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: ABSTRACT 5 :

Hydremetallurgical process is used to recover zinc and manganese dioxide

_ from spent zinc-carbon dry cell. The process, which involves electroplating of
|l oxidation of manganese dioxide, allows for easy separation of the components.
can produce 10kg/day of MnO; and zinc, made up of 5.38 kg. of MnQ; and 4.62 kg.

per day. Other metals, which are recovered in the process, include mercury, nicke

tron. The annual production cost is estimated at about MN3,088,775 for a total p
rate of 3000kg per year, giving a profit of ¥1,651,104.69. Eaahiiat

P

INTRODUCTION L
A zinc-carbon (Zn-C) dry cell is an electrochemical energy source
chemical energy into electrical energy. It contains i in

S il S

i - zinc container as the negative plate, ;
t - carbon rod as the positive plate, %
lﬁ - a mixture of MnO, and ground carbon as the electrolyte, ir
| to keep the paste damp by absorbing moisture from th

The cell is generally used in portable transistorized r.
“bells, etc.

The raw materials for the chemically active
etc.) are being imported into the country, « -
lack of downstream industries to proce:
intermediate stage has made the
‘of Zn and 33% of MnO), arc
left as waste for disposal

population growth, h |

{ environment ha% g
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. 4Zn —> 4Zn* + 2¢ - (”, s "*P

8MnO; + 8H,0 + 26 -—> 8MnOOH + 8OH" ) Hm
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Stage Il - Solubilization .
L |

The powder from grinding stage is washed in water at a ratio of 51 (volume of water to
weight of powder) at room temperature. for about one howur  This 1s 1o separate any soluble
salts that could be i the powder  The Laluton i< ceparated tite i1 ate and tesiduc.
Stage 111 - Leaching 1 |

The residue from stage Il 1s leached using about 32% of tetra-oxosulphate VI acid |
(H,S0,). The ratio of residue to the dilute acid is 5:1. The leaching is carried out in a
stirred plug flow reactor at a temperature of 50°C for about two hours. The resulting slurry
is separated, yielding a brown black paste residue. The residuc from the leaching contains
Mn IV, graphite, paper etc while the leachate contains little amount of Mn II, Mn 11, all
the zinc, iron and any heavy metal present such as cadnuum, nickel and mercury (Cq, N;
and Hg). The net chemical reaction taking place is | ‘

4MnOOH+2[ZnCl,.4Zn(OH),)+14H,SO--->4MnSO, +10ZnSO,+4HC1+22H,0+0;  (6) 'F-
Stage 1V - Oxidation .
The resulting solution from the above Ieaching 1s discovered to be acidic. Therefore, its - 1

pH of 0.9 is raised to 3.7 using 50% sodium hydroxide (NaOH) and then to 5.0 using 32%
ammonia. This is being done at a temperature of 60°C with the solution (leachate) being

oxidized with small quantity of hydrogen peroxide (H,0,) in order to precipitate any iron
present in the form of its hydroxide. The process is an alkalization reaction given by
ZnSO, + 2HCI + 2NaOH ---> ZnCl, + Na,S0, + 2H,0 @)

¢

Stage V - Pre-Elecrolysis )

e

The solution from stage 1V is electrolysed to remove any heavy metal such as nickel and

mercury. The cathode is a commercial steel net while the anode is platinum, each electrod
having a surface area of about 6cm’  The electrolysis is being carried out at a
potential of 900mV versus saturated calomel electrode (SCE) The distance |
electrodes is about 35mm, and at a temperature of 50°C. The electrolyte is ma
stirred, with the voltage of the cell being constant at 25V with a total current
there are any metals among the ones mentioned, they will be el
electrodes. The dissociation of the electrolyte is given by the follojmib
~ HgCl, "JHg" + 201
-?V’«'H;O-!"“>H"“+’OH
At the cathode, which is a steel net, mercury ion and hy
dischargitig; but mercury will preferentially discharge t
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. +2e 'r-—> Hg . "“(10) L
Chlorine and hydrox1de ions, both migrate to ‘the anode, that is the platlnum, Jl
will preferentially discharge as follows:
CIh ——>Cl +¢
Cl +Cl 2 Ch
Stage VI- Electrolysls
The solution coming from stage V is electrolyzed, using lead as thc node
commercial steel net as the cathode, each having a surface area of 6cm’. The tem|
is the same as in stage V, with a constant current of 300mA supplied for about 8
Almost all the zinc is being recovered and any manganese present in the
deposited on the anode as an oxide. The resulting solution from the ele
and could, therefore, be recycled back for leaching i stage IlI.
Zinc-chloride and water form the electrolyte. The dissociation of the

follows:

.
A'-Q‘

as. ;
ZnCl, > Zn' + 2Cr h
" HO0 7 H4OH e
Both zinc and hydrogen ions will migrate to the anode,
be discharged. At the cathode are chlorine and hydro
discharge giving water and oxygen gas in accordance v
Zn" +2¢ ---> Zn
OH ---> OH + ¢
20H + 20H-—-2H,0 + O,
StageV:ﬂ - Leaching 2 :

.
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Stage VIII - Alkalization ‘

The resulting solution is found to have a lower pH. In order to aﬂdw:
scparation of the mangan  dioxide, the pH of the solution is raised, using 50
hydroxide at 40°C und:  wstant stirring.  All the manganese-dioxide prm
solution is precipitated. "~ - equation of reaction is: AP e

. MnO, + 2H,S0, * INaOH --—> MnO, + 2Na,SO, + 4H,0 | : '(@9) d
The mtdue containing plactic, graphite and paper could be dried and bl;rm in a fumace,
_ giving rise to flue gas and ash for other uses, like in the potash and shoe pohsh mdustrles

MM

1

MATERIAL BALANCE
41, . The main equation for the whole reaction is given in Eqn. (5), which can be used to
. carmy ( out an overall material balance. A basis of 100kg/day of ground material i is assumed

The result of the matenial . : ;
. balance is summarized in Tables | and 2. :

Table 1: Various reactants and their amount

v ¢ Lpya

bl

\ ' INPUT AMOUNT (kg/day) ‘
ZnCl,.4Zn(OH), 43
Total 100

" Table 2: Various products and their amount

i ‘ OUTPUT AMOUNT (kg/day) ',

MnO, 60
Total 100 FISSESES

1

ENERGY BALANCE

‘ . The rate of heat liberation or absorptnm, expressed as a func

; rate and various thermal properties of the reaction system, ls ¢

i balance. This information is then used in the design of the h‘eat

ki reactor system. In other words, the specification of the du

ascertained when one has obtained the energy‘lﬁaiance"
The total energy reqmrement for the process

2
i

108

?’_ -
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Table 3: Total energy requirement , .
Cle o anbang
i T
STAGE OUANHITY (Jkmol)
& » Rt
I _488653.35
1V 19496.075 |
v 0.180 | !
Vi 9.180 R
VIl & VIII -22776.955 .
TOTAL Q = 485381.83 {
pooebd - 6l {
EQUIPMENT COST EVALUATION boen b il |

 Auxiliary Building (0.15). With these, the total fixed cost is N

e P . : . 5 ,“ % 5
" JOSTMED Vol. 4(1), Aprii .01, R

The major components considered are: Reactor 1, Reactor 2, Alkalization Reactdt
Oxidizer, Pumps, and Electrolytic tanks. Table 4 gives the summary of the cost estimate
for the plant equipment. ' o

The fixed capital cost estimate of the project is determined by usmg
Lang factors [Max and Klaus, 1989]): Equipment Erection (0.40), Plpmy
(0.1), Building (0.15),

Instrumentation (0.20), Utility (0.50), Storage (0.15;

Table 4: Summary of cost estimate

‘

EQUIPMENT NO
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Other costs (sales expenses and general overheads) is taken as 10% of direct

production cost, which is the sum of variable and fixed costs, and, this amounts to
)*280,797.76. Therefore,

‘. Total annual production cost =

i
:

vanable cost + fixed cost - other costs
= N(1,767.603 67 + 1,040,373 88 + 280,797.76)
s = N3,088,775 31
' Total income realisable from the sale of zinc and mangancse dioxide produced is
estimated to be N4,739.880.00.

- Annual profit is. therefore, N1,651,104.69.
!
BY - PRODUCT FROM THE PROCESS
The ash produced could be marketed for more income. The ash could be used in
the shoe polish and potassium producing industries. From the process of leaching we have
‘22kg as wet residue. It could be assumed that after drying we have 21kg which was bumt
in the furnace. On the whole we assumed the ash remaining to be 10kg. The selling price

for. Ikg of the ash can be estimated to be N5.00. Therefore, 10kg of the ash will sell at
' M50.00 per day giving a total of N15.000 yearly.

CONCLUSION

The dry cells industry and other chemical industries, naing manganese dioxide and
zinc as their raw materials can be hopeful of ther availability, if recyeling of spent dry cells
|s embarked upon. The recychm, process proposed (i.e hy drometallurgy) within this work
shows that zinc and mang,anese-dnoude can be recovered from spent carbon-zinc dry cells.
It also shows that the recovery can be successfully achieved in Nigeria like other countries.
: From the process, 5.38kg/day and 4.62kg/day of manganese dioxide and zinc
respectwely could be recovered. These represent about 91 per cent recovery of manganese
dioxide and 78 per cent recovery of zinc The huge amount of money thus spent on
tmpoutatnon of the basic raw materials will be avoided and, probably, spent on odp;r are:
of development. The environmental hazards due to conventional disposal mqlhw
mmlmnzed From the design, a total of N1,651, 104.69 can be reallsed as pmﬁg
1ecovered manganese dioxide and zinc..
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