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N O T IC E S

Disclaimers

The findings in this report are not to be construed as an
official Department of the Army position , unless so desig-
nated by other authorized documents.

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government
indorsement or approval of commercial products or serv ices
referenced herein.

Disposition

Destroy this report when it is no longer needed. Do not
return it. to the originator.

4



____________________ — - -~~~~ -- r  ~~~~~~ — ~~~~~~~~~~~~~~~~~~~ — —

SECURITY CLASSIFICATION OF THIS PAG E (Wh at 13.1. Ent.?.d)

1%f~# I  ILl ~~kI~r & ~ READ INSTRUCTIONSi~~ rui~ . ~~~~~~~~~~~~~~~~~~~~~~~~~ BEFO RE CO~~PLE TNG FOR M
~~~~~~~~ I. REPORT_NUMBER 2 GOVT ACCESSION NO 3. RECIPIENT~S CATALOG NUMBER

H (~~~~~~LI
-~ 4~~TITLE (aid Subtitle) )_—TYP E OF REPORT a PERIOD COVERED

/ ~~, Application of Silver Recovery to the €• I 
- 

~~~~~~~~~~ ES-38 hobile Photographic Processing Laboratory. Intern - 

USER 

7. AUTHOR(.) S. CONTRACT OR GRANT NuuBEa(.)

5 p;~~~y~j  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJ ECT . TASK
AREA & W ORK UNIT HUMSERS

US Army Electronics Cceinand \ ~ATTN : DRSEL.CT-0 PIP l-73-Q7-.439
Fort Noruiouth, NJ 07703 ____________________________

It .  CONTROLLING OFFI CE NAME AND ADDRESS __________ ,— -  - t
~~~wr’~~ 

- T ~~
US Army Electronics Coimiand ,

~ ,/~ 7 (/ /  V ci~t ~ 7~JATTh: DRSEI~-CT— 0 / 
~ 7 ~ 

j ‘~. . ..- 13~~NU MB E R OF PAGES

Fort Nonmouth, NJ 07703 20
14 - MONITORING AGENCY NAME & ADDRESS(I( d if f e r  ControUSn4 Office) IS. SECURITY CLASS. (of fbi. report)

Unclassified
ISa. DECLASSIFICAT ION/DOWNGRADING

SCHEDULE

IS. DIST RIBUTION STATEMENT (of tAt . Report)

Aiproved for public release; distribution unlimited .

17. OIST~~IBUTI ON STATEMENT (of the ab,fiocl entofod ffi Block 20. Sf diff . r en t  f rom Repo r t)

IS. SUPPLEMENTARY NOTES

IS. KEY WORDS (Continu. rrnr .. .Id. if n.c...ay aid Identity by block niaib.r)

Photographic; Silver Recovery; Pollution Abatement; Mobile Photographic
Processing

ABSTRA CT (Conlhiu. at r.va’.. .id. if  nec.e.ay aid identi ty by block m b.r)

:iis report deals with the evaluation of silver recovery methods for use in
the Mobile Photographic Processing Laboratory ES-38. Work done to date on
silver recovery within the Arn~r ’ s other mobile photo processing laboratory,
the ES-82, is sun~iarized in a memorandum entitled~ IIES..82 Mobile Photographic
Processing Laboratory Silver Recovery Method Evaluation, ” ‘20 June 19Th. The
retrofit of Arn~’ mobile photo labs with silver recovery devioes is being
funded under Product Imp~ .~~ment Program 1-73-07-139.

DO ~~~~~~ 1473 EO~T IOM OF I NOV 15 1$ OBSOLETE uMc— A~ssIFrED 
~~~~~~~ e7 ~~~ C)

• SECURITY CLUSIPICATION OF TN S PAGE (Whiat Date SnI.v.~~

L k _ _ _ _ _ _ _ _ _ _ _



______________________ 
_____________________________________________________ - 1uuI~~

- 
TAEJE OF CONTENTS

Page

1. INTRODUCTION 1
a. ES-38B Processing 1

b. Product Improvement Program No. 1-73—07-139 1

a. Silver Recovery from Fixing Baths 2

2. PROJECT PLANNING 3
3. RESULTS 14

a. Hypo Regeneration

b. Carryout

a. Sulfiding 8

d. Recovery Capability 9

li. ANALYSIS OF RFSULTS ‘ 10

-
• a. Alternatives 10

b. Recovery from Combined Solutions 10

c. Hypo Savings 
-~~ ~~~. 

~~~~~~~~~~~~~~~~~~~~~~ / U

d. Cost Analysis  12

e. Recovery Method Comparison • • 

• 
• 

1)4

f. Economics of Silver Recovery 16

i~. CONCLUSIONS 
~~~~~~~ 16

6. A(~(!~)WLEDG~1ENT \~~-~ ~~~~~~~~~
‘ ~ 17

TABLES

I Recovery Methods Cost Comparison 1)4

= II ES-38 Silver Recovery Cash Flow 16

1.

~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~rn-~~~~~~~~~~ -~~~~~~ - • - ~~~~~ -_ _ _



T’~~~- -
~~ - ~~~~~~~ ~~~~~~~~~~~~~

FlGURES

Page

1. Outside View of the ES-38B Mobile Processing Laboratory 18
2 • Inside View of the ES-38B Mobile Processing Laboratory 19
3. View of the EH-29B ?rocessor 20

I



______ -m -~~~~~ r ~~~~~~~~~~~ - 
- - -

1. INTRODUCflON

a. ES-38B Processing

~~~~ The ES.-38B is a transportable, self-contaifled photographic darkroom
• used for processing black and white aerial fi]in.~~Deve1oping, fixing, washing ,

and drying of exposed film 1nd paper are accomplished by each of the two
EH-29B processing machines. These processors handle 7thr, 5 Inch or 9-1/2• inch films and 9-3/8 inch pi~~t paper; film is processed at between 1-1/2
and 7 feet/minute and pap~~-4s processed at 7 feet/minute. (See Figures 1
and 2 for outsi~e.~and—i~fi~jde view respectively of the ES-38B Mobile Process.-.
ing Laboratory. See Figure 3 for a view of the EH-29B Processor.)

~~ Each EH-29B processor consists of a processing machine, EH-118B, and
a temperature control unit, FH-6B. The EH.L~8B is comprised of four tanks,
5 gallon developing, 5 gallon fixing, 5 gallon hypo clearing and 8 gallon
wash water , a drying compartment, pumps for agitation and circulation,
solution temperature control devices, and a variable speed flirt and paper

• transport mechanism. ~~The F}i.-6B temperature control unit houses a refrige~ation and a heating *~~t~em and operates in conjunction with the processing
machine ’ $ heat exchanger.~~

Presently the replenishment schedule for rapid fix requires that 1
gallon of fixer be dumped after processing every 200 linear feet of 9-1/2
inch film or equivalent (158 square feet) and that the tank then be topped
up with fresh fixer. This procedure is followed until a total of 91i.8 squa~~feet of film (l2oo lInear feet of 9—1/2 inch film) has been processed, at
which t ime the entire tank is drained and refilled with freshly mixed East-.
m an  Kodak Rapid Fix. Similarly, the replenishment schedule requires 2 quar~~’of MI) No. 14 developer to be drained and then refilled every 158 square fee-I
with a total draining to occur every 9)48 square feet. The I~rpo clearing tan;.
and the wash ~rater tank are completely drained and then refilled every 316
square feet (1400 linear feet of 9-1/2 inch film). 3

b. Produ ct Imorovemexft Program No. 1-73-O7-]3~
• The objective of Produ ct Improvement 1-73-07—139 is to profi taL i y

.~einove silver from the fixing solution contained in the EH-29B processorsSilver is a valuable metal (present market price is approximately $14.00 p~

1 “Pho tographic Darkroom Group ES-38B and ES—38Bl,” TM— U—67)40_282_ 12, ~~ iof the Ar~ r, }~ DA , Washington , D. C., 22 May 1969.
2 “i’rocessing Machine Photographic Film and Paper , EH—29B,” TM— 11-67)4o..27d -Dept of the Army, F1~DA, Washington , D. C. , April 1969.
3 “Processing Instructions for Use with Processing Machine, Photographic Fl ~~‘and Paper , E H..2913,” TB— 11—67140-278—lo/]., Dept of the Arntjr, HQDA, Washington ,D. C., 18 August 1971. 
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troy ounce ) and recovery from sc~~~ material is required by DOD Directive.14The silver which is recovered from the used fixer solution will be furnished• to the DOD Silver Program Manager for refining and then future use as Govern..• ment Furnished Material.5
• 

In addition to being economically recoverable, the removal of silverprior to dumping silver bearing effluents into the environment is necessary• because silver in the ionic form, as found in photographic fixing baths, is• toxic to both aquatic life and to the bacteria of waste treatment facilities.• It was the intent of the PIP to remove the silver and simultaneously rejuve-nate the fixing bath, thereby gaining the economics of less fixer usage andat the same time reducing the quantity of fixer dumped into the environment .This is also desirable in that the sulfite and thiosulfate found in the fixerare major eontrib~tors to the high oxygen demand of ES-38B effluent. (Awaste stream having a high o~ ’gen demand when dumped into a natural receivingwater r~~oves oxygen from that body and, thereby, robs aquatic life of thedissolved oxygen in the water which is needed for their survival).
The initial phase of the project called for the investigation andanalysis of currently available silver recovery equipment and techniques.This phase is to be followed by the purchase and testing of equipments andthe modification of silver recovery equipments and/or the internal shelterconfigurations.

c. Silver Recovery from Rixing Baths

Silver halide crystals are the light sensitive substances which aredispersed t)woughout the film ’s emulsion layer. When film is exposed tolight, It is believed that a latent image is formed by the nucleation of silverparticles in the areas exposed to the light . These nuclei serve as centersfor the production of metallic silver grains when the film is subsequentlydeveloped In a chemical reducing solution . Those areas which have not beenexposed do not have these nuclei and are essentially unaffected during devel-opment. When the developed flirt is Inrersed in a fixing bath, the undevelopedsilver halides are dissolved away by the action of the f i x e r  (atmnonl um thio..sulfate In the caso of the ES-38B); ~his undeveloped ionic silver remains in• the fixer Solution as a contaminant.

14 “Reclamation and Utilization of Silver from Scrap Materials,” DOD Directive1460.22, Dept of Defense, Washington, D.C., 23 August 1968.
S “Reclamation and Utilization of Silver from Scrap, ” BA Circular 755-]2 , Deptof the Ar~~, t1DA, Washington, D .C., 19 December 1968 .
6 H. J. Stiso, Jr., “Tactical Imagery Processing Laboratory (TIPL) : Prelim..m ary Considerations on Silver Recovery and Effluent PoUuti~~ Control,”Research and Development Technical Report ECOM..3141~5, ECOM, Pt . Honmouth, NJ,p. 1, August 1971.
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There are three readily available come roial methods of silver
recovery from photographic fixing baths • These are precipitation, metallic
replacement, and electrolysis . In addition to these methods, ion exchange
and reverse osmosis techiques have been developed; although technically
feasible, these methods are not economical at the present time • 7

• Precipitation methods include addition of sodium sulfide, sodIum by..
• drosulfite, calcium hydroxide, or some other chemical, agent which reacts with
• the silver or silver thiosulfate Ion to form a sludge which can be filtered,

dried, and then refined. 9s method requires the use of settling tanks and
often gives off toxic fumes.

In metallic replacement, fixer Is brought Into contact with a metal
surface such as steel, copper, or zinc which replaces the dissolved silver.
This method requires little space, no electrical connections, no settling,
and little operator attention. Availshle comnercial units utilize a steel
filler material, such as steel wool, contained in a plastic cartridge through
which spent fixer is fed.

In electrolysis a direct current Is passed through the fix bath; the
silver is plated out on the negatively charged cathode. This method allows
reuse of fixer and yields high purity silver.

2. PROJECT PIANN]]iG

The initial phase of the project was divided into two tasks to be accom-
plished simultaneously. Task one was to gain a total understanding of methods
of silver recovery and to be fainiltar with all conmierciafly available equip-
ment. Of the conunercial]y available methods for recovering silver from fixing
solutIons noted above , precipitation techniques were not considered In detail
because , in the case of the ES-38B, they offer no substantial cost saving over
the other two techniques and require more space and operator attention .
Metallic rep lacement and electrolysis were Investigated thorough ly.

Task two required working with the E~-29B processor and obtain informa.
tion and data necessary for the specification of a silver recovery unit .
The parameter s studied were :

a. Chemical characteristics of EH -29B exhausted fixer solutions
effecting silver recovery efficiency, such as, silver concent ration , sulfite
concentratIon and p H.

7 “Recovering Silver from Photographic Materials,” Kodak Pamphlet No. J-lO,
Easthian -Kodak Co., Roche ster , NY, p. 21, 1969.
8 N. L. Schreiber, “Pres ent Status of Silver Recovery in Notion Picture
Laboratories - A Tutorial Paper,” Journal Society of Notion Picture and
Television Engineers, Vol. 714, p. 5o6, June 1965.

3
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b. ~4,rk unit times, such as, mixing time, film loading time andprocessor draining time; this data was gathered to assure that silve r recoverywould not interfere with present mission performance capability.
c. E}L-29B processing characteristics, such as, dilution effectscaused by film carryout, f ixer clearing time, and p’.vi~ ing and agitation capa-bility.

d. ES-38B space availability.

The findings from these two tasks were to provide data for a trade-offanalysis yielding the best method for silver recovery in the ES-38B. Thisanalysis would also serve as the basis for the selection of commercial equip-ment for purchase and testing and for a preliminary design of the silverrecovery system ’s interface with the shelter and the processor.
Subsequent project phases would then be test and evaluation, TECOM test-ing, preparation of procurement data for NWO kits, the contract phase andretrof it.

3. RESULTS

a. I~ po Regeneration

If an electrolytic silver recovery unit is connected to the byporecjrculatj on pump in the EH-t,.8B processing machine, it is possible to pumpfixer solution out of the bottom of the tank into a silver recovery cell andthen through the processor ’s heat exchanger and back into the tank.
Such a system would still provide the needed circulation in the fix-ing tank and also provide continuous removal of silver. The silver concen-tration in the fix tank would be maintained at a low level and aznrnonjum thio-sulfate would be regenerated in the process.

It is also possible to regenerate hypo by the batch method. Thecontents of the fix tank would be pumped into an electrolytic silver recoveryunit and allowed the necessary time for desilvering and then drained backinto the processor. This approach offers no advantage over the recirculationsystem and in fact requires more space and is more time consuming.
Fixer life cannot be extended with the metallic replacement cartridçebecause the system substitutes a ferrous ion (Fe++) for two silver ions (Ag )and, thereby, contaminates the hypo solution. Efficient use of the cartridgerequires that the hypo solution flow slowly through the ferrous filler mate-rial allowing adequate t ime for the replacement of silver to occur . TheE}1..29B’s fixing tank can be drained in approximately 5 minutes; to drain thefixer through the cartridge at this rate would result in almost no silverrecovery. Therefore, in order to use a cartridge, it is necessary to drainthe exhausted fixer into a holding tank and then slowly feed the fixer out ofthe tank and through the cartridge. If a ~ gallon holding tank is used to

‘4
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feed fixer through an orifice and into the cartridge even at the most rapid
processing rate (7 feet/minute), the prescribed feed rate of 300 wi 1 ii liters !
minute9 can be maintained through the cartridge without an overflow condition
occurring and with no holdup in the processing resulting.

At the outset electrolytic silver recovery, utilizing a recirculating
system, appeared to be the best approach offering continuous silver recovery
with extension of hypo life. Testing to determine how much of a life in-
crease could be expected uncovered some problems with this approach, however.
The problem areas are: (a) carryout of chemicals on the film surfaces from
one tank to the next, (b) formation of silver sulfide, and (o) the need for
a high recovery capability when processing film at high speed.

First a control test was run with the processor in the normal config-
uration; this was followed by processing with an electrolytic unit connected
to the fixer tank in the recirculation mode. It was the intent to compare
these runs and measure the additional fixing capability obtained with contin-
uous electrolytic silver recovery.

The Air Force in a report prepared by Goodyear Aerospace1° stated that
a six fold increase in annonium thiosulfate life was obtained with the emp].oy-
ment of an Agrenta electrolytic silver recovery system. Kodakfl estimates
that approximately a 20 percent armonium thio sulfate life increase can be
expected when electrolytic silver recovery is used.

b. Carryout

The E} -29B processor was operated at 7 feet/minute in both the control
run and when processing with continuous silver recovery. This is the highest
processing speed recommended for processing, and was selected because it rep-
resented the maximum rate at which silver would be generated in the fixing
tank and the greatest rate at which solution would be carried out on the film
surface. Testing indicated that at 7 feet/minute film carryout of solution
was 0.2~ ounce per linear feet of film processed (based on 9-112 inch film) .
This represents a significant dilution and contamination to the fix tank by
carryout from the developing tank. With such a large amount of developer
being carried into the fixing tank and an amount of fixer similarii.y being

9 “Silver Recovery with the Kodak Chemical Recovery Cart ridge Type P and
Type 3,” Kodak Pamphlet No. J-9, Eastman-Kodak Co., Rochester, NY, p. U,
March 1972.
10 C. Tryt~us, J. McNasters, E. Cadiz, “Silver Recovery and Water Conservation
for WS)430B System,: Goodyear Aerospace Corp., Ariz. Div., p. ‘4, May 1973.

~~ “Recovering Silver from Photographic Materials,” Kodak Pamphlet No. J—10,
Eastman Kodak Co., Rochester, NY, p. 18, 1969.
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carried out into the hypo clearing tank, it was found that unless the rapid
fix was replenished, clearing time, even with silver recovery, was unsatis.-
factory after 200 linear feet of processing.

Discussions with the Photo Optics Tech Area of the CS~cTA Laboratory
and review of a report prepared b~ that group entitled “Photographic Formu-
lations for Machine Processing, ”1~ revealed that for good results processing
of film in the EH-29B at greater than ~ feet/minute was not recommended in
most cases. Processing speeds of 7 feet/minute for duplication film and
photographic printing paper are reconimended.l3 Although the Photo OpticsTechnical Report does not indicate why EH-29B fixthg at high processing speedsis inadequate , it has been reported that fixing inadequacies were due to the
short ixuersion time provided at higher than normal speeds. Data in thatreport is based on a replenishmerr~. schedule calling for ‘4 quarts of freshfixer to be added for every 200 feet of 9-1/2 inch film processed. Theseresults, therefore, were not useful in estimating whether hypo life extension
at lower film speeds was achievable.

In order to measure the carryout effect when processing film at lower
speeds, an additional 1200 feet of film were processed ; ‘400 feet were pro-cessed at 1-1/2 feet/minute, ‘400 feet were processed at 3 feet/minute, and
‘400 feet were processed at ‘4-1/2 feet/minute. :tri each of these cases the
carryout of developer was measured to be approximate:Iy the same as that
experienced when processing at 7 feet/minute, i.e., 0.2S ounce of developer
carried into the rapid fix tank per linear foot of 9-1/2 inch aerial film
processed. It is noted that accumulation was not found in any of the tanks
and, therefore, carryout was equivalent throughout the processor.

The effect of carryout when processing photographic print paper was
also studied. Twelve hundred linear feet of 9-3/8 inch photographic print
paper was processed at 7 feet/minute. Carryout averaged O.1’4 ounce of devel-
oper carried over per linear foot of 9-3/8 inch print paper processed.

The carryout of solution from the fixer tank causes a spin over of
silver which has been fixed out of the film or paper into the hypo clearing
tank (tank #3). This was not expected to be significant. It was initially
estimated that 5 percent ~ 2 percent of the undeveloped silver from the film
being processed would be carried into the hypo clearing and wash water tanks;
t~iis figure was based on the average silver concentration in the fixer tank
during processing and the solution carryout rate . Analysis of the test
samples, however , showed that when processing Plus-X Aerecon film at 7 feet!

~~ S. Hersh, D. Donaldson, J. Kaufman , R. Hemingway, T. Becker, “Photographic
Formulations for Machine Processing,” E~~N Technical Report No. 329’4, Photo
Optics Tech Area, CS&TA Laboratory, ECOM, Fort Monmouth, NJ, February 1970.
13 “Processing Instrmctions for Use with Processing Machine, Photographic
Film and Paper EH-29B,” TB.-1l—67LL0-278-10/1, Dept of the Anny }I~DA,Washington, D.C., August 1971.
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minute 50 percent of the recoverable silver was carried into the two other
pr~oessing tanks, approximately 30 percent of the undeveloped silver released
from the film ’s emulsion was found ~n tank 1/3 and about 20 percent in tank
#‘4. This information was quite disconcerting.

Apparently what is occurring at 7 feet/minute is a failure of the
thiosulfate to remove the unexposed silver from the emulsion while the fiiin
is in the fixing tank . Thiosulfate evidently enters the softened emulsion,
complexes with the unexposed silver forming Ag(S203) but , because the
residence time in the fixer tank is only about 30 seconds, the silver thio-
sulfate complex is not actually removed until the film passes into subsequent
tanks. A quantity of rapid fix equivalent to 0.25 ouflce per linear foot of
film proces sed contain s several times the quantity of thiosulfate required to
carryout all of the silver that was found in the 1~ypo clearing arid wash water
tanks (55 grams of silver found in tanks 3 and ‘4 afte r 200 feet of film pro-
cessing). This substantiat.es to some extent the hypothesis for silver trans..
fer stated above.

Extensive data on the quantity of silver which will be found in the
hypo clearing tank arid wash tank when processing at 1-1/2, 3 and ‘4-1/2 feet!
minute is not yet available; however, the data that is available does indi-
cate that even at slow processing speeds significant quantities of silver
come into solution in the hypo clearing and wash water tanks. If the above
hypothesis is correct, it is expected that as processing speed is decreased
arid, therefore, residence time in the rapid fix solution is increased, less
silver will be found in the hypo clearing and wash water tanks.

In the tests run with photographic paper processed at 7 feet/minute,
it was found that about 8 percent of the total silver which was fixed out of
the pap er was found in the hypo clearing tank and 1 percent in the wash water
tank. It is concluded that f ixing is much more effective when paper is prc-
ceased at 7 feet/minute then when film is processed at that speed.

The possibility of using squeegees as a method for containing all of
the silver in the fixing tank arid for solving the carryout problem was con-
sidered . 3y placing sqneegees between the tanks , the solutions would fall
back into the “proper tanks. ” Such a modification results in a substantial
redesign of the processing machine, because not only must the pr ocessing
~~~~~~~~ “head ” be modi fied to accommodate the squeegees, but the drive
mechanism would have to be studied to see the effect of the increased friction
on the taka-up roller. The addition of squeegees also poses a number of otherquestions , such as: Will squeegees scratch the softened emulsion when it
passes from developer to fix? Win sqw egee action actually worsen fixing
at high speeds by not allowing the continuation of fixing action in the hypo
clearing tank, as appears to be occurring now? Will the squeegees need ad-.
ju stment or replacement frequently? B3sed on the above arid the significant
costs required to accomplish the modification itself arid the mechanical engi-
neering study to see if such a modification were even feasible , it was deter-
mined that squeegees were not pr actical in the case of the EU-’48B and should
no longer be considered.

7
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c. SulSidi~g

Prior to modifying the processor , a total of 275 linear feet of 9—1/2
inch aerial film was processed. The processing machine was then converted to

• include an Argenta ~odel 30 electrolytic silver recovery unit in line with
the E~{-t~8P circulation system . This unit was connected in such a manner that
a 7o rtion of the f ixer would first . be pummed through the silver recovery un it• and then flow back into the tank . This arrangement permitted continuous
desthering of the f ixing bath. Film was again processed at 7 feet/minute;
a total of 375 feet was processed. Fixing became totally inadequate at
ap~roxir-ately the 300 foot moint . This apparently was not caused by exces-
sive dilution of the fixer, but rather by sulfiding of the solution . Upon
examining the f ixing bath and the cathode surface, the presence of snail
black grains were detected; this was silver sulfide .

The formation of silver sulfide occurs when there are insufficient
silver ions at the cathode. This ha3pens when the silver ion concentration
is too low for the cu rrent being applied between anode and cathode . The
reaction is that of the decomposition of the thiosulfate ion ,

(S203) + 2e 
~~ 

(S03Y + S

followed by the sulfide ion reacting with free silver ions in solution,

4 2Ag4 
> ~~~~

The notential for this reaction ’s occurrence is increased when the sulfite
concentration is low; the low sulfite concentration drives the reaction to
the right. The sulfite concentration needs to be maintained at about 10
grams/liter in order to get good silver plating .1t~i

Sodium sulfite functions as a prese~’vative in the f ixing bath. Kodak
has indicated that the normal concentration for this comoound, when first
produced by- Kodak , is between 15 and 20 grams/liter. However, in functioning
as a preservative, sulfite is oxidized to sulfate and, therefore, the actual
concentration of sulfite, just prior to usage, is a function of time and
storage conditions .

Additionally, sulfite is converted to sulfate at the anode during
silver recovery. The two anode reactions are :

2(S203) > (S~o6) + 2e

(So)= + H20 ____~(So’4
)= + 2H~ + 2e

M. L. Schreiber , “ Present Status of Silver Recovery in Notion Picture
Laboratories - A Tutorial Paper ,” Journal Society of Motion Picture and
Television Engineers, Vol. 7t&, u. 507, June 1965.

8
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(It is noted that the thiosulfate ion concentration is also being reduced
during the electrolytic silver recovery- process.) During electrolysis 1.20• equivalents of sulfite ion and 1.21 ~,quivalents of thiosulfate ion are lost
per equivalent of silver recovered.’) Therefore, it would be necessary to• add sodium sulfite to the ammoniux’i .thiosulfate fixer during hypo recircula—
tion.

d. Recovery Capabilit y

The “head ” of the EH-li8B processi ng machine has a plate on it which
states that Plus-X Aerecon film should be processed at 7 feet/minute and
Tri -X Aerecon fil m at 1-1/2 feet/minute.

Technical Bulletin U-671L0-278-10/l, although not reccmunending pro-.
ceasing a 7 feet/minute, states that Plus-X Aerecon , as well as four other
types of aerial film, can be processed at 5 feet/minute. Duplicating film
and print paper are pro cessed at 7 feet/minute , however, the silver content
of these materials is significantly lower than aerial film and, the re fore,they need not be considered in sizing a silver recovery unit.

Based on experiments run to date , it is estimated that 0.1~5 gra in of
silver will come into solution for every square foot of film pro cessed.

• The Snook Corporation , manufacturer of ROTE X silver recovery units , uses a0.5 gram/foott? factor in their design estimates. ICodaki6 says to e~xpectbetween 0.21 and 0.35 grain /foot2 to be avai lable for recovery. In specify-ing the capacity required the downt ime should be considered; this is the timewhen a silver recovery unit might be running while no processing was occur-ring, thereb y, letting the unit “catch up. ” The usual downtime occurs dur-ing machine thre ading and during chemical replenishments. Allowing forthese downtimes, the capability of silver recovery unit s would have to be3 troy ounces/hour recove ry capabity based on process ing film at S feet/minute ar id 3-1/2 ounces/hour capacity at 7 feet/minute . (If recovery had tooccur at the same rate as generat ion , it would be necessary to plate at the• rate of 3-1/2 troy ounces/hour when processing at 5 feet/minute.)

Review of the coianerc ial literat ure avai lable from all electro lyticsilver recovery unit manufacturers indicates that the 2 to 3 troy ounoes~hour recovery cap ability unit is of modera te size (on the avera ge 2 feet’ inoverall volume), where as once this re covery rate is exceeded , the next sizeunit up the manufacture r ’s product lines -ias a far greater capacity and amuch large r size. It is noted that recovery capacitie s claimed by manuf ac-ture rs represent the max~inum capabi lity of the unit. Maximum capa city is

15
A. A. Rasch & J. L. Crahtree, “Electrolytic Recovery of Silver fromFixing Baths at Low Current Density , ” Photog raphic Science & Techoology,• Vol. 2, pages 15-33, February 1955.

“Recovering Silver from Photographic Materials ,” Kodak Pamphlet No. J-10,Eastman-Kodak Co., Rochester, NY, page 8, 1969.
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F I
obtain ed at solution silver concentr ation of greater t han 1 gram /liter andat a fixer pH of )

~.5. The EH-2 9B would be operat ing at or near these con-• ditions .

Fixer pH measureme nts are approximately 14.5. Aiiinoniwn th iosulfatesolutions toler ate higher curr ent and , therefo re , silver can be plated moreefficiently from them than from sodium th iosulfate fixers. ].? A p H range of• 14.0 to 6.5 is optijnuni for use of the metallic replacement cartridge; an acidSolution is needed to etch the ferr ous surf ace and , thereb y provide newsurface area for the continuance of the chemical reaction.-’.8
14. ANALYSIS OF 2ESULTS

a. Alternatives

There are two methods of fixer silver recovery available for use inthe ES—38B metallic replacement and electro lysis. The electro lytic recoveryapproach carl be sub-divided into thre e alternatives: (a) a cont inuousl yrecirculating system which would keep the silver concentration in the fixertank at a constant level, (b) a tailing system which would remove silverfrom exhausted hypo just prior to final disposal , and (C ) a cont inuous lyrecirculating and tailing combination system. Because of the carryoutcondition discussed above, the possibility of treating the fixer, I~rpo clear-ing bath and wash water by either the metallic replacement or electrolyticmethods in order to recover any silver carried out of the fixing bath , isalso to be considered arid is discussed below.

b. Recovery from Combined Solutions

• Recove ry of silver from any solutions othe r than the rapid fix wouldrequi re a large volume of liquid to be treated in a relatively short time.The fix arid hypo clearing tanks each hold 5 gallons of liquid and the washwater tank holds 8 gallon s. This means that when the pr ocessor is to betotally dra ined and then refilled for addi tional processing, 18 gallons ofliquid would have to be pumpe d to a holding tank for treat ment if the threetanks were to be desilvered and 10 gallons if just the rap id fix and hypoclearing tanks were to be desilve red. A storage capacity to handle thesevolumes would be required for both EH -29B proce ssors ; the space require dfor such an oper ation is not available within the conf ines of the ES..38B.
A dump of the rapid fix, hypo clearing, and wash water tanks couldcontain up to 8 tr oy ounces of silver which would have to be recove red inless than 2 hours; this repre sents an ext remely high recovery rate • Achieve-merit of this recovery rate is made more difficult by the fact that metallic

17 M.L. Schreiber , “Present Status of Silver Recovery in Motion—PictureLaboratories - A Tutorial Paper ,” Journal Society of Motion -Picture and

L 

Television Engineers, Vol. 714, p. 507, Jun 1965 .
18 “Recovering Silver from Photographic Materials,” Kodak Pamphlet No. J-l0 ,Eastman-Kodak Co., Rochester, NY, p. 10, 1972 .
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• 
• replacement and electrolytic methods are far less efficient in desilvering

solutions of a higher pH then experienced in normal fixing baths This
• would be the case in treating the hypo clearing bath (p H approximately 8),

the wash water (pH approximately 7), or a combined effluent of rapid fix,
hypo clearing bath and wash water (pH approximately 6.5). Higher pH’s will
require longer residence times in the unit in orde r to get adequate silver

• recovery. ES-38B mission requirements constr ain the amount of time avail able
• for the dasilvering process to occur and the attenti on the operator can give

to the process .

Based on the above , it has been concluded that recovery of silver
from solutions othe r than the rapid fix is not possible within the ES-38B
due to space and mission requirements . If removal of silver not present in
the rapid fix tank is required prior to final discharge in orde r to meet
envirorunenta]. regulations , it will have to be accomplished in a system
placed external to the shelter. It is unlike ly that recove ry of the silver
carried out of the rapid fix tank could be accomplished profitably. Addi-
tional data on (a) a silver car ryout at film processing speeds other than
7 feet/minute and (b) silver recovery unit efficiency is needed to determine• the amount of silver which will not be re covered . Because sign ifican t
quantities of unrecovered silver dumped from the ES-38B are ecologically
damaging, this situation needs to be addressed in overall pollution abate—
ment with another product lint rovement effort .

c. I~ypo Saving

Data obtained indicates that fixer life extens ion during film pr o-
cessing is not feasible. At 7 feet/minute the concent ration of silver in
the rapid fix tank is not the limiting parameter in clearing capability --
dilution caused by deve loper car ry-in is.

At lower speeds the film has more residence time in the fix tanks
and, therefore , is more tolerable to build-ups of contaminants. It is poe-
sible, therefore , that some life extension when proc essing at 1-1/2 to 5feet/minute may be obtained; however , because of the magnitude of the devel-
oper carried—in, it is not expected that much of an extension of hypo l-Lfe

• is possible .

• Even though hypo savings may be obtaine d in some fi lm processing,
the amount of information which the operator will need to keep in mind is
likely to be confusing . The replenislmient guidance provided would have to
be in the form of a processing speed versus replenisheent; the operator
will still be required to follow the presently prescribed schedule for devel-oper , hypo clearing bath, and wash water replenishment . Changes to the pre-sent system of replenislmient do not appear to be practical.

As discussed above , when silver is plated from a thiosulfate bath,it is necessary to ensure a sulfite concentration of at least 10 grams/liter,
The cost of sulfite will partially offset any cost saving obtained fromincreasing hypo life . Electrolytic silver recovery may actually result ina cost increase when hypo life is not increas ed but sulfi te costs are incurred.

II
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A recirc ’ilating silver recovery system will require the initialvoltnne of rapid fix introduced into the processor to be increased in order• to keep both the processo r and the silver recovery unit at the pres cribed• level. If the silver recovery unit has a 5 gallon capacity , in order to

• break even with the present system in terms of the quantity of rapid fixused , no reple njshnent can be made for 1200 linear feet (91~8 square feet) .The 1200 foot roint calls for a complete refill of aB. tanks; it is reason-• able to assume that dilution, dirt buildup , and contam inant buildup in the• fixer would be signifi cant enough at this point to warrant hypo drain outand. refill .

In view of these facts , it is concluded that in the case of the ES-38i~ po life extension and , therefore , hypo cost saving cannot be achieved byutilizing an electrolytic silver re covery system. Further , a major disad-vantage of the continuous ly re circulating electrolyti c system is its potentialfor catastrophi c failure. This would occur if the unit sulfided during pro..cessing; and the resul t would be a poisoned fixing bath and a rnin ed roll offilm. Electrolytic ally recovering silver f rom 1~.ypo solutions during proc ess-ing, ther efore offers no bene fit in the case of the ES—38B. The analysisthat follows will be a comparison of the metalli c replaceme nt cartrid ge versu san electrolytic unit u sed as a tailing system.

• d. Cost Analysis

For the purposes of analysis, the electrolytic system chosen for com-parison with the metallic replacement cartridge will be a unit capable of re-covering 3 troy ounces of silver/hour. The unit will be equipped with anautomatic silver concentration sensor and corresponiing current regulationdevice • The automatic current regulat or will alleviate the operato r of thejob of current adjust ment ; if the sensing device were not available , theoperator would have to set the curre nt as a function of the number of squa refeet of material pr ocessed and as a function of the type of material beingproces sed , i.e., aerial film, duplicati ng film, or pap er. Based on the com-mercial data avail able and discussions with silver recovery equipment man- -ufactu rers , it is estimated that such a unit would cost $1200. To th is figure• an add itional $200 for a processor interface should be add ed, totaling $lli~00.
The metallic repl acement cartridge with plastic holding tank, tubingand orifice will cost $60. It is estimated that the modification package forthis s~ystem would be similar to that for the electro lytic system, bringingthe tot al cost to $260. In the case of the cartridg e, freque nt replacement

• • is necessary due to the exhaustion of the ferrous filler.

Kodak estimates the volume of solut ion that is needed to exhaust a• cartridge is 220 gallons ,19 Based on the utilization data provid ed by ECOM

19 “Silver Recovery with the Kodak Chemical Recovery Cartridge Type P and• Type 3, ’ Kodak Pamphet No. J -9, East man Kodak Company, Rochester, NI, p. 1].,March 1972. -
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• ]4aintenance Engineering, a cartridge is expected to last 1~ months before its
exhaustion point is reached. The replacement cost of a cartridge is $15.00
(based on the Kodak June 75 GSA Schedule), making the yearly replacement
cost $L~5.O0.

The other major cost to consider is that of shipping. A f~~led cart—
• ridge weighs 60 lbs. Based on data provided by Earle Naval Depot, the

average shipping cost of a cartridge from any region in the United States to
Earle Depot in New Jersey is $10. Several ES—38 ’s are located overseas and,
therefore, in sore instances , cartridges will first have to be transported
back to the US and then forwarded to Earle. Mr. Sakow-ski , the Supply Man-• agement Officer at Earle , responsib le for the silver reclamation program,
has indicated that there are no shipping charges att ached to cartridges
coming in from overseas • The reaso n being that planes go over loaded with
hardware and then have to fly back empty, and so arrang ements are easily
made to get cartridges back to the States. The shipping costs per cartrid ge
on a yearly basis ar e, therefore , expected to be $30.00.

Based on (a) field data which estimates yearl y fixer usage to be 600
gallons per year per ES—38 , (b) the assumption that the footage of film pro-
cessed year ly is equivalent to the footage of paper processed year ly, and
(c) an 80 percent overall system recovery efficiency, 25 lbs of silver would
be recovered from the electroly tic process every year. This rep resents a
mailing cost , including the insuring of the contents for their full value ,of $10.00 year ly. It is assumed that shipp ing from oversea s of pure silver
recove re d electr olytically is also accomplished at no cost .

Estimates of the costs involved in maintaining an electrolytic system,in providing spare parts , and in establishing a maintenance float of several
units have not been made and are , therefore , not included. Periodic mainte-
nance , as well as calibr ation of the electronic sensor , will be required for
the electrolytic system. In the case of the metall ic repl aceme nt cartridge ,this item is in the supply system and would be ordered as an expendable itemby the field unit . The labor cost at depot for retrofitt ing ES-38 ‘a withsilver recovery units is judged to be the same regardless of the type of• recove ry system employed and , therefore , this cost is not included in the

• analysis.

The comparison of costs over a 5 year life is shown in Table I. A5 year life has been selected becau se it is expected that silver recovery• system mod package can be fielded by FY-77, and by FI-82 the existing mobile
• photographic processing shelters will be replaced by the TIPL (TacticalImagery Processing Laboratory) . In order to bring future cost to present• value, a 6 percent time-value of money factor has been employed. Utilizingthe data in Table I (including the 6 percent time-value of money factor) thetotal expected cost over the 5 year period of an electrolytic system is$]1~ 2 and the total expected cost of a metallic replacement system is $576.

20 W, Sakowaki, “Reclamation of Silver from Scrap Material,” Naval Ai~nunitionDepot, Earle , Colts Neck, NJ, Sep 1970.
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• TABLE I
• RECOVERY METHODS COST COMPARISON

ELECTROLYTIC METALLI C REPLACEr-lENT
Initial cost $l14oo $260

• R eD lacern ent Cost (yearly) --- 145
Shipn ing Cost (yearly) _ io 30
Total Cost- over a 5 year life $114142 $576
(including 6~ time—value of

• money factor)

e. Recovery Method Comparison

There is no significant weight , size , or ope rator handling advantage
for eithe r system type. The space required for either a metallic replace-
ment cartridge or for an electroly tic silver recovery system is about the• same. An electrolytic unit and a 5 gallon cartridge are approximately the
same size ; the holding tank required for the cartridge system or the power
unit and sensor of an electroly tic unit would have to be mount ed in the same
space on the shelf above the EH-29 processors.

Replacement of a cartridge would mean disconnecting two hose cormec-
tions and the n refitt ing the hoses on the new cart ridc’e . Replacement of a
cathode requires removi ng the fa steners from the cathode and then pulling• the cathode out of the tank ; this would be follo~~d by Urying, desilver ing,
and then cleaning with acetone . A filled cart ridge weighs about 60 ibs,
whereas a cathode with a month ’s load of silver weighs about 20 lbs. The
ent ire electro lytic unit will most likely weigh more than a filled cartridge.

Although the fact that an electrolytic system produces silver in a
high purity state is usually looked upon as an advantage to this system type,
this is not the case in field operations . Use of an electrolytic unit may

• create a security problem. Because high purity silver is going to be handled
prior to mailing to Earle Depot , the possibility of theft arises . A fully
plated cathode would hold several hundred dollars worth of high purity silver.
The cartridge, on the other hand , would present a far more difficult disposal
problem for a would-be thief.

Another disadvantage of the electrolytic system is that it is far
more complicated than the cartridge system. It is an electrical/me ohanical
system and as such can be expected to need preventive maintenance as well as
occasional repair. The sensing devi ,e will need regular adjustment . The
cartridge on the other hand , is a simple non-electrical, non-mechanical device
which , when exhausted, is replaced with a new unit . The only attention it
may require is an occasional cleaning of the cartridge discharge line with
a bottle brush to ensure dried sludge is not blocking passage and forcing
non-desilvered solution out through the by-pa ss.

114
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The cartridge is not trouble free , however; one of the major problems
associated with it is the reduced capacity associated with the intermittent

• usage. Kodak says: “Intermittent flow, such as dumpi ng a tray or a 5 gallon
• container of chemical once a week, will produce a low total yield per

cartricige because part of the steel wool is not available for the recovery
function since some has oxidized . The normal life of a Kodak Chemical

• Recovery Cartridge under low volume , low use applic ation s is approximately
6 months .”2’ This situation may result in some unit s getting less than a

• 
- 220 gallon life out of the cartridge.

Associated with this problem of uncertain life is the need for the
operator to frequently test the cartridge discharge to see whether silver
is still being efficiently removed . Although this is easily done by using
a silver estimating caper, it is another task which the o erator must per~-form.

• The metallic rep lacement cartridge releases iron into the discharge
stre am . Iron imoart s a color and an odor to the waste strea m if present in
sufficient qu antity . In the concentrations and quantiti es exnected, this
should have no environ mental effect on a receiving stream. The cartridge
functions by substitut ing an iron ion for two silver ions ; the effluent will
contain an iron concentration equivalent to 27 perc ent of wh&t the silver
concentration would be. For example, if the silver concentration were 1
gram /liter before installation of the cartridge and if all the silver were
removed in the cartridge, the effluent would contain 0.27 gram/liter iron .
It is estimated that the present effuent silver concentration is 2 grams/liter
when film is being processed; ass~miing that at low processing
speeds there is only a 5 percent carryout of silver from the fix tank and
that the cartridge is on the ave rage 90 percent efficient in recovering

• silver from the exhausted fix, this would mean the effluent would have a
silver concentratio n of 0.30 gram /liter and an iron concentration of 0.146
gram/liter.

An important point , for which the re presently is not enough data
available to do a complete comparis on, is the recovery efficiency at which
the systems will oper ate . In the case of an electro lytic unit when used in

• the tailing mode, it is expected that the concentrati on at the unit overflow
would be about 0.5 gram/liter. This means that 19 grains of silver plus what-
ever car ryout occurs would be lost for every 1200 feet of film processed.• The efficiency of the metallic repl acement cartridge is not known • It is

• expected that initi ally the removal of silver will be extreme ly efficient ,
but as the volume of ferrous material within the cartridge decreas es, the
silver concentration exiting the cartri dge will rise • The presen ce of

• silver at a concentrati on of 0.5 gr am/liter is detectable by the use of
• silver estimating paper; at such a time the exhausted cartrid ge would be

21 “The Kodak Chemi cal Recovery Cartridge and Related Administ rative Proce-
dures , ” Kodak Supplement to Pamphlet J -9, Eastman-Kodak Co , Roch ester , NY,p. 6, 19714.
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• replaced with a new one • The attention which the operator pays to thecartridge once appr oximatejy 200 gallons of fixer have been drained throughit will affect the efficiency of remov al actually achieved .
• 1. Economics of Silver Recovepr

The total R&D, design, and modification cost for the ES-38 silver• recovery effor t on a per lab basis is apProximately $3000. Therefore , theinvestment by the Army for a metalli c rep lacement system is $3,260. The• yearly- cost associat ed with silver recovery utilizing this system is $75• (this does not includ e the refining and handling costs incurred by EarleDenot). This expense is offset by the value of the silver recovere d dur ingthe course of the year.

On the averag e 25 lbs . of silver will be recovered yearly . Asetnuinga market value of $li.oo per tr oy oun ce, this silver is worth $] i j 58. Therevenues and e~cpenses associated with this effort are sunrnarized in Table II.Bringing the F!-78 throug h FI-82 expense s and revenues to their presentvalue (again using a 6 perc ent factor) resu lts in an expected net profit of$2565. per ES—38 ($61141. — $3576.).

TABLE II
ES-38 SILVER RECOVERY CAS H FLOW

INITIAL j~ 78 80 81 82 TOTAL
Expense ($) 3260 75 75 75 75 75 3576
Revenue ($) 11458 11j58 1h58 11458 11458 61141
5. CONCLUSIONS

The metallic replacement cartridge is the less expensive alternati vewith its exoected life cycle cost being $576 versus $114142 for a typicalelectroly tic system. It offers a lower probability of field difficultiesbecause it will be less of a security and maintenance problem . The metal lic• replacement cartridge does not present a greater size , weight , or operato r• attention p roblem than does an electroly tic system . In regard to efficiency,it is not expected that there will be a significant diffe rex ~ between systemtypes . The pO8sibility of reduced cartridge life due to inte rmittent usageof the shelter does exist ; however , cartri d~~ life would have to be reducedfrom 220 gallons, as is estimated by Kodak , to approximately 75 gallons in

22 “Silver Recovery with the Kodak Chemical Recovery Cartridge 1~pe P andType 3, ” Kodak Paiphiet No. J -9, Eastman-Kodak Co., Rochester, NT, p. 11,March 1972 .
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order to make the cartridge less cost effective then the electrolytic sy-stmn.NQ adverse environmental effect is expected from the iron placed in solution
by the metallic replacement cartridge. The quantity of silver that will be
lost because of solution oarryout will have a greater environmental impact
than will the iron.23 Should qua ntities of residua l silver or silver and
iron be considered too high , then pretrea tment will be necessa ry by hard-
ware located external to the mobile laboratory.

The major conclusions for applicatio n of silver recove ry to the ES-38are:

a. Reducti ons in hypo consumption cam ot be obtained by removing• silver from fixer during processing .

b • In-process silver recovery by a continuous reci rcu lation modeof operation is impractical. Silver must be recovered in a tailing opera-tion.

c • The metall ic rep lacement cartridge is the more cost effectivealternative for a tailing system .

d. Significant quantities of silver are carried into the ~ rpo clear ’-ing and wash water tanks during processi ng. Recovery of this silver is notpossib le by hardware located within the confines of the shelter. The pro-fitability of silver recovered from exhausted hypo cleari ng bath and fromwash waters is doubtful .

e. The revenues derived from silver recovery - from exhausted rapidfix solutio ns will exceed all the costs incurred for that recovery; there-fore , silver recovery will be profitable .
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23 “Propo~~~ Criteria for Water Qualit y, ” US &zvironmental Protectio n Agency,Washington , D. C. , Oct 1973.
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