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Study on Controlling Effect of Lithium Ion on ASR Expansion
by
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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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Fig.2 The extraction position of the sample for analysis

EPMA B U
Li
Ar Ga
TOF-SIMS
Li TOF-SIMS Li
TOF-SIMS
EPMA
TOF-SIMS
EPMA TOF-SIMS
EPMA TOF-SIMS
430
242
3
31
Fig.3
142
410
5800p
Li/Na 04 08 12
410
ASR
6000
—6— Premixture, 0.4 w/"<
5500 ] —=— Premixture, 0.8 //"
5000 H —A— Premixture, 1.2
—e— Injection, 0.4 /
4500 [| —s— Injection, 0.6 /{""
4000 1 +Inject1s)g, 0.8
—¥— No addition /
2500 50 100 150 200 250 300 350 400 450

Time [days]

Fig.3 Expansion of concrete specimen
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Fig.4 SEM m1crographs of ASR gel without L1th1um 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

F1g5 SEM mlcrographs of ASR gel Wlth 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.7 Elemental analysis on Li in ASR gel,
aggregate and cement paste by TOF-SIMS
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Fig.8 The positions of quantitative analyses :.(-a.)ASR gel with
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Table 3 Selected compositions of ASR gel in concrete by
EPMA(EDS)

The ratio of the elements contained in ASR gel (%)
ASR gel with Lithium ion | ASR gel without Lithium ion
Si0, 56.72 | 56.74 | 59.64 | 56.07 | 59.43 | 53.18
TiO, 0.74 1.03 0.30 0.05 0.02 0.63
Al 04 0 0 0 0 0.64 0.06
Fe,05 0 0 0.44 0.60 0.28 1.32
MnO 0.60 0.24 0 0.02 0 0.14
MgO 0 0 0 0 0 0
CaO 11.79 10.87 10.15 12.16 12.60 | 10.71
Na,O 7.92 6.26 6.77 8.81 7.50 7.39
K,0 1.83 1.91 1.64 1.63 1.02 1.97
SO 0.29 0 0 0 0 0.05
P,05 0.77 0.34 0.78 0.90 0.71 1.04
Total 80.66 | 77.38 | 79.73 | 80.24 | 82.19 | 76.47
Li,O***| 0.64 0.64 0.54 - - -

* The ratio analyzed in the ASR gel inside aggregate
** The ratio analyzed in the ASR gel outside aggregate

*** The ratio analyzed in the ASR gel by TOF-SIMS

Table 4 Secondary ion relative intensity in ASR gel in concrete by
TOF-SIMS

Ion classification ASR gel in concrete Reference rock
Kind Atomic 4* Sk spodumene
mass
Li 7 31831 25 389 348 713
Na 23 2 840 766 2 075 865 135 488
Mg 24 9773 9617 19 569
Al 27 24 053 23 391 336 146
Si*H* 28 100 000 100 000 100 000
K 39 121 181 109 129 82 675
Ca 40 14 240 11545 136 146
* 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
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Fig.9 Elemental analysis on Li, Na, Si, K, Mg, Al and Ca in ASR gel, aggregate and cement paste in concrete by

TOF-SIMS
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