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CONTROL OF EXPANSI ON I N CONCRETE ... =7 iy DUE TO ALKALI

S| I CA REACTI ON . Field of the Invention The
present invention relates to adm xtures for 5 cenment conpositions
that include spodunene to reduce expansion. |In particular, the
present i nvent Wih96/35648 relates to a cenent adm xture, arRCR¥R96/02928
resul t ant | nproved cenent conposition, capable of inhibiting
cracking of concrete due to the alkali-silica 10 reaction.
Background of the Invention Deterioration of concrete is
known to occur due to chem cal reactions between certain

hydraulic cement CONTROL OF EXPANSION IN CONCRETE

DUE _TOQ ALKALI SILICA REACTION
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The present invention relates to admixtures for
5 cement compositions that include spodumene to reduce
expansion. .In particular, the present invention
relates to a cement admixture, and the resultant
improved cement composition, capable of inhibiting
' cracking of concrete due to the alkali-silica
10 reaction.

' Backaround og' the Invention
Deterioration of concrete is known to occur due
to chemical reactions between certain hydraulic cement
constituents and those constituents present in the
15 aggregate of a concrete mix. Certain materials are
known to be reactive with the alkalies in cements.
These materials include various formse of silica, such
as opal, chalcedony, tridymite and cristobalite. For
example, it is known that when hydrated silica which
20 is inherent in aggregate comes into contact with
godium or potasaium at high pH (the high pH being
caused by hydroxyl ions present from alkaline _
compounds of cement), alkali silicate is formed.
Alkali may also be derived from extermal sources such
25 as deicing salts and sea water, as well as from
internal sources such as admixtures, fly ash and
alkali-bearing aggregates. Alkali silicates, which
. are the product of this "alkali-silica reaction®, form
a water swellable expansive gel deposit within and on
. 30 the exterior surface of the aggregate particles
contained in concrete. Under moist conditions, the
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of- silica, such as opal, chal cedony, tridymte and cristobalite.
For exanple, it is knomn t hat when hydrated silica which 20
IS i nherent i nVWQdIS& ¢ cones into contact with S TV 59682928
pot assi um at hi gh pH (the high pH being caused by hydroxyl ions
present from al kal i ne - conpounds of penent), alkali silicate is
f or med. Al kali may al so be derived from external sources such 25
as deicing salts and sea water, as well as from I nternal sources
such as adm xtures, fly dsh and al kal i - beari ng aggregat es.
Al kali silicates, which are the product of this "alkali-silica
reaction’, form  evelying ¥8!eh1S'5d ¢ e%ﬂ@{léi PEOaED Galdes Wi bikn
and on 30 t he exterTor sur ace of rega € part
cont ai ned in concr et BregRBER Hﬂl%?d%EﬁKﬂQ;Q£ﬂ§ opﬁecracking and expane;on
96/ 35648 of the concrete mass. PCT/ US96/ 02928
"2 As a means to combat the "alkali-silica

5 reaction”, Japanese Kokai Patent Sho 62-278151

proposes adding Li,0 to the cement during the course of
preparing the concrete. Specifically, 0.01 to 5% by
weight of Li,0 is added to hydraulic cement that
contains aggregates that can cause deleterious

10 reactions. Disclosed sources of lithium include
lithia mica, leafy feldspar, lithia pyroxene (i.e. the
naturally occurring spodumene mineral, which is alpha-
spodumene) containing 4 to 9.5% Li,O0, and petalite.
The reference teaches that the lithium source is

15 preferably added as a powder to form a uniform mixture
with the cement.

U.8. Patent No. 3,331,695 discloses mortar
(cement, sand and water) and paste (cement and water)
compositions which can achieve an accelerated

20 hardening rate by adding 0.1 to 20% spodumene
{LiAalsi0f) , based on the dry weight of the cement
binder, to the cement of such cement compositions.

The cement compositions of this ’695 patent did not
contain aggregate having the type of silica capable of

25 entering into the deleterious alkali-silica reaction
to exhibit cracking and expansion.

It is therefore an object of the present
invention to provide a cement admixture capable of
inhibiting alkali-silica reaction. It is a further

30 object of the present invention to provide an improved
concrete composition capable of inhibiting cracking
and expansion as a result of alkali-silica reactioms.



swel ling of thin gel can eventually produce sufficient pressure

to induce deletirious cracking and expansion of the concrete
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. Brief Degcription of the Drawi

10 Figure 1 is a graph comparing the expansion
effects on cement zompositions containing untreated
versus heat-treated spodumene according to the present
invention.

'Detailed Description of the Invention

15 The term "cement composition” as used herein and
in the appended claims refers to compositions
comprising a hydraulic cement binder and at least a
sufficient amount of one aggregate having a silica
content suitable to cause alkali-silica reaction.

20 Such aggregate may be, for example, £fly ash, silica
fume, blast furnace slag, coarse aggregate having high
silica content and the like. Generally, the cement
compositions applicable to the present invention are
concretes coiposed of a hydraulic cement (generally, a

25 portland cement), fine aggregate (e.g. sand), coarse
aggregate (e.g. gravel) and watexr, although mortars
composed of a hydraulic cement, fine aggregate having



30: obj ect of the present invention to provide an inproved

concrete conposition capable of inhibiting cracking and
expansion as a result of alkali-silica reactions. WO

96/ 35648 : . PCT/ US96/ 02928

- 3- Summary of the Invention The present

I nvent i on proviwiess3sedsenent adm xture conposed of a Hoxals9d/e2928 ed
spodunene, as fully descri bed herei nbel ow, which is capabl e of
inhibiting 5 expansion of the cement-due-to the alkali-silica
reaction and to the resultant inproved cenent conposi tion. The
present invention also provides a net hod of reduci ng expansion in
cenent.

high silica content in amounts to cause alkali-silica
reaction and water are also applicable. Such
compositions may additionally include other admixtures
such as defoaming agents, air-entraining or detraining
5 agents, set accelerators, set retarders, water
reducing agents, superplasticizers, and other
components known to those skilled in the art for
altering properties of the composition. The cement
compositions of the present invention are formed by
10 mixing regquired amounts of certain materials, e.g., a
hydraulic cement, water, and fine and/or coarse
aggregate, as may be applicable for the particular
cement composition being formed.
The minimum amount of silica necessary to cause
i5 . the alkali-silica reaction expansion varies according
to the type of silica aﬁd size of the silica contained
in a cement composition. PFor example, very £ine
reactive aggregate (smaller than about 45 microns or -
325 mesh U.S. Standard sieve) is not expansive but is
20 pozzolanic, and thus adds to the cement bonding. On
the other hand, opal, a very reactive hydrated silica,
can cause expansion when present in about 2% or
greater of the total weight of aggregate in cement
compositions. Those skilled in the art can readily
25 ascertain whether the type and guantity of silica is
sufficient to cause expansion as a result of the
alkali-silica reaction, by means of known test methods
such as ASTM C-227 or C-441.
The present inventors have found that natural
‘30 spodumene which has been heat treated, as described
hereinbelow to cause it to go through phase transition
from a-spodumene to §-spodumene, provides a matexial
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conparing the expansion effects on cenent conpositions
cont ai ni ng untreated versus heat-treated spodunene according to
t fe present I nventi on. . Detail ed Description of the
| nventi on 15 The term "cenent conposition” as used herein
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conprising a hydraulic cenent binder and at |east a sufficient
anount of one aggregate having a silica - 5 - content suitable to
cause al kali-silica reaction. 20 Such aggregate may be, for
exanple, fly ash, silica fume, blast furnace slag, coarse
aggregat e havi ng hi gh silica content and the |ike. Generally,

t he cenent conposi tions applicable to the present invention are

cenent) 1 ne agor 2L B CafefeD @ gl Fichne redudfion of o (B g

gravel ) and water, akphnsghnnbntegmsnt due to theoejksidi-silicéyxeactian.

cement., fine aggregate h@he"gpodumene should be heated to at least
1000°C, preferably to about 1100°C. Heating above

5 about 1400°C, and preferably above 1200°C, should be

avoided to prevent melting of associated mineral
impurities (gangue), which could lead to agglomeration
rather than fracture due to phase change. The
spodumene should be heated for a time sufficient to

10 allow the entire spodumene mass being heat treated to
reach the desired temperature. Thus, the spodumene
based cement admixture of the present invention is
conventional spodumene which has to be heated to at
least 1000°C but not greater than about 1400°C and

15 preferably from about 1100°C to about 1200°C.

The present heat-treated spodumene product should
be in the form of a free-flowing powder prior to
incorporation into the cement compoasition. Preferabkly
the heat-treated spodumene is ground to a particle

20 ' size ranging from about 1 to about 1l0um, and is used
in an amount of from about 1 to about 10% by weight
based on the weight of the dry cement contained in the
cement composition, preferably about 2 to 6% by weight
of the dry cement. It has been found that the

25 introduction of heat-treated spodumene to cement in
these amounts substantially inhibits the expansion
occurring as a result of the alkali-silica reaction.
For example, limiting of expansion to not more than
about 0.075 pei‘cent under ASTM C-227 procedure can be

30 - readily attained.

The following is an outline of the procedures
used in the example that follows. All parts and
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by the claims appended hereto.

Mortars were prepared in accordance with ASTM
method C-109, sec. 10.1.1. The water/cement ratio was
0.485 and the sand/cement ratio was 2.75 with 10% of
sand by weight replaced with -20+50 TECOSIL fused
silica from CE Minerals. Sodium hydroxide was added
and total alkali was expressed as weight percent of
cement, including that present in the cement
originally. )

The mortars were mixed in accordance with ASTM
method C-305 requirements. A Hobart mixer was used
along with paddle and bowl that meets the required
dimensions. The procedure for mixing was as follows:

- Water added to dry mixing bowl

- Cement added to bowl and mixer started at
slow speed for 30 seconds

- Sand then added over a 30 second period with .
mixer on slow speed

- Mixer changed to medium speed for 30 second
period

- Turn mixer off for a 1.5 minute period
- Finish mixing at medium speed for 1l minute

The spodumene was heated in a 2%" diameter x 1%"
high platinum dish at 1050-1100°C in a muffle furnace
for about 1 hour.

Molds were prepared in accordance with ASTM
method C-490 gec. 4, except that no mineral oil was
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capabl e of causing a significant reduction of : expansion in

cenment, due to the a'd@d ?:%i lciogQ E:ﬁgqszg:ﬂ'le of the mold. The molds were
lined with thick polyethylene f£ilm.

- The storage of the molds, after bars were cast,
was in accordance with ASTM method C 227, section 8.1.
5 Bars which were in the molds were stored at 73.4°F in

100% humidity for 24 hours. The bars were then
demolded and stored vertically in a metal storage box .
at 100°F in 100% humidity in accordance with ASTM
method C-227, -section 8.2. The storage box was not

10 cooled prior to opening. The water level was
monitored every 7 days, but the box was not cleaned
after every measurement.

Mortar bars were measured with a length

comparator as described in ASTM method C 490, section

15 . 4.5. To simplify readings, the length comparator dial
gauge was replaced with a digital dial gauge made by
Chicago Instruments, Model #DPX1000. The length
calibrator was calibrated with a reference bar in
accordance with ASTM method C-490, section 4.5.3. an

20 initial measurement was taken when the bars were
demolded and this measurement was used as the
reference measurement. Measurements were made every 7
days until the expansion became so great that there
was no doubt of fallure. When expansions were

25 congistently small, measurements were made at less
frequent intervals. Expansion was expressed as a
percent change from the initial length measurement.

. EXAMPLE
Mortar bars were made in accordance with the
30 foregoing procedure, and various amounts of heat

treated and untreated spodumene were independently



The spodunene shoul d be heated to at | east 1000[ err] C,

preferably to about 1100[err]C.  Heating above 5 about 1400C, and
preferably above 1200C, shoul d be avoi ded to prevent nelting of
associ ated m neral i mpurities (gangue), which could lead to
aggl onerati on rather than fracture due to phase change. The
spodunene shoulwobessesated for a time sufficient to 10 PCIVUSIERIEE
entire spodumene mass being heat treated to reach the desired
tenperature. Thus, the spodunene baged cenent adm xture of the
present invention is conventional spodunene which.has to be
heated to at | east 1000[err] C but not greater than about

1400[ err] C and. 15 preferably from about 1100[err]C to about"
1200[err] C The present heat treated spodunene product

shoul d | m free wder r| or t

I ncorporation into trﬁ&c"éﬂ%’ﬁ %Snﬁéﬁ??‘ é:l”gbgge sandl'was a ’

heat -treat ed spodunerit sbe@o@'endn:voappmiabiqa nﬁ&ing of theismnddmyd ng from
about 1 to about 10[9{) Jzﬁa:ea”d rheBALs were stored in2Rc88P fwftftpm

about 1 to about 10% wel ed. on the wel g t he dr
cement contained in t‘?%m me%h“l czzZeﬁ%n‘PeE‘%ﬂtﬁ%PPP&fﬁ' %Pcﬂ)’tﬁ‘%/

to 6% by webght was obseirvede.dr Phecnesiltd tarlsashbwnniﬁom:l:ghrétaﬂt t he 25
i ntroduction of heat-treaifgd JRAYLIBACOE 016 WEIL- trlated spodmerlé‘ez%‘auced
anounts substantial l'y i nhibits the expansion occurrlng, as

result of the al kali-$8% |Wai“€:§8f‘|h¥ re than 50%z,and, 2% anrd 3% rﬂ‘ﬁarﬂf of
expansi on to not nor eof wat-treated spodvménd. db?&rp&leanod\WZ?

procedure can be 30 adi gg&&% e e Q| ng
Is an outline of then_gz?c 53&2 £ n' |n iti‘m ﬁ ﬂ anW

follows. AP parts a ased on cement) of untreat:ad spodumene -3
megh) had little effect on expansion.

Figure I graphically shows the results of the
present example. Each point on the graph represents
an average test result of four (4) bars. The graph

15 clearly shows that the C-109 mortar bars were
subsatantially unaffected when 1, 2 and 3 weight
percent untreated spodumene was used and that
utilization of the subject heat-treated spodumene
caused substantial inhibition to expansion. The

20 samples containing heat- treated spodumene (especially
those having 2 and 3 weight percemnt dosages) exhibited
substantially no expansion over a l2-month period of
time. ' '
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- 6- percent ages _gi ven hereinbel ow and in the exanples are

by:wei ght unl ess ot herw se indicated. The exanpl es are made for
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* . 1. An improved cement comprising a hydraulic
cement having from about 1 to about 10 weight percent
of a heat-treated spodumene, wherein said spodumene

5 has been heated to a temperature sufficient to have
' caused a phase transition from a-spodumene to
8-spodumene

2. The admixture of Claim 1 wherein said
temperature to which said spodumene is heated to is at
10 least about 1000°C.

3. The admixture of Claim 1 wherein said
temperature to which said spodumene is heated to is
from about 1100°C to about 1200°C.

4. A cement composition comprising a hydraulic

15 cement binder, an aggregate comprising a sufficient
amount of silica to react with alkali present in said
composition and cause expansion, and spodumene that
has been heated to a temperature sufficient to have
caused a phase transition from a-spodumene to

20 8-spodumene, sald spodumene being present in an amount
effective for reducing said expansion caused by
reaction of said silica with said alkali.

5. The cement composition of Claim 4, where said
temperature to which said spodumene is heated to is at
25 least about 1000°C.

* [ L M S *




dioensi ons. The procedure for mxing was as follows: -
Wat er added to dry m xi ng bow - Cenment added to bow
and m xer started at 20 ThlsSheetHasBeenRe laced sl ow speed for 30 seconds

- f Sand then added over r| od with
m II ] M xer changed to nedi um speed for
- Twcw/uspere20280f f

m xer on sl ow speed

30 second WO 96/35648

for a 1.5 mnute period Fi ni sh mi-xi ng at medi um speed
for 1 mnute The spodurrene-wae heated in a 2 3/4" dianeter
x 1 1/8™ hi gh platinumdish at 1050-1100[err]Cin a muffle
furnace for about 1 hour. 30 Mol ds were prepared in
accordance with ASTM nmet hod C-490 sec. 4, except that no m neral
“oi | was WD 96/ 35648

PCT/ US96/ 02928 6. The cement composition of Claim 4, where

sald temperature to which said spodumene is heated to
is from about 1100°C to about 1200°C.

7. The cement composition of Claim 4, wherein
5 sald spodumene is added in an amount of from about 1%
to about 10% by weight based on the hydraulic cement
in said composition.

8. The cement composition of Claim 4, where said
spodumene has a particle size ranging from about 1 to
i0 - about 1lO0um.

9. The cement comporition of Claim 4 wherein
said spodumene has been subjected to a temperature of
at least about 1000°C, is present in from about 2% to
about 6% by weight based on the weight of hydraulic

15 cement in said composition, and has a particle size of
from about 1 to about 10gm.

10. The cement composition of Claim 4 wherein
the composition is a concrete composed of hydraulic
cement, fine aggregate, coarse aggregate and water and

20 at least one of said aggregates contains sufficient
amount of silica to react with alkali.

11l. The cement composition of Claim 4 wherein
the composition is a mortar composed of hydraulic
cement, fine aggregate and water and said fine

25 aggregate contains sufficient amount of silica to
react with alkali.

AT



- 7= used to coat the inside of the nold. The nol ds were
lined wth thick pol yethylenrefi-ltm——— The storage of the
nol ds, after bare were cast was in accordance with ASTM net hod C

227, section 81. 5 %9 in the nolds were stored at
73.4[err]F in 24 hours. The bars were then
derol ded and SWODm!mErtl st or age box PCT/0596/02928

100[err]F in 100% humidity in accordance wi th ASTM met hod G- 227,
section 8.2. The storage box was not 10 cool ed prior to opening. The
wat er | evel was nonitored every 7 days, but the box was not

cl eaned after every neasurenent. Mortar bars were
nmeasured with a Iength arator as described in ASTM nethod C
490, section 15 . TH B‘Fﬁrb?ngf?/f rRENHRE expanpie@t ¢f CIMMAREL or

dial - gauga:dms"iada.loaﬁedaue&dn By i tallkalidkifadsexreRsieldyy,

Chi cado | nstruments, dﬁgeiﬁ@m?%g%gs Jgoddfencg Q:o a m“@ ﬁt ort\r/]vgz

calibrated with ar§ accor
C- 490, section 4.5. havimp@aggregatewith @ mﬁﬁm&n@nmttef(esim the

bare were s réihAth alkalli W&W&d""&%m&ﬁ&%ﬁ’& J%e

ref erence neasurenent. Megsurenents Ye, unt|I
t he expansi on becar‘ree’?(?:tﬂ" nﬁ Heﬁaeiém odtmene %55 Rﬁeﬁoltﬂﬁt#
failure. Wen ex,pans!imnmeZBufficient ke Siavtec galuped i@l Phaseasur enent s
were made at | €SS  gransition from a-spodumene to B-spodumene and is

added in an amount effective to reduce said expansion

10 caused by reaction of said silica with said alkali.

13. The method of Claim 12, wherein said
spodumene is added in an amount of from about 1% to
- about 10% by weight based on the weight of hydraulic

cement.

15 14. The method of Claim 12, wherein said
épodu:mene is heated to a temperature of at least about
1000°C.

15. The method of Claim 12, wherein said
spodumene has a particle size ranging from about 1 to
20 _ about 10um.

16. The method of Claim 12 wherein said
spodumene has been subjected to a temperature of at
least about 1000°C, is present in £rom about 2% to
about 6% by weight based on the weight of hydraulic

25 cement in the treated composition, and has a particle
gize of from about 1 to about 10 um.

A



frequent intervals. Expansion was expressed as a percent change
fromthe initial |ength neasurenent.

EXAMPLE Mortar bars were made i n accordance with the 30

f oregoi ng procedure, and various anpunts of heat treated and
untreat ed spodunene were independently WO 96/ 35648

PCT/ US96/ 0292 96135648 - 8 - PCT/US96/02928
added to the m Xi ng bow s after the sand 4% added, but before
any appreciable m xing of the sand had occurred. The bars were
stored in accordance with ASTM net hod C227 as detail ed above,
and the expansion 5 was observed The results are shown in
Figure 1. The addition of 1% heat-treated spodunmene reduced

t he expansion by nore than 50% and 2% and 3% dosage
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12-nmont h p

A cenment cQifiShétaPdli€@éPri sing a hydraulic cement binder, at |east one
al kali metal ion containing material, aggregate having silica which is
reactive with the alkali netal ions present in said conposition to form

al kali metal siljcat eﬁ&ﬁtch %é&méﬁ&ﬂc?%b f%Hx gltév?{{reﬁl@i{ﬂ%-s dglhfehg]ls- spodunene

to inhibit exparfsion y “sal | cat es.
formed by heating spodumene to a temperature sufficient to have caused a phase

transition from o-spodumene to B-spodumene.

3. The cement composition of claim 2 wherein said temperature to which

said spodumene is heated is at least about 1000°C.

4. The cement composition of claim 2 wherein said temperature to which

said spodumene is heated is from about 1100°C to about 1200°C.

- 5. The cement composition of claim 2 wherein said spodumene is added
in an amount of from about 1% to about 10% by weight based on the hydraulic
cement in said composition.

e -\.}
6. The cement composition of claim 2 wherein said spodumene has a

particle size ranging from about 1 to about 10um.

7. The cement composition of claim 2 wherein said spodumene has been
subjected to a temperature of at least about 1000°C, is present in from about 2% to
about 6% by weight based on the weight of hydraulic cement in said composition, and

has a particle size of from abogit 1 to about 10pm.
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2. The cenment conposition of claim1l- \/\herel PGIN err ne is
formed by heating spodunene to a terrperf(iure éEéagggused a

phase transition from a-spodunene to [etT]-spod unene
cement conposition of claim2 wherein said tenperature to which sal d
spodunene is hed# ed iBreaemepteomposision of i @rwihegsin the compositionisa The cenent

f cl
R A ERTI I R e

cement CONRAgif leQdt ok of s H%gre%m & Rnfhit i GOR AHBRACOS icadd ehet Wi anount
of from about 1% to about 10% wei ght based on the hydraulic cenent in

sa!'d conposikalion. The cenent conposition of claim2 wherein
said spodunene has a particl e size rangi.ng from about .1 -to about 10[err]m
7. The cenment conposition of claim2 wherein said spodunene has been

subj ected to a tenpe ’%‘fe%ﬁleﬁfccfi‘ﬁ dsﬁﬁaﬁtof%%ﬁtzw&%%él&a dshidigaent in from

about 2% to about 6% wel ght ase on the wei ght of hydraul Ic cenment in
sai d conmposdrtap lcompostdhxfshydraphc teméns, finezaggodgaleranchweaterand saiddingbout

10[err]m .
[ ] “aggregate contains sufficient amount of silica to react with alkali.

10.  The cement composition according to any one of claims 1-9 wherein
the alkali metal is selected from the group consisting of potassium, sodium, and

mixtures thereof.

11. A method of reducing expansion of cement compositions composed of
a cement binder, at least one alkali metal ion containing material, and aggregate
having silica which is reactive with the alkali metal ions present in said composition
to form alkali metal silicates therein comprising adding an effective amount of 8-
spodumene to the composition to inhibit expansion which is caused by said alkali

metal silicates.

12.  The method of claim 11 wherein the B-spodumene is formed by heating
~ spodumene to a temperature sufficient to have caused a phase transition from o-

spodumene to B—spodumene.

13.  The method of claim 12 wherein said spodumene is added in an
amount of from about 1% to about 10% by weight based on the weight of hydraulic

cement.

14.  The method of claim 12 wherein said spodumene is heated to a

temperature of at least about 1000°C. e

15.  The method of claim 12 wherein said spodumene has a particle size

ranging from about 1 to about 10um.
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.10 - 8. The cement conposj t;i;on of cla AZ'Rhe r{qz 92 8
conposition is a concrete conposed of hyc}raul iC qf M{}S?,@?D@@ iﬁ}g&
ntar ns

coarse aggregate and water and at |east one of sai d” aggregat €s-¢o
sufficient anount of silica to react with al kali. 9. The cenent
conposition of cl a| m 2 wherein the corrp05|t| on IS a nortar conposed of
hydraul i ¢ cenent e ter an |df| e .aggregate. contains
suf fici ent amount®- of qlﬁgtgm ?2 Trithd ﬂ? dumene beggé‘ﬁ’%ec%@ cenent
conposi ti o1 hipehailne o atqe@swb&mqo@ﬁocp hﬁ@r%nﬂ-m%rmﬂ%@tm REaRbl§ipymet al i
sel ected from the group consisting of potassium sodlum and m xtUres

t hereof.  weight basedlon the Aveight lof Hydrhulicooknwinh in the raated oompésitieryand has a
conposi.tions ose . a cepent  bi r, at least one alkali netal ion :
cont ai ni ng Hﬁi"iggé‘?opgﬁ@ai’ﬁﬂ Shﬂbé’“hg(g-lfﬁg silica which'is reactive with the
al kali netal ions present in said conposition to formalkali netal
silicates therein conprising adding an effective anount of [err]- spodunene
to the conpositikn tdl‘lierthéthbdamopdmgtmyvdﬁecdﬁelaﬁn@&h&édvﬂ&yem&ie(hlledlkali

metal silicates. The net hod of claim,11 wherein the

[err] - spodungalds selegted from tby SFRURCORSjStiNgRf Rokassium, Sedivim,A8d miKWeS suf f i ci ent

to have cal{ﬁ&go@ phase transition froma- spodunene to [err]-spodunene.
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of - f rom about

cerent .
helated to

about 1 to about

»The met hod of claim 12 wherein said spodunene is added_in a
1% to about 10% by wei ght based on the weight

The method of claim12 wherein said spodumene RIMP
| east about 1000[err]C. ]
hod of claim 12 wherein said spodunene has a particle size
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(57) Abstract
A cement composition including
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ing spodumene which has been heated to at least 1000 °C which is capable of inhibiting expansion of
the concrete due to the alkali-silica reaction. The present invention also provides a method of reducing expansion In cement compositions.




