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Comments and 
Communications 

The Electrochemical Restoration of Badly 
Corroded Silver-Copper Alloy Objects 

'l'hc a ~ ~ c i e n t  ant1 thc, 1)t~oples that  followetl Egypti:tns 
\\-ere well acquainted wit11 tho h:~rdooing effect of copl~cr 
UIIOII silver (sterling silver c.ollt:iins from 7.5% to 10% 
~.opl)er). Accordingly, i t  is not uncaomnron to coino L I ~ O I I  

so-called "silver articles" during explorations and ex-
c:rvation~ of 1ristorie:ll xitcsn irl Egypt or othcr coii~itries 
1)ordering on the Medii.err:~no:~n St!:). 

The objects we invcstig:~tc~divc.rc Pol~nd iu gr:rvcxs or 
f~uripd in the soils of Egypt, (:rcece, and el~ewl~rrc.. 
The ohjccts when foru~d prrsc:ntod the appcnr:ince of' 
I):~illy corrodrd hro~~zc'  oh,jrctx with no indic:rtion tl1:lt 
they were silver alloys. Acacordingly, the ohjccts wtArt> 
c.l:tssifircl :IS copper-ti11 " l ) ro~~zc."  They hacl the U N I I : I ~  

green-gray crust of rorroxioll products co,n~prising the 
I):lsicr c,arbonxtes of eoppcr, rrt;~l:rchit,e, :~ntl azuritc, to- 
get,her with a snhstrueture of red eupriti.: Tntimately 
n~ixcd with thew copper c.ornl)onntl~ w:ts :L 1)orous m:lss 
of c1:1y or sand. 

.\ccordingly, wc trrr:~ted thc objecto 1.y our st:~nd:lrd 
111ct11od fo r  bronzes, rnziking the objects cathode ill :I 

2% solution of sodiun~ l~ydrosidt,. I t  w:rs not until thv 
c.o~)p(~r' conipoiin(1s had t)c:c.~l r.ctl11c.cr1 to met211 t h : ~  t wt* 
u ~ e t  with the first inciic:ttio~~ 111:lt silver waN present ill 
this or that  object. This si1vc.r w;~s in the nretallic st:rtc, 
and located 11nderne:lth t,hr rctc111ced copper. On t h ~  
tjasis of the r e s to ra t io~~  rrsults of :I number of copper-
silver objects we ha.ve e11o1ig11 c~vic1c~nc2eto indic:~tc: th:it 

the silver copper alloys wn.c, selectively corrod(d, copper 

going into solution in tho :ici(i or salt soll~tions found in 

soils. As long any i~~t~tirl l ic~ was prescant this 
as  coppcr 
wor~ld protect the silver 1)y callsing i t  to hecwrnc catl~ociic. 
Accordingly, we find the silver rneti~l imbedded in :I 

111;rss of copper colnpo~lnds. 
'Pl~e corrosion of s i l vc~  does not take pla.ce until all of 

the accessible neighboring copper h i ~ s  been oxidized. 
Corrosion proceeds r:~di:llly frorn the original aurfaccl, 
: ~ n d  a t  a' certa.in (1ist:lnce away fronr the origin211 pha11- 
torn surface the silver is precipita.ted, fornring n strut-
turo t,hat is frail  but tha t  reveals, son~ewhat m:tgnificd, 
the details o f  design of the original object. After the 
r:opper n~etnl  has hec.11 climinatetl t,he silver is :rtt:rckeil 
11)- soil acids or soil salts in solution in the moisture in 
tlre soil: the reduction of the several silrer c;ompounds, 
r~otahly the chloride :rnci the blwck oxide, proceeds with- 
out much difficulty. ;',.., . 

111 a number of ca.ses we have ok)serv4d t,ha.t the silver 
coin was 1a.rger in total volume than ihe original coin. 
The same 01)servation applies to otller silver ob,jecta. 
It \\.oold seem, therefor?, that ill the corrosion of :I 

~ i lv t~r-co~) j )er  are n nuintrer of nlorc or ltssscoil1 there 
distinct steps or stages: 

1. The :~ttack of t l ~ c  coppcr con~t i tuent  by the eorroci- 
ing liqniil in the soil. 

3. 'I'hc inigratior~ of thc copper e,omponnds, such n.s 
cl~loritlesant1 su1f:ltes into t11c porous or veined loam:- 
soil. Event,iially these coppcr eompo~~nds  migrate until 
they reach the air and arc t,tren converted into hasic 
salts s11c11 as nr:ilxchite. 

3. '1'11~ dis~olution of the c.opper constituent of thc 
coin or other "hard silver" crhject continues through 
nlany years until only the silver remains. 

4. 1)11ring this procrw of copper iliasolution, the silver 
constituent is clectrochc~r~ic:~llyprotected as lotig as 
~~rt:talliccopper is present. 

5. As soon as the copper is all corroded its ~)rotcctive 
:letion on ~ i l v e r  stops, and the corroding agents :rttack 
the silver. 

6. Silver salts migrate through the soil and p t~s s  coppcr 
salts until they encounter organic plant and anim:~l 
1n:~tter. T h i ~  m:rttcr has a strong reducing action on 
thc ailrcr salts and after considerable time has elapsed, 
n son~ewhat enlarged pure ~ i l v c r  replica. of the origi~ral 
"hard silver" object is  formed. 

7. '1'11e~c~ veplic:ts arc, isol:~tetl ilnrii~g the process of 

restoration. The reduet~ion of silver eornpounds to  silver 

lnetal may not take place ill the soil' but i t  will take 

place during the electrolytic. 1)rocess of restoration. 


Co1u.rttbi.a lJ?lirtersity, 
Arc'20 Ynrk C i t y  

A Third Record of the Whale Shark, Rhineqdon 
Typus, in the Caribbean Sea 

Jn 193.5, 1 published a11 artiele on the geoglaphical 
tlist~ihution of the whalc shark in which all known speci 
nlcns were located. Because of i ts  occurrence in the au l f  
of Mexico, off Havana, Cuba, in the Florida Keys, ant1 
off the East Coast of Florida, I had long felt  sure that  
Rl~incodon must he found in the C:~rihbean Sea. I n  1926 
:tnd in 1934, second and third-hand reports came in  tha t  
:I grr:it 8ha1k (thought to  be Rhineodon) had been acc~i 
off' l ' iinidad in the Gulf of Paria, and tha t  another had 
k1ec.n rcpts:~tcdly oljservcd off S:in ,JU:III Harbor, I'lierto 
Rico. Every effort was made to get definite data for 
c:~cl~shsik, hut in the end those fish had to  bc put i1ow11 
:is unverified possibilities of whale sharks. 

7i'i'rrst R<cAord. TZetter fortune came later. 0 1 r  A p r ~ l  
26, 1934, the N r a  York Hcrald-Tribune ~ecorcleii a great  
shark r;r~nrneci and killed by the Grace liner Sunln I,?rclrr, 
on the run from Criatohal (Colon, Ca11a1 Zone) to Cal t :~  
gcXn:a, Colonrbia. Correspondence with the Grace Line) 
officials resulted in a visit to  tny office by CXief Officer 
A. E. Hicahards, who gave an  exact description of thc 
great fish. Here, then, was the first definite record of 
the occilrlence of the whale shark in the Caribbean. This 
ot)he~\.iltionI pnblished in 1937. 


