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FOOD AND AGRICULTURAL 

4.2.13 Rice Drying ?recess 

A. Process Description--

Rice d=:ring is a seasonal , process t.~at must be perfonned as soon as 

the raw rice is harvested. The rice must be taken to l-2\ moisture content 

to preserve it until it is consumed. Figure 4-50 shows the flow of rice 

t.'1.rough the dryer. The raw rice is conveyed to the top of hollow, double

wall cylindrical coiumns .which are constructed of screen. The rice. slowly 

moves do~n between the screen walls as wa.::in air ('\,120°F) passes from the 

cent.er of the column t.'1.rough the rice to a large surrounding building. 

This Duilding has six large, screen-covered, circular openings which vent 

which rotate over the interior of the. screen to remove chaff build-up. 

The raw rice has 18-20\ rnoist:.ire initially. If it. is dried too :a::.t. 

the rice will crack. Therefore after each pass through the oryer, the rice 

is stored until it reaches an equilibrium temperature and moisture content. 

The cycle is repeated until the rice reaches 1-2\ rroisture. 

B.. Particulate Test Set-up--

As shown in Figure 4-51, 

following features: 

each of the six vent screens has the 

1. An area 18" in diameter at the center is solid sheet metal. 

2. A l" wide, band 124" diamet.t;r is used for support. 

3. Sixteen l" wide bands used foe support are evenly spaced over 
the circle to for.n pie shapec. sections. 

4. There · is a large supporting screen wit!1 '\.l" hole space and 
5/16" wire. 

Taking- the features into consideration, the flow area for each o-f t.":e ,, 
screens was calculated tc;, be 118.4 ft·•. The ,velocity was measured by 

anemometer on each of 'the 32 sectionr, of t.~e screen as shown in Figure 4-51 

for each of the six screens. One otner problem co:nplicate9 the calculation. 
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Center with no flow 

15 pie sec~ions ~ 5.13 ft 2 

16 trapezoid sections@ 3.81 ft2 

· Sub-total 

16 strips l" wide x 64'' long 

l strip 125" diameter 

Large screen l" sc;:":Jared (5/16" widt!"l 

wire) at 16.l in2/ft2 

Total area for flow for each screen 

:a 

= 
,. 

---
-
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1. 76 ft 
2 

82.1 ft 2 

61.0 ft2 

143. l ft 2 

•7.1 Jt2 

-2.7 ft 2 

-14.9 ft 2 

118 . . 4 ft 2 

Figure 4-51. Schematic of screen sections :o:: ,rice dryer ('rest 4) . 
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Part of t.'.e screens had become clogged wit.>i chaff. For eao section an 

estimate of t.'1.e ~clogged area was .made. Thus to cbtain t.h.e flow, in C::'~1, 

from the screens, the product· of :oeasured velocity X unclogged a.::-ea (total 

area X estimated fraction unclogged} was summed for eadi. of the 32 sections 

of the six screens • 

. The ·total flow from the screens was calculated to be 128,()00 SCY~. 

The sample point was cl:osen whe.::-e the flow was ll ft/sec. A l" nozzle was 

used with the larger SASS tr~in and a 1/2" nozzle was used wit."l the smaller 

Joy train. 

c. Test Results--

The results of t.~e tests (Test 4S and 4Jl . disc=sed in this section 

and car!:Jon analysis we::::e determined for all fractions of particulate ca~c::es 

which contained weight in excess of 10~ :::ic;. The details fo.::- t.:i.ese procedu:::-es 

are discussed in Section 3. 2. 2. Table 4-58 . lists t...'.e res ·.!l ts f.::-om this 

analy'sis, 

o. Discussion of Results--

1. Particle size distribution--Figu.::-e 4-52 is a plot of particle size 

(um) vs. accumulated w.eight percent, the latter plotted .or, a pro!:Jability scale 

as explained in Section 3.2.3 B· . . Two answers are presented, one . incluc!i:s.g 

the irnpinger catch, and the ot.~er ignoring it. Consideri:1g the nature of 

the exit ai:, it would see::a t..."lat tt.e effects of pseudo particulates ;,.,ould not 

be pre:::0 '1t. Therefore, the impinge;.::- catc:1 was believed to be prcp~.::-1:t 

included in the measurements of the suspended particulates. The breakdown 

of t.~e par..icle size dist=i.bution including t:."le iq,inge= catches is as 

follows: 

Test 4S 

Test 4J 

Percent of Particles 

l0-3µm 

12 

2 
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Since neither train could be sampled isokinetically, it is difficult to say 

which of the results .are more correct. For developing emission profiles, 

the two distributions including th~ impinger were averaged. 

2. Chemical corooosition--Table 4-58 lists the results from the chemical 

analysis of 'die particulate fraction for the tests (4J and 4S) discussed in 
this section. Silj,con is the aost abundant element, JIXJst likely in the for:n 

of Si02 from the field dust· (approximately 70% Sio2). XRF analysis for silicon 

is not as accurat-~ as for ot..'1er elements (see Section 3.2.2 B). 

3. Emissions and -emission factors--Emissions and emissia~ factors can be 

listed with several different · units. The following lists some of these 

emissions and factors. 

Test ➔S Test ~J 

gr/DSCT 0.00935 0 .0154 

T/yr 3.5 5.8 

lb/hr 10.03 16.5 

lb/ton produced O.l 0.16 

lb/ton produced (Ref. 4-22) 0.j 0.3 
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TABU: 4-58. CEE."1!CAL COMPOSITION OF PARTICULATE SAf'.PLES 

IN PER~'JT FOR RICE DRYE,,-=t (TEST 4) . 
. t 

SAMPLF. t 

WT. PERCENT OF Ct."T 

XRF ANALYSIS 

Calcium 

Chlorine 

Olromium 

Iron 

Manc;anese 

Nick.el 

Potassium 

Silicon 

(Sulfur) 

Vanadium 

Zinc . 

TOTAL 1 

Sulfates, a2o sol 2 

" .... 
(Sulfur, from so4) 

Nitrate ca2o sol) 2 

Total carbon 3 

(Volatil~ carbon) 3 

(Carbonates) 3 

TOTAL ANALYZED 

BAU.NCE 

t decec:ced ill conc:entracion ot <1, 

,Toy 

l0itm 
Cyclone 

04J-2S 

74 

t 

t 

t 

t 

~ 

t 

t 

10 

4 

t 

( tl 

11 

(11) 

14 

86 

100\ 

l an&l.YMd by x-ray tluorncenc:e-Secticn 3- 2. 2 a 
2 analyzed by WC cheaiat:y;,_S.Ction l.2.2 A 

l0µm 
Cyclone 
04S-2S 

56 

I' 
t 

t 

t 

· t 

t 

t 

t 

12 

4 

t 

( t) 

· 14 

(13) 

t 

19 

82 

100\ 

3 analyzed by Oceanography _carllon analyzer--S•C:Cion l.2 . 2 A 

4 c:a...c:ulated f:ro11 •llltatH (all.l.tur-•ll.l.fat■/3) . co compare with sultur 
fro■ DP 

5 tor valua■ s'-11 •• X/Y, X ia , of tbe ■lamont preNnt and Y is t.':>e 
error Ii. ■• X'I ~ Y) 

SASS 

3).lm 
Cyclone 
04S-3S 

ll 

l.l 

t 

3.7 

t 

t 

3.4 

(<10) 

t 

10 

t 

lt) 

t 

31 

(29) 

41 

'i9 

100\ . 

( . not included -in t:o'!al-sw.fur and sll.l.fatH ara accounted for in sultur 
DI' analysis and volatile c&rlxJn and cal:!)onace ar" acc:cun ted for in 
t.ot&l caman 

Impi._ger 
04S-IC 

9 

1.3 

5.2 

t 

5.1 

t 

t. 

t 

(7.7) 

t . 

14 

13 

( 4) 

t 

21 

( 21) 

46 

54 

100% 
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4.2.14 Carob Roasting 

A. Process Description--

Carob roasting is a process very similar to coffee roasting. Carob, 

which is i.lzt,orted in the form of pods, lIIl.lSt be clea."led, roasted, milled, 

and .packaged ~efore being sold. In a typical carob roasting operation (see 

Figure 4-53). the pods , are freed --.f d-.ist and chaff by dropping t.--ie pods 

into a current of air. Tbe cleaned pods are t."len sent to a batc.'i. or c".lntin

uous roaster. During the roasting, m=,isture is driven .off, the pods swell, 

and chemica.L changes take place that give t.'le .roasted pods t.'leir color and 

flavor. When the pods have reacheq a . certain color, they are c;:uenched, cooled, 

and stored until they a:::-e ground in preparation for :::iaking carob ca:idies. 

a. Pa~--ticulate Test Set-up--

Due to high temperatures encountered in sampling t'le s~ack gases from 

t.~e after buner, t.'lere are no particulate data for the outlet of the after 

bu::::ner. ':'he sJ:1aller sample t:::-ain was used to sample t.'le exha'-1.St gas f=m t.'le 

roaster to the after bu...--ner. The velocity pro:ile in t..'lis duct is listed in 

Table 4-S9. A S/16" nozzle was used at Velocity Point #3. 

c. Test Results--

Table 

The results of the test discussed in 'Chis section are liste~ in 

Elemental composition, snlfate, ni~rate, and carbon analysis 

were dete-."".!'.ined for all fractions of particulate catches which contained 

weights in exces9 of 100 mg. -I'he details for ~'lese p=cedures are discussed 

in Section 3.2.2. Table. 4-60 lists the results from this anal:-,•si::;. 

D. Discussion of Results--

1. Particle size distribution--Figure 4-56 is a plot of particle size 

Ciim) vs. acct.mUlated weight percent, the latter plotted on a probabili~y scale 

as exp·lained in Section 3.2.3 B. Two curves are presented, one includin~ _ 

the impi~ger catch, and the other ignoring it. Considerir.-; ,the nature of t::e 

process, the material captured in the impinger is mostly condensibles from the 
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TABLE 4-59. 

Distance from 
Ecge oi Duct 

0 ... ... 
l. 25 

2.3 

3.8 

6. 

a· 

9 . 7 

10.7 

ll.6 

' ~ 

VELOCITY PROFILE--<:AROB ROASTING (T:SST 37) 

After B~r.-ier Inlet 

12" 
Temper~ture : 86°F 

Static Pressure: ~1.9" H2o 

Velocity 
Point ~ ft/sec Point 

l 40.6 9 

2 38.9 10 

3 39.5 ll 

4 38.3 12 
R 38.9 ?. 

::i 40.6 13 

6 42.. 7 14 

7 41. 7 · 15 

8 41. 7 16 

Average 39.S ft/sec 
1773 SC!'~ 

4-174 

# 

S. 

5/ 16" nozzle 

ft / sec 

40.6 

38.9 

35.8 

38.9 

38.9 

39.5 

38.9 

4C.6 

4L 7 
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distillation :.:l.~t is occur=ing durin-:, the ,:-casting. Therefore, the irr.pinger 

catch was believed to be properly not included in t.'le me3.surem~"1.ts of t_he 

suspended pa.:::t.::culates. The breakdown of t.'1e particle ~ize distribution 

wit.'1 and witho~t including the impinger catch is as follows: 

>101,.U:1 

Wi t.'1out 97 
With 38 

Per.cent of Part.icles 

10-3µ:n 

0.5 
1.0 

2 
60 

However, due to the small amount of material collected in the t~rae 

and one ~o cyclones, it is felt that this distribution may no~ be rer resen

tative and, also dus to the high operating temperature of the sa~pling t=ain 

oven ( 400°:) , the sample may have .been chemical:.y changed or cooked in the 

2. Che~ical com=osition--Table 4-~0 lis~s the res~lts from t ~e 

=~~~i=al analysis of . t.~e particulate fraction for t~e test disc~ssed in t~is 

section. Car!:>on was found _to be the r:-.ost abundant elemental. All ot.'1er 

elementals detec~ed were in· concentrations of less than one percent. 

3 . Emissions ?r~ emission factors--~ssions ·a."1.~ er.ri.ssion factors can 

be listed with several different units. -The following lists some of .these 

e~issions and factors. 

gr/DSC;;' 

T/yr 

lb/hr 

lb/ton produced 

lb/ton produced (Ref. 25 l 

4-175 
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TABLE 4-60. CEEfilCAL COMPOSITION OF PARTICULATE SA."iPLE:S 

IN PERC:::NT ?OR CA..~B ROASTING OPER.l\TION ('!'EST 37) 

SAMPLE !f 

w"'T • ?ERC...~':' OF CUT 

x..-=lF A.'lALYs.:s 

Calcium 

Iron 

Potassow:i 

(Sul.for) 

Sulfates, e2o scl1 

(Sulfu=, f::~~ 50~)~ 

Nit::ate ca2o sol') 2 

Total Carbon 3 

(Volatile Car~on) 3 

(Car!lonates) 3 

TOTAL ANALYZED 

BALA."JCE 

t dete=ed in cx:ncenttation ot <l\ 

Joy 
lOµm Cyclone 

37J-2S 

36 

t 

t 

t 

{<4) 

2 

t 

34 

(33) 

36 

64 

lOC'k 

· l &12&ly:z:ed by x-ray ! •luor•scance-S.c:-..i.on 3.2.2 a 

2 aaaly:::ad by -t o-.aistry-S.=ioc 3.2.~ .\ 

Joy 
To:pin-;e:: 

37,T-:C 

46 

(<2) 

( t l. 

t 

t 

24 

(22) 

24 

76 

100~ 

3 &n&ly:ed ?:y OCeanoqraphy c.ut,cm analy:er--Sec-.,_i ~ 3. 2 . 2 .\ 

4 Ql.cw.&tad t~ •ul.!.&tH (sul.!-..r-aul.!ate/3) ee =mpa.ra vi~ su.l!u: 
troa nil" 

5 tor valuas sl:l:>wn as X/'!, X is , of t:."i• •l-<: present a.nd Y is the 
•=r (:!..e . X' ~ "( l . 

( ) not· included i.n tot.a.l-sul!= and sia!ates a.:r■ ac::ount..a !or in sU.:.!u :: 
XRP analysis and ·=latil• C&r.:lOa and ::&rl>oc.at■ &re acco~t■d !or in 
tot.a.!. ca:rt,c,a 
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MZTAL FABRICATION 

4.2.15 Steel Heat Treating 

A. Process Description (Ref. 4-26)-

Heat treating involves the carefully controlled heating ~nd cooling 

of solid metals and alloys for effecting certain desired changes in t.~eir 

physical properties. In general, the met.~ods used t:o heat treat both ferrol!S 

and nonferrous meta.ls are fundamentally similar. These meth.ods include 

hardeni.ng, quenching, annealing, tempering, normalizing ferrous :netals, a.-id 

refining grain of r.on-ferrous metals. Also' included in the category of 

heat t-.reating are the various methods of case hardening steels by carbu.:::izing, 

cyaniding, nitriding, fla!T'e hardening, induction hardening, carbonitriding and 

siliconizing. 

Figure 4-55 shows the type of heat treati...g equipment tested in 

this study. The steel to· be tteated is dipced into a tank of liquid salt at 

1620°F. until heat treat.inent is complete. Then it is quenched in water a.~d 

dried in a natt.:.ra.l gas flame. Particulate emissions froc t.'1is type of heat 

treater are lllOstly caused by irolten s~lt spray. 

· . B. Particulate Test Set-up--

Two sampling trains were used simultaneously to sai.,ple the inlet and 

exit ' of the baghouse as. shOwn in Figure 4-55. Table 4-61 lists t.'1e 

velocity profile in t.'1e inlet and outlet duct. A 3/8" nozzl,e was used at 

Velocity Point #3 with. the smaller (.Joy) sample train on the inlet duct and 

a 9/16" nozzle was used at Velocity Point ij3 wit.'1 t.'le larger (SASS) zat:'.ple 

t:::-ain on the rectangular (42~x57") outlet duct. Cue to one section of the 

baghousG ::ieing open to the atmosphere during the test, a higher flow was 

observed for the outbt than for the inlet duct. 

c. Te$t Results--

The results of the tests disc~sed in this sect.ion are listed in Table 

Elemental composition, sulfate, nitrate, and carbon analysis , 

were deter:iined for all fractions of particulate catches which c::>ntained 

•,teigh ts in excess of 100 mg. The details for , t.~ese procedures are discussed 

in Section 3.2.2. 
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TABLE 4-61. VELOCITY ?RCFI:..E-STI:~ :il:AT TREA':'!~G (TEST J.4) 

INU:T 

9 

10 

11 t."P 

T T 
7 

t 
l4 

12 

l 2 fJ • R · 5 6 7 8 42" + Su,ple point l3 l4 

l4 

15 + 
7 

~s l.. 
-------50• 

Tempera::ure: 1·75°F 

Distance 
Velocity 

from end Point f':/ Point ft/ 
of port if ~ac JI, sec 

4" 1 22.0 9 21.2 

4-3/8 2 :: • 7 10 21.2 

13-5/8 3 22.0 11 22.0 

21-1/4 4 2.12 :2 21.2 

32 R 23.7 R 22.9 

42-3./4 5 21.2 13 21.2 

50-3/8 6 22.9 14 22.9 

55-5/8 7 21.2 15 21.2 

60 8 21.2 16 19.3 

Ave.rage: 21.8 ft/sec 

20994 SCFM 

. 4-180 

l ;: 

s 6 

9 10 

Sample po.:.nt 
9/ t6 • :io::z:..~ 

I 
; 

0 ~ 

7 8 

11 12 I 
---->1 

Temperacur~ : 126,: 

Static ?ress1.:=~: •0.2- !i 2'J 

Distance 
Velocity 

from end Point ft/ 
of port # sec 

9 l 65.5 

23-1/4 2 59.2 

37-1/2 3 63.2 

51-3/4 4 80.0 

9 5 64.7 

23-1/4 6 52.5 

37-1/2 7 56.5 

51-3/4 8 70.2 

9 9 t=il.6 

2:? ·l/4 10 55.3 

37-1/2 ll 56.2 

51-3/4 12 58.3 

l 

Average: 51.3 !~/sec 

45791 scr~ 
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D. Discussion of Resul.ts--

l. Baghouse efficiency--The effic_iency of a control devi.ce is defined as 

efficiency = [ (mass out mass in) /mass in] x lOOi 

using the emission mass rate in lb/hr for inlet and outlet, 

efficiency= ((10.5 - 1.1)/10.5] x 100% = 90% 

2. Particle size distribution--Figur~ 4-56 is a plot of particle size 

(µm) vs accumulated weight percent, the latter.plotted on a probability scale 

as explained in Section 3.2.3 B. Two sets of curves are presented, one 

including the impinger catch and the· other ignoring it. . Considering that 

almost all the particulate material is caused from salt splash, it is .believect 

that the impinger catch should be included in the measurements of the suspended 

particulates for size distribution. The breakdown of the particle size distri

bution including the impinger catch is as follows: 

Test 14.J inlet 

Test 14S outlet 

>101,.lm 

4 

5 

Percent of ?articles 

10-3µ.m 

8 

7 

3-1µ.m 

14 

10 

<lum 

74 

76 

The mean particle size based on the curves in Fii;ure 4-56 is a o. lSµm 

for the inlet and a.bout O. 25µm for the. outlet. These are essentially the 

same values, considering the accuracy of the data. Nonnally the mean 

pa.!:'ticle size should be higher for a baghouse inlet than the outlet. If 

·nean particle size is the same, as in this case, it might .indicate that there 

Wi3-S a bag leak whic_h might also explain the relatively low collection 

efficiency (90'-) for a baghouse. 

3. Char~cal Composition--Table 4-62 lists the results from the chemical . 

analysis of the particulate frac.tion .for each of the tests discussed in this 

s·ection . . As would be expected, chlorine · is th~ most abundant element in each 

particulate fraction. Potassium, . sulfur, :arbon, and barium are next :1.bun

dant. Sulfates concentration dominated t~e impinger catch. Iron, nickel, 

molybdenum and manganese seemed a little high in the i::ipinger catch. This 
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TABLE 4-52. CHEMICAL COMPOSITION OF PARTIC',JLATE SA,.'tPLES 

IN PERCDIT FOR STEEL HEAT TREATING (TEST 14) 

Inlet 

lOµn. 3um l.4u:n 
Cyclone Cyclone Cyclone 

SA.'1?LE it l4J-2S l4J-3S l4J-4S 

WT. PERCENT OF CUT 14 11 38 

XRF ANALYSIS 

Barium 2/0.3 t ~ ... 

Calcium 

Chlorine 30/10 38/10 30/10, 

Chroau.um t 

Cobalt 

:ron t. t. ':. 

Manga:i.ese 

:1oly=:den·.;0 

Nickel 

Potassium 10/3 14/5 13/4 

(Sulfur) (<6) (<4) (<2) 

TOTAL 42 52 43 

Sulfates, 11 20 solz t t t 
' :a .. 

(Sulfur, from so4 ) ( t ) ( t ) ( t) 

Nitrate (Hz° soll 2 t t 

Total Carbon 3 5 5 2.7 

(Vdlatile Carbon) 3 ( 5) (5) ( l. 37) 

(Car!:>onates) 3 t · 

TOTAL A.'lALYZC 47 57 46 · 

BAl'.,.A.'lCZ 52 42 53 

100\ ·100, 100~ 

t de1:~e<.1 in concentration ot <l\ 

1 'u&lysed by x-ray tluorescence-Se.:-~:i.oa 3.2.2 8 

2 anelyzed by ,..·t c:helli.atry-S.-:'.:;ion 3.2.2 A 

3 an&l.yzed try O<:eMoq,:apny c.rt,on anal~er••Section l . 2 . 2 A 

4 calculated tma sulf..aua C sultuzwsul!.at.a/3) to. COlllp&re wi ~"I sulfar 
trca rJ/11! 

5 fc,r values st.own •• X/'I', X is , ot d\e el-nt pre~t and '! is t.he 
error (i.e. n: y, 

Outle,t 

I:npinger 
,14S-IC 

55 

t 

8.9/3 

1.7/0.2 

t 

9 .3/~ 

t: 

t 

2.2/0.3 

t 

(15/S) 

22 

32 

(10. 7) 

3.8 

8.1 

(6.6) 

66 

34 

100\ 

not included in, tot.al-ultur and sulfates ar• acco,:,ntad tor in sul!u: 
'ar:t! M&lysia and ..ol.atile ca:d>on and c&r.lOn.ate are accouneed !or u 
toe.al C&J:2>oD 
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could be frc~ stainless steel conta;nination, caused from sulfuric acid and 

hydrochloric acid attack. Potassi= and barium tended to favor the larger 

particles. Nitrates in smaller sizes showed up mainly in the impinger ca~ch. 

4. Emissions and emission factors--Emissions and emission facto~s can 

be listed wi t.'1 several different units. T!1e' following ·lists some of t.'1e~e 

emissions and factors. 

Gnits Test l4J (inlet) Test 14S (outl-:!t) 

gr/DSCT 0.0593 0.00.28 

T/yr 21 . 6 2.2 

lb/hr 10.58 l.l 

1;:,/ton processed 0.14 0.01 

4-184 K'lB 5806-783 
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4.2.16 Abrasive Blasting 

.A. Process Description (Ref. 4-17)--

Abrasive blast cleaning is the o~eration of cleaning. or prepa:ing a 

surface by forcibly propelling a stream of abrasive material against the 

surface. Blast cleaning operations may be classified according .to: (1) the 

abrasive material used, (2) the met."l.od of propelling the abrasive, and 

(1) the equipment used to control the abrasive stream or move the articles 

being cleaned into the abrasive stream. 

The oldest and most widely used device to confine and control the 

blast is t.."l.e blasting ro,:m (Figur,~· 4--57) which consists of an enclosure with · 

th~ operator inside manipulating che blast from a hose. Bla~ting rooms 

•:ar'] widely in t;-.,.ir cons-;:ruction. Or.e ?09ular desi;-:. i.s t!"'.e all-st~el, f:::e

iabricated room with floor grating and a completely automatic abrasive re-

covery system. These systems usually use specialized or other abrasives 

such as carbide and walnut shells and often have monorail conveyors, rail 

cars, or rotating tables to aid t."l.e operat'or in handling t!'le objects, which 

are usually large and ~eavy. Figure 4-57 shows the blasting room setup 

tested on this program. The grit used ~as alUI!linum o~ide (Al
2 

o
3

) and the 

metal being blasted was heat treated stainless steel. 

a. Particulate Test Set-up--

Two sampling trains were used simultaneously co sample the in.let 

and outlet of the baghouse. The inlet station was located on the horizontal 

duct (36" diameter) approximately five ft. from the baghouse. The rectangular 

outlet station ( 35" x 39") was located about 3 ft. above the blower. The 

velocity profile in bot."l. inlet .:md outlet ducts ate listed in Table 4-63 

The larger Safill?le train was used on the outlet duct at velocity point #7 

with a 5/8". nozzle, and the smaller sample train was used on the inle~ duct 

at velocity point it3 with a 5/16" nozzle. 

c. Tes~ Results--

The results of the tests (Test 34J and 345) ~iscussed in this section 

are liste~ in Table 4-1. Elemental composition, sulfate, nitrate, and car-

· con analysis were determined for all fractions of particulate catches which 

contained weights in excess of 100 mg. The details for. these procedures are 

discussed in Section 3. 2. 2. Table 4-64 lists the results of this analysis: 
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TABLE 4-63. VELOCITY PFOFILE. FOR ABRASIVE BLASTING (TEST 34 J 

s 
Jlt 

4 p 
Su,ple point 2 
5/16" nozzle 

36" 

~emperature: 66°F 

St.1.tic Pressure: -o.s• H2o 

Distance from 
Edge of Duct Velocity 

(inches) Point* ft/sec 
' . 

1-1/8 1 23.0 

3•3/4 2 25.8 

7 , . 3 26.6 

ll 4 .27. 4 

18 R 27.4 

24-1/2 5 28.2 

29 6 28.0 

32-1/4 7 29.7 

34-7/8 8 26.6 , 

Average: 27.l ft/sec 
11635 SCFM 

OP 

1 1 

4 
.... 

3 

2 

l 

OUTIET 

I 
8 / 

i 

efJ 

6 

s 

So1111ple point 
/ 5 / B" no:zle 

12 lf> 

11 15 

10 14 

9 l3 

r+ + .J. +, 
4-7/8 9-3/4 9-3/41 9-3/4 4-7; 3 

390 

Temperatur., : . 72 •F 

Static Pressure: +2.l" H2~ 

Distance from 
Velocity 

Edge of Duct 
(inehes) 

4-3/8 

13.,-1/8 

21-7/8 

30-5/8 

4-3/8 

,P-l/8 

21-7/8 

30-5/8 

4-187 

Point Poir:.t 
~ ft/sec # ft/ sec 

l 35 .4 9 24.1. 

2 35.4 10 15. 0 

3 44.4 11 

I 
20.1 

A. 66.9 12 63.5 

5 20.l 13 6.7 

6 16.4 14 14.9 

7 31.5 15 14.9 

8 65.5 16 0 

Average: 29.6 ft/sec 
16509 SCFM 

KVB 58C6-i93 



TABLE 4-64. CEEMICAL COMPOSITION OF PA...~IC.,"'1.,;,.~ SA.."PLES 

IN PE...~T FOR ABAASIVE BU.STI~G (Test 34) 

SAMPLE# 

'NT. PERCEIT OF CUT 

D.F ANALYSIS 

ChromiUJJl 

Copper 

I::-on 

Manganese 

Moly!:lde~t:..-;i 

'I'i t:ani:.:.::l 

Zi.:-ccniu::i 

TCTAL 1 

Suliates, H2o sol 2 

:s .. 

(Sulfu.r, f.:-om sc4l 

Nitrate (S2o sol) 2 

':'otal Carbon 3 

(Volatile carbon) 3 

(Carbonates) 3 

t det~ in c:caant.ratl..on ot <l'l 

l ma.ly:iad !:,y x-ray !loor11sc:enc.-Sec:":i0G 3.2 . 2 9 

l analyud !:,y wet <::l•ai.s::ry-s.=::.on J.2.2 ..\ 

10]..UII 
Cyclone 
34J-2S 

97 

t 

t 

t 

i<3i 

t 

t 

t 

l.O 

t 

3 

97 

100, 

3 an&ly,:.ed !:,y Ooeanoqrapny c::.11.r:!)on anai:n•r--s.c-::.on l.2.2 A 

. 3µ:: 
cyclone 
34.J-35 · 

1.3 

t 

<O.l 

18/2 

t 

t 

2.3/::J.3 

t: 

22 

t 

( t ) 

t 

22 

78 

• . <:alcul..ated !:ca su.!.!.a~• t .s\J..l!u ... ,:••~ !.1ac•i 3) ~~ ~• vi!..~ s~!-..:..r 
trca X'Slr 

5 tor .,,al.~• •howa •• l'./T. X 1..1 , of ';he .i-nt ;,resent a.nd- Y ::..t t."-e 
er:ro,c (i·.e, X\ ! T l 

not inc:ludttd l.ll t.ot.al-su.l.! .:r and sul!a~•• are aC::oint:.ad !:,r i..n s~!'.l:" 
:t!U" an&l.ysi.t a.nd wl.at:..l.a e.ar.lOn a..nd ear.:,on.at.• ar• ae=ur.tec for 1.:1 

,:.o, .al c.ar:x>ll 

l ;_;;n 
Cyclor.e 
34J-4S 

O.J9 

t 

<Q.l 

15/ 2 

t 

t 

2 . 6/ J . 3 

t 

.:c 

t: 

20 

4-138 Kii"B 5606-783 
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D. Discussion of Results--

1. Baghouse efficiency-"'-!Jsing the mass loading ( lb/hr) for bo+-h inlet 

and. outlet to the l~aghouse, the efficiency was calculated to be 99.9i from 

the equation: efficiency = [ (mass out - tr.ass in) / mass in x 10::Y,. 

2. P<'r1:icle size distri.bution--Figu=e 4-58 is a plot 'of particle size 

(;.,ml vs . accunulated weight percent, the ·latter plotted on a probabi l ity scale 

as explained in Section 3.2.JB • . Two sets of curves are presented, one including 

the impinger catch, and the other ignoring it. · considering that r.ea~ly all 

the particulate material in the ducts are al:.uninu.~ oxide (Al
2
u

3
), it would 

see~ that the effects of pseudo particulates ~ould not be pres~~t. Therefore, 

the i:npinger ·catch was believed to be properly included in the meas.uremen".:s of 

the S;Jspended particulates. The break.iown of th4 particle size d' .. ;;tri.=J:..:tion 

including the impinger catch is as, follows: 

>lOµm 

Test 34J (inlet) 93 

Test 345 {outlet) 14 

Percent of ?articles 

10-Jwn 

3.5 

6 

3-1,+m 

1. 7 

6 

<lµm 

l.d 

74 

The :nean particle size for the inlet is :"-100\J,m and the mean si.ze for tl')e 

·outlet is 0.6wm. 

3. · Chemical composition--Table 4-64 lists the res~lts from the chemical 

analysis of the particulate fraction for the tests discussed in this section. 

Unfortunately, the most .u,undant ,species, aluminum oxide Al2o 3 , was not 

able to be detected cy XRF analysis. Iron ( iron oxide) found in the cyclones 

was significant in quantity (15-18~). Ap~r?xi:nately 2\ iitanium ~nd ~3~ 

sulfur was detected. The t.it.aniur.l' is attributed to resicual mat:,erials from 

parts being grit blasted in that facility previously. 

KVB 5806-783 
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.Figure 4-58. Particle size distribution for abrasive blas_;;;ing 

(Test 34) 
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4. Emissions a..'1d emission factors--Emissions and emission factors can 

be listed wit.~ several different units. The :allowing lists some of these 

emissior.s and facto .r;;;. 

Test 34J Test 34S 
( uncontrollec) ( controlled) 

gr/DSCF l.922 0.0009 
T/yr 99.4 0.07 
lb/hr 191..: 0.125 
l!::/ton proc<!ssed 1530 l.D·~ 

4-191 !CVB 58C6-733 
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A. Process Description--

Secondary aluminu:n oper,tions i.·wolve making lightweight :::et.al alloys 

for i."l.ciusttial castings and ingots. Copper, :nagnesi:.:.i11, anc sili:::cn are t..':e 

most comcon alloying constituents. Al=inum alloys ror castings are melted 

in =ll crucible fu=aces charged by hand wit:..~ pigs anc foi.:..,dary retu~~s. 

Larger melting operations use open-heart.~ rever=erat ry fur.laces with t.':e sar.e 

type of =terials but by :::c.echanical ::Denas. . Small operatior,.s some,t.ui.es use 

sweating furnaces ~o treat dirty scrap in preparation for· smelting. 

Reverberatory furnaces, as sho~-m in Figure 4-59, 

hours. This type of fu=.ace is cc=cnly usej to melt a variety o: scrap. 7~e 

i.i.put, and fluxing, refi~ing, and alloying procedures, all have so:::e inf:uence 

on t:..~e ti.me reqilired to complete a heat. After the charge is completely =e::::ed, 

alloying i.,gredien':s are added to adjust the composition to required specificatic, - . 

Large quantities of fluxes are added when scrap of s:a.11 size a.."ld low gr3.de is 

Clelted. The flux in so!:le cases may amount to as ClUch as 3C~ of t.':e ·;.1eight of 

scrap charged for the older tITe furnaces (Ref. 4-28). However, f~r t.~e newer 

type of furnace tested here very little fl:.ix is ~sed. 

nace tested on this program is shown in Figure 4-59. It was producing al·..:.::-:i:-:• ..... ~ 

for casting billet for extruding. The f:irnace had no emission controls. 

?remixed gas and air enter the fu=nace and produce a l~ng rotating fL:U::!e w~i=~ 

melts the c!'larged :naterial. The combustion products (stack gas) are drawn up 

t.'"le stack by natural draft. Part way up the stack is an openi.i.g which allo'lo'.s 

airto be pulled i.i. the gases.. This partially cools the l, 500 °F stack gas. 

Also in this open section is an air damper which reduces the natural draft 

forces and t.~us help hold the heat in the furnace. 
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Figure 4-59. Thirty-five ton aluminum reverberatory 
· melting furnace. 
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B. Pa._--t:iculate Test Setup-

-:-.. o sampling ttains were used si.I:r-.:1 ta .. eously to sa:::ple the stack gases 

at the same locatiQn to obtain an accuracy assess.:nent of t..":!e two trai:is a.nd to 

r.ave =re reliable data. The location of the test station was on the cpen 

(air dil~tion) section of the stack just below the air d=iper as sho~n in 

· Figu.:::e ..; · 59 ~ A 1-1/4~ nozzle was used with the larger SASS train a~d a 

3/4" r..ozzle was used with the smaller Joy train. The velocity profile i:1 t.he 

stack for high fi.:::ing ar.d fa~ low firing is listed in Table 4-65. Theze 

seemed to be some turbulence in this region. However, this was the only possible 

location for the test. The t'.ll'bulence was caused from t.":!e flow of dilution 

colli::igair entering the s~ck. The air damper w:is not used d...ri.ng this test 

C. ~est Results--

':'he :::-esi...l.t.s of the tests (Test 10S and l'Ju) i::.isc'..!sse-=. in t::is section, 

are listed in Table 4-1-. Major ele~ental composition, sulfate, nitrate, and 

carbon a:-.alysis we.:-e deter::nined for ell !ractions of partic,_:late catches which 

con~.a-i.~Ed weights in excess of 100 ;ng. The det:ails for these p~ocedures are 

discu.sse-1 i.:. Section 3.2.2. Table 4-66 lists ::..,e resul~s =r~m tiese analyses. 

D. Discussiou o:i: Results-- . 

l. ?article size distrib·.1tion--Figure · 4-60 is a plot-of particle size (~~) 

versus ac:::~lated · weight :,iercent, t.,e latter plotted on a probability scale as 

exp l ained in Section 3.2.3.B. Two set3 of cu...--ves are presented, one including 

the iJ:ipinger catch and t.,e other i;noring it. Considering t.,at a.bout half the 

material collected was in t.":!e i..::apinger, it would seem that t.,e effect of. pseuco 

partic".llat.es -10uld be s.na.11. Therefore, t.,e i.Inpinger catch was believed to be 

pr,:,perly included ir. t."le measurements of the suspe:-.ded , paiticul3.tes for particle 

size distribution. The :,reakdown of t.,e particle size distribution, i."l.clud.ing 

the impinger catch, is as follows: 

'rest 10S 

7est lOJ 

>10 µn 
5 

9.5 

?ercent of ?a..:.-ticles 
10-3 µm 

4 

3 

4-194 

3-1 \lm 
5 

2 

<l ;..m 
86 

86 
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TABLE 4-65. VEI.OCITY PROF;I:LE FOR ALUML'lt;M REV°'.utSE~TORY FUP.NACE {TEST 10) 

5-pl.a Point 
SASS : l.~s• 
.Joy, o.1s• 
Nozzle 

Distance ?::0::1 
!dge of Duct 

(inche:sl 

13 
23 . 
33 
43 
13 
23 
33 
43 
13 
23 
33 
43 
13 
23 
33 
43 
13 
23 
33 
43 

I 6 .. I 

Sta:.ic Pressure: ·O.".l~" H~O 

Velocitv 
High Firing 

Point # Ft/ Sec · (i.456 ~Fl 

l 25.3 
2 29.8 
3 32.6 
4 37.7 
5 20.8 
6 22.l 
7 29.8 
8 26.9 
9 17 .9 

:LO 21.3 
ll 13. 3 · 
12 18.8 
lJ 19.7 
14 20.0 
15 O· 
16 13.3 
17 16.6 
18 1:..0 
19 0 
20 0 

Average: 18. 9 

3518 SCFM 

4-195 

' 0 .. 

,-
8" 

l 
I 

40" 

.J..... 

Low Fi.::ing 
Ft/ S,o'C (1092 Of ) 

p.16 
8.63 

19.75 
0 

13. 60 
-7.81 

0 
18.04 
14.59 

-26.08 
:-18.38 

0 
13.00 
16.70 
21.80 ,, 
25.50 
22. _30 
18.38 
.21.os 
21.05 

8.34 ' 

2207 SC:M 
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TABLE 4-66. CHE.V.ICAL COMPOSITION OF PA.-=tTICr;".i;..ATE SAMPLES 

m PERCENT FOR AI.UMINC:"'1 FCU.IDRY 

SAMPLE# 

WT. PERCENT OF COT 

XRF ANALYSIS 

calcium 

Chlorine 

Chromium 

Copper 

Iron 

~nganese 

Nickel 

Potassium 

(Sulfu:) 

ZL"lc 

TOT:.r. 

Sulfates, H2o s012 

= .. 
(Sulfur, from so4 J 

Nit.rate (H2o sol) 2 

Total carbon 3. 

(Volatile Ca.r~nJ 3 

'(Carbonates) 3 

TOTAL ANALYZED 

EAfANCE 

SASS 
LT.!, i."lg e.r 

10S-IC , 

38 

3/1 

11/4 

t 

6/. 7 

t 

t 

(6/2) 

23 

17 

(5. 6) 

t 

13 

(13 

l an&l.yzed by :a-ray nuor,es~-Seetion 3.2.2 s 

2· analyzed by wt ch-1.suy-S.Cti= J . :::.2 .\ 

3 an&l.yied by O<:a&a0qr:aphy c&rl)on analyze r--S.ction l. 2. 2 A 

SASS 
Filter 
10S-5S 

23 

2.6 

6.2 

t 

t 

t 

t 

10 

t 

( t) ' 

t 

t 

10 

90 

100, 

4 ealc:ul.ated !rc:a sul!.atas ( ■ul!ur-sul!ate/31 to ccmpare wit.">. sul!ur. 
t::-0■ ~ ' 

5 t~r value• stx,,m .as X/Y, X u , ot'_ th• el.-,t pre•nt .and 't is t.':l• 
er=r (1.s. X'\ ! Y l 

oat i.Acl\lded in =u-sultw: aad sul!.11t•• ~ &c:c:ountad tor in sul!u.r 
XJl1' an&l.ysis and ""'l•~• ::anxxi and i::.a:ct>oa.ate a.re acco1.:1ud !or in 
Ult.&l c.a.moa 
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The mean particle .size is <.l )JIil for aluminum melting furnaces. In spite of 

the highly irregular flow conditions measured in th€ duct the particle size 

distribution measurement with the two different trains were surprisingly simil~.- -

2. Chemical composition--Table 4-66 lists the results from the chemical 

ar.alysis of the particulate fraction for each of the tests discussed in this 

section. Sulfates conctntration is much higher in the impinger than on the 

filter. Carbon, iron, '\nd chlorine were higher in the impinger than on t!i.e 

filter. 

3. Emissions and emission factors--Emissions and emission factors ca~ be 

listed with several different units. The following lists some of .these emis

sions and factors: 

Uncontrolled Emission 
(New t:i,Ee sur:!:ace) Test 10S Test lOJ 

gr/DSCF 0.0026 0.0021 

T/yr 0.17 0.14 

lb/hr 0.072 0.058 

lb/ton 0.02 0.02 

·(old type surface) 

lb/ton (Ref. 4-29) 4.30 4.30 

The new type of furnace is a method ~i control (process and equipment improve

ments}. The data shows a 99% reduction of emissions with the new furnace. rhe 

emission factor used for the inventory was taken from AP-42 because nearly all 

of th-~ furnaces in the Basin were of the older type. 

4.2.18 Steel Production--Sinter Plant 

A. Process Oescri~tion--

T".e sinter operation is only a small part (about 5% of the emission) 

of the total production of steel. Figure 4-61 (Ref. 4-30) shows the basic 

flow diagram of iron and steel processes. Ea.ch of these operations can be done 

at the same location or done sepa.rately at different lccations. 

4-198 
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Figure 4-61. Basic flow diagram of iron and st'eel processes. 
(P) denotes a major source of particulate emissions. 
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Sinter is an agglomerate made from small particles of iron-beari~g 

material.s fused or fritted together at high temperature. In the sintering 

process this high tempbrature is achieved by burning carbon in the for:n of 

finely crushed coke in the . sintering-l!'~chine ::eed mix. Flux can be added ir. 

the feed mix to eliminate flux charging partially or completely in the subse

quent ironmaki.'1g operations. The fle.x.ibility of t.."1e process permits conver

sion of a variety of materials, includ.L,g natur~lly f .ine ores; ore fines fro:.:n 

screening operatiC!".S, flue dust, ,and ore concentrates; and o:t.11.er iron-bearing 

materials of very small particle size into a granular, relatively coarse form 

well·suited for the blast furnace. A continuous sintering process is shown 

ih Figu.!:'e 4-62 (Ref. 4-31). A traveling grate conveys a bee. cf ore fines, 

mately 5% of a finely divided coke. Near the head or feed end of the grate, 

the bed is ignitec: on the surface by gas burners, and as the mixt-..:.re moves 

along the traveling grate, air is pulled down through the mixture to burn 1::he 

fuel by downdraft combustion. As tne grate ~aves continuously over the wind 

. boxes toward the dischar;e end of the strand, the combustion front in the bed 

l'llOVes progressively downward. This creates sufficien~ heat and temperature 

(1313-1480 "C, 2400-2700 °F) to $inter the fin~ ore particles together into 

porous, coherent lumps. Sinter plants ,with production capacity of about 20,000 

tons/day can be constructed. The nnit tested on this program had production 

capacity of SOCO tons/day. 

B. Particulate ~est Set-up--

Two sampling trains were used simultaneously to sample the inlet and 

exit of the baghouse as shown in Figure 4-62. The inlet station was located 

on the horizontal undergr~1.1nd section of the auct leading to the baghouse. A 

section 6~ wide and 4' long was provided to sample the flue gases. Table 

4-67 lists the velocity profile in the inlet and outlet ducts. The outlet 

duct was on the vertical section leading down to the fan. The inlet sample 

was taken at velocity point 6 (Table 4-671 wit.'l a l/4" nozzle and the outlet 

sample was taken at velocity point R wit.'l a 1/2" nozzle. Note that the inlet 

flow is al.lout 8J\ of the· outlet flow. 
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TA3LE 4-67. VF.:J:X..ITY PROF::!::.Z FCR TEST 26 
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The reason for this was ti-.at another si.~tering pla.~t which usually 

feeds into the baghouse was down for repair. The duct from that other plar.t 

was disconnected from t.~e baghouse and the opening in t..~e baghouse ~all ~as 

only partially closed. Therefore some fresh air was drawn in ~hrough t.,e 

pa..:tially open duct. 

C. Test' Resillts--

The results of the tests (Test 26J a.~d Test 26S) discussed L~ this 

section are listed in Table 4-l. Elemental composition, sulfate, nitrate, 

and car.l:)onanalysis were determined for all fractions of particulate catches 

which contaL~ec weights in excess of 100 mg. The cetails fer t.,ese procedures 

are discussed in Section 3. 2. 2. Tal:lle 4-68 lists the results free t:1.ese analyses. 

l. Bachouse efficier..c•.r--The calculated efficier..c-., fer the bagi:ouse based 

on t.,e total 'particulate catch is 72.5\. ~eglecting the i=:pinger catch o" 

bot.~ trains the efficiency is 97.8\. The EPA MPthod 5 ignores the ':npL~ger 

includes the ir"~in~er catch and this met.,od ~culd indicate t.,,e lower value for 

efficiency. 

2. Particle size distri!luticn--rigure 4-63 is a plot of particle s~ze 

(;.;::i) vs. accl.;l!lulated weight 'percent, the latter plotted. on a proba::il.i'.:y scale · 

as ex?lai.,ed in Sec'.:ion 3.2.3B. T'.io sets of curves are ?resentec, one includ

ing the impinger catch, and t."le other ·ignoring it. Considcri~g t.~e large ar.iouti:: 

ofmaterial collected in t!le i::-:;;,inge:s, it would seem that pse•.!do particulates 

would not sigr.if.ican::4y add to the tctal weight. ~herefore, the i:tpinger ca::ch 

was believed to be properly included in the ~easurements of the suspended 

particulates from sinter plants for particle size distribution. The break-

down of the par.:icle size dis~ibut.ion, not ir.'clud.:;..ng t.'le :i.:1;: .i:ig er catc:-i, is 

as follows: 
Perct!nt of Particles 

>1oi::n 10-3 m 3-1 m <l:...r.i 

Test 26J inlet 6 1.0 l.O 92 
Test 26S outlet 2· 1.2 1.4 95 

-:he mean particle size :or t."le inlet as well as the outlet is less t.~an 0.1 ~-

4-203 lC7'B 5806-783 . 
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TABLE 4-58. CHE.'1.ICAL COMPOSI'!'ICN OF PARTICt."UTE SA.~LES 

IN PERCE!-rr FOR TEST 26 

SASS Joy Joy Joy S;\.SS 

lOU lOIJ Inlet 311 Inlec !..xi:. 
C....:lone Cyclone C'/clone Filter P'ilt1tr 

s~~~ • 265-is 26J-2S 26J-4S 26.;-5S 265-5S 

·or; ;:,::.,.c::::..--:: ~F ~-· J.O 5.2 l2 43 3.5 

XRF .\NJU. '{ s :s 

ri..r5e:n .t.c t t 

~r-=n• t t t 

C•d.=11.·..:m t t t 

ca.::.:::.:J:!t 9.3/2 12/3 l.l/0.4 

::!':l.Jr.:...,e 4.9/:? an l4/S 23 / lO 30/W 

C!1~::.!.:.= t t 

~OF;;•:- t t l. 6/C.4 l.2,'0.2 L61b.2 

:~s:...;...~ t t t 
. 

' - ' .. - - . .. -
:.e-s:. t ' :.. J :J . ; i..1 / 2 ' . , 
:"'!~~:;4:":t Se t 

""' ·· ~.;: ,c;:•; 

_;~.:.= .<11.:. 

:;::-~.!'i:s.:. ·..:. ). !.,'j. 5/2 9 / 4 lE/5 ;c;7 

Fl:\;..0.:.=~~ t C t :: 

'. s-:.!·~: tl7/S) (:!! / 8) 

7:.-:.ar:.:..~ t 

~.!..,.""::C t t t 

-:-::-:"7':.: 40 45 43 55 65 

~:...:.!..a-::~s. :-!_: s.:.:: 3 . ~3 6.:1 ~.:2 1 . .:: 7.46 

:s ... .:! ·....:- . !~-::f!J .;c .. . 
. , 2. ~4 ) '.2 . '.)) t ' t. (2 . 491 

~.: . .'':.!"3~. H~: so i.i : t. • t 

-=-= ~ .. : :£!":,O:': J :.s 7 t. t 

(·:~:~~.:..:.. : -=~.=~ ; :11 

' '::.i:::c.:"..&'":1!~ l ..,_ ":)' 

-:"'..:":'~ ~~"'!::O 6J 53 52 So 72 

3.1.;.A:.>::!: 3; 47 441 .... :a 
1::c, ::o, !CC~ 1::c, :oo, 

: doe~ ;,.-, =ncfl\ttar;:.= o! <:, 
.... :ysed :::y s-....,y !:=~eanoa--5-c-..ion l . .2 • .2 3 

2 ..... 1:,-z,ed :::y -r; :=em..su-,-:ioe~i.an J.2.~ ;i. 

l ......:..yu14 !:ry Cce-,,ograpt,y =~ &.tl&ly:a:.er--Sec-...:.:::n J ~.2 . 2 A 

.a ~,:.ad !:::oa s-w.~'CaS ,sul!~~!ai:e./ll ~ :::oap&no vl.t!l sul!'.ir 

!r:::a "SJa 

5 for -.al-• •bOWn u X/Y, lt u , of t.:,,e el-,.1: :;,~•nt .and ! u t.'le 
error ,i.e. :n = 't ) 

( ) ~ 1.Dcl~ ~~ ~~--9u.l!~ anc! ~3t:as .are ac::z:nz~ed ~r i!l u.lifu: 
DP -&l·rsis and . ,..,;...,:;~ ~~ U>d =~t• are ac=un::~ !=r ~n 
':.01:.&l~ 

5,1.!;S ~oy 

.Exit. !nl<'t 
I::;:!.nger l!ll.p~ .1ger 

2€.S-IC . 2E,.,;-~C 

91 12 

t 
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, ' 

': 
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'C t: 

(15/Si ~ :.€)/ s ; 

24 .. , 
22.31 2s • .;9 
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3. Chemical comoosition--Table 4-68 lists the results from the c~e.~ical 

analysis of the particulate fraction for each of the. tests discussed i:1 -:.::.is 

section. Sulfates are most abw:dant in the L~pingers. Chlorine was detected 

in large concentration, 5~30% in all size fractions and had t..~e largest conce~

tration on the filters. Calcium was found primarily in t.he first cycl.:ine. 

This indicates that the calcium is concentrated in large pn:ticles. I..ead 

tends to _concentrate in the 0.5 µm size range. Iron is in t..~e for.r. of larger 

particles, >10 i-J'.D.. Potassi= seems to follow the pattern of chlorine. 

Possibly the ccmpound is ICCl. 

4. Emissicns and emission factors--Emissions and exnis'sion factors can be 

listed with several different units. The following lists some of these ei:1is

sior.s and factors. 

gr/DSCF 

T/yr 

lb/hr 

Units 

lb/tor. produced 

Uncontrolled 
Test 2-SJ 

0.205 

709 

170.4 

3.4 

UJ/ton produced-A?-42 (Ref. 4-34)22 

4.2.19 Steel Production--Ooen F.earth Furnace 

A. Process Description (Ref. 4-35 and 4-36} 

Controlled 

0. 0459 

195 

46.32 

1. 0 

0.67 

In the open heart.~ process, a mixture of scrap iron, steel and pig 

iron is mel,:.ed in a shallow rectangular basin , or "hearth," for which various 

~iquid qaseous fuels provide t.~e heat. Impurities are removed in a s l ag 

(see Figure 4-64). 

Emissions from open hearths consist of particulates and small amou.~ts 

of fluorides when fluoride-bearing ore, fluorspar, is used in the charge. The 

particula~es are com?Qsed primarily of iron oxides, with a large portion 

i:1 the::, to 5 rnic~orneter size range. The q:ian~ity of dust in the off-g as 

i:ncreases considera!>ly when oxygen lancing is used. 

The devices :nest commonly :ised to co~trol the iron oxide ·and fluoride 

particulates are electrostatic precipitators which effectively- remove 

4-206 K"v"B 58 0 6- , 8 3 
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S. Particulate Test Set-up-

Two sampl.i.'1g tra.i.'1s were used si:nultaneously to san:ple tbe i:1let a;:d 

outlet of the electrost:atic precipitator. The inlet station was located on 

the vertical du-::t leadi."'lg upward to the ESP. The outlet station was located 

on the verti:::al duct _leadi.'1g down to the fan. -The velocity :;::rofile~ ir. t::.e 

inlet and outlet ducts are listed ir. Table 4-~9. Velocity poi:1ts 8 arc. 16 

on the inlet #ere not able t::, be rneas~ed due to t.~e geornet..--y of tI'.e port and 

pitot t:"~e. A 1/2" nozzle was used at velocity point 12 on t.'le inlet and a 9/16'"' 

nozzle was used at velocity point Ron the outlet. 

·c. Particulate Test Results-

""he results of t:1e t·...o tests (Tests 36S ar:d 36.J) discussed ir. t..~is 

a.~d car~on a=:alysis were deter::-~~ed for all fractio~s of partic:..:.:.ate :::atc::es 

•,1hic:1 cor.tai."'le< wei:;::ts ir. ex:::ess of 100 mg._ The details fo::- t:-.ese ;::-oced:..:;;e3 

are disc-..issed in Sectior: 3.2.2. Table 4-72 lists the results f::-or:i t.:1ese ar.a.:.yses. 

D. Discussion of ~est Results--

l. El:etrostatic orecioitator effi~ier:cv--The calculated ef:icie~cy for 

t:.'1.e ESP .. based on the total particulate catch is 34.2%. Neglecting the i;;:pinc;er 

catch on both trai.,s the efficiency is 90.3~. The EPA Met.~od 5 isnores the 

i:npinger catch; therefore, the higher efficiency would ap:;::ly. Whereas, the 

SCIQMD i.,cludes the i=lpinger catch ~etr.od and indicates the lower value for 

the efficiency. 

2. Particle size cistr' -.....Jtion--?i~re 4-65 

(µr:i.) vs. acc=lated weight percent, t..'1.e latter plotted on a probability s~ale 

as explained i.~ Se~~ion 3.2.3B. T-#o ~ets of C'..i...-Ves are preser.ted, or.e i~clud

ing the impinger catch, and t..'1.e othP.r ignoring it. Considering the large 

amount of material ·col.lect:ed i."'l the i.mpinger ,- it woi..1_d se€!!1 t::.at t.'1e effects 

of pseudo particulates would be insig;iificant. Therefore, the impinger catch 

was believed to be p::-~perly included in the measurements of the susptnded 

particulates frcm open hearth steel producing furnaces. The breakdown of t:1e 

4-208 
KVB 5806-733 



( 
'· 

( 

TABLE 4-69. VELOCITY PROFILE FOR OPD. HEARTH FURNACE (TEST 37) 

Inlet: 

1 
s :.6 
7 lS 
6 l4 

5 lJ 
Sainple point: 

42" ' 1/2" noz:::le 

l 3 

2 

l 

I• i!6" 

T""'perat.ure: 46•1 "F 
St:at:ic Pressure: -4.2" H20 

Distance Velocity from enc! 
of port Point , Point 
(inches) # ft/sec. # ftL:sec. 

5-5/8 l 27.3 9 25.3 

10-7/8 2 · 27. 3 19 25.3 
,, 

16-1/8 3 28.3 ' 11 25.3 

21-3/8 4 24.3 12 23.l 

26-5/8 5 23.1 13 23.l 

31-7/8 6 · 2~. 3 14 14.6 

, 37-1/8 7 23.l 15 14.6 

43-3/8 8 20.7 16. 14.6 

Average: 22.68 ft/sec. 
.21, 539 SCFM 

4-209 

Out:let: 

E 

t 
S=Fle po~:ot. 
9/ 16" nozzle 

42" 

Tem_perature: 415 •r 
St:atic Pressure , -4:2• H2o 

Distance Velocity 
from er.d 
of port Point Point 
(inches) # ft/sec # " ft/sec. 

4-3/8 . l 55.3 9 50.5 

7-3/8 2 59.7 10 63.8 

12-1/4 , 3 61.8 11 69.6 

16-1/2 4 63 .B 12 69.6 

. 24 R 63.8 R 67. 7 

31-5/8 5 63.8 13 . 22.5 

36-3/4 6 63.8 14 22.S 

40-5/8 7 63.8 15 22.5 

Average: 54.2 ft/sec. 
18,584 SCFM 

KVB 5806-783 
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particle size disttibution for the inout and outlet to the .ESP i."l.cluding the 

impinger catch is as follows: 
Percent of Particles 

>lq.im 10..:3 m 3-:U.:m <lµm 

Test 36J (inlet) 8.0 s.o 4' 83.0 
Test 365 (outlet) 2.2 3.8 7 87.5 

The mean particle size for the ESP i~ <0.l m for t.~e inlet and outlet. This 

agrees with AP-42 as mentidned above in the Process Description. 

3. Chemical composition of particulates-Table lists the results 

from the chemical analysis of the particulate fraction for the tests discussed 

in this section. Sulfate!S were found to be most abundant i."l. each size cut. 

Caroon was detected in the high.concentrations in the impinger fractions. 

in each size fraction. 

4. E.:ussions and el:lission' facto:-s--Er.issions ai~d emission factors can be 

listed with seve:al di;ferent units. The following lists some of these 

et'ti.ssicns and factors for these tests: 

Controlled Uncontrolled 
Unit1 Test 2nS Test 26J 

gr/DSCF 0.0366 0.206 

T/yr 22.3 141.4 

ll:,/hr 5.53 35.1 

ll:,/ton produced 0.67 4.,2 

ll:,/ton produced (Ref. 4-37). 0.35 17.4 

KVB 5806-783 
4-211 



TAE,LE 4-70. CHE...'11:CAL COMPCSITICN OF PARTICTJLATE 

IN PERCENT FOR TEST 36 

~ .:;oy 

lllm SASS SASS lOiJm 
Cyclone l"ilter Ir,>inge:::- Cyclone 

S;1.'Q".,. ~ 36S-4S 365-55 J6s-:: 36.J-25 

Ir.. PE.'lC~ OF Ctr!' 9.7 15 44 l2 

lGlF , .. NA:.'!S.rs 

CA!.c:iu= t l.2/0.5 t 2.210 . 4 

ChrCOliUlll l.l/0.2 l.2/0.3 2.2/0.4 t 

Cooper t t t t 

Iron 15/2 ll/2 8.2/l 18/3 

:..ad t t t 

!4&nganese l. 0/0/2 t t l.l/0.2 

~;:.=:t~! t t :.1./) .. :: 

?-:-:..!S.> .;,:..,:..~ .;_ 5/: s. a,-: 3. :, :. ; 

(.5;;.:!~:-} (27/'.:.0) cl:1:oJ (19/6) ( 25/'.:.0) 

·:a~ad..:.•~ t t t 

Z::.::c ll/2 3.9/l 9.0/l 

T~>...l 25 31 13 24 

Zul:'a-:1!s~ .-12:J 5ol: ' 38 41 38 32 

(S'.l!!i.lr, :!ram so:i .. (12.9) (13,B) (12.8) (12.9) 

:•i-==a~e i!-120 sclJ 1 C t t t 

-:"::ital Carbon 
l 21 23 

(Volai:i::.e Carbon) 1 (21.82, (21) 

(Car!:)onat:es} 3 

':'OTA!. ,\NA.:,."!~ 84 72 74 66 

~:cz 16 29 26 34 

100, 100, 100, :cc, 

t detec,;ad in CQl\cancraticn ct <11 

l &n...._yud by x-ray Hucnscanc:e--;;ecuon 3.2.2 B 

2 an.lyud by -t c:iellli.st..-y-Section 3.2.i A 

3 &n&lyud by Oce.noqr~y ca:bon &nalyzar--S.Ccion 3.2:2 A 

• calculated from sul!ates (su.:.tur-sulface/3) to =mpar• wit.'!. sulfur 
from~ 

S tor val.uas sloCVD as X/Y, X is , of th• ·•l-nc presant and Y is c.'1• 
•r=r ( i. •. n ~ Y i 

( ) not incl~ed ill tocal,-sul!ur and S\.\ltac ■s •r• acco-unced !er 1n sulfur 
'D7 &nalysis &nd . v,:,l ... til• ca.rbon and cart,onaca "r• ac=unced !er i."I 
total c:anxm 

SA. '-1P LES 

Joy 
l;.::n Joy :Jay 

Cyclone Fi.:.:.er ~;:.:..::get' 
36,J-45 36.,;-3S 36.:-::: 

26 39 9.6 

t t -· 
t l. 3/0.3 

t t t 

13/2 8.2/l t 

t t 

t t 

t t 

.... , .. 
, • .) 1 ... o. J./ ... 

(2~/8) ()J/l:)) ( !:i:>1 6 1 

t 

9.3 / 1 1 ... 10 .a t 

31 26 

41 44 3.: 

ClJ.7) t l4.a> (lC. 3) 

t t t 

·H 

(32 ) 

72 70 77 

28 30 23 

10c, ::.::io, :.cc, 

KVB 5806-783 
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CHE.'il:CAL PROCESS 

4.2.20 Boric Acid Production 

A. Process Description (Ref. 4-38)--

Sulfuric acid is reacted with borax to produce boric acid and Glauber 

salt, (hydrated sodium sulfa~e, Na
2
so4 ·10 a

2
o). These products are then separated 

on a vacuum filter. The boric acid cake is redissolved, filtered, crysta:ized, 

centrifuged, dried, and screened. The Glauber salt follows a si.nilar ci.:cuit 

except for an additional step of conversion to sodium sulfate. Figure 4-66 is 

a flow diagram of the process. 

B. Particulate Test Setup--

outlet of the baghouse which controls the dµst load froo the boric aci~ ~ryer~. 

The inlet station was locatP-d on th~ vertical section of the rectangular duct 

leading to the baghouse. The dry train was used on this station which ~as at 

le~st eight feet from the nearest bend or obstruction. The outlet station was 

·located on the horizontal section of the duct about five feet ahead of the 

blower and 1S feet fro~ the old baghouse. As shown in Figure 4-66, the flow 

from the dryers was spit into two parts which went to two baghouses operating 

in parallel. ThP. outlet from the older of the two baghouses was tested with 

the SASS train. The velocity profile in the inlet duct to both units and in 

the outlet duct from the older baghouse is listed in Table · 4_;71. If it was 

assumed that the volumetric flow through both baghouses were the same, then 

the total fl~w from the baghouses would be 22,000 _SCFM. This would compare 

17,000 SCFM for the inlet and 22,000 SCFM for the outl.et. This difference is 

due to leaks because the system is under negative pressure. 

c. Test Results--

The results of the tests (Test 17S and Test 17J) discussed in this 

section are listed in Table 4-l. Element:al composition, sulfate, nitrate 

and carbon analysis were determined for all fractions of particulate catr.hes 

which contained weights in excess of 100 mg. The details for these procedures 

are discussed in Section 3.2.2. Tal:lle 4-72 lists the results from this analy

sis. 
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TABLE 4-71. V::I.OCITY PRCFII.£ FCR BORIC ACI.:l Pt.A..'IT (TEST 17) 

36" 

9 

6 

3 

8 

5 

7 ~ 

1 
Sample 
Point 

40" 1/4" Nozzle 

Temperature 
Static ?r~ss-...=e 

:'.)1..stance Fro: 
E."ld of Duct 

13-J/4 

19-3/4 

33 

u~114 

19-3/4 

33 

13-1/4 

19-3/4 

33 

i.so °F 
.1.3 " H :J • 2 

, ,,.elocity 
Point ~o. ft / sec 

]. 46.4 

2 44.5 

3 33.9 

4 38.9 

5 38.l 

6 37.9 

7 29.l 

a 14.7 

9 38.9 

Average 34. 8 ft/sec, , 

177,99 SCN I 

4-215 

il l" $bl' ' 

3 2 l Too 

27;" 6 5 ~ 
.. -

--Sample Point 
9 8- 7 5/ 8" !-lozz.!.e 

36" 

Temperatcre 130 °? 
5~a~:~ ?::~.:.3t!=~ - :-:s ·• :-: _J 

:)ist.~ce From Veloc::.ty 
·:::::-:d of C:.:c~ ?oi!".'t: :,o . f": / sec 

6 l 30.l 

18 2 32.3 

30 3 30.6 

0 4 32.3 

13 5 3:..2 

30 6 33.:; 

~ 7 23.9 

:.s a 3~.4 

30 9 ,. 3:...2 

Average 3l..? f 

2.:.39 7 SC7 . 
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TA3:..E 4-72. .C~CAL C8~CSITI8N CF 

FGR BCRIC ACID (:-EST 17) 

S.iU-!PLE 'f 

WT. PERCEm OF ct."T 

C."llorine 

C."lrotni u::i . 

5t:..l.£at.-as, 

( sill:: u= , 

~i~=a~e (H2: sol) 2 

• Tot:al Car=on 3 

(Volatile Ca.::=onl 

(Ca:=or.ates) 1 

29 

2 

36 

t 

Outlet 
17s-:c 

84 

t 

.. .. 

4.0 

3 . 3 

4 

96 

3 &n4.i.y-::.td ::iy '.lc•At1Cc;ra;::t:y .:a:..-= • &n.L!.y :.:•--.iee--...:.::r:, 3. :. 2 ,\ 

:::let 
:..7J-25 

6 

2 

38 

4 c::al~t.•d !::-oa i-:.i.!.!.a'!.H I s~!'::.r-t:J.l.!•-:.•l:il to 6::=F•:it w::: .. "l s-..:..:.!'-....: 
~:-:,a x:;rr 

!:,r ~.ra.:..;es sh....-vr. &3 ;( / "!, X !.S • -=~ ':!":e -!:.~~~ pr'll!'<M:"!': a.::.::! ., .:.. s :.."":l! 

er:-or ::...•. n: T I 

( ) no,: .:..!le::~ :..:S ~.:::r·-~-s~!:.r -..-:.d su.l!'a:.es a.re .-c:::r;~ ::, "°~ ~:,~ 1 :: s ·.1!.! ·.l:
Xitl' an.a.:.ys:...1 a.cc -,;..ae.i.l• car:oo~ a.,c ::&:::,oo.ae• •= accou:-;.e:;1 !~:- :.. :, 
-:oe.a.... :at'.:>0n 
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o. Discussion of Results--

l. Saghouse ef:icie:1c:y--Using the total weight data (incl'..ldi:,.g the 1.::i.:;:i:1ge::- · 

catc~) from both SaJ!lpli."1.g· traL"l.3 for . the inlet and exit to the bag house, a.."1.d 

assumi."1.g that the inlet stream was equally divided between the t~o baghouses 

(one baghouse was te.sted), the efficiency was calc"..llated to be 98.7\. If only 

t."le solid weight~ (front half of sampling tain as used .by .EPA Meth~~ No. 5) are 

used, then the efficiency is calc"..llated to .be 99.6\ 

2. Particle size .:.istri.butior:--Figure 4-67 is a plot of particle size 

(\lml versus accumulated weight percent, the .latter plotted on a probability 

scale as explained in Section 3.2 . 3B. T',;o sets of curves are presented, one 

including the i:npinger catch and the other ic,--noring it. Consid,u_ing the large 

lieved to be properly included in the ~easureme:1ts of the sus?endei ~artic'..llates 

for size distril:u~ion, including the L~pinger catch, as :allows: 

Uncontrolled (Test l7J) 

_Controlled (Test 17S) 

PZ?.~~ OF PARTIC::.ES 

>l0un 

15 

10 

l0-3um 

0.1 

o.s 

3-krn 

0 

0.5 

<lum 

84 

89 

The mean particle size for particles in the inlet and outlet ducts of t."le 

of t."le ba;house is <C. l;.i:n including the i=ipinger \=a':oh. If t.'"le i=lpinger catch 

is not incl'..l.d•~-.! (E:?A ::iet."lo<;!), t:."len t.'"le mean particle fc:: .tile ir:.let an.;! · c-:.;.t:let 

is >lcw:i. 

3. c!jem.ical c::m::iositicr.--~al::le 4-72 lists '=.he result.s from t:.'"l.e ::hem.:.cal 

a..-.alysis o! the partic-..;late fraction for each of the tests discussed in ':his . 

· se~ion. T!ie :aost abundant: species is .ot..":er - boric ac:.d. Bor:.c ac:.d, ~30 3 , is 

net de~e~ed by XRF_. ~e ~hr2~. ?er=en~ of ~~e eleme~~s ~~at ~ere ~e~~c~eC ar~ 

mainl, sulfates. 

4. E:nissi~n and ~mission fac':o::-s--::::Xiss.i:m and emission factors ca..~ be 1.i;;t:ed 

~ith seve::al different units. T~e follow:.~g lists some of these em~ss~ons :1...~~ 

emission factors:' 
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Controlled Unc:::ntrolled 
Onits Test. 17S Test. 17J 

gr/DSC:' 0.0237 0.6105 

T/yr 9.74 387. 0 

lb/hr 2.23 88.7 

l.b/T 0.21 8.3 

4.2.21 Chemical Fertilizer ?lant.s 

A. Process O~scri?tion 

Raw material is weighed, placed in a !l.oldL-tg hopper, cr-.ished L-t a 

fi."lished prcd...:.ct is taken at this pci:it and the s=:aller produ::t i.; returned to 

dryer, and the second ~ag house exit from the cooler, a.-td the first ~aghouse 

exit from the weighi..g ho99er. The L"llet a.~~ exit of the .second ~ag~ouse :ran 

t.'1e dryer was tested in this study. See Fiqp.re_ 4-68. 

B. Particulate Te=t Setup--

T",10 sampling trains 'liere used· si:nultaneously to sam?le t:i.e irilet 'and 

exit of the baghouse. The i."llet station was located on t~e horizontal duct 

(17 i~ch dia::iter) leadi..g to the ~aghouse. 7his sation #as abcut e~g~t :aet 

before the baghouse and at least four duct diameters to the· nearest bend. 7able· 

4-73 lists the velocity profile i::1 the inlet and outlet ducts . . The outlet 

station was located on the vertical section of the duct leading to t..~e atmosphere 

of at least six duct diameters from the nearest bend or obstr-:.ict.ion. T:i.e par

ticulate sample was taken t.'\rough a 7/16 inch r.ozzle on the inlet duct usi::1g t:ie 

=oy traL~ and t~ough a 5/8 inch nozzle on the outlet duct using t~e SASS train. 

C. Test Results--

The resui~ of the test (Test 19J and Test 19S) discussed i::1 this sec

tion are listed in Table 4-1. El=ental composition, sulfate, ni':.ra_te, and 

carbon analysis were deter.nined f~r all fractions of partic'.llate catches ~hich 

contained -.,eights in excess of ~00 mg. The details for these procedures ·are 

discussed in Section 3.2.2. Table 4-74 lists the results from this analysis. 
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TABLE 4-i3.. VELOCITY PROFILE FOR CHE.'1ICAL FERTILIZER (TEST 19) 

, ~ 2". Par-:. .,.. N 

( 

2" 
3" 

i?:: ::' ": 

Diameter 

4 . 

, ... ., ... , 

~p 

s 6 

T~perature - 86 °F 
Stat:ic Pressure - -0.16" ~2o 

'' 

Distance from Velocity 
End of Port ?01:i.t No. ft/sec 

2.8 l 22.4 

4.5 2 22.4 

7.0 3 23.8 

10.S ·R 22.4 

' 14.0 4 20.9, 

16.S s 22.4 
. 

18.2 6 25.9 

s 

Average 23.0 ft/sec 

2Q21 SC:"M 

4-221 

I 

, .,_ 

2 

... G) 
4 

5 

s 

DiStfl,nCe F:::o.m 
End of Port 

3 

5 

8 

12-1/2 

17 
,, 

20 

22 

-ll-----3" Diar.eter 

I 
I 

- 101 °F 

Velocity 
Point. No. ft/sec 

l 43.4 

2 40.2 

3 38.6 

R 37.2 

4 37~2 

5 37.2 

6 37,2 

Average 38.6 ft/sec 

4738 SC. 

KV3 5806-783 



TABLE 4-74 C~'1!CAL CC!1POSITidN OF PARTICULATE 

SA."1PLES IN PERCENT 

FOR CHE?-<.ICAL FERTILIZE..'q_ PLl-.N':'S 

I:::ipingers 
Inlet Outlet l0t:.m-Cyclo.r.e 

SAL.'LE # 

WT. PERCE..'IT OF C'JT 

XRF A.Wu.YSIS 

calci....n 

C!llorine 

I::::-on 

?o.tassiu..":t 

(Sul!\1r) • 

Zinc 

!OTAL 1 

Sulfates, 2 20 sol 2 

= .. 
[Sulfur ( from SO 4 ) 1 · 

' 2 
Nitrate (H2o sol} 

Total carbon 3 

(Volatile Carbon) 3 

3 ' 
(Carbonates) 

TOTA!:, ANALYZED 

BALA...~c:E 

t deteaed in conc•::itration ot <1' 

19J-IC 

1 

': 

4~5/1 
.... ... 

t 

(2.1/0. 8 

6 

5.0 

(l. 68) 

t 

34 

. 31 

45 

55 

100% 

l -&lyz.d ey x-ray U1.10resance-Sectiaa J.2.2 3 

2 ~yud ey -t chemist%)'-S.ci:icn 3.:Z . 2 ;,. 

19S-!C 

92 

t 

11/3 

t 

(<2} 

l3 

2.9 

(LO) 

1.0 

11.3 

10.7 

t 

27 

73 

100% 

3 an.aly:ud by oceano~raphy c-.n,on anAlyze::--S•=ion 3.2.2 A 

4 calculated from sulfat■e ( sulfur-sul!ata/3) to •;ompare with sul!= 
troti XlU" 

5 tor values shown as X/Y, X •is \ o! t.'l• eleme::ic: ,>r■ ,..,nt and ~ is the 
error (i.e. x, :!: Y ) · 

·J not included in tota.l-sul!ur and. sul!ate:il are account~ · for in su.!.fur 
XRF analysis and vol.,rt:ile carbon and ca :bonat.i are accol.lll ted for i.n 

total carl:>an 

19.J-25 

99 

2.2/0.4 

5/2 

t 

5.2/ 1 

(8. 1/ 3) 

t 

3 7 

8.1 

(2. 7) 

t 

10 . .3 
9.2 

t 

55 

45 

100'5 
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Discussion of' Results--

1. Baghouse eff£ciency-~using the total weight data (includes i~pi:,.ger 

catch) from bot.~ sa.t:1.pling trains for t.~e inlet and outlet to the baghouse, the 

efficiency was calculated to be 99.1% 

2. Particle size distri'.:lution--Fi;ure 4- ·.9 is a plot of particle size 

(µIll) versus accumula~d weight percent, the latter plotted un a proLabili~y 

scale as explai.ned in Section 3.2.35. Two sets of cu.ryes are presented, one 
' 

incluc..~.,:1g t.he impinge cat:::b., and t.11e other ignoring it. •Conside::ing t=.e nature 

of the gas stream, it would seem that the ,materiai collected in the im~inger 

would be _attributed to, very fine particles and not to pseudo particulates. T~ere

f'c.,re, the impinger catch 'was believed to be properly included in the measure-

size dis-:.ribution. T:i.e l:>reakdo~n of the pa.r-:.icle size dist::ibu::.~cn, i.1.cluc.J.ng 

the i=lpinger catch, is as follows: 

PERCENT OF PAR.TIC.ES 

>lOt:m 10-3t.:rn 3- l c.r,1 <lc:m · 

Baghouse Inlet (Test l9Ji · 98.6 0.2 0 1.2 

Baghouse Outlet (Test 195) 4.0 - l.O 1.0 94.0 

Uncontrolled {Ref. 4-39 4-40) 95 3.0 1.0 Lb 

The mean particle size for the particle ,;;: entering the baghouse was greater than 

10µ:n and the mean size leaving the baghouse was less than O. l)llll. This shows, 

that the baghouse is very :~ficient for removing large 'particles. 

3. Chemical composition"'l-Table 4-74 lists the results from the chemical 

analysis of the particulate fraction for each of the tests discu3sed in this 

section. Ureau ane P~osporus were primarily the most abundant, although not 

'detected by XRF. Sulfates and carbon were next in abundance, followed by potas

sium and chlorine. 

4. Emissi.ons and 'emission fact~;---Emissions and emission factors can bt:! 

listed with several different units. The following lists some of these emissions 

and emission factors': 

KVB 5806-783 
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Figure 4?69, Particle size distribution for chemical fertilizer 
plants. (Test 19) 
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Uriits Controlled Uncont:::olled 

gr/DSCF 0.0028 0. 72 

T/yr 0.l 12.2 

lb/hr O.ll 12.6 

lb/ton produced 0.02 2.0 

lb/ton p::od;iced (Ref. ·♦-37} 0.4 80.0 

4.2.22 Paint Sorav Booths - Automobile 

A. P~oc~ss Description 

In spraying operations, a coating from a supply tank is forced, 

UStl.ally by compressed air, through a "gun" which is used to direct t!:!.e coating 

as a spray upon t.-ie article to be coated. :1ar.y spraying operations a::-e 

conducted in 4 booth or enclosure vented by a fan to protect the health a.~d 

safety of t.~e spray gu.~ oper~tor by ensuring chat explosive and toxic coDcen

tration le•.•~ls of solvent vapors do not develop. 

Figure 4-70 shows a typical t 1pe o': paint ·:;;pr2.y booth co:nmonl:t used. 

B. Particulate Test Setup 

l. Test 27 - water base enamels-- Two sampling trains were used simultan

eously on the same .stack to sample one of six stacks exhausting the paint spray 

booth from an automotive assembly plant. The sampling station was located on 

the vertical section of the stack at least eight duct diameters from the nearest 

bend or obstruction. The velocity profile in the duct is listed in Table 4-75. 

Also listed in Table 4-75, is the average flow, SCF~, for each of the six stack 

exhausting the spray booth. The total flow for the spray booth exhaust is 

95,000 SCFM. A 5/8 inch nozzle was used "'ith the larger SASS train at Velocity 

Point Rand a 5/16 inch nozzle was used ~ith the smaller Joy train, also at 

Velocity Point R. 

2. Tes.t 31 - oil base enamel-- Two sampling trai:is were used s i r.mltaneously 

on the same stack to sample one of four stacks exhausting t.'1e paint spray !::>ooth 

from the automotive assembly ·plant. The sampling station was located on the 

vertical section of the stack at least four duct diameters from the nearest 

bend or obstruction. 
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Figure 4-70·. Automot.1 ve ,spray boot!;. . . 
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TABLE 4-75. VELOCITY PROFILE FOR SPRAY BOOTH, TEST 27 (WATER BASE) 

Sample l?oir.-: 
SASS 5/8 
No2.zle 

JOY 5/16 i!'lc. 
Nozzle 

Temperature - 67 °F 

43," 

Static Pressure - +0.1" a2o 

Distance From Velocity Stack 
· Edge of Duct· Point No. ft / sec · No. 

2.7 l 23.2 l 

10.75 2 30.5 2 

21. 5 R 29.4 3 

32.25 3 2'4.9 . . .. 
40.3 4 20.8 5 

Stack No. 1 'Average 25.3 ft/sec 6 
15.215 SCFM 

4-227 

a 

/ 

Stock No. l 
One of . Six Stacks 

'Average 
tt/ sec Flow SCFM 

25.3 15215 

20.0 11805 

33.5 19920 

25.l 14925 

27.9 16570 

26.4 15975 

Total 95000 
91400 DSCF/:nin 

KVB sao6.:..7a3 



TABLE 4-76. VELOCITY PROFILE FOR PAINT SPRAY EXP.AUST, TEST 31 (O::i:L BASE) 

t 
5 10 13 20 East 

4 9 14 19 

sa~pJ Point 0 · 61" 3 13 18 

i 2 7 SASS 1/2" Nozzle 
JOY 1/4" Nozzle 

l 6 11 16 

◄ 76"~ 

:'e~::>e=att;..:2 7Q 0? 

5 't.3. -:.i= ?::--:ss:_=:.:-'? - +-J . 2 ,, :i 2': 

Distance From Velocity 
Edge of Duct Poi:i.t )lo. :'t/sec ?oi:11: ~o . f:- / sec 

6" l 52.0 11 52. 6 

18 2 51.0 12 46.4 

30 3 54.9 13 43.7 

42 4 4o.O 14 43 .0 

54 5 49.6 15 42.3 

6" 6 55.5 16 60.8 

18 7 50.8 17 49.5 

30 8 48.4 18 42.3 

42 9 42.3 19 40.3 

54 10 41. 5 20 49.0 

Average 48.5 ft / sec 
79,992 SC?~ 

Stack ~0- Flow 

1 80,00C' 

2 69,000 

3 42,200 

4 49,COO 

Average 240,200 SCF~/235,400 DSCF~1 

4-228 
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The velocity profile in the duct is listed in Table 4-76. Also listed 

in Table 4-76 ~s the avera~e flow, SCFM, for each of the four stacks exhausting 

the spray boo~. Tb.e total flow for the spray boot!:. exhaust is 240,000, SCTM. A 

l/2 inch nozzl was used with the larger SASS train at velocity point No. 8 

and a l/4 inch nozzle ,1as used with t.."le smaller Joy train, also at Velocity 

Point No. 8 • 

. c. Test Resul:ts 

The .results of the tests (Test 21S, 27J, 3lS, 3lJ') discussed in this 

section are listed in Table 4-1. Elemental composition, sulfate, nitrate 

and carbon analysis , were determined for all fraction of particulate catches 

which ~ontained weights in excess of 100 mg. 'rhe details for these procedures 

are discu,sed in Section 3.2.2. Ta=,le 4-77 lists the results from this an:ily

sis. Because of the small, particle loading in the exhaust stream, both tests 

failed to yield sufficient sample for chemical analysis. See Section 

o. Discussion of Results . 

l. Particle size distribution-- Figure ~-71 and 4-72 are plots of particle 

size (µm) versus accumulated weight percent, the latter plotted on a proba

bility scale as explained in Section 3.2.3B. Two sets of c:urv~s are presented 

for each test, one including the impinger catch and the other ignoring it. 

Considering that about SO\ of the material ~as in the impinger catches, it 

would seem that it should be counted in the particle size distribution. 

However, most of the material is from ~ondensed solvent. This is indicated 

by the large fraction of organic matter, between 25% and 50%, found in the 

.impinger·. Therefore, the impinger catch was believed ~o be properly not 

included in the measui·ements of the suspended particulates from paint spray 

bopths for particle size distribution. The breakdown of the particle size 

distribution t 'aken from Figure 4-71 and 4-72, not including the impinger catch, 

is as follows: 

KVB 5806-783 
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WEIGHT, PERCENT LESS THAN STAT""-D SIZE 

a Joy Mfg. Sampliny Train Wit.~ Impinger 

0 Joy Mfg. Sampling Train Without Impinqer 

0 SASS' Train With Impinger 

Q SASS Train Without Impinger 

Figure 4-71. · Particle size distribi.:tion for spray boot.Joi (Test 27). (Water Base) 
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. . Figure 4-72. Particl~ size distribution for spray booth (7est 31). {Oil Base) 
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PERCEN7 o:: PARTICUS 

>loum 10'-31$1 J-lL.-:i <l :_:-:. 

Test 27S 60 8 8 .., ' ..... 
':'.ast 27J l 6 21 72 

Test 31S 22 13 15 50 

Test 31.1 s 23 36 36 

Average 22 16 17 45 

The ::iean particle size is about lµm. · 

2. Ch~~ic3l com~osition-- Table 4-77 lists the results f=om the c~emical 

anal,ysis of t..';.e particulate fra ,:tion £er eac::. of the- tasts C.i~cussed i r.. ·:.:tis 

section. However, ~'le only sample with sufficient mass for cherni~al analysis 

was the 10 µ:i cyclc;,ne cut on Test 27S. Even this sa.:iple had insuffi=ient :::ass 

for carbon analysis. Of the elements detected, sulfur was most abundant; 

titanium and iron were next. It is bP~ieved that about 50 to 60\ of t.'le 

material is carbon and most of the remaining is . oxyg.en. 

3. Emissions and emission factors-- Emissions and emission factors can be 

listed with several different units. ·The following lists some of these emis

sions and ~actors based on the total flow from the sum of t.'le stacks in each 

test. 

Units Test 27S {~-TS) Test 27J,~·1S ':'est 315 r'3 Test 31J C3) 

g:!"/DSCF . .0037 .0033 ~002s .0028 

T/yr 5.8 5.1 6.9 7.8 

lb/hr 2.9 2.6 5.0 5.7 

4.2.23 Wood ?rocessi~g 

Milling, molding, resaw (cross cut and ripping) and sanding are t.~e 

most common types o( wood processing operations in the Basin. -r-~o of t...~ese 

types were tested by KVB and are discussed in t.'lis section. These are (1) 

Sa.iding operation of veneer section fo= door manufacturing, and (2) resaw 

operation where large beams and planks are reduced to boards for sale at 

various building supply facilities. 

KVB 5806-783 
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TABLE 4-77. CHE."UCAL COMPOS1TION OF PARTICULATE SAMPLES 

IN PERCENT 

FOR PAIN': SPRAY BOOTHS 

SAMPLE# 

WT. PERCENT OF CUT , 

XRF ANALYSIS 

calcium' 

Iron 

,Sulfur) 

Tita."l.i~ 

TOTAL 1 

$uliates (H2o sol) 2 .· 

(Sulfur (from so:)~ 
Nitrate (H2o so1) 2 

Total Carbon 3 

(Volatile Carbon) 3 -(carbonates) 3 

~TAL ANALYZED 

BALANCE 

t detected 1n concentration of <l\ 

lOt,lr.l - Cyclone (Water Base) 
27S-2S 

22 

t 

t 

(<4) 

2.7/ 0.3 

4 

l.88 

t · 

t 

6 

94 

109, 

Not, Enough 

Sample for Analysis 

1 anal pad by x•ray tluoras,:enC1t-S.etion 3. 2. 2 B 

2 analy:zed by -t cheaistry-Sec-.:ion 3.2.2 A 

3 

4 

5 

an&l.yzed by Oceanoq:raphy cartxin analyzer--S.etion 3.2.2 A 

caleul&ted from sulf&tes ( sultur-sul!~ta/31 to comp&n vi th sulfur 
from XllF 

for valuas shconl as X/Y, Xis\ of the element present and'! is the 
error (i.e. n: '! 1 

not included in tot&l-sulfur and sulfates are aecounte.i for in sulfur 
Dr analysis and volatile cartxln and cart,onate are aecnunted for in 
tot:&l. ;arl)an 
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A. Process Description~-

1. · SandL~g ooeration (Test 30)-- Figure 4-73 is a schematic drawi~s of :.he 

sanding operation's particulate control system tested. Sawdust is picked Uf in 

the hooded section over the belt sander where the ver1eer section is being s;·nded. 

The sawdust is transported from the hood to a cyclone which removes larse p.r

ticles, then to a baghouse which removes the finer particles to prevent t.'i.e::i from 

entering t~e atmosphere. 

2. ~.esa:wing operation (Test 39):-- Figure 4-74 shows t.'i.e flow of sawdust 

frOlll a typical resaw oper.ation. The sawdust generated from .the rapping plank 

is pneUt:iatically conveyed to a cyclone where the wocd particles are collected 

and the air returned to the atmosphere. 

l. Sanding operation--Three sampling trains (~ethod 5, Joy Train and SASS 

Train) were used .simultaneously to s.an:,le the inlet and exit of the cyclone 

baghouse. The inlet station to the cyclone was located about eight feet from 

the inlet. The cyclone outlet/baghouse inlet station was located about three 

feet froo the.the baghouse inlet. The baghous~ outlet station was located at 

t.'i.e top of the duct leading to the at:nosphere. The ~elocity profiles of each 

of these are listed in Table 4-78~ The velocity in the baghouse exit was 

determined using an anemometer because of .the low velocity distributed ove::: 

both exits. 

2. Resdw .:iperations--T'wo sampling trains (.Joy Tra .in anc. SASS T:::ain) we:::e 

siir~ltaneously to sample the inlet and exit of the cyclone. The inlet station 

was located on the horizontal duct about nir.e feetfrcmthe inlet to the cyclone. 

The outlet station was located on top of tr.e cyclone at its exit. The velocity 

in tbe center of the cyclone outlet is list~d in Table 4-79. Note that the 

velocity i..~ the c~nter of the cyclone outlet is negative (i.e., the flow is 

reversed) and the velocity at the edges is the highest. This is no=al for 

cyclones. 

C. Test Results--

The results of the tests (Tests 30S, 30J, 30 No. 5, 39S, and 39J) dis

cussed in this section are listed in Table 4-1. :1ajor elemental c.::nnposition 

sulfate, nitrate, and carbon analysis were deter.nined for all fractions of 

4-234 KVB 5806-783 
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Sampliny J,cic.:ation Sampling Locatiun 

z.use .· 

Conveyor 

Method #5 
Sampling 

Par_ticlcs 

~:~)~/r;~}-· -.•. 

Figure 4-73. . Wood st1ndin9 with 1,c1rticulate contcols. 

Pressure 
Equalizers 

'haker 

KVll 5806-783 



"" I 
N 
w 
a, 

Ul 
0) 
0 
()'I 
I ..... 

0) 
w 

'fable S.J.w 

lleavy Duty 
Band Saw 

Sawdust Collector 

13lower 

Joy Train 
Sampling Lor:ation 

To Atmosphurc 

SASS Tra.in. 

·-7 -
I llau l -Away 

Trap Door 
Hopper 

Figure 4-74, Woou resawi11g with purticulate controls. 



( 
'-. 

.. ,.... __ .. __ __ ._. 

I 
I 
I 
l 
i 
I 
i 

TABLE 4-78. VELOCITY PROFILE FOR WOOD S.?.N'DING OPERATION (TEST 30) 

--------------------------------------Cyclone Inlet 

Up 
Sample Po·nt 

3/16" Nozzl 
. ,. 

1 2(D4 5 6 
\ 
' 

'"-
► 

Temperature - 73 °F 
Static ?ressure - +S.5" s 2o 

Distance 
. From 

Edge 
of Duct 

0.4" 

1.4" 

2. 5 n 

4. 5'' 

6.5" 

9.0" 

10. 5" 

11.6" 

12. 5" 

Velocity 
Point ft/ 

No. sec 

1 

2 

3 

4 

R 

5 

6 

7 

8 

Average 

61.4 

63.2 

70.2 

76.3 

73°.2 

73.3 

67.0 

63.5 

56.8 

70.0 

4384 SCFM' 

Cyclone Outlet 
Bag!'loi.:.se Inlet 

1 
Samp 

' 2 ,>1/4" 

0 
Point 
zzle 

7 8 9 R 10 11 12 
4 
5 
6 

~15"----)llo-.. ~1 

Temperature - 78 °"' 
Static Pressure - +2.l" n2o 

Distance 
From 
Edge 

of Duct 

5/8" 

2-1/4 

4-3/8 

7-1/2 

10-1/2 

12-3/4 

14-3/8 

5/8 

2-1/4 

4-3/8 

7-1/2 

10-1/2 

12-3/4 

14-3/8 

Velocitv 
PciT'lt ft/ 

No. sec 

1 

2 

3 

E. 

4 

s 
6 

7 

8 

9 

R 

10 

11 

12 

Average 

38.0 

30.l 

31.6 

33.6 

52. S . 

51. 7 

45.6 

27.7 

36.8 

36.8 

33.6 

23.3 

24.2 

32~9 

58.6 

4180 SCFM 

4-237 

Baghouse Outle.t 
dne of Two 

6 

5 15/ 1 " 

10 :i 9 7 

?oi!1t 
Nozzle 

12 11 
G) 

2 

-◄-----21"~ 

Te~:;:erat~e - 79 O 'C' 

Distar.ce 
From 
Edge 

of Duct 

0.1" 

3 . C" 

6-1/8" 

10.5" 

14.88" 

18.0" 

20.0" 

0. 9" 

3.0" 

6-1/8" 

10-5" 

14.88" 

18.0" 

20.0" 

Velocitv 
Point ft / 

No. sec 

1 

2 

3 

R 

4 

5 

6 

7 

8 

9 

R 

10 

11' 

12 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

:!.S 

15 

15 

Ave:t;age 15 

4206 SCFM 

l<VB 5806-783 

w 



\ 

TABLE 4-79. VELOCITY PROFILE FOR WOOD BESAW OPERATION (TEST 39) 

Cyclone Inlet 

Sample Point \ 
1/4" Nozzle 

0 
2 

1 

...... 1-------17"-------,►~ 

Temperature 
Static Pressure 

- 68 °F 
+0.2" H 0 • 2 

Distance From 
Edge of Duct 

1.5 

4.25 

8.5 

12. 75 

15.S 

Velocity 
Point No. f~/sec 

l 66.6 

2 69.9 

R 69.9 

3 73.0 

4 76.0 

Average 71.8 . 

. 6703 SCFM 

N 

Cyclone Outlet 

l 

2 

3 

4 

R t 
I\ 

5 

6 I 

I 

I 
7 Sam::ile Po· .t I 

g7 /16" N zle I 
I 

-1--------42 "-------,~--/ 

Temperature - 68 °F 
Static Pressure 0.1" fl 20 

Distance From 
?dge of Duct 

1.4 

4.4 

8.0 

13.5 

21.0 

28.5 

33.8 

37.6 

41.4 

Point No. 

l 

2 

3 . 

4 

R 

5 

6 

7 

8 

Average 

ft/sec 

53.7 

42.l 

13.3 

0 

-23.2 

0 

13.3 

44.2 

70.4· 

26.2 

N 

i 

6546 SCFM 

4-238 
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pc:.rticulate catches which contained weights in excess of 100 mg. The details 

for the$e procedures are discussed in Section 3.2.2. Table 4-80 lists tr.e 

results from this analysis for Tests 30 and 39. 

D. Discussion of Results 

l. Efficiency of particulate control eauipment 

a. Sanding operation 

Using the solid weight data (does not include im.pinger catch) from 

both _inlet and outlet of the cyclone and inlet and outlet to the baghouse, 

th~ efficiency was ~alculated to be 98.4\ for the cyclone and 96.3\ for the 

baghouse. Therefore, the overall efficiency of the system is 99.94\. Using 

the total catch including the impinger catch the efficiency is 98.2, for the 

cyclone, 86.9%for ~he baghouse and for overall efficier.cy of 99.St. 

b. Resaw operation 

Using the solid weight data, the efficiency of che cyclone -was calcu

lated to be 99.2\, and using the total catch the efficiency is 99.l\. 

2. Particle size distrib\:tion 

Figures 4-75 and 4-76 are plots of particle size ()Jm) versus 

accumulated weight percent, the latter plotted on a probability scale as 

explained in Section 3.2.JB. Two sets of curves are presented, one including 

tr..e impinqer catch and the other ignoring it. Considering the natur'e of the 

gas stream, it wo-;ild seem that the effects of pseudo particulates would be 

present. Therefore, the im.pinger catch was believed to be properly included 

in the measurements of t~e suspended particula;es. The breakdown of the 

particle size distributio~, including the im.pinger catch, is as follows: 

Sanding: 

Test 30S 

Test 30J 

Test 30 

Resaw: 

Test 39S 

Test 39J 

{Baghouse. outlet) 

(Bajhouse inlet) 
Cy~lone outlet 

PERCENT OF l?ARTICU:S 

8 

42 · 

3 

10 

NO. s (cyclone i:llet) 87 

{Cyclone outlet) 

{Cyclon.: inlet) 

60 

99 

4-239 

11 

0.3 

3 

12 

13 

9 

0.3 

. <lµm 

86 

36 

20 

0.7 

KVB 5806-783 
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TABLE 4-80. CHEMICAL COMJ?OSITION OF PARTICu"LATE SAM?I..2S 

!N PERCENT 

FOR WOOD PROCESSING 

SASS JOY 
lOllm 10].:m Method 5 

cyclone cyclone Cyclone 
SA.'1PLE # 39S-2S 39J-2S 30-5-25 

WT. PERcn.'T OF CUT 55 68 87 

XRF ANALYSIS 

CalciUI:1 t t t 

(Sulfur) (<2) (<3) . (<2) 

TJTAL 1 t t t 

Sulfates, (H O sol) 2 · 
2 

t 

(Sulfur "" '> (from so4 i (t) 

Nitrate (H2o sol) 2 t t 

Total Carbon 3 61 42 41 

(Volatile Carbon) 3 (58) (39) (35) 

(Carbonates) 3 , t 

TOTAL ANALYZED 61 42 41 

BALANCE 39 58 59 

100% 100% 100% 

t date~d in concentration of <ll 

l .,.._ly%ed 1'y -=Y flucre•cenoa-Sect:ion 3.2.2 B 

2 u,.aly:z:.d '!:Jy -t o.emi.st.ry-Section 3. 2. 2 A 

3 anal.Y=ed by vceanograpcy eUbon anal.y::ar--Section 3. 2.2 A 

4 c:alc:ulatad f:r,;a sul!,at:- (•uJ.tur-soll.tate/31 to =:para witll sulfw: 
t.roa lCR!' 

5 !or values shown u X/Y, X is , of the •l-t ;,r•:Mn~ &lld Y is tile 
•=r (i.e. n: Y l 

( ) not il>eluded in tot&l.--sultur .md S1lliatoes are accountad for in :,ulfur 
lCRP an&l.ysis and vo~til• canion: and carl>or.a~• are accountad for i:1 
total ,:an,on . . 
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Figure. 4-75. Parti.::le size distribu~ion fer wooci 

sanding operation (Test 30). 
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Figure 4-76 is the size distribution plot for the resaw operation. Note: 

The particle size for uncontrolled wood operations is 85 tc 99\ >10]..m, a.,d 

86\ <lum. 

for ~hat controlled with cyc~one is 20 to 36\ <lµm, and baghouse control is " 

I 
3. Chemical comoosition-- Table 4-80 lists the results from the chemical 

analysis of the particulate fraction for each of the tests discussed in this 

section. The chemical composition for both resaw and sanding operations is ve_ry 

similar. As expected the most abundant species· is carbon in the form of -vola

tile. car.bon. A few other elements were detected in trace quanitities onl~- The 

small amount of detected is attributed to the chemical bound sulfur in the wood. 

4. Emissions and emission f ,1ctors-- E::lissions and emission factors can 

~e listad with several different units. The following lists some of 'these 

emissions and factors. 

-
Uncontrolled Cyclone Controlled Baghouse Contr.:>lled 

Onits: 30-5 39J 30J 39S 30S 

gr/DSCF 0.931 0.366 0.0168 0.003 0.002 

T/yr 36.S 21.0 0.6 0.2 0.1 

lb/hr 35.l 20.0 0.6 0.2 0.08 

lb/hr(Ref. 0.2/30 0.03/24 9.2/30 
4-42) 

4.2.24 . Refinery Process Heaters 

A. Process Oescriotion (Ref. 4-43) 

Refinery oil heaters usually are likely to be fired with a variety of 

refinery by-product fuels, both gaseous and liquid. A typical vertical, 

cylindrical refinery heater ·similar to that tested for particulates in this 

study is shown in Figure 4-77. The unit tested was used for heating and 

was fueled with natural gas. 

4-243 KVB 5806-783 
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Figure 4-77. A vertical cylindrical refinery heater. (Ref. 4-43) 
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B. Particulate Test Setup--

,Due to the accessability of the test station, ~nly the largP.r SASS 

train was used at 'this test site·. The sampling station was located on the 

vertical section of the exhaust stack about five feet above the preheat air 

section. The sampling pert was approximately eight feet above the steel 

catwalk which was about 70 feet above ground level. The velocity profile 

in the stack at this location is listed in Table 4-81. The particulate 

sample was taken at Velocity Point 2 with a l-1/4 inch nozzle. The fuel 

for the process heater was natural gas. 

C. Test Results--

The results of the tast (Test 40S) discussed in t:·.is section are 

listed in T.able 4-l. Elemental compcsition, . sulfate, nitrate, and c;arbon 

. analysis were determined for all fraction of particulate catches which con

tained weights in excess of 100 m;. The details for these procedures are 

discussed in Section 3.2.2. Table 4-82 lists the r.esults from this analysis. 

D. Discussion of Results--

1~ Particle siz.e distribution-- Figure 4-78 is a plot of particle size 

(µm) versus accumulated weight percent, the latter plotted on a probability 

scale as explained in Section 3.2.3B. Two curves are presented, o~e including 

the impinger catch, and the other ignoring it. Considering the large amount 

of ~terial (over 80\) collected in the impinger it would seem that the effect 

of pseudo parti .. Jlates would be insignificant. Therefore, the impinger catch 

was believed to be properly included in the measurements of the suspended 

particulates from refinery process heaters. The breakdown of the particle sizP. 

distrib~tion taken from Figure 4-78, including the impinger catch, is as 

follows: 

PERCENT OF PARTICLES 

>101,Jm 10-3µm 

Test 40S 4.5 2 1.5 91 

4-245 
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TABLE 4-81. VELOCITY PROFILE FOR PROCESS HEATER (TEST 40S) 

.:..o ' 
9 

8 

7 

6 

R 

5 

4 

3 

East 

'2\ -I'-----:!'--- Sam::i ling 
~ roint l-i/ 4" r;ozzle 

--.C 2-1/2" Nipple 

-◄------- 102" -----..i>--1 
Temperature - 460 °F 
static Pressure - -0.95" H2d 

· ···----- -

Distance From 
End of Port 

4-5/8 

10-7/8 

17-1/4 

25-5/ 8 

37-5/8 

53-1/2 

69-3/8 

81-3/8 

89-3/4 

96-1/8 

102-1/4 

Vel ocity 
Poin t No. ft / sec 

l 16.5 

2 12. 7 

3 12.7 

4 10.4 

5 lOA 

R 7.4 

6 7.4 

7 lG.5 

8 16.5 

9 16.S 

10 15.2 

Average 13.4 ft/ sec 
18900 SCFM 

KVB 5806-733 



, I 

\ 

( 

10 

a 

6 

5 

4 

3 

2 
s 
;i 

' i:.l 
~ 
t-4 
ti) l 
~ 
~ 0.8 u 
t-4 
E◄ a: ,0.6 < 
ll< 0.5 

0.4 

0.3 

0.2 

.. . . . 

0.l 0.5 l 2 5 10 · 20 30 40 50~0 70, 80 90 95 ~8 99 99.8 

WEIGHT, PERCENT LESS THAN STATED SIZE 

■ Joy Mfg. Sampling Train With Impinger 

0 Joy Mfg. Sampling Train With.out Impinger 

• SASS Train With Impinger 

o· SASS Train Without Impinger 

I 

Figure 4-78. Particle size distribution for refinery 
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2. Chemical cornIXJsition-- Table 4-82 lists the results from the chemical 

analysis of the pa:-ticulate fraction for the test discussed in this section.• 

The only fraction with enough ·sample for chemical analysis was the impinger 

cc1.tch. Sulfates a·re most abundant in this sample. Carbon and calciUD are 

next and all other elements are in trace (<1%) amounts. 

3. Emissions and emission factors-- Emissions and eMission factors can 

be listed with several different units. The' following lists some of these 

emissions and factors: 

gr/DSCF 

T/yr , 

lb/hr 

lb/MMBtu 

lb/Million ft 3 Burned 

lb/Million .ft~ Burned 
(Ref. 4-44) 

4.2.25 Catalytic Cracking 

A. Process Description (Ref. 4-45)--

Test 40S 

0.00424 

2.6 

0.59 

0.0066 

9.0 

20 -

In the·cracking ·operation, large molecules are decomposed by heat, 

pressure, and catalysis into SIDaller, · lower-boiling ,, molecules. Simultaneously, 

some of the molecules combine (polymerize) tc form larger molecules. ~roducts 

of cracking are gaseous hydrocarbons, gasoline, gas oil, fuel oil, and coke. 

In fluidized bed catalytic cracker, finely powdered catalyst is 

lifted into ~he reactor by the incoming heated oil charge, which vaporizes 

upon contact with · the hot catalyst. · Spent catalyst settles out in the 

reactor, is drawn off at a controlled rate, purged with steam, and lifted by 

an air stream into the rege~erator where the def0sited coke is burned off. 

Particulate emission from these units are in the combustion gases 

ar.d from catalyst fine5 that may be discharged by vents on the catalyst 
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TABLE 4-82. CHEMICAL COMPOSITION OF PARTICULATE · SAHPLES IN PERCENT 
FOR REFINERY PROCESS HEATERS 

(Natural Gas Fuel) 

SAMPLE# 

WT. PERCENT OF CUT 

XRF ANALYSIS 

Calcium 

Chromium 

Cobalt 

Ir.on 

Nickel 

Seleniu:n 

(Sulfur) 

Zinc 

TOTAL 1 

Sulfates, H2o sol2 

(Sulfur, from so4,~ 

Nitrate (H2o sol) 2 

Total Car~n3 

(Volatile Carbon°) 3 

(carbonate!i) 3 

TOTAL ANALYZED 

·BALANCE 

t detec1:ad in canc:entratioo of <l\ 

SASS Im.pinger 
40S-IC 

81 

5.2/1 

t 

t 

t 

t 

t 

(20/7) 

t 

9 

47 

16 

t 

7 

(7) 

62 

38 

100\ 

1 

2 

analY%•d by x-ray fluorasc:anc:a-s.c:tion 3.2.2 B 

analyzed by -t dlelllistz-y--Section, 3.2.2 A 

3 

• 
an&lyzed by Oceanography c:ad:lon an&lY%•r--Sec:ticn 3.2.2 A 

'calculated !rem sul!ates (sultur-sU.::.tate/3) ea compare vi~ sulfur 
!rca XRF 

'S 

( ) 

!or valuas shown as ~Y. Xis, of the •l-nt present and Y is th• 
.rror (i.e. n t Y 1· 

not included in toul-sul!ur and sul!ates ar• accounted ·!or ill sulfur 
XR!' analysis and S110latila carbon and carbonate ara accounted !or in 
total c:a.mon 
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' handling system on the FCC IJnits. Control ~easures co=only used on regen-

erators consist of cyclones and electrostatic precipitators to re.rr.ove parti

culates and energy-recovery combustors to reduce carbon mo~oxide emissions. 

The latter process, called a CO boiler, recovers the heat of coci:lustion of 

the CO to produce refinery process steam. The exhaust of a CO boiler was 

sampled 

B. 

boiler. 

for fi..,e ~arr.:::u.1.ates on this program. 

Particulate t.s• Setup 

The only available sampling ports were located downstream of the CO 

The ~pling station was, located in a ve~ical section of the 

tapered stack at a dic',Ulleter of 96 in. The sami,")lin,; port was 30 ft. duwnstreao 

of the e:'{haust gas i."llet to the ESP -stack and 30 ft. =:elow the stack exist. 

The velocity profile j~ the stack is listed in Table ~-83. T!:.e parti::~l=..t.e 

sample was taken at traverse point four with a one inch nozzle. 

C. Test Results 

The results of the t~st (Test 415) discussed· in this section are 

listed in Table 4-1. E:emental composition, sulfate, nitrate, a."1d_ carbon 

analysis were determined . for all fractions of particulate catches which 

contained weights in excess of 100 mg. The details for these procedures are 

discussed in Section 3.2.2. Table 4-84 lists the results from this ar..alysis. 

D. Discussion of Results-

l. Particle size distribution--Figure 4--79 is a plot of particle size 

(].Un) versus accumulated weight percent, the latter plotted on a probability 

scale as explained in Section 3.2.3 B. T-,.;o curves are presented, one 

including the impinger catch, and the other ignoring it. Considering that 

about 25\ of the total catch was in the impinger and the nature of t.'le flue 

gases, it would se~m that the effect of pseudo p.u-ticulate~ was present. 

Therefore, the impinger catch was believed to. be properly not included in 

the measurements of ~e suspended particulates from CO boilers - FCC units 

for ·particle size distribution. The breakdown of the Farticle size dis

tribution ~a.ken from Figure 4-79, not including the impinger catch, is 

as follows. 

I 
1, 
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TABLE 4-83 .... VELOCITY PBOFILE FOR CO BOILER EXHAUST (TEST 41S) 

SASS Sampling 

◄ 

Temperature -· 565 °:' 
Static Pressure..; +0.5" a2o 

Distance From 
Edge of Port Point 

10-1/8 l 

15-7/8 2 

21-7/8 3 

!9-3/4 4 

41 5 

56 R 

7l 6 

82-1/4 7 

90-1/8 8 

96-1/8 9 

101-7/8 10 

14 
13 

No. 

17 
16 

20 
19 

18 

R 6 7 8 9 10 
15 

96"-..;._-----:.,...,P.. 

Velocitv 
ft/sec Point 

13 . 5 11 

13.5 12 

11.0 13 

27.0 u 
27.Q 15 

28.0 R 

27.0 16 

22 . 0 17 

22.0 18 

11.0 19 

ll.O 20 

Average 

N 

No. ft/sec 

21.8 

. 29.9 

27.9 

24.4 

'25.6 

27.9 

25.6 

18.9 

15.S 

13.4 

10.9 

20.4 ft/sec 

31399 SCFM 
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TP.BI.E 4-84. CHEMICAL COMPOSITIION OF PARTICDI.~TE 

SAMPLES IN PE..~CENT 

FOR CO BOILER - FCC UNIT 

SAMPLE it 
lCl]un Cyclone 

41S-2S 
l JJm Cyclone 

41S-4S 
Filter I~pinger 
415-5S 41S-IC 

WI'. PERCENT OF CuT 

XRF ANALYSIS 

Lanthanum 

Cesium 

25 4.3 1. 7 24 

Arsenic 

Paseody:nium 

Neodymium 

calcium 

Iron 

•silicon 

(Sul.fur) 

Titanium 

. TOTAL 1 

Sulfates, a2o sol2 

(Sul.fur (from so:,i. 
Nitrate (H20 sol) 2 

TOtal Carbon 3 

(Volatile Carbon) 3 

(Carbonates) 3 

TOTAL ANALYZED 

BALANCE 

t 

l.l/0.2 

t 

t 

t 

20 

8) 

t 

24 

6.8 

(2 .2) 

31 

69 

100, 

t detected in r:oncantn.ticn o! <l, 

l &DA.lyzed by x-ray !luorascanca-5..:1:ian 3.2.2 B 

l an&lyud by .,.t chaiilisay-Sec-eicn 3.2.2 A 

t 

1. l/0.2, 

t 

t 

1.1/0.2 

20 

3) 

t 

24 

1.6 

t 

26 

74 

10011 

3 an&l.}'%9<! by Oc:eanography c&rl:>on analyur--S..c:1:ion 3.2.2 A 

t 

1.6/oA 

t 

t 

:!.5/6 

1.3/0.3 

( 8) 

t 

20 

5.1 

(1. 7) 

25 

75 

100, 

4 c:alcul.&1:lld !mm sul.!atH (sul.tur-sul.!ata/3) to cc11>p&ra ,,ith sill.fur 
!:o■ IRF 

5 !or values shown. •• X/T, X U , of tha •l--e preMnt and '! :l.s· th• 
error (:I..•· :n : Y l 

not includad in total-sulfur and sul!a~H •r• •eecw,.tad !er in sulfur 
D7 analysis &nd volatile carbon and cau:bon.ata ~ &cccuntad !or in 
total C&mclll ' 

t 

19/7 

t 

54.4 

(15. Ci) 

4.59 

( 3. 41) 

59 

41 

100% 
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• ?ASS Train With Impinger 

Q SASS Train Without Impinger 

Figure 4-79. Particle. size distributic;,n for CO boiler - FCC: Unit. 

(Test 41) 
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PERCENT OF PA..,TICLES 

l0-3µII1 

Test 41S 63 12 9 16' 

The mean particle size, not ir..cluding the irnpinger catch, was about 

30i;m. If the impinger catch is included, the mear. size was about l",..IT'-

2. Chemical cornoosition--Table 4-84 lists the resul t.s from the 

chemical analysis of. the partic~late fraction for each of the tests dis

cussed in this section. Sulfates dominated in the impi:,ger catch and was 

a.bout ten fold less in the other fraction of the particul~te catch. 

Silicon was high: 20% in the cyclone catc·hes, Calciu.-;i ;..;as the rr.ost a::i:.i::ca-::. 

element on t:1e filter. Some unusual elements (lant.'"1.anum, ce:::ium, praseudym.:.'.ml, 

neodymium) were detected in concentrations bet~een 0.5 to one ?ercent =or 

the solid fraction -:,f t."le catch. 

3. Emission~ and emission factors--Emissions and e~ission factors car. 

be listed with several different u.~its. The following chart listz some 

of t,hese emissions and factors: 

On.its Test 41S 

gr/DSCT 0.055 

T/yr 62.33 

lb/hr 14.84 

lb/1000 b.bls 
fresh feed . 32 

lb/1000 bbls 
fresh feed 
(Ref. 4-45) 45 

KVB .5806--783 
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4.2.26 Alfalfa Dehydration 

An alfalfa dehydrating plant produces an animal feed from alfalfa. 

i: (Ref. 4-46)·· The dehydration and gri1,di::1g cf alfala t.'1at prcduces alfalfa 

, meal is a dusty operation most commonly carried out in 'rural areas . 

. Wet, chopped alfalfa is fed into a direct-fired rotary drier. The 

dried alfalfa particles are conveyed to a primary cyclone and sor.ir(times ,a 

secondary cy~lone in series to settle out the product from air flow and 

'products of combustion. Th•~ 1ettled material is discharged to the grinding 

e<;:uiJ:llllent, which is usually a hammer mill. The grou.-i.d material is coll~cted 
I 

in an air-meal separator and is either conveyed directly to bagging or stora,;e, 

or blended with c.ther ingredients. 

Sour=es ~f d~st emissions are the pri:nary cyclone, the g~i~cers, a~= 

,the air-oeal separator. Overall ctust losses have been repor~~c as high as 

7\ (Ref. 4-47), but average losses are aroun'd 3.% by weight of t:.he r::eal produced 

· (Ref. 4-48). The use of a ba~hou£e as a secondary collection syste~ can 

greatl·l ,:ed1.1ce emissions. ~.13 attempted to conduct alfalfa dehydrator tests 

for ·several mont.i.s d:-iring the Phase II test pr:ogram. Several s~heduled tests 

were cancelled. due to equiprr.ent failure. Therefore the data ,?resented in this 

section are those taken by the Imperial County Air Pollut.ion Control office. 

T!'l.e re$ul ts .of the tes':s are list,ed ;n Table 4...;a5. The EPA. Method'#$ was 

~sed to obtain TSP data and an Anoersen impactor was us~d to determin~ the 

particle size distribution. Fig-~re 4-80 is a plot of particle size (µrn) vs 

accumulated weight percent, the latter plotted on a probability scale as 

, explained in Section 3.2.3 B. The •breakdown of the particle size distribution 

2ken from Figure 4-80 which dot::s no·t in-::lude the impinger catch, is as 

follows. 

Alfalfa Dehvdration 

Te-;t l 

Test 2 

>lOtun 

68 

76 

The mean pc;.rticle size is about 60µm. 

4-255 

Perc~nt of Particle 

6 

6 

3-lum 

6 

4 

<:!.u:n 

20 

14 
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TABLE 4-85. ALFAL.?'A ~EHYDRATION '!=:ST RESu"LTS 

Measured E:nissions 

Test No. l 2 Average . 

Date of Test 11-18-76 11-18-76 

Duration of Test, minutes 60 60 60 

Process Weight Rate, lbs/hr 20,000 20,000 20,000 

Gas Flow ?..ate, SCTM (DRY} 9908 9616 9762 

St.a.::k Gas Te::-.p., o,:, 195 133 13 4 

CO 2 .. by vol. l 1 l 

02 '\ by VOL. 20 20 20 

co \ by vol. 0 0 0 

H2o \ by vol. 20 17 18.5 

Pa=ticu.late concentration, gr/scf 0.11 0.11 0.1: 

Partic1.:.late W€:..:.':Jht, Tos/hr 9:02 9.78 9. '" 

:CV3 58C 6-733 
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WEIGHT, PERCENT U:SS THAN STATED SIZE 

0 SASS Train Without Impinger - ~oot. l 

0 Joy ~fg. Sampling Train Wi t.1-iout Impinger - Test 2 

Figure 4-80. Particle size distribution for alfalfa dehydration. 
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4.2.27 Cotton Ginning Operations 

The primary func~ion of a cotton gin is to take raw seed cotton and 

separat:e the seed and· the lint. A large amount of trash is found in t:1e seed 

cotton, and it must also. be removed. T~e problem of collecting and disposing 

of gin trash is tw-fold. The first problem consists of collecting the coarse, 

heavier trash such as burrs, sticks, stems, leaves, sand, and dirt. The 

second problem consists of collecting the finer dust, small leaf particles, 

and f_ly lint t.'lat are discharged from the lint after the fibers are removed 

from the seed. From l ton (0.907 Ml') of seed cotton, approximately one 

500-p::,und (226-kilogram) bal~ of cotton can ba made. (Re.f. 4-60). 

10.lB attempted to ccnduct cotton gin tests for several months during the 

Phase II test program. Several scheduled tests were cancelled due to equipment 

failure. Therefore t.~e data presented in this section are those tak~n by EPA -

Region 9. 

Several sources of particulate were sampled on the same gin by the 

EPA. The results of these tests are presented in Table 4-86. 
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TABLE 4-86. COTTON GIN TEST RESULTS 

A 8 C D ,: F G Ii I 
Unclean 11 and 112 Unloading Unloading Condensor Note 12 Lint II Unt u Lint 

Teat Note■ Incliner and Dryer Separator , _Basket Clean"r Cleaner Cleaner Cleaner 
Clears Catch 

Flow Rate ACl'H 630,000 850,000 721,000 350,500 . )45,000 143,500 82),660 1,080,000 780,000 

Mohture I 0.035 03.3 0.8 0.19 0.35 0.91 0 . 28 2.0 1.24 

"' I Te,,,perature •F 82 14' ll!i 69 69 71 74 Bl 76 
r-J 

. 1,1 
\LI Elliasion GR/DSCF o.oo 0.0106 0.047 0.102 0,0097 0.007 O.Oll 0.088 o.ou 

Total lb/■ ).82 10,97 4.38 5.05 0.49 l. 78 J.1,3 ll.99 4.41 

Front half lb/hr l.78 10. 72 4.34 4.99· 0.36 l. 71 ).35 11.86 4 . 41 

KVB 5806-783 

J 
Batter 

Coooansor 

1,494,860 

1.63 

82 

0.023 

4.61 

3.64 



4.3 PARTICULATE OJNTROL EQUIPMENT EFFICIENCIES 

Eleven simultal~eous tests were done using the larger SASS train on 

the control equipment exit and the smaller train on the inlet, to evaluate 

~~e efficiency of tr~ contr9l equipment. Eight of these were baghous~s, ~#o 

were electrostatic pre~ipitators, and one was a cyclone. The F~~c2ntage 

efficiency for each of these was calculated from the following equation: 
wt . - wt 

efficiency a ~n out X 100 
wtin 

Table 4-87. summarizes the effi~iency of the control equipment tested by K\'E 

in this study. TWo values are listed for th·e efficiency, one of which includes 

the ·weight from i.I:ipinger catch in t.~e calculation (SCAQMD method), and the 

other which ig~ores it (E?A method). 

An interesting way to evaluate efficiency is to deter.nine the 

efficiency as a function.of p~rticle size. Using the particle size distribution 

curves and the grain loading for the inlet and outlet for each test with control 

equipment, the efficiency can be calculated at each .particle size from the 

following equation: 

( (wt in) 
efficiency (size) ~ 

(% of particle between size A and B) (wt out) 
(% of particle between size A and B)J x 100 

(wt in) (% of particle between Size A and B) 

The resul~s of this calculation for each of the control equipme~t tests are 

listed in Table 4-88. Figure '4-81 is a plot of the efficiency vs particle 

size for baghouses. Note t..'iat the efficiency increases as the size increases. 

This is in agreement with the literature (Ref. 4-49 to 4-52). Figure 4-82 

is a plot of the efficiency vs particle size for ESP and a cyclone. The 

efficiency. o~ the cyclone decreases as particle size increase (Ref. 4-53 to 

4-58). The efficiency of ESP's goes through a minimum between 0.1 and 2~~ 

(Re.f. 4-59) . 
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TABLE 4-87. CONTROL EQUI?MEHT EFFICIENCY 

Efficiency 

Impinger Impir:ger 
Control C.3.~ch Catch 

Test ~ Process Type Type Included Not Included 

30 Wood Sanding Baghcuse 86.9 9'6.3 • 

29 Asphalt Batch .. 99.9 99.9 

34 Abrasive Blasting It 99.9 99.9 

' 26 Sintering .. 77·.6 97.8 
I 
I 

19 Chemical Fertilizer ff 99.6 ~.9.1 

17 Boric Acid " 96.l 98.7 

14 Steel Heat · Treating " 95.2 90 . 0 

8 Brick Grinding " 99.5 99.8 

20 Glass Mfg. ESP 83.0 98.2 

36 Steel Open Hearth F)lrn. II 82.2 90.3 

39 Wood Resawing Cyclone 99.l 99.2 

lC\'B 5805-783 
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TABLE 4-88. SIZE EFFICIENCY CALCUT....ATION P..EST:}!.TS 

~~- .. =-------
Per:::em: of i?articl•s 

Cone..-ol. L"".tc!usttial 
Tes:: 10-31.i:n 3-l!J~ 1-0.l:Jo gr/DSCT Type ~ 

39J in o.s 0.3 0.3 0.366 Cyclone Wood Rasa.i 

39S out !.O 9 11.5 0.00317 

Efficiency 82.7 74 66.~ 

30J 4 12 20 0.0168 B.aghOuse "1ooe S.ar.do.ng 

30S , 3 3 7 0 , 0022 

E!ficiency 90.2 96.7 95.4 

29J lS 18 26 11.483 ilag!lou- i\sph.a.lt ::lat::::: 

29S 6 4 7 0.00776 
i?l.ant 

Uficiencr 99 . 98 99.98 99.9S 

34J' 3.5 1 . 7 1.s l.922 Baghouse Steel Sa..,e-

34S 6 6 12 o. oooiis blas::.ing 

E:!!i.::ie::.:y 99.92 99.S 19 . 7 

26J' l , 1 2 '.).205 :laghouse , Sin::e:- ? :a.-.,: 

26S ,1.2 1.4 3 o. 0459 

tf!iciency 73 . !. 68 . 6 66 . 4 

20.1 0 . 4 o.s l.S o·. 0364 E:SP Glass :1fg. 

20S 0.6 l 2 0.00617 

Efficiency 74.6 66.l 82.2 

19J 0 . 2 0.01 0 . 2 0.7154 Saghcu.H C.'le:i.ical 

19S l l 2 0.0028 
Fer"::iliZI!:" 

Efficiency 98 60. 8 96.l 

l7J l 0.01 l 0.6105 Ba<ghOt\Se 3ori::: Acid 

17S o.s o.s l 0.0237 
Mfg . 

Efficiency 98.l 94.1 96.12 

14.J' 7 10 30 0.0593 Baghouse S_teel Hee:-: 

14S a 14 41 0.00283 
-:'reating 

E!!iciency 94.55 93.3 93 . 5 

SJ a.as ·0.3 0,14 1. 169 Bac;house BrtcJc 11f;. 

8S ,t 4 8 0.00641 

!:f:l!icienc:y 97.4 92.7 68.1 

36.:r 3 4 11 0.2t.l6 ESP Steel Open 
Hear-:..'!' ='=· 

365 3,8 7 23 0.0366 

!.!!ici-,:;y 77.5 68.9 . 64.l 

4-262 KVB 5806-783 



100 

< ------
9Q. ~ 

80 

,,,. 
' >-

'..J z 
;sJ ... 

70 u ... 
c.. 
:.. 

---__ -0---
---

;&J 

60 -o Test 30 

-D Test 29 

--◊ Te:lt 26 

so -·-□ Test 19 -~ Test 17 

---o Test 14 

-0 Test 9 

0 2 4 6 8 10 
SIZE, 1-1m 

Figure .4-81.. Bagbouse siz.e includes I:npi.:::ger. 

4-263 KVB 5806-783 



100------------........ -----..---,.----...-----~ 

90 

70 

so 

40 

2 4 

Average for ESP • 

6 

SIZE, um 

.6Test 

QTest 

QTest 

39 Cyclone 

36 E:SP 

20 ESP 

8 

Figure 4-82. Cyclone and electrostatic precipitator efficiency curve. 

4-264 KVB 5806-783 

l.J 

I: 



( 

( hllfillttlt::?x, ' 

SECTION 4.0 

REFER...'C'NCES 

4-1 Goldstein, H. L., and Creg:~und, C. W., Environmental Science & 

Technology, Vol. lO, No. 12, N~vember 1976. 

4·2 "Inertial Cascade Imr,actor Subt tr ate Media for Flue Gas Sampling, 11 

EPA (600/7-77-060). 

4-3 Air Pollution Engineering Manual, Second Edition, EPA, AP-40, 1973, 
p. 533. 

4-4 Parti=ulate Test Results by Frederiksen Engineering Co., Long Beach, 
CA • 

. 
4-5 Compilation of Air Pollutant Eoissio~ Factors, Secor.a Edition, AP-42, 

EPA, s~ction 3-1. 

4-6 Federal Register (Method 5). 

4-7 Compilation of Air Polluta: ,t :mission !:'actors, Seco.id Edition, AP-42, 
=:PA, Section l.;-~. 

4-8 

4-9 

4-10 

4-11 

4-12 

SCAQMD, Combustion Em.ission !?actors for EIS/ED.9, 'Tech. M~IXD, 11/9/76. 

Compilation of Ai.r Pollutant E:ni~sion FactOrs, Second Edition, AP-42, 
EPA, Section 3.3. 

Kreichelt, T. E. et al., Atl!Osoheric Emissions from the Manufactur~ 
of Portland Cement, U.S. DHE"~, Public Health Service, Cincinna~i, 
Ohio, PHS Publication Number 99~-AP-17, 1967. 

Unpublished standards of performance for new and substantiall? mc,di
fied portland c~ment plants, Environmental Protection Agency, Bureau 
of Stationary Source Pollution Control, Research Triangle Park, NC, 
August 1971. 

"A Study of the Cement Industry in t."le State of Missouri, 11 Resoi.lrces 
Research Inc., Reston, VA, prepared far the Air Conservation Commission 
of the State of Missouri, December 1967. 

4-265 
KVB 5806-783 

----



4-13 

4-14 

4-15 

4-16 

4-17 

4-18 

4-19 

4-20 

4-21 

4-22 

4-23 

4-24 

4-25 

4-26 

4-27 

Sittig, M •• Particulates and Fine Dust Removal, Noyes Data Corp., 
1977, p. 56. 

Co=ilation of Air Pollutant Emission Factors, 2nd Edition, E?A A?42, 
Section 8.6. 

Snreve, , R. N., The Chemical Process L~dustries, ~cGraw-Hill Book Co., 
1945, p. 172 · , 

Comoilation of Air Pollutant E.mssion Factors, 2nd Edition, EPA AP42, 
Section 8.3. 

Air Pol:.ution Engineering Manual, 2nd Edition, EPA AP40, p. 775. 

Con:oilation of Air Pollutant Emission Factors, 2nd Edition, EPA A.::,42, 
Section S. 11. 

Ibid, Section 8.2. 

"A.sphaltic Conc.::-ete Plants At::iosphe.::-ic E.::issio::.s St'..lc:'/," Val~nti:-,e, 
Fisher, and 'l'omlinson, Consulting Engineers, Seattle !-lashir:.gton, 
prepared for i::nvironrnental Protection Ac;ency, Research Triangle Park, 
~C, under Contract Number 68-02~J076, Nover:1ber 1971. 

G1;.i.de for Air Pollution Control of Hot Mix As::ihalt Plants, National 
Asj?halt Pav~ment Association, River.dale, HD, Infor.nation Series 17. 

Co'C:!Pilation of Air Pollutant Emission Factors, 2nc i:.dition, EP.:i.. A?42, 
Section 8.10. 

Be_ir, J. M. ar.d Thring, M. W., Measurements in ·Flarr'.es, Vol. 1, 
Edward Arnold Ltd., London, 1972. 

Personal communi::a·::.ion wit.'l J. Ozanna, Oct. 4, 1977. 

Co=ilation of Air ?ollut:ant Emission Factors, 2nd Edition, EPA AP42 
Section 6.2. 

Air ·Pollution E:1gineering Manual, 2nd Edi~ion, EPA A:i:'40, 1973, p. 320. 

Ib.id, p. 397. 

Hammond, w. F. and Si:ncn, H. , "Secondary- ).luminUlii~Mel ting Processes I" 
in Air Pollution Enginee?:ing Manual, Danielson, J. A., ed., U.S. DHE-l·, 
PHS, National Center for Air Pollution Control, Cincinnati, Ohio, 
Publication Number 999-AP-40, 1967, p. · 284-290. 

4-266 !CVB 5806-783 



/ , 

( 
' 

4-29 

4-30 

4031 

4-32 

4-33 

4-34 

4-35 

4-37 

4-38 

4-39 

4-40 

4-41 

4-42 

4-43 

4-44 

4-45 

Compilation of Air Pollutant E:nission Factors, 2nd Edition, EPA AP42, 
· section 7.1. 

Ibid, Section 7.5.2. 

Considine, D. M., Chemical .and Process Tecb.nology Encyclooedia, 
McGraw~Hill Book Co., 1974, p. 641. 

Shannon, L. J., et al., "Particulate Pollutant .·S:,stems St:.:.dy II," 
Fine Particle Emissions ·, Report PB-203,521, Kansas City, . l-10, 
Midwest Research Institute, August 1, 1971. 

Sittig, · M., Particulates and Fir.z Dust Removal P.rocess.es and Ecruip
~• Noyes Data Corporation, , 1977, p. 239. 

Co~oilation of Air Pollutant E~ission Factors, 2~d Edition, E?A AP42, 
Sectio:. 7.5.3. 

Bramer, Henry C., "Pol:l.ution Control in the Steel Industry," 
En~ironmental Science and Technology; p. 1004-1008, October 1971. 

Celenza 1 C. J., "Air Pollution Problems Faced by the Iron and Steel 
Industry,", Plant Engin.:!ering, April 30, 1970, p. 60-63. · 

Compilation 0£ Air ?ollutant Emission Factcrs, 2nd Edition, EPA AP42, 
Section 7.5.5. 

Personal correspondence with J. c. Paulsen, .June 9, 1978,. 

Shannon, L. J., et al., "Pat"tic'llla,:e Pollutant Systems Study II, 
Fine Particle Emissions," Report PB 203,521, Kansas City, MO, . 
Midwest Research Institute·, August 1, 1971. 

Sittig, M., Particulate and Fine Dust Remo•1al, Noyes Data Cor?., 
_1977, p .. 160. 

Comoilation of Air Pollutant Emission Factors, 2nd Edition, EPA AP42, 
Section 6,10. 

Ibid, Section 10.3. 

Air Pollution Engineering Manual, 2nd Edition, EPA AP40, p. 559. 

Compilation of Air Pollutant Emission Factors, 2nd Edition, ~PA AP42, 
Section 9.l.2. 

Ibid, Section 9.1.3. 

4-267 KVB 5806-783 

_.,, __ . _____ ., _, -· . .............., __ ....... ......... .- .. 



4-46 

4-47 

4-48 

4-49 

4-50 

4-5l 

4-52 

4-53 

4-54 

4-55 

4-56 

4-57 

4-58 

4-59, 

Duprey, R. L. Co~~ilation of Air Polluta."1~ E~~~sicn Factors. c.s. 
DHE.W, PHS, National .::enter for Air Polluticn Control, O·.irhan, NC, 
PHS Publication Number 99,9-Al--42; 1978. p. ::.? • 

Stem, A., ed., Air ?ollu.tion VolU!:"P- Ir:::, "Sources of Air Poll ... c.ioP. 
and their Control," 2nd Ed., New Yor}(, Academic ?ress, 1962. 

"P:-oces3 Flow Sheets · and Air l?ol luti -:in Contrc' s," A::r.erica.'1 ConferencE 
of Governmental Industrial Hygeinists, Co=i.ttee on Air ?olluti0n, 
Cincinnaci, OH, 1961. 

Bill·.ngs, C. E., et al, , Handbook of Fabric Filter ':'ec:-:...1.olocrv, Vol. 1, 
Fabric Filter svstems Studv, National Technical Infor:nation Se.:::vice, 
Springfield, VA, PB-200-648, December 1970. 

U~ ~- Depar~ent. of He.3.lth, EC.uca~cn ar.d ~'ielfa::-e, 'Cont~:Jl Tec~:-..i::-~..:e3 
for ?a.:-tict!la~e .;i:: Poll·.1ta..-.. 1:s, Na:.icnal .. :\i::- Poll:..:.~ion CQ:it.::oL 
Ac..11.inistration Publication No. AP-51, 1970. 

Danielson,· J. A., A.i.r Pollution E.."1gir..ee:-ing ~~anual, \'..i.S. DHSv ?1.:bli.c 
Eealt.'1. Sen·ice, Washington, DC, Govermr.ent ?:-inting •.)f::ice, 
Publication Nwr~er 999-:\P-40. 

Sommerland, R. E .• "Saghouse Filters as Ap?lied to Powe:- Plant 
Effluents," Heat .and Fluid Dynamics Depart:rent, Joru1 Bl:i..za:-d :l.esear:::h 
Laboratory, Foster Wheeler Corporation, Carteret, · ~IJ, :-1ay 1966. -
Stairmand, C. J., "T:he !)esign and Perfc:-r:ia.."1ce of Cyclone Seoa:::-aturs," 
Trans. Inst. Chem. =ngrs., Vol .. 29, British, 1951. 

Caplan, K. J., "All About Cyclone Collectors," Air E..,ginee.~ing, 
September 1964, pp. 23-38. 

Gallaer, C. A. and Schindeler, J. W., "Mechanical Ot:St Collectors," 
J.A.P.C.A., Vol. 13, D~ce!llber 1963, pp. 574-580. 

Kane, J. M., "Operation, Applicati-'.m, and Effectiveness cf Dt:St 
Collection E;;_uipment," Heating and Ventilating, August i952. 

Lapp le, c. E., "Processes use many Collection Types," C!::emical 
Engineering, Vol. 58, pp. 145-151, May 1951~ · 

Air Pollution Engineering Manual, EPA 999-AP-40, 1$67, pp. 91-9·9. 

"The E
0

lectrostatic Precipitator Manual," the Mcilvaine Compa:1y, 
Northbrook; IL, 1977. . 

4-268 KVB 5806-783 



( 

l21 > 

SECTION 5.0 
I' 

PARTICULATE ~ISSION CONTROL TECHNOLOGY 

INTRODUCTION 

The removal of particulate matter from gas streams to reduce emissions 

to environmentally acceptable levels can te accomplished in a wide variety of 

ways. This section descril:les various types o,f particulate cotltrol equip.:ient 

and includes suggested areas of application~ as well as estimates of their 

performance a.~d ~osts • 

. The selection of the most appropriate particulate control device is 

usually based on the size of the particulate matter which must be removed 

from ·the gas stream. F::.gure 5-1 ill.ustrates the normal areas of application 

· frvma particle size standpoint, relative to particle size, for . the following 

types of particul, .te control devices: 

Settling ~ambers 

Momentum Separators 

Cyclones 

Spray Towers 

Tray and Packed Towers 

Venturi Scrubber 

Fa.bric .Filters 

Electrostatic Precipitators 

Table 5-::. is a generalized rating of t."l..ese, devices for various applications 

in the opinion of the authors. 

· An analysis of Figure 5-1 indicates that successful control of 

virtually all particulate emis.sions can be achieved by selec-::ing the 

appropriate emission. control device • . 

It is important to note that accurate information regardL~g the size 

distribution, grain loading, physical properties and re:mcval requirem~nts i~ 

essential to selectL,g the proper control device. 
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This section has bean prepared as a g-,iide to introduce users to 

various types of control devices, to aid L~ understa.~ding their ca?abilities 

and to serve as a general reference regarding their application. 

T!'lere are many variables like dispcsal methods, potential-for .:-ecycle, 

and variability of part~culate characteristics to name but a few, which 

influence tbe selection of particulate removal devices that are beyond the 

scope of this report. Users must consider each application on an individual 

basis in ore.er to select the ·most appropriate particulate control device. 

5.1 METHODS OF CONTROL 

5.1.1 Settl~nq Cha~bers and ~omentu:n Senarators 

A. Settling C!'la:mbers--

1. Settling chambers represent the simplest device available for 

par::iculate collection. They n?r:::::ally include nothing more than a low 

velocity region in the gas ha.~dlir.g systeo w::ere g::avitional forces ca·.1se 

larger particles to settle ou): from the moving gas stream. 

In t.~ese devices gravitational forces. are sometimes augmented by 

directing the gas stream to impart a downward lllOmentum to ):he particies to 

uiprove particulate collection. ?ii;ure 5-2 illu.:;trates a typical settling 

chatnber. 

2. Settling chambers rely on gravitational forces for particulate 

separation. Since these forces are proportional to the ~eight of the 

particle, larger high density particles will be acted on by the large 

separ~~ing forces. The major force L~hibitL~g collection is aerod:mam:ics 

drag. This force is pr:::portional to tlle cross sectional area of t:..'"le particle 

and its velocity relati~ to the gas stream. Wit.'"! t.'"le exception of large 

particles which are readily collected, :nest parti~les quickly attaL~ te:::::--.,inal 

velocity L~ the settling chaI!lber. This velocity is reached whe..~ the 

gravitational forces are just balanced by c.'"le drag forces. It is .:..'l.is 

velocity which determines whether a particle will be .collected. If t.'l.e 

particle falls quickly enough while i:l t.'":.e settlL~g chamber to :::-each t..':.e 

hopper before it reaches the challlber outlet it will be collected, if it does 

not, it will pass through the chaI:!ber uncollected. 
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In t!leory particles as small as 5 microns, t.~e size where suspension 

by Brownian motion takes on significance, could b~ collected in settl.L,g 

chambers. However, .economic and space considerations li.:n.it efficient collec

tion in·settling ell.amber sizes . to particles above 80 mic:r.ons. 

3. Other factors which also influence separation in settling C:1all'~e::-s 

include chamber dimensions, gas density ar..d gas viscosity. 

The most _important factors' are gas velocity and c~.amber di!!!ensions 

since the.se can be selected f..:,r a given applica···ton whereas all of the others 

are essentially fixed. 

Figure 5-3 illustrates typical settling chamber collection efficiency 

and shows the effect of particle. density on ·collection. 

Maintaining a unifor1:1 velocity is critical to achievin~ good collec

tion efficiency sinr.e eddies or areas of high velocity cause poor settli..,g 

and result in ur.necessary carryover of particles. 

In addition, overall and local velocities must be mainta;...,ed below 

.the reentrair..ment velocity for the particular dust being collected to prevent 

pickup from the hopper. The reentrainment velocity is a function of the 

pa...rticle size and density as well as the tendency of collected particles to 

agglomerate. 

4. The .mai."1 problems associated with the operation of settling chaI::lbers 

are :naintaining unifor.n gas velocity and avoiding Flugging in ':.he hoppers. 

The first problem can be virtually eli=ii.~ated by p:-:oper settlin~ chaI:lber design 

coupled with good upstream and do~stream duct layouts. Tr.e sr.acond problem 

can be controlled by designing hoppers wj,'=-.'1 adequate slope, add.L,g insulation 

and ~eat tracing to prevent conuensation and adding hopper vibrators to aid 
, · ' 

in discharging collected dust. Where agglomeration and bridgL"lg are severe, 

the hopper should be disc!larged continuously .• 

B. Momentum Separators 

l. Separators relying solely on I!Xlmentum L, #hich the ga~ 3tream i~pi~ges 

on t.'le surface cf a collector operate at substantially higher efficiencies 

than settli.,g c:iambers. T:here are. nun rous confi~ations usL,g t:us 

principle; one is illustrated . i.., Figure 5-4. 
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:Z. In 1110mentum separators particles which are carried along ;:,y t.-ie gas 

stream are separated when the gas stream is . forced to make sharp cha.,ge i., 

direction. Factors which control separation are: (l) 1:.-ie weight and size 

of the particles, (2) velocity of t.~e par~icles, (3) geometry of t.-ie . separator, 

'(4) gas density and velocity, and (5) the drag forces acti~g on t..-ie rarticles 

as the gas stream abruptly changes direction. High gas velocities ar.d 

relatively high density p,u-ticles favor separation, small lower density 

particles which tend to follow cha.,ges i.-i ga~ flow patterns are not readi.ly 

collected. 

3. <;ollection in ioomcr.tum separators is co_ntrolled by particle size =d 

density, th~ geometry of the separating device and gas densi~y a~d viscosity. 

Figure 3-S illustrates typical t:\O~etttU.~ separators coll:ction 

efficiency as a fu.-iction of particle size. 

4. In momentum separatcrs high velocities can cause excessive wear if t~e 

dust is al::lrasive and reentrainment can occur if dust removal is not adequate. 

The same preca~tions outlined above should be taken to avoid pluggi.,g 

problems. 

5.1.2 Cyclones 

A. Cyclones or centrifugal separators are devices which use centrifugal 

forces to separate particles from gas streams. 

All cyclones consist of a device to induce a spinning r:t0tion to the 

gas and a ~ans of remov~g the particles separated from the gas stream. 

One of t:,.e most cc::micn configurations is the reverse flow cyclone 

illustrated in Figure 5-6. In this configuration gas which enters the 

cyclone ta.~gentially is spu.~ th~ougb several revolutions as it flows down 

the outer ~all of the cyclone where the dust is separated before reversing 

its flow path and travelinq up the center of 'the cyclone and out the top. 

Tr.e dust which was spun out to t~e wall, drops to the bottom of the cyclone 

where it is withdrawn. 
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B. The centrifugal forces created by spinning the gas stream i.."1 cyclones 

are often many times greater than the gravitational f::irces acting -:.n settli..."1g 

chambers, t..~erefore, cyclones can sepa.1:ate smaller paJ:ticles than settling 

chambers in much smaller sized equipment. There is a substantial price in 

the fo= of pressur.e drop which must be paid for in the improve!lient in particle 

collection. Mo~t cyclones require a pressure drop of l to 5 in w.c. for 

efficient operation. 

The · centrifugal force acting on a particle in the ga.s stream is 

proportional to the square of the velocity of the spinning gas and inversely 

proportional to .the diameter of the cyclone. 

(1) 

As in the other types of collectors, aerodynamic d=ag forces acting 

on the particles cunnteract t.~e separating forces and limit collection. 

C. An e:<am.ination of Equation (1) a:iove rev~als that high velocities 

and small diameters increase separat.ing force~ thereby improving particle 

collection. 

aigh efficiency collectors operate at high velocities and therefore 

higher presstXe drops. They incltie a multiplicity of s~.all diameter cyclones 

mounted in a common housing. 

O. As in other collectors, particles which ex."'.ibit lo'- aerodynamic drag 

relat;ive to their size are collected more easily. 

Figure 5-7 illustrates collection efficiency for a typical llr~lti

cyclone operating at approximately 2-3 in w.c. pr.essure drop. As indicated 

in Figure 5-7, particles a.s smal·l as 5 microns in diameter can be collected 

efficiently in this type of cyclone. 

E. The problems IIIOSt often associated with cyclones are erosion and . 

reentrainment of dust due to high velocities and pluggi.."'lg of the hoppers 

where collected d•.1st accumulates. The same precautions to overcome pluggi.."'lg, 

outli.'led previously foi::: settling c:natnbers, can be 'applied to cyclones. T~e 
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abrasion ass.ociated wit..~ high velocities and abrasive dust ca.-i be ove::-:::c:::e 

by employing wear resistant materials and by using a preco:lector ~o reno· 

coarse particles upst=eam from the cyclones. 

5.l.3 Wet Scrubbers 

Wet scrubbers can be divided into two basic categories; these 

designed for gas absorption and those designed for particulate remo~al. As 

convenient as these cateqories might be, they do not adequa·tely depict actual 

scrubber behavior since all scri.ilibers re=ve some part.i.culz..te matte::- wt.ile 

simultaneously absorbing constituents from the gas stream. When gas abso::.-ption 

is the primary objective, chemical reagents are often added to t.~e scrul:::bi...-ig 

liquor. 

A. Spray Towers--

Spray towers ~e the simple. t tY?e o: wet· scrubber; their pri::ia:::y 

function is coarse particulate collection. Since t.~ese scrubbers opera=e 

at relatively low gas velocities, some particulate settling will oc:::ur. In 

addition, in :na...,y scr-.lbbers there is a sufficient difference in velocity 

betw~en gas and scr-.lbbing liquor c..roplecs to collect some par~icles by 

interception and inertial impaction.* Finally, even submicron particles which 

move about in the gas stream via Brownian diffusi;;in are collected when tl'le~· 

con~ct droplets of scrubbing liquor. 

1. A typical spray tower as illustrated in Figure 5-8 includes a gas 

inlet area whe-re the wet-dry tower occ-o.rs ,. a quenching zone wher'::! gas cooling 

begins, the main gas-scrubber liquor contacting zone, the liquor spr~y 

manifold or manifolds and a mist elimination zone. 

Gas contair.ing dust particles enters the bottom portion of t.~e 

scrubber ~here it makes contact with scrubbing liquor comi...~g from the spray 

nozzles. The gas then passes through the mist eliminator on . to the gas outlet • 

. *These concepts are discussed in more detail in Section 5.l.3(Cl Venturi 
Scrubbers. 
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The 11!,e of spray nozzles ..ri;.:..~ appropriate :nanifolc.s is ::he ::,est. 

co=on method of creati."lg d=oplets of sc=-...bbir.g li•=:uor i:. spray t.owers. 7!".e 

selection of spray nozzles is crit.:Lcal to successful operation. The sc::::-.;.:::bins 

liquor must be U."lifor::uy dist=i.l:luted t.'1....-:iughout t!:le sc:::".;.:::ber a..·d t..>:e c..:::·•-;:.:.e::s 

aeroc.ynamic d::-ag forces from ca.=-rying ~.hem along with the gas. 

Si.."lce all spray nozzles produce a range of diffe:::-ent sized droplets, 

there a.re always some small droplets which .,.ill be swept along wit.."l t..":e ;as 

It is usually necessary to prevent these droplets fro~ leavi.."lg the 

scrubber, therefore, a mist e.l.i.l:ri..."la.tor is re~i:::-ed., 

Figu:::-e 5-9 illust:::-,ates a t~J?i::al Chev-:-on ty;;e ::tis:: e l~na ::o::. 

lower edges i.."l. drop.lets large er.ough to fall .~own t..'1::-ough -::.:ie gas st::ea.::. 

2. Investigations of particulate col:ectior. in s?ray towers :-.as s:-:0....-:1 

also shown that t::ti.s droplet size is essent::.ia.lly independen:: of the size of 

t:-.e dust particles ~ be collected. For c.::oplets coi:::;:,osed ::ai::ly cf .. ater 

in gases si=u.lar to air ':he opti.:J::\:::1 d..--oplet: is a?proxi;::a~a::.y 30C ~i:::=cns 

i., =-ia.oet:.e:. 

approxi::lately 10 ft/sec. 

droplet size of 800 mc:ons proc.uce s~s~~tial ~u::ibers of s=:aller =.::-oplets, 

therefore a~ veloci':.y o! 4 to S !♦:::/sec is usu.ally selec-:::ec. 7::e ~se 

of larger d..-oplets per:nits h.i;her ;as velocities, but:. t:.."'l.e loss i.-: :::o:.::.ec-:.i~:: 

efficiency, at least above ~O :nicrons~ can be offset by i~creas:...~g sc:--..:.==e~ 

lig:uor flow rat:es. 
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3. The main factors which affect t.~e particulate collection effici~ncy 

of spray towers are particle size di:tribution, scrubber liq-~or c-oplet size 

distribution and scrubber liquor to gas ratio. Figure 5-10 illust:::ates t.~e 

theoretic~l collection efficienc: of different sized p~icles for single 

droplets falling t.'u:ough air. CUrves for 800 and 2000 :n.icron droplets are 

prese.."'lted. 

The overall collection efficiency in a spray tower is essentially 

the aggregate of ~~e collection of each of the droplets. Since this is so, 

increasi1g the number of droplets relative to the gas vclume treated will 

increase the overall cr,llection. Figure 5-11 illustrates the effect of 

.L,creasing liquid rat.es on particulate removal .L, a tj'?ical spray tower. 

c-opl=t car=J'ove:::-, ;.ret-d=Y line solids buildup and· corrosi.on, and spray 

nozzle erosion and pluggi.,g. 

Droplet car=J'OVer can be cont:olled by the prope!:' selection of 

sc:::--.lbber gas velocity , spray ~ozzles ar-d ~~st el.:...."ti.nator. Selecti...,g the 

proper gas velocity and spray nozzle will ti.,i.:nize t.~e ar:iou.~t of droplets 

. ca..rried upwa:::-~ by the gas stream and proper selection of t.~e :tist · e1~nator 

;.rill result L, a vi~-.:.ally c:oplet-free gas stream leaving t.'1e spray tower. 

All sc::u:ibers hancl.i..,g hot gas stteams have a cctra:lOn ;,otential source 

of pro:::l=s in t.'1e area ·,,;here t.'1e !'lot gas first :::onta::t·s the sc:::--.;.bbi~g 

i.,adequate irrigation of the scrubber shell i., t.'lis ¥ea causi.,g alter.1ate 

wetti.,g and drying and resulting L, ac::w=lation of particulate II:atter anc 

corrosion of the scr.lbber shell. Usually supplei:ient:al s~ray nozzles to 

i.r=igate t.~is azea and the selection of adequate .nateria:s of · const::"'..lctior. 

L, :llCst spray towers sc:::--::.bbi.,g liqu~r is recir:::~ate<i. This o=ten 

results L, the recirculation of s;.i.bsta.,tial quantities o: solids throug~ the 

spray nozzles. I! t.'1e particles are lar;e or tend .to agglomerate, spray 

~ozzles ca., become plug~ed-
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rh~ selection of nozzles with sufficiently large orifices to avoid 

pluggir.,J is us'.1.ally not possible due to the fact · that large, nozzles produce 

large drops ~hich may not produce adequate particulate collection or ga~ 

cooling. In this sit~ation, some type of coarse screeni~g device> ;cust be 

installed in t::.e scrubber liq--:.or recirculation locp or iJ. precollec::or to 

remove these pa--ticles must be installed upstream ~i the sc::--...bber. 

The presence of solids in t.l-ie recircul::.ted liquor causes anot."ler 

problem, i.e., erosion of the nozzles. In ~i:ne t.~is results i., enlarged 

nozzles, orifices and larger liquor drop:ets which cause scrubber perfo::-:nance 

to deteriorate. t:.sing impi.,gent or s-,.,irl type spray nozzles made of an 

abrasion a.~d corrosion resistant ~4terial will usually result in a satis-

nozzles should be operated at low pressure drops (lS psig maxi~i.:..~1 even i: 

t:1ere .i.s some sc:-ubber i:!fficiency p~r:.alty to :nini::iize downtJ::ie and cos.:.s :or 

replacement: of worn nozzles. 

a. Tray a.nd Packed Towers--

This class of equipment includes towers with a gas/liquid contacting 

~ium which is continuous, i.e., packing or is comprised of discrete con

tacting u.~its, i.e., trays. 

This equipment is u~ually designed for gas/liq-~id mass transfer. In 

general these designs operate at relatively high gas velocities and are 

resistant to plugging. 

, .... The different types of cray and packed tower scrubbers used s~ccess-

fully for particulate reIOOvaJ. are: (ll the floating hed scrubber (a packed 

devi~e), (2) impingent. plate, (3) valve tray, a.~d (4) sieve tray sc.:::ui:,bers. 

The floating bed scrubber illustrated in Figure 5-12 uses a bed of 

light.,.,eight spheres retai.~ed. betweer.. two grids for particulate collection. 

This bed is suspended !:)y t."le gas flow and partic~late collection occurs via 

inertial impaction, L~terception, momentum separators, gravity and di!f·.ision. 

Scrubbing liquor which is sprayed i., coarse droplets unifor.n.ly across t;:::.e to;, 

of t:ie suspenc!ed spheres to irrigate t."le bed washes out -:..~e collected solids 

thereby avoiding ?lugging in the bed. 
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This type of scriJ.bber normally operates at about 7 i.'1ches w.c. 

pressure drop and has been used successfully in fly ash and ot.~er ap?lica

tions. 

I:npingement, valve and sieve tray towers illustrated in Figure 5-13 

all rely on the creation of high velocity jets in the openings of the trays 

to promote particulate collection. Each tray operates at a pressure drop 

of approxi.nately 2 inches w.c.; they are often used in groups of two or more 

to increase overall collecti~n efficiency. The h7c!raulic desigii of these 

devices is critical to minimize the possibility of plugging. Adequate 

irrigation of the plates is essential. 

2. In essence, all of the packed and tray towers used for parti=ulate 

described, i:i Section 5.l.3(C) for particulate coll:ction. However, ocher 

,necha.'1..:.sms !!lake significant· contributions to overall ;,artic,.:late re!:loval. 

Diffusion contributes substantially to collection of particles less .than 

O. 5 :nicrons in dia:neter and condensation effects, which i.'1.crease .t:1e a=tual 

size of particles pric:-r to collection, are often very impor~ant ,factors 

in these scrubbing processes. T:ie differences ar.iong t.hese sc~bers lie 

in: (l) the methods used to create c!~·oplet.s of scrubbL'1g 1,iquor, (2) t."le 

relative velocity bet-.reen th~se droplets and the dust particles in gas 

streams, and (3) the means employed to handle solids in the scrubbing liquor 

to prevent plugging or excE:ssive wear. 

Since there are many types of packed and tray scrubbers, further 

details regardi.~g their principles o~ operation are beyond the scope o: ~~i5 

surv:ey. 

3. since these scrubbers are designed primarily on the. basis of collec

tion ~y inertial impaction, their _performance is conttolled by the gas 

velocity thro'ugh t."ie various spaces, holes, slots, et=. in the scrubber. .=l.s 

a general rule, the higher t."le gas velocities, the higher t:ie pressure ,drop 

and the higher t."ie overall collection efficiency. 
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4. In addition to the types of problems outlined in SO:?ction 5. 1. 3 (A) ( 4) 

abc,',-e on spray towers, these scrubbers, wit.'1 t.'le exception of t.~e floating 

bed device, :rrust contend wit.'1 the problem of solids settling in poorly 

agi-:.ated areas on t.'le trays. Here again the use of a screeni.:J.g device or a 

precollector will substantially reduce the likelihood of settling proble:ns 

cu~ to large particles. The trays .nu.st be leveld and liq,~o~ d;~~~;~u~;~~ 

mus~ be designed and controlled to maintain adequately high liquor velocicies 

over the ent.i:e t:ay wit..'1 and wi.t:iout .gas flow. 

c. Venturi Scrubbers--

l. This category of scrubi:Jers i."'lcludes a wide varie-.J of devices which 

are often used to absorb gaseous pollutants and cool gas streams in addition 

to re~ovL"'l.g pa.:-ticulate :natter. 

The cajor components of a vent=i scr-lb=er i."'l.clude a venturi with a 

convergin~ section, a high velocity throat and a divergi."'l.g section, a :neans of 

introduci."lg scrubbing liquor into the throat area a."'l.d a device (usually a 

cyclonic mist el.i.:tinator) to collect the droplets of scrul:lbing liquor and 

collec~ed pa~icles from the gas ~tream..' These components are illustrated 

in Figure 5-14. 

A venturi t.'lroat cross sectional area is usually adjustable to co~ 

pensate for gas flow variations o~ cha."1ges in particle size distribution. 

This is necessary since a ventu=i relies al.most tot.ally on gas stream pressure 

drop for atomization of scrubbing liquor and t..'1e press=e drop is dependent 

upon gas velocity in t:.he . throat. 

2. L"lercial impaction is t:ie predoci."'l.ant mechanism for particulate 

·collection L, ventu=i scrubbers. 

In t.~is mechanism collection occurs when dust particles which are 

c.a.rried along by the gas strean: impatt on a droplet of scrubbi."lg liquor. 

This il!!pact occurs when t."le dust particles, because of t:ieir mass, have too 

much :nomentum to follow the gas streai:,. as it diverges to flow around ~~e 

droplets of scrubbing liquor. Figure 5-15 illustrates the ?ath of the dust 

particles and the gas around a droplet of scrubbi."lg liq,-10r. 
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The collection efficiency of a venturJ scrubber f.or a given sized 

particle is often estimated by uning a model with the following form: 

(2) 

where K is a system related parameter 

L/G is the scrubbing liquor-to-g'is l .. :io in gallons 
per 100 ACT of gas 

C d D 2 v2 

'¥ - E E (3) 
18U DL 

where C is the Cunningham correction factor 

D is the particle density p 
d is the particle diameter 

p 
V is the throat velo<;:ity 

µ is the gas viscosity 

DL is the ,scrubbing liquor drljplet diameter 

The .overall efficiency is estimated by sunur.ing up ,the efficiencies 

for each particle size in the inlet particle size distribution. 

The nor:nal range of liquid-to-ga~ ratios is 2 to 15 gallons per 
, , 

1000 ACF: throat velocities are gene'rally 200 to 40o' ft per second. 

3. The factors that .effect particulate collection efficiency in venturi 

scrubbers include liquid,-to-gas ratio, venturi . throat velocity, particle size 

distribution and parti=le density . 

In general; increasing the liquid-to-gas ratio increases collection 

efficiency up to ratios of 10 to 12. · However, the venturi pressure drop 

increases· somewhat as this ratio is increased. 

Gas velocity in the venturi throat is the most important factor 

influencing collection efficiency. Even submicro.n particles can be collected 
' at sufficiently high throat ve~ocities. However, this ability to collect 

submicron particles coines at a high price since the pressure drop and therefore 

the power requirement increases as .the square of. the gas velocity. 
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The effect of particle size distribution on perfor=nce is si.:r.ply 

this: efficien~ collection of srnal.l particles requires high throat veloc.:., c=>. 

If there are substantial ainOUnts of submicron material which must be collected, 

very high throat velocities are required and pressure c..rops ~ell over 50 L". 

w.c. may be required. The application of ~enturi scnlbbers to re~~ve 

particulate below 0.4 to 0.5 microns is genera~ly not economical if the 

remova: efficiencies required for these small particles are above 90%. 

The density of the particles, i.e., the effect of density or t~e 

aerodynamic behavior of the particles has a significant effect on collection 

efficiency. High density, solid ~articles are relatively easy to collect 

while low density or fluffy particles like soot require very high throat 

velocities for efficient collection. 

The collection efficiency for both moderate and high energy ventu.:-i 

scrubbers is illust.:::-ated in E'igu::::-e 5-E,. 

4. rhe main problems associated with venturi scrubbers include erosion 

i~ the venturi ~hroat and diffuser, plugg::_.ig of the scr..ibbing liquor supply 

- liner and ca::::yover from the mist eliminator. 

Since th~ t.r...roat velocity in a venturi scr..ibber is several hundred 

feet per second and scrubbir.g liquors often contain a.::irasive solids, erosic 

is a collllX)n problem. In applications where very high pressure drops are 

req-.iired, the throat and diffuser are often lined with a highly abrasion 

resistant material like alumina or silicon carbide. In addition, coarse 

particles can be removed from the scrubbe= liquor prior to recirculating it 

to the venturi throa~ to reduce erosion. This will also reduce the possibility 

of pl~gging the scrubber licr.ior supply liner. Maintai.,.ing the solids content 

of the scrubber liquor below 10 to 15\ and ll!aintaining unifor:n line velocities 

will also help to avoid plugging problems. 

Proper _design of the mist eli..ninator downstreai:,. from t.he ve:1.t;iri 

scrubber is essential to achievL,.g high particulate collection ef.:ici.ency. If 

the ,small droplets of scrubb,ing liquor from the venturi a.re not completely 

removed in th:i mist eli.:ninator, Wlacceptable particulate e'missions will occur 

because thP.se droplets contain the particulate matter collected in t.~e 

venturi. 
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Since there are m.ony different ::ti.st eli.z:u.."1ators used,~ detai:ed 

dis=ssion is beyond t.-ie scope of t~is report. Eowever, a cyclo~ic ~~s~ 

In these c.ist elimnators good perfo=nce ca.."1 be .ass=ed by using co~ser

vative ~~in velocities (70 ft / sec max.l or conservative sp:...; height, 

superficial gas veloci~ies u."1der 9 ft/ sec and ade(i"-.1ate s=ple level cont=o:s 

to prevent scrubber li(i'..ior from rising into t.'l.e gas i."1let •. 

S.l.4 rabr:..C P'ilti?::-s 

Alt."lough fabric filte::-:s have been used for ma."ly years in a wide 

ra."1ge of i."1dustrial applications, t.'l.ey were rarely used in l arge installat~ons 

solely for con~ol of e::::u.ssions. Wi~~ ~creasi~gly tighter er::issian li.:::..ita-

i."l Fig-..i:-e 5-17. 

its surface, t.'l.e d~st pa=ti::::.es are re:oo·~-

a.t::: . .=a~ion con~i.bu"t:e 4:0 parti~.l.a.te r@!Xlval.. 

::::ater~als a."1d operad.on a~ 
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Felt fabrics are generally used when collection 9ccurs on t.'"i.e outsid~ 

of the bag. Since the pres'sure 01.;;::si:ie t.'1.e bag is greater than t.hat i."lsir.e in 

t!lis mode of opera.ticn, a support is necessarJ to prevent the bag from 

collapsi.-ig • . Gas ·rates bet-.. een S and 15 cfm/ft2 
a.=e ncrroal for outside 

col*ection applicatior~. 

Maximum gas temperatures are generally li..nited to 375 °F due to the 

types of felt materials avai:lable. L-i addition to the above, t.;,,e choice 

l:ietween inside a.-id outside collection affects housing and hopper design as 

well as the method chosen for cleaning.· Mechanical ::.ha.king is suitabie for 

either i.-iside or outside collection. Reverse air cleaning, wh€re a part of 

t.'1.e clean qas is recycled b<l.ckwa.::ds through !:he bags, . i!'! used for i.-iside 

collectir.)n. Pulse jet clea::iing', . ..,here a :::urst of high pressure clean gas is 

sent t.'.=ough t.,e bags is used for outside collecti on. Cleani."lg cycle~ a.=e 

i.-iitiated as nee<;!ed to mai.-itai.-i the p"::"ess-q=e drop -::,":ross t.'1.e bags at an 

acceptable level, usually i..-i the rar.c;e of 2 to 6 in. «.c. This minL"l.ization 

of clea.-iing cycles ile J.ps to , =iaximize bag life. 

T!le qust dislodged from t.'1.e bags during the clea.-iing cycle collects 

i.-i a hc:.cper before relllOval . via a rotary valve screw conveyor or other suitable 

device. 

B. The selection of the best fabric filter l:leeiwn for a given ap~lication 

is gove~ed by t.'1.e temperature of the gas· stream and t.'1.e nature of the dust. 

Exotic :naterials li.~e i:lletal or ceramic cloth which can operate at 

temperatures above 550 °Fare prohibitively ~.iepensive. Therefore as a matte= 

of practicality fa.bric filters have an upper temperature l.i..:l.it of 550 °F. 

It is lJ!liXlr..ant to note t.'lat gas temperatures above 550 °F do ~ot 

automatically preclude use of fabric filters. If t."l.e gas strea!ll can be cooled 

below t."lis tempera~e by heat exchange, evaporative cooling or dilution wit.~ 

cool a.ir, a fabric !'il~er can be used. 

The ot.~er :najor fac~r i.-ifluenci.~g fabric selec~ion is t.~e abrasive 
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Certain material::. wnich are hard and have sharp a."lgular shapes tend 

to produce rapid wear cf t."le fabric. Th;. tendency car. be mi..::ii:::lized by 

lowerL"lg filtration races and :ninizizing t.~e numbe= ~= cleanL"lg cycles. It 

is also i.:nportant to reme:iwer t..'"lat co¾rse dusts te; ·: ~ be t!X)re abrasive t!:ia.n 

tine ones. The selection of cloth is usually left tot.he su;;:plier as is the 

filtration rate. The manufacturer sel~ction can be checked by compa.ri."lg it 

wit.'"l t.'"le nor::ial fabric and filtrati,:,n rate used in si:nilar app:.ications. 

Table 5-2 lists co::mion fabrics an_d soir.e of their relevant cha:rac.ter

istics. Many of these fabrics can be knitted into seamless bags. This 

eliminates leaking and breakage which often occurs 1long t.'"le long seam i., 

the bag. 

of a number of partic'..l.l.ate collection ~echanis::u;. ?articles are re~cved as 

the gas flows t!'lrough the fabric filte:- medi-..-:.."!'I by one or more of t::.e 

following mechanisms : 

1. Inertial .impaction 

2. Diffusion to the surface· oi: an obstacle because of Brownian• 
diffusion 

3. Direct interception because of finite particle size 

4. Sedimentation 

5~ Electrostatic phenomena 

D. Parameters that are important in fabric filtra--.ion system design. 

include air-to-clot.'"l ratio and pre3su:e drop. ~a.ch of t~ese facto:-s is 

discussed briefly below. 

A major factor in the design and operation of a fabric filter, 

the air-to-cloth (A/C) ratio is t.~e ratio, of the qua...,tity of gas entering ., 
the filter (cf~) to the surface area of tbe fabric (ft~). The ratio is 

~"ierefore exp:-essed as -cf:::i/ft2· or someti.::les a:.so as :il~eri.-,g velcci--.y 

(f~/min). L-, general, a lower ratio is used for filtering of gases containing 

small particles or p~...icles that may ot.-ier,,,ise be difficult to capture. 

Selection of t.~e ratio is generally based on i."ldust...ry practice or t.~e recom

mendation of the filter mamlfacturer. 
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Material 

Cotton 

1-/ool 

Nylon (Polyamide) 

Orlon 
Polyacrylonitrido 

Polyester 

PolypropyltJne 

Nome>< (Polya111ide) 
IJl 
I 
~ l-'ihurglc1ss 

Ul 
ro 
0 
(J) 
I 

-1 
co 
w 

•reflon 

(Huf. 5-3) 

'l'A0LE 

Temporaturo 
Limits 

Normal Maximum 

190 225 

200 250 

200 25 · 

240 275 

n5 325 

200 250 

425 500 

550 600 

450 500 

--

·,·· 2. FABRIC CIIAHAC'!'IWI!i'.l'ICS 

... I " rr ·~ I. 2 ■ ' 1 " C: a ,._ -~ -• -"' • •5 · - · i:11 c. ··•---=• ···-· 
Fabric •rype ReHititancti to Chemicals Relative 

Wovun .. w Abruslon O!"ganic Fabric 
t'e l t .. i;· lhrnii;tancci Acid!:j Alkali Acids cost 

w Good l'oor Good Good l 

w Good Fair Poor Fair 2 

F ExcelltJnt Poor Good Fair 2.1 

w Good Good Fair Good 2.1 

W/F Excellent Good Good Good 2.7 

(,' Excel ltJn.t Excellent Excellent Excellent 2.7 

I:' Excellent l-'air Good Excellent 6,9 

w Poor-Fuir Excellent Poor Excellent 2.3 

W/F Fair Excellunt Excellent l::xce:llent 4.0 
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Pres~urb dr~? in a fabric filter is caused by the cocbined resis~r.ces 

of the fabric and t.~e accumulated dust layer. The resistance of the fabric 

alone is affected by the type o! cloth .and the weave; it varies directly with 

the air flow. The permeability of various fabrics to clean air is usually 
2 

specified by the manufactu:er as the air flow rate (cfm) through 1 ft of 

fabric when the pressure differential is 0.5 in •. H2o in accordance with t.:.ie 

American Society for Testing and Materials (ASTM). At normal filteri.~g 

velocities the resistance of the clean fabric is usually less than 10 ?ercent 

of the total resistance. The spaces between the fibers are usually larger 

than the particles that are collected. Thus the· efficiency and the pressure 

drop of a new filter are initially low. After a coating of particles is 

for.ned on the s.urface ., the collection efficiency L-nprc:)ves and the pressure 

cycles, collect~on efficiency r~rnains high because the accui;n~lated dust is 

not entirely removed. 

The pressure drop through the accumulated dust layer · has been found 

to be directly proportional to the thickness of the layer. Resistance also 

increases with decreasing particle size. Maxim .... 1 pressure drop on existing 

utility fabric filters +s 5 to 6 in. w.c. 

Particulate collection in fabric filters even for submicron particles 

is very good. Overall efficiencies well over 99\ are possible for a wide 

variety of particles. · Figure ~-18 illustrates fabric filter collection 

efficiency as a function of particle size. 

E. Various c_lea.~ir.g methods are used to reI:10ve collected dust from 

fabric filters to maint".ain a nominal pressure drop of 2 to 6 in. w.c. 

Mechanical shaking or reversed air flow are generally used to force t!le 

collected dust off the clot.~. 

Many ~cha..,ical shaking methods are in use. High-frequency agitation 

can be ,:ery ef!:ective, especially wit!l deposits of :nediut:1 to large particles 

adhering rather l.;'lOsely. In such cases, high filtering velocities can be 

used and higher pressure drops can·· be tolerated without danger of !:>linding 

(blocking or cloggi.~g) .the c.loth .• 
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In an alternative cleaning m-~thod, an intermittent pulse jet of high

pre~sui-e air (100 psi) is directed downward into t."1.e bag to re::iove the 

collected dust. In some designs t."le air is introduced at lower pressures, 

but these systems may require· a greater qua.'ltity of clea.-iing air. Feltta!d 

fabrics are used L, conjtmction with the pw.se-jet cleaning method. A 

qualitative compar.ison of cleaning methods is given in Table 5-3. 

A normal cleaning cycle is actuated by a pressure transducer near 

the inlet to the inducetl-draft fan when the pressure drop across t."1.e bags 

·exceeds about 4 · in. w.c. The use of compartments, i.e., groups of bags with 

individual sets of cleaning controls, permits continuous operation a.,d 

par-...iculate removal. 

During operat:ion each comt'<"-.:'tJ!l,;;cnt is :-::leaned in t~e ::allowing 

manner: 

l. The gas inlet damper to the co~part.~~nt closes, shutting off the 
flow of "dirty" flue gas to this compartment. 

2. The collapse damper opens, allowing a reverse flow ,;,f "clean" 
flue gas from the outlet flue t:o be pulled through t."1.e be gs, 
partially collapsing and thus clean;.n~ the bags. 

3. The collapse damper closes. 

4. The gas i.-ilet damper opens, returning ~he coir.pa~tment to the 
filtering mode. 

So that no sizable portion of the total fabric will be out of service 

for cleaning at any given time, the tice required for cleaning should be~ 

s:nall fraction of the time required for dust deposition. Wit."1. shake clea."l~.ng 

equipment, for example, a common cleaning-to-filtration ti:ne ra.tio is 0. l 

or. less. With a ratio of 'O.l, •10 percent of the compartnents in the baghouse 

a.re out of service at all times during. operation. Therefore, the frequency 

of cleaning should be designed to minimize this ratio. 
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TABLE 5-3. COMPARI80N OF FABRIC FIL'l'EH CLJ::ANING HE'ruo_os 

-~,c - · . .. ,., --,- xr .. · · 11 

Uniformity l:lag Equipment Typo Filter Apparatus · Power Dust 
of Cleanin~ Attrition RU',!CJe ,tnt.':SS Fabric Vdociti Cost Cost Loadin9 

Average Av_erago Averagl:l Woven Average Average Low Ave raga 

Good Low Good Woven Average Average Med. Good 
Low 

Average Average Goo_d Felt, lli <Jll High High v. high 
Woven 

Good Average Low Woven Average Average Med. Average 
I.ow 

ca::-=-- a...a · • · •:::::.1 -• - ~ ·;a•.:• - . 



( 

/ 

F. The nor.nal problems a::.sociated wit.'"! fab.t:ic filte.rs include poor . 

control of gas temperatu=e resulting in overheated bags wr.ich fail pre~t~ely, 

i.mpingent of coarse particles on the bags which causes perfo·ration, i:', :1dequate 

clearance between bags which results in excessive wear at contact points, 

condensation on bags during startup, or operation wh.ich results ; :. •a sticky 

c.ue which c.mnot be removed from t.'i.e bags. 

The selection of a fabric which is chemically attacked by constitu

ents in the gas or in the particles, excessive pressure during the cleaning 

cycle which can cause the bags to tear or burst, and cleaning the bags too 

frequently which substantially reduces bag life~ 

In addition to t.'"ie above, ,the problems of handling the dust ccllected 

in the hoppers must be considered. 

5.1.5 Electrostatic PreciPitators 

A. Electrostatic precipitators (ES?s) are one of the sii:iplest, most 

reliabl~ and ec~nomical devices available for particulate removal. These 

devices operate at · very low pressure drops ~.nd require mini:nal amounts of 

power f~r charging, rapping and dust removal. 

A typical ESP incorporc'tes an. electrode ar::t·angement cor,sisting of 

positive grounded collecting ·plates and thin section negative discharge 

wires spaced approximately 5-6 inches apart. A high voltage (approximately 

30 KV)' DC charge is imposed on the negative element and an elecf:rical field 

is set up ~tween the two electrodes. The dust particles pass between the 

elements and are charged and transported to t.'i.~ electrode of opposite 

polarity. Periodically, the precipitated material oust be removed from 

the electrodes; this is accomplished by vibrating or rapping the ,plate to 

dislodge the dust. Figure 5-:-19 s.hows the b.asic components involved and 

Figure 5-20 gives ·an idea of the arrangement of a typical full size 

prccipitator. 
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B. Historically, precipitator sizi...~g has been ba~ed on use of t.."'le 

Deutsch equation where 

Efficiency= l - exp (- ~ w) 

e ,z Base of :Natural Logarithms 

A=- Collecting Electrode Area (square feet) 

V • Gas Flow Rate (cubic feet/second} 

w =- Migration Velocity (feet/second) 

The designer must solve for "A". The parameter"~", migration velocit7, 

is derived from an equation which takes into account the electrical field 

strength at the collectL~g surface and the discharge electrode, particle size 

of the dust, an~ gas viscosity. Bas~cally, sele~tior. of this value ref~ects 

the expertise o.f the designer and tr.e company's experience in the ?ar:.icular 

application. In essence, the following three values have been those considered 

of pri.::iary i:nportance in sizing a precipitator: 

Face Velocitv - expressed in feet per second (t.."'le speed at which the gas 

travels thr~ugh t.."'le precipitator). This determines t.."'le frontal area of the 

box. 

~igration Velocity - expressed in cm/seccr.d or feet/second. This is the 

speed at· which the dust particle traveis toward the plate under . the influence 

of the electrical field. As mentioned, selection of this value has been 

based on experience. 

Asoect Ratio - the ratio of the length of tht! ::,recipitator to its height. 

(A unit with 30 foot high fields and 36 feet of treatment has an aspect 

ratio of 1.2). For high (99+%) efficieccy, a minimum a~pect ratio cf 1 is 

considered necessa..ry. 

C. .· There a.re many factors . which affect ESP efficiency. The following 

are. the =re important ones: gas distribution, rap~ing electrical sectior.ali

zation, gas sneakage, dust removal and the stability of the high voltage 

sytem. 
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conveying gases to a.~d !re~ the precipitator as ~ell as to the des:.;:: o: t~e 

t:ansit:.ioils. 

as maldistri..bution. 

elect--odes is essential t:o ?roper per:o::-::-.ar.ce. 

rts a ge:1er:3.J. r..1:e, a:. 

lease one rapper per .::ooo sq-.ia.:e feet o: collecti:ig s:;:f3ce a::d ?@r 3:JOG 

lineal :~et a: disch.3.:ge ~ire shoulj be provided. 

isolated. ':'!l.is ·practice ::at o::l'y° a.'llows, to s.oi::.e ~x-;er.t :or var:..at:.c:-.s a:-.d 

dust re!!!Oval procl~::i.s. 

Gas Sneak.ace 

cause preaipitator damage ar,.d loss a: e:ficie::cy. 

·, 
failure. ~oreover, ash build-up i:: -:he ioppers i::creasPs ?OS~: ~il:.ty o: 
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Stabilitv of a:.ch Voltace Svstec - The efficiency of a precipi<::ator is a 

direct fun~ion of t:.'le power input. Any co::1.dition which affects power i;:p~t 

adversely should be avoid~d in t.'le basic design of t..~e precipitat.or. Proper 

aligr.ment and stubility of the high voltage system is essential. 

Todays high efficiency ESPs are very effective collection de•.ric"cS for 

fine particles. Fig,..ire 5-21 illustrates typical collection efficiency as a 

function of particle size. 

D. ..appers--

Removal of particulate matter collected on t..'le plates in ESPs is 

accomplish~d by rappi.,q t:ie plates to dislodge the dust. The wir~s can also 

be clea.~ed in t..~is ~.a.~.ner. 

There a.re three types cf rapping devices in g .. :-1.eral :.:se today: 

drop h.alux:ters, =~etic or f~ei=atic i.npulse rappers, a.,d electrow4~etic 

vil;rators. I::ipulse rappers are used :nost often ·on the collecting electrodes ' 

or plates because the frequency a.1d intensity of rappi.,g can be acj~sted to 

optuuze performance. Chargi.,g elect.roe.es are teos~ often cleaned wi~~ 

vibrators. 

?late rappi.~g is perfor1:1ed i.., either of ~-o r~des, i.e., i., li~e 

wit~ the plate o~ ac:os~ t:i.e plate. L, generil, rappi~g across t.~e plate 

produces higher leve.i.s of ac::ele::::-atio:i.s in the plates for a g.:.ve:-1. e::ergy 

par-:.i::ulate ·collection effi:::ie::cy, ·.mile overly long rap?i.:1g cyc:..i?s res..,;.:. t 

i.~ the bw.ldup of excessively t::.i:::k layers of insulating dust ~hich also 

reduces par-:.ic-.ilate collcct~on. 

The optiJ...:: ra;?i.,g ::ycld i.~ a given ESP i.,st:allaticn =st ~e 

es~.a.bli5~ed for eac~ field~~ ~~e ;r~ci~•~a~~~; :L~~ t:.:...~:-~; ~=~e~ 3~=~~; 
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Gas Vol~ 

lead wr.i.ch results in e.iccessive flow through t..-ie ,?recipi.-::a-::;:ir ·,h .. :. ::.. cacise a 

loss o! efficiency. "'or exa:::ple, a prec.ipitator. des r ,;ned f-:n: 3 ::e e<:/ secc:"ld 

face velocity ar.d a., efficiency of 99\ will -i:::op to 96.5~ if -::he t::.,e 

veloc:i,ty ~,creases to 4 feet/se=nd (0. 33\ L,c:::-ease, i.'1 .!.oad 1 . 

Te!IIPerat=e - :\ cha.,ge in operati.,g t:emperatu=e may also :1ave a., effec-c on. 

precipitator efficiency. The resistivity of fly ash (abil i ty of the d. t.;.st 

particle to be C"'.arged) va:::-ies greatly in the ter::perat::=e ra::ge 2:JC;-4'.~0 ' F ·. 

en efficiency · .. euld be (assU:iL.n~ 99~ guara.,t:ee at 325 °F ): 

99.9+\ 

400 °F 

Fi.gure 5-:n i.s a ;.·{i?ical fly ash temperature vs. 

i."'l ::ii..,d t.~a~ as resistivity increa~es efficiency decreases it can be seen 

that there is benefit to be derived in o~rati.,g below or above t.-ie J 0 0-

3500F level. 

Fuel - Any ~ignifica."'lt: change in t:ie type of fuel beL,g fi::ed ·,.;ill have a.'1 

effect on the perfon:iance of a prec i pitator. For example, a cha::ge :rem a 

2"J sulfur bit-:..;:1inous coal to a O.Slli sulfur subbitw:tinous weste:?:"n c oa.:.. ca.:: 

result in a design efficiency of 99.51 dropping to 90~ (er less ) . It. :ias 

also been demonsttated t..'lat ot..'i.er chemical constituents (such as sod.i= 

oxide) in the ash ca: ! have an effect on perfor.na.'lce by ::-educing btilk 

resistivity. It is, therefore, advisable t.'iat adequate attenti o.i. be .,:ai:: 

to t.'i.e fuel as relac~d tc its impact on precipitator per=o:::::ance. Ash 

analysis should be st;.bmitted to the manufacture:::-, . if it is avai:a!:i l e and 

t..'i.e unit designed :or the worst expected fuel. 
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Figure 5-22. Typical fly ash temperature vs. resistivity curve. 
(Research-Cottrell) 
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L-i.let LoadL-i.g - T!'le effect of L-i.creased dust load:: .. ng is so~ewhat obvious. 

SL-i.ce a precipi ta tor is designed to rem:ive a certain percen ta,;e '.:)y · .. e i :;:: t 

of the ente~ing caterial, all th.i..-i.gs bei.-i.g equal, an i.-i.c=ease · of 50 ~ at t::e 

inlet wili result in t.'ie sa;ne ir.crease at t:1.e outle.t. T:1.ere.:ore, if a ::..e:.. 

change i."lvol.ves an increase i.-i. percentage a.sh on2 c4r, cA'"?c Ct a '-~--2"'z-~··--••c, 

increase at the outlet wit.'1 greater opacity resu.l't.i.rit-

Car:ion - Variations in firi.-i.g practice or coal pulve. ization #hi ch affec: t.~e 

quantity of combustible materials in the fly ~sh also have an L-ipac't on 

precipitator performance. Caoonar.eous materials are readily charged in a 

precipitator, but . lose their charge quickly and . are readily reen~rai.-i.ed. ~ot 

only is the car:::x,n particle very conductive, it is large and light compared 

boilers, where cor.1bust:.ible ::onte~.t. :nay· be 25 to 5·'.J pe.:-cen-:., a..- 0 :::cr2 

conse~vatively sized anC ~p!oy lowe~ face . velocity ~~a..~ ·a ?.C. :i~ed ~~~ 

firing the same fuel. 

The above are the I:1ajor variables which L,pact precipitator perfor

ma."lce and should be considered if a deterioration in performance is to be 

avoided. 

5.2 COST OF PARTia.r...;..TE CONTROL 

The cost of particulate control equipment is gover.1ed pr~-:iarily by 

the vol:.:nc of gas ta be treated, t.~e size dist=ibution of t~e particl2s to 

:)0 removed, and t~e overall removal efficiency required. 

In add.i!:.i.on, the chemical and physical characteristi~s of tbe gas 

stream a.-i.d t.'le particulate :natter may require special design featu.res and 

use of special corrosion, abrasion, or temperature resistant ;n.aterials. 

Where applicable the necessity for considering t.'iese extraordi.-i.ary 

measures ·.rill be noted "nd t.'ieir i..np.act on system cost will be i:1dicat:d. 

The particle size i..,dicated on the followin,g cost c-..i......,1es is t::e si::e 

t.'"!at is collected at t.'ie 90% efficiency level. Exceptions to this are n~ted 

on t.'ie figure. 
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The ins-called cost.s used in t.'lis report: are the costs t.'-:at: an owner 

would pay to a contractor to i."lstall that piece of equi:,:ment: and all typ .:.cal 

auxiliary eq-_.ipment necessary for a turrJ._ey ready to operate L"lst:allat:ion. 

These cost.s i.'"lclude t!'le equipment pu=-chase price and t.'le cont:.z:act:or' s fees 

for designi.."lg, supervising, and inst.alling t..'le es-uip~ent. But t.'lese·are not 

t.'le total costs to the owner. In addition to these direct: costs are sue~ 

i:tdirect costs as the er.gineering and management tir:ie. necessary to recoS'!ize 

the problem; find alt:er.1ative solutions; select: eq-~ipment and contractor; 

supervise the construction a.'"ld integration · with the plant; company lost 

revenues for the time the plant is inoperative while the equi;;iment is being 

il!stalled; changes elsewr.ere jn ~he plant due to the new control eq-~ipment; 

and the company's general and adt:tinistrative expenses (booici<eeping, accounting, 

Su\ to 100\ additional cost: to the owr.er. 

5.2.l Cost Basis 

Each of t."le five Clajor categories of particulate. removal eq,~ipuient has 

a particular set of factors which dictate performance capabilities and cost . 

The factors for each category l'lre descriped below. The cost factors are based 

on a particular base sized :1¥:Xiule and a 'base particulate loading. The effects 

of · scaleup a."ld variations in particle loading on costs are defined for each 

.category of equipment. 

The cost figures a·re based on equipment and la.tor . ?Fices escalated to 
' a 1978 basis a.'"ld include, where applicable, equipment supports, access ladders 

and platforms, insulation, inst:r-~~en~ation, painting, wiring, lighting, piping, 

foundations and interconnecting ductwork, and appropriate onsite waste handling 

equipment. Waste disposal costs are not included. The cost data were derived 

from equipment offerings and estimates prepa:ed by Research-Cottrell* durfog 

1977 and 1978. 

There are many variables which affect t~e installed cost of t~es~ 

types of systems. These include factors such as labor r.ates, productivity, 

climatic conditions, weather patterns; local constriction code· requirements, 

*Research-Cottrell, Sour.d Brook, NJ is the ccuntry's largest -:nanufacturer cf 
emission control equipment. 
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freight and site conditions. The range of the cost data presented in t.'1e 

figures in t.~e following sections in an attempt to define t.'1e affect of 

these types of variables on installed costs. 

5.2.2 

A. 

Cost Data 

Settling Chamber and Momentum Separators--

Factors Dictati.,g Cost: Figure 5~23 

1. Gas Volume 

2. Particle Size Distribution 

Basic Size Module - 100,000 ACFM 

Basic Particulate Loaoing - 5 gr per SCF 

Scaleu2: Cost x (Actual Gas Flcw/100,000 ACF:1i
0

•
6 

Particulate Loading Variation: Cost :< (Actual Loadi.,g/5 gr pe:::- SCFJ O. l 

The following example il.lustrates the use of the cost curves. 

Settling Chamber: 

Gas Vol=e: 250,000 ACFM 
Particulate Loading: 8 gr/SCT 
Paz+--icle Size to be Collected: 40 microns and larger 

Bq.sic System Cost for 40 micron Particles from Figure 5-23: $2.7, 000/39, COO 

Gas Volume Multiplier: (250,0P0/100,000)0.
5 ~ 1.73 

Particulate Loading Multiplier: (8.0/5.0)0.l s 1.05 

Actual System Cost: 1.05 x l. 73 x ($27 ,000/$39,000) = $49,000/$71,000 

The s-.,lection •cf a final actual system cost from the abo·J'e range requires . that 

a judgment be made on the basis 0£ t.~e site specific factors cited above. 

Note 1. Since settling chambers and momentum separators are rarely 
used as pr 0 •~cy col:ection devices, the cost data for this 
category of particulate collection equipment is based or, 
their incremental cost assuming that onsite waste handling 
equipment has· been included in t.."le cost for t-·1e prima..1 
collection device. 

Ncte 2 • . Scaling of size and loading should not exceed a factor 
of 5 of tt.e bases, e.g., 20, COO - 500,000 ACFM .• 
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·B. Cyclones--(Figure 5-24) 

l 
k ·-;,.....,-· ,.,wTE'llt!!t m;- -:o --- ;s 

Factors Dictating Cost: 

l. Gas Volume 

2. Pa-.-ticle Size Distribution 

3. A,b:::-a·sicn Requiremeu ts 

Basic Size :-1odule: 100,000 AC'~ 

Basic Part:iculate Loading: 5 gr scr 

Scaleup: Cost x· (Actual Gas Flow/100,000)o. 9 

Particulate Loadina Var~ation: 

Cost x. (Actual Loading/5 gr per scr) O • 1 

Abrasion Factur: ~or abrasive ~aterials use higher end of cost 
range. 

Materials of Const::-uction.: Carbon Steel 

Nominal pressure drop: 3 I.W.C. 

Note l. Scaling of size and loading should not exceed a factor of 
5 of the _bases, e.g., 200,000 - 500,000 ACT:1 

Note 2. I.-i ca,ses where cyclones are used as the pri.r,ary collection 
device, the upper range on Figure 5.-24 should be used and 
the following scaleup equation used: 

Scaleuo: 
. o. 75 

Cost x \Actual Gas Flow/100,000) 
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Figure 5-24. Cyclone and multi-cyclone cost data. · 
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C. Wet Scrubber--

l. Spray, Tray, and Packed rowers ir.cluding auxiliary equipme!lt. 
Figure 5-25. 

Factors Dic~ating Cost: 

L Gas Volume 

2. Liquor-to-gas ratio, 

Basic Size Module: 100,000 ACFM 

Basic PartiC1.o-ate Loading: 5 gr/SCF 

Basic Liquor-to-gas ratio: 30 gal. per 1,000 ACF 

~caleup: Cost x (Actual Gas Flcw/100,000)0. 5 

Particulate Loadinq Variation: 

Cost x (Actual Loading/5 gr SCF)O.lS 

Li=or-to-gas Ratio Variation: 

Cost x ((Actual L/G)/30 gal. per 1,000 ACF]o.i 5 

!1aterials of Construction: 316 LSS (stainless steel) 

~or.ri.nal Pressure Droo: 

Spray Towers: . 2 to 4 I.W.C. 

~ray and Packed Towers: 8 to 12 I.W.C. 

Note: Scaling of size and loading should not exceed a factor 
of 5 of the bases, e.g., 20,000 - 500,000 ACFM 
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2. Venturi Scr..:bbers L~clud:L~g auxiliary eqcipment, F~gure 5-25 

Factors DictatL--ig Cost: 

1. Gas Volume 

Basic Size Module: 100,000 ACTM 

Basic P:i.rticulate Load:L~g: 5 gr per SCF 

Basic Liquor-to-gas ratio: 6 gal. per l,ooo· AC:' 

ScaJ.euo: Cost x (Actual Gas Flow/ 100,000)0.6" 

Particulate Loadi~a Va~ia~ion: . 

Cost x (Act:.1al ;;.oadi..--ig/5 gr per SC?) '.) . l 5 

Licruor-to-qas Ratio Variation: 

Cost x' [(Actual ~/G)/6 gal. per 1,000 AC:')O.l 

Materials of Constr.1ction: 316 LSS (stainless steel) 

Nominal Pressure Dro2 

Low Efficiency: 8-10 I.W.C. for c:illection of particles above l :-; rn 

Medium Efficiency: . 25 I.W.C. for collection of ~articles between 0.3 
and l ).ml 

High Efficiency: 30 I.W.C •. for coll-ection of _E;.J.rticles below 0.5 :..:::i 

Note: Scaling of size and loading shoulci not exceed a factor of 3 
of the bases, e.g., 20,000 - 500,000 ACFM 
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O. Fabric Filters--(Figure 5-27) 

Factors Dictating Cost: 

1. Gas Volume 

2. Gas 1'emperatLCe 

3. Selection of A/C ratio 

Basic Size Module: 100,000 ACFM 

Basic Particulate Loadi..."lg: S gr/SCF 

Basic Gas Temperature: 350 , °F 

aasic Gross A/ C Ratio: 
. 3 .., 

2 ft / !.'.in ft,. 

ScaleuP: 
· 0.9 

Cost x (Actual Gas Flow/100,000 ACFM) 

Particulate Loading Variation: 

Cost x· (Actua.l Loading/5 gr SCF) O. l 

Gas Temoeratur~ Variation: 0.95 x cost+ 0.05 x cost 

(Relative Cost of F~ric/2.3)* 

Gross A/C Ratio Variation: ( 2 ft 3/rnin ft2 ) 0: 9 
CoSt x Actual A/C ratio 

Materials of Construction: c.::..::::ion stael 

Nominal Pressure Drop: 4-6 I.W.C. 

Note: Scaling of size and load should not exceed a factcr of 
5 of the bases,, e.g., 20,000 - 500,000 ACFM 

*See Table 5-1 in Section 5.1.4 (Bl· for relative fabric cost data. 
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E. Electrostatic Precipitators-(Figure 5-28) 

Factors Dictating Cost: 

l. Gas VolUllle 

2. Particulate Loading 

3. Particul.;.te Resistivity 

Basic Size Mc-!ule: lC0,000 ACFM 

Basic Particu.late Loading: 5 gr/SCF 

Basic Particulate Resistivity: 9 up to l O ohm-cm 

Scalet!p: Cc st x (Actual G-'is Flow/100, 000 ACF:•1) O. 
9 

Particulate Loading Variation: 

Cost x (Actu..il Loading/5 gr SCF)O.l 

Particulate Resistivity Variation: 

Cost x (Actual Resistivity/lo9 ohm-cm)O.lS 

Note: Scc::.ling of size and loading should not exceed a factor of 5 
of the bases, e.g., 20,000 - 500,000 ACFM 
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lection efficiency. 
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