US 20050056548A1

a9 United States

a2 Patent Application Publication (o) Pub. No.: US 2005/0056548 A1l

Minter (43) Pub. Date: Mar. 17, 2005
(549) METHOD FOR RECOVERING TRACE (52) US. Cl s 205/565; 205/354
ELEMENTS FROM COAL
(76) Inventor: Bruce E. Minter, Eagle, ID (US) (57) ABSTRACT
Correspondence Address:
Joseph W. Holland The present invention is directed to a method for the
PO Box 1840 recovery of one or more trace elements including gold and
Boise, ID 83701-1840 (US) one or more platinum group elements from coal. More
(21) Appl. No.: 10/975,291 particularly, the present invention may specify parameters
T ’ for the selection of coal for combustion, the parameters for
(22) Filed: Oct. 27, 2004 combustion of the pre-selected coal, the parameters for the
preparation and mixing of a charge for a furnace including
Related U.S. Application Data ash from the combustion of the coal with an inquart and a
(63) Continuation of application No. 10/302,632, filed on fluxing agent, the parameters for the heating of the charge
Nov. 22. 2002 ncFvI:f Pat. No 6.827 837, ? and casting of a dore bar and the parameters for the
T ’ o mmeem production of an anode slime from the dore bar. The method
Publication Classification of the present invention may also specify parameters for the
recovery of silver, gold and one or more trace platinum
(51)  Int. CL7 e C25B 1/00 group elements from the anode slimes.

‘/10

PREPARATION OF AN
ANODE SLIME INCLUDING
TRACE ELEMENTS

\/12

PREPARATION OF A
DORE BAR INCLUDING
TRACE ELEMENTS

COAL SELECTION

I

20 COAL COMBUSTION
AND PRODUCTION OF
FLYASH

MIXING THE CHARGE

CHARGING
THE FURNACE

25

30

35 I
MELTING THE CHARGE

40 I
CASTING THE DORE BAR

45 ELECTROWINNING
THE DORE BAR AND
PRODUCTION OF
ANODE SLIMES

11
/ METHOD FOR RECOVERING
TRACE ELEMENTS FROM COAL

50 DIGESTION OF
ANODE SLIMES
AND PRECIPITATION
OF SILVER
I

} RECOVERY OF
GOLD

RECOVERY OF
RHODIUM

75 RECOVERY OF
MISCELLANEOUS
PLATINUM GROUP
ELEMENTS

RECOVERY OF
PALLADIUM

RECOVERY OF
PLATINUM

55

65

80

90




Patent Application Publication Mar. 17,2005 Sheet 1 of 5

US 2005/0056548 A1

\/10

PREPARATION OF AN
ANODE SLIME INCLUDING
TRACE ELEMENTS

{12
PREPARATION OF A
DORE BAR INCLUDING
TRACE ELEMENTS
15
1 COAL SELECTION
20 COAL COMBUSTION
1 AND PRODUCTION OF
FLYASH
25
MIXING THE CHARGE
30
1 CHARGING
THE FURNACE
35
3\ MELTING THE CHARGE

40

2

CASTING THE DORE BAR

45

ELECTROWINNING
THE DORE BAR AND
PRODUCTION OF
ANODE SLIMES

11
<

METHOD FOR RECOVERING
TRACE ELEMENTS FROM COAL

50

DIGESTION OF
ANODE SLIMES
AND PRECIPITATION
OF SILVER

55

RECOVERY OF
GOLD

65l

RECOVERY OF
RHODIUM

751

RECOVERY OF
MISCELLANEOUS
PLATINUM GROUP

ELEMENTS

80

R

RECOVERY OF
PALLADIUM

90

RECOVERY OF
PLATINUM

Fig. 1



US 2005/0056548 A1

Patent Application Publication Mar. 17,2005 Sheet 2 of 5

z b4

SIN3IW313
dNOAO WNNILV1d
JHOW dO INO
ANV @109 ONIANTONI
1H4VYNON! NILTOW IHL
OLINI a3g40sav
HSVAd4 3H1 40
SIN3N313 dNOHO
WNNILY1d 3HON
30 3INO ANV 4109
JH1 40 NOILYOd
V ONIANTONI ¥vd
3404 Y ONILSYD

A4

JOHVHO NILTOW
3JH1 WO
OVIS NILT0W
ONIOYVHOISIA

24

S1IN3W3T3 dNOYD
WNNILVYTd HOW ¥O 3INO
ANV 109 ONIONTONI
14VvNONI N3LTON
JHL OLNI HSVA1d 3HL

40 S1INIW33 dNOYO
WNNILY1d Y0W JO
INO ANV 3109 3HL 40
NOILHOd V¥V ONIgd0Say

LHYVNONI NILIONW V
ONIANTONI 3DYVHO
NILTON ¥V ONINHOA

JINLVYHIdNTL
a310313s-34d
¥ O1 30VNHNd 3HL NI
JOHVHO FHL ONILV3IH

ﬂ@m

Hv8 3404 3H1L ONILSVD

ovR

JOVNYHNL IHL ONIDHVHO

SIN3W3IT3
dNOYO WNNILVd
JHOW HO 3INO ANV
1095 ONIGNTIONI
1HVNONI IHL ANV HSY
JHL HLIM INJOV
ONIXN1d V ONIXIN

e

|

SIN3INIT13 dNOYO
WNNILY1d 3YOW HO INO
ANV 109 ONIANIONI
1HYNDONI NV ANV V0D
d3153138-34d 3HL 40
NOILSNGWOJ JHL WOHS
HSV ONIGNTONI
FOVNYNS 3HL HOd
JOHVHO V ONIXIW

wa

JOHVHO 3HL ONILTENW

JOHUVHOI 3HL ONIXIW

mmR

o)




Patent Application Publication Mar. 17,2005 Sheet 3 of 5

45

b

ELECTROWINNING
THE DORE BAR AND
PRODUCTION OF

ANODE SLIMES

i

50

DIGESTION OF ANODE

SLIMES AND

PRECIPITATION OF SILVER
AND MISCELLANEOUS

PLATINUM GROUP ELEMENTS

511

DIGEST ANODE
SLIMES
IN HNO, 30%

52\(

FILTER DIGESTED

ANODE SLIMES

53

FILTER LIQUID
PRECIPITATE
INCLUDING

SILVER
CONCENTRATIONS

54

RECOVER
SILVER
SOLIDS

US 2005/0056548 A1
551
RECOVERY
OF GOLD
65\( RECOVERY OF
RHODIUM
75 I
Y RECOVERY OF
MISCELLANEOUS
PLATINUM GROUP
ELEMENTS
805\ RECOVERY OF
PALLADIUM
901 RECOVERY OF
PLATINUM
RECYCLE
LIQUID TO
STOCK TANK
100

Fig. 3



US 2005/0056548 A1

Patent Application Publication Mar. 17,2005 Sheet 4 of 5

ANVL HOO01S OL WNIQoHY
ainNdIT 3T10A03 H3IA0D3I
H: ﬂom

anonyalie | 6

3C1HAAHOHOY
WNIQos

ANV 30IXOHdAH F

WNISSVY10d aav 89

|

MNVLMOOLS

WNIQOHY
IS

_ 19

IDH %S I8
SaIos HSYM 99

WNIAOHY 40
Ad3IN0O3Y

J

S9

WNNILY1d 40
AYIAODTY

I

08|

ANIdvTIvd 40

a1o09o 6
¥3A003YH NN ‘61
_ . b Bl
IYNLXIW
QIoV JITVXO0
IN3ATOS a3avol
-Q709 ¥314 L
19 SLNIW3TE dNOYD
_ WNNILY1d
V3H ONv Orow JSIN H3IA0DTY 0
DITVXO HLIM LN3ATOS I 8.
@3avOT-a109XIN  [Nog
_ HSVY
ﬂt
LN3AT0S Q3aQv0 13109 _
H¥IAODIY Hmm
aIov DIWHOS NI
| NOLLYMLTIA NOdd I
sanos anlossia | 9
NOILNTOS WO¥4 109
40 NOILOVSLX3 ¥O4 SLNIW3T3 dNOXD
LNIATOS HLIM NOILNTOS WNNILY 1D "OSIN
VIO YNOV XIW ﬂmm 40 A¥3A0DTY
JYNLXIN VIO Sl
VYN0V ¥3L14 N
| 15
VI93d YNOV NI SINNS
3QONV 31S391a 40
NOILYHLI4 WOX4 \ | ~cq
SdI10s IAT0SSIa 9G

Ad3IN0I3Y

aioo 40 AY3A003Y




US 2005/0056548 A1

Patent Application Publication Mar. 17,2005 Sheet 5 of 5

G bi4

WNNILVY1d 43A003Y

|

HSV

G6

¥6

ANVL
HO01S

aiov OINHO4 Ni
NOILVHLId WOYL
SAainos 3A10SSId

oL aindn
JTOAO3Y

I8 Hom

€6

NOILNTOS ¥3Lid

c6

JAIHOTHD WNINCWINY
ANV 3dIX0d3d NIOOHUJAH
“TJOTINVHL3 HLIM NOILN10S

JNIXOATO TAHLIWIA 4O

NOLLYYH1114 WOY4 aINDIT XIN

WNNILY1d 30Vdl
anNv

ANNIAVIIVd 43A003Y H

G8

HSY

L

v8

_

aiov JINHO4 NI
NOILVHL1Id WOdd
Sainos 3A10sSId

k.

|
NOILNTOS FNIXOATO

WNNILVY1d 40
AHIANOD3I

|6

JAHLIWIA Y3114
_

NOILNT0S
INIXOATO TAHL3WIA
HLIM
VIO3d VOV
WOY4 IN3AT0S
a3avo1-aios
40 AY3IN00O3Y
314V ONINIVINIY
ainoIiT xXIn

€8

c8

18

WNIAvTIvd 40 AY3IAODO3Y

06

J

08




US 2005/0056548 Al

METHOD FOR RECOVERING TRACE ELEMENTS
FROM COAL

RELATED APPLICATIONS

[0001] This application is a continuation of and claims the
priority of U.S. patent application Ser. No. 10/302,632,
entitted METHOD FOR RECOVERING TRACE ELE-
MENTS FROM COAL, filed Nov. 22, 2002, which is
incorporated by reference herein.

BACKGROUND OF THE INVENTION
[0002] 1. Field of Invention

[0003] This invention relates to a method for the recovery
of one or more trace elements from coal and more particu-
larly to a method for the recovery of one or more trace
elements, including gold and the platinum group elements,
from coal and coal ash.

[0004] 2. Background of the Invention

[0005] Coal is a solid heterogeneous composition includ-
ing a mixture of pure hydrocarbons, oxygenated hydrocar-
bons and complex hydrocarbons including other elements,
inorganic minerals and water. Differing geologic histories
have resulted in the formation of coals with differing chemi-
cal properties.

[0006] The chemical properties of coal, are dependant
largely on geologic origin and the conditions observed
during formation of any given coal deposit. Additionally, the
chemical properties of coal ash may be dependant on the
parameters observed during combustion. The combustion of
coal produces bottom ash and a combustion gas composed
typically of nitrogen, carbon dioxide, water vapor, oxygen,
and smaller amounts of inorganic elements and compounds,
commonly in vapor state, and flyash.

[0007] In the combustion of coals, for instance in many
power generating facilities, flyash accompanies combustion
gas from the furnace through the flue combustion gas
treatment and may be removed in baghouses or by precipi-
tation. While flyash may include any naturally occurring
element, aluminosilicate and calcium compounds typically
account for more than 80% of the mass. Flyash commonly
includes oxygenated inorganic compounds including silica,
aluminum, calcium, magnesium, iron, sodium, potassium,
titanium and sulfur as well as trace elements including
mercury, silver, gold and various platinum group elements.
As used herein, the term platinum group elements may
include platinum, palladium, rhodium, ruthenium, osmium,
and iridium. Ash may also accumulate in the bottom of the
furnace as a loose, dry bottom ash or as a slag. Coal bottom
ash tends to be a granular, porous material. Compared to fly
ash, bottom ash is typically more coarse. Slag is typically
formed as black glassy particles.

[0008] Considerable attention has been afforded the prob-
lems relating to removal of selected trace elements from flue
gas, particularly sulfur and mercury. Additionally, at least
one method has been developed for separating gold and
platinum group elements from chloride containing solutions.
U.S. Pat. No. 4,390,366 to Lea, et al., entitled Process for the
Extraction of Precious Metals from Solutions Thereof, dis-
closes a solvent extraction process for sequentially and
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selectively separating and removing gold and platinum
group metal values from a chloride containing aqueous
solution.

[0009] 1t may be desirable to provide a method for the
recovery of one or more trace elements including gold and
one or more platinum group elements from coal. More
particularly, it may be desirable to provide a method which
specifies parameters for the selection of coal, parameters for
combustion of the pre-selected coal and the parameters for
a process for recovering gold and one or more platinum
group elements from the ash produced by the combustion of
the identified coal.

[0010] Additionally, it may be desirable to provide a
method for the recovery of one or more trace elements
including gold and one or more platinum group elements
from coal ash. More particularly, it may be desirable to
provide a method which specifies parameters for the selec-
tion of coal ash and the parameters for a method for
recovering silver, gold and one or more platinum group
elements from the coal ash.

[0011] Therefore, it is one objective of the present inven-
tion to provide a method for the recovery of one or more
trace elements including gold and one or more trace plati-
num group elements from coal and/or coal ash. More
particularly, it is an objective of the present invention to
provide a method which may specify parameters for the
selection of coal and parameters for combustion of the
selected coal, or in the alternative, the parameters for the
selection of a coal ash, as well as the parameters for the
recovery of gold and one or more trace platinum group
elements from the ash produced by the combustion of coal
and/or coal ash.

SUMMARY OF THE INVENTION

[0012] The present invention is directed to a method for
the recovery of one or more trace elements including gold
and one or more platinum group elements from coal. As used
herein the term coal may include both coal and lignite. The
present invention is also directed to a method for the
preparation of a dore bar including gold and one or more
platinum group elements. Additionally, the present invention
is directed to a method for the preparation of an anode slime
including gold and one or more platinum group elements.
The present invention specifies parameters for the prepara-
tion and mixing of a charge for a furnace including ash from
the combustion of a selected coal, an inquart and a fluxing
agent, the parameters for the heating of the charge and the
casting of a dore bar. The present invention may also specify
parameters for the preparation of an anode slime including
gold and one or more trace platinum group elements from
the ash produced by the combustion of the pre-selected coal.
Additionally, the present invention may also specify one or
more parameters for the identification and selection of coal
including gold and one or more platinum group elements,
one or more parameters for the combustion of a pre-selected
coal producing an ash for mixing to form a charge, the ash
including gold and one or more platinum group elements.

[0013] According to one embodiment, the method for the
recovery of one or more trace elements from coal includes
the steps of mixing a charge including an ash formed by the
combustion of a pre-selected coal, the ash including gold
and one or more platinum group elements, an inquart
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including gold and one or more platinum group elements
and a fluxing agent, charging the furnace with the charge,
heating the charge in the furnace to a pre-selected tempera-
ture forming a molten charge including a molten inquart,
absorbing a portion of the gold and one or more platinum
group elements of the ash into the molten inquart, discharg-
ing a molten slag from the furnace and casting a dore bar by
discharging the molten inquart including an absorbed por-
tion of the gold and one or more platinum group elements of
the ash to a mold.

[0014] An alternate preferred embodiment of the inven-
tion also includes the additional steps of digesting the dore
bar in an electrowinning process wherein the dore bar is
introduced into an acidic bath as an anode and an electrical
potential is maintained between the dore bar and a cathode
plate, reducing silver ions onto the cathode plate and pre-
cipitating and dissolving trace elements in the electrolytic
solution producing an anode slime.

[0015] An alternate preferred embodiment of the inven-
tion also includes the additional steps of recovering gold and
one or more platinum group elements from the anode slimes
by any of a variety of means. One such method calls for the
digestion of the anode slimes using a 30% solution of HNOj.
The digested solution is filtered and rinsed. The liquid rinse
portion contains silver in solution and may be washed with
HCI and filtered. The residue of the filtration of the digested
slimes is mixed with aqua regia forming a solution contain-
ing gold, platinum and palladium. Gold may be removed by
solvent extraction, or in the alternative gold may be removed
by treatment with iron chloride, (FeCl,). Rhodium and other
trace elements may be removed by precipitation by treat-
ment of the solution with potassium hydroxide and sodium
borohydride. Palladium in solution may be removed by any
of a variety of known methods including precipitation by
treatment with ammonium hydroxide, NH,OH, and HCl as
the complex PAC1,(NH,),. This yields palladium metal by
burning. Alternately, palladium in solution may be removed
by precipitation with DiMethyl Glyoxime, followed by
filtration and reduction and burning or ashing of the residue.
Platinum in solution may be removed by any of a variety of
known methods including precipitation as impure
(NH,),PtCl; on treatment with NH,Cl, leaving H,PdCl, in
solution. In the event that an organic solvent such as
DiMethyl Glyoxime is employed to extract gold, and, prior
to treatment with NH,Cl, the solution should be treated with
ethanol and hydrogen peroxide. The solution may be filtered
and the residue, including (NH,,),PtCl,, subjected to reduc-
tion and burning leaving an impure platinum sponge. The
platinum sponge may be purified by redissolving in aqua
regia. Alternately, platinum may be recovered by precipita-
tion of pure (NH,),PtCl; by treatment with ammonium
hydroxide, NH,OH. This yields platinum metal by burning.

[0016] The preferred embodiment of the invention
includes the additional steps of pre-selecting a coal for
combustion including gold and one or more platinum group
elements for combustion and combusting the pre-selected
coal including gold and one or more platinum group ele-
ments producing an ash including gold and one or more
platinum group elements. To date it has been demonstrated
that, the Blackhawk formation located in the state of Utah,
the Powder River coal field located in Wyoming, and the
Yegua and Manning formations, produce coal that, when
combusted produce an ash including acceptable levels of
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gold and one or more platinum group elements recoverable
by the method of the present invention.

[0017] Additionally, it is believed that coals may be iden-
tified by chemical composition which, upon combustion
may produce an ash having levels of gold and one or more
trace platinum group elements which may be of sufficient
concentrations and present in a form recoverable by the
method of the present invention, such as to justify the costs
of extraction. More particularly, it has been observed that
coals that include a bromine concentration of less than or
equal to 1.00 ppm, exhibit a tendency to release or otherwise
permit the absorption of gold and platinum group elements
by a molten inquart of a molten charge, thereby rendering
the gold and platinum group elements more readily recov-
erable than these elements appear to be in coals having
higher concentrations of bromine. Alternately, it has been
observed that coals that include a bromine concentration of
less than or equal to 76.00 ppm and which exhibit concen-
trations of chlorine, aluminum and one or more transition
elements that are within specified ranges may produce an
ash having levels of gold and one or more trace platinum
group elements which may be of sufficient concentrations
and present in a form recoverable by the method of the
present invention, in quantities such as to justify the costs of
extraction.

[0018] Without being bound by theory, it is believed that
due to the relatively lower concentrations of bromine, chlo-
rine, aluminum and one or more transition elements in
identifiable coals, including Blackhawk coal, Powder River
coal and Texas lignite, a lower frequency or concentration of
compounds including coordination compounds, chelates
and/or complexes are formed in the coal and or the ash
produced by the combustion of such coals, which may tie up
or bind trace gold and platinum group elements. Hence, it is
believed that in identifiable coals, including coals extracted
from the Blackhawk formation, the Powder River coal field
and lignite coals from the Yegua and Manning lignite
formations found in Texas, include levels of gold and one or
more trace platinum group elements which are of sufficient
concentrations and present in a form recoverable by the
method of the present invention, in quantities such as to
justify the costs of extraction.

[0019] Additionally, and without being bound by theory, it
is believed that the combustion of other coals from other
formations may be identified by empirical, analytical or
statistical means, which may result in the production of a
flyash containing gold and one or more trace platinum group
elements that are recovered by the method of the present
invention. It is the intention that the scope of the present
invention specifically include both the extraction of trace
gold and platinum group elements from ash produced by the
combustion of Blackhawk coal as well as from ash produced
by the combustion of coal from other formations that may be
identified by such means and which result in the production
of a flyash containing concentrations of gold and one or
more trace platinum group elements which are of sufficient
concentrations and present in a form recoverable by the
method of the present invention, in quantities such as to
justify the costs of extraction.

[0020] The present invention consists of the method and
system hereinafter more fully described, illustrated in the
accompanying drawings and more particularly pointed out



US 2005/0056548 Al

in the appended claims, it being understood that changes
may be made in the form, size, scale, proportions and other
details of construction without departing from the spirit or
sacrificing any of the advantages of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a representative flow chart depicting the
steps of a method for recovery of one or more trace elements
from coal according to one embodiment of the invention;

[0022] FIG. 2 is a representative flow chart depicting
several steps of a method for recovery of one or more trace
elements from coal according to one embodiment of the
invention;

[0023] FIG. 3 is a representative flow chart depicting
several steps of a method for recovery of one or more trace
elements from coal according to one embodiment of the
invention;

[0024] FIG. 4 is a representative flow chart depicting
several steps of a method for recovery of one or more trace
elements from coal according to one embodiment of the
invention; and

[0025] FIG. 5 is a representative flow chart depicting
several steps of a method for recovery of one or more trace
elements from coal according to one embodiment of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0026] Referring to FIGS. 1 through 5, a method for
recovery of one or more trace elements from coal will be
more fully described.

[0027] Referring to FIG. 1, a METHOD FOR RECOV-
ERING TRACE ELEMENTS FROM COAL 10 includes
PREPARATION OF A DORE BAR INCLUDING TRACE
ELEMENTS 12 and PREPARATION OF AN ANODE
SLIME INCLUDING TRACE ELEMENTS 11.

[0028] PREPARATION OF A DORE BAR INCLUDING
TRACE ELEMENTS 12 may include COAL SELECTION
15, COAL COMBUSTION AND PRODUCTION OF FLY-
ASH 20, MIXING THE CHARGE 25, CHARGING THE
FURNACE 30, MELTING THE CHARGE 35 and CAST-
ING THE DORE BAR 40. PREPARATION OF AN
ANODE SLIME INCLUDING TRACE ELEMENTS 11
includes the steps of PREPARATION OF A DORE BAR
INCLUDING TRACE ELEMENTS 12 as well as the addi-
tional step of ELECTROWINNING THE DORE BAR AND
PRODUCTION OF ANODE SLIMES 45.

[0029] In the embodiment of the invention shown in FIG.
1, the METHOD FOR RECOVERING TRACE ELE-
MENTS FROM COAL 10 also includes DIGESTION OF
ANODE SLIMES AND PRECIPITATION OF SILVER 50,
RECOVERY OF GOLD 55, RECOVERY OF RHODIUM
65, RECOVERY OF MISCELLANEOUS PLATINUM
GROUP ELEMENTS 75, RECOVERY OF PALLADIUM
80 and RECOVERY OF PLATINUM 90.

[0030] At the step COAL SELECTION 15, a coal that
includes gold and one or more platinum group elements, is
pre-selected for combustion. In one preferred embodiment
of the invention, coal for combustion is identified by geo-
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logic origin, coal formation or coal field. Coal from the
Blackhawk formation located in south-central Utah, (herein
“Blackhawk coal”), the Powder River coal field located in
Wyoming, (herein “Powder River coal”), and lignite from
the Yegua and Manning formations, (herein “Texas lignite”),
have been identified to date as producing flyash having a
platinum concentration of greater than 0.00 ppm., (parts per
million), and acceptable levels of trace elements including
gold and one or more trace platinum group elements recov-
erable employing the methods of the present invention.

[0031] Considering data located at the US Coal Quality
(COALQUAL) Database v2.0, analyzing ash produced by
the combustion of coals, including the database web inter-
face, http://www.usgs.gov, enabled by National Coal
Resources Data System, (herein “the data”), and more
particularly, in considering data located at the US Coal
Quality Database for Blackhawk coal, Powder River coa and
Texas lignite, it has been observed that for coals including a
total concentration of gold and platinum group elements
greater than O, the data indicates that Blackhawk coal that
includes a total concentration of gold and platinum group
elements greater than 0, also includes a bromine concentra-
tion in the range of 0.20 to 0.80 ppm with an average
bromine concentration approximately equal to 0.30 ppm.
The data indicates that for Powder River coal including a
total concentration of gold and platinum group elements
greater than 0, bromine concentration in the range of 0.20 to
0.65 ppm and an average bromine concentration approxi-
mately equal to 0.30 ppm may be observed. Additionally, the
data shows that for Texas lignite, including a total concen-
tration of gold and platinum group elements greater than O,
a bromine concentration of 0.00 ppm has been observed.
Accordingly, in one preferred embodiment of the invention,
ash produced from the combustion of a coal will exhibit a
concentration of bromine in the range of 0.00 to 0.80 ppm,
or in the alternative an average bromine concentration
substantially equal to 0.30 ppm, or in the alternative a
maximum bromine concentration less than or equal to 1.00
ppm. In calculating average concentrations the high and low
data points were discarded and an average of the remaining
samples was taken.

[0032] Similarly, in reviewing the data for the analysis of
ash produced by the combustion of Blackhawk coal that
includes a total concentration of gold and platinum group
elements greater than O, that the ash of these coals includes
a chlorine concentration in the range of 50 to 130 ppm and
an average chlorine concentration approximately equal to 77
ppm. Similarly, it has been observed in the data for sam-
plings of ash produced by the combustion of Powder River
coal that includes a total concentration of gold and platinum
group elements greater than O, that the ash of these coals
includes a chlorine concentration in the range of 70 to 100
ppm and an average chlorine concentration approximately
equal to 72 ppm. Additionally, it has been observed in the
data for samplings of ash produced by the combustion of
Texas lignite, including a total concentration of gold and
platinum group elements greater than 0, that the ash of these
coals includes a chlorine concentration in the range of 100
to 200 ppm and an average chlorine concentration approxi-
mately equal to 150 ppm. Accordingly, in an alternate
preferred embodiment of the invention, ash produced from
the combustion of a coal may exhibit a concentration of
chlorine in the range of 50 to 200 ppm, or in the alternative
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an average chlorine concentration substantially equal to 100
ppm, or in the alternative a maximum chlorine concentration
less than 200 ppm.

[0033] Additionally, it has been observed in considering
the data for samplings of ash produced by the combustion of
Blackhawk coal, including a total concentration of gold and
platinum group elements greater than 0, includes a concen-
tration of aluminum in the range of 1,700-26,000 ppm, with
an average concentration of aluminum approximately equal
to 8,800 ppm. Ash produced from the combustion of Powder
River coal, including a total concentration of gold and
platinum group elements greater than 0, includes a concen-
tration of aluminum in the range of 1,500-32,000 ppm, with
an average concentration of approximately 4,700 ppm. Ash
produced from the combustion of Texas lignite, including a
total concentration of gold and platinum group elements
greater than 0, includes a concentration of aluminum in the
range of 15,000-25,000 ppm, with an average concentration
of approximately 22,000 ppm. Accordingly, in an alternate
preferred embodiment of the invention, ash produced from
the combustion of a coal may exhibit a concentration of
aluminum in the range of 1,000-32,000 ppm, or in the
alternative an average aluminum concentration in the range
of 4,500 to 9,000 ppm, or in the alternative a maximum
aluminum concentration less than 32,000 ppm.

[0034] Additionally, in considering the data for the analy-
sis of ash produced by the combustion of Blackhawk coal,
Power River coal and Texas lignite that include total con-
centrations of gold and platinum group elements greater than
0, it has been observed that Blackhawk coal, Power River
coal and Texas lignite typically produce ash having concen-
trations of the following transition elements:

[0035] Chromium. Ash produced from the combustion of
Blackhawk coal includes a concentration of chromium in the
range of approximately 1-30 ppm, with an average concen-
tration of approximately 7.50 ppm. Ash produced from the
combustion of Powder River coal includes a concentration
of chromium in the range of 2.5-25 ppm, with an average
concentration of chromium substantially equal to 10 ppm.
Ash produced from the combustion of Texas lignite includes
a concentration of chromium in the range of 7.5-10 ppm,
with an average concentration of chromium substantially
equal to 9.5 ppm. Accordingly, in an alternate preferred
embodiment of the invention, ash produced from the com-
bustion of a coal may exhibit a concentration of chromium
in the range of 1-30 ppm, or in the alternative an average
chromium concentration in the range of 7.5-10 ppm, or in
the alternative a maximum chromium concentration less
than or equal to 30 ppm.

[0036] TIron. Ash produced from the combustion of Black-
hawk coal includes a concentration in the range of 250-6,000
ppm, with an average concentration of iron approximately
1,675 ppm. Ash produced from the combustion of Powder
River coal field includes a concentration of iron in the range
of 375-11,000 ppm, with an average concentration of iron
substantially equal to 2,325 ppm. Ash produced from the
combustion of Texas lignite includes a concentration of iron
in the range of 4,500-10,000 ppm, with an average concen-
tration of iron substantially equal to 8,100 ppm. Accord-
ingly, in an alternate preferred embodiment of the invention,
ash produced from the combustion of a coal may exhibit a
concentration of iron in the range of 250-11,000 ppm, or in
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the alternative an average iron concentration in the range of
1,600-8,100 ppm, or in the alternative a maximum iron
concentration less than or equal to 11,000 ppm.

[0037] Cobalt. Ash produced from the combustion of
Blackhawk coal includes a concentration of cobalt in the
range of 0.50-8.00 ppm, with an average concentration of
cobalt approximately equal to 1.35 ppm. Ash produced from
the combustion of Powder River coal includes a concentra-
tion of cobalt in the range of 0.30-9.00 ppm, with an average
concentration of cobalt substantially equal to 1.75 ppm. Ash
produced from the combustion of Texas lignite includes a
concentration of cobalt in the range of 1.10-2.10 ppm, with
an average concentration of cobalt substantially equal to
1.65 ppm. Accordingly, in an alternate preferred embodi-
ment of the invention, ash produced from the combustion of
a coal may exhibit a concentration of cobalt in the range of
0.30-9.00 ppm, or in the alternative an average cobalt
concentration in the range of 1.35-1.75 ppm, or in the
alternative a maximum cobalt concentration less than or
equal to 9.00 ppm.

[0038] Nickel. Ash produced from the combustion of
Blackhawk coal includes a concentration of nickel in the
range of 0.50-10 ppm, with an average concentration of
approximately 4.80 ppm. Ash produced from the combus-
tion of Powder River coal includes a concentration of nickel
in the range of 1.30-40 ppm, with an average concentration
of nickel substantially equal to 1.75 ppm. Ash produced
from the combustion of Texas lignite includes a concentra-
tion of nickel in the range of 4.50-10 ppm, with an average
concentration of nickel substantially equal to 1.75 ppm.
Accordingly, in an alternate preferred embodiment of the
invention, ash produced from the combustion of a coal may
exhibit a concentration of nickel in the range of 0.50-40 ppm
or in the alternative an average nickel concentration in the
range of 1.75-5 ppm, or in the alternative a maximum nickel
concentration less than or equal to 40 ppm.

[0039] Molybdenum. Ash produced from the combustion
of Blackhawk coal includes a concentration of molybdenum
in the range of 0.10-1.50 ppm, with an average concentration
of approximately 0.60 ppm. Ash produced from the com-
bustion of Powder River coal includes a concentration of
molybdenum in the range of 0.11-4.5 ppm, with an average
concentration of molybdenum substantially equal to 0.58
ppm. Ash produced from the combustion of Texas lignite
includes a concentration of molybdenum in the range of
0.27-3.4 ppm, with an average concentration of molybde-
num substantially equal to 2.30 ppm. Accordingly, in an
alternate preferred embodiment of the invention, ash pro-
duced from the combustion of a coal may exhibit a concen-
tration of molybdenum in the range of 0.10-4.50 ppm or in
the alternative an average molybdenum concentration sub-
stantially equal to 0.60 ppm, or in the alternative a maximum
molybdenum concentration less than or equal to 4.5 ppm.

[0040] Referring to FIG. 1, once a coal is selected at
COAL SELECTION 185, the process continues with COAL
COMBUSTION AND PRODUCTION OF FLYASH 20.
Flyash is produced including gold and one or more platinum
group elements from the combustion of the pre-selected coal
in a combustion zone. Flyash may be analyzed following
combustion to verify the specified levels gold and one or
more platinum group elements, as well as levels of other
elements. Care must be taken during the combustion of the
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coal not to over-roast the coal in the furnace. As used herein
the term “over-roasting” implies continuing with combus-
tion following attainment of a maximum BTU output level,
or attainment of substantially a maximum BTU output level.
In one embodiment of the invention, flyash is produced in a
combustion zone wherein coal is subjected to a temperature
in the range of 1,500 deg. C, (2,732 deg. F), to 1,950 deg.
C, (3,542 deg. F). Preferably, flyash is withdrawn from the
combustion zone once a maximum BTU output level for the
coal is achieved. In one embodiment of the invention, flyash
is removed from the combustion zone when a maximum
BTU output of 11,000 BTU/Ib to 13,000 BTU/Ib is
achieved. It is believed that allowing the flyash to remain in
the combustion zone once a maximum BTU has been
achieved or re-circulating the flyash through the combustion
zone once a maximum BTU has been achieved lowers
concentrations of recoverable gold and platinum group
elements in the flyash.

[0041] Referring to FIG. 2, the step MIXING THE
CHARGE 25 includes MIXING A CHARGE FOR THE
FURNACE INCLUDING ASH FORMED BY COMBUS-
TION OF THE PRE-SELECTED COAL AND AN
INQUART INCLUDING GOLD AND ONE OR MORE
PLATINUM GROUP ELEMENTS 26. In the preferred
embodiment of the invention, flyash from the combustion of
the pre-selected coal is mixed with an inquart including gold
and one or more platinum group elements, together with a
fluxing agent. In the preferred embodiment of the invention,
a charge for a furnace is formed mixing flyash with an
inquart including gold and one or more platinum group
elements. In one preferred embodiment of the invention,
flyash is mixed with an inquart including silver, gold,
platinum and palladium to form the charge for the subse-
quent heating step. In this embodiment of the invention, an
inquart including silver is mixed with flyash in a ratio in the
range of 2:1 to 0.75:1, (ash:silver), or more preferably, flyash
is mixed with an inquart including silver in a ratio substan-
tially equal to 1:1, (ash:silver). An inquart of gold may also
be mixed with flyash in a ratio in the range of 80:1 to 50:1,
(ash:gold), or more preferably, in a ratio substantially equal
to 65:1, (ash:gold). An inquart of platinum may also be
mixed with flyash in a ratio in the range of 160:1 to 100:1,
(ash: platinum), or more preferably, in a ratio substantially
equal to 130:1, (ash: platinum). An inquart of palladium may
also be mixed with flyash in a ratio in the range of 80:1 to
50:1, (ash: palladium), or more preferably, in a ratio sub-
stantially equal to 65:1, (ash: palladium).

[0042] In the preferred embodiment of the invention, the
charge also includes a fluxing agent or fluxing agents mixed
with the ash. At MIXING AFLUXING AGENT WITH THE
ASH AND THE INQUART INCLUDING GOLD AND
ONE OR MORE PLATINUM GROUP ELEMENTS 27
fluxing agents are added to and mixed with the charge.
Fluxing may include borax glass, (Na,B,0.), soda ash,
(Na,CO;) calcium fluoride, (CaF,), silica, (Si0,), potassium
nitrate, (KNO,) and flour.

[0043] In one preferred embodiment of the invention,
borax glass may be mixed with flyash in a ratio in the range
of 0.20:1 to 0.50:1, (ash:borax glass), or more preferably, in
a ratio substantially equal to 0.30:1, (ash:borax glass).

[0044] Soda ash may be mixed with flyash in a ratio in the
range of 0.50:1 to 0.70:1, (ash:soda ash), or more preferably,
in a ratio substantially equal to 0.60:1, (ash:soda ash).
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[0045] Calcium fluoride, or fluorspar, may be mixed with
flyash in a ratio in the range of 8:1 to 12:1, (ash:fluorspar),
or more preferably, in a ratio substantially equal to 10:1,
(ash:silica).

[0046] Silica may be mixed with flyash in a ratio in the
range of 1.25:1 to 1.75:1, (ash:silica), or more preferably, in
a ratio substantially equal to 1.50:1, (ash:silica).

[0047] Potassium nitrate, niter, may be mixed with flyash
in a ratio in the range of 30:1 to 50:1, (ash:niter), or more
preferably, in a ratio substantially equal to 40:1, (ash:niter).

[0048] Flour may be mixed with flyash in a ratio in the
range of 50:1 to 10:1, (ash:flour), or more preferably, in a
ratio substantially equal to 20:1, (ash:flour).

[0049] FIG. 2 also shows the step CHARGING THE
FURNACE 30 wherein the mixed charge is placed in the
furnace for the melting operation.

[0050] FIG. 2 also shows the steps of MELTING THE
CHARGE 35 HEATING THE CHARGE IN THE FUR-
NACE TO PRE-SELECTED TEMPERATURE FORMING
A MOLTEN CHARGE INCLUDING A MOLTEN
INQUART 36. At HEATING THE CHARGE IN THE
FURNACE TO PRE-SELECTED TEMPERATURE
FORMING A MOLTEN CHARGE INCLUDING A MOL-
TEN INQUART 36 the charge is brought to a pre-selected
temperature, preferably in the range of 1,010 deg. C, (1,850
deg. F), to 1,482 deg. C, (2,700 deg. F). Preferably, the
furnace is of an induction current type which facilitates
mixing of the melt. Average furnace time is in the range of
2.0 hours to 4.0 hours. Once the charge reaches the molten
stage, the step of ABSORBING A PORTION OF THE
GOLD AND ONE OR MORE PLATINUM GROUP ELE-
MENTS OF THE FLYASH INTO THE MOLTEN
INQUART INCLUDING GOLD AND ONE OR MORE
PLATINUM GROUP ELEMENTS 37 occurs.

[0051] FIG. 2 shows the step CASTING THE DORE
BAR 40. Following a holding or soak period, molten slag is
discharged to a first mold at DISCHARGING THE MOL.-
TEN SLAG FROM THE MOLTEN CHARGE 41. Next, a
dore bar may be cast at CASTING ADORE BAR INCLUD-
ING A PORTION OF THE GOLD AND ONE OR MORE
PLATINUM GROUP ELEMENTS OF THE FLYASH
ABSORBED INTO THE MOLTEN INQUART INCLUD-
ING GOLD AND ONE OR MORE PLATINUM GROUP
ELEMENTS 42.

[0052] Referring to FIG. 3, at ELECTROWINNING THE
DORE BAR AND PRODUCTION OF ANODE SLIMES
45 the dore bar is prepared for an electrowinning process
first by forming a hole near the thicker of the two ends of the
dore bar to permit hanging of the bar in an electrolytic
solution. In one preferred embodiment, the electrolytic solu-
tion includes a 3% Nitric Acid solution. The dore bar is
positioned between stainless steel plates formed preferably
of a 316 stainless steel in the electrolytic solution. A one to
one ratio of anodes to cathodes is preferred. A current in the
range of 1 to 4 volts and more preferably less than 3 volts
and still more preferably substantially equal to 2.8 volts is
passed between the dore bar anode and the stainless steel
plate cathode. The electrowinning process continues for
anywhere from 30 to 45 hours at a preferred rate of decom-
position in the range of 3-5 grams per amp hour. Electrow-
inning continues until decomposition of the anode bar equals
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or exceeds 90%. Remaining dore bar nubs and any undis-
solved oversize pellets are recovered and reprocessed in
order to increase ultimate yields.

[0053] FIG. 3 also shows the step DIGESTION OF
ANODE SLIMES AND PRECIPITATION OF SILVER
AND MISCELLANEOUS PLATINUM GROUP ELE-
MENTS 50. According to one embodiment of the invention,
at DIGEST ANODE SLIMES IN HNO; 30% 51, the anode
slimes are digested using a 30% solution of HNO;. At
FILTER DIGESTED ANODE SLIMES 52, the digested
solution is rinsed and at FILTER LIQUID PRECIPITATE
INCLUDING SILVER CONCENTRATIONS 53 the liquid
rinse portion containing silver in solution and is washed with
HCI and filtered. Solids including silver are recovered and
reprocessed for use as inquart material at RECOVER SIL-
VER SOLIDS 54. At RECYCLE LIQUID TO STOCK
TANK 100 liquid is disposed of to a palladium stock tank.

[0054] FIG. 3 also shows the steps RECOVERY OF
GOLD 55, RECOVERY OF RHODIUM 65, RECOVERY
OF MISCELLANEOUS PLATINUM GROUP ELE-
MENTS 75, RECOVERY OF PALLADIUM 80 and
RECOVERY OF PLATINUM 90.

[0055] Referring to FIG. 4, RECOVERY OF GOLD 55 is
shown including the steps DISSOLVE SOLIDS FROM
FILTRATION OF DIGESTED ANODE SLIMES IN AQUA
REGIA 56, FILTER AQUA REGIA MIXTURE 57, MIX
AQUA REGIA SOLUTION WITH SOLVENT FOR
EXTRACTION OF GOLD FROM SOLUTION 58,
RECOVERY GOLD-LOADED SOLVENT 59, MIX
GOLD-LOADED SOLVENT WITH OXALIC ACID AND
HEAT 60, FILTER GOLD-LOADED SOLVENT OXALIC
ACID MIXTURE 61 and RECOVERY OF GOLD 62.

[0056] The solids from FILTER DIGESTED ANODE
SLIMES 52, shown in FIG. 3, are directed to RECOVERY
OF GOLD 55 and more specifically to DISSOLVE SOLIDS
FROM FILTRATION OF DIGESTED ANODE SLIMES IN
AQUA REGIA 56. At DISSOLVE SOLIDS FROM FIL-
TRATION OF DIGESTED ANODE SLIMES IN AQUA
REGIA 56, the residue from the step FILTER DIGESTED
ANODE SLIMES 52, is treated with aqua regia, (a mixture
of hydrochloric acid, HCI, and nitric acid, HNO,), providing
a solution containing gold, platinum and palladium.

[0057] At FILTER AQUA REGIA MIXTURE 57, the
aqua regia mixture is filtered leaving a residue containing
platinum group elements other than platinum and palladium
together with silver if present. That residue not dissolved by
the initial aqua regia treatment is retreated with aqua regia.

[0058] As shown at FIG. 4, at MIX AQUA REGIA
SOLUTION WITH SOLVENT FOR EXTRACTION OF
GOLD FROM SOLUTION 58, gold is removed from the
filtered liquid portion of the aqua regia mixture by solvent
extraction with DiButyl Carbitol. While almost any alcohol,
ether or ketone which is immiscible with water can be used
to extract gold, a preferred extractant is DiButyl Carbitol,
which exhibits good selectivity and a relatively high boiling
point. DiButyl Carbitol is mixed with the aqua regia solu-
tion. In one embodiment of the invention, the extraction of
gold is conducted as a continuous counter-current multistage
process mixing DiButyl Carbitol with the aqua regia solu-
tion. Gold from the aqua regia solution is extracted by this
method down to a residual content of less than 2 ppm. The
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gold-loaded solvent may then be scrubbed with dilute hydro-
chloric acid to remove base metal impurities and gold.

[0059] At MIX GOLD-LOADED SOLVENT WITH
OXALIC ACID AND HEAT 60, a reducing agent such as
aqueous oxalic acid is added to the gold-loaded solvent and
heated to a point in the range of 70 deg. C, (158 deg. F), to
80 deg. C, (176 deg. F). The solution produced by treatment
with oxalic acid is filtered at, FILTER GOLD-LOADED
SOLVENT OXALIC ACID MIXTURE 61 with the residue
being ashed to yield gold of purity of at least 99.5% at
RECOVERY OF GOLD 62. The liquid formed of the
mixture of the gold-loaded solvent and the oxalic acid is
recovered and directed to RHODIUM STOCK TANK 67.

[0060] At RECOVERY OF MISCELLANEOUS PLATI-
NUM GROUP ELEMENTS 75, the residue or solids of the
step FILTER AQUA REGIA MIXTURE 57 are dissolved
with formic acid at DISSOLVE SOLIDS FROM FILTRA-
TION IN FORMIC ACID 76, ashed at ASH 77 and at
RECOVER MISC. PLATINUM GROUP ELEMENTS 78,
the product of the ashing produces miscellaneous platinum
group elements other than rhodium, palladium and platinum.
Gold and platinum group elements other than rhodium,
palladium and platinum are yielded by this process.

[0061] FIG. 4 also shows RECOVERY OF RHODIUM
65 to advantage. RECOVERY OF RHODIUM 65 includes
WASH SOLIDS 5% HC1 66, where the raffinate remaining
following extraction of the gold-loaded solvent at
RECOVER GOLD-LOADED SOLVENT 59 is further
treated with a hydrochloric acid wash, (5% HCI), with the
solution being recovered and conveyed to the stock tank at
RHODIUM STOCK TANK 67. At ADD POTASSIUM
HYDROXIDE AND SODIUM BOROHYDRIDE 68,
Potassium Hydroxide, (KOH) and Sodium Borohydride are
combined with the contents of the RHODIUM STOCK
TANK 67. Also combined at RHODIUM STOCK TANK 67
is the liquid portion of from FILTER GOLD-LOADED
SOLVENT OXALIC ACID MIXTURE 61. At FILTER
LIQUID 69, the contents of the treated stock tank are filtered
with rhodium being recovered at RECOVER RHODIUM 70
and the liquid portion is recycled at RECYCLE LIQUID TO
STOCK TANK 71.

[0062] FIG. 4 also shows RECOVERY OF PALLADIUM
80 and RECOVER OF PLATINUM 90, wherein the liquid
portion remaining after the gold-loaded solvent is recovered
from the mixture of aqua regia with the solvent for extrac-
tion of gold from solution is directed for further treatment at
RECOVERY OF PALLADIUM 80 and RECOVERY OF
PLATINUM 90.

[0063] Referring to FIG. 5, RECOVERY OF PALLA-
DIUM 80 is shown to advantage. At MIX LIQUID
REMAINING AFTER RECOVERY OF GOLD-LOADED
SOLVENT FROM AQUA REGIA WITH DIMETHYL
GLYOXIME SOLUTION 81, Palladium is removed by
precipitation with DiMethyl Glyoxime. At FILTER DIM-
ETHYL GLYOXIME SOLUTION 82, the solution is fil-
tered with the residue of the filtration being mixed with
formic acid at DISSOLVE SOLIDS FROM FILTRATION
IN FORMIC ACID 83. The dissolved solids are ashed at
ASH 84 and palladium and trace platinum are recovered at
RECOVER PALLADIUM AND TRACE PLATINUM 85.

[0064] FIG. 5 also shows RECOVERY OF PLATINUM
90 to advantage. At MIX LIQUID FROM FILTRATION OF
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DIMETHYL GLYOXIME SOLUTION WITH ETHANOL,
HYDROGEN PEROXIDE AND AMMONIUM CHLO-
RIDE 91 the liquid remaining following filtration of the
DiMethyl Glyoxime mixture at FILTER DIMETHYL GLY-
OXIME SOLUTION 82, is mixed with ethanol, hydrogen
peroxide and ammonium chloride. At FILTER SOLUTION
92, the solution is filtered and the solids including platinum
are recovered. At DISSOLVE SOLIDS FROM FILTRA-
TION IN FORMIC ACID 93 the solids are reduced by
dissolving in formic acid. A residue including the dissolved
solids are ashed at ASH 94 and platinum is recovered at
RECOVER PLATINUM 95.

[0065] FIG. 5 also shows RECOVERY OF PLATINUM
90 including RECYCLE LIQUID TO STOCK TANK 96
where the liquids from FILTER SOLUTION 92 are directed
to a stock tank for storage and further reprocessing.

EXAMPLE 1

[0066] Flyash was produced by the combustion of Black-
hawk coal at a temperature in the range of 1,850 deg. C
(3,362 deg. F) to 1900 deg. C (3,452 deg. F). Flyash was
removed from the combustion zone when a BTU output of
12,000 BTU/Ib was achieved.

[0067] The furnace charge was formulated by placing
twenty pounds of flyash from the combustion of Blackhawk
coal in a rotating hopper type mixer and adding the follow-
ing inquart materials twenty pounds of 0.9999 silver, 4.37
troy ounces of 0.9999 gold, 2.19 troy ounces of 0.9999
platinum, 4.37 troy ounces of 0.9999 palladium. The fol-
lowing fluxing agents were also added and mixed: 1.00
pounds of flour, 0.50 pounds of niter, 67.00 pounds of borax
glass, 34.48 pounds of soda ash, 2.0 pounds of calcium
fluoride and 13.22 pounds of silica.

[0068] Following mixing, the charge was placed in a
induction furnace, in this case manufactured by Induction
Technology, Corp. having a 500 Ib. crucible. The charge was
subjected to a maximum melt temperature range of 2,290
deg. F to 2,500 deg. F. Total furnace time was 2 hours and
38 minutes. Molten slag and molten metal were discharged
from the crucible at a temperature of 2,435 deg. F. Molten
slag was discharged to a first mold and molten metal were
discharged to a dore bar mold casting a dore bar having a
weight substantially equal to 25 pounds. The slag was
cooled and recycled by crushing and reheating.

[0069] The dore bar was exposed to a 3% nitric acid in an
electrowinning cell and wherein the dore bar served as the
anode and a sheet of 316 stainless steel served as the
cathode. A current in the range of 1 to 4 volts and more
preferably less than 3 volts and still more preferably sub-
stantially equal to 2.8 volts is passed between the dore bar
anode and the stainless steel plate cathode. The electrowin-
ning process continued for 40 hours at a rate of decompo-
sition in the range of 4.025 grams per amp hour. The
remaining dore bar nub and 218.2 grams of oversize pellets
were recovered for reprocessing in order to increase ultimate
yields.

[0070] The anode slimes were then digested using a 30%
solution of HNOj;. The solution was filtered and rinsed with
de-ionized water. The solution was filtered and recovered
and the liquid is directed to a stock tank for reprocessing in
order to increase ultimate yields of palladium. The residue
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was treated with aqua regia, (3:1), to dissolve gold, plati-
num, palladium and rhodium. The solution was filtered
leaving a residue containing gold, platinum, palladium and
rhodium. Residue from the digestion of the filtered anode
slimes not dissolved by the initial aqua regia treatment were
retreated with aqua regia and refiltered. The residue of the
filtration of the aqua regia solution was then ashed yielding
silver and platinum group elements other than rhodium,
palladium and platinum.

[0071] DiButyl Carbitol was added to the aqua regia
solution and filtered. The residue of this filtration step was
dissolved with hydrochloric acid, (5% HCI), and the solution
being recovered and conveyed to a stock tank. Oxalic acid
was added to the gold-loaded solvent, and heated to 75 deg.
C. The solution produced by treatment with oxalic acid was
filtered with the residue ashed to yield gold of purity of
99.5%. The liquid from the filtered oxalic acid solution was
recovered and returned to the stock tank containing the
solution of hydrochloric acid and the filtered residue of the
solution including DiButyl Carbitol. The contents of the
stock tank were then treated with Potassium Hydroxide,
(KOH) and Sodium Borohydride, (NaBH,), and filtered to
produce rhodium.

[0072] Palladium and platinum are present in the raffinate
remaining after removal of the gold-loaded solvent. The
solution which includes palladium and platinum was pre-
cipitated out by treatment with DiMethyl Glyoxime. The
solids were dried and treated with Formic Acid. The residue
was ashed yielding palladium and traces of platinum.

[0073] Platinum was removed from the liquid portion
reaming after filtration of the solution including DiMethyl
Glyoxime by first treating the solution with Ethanol and
H O, to neutralize the organic solvent DiMethyl Glyoxime.
The solution was then precipitated by addition of NH,CL.
This solution was filtered and the residue burned leaving an
impure platinum sponge. The impure platinum sponge was
further purified by dissolving in aqua regia and refiltering.
The liquid from the filtration was recovered and conveyed to
a stock tank.

[0074] The method of Example 1 resulted in a net recov-
ery of 20 pounds of silver having a 0.90 purity, a net
recovery of 1.05 troy ounces of gold having a 0.90 purity, a
net recovery of 3.72 troy ounces of platinum having a 0.90
purity and a net recovery of 6.17 troy ounces of palladium
having a 0.90 purity.

EXAMPLE 2

[0075] Flyash was produced by the combustion of Powder
River coal at a temperature in the range of 1,850 deg. C
(3,362 deg. F) to 1,900 deg. C (3,452 deg. F). Flyash was
removed from the combustion zone when a BTU output of
12,500 BTU/Ib was achieved.

[0076] The furnace charge was formulated by placing
twenty pounds of flyash from the combustion of Powder
River in a rotating hopper type mixer and adding the
following inquart materials 19.3 pounds of 0.9999 silver,
4.37 troy ounces of 0.9999 gold, 2.19 troy ounces of 0.9999
platinum, 4.37 troy ounces of 0.9999 palladium. The fol-
lowing fluxing agents were also added and mixed: 0.50
pounds of flour, 0.250 pounds of niter, 65.00 pounds of
borax glass, 30.00 pounds of soda ash, 1.0 pounds of
calcium fluoride and 9.00 pounds of silica.
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[0077] Following mixing, the charge was placed in an
induction furnace having a 500 Ib. crucible. The charge was
subjected to a maximum melt temperature range of 2,000
deg. F. Total furnace time was 2 hours and 38 minutes.
Molten slag and molten metal were discharged from the
crucible at a temperature of 2,290 deg. F. Molten slag was
discharged to a first mold and molten metal were discharged
to a dore bar mold casting a dore bar having a weight
substantially equal to 25 pounds. The slag was cooled and
recycled by crushing and reheating.

[0078] The dore bar was exposed to a 3% nitric acid in an
electrowinning cell wherein the dore bar served as the anode
and a sheet of 316 stainless steel served as the cathode. A
current in the range of 1 to 4 volts and more preferably less
than 3 volts and still more preferably substantially equal to
2.8 volts is passed between the dore bar anode and the
stainless steel plate cathode. The electrowinning process
continued for 40 hours at a rate of decomposition in the
range of 4.025 grams per amp hour. The remaining dore bar
nub and 218.2 grams of oversize pellets were recovered for
reprocessing in order to increase ultimate yields.

[0079] The anode slimes were then digested using a 30%
solution of HNOj;. The solution was filtered and rinsed with
de-ionized water. The solution was filtered and recovered
and the liquid is directed to a stock tank for reprocessing in
order to increase ultimate yields of palladium. The residue
was treated with aqua regia, (3:1), to dissolve gold, plati-
num, palladium and rhodium. The solution was filtered
leaving a residue containing gold, platinum, palladium and
rhodium. Residue from the digestion of the filtered anode
slimes not dissolved by the initial aqua regia treatment were
retreated with aqua regia and refiltered. The residue of the
filtration of the aqua regia solution was then ashed yielding
silver and platinum group elements other than rhodium,
palladium and platinum.

[0080] DiButyl Carbitol was added to the aqua regia
solution and filtered. The residue of this filtration step was
dissolved with hydrochloric acid, (5% HCI), and the solution
being recovered and conveyed to a stock tank. Oxalic acid
was added to the gold-loaded solvent, and heated to 75 deg.
C. The solution produced by treatment with oxalic acid was
filtered with the residue ashed to yield gold of purity of
99.5%. The liquid from the filtered oxalic acid solution was
recovered and returned to the stock tank containing the
solution of hydrochloric acid and the filtered residue of the
solution including DiButyl Carbitol. The contents of the
stock tank were then treated with Potassium Hydroxide,
(KOH) and Sodium Borohydride, (NaBH,,), and filtered to
produce rhodium.

[0081] Palladium and platinum are present in the raffinate
remaining after removal of the gold-loaded solvent. The
solution which includes palladium and platinum was pre-
cipitated out by treatment with DiMethyl Glyoxime. The
solids were dried and treated with Formic Acid. The residue
was ashed yielding palladium and traces of platinum.

[0082] Platinum was removed from the liquid portion
reaming after filtration of the solution including DiMethyl
Glyoxime by first treating the solution with Ethanol and
H O, to neutralize the organic solvent DiMethyl Glyoxime.
The solution was then precipitated by addition of NH,Cl.
This solution was filtered and the residue burned leaving an
impure platinum sponge. The impure platinum sponge was
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further purified by dissolving in aqua regia and refiltering.
The liquid from the filtration was recovered and conveyed to
a stock tank.

[0083] The method of Example 2 resulted in a net recov-
ery of 20 pounds of silver having a 0.90 purity, a net
recovery of 1.22 troy ounces of gold having a 0.90 purity, a
net recovery of 1.00 troy ounces of platinum having a 0.90
purity and a net recovery of 13.04 troy ounces of palladium
having a 0.90 purity.

[0084] While this invention has been described with ref-
erence to the detailed embodiments, this is not meant to be
construed in a limiting sense. One or more modifications to
the described embodiments as well as the inclusion or
exclusion of additional embodiments will be apparent to
persons skilled in the art upon reference to this description.
It is therefore contemplated that the appended claims will
cover any such modifications or embodiments as fall within
the true scope of the invention.

What is claimed is:
1. A method for recovering trace elements from coal
including the steps of:

mixing a charge including an ash formed by the combus-
tion of coal, the ash including gold and one or more
platinum group elements, an inquart including one or
more platinum group elements and a fluxing agent;

charging a furnace with the charge;

heating the charge in the furnace to a pre-selected tem-
perature forming a molten charge including a molten
inquart;

absorbing a portion of the gold and one or more platinum
group elements of the ash into the molten inquart;

discharging a molten slag from the furnace;

casting a dore bar by discharging the molten charge
ncluding the inquart including an absorbed portion of
the gold and one or more platinum group elements of
the ash to a mold;

digesting the dore bar in an electrowinning process
wherein the dore bar is introduced into an acidic bath
as an anode and an electrical potential is maintained
between the anode and a metallic plate cathode;

reducing silver ions onto the metallic plate cathode; and

precipitating and dissolving trace elements in the electro-
Iytic solution producing an anode slime.
2. The method for recovering trace elements from coal of
claim 1 including the additional steps of:

digesting the anode slimes in an acid;

filtering the digested anode slimes precipitating a com-
pound including silver from the digested anode slimes
and producing a residue containing gold platinum and
palladium;

dissolving the residue in an aqua regia solution;
mixing the aqua regia solution with a solvent;

recovering a gold-loaded solvent from a mixture of the
aqua regia solution and the solvent;
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reducing the gold-loaded solvent with a reducing agent;
and

filtering a reduced gold-loaded solvent producing a resi-
due including gold.
3. The method for recovering trace elements from coal of
claim 2 including the additional steps of:

precipitating palladium out of the aqua regia solution;

filtering a precipitated palladium solution producing a
residue including palladium and a liquid including
platinum;

reducing the residue including palladium with a reducing
agent; and

ashing a reduced residue including palladium to yield
palladium.
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4. The method for recovering trace elements from coal of
claim 3 including the additional steps of:

treating a liquid extracted from the precipitated palladium
solution filtration with ethanol, hydrogen peroxide and
ammonium chloride;

filtering a treated precipitated palladium solution produc-
ing a residue including platinum;

reducing the residue including palladium with a reducing
agent; and

ashing a reduced residue including platinum to yield
platinum.



