Hydration of blended binder systems
In concrete 1 Porosity development

— C (reference) — S — S1 — 82
450 I I I I I I I I I I I I B
I I I I I I I I I I I I

N
o
o

\\\\\
77777777777777777777777777777777777777777777777777777777777777777777777777777777777777
| |

)
W
o
o

L

| |
————————————————————————————————————————————————————————
i

W

o

o
!

n

o

o
1

————————————————————————————————————————————————————————

n

o

o
1

_

(42

o
1

Cummulative pore volume (mm3/g

-

o

o
1

o
o
1

———————————————————————— ——t— B e e B B R | B S

1d ‘ | 2d ‘ ‘
001 01 1 10 001 01 1 10 001 04 i 10 001 01 1 10
Pore radius (um) Pore radius (um) Pore radius (um) Pore radius (um)

o

Urs Mueller, Monica Lundgren
CBI, Boras

A. Swedish Cement and 1

%,. Concrete Research Institute SP
X rt af the

% Ben eqig & Group

"’T::\“\



Contents

Why study hydration of binders?
Motivation for the research study
Materials and methods
Development of porosity

Impact of porosity on durability

=

Swedish Cement and

%,. Concrete Research Institute
5



Why study hydration of binders?

Blended binders in concrete

U Use of composite cements has increased drastically over the last 15

years
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Why study hydration of binders?
Blended binders in concrete
U Use of composite cements has increased drastically over the last 15

years
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Why study hydration of binders?

Blended binders in concrete

U Use of composite cements has increased drastically over the last 15

years
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Why study hydration of binders?

Blended binders in concrete

U Use of type Il (reactive) mineral additions for concrete increasing
AFly ash since ca. 19700s
A Slag since over 100 years
ASilica fume since the 1970606s
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Why study hydration of binders?

Hydration of Portland cement

Ca-silicate hydrate (C-S-H)

Clinker phases + water < |
Portlandite (CH)

Aluminates + sulfate + water — Ettringite (AFt) A monosulfate (AFm)
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Why study hydration of binders?

Hydration of cement containing slag

Ca-silicate hydrate (C-S-H)
Clinker phases + water <

/ Portlandite (CH) + slag + water
C-S-H + hydrotalcite

carbo aluminate
hydrates (AFm)

Aluminates + sulfate + water —>Ettringite (AFt) + slagY monosulfate (AFm)
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Motivation for the research study

Hydration of blended binders
U Influence on durability
A Frost resistance
A ASR
A Resistance to chloride ingress
A Sulfate attack
A Carbonation
U Influence on workability, early properties
A Curing conditions
A Setting
A Rheology

Initiation of a research study on blended binder systems
U Funded by Swedish cement and concrete industry and by CBI
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Materials and methods

Binder systems

Reference cement CEM1425RR 0.45
16 % slag, 6 % LL, interground ~ CEM II/B-M 42.5 0.45

L Binder blends

o
*,"T’en ce

S1 CEM | + 30 % slag 0.45 0.49
CEM | + 50 % slag 0.45 0.53
- 16 % fly ash, interground CEM II/A-V 52.5 0.45 -
CEM | +15 % fly ash 0.45 0.50
V2 CEM | +50 % fly ash 0.45 0.64
M1 CEM | + 15 % metakaolin 0.45 0.45
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Materials and methods

Experiments performed on cement paste samples

i

u
i
u

Mixing paste in mortar mixer (w/b = 0.45)

After mixing filling paste into PET bottles (250 ml)
Rotation for max. 24 h at 3 min/rev

Storage at 20 °C

Hydration times

0
0

Early hydration: 4 h,1d,2d, 7d
Late hydration: 28 d, 91d, 365d, 730d

Sample preparation

u
i

After appropriate time cutting of bottles, slicing of paste

Stopping hydration by immersing paste slices into iso-propanol for water
exchange, evaporation of water after appropriate time (4-5 days)

Storing in desiccator for further analysis under CO, free atmosphere
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Materials and methods

Studies and analysis i Overview
U Early hydration
A Heat development A isothermal calorimetry
A Setting A Vikat apparatus
A Phase changes A In situ XRD
U Intermediate and late hydration
A Phase development A XRD, TGA
A Pore structure A MIP
A Micro structure/chemistry A SEM-EDX
A Pore fluid chemistry
A Strength development
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Development of porosity

Results I Pore structure development
U Carried out by mercury intrusion porosimetry
U Method is based the assumption of cylindrical pore shape

Mercury Intrusion Porosimetry

inciple:

Fill with Apply
mercury pressure

T ¥
]

) S ¢
1 d

Cl |
7/

Evacuate

]
pz
)

]
P
i

]
)

A
A

— 8 ]

I

L

A

&

py=0 = +H = P;

The relation between the applied pressure
and the smallest filled pores is:

p= 2“—‘;{’56 (Washburn)

o = Surface tension (0.48 N/m)
& = VWetting angle {1407}

p = Pressure
r = Pore radius
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Development of porosity

Results I Pore structure development
U Total pore volume
U Pore size distribution

A Pore radius vs. pore volume

A Pore radius vs. frequency
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Development of porosity

Binders containing slag: Total pore volume
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