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Abstract
This study aims at investigating the possibilityusing smectite clay waste, generated during the
oil bleaching process as an additive for Portlaechent. The smectite clay waste consists of
montmorillonite, quartz, anorthite, calcium sulfaééxd amorphous phase. For the regeneration of
this waste, the extraction with hexane and themmethod were chosen. The results showed that the
extraction of smectite clay waste with hexane gigamtly increased the pozzolanic activity of this
waste; however, the extracted additive prolongedriluction period of Portland cement hydration,
slowing down initial cement hydration, and redudled compressive strength of Portland cement
samples.

The thermal activation method achieves the besiteeby calcining smectite clay waste at 600
°C. The calcined additive indicated the strong pterzic activity. However, this phenomenon is
associated with the formation of the amorphous @Has activating the smectite clay with the
sulfuric acid rather than the degradation of they ¢hinerals during the combustion. The calcined
smectite clay waste (CSCW) accelerates the hydraticcalcium silicates in the second period of
the exothermic reaction. The results of the ingaston showed that in samples with the CSCW
additive proceed the intense pozzolanic reactidmchivcan be clearly identified after 28 days of
hydration. Up to 15 wt.% of the Portland cement t@nreplaced by the smectite clay waste
additive calcined at 600 °C without reducing thenpoessive strength of Portland cement samples.

Keywords: smectite clay waste, Portland cement, hydratioazplanic reaction
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1. Introduction

Nowadays one of the most current issues is ther@mwiental pollution caused by industrial
waste, which is being produced by large-scale ol in various industries. Only a small part of
the industrial waste is recycled and its applicaiio other industries is highly importaitarious
studies have shown [1-5] that some industrial weatebe used by replacing a part of the clinker in
cements or a part of the cement in concrete. ldhse, when the waste is used as an additive fo
binding materials, not only the pollution issues@ved but also the cost of Portland cement or
concrete is decreased.

Oil bleaching is one of the processes applied limdustry during which the impurities that add
colour to the oil are removed and oil is purifiedrh carotenoids, peroxides, chlorophyll, etc. Oils
are bleached using a powdered, surfactant matewaish are called bleaching earths. Bleaching
earths can composed of up to different types of atanerals, such as smectite, bentonite,
attapulgite and sepiolite. The bleaching processarsied out under vacuum, with temperature in
the range of 80-120 °C and contact time ranginghf@0-40 min. The dosage of bleaching earth
usual is 0.5-2 % by weight. After bleaching, thexraf clay and oil are separated by the vacuum
filtration into two phases: oil and clay waste. Asconsequence, the oily clay becomes hardly
recycled wasteMarket demand for activated bleaching earth waslipted to rise to ~9M/year
tones until 2022, therefore, the amount of wastelpeed through the edible oil bleaching process,
is considerable [6].

The bleaching efficiency of oils is increased whies used clay is activated by using physical or
chemical methods. Clay can be activated by acidsragenerated by thermal or alkaline methods.
Sulfuric and hydrochloric acids are commonly usedthe acid activation because they are cheap
and have better clay activation properties thaeragicids [7].

The activation by the acid is a chemical treatnwérithe clay to increase a specific surface area,

porosity and absorption capacity of the clBwyring the treatment of smectite clay with inorgani
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acids, calcium ions are replaced by hydrogen iomkieon / aluminum / magnesium cations are
liberated.In this way, the smectite layer structure is changad the specific surface area and
porosity are increasedhis leads to a higher absorption capacity of atéig clay [8] Smectite clay
waste (SCW) usually contains 20-40% of oils, pigtegfree fatty acids, phospholipids and metals.
At the end of the bleaching process, the tempezaitithe clay is 80-120 °C, so absorbed materials
easily are oxidised. Peroxides which are formednduthe process of oxidation decompose into
free radicals [9]Although studies have shown that the clay wastebearecycled and re-used in the
course of the bleaching process, yet it is expersind the efficiency is only 70%.

Thermally activated clay is widely used as a poazm material. The use of calcined clay as
supplementary cementitious material is one of tlayswvfor reducing C®emissions from the
cement industry. This additive is also widespreadature and has a relatively low cost [I}e
optimum combustion temperature of the clay depeodsthe chemical and mineralogical
composition of the clay. Usually, it is in the rangf 600-900 °C, although it can exceptionally
reach 1000 °C [11]JThe pozzolanic activity of calcined clay is asstailawith the removal of
structural water from the clay layeksaolinitic clay is the most popular material anddely used
due to its relatively low activation temperaturé@B00 °C) and high pozzolanic activifjhe
calcination of kaolinitic clay results the formatiof an amorphous phase — metakaolinite [A2].
great number of published scientific studies [13-&@te that calcined kaolinite is a suitable
additive for Portland cement, as the samples exaibigher compressive strength, durability and it
improves other properties of the samples.

The removal of hydroxyl groups from clay layerstmating also activates other clay minerals,
for instance, illite and montmorillonite [17]. Theajor mineral that forms smectite clay is
montmorillonite. Activated montmorillonite has a gitive effect on the hydration of Portland
cement and its propertieReplacing 10 wt.% of the Portland cement with maritionite increases

the compressive strength of the samples [T8f destruction of the montmorillonite structure
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begins at 800 °C. Montmorillonite exhibits the leghpozzolanic activity when it is calcined at 900
°C. Studies have shown [19] that clay calcination &@Q0L8C leaves no montmorillonite minerals,
yet pozzolanic activity decreasé&¥hen dehydroxylation of montmorillonite occurs rétains its
structure. Since aluminum is located between silimirahedra in the montmorillonite crystal, the
pozzolanic activity is lower than that of metakadk [17]. Comparing the pozzolanic activity of
thermally activated clay minerals, it decreases the following sequence: kaolinite-
montmorillonite-illite [17].

Although industrial waste used in the productiorPoftland cement is currently a widely studied
subject, the use of acid-activated smectite clasgtevéSCW), generated during oil bleaching, in the
cement industry has not been investigaldwrefore, the purpose of this work is to inveseghe
possibility of using SCW as an additive to Portl@edhent

2. Materialsand methods

2.1 Materials

In this research, Portland cem&#M | 42.5 R was used. The specific surface areaegaal to
380 nf/g. The composition of minerals: 52.97% 3CaO-SiQ9.61% 2CaO-Si 9.16%
3Ca0-A}O;, 9.74% 4CaO-ADs FeOs;, 5.37% CaSQ2H,0. The chemical composition of
Portland cement is given in Table 1. After thetlod bleaching process, smectite clay waste (SCW)
was used. The moisture content in the SCW was %wbulk density — 1740 kgfin specific
surface area 2504kg. SCW chemical composition is given in Table 1.

Table 1. Chemical composition of raw materials

Chemical composition, wt.%
SIO, | Al,O3 | CaO | MgO | FeOs3 | N&O | KO | SO Cl Mass loss

Material

CEM I 19.52| 5.03| 61.39 3.93 30p 032 106 2.560.1 -

SCW 53.20f 837 083 164 3183 024 049 154 001 043

According to the XRD analysis data of SCW (Figthjs waste contains montmorillonite-(

spacing1.760, 0.449, 0.150 nm), quari-gpacing0.425, 0.334, 0.181 nm), anorthigkgpacing
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4.0600; 3.7863; 3.1909) and calcium sulfédespacing0.760, 0.428, 0.306 nm). CaS@as
identified in connection with the fact that, in bleaching process, the smectite clay treated théh
sulfur acid is used [8]. Due to the effect of thfie acid, a part of clay minerals are amorphised,
as, in the XRD curve, a blunt diffraction peak lve tL8-29° diffraction angle range attributed to the
amorphous structure compounds is seen. For the®meshe pozzolanic activity of the raw material
was investigated. It was estimated that smectié glozzolanic activity was equal to 117 mg

CaOlg.

w
&)
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=
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3 13 23 33 43
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Fig. 1. X-ray diffraction pattern of smectite clay wastldexes: M — montmorillonite
((Na,Cap 3(Al,MQ) 2SizO10(OH)2'nH,0); S — calcium sulfate (Cag@H;0); Q - quartz (Sig); A —
albite (NaAIS;Os)

STA analysis data of the SCW has shown (Fig. 2) ¢éimalothermic peak at 99°C in the DSC
curve is associated with the adsorbed water elitmngrom the investigated material, while the
exothermic peak fixed in the temperature range B2 to 470°C is related to the decomposition
of organic compound3.he effect at 524°C is related to the eliminatidrcloemically bound water
from the smectite structure [20], and during thisgess, the weight loss reached 0.8B#sed on
the TGA curve, the total weight loss of the SCWha 30-900°C temperature range is 30.4 wt.%,

of which 13.5% of the weight loss attributed to tleeomposition of organic compounds.
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Fig.2 STA analysis results of SCW

2.2 Methods

Clay preparation by combustion. The investigatey gfaste was mixed with water in the ratio
2:1. The formed granule§](1.5 cm) were dried at 60°C temperature for 24chthan burnt at
500-900°C for 1h (10°C/min). The burned granulesweushed and homogenised in a “Turbula”
homogeniser with solid bodies for 5 minutes up@6 #f/kg specific surface area.

Clay extraction with hexane. The SCW was mixed tloglewith hexane in a ratio 1:5, 1:7 and
1:10. Mixtures were heated and stirred on a magrsgirer at 40 °C for 20, 30 and 40 minutes,
then filtered off with a vacuum filtel.he wet clay was dried for 24h at 60°C and homagehin a
“Turbula” homogeniser with solid bodies up to 408/kg specific surface area.

Compressive strength test. The samples (30x30x3Pware formed from the OPC paste with
0, 5, 10, 15, 20 and 25 wt.% extracted/washed loineal SWC additives. Within the first day, the
samples were kept in molds at 20 £ 1 °C at 100%uwhidity. After 24 hours of hydration, the
samples were transferred into the distilled watel leept at 20 + 1 °C for 7, for 28 and 90 days. The
compressive strength was determined using Form+Mstia 10-400-50 press. After the
compressive strength measurements, the samples cngsbed. The hydration of samples was

stopped by isopropanol. The dried cement stoneg&O0 + 5 °C; 24 h) were ground 5 times (each



136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

5 sec) by a disk mill at 600 rpm. The water constimnmpof the normal consistency of the cement
paste and the setting time were determined acaptdiEN 196-3:2016 [21].

The calorimetric analysis was performed using t#eVTAIr IIl calorimeter. The duration of
measurement was 72 h, measurement error <0.03TWeéggenerated heat was normalised per gram
of the Portland cement.

The pozzolanic activitywvas estimated by the modified method of Chapellgis Tnethod is
described in more detail in previous work [22]. Tharaulic activity of materials was estimated

according to EN 196-5:2005 [23].
The specific surface ared the used materials was measured by the automkiiic equipment.

The X-ray powder diffraction (XRDglata was performed using the D8 Advance diffracteme
Bruker AXS (Karlsruhe, Germany) with Bragg—Brentagemmetry. The movement of the detector

—0.02°, measuring angle 4 2 3-70°.

The simultaneous thermal analysis (STWas carried out on a Netzsch STA 409 PC Luxx

instrument in the temperature range from 30 °CO@01°C, accuracy of measurement + 3 °C.

FT-IR spectravere measured using a Perkin-Elmer Fourier transfofrared system Spectrum
X spectrometer. The spectral analysis was perforinethe range of 4000 - 400 &nwith a

spectral resolution of 1 ¢
3. RESULTSAND DISCUSSION
3.1. Extracted smectite clay waste

Organic solvents are used to clean/regenerateciailyin the oil industry [24, 25]. Therefore, in
the first part of this work, smectite clay extractiwith hexane was chosen. To determine the

optimum extraction time and the clay-to-hexaneoragixtraction times of different lengths (20, 30
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and 40 min) were performed using ratios of 1:5, dnd 1:10. The efficiency of the oil impurity

removal was evaluated by using FT-IR analysis.

The FT-IR analysis of all extracted SCW samplesvatbthat the absorption bands identified in
the 1715-1716 cth wavelength are assigned to RC-OOR vibrations (®drocarbon radicals),
while 794 - 796 crl indicated C = O vibrations. These bonds are aiteid to the rest of
unremoved oilAs the clay-to-hexane ratio and the extraction tineeeased, the intensities of the
bands indicating RC-OOR and C=0 vibrations decitdd®e highest decrease in peak intensity is
seen at a 1:7 clay-to-hexane ratio and 40 min etira time (Fig. 3), but peaks identifying the
organic compounds remained in all samplédsis, FT-IR analysis results demonstrated thaaiot

oil impurities are removed from this waste durir@V$ extraction by hexane.

3
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Fig. 3. FT-IR spectra of the extracted SCW (1:7) whendimetion of extraction: 1 — 20 min; 2 —

30 min; 3 — 40 min.

The results of the FT-IR analysis were confirmed3d\A analysis. As can be seen in Figure 4,
an exothermic peak in the DSC analysis curve angeérature range of 340 to 460 °C, which is
typical for the decomposition of organic compounésyained in the SCW sample after 40 minutes
of extraction by hexane when the molar ratio waa The reduction of mass loss during this
decomposition was negligible (from 13.5 to 10.28#%)tcompared to the untreated waste, and the

total mass loss was reduced from 30.4 to 27.7 wt.%.
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Fig. 4. STA analysis data (TG and DSC curves) of extraSi€wV (1:7, 40 min)

A study of the pozzolanic activity of the hexanaragted smectite clay waste showed that the
pozzolanic activity of the treated waste increaedh 117 to 216 mgCaO/g, i.e., almost twice.
Considering this factor, it was decided to use hexextracted SCW as a pozzolanic additive to

Portland cement.

To assess the effect of the additive on the initiaration of Portland cement, the calorimetric
analysis was carried out by replacing 5, 15 and 28%ent by weight with the analysed hexane-
extracted SCWThe heat flow (Fig. 5) and the amount of heat (Bigeleased during the hydration
were determined during the study.

The obtained data showed that the induction paricghmples with the hexane-extracted SCW
additive is significantly longer than in the purentent sample (1 h 50 min), and lasts from 2 h 48
min to 6 h 16 min.Figure 5 demonstrates that the intensity of se@wiive heat evolution peak
decreased with increasing amount of additive inRbeland cement, whereas in samples with 25
wt.% additive this peak was slightly visibl€he shoulder of the second peak is related to the

reaction of aluminates and gypsum and it was ifledtonly in samples without the additive.
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It was determined (Fig. 6) that until ~8 hours géifation, samples with hexane-extracted SCW
additive emits more heat than pure cement sampiis. dffect indicated that the hexane-extracted
SCW samples increased nucleation sites and totahtdy of calcium silicates dissolved and
hydrated although the induction period is prolond&esumably that the oil impurities adsorbed on
the SCW particles during the induction period dblsiock the formation of hydrates on the surface
of these particles. At a later period of hydratitime alkali break down the structure of the oil
impurities and form films that block the hydratiohthe cement, because the pure cement sample

emits noticeablymore heat (283 J/g) than the samples with hexatraet®d SCW additive (182 -

230 J/g) after 50 hours of hydration.

0,005
0,004

0,003 1

Heat flow, W/g

0 4 8 12 16 20 24 28 32 36 40 44 48
Time, h

Fig. 5. Calorimetric curves of heat flow in samples withxhne-extracted SCW additive

0 4 8 12 16 20 24 28 32 36 40 44 48
Time, h

Fig. 6. Calorimetric curves of total heat in samples vinéixane-extracted SCW additive
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The results of compressive strength tests (Fighdwed that the hexane-extracted smectite clay
additive adversely affects the compressive stremjtithe Portland cement samplébe more
additive is added, the lower compressive strendtthe tested samples was recorded. Within all
hydration time, the sample with 25wt.% of the aidditwas more than twice as weak as the pure

Portland cement sample.

100

80

| CEM

60
= CEMH+5%5CW

— CEM+10%SCW
40

% CEM+15%5CW

50 ~ CEM#+20%SCW

Compressive strength, MPa

# CEM+25%5CW

Hydration time, days

Fig. 7. Compressive strength of the cement samples af@8 @nd 90 days hydration

Summarizing the obtained results, it can be stétadl the extraction of SCW with hexane
significantly increased the pozzolanic activitytbis waste, but after this process a large amolnt o
organic impurities (oil) remained in the SCW&br this reason, the extracted additive slowed down
initial cement hydration and reduced the compressivength of Portland cement samples. As the
extraction by hexane did not remove all organicuntpes from the smectite clay waste, a method
of thermal activation of this waste was choserttiernext step of the research.

3.2. Calcined smectite clay waste (CSCW)

According to the data given in Fig. 2 and Fig. He thermal activation of the SWC was
performed in the 500-900C temperature range, because the residues of orgatmixtures
remained at a lower temperature. In the first stafjénvestigation, the influence of calcining

temperature on the SWC pozzolanic activity wasrdateed. The results are presented in Fig. 8.
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It was determined (Fig. 8) that the CSCW pozzolaaitvity varied from 300 to 320 mg CaOlg
when the temperature of the clay calcination ineedafrom 500°C to 700°C. These results
indicated the strong pozzolanic activity of tessatnples [26]. Meanwhile, the pozzolanic activity
of the CSCW begins to decrease after the combustidhe temperature above 700 °C and the
pozzolanic activity values of 287 and 248 mg Ca@/gs determined after burning at 800 and 900
°C respectively.

It is important to note, that the pozzolanic adyivof CSCW only slightly depended on the
thermal decomposition of clay minerals during thevation processAs can be seen in Fig. 9, even
in the sample with the highest pozzolanic actiiBig. 9, curve 3) remained a part of the
undecomposed montmorillonitd-6pacingl.760, 0.449, 0.150 nm). Furthermore, regardlésiseo
combustion temperature, the wide diffraction peakthe 18-29 ° diffraction angle typical for
amorphous compounds is clearly visible on all csrVais indicates that, in the composition of the
acid-activated smectite clay remains an initial gghous phase during the combustion. Only at a
higher temperature (800-900 °C), a part of this guinous phase begins to bind into the inactive
compounds (such as anorthoclade-§pacing0.406, 0.375, 0.322, 0.318 nm) and diopside (

spacing0.638, 0.294, 0.249 nm) Fig. 9, curves 4-6).
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Fig. 9. X-ray diffraction patterns of smectite clay wasfeer 1h thermal activation at different
temperatures: 1 — SCW; 2 — 5@0; 3 — 600C; 4 — 700C; 5 — 800C; 6 — 900C. Indexes: Q —
quartz (SiQ); M — montmorillonite ((Na,Cax(Al,Mg )2SisO10(0OH), nH,O); A — albite
(NaAlSisOg); N — anorthoclase ((Na,K)AIZDg); S — calcium sulfate (CaSQH,0); D — diopside
(CaMgSp0Og); C — calcium aluminum silicate (A& 5Si3011)

The results of the hydraulic activity analysis (FI) confirmed the CSCW pozzolanic activity
data. It was determined that, after replacing 186ndf Portland cement with investigated material
activated at 500-900 °C, all points representing @rdl CaO concentrations were located below the
curve representing CaO saturatidimis means that all Portland cement samples witfieemally
activated additive passed the hydraulic activitst.tsleanwhile, the 15 wt.% non-activated SCW
additive had a contrary effect, i.e. the pointh®we the curve and the Portland cement sample did

not pass the hydraulic activity test.
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Fig. 10. Hydraulic activity of the Portland cement samplggh 15 wt.% smectite clay waste
additive calcined at different temperature

Thus, during the SCW thermal activation at 500-9@) the organic compounds were
completely degraded and CSCW samples exhibitedgoghkolanic activity over the entire range of
thermal activation temperatures. Since the CSCWiread at 600 °C had the highest pozzolanic
activity, this sample was used in the followingdséis.

The calorimetric analysis was performed by replgcin 15, and 25% by weight of Portland
cement with the additive calcined at 600 °C. Thatfilew (Fig. 11, a) and the total heat (Fig. 11, b
were determined. It was identified that, in the pk® with 5, 15 and 25 wt.% additive, the
induction period expires later than in the pure eensample (1 h 50 min), respectively, 2 h 05 min,
2 h 20 min and 2 h 35 mithough lasts the same duration.

All samples have two exothermic peaks and the sleowf the second peak is visible. It was
determined that, in the second period of the exothkreaction, the maximum heat flow value was
reached after 8h 15 min in the pure Portland cersamiple, while in samples with 15 and 25 wt.%
of additive, the maximum heat flow values were rded earlier, respectively, after 6 h 50 min and
6 h 15 min. In the cement sample with 5 wt.% SCWitace, the mentioned maximum was finally

reached after 8 h 25min.
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In addition to this, the highest amount of heat wedsased in samples with 25 and 15 wt.% of

additive - 315 J/g and 288 J/g, respectively, waglia samples of pure cement and with 5 wt.% of

additive, the amount of the released heat was alsiodar ~ 283 J/g.
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Fig.11. Calorimetric curves of the thermal flow (a) andah (b) in cement samples with

combusted SCW samples (0 wt.%, 5 wt.%, 15wt.% &nat26) at 600 °C for 1 h

In the next stage of the research, the sampleswiaRd cement paste with different amount of

the CSCW additive (5, 10, 15, 20, and 25 wt.%) werened. The water-to-cement (w/c) ratio and

the setting time were determined. The data giveiiahle 2 shows that w/c increased with the

increasing amount of the additivehese effects are related to the partial subsditudf cement with

calcined clay, causing excessive consumption oewahd absorption of part of the water for

hydration [27].

After replacing 20 and 25 wt.% tamd cement by the CSCW, these mixtures

begin to bind quickly and only meet the lower liftEN 196-3 (45 min) [21]. This may occur due

to the presence of sulfates (5©1.54%) in the SCW, which might influence theisgtduration.

Table 2. Water-to-cement ratio and setting time of cemeatit ®SCW samples

Sample W/C I.nitial | setting Fi.nal setting time
time, min min

CEM 0.275 70 120
CEM+5 wt.% CSCW 0.320 93 113
CEM+10 wt.% CSCW 0.330 60 82
CEM+15 wt.% CSCW 0.340 54 76
CEM+20 wt.% CSCW 0.390 48 65
CEM+25 wt.% CSCW 0.430 45 60




287
288 The compressive strength test (Fig. 12) showedahet 7 days of hydration, a sample with 10

289 wt.% CSCW additive had the highest (76.9 MPa) casgive strength. When the content of the
200 CSCW additive was increased, the compressive stradgrreased. It was determined that cement
291 sample with 10 wt.% CSCW also exhibited the higloeshpressive strength (95.8 MPa) after 28
292 days of hydration. The samples with 5 and 15 wt.$€®/ and without any additive had the same
293 compressive strength (~90 MPa). This tendency needaiafter 90 days of hydration. The

294 compressive strength of samples with 20 and 25 wft.&aditive was lower than in the pure cement

295 sample during all investigated duration of hydnatio
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297 Fig. 12. Compressive strength of cement samples with CS@uitige after 7 — 90 days of

298 hydration
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Fig. 13. X-ray diffraction patternsof cement samples with CSCW additive after 28 days
hydration: 1 — CEM, 2 — 5 wt.% additive, 3 — 10%tadditive, 4 — 15 wt.% additive, 5 — 20 wt.%
additive, 6 — 25 wt.% additive. Indexes: E — etii@ (Ca(Al(OH)g)2(SOy)3:26H0); B -
brownmillerite (GAF); P — portlandite (Ca(OH)y H — calcium silicate hydrates; C — calcite

(CaCQ); A — alite (GS); L — larnite (GS); Q - quartz (Sig).

The X-ray diffraction analysis of the 7, 28 andd#ys hydrated cement samples was performed.
Since all patterns of XRD were very similar, onfye tdata of 28 days hydrated samples are given
(Fig. 13). As can be seen in the XRD curves, thinary hydrates of Portland cement, such as
portlandite @-spacing3.1139, 4.9280, 1.9322, 1.7978, 1.4529 nm), calcsilicate hydrated:
spacing0.304, 0.279, 0.182 nm) and ettringitespacing9.7514, 5.6300, 3.8858, 2.7807, 2.5680
nm) were formed during hydration. Unhydrated miigeréke GS (d-spacing 3.0330, 2.7446,

2.6066, 2.1837, 1.7642 nm); brownmillerité-gpacing2.7920, 2.6870, 2.6560, 2.0603, 1.9361
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nm), GS (d-spacing0.279, 0.278, 0.274 nm) were also identified. ltswhetermined that the
intensity of the unhydrated calcium silicates @iffion peaks decreased, and the intensity of the
Portlandite peaks varied slightly when the contdnthe CSCW additive increased in the samples.
Diffraction peaks attributed to quartz (d-spacing5®, 3.344, 2.457 nm) were also identified in the
samples with the CSCW, as this is an integral pathe additive. In all curves of the samples,

CaCQ (d-spacing 3.0303, 2.4950, 2.2835, 1.9071, 1.8wRbwas also identified.

Heat flow, a.u.
IS
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Fig. 14. DSC curves of cement samples with CSCW addititer 28 days of hydration

As in case the X-ray diffraction analysis, all cesvof DSC were very similar, therefore only the
data of 28 days hydrated samples are given (Fig.ld4he DSC analysis curves, the intensity of
peaks (~ 450 ° C) identifying Ca(OHjecomposition was the highest in the samples withay
additives. Meanwhile, in all samples with the CSCiNe intensities of the peaks describing
Portlandite decay decreased with the increasinguatof additive.In the temperature range of
carbonate decomposition (600-780 °C), the moshs#eeaks were also presented in the samples
without any additives, indicating that the CSCW itidd inhibits the carbonation of the samples.
This is due to two reasons — less portlanditenséal in samples with lower cement clinker content
and a part of portlandite is consumed for pozzcolagaction in the samples with CSCW additive. It

Is important to note tha contrary trend in the DSC curves in the dehydnatione of the major
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cement hydrates at 80 - 200 °C is estimaldokse peaks were more intense in samples with the

CSCW additive throughout all period of samples hayidn.
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Fig. 15. Thermogravimetric analysis data in the temperatange 80-200 °C after 7, 28 and 90
days of hydration

The results of the thermogravimetric analysis d@ns in Fig. 15 and 16. It was determined
that, in the temperature range 80-200 °C, the wdags in the samples with the CSCW additive
was higher than in the samples without the addiiwveng the whole duration of hydratiohhese
weight losses consistently increased with the emireg hydration time and the CSCW additive
content in the samples (Fig. 15).

However, it would be inaccurate to attribute tlisyke difference in weight loss between the pure
cement samples and the samples with the additinigsto the formation of new cement hydrates.
As the studies on the consistency of normal cenpaste (Table 2) and literature data [8]
demonstrated, the CSCW had a peculiar absorptipactg and not all of the absorbed water can
be removed by drying of samples at ordinary tentpeza(60 = 5 °C). Therefore, these higher
weight losses may also be partly related to theoxainof the adsorbed water from the CSCW
additive.If the weight loss was only related to the formata@f new cement hydrates, the samples
with 15-25 wt.% of the additive would have the leghcompressive strength unlike it was found

(Fig. 12).
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Fig. 16. Thermogravimetric analysis data in the temperatange 420-460 °C after 7, 28 and 90
days of hydration

On the other hand, the fact that the pozzolanictimaobserved in the samples with the additive
is confirmed by the change in mass loss in theoregf Portlandite decomposition (~ 450 ° @).
pure cement samples, these losses increased eolgistith increasing hydration time and were
the highest of all tested samples (Fig. M@anwhile, in the samples with 10-25 wt.% of adei
the weight loss decreased with the increasing hiirdime, while in the sample with 5 wt.%
additive the weight loss remained the same. It shbe noted that in the samples with the 10-
25wt.% CSCW additive, the weight loss during Podite decomposition begins to decrease after
28 days of hydration, compared with weight losgrait days of hydration. This confirms that the
CSCW additive is a very active pozzolanic additsiece ordinarily the pozzolanic reaction is only
noticeable in the later period of hydration [28].Z6he greatest decrease in mass loss in the &rea c
Portlandite decomposition is observed in the samile 10% of the additive, having the highest

compressive strength over the entire curing time.

4. Conclusions;

1. Smectite clay waste consists of montmorilloniteartgy anorthite, calcium sulfate, and

amorphous phas&mectite clay loses 30.4% of its weight in the temafure range of 30 - 900
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°C, and 13.5% of its weight loss is attributedhe tlecomposition of organic compounds. The

SCW exhibits a pozzolanic activity of 117 mg CaO/qg.

. The extraction with hexane for the SCW regeneraiticneases the pozzolanic activity almost

twice - from 117 mgCaO/g to 216 mgCaO/g. Howevéerahis process, the SCW retains a
high content (10.28 wt.%) of organic impuriti€he extracted SCW additive extends the
induction period of Portland cement hydration, Sawe initial cement hydration and reduces
the compressive strength of Portland cement samtilesefore, the extracted SCW is not a

suitable additive for Portland cement.

. The thermal activation method achieves best rebyltsalcining SCW samples at 600 “The

calcined additive indicated the strong pozzolamitvay, because this index increases to 320
mg CaOl/g. High pozzolanic activity of samples agged with the formation of the amorphous
phase by activating the smectite clay with thewidfacid rather than the degradation of the

clay minerals during the combustion.

. The CSCW additive accelerates the hydration ofigadcsilicates and in samples with the

CSCW additive proceed intense pozzolanic reacttmch is clearly identified after 28 days of

hydration.

. Up to 15 wt.% of the Portland cement can be repldne the smectite clay waste additive

calcined at 600 °C without reducing the compresstuwength of Portland cement samples.
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Highlights

The smectite clay waste consists of montmorillgngeartz, anorthite, calcium sulfate, and
amorphous phase.

The thermally activated at 600 °C smectite clay tevadistinguished forigh pozzolanic
activity, however, this phenomenon is associatet thie formation of the amorphous phase by
activating the smectite clay with the sulfuric ac@mther than the degradation of the clay
minerals during the combustion.

The calcined smectite clay waste accelerates ttgtign of calcium silicates and increases the
compressive strength of samples, because up td.% a¥ the Portland cement can be replaced
by the smectite clay waste additive calcined at 6G0without reducing the compressive

strength of Portland cement samples.



