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Abstract

The concept of sustainability is now considered as the key of the future, not just for industry
but also for all resources on this planet. The real guarantee for the continuation of life is by
recycling all types of industrial waste using a method that combines a high level of efficiency and
environmental pollution protection. This will create a sustainable resource that keeps earth’s
natural resources from depletion. In this study, we introduce a technological procedure for the
use of cement waste in manufacturing engineering parts with high efficiency. Rheological analysis
for styrene butadiene rubber has been investigated as function percentages additives (10-35
pphr) of cement waste (CW) and carbon black (CB). The rheological properties include torque
and thermos-plasticity measured at temperature ranges of 165 °C, 175 °C and 185 °C. The
tests showed that the cement waste has the ability and efficiency for improving the rheological

properties of styrene butadiene rubber.

Keywords: SBR, cement waste, carbon black, rheological properties, sustainability
Kulcsszavak: SBR, cementhulladék, szénfekete, reoldgiai tulajdonsagok, fenntarthatésag

1. Introduction

Rubber has been used for a long time in many important
industrial applications, because of its distinctive characteristics
[1-3]. Researchers over the years conducted studies to develop
its structure and characteristics not only by creating a new types
of rubber, but also develop the existing types by adding fillers
or changing processing conditions and study how its properties
are affected. Rheological properties are greatly affected by the
processing method and additives [4-8]. Because of rubber is
a viscoelastic material, its rheological properties will change
during processing. In addition, the presence of fillies within
rubber composition such as carbon black or silicon dioxide
will change the rheological behaviour of rubber making it
more complex. The degree of change in processing conditions
depends on the amount of the fillers [9-11]. When studying the
rheological behaviour of rubber it is important to calculate the
rate of flow at different conditions in terms of stress, applied
time of stress, temperature and resilience [12-17].

Iraq’s environmental regions near cement factories suffers
from high concentrations of pollution [18-19]. This is
due to the use of old cement factorization techniques and
non-compliance with environmental standards and safety
requirements. The use of filters to remove suspended dust in
the air - which is a result of crushing raw materials - reduces
gases emission throughout the process and dust coming out of
the oven during the burning stage of raw materials and clinker
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crushing, are safe methods for disposal from this waste. All
these environmental issues caused a significant damage for
the surrounding areas of cement factories and travel to far
areas by dust particles volatilization [20-21]. Therefore, it is
necessary to provide an appropriate technological procedure
to safely dispose the wastes for all types of industrial waste not
just for cement waste, to be incorporate into useful engineering
applications, where it can be used as fillers for rubber and
polymers composition [22-36]. The main aim of this research
is the use of cement waste as filler for styrene butadiene rubber
(SBR) and to study the effect of this additive on the rheological
properties in order to prove that these wastes are useful for
manufacturing of idler rollers used in chain conveyors and
elevators at grain silos of Iraqi State Trade Company.

2. Methodology

2.1 Materials

Styrene butadiene rubber type KER 1502 containing
23.5% Styrene supplied by Synthos S.A., Poland; Carbon
black type N375 supplied by Sullivan Qiao Shanghai King
Chemicals Co., Ltd., China; Zinc oxide with supplied by
Saha Metal San. Tic. Ltd. Sti, Turkey; Stearic acid supplied by
Hefei TNJ Chemical Industry Co.,Ltd, China; Antioxidant
6PPD supplied by Flexsys Rubber Chemicals Ltd, Belgium;
Accelerator MBS supplied by Richest Group, China. Paraffin
Wax supplied by Kerax Limited, England; Sulfur supplied by
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with 150 mm diameter and 300 mm
length rotating with 24 rpm speed. The
cure characteristics for the four batches
samples were evaluated according to the
standard ASTM D2705 by using micro
vision enterprises (MV-ODR) devise
[37]. The test was done at temperature
165, 175 and 185 °C and 12 min for each
sample.

3. Results and discussion

Al
i b Bt
i

Fe The rheological behaviour of SBR/CW/

CB tricomposite at different temperature

1.00 2.00 3.00 4.00 5.00

Fig. 1 SEM - energy dispersive X-ray microanalysis for cement waste

1. dbra A cement pdsztizo elektronmikroszkdppal végzett energia-diszperziv rontgen mikroanalizise

Leader Technologies Co.,Ltd, China; Processing oil supplied by
Shell oil company; and Cement waste (Kiln dust) which results
from Portland cement manufacturing at Kufa cement plant,
Iraq which using the wet process for producing cement . The
chemical composition of cement waste shown in Table 1, and
scanning electron microscopy (SEM) was used for structural
analysis of cement waste as shown in Fig. 1.

Material wt.%

Si0, 11.11
ALO, 2.38
Fe,0 2.55
ca0 46.29
MgO 112
S0, 0.59

cl 0.12

Table 1 Chemical composition of cement waste

1. tabldzat A cement hulladék kémiai Osszetétele

Batches composition ratio, pphr

Material

c c c c,

1 2

SBR type KER 1502

100 100 100 100
(23.5% Styrene)

Zinc oxid 5 5 5 5
Stearic acid 2 2 2 2
Paraphinic wax 2 2 2 2
Processing oil 5 5 5 5
Antioxidant 6PPD 0.5 0.5 0.5 0.5
Accelerator MBS 1 1 1 1
Sulfur 1.5 1.5 1.5 1.5
Carbon black (CB) 10 20 30 35
Cement waste (CW) 10 20 30 35

Table 2 Samples' ingredients

2. tabldzat A mintdk dsszetétele

2.2 Sample preparation and testing

The raw material batches illustrated in Table.2 had been
processed by roll mill machine type Comerio Ercole Busto
Avsizo with 20 rpm rotating speed, which contains two rolls

7.00 KeV

ranges and percentages of CW/CB
additives are shown in Figs. 2, 3 and 4
respectively. From these figures we can
see that the deviations in rheological properties are dependent
on the amount of CW/CB additives. At the initial stage of
processing, the rubber is primarily heated where the viscosity
is decreased and the torque is decreased consequently. In this
earlier phase, the rubber compound begins to vulcanize and
transform to elastic solid and the torque starts recovering. The
minimum shear stress can be recorded also where the molecular
chain scission may be occurred. The torque continues to rise
up which proves that the crosslinking has been occurred and
dominates the rubber structure [38].

80
Torque, Ib.in

70

60

50

T

0 1 2 3 4 5 6 7 8
time, min

Fig. 2 Rheograph of SBR/CW/CB tricomposite at 165 °C with different percentages
additives of CW/CB (CI, C2, C4 and C4 batches)
2. dbra  SBR/CW/CB hdromkomponensti rendszer Rheograph nyomaték gorbéje 165
°C-on kiilonbzé CW/CB adagols esetén (C1, C2, C3 és C4 mintdk)

Figs. 5, 6 and 7 shows the variation in T,T and T due to
CW/CB additives and temperatures. From Fig. 5 we can observe
that the increase of initial torque (t) was linear as the percentage
of additives increases. It was 0.44 at 165 °C and 175 °C. After that
it increased to 0.54 at 185 °C. This is an early indication that the
SBR/CW/CB tricomposite is behaving differently at this particular
temperature, where is some sort of internal structural changes
have been occurred like crosslinking as we mentions above.

Fig. 6 shows that the highest T and t _ values were at
30 pphr CW/CB, where the SBR/CW/CB tricomposite has
reached the optimum torque improvement. The rate of linear
trend in Fig. 7 for all CW/CB filler percentages is 0.82. Overall
torque values obtained from rheographs increase positively

Vol. 71, No. 5 = 2019/5 = . 145
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with the increasing of the CW/CB additives percentage. This
behavior is due to the performance and density of crosslinking
inside rubber chains structure and that leads to increase
vulcanization efficiency and rubber viscosity [39].

80
Torque, Ib.in
70
60
50
40
30
20

10

-—--Ca

0
0 1 2 3 4 5 6 V) 8
time, min

Fig. 3 Rheograph of SBR/CW/CB tricomposite at 175 °C with different percentages
additives of CW/CB (CI, C2, C4 and C4 batches)
3. dbra SBR/CW/CB hdromkomponensii rendszer Rheograph nyomaték gorbéje
175 °C-on kiilonboz6 CW/CB adagolds esetén (C1, C2, C3 és C4 mintdk)
70
Torque, Ib.in
60
50
40
30
20

10

0 1 2 3 4 5 6
time, min

Fig. 4 Rheograph of SBR/CW/CB tricomposite at 185 °C with different percentages
additives of CW/CB (CI, C2, C4 and C4 batches)
4. dbra  SBR/CW/CB hdromkomponensii rendszer Rheograph nyomaték gorbéje
185 °C-on kiilonbozé6 CW/CB adagolds esetén (C1, C2, C3 és C4 mintik)

45
Initial Torque
Ibin 49

35

30 -

25

20

15

©165C
10

A175TC
0185

0 5 10 15 20 25 30 35 40
CWI/CB additives, pphr

Fig. 5 Initial torque of SBR/CW/CB tricomposite as a function of CW/CB additions
at 165 °C, 175 °C and 185 °C temperature ranges
5. dbra  SBR/CW/CB hdromkomponensii rendszer kezdeti nyomatéka 165 °C, 175 °C
és 185 °C-on a CW/CB adagolds fiiggvényében

4. Conclusions

1. The success of cement waste as an effective filler for
improving the rheological properties of SBR has been
proven by rheological tests.
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2. 'The optimum of the rheological properties were obtained
with CW/CB 30 pphr addition.

3. Asaresult of crosslinking enhancing for the interior
structure of SBR tricomposite by CW/CB additives, the
torque values (‘ri) t_ and t__ ) has been refined.

max

25

Minimum Torque
Ib.in

20

15

10 o

®165C

0175C

A 185C

0 5 10 15 20 25 30 35 40
CWI/CB additives, pphr

Fig. 6 Minimum torque SBR/CW/CB tricomposite as a function of CW/CB
additions at 165 °C, 175 °C and 185 °C temperature ranges
6. dbra SBR/CW/CB hdromkomponensii rendszer minimdlis nyomatéka 165 °C,
175 °C és 185 °C-on a CW/CB adagolds fiiggvényében

. 80 Overall rate
Maximum Torque
Ib.in 82
70 e o
e A
60 s
o '
- A
50 o
A
40
30
20 ®165C
10 0175
A185C
0
0 5 10 15 20 25 30 35 40

CWI/CB additives, pphr

Fig. 7 Maximum torque SBR/CW/CB tricomposite as a function of CW/CB
additions at 165 °C, 175 °C and 185 °C temperature ranges
7. dbra SBR/CW/CB hdromkomponensii rendszer maximdlis nyomatéka 165 °C,
175 °C és 185 °C-on a CW/CB adagolds fiiggvényében
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Kivonat

Az elsddleges nyersanyagforrasok novekvd felhasznalasa és folyamatos csOkkenése miatt a
pernye napjaink egyik meghatarozé nyersanyagava valt tobbek kozott cement- és betonipari,
mezbgazdasagi stb. felhasznalasra. A pernye geopolimer alapanyagként valdé felhasznalasa
mar évtizedek oOta foglalkoztatja a kutatokat. JO reakcioképessége és a termékek kivald
mechanikai tulajdonsagai mellett alkalmazasa kornyezeti szempontbdl is elonyds. Kisérleteim
soran tatabanyai, deponalt barnaszén pernye 6rlésének hatasat vizsgaltam az ezekbdl késziilt
geopolimerek nyomoszilardsagara. A pernye fébb tulajdonsagainak meghatarozasa utan 5,
10, 20, 30, 60 és 120 perces drleményeket készitettem, melyekbdl geopolimer prébatesteket
allitottam el6. Az orlési id6 novelésének hatasara nott a probatestek testslirliségének értéke,
azonban az egytengelyli nyomoészilardsag esetén nem volt megfigyelhetd egyértelml trend:
kezdeti ndvekedés utan a geopolimerek nyomészilardsaga csokkent, majd ismét megnodvekedett.
Annak érdekében, hogy feltarjam a valtozasok okat az alapanyag és a prébatestek vizsgalata
mellett eredményeimet 6sszehasonlitottam korabbi deponalt pernyébdl (tiszadjvarosi) eldallitott
geopolimerek tulajdonsagaival. Az eddig elvégzett vizsgalatok alapjan lathato, hogy minden
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pernye esetében van egy optimalis 6rlési finomsag.

Kulcsszavak: deponalt pernye, geopolimer, mechanikai aktivalas, nyomészilardsag
Keywords: compressive strength, geopolymer, landfilled fly ash, mechanical activation

1. Bevezetés

Vilagviszonylatban a cement az egyik legnagyobb mennyi-
ségben hasznalt alapanyag. Felhasznalasa a tarsadalmi-gazdasa-
gi fejlédés elengedhetetlen velejardja, azonban eléallitdsa nagy
mennyiségli CO, kibocsétdssal jar (pl. kemencefiités, mészko
kalcinalas, alapanyag szallitas stb.), ezért az utobbi évtizedek so-
ran vilagszerte kutatdsokat végeznek kornyezetbarat, alternativ
épitéanyagok kifejlesztésére [1, 2]. A geopolimerek szervetlen,
polimer szerkezetli anyagok, melyek szilard alumino-szilikat-
oxidok és alkali-szilikatok ligos vagy savas kozegben torténd
aktivalasaval allithatdk elS. Energiahatékony és kornyezetbarat
eléallitasuk, kivald mechanikai tulajdonsagaik, bizonyitott sav-
és tlizalloképességiik miatt idedlis épitSipari alapanyagnak bi-
zonyultak. Szerkezetiik az alabbi képlettel jellemezhet6:

Mn{-(Si-0,)z-Al-O}n-wH,0
ahol ,M” a toltéskiegyenlitéshez szitkséges kation,
leggyakrabban Na’, K*, az ,n” a polikondenzaciés fok, ,z”
jeloli a Si/Al moldris aranyt, ami 1, 2 vagy 3 lehet, illetve ,w” a
kapcsolodé vizmolekuldk szamara utal [2-4].

A pernye a széntiizelésli erdmiivekben keletkezd, finom
szemcseméretli, vildgszerte nagy mennyiségben fellelhetd
ipari melléktermék. Miutan a szén elégetése utan a fiistgazzal
tavozik a kazanbdl, a pernyét killonboz6 porlevalasztok segit-
ségével (elektrosztatikus porlevalaszt6, mechanikai sz(iré, vagy
ciklon) eltavolitjak a rendszerbdl. Ezt kovetéen hasznosithat6
pl. talajjavitoként vagy cement- és betonipari alapanyagként,
de legnagyobb mennyiségbe lerakasra/tarolasra keril. Kémi-
ai és asvanyos Osszetétele alapjan megfelel6 geopolimerizacios
alapanyag, felhasznaldsa kornyezeti és gazdasagi szempontbol
is el6nyos [1, 5, 6].
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Az elmualt évtizedekben elvégzett, pernye-alapt geopolimer
gyartasra iranyul6 kisérletek soran kezeletlen, osztalyozott (pl.
szitaldssal, légosztalyozdval) és mechanikailag aktivélt pernye
alkalmazasat is vizsgaltak [7, 8, 9], azonban a szakirodalom kis
hanyada foglalkozik a deponalt pernye felhasznalasanak lehe-
tdségeivel.

Kusnierova és szerzGtarsai deponalt feketeszén pernye amorf
fazis tartalmanak valtozasat vizsgaltak az eltelt id6 fliggvényé-
ben és megallapitottak, hogy a pernye jelentés devitrifikacion
ment keresztiil, azaz csokkent az iiveges fazis ardnya [10].
Yehevis et al. kutatasuk sordn a depondlt pernye kémiai, as-
vanytani és geokémiai valtozasait elemezték. A mintak eltérd
ideig, kiillonb6z6 mélységekben voltak depondlva, igy az erdzi6
hatasat is megfigyelhették. Eredményeik alapjan elmondhato,
hogy a pernye dsvanyos Osszetétele és mikroszerkezete meg-
valtozott a deponalds hatdsdra [11]. Peterova et al. deponalt
és friss pernye anyagtulajdonsagait hasonlitottak ossze, hogy
megallapitsak, alkalmas-e a tobb évtizede tarolt pernye beton-
ipari hasznositasra. Vizsgalataikkal kimutattdk, hogy a kiilon-
b6z mélységben vett depondlt pernye mintak szemcseméret-
eloszlasai tag hatarok kozt mozogtak, igy felhaszndlas el6tt
szlikséges annak osztalyozasa vagy érlése [12].

Tennakoon et al. ausztral depondlt és friss barnaszén per-
nye felhaszndlasi lehet8ségeit vizsgaltak. Megallapitottak,
hogy a pernyék 6nmagukban nem alkalmazhatok j6 mingsé-
gl geopolimer elddllitdsdra az alacsony SiO,/ALO, ardnyuk
miatt, viszont feketeszén pernye és salak hozzaaddsaval akar
30 MPa feletti 7 napos nyomoszilardsag is elérheté (maxi-
mum 40% barnaszén pernye hasznalataval). Ezen keverékek
esetén a depondlt barnaszén pernyét tartalmazé probatestek
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mikroszerkezeti vizsgalatai soran kevesebb szabad pernye és
salak szemcse volt megfigyelhet6, mint friss pernye hasznalata
esetén [13]. Saxena et al. kisérleteik soran arra kovetkeztetett,
hogy a deponalt pernye alkalmas jé mindségili geopolimer el6-
allitdsara, tovabba megallapitottak, hogy 1 6ras mikrohullamu
hokezelést alkalmazva magasabb szildrdsagu geopolimerek al-
lithaték eld, mint amit kemencében 80 °C-os, 12 drds hékeze-
léssel tudtak elérni [14].

A termikus kezelés mellett fontos az alapanyagok mecha-
nikai el6készitése. Mechanikai aktivalds hatdsara csokken a
szemcseméret és megvaltozik szemcsék morfoldgiaja, ezaltal
nd a pernye reakcidképessége és né az eléallitott geopolimerek
nyomdszilardsaga [7, 9, 15]. Kwasny et al. nedves, szaritott
és szitalt, szdritott és 6rolt deponalt, valamint siléban tarolt
pernye alapu geopolimerek nyomoszildrdsagat hasonlitottdk
Ossze. Szaritott és 6rolt deponalt pernye hasznalataval kozel
azonos nyomoszilardsagu geopolimereket sikeriilt készite-
niiikk, mint a siléban tarolt pernye alkalmazasaval, azonban
el6kezelés nélkiil a reakcidképessége nem volt megfeleld [16].
A Miskolci Egyetem Nyersanyagel6készitési és Kornyeze-
ti Eljarastechnikai Intézetében mar 10 éve folynak deponalt
pernye mechanikai aktivdldsira és hasznositasara iranyuld
kutatasok. Tiszaujvarosi deponalt pernye kever6malommal
torténd Orléseik soran Molnar et al. (2014) az 6rlési id6 no-
velésével a szemcsék agglomeraldodasat és a fajlagos feliilet
csokkenését, a szubmikronos szemcsék alakjanak valtozasat
tapasztaltak [17]. Mucsi et al. tiszaujvarosi deponalt pernyé-
vel folytatott kisérleteik sordn szintén a szemcsék finomodasit,
majd agglomeral6dasat figyelték meg az 6rlési id6 novelésével,
ami a fajlagos feliilet kezdeti névekedését, majd cs6kkenését
eredményezte. Ez a geopolimer probatestek teststirtiség és nyo-
moszilardsag értékeinél is megfigyelhetd volt: kezdeti noveke-
dés utan az optimalis 6rlési id6t tallépve mind a nyomdszilard-
sdg, mint a teststiriiség csokkenni kezdett. Kisérleteik soran
tobb malomtipussal is kisérleteztek, ezek kozil keverdmalmi
Orléssel sikeriilt a legfinomabb szemcseméret(i pernyét elal-
litaniuk [18, 19]. Szabé et al. a pernye 6rlés geopolimer ha-
bokra gyakorolt hatasat vizsgaltak, tiszadjvarosi pernye hasz-
nalatdval. Kutatasaik sordn sikeriilt dsszefiiggést felallitaniuk
a geopolimer paszta folyasi tulajdonsaga és a pernye szemcse-
finomsaga kozott. Az eldallitott geopolimer habok nyomoszi-
lardsaga és teststirtisége eleinte nétt az 6rlési idé novelésével,
majd csokkenni kezdett [20].

Kisérleteim sordn golyésmalmi &6rlés hatasat vizsgéltam ta-
tabanyai deponalt barnaszén pernyébdl késziilt geopolimerek
nyomoszilardsagara.

2. Anyagok, vizsgalati médszerek

A geopolimerizacids kisérletekhez tatabanyai deponalt bar-
naszén pernyét (FA1l) hasznaltam, és az elért eredményeket
hasonlé koérillmények kozt 6rolt, tiszadjvarosi deponalt bar-
naszén pernye (FA2) geopolimerek vizsgalati eredményeivel
vetettem Ossze.

A pernyék kémiai  Osszetételének  meghatarozasa
rontgenfluoreszcens  spektroszkopia — segitségével (XRF)
tortént, mely eredményét az 1. tdbldzat foglalja 6ssze. Az XRF
eredmények alapjan megdllapithat6, hogy FA2 SiO, tartalma

kozel 15%-kal magasabb, azonban Al O, tartalma kézel azo-
nos, mint az FA1 mintaé. EbbSl adéddan az FA1l minta ese-
tén a SiO,/AlL O, ardny joval alacsonyabb (1,69), mint az FA2
minta esetén (2,3). Osszetételiik alapjan FA1 és FA2 is F tipusa
pernye, azonban FA1 lényegesen magasabb CaO tartalommal
rendelkezett, mint FA2.

FA1 FA2
Komponens Alkoté mennyisége, m/m%
Sio, 46,40 61,32
ALO, 27,40 26,71
Ca0 7,04 1,50
Fe,0, 6.96 4,27
Mgo 2,23 0,89
K,0 1,65 1,72
Egyéb 8,32 3,59
LoI* 0,75 1,92

*Izzitdsi veszteség 950 °C-on (Loss on ignition at 950 °C).
1. tdblazat A pernyék kémiai Osszetétele
Table 1 The chemical composition of the fly ash samples, FA1=Tatabdnya fly ash,
FA2=Tiszatijvdros fly ash

A pernyék izzitasi vesztesége fontos tulajdonsag geopolimer
eléallitas szempontjabol. Ha magas a pernye szervesanyag-tar-
talma, nagyobb mennyiségt aktival6 oldat hasznalata sziiksé-
ges, ami a geopolimer alacsonyabb nyomdszilardsagat eredmé-
nyezi. A két deponalt pernyeminta LOI értéke igen alacsony, az
FA1 értéke 1% alatti, mig az FA2 értéke kozel 2%.

A pernyék mechanikai aktivaldsa a Nyersanyagel6készitési és
Kornyezeti Eljarastechnikai Intézet sima fali pancélzattal ella-
tott, ©305x305 mm-es golydsmalmaban tortént. FA1 esetén 5,
10, 20, 30, 60 és 120 perces 6rlést alkalmaztam. Az FA2 mintak
esetén az Orlés 5, 10, 20, 30 és 60 perces volt [19]. Az FA1 6rlése
soran acél Orlétesteket hasznaltam, melyek 6ssztomege 36 kg
volt 30%-os toltési fok mellett, a maximalis golyéméret pedig
40 mm volt. A pernyét 110% anyagtoltési fok és 70 1/min for-
dulatszdm alkalmazasaval 6r6ltem. az FA2 minta 6rlése azonos
kortalmények kozott tortént.

Az FA1 geopolimer keverékek szildrd anyag/aktival6 oldat
aranya 0,82 volt. Az aktival6 oldat 75 m/m% Betol SB tipust
viziiveget (25,3% SiO,; 13,7% Na,O; 2,7% K O) és 25 m/m%
8M-o0s NaOH-t tartalmazott. Az FA2 prébatestek 0,65 szilard
anyag/aktival6 oldat (NaOH oldat) arannyal késziiltek [19].

A geopolimer probatestek eldallitdsahoz elGszor Osszeke-
vertem a pernyét és az aktival6 oldatot, amit 35 mm belsé at-
mérdjli, formaelvalaszté olajjal bekent, hengeres sablonokba
toltottem. Ezutdn a probatesteket vibracids asztal segitségével
1 percig tomoritettem. A tomoritett probatesteket 24 éran 4t
levego6tdl elzartan, allandé hémérsékleten pihentettem, majd
a 24 Ora eltelte utdn kovetkezett a probatestek hokezelése 1
oras felfiitési idével, 50 °C-on, 6 6ran keresztiil. Ezt kovet6en a
hékezelt geopolimereket lehtilés utan tovabbi 5 napig leveg6tol
elzdrtan, dllandé h6émérsékleten pihentettem. A prébatestek
tomegének, magassaganak és atmérdjének mérésével meghata-
roztam az atlagos teststirtiség értékeket, majd ezutan tortént a
probatestek egytengelyli nyomdszilardsag-vizsgélata.

A nyers és Orolt pernyék szemcseméret-eloszlas méréséhez
laboratériumi HORIBA LA950- V2 tipustilézeres szemcseméret-

Vol. 71, No. 5 = 2019/5 = . 149



épitoanyag - Journal of Silicate Based and Composite Materials

elemzd késziiléket hasznaltam, nedves kozegli diszpergélassal.
A szemcseméret eloszlds meghatdrozasa mellett a szoftver segit-
ségével lehetséges a mért anyag fajlagos feliiletének (geometri-
ai), darab-, ill. feliileti eloszlasanak a meghatarozasa is. A fajla-
gos feliilet szamitasa 1,75-0s alaktényezével tortént.

A geopolimerek szerkezetének vizsgdlatahoz Jasco FT-IR
4200 tipust Fourier transzformacios infravords spektrométert
hasznaltam.

3. Eredmények

3.1 Pernye Orlés

Az 6rlések soran az Orlési energia mérésére is sor kertilt,
mely egyenes ardnyossagban nétt az érlés idStartaméval. Az
FA1 minta 5, 10, 20, 30, 60 és 120 perces érlése utan mért ne-
vezetes szemcseméretek (X, X,, X,,: azok a szemcseméretek,
amelynél a szemcsék 10, 50, illetve 90 %-a kisebb) véltozasat
az 1. dbra mutatja. Az érlemények x  értéke kis mértékben
folyamatosan csokkent az 6rlés hatasara, a 120 perces Orlés
végére 1,76 pm-re csokkent. A medidn szemcseméret 20 perc
utan jelentdsen csokkent (51,12 pm-rél 17,5 um-re), majd to-
véabbi 6rlés hatdsdra ~10 um-re csdkken. Az x, szemcseméret
156,03 pm-r6l 25,38 um-re csokkent a 120 perces Orlés végére.
A szemcseméret-elemzés sordn a szemcsék agglomeraldédasa
nem volt megfigyelhet6.

160 ==

120 —

B —

Szemcseméret, um

40 —

0 50 o 100 150 200 250
Orlési energia, Wh

1. dbra Az FAI drlemények nevezetes szemcseméret értékei
Fig. 1 Characteristic particle size data of the ground FAI samples

Az 6rlemények geometriai fajlagos feliilet értéke az 6rlési id6
fiuggvényében exponencialisan novekedett. A fajlagos feliilet
valtozasa R?=0,985 korrelacids egyiitthatoval az alabbi flgg-
vénnyel jellemezhetd:

In(Y) = 0,0161 X + 7,821 (1)

o

3.2 Geopolimerek nyomoszilardsaga, testsiiriisége

A pernye mechanikai aktivaldsa el6tt a nyers pernye reak-
cioképességének vizsgalata céljabol geopolimer prébatesteket
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allitottam elé 6 M koncentraciéju NaOH oldat hasznalataval.
A nyers pernye alkalmazasaval a geopolimer probatestek nem
voltak alkalmasak a nyomoszilardsagi kisérletek elvégzésére,
mivel nem rendelkeztek megfeleld mechanikai stabilitassal
(kézzel konnyen morzsolhatdk voltak).

Az 6rolt pernye finomsaganak és a fajlagos feliilet noveke-
désének hatdsara valtozik a keverék reoldgiai tulajdonsaga

s

[20], amely megfigyelhet6 volt a probatestek eléallitasa so-
ran. A hosszabb 6rlési id6vel eléallitott Srleményekbdl késziilt
geopolimer pasztdk higan folyds allagtiak voltak, ellentétben a
révidebb ideig 6rolt pernyékbdl késziilt keverékek.

A probatestek nyomoszilardsag értékei és a kapcsolddé 6r-
lemények fajlagos felilletének véltozasat Osszehasonlitva (2.
abra) eltéré trend figyelhet6 meg. Habar az FA1 6rlemény faj-
lagos feliilete nétt, az egytengelyt
perc 6rlés utan drasztikusan lecsokkent, 23,3 MPa-rol 12 MPa

ala, majd az Orlési id6 120 percre valé novelésével ismét 22

nyomoszilardsag értéke 10

MPa folé nétt a probatestek szilardsaga. Az FA2 érleménybdl
eléallitott probatestek esetén megdllapithatd, hogy a fajlagos
feliilet emelkedésével kezdetben jelentds szilardsag novekedés
volt tapasztalhatd, azonban a fajlagos feliilet 3000 cm?/g folé
novelésével a nyomoszilardsag értéke stagnalt (3. dbra). Azon-
ban a nagyobb fajlagos feliilet nem feltétleniil jar a geopolimer

probatestek nagyobb nyomdszilardsagaval [21, 22].
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2. dbra Az FAI prébatestek dtlagos nyomoszildrdsdg és fajlagos feliilet értékei
Fig. 2 'The average compressive strength and specific surface area values of FA1

specimens

A probatestek teststirtiségét megvizsgalva (2. tablizat) a kez-
deti 1,63 g/cm’ testslirliség a 60 perces Orlés eredményeképp
1,71 g/cm’-re emelkedett, majd 120 perces 6rlés hatdsara 1,68
g/cm?-re csokkent, tehat az elért nyomdszilardsag és a teststirti-

ség értékek kozott sincs korrelacio.
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3. dbra Az FA2 prébatestek dtlagos nyomdszildrdsiga a fajlagos feliilet fiiggvényében
[19]
Fig. 3 'The average compressive strength of FA2 specimens in relation to specific
surface area
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2. tabldzat  Orolt FA1 geopolimerek testsiirdiség értékei
Table 2 Specimen densities of ground FA1 geopolymers
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4. dbra Az 5, 30 és 120 perces FAI 6rleménybdl késziilt geopolimer probatestek FT-IR
spektrumai
Fig. 4 'The FT-IR spectra of geopolymers from FA1 ground for 5, 30 and 120 minutes

3.3 FT-IR vizsgalatok

Az5,30 és 120 perces FA1 6rleményekbdl késziilt geopolimer
probatestek FT-IR spektrumait a 4. dbra mutatja.

A ~3400 cm™ hullimszdmnal megfigyelhetd széles csticsok
az -OH és HOH koétések nytjtéd rezgései, mig az 1650-1630
cm™ hullamszdmnal megjelendk a hajlité rezgései kozel azo-

nosak, ezeket a felszinen vagy a pérusokban megkotott vizmo-
lekulak okozhatnak. Az 1400 cm™ koriil megjelend csticsok az
O-C-0 kotések nytjtd rezgései, melyek jelenléte a geopolimer
szilardsaganak csokkenését okozhatja [23, 24], azonban a vizs-
galt probatestek esetén nem volt szamottevé eltérés a csucsok
intenzitasa kozott. A 990 cm™ hulldmszamnal lathat6 cstcsok
az Si-O-Si és Si-O-Al kétések aszimmetrikus nyujto rezgései,
melyek a geopolimerizacié fokara utalnak, azonban ezen csu-
csok intenzitédsa is kozel azonos [25, 26, 27].

A vizsgélt probatestek FT-IR spektrumai szinte azonos lefu-
tastak, igy a szerkezeti vizsgalatok alapjan nem mutathat6 ki
szamottevo eltérés, mely magyarazatot adna a nyomdszilardsag
abnormalis véltozasara.

4. Megallapitasok

Kisérleteim soran deponalt barnaszén pernye golyésmalmi
Orlésével foglalkoztam. A 120 perces 6rlés eltelte utan sem volt
megfigyelhet az érlemények szemcseméretének novekedése,
sem a fajlagos feliilet csokkenése, azaz a pernye szemcseméreté-
nek folyamatos csokkenését tapasztaltam. A mintak érlése utan
geopolimer prébatesteket készitettem, hogy az 6rlés nyomoszi-
lardsagra gyakorolt hatdsat vizsgdljam. A prébatestek nyomo-
szilardsag értéke és a teststirtisége kozott nem allapithaté meg
egyértelmi kapcsolat, valamint a probatestek FT-IR vizsgalata
sem mutatott ki jelentds kiilonbséget a geopolimerek szerkeze-
tében. A probatestek tovabbi vizsgalata sziikséges (pl. XRD) a
nyomoszilardsag szabalytalan valtozdsanak megértéséhez.

Koszonetnyilvanitas

A cikkben ismertetett kutat6 munka az EFOP-3.6.1-16-
2016-00011 jelt ,Fiatalodd és Megutjuldé Egyetem - Innova-
tiv Tudasvaros — a Miskolci Egyetem intelligens szakosodast
szolgald intézményi fejlesztése” projekt részeként — a Széchenyi
2020 keretében - az Eurdpai Uni6 tdmogatasaval, az Eurdpai
Szocialis Alap tarsfinanszirozasaval valosul meg. A szerz6 ko-
szonetét fejezi ki Dr. Debreczeni Akosnak és Kételes Laszlonak
(ME, Banyaszati és Geotechnikai Intézet) az egytengelyl nyo-
moszilardsagi mérések biztositasaban és elvégzésében nyujtott
segitségéért, Dr. Kristaly Ferencnek (ME, Asvénytani - Foldtani
Intézet) az XRD vizsgalat elvégzéséért, valamint Dr. Mucsi Ga-
bornak és Szabé Rolandnak (ME, Nyersanyagel6készitési és
Kornyezeti Eljarastechnikai Intézet) a témaban valé irdnymu-
tatasukért.

Irodalomjegyzék

[1] Nath, SK. - Kumar, S. (2019): Reaction kinetics of fly ash
geopolymerization: Role of particle size controlled by using ball mill.
Advanced Powder Technology 30 (5), pp. 1079-1088.
http://dx.doi.org/10.1016/j.apt.2019.02.003

[2] Mucsi, G. - Cs6ke, B. - Erdés, Gy. (2011): Erémii pernyehasznositas
kutatasi tapasztalatai: hidraulikus kotdanyag és geopolimer el6allitdsa.
Banydszati és Kohdszati Lapok - BANYASZAT 144 (3), pp. 13-20.

[3] Davidovits, J. (2011): Geopolymer chemistry and application. Institut
Geopolimére, ISBN: 9782951482050 pp. 286.

[4] Kumar, R. - Kumar, S. - Mehrotra, S. P. (2007): Towards sustainable
solutions for fly ash through mechanical activation. Resources,
Conservation and Recycling 52 (2), pp. 157-179.
https://doi.org/10.1016/j.resconrec.2007.06.007

Vol. 71, No. 5 = 2019/5 = . 151


http://dx.doi.org/10.1016/j.apt.2019.02.003
https://doi.org/10.1016/j.resconrec.2007.06.007

épitoanyag - Journal of Silicate Based and Composite Materials

o

Bokényi L., Cséke B., Debreczeni A., Géspar L., Gombkété L., Horvath R.,
Less Gy., Mucsi G., Molnar Z., Ricz A. (2014): Erémti pernye komplex
hasznositédsa (Milagrossa Kft., Miskolc, 2014).

Kumar Sharma, P. - Prasad Singh, J. - Kumar, A. (2019): Effect of Particle

Size on Physical and Mechanical Properties of Fly Ash Based Geopolymers.

Transactions of the Indian Institute of Metals.

https://doi.org/10.1007/s12666-019-01628-w

Kumar, S. - Kristély, F. - Mucsi, G. (2014): Geopolymerisation behaviour

of size fractioned fly ash. Advanced Powder Technology 26 (1), pp. 24-30.

http://dx.doi.org/10.1016/j.apt.2014.09.001

Temuujin, J. - Williams, R. P. - van Riessen, A. (2009): Effect of mechanical

activation of fly ash on the properties of geopolymer cured at ambient

temperature. Journal of Materials Processing Technology 209 (12-13),

pp. 5276-5280. http://dx.doi.org/10.1016/j.jmatprotec.2009.03.016

Marjanovi¢, N. - Komljenovi¢, M. — Bascarevi¢, Z. - Nikoli¢, V. (2014):

Improving reactivity of fly ash and properties of ensuing geopolymers

through mechanical activation, Construction and Building Materials 57,

pp. 151-162. https://doi.org/10.1016/j.conbuildmat.2014.01.095

[10] Kusnierovd, M. — Slesarova, A. — Prascdakovd, M. (2005): The significance
of fly ash for their processing and utilization. In. Proc. Waste Recycling -
IX. Krakow, pp. 17-19.

[11] Yeheyis, M. B. — Shang, J. Q. - Yanful, E. K. (2009): Chemical and
Mineralogical Transformations of Coal Fly Ash after Landfilling, Eléadas,
World of Coal Ash Conference (WOCA), May 4-7, 2009. Lexington,
Kentucky, USA.
https://pdfs.semanticscholar.org/cbd5/45b35c33e8887885¢26f9dcaec451b0ba036.pdf

[12] Peterové, A. — Skvara, F. - Sidlov4, M. — Sulc, R. - Sokolov4, K. - Snop,
R. (2019): Can Czech Stockpiled Fly Ash be Used in the Production of
Concrete? In: McCarthy, M. J. - Newlands, M. D. —Jones, M. R. - Dyer, T.
D. - Csetenyi, L. ]. - Zheng, L. (szerk.): EuroCoalAsh 2019 Proceedings,
University of Dundee: Dundee, Egyesiilt Kiralysag/Skocia (2019), pp.
123-130.

[13] Tennakoon, C. - Sagoe-Crentsil, K. — San Nicolas, R. - Sanjayan, J.
G. (2015): Characteristics of Australian brown coal fly ash blended
geopolymers. Construction and Building Materials 101, pp. 396-409.
http://dx.doi.org/10.1016/j.conbuildmat.2015.10.089

[14] Saxena, S. K. -Kumar, M. - Singh, N. B. (2018): Effect of Alccofine
powder on the properties of Pond fly ash based Geopolymer mortar under
different conditions. Environmental Technology & Innovation 9, pp. 232-
242. https://doi.org/10.1016/j.eti.2017.12.010

[15] Diaz, E. I. - Allouche, E. N. - Eklund, S. (2010): Factors affecting the
suitability of fly ash source material for geopolymers. Fuel 89, pp. 992-996.
http://dx.doi.org/10.1016/j.fuel.2009.09.012

[16] Kwasny, J. - McGrath, T. - Lawther, S. - Soutsos, M. - Sha, W. - Cox, S. -

Chen, J. . (2019): Lagoon Fly Ash: A Potential Source of the Precursor for

Geopolymer. In: McCarthy, M. J. - Newlands, M. D. -Jones, M. R. - Dyer,

T. D. - Csetenyi, L. . - Zheng, L. (szerk.): EuroCoal Ash 2019 Proceedings,

University of Dundee: Dundee, Egyesiilt Kirdlysag/Skocia (2019), pp.

322-333.

[6

[7

=

[9

[17]Molnér, Z. - Kristdly, E - Mucsi, G. (2014): Mechanical activation of
deposited brown coal fly ash in stirred media mill, Acta Physica Polonica
A 126 (4), pp. 988-993. https://doi.org/10.12693/APhysPolA.126.988

[18] Mucsi, G. - Gombkétd, I. - Molnar, Z. - Osvath, I. - Kumar, S. (2016): Effect
of mechanical activation of fly ash on geopolymer properties, In: Finch, J.
- O’Connor, C. - Leroux, D. - Stubina, N. - Polin, G. (szerk): IMPC 2016:
XXVIII International Mineral Processing Congress Proceedings, pp. 1-9.

[19] Mucsi, G. -Kumar, S. - Cséke, B. — Kumar,R. —-Molnér, Z. - Racz, A. -
Médai, E - Debreczeni, A. (2015): Control of geopolymer properties by
grinding of land filled fly ash. International Journal of Mineral Processing
143, pp. 50-58. http://dx.doi.org/10.1016/j.minpro.2015.08.010

[20] Szabd, R. — Gombkotd, I. — Svéda, M. — Mucsi, G. (2017): Effect of grinding
fineness of fly ash on the properties of geopolymer foam, Arch. Metall.
Mater 62 (2B), pp. 1257-1231. http://dx.doi.org/10.1515/amm-2017-0188

[21] Kumar, S. - Kumar, R. - Alex, T. C. - Bandopadhyay, A. - Mehrotra, S. P.
(2007): Influence of reactivity of fly ash ongeopolymerisation. Advances in
Applied Ceramics 106 (3), pp. 120-127.
http://dx.doi.org/10.1179/174367607X159293

[22] Médai, F. - Kristaly, F. - Mucsi, G. (2015): Microstructure, mineralogy
and physical properties of ground fly ash based geopolymers. Ceramics —
Silikaty 59 (1), pp. 70-79.
http://www.ceramics-silikaty.cz/2015/pdf/2015_01_70.pdf

[23] Panias, D. - Giannopoulou, I. P. - Perraki, T. (2007): Effect of synthesis
parameters on the mechanical properties of fly ash-based geopolymers.
Colloids and Surfaces A: Physicochemical and Engineering Aspects, 301
(1-3), pp. 246-254. http://doi:10.1016/j.colsurfa.2006.12.064

[24]Szabo, R. (2019): Lignit pernye alapti geopolimerek mechanikai
tulajdonsdgainak szabalyozdsa vibraciés toméritéssel. Epité anyag -
Journal of Silicate Based and Composite Materials, 71 (2), pp. 66-71.
https://doi.org/10.14382/epitoanyag-jsbcm.2019.12

[25] Kumar, S. - Kumar, R. (2011): Mechanical activation of fly ash: Effect
on reaction, structure and properties of resulting geopolymer. Ceramics
International, 37 (2), pp. 533-541.
http://dx.doi.org/10.1016/j.ceramint.2010.09.038

[26] Hamdi, N. - Messaoud, B. I. - Srasra, E. (2018): Production of geopolymer
binders using clay minerals and industrial wastes. Comptes Rendus
Chimie 22 (2-3), pp. 220-226. http://dx.doi.org/10.1016/j.crci.2018.11.010

[27] Yaseri, S. - Hajiaghei, G. - Mohammadi, E - Mahdikhani, M. -
Farokhzad, R. (2017): The role of synthesis parameters on the workability,
setting and strength properties of binary binder based geopolymer paste,
Construction and Building Materials, 157, 2017, pp 534-545.
https://doi.org/10.1016/j.conbuildmat.2017.09.102

Ref.:

Ambrus, Méria: Mechanikai aktivélds hatdsa depondlt pernye alapii
geopolimerek nyomészildrdsdgdra
Epit6anyag - Journal of Silicate Based and Composite Materials,
Vol. 71, No. 5 (2019), 148-152. p.
https://doi.org/10.14382/epitoanyag-jsbcm.2019.26

152 .

= 2019/5 = Vol. 71, No. 5

OMBKE

Orszagos Magyar Banyaszati
ian Mining and M

és Kohaszati Egyesiilet



https://doi.org/10.1007/s12666-019-01628-w
http://dx.doi.org/10.1016/j.apt.2014.09.001
http://dx.doi.org/10.1016/j.jmatprotec.2009.03.016
https://doi.org/10.1016/j.conbuildmat.2014.01.095
https://pdfs.semanticscholar.org/cbd5/45b35c33e8887885e26f9dcaec451b0ba036.pdf
http://dx.doi.org/10.1016/j.conbuildmat.2015.10.089
https://doi.org/10.1016/j.eti.2017.12.010
http://dx.doi.org/10.1016/j.fuel.2009.09.012
https://doi.org/10.12693/APhysPolA.126.988
http://dx.doi.org/10.1016/j.minpro.2015.08.010
http://dx.doi.org/10.1515/amm-2017-0188
http://dx.doi.org/10.1179/174367607X159293
http://www.ceramics-silikaty.cz/2015/pdf/2015_01_70.pdf
http://doi:10.1016/j.colsurfa.2006.12.064
https://doi.org/10.14382/epitoanyag-jsbcm.2019.12
http://dx.doi.org/10.1016/j.ceramint.2010.09.038
http://dx.doi.org/10.1016/j.crci.2018.11.010 
https://doi.org/10.1016/j.conbuildmat.2017.09.102

MRS

European Materials Research Society

E-MRS now has more than 4,000 members from industry, government,
academia and research laboratories, who meet regularly to debate
recent technological developments of functional materials. The E-MRS
differs from many single-discipline professional societies by encouraging
scientists, engineers and research managers to exchange information on
an interdisciplinary platform, and by recognizing professional and technical
excellence by promoting awards for achievement from student to senior
scientist level. As an adhering body of the International Union of Materials
Research Societies (IUMRS), the E-MRS enjoys and benefits from very close
relationships with other Materials Research organizations elsewhere in
Europe and around the world.

23 RUE DU LOESS, BP 20 - 67037
STRASBOURG CEDEX 02, FRANCE
EMRS@EUROPEAN-MRS.COM

WWW.EUROPEAN-MRS.COM



épitoanyag - Journal of Silicate Based and Composite Materials

Rheological properties of

blended metakaolin self-compacting
concrete containing recycled

CRT funnel glass aggregate

Younes OULDKHAOQUA = Civil engineering laboratory, University of Laghouat 03000, Algeria
BencHaa BENABED - Civil engineering laboratory, University of Laghouat 03000, Algeria

= b.benchaa@lagh-univ.dz

Rasae ABOUSNINA = school of Engineering, Faculty of Science and Engineering, University of Waikato,
Hamilton 3216, New Zealand

EL-Haps KADRI = L2MGC laboratory, University of Cergy-Pontoise 95000, France

Erkezett: 2019. 07. 15. = Received: 15. 07. 2019. = https://doi.org/10.14382/epitoanyag-jsbcm.2019.27

Abstract

Rheology is a field of fluid mechanics that studies the flow of materials and the interaction
between stress states and deformation according to their viscosity, elasticity and plasticity and
with the appearance of new materials and the complex behaviour of concrete pumpability, since
the field of civil engineering is interested in the study of concrete flow. This work will examine how
the use of catodique ray tube (CRT) glass as sand replacement in proportions of O, 10, 20, 30, 40
and 50%, and metakaolin (MK) powder in proportions of 5, 10 and 15% will affect the rheological
properties of self-compacting concrete (SCC). In this investigation, the flow ability of SCC was
evaluated by slump flow, L-Box, and V-funnel tests. Its resistance to segregation was measured
by the sieve stability test and the yield stress and plastic viscosity was determined by a modified
slump test. This investigation concluded that CRT glass improved the rheological properties
and minimised the dosage of superplasticiser (SP); the best results came from concrete with
50% of CRT sand glass. This improvement helps to overcome the negative effect of MK in SCC
pumpability and reduces the time of casting. An acceptable relationship between rheological
properties shows that a modified slump test can be used to evaluate yield stress and viscosity.
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1. Introduction

The advent of SCC marks a new stage in the history of concrete
materials [1], and as such has several technical interests in the
field of civil construction and building (pumpability, easiness
and speed of implementation) [2]. The specificity of SCC lies in
its fresh state behaviour, and therefore this type of concrete must
be characterised by high workability and deformability while
remaining stable [3-5]. These properties contribute to ensuring
durable and quality structures [6, 7]. However, since the
variations of chemical admixtures and supplementary materials
will complicate its rheological properties, particularly its shear
thickening and shear thinning behaviour [8]. Many researchers
are turning to the science of rheology to design better tools to
understand the workability of concrete. The most used method
for placing concrete is pumping, but to determine whether
concrete is pumpable or not, its rheological properties such as
yield stress and plastic viscosity must be known [9]. There are
two ways to evaluate its rheological properties; the first way is to
use a rheometer, but its high cost means it will not be available to
everyone [10]; the second way is based on the modified slump
test developed by Larrard and Ferraris [11], which is simple,
inexpensive, easy to implement and can be used on site.

The accumulation of waste materials is becoming more
uncontrollable and is occupying more public space. This
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has highlighted the use of these materials for construction
purposes to preserve the natural resources of aggregates, while
improving the performance and durability of cementitious
composites and protecting the environment against the CO,
emissions and polluted industrial sites [12-14]. It is important
to recycle television and computer monitors equipment waste
because it can pose serious environmental health problems
[15], particularly the chemical structure of glass that contains
lead oxide (PbO) [16]. Ling and Poon [17] can treat this glass by
immersing it in a bath of 5% nitric acid (HNO,) solution for 3
hours, which will satisfy the limits of the toxicity characteristic
leaching procedure (TCLP) test [18]. Hui and Sun [19] studied
the use of CRT glass on the workability of mortar and found that
its slump diameter increases as the glass levels of CRT increased.
MK is a pozzolanic material that can be added to a
cementitious material and may improve the performance
of concrete [20], however it can have a negative effect on
its rheology at fresh state [21]. Many investigators showed
that metakaolin affects the rheological property of SCC; the
irregular shape of MK enabled it to show a shear thickening
behaviour and increase the viscosity of the mixture [22-25].
This study will assess the use of CRT glass and MK powder as
a substitute in sand and cement respectively on the rheological
properties of SCC with a low environmental impact.


https://creativecommons.org/licenses/by-nc/2.0/
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2. Materials and experimental program

2.1 Materials

Ordinary Portland cement (CEMI 42.5) was used in all SCC
mixes. Metakaolin, which is used as cement replacement, was
obtained from kaolin calcination at 850°C for 3 hours [26]. The
chemical and physical properties of cement and MK are given
in Table 1. X-ray diffraction (XRD) analysis and scanning
electron microscopy (SEM) images of MK are also provided in
Fig. 1 and Fig. 2 respectively. The superplasticizer (SP) used is a
powerful water reducing agent based polycarboxlic-ether type
with a density of 1.07 and a solid matter content of 30%.

Chemical properties

10pn | EHT=15.88 kV 15-Mars-2016

Oxide content (%) Cement Metakaolin WD= 48 nn I Sonde= 158 pA ucp a
sio, 20.83 50.30 Fig. 2 Scanning electron microscope (SEM) of MK

ALO, 413 41.81 2. dbra  Metakaolin pdsztdzo elektronmikroszkdpos felvételen

Fe.0s %98 Lo Type of aggregates
Ca0 62.19 0.08 .

Mgo 1.42 04 Properties agglr::‘g(;tes ag(g::,:;::es
K0 230 081 Sand CRT Gravel Gravel
Na,0 0.38 0.09 glass 3/8 8/15
Tio, 0.028 0.024 Specific density (g/cm?) 2.7 275 269 2.68
Loss on ignition 2.04 5.77 Fineness modulus 244 216 - -
Physical properties Sand equivalent (%) 81 - - -
Specific gravity (g/cm?) 3.12 2.45 Water absorption (%) 0.83 0 3.2 3.5
Blain fineness (cm?/g) 3300 7000 Los Angeles coefficient (%) - - 13 15

Table 1 Chemical and physical properties of cement and metakaolin
1. tdbldzat  Cement és metakaolin kémiai és fizikai tulajdonsdgai

counts

o Q: Quartz
6004 M : Mica
-
400
3004
M

Fig. 1 X-ray diffraction of MK
1. dbra  Metakaolin rontgendiffraktogramja

River sand is used as a natural fine aggregate. Waste CRT
funnel glass was treated with 5% nitric acid (HNO,) for 3 hours
to remove the lead oxide, and then is used as sand replacement
at levels of 0, 10, 20, 30, 40 and 50%. Two types of gravels from
limestone crushing (G 3/8 and G 8/15) are used in this study.
The physical properties and the particle size distribution of the
used aggregates are presented in Table 2 and Fig. 3 respectively.

Table 2 Physical properties of the used aggregates
2. tdblézat Az alkalmazott adalékanyagok fizikai tulajdonsdgai

—a— Sand—e— CRT glass —v— Graval 3/8 —— Graval 8/15
100 = +

80
60

404

i

0.1 0.5 1 5 10 20

Passing (%)

Sieve (mm)

Fig. 3 Particle size distribution of fine and coarse aggregates
3. dbra A finom és durva adalékanyag szemeloszlds gorbéi

2.2 Mixture proportions

To investigate how a combination of MK and CRT glass
would affect the rheological properties of all the SCC mixtures,
nineteen mixtures were prepared. The control mixture was
made with Portland cement as a binder and natural sand as
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Binder (OPC+MK)

Coarse aggregates

w/B & Sand (kg/m?3) CRT glass (kg/m?3) SP (%)
OPC (kg/m®) MK (kg/m?) (kg/m?)
Control 469.59 0 0.4 823.24 909.78 0 0.8
MK5+CRTO 446.11 18.68 0.4 823.24 909.78 0.85
MK5+CRT10 446.11 18.68 0.4 823.24 818.80 90.98 0.85
MK5+CRT20 446.11 18.68 0.4 823.24 727.82 181.96 0.85
MK5+CRT30 44611 18.68 0.4 823.24 636.85 272.93 0.83
MK5+CRT40 44611 1868 0.4 823.24 545.87 363.91 0.83
MK5+CRT50 446.11 18.68 0.4 823.24 454.89 454.89 0.8
MK10+CRTO 422.63 37.35 0.4 823.24 909.78 0 11
MK10+CRT10 422.63 37.35 0.4 823.24 818.80 90.98 11
MK10+CRT20 422.63 37.35 0.4 823.24 727.82 181.96 11
MK10+CRT30 42263 37.35 0.4 823.24 636.85 272.93 1.05
MK10+CRT40 422.63 37.35 0.4 823.24 545.87 363.91 1
MK10-+CRT50 422.63 37.35 0.4 823.24 454.89 454.89 0.95
MK15+CRTO 399.15 56.03 0.4 823.24 909.78 0 1.2
MK15+CRT10 399.15 56.03 0.4 823.24 818.80 90.98 1.2
MK15+CRT20 399.15 56.03 0.4 823.24 727.82 181.96 1.2
MK15+CRT30 399.15 56.03 0.4 823.24 636.85 272.93 1.15
MK15+CRT40 399.15 56.03 0.4 823.24 545.87 363.91 1.15
MK15+CRT50 399.15 56.03 0.4 823.24 454.89 454.89 11
Table 3 Mix proportions of different SCC mixtures
3. tdbldzat A kiilonbozé SCC keverékek dsszetételei
fine aggregate, while in the remaining mixtures the cement t=0 t=T t=60 sec
was partially replaced by MK at 5, 10 and 15% and sand was @ @ @
replaced by CRT glass at levels of 0, 10, 20, 30, 40 and 50%. This
step would determine the quantity required for each material 100 mm | Slump | e
in the batch to obtain a concrete with the desired properties, -\ / \\
the Okamuras method [27] was used to determine mixture
proportions of SCC. The proportions of all the SCC mixtures Start Partal Slump Final Slump

are given in Table 3.

2.3 Mixing procedure

The mixing procedure was as follows: the powder and
aggregates were mixed together for half a minute (30 s), then
70% of the mixing water was added and mixed for 1 min. The
remaining 30% of water containing the superplasticiser and
the concrete was added and mixed for 1 min. This procedure
continued for another 5 minutes and then stopped for 2
minutes. The concrete was mixed again for 30 seconds to
ensure the properties of self-compacting concrete [28].

2.4 Test methods

According to EFNARC guidelines for SCC committee [29],
the slump flow diameter and time required to reach a slump
diameter of 500 mm (EN 12350-8), the V-funnel flow time
(EN 12350-9), the L-box height ratio (EN 12350-10) and sieve
stability (EN 12350-11) were carried out to characterise the
filling, passage, and segregation of the fresh concrete.

A modification to the slump flow test allowed the rheological
characteristics of fresh concrete, the yield stress (t,), and the
viscosity () to be evaluated (Fig. 4) [11].

156 . = 2019/5 = Vol. 71, No. 5

Fig. 4 Description of modified slump test
4. dbra A mddositott roskaddsi teriilés vizsgdlat leirdsa

The yield stress was associated to the final slump (S) and the
plastic viscosity was related to the time (T) to slump down to a
height of 100 mm. The rheological parameters were calculated
using the following empirical equations:

p
T, =ﬁ(300_5)+21 (1)
p=p.T.1,08.1075(S — 175) (2)

T, yield stress (Pa);

(: plastic viscosity (Pa.s);

S: final slump (mm);

p: specific gravity of fresh SCC (kg/m?);
T: time of partial slump (s).

3. Results and discussion

3.1 Slump flow and T_ time test

Fig. 5 shows the fresh properties of all the SCC, where the flow

time T, was less than 2.25 s and the slump flow diameters of

all SCC mixes groups are 700 and 800 mm; this indicates good
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deformability and comply with the EFNARC recommendations
[29]. These results indicate that MK reduces the slump flow
diameter, unlike the control concrete. This decrease with 15%
of MK is quite remarkable. There was an increase in slump flow
and flow time (T, ) in SCC when the mixture contained CRT
glass. This increase was significant compared to natural sand,
particularly when the percentage of CRT glass reached 50%.
This improvement may be due to differences in texture between
sand and glass, which better fill the space between the coarse
aggregates, and furthermore, glass sand has low water absorption
and a smooth surface [30-32]. It can be concluded that combining
CRT glass with MK had a beneficial effect on the spread of slump.
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Fig. 5 Slump flow diameter and V-funnel time of different SCC mixes
5. dbra A kiilonboz6 ontomorodd keverékek roskaddsi teriilési dtmérdje és V-tolcsér
kifolydsi ideje

3.2 V-funnel flow time

Based on the results of the V-funnel test, all SCC mixtures
were very stable because their flow times were less than the
recommended value (12 s). Fig. 5 shows that the addition of
MK increases the flow time and viscosity by up to 15%, but
it needed water and a superplasticiser to have desired self-
compacting properties due to the high specific surface area of
MK [33]. Rahmat and Yasin, [34] studied the fresh properties
of SCC with MK and noted that the flow time increased as the
amount of MK increased with a higher dose of SP. Moreover,
substituting sand with CRT glass reduced the flow time so that
it converged more rapidly towards the lower threshold. The
best flow times occurred by adding 50% glass into all the group
mixes, this and a low dose of SP reduced the viscosity also
facilitated the pumpability of concretes in confined areas. Fig.
6 plots the relationships between the V-funnel flow times and
T.,, slump flow for all groups and shows that the coefficient
of correlation (R? superior of 0.8) has an acceptable linear
correlation between the two variables.

11

| R=0.84

-
o
1

| |

©
1

V-funnel flow time (Sec)
(o]

5 T T T T T
1.2 14 1.6

- , :
1.8 2.0 2.2 2.4
T500 (Sec)

Fig. 6 Relationship between V-funnel time and slump flow time T500
6. dbra  V-tolcsér kifolydsi id6 és roskaddsi teriilési id6 (T500) kapcsolata
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Fig. 7 Blocking ratio of different SCC mixes
7. dbra  Kiilonbozé SCC-keverékek blokkoléddsi ardnya
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3.3 L-box test

With respect to the filling capacity estimated by the H, / H,
ratio measured by the L-box test; all the SCC groups had a
ratio H, / H,> 0.8 which is in accordance with the EFNARC
limitations [29]. Fig. 7 shows that the introduction of CRT glass
gave a good filling capacity, mobility, and the passage of SCC
through heavily scrapped areas. Kou and Poon [35] studied
the properties of SCC prepared with recycled glass aggregate
and found that the ability to fill in L-box improved when the
amount of recycled glass increased.

3.4 Sieve stability test

The results presented in Fig. 8 show that all SCC had the
highest stability, whereas the low milt value was due to the
lack of paste that can stick to the aggregates. However, there
is an optimal dosage of around 50%, beyond which stability
decreases as the volume concentration of CRT glass increases
because the less viscous concrete makes it easier to pass through
the sieve. Umehara et al [36] reported that this decrease in the
viscosity of concrete is consistent with a reduction in stability.
These results will be confirmed later through the results of
viscosity.

3.5 Yield stress

Fig. 9 shows the evolution of yield stress of all the SCC mixes;
note that mixtures containing MK without CRT sand glass
showed a shear-thickening fluid effect due to the increase in
yield stress. The optimal dose was 15% MK. Parviz et al [37]
reported that the rheological properties of SCC mixes with
partial replacement of metakaolin reached a higher yield stress
than with other mineral admixtures. Hassan and Lachemi [38]
studied the effect that metakaolin had on the rheology of SCC
and found that the yield stress increased as the percentage of
MK increased. The incorporation of CRT sand glass helps to
reduce the yield stresses, which results in a shear thinning
effect, but beyond the optimal dosage of 50%, the yield stress
decreased due to the effect of increasing the volume of CRT
sand glass.

3.6 Plastic viscosity

The plastic viscosity of SCC containing different dose of CRT
glass and MK are shown in Fig. 10; it shows that the viscosity
increased by 36% when 15% MK was added. Giineyisi and
Gesoglu [39] investigated the effect that MK had on the viscosity
of self-compacting mortar and concluded that mortars with
15% MK required a higher viscosity; nevertheless an increase
in CRT sand glass reduced the plastic viscosity. The combined
use of CRT sand glass has important benefits in terms of the
negative effect of MK on the pumpability of concrete and the
casting time.

3.7 Correlation between rheological properties

Fig. 11 highlights the relationship between yield stress and
slump flow for all the SCC mixtures. Note that the yield stress
decreased as the slump flow diameters increased, but the
relationship between slump flow and yield stress obtained by
the modified slump test showed a good correlation with the
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Fig. 8 Sieve stability segregation of different SCC mixes

8. dbra  Kiilonbozé SCC-keverékek szitds szétosztdlyozéddsi hdnyada
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Fig. 9 Yield stress of different SCC mixes

9. dbra
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200
190-
180-
170:
160-
150:

140 4

Plastic viscosity (Pa.s)

130

—a— 5MK+CRTG
—e— 10MK+CRTG
—A— 15MK+CRTG

120

»
\(O
o
©

Fig. 10
10. dbra

390

T % T . T % T X T ¥ T 2 T
QOE“ QGE" QOE" “OE" QCE"
o XN X1 XD B x

Plastic viscosity of different SCC mixes
Kiilonbozé SCC-keverékek plasztikus viszkozitdsa

380
370 -
360 -
350 —

340

Yield Stress (Pa)

330+

320 4

Fig. 11
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Relationship between yield stress and slump flow of different SCC mixes
SCC keverékek folydsi fesziiltség és roskaddsi teriilés kozotti kapcesolata

800

coefficient R?>= 0.9. The trend of yield stress obtained by the
modified slump test confirmed those found by the spreading
test; this proves the relevance of this method. As Fig. 12 shows,
the plastic viscosity was proportional to the V-funnel flow
times, which corroborates well with of the V-funnel time (R*=
0.89). The obtained results are similar to those achieved by
Boukendakiji et al [40] and Boukhelkhal et al [41].
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Fig. 12 Relationship between plastic viscosity and V-funnel time of different SCC mixes
12. dbra  Kiilonbozé SCC-keverékek plasztikus viszkozitdsdnak és V-tolcsér kifolydsi
idejének Osszefiiggése

4. Conclusions

The use of CRT glass as fine aggregate and MK powder in
SCC would not only treat the rheology of SCC (spreading,
filling rate, yield stress and viscosity), it would also result in
the best environmental practices by optimising and managing
the waste materials, energy, and CO, emissions. To address
these concerns, an experimental program has been set up to
understand and provide answers to the questions posed in this
work. The conclusions are as follows:

= The incorporation of 50% CRT glass by the mass of sand

improved the workability of SCC, while low doses of
superplasticiser maintained the same fresh properties;
this reduction helps to lower the cost of SCC.

= Anincrease of 50% in CRT glass reduced sieve stability

because it is related to the low viscosity of concrete that
makes it easier to pass through the sieve; this leads to
an increase in the segregation of SCC.

= With regard to the rheological parameters of SCC,

the increase of CRT glass reduced the yield stress and
plastic viscosity; the mixture with 15MK+0CRT had
the highest yield stress and plastic viscosity.

= The rheological parameters and the yield stress and

plastic viscosity can be evaluated using the modified
slump test. An acceptable relationship between the
rheological properties with the coefficient R? superior
than 0.9, which indicates the relevance of this method.

= The combined use of CRT sand glass would have

important benefits in terms of the negative effect that
MK has on the pumpability and the implementation of
SCC and the casting time.
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Abstract

This work presents a rheological investigation of the curing process of a water-based epoxy
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system by characterizing the efficiency of polythiols as crosslinking agents. Measurements using

an oscillatory rheometer equipped with a parallel geometry determined that the rheological
profiles (e.g. storage modulus and sol-gel transition - aka gelation, etc.) of the epoxy resins were
affected by the number of thiols and the concentration of the added crosslinking agents. A strong
correlation between the number of thiols and the storage modulus of the epoxy material was
observed. These results enable improvement in epoxy curing process by providing a thorough

understanding of the interrelationship of these variables.
Keywords: rheology, curing, epoxy, gel time
Kulcsszavak: reoldgia, utdkezelés, epoxi, gélesedési idd

1. Introduction

Network materials based on crosslinked polymers (thermosets)
are specific materials of interest from both basic and applied
points of view. A common example of thermosets is epoxies
[1-5]. We usually know epoxies as adhesives. A usual chemistry
would involve the reaction of 1 mole of amine with 2 moles of
epoxides. This will form three-dimensional crosslinks, and the
degree of crosslinking determines the curing process (Fig. 1).

Usually comprised of a group of crosslinkable resin (epoxide)
that when reacted with a curing agent - sometimes referred
to as the hardener - resulted in a cured thermoset [6-11].
Combining the epoxy resin and hardener initiates a chemical
reaction that converts the initially low molecular weight liquid
resin into its thermoset form (solid) characterized by highly
crosslinked network structure. This is process is called curing
[12-15]. The time it takes for this conversion from liquid to
solid is called gel time [4, 16-18]. Understanding the curing
reaction is very important in the safe and efficient utilization of
epoxies as commercial and technological products.

Introduced in the 1940s, the combination of valuable
properties of epoxies such as high toughness [19-23], good
adhesion to many substrates [24-29] and remarkable chemical
resistance [30-33] and low shrinkage [34-37] and their good
processing characteristics had led to their wide utilization
in the coatings industry. They are extensively used in plant
maintenance, automotive primers, can and drum coatings,
appliance finishes, pipe coatings and trade-sales paints [38-48].
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A good majority of epoxy materials require high temperature
conditions to effect curing. If epoxies are not heated enough,
chemical, mechanical and heat-resistance properties of which
epoxies are known for consequently suffer [49-52]. It is
therefore desired to achieve ease with which the curing process
can be fine tuned to suit the fabricating process.

In this work, we used rheology to characterize the curing
reaction of an epoxy-amine system modified with polythiol
agents. The rheological properties as affected by change in the
number of thiol groups as well as varying concentrations were
investigated.

2. Experimental methods

Our material of interest is a two-part water-based epoxy
system provided by Chemrez, Inc. We decided to add
polythiols into the system to give an opportunity to have more
crosslinking points that may significantly affect the curing
process. Polythiol crosslinking agents having (a) three thiol
groups, represented here as R(SH) ; (b) four thiols, R(SH), and
(c) six thiols, R(SH), were used. These thiols are commercially
available and hence, from an industrial point of view, are more
practical to be used. Thiols were chosen because they are known
to react with a lot of functional groups like epoxides inducing a
curing reaction [53-57], and we can use a rheometer to follow
this curing behaviour [58-63] (Fig. 2).
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Fig. 1 Anillustration of the formation of a network system from the crosslinking reaction involving an epoxy-amine system
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Fig. 2 Rheological study of the curing process of a water-based epoxy with polythiol additives using a rheometer
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Fig. 3 Plot of viscosity (v)), in Pa-s, vs time, in s, of the epoxy samples at different
temperature conditions
3. dbra Az epoxi mintdk viszkozitdsa (n) [Pa-s] az idé [s] fiiggvényében kiilonbozd
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Fig. 4 Plot of storage modulus (G'), in Pa, vs time, in s, of the epoxy samples at
different temperature conditions
4. dbra Az epoxi mintdk taroldsi modulusa G' [Pa] az idé [s] fiiggvényében
kiilonbozé hémérsékleteken
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Basically, we sandwiched the samples in between two
plates. The samples were then subjected to oscillations and
mechanical responses during this process were obtained
using TA AR3 Hybrid Rheometer. From these measurements,
mechanical properties such as viscosity (1)) and storage (G')
and loss (G") moduli were extracted. In utilizing rheology
to follow the curing process, we rely on the change of these
viscoelastic parameters: G, G" and n when the material of
interest is subjected to oscillations. n is the ability of the epoxy
to resist flow, in a way reflects the fluidity of the epoxy material
[64-65]. G' represents the elastic character (solid-like behavior)
of the epoxy material and is a measure of the energy that can
be recovered. On the other hand, G" reflects energy loss by the
material through dissipation and represents the viscous part
(liquid-like behavior) of the epoxy [4, 16, 66-69].

3. Results and discussion

To characterize the curing reaction of the epoxy material,
a sinusoidal shear strain or stress is applied to the sample
sandwiched between two parallel plates and the response is
monitored and finally recorded: viscosity (1) and storage (G')
and loss (G") moduli. We initially monitored the effect of
different temperature conditions: 25, 30, 40 and 50°C on the 1
values of the two-part epoxy system over a period of time. As
shown in Fig. 3, higher temperature results in a faster gelation
as reflected in higher 1 values recorded over a shorter period
of time. A case in point for instance is the higher slope of the 1)
vs. time plot observed at 50°C than at 25°C.

Plotting G' against time — instead of n (Fig. 4) shows that
the solid-like property of the material increases with increasing
temperature. The change in these rheological parameters
reflects the progress of the epoxy curing reaction: at the early
stage, the epoxy resin behaves like a liquid. As the curing
progresses, a crosslinking reaction occurs and this initiates
network formation. This is known as the gel point [70].
During this time, epoxy behavior changes from being liquid-
like to solid-like and is characterized by a significant change
in n (gelation) denoting the formation of a highly crosslinked
system [70]. This has a great impact on the application
process of the epoxy material. However, in actual applications,
increasing the temperature to hasten the curing is not very
practical especially when in very wide spaces. So we came up
with a solution to employ polythiol additives, in lieu of heating
the epoxy to induce epoxy curing — and investigate its effect on
the curing process.

At 1 %wt loading, different types of polythiol additives
namely: (a) three thiol groups, represented here as R(SH),;
(b) four thiols, R(SH), and (c) six thiols, R(SH), were used as
shown in Fig. 5. A negative control - without R(SH)_ - was also
included for comparison. The polythiol with the most number
of thiol reactive sites, R(SH),, exhibited the highest G' values,
suggesting faster curing rate than the other polythiols used.
Obviously, more reactive sites for the epoxides to crosslink
offer the fastest gelation behavior the treatments considered.
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Fig. 5 Plot of storage modulus (G'), in Pa, vs time, in s, of the epoxy samples having
different types of polythiol additives - R(SH), where n=3,4,6 at 1 wt% loading
- as compared to control (no additive)
5. dbra Az epoxi mintdk taroldsi modulusa G' [Pa] az idé [s] fiiggvényében
kiilonbozd tipusti politiol adalékszerekkel - R(SH),, ahol n=0,3,4,6

After identifying the polythiol additive that can provide the
highest increase in G' at the shortest time, here in this case,
R(SH), - we varied the additive loading concentration: 1, 2,
3, 5 and 10 %wt. Increasing the concentration also results in
a faster gelation, as observed in the significant change in G'
values in much shorter time periods (Fig. 6).
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Fig. 6 Plot of storage modulus (G'), in Pa, vs time, in s, of the epoxy samples having
different concentrations of R(SH), additive as compared to control (no
additive)

6. dbra Az epoxi mintdk tdroldsi modulusa G' [Pa] az idé [s] fiiggvényében
kiilonbozd koncentrdcidjii R(SH) adalékszerekkel

We also determine the gel point. To do this, plot of G' and G"
versus time, the time correlating to the crossover point of G'
and G" corresponds to the gel point as shown in Fig. 7. During
the initial cure period, the loss modulus is greater than storage
modulus. What this means is during this stage, the liquid-like
(viscous) behavior of the epoxy dominates over the solid-
like (elastic) character. The crossover point is when G'=G",
suggesting that a crosslinking reaction between the epoxy resin
and the hardener had initiated. This is known as the gel point.
This is also characterized by a significant jump in n values. In
the final cure stage, G' is much greater than G" meaning the
epoxy had become mostly an elastic solid.
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Fig. 7 Gel point is determined as the crossover point of G' and G" in the plot of these
moduli values against time
7. dbra A gélpont meghatdrozdsa a G' és G" keresztezési pontjaként az ids
fiiggvényében

Getting the gel point which is the crossover points of the G'
and G" at various concentrations of the R(SH), added to the
epoxy matrix tells us that increasing the additive concentration
led to faster gelation (shorter gel point) as shown in Table 1.

Crosslinking agent Gel point, seconds

Without (control) 4.3x10°
Added with 1 %wt R(SH), crosslinking agent 4.7 x 108
Added with 5 %wt R(SH), crosslinking agent 2.2x10°

0.7 x 108

Added with 10 %wt R(SH), crosslinking agent

Table 1 Gel points in case of different amount of crosslinking agents
1. tdbldzat  Gélpontok kialakuldsi id6pontja kiilonbozd térhdlésité szerek esetén

4. Conclusions

In this study, we investigated the curing of a water-based
two-part epoxy system modified with polythiol additives. As
shown, the curing process can be effectively characterized
using rheology. By varying the type of thiol agents as well as
the concentration, rheological properties such as viscosity (1),
storage modulus (G'), loss modulus (G") and gel point can
be fine tuned. Increasing the thiol functional groups for the
added crosslinking agent and its concentration result in a faster
gelation, as observed in the significant change in G' values in
much shorter time periods. Also, getting the gel point which is
the crossover points of the G'and G" at various concentrations
of the R(SH), added to the epoxy matrix tells us that increasing
the additive concentration led to faster gelation (shorter gel
point). Understanding the interrelationship of these variables
is vital in epoxy formulation efforts.
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Abstract

Located on the steepest street of Budapest, Student hostel for Turkish students creates a unique
accommodation for those who study in the capital city of Hungary for 1 or 2 semesters. As a
young architect, | wish, more and more students can have the opportunity to explore foreign
countries, because these experiences can broaden their horizon. The designing area is one of
the most famous historical places in Budapest, which has a romantic, mysterious atmosphere.
Despite of that, Gul Baba street has a hole in the line of the historical houses, which could be
closed by the designed building.

The designing process shaped to achieve two aims: connection to the atmosphere of the historical
site and utilize the ancient Islamic architecture’s toolbar. The first goal appears in the claddings
and shape of the building mass. Ceramic surfaces can easily fit with the historical street and the
environment of Gul Baba’s octagonal tomb. The central organized floor plans and the interior
patterns relates to the impression of the Islamic architecture.

Keywords: architecture, historical site, historic preservation, Gul Baba’s octagonal tomb, ceramic
cladding, Islamic architecture, architectural heritage, college, student hostel, Hungary-Turkey
relations

Kulcsszavak: épitészet, miemlékvédelem, miemléki kdrnyezet, Gil Baba tiirbéje, Gll Baba utca,
keramia burkolat, iszlam épitészet, épitészeti hagyomanyok, kollégium, diakszallo, toérok-magyar
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MIKLOS Gabor

kapcsolatok

1. Koncepcio

A Giil Baba tiirbéje és kornyezete egy kiilonleges helyszin
Budapest nagyvarosi forgatagaban. A kornyék utcacskaiban sé-
talva az ember egy sokkal zartabb, rejtélyesebb, historikusabb
vilagban taldlja magat, mint akdr a pesti, akdr a budai belvaros
nagy részében. Sajnos itt is talalhatéak olyan hidnyzé épiilet-
tomegek, amelyek csokkentik az arra jardk teljességérzetét.
Szdmomra a tervezési helyszin a foghijtelek beépitésével és a
lejtés tereppel egyiitt egy komplex miszaki kihivasokat igényld
feladatot is jelentett. A helyhez tarsitott szallasfunkcioval a
nemzetkozi kapcsolatok erdsitését, valamint a kilfoldi tanu-
16k elhelyezésének segitését kivinnam elérni. Fontosnak tar-
tom, hogy az ember mar fiatalként megismerjen 4j kultdarakat,
bévitse a latoterét, tanuljon vagy dolgozzon kiilfoldon.

2. Elhelyezkedés

A tervezett épiilet Budapesten, Rdzsadombon, a Giil Baba
utcaban két iiresen allo foghij telekre épiil. Az utca Budapest
legmeredekebb utcajaként ismert, kozvetlen kornyezetében
taldlhato Gl Baba tiirbéje, ami a 20-22. szamu telkekkel is
szomszédos. A tiirbe nemcsak hazai szinten fontos mtiemlék,
hanem a vilag legészakibb fekvésti iszlam zarandokhelye. Emi-
att és az utca kiilonleges hangulatanak megdrzése érdekében a
helyszin mtiemléki kornyezet ald tartozik.

2.1 Giil Baba tiirbéje

Gl Baba torok dervis (szerzetes) volt, aki feltételezhetéen
Buda ostromanal szenvedett halalos sériilést. Nevét sokan
Rozsa apoként forditjdk magyarra, ami valdszintileg a rézsak
iranti szeretetébdl ered, ugyanis pontos neve sem tisztazott.
Annyi azonban bizonyos, hogy koztiszteletnek 6rvendd sze-
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mély volt, akinek koporséjat allitolag a szultdn személyesen
kisérte gyaszmenetén, majd e koporso felé tiirbét emeltetett.A
torténelem aztdn sok nyomot hagyott az épiileten és kornyeze-
tében, de még igy is fenn tudott maradni az eredetihez kozeli
allapotaban.

A tiirbe a térok-magyar kapcsolatok XX. és XXI. szazadi
jo viszonyat is szimbolizalja, ugyanis a 2018-ban lezaruld
rekonstrukciot a két nemzet kozos anyagi tamogatasabdl vals-
sitottak meg. Hazai timogatasbol tjult meg a tiirbe kornyezete,
igy a Giil Baba utca is, ami 11j burkolatot kapott, kedvezve igy a
vizelvezetésnek és csuszdsmentességnek.

2.2 Giil Baba utca

A meredek Giil Baba utca Budapest talan leghangulatosabb
utcdja. A sziik kis utcdbdl a hazak 1épcsésen egymasra tapadva
emelkednek, amelyekbdl sok még eredeti, XIX. szdzadi éllapo-
taban maradt fent. A macskakéves burkolat szintén az utca jel-
legzetessége.

Az utca meredekség szempontjabol harom szakaszbol 4ll, a
két vége lankasabb mig a kozéps6 része a legmeredekebb, ahol
az tervezési teriilet is talalhatd. Az utca egy forgalom eldl elzart
teriilet, behajtas csak engedéllyel lehetséges. Még hulladék el-
szallitas sincs az utcaban.

2.3 Telek

A 20-22 szam alatt all6 telkek a zartsoru beépités foghijai és
egyben az utcaképet is jelentSsen szegényitik. A Tiirbe rekonst-
rukcidjaval még nagyobb igény nyilik a két telek beépitésére,
mivel az északi lépcsd szomszédos vele, amely a latogatok egyik
gyakori utvonala is lesz. Jelenleg a telket épitési tormelék borit-
ja, illetve az egykori hazakbdl faltest maradvanyok tamaszkod-
nak a szomszédos épiiletre. Ezen kiviil az egykori Wagner villa
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tamfalaibdl is talalhatéak maradvanyok a kertben, amelyhez
egy zsalukd fal tdmaszkodik. Ezek allapota igencsak megrom-
lott, miemléki értékiik nincs.

A\
HELYSZINRAJZ \

1. dbra  Helyszinrajz
Fig. 1 Site plan

A telkek lakdovezetben, zartsort beépitésben helyezkednek
el. Maximalis beépithetdségiik 65%, amit az épitési vonal még
inkabb leszabalyoz.

2.4 Kornyezeti adottsagok
2.4.1 Talaj

A Rézsadomb Duna-felé esé lejtdjét eocén kort un. ,,budai”
marga épiti fel, erre alapoztak példaul Giil Baba sirjat is Az utca
egy régi vizmosas nyomvonaldban halad, ezért a margat fed6
agyagosszlet vastagsaga valtozo. Sem talaj, sem rétegviz nem
varhatd a teriilet nagyobb részén, ahol a marga felszin kozelbe
emelkedik és felette csak sarga mallas agyagbol all6 takaro van.

2.4.2 Zajhatas

A telek zart soru beépitésben, sarok telekként egy kétemelet
plusz tet6tér beépitéses haz és az tiirbébol vezetd északi 1épcsd
kozott helyezkedik. Az utca nagyon alacsony forgalmu zsak-
utca, ahol leginkabb az ideldtogatd turistak és helyi lakosok
kozlekednek gyalogosan. Ez feltételezhetéen a jovében se fog
valtozni, igy alacsony zajhatdsnak kitett az tervezett épiilet.

2. dbra  Keresztmetszet
Fig. 2 Cross section drawing

3. Rendeltetés

A Giil Baba utca 20-22. szam alatti telkek laké ovezet ald
tartoznak. A tervezett épiilet funkcidja ehhez illeszkedSen egy
olyan kollégium, amely hosszatavu itt tanuldsra fogad torok
oOsztondijas didkokat. A létesitményt olyan tanulok fogjak
igénybe venni, akik egy nemzetkozi szervezet altal Gsszedl-
litott szallast és osztondijat tartalmazé programban vesznek
részt. Az intézmény célja tovabba a torok-magyar kapcsolatok

"o

erfsitése.

3.1 Torok-magyar kapcsolatok

A XIX. szazad masodik felétdl kezdett a torténelem miatti
ellenséges hangulat megvaltozni a két nemzet kozott, féleg az
értelmiségi rétegben. A szazadfordulén elébb Konstantina-
polyban alapult Magyar Intézet, majd itthon Magyar Turani
tarsasag. Ezeknek és a klebelsbergi kulturpolitikdnak héla pél-
daul az, hogy Kds Karoly 6sztondijasként tanulmanyozhatta
Isztanbult és oszman hallgaték érkeztek Budapestre.

3.2 Funkcid, lehetséges megrendeld

A torok-magyar kulturalis kapcsolat erdsitésének fontos
része a fiataloknak megteremteni a lehet6séget a masik orszag,
masik kultura megismerésére, illetve a kozos szellemi értékek
megtalalasara. Ehhez nyujt lehetGséget példaul egy itthon is
miikodd nemzetkozi cég, amely torok didkoknak biztosit kiil-
foldi tanulmanyi csomagokat. Ezek a csomagok nem csak az
osztondijat, hanem a szillaslehetéséget is tartalmazzak, igy
gyorsitva az ligyintézést.

4. Epitészeti koncepci6

A tervezést két nagyobb cél hatarozta meg: a hely torténe-
ti atmoszférajara valé kapcsolodas és az iszlam épitészetbdl
hozott épitészeti eszkoztar felhasznalasa. El6bbi foleg kiilsé
anyaghasznalatban és a tomeg alakitdsban jelenik meg.

A szallasépiilet egy zart bels6 udvar koré szervezédik, ami a
legalsé szinten egy kiilsé udvarbdl, recepcion keresztiil nyilik
meg. Ezen a szinten kap helyet egy el6adéterem, egy imaszoba
valamint gépészeti és kiszolgalo funkcidk. A felette 1év6 szint
a meredek utca és telek viszonyai miatt még részben f6ld alatt
van, illetve egy gazdasagi bejarattal is rendelkezik. Ezenkiviil itt
kapnak helyett a kozos hasznalatu terek, illetve két lakdszoba
is. A felette 1év6 két szinten 8-8 lakdszoba keriil kialakitasra,
amelybdl a legfelsdbb szintiek tetdtériek. Az épiilet tetejét egy
a konturtdl elhazott lapos tet6 fedi, amelyhez oldalanként ma-
gas tetd zar fel, igy kialakitva egy tekndben 1év6 tet6téri helyet,
ahonnan feltarul a budai hegyoldal panoramdja.

4.1 Alaprajzi rendszer

Mar a tervezés kezdeti fazisaitdl az épiilet meghatarozd ele-
mét képezte az udvar, mint szervez er6 hasznalata. Az eszkoz
részben a kornyék beépitései miatt (hosszu udvaros hazak),
részben az iszlam épitészeti vonatkozasa miatt valt a terv koz-
ponti részévé. A tervezett beépités megkiilonboztetett udvarok
kapcsolatabol jon létre.
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gépészeti és raktarozasi helyiségek

kozossegi terek

kiszolgalo funkciok

bels6 udvar és fogado ter

Foldszint

gazdasagi udvar

mosokonyha

konyha

eétkez6

lakoszobak

1. emelet

lakoszobak

takaritoszer raktar

2. emelet

lakoszobak

takaritoszer raktar

Tet6tér

3. dbra Alaprajzi elrendezések
Fig. 3 Floor plans

Az épiilet 6 szervezd magja egy négyzet alaprajza folyo-
sokkal hatarolt, fedett belsé udvar. Az iszlam épitészet talan
legf6bb jellemz8i a szerkesztettség és a geometria. Az iszlam
bels6 udvar koré meghatarozott funkcidju terek kapcsolédtak.
Erdekesség, hogy a centralis bels udvar sokszor nem kézéprél,
hanem valamelyik sarokbol tarul fel. Ezen belsé terek kozepén
sok helyen kit vagy kisebb medence all, amely koriil névényzet
vagy l6 alkalmatossagok is helyet kaptak. A vizfeliilet jelenléte
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az esztétika mellett klimatikus szempontbdl is hasznos volt a
Kozel-Keleten ugyanis parolgas utjan hiitotte a korilotte 1évo
tereket. Emellett az iszlam vallasban kulcsfontossagu szerepe
van a megtisztulasnak, igy példaul az imadkozast is megmosa-

kodassal kezdik.

4. dbra  Belsé latvinyterv - udvar
Fig. 4 Interior visualization - courtyard

A kut elhelyezésének helyi jelentés tartalma is van, ugyanis a
Giil Baba utca 26. szam alatt lakott Toroczkai Wigand Ede épi-
tész, iparmivész, iro, akinek sajat kertjében is rozsak korilvett
kat allott. A Magyarsag folydiratban igy értekezett a harmoni-
kus otthon megteremtésérol:

»Ha lehet, kertre forditsuk a dolgozészobdt. Ha a viszonyok
engedik, rozsds vagy medencés udvarra tekintsen, hol a viz cso-
bogdsa jelezze a csendes, de orokké liikteto életet.” [1]

4.1.1 Bejarati udvar

A Dbelsé udvarhoz szervesen kapcsolddik a fogadotér, va-
lamint a bejarati kiilsé udvar. Az utca zdartsoru egymdshoz
tapadoé épiiletfalai féleg az utca felsé illetve az alsé szakaszan
jellemzéek, azonban a kézépsé szakaszon elvétve talalunk pél-
dakat udvarbol valé megnyitasra is. Ez a megérkezés egyfeldl
szeretné a titokzatossagaval hivogatni a latogatdt, hasonldan
akdr egy mediterran szlik utcas varoska sikatoraihoz. Emellett
az, hogy az épiilettomeg nem ér ki a 1épcséig, igy az utcarol fel-
latni egészen a Wagner-villa rekonstrualt bastyaig. Ebbe az ud-
varba érkezve egy titokzatos 1épcsét lathatunk, amely felvezet
a hétso kertbe, valamint az els6 szinti kozosségi terek szintjére
is bejutast enged. A 1épcsé szerkesztése geometrikus inditta-
tasu volt, azzal a céllal, hogy a bejarati kapubol egy mintaként
jelenjen meg.
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4.1.2 Hatso kert

A hétso kert teraszosan 1épcs6zik fel a meredek domboldalra,
hasonléan fels6 szomszédok kertjéhez. Az utca fels6 szakaszan
a telekkel megegyez6 oldalon ugyanis a legtobb teleknek két
utca kapcsolata is adodik a hatsé kertek fellépcs6zése miatt, igy
példaul a gépkocsi tarolast is konnyen meg tudjak oldani a Tur-
ban utca feldl. A 22. szamu telek azonban nem ér fel teljesen a
Turban utcaig, igy innen nem kozelitheté meg a haz. Azonban
a hatsé kert egy nyugodt, pihenésre alkalmas helyet teremt,
ahova fel tudnak sétdlni a bentlakok. A kert teraszain a hely
torténetéhez hien rézsakat iiltethetnek.

5. dbra Kiils6 latvdnyterv - hdtso kert
Fig. 5 Exterior visualization - backyard

4.1.3 Gazdasagi udvar

Mivel az utca forgalomtol elzért teriilet igy a gépkocsival vald
megkozelités is csak engedéllyel lehetséges, emiatt az ilyen ti-
pust forgalom nem gyakori. A tervezés korabbi fazisaiban a
szomszédhazhoz tapado elsd emeleti udvar még gépkocsi be-
jaréval rendelkezett, azonban a helyi lakokkal valé beszélgetés
alapjan megtudtam, hogy az utca ezen szakaszan a szabalyos
garézs kialakitésa szinte lehetetlen. Igy a végsé dontés egy szé-
les kapu és a mogotte talalhatd hosszukas gazdasagi udvar mel-
lett tortént, de igény esetén a gardzskapu beépitésére is lenne
lehet6ség. Az aruszallitast az utcaban megalld furgonbdl kipa-
kolva tudjak végezni az ottdolgozok. A belsé térben rampan
keresztiil lehet lejutni az 1. emelet szintjére, ahonnan lépcsén
azonnal le tudunk jutni a foldszinti kiszolgald és gépészeti he-
lyiségekbe.

4.2 Tomegformalas

A hely adottsagai miatt a tomegformalas kulcsfontossagu
kérdés volt a tervezés kezdeti fazisaitdl. Az utca, valamint a
telek meredek emelkedése miatt a terepbe illesztés és a hom-
lokzat 1épcs6ztetése sok probalkozas aran nyerte el a tervezett
forméjat. A Gul Baba utcaba tervezett épiilet a Tiirbébdl lej6vo
nagyméretd tégla korlatot folytatva alakit ki egy als6 szinti
foglalatot, amelyre egy egységes megjelenésti tomeg ul rd. A
téglalap alaprajzd tomeg a Wagner-villa béstydjdhoz kozeli
sarkon letorik, ezzel mintegy reagal a bastya altal kialakitott
kitiiremkedésre és teret ad a hatso kertbe vald atkozlekedésre.
Az utcafronton a gazdasagi udvar felett egy légakna keriilt kia-
lakitasra, ami 4ltal az épiilet kissé elhtizddik a szomszédjatol

ezzel is ersitve az épiilet befelé forduld, centrdlis jellegét.
A telek tovabbi az utca tobbi hazahoz képest ritka adottsaga,
hogy gyakorlatilag saroktelekként az utcabol két homlokzata
is megmutatkozik. A félnyeregtet6ként felzaré magastetSk al-
kalmazasét azért tartottam fontosnak, hogy a haz ekképpen is
illeszkedjen az utcaképbe, viszont lehet6ség adodjon egy olyan
tetéterasz kialakitdsara, ami az utcabol nem latszédik.

6. dbra  Kiils6 ldtvdnyterv - utcai tomeg
Fig. 6 Exterior visualization - streetview

4.3 Anyaghasznalat

Az épiilet anyaghasznalatdban a kornyezetében 1évo Tiir-
béhez valamint az utca tobbi épiiletén is fellelheté anyag-
hoz kivén igazodni. Igy keriilt a vélasztds a kerdmia anyagok
széleskorl alkalmazasara.

7. dbra  Homlokzatok
Fig. 7 Elevations
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8. dbra Homlokzati részlet
Fig. 8 Elevation detail

4.3.1 Utcai homlokzat

A fentebb emlitett Tiirbéb6l lejové korlat nagyméretd tég-
1abdl késziilt, ami a hazon egy perforalt mintaban folytatodik
ugyanazon anyaggal és kotésrenddel. Az erre raiil6 tomeg egy-
séges megjelenését a Petersen Cover nevili, dan nagy elemes
keramiaburkolat biztositja, amit fal- és tetéburkolatként is al-
kalmazhat6. Rogzitése vizszintes aluminium kalapprofilokra
csavarozassal torténik, amik fiigg6leges T profilu vazhoz kap-
csoldédnak. Ezek a bordak pontszerlien vannak a szerkezethez
felfogatva h6hidmentes tavtartokkal.

4.3.2 Bels6 udvar

A bels6 udvarban az iszlam épitészetet idéz6 mazas keramia-
burkolatok jelennek meg. E mintdk megidézése a mai csempe-
burkolatokon igen népszerti. A burkolatok pozicidjuk szerint
megkiilonboztettek: igy van tiirkiz labazati, nagyelemes padld- és
kiemelt szalag, illetve ,,teriil6” burkolat. Ezek a burkolatok kifut-
nak a bels6 udvarbdl a fogaddtérbe valamint a tetdteraszra is.

4.3.3 Kerti homlokzat

A belsé tér vilaga a tetén kiviil a kerti homlokzatok mazas
keramia labazatan is visszakdszon. A kerti homlokzatok emel-
lett nagyobb megnyitdsokkal teremtenek kapcsolatot a kiilsé és
belsé tér kozott.
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5. Osszefoglalas

Miiemlékeink és muemléki kornyezeteink védelme els6d-
leges szempont kellene legyen a hazai épitész kulturaban.
Tervemmel szeretném ravilagitani a figyelmet arra, hogy
mennyire fontos egy ilyen kiillonleges helyszinen a multhoz
val6 kapcsolddas és a modern épitészeti eszk6zok 6sszhangba
hozasa. Ez a kis szallasépiilet kapcsolatokat keres tomegében a

kornyezetével, funkcidjaban a kulttrakkal.

Ko6szonetnyilvanitas

Koszonet illeti Nagy Martont, aki diplomamunkam és tobb
egyetemi tervezési targyam soran épitész konzulensként adta

at nekem szakmai tudasat.

Hivatkozasok
[1] Thoroczkai Wigand Ede: ,Hogyan ontstink lelket otthonunkba. Az izléses
lakas problémaja” - Magyarsag, 1923

Ref.:

Miklés, Gabor: Kollégium torok didkok szdmdra
Epit8anyag - Journal of Silicate Based and Composite Materials,
Vol. 71, No. 5 (2019), 168-172. p.
https://doi.org/10.14382/epitoanyag-jsbcm.2019.29



QL]

Two approaches to the modelling of

épitoanyag - Journal of Silicate Based and Composite Materials

Jiiri OLT, DSc.

chip formation: rheological models
and finite element analysis

JURI OLT = Institute of Technology, Estonian University of Life Sciences, Estonia = jyri.olt@emu.ee
OLcA LIIVAPUU = Institute of Technology, Estonian University of Life Sciences, Estonia
= olga.liivapuu@emu.ee

Erkezett: 2019. 09. 24. = Received: 24. 09. 2019. = https://doi.org/10.14382/epitoanyag{jsbcm.2019.30

Abstract

Metal cutting is a complex process in which several mechanisms are at work simultaneously.
The mathematical modelling allows carrying out research into the optimization of machining
conditions. Usually, the study of cutting process is very complicated, because the material
removal process is conducted in an extremely adverse environment with high temperature and
pressure in the zone of cutting. Therefore, the main goal of these studies is to establish a theory
that will predict chip formation dynamics, cutting forces, temperature, tool wear, which allows to
solve practical problems. This work examines the simulation of chip formation during the process
of cutting. The aim of the present research is to compare models based on rheological properties
of metals with 2D Finite Element Models of chip formation process.

Keywords: chip formation, elastic and plastic deformation, rheological models, finite element
method

Kulcsszavak: forgacsképzddés, rugalmas és képlékeny alakvaltozas, reolégiai modellek, véges

Olga LIIVAPUU, PhD.

elemek modszere

1. Introduction

The chip formation process proceeds with a very significant
relative deformation of material, reflecting the high deformation
rate in a comparatively small zone. The mathematical modelling
will play very important role in increasing the awareness of
the cutting process and reducing the number of experiments
which are frequently used for a selection of different cutting
parameters, tool design, machinability evaluation, etc. The
chip formation mechanism in the orthogonal metal cutting
process, is the focus in the present research. To simulate
this process, we compare two approaches: description of the
physical properties of the deformed metal using discrete
complex mechanical (rheological) models and finite element
models.

The study of the rheological properties of materials is widely
used by engineers, physicists, chemists and mathematicians.
The physical properties of deformed metal can be described
in the form of an adequate mechanical model, constructed as a
composition of mechanical elements such as elasticity, viscosity
and plasticity [1]. Considering combinations of linear elastic
springs, linear viscous dash-pots and elements of plasticity
one can build a model which gives an observable perspective
reflecting the nature of material removal process, changes in
deformation and stresses of material and their dependence on
the structure [2], [3], [4]. Many real metals combine behaviors
of all these elements and it is possible to consider the stress-
strain state of metal under the action of external loads. The
rheological models in the form of non-periodic diagrams
allow to describe new properties that reflect the process of
deformation and destruction of a workable material in the
process of cutting. Increasing number of elements will allow to
construct more accurate model describing the response of real

materials. But in this case there are more material parameters
need to be evaluated by experiments, usually, it might be very
difficult, if not an impossible, task.

Finite element method (FEM) is most frequently used in
metal cutting analysis. In recent years, FEM has become the
main tool for simulating metal cutting processes. It provides
appropriate approach to visualize cutting process, because it
allows to predict various characteristics of the metal cutting
such as cutting forces, temperatures, stresses, chip types and
shapes, etc. [5-8].

2. Application of rheological models to the chip
formation process

Metal cutting is a complicated mechanical process, which
includes plastic deformation and destruction of metal in thelocal
zone, friction in interaction of the cutting tool with workable
material. In accordance with the results of previous studies
[8], this interaction accompanied with flat chip formation was
examined in two stages up to the moment of the formation of
shaving, i.e. the deformation to the shear plane and the shift of
the element of small thickness on the plane of shift.

Voigt medium

St. V Ishlinskiy
H 3 medium

Hy

| [
N3 N,

Fig. 1 'The model for a mechanical system in the chip formation process
1. dbra A forgdcsképzddési folyamat mechanikai rendszerének modellje
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We describe the process of chip formation with the help of
the rheological model proposed by Veitz and Maksarov [9].
This model is constructed as combination of two rheological
bodies connected in series: the elastic-ductile-plastic medium
of Ishlinskiy type [2], [3], [4] and viscoelastic Voigt medium
with the delay of deformation (see Fig. 1). The four-element
rheological model of Ishlinskiy most fully reflects the dynamics
of plastic deformation and destruction of a solid body in the cut
off layer of metal. The force P applied to the point D imitates
by the linear elastic spring element H, the elastic instantaneous
deformation, formed in front of the area of plastic deformation
in the zone of chip formation. The next part of this model
imitates the prolonged viscoelastic deformation with the help
of the spring H, and the dash-pot N, connected in parallel.
After reaching the yield stress o, which imitates St. Venant
element St.V. the instantaneous residual deformation appears.
This leads to the shaping of local segments of shift in the
primary deformation zone of the cut off layer. At this stage,
permanent, irreversible deformation begins [10], [11]. The
Voigt model, which consists of the spring H, and the dash-
pot N, in parallel, describes movement of the shift of material
foreword in the direction of tool movement and prolonged
viscoelastic deformation.

The process describing relation of brittle and ductile fracture
of material is presented in (Fig. 1). Indeed, we can assume that
the brittle fracture corresponds to break of elastic external
element H, and viscous fracture corresponds to the break of
elastic internal element H, which is preceded by the relative
shift of viscous element N, [3]. Elements of mechanical system
can be considered in relation to the direction of deformation
with the input and output, the direction of the pointer in the
(Fig. 1) indicates the direction of deformation of the system.

The differential constitutive relations between stress and
strain for the model describing the process of chip formation
can be presented in the form of the following rheological
equation [12]:

a6 + a0 + as(0 £ 0,) = a € + asé + age (1)

where coefficients a; (i =1,---,6) depend on stiffness
coefficients and coefficients of linear resistance, gy, is a yield
stress.

The solutions and analysis of this rheological equation were
studied in [10]. We derive the relations between coeflicients of
the rheological equation (1) and the stiffness and viscosity of
material of the mechanical system. We write the equation (1)
in the short-hand notation using integral formulation and the
Laplace transform. For the Ishlinskiy model we have

P _Bptt(ate)p
.32 ptc;  Bciptac
where the properties of elastic elements H; and H, of the

Ishlinskiy model are described by stiffness coefficients ¢; and
¢, the dash-pot element N; is characterized by the coefficient

z(p) = —

. . L . . .
of linear resistance 5, and p! = o are the linear differential
operators.
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For the model of Voigt, the operator resistance takes the form
p
Bsp+cs
where Hz and N3 are described by the stiffness coefficient €3 and
B3 the coefficient of linear resistance respectively.
The entire model describing the process of chip formation

can be presented in the following form
BaBs p? + (Baci + Bacs + Bsci + B3ca) " p + (c1cz + cac3 + ¢405) 2)
BaBscy  p? + (BzeiC3 + B3ciC2) " p + €16263

zy(p) =

z(p)=p

In order to simplify the calculations, we introduce the
following notations for the coefficients of differential operator
p and free terms in the numerator and denominator of equation

(2):
a; = PP
a; = B¢y + Prcz + Pacy + Bac,
a3 = C1C2 + C2C3 + C1C3

as = B2fscq
as = Ba¢163 + B31C;
Qg = C1C,C3

Then the operator resistance can be expressed in the form [3]
a;p?+azptag
z0) =P, racprac
it means that returning to the space of originals we obtain the
rheological equation (1), which define the relation between
stress and deformation of the mechanical system.
To motivate the adequacy of the rheological model (1) we
assume that the deformation in time is supposed to be known
and solve this equation for the stress. We substitute o in the

equation (1) by a new variable x = az(o + o) and get
X+ 2yx + wix = f(t), 3)
where

a c1CptCyC3+cCC
wy = ’ 3 / 12 ﬁz 377173 i5 a frequency,
2 3

82 _ BacitBacztBacitBacy
2a1 2B2P3

f(t) _ f(S é E) __azagétazasétazage
= ,E, = .

is a dumping constant,

a

Let us denote the vibration frequency by w = \/ ¥% — w2 The
solution of homogeneous part of equation (3) for oscillation
mode is

x(t) = e7"*(A cos wt + B sin wt),
and for relaxation mode
x(t) = Ae@ Mt 4 Be(-w=NE,
The general solution of equation (3) for relaxation mode is

f@Oe¥=t 1 (et
.J’Tdt__ fT

for y2 — w3 <0,

for y2 — w3 > 0.

1
x(t) = et [Ee“’t dt + Ae®t + Be™t (4)

With a fixed value of deformation € = &, = const function
f(t) can be expressed as follows

£ = a3a650
a;

the phenomenon of stress relaxation is characteristic for a
majority of real materials, and is consisting in a gradual decrease
of stress in the medium, if the deformation is invariable.



épitoanyag - Journal of Silicate Based and Composite Materials

After transition from variable x to variable o and taking into
account initial conditions d(0) = g, and ¢(0) = const an
equation describing stress relaxation takes the following form

A6€o

P + i [(00 -0, )((r + w)e®t + (w —y)e™t) —

_ asfo( 1 ewt _ ;e—mt) +d.(0)(ewt _ e—wt)] ce vt
a; \y-w Y+

a(t) =0, +

(5)

From equation (5) we can conclude that for our rheological

model stress relaxes to its equilibrium with two relaxation
1 1

times 11 = ;7 and 7, = y+w- We get the following expression

for the for the rates of relaxation y — w and y + w in the terms

of stiffness coefficients ¢; and coeflicients of linear resistance f3;:

a, a: —4aa; 1

v = Z_al<a2 + /a% - 4a1a3> =

1
= m[(ﬁz% + Brcs + Bzc + B3c) £

tw=-—
yre 2a, —

t \/(.8251 + B2c3 + PB3¢q + B3c)? — 4By B5(cicp + crc5 + C1C3)]-

It follows from proposed rheological model in the zone of
primary plastic deformation occur processes which generate
instability of chip formation. The analysis of the developed
plastic deformation of metal shows that this process has
wavelike nature. At the moment which corresponds to the
implementation of plastic deformation in the zone of plastic
contact of chip with the tool, which reflects the elastic
reaction of the workable material, the cut off layer undergoes
the secondary deformation. Our theoretical studies were
confirmed by experimental data which were conducted in the
broader band for back rake angle a from -5° to 25° and for
different values of cutting speed. It was determined in [2] that
the form of chip by processing steel AISI 45 is following:

= discontinuous chip for a = -5° and cutting speed

10 m/min;

= built-up edge chip for a = 25° and cutting speed
25 m/min;

= continuous chip for a = 10° and cutting speed
75 m/min.

It confirms our studies on the origin of the primary
relaxation phenomena, which induce the origination of the
self-oscillating process by turning materials.

3. Finite element analysis of chip formation
process and description of simulation model

The basis of all finite elements methods involves dividing
the body into an equivalent system of small finite elements
for which the relevant variables and quantities are determined
only at the nodes of the elements. This procedure is called
discretization or meshing. The accuracy of the solution depends
on the total number of elements used and their variation in
size and type. The elements must be made small enough to give
relevant results and large enough to reduce time required for
the simulation. In recent years, numerous special-purpose and
general-purpose finite element packages have been used for
metal cutting analysis: Deform 2D/3D, MSC.Marc., Thirdwave

AdvantEdge, Abaqus, Ls-Dyna, etc. In modeling the plastic
material flow there are three main formulations for simulation of
metal cutting Eulerian, Lagrangian and Arbitrary Lagrangian-
Eulerian (ALE). The last one combines the best features of
Lagrangian and Eulerian formulations [13]. In this case, the
mesh is not attached to the material and it can move to avoid
distortion and update the free chip geometry. The mesh follows
the material flow and problem is solved for displacements in
Lagrangian step, while the mesh is regenerated and problem
for velocities is solved in Eulerian step.

The thermo-mechanical modeling of flow stress of workpiece
material plays very important role in metal cutting simulation.
In finite element models flow stress is an instantaneous yield
stress which depends on strain, strain rate and temperature. To
describe the material flow during the cutting process an elasto-
viscoplastic description of the material behavior can be written
in the form of constitutive models:

o=f(g¢T), (6)
where o is the Von-Mises stress, ¢ is the plastic strain, € is the
generalized strain rate and T is the temperature. The most
widely used is Johnson-Cook material constitutive model. This
model is based on torsion and dynamic Hopkinson bar test
over a wide range of strain rates and temperatures [14]. This
constitutive equation has the following form:

é ( T—-T,\™ )
o= (A+B£“)(1+Cln,—> 1—(—) )

& Ty — T

The elastic-plastic term representing strain hardening is in
the first parenthesis. The coefficient A is the yield strength
value when the stressing rate is low, B is the hardening modulus
and # is the hardening coefficient. The viscosity term, where
C is the strain rate sensitivity coefficient, is in the parenthesis,
it shows that flow stress of material increases when material
is exposed to high strain rates. The last one is temperature
softening term. T is the instantaneous temperature, T, is the
room temperature, T is the melting temperature of a given
material and m is the thermal softening coefficient. Johnson-
Cook constitutive model assumes that flow stress is affected by
strain, strain rate and temperature independently.

In the present research we consider the finite element model
used for the plane-strain orthogonal metal cutting simulation,
which is based on the Lagrangian formulation in Third
Wave Systems AdvantEdge simulation software. AdvantEdge
integrates finite element numerics and material modeling
appropriate for metal cutting. The software has comprehensive
library of materials, input interface allows to set cutting
parameters (feed rate, depth of cut, length of cut, cutting speed
and initial temperature of the workpiece) as well as tool and
workpiece geometries. Other parameters of cutting are fixed
automatically, the user control on material parameters and
solver are not allowed. The material model considers elastic-
plastic strains, strain rate and has an isotropic power law for
strain hardening. In AdvantEdge a staggered method is utilized
for the purpose of coupling the mechanical and heat transfer
equations. Geometrically identical meshes for the mechanical
and thermal models are used. An isothermal mechanical step
is taken first, it is followed by a rigid transient thermal step
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with constant heating from plastic work and friction. The finite
deformation formulation uses a six-noded quadratic triangle
elements. As the cutting layer transforms into chip, it separates
from the workpiece splitting the nodes. The separation of nodes
is achieved by continuous remeshing, the software enables
element distortion around the cutting edge by updating the
mesh periodically both refining large elements and coarsening
small elements.

4. Conclusions

The rheological model in the form of a series connection
of elastic-ductile-plastic relaxing medium of Ishlinskiy and
the medium of Voigt describes the mechanical properties of
chip formation process, but does not contain the evaluation
of cutting temperature. The analysis of rheological model
shows that instability of the process of cutting is caused by the
wavelike nature of the plastic deformation and destruction of
metal. Within the generalized rheological model of the chip
formation process, material deformed in the cut off layer
reflects the relaxation effect inherent in stress. Stress relaxes to
its equilibrium value not according to the simple exponential
law, but with a significantly more complicated law, with two

relaxation times 71 = -—— and T2 =~ At the moment
which corresponds to the completion of plastic deformation
in the zone of plastic contact of chip with the tool and which
also reflects the elastic reaction of the workable material in
the process of cutting, the cut off layer undergoes a second
deformation. The instability of chip formation in the primary
zone of the plastic deformation process is the basic reason for
the appearance of instability within the process of cutting in
the closed dynamic system of a machine tool. The analysis of
the rheological equation (1) proves that the model enables
an adequate description of the deformation process of chip
formation and determination of the criteria to its transition to
a non-stable mode, provoking self-excited oscillation.

High temperature in the cutting zone hostilely affects the
strength, hardness and wear resistance of the cutting tool.
Therefore, estimation of cutting temperature is a decisive
aspect in the study of metal cutting. The future work on the
present rheological model will focus on adding the temperature
parameters into the rheological equation (1) describing the
process of chip formation. To this end, will use the rheological
model proposed by Malyshev [15]. For this model it is assumed
that the plastic deformation of the metal in the shear zone can
be considered as the result of compression of the metal layer,
taking into account the friction of the chips on the front surface
of the tool and the cutting temperature.

With the advent of efficient software packages, FEM has
become one of the most powerful tools for the simulation and
analysis of cutting process. This allows studying the cutting
process in greater detail than possible in experiments. FEM
simulation takes into account the material properties better
than analytical models. FEM models allow to simulate the
interaction of chip and tool in different forms. In spite of
many advantages of FEM models, it is difficult to simulate
the morphology of cutting chips. The continuous chip is often
considered as more preferable, because it generates stable
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cutting forces. Moreover, it is easiest for simulation codes,
but during experiments the sharp edged continuous chip that
comes out at a high speed may be dangerous to the operator
and may lead to unpredictable damage of the cutting tool. The
majority of finite element codes simulates only continuous
chips.
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Professionals reveal the eco-friendly building materials for 2020
I ——

= Majority of professionals believe bamboo (74%) is the eco-friendly building material that
will experience the greatest increase in usage within the property industry in 2020

= Thereafter, 69% expect straw bales to have a strong inclusion in construction projects
scheduled for next year

= Contrastingly, cork (38%) is the eco-friendly building material that the experts predict will
be utilised the least in the property industry during 2020

One of the biggest developments in the property industry has been that of eco-friendly building
materials. Materials which essentially reduce the harmful environmental impact of building
operations.

Interested in sustainable building, Sell House Fast surveyed 582 architects, engineers and construction
(AEC) professionals to identify the eco-friendly building materials they expect the property
(commercial as well as non-commercial) industry to increase using in 2020.

The eco-friendly building materials AEC professionals predict
will see the biggest increase in usage within the property
industry during 2020

Bamboo 74%
Straw Bales 69%
Timbercrete 61%
Recycled Plastics 56%
Ferrock 47%
Hempcrete 44%
Cork 38%
AEC = architects, engineers and construction professionals

Sell House Fast found that the majority of experts believe bamboo (74%) is the eco-friendly building
material that will experience the greatest increase in usage within the property industry next year.

Thereafter, 69% expect straw bales to have a strong inclusion in construction projects scheduled in
2020. Whilst slightly less feel the same way about timbercrete (61%).

Contrastingly, cork (38%) is the eco-friendly building material that experts predict will be utilised the
least by the property industry over the course of 2020.

Robby du Toit, the Managing Director of Sell House Fast
commented: “The property industry is more eco-conscious

than ever before. This has led to a surge in the innovation and
development of eco-friendly building materials. As

professionals become better acquainted with the properties

and benefits of different eco-friendly building materials,

their adoption rate in construction projects can expect to see a
positive increase. This research certainly highlights the eco-friendly
building materials that will have a big impact in 2020”.
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What are the eco-friendly building materials?

Bamboo: Bamboo is light-weight and has tensile strength. Bamboo is the 74(y
. . . - . (1)
ideal replacement for expensive and heavy imported building materials.
Bamboo provides a great alternative to concrete and rebar construction.

69% Straw Bales: Straw bale is a renewable resource that can be used to

replace concrete, plaster, wood, fiberglass, stone and gypsum when
building walls. Straw bales naturally have high fire-retardant as well as
insulating (for hot and cold climates) qualities.

Timbercrete: Timbercrete is a mix of sawdust and concrete. Timbercrete 6 1(y
. . (o]
is much lighter than concrete. Also, the sawdust element replaces some
of the more energy-intensive components found in normal concrete.
Timbercrete is versatile and can be shaped into bricks, blocks etc.

56% Recycled Plastics: Concrete made from ground-up rubbish and recycled

plastics. By doing so, reducing greenhouse gas emissions and creating a
new beneficial way of utilising plastic waste that would otherwise just be
left clogging up landfills.

Ferrock: Ferrock combines various recycled materials (e.g. steel dust) to 47%
create a building material that not only resembles concrete but is even
stronger. Ferrock absorbs and seals carbon dioxide as part of the drying
and hardening process, thus making it less CO2 intensive than concrete.

44% Hempcrete: Hempcrete (a bio-composite material) is formed from the

inner fibres of hemp plants. The hemp fibres are treated with lime to
create concrete-like shapes which are not only durable but super-
lightweight.

Cork: Cork is made from the tree bark of cork oak. Cork does not absorb 38%
water or rot. Likewise, if left uncoated — cork is naturally fire resistant.
Cork is ideal for flooring and insulation sheets due to its noise as well as
shock adsorption attributes.

Notes to editors: Please note, if you use any of this press release and/or information tables, please
credit https://www.sellhousefast.uk/
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