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ELECTROLYTIC STRIPPING OF TIN IN AN ACID FLUOBORATE ELECTROLYTE

By Jo Ge Groetsch, Jrs, ' Ra Co Gabler, Jre, 2and Ds As Wilson®

ABSTRACT

Municipal solid waste (MSW) contains about 8 pct ferrous metallics
which are typically recovered by magnetic separators at municipal re-
source recovery facilities. At present, only about 182,500 ton/yr of
MSW magnetics are being processed for remelting out of the ~11 MMton/yr
discarded. The Sn in MSW magnetics makes this material difficult to re-
cycle to the steel industry. An electrolytic method using stannous
fluoborate-fluoboric acid for removing Sn was evaluated. Optimum con-
centrations of Sn in the electrolyte and the effects of impurities such
as Al, Cu, Fe, and Pb on Sn recovery from the electrolyte were evalu—
ated. Operating parameters were 60 to 65 g/L fluoboric acid and 20 to
30 g/L Sn wusing stainless steel electrodes at a current density of 60
A/ft?, Tests were run with postconsumer scrap4 and MSW magnetics.

Good results were obtained with MSW magnetics, after pretreatment by
reshredding, magnetic separation, and air classification. The final Sn
content of the MSW magnetics scrap was reduced from 0.18 to 0.017 wt
pct. Heat and solvent treatments of MSW magnetics to remove coatings
did not significantly improve Sn removal beyond that obtained with ma-
terial that had only been mechanically pretreated.

TChemical engineer,

2Research chemist.

3Research chemist (retired).

Avondale Research Center, Bureau of Mines, Avondale, MD.
4Postconsumer scrap for this study consisted of cleaned tin cans.



INTRODUCTION

At present, in the United States, mu-
nicipal solid waste (MSW) is generated at
a rate of 3 to 5 1b/d per person. it
contains about 8 pct ferrous metallics,
Projections indicate ~11 MMton/yr of this
valuable ferrous scrap is being discarded
(1).> Discarded MSW magnetics are equiv-
alent to approximately 15 pct of the to-
tal U.S. 1982 steel production (2). It
is difficult to recycle this ferrous
scrap by direct remelting because the
contaminants create problems in the
steelmaking furnaces and the steel end
product. Copper and Sn are the major
metallic contaminants in MSW magnetics
that are retained 1in the steel. They
harden and strengthen steels, but also
decrease ductility and cause surface hot
shortness (cracking in hot-rolled steel
products) (3). Lead contamination from
the Pb-Sn solder causes problems with
furnace refractories. These contaminants
force any recycling of MSW magnetics in
two possible directions: dilution with
blast furnace pig iron or clean scrap in
a 10:1 ratio, or removal of the contam—
inants before remelting.

The detinning industry could treat MSW
magnetics to remove the Sn and produce
acceptable scrap, but most detinners,
using the conventional NaOH leach, pre-
fer not to use this Sn source because of
contamination by organic material and Al.
Organics absorb Sn—-containing leach solu-
tion and contaminate the product steel
by carryover of the leach solution.
Aluminum (in bimetallic cans) consumes
the NaOH detinning solution by forming
NaAlO,. The formation of NaAlO;, also
increases solution viscosity and causes
foaming, spillover, and Al contamination
of the Sn product.

An additional problem 1s that many
resource recovery plants are not with-
in economical shipping distances of

SUnderlined numbers in parentheses re-
fer to items in the list of references at
the end of this report.

currently operating detinning plants.
This problem can probably only be ad-
dressed by detinning technology that is
workable on a small scale (1, 4). In
response to these problems, the Bureau of
Mines has studied nonconventional detin-

ning technology.

A Bureau—-funded study by Arthur D. Lit-
tle, Inc. (1) reviewed existing technol-
ogy and examined new concepts. It con-
cluded that——

1. Conventional detinning technology
is not adequate (for the reasons dis-
cussed above) to process MSW magnetics on
a small scale.

2. It is unlikely that nonupgraded MSW
magnetics can be detinned economically.

3. If MSW magnetic scrap is upgraded
to reduce the nonmetallics to reasonably
low levels (~1.5 pct), it may be detinned
on a small scale economically by a number
of processes, including aqueous chemical
oxidation and electrolysis.

Stannous fluoborate—fluoboric acid, the
solution used to make electrolytic tin-
plate (5), can also be used for electro-
lytic Sn stripping. A study of this pro-
cess and its effectiveness in detinning
MSW magnetics was initiated. This elec-
trolytic process can be operated at room
temperature in a wide range of Sn and
fluoboric acid concentrations and between
current densities of 20 and 120 A/ft2
(6). It was chosen to avoid the high
temperatures and the contamination prob-
lems of the NaOH leach. Optimum Sn con-
centration and current density were de-
termined, as were the effects of impuri-
ties present in MSW magnetics., Testing
began with pure Sn, and then proceeded to

postconsumer scrap (PCS) and finally to
MSW magnetics. In testing with MSW mag-
netics, attempts were made to remove

lacquer coatings, as suggested by another
study (7).



The Sn recovered from any detinning
operation replaces a portion of import
requirements. The United States current-—
ly imports about 80 pct of its Sn, and

the estimated potential recovery from
processing about 11 MMton/yr of MSW mag-
netics is about 30,000 ton/yr, or about
half the U.S. consumption (1, 8).

CELL DESIGN AND EXPERIMENTAL PROCEDURE

The material to be detinned was divided
equally and placed in two stationary
stainless steel wire mesh Dbaskets that
served as anodes. Two baskets were used
to obtain a uniform Sn deposit on the en-
tire cathode, which consisted of a solid
piece of stainless steel with a known ex-—
posed area for determining cathode cur-
rent density. The two wire baskets were
1 in (2.5 cm) apart, and the cathode was
between them. The total electrolyte vol-
ume was 0.53 gal (2 L), and the solution
was circulated with a stainless steel
stirring rod. The cell's potential
varied between 1 and 3 V depending on the
type of material tested. The cell op-—
erated at room temperature. In initial
testing, the material used was pure Sn,
but later tests used PCS and MSW magnetic
scrap. Tests were conducted for the time
necessary for complete Sn removal as cal-
culated by—-

min = 11)(2.21409) ’

where Tpi, = stripping time (min),

>
n

weight scrap (g),

Ccs = Sn content of scrap ex-
pressed as g Sn/g metal,

I = current (A),

2.21409 = electrochemical equivalent
for Sn in the +2 valence
state (g/A+h),

and 60 = conversion h to min

(min/h).
For example, for a PCS sample,

(60 min/h)(187.4 g)(0.003 g/g)

Tmin = =" (1.5 A)(2.21409 g/A-h)
= 10,16 min,
The final Sn content of the scrap was
computed by subtracting the amount of

pure Sn deposited from the amount of Sn
initially present in the scrap and cor-
recting for the Sn concentration in the
electrolyte.

ELECTROLYTE EXPERIMENTS

DETERMINING ELECTROLYTE COMPOSITION

removal of Sn wusing an
fluoborate—fluoboric
acid electrolyte was evaluated wusing op-
erating conditions similar to those used
to plate Sn on steel (9). The cell uses
a pure Sn anode. The variables studied
were cathode current efficiency, current
density, and electrolyte composition.

Electrolytic
aqueous  stannous

The tested fluoboric acid concentration
in the electrolyte was varied between
28 and 174 g/L, and the Sn concentration
was varied between 12.1 and 40.0 g/L.
Good Sn deposits were obtained (cathode
current efficiency >90 pct and minimal
amounts of sponge and powder) when Sn

KEY

12.9 g/L Sn
————— 27.3 g/L Sn
------------- 40.0 g/L Sn

80 —
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FIGURE 1, - Cathode current efficiency versus cur-
rentdensity: high acid concentration (174 g/L HBF).



concentration was greater than 25 g/L Since acid concentration had little ef-
with current densities at or below 60 fect on cathode current efficiency, a
A/ft2, Gassing occurred at the higher moderately low acid concentration was se-
current densities and low Sn levels. lected from the concentrations wused in
This is reflected in lower cathode cur- commercial Sn plating. The gelatin and
rent efficiencies (figs. 1-2). The acid beta naphthol concentrations used are al-
concentration had little effect on cath- so represgsentative of commercial practice.
ode current efficiency; at all acid lev-—-
els tested, cathode current efficiency EFFECTS OF IMPURITIES
was above 90 pct when the Sn concentra- IN THE ELECTROLYTE
tion and the current density were in ac-
ceptable ranges. Tests were also con- Impurities were investigated to deter-
ducted wusing gelatin and beta naphthol mine thelr effect on cathode current
additions to the electrolyte; these efficiency and the quality of the Sn
additives are used commercially to obtain  deposit. The cell used a pure Sn anode.
good throwing power and good tinplate The impurities Al, Cu, and Fe were dis-
appearance. Based on these results, the solved into the electrolyteé wusing the
following electrolyte composition was elemental metal or oxide; Pb was dis-
chosen: solved as PbCO3z. The anode current effi-
clency was assumed to be 100 pct because
g/L the electrolyte's Sn concentration 1in-
creased. Any change 1in cathode current
HBFj.evoeeeceesee 60-65 efficlency was caused by the impurity.
SNecesenssseeesaa 25-30 The effect of impurities on current ef-
GelatiNeveeeseass 6 ficiency at 60 A/ft? 1s summarized in
Beta naphthol.... 1 table 1.
100 I T
............................... o
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>
= .
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FIGURE 2, - Cathode current efficiency versus current density: low acid concentration (28 g/L HBF,).



TABLE 1. - Effect of impurities on cath-
ode current efficiency at 60 A/ft?

Impurity | Av Sn Cathode
Impurity conc, conc, current
g/L g/L | efficiency,

pct
Non€sesosss NAp 36.5 96.9
N 12.5 31.9 97.1
4.7 30.9 96.3
Bessnwwansen 32.0 30.9 96.1
11.0 31.6 95.6
PbDecesososs 9.0 34.0 94.9
6.7 32.0 95.1
CWie s inivieioinion .86 30.0 95.6

NAp Not applicable.

Copper and Pb codeposited with Sn to

a much greater degree than Al and Fe.
The 1impurity levels were, in weight
percent Cu, up to 3; Pb, up to 10; Al,

<0.02; and Fe, <0.40. These impurities
had 1little if any effect on the cathode
current efficiency at the concentrations
tested. Aluminum in concentrations
above 12.5 g/L forms a sludge containing
AlFs and AlF3-3H,0. The concentration
of A1 in the electrolyte 1is therefore
self-limiting.

DETINNING TEST PROGRAM

RESULTS OF DETINNING
POSTCONSUMER SCRAP

PCS was shredded in a hammer mill with
1/2-in (1.27-cm) grates. The shredded
PCS contained many balled pieces result-
ing from too long a residence time in
the milling zone before passing through
the grates. A shearer-type shredder
would produce a better sample for de-
tinning, but one was not available. To—-
tal shredded sample weight was about
11 1b (5,000 g) with an average bulk den-

sity of 89.8 1b/ft> (1.44 g/cm®). The
shredded scrap was split using a riffle
splitter from which analytical samples
were taken as well as samples for detin-

ning. The analysis 1s listed in table 2.
TABLE 2. — Composition of postconsumer
scrap
Sample Sample Concentration, wt pct
weight, g | Al Cu Pb Sn
PCS 1 4.4 0.02 | 0.02 | 1.32 | 0.32
PCS 2 4.5 .02 .03 .30 «+36
PCS 3 7.5 .02 .04 .65 «23
PCS 4 6.9 .01 .03 «35 .27

Sample preparation and cell operation
with PCS were as follows: Material for
testing was riffle-split into samples be-
tween 150 and 200 g. Before the scrap
was detinned, it was screened to 100 pct
plus 20 mesh to prevent the fines from
falling through the wire mesh basket.
The fines (<1 wt pct of the sample) were

(equation 1)
the post-
average of

discarded. Stripping time
was based on the Sn content of
screened weight, assuming an
0.30 wt pct Sn (C.s) and a current den-
sity of 60 A/ftZ2. The final Sn content
of the detinned scrap varied between
0.035 and 0.009 wt pct with an average of
0.014 for 32 tests. The treated scrap's
Sn content did not increase greatly as
the tests proceeded, showing no ineffi-
ciency with time.

Impurity buildup from detinning PCS was
also studied during these tests. The
concentrations of Cu, Fe, and Pb were
determined in the electrolyte and in the
Sn deposit. Lead was the highest Sn
deposit impurity, present up to 0.15 wt
pct. This value remained relatively con-
stant, while the lead in the electrolyte
increased linearly wup to 0.223 g/L dur-
ing the 32 detinning test runs. The same
trend was observed with Fe. The Fe con-
tamination of the Sn deposit never ex-
ceeded 0.05 wt pct, while the Fe con-
centration in the electrolyte increased
linearly up to 1.62 g/L during the 32
runs. Copper was detected in very small
quantities (0.0007 g/L) in the electro-
lyte. The small level present (<0.2 wt
pct) in the Sn deposit would not sig-
nificantly affect the value of the Sn
product.

The cell operated on a problem—free ba-
sis with PCS for 32 consecutive tests,
approximately 5 h of operation. During



this time, cathode current efficiency re-
mained at approximately 95 pct. Gassing
was minimized, and all Sn deposits were
rated good to fair on the basis of ap-
pearance., A good deposit 1is smooth and
contains no spongy or powdery areas. The
Sn electrolyte concentration remained at
28t2 g/L throughout the tests, indicating
Sn was not being stripped from the
electrolyte.

RESULTS OF DETINNING MUNICIPAL
SOLID WASTE MAGNETICS AFTER
VARIOUS PRETREATMENTS

About 100 1b (45.5 kg) of MSW magnetic
Resource Re-
Ministry of

scrap was obtained from the
covery Unit of the Ontario

kg

the Environment in Toronto, Canada. The
scrap had already been shredded, mag-
netically separated, and air-classified.
It was reshredded in the same manner as
PCS, then again subjected to magnetic
separation and air classification to re-
move Al and organic wastes entrapped in
the original sample. Riffle splitting
was then done to obtain samples for anal-
ysis. Theilr composition 1s listed in
table 3. The A1 and Cu content varied
greatly from sample to sample. The vari-
ations 1n Pb and Sn content were small,
considering the heterogeneous nature of
the material (fig. 3). The average bulk
density for this material was 101 1b/ft3

(1.62 g/cm?).

FIGURE 3. - Shredded MSW magnetics.



TABLE 3, -~ Composition of shredded MSW

magnetics
Sample Sample Concentration, wt pct
weight, g| Al Cu Pb Sn
MSW~1 10.8 0.01 1 0.02 ] 0.39 | 0.16
MSW-2 11.9 2.91 .11 037 .16
MSW-3 17.8 .01 .04 .46 22

The scrap was blended, coned, and quar-
tered. Then, to have representative sam-—
pling, riffle—-split portions were taken
for the individual tests.

size and prep-
(current density

MSW magnetics sample
aration, cell operation
60 A/ft?), and starting electrolyte com-
position were 1identical to that used
when detinning PCS. The initial average
Sn content (C.s) for equation 1 was
0.18 wt pct.

The testing of MSW magnetics was di-
vided into four parts. In the first ex~
periments, the shredded MSW magnetics
other

were given no further treatment
than reshredding, magnetic separation,
and alr classification. In the second,

they were chemically delacquered by scak-
ing in acetone for 4 days followed by
lacquer thinner for 2 days, washed with
fresh acetone, and then air dried. In
the third, the MSW magnetics were roasted
for 30 min at 350° C.,  Finally, the MSW
magnetics were flash-roasted; 1.e., they
were placed cold in a furnace already
heated to 400°, 500°, or 600° ¢ for resi-
dence times of 2, 5, 10, or 15 min, and
then removed and allowed to cool, Treat-
ments, Sn content, and cathode current
efficiencies are listed in table 4.

results on all the dif-
of MSW magnetics
acceptable steel

The detinning
ferent pretreatments
were good, producing
scrap for remelting. During most of
these tests, cathode current efficiency
was above or close to 90 pct, and 8n de-
posits were of acceptable quality. The
average final Sn content of MSW magnetics

that had only been shredded and mag-
netically separated with no further
treatment was 0.017 wt pct. None of the
pretreatments appear to significantly

affect Sn removal.

TABLE 4, -~ Effects of different pretreatments on elec-
trolytic stripping of Sn from shredded MSW magnetics

Av 8n Av cathode
content of current
Type of pretreatment detinned MSW | efficiency,
magnetics, pct
wt pct

NONCsravossonenossssncsnnssns 0.017 90.6

Acetone~lacquer thinner..... 016 91.1

Roast at 330° C for 30 min.. 015 91.6
Roast at 400° C for--—

2 Minecessscasossscsnonesncs 022 87.8

S Mifecevesssscsssnnsasasns .26 85.5

10 minecovssosscovscsesscs .020 88.8

15 miNeeevesessoncensnesan 013 92.7
Roast at 500° C for—-

2 MiNesavusonvosossanssasns .025 86.1

5 MiNessssenesnsocccnonecse .027 85,0

10 mineeisouvevcoavovasnsns 021 88.3

15 miNsoosssvravenssosncase 014 92.2
Roast at 600° C for—-

2 MiNeovessososososnassnsos 026 85.6

5 MiNeesvessnosevosnessans 020 88.9

10 mineeeevevessonccsnsnas 017 90.6

15 MiNeeosaveessnanoaoncncs 011 93.9




Table 5 1lists Cu and Sn values for some
of the grades of steel scrap that are
currently marketed (10). The fluoborate
detinned MSW appears comparable to de-
tinned bundle or No. 2 bundle scrap. A
representative Pb analysis for shredded
auto scrap is 0.0l wt pct, Detinned MSW
would contain larger amounts of Pb.

TABLE 5. — Copper and Sn analyses for
steel scrap (9)

Scrap type Conc, wt pct

Cu Sn
No. 1 heavy melting..eeeese | 0.16 0.011
No. 1 factory bundle..ee... .06 .005
Shredded autoO.cseesosccecss o 22 .021

Detinned bundle..ceeeeeecces NA .04
No. 2 bundle (nonauto)..... .38 .038
No. 2 bundle (Quto)eceeece.. .48 .08

NA Not available.

Analytical data for the Sn deposit and
electrolyte are listed in table 6. The
impurity 1levels varied depending on the
type of pretreatment. All Sn deposits
contained less than 1.0 pct total impuri-
ties. Aluminum and Pb were the most

abundant elements in the Sn deposits but
were found in lower concentrations than
Fe 1n the electrolyte. Copper content
was small in both the Sn deposits and the
electrolyte, but the deposits' Cu content
was significant considering the amount of
Cu in the electrolyte.

Pretreatment of the MSW with acetone-
lacquer thinner before detinning did
not significantly affect either the Sn
deposit or the electrolyte. Roasting
did not appear to significantly improve
deposit quality, and many of the roasts
were deleterious. The Fe content in
the electrolyte increased when roasted
scrap 1s used, probably owing to the for-
mation of rust (iron oxide). Also, Pb
concentration increased in both the elec-
trolyte and the Sn deposit when roasted
scrap was detinned.

The metal produced met the ASTM speci-
fication for Grade E Sn (99 pct Sn).
This material 1s used 1in cast bronzes,
bearings, and Pb-base alloys. Its Al
content makes it unacceptable for wuse in
solder and tinning (11).

TABLE 6. - Impurities in Sn deposits and electrolytes during electrolytic
stripping of treated and untreated shredded MSW magnetics

Type of pretreatment Tin deposit impurities, wt pct | Electrolyte impurities, g/L
Al Cu Fe Pb Al Cu Fe Pb
NODE . sunun susnsnmansenss 0.141 | 0.010 | 0.043 | 0.139 0.146 | 0,002 | 0.668|0.064
Acetone-lacquer thinner. .206 .012 .042 .098 .160 .0014 .608| .054
Roast at 350° C for
30 mineesesssssaoocnses .099 .010 .032 .197 .154 .0018] 1.64 .160
Roast at 400° C for--
2 Mnessss svvsnssvunes «122 .005 .025 .045 .042 .0010 .200| .022
5 MiNeeeesesssssosssas .143 .007 .062 .078 .086 .0009 .760| .069
10 minesssosssane sonos .107 .009 .027 .159 .148 .0013| 1.05 .130
15 minsssessnsnsscasss .107 .010 .024 .224 .210 .0014| 1.85 .178
Roast at 500° C for—--
2 B mmimime wmmwmimn sy .058 .008 .036 .066 .063 .0009 .400| ,.0238
5 MiNseennsnaasnns soas .064 .007 .104 .147 .176 .0010| 1.10 .0854
10 minssewis assusns aons .076 .010 .110 .371 +250 .0010| 2.60 .210
15 minseseeoosnccosens .063 .011 .034 412 .358 .0009(11.3 .256
Roast at 600° C for—-—
2 MiNesosammononssnsns .085 .006 .057 .098 .051 .0008| 1.34 .030
5 min. sevsnne ssssneses .071 .006 .032 .243 .133 .0010(11.3 .16
10 min.eeeesccoocnonsse .073 .008 .039 .381 .220 .0008|21.9 Al
L5 filile ymesmwnannnsans .043 .007 .043 .773 «270 .0008(29.8 .57




SUMMARY

PCS and MSW magnetics were
detinned using an electrolytic process.,
The electrolyte composition chosen for
the research was 60 to 65 g/L HBF,, 25 to
30 g/L Sn, 6 g/L gelatin, and 1 g/L beta
naphthol. At a current density of 60
A/ft2, the cathode current efficiency was
usually above 90 pct. Aluminum, Cu, Fe,
and Pb impurities had little or no effect

Samples of

on cathode current efficiency, but sig-
nificant amounts of Cu and Pb codeposited
with the Sn. The detinned scrap appeared
comparable to several commercial grades
of steel scrap. The Sn recovered met the
ASTM specification for Grade E Sn. Addi-
tional pretreatment to remove lacquer
coating did not improve Sn quality or de-
tinned product quality.
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