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ABSTRACT

HUMIC ACID BASED SUPERPLASTICIZER FOR
SUSTAINABLE CONCRETE

S¢meyye ¥ZUZUN

MSc. in Sustainable Urban Infrastructure

Supervisor: Assoc. Prof.Dr. Burak UZAL

December, 2019

Superplasticizers are polymeric agents that improve thkahkility of fresh concrete and
improve the mechanical properties of hardened concrete by reduchegtivedamount

of water in the mixture Commonly usedsuperplasticizerare notregarded as eeo
efficient productgdue to their highenergy consumptimand high cost of raw material
used in the productiorrhere are studies in the literature on the use of humic acid as a
dispersantactingas a superplasticizer and created an intezoudar separating force by
electrostatiaepulsionand sterichindran@. However, the published literature is lack of

studieson the use of humic acid as a superplasticizer in cementitious systems.

The aim of this study is tvestigatethe plasticizing efficiency of a commercially
available humic aciHA) based solutionwhich is actually obtained from leonardite for
agricultural usein cementitious systems as well its effects on hydration and mechanical
properties of the systems at various dosadg#és based solution was evaluated
comparatively with respect t@gnin basd andnaphthalendasedsuperplasticizerddA
based solutiorshoweda plasticizing efficiencysimilar to lignin and thenaphthalene
basedoroduct The results suggest thatmic acidbasedagentsshould be considered as
eccoefficient superplasticizerdueto the similar performance on workabilityydration
kinetics and mechanical properties afementitious systemsvhen compared to

naphthalendasedsuperplasticizer

Keywords: chemical admixtures, humic acid hydration, Portland cement,

superplasticizer
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Chapter 1

Int roduction

Today's modern concrete technoldgyve indicatedhat plastrizers (waterreducerg or
superplasticizex (high-range water reduery become an integral part of almost any
general or special concrete mixtuiecause thelesiredworkability and mechaical

properties can be achievedth such admixture.

Superplastizers generally containthree different active ingredientas naphthalene
formaldehyde sulfonate, melamine formaldehyde sultoaatl polycarboxylateThese

ead type of superplasticizersaps through intensive energy production processes and
causes high O emission. Moreover, the disposal of chemical wastes after the
completion of this process is expensive and dangerous.

For example, in the production of naphitne formaldehydesulfonatebased
superplasticizer, naphthalene, sulfuric acid and formaldetlyelicals are used as raw
materials and the raw material is obtained by first mixing at high temperature and then
cooling. After the insoluble parts are mixedjain with water, filtered ahadded to the
solution. Finally, a certain pressure is appliethtoamples and made ready for use. All

of the raw materials and processes usdbaproductionshow that these admixtures not

regarded as eeefficient prodwtq1].

In recent years, it has been observed that studies have been carried out to détermine
environmental performance of cheral@dmixtures used irtheconcrete according to the
relevant Europen sandards and regulations. In 2014, with the agreement signed between
the Concrete Awhixture Manufacturers' Association and the European Concrete
Admixture Association (EFCA) in Turkeyenvironmental product declarations for
concrete admixtures were g&d to be prepared and the works were completed in
September 2015 and presented to the use of the association mekaberding to the

ISO 14025 standardugntitative environmental datre provided for specific parameters

11



(raw material production, ergyr use and efficiency; material and chemical content;
emissions to air, water and soil; waste generg@pn)

The growing interest of both the European and Turkish concrete chextmatures in
the production sgor in terms of ecefficient chemical admixtures with a certain
environmental performance for sustainable structures clearly reflects the need for

innovative products and technologies and scientific studies in this field.

Considering all this, scientifistudies are needed to developnaturethat can be used
as a rawmaterial of local natural resources as an alternative to the commonly used
superplasticizers and which can be obtained with easier and more energy efficient

production processes.

Leonarditeis a natural formation with high organic content in humic acichfeormed

by air oxidation of lignite around lignite deposits. The use of humic acid extracted from
leonardite by alkali leaching as a dispersant in variosteiss is available in the liteture

andit is stated that this effect is caused by electrodiaties and steric effd&t5]. While

this natural material has been shown to function asperplasticizer and to for an
intermolecular separatioforce, there is no study on its performance in cementitious

systens.

The objective of this project is to observe the plasticizing efficiency in cementitious
systems using a humic adidsed solutiofHA), which is obtained &m leonardite with

alkali leaching method and used in agriculture. One of the main ideas stutthg humic
acid-basedsolution is a good alternative superplasticizer for sustainable concrete due to

its easier production processith less energy.

First am of the study to show behavur of humic aciebased solution in cementitious
systemsas a supglasticizer in comparison with lggnosulphonatéased(LS) and a
naphthalendased(NA) admixturein various dosages. Second aimtasexaminethe
compatibility of humic acidbased solutio with cementitious systems containingno
silica. The hydration rad mechanical properties of the afonentioned cementitious

systems were evaluated.

Chemical composition othe dried forms ofadmixures were determined byX-ray
fluorescenceXRF) analyss. Hydration kinetics of cement pastpsepared with and

without superplasticizers were measured by usisgthermal calorimey and free

12



Ca(OH). contentof the hardened pasteseredetermined aB,7 and 28 dayef ageby
themogravimetric angsis (TGA) In addition, the flow valuesof the cementitious
mortarswere meaured to observe the plasticizing performanddAf LS and NAbased
superplasticizetd he effect osupeplasticizers on the setf timeof cementitious pass
wasalsoobserved. Finallythe compressive strength of tementitious mortars with and

without superplasticizemsas determined at 3,7 and 28 days.

13



Chapter 2

Literat ure Review

To betterunderstand the interaction between cementaalmixture, it is useful tknow
the properties of these two materials. General informationutalbement and

superplasticizers is given below.

2.1. Portland Cement andts Properties

Portland cement is product obtained by grinding the clinker obtaingdburning the
raw material®f the limestone and clay niixetogether with a small amount gypsum.
This product This product combines with water and gains binding propd@jed. The
raw materials of the clinker used in cempraduction are limestone and clay materials

as follows.

Limestone (CaCg) decomposes intquicklime (CaO) and carbon dioxide (gf@vhen
exposed to high teperatures (904L). It may not be possible to find limestone materials
mostly pure. The amount of magsium carbonate (MgGP can be found in the
limestone, which consists of a very large amour@a Q. MgCQOs; decomposes as MgO
and CQ under high temperate effect[6].

The claymaterials cosist mainly of silica and alumina. When the clay is exposed to high
temperature (~6@C), it decomposes into silica (Siand alumina (A03). Clays may
contain very small amounts of iron oxide {B6g) and other impuritig§].

Oxides such as CaO, SIQAI203 and Fe:O3 undergo achemical reaction by cooking
among themselves and forming clink&able2.11 shows the main constituents of the

clinker that are produced as a result of firing the raw material mixture in rotarjkilns
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Table 21.1 Compounds ofclinker and their abbreviations[7]

Main Components Oxide Composition Symbol accordmg to cement
chemistry
Dicalcium silicate 2Ca0.SiQ C.:S
Tricalcium silicate 3Ca0.SiQ CsS
Tricalciumaluminate 3Ca0.AbO3 CsA
Tetracalcium aluminoferrite | 4CaO.ALOs. FeOs C/,AF

As soon as cement is combined with water, each main component reacts with water
separately gementhydration) and the cement paste solidifies (sets) and hardens (gains

strength). The main components of the cement are given [8¢low

2.1.1 Tricalcium Silicate (Alite) and Dicalcium Silicate
(Belite)

Alite has the formula 3Ca0.Si@nd belite haethe formula 2Ca0.Si© They are shown
asCsS and GS respectively in cement notatidrheyhave a complexstructure depending
on temperature or impurity. Due to the difficulty in preparing a sing&& GS crystal,
the crystals structure information of individual polymorphs could not be obteieady

as a result of the researches.

In general, GS reactdaster tharC,S during thesarly stage®f hydration and causes a
moderate heat of hydration. Thpsocesss the mainstage thatffects early and final
strength development.E has a low heat of hydration aindains strength after 28 days

of hydration.

The products formed by hydration of&; GS are shown belowith Equation 2.11.1 and
Equation 2.11.2[8];

2C&SiOs + 6H,0 8 i C&0.2SiQ.3H,0 + LaOH), (2.11.1)

2[2Ca0.SiQ] +4H0 & Ui C&0.2SiQ.3H,0 + CaOH), 2.11.2)
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2.12. Tricalcium Aluminate (Aluminate)

Aluminate has the formula 3CaO28); andits abbreviationCzA in cement notation.
Although the average content o4ACin the cenert is about 411%, it is very effective in
initial reactionslt reacts very quickly with water and causes undesired flash set and high
hydration temperature.

WhenC3A reacts with water, thermodynamically unstable hexagOsfaHs andCsAH 13

are formed(Equation 2.1.2.9. They soon turn int@CsAHe in stable cubic structure
(Equation2.12.2). This structure can also occur when @\ is directly hydrated at
temper at ur e &Equatbn2.£.28. 80 A C

This process is shown below;

2CA + 21H 0 UCsAH13+ C2AHs (2.1.2)
CsAH13+ C;AHg 0 U 2C3AHs + 9H (2.12.2
CA+6H 0 U CsAHe (2.1.23)

In order to control the flash set of cememins (3-6%) gypsum (CSh) is added to the
clinker and these two materials are grotioglether. The reaction of:&, gypsum and

wateraregiven in Equatior2.1.2.4and Equatior2.1.2.5

CsA + C3Ho+ 10H 8 U C4A3H12 (212.4

CsA +3C3H2+26H 0 U CsA33H32 (2.1.29

Once the hydration has start€ttA phase reacts with the gypsum in a few minutes to
form ettringite. Ettringite crystals form on the surface of the aluminates ifotimeof

fine needlesThese crystals are so thin that in the early days of hydratidtihey do not
form a rigid structureso the flash set does not od&,r9]. When the gypsum in the
environment is depleted,&lC:A in the system has not yet been exhausted, the remaining
CsA reacts with ettringite and is converted back to meuitate then it causes durability
problems in the structure (Equatiari.2.9 [8, 10].

CeA33H32+ 2C3A +4H 0 U 3C4A3H12 (2.1.2.9
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2.13. Aluminoferrite Phase (Ferrite)

Aluminate has the formula 3Ca0O28k and the abbreviations8 in cement notationt

is the phase that gives the cement its natuegl gplour. In the presence of gypsum, the
hydration reaction of §A\F, like C3A, is observed to slodown.Its hydration temperature

is lower tharin other phaseg\lso, ferrite has little contribution to early and final strength
of cement.Based orthis informaton, the hydration parameters of all components are

briefly summarized and are shown in Takl&.3.1

Table 2.1.3.1 Property of compound of clinker [7]

Relative behavior of each compound

Property
CsS C.S CsA C.AF
Rate of Reaction Medium Slow Fast Fast
Heat Liberation Medium Small Large Small

Cementing value, per unit compound

Early Good Poor Good Poor

Ultimate Good Good Poor Poor

To better visualize the hydration process, the electron microscope (Fgge2.1.3.])
of the chemical reaction is as follows;

Calcium

Hydroxide

Figure 2.1.3.1 Portland cement hydration products orthe electron microscopg11]
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2.14. Hydration Kinetics of Portland Cement

Cementis a hydraulic binder and cement hydration is the irreversible exothermic reaction
of cement with water. Cement contains different compounds that can react with water,
and the resulting product and heat release are different as a result of the reaaidn of
compoungb, 7]. In Portland cementthe chemical process between the various
compounds and wataredescribed in fivetages. These steps are showRigure2.1.4.1

with a curve representing changes in temperature during the first hours and days of
hydration [L3].

Rate of Heat
Evolution pe induction
period Accelerated
setting
phase ,
Deceleration
Finalset|  period
Induction Diffusion
Period Limited
Reactions
\_/ - |nitial set \
) A (3) 4) (9)  Time
minutes hours days

Figure 2.1.41 Heat evolution and process during thehydration of cementpastg12]

(1) Period of Rapid Heat Evolution: By mixing the cement and the water, the first peak
is produced as a rapid heat generation which lasts for several minutegprésents
the heat of the aluminate and sulfate solutions. Because the solubility of the
aluminates is descended in the presence of sulfate in solution, this first peak

terminates quickljg]. In this period the following events occur:

1 Increase of various ion concentrations (®a, Na, OH, Al, SQ é) i n

cementiious admixture

1 The formation of fine and amorphous gel struduwa the cement particle

surface
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1 As aresult of geometric formatiomsgighbaing crystals grow by affecting each
other.

(2) (Dormant) Induction Period: At this stage, the sulphate concentration from the

gypsum acts as a predominate to form the ettringitgadsy
If the sulfate concentration is sufficient, a physatemical process bet:

1 The growth of the ettringite crystals continues
1 The production of €5-H gels covering the aluminateh gel layer increase

1 Development of osmotic and mechanical pressasethe hydration moves

inward in the cement particle.

I Ca ions and OHconcentrationincreasen solution[13].

(3) Acceleration Period: According to the NMRNuclear Magnetic Resonanaesults
atthe end of the induction period, the hydration products formed until the end of the
induction period contained only monomeric silicate, dimers and larger lioiise
acceleration phas#e reaction rate and heat evolution reach their highest values. At
the end of this stagéhefinal set of paste is completedhis peak is caused by-&
H and CH formed after hydration og€and then the heat release is sloyidd 15]

(4) Period of Slowing Down:At this stage, the rate of increase of hydration continues
by slowing downThe resulting hydration products began to take up more space than
clinker mineral particles. Secon@/&reaction peaknay be nated in the decreasing
graph curve due to consuming gyp$am

(5) Steady State PeriodSincebelite (GS) dissolves and reacts more slowly than alite
(CsS), it begins to react at this stage and produc&HCand CH. After which the

reaction proceeds slowly in a controlled diffus

In the case of Portland cement paste, the rate of hydration increase rate when the cement

compoundsre handled one by oaedareas shownn Figure 2.1.42.
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Figure 2.1.4.2 Hydration rate of eachhydration compound|[7]

2.2 Chemical Admixtures for Concrete

Concrete admixture is a material that is added to the concrete mixture at the same time or
before and increases the usage efficiency of the con&etmntly, with the expected
performance increaseom concrete, the use afimixtures in the production of concrete

or mortar has become inevitable. Theydlbecome an important component in concrete

as water, cement, fine sand and stoAepresentchamical admixture typesn EN 934
Standard as givéh6-18]:

Normal plasticizing/water reducing (WRA)

Super plasticizing/high range water reducing (HRWRA)
Retarding & retardinglasticizing

Acceleratingset and hardening types

Air entraining

Water retaining

Water resisting (water proofing)

Retarded readyo-use mortar admixtures

Sprayed concrete

Grout admixtures for prestressing

=4 =4 4 4 4 4 4 4 4 4

2.3. Superplasticizersand Their Properties

Plasticizers alsareknown as natural or artificial watsoluble polymerstheyare often

used in the concrete industries as a dispersing ageoking at the current state of
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modern concrete technology and applications, it is observed that plasticizer or
superplasticiers become an integral part of almost any general or special concrete
mixture. Admixturesin the mixing water reduction ratio of 8% compared to control
concrete are classified as water reducers or plasticizers, and more than 12% are classified

as high vater reducers or superplasticizers.

Superplasticizer chemicals haveawasic functions on the mixture, one of which reduces

the amount of water in the mixture and reduces the capillary porosity of the hardened
cemented material, and the other is to maintartain workability of the fresh concrete

for a reasonable period time. The most common superplasticizers used are divided into
four classes: sulfonated melamine formaldehyde condensate, sulfonated naphthalene
formaldehyde condensate, modified lignlbsnates, and polycarboxylates.

NH NH
1 1
CH,SO0,~ CH.S

CH4 CHs

[ I
S +CH;—CI<}—{—CH2—?+T
COONa  COO(CH,CH,0),CH3

Figure 2.31 Structural formulae of (a) sodium salt of sulonated melamine formaldehyde; (b)
sodium salt of sufonated naphthalene formaldehyde; (c) modified lignosulphonate;
and (d) carboxylate[19]

Polynaphthalene sulfonate from the group ofesgpsticizers are the first and most
widely accepted compounds, the molecular shape structure is shégurie 2.3.1(b).
This illustration shows linear oligomers with sulfonate groups at positioSecond
sulfonatebasedsuperplasticizer family alscommnmonly used in the concrete industry is
polymelamine sulfonatethetypical molecular structure shown in figl2e.1(a). Lignin

is a natural macromolecular compound made of-pblsnylpropane units and containing
various active functional groups inciad alcoholic and phenolic hydroxyls, methoxyl,
carbonyls. Due to these functional groupprovides a large number of &teve sites for

other chemical reactions. The derivatives of lignin are used in many fields, and one use
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is as a dispersing agentdits structure showgigure 2.3.1(c) [20]. Carboxylates have
several side chains attached to a common polyacrylate or polymethacrylate main chain.
Due to their carboxylic and sulfonic functional groups, polymengzéa only in alkal
environments.When all the side chains on the main chain are shown aligned in parallel,
this polymer appears as a vertical comb, so they are called-ld@mtolymersfigure
2.31(d) [21].

2.4. Production of Superplasticizers

Superplasticizers can perform better or worse than each other even if they have the same
origin. Shiping et all have stated that in order to understand the reason for this and to
determine the mechanism sdiperplasticizers in conete, it is necessary to know how

they are producgil7, 22]

In order to gain insight into the manufacture of superplasticizers, the synthesis steps of
the mosicommonlyknown naphthalendasel superplasticizewill be briefly described.

These steps are called sulfonation, condensation, neutralization and filtration.

2.4.1. Sulfonation

In thefirst step,sulfuric acidandnaphthalenare mixed in appropriate proportioinsthe
heated reaot. The acidic sulfonate group (HS)binds to the naphthalene molecule in
twodi f ferent positions. I'f it I s connected

connected at 2 o' classhbhwninfiguiddllcal | ed ADbO poc
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(8 ﬁq N
B, Y

Naphthalene monomer

o-Naphthalene
sulfonate

p-Naphthalene
sulfonate

-

Figure 2.4.1. 1- N&phthalene sulfonate b - Naphthalene sulfonate is illustated in the sulfonation

The coupling of the sulfonate group to theperplasticizemo | ecul e

step in the fabrication poly naphthalene superplasticizer 21]

as th

makes it more efficient.Therefore,admixturemanufacturers are required to astjthe

e €

thermodynamic parameters during production to ensure that the sulfonate group has the

maxi mum of b positions. However, it is
i n t he DbIf the emitrol dunogrproduction is not gooaynly 50% of the total

sul fonate groups are bound in the b-pos
90%.The U or b position of t themagetitrésonarmd e
method23].

Another important pait in sulfonation is the number sdilfonated areas on the molecule.

al nm

It
gr

Theoretically, although each naphthalene molecule has two domains, one in each carbon

ring, practically only one domain is sulfone. If the ratio of the number of sulfonated

groups to th@umber of positions present in thelymer is about 0.90.95, it can be said

that the sulfonation is near perfdct, 23] Hsu and other (2000) similarly defined the

degree

of

sul f dnantbh omo arsattihoe;

sulfonated groups in the molecj24].
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2.4.2. Condensation (Polymerization)

Formaldehyde

Q-é}?ej ®

\1phth1lene

sulfomte W sulfonate

W'ltet

Figure 2.4.2.1 Secondstep of thefabrication of the polynaphthalend22]

Polymerization of naphthalene groups takes placedmgensation reaction beten 2
naphthalene groups and 1 formaldehyde molegtiure2.4.2.1) In order to keep the
molecule chains as long as possible, manufacturers must keep the condensation

conditions under contrfd5].

Generally legthening the polymer chain increases teeel of superplasticizergiscosity.

But, branching or craslinking of polymer chains may also increase the viscosity of
superplasticizer. That is, the increased viscosityuplerplasticizeis always it may not
mean that the polymer chain is long and the increase in the performance of

superplasticizecannotbedirectly related to such a situat|{@s].

If the average degree of polymerization is greater thaf,9t cause an increase in
molecular weight and consequenthn increase in viscosity is observed. Since this
increase is due to the increase in ciloddng rather than the linear lengthening of the
polymer chains, the efficiency o$uperplasticizerbegins to demase. Molecular
properties including molecular wghit and distribution are measured by gel permeation
chromatography (GP(@5].
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2.4.3. Neutralization

Figure 2.4.31 Third step of thefabrication polynaphtalene[22]

The pH of naphthalene sulfonic acid is abod #vhich is verydw for a high pH cement

water mixture. Thus, the sulfonic acid should be neutralized using a base. Although
NaOH is the most commonly used baSe(OH). is also sometimes used. Sodium or
calcium salts are formed as a result of finecesqFigure 2.4.3.1). In literature,it has

been found that other cations are used to neutralize the sulfonic acid such as Li, Zn, K,
Mg, Ca, NH [17, 26]

2.4 .4 Filtration

This is the process of removing thehdtes from theystem so that the active solids
(the polymerized chains) can be in asnyquantities as possible in tiseperplasticizer
molecule. Manufacturers generally specify the total solids content in their products. The
ratio of active solids isarely indicatedAt the end of the production process, the obtained
naphthalene superplasticizer is a dark brown liquid. The solid content of this liquid is

generally between 22 and 4P23].
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As a result, important parameteasfecting the performance of plahalenebased
superplasticizers can be listed as follgv3:

{ Coupling of sulphonate groups inthde or b posi tmaome (ibrett ke
position),
1 Amountof sufonated naphthalene groups in each naphthalene ring,
1 Degree of polymerization (the optimum number of polymerizations is considered to
be around 940 to avoid excessive branching and sloging in thenaphthalene
baedsuperplasticizgr

9 The pbtal amount of active solids.

2.5. Mechanism of Action of Superplasticizers

The dispersibility of cement particles in the presencsupferplasticizers generally
explained by the fiel ectr osn Fottheovarkaklitydf st er
a cementitious system, the repulsive forces must be stronger than the adhesion forces

between the colloidal particles, namely Van der Waals or eleatio&irceq13].

Attraction due to dipol (van der
Waal's Forces)

Colloidal Cement Particles

Shtdatatih ot 2

Figure 2.5.1 Van der Waals forces

Van der Waals forces cause aggregation of particlescemneentitious systertFigure

2.5.1). They are the attraction forces due to dipmatainingparticles. These particles

have an electron distribution at one end of the electron density that is higher than the
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other. The forces are active in the immediateimty of the particles and are of
considerable importance for small partid#3].

The following is an overview of the two effts of superplasticizers.

2.5.1. Electrostatic Effect

Superplasticizerare composed dfigh molecular weight (20,000 to 30,000) long chain,

and anionic surfactants with multiple polar groups in the hydrocarbon dtregp.act by
adsorption in the solilquid interface between the cement particles and the aqueous
phase in cocrete. When thpolymeric dispersants are adsorbedtwsurface ofcement
particles, thedispersantause a strong negative charge distribution which helps to
significantly reduce the surface tension of the surrounding water and greatly increase the
fluidity of the ystem6, 7, 28]

The duallayer model describes the ionic environment around the charged colloidal
particle and how the electrical repulsive occurs. Initially, positively charged ions adhere

to the colloidal negately charged particle charged with a high negative charge, thereby

forming a | ayer of positive charges arounc

| a yasshowinin (Figure2.5.1.1).

Electrostatic Stabilisation

Cement Superplasticizer
0 o
Q O ()

+ °
6 @

Figure 2.5.1.1 Electrostaticrepulsionforces
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Once thisayer is formed, additional positive ions are still attractethieyparticle, but on

the other handhe Stern layer, which is filled with positive charges, repels these charges.

In this dynamic equilibriump osi t i vel y char ged fodtsidetheise | a
stern layer. The positivdy charged ion concentiah decreases and the negdive

charged ion concentration increases as it mawes/ from the particle until equilibrium
isreached. These two | ayers are glayeseThathitkiyessr ef er

of this layer varies depending on the iopdyand concentratifi2o].

|. Negatively charged particle
@ Positively charged ion mV
@ Negatively charged ion

0

Distance from particle surface

Figure 2.5.1.2Dual-layer model29]

Lignosulfonate, naphthalene amddamine-based superplasticizers disperse cement
particles by electrostatic propulsion mechanidmpractice, thesadmixtures based on
electrostatic stabilization can provide sufficient workability of the concrete for a period
of 30 to 60 minutes. then,alattractionof van der Waals leads to aagglomeration of

cement particlg80].

Electrostatic repulsion between cement partidesdetermied by Zeta potential
measurement. Polymers give a negative charge to repel each other after adsorbing on the
surface of the cement particles. This charge is the zeta potential of the dispersant and
explains the ability of the cement particlesaffect otler charged cement particles in the
suspensiolfFigure 2.5.1.2 )[31].
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2.5.2. Steric Hindrance

Uchikawa et abtated that we side of the polymer chain is adsorbed orsthiace of the
cement grain, while the long nasorbed side creates steric repulsion by creating a
physical barrier between the compouadsl this phenomenas illustrated in the figure
belowFigure2.5.2.1[32].

Polycarboxylate polymerhave a high molecular weigldue to a lobf carboxylicgroups
and polyoxyethylene side chains. This creatsteric effect with long side chains when
polycarboxylate superplasticizers are used and tiaeyprovide sufficient workability
over a period of 60 to 90 minutes. Other lignosulfonatdfonated naphthalene
sulfonated melaminbasedsuperplasticizers hava lower moleculamweight than the
polycarboxylatesuperplasticizerand have no long side &ins, so no steric effect is
observef2, 33]

The most important parameters affecting steric repulsion are adsorption layer thickness
and solid liquid interfaceln addition, the degree of backbone polymerizatdrthe
chemical structure of theolycarboxylate type superplasticizer used, the composition of
functional groups such as polyoxyethylene (PEO) side chain length, carboxylic and
sulfonic groups, and the purity of the polymers are the properties that ohetetim
characteristics of theestic effed[31, 33}

Steric Hindrance

o, 9
' Adsorption
+ e
@

Cement Superplasticizer

Figure 2.5.2.1 Steric hindrance
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2.6 Compatibility Superplasticizer with Cementitious Systems

As a result of the production and widespread usehigh-performance concrete,
compatibility of superplasticizer and cement has become an important pratlemer

to observe the compatibility, in literature studies, important factors are mentioned about
workability properties of low watebinderratio in fresh cacrete. The common view of
these studies is the chemical composition, structure, molecular weight, admixture form
and order of theadmixture and the factors affecting the cemerdgdmixture
interactionf34].

According toM. Akman et al.,the presence of superplasticizers and the lack of water
leads to different hydration products and changes in internal structure morphdgy.

the end of these changes thettisg and curing times, the value of the hydration
temperature and the speed differ and this is defined as the incompatibility of the cement

and superplasticizig5, 36]

According to Rana et al. (2009), with ieesing side chain lengthadmixture
performance increased due to increased steric EffecB8] According to Mardani
Aghabaglou et al. (2013), the increasadmixtureside chain density to a certain value
was drved to improve the fresh state propertiddowever, they stated that after a
certain density, the workability of fresh concrete adgersely affected, possibly because
the side chains blocked each ofB3ét.

Since the length of the side chain increases proportjondlh the molecular weight, it
has been reported that thémixtureperformance increases wisimincreagd molecular
weight of sulphate polygtene-based, sulphonate melamine formaldehgdsed,
sulfonatel naphthalene formaldehydimsed, polycarboxylateasedadmixtures. They
also stated that it has the highest performance in termidability at an optimum

molecularweigh{40-42].

According toJ. Golaszewskithe addition of theadmixture significantly affects the
compatibility of the cement and superplasticizer. Hence, the effects of the pozzolanic
addition and superplastagr properties are impressively observed on the setting time and

compressive strength of the mor{df.
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2.7. The Role of Superplasticizer on Sustainabilityof Concrete

Plasticizes are chemicals that reliably increase the sustainability of a wide range of
cementitious system$hese admixtures are added to the concrete in very low amounts
and mostly in liquid form before or during mixingesulting in a reduction in GO

emissiong13].

It is known that selecting #émost compatible cemeidmixture for each mixture has a
positive effect on the fresh and hamgd properties of the mixturdhe use of
superplasticizer in concrete causes a decrease in the amount of cement used per unit MPa
in concreteThe decrease itement consumption has a positive effect on conservation of

natural resources and energy conptiom[44, 45]

In addition, when pzzolarais used in the cement mixture, the fluidity can be kept at the
desired leveand the cement content can be further reduced. J.Golaszewski stated that the
use of polycarboxylatbased superplasticizer leads to an increase in the desired

metakaolin conterih cemeni43, 46]

2.8 Humic substances and Their Properties

2.8.1. Humic substances

Humic substances are high molecuteasscompoundsvhich form molecularly flexible
polyelectrolytes, and these brown or black materials are componermsnodus. These

are amorphous organic substances that contain carbon, hydrogem argg®me sulfur
together with nitrogen, which are formed in soil, sedimentsamueous environments
during the physical, chemical and microbiological transformation process of dead animals
and pant447].
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Figure 2.8.11 The formation of humic substanceg48]
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and these substances can danfl in various environments such as coal, lake, river and

soil and have a complex cheasdistructure which can be defined as biopolyfd&t. The

formation of humic substances is based on 4 the(@figsre 2.8.1.: lignin modification,

guinoneamino acid interactionmicrobial synthesis ofaromatic andmallard reaction (a

sugar amino acid reaction). Eaghtheoryexplairs complex biotic ad abiotic reactions

in which various organic compounds aresymthesized to form large complex polymers.

They show alterations in their molecular propestdepending on the environmental

conditions in which they are formed. Some of the typical molecolaponents of these

substances are polysaccharidgmins, polypeptidesketal fatty acids estersphenols

lipids, carbonyls quinones peroxide benzengethers acetal, aliphatic (carbon chains)

compounds and lactol, furan ring compoufily 51]

Humic substances are mainly composed of three main components, humin, hdmic a

fulvic acidsas shown inFigure 2.8.1.2. These subsections are based on the aqueous

solubility of each acid allifferent pH levels Humins are insoluble in water at any pH,

fulvic acids are water soluble at all pH and humic acids are insoluble in water when the

pH is below 2.
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Fulvic Acid Humic Acid | Humin |

Light Yellow Dark
Yellow Brown Brown

Increase in intensity of color
Increase in degree of polymerization

2,000 Increase in molecular weight 300,0007?
45% Increase in carbon content 62%
48% Decrease in oxygen content 30%
1,400 Decrease in exchange acidity 500

Decrease in degree of solubility

Figure 2.8.1.2 Chemical properties of humic substanceg48]

Humins are macreorganic materials becausd# their molecular weights of between
100,000 and 10,000,000. The chemical and physical properties of these materiabt

fully understood. tl is the most resistant to decomposition compared to other humic
materials in soil. Its main function in soil is to improve soil fertility by improving soil
structure, increasing water holding capacity of soil, providing sahlilgy, working as a
cationexchange system. Humin, which provides all these, is an important component of
fertile soil [51].

Humic acids onsistof 65%weak aliphaticartbon chains and 35% aromatic carbon rings
which are soluble in water only under alkaline conditidnsaqueous humic material
solution, pH can be lowered below 2 and humic acid can be obtained by precipitation.
Humic acids hae a molecular size of abo@0,000 to 100,000. It is believed that the
carboncontaining compounds are flexible linear polymers in the form of random coils
with crosslinked bonds. Naturally occurring humic acids contain over 60 different
mineral elementsAlthough the exact structeirof humic is undefined due to the
abundance of influencing factors, the proposed general structure model iSiskayune
2.8.1.3 Humic acid easily form salts with trace mineral elements (iron, zinc, copper,
magnesium; manganese, iodine, cobalt, flugriselenium, chromium etc.).These
substances contain these trace elements in a form that can be easily used by various living
organisms.As a result, humic acids form chelating systems with highly functionalgr

and metal cation1, 52}
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Figure 2.8.1.3 Simplified molecular structure of humic acid [48]

Fulvic acidsconsist of weak aliphatic and aromatic organic acids that are soluble in water
at all pH conditions (acidic, neutral and alkaline). Molacgbmppsitions, shapes are
highly variable and the proposed molecular structure is dSgare 2.8.14. These
materials haversabout 1,000 to 10,000 molecular weight and have twice as much oxygen
as humic acids. Since many carboxyl (COOH) and hydrd2¢H) groups are present,
fulvic acids are more chemically reactive. Due to the total number of carboxyl (COOH)
groups present @m 520 to 1120 cmol (M) / kg), the exchange capacity of fulvic acids

is more than twice that of humic acids. Fulvic acidsasho evidence of methoxy groups
(CHs) groups in some analyzes. They are also less aromatic in molecular structure than
humic acidé. Because of the molecular size of fulvic acid, it can easily penetrate into plant
roots, stems and leaves and thus carnetmaioerals from plant surfaces to plant tissues.
Fulvic acids are essential componentigh-quality leaf fertilizers. fulvic &id mineral
chelates, foliar spray applications in certain plant growth stages to maximize the
production capacity of planfs1].

COOH OH

Figure 2.81.4 Simplified molecular structure of fulvic acid [48]
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Higher productivity was obtained in the studies carried out on soils avitith
composition of humic substancdadowever, humic or fulvic acid is defined asils

regulators and is not accurate to use as direct fertjb2¢r

2.8.2 Extraction of humic substances

Studies on the components of orgasubstanceequire extration of fully decomposed
houmousrom the soil, followed by isolation and purification of theumaus fractions.

By extraction of organic matter, humic substances can be sepanate fractions
according to their solubility characteristics. The most irtgpud source for humic acids is
leonarditewhich is formed by high oxidation of lignite during carbonizatidimnis
material is in the form of solid granules, which improves thegsiglal and chemical
features of the soil, increases the biological activiygd contains highly humic acids.
Some chemical substances such as KOH or NaOH can be used to obtain high levels of
humic acid (85%) by different extraction processes. Firstlg @esult ofthe extraction

of soil or sediment with alkali, insoluble (humiand soluble (humic acid + fulvic acid)

is obtained. When the dissolved part is treated with acid, two parts are obtained which are
precipitated (humic acid) and ngmecipitated(fulvic acid). The stages of humic and

fulvic acid obtained from leonardit@éesobtained inFigure2.8.21[53].

high-quality Leonardite

alkaline solution

humic substance

_T_

in alkali insoluble
frncnon / humm

acldxc solution

in alkali soluble
fraction/ humic acids

in acids insoluble
fractioon / humic acid

at all pH soluble
fraction / fulvic acid

M

Figure 2.8.21 Isolation humic acid and fulvic acid[53]
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2.8.3 Properties and Applications of HumicSubstances

2.8.31 Fertility in Agriculture

Humic substances are one of the most important carbon reserves irana@0&o of the

total carbon in nature is in humic substances. These provide most of the energy and
mineral requirements for soil micragganisns and soil animals. These beneficial soll
organismgbacteriaalgae, yeasts, fungal nematodes, mycorrhizasaradl animals) play

an important role in plant health and soil fertility. The important function of humic
substancesre increasng the waer reention capacityin soil. In particular, it helps to

form the soil structure that keeps water in the root zbhese materials are capable of
holding up to seven times its volumetime water thanks to its large surface area and
internal electric chge. The water, which is held in the upper soil, forms a nutrient carrier

area for plant roots and beneficial sojanism§51].

Excessive édrtilization, anhydrous ammonia applications and other destructive
applications reduce the residence time of humizstnces in the soil. The turnover
period of organic carbon addedt@soil from plant and animal remains is approximately
30 years. Nowadays,in order to restore the health of the soil, growers need to make
production practices that prevent the disindétign of humic substances in order to keep
the soil content hidb3].

The degradan of soil fertility is increasing and needs innovation to improve soil
fertility. In response to this innovation,ikén stated that humic acid is an alternative
material that can be used to support cultivation productiothisrstudy, the effects of
humic agd on the growth of coffee seedlings were investigated. Comparative effects were
observed using three differethbsages (0 g, 10 g and 30 g for 2 kg of stmi}) of humic

acid, coffee pulp compost and fertilizeks a result, it was found that humacid
significantly increased plant properties and humic acid and root, stem diameter and leaf

weight were better thatompost from coffee extract and fertilizer [54].
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Cimrin et al. investigated the effect of soil nitrogen, phosphorus and potassiuraefertili
combinations and humic acid applications on the development and mineral nutrition of
corn. In the studyasolid regulator which contairf@5% humic acid was useduhhic acid
applications together with fertilizer combinations significantly increasedrheeight

of corn plant and N, P, K, Fe, Zn and Mn contents of the plant and decreased Ca and Mg
contents. K, Ca and Mg contents of the plant decreased and Fe cocteased

significantly only when humic acid was appljgd].

Pagel and Dixit and Kishore as a result of their work; reported that humic acid content
increased the enzymatic activitiesseed tissues during germination and encourtged
germination of seeds of various plaspeies and increased germination rate and also
positively affected the root and above ground growth of dBHits

2.8.3.2Water Treatment

Heavy metals are not biodegradable and accumulate in living tissues, causing great harm
to bothhuman health and the ecological environm€ptmmon heavy metals am@senic
cadmium cobalt lead, chromium, zinc, coppemickel, mercury etc. and these rtads

can cause toxicity to human health and cause serious side effects such as gdistabinte
problems, hair los$ypoglycemianause&idney damageareemia, severe headache and
even death. As a result, the need to remove heavy metals has beconssityn®egious
methods such as coagulatiomembrane filtration chemical precipitationrevere
osmosis, solvent extraction, flotation, ion exchange and adsorption have been used to

remove heavy metals from wdtes-59].

Humic acid and fulvic acid are complexed with metal ions in agueous media tbhanks
varous functional groups and then interact with nanomaterials. Nanomaterials play an
important role in this sige due to their large surface area and high reactivity. These
interactions and subsequent mechanisms with caseead nanomaterials, irdr@sed
nanomaterials and photocatalytic nanomaterials allow the removal and transport of heavy

metals from aqueous lsbiong59].

Liu et al investigated the use of as adsorbents for the absorption of Co (Il) froouaque

sdutions. The effects of absorption, contact time, pH, foreign ions, fulvic acid, humic
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acid and temperature parameters were rvlesieFinally, the presence dtilvic acid and
humic acidwas reported to increase Co (ll) absorption in rauélled carlon namtubes

compositions at low p[g0].

Likewise, another study examines the adsorption of the compound formed with humic
acid and Pb (Il) to polyacrylamide. By examining the different effeckainfic acid and
Pb(Il) concentrations andh¢ additional sequences of Pb (ll) dnanic acidadsorption,

the adsorption mechanisms are indicated irFigare4.1.3.2. [61].

Lastly, the presence of humic substances in ternary systems consisting of humic acid and
fulvic acid and TiQ, multi-walled carbon nanotubes increased the photocatalytic
reduction. further, the adsorption of humic sabsesand Cr (VI) compounds to TiJ

multi-walled carbon nanotubes increa$éd.

Figure 2.8.3.2.1 Proposed schematic adsorption mechanisms of Pb (I) arfdumic acid on multi-

walled carbon nanotubes polyacrylamidg62]

2.8.3.3Medical Applications

Many studies in the literature have reported khahic acidplay animportant role in the

treatment of many diseases and have investigated their medical proptutigs.acid
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molecules that take a negative charge in a neutral environment can prevent virus
proliferation by binding the cationic sites necessarybfading of the virus to the cell
surface. This antiviral activity role ¢silumicacidwas observed against cytomegalovirus
(CMV), vaccine viruses, human immunodeficiency virus type 1 (Hj¥nd type 2 (HIV

2) [63, 64].

Humic acid has a positive effect on wound healing and antibacterial properties according
to ¢al ekeéer et al . I n this study, humi c

gluconate, which is commonly used for the healing of oral wqGb§ls

Humic aids are knowrfor their antiviral and UWisible protection in sunlight, anti

agee ng and skincare product sprotedfing®ipstick og et
minimize or even prevent recurrence of herpes simplex-umndisced cold sores. They
indicatedthat humic act can be used as components of functional lipsticks because
humicacidlat concentr at i on $!cdniproteceU937tcdlisafom B0 0 1T g
induced damagé6].

2.8.4Humic Acid in Cementitious Systems

The number of studiesnahe effect of humic acid othe cementitious system is quite

limited in the literature.

Robertson and Rashid (1976) in Portland cemented concrete investigated the corrosive
effect of humic acid on freshwater and saline environmeiits a concentrationfolO

ppm organic matter. The most abundant calcium cation in the concrete was released in
fresh and saltwater systems with humic acid at concentrations of 28 and 96 ppm. As a
result, they observed that the humic components foundgueaus or sedimentary
environments had no adverse effects on the concrete structures. On the contrary, they

found that humic material forms a protective cover on the concrete block $birjace

Accordi ng -,amm SK.G° ihé poution of aggregates, which has a high
methylene blue value, causes problems in workability and compressive strength of
concrete. The aim of this study is to increase the slump value or decrease the cement
content by using new speatichemicaladmixtures based orhumic acidwith aggregates

having high methylene blue values. The compressive strength test of concrete mixtures
prepared with different aggregate types was applied at differenttiges been obseed
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that by adding hunsiacid to these concrete mixtures, it eliminates the negative effects of
clay containing aggregatéss].

Multi-walled carbomanotubes (MWCNTS) armaterials used in cement due to their
superior material properties. However, the efficiency of this application depends on the
distribution of MWCNTSs. In this study, humic acid was used to stabilize the dispersion
degrees of MWCNTsn alkali cement mediumThe activity ofhumic acidhere was
characterized usingnultraviolet spectrophotometer. As a result, 0.12% by weight added
to MWCNT suspensions was found to be the optimum value to improveithie acid
distribution. The Zeta pgential results-42 mV) obtained by Fabiana de Souza show that
humic acidhas a significant surface charge density in the alkaline environhRh@never,

at acidic pH, the molecules are prevented from being dissolved and thus do not function

as a dispersan{69]
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Chapter 3

Experimental Study

3.1. Materials

3.1.1. Portland Cement

In this study, CEM | 45-R type Portland cemenbmpling with TS EN 1971 standard
was usedn the study Chemical, physical and mechaniqaiopertiesof cement are given
in Table3.1.1.1 andTable3.1.12, respectively

Table 3.1.1.1 Chemical analysis of Portland cement

Chemical Composition (%)

SIiO; 17.78
Al 05 4.59
FeOs 3.73
Cao 62.94
SG; 4.87
MgO 2.41
Na.O 1.08
K-0 1.00
TiO> 0.34
CuO 0.10
MnO 0.07
P.Os 0.07
Loss on ignition 1.00
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Table 3.1.1.2 Physical properties of the cement

Properties Values
Specific gravity (g/m) 3.13
Specific surfae(kg/n¥) 3469
Setting time start(min) 212
Setting time end(min) 316
Resi due on 45 4.8
Resi due on 90 0.5
Compressive Strength
2 days(MPa) 23.7
28daygMPa) 46.5
3.12. Sand

River saml is used in preparation of mortar mixtur&€ge river sand used is-B mm in
nominal size andits sieve andysis is given in Figure 3.1.21 in comparison with the
standard sand in according to wigN 1961[70].

100 —

80 <

/
60 >

River Sand

Finer( %)
N\

40
,' - = =—standard-sand

20 - =

0 T T T T T T LI

Partitlzal Size(mm) 10

Figure 3.1.2.1Particle size of standard sand andiver sand
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3.1.3. Water

Potable tap water from the city network was used in sample production. According to

TS-EN 1008 standafdl], it is indicated that potable water can be used as mixing water.

3.1.4 Superplasticizers

In this study, commerciallgvailable humic acid solution obtained from leonardite was
used. This solution was compared with two superplasticizetsch are based on
lignosulfanate (LS) (0.4% 1% dosage rangeecommended bythe producer), and
naphthalene formaldehyde sulfonic acidA)N1% to 2%dosage rangeecommendedy

the producer)The technical propertiesof commercial gperplasticize and HA-based
solutionare shown iMable3.1.4.1. The chemical composition of the t#sed and NA
based superplasticizeand humic acitbased solution in dry powder form abtedwith

XRF analysis is shown ihable3.1.4.2.

Table 3.1.4.1 Technical properties of superplasticizers and humic acibased

solution
LS NA HA
Active inaredients Modified lignin Naphthalene Naphthalene
9 sulphonateébased sulphonatébased sulphonge-baed

Colour Brown Brown Brown

Density (kg/liter) 1.1221.182 1.1541.124 1.097

Chloride Content% <0.1 <0.1 <0.1

Alkaline Content% <10 <10 <10
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Table 3.1.4.2 Chemical Composition s of Superplasticizers (%)

LS NA HA

SiO, 0.07 0.08 2.05
Al03 - - 1.82
FeOs - - 3.03
Ccao 14.9 0.72 4.52
MgO 0.13 0.08 0.20
SO; 6.21 394 5.76
K20 5.78 0.11 35.7
NaO 8.99 21.0

Cr 1.43 0.08

TiO2 - - 0.14
Na,0+0.658 KO 12.8 21.1 235
Loss on ignition 62.5 22.0 46.3

It should be oted that the total alkaline solid part of H/ased solutiomvas faund to be

comparable with thaif NA-based superplasticizer

3.2.Methods

The usagelosageof LS, NA and HAbasedsuperplascizers and nano silica in cement
mixtures are shown in Table 312 The cement mixtures were prepared accordong
ASTM C132/C13DM [72]. Theirsand to cement ratig 1:2.75 waterbinderratio of
cement paste and cement mortar @eeand 0.5, respectivelyWhile preparing cement
mixtures, supgrlasticizersvas mixed with mixing water and added to the mixtédé.

mortar test samples were prepavath a laboratory mixeas inFigure3.2.1.
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Table 3.2.1 Mixtures of Experiments

Figure 3.2.1 Laboratory mixer

No CementNotation Nano Silica(%) Superplasticizers (%)
1 PC T T
2 LS 0.5 T 0.5
3 LS1.0 T 1.0
4 LS1.5 T 15
5 LS+NanoSilica 5 15
6 NA 0.5 T 0.5
7 NA 1.0 T 1.0
8 NA 1.5 T 15
9 NA+NanoSilca 5 15
10 HA 0.5 T 0.5
11 HA 1.0 T 1.0
12 HA 1.5 T 15
13 HA+NanoSilica 5 15
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3.2.1.Isothermal Calorimeter Test

Theisothermal calorimeter measures the heat flovhefsample by comparing with the
referance material and keeps the sample and the environment at a constant temperature.
The material placed in the reference container of the device must be of equaplaedty

with the material to be placed in the samgatainer(Figure3.2.1.1).

The calommetric channel wadesignedn a twin configuration, fosampleand reference,
as in Figure8.2.1.2. In this setupthere are two heat flow sensors, one belogvsample

and the other below the reference.

H Sink Plug
oat ’ Secondary Heat Sink

Reference
Ampoute
Side B

Calibration
Heater

:
| Sample
Ampoule
\ “1

Seebeck
Heat Fio

Heat Sink
Sensors - ol

Figure 3.2.1.1 Twin configuration of calorimetry from isothermal calorimeter[73]

The heat flow from thes sensors generates a proportionatag® signal, which is
refleded on the device monitofhus, heat flowof cement pasteampless observedand
measured over tim&y integrating the measured heat flow graph, the tetaperature
of the hydration i€alculatedaccording to ASTM C1679 stdard74].

20 g ofthemixture was prepared for each mixture and prepared manually with the help
of aspatulaln the preparation of paste for each mixture 0.40 water/cement ratio is used.
Immedidely after preparing the cement pastéxtures, the sample was &t into

ampoules and put into the deviéteat flow of these samplesagrecorded for 80 hours.
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Figure 3.2.1.2 Isothermalcalorimetry and ampules of samples

3.2.2.Thermogravimetric Analysis d CementPastes

The free Ca(OH) content of hardened cement pastes prepared with 0.4-geatemt

ratio and differensupeplasticizes weredetermined by Thermogravimetric Analysis at
3,7,28 days. These pastes prepared with deionized watsiriga hand mixer. After the
mixture becaméomogeneous, theement pastesere placed in plastic syringes and the
ends of the syringe were closed with lids to prevent moisture loss and carbonation Figure
3.2.2.1. Then, these samples were kept at roonpdeature until the day of the

expeiment.

Figure 3.2.2.1Syringeswith cementpastes
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When the test days of the samples arrived, they were removed from the syringes and
ground in a suitable container. Then the
device and the samples are raisgp to 10002 Grom room temperature @he heating
rated1 0e C/ mi n. At the end dreeCa@H coatenpvasr i me n't
reached at approximately 450eC of the grarg

3.2.3 Flow Table Experiment

In order to observe the effectafimixtureon workability, flow table test was performed
according ® ASTM C1437- 01]75]. The flow values of cement mortars were obtained

comparatively by sing at diferent dosages plasticizimmnd nano silica

Figure 3.23.1 Flow table

3.2.4.Setting Time Experiment

Setting Timeest is made in accordance witandardASTM, "C230/C230M14[76]. In

this experinent, the paste sample is prepared and placed in the vicadl iffogure
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3.2.4.1). One of the important points is that thaface of thepasteplaced in the mad
is flat. According to the properties of the mixture, every 10, 20 and 30 minutes the needle
was dipped in theementpaste sample. In this way, start dimish setting times have

been reached.

Figure 3.2.41 Vicat apparatus

3.2.5.Compressive Strength

The samples were then poured itltceechamber steel cube mids of 50x50x50 mm
These malds werelubricated before casting the samples so that the samples would not
come out of the mdds more easily and would not be defodnkn order to compress the
mixture well during casting, the casting was madenio layers and was placed ¢me
shaking tabl€TS EN 1961 [70]) after casting of each layer.

The watefcement ratio was 0.5 in theortar mixturesand 0.4 in the paste ones. The
samples were cured by covering theuhds with plastic stretch film and a wet cloth to
prevent wateloss for 24 hours after pouring

After 24 hours, the samples were carefully removed from thédsandkeep in cure at
roomtenper at u r°Ce) in Waed Saliplels were tested at days 3, 7, 28.
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Figure 3.2.5.2Hydraulic compressionmachine

Compreswe strength of hardened cubic specimersswdetermined in accordance with
TS EN 101511[77]. This test was carried out on 3 os&mnples from each mixtuusing
a hydradic compression machingigure 3.2.52) at 3, 7 and 28 days of agk constant
loading rate 0600 N/swasselectedThe compressive strengttalues were computed

from awragesof these samples were taken.
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Chapter 4

Results and Discussiors

In this section, the data obtained from experimental studies on cBomeEnsystems
containing various dosage$ differentsupeplasticizers are presented. The results were
the results for the superplasticizers used in theéyswere evaluated comparatively each

other as well as the literature

4.1.1sothermal Calorimetry Test

According to ASTM C 1679, cement gias prepared with water/cement ratio of 0.4
were analyzed in isothermal calorimetry and heat flow, releasedohégdration are

determined.

The presence of a superplasticizer has a reaction retarding effect by shifting the initial
reaction to the righat all applied dsages as seen in Figure 4.1.1 (a) in Figure 4.2.1 (a)
in Figure 4.3.1 (a). At a dosage of 0.5 e initial reaction time of the control sample is

1 hour, while the reaction time of the others with-Hésed and NAased samples is
apprximately 2 hours stshown in Figure 4.2.1 (a). However, the reaction time of the
sample with LS lasted up to 10urs. Reaction retarding effect of {fased sample is the
most evident even at the lowest dose used in Figure 4.3.1 (a). Due to this efteaseldS
concrete mitures are not suitable for early strength. At dosages of 1.0% and 1.5%, this

delay becomes mopronounced in Figure 4.1.2 (a) and Figure 4.1.3 (a).

The initial peak of the control sample appeared at around 8 hours regardless of the
presence of superplasizers but initial peaks of sample with LS, NA and {8ased
superplasticizers occur later. Timerease in the use dosage also causes a delay in peak
formation as shown in Figure 4.4.1 (a) in Figure 4.2.1 (a) in Figure 4.3.1 (a). Wien t
total hydrationrate of 0.5% in Figure 4.1.5 (b) is considered, thel&ed sample 51
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captured the control sgte at 20 hours and HRAased sample captured at 45 hours. In
Figure 4.1.2 (b), at 1.0% dosage, the released hydration rate of HA arizhded
admixtures is appimately equal to that of the control sample and is 40 hours and 50
hours, respectively. In Fige 4.1.3 (b), this gap between HA and{dAsed admixtures
increases again at a dosage of 1.5%.

As shown in Figure 4.6.1 (a) in Figure 4.2a) iq Figure 4.3.1a), HA, LS and NAbased
admixtures, the sulfate depletion point shifts to the right. Whilestityghate depletion

point of the control sample was 8.92 hours, the sulphate depletion points of the NA and
HA-based samples were at 0.5% dpesa0.6 hours antil.2 hours respectively in Figure
4.7.1 (a); at 1.0% dosage 10 and 11.5 in Figure 4.1.2 (atdn8% dosage 11 hours and
11.8 hours in Figure 4.1.3 (a). This point of thelh&&ed samples does not show in all

dosages.

The slower ratefdydration develpment of NSbased sample compared to other samples

is explained with formation of hydration shddazzoni stated that the external products
formed by the reaction of the cement particle with water cover the inner products to form
a hydraion shell and iniit the reaction of the inner parts of the particle [77]. This
process causes the heat flonuaabf the hydration reaction to decrease. The subsequent
hydration reaction continues slowly. Depending on the admixture material and dosage
values used, the fmation of the hydration shell occurs at different times. In order to see
how much the hydratioshell formed on the cement particles or other factors affecting
the total hydration affects the total heat of hydration graph.

Although thefirst obvious delg, at a dosage of 0.5%, at the end of 80 hours, the released
heat of LSbased sample close gajpttwthe released heat value of NS and-bi#sed
samples (Figure 4.1.1.(b)). At a dosage of 1.0%, the released heat values of HA-and NA
based saples show equalaion at about 53 hours, but the value ofie&sed sample far

from these samples Figure 4.2.))(IAt 1.5% dosage, the equalization does not continue
between the value of NAased released heat sample and value ofbBiged sample

releasd heat as shown iRigure 4.3.1.(b).
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Figure 4.1.1 Heat flow and total heat of hydration for 0.5 % ate of superplasticizes
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Figure 4.1.3Heat flow and total heatof hydration for 1.5 % rate of superplasticizer

As shown in Figure 4.4.15.0% replacement of nano silica with cement supports
hydration due to its high pozzolanic activity. In spite of the decreasing amount of the

cement, ttal heat of hydration value reached to fommtaining cementitious mixtures.
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slica (NS: nano silica)
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4.2. Thermogravimetric Analysis

The free Ca(OH)amounts of in the hardened cement pastes were determined by
thermogravimetric analysis and TGAops of the hardened cement pastes are given in the
Appendix. The results were obtained as percentage normalized to the ignited weight of
thesepastes. When nano silica is added to the cement mixture, the free Ca@@tént

was normalized to the Portlameément content of the cementitious mixtures containing

nano silica. The free Ca(Off)ontent of the cementitious pastes are shown in Fahle

Table 4.2.1 Free(CaOH)2 content of the cement pastes

Cement 3-day(%) | 7-day(%) | 28-day(%)
PC 17.2 17.4 188
PC+ 0.5%LS 16.9 18.0 18.2
PC+ 1.0%LS 155 17.2 18.4
PC+ 1.5%LS 11.7 17.3 18.1
PC+%5 NanoSitia+1.5%LS 11.7 14.8 15.3
PC+0.5%NA 16.9 16.8 16.7
PC+ 1.0%M 15.8 17 16
PC+ 1.5%M 17.0 16.3 19.2
PC+%5 NanoSitiat1.5%NA 154 14.2 15.1
PC+ 05%HA 15.8 17.4 18.7
PC+ 1.0%HA 16.1 16.6 18.9
PC+ 1.5%HA 16.4 155 18.1
PC+%5 NanoSitia+1.5%HA 154 16.6 154

In order to be able tevaluate more easily, fre€@a(OH). contentdata inTable4.2.1

illustratedin Figure4.2.1
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Since the use of 0.5% dosage does not retardatiort efiethe hydration process, free
Ca(OH) content are very close to the control sample (Figure 4.2.1(a)).

At 1.0% dosge, because of the retardation of the hydration, free Ca(@&b reduced

as seen in Figure 4.2.1(a). The hydration retardation effeitteoE Sbased sample is
higher than the others, so free Ca(@Ehntent is low at 3 days. This situatiomdae

seen aB days, but at 7 and 28 days the effect finish as shown in Figure 4.2.1(a), Figure
4.2.1(b), Figure 4.2.1(c). At 1.0% and 1.5% dosagkeeaf Ca(OH) content of the NA

based sample seemed to be lower than the others at 28 days due to farhigtilvation

shell.

As shown in Figure 4.2.1(c), Due to pozzolanic reaction begins later, adding nano silica
to the mixes with different types of perplasticizers cause decrease of the CafOH)

content at all dosages and days.

4.3. Flow Table Experiment

After casing mortar samples, workability test was carried out by ugiadow table in
accordance with ASTM C230M14 standard.

Figure4.3.1 shaws the results of the experimeat a dosage of 0.5%, thftow values
have the largest value of the db&asedsample ad the others are NA and Hased
samplesrespectively. In this dosage, NA and Hbased admixturedid not provide an

effectiveflow value on cement mortars.

At a dosage of .0%, the fow values of thedmixturesused are the closest to eather.
The pupose of this study is to illustrate the ability of humic acid to make the same effect

as thesupeplasticizers used today.

At a dosage 0l.5%and 1.0%, the flow values of the HA and-h&ed samples were
approximately equal to each othétowever, the NAbased sample showed a slight
increaselt is understood that; increasing the dosage from 1.0% to 1.5% does not give
extra workability forHA and LSbased samples hudbr NA-based sampleause certain

flow value andhis increasing may beggiificant depading on the field of use.
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In addition, he use of % nanosilicain thecementmixture had no significant effect
on the workability vaues.

5 %1.5+% 5
N Nano Silica
% =1.50%
)
o
5 21.0%
o
>
n m0.50%
©
8 m 0%
o
>
|_
HA

Flow value (mm)

Figure 4.3.1 Flow valuesof fresh mortars

4.4. Setting Time

HA and NA-based samples behave closely tcheatber at each dosing, while thetting
time valuesof LS-based samplare far from these values.

Even at this lowest dosage, theraiglifference of about 7 hours between the initial
settingtime value of the LSbase& sample and the initial settitignevalue of the control
sample At a dosage of 0.5%, the HBased ampleto the control sample increased the
initial setting value by 6 mutes, while the NAased samplmcreased 71 minute$She
final setting value ofite HA-based sample is 100 minutesder than the NAased
sample.

At a dosage of .0%; theinitial seting value of 240minutesfor the HA-basedsample
and 307minutesfor the NA-basedsamplewas observedn their final sefingtime values,

84 minutesdelaywas observed in HAdased mateai. As observed, the HRased sample
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at a dosage of.@% shows similar results with the NBasedsamplein the setting time
experiment. Ata dosage of 1.5%, the difference between the initial setting anchéie fi
setting increased.he use of nansilicain this dosagetheinitial and final setting time
values decreasdeslightly due to the increased surface aaga increasing the water
requirement.The use of this dosage faS-based samples may cause proldeabout
demolding time.

Olnitial @Final
PC [ 212 I| 31;6 |
HA+ nano  |—n—segmy
silica | |
HA 1.5 328 | |692
HA 1.0 24o|| 375 |
HA 0.5 218 || 3|70 |
e
NS 1.5 ng | | 445 |
NS 1.0 307| | |291
NS 0.5 283| | 2|75 |
B s s s s
LS 15 1148 | 1260
+ -t rr+r {1 1 |
LS 1.0 | | |1298 | 780 |
LS 0.5 | 623I I| 235I |
0 260 4I00 6I00 860 1000 1200 1400 1600 1800 2000 2200 2400
Setting time (minutes)

Figure 4.4.1 Valuesof initial and final setting time
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4.5. Compressive Strength

Compressive strength values of the cement mortars with different iadesat 3,7,28
day of age is shown in Table 4.5.1. Also, Figi'® 1 was prepared in order to see the

changes of th samples depending on dosages and days between each other more easily.

Table 4.5.1 Compressivestrength of mortars

Cement Sample 3-day(MPa) | 7-day(MPa) | 28-day(MPa)
PC 25.5 36.1 46.5
PC+ 0.5%LS 29.8 44.3 514
PC+ 1.0%LS 29.7 45.7 49.9
PC+ 1.5%LS 309 40.7 41.3
PC+%5 NanoSitiat1.5%LS 26.9 379 46.6
PC+ 0.5%NA 31.9 40.4 42.5
PC+ 1.0%NA 32.9 35.4 43.6
PC+ 1.5%NA 28.4 34 43.9
PC+%5 NanoSitiat1.5%NA 324 38.3 488
PC+ 0.5%HA 29.6 432 48.3
PC+1.0%HA 30.0 39.2 47.0
PC+ 1.5%HA 29.3 37.0 47.2
PC+%5 NanSilicar1.5%HA 272 35.9 430

At a dosage of 0.5%, at 3 days of the compressive strength values of LS, N#gddéa
sanples were significantly higher than the value of the control samplevalbes of LS
and NAbased samples are 17% higher than thercbsample, while the N/ased
sample is 25% higher (Table 4.5.1 and Figure 4.5.1(a)).

At 7 day, the compressive strengthlue of the NAbased sample was lower than the

compressive strength weds of the LS and HAased samples as shown in Table 4.5.1
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andFigure 4.5.1(a). The reason for this behaviour is that theb&led sample causes
irregular hydration shell formation duo the hydration rate at 3 days.

According to Galluccini hydration sheontinues to form up to 3 days, but at the end of
the third day reaches a considerable thickness. The rate of formation of this
heterogeneously growing shell causes some mechaédatts[78]. Although this

proeess was delayed by the use of superplasticizers, this study showed itself at 7 days.

At 28 of age, due to the reduceddngtion rate of the NAased sample, it did not reach
strength value of thers sample. However, LS and Hbhased samples showed a more
regular increase (Table 4.5.1 and Figure 4.5.1(a)). At a dosage of 1.0%, ¢bet per
increase in compressive strength @&,LNA, and HAbased samples compared to the
control sample for 3 days wd 7%, 30% and 18%, respectively. Similar behaviour was
obsered with the behaviour at dosage of 0.5%. hydration shell formation also left the
NA-based sample behind the other samatésand 28 days as shown in Table 4.5.1 and
Figure 4.5.1(b).

At a dosge of 1.5%; compressive strength values at 3 days of all earapt close to

each other and about 15% higher than the control sample. At 7 days, while the LS and
HA- basedsamples wer able to sustain the development of compressive strength, the
NA-basedsample was left behind. At 28 days, the NA anebaSed samptehave lower
values than the control sample, whereas thebldged sample was the only sample that
could exceed the compmige strength of the control sample (Table 4.5.1 and Figure
4.5.1(c)).

The use of nano silica at a dosage of 1.5% caused an inofeéaseompressive strength
value at NA and L$ased samples, whereas #Ased sample did not show
compatibility with nancsilica as seen in Table 4.5.1 and Figure 4.5.1(c).
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Chapter 5

Conclusions and Future Prospects

5.1. Conclusions

In this study, tk commercially available humic acid (HA)ased solutiombtained from
leonardite, investigate the plasticizing efficiency comparbtivath respect to lignin
based (LS) and naphthalebased (NA) superplasticizers in cementitious systems. Three
differentadmitures (LS, NA, HAbased) are used at three diffarédasages (0.5%, 1.0%
and 1.5%) in cement mixtures. In order to observeffieeteof humic acid on pozzolanic
reaction, 5.0% nano silica was added to only 1.5% dosage dfd38d samples. For
compaative evaluation, 5.0% nano silica was also added tord&% dosage of LS,
NA, HA-based samples. By evaluating the experimentalltee®f this study, the

following conclusions can be drawn;

1. In the chemical composition of the powder form NA, LS &l sdution, the
amount of KO of HA-based solution was observed to be high. However, when the
total amount of alkali was calculatatiwas observed that the NBased sample have

a similar alkali content with the HRased sample.

2. As a result of the eghemal calorimeter experinms, in the heat flow graphs of

the cement paste with HBased and NAased solutions showed similar beloars,

but the LSbased sample was different from them at every dosage. Furthermore, using
nano silica in cement mixtureauss a decrease in the ik hydration peak. But,
according to the total heat of hydration graph, for 1.5% dosages of each admixtu
material, using nano silica bring about an increase total hydration rate compared to

mixtures which do not contain nasiica.

3. According to cemnt paste samples of the TGA results, at a dosage of 1.5%, a
significant decrease in the at 3 days of@4d}, content of the L$hased sample was

observed. The at 3 days of Ca(QEQntent of NA and HAbased samples were close
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to eat other. The at 7 day$ €a(OH) contents of LS, NA and H#&ased samples
show similar values according to their dosages. At&&dthe Ca(OH)content of
the NSbased sample lagged behind the others. When using nano silica at a dosage of

1.5%, a delinein Ca(OH)» content is bserved due to the pozzolanic reaction.

4. For the measured of workability, the flow table test wasopadgd on cement
mortars. The desired plasticizing efficiency was achieved at a dosage of 1.0%. Flow
values at this dosagee smilar for all plasticizrs. Increasing the dosage from 1.0%

to 1.5%, for HA, LS and NAvased admixtures do not cause a signiticacrease in

the flow value. The use of 5.0% nano silica at a dosage of 1.5%, and did not bring

about a significant chae onflow values.

5. As a esult of the setting time test, even at this lowest dosage, there is a difference
of about 7 hours betwaehe initial setting time value of the L$sed sample and the
initial setting time value of the control sample. fAsedand LS-based samples
showedclose initial and final setting values at 0.5% and 1.0% dosages. However, the
final setting value of thélA-based sample at 1.5% dosage was delayed by about 4
hours. The use of 5.0% nano silica at a dosage of 1.5%, causeasdeche initial

and finalsettings of all dosages.

6. For the determination of mechanical property of hardened cement morté&&samp
compressive strength test was performed at 3, 7, 28 days. The compressive strength
values of HAbased samples are ivetenthe compressive strengtialues of LS and
NA-based sample at 3 days and at 7 days. However, according to -tfey 28
compressivetgength values, NA based samples lagged behind NS and HA. Using
nano silica, compressive strength values of theldd8ed ampleincreased at 3,7 and

28 days, but the compressive strength values of thebB®ed sample decreased at

3,7 and 28 days. According this result, it can be observed that humic acid and nano

silica are not compatible.

The humic acid solution obtainém leonardite were evaluatecomparatively with

lignin-based (LS) and naphthalebased (NA) solutions in cementitious systems. The

HA-based admixture showed similar behaviour with other admixtures in terms of

fluidizing activity. In addition, due to theffects of HA-based admixt@r on workability,

hydration kinetics and mechanical properties in the cementitious system should be

consdered as ecefficient superplasticizers.
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5.2. Future Prospects

In this study, humic acidwhich was dissolved in alkale medum, was obtained
commercially availableThat is, the humic acid used in the experiments is potassium
humate in the salt fornThe repetition of these experiments should be carried out with
pure humic acid in order tond out whether the alkali céent o the amount of humic
acid in the commercially availabldHA-based solution affects theworkability

performance.

Since humic acids dissolved in alkali medium and added to the mixing water, alkaline

silica reaction testhould be performed in order bbseve the expansiom a long time.

The incompatibility of theHA-basedsolution and the nano silica combination should be
investgated whether it will continue in the use of pure humic aldie compatibility of

humic acd with other pozzolanic matets can be investigated and the most effective
pozzolan material can be determined. With the use of both natural raw material
superplaticizer and pozzolan, the amount of cement can be reduced significantly and the

reduction ® CO, emission can be observetthe Life Cycle analysis.

Thus, an important contribution will be made in the production of-edftcient
superplasticizerdasedn domestic raw materials against the superplasticizers produced

by imported raw material put and high energy consumgpgtio
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APPENDIX

TGA PLOTS FOR CEMENT PASTE WITH AND WITHOUT
SUPERPLASTICIZER
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Figure A.1 TGA plot of Portland Cementpaste at3 days
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Figure A.2 TGA plot of Portland Cementpaste at7 days
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Figure A.3 TGA plot of Portland Cementpaste at 28 days
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Figure A.4 TGA plot of cementpastewith 0.5% LS at 3 days
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Figure A.5 TGA plot of cementpastewith 1.0% LS at 3 days
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Figure A.6 TGA plot of cementpastewith 1.5% LS at 3 days
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Figure A.7 TGA plot of cementpastewith 0.5% LS at 7 days
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Figure A.8 TGA plot of cementpastewith 1.0% LS at 7 days
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Figure A.9 TGA plot of cementpastewith 1.5% LS at 7 days
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Figure A.10TGA plot of cementpastewith 0.5% LS at 28 days
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Figure A.11TGA plot of cemert paste with 10% LS at 28 days
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Figure A.12 TGA plot of cementpastewith 1.5% LS at 28 days
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Figure A.13TGA plot of cementpastewith 0.5% NA at 3 days
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Figure A.14TGA plot of cementpastewith 1.0% NA at 3 days
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