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&<,a, .' $$ Summary-A new chemical process for recovering silver metal from waste silver chloride residues 
is described. The silver chloride is digested in an oxidizing mixture before complexation with ammonia. 
High-purity free silver metal is precipitated from solution by the addition of ascorbic acid as the 
reducing agent. 
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@ analytical laboratories routinely discard con- 
garMe quantities of silver chloride, a practice that 
&ysteful and possibly environmentally hazardous 
*ous methods have been reported for the recov- 
$$silver metal from but most suffer from 
Foumber of disadvantages. The primary variation in 
&process is in the type of reductant used. This 
& reports the *use of ascorbic acid as the reducing 

EXPERIMENTAL 

&lwr chloride waste (from Mohr titrations and iontami- 
mpd with meat by-products) was obtained from a local 
-proc#sing plant. 
:';k silver chloride suspension (0.5 litre) was radified 
&b 1-2 ml of conantrated hydrochloric acid and 50 ml 
ll-trated nitric acid and digested at 100' with gentle 

until the residue appeared white and the supema- 
kif hquid was light green. Saturated potassium permanp- 
Dtc solution was added to the boiling mixture until a 
kMva colour persisted for about one minute. Heating was 
rosCinud until the brown colour dissipated. After cooling 
hrrupematant liquid was decanted and the silver chloride 
1 filtered OK on Whatman No. 541 paper on a Buchner 
hael 
The silver chloride was transferred to a beaker and 

h ! d  while '28-300/, ammonia solution was added until 
kolution was complete. Then 0.94M ascorbic acid was 
ddtd until no more silver was formed. 
Tbt silver was allowed to settle and the ammoniacal 

%ion was decanted and saved for reuse. The silver was 
*ai OK on Whatman No. 41 paper in a 30-cm Buchner 
h e 1  and washed with three 0.5-litre portions of deminer- 

Tbe silver was allowed to dry in air for 48 hr on the 
h r  paper before being transferred to an alundum crucible 
hkd with a borax flux. The crucible was placed in a 
nvffk at 1200'. When melting was complete (within 30 
la). the metal w i i i  poured into a ?-litre heaker of ice- 
.It=. The yield was 50.5 g of silver metal in the form 
fsmP1l beads. 

ThC efficiency of this method was determined by process- 
n8a known quant i ty  of silver chloride: 18.39 g required 
90 ml of 28-30",, ammonia solution for dissolurion. and 

of 0.94.M uscorhic acid for complete precipitation. 
moun t  of srivcr recorered after rcfining uas I ?  7 y 

water. 
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DISCL'SSION 0 ,  

The redox potential of ascorbic acid is pH-depen- 
dent and ranges from +0.127 V at  pH 4 to +0.34 
V at  a pH of 7. and may be greater at higher pH. 
Ascorbic acid is capable of reducing silver ions at 
any pH from 4 to 7 or  higher since the standard 
reduction potential for the silver ion is +0.8 V. The 
reaction is found to  be fast and quantitative. 

Other chemicals often used'.'.' in the recovery of 
silver were found to have numerous disadvantages. 
Sodium sulphide, used for the initial separation of 
silver. forms insoluble silver sulphide. This process 
can be dangerous in acidic medium and additional 
steps in the recovery procedure are required 

Reduction with zinc. steel wool or sodium boro- 
hydride is found difficult to control and the silver 
produced is often contaminated. Hydroquinone pro- 
duces silver particles less than about 8 pm in size. 
which causes problems in filtration because of clog- 
ging. Hydrolyzed sugar solutions8 d o  not seem very 
effective. 

With pure silver solutions akorbic acid gives silver 
particles larger than 8 pm. but typical silver chloride 
wastes are frequently contaminated with chromate in- 
dicator. fats. proteins. or other organic materials. 
These impurities lead to the formation of a much 
smaller particle size and must be removed. The silver 
chromate can be converted into the chloride by the 
addition of hydrochloric acid and the organic mater- 
ials wet-oxidized with nitric acid and potassium per- 
manganate. 

co~cLLsIos 

-The advantages offered by this method arc simpli- 
city and its use of inexpensive reagents and q u i p -  
ment. The product is pure and recovery is quantita- 
tive with .III effluents being biodegradable. The pro- 
cess is  applicable to any sptem yielding silver chlor- 
ide or bromide. o r  to silver cyanide clcctroplating 
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solutions. The usual procedure for plating solutions 
involves the precipitation of silver chloride by the 
addition of sodium hypochlorite5 followed by as 
many as six additional steps. With the ascorbic acid 
procedure, only three steps may be needed. 

Silver may also be reclaimed from out-of-date films 
and photographic papers after complexing with 
ammonia. thereby avoiding a pyrolysis step. Silver 
can also be recoverd from photographic bleaches 
and fixers, but the amount of ammonia required 
makes this uneconomical since the silver concen- 
tration in these solutions is very low. 

The process which has been panted a United 
States Patent9 can also be used for gold. palladium 
and mercury. Platinum should also be recoverable. 
but a successful procedure has yet to be worked out. 

Care must be exercised when working with solu- 
tions of silver and ammonia because of potential for- 
mation of the highly explosive "fulminating silver". 
(Ag,N or AgH2N)Io if they are allowed to dry out 
or remain standing for long periods of time. However. 
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AN NOTATIONS 

with reasonable care and immediate precipitdti,,, 
with ascorbic acid. no hazard should exist. 

.Ickno*lrdgrt,tc,nr --Sincrre gratitude is extended 
Thomas Thielen Tor providing the financial support newr.  
ary to patent the process. * 
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. _  ' A  Summary-TH 
I- the theoreticai - (error <0.02 11 

Scveral approximatia 
br calculation of p H  
ppers in this series; 
theoreticaw exact e q  
formulae ober a wide 
sociation constants, iu 
th approximation t% 
within f0.02 pH unii 
U hydrogen-ion concu 
%th pure solutions o) 

Yonoprotic acids 

For a monoprotic 
K,, and analytical com 
@a 

c, =: 

md charge balance gii 

[H'] =: 

h a c  equations give 

In the case of a su 
guation ( 1 )  is ipnorea 
quation (2)  gites 

[H']' - (I 
which leads to 

In the case or weall 


