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Effectiveness of Lithium Nitrite in Suppressing
Alkali- Aggregate Expansion

by
Mitsuru Sarto*, Akio KitacawA** and Shigemasa Hasapa***

The effect of LiNQ, 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 LiNQ,
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 conditien
of 6 months immersion in 1IN NaOH solution at 20°C. Expansion tests of mortars using reactive sand
particles impregnated with LiNQ, 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 LiNQO, 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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Table 1.

Tests of mortars adding LiNQ,.
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Tk r b1, K05 FEEH 225 L L7 RISk
B XD, KR TIE, R, KB L USEGIREE
EVI BB ENIREDOLEHVCTW LA, SFEOR
ZHIE 2T, Kedt v PEIELLAVWESEREL
foo D Tz, JIS R5201 ICHE SN 4%
HRL, #h) IEHET 12088 L Rk, m
WICESEILMER 75 75y — V2 BoHORAATL 40
X40X160 mm O EEERTH 5. EsE{boillEE,
JIS A 5308 PBM Q7 VA Y ) B RIGHERERF ik
(BNF NN~ ICEHR L.

2:1-3 HAKOBE FBETHE Table 127
+TL5Z, ENFNVIZLING, 2 FEMLSEOBER
HER (PIREER) LBUCHBHF0L O LI ¥ &
BLABEORERE (FBER) 7o/

FIRERDE S, Li/Na L HA, 00~12 0
HPHE 725 X912 LINO, &8 D EKICEmL 2.
Li/Na ELH 121, LING, %X FEED 25%
WML 4T 5.

EBER T, Table [IZRT &S IWIFEB~OE
BAV)-X) LRED~OER (B Y-—-X)
D2BHENERLITo/. AV X BIEEM
DERMBITEZOEOKTHS. T, FUSHEH
¥ 110°C T 24 BRI L, BRICANLHE DBRE
? LiNQ, AP 3HMBE L. BiEkE 3K
B, T9%2E8BMELNE V) THEROBRIC
HITWTRALAZODTHE., TDfH, LING, K&
WEIOBRE, 24BBHORPEBRELITY, 261

Expansion tests of mortars.

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, 0.9,
and 1.2

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

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

00, 02, 03, 04, 05, 086, 08,
10, 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.
L. , . Oven-dried sand particles are immersed in 0.0,
A Imn')ersgon in 1IN NaCl solution at 40°C after 15, 30, 5.0, 75, 10, 15, and 25% LiNO, solu-
storing in a fog box for 4 weeks tions for 3 hours
Immersion in IN 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 IN 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 1IN NaOH solution at 20°C after further
storing in a fog box for 4 weeks
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110°C T 24 BrFEEE 21T -72. B 2 ) - X3, &
BUeE DB L LINO, DEHENEMILZ B EL
12 DTHAH, KSHEMERLREL L, BHOF
MK E TN T BFTE DRE O LINO, KB % i
MLT—2EON LT 7. TOBEKIDETE
O OBHAKEE L, 1EMEEOR, HEEE
BTER LS. B, BU—X0OBRE 25% LiNO,
KBRBOEIRIL, LING, 3t A ¥ FPEED 0.89% &
BLI-Z il T 5.

2-1-4 #aEHZE Table LITRT L5, Faf
geCid, WRZEAE, NaCl KEHBEEELEBLY
NaOH KAESEEEO SHEORESF L RA L.
RZEEECBWTIY, RE40°C, BE 95 % LD
EESPICHEKTHE L. NaCl 3 & ¥ NaOH
KBTEEEEE, FHLEL Y VA E 4 85
WregE e L otk 20°C & 40°C @ IN-NaCl K
B LUF20°C @ IN-NaOH KBBRPIZERELLZSDT
o, BiEICE LT, NaCl 8 L0 NaOH KER
DEEIRETHRABFEROSHEULLE L L L HE
BLA ChizkoT, EREBYFONaCl 81U
NaOQH KBEHOBREOELIIKRTE2EBE L 2o
7=,

2-2 AERER

LINO, O E~DOBE R T 5012, LING,
REMLZEN Y VB XLING, 2 8B L-B8 %
BHOi-ELy VOFEHEE L U5 RBERBEZ T o 72,

FREEA Y ML, ERENERBRIZE GO & R
DETAHVFEL LS v FEAY b Cha, BHEL
T, HWE 251, WokE 2.14%, FRWAE 1.50% B
UK 2.94 ORNNEFIUNENS 2R L7,
ENMSNLOREIE, BELHTEA LM, K05 £
BRp 225 & L7

LiNO, ##Em¥ 53546 (MEFER) T, LiNO,
OEMEBFERMEELA Y VEED0.83, 1.67, B
F2.50% simo 4B L L, BEREAKERALTHE
L7 e 2.50% 3, Table I IZ/RTBRRE
(PIREE) O Li/Na BV 120HENELALTH
5. LINO, * BHMICEHR T AHE (FRER) T,
REIREONIR IZBEC, 75, 15BIU25% O
LiNO, k@ mz, +o0<{#L, BRKRET]
BEEEE DK, ELFVOERIZER L. LINO,
KBROEAERR, TR (REIRE) OEED
1.6% & L7,

[EiES L UFBRME OME L, ¢10X20 cm M4t

HAEFEAL, JIS A 1108 B L FJIS A 1113 IZHHL

L7-, JHEEE, 18BLU048E L.
3 BREBLIUEE
3-1 LiNQ, OFEIMC &L DERINERNE

Fig. 11, LiNO, 2 L7CEN & v 2 BEBEE L
REAOEREEEMSORKRERTOLIOTH S,
LINO, OB L & L iZEV 7 VORBRE S
KELWAT B EHNb»A. Li/Na BV IS 0.3
b 0.6 ITHMT A EIZL D, SEELIEEIMES R
VT B, F O OEREILBIE T, LING,
DEINC & B IERIGIRIR % S O ITEMICRET L72#
B% Fig. 210/ 9. ML Y, LING, DRMELNTE L
ETod4DEThhid, BRE-T5HET LI 400
74, Li/Na ENE 64 1E, LING, #t A VEE
D0.83% FHmLAZ LIZHNT 5.

0.25F Li/Na mole ratio
—o0—- 0
—e— 0.3
L. =& (0.6
0.20 —&— 0.9
0~ 1.2
0.15
S
& 010
2
g
“ 0.05
0.00
1 1 1 ] H A
0. O50 1 2 3 4 5 )
Time{Month)
Fig. 1. Expansion of mortars adding LiNO,
stored in a fog box at 40°C.
0.20f Li/Na mole ratio
015
N
:g 0.10
2
v
&
* 005
000 g%
-0.05 L 1 1 1 ) L L

0 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

1.00r —e—0 {Tayoura standard sand )
—0—0 —&—0.8
0.80 —e—02
—e—03
0.60F —0—04
—&—05
| —=5—0.6

o o
- N
[ -]

Expansion ()

| ) L
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 KB RICREL/ZEL YV,
WThDFEFIIBWTOERFETH I LIE4
LING, RO B8 3WHE T2 V. FHoEB&Mt
TTEEREDAL 0°C L LB EGOBERELHE
DT Fig 3IIRT. BEBREO LR ICL- T,
LING, ESMOBETE, M&ET7THATEBLZ 10
% EVIBOTREVEBREZETLZ EVbh b,

WaRE 1 Li/Na €A OBEMIZ X - Ta8izml L,

Li/Na BN 04 ML ECRBEYET L Z i,
Fig. 413, ®0 7 V#t3E% IN-NaOH K& IZiE

BLLBEOWRELHGORBTRTLOTH A,
LINQ, ERMOGE T, M4 75 AT 0.22% R
Li“Na mole ratio 2

—e— 0 {Toyoura standard sand)
0.20r _, 0

—e— (.2
—— 0.3
—0— 0.4
—a— 05
—a=— 0.6
—a— 0.8
| a1

——a— 1.2

o
—
w

0.10

Expansion (%)

0.05

0.00%

F Immersion in1N NaOH solution
1 L I i 1 1 1

0 1 2 3 4 5 6 7
Time (Month)

-0.05

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

DEBREELC TS, Li/Na £MEoEME & 612,
MR E I REICEA L, LINO, DiEMEAT Li/Na &
VLT 0.8 RETHNISHRE FE LRI 2 2 &2
TE5.

ARG~ 745 R, B2 HE, NaCl KEWRE
B L NaOH KEHRBRBEVTILOBFHFITBNTH,
LINO, ®BE&#EN ¥ M BRIFMETHIEIC LY,
TN ) B BURIC K B EN & N DBEROBIE A5 i
THhaEILERTLNDTH A, LINO, HW R E
METHAATHLIY% LW IBOTRKEVWEELET
5 NaClBE L)~ A28\ Th, Li/Na £ 04
R LING, O@RmAER £ IXITEEIc i+ a2
& ASEBRER

32 LiNO, DBEMANEEC & 2BRMEINR

Fig. 5, 6 B LU 7 2P REBORUSHBH ICATE
DEEED LINO, KBEREEFRLIHE (A L) —X)
DENI VOBEER EHMSOMEGERYT. Figbk D,
BEBE T BETIX, #1475 BT LINO, &
BRENINN0.1% BEOWELETABRET, B
BERLTLOKEL AW LMD, BF 25%
BLU15% @ LING, KBHEEFERLIZEBEEDEN
Yk, M4 17 AR T—BAIC LINO, ESR
DFELYRECVEETAT S, ZOEEEST,
BHFRERAEOBRICLIABELER LY, BEOEBLV
LiNO, KBHMOEBRBOFERIZL - TEMERIC
TS A LEENTE, TORENKTEEINT S
EIZE - TETLIYRNZBRICLGbOEEILN
L RE3% BEOLLAHEEED LING, KBEWD
ERVFHRGCEREIMT 5. IN-NaCl KBz

Concentration of LiNO2 solution (24)

—0—0 ——15

—e—15 —&—25
olof —°—3

—&—75

—&8—10

Expansion (Z)

~0.05 i L 4 ) L 1 L
0
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)

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 LiNO, solution (34)

—0—0 —N—15
0.20 —e—15 —a—25

—e—3

-5

—&—75

0.15- 10

txpansion ()

~-0.05
0

1 2 3 4 5 [3 7
Time (Month)

Fig. 7. Expansion of mortars using processed

reactive sand particles immersed in IN

NaOH solution at 20°C (A series).

BET L E, Fig. 6 (2R L9, LINO, BEROE
NENEBSTREVERZETS, BE1.5% KiE
WEOERIZL - THREIIRE CEML, 3608
3% OKBEHRDOERTERIIFZELICIF SRS, IN
-NaOH RBEMICBET AL, LING, BEBOENL Y
NORREZREMBMOMMNE & b ICERMCEmL,
LiNO, KBRORESH 22 L WEE IHMEILE
L35 (Fig 7). BE5% OKBHEOERTHES

FIFEEIIT 22 TR D, JOERER (A
Y =2) T, EROME L, LINO, 0ERED
LS BRETR A WA, Do BE g, )
ZIRED LINO, KBHOBH~NOERE L UEE%
DRI L > TETZEMEMD LINO, 12 L BEBH
AT N VR B X B EROMHII RS THERT
HHZLERTHOTHE., IOFKREETTAHY
FHRICHIHE QLR AMF D 2 A 2 b= 2} i
BATAHZLILL - THYONRLDA L LT BHIZE
BTAZLIEoTOMEHTERLWIHLWEREE
EOTWHNE bRTLDOTH 5.

Fig. 8, 9 B LU 10 ICRRIREO RIGHEB #1258
KELL LD ICHMENE LIEEO LINO, KEiRE
ERLIESE(BYI—X) OFLINOBES L
MeoMRERT. BEEETT LG0T LIL
OBEEEICEHLCIE (Fig 8), BE 75% 75 15%
D LINO, KBEHROEBRATMEFIET S X 5 IEH
T5H 86T, BE15% BXUS5% D LINO, kik
WOFRIIBRELDTPIRET S LI THE. L
L, B 25% o LiNO, KB OSEIREEL XS
CHIfi$ 5. B 25% @ LINO, KiEH 0 &R,
LiNQ, #t X ¥ FEE®M 0.89% AL 224N
L, Li/Na ENHIZ 043 &% 5. Fig 9I3RT XD
{2, IN-NaCl KEWicRELBETIX, §RED
BEOWME L LI, TRbh LING, DEFEENE
e &b ICEERBRBE S PICHSEm LR L, BE
25% OERIILING, BERELIVIZARLNBED
TREVERZIITIZEICIHT A L TE 5.

Concentration of LiNO, solution (¢4)

0.30F —e—0 (Toyoura standard sand)
—0—0
025 _o 3°
—0—5
—a—75
0.20F —=—10

—&—15

je)
-t
o1

o
=
)

Expansion(%)

0.05

0.00 4+

0.0 1 — 1 !
S B S R R S~

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 (£)
(Toyoura standard sand)

—a—0
0.70

0.60

o
o
o1
(@]

o
IS
o

Expansion (%)

o
w
(@]

<
N
o}

©
Y
o

' 0.00f

=———{mmersion in 1N NaCl solution

- [ i I ; | 1 ]
. IOO 1 2 3 4 5 6 7

Time (Month)

Fig. 9. Expansion of mortars using processed

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

IN-NaOH KBHICBELALHEICBVW T (Fig
10), ERMOREOMME &£ S IZRETRI T4
HrELTrT. Ldl, BEBY OFRIIBOTHH
FTTRT02% BEOBELEL, ZORBRE®
LiNO, fifl& (x>~ FEE®M 0.89%) T, IN
-NaQH KBFRE L v ) WE 2 & T CET AR
PRSI T AL RRBETH L L Ahh D, B
EDFEEE, LING, 2 REBICER L THAVLEE
Tit, LINOG, DERBODL N 2L BELED

o, A/ AR, MG ELE

Concentration of LiNO, solution(*4)

035 _5 o (Toyoura standard sand)
0.30r
0.25F —&—7.5

0.05-

0.00i¢
-0.02

Fig.

Op—® o @ B ®
“le—Immersion in 1N NaOH solutiop

1

0 1 2 3 4 5 6 7
Time(Month)

10. Expansion of mortars using processed

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

TS & > TR RII A EWERDET LI &
ERTHIOTH L. HHRHETTIE, LINO, DER
MEHRIH &) BT AF AR TAIESH D,
HELETSD.

E5$Tb% ¢, LINO, DEBOMAICKE L T,
—#RICR 5 NS LINO, RO v 4 F AH % HEFEIZHE
BT AZENLETHL., ZOEDTEE S DPERIZ
1%, LiNO 12X 257 V7 Y BH IR OGRS

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

(a) 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)
(.00 398 (100) 41.3 (100)
23 0.83 378 ( 93) 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, Campressive 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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BIENHHETHB, BEO—AE, - VEW%E
BT LINO, @7 e 1) - ) 1 RIS 0 1f
BIZEFLTBY, IHBEO—BL T TIZHL I
LTwd, Z0OfRICENE, LINO, OBENMHO
AHZ AL, RIGFOLOO5RE L ETOER &
ALV LAYFILAFCOERBIZEBET VALY -
A RIEROBEE LIV E~DERIZL S
bONLEHThHhDH, FHOMEH LINO, # R IC
ERLIHEIRO N EREGOHBPDDHITR E
NERETHLEEZS.

3-3 LING, DERFEL X LOEHS U338

BEICRIZTEE

Table I {2 LiNO, #IEN ¥ v E BRHBRAKEIZHE
445 LINO, KiF e 8RB LB EAVILELI L
DEHESB L UFIREE ¥R, LINO, 2iEL /2%
& (FHRER) TlX, ¥4 7 BDFEREETRVWT,
BEEE I LINO, DI & o Th T 2 Ilimd 4 5 HMm
iR L, EMHEWETCIREK10%, FHRBETIREX
12% O 455, LINO, KBk B L7546
(&RER) Tlid, ¥4 7 A TLING, DEEMNELY
VOEMBIUTIRBEYRE{TH LI ITERAL,
TRIE 25% WO SR 30% RE O HERE ORI %
£=¥5. UL, MEBATIE, FEHB I UTIEGE
EHIZERBICL AR EVEETLIZAE U v,

4 % i

AT, BELFETLHT AN UNERET
53071 HBMEBVWLZELY VORERRY
f7vy, LINO, OB RIPHIZNR LT L.

LiNQ, #ifm L 72%& Tk, LiNO, ¥ Li/Na &
NIET 04 BERVS L, #2384 8 LU IN-NaCl

REBRERETET BRREIFTITECIRTE 5.

Li/Na B % 08 123 5 &, IN-NaOH KiBEHIZ

RELV)HRRENTETIHERSZ IR TE .

LiNG, KB Pz REOWIZ+5E8R LGS
i, &R O LING, IRFED3 ~ 5 % ThHhIUIBIRIL
BIZELIIHTEL REREORIIHEED
LiNO, KiBEH® &R L, LINO, o 8 v W L /-

BABWTY, IN-NaCl KB B ERLETETS
IR % SR 5. L L, —EO&EETT, f#
ZAXIBRE 75~15% @ LINO, KBHEBREH I
BNTNEREEETLE, WRSRETLEALH
B, FEOMERBRL VB o ERE, BOTH
BEREHTICBWTE 2, LING, DfEHEIZT LY

DEMBISIC L S WIROMENCEHZETH D, LINOQ,
HEIRPHA L LCERTE MO H L L %
R LI, —EHOTHAESEFI)BRL b,
LiNQG, 12 & B BRIMHARE OME L ETH L L
FARTLDOLEEZILND.

LiNO, # W2 BN & L DEH L BIRBE L,
LiNG, DR AR EBHEIL L - ¢, EBERICKN
T12% WAHh 5 30% EhE TEEI¥ 595, HFiokE
WIS v & 5 Th B, LING, % BRI &
LTHWwAIZWE, LING, 7V ey 2ar71)—
OBECRITTEEB IV Lo 2 - FOBE,
Pl Z A SHEIRIE R 7 N ) B BUS LAY Ol A2 R
I THEOREMPSIOIILELEZ D,

2 £ X M
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