
Publisher’s version  /   Version de l'éditeur: 

Advances in Cement Research, 7, 28, pp. 171-178, 1995-10-01

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 
https://nrc-publications.canada.ca/eng/copyright

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 
première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Strätlingite formation in high alumina cement-zeolite systems
Ding, J.; Fu, Y.; Beaudoin, J. J.

https://publications-cnrc.canada.ca/fra/droits
L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=9dcb153f-15fa-4310-b494-67b2281e6034
https://publications-cnrc.canada.ca/fra/voir/objet/?id=9dcb153f-15fa-4310-b494-67b2281e6034



 

http://www.nrc-cnrc.gc.ca/irc

Strät lingite formation in high alumina cement-zeolite  systems 

 N R C C - 3 8 7 9 8  

 

D i n g ,  J . ;  F u ,  Y . ;  B e a u d o i n ,  J . J .  

    

 

O c t o b e r  1 9 9 5  
 

  

 

A version of this document is published in / Une version de ce document se trouve dans: 

Advances in Cement Research, 7, (28),  pp. 171-178, October 01, 1995 

 

  

 

 

 

 

 

 

 

The material in this document is covered by the provisions of the Copyright Act, by Canadian laws, policies, regulations and international 
agreements. Such provisions serve to identify the information source and, in specific instances, to prohibit reproduction of materials without 
written permission.  For more information visit  http://laws.justice.gc.ca/en/showtdm/cs/C-42  

 
Les renseignements dans ce document sont protégés par la Loi sur le droit d'auteur, par les lois, les politiques et les règlements du Canada et 
des accords internationaux. Ces dispositions permettent d'identifier la source de l'information et, dans certains cas, d'interdire la copie de 
documents sans permission écrite. Pour obtenir de plus amples renseignements : http://lois.justice.gc.ca/fr/showtdm/cs/C-42 

 

 

 

 

  

http://www.nrc-cnrc.gc.ca/irc
http://laws.justice.gc.ca/en/C-42/index.html
http://lois.justice.gc.ca/fr/showtdm/cs/C-42


 



Advances in Cement Research, 1995,7, No. 28, Oct., 171-178

Stratlingite formation in high-alumina

cement - zeolite systems

J. Ding, * Y. Fu* and J. J. Beaudoint

1.!N1VERSITY OF OTTAWA; INSTITUTE FOR RESEARCH IN CONSTRUCTION

Reaction mechanisms of stratlingite formation in high-

alumina cement (HAC)-zeolite systems were studied. A

component separation method that made it possible to

study individual reactions involving hydrated HAC and

zeolite was employed. Different sodium salts, e.g. sodium

silicate, sodium carbonate, sodium sulphate and sodium

nitrate, were used to promote statlingite formation in the

HAC paste. Striitlingite forms preferentially to the cubic

hydrogamet phase in hydrated HAC systems in the

presence of zeolite. A sufficiently high silicate

concentration, arising from the dissolution of silica-

bearing materials such as zeolite, is required. A high pH

environment is also conducive to strliflingite formation.

The thermochemical stability of CAHlO• the normal

precursor to hydrogamet formation, is apparently

increased under the condition ofhigh microsilica content.

Introduction

Sttiitlingite (C2ASHs) formation in high-alumina

cement (HAC) has been reported. 1.2 Striitlingite forms as

a result of the reaction between aluminate and silicate

phases. It was suggested that striitlingite formation might

be responsible for the strength recovery after conversion

of hexagonal phases to the cubic hydrogarnet phase, as

it has relatively high strength. Microsilica has been

reported to favour the formation of striitlingite.3 Granu-

lated blastfumace slag can also react with HAC phases,

resulting in the formation of striitlingite.4-9 It was

suggested that the reduction of strength in HAC due to

conversion, which was attributed to striitlingite formation

in preference to ｃＳａｾＬ might be preventable.
A new conversion-preventing additive system composed

... University of Ottawa, Canada.
t Institute for Research in Construction. National Research Council,
Ottawa.
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primarily of a natural zeolite and a sodium salt has been

developed at the National Research Council, Canada. 10

It was reported11.12 that alkali ions can play a significant

role in striitlingite formation in the HAC -microsilica

system. Silica reacts to form silicates in a high pH

environment. This reaction is accelerated in presence of

an increased amount of alkali ions. The alkali ions may

act as a catalyst activating microsilica surfaces. Silicate

anions then react with hydrated calcium aluminates

(C2AHs or CAH IO ) to produce striitlingite. Addition of

sodium sulphate increases the pH value of the HAC-

microsilica-water system to above 12. 13 A pH value

higher than 12 appears to be an indicator of striitlingite

formation in the HAC-microsilica-water system.

Addition of a natural zeolite, comprising clinoplilolite,

levyne and offretite, and one offour sodium salts to the

HAC-water system (sodium sulphate, sodium nitrate,

sodium silicate and sodium carbonate) was studied. The

reaction mechanisms of striitlingite formation during

hydration of HAC in the presence of these additives

was of primary interest. Two classes of sample were

considered

(a) HAC slurry containing zeolite particulates and

different sodium salts

(b) zeolite slurry containing pre-hydrated HAC (H-HAC)

particulates and different sodium salts.

Samples in each class were separated into two parts after

two months' reaction: particulates and residual slurry.

This process makes it possible to study the reactions

involving H-HAC and zeolite individually.

Experimental details

Materials

These were

(a) HAC: Ciment Fondu containing Si02 4·5%, CaO

39·8%, FC203 11·3%, AI20 341·2%, MgOO·6%,
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(0) ｾ (b) (e)

Fig. J. The FEM/EDXA analysis for natural zeolite: (a) fracture surface of zeolite; (b) powdered zeolire; (c) EDXA
spectrum

••

5 10 15 20 25

Fig. 2. The XRD pattern of H-HAC paniculares

30 35 40 45 50 55 60

Na,O + K,O 0·1 %, produced by Lafarge Calcium

Aluminates

(b) natural zeolite containing mainly clinoptilolite, levyne

and offretite minerals, supplied by Zeotech Corp. (the

SEM/EDXA analysis for the natural zeolite is shown

in Fig. 1)

(c) reagent chemicals: sodium sulphate, sodium silicate,

sodium nitrate and sodium carbonate.

Sample preparation

H-HAC The HAC paste with water-cement ratio

(w/c) = 0·6 was cast in 25 X 25 x 150mmsteelmoulds

and cured at O°C for 28 days. X-ray diffraction (XRD)

analysis indicated that the main phase in the H-HAC paste

was CAH\o, as shown in Fig. 2. The H-HAC paste was

then ground and sieved into particulates of particle size

between I· 168 and 3·327 mm.
Natural zeolite The natural zeolite rock was ground

and sieved into two grades

Table J. Mixes (arbitrary mass unirs)

(a) powered zeolite having particle size less than 75)'m

(b) zeolite having particle size of I· 168-3·327 mm.

Sample mixes are listed in Table I.
Samples were placed in 100 ml bOllles. Samples 1-4

(water-HAC ratio = 3) were hydrated at 38°C on a roller

to prevent hardening. HAC slurry and zeolite particulates

were separated by sieving each sample after 60 days'

reaction. Samples 5-8 (water-zeolite ratio = 3) were

placed at 23°C for 60 days. Zeolite slurry and H-HAC

particulates were separated by sieving. The different

curing temperatures employed provided a more favourable

condition for possible stratlingite formation in each

system. In the first case, 38°C favours stratlingite forma-

tion. In the second case, 23°C was used to avoid quick

conversion from CAH IO to C3AH6• If C3AH6 quickly

forms and covers the surface of H-HAC particulates,

reactions of the inner calcium aluminate phase with

silicates from solution to form strlitlingite will be

restricted.

Sample HAC Particulate Powdered Particulate Admixture
H-HAC zeolite zeolite

1 1 - - 1 O· as sodium sulphate
2 1 - - 1 0·05 sodium silicate
3 1 - - 1 0·05 sodium nitrate

4 I - - I 0·05 sodium carbonate
5 - 1 I - 0·05 sodium sulphate

6 - I I - 0·05 sodium silicate
7 - I 1 - 0·05 sodium nitrate
8 - I I - 0·05 sodium carbonate

172 Advances in Cement Research, 1995. 7, No. 28



The samples used in this study are divided into two

classes as listed above: HAC slurry containing zeolite

particulates and different ,odiums, and zeolite slurry

containing H-HAC particulates and different sodium salts.

Samples in each class were separated into two parts after

two months' reaction: particulates and residual siurry. The

particulates were washed with water. The samples, Le.

slurries and particulates, were dried by vacuum in a

desiccator at room temperature. Scanning electron

microscopy (SEM) photographs and energy dispersion X-

ray analysis (EDXA) spectra were taken on the surface

of particulates or dried slurry powder. Ground powder

of particulates or slurry was used for XRD analysis. A

Rigaku X-ray diffractometer system Geigerflex D/Max-B

was used for X-ray studies. A Cambridge Stereoscan S250

scanning electron microscope was employed for SEMI
EDXA investigations.

Results

Class 1: paniculme zeolite-HAC slurry-sodium salt
systems

Zeolite particulates The XRD patterns, SEM

photographs and EDXA spectra of zeolite particulates are

shown in Fig. 3. The XRD showed little or no difference

between the zeolite particulates immersed in HAC slurries

containing different sodium salts for two months. The

mineral composition of these zeolite particulates was the

same as that of the natural zeolite. This indicated that no

new reaction product formed on the zeolite particulates.

It was clear in SEM photographs that the zeolite has a

layered structure (Figs. 3(b)-3(e)). Zeolite particulates

extracted from HAC slurries containing sodium silicate

(Fig. 3(b)) or sodium nitrate (Fig. 3(e)) had clean

surfaces. Small particles were found covering the surface

of the zeolite particulates extracted from the slurries

containing sodium carbonate (Fig. 3(c)) or sodium

sulphate (Fig. 3(d)). EDXA spectra indicated that these

particles are rich in calcium. The silicon and calcium peak

intensities on clean surfaces were similar to those of

natural zeolite. The silicon peak intensities of the sample

surfaces covered with the small particles were apparently

lower than for the natural zeolite; the calcium peak

intensities were much higher. Deposits of calcium

carbonate or calcium sulphate, which have relatively low

solubilities, might be responsible for this phenomenon.

HAC slurries The XRD patterns, SEM photographs

and EDXA spectra of HAC slurries containing different

sodium salts are shown in Fig. 4. High striitlingite peak

intensities were found in the XRD patterns of HAC

slurries containing sodium silicate (Fig. 4(a)) or sodium

carbonate. The striitlingite peak intensity in the HAC

slurries containing sodium sulphate or sodium nitrate was

relatively low. A calcium aluminium oxide carbonate

hydrate phase (4CaO . Alz0 3 • COz . IIHzO) was

found in the sample containing sodium carbonate. The

SEM photographs also showed more striitlingite plates in

the first two samples than in the others (Figs 4(b)-4(e)).

Advances in Cement Research. 1995. 7, No. 28
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Striitlingite plates were unifonnly distributed among

hydrogarnet (C3AH,;) cubic particles. Dissolved silicates

significantly affected the striitlingite and hydrogarnet

formation. It was then apparent that more striitlingite

formed in the HAC containing sodium silicate than in the

others. A high pH value appeared to promote striitlingite

formation. Sodium silicate and sodium carbonate are

highly basic salts. More striitlingite formed in these

samples. Hydrogarnet still formed in the systems studied

at38 'C, since the amount ofdissolved silicate from zeolite

particulates was limited. Addition of sodium silicate

apparently promoted striitlingite formation and reduced

hydrogarnet formation.

Class 2: paniculate H-HAC-zeolite slurry-sodium salt

systems

Hydrated HAC pamculates The XRD patterns, SEM

photographs and EDXA spectra of H-HAC particulates

after immersion in zeolite slurries containIng different

sodium salts are shown in Fig. 5. Striitlingite was detected

in the particulates that had been immersed in zeolite

slurries containing sodium silicate (Fig. 5(a)) or sodium

carbonate for two months. The pH values of the zeolite

slurries were determined by an Orion pH/ISE meter,

model nOA. The pH values of the zeolite slurries

containing sodium silicate or sodium carbonate were

12· 59 and 12·50 respectively. Stellerite (2CaO·

2Alz0 3 • 14Si02 • 14HzO) was detected instead of

striitlingite growing on H-HAC particulates under lower

pH conditions. Samples were immersed in zeolite slurries

containing sodium sulphate or sodium nitrate for two

months. The pH values of these two slurries were 12 ·21

and 11·95 respectively. The CAH IO phase was present

in all the samples after two months' curing in a silicate-

rich environment at 23 'C. No CzAHB or C3AH6 was

found. Ettringite formed on H-HAC particulates after

immersion in zeolite slurry containing sodium sulphate.

It is noted that ettringite formed only on H-HAC

particulates (Fig. 5(d)) and not in the H-HAC slurry (Fig.

4(d)); the sulphate additions in these systems were the

same. It has been reported that CAH IO forms ettringite

more rapidly than other calcium aluminate hydrates. I"

The particulate H-HAC was mainly composed of

CAH IO; ettringite might form from it at early ages. The

effect of reaction site geometric location on ettringite

nucleation/crystallization potential may also be a

factor. IS The ettringite nucleation/crystallization potential

is believed to increase in the following order.

in solution < on plate surfaces < in cracks

The SEM micrograph showed that needle-like ettringite

crystals grew outwards from the particulate surface. Plate-

like crystals were present in all the samples. The large

crystals might be hydrated calcium aluminate. They were

sites for striitlingite or stellerite crystal growth. Striitlingite

and stellerite have plate-like morphology. No cubic

hydrogarnet crystals were found in the samples by SEM.

Zeolite slurries The XRD patterns, SEM photographs
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containing different sodium salts: (b) sodium silicate: (e) sodium carbonate: (d) sodium sulphate; (e) sodium nitrate
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High-alumina cement-zeolite systems
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Fig. 4. (a) XRD pattems and (b)-(e) SEM/EDXA analysis of HAC slurries containing zeolite paniculates and different
sodium salts: (b) sodium silicate; (c) sodium carbonate,' (d) sodiwn sulphate; (e) sodium nitrate
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and EDXA spectra of zeolite slurries containing different

sodium salts are shown in Fig. 6. The XRD pattern

showed little or no difference between the zeolite slurries.

The mineral compositions of the zeolite slurries were the

same as that of natural zeolite, as shown in Fig. 1. No

new reaction product appeared to form in the zeolite

slurries. The EDXA spectra showed similar characteristics

for all the samples. The zeolite slurries were con-

glomerated after drying. No hexagonal-plate or other

reaction products were identified in the SEM photographs.

Discussion
;

Stratlingite appears to grow preferentially on hydrated

HAC particles rather than on silica-bearing material, e.g.

zeolite particles. The dissolved silicate concentration is

relatively high in zeolite slurries containing H-HAC

particulates (mainly consisting of CAH IO) and highly

basic sodium salts, Le. sodium silicate and sodium

carbonate. Plate-like stratlingite crystals grow on the

surface of H-HAC particulates. The dissolved silicate

concentration is low in the HAC slurries containing zeolite

particulates or agglomerates and different sodium salts.

This is attributed to the small 'effective' reaction area of

the zeolite agglomerates having relatively large size

(1'168-3·327 mm in diameter); stratlingite is still

formed and uniformly distributed in the HAC slurries.

This phenomenon indicates that the reactions associated

with stratlingite formation may take place topochemically

on the surfaces of the H-HAC particulates. Dissolution

of calcium aluminate phases appears to be more difficult

than for zeolite. Zeolite releases silicate ions to the

solution when activated by sodium ions. The dissolved

silica then reacts with the calcium aluminate phase on the

surface of the H-HAC particulates. Re-crystallization of

the calcium aluminate phase occurs in the presence of

. sufficient silicate anions to form stratlingite. A relatively

high pH environment, e.g. that reSUlting from addition

of highly basic salts such as sodium silicate or sodium

carbonate, appears to be more favourable for stratlingite

formation. The solubilities ofboth zeolites and aluminates

increase with pH. A lower pH environment appears to

favour stellerite (2CaO· 2AI203 . 14Si02 . 14H20)

instead of striitlingite formation. Stellerite is less basic than
stratlingite since it contains more silica groups and less

calcium oxide. This phase may not exist in real HAC

products as it requires a relatively low pH condition.

The H-HAC particulates were made by hydrating HAC

paste at O·C. The hydration product was mainly CAH IO•

CAH10 usually converts to C2AHg at room temperature

and to CJAI4 at elevated temperature. as it is thermo-

chemically unstable. Test results indicate that the stability

of CAH10 increases at low pH and high microsilica

content. Reactions to form striitlingite or stellerite are

believed to take place only in the outer layer of the H-

HAC particulates. The core of the H-HAC particulates

remains unchanged after two months' curing at room

temperature. It is in the form of CAH IO•

178

Conclusions

I. Striitlingite appears to grow preferential1y on hydrated

HAC particles rather than silica-bearing particles.

2. A sufficiently high silicate concentration and pH

environment is required for stratlingite fonnation in HAC

paste.

3. The thermochemical stability of CAH IO is apparently

increased at high microsilica content.
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