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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. 
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Srcond Record. Further definite evidence that  Ethi~iro- 
do11 ocrurs in the Csribbealr c:;nre in 1937. The cl~rious 
behavior of a great  shark in the harbor of St. Marc, 
Haiti, :;round the steamer Colomhza of the Colombian 
Rtearnship ('onrp:~ny, was noted i ~ r  :L 1iewsp:rper clipping 
sent me. A letter to  the office of the cornpalip brought 
:an ;rnswer from Pres. C. EI. C. Pe:lrmall, who a t  the time 
was on tlir stearner in the harbor of St. Marc. His 
description of this great fish pos i t i~elp  identifieci it :IS 

Hhineudo~~,and this was \el  ified by his inspection of ;I 

photogr:;ph in 111) offic.e. 
Mr. Pearsall c*srefullj described the unusual bchirrior 

of this greatest of the slra~ks. It "hung around" the 
s t e a n ~ e ~  under strongwhile she wa8 loadi~rg bananas a 
.-le.c2tric. light. A riomher of shots were fired at the un 
~;clconrt~visitor, but they g1:rncd h n r n ~ l e s s l ~froall his 
body :irnroi of denticle c*overed 4-inch skin. 0ne.e Rhinr- 
odon canu, up urrder the eon~panionway, raised its 11c~ad 
arrd dislodged the pkttforn~ :it the bottom of tlrt. ladder. 
The shark was about 25 feet long and when it bnrnpect 
into the side of the sliip, the impact W:LS notierat~le. An 
;tceount of this fish and i t s  helra\ior appealed in 1939. 

'I'hzrd Hecord. And now cornes alrother authentic :tc 
cwunt of a nlrale shark in the C1aribbe:~rr. Mr. Arlo 
Kalsheim, second officer of the tanker Mnralhon of Oslo, 
Norway, 11:~s kindly ~ e n t  nle a letter, via the 17. S. I l ~ d r o  
graphic. Offic.e, Washington, D. C., giving the foIlowi~1g 
data. 'I'lre Marathon, on 8 1);tssage fronr Iiisboll, I 'OI~II  
gnl, to I'uerto I,:( Crue, TTencxanela, h:td arrircid on 
January  14, 1949, and aric.hored in that  harbor in thc 
ufternwn. 'I'he officers were on the bridge :I M :riting 
orders froni shore, when tho c.:tpt:ti~i called attention to 
;t huge flhark swimming near the vessc.1. Mr. R;rlsheinr 
writes that  i t  was a t ~ n t  30 feet long and was s~\irnlning 
tow:ird the qh~p. HP hitd seen my :trticle :111~1 tigrirc 
published in the Iiydrogrspl~ir  Hulletin in 1934 and a t  
once ~ecog~rized the visitor as  a whale s h i ~ ~ k .  He w ~ o t c  
that  it was covered with vpots over i ts  whole I)ody, a s  
the published figure showed, ant1 tie estirriated the width 
of the hnge lrrouth a t  4 feet. The great s h ~ r k  swan1 
ahout the ship until dark, feeding on swarms of small 
fish tmd on other organisms ;rt the surf:icae. Yone of thc 
ship's conlpany had ever seen ;I shark of this size, shape, 
and color. l t  &aye4 on the shady side of C-he ship and 
henee it was irnpoflsible to take a photograph. 

'l'his behavior nf the third Caribkwari whale s11:trk par  
allels that  of the seczond specimen notcad in thest, w;iters 
and of the two others which were reported by hearsap 
tha t  could not Ix, vc~ified. l'lris third Rlrineodo~r had no 
fear of the ship or tlre crew, who, to a nran, were 1l:inging 
over the rail keelily intwested. This behavior is  typicdal 
of the whale shark. Stxcure in its armor of 4-inch thick 
hide of tough fibers, the :~dult  can he harmed by nothing 
tha t  swims the was. I t  has rlo eat~mies but m:rir, arid his 
harpoons and bullets will not penetrate, its skin save when 
tilis is  relaxed and shots a le  on the pc~rpendieular-at :Ln 
angle they glance off harlnlessly. Man's surest w:rp of 
killing this nluggish monster is  by ramnlirig it with a 
steamship-and n ronsiderat~le numher of such cases 
have been reported 117 the prewnt writer (1940). 

'rl~one intrrc.sted in the, h;~bits and heha, lor of Rhlneo- 
don typ?~.s will find all a\~ailal)le material presented in 
Iny article, "The Whale Sh;trk TTnafr:rid," ~~u t ) l i sh t~d  
1941. 

I?. W. G U I ) ( ~ B K  
An~cr~conMuxeurrt of Aaturctl I-l~dtorg 
9 r t u  170rk City 

Some Current Misconceptions of N. L. Sadi 
Carnot's Memoir and Cycle 

Kecerlt authoritative text.8 state erroneously that  1';lrlrot 
(1824) : ( a )  e~pployed the discredited subst,antive o r  yo-
c:;tjIed c:rloric: theory of heat,, (11) (lisc,overed the scconti 
1:tw without apprc!ciating the iilat. law, and (c) jnco~.-
reetly pictured the dtnnctyt of .,heat (chute de calor;iqar,) 
tlrmugh an  -to .the,-,flow of cnghre .as i ~ . i r ~ l t ) g o ~ ~ ~  xv:~ttlr 
through a mill. 

l'hcscx rriisconaeptions 11:1\*c! arisen frorn improper inl:>r 
pret;~tions of C;rrnot7s t c ~ r r n ~  f ' e  (flarrie), chalri1,r (heat r ; 
:#rid ('uLori([ue (transI:~tc~d :LS " c ; ~ l o r i ~ "  but shoulcl lie' 
i~lterpreted today : ~ sent.ropy following RrZnsted). 

('1ape:gron ( 1834) n~isundcrst,ood (hrnot  :tnd i r i t rod~~ct+~l  
~~~~nc+cessa rynristakev whielr ( h r ~ i o t  had been careful to 
;lvoid. (CAI,T,ENDAR,Tf. [ I .  "TTc~ilt" ill Rncycl. I;',i/., 
1911, et scq . ) .  ('lapeyro~l's inist,:lke still dominates t11c. 
1itcr:tture a century later. 

Iielvin (1849-51) itrtc,rprc.trd tlre three tcrnrs inelis-
v,rin~in:itclp as  heat criticizedz~rrd ~ n ~ j ~ ~ s t l y  Carliot's 
proof. ( ! la~~sius  ac.clrl:~ilrtecl with the ~rrcr~roit. (1850) cv:ln 

ortly tliroogh the work of C'1:tpeyron and Kelvin. O:,t-
wald (1892, Klassr'krr No. 3 7 )  renrarked that  C:irnot 
i~sod chu.te de calo+iqrle, consisterrtlp when emph:tsizing 
Clte niotire power of 11c,:1t, hut chaleur for genertil kori- 
$ideration, never chit l r  c/c c.ltcr.lc.c~r. 

Xrlhlsted (1937-47, I'ltil. Mag., 1940, 7, 29: 699), 11:1s 
tieveloped a, new self-conrristt:nt ;trrd syi~ltnetrical uyste~l~ 
of e~rergeties in which the reversihle transport of : I I I ~  

exterrrrive quantity (entropy, mass, electric: charge, etc3.) 
through a corresponding eulrjugate difference in pot,e~!-
tial (temperature, gr:~.vitatior~:~l or electric, etc.) is  nec3e.h- 
sary for the ~~roduct ion  of work. (JAAMEE, Foss  :IIIII 
f t ~ ~ s s ,Confere?rc.e on molec~nlnr iiiteraction, New >'ark 
Ac:ade~~~y Sciences, S. 1'. Ac:ad. Sci., '1949, 51,of Am. 
Art. 4). 

('arnot's cycle thus mpreseilts the cotrvernion of therlnal 
cnergy (TS)  into ~nrat~anicirlwork A by the fall of 
cntro11.v through :I poti~nti:rl difference (T,-T,) 

8 ~ l ~ t , ~ r , , , ~ a 1  TI )8s (T2-
Hr$nstetl's ititerpret:ition sirrrplifies the pl.euentation and 
renders nnnt.cessary t,he xcceptcxd compensatio~~thrc,r!-
of Clausius developed to  hwm~orrize Carnot's ide:ru (:L$ 
Clausius nnderstood t h ~ m )  with the first law. 

This eonm~unication is t):tsc3d on :t paper presonteii :it 
the J:cnuary 29 meeting of the American P11ysic:ti 
Society. A fuller :tcconnt rlocumenting the amcartions 
will t)e srihmittd to the Anlrrican Jo~l,,r?~crl of Plt!~.si(.s. 

Vrcms K.LA M 171: 
T)rpart?nent of Chcnlistry, 
f'ol trs~bin Unit>~r.\it:y 


