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CHAPTER I 

INTRODUCTION 

Alpha-quartz crystallizes in a trigonal structure. This structure 

has one three-fold symmetry axis called the c-axis or z-axis. Three 

two-fold axes are spaced 120° apart in the basil plane which is 

perpendicular to the c-axis. Quartz is optically active. Both right 

and left hand forms exist, as seen by the rotation of the plane of 

polarization of light propagating along the c-axis (optic axis). 

Because it lacks a center of symmetry alpha-quartz is piezoelectric. At 

573° c quartz undergoes a structural phase transition converting it into 

the hexagonal bet a phase. 

The basic unit of the quartz structure is a [Si04] tetrahedral 

containing four oxygen atoms surrounding the silicon. Two Si-Q bonds 

are short (1.606 angstrom) and two are long (1.612 angstrom). The 

Si-0-Si bond angle is 143.65° (1, 2). The ionic electrical conducti·vity 

of the alpha quartz is strongly anistropic because of the open channels 

along the c-axis. Alpha-quartz occurs naturally. It can be grown 

hydrothermally from solution (3). This cultured quartz is usually grown 

with natural quartz as starting material. 

Defects in Quartz 

Two types of twinning may occur in alpha-quartz (4). They are 

electrical and optical twinning. Optical twinning is the existence of 
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both right and 1 eft handed regions in the same crystal~ electrical 

twinning is due to the different regions in the crystal that have the 

same handedness but reversed x-axis. The electrical twinning can be 

induced by mechanical stress or by thermally cycling the crystal through 

the alpha-beta phase transition. 

Dislocations are another type of extended defects that occurs in 

quartz. In cultured quartz, the dislocations forms network oriented 

nearly parallel to the growth direction (z). These networks show a high 

chemical activity and give rise to tunnels that form when the crystal is 

etched. These tunnels are called etch pipes. 

OH- related growth defects, substitutional aluminum and vacancy 

centers make up the point defects in synthetic quartz. Of these, the OH 

growth-defects and the aluminum centers are the most important. The 

growth defects produces infra-red absorption bands at 3581, 3437, 3400, 

and 3348 cm- 1 wavenumbers. These bands are intrinsic to synthetic 

quartz, and their relative intensities remain the same under modifying 

treatments such as irradiation or sweeping. However, the defect that 

produces these bands is unidentified. They may be either a water 

molecule bonded to oxygen sites or a silicon vacancy that is charge 

compensated with hydrogen. 

The other principal defect is the substitution of an aluminum atom 

for a silicon atom at a regular lattice site. The charge imbalance is 

compensated by either an i ntersti ti al alkali (Al-M+), where M denotes a 

lithium or sodium ion, a proton (Al-OH-) or a hole ([AleJo)· Studies 

show that the concentration of the s ubsti tuti anal aluminum defects and 

the OH growth defects are an order of magnitude 1 arger than other 

substi tuti anal defects in synthetic quartz (5). The A 1-0H defect center 



is usually formed during irradiation or hydrogen electrolysis: It 

consists of a proton bonding to an oxygen ion to form OH- molecule 

adjacent to a substitutional alliTlinun. 

Electrodiffusion 

Electrodiffusion {sweeping) is a highly selective process that 

exchanges the charge canpensating ions in quartz. The interstitial 

alkalis that compensate for the alliTlinum lie in the large c-axis 

channels and they becane mobile at high tenperatures. Consequently, 

alkali ions can be swept along the channels under an applied electric 

field, and replaced with other ions brought in fran the positive 

elect rode. The first el ectrol ys is studies were done by King { 6) , Kats 

(7), and Fraser {8). The main aim for then at that time was to sweep 

hydrogen and other alkalis into quartz. Studies in this field showed 

that the radiation hardness is significantly improved if the alkalis in 

the quartz have been replaced by protons {9, 10, 11). Other studies 

done by Martin {12), Gualtieri and Vig (13), have shown that the nliTlber 

density of etch channels is much lower in hydrogen or air swept quartz 

than in the unswept materials~ 
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The electrodiffusion is directly related to ionic conductivity. If 

the alkalis that canpensate for the aluminliTl defect are of one species 

and are the only charge carriers during the process, then the 

conductivity can be written as 

( 1) 

Where c, N0 are the concentration of the alkali ions and the silicon 

atans in the crystal, respectively, Tis the absolute tenperature, e is 



the electronic charge, K is the Boltzmann's constant: dis the junp 

distance, f is the oscillation frequency and E is the activation energy 

of the ion. The activation energy is the sun of the association energy 

of the aluminum-alkali defect and the activation energy for the 

interstitial migration (12). 
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Electrodiffusion is always carried out at high tenperatures between 

450-500°C with an electric field used to renove the interstitial ions 

applied at room tenperature or at higher temperatures. 

Chemically Polished Quartz 

Etching (14) ·fn a saturated solution of ammoniun bi-flouride is 

shown to be capable of producing chemically polished AT-cut quartz 

surfaces over a broad range of conditions. The quality of the chemical 

polishing depends upon the surface finish prior to the etching process, 

and the speed of the polishing depends on the tenperature of the etching 

bath. Chemically polished plates are shown to be extrenely strong. 

Etching is a five step process. The etchtant must: 

1 - diffuse to the surface 

2 - be adsorbed 

3- react chemically 

the reaction products must 

4 - be ads or bed 

5- be diffused away from the surface. 

The etching rate may be limited by any one of these steps. In chemical 

polishing, the rate controlling steps is generally the diffusion to or 

from the surface. In etching we have several variables, they are the 

depth of etching, the surface shape prior to etching, the tenperature at 



which the etching is performed~ the agitation rate~ and the etch bath 

deplition. While chemical polishing improves the surface finish the 

solution also rapidly attacks the intersection of the dislocation 

network and the crystal surface. In unswept quartz, this strong 

localized etching produces long holes called etch channels. Sweeping 

changes the impurities in the dislocation networks and renoves the 

tendency to form etch channels. Further studies in this field covered 

the use of different etchtants and finding the results of these 

etchtants on the etching process (15). 

Purpose of Investigation 

5 

The purpose of this work was to investigate the mechanical strength 

of quartz. It is known that quartz can achieve a better strength if it 

is treated either chemically or electrically (sweeping), so this work 

deals with as grown quartz testing its mechanical strength and canpare 

it with the achieved strength after sweeping, etching and finally 

sweeping and etching. The results for two different types of cultured 

quartz were compared. 



CHAPlE R I I 

EXPERIMENTAL METHOD 

The Four Point Bending Test 

The four point bending test is one of a nunber of other tests that 

one can use to test the mechanical strength of the materials. Among 

then are the uniaxial canpression tests, the Vickers mi crohardness test, 

the Wing size test, and the tensile test. (16, 17). 

The four point test was done using an Instron testing machine to 

obtain pure bending; a special jig was made as shown in Figure 1. To 

obtain the flow stress of a sample bent by the jig we must calculate the 

internal bending manent and set it equal to the external bending manent; 

that means that there is an equilibrium state between the bending manent 

of the sample. If we assune that our sample has the shape of a beam 

with a width Wand thickness t, and a length 1 exists between the 

support points, dis the distance between the force point and its 

associated support as shown in Figure 1. We may also assune that the 

sanpl e has been bent by a force P and has a radius of curvature R but 

all this is within the elastic limit. 

Satisfying all these conditions, then for increnental area AA, the 

incremental bending moment Am is given by: 

m = aMy = ayWady ( 2) 

Where a is the stress, y is the distance fran the neutral axis caused by 
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Figure ~. Diagr~ for a Four Point Ben~i~g Jig 



the stress then 

t/2 

m = area a~ = f ayWdy 
-t/2 

8 

( 3) 

when y = t/2, then the stress has its maximun value amax under the force 

P so we can rewrite it as OmaxYI (t/2). Putting this into the integral 

equation for m yields 

t/2 

m .. ama/ (t/2) f y2wdy I am a/ (t/2) 
-t/2 

Where I is the manent of inertia. For the beam I can be evaluated as 

t/2 

I = f y2wdy = wt3 112 

-t/2 

and m can be given as 

m = 

( 4) 

( 5) 

( 6) 

This internal bending manent was created by applying an external bending 

manent m-. And since they are equal because the system in its 

equil ibri un state, then the external bending manent is equal to the 

applied force, P/2 times the manent ann, d~ Using m- = m then 

so 1 vi ng for am ax gi ves 

Figure 2. shows the Time Vs. Force for the sample X67Bl. 

(7) 

(8) 
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Scm p 1 es 0 es cr i pt i on 

Two types of synthetic quartz were used in this experiment, the 

first one designated as X67B1 which contains 0.1 ppm of aluminun, the 

other one was designated as QA-50 which contains 0.3 ppn of aluminum. 

Both scmples were cut into 8-plates of equal dimensions and these plates 

were polished and cleaned. The first two plates from each sample wer:-e 

cut into 5 to 7 smaller bars parallel and perpendicular to the x-axis. 

These bars were then tested using the Instron machine were the results 

of the bars were averaged to get the maximum stres~. The next two 

plates from each sample were swept, the other two were etched. The 

results for testing these samples after cutting them in the same way 

mentioned above is averaged to get the maximum stress in each case. The 

1 as t two plates from each sample were swept and etched and then cut in 

thesaneway parallel and perpendicular to x-.axis and tested bythe 

machine to find the maximum stress. We have also tried to find the 

maximUTI stress for natural quartz after cutting it parallel and 

perpendicular to x-axi s. 

The Etching Process 

Two plates from each quartz bar were etched. The etching process 

was carried out using saturated (NH4·HF2) solution contained in a teflon 

beaker. The teflon beaker was kept in a controlled tanperature water 

bath. The equilibriUTI temperature used in this stooy was 75°C. The 

bath was heated for a few hours until it reached that tanperature then 

the s cmpl es were immersed in the sol uti on. The s cmpl es were held in a 

special jig designed to assure a good contact between the solution and 

the crystals. During etching, the crystals were agitated slowly in both 
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directions by a constant speed electrical motor drive: During most of 

the experiment the motor was set to rotate the etching jigthrough an 

angle of 360° before reversing the process, which was done to assure an 

even etching process for both sides. The etching was perfonned under a 

vented hood to prevent inhalation of the vapor from the etching bath. 

The samples were etched for four hours. Then the etching jig was 

renoved from the etch bath and immersed immediately into a container of 

distilled water. After cleaning these plates they were cut in the sane 

way parallel and perpendicular to x-axi s into smaller bars and prepared 

to be tested. 

The Sweeping Process 

For the sweeping operation we have also prepared another four 

plates, two from each sample, for sweeping. These plates were cleaned 

then dried by putting them in an oven and then prepared for coating with 

a thin film of Au. The gold electrodes were deposited either by 

evaporation or by sputtering. The sweeping systen consists of an 

electrical furnace with a progranabl e tenperature controller. The 

systen was controlled by an HP86B canputer. The hydrogen entered the 

quartz bar through the anode. The sweeping process was carried out for 

forty hours at 490°C then cooled down. The tenperature and current were 

recorded every 16 minutes during the rill. The electrodiffusion run was 

carried out in three phases. The first phase is increasing the 

tanperature. The second hold it constant for the time desired, and the 

third region is decreasing the tenperature. The sample current give us 

a peak in the first region, a gradual decrease in the second, and an 

exponential decrease in the third region. After finishing sweeping the 
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scmpl es were immersed in aqua-regia to ranove the gold electrodes~ Then 

the samples were cut also parallel and perpendicular to x-axis and 

tested by the Ins tron machine. 

The 1 as t two plates fran each sample were cut parallel and 

perpendicular to the x-axis after firstly sweeping them in the sane way 

discussed above then they were prepared for etching, the etching process 

for these samples were conducted in the sane way discussed above, then 

the samples were prepared for testing by the Instron machine. 

The Four Point Bending Test 

The plates fran each sample after treating them with the above ways 

(sweeping, etching, sweeping and etching), and after cutting them into 

smaller -bars (parallel and perpendicular) were measured to be 

approximately 15 mm x 15 mm x 1. 5 em. These bars when tested on the 

Instron machine gives a non-lJ'Iiform stress on the sample. The stress on 

the sanpl es varies fran tension along the axis of the sample on the top 

to compression on the botton. The Instron machine speed was lowered to 

0.1 em/min using crosshead speed gears. The machine was calibrated 

before each test using calibration weights then the maximun stress fran 

a nunber of bars were averaged to obtain the maximun stress for a 

certain cut. It is clear that the length of these bars is very large 

canpared to its thickness so that end effects could be neglected. 



CHAPTER I I I 

RESULTS AND DISCUSSION 

Strengthening of alpha-quartz has been achieved in this study using 

sweeping, etching, and finally sweeping and etching. The set of bars 

labeled I in Figure 3 compares the fracture stress for as received bars 

cut parallel to the x-axis fran the sanples X67Bl(A), QA-50(8) and 

natural quartz (C). It is clear that natural quartz has the highest 

fracture stress canpared to the other two sanpl es. The bars labeled IE 

compare the samples X678l(A) and QA-50(8) after etching. Etching seans 

to have lowered the fracture stress for the sanple X67Bl but left the 

sample QA-50 unchanged. The fracture stress for the swept samples in 

Figure 3 labeled II for the sane samples show no change in the fracture 

stress for these samples compared with the as received samples. 

However, the swept and then etched sanpl es show a 1 arger fracture stress 

compared to the as received, etched or finally swept alone. Figure 4 

canpares the results for the scmples X678l(A), QA-50(8) and natural 

quartz cut perpendicular to the x-axis. The fracture stress for the 

scmple QA-50 is higher than the other two sanples. Bars labeled IE are 

for etched samples; these samples showed a better fracture stress 

canpared with the as received scmpl es. For the swept samples labeled II 

it is clear that the fracture stress for them is lOtJered. Finally for 

the swept and etched scmples labeled IIE again they achieved better 

strength compared to etching or sweeping alone. These results for the 
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samples cut parallel to the x-axis are in ag-eenent with the results 

given by Martinet. al (18)~ But for the perpendicular cutting,the 

fracture stress for t.he swept samples does not ag-ee with these 
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results. Both samples X67B1, QA-50 were grown on (+x) seeds. X67B1 was 

grown from cultured quartz and the sample QA-50 was grown from 

crystallized vitreous silica (glass). Similar results are in reasonably 

good ag-eenent with Martin, et. al•s data on conventionally grown 

quartz. We conclude t_hat the fra ct ur e strength is not si gnifi cantl y 

affected by these special growth conditions. lbth samples have law etch 

channels density. 

It seens that sweeping and etching helps to improve the mechanical 

strength of these materials. We have not tried to sweep and etch the 

natural quartz sample so we do not know how these processes might affect 

its strength. Etching alone help AT-cut crystals to achieve better 

strength, but it seens here to have a very 1 ow effect on 1 ow channels 

density quartz since the strength of these materials depend on the etch 

channels density (19, 20, 21). Sweeping and then treating them with 

aqua-regia and then etching then help these channels to refonn again 

( 22) • . 



CHAPTER IV 

CONCLUSION 

The strength of alpha quartz was achieved in this study using 

sweeping, etching and finally sweeping and etching for two kind of 

cutting: one is parallel to x-axis, the other is perpendicular to the 

x-axis. The anount of strength achieved in each case was canpared for 

three samples they are X67Bl, QA-50 and for the natural quartz, the 

can pari son between as received samples , swept samples , etched s cmpl es 

and finally swept and etched sanpl es for ooth kinds of cutting. The 

best results achieved in this study was for the swept and etched 

scmples, where these sanples showed a larger improvement in their 

fracture strength after these processes. 
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