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Abstract: The grade of a quartz ore is not a measure of its chemical reactivity. A high grade quartz sample (B) showed 

low reactivity in sodium silicate production. Structural imperfection usually occurs due to lattice defects in the quartz tet-

rahedron as a result of several substitutions that happen during mineralization. The random distortion of the quartz tetra-

hedron that could be affected by various mechanical and thermal stresses is accompanied by similar distortion in the crys-

tallinity index which could be the reason for better chemical reactivity. The imperfect crystallinity of quartz sample (A) 

accompanied by highly shear petrography with micro-veinlets and fissures in its matrix has a direct impact on its fineness 

as revealed by its low grindability index (17.9 kwh/t) and highly surface area (13.07 m
2
/g) measurements. Both properties 

enhance chemical reactivity of quartz sample (A). Both structural and physical imperfection of quartz affect its chemical 

reactivity not only its grade. 

Keywords: Quartz, sodium silicates, crystallinity index, grindability index, surface area 

INTRODUCTION 

 Quartz is one of the most abundant minerals found in the 
Earth’s

 
crust (12% of its weight) [1]. It is a major component 

of numerous
 
igneous and sedimentary rocks and is present in 

an impure state
 
in many siliceous rocks. Cristobalite and 

tridymite are the
 
other most common forms of what is com-

monly known as crystalline
 
silica. 

 Alkali-silica reaction is largely controlled by three con-
stituents: alkalies and silica as reagents and moisture both as 
a reagent and a transport medium. The mechanism of silica 
dissolution is not so much controlled by alkalies, but rather 
by dissolved OH-ions breaking silica bonds which then re-
combine with alkali-ions present [2-4]. The reaction of finely 
dispersed microsilica is generally not regarded as an alkali-
silica reaction since it is not deleterious. The silica present in 
aggregate can be of very different nature, affecting its degree 
of alkali-reactivity or inertia. Many publications have been 
dedicated to the relationship between the nature and reactiv-
ity of aggregate [2-4]. 

 Already in 1955 [5], the first edition of "The Colloid 
Chemistry of Silica and Silicates" was published, a standard 
work that over the years became famous. It provided an ex-
cellent introduction to the chemistry of silica dissolution. 
However, since its first publication much research had been 
conducted. The recent review volume edited by Heaney et al. 
[6] contains an exhaustive compilation of contributions deal-
ing with silica and its behavior under various geological  
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conditions. Silica dissolution under weathering Conditions 
are reviewed in Dove [7]. 

 This work aimed at finding relationship between struc-
tural imperfection, physical properties and chemical reactiv-
ity of two Egyptian quartz ores employed in local production 
of sodium silicate. Quartz (A) is known to be the highly re-
active sample in sodium silicate production than quartz (B)  

MATERIALS AND EXPERIMENTAL TECHNIQUES 

 Five kilograms of batches of two quartz samples quarried 
from Marwit El-Sweiqat (A) and Marwit Rod El-Leqah (B) 
quarries along Marsa Alam – Idfu road, Eastern Desert, of 
Egypt were delivered by El Nile Mining Co. to CMRDI. The 
secondary crushed samples were homogenized and then 
quartered by a Jones sampler to get 0.5 kg representative 
batches; one of which was finely ground to less than 200 
meshes for complete chemical analysis. This was carried out 
by XRF method using Phillips PW 2400 X-ray spectrometer. 
Meanwhile, hand-picked rock pieces were collected from 
every sample for petrographic and mineralogical analysis. 
This latter was conducted by XRD method using a PW 1170 
Phillips diffractometer with CoK  radiation. Powder scanned 
from 2° to 65º 2 . Bulk crystallinity of the quartz samples 
carried out using the 2  interval of 66º to 69° according to 
Murata and Norman [8]. Scanning was conducted at 1/4º/min 
with Ni filter CoK  radiation. 

 The morphology of quartz samples was measured using 
Zeiss polarizing microscope attached with computer program 
analysis (Olympus analysis digital image solution, 5 pro-
grams). The morphology of quartz mineral and their grains 
aggregates boundaries were studied by means of a Phillips S-
2400 s SEM. On the other hand, surface area (BET) was 
measured using Nova 2000 analyzer after degassing the 
samples at 100°C for 2hrs. 
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RESULTS 

Chemical Composition of Quartz Samples and their 

Structural Imperfections 

 From the chemical point of view, both quartz samples 
look identical, high in grade with 99.9% SiO2 (Table 1). But, 
the two samples show some dissimilarity in trace elements 
(Table 2). Sample (A) contains more Cu, Zr, Ba, Sb and Nd 
than sample (B), which on the other hand, contains relatively 
more Cr, Pr, Hf, Ta and Th than the latter. It is known that, 
the quartz deposit is formed generally as a result of precipita-
tion of SiO2 from hydrothermal solutions and its subsequent 
crystallization under conditions of low temperature, pressure 
and chemical reaction with the country rocks. However, in 
most minerals, there is a crude positive correlation between 
temperature and the concentration of structural impurities. 
These relationships can also be applied to the structural im-
purities in quartz. Therefore, high temperature igneous rocks 
produce poor quality quartz (ß-quartz) in terms of structural 
impurities, whereas, many pegmatite and some hydrothermal 
vein deposits ( -quartz), in general, produce better qualities. 
Both quartz samples are of igneous origin but, nevertheless, 
it seems that the hydrothermal formation of each sample and 
the subsequent transformation from ß- quartz to -quartz are 
not the same. This might lead to differences in their struc-
tural impurities. Therefore, regardless of their identical high 
grade chemical composition, they portray different chemical 
imperfection in the SiO4 tetrahedron structure. The type and 
frequency of lattice defects in quartz are influenced by the 
thermodynamic conditions during mineralization.  

Mineralogical Composition of the Quartz Samples and 

their Chemical Reactivity 

 X-ray diffraction patterns of quartz were compared with 
the data of Murata and Norman [8]. It was found that in the 
two localities, the samples are composed essentially of 
quartz. Traces of clay minerals, mica, carbonate and gypsum 
were recorded in XRD patterns of the both samples. Quartz 
(SiO2) is indicated by its characteristic X-ray diffraction 
peaks at 0.33 and 0.425nm, a minor amount of smectite 

((Na,Ca) (Al,Mg)6(Si4O10)3(OH)6.nH2O) at 1.5nm, mica at ~ 
1.0nm and calcite (CaCO3) at ~0.3nm. The crystallinity in-
dexes of quartz samples were measured according to the 
equation of Murata and Norman (1976);  Crystallization in-
dex= 10aF/b, where F is 1.67 

 The method of computing the crystallinity index from the 
intensity of the (212) peak at 67.74° was shown by means of 
XRD patterns of the samples, (Fig. 1). The highly reactive 
sample (A) posses a very low index (1.2) compared with 10 
for sample (B), the lower reactive sample.  

 Apparently the big difference in the X-ray index of crys-
tallinity of quartz from two different regions is mostly a re-
fection of the different geological events. The imperfect 
crystallization of sample (A) which might be a reason for its 
better chemical reactivity could be due to random distortions 
of the quartz lattice induced by various mechanical and 
thermal stresses inherent in crystallizing granitic magma or 
brought to bear on a solidified pluton. However, the much 
better crystallinity of sample (B) may be due to intense meta-
morphism.  

Sample Petrography 

 Petrography of the quartz samples showed that, sample 
(A), with the imperfect crystallinity, consists essentially of 
coarse grains, anhedral crystals of quartz that show undulose 

Table 1. Major Oxide of Quartz Samples 

Oxides A wt% B wt.% 

SiO2 99.90 99.95 

Al2O3 0.039 0.011 

Fe2O3 0.037 0.028 

TiO2 0.0004 0.0007 

CaO 0.003 0.002 

K2O 0.002 0.0006 

MgO 0.001 0.001 

P2O5 0.001 0.001 

Na2O 0.009 0.006 

LOI 0.08 0.08 

Table 2. Trace Elements Distribution in Quartz Samples 

Elements A (ppm) B (ppm) 

Cr 4.68 5.83 

Cu 11.37 7.58 

Zn 4.1 3.19 

As 0.15 0.1 

Rb 1.97 1.89 

Sr 18.74 18.27 

Y 2.35 2. 

Zr 4.16 3.92 

Mo 1.87 1.87 

Sn 1.9 1.09 

Sb 1.99 1.21 

Ba 24.29 23.68 

Pr 0.75 1.52 

Nd 10.56 --- 

Yb 3.75 3.71 

Hf 0.69 2.76 

Ta 0.42 0.94 

Pb 11.45 11.81 

Th 0.79 3.98 
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extinction. Quartz crystals are highly sheared and myloni-
tized due to strain. Based on grain size and fabric, the quartz 
grains are deforming by dislocation creep [9]. The most in-
teresting feature is the micro-veinlets which are nearly of 
parallel orientation due to shearing. These veinlets are filled 
with secondary minerals including carbonates, gypsum and 
sericite (fine-grained aggregate of mica-like phases) admixed 
with microcrystalline quartz. The microfractures are stained 
by brownish-grey substance that may be carbonaceous mate-
rial/ admixed with iron oxides, (Fig. 2). SEM image and 
EDX of quartz (A) are shown in Fig. (3). Hans-Rudolf et al. 
[10] have examined thin sections of quartz bearing aggregate 
and they confirmed that quartz grains that exhibiting undula-
tory extinction (strain shadow in which band sweeps across a 
quartz grain due to bending of the crystal lattice by stress) 
are highly reactive because of its high dislocation density. 
Sample (B), on the other hand, consists of course to very 
coarse, anhedral and interlocked crystals of quartz. These 
crystals are characterized by wavy extinction and sutured 
edges. Quartz forms a sugary texture, and some quartz crys-
tals have fluid inclusions (vacuoles) which are nearly con-
centrated in lines, (Figs. 4 and 5). This texture could be the 
reason of its low alkali reactivity. 

Physical Properties of Quartz Samples 

 The highly sheared quartz (A) crystals supported with 
micro-veinlets and microstructure might affect its grindabil-
ity. Work index measurements of both quartz samples 
showed that sample (A), showing the imperfect crystallinity 
has 17.9 Kwh/t as compared with 24.03 Kwh/t for sample 
(B). Figs. (6) and (7) depict the size distribution of both 
ground samples illustrating the fineness of sample (A). 

 In the mean time, BET surface area values of both sam-
ples are 13.07 m

2
/g for sample (A) as compared with 9.55 

m
2
/g for sample (B).  

 The imperfect crystallinity of sample (A), as demon-
strated by the microveinlets and fissures in its matrix, might 
have affected its grindability and the resulting surface area 
and consequently enhanced its chemical reactivity. The fine-
ness of this sample with the relatively high surface area will, 
no doubt, enhance its chemical reactivity. 

DISCUSSION 

 The key point in the alkali-silica reaction is the hydrous 
dissolution of silica in the presence of dissolved Na and/or K 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Crystallinity index of quartz A and B.  

 

 

 

 

 

 

 

Fig. (2). Photography of quartz (A) X-25, C.N. 

 

 

 

 

 

Fig. (3). SEM and EDX of quartz (A).  

 

 

 

 

 

 

 

Fig. (4). Photomicrograph of quartz B. 

 

 

 

 

Fig. (5). SEM and EDX of quartz (B) 
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at high pH>13, commonly obtaining in OPC concrete, so-
dium silicates product. The properties and qualities of the 
silica and its environment may affect its solubility under the 
given conditions. The exact definition of a grain boundary 
differs with the boundary type. In general terms, a grain 
boundary is defined as a two-dimensional lattice defect that 
introduces a misorientation with no long-range stress field... 
In this respect, a high-angle misorientation is in fact a plane 
between two individual grains, in contrast to a low-angle 
misorientation that is to be regarded as a defect in one single 
crystal [11]. Thus, a grain boundary formally represents a 
planar array of dislocations. Within a dislocation, and in a 
small volume embedding the dislocation, the crystal lattice is 
distorted and deviates significantly from the proper quartz 
structure. Interatomic bonds may be dangling loose and in-
compatible foreign ions tend to concentrate at dislocations 
and their direct vicinity since lattice stress can be released 
easier. As a result, aggressive media have an easier job 
breaking the stressed bonds in and next to structural defects 
than elsewhere. Thus, the solubility of a solid at dislocation 
arrays including grain boundaries is increased relative to 
immaculate material. A corollary to this is that quartz solu-
bility would in fact reflect the quality of its crystal lattice. 

CONCLUSIONS 

1) The grade of quartz ore is not a measure of its 
chemical reactivity. Lattice defects that are influ-
enced by thermodynamic conditions during miner-
alization lead to several substitution in the SiO2 tet-
rahedron causing structural imperfection. 

2) The random distribution of the quartz tetrahedron 
that could be affected by various mechanical and 
thermal stresses resulted in distortion in its crystal-
linity index which might be the reason for better 
chemical reactivity of sample (A). 

3) The imperfect crystallinity of sample (A) accompa-
nied by its loose petrography with microveinlets 
and fissures along the quartz grains has a direct im-
pact on its finensses in terms of its low grindability 
index and high surface area parameters that enhance 
its alkali-reactivity 
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Fig. (6). Grindability index of quartz (A). 

 

 

 

 

 

 

Fig. (7). Grindability index of quartz (B). 


