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and many ot her solids and liquids. The precious netals values contained in
such conpositions nmake it inportant to recover the precious netals.
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incineration. However, all such incineration processes lose significant quantities of precious

20 metals, mostly as dusts but also possibly as vapours, and the ashes still contain very
considerable quantities of carbon/carbonaceous material, which is difficult to remove. The
traditional incineration processes also tend to generate rather larger quantities of pollutants,
which can include NOx and dioxins and can generate waste water streams that are difficult
to treat.

25

It is known that organic materials may be oxidised in supercritical water (see

USP 4,338,199 for example) but we do not believe that there has been any proposal to treat
organic materials containing precious metals. We are aware of one academic proposal to
treat phenoi as a waste material by supercritical water oxidation in the presence of MnO»

30  catalyst. This proposal did not suggest the presence or use of a precious metal catalyst, and
the very high cost of such materials would be a disincentive. We have now discovered that
a process according to the present invention can be carried out in a manner that is safe,
environmentally friendly, energy efficient and yields precious metal products in suitable
form for further processing.

35 .
The organic-precious metal compositions, used as this term 1s used herein, used as



formfor further processing. 35 The organic-precious netal conpositions,
used as this termis used herein, used as WD 01/ 83834 PCT/ GB01/01601 2
feedstock for the process of the present invention may be an reci ous
metal cOHPPEE834 conpound or physical nixture (such term S 1{04691ht ended
to include precious netals per se or precious netal conpounds or conpl exes
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as such is not, strictly speaking, organic). 5 The conpagsitions include

mi xt ur esfegsdstoskefor e prrdesy of e pIEHERG URRILIGN BBNPE AREPTHGIOY Mt Lamplex,

mat eri al . i Se ' ed - T, . i C
wastes SEpeRnd 85 B EhE 05 EARRASLTR ARRtERIS T el Sus AL
met al coEEpesbi preoioas ehetdl refipedndsast Wotliphekes Suppdeted B organikesuppart, subler eby
oxi dising the organic waste _and recovering the precious netal for further
ref i ni ngfSoraCBYhefarbom arattBeNghyrcarlan rasc\wuFR nip i Bpts pErictyy spealdpgre TEPH or e

wast § Ormoﬁg}o;_ﬁ%ngri &Y m'iﬂﬁl%gf[dfﬁﬁec%l?sv{ngfa?s gr @?r?l@ sf&rcotnﬂtﬂe)fegf\’vﬁﬁ ng of
organi c-preci ous nmetal conpositions, conprising treating such conposition
i n a reawgame nidterialls darvausd nthervgisg e condiderad apatastesarithas i auganic efasexygen,
permttin ghe or, é{rc conponents of the 152gonposLtion to be oxi.di sed and
recover i‘H%’ € 3 Withed BIOPESHORLTRIEIANT mefah AT tRTECIPESaEtah OMBPYIRR A8 The

suppl y afeafdy d6ddrding CRONRN pRIAELY irflRRGorft tHeh® ip)_da il (RN oflARI ARt URE
reactor, at the same tinme as as water is supplied to the teactor, although

oxygen rmagovating theapieviohy metal fo0fuatlidi tefinimy dryother tseappénted fdorasyelingaimtbé t he
reactoor I n ett gnd su ﬁl enent ary oxygen naybe supplied at one or nore
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The supply of oxygen is conveniently done at the inlet of an elongate tube reactor, at

the same time as as water is supplied to the reactor, although oxygen may alternatively or

20  additionally be supplied downstream of the reactor inlet, and supplementary oxygen maybe
supplied at one or more points along the length of the reactor. For example, supplementary

oxygen may be fed into the reactor downstream of an organic feedstock injection point.

The order of adding components to the reaction fluid is not especially important.
25 The process of the invention can be operated by pre-mixing the organic-precious metal
composition and water, heating the resulting mixture to supercritical temperature, or close to
that temperature, and adding oxidant (the heat of reaction is sufficient to raise the
temperature to or higher than the critical temperature). The oxidant may also be pre-mixed
with one or more of the reaction mixture components.
30
Although it is preferred to operate a continuous process, it may be operated as a

batch process.



tenperature to or higher than the critical tenperature). The oxi dant may

al so be pre-mxed wth one or nore of the reaction m xture conponents. 30
Al though it is preferred to operate a continuous process, it nay be

oper at ed"%g”ﬁt"&”‘gat ch process. WD 01/83834 PCT/ GBOL/ 01601 PCT/GBU04PAnt ity of
oxygen used is such to achieve conpl ete oxidation of feedstock under the
reaction conditions, and is suitably adjusted by feedback from sensors at
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preferabl ¥ 500 to ressure from about 230 bar to
about 300 bar, preferably at a pressure of 250 bar to 300 bar. There is,
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al r eady figRatdremehtir®RaPEIPWIHIURC. The oxi dation of organics according to
the invention is exothermc; a tenperature

15 The supercritical point of water is 374°C and 221 bar. Any supercritical reactor must
be engineered to withstand temperature and pressures well in excess of the supercritical
point. Although the material cost of plant to carry out the process, including special high
pressure pump and valves, is intrinsically high, the fact that the process is simple and quick,
combined with low operating costs and low losses of material, makes the process

20 economical.

The process is suitably carried out at temperature in the range from 400 to 600°C,
preferably 500 to 580°C, and suitably at a pressure from about 230 bar to about 300 bar,
preferably at a pressure of 250 bar to 300 bar. There is, of course, a pressure drop across the

25  length of the reactor, dependent upon the individual reactor design. The starting temperature

may, as already mentioned, be below 374°C.

The oxidation of organics according to the invention is exothermic; a temperature

rise of 150°C or so in the reactor has been observed 2 seconds after the injection of the

30 feedstock, as the reactor itself operates in adiabatic mode. The reactor is preferably an
elongate tube reactor, and is desirably insulated. The reactor may suitably be in the form of

a coiled tube reactor. By using conventional heat exchangers/economisers to manage heat in



rise of 150C or so in the reactor has been observed 2 seconds after the
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or the contamination of the precious metal oxide product which may complicate further

20  processing thereof.

The precious metal component of the feedstock composition may be the only metal
present, or other metals may be present either as components, e.g. as promoters of a catalyst,
or as contaminents, e.g. contaminents picked up during use. In the latter case, the product of

25  the process of the invention will include the highest oxidatior states of such metals.
The precious metal oxide may be separated from such contaminent metal oxides by

conventional processing that forms no part of this invention.

The invention will be further described with reference to the accompanying
30 schematic drawing one embodiment of a plant to carry out the invention. Referring to
the drawing, an elongate tube reactor, e.g. several hundred metres long and in the form of a

coil, is generally indicated by 1. Into the reactor is fed either two streams or a combined
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form if the feedstock is liquid, and in particles corresponding to the form of the feedstock

metal if solid, e.g. if a Pd on carbon catalyst. The solids may then be separated and
subjected to such further treatment or refining as is necessary or desirable.
20
In order to economise on water usage, it is preferred to recycle water. Similarly,

good engineering design provides heat exchange between streams.

It should be understood that the drawing and the above specific description, relates to
25  a“direct injection” mode of operation. The skilled person will understand that the invention
may be operated in a number of ways differing in detail. For example, and especially for
solid feedstocks such as Pd/C or Pt/C, the feedstock may desirably be slurried in water, fed
via a heat exchanger to the reactor and then oxygen is injected to carry out the oxidation
reactions.
30

The invention will now be described by way of working examples.



In order to econonmi se on water usage, it is preferred to recycle water.
Simlarly, good engineering design provides heat exchange between streans.
It should be understood that the drawi ng and the above specific
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skilled person will understand that the invention may be operated in a
nunber of ways differing in detail. Forgexanple, and especially for solid
f eedst ocks such as Pd/C or Pt/C, the feedstock may desirably be slurried in
water, fed via a heat exchanger t ®@XAMPIERqtor and then oxygen is injected
to carry out the oxidation reactions. 30 The invention will now be

descri bed by way of working exanples. WO 01/83834 PCT/ GB01/01601 6 EXAMPLE
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fine, black Pt oxide and a clear, light ye I'trate
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contains 0.8 wt% Pd on carbon, and can al so be treat ed according to the
invention. 15 EXAMPLE 3 The process of Exanple 1 was adapted to feed a

r hodi!%m phosphine liquid organic &EXAMPLEZ2tream containing 0.973% Rh by
wei ght directly onto the reactor. The product 20 liquor was a slurry of
very fine black particles in a colourless solution. In all the above

Exanpl es, theThepexesy ob Expmpli Dusasniedlto ardt d Sintistat 5®1% Hd/@irSiantaalyst
doped with toluene. The filtrate contained less than 0.01ppm Pd. Typically, a spent catalyst
contains 0.8 wt% Pd on carbon, and can also be treated according to the invention.

15
EXAMPLE 3

The process of Example 1 was adapted to feed a rhodium phosphine liquid organic
catalyst stream, containing 0.973% Rh by weight directly onto the reactor. The product

20  liquor was a slurry of very fine black particles in a colourless solution.

In all the above Examples, the recovery of precious metal and destruction of organic
was well in excess of 95% by wt. The process may be expected to yield even better results

upon optimisation.



was well in excess of 95% by w. The process nmay be expected to yield even
better results upon optimsation. WO 01/83834 PCT/@GB01/01601 7 CLAIM 1.
A process for the refining of organic-precious netal conpositions,

conpri siNg Y8834t i ng such conposition in a reaction flui PCYRBIYULHg
supercritical water and a source of 5 oxygen, permtting at |east the
organi ¢ conponents of the conposition 1o be oxidised and recovering a
preci ous_netal oxide fromthe reaction products. 2. A process according to
claim 1CLMMS; 1 t he organic precious metal conposition conprises one or
nore of the platinumgroup netals. 10 3. A process according to claim1 or
2, wherein the source of oxygen is oxygen. 4. A process according to claim
3, “’“S-r éi n tIz&epﬁocyegaelﬁoric ﬂleﬁtﬁﬂﬂiﬂgedg fdrgmiclt-b_fwidﬂs qnytgpregmpaﬁtisns, Aopiprisans
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wi t h waresovering 4 prdcipus inktal oxide from thanchctiony gexducts. subsequent |y added. 8. A
process according to claim7, wherein the mxture is fed at a tenperature
below the 25 critical tenperature of water into the reactor, and the
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comprises one or more of the platinum group metals.

10
3. A process according to claim 1 or 2, wherein the source of oxygen is oxygen.
4. A process according to claim 3, wherein the oxygen is supplied from liquid oxygen.
15 5. A process according to any one of the preceding claims, carried out at a temperature
of from 400 to 600°C.
6. A process according to any one of the preceding claims, carried out in a continuous
elongate reactor.
20

7. A process according to claim 6, wherein organic-precious metal composition is admixed

with water and fed to the reactor, and oxygen is subsequently added.
8. A process according to claim 7, wherein the mixture is fed at a temperature below the

25  critical temperature of water into the reactor, and the exotherm from the oxidation provides

supercritical temperatures.

30



