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Lést:mon z:h S fea ture article described
"Better Use of Dry Cells”, this month
' we show how to use your ce//s up to

twenty UH'T?ES

IN LAS‘rmomhs .msclc it was csl.:bllshed

that zinc carbon and alkaline cells are
far superior. products to nickel cad-
Mo pen X rruum rechargeable cells (NiCad’s). It may
E thcn come as some surprise that ordinary

.1—

x _'*. canbe rccharg:d
Recharg:n g D.r- y

A There 4fe sev Cl'd] .:dvam.:gcs 10 rr:f.‘hdrg-
“*ing. dry cells as opposed to NiCuad’s.
-7 Firstly the eapacity of dry cells (especially
<7+ alkaline) is much greater than that of
= .+ NiCad’s. This means that in a typical
_ - application a recharged dry cell will last
"+ five times as long as a NiCad.
“* NiCad’s discharge themselves rapidly on
standing, this makes them unsuitable for
some applications such s clocks and emer-
gency lighting, while recharged dry cells are
suitable. The biggest argument for recharg-
ing dry cells however is cost. NiCad's
cost several pounds while “used™ dry cells
are effectively free since they are usually
thrown away.

7 ..andw zinc carbon and alka]mc ccils

“Cells - s
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Why thenare "0 billion batteries lhrown
away every year? As already mentioned

_most people don’t realise that they can be-

_reused. Manufacturers will admit (refuc-

‘tantly) that these cells can be recharged. Il

there was no possibility of cells being

.recharged there would be little point in

... .. telling you not_10 rcchargc them, smce
¥ nobodywould try. it

2" 'Warnings printed cn_thc celis range !'rorn
the mild Do not recharge to the extreme:

" Dunger of lcakage or explosion. Firstly cells
cinnot explode (wnless thrown on a fire),
all cells from reputable manufacturers have

& ,“ e

cither a weak spot or wax plug built in to
prevent any serious pressure build up, This
can occur il a cell is inserted the wrong way
around or il a discharged cell is inserted
with fresh ones. The safety “vent™ allows
the gases 10 escape in a controlled way. An
engineer working for a well known battery
manufacturer told me that he had been
recharging dry cells for several years.

If a standard dry cell is plugged into a -

NiCad recharger it will be partially
recharged. but there is an increased chance

that it will leak. The amount of charge
retained will also be a barely useful
amount. [ do not recommend even irving
this.

Mattar of
Chemistry

~The chemical process involved in dis-
charging a typical cell is shown in Fig. I.

" When in use the anode. ofien znc. is

oxidised forming zinc oxide. This oxygen

- - has come from the cathode which has been

“reduced (different processes occur in dif-
ferent types of cell but lhcsc are bcst leflt to
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.-To recharge this ccl! we havc to get the

“” zinc oxide back to zinc. This is a process
_similar to electroplating. If you cun remem-

ber electroplating . experiments f{rom the

. dreaded chemistry lessons you will recall

_that it involves an electric current flowing

through a solution; copper sulphate is
commonly used to demonstrate this.

In this experiment copper is deposited on
to one of the clectrodes. The problem is
that the electrode has not been plated with
a coat of shiny copper, instead the copper is
in spongy lumps. This is what happens
when you recharge an ordinary cell in a
NiCad rechargcr. NiCad rcchargcrs simply
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‘- Frg. 1. Chemrca/ process involved n

discharge and charge.
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Inside the ccli the zinc s plated outinto a
spongy mess insicad of the originul hard
compact state. This re-plated zinc will take
up more volume than it originally did.
causing the internal components 1o dis-
tort. This distortion prevents un cffecune
recharge and can lead to leakage.

Periodic Current

Reversal

Not surpnisingly the cleciroplating in-
dustry has found a way 10 produce success-
ful results with these metals. The solution is
known us periodic current reversal (PCR).
PCR as it's name sugpests consists of
reversing the current flow at regular inter-
vals, this prevents dendrite formution (see
Part One) and gives a smooth finish.

When PCR is used to recharge dry celis
the internal structure is not distoried and
the cell can be successfully rechurped
without risk of leakage. It should be noted
at this point that dry cells can only be
recharged about 20 umes before the
capacity drops ofl. but when you consider
that this is equivalent 1o recharging
NiCuad’s 100 times and that the cell wus
“free™ in the first place it 1s not a serious
problem.

Sarfety

It is worth re-examining the question of
safety at this point. Cells will not explode
unless thrown on a fire. and with a bit
of care they will not leak. Then why are
warnings printed on cells? One reason may
be that « linle hit of knowledge can he u
dungerous thing. If people know that cells
can be recharged. but nol how to recharge
them. then mistakes could be made.

We cannot really expect the batiery
manufucturers 1o promote dry cell recharg-
ing. The dry cell market 1s a saturated one
and any serious reduction in the number of
cells sold might cause companies 1o fold.

The situation. however is different in
other countries. In Japan recharging is
officially encouraged und batiery com-
panies scll rechargers (mostly d.c.). In these
countries there are no wurnings on the
cells. although export batteries sull bear
warnings! A well known manufacturer of
alkaline cells in the UK prints on its cells
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Table 1. Resistor selection for various
barteries.

for the home murket Do not recharge or
dispose in fire. may explode or leuk™
curiously batieries for export simply stute
“Do not recharge™,

Important

Guidselines

Some guideiines are necessary for safe
and cfficient recharging. It wouid be ir-
responsible 10 publish & recharging circuil
without them (u little hit of knowledge ... ).

I. Recharge using PCR. do not use d.c.

2. Limit the forward and reverse cur-
rents. (sec Table 1)

3. Limit the recharge ume. or in other
words do not 1ry 1o putl more energy
buck into a cell than 1t oniginully con-
tained.

4. Recharge soon afier dischurge as cells
left in a discharged state for a long
period of time (more than a fow
weeks) will not accept @ rechurge.

5. Do not fully discharge cells. some cells

especially zine chlonde dry

ACwav[FORM
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oul as they discharge.

If 2 ccll fully drics out the
chemical reactions cannot be
reversed so the cell cannot be
recharged. In practice this
s means stopping using cclls

=Y when the radio begins to
distort or the torch bulb

wak SUC

. Do not keep cells far long periads «
ume. celis gl more prons to leakeps:
as they pet oider. Divzard colls ufiss

ONC OF W0 YTars,

& Only wse the following PCh
Recharger with zinc carbon. zins
chlonde. slhabine und Ni-Cad cel:
(these arc the most common anywu)

In five vears of rechuarg:ng | have nove-

hud u cell leuk when using: PCR. some iz
cells have leaked when | have used doc. bus
since they have only leaked in the cherper.
not when in use. no damuage was donc.,

=)

Dsesign

To recharge cclls, a current of the corres:
maugnitude that will be reversed at repuia”
intervals s required. The frequensy o
which this reversal occurs 1< not eniical
it mukes scnse 10 use muins frequens
(50Hz). Obviously appluag an oraine-.
sliernating current fac) 1o o benery wire
achicve nothing as on posiine cicies Wowiit
charge the celll on neeaine evaies 12w’
discharye the cell (Fig, 29 What is requirs
is a wavelorm where the forwurd chary
current wall be greater than the revess
current. This can be achieved by bassin
the a.c. waveform 10 gine it a non zer

- average.

A simple way of achieving this is to shun:
a resistor with a diodce: ths leads 10 a very
simple circunt shown in Fig. 3. When cur-
rent 1s flowing in the forward charge dirce-
tion it will flow through the diode byvpuss-
ing R, and then flow through Ry, This will
give u current of I=(4.5-0.7-1.5).Ry. The
1.5V being the voltage from the cell when it
is recharged und the 0.7V being the volizge
drop across the diode.

When the current flows in the opposite
direction 1l pusses through both R, and Ry,
(the diode 1s reverse biassed so no current
will low through 11). The reverse current is
given by 1 =(4.5+ 1.5) (R, = Ry,). The most
cficient ruatio of lorward 1o reverse cur-
rents 1s about 5 1o 1. To muke the charger
camputible with NiCud’s. stundard NiCad
charging currents hive been used.

As a design example AA size batleries
require a4 forwuard charge current of
S0mA. Rearrunging the cquation for
forwurd churge current we get Ry = (4.5
1.5-0.7):0.05. This gives a vulue of 46
ohms. the ncarest available resisior is 47
ohms. The reverse current (one fifih of the
forwurd) shouid be iUmMA. Recarrznging
the reverse current cquation we  get
R, Rn=1(4.5=1.5)0.01. This pgives a
value of R, of 553 ohms. the ncarest

e sEvicusivdims: avuilable value is 560 ohms. The power
|
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Fig. 2. Standard a.c. and PCR a.c. waveform. Fig. 4. Complete circuit of the Dry Cell Recrarger.
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COMPONENTS >

Resistors
R, and R, see Table 1

Semiconductors
D1toD4 1N4001 (4 off)

Miscellaneous
T1 Mains (240V) pnimary,
4 5V secondary at 1VA
10 5VA - see Table 1
Mains lead and fused (1A) plug: strip-
board - see text; MB3 plastic box - see
text: bartery holder for four cells (AAA
to D size - see Table 1); eanh tag
and fixings for T1, battery holder and
stnpboard; connecting wire: mains lead
grommet and cable clamp.

rating for the resistors and transformer
must also be calculated. All the necessary
values arein Table 1.

The full circuit diagram (Fig. 4) allows
for four cells 1o be charged at once. A
higher rated transformer will be required if
you wish to recharge more than four cells
at once. Note however that an even num-
ber of cells should be rechurged at one
time. this ensures that a balunced load is
provided to the trunsformer. - Note that
the diodes und cells ure reversed in each
section of the circuit.

il £
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The circunt as 1t stands 1s very simple.
This is deliberute as in un article designed
10 suve money it seems pointless 1o udd
the usual flushing l.e.d.’s and timing units
found in most NiCad chargers.

Construction

~ Construction (Fig. 5) should cause no
problems due to the simplicity of the
project. The exact componcnts used will
depend on the size of batteries you wish 10
recharpge. The circuit is built on a piece of
stripboard. The size used can be chosen to
fit in the box used. The minimum sensible
size being 12 strips by 2] holes.

Connections to the trunsformer should
be double checked and uny terminals
connected to the mains should be insu-
lated. Where the mains cable enters the
box a grommet and cuble clamp should be
used to prevent possible dumage to the
cable. The size of hole drilled for this will
depend on the grommet used.

The mains plug used should have a
one amp fuse ruther than the usual thir-
teen amp. The transformer should be
securcly fixed within the box and its frame
should be connecied to the mains carth
lead.

Five holes will need to be drilled in
the top of the box to connect to the bat-
tery holders. Ensure enough wire is run to
the battery holders to allow the lid 1o be
removed. The holders can cither be glued
or screwed 1o the top of the box. One
practical note about the battery holders:
the metal terminals will have to be care-
fully soldered or the plastic surrounding
them will melt.

115> 95> 33 5“mm. If you chuose 10 usz 2
metal box ensure that it is correctia
earthed.

Testing

An ammecier can be used to 1est the
circuit. If the meier leuds are connecica
to the terminals on one of the batlers
holders. and the recharper plugped into
the mains. a current slightly less thun
the forward charging current should be
measured.

Disconnect the unit from the mains
and insert some cells to be rechuarped.
Measure the voltage across one of thz
cells. then plug the unit into the muns
again, a slight rise in voltuge should be
observed. If this nse is observed then the
cell is being rechurged.

In Use

Operation is simple, discharged cclis
are simply inserted into  the batien
holders und the unnt connected 1o the
mains. The only question is how lony 12
charge cells for? This depends on wha
type of cell is being recharged and how
discharged the cell was in the first pluce.

Zinc curbon and zinc chloride czF
usually require 12 10 18 hours to recherg
Alkaline cells, since they have much
higher capacities. require 24 10 36 hours.
By using a battery tester. the state of
charge of a cell can be measured (see part
one of this aruicle). Recharging should be
halted when a cell gives a slightly lower
reading thun a new cell. Do not try 1o put
more into a cell than it originally
contained as it could leak.

The case wused for this project The recharger only has 10 be used a
was u MB3 plastic box measunng few times to pay for usell. =
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Prototype charger was made using scraps o{ 'smp-
board to hold the components. Mains connections 10
the rransformer should be insulated before testing. .

Fig. 5. Construction of the Dry Cell Recharger.
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Volt  |Kapazitat | - Lads t-Lede |Bart.-Typ Tye |Trafo  |Ra Rb vwR1  Iva |Barthnz,  |PRa |PRb
9,0 580 50 30|E-Block BLRS1 12 2100 48,0 5 1.0 2| 0,201 0,115
1.5 1050 20 30|Micro [ AAA LRO3 8 1875 180.,0 5 0.4 4| 0,0247 0,078
1.5 2300 50 30|Mignon [ AA |LRe ] 750 78,0 5 1,0 4| 0,0818 0,18
1.5 8300 130 30|Baby /C LR14 8| 2BE.45 28,2 5 2,8 4| 0,1808 0,454
1,5 12000 400 30|Mone /D LR20 Sene2000 8| 83,75 §.5 5 8,1 4| 0,4547 1,52
;' 1,2 800 50 14 |Migneon / AA RS NC 801RS 8 720 82,0 5 1,0 4 0,058 0,205
1,2 1800 180 14|Baby /C R14 NC RSH1,B -] 200 22,8 5 3.7 4| 0,2088| 0,738
1,2 4000 400 ‘MlMcmo /D R20 NC RSH4 & S0 10,3 - E,1 4| 0,4642 1,64
8.0 1300 130 14 |Pack NP-22 NC 12| 882,31 40,8 5 1,3 1| 0,4174| 0,688
9,8 1400 140 14 |Pack BABD1 NC 12| 771,43 12,1 5 2,8 2| 0,5BE2 0,238
Velt  |Kapazitat | - Lede 1 - Lads iE-ln,-Ty'p Typ Trafe Ra Rb VM1 VA BamAnz. PRa |PRb
8.0 560 50 30|E-Biock BLASY 12 2100 48,0 5 - 1.0 2| 0,2011 0,115
i 1.5 1050 20 30|Micro | AAA LRO3 ) 2825 340,0 L] 0.6 4| 0,0328 0,136
1.5 2300 S0 30 |Mignon / AA LRS& 8 1050 138,0 S 1.5 4| 0,0823 0,34
1,5 8300 130 30|EBsby /C LR14 8| 403,85 52,3 5 4,0 4 0,214 0. B4
1.5 12000 400 30|Mone /D LR20 Sers2000 8| 131,25 17,0 5 12,2 4| 0,8584 2,72
1,2 800 50 14|Mionoh AR RS NC B801RS ] 1020 142,0 5 1.5 4| 00,0786 0,355
1.2 1800 180 14|Baby JC R14 NC FRSH1,B §| 283,33 35,4 5 5.5 4| 0,2828| 1,278
1.2 4000 AD0 14 |Meono /D R20 NC RSH4 ] 127,85 17.8 5 12,2 4| 0,62BB 2,84
8,0 1300 130 14 |Pack INP-22 NC 12| 652,31 40,8 5 1,3 11 0,4174 0,889
8,8 1400 140 14 |Pack BASOT NC 12| 771,43 12,1 5 2,9 2| 0,5862 0,238
Valt |Kapazitét 1-Lade t - Lade Batt.-Typ Typ -— Trafo Ra |Rb VA1 VA |BattAnz. PRa PRb
5,0 580 50 30 |E-Block |sLRB1 12 2100 46,0 5 1,0 2| ©,2011 0,115
1,5 1050 20 30|Micro 7 AAA - |LRO3 7.5 2250 265,0 5 0,5 4| 0,0288| 0,108
1,5 2300 50 30|Mignon | AA LRS8 7.5 500 108,0 5 1,3 4 0,072| 0,265
1.5 6300 130 30|Baby /C LR14 7,5| 346,15 40,8 5 3,3 4| o0,1873] 0,889
1,5 12000 400 30IMene /D LR2C Serie2000 i 112,5 13,3 5 10,2 4| 0,5783 2,12
1,2 800 50 14|Mlahun I AA RS8 NC B01RS 7.5 E70 1120 5 1.3 4| 0,06B3 0,28
1,2 1800 180 14|B.lb\f /C R14 NC RSH1,B 7.5| 241,687 31,1 5 4,8 4| 0,2458 1,008
1.2 4000 400 'I-llMono /D R20 NC RSH4 7.5| 108,75 14,0 S 10,2 4| 05463 2,24
8,0 1300 130 14iPl:k NP-22 NC 12| 852,31 40,8 5 2,8 2| 0,4174 0,689
5.8 1400 140 14 |Pack BABO1 NC 12| 771,43 12,1 5 2.8 2| o.sesz| 0,238
Velt  |Kapazitit | - Lade 1 - Lace Batt.-Typ Tvp i Trato Ra Rb V/A | VA BartAnz. PFRa PAb
8,0 580 50 30(E-Block BLR&1 12 2100 46,0 5 1.0 2| 0.2011 0,115
1.5 1050 20 SﬂIMi:m { ARA LRO3 4,5 1500 115,0 5 0,3 4| o0,0207 0,046
1,5 2300 50 30| Mignen / AA LRS 4,5 800 46,0 5 0,8 4| o0,0518| 0,115
1,5 8300 130 30|Bsby /C LR14 4,5| 230,77 17.7] __.s| . 20 4| p,1348| 0,259
1,5 12000 350 30|Mona /D LR20 Seris 2000 45| 85714 X] 5| 5,3 4| 0,3623] 0,805
1,2 800 50 14 |[Mignon / AA RG NC B8ORS 4,5 570 52,0 5 C.8 4| 0,047% 0,13
1,2 1800 180 14 |Baby /C R14 NC RSH1,B 45| 158,33 14,4 5 2,7 4| 0,1723 0,468
1,2 4000 400 - 14 |Meone /D R20 NC RSH4 4.5 71,28 8.5 5 8,1 4| 0,382% 1,04
8.0 1300 130 14 |Pack NP-22 NT 12| 892,31 40,8 5 1,3 1| 0,4174 0,889
8.8 1400 140 14 |Pack |BABO1 NC 12| 771,43 121 5 2,9 2| 0,5882 0,238
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