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Primary Battery Session

UTILIZATION OF THE Mg/Mn 02 DRY CELL SYSTEM
1 Donald B /Wood
Power Sources ?T~echnica I Area ,//

U.S. Army Electronics Technolog y and Devices Laboratory (ECOM)
Fort Monmouth , New Jersey 07703

Two methods fur improving the performa rne haracteristics
of the magnesium dry cell have been exp lored. En the first ap- 32 

— — — — — — — — — 0 —.

proach, t he iniprovement was obtained with a hybrid system — —

consisting of the magnesium ’manganese dioxide (Mg/MnO~)
dry batt ery and the nickel ,idmium (Ni-Cd) rechargeable 

~~24battery under intermittent discharge conditions. In the second ~a pproach the heiietit in performan ce was achieved by insulating ~~~ 0 0
the Mg MnO~ batter y against heat losses . The combined influ- ~ 0

e n e  o f both approac lies lead to very substantial improvements 
~ 16 

0in low temperature , high current discharge performance . v 
— — — — — —

— - 0— —

The Ff 3 /md ‘t t B, t ! t t r3 BA- ~S6 PR C-2 5 ~ z~I a .\‘i- Cd Batter) 
- —

Experiments using Magnesium Battery BA--i 386 PRC-25 8
in a hybrid configurat ion wit h an assembl y of sealed Ni-Cd
ce lls were presented it the 2~’t h Power Sourc es Symposium.
Under tins progr .iin x perimentat ion was cont inued on I min/ 

________________________________________________________________________________

9 miii and 1 m m  1 nun duty cycles under a var iety of load 150 250 500
son ditions . These represented different applications , each of CAPACITY OF NI —CD CELL IN MAN
w hit Ii rcc 1uirc a batter y pow er source that does not exhibit the
delay cha racterist ic asso mated with thc magnesium dry battery.
Different capacity Ni-Cd batteries were used to determine LEGEND • 14.2 OHMS/lOU OHMS; 1 MIN/~4 MIN
which particular c a pa c i t y  would be best suited for the duty 

~ 5 OHMS/166.7 OHMS; 1 MIN/9 MIN
cy des and loads used . In a second series of experiments using 

~ 7 OH MS/ 50 OHMS; 1 MIN/9 MINthe BA- i .~86 PR( 2 ~~. a c ou hinteter was used as a charge
contro l device for the Ni-( d battery . 4 OHMS/83 .3 OHMS; 1 MIN /9 MIN

A summary of die d.ita obtained at ‘O F in the first series o 7 ,2 OHMS/SO OHMS; 1 MIN/4 MIN
‘1 exper iments is presented in Figure 1 . The improvements I j ~~ I c  I I t s I s r ~s I 5s~ t t I i (  s~ r S — \ i  kr I i~i .~ii

resulting trout t he hybrid design are evident. On the 1 mm it i i i s t i aie~l i t s  I It

~ m i  it duty yc I e , t lie iii i p r( sv en nil t in se rv ice ins reases from
fo r  the ~.u ohni ~o ii ohni loads to iuo (In the • L )  J imion .iuses \s. isk t u I  s ’ s c i  i l . i ’  i i i i :  Ulsi i,OL .lCs lic N i

ohni ~ 5 . 5 ohni o i l s . ‘I lie heneitt isht.uned from the hyhridiza. a t t c rv  as th e t t i j c r i t i i t  ‘ c ’  I ‘ i i  t i t s  5 5  L I  I i i’  Ut m d
lion b~o iiies less s ig n itm ~ mi i i oil t i me t nun mm duty y It- , t he cl .irtiige . a I II  Alt ( 

~ 
( ~ ~~i t i i s  ‘ r  ii lii a hi ~

pa rt icu lar l y under the I I ohm I iio ohm condition . As shown in p_ ira lle l wi th it were ‘ I s  t I  l\ sscs  1 ‘ li t  W i t h  i t t  t i  ni l
in Figure I , on t he I miii nun duty vs Ic. near maximum t he second_ irs batt e ry is shown \\ in n tU I~ Ii iii - I . Iii
.i1’ .m iii of the hybrid sv~tem s U i  he ht,nne l with the 2511 ice ot t h e  oulsi nmete r risi s m : ; i i i l  I i~ i t t ; s  lit iss ‘ i ’ s

m A li Ni ( d bm t te i ~ wit h tin isis int ige being gained isv using linde I l im s Ic re iw iii It i: lii i is  iC Ui t i I ic
a trUe r s_ i 1 ’ ,i( it~’ Ni-( si h,ittcr~ p r l t t i a m v  s i t E s  r~ to liii N ( I ii is 5 2 ’ i i  i \ h i  , mil ti i (11 ,

\X it h a hybrid design using a 250 niAh nit kel .ishniutn 
-l i t e rS intl t i n  prunarv ‘ i t o  ri ss eighi ng 2. ~ pounds ant i I A it I I I

iileasi iriiig ( 5  s m i b i ,  iinlies , tin Ni ( 1 batt e ry .islds only ( ()MI1ARIS ( IN ( I I  I NI R ‘i l~ l N~~I I V
f Is t !Te ss c ig hi .in~l t I~ Es the so Iunic.~ lable I s l i t  ws a toni \ 1 .5 1  I I  V

p.irisnn i t  c imerci s i c i t S i t y  nil ~m j ~a Iv m r  t hit ’ ltA -l~ H~ 
0 

I’R( 2 ’  iii ii - i i  I tIme Ii~ Is rid i i i iig ur_ i t  inn t r t lie i n l i~ t ic I
i n .m I n tm nui e 1 i i i ii intc hiiv s Ic’ • _  5 -  — . —

( hirge ‘ intr i l  n .ms not nij ’ l s i c - s l rim the (sir i c t i r ie 
~~~~ 

r i —

~~~ ti c i t s  I Inwes er it SS.IS . i i i t  I pi l e 1  I hit is the ipcratnig
m l sc  ~ii I . t h  s uIt , i~ e hilt r ime between

t Im si ~ t I Is is is  u~ is .  iii s . to it  m.~t r This s oltage on - - . 

—,“—--
, --~~~ 

. - - -- -~~~~~~~~~~~ _ _ _ _ _ _ _



matc hing the capacit y of t ime Ni- (  ci bat ter y,  was pre ferred hut TABl E III
unavai lable; however , it woul d have acted in about the same CAPACITY FOR INDIVID( ‘Al .  ( I)  SI/F C l ILS
manner as t he 10 AIm device ,

The c oil lo mm i eter am id tIme Nm -( d battery were always fully
charged at tIic- start i t  a im experiment. I)urmm mg the evaluations . • 2a particul a r ci tm i lonmeter and secondary battery remained to- ‘ - - - ‘  -

gether so tlm,it tImc-y would he fully char ged at abou t thc’ same 
~~~t ime, °~~~~“-‘ 

-

Presemitecl in Table II is .1 coniparisomi of hours and ampere- ‘‘ ~~~~~ c e

hours obta mmied s’ m mm md witho u t a cotmlonmeter c harge current 220 U. 5 - s . Os ~~~~ -

13 .s O  € 0  ~ 3.0,

7,, c_ s 5 , 0 0 ,,, f l 0 5  ‘ ‘ 7TABLE II ‘ °

MEAN CAPACITY IN HOURS AMP-HOURS TO 10 0 0 ,,.,

VOLTS END VOLTAGE

- - bc’ liavior c,mn he . m t t r t l ’ i m t c l tn n iotslmi re I t t s ’
L I  C Ls I, I \‘c’l m cmm (1m smf , mm n i~_ _ h i t t c m s  mit I I i I tc i ~ s t I n t 1  i r t i l i c i l t  for

I 
— 

~ 
s q c r mo on is bert h9,lm Is I tt i rS  I c i  u t t i t i , i t  mt q c r u nits is mm1 I In.

- ‘ s s s -  -- — e nc o itm mtered , t h e  met ll 1’e r. t i im re .iiitl t t s  mi t t l s i c  U s e  ii sp as tv  t l i t is t
.~ 3 m  I-. . ’ 7 , 0 1 , 5  he som is t sl er ed The use t t i  b~t ie ry immsi i li ii i’ it at lii~ Ii ii tt ipc ra

so ~~~ 1 8 1  ~ . non lures amid currents cO uld be a li~ u~ls . t i i mag e t Imn u~ h s i g i imt isaot
bemm et its ,mre realized at lower ten 11’c ’rit smres .t s l m c f t  h i  is tmt g

- 5 1’ . [i ss,iT -~~~~ 7 .1. ,/.. ‘ iOj 1 5
f i s t  sequc’nces in dic ate .

10 1 . — t : .  7 .0 6. 1 1.~ The influence of reta im m ing Is ,iiter ~ ‘ro , l t ms c ’ s l Imc , it w ,i~
50 . 1 17.0 7 fRsA l i c  studied wit h Battery 11A m 5~~h I’R( 2” su rrt  t i i i s l c 1 by vari ous

t lmi ckm iesse ’ s s t f  t hc’ rm ti .ml m i ts u tL i t i ss i t .  R i n d }‘ t lyn re hhiaitt ’ , de i t s ity
com itro l c i r c u i t  in an ex peri mtie nt w i t h  a I m nt i mut e  9 nim mm ute d uty 

2 (I pou nds per sm tb is  loot . Si ts ~c d ii l est: S
~~

_ , IUUc nis ‘lIre
cycle , a f ixed lO_ uc i of 7 2  ohms for the I mmm iu ite period , ami d I-i volt si c lion of ti me BA m SSo PR( 2’ si ms di5 lt .m i~ ed it
various loads for the 9 nmniute period. The use of the charge .u rc- Iat i sely co ns ta n t  “ watt  , l r m i m i  to .u II) s t i lt c cu i o f f  s t l t a~ u’
contro l circui tr y shows a si g m tmt i ca n t  mclvantage at Inn F where Rt ’s tm lt s in t h is c \ i s c r i t i i e imta l l s tm m t n ’  sl tosv m , i ii l u s h ’ I\ .‘\t
t h ere is no 9 minute load to limit time charging currem it . Under
t he oth er test conditions , the imifluence is not as si gnificant.

Voltage d elay did not otc imr with the hybrid c o m mt ’mguration TABLE IV
exce pt at 2 ( 1 ~I where it took two 1 minute disc barges to SERVICE IN HOt ‘RS
reac h mn m im m mum t t peratmm mg voltage , a fter wh ich nt sklavs were
s t hsers cd T s mc K N ESS On Ot t o  is

INS ULA TiON its ict At ~isusn A ’ c 5 5 1  iS  ,. As
1t~B,sIte, 0/ o rating Tern / ter atn r c and its Effect on I’ei ’fo i ’rn ins ’ m’ - 0During disc harge the Mg MnO2 battery generates heat ~~ — 

_ _ _ - 

_ 
-

t he amoumit being a function of the current drawn.:i To estah 1/8 4 .~ 7” iS

lish the bemie fi ts to be derived by insulating a battery to retaimi ,7 17 0 Ic .7

t his he.mt sluring dis barge , eva luations were conducted. In _ -

addit ion, the eff ec t of high operating tem peratures on the 
~~ 

~ I . -

Mg MimO~ ce ll was also studied , s ince an insulated battery . 
.

cou ld obtain .u high oper.mting tem perature under certain usc 1/2 1’ . .” <1
cond itions 11, 5 15

The imifl iiem ice of high operating te m peratures on battery 
- -

capacit y sv.is cleternimned by disc harging imid ivmd mma i ‘( D’’ s i?e 
•
~EL A5 T i M E  NOT sNcLu o(O IN 5(50 i t t

te lls nme msur mng in Imcu i~imt md I) 9~~S in di umcte r t t 
~~~~~~~~~~ ~~ 

A T  t

cutoff vo ltage of 1 2 5  v i t i t s  under the load conditions ansi “2 isc . ’ t s .~~ s I I. - cs ’
temperatures m dii atec i in Table 1110 ii 5 , 5,5 , 1 :  s ’  II,;

Below 101) F, t he ca pa mt y of the Mg MnO2 dry cell dc 2 S F  no t a p is lv isimtil d 1st c \~‘es od  is di st i l  mnsu l.mt ion . bui
reases .ms t he tem peratu mre fa lls , ex hibiting ,m sharper sl e cl im m e it least ‘ -, hours t t t  t i s t ’ i  i t l  sti i  t o  Sit I i m i t i n I ii lit ii
is the current drain is mis reased ; t t his is not the case above nth or uii,s re iiis iil.itit,ii is is m i t i j - l ,i s 1 I I s s s s  s , mie n is f i t
1 1)1) F. As would he ex pet ted , aim mit crc asc cmi ambient teiimpcr.i m ns u la tim ’ m i t ime voltage ~lt ’I.mv t u n e  mt .‘ ‘ I can bc sp Ent’ s u b
lure resu lts in a risc in operating voltage , but the inc reasccl st ,unti ,il if tim e ’ b ,mticr ~ is s t i l l sis a kt .1 b tor .li~. l i l ies . hut I s
voltage dimes mint accoun t entirely for the dc~ relic in scrs i t s  sm.m rtmmm g wit h a is .s i i i i  l’,i imc ry it ,  sn I t . i c t  sle lay ss ‘ i t o h  ‘I ‘St
observed At 221 ) F, a Ioss’c’r imnpcrc Imour nipi~ tv W as oh ‘ i s  F, battery t , i j ’ i  i t s  mi t  ri ms , ‘I i lm i et ’ tss l l wh t icu I mis Ii i l k
rained on c.~ Ii test whem i onmp.ircs l to the I 5o ’F results ; tins insulation was used . ts ssinu ~’.mrs l to r i m ’ i i i s t i l . m i n t n i i  Ihi s u fFer



emice in per formance between the 1,’, hour and 16 hour soak For t h is experiment , Battery BA-.18 i0 U was constructed
periods may be clue to var iations in batter ies. At 160°F, with with smxt y fou mr cells , eac h cne m mm e .i s utri im g 0.939 inches in di-
3/~ inch th ick insulation , t he surface temperature reached ametc’r amisl 5 18 mmmc hes in heiglmt . l’he tells were connected in
183° F. This operating temperature would not have a severe sc ries- pa rul le l to provide two mm ommii nuil 1 4 . 4  volt Sections , each
negative intimmence on battery capacity since the service time is sect ion cci r i t a mmm ii ig thir ty-two ti lls , eight cells in series , four
very near that presented in l’ahle Ill for the 7.5 ohm discharge. ser ies stacks mm parallel Time Ni-( d cells used were of the

sc’ .ules l cy lindrical type wttb m .m rated capa it )’ of 250 mAi m ; two
Hy br,d/In. sulanon Combination c’ ,mc Im were used in parallel Its obtain 50(1 mAim. Nine of these

The advant ages gained by hybridizin g the Mg MnO5 ~0(I mmm A hm Nm-( sl batteries iii series were placed directly in
Battery BA-48.I0 U with the Nm-Cd battery and also insulating Parallel is miii em s hi I i  1 stilt 5Cc tion of the primal’)’ battery.
the BA.-t8-m () U .s g .u t must Ime.ut ls ts s are shown in Table V. ltm mt h set tm o mms of tIm e but ler)’ were discharged simultaneously to

un end v usl t mge of 10 suIts ,ulter time battery was at the test
t emr m peratuure for ml least sixtee n h ours.

TABLE V l’hme results iii Table V shssw that a h ybrid configurat ion
MEAN SERVICE IN HOURS OF 14.4 VOLT SECTION mu st be emp lo)ecl to olsI,ci n any significant performammc ’e at

OF BATTERY BA.4840 ‘U t he indicated loads .mt -40 F. I however , ,ut 20 °F the use of
“EAt. , c . ;  I:. 7.ts.. . ~, , i ’ . I .d . I ; , s  U 1/-I’  Ls. ’ LcS Am , . - mnsul a t mo im mmii reasecl tl m~ service hours ah immost eight times No

delayed action was exhibited by the h ybrid design The Ni’Cd
battery i~ 

lion of t Ime sys tem li represc il ts an increase in weight
“0, i of 10.2’ .snd .me mis re.use in vo lume of II. s~~ , w ith bot h

‘ 5 0 1 s t  ‘i’0 l~ i
I 5 i t ,  1 UI, ~o percenta ges based sin the weigh t  amid volume of time Mg ‘MnOs

13 .9 ,‘ 7 .m battery. In a complete evaluation , tI me effect of insu lation on

0 0  7 I~ 0l ‘ 
over,m ll equipment weigh t  and volume should .mlso be comm-
s iclered.

“ 5 . ,  70 0 .  10,0
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