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ABSTRACT

The operating characteristics of three full scale electro-
static precipitators were determined to provide definitive
data on their performance. The measured performance of
these precipitators was compared with the theoretically
predicted efficiencies computed by an electrostatic precipi-
tator mathematical model. Field measurements of total
inlet and outlet mass concentrations, particle size
distributions, and electrical data were used for these
comparisons. Descriptions of the measurement procedures and
the mathematical model are included.
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SECTION II
MEASUREMENT TECHNIQUES

The measurement techniques utilized for providing the required
field data are discussed individually below. The methods
utilized follow standard techniques for the mass train measure-
ments. Special measurement techniques were - utilized in the
measurement of particle size, gas analysis, and resistivity.

MASS CONCENTRATION MEASUREMENTS

The inlet and outlet particle mass loadings were measured with
the EPA Method 5 technique. The sampling procedure followed
was that described in the Federal Register, Vol. 36, No. 247,
December 23, 1971. The probe cleaning and sample extraction
procedure is described in detail below since it deviates from
the recommended procedure.

EPA Mass Train Cleaning Procedure

Cleaning of the "front half" of the EPA Method 5 Mass Train is
extremely important in determining the particulate concentra-
tion of gas streams. Frequently the majority of the particulate
sampled from the gas stream will be collected in the probe

and associated glassware and never reach the filtration media.

The following cleaning procedure has been demonstrated to be
very effective in removing particulate captured in the mass
train hardware and was the technique used during this test.

Probe Cleaning -

Immediately after removing the probe assembly from the gas
stream both the tip and ball are taped to prevent gain or loss
of particulate. The area where the tip if screwed to the probe
body is washed to prevent outside contamination when the tip

is removed. The tip is removed and rinsed with the wash
bottle. After the initial wash the tip is brushed from both
ends with a tube brush of correct size to remove "stuck"
particles. The brush is washed to remove particles which
become entangled in the brush fiber.

The probe body is held at a slight angle with the “front" end
down and is washed from the ball end. This usually required two
people {one to hold the collection container and one to actually
wash the probe). After washing with rotation to assure wetting
all walls of the liner, the probe is brushed with a steel or

brass brush assembly similar to that used for cleaning gquns.

The brush is attached to a rigid assembly and forced from the ball
to the "front”. Care is exercised to allow the brush to exit

the front slowly and thus reduce ”splatter" With the brush
extending through the probe, the brush is carefully rinsed to
remove particulate from the bristles. After complete rinsing of
the brush it is withdrawn from the probe. The probe is again
rinsed and rotated to remove the last traces of particulate from
the liner. The interior surface of the probe should have a bright
metal sheen at all points after an effective cleaning.

Glassware Cleaning -

All glassware connecting the probe to the filter is carefully
brushed and washed with distilled water with quantitative
techniques to remove all particulate and transfer this material
to the collected washings from the probe and probe tip.

PARTICLE SIZE MEASUREMENTS

The particle size distribution measurements were made by the

use of both in-stack inertial impactors and optical counters

for particle diameters greater than about 0.3 um and by diffusione
techniques with condensation nuclei counters in conjunction with
diffusion batteries. The inertial impactors provide information
on a mass per unit volume basis far particles with -diameters of
approximately 0.25 pm and larger. The optical technique provides
information on the number per unit volume basis rather than a
mass basis. The mass egquivalent can be determined when the partic
density is considered and a simple computatlon performed. A
detailed descrlptlon of the particle size distribution measurement
equipment is ‘described by Smith et.al.! Therefore, only a brief
discussion of the technique is given in this report.

OPTICAL AND DIFFUSIONAL MEASUREMENTS

The optical and diffusional measurements utilize a dark field
photometer to detect the number of particles per unit volume in
the view field. Extensive dilution of the gas stream being sampl
is usually required because of the limitations imposed by the
useful range of both the optical counter and condensation nuclei
counter. Dilution ratios are selected to provide number

3



concentrations that fall within the dynamic range of the measure-
ment equipment. As a general practice, checks of the linearity

of particle .count with dilution changes are performed to determine
whether any anomalies resulting from condensation or other
phenomena .are occurring within the measurement system.

Due to limitations imposed by equipment availability, it is not
possible to obtain simultaneous measurements at the precipitator
inlet and outlet with the optical and diffusional measurements.
Bowever, the stability of the particulate concentration is in
general sufficient to enable meaningful fractional efficiency
data to be derived by first obtaining inlet data, and subsequently
moving the equipment to the outlet to obtain the necessary data
at that location.

The optical particle counter is calibrated with polystyrene
latex spheres. The indicated diameter of the particulate in the
stack gas can differ from the true diameter because of the
difference in the refractive index of the material from that of
polystyrene latex. In.order to check the diameter obtained for
the effluent, the diffusion battéries are used as sedimentation
chambers, and the particle diameters obtained from the calcu-
‘lated sedimentation rates are compared with the indicated
optical particle diameters. Figure 2-1 shows a sample com-
parison using values for particle density of 1.0 and 2.0 grams/
cm® in the sedimentation calculations. Particle densities are
estimated to range from about 1 to 4 grams/cm’ in most field
installations.’ The comparison indicates fair agreement between
the sedimentation diameters, which are independent of refractive
index, and the equivalent optical diameters. Figure 2-2 shows
the optical and diffusional sizing system, The sampling probe
is typically heated to avoid condensation.

Inertial Impactor S$izing Techniques

The inlet size distribution measurements were made with modified
Brink impactors while the outlet measurements were made ‘with
modified Andersen Mark III impactors. The Brink dimpactor is a
low volume flow device and the Andersen impactor operates at a
relatively high volume flow. The selection of the low flow
instrument for the inlet and a high flow instrument for the
outlet allows near simultaneous testing at both locations. This
difference in sampling rates is required because of the great
difference in mass concentrations across a high efficiency
collection device, typically on the order of a factor of 100.

The impactors are operated in the gas stream with the flow rates

and sampling nozzles selected to provide near isokinetic sampling
rates for both the inlet and outlet measurements. Thus, simultaneous
inlet and outlet measurements are made with the impactors operating
at approximately the same size distribution cut points to

facilitate the interpretation of the data for evaluating the
performance of the control device.
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Both types of impactors are operated with a back-up filter to
collect the fraction of particles smaller than the last stage
of collection. The Brink inlet impactor is equipped with a
precollector cyclone that removes the large particle size
fraction of the material before it reaches the actual impaction
stages.

The operation of the impactors requires extreme care to assure
that meaningful data are collected. The impactor substrates must
be selected to minimize any reentrainment of previously collected
particulate. Reentrained material would be transported by the
gas stream to the next sequential collection stage. This
phenomenon would cause errors in the measured size distribution.

The substrate material has the potential for chemical reaction
with gas phase constituents. The material must be tested for
gas phase reactions prior to their utilization in tests. The
substrate material must be evaluated for gas phase reactions
prior to use. This is described in more detail.

RESISTIVITY MEASUREMENTS

In-situ resistivity measurements are made with-a point-to-plane
electrostatic collection instrument. The device is inserted
into the flue gas environment and allowed to reach near thermal
equilibrium with the gas stream. The dust thickness gage is
reset to zero and the measurement cell positioned for collection.
A clean electrode voltage vs current characteristic is recorded.
The current density for collection is selectéd and a dust layer
is precipitated electrostatically. After collection, a second
voltage vs current characteristic is recorded. This provides one
measure of resistivity. The measurement electrode is then lowered
to contact the dust layer and the layer thickness determined.

The resistance of this known gecmetrical configuration (right
cylinder) is measured. The resistivity is then determined from
the measured resistance.

For the special case where the flue gas temperature exceeds
200°C, the resistivity is determined in the laboratory. A dust
sample is collected in the field and the resistivity is measured
according to the method described in the A.S.M.E. Power Test Code
Number 28.

GAS ANALYSIS

The exit flue gas composition is determined by standard chemical
techniques. The carbon dioxide and oxygen content are deter-
mined by standard Orsat techniques. The oxides of sulfur are
determined by chemical techniques utilizing a conversion of
sulfur dioxide to sulfur trioxide in a hydrogen perioxide solu-
tion and a condensation of the sulfur trioxide on the walls of a
condenser. The concentrations of dilute sulfuric acid are deter-
mined by an acid titration utilizing a thorin indicator for

the final determination. These measurements are conducted at
intervals during the testing period.
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The flue gas .chemistry measurements are omitted in-the. power
stations where:the control device operates.at temperatures in

excess of 200°C. The sulfur trioxide does not materially lnflu-.

ence the particulate characteristics at these relatively high .
temperatures.

‘PRECIPITATOR ELECTRICAL CHARACTERISTICS

The power supply secondary voltage and-current-values are
recorded at intervals during the test program. If the pre-
cipitator is,equipped with indicating meters, the values are
recorded from these meters. If not, selected power sets are
equipped with voltage dividers such that the secondary voltages
will be known throughout the tests.

BOILER OPERATING DATA

The control room operating characteristics are noted at inter-
vals during .the.test.period. .Such items as steam generation
rates, electrical generation rates, fuel feed rates, ‘etc. -are
recorded.

SECTION III
'GORGAS - POWER STATION - ALABAMA.POWER COMPANY

-INTRODUCTION

A test program.was conducted at the Gorgas Power Station, Alabama

" Power Company, .to evaluate.the performance of the electrostatic

precipitator instdlled on unit #10. This installation was selected
as being ‘representative of a well-designed conventional (cold side)

" precipitator collecting fly ash frém 3n .eastern coal. The primary
.objectives of ‘this test program were to .determine the -overall

collection efficiency of the unit, to evaluate the collection
efficiency .as a function of particle ‘size and to analyze the per-
formance of ‘the. unit by -the use of -the precipitator mathematical
model.

* ELECTROSTATIC PRECIPITATOR DESCRIPTION

Figure 3-1 illustrates the gas flow and precipitator arrangement.
Some of -the electrical sets were not operating on the B side
precipitator, -apparently due to broken corona wires; therefore,
tests were conducted on the A side only. Each precipitator
consists of two series section, each of which has 144 gas passages,
with 0.229 m plate to plate spacing (9 in.). Each precipitator
consists of 144 gas passages 9.14 m high (30 ft), 10.97 m long

(36 ft), for .a. total collecting area of 28877 m? (311,000 f£t?

per precipitator. The precipitators each have twelve electrical
sections arranged .in series with the gas flow, 'such that the

.individual sections power 1/12 of the plate area and 1/12 of the

length. Gas flow at full locad (~700 MW) for each precipitator is
about 520 m3/sec (1.1x10° cfm) at 149°C (300°F). The specific
collectlng area at these conditions would be 55 m?/{(m3/sec) or
283 £t£2/1000 cfm.

RESULTS

The results from field measurements on this unit are given
below.. .

Mass Loadings

The overall mass efficiency measurements were conducted by
Scientific South, Inc., under contract with SRI. Figures 3-2
and 3-3 illustrate the velocity profiles obtained at the inlet
and outlet sampling locations with preliminary pitot tube trav-
erses performed on July 9, 1973. Inlet and outlet dust loading



Figure 3-1. Precipitator Layout at Gorgas Unit 10.
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measurements were conducted on July 10 and 11. The results of
this work are given in Table 3-X. During the time period that
the measurements were conducted, the generation rate was constant
at 710 MW. Sampling, was performed with an EPA approved sampling
train manufactured by Research Appliance Corporation.

Practional Efficiency Measurements

Tests using cascade impactors for particulate mass efficiencies as
a function of particle diametét Were conducted on July 10, 11, 12,
13, and 16. Inlet data were obtained with modified Brink impactors
on the first four days of testing and outlet data. were obtained with
an Andersen impactor on all five days. Diffusional sizings with a
series of diffusion batteries and two condensation nuclei counters
were used to provide concentration and size distributions by number
over the size range from about 0.005 um to 0.3 um. Relative con-
centrations on a number basis were measured- using a Climet particle
size analyzer equipped with a scanning pulse height analyzer and
digital rate meter. Because of the high number concentration of
small particles in the stack, dilution of the sampled gas stream
by factors ranging from about 50:1 to about 1000:1 was necessary in
order to obtain data with both the condensation nuclei counters

and the optical particle counter. These data are given in Figures
3-4, 3-5, and 3-6.

The resistivity of the fly ash obtained in a previ?gs test at a
temperature of 165°C (330°F) is approximately 2x10°° ohm-cm.

Gas Analysis, Chemical Analysis and Coal Analysis

The results of the gas and coal sulfur content analyses are
given below in Table 3-2.

‘Sulfur oxide analyses performed on July 10, 11, and 13 indicate

that the SO; concentration dropped significantly, apparently as

a result of decreasing sulfur content of the coal. There is some
disagreement between the coal sulfur contents obtained from the plant
records with those obtained by SRI. The samples which were analyzed
by SRI were obtained after the coal was pulverized prior to injec-
tion into the furnace. Results from these analyses show proportion-
ate agreement with the measured variation in SO: concentration.

The current density of the precipitator also dropped significantly
during the same time period, possibly as a result of the response

of the power supplies to an increased tendency to spark arising

13
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‘ TABLE 3-1 _
DUST LOADING MEASUREMENTS AT INLET AND OUTLET OF PRECIPITATOR "A"
. Barometric
Location Pressure Gas Flow Dust Load
Date  Sampled Temp.,° mHg in. Hg m'/gec f£t®/min Grams/m® grains/ft’
7/10/;73 In]_.e't 309 0.742 29,22 538 1.14x10°8 7.0200 3.0670
7/10/73 Outlet 305 0.?42 29,22 560 1.19x10°¢ 0.0291 0.0127}
7/11/13 Outlet 317 0.745 29,34 538 1,14%106€ 0.0325 0.01422
6
7/11/73 . Inlet 314 0.745 29.34 557 1.18x10 10.5000 4.5880 } Average
_  7/11/73 Inlet 313 0.745 29.34 566  1.20x10° 10.5500 4.6100) 43990
b .

'Efficiency for 7/10/73 = 99,598

‘Egficiency for 7/11/73 = 99.69%
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Figure 3-6. Measured and Computed Efficiency as a Function of Particle Size
for Precipitator Installation at the Gorgas Plant of Alabama
Power Company. .




61

. “Topow oyl y3ztm pajeisuab aixom

938X MOTJ -SumyoAa seb jJo uvorjouny v se AouaTotryza 3o 'suoridaloag
sx03e3xrdroaxd -ay3 jo.saazswezred yeotrsiyd oyz yiTa I13y3laboz ‘wexboid
I93ndwod 93yl 03 s3induy Se pIAIIS BIRD UOTINQTIISIP 92TS oroT13Ixed
3I9TuT 8yl ‘uexboad sysATeue SYI JO UOTSSNOSTP ' Y3ITsM IA UOT3IOSS
Ut umoys se 3aduewrojaxad pa3lvadload :aajndwod -ay3z y3zim pazeduod

ST x03e31dio0ad oT3e3S0I308]3 ay3z JO sourwxoziad painsesu ayl

SISATRUY 9duBWIOIIDg

*so11ddns aemod oyz 103

sdrysuorjerax jusxano-abejztoa-ayl Jo odeys-ayy Aq pue souewmIoz
-18d _zo03e3T1diooad paonpax ATTeoriseip Aq po3IROTPUT 2q PINOM pue
‘abeafon xoaoyIeds 9yl ueyl -96L3[OA ISMOT @ 3B BUOIOD Xoeq 3O
20UBAINDDO dYJ UF FITNSII U23FO- A3TATISTSOx ybTY LA19A1SS90%e JO

. Isnp v &A31AT3ST891 ybTYy Aq paaredur ATsnorias 30u SY -3TUN STYI
Fo uor3lerado ayy ‘sdoap TEROD 8yl FO FIUIIUOO INJIns 9Yy3 se LXousapusal
-Bburyreds paseazoutr ue 3tqryxs so7Tddns xamod oyl pue _ud/yu 9z
‘punoxe Jo abexsae ue 03 -pI3TUIT ST A3TsSuap jusxano -burjexsado
ybnoyi{y. "RUOIOD }OoBQ JO UOTIROTPUT Au® SMOYS 395 .I9Y3 TSN

: ‘jusumbIre 8poIIDITS UT SIADUDIIIITP
‘Aq ‘axed uy ‘pue ‘ado1 3I@s Aq paousyradxe burprol 3Isnp IsybIY AYI
-&q pasneo jusxino eUOIOD Jo uofssaxddns obaeyo aoeds Xq “3aed ut
‘pasned aq Lew soryddns xomod om3 By3 usam3Iaq UMOYS DOUIXIIFTP
3yl -pa3jdnrsyp ¥q 30U pTNOM IPIS ., ¥, Y3 Uo ssaaboxd .uy ‘sjusm
-aanseaw 3Py} IIPIO UT .BPTS ,d, OYI WOIJ USYE] IXSM eBIED 9SaYL

‘€ To3e31d1oaad JO UOTIODSS IEB9I PUR FJUOXF IY3 uUT 3I9s Iomod -auo
I03 pauyelqo dTYSUOTIRTII JUSIIINO-36LITOA Y3 :SMOYS £-¢ danbTd

-SUOT3TPUO) .[edTI3091d

~ "3uUd3uU0d QD MOT 9Y3 - JO '9Sned3q UOTITpuod o3 Ases

Ktyaar3ierax -sT yse STY3 3oyl s3sabbns . swexboxd buruorlypucd fgg zo
S9TPN3IS UYT . pey dAey  pouuoszad .1yS eylz 20ustiadxs 38eq *9s5ID9ARIY
39TUT 3YI 'WOXJ pIUTLIQO .YSe Byl JO uoTITsodmod [TelIdA0 9Y3l SIATD

" p-g oTqel -xaddoy 32TINO -8Y3} UT.pPIOITTOO o1duwes syl 30 ‘uUOTI
-dxospe proe oTanJIns pue vaIR- IORIANS PISVIIOUT :9Y3 /JO UOTIBOTPUT-
ue ST STYJ °3ID9FUT 9y 3¢ oTduwes asI2ARIY .2UF WOIF .PIUTLIqO FRY
ueyy xazeaxb.Ar3ueoiyrubys 8y sardues xaddoy ayjl -woxz pautTelIqo
-93eFTNE -aTqUIOS BY]3 :jeyl pue ‘Iajzes U pPITIINTS uaym Hd orprow
-Ktaubr1s e 9aTh soydues -aaddoy 39TINGC BYI Y3 BION °C<f OTqeF UT
pajussaxd axe -ejep @say] -(onyea 3rqe3doooe ue 03 AITATISTSOX
I9MOT ‘ *2°F) UOTIOLII-OZFS IXBUTF 8yl ,L,UOTITPUOD, 03 seb .anl3 oy
ur aTqerieae -sesa xodea proe OTANIINS JUSTOTIINS Ivyl sS3ssbbns
porxad swt3 sues oy3} butanp xaddoy 3Txo ue wWOI3 -PIAUTRIQO ‘YSe iy
3O .uoT3TEodWoD TBOTWAYD +3Y3 ‘ISAGMOH “A3TATISISOI poasesIdur

,30 zakel Aasnp ® uT -HUTIPUTHTIO “uMOpPEaXq - TROTIFOITI . WOIF

TABLE 3-2

, UNIT 10, PRECIPITATOR A

ey
3

SUMMARY OF DATA FROM GORGAS PLANT

Lodd .
Megawates

Coal Sulfur Content,\

ovarall
Current

ssition

2

Flue Gas C.

.50y
ppm_by vol.

Overdll
Eff., %

SRI_Sample

8516

Plant 1o

Denlitx
nA/cm

R 4 B
A by vol.

\

A by vol.

]

vol.

Date

1.19

/8713

1/16/73
7/11/73
7/12/13

710

.40

1.59
1.84
1.54
1.10

25.6

0.5 3.1
3.3

3.8

‘1433

99.59

710

1.20

20.1

99.69

no

1.20
1.08

15.8

6.0 1.4

11153
t ggs

(™)

720

16.9

2.4

1/13/73
7716773

110.5 %

720

1.44 1.40

29.0

Measured at precipitator outlet.

1.

Measured at ﬁ:icipitatéé iniet.

2.




TABLE 3-4
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OVERALL COMPOSITION OF ASH SAMPLES OBTAINED FROM INLET

TRAVERSE
10

11/73

7

Weight %

3

Compound

Date

-1/10/73

7/10/73
7/10/73
7/11/73
7/11/713
7/11/73
7/12/73
7/12/73
7/13/173

0.09

0.08

Li,0

0.41

0.42

Na,0

2.3

K20

MgO
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pH and Soluble Sulfate of Ash Obtained From an Exit Hopper

Time

1315
1830

1130
1815

1040
1815
1615

- 2 Hopper Sample

and an Inlet Traverse

4.63
4.90

4.35
4.85

4.37
5.10
4.55

} Traverse Sample

Soluble SOL- % ! pH

1.1
1.1

1.0
0.94
8.5
0.92
0.87
1.1

Soluble 5032 %

1. Measurement taken after stirring for one hour a slurry of 30 ml distilled
H20 and 0.1000 g ash.

2. Obtained@ from a hopper near the outlet.

3. Obtained at inlet from traverse with sampling train.




Current, amps

Voltage, kV

Figure 3-7. Voltage-Current Relationships Obtained on
Precipitator "B".
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SECTION 1V
PERFORMANCE TESTS AT A HOT SIDE ELECTRIC UTILITY
BURNING WESTERN COAL

INTRODUCTION

~ The performahce of an electrostatic precipitator was evaluated

during April and May 1974. This test is the first detailed
analysis of the performance of a precipitator located on the

hot gas side of the air preheater (hot side) that Southern
Research has conducted. This installation was selected as .being.
representative of a reasonably well designed hot side precipitator
collecting fly ash that resulted from the combustion of the class
of coals designated as low sulfur western coals. Co

In general, the testing procedures ‘described in Section II .of
this report were followed. .However, .some diacrepancies in the
test results were observed. The first discrepancy that was

noted .was the difference in the volume flow rates as measured at

the inlet and outlet sampling points of the electrostatic pre-
cipitator. There was a consistent reduction in ‘the gas volume
sampled at the outlet of the device as compared to the inlet by
approximately twenty percent. At the time of testing these
differences were noted and 'the measurement equipment checked.

No obvious problems were noted in the test equipment or procedures.

At the conclusion of the tests, this problem was discussed with
a power company engineer. He pointed out that a fire in the

air preheater required a modification to the air preheater such
that the pressure drop downstream from the test precipitator was
significantly greater than ‘that in the adjacent unit. Since the
two units were not physically separated by a partition, the
excess gas in the inlet was traversing the demarcation line
between the units and passing through the adjacent air heater.
This fact was not known during the test program.

The total mass loadings as determined by the mass trains differ
from that determined by the impactors for ‘the initial tests.
The inlet mass loadings differed by as much as a factor of

six. An attempted analysis of this discrepancy led to a retest
to evaluate the causes of this variation. Southern Research
funded a second trip to the power station to investigate these
interferences. The results of these tests are discussed later
in the section describing substrate interference.

23
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TABLE 4-1A

EPA METHOD 5 INLET MASS CONCENTRATION TESTS.
APRIL-MAY 1974

Run No.

4/30 4/30 5/1 5/2 5/2 5/3

4/29

Date

:00

08

:33

13

:00

10

125

10

:00

20

:00

15

15:45

Time

150 90 258 108 96 240

90

Duration (minutes)

5.0%

Moisture content %

314 311 320 284 305 305

309

Gas Temperature °C

Gas Velocity ft/min

925* 4353* 2489 2241 2547 1796

2431

22.1* 12.6* 11.4 13.0

4.7*

12.4

Gas Velocity m/sec

21.14 53.87 100.91 36.42 37.87 68,33

33.51

Sample Vol. DSCF

2.86 1.03 1.07 1.93

1.53

.95

Sample Vol. DSCM

8.15 2.10 3.85 3.94 3.02 1.91

3.69

Mass Concentr. Gr/ACF

18.65 4.80 8.81 9.01 6.91 4.37

8.44

Mass Concentr Gm/AM®

*Susgpect test error
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TABLE 4-1B

EPA METHOD 5 OUTLET MASS EMISSION TESTS

APRIL - MAY 1974

Run No.

4/30 4/30 5/1 5/2 5/2 5/3
10:19

4/29

Date

13: 40 08:07

10:00

15:04

Time

20:03

16:10

123 120 300 108 108 240

150

(minutes)

Duration

5.6
304

Moisture Content &

291

302

283

290

m

305

Avg. Temp. °C

1627 1530 1698 1809 1450

1516

1618

Gas Velocity FPM

7.8

7.7

8.22

Gas Velocity M/sec.

] 93.01 96.01 229.21 87.50 92.05 176.03

34.14
.97

Sample Vol. DSCF

N
o

2.72 6.49 2.48 2.61 4.98

2,63

.022 0244 .0115 .0167 . 017 . 0127

.055

Mass Conc. Gr/ACF

.05 .06 .03 .04 .04 .03

297960%

.13

Gm/A?

285000

300710 333728

142

319700
151

ACFM

Vol Flo.

355544

318095

168 135

158

141

150

M)sec

513
101

411
80.9

438
86.2

486.5
95.8

457
'89.9

490
96.4

“90.5
220

460
98.5

T Ee3 /KCPM
mim' /sec

Specific Collection Area

220 220 260 260 260

220
99.73

Generation Rate Mw

99.70 99 .58 99.44 99.11

98.84

Efficiency %

inlet

O COXre

'VO.
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to correlate the optical diameter with the inertial behavior of

the particles (i.e., Stoke's diameters). The optical and diffusional
data represent single point samples at both the inlet and outlet

of the precipitator. Extractive sampling and extensive dilution

at the sample gas stream was required in obtaining the optical

and diffusional data. Figure 4-3 shows the results of the measure-
ments. The data in Figure 4-3 are presented in terms of cumulative
concentration-by number density (#/cm®) of particles having
diameters larger than or equal to the indicated diameters.

Figure 4-4 shows the fractional efficiencies of the precipitator
as calculated from these data.

Laboratory Particulate Resistivity

The laboratory resistivity was determined for samples one and two
that represented the extremes in sodium oxide concentration. The
results of these tests are shown in Figure 4~5. The difference
in resistivity at temperatures greater than 300°F are as expected
for. the observed variation in_ chemical composition.

-

Coal Analyses and Chemical Analyses

Coal samples were analyzed for each test during the series. The
proximate analysis for each sample is given in Table 4-3.

TABLE 4-3
PROXIMATE COAL ANALYSIS

CUMULATIVE PARTICLE ()ONCENTW}TION,mlmbu/cm3

Item Test 1 2 3 4 5 6 -
Moisture $ 4.8 4.3 4.3 4.1 3.9 4,2
Ash % 22.4 24.7 24.5 24,36 23.3 23.45
Sulfur % 0.85 1.07 1.02 0.87 1.13 — —
Heating value - ’ L | L,—-'
(thou Btu/1b) 9.9 10.1 9.8 9.7 10.0 9.98 !

DIFFUSIONAL DATA OPTICAL DATA
SEDIMENTATION SIZES

|| | 1 |

The coal was considered to be essentially constant during this

2
test program. The coal samples were taken downstream from the i0 0.2
pulverizer. Thus the moisture content may be low and the other 0.01 0.02 0.05 0.l 05 10
values correspondingly high in comparison to raw coal samples. MINIMUM PARTICLE DIAMETER, um

Fly Ash Chemical Analysis . . .

Fly ash samples were collected during the test program for
laboratory analysis. The results of these determinations are
given in Table 4-4.

Figure 4-3. Cumulative Particle Number Concentration
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Electrical Conditions

The precipitator power supply secondary voltage and current were
monitored during the test program. The readings are given in
Table 4-5. The power supply readings were reasonably consistent
during the test period. The precipitator layout and pertinent
information are shown in Figure 4-6. The current density was
consistently lower on the left side inlet (section A) for each
test. This could in part_be due to some electrode misalignment
for this field.

SRI-Sponsored Mass Train and Impactor Measurements

Background -

A discrepancy was noted between the mass loadings as given by

the EPA Method 5 technique and the impactors. The data obtained
from the mass tests at this plant indicated that the Andersen
impactorssfrom a.-single point sampling location gave only about
20% of the total outlet grain loading as obtained with- an EPA
Method 5 sampling train. During December 1974, similar tests
(also reported in this document) were conducted at Citadel

Cement Co. in North Birmingham, also considered to be a hot
precipitator 260°C(500°F). Again a significant discrepancy
between loadings were shown. While at Citadel a comparison of
the mass train measurements and Andersen measurements was planned.
A Gelman 47 mm filter was run ahead of an Andersen impactor and
one Andersen impactor was run ahead of a mass train. The Andersen
impactor was run ahead of the mass train in an attempt to
determine if there were appreciable differences between a tra-
verse and a single point measurement; due to the size of the
Andersen impactor, a traverse of only one-half the area of the
stack was possible. The cause of the discrepancies between the
loadings as indicated by the two instruments required further
investigation.

Test Plan -
A test program was devised with the objective of determining
the cause or causes for the anomalies between the two systems

with respect to mass train grain loading vs impactor grain
loading measurements.
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TABLE 4-5
Power Supply Readings

a B c D ’ : E F G

lecage Current Voltage Current Voltage Current Voltage Current Voltage Current Voltage Current ’Voltage Current Voltage Current
(kv) (ma) (kV) (ma) (kV) (ma) (kv} . {(ma) (kV) (ma) (kv) (ma) (kv) (ma) (kv) (ma)
April 29, 1974 36.3 485 29.2 700 22.0 675 20.0 755 21.5 300 19.0 925 16.3 995 15.5 922.5
April 30, 1974 . 37.5 - 523 31.9 650 24.3 686 21.0 737 20.4 936 17.4 936 16.4 989 6.3 927
May 1, 19;14 ‘ 37.4 .634 32.2 684 25.4 702 22.8 706 21.0 940 19.0 936 17.0 994 17.0 932
May 2, 1974 36.3 550 32.6 635 24.9 688 20.5 708 23.0 915 ~  20.0 940 17.7 948 16.7 910
May 3, 1974 36.2 550 31.4 680 24.2 702 21.8 722 22.0 920 19.2 910 16.7 994 16.8 920
W
o Average 36.8 546.4 31.5 670.0 24.2 690.6 21.2 725.6 21.6 922.2 18.9 929.4 16.8 984.0 16.5 922.3
Average Current
54.3

Density, nA/em® 2 39.4 e 42.7 - 54.2 54.7 57.9

Note: Each power set is connected to 1.7x107cm? (18270 ft?)



x 5'=3°" Outlet Duct 29% i 57+3"

Inlet Duct .24!-11"
Total Area” '146,160 ft* = 13,579'm?

Plate Spacing 9" = 23 cm

Corona Wire Dia. 0.1055 - .27 cm.

4 Pptrs Total Installed

Area for each power supply 1.7x10° m?= 18,270 ft?
Guar. 99.5-@ 350 MW

Test 1. Vol flow - 24 11/12' x 5.25' x 2431 ft/min =
318,005 = 8600 m?®/min

SCA = 146,160 : 318,005 = 459 ft2/kcfm = 90,35 m?-sec/m?
Current Density = 42 paA/ft? = 43 nA/cm?

Avg. Eff. 7 tests 3.085 inlet, .0228 outlet = 99.26

Figure 4-6. Precipitator Information and Layout for the
Collector.

37




The test as conducted consisted of: Andersen impactors run

as they have been in the past, single point. These tests are
labeled as A-0, 1, 2, or 3. -0 indicates the blank run which
consisted of a Gelman 47mm filter preceding the impactor.

-1, 2 or 3 indicate run number. The Andersen impactor was run
at a single point in front of a mass train. These tests are
labeled MT+A-0, 1, 2 or 3; -0 again indicating a blank run,
where a Gelman filter preceded the impactor which in turn pre-

ceded the mass train. Tests were also conducted using a Gelman 47mm

filter as an in-stack filter ahead of the mass train. These
tests are labeled MT+G-1, 2, or 3 depending upon the run. There
were also single point Brink impactor runs labeled as B-1. All
tests were run at single points, but not for the same duration
due to boiler problems.

Results -

The results obtained from these tests are tabulated in Tables
4-6, 4-7, and 4-8. Table 4-6 consists of operating conditions
from day to day plus weight catches obtained for each test.
Table 4-7 consists of a summary of the data in gm/m?®(dry) for
each filtering device. Table 4-8 tabulates the stage weights
for each impactor run and Table 4-9 is a table for the previous
data obtained in the Spring of 1974.

Conclusions -

The data from Table 4-6 indicates that the impactors on the blank
runs, when preceded by a Gelman filter, gained 56 mg each
although sampled volumes differed from 1.065 to 0.215 m® .‘ This
resulted in 0.053 and 0.260 grams/m® due to apparent gas phase
interferences. If this interference were consistent from run to
run the stage weight gains could be subtracted from the weight
gains during normal runs and a particle size distribution could
be plotted. But run #A-3 shows that the weight gain of the
impactor is less than that of the blank runs. Note that A-3 has
a sampled volume of 0.435 m® and a weight gain of only 50.52 mg
(0.116° gram/m’). This test indicates non-reproducible inter-
ference in the Andersen impactors.

Test MT+A-0 and MT-1, where both tests were run at the same point
on the same day, show identical grain loadings when comparing

the Gelman prefilter to the mass train, 0.023 and 0.022 grams/m’.
However, due to operator error, the isokinetic variation was

high on run MT+A-0. Also for test MT+G-2 and MT-2, the Gelman
prefilter shows fair agreement with the mass train, 0.014 vs

0.021 grams/m®. Probe washes for tests MT+A~1 and MT+G-1 appeared
to be contaminated with some type of hydrocarbon, even though they
were downstream from the impactor and Gelman filter. Test MT-3
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TABLE 4-6-

POWERTSTATION TEST DATA
1720275 to 1/24/75.

‘Baro- -Volume Velocity

metric Stack Sampled Volume at’ T iTime - ) . Weight -'Gains: E i Total’ . §°
. Point: Probe: Mega. Pressure ' Pressure Stack Moter by Sampled - Point Swlgd 'Smlet 4 ] ] g Weight iso-
-Date’ -Test Ro. _loc. Length Watts _in.Hq  _in.Hg ‘Temp.°C -TempeC. _ft lsct- fps _min'_ Nozzle -.Moist. Gelman- Ismpactor Wash ' Pilter ‘Gain  kipetic
/21 :m&o'  em 3 a3l 24.4. 24:9- 330 1s 45.025  37.674° @ - 9 am 7.3 20042 56.38 s:4 -1.55 184:61 463
1721 A=0° s=3. v - 33;1 Te54 24i9-. 3300 =6 A 8413 7:578 -40" 90 . .. 9.22. 56366 64.88. 100.
1/21 <) - 5-1° m 24:4. 24:9: 344 . -4 21.435 - 19:098 40 240. amy 108.64 ° 108.64 83
1/21° -MTwAT] - 7-1 3t 33l 2474 T 2439 3 10. - .89:112- 75.776 -40 240 1 8.4 115:16 1:13.9 2.22 231.28 120
11/21 m—l 9=1 30° 331, 24.4 24.9. 344 10 98.153 83.267 @ 240 257 ‘8.4 12.72 184.1 214.95° 413.32 126
1/21 .mr-1. G-i' old-5% 331 24354 2459 344 U ‘94,255 ‘80.60!' 40 240 -28"' 8.4 ‘ . 33,5 15.32 48.82 .127
‘ 1422 ¢ kl 33~ 213 ‘24.9> 25.3 300 -2 10.31 ‘94336 119 Jm. 4.8, 33.76 . '33.76 120
1/22 A-2- 4-3 . 213 24:9 - 25.3 3co ) -2 ;10,4667  9.477 - 112 4m= ©3.8. 72.02 72702 117"
1/22 WT4A=2 5-3 new 3’ 213 24.9 25.3 300 19 ©38.567 32.412 26 187 .25" 8.1 67.66 4.7 2.19 74.55 108
1/22. -MP+G-2. 7-2. 3 213 24:9 25.3 300 17 47.631 -40.231 23 136.48. .25"° 8.1 15.76 15.9 - 1.66 33.32 178
/22 mr-2 . 93 ola 5 213 2449~ 25.3 300 . S 113 27.694 .23.305 26 105 .25" 8.2 4.1 9.89 13.99 118
1/23 A-3 4-2. 263 24.7 25.0 315 -8 16.739 15.351 33 70 .25° 7.2 '50.52 ) 88
.1/23 WBrA-3 9-3 new 5" 263. 24.7 25.0° 315° 19 36.240 30.209 3s 100 25" 4.4 62.68: 3.9 -0- 66.58 120
1/23 Wr4G-3. §-2 - 3 263 24.7 23.0 315 16 . 40.361 33.957 s 106 25" 6.9 13.2 31.0 4.6 48.8. 127
1/23. wr-3 7-3 ola s’ 263 24:7 25.0 315 14 34.588 . 29.32 36 957 .25"° 29 . 79.4 - 1.0 80.4 "
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Table 4-7

Summary,
Test Data
~gm/M? (dry)
Port-Point Impactor Impactor

Date Test No. Location Load MW Gelman Prefilter 1Impactor Back Filter Mass Train Total
1/21  MT+A-0 6-1 331 .023 .008 .039 .006 .004 .079!
1721  A-0 5-3 331 .038 .022 .212 .030 .302
1/21 A-1 5-1 331 .182 .019 .201
1721 MT+a-1 7-1 331 .049 .00 .054 .1083
1/21 MT+G-1 9-1 331 .005 .169 .1742
1/21  MT-1 6-1 331 .022 .022
1/22 B-1 3-3 213 .097 .031 .128
1722 a-2 4-3 213 .241 .027 © .268
1/22  MT+A-2 5~3 213 .066 .008 .008 .081
1/22  MT+G-2 7-2 213 .014 .015 .029
1722 MT-2 9-3 213 .021 .021
1/23 A-3 4-2 263 .103 .013 '.116
1/23 MT+A-3 9-3 263 .066 .007 .005 .078
1/23 MT+4+G-3 5;2 263 .014 .037 .0512
1/23  MT-3 7-3 263 .097 .097°% "

!Impactor loose after test, nozzle was not pointed into gas stream when removed from port.

May have happened when removing probe from port.

May have had leak in probe, probe heater failure -- 8' of 10' probe at subfreezing temperature.

Probe wash discolored, appeared to contain oil.

3probe wash appeared to contain oil.

“possible contaminant, from varnish or top of sample container, in probe wash.
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TABLE 4-8

IMPACTOR STAGE WEIGHTS
(milligrams)

A-0" MT4+A-0 A-1 - MT+A-1 B-1 A-2 MT+A-2: A-3 MT+A-3
1/21/75  1/21/75 1/21/175 1/21/75 1/22/15 1/22/75 1/22/75 1/23/75 1/23/15

Gelman 8.22 24.42

so 4.72 8.3¢ : - 6.58
s1 498 5.30 29.92 24.00 7.80 5.80 7.80 6.60  6.78
&2 . 4.96 5.22 12.42 13.52 9.10 25.38 6,72 5,50 . 6.42
83 : 5.58 5.40  10.12 13.06 2.06 5.60 6,68 5.58 6.12
sa . 5.7 "4.80 9.54 11.28 4.96 7,18 5,08 6.38
ss 6.06 . 5.44 9.26 12.06 - 5.58 o §-i6 5.52 8.38
s6  6.10 5.24 8.78 12.86 5.64 9.24  6.08 10,02
87 " s.94 5.50 9.40 10.00 6.34 8.14 5.92 7.32
§8 6.04 4.86 '~ 9.02 8.32 ‘ 5.52 6.42 4.80 5.18
SF 6.52 6.24 710.18 10.06 8,22 7.20 7.32 5.44 6.08
Z'Impactdf ' ‘ '
Mass 56.66 56.34 108.64 115.16 33.76 72.02 67.66 50.52 62.68
Impactor Loadings : e - ’ . - :

gn/m’ .2647 .0528 .2008 .0537 .1279 .2687 .0737 .1161 .0733
‘Sample Time . |

(min) 90 90 - 240 240 119 o112 157 70 100
Vol Sampled A - :
dscf 7.574 37.674 19.098 75.776 . 9.336 9.477  32.412.  15.351 30.209

Vol Sampled _ .
-m? .214 1.067 .541 2.1416 -264 .268 .918 - .435 .855
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TABLE 4-9

OPERATING AND TEST DATA

GENERATING STATION
4/29/74 to 5/3/74

. vol. at Meter Stack . s

Test Load f£t2 Stack Meter Cond. Meter Pressure Pressure Weight Galna, 09 gm/m*® dry
Date No. MW 1000 cfm Eff. Temp °C m Temp °C in Hg in Hg  Probe Wash Filter Total dscf
4/29 1 220 460 98.5 305 1.20 32 24.98 25.26 287.6 11.6 229.2 .249
4/30 2 220 490 99.7 306 3.27 30 24.8 25.26 307.8 27.3 335.1 .103
4/30 220 457 99.8 311 3.29 22 24.76 25.26 366.6 26.4 393.0 .119
5/1 4 220 486 99.7 291 8.31 38 24.68 '25.16 353.6 71.4 425.0 .050
5/2 260 438 99.6 283 3.24 28 24.68 25.16 201.6 31.5 233.1 .071
5/2 260 411 99.4 303 3.39 41 24.51 25.05 230.9 31.0 261.9 .076
5/3 7 260 513 99.1 291 9.47 35 24.81 25.25 269.6 89.5 359.1 .037



may,'have .hdd -the probe ‘wash . contaminated .from the varnish-on

the lid-of the -sample container -since virtually all .of the mass
was obtained from the probe wash. ‘Test MT+G-1 ‘may:have a low
‘Gelman ;filter -weight.due -to a probable leak .in-the sampling probe.
.8uch a'leak.could also have contributed.to :the ;anomalously -high
‘mass found .inthe probe and filter. _Another consideration is .the
. probable failure of the probe heater during:this.run. The. probe
. was, exposed -to sub-freezing temperatures over a-length of .approx-
imately .2.5 meters. Such exposure without proper heating could
‘have caused .condensation..of what appeared to.be high molecular
weight "hydrocarbons .found in the probe .wash.

Previous mass -train traverses from.last Spring's .(1975) test.gave
about 0.096 -gm/m*® at a pressure of l.atmosphere .and a temperature
of 20°C. Single-point impactor data,: which- apparentlyfwere
.obtained in the .absence .of significant .weight -gains from gas
,phase lnterfexence, gave about .20%.0f the-particulate -mass

*(0.019 gm/m?)robtained-with-the mass:train traverse. The previous
-Andersen ;single point measurements .are -in-gualitative agreement
with .the isingle-point.measurements  obtained -with the: Gelman -and
mass - train ;runs-of January 1975, z
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. SECTION V
CITADEL CEMENT, BIRMINGHAM, ALABAMA

INTRODUCTION

A test program was conducted at the Citadel Cement Company -in
Birmingham, Alabama, to evaluate an electrostatic precipitator
collecting the particulate emissions from a wet process cement
kiln. This installation represents a well designed electro- ’
static precipitator for the cement industry.

The cement kiln generates particulate in two ways: (1) com-
bustion products and (2) the abrasive action of the rotating
kiln. A mixture of lime, sand, rock wool with about 25% by

weight of water are introduced into the three rotary kilns.

The heated process air and combustion products flow counter-
current to the process materials into the electrostatic pre-
cipitator.

ELECTROSTATIC PRECIPITATOR DESCRIPTION

The precipitator installed at Citadel.Cement Company consists

of two separate units, each unit consists of 4 fields in series
with the gas flow and 32 gas passages which are. 22.86 cm (9 in.)
wide. Each field is 2.7813 m (9'-1%") deep and 10.9728 m

(36') high. The combined units have an effective plate area

of 15,625 m? (168,192 ft?) and handle about 130.04 m?/sec
(275,500 cfm) at "296°C (565°F), which gives a specific collect-
ing area of 120.2 m?/(m%®/sec) (610 £t?/1000 cfm). The precipi-
tator has a total of 8 TR sets. The discharge electrodes consist
of barbed wires with the barbs being approximately 12.7 cm (5")
apart. The precipitator is equipped with vibrating rappers on
the collecting plates and discharge electrodes.

RESULTS

The results of the field measurements are given below.

Mass Loadings

The mass loading measurements are summarized in Table 5-1. The
E.P.A. Method 5 was utilized for the mass measurement. As .
the table indicates, inlet mass loadings were not obtained with
the mass train during the test series. However, inlet mass train
measurements from a previous test series conducted by Guardian
Systems were made available to Southern Research Institute and
were used in calculating the estimated collection efficiencies.

44

TABLE 5-1

CITADEL CEMENT OUTLET MASS
TEST RESULTS

Run Number 1 2 3 412 5t
Date 12/17 12/18 12/19 12/20 12/20
. o

Time Of Day 1310 920 1047 1015 1015

$ Moisture 23.76 24.7 25.31 23.57 20.07

Velocity, m/sec 15.58 15.58 15.11 17.17 16.73

Volumetric Flow 125.35 125.39 121.55 138.14 134.59

m?/sec . :

Volumetric Flow 50.36 50.48 47.55 53.67 55.06
DSm¥/sec

Concentration 9.156 9.156 11.445 15.336 4.578
mg/m?

Concentration 22.890 25.179 29.757 38.913 13.734
mg/DSm®

Percent Isokinetic 90.4 90.4 93.3 92.8 103.3

Estimated Collection®99.84 99.84 99.80 - 99.92

Efficiency, %

1 Traverse was only 50% of stack area .

2 Mass. train preceded by Andersen impactor, impactor catch = 54mg,

mass train catch = 27.6mg. Possible leak in probe connection.

3 Based on an average inlet grain loading of 5653.856mg/m?

(2.47 gr/acf) obtained during a test series conducted prior to
the test series described in this report.
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The test program at Citadel was designed, to evaluate a potential
interference in the mass and size measurements with regard to
either a weight: gain or loss with the substrate materials. 2a
variety of sampling procedures were selected and a schedule of the
rung, are shown in Table 5-2. ’

The inlet size-distribution data were obtained with a modified
Brink impactor preceded by a precollector. cyclone. The average
cumulative mass vs. the: average particle diameter data from the
inlet are shown_in Figure 5-1. Andersen impactors. were run

at the outlet of the precipitator in the stack. Figures 5-2.and
5-3 are average cumulative mass -vs average particle diameter plots
for the outlet impactor data. Figure. 5-2 includes. the data ob-
tained on 12/18 and 12/19 whereas the data for Figure 5-3 was
obtained on.12/20/74. There was a decrease in the outlet grain
loading on- 12/20/74 which was, reflected: in the mass train and
impactor measurements. There is no explanation for the decreased
outlet lpading.on 12/20/74:. - The plant, personnel reported that

‘on that particular day, the kilns were more efficient than normal.

Table 5-3-is a comparison of the outlet impactor data and mass
train: data. Data: from run number CC07, where.an impactor was. run
ahead of a. mass train, suggests.that the substrates were reacting
with the gas phase. constitutents. This conclusion is based on
the results from a chemical analysis: of the material found in

the probe. The analysis indicated the particulate was similar

in composition to the kiln affluent.

Figure 5-4; is a plot of minimum fractional efficiency vs particle.
diameter. The data, used to calculate- the fractional efficiencies
in Pigure 5-4iwere not corrected for possible weight gains-in the
substrate materials, since the. weight gain on run. number CC09 was
less than. the weight gain - of the impactor in run number CC02: which
was preceded by a-filter. This indicates- that it is not: feasible
to correct for the substrate interferences with. the- available
data. :

Optical and diffusional data were taken at the outlet on the
17th, 18th, and 19th. Only diffusional data were obtained at
the inlet on the 20th. No inlet optical data were obtained

due to a failure in the Royco optical particle sizing insttumgnt
Table 5-4 gives the optical and diffusional data in number/cm
for the size indicated.
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TABLE 5-2
'Séhgdule«df:Sémpiing;Runs

‘Mass Trains Impactors: $Runs

#Runs- Ihlet Outlet
1 o 2
1 2 2%%
1 T4 2
1 4 Jhan

*. Blank Runs
::* Andersen with Gelman. Postfilter on one run
Andersen preceding mass train on one run

47

Date

12/17
12/18
12/19
12/20



Mass in Particles at Sizes < Indicated
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Figure 5-1. Cumulative Inlet Mass Concentration as a

Function of Particle Size for the Citadel
Cement Installation (average of ten tests).
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ccol

ccog
‘Mr4

(1)
(2)
3)
(4)

(S)
)

‘TABLE "5-3 .
“OUTLET -IMPACTOR/MASS 'TRAIN COMPARISOR:
CITADEL 'CEMENT

,Point(l) :Stack

1n2/17/74 8 x:2 288 -25.38 . 14.7

A2/717/74 T8 -288 : _ 7:0
A2/31/74 T 1286 . 23:76

12718774 -8 275 21,34 2.2

‘12718794 £ 275 .22.29 ‘8.0

:12/18/74 -1 5275 ‘24,70

22/19/74 -r 282 126,34 1037

12/19/74 .8 282 26.40 0.7

12/19/774 K] 282 125231

12720774 4 (5)16) 599 23.57 1.1

.12/20/74 1 -297 24,13 2.1

:12/20774 s 297 28.79 1.0

12/20/74 (5 205 120.07

§ = Single Point, T = Traverse

Total Apparent lLoading = Total Catch of all Devices
Saxp. 'olune

.Standard Loading = Total Catch by Pirst Device

:Secondary Collector Loading = Total Catc: ?o sl;:mdag Device

Traverse over only S0 of stack area

- Ampactor ahead of -mass train

J27.7
2807

"29.04
‘21.52

.53.64

41.92
2474

-40.36 .
126 44

112

‘Probe

R & Py BN

33.8

'26.2

35.5

Weight .Gains -by.Location ?(?) .
3 2 8 lrain 3

Run ﬁo. ~Date Location - grenp(S) Moisture Nozzle Prefilter Impactor .Postfilter

Pilter

3.5

- sTotal(2)
;Sampled - Apparent
§drain .G:;sgl\‘me :;;g;’éa
6312 67237
8157 69.23
31,4068 722,18
36663 65.56 -
4902 ‘64,14
134243 24,22
.:37823 78.61
73061 ’72.59
1.3286 ‘29,96
.2.0813 -39.56
1.5158 .28.97
- 7949 32.38
"3.0226 .13.895

Standard{3)
‘Loading
-mg/DSCH

23:29
13,57
23.18

63.688
-64.14
24.22

‘78.61
72.59
-29.96

26.30

228.97
32.38
13,895

-Secondary (4)
vCollector
Loading “RuUN“Time
mg/DSCM Hrs -(App)
+43.88 2
:55.65 ’ “2
2
.1.68 2
2
2
2
2
‘2
13726 4
4
4
4



18

e Cumulative Mass in Particles at
d (mg/dscm)

Size < Indicate

Averag

100

- T T T 71T 111] L L DL T Ty rrIrT

£ 3

= -~

- —

r. —

- _

. [ ]
- (] s -
a
a

10— L ] —

u -1

— e

- ] —

- -

1.0 F S | LIJIJ [ BN [ S AW
0.1 1.0 10 100

Particle Diameter (microns)
Figure 5-3. Cumulative Mass as a Function of Particle Size from

the Outlet of the Citadel Cement Installation -
Runs 7-9.
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‘Penetration (maximum)-®

TABLE 5-4

OPTICAL-DIFFUSIONAL DATA

W, Diso Diffusion Particle Concentration
,3- 8ize Battex:y Cumulative Penetration Efficiency
B um Inlet Outlet 2 %
8 N/cc N/ce
::3 . .010 0. 1.6 x 10° <1.2 x 10% < .75 >99.2
A e .014 4.4 : : .
82 | N
£a +064 5.4 1.07 x 10° | <1,2 x 10° <l.1 >98.9
0: % !
o% | -l03 2 x5.4 911 x 10% § <1.2 x 10* - <1.3 >98.7
§° ;
Dy Channel Partlcle Concenttation
Size Number Cumulative
um Inlet -Qutlet
. N/ce N/cc
.3 1 - 4.38 x 10
o .5 2 - 1,27 x 10%
5.7 3 - 2.35 x 10°
&
" 11 4 - 7.14 x 10°
Ll
0.01. i e .99
T T T T T T T
0.05 : !
0.1 o ~—99.9
0.2 ® ’ —4 99.8
B a a o
0.5 — ’ ] o
1} @ . ° —] 99 o
2 | LY SR ~e B
- s = : g
5 = - -~ 95 9
- 3
10 — ~ 20 o
-
20 (— -4 80 -
. 0
30 [— — 70 &
40 - 3 —§0 3
50 j— . —so.
60 — ; "= 40 )
20 ‘@ Rung 3,4,5,6 3 &
80 }— e Runs 7,8,9 — 20 5
Data Uncorrected for Blanks g
90 |— : —1 10 -
: *
95 —s
98 ! iL‘LIl‘J.ll 114 (Inui L1l
0.1 — ~ — "?-0 LRENEEr g EEREE T .10 " g 3 . g 'DO
Particle Diameter, um
Figure 5-4, Minimum Collect;on ‘Efficiency as a Function of Particle

Size, Citaglel Cement Electrogtatic Precipitator




Electrical Conditions

The secondary current and primary voltage readings were recorded
for the precipitator power supplies during the test program. The
power supply readings are shown in Table 5-5. The power supplies
remained reasonably constant during the test. Figure 5-5 gives
a layout of the precipitator and location of the power supplies.
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’ Primary Secondary Primary Secondary
" Voltage . Current

)

L1974 -
1217 214
12/18 193
12/19° 215
12/20 190
Avex'age ‘203

Average Current

‘Density, nA/cm’

1A

(MA)

18

Voltage Current

-

.204
207°
200-
200

202:75

_(MA)

780
780
780
790
782.5

40.3

_ TABLE 5-5
POWER - SUPPLY READINGS
CITADEL CEMENT ‘COMPANY

ic T ‘2% . 2B 2c - 20

Primary Secondary Primary .Secondary Primary  Secondary 'Primary Secondary Primary Secondary .Primary Secon‘dary
Voltage Current Voltage Current -Voltage -Current Voltage Current Voltage Current -Voltage ~Current

[34] (MA) ) (MA) N o) w) © o (Mn) V) (MAR) (L0 - (MA)
171 790 150 1000 230 560 230 70 - 190 800 145 1000
173 750 150 1000 207 600 218 710 190 800 145 1000°
166 740 150 -1000 230 ) 600 232 690 200 8'.20 145 1000 .
173 750 -150 1000 230 - 600 ©o225 690 195 830 145 1000
170.75 757.5 150 1000 224.3 530 226.3 700 193.75  Bl12.5 145 1000
3.8 51.2 . 30.2 ° - 35.8 : 4.6 51.2

NOTE: Each power set is comnected.to 1.95 x 107 cin’(21,024 ft?)
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SECTION VI
COMPARISON OF MEASURED AND
THEORETICALLY-PREDICTED COLLECTION EFFICIENCIES

COMPUTER MODEL DESCRIPTION

Southern Research Institute has developed, under EPA sponsorship,
a theoretically-based computer model of the electrostatic pre-
cipitation process. The model uses the Deutsch equation to pre-
dict the collection efficiency of a given size particle in a
given electric field at the collecting electrode with a known
value of charge in an incremental length section of collection’
area. Particle charge values as a function of electrical condi-
tions, particle size, and residence tim? are computed from a
theory developed by Smith and McDonald. The electric field at
the collecting electrode is computed from voltage-~current data
using a numerical technique described by Leutert and Bohlen.?

The collection efficiency of a given size particle over the total
precipitator area is determined by summing the collection obtained
in each length increment. Polydisperse aerosols are represented
by a histogram and overall mass efficiency is obtained by numerical
integration over the size distribution.

The following graphs of computed overall mass efficiency as a
function of specific collecting area were obtained by using the
precipitator geometry, electrical conditions, and the measured
inlet size distributions as input data to the computer program

for each installation. In addition to the theoretical projec-
tions, computed performance relationships are shown for assumed
values of gas velocity standard deviation and efficiency losses
caused by reentrainment and gas by-passage of the electrified
sections. The computer program includes calculation procedures

for estimating losses in collection efficiency caused by these
non-idealities. The symbol 65 on the graphs refers to the assumed
value of the gas velocity standard deviation, expressed as a
fraction of the average velocity. The symbol S refers to the
fraction of material assumed to be uncollected per stage due to by-
passage (sneakage) and reentrainment, and N designates the number of
stages over which the efficiency losses are assumed to occur. A
detailed description of the computer model is given elsewhere.?

EFFICIENCY COMPARISONS

Figure 6-1 gives the overall mass efficiency obtained at the
Gorgas Steam Plant along with the computed performance as a func-
tion of specific collecting area. The precipitator was performing
reasonably close to the theoretically predicted overall mass
efficiency. A og,value of 0.25 is considered to represent a
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COLLECTION ‘EFFICIENCY , %

99.99( = W
o 1

o

I | - 1 |
* o o ’ ' 600 H12/KCFM-
18 M2/M3fsec

Figure 6-1. Mass Efficiency as a.Function of Specifig
Collection- Area at the Gorgas Power Station.
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‘function of particle-size. The line désignated S=0, o

goodi‘gas velocity -distribution for a full-scale’ unit. Figure’ 6-=2
shows  the average measured and the computéd efficiencies as a

.= 0,25
indicates-the- functional :form -of "the aorrection~tofthegtheotética1
fractional efficiency predictions which-reaults from using the
computer model's procedure for estimating.:the €ffects of gas-
velocity non-uniformity. Note that.the computer model’appedrs’
to underpredict -the collection efficiencies-of particleés smaller
than 2.0.um diameter, .and over-predict the collection of larger
particles. 1In view.of.the difficulties involved in making-frac-
tional efficiency measurements and the‘uncertainties 'in the.
theoretical. calculations, the-agreement between measured: and- |
computed -results..indicated in. Pigures 6-1.and 6-2-is‘ considéred
to. be reasonable. ’ : :

Piguresus-a-and:s-d'compare'measured-andrcompﬁeedLperforméhCe’ )
for the hot side-installation. In .coritrast to the- results dis-

-cussed above, the overall mass efficiency measuréments are” con-

siderably lower than the theoretical predictions. Possible causes®
are poor electrode alignment,-poor gas velocity distribution, -and
losses -due. to sneakage and reentrainment. If a gas velocity
‘standard deviation of 0.25 is assumed, -sneakage and reentrainment
losses of 10-to 20% .over 3 stages ‘are required to reconcile the
computed ‘and measured mass efficiency. Whether sneakage and
reentrainment .are the:actual mechanisms- by which the -losses
occurred was not. determined. However, the comparatively low
slope -of ‘the measured efficiency vs particle size data- suggests
that a.major portion of the disagreement is due to ‘poorexr-~than-
predicted: large particle -collection efficiencies. Reentrainment

of particle agglomerates due to rapping would-‘be indicated by this:
type of disagreement. Note that since the total mass obtained

by the outlet impactors was much less than that obtained from the
EPA Method S train (presumably due to the lack of a complete traverse-
with the impactors), the true large particle penetrations are
probably greater than indicated in Figure 6-~4.

Figure 6~5 compares -the-computed and measured mass effiéiencies

‘for the Citadel Cement Kiln. As discussed previously, the

“measured” mass efficiencies are-based on inlet mass train measure-
ments performed prior to the test series conducted by Southern

‘Research Institute, but the outlet measurements were conducted

simultaneously with the- impactor measuréments. The overall mass

-efficiency shows reasonable-agreement with the theoretical pre-

dictions. At the .high values-of specific collection area encountered
during this test series, relatively minor correction factors are
required to reduce the computed efficiencies to the measured values.

- Figure. 6-6 compares the theoretical fractional- efficiencies’

with the minimum fractional collection efficiencies obtained
from the impactor measurements. A8 discussed earlier, absolute-
values of fractional collection efficiency could not be obtained
due to. substrate interference problems.
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COULECTION EFFICIENCY
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i . SECTION VII
IMPACTOR SUBSTRATE AND FILTER MEDIA
PENETRATION ( MAXIMUM) INTERPERENCE IN A FLUE GAS ENVIRONMENT
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l During the course of the tests described in this report studies

[ ] were conducted to evaluate the interference in the determination
of particle size distributions by impactors and the mass loadings
caused by reactions between the filter media and the flue gas
constituents. A variety of substrate and filter media have been
tested, both under preconditioned and as delivered conditions.
The primary interference phenomenon appeared to be associated
with the reaction between the filter media and the sulfur oxides
in the flue gas. In each case tested, the filter media contained
significant sulfate after exposure to the flue gas environment.

&
1

—{o9

During the time interval between the testing at Gorgas, the hot
side installation, and Citadel Cement, other tests were conducted.
The filter material was chemically analyzed to evaluate the cause
of the weight changes noted.

lIl]lTrf

o't

The results of these studies showed filter substrate gains of

as much as 4-5 milligrams when sampling flue gas. These weight
gains attributed to gas phase reactions between the sulfur dioxide
in the flue gas and sites of high basicity on the filter media,
seem to occur at all installations to some degree.

The interferences encountered are illustrated by the results
- of analyses of the substrate media for the hot side electrostatic
precipitator on a coal fired power station, hot side
-1 electrostatic precipitator on a cement kiln, and a cold side
- electrostatic precipitator on a coal fired power station (Bull
. Run Steam Plant T.V.A. system). .
-

IVOILIHOIHL

Two series of tests were run at the hot side unit, one in June 1974
and the second during January 1975. Inthe first series of tests no
anomalous weight gains were observed, while blank runs during

the second tests showed large weight gains. (It was subsequently
Laud learned that Gelman Type A filter material had been changed after
the first test series). Filter samples from the second hot side

T test and the Citadel tests were subjected to several types of
analyses, including carbon-hydrogen and soluble sulfate determina-
tions, weight loss at 110° and 600°C, and carbon disulfide extrac-
tion followed by gas chromatographic analysis of the extract.

‘ool
‘Tl‘rl‘r | L

6'8'L SNNH @
9'G'y'e SNy W

Preliminary data from the hot side filters showed that soluble
sulfate levels were significantly higher than obtained from

unused filters from the same batch. Soluble sulfate determinations
were then made on all of the filters from the two sets showing
weight gains. The data in Table 7-1 clearly indicate that

sulfate is responsible for the majority of the observed weight
gain of each filter.
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TABLE 7-1
SOLUBLE SULFATE ANALYSES OF FILTERS--
FROM THE HOT SIDE PRECIPITATOR TESTS

Unused' samples from batch of first" test (6/74). No
samples~from‘actuai blank run (where no weight'gains were
observed) are available.

b
Total' mg Reported
- . Sample No. pH2 S0,~/filter wt gain, mq.
11 6.6 DL 2 -
18 6.8 0.2 -
1F 6.9 0L 20
Set: 1''from second test (1/75)°
- ..--- Unused,_ petforated;. unbaked’- 9.4’ 0.2 -
Unused;- perforated; baked:-= - 9.4~ - -.7° -a0:2 L. -
: S11. 7.6 4.4 4.98"
S12 7.7 4.2 4-.96
513 7.4 5.1 5.58"
S14+ 7.0° 5.0 5.56.
s15 7.1 5.6 - 6.06
s16 7.1 5.6. 6.10°
s17 7.0 6.0 5.94:
518 6.8 5.6 6.04
Set 2 from second test (1/75)
Unused, perforated, baked 9.3 0.2 -
Unused, solid, baked" 9.7 A0.3 -
s20 6.8 7.3 34
s21 6.7 5.1 30
s22 7.1 4.6 5:022
s23 7.4 5.2 5.40
S24 7.2 4.5 4.80
825 7.3 5.0 5.44
S26 7.2 4.6 5.24
527 7.1 4.9 5.50
s28 7.0 4.6 4,86
S2F 8.2 5.5 6.24

a pH determined after the filter sample was in contact with 10 'ml
of distilled water (pH 5.6) for 1 hr.

b phe total soluble sulfate was determined by a Ba(ClO4).. titration
following a water extraction of the sample.
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The formation of sulfate is presumed to be due. to reaction of.-
SO, on basic sites. of the filters. Although no filters from the
blank run of-the initial test were. available, unused-filters.
from the same original.batch: were -considerably. less’ basic
than-unused -filters from-.the second test and, therefore, less-
likely to cause: sulfate formation.

Figure 7-1 shows in graphical form the results. from.the. hot.-side’
installation presented in the previous table as well. as..data-

from tests at- Bull-Run Steam Plant. The filter substrate material
was the :same.but the flue.gas temperature was guite:different
(600°F at- the -hot side.unit and 300°F at Bull Run). The solid
line indicates a one to one correspondence. No correlation was
found- between .S0; content of- the gas- and weight gains. -

Figure 7-2.-shows: the. weight' gains of. Blank Andersen.Impactox:
substrates: versus the temperature.of: the. flue gas., With the:
exception of- thé Pre 6/74 point, a linear relationship seems

to hold. The:'Pre 6/74.represents data from the first hot 'side
Steam: Plant’ tést shown in Table 7-1. 1In. this case the substrate
was quite neutral compared to the basic substrates in the second
test.

Figure 7-3:shows . the. results of tests of several types of 47 mm.
filter substrate media at different flue gas conditions. The
weight gains seem-to depend more on the temperature than on the.
concentration of SO, present.

Figure 7-4.shows the results of preconditioning glass fiber
substrates. Also even without preconditioning there appears
to be:a saturation limit at which the weight increases stop.

Figure 7-5 shows the weight gains of Andersen Impactor substrates
versus exposure time for preconditioned-and unconditioned sub-
strates. The dates at the top of the figure indicate the time

at which these substrates were, acquired from Andersen 2000, Inc.
The 6/74 Normal Substrates. show an-increase and leveling off
with exposure time while the 6/74 Preconditioned Substrates

show somewhat smaller weight gain. The "HOT" 6/74 Preconditioned
Substrates would seem abnormal compared to Figure 7-2 but apparently
the conditioning with hot flue gas reduced the weight gains for
this filter set. The 1/75 Normal Substrates show a possible
linear. relationship, although.certainly not conclusively. The
Preconditioned 1/75 Substrates--indicate a satisfactorily low
weight gain versus exposure time.

The general procedure used to obtain samples and.investigate.
this problem in more detail was to pump filtered flue gas through
a number of stainless steel 47 mm Gelman filter holders arranged-
in series. The first filter served to remove the particulate, -
and the remaining five filters were .then only exposed to the gas.
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Figure 7-2. Anomalous Weight Increases of Andersen Glass Fiber Impaction Substrates

at Different Flue Gas 'Temperatures.

"HOT SIDE INSTALLATION

WEIGHT GAIN, MG,

Comparison of Weight of Sulfate on Blank Andersen’
Impactor Substrates and Observed Anomalous Weight

Increases.

Figure 7-1.
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_ Figure. 7-3. Anomalous-Weight Gains of various 47 mm-Dia. Glass -

‘Fiber .Filters at Different Temperatures. (60 minute
‘samples at flowrates of 0:25 .acfm). -
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Figure 7-5. Anomalous Weight Gains of Andersen Impactor Glass
Fiber Impaction Substrates.
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Ten different types of filter media were tested at 2 industrial
sites; the outlet of a hotside electrostatic precipitator on

a cement kiln (Citadel), and the outlet of a coldside electro-
static precipitator on a coal fired boiler (Bull Run)., The
results of these tests are summarized as follows:

The pH of the filters varied widely from batch to
batch before testing.

There was a definite correlation between high initial.
pH and weight gains upon testing.

The pH decreased during testing.

A large fraction of the weight gain in every case

was found to be the result of sulfate formation on

the filter media.

For a given temperature, the filters seem to "saturate"
and not gain additional weight after a period of time
(2-6 hours).

It is presumed the sulfate was formed by the reaction of sulfur

.dioxide with basic sites on the surface of the glass fibers. This

is a phenomenon which was known to occur in ambient sampling,“
but which had been neglected or ignored in stack sampling.

Two approaches were attempted to avoid the problems of substrate
weight gains. Substrates were preconditioned by long exposure

to the flue gas so that most of the basic sites were neutralized
before using them, and a search was made for substrate materials
which do not react with the flue gas. Preliminary results indicate
that preconditioning overnight reduces the magnitude of the
anomalous weight gains by approximately a factor of ten. Also,

in the tests to date, Teflon, Whatman GF/D and GF/A, improved
quartz, and Reeve Angel 934 AH, are filter media which show little
weight change when exposed to flue gas. :

The detailed results of this work are reported in the Reports

to Contract 68-02-~0273. Work continued in an effort to reduce
the interference to a more nearly tolerable level.
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fe?
grains/ft?
feet
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SECTION IX

CONVERSION FACTORS
(English to Metric Units)

By
0.0252
2.288 .
0.304
0.254
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