WD 03/ 038405 PCT/ GB02/ 04724 | MPROVEMENTS | N MATERI ALS HANDLI NG AND
SAMPLI NG 5 The present invention concerns inprovenents in materials

handl i ng, womse3saspecial ly it concerns inprovenents in theCcyagmiongs and
eventual analysis or assay, of variable feedstocks. 10 Many processes

i nvol ve the sanmpling of bulk variable feedstocks, and this has especial

i nportance where the feedstock contains one or nore high value conponents.
For exanple, in the recycle and refining of waste catal ysts, or other
wastes containing materials such as the platinumgroup netals, silver and

gold, the reﬁk@tﬂﬁaﬁﬁﬁiﬁkﬁihﬁiﬁéﬂ (1, n, Vel uch netal s
in the bul k ERIAL L AN EIT S SIMPLING (7 et 6 ¢ he

owner of the bulk material. There is a need for inproved sanpling mnethods
and,5> accordingly, for inproved netal assays. The bulk materials acting as

f eedstocks i-f th i NV el i - S : for
exanpl o 11 Ul PEEh e e e E Rt R Ao MRS B ety 120 | ¢
t he feddsbasknd smprosahbsls iBUBE samplng,i drideevenake amnlysisher asay,i of Vadable it is
necessary to break up the solid, by for exanple crushing or mlling so that
t he bullRédstocks.spersible. Desirably, the particle size of solids is |ess
than 500m preferably I ess than 100m bearing in mnd the need to obtain
suspensi on as a honogeneous slurry. 25 The present invention accordingly
prowi des a ndahpprafessesfinnilng thospnpligngf tudc ebniablg facdstdcks,samipthes bhis
unknown conposition, s ling.the bul k sanple to yield, a .reduced vol une
Sap! 6. CSRESRy wrRgT R R BB ok SRR B ok oM BiEh e e
Conpone]i}}r%xarﬁ?ief:% Fhd R&vERCFOMRMe 8f vORE SialYRE CodBkf SrhskOHARAAAS | N
the bul k sanpte, and p355|ng the remaining bulk sanple to a refining

pr oces smatehials sich asahp platigumferodpembtalsk sib@r sadrpdld, thenplinisg erganispiéansiasds t he
bulk sanple in | iqui.d, .stiyring,the resulting dispersi;on i.n 1 Xl ng
Lank, _ CBIRPRISIYELoE RURIEH P BRPHiomalseet Brhesesd o RaiBs of mstiai o

por {4 oncreditdds thdbwh&!THROL@R Gndt8€H C B ik b nébd f ipedet Sampliy hethode upper
portion of the tank such that a substantially honbgeneous dispersion is
obt ai neandi accatdihggsfor irhprovedtpetabassasp, and taking a

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.

20  Ifthe 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
particle size of solids is less than 500um, preferably less than 100pm, bearing in mind the

need to obtain suspension as a homogeneous slurry.

25 The present invention accordingly provides a method of refining comprising
receiving a bulk sample of unknown composition, sampling the bulk sample to yield a
reduced volume sample, assaying said reduced volume sample for one or more desired
components, calculating the content of one or more desired components in the bulk sample,
and passing the remaining bulk sample to a refining process; wherein sampling of the bulk

30  sample comprises dispersing the bulk sample in a liquid, stirring the resulting dispersion in a
mixing tank, contimiously withdrawing from the bottom section of the tank a portion of the
dispersion and recycling it via a recycle loop to the upper portion of the tank such that a
substantially homogeneous dispersion is obtained in at least the recycle loop, and taking a

representative sample of dispersion from the recycle loop. If necessary, the reduced volume



representative sanple of dispersion fromthe recycle |oop. If necessary,
the reduced vol unme WO 03/ 038405 PCT/ GB02/ 04724 2 sanple may be
subsequenwby3®sd308li vi ded and representative sub-divisi on PamtBIR/0&Ne
assayed or anal ysed for key conponents in conventional manner. Preferably,
the refining process is a supercritical water oxidation process as 5
described in WO 01/83834. For technical reasons, conventional refining
techni ques do not sanple and assay the bul k sanple, but only sanple and
assay after one or nore prelimnary concentration or refining steps.
Accordingly, the present invention represents a significant departure from
the state of the art, and is believed to offer advantages .in speed of

pr ocesskangple anay Henesebssiupmilyi sdrdivided candc teprasentetbeg suip-dfvisiam cemgloswdiek i n

progress”. 10 The neihod of sanpling accordi t he invention desirably
uses a Eﬁﬁ}'e@aqr-agﬁé@%itgggw F%poggﬁsﬁlgc?rgﬁﬁ?g%?g}aéﬁﬂw th a pipe at the apex
of the cone. Ot her tank shapes may, however, be used, for exanple a

hem spherical, frusto -conical or simlar sectjion base. The recycle of
di spersi on i Breferabliye thppefiniagcpiosessofs ehaunezgiiticak ptera PXi9ation duodess Ay one

poi nt 1 SCSpRRL W 01365 PETegRER kRons BONERER rfnify RpAREeS GENE ©

M xi ng sfegdend bsgaglthebulk h&ﬂ?l‘é, buitesyic senplé ard disayreftarsmeamndnore pydinginamyt es
may vary according to the volunme of the m xi ng[ tank and vol unme of. the
sanpl e Gprsgeirationor refipingridepsayAeserdinglyihe SFSEIIYVEHOR RIS PgRcantThe
aimis, d? ar&?é“ﬁ%?ﬂ tflg GRS Wickhak LE if g:gfiﬁ\%anfcfitofﬂéte aﬁ@éﬂ%{estﬁk%efirﬁm the
recycl e op i1s truly representative and this Is essentially achieved by
ensur i ngrdcbaing; hed hidrop aighifivanily rddocothe cosed finBaing tCwdtkrih progresssr r ed bul k
sanpl e feedstocks are spent catal ysts, especially those 25 conprising a
pl at't? num group nmetal carried on a carbon support. Such spent catal ysts

general |y coppaifie@Dsf gﬁg@mgeacqyﬁmg {oi 88 iR¥enfbe ABkiEaLEOLIRNE confiaMeNEId,
since these are often regarded as wastes, they may be contam nated with a

vari et y stfredngeing tale . fiftedperjibra, pipeladtthe epex. df the ¢aner g@thiet t4nk. Flapefumsy.and
bolts e 8(%/)ever£8}t>et l(lasre'd, %%%Qarggfgta%ngnﬁggﬂeﬁgal%étg r—cc;n%cal or similar section base. The
recycle of dispersion is to the upper section of the tank, and may be made to any one or
15  more points in said upper section. Conveniently, a single recycle point is approximately

half-way along a radius of the tank.

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,

20 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.

Particularly preferred bulk sample feedstocks are spent catalysts, especially those

25  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,

cloth etc.) or inorganic (e.g. nuts and bolts etc.) matter. Such contaminating matter is
desirably screened out.

30



desirably screened out. 30 WO 03/038405 PCT/ GB02/ 04724 3 Suitable |liquid
or slurry sanplers are commercially available for use in the recycle | oop.
The vol unwotoakss10i s not especially inportant. The net hods PaTacBoRo472assay or
further analysis are conventional and formno part of 5 this invention.
Simlarly, refining nmethods may be conventional or the supercritical water
met hod of WO 01/ 83834. Dependi ng upon the nature of the bulk sanple and
especially the nature of solvents or residues associated with the val ues
in the bulk sanple, an additive to inprove dispersion 10 in the liquid may
be required. The liquid is advantageoudly water, and conventional and
comercially available surfactants nmay be used if the bulk sanple is
essential | y riodtaplelliguid ot sy shmpless are comipudriialdn aplikeblevfor obe hathe recystd ar

charactﬁgoinﬂ%g%)e tp % ggnﬁaincsgrtact nts, e.g. "Quadral ene"TM (used for
gl asswar e Rias i o e R &SIt rRF B y&ﬂBﬁ%ﬁigeously used. 15 Suitable
concentrations of bulk sanple in the liquid are from 10-15 wt %

Conveni ently, the bulk sanple, crushed or nmlled if necessary, is added,
t oget her wi t ihgrAnethodsrused e assayuer fetheranalysis arheonvantional pechfiymotmapaybef wi t h

wat er;, 15, s, b e Jaltl e present; ntion
W o Rt SRR ek RS e B Lol Bonef e HRERERERAEH LAFC
acconpanysthgl off Wi dy83834. whi ch; Figure 1 shows a schematic representation

of apparatus for carrying out sanpling according to the invention; and, 25

Figure 2 is a graph conparing netal values for a range of sanples eval uated
Convent i onal g el e BOR Ry RRESIOr AL ik saiplt nd SHERELAR BeARCor SIS g
out t he ormesidhies essociatsduidls the vailueis iig thedulk savkple,lan ddditprediimgraveididpsrsian st eel
t ankloof irfl5 Ql(l)e lialtligiemgya & %C}Lﬁlfedw "lthrcle l?qu?(? Tsl g&lam%gégu% y thae?, atr)l ecrg)nventional and
commercially available surfactants may be used if the bulk sample is essentially non-polar.
Initial tests on bulk samples which have a 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 liquid 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
according to the invention; and,
25
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.

With reference to Fig. 1, apparatus for carrying out the invention includes a mixing

30  tank, 1. In proving trials, a steel tank of 600 litre capacity, with a conical bottom, has been



WD 03/ 038405 PCT/ GB02/ 04724 4 used. A conventional axial inpeller, 2, is
fitted intank 1, to mx the contents. Arecycle Iline, 3, of 19mm i nternal
di anet er wo oawssaehed to the conical base of tank 1. The r@cyaiB»2ioine is
connected to a punp, 4, before being returned to the upper section 5 of
tank 1. The punp has been operated at 4400 1/hr. Fitted downstream of the
punp is a commercial liquid/slurry sanpler "lIsolock"TM 5, which collects a
sanpl e volunme of 500mL. The recycle line may include a line, 6, to allow
the contents of the tank to be enptied, or further processed. 10 The charge
of bulk sanple is conveniently recei ve in a bulk container, 7, fitted with
wat er, wash water and/or surfactant. The bulk sanple is fed

a punp, 8, for I .

to a scriseh, X%OW@tl%hW%l 15158 ot iffdniartaak atosmpetis conicatsor Ageaitm si ze
LS. genenglly ARDRAPLIAAA dficdS Macnt@IPRIBAEADfAI bS] 15 The sample is
suitably passed to an assay abor af ory, ere 1t 1s resuspended and kept
agi tated. Sub-sanples nmay be taken by using tube sanpling. It is generally

good practi to take a nunber of sanples, sope of which nay be retained
as a referen e§%ﬁ§ﬁ3\ae§}ne 1§ gonerP iR PYRR, "o%ﬁfﬂr? ggﬂlg W‘F@Fflﬁ%@éé@ﬁﬂ section
vari gbi lgriahk 20TRO uﬁgarﬁplb‘é‘e Wét@d Taﬂ$4dUJi/1‘fr_. SEHRY QotARRlan! 5f ﬁé}ﬁg@ Rl y of
spent carbon-suppofted catalyst wth organic solvent, 1t I's preferred to
oxi di se catimencigldinjuid/slarrp samplentisoloeitd¥i5aivhioh collods a sahplg valumedAS0OnbS

sul phuric and nitric acids. The residual precious netal can then be
di ssolved in a pre-set volune of aqua regia and anal ysed, for exanple using

I nductively ZpecaypleqthePhASiABIuENh Fifik, ) tooREH RSO sAF NGk & BEaptkd

sol utions of known platinumgroup nmetal content. WO 03/038405
PCT/ GBO2f futhen progessed.

10

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.
15
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.
20
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
COs,, 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
25 Coupled Plasma Emission Spectroscopy against standard solutions of known platinum group

metal content.



EXAMPLE Fifty-one catal yst sanples were eval uated using the nmethod of the
I nvention. The sanples were sourced froma w de range of used and unused
mat er i al swaioBh3sa0s ange of 5 physical properties and i npuriPCrasBo2Rerul ts are
shown in Table 1. Recovery is neasured as the ratio (expressed as a

per cent age) between the anpbunt of netal evaluated in each sanple using the
net hod of the invention and that eval uated by conventional pyrolysis.

Excel l ent agreenent was found between the two nethods indicating that

met hod of the invention provides an agcurate and reliable nmeasure of total
metal content. The results of Table 1 are 10 illustrated graphically in
Fig. 2, wwth a line of unit gradient for reference. It will be appreciated
by the skilled person, that the netEt&ﬂMi’llcEapparat us as described may be
varied in many ways. The invention includes all novel itens and novel

conbi nati ons and equi val ents thereof. The skilled person may readily adapt
t he descri pt ilofiy-ofé datalyt nsainplasr dere tovalogied niste tiee nativetoff ahe fiavention.
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191. 1 4zhemtip (egresedaps pageBage) beOreed the Amo@s.of n2Tal¥5aliated il edchSample 101. 0
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agreement was found between the two methods indicating that method of the invention
provides an accurate and reliable measure of total metal content. The results of Table 1 are

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

It will be appreciated by the skilled person, that the method and apparatus as
described may be varied in many ways. The invention includes all novel items and novel
combinations and equivalents thereof. The skilled person may readily adapt the description

15 herein in order to optimise the invention for particular circumstances.

Table 1.

Sample No. | Recovery/% | Sample No. | Recovery/% | Sample No. | Recovery/%
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 1014 34 39.9 51 97.0




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 WD 03/038405 PCT/ GB02/04724 6 CLAIMS 1. A
met hod ofwoeBioss4ng), the nmet hod conprising receiving a bul PCTaRIRB4T2H
unknown 5 conposition, sanpling the bulk sanple to yield a reduced vol une
sanpl e, assaying said reduced volune sanple for one or nore desired
conponents, calculating the content of one or nore desired conponents in
the bul k sanpl e, and passing the remaining bulk sanple to a refining
process; wherein sanpling of the bulktfanple conprises dispersing the bul k
sanmple in aliquid, stirring the resulting dispersion in a mxing tank
(1), continuously withdrawing 10 fromthe bottom section of the tank a
portion of the dispersion and recycling it via a recycle loop (3) to the
upper pefilddgsof the tank such that a substantially honpgeneous dispersion
is obtanmed rn at |least the recycle | oop, and taking a representative
sanpl e of dispersion from the recycle loop. 15 2. A nethod according to

laim1l, wh in,t bul k = t t.al yst ) t di
Fo ol 2 ararepd S ieubpé aPe e, QiR iie SRUTREDYF oo Rl BRE Ot bon
cat al yStomp&bition, AamBlil®theab@IRdmpl {oOyiellya @&dced vbleneDsgseli agayihgsais,

wherein the liquid is water. 5. A nethod according to any one of the
pr ecedi reglueddayatume waraple far eng pramererdesired eprapanentsocaledatingfiie gomenttHoOng anpl e

to facilitate,di i L2 . d .di :
oy ecod RERISAALER Ghibabnisin i bl TERPR A RORSIHL I aflits ANCsHholklEs
| ess t hadfindDphocdt ehidrainl sympBEES of tha bullOdniple dompiser tispetsiag clor dilk garhpleany

one of the preceding clains, wherein the refinin progess |s,ei1 )
super cr it # Hgridnatieing g gavitian dipsisiansin apixing tank (1), Gontinuously withdrawing

10  from the bottom 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, and taking a representative sample of dispersion from

the recycle loop.

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

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

on carbon catalyst.

20 4. A method according to any one of the preceding claims, wherein the liquid is water.

5. A method according to any one of the preceding claims, where a surfactant is added

to the liquid or the sample to facilitate dispersion.

25 6. 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.

7. A method according to any one of the preceding claims, wherein the refining
process is a supercritical water oxidation process.

30



