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ABSTRACT

This paper presents the results of a study which focused on the
ident i f icat ion and test ing of technologies for removing iron and copper fron
chromium plat ing solut ions. Ini t i -al ly,  a l i terature revi-ew was conducLed to
ident i fy the most viable technologies. Two technologies were then selected for
test ing: an electrodialyt ic membrane unit  and a porous pot.  Tests were
conducted on conLrived baths with metal  concentrat ions ini t ia l ly in Lhe range
of 10 to 15 g/I .  The results showed a superior performance by the membrane
technology in terms of i ron and copper removal.  A1so, the membrane technology
produced a much smal ler volume of residual wast.e. These test results can be
used to aid metal  f in ishers in select ing and sizing chrome puri f icat ion units.
Several  case studies are examined which document use of pur i f icat ion
techno log ies .

BACKGROUND

Chromium plat ing solut ions become contaminated with var ious rnetal l ic
impuri t ies including Lr ivalent chromium, i ron, copper,  nickel,  aluminum, and
zj,nc. Tr ivalent chromium contarninat ion results from the plat ing process when
the anode surface area is insuff ic ient ly sized in comparison to the cathode
area. Other metal l ic contaminanLs are introduced by drag-in,  cathodic etching'
and a t tack  on  racks ,  f i x tu res  and bus  bars  ( f igure  1) .

Var ious  de fec ts  in  chromium p la ted  depos i ts  a re  a t t r ibu ted  to  meta l l i c
i rnpur i t ies .  However ,  researchers ,  exper ts ,  and qua l i t y  con t ro l  depar tments
have d i f fe r ing  op in ions  as  to  the  to le rab le  leve ls  o f  these contaminants .
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Chessin, Kn111, and Seyb (reference 1) report  that plat ing baths containing
10-15 g/L ot i ron plus tr ivalent chromium have been operated successful ly,  but
for deposits greater than about 5 mi l  in thic l , .ness, di f ferences in roughness
may be percept lble when the combined concentrat ion exceeds 4 g/t .  Kni l l  and
Chessin (reference 2) indicate that copper has a greater detr imental  ef fect on
coverage than equivalent large amounts of iron, however no specific linit,s were
suggested for copper or other nonferrous metals.  As sEated by Knl1l  and
Chessin, the harmful effects of an impurity depend on nany factors lncluding
the overal l  chenistry of the bath, plat ing procedures used and the type of work
being plated.

In addit ion to causing plat ing qual iLy problems, chrome bath contaminat ion
lncreases plat ing shop operat ing costs.  Dissolved metal  impuri t ies reduce bath
conduct iv i ty.  This increases bath resistance and requires higher plat ing
vo1-tages to maintain the correct current density on the parts (reference 3).
In Ehe case of dissolved iron, , .5 t / t  i ron wi l l  require approximately 30 to 50
percent higher vol tage to obtain the same amperage as cornpared to a new bath
( r e f e r e n c e  4 ) .

For many shops the najor cost with respect to bath contaminat ion is the
cost of replacement and disposal.  The current pr ice of bath makeup for a
standard hard chrome soluLion is approximately $2.60 per gal lon. Disposal
costs vary by region and are general ly increasing because of changing waste
management and disposal pract ices. Pr ior to the adopt ion of str ingent
environmental  laws, port ions of cont.aminated baths were often decanted to the
sewer or an enpty Eank and replaced wiLh fresh solut ion. The contaminants
remaining in the bath were then di luted, using fresh soluLion, below the
concentrat ion at which plat ing problems ar ise. l tany shops retain excess
solut ion in drums and unused tanks, imposing a signi f icant l iabi l i ty.

Current ly,  shops disposing of chromic acid ei ther treat i t  on-si te or have
it  hauled to a permit ted treatment/disposal contractor.  0n-si te treatmenL is
not always possible because treatment faci l i t ies may not be sized to handle the
concentrated solut ion which produces high volumes of s ludge (treatment of I
ga l lon  o f  chromic  ac id  so lu t ion  w i l l  p roduce 12  lbs .  o f  s ludge a t  20% so l ids )
( re fe rence 5) .  Of f  s i te  d isposa l  i s  expens ive .  Cur ren t  p r ices  fo r
hau l ing / t rea tnent /s ludge d isposa l  range f rom $3 to  $12 per  ga l lon  ( re fe rence
6) .  New landf i l l i ng  res t r i c t ions  are  expec ted  to  inc rease these pr ices  in  the
near  fu tu re .

Technologies for t .he purl f icat ion of chromium plat ing baths can be
categor ized  in to  th ree  major  g roups :  1 )  ion  exchange,  2 )  e lec t ro lys is  and 3)
electrodialyt ic processes. The funct ions or appl icat ions of these technologies
can be divided inLo two groups: 1) removal or conversion of t . r ivalent chronium
and 2)  remova l  o f  o ther  meta l l i c  impur i t ies  ( i .e . ,  i ron ,  copper ,  e tc . ) .  Tab le
I l isLs the avai lable conf igurat ions and appl icat ions of commercial
t .echnologies. As shown, with t .he except ion of t tdummyingtt ,  each technology has
been appl ied for the control  of  both Crivalent chromium and the other metal
impur i t ies .

Tr ivalent chromium bui ld-up is a major problem at some shops, especial ly
where the najor iety of work is inside diameter ( ID) plat ing. ID plat ing always
results in a 1ow anode-to-cathode area rat io.  The tradi t ional method for
tr ivalent control  is s imple electrolysis or dummying. This process involves



the use of a high anode-to-cathode area rat io.  I t  can be performed in the
plat lng tank wlthout loss of chronlum solut ion. Al though dummying remains a
viable process, there are several  negaElve aspects: 1) requires shutdown of
tank; 2) causes sharp f luctuat ions in Cr*J ,  and therefore hinders the
predictabi l i ty of  the solut ion; 3) the process is labor intensi-ve i  4) the
process has no effect on i ron, copper,  and other tramp metals;  and 5) the
process is very ineff ic ient.

Table 1
Chroniun Solut ion Puri f icat ion Technologies

Funct ions or Appl icat ions

Cr+3 Oxidat ion or Removal
Other Metal

RemovalTechnologv

Ion exchange

Elec t ro lys is
hl /out di f fused barr ier
W/ di f fused barr ier

E lec t rod ia ly t i c
Acidic catholyte
ttCaust ic catholytett

Yes

Yes
Yes

Yes
Yes

Yes

No
Yes

Yes
Yes

Iron, copper,  and the other metal  i rnpuri t ies present a more di f f icul t
problem than tr ivalent chromium and were the focus of this study. The
object ive of the project was to ident i fy the most effect ive technology in terms
of i ts abi l i ty to puri fy chrome baths. The ini t ia l  focus of the project was a
screening process during which the appl icable technologies were ident i f ied and
compared on a qual i tat ive basis.  Fol lowi-ng screening, two representat ive
technologi-es were selected and tested.

TECIINOLOGY REVIEI,J

Ion Exchanqe

Ion exchange (IX) has been appl ied to chromium solut ions for the renoval
of t r ivalent chromium, i ron, and mi-scel laneous metal l ic impuri t ies. With this
process, the plat ing bath is usual ly treated on a batch basis with a shutdown
of the plat ing process being required. However,  a cont inuous process has been
used.  Genera l l y ,  the  p la t ing  so lu t ion  must  be  coo led  and d i lu ted  pr io r  to
pur i f i ca t ion .  One o f  the  f i rs t  app l i ca t ions  o f  IX  fo r  hard  chrome bath



ourl f icat ion was l-nstal led at the Rock Island Arsenal in the early 1950s

[; ; i ; ; ; ; .  e 7).  That unit  was designed to treat 1,000 gal lons of contamlnated

chromium solut ion. The tr ivalent chromium concentrat ion was reduced from 5 g/t

to  I  e /L  and i ron  f rom 6  e / t  ro  L  g /L -

An IX system general ly consists of an IX column, a feed tank, storage

tank, regenerat ion slstet,  atd ln some cases an evaPorator.  The column which

contalns the resin is sized for ei ther batch or cont inuous use. Batch

operat ions require much larger column sizes. _ .Cont inous. 
systems require

addit lonal controls.  An IX iolurnn containing 8 f t i  of  resin wi l l  typical ly

treaE 500 gal lons of plat ing solut ion per cycie, removing 12.5 1bs'  (as calcium

carbonate) of metal l ic impuri t ies. The solut ions are di luted pr ior to

treatment to minlmize damag- to the IX resins. Resin l i fe is reportedly 6 to

12 months (reference 8).  
-The 

evaporator is used to concentrate the plaLing

solut ion after pur i f icat ion. Some instal lat ions are able to avoid di lut ion and

the use of an evaporator.  Also, some hard chrome appl icat ions sinply make use

of plat ing tank evaporat ive losses to t tbalancet '  the di lut ion.

Use of ion exchange rr i1l  generate signi f icant volumes of both concentrated

and di lute wastes. Concentrated wastes are produced during regenerat ion of the

IX column. This involves passing a solut ion of mineral  acid through the column

to remove the heavy-metal  impuri t ies from the IX resin. Di lute wasLes are

produced during the r insing "na backwash of the column. The total  volume of

waste generatel  by an IX sysEem is typical ly equal to 4-6 t imes the volume of

the IX column per cycle. Therefore, t reat ing " SOO gal lon-bath with an 8 f t?

column wi l l  generate aPproximately 300 gal lons of waste. This wastewater can

be treated u- ing n"uttui i "at ion/hydroxide precipi tat ion. The result ing sludge

would be a hazardous wast.e.

A case study of an IX chrome bath puri f icat ion appl icat ion was presented

in the l i teratur l  (reference 9).  The system treats 500 gal of  chronic acid per

cycle. The chromic acid is di luted to 50 percent strength before puri f icat ion.

Results from the process are shown in Table 2. The study reported that a 13

percent product iv i ty increase was observed. Furthermore'  energy requirements

were reduced by 25 percent.  The analyt ical  results indicate that chronium

losses due to tr ivalent chromium rernoval were 6.8 g/I  or approximately 28

pounds per 500 gal lons of bath treaLed.

The advantages of IX are i ts proven capabi l i t ies and the relat ive speed of

the process. The disadvantages are the high waste volumes, which require

treatment;  a loss of chromiur due to tr ivalent chromium removal;  and a l imited

l i fe span for the resin.

Electrolvsis

Electrolysis is one of the earl iest methods used for chromium bath

pur i f i ca t ion .  in  i t s  s imp l is t  fo rm,  i t  cons is ts  o f  a  p la t ing  ce l l  w iEh a  la rge

anode to  ca thode ra t io  ( typ ica l l y  30  to  1 ) .  S imp le  e lec t ro lys is  o r  dummying '

used to reoxidize C.*3, ' r .a" "*pf lyea over 40 years ago and is wel l  documented

a; ; i . ; ; . .e  lO) .  E f fo r ts  to  improve the  process  lead to  the  use  o f  the  porous

ceramic pot which is perhaps today the most widely used rnethod of chromium bath

pur i f i ca t ion .  The porous-  po t  techno logy  is  des igned to  p rov ide  boLh the

reoxidat ion of Crn3 and the removal of  foieign cat ion contaminants (reference

f



l1) .  More recent ly,  a membrane electrolysis Lechnology has been commerclal ized

(reference L2).

The purpose of the pot or the menbrane is to separate the react ions and

react ion pioduct.s of the anolyte (plat ing bath) and catholyte (chromic acid or

mineral  u. ia).  Catholyte solut ions are usual ly chromic acid or sul fur ic acid.

Chromic acid is used * i t t t  pt . t ing baths, s ince some catholyte is expected to

migrate to the plat ing solut ion which cannot tolerate high sul fate

.oi .unt." t ions. Sulfur ic acid has been used as a catholyEe in the puri fLcat ion

of chromic acid etch baths ( typical ly formulated with high sul fate).

T a b l e 2 . A n a l y t i c a l R e s u l t s F r o m l o n E x c h a n g e C a s e S t u d y

Pararnet,er

Chromic
Acid

Sulfate
Iron
Nickel
Copper
Trivalent
Bath  Vo l .

Untreated
Bath,  g /1

233
2 . 3
8 . 4
2 . 2 3
6 . 0 3
6 . 9 0
500 gal

Treated
Ba th ,  e /1

109
1 . 1
0 . 6 9
0 .  1 1
o . 2 9
0 . L 7
1050 ga1

Contaninant
Remova l .  %

B;
90
on
95

Source :  Reference B.

When the porous pot is act ivated, the Cr*3 i . ,  the anolyte is reoxidized

to the hexavalent state. The cat ions in the anolyte are electr ical ly dr iven

through the pores of the pot into the catholyte. Some cat ions are deposited on

the cl thode, most remain in solut ion. The chrome present in the catholyte is

reduced to Cr +3 .  As t .hese changes occur,  the effect iveness of the unit

diminishes and eventual ly the catholyte is replaced. Th" frequency of

ca tho lyge rep lacement  i s  usua l ly  in  the  range o f  B  hrs .  to  3  days .

Two basic design conf igurat ions exist  for t .he porous pot technology. One

type o f  un i t  cons is ts  o f  a  tank  ho ld ing  4  to  B  po ts .  P la t ing  so lu t ion  is

6



pumped to the tank on a conLinuous basis and returned by graviEy flow Eo the

plat ing rank. The cel ls are powered by a rect i f l -er (1,000 to 2,000 anps)

dedicaEed to the puri f icat ion unit .  A second type of porous pot technology

consisEs of a singie pot which is suspended direct ly fn. the plat ing bath'  This

unit f" powered Ui tft! tank rectifier and draws up to 240 amps' The advantage

of the smaller unit is that lt does not require iedundant equipment needed by

the larger unlt ,  such as Lhe rect i f ier,  fume exhaust system' and an overhead

holsE for removing pots. The disadvantages are its limlted capacity and the

fact that it only operates when the tank rectifier ls energlzed.

The deslgn and use of a porous pot unit was recently docunented (reference

13).  That system was appl ied to a chromlc acld etch bath. Results fron the

;;qy CirUf" 1) i r ,ai ."ce- ihat the unit  was relat ively effect ive in reoxidizing

Cr*J, but was lneffect ive ln removing metal  contaminants. Further,  the unit

generates a significant volume of chromium bearlng wasEe.

The membrane electrolysis unit ,  termed an ion transfer membrane

technology, has been commercial ized since L9B2 (reference 12) '  The unit

employes a separate tank and power source, rather than using the plat ing

equipment.  Plat ing solut ion is circulated through the unit  which contains an

anode compartment and 10 cathode modules. hrhen the unit  is energized'  bath

cat ions pass through the membranes and deposit  on Ehe cathodes '  The membrane

is  no t  an ion  or  ca t ion  se lec t ive ,  the  se lec t iv i t y  i s  a  resu l t  o f  the  e lec t r i ca l

dr iv ing force. This facC dist inguishes the technology from the more recent ly

deve loped e lec t rod ia lyL ic  un iLs .

Table 3. 0perat ional Data of Porous Pot Technology

PARAI,IETER

Cr+3
Cr +6

Cu
Ni
Fe
Pb
Sn

ANOLYTE
(22o GAL)

26 ,000
420 ,000
B , 4 0 0
4, ooo
30
240
250

CATHOLYTE
(24.4 GAL)

^s./L

700
140
40
600
23
1 . 0
< 1 . 0

N o t e s :
1 .  Source :  Reference 13 .
2. Catholyte analysis is af ter one week of operat ion which was

the normal operat ing period between catholyte changes.

3 .  Convers ion  e i f i ce ic iy 'o f  Cr+3 to  Cr+6 was B0%'

4 .  To ta l  meta l  remova l  was  0 .14  lbs -



Electrodialvsis

Electrodialysis ls Ehe newest of Ehe chromium bath puri f icat ion
technologies. These units general ly conslst  of :  1) a tank containing an anode
and cathode comparEment separated by a selective membrane, and 2) a polter
source. The menbranes are ion specific in a manner similar to ion exchange
resLn. They only al low the passage of posi t ive or negat ive ions, depending on
the type of membrane. Catl-on epecific membranes are used for chromic acid
puri f icaEion. When current ls appl ied to the cel l ,  cat ions present in the
anol-yte flow through the catlon permeable nembrane. The anlons in the
catholyte are restr icted by the rnembrane and remain in that compartment.  As
with electrolysis units,  Cr +J ions present in the anolyte (plat ing bath) are
reoxidized to the hexavalent state and are most ly retained in the anolyte.

Some elecLrodialyt ic uni ts use an acidic catholyte solut ion. Cat ions f low
through Lhe perneable membrane and into the acidic catholyte. The
electroplatable cat ions deposit  on Lhe cathode and the non-electroplatable
cat ions stay in that solut ion as sal ts.  The rnetals deposited on the cathode
must be removed frequent ly Eo prevent burn through of the rnembrane. The cel l
vol tage rnust be increased as sal ts bui ld up in the solut ion to maintain the
needed current density.  Eventual ly,  a maximurn operat ional vol tage is reached
where the unit  could be damaged by further increases. At this point,  Ehe
catholyte solut i .on is discarded and replaced and the cathode is cleaned. The
operat ional per iod can be as short  as one day i f  the cat ion concentrat ion in
the anolyte is high.

One rnanufacturer has overcome t .he capacity problem associated with early
versions of electqodialyt ic pur i f icat ion units.  The more advanced uniL uses a
caust ic catholytet.  This catholyt .e converts mult ivalent metal  cat ions enter ing
the catholyte solut ion into insoluble hydroxides. The hydroxyl  ions needed to
react with the metal  cat ions are formed aE the cathode of the cel l .
Precipi tat ion of the cat ions prevents a loss of conduct iv i ty and el iminates the
bui ld up of a deposit  on the cathode. The operat ional per iod is extended to
two or more weeks and there is no need to clean the cathode. This same unit
has a unique design which packages the anode, membrane and cathode into a smal l
cyl inder which is placed direct ly into the plat ing bath, thereby reducing f loor
space requirements.

TECHNOLOGY SIJMMARY

A comparison of the var ious bath puri f icat ion technologies is presented in
t a b l e  4 .

Wi th  Ehe except ion  o f  ion  exchange,  ba th  pur i f i ca t ion  is  a  re la t i ve ly  s low
process. Comrnercial  pur i f icat ion units are not designed for a rapid clean up
of highly contaminated baths. Such baths may have been bui lding up impuri t ies
over a ten year or more period. Rather,  these technologies are intended more
for cont inous bath maintenance. Larger or mult ip le bath puri f icat ion units
could be used to hasten the processes. However,  the large units have excessive
capacity for maintenance of the bath and represent a large capital  investment.
I f  the user selects a maintenance unit  a t ime period of up to six months or
more may be required to reach a given taget leve1.
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The select lon of a bath purl f icat ion unlt  should be based on: 1) a target
level for contaninants (g/t) ;  Z) a reasonable t ime perJ.od for reaching the
target level (months);  3) an est imate of the contaminant bui ld up rate (g/day);
4) a current analysis of the bath; and 5) the removal capacity of the
technology. As wi l l  be shown in the next sect ion, removal capaclty ls related
to the concentrat ion of cat ion contaminants in the bath.

Although noL discussed previously in this paper,  bath puri f icat ion can be
performed on a batch basis by a service f i rm. Ion exchange has already been
used in  th is  manner .  P la t ing  shops  sh ip  contaminated  so lu t ion  to  a  cent ra l
servi-ce faci l i ty where the soluLion is pur i f ied, then returned. Such services
are rare and new hazardous waste regulat ions are making operat ion of their
serv ice  more  d i f f i cu l t  (e .g . ,  man i fes t  requ i rements ,  l iab i l i t y  ques t ions  w i th
regard  to  res idua ls  d isposa l ) .

Future services should consider performing the puri- f icaLion process at the
meta l  f in isher rs  loca t ion .  Such a  serv ice  wou ld  employ  a  mob i l  t rea tment
systern. The technologies could be sized to perforrn puri f icat ion in a short
t i m e  p e r i o d  ( e . 8 . , 3  t o  5  d a y s ) .  O n - s i t e  s e r v i c e  w o u l d  e l i m i n a t e  t h e  n e e d  t o
transport  the chromium solut ion. Electrodialysis would be a viable technology
for  a  pur i f i ca t ion  serv ice .  I t s  ma jor  advantage over  o ther  techno log ies  is  the
smal ler volume of residuals generated.

TECHNOLOGY SELECTION FOR TESTING

Two techno log ies  were  se lec ted  fo r  tes t ing :  1 )  the  s ing le  un i t  porous
pot ,  and 2)  the  caus t ic  ca tho ly te  e lec t rod ia ly t i c  un i t .  The porous  po t  was
selected because i t  is present ly the most widely used technology and therefore
would provi-de a basel ine for comparison. Furthermore, al though this technology
is widely used there are very l i t t le data avai lable that character ize i ts
performance. Therefore, test ing would aid in establ ishing the potent ial  of
this technology. For the evaluat ion, a single pot conf igurat ion was chosen
because i t  lends  i t se l f  to  tes t ing  on  a  smal l  sca le .  The e lec t rod ia ly t i c
technology was selected because i t  is the newest technology. The caust ic
catholyte unit  was chosen because of i ts operat ional and size advantages.
Furthermore, the electrodialyt ic Eechnology appears to have an advantage over
ion exchange and other technologies with respect to resi-duals generat ion. This
is especial ly t rue with regard to chromium waste. IX produces a signi f icant
chromium waste volume due to the fact that most.  t r ivalent chromium is removed
f rom the  ba th  and is  los t  in  thg  waste  produc t .  The e lec t rod ia ly t i c
technologies convert  most Cr+3 to Cr+6 rather than remove i t .

TESTING

Test Procedures

Three sets of tests were conducted which ranged in durat ion from 11 to 16
days .  In  the  f i rs t  tes t ,  bo th  the  porous  po t  and e lec t rod ia ly t i c  un i ts  were
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evaluated. The results indLcated a far superior performance by the

electrodlalyt lc uni t  and in the subsequent two Eests only that uni t  was used'

The tests were performed using a contr ived plat ing bath. The standard

100:1 (32 oz/gal C.O: ,  O.32 oz/gal SO4 ) hard chrome bath was formulated'

Metals-(copper-and i ion) were then dlssoLved in the solut ion to achieve the

desired contaminant start ing levels.  During the f i rst  test '  metal  drums (55

gal)  were used to hold the anolyte (plat ing solut ion).  The operaEing volumes

of the trro units were: porous pot,  40 gal;  electrodialyt lc,  45 gaL. For t l9

second and third tests a- plastit tank was used vhich was fabricated from a L2

in. dianeEer PVC pipe. Tir is tank provided a smal ler operat ing volume (17 ga1) '

and therefore shortened the test ing period.

During test ing, the technologies were operated according Eo manufacturerrs

instruct ions. The-anolyte solut ions were not heated al though each technology

senerated suff ic ient heat to maintain a temPeraLure in the range of 100 to 105
bF. Ttr"  instruct ions of both technologies indicate that such condiLions are

pernissible for operat ion.

The porous pot was operated at a vol tage of 5.0 v -  with an ini t ia l

corresponding curr"t t t  of  Z0 atps. The amperage diminished during operat ion'

The porous pot instruct ions indicated that the catholyte (approximately 8.25

o"/gZt CrO3) should be changed when the amperage drop is 6O%. This occurred

af te r  approx imate i - .y  L2  hours  o f  opera t ion  th roughout  the  tes t ing  per iod  - ( i ' e - ' ,
changed tr" i . "  per d"y).  Whenevei the porous pot catholyte was changed, the

unit  was disassernblei ,  the cathode was removed and i t  was wire brushed to

remove the metal  deposits.

The electrodialyt ic uni t  was operated at 130 amps w-i th a corresponding

voltage of 4.5 v.  During the f i rst  day of operat ion the amperage tended to

increase and i t  was adjusted back to 130 amps. After the f i rst  dty,  no

adjustments were necessary as the unit  maintained the correct amperage. The

el lctrodialyt ic catholyLe was changed after two weeks of operat ion according to

manufacturer t  s instruct ions.

Samples were taken from the anolyte tank on a dai ly basis and analyzed for

the contaminant metals.  Records were kept on the volume of waste caLholyte

generated. The waste catholyte was analyzed to determine the mass of losL

chromium.

Test  Resu l ts

The results of the dai ly anolyte analysis are shown graphical ly in f igures

2 ,  3 ,  a n d  4 .

Dur ing  the  f i rs t  Les t ,  the  porous  po t  removed 0 .58  1bs .  o f  copper  and the

e lec t rod ia iy t i c  un i t  removed,  2 .82  lbs .  o f  copper .  The porous  po t  genera ted  15

ga l  o f  was te  ca tho ly te  conta in ing  7 .7  1bs .  o f  chrome.  The e lec t rod ia ly t i c  un i t

fenera ted  5  ga l  o f  meta l  hydrox ides  conta in ing  less  than 0 .01  1bs .  o f  chome.

These in i t ia l  resu l ts  ind ica ted  tha t  the  porous  po t  wou ld  genera te  13 .3

lbs. of  waste chrome for each pound of contaminant metal  removed assumi-ng a

cons tan t  remova l  ra te .  There for l ,  to  t rea t  the  ba th  f rom say  10 .4  g / I  to  4 'O

1 1
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g/L, Ehe unit would
whlle only removing
removal rate which
renoval rate would
approached 4  " / t .

The ini t la l  baEh contained only 82.5 1bs. of  chromium (40 gal at  33

oz/gaL).  I f  decant ing rrere used ln place of the porous PoE, 627" of the

solut ion would need to be discarded to reach a 4.0 g/I-  targeE-level '  For a 40

gui U.t t t ,  the decanted port ion would be 24.8 gaL containing 51'5 lbs'  of

chromium.

For t .he second and third test runs'  both copper and iron removal were

invest igaEed. The second test run simulated a baLh condit ion where copper is

the major contaminant and iron is a minor contaminant '  In the third test run'

opposi le condit ions \ . /ere invest igated.

Data from each of the test runs show sini lar results for the

elecLrodialyt ic uni t .  The removal rate of metal  contaminants is in i t ia l ly

high, then as the concenErat ion of contaminants in the bath is reduced' the

removal raEe is lower. For example, in test 3 i t  took O'38 days to reduce the

combined concent ra t ion  o f  i ron  and copper  f rom 16 .g / t  to  15 .g / l '  F rom 1 l  g /L

i " - iO g /1  i t  rook  0 .5  days  and f rom 7 '  g /L  to  6  g / t  i r  took  0 .BB davs '  Th is

data enphasizes the need to consider a target leve1 of contaminat ion when

sizing a bath puri f icat ion process. Lower target 1eve1s - 
wi l l  increase the

capit l l  cost of  the system or extend the t ime needed to reach the target level '

Aoo l ica t ion  o f  Resu l ts

I t  should be possible to apply Ehese results to a fu1l  scale operat ion'

since use of the electrodialyt i . ' , tn i t  is not ef fected by solut ion volume' The

removal rate is only dependant on Lhe concentrat ion of contaminants and the

current appl ied. For example, a plat ing bath with a volume of 500 gal (30

t imes g.." t" .  than the volume used in tesis 2 and,3) and simi lar contaminat ion

levels,  would take 30 t imes longer to produce the same results '  I f  the t ime

period for pur i f icat ion is too long, then a higher amperage unit  would be

n e e d e d .

CASE STIIDIES

case studies for ion exchange and electrolysis (porous pot) were found ir i

the l i terature and reported elsewhere in this report .  The fol low-ing are case

s tud ies ,  p r imar i l y  L f  e lec t rod ia ly t i c  techno log ies ,  tha t .  -a re  
f rom shops

famil iar to the authors. The information and data were provided by technical

individuals that worked direct ly with the puri- f icat ion units '  These case

studies were developed through interviews '

Genera l l y ,  quant i ta t i ve  da ta  were  no t  ava i lab le  concern ing  per fo rmance or

costs of the technologies. However,  these experiences wi l l  be useful l  to

platers seeking relat ive comparisons of technologies.

generate 54.8 gaL of waste containing 28'3 lbs'  of  chrome'

I . f :  fU".  of  necal contaminants. This assumes a l inear

very much c,versLates the expected raEe' More l ikely '  the

dimintsh considerably as thl  concentrat ion of the anolyge

1 3



Case Studv I

This faci l i ty is a job shop located in the Northeast.  Both hard and
decorat ive chrome are present.  A standard chromic acid/sul fate bath is used
with each process. The decorat ive process includes nickel/chrome deposites on
brass. Two chrome tanks are used for decorat ive work (1,000 ga1 and 500 ga1).
Twenty hard chrone tanks (500 gal each) are present.

Prior to the enforcement of wastewater regulat ions, this shop made a
pol icy decision to move toward zero discharge of chromium wastewaters.
Recycl ing of r insewaters was then performed, which resulted in an inpuri ty
bui ldup in the chromium baths.

The shop employed three di f ferent bath puri f icat ion technologies: 1)
dumnying, 2) mult icel l  porous pot,  and 3) caust ic catholyte electrodialysis.

Dunmying was performed as a means of t r ivalen! chromium oxidat ion. The
process was marginal ly effect ive pr ior to t .he recycl ing efforts.  Approximately
50 to 60 hours of electrolysis was needed to br ing a 500 ga1 chromium bath back
to usable condit ion. However,  af ter recycl ing was inst i tuted and bath impuri ty
concenLrat ions quickly increased, the abi l i ty Lo dummy the bath decreased and
the process was eventual ly ineffect ive.

A caust ic catholyte unit  was instal led on the hard chrome l ine
approximately 18 months ago and has remained in operat ion. One addit ional uni t
has been instal led on the hard chrome l ine and another on the decorat ive l ine.
Use of the units has signi f icant ly improved plat ing qual i ty.  The caLholyte
solut ions are changed every two weeks. The spent solut ions are stored unt i l  a
suff ic ient volume is accumulaEed, then they are pumped through a f i l ter Press
to remove metal  hvdroxides.

Case Studv  2

This faci l i ty is a job shop located in the Northeast.  Various
e lec t rop la t ing  processes  are  used.  A11 chromium p la t ing  is  decora t ive .  Chrome
plat ing is performed in a 600 ga1 tank containing a mixed catalyst bath. The
major ieEy of the work is die cast ings, however,  both steel and copper bearing
a l loys  are  a lso  chrome p la ted .  The es t imated work  load is  8 ,000 172/daY.

Plat ing qual icy problems were experienced due to cat ion bui ldup. The
primary problem was lack of coverage in the low current density areas. A
porous pot (4 cel1 unit)  was used on a tr ia l  basis.  This efforE was abandoned
due to operat ional and performance problems. A caust ic catholyte
electrodialyt ic uni t  was instal led two years ago and remains i -n service.
Test ing was performed during the f i rst  s ix months of operat ion. The fol lowing
ana ly t i ca l  resu l ts  were  prov ided:

Pr io r  to  Ins ta l la t ion
Af te r  S ix  Months  Opera t i -on

Zn ,  s /L  N i .  e / l  Fe .  p . / l
1 8 1 0 2
6  3  < . 5
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Plat ing problems due to cat lons have not reoccured since instal lat ion of
Ehe electrodialyt ic uni t .

Some costs of operation vere provided. Chemical- costs were estinated to
be $4 per week. 0peratLonal labor was estimated at 0.5 hr/week plus the time
needed for sludge dewaterlng. The spent catholyte is dewatered on a filter
press and the sludge is disposed along with wasEewater treaEment sludges.

Case Studv 3

This faci l i ty is a capt ive shop which manufactures smal l  engines. They
operate a single 4,600 gal chrome bath for plat ing pistons. Approximately
16,000 pistons are plated per day. The bath is a standard chromic acid/sul fate
so lu t ion .

The pistons are aluninum die cast ings. The plat ing process includes:
zincate, waLts nickel,  and chrome plate. Pr ior to the use of bath
puri f icat ion, the aluminum concentrat ion in the bath would increase to levels
which caused a black burn on low current density areas. To minimize the
problem, the shop would decant 50 percent of the bath to waste treatnent every
6 months and replace i t  with fresh solut ion.

The f i rm instal led two caust ic catholyte electrodiaysis units (max.

capaciLy 3,500 amps each) for bath puri f icaLion. Analyt ical  data col lected
over the f i rst  s ix months of operat ion have shown a decrease in aluminum
contaminat ion  f rom 18.0  g /1  to  8 . t  t / t .  0pera t iona l  labor  fo r  the  two un i ts
was est imated at 2 hrs/wk. The catholyte solut ion is changed each week. I t
is dumped to the f loor drain, which conveys i t  to a batch treatment system that
services the remainder of the shop.

Use of the bath puri f icat ion technology
prob lems.

has el imi-naLed plat ing qual i tY

Case Studv 4

Harper Thiel ,  Inc. is a job shop located in Wilmington, Delaware. There
are six chrome tanks present;  four hard chrome tanks and one copper etch. The
baths range in volume from 90 to 1,700 gal.  A11 solut ions are formulated with
chromic acid and sulfur ic acid.

Harper Thiel  inst i tuted a pol icy of c losed loop r insing to help meet local
discharge standards. After a peri .od of 2.5 years the hard chrome baths reached
unsat isfactory levels of i ron (approximately 10 g/1).  Problems associated with
the high i ron levels included peel ing, pi t t ing, and incomplete coverage.
Approximately f i -ve years ago, an electrodialyt ic bath puri f icat ion unit  was
purchased. The unit  is able to maintain I  to 3 g/t  i ron in the hard chrome
b a t h s .

Test ing is performed at Harper Thiel  to assure that the puri f ied hard
chrome baLhs are able to maintain a qual i ty deposit .  Recent hardness test data
ind ica te  an  average hardness  o f  approx imate ly  1 ,000 K.H.N.

l 5



The electrodialyt l -c unit  has also been appl led to the copper etch unit .

Thar bath is formulat ld wit t r  4 lb/gaL chromic acid and 4 f .L.  oz./gal  sul fur ic

acid. Use of the bath purl f icat lon unit  has al lowed cont inuous use of the same

bath for a period of f ive years, which previously was discarded on a regular

basl-s.  During that t ime pu. i .oa, seven 55 gal drums of cupric oxide/hydroxide

have been recovered. Base on previous experiencer i t  was est imated that the

bath puri f icat ion unit  has saved 30,000 lbs. of  chronic acid over a f ive year

per iod .

The operat ing cost of  the unit  was est imated to be approxirnately $1,800
annua l ly  ( inc ludes  labor ,  chemica ls ,  e lecLr ic i t y ,  and waste  d isposa l ) .

Footno tes :

1. t tCaust ict t  or Ionsep catholyte is covered
4,439,293;  and 4  ,636 '288.

i n  U .  S .  p a t e n t s  4  , 3 2 5  , 7 9 2 ;
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