
















































































































































































































































































































































































































































































































APPENDIX D 

LOT ANALYSES OF REAGENTS USED IN GLASS MAKING 

K2co 3 Anhydrous powder (Fisher Certified) 

Lot Analysis Reported on Label 

Insoluble Matter 

Loss on Heating (285°C) 

Chloride (Cl) 

Nitrogen Compounds (as N) 

Phosphate (PO 4) 

Silica (Si0 2 ) 

Sulphur Compounds (as so4) 

Ammonium Hydroxide ppt 

Calcoim and Magnesium ppt 

Arsenic 

Heavy Metals (Pb) 

Fe 

Na 

(Limit about 

Caco
3 

powder (Fisher Certified) 

Lot Analysis Reported on Label 

0.010 % 

1.0 % 

0.003 %) 

0.001 % 

0.001 % 

0.005 % 

0.004 % 

0.010 % 

0.010 % 

0.0001% 

0.0005% 

0.0005% 

0.020 % 

0.010 % 

0.010 % 

Insoluble in Dilute HCl 

Ammonium, Hydroxide ppt 

Alkalinity Pass Test 
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Chloride (Cl) 

Oxidizing Subs (as N0
3

) 

Sulphate (so
4

) 

NH 4 

Ba 

Heavy Metals (as Pb) 

Fe 

Mg 

K 

Na 

Sr 

Sio2 supplied by Fisher 

Lot No. 710344 

Floated Sio 2 powder (~ 240 mesh) 

0.001 % 

0.005 % 

0.010 % 

0.003 % 

0.005 % 

0.001 % 

0.002 % 

0.02 % 

0.01 % 

0.10 % 

0.10 % 

Analyses could not be obtained from Fisher. 
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APPENDIX E 

ANALYSES OF SILICATE GLASSES FOR Si02 , K20, AND CaO 

AND SOME TRACE ELEMENTS 

I GRAVIMETRIC ANALYSES FOR Si0
2 

About 0.25 gm glass powder (~ 200 mesh) was very 

accurately weighed (to the 5th decimal place) in a platinum 

crucible, and approximately 4 gm of Na 2co3 was added to the 

powder. The mixture was intimately mixed inside the 

crucible using a glass rod; and then fused on a Bunsen flame 

for about 1/2 hour. On cooling, the platinum containing 

the fused glass cake was immersed in a beaker containing 

200 ml of 50% HCl. The cake dissolved in the acid, and 

after about 10 minutes the crucible was rinsed thoroughly. 

The contents of the beaker were evaporated to dryness 

overnight on a warm hot plate. Then the residue in the 

beaker was dissolved in 200 ml of 50% HCl and filtered 

through a 544 paper (Hardened Ashless paper) . The residue 

on the filter paper contained the Si02 • The dehydration 

and filtration process was repeated once again on the 

filtrate, and the two residues (now containing almost all 

the Si02 ) were combined, ignited in a platinum crucible and 

weighed. This weighed residue was then treated with HF, 

evaporated to dryness and reweighed. The difference in 

weight gave the weight of Sio2 . 
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The final crust left on the platinum crucible was 

dissolved in 50% HCl and added to the filtrate obtained 

232 

after the second dehydration process. This filtrate was used 

for the analyses of K, Ca and traces of Si and other 

important trace elements using the Atomic Absorption 

Analyser. 

II ANALYSES OF K, Ca AND Si USING ATOMIC ABSORPTION 

The filtrate obtained after the Sio 2 analyses was 

poured into a 500 ml volumetric flask and the flask filled 

up with deionised distilled water. The flask was shaken to 

ensure homogeneity. The solution was then diluted to 

5000 ml by pipetting 10 ml from the 500 ml flask and 

diluting to 100 ml with deionised distilled water. 

To take account of absorption and interference 

effects which Ca may have on K and vice versa, standards 

were made by mixing K, and Ca standards prepared from ultra 

high purity KCl and caco3 , respectively. These standards 

were made from 2 . 5 ppm to 10 ppm (of K, and Ca), at 

intervals of 2.5 ppm. 

Using these standards, calibration curves were drawn 

for both elements, and used to determine the K and Ca 

contents of the sample solution. 

Blanks were carried in each case and the results 

obtained corrected accordingly. Analysis for each glass 
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sample was repeated four times and the averages taken. It 

was found that the Atomic Absorption was not sensitive 

enough to p i ck up Si from the filtrate which may have held 

up to 2% Sio2 . 

The range of errors for each element were 

Si02 ± 1% 

In addition to Ca, K and Si, a number of trace 

elements Fe, Al, Na, Mg, Ti, Ni and Sr were checked for. 

The concentrations of the latter were found to be quite low; 

typically 0.15 wt% Al, 0.08 wt% Na, Mg and Fe and< 0.05 wt% 

Ti, Ni and Sr. 



APPENDIX F 

LINEWEAVER PHENOMENON AND THE INSTABILITY OF ALKALI 

SILICATE GLASSES UNDER ELECTRON BOMBARDMENT 

Lineweaver (B 2 ) first observed that electron 

bombardment of alkali silicate glasses (in the 10 - 27 kV 

range) caused evolution of oxygen from the glasses. The 

out gassing from most glasses fitted the empirical 

. ( 82) equat1on 

Q = Q
00
[l- exp(-t/K)] (F .1) 

where Q is the sum of oxygen evolved in time t, and Q the 
00 

maximum amount of oxygen expected from a sample bombardment 

for long times. The oxygen release mechanism was proposed 

by Lineweaver as follows: The high energy electrons entering 

the glass dissipate their energy by ionization and excitation 

of the atoms of the glass structure and finally come to rest 

at some depth (proportional to their energy, e.g., 2.7 ~at 

20 keV for Corning 7740) within the glass producing a net 

negative space charge. The resulting electrostatic field 

inside the glass layer moves the alkali ions towards the 

negative charge, and the non-bridging oxygens away from this 

layer of negative charge towards the surface. With electron 
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bombardment, therefore, there is a net diffusion of alkali 

ions from the surface layers towards the interior of the 

glass specimen and of oxygen ions towards the conductive 

surface coatings to which they lose their electrons and 

evaporate into the vacuum system as o 2 molecules. The loss 

of oxygen leads to a measurable shrinkage of the glass in 

the bombarded area, and the mass of glass affected, M, by 

1 t b b d A 2 . . b e ec ron om ar ment on an area em 1s g1ven y 

where V is the electron energy (in volts) after passing 
p 

(F. 2) 

through the conductive coating on the glass surface, and B 

is a constant describing the absorption of electrons by the 

material. For pyrex glass B was found to be 

6.2 x lo-11 v 2 g-1cm2 . 

Varshneya, Cooper and Cable ( 83 ) observed that the 

characteristic intensities in a K20-SrO-Sio 2 glass were time 

dependent; Sr counts remained fairly constant while Si counts 

increased and K decreased. This phenomenon was explained in 

terms of the Lineweaver mechanism outlined above. Borom and 

Hanneman <84 > have come to similar conclusions noting that 

the compositional changes during electron bombardment on 

glass surfaces are accompanied by severe electron-beam 

induced cratering damage. The importance of heat flow 

problems involved in these low thermal conductivity samples 
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(even with conducting coatings) have been noted by a number 

of workers <85 , 86 , 87 ) 

Implicit in the Lineweaver mechanism is the existence 

of an "incubation period" or "delay time" from the start of 

electron bombardment before the onset of out gassing and the 

migration of cations away from the bombarded zone, as was 

later observed by Vassamillet and Caldwell ( 87 ). The authors 

proposed that ion movement in glasses during electron 

bombardment must depend on the temperature of the volume 

irradiated, and that there exists a critical temperature 

(which depends on the glass composition) for an alkali ion 

diffusion from the irradiated zone. The length of the 

incubation time and the rate of decay of the X-ray 

intensities are now known to depend strongly on the beam 

voltage, curre nt, beam size and the thickness of the 

conducting coating on the glass surface. 



APPENDIX G 

NUMERICAL SOLUTION OF THE GLASS-METAL KINETICS 

BY FINITE DIFFERENCE METHOD 

The procedure is similar to that adopted in the 

solution of diffusion equations for glass diffusion couples. 

The partial differential equations (A.64) and (A.68) and the 

continuity equations (A.71) defining the interface 

concentration were replaced by the finite difference 

approximations as described in Appendix C so that the 

continuity expression of Eq. (A.7la) becomes 

m B·llx = c1 (I,L-l) + 
Dm 

1 

x [- inK + z2 R.n 

+ zl R.n 

m c1 (I,L) 

' N c
1

(I,L) 

(G .1) 

Similarly for the (A.7lb) which we designate as Eq. (G.2). 

The finite difference forms of Eqs. (A.68) and (A.64) 

describing diffusion in the metal and slag phase respectively 

are given in the program listing attached below. 

In solving the above equations, we first establish 

the interface concentrations at time I+llt using (G.l) before 
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solving t .he diffusion expressions for both phases; and t .hen 

repeating the process till the end of the diffusion period. 

In this solution, 6x and 6t have to be chosen so as 

to ensure two stability conditions: first 6x is taken 

sufficiently s mall that Eq. (G.l) does not lead to a 

negative concentration (or a concentration greater than 

unity) . From experience it was found that 

B • 6x < 10-2 
D 

ensured stability. This is stability condition no. 1. 

Secondly, 6x and 6t have to be chosen as described in 

Appendix F for the diffusion equations. Explicitly this 

condition is such that (see Crank) 

{G. 3) 

(G. 4) 

For systems with very fast reactions and low diffusivities 

(limiting case of diffusion-control), condition (G.3) 

generally leads to a very small 6x, and thus a very small 6t. 

In these cases, long computing times are involved. 



H vl Uh T 1 0 0 0 • 
FTN. 
LGO. 

6400 END OF RECORD 
PROGPA~ TST ITNPUT,nUTPUT,TAPF5=TNPUT,TAPE6=0UTPUTl 
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C NUMERICAL SOLUTIO~ OF QTFFUSTON FQUATIONS FOR a GLASS/METAL COUPLE BY FNIT D 
I) T ~~ F N S T n r,l C 1 M ( '? , '? ? 0 I , r 7 M I '? , ? '2 0 I , C 1 N ( ? , 2 ? n l , C 2 N I '?. , ? ? 0 l , X X I 'i 0 0 ) , 

c 
c 

1 DDMI?20J,DNNI?201 
READ IN SYSTFM PARAMETERS 

?01 400 401 600000 
C 1• 1• 1.E-6 l.E-6 1.E-8 

l.E-~ 

l.E-8 
s.E-s 

l·E-5 .4 
-.60 c .70 .30 .70 .30 .35 .25 .35 .25 

READIS,l?l L,N~NN,LIMIT,DELT,DELX 

READ(S,lll Zl,Z2, D1M •D2M~rlN•D?N,ORTK,F0K 
R F A f) I c:. ' 1 0 I C v 1 M ' C M ? ~.A ' C 1 ~~ I 1 , L I ' C 2 M I 1 ' L l , C N 1 N , C N ? N , C 1 N I 1 , L I , C ? ~l I 1 , L l 

1 ,zc~ 

12 FORMAT 1411 0 ,[10.4,[ 10 .4 l 
11 FORMAT !2F4.0, SFI0.3 , FlOeS I 
10 FOR1~ATI2Fl0.4,2F5.4•2Fl0.4,2F5.4,Fl0.4 

C STATE INITIAL CONDITIONS FOR THE SYSTEM 
LM = L-1 
LN = L+l 
DO 20 J = l•LM 
C 1 ~1 ( 1 , J I = C M 1 M 
C2MC1,Jl = CM2M 

20 CONTINUE 
DO 21 J = LN,NN 
C1N(1,Jl = CNlN 
C2N(l,Jl = CN2N 

21 CONTI NUE 
XX(ll = 0., 
DO 22 J = 2, ~lN 

22 XXIJ) = DELX*FLOAT(J-11 
MP = 500 
!START = 1 
TDELT = 1 
CONST = DELT/IDELX*DELX) 
ZZ1 = Zl*Z1 
ZZ2 = Z?*Z2 
DN = D1N*D2N 
DZl = D1N*Zl 
DZ 2 = D2N.J(.Z2 

C WE NOW START COMPUTING THE CONCENTRATION DISTRIBUTION FOR BOTH PHASES 
24 DO 1000 II = !START , LI~IT , IDELT 

T = FLOATIIIl 
DO 31 J = l•L 
DDMIJJ = DlM*C2MI1,Jl+ D2M*ClMI1,Jl 

31 cor-.!T T NUE 
DO 51 J = L•NN 
DNNIJJ=DN*IZZ1*CJN(1,Jl+ZZ?*C2NIJ,Jl l/IDZ1*C1Nil,Jl+DZ2*C2Nil,Jll 

51 CONTINUE 
BM = ORTK*DELX/DDMILl 
BN = ORTK*DELX/DNNILl 
ClMI2•Ll = ClMil,L-11 - RM*I-ALOGIEOKl + Z2*ALOGIC1Mil,Ll/ 

1 ClN(1,Lll + Z1*ALOGIC2Nil,LJ/C?Mil,LJll 
C2MI2•Ll = 1.0- ClMI?,Ll 
ClN(?,Ll = C1N(1,L+1 l + RN*I-ALOGIEOKI + Z2*ALOGIC1M(1,Ll/ 

1 C1N(l,LJJ + Zl*ALOGIC?t'l(l,Ll/C2M(l,Llll 
C2N(2,LJ =- IZC3 + Z1*ClNC2,Lll/Z2 



ClMil•LI = ClM(2,LI 
C2M!l,LI = C2M(2,LI 240 
ClN(l,LI = C1N(2,LI 
C?N(l,LI = C?N (?,LI 

C COMPUTE METAL PHASE CONCENTRATION DISTRIBUTION 
DO 30 J=2 ,u-1 
ClM(2,JI = ClM(],JI + CONST*IIDDMCJ+11 - DDM(JJ J*IC1M(l,J+ll -

1 ClM(l,JII+ DDMIJI*IClM(l,J+ll -2.*ClM(J,JI + C1M(l,J-III) 
30 CONTINUE 

C COMPUTE CONCENTRATIONS AT THE METAL END OF THE SYSTEMI.E AT J=1 USNG DC/DX=O 
C1MI?•ll = (4.*C1MI?•?I-C1~(2,~ll/3. 

D 0 3 2 J = 1 ' L 1\1 
C2M(2,JI = 1.0- C1M(2,Jl 

32 CONTINUE 
C COMPUTE GLASS PHASE CONCENTRATION DISTRIBUTION 

DO 50 J=LN,N 
CJN(?,JI = CJI'I(l,JI + CONST*IIDNNCJ+ll- DNN!J))*IClN(t,J+l l­

? ClN(l,Jll + DNNIJJ*IClN(l,J+ll - 2.*C1N!l,Jl+ C1N(J,J-lll l 
50 CONTINUE 

C COMPUTE CONCF~ITRATIO~.J AT GLASS END OF THE SYSTFM USING DC/DX=O• 
CJN(?,NNJ = 14.*C1NC2,NN-11 - ClNI2•NN-2JI/':l.. 

C CALCULATE THE CON CEN TRATION VALUES OF THE SECOND COMPONENT IN THE GLSS PHASE 
DO 52 J=LN, N"l 
C2NI2•JI =-IZC3 + Z1*CINC2,Jl I/Z2 

52 CONTINUE 
DO 60 J = 1, U~ 
CJM(l ,JI = C1M(2,JI 
C2M(J,JI = C2M(2,JI 

60 CONTINUE 
DO 61 J = LN•NN 
ClN(l,Jl = ClNI?,JI 
C2NI1•Jl = C2N!2,JI 

61 CONTINUE 
IF (IT .NE. MP l GO TO 1000 

90 WRITE 16•911 T 
91 FORMAT (1H1 , ]0H TIME = ' FB.0•6H SFC. I 

1 4?H C1(2,Jl C2(2,JI DISTANCEICMI 
DO 100 J = 1•L 
WRITE (6,3001 C1M(2,Jl , C2M(2,JI , XXIJJ 

300 FORMAT llH- , 3F12.8l 
100 CONTINUE 

WRITE (6,9?1 
92 FORMAT (JH- ' ?8H C1N(2,JI C2N(2,Jl 

D0 ?00 J = L•NN 
WRITE (6,?001 C1N(2,J), C2N(2,Jl 'XX!Jl 

200 CONTINUE 
MP = ~-1P + 500 

1000 CONTINUE 
1001 STOP 

END 
6400 END OF RFCORO 

201 400 401 
1. 1. l.E-6 1.[-6 

.70 .30 .70 .30 
END OF FILE 

l.E-~ 5.E-5 600000 
].E-8 l.E-8 l·E-5 .4 

.35 ·25 .35 .25 -·60 

CD TOT 0114 
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