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Study on Controlling Effect of Lithium Ion on ASR Expansion

Kazunori Era*, Takafumi Mmara **, Takashi Yamamoro *** and Toyoaki Mivacawa™**

Recently, lithium ion pressurized injection method has been spotlighted as the repair method of concrete structure
which deteriorated by ASR. In this study, the effect of lithium ion on ASR expansion was investigated. The elemental
analysis of the ASR gel sample to which lithium ion had been supplied as also performed by using SEM, EPMA and
TOF-SIMS. The change of the physical form of the ASR gel due to the supply of lithium ion was not found by SEM
observation. However, the elemental analysis by TOF-SIMS enable to obtain the element mapping of the lithium ion
in ASR gel. Furthermore, the elemental analysis by EPMA and TOF-SIMS demonstrated that lithium ion by the pressurized
injection method has extended to the ASR gel. The compositional ratio of [Li] to [Na] in the ASR gel was able to be

presumed.
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Table 1 Mix proportion of concrete.

Unit content (kg/m’)
W/C| s/a S G
(%) | ()| W | C .| Non- .| Non-
Reactive ive Reactive .
63 457|183 | 290 | 574 | 239 | 493 | 495

Table 2 Specimen types of expansion test.

» ummmmmmcﬁﬁm{ Nﬁrﬂ
o] ratio
Aggregate | Supply method (Li/Na) specimens
No addition — 3
04 3
Permixture 0.8 3
Andesite B 12 3
Preasurishd 0.4 3
injecti 0.6 3
0.8 3
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Fig. 2 The extraction position of the sample for analysis.
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Fig. 3 Expansion of concrete specimen.
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Fig. 4 SEM micrographs of ASR gel without Lithium ion : (a) Amorphous gel near an aggregate interface, (b) The
enlargement of amorphous gel near an aggregate interface, (¢) Gel whose surface is crystallizing near cement paste.

Fig. 5 SEM micrographs of ASR gel with Lithium ion : (a) Amorphous gel near an aggregate interface, (b) The
enlargement of amorphous gel near an aggregate interface, (c) Gel whose surface is crystallizing near cement paste.
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Fig. 6 Elemental analysis on Na, K, C, 5i and Ca in ASR gel, aggregate and cement paste in concrete by EPMA (EDS).
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Fig. 7 Elemental analysis on Li in ASR gel, aggregate
and cement paste by TOF-SIMS,
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Table 3 Selected compositions of ASR gel in concrete by
EPMA (EDS).

PHAELEICLoTETHOOTVNLIEDLHETSHI LA T o o ined in ASR gel (%)

T¥S. &k, Fig TITHMRIEARENS LD ASR gel with Lithium ion | ASR gel without Lithium ion

B, FLOIBBRILICEFST 205 LICEEL TS 1* 9% e 1* ¥ 3%
LThHY, €AY b= PIZHHLTHAE LiZr L Si0, | 56.72 | 56.74 | 59.64 | 56.07 | 59.43 | 53.18
DIRILICRFS LTV EELSh 3B, T, | 074 | 103 | 030 | 005 | 002 | 063

3.4 FLROUFILLS A RBI ALOs |0 ¢ L 9 L1 S |4

Fe;0, 0 0 0.44 0.60 0.28 1.32

NFoLAAFVERSEATEI EILD, FLdic T 551 5 oD 5 =

VFOLAAYHEELTVAZ LN Fg TICEDEYE  [TMmeo [ 0 0 0 0 0 0
HICTERECE /=, YV F D A4 F @ ASR HiHl 4 5 =X A Ca0 | 11.79 | 10.87 | 10.15 | 12.16 | 12.60 | 10.71

Er RO Na EFME e L LD A RHRIZE B NayO | 792 | 626 | 677 | 881 | 750 | 7.39

AOEEARILICE B e DL RET S L, Frddpy |KO | 18 | 191 | 164 | 163 | 1.02 | 197

- . L S0, | 029 0 0 0 0 0.05
'Té?”:bb@ Na &1 @ﬁﬁw%ﬁﬁnghﬂ_é i &L-J: U ) Fk] ons 0.77 034 0.78 0.90 071 1.04

HEAC L OFEMT S ) Fo 444 Y OBEREEOR Total | 80.66 | 77.38 | 79.73 | 8024 | 8219 | 76.47
WEFBTLNTES, 22T, ART v 2 EfF-7=  [Li,0**| 064 | 064 | 054 - - -

PO EE S Na & Li cONEEEREGISE | * The ratio analyzed in the ASR gel inside aggrogate
1842 7-»1=, EPMA ¥ L 0°TORSIMS i L 3 EE0E The ratio analyzed in the ASR gel outside aggregate

BAF £ ok, Fig, 8 CEROERMTEH ortipp L e raio analyzed in the ASR gel by TOF-SIMS
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SIMS I TBLFDT v KV P e ToTe o ¥ 7B L
SRERTVS Fy b AYy  ETERICHMLE.
SHTHREHZ BT 5 TOFSIMS 12k % Li, Na, K, Si,
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Table 4 Secondary lon relative intensity in ASR gel in

concrete by TOF-SIMS.
Ion classification ASR gel in concrete Reference rock
2 Atomic A b+

Kind i 4 5 spodumene
Li 7 31831 25 389 348 713
Na 23 2 840 766 2075 865 135 488
Mg 24 2773 9617 19 569
Al 27 24 053 23 391 336 146

Sites 28 100 000 100 000 100 000
K 39 121 181 109 129 82 675
Ca 40 14 240 11 345 136 146

EEEL i X (\1\{, i A0

* The number of counts analyzed in the ASR gel inside aggregate
** The number of counts analyzed in the ASR gel outside aggregate
*** The number of counts of Si normalized to 100 000

Fig. 8 The positions of quantitative analyses ; (a) ASR
gel with Lithium ion, (b) ASR gel without Lithium jon.
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Fig.9 Elemental analysis on Li, Na, 8i, K, Mg, Al and Ca in ASR gel, aggregate and cement paste in concrete

by TOF-SIMS.
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