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(57) The mnvention relates to a method of producing amorphous sample bodies that can be used for optical spectral
analysis and X-ray spectral analysis, by batch-wise smelting 1n a crucible a mixture of analysis sample and a flux. The
method 1s characterized by allowing a controlled flow of molten material to run out of the crucible and successively
down onto a horizontal receiving surface and there form the sample bodies. The mixture 1s smelted suitably at a
temperature of between 800 and 1300°C, preferably at about 1000°C, and 1s carried out 1n a crucible having a hole 1n
the bottom thercof. The invention also relates to apparatus for producing such amorphous sample bodies. The
apparatus includes a smelt crucible provided with an opening 1n 1ts lower part and which 1s designed to be downwardly
tapered at least mside 1n order to prevent the mixture from coming out, but to facilitate running of molten material
through the opening. The apparatus will also preferably include a casting plate or a mould for casting sample bodies
positioned horizontally beneath the crucible. The invention also relates to the application of the method and the use of
the apparatus 1n the production of sample bodies for the analysis of geological material, inorganic environment test
material and sulfidic and/or oxidic products from ferrous and non-ferrous production processes.
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ABSTRACT

The mnvention relates to a method of producing amorphous sample bodies that can be
used for optical spectral analysis and X-ray spectral analysis, by batch-wise smelting in
a crucible a mixture of analysis sample and a flux. The method is characterized by
allowing a controlled flow of molten materal to run out of the crucible and successively

down onto a horizontal receiving surface and there form the sample bodies. The

mixture 1s smelted suitably at a temperature of between 800 and 1300°C, preferably at

about 1000°C, and 1s carried out in a crucible having a hole in the bottom thereof The
mvention also relates to apparatus for producing such amorphous sample bodies. The
apparatus mcludes a smelt crucible provided with an opening in its lower part and
which 1s designed to be downwardly tapered at least inside in order to prevent the
mixture from coming out, but to facilitate running of molten material through the
opening. The apparatus will also preferably include a casting plate or a mould for
casting sample bodies positioned horizontally beneath the crucible. The invention also
relates to the application of the method and the use of the apparatus in the production
of sample bodies for the analysis of geological material, inorganic environment test

matenal and sulfidic and/or oxidic products from ferrous and non-ferrous production

processes.
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. A METHOD RELATING TO THE PREPARATION OF AMORPHOUS
SAMPLES AND MEANS THEREFOR

The present invention is concerned with a method relating to the preparation of
amorphous sample bodies that can be used for optical spectral analysis and X-ray
spectral analysis, by batch-wise melting in a crucible a mixture comprsing an analysis
sample and a flux. The invention also relates to means for prepanng the sample and for

practicing the method.

A great deal of development work has been put into the preparation of sample bodies 1n
recent decennia. This development work has been necessary because analysis sample
bodies shall be as homogenous as possible in all types of analyses. A well-prepared
amorphous glass has this property. In the case of X-ray spectral analysis for instance, 1t
is difficult to work the sample mechanically (fine gnnding or comminutiong) to achieve
a homogeneity or particle grain size which will not have a disturbing afiect on the
subsequent analysis. In the case of optical spectral analysis, solutions that lack not-
readily dissolved solids are normally required. Consequently, attempts have been made
to develop more sophisticated smelting methods for the preparation of amorphous
sample bodies. These smelting methods are generally based on mxing the analysis
sample with a flux and thereafter melting the sample-flux mixture and moulding the
smelt in an appropriate mould to obtamn a glass bnquette. Different borates are mainly
used as the flux material, for instance lithium tetraborate, although the use of other flux
materials 1s mentioned 1n the literature, such as lanthanum oxide, hithrum metaborate,
etc. The results obtained with this method of prepanng sample bodies for optical and
X-ray analysis are considered to be of such high quality that each sample matenal that
will dissolve in a borate glass produced with the aforesaid conventional flux is now
analyzed by spectral analysis. Difficulties are experienced in preparing homogenous
sample bodies in the case of many matenals, for instance matenals which contain high
concentrations of basic oxides, sulphides or which have high metal contents. In such

cases, crystalline formations frequently occur which, in practice, make 1t impossible to

analyze sample bodies of many different types of inorganic matenal for instance
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geological samples, environmental samples, sulfidic and/or oxidic products that contain

different intermediate products from ferrous and non-ferrous manufactunng processes.

Described in an article in X-ray Spectrometry, Vol. 19, pp. 3-14 (1990) is one of the

latest proposed sample preparation methods for the analysis of geological samples, the

so-called LDF method (Low Dilution Fusing). The method has been developed with
the intention of solving sample preparation problems in respect of particularly
troublesome rock species and minerals, for instance lamproites and kimberlites, these
minerals having been formed under high pressures and temperatures. The flux used 1s a
mixture compnsing 20% lithrum tetraborate and 80% lithum metaborate. An oxidation
agent 1s also added, for instance one of the following: NH,NO;, LiINO;. and NaNO;
The oxidizable constituents are oxidized during smelting of the sample-flux mixture.

X-ray Spectrometry, Vol. 19, pp. 67-71 (1990) describes a smelting method used at

Mount Isa Mines for many years in the preparation of geological sample bodies and

different smelter products. A short pre-oxidation process with sodium nitrate at 70°C
has been included in this method to enable the preparation of sulphide-containing

sample bodies. The additives used in other respects comprise a conventional flux

consisting of different lithum borates.

Many of the maternals relevant for analysis in laboratonies that are associated with mines
and smelting plants have such high sulphur and/or heavy metal concentrations as to
necessitate their analyses by other methods, since 1t has not been possibie to produce
sample bodies of sufficient homogeneity hitherto. It can be mentioned by way of
example that when testing the LDF method in our analysis laboratory at the Ronnskiér
smelting plant, sample bodies of different types of matte, white metal (1.e. concentrate

matte) and oxide products of high zinc contents indicated several crystalline phases in
the X-ray diffraction process.

Another method of preparing amorphous sample bodies, including sample bodies from

the aforesaid problematic matenal, i1s described in Applicant's earlier publication EP-A-
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05 17685. As with the earlier known sample preparation methods, smelting is effected in a

laboratory furnace in conventional platinum laboratory crucibles, which are removed from the

furnace with the aid of crucible tongs after a given time has lapsed, and the smelt contained in the
5 crucible is poured into a sample mould to form a sample body. This method of smelting

and casting sample bodies thus requires the use of particularly expensive crucible

material, as conventional laboratory crucibles are made of platinum. Each crucible can

only be used for a hmited number of analyses, partly because of the wear to which the

crucibles are subjected dunng the smelting processes, and partly, and mainly, as a result

10 of contamination by readily alloying elements, such as Co, Ni, Cu and noble or precious
metals mcluded 1n the sample, which naturally also jeopardizes subsequent analysis of
these elements. Furthermore, the personnel preparing the sample must be very adroit
when handling crucibles and crucible tongs, so as to ensure that nothing will be spilt
from the crucible as 1t 1s placed into and removed from the furnace, and while moulding

15  the sample bodies.

Consequently, there 1s a need to further develop sample preparation methods so as to
enable amorphous, homogenous sample bodies to be prepared from all of the matenals
that can be made the subject of analysis in, e.g., the laboratory of a smelting plant. One
20  reason in this respect 1s the need to keep analysis costs low, for instance by rationalizing
sample preparation so that all matenals to be analyzed can be prepared in one and the
same way and preferably with solely one single sample preparation. Neither is it
possible to lower the accuracy to which the analyses are camed out, and consequently
particularly high and very specific requirements must be placed on the sample
25  preparation method appled. It 1s therefore desirable that the preparation of amorphous
sample bodies can be improved so as to enable cheaper matenials to be used and so that
manual handling 1n conjunction with the moulding of sample bodies can be made easier

and more effective, but primarily so that analyses of elements that are able to alloy with

platinum can be carmed out with greater precision.
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Accordingly, the object of the present invention is to provide a method mn which the
aforesaid drawbacks associated with the preparation of amorphous sample bodies are
essentially fully eliminated. The invention 1s characterized to this end by the steps and
features set forth in associated Claims.

Smelting of the mixture containing an analysis sample and flux 1s carmed out whlst
casting sample bodies at the same time. As the mixture begins to melt, the molten
material runs down in a controlled flow onto a horizontal underlying surface where the
smelt is collected and permitted to solidify into solid, amorphous sample bodies. The
smelting process is suitably effected in a crucible provided with a hole and constructed
so that the mixture will not leave the crucible through the hole prior to melting, and so
as to facilitate running of the smelt from the crucible. The flow of smelt running from

the crucible is controlled by approprnately adapting the diameter of the hole.

Smelting is suitably carried out in a temperature range of 800-1300°C, for mnstance at a

temperature of about 1000°C, which has been found to provide amorphous sampie

bodies of sufficient homogeneity when sulphur-containing sample bodies are to be

prepared, and which afford the requisite analysis accuracy.

The inventive arrangement for preparing amorphous sample bodies by batch-wise
melting of a mixture of a sample intended for analysis and a flux mcludes a smelt
crucible which is provided with an opening in its lower part and at least inside designed
tapering downwards in order to prevent the mixture from coming out, but to facilitate
flowing of molten material through said opening. The crucibles may be modified smelt
crucibles conventionally used for analysis purposes, for instance platinum crucibles,
wherein the modification comprises a hole in the bottom of the crucible and optionally
the use of an insert, for instance a ceramic insert, which facilitates runnming of the molten
material from the crucible. The invention also enables special, non-conventional
crucibles shapes to be used, for instance tapening or conical shapes. Thus, the method
enables the use of platinum crucibles and the like, wherein the effective useful life of the

crucibles is extended because the time in which the molten matenal i1s 1n contact with
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the metal wall of the crucible is shorter than in the case of conventional smelting
processes. However, the aforementioned alloying problem still remamns to a large
extent, i.e. the take-up of certain metals in the crucibles, and consequently it 1s preferred
to use instead smelt crucibles that are made of non-metallic matenals. It has surprisingly
been found that the novel method allows the use of non-metalhic matenals that have
earlier been unusable, probably because it was not earlier possible to reduce the smelt-
crucible contact time sufficiently to eliminate contamination. This contamination 1s
caused partly by dissolution of the crucible material in the smelt and partly by smelt
being alloyed in the crucible wall. The inventive method thus enables the use of much

cheaper smelt crucibles than was earlier possible and also enables sample bodies to be

prepared in the absence of any appreciable risk of any contamination that may cause

wear on crucibles and also present analysis problems.

A suitable ceramic crucible matenal is boron nitride. The crucibles may be produced
entirely from boron nitride, by pressing or pyrolytically, although it 1s also possible to

use a less expensive ceramic material for the actual crucible and thereafter coat at least

the internal surfaces of the crucible with boron nitnide.

The sample bodies may be moulded or cast directly on an existing hornizontal underlying
surface over which the crucible has been placed, although it 1s preferred that the

arrangement will also include a separate casting plate or mould placed horzontally

beneath the crucible.

The plate or mould will preferably be placed at a distance of 1-20 mm from the exit
orifice of the hole in the bottom of the crucible. The crucibles may advantageously be
made of ceramic matenial, for instance refractory casting matenal of commercial

quality, for instance from Hogands or Silikaverken, both of which prowiding such
qualities, which can withstand temperatures in excess of 1300°C. Graphite crucibles

can also be used i some cases. The crucible may have different, downwardly

narrowing shapes, at least intemally, provided that the mixture will not leave the

crucible through said opening prior to melting of the mixture. However, a conical
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crucible has been found to be best from both the aspect of manufacture and of use.
There can be used a refractory crucible rack having room for several crucibles, with a
casting plate provided with moulds beneath each crucible, so as to enable sample bodies

to be prepared both quickly and effectively.

The invention will now be described 1n more detail with reference to the accompanying
drawing, the single Figure of which 1s a longitudinal, partially sectioned view of a
preferred nventive arrangement, and with reference to an exemplifying series of

analyses which illustrate the reliability of sample bodies prepared in accordance with the

Invention.

Shown 1n the Figure 1s a crucible rack 10 which accommodates sample smelt crucibles
11, of which only one 1s shown in the Figure. The rack includes a plurality of crucible
recerving holes 12 whose sizes are adapted to chosen crucible sizes. Each crucible 11
has a conical, downwardly tapering part 13, and a bottom 14 in which an opening 15 is

provided. The upper part of the crucible 11 has a horizontal rim or edge 16 adapted to
the size of holes 12. A suitable crucible will have a height of about 45 mm, an outer

diameter of the same size, and a hole diameter of about 4 mm.

The crucible rack 10 is placed on a mould rack 20 having legs 21 which rest on an
existing horizontal supportive surface, for instance on the bottom of the furnace. The
mould rack 20 has moulds 22 formed beneath each hole 12 in the crucible rack 10. The
diameter and depth of respectivé moulds can be adapted to the nature of the sample

bodies to be produced, but will suitably have a diameter of about 30-35 mm and a
depth of about 5 mm.

Amorphous sample bodies are prepared in accordance with the invention by mixing a
weighed sample quantity with flux. The mixture is transferred to a crucible 11 placed in
the rack 10. Because of the conical configuration of the crucible 11 and the intrinsic
internal friction of the fine-grain mixture, the sample mixture will form a bridge 31 at
the bottom of the crucible. When all crucibles 11 in the rack 10 have been filled with
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respective sample mixtures 30, the crucible rack and the mould rack 20 are placed in a
furnace chamber, with the crucible rack 10 placed over the mould rack 20 as shown in
the Figure. When the mixture 30 begins to melt, molten material will run down in the
crucible 11 and gradually melt the bridge 31 and therewith penetrate the bridge and
pass out through the opening 15 and down into the mould 22. When all moulds 22
have been filled, the crucible rack 10, the mould rack 20 and the moulded sample

bodies are allowed to cool. When these process stages have been completed, the used

crucibles 11 and moulds 22 are removed from their respective racks 10 and 20 and

replaced with fresh crucibles and moulds for continued sample preparation.

The mvention will be described in more detail below in the form of examples which
describe trnals from assays and analyses carried out with XRF equipment of the Boliden
laboratory with the aid of glass bnquettes produced by the inventive method and with

the inventive arrangement, the results of these trials being set forth in Table 1 and Table
2 below.

Example 1

This example is intended to show the reproducibility of the method. A number of
double sample-bodies were produced. The first pairs are five sediments of the twelve
international Chinese GSD standards, and the remaining five are some of our in-house
standards, all of which have a highly complex nature and occur as reference samples in
our activities. Table 1 discloses sample content and measured intensities of the double

sample-bodies. The standard deviation has been calculated as the relative spread of

measured intensities of respective double sample-bodies

Std. dev. S (%) =
[Z{ 2(14-15) ! (1i+15) } S (N=1)]* x 100,

where I, Is = Measured intensities in counts/second (c/s) for the A and B sample

respective. N = Number of pairs.
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As a comparison, the statistical spread error in the mean value of the 20 intensity

measurements was also calculated, as

Sigma ¢ (%) =1/ (1)"* x 100

Example 2

In this test senes, the chosen sample was an arsenic concentrate having high
concentrations of S10,, S, Fe and As, 1.e. also volatile elements as S and As. Table 2
also discloses concentrations for the standard, ASS, concentrations calculated with our

evaluation program (TNPP) for a number of different ASS sample bodies produced

with the described apparatus and measured sample intensities. The first sample,
ASSORG, was produced conventionally in platinum crucibles. The second sample,
ASSPTI, was prepared in a hot-pressed BN crucible (boron nitride) in accordance with
the aforedescribed apparatus. The ASSPYK sample was produced in and with the aid
of a pyrolytically produced BN cone, whereas the DGPT9A sample was oxidized and

smelted mm a BN-slurmed ceramic crucible in accordance with the invention.

It will be seen from Table 1 that S 1s constantly smaller than or equally as large as o for

elements whose atomic number 1s greater than that of potassum, with the exception of
copper. This 1s because the copper channel has been attenuated and because the relative
error will naturally increase in respect of sample bodies close to the detectable limit. S
and o differ by a factor of £3 in the case of the lightest elements Na to S, which is
considered acceptable for these elements. A comparison is made in Table 2 between the
ASS sample produced conventionally in the platinum crucible and the remaining sample
bodies. Intensities and calculated concentrations are in good agreement, with the
exception of the sample body produced in the BN-slurried crucible which has lost more
sulphur than the remainder and which was shielded from BN powder entrained from

the crucible walls. The sulphur yield i1s only about 85%, 85% and 65% respectively in

the case of the ASS sample bodies produced in BN crucibles in comparison with the

conventionally produced sample. The above Examples illustrate that the inventive
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arrangement can be used to produce glass for sample bodies of varying composition

and that this can be achieved with good reproducibility.
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CLAIMS

1. A method of preparing an amorphous sample body that can be
subjected to optical spectral analysis and X-ray spectral analysis comprising:
placing a mixture of an analysis sample and a flux in a crucible having
a hole in the bottom thereof;
placing the entire crucible in a furnace; and
conducting batchwise smelting whereby the mixture melts, flows
through the hole at the bottom of the crucible and onto a horizontal receiving

surface thereby forming said sample body.

2. A method according to claim 1, characterized by smelting said
mixture at a temperature of between 800 and 1300°C, preferably at about
1000°C.

3. A method according to claim 1, characterized by choosing the

diameter of said hole so as to predetermine the flow of molten material from

said crucible.

4. Apparatus for producing amorphous sample bodies by batch-wise
melting of a mixture containing a sample intended for analysis and flux in
accordance with one or more of claims 1-3, characterized by a smelt crucible
which has an opening in a lower part thereof and which is designed to be
downwardly tapered at least inside in order to prevent the mixture from coming

out, but to facilitate flowing of molten material through said opening.

D. Apparatus according to claim 4, characterized in that the

apparatus also Includes a casting plate or a mould for casting sample bodies

positioned horizontally beneath the crucible.

6. Apparatus according to claim 4 or 5, characterized in that the

plate or the mould is positioned at a distance of 1-20 mm from an exit orifice

of the opening provided in the bottom part of the crucible.
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T 7. Apparatus according to one or more of claims 4-6, characterized

2 in that the crucible comprises ceramic or graphite material.

1 8. Apparatus according to claim 7/, characterized in that the crucible

2 is made from or coated at least internally with boron nitride.
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