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Consolidation of Quartz Powder by the Geopolymer Technique
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The geopolymer technique may be a futurc-oriented technology for saving energies and rcsources. This tech-
nique requires 3 fundamental elements so-called filler, hardener and geopolymer liquor being generally an alka.
line silicate solution. Quartz powder, water quenched granulated hlast furnace slag and sodium silicate solution
prepared from Na,0-25i0, were chosen for these three elements. After mixing thesc starting materials in appro-
priate proportions, monoliths were prepared by casting at room temperature. Strength tests showed the follow-
ing resulls for 28d age specimens: 7.9-12.7 MPa in flexural strength and 20.2-32.8 MPa in compressive strength,
depending on geopolymer liquor/solid ratio, P/S and fineness of the quartz powders used.
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L. Introduction

odium silicate solutions generally called water glasses

have been applied to refractory bricks as repairing bind-
ers.’ In 1982, Davidovits obtained a patent concerning
“geopolymer binders”.” The author studied alkaline silicate
binders from the aspect of polycondensation of [Si0,]*-com-
plexes and prepared monoliths by reacting strong alkaline
solutions with both reactive silica and metakaoline at 80
°C(the high temperaturc process). He described that no con-
traction occurred during the solidification of slurry casts
and potassium bhydroxide is recommended rather than
sodium hydroxide for the strong alkaline source. Analogous
process can be realized by reacting mineral powders with
alkaline silicate solutions.*” Sometimes strong alkaline
solution and reactive silica are mixed in order to react them
at high temperatures. Most advantage of this technique is
that this process works at room temperature, even when
the strong alkaline solution and the reactive silica are lack-
ing. However, most disadvantage of this process is large
contraction of slurry casts occurring during solidification
(the room temperature process). The room temperature

Table 1. Physico-chemical Characteristics of Source Materials

process requires generally three essential materials called
filler, hardener and geopolymer liquor. The filler is mineral
powders, and fly ash and other wastes are also applicable.%?
The hardener is mixed to accelerate hardening, when appli-
ed fillers are inactive, i.e., hardly solublc to geopolymer
Lguor. Malladrite(Na,SiF,) and water guenched granu-
lated blast furnace slag are conveniently used for this pur-
posc as well as metakaoline.™ The geopolymer liquor is
alkaline silicate solutions. In this paper geopolymer mono-
liths will be prepared from typically inactive quartz pow-
ders by the room temperature process and mechanical
strength of monoliths as well as contraction of monoliths
will be studied.

II. Experimental

Pure quartz powder of JIS 1st grade commercially avail-
able from Katayama Chemicals Co. was primarily used for
the filler (Q1). This was secondly pulverized in a pot mill
with water and completely dried (Q2). In addition impure
quartz powder associated with some kaolin from Namera
Mine located in Yamaguchi Prefecture was also used (Q3).

510, TiO, ALO, Fe,0, MnO Ca0 MgO K0 Na,0 P,0, 80, LOI Total
Esment 33.30 1.81 13.44 0.66 0.58 4074 7.46 045 045 003 1.40 100.32
Quartz(Q3) 89.00 0.41 6.87 0.62 - 0.12 0.34 032 012 - -~ 229 9973
Quartz(Q1,Q2) e 99.5 percent purity guaranteed. -----------
Geapolymer liquor 510, Na,0 H,0 S.G.

186 8.8 72.6 1.27

Specificsurface area Esment Quartz(Q1) Quartz(Q2) Quartz(Q3)

Blaine, em™g 4000 4900 6400 5700

Q1 and Q2: pure quartz. @3: impure quartz containing 17.4 % potential kaolin.
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Table 2. Mixing Proportions of Source Materials by Weight
Q135 Q140 Q145 Q1-50

Quartz(Q1) 9 9 9 9
Esment 1 1 1 1
P/S wt ratio 0.35 0.40 0.45 0.50
Q2-45 Q2-50
Quartz(Q2) - - 9 9
Esment - - 1 1
P/8 wt ratio 0.45 0.50
Q3-35 Q3-40
Quart=(Q3) 9 9 - -
Esment 1 1
P/S wt ratio 0.35 0.40

P/8: (Geopolymer liquor)/(solid) wt ratio, 8 including quartz
and Esment

They all belong to inactive fillers and independently used in
preparatory mixing. Water quenched granulated blast fur-
nace slag commercially available from Shin-nittetsu Chemi-
cals Co., “Esment” was used for the hardener in constant
amount to assist hardening of slurry casts. Sodium-based
water glass corresponding to JIS variety No.1 (Na,0-28i0,)
was used as the geopolymer liquor. Characteristics of these
source materials were tabulated in Table 1.

Monolithic materials were prepared by hand-mixing of
the three source materials in a plastic beaker and cast into
a plastic mold having 95x60X19 mm dimension and kept
standing in ordinary air for 2-3d at room temperature. After
demolding, specimens were kept drying in air at room tem-
perature and prismatic specimens were cut and polished
into 10x10x60 mm dimension according to monolith age,
that was 7, 14 and 28d. Then, 3-point flexural (25 mm span)
and compressive strengths were measured for 3 test-pieces
at constant cross-head speed, 0.016 mm/s and averaged
strength was obtained. On the other hand, linear contrac-
tion of monoliths was measured by contact measuring of a
pair of slide calipers before cutting. Mixing conditions are
tabulated in Table 2.

III. Results and Discussion

Strength

As seen in Fig. 1, monolith strength of Q1-series is gener-
ally increasing with advancement of materials age and with
decreasing P/S ratio. Increasing flexural strength is marked
with advancement of age and maximal and minimal flex-
ural strengths reached at 28d age were 9.4 and 7.9 MPa for
0.35 and 0.50 P/S, respectively. Corresponding compressive
strengths were 26.3 and 20.2 MPa, respectively. We could
not prepare specimens having less than 0.35 P/S due to
hard kneading.

Monolith strength of Q2-series is represented in Fig. 2.
Although we could not prepare specimens with lower P/S
ratio, relatively high strength was obtained in specimens

Consolidation of Quartz Powder by the Geopolymer Technique 121

14
& 12
=
=
) B 7d
2 EREL ALY
w “|
- {7 D28 d
5 X
[

0.35 0.4 045 05
o 35
o,
=
=
Ed
5 ®7d
ff midd
2 @28 d
]
&
E
[a]
Q ¢ : . -
035 04 045 05
P/S

Fig. 1. Strength development of @1-series monoliths with age
and P/S ratio.
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Fig. 2. Strength development of Q2-series monoliths with age
and P/S ratio.

with 0.45 and 0.50 P/S, showing generally around 10 MPa
in flexural strength and around 30 MPa or more in compres-
sive strength. A little bit decreasing of flexural strength
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Fig. 3. Strength development of Q3-serics monoliths with age
and P/S ratio.

may be due to becoming more brittle of specimens with
advancement of age. The compressive strength, 32.8 MPa
obtained for 28d age specimens with 0.45 P/S was the maxi-
mal throughout present study.

Monolith strength of Q3-series is represented in Fig. 3.
Preparation of specimens with higher P/S was omitted.
Maximal strength was reached for specimens at 28d age,
12.7 MPa flexural strength for specimens with 0.40 P/8 and
29.6 MPa compressive strength for specimens with 0.35 P/S,
respectively. Increasing of compressive strength for speci-
mens with 0.35 P/S was remarkable with advancement of
age. Kaolin contamination may be favorable for improve-
ment of strength, especially for flexural strength.

Comparing the specific surface area between Q1l-quartz
and Q2-quartz, it can be suggested that higher specific sur-
face area is favorable for strength. However, higher specific
surface area is unfavorable in consuming more geopolymer
liquor. This may be improved by introducing some kaolin
powder into pure quartz powder.

Contraction

Linear contraction of Ql-series is represented in Fig. 4. It
was obvious that the contraction became increasing with
increasing P/S ratio. Roughly speaking, the contraction
change was nearly constant for low P/3 specimens with age.
However, abrupt change of contraction was observed in case
of 0.50 P/S at 28 d age, exceeding 3 %.

Linear contraction of Q2-series is represented in Fig. 5.
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Fig. 5. Contraction of @2-series monoliths with age and P/S
ratio.

Larger contraction was observed for this series due to larger
P/S ratio applied. When compared with that of Ql-series,
contraction was relatively larger in Q2-series in which spe-
cific surface area of the quartz powder was larger than that
of Q1-series, consuming much geopolymer liguor.

Linear contraction of @3-series is represented in Fig. 6.
The contraction of this series was quite different from those
of Q1- and Q2-series. Abrupt increasing of contraction was
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Fig. 6. Contraction of Q3-series monoliths with age and P/8
ratio.
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seen for specimens with 0.35 P/S, while decreasing contrac-
tion was seen for specimens with 0.40 P/S. This may be the
cause of contaminated kaolin which is considered to be
sometimes advantageous and disadvantageous, depending
on P/8 ratio.

IV. Summary and Conclusion

Mixing sodium silicate solution with quartz powder under
the aid of water quenched granulated blast furnace slag as a
hardener, monolithic materials can easily be prepared at
room temperature. The solidified materials exhibit white in
color and may have a potential of practical application to
building and residential materials. Following items were
found as conclusion.

1, When using relatively coarse quartz powder, monoliths
can be prepared in a wide range of P/S ratio and 0.35 P/S
was reached as a minimal ratio, showing 9.4 MPa flexural
strength and 26,3 MPa compressive strength with this ratio
at 28d age.

2. When using relatively fine quartz powder, applicable P/
S ratio moved to higher ratio. However, decreasing of
strength was not encountered due to strong contraction,
resulting 10.7 MPa flexural strength and 32.8 MPa com-
pressive strength as maximal values at 28d age.

3. Contamination of kaolin is generally favorable. Despite
relatively fine powder, this promotes easy mixing of source
materials in lower P/ range, resulting 12.7 MPa flexural
strength and 29.6 MPa compressive strength as maximal
values at 28d age.

4. Around 1 to 3 percent contraction was observed,
depending on materials age and P/S ratio. Smaller P/S ratio
is generally recommended to prevent much contraction.
However, sometimes much contraction is favorable, result-
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ing higher strength due to densification of monoliths.
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