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ABSTRACT

Electrolyte paste of spent zinc-carbon dry cell batteries were leached in
sulfuric acid with hydrogen peroxide asareducing agent. Effects of operat-
ing variables such as, concentration of sulfuric acid and hydrogen peroxide
in the leaching solution, temperature, stirring speed and solid/liquid ratio
were investigated to determine the optimum leaching conditions. Optimum
leaching conditionswereidentified as: concentration of sulfuric acid: 2.5M,
concentration of hydrogen peroxide: 10 %, Temperature: 60°C, stirring speed:
600 rpm; and solid-liquid ratio 1:12. Under these conditions a maximum of
88% manganese could be dissolved from the el ectrolyte paste within only
27 minutes of leaching. Dissolution of zinc under the same conditions was
97%. A maximum of 83.29% of zinc could be precipitated from the leach
liquor intheform of oxalate while the precipitation of manganeseintheform
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carbonate was 69.89%.
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INTRODUCTION

Zinc-carbon dry cdll batterieshavealimited lifeand
arediscarded at the end of useful life. Inrecent years
the generation of dry cell battery wastesand its subse-
quent disposal with themunicipal solid wastehasin-
creased significantly. The disposal of wastedry cell
batterieswith municipa solid wasteisbeingviewed as
aseriousenvironmenta problem. At thesametimethe
quantum of metd valuescontainedinthesebatteriesis
aso significant. Dueto continuous depl etion of natural
ore bodies, these batteries are now being considered
as secondary source of such metalsasmanganeseand
zinc. Thusrecovery of metal valuesfrom spent Zn-C
dry cell batteries can reduce theamount of solid waste

to be disposed and at the same time be a secondary
sourceof metals. Increased attention is, therefore, be-
ing given to the recovery of metal valuesfrom such
wastes.

Both hydro-, and pyro-metalurgical processeshave
been devel oped for therecovery of metal valuesfrom
spent dry cell batteries® 2. Early attemptsfor there-
covery of metd valuesfrom the spent dry cellsconcen-
trated onthepyrometalurgica processes. Environmentd
concern and high energy consumptionin pyrometallur-
gical processes have shifted theemphasistowardsthe
hydrometa lurgical processes® 4. Effectsof pre-treat-
ment of the e ectrolyte paste on the extent of recovery
of metal valueshavea so been examined“®. Theeec-
trolyte paste waswashed with water to reduce the chlo-
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rine content of the zinc-carbon type batteries; and to
remove KOH from akaline batteries. Washing with
water lowerstheweight of electrolyte pastefor subse-
quent leaching and aso increasesthemetdlic portions
onit.

Leachingin both acidsand baseshasbeentried for
dissol ution and subsequent recovery of zincand man-
ganese. Thebasicleaching generdly involvesatwo step
process; inthefirst step, zincisremoved by leachingin
basic medialikein NaOH, Na,CO, etc™. Inthis con-
dition, lessthan 0.1% manganeseisdissolved inthe
leachliquor. Inthe second step, theremaining solid resi-
dueisagainleachedin acidsto recover manganese.

Intheacidicleaching process, H,SO, wasfoundto
bethe most efficient leaching agent to dissolvethe me-
talicvduesfromthed ectrolyte paste®. However, man-
ganesedissolutionwasvery low whenonly sulfuricacid
was used as aleaching reagent. Introduction of are-
ducing agent with the acid enhancesthe dissol ution of
manganese. A variety of reducing agentslikeoxaicacid,
ascorbic acid, citric acid, ozone, sulfur dioxide, sulfur
dioxide/oxygen mixtureetc. havebeentriedtoincrease
the extent of dissolution of manganesd ™. Theaddition
of H,O,asareducing agent to recover manganese has
also beentried®. However, acompl ete documentation
on the use of H,0, as areducing agent in the leach
liquor isdtill unavailable. H,O, isanoxidizingagent, in
presence of strong oxidizerslikeMnO,, it actsasa
strong reducing agent.

Inthepresent study, s multaneousdissolution of zinc
and manganesein H,SO, containing H,0O, asareduc-
ing agent hasbeeninvestigated. Effect of pretreatment,
primarily washing, of thee ectrol yte paste onthe extent
of dissolution of zinc and manganese hasal so been ex-
plored. Theoptimum vauesof thevariable parameters
like concentration of H,SO,, concentration of H,0,,
temperature, stirring speed and solid/liquid ratio were
determined. Thevduemetds, zincand manganese, were
precipitated from theleach liquor and the separated
productswere characterised.

EXPERIMENTAL
Spent zinc-carbon batteriesof dl types(AAA,AA,

C, D and 9V) werecollected fromlocal sources. The
batteriesweredismantled manua ly and different com-
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ponent partswere separated. Electrolyte pastefromal
types of batterieswas mixed together for subsequent
processing. Electrolyte pastewas put in water at 80°C
and stirred at 1000 rpm for 3 hours. Later, thewashed
electrolyte paste was dried in an oven at 110°Cto a
constant weight and was used for theleaching experi-
ments.

A 500 ml three necked round bottom flask witha
mechanica stirrer, athermometer and arefluxing con-

TABLE 1: Leaching experimental designs(Particleszeand
timewer ekept fixed)

No. of Parameters Parameter Congant
Experiments  gudied Values Parameters
1 05M  HL,
2 M concentraion
Conaentration 6%,

3 of leaching 15M tenperature

4 reagent 2M  50°C, stirring

5 (H2S0s) 25M  speed 400rpm
sdid/li quid

6 30M ratio 1:5

7 0% HS04

0 concentraion

8 . 3% 2.5M,

9 Congentration 6%

of Hydrogen tenperature
10 _ 10%  50°C, stirri
peroxide ' g
speed 400rpm,

11 125% sdid/licuid
ratio 1:5

12 40°c HSO,

13 5Pc  concertraion
2.5M, H.O,

14 60°C .
concentretion

Temperature 10%, girring

15 7ccc Speed 400rpm
sdid/liquid
ratio=15

16 200 rpm HS04
concentraion

17 400 rpm 25V, HO,

18 600 rpm concentraion

Stirring Speed 10%,
temperature

19 800 rpm  60°C,
sdid/liquid
ratio=1:5

20 15 HS0,

. concentraion

21 l..8 25M. H,0,

22 Solid/Liquid 112 concentraion

ratio 10%,

23 1:15  tenperare
60°C, stirring
speed 600rpm
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denser was used for leaching. Leaching wasdonein
sulfuric acid solutionsin presence of hydrogen perox-
ideasareducing agent. Eachtime20 gm of dried elec-
trolyte paste wastaken in theleaching sol ution under
predetermined experimental conditions (TABLE 1).
Manganese in solution was analyzed by a Shimadzu
UV-Visspectrophotometer using potassium periodate
(K10,) asacomplexing agent. Analysis of zinc was
carried out in SensAA atomi c absorption spectroscope.
Average composition of thedried e ectrol yte pastewas
determined by andyzing threerandomly taken samples
by x-ray fluorescence (XRF) spectroscopy.

RESULTSAND DISCUSSION

Pretreatment of the electrolyte paste

Beforeleachingin sulfuric acid solution, spent bat-
tery paste was washed in warm water to reduce the
weight of the paste by removal of nonmetals such as
chlorine. Water washing of thed ectrolyte pasteremoved
over 67% of chlorine, consequently increasingthevaue
metal portionsinthe paste. X-ray fluorescenceandysis
of the dried and water washed spent el ectrolyte paste
isshowninTABLE 2.

TABLE 2: X-ray fluorescenceanalysisof thespent and water
washed electr olytepaste*

Elements(%) ClI Mn Zn Other minor elements
Electrolyte paste ) 14 60,1 22,07 3.72
(as-received)

Electrolyte paste
(water washed) 477 614 311 2.73

*Excluding the amounts of C, H and N

TABLE 3: Elemental analysisof thespent electrolytepaste
for determination of C,H and N

Elements Percentagein paste Total C, H and N percentage
C 4.370
H 0.411
N 0.653

5.43

Althoughtheproportion of zinc and manganesein
thewater washed sampleincreased, chlorine could not
beremoved completely (TABLE 2). Moreover, atomic
absorption spectroscopic analys sshowed the presence
of around 3% zincinthewashwater. Therefore, water
washing of the spent battery paste was not considered
to be beneficial and wasomitted. Theamountsof car-

bon, hydrogen and nitrogen in the paste were detected
by EuraEA Elemental Andyzer machineandtheresult
isshowninTABLE 3.

L eaching

Thedectrolyte pastewasleached in sulfuric acid
solutionsto dissolve manganese and zinc. Hydrogen
peroxidewas added to the sulfuric acid solutionto re-
duce manganese. Therecovery of thevaluemetalsin
sol ution was accomplished by precipitation of zincas
zinc oxa ateand of manganese as manganese carbon-
ate. Initia leaching experimentswere continuedfor 120
minutes. It was, later, found that leaching for aperiod
of 75 minutesfor manganese and 50 minutesfor zinc
was sufficient to observethe effects of different vari-
ableson theleaching of manganese and zinc. The ef-
fectsof process parameters on the extent of |eaching
were determined toidentify the optimum leaching con-
ditions.

Effect of sulfuricacid concentration

Theeffect of sulfuricacid concentration, intherange
0.5to 3M, on the extent of dissol ution of manganese
from the e ectrolyte pastewasinvestigated. Dissolution
of manganesewasfound toincreaseupto sulfuricacid
concentration of 2.5M. At higher concentrations, the
extent of dissolution decreased to some extent. This
may be attributed to the formation of Caro’s acid at
higher concentrationsof sulfuricacid®.

H,SO, + H,0, - H,SO (Caro’s acid) + H,O
Mr?* + H,SO,+ H,0 - MnO,(s) + 2H* + H,SO,

Thedissolution of zinc showed atrend similar to
that of manganese up to sulfuric acid concentrations of
2.5M (Figure2). However, abovethis concentration,
theextent of dissolution of zinc continuedtoincreasein
contrast to that of manganese. Astheamount of zincin
the electrolyte pasteisonly around onethird to that of
manganese, 2.5M sulfuric acid wastakento betheop-
timum for ssmultaneous|eaching study of manganese
andzinc.

Effect of hydrogen per oxideconcentration

Leachingwithout any H,O, additiontotheacid so-
|ution wasrather dow. Thedissol ution of manganese
reached only 25%in 23 minutesof leaching, whichfur-
ther increased to 39% in 75 minutes. Zinc dissolution
under thiscondition wasonly around 20%. The extent
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Figurel: Effect of H SO, concentration on manganesedisso-
lution per centage

100

w0

s
T
1 i —
F & e T
] - S . __.p,_,_.—-'"'—’_'_
fof M e
o e = ——
E- P W _ﬂ___.—lF
g o~ e
# 4o 4 f’" ____.-T "&j__:—" 8
|,' i __,l'. =
| {- - I\J_.-'
. - -
sk f IV A A
1 ey
Iy — e e
/ A o~ o ]
0k | /J;/ ff' i -\.,\_L_‘_-e-"-_‘_
III f"flf"f. - ' il
1] & P -
;"')4
o 17 I 3 40 L]

Time, min
Figure2: Effect of H SO, concentration on zincdissolution
percentage

of dissolution of manganeseand zincwith varying hy-
drogen peroxide concentration intheleaching solution
areshownin Figure3 and Figure4.

Addition of upto 10% H,0, to theleaching solu-
tion increased the extent of dissolution of both manga-
neseand zinc (Figure 3 and Figure4). At higher per-
centagesof H,O,, excessive swelling occurredinthe
electrolyte paste due to the formation of CO,. This
swelling caused mechanical lossof eectrolytepasteat
12.5% H.,0O, and the extent of dissolution of both the
elements decreased significantly. However, upto 10%
H,0O, intheleach liquor, thedissol ution of manganese
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Figure3: Effect of H,O, concentr ationson dissolution &ffi-
ciency of manganese
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Figure4: Effect of H,0, concentrationson thedissolution
efficiency of zinc

and zincwas quite satisfactory, reaching 70% and 60%
respectively within 30 minutesof leaching. Thusaddi-
tion of 10% H,O, was considered to be the optimum
quantity.

Effect of temperature

Temperaturewasvaried from 40°C to 70°C, keep-
ing theother variablesin theleaching experiment con-
stant. Up to 60°C, the dissol ution of manganese and
zincwasfadt a theinitia stagesof leaching. Therate of
leaching did not increase significantly after about 10
minutes of leaching (Figure5 and Figure 6). At 70°C,
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Figure5: Effect of temperatur eson dissolution per centage of
manganese
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Figure6: Effect of temper atur eson dissolution per centage of
zZinc

the extent of dissol ution of both the elements dropped
drastically. Thishasbeen attributed to the decomposi-
tion of H,O, a thishigh temperature™.

The extent of dissolution of manganeseand zinc
increased withtimeat dl temperaturesunder investiga
tion. Theincreasewas s gnificant during thefirst 20 min-
utes of leaching. For manganese, recovery was up to
80% withinonly 21 minutes, and zinc dissol ution reeched
to 75% within 32 minutes of leaching at 60°C.

Effect of stirring speed

Stirring speed was varied from 200 to 800 rpm to
determinetheeffect of stirring ontheextent of dissolu-
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Figure7: Effect of stirring speed variationson theextent of
dissolution of manganese
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Figure8: Effect of stirring speed variationson theextent of
dissolution of zinc

tion of manganeseand zinc. Theseeffectsareshownin
Figure7 and Figure8.

Theextent of dissolutionincreasedwithincreasing
stirring speed, up to 600 rpm. At a stirring speed of
800 rpm aspilling out tendency wasobserved and it
wasdifficult to contain theleach liquor withinthereac-
tion vessal. Hence, for thefirst 5-6 minutes, the solu-
tion was needed to be kept in without stirring condi-
tion. At 800 rpm, the extent of dissolution surpassed
that of 600 rpm only at higher timeperiods. Therefore,
600 rpm stirring speed was taken to be the optimum
for maximum recovery of manganese, keepingtheother
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Figure9: Effect of solid/liquid ratio on thedissolution per -
centage of manganese

e — =

TRL, N i

- el
13 ;:llh"_'_-f’ﬁ':m.-
‘f'"_. il e — —

5 I GHESoiution

0 0 a0 ) 5
Trnaz. mmin

Figure10: Effect of solid/liquid ratio on thedissolution per -
centageof zinc

variablescongtant.
Effect of solid/liquid ratio

Theratio of solidtoliquid wasvariedfrom 1:5to
1:15. Theeffect of solid/liquid ratio on the extent of
dissolution of manganesewasnot very sgnificant. Dis-
solution of manganeseincreased from 80 to 88 percent
within 20 minuteswith anincreaseinthe solid/liquid
ratiofrom 1:5to0 1:12. However, under the samesitua-
tion, zinc dissolution increased from 80to 97 percent.
Theleaching curvesof manganeseand zincfor different
solid/liquidratiosareshownin Figure9 and Figure 10.

Dissol ution of both manganese and zincincreased

—= Pyl Paper

withanincreaseinthesolid/liquidratioupto 1:12. Above
this, manganese dissol ution did not increase and per-
centage zinc dissol ution was found much lower. The
reason for thisdecreasein the extent of dissol ution of
both manganeseand zinc at asolid liquidratio of 1:15
isnot clearly understood and needsfurther investiga-
tions.

Precipitation study

A stock solution containing zinc and manganesewas
prepared by dissolving around 300gm of battery paste.
100 ml solutionwastaken from the stock solution and
wasdilutedto300ml. 1M oxdicacidwasdowly added
to the solution at 60°C whichwas stirred constantly by
amagnetic stirrer. The pH was adjusted to O to pre-
cipitatezinc aszinc oxa ate'?. Small amounts of man-
ganeseandiron co-precipitated with zincoxaaewhich
can beobserved fromtheAASandysisof thesolution
(TABLE4).

TABLE 4: AASanalysisof zincand manganesein solution
after precipitation

Solution Zn (ppm) Fe Mn (ppm)
Stock solution 14394 701 23782
After Zn separation 33541 658.61 21910.23
After Fe separation 325.44 96.48 16622
After Mn separation 162.17 51.74 0.272

For the precipitation of iron pH was adjusted to
4.5 by adding concentrated sodium hydroxideto the
solution. A small amount of manganese al so co-pre-
cipitated withiron at thispH. After remova of iron con-
centrated Na,CO, was added to the solution to pre-
Cipitate manganese as manganese carbonate. TheAAS
andydsof theremaining sol ution showedthat only 0.272
ppm manganeseremained in the sol ution. Co-preci pi-
tation of zinc and iron with manganese carbonate was
not sgnificant (TABLE 4).

X-ray diffraction anaysisof the precipitated salts
confirmed that zinc was precipitated as zinc oxal ate
(Figure 11) and manganese was precipitated as man-
ganese carbonate (Figure 12). The presence of any
other phase could not be detected possibly dueto very
small quantity.

83.29% of zinc contained in the solution could be
preci pitated as zinc oxal ate while 69.89% of manga-
nese could be preci pitated as manganese carbonate.
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CONCLUSION

Theoptimum conditionsfor s multaneous|eaching
of zincand manganesein thed ectrolyte paste contained
by spent zinc-carbon dry cell batteriesin sulfuric acid
sol utions contai ning hydrogen peroxide can be summa-
rizedas.

Sulfuric acid concentration = 2.5M, Hydrogen per
oxideconcentration = 10%, Temperature=60°C, Solid/
Liquidratio=1:12 and Stirring Speed = 600 rpm.

Under such conditionsamaximum of 88 % man-
ganeseand 97% zinc could bedissolvedin 27 minutes.

By controlling pH of theleach liquor, amaximum of
69.89% manganese could be preci pitated as manga-
nese carbonate whileamaximum of 83.29 % zinc could
be precipitated aszinc oxaate.
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