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Abstract

3 As |s weII known, although SO- _called secondary batres l.e., chemlcal physrcal deV|ces that can beturned to a 'charged’ state by appropnate chargng methods are readrly avallable on the market butgrven the|r Iow cost the most wrdelv used
and widespread batteries on the market are the saatted ' dlsposable _or non-rechargeable batteriesor alkaline batteries, or, more properly, “primary alkaline battenes Sy * - = : _
On 2024 European Portable Battery Association repds 295,000 tonnes, 570 g per capita in 2021. In tuterms around 23 portable batteries per capita we placed on the market in 2020 [1] Accordrng to aecent Eurostat report Recycllng of |
| batteries and accumulators, around 244,000 tonnesr(an estimated 12 billion units). of portable batteles were placed on the market i in the EEA (EuropearEnvrronment Agency) plus Switzerland in 2022 [2]. : SRR R ,
- Given the amount of non- rechargeable batteries orhe market, a tool is needed to measure the resrdualharge and then If possrble define a re- chargrngtethod Ardurno has aII the features to a data acqsrtlon |nstrument some our preV|ous :
i work use Ardulno to build electrochemlstry |nstrument [3] as well as the crrcurt presented here | | : s

: vform|ng an |nterst|t|al compound srmultaneously transfernng an electron In fact, in the reductron p|ocess
- MnO, + XH* + xe <=> H MnO. (berng X= 23, |

In th|s reduction process manganese goes from amidation number of +4 to +2 At the same time, thelydroxyl ron .H
hanges to znnc hydxrde 75?1(0H)2, that is, the metallic Z|nc loses two electrons (é) -hes;

Zn + 20H <=> Zn,(C)H)2 + 2e (Zn passes from OX|de Number = O, to O.N.= +2)

~ At the beglnnlng of the drscharge when less thar@%
~ same structure (ramsdellrte) as Mng As the drscharge contrneés a new compound appearl\/anOH (groutrte) (where
- the 0. N of manganese IS +3) Thrs new compound haS/ery drfferentfstructure and cannot be transforoed back |nto

 oxidizes the metal zinc, which

lntroductron Sl e e ArmoftheprOJect

_ of the various primary battenes that have gradualy appeared on the market alkalrne Zn Mn d|0X|de batEnes are the The aim of this work is to construct a srmple instament, as shown inFigure 1 wh|ch estrmate the state of charge of an-
- ‘most commonly used for portable equipment. Theseti@r devices, as Is well known, convert chemical ergy produced by  alkaline battery, here of the AA/LRO6 type (i.e. “stilo” battery) o be estrmated In three stepsThe IEC 69086 1 to IEC
- internal (irreversible) redox reactions |nto a flow of electrons in the external circuit. h fact, when an alkaline battery of | 60086-6 regulations should be used as a guide, aslvas the manufacturers' data sheets and b|bl|ogp§ny '
-_-thrs type d|scharges the electrolytrc water decongses into H and OH- ions. The H ion reacts with the contalned an ; The first step is to measure the voltage with a hlgrmpedance voltmeter (Atmel declare >1OOMohm) withL0 steps of

1sec simulating no-load. The second step involvesrelay connectlng the battery to a 100 Ohm reS|st|vd1)ad [4], 1.e.,
" double the value of blue curve ofFigure 2 from [4], and the voltage Is measured in 10 stepd dsec. The third step
includes a relaxation period of 10s to aIIow the btaery to recovery, after which the voltage is measned againin 10 steps
of 1s at no Ioad Therefore the accurate measure reS|dual charge IS a complex tas_L5] |

TYPICAL DISCHARGE CHARACTERISTICS AT 21°C (7V0™F)
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is reacted (x < 0. 4) the mtermedrate compontehl MnO has the : @
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Flgure B Curves obtarned usmg mstrument of
R Flgure 1; first the blue show voltage with no-load, 5s
sowetof delay, the violet with 100 ohm load, 10s of dgfa
.. the green with no- -load. The last pornt of violet crve,.
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produce the values represented also |lFl|gure 7

battenes were taken from each ste. s
An initial selectlonwas then made in the laboratcy to el|m|nate those that were clearlz
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1F|gure 2. Discharge curve W|th constante load see
- El238%% sonnov ohm, from this we select the Rload (| e Ioad resesrnce)

Rload Batt | [4
Figure 1. Schematrc of the mstrument From the left the 2 pmer supply e ——— e
{ the Arduino UNO R3 with purple bndge to reduce AREF (Analog S Compiled at Dec 20 2024
32 %E ey AT Reference) the relay to connect the battery (DUTe Device Under Test)to Compiled at 99-37
the load, in orange the digital signal to switch oroff the relay. The DUT is Battery name: Conad Alcaline Plus 12-24 A
connect to ground and to analog p|n of Arduino for measre voltage Rload to measure Vbat 100
,W|th/wrthout load. - - = e Volt
: o e | sec V0 Vload Vafter
0 1.03 0.96 0.84
1 0.99 0.92 0.85
. 2 0.99 0.9 0.85
'-“fFrgure 3 Dlsposed battery i g'gg g'gg g'gg
- not suitable to check the ; . 0.99 0.84 0 56
remaining - Charge ----- StOR SN 6 0.99 0.82 0.86
waste for recycle metals : 7 0.99 0.8 0.87
- o 0.99 0.78 0.87
A d 0.99 0.77 0.87
: 10 0.99 0.75 0.88
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oA Frgure 4 The output text from our device, from
~+~  which the graphs rnfrgure 5 and f|gure 6 derrve
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| | 5 | Results R TR
The graph in quure 6 shows typ|caI expected trends for a batteries witdifferent residual charges R

- -the blue curve shows the battery voltage measurexery 1 second at high |mpedance which in th|s casemains constant at about 1V |

1 Of all the possrble curvesFrgure 5 |s typlcal a constant voltage at no Ioad a slov\d' hargee ;hen current is requested recovery antlhe green curve perhaps left for a long trme wodl
. reach the blue curve. : : L e e Ry e i
RS Each battery behaves d|fferently, malntalnrng a patErn as in Frgure 5 but wrth iﬁfer'

~ process undergone.

-the violet curve shows the battery voltage when ooected to an R-load of 100 ohms, againin 1l seaciements; *

-in green, Is shown the voltage produced by the bary still at high impedance after the recovery peiod.

- The kinetics of the internal redox reactlons also dtaonstrated In other studres causes the voltage tbfe battery not connected to a Ioad to rrse whrcls why there IS a delay of 5 seconds after
~ each serres of measurements T RRERT ' * i 5 : * |

The five battenes in Flgure 6 show a sample of the 158 batterres )
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- Figure 6. Typrcal expected trends for batteries with- diffeent resrdual charges Four different AA alkaline batery (frnd |n a waste thank ready for drsmantle) measured with |nstrument ofFig.1. The a) is like new
W _ whit a few use; the b) is a perfect example of quiay of our measure method W|th no- load the voltages Ilke new. but under Ioad the battery fall: the Cl is under the I|m|t of drscharge for IEC standardO 9V, the d)
isa battery near empty More battery show oV whemneasured '

| Beanng in mrnd that standards and manufacturers déne an alkallne battery as dlscharged when it drop to O 9V [6] Iet us make some observatlons abomhtet results ~ :

- The number of batteries is still too small for statstlcs and the study is still in progress, but fronthe data obtained, shown |rF|gure 7 we. can already see several practlcally new battes at
1.6V, a group of batterres with a lot of resrdual barge with voltages between 1 5 and 1 2V ‘ ' 1 S

* Then there is a group wrth a voltage between 1.1 dr0.9V. ) SRbE

Frgure 7. After measure 158 dlsposed AA battery we
: 7 e _obtain the above h|stogram using the last point ofiolet
Conclusions T AT e N I R . .. curve of Figure 5 Counting, 48% of the measured -
: ’ SR iy . batteries show a. voltage from 1.2 to 1.6V. Accoumtg
the IEC (Internatronal Electrotechnrcal Commrssron)

: 60086norms stated 0.9V as lower I|m|t 65 8% of our,
: ?:battery stay from 0.9 to 1. 6V o

-1 Fhe: |nstrument probably drsconnects the battery whent drops below 0. 9V wh|ch would explarn the srall number of battenes between O 6 and O 1V andnfally a Iarge number of battenes e

- with no voltage

LA recharglng test whrch will be the subject of aater paper could use thrs graph to |dent|fy the b’aenes that are the best candldates for regeneratn

“n the quht of these data, a word of advice to usse is in order buy a passrve battery testersuch as the (BT-168, the I1BT- Tester4 or the BA”BQS) commercral models whlch wrll cost you a few &

f euros but WI|| allow you to recycle 40% of the batlarles you would otherwrse throw away for examplenr a waII clock ora mouse
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