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I. INTRODUCTION

Emission tests from sources using lead constituents will
provide data needed to develop emission factors; which will
determine the extent of nationwide lead emissions. A Preferred
Standards Path Analysis for Lead (PSPAL) will determine whether
a specific standard for lead is warranted, and, if so, whether-
it shoula be an air quality, new source performance, or hazardous
pollutant standard. .

The ESB plant located in Milpitas, California, manufacturing

motor vehicle batteries, was considered to be a good emission

‘Eésting model. This plant contains three casting furnaces with

no control equipment, a paste mixer with a scrubber system, and
the stacking, element burning, and casing operation which vented
into a baghouse. A schematic diagram 6f the ESB operation is |
Shown in Figure 3.1. An initial survey of the plant 5y PEDCO;
Environmental Specialists in August 1973 confirmed that the
process operation and vent system layout would provide suitable
test data.

Triplicate tests were conducted to determine particulate and
lead emission rates at the inlet and outlet of each conﬁrol system.

The casting furnace has no control device and therefore only one

sampling location was used.




»

The tests were performed September 24-28, 1973 by PEDCo-
Environmental Specialists using a five man crew.. No EPA
personnel were on site, and all pertinent process information
was obtained by the PEDCo crew leader.

Three two hour tests were performed Séptember 25 on the
continuously opgrating casting furnaces. Two mixer tests were
scheduled on September 26, bﬁt a motor burned out forcing the
operation down. Therefore the three process (stacking, burning,
and battery assembly) emission tegts were conducted on September
26th and 27th. A new motor for the paste mixer was installed
and tests were pefformed on September 27th and 28th.

In the paste mixing operation, lead oxide and other compo-

-nents are dumped into the mixer approximately every 3 to 4 hours.

Maximum concentrations were expected (and observed) at the time .
the material entered the mixer. Test sequences were carefully
run to ensure that one "dump" occurred during each of the three

mixer tests.




II. SUMMARY AND DISCUSSION OF RESULTS

A total of nine runs were made during the testing period
for the determination of lead and'particulate mafter. Three
runs were made on the casting furnace, three process operation,
and paste mixerf. A run consisted of the simultaneous collection
of an isokinetic sample at the inlet.and'outlet of the control
device (except the casting furnace which was uncontrolled).

An éverall test summary of particulate and lead concentrations
is presented in Tables 2.1 through 2.3 in U.S; and metric units.
Tables 2.4 through 2,6 tabulate the data fér each of the three
processes. Control device efficiencies appear in Table 2.7.

Lead concentrations in the three process and past mixer operations

are Shown in Table 2.8.

A comparison of the process and emission variqbles for each
set of three tests do not display significant variation. There—
fore every group of data can confidently be averaged to obtain
emission factors.

A slight (nine percent) increase in flow volume occurred in
the three process operation between the inlet and outlet sampling
sites. A leak in the system could account for excess air being
sucked into the éystem by the ID fan.

The only complications that arose durxing testing was‘that

water was left out of the impinders for the first inlet mixer
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Table 2.8. SUMMARY OF MIXER PASTE, SCRUBBER WATER,

AND BAGHOUSE DUST

Item Run Lead concentration (ppm)*

Three Process Baghouse 4,5,6 4989
Dust :
Mixer Paste (Positive -7 2328
Plates) !
Mixer Paste (Wegative 8 3991
Plates) P
Mixer Paste (Negative 9 4656
Plates)
Scrubber Water 7 250
Scrubber Water 8 330
Scrubber Water 9 440

*Parts per million by weight.

11
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test. However, the percent of lead caught by the inlet impingers
during runs 8 and 9 were only 0.16 and 0.03 percent respectively,
indicating the absence of water during test 7 was insignificant.
At the time of the tests on the three process operation,
emissions were expected to be low for the night shift run (no.
five). This is confirmed by the lead data, but particulate
values do not bear this out. One explanation is that the stacking
operation may have stirred up a conéiderable amount of dirt while
not stacking many battery elements.

A surprising feature of the control systems (Table 2.7) is

that the fabric filter system on the three process operation has

a partiéulate efficieﬁcy of only 29 percent, but captures lead
with an efficiency of 96.7 percent. There is no explangtion for
this variance, except that the lead particles may be quite large
in relation to the particulate matter; hence the finer particulate
escapes through the bags.

The amount of lead in the impinger catches was negligible,
except for the three process operation. Howevef, the total lead
concentrations from the three processes were much lower than
emissions from the casting and mixing operations.

Paste and scrubber water samples were taken during each
mixer test. A dust sample was also taken from the baghouse
discharge collector. The lead content was found in the samples
and tabulated in Table 2.8,  The baghouse dust is relayed to a

Covered 55 gallon drum and will be taken to a smelter for

12




*
recovery. The lead sludge formed in the scrubber settling
tank is reused to“make-negative paste (Table 3.1).

The measured stack gas moistures for the paste mixer outlet

V(Runs 7-0, 8—0,,9*0) are in error. The crew leader used a

psychrometric chart in the field, and it appearéd the scrubber
outlet gas stream was at the saturation point. It was later

confirmed from vapor pfessure tables that the gas stream was

~ slightly super saturated. Table A.6 in Appendix A tabulates’ the

moisture data. ‘ : ‘ : : - -
Subsequent calculations showed that the calculated values
(including results) are correct to two ‘significant figqures.

Therefore, the numbers were not revised.

* The 55 gallon drum was full at the time of the test; It took
"~ approximately five months to £ill the drum. Therefore estimate

that the baghouse on the three process operation yields approxi-
mately 150 gallons of lead dust per year.

.13
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IXII. PROCESS DESCRIPTION AND OPERATION

Approximately thirty thousand batteries per month are
produced at the ESB plant. This is less than an average battery
plant will manufacture. The Milpitas plant was-chosen over
iarger battery plants because of the desirable testing sites.
Figure 3.1 is a .schematic diagram of the ESB battery process.

Of significance for emission tests are the casting furnaces,
paste mixer, and the "th;ee process" operation fstacking, burning,
and battery assembly}. The four points ¢of atmospheric emissions
are noted.from the various processes.

| Three gas-fired casting furhaces mold grids into the proper
form. Fifty pound lead ingots are manually fed to each furnace.
The heat and emissions from each furnace are vented separately
to the atmosphere using no control equipment. The grids are then
sent to the mixer area and coated with the lead sulfate paste.
During a ten hour shift, 189 lead ingots were fed to the three
casting furnaces. This represents a process weight of 315 1b.
per hour per furnace, or 0.1575 tons per héur per furnace.

The plant received lead oxide from an outside source and
conveys the lead grindings to the roof where it enters a 3000
1b. capacity weigh hopper. The lead oxide is made up of 98
percent Pb02 and 2 percent Pb. The dust from the conveyor
system is vented through a baghouse located on the roof. 'This

operation was not considered for testing because many battery

14
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manufacturing plants generate their own lead grindings. 1In
addition, this process occurs approximately once per week which

would result in an inadequate test period.

PbO grindings are dropped into the mixer where sulfuric
acid, water, and other ingredients are combined to form a lead
sulfate paste. The additives depend on whether positive or
negative paste is being made; a description of the paste con-
stituents are listed in Téble 3.1. The three mixer tests
consisted of one test (Run 4) during which positive paste was
used; the final two tests (Runs 5 and 6) used negative paste
to coat the grids. The process weights in Table 3.1 were divided
by the test duration (120 minutes) to determine process weight
rates at 0.885 and 0.897 tons per hour for negative and positive
cases.
| The exhaust gases from the mi#er are vented to a Schneible
scrubber by an induced draft fan. Scrubber specifications are
included in Appendix G. Particulate matter is caught by a
recycled water system. The spent water enters a settling tank
where a sludge is formed. The sludge is later reused in the
paste manufacturing operation.

After the paste is applied to the grids they are cured for
approximately three days. No lead emissions are produced during
lead sulfate application onto the grids since the paste is in a
moist state.

After the plates are dry, they are stacked in an area where

three hoods are used to vent the dust to a collection system.

16




Table 3.1. LEAD PASTE COMPOSITION (PER BATCH)

NEGATIVE PASTE

POSITIVE PASTE

WEIGHT (LB)

CONSTITUENT CONSTITUENT WEIGHT (LB)
Lead Oxide Lead Oxide

Grindings. 3000 Grindings 3000
108 liters conc. 85 liters conc.

HZSO4 435 HZSO4 343
3 bags "Dynel" 150 3 bags "Dynel" 1590
3 liters Qil 6 40 gallons Water 334
2 bags Expander 100
10% Reclamation Mix 85

TOTAL WT/BATCH| 3776 3827
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The "‘plates are then transferied to the element burning operation
where they are unified into elements by welding leads to a
spe;ified number of individual plates. The element burning
operation-has six individual work stations, each equipped with
its own hood. Stacked elements are then assembled into battery
casings in another hooded area.

Ducts from the plate stacking, eleﬁent burning, and casing
operatiqn are joined in a common duct leading to an American Air
Filter “Amerpulse" baghouse. Control device specifications are
included in Appendix G. Plants caﬁable_of manufacturing
greater quantities of batteries usually exhaust gases'through
indiviaual egress points due to higher volumés of air. Process
weight rates for the three processes which are vented togethex

-

are difficult to determine because of their separate functions.

Usual plant procedure is to employ two shifts per day, as
was the case during the emission testing pe:iod. Table 3.2
summarizes the output of the individual operations -leading to the
manufacture of 29,400 batteries per month. The first shift
output is the maximum operating rate.

During the plant presurvey PEDCo assumed that some testing
may extend through the second shift. However, it was not
anticipated thaf the output from second shift personnel would
be significantly less than from the first shift. This was the

case, as witnessed by the field crew leader and confirmed later

by emission test data.

Table 3.3 lists emission factors derived from the test

and process data. It was impossible to segregate emissions

18
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and flow volumes from the individual three process operations.

Emission factor calculations are in Appendix A.
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Table 3.2, PROCESS CAPACITIES DURING EMISSION TEST PERIOD

QOPERATION UNITS CAPACITY/UNIT APPROXIMATE SECOND
FIRST SHIFTa SHIFT OUTPUT
Cast Furnace 3 28 grids/minutec all tests during
. first shift

Mixer 1 Variable 40%

Plate Stacking 1 130 batteries/hourd 20%

Element Burning 6 21 batteries/hour 30%

Battery Assembly' 1 ll2 batteries/hour 50%

a) VvValues noted by ESB persconnel and reported to PEDCo.

b} values assumed by PEDCo field crew leader,

c) Average welght per grids cast during test-0.26 pounds
d) Average number of grids per batteries assembled during

test-66 (6 elements containing 11 grids).

weight-38 1b.

520)663

20
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IV. LOCATION OF SAMPLING PQINTS

No previous emission tests were made on any of the operations
at the ESB plant. Therefore, none of the stacks or ducts were
equipped with sampling ports. Sampling locations were chosen and
marked (if possible)} Quring the presurvey. A scaffolding firm
in close proximity to the plant was hired to position scaffolding
at the chosen sites. 1Individual test locations are discussed
below:

Casting Furnace

A diagram of a casting furnace is shown in Figure 4.1. Each-
of the three furnaces and stacks are identical. The crew leader
witnessed which operator was most proficient, and chose a furnace
to sample solely on that basis. Sample ports were inserted by.
PEDCo personnel in the circular 11 inch diameter duct as shown in
Figure 4.2. Two metallic concentric ducts handle the room
ventilation and furnace exhause, so the inner and outer duct were

cut to gain access to the inner (furnace) exhaust gases.  The

sample section was taken as low as possible to maximize the

distance bétween the points and the stack exit. - Ten points were
chosen on each of the two traverse locations for a total of twenty
points. Each point was sampled for 6 minutes resulting in a two

hour test duration.

22
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Figure 4.1 Elevation of typical casting furnace.
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Section AA

Duct, inches

o

5.00
5.00
5.60
6.49
7.75
11.25
12.51
13.40
14,00
14.00
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QWO WK
$1]

[
o5

a} Minimum sampling distance from duct walls
was one inch.

Figure 4.2. Casting furnace sampling points.
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"Three Process" Operatiocon

The ducts from ﬁhe stacking, burning, and battery assembly
operations are joined on the building rocf, as shown in Figuré
4.3.

The inlet sampling site, located on the roof about 4 feet
from the edge of the building, is 38 inches downstfeam of a pipe
transition. It was impossible to sample furthef'downstream
begadse of.a water pipe wﬁich would have interféred with the
position of the sample box. Twenty points, as -illustrated in
Figure 4.4, were chosen for each of the two sample ports on the
horizontal metallic ducts. The vertical sampling was done from a
hole placed in the bottom of the duct. The 40 %ample points were

each tested for 3 minutes, for a two hour test period.

A scaffolding was erected to gain access to an acceptgble
cutlet test section. Figure 4.5 shows an elevation of the "three
process" baghouse and exhaust stack. Ten points were chosen on
each of two traverse directions on the 26 inch diameter vertical

stack., Three of the ten sampling points on the "south" port

were not sampled due to a scaffolding placement obstruction. The

first accessable point was sampled for 24 minutes instead of

6 minutés_to "make up" sampling time. Each point was sampled

for six minutes, for a total 120 minute test dura#ion.

Mixer Qperation

The exhaust duct from the mixer spans approxiﬁately 20 feet
exiting horizontally through the side of the building. It Qas
impossible to gain a desirable access to the duct due to the
location of plant machinery And other immovable obstructions.

A scaffolding was placed insidé the plant where the inlet duct.

could be sampled approximately two diameters downstream from a
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Dimensions expressed in feet

C are approximate

Figure 4.3 Plan view of three process ducting.
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2.52
3.35
4.30
5.30
6.50
7.96
10.10
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18.04
19.50
20.70
21.70
22,65
23.48
24,26
24.99

25.00

Figure 4.4.

a) Minimum sampling distance from duct
walls was one inch.
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Three Process Outlet
Test Section
(Looking Down)

Point
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1.00
2.13
3.80
5.90
8.90
17.10
20.10
22,20
23.87
25.00

Three process sampling points.
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30 aegree bend in the duct. Eight sample points per diameter,
as shown in Figure 4.6, were chosen for the mixer inlet test;
samples were taken horizontally and vertically. Each of the
sixteen points was sampled for eight minutes, resulting in a
128 minute test.

A photograph of the scrubber outlet appears in Figure 4.7.
The test location was chosen downstream of the fan, approxi-
mately 14 feet abpve the discharge section. Two sampling ports

were cut in the 12.75 inch ID stack 90 degrees apart. Each

‘port has eight sample points (Figure 4.6), which were tested

for eight minutes apiece.

No céps and threaded fittings were added to the éample
areas. Therefore when the test was being conducted through one
port, the other was taped to avoid atmospheric air from inter-
fering at the test section.

Table 4.1 summarizes the sampling point data at the five

test sections.
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Mixer Scrubber  Inlet
{Horizontal Duct)

.15

(=2}

Point Traverse Distance,

inches

13 1.00

2 1.00

3 1.31

4 2.22

5 4.43

6 5.44

70 5.75

8 5.75

a) Minimum sampling distance from duct
walls was one inch.

Mixer Scrubber Qutlet

{Vertical Stack)

Point

Traverse Distance
inches

O~ W

1.00
1.34
2.47
4.12
8.63
10.28
11.41
11.75

Figure 4.6. Paste Mixer sampling points.




Mixer outlet site

Figure 4.7
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V. SAMPLING AND ANALYTICAL PROCEDURES

All particulate and lead sampling procedures.were selected
and approved~by EPA prior to field sampling. PEDCo-Environmental
Specialists performed all testing, sample recovery, analysis,_and
caiculations for particulate and lead samples.

Stack measurements and velocity traverses were taken at each
sampling site with a type "S" pitot tube and inclined draft
gage. Gas flow temperatures were measured with long stem dial
thermometers. An appropriate nozzle size was choseh after
determining velocity head readings.

‘No moisture tests were run due to the dry nature of the
processes. After each initial run, the moisture content wés
calculated to compare aéainst assumed values. In all cases
the assumed and actual moisture were within five percent.

Particulate and lead matter were isckinetically sampled
with a train similar to the one di;cussed in Method 5 of the

Federal Register.* A detailed description of the sampling and

analysis technique is included in Appendix D. An integrated
sample of the stack gases was collected during each run by

pumping f£lue gas into a Tedlar bag. This bag sample was then
analyzed on site with an Orsat analysis for CO

o] and CO.

27 T2
Prior to the first test all chemical reagents were changed to

assure accurate readings.

*Federal Register, Vol. 36, Wo. 247, Secti
1971. All test metheds discussed heraaft
Federal Register.

on 60.85, December 23,
e

r refer to the same
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J The sampling crew at each site consisted of a two man team
which included a probe and meter technician. At all five sampling
sites the meter box was kept on ground level. The sample box,
either on the building roof or scaffolding, was bonnected to the
tif' rmeter box by an umbilical cord containing the sampling and
velocity lines.
After each test the sample boxes were transferred to a

clean up room where the samples were appropriately put into

Wheaton jars previously washed with nitric acid. Blanks of

acetone, water, and filters were taken to identify background

concentrgtion. The samples were shipped by air freight ﬁo the
PEDCo laboratory in Cincinnati, Ohic for analysis. All samples
arrived in satisfactory condition.

Laboratory personnel initially‘analyzéd ﬁhe samples for
particulate concentrations and later measured lead concentrations
using an atomic absorption spectrophotometer as described in
Appendix D. Particulate values were aetermined using tﬁe Federal
Register Method 5 technique. Organics are not usea in any of the
processes, so a chloroform-ether extraction of organic particulate
was not performed.

Field data sheets are presented in Appendix C. The laboratory
report is contained in Appendix E. Appendices A and B include a
summary of particulate and lead data with a sample calculation

of the emission parameters.
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