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Concrete

Composition

10% Cement
15% Water
2% AIr
/3% Aggregate: 30% Sand
43% Gravel

w:c:s:g = 0.5:1:2:3
21 billion tons in 2011

Technische Universiteit
PAGE 2 I U e Eindhoven
University of Technology



"
=
o
e
=
al

CO, PRODUCTION BY SECTOR

J;ﬁﬁx/////f?
QY
QL afy
A é%// N
M, N
Alllnnnnung R
Ahnnann ST
Allhhnnnag NN
A S
.wwwyyywwwwww ﬁwwﬁwwﬁ

A e .,,.,/,//,ff,,
L L
W Y

24%
Transport

University of Technology

Technische Universiteit

Eindhoven

TU/e

PAGE 3



Problems

WORLD DEVOURING SAND

WORLD INDUSTRIAL SILICA SAND DEMAND Total
IN MILLIONS OF METRIC TONS, 2010 — 2025 406‘

P —Africa/Mideast

—Eastern Europe

Total — Central & South America
30 3_ 5 ——Qther Asia/Pacific
Total I
%4.2 2 I
Total 42-
180.1 34.3
I
109
—Western Europe
29.4 83.6 ——Canada & Mexico
- 27.8
25.4 nited States
2010
SOURCE: THE FREEDONIA GROUP NATIONAL POST
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Problems

s
Source: Tommy Trenchard / IRIN
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* Supplementary cementitious materials
- Alternative binders

- Alternative aggregates

* Recycling of concrete

- Green additives

* Functionalizing concrete
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PAGE 6 Un sty of Technology



Supplementary Cementitious Materials

CaO (C) AlLO, (A)

Techni hU
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Supplementary Cementitious Materials

CEM Il
40-90% of cement replaced with SCM

Fly ash from coal combustion (for how long?)

Deakes? 150k %300k (68a,in
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SCM

CEM Il
40-90% of cement replaced with SCM

Blast furnace slag from iron productlon

Source: Euroslag

Technische Universiteit
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SCM
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TATA STEEL

. EIDELBERGCEMENT Group
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SCM

- other types of slag are currently unused
- Converter slag ~600kton a year

- C,S, Ca,Fe, 0O, FeO, Cal

- not reactive

Mmaterials

HTM-STW-M2i 4-year project: [l 2 mevior

INstitute

"High-end application of converter steel slag in
sustainable building materials”

S L (ENCI
TATA STEEL

sssssssssssssssssssss
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Alternative Binders

Alkali Activated Binders/Geopolymers

- Alkaline activator: NaOH, Na,SiO5, Na,CO,, Na,SO,
- Activated material: Blast furnace slag, fly ash
- Formation of C-(A)-S-H and N-A-S-H type gels

160

BMs=1.0 OMs=1.4 OMs=1.8
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ey
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40 o

Initial/final setting tmie (min)

20 A

s
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7Y,
£

0 i . 2 . :
80/20 60/40 40/60
Slag/fly ash (wt.%)
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Alternative Binders

Alkali Activated Binders/Geopolymers

- Alkaline activator: NaOH, Na,SiO5, Na,CO,, Na,SO,
- Activated material: Blast furnace slag, fly ash
- Formation of C-(A)-S-H and N-A-S-H type gels
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Alternative Aggregates
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Alternative Aggregates

Lightweight Aggregate

- AW £ ¢ Y
dwell | HV | HFW pressure WD 100 pm dwel HFW pressure WD
100 ns 5.00 kV 293 ym 2.65e-5 mbar 10.0 mm Q. Yu P. Spiesz - TUle 300 ns|30. 00 kV| 776 pm | 8.23e-6 mbar |11.0 mm

Technische Universiteit
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Alternative Aggregates

Load bearing

CapaCIty
muurisolatie. ‘w)}?{, S
_ buitenmuur P St
binnenmuur- -“"J{&- et
< Thermal AR enE
vochtwerende laag. iInsulation beton ;::‘:?9 ¥
.45?..' g 1
bouwplaat ‘grondmetselwerk bouwplaat (R X
viperlsolatie viperlsolatie LN ieied
grondmetselwerk -

vochtbestendige isolatie fundering fundering

Cavity wall and monolithic wall TU /e s

University of Technology



Alternative Aggregate

Monolithic concrete Germany and Switzerland

E—
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Alternative Aggregates

MSW Incineration /Waste to Energy plant

ndl Fly Ash (20%)

Bottom Ash (80%)

2 & &

WaNTY INCINERATION FLUE GAN FLECTIRICTTY
HECTITION CLEANING IPRODUCTION
SYNTEM

~90% Volume @& = Ji&
reduction
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Alternative Aggregate

Technische Universiteit
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Alternative Aggregate

Environmental legislation:
Soil Quality Decree

Shaped Non-shaped
building building
. materials materials
Contaminant

[mg/m?] [mg/kg]
Sb 8.7 0.32
As 260 0.9
Ba 1500 22
Cd 3.8 0.04
Cr 120 0.63
Co 60 0.54
Cu 98 0.9
Hg 1.5 0.02
Pb 81 2.3
Mo 144 1
Ni 400 0.44
Se 4.8 0.15
Sn 50 0.4
V 320 1.8
Zn 800 4.5
Br- 670 20
Cl- 110000 616
F- 2500 55

S0O,% 165000 1730

PAGE 20
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Alternative Aggregates

Size dependency of bottom ash leaching

2) mmc.s| D B BAS
~ [ |BA-M| ~ ' [ 1BA-M
2 [ IBA-L | 3 10000- CIBA-L

'?‘n 8 &I} ]

byt on 8000

E g

& «

== A 6000

= £

= 4 =

S 2 4000 -

= =

) S

= =)

- 2 =

= = 2000 ]

= =

04 T T T ,—l T T T .m’—| 1 0 T T
Cu Cr Mo Sh cl 50: -
Potentially toxic elements (PTEs) Type of anions

Fine fractions (< 0.125mm) are the most contaminated
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Alternative Aggregates

It reduces the level of contaminants by

Washing dissolution of soluble phases
Crushing It provides an optimization of physical
& millin and chemical properties of the by-
J products
letizati It creates an external core around by-
Pelletization products particles, fixing inside the
harmful compounds
(Hydro)therm It provides different temperature and

pressure conditions, increasing the
immobilization within the crystals

Technische Universiteit
e Eindhoven
University of Technology
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Recycling of Concrete

Recycled Concrete Aggregates = Liberated original aggregates

Hardened

cenfent ,
paste A4

Technische Universiteit
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Recycling of Concrete

Abrcmon Commmuhon / Smart Crushmg

Regulor crushed concre’re Liberated oggrego’res

10 60
9 1 |EANS100% BINS 100%
50
8 1 |ERCS 100% BIRCS 100%
7 —
= T 40
S 6 2
s -
£ 5 w30 |
b 3
o i f=
g 4 g
© 3 | - 20 -
3 g
0] Q
w27 E 10 |
)
1 -
0 - 0 ; ;

3 days 7 days 28 days 3 days 7 days 28 days

Research Prototype Flexural & compressive strength
(Florea et al, 2014)
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Green additives

Nano-silica:

- current production processes with high energy requirements

(T > 1000 °C).

- olivine nano-silica T < 100 °C

(Mg, Fe),Si0, + 4H* — [Si(OH),

O
Acid

(s) + 2(Mg, Fe)**

Techni hU
eEdh
u rsity of Technology



Green additives

Min. 98.9% SIO, SSAge = 200 — 400 m2/g

Amorphous dger =8 — 15 nm

Small silica particles (clustered) containing high amount of
surface hydroxyl groups (Si-OH).

% Geochem Research Technische Universiteit
i Tosgepaste geochemie e Eindhoven
University of Technology
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Green additives

« Treatment Methodology

Pre-treatment Separation Dissolution of
of BA P silicates

* Acid pretreatment

.  Removal of undesirable constituents (e.g. iron oxide,

calcium carbonate and trace metals)
. Reduction silicates
Ill. Loosen the silica
V. Increase in surface area

.7, Geochem Research Technische Universiteit
Tosgepaste geochemie e Eindhoven
University of Technology

ToTrAaL



Green additives

Trace elements in water glass

Element Conc. (mg/L)

E:eu 000(1)3 M_odulus of water-glass
Mo 0.006 SiO,/Na,O: 0.25

Ni 0.006

P 1.11

Pb 0.03

Sb 0.07

S |

Ng 0.02

n 0.021

Technische Universiteit
e Eindhoven
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Functionalizing Concrete

Alir purification/

Self cleaning — e e
' =5

5 I/'«

toplaag bevat titaandioxide

© 2008, Idiomorf infographics
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Functionalizing Concrete

Photocatalytic Ordinary
white white
concrete concrete

Age = J years

Unknown bundlng CANADA
‘Credlts Novapure Systemslnc '

A RN TN SRt T o, b oiR e R . -
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Real-scale application
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—— Unmodified or control street



Real-scale application

Before modification

Technische Universiteit
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Outdoor Measurement 03-06-2010

0.08 0.020
— DeNOx Street —— DeNOx Street
Control Street —— Control Street
—~  0.06 ~  0.015 4
e e
o o
£ £
C [
S 2
S 0.04- € 00104
C [
Q Q
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[ c J
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[&] o
| I
) VW H L) l [ ‘ ‘
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Time (hh:mm) Time (hh:mm)

Average NO, reduction: 45 %
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