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Abstract 

Thi s the s i s  develop s  a detailed model for the posit ive 

e lectrode system o f  an i ndust rial l ead-acid t raction cel l . 

This i s  re ferred to a s  the VIAM model since it  relat e s  t he 

positive electrode voltage (V)  and cel l current ( I )  to  

i nternal distribut i ons o f  current , pote nt ial , a c i d  

concentrat ion and act ive mas s  (AM )  . The model can s imul at e  

both di s charge and charge for a wide range o f  practi c a l  

current s . T h e  model t akes account o f  mi crostructu r e , 

macrostructure and non- react ive structure in the p o s it ive 

active ma s s  (AM)  . It  al so takes account of other c e l l  

component s that affe ct t h e  supply o f  acid to the posit ive 

e l ectrode . The model has direct appl i cat ion to fundamental 

cell des ign ( for example AM development ) and ce ll syst ems 

de s i gn ( for example cell  charger des ign ) . 

The model is ba sed on e st abli shed experimental 

studi e s ,  theories of electrochemi cal interface react i o n s  

a n d  theories of ioni c t ransport in elect rolyte solut i o n . 

From thi s base , three e lemental model s  and an aggregate 

model are developed . The elemental mode l s  repres ent deta i l s  

o f  the microst ructure o f  the po s i t ive e lect rode AM . The 

aggregate model repre s ent s the e l e ct rolyte mas s  ( ac i d )  and 

charge t ransport system within the posit ive e l e ct rode and 

other cell component s .  The combination o f  the el emental and 

aggregat e model s  make up the VIAM mode l . The performance o f  

the VIAM model (and underlying mode l s ) i s  a s s e s sed by 

comparing model re sult s with findings from experimental 

studi e s  in the l iterature . I n  addition,  experiment s 

unde rtaken a s  part o f  this work are used t o  t e st the mode l . 

The model and experimental re sult s are in c l o s e  agreement . 
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Units and Symbols 

a )  Unit s . 

Normal S I  uni t s  ( Chi swell and Grigg ( 1 9 7 1 ) ) are u s e d  

throughout thi s t ext with t h e  fol l owing addit ions . 

i )  Hour ( s )  ( abbreviated t o  hr ( s )  ) i s  used as  a mea s u re 

o f  t ime ( 3 6 0 0  s )  . 

i i )  Ampere hour ( s )  ( abbreviated t o  Ahr ( s ) ) i s  used a s  

a measure o f  electri cal charge ( 3 6 0 0  A . s ) . 

i i i ) Watt hour ( s )  ( abbreviated t o  Whr ( s )  ) i s  used a s  a 

measure o f  energy ( 3 6 0 0  W . s ) . 

iv)  The gram ( abbreviated t o  g )  i s  used as  a measure 

o f  mas s  ( 1x 1 o -3 kg)  . 

The s e  addi t i ons are consistent with common pract i c e s  

i n  t h e  battery i ndust ry . 

b )  Symbol s  for unit s . 

Normal S I  unit symbols ( Ch i swe l l  and Grigg ( 1 9 7 1 ) ) 

are used throughout this t ext with the following addit i o n s . 

i )  Hr ( s )  for hour ( s ) . 

i i )  Ahr ( s )  for Ampere hour ( s ) . 

i i i ) Whr ( s )  for watt hour ( s ) . 

iv) g for the gram . 

v )  v fo r the volt . 
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c )  S ymbol s  f o r  variable s . 

Symbol s  for variable s  are ful ly defined in the body o f  

t ext where they are first used . 

d)  Symbo l s  for experiment de s ignations . 

An example des i gnati on for the experiments performed 

in t h i s  wo rk is AD 1 0 0R2 0 . Thi s  should be in int e rpreted as 

follows . 

i )  The fi rst characte r  (A )  i s  the cell  l abe l that 

de fines the cell involved (here cell  A) . 

ii ) The fol lowing four characters ( D l O O )  de fine the 

depth o f  di scharge (here 1 0 0  Ahr s )  . 

i i i ) The last three characters ( R2 0 )  de fine the rat e 

o f  di scharge (here 2 0  A )  . 




