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RECOVERY OF METAL VALUES FROM COPPER CONVERTER FLUE DUST

By F. J. Palumbo, 'R. L. Marsh, 2and R. C. Gabler, Jr.!

ABSTRACT

Effective recycling or disposal of flue dusts is a continuing problem
for copper, brass, and bronze smelters. Over 300,000 short tons (st) of
dust is generated annually by U.S. secondary copper, brass, and bronze
smelters. The Bureau of Mines has developed an alkaline leach method
for recovering metal values from copper converter flue dust containing
zinc, tin, lead, and copper. The dust was leached with a hot sgolution
of ammonium chloride and ammonium hydroxide to solubilize Zn0. All of
the tin (as Sn0,) and the metallic copper, lead, and zinc, as well as
possible 1insoluble compounds of each, report to the residue, Dissolved
copper and lead salts are removed from the leachate by cementation with
granular zinc., Zinc oxide is precipitated by diluting the leachate with
water. The tin-rich (9.8 pct) residue has a ready market. The cement
product is recyclable to the smelting operation. The Zn0 is at least 97
pct pure and has potential marketability.

TResearch chemist,
2Chemical engineer,
Avondale Research Center, Bureau of Mines, Avondale, MD.



INTRODUCTION

As uses for copper have increased, so
has scrap utilization by secondary smelt-
ers, with resultant increases in smelter
flue dust generation and problems associ-
ated with its wutilization or disposal,
In converting “black"™ copper produced
from low-grade scrap, up to 0.3 st of
flue dust is generated for each short ton
of copper produced (1).3 1In the United
States, it 1is estimated (2) that over
300,000 st of secondary copper smelter
flue dust are produced annually., A sig-
nificant amount of this flue dust is pro-
duced by relatively small brass and
bronze ingot makers,

Sales of flue dust for =zinc content
have been curtailed because of high con—-
centrations of lead from solders as well
as chlorine, probably from metals coated
with polyvinyl chloride, A small amount
of these zinc-bearing flue dusts is being
sold to the agricultural industry as a
micronutrient soil additive in commercial
fertilizer. Flue dusts containing 8 pct
or more tin presently can be marketed and
processed to recover tin, The minimum
tin content for a salable product 1s gen~-
erally based on both world market prices
for tin and transportation costs (3).

Smelter flue dust has been the sub—
ject of numerous investigations (4-7) re-
garding economics, disposal, and metals
recovery. Metals recovery technologles
studied include acidic (4) and caustic
leaching (6), pyrometallurgical treatment
(5), and a combination of hydrometallur-
gical and electrochemical processing (6-
7).

" Brass and bronze ingot makers have
briquetted 1limited quantities of £flue

PROCEDURE

A flow sheet for the process 1is shown
in figure 1. The process consists of a
hot NH4Cl1-NH40H leach of copper converter
flue dust. After filtering the leach
reslidue, the dissolved copper and lead

3Underlined numbers in parentheses re-
fer to itemg in the list of references at
the end of this report.

dust containing high tin and lead values
for in~house recycling. The main limita-
tion is that much of the recycled dust
reenters the gas stream without melting.
This results 1in the production of even
more dust. Mackey and Bergsoe (8) appear
to have overcome this problem by melting
and solidifying the dust in a special
furnace, When the solidified dust is
added to the charge, little of the recy~-
cled dust enters the gas stream to change
the flue dust composition,

However, none of these processes (4-8)
has apparently achieved industry accept—
ance, according to a literature review
and inquiries by Bureau of Mines per-
sonnel.  Economics (2, 9) or electrolyte
contamination problems (4, 9-10) were
cited as prohibiting factors. In its
study of metallurgical recycling pro-
cesses, EIC Corp. (9) nevertheless rec-
ommended further study of Zn0 recovery
from flue dusts using concentrated NH4Cl
solutions,

As part of its program to conserve nat—
ural resources, the Bureau initiated a
study to explore alternative methods of
metal recovery from flue dust, The ob~
jective was to develop an alkaline pro-
cess that emphasized environmental con~
cerns. The approach 1involved using a
NH4Cl1-NH,O0H leach solution to solubilize
Zn0. This produces a concentration of
metals in the leach residue and cementa-
tion products. These metals are potenti~
ally salable or recyclable to secondary
copper, brass, and bronze smelters. Zinc
oxide is recovered at the end of the pro-
cess as a byproduct.

DEVELOPMENT

salts are removed from the pregnant leach
liquor by cementation with granular zinc
metal, The cement product is filtered,
and the Zn0 is precipitated by diluting
the filtrate with water,

For this process it was necessary to
optimize the parameters to achieve maxi-
mum dissolution of Zn0 during the leach,
remove all the solubilized copper and
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FIGURE 1. - Process flowsheet.
lead during the cementation step while
keeping the 2Zn0 in solution, and pre-
cipitate the zinc as oxide in the final
dilution-precipitation step. Therefore,
parameters studied were leach tem
perature, leach solution concentration,

pH, amount of zinc required for cementa—-
tion, dilution ratio, and dilution~
precipitation temperature.

The following materials were used to
develop the process parameters: ACS
grade Zno0, technical-grade  NH4CL,
technical-grade NH,0H (27 pct NHz), 30-
mesh granular zinc metal, and tap water.
A domestic secondary copper converter
flue dust was used in the final parameter
optimization studies, Prior to testing,
a sufficient quantity of this converter
flue dust was ground (to break wup lumps)
and blended.

LEACH STUDIES

Tests were performed to determine the
leach parameters necessary to maximize
the solubility of ZnO. For these tests
the solutions were stirred with a magnet-—
ic stirrer, The effects of leach temper-
ature, NH,Cl concentration, and pH were
investigated.

The effect of leach temperature was
studied by adding Zn0 to a solution con~
taining 300 g/L NH4Cl (its cold water
solubllity limit) at increasing tempera-
tures, up to the solution boiling point
of 104° C. Dissolution of the ZnO proved
to be insignificant below a temperature
of 70° C, then steadily increased with
increasing temperature, attaining a maxi-
mum of 162 g/L ZnO at 104° C.

Next, the effect of NH;Cl concentration
was studied in tests at 80° C and a 15-
min leach time with solutions containing
from 0 to 500 g/L NH4ClL. As shown in
figure 2, 180 g of ZnO is soluble in 320
g/L NH4Cl and the solution 1is saturated
with respect to both compounds. In-
creasing the NH,;Cl level decreases the
Zn0 solubility.

The effect of pH was studied based on
the fact that both flue dust and NH,Cl
produce acidic solutions. Preliminary
tests on flue dust showed that a higher
pH, achieved by adding NH;0H, was neces~
sary to obtain any significant copper
dissolution. In these tests copper solu-
bility was estimated by the intensity of
the blue color formed in the ammonical
solutions, These conditions lowered the
Zn0 solubility, but a test objective was
to maximize copper dissolution in order
to return the copper to the furnace as a
metallic cement product.

To meet this objective, varying amounts
of NH4CL (from O to 500 g/L) were added
to solutions containing 151 g/L NH4OH in
order to determine the optimum pH (to
maximize copper dissolution). These
NH,Cl1-NH40H solutions, varying in pH from
7.1 to 10.6, were also used to leach
140 g Zn0 to determine the absolute ef-
fects of the higher pH values on the sol-
ubility of zinc. These tests were also
carried out at 80° C for 15 min. The da-
ta (fig. 3) show that ~115 g/L ZnO can be
dissolved in a solution containing 200
g/L NH4Cl (corresponding to a pH of 8.0).
Further additions of NH,4Cl do not signif-
icantly improve Zn0 solubility.

A series of leach tests was run on
converter flue dust, varying one pa-
rameter at a time while holding the

others constant, in order to determine
optimum 1leach parameters for time, tem—
perature, NH,Cl concentration, and NH4OH
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concentration. Time and temperature
tests were made using 218 g/L NH,Cl and
70 g/L NH,40H (sufficient to maintain a pH
between 7.5 and 8.2). A 5-kg sample of
converter flue dust containing 50 pct Zn,

1.0 pct Cu, 8.6 pct Pb, and 3.0 pct Sn
was ground to remove lumps and then
blended. From this sample, a sufficient

quantity of dust was removed and split
into 100-g (145 g/L) samples for the
tests.

For the time study, the leach was con—
ducted at 104° C, using a reflux condens-
er to minimize vapor losses. Solubility,
based on the amount of residue remaining,
showed that 15 min was sufficient; pro-
longing the leach times gave only small
increases in dissolution.

To determine optimum leach temperature,

leach tests were run for 15 min over the
range of 75° to 104° C. Data on elements
or ions leached (Zn, Cu, Pb, Cl7, and

NH,*) showed minimal differences over the
entire range. A minimum leach tempera—
ture of 80° C was selected in order to
prevent premature ZnO precipitation.

The pH range from 7.5 to 10.6 was in-
vestigated by varying the NH,Cl concen-
tration. The data showed that ZnO dis-
solution reached its practical maximum at
about 200 g/L. Using these time, temper-

ature, and NH4Cl concentration param-
eters, the NH,OH concentration was var-
ied. The results indicated that 85 g/L

NH,OH, produced a pH of 8.2, while good
solubility of Zn0 was maintained. Most
of the copper was also dissolved as well
as some of the lead. Higher pH values
were found to reduce the subsequent re-
covery of Zn0O in the dilution step owing
to its increased solubility with increas-

ing pH. pH vaues of 7.5 or lower, pro-
duced by the acidic nature of the flue
dust and NH,Cl (without NH40H buffer-

ing), inhibit copper solubilization and,
more importantly, favor the formation of
zinc diammine chloride (Zn(NH3),Cl,) over
Zn0.

Optimum leach parameters were deter—
mined to be a leach temperature of 80° C,
a leach time of 15 min, and a pH of 8.2,
obtained with a solution containing 200
g/L NH,Cl and 85 g/L NH,0H. With these

parameters, most of the copper and zinc,
as well as some of the lead, is leachable
from about 145 g/L flue dust.

ZINC REQUIREMENTS FOR CEMENTATION

Bench—-scale tests on pregnant leach
liquors produced using the above param—
eters required 5.0 g/L granular zinc for
the ammoniacal leach solution to effec—
tively cement copper and lead. The 1lit-
erature states that the amount of zinc
used in cementation is usually in excess
of the stoichiometric requirements (11).
This is especially true where lead con—
centrations are high; under these condi-
tions stoichiometric quantities of zinc
metal can produce extremely fine cement
particles capable of floating in the
leachate. The 5 g/L Zn is near the stoi-
chiometric requirement, and subsequent
bench~scale tests confirmed that 5 g/L Zn
was sufficient to cement this sample of
flue dust, However, because of the wide
variation of metal concentrations in con-
verter flue dust, the process requires
that an excess amount of zinc for cement~-
ation should be used to ensure complete
removal of copper and lead from the preg-
nant leach solution.

DILUTION RATIO AND TEMPERATURE

Cement filtrates were produced using
leach and cementation parameters men-
tioned above. The cementation filtrate
contains the leached Zn0O as well as the
zinc metal dissolved during cementation,
The Zn0 1s precipitated by diluting the
filtrate with hot water. Precipitation

of Zn0 is immediate on mixing; the prod-
uct was allowed to stand for 5 min to
facilitate filtration, Figure 4 shows

the effect of wvarious dilution ratios
(volume of water to volume of cement fil-
trate)., For these tests, pure Zn0 was
dissolved in the leach solution and then
precipitated by dilution above 80° C.
The data in figure 4 show that maximum
precipitation occurs at a dilution ratio
of 3.5.

Precipitation by dilution dis compli-
cated by coprecipitation of zinc diammine



chloride (Zn(NH3),Cl,) at lower tempera-
tures. X-ray diffraction data on ZnO
precipitated from a typical leach solu-
tion at temperatures from 30° to 100° C
showed that zinc dlammine chloride was
present at temperatures up to 73° C. The
product 1s contaminated with C1™ and NHj

PROCESS

FLUE DUST

For the tests on the overall procedure,
a new sample of converter flue dust was
obtained from a major secondary copper
smelter, Converter flue dust from this
secondary copper smelter is recovered by
two collectors in series. The dust from
the primary collector has a ready market
due to its high tin content (>8 pct) and
was mnot used 1n this study. The dust
sample for these studies was collected in
fabric-celled baghouses, as is typilcal of
the smelter's normal operations. Table 1
gives some chemical and physical proper-
ties, table 2 its chemlical composition,
and table 3 the trace element composition
of the copper converter flue dust.

TABLE 1. ~ Chemical and physical proper-
ties of copper converter flue dust

Acid soluble (aqua
regia)oooooooooooop(:too 86
Water soluble, pct:

At room temperature... 3.5
At 100° Cevevoovoccnns boh
Magneticeessssesssepcte. 3.4
Particle size, pm:
Average.ccscsscsccscss <5
Largesteceececescsscses >15
Bulk density, 1b/ft>:
LoOS€e pPaCKesossscoones 53
Dense pacKesceessssoes 70
Phases present:
MajOreeeeeaseseesssesss Zincite,
MIiNOFreeeeoeeeeasseseees Anglesite, zinc
stannate.

The flue dust was subjected to the cur-
rent U.S. Environmental Protection Agency
(EPA) extraction procedure for toxicity

(12). Based on the results 1listed in
table 4, the sample exceeded the

and uses up significant amounts of leach
reagent., To avold the formation of the
diammine chloride, precipitations should

be made at ~80° C. Higher temperatures
result in greater ZnO losses due to in-
creased solubility with temperature.
(See figure 5.)

TESTS

acceptable limits for lead and cadmium
and would therefore be classified as a

hazardous waste.

TABLE 2. - Composition of copper con-
verter flue dust, weight percent

NH4+9000-0--
Pb..........

Clseessesceess 0.1 0.1
8.4

SNesescoscns 4.0
9.3
0

Cl eeeecences .05
Cleieeoeseesse Lol

FEeeeseosnnnan .16
Keeeoosoosoos .09
Naeesoeoasoos .09

804—-.000000
Zn.l........ 6
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FIGURE 4, - Zinc salt precipitate versus dilu-
tion ratio.
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TABLE 3. - Trace elements in copper con-
verter flue dust!, weight percent

Ag... 0.003
Al... .003
ASeu .01
Boeoo .01
Bi... .01
Cds.. .001
Crese .003
Fe... .03
Ga... .03
Geeus .01
In.e.. .001

40

~0.03

-

.03
.1
.1

.01

Keeoso
Li...
Mgoo-
Mn...
MO...
Na...
Ni...
Sbese
Si..o
Ti...

100

50 60 70 80 90
DILUTION TEMPERATURE, ° C

FIGURE 5. - Zinc salt precipitate versus dilution temperature.

TABLE 4. — Concentration of selected
elements in copper converter flue
dust leachate compared with EPA

‘Semiquantitative spectrochemlcal

analysis.

NOTE.--The following elements
Ba, Co, Cs, Hg, Nb, P, Rb, Sr,

detected:

Ta, Tl, V, W, Zr.

FINAL OPTIMIZED LEACH PARAMETERS

Because the new batch of flue dust ob-
tained for the final leach tests was dif=-

ferent from that used for

0.03 -0.3 toxicity limits

.0003- .003

.01 = .1 Element Leachate conc, | EPA limit,

01 - .1 mg /L mg/L

.003 - .03 ABvessvennnns 0.11 5

003 - 03 AS--.oooooooo nOOZ 5

.003 - .03 Bacecsseansanse 1.8 100

.003 - ,03 Cdeeeosnnnnne 1.7 1.0

-01 - ol Cr........... 055 5

0001 - 001 Pbo.oc»o-eoeo 44 5
S€sesecssenns 034 1.0
parameter studies, a new set of optimum
parameters was determined, Leach time

were not and temperature, cementation =zinc re—-

quirements, dilution ratio, and dilution
temperature were the same as for the pre-
viously studied flue dust. Maxlmum re-
covery of copper in the cement product
and of Zn0 required slight changes in the
NH4Cl and NH40H concentrations to 230 g/L
and 71 g/L, respectively, with thils new

the original dust sample,



LEACH TESTS

The flowsheet for the process 1is shown
in figure 1. The procedure consists of
leaching with a hot NH,Cl1-NH40H solution
followed by removal of the leach residue
by filtration. (The leach 1s started at
95° C so that it does not cool below 80°
C during filtration.) The pregnant leach
solution 1s treated with granular zinc to
remove copper and lead as a cement prod-
uct. After removal of the cement prod-
uct, the filtrate is diluted with hot wa-
ter to precipitate ZnO, which is removed
by filtration., The final filtrate can be
recycled after being concentrated to
nearly its original composition by a com-
bination of reverse osmosis (RO) and
thermal evaporation. Recent tests have

tests. The specific parameters for the
process are listed in table 5.

Leach tests were run to evaluate the
effectiveness of each step in the pro-
cess. During leaching and cementation
stirring was provided with a stainless
steel propeller stirrer. For sampling
purposes, 10 mL of liquid were withdrawn
during each step to determine the concen-
trations of metals.

TABLE 5. — Optimum operational parameters

Leach solution:
Volume.sesoeoooosscosccssssssoeslios 1
NHgCleeoseseossosassaeassseseg/Lae 230
1012 00 A 74 P B |

Flue duSt..eesscceeasssoscccsssseeZes 181

Initial leach temperatur€eeeeeee’Ce. 95

>80

shown that reverse osmosis can concen- Average process temperatures....’C..
trate the filtrate to one—half its origi~ TLeach time.ceeecesccnccccssssseMing.. 15
nal volume, leaving about one-fourth the Zinc metal for cementation.....g/L.. 5
water for thermal evaporation. Reagent Dilution water ratiOeeseecssescssesss 3.5
recycle was not included in the leach Dilution water temperature......°C.. 80
RESULTS
Test results confirmed that all steps copper and lead from the leach solution.

of the process were operating effective-
ly. Approximately 65 pct of the convert-
er flue dust 1s soluble in the leach
step, corresponding to approximately 57
pct of the copper, 4 pct of the lead, and
83 pct of the zinc. The metallic parti-
cles, PbSO, and Sn (present as Sn0,), are
not soluble to any significant extent in

The dilution-precipitation
82 pct of the dissolved zinc.
recycle 1s practiced, the
pct would not be lost.

The concentration of elements of inter-
est in the flue dust, leach residue, ce-
ment product, and the Zn0 product are
listed in table 6. Spectrographic analy-

step recovers
If reagent
remaining 18

this leach solution. The cementation ses of minor and trace elements 1in the
step removes all but very low traces of products are listed in table 7. The
TABLE 6. — Weight and composition of products from leachling copper
converter flue dust with NH,Cl-NH,OH
Material Weight,1 Concentration,1 wt pct
g Cl~ Cu NH4* Pb Sn | Zn
Flue dust.eesss. 181 0.05 1.1 0.13 8.4 | 4.0 | 60
Leach residue.. 64 11 1.4 | 1.2 23 9.8 | 30
Cement product, 14 6.5 9.28 .81 16 .17 | 41
Zn0 product.... 95 3.4 | 20.003- .03| .56 | 20.003- .03 ND | 72

ND Not detected.
Ipried at 110° C.

2gemiquantitative spectrochemical analyses.



TABLE 7. - Minor and trace elements in process

products!
Concentration, wt pct

Element Leach Cement ZnO

residue product product
Ageoaes | 0.0003-0.003 ] 0,003 -0.03 | 0.0003-0.003
Al.eoes 03 - .3 01 - .1 .003 - .03
Beeease .0003- .003 | .003 - .03 ND
Bieoeao 01 -~ .1 ND ND
Cdevnso ND .003 - .03 ND
Crecese .01 - .1 ND ND
Feavean Jd -1 .03 - .3 .003 ~ .03
Kicooss ,0003~ .003 .0003- .003 | .0003- .003
MZeosaa .001 - .01 .0003~ .003 .003 - .03
Miseeso .001 - .01 .0003- .003 | .001 - .01
MOweseas 01 =1 ND ND
Nacsseoo .01 - .1 .01 =-.1 01 ~ .1
Ni..owo 01 - .1 .003 - .03 ND
Sleeane L.001 - .01 .001 - .01 001 - .01

ND Not detected.

1Semiquantitative spectrochemical analyses.

leach residue 1is salable owing to its
high tin content (9.8 pct); the cement
product can be recycled back to the

smelter furnaces; and the Zn0 product 1is
salable as a feedstock for electrogalva-
nizing, or to the agricultural industry
as a micronutrient additive in fertilizer
and animal feed.

The Zn0 produced by this process has
been tested as a feedstock for electro~
galvanizing wire at the Bureau's Rolla
(MO) Research Center, Laboratory tests
show the Zn0 produces smooth coherent
coatings with a finer grain structure
than that obtained with pure Zn0 or metal
as the feedstock. The coatings are suf-
ficiently adherent that the wire can be
drawn with no breaks in the surface. The
coatings have equivalent corrosion rates
to those of wire electrogalvanized with
either pure zinc or Zn0O as feedstock.

A process evaluation has been made
based on the described process together
with elther an evaporative system or a RO

recycling NH,Cl
1984 prices
costs of 30

evaporative system for
and NH4OH.  Third-quarter
(error margin in capital

pcet), a b5-st/d plant capacity, a 20-yr
depreciation rate, and a rate of return
of 12.2 pct were used to calculate these
values. The calculations indicate that
operating costs are $0.784/1b ZnO pro-
duced for evaporation alone and $0.585/1b
for a combination of RO and evaporation.
This includes credit for the tin content
of the residue ($0.266/1b) and saving for
disposal ($0.162/1b). These figures show
a net return of $0.117/1b ZnO with evapo~
ration alone and $0.316/1b Zn0 with the
RO~evaporative system. The cost for re-—
cycling the leach solution, as well as

the tin content of the feed flue dust,
are critical factors for this process.
The wuse of RO cuts operating costs by
$0.20/1b Zn0, while the tin content of

the 3.5- to
process to

the feed flue dust must be in
4-pct range for the present
approach an economic balance.

SUMMARY AND CONCLUSIONS

An alkaline process to recover metal
values and other products from secondary
copper smelter flue dusts has been de-

veloped. The process conslsts of an

alkaline NH4Cl1-NH40H leach of the flue
dust, recovery of soluble copper and lead
by cementation with zinc metal, and pre-
cipitation of a ZnO product by dilution
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with water, Leaching of metals from the
original flue dust containing 4.0 pct Sn
gave a leach residue (35 wt pct of the
original flue dust) containing 9.8 wt pct
Sn, which is a salable byproduct. The
cement product can be recycled back to
the smelter furnaces, as it is principal-
ly metallic, The Zn0 product recovered
has a small market in the agricultural
industry as a mlicronutrient soil additive
and additive to animal feed. Its best
potential market, however, appears to be
as a feedstock for electrogalvanizing,
Laboratory tests at the Bureau's Rolla

Because all products and byproducts are
either salable or potentially recyclable
back to the smelter furnaces, and because
the reagents can be recycled, there are
only negligible quantities of environ-
mentally  nonhazardous  materials  for
disposal.

This research illustrates that materi-
als such as converter flue dust, which
poses significant disposal or environmen~-
tal problems, can be processed to recover
valuable metal resources for sale or re-
cycle with little or no material for dis-
posal. The overall process reaches an

(MO) Research Center have shown it to be  economic balance when the tin content of
superior to pure zinc or Zn0 as an elec~ the feed flue dust reaches the 3.5- to
trogalvanizing feedstock. 4-pct range.
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