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Effectiveness of Lithium Nitrite in Suppressing
Alkali- Aggregate Expansion

by
Mitsuru Sarro*, Akio KitacaAwA** and Shigemasa HasABA* **

The effect of LLiINQ, on the suppressioii.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 LiNQ, which exceeded a Li/Na mole ratio of 0.8 expanded even under the severe condition
of 6 months immersion in 1IN 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 QH" ionms. it was also confirmed that the compressive and tensile strengths of mortars
changed little by the application of LiNO,. 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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To7. &51Z, LING, DEHIEL Y VOEMHS
L UG RIS RIFTHEIIOWT AR 2 Mz

2 ¥ R A &
2-1 EREATRR
2-1-1 {HEAEME RMHEL LT, LINO, ZHW
7. LINO, »fEH X, LiNO,, Li0O - 3.55i0, B &
O LiOH £ AW/ FHEBROKER LD, et &
LIRS REBRB L CRELS. EHLAEX Y
Mk, Na. 0 &0.32%, K.O0 £ 0.36%, %{fi Na,O =
0.56% DETIVHYELIT VY Fexy NTHDY,
B FEKIEEEKTH D, O TEKICIEER T
NEMNa.0 BV AV VEED1.2% LB LI
NaOH #BA L. 7AHUREHEETLEHNE
LT, & 2.60, MKE237% B & OFH k=
160% ORNNEREEOERATINSEHEE L. 2
DOFIE, JIS A5308 MEHMOTINAY LY HKIE
PERERFE (LFE)) 1L ABMIYHE (S B
LOTNH)RERVE (R) BENREFNS5I4 B L
U208 mmol/l TH Y, BMETLRWEHESINA LD
Thhb. FRHICEL T, SFKTE25mm OBLE
WEEVa—29 9 v—bF 1 27 BBV
THL, TEOREERD L HI25mm »5 0.15
mm I THOGHEEDLLVERVCTHRHE L. ERIE
HEMELT, =80T - X TEHIZEER2HRAL
7.
2:1-2 HEFOEE TLI/LVORESE, BE

ctx s b1, Kos, RER 225 L #%ISR
NB XD, AT, A, REB L OREIREE
EVI B BEKRREOREHVTWAY, FHEOK
IZHIIE 21TV, KeX ¥ AL WX S EEL
7o, #E0 I, JIS R5201 ICHE SN 4%
EHL, By TEEHEE 12088 LA Mk, ™
WICRESBIMNER T T 77— VR BORATL 40
X40X160 mm D AEAETH 5. ESELOHIEL,
JIS A 5308 TEMOT VA Y Y ISR iE
(BNVFNIS—E) ] ICHEHRL /2.

2:1-3 #HEAAEOEE FH% Tt Table IiZ7R
+ L3312, ENFIIZLING, ¥R LB & DBE
HER (MRER) LREHERHZOLDIZLIO, 2 &
BRLABEOBERAR (FRER) 7o/

HNiREBROBE A, Li/Na BV, 00~12 D
#iFH & %2 5 X 912 LINO, 20 £EKICEmL.
Li/Na €/} 1213, LINO, #tx v FEEMD 25%
AML-Z EicHET 5.

&iREER Ik, Table I i2FY & IIFEB~OE
R(AIY—X) EREB~DER (B Y —X)
D2LBEDER1TTo7:. AV —AWXBITHEM
DERVBHEFOEDOKTHS. T, RLHEEH
% 110°C T 24 B8z L, BERICANLHEDIRE
D LiNO, /KEH A 3 BiRE L. BERH 3
B, ToREBRBEOND LV THRERDERIC
EOWTHRALZLDTHB. ZDf%, LiINO, KiF
WErBMOBRE, 24 BEORFEBREEIT, 61

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

0.0, 0.2, 0.3, 04, 05, 06, 0.9,

about 100% R. H. 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, 03, 04, 05, 0.6, 0.8,
1.0, and 1.2

(b) Tests of mortars using reactive sand particles impregnated with 1.iNO, solution.

Series Curing method

Contents

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

A Immersion in IN NaCl solution at 40°C after
storing in a fog box for 4 weeks

Oven-dried sand particles are immersed in 0.0,
15, 3.0, 5.0, 7.5, 10, 15, and 25% LiNO, solu-
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 1IN NaCl solution at 40°C after
storing in a fog box for 4 weeks

00, 1.5, 30, 50, 7.5, 10, 15, and 25% LiNO,
solutions corresponding to the amount of wa-
ter which they are capable of absorbing

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

further

; |
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110°C T 24 BBIFEIE 41T o 72. B YU — X3, &
B oML e LINO, OfEHE0KELE B EL
1-bDTHDH. FUSHEEMEREZREL L, BMOR
LK B IZ MY BRTE DIRE D LINO, KB % i
MLT—DHOP L HEERITo72. O E KDY DHESE
B CT-OBRAREL L, 1BHEEEORK, MtalAE
SUCER L. B, B Y —XDRE 25% LiNO,
KBHEDER L, LINO, XY NEED 0.89% f
AL LIS T 5.

92.1-4 #TEHZE Table I iZ/RT L9112, KuF
72T, WAL, NaCl KBRRBREZEEBLD
NaOH KAMBERERED SHOEELFYIRA L.
REREIZBVWTIL, RE40°C, EE 9 % LLED
EERPICHSHAEEHE L. NaCl 35 X U NaOH
KEBMEEREER, ERLAEVI VERET 485
IBZegEA LR, 20°C & 40°C ® IN-NaCl KB+
B L U20°C ® IN-NaOH KBBRFIZREL/Z2DNDT
HA. BEICELTIE, NaCl B LU NaOH KBWR
DORBEDVRET HRREAROSEULE 2L LR
Bl chiZkoT, EBRHEYTO NaCl BLU
NaOH KA DBEOE(LIIMIRTE HEE L 2o
AR

2.2 HERR

LiNO, D E~DEE » et T 57:912, LINO,
PRMULZZEN Y UBLOTLINOG, SR LI-EME
BTy VOEHESB L U5 RMERE 21T - 72.

FHRE > M, BRENERBRIZH V-0 L FEE
DETVHVEV LS Y KAV b ThHEH. BHEL
T, HE 251, WAKE2.14%, AWK 1.50% B
J ORI 2,94 OFRJNEFEUNEN ZFER L.
ENYNDORAEIR, BERTEAY M1, K05 =X
B 225 & L7-.

LiNO, #&M¥ 2% 4 (WREE) Tid, LINO,
DORMEFERME LAY VEED0.83, 1.67, BX
0 250% mino 4 & E L, #RBEKERALTE
L7 g 2.50% &, Table I 127K ¥ BRAER
(MVREER) O Li/Na L 1.2 DEMELERALTH
5. LINO, 2 BMIZER T HHE (BERER) T3,
REIREONIZREO0, 75 15 BLU25% O
LiNO, kB #mA, +5» <L, HHKRETI
BREEBO®K, ENF VOESIIER L. LiNO,
KBEOFEHER, TR (RERE) 0EED
1.6% & L7-.

EHEB X UBRMEDORIE L, #10X20 cm M4t

SEE AL, JIS A 1108 B X U JIS A 1113 (#4n

L7z, ZHAMEE, 188X 048E L7
3 RBEBLUEE
3.1 LiNO, OFEMIC & 2 EARIMINR

Fig. 113, LiNO, M L7z EN &V 2 BZ=FEE L
IBEDBEREMSOBEBERTLOTH 5.
LiNO, OB 0N E & b IZENV I NV OEIRED
KELHAT A EMhd» B, Li/Na EIVEH 0.3
M5 0.6 IZHMTHI &Ly, FEELREIRIIRZIR
WS BN, T OB OEFEIBETIZ42 v, LiINO,
DEINT & 5 BRIHIFI R & & SIFEHIICIRET L 7of
B% Fig. 2 127RY. W& Y, LiINO, DRMEHE NV
T4 EThHNE, BRETSHHTH I LD
#5. Li/Na Wi 04 4%, LINO, 22V NEE
?0.83% mMLAZ LITHHST 5.

0.25F Li/Na mole ratio
—o— 0
—e— 0.3
L~ 0.6
0.20 09
—— 1.2
0.15
S
8 010
I
c
8
]
0.05
0.00}e&4
-0. O 1 1 1 1 1 1
0 50 1 2 3 4 5 6
Time(Month)
Fig. 1. Expansion of mortars adding LiNO,
stored in a fog box at 40°C.
0.201 Li/Na mole ratio
O O
—e— (0.2
—0— 0.3
015 I~ = 04
—n— 0.5
. 0.6
AN
E O.lQ
&
g
“ 005
000 %
) I 1]

- L L 1 1
O'OSO 1 2 3 4 5 6 7

Time (Month)

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

1.00- —e—0 (Toyoura standard sand)
—0—0 —&—0.8
0.80F —e—0.2
—e—0.3
0.60F —5—04
—&—05
| —8—0.6

)

0.40

b

T W1
{L
A

Expansion (¥

4 !'mmeréion in }N Na(ltl so!utrion
0 1 2 3 4 5 6 7
Time (Month)
Fig. 3. Expansion of mortars adding LiNO,
immersed in 1IN NaCl solution at 40°C.

20°C @ IN-NaCl KEWIZBRE LTV ¥ VI,
WTFNOBEICBWTOBELTETH I Lidnk L,
LINO, MO #EE IHETIZ 2 V. FHOERSEE
TCREREDAZ 40°C L LIS ADHER L4
DAtk Fig. 3 1IRT. BEREOLRIZL 5T,
LING, IERMOBETIE, METHATBLZ 1.0
% EVIBMOTKEVERZET LI L 25hhb.

Wak&E d Li/Na €NV X - TaBIZHA L,

Li/Na TNV 04 DL ETIEEREE TS Z L idk .,
Fig. 413, €V & V56 % IN-NaOH KiFi 123
BLIDGEDRELMSORBRERTINTH 5.
LINO, #ERMDIZE T, M4 74 A T0.22% B
Li/Na mole ratio

—e— 0 {Toyoura standard sand)
—e— 0.2
| —o— 04
—ea— 0.5
—a— 0.6
—a— 0.8
| ——t— 1

—a— 1.2

0.15

0.10

Expansion (%)

0.05

0.0014

Immersion inIN NaOH solution

~ L I L | ! L
O‘ 050 1 2 3 4 5 6 7

Time (Month)

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

DR HE L TwAH, Li/Na Btosgme & b2,

RE L REIC®A L, LINO, DiRME A Li/Na £
WIET 0.8 El%“é%m;f‘ﬂiﬁﬁ%iii;ﬁﬂfﬁwé kA
TE5.

BAEIZH A~ R, R22% &, NaCl KR &
B LU NaOH KBEHEE N TIOFEICBNTY,
LINO, miEi& % ENVy VIR MT A2 L2k Y,
TNH ) B L BEL Y ILOREOIIH AT
ThHhHILERTINDTHA. LINO, FHV Wk
METHATHLIY% LWIBOTREVERLEY
% NaCligi&E> ) — XicB\WTs, Li/Na £V 0.4
BED LINO, O@RmMAR 2 3T+ 52
& HSEIRER W,

3-2 LiNO, DEMADERIC & BHRMEITIE

Fig. 5, 6 3L O 7 IIFZREO KIC B ICHrE
DD LINO, KB ERLIHE (ALY —X)
DENS VOBERE EMSOMBEERYT. Fig.5%L 0,
BEBEE T 2B A TIE, B4 7 %8 TLINO,
BRENINN01% BEOEKRLTETALIBRET, B
REELTLOIKEL LW ENb2D, B 25%
BXLU15% O LINO, KBHR:HERLIBEDEL
Yk, ¥e 1.4 AU T—EERYIC LiNO, & B
DFELDREVERLEST S, ZORESEDIL,
WRFRADHRICIABEHER LY, BREOFGWV
LiINO, KB O EGBEDIFERICL > TEMEREIC
R—F ABEENTE, ZOBEBIKTERINT S
LK > TETIYWHENZBERIZLZODEEZ LN
5, BE3% BEOL LAEKIEED LINO, KBEHEO
BRVHRGICIERELIE T 5. IN-NaCl KE#IC

Concentration of LiNO, solution (%)

—0—0 —n—15
—e—15 —a—25
olof —e—3
—e—75
—8—10

0.05

Expansion (Z)

0.00k

— 1~ i I 1 1 i
0012 3 21 5 &

Time (Month)

Fig. 5. Expansion of mortars using processed

~N

reactive sand particles stored in a fog box
at 40°C (A series).
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Concentration of LiNO; solution (*2)
| —e—0 (Toyoura standard sand)

1.00,

0.80Fr —e—1.5
060F —3—5

040 —2—10

o
N
o

T

Expansion (/)

0.10

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 IN
NaCl solution at 40°C (A series).

Concentration of LiNO, solution (%)

—N—15
—a—25

—0—0
0.20r —@— 1.5
—e—3
——5
—&—75

0.15~ 10

S
2 010
(=]
g
©
3
4 0.05
0.00k <R
s l——— Immersion in 1IN NaOH solution
-0.05 1 ! 1 L 1 1 L
0 1 2 3 4 5 6 7

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 |[I7RT & 912, LINO, EEFEDT
VI NIBOTREVERYETSH. IRE 1.5% K&
WOERIZE > TWREIIRE CIRBL, X5I10RE
3% DKBWNOERTHRIIELICIH S s, IN
-NaOH KiZ W ICRET 5 &, LINO, BERDENL S
VORRE ISRERBOBINE & b ICERMICEML,
LiNO, KB DiRELE % 5 L WIRE 1T BIRE I
435 (Fig 7). BES5% OKBHROERTHEEY

HIFEEIRT LI ENTEDL., ZOEBRER (A
)= X) TR, EBROME L, LiINO, DfEREM
LT LOBRETIR R WA, bz~ 3eE, )
%% iRBE D LINO, KIBEWDOBM~DERB L UERE
DEIEZ L > TET HEMERED LINO, 12 X % E
BT WA ) BRI & A EROIEIZES THE/MT
HEZEERTIDTHB., ORI/ TLHY
B BOCEIR OCERAID L A~ b= bz
BATAHZ LI s THOWONLDA L LTEMICE
BIAZELILL o TOHHTEL LW FHLVERS
EOTMEEEZ bRTODOTH 5.

Fig. 8, 9 B X U 10 IZRELIRFED FUSHBH# 1ok
KB L) IIATEDE LIRE O LINO, KB %
ERLEBE BIY—X) OFELINVNDOHERL
MEORREYRT. BEBEYTSFADELI L
DOEEEIZE LTIt (Fig 8), B 7.5% H» 5 15%
? LiNO, KB MO ER WK FIRET 5 L S IZ1EH
TAH, S5, BE15% BXU5% O LINO, kiE
WMOERIERE LT PICRET LI ITHE. L
L, B 25% O LINO, KBHOERIIEEE K&
CHIRIT A, B 25% O LiNO, KB DO EE I,
LiNQ, # AV VEED 0.89% FHAL7-Z LI2HH
L, Li/Na Ettid 043 &% 5. Fig. 9 ITRT XS
{2, IN-NaCl KBFHIZRE L -BE Tk, BBHD
BEOHEME L B, TibDH LINO, DFEHENE
me & SICEREGES PICEAOEmERL, BE
25% DERITLINO, EEREVINVIZARLNEED
TREVERZIZIIRSICINHT A AT 5.

Concentration of LiNO, solution (¢£)

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

02sf o %°
—0—5

—&— 75
0.20F —=—10
—&—15

o
PN
(9]

o
—
)

Expansion(X)

0.05

0.00188 -

_O'ORO | — 1 | 1 |
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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i, AC/BAkE, M5 EIE

0.80k Concentration of LiINO, solution ()
—a—0 (Toyoura standard sand)
0.70F —°—0

—e—1.5
| —o—3

—&—7.5
T —8—10
—&—15

0.60

Expansion (%)
o o
> O
Q (@]

o
w
(@]

e
N
[©)

0.10

" 0.008
——Immersion in 1IN NaCl solution

— L I 1 H 1 1 1
° 10O 1 2 3 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 KBERICBRE LGBV T (Fig
10), ERMOREDHEME & LIZEREEZHI TS
WEERYT. UL, BE25% OFRIZBOLTHH
ST5ATO02% BEORBEZEL, COBRED
LiNO, EHE (kx¥ FEE® 0.89%) TH, IN
-NaOH KFWRE L V) WEE L RETCET IR
TREEIHIGIT AL IREETH L LAbr s, Ll
EDHEEWE, LINO, 2REMICHERLTHVWLBE
Tit, LING, DEHED b T Hh b Eh D

0.35[

0.30r

0.25[

Concentration of LiNO, solution(*})
—a—0
—0—0
—e—1.5
—e—3
—0—5

(Toyoura standard sand)

)
o
XS
?
i
w

o
=
=

0.05

Expansion (¥
o
&
T

_ ggg[ e lmgnersi in INNaOH solution |
01 2 3 4 5 6 7

Time (Month)

Fig. 10. Expansion of mortars using processed

reactive sand particles immersed in IN

NaOH solution at 20°C (B series).

LIS & o THRMIBIRIRICKEVWERDETH &
ERTOIDTH B, HAHEMAETTIX, LINO, DFEH
ARG L V) E T A FAIMERTAZ EDH Y,
EELET 5.

EH)FTH %<, LINO, DEBOMAIZE L T,
—#IZR 5N 5 LINO, fFHO <A + A% fEEITHE
BTAIENLETHLE. ZOEOREES S DOHEKRIZ
12, LINO, i2& B 7 VA ) BHIBEOIHIFEE © M

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

(2) Mortars adding LiNO,.

Age Amount of LiNQ, 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 ( 83)
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 LiNQ, solution.

Age Concentration of LiNQ, 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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LIENHHETHL., EBEO—NE, F3-VEME
BT LiNO, @ 7V 1) - ) Jr I iRINE#4 o 1f
%u%igfﬁh,Wﬂﬁ%@~%%¢TK%6#n
LTWwh. ZO#REIZENE, LINO, DERIGI O
AHZZXuE, BUBFDLDODFE L FETOIEH &
3EbLLAVFILALF L DERIZEBET VA -
) CERMOER LIZ CWIIENDOERIZL B
bOD L) THAH. FEHOMKETH LINO, & R
ERLIGECRONIEREFOBHAD /DI S
NERETHDLEEZD.

3.3 LiNO, DERNFENL S LOEMS & U318

BEICRITTE

Table I {Z LiNO, iRINE NV & b & AR AKE 248
%32 LINO, KA ER LB EHVEL YV
DEMES & UF|RMEE # 7R3, LINO, ML 725
& (PIRER) T, ¥4 7 HOFIREEZKRWT,
GHEEIXLINO, ORI & o Th 2@ 5 @M
R L, FEMERETIZRA10%, BIRMETIIRK
12% DOWA % ET 5. LINO, KBl &R L7254
(&RZER) T, ¥4 7 HTLINO, DERMNELSY
NVOEHB LUBIERMEEX KECTH I HITMERL,
TLRE 25% VA O BRI 30% TRE DT MM DRIN%
EE5 LHL, ME28HTIE, EHESB I UFIRME
ELITERICEBRECHER(LIZA LR,

4 % E

R TIE, BEIIFETHTVDIUCHEYET
a0 7)) HEBMERWEEL Y VOBERERY
T\, LiINO, OERIPHIEIE % 5 L 7.

LiNO, # &L 72354& T, LiNO, % Li/Na &
VLT 04 ERAVS L, BZ2#4E B XU IN-NaCl

KEMBEBEETET DWREIZITIELIHHTE 2.

Li/Na €WV % 0.8 129 5 &, IN-NaOH KB iZ

BRELV)FEELEECET LIRS X bIHITE 5.

LiNO, K& 2 IPrREOW I+ 3R LI2BE I
&, BRIRD LINO, IBED 3 ~ 5 % THIUIBIRIE
BITEEICHHETE . [RERBEOWICHEED
LiNO, Kz &#& L, LINO, DfEAE R L 7-

BEIZBWTY, IN-NaCl KiBiigiEsd ca4¢2
AR = BEE IR A, Lo L, —EOL&HETT, #
ZATEE 7.5~15% O LINO, KB R EBEN % FH\wi-
ENINRREFEET DL, WRFETHIEE7H
L. KEFFEOBRAR L DR ONIHERIE, BOTH
B TIIBWTE LY, LINO, DERBIZT LY

) EMBURC X ABROMEICERZTH Y, LINO,
HRRIEH E LCHERATELMHROH L L %
RY EFERRIC, —EHOREES TR DI,
LiNO, IZ & 2 RIDTIBBORIFPLETH L &
FORTLIDEEZONS.

LiNO, 2 W/ E N ¥ VL DFEHE & BIRBE 1L,
LiNO, DfER B LFEREIC X - T, EBHERICI
T12% WA 0o 30% ¥NE TEREIT 525, FRICKE
WA WL D TH A, LINO, % ERIGIH &
LTHWwWAIZWE, LINO, D 7Ly a2 1) —F
OUBEIZRITTHEB LU Loy 7Y — FOHE,
P ZATHEIRMAE 2 7 N A ) B BUS LA DR A B
3T REORENSLIILELEZ L.
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