
8th

ICAAR
1989

KYOTO

8th Internationl Conference
on Alkali-Aggregate Reaction

THE INHIBITING EFFECT OF LITHIUM COMPOUNDS

ON ALKALI-8IL1CA REACTION

Yuriko Sakaguchi*, Makoto Takakura *, Akio Ki tagawa* ,
Takahiro Hori * , Fuminori Tomosawa ** and Michihiko Abe ***

* Central Research Institute, Nissan Chemical Industries, Ltd.
Tsuboi-cho, Funabashi-shi, Chiba 274, Japan

** Dept. of Archi tecture, University of Tokyo,
Bunkyo-ku, Tokyo 113, Japan

*** Building Reserach Insti tute, Ministry of Construction
Tsukuba-shi, Ibaraki 305, Japan

1. ABSTRACT

I.

I

I
I
I
I

Expansion of mortar bars, which contained Pyrex glass, due to alkali-silica reaction(ASR)
was inhibited by addition of lithium compounds (lithium carbonate, lithium nitrite and lithium
hydroxide). Li thium hydroxide was found also effective in inhibi ting the expansion of mortar
bars containing reactive aggregates. The inhibi ting effect increased in proportion to the
amount of its addition.Expansion was inhibited by impregnating the solution of lithium nitrite
to both of mortar bars and concrete prisms which had been subjected to accelerated expansion.
The effects of li thium compounds were examined by observing the boundary face between Pyrex
glass and hardened cement paste by means of energy dispersive X-ray spectrometer and by analyz­
ing the extracted pore solution Jrom the mortars. It was confirmed that the alkali-silica gel,
the reaction product of Pyrex glass and hardened cement paste, was not observed at the boundary
face, and that the concentration of li thium ion in pore solution decreased and that of sodium
and potassium ion in it was nearly constant wi th the passage of time.

In conclusion, these results suggest that the inhibiting effect of lithium compounds is
attributed to the production of a kind of lithium silicate, which hardly swells and dissolves,
at the surface of aggregate.

2. INTRODUCTION

The common approaches to prevent the expansion of concrete due to ASR are the selection of
non-reactive aggregate, the use of low-alkali cement, and the use of certain proved pozzolanic
admixtures. Except three main preventive approaches, the inhibiting effect of lithium compounds
on ASR has been studied. [1] [2] The lower reactivi ty of li thium ion wi th amorphous-silica in
comparison to sodium ion was identified by testing in accordance wi th the modified A51M Methods

.. __C289. [31 ... Recently.i t is generally said in Japan that the.approaches of repairing concrete con=
struction, which has been damaged by ASR, are grouting of an epoxy resin and coating of a water­
proof paint and a silane agent. These repairing approaches, which are physical repairing ap­
proaches, are intended for shutting off the surface of concrete construction from water in order
not to swell the alkali-silica gel.

This paper discribes a series of experiments to ascertain the effects of li thium compounds,
which are concerned in the chemical reaction of ASR and thereby inhibit its expansion, and to
study the possibili ty of employing the solution of li thium nitri te for impregnating and repair­
ing concrete construction damaged by ASR. At the same time, the inhibiting mechanism of lithium
compound on ASR was studied.
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3. INHIBITING EFEECT OF LITHIUM COMPOUNDS ON EXPANSION
OF MORTAR CONTAINING PYREX GLASS

C : S (S. : S pg) : W=1 : 2 .25(1.35:0.9) : X
..)The water/cement ratio of 0.55 gave an appropriate flow value

irrespective of lithium compounds.

r·

i.

portland cement NazO equivalent 0.57%
Ss :standard Toyoura sand
Spg:l'yrex glass #7740
<100 -28 : 28-8 : 8-4 =2 : 5 : 3 )
added so as to provide a flow value of
201-216 mm")
NaOIl solution

Table 1 Composi tion of mortar

R :Alkali

W:Water

C :Cement
S :Fine aggregate

3.1 Materials and Method
Mortar of the composi tion indicated in Table 1 was prepared. The solution of NaOH was added

to adjust the NazO equivalent of the cement to 0.8% or 1.0"k. Three li thium compounds, they are
LiOH • HzO, LiNOz and LizC03, were added to mortar at the mixing stage and the amounts of three
compounds were 0.65%, O.95"k,
and 0.72% of cement,respectively.

Bars of 4 X 4X16cm were
cas t and cured under saturated
water vapor for 24hours and
then removed from the mold. The
bars were stored in the saturat­
ed water vapor box which was
placed in the room with a con­
stant temperature of 40 ·C after
the measurement of their ini tial
length. The bar length was
measured by contact gage in the
room with a constant temperature
of 23·c.
3.2 Results and Discussion
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Fig.lCa)(b) inhibiting effect of li thium compounds on expansion of mortar

I

I
J

I

I
/

Liz C0 3 (0.63)

B I a Ilk

8 16 24 32
Ti:r:ne/ 'He ek

L i OH· HzO

N a zO e qui val en t : 1. 0% ( b )

() :Li/Na molar ratio

0.5 0.5

~
NazO e qui val en t : O. 8% (a) ~
( ) :Li/Na molar rat i 0 \0.40.4

I:: I::
0 00.3.... 0.3

B I a nk ....
CI) CI)

I:: 0.2
L i OH· HzO

1::0.2
Rl (0. 65) Rl
ll. :::;?: ll.0 1
>< 0.1 >< •

f.Il f.Il
~ Li z C0 3 (0.77) 00 8 16 24 32

T i :r:n e/ 'H e e k

All of the three li thium compounds were useful for inhibiting the expansion of mortar
-----------whetheralkalicontentof cement was O~8%or l~O"k NazO .... equivalent, which are shown in Fig;l(a)

and (b). Fine cracks were found on the 100th day (after about 14 weeks) on the bars having 1.0"k
of alkali and found on the 150th day (after about 21 weeks) on the bars having 0.8% alkali, and
both of them did not contain any lithium compound. The cracks were seen on three surfaces other
than mold bottom surface. No crack was, however, found in any bars wi th the addi tion of the
li thium compounds.

These resul ts confirm the findings that all of three lithium componds had an appreciable
inhibiting effect on ASR, but the inhibiting effects differed from one compond to another.
Also they suggest that the inhibi ting effect of a particular li thium compound depends mainly
upon LilNa molar ratio under the same condi tion.



Fig.2 Inhibiting effect of lithium
hydroxide on expansion of mortar

4. INHIBITING EFFECT OF LiOH· Hz{) ON EXPANSION
OF MORTAR CONTAINING AREACTIVE AGGREGATE .
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4.1 Materials and Method
Mortar was prepared by using portland cement, which had alkali content of. 0.48% NazO equiv­

alent, and reactive aggregate X. Lithium hydroxide was used to be dissolved and to be mixed
the mortar. The addition amounts were 0.27%, 0.55%, 0.83% and 1.11% of the cement giving dif-
ferent LilNa molar ratios of 0.3, 0.6, 0.9, and 1.2, respectively. The experiment was carried
out in accordance with the Method for Alkali-Silica Reaction Tests for Aggregate (Mortar Bar
Method) as specified provisionally by the Ministry of Construction. The reactive aggregate X was
a pyroxene andesi te from Hokuriku district in Japan and it was considered a potentially del teri­
ous degree in the test of ASTM Method C 289.
4.2 Results and Discussion

As shown in Fig.2, the inhibiting
effect of LiOH • HzO was appreciated on the
mortar bars by use of the aggregate X, and
the expansion was almost stopped to 52 weeks
by adding LiOH • HzO, LilNa molar ratio 0.9
at least. The weight of bars increased in
proportion as the length of bars increased.

This correlation apparently due to the ab­
sorption of water by gel which had been
formed by alkali-silica reaction. Afluid,
which appeared to be a sol, was observed on
the surface of each bars in the absence of
LiOH • HzO at 4 weeks. On the bars wi th the
addi tion of LiOH • HzO, however, the appearance
of the sol occurred later than ones wi thout
LiOH • HzO. Referring to crack on the bars,
fine cracks were found on them wi thout LiOH
• Hz{) and wi th small amounts addi tion of

LiOH . HzO (Lil Na molar ratio was 0.3 and
0.6) at 39 weeks.

Al though the experiment was carried out
by use of mortar bars as the samples, the
lithium compound is assumed to exhibit a
simi lar inhibi ting effect for concrete
prisms, too.

5 . INHIBITING EFFECT OF IMPREGNATING
LiNOz AQUEOUS SOLUTION TO MORTAR

5.1 Ma terials and Method
The same cement, fine aggregates and alkali as those used in the experiment described in 3.

---------were used. .Thewater/cement ratio was· 50'.'> and the aggregate/cemefittatio was 2; Fine ... ;lggTe=
gates consisted of 40% Pyrex glass and 60% standard Toyoura sand. The alkali content was 2.0%
NazO equivalent of cement by adding NaOH solution. After the bars were under standard curing,
they were previously subjected to expansion of about 0.2% of the initial length in a saturated
water vapor box at 40°C and then dried in the room at 23°c 55"A'>R.H. in the purpose of impregna­
tion wi th LiNOz solution by 4% decrease of the intial weight. The bars were dipped in LiNOz
solution for the different period of time.

The solution of LiNOz was prepared from the slurry of LiOH and NOx gas at Nissan Chemical
Ind., LTD. and it has 25% concentration, pH of 11.5, specific gravity of 1.16 and viscosity of
below lOcps.
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Fig.3 Inhibiting effect of impregnating
LiNOz solution to mortar
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5.2 Results and Discussion
Fig.3 shows the changes of length

and the changes of weight wi th the pas­
sage of time. Insofar as the bars did
not show any appreciable increase in
weight when they had been caused to
expand by about 0.2% in a saturated water
vapor box, it is apparent that even only
the mortar containing water contributed
to its expansion by ASR. The bars showed
a shrinkage of about 0.1% and a weight
loss of about 5% while they had been
dried at 23°C SSO.m.H..

Some inhibi ting effect on expansion
was found even in the bars having an im­
pregnant depth of only 3 mm. The bars
having impregnated depth of 7 mm and 9mm
expanded their length by the amount of
shrinkage which had resul ted, from drying
at 23°C, and hardly showed any further
expansion. Fine cracks were found on
the bars which had not been impregnated
with LiNOz solution and on the bars
having an impregnated depth of 3 mm,
when they reached the age of 4weeks.

It will hereafter be necessary to
study the water content which mortar has
prior to impregnation, the degree of its
expansion prior to impregnation, etc.

6. INHIBITING EFFECT OF IMPREGNATING
LiNOz AllUEOUS SOLUTION TO CONCRETE
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Fig.4 Inhibiting effect of impregnating
LiNOz solution to concrete
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6.1 Materials and Method ~ Os d, l>np r e gna t. e d de p t. h

Concrete prism nOx10x4Ocm) were \0 • ow : I >np reg nat. e d

prepared by using cement having 0.48"~ NazO ow e i g h t.

equivalent, silicasand and the reactive ~ 0.4
aggregate X. The placing of concrete was 0

carried out according to the procedure of .... Q3
JIS A1132. The water/cement ratio was II)

55.7% and sand percentage was 43.6"~. ~ ,0"
Cement content, water content and alkali l'Il '"
content per uni t volume of concrete was p.

35Qkg/ nf, 195kg/nf and 6.75 kg!m, :< 0.1
respectively. The prisms were previously

--subjected to expansion of ··about 0; 1% of fIt
the ini tial length at 4Q°C 100%R. H. and
then dried under the condi tion of 20°C 60%
R.H.by 1% decrease of the initial weight.
After that they were dried further at SOoC
by 4% decrease of it. The prisms were dipped
in LiNOz solution for 24hours.
6.2 Results and Discussion

The inhibi ting effect of impregnating LiNOz solution to concrete prisms, which had been
subjected to be expand previously by about 0.1%, on expansion is shown in Fig.4. Some inhibi t-
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ing effect on expansion was found in the prisms impregnated wi th LiNOz solution as compared wi th
the prisms wi thoutit.

7. INHIBITING EFFECT OF LITHIUM COMPOUND AS ASCERTAINED
BY ENERGY DISPERSIVE X-RAY SPECTROMETER

7.1 Materials and Method
The portland cement having 0.59% NazO equivalent and water were mixed in a ratio of hO.35.

The solution of NaOH was added to adjust NazO equivalent to 1.2%. The solution of LiNOz was
added in an amount giving Li/Na molar ratio of 1 at mixing stage.

Abar of Pyrex glass measuring 25mn in diameter and 10 em in length and having a surface
polished by sand blasting was placed in the center of a mold, which is Scm in diameter and 10 em
in length. And then cement paste was poured into the mold to prepare a solid cylindrical sample
while a similar sample to which no LiNOz solution had been added was also prepared. Each
sample cured wi th wet air at 20 ·C for 24hours. It was stored in a wet air box at 40·C for 4
months, and it was removed from the box. Acircular specimen of about 5 mm in thickness was
cut from the sample and 15mm square specimen was further cut from it by means of diamond cutter.
The boundary face between Pyrex glass and hardened cement paste in square specimen was examined
by energy dispersive X-ray(EDX) spectrometer.
7.2 Results and Discussion

Fig.5(a) (b) The boundary faces between Pyrex glass and hardened cement paste

(b) show the boundary faces between Pyrex glass and hardened cement paste in the
sample no addition of LiNOz solution, and in the sample with addition of LiNOz solution,
respectively, as they were analyzed for silicon by EDX spectrometer. The reaction product,
which had about 300.uffi width, was found between Pyrex glass and paste in the sample in which
no LiNOz solution had been added. (Fig.5(a» On the other hand, it was obvious from the intensi-
ty of silicon as shown in Fig.5(b) that the addition of LiNOz solution made so clear the bound­
ary face between Pyrex glass and paste and that any such product hardly was formed therebetween.
This is apparently due to the fact that Li ion is concerned in the chemical reaction of ASR to
inhibit the formation of alkali-silica gel.
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8. INHIBITING EFFECI' OF LITHIUM COMPOUND AS ASCERTAINED
BY ANALYZING THE EXTRACTED PORE SOLUTION FROM MORTAR
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8.1 Materials and Discussion
The same cement as used in the experiment described in 7. The content of alkali and the

addi tion amount of LiNOz solution were adjusted to the same as the procedure described in 7.
Fine aggregates consisted of 40% the crushed Pyrex
glass and 60% standard Toyoura sand. The water/cement
ratio was 50% and the aggregate/cement ratio was 2.25.

The experiment was carried out according to the
procedure of R.S.Barnneyback,Jr.et al. [4] The mortars
of Scm in diameter and 10 em in length were stored
in the saturated water vapor box at 40'C wrapped wi th
vinyl bags.

The concentration of OH ion was determined by
direct ti tration against standard HCl and that of Na,
Kand Li ion was determined by means of ionchrornato­
graphy. The concentration of Ca ion was measured by
use of inductively coupled plasma atomic emission(ICP)
spectroscopy.
8.2 Results and Discussion

As shown in Fig.6(a), the concentration of Na and
K ion in the extracted pore solution from mortars
without LiNOz solution decreased with the passage of
time and that of OH ion kept pace wi th them. On the
other hand, in the extracted pore solution from the
mortars with the addition of LiNOz solution, the
concentration of Li ion decreased and that of Na and K
ion was nearly constant wi th the passage of time.
(Fig.6(b))

The resul ts confirm the fact that Li ion is
concerned in the product of alkali-silica gel.

9. CONCLUSION

The following is a sullllla1'y of the resul ts of this paper:
(l)The addi tion of the Li thium compounds was effective for inhibi ting the expansion of mortar

due to ASR, whether Pyrex glass or a reactive aggregate were used.
(2)When both of mortar and concrete which had been expanded due to ASR was impregnated with

LiNOz solution, any further expansion thereof could be retarded or inhibi ted.
(3H t was confirmed that li thium compound was concerned in the chemical reaction of ASR and

inhibited the formation of alkali-silica gel.
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