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One of the possible ways of glass waste recycling is its usage as an additive
to cement. A great number of authors consider glass a pozzolanic additive due
to the high content of SiO, amorphous phase and suggest to use it instead of ce-
ment in amount of 10-30%. However the high content of R,O in glass (13-14%)
favors alkaline corrosion in cement and therefore should be limited. In the work
was determined of pozzolanic activity for different types glass waste according
to Butt J. and EN 196-5:2006. Compared with known mineral additives, such
as microsilica and fly ash, glass wastes have very low pozzolanic activity. There-
fore, increasing strength in the early stages of hydration cement associated with
an alkaline component in a glass additive and not pozzolanic activity of glass
waste. To estimate the effect of alkali component in the glass additive we intro-
duced the notion of alkaline activity of cement-glass mixture. Taking as example
different types of cement according to the standard PN-EN 197-1:2011 we dem-
onstrate that substitution of neat cement for grinded glass waste is limited due
to glass high alkalinity and low pozzolanic activity. The proposed method
of the calculation of glass additive allowable amount permits to estimate the glass
effect on total alkaline activity of cement compositions at the design stage.
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1. Introduction

Last decade a lot of publications dedicated to the problem of glass waste
using as an additive to Portland cement was published. The reason is the con-
stant growth of glass waste. Table 1, according to [1], demonstrates the amount
of wastes and their application in different countries .

' Author for correspondence: Viktor Shevchenko, Institute of Civil Engineering, Warsaw Univer-
sity of Technology, Branch at Plock, Lukashevicha 17, PL-09400 Plock, Poland,
Tel.:+48243672239, e-mail: chewchenko4@yahoo.com.

? Galyna Kotsay, Institute of Civil Engineering, Warsaw University of Technology, Branch
at Plock, Lukashevicha 17, PL-09400 Plock, Poland, Tel.:+48243672121, e-mail:
kotsayg@pw.plock.pl.




404 V. Shevchenko, G. Kotsay

Table 1. The amount of glass wastes and their application in different countries

Tabela 1. Ilo$¢ odpadow szklanych i ich uzycie w réznych krajach

Glass waste USA | Kanada | Poland [2] | Sweden | Portugal | Germany | Turkey

Glass waste, mIntons| 11.5| 0.116 1.5 0.239 | 0.493 3.2 0.12

Recykling glass, % 27 68 60 93 25 94 66

Most of publications describe finely grinded glass as a pozzolanic additive
introduced instead of Portland cement [3-7]. According to data of different au-
thors the amount of glass waste may vary from 10 to 30% [5-6]. In Ref. [7]
this amount is even 50% allowing the authors to consider the cement as envi-
ronmentally friendly product. All authors justify their choice of glass amount
by designation of coefficient pozzolanic activity (CPA) which is equal
to the ratio between compression strength of the cement mortar with glass
and control sample, according to PN-EN 450-1 [8]. If CPA > 75% relative
to the control sample, the glass powder of glass waste is a pozzolanic additive.
However, the pozzolanic activity it is ability to react with calcium hydroxide.
So not always the strength increase is connected with pozzolanic activity
of the additives with amorphous SiO5.

Table 2. Requirements for special cements (NA group) according to PN-B 19707:2012
Tabela 2. Wymagania dla cementow specjalnych (grupy NA) wedlug PN-B 19707:2012

Cement type | The total alkali content, % Requirements for cements
CEMIIVA -V <12 Amount of silica fly ash >14%
CEMIVA - S <12 Amount of slag>14 %
CEMIVA -M =12 Amount of silica fly ash and slag >14%
CEMIUB - V <15 Amount of silica fly ash >25%
CEMII/B - S <0,8 -

CEM IU/B - M =13 Amount of silica fly ash >20%

<0.95 Amount of slag <49%

CEMIIVA <1.10 Amount of slag >50%
CEM III/B <20 )
CEM III/C ’
CEM IV/A <15 Amount of silica fly ash >25%
CEM IV/B <2,0 -
CEM V/A <20 Amount of silica fly ash and slag >50%
CEM V/B <2,0 B
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The great disadvantage of all above-mentioned references is to ignore
of alkali factor of glass. It is known that glass contains 13-15% of Na,Oeq (al-
kali Na,O, K,0) that considerably affects the alkalinity of cement mortars
and alkaline corrosion of concrete. The total amount of alkali in CEM I Portland
cement could not exceed 0.6% [9] due to the possible alkaline corrosion
of the concrete construction [10]. Whereas, for the special cements (low alka-
line cement NA group) the alkali content has other limits according
to PN-B 19707:2012 [11], tabl. 2.

Therefore, the aim of this work is to determine the allowable amount
of glass additive may be used in cement in accordance with PN-EN 197-1:2011
and PN-B 19707:2012 standards.

2. Materials and investigation methods

We used container glass waste of the different types. The chemical compo-
sitions of the used materials are represented in Table 3.

Table 3. Chemical composition of the different type’s glass waste

Tabela 3. Sktad chemiczny réznych typéw odpadow szklanych

Oxides, wt %
8102 A1203 CaO MgO Nazoeq F6203 Cr203 SOg

Glass types

colorless 72.20 1.80 10.10 1.65 13.8 0.04 0.01 0.40

green 71.80 1.80 10.97 1.00 13.35 0.45 0.25 0.38

brown 72.15 1.75 10.00 1.55 14.00 0.20 0.03 0.32

Glass crushed and sieved through a sieve of 0.075.

Pozzolanic activity was determined by two methods. According to the first
method [12] the additive was investigated in the additive saturated solution
Ca(OH), system and the amount of bonded calcium hydroxide per 1 g of addi-
tive was determined for 30 days.

According to the second method [13] the investigations were carried out
in the additive—cement—water system. We examined concentration of ions cal-
cium (expressed as CaO) and the total alkalinity of the filtrate obtained from
aqueous mixture of cement with additive of grinded green glass (10% of cement
weight). The pozzolanity was determined by comparison of CaO concentration
in the investigated filtrate and in the saturated solution obtained under the same
conditions. It is considered that cement meets the requirements of pozzolanic
activity if calcium ions concentration in filtrate is lower than that in the satu-
rated solution.
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3. Results and Discussion

The possibility of using glass waste as the mineral additive to cement depends
on its pozzolanic and alkaline activity. The results of pozzolanic activity investiga-
tions according to [12] are represented in Table 4 for different types of glass.

Table 4. Pozzolanic activity for different types of glass

Tabela 4. Aktywno$¢ pucolanowej réznych typow szkta

Glass types Pozzolanic activity, mg CaO/ g additive
colorless 18.9
green 24.2
brown 18.1

All types of glass have very low pozzolanic activity (Table 4) compared
with known mineral additives, such as microsilica and fly ash [14-15].
At the same time the low pozzolanic activity is confirmed by other chemical
method according to PN-EN 196-5:2006. The results of pozzolanic activity
of cement with glass waste investigations are represented in Table 5.

Table 5. Pozzolanic activity of cement with glass waste according to [13]

Tabela 5. Aktywno$¢ pucolanowej cementu z odpadami szklanymi zgodnie z [13]

Concentration of Concentration of

Mixture Con_c entration ng CaO in the filtrate, | CaO" in the saturated A CaO ’3
OH’, mmol/dm 3 . 3 mmol/dm
mmol/dm solution, mmol/dm

100% CEM
132.5R 57.3 7.2 8.3 1.1
90% CEM I
32,5R +10% 58.1 7.2 8.1 0.9
glass waste

(*) CaO calculate*d according to the formula CCa0*=350/(COH_—1 5)
(" )ACaO=Cci0 - Ceao

The introduction of glass powder increases the alkalinity of cement mortars
but CaO concentration in the filtrate remains unchanging compared with
the control sample. Correspondingly, the results of cement pozzolanic activity
are almost the same (standard deviation for calcium ions is +/-0.2 mmol/dm’).

The investigation results of pozzolanity determination allow to conclude
that grinded glass is not the pozzolanic additive. However, the strength increase
in early terms of hydration allows to consider it such active additive. Probably
the strength increase is connected with the increase if alkalinity of cement mor-
tar due to the alkali component in the glass additive [10].

To estimate the effect of alkali component in the glass additive we intro-
duced the notion of alkaline activity of cement-glass mixture (Am). It means the
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total sum of products of Na,Oeq amount of each component and its content
in the mixture:

Am = ¥( Ai *Ki) (1)

where: A; — amount of Na,Oeq in each component, %
K; — content of each component in the mixture, %.

On the assumption that Na,Oeq amount in cement-glass mixture (Am)
cannot exceed the value indicated in PN-B19707 standard the allowable amount
of glass powder (G) may be determined according to the formula (2):

G = (An-Ac)/(As-Ac) * 100 ©)

where: G - permissible amount of introduced glass powder,%
An- permissible amount Na,Oeq in the cement according to PN - B 19707, %
Ac - amount Na,Oeq in the cement, %
As - amount Na,Oeq in the glass, %.

The calculated results of glass powder allowable amount introduced into
cement-glass mixture without exceeding standard values of Na,Oeq are repre-
sented in Table 6.

Table 6. The activity alkaline of components in the cement-glass mixture

Tabela 6. Aktywno$¢ alkaliczna sktadnikéw w mieszance cementowo - szklanej

Fly ash Sl Na,Oeq content in .
ag content, . Maximum amount
N | Cement types content, % cement-glass mixture of glass powder,%
% (Am), % ’
1 CEM I - - - 0
2 CEM IVA-V 14.0 - 0.83 2.92
3 CEM IVA-S - 14.0 0.86 2.70
4 | CEMIVA-M 10.0 10.0 0.88 2.53
5 CEM II/B-V 28.0 - 0.91 4.70
6 CEM II/B-S - 28.0 0.96 0
7 CEM II/B-M 17.5 17.5 0.98 2.55
8 CEM IIVA - 36.0 1.03 0
65.0 1.25 0
9 CEM 1II/B - 73.0 1.31 5.65
CEM 1II/C - 88.0 1.43 4.65
10 CEM IV/A 25.0 - 0.89 4.80
11 CEM IV/B 45.5 - 1.01 7.90
12 CEM V/A 25.0 25.0 1.08 7.40
13 CEM V/B 40.0 40.0 1.29 5.80
Notes:

1) amount of alkali in the clinker used for to low alkali cement NA( Na,Oeq <0.75%),
2) amount Na,Oeq in the glass (=13.5%),

3) amount Na,Oeq in the fly ash (= 1.33%),

4) amount Na,Oeq in the slag (= 1.53%).
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It is known that the alkalinity of cement mortar has a positive influence
on the hydration process, especially during pre-induction period, caused by al-
kali component of the glass powder. However, at the beginning of pre-induction
period only alkali cations of the glass grains surface participate in the hydration
process. The amount of cations is approximately 6% relative to the total alkaline
content of the glass [16]. While using concrete constructions the glass is dis-
solved under the action of Ca(OH), formed during hydration. The obtained re-
action products (ASR effect) [17] are increased in volume and provide tensile
strain leading to the appearance of cracks in concrete.

On the basis of obtained results we may conclude that the introduction
of great amount of glass waste powder into the cement-glass mixture is danger-
ous due to its high alkalinity and low pozzolanic activity. For multicomponent
cement of CEM II type (PN-EN 197-1:2011) the allowable amount of intro-
duced glass additive does not exceed 4.7%, for CEM I11/B and CEM III/C types
— from 4.65 to 5.65%. The maximum amount of glass powder till 8% may be
introduced into cement CEM IV/B and CEM V/A. For cements of CEM II/B-S
and CEM III/A replacement of cements on finely grinded glass is not recom-
mended.

4. Conclusions

Taking as example different types of cement according to the standard
PN-EN 197-1:2011 we demonstrate that substitution of neat cement for grinded
glass waste is limited due to glass high alkalinity and low pozzolanic activity.
The proposed method of the calculation of glass additive allowable amount
permits to estimate the glass effect on total alkaline activity of cement composi-
tions at the design stage.
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USTALENIE DOPUSZCZALNEJ ILOSCI ODPADOW UZYTYCH
JAKO DODATEK DO CEMENTU PORTLANDZKIEGO

Jednym z mozliwych sposobow recyclingu odpadéw szklany jest uzycie ich jako dodatek do ce-
mentu. Wielu autoréw uwaza szklo jako dodatek pozzolanowy z powodu wysokiej zawartosci
SiO, oraz fazy amorficznej i sugeruja jego uzywanie zamiast cementu w ilosci 10-30 %. Jednakze
wysoka zawarto$¢ R,O w szkle (13-14 %) powoduje alkaliczng korozje w spoiwie i dlatego za-
wartos¢ szkla powinna by¢ ograniczona. W pracy ustalono aktywnos¢ pocolanowa w réznych
typach odpadéw szklanych wedtug Butt J. i EN 196-5: 2006. Poréwnanie ze znanymi dodatkami
mineralnymi, takimi jak mikrokrzemionka czy popiot lotny wykazato, ze odpady szklane maja
bardzo niski poziom aktywnosci pocolanowej. Dlatego, zwigkszona wytrzymato$¢ we wczesnej
fazie hydratyzacji cementu powiazanego ze sktadnikiem alkalicznym w dodatku szklanym nie
wykazuje aktywnosci pocolanowej odpadow szklanych. Przy oszacowaniu efektow sktadnikow
alkalicznych dodatku szklanym zostalo wprowadzone pojgcie aktywnosci alkalicznej mieszanki
cementowo-szklanej. Biorac jako przyktad inne rodzaje cementow wedtug normy PN-EN 197-1:
2011 pokazano, ze zastgpowanie czystego cementu odpadami szklanymi jest ograniczone z po-
wodu wysokiej zasadowos$ci szkta i niskiej aktywno$ci pocolanowej. Zaproponowana metoda
obliczania dopuszczalnej ilosci dodatku pozwala oszacowaé wplyw szkta na catkowitg aktywnosé
alkaliczng sktadnikéw cementu na etapie projektowym.

Stowa kluczowe: odpady szklane, cement portlandzki , aktywno$¢ pocolanowa i alkaliczna.
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