, 16]. The following materials reeused for preparing and
producing the suggested organic admixtures: secprg@ducts and alkali wastes
(liquid solution, pH = 9.5 and concentration = 158f)vegetable oil and cellulose
paper industries, Calcium oxide “CaO” in a shapepoivder, Superplasticizers
“ Addicrete BVF ", & “ Addicrete PVS ", and water.

The experimental method of preparing the suggestddhixtures consists of
combination of the selected compositions of thiEiments in a mixer with compulsory
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effect (volume = 12 liters, speed = 300 r.p.m.)lwfitaining a homogeneous solutions
without sedimentation. The combination of alkalistes of oil and cellulose paper
industries with water was achieved by adding dryindgyrlime (CaO) or
Superplasticizers with small doses to the mixtunethe mixer. The effect of
composition and parameters of combination of différelements on the quality of the
suggested admixtures was carried out by using tewiqus explained methods
[15-17]. The composition and correlation of compuseof the proposed admixtures
by weight from their solid particles are showrTable 1.

Table 1: Composition and correlation of components of the organic admixtures.

Type of _ Correlation of
. Components of the admixture components, % bly
admixture .
weight
1-Alkali wastes of vegetable oil industr
“SM-O* (brown liquid solution, pH=9.5 & C= 15%), 8.00
(Suggested )| 2-Calcium oxide “CaQ”, and 0.62
3- Water 91.38
1-Alkali wastes of vegetable oil industri
“SM-S” (brown liquid solution, pH= 9.5& C=15%), 8.00
2-calcium oxide “CaQO” 0.67
(Suggested 3- Superplasticizer “PVS “, and 1.87
4-Water 89.46
1-Alkali  wastes of  cellulose pap
“« CM—B* indus'tries (quuid solution pH =9 & C = 12%), 8.00
(suggested ) 2- Calcium o>.<|('je “Ca0O” , 0.67
3-Superplasticizer “BVF “, and 1.76
4-Water 89.57

The system of mixing of the proposed admixtureshviite concrete mixes can be
achieved as follows: the admixture, in a shapeobit®n or paste, with limited doses
must be diluted with the required amount of watethe concrete mix. After that, the
obtaining solution must be mixed with the differenmponents of the concrete mix by
using useful method of preparation of concrete mixeis necessary to notice that,
temperature of the required water for concrete msteuld not be smaller than’2@o
prevent the appearance of sedimentation of orgaainents.

Compatibility of initial components of any admix¢urrepresents an important
requirement for its chemical characteristics. Catbday of admixture components
means their correlation in the ability of produciadditional chemical reactions and
their common effect on the cement materials praggerinvestigations of compatibility
of initial components of the suggested admixturesavstudied by using the method of
spectroscope [15, 16]. By the comparison of thaiabitg results from spectroscope
for each component of the suggested admixtures thhables of absorption, it was
determined that, the infrared spectrum for all congnts of admixtures represented
sum of spectrum of their individual components. tBe, appearance of chemical bond
reaction between initial components of the suggestganic admixtures has not
occurred.
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3.2 Chemical Analysis Of Alkali Industrial Wa  stes

Alkali wastes from cellulose paper industries censif lime clay and clay from
industrial sewage station. Chemical analysis oflallvastes from cellulose paper
industries (type lime clay and clay of industrialvage station) was carried out and

the results are shown Trables 2, 3.

Table 2: Chemical analysis of alkali wastes (type: Lime clay) from
cellulose paper industries.

Silica + Combined Sodium | Sodium Sodium | Sodium | Calcium
Componentg non-soluble Oxides hydroxide sulfide | carbonate sulfate | carbonat{ Unknowngd

materials Na (OH) | NaS |Na(CGO;) | Nay(SOy) | Ca(CQ)
Correlation, % 7.27 1.05 0.481 0.039 0.848 0.243 89.982 0.087

Table 3: Chemical analysis of alkali wastes (type: clay of industrial sewage station)
from cellulose paper industries.

Components Organic Materials Azot Phosphates|  Ashes
91.252 2.1 0.389 6.259

Correlation, %

3.3 Normal Strength Concrete
After obtaining optimum dose of each admixture, wdtich occurred maximum

compressive strength, concrete mixes were usedottupe normal strength concrete
having 28-days cubic compressive strength of 23D4aFcni. The influence of the
value of optimum dose and type of each admixturéherproperties of concrete mixes

is shown inTable 4.

Ordinary Portland cement of specific gravity 3.2sw#sed (Assiut cement). Coarse
aggregate used was 20mm maximum nominal size aeddss modulus 7.12. Local
natural sand of fineness modulus 2.35 was usedias aggregate.

Table 4: Details and properties of concrete mixes at optimum dose
of the suggested admixtures.

Mix compgnents, Suggested Admixtures F
Mix Kg/m S| kglen?
No. Optimum dose| Wic grr:p gt »8
C S G Type | % by weight of days
cement
1 350| 671| 1283 control 0.00 0.440 5.0 277
2 350| 688| 1314 DM2 0.25 0.385 5.0 420
3 350| 680 130d SM-S 0.25 0.410 5.0 320
4 |350| 679| 1294 CM-B 0.25 0.415 5.0 330
5 350| 676 12994 SM-O 0.25 0.425 5.0 281
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3.4 External Sulfate Solutions

Three different concentrations of sodium sulfatee, 30O, and magnesium sulfate
“MgSQ- solutions were used as external sulfate attacklbsis:

- Group A:2% NgO, + 1%MgSQ - Group B : 4% Nz0O, + 2%MgSQ,

— Group C: 6% N0, + 3%MgSQ

3.5 Test Procedure

Some of the concrete cubes (189 cubes) were hatdeniesh water and others
(135 cubes) in different concentrations of sulfstdutions for a period of 7 months.
The retained cubes (60 cubes) were subjected tability test of different cycles
(15, 25, 40 & 50 cycles) after 28 days hardeninfyash water. Each cycle consists of
4 days: 2 days hardening in (6% ,86), + 3% MgSQ), one day hardening in an
oven of elevated temperature up to t58nd one day hardening in the laboratory
conditions.

The testing machine (EMS 500-tons) was used. Epetimen was loaded axially and
gradually keeping the rate of loading constant. Thecrete specimens were tested
under static axial compression loading after 7 mertardening in fresh water or in
sulfate solutions. After durability test, concresgecimens were subjected to water
absorption and compression tests. The axial load a@plied gradually with an
increment of 2 tons up to cracking and failure.

4- RESULTS AND DISCUSSIONS
Test results of the all-cubic concrete specimeihiont admixtures and modified with
the suggested admixtures, which hardened in diffesggressive environmental
conditions are presentediables 5,6 & 7.

4.1 Effect Of Type Of The Suggested Admixtures On T  he Properties

Of Concrete Mix
It is useful that, formation of structure, physieald mechanical properties of cement
concrete depends mainly on the workability andreedtation of the mixture. Effect of
different doses of the proposed admixtures on thetew cement ratio and
sedimentation index was studied for concrete mixds constant workability
represented by a constant slump of 5 cm of thedatancone. The experimental results
were determined for different doses of the admedyi0.0, 0.25, 0.50 & 0.75 % from
weight of cement) and shown Tiable 5 andFig. 5.

Obviously, water-cement ratio and sedimentationein@f concrete mixes clearly
decrease depending on the dose and type of thexanleniBy increasing the dose of
the suggested admixtures (DM2, SM-S, CM-B & SM-@ni 0.0 to 0.75 % from
weight of cement, W/C decreases respectively byualdé, 30, 15 & 7%. Also,
sedimentation index decreases respectively mutal32, 39, 40 & 41% compared to
the control mix without admixtures. This is expkhby the adsorption of the organic
elements on the surfaces of cement particles dimdyfinaterials (as shown iRig. 3).
This leads to appearance of absorption layers, wpiovide hydrodynamic greasing
between cement particles and allow decreasingdndietween them. So, fluidity and
consistency of the cement concratexes increased.
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Table 5: Effect of different doses of each admixture on the properties of concrete mix
and compressive strength of concrete specimens hardened in fresh water.

Type of b?/ovxs/:i’goﬁ) we | stmp. Sedimentatior Compressive Strength, kg/(’:rh
Admixture, | 3¢ comen cm index 7 days | 28 days210 day$
Control 0.0 0440 5 6.80 223 277 289
DM2 0.25 | 0.385 5.10 344 420 427
(Contr’ol) 0.50 | 0.330f 5 4,73 362 430 420
0.75 | 0.280 4.60 306 367 325
SM-S 0.25 | 0.410 4.70 263 320 356
(Su es’tec) 0.50 | 0.355 5 4.40 288 324 344
99 0.75 | 0.310 4.15 307 338 | 339
CM-B 0.25 | 0.415 4,50 276 330 347
(Suggested) 0.50 | 0.403 5 4.30 208 271 296
99 0.75 | 0.375 4.08 206 267 | 279
SM-O 0.25 | 0.425 4.64 208 281 341
(Su es’tec) 0.50 | 0.420 5 4.35 184 245 305
99 0.75 | 0.410 4.05 163 199 | 265
0.5 R
~ >
@) X
55 0.4 E
% 0.3 5
§ 02 : F .
O +Admixture DM 2 =] ~+Admixture DM 2
1 <L Admixture SM-S § 2 < Admixture SM-S
%” 0.1 abAdmixture CM-B g L #-Admi.xtureCM-B
2 $ Admixture SM-O 8 $ Admixture SV-0
% 0.25 05 075 "o 0.25 05 0.75
Dose of Admixture, % by weight of cement Dose of Admixture, % by weight of cement

Fig. 5: Water cement ratio &sedimentation of concrete mixes versus dose of
admixture.

4.2 Determination Of The Optimum Dose Of The Sugges ted
Admixtures

Effect of different doses of the proposed admixtuoe the compressive strength of

concrete specimens having the same workability badlened in fresh water at

different ages was studied. Optimum dose of eadhixddre, at which occurred

maximum values of compressive strength was detewnnimd the results are shown in

Fig. 6.
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o o 150 +Time=7days -“Time=28days
3 \p R b Time= 210 days
O 200 * O 100
0 0.25 0.5 0.75 0 0.25 0.5 0.75

Dose of Admixture CM-B, % by weight of cement Dose of Admixture SM-O, % by weight of cement

Fig. 6: Effect of different doses of each admixture on the cubic compressive strength of
concrete specimens hardening in fresh water.

Obviously, optimum dose of the control and suggestdmixtures equals 0.25% from
weight of cement. At which, compressive strengthcofcrete specimens modified
with the organic admixtures (SM-S, CM-B & SM-O) age of 7 months increased
respectively by about 23, 20 &18%. But, it incrahdsy about 48% for concrete
specimens modified with the control plasticizingracture (DM2) compared to the
control specimens without admixtures.

4.3 Compressive Strength Of Concrete Specimens Expo sed To
Sulfate Solutions

Cubic compressive strength of all types of concoetetaining optimum doses of the

suggested admixtures and hardened in fresh watkinadifferent concentrations of

sulfate solutions until 7 months are showiTables 5 & 6 andFig. 7.

Obviously, the organic admixtures (type SM-S, SM&LM-B), containing in their

compositions alkali wastes from oil and cellulosger industries, have a good effect
on increasing compressive strength of concrete émimg in these aggressive
conditions compared to the control specimens. Reisedy, they increase it by about
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35, 29, & 39% for specimens immersed in (2%3@ + 1% MgSQ), by about 52,
45, & 49% for specimens immersed in (4%,81@, + 2% MgSQ), and by about 46,
38, & 37% for specimens immersed in (6%8@, + 3% MgSQ) compared to the
control specimens without admixtures. It is necassa notice that, these admixtures
also have a good effect on increasing compressiemgth of concrete specimens
compared to that modified with the known plastieigiadmixtures “ DM2” and
hardened in the same conditions.

Table 6: Effect of optimum dose of each admixture on the compressive strength of
concrete specimens hardened in sodium and magnesium sulfate solutions.

. Compressive Strength, kg/€rior different groups
Optimum (A):2% “NaSO| (B):4% “Na&SO," | (C):6 % “NaSO,”

Type of dose, % w N B ; . ,
Adri/wri)xture, Byweig;)ht + 1% "MgSQ, + 2% "MgSQ, + 3 % “MgSQ

of cement |7 days|28 day$ 210| 7 dayq 28 days 210 | 7 day$28 dayg 210

day{ days day{

Control 00 | 258| 285] 27250 | 275| 264 240| 267 244
(C%'\r’]'tzrbl) 025 | 390| 395| 36h380| 369 | 354 380| 360 339
(ng'\gfs'ted 025 | 320| 368| 37p336| 387 | 40d 350 | 373| 382
(Slf:gl\g;aBsted 025 | 327| 376| 381339 | 384 | 394 348| 350| 354
(nggeos'ted 025 | 269| 310| 35M327 | 337 | 359 339| 347 356

450

400

350

300

-1- Age =7 days - Age = 28 days
200 = Age = 210 days
150

250

-I- hardened in fresh water

200| 1 hardened in 2%Na2S04+1%MgSO4

150| # hardened in 4%Na2S04+2%MgSO4

“Fhardened in 6%Na2S04+3%MgS0O4

1 2 3 4 5 1 2 3 4 5
Type of Suggested Admixtures Type of the suggested Admixtures

Cubic Compressive Strength, kg/cm2
Cubic Compressive Strength, kg/crr

100

100

Fig. 7: Cubic compressive of different groups of concrete specimens as affected by
the optimum dose of each type of the suggested admixtures.

(a) Specimens hardened in fresh water, (b) Specimens hardened in (Na,SO4 + MgSQO,)

1) Control specimens without admixtures, 2) Specimens with control admixture DM2,
3) Specimens with admixture SM-S, 4) Specimens with organic admixture CM-B,
5) Specimens with organic admixture SM-O



1072 Rashwan M. M, Mahmoud H.A, Aly G.A. and Abo-Elfadel, M.

Obviously, the suggested admixtures (type SM-S, GM&CM-B) increased
compressive strength of concrete specimens hardengabse aggressive conditions
after 7 months by about 46, 38, & 37% respectieelypared to the control specimens
hardened in the same conditions. Also, these adneigthave a good effect than the
plasticizing admixture (DM2). This may be explainbg the effect of organic
elements, from alkali wastes of oil and cellulosgpgr industries, on forming
adsorption organic layers around cement minerdig;iw have the ability of keeping
amount of cement minerals ££ + GS) without hydration for a period of time. This
was clear from the reduction of the compressivensfth of specimens modified with
these admixtures in the early periods of hardeningl 7-days. After a period of
hardening in sulfate solutions, these organic ydstroyed and the non-hydrated
cement minerals began to hydrate in the presenagitefr. So, an additional amount of
crystalline hydrated phase (type calcium silicatdrate C-S-H gel) was produced and
filled the internal pores in the concrete specime@snsequently, regulation of
microstructure formation occurred, denser and hanegus concrete has produced.
Therefore, compressive strength of organic concietecased and its mechanical
properties improved in these aggressive conditions.

According to that, compressive strength valuesooiccete specimens containing these
admixtures and hardened in these aggressive enwnoial conditions were plotted
versus age of concrete (as showrFig 8). As the concentration of sulfate solutions
increases from 3% to 9%, concrete compressivegitiaaf control specimens, without
admixtures & with control admixture DMZ2, decreasbd about 11% & 21%
respectively compared to the same specimens hatdendresh water. But, for
specimens modified with the suggested organic aumgg, it increased by a value
ranged from 4% to 7% depending on the type of atimés and compared to the same
type of specimens hardened in fresh water.

(b)

500

400 | ',
300
\!\

200

500

400

—
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300 | ,

~+Control (without admixture)
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100
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+FWith admixture SM-S, 0.25%
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Sf\Vith admixture SM-0O, 0.25%
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Fig. 8: Cubic compressive strength of different groups of concrete specimens versus
age of concrete as affected by each type of the suggested admixtures.

a) Specimens hardened in fresh water,
b) Specimens hardened in sulfate solutions (6%Na,SO, + 3% MgSO,)
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4.4 Compressive Strength Of Concrete Specimens Exposed To
Durability Tests

The most important factors affecting durability odncrete elements hardened in
aggressive environmental conditions represent cesspre strength, water and
moisture absorption. So, the effect of optimum da$eeach admixture on the
compressive strength and water absorption of ctecpecimens before and after
different cycles of durability tests was investightvith the comparison of the control
specimens. The results were determined and shoiwbia 7 andFig. 9.

4.4.1 Concrete specimens exposed to 15 cycles of du  rability tests

Compressive strength of concrete specimens with waitislout admixtures, which
exposed to 15 cycles of durability test was deteeatiand the results are shown in
Fig. 9a. Obviously, compressive strength of concrete specs containing admixtures
(SM-S & CM-B) increased by about 7% after this egcbf durability test compared
with the same type of specimens before durabiiy.tBut, control specimens without
admixtures and with the control admixture (DM2) wied a large decrease of their
compressive strength by about 11% & 23% respegticeimpared with the same
specimens before this cycles of durability testsoAlspecimens modified with the
suggested admixture (SM-O) showed a very small edeser of their compressive
strength by about 1% only compared with the saneeisgens before this cycles of
durability test. It is necessary to notice that suggested admixtures (DM2, SM-S,
CM-B &SM-0O) increased compressive strength and hilitp index of concrete
specimens after 15 cycles of durability test byutl®y, 48, 44 & 32% , respectively
compared to the control specimens without admisture

Table 7: Effect of optimum dose of each admixture on the compressive strength of
concrete specimens exposed to different cycles of durability tests.

Optimum Compressive Strength, kg/ém
Type of | dose, % by After durability
Admixture, chei?nhetnc;f wie dﬁgt?irlﬁy 15 cycled 25 cycled 40 cycles[50 cycles
Control 289 257 242 205 185
0.0 [0.440 1.00 0.89 0.84 0.71 0.64
DM2, 0.95 0.385| 428 328 285 235 220
(Control) ' 1.00 0.77 0.67 0.55 0.51
SM-S, 0.95 0.410] 356 381 375 350 345
(Suggested) 1.00 1.07 1.05 0.98 0.97
CM-B 0.95 0.415| 347 371 367 345 340
(Suggested) 1.00 1.07 1.06 099 0.98
SM-0O, 0.95 0.425] 341 338 335 330 326
(Suggested) 1.00 0.99 0.98 0.97 0.96
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Fig. 9: Cubic compressive strength of concrete specimens versus type of the
suggested admixtures as affected by different cycles of durability tests

1) Control specimens without admixtures, 2) Specimens with control admixture DM2,
3) Specimens with admixture SM-S, 4) Specimens with organic admixture CM-B,
5) Specimens with organic admixture SM-O,

4.4.2 Concrete specimens exposed to 25 cycles of d  urability tests
Compressive strength of concrete specimens with waitilout admixtures, which
exposed to 25 cycles of durability test was deteeaiiand the results are shown in
Fig. 9b. Obviously, compressive strength of concrete spews containing admixtures
(SM-S & CM-B) increased by about 5 & 6% respectvelfter these cycles of
durability test compared with the same type of spens before durability test. But,
control specimens without admixtures and with thetiol admixture (DM2) showed a
large decrease of their compressive strength bytah6% & 33% respectively
compared with the same specimens before this cptlesrability test.

Also, specimens modified with the suggested admex{&M-O) showed a very small
decrease of their compressive strength by abouto@®6 compared with the same
specimens before this cycles of durability testisltnecessary to notice that the
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suggested admixtures (DM2, SM-S, CM-B &SM-0O) ina®d compressive strength
and durability index of concrete specimens afteccgéles of durability test by about
18, 55, 52 &38% respectively compared to the cospecimens without admixtures.

4.4.3 Concrete specimens exposed to 40 cycles of d  urability tests
Compressive strength of concrete specimens with waitislout admixtures, which
exposed to 40 cycles of durability test was deteeaiiand the results are shown in
Fig. 9c. Obviously, control specimens without admixturasd awith the control
admixture (DM2) showed a large decrease of themmpressive strength by about 29%
& 45% respectively compared with the same specirefare this cycles of durability
test. But, specimens modified with the suggestadiddre (SM-S, CM-B &SM-O)
showed respectively a very small decrease of t@mnpressive strength by about 2, 1
& 3 % only compared with the same specimens bdfisecycles of durability test. It
is necessary to notice that the suggested adm&i{iD®#2, SM-S, CM-B &SM-O)
increased compressive strength and durability indéxconcrete specimens after
40 cycles of durability test by about 15, 71, 68&% respectively compared to the
control specimens without admixtures. The suggestmixtures showed a better
influence compared to the control plasticizing admieDM?2.

4.4.4 Concrete specimens exposed to 50 cycles of d  urability tests
Compressive strength of concrete specimens with waitilout admixtures, which
exposed to 50 cycles of durability test was deteetiiand the results are shown in
Fig. 9d. Obviously, control specimens without admixturesd awith the control
admixture (DM2) showed a large decrease of thaimgressive strength by about 36%
& 49% respectively compared with the same specirefare this cycles of durability
test. But, specimens modified with the suggestadiddre (SM-S, CM-B &SM-O)
showed respectively a very small decrease of temnpressive strength by about 3, 2
& 4 % only compared with the same specimens bdfisecycles of durability test. It
is necessary to notice that the suggested admsi{D®#2, SM-S, CM-B &SM-O)
increased compressive strength and durability indéxconcrete specimens after
50 cycles of durability test by about 19, 86, 8478% respectively compared to the
control specimens without admixtures. The suggestmixtures showed a better
influence compared to the control plasticizing admieDM?2.

This may be explained by the effect of organic @ets, from alkali wastes of oil and
cellulose paper industries, on forming adsorptioganic layers around cement
minerals, which have the ability of keeping amoahtement minerals (S + GS)
without hydration for a period of time. After a jmt of hardening in sulfate solutions
and elevated temperatures up to “t5Qhese organic layers were damaged and
dissolved gradually. So, the non-hydrated cememerais began to hydrate in the
presence of water and temperature and an additamalint of crystalline hydrated
phase (type calcium silicate hydrate C-S-H gel) waxluced and filled the internal
pores in the concrete specimens. Consequentlylatégu of microstructure formation
occurred, denser and homogeneous concrete produldestefore, compressive
strength of organic concrete increased and its aréchl properties improved after
these cycles of durability tests.
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4.5 Water Absorption And Moisture Adsorption Of Concret
Specimens Exposed To Different Cycles Of Durability

Effect of optimum dose of each admixture on theewatbsorption and moisture
adsorption of concrete specimens before and aitireht cycles of durability tests
was investigated with the comparison of the consipécimens. The results were

determined and shown ifables 8 & 9.

Tests

Table 8: Effect of optimum dose of each admixture on the water absorption
of concrete specimens exposed to different cycles of durability tests.

Optimum Water absorption, % by weight
Type of | dose, % by After durability test
: ; wiC Before

Admixture V‘::zgqh;ncif durability 15 cycleq 25 cycleq 40 cycleq 50 cycles

5.6 5.70 5.90 6.60 7.40

Control | 0.0 | 0440) 1'5 | 102 | 105 | 118 | 132

DM2, 4.8 5.10 5.60 6.20 7.00

(Control) 0.25 0.385 1.0 1.06 1.17 1.29 1.46

SM-S, 3.2 3.00 2.80 6.80 2.95

(Suggested) 02° | 94O 10 | 004 | 088 | 088 | 0.92

CM-B 2.9 2.70 2.60 2.65 2.80

(Suggested) 02° | 9415 170 | 093 | 090 | 091 | 0.96

SM-0O, 0.25 0.425 3.0 2.80 2.70 2.60 2.55

(Suggesteq) 1.0 0.93 0.90 0.87 0.85

Table 9: Effect of optimum dose of each admixture on the moisture adsorption
of concrete specimens exposed to different cycles of durability tests.

Optimum Moisture adsorption, % by weight
Type of | dose, % by After durability test
. : wiC Before

Admixture chel?nh;n(;f durability] 15 cycled 25 cycled 40 cycled 50 cycles

0.68 0.77 0.84 0.96 0.94

Control 0.0 1 04401 1750 | 113 | 124 | 1.32 | 138

DM2, 0.55 0.59 0.74 0.82 0.86

(Control) 0.25 0.385 1.00 1.07 1.34 1.49 1.56

SM-S, 0.36 0.35 0.34 0.36 0.37

(Suggested) °02° | 94191 100 | 097 | 094 | 1.00 | 1.0

CM-B 0.30 0.30 0.29 0.32 0.33

(Suggested) 22> | 9415 1700 | 100 | 097 | 1.07 | 1.10

SM-0O, 0.32 0.32 0.31 0.30 0.32

(Suggested) 02° | 9425 100 | 1.00 | 097 | 094 | 1.00
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4.5.1 Concrete specimens exposed to 15 cycles of d  urability tests
Obviously, concrete specimens containing admixt(&&4-S, CM-B & SM-O) showed
respectively a decrease of their water absorpti@bout 6, 7 &7% and also a decrease
of their moisture adsorption by about 3% after ¢hegcles of durability test compared
with the same type of specimens before durabiiy.tBut, control specimens without
admixtures and with the control admixture (DM2) wiad an increase of their water
absorption by about 2 & 6% and their moisture aolsom by about 13 & 7 %,
respectively compared with the same specimens é¢f@se cycles of durability test.
It is necessary to notice that the suggested adrest(DM2, SM-S, CM-B &SM-O)
decreased water absorption and increased durainilex of concrete specimens after
15 cycles of durability test by about 11, 47, 53186 respectively compared to the
control specimen without admixtures. Also, theyrdased moisture adsorption of
concrete specimens by about 33, 55, 61 & 59 % obtispdy after this type of
durability.

4.5.2 Concrete specimens exposed to 25 cycles of du  rability tests
Obviously, concrete specimens containing admixt(®d4-S, CM-B & SM-O) showed
respectively a decrease of their water absorptioabout 12, 10 &10% and also a
decrease of their moisture adsorption by about& 33 after this cycles of durability
test compared with the same type of specimens éeafarability test. But, control
specimens without admixtures and with the contmixture (DM2) showed an
increase of their water absorption by about 5 & 1a#d their moisture adsorption by
about 24&34% respectively compared with the saneeiagens before these cycles of
durability test. It is necessary to notice that suggested admixtures (DM2, SM-S,
CM-B &SM-O) decreased water absorption and increéakeability index of concrete
specimens after 25 cycles of durability test bpulb, 47, 56 &46% respectively
compared to the control specimen without admixtufdso, they decreased misture
adsorption of concrete specimens by about 12, 6& 63 % respectively after this
type of durability.

4.5.3 Concrete specimens exposed to 40 cycles of d  urability tests
Concrete specimens containing admixtures (SM-S, EEMx SM-O) showed
respectively a decrease of their water absorptfaabout 12, 9 &13%, a decrease of
their moisture adsorption by about 0 & 6% with aximies (SM-S&SM-O) and an
increase of their moisture adsorption by about ¢t admixture (CM-B) after these
cycles of durability test compared with the sameetpf specimens before durability
test. But, control specimens without admixtures aritl the control admixture (DM2)
showed an increase of their water absorption byitah8 & 29% and their moisture
adsorption by about 32 & 49% respectively compavitd the same specimens before
this cycles of durability test. It is necessaryntatice that the suggested admixtures
(DM2, SM-S, CM-B &SM-O) decreased water absorptamd increased durability
index of concrete specimens after 40 cycles ofldlita test by about 6, 58, 60 &61%
respectively compared to the control specimen withadmixtures. Also, they
decreased moisture adsorption of concrete specimgrsbout 9, 60, 65 & 67 %
respectively after this type of durability.
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4.5.4 Concrete specimens exposed to 50 cycles of du  rability tests
Concrete specimens containing admixtures (SM-S, EEMt SM-O) showed
respectively a decrease of their water absorptfosbout 8, 4 &15%, an increase of
their moisture adsorption by about 3 & 10% with &dares (SM-S&CM-B) and the
same value of the moisture adsorption with adme{®M-O) after these cycles of
durability test compared with the same type of sBpens before durability test. But,
control specimens without admixtures and with tbetwl admixture (DM2) showed
an increase of their water absorption by about 368 and their moisture adsorption
by about 38 & 56% respectively compared with thenesaspecimens before these
cycles of durability test. It is necessary to netibat the suggested admixtures (DM2,
SM-S, CM-B &SM-0O) decreased water absorption armtdased durability index of
concrete specimens after 50 cycles of durabiligst by about 6, 61, 62 & 66%
respectively compared to the control specimen withadmixtures. Also, they
decreased moisture adsorption of concrete specimgrgbout 9, 61, 65 & 66%
respectively after this type of durability.

So, it can be said that the suggested organic @dresx showed a better and clear
influence on decreasing water absorption, moistadsorption and increasing

durability index of concrete specimens exposedifferént cycles of durability tests

compared with the control plasticizing expensivenediure DM2. This is explained by

the effectiveness of these admixtures on reguldtiagnicrostructure formation of the

hardened concrete, redistribution of pores, deorgasf the macro pores and

increasing the micro pores and closing the capillpores. Consequently, water
absorption and moisture adsorption decreased amadbitity index increased.

4.6 Microstructure Of The Hardened Organic Concrete Specimens
As Affected By Aggressive Environmental Conditions

The mechanism effect of chemical admixtures on fiegnthe microstructure of the
hardened cement materials is closely connected thi¢htheory of hydration and
hardening of the cement minerals. Effect of optindose of each suggested admixture
on the microstructure formation of the hardenedcoste specimens in aggressive
environmental conditions, before and after 50 cycté durability tests (age =
228 days), was investigated with the comparisothefcontrol specimens. The results
were determined by using electronic microscopidyaimas shown iffigs. 10 & 11.

4.6.1 Microstructure of the hardened concrete speci  mens in fresh
water

Figure 10 shows the effect of optimum dose of each admixturéhe micro structure
formation of the hardened specimens in fresh whefore durability tests at age
228 days. From which it is clear that, control $pem without admixtures showed
appearance of small shrinkage cracks between cepasie and filling materials, in
addition to different large and small pores andsisicture is non homogeneous
(Fig. 10a, b). Specimen with the control admixture (DM2) showagpearance of
different large and small pores without shrinkagacks and its structure is more
homogeneous than the control on€gy.(10c). But, specimens modified with the
suggested admixtures (SM-S& CM-B) have more demseh@mmogeneous structure,
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their large pores decreased and micro pores iredeaad they have no shrinkage
cracks between cement paste and filling materiits (0d, e). Specimen with the
suggested admixture (SM-O) showed appearance farelit large and small pores
with a very small shrinkage cracks and its struetisr more homogeneous than the
control (as shown ifig. 10f).

®
nil

190»m 90908013

Fig. 10: Microstructure of the hardened concrete specimens before durability tests
(Age = 228 days hardening in fresh water) x 2000 times
a, b) Specimens without admixtures,  ¢) Specimen with control admixture (DM2),
d) Specimen with admixture (SM-S), e) Specimen with organic admixture (CM-B),
f) Specimen with organic admixture (SM-0), 0.25% by weight of cement.
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4.6.2 Microstructure of the specimens after 50 cycl  es of durability test

Figure 11 shows the effect of optimum dose of each admixturéhe micro structure

formation of the hardened specimens in aggressiveamental conditions and after
50 cycles of durability tests at age 228 days. Frehich it is clear that, control

specimens without admixtures showed appearancetehaed wide and large open
cracks between cement paste and filling materialsaddition to different small

shrinkage cracks in the cement paste and its sneicts non homogeneous
(Fig. 11a, b).

% | ’ .
g..msf.w.t S

10rm 0DOOSO . 1SkUVU ‘X2.,000 . 19hm 999030

Fig. 11: Microstructure of the hardened concrete specimens after 50-cycles of
durability tests (age = 228 days hardening in aggressive conditions) x 2000 times.

a, b) Specimens without admixtures,  c¢) Specimen with control admixture (DM2),
d) Specimen with admixture (SM-S), e) Specimen with organic admixture (CM-B),
f) Specimen with organic admixture (SM-O), 0.25% by weight of cement.
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Specimens with the control admixture (DM2) showésb eappearance of different
large and small cracks between cement paste dimfihaterials accompanied by
small shrinkage cracks in the cement paste armstritgture is homogeneous than the
control Fig. 11c). But, specimens modified with the suggested atimes (SM-S,
CM-B& SM-0O) have denser and homogeneous structhes large pores decreased
and micro pores increased. The vacuums of specinmriaining these admixtures and
after these cycles of durability test were filleshwprismatic new formations and
showed a very small shrinkage cracks between cepaste and filling materials
(Fig.11 de). The suggested admixture (SM-O) had a bettercefée decreasing
shrinkage cracks of tested specimens comparecetottier admixtures (as shown in
Fig. 11f ).

The positive influence of the suggested organicizimes on improvement properties
of the microstructure formation of the hardenedctete may be explained by their
positive influence on regulating the micro struetdormation of cement paste and
produce denser, homogeneous and impermeable cencensequently, the bond
forces between cement paste and filling materiatseiased while the internal large
pores and cracks decreased, the micro pores iecteasd the properties of the
microstructure were improved.

CONCLUSIONS
Based on the results of the experiments carried aoutthe concrete mixes and
specimens containing in their compositions alkadistes of oil and cellulose paper
industries and hardened in different concentratiminsodium and magnesium sulfate
solutions for a period of 7 months and exposedifferdnt cycles of durability tests,
the following conclusions can be drawn out:

1- Chemical analysis of alkali wastes, optimum comjpmsiof all components of the
suggested admixtures (SM-S, CM-B & SM-O) containailgali wastes from oil
and cellulose paper industries and production efrtlin a liquidity solution were
successfully and experimentally achieved.

2- Water-cement ratio and sedimentation index of aetecmixes was clearly affected
by the dose and type of the admixture. By increasire dose of the suggested
admixtures (DM2, SM-S, CM-B & SM-O) from 0.0 to 6.% by weight of cement,
W/C decreased respectively by about 36, 30, 15&. Ao, sedimentation index
decreased respectively by about 32, 39, 40 & 41%pewed to the control mix
without admixtures.

3- Optimum dose of each admixture, at which occurs imam values of
compressive strength and minimum values of watsomidtion was determined and
equals 0.25% from weight of cement. At which, coegsive strength of concrete
specimens modified with the organic admixtures (SM=M-B&SM-O), at age of
7 months hardening in fresh water, increased reispdcby about 23, 20 &18%.
But, it increased by about 48% for concrete speesnaodified with the control
plasticizing admixture (DM2) compared to the cohtgpecimens without
admixtures.



1082 Rashwan M. M, Mahmoud H.A, Aly G.A. and Abo-Elfadel, M.

4-

O-

The suggested admixtures (type SM-S, CM-B, & SM-dreased -cubic
compressive strength of concrete specimens hardémedggressive sulfate
solutions (6%Ng50, + 3% MgSQ) after 7 months by about 46, 37, & 38%
respectively compared to the control specimensemad in the same conditions.
Also, these admixtures have a good effect tharctimtrol plasticizing admixture
(type DM2).

The increase of the concentration of the surroursdeium and magnesium sulfate
solutions from 3% to 9% had a neglected influencereducing compressive
strength of organic concrete specimens, after 7 tingornardening in these
conditions, modified with the suggested organic iatimes. But, it increased the
reduction of compressive strength of control spedshwithout admixtures and
with the control plasticizing admixtures (DM2) bigaut 11% & 21% respectively
compared with those hardened in fresh water.

After 50-cycles of durability tests, control speeims without admixtures and with
the control plasticizing admixture (DM2) showed arge decrease of their
compressive strength by about 36% & 51% respegtigilt, specimens modified
with the suggested admixture (SM-S, CM-B &SM-O) whd respectively a very
small decrease of their compressive strength bytaBo2& 4 % only compared
with the same specimens before these cycles obilitydest.

The suggested admixtures (DM2, SM-S, CM-B &SM-@¢reased compressive
strength and durability index of concrete specinadtey 50 cycles of durability test
by about 19, 86, 84 & 76% respectively comparethéocontrol specimens without
admixtures. The suggested admixtures showed ar betiigence compared to the
control plasticizing admixtureDM2.

The suggested admixtures (DM2, SM-S, CM-B &SM-O)créased water
absorption and increased durability index of cotecepecimens after 50 cycles of
durability test by about 6, 61, 62 & 66% respedtiveAlso, they decreased
moisture adsorption of concrete specimens by a®owl, 65 & 66% respectively
after this type of durability compared to the cohpecimen without admixtures.
Electronic and microscopic analysis on concreteispens exposed to 50 cycles of
durability tests at age 228 days showed that:

— Control specimen without admixtures showed appe&raf extended wide
and large open cracks between cement paste aimy fithaterials in the
addition of different small shrinkage cracks in tbement paste and its
structure became non homogeneous.

— Specimens with the control admixture (DM2) showdsb aappearance of
different large and small cracks between cementepasd filling materials
accompanied by small shrinkage cracks in the cemastie and its structure
was homogeneous than the control ones.

— Specimens modified with the suggested admixturdd-$S CM-B& SM-O)
have denser and homogeneous structure, their pengs decreased and micro
pores increased. The vacuums of specimens comgaih@se admixtures and
after these cycles of durability test were filledhamprismatic new formations
and showed very small shrinkage cracks between mepmste and filling
materials. The suggested economic admixture (SMiR) a better effect on
decreasing shrinkage cracks compared to the otimixtures.
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