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Abstract

This paper presents a profile of the chrome plating and chromic acid
anodizing industry in California and the emlssions of hexavalent chromium
associated with it. A process descriptlion for chrome plating Is given and
control techniques commonly used by the piating industry are reviewed and
evaluated. An assessment |Is made of best avallable control technology
(BACT) for hexavalent chromium emisslons and of partlicular technologies
which may be abie to exceed control levels achlevable with BACT. Process
parameters which influence emissions, and a systems engineering approach for
the reduction of emissions are also discussed.

This report has been reviewed by the staff of the California Air Resources
Board and approved for publication. Approvai does not signify that the
contents necessarily refiect the views and policles of the Air Resources
Board, nor does mention of trade names or commercial products constitute
endorsement or recommendation for use. ’
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1. INTRODUCTION

Chromium is a hard, lustrous metal. It is used as an alloying element
for many types of steel, in refractories (fire brick), and to produce
var ious chromium chemicals. In addition, chromium can also be used as a
protective or deéoratlve coating for other materials. Chromium coatings

\
are usually deposited on the surface of other materials (which are

themselves metal or metal coated) by an electrochemical process known as
chrome plating., By varying certaln process parameteré, most notably the
!ength of the plating time, a chrome plater can produce either a thick,
hard, wear reslistant Iayef of chrome metal on the surface of the object

plated, or a thin, decorative (bright and shiny) layer.

Hard chrome plating is done on parts such as crank-shafts, hydraulic
rams and cylinders, valves, pumps, and other components which are subject to
excessive wear, corrosion, or high friction; A significant amount of hard
chrome plating is done to reétore worn parts such as engine crank-shafts
prior to their reuse. Decorative chrome surface coatings are generally

applied to items such as car bumpers, appliances, furniture, and plumbing

fixtures.1



Both hard and decorative chrome plating typlcally are done In agueous
solutions of chromlic acld (Cr03, a hexavalent chromium compound) and
sulfuric acld. For decoratlive plating, there are commercially available

plating baths which are trivalent chromium-based.

In chromic acid-based plating, the item to be plated Is suspended in
the chromic aclid bath and connected as the cathode (negative electrode) of
an electrolytic cell. A typical hard cthme ptating process schematic is
shown on Figure 1. A low DC voltage Is applied across the cell, causing
hexavalent chromlum In solution to déposlt as metalllc chromium on the item.
In a side reaction which occﬁrs at the cathode, hydrogen lons in solution
are reduced, producling hydrogen gas. Thls slde reactlon consumes 80 to S0

percent of the current applied to the plating tank.

Chromic acld anodizing Is an electrochemical process used to create a
decorative and protective surface coating. In thls process, the metal part
Is connected as the anode ﬂposrtlve eléctrode) In a bath coﬁtalning chromic
acid. As Cr(V!) Is reduced In the bath, the metal surface of the part
oxlidlzes to provide a protective finish. The same phenomenon of hydrogen

1
gas evolution occurs

The hydrogen gas bubbles rise to the surface of the plating bath, and
as- they break the surface they create a chromic acid mist. To protect

employees, the mist may be collected by a local ventllation system, passed
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through a control device, and conveyed to the outside atmosphere.' Mists may
also be controlled at the bath surface wlth physical barriers (floating bead
or ball layers, or foam blankets) or by altering the surface tension of the
bath to suppress mist formation. In some cases, a combination of these

techniques |s used.

in the past, actlions taken to reduce emissions from chrome plating
operations to the ocutside air were based, in most cases, on the nuisance
aspect of the corrosive chromic acld mist. In February 1988, the Air
Resources Board adopted a regulatlion which requires plating and anodizing
shops to achleve specific levels of control of hexgva!ent chromlum
emissions. This reguiation, and subsequent regulatfons adopted by the Scuth
Coast Alr Qua!lty Management District (SCAQMD) and the Bay Area Air Quality
Management District (BAAGMD), are based on the heaith effects of hexavalent
ch}omium, which has been shown to be a potent human carcinogen. These rules
can be found in the Appendix. Details on the identiflication of hexavalent
chromium as’a toxlc air contamlnant and the ARB's supporting data for

control measure development can be found In References 1, 4 and 5.
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in this paper we wlll cover the following topics regarding hexavalent

chromium emissions from plating operations:

useful

1.

A proflie of the Industry in California, incliuding process

descriptions and geographical distribution of ptating shops;

2. fhe nature and magnitude of hexavalent chromium emissions in
Catifornlia;

3. Parameters which may iInfluence emission characteristics;

4. Typlcal control devices In use today;

5. An assesment of the best available control technology (BACT) for
chrome plating and anedizling; and

6. Technology transfer to achleve a hlgher degree of control than
BACT.

The authors are hopeful that the information presented here will be

to district permit engineers and others who are evaluating permit

applications for electropiating facllitles.

11




I1. Proflle of the Chrome Plating Industry in Callfornia

This sectlon presents a geographical distribution, based on survey
results, of chrome plating and anodizing facltities in Callfornia.

Facilities are categorized also by type of plating done.
A. Ine Number and Distributlon of Plating Shops

- Table 1 shows the numbers of platers of varlious kinds estimated to
operate In California. These data are derived from surveys performed in
1987 by the ARB and by local air poliution contro! districts. Of the total

of 416 platers, 65 percent are In the South Coast Air Basin.

The amount of piating and anodizing done in California is expected to
paralle!l the increase In general! manufacturing activity. Limiting factors
to the growth or expansion of the Industry include foreign competition (for
decorative chrome piating), and difficulty In meeting new source standards

in urban areas (for hard plating and anodizing operations).
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Table 1

Estimated Number of Chrome Platers in Cailfornia

Alr Basin

Number of Platers

decorative

hard/anodizing

South Coast

Bay Area

San-Diego

San Joaquin Valley
Sacramento Valley

So. Central Coast

Others

Total

154

26

18

21

15

242

119

19

20

174

13



111. PROCESS DESCRIPTIONS AND HEXAVALENT CHROMIUM EMISS|ONS

This section describes hard chrome plating, decoratlive chrome plating,
and chromic acld anodizing processes,'and glves quantitatlive estimates of
emisslions from the chrome plating industry, The general mechanism of mist
generation, and the amount of emissions generated by hard and by decorative
plating, are examined. Average emission factors for both controlled and
uncontrolled sources are presented. Available source test data are
reviewed, with particular focus on the characteristics of chrome plating

emissions which make them difficult to control.

A. Process Dascription

Both hard and qecoratlve chrome plating are conducted in steel-1!ined
tanks contalning chromic acld, sulfurlec acid, and water. Some piating baths
also contaln fluoride compounds. A low DC voltage at hligh current is
applied and flows from the anode (poslitive electrode) to the part being

plated (cathode or negative electrode). Along with this current fiow,

14



positively charged Cr (Vi) lons In solutlon draw electrons from the cathode
while negative anions release electrons to the anode (which is typlically
made of an insoluble lead-tin or lead-antimony alloy). Chrome plate, or
metallic chromium, Is deposited on the surface of the object being plated‘.30

Figure 2 shows a typlcal hard chrome plating tank schematic.

The major chemlical reactions which are responsible for chromic acid

mist formatlion are shown below:

Anod ] 30

1. QCr“3+302~6(e)-—2Cr03

cathod t] 30

-~ + [»]
1. Cr207 +14H +12(e)--2Cr +7H20

2, 2H++2(e)——H2

The anodic reaction above purifles the ptating bath by reoxidizing the
trivalent chromium present in the bath to chromic acid. Trivalent chromium
Is consldered a contaminant In hard chrome plating baths. Chromic acid mist

generation Is primarily due to the cathodlic reactions. Reaction 1 at the

15
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cathode causes the deposition of chromium upon the surface of the object
belng plated. This reaction consumes only 10-20 percent of the current.
Reaction 2 consumes a majority of the current used in the cathodic
reactions—-the evolution of hydrogen gas. 1t Is the hydrogen gas bubbles
bursting at the bath surface that entrains chromic acid from the bath,

creating emissions of chromic aclid mist,

Although the electrochemistry is the same in hard and In decorative
plating, there are notable differences in application, process, and emission

control techniques between the two.

Hard chrome is generally applled to parts In high frlctioa or wear
applications and Is usually deposited directly on steel. Hard chrome plate
(a layer of over 1 micron thick) accounts for a majority of all chrohe
. plated. Work pleces are typlcally lowered into the tank by chalin hoist from
above and suspended from a rack which rests on the top of the tank. {n hard
plating, bath composition, temperature (130—150°F), applied current
(typically thousands of amps), and plating time (typicaliy hours) are
monitored and controliled. Tanks deeper than 4 or 5 feet are sometimes
agitated with compressed air to maintain bath circuiation and prevent

thermal stratification of the bath.
Some hard chrome platers use either a bath additive (which either

lowers surface tension or creates a layer of foam, or both) or floating

plastic balls or beads to aid In chromic acid mist control at the surface of

17



the bath.30

In other cases, the chromic acid mist is collected by a
ventilation system and conveyed to the outslide alr directiy or after passing

through a mist ellminator, a packed bed scrubber, or other control device.

There are currently no widely used alternatives to hard chrome plating
(with the exceptlion of some new nickel-Tefion-Flouride matrix surface

coattngs).2

Decoraflve c¢hrome plating, defined as a coating of less than 1 micron
thick, and iIs generélly applled to items such as auto parts, applLances,
furnliture, and plumbing fixtures.1 The chrome layer is usually deposited
on top of a nicke! or copper base coat. Decorative cﬁrome piating is
typically carried out using shorter plating times {minutes) and iower
currents (hundreds of amp-hours) than hard chrome platiﬂg.‘ Decorative
chrome plating baths are usually no deeper than 4 or § feet. Parts to be
piated are moved in and out of the piating baths ;nd rinse tanks elither
manually or, In high production faclilitles, on automated racks. In such a
facility with automated plating llnes, a conveyor belt moves the parts on
racks from tank to tank, lowering the racks of parts into each tank in turn.
Plating bath composition for decorative plating may Include fluoride

catalysts (fiuorosilicates or fluoborates) to Increass efficlency.30

Emissions from decoratlve platers are typlcaliy controlled by

addlitives that decrease bath surface tension or create a dense blanket of

18



foam on the bath surface. A tank ventitation system (similar to that used

in hard plating) is sometimes used to collect mists.

Alternatives to the use of hexavalent chrome-based decorative chrome
plating have been developed. These processes, which use proprietary baths,
are based on trivalent chromium. In trivalent decoratlve chrome plating,
hexavalent chrome Is considered-a bath contaminant. Consequently, no
appreciable amounts of hexavalent chrome are present in the plating bath.:30
Due to the difference in bath composition and chemical reactions that occur
dur ing trivalgnt chromium plating, chromic acid mists are not generated.
Plating efficlenclies for this procesé range from 20-25 percent, siightly

higher than for chromic-acid-based plating processes.30

Chromic acid anodizing Is typically done on aluminum or magnesium
parts. Anodlzing Is very different from plating In that no layer of
chromium metal Is deposited on the part. Thls process creates an oxlde
layer on the object’'s surface for corrosion resistance, electrical
insulation, coloring, or Improved’dieiectrlc strength. In chrdmic acid
ancdizing, the tank itself acts as the cathode (negative) and the aluminum
or magnesium part as the anode (positive). The reaction is carrlied cut In a
bath which is Initlally a chromic acid soiutlon. As anodizing proceeds,
hexavalent chromium In thé bath Is reduced to trivalent chromium. Chromic
acid anodizing Is generally not as sensitive to process parameters to attain

an acceptable surface finish as decorative or hard chrome plating. This

19



process can be used over a wide range of voltages, bath temperatures and

anodizing times.

This section describes the derlvation of average emission factors, and
the calculation of statewide emission estimates for the chromium

electroplating Industry.

Emissions of Cr(Vi) from electroplating facliities can be estimated as

follows:

.Emisslons (mg) = Emlsslon Factor(mg/Amp-hr) x Current (Amp)

X tank operatlon (hrs)

Average emission factors were derlved for hard and decorative chrome
platers based on source test results of existing faclilities. Table 2 lists
the source test data used to develop these emisslion factors. Emission
factors for anodizing are assumed to be equal to those for hard plating.
The limlted data avallable for anodlzing, shown on Table 2, supports this

conclusion.
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Table 2

Results of Source Tests at Plating Tanks

Annual Cr. Emissions,mg/amp~hr
Emissions ~~--—~--v~—~3—-4 --------- Control
Plant Location Ref. (1bs.) uncontrolled controlled Efficiency
Hard Plating
Able Machining So. Carol. 7 9.0, 9.1(9.1)b .15 (.14) 98%
Steel Heddle So. Carol. 13 9.8 13.1 (13.9) .59 €.458 896%
Greensboro No. Carol. 8 25 4.9 (4.3) .61 (.59) 88%
Indust. )
Carolina No. Carol. 15 119 2.3 (1.1) .15 (8.44) 93%
Plating d
U.S. Novy Long Beach 12 5.4, 1.9 (1.8) 15 (.15) 89%
U.S. Navy Virginia 11 3.9 3.7 23.7; .14 5.143 95%
Tarby Hunt. Bch. 14 1 9.5 (1.5 .23 (.06 98%
Standard Los Angeles 18 62 .082 (.eg7) .a4e§.039) 51%
Ni-Cr " 31 170 17 (1) S (- 35%
Plato )
Products Glendora 16 54 -- 04 (.02) 43%
Chrome
Crankshaft Southgate 17 3.09 - —-— 98%
Pamarco Orange 32 19 1.8 51.8) .99 g,ggg 447
" " 2y .73 {.54) .82 (.81 97%
Embee Plating Santa Ana 18 3.8y e - 79%
Piedmont Indus. No. Carol. 20 3.9 23 (24)° .14 (.14) 99.4%
PDec. Plating
€C.S. Ohm Missouri 21 .29 .849 (.011) -
“ 21 .807 (.eezg .e1@ 5.002; 0%
Price-PfisteE Pacoima 22 .73 .019 (.021 .815 (.007 21%
" Pacoima 23 1.4 14 (.14) .29 (.029 79%
Anodizing
McDonnel Torrance .918 1.9 (1.1) .16 (.091) 94%
Douglas

values

anooo

before control
in () are Cr{VI);
data not used for
assuming 3,000 hours of operation per

device

values without { ) are total

emission factor

year

chromium



Most source tests shown on Table 2 report emissions of both total
chromium and Cr(Vl). in some cases, Cr(Vi) was measured at lower
concentratlions or amounts than total chrome. Because the chromium in a
chromic acid-based plating bath should be at least 99 percent Cr(Vi) for
proper plating, data for total chromium have been used to calculate emission
factors. However, for the anodlzing source test, measured emissions Qf
Cr(Vi) were used, because anodizing baths are known to contain Cr(ili) as

well as Cr(VI).1

Source test results and the emission factors are expressedrln termé of
mass of Cr(Vl) emitted per amp-hour of plating, activity. Amp-hours are
Ehosen as the process rate because in plating the aﬁount of mist created is
proportionat to the amount of hydrogen evolved. The ahount of hydrogen
evolved is proportional to the current (amps) and to the length (hours) of a
plating jéb. Other variables |lke the configuration of the tank (especiaily
depth), tank freeboard (height between the surface of the plating bath and
the top of the plating tank), surface area and shape of the plated item, and
the electrical eff!cléncy {(chromium plated per amp-hour) most likely affect
emissions also. Additlionally, parameters such as length and layout of
exhaust ducting, inlet sampling point location, exhaust gas velocity, and
flow conditlons can reasonably be expected to affect the measurements used

to calculate emlssion factors. Therefore, the slzeable range of emissions

from hard platers evident in Table 2 I's not surprising.
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Emissions on a mass/amp-hour basis from decorative platers, as seen in
Table 2, are on the order of one percent of the uncontrolied emissions from
hard piaters. This Is attributed to the effect of an anti-mist additive
malntalned In the plating solution at the test facliity to control the
concentration of Cr(V!l) In the workplace. Because additives are used by
most decorative platers in lieu of ventilation systems to meet OSHA
requirements, limited data on emission rate; are available from decorative
plating operations where anti-mist additives are not used. Preliminary
results of decorative plating emissions with and without anti-mist additives
show that control efficlencies of 99 percent and greater are achievable in

practice thrOugh the use of commercially avallable anti-mist additives.

The data for uncontrolled emissions per amp-hour at Standard
Nickel/Chromium and Pledmont Industrial Platers (shown In Table 2), were not
included in the development of an average emlission factor for hard plating.
These were the highest and lowest data by considerable margins. Neither of
these fwo facitities was a "typlcal" hard plating facltity: Standard
Nickel/Chromium had a very deep tank((ss feet), and very low uncontroiled
emissions, while Pledmont Industrles had three tanks which were exhausted in
paralleil, and very high uncontroiled emissions. The mean of all other data

for uncontrolled emissions from hard plating is 5.3 mg/amp-hour. This vailue

23



was used as an average emission factor for calculating emissions at hard

chrome facilities that did not have controls.

Controlled emission factors for hard chrome plating were also
calculated on the basis of source test results as shown In Table 2.
Emission control at the facilities noted on Table 2 typlically consisted of a
low-energy wet scrubber and/or a demister. The average control efficiency
among tests done In Callfornia is 75 percent. For plating shops that use
control devices, 25 percent of the average uncontrolled emission factor, or
1.3 mg/amp-hour, was u;ed to estimate emissions. For tanks in which anti-
mist addltlves are used, 95 percent controi of the average uncontrolled
emission factor was used. This corresponds to 0.26 mg/amp-—hour.1 The

authors have emplioyed this value to estimate average emissions from

controlled hard plating operations.

The mean emission rate for decoratlve chrome shops In which an anti-
mist additlive was used was 0.025 mg/amp-hour. Because there are few data
for removal efficiency at decorative shops where control devices are used,

the removal efficlency value (75 percent) employed for hard chrome pilating

was used.

Table 3 summarizes the average emission factors.
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Table 3

Cr{vl) Emisslon Factors? by Plating Type
(mg/amp~-hour)

Uncontrolled Controlled

scrubber foamb

Hard plating/ 5.3 1.3 .28
anodizing

Decorative
plating 0.50 , .13 - .02s

a based on data for tota! chromium
b foam or foam plus scrubber

D5



To calculate statewlde emissions from plating faciliities, average or
site-specific emission factors, and site-specific data on current and hours
of operation, were used. This data was acquired by surveys of piaters in
the Bay Area, South Coast, San Dlego Alr Basln San Joaauin Valley and
Sacramento Valley Alr Basins. About 63 percent of ali survey recipients
responded. It Is assumed that the data from the non-respondents had the
same statistical distributions as the data from the respondents in each air

basin.

Table 4 shows emissions of Cr(Vv!) for the shops with the highest,
lowest, and medlan emisslions. The large differences between the hard and
decorative shops examples reflect the emisslon factors in Table 3 and the
fewer hours of operation typical of decorative plating. The large range
within each category, three to four orders of magnitude, reflects the range
of shop slizes (l.e, process rate) and the variability of other factors such

as exhaust system confliguration or process parameters.

These estimates are useful indicators of the potential range of
emissions and of aggregated emissions, and are not Intended to replace
facillty-specific determination of emisslions through source testing and
prdcess rate measureﬁents. The reliabllity of these est!ﬁates Is best In
the most aggregated form, for instance, statewide. The iimitations of
applying the average emlssion factors given here to a specific facility must

be recognized in interpretation of the resulting emlisslion estimates.
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Table 4
Distribution of Emissions of Cr(Vvl) by Plating Shop Type
(pounds per year per shop)

Decorative Hard Anodizing
Shops that do not
control emlissions
Jowest .001 077 .60
median 092 11 6.7
highegt 31 5§10 170
ali 122 - 1,900 320
Shops that control
mi n
lowest .008 . 002 .006
median .10 20 .44
highest .72 1,200 22
al® 11 9,800 98
a

"Control" refers to a scrubber or de-mister,
In state
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Table 5 shows the total emissions of Cr(Vi) from chrome piating
operations in selected alr basins in Californla and depicts total emissions
in each category. Despite the presence of controls, the number and size of
hard plating shops cause the amount of thelr emisslons to far exceed any
other category. Ninety-four percent of plating emisslons are due to hard
plating. Sley~f§ur percent of all hard plating emisslions occur in the South

Coast Air Basln.1

Because of both acute and chronic health effgcts, It is necessary to
prevent chromlc acld mists from entering workplace alr. The amount of
chromic acid mist leaving the bath surface and entering wérkp!ace ailr may be
reduced by two methods: a blanket of floating plastic beads (or balls) on
the plating bath surface, or a mist suppressing bath additive to reduce
surface tenslion or create a layer or bianket of foam on the bath surface.
After the mist has left the bath surface, It may be collected by a

ventilatlion system to reduce the amount entering workplace air.

Decorative chrome platers typicaily use bath additives for mist
control. Preliminary EPA data has shown that mist suppressants for
decorative chrome platers can be greater than 99 percent effective when used

properiy. Floating beads or baiis are not commonly used by decorative

-28-



Table 5 a
Plating Emlssions of Cr(Vi) by Alr Basin
(lbs/year)

Air Basin

Plating Type

Hard Decorative Anodizing Total
Bay Area 1,810 8 7 1,925
Sacramento 427 s] o 427
San Dilego 1,340 8 536 1,884
San Joaquin 72 1 0 73
South Central Coast 14 o] 2 16
South Coast 7.730 117 77 7.924
Total 11,493 134 622

12,249

a based on survey responses; adjusted for response rate

-20-



platers because they are suseptible to drag out In automated production
lines, and may be trapped by the part as it‘s lowered into the bath,

interfering with plating.

Hard chrome platers and chromic acld anodizers do not widely use
elther floating beads ér balls or mist suppressant addiflveg. However ,
survey resuits do show fhat approximately 16 percent of hard plating shops
do use mlist suppressants, in splte of the fact that this has reportedly

caused pltting of the chrome piate.

The effectiveness of bead/ball blankets for decorative or hard
plating, and of mist suppressing bath additives for hard plating, are not

well documented at this time.

Although there are methods avallable as described above to control -
emisslions at the point of generation (at the bath surface), an estimated 70
percent of hard chrome plating shops use ventilation systems to collect mist
at the bath surface and remove It before It enters the workplace air. There
are several reasons for this. First, It Is generally accepted that a
properly installied, maintained, and operated ventilation system can by
Itselif achieve comp!iance with workplace air standards, without changes to
the plating bath or process. Secondly, some platers have experienced
difficulty in using mist suppressant bath additives, which may interfere
with plating quality, or In using balls or beads. Beads or balls have been

reported 1o become trapped under or in the part as it Is lowered into the

-30-



tank, either Interfering with piating or causing problems when the part is
put Into service. Also, the proper use of mist suppressant additives,
requires more operator attention than It appears Is devoted to regular,
inspection, and maintenance of ventilation systems. The flnal reason that
hard chrome platers do not typlically use mist suppressant bath additives is
that in the South Coast Alr Basln’there is a permlt requirement for tank
ventilation systems (and for emiéélén contro!l devices). There has been
Iittie regulatory pressure to encourage emissions reductions through
mitigatlion of emissions at thelr origin. Such an approach Is preferrable,
If It Is technically feasible, because it Is usualiy the most cosf—effective
solutlon In terms of both capltal and operating costs (e.g., reduced or no
disposal costs assoclated with wastes from alr pollution control equipment).
Given the widespread use today of only conventlional ventilation systems, and
the fact that these systems will ilkéiy play a role in worker protection in
combination with source reduction techniques, It Is reasonable to examine

current practices In ventijatlon system design.

In the conventional ventilation systems currently used in the ptating
Iindustry, chromic acld mists are collected by slot vents which usuaily run
along the long side (or sides) of the tank. Figure 3 shows a typical hard
chrome plating exhaust system schematic. Overhead exhaust hoods are not
used in the plating industry, because overhead hoods would draw mists from
the tank surface Into the breathing zone of anyone who was working at the

tank.
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Figure 3
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Slot vents and accompanying fans are slzed in terms of proper inlet
design velocitles. Two factors, tank length-to-width ratio and tank surface
area, are used to determine the required design velocity necessary to assure
adequate capture of mlsts.6 Single hoods have a maximum reach of about 2
feet; wide tanks typically have slot vents along both long sides of the
tank. For wide tanks, there are two approaches to slot vent operation. In
a push-pull system, one slot vent Is an intake ("pull!") whille the other
supplies air under pressure ("push") . This design "sweeps" the tank
surface, directing chromic acid mist across the ptating bath surface and
Into the "pull" vent. Push alr flow is typically about 5 ft3/mlnute per
square foot of pilating tank surface area.30 A sketch of a new hard chréme
plating tank is shown on Figure 4. In contrast, a "pull-pull" system has
Intake (suction) vents along both long sides of thé tank. Makeup air is
drawn from the workroom carrying chromic acid mist with it into both "pull"

vents.

In some cases, the ends of tanks are closed off. Such baffling of
plating tanks, [lke the one shown in Figure 4, is typically done when the
tanks are free standing in areas that are susceptible to cross drafts.
Baffling eliminates cross drafts which could disturb the flow across the

tank surface and interfere with mist capture.
The Occupationaly Safety and Health Administration workplaée air

standard of 0.0§ mg/m3 (8-hours average) is the maximum Indoor air

concentration limit not to be exceeded for plating and anodizing facilities.
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The American Conference of Governmental Industrial Hygenists

recommends exhaust alr filows of approximately 225-250 cfm/ft2 of tank area

for hard and decorative chrome piating and anodizing done in open tanks.6
Alr flow rates are high due to the acute and chronic toxliclty of hexavalent
chromium, and the fact that slot vents along the tank edge(s) are used;

consequently, emissions from plating operations consist of a relatively

dilute mixture of chromic acid mist in air.

D. EMISSION CHARACTERISTICS

Both the mass and other characteristics of emlissions from
electroplating faciiities vary depending upon spec}flc process parameters
and the physical configuration of the plating tank and ventilation system.
This section wlll focus on a majJor characteristic of emissions critical! to

emission control—-notably particle slze distribution.

Part)cié size distributions of emitted chromic aclid mists are
difficult to measure, and have been shown to be highly variable. Figure 5
shows an e;ample of several iniet and outlet particle sizing runs at a hard
chrome faciility, while Figure 6 shows an example of a slngfe Inlet and

outlet particle sizing run done at a different facl!tty.7’8

Table 6 is a
summary of these data, and shows that after eliminating curves for runs MO-

S3 {(mist eliminator outlet-sizing run 3) and MI-S! (mist eliminator Inlet-
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Figure 5

Graphical Summary of Particle Sizing Data -

Greensboro Industrial Platers

[Source: Chromium Electroplaters Tast Report,
Greensboro Industrial Platers - Reference B}
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Figure 6
Particle Size Distribution Able Machine Company - Taylors, South Carolina
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Table 6

Particlie Size Distributlions for
Able Machine Company and Greensboro Industrial Platers

Percent of Percent of
Particulote Mass Size Particulate Mass
Less Than Indicaoted Size Microns Less thon Indicated Size Microns
2
Greensboro
Industrial
Platers
Inlet 30 12 Cutiet 2 Less than 1
10 5 ’ 30 11
1 4 10 3
Able Machine Slze Size
Company Cumulate Percent Microns Cumulative Percent Microns
Infet - 39 35 Outlet 1 Less than 0.1
10 30 30 8
1 2 10 Less than 1

Averages, 050 Cutpoint

Due to extraction problems the above daota are for total chromium only.
Hexavalent chromium is expected to account for most of the coilected particles
since it comprised most of the mass emitted.

NOTE: These values are derived from reading Figures 5 and 6.



sizing run 1) the two extreme curves from Figure 5, the remaining data are
in good agreement with each other. Outlet emissions tend to have a slightly
larger percentage of smaller particles, which connotes that smaller
particles (less than 10 microns) In the alr stream are not being intercepted
by the control device. This Is consistant with the fact that at both
facilitlies tﬁe control devices were inertlal Impaction devices (chevron-
plade demisters). Principles of control equipment operation are presented

later in this paper.

it is Important that particle slzing data be carefully reviewed
before it Is used to predlict emission control effliciencies or to design
control equipment. Difficulties in sampling mists limit the absolute
accuracy of such measurements; consequently, contro} device deslign

using this data should be conservative.

For Instance, the particle sizing data displayed In Figures 5 and 8
show that a large part of the mass emissions exist as small particles.
Although the absolute éccurécy of these data is Inherentiy (imited, the data
give an indication of the slze range of particles a control device will
have to remove In order to attain high efficlencies or low mass emlission

imits,
In addition to particle size distribution, inlet grain locading has

been observed to affect the removal efficlencies of commonly used inertial

impaction control equipment. |f the gas stream contains a small mass of
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particulate matter relative to the volume of gas, i.e., inlet loadings in
the range of 1 x 10"4 gralns[ft3 of alr or less, removal efflciencies may be
poor . in general, this can be related to the fact that inertial impaction
devices do not achieve high particle removal efficlencies for small
particles (less than 10 m(crcns), and low grain loadings can be taken as

indicators of a particie slze distribution shifted to small particles.
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