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, Abstract = | ‘ =
~ In 1800, an Italran scientist named Conte AIessanerruseppe Antonlo . t : = mtrOdUCt'on i
Anastasio Volta invented the “Voltaic battery”, thencalled the “Voltaic =~ relay 1 | Primary batteries convert chemical energy producedby nternal
‘column”, which consisted of alternating discs of sier and zinc separated by | (|rrever|srble) redox: TeaCthCJInS "’SO a flow ofdelectr(ms in the external S
acard Soakadin cak water [1]. = , : g circuit. In contrast, secondary batteries and superapacitors use
' Imagine a world without batteries: everything froma modern carto an old rer\]/erSIbC:e chemt;cal physical pthCGSSGS andhcadn beturned to a
quartz watch would stop working. Among the many metods of generating 4 I charged'’ state by appropriate charging methods. f
direct current (DC) eIectrrcrty for use in portable devices are batterles : USB to PC[ | measure — m(;f”t(I: \a?lila?ltjnse gzlrr::arryab]agt;eqréegse tgla)tx hdeglﬁ aﬂ:gﬁg;lg ?hpepenacrztd on the
'(pnmary battery), accumulators (secondary battery)and now : - -
- supercapacitors, which can also be used for energyorage [2]. i 2 commonly used for portable equipment. These are notachargeable as

. On 2024 European Portable Battery Association repas 295,000 tonnes 570
- g per capita in 2021. In unit terms, around 23 porable batterles per capita

g is clearly stated on the label of any batteryAll batterieslisted in th|s
| bulletin are of the primary typeand are not designed to be recharged.

.. were placed on the market in 2020 [3]. 7 " relay 2 = Attempts to recharge an alkaline battery may cause an rmbalancethhrn ,
- According to a recent Eurostat report, Recycling of tteries Sod J G the cell, leading to gassing and possibly explos1on on either charge or
- accumulators, around 244,000 tonnes (or an estimatd 2 billion unlts)'of' = = | drscharge cycles[g8]. )
~ portable batteries were placed on the market in th&EA plus Swrtzerland in 5 l | However, if an attempt is made to reverse the cheul reactions S of a
2022 [4]. , SO | prrmary battery, a careful measurement of the remaning capacrty IS
Given the amount of non- rechargeable batteries orhe market, atoolis  Fig.1 Drawing of the instrument, The circuit: from the left the 2 power supply; the Arduino | required to determine whether the battery can be reharged.
needed to measure the res|r a] Charge and thenp@sg%]e 7def|ne a |re- UNO R3 with violet bridge to reduce AREF; the 2 rehlys to connect the battery (DUT)to The simple circuit described here based on the Ardoo UNO R3,
- chargrng method. -~ oL . Arduino and load; in orange the-digital signal to svitch relays in On-Off; in green the voltage allows the resrdual charge of an aIkaIrne batteryct be measured and
Arduino has all the features to a dara acqwsrtronnstrument 5], some our . Measure wires; next the Rload i e DUT IRD an AA. ho'der , e e pIotted | |
previous work use Arduino to bund eIectrochemrstry"ttstrument [6] as weII S e Ry : ’_ SO IR e TR , ' :
as the crrcurt presented here SRR T N R N A SRR e S - Aim of the prOject = i
SRS R Nt e e o BRECRIRERNS SR Accurate measurement of resrdual charge is acompdetask The aim of this work is to constructasrmpi rnstrument as shown in Frg 1
LHT S ey "“?‘f oo TMmmmmmEREEREEEREA SR |whith éstimate the state of charge of an alkalinegtitery, here of the AA/LRO6 type, to be estimatedni three steps. The IEC 60086-1 to IEC
' 1] : : , - | i -_:6”86 -6 standards shoule be used as a guide, aslwslthe manufacturers' data sheets and bibliograph The graph in Fig.2 shows a typlcal
16 - JiyTU—:12V, 28 : 1.5 — DS —
d Al LA Tl 10 OHMS . -|disgharge behavreizeof a battery [7], where we shad identify the point at which the battery under test (DUT) falls. :
™ B ot ' —~— —xoms T O Thf;iirrst step is to measure the voltage with a higimpedance voltmeter (Atmel declare >100Mohm) with @ steps of 1sec simulating no-
3 esemas - \ | 1e.second step.involves a relay connectlrfget battery to a 100 Ohm resistive load, double thealue of blue curve of Fig.3 from [8],
Eio | | o riima $izt -land the voItag s measured in 10 steps of 1sec.€Tthird step rncIudes a reIaxatron perlod of 5s tallow the battery to recovery, after which
¥ T THEHEN z \ \ \ -|the voltage is measured agaln in 10 steps of 1smtt Ioad : — | = :
10 |4 E i e E 3 ! \ \\ \\ T _ : e : SN, ARG . :::E?‘fg‘..'-
= 0 5 n‘la )IEI(I’-I‘!‘ﬁhrsl 5 20 255 2I:El 1 % Eat ) ‘ \ \ R : ‘t | -
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' Frg 2, a typrca';drscharge curve of Alkaline battey [7] 7 e . e e T S R 83 : S e aloe :
' L T8 | Fig.3, discharge curve with constar?g load, see i | | S . 5 [ ¢ 0 | : | - 12}
ohm, frofn this we select the Rload 8] S R 3 feooes Al Gt st OO gm
. ' . ! eI : Eﬂﬂféﬂgé’eafm B :
\  Material & Methods SR , S P Al o B U R 5 0s]
Spent batterres were coIIected through representaté availability sampling (convenrenee samplrng) byelectrng 130 053" [ Voss  ater ]
 those that were easrly accessrble in the collectitins found in many electronics stores and shopplncentres taking| - - 7 Y 1
approximately 20 batteries per 'sampling. % & & W 4 ot osi o 0s 1
In the laboratory, the first selection was made teliminate clearly or partrally damagedf%:f atteries, & shown in T !
| Fig.4. This selection produced 158 batteries in pfact condition and shape, some even Iiokrng as goasl new TR IR =
At the end of the study, all batteries were drsposleof in the municipality's ecological islands. o Fig.4, disposed battery not Su,tamei.;_';: : :‘"-".--3? — % I I N I A A AR N O A
| The iInstrument was b lld foIIowrng the 3Rs paradrgrrusrng parts aIready available in the lab, onIy theArdurno to check the remaining charge ... = Fig. 5 the output text from our -, . o 1 2 3 4 5 6 7 8 9 10
and the relays were purchased. =2 | : N ‘towaste and recycle metals - sketch that produce charts of veratongliebetem e
The software (skecth) has been hand wrltten from satch with comment in every line ode thinkingto an e 2 B o R fig.6 and ﬂg 7, d) in thrs case ey +vl —ous ——ven]
EaiaT | ' _ Fig.6, curves obtained' “Using instrument of Fig.1;
R R o p 9 A | — B ISt the blue with no-load, 5sec of delay, the viet
| The sketch produces a text ¢ ll’l the senal monrtor ahe IDE whrch must be copred into a .txt fle. Thetxt file | is ' - with 1000hm load, 5sec of delay, the green with
structured so that it can be easlly read by any E)&I to produce tabIes l(3|g 5) and graphs Irke the one in Frg 6.3 no- IOad The |aSt lOOInt of violet produce the fig.8
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Fig. 7 five drfferent AA alkaline battery (frnd in a waste thank ready for drsmantle) measured with istrument of frgel The a) |s a better than newI te b) is a I|ke new the c) show a limit of dlschaltgfor IEC standard

ke € 9V the d) show a battery with a few resrdue chzge the e)isa battery near empty. More battery sho oV wher; me

i

— S Results , SR , =S —
The graph in Figure 6 shows a typlcal expe‘ el for a battery with resrdual charge The blue cuve shows the battery voltage measured every 1 sedoat hlgh

s | impedance, which in this case remains’gg 1t abaut 1V. , S : | : S

7 | The violet curve shows the batter {—voltage when coected to an R- Ioad of 100 ohms agarn rn 1 seccrrements

1.6 - | Ingreenis the voltage produced b}the battery dtiat high impedance after the recovery. period.- RS : :

1.5 - | The kinetics of the internal rezfix reactions, also deonstrated i in other studres causes the voItagetbfe battery not connected toa Ioad to rise, whrcls why there IS al.

:: e delay of 5 seconds after ‘eaeh series of measurensent e R ‘ : : = S G : S

3 shasseal Of alt the possible curves, Fig.6 is "typical”, a onstant voltage at no Ioad a sIow drscharge whellmnent IS requested recovery and the green curveperhaps Ieft for afins

1.1 - . long time, would reach the blue curve. : — — : :

- VERCR SEeiE Each battery behaves differently, maintaining a paErn as in. Flg 6 but wrth dlfferent sIopes and vaIes perhaps reIated to the dlfferent chemlcal comp;rtlon and the &
2 09 _drfferent discharge process undergone. — s — f — ,

i = - | The five batteries in Fig. 7 show a sample of theSZB batterles measured a) a new but (unfortunatelydrscarded battery, b) a used battery but wrth a Iobf resrdual T

g; © .+ |charge, c) almost discharged but with a typical tred d) a battery that appears to be strII chargedrbm the que curve but coIIapses as soon as you alslkor current e) N

0.5 - .| a battery with a very low residual charge. ; , : : R : : :

0.4 AR s For completeness there are several batterres thahow 5 bfue curve cIose to zero o N

0.1 B e e e Conclusmns 3 e | | | _ Acknowledgment

! —————, o Beanng in mlnd that standards and manufacturers dtane an alkalme battery as dlscharged when |t drop to 0. 9V [8] let us make A Al brands and models mentloned are used
0 5 10 15 2 5 |some observations about the results, * ~ - for reference only, the authors do NOT = -
how many | The number of batteries is still too small for statstrcs and the study is strII in progress but frorrthe data obtarned shown in F|g 8 receive any direct or indirect financial
TR - lwe can already see several practrcaIIy new b batteeeat 1 6V a group of batterres wrth a lot of resrdal charge with voItages between . compensation from the Compan'es
3 Frg 8, after measure 158 disposed AA battery we olu’n the - |15and1.2V. : , ; | S ~ mentioned. ; £
above hrstogram using the last point of vroIet cure/ of fig.6. | Then there ias a group WIth o voltage between 1 1 dro. e | Lo : S : lnstead thanks are due to the |nventors of gL
- Counting, 48% of the measured batterres show a volm from e The mstrument probably disconnects the battery whe it drops beIow 0. 9V whrch wouId eprarn the smahumber of batterres Arduino, Fig.9 *
200 LBV i PR SR | between 0.6 and 0.1V, and finally a large number dfatteries with no voltage. f SEERT | — '
Accoummg b IEC 60086norms Sk 0.9V as ]Ower “mlt S A rechargrng test, which will be the subject of aater paper couId use. thrs graph to |dent|fy the buenes that are. the best

- B5. 8% of our battery stay from 0. 9 to 1. 6V LaE et _candldates for regeneration. : ’ ’ ’ Fatde

| In the light of these data, a word of advrce to uss is in order buv a passive batterv testersuch as the BT 168 the IBT Tester4 or ,. : '
the BAT- 393 which will cost you a. few euros but vIIraIIow you to tecycle 40% of the batterres you wold otherwrse throw away, for '

example in a wall cIock or a mouse.
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