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1.0 INTRODUCTION 

The goa ls  o f  t h e  present R&D program a r e  t o  develop a ~ i c k e l / ~ i n c ,  
B a t t e r y .  f o r  . e l e c t r i c  v e h i c l e  propul 's ion .havi-ng . t h e  performance 
c h a r a c t e r i s t i c s  g i  ven below: 

. . 

1. Ba t te ry  capaci tya (kW-hr) ' 20-30 

2. . Ba t te ry  Dimension t o  be determi ned 
. (cm H x cm W x cm L )  

3. Volume,(L) t o .  be determi ned 

. , 4.: we igh t  (kg)  ' , ' t o  be ,determi ned , . 
. . 

5. '  I n s t a l l a t i o n  Voltage b t o  be determi ned 

> I20  .. . , 6. Volumetr ic Energya (w-hr /L) .  . .. 

7. S p e c i f i c  Energya - (W-hrlkg) .. > 70 ' 

8. s p e c i f i c  power .(W/kg'). : 

Peak ~ a t t e r ~ '  - 5 sec. avg. >I25 

Sustained f > 45 

9. Duty Cycle 

Charge ( h r s  
Discharge ( h r s )  

. . 

Deep D i  scharges d >400 . . 

Wet L i f e  (years)  > ?  

11. pr ice lEnergye ( $ / k ~ - h r )  < 75 

12. Energy E f f i c i e n c y  (%) > 60 

a ~ / 3  r a t e  discharge; 8 hour charge; Lated a t  100% discharge 

b ~ o r  compact passenger car. 

' ~ t  80% discharged state. 

depth-of-di  scharge from r a t e d  capac i ty  . . 

.' e ~ r i c e  de l i ve red  t o  auto manufacturer f a r  p roduc t ion  o f  10,000 
un i  t .s /year '  

. . 

f20 minute sustained power d r a i n  a f t e r  50% DOD a t  C/3. 



. . 

. .  . 
I n  o rder  t o  accomplish these goals,  a  Program Management P lan  was 

w r i t t e n  d e t a i l i n g  t h e  major  t echn ica l  tasks t o  be accomplished i n  o rder  

t o  achieve these goa ls .  F i v e  major  tasks .were  de l ineated,  and a  Mi les tone 
. . 

Schedule and Sta tus  Report prepared t o  show t h e  scheduled progress o f  these 

tasks,  and an up- to-date r e p o r t  o f  t h e  s t a t u s  o f  each task.  The Program 

. . . Management P lan  was submi t ted ,on  15May 1979 and l i s t e d  ' these f i v e  major 

t e c h n i c a l  tasks:  

ESB No. 6050 - B a t t e r y  Design and Development: 
. . 

. . 
ESB No. 6051 . -  ' ~ i c k e l  Cathode Study 

ESB No. 6052 - Basic E lec t rochemis t ry  

ESB No. ' 6053 - Report ing . 

ESB No. 8345 - Four Ce l l  Monobloc Mold Procurement. 



2.1 Ba t te ry  Design and Development 

A) C e l l s  being t e s t e d  dur ing  t h e  ESB Development Program 
were cont inued on t e s t '  to, l o g i  c a l  conclusion. Experimental C e l l  SIN-001 
was t h e  f i r s t  c e l l  constructed i n  a  p l a s t i c  j a r ,  and was t e s t e d  t o  
determine t h e  f e a s i b i l i t y  of t h e  p l a s t i c  j a r  cons t ruc t i on  as we l l  as t h e  ' . 

s u i t a b i l i t y  o f  brass anode substrates. The c e l l  was not  opt imized f o r  
energy dens i ty .  The design spec i f i ca tons  sheet f o r  t h i s  c e l l  i s  shown i n ,  
Table 1. Test data f o r  t h e  c e l l  i s  presented i n  F igu re  1. 

Test ing of S/N-001 was terminated a f t e r  86 cyc les  because 
o f  t h e  unusual ly  h igh frequency and amp1 i t u d e  o f  vo l tage excursions 
dur ing charge. Exami n a t i o n  o f  t h e  c e l l  revealed damage t o  t h e  p l  a s t i c  
n e t t i n g  on t h e  n i c k e l  electrodes, especia!ly along t h e  bottom edges. 
These areas of heat d i s t o r t e d  p l a s t i c  matched dense, hard, z inc  
p ro jec t i ons  on t h e  opposing anodes. (F igure  2). Apparently, t h e  
i n t e r e l e c t r o d e  gap was bridged, r e s u l t i n g  i n  p e r i o d i c  s h o r t - c i r c u i t i n g ,  
which caused enough heat t o  so f ten  and d i s t o r t  t h e  p l a s t i c  ne t t i ng .  . I t  
should be noted t h a t  t h e  c e l l . w a s  opera t ing  i n  s p i t e  o f  t h i s  condi t ion.  
Fur ther  i n v e s t i g a t i o n  w i  11 be made t o  f i n d  a  way t o  avoid z i n c  "shape 
change" and i ts 'consequent  adverse e f f e c t  on c e l l  performance. 

The f o l l  owing general conclus ions have been der ived f rom 
an ana lys i s  o f  t h e  data: 

1 )  There i s  i n i t i a l l y  a  r e l a t i v e l y  r a p i d  decrease i 'n 
capac i ty  w i t h  cyc l ing ,  reaching a  l e v e l  o f  about 75- 
80 percent of t h e  i n i t i a l  value i n  10 cyc les  o r  
1  ess. 

2 )  C e l l  capac i ty  can be recovered by u t i l i z i n g  a  two- 
sta9.e charge. Th is  i s  a  charge i n t e r r u p t e d  by an 
open c i r c u i t  period, f o l l owed  by a  resumption o f  
charge; t h e  open c i r c u i t  pe r iod  being about 16 hours 
(overn ight ) .  

3 )  Extended charge input ,  about two.  t o  th ree  t imes 
normal a l so  appears t o  r e s u l t  i n  improved capaci ty ,  

4 )  Add i t i ons  o f  z inc  ox ide  du r ing  c y c l i n g  appear t o  
have a  b e n e f i c i a l  e f f e c t  on capac i ty  re ten t ion ,  
e s p e c i a l l y  when t h e  c e l l  appears t o  be z i n c - l i m i t e d  
on discharge. Once t h e  c e l l  becomes p o s i t i v e -  
l i m i t e d ,  no f u r t h e r  add i ton  o f  z inc  ox ide  i s  needed. 

5)  For  charged stand i n t e r v a l s  up t o  f o u r  days, t h e  . , 

r a t e  o f  l o s s  of charge r e t e n t i o n s  has been about 8 
percent a  day. I t  should be noted t h a t  t h i s  
performance was obta ined w i t h  cadmi um-pl ated brass 
anode subst ra tes .  



TABLE 1 

Experimental  Ce l l .  - ~ e s i , g n  s p e c i f i c a t i o n '  Sheet 

,. C e l l  S/N 001 

T y p e  N i  -Zn V I B R O C E L ~ ~  

P o s i t i v e  E lec t rodes  

TY pe No. Used Dimensions b i t  (gm) 

 ats sushi t a  S i  n te red  2 (one, '. , . 9.2" H x 4.95" W - 180" each 
double x .065" T 
r i v e t e d )  . . 

. . . . . . 

Jungner POC k e t  2  o u t s i d e  . . 9.2" H x 4.95" W 
. . x  .1601'. T 

330 each 

Ca pac i t y  : ~ a c h  e l e c t r o d e  15 Ah @ C/5 - c e i l  60 Ah 

P o s i t i v e  I n s u l a t o r :  

Type - Polypropylene N e t t i n g  12" x  12" x  .025" T 

Negat ive Subs t ra te  

No. Used Dimensions 

Brass sheet  p e r f o r a t e d  . 2  4.85" W x  8.8" H 
.024" T x  .082" T 

. Screen. 24 x 24 mesh : 
we1 ded 

Cadmi um p l  a  ted 

, . .  . Negat ive -. . - - . . A c t i v e   ater rial: Zn0. -  110 gm 

I n t e r e l  ec t rode Spacing:' 0.1 " approx . 
E l e c t r o l y t e :  6M KOH + '10 g / l  LiOH H20 - 700 m l  

C e l l  Dimensions O v e r a l l :  12.0" H x 5.7" W x  2.0" T 

C e l l  Weight: 

190 each 

C e l l  J a r  M a t e r i a l  : Po lysu l fone sheet - cemented 

V i b r a t i o n  -Mechanism: Eccen t r i c  s h a f t  - . yoke  f i t t i n g  
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B) Experimental c e l l  SIN-002 (Design S p e c i f i c a t i o n  Sheet 
shown as Table 2 )  was one o f  t h e  e a r l i e r  models i n  a  s t e e l  ja r .  I t 

\ i nc luded seven ( 7 )  ,e lec t rodes,  four  ( 4 )  p o s i t i v e s  and t h r e e  ( 3 )  
negat ives ) ,  and had a  nominal capac i t y  o f  72 Ah based on t h e  n i c k e l  
e l e c t r o d e s .  Th i s  experiment was run  i n  phder t o  get  a  general p i c t u r e  
'of  th.e capac i t y  'maintenance o f  VIBROCEL when deep cycled. The t e s t  
da ta  for t h i s  c e l l  a re  presented i n  F ig.  3. 

V I B R O C E L ~ ~  SIN-002 cont inues on t e s t  a f t e r  165 cycles.' 
Capaci ty  i s  'about 52 Ah or 90 percent  o f  t h e . o r i g i n a 1  value, and t h e  
c e l l  appears t o  be p o s i t i v e - l i m i t e d .  Tes t i ng  o f  t h e  c e l l  w i l l  be 
te rminated i n  t h e  near f u t u r e  t o  make t h e  t e s t  f a c i l i t y  a v a i l a b l e  for 
new c e l l s .  It i s  be l i evpd  t h a t  very l i t t l e  remains t o  be learned f rom 
t h i s  c e l l  and VIBROCEL development w i l l .  be expedi ted by t h e  
eva lua t i on  o f  other  para~neters. 

C) A new experimental  t e s t  c e l l  has been designed which 
i ncor porates impr ovements over ear 1  i e r  designs. De ta i  1  s  o f  constr  u c t i  on 
o f  t h e  new t e s t  c e l l  a re  shown i n  t h e  photographs o f  F igures  4-7 and 
d e t a i l e d  drawings i n  Appendix A. A lso  inc luded i s  t h e  design o f  t h e  
t e s t  s t a t i o n s  i n  which each c e l l  can be e a s i l y  accommodated f o r  t e s t i n g .  

The new design e l  i m i  nates expensive b a l l  bear i ngs, and m i  nimi zes 
t h e  d i f f i c u l t y  i n  a l i g n i n g  t h e  a c t i v a f ~ r  and e c c e n t r i c  shaf t .  (DWG. 
6050-0107, Rev. A, Appendix A ' -  VIBROCEL A c t i v a t o r  Assembly). Also, 
a  be1 lows seal (DWG. 6050-1000, I t em 8, Appendix A) has been used t o  
prevent  e l e c t r o l y t e  leakage. fi carbon b lock (DWG. 6050-01 11, Appendix 
A, Z inc  F i l t e r  f o r  VIBROCEL ) rep laces  t h e  sheet n i c k e l  p rev ious l y  
used t o  r e a c t  g a l v a n i c a l l y  w i t h  t h e  z i n c  sediment. It i s  much more 
r e a c t i v e  w i t h  z inc,  does not  passivate, and w i l l  keep t h e  bottom of' t h e  
c e l l  r e l a t i v e l y  f r e e  o f  unreacted z i n c  sediment. 

The bas ic  experimental  t e s t  c e l l  i s  o f  7 - p l a t g  c o n s t r u c t i o n  a n d .  
w i l l  be used f o r  t h e  eva lua t i on  o f  var ious  VIBROCEL parameters. It 
i ncor porates four  ( 4 )  n i c k e l  e lec t rodes and t h r e e  (3 )  z i  nc anode 
substrates. I n i t i a l l y ,  t h e  n i c k e l  e lec t rodes u t i l i z e d  were Mkitsushita 
impregnated s i n t e r e d  n i c k e l  each having a  nominal capac i t y  o f  22'Ah. 
The f i r s t  s tudy i n v o l v i  ng t h e  7-pl a t e  t e s t  c e l l  w i  11 be concerned w i t h  
an eva lua t i on  o f  t h e  e f f e c t  of i n t e r e l e c t r o d e  spacing on performance. 
T h i s  spacing was se t  a t  1.5, 2.5 and 3.5 mm, w i t h  one c e l l  used t o  t e s t  
o n l y  one spacing. A l l  other parameters w i  11 remain t h e  same. These 
c e l l s  have been b u i l t  and t e s t i n g  has been i n i t i a t e d .  The Design 
S p e c l f l c a t l a n  Sheets f o r  t h e  respec t i ve  c e l l s  a r e  shown i n  Tables 3 ,  4 
and 5. 

Test da ta  t o  da te  f o r  ~ e s t  C e l l s  SIN-003,-004 and -005 a r e  shown i n  
Table 6. The nomi na l  capac i t y  of t h e  c e l l s  was 132 Ah and t h e  charge 

' i n p u t  was genera l l y  regu la ted  a t  135 percent  o f  th is - .va lue .  The amount 
o f  z i n c  ox ide  was based on an e f f i c i e n c y  value o f  85 percent, y i e l d i n g  
155 Ah or 232 grams o f  z i n c  oxide. The anode v i b r a t i o n  frequency was 
20-21 Hz. Charge and d i  seharge were a t  40 A 



TABLE 2' 
Experimental  C e l l  - Design S p e c i f i c a t i o n  sheet 

C e l l  S/N 002 

TM. . , Type 'Ni -Zn' VIBROCEL 

Posi t j v e  E lec t rodes 

Type No. Used Dimensions 

Matsushi t a  S in te red  ' .  4 . ( 2  doubles) 9.0" H x 4.9" W 
r i v e t e d  'x .068"T 

, . i n s i d e  . 

Matsushi t a  Pocket 2 ou ts ide  9.1" H x 4.9" W 
5; .1901'T 

Capaci ty  (Ah):  72 Ah @ C/3 based on formed P o s i t i v e  Capaci ty .  

P o s i t i v e  I n s u l a t o r  

Type - Polypropylene N e t t i n g  12" x 12" x .025" T 

.Negat ive Subst ra te  

IUE ; No. Used 

M i l d  sheet ~ t & l  3 

30 x 30 x ..012 
Wire Screen 

' . Welded - Gd Pla ted  

Dimensions 

.8.8" H x 4,8"W 

Negat ive A c t i v e  M a t e r i a l  : Zno - 123 gm 

I n t e r e l  ec t rode Spac.i ng :. 0.1 I' approx. 

E l e c t r o l y t e :  bM KOH + 113 g / l  L l O H  H20 - 1000 1111 

C e l l  Dimensions Overa l l :  12.4" H x  5.9" w x  2.UIi 1 ; 

C e l l  Weight: ' 4587 gm 

W t  (gm) 

196' each 

294 each 

W t  (gm) 

185 each 

C e l l  J a r  M a t e r i a l  : 
. . 

M i l d  S tee l  -Ni P la ted  

v i b r a t i o n  Mechanism:. ~ c ' c e n t r i c  shaft-yoke F i t t i n g  



Performance of NI-Z~.VIBREEL~~ S/N 002. 7-Plate, 72 Ah Nan. 
Cathodes: Composite ~f Matsushita Sihters and OP Pocket Types 
Anodes: Cd-Plated i t e e l  

Charge and Discharge a t  24 A 
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Nickel -Zinc V I B R Q C E L ~ ~  (Anode and Cathode Group) 
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TABLE 3 

Experimental Cell - Design Specification Sheet 

Cell S/N 003, 7-Plate. Electrode Spacing Test; 1.5mm 

Type: N i  -Zn V I B R O C E L ~ ~  132 Ah Nom. 

Positive Electrodes 

Type: Matsushita Sinters 
* 

No. per Cell : 5 
W 6.89 # -040 i n .  

H 8.937 # .040 i n .  

T 0.064 - 0.067 i n ,  

W t :  234 # 2 gm. each 

Dwg : 6050-01 04 
6050-01 1 3 

Negative Substrate 

Type: Perforated Steel , Cd-Pl ated 

No. per Cell: 3 

W 6.875 + -03 i n .  

H 9.00 + .OO i n .  - .03 in. 

T 0.024 i n .  

- W t :  454 gm. (Total) 

- - Dwg : .6050-9101 

Positive Insulator: 

Type: Vexar Netting, Polypropylene, 596V 360 FA NL, 11 x 11 mesh, 

34-37 m i  1s. Applied as  per Dwgs 6050-0104 and 6050-011 3. 
: .- w 

Negative Active Material : fno - 232 gm. 

Interel  ectrode Spacing : 1 .5 mn 

Electrolyte: 6M KOH + 10 g / l  L i O H  H20 

Cell Dimensions Overall: 16.0" H x  7.80" Wx1.811'T 

Cell Weight: Dry - 3940 gm; Filled (Electrolyte & Zno) - 5367 gm 

Cell J a r  ~ a t e r j a l :  

Vibration Mechanism: 

Plexiglas 

Actuator Body - Lucite; Shuttle-Delrin 
To1;ixl k ~ ~ p l i t u d e  - 0.090 i n .  Frequency - 21 HZ 

*The cathode element consisted of two single outer electrodes and 
two double inner electrodes (4 t o t a l )  



. TABLE 4 

Experimental -CelJ - .Design Specification Sheet 

Cell S/N 004, 7 4 l a t e .  . Electrode Spacing .Test; 2.5mm 

Type: Ni-Zn V I B R O C E L ~ ~  132 ~ h ~ o m .  

Posit ive Electrodes 

Type: Matsushi t a  S in te r s  
* 

No. per Cell : - 6 

W 6.89 # -040 i n .  

, Negative Sub5trate 

Type: Perforated S tee l ,  Cd Plated ' 

' No. per Cel l :  .3 - 

H 8.937 # .040 i n .  

T 0.064-0.067 i n .  

W t :  234 # 2 gm. each 

0 H 9.00 + .OO in. 
- .03 

T 0.024 i n . '  

W t :  501 gm .. 
Dwg : 6050-01 01 

Posi t ive  Insulator:  . i  

~ y ~ e : .  Vexar ~ e t t i n g  , ~ o l ~ ~ r o ~ y l  ene,. 59611 360 PA NL, 1 1  X 11 mesh, 

34-37 m i  1s .  Applied a s  per Dwgs bU50-0104 ar~d GO50-0113. 

Negative Active 'Material :  Zn.0 - 232 gm. 

Intere lect rode Spacing: 2.5 mm 

El ect rol  yte:.  6M KOH + 10 g/l L i O H  H20 

Cell Dimensions Overall: 16.0" H x 7.80" W x 2.05" T 

Cell Weight: Dry - 4125 gm; ~ i l l e d  (Elect rolyte  & Zno) - 5857 gm 

Cell J a r  Material : . Plexiglas 

Vibration Mechanism: Actuator Body - Lucite; Shuttle-Rulon 
Total Amp1 i tude - 0.090 i n .  Frequency - 21 HZ 

*The c a t h ~ d e  element consisted of two s ingle '  outer  electrodes and 
' two double inner' electrodes (4  t o t a l )  



TABLE 5  

Experimental  C e l l  - Design S p e c i f i c a t i o n ' s t i e e t  

C e l l  S/N 005, 7-Plate.  E lec t rode Spacing Test;  3.5mm 

~ y p e :  Ni-Zn V I B R O C E L ~ ~  132 Ah ~ i m .  

P o s i t i v e  E lec t rodes Negative Substrate 
. . 

Type: Matsushi ta S i n t e r s  Type: .Per fo ra ted  Stee l ,  Cd-Plated 

No. per  C e l l  : 

W 6.89 # .04 i n .  

No. per C e l l :  . - 3  

W 6.875 + ,03  i n .  
.. .00 in .  

H  8.937 # .04 i n .  H  9..00 + .OO i n .  
-*......- - .1)_3 i n .  

T  0.064-,067 i n .  T  0.024 i n .  

W t :  234 f 2 ' 'gm. each W t :  532 gm. (To ta l  ) 

Dwg : , 6050-0104 , . Dwg: 6050-0101 
. .  6050-01 13 

P o s i t i v e  ~ n s u l a t o r :  

Type: , Vexar N e t t i n g  , Polypropylene, 596V 360 PA NL, 11 x  11 mesh, 

. 34-37 mi 1s. Appl ied .  as per  Dwgs 6050-0104 and 6050-011 3. 

Negat ive A c t i v e  M a t e r i a l :  'ZnO -232 gm. 

-ci - ng :' 3.5 mm 

' E l e c t r o l y t e :  6M KOH + 10 g / l  LiOH ' H?O 

C e l l  'Dimensions Overa l l  : 16.0" H  x 7.80" W x  2.285" T  

C e l l  Weight: Dry - 4270 gm; F i l l e d  ( E l e c t r o l y t e  & Zno) - 6274 gm ' . . 

C e l l  J a r  M a t e r i a l  : , P l e x i g l a s  . 

V i b r a t i o n  Mechanism: Ac tuator  Body - L u c i t e ;  s h u t t l e - ~ ~ l o n  GS 
Tota l  Ampli tude - .090 Sn. Frequency - 21 HZ. . 

*The cathode element cons is ted  o f  .two s i n g l e  ou ter  e lec t rodes and 
two double i nne r  e lec t rodes ( 4  t o t a l )  . . 



TABLE 6 

Cyc 1 e 

CHARGE AND DISCHARGE AT ~ O A  

SIN-003. S I N  -004 
Charge D i  scharge . Charge D i  scharge 

'(Ah) ; (Ah (Ah (Ah 

SIN-005 
Charge D i  scharge 

(Ah (Ah) .. 

Remarks ' 

(1) C e l l  SIN-003 f a i l e d  a f t e r  Cycle 1. Outside cathodes buckled, ' 

contacted anodes and prevented v i b r a t i o n  o f  t h e  negat ive groups. 

(2 1 4 4 1  
The pre-charge frequency was changed from 1300 RPM (21 Hz) on Cycle 
5 t o  1000 RPM on .Cvcle 6 and then. t o  875 RPM on Cycle 7. Sitmplcs 
o f  e l e c t r o l y t e  w e 6  .removed from t h e  top  and bottom o f  c e l l s  a t  
i n te rva l  s of 0, 15, 30 'and 60 m i  nutes dur ing  each' pre-charge t e s t .  

(5 )  . .Two-day charge conducted a t  ,875 RPM. Charge' was i n t e r r u p t e d  
ove rn igh t  (open c i r c u i t ) .  



SIN-003 f a i l e d  a f t e r  t h e  f i r s t  cycle. The anode group was 
found t o  be incapable o f  being v ibrated.  An examination o f  t h e  c e l l  
revealed t h a t  t h e  ou ts ide  n i c k e l  e lectrodes .had become d i s to r ted ,  
c o n t r a c t i n g  t h e  adjacent anodes, thereby prevent ing independent movement 
o f  t h e  anode group. A newmethod o f  support ing t h e o u t s i d e  ( s i n g l e )  
cathodes has been found and i s  e f f e c t i v e  i n  min imiz ing  buck1 i n g  or 
d i s t o r t i o n  o f  t h e  cathode. Test ing  was d iscont inued a f t e r  8  cyc les  
because the  same c o n d i t i o n  e x i s t e d  i n  t h e  other c e l l s .  I t  was not so 
ca tas t roph ic  as i n  C e l l  SIN-003 b u t  s t i l l  precluded h r e l i a b l e  eva luat ion  
o f  t h e  e f f e c t  o f  i n t e r e l e c t r o d e  spacing on VIBROCEL performance. The 
c e l l s  w i l l  be r e b u i l t  us ing p roper l y  supported outs ide  n i c k e l  electrodes. 

Samples o f  e l e c t r o l y t e  were taken from t h e  top  and bottom 
o f  C e l l s  SIN-004 and SIN-005 on Cycles 5, 6  and 7 (see REMARKS, Table 6 ) .  
The aim was t o  determine t h e  v i b r a t i o n  pe r iod  requ i red  a t  var ious 
f requencies t o  m i  nimi ze z i  ncate concent ra t ion  grad ients  developed dur ing  
discharge. C e l l  SIN-005, havi  ng t h e  widest  spacing, r e q u i r e d  no 
v i b r a t i o n  t o  'equal i z e  z i  ncate concentrat ion. However, Ce l l  SIN-004 
r e q u i r e d  f rom 15 t o  60 minutes o f  pre-charge v ib ra t i ons ,  t h e  t ime 
inc reas ing  as I h e  frequency decreased i n  t h e  range 1300 t o  875 RPM 
(F igure  8). The purpose o f  t h e  study i s  t o  f i n d  a  way t o  reduce 
v i b r a t i o n  frequency, thereby increas ing t h e  opera t ing  l i f e  o f  t h e  
ac tuators  and other v i  br a t i  on hardware. 

It i s  pos tu la ted t h a t  t h e  concent ra t ion  grad ient  must be 
m i  nimized t o  avoid z i n c  "shape" change dur ing  charge. Therefore, pre- 
charge v i b r a t i o n  f o r  t h e  prescr ibed I n t e r v a l  should be e f f e c t i v e  i n  
m i  n i m i z i  ng or e l  i~ei flat1 ng shape change dur i n g  c y c l  i ng. The other 
requirement f o r  v i b r a t i o n  i s  t o  break dendr i tes  t h a t  would r e s u l t  i n  
s h o r t - c i r c u i t i n g  du r ing  charge. I t  has been found i n  previous t e s t s  t h a t  
a  frequency o f  500 RPM or  lower i s  compl e t e l y  e f f e c t i v e .  However, pre- 
charge v i b r a t i o n  t ime i s  t o o  long f o r  p r a c t i c a l  purposes. A frequency o f  
875 RPM appears t o  be a  good compromise, and w i l l  be u t i l i z e d  when 
t e s t i n g  i s  resumed. 

D )  I n  a d d i t i o n  t o  t h e  7 -p la te  t e s t  c e l l s ,  an increase i n  
l eng th  "L", as' shown' i n  Container Drawing 6050-0102, Appendix A, w i  1.1 
a l l ow  use o f  t h e  t e s t  s t a t i o n  t o  t e s t  a  f u l l  s i z e  (15-plate, 300 Ahr) 
c e l l .  P a r t s  f o r  a  300 Ahr c e l l  have been received, and t h e  c e l l  w i l l  be 
fab r i ca ted  i n  t h e  near fu ture .  Th is  f i r s t  c e l l  w i l l  ' u t i l i z e  Matsushi ta 
impregnated, s i  n tered n i c k e l  electrodes. It .  w i  11 be t e s t e d  t o  deter ir~i  ne 
t h e  s ta te -o f - the -a r t  s p e c i f i c  energy, peak power and susta ined power 
capabi 1  i t i e s .  





E ) '  . Opfi  o f  t h e  problems encountered i n  t h e  design o f  t he  
n ickel . -z inc VIBROCEL .has been t h e  t ransmiss ion  o f  h igh  cu r ren ts  t o  and 
from t h e  v i b r a t i n g  z i n c  .anode i n  t h i s  system.. A t  present, a  woven metal 
s t r a p  i s  employed which has a  number o f  disadvantages. F i r s t ,  each 
i n d i v i d u a l  s t rand  has a  h igh  sur face area t o  volume r a t i o .  Hence, t h e  
woven metal s t r a p  i s  very suscep t i b le  t o  cor ros ion .  damage. . Second, t h e  
woven metal 's t rand w i r e  may a c t  as a  wick f o r  any e l e c t r o l y t e  t h a t  may 
creep past t h e  b a t t e r y ' s  s t a t i c  post and s l i d i n g  pushrod seals. Th i rd ,  
each i n d i v i d u a l  s t rand  o f  t h e  woven metal c e l l  in te rconnector  s t raps  must 
be p l a t e d  i n  a  pore- f ree  manner w i t h  n i c k e l  i n  . ~ r d e r  t o  prevent corros ion.  

Because. o f  these shortcomi ngs, a  f l e x i b l e  1  ea f '  t ype  o f  
i n t e r c e l l  connector has been designed. I n  t h i s  in te rconnector  system, t h e  
conduct ive medium which i s  t y p i c a l l y  a  copper a l l o y ,  o r  copper-metal ox ide  
d ispers ion,  has been .arranged so t h a t  i t  i s  d i v i d e d  i n t o  i n d i v i d u a l l y  
s l i d i n g  members o n l y  i n  a  plane normal t o  t h e  geometry a x i s  o f  f lexure .  I n  
t h i s  t h e  surface area of t h e  f l e x i b l e  connector i s  m i  nimized t h u ~  reducing 
the p o s s i b i l i t y  ul' t11,is cel l  s t r a p ' s  f a i l u r e  v i a  e l e c t r o l y t e  a t tack  t o  an 
absolute minimum. 

It i s  a  common p r a c t i c e  i n  those a p p l i c a t i o n s  which u t i l i z e  
copper i n  a  f l e x i n g  mode t o  employ a1 l o y i n g  o r  hardening agents t o  maximi ze 
cyc le  t ime  t o  f a i l u r e .  Such techniques are common throughout t h e  motor and 
r e l a y  . i ndus t r i es .  W i t t i  t h i s  i n  mind, we se lec ted  several a l l o y s  f o r  
eva lua t i on  i n  t h i s  app l i ca t i on .  These are  l i s t e d  i n  Table 7  along w i t h  
t h e i r  chemical cornposit ion, f l e x u r e  s t r e n g t h  and conduc t i v i t y .  

ALLOY5 IISED FOR FLEXIEIL t CUNNECTOR 

Name 
Chemical , Fat igue S t r .  E lec t .  Cond. 

Composi t i on ( p s i  1 % I.C.A.C. 

Ma1 1  ory-3 C r  .4-1.2%; rem. Cu. 32,000 78-85 

Bery l co  10 RP ,4--7%; Co 2.4-2.7%'; 45,OOil 48 
rem., Cu. 

Be ry l co  25 Be 1.8-2.0%;, Co + N i  .2% 60,000 22 
min. ; Fe .4% Max; rem. Cu 

BeNi 440 Be 1.95%; T i  .5%; re111. N i  140 ,OUO 7 

GLIDCOP -20 A1203 .4%; CU 99.6% 20,000 8  9 



. . 

Wi th t h e  except ion of .GLIDCOP 20, a l l  o f  these a1 l o y s  
were heat t r e a t e d  t o .  maximize hardness and c o n d u c t i v i t y  and then 

. ' e l e c t r o p l a t e d  w i t h  n i c k e l  t o  avo4d cor ros ion  due t o  a l k a l i n e  e l e c t r o l y t e  
: creepage. The .e lec t ro less  process was chosen i n  preference t o  

conventional e l e c t r o p l a t i n g  i n  order t o  m i  nimi ze hydrogen enbr i t t l emen t  . 

- . of t h e  s t r a p  samples under considerat ion.  

At present, a t e s t  j i g  (Fig. 9) i s  being constructed 
which w i l l  a l low c y c l e  l i f e  or f a t i g u e  t e s t i n g  o f  these s t raps  t o  take 
p lace i n  a c o n t r o l  l e d  envi ronment. Conduct iv i ty  measurements w i  11 be 
made before  and a f t e r  f a t i g u e  t e s t i n g  t o  determind if work hardening has 
an adverse e f f e c t  on sample conduc t i v i t y .  

2.2 N icke l  Cathode SStudy ' 

A )  Candidates - present ly ,  t h e  f o l l o w i  ng companies'nickel 
e lectrodes are be i  ng evaluated: 

Manufacturer E lec t rode Const ruc t ion  . 

I NCO XMG-Contr 01 1 ed 
~i crogeometry- Layered 
N icke l  Fo iJ -S lur ry  Coated 
w i t h  Ac t i ve  Mater ia l .  

MATSUSHITA S,intered N icke l  Powder 
(Impregnated) . 

JUNGNER (NIFE) , Pocket Type 

DAUG (MERCEDES) S in te red  N icke l  Wool 
( 1mpr egnated) 

E SB P 1 as t  i c  Bonded. 

B) P re l im ina ry  Eva luat ion  o f  CMG Electrodes 

I n i t i a l  t e s t i n g  o f  t h e  CMG e lec t rode was i n  vented 
n i c k e l  cad~rrium c e l l s  having t h e  f o l l o w i n g  basic design: 

C e l l  Design 

o P o s i t i v e P l a t e s -  l / C e l l  

Theore t ica l  Capacity - 36.5 Ahr 

Dimensions - 5.8" x 12" x .085"-.090" 

Weight - E lec t rode No. 40-1 (209); 
E lec t rode No. 40-2 (222.5 gm) 

Number o f  Fo i l s /E lec t rode  - 40 , 

Ac t i ve  M a t e r i a l  - S l u r r y  Coated on N icke l  F o i l  





Negdti ve Pl a tes  - 2/Ce11 (Pl astic-bonded Calci m) 

r Separator - GAF 10,010 (Polypropylene Fel t )  + VEXAR (P las t ic  
Mesh) 

r ' Electrolyte - 30% K O H  + 10 g/l LiOH H20 

Two ( 2 )  t e s t  ce l l s  were assembled in oversize ce l l  jars  with excess' '. 
electrolyte .  One variation in the ce l l  design was in the type of 
r e s t r a in t  used t o  support the ce l l  core assembly. These were: 

0 Shimmed - usual NiCd ce l l  configuration with plexiglas shims 
added t o  insure t ightness .of ce l l  core assembly. 

0 Bolted - the ce l l  core assenlbly was bolt (8)  restrained 
between 'two .pieces of pl exiglas (.5" T) and placed i n  a ce l l  
jar .. 

After suff ic ient  formation cycling t o  develop fu l l  ca.pacity of the 
nickel .electrodes, the fol l.owi ng regime was run: 

Test Re ime - the ce l l s  were tested a t  three temperatures - R.T. (- 
18 C/-0.4 F ; -30°C/-22°F). . + 

. . . . 
-Room .Temperature- - 

Charge - 12 Amps for 6 hours 

  is charge - C/5, C/3, C/2 and C/1 ra tes  t o  0 volts '  .vs Hg/Hgo 
r.ef. 

-Low Temper a t  ur,e- 

Charge - With ce l l  s tabi l ized at:room temperature - 12 Amps 
for 6 hours or 150% of capacity r,emoved on previous discharge. 
Temperature Stabi 1 ization - The ce l l s  were stored a t  
temperatures for a minimum of 1.6 hours. 

Dischar'ge - C/5, C/3, C/2 and C/1 ra tes  t o  0 Volts vs Hg/HgO * 

ref. 

Test ~ e s u 1 . t ~  
1 

Room Temperature 

Figure 10 - the .bolted restrained electrode (40-2) yielded 
211.6 Ah/kg a t  the C/5 rate. A t  the C/1 ra te ,  t h e  electrode 
yielded 184 Ah/kg (87% of the C/5 ra te ) .  

~ i g u r e  . 11 - the shimmed ' restrained electrode (40-1) 
, performance was somewhat l e s s  than the bolted restrained 

construction. 







e ,  Low Temperature 

The t e s t  r e s u l t s  a re  shown i n  F igures  12 and 13. Again, 
t h e  t e s t  r e s u l t s  a t  low temperatures were encouraging a t  t h e  C/5 and C/3 
d ischarge rates.  As expected, t h e  h igh  r a t e  discharges C/2 and C were 
.derated appreciably  a t  t h i s  lower temperature. As a t  room temperature, 
t h e  b o l t e d  r e s t r a t n t  c o n s t r u c t i o n  outperformed t h e  normal shim. 
r e s t r a i n t .  

The t e s t  r e s u l t s  a re  shown i n  ~ i g u r e s  14 and 15. There 
was a. marked decrease i n  t h e  vn l tage performance o f  t h e  c e l l  w l  t R  The 
normal shim res t ra in t . .  The b o l t e d  r e s t r a i  t'l'l; ydve accepeab l e  performance 
up t o  the  C/1 .rate.' A t  t h e  C / l '  r a te ,  bo th  c e l l s  were below t h e  0  V o l t  
'cut-off  a t  t h e  s t a r t  o f  t h e  discharge. 

These i n i t i a l  . r e s u l t s  on t h e  CMG e lec t rodes were encouraging, 
p a r t i c u l a r l y  t he  b o l t e d  r e s t r a i n t  design. The Ah/kg f i g u r e s  were good 
and t h e  .ele'ctrodes . d e l i v e r e d  a  narrow range o f  capac i t ies ,  up t o  and 
i n c l u d i n g  t h e  C/3 d ischarge ra te .  

C) ' Eva lua t i on  o f  CMG Elect rodes - i n  V I B R O C E L ~ ~  
Con f igu ra t i on  

CMG e lec t rodes were evaluated i n  t h e  " f ree  standing"  
o , , .  V I B R O C E L ~ ~  t y p e  conf  i gu ra t i nn .  We were awarc o f  soye p i  o b l a ~ s  I n  
cycling t h i s  . , t y p e  o f  e lec t rode  unsupported, namely, warping and 

I .  delami na t i on  'o f  t h e  layers.  Several design changes were made t o  ,improve 
the'se c h a r a c t e r i s t i c s  . ' Two c u r ~ s t r u c t i o n s  were made t o  g i v e  some 
phys i ca l  support t o  these e lec t rodes i n  t h e  f ree-s tand i  ng cond i t ion .  
these were: 

R ive ted  - The e lec t rodes were bagged i n  a  non-woven 
absorber (polyamide re1 t ) .  The.y were then o v e r l a i d  
w i t h  d heat Shr inkable P.V,C. n e t t i n g .  The l aye rs  
o f  f o i l  were then fastened t h r u  pre-punched holes 
w.1 t h  n lcke  l r i v e t s  ( ~ i g u r  e  16). Average e lec t rode  
weight  was 196 gms and e lec t rode  dimensions were 5.0 
in .  W x  9.46 in .  H x  .20 in .  T. 

S t i t c h e d  - The baggi ng and ove r lay ing  w i t h  P. V.C. 
was s i m i l a r  t o  t h e  r i v e t e d  design. The l aye rs  of 
f o i l  were fastened by s t i t c h i n g  t h r u  t h e  e lec t rode  
s t r u c t u r e  w i t h  polypropylene th read on h a l f - i  nch 
centers  (F igure  16). The average, e lec t rode  weight  

'was 185 gms, and dimensions were 4.96 in.  W x  9.42 
in .  ,H x .19 i n .  T. 





E l e c t r o d e  40-2 ( 4 0  F o i l )  . 

0 5-Hou'r, Kate - (7A)  Ah/Kg - 171.7 

- . . . . . . 





f l e c t r o d e  40-2 (40 F o i l  ) 

! .senbled i s  3 Anodes - Bol ted  R e s t r a i n t  

3 5-Hour Rate  - (7A) Ah/Kg - 160 

. F i g u r e  15 
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Test Results 

Two 3-plate c e l l s  were assembled using t h e  n icke l  sheet counter 
electrodes f o r  each c e l l .  The cyc l i ng  regime was: 

Charge - 14 Amps - 10 hrs. 

Discharge - Various ra tes  t o  0 v o l t s  vs Hg/HgO ref .  

Test r e s u l t s  f o r  t he  c e l l  containing CMG electrodes VSM 13, 14 and 
15 (Riveted) are given i n  Figure 17 and Table 8 and f o r  t he  c e l l  
containing CMG electrodes VSM 25, 26 and 27, (Sti tched), are  shown i n  
F igure 18 and Table 9 . The resu l t s  c l e a r l y  i nd i ca te  t h e  supe r i o r i t y  o f  
t h e  s t i t ched  version. Capacity dens i t ies  i n  t he  range o f  145 Ah/kg were 
obtained w i t h  a good V - I  re lat ionship.  No degradation was observed over 
an 18-cycle t e s t  regime. The r i v e t e d  version on t he  other hand, never 
reached nomi nal capacity, capaci ty deter iora ted as t es t i ng  progressed 
and showed a poor V - I  re lat ionship.  Some loss  o f  ac t ive mater ia l  from 
these electrodes was seen as black pa r t i cu la te  mater ia l  which s e t t l e d  a t  
t h e  bottom o f  t he  c e l l .  Considering these resu l ts ,  t h e s t i t c h M  
const ruct ion has been selected f o r  use i n  t he  prototype VIBROCEL 
designs. 

D) Matsushi taSintered Nickel  Electrodes 

Sintered n icke l  electrodes supplied by Matsushita 
measured 6.9 in. W x 8.95 in.  H x .065 in.  T. and had a nominal capacity 
o f  23 Ah. The electrodes were tank-formed and a f t e r  f i v e  formation 
cycles, de l ivered an average o f  22 Ah or 100 percent o f  the  ra ted  
capacity. Fol lowing formation, t h e  p l  ates were washed i n  deionized watet 
and d r f ~ d .  I n  order to use the  Matsushita eleclrodes i n  t h e  
VIBROCEL conf igurat ions,  a "double thickness" p l a t e  was required. 
Th is  was accompl i shed by r i v e t i n g  two p la tes (.065" each) back-tn-back 
f o r  a f i n a l  thickness o f  .130" and a nominal capaci ty o f  46 Ah a t  C/5. 

As requi red f o r  V I B R O C E L ~ ~  operation, t h e  f ree- 
standing electrode was i nsul ated w i t h  Conwed 5340 polypr opyl ene n e t t i  ng 
having 15 x 15 strands/inch and a weight o f  50-60 pounds per 1000 sq.ft. 
The t e s t  regime ( i n  t r i p 1  i ca te )  using two n icke l  sheet annd~c, and zinc- 
f r c e  e lec t ro l y l e ,  was as follows: 

- - - - - z .- 
I - ,w Charge - g amps f o r  10 h rs  (100% overcharge a t  t he  

5-hr ra te )  
.,.I - 

stand - 1/4 hour - 'i 
r .  

Discharge - C/5, C/3, C/2 and C/1 ra tes  t o  0 Vol ts  
vs #g/HgO reference 



Stitched-VSM 25-27 . 

A ' . 3-Hour Rate (24A), Stitched, Cycle 17 

0 5-Hour & t e  (14A), Rlveted, Cycle 10 ' . - 
0 . 2-Hour Rate (36A).  ti tched, Cycle 18 

. . 

e 

20 40 60 ' . 80 . 
0 

. . 
Ampere-Hours Figure 17 

. . 

. . 



. . 
. 8 

. . Table 8 
. . , .  . 

Performance of CMG Nickel El ec t rodes  Prepared 
. .  . 

. . 

For  V I B R O C E L ~  i c a t i o n .  

Three-El ec.trode Group VSM 13-15 [Ri "eted] 

. . A1 1 Charging a t  14A, 10 Hours 

AhlKg (3-P 1 a t e  Group) 
, . 

. . 
Di sctiarge Rate Bare CMG . Cornpletc CCG 

~ y c  1 k (A) .. E l  ec t rodes  Electrodes . 
. . 

1 14 -36.5 89.4 61.8 



Performance of CMS Nickel El 2ct rodes  Prepared 

For Y I B R O C E L ~ ~  ~ p p l  i c a t i  on 
' '  

', ' 
.; . 

, T h r e e - ~ l  e c t r o d e  Group VSM-25-27: [s t i tched] .  . ' ' . . . 

A1 1 Charging, - 14A, '10 Hours . 
3 '  , 

. . ,.' 

, ,. Ah/Kg ( 3 - ~ 1  a t e  ~ r o u p )  
D i  sc'harge Rate Group Capacity ; Bark CMG . conpl'ete CMG 

Cycle ( A )  (Ah ) El ect rodes  El e c t  rodes 
,. . . 

1 '.I4 41.. 5,. ,103.2 . . . 74.5 



. . 

Performance ' w i t h  CONWED 5340 
. . 

The' t e s t  r e s u l t s  w i t h  t h e  n e t t i n g  are  shown i n  F i g u r e  18. 
The capac i t y  was marginal  a t  t h e  C/5 and C/3 r a t e s  and t h e  vo l tage l e v e l  
was. depressed somewhat. The h igher  rates,  p a r t i c u l a r l y  t h e  c/1 ra te ,  
were except iona l  l y  'poor. By a  process o f  e l  i m i  nat ion, i t  was determi ned 
t h a t  CONWED 5340 n e t t i n g  , open area was. not  s u f f i c i e n t  and cou ld  be 
a f f e c t i n g  t h e  performance o f  t h e .  e lect rode.  Fo l lowing Cycle 7, t h e  
n e t t i n g  was removed f rom E lec t rode #1 and. the  40 amp discharge repeated. 
  he r e s u l t s  w i t h  and w i t h o u t  t h e  n e t t i n g  a t  40 amps are shown i n  F igu re  
19. The..performance was improved markedly. There was about a  0'.3 V 
improvement i n  t h e  d i  scharge voltage. 

t .  

Performance w i thou t  N e t t i n g  

The n e t t i n g  was removed f rom a l l  e lec t rodes and t h e  t e s t  
veyinie repedted. The r e s u l t s  a re  shown i n  F igu re  20. The improved 
performance w i t h o u t  t h e  n e t t i n g  can be e a s i l y  seen, e s p e c i a l l y  a t  t h e  
h i g h  d ischarge rates.  

The use o f  n e t t i n g  as a  p o s i t i v e  i n s u l a t o r  w i thou t  a  
s u f f i c i e n t l y  open s t r u c t u r e  t o  permi t  adequate c i r c u l a t i o n  o f  
e l e c t r o l y t e  can e f f e c t  t h e  performance o f  p o s i t i v e  ( n i c k e l )  e lect rodes.  
t h i s  e f f e c t  i s  l i k e l y  t o  be more pronounced i n  a  s t a t i o n a r y  t e s t  c e l l  
( non -v ib ra t i ng )  such as these, however, i t  i s  obvious t h a t  candidate 
i n s u l a t i n g  n e t t i n g  m a t e r i a l  w i l l  have t o  be t e s t e d  i n  t h e  f u t u r e  t o  f i n d  
m a t e r i a l s  having t h e  l e a s t  adverse e f f e c t  i n  e lec t rode  performance. 

Two candidate n e t t i n g s  se lec ted  f a r  t e s t 1  ng were: 
, . .  

e VEXAR-V360 PANL - polypropylene 

9 CONWED-XN 3230 - polypropylene 

. . 
' . E lec t rode  Performance w i t h  VEXAR N e t t i n g  

. . 
. . .    he t e s t  r e s u l t s  and t h e  var ious  d ischarge r a t e s  are 

shown i n .  ~ l b u r e  22. The c a p a c i t i e s  and vo l tage l e v e l s ,  were a l l  
a c c e p t a b + ~  and t h e  VEXAR i s  a  s u i t a b l e  n e t t i n g  f o r  use i n  t h e  
VIBROCEL . . . 

E lec t rode  Performance w i t h  CONWED XN-3230 N e t t  i ng 

. . Again, t h e  t e s t '  r e s u l t s  a t  ' va r i ous  d ischarge r a t e s  are  
shown i n  F i g u r e  21. The c a p a c i t i e s  and vol tage leve,ls were s l i g h t l y  
b e t t e r .  than t h e  e lec t rode  w i t h  t h e  VEXAR. n e t t i n g .  These s l i g h t  
d i f f e r e n c e s  may b e  due t o  v a r i a t i o n s  i n  t h e  e l e c t r H e s  themselves. I n  
e i t h e r  .case, bo th  n e t t i n g s  a re  s u i t a b l e  f o r  VIBROCEL appl i cat ion.  







h E v a l u a t i c n  of Ha tsush i  t a  Si n t e r e d  E lec t rodes  ~ i t h o u t  -Netting '. 
Ahr/Kg 

5-Hour Rate ( 9 A )  - 0 114 

3-Hour Rate (18A) - 107 

. . 

AMP ERE-HOURS 
. . 







.Charge/Discharge E f f i c i e n c y  . .  . . .  , 

~ u r  i n g  t h e  c h a r a c t e r i z a t i o n  of t h e  candidate e lec t rodes 
a t  var ious  d ischarge ra tes ,  t h e  charge has always been - charge a t  5 h r  
r a t e  - 100% overcharge. The pr imary reason f o r  t h i s  t ype  o f  charg ing 
regime i s  t o  determine i f  t h e  " f r e e  standing"  e lec t rodes  w i l l  'accept t h e  
overcharge w i t h o u t  warping, de laminat ing  or sloughing o f f  a c t i v e  
m a t e r i a l .  P a r t  o f  t h e  e lec t rode  c h a r a c t e r i z a t i o n  s tud ies  i s  t o  determi ne 
what percent overcharge i s  requ i red  t o  ma in ta in  r a t e d  capaci ty .  

The t e s t  ' scheme f o r  determi n i  ng char ge/di  scharge 
e f f i c i e n c y  was as f o l l o w s :  

Charge - 5 hour , r a t e  (9  amps) f o r  per iods o f  1.5, 3.0, 
4.5, 6.0, 7.5, 9.0 and 10 hrs. 

S tand, -  1/4 hr.  

Discharge - 5 hour r a t e  (9  amps) t o  0 V o l t s  Hg/HgO 
re fe rence  a f t e r  each o f  t h e  above charge periods. 

The turn-around e f f i c i e n c i e s  are  shown i n  Table 10. 
, Resu l t s  i n d i c a t e  t h e  i n i t i a l  p a r t  of each charge i s  very e f f i c i e n t  b u t  

as we approach f u l l  charge, t h e  charging e f f i c i e n c y  f a l l s  o f f .  The 
ampere-hour i n p u t  and ampere-output f i g u r e s  a re  p l o t t e d  i n  F igu re  23. 
These r e s u l t s  i ndi  c a t e  t h e  Matsushi t a  e lec t rodes r e q u i r e  a 35-40 percent  
overcharge ' t o  ma in ta in  r a t e d  capaci ty .  A s l  i g h t  increase , i n  capac i ty  

, 
can be achieved by overcharging by 60 or 70 percent. 

E )  Jungner NIFE-Pockct Typc Nicke l  E lec t rode  

The Jungner cathodes rece ived f o r  , e v a l u a t i o n  .- 
measured 7.1 i ' r i ' .  W x 8.9 i n .  H x .20 i n .  V ,  had an average weight o f  495 
grams a'nd a r a t e d  capac i t y  o f  34 Ah. E igh t  p l a t e s  were tank-formed as 
p resc r ibed  by t h e  manufacturer. 

Charge - 8' h r  r a t e  f o r  8 h r s  + 100% overcharge 

Discharge - 8 h r  r a t e  t o  U Vo I t s  vs HgIHg0 re ference 

A t  t h e  end o f  f i v e  fo rmat ion  cyc les,  t h e  cathodes 
were. de l  i v e r i  ng 36 Ah. These c e l l s  were assembled us ing  i n d i v i d u a l  f ree  
s tand ing  Jungner e lec t rodes  (w i thou t  n e t t i n g )  and two n i c k e l  sheet . 
anodes f o r  each c e l l  assembly. E lec t rode  performance was determined by 

. t h e  f o l l o w i n g  t e s t  regime: 



TABLE. 10 

charge Hrs 
@ 9 Amps 

CHARGE/DISCHARGE EFFICIENCIES 

MATSUSHITA ELECTRODES 

Ah Inpu t  

13.5 

, 27.0 

40.5 

54.0 

67.5 

81 .o 

90 .'O 

Ah Output 

12.9 

26.5 

Turnaround 
E f f i c i e n c y  . . 

Percent 
Overcharge 



. . 

81 .o - 

F i g ~ r e :  2 3  Charge Per iod  Hours 

I 



Charge - 7 amps f o r  10 hours (5 Ah r a t e  + 10'0% 
over charge) 

Stand - 114 hour 

D ischarge. -  C15, C/3, C/2 + C/1 r a t e s  t o  0 V o l t s  vs 
Hg/HgO reference. 

The t e s t  r e s u l t s  are shown i n  F i g u r e  .24. A t  t h e  C/5, C/3 and C/2 
d ischarge ra tes ,  t h e  e lec t rodes d e l i v e r e d  acceptable vol tage l e v e l s  and 
ampere-hour c a p a c i t i e s  . A t  t h e  C/1 d ischarge rate,  t h e  performance f e l l  
o f f  sharp.1~. The heavier weights o f  t h e  poctf i t  t ype  e lec t rode  produced : 

Ah/kg. f i g u r e s  t h a t  a re  marginal f o r  VIBROCEL app l ica t ions .  

ChargeIDischarge E f f i c i e n c i e s  Jungner-NIFE Pocket E lec t rodes 

The t e s t  scheme f o r  determi n i  ng char ge/di scharge 
e f f i c i e n c i e s  was as fo l l ows :  

Charge - 5, hour r a t e  (7 amps) f o r  periods o f  1:5, 
3.0, 4.5, 6.0, 7..5, 9.0 and 10 hours. 

S,tand - 114 hour 

Discharge - 5 hour r a t e  (7 amps) t o  0 V o l t s  vs Hg/HgO 
re ference a f t e r  each o f  t h e  above, charge periods. 

The turnaround e f f i c i e n c i e s  and. percent  overcharge 
. f i g u r e s  a re  shown i n  Table 11. Again, t h e  r e s u l t s  i n d i c a t e  t h e  i n i t i a l .  
p a r t  o f '  each charge i s  very e f f i c i e n t ,  b u t  as we approach f u l l  charge, 
t h e  e.ff i c i e n c i e s  f a 1  1 off.' The ampere-i nput. and ampere-hour f i gu res  are '  . 

p l o t t e d  i n  F igu re  25. Resul ts  i n d i c a t e  t h e  Jungner-NIFE pocket 
. e lec t rode  a l s o  requ i res  35-40 percent  overcharge t o  ma in ta in  r a t e d  
capaci ty .  

F) 'ESB P l a s t i c  Bonded, E lec t rode 

F i r ' s t  experiments u t i l i z e d  t h e  standard ESB p l a s t i c  : 
bonded a c t i v e  ma te r ia l  f o r m u l a t i o n  t o  f a b r i c a t e .  sheets o f  a c t i v e  
mater i a1 . . Nomi nal  percentages o f  components were: . 5 

Nicke l  Hydrate 

Carbon (Graphi te)  15.0% 

TFE 





Period 
Charge Hrs 
@ 7 Amps 

1.5 

TABLE 11 

CHARGE/DISCHARGE EFFICIENCIES 

JUNGNER ELECTRODES 

Ah Input  Ah Output 
Turnaround 
E f f i c i e n c y  

Percent  
Overcharge, 
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Two t pes o f  e lectrodes were fabr icated,  i.e. a  two-gr id cons t ruc t i on  
(iMNP2J u t i l i z i n g  a  s i n g l e  t h i c k  sheet o f  a c t i v e  ma te r ia l  pressed . 
between two expanded n i c k e l  g r ids ,  and a  th ree -g r id  cons t ruc t i on  (1 MNP1) 
c o n s i s t i n g  o f  two h a l f  th ickness sheets o f  a c t i v e  ma te r ia l  w i t h  a  center  ' 
g r i d  combined,with t h e  two outs ide  gr ids.  E lec t rode design d e t a i l s  were 
as fo l l ows :  

1  'MNP 1  - 3  Gr ids (5 N i  17 310 D is tex )  

Theore t ica l  Capacity - 20 Ah 

. Dimensions.- 8  in:H x  6.2 in. W x  .I27 in .  T  
. . 

To ta l  E lec t rode W t  = 202 gms; Ac t ive .Mater ia1  W t  = 13'5.0 gms 

G r i d  P o s i t i o n i n g  - N i  D is tex  
Ac t i ve  M a t ' l  Compressed 
N i  D is tex  t o  - . A c t i v e  M a t ' l  . I27 in .  T  
N i  ~ i s f e x  

(Gr ids  spot welded i n  p a t t e r n  f o r  s t rength)  

1  MNP 2  - 2 Gr ids  (5 N i  17 310 D i s t e x )  

Theore t ica l  Capacity - 32 Ah 

Dimensions '- 8.7 ,in. H x  6.2 in. W x  .1.15 in .  T  

.Total  E lec t rode ~t - 194 gms; A c t i v e  M a t e r i a l  W t  =.142.5 gms 

G r i d  P o s i t i o n i n g  - N i  D is tex  Compressed 
Ac t i ve  M a t ' l  t o  
N i  D is tex  .I15 in.  T  

. . 

(Gr ids spot welded i n  p a t t e r n  f o r  s t rength)  

The experimental e lectrodes were ass.embled i n  th ree  p l  ate c e l l s ,  us ing , 

n i c k e l  sheet anodesw i th  excess 6M KOH. Electrpf les were f r e e  standing , 

w i t h  no physical  support ( s i m i l a r  t o  VIBROCEL ) condi t ions.  C e l l s  
were charged and discharged a t ,  a  nominal r a t e  of.C/5. Test r e s u l t s  are 
shown i n  F igu re  26 and F igu re  27. Maximum capac i ty  d e n s i t i e s  obta ined 
were 141 Ah/kg f o r  t h e  3  g r i d  e lec t rode (Cycle 6) and 121 Ah/kg f o r  t h e  
two g r i d  electrode. Voltage performance o f '  t he  3  g r i d  design was ,, 

h igher, b u t  both e lectrodes dec l ined appreciably i,n vo l tage over a  sho r t  . . 

,test c y c l e  regime (10-15 cyc les) .  Disazsemhly o f  t h e  t e s t  c e l l s  
i n d i c a t e d  t h a t  i n  both cases t h e  a c t i v e  ma te r ia l  had swel led and 
expanded through t h e  g r i d  s t r u c t u r e  t o  a  t o t a l  th ickness o f  about .250 
in .  Th is  ' type o f  unsupported cons t ruc t i on  ev iden t l y  r e s u l t s  i n  l oss  o f  
e l e c t r i c a l  contac t  o f  t h e  g r i d  w i t h  ' t h e  a c t i v e  ma te r ia l ,  w i t h  an '- 

accompanying h igh  e l  ect rode pol  a r i  zat ion.  







. . 
/ 

' I n  order  t o  m i  nimi ze expansion o f  t h e  a c t i v e  mass, an i n e r t  
expander ( T i 0  - R u t i l e  grade) was added t o  t h e  , a c t i v e  ma te r ia l  
formulat ion.  ~ i e  a c t i v e  m a t e r i a l  formul a t i o n  was: 

N icke l  Hydrate 7 6% 

Carbon (Graph i te )  15% . 

TFE 1 % 

T i02  ( R u t i l e G r a d e )  - 5 % 
, : 

' toor 
An e lec t rode  ' ( ~ M N P ~ . ) '  measuring 8.7 in .  H x 6.2 in. W x . I24 in. T .  

was f a b r i c a t e d  us ing  t h e  3 g r i d  welded cons t ruc t i on  s i m i l a r  t o  e lec t rode . 

1MNPl. Theoretical capac i ty  o f  t h i s  e lec t rode was' 3U.5 Ah. Again,. t h e  
e lec t rode  was assembled i n  a 3 . p l a t e  ' c e l l  and tes ted  i n  excess 6M KOH 
unsupported. Resul ts  are  shown i n  F igu re  28. The use o f  expander shows 
no improvement, and i n  fact, a f t e r  9 cycles, t h e - e l e c t r o d e  was removed 
from t h e  c e l l  and i t s  th ickness measured a t  .215 in.  

F a b r i c a t i o n  o f  p l  as t  ic-bonded n i c k e l  elef i t rodes must prevent t h i s  
.expansion i n  order  t o  perform w e l l  i n  VIBROCEL . 



. CHARGE 6A,  10 Hours 



2.3 Bas ic  E lec t rochemis t r y  

E lec t rochemica l  s tud ies  i n  t h e  . V I B R O C E L ~ ~  program a r e  
d i r e c t e d  toward . t h e  improvement o f  Zn-e lect rode performance. V i b r a t i o n  
o f  t h e  Z n  e l  e c t r  ode e l  i m i  nates d e n d r i t e  f o rma t i  on, t h e  mai n  d i  sadvantage 
o f  t h e  Zn e l e c t r o d e  i n  t r a d i t i o n a l  Ni-Zn b a t t e r i e s .  Problems which 
remain a re  t h e  c o r r o s i o n  o f  a c t i v e  z i n c  (and t h e  r e s u l t a n t  l o s s  i n  
c a p a c i t y )  as w e l l  as t h e  shedding o f  a c t i v e  z i n c  du r i ng  charge under t h e  
i nf luence  o f  mechanifal v i b r a t i o n .  E lect rochemical  s tud ies  o f  t h e  z inc ,  
e l e c t r o d e  i n  VIBROCEL . were i n  two main areas. These were: 

.e C o r r o s i o n o f  a c t i v e z i n c , a n d  

e E l e c t r o d e p o s i t i o n  o f  a c t i v e  z inc.  

A) Cor ros ion  and Sel f -Discharge o f  Z i n c  

Zn, depos i ted  f rom a l k a l i n e  so lu t ions ,  i s  a  very a c t i v e  
m a t e r i a l  and tends t o  d i s s o l v e  (o r  corrode) .  I n v e s t i g a t i o n  o f  c o r r o s i o n  
o f  ' a c t i v e  z i n c  i n  KOH s o l u t i o n s  i n d i c a t e s  a  dependence o f  t h e  r a t e  o f  
d i s s o l u t i o n  of z i n c  on concen t ra t i on  o f  z i  ncate. 

F i g u r e  29 dep i c t s  da ta  o f  such measurements. I t i s  
e v i d e n t  t h a t  KOH s o l u t i o n s  w i t h  ext remely h igh  cogcen t ra t i on  o f  z i  ncate 
decreases t h e  c o r r o s i o n  r a t e -  t o  a  m i  nimum (10 cm o f  Hz per gram o f  
a c t i v e  z i n c  i n  14 days a t  room temperature).  

. . 

A second c o r r o s i o n  process which occurs i s  ga l van i c  
cor ros iu r l ,  i.e. t h e  ga'lva.nic d i sso ' l u t i on  of t l n c  I n  cor~tac,t; w . i l ; t ~  
d i f f e r e n t  subs t ra te  mater ia ls .  

The r a t e  o f  c o r r o s i o n  depends on t h e  e lec t rochemica l  - 
d i f f e r e n c e  between Zn and t h e  more noble ~ r ~ e t a l s  o f  t h e  substrate. The 
i d e a l  subs t ra te  would be one w i t h  a r e v e r s i b l e  p o t e n t i a l  c l o s e  t o  z i n c  
and w i t h  a  h i g h  hydrogen ove rpo ten t i a l .  

F igu re  30 dep i c t s  capac i t y  losses  f o r  some substrate 
, m a t e r i a l s  d u r i n g  14 days o f  s torage a t  room temperature. The 

performance o f  f ou r  d i f f e r e n t  subs t ra tes  i s  presented, w i t h  t h e  lowest  
c o r r o s i o n  r a t e  ob ta ined being about 1  percent  per day. It should be 
noted t h a t  f o r  a l l o y  2  and a l l o y  3, t h e  c o r r o s i o n . r a t e  inc reased-as  
c y c l i n g  progressed, prohahly  due t o  t h e  d e t e r i o r a t i o n  o f  t h e  p l a t i n g  
used on these a l l oys .  



Gas C c l l e c t i o n  Test  Conducted Over 1 4  Day . . Stand p e r i o d  ' . 

' a t  Room Temper a tu r  e . . 

Concent ra t ion  o f  Z i  nca te  (g /L )  . . . , . .  - 



A Alloj type 2 (between 2 b 10 cycles; 

0 Alloj type 3 (after 35 cycles)  

13 Allor type.4 ' 

L 



A f u r t h e r  i n v e s t i g a t i o n  was c a r r i e d  ou t  on several  other 
subs t ra te  mater ia ls ,  which e x h i b i t  hydiogen ove rpo ten t i a l s  c lose  t o  t h e  
value o f  z i n c  when measured ga l vanos ta t i ca l  ly. F igure  31 i l l u s t r a t e s  
t h e  co r ros ion  r a t e  o f  one commonly a v a i l a b l e  a l l o y ,  .with, and w i thou t  
p l a t i n g .  Best r e s u l t s  were obta ined w i t h  p l a t i n g  t y p e  2, however, i t  i s  
i n t e r e s t i n g  t o  note t h a t  t h e  unpl ated ma te r ia l  ( a l l o y  t ype  5)  gave 
b e t t e r  r e s u l t s  than w i t h  p l  a t i n g  t ype  1. Some a d d i t i o n a l  improvements 
were seen when a1 l o y  t ype  5  was used i n  t h e  form o f  an expanded metal. 
F i g u r e  32 dep ic t s  t h e  performance o f  a l l o y  t ype  5  as compared t o  some of 
t h e  spec ia l  al1,oys shown i n  F igu re  30. The data i n d i c a t e s  t h a t  a l l o y  
t y p e  5, shows low c o r r o s i o n  ra tes ,  as i n  yeneral i s  comparable i n  
performance t o  some o f  t h e  spec ia l  a1 l o y s .  ( r e f  F igu re  30) tested. 

B) E lec t rodepos i t i on  o f  Zn 

E lec t rodepos i t i on  o f  z inc  f rom a l k a l i n e  s o l u t i o n s  has 
been ' ex tens i ve l y  s tud ied  i n  var ious  aspects both from a  fundamental 
i n t e r e s t  i n  t h i s  complex system, and f o r  t h e  purpose o f  us ing Zn as a  
rechargeable e lect rode.  I n  t h e  . l a t t e r  case, t h e  f o l  lowi  ng was 
i nves t i  gated: 

1. . Mechanism o f  d e n d r i t e  formation, 

2. Formation o f  s l u r r y  a n d p o r o u s d e p o s i t s .  

3. . Mechanism o f  shape change. 

4. Pass i va t i on  of z i  nc-electrode. 

The V I B R O C E L ~ ~  i s  d i f f e r e n t  f rom other secondary b a t t e r i e s  i n  t h a t  i t  
u t i  1  i z e s  a  completely so lub le  z i n c  e lect rode.  V i b r a t i n g  t h e  z i  nc 
subs t ra te  i n  such a c e l l  a c t ~ r a l  ly prevents d e n d r i t e  formation, however, 
e l e c t r o d e p o s i t i o n  o f  ' z i nc  ' (w i thout  separators)  from h i g h l y  concentrated 
z i n c a t e  s o l u t i o n s  l e a d  t o  very porous, mossy deposits.  Such depos i ts  
a r e  very a c t i v e  and tend t o  have h igher  r a t e s  o f  s e l f - d i s s o l u t i o n .  

These mossy depos i t s  a l s o  c rea te  t h e  problem o f  shedding 
of z i n c  ' f rom t h e  subs t ra te  sur face ( d u r i n g  vf b r a t i o n )  and accumul a t i o n  
of  z i n c  on t h e  bottom o f  t h e  c e l l .  Accumulation o f  z i n c  can be avoided 
by ga lvan ic  d i s s o l u t i o n  w i t h  - any number o f  m a t e r i a l s  (cover ing  t h e  

.. bottom o f  t h e  c e l l ) ;  f o r  example, Ni ,  Cu, C, e tc .  



Zinc Capaclty Loss on Al loy  type 5 Subst.-ate 
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M f e o t  o f  substrate Material 's on Zinc Capacity Loss 
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Dur ing  .eel 1  operat ion,  z inc  concent ra t ion  grad ients  may develop 
r e s u l t i n g  i n  a  AE f rom t o p  t o  bottom o f  t h e  e lec t rode as fol lows: 

With c e r t a i n  assumptions, AE becomes about 10 mV f o r  a  15-20 cm h igh 
e lectrode.  Th is  AE causes z inc  t o  d i sso lve  a t  t h e  t o p  and redeposi t  a t  
t h e  bottom, u n t i l  A2=A1. Th is  c o n d i t i o n  i s  progressive, and a f t e r  a  
number o f  cycles, a  z inc  "shape change" occurs. The c a l c u l a t i o n s  o f  
t h i s  m ig ra t i on  o f  z inc  f rom t h e  top  t o  t h e  bottom o f  t h e  e lec t rode were 
conf i rmed by experimental t es t i ng .  

It i s  obvious t h a t  shape-change and i t . s  adverse e f f e c t  on 
c a p a c i t y  are t o  be avoided. Various lllethods f o r  improvement o f  t h e  . 

qual i t y  o f  z inc  e lec t rodepos i t i on  are  suggested i n  t h e  1  i t e r a t u r  e. One 
o f  these i s  the ,  v a r i a t i o n  o f  p l a t i n y  cu r ren t  densi ty .  Experiments were 
r u n  vary ing.  t h e  p l a t i n g  cu r ren t  dens i ty ,  and i t  was found t h a t  improved 
qual  i t y  z inc  was deposj ted a t  c e r t a i n  cu r ren t  d e n s i t i e s  as compared t o  
others, Other areas o f  improvement i nvo lve  t h e  use o f  spec ia l  charging 
techniques as opposed t o  constant  cu r ren t  D.C. charying. Here again, 
c e r t a i n  optimum cond i t i ons  were found, which r e s u l t e d  i n  improved 
q u a l i t y  o f  p l a t e d  z inc.  Th is  i s  i l l u s t r a t . e d  i n  Figur.e 33, 34, 35 and 36, 
F i g u r e  33 dep ic t s  a  mossy type deposi t  o f t e n  encountered when constant 
c u r r e n t  D.C. charging i s  employed. F igure  34 on t h e  other hand shows 
t h e  same e lec t rode  when p l a t e d  using one o f  t h e  spec ia l i zed  charging 
techniques. Here t h e  depos i t  i s  smooth, dense and c r y s t a l l i n e  i n  
nature. Electrodes deposited w i t h  zinc, us ing these spec ia l  techniques, 
occupy a much smaller volume and are approximately 80 percent o f  
h e r t i c a l  dens i ty .  F igu re  35 i s  a  photograph o f  t h e  sur face or t h e  
e lec t rode  o f  F igu re  34 w i t h  50X magni f i ca t ion ,  showing t h e  c lose  packed, 
f i n e  c r y s t d l l i n e  s t ruc ture .  As a .  comparison, t h e  sur face o f  t h e  
e lec t rode  uf F igu re  33 a t  50X magn i f i ca t i on  i s  shown i n  F igure  36, 
i l l u s t r a t i n g  t h e  mossy r ~ u r ~ - c r ' y s t a l l  i IIC nature o f  t h i s  curfaca. 

We have a l s o  no t i ced  a  d i f f e r e n c e  i n  perforrr~ance o f  t h e  
densely deposited z i n c  as compared t o  t h e  mossy type. Th is  i s  shown i n  
F i g u r e  ?A where curve No. 2 i s  t h e  vo l tage o f  a  3-p la te  n i c k e l  z inc  
VIBROCEL us ing c o n s t t n t  cu r ren t  D.C. charging, and a discharge cu r ren t  
d e n s i t y  of 14 malcm . The i n t e r e l e c t r o d e  spdcing o f  t h i s  c e l l  was 
f i x e d ,  so t h a t  a  maximum o f  5 Ah u f  z inc  cou ld  on ly  b c  deposited us ing  
constant  cu r ren t  D.C. When t h e  spec ia l  chargi  ng technqiue was used, 7.5 
t o  8.0 Ah o f  z i n c  cou ld  be deposited, arid c e l l  p o l a r i z a t i o n  dur ing  
dlscharge2 was reduced. Curve No. 1  shows t h e  discharge of t h e  c e l l  a t  
14 malcm ( t h e  same as curve No. 2), b u t  w i t h  a  higher capac i ty  and 
vo l tage  ( than curve No. 2), w i t h  t h e  den er z i n c  deposit. When t h e  h denser z inc  was discharged a t  21 malcrn , c e l l  vo l Iage was a t  
approximately t h e  same l e v e l  as t h e  mossy z i n c  a t  14 malcm , b u t  again , 
w i t h  an increased capaci ty .  The denser z i n c  o f f e r s  a  poss ib le  increase 
i n  spec i f i c  energy and-vo lumet r ic  energy i f  t h e  same b e n e f i t s  are f u l l y  
a t t a i n a b l e  i n  scal ed-up c e l l  and b a t t e r y  designs. 



Figure 33 

Z i  nc Deposit Constant 
Current D.C. 



F i y u r e  34 

Z i  nc Deposit Speci a1 Char g i  ng 
Technique 

I 



Figure 35 . 

Zinc Deposit 50X 
Speci a1 Char g i  ng Technique 



Figure  36 

Z i  nc Deposit 50X 
Constant Cur r ~ n t  n. C. 





Monthly r e p o r t s  have been prepared g i v i n g  an update o f  
t e c h n i c a l  progress f o r  t h e  periods: 

. . 

A p r i  1  15-May 31 , ,1979 

June l-June 30, 1979 

No. 1 

No. 2 

J u l y  1 -Ju ly  31, 1979 No. 3 

I n  , add i t ion ,  t h e  'Mi lestone Schedule and Status Repo,rt (DOE 
Form 535), t h e  Manpower Management Report (DOE Form 534M); and Cost 
Management Report (DOE Form 533M) have been prepared f o r  each of t he  
f i r s t  t h ree  r e p o r t i n g  .periods as we1 1 as the .  p e e  od Aug. 1 -Aug. 31, 
1979. This. " F i r s t  Annual Report," provides a summary o f  t echn ica l  

. progress fo r  t h e  t h r e e  r e p o r t i n g  per iods  above,, a s  w e l l  as t h e  .pe r iod  
Aug. l-Aug. 31, 1979. 





Drawing No. 

EC-15588 

EC-15593 . " 

V I B R O C E L ~ ~  T e s t  C e l l  7 -P la te  , . . 

C e l l  Test  S t a t i o n  f o r  V I ' B R O C E L ~ ~  

Anode E l e c t r o d e  MS S i ze  

VIBROCEL~' Conta iner  MS S i ze  

Covers f o r  V I B R O C E L ~ ~  Tes t  C e l l s  

Double P l a t e  Cathode f o r  V I B R O C E L ~ ~  44-Ah 

N e t t i n g  for  Double P l a t e  Cathode " V I B R O C E L ~ ~ "  

V I B R O C E L ~ ~  ~ u i d e  Rai 1s 

Negat i ve, Connector 

Ac tua to r  . . 

S h u t t l e  

E c c e n t r i c  S h a f t  

P o s i t i v e  Connector 

I n t e r  c e l l  Connector . . 

J a m  Nut 

Stud 

Spacer 

Nut  

Nut 

cover C l  amp for VIBROCEL~M c e l l s  

Cover Gasket for V I B R O C E L ~ ~ ,  Tes t  C e l l s  . . 

~i nc Get te r  f o r  V I B R O C E L ~ ~  

Vent Tube and Cap V I B R O C E L ~ ~  

S i  ngl 'e P l  a t e  Cathode f o r  V IBROCEL.~~  22-Ah 
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