2 8 APR 2a06 1 5 A METHOD OF REFI NI NG A METAL- CONTAI NI NG WASTE TO RECOVER
THE METAL THEREFROM The present invention concerns a method of rJf ARR 7006 a
nmet al -contai ning waste to 10 recover the netal therefrom wherein the netal
is selected fromthe group consisting of platinumgroup netals, silver

and/ or gold. Many processes involve the sanpling of bul k variabl e
feedstocks, and this has especial inportance where the feedstock contains
one or nore high value conponents. 15 For exanple, in nethods of recycling
and refining waste catal ysts, or other (wastes containing materials such as
the platinumgroup netals, silver and gold, the refining organisation needs
to determine |levels of such netals in the bulk material to assess the val ue
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for inprov HOE
wi thin such nethods. 20 The ' as feedstocks in the
present invention may be in any non- gaseous form for exanple |liquid, such
as waste honogeneous catalyst, solid or slurry. If the feedstock is a
solid, such a ilie r i Lt LS r br eak
up the soli d,%hgffrésglﬁt %‘)‘(’%ﬁn{éﬁe&@? %Hsl ?nraaglr)d (riﬁf Ifrﬁlﬁﬁgg g om%tala%b%?a E@ﬁgtﬁ/ aﬁ&ﬁg

di spewsi héw@verDdgimethl thereffioen, 2bhepen tthe netad iig seledted didond thel grohe eondistg A00gm
preferably less than 1g0n? bgg@ing(#n mnd the need to obtain suspension as
a honmpgeRSiemgrepn Retalp silver andianeldyy ent i on accordingly provides a nethod of
refining a netal -containing waste, containing at |east one netal selected

fromthe group consisting of platinum group
Many processes involve the sampling of bulk variable feedstocks, and this has

especial importance where the feedstock contains one or more high value components.
15  For example, in methods of recycling and refining waste catalysts, or other wastes
containing materials such as the platinum group metals, silver and gold, the refining
organisation needs to determine levels of such metals in the bulk material to assess the value
of metals to be credited to the owner of the bulk material. There is a need for improved
sampling methods and, accordingly, for improved metal assays within such methods.
20
The bulk materials acting as feedstocks in the present invention may be in any non-
gaseous form, for example liquid, such as waste homogeneous catalyst, solid or slurry. If
the feedstock is a solid, such as a filter cake or other solid form, it is necessary to break up
the solid, by for example crushing or milling so that the bulk is dispersible. Desirably, the
25  particle size of solids is less than 500um, preferably less than 100um, bearing in mind the

need to obtain suspension as a homogeneous slurry.

The present invention accordingly provides a method of refining a metal-containing

waste, containing at least one metal selected from the group consisting of platinum group

30 metals, silver and/or gold, to recover the metal therefrom, which method comprising
receiving a bulk sample of the waste of unknown composition, dispersing the bulk sample in

water to form a bulk sample dispersion, stirring the bulk sample

35



30 netals, silver and/or gold, to recover the netal therefrom which nethod
conprising receiving a bulk sanple of the waste of unknown corfo&fiRt 106h,

di spersing the bulk sanple in water to forma bul k sanpl e di spersi on,
stirring the bulk sanple 35 2 8 APR 2066 |l a dispersion in a mxing tank,
continuously withdrawing fromthe bottom section of the tank a portion of
the dispersion and recycling it via a recycle loop to the upper portion of
the tank 5 such that a substantially hBhDgeneous di spersion is obtained in
at least the recycle loop, taking a representative sanple of the bulk
sanpl e disgersion fnon1%$§ recycle loop to yield a reduced volune sanple,

assayi ng YSBFTOP & EUHNG S EO RS ?’Bl?df?‘i’i@f%r‘?’a‘%ﬂ{,e bodPRReEHIRY thEnk @ont ent
of the npb@joniol thBspetditr MdcRinE iSATR!cydieIPSY &) BB uppflDokETONaRE Rkt he
metal from the remaining bul k" sanple dispersion in a supercritical water
oxi dafi onuqly theles substantially) hamegenseuwsydispansion ésdoktaided in airieast tBe AgRcl2(06D, 2
sanpl e . be subsequent | ub-diviided and. representative b- dj vi.5ion
sanpl o B BERSERER o RUR Y YU Sl SR SSRETRN kSRt bR Ranner
5 Pref er adduyed ¥d1emé s4inple) dsbdyirdd sanbiediiced¥ioliid Qmply foe BsSmetal, @slcalatsd theed i n
WO 01/83834. For technical reasons, conventional refining techni ques do not
sanpl e akentgyofha mefabin the remaining bulk sempls dispersia anduisgovesiag heametak frgfie or
more preldJn oarny; n | idefid nd : b{; > Rr esent
Mventi ot capiling PPAENhRIL AbgRidr ih ) MiperdhRaE " SRk rolel® R

10  necessary, the reduced volume



10 the art, and is believed to offer advantages in speed of processing, and
hence significantly reduce the cost of financing "work in proddesf®20(6The
met hod of sanpling according to the invention desirably uses a coni cal - ended
stirred mxing tank, fitted with a pipe at the apex of the cone. O her tank
shapes may, 15 however, be used, for exanple a hem spherical, frusto
-conical or simlar section base. They; recycle of dispersionis to the upper
section of the tank, and nay be nade to any one or nore points in said
upper section. Conveniently, a single recycle point is approximtely

hal f-way al,ong a,radius of .the tank. . 20 Suitable m xi .spee i [l er
shapes, Xe}n@’é?crﬁ@' |ble n%llba?qélﬁréqye rsgb'glﬁ’é&rd e%r)l/dc lrg)r%sgptg jve ﬁﬁ%’/’ra\g'ésflgn asgrzlglrea F‘Jﬁg to the

vol ume gdsayeder Bhatyseq férarl camponeatsuitodfentifial sanmre di spersion, and may be
established by routine experinment. The aimis, of course, to ensure that the

représentative sanple taken fromthe recycle loop is truly representative

and this is pgsgilial %%gﬁ%ﬁ?kﬁ‘(@ﬂer@kicﬁﬂ%Fﬂ?@&sti@é’stdek&?oeﬁiiﬁWtﬁ 81/888345

honogeni sed. Partic preferred sanpl e feedstocks are spent
cat al ys¥Fer, teelspent iredsbnys, ichwemtionad rpfinisg tegheiqpésadd nefsagpdeipndressay theabulked on a

car bon %§§30q§. Sgph sgent cat al ysts eneral%ﬁﬁcontain %qnsiqqrﬁble
quant i t PAERPIgbul ORLY Samiple 3y iR D& OF MOTG, RESHRALY, cancentgton Or Telling 4oy 45
wast es, sfepYAdTRMiRgy, GREbREdnD aivetiod fePrefenved sighificatt dopgand fomah@staaper, 30

cloth etc.) or inorganic (e.g. nuts and balts etc.) matter. Such
cont!@ni fgtdrhgndnig badieveds to efder adypntaecs dp srsed of Arecesypngs apgiengsragmfieanily ap) e

liquid %hu&hﬂé%&nﬁﬁﬁphﬁﬁ&‘@&fkﬁﬂﬁﬂ@%&bal'y avail able for use in the recycle

The method of sampling according to the invention desirably uses a conical-ended

stirred mixing tank, fitted with a pipe at the apex of the cone. Other tank shapes may,

15 however, be used, for example a hemispherical, frusto -conical or similar section base. The
recycle of dispersion is to the upper section of the tank, and may be made to any one or
more points in said upper section. Conveniently, a single recycle point is approximately

half-way along a radius of the tank.

20 Suitable mixing speeds, impeller shapes, recycle line diameters and recycle rates
may vary according to the volume of the mixing tank and volume of the sample dispersion,
and may be established by routine experiment. The aim is, of course, to ensure that the
representative sample taken from the recycle loop is truly representative and this is
essentially achieved by ensuring that the dispersion is homogenised.

25

Particularly preferred bulk sample feedstocks are spent catalysts, especially those
comprising a platinum group metal carried on a carbon support. Such spent catalysts
generally contain considerable quantities of organic solvent. However, since these are often
regarded as wastes, they may be contaminated with a variety of organic (e.g. paper,

30 clothetc.) or inorganic (e.g. nuts and bolts etc.) matter. Such contaminating matter is

desirably screened out.



| oop. The volune taken is not especially inportant. 5 The nethoqi Mﬁeﬂﬁgor
assay or further analysis are conventional and formno part of hi

i nvention. Depending upon the nature of the bulk sanple and especially the
nature of solvents 10 or residues associated with the values in the bul k
sanple, an additive to inprove dispersion in the water may be required.
Conventional and commercially avail able surfactants nay be wused if the bulk
sanple is essentially non-polar. Initial Yests on bul k sanpl es whi ch have a
pol ar character indicate that certain surfactants, e.g. "Quadral ene"TM (used
for glassware washing machi nes) may be advant ageously used. 15 Suitable
concent r at i on8Suiggblerliud Saspirey amplane argerogymesgially p'mihab.é-f%uw i the recycle
Conveni ent | y I e ] mlled if necessary, is added,

t oget her ﬁ](\;/ﬁpt t?h%%81u%%ﬁ%%ﬁ}?g(%tees%e&%ﬁzElﬁg%l?a,rnt't o the tank al ready charged with
waters mxing is begun and the recycle initiated. 20 The present invention
wi |l now be descrihed b of ex le oply and with eference to the
acconpanyi ng Eﬁﬁmeﬁtﬁs sediint essay pf Giher analg aee sorseninmal mnd rf"é‘Br”é?sPéﬁtoéti on of
appar at ushif Rivesifnt Yi Ng out sanpling 25 according to the invention; and,
Figure 2 is a graph conparing netal values for a range of sanples eval uated
using the nethod of the present invention with those obtai ned using

conventi onal B\é{)é)nld}/nsgi usp'on2thé3 néAt‘ErFé ()thgg bulk sample and especially the nature of solvents
10  or residues associated with the values in the bulk sample, an additive to improve dispersion

in the water may be required. Conventional and commercially available surfactants may be

used if the bulk sample is essentially non-polar. Initial tests on bulk samples which have a

»TM

polar character indicate that certain surfactants, e.g. “Quadralene (used for glassware

washing machines) may be advantageously used.

15
Suitable concentrations of bulk sample in the water are from 10-15 wt%.
Conveniently, the bulk sample, crushed or milled if necessary, is added, together with an
appropriate surfactant, to the tank already charged with water, mixing is begun and the
recycle initiated.
20

The present invention will now be described by way of example only and with

reference to the accompanying drawings in which;

Figure 1 shows a schematic representation of apparatus for carrying out sampling

25  according to the invention; and,

Figure 2 is a graph comparing metal values for a range of samples evaluated using

the method of the present invention with those obtained using conventional pyrolysis.



4 Wth reference to Fig. 1, apparatus for carrying out the inveptPRalib
includes a mxing tank, 1. In proving trials, a steel tank of 600 litre
capacity, with a conical bottom has been 5 used. A conventional axi al
inpeller, 2, is fitted in tank 1, to m x the contents. A recycle line, 3,

of 19mminternal dianeter is attached to the conical base of tank 1. The
recycle line is connected to a punp, 4, hefore being returned to the upper
section of tank 1. The punp has been operated at 4400 1/hr. Fitted
downstream of the punp is a 10 commercial liquid/slurry sanpler "Isolock ,TM

5, mhlch col l ec | une of 500ni. The cycle line may include a
line, 6, to awltﬁiﬁgﬁéc%g‘@n? SARPATAfY§ ot W‘%&)"‘Bé H%F'i‘té‘ﬁ‘ m&“d‘i’ﬂ%%}‘g
processegny 16 mﬁoﬁhgﬁ%ﬁs of st kdnk SRBOD Bitrk Sapzeity, SAIEN bbicd] BoRbMERhsiBRe bul k
container, 7, fitted with a punp, 8, for water, wash water and/or

surf agt ansed 'Iz‘heorb/lsthkorslémlablmmllﬁed isofittedsiortedn |, 1@, mixothe centonte. dr wyxcle
cont ani n §’n tﬁl screg%rpsll(i “t‘é%erzlf) mtsotﬁecdn%agg&%rggn}é appropriate for

spent y passed to an assay
Iaboratory, where it is resuspended and kept agitated. Sub-sanples nay be

taken by using tube sanpling. It is gener good practice to take a
nunber of s an'glllee@cy%lh%ﬁ iSCORReLEA PR PIHR 4 gﬁ%’?%‘éﬁn%%et‘g“?detf’éh%mr &Hpte, to

m ni m seqf ik QPP B{asflﬂ:@ng a%a%t Y260 A | it dAendRREmSFaRPpemp Wigr e the
bul k sanpl e consi st's essenti al ,Eﬁent car bon-supported ca alyst W th

or gamd c swhmemial liquidiskirmysempler elaolp@k X Bdwhigh gollectsragamiply vdwme abz¥imls
material to @02, using a mxture of sul phuric and nitric acids. The
resi dual precious nmetal can then be dissolved in a pre-set volune of aqua
regia and anafiselycld e apifiolude dsine®, tasllst ihéebytentCol fHeaankRoasemphied ssi on

Spectroscqpy agai nst standard sol utions of known platinum group
utther processed.

15 The charge of bulk sample is conveniently received in a bulk container, 7, fitted with
a pump, 8, for water, wash water and/or surfactant. The bulk sample is fed to a screen, 9, to
remove gross contaminants; a screen size of 3-10mm size is generally appropriate for spent

carbon-based catalyst.

20 The sample is suitably passed to an assay laboratory, where it is resuspended and
kept agitated. Sub-samples may be taken by using tube sampling. It is generally good
practice to take a number of samples, some of which may be retained as a reference sample,

to minimise the opportunity for process variability.

25 For example, where the bulk sample consists essentially of spent carbon-supported
catalyst with organic solvent, it is preferred to oxidise all organic/carbonaceous material to
COg, using a mixture of sulphuric and nitric acids. The residual precious metal can then be
dissolved in a pre-set volume of aqua regia and analysed, for example using Inductively
Coupled Plasma Emission Spectroscopy against standard solutions of known platinum group

30 metal content.



30 netal content. 2 8 APR 2006 5 In order that the invention nqygmme
fully understood, an exanple showing the efficacy of the sanpling step of
the nethod of the invention is provided by way of 5 illustration only,
conpared with a known pyrolysis sanpling step. EXAMPLE Fifty-one catal yst
sanpl es were evaluated using the nethod of the invention. The 10 sanples
were sourced froma w de range of used argd unused materials with a range of
physi cal properties and inpurities. Results are shown in Table 1. Recovery
is neasured as the ratio (expressed as a percentage) between the anount of
nmetal evaluated in each sanple wusing the nethod of the invention and that
eval uat ed by HberdentiRrbihg|inysptien yaqyshe morecfully ypderstged ames¥amplesshoyingdtheet ween

the two igdi i t f et i nt i : [ n

accur at eggfr?gwrjgf iﬂg‘gﬁmﬂakgﬁ‘i"ga‘gf ﬁ?oﬁgﬁoﬁeotfa gc%ﬂ%‘%ﬁ%.g%réard g&SS’?&t glgf)foqlTabl e |
are bl | usistraioncbndy, apiparad Wythiarknbivg pyflysis satmpling stege of unit gradi ent for
reference. 2 8 APR 2066 6 Table 1. Sanple No. Recovery/ %sanpl e

No. Recovery/ %Banpl e No. Recovery/ % 1100. 618102. 03592. 3 2100. 71996. 636100. 7

396. 320103. 63796. 2 498. 52194. 03895. 6 EXAMPLE

Fifty-one catalyst samples were evaluated using the method of the invention. The

10  samples were sourced from a wide range of used and unused materials with a range of
physical properties and impurities. Results are shown in Table 1. Recovery is measured as

the ratio (expressed as a percentage) between the amount of metal evaluated in each sample
using the method of the invention and that evaluated by conventional pyrolysis. Excellent
agreement was found between the two methods indicating that method of the invention

15  provides an accurate and reliable measure of total metal content. The results of Table 1 are

illustrated graphically in Fig. 2, with a line of unit gradient for reference.



5103. 522100. 039104. 7 6180. 42394. 940105. 7 7128. 62492. 441106. 7 ,

899. 525191. 14296. 7 994. 22698. 643104. 9 10106. 72795. 044101. 8 18 APR 72006
11101. 028103. 24594. 3 1296. 72992. 646109. 1 1394. 53067. 647103. 3

1494. 73199. 048105. 3 1599. 832105. 249118. 4 1696. 333104. 55092. 1

17101. 43439.95197.0 5 2 8 APR 2005 7 CLAIMS 5 1. A nethod of refining a
net al -contai ning waste, containing at |east one netal selected fromthe
group consi sting of platinum group netgls, silver and/or gold, to recover
the metal therefrom, which nethod conprising receiving a bul k sanpl e of
the waste of unknown conposition, dispersing the bulk sanple in water to
forma bul k sh#h¢ & di spersion, stirring the bulk sanple dispersionin a

m Xin k- oty ' thor av frompt e bott M0, Sectd f the
tank a pOPBPisNs THEOIRTTE RSdhpidalo” " RicaveryIv4 | Saipte N, L REOPETIS Pa) ('
t he 1 100.6 18 102.0 35 92.3

2 100.7 19 96.6 36 100.7

3 96.3 20 103.6 37 96.2

4 98.5 21 94.0 38 95.6

5 103.5 22 100.0 39 104.7

6 180.4 23 94.9 40 105.7

7 128.6 24 92.4 41 106.7

8 99.5 25 191.1 42 96.7

9 94.2 26 98.6 43 104.9

10 106.7 27 95.0 44 101.8

11 101.0 28 103.2 45 94.3

12 96.7 29 92.6 46 109.1

13 94.5 30 67.6 47 103.3

14 94.7 31 99.0 48 105.3

15 99.8 32 105.2 49 118.4

16 96.3 33 104.5 50 92.1

17 101.4 34 39.9 51 97.0




upper portion of the tank such that a substantially honbgeneous_di spersion
Is obtained in at |east the recycle |loop, taking a representatzaléP &Wble of
the bul k sanpl e dispersion fromthe recycle loop to yield a reduced vol une
sanpl e, assaying said reduced volune sanple for the nmetal, calculating the
content of the netal in the remaining bul k sanple dispersion, and 15
recovering the netal fromthe renainin9 bul k sanple dispersion in a
supercritical water oxidation process! 2. A nethod according to claiml,
wherein the bulk sanple is a spent catalyst. 20 3. A nethod according to
claim2, wherein the spent catalyst is a platinumgroup netal on carbon

cat al yst CLAIMS net hod according to any one of the preceding clains, where a
surfactant is added to the water or the sanple to facilitate di spersion. 25
5. A nethod according to any one of the preceding clains, wherein the sanple
I's a s5solid hamelgpdairefitihg a sneta-cofitalnirgpswiskhn no ity at prastf e aldtal sklestsd t han

100m 6. _A nethod accordin 0. any one of th recedi ng clains, wherein the
concent r Pmdhe S‘POUPPH%S‘%\?EL?%L%‘FBP@ gropn metals; aﬁ.eﬁalr TR GB FEPUTAREMES w95 30

therefrom , which method comprising receiving a bulk sample of the waste of unknown
composition, dispersing the bulk sample in water to form a bulk sample dispersion, stirring
the bulk sample dispersion in a mixing tank (1), continuously withdrawing from the bottom
10  section of the tank a portion of the dispersion and recycling it via a recycle loop (3) to the
upper portion of the tank such that a substantially homogeneous dispersion is obtained in at
least the recycle loop, taking a representative sample of the bulk sample dispersion from the
recycle loop to yield a reduced volume sample, assaying said reduced volume sample for the
metal, calculating the content of the metal in the remaining bulk sample dispersion, and
15 recovering the metal from the remaining bulk sample dispersion in a supercritical water

oxidation process.
2. A method according to claim 1, wherein the bulk sample is a spent catalyst.

20 3. A method according to claim 2, wherein the spent catalyst is a platinum group metal

on carbon catalyst.

4. A method according to any one of the preceding claims, where a surfactant is added
to the water or the sample to facilitate dispersion.
25 5. A method according to any one of the preceding claims, wherein the sample is a

solid having particle size of less than 500um, preferably less than 100um.

6. A method according to any one of the preceding claims, wherein the concentration of
the bulk sample in the liquid is between 10 and 15 wt%.
30



