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Abstract. The usage of fine grinded dlicate glass as an
active additive to Portland cement has been considered in
order to subgtitute neat cement in the cement composition,
jugt asitisin EN 197-1 European standard by the example
of active mineral additives of natural and artificial origin.
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1. Introduction

The composites based on Portland cement are part of
the composites widely used in modern building. EN 197-1
European standard represents 26 composites, where neat
cement CEM | is partially substituted for active additives of
natura and artificial origin, eg. puzzolane materias,
beaded dugs, etc. Slicate glass, including glass container
wagtes as the most widespread wastes, may be referred to
them as well. Nowadays a great amount of crushed glassis
accumulated throughout the world. It is an artificia ma
terial for the production of which considerable material and
power resources were aready used. That iswhy it is heces-
sary to use such materid effectively. One of the possible
directions is using recycling glass as an active additive
capable to substitute neat cement in the composites.

Recently a great number of works in this field has
been published. Majority of them deals with the effect of
fine grinded glass on the mechanical strength of Portland
cement and products on its basis, as well as on the cement
expanding after long keeping under various conditions.
The latter property is very important because the increase
in volume of the products formed by the reaction between
glass and akai in hardened cement may result in the
appearance of cracks and damage of building
constructions [1]. Taking this fact into account we
consider it necessary to examine it separately from the
mechanical strength.

The decrease in mechanical compressive strength
of the samples made from cement paste was observed in

[2]. For example, if the content of glass powder increases
from 10 to 30 % in one-day samples, their strength
decreases by 26 and 63 %, respectively, compared with
that of the samples without additives. After 28 days the
decrease is 19 and 54 %, respectively. While using glass
for LCD screens, the chemical composition of which
considerably differs from that of the container glass, the
decrease in strength of one-day samples is 10 and 30 %,
respectively (under the mentioned conditions); after 28
days — 6 and 25 %, respectively [3]. K. Sobolev et al [4]
studied the effect of neat cement substitution for glass
powder of different composition in the composition with
gypsum and supersilica. For the composite composed of
glass (50 %), cement (35 %), gypsum (5 %) and
supersilica (10 %) the early strength (after 2 days)
decreases by 40 % for window glass, by 55 % — for LCD-
screen glass, by 50 % — for brown container glass and by
57 % — for green container glass. After 28 days the
compressive strength achieves the corresponding values
of the control samples. At the same time Z. Zainab et al.
[5] show that mechanical compressive strength increases
by 8 % after 3 days for concrete with 10 % of glass
powder, and by 2.6 % — for concrete with 20 % of glass.
After 28 days the decrease in strength by 85 % is
observed for concrete with 10 % of glass powder and the
increase by 4.3 % — for concrete with 20 % of glass.
According to [6] the addition of 10 and 20% of glass
powder increases the strength of concrete by 16 and 25 %,

respectively.

2. Experimental

Portland cement CEM | 325R produced in
accordance with European standards EN197-1 was used
for the investigations. The chemical composition of
cement and container glass is represented in Table 1. The
strength of samples in the form of arms was determined
according to the standard EN 196-1 and represented as the
index of active strength (IAS). It is determined as a ratio
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between compression strength of the sample with additive
and without it (check sample).

3. Results and Discussion

The analysis of publications shows that there is no
agreement concerning fine grinded glass used as an
additive or substitute for Portland cement. The first reason
is that there are various types of container glass which
sometimes considerably differ by their compositions.
Moreover, in most cases the aspect of chemical interaction
between glass and akali at early and late stages of
hydration is not taken into consideration. Actually every
type of glass reacts with akali in its own manner
depending on its composition, especially the mix of
glasses usually found while storing domestic wastes.
The second important factor determining the possihility of
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glass wastes usage is its optimal quantity in the
composition of cement composite. Literature data do not
show a single opinion. In some publications [7] the
maximum quantity of glass is limited by 0.1-1.0%
relative to cement weight, some references [8] allow using
even 90 %. Such different estimations force to change the
approach for solving problem.

To our mind, taking into account al above menti-
oned, it is necessary to base on glass behavior under cement
hydration conditions. If we speak about container glass, we
have multi-component akali-silicate glass (Table 2).

Thetotal content of alkaline oxides in the container
glass is within 13-14 wt %. Taking into account that R,O
content in CEM | (EN 197-1) exceeds 1%, as a rule
(Table 3), the special procedure is necessary allowing to
estimate the glass contribution into general alkalinity to
prevent the intensification of alkaline corrosion at later
stages of hardening [13].

Table 1
Chemical composition of Portland cement and container glass
. Oxides, wt %

Materials S0, ALLO, Ca0 MgO Na,0 K,0 Fe,0, Cr,05 0,
Cement 21.2 5.8 64.4 19 0.2 04 3.6 — 25
Colorless glass 72.2 18 10.10 1.65 13.19 0.61 0.04 0.01 04
Brown glass 72.15 175 10.0 155 13.79 0.16 0.25 0.03 0.32
Green glass 71.8 18 10.97 1.00 12.72 0.63 0.45 0.25 0.38

Table 2
Chemical composition of container glass based on different literature data
Glass Ref Oxide (wt %0)
' SO, | AlLO; | Fe0O; | CaO MgO Na,O KO SO, Cr,0; | TiO, BaO
[9] 72.50 0.16 0.20 9.18 3.65 13.20 0.12 0.39 — — —
@ [10] 72.50 0.40 0.20 9.70 3.30 13.70 0.10 — — — —
E 1 72.17 135 0.07 10.92 1.10 13.13 0.61 0.09 <0.05 | 0.06 | <0.05
8 3 64.74 — — 20.19 — 0.30 0.23 — — — —
11 73.04 181 0.04 — 10.75 — 13.94 0.22 — — —
§ 11 71.30 2.18 0.59 — 12.18 — 13.07 0.05 0.44 — —
Y [1] 71.24 161 0.32 10.79 157 13.12 0.63 <0.05 0.22 0.07 | <0.05
O 12 72.38 149 0.29 11.26 0.54 13.52 0.27 0.07 0.13 0.04 —
- 11 72.10 174 0.31 — 11.52 — 14.11 0.13 0.01 — —
g [1] 72.08 219 0.22 10.45 0.72 13.71 0.16 0.05 <0.05 | 010 | <0.05
o [12] 72.21 137 0.26 11.57 0.46 13.75 0.20 0.10 0.026 | 0.04 —
[4] 71.19 2.38 0.29 10.38 1.70 13.16 0.70 0.04 — 0.15 —
Table3
Chemical composition of CEM | based on different literature data
Ref Oxide (wt %)
' SO, Al,O3 Fe,0; CaO MgO Na,O K,O SO, Cr,03
[9] 20.33 4.65 3.04 61.78 3.29 0.24 0.59 3.63 —
11 21.24 5.97 3.34 62.72 2.36 0.13 0.81 197 —
10 20.20 4.70 3.00 61.90 2.60 0.19 0.82 3.90 —
3 21.65 6.50 3.20 63.70 1.90 0.01 0.62 — —
5 21.14 5.78 3.59 64.43 152 — — 2.35 —
14 20.40 5.68 2.85 64.50 1.09 0.18 0.64 - >0.05
15] 20.20 4.70 3.00 61.90 2.60 0.19 0.82 3.90 —
12 20.84 5.52 3.61 65.57 213 0.82 0.19 0.91 0.03
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The variant when crushed glass is introduced into
raw material while cement production is also possible. In
such a case the akaline oxides of glass transfer into
cement composition increasing its akali content. For
example introducing 1.3 % of crushed glass the akali
content of cement is doubled (from 0.2 to 0.4 wt %) [16].

The situation is quite different if we add glass
powder to cement. In such a case only Na” and K™ ions
participate in the chemical process. lons are on the glass
surface in no equilibrium state and their activation energy
of leaching is 7 times (for K*) and 13 times (for Na") less
compared with activation energy of theseions diffusionin
glass volume [17].

The preliminary estimate based on comparison of
alkaline components quantity on the surface and in the
volume of glass grains showed to minimize the effect of al-
kali content in glass powder on that in the cement compo-
dte, the content of glass powder in the composite should
not exceed 1%.The similar conclusions were obtained by us
on the basis of investigations about ASR-effect [7].

In the opinion of authors [18] the excess of alkali
content above 0.4 mol/g increases the cement hydration
rate in the early period that is a positive phenomenon in
the case of glass powder addition. However the
considerable excess of alkali in the cement composition
with glass has a negative influence during late period of
hardening because of increasing alkaline corrosion due to
the following reaction with active SO, of fillers:

SiOZ + Na,O + nH,O — Na2803 "nH,0

As aresult, sodium metasilicate absorbs the surplus
water, washed out from the cement as gl and generates
dangerous breaking stresses.

In the state of cement “false’ setting till the
moment of rea setting the cement-glass system is in an
active state, where chemical reactions take place affecting
the structural matrix formation of future hydrated cement
and its properties [19]. Without going too much into the
chemical process mechanism let us note that the role of
glass (content <1% in the composite) is only the
insignificant increase of total alkalinity of the cement-
glass system. Glass serves adso as a crystallization
nucleator of primary crystalline phase of Portland cement.
The increase in R;O content due to the increase in glass
content (> 1 %) resultsin the glass additive transformation
into a fine-grinded filler. While long-term hydration,
especially under increased humidity the transformed filler
becomes the potential danger for concrete constructions
dueto ASR-effect [1].

In the majority of investigations dedicated to the
glass powder used as an active additive to Portland
cement the quantity of introduced glass varies from 20 to
50% [3, 4, 9-11]. However, taking into account the
alkaline factor, the glass quantity should not exceed 1 %.
Therefore we studied the compression strength of the
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samples with different quantity of glass powder of
different types (Fig. 1) in order to determine the effect of
glass powder quantity on the mechanical srength of
cement products.

One can see that the early strength (after 2 days of
hardening) increases by 5-17 % depending on glass type.
This result is observed only for the samples with 1 % of
glass powder. However after 28 days of hardening their
strength is lower by 20-30 % compared with that of the
check sample. It means that glass powder is the active
additive only during early stages of hardening. Further the
glassis non-effective and serves as an ultradispersed filler.
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Fig. 1. Dependence of glass quantity in cement composite
on IASfor different types of glass: colorless (a); brown (b)
and green (¢)

Taking into account that water-cement ratio (W/C)
for the majority of cement products is within the range of
04-0,6 and the activity of glass component in the
composite depends on W/C [7] we may assert that this
ratio should be 0.6 for rea influence on mechanical
strength of cement with glass maximum allowabl e content
of 1% (Table4).
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Table4
Dependence of cement strength on water -cement ratio and glasstype

CEM | 325R' IAS~ after 28 days
Glasstype Glass quantity Concrete C20 Concrete C20
W/C =0.60 W/C=0.50
Colorless*** 1 % over 100 % 1.32 0.86
Brown*** . 1.37 0.96
Green*** . 143 0.98

* According to EN197-1 European standard

** JAS-index of active strength; it is determined from the ratio of compression strength of the sample with glass to the
compressive strength (Rcs, MPa) of control sample

*** Chemical compoasition of glasses are represented in Table 2, pos. [7]

Table 5
Dependence of sstandar d samples strength on W/C and glass content
CEM | 325R CEM | 325R
Glass quantity WI/C ratio IASRcs (MPa) after 2 days IASRcs(MPa) after 28 days
of hardening of hardening
1.0 % over 100% 0.50 1.18 1.08
1.0 % over 100% 0.60 135 1.00

For C20 concrete based on neat Portland Cement at
WIC = 0.5 we observe the insignificant decrease of
mechanical strength for all types of glass (Table 4). The
increase of W/C ratio to 0.60 increases the strength by
3040 % depending on glass type. Hence, the main factor
affecting the glass additive activity is a water-cement
ratio, i.e. the increase of glass-liquid phaseratio. It favors
the effective proceeding of the reaction between glass and
liquid phase and as a result increases mechanical strength
and terms of setting beginning and ending [20].

To check the assumption about influence of W/C
ratio on the compressive strength of cement with green
glass additive (as the most effective type of glass) we
investigated cement standard samples. The results are
givenin Table5.

The presented results also confirm the increase in
mechanical strength with the increase of W/C ratio. It
should be also stressed that glass powder favors the
increase of early drength (after 2 days of hardening).
After 28 days we observe some decrease in strength but it
is at the level of control samples. So, in our opinion, the
glass grains in the composition of cement composite serve
as crystallization nucleators of main crystalline phase of
cement and increases strength while early hardening. But
when crystallization process is going stronger, the glass
role is hidden. Thus, glass powder in small quantity (0.1—
1% relative to cement weight) is an accelerator of setting
and hardening at early stage of cement composite
hydration.

4. Conclusions

On the basis of literature data and our own
investigations we may assert that optimum quantity of
glass powder additive is 0.1-1.0 % rdative to Portland
cement weight. In such a case the powder plays arole of
the active additive and accelerates cement hydration at
early stages. However if the content exceeds 1%, the
glass powder transforms into the fine-grinded filler
capable to intensify the akaline corrosion of cement.
Therefore it is hardly to expect the wide application of
glass wastes as the additives to the cement composites
similar to European EN 197-1.

The important factor determining the additive
activity is water/cement ratio. Its increase to 0.6 leads to
the increase of glass-liquid ratio intensifying ASR-effect.
Among three main types of recycling glass the green glass
is the most active. It additionally contains Cr,O3 which
catalyzes the conversion of calcium hydro silicate CSH(I)
into 1,4-tobermorite as one of the primary crystalline
phases of post induction period of Portland Cement
hydration [21-23].
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MMEPCIHEKTUBU BUKOPUCTAHHS CKJISIHOI'O
HOPOHIKY AK AKTUBHOI'O JOJATKY
J0 NIOPTJIAHAINEMEHTY

Anomauia. Ha ocnosi npogedenozo ananisy nimepamypu
NOKA3AHO 3HAYHUL BNIIUG JIVHCHOI CKIA0080I CKIA HA 3A2ANbHULL
JIy208MIC YEeMEHMHUX KOMNO3umie. Bcmarnoeneno, wo npu 3amini
1 % yemenmy na crasmuil 000AmMOK CROCMEPIeAcmbCsl 30LIbUICHHSL
MIYHOCMI YeMEHMHUX PO3YUHIE MINbKU HA NOYAMKOBUX CMAOIAX
meepoinna. Bcmanoseneno, wo Opibnomenene ckio € npu-
cKoplosayem npoyecy meepoints YeMeHmHUX PO3HUHI6, Npu yboMmy
8AHCIUBY POTIb 8idiepac 8000YyeMeHMHe GIOHOULEHHS.

Knwuosi cnoea. cxisnuil nopowiox, yemeHm, numoma
NOBEPXHS, eHEP2Isl aKMUayii, MiYHiCmob HA CMUCK.
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