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~ Origin of Cement Paste Cohesion

Cement composition: 55-65% of C3S (15-25% of C.S)

tricalcium silicate: model system for cement

CsS (= cement) hydration:

1. C5S grains dissolution and Calcium Silicate Hydrates (C-S-H) precipitation
2. Attractive electrostatic force development between C-S-H surfaces
3. C-S-H gel network formation (until cement setting)

C:CaO, S:Si()z, HZHzo

Taylor, H. F., Cement chemistry, 1997. Jennings, CCR, 2000

Jonsson et al. Langmuir, 2005 .
Thomas et al. CCR, 2006 Ug:;velt
4 —whb




Tt Fen

~ Origin of Cement Paste Cohesion
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Phase 1: C5S dissolution & C-S-H precipitation

Tricalcium silicate Calcium Silicate Hydrate

C-S-H model structure

Disk shape

@

Del Sasso et al., Nanomaterials (2022)

Ca0:SiO,:H-O Si tetrahedra chain
CaO layer

Immediately after contact with water the
[OH"] increases resulting in a pH>12
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~ Origin of-;fCementPaste Cohesion
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Phase 2: Attractive electrostatic force development between C-S-H surfaces
...and C,S grains!
C-S-H model structure

This negatively charged group forms after contact
with water reacting with OH" (at high pH)

Surface @f nctional groups
g

A sioy
Ca

CaO layer  Si tetrahedra chain

Attractive force & cohesion Iwaida et al. Studies in Surface Science and Catalysis (2001)

f(pore solution concentration)
6 m

Lesko et al., Ultramicroscopy, 2001
Jonsson et al. Langmuir, 2005




~ Origin of Cement Paste Cohesion

Phase 3: C-S-H gel network formation (until cement setting)

C-S-H gel:
o nano crystalline/nano

structurate

a layered structure
highly disordered at
longer distances (Um)

<>
P
=

Liberto et al. Langmuir (2022)
Del Sasso et al., Nanomaterials (2022)
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Origin of Cement Paste Cohesion

Why does cement set ?

ms S min hrs

1. C3S grain dissolution and Calcium Silicate Hydrate (C-S-H) precipitation C-S-H the "glue” of cement

2. Attractive electrostatic force development between C-S-H surfaces After complete hydration
3. C-S-H gel network formation (until cement setting 4.) ca. 80% of the C3S has been
dissolved

8 m







Oscillatory rheologyr

‘—’ Y = Yo sin(wt)

Y (%)
( oscillation >
f (Hz)

T = 7y sin(wt + 0)

[

0=20 purely elastic
6 =m/2 purely viscous

0<déd<m/2 viscoelastic




Oscillatory rheology

Y = Yo sin(wt)

Y (%)
< oscillation > N\ /

f (Hz)

G* =1 ()/y"(t)
G =G+ 16"
T = 7, sin(wt + 0)
Viscous 0r (ass moduluy t
( VA 5=0 purely elastic
G..‘""-G.;‘- ------- 6 =m/2 purely viscous
; G' . X 0< 8§ <m/2 Viscoelastic
J’comge or elantc. moduluc m
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Oscillatory rheologyr

G)

,y (%) G»
( oscillation >
f(Hz)

Typical behavior for a
paste or gel

G}in
non-linear flow regime
i (LAOS)
linear
viscoelastic g
regime §
LVE §
v




Oscillatory rheologyr

G)

,y (%) G»
( oscillation >
f(Hz)

Glin
non-linear flow regime
(LAOS)
linear
viscoelastic
regime

LVE

J
JADS
small amplitude
015G llaforj thear




Oscillatory rheologyr

G)

,y (%) G»
( oscillation >
f(Hz)

LT
Ts_Glin°YCr

Static yield stress (Sto L) T

non-linear flow regime

(LAOS)

linear
viscoelastic
regime
LVE




AOscillatory rheology

| formability
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small oscillatory rheology
SAOS

Y (%)
< oscillation >
f(Hz)

Reactive system

G)
At a fix: )/ < yCr

Un-reactive system

SAOS tracks the
cohesion (G’)
development of a

paste at rest! time

Bau &

TU

Umwelt
___wbb

16 WIEN



small oscillatory rheology
SAOS

CsS paste 107 |
w/s=0.4 -

106 |-

(Pa)

C-S-H gel O
W/s=2

y = 0.001%
(f=1H2)

¥y = 0.005%
(f=1Hz)
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Liberto et al. Langmuir (2022)
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Cement sustainability
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Barcelo et al. Mater Struct. (2014)
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World cement production in 2019

5.9%
CEMBUREAU

27.9%
Other

2.2%
USA

7.8%
India

Cembureau 2020 report




Recycled Concrete

(37

f) RHPC milled powder ¢) Milling d) Sieving

Fig. 1. Recycling process of high-performance concrete (HPC) to obtain mRHPC.

Daneshvar et al. Case Studies in Construction Materials (2022)
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| Recycled Concrete
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Fig. 1. Recycling process of high-performance concrete (HPC) to obtain mRHPC.

Daneshvar et al. Case Studies in Construction Materials (2022)
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- Recycled Concrete
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Fig. 1. Recycling process of high-performance concrete (HPC) to obtain mRHPC.

Daneshvar et al. Case Studies in Construction Materials (2022)
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' Recycled Concrete

XRPD
(Bragg Brentano)

Phase name mMRHPC (wt%)

C.S 2.9+ 1
C.S 1541
CAF 211 ) RHPC milled powder o) Milling HiSteving
ca. 6.5 % of unreacted phases i .l i G g ot s (s i S

Daneshvar et al. Case Studies in Construction Materials (2022)
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Recycled Concrete
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Daneshvar et al. Case Studies in Construction Materials (2022)
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Recycled Concrete

Concrete
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Daneshvar et al. Case Studies in Construction Materials (2022)
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Recycled Concrete

The residual reactivity detected by SAOS is confirmed by mechanical testing

1800

Storage modulus G'

OPC = ordinary Portland cement

RHPC = recycled high performance concrete Pag(-e‘g &na'ete
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....after 28 days!

Daneshvar et al. Case Studies in Construction Materials (2022)
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https.//www.bs.tuwien.ac.at
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