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Abstract

A spectrophetemetric method for the determination of microgram
amounts offpalladium indhe présence fmuch iron, copperf nickel,
cobalt and otherCommon elements (~ 0.5'g) is deseribed. Palladium is

séparated by stannous chloride preeipitation with#elltirium as collector.

p-Nitroso-diphenylamine is used ag the colorimetric reagent, and diethyl
oxalate as extradant for the palladium complex (sensitivity = 0.0015 pg
Pdem’ = 10g{L,/1} = 0.001). Silver, selenium and tungsten lead to low
results and should not exceed ~ 0.1 mg. The weight ratio Au/Pd should

not exceed 10, else results for palladium are high. For Pd > 1 pg,

recoveries average 90% or. better.
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B Based on analysis of geological samples

» Fire assay often was used concentrate PM in sample to allow
larger sample size

B Allowed for different types of detection
precipitation
« Colorimetric
* Thermal neutron activatio
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B Current BASF method was adapted from a Japanese metho
Shenouda in early 1990s

B Official method was presented at Inter etals Institute

Conference in 2002
* Fast turnaround time
* Less labor intensive

|le ection of
pplicable to a wide v
educeddead,usage i

Palladium and Rhodiu




Standard Methodology:

Tellurium Collection / ICP-OES
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The sample is fused with Na,O,, and the melt is dissolved in hot
deionized water, acidified with HCI.
* Peroxide will oxide metals to metal oxides which allows them to be soluble.
* Hydrochloric acid is used to convert metal oxides tefmetal chlorides to make water soluble
* Fluoroboric acid is used to keep silicates in solution by stopping polymerization
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Solutions of Te** and Sn2* are added to acidified solution and
flocculated.

Pt, Pd and Rh are co-preeipitated qu
leaving the interference solution

titatively with Te




Standard Methodology:

Tellurium Collection / ICP-OES 0-BASF
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The precious metals and Te are dissolved in agua regia and the Pt, Pd
and Rh may then be measured by ICP-OES.

By applying the tellurium collection method, thessample solution.matrix
consistency is improved, and the complexity of"the matrixgs'reduced.

L %
Bl | Soreiad
—— -
i <
; N . !
x .. ©2011 Nat Clymer




Precious Metal Assay Services
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Acidified solution

(Sn?* sol
clear/colc
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Precious Metal - Tin chemistry
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Palladium with Tin

0.2 B Complexation isskmown to
018 / ™\ o=  occurin thelplatinum group
016 / ~ e 2:1 P SN metal
S 72 e

o / \\\ ;4 Pd:Sn
Q0.12 \\ woeasn| B Absorption @f Complexes once
S 01 e used to,determine PM
O el \\ concentration
S\ \\K\
008 \\ \‘ B Structures thought to be:
0 ==l [PRCI(SNCLy),)>
250 270 290 310 330 350  [Rh,Cl,(SnCl,),]*

Wavelength (nm)

J. Am. Chem. Soc., 1963, 85 (11), pp 1692-1692

J. Chem. Soc., 1964, 5176-5189 1



12



BASF

We create chemistry

4

5 6 7 8 9 10

Sn/Te molar ratio
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How much PM can be precipitated,
given a 2:1 molar ratio of Sn:Te?

o B Pd syste

o0 | *gd show a similar
§60 B Pt:Sn:Te 2:2:1 for
g . very
< 2:1 for

olar ratio of Pd:Sn:Te = X:2:1
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100 * *

80 ¢

60

% Pd recovered
¢

Te = 1:14:5 for
% Rh recovery

20

ar ratio of Pd:Sn:Te = 1:X:5
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X
Violar ratio of Pd:Sn:Te = 1:10:X
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B Ratio of PM:Sn:Te is 1:70:4 (if sample ha
and Rh)

t, Pd

B Gross excess of Sn used | eth

B Experiments s

King In redox reactions?
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Te** +2Sn%* — Te + 2Sn*
PtCl,# + Sn2* — Pt +Sn**
PdCl,*> + Sn* — P
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[Te-Pd.xrdml] 01-079-0736> Tellurium - Te
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[Te-Pt.xrdml] 01-079-0736> Tellurium - Te
04-003-1897> Platinum - PtTez
01-074-0269> Paratellurite 4 TeO2

sity(Counts)
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50.01[Te-Rh.xrdml]

45.0+

40.04

35.04

01-079-0736> Tellurium - Te
01-071-0414> Rho.gs2Te2 - Rhodium Telluride
01-071-5328> SnOz - Ti ide ?
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XPS Data Summary Table
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Pd-Te Rh-Te Pt-Te B XPS was a first attempt at finding
Surface Composition Table (Atom %) the OX|dat|On states etalS
Element/ID?
C CHx + COx 18.8 13.4 4.0
Cl chloride 1.0 4.7 1.2 I PM datlon
o ... 40.4 31.9 48.3
states

Pd Pd*2 1.2
Pd Pd+ 0.3
Sn Sn0O, SnO, 0.8 1.5 3.9
Te Teo 8.5 15.6 47 e product
Te Tetztd 1.4 3.8 24

Te Tett 276 23.5 31.6 ‘
Rh Rh° 5.0

B N Issue: XPS is a surface sensitive
- - technique so another method was
— - needed to verify results

CONFIDENTIAL 22



Synchrotron at LSU CAMD
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BASF in Louisiana had established a collaboration
with the X-Ray group

.

1:4-.!']' T

THE ]. BENNETT JOHNSTOMN SR
CENTER FOR ADVANCED MICROSTRUCTURES & DEVICE
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What is XANES?

B Type of X-ray absorption spectroscopy

B X-Ray Absorption Near Edge Spectroscopy
to about 150eV after absorption

B [ntense tunable so
synchrotrons

ation states and
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XANES Experimental conditions

B Following data uses a ratio of PM:Sn:Te of 1:5:
» Need to have enough PM to be seen

B Edges used.:

»PdL3-3175eV
PPt L3 - 11564 eV

ere to
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X-Ray absorption near edge

spectroscopy:

314C

0 -BASF
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Linearzeombination
of standards gives
guantitative results

85% Pd°
15% Pd>*

60% RN
40% " 'Rh3*

90% Pt°
10% Pt?*
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Te** +28n** — Te, + 2Sn**

PtCl,> + Sn2* —P

B PM not crystalline

Majority of PM in O valent state

10/21/2019 27
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Analysis of oxidation states of Te using XANES data needs t
completed.

EDS Mapping of product
Order of addition of S
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