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: The effect of resrstance on voltage wrth time for the jaboratory
thermal cell has been camed out by loadmg resistances of the range
1-1800 ohm. The 1800 ohm resistance proved to be the best because
of exhibiting a steady. drscharge beside the longest penod for con-
sumption of the cell whlch approached 65 sec. The passing current
across the resistance was of 0.44 mA whereas the voltage for the
- closed circuit was 0.62 V, which was the highest value with the
lowest current, compared wnth the other Tesistances. Investigation
of the same effect of the same range of resistances, i.e., 1-1800
‘ohm 'was accomphshed with the assembled cell. The results showed
“that the 1800-ohm resxstance was again the best-because it gave rise
toa steady dtscharge accompamed with the longest period, which
' was close to 110 s. ‘The passing currem through the resistance was
of 12 mA, whrle the wvoltage for the closed circuit was 1.94 V,
which wa% ‘the hlghest value wuh the ]owest current, compared with
other resxstances e A
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INTRODUCTION

Durmg the last three. det,ades ‘thermal battert&s ‘have proved to possesq‘
-excellent performance charactertstrcs in generatmg full power They have long
shelf life, which exceeds ten years without any defect in performance In addition,
they are rugged, reliable and safe and need no maintenance.
~Moreover, they could be tnstantaneouqu activated to provide a high burst of

power for a short perrod ‘These properttes make them ideal for mthtaty uses.
‘Numerous studies have been pubttshed concernmg thermal batteries’.
-~ Our prev:ous smdtes2 2 mvesttgated the effects of composition of electrodes
and temperature upon the efﬁcxency of thermal cells. In the first study which
mvesttgated the effect of composmon of etectrodes on the efficiency of the
thermal cell, an efﬁctent high temperature molten salt thermal cell was assembled.
n another study?, concermng, the temperature effect, the operauonai temperature -
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of the laboratory thermal cell was found to be within the range 455-460°C, at
‘which the alloy, CaLi, was produced ‘which gave rise to the oxidation of the
calcium anode and the release of electrons.
Concerning the effect of external resxstance upon the efficiency of the thermal

cell, according to our best knowledge no report has been published. Compresﬂ-
1b1lnty behaviour of powders used in: thermal battenes was also studied®. A linear
relation was obtained for the relation between green strength and compacting
pressure. Another model was found fox the relation between green strength and
: powder denmy ' : o

The present work anmed to study the relatxon between voltage produced from the
laboratory and the assembled cells vs. time with loading a range of variant
~ resistances The cell was composed of Ca or Mg as the anode whereas the cathode
was fabricated by blending the three components CaCrOy, K,CrQ, or K,Cr,0; as
the depolarizer (D), LlCl KCleutectxc ‘mixture as l.he electro ‘e (E) and SiO; as the
~binder (B). S N ‘ ,

EXPERIMENTAL

All the utilized chemxcals were purchased from BDH E. Merck or Fluka, with

- purities > 95% and utilized as supplned Preparatxon of the molten salts as well as
“storing the components of the r;he: mal eell were performed inside a dry box flushed
with argon. J -

Effect of resnstance upon the voltage ol the assembled mermal cell

The effect of resistance upon the Lhexmdl Cell voltage was investigated by
conncumg several dlfferent resistances with the cell once a time. The celi contain-
1ing the molten eutectic mxxture laid in the furnace, was connected to the voltmeter.
“After reaching the proper temperature for the operation of the cell, the first
resistance of 1 ohm was serially connected and the change of voltage was moni-

“tored. The procedure was repeated with other resistances within the range 10~1800
ohm. The resistances were connected in parallel with the thermal cell to determine
the optimum period for the operatmn of the cell connected with the resistances.

Effect of resmanco upon the voltage of the assembled thermal cell

The effect of resistance on the. V()lldée of the assembled thermal cell, in the
activation process by the scll made pyroteehmque disc, was studied by applying
several different resistances, Firstly, when the cell was ready for operation, a
- resistance of 1 ohm was connected in parallel with the cell 10 be operated. Then,
resistances of the range l()—lSO(l ohm were. sequenually parallel connected with
the thermal cells, whose. eomponenm were present inside the self-produced con-
~ tainer and _]OlﬂCd to the voltmeter. The ignition head, which was fastened at the
~ container cover, was linked to the power suppller Ineach run oﬂhe cell operation,
- the voltage and the eorrespondmg tlme were recorded

RILSULTS AND “}SCUQSION

Fl‘focl of resnstance on the voltage of the laboratory thermal cell

Table-1 d:spltlys the effect ofrenstances of the range 1-1800 ohm on the voltage ’
o of the laboratory cell. Obvxously the. u\temal load is an important effective factor
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in the production of electric energy’. The study was performed at the operation
temperature. At each time, the molten sait was prepared, mixed with the depolar-
1izer, CaCrOy4 and the binder. In each run,one resn%tance was parallel-connected with
cell to give a voltage of 0.8 V.. : ,

Using aresistance of 1 chm led to the consumpuoﬂ of the cell within some tenths
of a second due to the converse relation between the current and the resistance. i.e.,
the low resistance increased the passing current to exhaust the cell. With utilizing
resistances of 10 and 30 ohms, the cell exhausting time became 1 sec. However,
loading with 70 ohm rendered the exhausting time of 3 s. These resistances, i.e., 10,
- 30and 70 ohm, had a passive effect on the laboratory thermal cell, which could not
generate energy due to the failure of the electrochemxcai system to produce energy
aftera very short penod ‘ <

' , CTABLE-I
ElFHiCT OF RESISTANCE UPON THE VOLTAGE OF THE LABORATORY CELL

Vollage (vo )

Time
(sec) Res:s{ance (ohm)

110 30 70 'mo‘ 500 1000 1500 1600 1700 1800

0 0800 0800 0800 0.8()0,;}0.80;_ 0.800,;0.80, 0.800 0.80 080 0.800

1 — 0001 0001 0800 080 0800 080 0800 080 080 0800
3 e e o,'om*:osof 0800 080 0800 080 080 0800
4 = — —  — 009 0800 080 0800 080 080 0800
S — — —  — 003 0340 036 0370 080 080 0800
R 0,‘,”0%40 0360 080 080 0800
8 RN jolso”'faf 0360 080 080  0.800

A0 e e fmoo 044 0350 042 0.58 0600
13 IR i 0,001 0340 040 056 0.580
IS5 —  —  — . 040 0330 038 055 0560
20— — . 040 0300 032 054 0500
IR EEAE R s — 007 0250 030 050 0450
130 e e m—«- =~ 0 0180 026 045 0400
3 00— — = —  — . 0080 020 040 0370
00— L 0001 013 036 0340
45— — = L 005 027 0300

S0 — — == 0250240
55 —_ = = —- e 014 0210

65— = =

Howéver with the 100 ohm resistance. thc current was 8 mA, the ciosed circuit
Imgc was 0. 29 v dnd witha cell ag,c of only 6 s. Loddmg with 500 ohm resistance
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‘gave aclosed circuit voltage of O 34 v and an exhaustmg time of 13 s, whereas with
1000 ohm resistance the cell age was 30 s and the voltage was depressed to 0.36 V
to ascend to 0.44 V within 5 s and to depress again to 0 V through 30 s. This result
occurred due to the fast conaumptlon of the electrons, produced from the electro-
- chemical reactions, whose rates increase qmck]y ascendmg the voltage value, after
which a steady discharge process took place until the end of 30s.

At 1500 ohm resistance, the celi had a longer age, which was 40 s and the vohage
was 0.37 V after 5 s of the operation. The steady discharge process continued, due
to the equilibrium of the elcctrochemxcal react;ons, until the voltage depressed to

- 0.001 V through 40ss.

Loading with 1600 ohm resistance, the cell age became much longer ie., 50 S.
Moreover, the discharge curve becamc steadier than the previous mentioned cases,
which is related to the equilibrium between the consumption of the electrons and the
assimilationreaction due to the littleness of the crossing current, which was 0.5 mA.
By utilizing 1700 ohm resistance, the voltage went down to 0.61 V through 5 s, and
the cell was exhausted in 55 s, which is so far the longest period. The cmssmg
“current was 0.74 mA. These results can be explained as follows: increasing the

resistance value decreased the currem wuhdrawn from the cell and finally led to a
lowered rate reaction. : :
Finally, with the 1800-ohm rcw;tance the rcsuits were a regular discharge,
' longest period of 65 s for voitage consumption, a current of 0.44 mA and 0.62 V
voltage of the closed circuit. This voltage was of the highest value with the lowest
current, compared with the above mentioned cases of lower resistances.
Table-2 represenis a companson for the consumption of the energy produced in
the laboratory thermal cell of a load of 1 100-1 800 ohm, and pen()ds for working of
7-65s when the voltage dcpresscd to 0: 001 V..

~  TABLE-2
COMPARISON OF CONSUMPTION FOR ENERGY PRODUCED FROM
THE LABORATORY THERMAL CELL AT SPECIFIC RESISTANCES.

 Resistance Crossing : 'Opén circuit ~Closed éircuit Voliage Time of
~used curtcm‘ “rovoltage - voltage descending cell voltage
(ohm) (mA) vy (V) V) consumption(s)
100 800 08 029 0.51 7
500 160 08 034 0.46 13
1000 08 08 036 0.44 30
1500 053 08 037 0.43 40
1600 050 08 042 0.38 50
1700 047 08 06l 0.19 55
1800 044 ,08 062 0.18 65

Effect of resistance upon the voltage of the assembled thermal cell, using
the thermal disc in the actlvatmn process : :

Table-3 represents the effcct@ of rcsxsmnces of the range 1-1800 ohm upon the
~voltage of the assembled thermal cell, It is clearly noticed that the resistances of the
~range 1-100 ohm ledtoa mammum pulc)d for the exhaustion of the thermai cellof
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S  TABLE3
* EFFECT OF THE RESISTANCE UPON THE VOLTAGE OF
THE ASSEMBLED CELL

'[Volta’gej‘(mltk)

. Resistanci:" (Ohfn) {

110 30 70100 500 1000 1500 1600 1700 1800
0 23 23 23 23 23 23 23 23 23 23 23
3o e 0002 S — e e o - — —
4 — e 041  — - - = = - -
5 =
7

8

15 1001 168 1.900

20— — . 085 0906 -— — 1890

0 —  —  —  —  — . 066 0816 — — 1840
35— = — = = — = — 0813 153 1810

45 — - 037 —  —  — 1760
50 — = — =~ 0566 0685 14 1720

65 —  — = — = 000l — — o 1600
00— — o~ 0331 LI6 1580
g0 ot sl i T e e Y510
8 — o — .. 009 079 1480
oot e s S
1000 =k L i e T 2l 045 1,340
5 = = e e 0670
190 e e e s L s L e el T G 890
- = = 005 —
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7 s. This could be attributed to the high consumption of the current which brought

about a fast exhaustion of the cell. Resistance of 100 ohm was of higher time,
compared with the other previous resistances, which equals 11 s. The voltage for the

closed-circuit was 0.92 V with a great decline in the voltage which approached 1.36

Loading with 500 ohm, the age of the cell reached 21 s whereas the voltage of the
closed circuit equals 1.016 V with a voltage decline that approached 1.284 V.

‘Concerning the resistance 1000 ohm, the period of the active cell increases to get
to 65 s. Connection of this resistance reduces the voltage to 1.0053 V to ascend to
112V after 15 s to be ultimately stabilized. This is due to the fast consumption of
electrons released from the thermochemical reactions, whose rates were speeded up
with time to substitute the deficiency, which led to the steadiness of the cell
discharge up to the complete c‘onsumption of the cell through 65 s.

The resistance, 1500 ohm, was found to have less effect compared with the
previous analogues, where the voltage descended from 2.3 Vo 1.082 V after S s and
then t0 0.932 V after 15 s Afterwards, the cell went on in a steady discharge and up
1070s. lemdaian el ;

Utilization of 1600-ohm resistance gave rise to the elongation of the period to
~ become 85 s with the voltage 0.09 V. The voltage of the closed-circuit was 1 286 V.
The cell started a steady discharge after 15 s. Thereafter, the volta ge was completely
‘consumed after 85 5. As :ricmicmyed before, the reason of the increment in the cel]
age was the complete equilibrium between consumption of electrons and the
assimilation reactions which r}clcased, them due 10 the ‘shonage of the current,
passing this resistance, which equalled 14mA
Loading with 1700 ohm resistance led to the reduction of the voltage from 2.3V
10 1.75 V. The consumption period of the cell was 123 s. The cell carried on asteady
discharge until reaching 1.16 V,which was the proper one for the construction of the
airequipment and through a time of 75 s. After that, it started 1o be diminished unti
the value0.05v. ’ :

Finally, the results shown {in Table-3 demonstrate the relation between the

alterations of voltage against time, with the connection of the resistance 1800 ohm,

which is of the highest value in our work. The cell here had a sieady excellent ‘
discharge of voltage with'a time of 110 s. In addition, the cell was carrying on the
- generation of voltage up to E.':2!‘V.Thisfw:is‘attrijbu,led to the complete equilibrium
between the rates of Consump:ion of the electrons and the rates of assimilation
reactions leading to their production, which ultimately gave rise to a longer age for
the laboratory cell, which equals 110 sec. The voltage for the closed-circuit was
- Acomparison of the consumption of the produced energy from the assembled
- thermal cell, after the connection of the load, is shown in Table-4. It is clearly
- observed that the greater the connected resistance, the higher the voltage of the
close-circuit voltage with a consequent longer time for the voltage consumption.
Increasing the resistance value shortened the crossing current through the resis.
tance, which resulted in lowering the rate of the thermochemical reaction that
exhausted the reacting materials. As aresult, a longer age for the thermal cell was
attained. Sl b , - :
- Concerning the electrical functions resulting from the assembled thermal cells,
~ where rcs‘istanc&softhe‘range‘ 1001800 ohm were connected, Table-5 illustrates
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that the functions, namely, the withdrawn current, electrical capacitance, power,
specific power: and the energy power, increase with operatlon time of the cell, upon
- which the high resxstance loaded and hence represent the optlmum consumption of

“thiscell.

COMPARISON OF THE CONSUMPT!Z)I}:B(I)‘E?;HE ENERGY PRODUCED FROM THE
ASSEMB LED THERMAL CELL ;
Resistance Current passed ml.o Voitage of the Voitage of lhe Voitege Time of
; the resistance opencucun ¢losed circuit decline cell voltage

(ohm) (mA) v ) (V) consumption(s)
100 23 23 0920 1380 i
soo 46 23 1016 1284 21
1000 23 23108 124 65
s00 15 23 1082 1218 70
1600 14 23 Laes 1.032 85
700 1323 1150 0550 123
80 1223 1840 0360 130

: 'IABLE 5

ELY(‘TRICAE FUNCTIONS OB'IA{NED FROM THE
- ASSEMBLED THERMAL CELL

, ~ Current -~ Electrical Ele(tfieal ~ Electrical Specific Specific
Resistance R - )
(ohm) pl’()dUC(:d LdpdClIdnCC Capacuancc & ,‘p()WCf [)()W(:i’i cnergyl
(A) (A (Ahg ); W) (Wkg') (Whkgh
100 02530 91080 226229 05891 144535  520327.8689
500 - 0.0966 347.67 86378 02221 55166 198599.1058
1000 0.1495 53820 133681 03438 85394 307421.7586
1500 0.1070 38520 95678 02461 61127 22059.6120
1600 01360 489.60 121600 03128 77694 279701.9370
1700 0.1664  599.04 148792 08270 95057 3422056632

1800 01661 59796 ‘7148 224 0 03820 - (94883 341579.1310
* *The weight of the assemblcd cell = 4 026 & . k
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