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l"D·I1Y l c::,d objec ts ]wve he avily oorroded surfaoes ykdell eont~d.n '(;1]f) oesign, 
·~vel1 tJ-!O'J.r;.h H:e mfl~1S of' the objec t i s met a llio l ead. If these ' . .'c: re: e~. C!d:'i . caJ.ly 
reouoecl. cl t tJ-:c normal current of 2-5 amps 1'er so.unre dc:c:i.meb:e of surf",.C:C 9Y":,, 
t l'lC' .Jesj. ,~:: ',ioula b e r :"r :oved. As oorrosion is of t en still prooeedin.c-; , ,::000. 
storc':!;e rnlc~itjJ)ns ··:ril1 no t benefit the Ol)jects :c" t;l'~ o;J.l1se of tr·e oorrosi on 
is [!.~.3: (;~;'.dJ in t~'l" le i-5.d , there fore, some e.ction r!~ust 1]C' t[J.(o3n -:0 JY \:;v~ l-ri; j~(),il')lete 

3js';.nte n : ccion . : :r. Or £,;an I in .~·l eoc!,t Advanoes in Con::;crv::,t:i. on , (:. (;',crib6s t}~e 1: !0 t!~ od 
of c8·~;~ ! ()D.ic YC(::.'.'ctio!1 I,.J.; 8. l o,\,{ current of 100 m lVo.mL

• '~';1is 5 1. OW l' ecl \lCtion 
resu l ts i on t> ·;-:: fOl·Ii'I[;"l.tion (j.C i:"l. compact mi.l.ss of lead ii1 ·.-,18.oe of' ·t."e : .::;~:·1 (~:,·;:-.1 , ~·et[jj .. n 
ins t~1e .J.csir-:n . 'f]';c G~Jrrent i s t oo low to produce visible hyJ.ro r"c n !)u;)bles rl 11r ill" 
rec1ilction ':,~1 :i.C : ' , wGi.lla py ':vent t}',e lead r emaining i n si tu. 'Ihis r educed l ead is 
v er.:.' !)OTOUS on(':;' m:.\y n eed i !H!)l' e::.n a tion, b ut can safely be handl ed. :~'he c: lectl'olyte 
used ;::~;.S 5;:' aqueous sOClium hydroxide 'fii th a Dl a tiniz ed titanium c.n ode. 'i'innec1 
copper \"'~::Lre ,:/as used to [;,t ·:·:c.ch t 1'lc object to the cat!locLe , ay:c: foc.U'11 rubi')er i;~ ... a.S 
sllJ)~)or t'::;(i '~"C fra ,;:!.le objeot. Af t er three Clays b ubb l es of hydro :~en \ :e1'e 
observe('i , ind iC1d;j. :1C r OQnG tion ' ,{:3.S com·;:;lete. 

Du:e to ',.'Ork on the c onsolidative .r c,duction of sj. lver and n ormal :'eduction 
of L: uc1, vb.1"i ollS different fac tors in the method have been tried. At ~:; r ,~se~1't 

',:0,3 <0:.1"(: Jc:cy i nt; to finu the best variations am1 if any should be '31.i,~dna-teu. 'l'he 
!:r o~.l'~) s of obJ::;ots were c)s near as possible the same in archaeolo ;).oal mu Jce.riG,l, 
h u t tl"!'3 "'.:e.:-iE' ... ti ons Cc~ 'be considerable . 

In Illost cases the time for r educ tion vrM diff icul t ~~o '-;uc1ge 8.~o 0.11 '~:le 

ob:jeots ]18.c':. c1eposits of soil on t ::e surfa ce pre ventin ;:-: th·.:" visib l e evoluti on 
of :lydl'o::,'en s.t ':he enc], of t he prooess. 1'he Imf ourrent d. i d no':: a l v;ays r elllov e 
·~:~ C soil, some chanical c l e aIl i ng had to b e us ed . ';';11en no 00:C1'08 ion rO "!::. j.ned , 
or ;)'.lIJbles 2 id. C'·l ~: ', e.'.;r , 1'e ClLlction 1':8.8 consiaered . to IJe finis'~ec . ]<'oarr. s,-p:norts 
... ·iere l1.0t u:Jeu. . 

!.i:h e fi]:.~t 6;).·jec·~:j '\':Cl" e set l.11:1 i n - .~r. Or[[),n ' s ",{-lay . r:,at:L;1i ~ecJ. t:i-t~·!.:l i l.l:r. or 
i::'on HY~ 0l~':'S sl",c' ,'(:-'l: l '- · '~ {': · ... l ~ -!"i n": on tlit' Ylj r fl -Pr o r,) ti 'l'~ ol; ~ 1 ... C't l~" !II1 i"c' J.: J~(J t:: ~.J~C lr ()c~ c 

~'~ .. :. r .,.L" "" "'-';""'-_·' .. · ::~. J·,·:: ... · ~. {.l · '~ :" .' .':.:; .. l_ •• : .. , .. ·.~ .. u;,· .. .L. . .. .., _ , ~ " ' •• , .' . .. - '.' l."' " " ~ , 
_ .... ~ .·v": M i' _. ' f:l1G. iron . '~~h is Y~'::I. ':': t L~ SC'.:;';e '\;j-~cn i :rcn 'v/:b:' (=: or J;in.!l(:t3. 

(:(j . ~"?,\ r '"j. l""C ',: !:':'. ~: l1:J!..!d . .:':.2 1 ()'~·:' ·; ( r \ ~'e.y of' s U·Pl.~ort in~~ th'3 o:JjecJ~ :lS to use J. e::,.(~ st :c:~~"' s 

i ~ ·~ : ~·l JCt::i (:, of ".,~~}~r~ <:'") ;·:c ..!~ -:;: ,':J c -c·~t ~jO(-:8 oO ~lnect : on. ;?}/ is J. :·:cil :·; l E. t'2 :J O:-: tll . ~ ... ~( ~,:: o":)~~ (: cJ.: 

jl"". l('·n Y;~.i!'::~ . I..~ l- f~ . JJ~ d. le2.G LlnOo.e iD us ecl yrit:l 8n:l nf t}~ ~ E' ~~ -;.irf!s ·V·:f.:' o":)je~t is 
Gcv(:ye· (0:: j.~l -'.\1; ~ 1.8 } ~e r S .; :;: n::l ·~lie O:10r.le Y·Jbe r e e):-;.,o s co. to 
c' " ·_·~ ,. ; ... rin ,-· ~Jcch(~(~. . ·_'-i >. ~ ~;: : '~I cth , I e.:;;,s Gorro(J.ccl. 81"' ,:; ~ .. S, 

" it ', ')8:i'n:fC nJ(::. ·.lGtion i n <~.1 1 'ic'r~.a'tjons . 

\, 
. ,. " ,~:~'~~ C~:l~.l:~e~ .. :3~::~ 1J,r! w:~.>~ ,1 ~3.D C[j.~f1~c1e~~ i;1r tl';c 8odiul,1 hydro~,~j_ae ::'.-1,. C:. ll·l·er:t 
.. l·· .!,J.J.I, l:....>;J Il 'h ,) ~ /l... } - .'JUO .. 1i.Vc..~d1 1Jc:..O. Et Vt.r :y q d.:. CL_ t:~(onsfe::~en ce of 1e £:.o. :Cr ctn -'':;~ ' ! C; 
E'.nO(~ (:: to 'c~'e C: V'-~>Ol-;, ,~ . "'- ~ ~ ' ,~::.; r l o..t:i n r " onto {he ol) t~je ct , Cl.· ·:,·>en n e; o'; ':';er 1(::: (' .. j.:.~ 

.. \r \ .- · ~ .. ·~·L1 ·c J.: . J.; :i . l~ ,· . . ;'~' \\: 'l , :~ . ::: C-~.l'l:i.(lt ~ S J. ~,r not L1c~:ii::.[JJle . ~) c- l'· ;'.(~ '"'r::,c ~ ' :G~:': or ii ':"~ '·' .. I .M_' ~. 

1 1 ~ . ~ '(~. 

. .. 
" 

:1" 1'1 ·r)!'·-::· v~j 0'...18 {~:: I·I ,:.:=--· : .'~ -; t.n ·d; ~ ~ to i ve l ~·:(!.d ~·· l" e.' ': te('' "Jy nOrr:1E .. } e~ .,; Gti.ol~r·~C: ::.: ,.-':: 1.':, l" ~~:;ion 

8 . . ~ ~:C;t\·:u · :J iv .. :; l~.";·r(;r , ~i C~.~ :3uJ./;lrurio acid V/Cl.S u sec1 ~s t~: ·~ '2: :~.ec..:J~ r ()l:/ te . : I:r~ ~n r(': (~~.J : ~:; L~ 
'~' llc O~ 'J:h'ct ,f~ ~ H.~ (1 ~ .J (\ (~n 1 ·,(' -: ~ ~;:.: J1 io al1.v cleDl1ez1, ,tJ'~en r eT'l['.celi in t~" ~e tc.nk to l·(.!: ~: ove 

t:.~T"- , ·. : c<'!· i.:;.~::: ~. iL ·~ :i (,l'J ::" ."." /' : "" l~J.in·'" , t} 1'::: - (lurrent l'0v:':'r ~ ,:,d for' ~, '-it'cc.·:l ':;.:' :: () ·::i.-, .:: c .. ] ::. : .: j: 

of 1;; :-'1.c1 cL ?? .' : > ): ~/b12.'L.l '.> :i.s gave t]~e le o-cl a very l:'. :.'.r~ .. cnJ m lY , t,·.-i · .. Gl:e "" '!; ::~, J.E! ·1;<1 

sC:': '~C -c1o!>J.e. i ~~'~lj_ ;3 .,:, :_'_;~: J.;r:i.6 Ll e4.::: tl'!c r e 1'J 8.d been tl. l ~: r l~c ·.~)·::l' G-: .: r~.J..;: : ., .. : :e Cif l' ,:ccrrosicn ill :.: .... 

;); .. \. -L;'::: 1 o~.' De ,'·,J.D . " ~ !'J t J: ():.it·:l e ~ ')':: ~.J n ov~:been irs.c au 'co -G, - c f: ·~;ol'n .~·:e (;Onl~:!.tj.0!Uj . 1 ~ 

~~. i. , ):~: 8()~. our ~ . .!I L:. Ll l: :ci31~ iu :ccve:cs in g t he ourr,enrb r~has (1 0!u~'(Jll Ufi 'le: j~t~ tuJ:"n ·c ~.\ 'Cl l C! 
'J):('-:V~iCJl1;; ;;!(::tho'.': :·. c' ;·, : ; f't c:r- i.: :c ,~~. ·t;; ·!)ent. " ~~le u.cicl ·:o.""{lC D.f:j CC::.l(:i :.~. :r· ,-"" 'i ~ L1 J.t ~:;-j ' ~':" : ,~:J.;. C . .: . :i.Et.:~ , 
so :; .. ~ -\:'.3 t.l j ell. fp::: .J(ln ;. oJ:.i..l. ~·_ t.l.ve re ~~u~Jtion . ".'h !:-! '..l~C r; :C' : .... J c: ,~:. (J r;n \J(~:.r~ :~ .. ," } ;·,:-,:,!.l; 
:.:. J':::: ' :~.1J .: 1 .~~ :(: ~:·.;~i (:t ·;~ VC' .;;: ;': ~-,c;:; j~ results . :.:.'hc use of o t!'l(; l' ::: ; ;.~,lj;:'.i. :: .. } .:j C ;~'~ 'J ,'.' . i r:~ J 0 

~ )J. ~ , ·~j . i! Ol l '~(j t >',:: c1' ., 'I~ \; l...:t. '::,~. ~ · ur:C::; !. G () i s ex :.~ ... ctly t:-1C S :::-:I:\lj :'~.f. ··It.:f( 1' ,'· 
'. .. _ .. ., , -

' L. i \..1, ':: i"l !j ~:.~, pLI...' ~.; tih;:': '~'. Lt: l~ h .. ~·/ ~ )(: ~i .c(~' i : I~ ,.: '.'[ ": lC~1 ; .. 2 l:·, ~.:.':d .l~} ·~ ,:::r (: i:':i ~l O C-:i(,!."t i· :1 e1' ' 
~. ': t: ,-, C ~l •. l . '1 ':(; } ' .. ,(·l f .i .: .~:-·:cj. :Jls D.o not ;i l r. t e Oi'1 tO t:jlJ ':.'~J~>.;,~-t . ·:~i "'; l ·.-: · 

. . . 
c: (~.r :!.. 0 '~~.:" (~ _:Y e ," .. ::5 i}~:' 

I . ~ f" . ' .. · 9 ~") (l s::,.-c , .::.': ~'. 
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up [?et 30, liDO, ~:OO an ,.l 300 mA/om 
2 

showed ' the time of r eduction t o c1ecre:0.se 
as t h(~ c ur re:'.l t :l.n cr '"~~.8(!Cl . Su l ])hate a ppe 3red at 30 mA, in v f: ry corr od ed 8.1' 13,;.3 e t 
100 mA. 20 0 mA ;~ave c ompl e te satisfa ction. At 300 mA the r e we re tiny '!.ltiib b1es 
of hyQro ,~ e!l on t h:J surf8.oe b .ut th e results were good. :Sut as any b ubble s Bre 
to b::: 8voided as e f fe ctin[.: t he le ad r eplacing in situ a cm-rent d ensi t y of 100-
200 mA seems to be t ho ide a l. :~3 ecause of the adverse effeots of t 11C 1'lr on'·; current 
se OI:lYat e c ont ~\.iners ~,r ':J l' ·':commencl ed f or eaoh object. At this 10";: cu r rent D. s ;')X' i c"s 
of slave units c an be r un off the n c,rrnal me.in unit. 

From the success 02 tr e<~tinL fr a[).le silver ma ny 1eud o"oje cts h<:\.Vi·; been 
s uoc essf\l :;'ly.re ci. 1.(cec1 m. :Lll.:: p C,!I;tly rectified current, an a::1 ount of 11.C \:;;:lp inr:, (;.CD O:3 it 
of 1 ,"2.6 . '.l'be j; i t'.~[j t :',~ :eJ; :',,; l Ol1' .: er ;,.,.no. t he r e sults a r c Hie S[: ! ' ~e as f'ul 1:,r ,: .:.;(;'~if'i '~d 

<"':i..Il-~~ '~nt , so t};,,e n o~-:·.~:;,.}. :r.X~ (:11rl" :;:'1 "t is cB.s i e r, a.s most 1 ,~: bor:..:.t cl-:~_ e!3 r • . l r ':· '':'L1,lr > ~;\, C 

... :i.s.+ 

I n s ome of' 'c} l O t r ial 'oieces we a ttempted to find out as IT. uc:h a s wc cou ld 
:ili out th om b orerc 8111) ;:.:t'·~e r t r estn:ent. Photography r e corded t h0 s ur i'c-'. c e 2.Fl ~:" n~.I' C e . 

X-:c ays S l lO· .... " d corros to!l '!r~, s pr ,~:sent, l) ut not much more. Ana l .;-s is s hov:ed t)- )e 
cm:rosion t o be b LSic l ·~ ~' ,1. c ~J:'1) om1 t e . Also the cOi;'!'}J osi t ion of the 1.Jad t o l:,·ve 
t r a cc e ler:1cn-Gs of' s ilvcj:, cop;)cr, i r on cnd tin. In a f eYi the t i n Yi[ S as l ~ i ;:), 2.S 

5::~ . S (J eO i f iO .';r D.vit::.- ; .:··~D8urcments in toluene s}-JOwed c orros i on b e ';\ .e on 7 :c"ld ?(i;"~ of 
Jcb e O~) ,-;f;c t. Af t 'o::r t r ;~; tt'~e nt the \·.;6ig lts, alibowins for the i mpllr i t ie s, shc)\':ecl. 
r (;L~.uc.: t ion to 1){~ over S~9."·.: . ('ne seal ear l-od.ed to beinc use] es s 'i .'[.!8 tr ~::;) ~ ; 0(;. , .l:...h-:-' ,\"1 ~. 
:sect :i.r·n I:: ',"::c fer r!l :i. ,~,~cs :'.:(ip ic m:amin «tion showed t he flle t [,llic oore ',:i t:: t> o l' ·:>~. ~lG~;Li. J.,.:l&.d j , 

r[~tl ·, .:: r ;'orous, ~)u t fuJl':.' :.::::: Jucec. . 

2'olJ o'·::i n C; b.J.\cc}.i .'c; ~' :;(J u cti ()n Hw lp- ad is Yfas 1., ed in chan,fl'es of 1':/ 500 su}")":uric 
ac icl unt il ~ } .:; p? c~' .le}) -.: c.c jc1 remains unchon .:~ed in th\~ pr :2scnc e of t~~e l~~e.d jor 30 
!:Ii nu t es , t}'l c: n c i ;;,.iJ.[Il"ly in c. ~.st j .. 1J.ed. V/D.ter until thE: pH of the ' ~tr':'D t cr' r e~·:-\:~ . irl;J u ; ·lcbaJlr~eo.. 

f or t b e: S elliW i.J'J rioo.. 1 ..... 'vc::y s li l,;ht acid environme nt is :~refer ab le to 8n 9.1;(&.li~lC . 

Aft 2r ',;1'1oy o\.1 [-;l'l clry:;.n~;, J.;he s ur'f a ce of the :l ead is bri,?;htene d .~ .:cl1tly ,{Hr. a :' :J ;~s s 

!JYil, t1e \-; yu s b;: Et.nd ilnpr o.7 1.?/CO cl ':d tb lwt par e.ffin or rnicrocry s t;".lline Y;SY.. j~ s 

a lr eurl;r lI,e'lt i one J tj~,; u~]e of lilE: c hE.n i cal c1e anin!;3 , the,1 r cpl b.cing i n the L ;n]:L i_ .. S 

~J·e-c i<· s· ·l (i ·L:'P8 d . '_'~: c: u~)~ "=: c .lc~: i: l'c' :' ~ '~ ~ c1 i n F.~ci c.1. [· .. r e often t:.ar l.re r t lH.1.n t >ofJ e :'n (J.;~e .. J. i , 
ana. if v ery P0i'.'u c: "-"y u(;rYu&ion t he leaii c:m b e too por~)Us 'co G.:iloVl u:u ch Jrus :_in i, :, :Jut 
t ce other f 2.c J,;or 8 , I think , make slight a.arkening acceptable. Some coins co ",t eu 
i n 'eL', r 13Sfin io';.::..x h':'lv e tJ.," l1·: :·cned s o V{t:: 2..re exper irfl.e nting wi t h l aqu e r s , ~r c ,9.1 e n e a ncl 
Inor:l;I.l ea . -,!:. 1 8 .. :..1.1,F';1' ,,,,:y '(lOt ;)C E, ui t 2.b le for cons oJ. iQ a tive r educ tion. :30 fru- the 
laq.ltcr (: (: O~)~(; ct ::J s .~:e ;: : ·Cc. ~C! ~, ";~~ying ·~!.'::e ~Dlne colour. ~be obj ec ts C).8ne ,~.n 8, l! ~ [:.l ii 

6.0 not c:"J,::...l ;').; c c2.CU2:. C'"..:;~(;o t s ~~ r eat e (~ 'i}ith s e ',l UeS .Jc er ii!S ~:J.~ .. :e n ts , EDTh. ~t":'12 ~ ~ .!c ::;j: c l, 

e.lso r etr-·j.ll th(; :iJ~ c olour. ':r~e p l E:J.cC:id c o -;ns i n th,-!s ~J ~:i.ft :-: r rea. U ~.~t j.on but ti"! :1.s c.:i.d 
nc..,-t; ;:2-.ve E'':-l~/ :)e t ~;": l- [;'~: l \~: fr~ .. :G ·t t ~ } illl ~I: le.ss l:r\"lshin~: . If ll sin ~.; ':'::;::- ::ie t .-) ):" Ori.ov e ::c'l' l- (j:.: i,:n1 
Jc l-,,". ~T,' v i~ ry 8f f:::,:.;tivc: , ~) 1..l'C do e t ch the l ead. As t hey '.'!ork qu i a], ly the:: [:,1 ',oulrl 
De ve r.:l 8 : :',J:cful1~/ -\ '.; ~·;.tc ~~c- c] .• 

.. ,'lS . ~r. C l-L~:':'rJ. :::.;t ~~·~ \.:: (~L I":O;.!S cJ. i tI2. tive r eduction S e eiriS S 01..H1G. it th~".: ccrt[~in 

v8.Yi~ .. ti ()ns : .. X i: not ~l ::;Ccl. . '.::'l1c n ex t step is to try hydro::;e n H~C.luct ion, ,, :h i d ) -';:lC 

",' ,c"",Y " !-l L " I)or""+'ll 'V i '" ., -{. "T,""ent doin r; 'fh i s h a,S its (~n r'e rs Cl,-, (' » o ':'~'" r'«'~>rJ(~" 

:,~~ ~~~:C"c;L~~~';l~~~~J :,~;~ >r~ ~i~~~~ tionj" of '- t he Ob ject', t;;; equi~);~en t ~~aj'lc~·:;J. ~": 

r;l)I:.:: .:. r jJiOn fJ :: .il v ... l'ious ·c·,,: c!".: 't l i t:Lues of DOJ: 1'l!3..} cor'l' os ~ , (;n r eri,:ov a l shov! v(~r .: :' s :L~·d.J.i.: :.r 
:ci~ ~.; d l.!~3 , c~f "t c~ 'J :~_,~~ ~·l.i}~ :;.t ,,,rou J_(~ cl.cj')e nG. on the objec t a:ltJ. t~q ui '!?rn en i: nV::l~ 1 E!]) 2.c • So fe r 
t;-, O S{~ tr if:('. 8r u eJ.,;ct l' oJ..y"trlo n"Quc t ion v:ith a l kaline [:n Ct "'. Gid e l ec '.;r oJ.:y t (' s , :\1'on , s s, 
~:.nC::. J ut ,,: t jn fl.n o(l. ~'~ ,s , :inn - ' ''' :' ~c1:i.'~ n f~e resin, BDS~A EI.ne] Dc terol. 'S.H. C ~<Le ,y ~ s r: ~ et:!oc3. ':':J 'lQ 

z inc :, Y~ 1 nul(':::; ':, i~:'l s{)z:',iUt ,\ i' l~ : ·C:. l'(c,.i o.e h2.ve b e en pr oved satisfa c tor JT by otlle r 
GO!1Ser V['.tors . C ~·.~ l.(~·.;n. ] }~; L: no effec t aft er- s everal 6. ;:.·\ys. 

? 
+ added after l ectur e ;:- r artly rectified curr ent using S;·: NaOE at 100 T.'iV l:Un-

cave quick ,eduuti on (on(~ uo.y) but completely . reduc~d the very oor-roc1ed ar e E'c~ at 
2-5 amv s/drr.- i ns Jcemi. of :.: i vint:; consolidative redu o tion r e:';u1 t s. 

~ !Cor acid cn l y tlt,~! s';cc,nc1 prooe ss is followed 

\']lOse i n :.;Dr::'A very ::; :Llver y , whicl'l some like, h e nce the n ex t senh.' ll ce . 

2une , 190 ... ' 


