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1 ~ I. Purpose . :

; - L ..

2 i To_investigate the first granular bed fil i the—i e
" | United State » nt gases from a lime kiln to remove

i | particuTates. _ —_—

% 1I. Place and Date : -

3 __"“—---.
] LEEEI L1me Company 1n Douglas, Ar1zonaﬂ on December 14, 1972,
' © II1. Attendees

4 i Howard Ames, Paul Lime Company - Plant Manager
: ? Howard Gorball, Paul Lime Company
Bill Adams, EPA, State of Arizona
Alex Efimenko, EPA; State of Arizona Town 1€
Richard Rovang, EPA, ESED . AL

| IV. Summary

The Paul Lime plant, which is located off Highway 80 between Bisbee
and Douglas, Arizona, has been in operation for approximately seventy
years. Five lime kilns are located at this facility, however, only the
two largest units are in operation. These units are med1um size producing
220 and 340 tons of lime per day respectively and both are _gas.firad. The
plant is Tocated immediately adjacent to the limestone quarry which yields
rock cowposed of about 90 percent calcium carbonate. From the quarry,
the rock goes directly to a crushing and sScreening operation from which
emissions are controlled by use of bag filters. No visible emissions were
evident from these filters. After the crushing and screening operation,
the rock is either stock piled cr goes to a kiln. The maximum sjze of
~ this rock is. one and one half inches in diameter. Most of the lime which
. Teaves the Kitimand—cooter—ts—sotd—n That form, however, some of it is
| pulverized and hydrated.
\

e ki DT

T B
[T P AU S SR

At.the-present time, the effluent from one kiln is controlled while
the other is not. The‘cggurolled kiln, which is the smaller of the two

(220 ton/day) and des;gnaied.as_4#m+ﬁﬂ¢—4e4H+1-usasha_grangijuxjxu;;;j1ter
to reduce particulate emissions to the atmosphere. The kiln jtsel™ is
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; six years old and the granular bed filter has been in operation since
E - April, 1972. This granular bed filter is the first of its kind in the
United-States and is manufactured and marketed by the Rex Chainbelt
Company of Louisville, Kentucky.

The filter system at Paul Lime consists of eight granular beds in
parallel which operate in 56-60,000 actual cubic feet of gas per minute

] : at 700°F. The nular beds are f pea size our
] to _five inches deep. e gravel is highly wear resistant and was claimed .

to never nee rep]acement Cost of the gravel is approximately $100/ton.

The power which is required by this system 1%U§%QDJJEELlQLJELght-l-l*Z-hp
matars which turn the agitator rakes and a_3 p blower. Presently,

there is a 25-26 inch pressure dvop across the system but is expected to
be reduced to 14-16 inches by the addition of two more beds. The labor
b involved in operating the system is almost negligible under normal
4 operation -and only low maintenance is required. The system was said to .
o ' . be checked about once a shift to insure proper operation. The existing , . - "
. collection system removes. ]49 pounds of particulates per hour. _A_ L Tl
‘6 was taken and analyzed by EPA for '”“hr;j“, \
particulate size distribution using a Coulter Counter. The results of - &Agavf“
this analys1s were put in graph1ca1 form and are attached. The mean s

i of the » Which is relatively
large. The opacity of the stack was 20 percent during the visit with .
ambient temperatures in the thirties and the sky being partly cloudy.
The p]ant manager indicated that th1s opac1ty was norma] a]though at

i s ho ~ba
: t.:uu.r mined |.lu| i nag Cain o8 Gw3EV vcu wur:.'n \.l(‘.’anlllg \.]hl!:b are :awnu..m-.'u,

however, this was not observed during the visit.

. .

Start-up and shutdown procedures for the filters were said to be
relatively simple. When the filter beds are started up the gas stream
initially bypasses the beds and the flow rate through the beds is gradually
increased until full flow is obtained. This procedure generally takes
about thirty minutes. The function of the gradual increase is to raise
the temperature of the bed to avoid water condensation. If water
condensation does occur in the bed, 33glomeration of the gravel is likely
due to the hydration of lime. If this happens the bed must be shutdown
and cleaned by use of an air lance. The shutdown procedure consists of
running the gravel rakes continuously for two hours after the gas stream
has been eliminated to thoroughly clcan the beds.

it e bt = o 1 S emd

. S The granular bed filters occupied a small area relative to the amount

5 of gas treated and had a total cost of $166,000. Installation of the

y existing gas cleaning equipment after the steel frame structure had been

-j completed, had taken ten days using a three man crew. Total installation

' : time was said to be one month. A granular bed filter will be installed
on the Targer kiln within the next two months and will treat 130,000-
150,000 actual cubic feet of gas per minute. The unit will consist of
fourteen dual bed filters in para]]e] for a tota] of twenty-e1ght filter
beds in the system.
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that emissions/ after the filter were 0.05 gr/SCF or 15 1b/he for a process
weight of 15 tons/hgur. A copy of this test was obtained (see attachment)
and further test information on the curshing and screening operation will
be sent. These tests were performed by Engineers Testing Laboratories,
Inc. of-Phoenix, Arizona. Seven additional tests were run by Paul Lime
Co. which gave emission readings ranging from a minimum of 0.014 gr/ACF .

to a maximum of 0.033 gr/ACF. At standard cond1t1ons this would be a
range of 0.021 to 0.052 gr/SCF.

Another granular bed filter has come on line during the first week
of January, 1973. This unit is Tocated in Waukesha, Wisconsin and
operates on-55,000 acfm of gas at 600°F from an iron cupola. The gas
comes off the cupola at approximately 1000°F but is cooled by a considerably
Tong run of duct work before entering the filter. -Two more granular bed
filters are expected to come on Tline in April, 1973, in Tampa, Florida, at
the General Portland Cement plant. These units will operate on gases from
clinker coolers at 700°F and capacities of 180,000 and 100,000 acfm. In
March of_1973, Harbison-Walker Refractory Company expects to have a granular
bed filter on line in Eufaula, Alabama. This unit will be operating on a
refractory kiln with 113,000 acfm of gas at 900°F. Emission data from these-
facilities should be obtained once in normal operation and tests are completed..

The use of granular bed filters to remove particulate matter from gas
streams before being emitted to the atmosphere is especially applicable
where high temperatures are involved. In this area, granular bed filters
have a distinct advantage over fabric filters which are limited by the
temperatures which can be withstood by the fabrics. Granular beds are
limited only by the temperatures which can be withstood by the material of
construction, which is usually mild steel. However, if extremely high
temperatures are required, high temperature alloys can be used. From

initial testing on single bed filters, 13_gpgggggu%gszggggng;gnu1ar
beds do noi achieve as low of grain loading as do fabric tilters. In
addition, the ability of granular bed filters to efriciently collect
smaller particles has yet to be demonstrated. Double bed filters may be

more effictient, however, tests on these have not been run but should be
completed within the next two months.

/’DZ/W7
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- R1chard D. Rovang~
. Control Technology Section
Engineering Services Branch

¢c: Mr. D. Harmon
Mr. N. Plaks
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PauL, LIME PLANT, INC. 26 SEPTEMBER 1972
P, 0. DrawER T. _

.DOUGLAS, Azi1zona 85607

ATTENTION' HowWwARD AMES, JR.
———GENERAL MANAGER

RE: STACK-EM1SSIONS AnaLYSIS oN No, 4 KIiLN Jos No. 243- -443
RESAMPLE AFTER CHANGE OF FILTER INVOICE No. 40-807

CMEDIUM I IN Dusr CONTROL SYSTEM

ENCLOSED -ARE THE RESULTS OF THE STACK EMISSIONS ANALYS1S PERFORMED
SEPTEMBER 20, 1972 oN THE DUST COLLECTION SYSTEM FOR THE NUMBER
A KiLp ©rf vouR LIME PLANT FOLLOWING THE CHANGE OF THE FILTER

‘MEDIUM IN THE DuST COI\TROL SYSTEM. TH!S PEP-ORT 1S A SUPPLEMENT

TO THE INITIAL STACK EMISS1ONS ANALYSIS., oN NO. 4 KILN REPORTED GN
29 JuLy 1872 as Jos No. 240-386. VRN DU

. SUMMARY OF RESULTs
TEST NOo Au u o o 0 o o o = = .15 LBS., PARTICULATES PER HOUR

TEST No; 5; A LBS.'PARTICULATES PER HOUR

L . )

.THE KILN OPERATED AT A RATE OF 15 TONS PER HOUR DURING THE TEST
PERIOD. " THE STATE OF ARIZONA PnRTICULATE EMISSIONS STANDARD 'S
APPROXIMATELY Z3'LBS. PER HOUR FOR THE 15 TONS PER "HOUR PROCESS RATE.

—_—

RESPECTFULLY SUBMITTED, ' T P
" ENGINEERS TEST ING LASORATORIES, INC, o

Ll ked e b b e

' - - &5 .J, -~ - :
-ﬂ - N S |
/ C\fﬂrﬁc-u. -t .-,A_ AND : i-/-’\-'{./(,,--"w z'i\
R, L. MauRICE, JRs T PETER F. ALLARD, PLE.

JE 4 927‘/".'-

COPIES TO: ADDRESGEf (3) : o
DIVISION OF AIR POLLUTION couTRot'(z)
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: STack EM1SS1ONS ANALYSIS ON NO. 4 KLLN' - _ _
. Jos. No. 243- 443 R Co - . :

'INTRODUETION - T | T ‘
THE FILTER MEDIUM IN THE DUST COLLEETORs oN No, 4 KILN HAS BEEN
CHANGED SINCE THE INITIAL STACK EMISSIONS ANALYSIS PERFORMED ON
19 and 20 JuLy 1972, THIS REPORT, WHICH IS A SUPPLEMENT TO THE
INITIAL ANALYSIS REPORTED ON 29 Jury 1972 as Jos No. 240-386,
GIVES THE RESULTS OF SAMPLES OBTAINED oN 20 SEPTEMBER 1972 FOLLOWING .

THE CHANGE—4N_FILTER MEDIUM, L.
THE PROCESS FLOW 1S AS DESCRIBED IN THE REPORT OF 29 JuLy 1972,

-STACK DIMENSIONS, PORTS, AND SAMPLING POINTS

THE STACK DTMENS IONS, SAMPLING PORTS, AND SAMPLING POINTS WERE
THE SAME AS IN THE INITIAL TEST, o .

SAMPLING EQ&IPMENT _
THE SAMPLING EQUIPMENT USED WAS A MODEL 2343 "STAKSAMPLER _
| . MANUFACTURED BY RESEARCH APPLIANCE COMPANY, ALLISON PARK, PENNSYLVANlAu

SAMPLING TESTS AND CONDITIONS

JHE DUST SAMPLE FOR TEST NUMBER T waS COLLECTED FOR 7 MINUTES,

30 seconDS- AT-EACH OF 16 SAMPLING POINTS FOR A TOTAL PERIOD OF

120 minuTES. THE DUST SAMPLE FOR TEST. NUMBER TWO WAS COLLECTED FOR
.3 MINUTES, 45 SECONDS AT EACH OF 16 SAMPLING POINTS FOR A TOTAL

oF 60 MINUTES, | o

STACK FLOWRATE DETERMINATION

THE STACK FLOW RATE WAS DETERMINED BY THE PITOT TUBE MEASUREMENTS

‘TAKEN DURJING DUST SAMPLING,’

-

"THE CHANGE IN STACK FLOW RATES DURING THE BACKWASH CYCLE NOTED IN
PREVIOUS TESTING WAS NOT OBSERVED DURING THESE TESTS, A BRIEF
FLOWRATE CHANGE OF A .FEW SECONDS WAS NOTED DURING THE CHANGE OVERS
FROM NORMAL OPERAT[ON TO BACKWASH, TH!S CHANGE WAS JUDGED TO HAVE
AN INSIGNIFICANT EFFECT ON STACK FLOWRATE AND wAs NOT INCLUDED (N
STACK FLOWRATE CALCULATIONS,




i " THE STACK FLOWRATE WAS LOWER THAN THAT MEASURED DURING PREVIOUS '

e mun v

. -TESTS, DUE TO A CHANGE IN FAN SPEED,

S TEST Date . I - _P. : . CFM, STACK_CONDITIONS
' 2 7-19-72  340%  25.60 iN. He .- 60,700
3°  7-20-72 370 25.58 - ' - 58,700
4 9-20-72 360 25.80 51,300
5

9-20-72 - 360 25,64 . - 51,500

StACK MOISTURE DETERM|INATION o ) 1' ':

STACKrMOISTURE CONTENT WAS MEASURED DURING EACH’ TEST BY THE SUM
or CONDENSATION IN THE IMPINGERS AND COLLECTlON IN SILICA GEL.
STACK MOISTURE CALCULATIONS ARE SHQWN IN APPENDIX 1.
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APPENDIX 1. DETERMINATION OF STACK MO1STURE

A. WEIGHT OF WATER COLLECTED IN [MPINGERS

I PINGER No.,

TEST R 2 SR R V. ToTAL:
#4 AFTER  768.5 oM  582.8 oM  457.0 M T745.8 cw
BEFoRE  722.7  571.1 . - 453.8 . 723.2 )
Ner. . 45,8 11,7 3.2 22.6 ©83.3 oM
#5 AFTER  740.2 oM  575.6 GM 457.1. cM  807.8 am
" BEFORE 710.9 568.4 - 455.0 793.1
NET 29.3 7.2 24 14,7  53.3 M

B. CaLcuLATiON OF % MOISTURE

A . :
% HEO-=_1OO_ VM o+ Vv L e
VM = DRY GAS METER.VOLUME, METER cdnanidns |
VvV = WATER VOLUME COLLECTED DURlNG TEST, CORRECTED TO METER
CONDITIONS ° o ) .
N _ T METER, R .
Vv = (GMS._H20) (0.09287) P METER, 1N, Ha
. GMS. H20 o C
TeEsT COLLECTED T METER P METER . V METER Vv 4 H=0
4. 83.3 aM . 560°R 25.80 IN He 81.66 CF 4,83 5,58
5 53.3 . 569 25,64, -~ 40.07  3.16 7.29

®




MPUNGLDCAI’ION:_ Lyt e o B B
15 TONS PER HOUR

ANT CO.NDITIQNs: .
12k 10 BULLETIN WP-50 FOR TEST PROCEDURE, SAMPLIMG RATE AND FORMULAE USED: .
i oas ETER " puue OR STACK PRESSURE: INCHES OF Hg, ABL. 25. BQ
e URONT ~ vac. " METERRATE | ) op stack Tewe. °F OR*C __ - 360
: cu. FT. L F : L _
i | METER VoL. cem: 81.66

"0 |Port 1][196.13 74 METER Tewe. cm—— 100

_ 3 A ‘ '  SAMPLE NOZZLE DIA. (INCHES) —, 0.1 88_

_' :30 1 200.63 S 78 COLLECTION, ELAPSED TIME OF TEST (MINUTES) 120
‘5:00 | 2 [l205.7q 7.5 | 84 ET B TeeEaTAR -

' - ) DRY BULS TEMPERATURE = __ -~ 360

) . . o . ] .

:2:30 3 210.3§4. 8 89 CALCULATED MoiSTURE® 5. 58 s vounme

\ WEIGHING DATA ' ' '

-'0 :00 4 i 216.36 7.5 93 . ) CYCLOME NO, Amer No. IMBINGER NO. ]
- _ ' 1 oross . . 8,3563

17230 | 5. 221.31 7.5 97 Take - . 8,1996

} - o NET : 0.1567 0.1263"
+5:00 6 226,48 7.5 101 o S : :

. , CYCLONENO. :
32:30 |7 231.44 7.5| 106 mueno.  0,1567 )
- IMPINGER NOQ. 0 . 1263
50:00. ] 8 236.4d 7.5 | 1067 | memcsw o .2830
. DUST CONCENTRATION CALCULATIONS

'-._) : PoRT 2 98 , ‘ TO‘I‘AL.METERV-OL 8. 66 4.83 86.49 . (METZR COND. §

METER CORR.BG . 49: 1, §20 N 26, 6«.5J. FT. (STACK COND.)

MECRR 240.80 5 103

“ONCENTRATION 2 283 omx1s.3 Q. 034GR./CU. FT. (STACK COND.)

"26 65 Cu, FT.

1}}5:00 > 245,74 7.5| 106 :
T T .‘AKWA?DW“%ﬁ?o 034 sua;xS 7 300xw. 15
22130 | 3 251.1§ "9 1| T -
30500 | 4 llese.si 9 | 112 i - . '
37130 s |lesre] o 4 115 1 - | |
15:00 | 6 |267.44 3 | 111 L
52:20 | 7 - ||272.39 9 | 110 R
..so:oo 8 277.74 7.5| 108
€TD supincins 7@«:,— ﬁmu T
. e
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;uNGLOCAncN: Paur SPEER, ARIZONA
J@.co:{mrwzws;- .15 TONS PER HOUR

R TO BULLETIN WP-50 FOR TEST PROCEDURE, SAMPUNd RATE AND FORMULAE USED:

25.64

‘ GaS METER FLUE OR sr;c'k PRESSURE: INCHES OF Hg, ABL. =
e e - VAC. METERRATE | .\ OR STACK TEMP. °F OR =¢ — 360
‘ | e o T. *F : o ‘
= = — METER VOL.€.EM) 40,07
0 |Port 1|277.79 . 96 METER TEMP. o, 109
- . 0.188
) SAMPLE NOZZLE DIA. (NGHES) ‘ .
145 1 280.08 7 98 -coﬁ.ecnon, El.A:;‘SED TIME OF TEST (MINUTES) 60
.30, 2 282.54 8 101 | _w§rauu mmtrunzf
: A msuurzwsutuas- 360 _
1215 3 284_'40 S 104 CALCULATED MOISTURE 7. 9%5YVOLUME
” . WEIGHING DATA ' ,
5 H OO 4 _§7 L1 65 9 1 05 N CYCLONE NQ.. FILTER NOQ. 2 IMPINGER NO. 2
T ‘GROSS . 8.0206
3:45 5 290.3q 10 105 Tase - - 7.9408
| ;i : Ner " 0.0798 0.0628
2:30 8 22.19 10 105 S e L -
. CYCLONENG. - .
3:15 7 294.71 10 108 " FALTERNO. .‘2 . 0.079_8_
. : IMPINGER NO. 2 0.0628
9:00 | 8 297.84 10 | 111 | omeimentoR - 1426
, g " DUST COMCENTPATION CALCULATIONS
J PorT 2 . 107. B K TOTALMETERVOL 40, 07 3.15_43. 22cu Fr. wTeR cono.)

43,22, 1 820 62.28

':45 1 tz99.84 5 107 METER CORR. = — 5o - w2 S0 cu, ., (STACK COND.)
Lo 'CONGNTMMND!‘?ESGKSJ ‘F-‘*I‘” 0. Oscz/cu FT. (STACK COND.}
: 30 2 30z.29 9 110 1 o _
: | 'mcungP.DUmﬂ.;i?rtEO.035 GR/C.F. X ST, Soccgmxec .18
1:15° 3 304.04 10 | 1N ' - L R
5:00 4 307.39 12 114 .
i

'8:45 | 5  |309.99 12 | 116

2:30 | 6 s11.91- 13 | 117

6:15 7 315.3§ 14 120

0:00 | 8 [1317.88 15 | 120

@ . gf'.;f«'-’.-ﬂlﬂi '7e-.‘£‘¢'.-;.‘r, faﬁaﬁ.alm_ed, ’r‘-ﬁ




. STACK FLOWRATE.

TEST NUMOER: 4 : TEST NUMBER:
Hoared ';'2.0"—' 72  nwme DATE: TIME:
- FFLUE c‘iz STACK TEMPERATURE (*F) 360 " 1| FLUE O STAGK TEMPERATUSE (*R1 . *
[l | w7 | msg | e | |\ | el
PorT 1 . ) PorT 2
1 1.10 | 1.049 . 1 l.97 .l.985 |
2 1.50 | 1.225 2 [1.40 ,1.183 - || eas verocrry oara
. TEST NUMBER N )
3 1,65 1.289 a 3. 11,89 |1.245 A | P 4
] . ) N . - . || #roT Tuse correcion,
4 1.50 | 1.2259 4 [1.50.|1.225 meerR 0.84
x i | S R 10 Ak~ oa
5 1.35| 1.1642 5 1.50 [1.225 1
- F.l.UE QR STACK PRESSURE
6 1.40 | 1.183 6 |1.55 |1.245 i) = o 25.80
. . . . H,0 BY VOL., % .
7 1.40 | 1,183 7 |1.60 {1.265 caLcuLaTions
' ’ rssr_ NUMSER:

-
’ 92 1.00C T, My fH
Ve2s( B D\ —x— , .
i . . Pa Gd .

xo,. 25.80 4 1.00  25.80

8 | 1.30| 1,140 8 [1.25 |1.118

‘AVEEAGE T1.184

v.=z.9(. .84_‘)- 29.92 X 1.0 (. SZQ) \F
o € 25.80 °

Vel 75.1 )\/T

PLANT CONDITIONS

MATERTAL PRODUCTION RATE

AVEPAGE VELOCITY (FT./SEC.) 8 8 - 9 AVERAGE VELQCQITY (FT./SEC )
| PLUE OR STACK AREA (53 FT.) 9462 || ruue or stackarea sa. Fr.)
GAS VOLUME (CEM) 51300 || cas voruwe crm

.|| SEE PACE FOR FLUE QR 5TACK
TRAVERSE LAYQUT,

AVERAGE GAS VOLUME (CFri

éTb Za:;ameb '-7e4f"-'14; .Z’Mi, ﬁm;




MTOT TUBE TRAVERSE F . -

regt aonsem O TEST NuMBER: ) - STACK FLOWRATE
e, §~20-72  nme .- [1oare nMeE ‘ .
sue &e stacxrswseaatue en . 360 FLUE OR STACK TEMPERATURE (*F) .-
e | | e | e | VR
f-"’éRT 1 . PorT 2
1 1.15 {1.07¢ 1 ]0.97 |.985
2 1.40 1.1é3 2 11.25 -1..118 || eas veuociry para
a . “1} TesT Numser: .
3 | 1.45|1.204 3 |1,40 [1.183 , 5
: . ' ’ ] . PITOT TUBE CORRECTION
4 | 1.55]1.249 4 |1.50 [1.225 FACTOR - 0.84
| - - CENSITY OF GAS
5 1.50 | 1.225 5 {1.60 [1.265 . T0 At - G4 :
| FLUE OR STACK. PRESSURE
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