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STIBINE/ARSINE EMISSIONS FROM LEAD-ACID BATTERIES 

R. Varma, G. M. Cook, and N. P. Yao 
Chemical Engineering Division 
Argonne National Laboratory 
Argonne, Illinois 60439 

INTRODUCTION 

Antimonial lead alloys, which also contain some arsenic, have 
been traditionally used for the fabrication of lead-acid battery 

I electrodes. The addition of antimony and arsenic to the lead is 
fal~nd to improve the metallurgical properties of the grid. Positive 
grids of lead-acid batteries, currently being developed and evaluated 
for near term electric vehicle (EV), utility load-leveling, and 
solar electric applications are expected to be fabricated from 
antimonial-lead (1.5 to 4.5% Sb plus about 0.0 to 0.3% AS) alloys. 

1 Negative grids, on the other hand, may well be fabricated from 
I antimony free calcium alloys. However, during cycling of the 

lead-acid batteries, some of the antimony is solubilized and thereby 
I transfered to the negative electrode. 

The lead anode potential may attain levels, more negative, than 
-0.6V (vs. a Normal Hydrogen ~lectrode) during charging of lead-acid 

i cells w L u  cell voltages exceed 2.40V. In a theoretical analysis1, 
it was reported that lead anode potentials more negative than -.6V 
vs. NHE may promote stibine generation at the negative electrode of - 
lead-acid cells in which the positive electrode grids are fabricated 
from antimonial-lead alloys. Thus, stibine and arsine must be consid- 
ered as possible cell-effluents during charge and equalization of such 
batteries. This anticipation is confirmed by previous studies by 
varma2 and Yao, and ~olland~. It was shown that, during charging, 
stibine and arsine gases can be produced in significant amounts from 
industrial lead-acid cells having both positive and negative electrode 
grids of antimonial-lead alloy. 

Arsine and stibine are colorless gases with garlic-like odours. 
Unlike arsine4, s tibines is thermally unstable, reported to 
decompose6 in air to the extent of about 50% in 6 to 12 minutes. 
Despite this thermal instability of stibine, both hydrides may 
accumulate in atmosphere of poorly ventilated enclosed working areas 
where the emission rates are high. 

I 

Stibine and arsine are toxic gases. Possible poison.ing of 
humans from inhalation is a concern which must be assessed for a 
variety of work situations and sceneries . ~atalities reported7 on 
board a British submarine in 1919 were attributed to poisoning by 
exposure to stibine in the work-space air. No other injuries from 
use of lead-acid batteries have been documented in the literture. 



Standards have been s e t  f o r  occupat iona l  exposure t o  bo th  
s t i b i n e  and a r s i n e .  The Threshold Limit Values - Time Weighted 
Average (TLV-TWA) r e p r e s e n t s  a  l i m i t  f o r  average exposure l e v e l s  
experienced by humans i n  t h e i r  work places over  a  pe r iod  of 8 
cont inuous hours .  The National  I n s t i t u t e  of  Occupat ional  S a f e t y  and 
Heal th  (NIOSH) has  s e t  t h e s e  TLV-TWA l i m i t s 8  a t  0.1 ppmv ( o r  0.5 
mg/m3) f o r  SbHg and 0.05 ppmv ( o r  0 .2  mg/m3) f o r  AsH3.  The 
American Conference of Government I n d u s t r i a l  Hyg ien i s t s  recommends 9 
t h a t  Shor t  Term Exposure Limi ts  (STEL) be g r e a t e r  t h a n  TLV-TWA by 
a  f a c t o r  of t h r e e ,  f o r  15 minute exposures ,  f o r  AsH3.  

STIBINE/ARSINE GENERATION . . 

The study r epor t ed  by ~ o l l a n d ~  on t h e  gene ra t ion  o f  s t i b i n e  
and a r s i n e  involved experiments on c e l l s  of s e v e r a l  thousand ampere- 

I hour capac i ty .  The ce l l -g r id s  were f a b r i c a t e d  from a l l o y  composi t ions  
I c on ta in ing  8 and 3 percent  antimony. S t i b i n e  g e n e r a t i o n  was monitored 

1 over  a  30 month per iod .  A number of conclus ions  may be drawn from 

1 t h i s  s tudy:  ( 1 )  S t i b i n e  gene ra t ion  took p l ace  a t  c e l l  v o l t a g e  
1 g r e a t e r  than  2.45 V ,  most of t he  emissions were l i m i t e d  t o  t h e  
1 overcharge per iod ,  (2)  S t i b i n e  gene ra t ion  r a t e s  were observed  t o  be 

i h ighe r  wi th  t h e  g r i d s  having t h e  h ighe r  antimony c o n t e n t  and,  ( 3 )  

1 S t i b i n e  gene ra t ion  r a t e s  remained s u b s t a n t i a l l y  unchanged d u r i n g  t h e  
e n t i r e  2 .5 years  of t e s t i n g .  

b Argonne Nat iona l  Laboratory (ANL) has an on-going program o f  
r e sea rch  on lead-acid b a t t e r i e s .  A s tudyZ was completed on t h e  
gene ra t ion  of s t i b i n e  and a r s i n e  from a l a r g e  4.2 kWh i n d u s t r i a l  
lead-acid c e l l  (2250 A-h capac i ty  a t  5-h r a t e )  f o r  a u t i l i t y  load- 
l e v e l i n g  duty c y c l e .  Both p o s i t i v e  and nega t ive  g r i d s  con ta ined  
antimony and a r s e n i c .  The s t i b i n e  and a r s i n e  genera ted  d u r i n g  
charg ing  were absorbed i n  tubes con ta in ing  3N H2SO4 w i t h  k I  and 
1 2  d i s so lved  i n  i t .  The antimony and a r s e n i c  c o n t e n t s  of  t h e  .- 
abso rba te  s o l u t i o n  were determined by co lo r ime t ry  and a tomic  absorp- 
t i o n  spectrophotometry (AAS) r e s p e c t i v e l y .  The t o t a l  emis s ion  of 
s t i b i n e  and a r s i n e  a s  w e l l  a s  t h e i r  gene ra t ion  r a t e  p r o f i l e s  were 
determined f o r  experiments i n  which t h e  c e l l  would, each  week, 
undergo, four  normal charge-discharge cyc l e s  £01 lowed by a n  equa l i za -  
t ion- type  of c y c l e .  A number of conclus ions  may b e  drawn from 
r e s u l t s  ob ta ined  i n  t h e  s tudy.  The r a t e s  of  s t i b i n e  and a r s i n e  
gene ra t ion  from t h e  lead-acid c e l l ,  could be reduced t o  i n s i g n i f i c a n t  
amounts i f  t he  v o l t a g e  dur ing  charge and e q u a l i z a t i o n  charge-cycles  
were kep t  below 2.40 V.  Generat ion r a t e s  of  s t i b i n e  and a r s i n e  were 
found t o  be most s i g n i f i c a n t  dur ing  t h e  overcharge p e r i o d  o f  t h e  
charge  cyc l e  and even h ighe r  dur ing  e q u a l i z a t i o n  charging;/which was 
conducted a t  2.55 and 2.65 V ,  no emissions were observed from t h e  
lead-acid c e l l  dur ing  s t and  o r  d i scha rge ,  ( t h e  s tudy by ~ o l l a n d 3  
suppor t s  t h i s  f i nd ing ) .  A t y p i c a l  s t i b i n e / a r s i n e  g e n e r a t i o n  p r o f i l e  
du r ing  a  t y p i c a l  charge cyc l e  i s  shown i n  F igu re  1 .  A b r i e f  summary 
of  hydr ide  emission d a t a  obta ined  on a  lead  a c i d  c e I l  i s  g i v e n  i n  
Table 1. 
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Figure 1. ~tibine/Arsine Generation 
From a Lead-Acid Cell 
During a Charge Cycle 



PUBLISHED ANALYTICAL PROCEDURES FOR DETERMINATIONS OF STIBINE AND 
ARSINE 

The few methods tha t  have been described f o r  t h e  d i r e c t  de te r -  
mination of s t i b i n e  and a r s i n e  i n  a i r  a r e  based upon t h e  u s e  of 
impregnated p.aper, ind ica to r  tubes and absorpt ion  i n  chemically 
r e a c t i n g  s o l u t i o n s  followed by co lo r ime t r i c  o r  AAS determinat ion  of 
t h e  hydrides . 

The production of colored s t a i n s  is  the  p r i n c i p l e  behind 
commercially a v a i l a b l e  a r s i n e  d e t e c t o r  tube-ki t s .  The Kitagawa* and 
~ r a e g e r +  d e t e c t o r  k i t s ,  claims a  de tec t ion  s e n s i t i v i t y  f o r  
AsH3 over l e v e l s  .05 t o  160 ppm i n  a i r  and t h e  a r ~ i n e / ~ h o s ~ h e n e  
e l e c t r o n i c  monitor*, claims a  de tec t ion  s e n s i t i v i t y  of 0.005 t o  0 - 2  
ppmv AsH3 during sampling of 10L of a i r .  

Table 1. S t i b i n e  and Arsine Generation From a 4.2 kWh 
(2250 A-h a t  5-hr Rate t o  1 . 7 5 ~ )  L'ead-~cid C e l l  

To ta l  Generat ionC mg 

SbH3 AsH3  Experiment 

Charge Cyclea 12.1 - + 1.4 0.33 - + 0.06 

a .  .The 4.2 kwh (2250, A-hr a t  5-hr r a t e )  c e l l  was d ischarged.  
f o r  5  h r  a t  constant  current  t o  80% DOD and charged a t  . 

. constant  ( 2 9 0 ~ )  c u r r e n t . f o r  5-6 h r s  t o  2.45 V ,  followed 
by a  current  l imi ted  constant-voltage ( t ape r ing)  charge 
a t  2.45 V fo r  3  h r .  

b. The f u l l y  charged c e l l  was given an a d d i t i o n a l  4-hr charge 
a t  cons tant  vo l t age .  

c.  The values, given a r e  the  average f o r  seve ra l  cycles .  

I 

* Dis t r ibu ted  by Matheson GAS Products Co., Eas t  Rutherford,  N.J. + 
Dis t r ibu ted  by National Draeger Company 



Both use t h e  r e a c t i o n  of mercuric  h a l i d e s  HgX2 ( X  = Br, CL) wi th  
AsH3 i n  t h e  presence of mois ture ,  which l eads  t o  t h e  format ion  of 
co lored  s t a i n s .  The r e a c t i o n  products  a r e  yel low o r  brown. Th i s  
r e a c t i o n  i s  f a r  l e s s  s e n s i t i v e  t o  s t i b i n e  than  a r s i n e ,  t h e r e f o r e ,  i t  
would be more expensive t o  develop s o l i d - s t a t e  c o l o r i m e t r i c  procedures  
f o r  monitor ing s t i b i n e  based on t h e  r e a c t i o n .  

S t i b i n e  i n  a i r  can be absorbed i n  a  s o l u t i o n  of methyl f luorone  
i n  an aqueous s i l v e r  s u l f a t e  s o l u t i o n  t o  form a co lored  s o l u t i o n .  
Shdr t  and wheatlyl.O developed in s t rumen ta t ion  based on t h i s  
a n a l y t i c a l  procedure f o r  monitor ing SbH3 i n  ambient a i r  on board 
B r i t i s h  Admiralty ships ,  i n  t h e  1960 ' s .  The d isadvantages  of  t h e  
procedure a r e  t h e  chemical i n s t a b i l i t y , a n d  carc inogenic  p r o p e r t y  o f  
methyl f  luorone . 

A s o l u t i o n  of Na13 ( N ~ I  + 12)  i n  HClO4 s o l u t i o n  was 
s u c c e s s f u l l y  used by ~ a n n l l  t o  c o l l e c t  s t i b i n e  and a r s i n e  from t h e  
charge gas of lead-acid b a t t e r i e s .  However, t h e  u se  o f  HClO4 
r e q u i r e s  s p e c i a l  handl ing  procedures  because of t he  p o t e n t i a l  f i r e  
and explos ion  hazard.  

SAMFK DESIGNS, FUNCTIONS AND TESTING 

A ~ t i b i n e / A r s i n e  Monitoring F i e l d  K i t  (sAMFK) was developed a t  
ANL f o r  t h e  f i e l d  c o l l e c t i o n  and e v a l u a t i o n  of t h e  e x t e n t  of SbH3 
and AsH3 r e l e a s e .  It has been used f o r  monitor ing t h e s e  g a s e s  
from c c l l a  under charge auJ i n  Lhe ambiene a i r  nea r  l ead  a c i d  
b a t t e r i e s .  

The k i t  ( s e e  F igure  2 )  c o n s i s t s  of a  S ~ H ~ / A S H ~  c o l l e c t i o n  
t r a i n ,  a  Bendix Model BDX-56 A i r  Sampler Meter ing Pump, u n i v e r s a l  
b a t t e r y  cap  connectors  and a  hand h e l d  Bausch and Lomb Spec t ron ic  
mini-20 spectrophotometer .  The SAMFK was designed f o r  c o l l e c t i o n _ o f  
SbH3 and AsH3 gases  d i r e c t l y  from b a t t e r y  charge  gas o r  ambient 
a i r  and t o  permit  on - s i t e  spec t rophotometr ic  de t e rmina t ion  of  
antimony i n  t h e  absorber  s o l u t i o n .  The absorber  s o l u t i o n  is 3 N  
H2SO4 con ta in ing  8% K I  and 1% 12. 

I n  t h e  B a t t e r y  Charge Gas Sampling Mode ( s e e  F igu re  3 )  a n  
a p p r o p r i a t e  b a t t e r y  cap  connector i s  a f f i x e d  t o  t h e  wa te r ing  h o l e  of 
t h e  lead-acid c e l l  w i th  t h e  o u t l e t  tube of t h e  cap connected t o  t h e  
gas i n l e t  po r t  of t h e  k i t .  A i r ,  under t h e  a c t i o n  of t h e  p.umpj i s  
sucked through t h e  ce l l - space  above t h e  moss p l a t e ,  c a r r y i n g  w i t h  i t  
t h e  charge gases ,  t h e  contaminated a i r  i s  then  bubbled through a  50 
o r  100 mL a l i q u o t  of absorber  s o l u t i o n  i n  t h e  b o t t l e  l a b e l g d  B001. 

~ m b i e n t  a i r  can be 'sampled by t h e  SAMFK ( s e e  F igu re  3 )  a t  r a t e s  
of 1 - 2 L per  minute.. The c o l l e c t i n g  of SbH3 and AsH3 is by a  
s i m i l a r  ope ra t ion  except  t h a t  t h e  b a t t e r y  cap  is not  used and a i r  is 
admit ted d i r e c t l y  a t  t he  k i t  i n l e t  p o r t .  



Figure 2. StibinelArsi ne Monitori ng Field Ki t  (SAMFKI. 



Figure 3. Ambient Air and Battery Charge Gas 
I Sampling Modes of the  SAMFK 
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For on-site determination of antimony in the absorber solution, 
an aliquot of the solution is treated with H3PO3 and H2SO4. The 
absorbance of the resulting solution is determined at 425 nm with 
the hand held spectrophotometer. ?recalibration curves are used for 
converting the observed absorbance values into ppmv of SbH3. The 
arsenic content of the absorber solution is measured by an AAS 
procedure at an Analytical Chemistry Laboratory. 

Two experiments were performed to assess the reliability of the 
mini-20 spectrophotometer for field measurements. In the first 
experiment, the absorbances of three absorber solutions containing 
known amounts of antimony were measured with the mini-20. The 
calibration curve was used to redetermine the antimony contents of 
the three solutions. The known and calculated values are shown in 
Table 2. In the second experiment ten solutions (total antimony of 
7.6 to 18.6 pg/ml) were analyzed by both the mini-20 and a laboratory 
Cary-16 spectrophotometer. The ratio of the two determinations was 
.953 + .047, with one set of measurements responsible for about 90% 
of the error. 

Table 2. Antimony Content of Three Known Solutions 

Antimony Content, fig/& 

Determined using 
Sample . . mini-20 . % '. 

Number Known Value Spectrophotometer Difference 

CONTROLLING EMISSIONS: USE OF HYDROGEN-OXYGEN RECOMBINATION DEVICE 

Design features for Hydrogen-Oxygen Recombination Devices 
(HORD), for use in conjunction with load leveling lead-acid cells, 
have been developed by VARTA A.G. under a subcontract with ANL. 
Further, a 435 W HORD (see Figure 4) has been fabricated and tested.. 
Functionally the HORD can recombine stoichiometric 82-02 with. 
about 97% efficiency while scavenging the charge gas -of muEh of the 
SbH3 and AsH3 content. The activated charcoal cartridge, the 
scavenging component of'the HORD has been tested for its efficiency 
in removing SbH3 and' AsH3 from battery of f-gases. 



Principle ot 435 W- Recombination Device 

Figure 4. 



ON-GOING TESTS FOR ELECTRIC VEHICLE DEMONSTRATION PROGRAM OF THE 
DEPARTMENT OF ENERGY 

The SAMFK developed at ANL is being used for collecting SbH3 
and AsH3 from EV battery-off gases and from ambient-air during the 
charging of lead-acid batteries. Analytical procedures detailed 
previously2 will be used for determination of antimony and arsenic 
in the absorber solut'ion. 

The experiments12, currently urider way, are designed to 
estimate the driver and maintenance personnel exposures to be 
expected from batteries used in electric vehicles. Data for in- 
vehi'cle, in-garage , and on-the road conditions are being collected. 
The information is expected to assure the continued safe use of 
1,ead-acid bat terieo in c'leetric vehicles. 
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