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Glassss of various coxzvositions are being examined for their czpzcities to
irmobilise fissicn producis and resist corrosion. -is pari of this prcgramme
£

twc samples c¢f glass containing different assemblages of crystals have been
quaiitatively analysed. Their initial dulk compositions are given in Table 1,
the waste comprising 21 elements the most abundant of which are Mg, Al and Pe.

Tzble 1, Glass compositions

Vi JD 189 JD 209
Waste 25.26 25.70
510, b.51 50,88 | ~ "
Li,0 3.69 . 3.99 . - v
.. Na0  7.68  8.30 . o
3203 21,82 11.12

Formation temp. 900°C  1000°C

Analyticzl procedure.

Analyses of glass and crystalline phases in polished secticns were carried cui
using a Cambridge Instruments Geoscan electron microprobe fitted with a Link

Systems energy-dispersive analyser and computer. The computer enables cn-line
correction of absorption, fluorescence and atomic number effects for simultan-

“‘eous multi-element analyses. The lightest elemeni which can be anzlysed

guantitatively on fhis equipment is Na, although F can be deciected when presens
in abundancs. Detection limits for each element vary with composition of the
specimen but are typically 0.05 to 0.2 of the element. oThe zccelerating
voltage used was 15 kV, with a specimen current of 5410 = amps. v

Results.

A. JD 185. The glass is homogeneous in major element composition, all analiyses
showing major 31, lesser Na, Mg, Al, Fe, Mo, Zr, and ¥d, with varying minecr %o
trace amounts of Cs, la, Ce, Pr, Zn and Ni, Representatiive analyses are shown
in Table 2. These analyses are all of clear areas of glass intermedizte to the
crystals, ard no determinations of concentration gradients in the vicinizy of
the crysizls have as yet been made. The low toials of the aralyses indicate.
that lignt elements not detectadle by the anzlyser, are present in the giass,
Thus 3, Li and CE or 320 may mzke up the remainder of the glass.

Some elemenis are impossible to detect in low concenirztions in the presernce
large concentrations of certain other elemenis because of peak overlar on
the specirum. These include low Rb, Sr and Y with high Si, and iow P witih

r. Tne compuier has a fitting routine to match peak profiles in an
unknown with standard profiles. This generates a "fit index" figure, which—-
helps to. indicate the presence of unsuspected elements in compound peaks.
Thus if, Z2r znd P were both present in a specimen, bui only Zr was inpui as
an analysed element a high fit index would result. (A fit index of <2.0 is
considersd to indicate that all elementis present in quantifiable concenirations
have been znalysed). The "fit index" of each of the glass analyses show that
no cignificant guantiiies of Rb, Sry, Y or P are present. There is a2iso a peax
search routine which indicates peaks outside the fitting region of tne celected
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Table 2. Analyses of glass in samples JD 18% and JD 209.

Although the crystalline phzses
compositions three main groups are
are less than the thickness of the

JD

_.-n.d. - not detected

and.analytical work.

distinguishable,

o 189 JD 209 .

W% 1 2 3 R 2

Na,,0 7.52 8.10 7.93 . B8.62  8.60

MgO' 3.06 3.34 3.16 . L7 . L3t

41,0, 595 5.52° 6.29  '5.37  5.30

510, L7.51 48.98 50.15 She13 " Shail

FeO 2.30 2.60 2,73 2.15 7,31

NiO n.d. n.d. tr tr tr

Zn0 0.60 tr 0.89 0.85 c.57

zr0, 1.80 1.89 2,02 1465 1.66 i
MoO,, 2.19 2.1 2.25 2.10 1.77

c8,0... 0.52. .. . - 0.59 . 042 - .. 0.48 0.63

Bal- ) tr

“La203' tr n.d. tr 0.58 tr

Ce__O2 tr- n.d. n.d. tr
 Pr2O3. tr tr . tr o

a0 ¢1f25A. 1.28 132 TS ‘1f§? |
tr - trace.<

present heve widely varying forms an
Most of the crystals"
section (30 pum) and this hinders optical

Type 1. The largest crystals are equant colourless anisofropic grains up to
70 ym diameter mosily discretie but some occurring in clusters with other

phases.

Some also have inclusions of other phases, commonly opaque grains.

They have high concentrations of rare-earth elements, with Nd> La> Pr> Ce.

Analyses are shown in Table 3.
programme will only accept one valency siate for ea
" analysis; the stendard used for calibration is Pr,0
should only pe taken as approximate concentrations.
was not in store a2t the time of the anzlyses.
partly due to the presence of undetectable light elements.

data for Mo

Pr is given as Pr20 as the correction
éh element in any one .
and the totals given.
Mo is given as McO,, as
Low totals may be

Type 2. Radiating clusters of colourless prismatic and smaller, brown
acicular crystals are present, often centred on a2 core of opzque granules.

Analysis of these was diffic

work is necessary to distinguish the phases.

clusters are characterised by. high Mg and low totals (Table L).

t bdecause of their very small size, and further
Analyses in the region of the. _
This suggests

that at least one of the phases consists of Mg combined with a light element,
possibly B. .
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Cz_:203

Fel

»Zer

L3203

Ce02

Pr203

- Na0,

n.d. - not

“Table L Analyses.§f Type 2 and Type 3 crystals in JD 189.

-

Fel
NiO
2no
2r0
MoO
Ru0

Pao

Nd203

tr

0.32_

0.32 -

21.86
tr
tr

n.d,

14.04

n.d.

11.49

- L3.02

0.38

22,03

tr
14471
*-10h9

11.29

L1.74

374

“tr

20.20

tr‘
14.79
-2.12
10.82

38.22

detected tr - trace.

Type 2
1 2

3.16 0.54
30.25 L6.47
2.82° 0.77
21.82 5.84
0.27 0.2y
1434 0.57
1.67 2,52
0.31 0.67"

0.60 tr

0.87 tr
0.35

tr

0.60 tr

4 s
0.39
0.28
1.53

tr

tr .

0.47
h tr
Ttr

96.95

tr - .

1.56

0.67
tr

21.83

15.42
2.10

39.22

Type 3

72
‘O.h1
0.67
tr |
3.03
n.d.

tr

0.51
. ir
"Ned,

0,75
98.35
3.76

tr
2,31
tr

19.88

.0.38

8.3L

9.86

36.54

tr

0.48 -
0.87

3.46
n.d.

0.72
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Czaques range in size from less than 1 um up %o 200 um in granular
These contain Ru and Pd as major constituents, usually in distinct
ions where. soth are preseni in the same opacue mass. -inalyses are
shown in Table L. ResulLs are inconclusive at present, bdut amalytical totals,
combined with reflected 1izht p operiies suggest that Pd is usually present as
the metal, wnereas Ru may be in met2l or oxide state,

B. JD 209. The glass is homogeneous in major element composition (Table 2),
the most significant difference from JD 189 being the higher concentration of
SlO and higher totals, as would be expected from the bulk composition.

Three distinct groups of crystalline phases are present.

Type.1. Colourless prismatic crystals of varying composition, but all having
major Si ard Mg. The form and composition of these suggests a possible simi-
larity to Mg-orthopyroxenes. The variatiocns in the minor element composition
are partly due to intergrowths, inclusions and adherlng crystals of other phases.
(see Table 5).

Type 2. These are small equant crystals with strong relief, characterlsed by
- high Ce concentrations. The analyses also show Si, but it is uncertain at .
present because of the small size of the crystals whether this is in the Ce-rich
phase, or the surrounding glass. These crystals also contain several elements
in concentrations of the order of 1 wiy4 oxides. (see Table 6).

Type 3. Opacues (Table 7) are composed mainly of Ru and Pd, with other elements
probably ‘present in fine intergrowths. Analyses in larger areas of grey-blue
reflecting opaques show that Pd is present as the metal and Ru occurs mainly in
brownish non-metallic opaques, which give totals close to theoretical RuO2
-composition. . : :

Table 5 Type 1-orthopyroxene-like crystals in JD 209.

~

n.d. - not detected tr - tracg:

L | |

Na,0 1.0 3.48  1.48 . 3,16 0.63 tr -
Mg0 22.77 17.18 22,51 18.30 25.61 26.87 -
8,0, 0.8L 2,28 0.89 2.17 0.50  0.38

5i0, _57-29 56.57  57.30  56.L9 57.32  57.56

Cr,0, 2.87° 1.89 2.16 2.27 2.65 2,50

Fe0 . h.85 L33 5.06 ~ 3.28 L.2k 4.56

NiO 2.14 1.56 2.18 2.39 3.21 2.58

Zno  tr " 0.Lk 0.41 “tr 0.50 0.72
| 2r0,,  0.62 1.06 1.04 0.88 0.89 0,67

M002 ' tr - 0.74 0.28 0.87 tr | tr

RuO,, tr tr 0.31 tr

Pdo 0.39 n.d. ned. n.d.
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_Table 6 Type 2 Ce-rich crystals in JD 209.

Wi ¢ ' .

Na,0 S 2.28 7 6.01 3.93

'Mg0 1.62 2.3L 1.81

41,0, .43 3.5 2.25

510, 13.83 32.79 21.19

Fe0 0.59 1.39 0.81

NiO tr . tr

2r0,, 1.82 1.56 1.80

MoO, 0.38 1.35 0.65

RuO2 | 2.84 . _

Ce0, 77.22 L5.95  67.10

Pr,0, .10 - 1,00 |
Na,0, - 1.75 - 2.61 - -

Table 7. Type 3 opaque grains in JD 209,

V1% . . :
| Na0 0.4s3 0.68 0.57 1.8} 3.90 5.89
Mg0 Cc.73 tr 0.24 - 0.71 1.50 2.65. .
a1,0, 1032 ©0.L47 Ttr 0.70 2.03  3.22 B
,Si02 . 2.30 3.01 1.22. 7.00 20.88 31.26
Cr203 tr 0.0 0.0 0.91 0.55 0.0 1
Fe0 ) o . 0437 . 1.39 ,
NiO : S EEREI . '
Zn0 : o tr o
B0, o ©0.50 1.7
RuO2 " 0.00 .0.00 1OQ.16 89.21 62.64 31.50 :
- - Pdo - 111.34  108.64 0.0 . 0.0 2.71 n.d.
Pd metal 96.79  9L.Lk ' 2.36
Cs,0 - tr - - - o | 0.39 A
CeO2 ‘ : ' ' 16.94
Nd203 0.62 = 0.72 ' N
n.d. - not detected +ir - trace. o o . o
ko Conclusion. = o o . - =
These results fépresent a preliminary investigation into the nature of the
products obtained with different bulk compositions. After optical ancé X-ray
work further refinement of the chemical analyses will take place until the

‘major phases are adequately defined and the destination of the most critical
. elements is-established.

P H A Nancarrow, M T Styles, 'R R Harding,
Petrology Unit, 26th June, 1979,




