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EXPERIMENTAL PROCESSING OF SALT SLAGS FROM AN
ALUMINUM DROSS FURNACE

by

Michael J. Magyar, 1 Robert S. Kaplan,2 and Harry V. Makar 3

ABSTRACT

The Federal Bureau of Mines has developed a hydrometallurgical method
to recover aluminum, aluminum oxide, and fluxing salts from aluminum salt
slags. The slag is leached with water at roam temperature to produce a
saturated brine slurry. Screening of the slurry yields an aluminum-rich
fraction that can be returned to the dross furnace. The remaining slurry
is vacuum filtered, yielding a clear brine solution and an aluminum oxide
filter cake. Evaporation of the clear filtrate produces a high-purity
fluxing salt for reuse in the dross furnace. Over 80 pct of the metallic
aluminum is recovered in the aluminum-rich oversize fraction, while essen­
tially all the fluxing salts are recovered by evaporation. This report
contains the final results of an investigation on a process research unit
scale, an economic evaluation of the method, and recommendations to further
improve the process.

INTRODUCTION

Disposal of the salt slag produced during the processing of aluminum
dross and scrap is of particular interest to the secondary aluminum industry.
Melting of these materials is carried out under a salt flux cover to dissolve
the contaminants, mostly aluminum oxide, and to optimize the recovery of
aluminum metal. Typically, dross and low-grade scrap are melted in rotary
furnaces, using a sodium chloride flux with 2 to 5 pct cryolite. The salt slag
generated ranges up to 35 pct of the melt charge in rotary furnaces. Higher
quality scrap is melted in reverberatory furnaces, using a flux consisting of
equal parts sodium chloride and potassium chloride with 2 to 5 pct cryolite.
Dross from this type of furnace ranges up to 10 pct of the melt charge. As the
flux becomes contaminated with aluminum oxide, it is removed and customarily
disposed of in a landfill. However, because the soluble salts in the flux
represent a potential source of pollution to surface and ground water supplies
(~),4 this practice is being discouraged.

lChemical engineer, Avondale Research Center, Bureau of Mines, Avondale, Md.
2 Staff metallurgist, Bureau of Mines, Washington, D. C.
3Supervisory metallurgist, Avondale Research Center, Bureau of Mines, Avondale,

Md.
4Under1ined numbers in parentheses refer to items in the list of references

preceding the appendix.
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Preliminary Bureau experiments (~) indicated that although leaching the
slag and evaporating the brine to recover the salt flux was technically fea­
sible, the economics of such a method were not well defined. Therefore, as
part of its mission to conserve mineral resources, the Federal Bureau of Mines
undertook to generate the data required for an economic evaluation. This
report presents the results of demonstration tests of a Bureau-developed
hydrometallurgical process for recovering the components of the salt slag for
reuse. Tests were conducted in a laboratory process research unit (PRU), of
lOO-pound-per-hour capacity. An economic evaluation of the process is pro­
jected to a commercial-scale operation.

PRELIMINARY EXPERIMENTS

As a basis for the design of the PRU, tests on slag leaching and brine
evaporation were conducted on a laboratory scale. These tests indicated
that the slag could be effectively separated into a coarse aluminum-rich
fraction, fine aluminum oxide, and salt flux for recycling.

To facilitate leaching and handling, the incoming salt slags were
crushed and sized to minus 0.5 inch by the processor. The slags processed in
the PRU-were generated in both rotary and reverberatory furnaces. Figure 1
shows the general appearance of the slag as received; table 1 (2) shows the
range of compositions.

TABLE 1. - Composition range of slags, wt-pct

A1\lIIlinum I • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

A1tIIlliUlJIO. oxide .
SodiUIIl chloride .
Potassium chloride •.•••.•.••.••••..•••
Carbon, cryolite, and magnesium.•.••••

5-15
25-40
25-33
25-33
3- 7



o 1/2 I

~
SCALE, inches

FIGURE 1. - Samples of high-salt, aluminum-bearing slag.
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To study the effect of water-to-s1ag ratios and stirring time on salt
dissolution, several 200-gram samples of slag were leached at room temperature.
After leaching, the slurry was filtered in a vacuum-type Buchner funnel, and
the concentrated brine was removed and evaporated (table 2). After drying,
the residue was screened at 28 mesh to separate an aluminum-rich oversize
fraction. To remove residual salts, the aluminum oxide undersize fraction was
re1eached, and then filtered, rinsed, and dried. The dilute rinse solution
from this step was used to leach the next slag sample. Composition ranges of
the fractions for several tests are summerized in table 3.

TABLE 2. - Preliminary slag leaching experiments,
slag charge 200 grams

Test Stirring time, min Leach water, ml Salt leached, g
1............... 15 500 113
2 .•.•....••••••• 15 600 124
3 ..•••••..•.•••• 30 500 124
4............... 30 600 132
5.•....••.•••..• 45 500 139
6..........•.... 45 600 137

TABLE 3. - Results of preliminary experiments

Test Aluminum, wt-pct Alumina, wt-pct Chloride (Na+K) ,
wt-pct

Minus 28-mesh:
1................ 7.8 85. 7 5.3
2.........•....•. 6.9 90.8 2.8
3 ..••...••...•... 6.8 91. 2 1.3
4................ 6. 7 80.1 6.0
5....•........... 7.0 91. 9 1.3
6 ................ 5.4 87.3 1.2

Plus 28-mesh:
1...•.......•.... 55.0 36.8 0.06
2....•......•...• 49.0 40. 7 .01
3 ................ 65.0 30.8 .02
4.......•........ 59.0 34.6 .04
5................ 52.0 42.6 .02
6 ..••.••.••.••.•• 72.0 22.2 .02

NOTE.--Releach~ng the unders~ze removed approx~mately 85 pct of the
remaining salts, reducing their level to 0.3 to 1.1 wt-pct
chlorides.

Material that is mostly aluminum oxide could be used by the steel industry
as a hot-topping compound if the chloride content were less than 1 pct and the
metallic aluminum content were 2 to 5 pct. The oversize fraction contained
sufficient metal to be recycled, while the salt content of the undersize was
reduced to acceptable levels by releaching. These laboratory test results were
reported in greater detail by Caldwell, Hogan, and Elkins (2), and on that
basis, it was decided to build a PRU capable of leaching 100 pounds of slag
per hour in 50-pound batches.
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PRINCIPLES OF OPERATION

The process is hydrometallurgical and consists of four stages:
leaching, (2) screening, (3) s'lurry filtration, and (4) evaporation.
ure 2 is the general flawsheet for the PRU.

(1)
Fig-

Leaching

The leaching section of the PRU was operated on a batch basis with slags
obtained from commercial sources. Fifty pounds of slag were charged to a
polyethylene leaching vessel and leached, at room temperature, with a dilute
salt solution froma prior rinsing step. The amount of solution used was pre­
determined by the amount of salt in the slag. Volume-to-weight ratios were
10 to 11 gallons of solution per 50 pounds of slag.

SLAG, pel

AI,O, 25·40

AI 5·15

NaCI 25-33

KCI 25-33

Other 3- 7

Crushing

Recycle

,I

Salt flux, pcl

Sa It settling

NaCI 45-55

KCI 45-55

Other .02-.2

Al,a, 80-90

AI 3- 7

NaCI .1-.3

KCI .1-.3

Other 3- 7

Olide fraction, pet

f--~~ Rinse water --~

Drying

Screening

AI . 35-45

Al,a, 50-60

NaCI .3- .7

KC! .3· .7

Other 3· 7

Metallic fraction,pel

r--_

L

_

e

....

a

~C_h_in_g_:--- ",",..." 'O~-I--------l

'''r"' 0 ••• 0"" . ""j'"'r----Brine

Metallic residue Oxide residue

!
Wash water ----I

FIGURE 2•• PRU flowsheet for recovery of chloride salts from high-salt, aluminum­
bearing slags.
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A concentrated brine solution of sodium and potassium chloride contains
approximately 24 to 26 wt-pct salts at room temperature. The volume of leach
water used was adjusted to yield a solution of just under 24 wt-pct salts to
insure rapid dissolution and to keep all salts in solution during subsequent
processing. Figure 3 shows the average concentration versus time results
for tests run to determine rate of dissolution. These data demonstrated that a
leach time of approximately 30 minutes was required to reach the desired
concentra tion.

Screening

During leaching, relatively small particles of metallic aluminum and
aluminum oxide were liberated. Because the aluminum particles were generally
larger than the oxides, the leached slurry was gravity fed to a vibrating
screen to separate an aluminum-rich fraction. The metallic contents of these'
oversize fractions, screened at 28 mesh as in the preliminary tests, were
below 30 wt-pct owing to entrained oxide particles. Subsequent tests showed
a l4-mesh screen to be the optimum size for use with the vibrating screen.

24

22

-c
CI'l

U
Q. 20I-:t
Z
0
~
lIl(

~ 18
zw
CJ
Z
0
CJ

16

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

TIME, minutes

FIGURE '3. - Rate cif dissolution of sodium and potassium chloride from high-salt,

aluminum-bearing slags.
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FIGURE 4. - Leach section of process development unit for recovering chloride salts from

high-salt, aluminum-bearing slags.
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Slurry Filtration

Aluminum oxide in the minus l4-mesh screen undersize was separated from
the concentrated brine by a vacuum pan filter, with a lO-square-foot filtering
area. The oxide fraction formed a spongy cake, l/4-to-l/2-inch-thick, with a
dry, flaky surface. The resulting clear brine solution was stored for later
evaporation. After filtration, a volume of fresh water equivalent to that
used for leaching was added to the aluminum-rich fraction on the vibrating
screen to rinse off remaining fines. This solution then passed to the pan
filter where the cake was flood washed, under vacuum, to remove residual
salts. This produced a dilute brine solution of approximately 3 to 6 wt-pct
salt used to leach the next batch of slag. The filter cake contained 20
to 25 wt-pct moisture and less than 1 wt-pct salt. Figure 4 shows the
leaching (upper right corner), screening (right center), and filtering (lower
right corner) sections of the PRU.

Feed solution

Salt slurry

FIGURE 5.· Diagram of the submerged combustion evaporator.

Evaporation

The submerged combustion
evaporator, used to vaporize
approximately 350 pounds of
water per hour from the brine
at 95° C, consisted of a .
lOa-gallon fiberglass tank
with a conical bottom. A
propane-fired burner, rated
at 400,000 Btu per hour, was
suspended vertically inside
a downcomer, which in turn
was immersed below the sur­
face of the brine. Evapora­
tor steam was exhausted to
the atmosphere. Figure 5
is a diagram of the submerged
combustion evaporator.

After the feed solution
was concentrated by evapora­
tion so that salt began to
crystallize, the salt slurry
was pumped from the evaporator
to a settling tank. An equal
volume of clear supernantant
solution was drawn off the
top of the settling tank and
recycled back to the evapor­
ator to maintain the liquid
level of the evaporator.
After settling, the salt crys­
tals were dewatered in a
vacuum filter pan with 4­
square-foot filtering area.



The mother liquor collected in a filtrate receiver and was returned to the
settling tank; 100 to 125 pounds of salt per hour were recovered.

PRODUCTS
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Three separate products were obtained from this process: an aluminum­
rich fraction (plus 14 mesh), a fine aluminum-oxide fraction (minus l4-mesh),
and a salt mixture suitable for reuse as a flux (fig. 6).

Composition of the aluminum-rich fraction is shown in table 4. As with
the small-scale tests, this material contained sufficient aluminum to be
recycled to the dross treatment furnace for aluminum recovery.

TABLE 4. - Composition range of oversize fraction (plus 14 mesh), wt-pct

AllIII1i nlUll. . • . • . . • . • . . . . . . . . . . • . . • . . . . . . . . . . . . . • . . • . . • . . • . . ...
Aluminl.ml oxide I. I ••••••••••••••••••••••••• 1 ••••••••••• II

Sodimn chloride .
Potassi1Jl11 chloride .
Cryolite and magnesium compounds .......••.••.•.•••.••••.••••

35.0-45.0
50.0-60.0

.3- .7

.3- .7
5.0-10.0

OIIDE
FRACTION

SLAG

SALT

METALLIC
fRACT/ON

ii.b, ."

FIGURE 6. - Fractions recovered from high-salt, aluminum-bearing slags.
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Composition of the aluminum oxide product is shown in table 5. The
secondary aluminum industry has indicated that this material has potential
use as a raw material for the cement industry. Another possible use for this
fraction is as a hot-topping compound in the steel industry. The market
potential in both cases may be limited, however, because relatively inexpensive
raw materials for these purposes are currently available.

TABLE 5. - Composition range of fine fraction (minus 14 mesh), wt-pct

Alumintml "...........•.....•..•.•......•......•....
AltIIninllI11. oxide ' ' 0 ••••

Sodit11ll chloride .
Potass ittnl chloride .
Carbon and magnesium compounds ...•.•..•.•••.• o •••••••••••

3.0- 7.0
80.0-90.0

.1- .3

.1- .3
5.0-10.0

Table 6 shows the composition range for recovered salt flux. The flux
consists of approximately 50 wt-pct each of sodium and potassium chloride, and
trace amounts of aluminum, copper, iron, calcium, and magnesium. This salt
flux,. with the addition of a small amount of cryolite (2 to 5 pet) is suitable
for reuse in the dross treatment furnace.

TABLE 6. - Composition range of salt flux, wt-pct

Sodium chloride .
Potassium chloride .
Aluminum, copper, iron, calcium, and magnesium

C OIIlpound s •.••••..•••••••••.•..•••..••••••••.••••••.•..

45.00-55.0
45.00-55.0

.02- .2

Product distribution as a pet of the incoming slag is shown in table
7. The recyclable fluxing salts and metallic aluminum fractions represent up
to 25 and 65 pet, respectively, of the incoming slag. Sale or reuse of these
fractions accounts for the major source of revenue generated by this process.

TABLE 7. - Product range as a pet of incoming slag, wt-pct

Ov'ers ize fraction .
Fine fraction .
Salt flux .

PROCESS EVALUATION 5

10-25
15-25
50-65

To generate data for an economic evaluation, the critical operating param­
eters were determined. Average values of data such as specific gravity,
bulk density, angle of repose, moisture content, and percent of charge for all
solids and solutions are tabulated in tables A-1 and A-2 in the appendix.
Compositions of the various process streams at equilibrium were required to
evaluate the evaporation section. Samples of the salt slurry pumped from the
evaporator to the settling tank, the clear supernatant solution recycled from

--------
5Thomas A. Phillips, chemical engineer, Process Evaluation Group, Avondale

Research Center, Avondale, Md., performed the process evaluation for this
section of the report in March 1978.
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the settling tank to the evaporator, and the mother liquor obtained by
filtering the salt product and the salt cake were taken at 3D-minute inter­
vals throughout each evaporation test. Temperatures and specific gravities
of these solutions were measured at the time of sampling. These samples
were subsequently analyzed for NaCl and KCl. A saturated solution at 95° C
should contain 17.1 wt-pct NaCl and 21 wt-pct KCl (2). Figure 7 shows the
approach to equilibrium for this system, using the settling tank samples (4).

During the experimental investigations, the slag was crushed to minus
0.5 inch to facilitate leaching. In the process evaluation, this crushing
step was eliminated by replacing the leach tank with a drum capable of
leaching large-size slag. This is similar to the horizontal leach drum
arrangement described by Newell Dunford Engineering Ltd. (£). It was
assumed that the slag would be cast in small bars no longer than 12 inches
and be fed directly to the leach drums. Casting such small bars or ingots
is common practice in various industries and is not expected to increase the
operating cost at the secondary smelter.

24

22
saturation at 95° C

20 • •c • • •CIl • •-u •0-
I 18 • •- • •~ • • •
z

16
NaCI saturation at 95° C

0
i=«
a::... 14 DATAzw • KCI(J
z • NaCI
0 12
(J

10

8
0 1 2 3 4 5 6 7 8 9

TIME, hours

FIGURE 7.• Approach of the brine solution in the evaporator system to equilibrium.
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Data used in this evaluation for the preparation of the material balance
are based on results from the 100-pound-per-hour PRU. Commercially available
equipment was used in the full-scale plant designed for the process evalua­
tion. Cost data are from published sources updated by the use of inflation
indexes. It is assumed that the plant is an addition to an existing aluminum
dross treatment plant. Figure 8 shows the f10wsheet used for this process

- evaluation.

Capital Costs

This is a capital cost estimate of the general type called a "study
estimate" by Weaver and Bauman <.!.!). It was prepared from a f10wsheet and
a minimum of equipment data and can be expected to be within 30 pet of the
actual cost. Capital cost estimates are shown in table 8. The fixed-capital
cost on a fourth-quarter 1977 basis (Marshall and Swift index of 518.4) for
processing 100 tons per day of salt slag is $3,274,900. The plant, divided
into three sections, is designed to operate three shifts, 7 days per week,
330 days per year. Although statistics are not available on the quantity or
distribution of salt slag in the United States, only a few secondary aluminum
companies would be able to support a plant this size. In a study of the
secondary aluminum industry in the United States, Siebert (10) shows that six
companies produce approximately 60 pet of the secondary aluminum. Based on
1977 production of almost 800,000 tons (L), these companies would thus account
for approximately 480,000 tons. The amount of the slag produced can be crudely
estimated by using the estimated flux consumption of 20 pct of the metal weight
treated (§) and assuming an average of 50. pct salt in the slag (table 1). The
average salt slag generated for each of the six largest companies is thus
estimated to be approximately 32,000 tons per year. For the rest of the
industry, central processing facilities supported by two or more plants would
be required to support the size plant projected in this economic evaluation.

FIGURE 8.• Process to recover aluminum and fluxing salt from aluminum salt slag.
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TABLE 8. - Estimated capital cost1

Fixed capital:
Leaching sec t ion .
Residue separation section ...•.•.••••.....••.•.•.....••
Crystallization section ....•....•........•........•....

Subt eta 1 .
Plant facilities, 2 pct of above subtotaL .•..•.•....•.••
Plant utilities, 4 pct of above subtotal .....••..•.....••

Total plant cost .
Land cost .

Subtotal ... 1 ••••••••••••• 11.1 ••••••••••••••••••• ,••• 1

Interest during construction period ..••.•.••.•..•..••.•••
Total fixed-capital cost •....••..•.•..•.••.•..••.•..

Working capital:
Raw material and supplies .
Produc t and inproces s inventory .•..•..••.•.••.••. '.' ••.•
Accounts receivable .
Available cash .

Working capital cost ............•................•..

Total capital cost .
lBasis: Marshall and Swift equipment cost index = 518.4.

$979,300
663,300

1 323 300
2,965,900

59,300
118,600

3,143,800
o

3,143,800
131,100

3,274,900

2,800
112,500
112,500
69,700

297,500

3 752 400

Capacity-cost data of the type presented by Bauman (1), Mills (5), and
Peters and Timmerhaus (~) are used as the principle sources of equipment
costs. The costs of the major items of equipment and their accessories are
tabulated for each section in the appendix. In developing the plant capital
costs, corrosion-resistant materials of construction were used where appro­
priate.

Because the proposed process is designed as a plant addition, the costs of
plant faci1ites and plant utilities are estimated as 2 to 4 pct each, rather
than the conventional 10 to 12 pct.

Working capital is defined as the funds in addition to fixed capital, land
investment, and startup costs that must be provided to operate the plant.
Working capital, also shown in table 8, is estimated from raw material and
supplies inventory (cost of raw materials and operating supplies for 30 days),
product and inp~ocess inventory (total operating cost for 30 days), accounts
receivable (total operating cost for 30 days), and available cash (direct
expenses for 30 days). Land investment and startup costs are not included in
this estimate.

Operating Costs

The estimated annual operating cost for a plant capable of processing
100 tons per day of salt slag is $1,368,700, as shown in table 9. This corre­
sponds to a cost of $41.48 per ton of slag processed.



14

TABLE 9. - Estimated annual operating cost

Annual cost Cost per
ton of

salt slag

$0 $0.00

15,100 .46
1,100 .03

104,100 3.15
181 500 5.50
301 800 9.14

189,300 5.74
37 900 1.15

227 200 6.89

78,400 2.38
15,700 .48
78 300 2.37

172 400 5.23

112,500 3.41
34 500 1.05

848 400 25.72

159,800 4.84

31,400 .95
31,400 .95

297 770 9.02
1 368 700 41.48

maintenance !' .

Supervision, 20 pet of maintenance labor .•...•.••..•

Payroll overhead, 35 pct of above payroll •••.•.•..•.••
Operating supplies, 20 pet of plant maintenance •.•.•••

Total direct cost .....•...•...•..................

Total 1.1 ••••••••••••

Materials .

Plant maintenance:

Tota 1 .•..........................................

Tota 1 .•..........•............•..........•...•...

Labor .

Indirect cost, 40 pct of direct labor and

Fixed cost:
Taxes, 1 pct of total plant cost ............•......•
Insurance, 1 pct of total plant cost ..••••.••.•.••••
Depreciation, II-year life •..•••..•.••••.•.••..•••••

Total operating cost •..•.••.••••.•.••.•.••••.••••

Direct labor:
Labor at $7 per hour 0 ••••••••••••••••

Supervision, 20 pct of labor •.•.•..•......••••••••••

Direct cost:
Raw materials: High-salt slag at no cost per ton .••

Utilities:
Electric power at $0.015 per kwhr •....•..••.••.•..••
Process water at $0.25 per mgal •••..•.•..•.••••.••.•
Heavy oil at $0.50 per gal ••.•.•••..•.•.••.••••••.•.
Steam, 200 psig at $2.50 per mlb ••••••••.•••••••.•••

The estimated operating costs are based on an average 330 days of opera­
tion per year over the life of the plant. This allows 35 days downtime per
year for inspection, maintenance, and unscheduled interruptions. The costs
for this downtime are included in the figures shown in table 9. The operat­
ing costs are divided into direct, indirect, and fixed costs.

Direct costs include raw materials, utilities, direct labor, plant
maintenance, payroll overhead, and operating supplies. The raw material
costs do not include transportation costs because the plant location is not
considered. Raw material and utility requirements per ton of salt slag are
shown in table A-3. The direct labor cost is estimated on the cost of operat­
ing the plant 24 hours per day, 7 days a week, and staffing it with three
workers per shift.
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Plant maintenance is separately estimated for each piece of equipment,
the buildings, electrical systems, piping, plant utility distribution systems,
and plant facilities. Payroll overhead includes vacation, sick leave,
social security, and fringe benefits.

The indirect
accounting, plant
company overhead.
the plant are not

costs include the expenses of control laboratories,
protection and safety, plant adminstration, marketing, and
Research and overall company administrative costs outside

included.

Fixed costs include the cost of taxes (excluding income taxes), insurance,
and depreciation. Depreciation is based on a straight1ine, 11-year period that
includes debt retirement.

Credit for reduced slag disposal costs is not included in the operating
cost.

Profitability

with both time and location,
each potential process user
must develop his or her own
set of product values. Fig­
ure 9 correlates the interest
rate of return on investment
after taxes (assumed 50 pct
tax rate) with the net value
of products.

INTEREST RATE OF RETURN ON INVESTMENT

AFTER TAXES, pct

FIGURE 9.• Estimated process profitabi I ity.
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TABLE 10. - Estimated product values

Product Assumed value Quantity, Estimated value per
per ton tons/day ton of slag

AI .................• $300 6.5 $19.50
Salt flux ........... 50 64.0 32.00
A1

2
03 ·o ....•....•.•. 10 21.5 2.15

Total .......... 92.0J. $53.65.18 tons/day of A~ 03 report wl.th the metallic Al in the overSl.Ze
fraction.

PROCESSING PROBLEMS

During this research, several problems were encountered and the modifi­
cations or procedural changes employed to alleviate them are described below.

Distinct odors were detected during the operation of the leaching section.
Gas samples were taken from the leach tank, the filter pan, and the drying oven
and analyzed at the Pittsburgh Energy Research Center of the Department of
Energy. The results of these analyses are listed in table 11.

TABLE 11. - Composition of the process exhaust gases1

Component Gas composition. vol-pct
L-l L-2 F-l F-2 0-1 0-2

FI.a •••••••••••••••••••• 0.8 <0.3 <0.3 0 0.6 <0.3
°2 .................... 19.0 20.1 22.3 21.5 19.7 20.1
~ .................... 77 .1 76.7 75.6 76.7 76.9 77 .0
Cl\ .•.....•..•...... 0 • 1.4 1.1 0 0 <.3 0
~ o••••••••••••.••••.• 1.4 1.4 1.5 1.5 2.3 2.3
CO2 ••••••••••••••••••• <.3 <.3 <.3 <.3 <.3 <.3

1The concentrations of the following gases were below the
detection limit of this analysis «0.1 vol-pct): ~,~S,

CO, C2~.' ~ 1\ ' C2!\; , C3 Hs ' C3 He' C4 He, iC4 H10 ' and nC~ H10 .

The sample identification letters L, F, and 0 correspond to the leach
tank, the filter pan, the drying oven, respectively. While the odors seemed
to consist mainly of ~ Sand NH:3, these gases along with CO, C2~ , and other
hydrocarbons were below the 0.1 vol-pet detection limit of the gas chromato­
graph and mass spectrometer used. These data indicate that no special pollu­
tion control equipment is needed to control these gases, but adequate ventila­
tion should be provided to prevent the accumulation of the trace amounts of
~ present.

It was also observed during leaching that some slag particles did not
dissolve completely. These insoluble nuggets, which are mostly aluminum oxide,
reported with the aluminum-rich fraction and lowered the metallic content to 45
wt-pct. Rod milling before leaching, however, produced metallic contents
ranging from 55 to 65 wt-pct after screening. Leaching combined with some
form of milling is more efficient than leaching in a stirred vessel.
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Metallic contents of 70 to 85 wt-pct have been reported using a combination
leaching-milling system (£).
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FIGURE 10. - Configurations of the downcomer section of the submerged combustion evaporator.
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Salt plugging problems in the gas outlet of the submerged combustion
evaporator caused unstable burner operation and premature shutdown. On several
occasions, the downcomer assembly of the evaporator was dismantled for
manufacturer-specified design modifications. Figure 10 shows the details of
the original configuration and several modifications. The salt-bridging
problem appeared to be related to the following: (1) The back pressure plate
was too hot,and the solution flash evaporated on its surface, (2) the supports
for the back pressure plate were serving as nucleation sites for salt crystal­
lization, and (3) the solution in the vicinity of the gas outlet was becoming
supersaturated.

By increasing the distance between the gas dispersion nozzle and the
back pressure plate from one-half to 1 inch, salt bridging across the gap was
minimized. At the same time the thickness of the plate was increased from
one-eighth to one-half inch. The inlet feedline was then piped through the
center of the plate and served as its support (fig. 10D). The increased mass
and the cool dilute feed solution discharged over the surface eliminated the
salt-bridging problem.

Other problems encountered during operation of the evaporation section
of the PRU included:

1. Plugging of inlets to the centrifugal pumps when pellet-sized salt
crystals became lodged in the pump's impeller.

2. Abrasion and corrosion due to accumulation of salt crystals between
the pump housing and the impeller and shaft sleeve.

3. a gradual buildup of salt deposits on the inner walls of vacuum lines
which eventually restricted the flow and prevented filtration.

Although solutions to these problems were not thoroughly investigated, a
partial solution may be periodic flushing with fresh water. Some carryover
of salt occurred with the steam exhausted directly to the atmosphere. Although
no absolute determination of the quantity was made, a sample of condensate from
the exhaust contained less than 1 wt-pct salt.

SUMMARY

The secondary aluminum industry annually disposes of large tonnages of
salt slag produced in aluminum dross treatment furnaces, thus wasting valuable
mineral resources and creating environmentally unacceptable conditions. An
alternative exists by which the constituents of the slag can be recovered for
recycling or sale and any residual waste can be safely disposed of) through
the leaching and evaporation technique described in this report.

The estimated fixed-capital cost of a plant designed to process 100 tons
per day of salt slag is about $3,300,000 based on fourth-quarter 1977 co~ts

(Marshall and Swift index of 518.4). The operating cost for this plant is
estimated to be about $41 per ton of slag processed. Credit for reduced slag
disposal costs is not included.in the operating cost. To obtain a lO-pct
return on investment after taxes, the combined value of the products must be
$55 per ton of slag processed.
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APPENDIX

TABLE A-I - Leach plant data

Leach solution:
Charge weight of slag •.......•........•.
Leaching time 0 ••••••••••••••••••••

Concentration of solution .....•.•.••.•..
Volume of leach solution ..•..••.•....•••
Specific gravity of solution .. .••.•.•...
Bulk density of slag .•••...•....••••.•••
Angle of repose •...•...••.•.....•...•..•

Oversize fraction:
Moisture content .....•.....•....••......
Bulk density .
Angle of repose ....•....•..••.•......•..
Mesh size I 1

Pet of charge .. 1.1 •••••••••••••• I ••• I •••

Undersize fraction:
Mois ture content .
Bulk density 0 •••

Angle of repose .••.....••.•...•....•..••
Pet of charge .
Vacuum ... 0 ••••••••••••••••••••••••••••••

Rinse solution:
Specific gravity of solution ..•....•.•..
Concentration of solution ..•..•.•••.•...

50 lb.
30 min.
22 to 24 wt-pct.
:>010 gal.
1.17.
75.4 lb/ft3

•

37 0

3 to 8 wt-pct.
81.5 lb/ft3 •

35 0

14 mesh
10 to 20 wt-pct.

30 to 35 wt-pct.
63.2 lb/ft3 •

33 0

15 to 20 wt-pct.
20 inches of ~ 0 for 5 to 10 min.

1.13
6 to 8 ct.
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TABLE A-2. - Evaporator data

Evaporator solution:
Specific gravity of solution•.•..•.••••••
Temperature of solution•..•.•.••.••••••.•
Flow rate ..
Pet solids in line ..

Settling tank:
Specific gravity •........•....•..........
Temperature of solution .•..••.•••••
Recycle rate............................ .. ..

Mother liquor:
Specific gravity •••••..•••••
Temperature of solution ••

Salt:
Moisture content •.•
Vacuum 0 ..

Bulk density •..•.••.•.••••.••.
Angle of repose .......•....•
Stack temperature ....•.•....••
Drying oven temperature •.•..•.
Ra te of feed "..

Saturated solution NaCl, KCl, and ~O

at 95° C:
NaCl ..
KCl. ..
Total salts .•.

1. 24 to 1. 26 •
93° to 96° C.
17.5 gpm.
1 to 3 pct.

1. 24 to 1. 25 •
93° to 96° C.
17.5 gprn.

1.23 to 1.24.
60° to 67° C.

20 to 24 pct.
15 inches of ~O for I to 3 min.
68.6 Ib/ft3 •

39 0
•

94 ° to 96 0 C.
175 0 C.
0.8 to 0.9 gpm.

17.1 wt-pct.
21.0 wt-pct.
38.1 wt- ct.

TABLE A-3. - Raw material and utility reguirements

high-salt slag ...•..•..••.•..•...• tons .•Raw materials:
Utilities:

Electric power.
Process water ..
Heavy oil.
Stearn .••..

.kwhr .•

.mgal. .
.. ... ga 1...
. • .mlb .•

Quantity per ton of
salt sla

1.000

30.470
.139

6.309
2.200

TABLE A-4. - Direct labor reguirements, workers per shift

(21 shifts per week)

Leaching section............ . ....•.••.
Residue separation section.. . •..••
Crystallization section .•.•.••••.•.••••..•••..•••
General plant. . ....•..•..........

Tota 1 ..

0.5
.5

1.0
1.0
3.0
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TABLE A-5. - Major eguipment items, by section

Quantity
Leaching:

Leaching drums (2) .........••..••.•..••.
Vibrating screen (1) .....••.•..•.•.•..••

Residue separation:
Thi cke ne r (1) . . . . . • . . . . . . . . • • . . . . . • . . . . .
Pressure leaf filter (1) •••..•.•..•••.•.
Vacuum belt filter (1) ......••....••...•
Cooling tower (1) ..........•.••....•••.•
Rotary dryer (1) ..•....•......•.........

Crystallization:
Evaporator (1) II" ••••••••••••••••• 0 •••••

Settling tank (1) .
Centrifuge (1) ........•..•.•.•.........•
Rotar dr er (1) ..... , ..........•.......

Unit size

7 feet in diameter by 57 feet.
81 square feet.

23 feet in diameter.
167 square feet.
10 square feet.
81 gallons per minute.
3.50 fe 7t in diameter by 28 feet.

455 square feet per effect.
10,970 ga Hons.
24-inch diameter bowl.
4 feet in diameter b 38 feet.

TABLE A-6. - Daily utility reguirements, by section

Section Electric power, Process water,
kwhr mgal

Leaching subtotal ...... II. II II ••• II ••••••••••••• 805. 0.0
Residue separation:

Vacuum belt filter ........................ NA 7.2
Cooling tower ............................. NA 6.7

Subtotal. II ••••••••••••••• II • 11'11'11 II •• II •• II 512. 13.9
Crystallization...........••...•.......•.... 1,471. .0
General pIa ntil. II • II II • II •• II • II II • II II • II • II •• II II II • II II II • 259. .0

Total .......................... a ••••••• 3 047. 13.9
NA Not applicable.

TABLE A-7 - Daily thermal requirements, by section

Section Steam, Heavy oil, 1 Cooling water,
mmBtu nnnBtu mgal

Residue separation:
Rotary drye r ..... C II II • II 0 ••••• II •••• II II • II • II 0.0 32.4 0.0

Crysta llLZa tion:
Evapora tor .... II •• II 0 II ••• II ••• II • II •• II ••• II • II 194.3 .0 391. 2
Rotary drye r ...... II • II ••• It •• II II • II II • II II • II II • .0 49.9 .0

Tota 1. II •• II •• II • 0 •• II •• II • II 0 •• II •• II ••• II • II 194.3 82.3 391.2
lOuantity of heavy oil (130,448 Btu/gal) = 630.9 gal/day.
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TABLE A-8. - Equipment cost summary, leaching section

Do •••••••••••••

Apron feeder •..
Be 1t conveyor .•

Cost1

Eau1pment labor
$28,600 $4,300

23,400 3,700
5,100 1,200

Leaching drums.......................... •......•. 210 ,800 33,700
Vibrating screen. •. ....•..•.••....•......... 23,100 2,800
Belt conveyor.............................. 5,100 1,300
Sump........... .....•...•........•. .• ....•...•. 5,500 200
Pumps .•..•.-. • • • • . . • • • • . • . • • • • . • . • . •• .. •••.• ••.• 3 800 1,000

Total... . . .••.. . .•.. .•.. •.. .. ...•..... •.••.•. 305,400 48,200
Aluminum fraction bins

2
•••••••••••••••••••••••••••••••••••••••••••••

Front -end 'loader •..........•..•..•.....••.•...•.•..•....•...•..•.....

Total
$32,900

27,100
6,300

244,500
25,900

6,400
5,700
4.800

353,600
9,800

44,300

Subtotal •••.•••••.·e •••••••••••.••••

Subtotal ......••....•.....•..•.••.•...

Total section cost .

Total direct cost •....••..•..•...•.••.•...•....•..•.•.•••
Field indirect, 10 pet of total direct cost ••••.•...•.....•.•.

Total construction cost .•..••..•.•..•.••..•.•.•..•..•..••.•.
Engineering, 5 pet of total construction cost .........••....•...
Administration and overhead, 5 pet of total construction cost •.•

51,900
51,900
24,400
9,200

30,500
91,600
3,100

30,500
293,100

700,800
70,100

770,900
38,500
38,500

847,900
84,800

932,700
46,600

979.300

....................................

5 pet of above subtotal ..

10 pet of above subtotal •.••.•...•...••..•..••..

fee.

Tota 1 .

Total equipment cost X factor indicated:
Founda tions, X 0.170... ...••.••..•.•.•...•..•.....•..•.•.•....• ..
Buildings, X 0.170 ..•.........••.•...•.•.•..•.......•..•.•..... ,
Structures" X 0.080 ••..•••....••••• I •••• I •••••••••••••••• I" ••••••

Instrumentation, X 0.030 ••.•..••.•.•••.•.••.••••.••••••.••.••.••
Electrical, X 0.100 ..••. I ••••••• II' ••••••••• 1 •••• 1 ••••• I" ••••••• ,

Piping, X 0.300 .•...•......•.•..••.•..•..••...•.•..•.•••.•...•...
Pa i nt i ng, X 0.010............................. •• • •.•..•.•..•..••.
Miscellaneous, X 0.100 •.•.••...•.•.•..•.•......•.•.•.•...••....•..

Contingency,

Contractor's

lEquipment costs are based on the Marshall and Swift index of 518.4.
2 Insta lled cost.



24

TABLE A-9. Equipment cost summary, residue separation section

Contingency, 10 pct of above subtotal •.••.
Subtotal .

Contractor's fee, 5 pct of above subtotal .•••.•.•.•.••••...••••.••.••

Total

522,100
26,100
26.100

29,800
14,000
5,300

17,500
52,700

1,800
17,500

202,400
133,600

574,300
57,400

631,700
31.600

663,300

$13,300
4,500
2,600
1,900

12,100
18,900

1,900
10,400

1,100
11 ,400

1,100
6,000

72 ,000
4,600

16,600
24 000

138,600

474,600
47 500

26,900

Labor
$1,400

700
100
500

1,100
600
500
600
500

2,500
100
300

9,900
100

3,400
4 600

Cost1

175,500

$11 ,900
3,800
2,500
1,400

11 ,000
18,300

1,400
9,800

600
8,900
1,000
5,700

62,100
4,500

13 ,200
19 400

Equipment

construction cost .
5 pct of total construction cost .•..••.••

tank ...

section cost .Total

PtJmp •••••••••••••••••••••••

PtIUlp •••••••••••••••••

rhickener. . -..
Pumps '. .• • •.•.
Sump. ...•.......... . .
Pump .
Pressure leaf filter .
Vacuum belt filter ' .

Be 1t conveyor .
Hopper . . • • . • . . • . • . . • . • • • . . • . . . . . •• •••.••••.•• • ••
Screw feeder .
Rotary dryer .
Bag dust collector .
Belt conveyor 1.1 •••••••••••••••••••••••••••

Storage bin .
rota 1. . . . . . . . . . . .. . .

Cooling towe~................................................ .
Total equipment cost X factor indicated:

F'oundations, X 0.170 .......•.......................................
Structures, X 0.080 0 ••••

Ins trumenta tion, X 0.030........................... . .
Electrical, X 0.100 .
Piping, X Q .300. . . . .. . . . . .. . .. . .. . . . . . . . . . . . . . .. . . . . .. . . .. . .
Painting, X 0.010 .
Mis ce Iiane ous, X 0 .. 100. . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . .. . .

rota 1. . .. . . .. . .. . . . . . . . . . . . .

Leach water surge

Total direct cost .
Field indirect, 10 pct of total direct cost ..

Total construction cost .
Engineering, 5 pct of total
Adrninstration and overhead,

Subtotal .

lEquiprnent costs are based on the Marshall and Swift index of 518.4.
2rnsta11ed cost.
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TABLE A-10. - Equipment cost summary, crystallization section

Cost1

Do •••••..•..••.•.•.••.••.••••..••

Pump. . . . . . . . . . . . . . . . . . . •. . .•..••...•...........

Pump •••••••••••••••••••••••.••

P'ump ••' ••••••••

Labor Total
$600 $10,300

1,000 2,500
2,600 212,000

100 3,000
400 1,000
600 20,400

1,900 8,800
700 4,500

3,300 74,400
200 800

1,900 8,800
100 1,900
300 6,000

11 ,300 81,800
200 6,800

3,300 17,200
3,600 18,800

700 12,100
100 700

32 ,900 1==4:::9=1:=,:::80::0=

$9,700
1,500

209,400
2,900

600
19,800

6,900
3,800

71 ,100
600

6,900
1,800

5,700
70,500

6,600
13,900
15,200
11,400

600
458,900

Eauipment
tank •.

Centrifuge ••

Surge

Evapora tor. 0 ••••••••••••••••••••••••••••••••••••

Sump_ .•...•....•..•••.•.... 1,1 ••••••••••••••••••

Settling tank •••••.
PtlUlPS •.•..••••••.•

Belt conveyor .
Hopper •.•....•.••••.••.•••••.•.••.••.••••••••.••
Screw feeder •.•••.•
Rotary dryer .
Bag dust collector .•.........•••.•.•...•....•...
Belt conveyor .
Storage bin .
Oil storage tank ........•.......................
P'ump ••••••••••••••••••••••••••••••••••••••••••••

Tota 1 . . . .. . 0 •••••••••••••• • ' ••••

Total equipment cost X factor indicated:
Foundations, X 0.189 .
Buildings, X 0.293 .
Structures, X 0.070 .
Instrumentation, X 0.030 ..................................•......
Electrical, X 0.100 .
Piping, X 0.200 .
Painting, X 0.010 .
Miscellaneous, X 0.100 ............................•.............

Total .

86,600
134,300
32,100
13,800
45,900
91,800
4,600

45,900
455,000

5 pet of above subtotal ••

Total direct cost .
Field indirect, 10 pet of total direct cost ••.•••.••.•.•.••••.•••.

Total construction cost .
Engineering,S pet of total construction cost .•••.••.••.••.•..••...
Administration and overhead,S pet of total construction cost ..•..•

Subtotal .
Contingency, 10 pet of above subtotal ••••.

Subtotal .
Contractor's fee,

946,800
94,700

1,041,500
52,100
52.100

1,145,700
114,600

1,260,300
63,000

Total section cost . 1,323,300
lEqu1pment costs are based on the Marshall and Swift index of 518.4.
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TABLE A-II. - Material balance, tons per day

Stream....... 1 2 3 4 5 6 7 8 9 10 11 12
AI ........... 8 NA 8 6.5 1.5 1.5 NA NA 1.5 NA 1.5 NA

A~03······· . 28 NA 28 8 20 19.5 NA NA 19.5 .5 20 NA
NaGl ...•.••.. 32 11 43 NA 43 11 NA 11 NA NA NA NA
KG1 .•....•... 32 11 43 NA 43 11 NA 11 NA NA NA NA
H:e O•••••••••• NA 286 286 1 285 72 30 92 10 1 11 11

Tota 1..•••. 100 308 408 15.5 392.5 115 30 114 31 1.5 32.5 11

Stream......• 13 14 15 16 17 18 19 20 21 22 23 24
AI •••.•.••••• 1.5 NA. NA NA NA NA NA NA NA NA NA NA
A~°31 •••••••• 20 .5 NA NA NA NA NA NA NA NA NA NA
NaGl ......•.. NA 32 32 436 468 468 4 36 32 NA 32 NA
KC! ....•.•... NA 32 32 536 586 568 5 37 32 NA 32 NA
H:e o.......... NA 213 212 1 582 1.794 1.600 15 33 18 18 NA 194

Total •..... 21.5 277 .5 276 2.554 2.830 2.636 24 106 82 18 64 194
NA Not app1~cab1e.

INT.-BU.OF MINES,PGH.,PA. 24616
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