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Activation of aluminosilicates
- some chemical considerations
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3,000

2,500

2,000

1,500

1,000

Volume (million tonne / year)

500

Not sustainable

Just possible

with OPC
concrete (OPC

normally in excess to

" SCM provide adequate

= Cement strength development)
®c02

insufficient OPC

to activate the

SCM

1990 2005 2020 (1) 2020 (2) 2020 (3)

» 1990 and 2005 values are actual global quantities of cement and SCM used
* Predicted scenarios for 2020 (Mehta, P K, Sustainability of the Concrete Industry — Critical Issues, March 29, 2007, Washington DC)

(1) Continuing at present rate but with increased use of SCMs to 20% by mass of binder
(2) CO, levels to be kept at 2005 levels
(3) CO, levels to be reduced to 1990 levels

. use of additional alkali as a secondary activator for excess SCM?
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Aluminosilicate Source

M(faq) 14_ H,0
OH(aq)

Aluminate & Silicate

Speciation
Hz°<_1 DEquilibrium & NG Pyt :
;},f—k aOH (85°C 20 hrs) 5:4 PFA:OPC 90 days at 20°C
AR

Precipitation (but as what?)
m—l

I%é‘ Gel 1

Hp 1
-*( 7S Gel2
ﬁ( (120,70 Ma) /. SNH"'O:: oH20
' Hy0 s'l 20H2°H2}sll\ o 01——\o\~p
H0 e Polymerization —;o’s—\o\_,—p’——\ci;-’/o’* e8I\ L ALY
and Hardening <l AL >al | ,A|<I\?:’~ s
= QET/ \370~%Or—0"_'_ \O———.\O\/
8 4 ¥ .
:on.eo
N-A-S-H

P. Duxson, et al. J. Mat. Sci. 42,

2917-33, (2007) !. F. F. Barbosa and K. J. D. Mackenzie, Materials Research

Bulletin, 38 (2003) 319-331.

r. Lo T_ S

I.G. Richardson, C&CR, 34 (2004) 1733-1777.




Characterisation of phase relations in the systems

Nazo'CaO'S|OZ'A|203'H20

’ B Ca0/Si0,=3.2 Si0,/AI,0 = 2 I

Si0; |

©  Ca0/Si0, =1.1 Si0,/AI,0, =6 I

NanOCem core prOJeCt % 100 #  Ca0/SiO, =0.24 SiO /AL,0, =3

* precipitation from soluble precursors _(NCIASH

« direct mixing of pre-formed gels

Garcia-Lodeiro, I., Palomo, A., Fernandez-Jiminez, A.
and Macphee, D.E.

‘Compatibility studies between N-A-S-H and C-A-S-H 90/ /N A / /: \ \ y

gels. Study in the Ternary Diagram Na,O-CaO-Al,O5- AL B WA WAA AR e VAYAVAY, 10
SiO,-H,0.’, Cement and Concrete Research., (in 100 /N / \ 0 Al.O
press, 2011) Cad o 10 20 30 \ 50 60 70 80 90 100 2 °

Gel associated to crystalline phases
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Precipitation/solubility approach — equilibria conditions

Low Ca NaOH mmol Ca(OH), mmol Al(OH); mmol | SiO, mmol (aeros
content Sio, (% Na,0) (% CaO) (% Al,O5) (% SiO,)
CS32-15 8.00 (15 %) | 16.00 (59.95 %) 3.34 (6.26 %) 5.01 (18.79 %)
NaZO CS32-30 19.44 (30 %) ]16.00 (49.36 %) | 3.34 (5.16 %) 5.01 (15.48 %),
CS11-15 12.26 (15 %) |16.00 (39.15 %) | 4.68 (11.46 %) | 14.05 (34.39 %
Medium Ca CS11-30 29.76 (30 %) ]16.00 (32.25 %) | 4.68 (9.43 %) 14.05 (28.32 %
content § <%
CS11-15
High Ca CS32-30
T . Mix of agueaus
content CS32-15 « IX] salutions
Analyses of liguids
and solids
100 VAVAVAVAY. VAVAVAVAVAVAVAVAVA —
CaO ’/’/’/”/’/’/’/’/’/0A|23
0 10 20 30 40 50 60 70 80 90 100 Supersaturation
Undersaturation
» Focus of discussion on
undersaturation approach .
Separation of solids and liquids T.me
- followed by re-dispersion in
Solid . Aqueous deionised de-gassed water
Composition
Caz*(mmol) Si4*(mmol) Al3*(mmol) Na*(mmol) pH
e g CS11-15(S) P
*I 0.45 5.64 0.089 20.49 11.91 <«
Phases identified Strétlingite, hemicarboaluminate, monocarboaluminate, C-S-H gel
(XRD)
- e v T - TR
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LOW Ca CONTENT ( CaO/Si0,=0.24; SiO5/Al;03=3)

C

C32-30

CS024-30

CS024-15

C32-15

10 20 30 59 40 50 60 10 20 30 40 50 60
H: Hemicarboaluminate; M: Monocarboaluminate; CSH:C-S-H gel; C: Calcite 26
S:Gehlenite hydrate

High Ca Content: Low Ca Content: amorphous
carboaluminates, stratlingite halo (26 20-359), calcite
and C-S-H gel
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CS32-15

!
v DTG

.
it
J i

Weight (%)

L)
B
£ 3
;
~258
59.99°C -
119.41°C
157.52°C

DTA (endotherms)

» 60-150°C: loss of
evaporable water in gel

» >150°C: loss of bound
water in calcium
aluminosilicates or
carboaluminates

Temperature Difference (uV/mg) \

928.80°C |

60

0 200

Exo Up

400

Temperature (°C)

1000

Note: no decarbonation peaks

[1] F. Cassagnabére et.al, Cem. Con. Res. 39 (2009) 1164-1173
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GEL CHARACTERIZATION: FTIR

LOW Ca CONTENT (Ca0/Si05=0.24; SiO5/Al,03=3) I

HIGH Ca CONTENT ( CaO/Si0,=3.2 ; SiOy/Al,03=2) I

CS024-30

CS024-15

1037 671

Typical C-A-S-H

\ 658, ' 426 Typical N-A-S-H 869 700 583

Voo 59 Y4 am

.-~ 7952 ’ N/ \ 5 Si-0-Al/Si-O-Si

v, S0 Jq; o8 g'l-o-Acltzf‘ ~ 71020 88i64

as 1-O-Si LN Qi
. | . | : | 83i04(Td) | | | | | | D“‘fT'o. (T.SII orIAI) | | | |

2000 1500 1000 500 1800 1600 1400 1200 1000 800 600 400

Wavenumber (cm'1)

Wavenumber (cm'1)

Spectra representative of N-A-S-H-

like gel structures[2]
[2] A. Fernandez-Jiménez et. al., Micr. Mes. Mater., 86,

Spectra representative of C-A-S-H
like gels structures [1]
[1] Ping Yu, et.al , J. Am. Ceramic. Soc. 82, 3 (1999), 742

2005).
-~ e ] T s i \
28/04/2011
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B Ca0/Si0, =3.2 SiO,/ALO = 2

®  Ca0/siO, =1.1 Si0 /A0, =6

CaO

ﬁ:-'.‘:“_" %., AvAvAvA 40 CSH gels
i VA
'@?VVVVVV

Sio,

2A .

10

vican ST A0yl 0,
Gels associated 70 LAl o 10 20\ 30 40 50 60 70 80 90 100 2
with crystalline

phases mono-carboaluminate
hemi-carboaluminate
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"  Ca0/si0, =3.2 Si0,/A,0 = 2

®  Ca0/siO,=1.1 Si0 /A0, =6

CASHy g~ =/ 20
10

( ¥ g 7 7 7 y ARy 7 O 0
Gels associated % Ca0 0 10 20 30 40 50 60 70 80 90 100 203

with crystalline

phases *X. Pardal, I. Pochard, A. Nonat, “Experimental study of Si-Al substitution in calcium-silicate-hydrate

(C-S-H) prepared under equilibrium conditions”, Cem. Con. Res. 39 (2009) 637-64
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20/ 2\
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[ /8 *va 50
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O
8

(N,C)-A-S-H*

T~

- -

10

100/

Ca0 4 40 20 30

Gel associated to crystalline phases
e 7] W 2 lh
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Different clusters of composition depending on the initial mixture characteristics:

» C-A-S-H gels (compositional limits and tentative phase field boundaries
established)

= (N,C)-A-S-H gels
(N,C)-A-S-H Composition:

2 < Si0,/ALO,< 12.5 sio, What is the nature of the (N,C)-A-S-H gel?
0 <Ca0/Si0,< 0.3 %100 « what is the relative Na and Ca content of the gel?
Na O « application of the lever rule!
Na,O

CaO content = Yo
AY

VAVAVAvANE A\
S mernst )\ [ o
90 vvvvv 10 _ - - O\\ Al,O,/SiO,ratio
-
1005/ NN NN NS NN | _-"
C3.80 ]fO 20 30 40 50 60 70 80 90 108 ALD, | (CaAO)’ X B
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compositions Sio
95<pH<12

Solutions of all ] Solution pH ~ 13.3
i0p '

7

Gel compositions — low CaO gels
(all gels from this study + [1])

7

A ,,\QO
/30 % Aly05
0 100

(call (N.C)-A-S-H
(3D)

C-A-S-H

»
»

pH

¢
:
%
-

e #|

(N,C)-A-S-H: Importance of pH

SiO,/Al, 04 CaO Content (e 5\2100 Ca as % of
limit (mol %) ?nols) capacity

Low 14 42 67

High 7 14 100

Why does Ca content not promote C-A-S-H?

At low system pH (in the presence of Ca):

* N-A-S-H - behaves like a zeolite (ion exchange)?

+ Cadisplaces Na by ion exchange mechanisms until
available Ca is exhausted

. at the higher SiO,/Al,O; ratio limit, IX sites on
the N-A-S-H gel are saturated with Ca
. at the lower SiO,/Al, O, ratio limit and at the low

Ca loading used, only 67% of the sites are
saturated with Ca assuming zeolite behaviour

* balance of charge provided by Na*

At high system pH:
* C-A-S-H precipitation is favoured in the presence of Ca (pH >
12)

Lodeiro, 1G, Fernandez-Jimenez, A, Palomo, A, Macphee, DE, ‘Effect of Calcium Additions on
N-A-S—H Cementitious Gels’, J Amer Ceram Soc (Feb 2010)

TN 1 A U
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PRECIPITATION FROM
SOLUBLE PRECURSORS
APPROACH

DIRECT MIXING OF PRE-
FORMED GELS

- T |/
14

3

hase re

‘¥

In the systems

'HzO

Low Ca

B Ca0ISi0, =3.2 Si0,/AL,0,= 2 I
content

S Ca0Isio, =1.1Si0/AL,0, =6 .

sio, Si0y “
CS024-30 'S “ 100

‘ * CaO/SiOZ=0.245i0/AIZOJ=3I

_ C-(A)-S-H 80 _(NC)}ASH*
Medium Ca \
CS11-30
content
CS11-15
High Ca Cs32:30 |
content CS32-15 <
V. 80/ TAYATAY
\VAVANE-): )\ /\\ //\ /\\ / //\\ A N/ o il /A : N 20
\VAVAY iVAVAVAVAVAVAVAVAVAVAVAVA V_\Mg AVANANS 5. A VAVASAVAVAVAVAND T
1wl VAVAVAVAVAVAVAY. AYATAVAY, 100 / \ VAVAVAVAVANAVAVAVAN, \

ca0 O a0, 0AIy0
0 10 20 30 40 50 60 70 80 90 10 2> €30 g 102030 0 50 60 70 80 90 100 2 °

Gel associated to crystalline phases

FTIR STUDY: C-(A)-S-H+N-A-S-H

| 28 L C-A-S-H + N-A-S-H %si . CASH

: N P (Gel Phases) oo ¢ NASH

; | 0 100 A CASH+NASH (1d)
T : A CASH+NASH (2d)
(7] i 14dw ! CASH+NASH (3d)
<! ! CASH+NASH (7d)
z! ; CASH+NASH (10 d)
;‘: i 10d Vo CASH+NASH (28d)
| e 9%
CR S — J
& 4 TN

i 3q[~——— ?5?

‘ 1059\ | | ¢

BET! E—— A 90/\/ /

1050\ AVAVAVAVAVAVAVAVAVAV #x—Xx10
C-(A)-S-H————— Y59 100/ \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAND
N-A-§-H —~——— 952 %CaO(At) g 10 20 30 40 50 60 70 80 90 100 A:0:(At)
1059
40003500 1500 1000 500
L L WavenuriibBR(GR I
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Direct mixing of C-S-H and N-A-S-H gels.

50:50 (w/w) mixture of dried gels dispersed in water (water/solid ratio = 30)

C-S-H +
N-A-S-H

C-S-H + N-A-S-H

i
28 day -
§ 1090' 9po
|7 days .
(/5] [
2 '
+(4 days 1071: 9,69
I: 1 1
a3
E 1082 972
1da '
092 972
N\ 090 972
N-A-S-H 4
— 1058°
C-S-H N
' 960

200018001600140012001000 800 600

Wavenumber (cm'1)

Second International Slag Valorisation Symposium | Donald E Macphee, Ines Garcia Lodeiro

TEM/EDX

% SiO5

C-S-H

N-A-S-H

CSH + N-A-S-H 1d
CSH + N-A-S-H 2d
CSH + N-A-S-H 4d
CSH + N-A-S-H 7d
CSH + N-A-S-H 28d

KX20
o
100/ A \ 0 % AlLO3

% CaQ Y r >
0 10 20 30 40 50 60 70 80 90 100

» Tendency towards C-A-S-H characteristics with time
« co-existence of C-A-S-H and N-A-S-H gels

\
- TN
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Direct mixing of C-A-S-H and N-A-S-H gels

50:50 (w/w) mixture of dried gels dispersed in water (water/solid ratio = 30)

C-(A)-S-H + N-A-S-H

FTIR — TEM/EDX
Do B C-(A)-S-H
T ! o ® N-A-S-H
QP . Lo A C-(A)-S-H +N-A-S-H 1d
< ! ¥ C-(A)-S-H +N-A-S-H 2d
z | A C-(A)-S-H + N-A-S-H 3d
A v C-(A)-S-H+N-A-S-H 7d
- (€3 P @ C-(A)-S-H + N-A-S-H 10d
C (A) S-H @ ® C-(A)-S-H + N-A-S-H 28 d
+ <
o !
N-A-S-H ;
E \ 40
v

\ 20
N

100/ \ 0
1 1 oA)Cao YT /0/°A|203
9 0 10 20 30 40 50 60 70 80 90 100

m"‘\ » Tendency towards C-A-S-H characteristics

52 . .
e with time

2000 | 15|00 | ‘;000 560 .
 co-existence of C-A-S-H and N-A-S-H gels

Wavenumber (cm'1)

i I A - EEEENEEN
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CONSOLIDATION OF SOLUBILITY AND COMPATIBILITY

DATA

o 7 -

Gel compatibility approach

Solubility/precipitation approach

C-A-S-H

TEM/EDX

B C-(A)-S-H
® N-AS-H

C-(A)-S-H + N-A-S-H 1d
C-(A)-S-H + N-A-S-H 2d
C-(A)-S-H + N-A-S-H 3d
C-(A)-S-H + N-A-S-H 7d
C-(A)-S-H + N-A-S-H 10d

® C-(A)-S-H+N-A-S-H28d

\/\/\//m
\/\ﬁ\w

/f/\o%mo3

10 20 30 40 50 60 70 80 90 100

Slower approach to equilibrium

Second International Slag Valorisation Symposium | Donald E Macphee, Ines Garcia Lodeiro
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\Cf. OH- AI \Cf.
_—Si N _—Si
—0 | —_— N e.—0 “OH

P &
O S| / O
-Sij 4 _Si—A-
o/ /SI y @]
/ \ /O
Q OH oL
=gj EE— -Si—0- +H,0O
—0~ " OH o 2
\ / /
v
15-
f v ? —l 4'
7N N
O ‘ O O (@]
@] @]
monomeric units
Secon‘d
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Aluminosilicate Source

+
Maq)

— H,0
OHaq)

a Dissolution

Aluminate & Silicate

Dissolution step — a net consumer of OH-
-1
151051
- o— = h
£ |
% oos I.
: |
2 i
g o0osf=
w :‘ o
; u-m|—?
E i
£ |9
g 002 qL
8 I L., S X
0 ! ; ] n :
TiMFE  { HOURST
Solution compositions following action of NaOH on silica

gel

LS Dent Glasser and N Kataoka, Cem Concr Res, 11, 1, (1981)
LS Dent Glasser and N Kataoka, Cem Concr Res, 12, 321, (1982)




Chemical Speciation

Silicate is a weak acid.....

H,SiO, (Si(OH),) < H* + H,Si0, K, = 1098
H,SiO, < H* + H,Si0,2 K= 101216

OH R . 12-
| K T Kaz T

HO¢S|i o zm%Ti o 4__10%? \o<__> =
o) o)

OH

H H . pH

. ”~ -
region "

" .
-------

) ~ _ | " - ’ .
10} Solubility of Si(OH)

pH

D Barby, et al, in “‘The Modern Inorganic Chemicals Industry,' ed. R.

Thompson, The Chemical Society, London, 1977. but onIy partiall deprotonated

1
- H,Si0,%
o
wid
(&)
©
| -
™
H,SiO,
Si(OH),
11 12 13 pH
........ and so is aluminate!

Fraction

0.6 N -
‘ll /
A .

0.4 = / g

pH

8 9 10 11 12 13 14

« at cement-relevant pH, silicates and

aluminates are predicted

19 Second International Slag Valorisation Symposium | Donald E Macphee, Ines Garcia Lodeiro
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ion of si and sialate

on)
e
Aluminate & Silicate QO TH Ql Cl)H THQl
A Speciation Si — > >
R Equilibrium Ho% | \OH HO% | \ / | \OH
rpe B - 45
= }_-1‘-&* .:A'}‘ OH
oo i X N et -
o o cai. q© O ! OH OH : l
Hzo‘—l DGelatlon | | QO ql | | Q1 (Al)
Al ' Si >
B onin 208 o | Non wo”| M|\/|\OH 1
Jo it S S -
- OH OH
AN o :
Al | O /\ orR
» L:F' T/ﬂwl}\; ;,O”ﬂ‘\\?;:;’ C\’,A'\fcz:—,‘ —A g\; T
-0 g St (O o
< \s‘l % w0 \ o‘\\‘;"/o —?\AI'/D = Oi%‘.fﬂwnzci 2:
:"; ""oo n o u;o N:ON’OHzO Q /Sl\uzo::orc,o
/\Ho AN ° / H"onao"’o o— o
- o s\ (A%
. : : : , :z ’}' |\ /| \ Al <Z‘“\?’Nﬁ|>\';/°
-60 -TO -80 T/} - 100 - 110 -120 N1V \‘37 “'0 — 00— \/
5 (ppm) ¥ ! o
Barbosa, VFF, et al, Int. J. Inorg. Mats., 2, 309-17, (2000)

What factors influence degree of condensation?

« availability of reactive species (rate of hydrolysis and diffusion characteristics)
*|local pH
* presence and characteristics of cations

- T e ) R B 1
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* cation charge density (Z/r) — polarisability

OH,
S T =
™ Mn{ Radius A° 068 097 133
HO/* \0H ZIr 1.47 1 0.75
2 2
AHo o /kImolt 519 -406  -322
OH,

» K* less strongly hydrated than Na*, etc.

» silicate species are negatively charged

10
S os
" — i

' +®0H2>sl* — S =
HO%T g HO%T\ S
OH OH + HZO g 00
For Na* ., g ™
® T
g s

TH I

o L A 1 L L A i L
i + [Na(OH,)¢]* X_D ' 6 7 8 8 10 1 12 13 PH
I—D%T \O_ %T‘ \ONa Critical concentrations of KCl and NaCl for coagulation
OH OH + H.O of silicasols
2

J Depasse and A Watillon, J. Coll. and Int. Sci., 33, 430, (1970)

http://www.pharmacorama.com/en/Sections/Elements-Water.php

21 Second rnational Slag Valorisation Sympoisium | D

28/04/2011



Mn+ > NN+

HZO/ \OH2 Hzo/ —_— [MOH(OH,)<] ™D+ + H*
OH, OH,
> P H
e.g. for Na*
10 NaOH(OH,)s @
[M™ —OH] // TH f”
T [M nthotal] _ @ — _
7/ HO%T‘\O_ HO%T‘\OH
0.6 H o
/Na-OH
0.4 TH TH TH
Si - Si Si
0.2 '/ HO%| \OH HO%| \O/ | \OH
OH OH OH
oow . . — > further gelling
10 11 15 16 pH 17 18

22 Seco rnatlonal Slag Valorlsat|on Sympdhum | D ,al

28/04/2011
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Ca?* even more acidic than Na*

- dissociates at lower pH
- lower solubility in alkaline conditions

OH,
1.0 *=0—0—0—0—0—0—0—090¢
+ n+
X n\ 0.8 [M total]
HZ0 + O, //[Ca-OH]+ /
OH, 0.6
/ / Na-OH
Radius A° 097 066  0.99 / /
0.2
ZIr 1 3 2 i >
AHOhydn/kJ mol?! -406 -1921 -1577 0.0 4 . . :
http://www.pharmacorama.com/en/Sections/Elements-Water.php 10 " 12 ' 14 1o 0 pH 1 18
OH2 OH2 . . . v -
mo | on wo | on o TR
Cax  + Ca% > > > a(OH)) —_— k. & &
VRN TN
1O | | om, R,
OH2 OH2 v - L v S .

r-"'w 4 5V T3 A
23 Secohd

St
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W

Hydrolysis effects

1 pH 1 18

» pH
DHE [Mu_ OH] /"«ﬂ
084 [M™ 0w
Radius A° 0.97 0.66 0.99 . ﬁio}
ZIr 1 3 2 - 71/
0.2 T T
AHO, ¢ /kImolL  -406 1921 -1577 : F
0.0 4 v
10 11 12 13 14 18
OH; calcium silicate
TH HZO\ | /OHZ hydrates (C-S-H)
¢T\ /Caz" —_— —
" OH | “on dC-ASH)
OH, @ndiC-A-54)

2
IIH_ TN




« stability of ‘NASH structure’ in the presence of Ca is pH dependent

* pozzolanic behaviour is

FTIR STUDY I

expected at high enough pH

10

AAAAAAAA

7d

08

0.6

L)
M7 |
1
1
1
1
1

[Ca] Aluminosilicate
framework (3D)

0.2

pa
QD
O
T
C-S-H + N-A-S-H

/
/J-

0.0
10

- §Oi£§° I és. o-h?
~egrr il PR [ g
\ Wonadt ae o Koz T~
NG ;gx" N 4000 3500 1500 1000
Q%."f‘t 1A -‘Ll_éﬂff\?» I
¥ \? 4 Wavenumber cm

’ - '»_‘ Hf’ ." ’“ L
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relevant to lime-based
cements

H,Si0,4"", Al(OH),”

L)
I
I
I
I
I
I
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Aluminosilicate Source

M(raq) 14—' H,0
OH(aq)

Aluminate & Silicate

Speciation — > . ,‘il.:'._- ,1 ,f&-
Equilibrium —_— I el s PR £, h ¢ A‘
PFA + 8M NaOH (85°C 20 hrs) PFA 5:4 PFA:OPC 90 days at 20°C

(oiton >

“Reorganization

Polymerization
and Hardening

P. Duxson, et al. J. Mat. Sci. 42,

2917-33, (2007)
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Precipitation (but as what?)

®  Ca0/SiO, =3.2 SiO,/ALO = 2 I

©  CaoIsio, =1.1 SiO /A0, =6 I
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Gel associated to crystalline phases

Gartner, E.M. and Macphee, D.E., ‘A Physico-Chemical Basis for Novel Cementitious Binders’,
Cement and Concrete Research, (in press, 2011))
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Opportunities:

Summary of Outcomes:

equilibrium phase relations proposed for the partial
Na,0.Ca0.Al,0;.Si0,.H,0 system at 25°C

new solubility data for several phase assemblages arising in the
Na,0.Ca0.Al,0;.Si0,.H,0 system at 25°C

distinction between (N,C)-A-S-H and C-A-S-H phases and conditions
of stability identified

cation polarisaility/pH effects fundamentally influence
precipitation/gelation SiOy

B Ca0/Si0, =3.2 Si0,/AL0= 2

©  Ca0ISi0, =1.1 Si0,/ALO, =6

‘ #  Ca0Isio, =o.243i02/A|203=3.

to build on current thermodynamic modeling |
capability by integrating new solubility data in .
existing databases C-(A)-S-H ;040
to extend the characterisation of the fa
Na,0.Ca0.Al,0,.Si0,.H,0 system to enable
predictions of phase relations in more

lime deficient regions (to understand

implications of higher SCM additions) 100 /X / N XSS XSS NS 0
Ca0 ¢ 15 20 30 %o 50 60 70 80 90 100 203

(N,C)-A-S-H*

Gel associated to crystalline phases

Second International Slag Valorisation Symposium | Donald E Macphee, Ines Garcia Lodeiro 28/04/2011
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Activation of aluminosilicates
- some chemical considerations

Donald E Macphee and Ines Garcia Lodeiro
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