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Effectiveness of Lithium Nitrite in Suppressing

Alkali- Aggregate Expansion

by

Mitsuru Sarto*, Akio KiTAcaAwA** and Shigemasa HASABA***

The effect of LiNO, on the suppression of expansion due to alkali-aggregate reactions was investi-

gated by preparing mortars with a reactive andesite sand and measuring the expansion at the pre-
scribed times of the mortars cured up to 7 months. The test results showed that the addition of LiNO,
giving a Li/Na mole ratio of 0.4 conspicuously suppressed expansion of mortars stored in a fog box
and immersed in 1N NaCl solution at 40°C. Furthermore, none of the mortar specimens containing the
amount of LiNO, which exceeded a Li/Na mole ratio of 0.8 expanded even under the severe condition
of 6 months immersion in 1N NaOH solution at 20°C. Expansion tests of mortars using reactive sand
particles impregnated with LiNO, solution were conducted as well. The use of the impregnated sand
particles was found to suppress expansive alkali-aggregate reactions promoted by the intrusion of

Na*, Cl, and OH"

ions. it was also confirmed that the compressive and tensile strengths of mortars

changed little by the application of LiNQ,. The results obtained show that LiNO, may be able to use
as a chemical admixture for preventing alkali-aggregate expansion of concrete.

Key words : Alkali-aggregate reaction, Expansion, Chemical admixture, Lithium nitrite,

NaCl solution, NaOH solution
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1.60% DAENBEEZEOHARINEFER L. &
DEMIE, JIS A5308 MBEMOTIVAY ) B Rk
PSRBT (L2 ) DL AHEMY Y HE (S B
FUTVAYBRERVE (R) HENRENLS4 B X
U208 mmol/l THY, METLHWELEHESNAZLD
Thh FERHIZBLTIE, HKTE25mm OBAR
WEETa—2F9vrv— 71 A7 BBEMHKLE AV
THL, MENKELZA L HI25mm »5 0.15
mm £ THO6EEN SV EHWTHE LA, RS
WEHE LT, —H0YY) - A CEHIZERZERL
7z,
212 HRABOMER ELIVORAE, EE
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RLIGEDOBERRR (FRER) 17o7.

MIREBRNEEL, Li/Na LD, 00~12 D
#WEE 5 L2 LINO, 2y TEKICHEmMLZ.
Li/Na €V 1.21%, LINO, %t A NEED25%
WMLZzZ LT 5.

&8 EE i3, Table I (TRY &) ICFZH~DE
B (A Y)-X) LREW~DER (BT —X)
D2EEDER Y To7. AV =X BITLEMN
DEBUBFEIDEOHRTHA. 7, etkEH
% 110°C T 24 BEFI¥EIR L, BRICANIFEDRE
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WEBOKRE, 4 BEOKFERETY, 3612

Table I. Expansion tests of mortars.

(a) Tests of mortars adding LiNO,.

Curing method

Li/Na mole ratio

Storage in a fog box maintained at 40°C and
about 100% R. H.

0.0, 0.2, 0.3, 04, 05, 0.6, 09,
and 1.2

Immersion in 1N NaCl solution at 20°C or 40°C
after storing in a fog box for 4 weeks

Immersion in 1N NaOH solution at 20°C after
storing in a fog box for 4 weeks

0.0, 0.2, 0.3, 04, 05, 0.6, 038,
1.0, and 1.2

(b) Tests of mortars using reactive sand particles impregnated with LiNO, solution.

Series Curing method Contents
Storage in a fog box maintained at 40°C and
about 100% R. H.
. A " Oven-dried sand particles are immersed in 0.0,
A Immersion in 1IN NaCl solution at 40°C after 15, 3.0, 50, 7.5, 10, 15, and 25% LiNO, solu-
storing in a fog box for 4 weeks tions for 3 hours
Immersion in 1N NaOH solution at 20°C after
storing in a fog box for 4 weeks
Storage in a fog box maintained at 40°C and
about 100% R. H. .
Air-dried sand particles are impregnated with
B Immersion in 1N NaCl solution at 40°C after 00, 15, 30, 50, 75, 10, 15, and 25% LiNO,
storing in a fog box for 4 weeks solutions corresponding to the amount of wa-
ter which they are capable of absorbing
Immersion in 1N NaOH solution at 20°C after further
storing in a fog box for 4 weeks
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110°C T 24 BfF¥eE % 47-72. B2V —Xi3, &
BIEEOBEMLE LINO, DFEHENEELE B EL
oD ThHAH. FUSHBEMEREREL L, BMOR
WK B ICH M BETE DR O LiINO, KB & ik
MLT—DEDN L HETo72. DB EKGDIESR
RO OFBIREL L, 1EHMEEO%, MKME
sIcERA L. =B, B —X0RE 25% LINO,
KBEHDERIE, LINO, 2t X v FEED 0.89% fiE
BLAZEICHYSTA.

2.1-4 #4AHE Table I IZFET LD, &FF
eCid, W2k 4E, NaCl KERREEEB LD
NaOH KAMBEEED SEOBELG 2 HRA L.
BEREIZBVWTIE, RE40°C, BE 9 % LD
TEHARPICMRAETEHBE L/, NaCl 3 X U NaOH
KIBMEERE R, ERLUENVI VKL 48
BZegA -1, 20°C & 40°C @ IN-NaCl ki
B L U°20°C @ IN-NaOH KBHEPIZRELZZLDT
HD. BiEICELTIE, NaCl B X U NaOH K&
DEEDPRET HYRREAEROSEULE RS LR
BLA hitko-T, EBREAM+P DO NaCl BL U
NaOH KBERDOBREDOELIZERNTEL2BEL 2o
7=,

2.2 AWEMR

LiNO, DE~NDEE %R T 57012, LINO,
PRMLZ-EL Y VB L ULINO, 8B LA-EWM%E
W EN Y VDEMEDS L U5 IREEREE % 1T - 7-.

FRE A M, BREUNERSRIZH V-0 L EE
DETNVA)RVES KX M THB, BHEL
T, WE 251, WK=K 2.14%, BARHEAKE 1.50% B
ORI 2.94 ORNBEFBUNENS 2 EH L.
ENIAVOREIE, BEHTEAC ML, K05 X
R 2.25 & L7

LiNO, #i&MN¥ 23546 (PRZEER) T, LIiNO,
DRMEZERME LAY VEED 083, 1.67, B&
U 2.50% RN 4 MEEE L, HBEKERALTE
BL7. RIE 250% (&, Table I |Z/R¢4 ik bk
(PHREE) O Li/Na BN 12D0FRMELRLTH
5. LINO; # BMIZER T A%E (FRER) T3,
KEREDNIZEEO0, 75 15 BLXU25% O
LiNO, ki #mz, +a2< L, HBRIRETI
BB DR, TN VOERIIER L. LiNO,
KBEROEHER, TXUIY (REZKE) OEED
1.6% & L7-.

EHES & UFRME OBIE X, ¢10X20 cm AFEME
kLR HEEL, JIS A 1108 B XL FJIS A 1113 (ZH#n
L7z, #HAEMEIE, 1BBXU048E L.

3 BRBIUEE
3+1 LiNO, ®FEMMIC & 3 RRIDFINRE

Fig. 1%, LINO, Zi®MUL7/ZENF IV EBZEEE L
BAEDEREEMSOEBRERTLOTH 5.
LINO, DRIMED#EME & BIZEN I NV OBIREDS
KELBWATHI LD bD A, Li/Na A 0.3
M5 0.6 1CHIMTAIEILY, BEELIEIEIEIRR
PHET B A, FOE OHEFEIZIEETIZZ2 v, LINO,
DEFEMC & BBRIGIRIR % & O IZFHICIRET L 7c#
B% Fig. 2 12R¥. ®X Y, LINO, DiRMEAE N
Tod4hbThniE, WRE+oHHT 5 b
5. Li/Na ENH 04 1%, LINO, 2t X >  EE
D0.83% mMLA-Z &Y T 5.
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Fig. 1. Expansion of mortars adding LiNO,
stored in a fog box at 40°C.
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Fig. 2. Detailed expansion behaviors of mortars
adding LiNO, stored in a fog box at 40°C.
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Li/Na mole ratio
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o o
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Fig. 3. Expansion of mortars adding L.iNO,
immersed in IN NaCl solution at 40°C.

20°C @ IN-NaCl K&EHICRE L TN T IVIT,
WTFNOEZEIIBWTOEREPETLI LE %L,
LiNO, #8228 3B T3 W, BEEDOERSMG
TCEEREDAY 40°C & LG EDOWIEE L HME
DRtk %E Fig. 3 ISR T. BEREOERICE 5T,
LiNO, #ERIMDGETIE, ME7THHATBLZ 1.0
% EVIHIBOTRKEVERELZET LI L bhb.
Wak& ik Li/Na VOB L - TREImA L,
Li/Na BNV 04 D ECREBRTET S Z L gk,

Fig. 413, X7 VA% IN-NaOH KiFH IR
BLAGAEDOWRELHFORBRERTLNOTH A,
LiNO, R MDA Tid, M4 74 AT0.22% 1B
Li/Na mole ratio

—e— 0 (Toyoura standard sand)
0.20F 0

—eo— 0.2
—e— 0.3
| —o—04
—a— (0.5
—a— 0.6
—a— 0.8
| —a—1

—t— 1.2

0.15

0.10

Expansion (%)

0.05

0.00¢%

l—v Immersion inIN NaOH solution
1

— | ISR R U S S— |
01723 4 5 ¢ 7

Time (Month)

Fig. 4. Expansion of mortars adding LiNO,
immersed in 1N NaOH solution at 20°C.
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TX5.

PLEC s~z R, @223 %, NaCl KR
B LU NaOH KiFHREVTHOHBEITBNTH,
LINO, »EE*ENMF MRIZEMTAIEIZ LY,
TIH Y BHEIGIC L BE N5 IV OEIEOENR AT 4
THHILxRTLDTHA. LINO, x Hniznn &k
METHATHLISB LWIBOTREVBRYET
A NaClBiEY ) — XIZB\WWTh, Li/Na EIvi 04
BE® LiINO, ORmBER % (2ITZL£ICH T 5 2
& DSEBRIE,

3.2 LiNO, DEMANERICL BERINEINR

Fig. 5, 6 B L U7 I8RO RICH & IZFTE
DRED LINO, KBEEERL/HE (A 2 ) —X)
DENT VOBEE EMHSOEFZREZRYT. Fig.5%0,
BEBEFITo LA TIX, ¥4 7 %A TLINO, &
ERENIND01% BEDOHRFETAIEET, B
REIFZLTLLIKEL W EDb2S. BE 25%
BLU15% O LINO, KB HFRLIBEDEN
Nk, M4 17 AUAT—ERIC LINO, E&R
DIFELYKREVERYET S, T ORERES I,
BRTFREOCBHRICLIABEER LY, REOHV
LINO; KBBEDERBDOIFGEERIC L > TEMREIC
R—F ALEENTE, ZOREIKFERINT S
LI > TETAYWHEALZBRIZEIZIDEEZLN
5, RE3% BEOL LAKIEED LINO, KiFHO
ERDFHRANER LIS 5. IN-NaCl K&

Concentration of LiNO2 solution (%)
——15
—a—25

_.0.._0

0.10

0.05

Expansion ()

0.00ke5/~

__'Illll
00%—12 3 4 5 6 7

Time (Month)
Fig. 5. Expansion of mortars using processed
reactive sand particles stored in a fog box
at 40°C (A series).
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Concentration of LiNO, solution ()
| —e—0 (Toyoura standard sand)

1.00

0.80Fr —e—1.5
060 —o—5

040 —2—10

[@]
N
(&)

=

Expansion ()

; Immersion in 1N, NaCl solution
0 1 2 3 4 5 6 7
Time (Month)

Fig. 6. Expansion of mortars using processed

reactive sand particles immersed in 1N
NaCl solution at 40°C (A series).

Concentration of LiNO2 solution (%£)

——15
—a&—25

—0—0
0.20r —e—1.5
—e—3
—0—5
i —@—75

0.15 10

kxpansion (%)

Time (Month)

Fig. 7. Expansion of mortars using processed

reactive sand particles immersed in 1N
NaOH solution at 20°C (A series).

RET AL, Fig.6 |Z7RT & 912, LINO, EEFEDE
VI NIBOTRKREVERYETSH. RE 1.5% K&
WOERIZE o TIHIREIZ R E IR L, X560
3% DXKBEWDERTHRIIEEICIH S b, IN
-NaOH K&HICIRET S L, LINO, BEBRDENL Y
VORRE ISREREOBINE & b ICERGHEML,
LiNO, KB W DL E % A & IR E 13 BIRE 2
435 (Fig. 7). BES5% OKBHROERTHEY

BIEFREIRT A ENTESL., ZOEBER (A
)= X) TR, EBROME L, LINO, DfEREH
W LB BRETIE 2 vy, DlEICak~7- 330, )
iR D LINO, KIBEWDOBM D ERB X UEIRHE
DEIEZ L > TET HEMERED LINO, 12 X 5 EJE
PST N H ) B EIEIC & ABEROIENIRD THERT
HEZEERTIDTHAH. ORI/ TLHY
B BOCEIHE OLERMAID L A~ b R—Z b
BATAZLIZL s THWLNREDA G LFTBHICE
BTHZEIL - THHATEL LV HLWERS
EOWEEEESRTODTH 5.

Fig. 8, 9 3 X 0" 10 ICRERED U B H# 12K
KEBLEL AL ICHIEDE LIRE O LINO, Kixi %
ERLEBE BIYV—X) OELINVDOHERL
MEORREYRT. BEBETTIFGADELY L
DEREICE L Tt (Fig 8), R 7.5% 5 15%
? LiNO, KB WO ER MWK FIRET 5 L S IZ1EH
15, S5, BE15% BXU5% O LINO, K&
WOERIEEREELTLICRETLE)THS. Lr
L, B 25% O LINO, KBHOERIIERZ K
CHIHIS 5. BB 25% O LiNO, KBl D &1,
LiNO, #t XA Y VEED 0.89% FHA L7-Z L I12/Y
L, Li/Na EWHiZ 043 &7 5. Fig 9 1T5RT XS
{2, IN-NaCl KBFIZIRIE L-BE Tk, 87K
REOHEME L B, TibDH LINO, DFEHENE
me & bITEREEHEO 2ISHREmMERL, BE
25% DERITLINO, EEREN I IVICROENLED
TREVERZIZIIREICHNHT A2 25T 5.

Concentration of LiNO, solution (%)

0.30] —e—0 (Toyoura standard sand)
—o—0

025 _o 3’
—0—5

—@—75
0.20F —s—10
—&—15

©
—
35

o
=
)

Expansion(X)

0.05

0.00{58-

-0.05 | | 1 | 1
0
Time (Month)

Fig. 8. Expansion of mortars using processed
reactive sand particles stored in a fog box
at 40°C (B series).
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0.80F Concentration of LiNO, solution (%) Concentration of LiNO, solution()
—o—0 (Toyoura standard sand) 0.351 0 (Toyoura standardsand)
0.70
0.30F —®—L5
0.60
N 050 0.25F —8—7.5
c
Q
‘é 0.40 ~ 0.20F —a—25
>3
w 0.30

0.00
=——Immersion in IN NaCl solution

— 1 1 I ] 1 1 1
1723 4 5 6 7

Time (Month)

Fig. 9. Expansion of mortars using processed

reactive sand particles immersed in 1IN
NaCl solution at 40°C (B series).

IN-NaOH KBEWICREL2HAICBW T (Fig
10), ERWEOBREOHEME &b IWREIRI T
EmEmERT. L L, BRE25% OEFRIIBVTHH
ST5HT02% BEOREXEL, ZORBED
LiNO, & (X v PEED 0.89%) TiL, IN
-NaOH KBEWREEL V) FEELRHETTET AR
REEICHET A EIRETH L Z Labr s, L
EDFEEIE, LINO, 2 REMICEFRLTHWVWDSEE
T, LINO, DEHAED LT h L BIbemELLED

Expansion (¥
o
—
[$;]
T

0.10r
0.05r
0.00 > [—Immersion in IN NaOH solutiop ;

00172 3 4 5 6 7

Time(Month)

Fig. 10. Expansion of mortars using processed

reactive sand particles immersed in 1N
NaOH solution at 20°C (B series).

ZAIZ & o THRIIRIBRICKEVEROETH Z L
*RTOIDTHE. HHKRHETTIE, LINO, DfEH
AR & VD) AT FAMERT LI LD Y,
EELXETA.

E5FTH7% <, LINO, DEBDFEHIZKE L T,
—#IZR 5N B LINO, RO~ 1 F A% fEEIZHE
Bt s ULETHL. ZOEDTHEE S DHERRIZ
1%, LINO, (2 & A7 V7 ) BMEROIGIRE © M

Table . Compressive and splitting tensile strengths of mortars using LiNO,.

(a) Mortars adding LiNO,.

Age Amount of LiNOQ, added* Compressive strength Splitting tensile strength
(days) (%) (kgf/cm?) (kgf/cm?)
0.00 289 (100) 30.6 (100)
7 0.83 275 ( 95) 32.5 (106)
1.67 267 ( 92) 30.2 ( 99)
2.50 261 ( 90) 31.6 (103)
0.00 398 (100) 41.3 (100)
28 0.83 378 ( 95) 36.3 ( 88)
1.67 365 ( 92) 37.3 ( 90)
2.50 368 ( 92) 36.7 ( 89)

* . Percentage by weight of cement:

(b) Mortars using sand particles impregnated with LiNO, solution.

Age Concentration of LiNO, Compressive strength Splitting tensile strength
(days) solution (%) (kgf/cm?) (kgf/cm?)
0.0 238 (100) 28.7 (100)
7 7.5 256 (108) 28.0 ( 98)
15.0 288 (121) 32.0 (111)
25.0 310 (130) 30.8 (107)
0.0 401 (100) 41.1 (100)
28 7.5 412 (103) 40.1 ( 98)
15.0 407 (102) 39.7 ¢ 97)
25.0 397 ( 99) 41.3 (100)
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HIENHHETHL., EBEO—NE, F3-VEME
BT LiINO, @ 7V 1) - ) Jr IR NG #5481
BIZEFLTBY, MEHREO—E% 3 TIZHL 2T
LCwa, Z0RRICEE, LINO, DBEMHO
AHZZXuiE, FIBFDLDODFRE & FETOIE &
F3EhLLAVFY LA FOERIZE BT NVAY -
2 A BUCERBM OER LIC S WE~NDORERIZL B
bOD L) ThHDH., AHEOMKETL LINO, & REZHS I
ERLIBEIRONIEREFOBAD /DI E
NENRETHLEEZS.

3.3 LINO, DERIFELZINOEMHES L UGIK

BEICRITTE
Table I {Z LiNO, iRINE NV & b & AR AKEIZ4E
4% LINO, KB E*ER LB EHAVZELVS L
DEAMES & U5 5RMEE * 7R $. LINO, 2@mL 72%
& (MIRER) TlX, M%7 HOFIRMEZRWT,
BREEIELINO, DM & o TH T 2§ 5 @
iR L, FEHEEETIIRA10%, 515RME TliiK
12% DAL % HE3 5. LINO, KBl &R L7254
(GRZER) T3, ¥4 7HTLINO, DERENFENS
VOEMGB L UBIRMEEZRELTHIIICMEAL,
TRBE 25% WD EIEIE 30% TR DEMGRE ORI %
EE5. UL, ME28HTIE, EHES I UFIRME
ELITERICEBRECHER(LIZA LR,
4 % B8

AHFETIE, BEIFETAITVI RN EET
a0 7)) — b HBMERAWEEL Y VOKERER
i7vy, LINO. DR RINGIH)R % 15t L 7-.

LiNO, #i& i L 7-#4& T, LINO, * Li/Na &
VLT 0.4 ERVS &, BZ2#4E B X U IN-NaCl

KERBEBETET DWREIZITEL2IHHTE 2.

Li/Na £V % 0.8 129 5 &, IN-NaOH KB IC

REEV)WRELZFHETETHWRS X DI TE S,

LiNO, K&l 2 FE RO I+ 7 ER LG E T
1&, BRIRD LINO, iREEAS 3 ~ 5 % THIUIBIRIE
BIETE2ICHETE 5. REREOWIZHEED
LiNO, Kig# % &#& L, LINO, D& K L /-

BAEIZBWTY, IN-NaCl KiBiigiEsEd: chF2
Wk & BEEICHISIT 5. Lo L, —ED&ET T, B
ATV 7.5~15% O LiNO, KB KR EBW L H /-
ENINEREEET DL, WREPIRET BBEID
L. AEDOWRAIL VB ONIHERIL, BOTH
BE S TIZBWTE 2, LINO, DERIZT VA

VEMRIBIC X2 BEROMENIZERETH Y, LINO,
I RMEIH & L CHERATELREEOH L L %
R EFEIC, —EHOREMAESEIMY) B DI,
LiNO, IZ & 2 @ RIMGI BB O L ETH L Z &
2LRTODEEZ LNB.

LiNO, 2 F\W\ 7= FE N ¥ VL DE#E & BRI E 1,
LiNO, R AL EFEREIC L o C, EAERIIHN
T12% W6 30% ¥ E TEEIT 525, FFICKE
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