70/3515/01 1- NETAL RECCMERY UNNT. - -2- ThIS |nvent|on relates to a neta
‘recovery unit for the: recovery of nmetal s fron1so|utlon usi ng eIectronS|s
The invention s i ntended for use . in. ‘reldtion to recovery of .

silver from photographic - solutions ‘obtained after devel opnent of.” :
photogr aphi c film ‘but’ it wll. be. appreC|ated that other netals nmay be0/3515/01
" recovered fromother solutions -using this. invention. - However, - for -

~ease of description, the current invention will be ‘descr.i bed Wi th o
reference  to photographic solutions and nore paniLcuIarIy with reference -

to recovery of silver from fixer solutions. Fixer solution is used in the: -
phot ogr aphic process to renpve silver salts from photographic emulsion and ..
prevent(mﬂ*gwnng of the devel oped negative upon exposure to light. As a
resul t sxer solution rich in S|ngmLsgbt@vEgyobNamned as a wast.e -
‘product of the photographic process. Varfous metnc or recovering silver
fromfixer solution are known, but the preferred nethod is electrow nning,

a nethod which is clean, S|nple and easily nodi fied to contend with

differing silver concentrations. Silver recovery units relkying upon _

el ectrowi nning are generally of t hree types.. The first type is the

batch process unit, where fixer is stored.in a holding tank until a

"specified quantity is reached, whereupon. the fixer is transferred to

an electrolytic cell for treat nent ... Tr eat nent takes place, after *
~which the fixer is dlscharged fromthe unit. Treatnment in batch units .
general |y takes place with high current flow (2-8 anps) and with agitation .

of the fixer solution. The duration of treatnment is often pre-set. The

di sqdvant ages of this type of unlt i ncl ude the neceSS|ty of u3|ng punps to .
move the fixer solutlon from -~ _ '



holding tank to electrqolytic cell and.to discharge the electrolytic
cell. Due to the corrosive nature of +the fixer, frequent mal functions
of the punps occur, resulting in down ligre.and even |oss of fixer.
Secondly, in nost batch processors there is no provision for changes in
silver concentration in the fixer. » As a result, treatnment for the usual or
pre-set tine may not extract as nmuch silver as is DMV -3- possible, or
over-extraction may occur, leading to the precipitation of silver sulphite
whi ch apart from bei ng- odorous, also pollutes the pure silver already

col l ected. The s@&b38d invygntian réﬂlﬂgesi tasé metal caecovesys yniti rfoad
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| nst ead, eaflBykening of the developed negative upon exposure to light.

As a result, a fixer solution rich in silver salts is

obtained as a waste product of the photographic process.

Various methods for recovering silver from fixer solution

are kn_dwn,' but- thé preferred method is electrowinning, a

method which is clean, simple and éasily modified to contend

with differing silver concentrations.

Silver recovery units relying upon electrowinning are

\ generally of three types. The first type is the batch

process unit, where fixer is stored in a holding tank until

a specifie'd quantity is reached, whereupon the fixer is

transferred to an electrolytic cell for treatment.

Treatment takes place, after which the fixzer is discharged

from the unit. Treatment in batch units generally takes

place with high current flow (2-8 amps) and with agitation

of the fixer solution. The duration of treatment is often

pre-set. The disadvantages of this type of unit include the

necessity of usin_g pumps to move thé fizxer solution from

holding tank to electrolytic cell and to discharge the

electrolytic cell. Due to the corrosive nature of the

fixer, frequent malfunctions of the pumps occur, resulting

in down time and even loss of fixer. Secohdly, in most

batch processors there is no provision for changes in silver

concentration in the fixer. As a result, treatment for the

usual or pre-set time may not extract as much silver as is
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plug flow wunits relied upon the principle ‘that fixer solution _

arriving fromthe inlet is rich in S|Iver and therefore denser than fixer Vv

whi ch has had the silver partially3or totally renoved, to provide

mass transfer within the unit. 1t was believed that upon arrival in an
fresh fixer, sank to the bottom.,of .t.he c rising as -
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CSTR will govern the residence time in the electrolytlc cell
so that either the fixer_leaving the CSTR will still contain
some silver or, if the electric current is high, all silver
will be removed, at the cost of overextraction which causes
silver sulphite to also precipitate, polluting the pure
silver. | | | o
The third type of silver recovery unit is called a
plug flow unit. These units are similar to CSTR's in that
fixer may be continuously fed into ther unit,"but no
agitation of the fixer solution is required. Instead, early ]
plug flow units relied ﬁpon' the principle that fixer W
solution arriving from the inlet is rich in silver and
~ therefore denser than fixer which has had the silver
partially or 'tptaliy removed, to prov1de mass transfer
within the unit. It was believed that upon arrival in an
electrolytic cell, fresh fixer sank to the bottom of the
cell, rising as silver was removed from the solution and it
was displaced by further silver rich solution. ~ Eventually,
the solutioh, stripped of silver, rose to the top of the
cell and was removed through an outlet
It has now been dzscovered that in practlce, the fixer
solution is normally warmed by the develep;ng process. As a
result the warm fixer does not necessarily sink directly to
the bottom of the cell, but can form a boundary layer at the
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When i nput drops, mass transfer within the unit falls, 20 favouring
formati on of silver sulphite. It has how been found that a silver recovery

unit, with no noving parts, can have inproved nass transfer
characteristics. A further advantage is that g snmall anode to cathode area
rat-i o can be used, while still producing 25 substantially even plating of
silver on cathodeop ®faener danmewmid:m slewiyveink®rad (8 eobisPanlli 480f@rther
nmetal recover unit conm rising a ‘%o ql?ner avi a _base gnd wal {-'i and
having an el ect r ST Lhgek; 18 S06d AhoVs, o Hiei cUREERECHPYRYELoB ephances

a downstream end anﬂqanakdaemsmd:ﬁ nm:aao phmndmnen et s caappiteach t idedbisedfplug
the container. ghhe, container is partitioned by at least one baffle

defi nlﬁg at. | east two chanbers withjn the container, each said baffle -
havi ng f1 ui d Somuni c RECHNSENR agiaticn olgl reauireds PIMeufilon ivnits use

el ect 561 yt & bet Wagidehae Ly Rull aPGrPEnEeVERAT SABL &ard%s r&rgéec@afxéa.s{aﬁade
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preferably seal ekqualaakl po€sibléttormobtain mﬁﬂﬁbﬂaﬁ&ar&adtmiéﬁrﬂbuthﬁn over
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from one verti cald%g'@blt% ta mdnigmise anade Sipﬂﬁsl te vertical edge of

t he_ghanber . AT &deaﬁez, prmbefn@ﬂ uh'i%% reeelveCal 86f€intdus £low rate
electrically connected in wi th each other cathgde, and each anode

is electrically d%?eé?’@du pEF’aPP§Pr®| gRod RASS: hEANsAgHcandhe aveidMead
provided in eRchspotEarifrin mitd bty cunpprattiice tuwewdn 4 eSort fiiious

metal, such as flow rate is rarely obtained due to fluctuations in the
amount of film being processed- from moment to moment or due
to total lack of input, for example overnight or on weekends.
When input drops, mass transfer within the unit falls,
20 favouring formation of silver sulphite.

It has now been found that a silver recovery unit, with
o no moving ©parts, can have improved mass transfer
et characteristics. A further advantage is that a small anode
to cathode area ratio can be used, while still producing

25 substantially even plating of silver on cathode.

In accordance with the invention there is provided a
metal recover unit comprising a container having a base and
walls and having an electrolyte inlet at an upstream end and
an electrolyte outlet at a downstream end. The inlet and the

30 outlet are set above the base of the container. The
container is partitioned by at least one baffle defining at
least two chambers within the container, each said baffle
having fluid com_'nunication means therein to allow fluid
communication of an electrolyte between the upstream and

35 downstream sides of the baffle. On each baffle said fluid
communication means is. located at a position below the level

. of the electrolyte outlet, the baffle otherwise being-



stainless steel, and are preferably-in the form of* sol i'd rectangul ar
plates of suitable dinmensions _ extend di agonal ly across the
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to each other cathode in a parallel electical circuit. Each of the said
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rectangular plates of - suitable dimensions to extend’
diagonally across the chambers in which they are placed.
Each cathode may be removably connected to each other
cathode in a parallel electical circuit. '

Each of the said anodes are preferably substantially
smaller than the cathode and situated one on either side of
the cathode. Most preferably the anodes are 1located
adjacent the remaining vertica-l'?edges of the chamber. The
anodes are preferably comprised” of a grid or mesh rather
than a solid plate to increase the surface area of the anode
relative to its volume, and are preferably composed of a
corrosion resistant material. The preferred composition is
titanium coated with platinum. The anodes may be set
parallel to the cathode or alternétively_at- an angle to the
cathode. _ '

Although it 1is preferred to wire the cathodes and
anodes in parallel, in applications where there is a high
flow of electrolyte, this may result in less than maximum
fecovery of silver. Under these circumstances the .cathodes
and anodes respectively may be wired in series to allow
greater control of the current and improve silver extraction.

The container of the: invention may be composed of any
non—conducting, .corrosion resistant material such as glass
or suitable piastics. Preferably, '_the container walls are
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prevent accidental contanitnation of the el ectrol yt'é solution in the
container. The  baffle nmay be f'or_mag from any sui tabl e

non- conducti ng, corrosion resistance ubstance, such as glass. or

plastic, and is -preferably placed to divide the container into

beSE ant i ?' h!lél 1?85%' pa?tiﬁ?ly ﬁ‘?ﬂb@é&ret& efes al}iMoﬁ h%rbadee?:dt%tat to
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communication means may comprise a number of small apertures
but is preferably a single aperture passing through the
baffle, and is preferably located adjacent to the edge of
the baffle which is sealed to the base of the container.
Most preferabiy the fluid communication means is
horizontally offset to one side of the baffle and . the
electrolyte inlet and electrolyte -outlet are horizbntal_ly
~ offset in the opposite direction. This configuration of

-inlet, f£luid communication means and outlet, maximizes
conj:act-between the. cathode and fixer solution. Where the
K/ inlet, outlet and fluid communication means are offset as

described, it is preferred to arrange the anodes and
cathodes in each chamber so that the anodes are placed
adjacent to the vertical edges nearest to the inlet, outlet
and fluid communication means. ' _

~ In one embodiment of the invention, two or more
containers are linked, so that the outlet of an. upstream
container leads to the inlet of an adjacent, -downstreatn'
container. The -connection from outlet to -inlet may be
direct, or may be via a pipe or tube. The outlet of each
container should be lower than the outlet of any preceding
upstream container, as this will ensure that the electrolyte
surface level in. each downstream container is 1lower than
that of the outlet of the adjacent upstream container,
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preventing conmuni cation of electrolyte between containéers in an upstream °
direction. In a particularly prefer 7ed enbodi nent, two containers are N
abutted so that they share a conmon ‘wall. The upst ream cont ai nerout | et

and downstream container inlet consists of at |east one aperture in the
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rate, as, further set out efll ow,. the inventio sho noi_rabe con |dered as
Jda icgp
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The prowided odr avihes sidwes c@lnmntraMMn cuveulyg prdfewr efor
enbodlgrgpigng g]ﬁ {:HY$nEHQQenE| G 1 shows a perspective view of a L

preferred e e I nvention havi ng,an upstream container _.and: a\_J
downst r eam cBﬂt Eﬁﬁer thg RerfrRanp RS Bhe &ﬁ868§lpéné§e§etplr€!1m§dshows an

expl odegl eaéanatrlouqfrﬁmaw nebrid i ¢ ¥6n s heitiel s tﬁbowmtdﬂe pRattiigp of the
anodes ang cat hodes within each cruvﬁnp rw | ati,ve t E aperat res and
'nlet, PRI GHE 1949601 nacopeERy mnd, v zpber witaush | KPe, gRactRe: T
corrparrlmﬂtsrate is in turn determined by the cond1t1on of the :
fixer which enters the unit. '
Whilst it is ©believed that the invention is an
improvement over the prior art due to its optimisation of
reactor geometry and flow rate, as further set out belqw;
the invention should not be considered as limited to any'
particular theory of operation.. Normally, the £fluid is
heated by the film processor to about 38°C and the warm
fixer forms a boundary layer at the surface of the 'fixer, :
spreading throughout the chamber and moving through the \.J
chamber to the f1luid communication means. ' E
The attached drawings make clear particularly

preferred embodiments of the invention.

FIG. 1 shows a perspective view of a preferred
embodiment of the invention having an upstream container and
a downstream container, with the cathodes and anodes removed.

FIG. 2 shows an exploded perspective drawing of two
chambers showing the position of the anodes and cathodes
within each chamber, relative to the apertures and inlet,
along with the flow path of electrolyte- “through the
compartments. D

FIG. 3 shows the flow pattern of electrolyte through a
preferred embodiment of the mventmn.
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FIG 3 shows the flow pattern of el ectrol yte through a preferred enbodi nent

of the invention. DMW -8- FIG 4'shows the boundary |layer formation
and the convection of the electrolyte W #hin i ndi vi dual boundary | ayers.
Fl ow characteristics will now be discussed with reference to a preferred

enbodi ment  Of e, LAveRhoRR ERESISMIMALS! 1ader CERYRRLIAN boa hg,
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having an angrdage 4 therein, sald aperture 4-acting as an outlet for the
upstream container_ 1 and an i nl et, fqQr the downstream contaj ner 2, each
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gradual ly flows down through the entire Cross.section of the
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S
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between upst ream 2 contal ners; however the
boundary | ayer cafheni operatdingrupdar smorpals hateadyn statecconddhions,

downstreamg@nbepeld (£fémperature to the recovery unit will be
approximately 38°C. When fluid enters the reactor through
inlet 10 at  this temperature, it -does not disperse, but
instead forms a boundary  1layer 9 upon' the surface (FIG.
3a). As this layer cools, it gradually flows down through
the entire cross-section of the chamber, remaining parallel
to the fluid surface and travelling towards' the aperture 8a
between the first 5a and second 6a upstream chambers. 1In
the second upstream chamber 6a, the boundary condition is

b still: evident across the total cross section of that
chambér, indicating very 1little dispersion as the layer
\_ moves upward toward aperture 4 (FIG. 3b). The greatest

amount of mixing occurs upon passage through the barrier
aperature between the  upstream 1 and downstream 2
containers; however the boundary layer can still be clearly
distinguished even in the second downstream chamber 6b (FIG.
3c). '

Although the recovery unit has a telatively large
surface area, resulting in rapid cooling of the fixer which
reaches ambient temperature in the second upstream chamber,
density differences are sufficient at this stage to prevent
dispersion.

Convection currents within individual boundary layers
‘are caused by the removal of silver at the cathode,
resulting in a less dense solution. Normally, this less
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3c). Although the recovery unit has a relatlvely bar ge’ surface area,
resulting in rapid cooling of the fg xer which reaches anbi ent tenperature R
in the second upstream chanber, den5|ty differences are sufficient at this

stage to prevent dispersion. Convection currents within individual boundary

| ayergense @wﬁ%}y %Bﬁlﬁe"ifi\/s% Qfxr%hblﬁertﬁ’é U&ﬁtpqﬁ’ttlﬂ\@gﬁ rggel tigng in a

| ess dense oI utE Normal |y, l.ess DM\, - dense sqlution __

woul dPFF¥En ﬁ@o ‘Phé]%WpaFPnEW t’&ﬁ il8¥EFreveht éEPrf'?%"fn §OilN&1080 by t he
| ayerabbvearitesy sabnsequenbdye iit flowseopetwayds, i tawlalyonSromt \m@ds away

f h d | h th

cat nogaen68hy B MRRIEP | s 1TV FLLE | SBIAENARY 06 SRRRER L 1CC o
¢ i gh teer ecabhodent actThis idicgolakiom withime acaislmaele( sboundars) . E*Thl S
"ef f eCianPt ' Eﬂgﬁr@ée% A il dé@t??obf't b%%ta'?:%s ofc%ee@.olh(ho%m&'&'ﬂt

t enper at ur e, en5|t¥ er ences. recovery -unit of sh‘
i nventhencathoss A(5¢8 BAGef norr?&l%tﬁﬁﬁ?CEt&’P@té&%stl%mn afitex ymt
has bnen soludiba rhagvecodPedo bet vty &bt t kdifpdrature) vaud r aw

sol ut g onpared with observed recovery rates of 92. B%for
bat ch 5%‘% ?g?%?fegge%%for CSTR-type units, both - of which requure

hi ghey opewaenngtheeurecnvgrYanm::techﬁnrtm agvemmm bs Operatiag
sol utjRfer normal S dad: f%hﬁi:aﬁéVaééﬁ&ft% ghe tg&e”&ﬁﬂ? irad h%‘een! ' “'Q./

evi dence _of hite romation 1S se ve 0 ‘'the--.- novenent
of tﬁ%“n'BOLﬁﬂJIaFﬁml"&fer‘éP tRr RRSeeme 96 ERHAPS % p?%vﬁaﬂ-ﬁﬁrslﬁ% but
cont i sgbugioagit arhds may ded dumpared wiEh' 6BskeVed Teicoverys rtdtasrssfer LS

 Snouet 9 o bt bR 0Ll 4ol S PR I L S
both of which require higher operating currents and *
mechanical agitation of the fixer solution. =~ -

A further advantage of the invention is that “1ittle _
evidence of sulphite formation is observed due to t_lie—---E
movement of t'_h'e'- boundary layers _thr.ough" the chambers,
providing slight, but continuous agitation to all” partS-of
the reactor. This mass transfer is. enough to inhibit the
formation of si_lvér_ sulphite without mechanical agitation._'

Although the anodes and cathode of the invention are
of unequal size, the unique geometry of the current
invention allows for an even deposit by smoothing current

- distribution over the entire surface of the cathode. This v
substantially prevents the uneven accumulation of -~ silver ’

_ experienced where there is higher current density in some

areas than others, which is normally experienced when using

relatively small anodes c'oinpa:ed to.cathodes. <Consequently,
small anodes may be used with the current inventien,

minimising on the cost of anode construction. R
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Qt"unequal size, the . unique geonetry of the | |
all ows for. an even deposit by snoot hing rrent di stgm' NUHIWW“INe
entire surface of the cathode. This substantially | S MMeven

accunul ation of -silver experienced where there is higher current density

'n-some. ar opfe! EARTAS" BEFTNINGe S VERRITON RKRCASCTRARONRSN USI NG
- relative y, small anodes_

may be used with the current invention, mnimsing on the cost of anode

Ic:%r_lito\r/\gct ilon. DIW\AA merltallQecovB'ﬁr %ﬂ%c@ﬁﬁk%bﬁgTHEtdcw x}]él\l ABEiAté) a
o1 a covery unit conprisi,ng a .contajner having a bas
and wall s, _Bﬂﬁear?r;at e%#gﬁ Yt @nﬁnlaé‘t elec Ws*ﬁ?e’éhf%mda. __aanbapgﬁr%am en

el ectggol yt'candt laat electriolytér eavletd, ataial dovrstreasm emd,et sabéi nign ket

abovéythe ' f , Lner, said coptai ner. beifg. par b, y &afs
I easfw%,ne',- 5%?51 g’“cf?%ﬁ’h?ﬁgi% g&gsta%%rri& ng%be%‘}segﬁéf gﬂgo&}w’g‘t& %ggl%ljcj,’ha 1edr
wi t hi n-t he ¢ontainer, bedmod paxiiitionedbyigats |leagt eneubpEblpodefiguing
thgrgi n t? &h! §%gédmcoemkgb§?t !-ﬁﬁldOfa a'&o@izg&%ﬁe@hﬁ’t-Ehbgbé@emirim%#gs&{@am
and downstream chanbers, sai ui.d conmyni catj_on jreans bei.ng .l.,0ocated at a
posi tion be?BﬂF?HEeFeveFaég tF@féﬂébt&ﬂghﬂg(Mﬁ#%ﬁfeéﬁ@ﬁ”ﬂiﬁ%&%°qunﬁ?ﬂfs
therein at theséianetanoddland dlaidat kedmunicatiohhe afet an r edectyolyie
oficlaim1l i east .t o] i n [N | ri t : 4 he
el égt rol yt eﬂgg{lﬁsp gﬁh%h%f?psstt&e)aa% ré%‘% aﬁéé?gﬁgeé{gn%déﬁef% t ﬁéeafé ectro c§/t e
inlet of a dommunicatkioontmeéans, belingoulocated tate apRasddmagonbealaer the ng
at a_hi gherjglbgyel et g H}W 4 Btf ol feflOVaaERCBRRABBYANAVI NP {HEEeide

|l exel of electrolyte in wnstream contajner is below the outlet of the
upstream cofkatf@st gne anede and gne cathpds. unit of claim 2 wherein
t he upstream, cont aheecrmetel t hecdowmgt naris cobt alwim shamhexein at least

two containers are linked in series so that the electrolyte
outlet. of an upstream container is connected to the
electrolyte inlet of a downstream container, the outlet of
the upstream container being at a h'igher level than the
outlet of the downstream container so that the level of
electrolyte in the downstream container is below the outlet
of the upstream container. o

3. The metal recovery unit of c¢laim 2 wherein the

b upstream container and the downstream container share a
common wall and the outlet of the upstream container and the
-\_/' - inlet of the downstream container comprise at least one

aperture in the common wall, said aperture forming a weir
which allows fluid communication only from the upstream
container to the downstream container.

4. The metal recovery unit of any one of the preceding
claims, wherein each chamber contains one cathode and two
anodes.

5. The metal recovery unit of claim 4 wherein the cathcde
comprises a plate set in a plane running between two
diagonally opposite vertical edges of each chamber, and the
anodes are arrayed on opposite sides of the plate from each
other.

6. ‘The metal recovery unit of either one of claims 4 or
5, wherein the anodes are situated adjacent diagonally
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common wall and the outlet of the upstream contai ner and the inlet of th'é.
downst r eam cont ai ner conpri se at gllt one amll“mmu“”mn mon wal | s
said aperture formng a weir WhICh ows fl onlyfromthe
upstream contai ner to the downstream cont ai ner. 4. net al recovery

unit o e vy prm L ein each chanber cont.ai ns: one
cat hodépggél%v%ov%ngé%l f [Fﬁse l?%aqfn recovery unit of claim4 wher ei n

the caffhode Fheprmeksl arpraveryetunit 206 any ranmi 0§ Ededmsn 4 i o agonal | y
0PPOS! ihe¥@il Glcr® WiReDls ° 3ifh IE¥ i an Ak té?s&é‘?éi?éd aEgeRsdgyed on

opposite sides of the_plate fromeach other. 6. he netal recovery unit
of eit®Ber ondhs ’B?EFHB rgcovery WHEI"-El P héanch& af“etéiec REEEIHAicent

4! agonadllamdal\ANvfaheﬁems letaefwetleétnaheedges e(l\f?hdﬂtddafl&iibﬁt:onﬁgcted'rhﬁ; FFt al -
Necover t ,of anpy, one of c erej anqde 4 s snra 7
than t R&T, &831 at‘eﬁ at r?&&é‘ gnghggﬁg‘logle rets erggﬁﬂlt a&o 2‘*5/ .
t he preded:trrgctalldmmonnwtadq m'a(ﬁam]th)’deulsh et ach rotthet yamuimect ed im
parallgl —wph g, rﬁ&erfa %@&a%%&%ll@nogﬁ ﬁ?r@iﬁﬁéféf@l ly

connected II’l ara edch ot her _ano recovery UITII

subst amrauwlﬁ%r@mm whtki Eﬁfﬁi"?}lcﬁeé?@rl%mﬂ W‘?h ofefEiewEesSto ! any
one of yfiggumes 1 to 3. 0031U DMW .
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