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A study on the Alkali-Aggregate Reaction of Quartz
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ABSTRACT : Cracks in the concrete structure are known to develope by various
mechanisms, including an alkali-aggregate reaction. The alkali—silicate reaction between
aggregates and cement is studied using polarized microscope, electron probe microanalyser and
electron microscope. Metamorphosed, biaxial quartz and feldspars grains appear to have reacted
readily with alkali from cement. For a given mineral, fine-grained minerals tend to react
readily over the coarse—grained ones. A chemical analysis shows that the elements K, Na, Ca,
and Si migrated, in most cases, from the portion of high concentration to the low. Some clay
minerals, including smectite and illite are newly formed as one of the reaction products. The
continual expansion and shrinkage of the expandible clay minerals, probably due to repeated
absorption and loss of water within the structure, plays an important role in the development of

cracks within the concrele structure.
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Tablel. E.PM.A. data of alkali—quartz reaction Hiustrated in Fig. | (w%)

; I Quartz Reaction zne (@) Cement |

Element ! |

i | T 3 ] 4 ] s [ A paste |
. Sio: | 9962 7748 68.07 6420 6389 6248 .22 20.50
“ TiO. i 0.00 000 007 0.02 000 004 03 0.00
: ALO: | 0.02 210 16.59 18.28 1835 234 1173 6.t
! FeO i 0.00 002 0.00 0.00 005 001 002 310
} Mn0 a0 000 0.16 0.00 003 0.00 004 0.00
! MgO 0.00 000 000 0.00 000 0.00 0.00 3.10
v Cal | 0.04 014 008 007 008 497 1.07 62.90
j Na:O ‘ 0.02 038 0.64 0.70 [ 821 213 013
| X0 | 0.01 902 1393 16,11 1577 009 1098 0.86
; BaO | 0.00 024 039 033 038 005 028 0.00
| SOs | 0.00 0.00 000 0.00 0.00 0.00 0.00 240
Total lk 99.72 99.40 99.93 NN 9.26 9%.19 9.60 99.09
! RO | 0.03 6.31 9.30 11.30 1noe 827 935 0.70

% R0 = % NaQ + 0658 x %K0

L Fig.1. Microphotographs suggesting the area of

{ X —ray emission image (X.E.L) and the spots of
t microprobe analysis.

Fig. 2. Microphotographes of X —ray emission images for alkali—quartz reaction. A: The same site as the square
illustrated in Fig. 3A, B: K distribution; C: Na distribution; D: Si distribution.
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Fig. 6. SEM microphotographs of quartz alkali—reaction material showing acicular crystal (A), massive crystal
(B), sponge crystals (C) and acicular crystal in a circular void of cement (D)
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