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$/1000

CFM-Hr
1.28
1.39
1.5%
.90
.95
1.03
.83
.85
.90

ear
6,400
6,950
7,703
22,540
23,800
25,700
103,000
106, 500
112,300

Costs
Fuel® Total

$/Year

, 753

. 700

,000

500

,000

, 500

300

3,150
3,570
3

15

16

16,

87

88

91,
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Table 3
INCINERATOR COST SUMMARY

Reactor
Residence

Investment,
$

Volume,
cu ft

Time,
sec

°F

Temp. ,

Ratio Odor
Concentration

Reduction

Flow,
CFM

12,500
13,000
15,200

33
36
52

1069
1186
1236

100
1,000
100,000

1,000

24,500
28,500
34,000

164
237
362

~ e~

1069
1082
1111

100
1,000
100,000

5,000

49,500
57,600
68,800

885
1276
1952

-

1069
1082
1111

100
1,000
100,000

25,000

18

*Based on 5,000 hours operation per year.
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Table 6

INTERFACIAL AREAS FOR ABSORPTION,
DESORPTION, AQUEOUS LIQUIDS'

Tor gases of density approximating 0.075 lbjeu ft, and below loading, any — mG"L*. For other
gaves, substitute G 0.075/p, )" for . (Note: The original duta cover L’ up 10 4,500 Ib[(hr)(sy [1).

Itrapolation to L' - 7,500 has been suggested> )

Size, Range of L,
Packing | . Ib/(lifl )sq 1) m " P
Raschig 0.5 500 1,500 8,200 3.15¢10-%)L" — 0.30 -~ 1.04
rings 1,500 4,500 9.32 0.151(10 Y’ 4+ 0.148 -0
1 500 1,500 0.274 0 0.552
i 1,500 4,500 463 0.528(10 9L’ -- 0,0793 --0.47
1.5 500-1,500 1.82 0.675(10 )L’ - 0.1013 0.274
1,500-4,500 4.85 0.148(10 )L’ — 0.022 0.140
2 SO0 1,500 0.401 0 0.481
1,500 4,500 0.95 0 0.362
Berl 0.5 S00-1,500 0.0336 0.0529 0.761
saddles 1,500-4,500 2,54 0.0529 0.170
11 500-1,500 15.89 0.686(10-)L" - 0.1029 0
1,500 4,500 238 0.420(10-Y)L’ — 0.0630 -0.359
1.5% 500-1,500 0.613 0.0508 0.455
1,500-4,500 465 0.325(10 9)L” - - 0.0996 —0.1355

1 Data of Shulman et al.
1 For G° 800 Ib/(hr)(sq ft) only. For higher values, see Shulman, AICKE J., 1, 253 (1955),

Figs. 16 and 17.

Source: (Ref, E-6)
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Table 8

CHARACTERISTICS OF RANDOM PACKINGS'

Nominal size, in. <
Packi —_—— e [ T RS
acing Ya Ia Vi 5% 3 | iy 1v¢ 2 3 k1
Rv.uchlg rHrgs
Ceramic:
¢, 1,000 | 750 | 640 1 380 255 160 12§ 95 6S 37
€ 0.73 068 | 0.63 | 0.68 0.73 073 | 07141 0.7 0.74 0.78
a, 240 155 it 100 80 58 45 38 28 19
Metal:
e, wall:
«, 700 300 258 185 115
€ 0.69 0.84 0.48 0.92
a, 216 128 835 | 62.7
. i e e o ] — [N .
Uyg-m, wall |
< i 140 290 | 230 145 1o | 82 s7 37
¢ ! 073 078 | 085 | 0.87 ] 090 | 092 | 09s
. ! i 118 71.8 56.7 49.3 41.2 314 20.6
- ; .. - —_— e - — e — e = e
Pall rimgs. , |
Plastic: |
0, v 97 52 2 | 25 16
€ ' ! 0 RS 090 0.905 | 091
a, ’ 1o 63.0 kT kY| 234
Metal: i
[ : 71 48 28 20
. ‘ 0902 0938 0.953 | 0964
ap 131.2 66.3 48.1 36.6
Intalox saddies,
ceramic
C, 600 265 130 98 52 40
€ 0.75 0.78 077 | 0775 0.81 0.79
a, 300 190 102 | 78 59.5 36
Berl saddies, - o
ceramic
[ 900 380 170 110 65 45
€ 0.60 063 0.66 0.69 0.75 0.72
u 274 142 82 76 44 32
‘ A 1 S . Y M N

Fellerettes,§ 2, - 2n., plastic:
High denwity:

«, - 57

€ 0.R7
Low density:

<, - 65

€ = 0.83

_ 1 Table from the United States Stoneware Company. Data are for wet dumped packing in 16- and
30-in. 1D towers.

1 Nominal size and wall thickness, 1n inches, for ceramic Raschig rings arc, respectively, 15, Vig:

Tuy Viei %540 24, 2500 L, 1is Nyand 114,7,45 2, 14; 3, 3. & rine PP Yot

§ Teller and Ford: Ind. Eng. Chem., 80, 1201 (1958).

Source: (Ref. E-6)
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Table 9

i

PRESSURE-DROP EQUATION FOR jPARTICLE PACKING
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== === Buhble-plate trwrrs
Stomiras steei--
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Steel shell, stainless - steel
trays

T~ Gieve troy towers

Purcnased cos*,dc..a°s per pic*2 or per 100t of Neght

3 4 L
0 Turbogrid troy towers | _ 1 | 1 -
- - et - - -
Packed towers A L
=~Sitgnr - hined steel .| . | . -
Glass -lined steal . N
7T <-Sianiess steel 'T R
> Hoveg ~ —-- - 4. - - -
Oteel
l e B e S R RS
l Jan 1967
10? 10%
Dinmeter, in.
(Ref. F-8)

Figure 7

COST OF TOWERS INCLUDING INSTALLATION AND AUXILIARIES
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3
10 txixVig-in stesl Raschig rings
* Yower diometer, 24 in
18 in~
e
Gn —~_

®

/ o
® ) ’ .
[ d
— 5 .
) 8
8 102 T
o - — . - - - .
; 3 A NN\ L
- : A —

L J
Pures
|
1
!

252 x%g - in steel Raschigrings

. L. t Tower diameter,
S S
/ | NRNGRERT )
‘- - ke
A L n , Jon 1967

1
0 40

O 1Q JU $1
Shel jength, ft

- Reproduced from % (Ref. F-8)

best available copy. Figure 8
o COST OF STEEL RASCHIG-RING TOWER PACKINGS
o’ —_ 104n Yy -~ in ceranwc Raschig rings *-——-—j - o
Tt T T Tower diometer, 24 in — T —-J e T
T T T 18 iﬂ\ "\ Tttt -
_ —— 2 2N T T
- —ﬁ 6 . \‘ ~~~~~ 4 —— -
2%2 % Y4-in ceramic Raschig rings -——~—-\~\‘ \ - é——<
. Tower diometer, 24 in ~~..
18 n - _‘\\ —_—— —-—-—--——~;ﬁ—-~q
12 in —
— 6 \\\ . \ P
N pe—— N P - = S
— % I D\ T
’ ] T
¢ — - - =
[ NN U ]
——— - — - - ——

10 20 30 40
Shell length, 11

Figure 9
COST OF CERAMIC RASCHIG-RING TOWER PACKINGS
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| 1-in Betl saddles .- - . - ™
. Tower diometes, 24 in-~ L | . . . gl (R,
- 18—~ - ” . R
12 th, -

b~

3

3

Purchosed cosr 43'icrs

2-in. Berl saddles
Tower diometer,

~,

S AN 24in, —
\\\-\18 in
~12in.
- 6in
10 L Jon 1967
10 20 30 40
Shell length, ft
(Ref. F-8)

Figure 10

COST OF BERL-~-SADDLE TOWER PACKINGS
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collide and coalesce. This effect is computed to see if it is
significant, but is not compensated for. In addition the drop-
lets can settle and collect on the floor of the scrubber. The
terminal settling velocity of 400 ym droplets in air is 3 ft/sec.
This velocity cannot be directly applied to the turbulent flow

conditions of the scrubber, but it suggests that the performance
will be reduced if the contact time is more than a few seconds.

6.2 Nomenclature for Spray Scrubber
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.Molar gas flow rate,.lb-mol/hr-ft
" Molar gas volume, 359 cu ft

Absolute temperature, °R
Area available for mass transfer,
surface area of drops, ftz/ft3
Contact time of drops in scrubber, hr
Diffusivity of odorant vapor in air, ftz/hr
Drop concentration at scrubber nozzles,
number/ft3
Drop concentration at scrubber outlet, number/ft
Drop diameter, mean, ym (micrometers)
Drop diameter, um
Drop diameter, ft
Flow of liquid per nozzle, gal/min
Gas velocity in scrubber, ft/hr
Height of scrubber, ft
Inlet concentration, mol fraction
or partial pressure of odorant
Length of a scrubber stage, ft.
Liquid flow rate, ft3/hr
Liquid flow per nozzle, gal/min
Log of odor reduction ratio
Mass transfer coefficient, lb-mol/hr—ftz-atm
Mean drop/velocity relative to gas,

turbulent velocity, ft/sec
2

Number of collisions per drop per sec

58
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Number of nozzles per sq ft of

scrubber cross section
Number of nozzles per stage
Outlet concentration of odorant
Temperature of gas stream, °R
Total air flow, cu ft/min
Total liquid flow, gal/min
Total pressure, atm

Volume fraction of space filled with drops.

6.3 Design Equations

6.3.1

Spray Droplet Area

To compute a =

spray area, ft2 droplets/ft3 of air

® drop diameter = dp, um (about 400 ym)
: d 3
_oom p £ 3
drop‘volume = Z { SO0 % 12) t (38)
® \
d \3 2
drop area = ¢ ( 5750 = 1 / ft (39
® drop area . 6 x 25400 x 12 1/f 40
drop volume ap (um) t (40)
6.3.2 Volume of Spray
®
Liquid flow
_ m
o L = Loz EEEETE X N oz nNOZZles
. ft>_ L 7.481 1b x . min
pp 1P gal hr (4D
* = £t3 liquid/hr
59
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°C

BP,
142-3
116-8
2.9
45.2
77.8
155.
237.
155.
103.4
138.1
87-8
107.

MP, °C
-117.
-67.
-50.
15
-15.6
-47.
-92.
-78.9

Density,
glec
.839
1.057
.698
.739
.990
1.095
.949
.819
.818
.981
.733

gas

94.19
59.11
73.14
73.14
108.14
88.1
86.13
88.15
86.19
96.17

118.2
129.15

Table 13
LIST OF ODORANTS FOR SCRUBBING TESTS

n-Propyl sulfide (dipropyl sulfide)
Dimethyl disulfide (methyl sulfide)

Propylene sulfide
(simulant for dimethyl pentadiene)

n-Pentanal (n-valeric aldehyde)

Alcohol
n-Pentanol (n-amyl alcohol)

Dimethyl pyrazine
Quinoline
Butandione (diacetyl)

Tert-butylamine
Acids

Trimethylamine
n-Butylamine
Butyric
Aldehydes
Heptadiene 2,5

Unsaturated Alkane

Sulfides
Amines
Ketone
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Table 16

EXPLORATORY EXPERIMENTS

REACTIONS OF ODORANTS WITH SCRUBBING LIQUIDS

Concentrations in Effluent Air

from Bubbler -
Arbitrary Units (3 x ppm)

Reduction by Reagent

Odorant
Water
Test: 1 2 3 4
Valeraldehyde 110 97 92 95 Nearly constant effiuent
Propyl sulfide 1248 596 506 394 Gradually vaporizes
Amyl alcohol 55 53 50 55 Nearly constant effluent
Nitric Acid Added
Water _ (5%)
Test: d 2 3 4 5} 6
Valeraldehyde 22 7 9 15 6 7 Decreased within expt.
error
Propyl sultide 7875 1948 - 778 61 19 90%
Aniyl alcchol 153 7 100 123 6l 59 40%
Hydrochloric Acid Added
Warer o { %)
Test: 1 2. N . S L
Valeraldehvde 15 .9 14 10 13 Ncne
Propyl suliide 9288 784 434 70 41 50-90%
Amyl alcohol 1.6 110 116 63 77 10%
Wat.p ____ 3Scdium Hydroxide Added (5%)
Test: A 2 3 0 4l
Valeraldehyde per 19 11 Slaight
Propyl sulfide 01 116 119* 14 90%
Amyl alcohol 152 123 BUbH 849 Increased
Water Sodium Carbonate Added (5%)
Test: L 2. EN 4 S
Valeraldeh; de 75 b2 78 62 77 None
Propyl -ulfide 1875 1320 713 378 263 Uncertain
Amyl alcohol 523 657 811 663 770 None
Water Hypuchlorite (1%)
Te.t: 1 2_ . S 4
Valeraldehydc 35 23 23 2 90%
Propyl! -sulfide 558 271 85 0 994+
Amyl alcohnl 10« 102 168 210 None
IS5 min. peen) small
17 min. pectd small
Water - Hypochlorite Added (1%)
Test: 1 2 3 4 5
Valeraldehyde 33 28 22% 2 1 90%
Propyl sulfide 435 201 tr o o 99:
Amyl alcohol 211 177 242 1067 152 None
15 min. small
17 man. small
Water __ Hypochlorite added (.5%)
Test: 1 2 3 4
Valeraldehyde 32 41 23 9 75%
Propyl sulfide 1540 1038 tr 0 994+
Amyl alcohol 200 229 149 141 25%
17 min. small !
Water Potassium Permanganate (.6%)
Test: 1 2 3 4
Valeraldehyde 32 29 tr tr
Propyl sulfide 1510 995 0 tr 39+
Amyl alcohol 147 181 102 229 o
1.8 min. tr 31 None
16 min. tr
18 min, tr




Table 16 (cont.)

Concentrations in Effluent Air

Arbitrary Units (3 x ppm}

from Bubbler -

___Qdorant
Potass;um Permanganate (.6%) +
wWater N&OH i]%l
Test- 1 2 3 4 3
valeraldehyde 65 43 38 2 tr
Propyl sulfide 1970 893 348 tr 0
Amy)! alcohol 758 563 625 927 882
Water _ _ _  Hydrogen Peroxide Added (5%}
Tesl: . 1 2 - 3 4
Valei aidehyde 61 95 tx ©
Propy! sulfide 690 366 11 1
Amyl alccho! 433 507 400 407
Water Ozone Water (~1%)
Test: 1 2 2. i -
\Valeraldehyde 68 6l 6. o?
Propy! =-ulfide 1361 495 1596 636
Amyl alcohol ++9 454 407 409
Water Sodium Persul fate Added_ (satd)
Trast 1 2. _3_. 4 S
vale aldehyile 62 ] 70 59 51
Proo 1 -aliide 183 213 981 317 tr
amy 1 alechoes - 567 601 525 501
» . L./
water Zod1un ulfite Added 5/o
Test: [ 2 _ A
Valer..lc~1, de 90 111 [¢} o !
Prory'! <ulfide 2510 1238 PIVIS 219
Ayt o loeobe 1 758 775 566 6L2
Water . Ferric Chloride Added (5%)
Te:*: L1 2 O T SO H. A
Valecsldehyde 89 51 89 .3 8o 80
Yropyl -ulfide 2616 1221 1256 760 402 236
Amyl alcoi! Ta3 463 825 902 8913 a0
Water Coupper Sultate (95%)
Test: _4 2 3 4
Valeralaeh, ue 70 82z 24 25
Propyl -ullide 2277 1138 197 150
Amyl alcchol 735 872 242 230
Water - Copper _Sulfate (5%) pHA
Test: 1 2 3 4 5
Valeroidehyde 41 44 a4l 31 28
Propyl sulfide 1269 712 396 188 101
Amyl alcohol 281 318 310 244 199
Water Barium Chloride Added (5%)
Test: - 2 3 4
Valeraldehyde 42 39 41 37
Propyl sulfide 1475 906 4389 251
Amy! o oohol 249 323 307 307
Water Aluminum Chloride Added (5%)
Test: 1 2 3 4 5
valeraldehyde 90 71 10 68 81
Crooyi sulfide 904 850 372 169 61
Amy. alcohol 515 499 515 910 610

__Reduction by Reagent

98%
99+
Increased

90%
99+
None

None
None
None

20%
-099%
None

99.5%
None
None

None
None
None

70%
80%
70%

20%
Uncertain
Uncertain

None
None
None

None
None
None

*In some cases the vapor space may not have been

chromatographed.

81

purged of effluent when first sample was
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Table 24
SCRUBBING OF BUTANEDIONE

66

Scrubbing
Conditions . Concentration, ;g/ml
Liquid Alr Chromatograph
Flow, Flow, At Bottom At Top
Material gal/min CFM of Scrubber of Scrubber
16 .11
16 14
NaOH 5% .6 16 trace
NaOH 5% .6 16 trace
NaOH 5% .6 16 trace
16 .13
Table 23

SCRUBBING OF BUTYRIC ACID

86

Scrubbing )
Conditions Concentration, ug/ml
Liquid Air Chromatograph
Flow, Flow, At Bottom At Top
Material gal/min CFM of Scrubber of Scrubber
15 1.5
NaCH 5% .6 15 trace
NaOH 5% .6 15 0
15 1.1
NaOH 5% .7 15 trace
H 5% .7 15 trace
Neo 22 .67
22 .59
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KOVATS INDICES OF CLASSES OF COMPOUNDS
ON CARBOWAX 20M COLUMN

Vg Ix ‘ ‘ Vg e
1200 160’ 120" 160" 120" 160" 1200 160
ME THANOL 14,2 5.5 86> 847 BUTYRALDFHYDF 15,9 6o 8o 8e 7
€ THANOL 1649 bo? A3 860 150BWTYRPALDINYDE 11.6 S5 827 832
PROPANOL 3.0 10.5 1000 9Re, VALERAL DF HYDL 2806 11,2 984 1002
1 S0PROPANOL 1640 640 883 862 1 SOVALERALDEHYDE 2044 Bt 926 917
BUTANOL 56.0 17.5 1111 1101 2-METHYLEUTYRALDEHYBE 20423 Bt 925 936
3 SOBUTANOL 41,5 1346 1055  104b 242-DIMETHYLPROPIONALDEHYDE 11,2 5.0 821 822
S~BUTANOL 2846 1040 986 975 HEXANAL 49,3 18,0 1087 1108
T-BUTANOL 13,8 5.2 857 830 HEP TANAL 83,9 28.0 1188 1207
CYCLOPROPYL CAPBINOL 91.3 27.3 1203 1201 2~E THYLHEXANAL 88.1  29.1 11¢7  121¢
PENTANOL 100 28,0 1223 1215 ACROLEIN 1340 5,7 gue 845
1SOPENTANOL 79,9 24,0 1178 1173 METHACROLE IN 1640 7.0 884 894
2-PENTANOL 48,7 15.4 1085 1073 CROTONALDEHYDE 40.0 14.8 1048  106&
3-PENTANOL 45,8 15.2 1073 1070 2-ETHYL-2~BUTENAL T4e6 25,8 1165 1189
2 ~METHYL=1-BUTANOL 79.5 23,9 1177 1172 2-ETHYL-2~HEXENAL 158 49,1 1309 133%
2-METHYL=2-BUTARDL 2649 9,8 975 96t 244-HEXADTENAL 254 7248 1401 1426
3-METHYL=2-BUTANIL 42,0 13.8 1057 1068 ACETONE 1049 4.9 815 819
242-DIMETHAYL-1-PLOPANOL 4%,7 16,9 1072 1065 2-BUTANONE 1840 Tet S04 902
?E;?:?Lo 1717 45,9 1311 132) 2-PENTANONE 2842 10.7 9e2 592
- L 84.3 25,1 1¥8R  1le2 - »
3-HEXANOL 75.7  22.7 1168 1160 g—:é?;:t?;EBUTANONE gg:g 12;; 333 333
2-METHYL~1-PENTANOL 136 3645 12E€1 1268 2~HEXANOMNE 49,3 1743 : 1¢87 1093
J-METHYL-1-PENTANIOL 157 4lat 1309 1297 3 ~HE XANONE L2242 15.0 1058 1667
4=METHYL-1-PENTLIOL 147 38.8 1295 1282 3-METHYL~2-PENTANONE 35,7  14.2 1026  10%
2-METHYL-2-PENTANGL LLeD 4.3 1066 105€ 4=METHYL-2-PENTANONE 33,0 12,7 1612 1C3¢
3-METHYL-2-PENTA? (L T4e0 2247 1166 1180 343-DIMETHYL-2-BUTANONE 25,1 10.2 967 987
;—MEYHYL~2-PENTAH”; 62,7 1946 1133 1124 2-HEPTANONE B4e} 2641 1188 1162
“METHYL~3-PEMT AL 60,7 19.1 1126 1121 3-HEPTANONE 7 .
3-METHYL-3-PENTARDL 4846 15,9 185 1080 4-HEPTANONE 65:3 g?:; iiaz i::?
2-ETHYL-1-BUTANOL 138 38.1 1283 1278 444-DIMETHYL-2-PENTANONF 36,0 14e] 1028 1052
2,2-DIMETHYL=1-51TANOL $7.2  2B.7 1216 1213 2+4-DIMETHYL-3-PENTANONE 32,9  12.7 1011 1029
243-DIMETHYL-2-RUTANCL 42,5 le.6 1059 1058 2-0CTANONE 166 42.7 1295 130
SES;ELZETHYL—Z-BU'fNOL 51e2 1649 1056 1093 2-NONANONE 240 70.7  139C 1620
304 7401 1435 1430 5 -NONANONE 185 S4e6 1340 1263
2-HEPTANOL 38,3 1279 CYCLOPENTANONE 9248 32,0 1207 1212
2-:§z;::8t 127 34,6 1267 1256 CYCLOHE XANONE 166 54,7 1319  13é°
- 121 32,9 1258 1244 3-BUTEN-2-ONE 3
2+2-DIMETHYL-1-PENTANOL 156 4le4 1307 1297 5~HEXEN-2-ONE :2:; 2?:2 1?;? 1?2;
g::;D:METH;é-B—FEN.ANOL Tee4 22.9 1165 1162 3-METHYL-3-BUTEN-2-ONE 3006 1149 997 1014
OCTA:Ot-g_ NTANDL 85¢4 2502 1191 1183 4=METHYL~3-PENTEN-2-ONE 6642 23,0 1142 114
2-0¢ T ANOL 755 leses 1309 1193 i3 pENTAREDSONE Shee 1307 dcer  10ee
. 5 - J
2-ETHYL-1-HEXANOL 379 B4asd 1678 1460 2 4—PENTANEDIONE 13309 ;2.Z iggg xg:f
2-ETHYL~4-METHYL-1-PENTANOL 274 67.8 1415 1410 METHYL FORMATE 7.3 . ? EEH
NONANOL 906 181 16648 1638 ETHYL FORMATE %0 acs 813 ot
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i-f:Hkarlz;[‘i?IL reevLATE 65045 2;2 1126 113¢ DECANE 31.0 11,1 1002 1009
rtlth ME THACP YLATE 2142 11.% 1001 1008 DODECANE 89,4 2740 1200 120¢
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PYL FTHYL FOPMAL 1645 6.6 888 884 BENZENE 24,9 10.2 961 979
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Table 32

'. 1

MAJOR ODOROUS CONSTITUENTS OF VAPOR SAMPLES FROM PRESSED CRACKLINGS

_Type of Column Used

Consecutive e OV T -3
Peak Number sp-1000 ° Pennwalt 223
1 Ammonia, trimethylamine, acetone Ethane (Kovats 200)
(possible), n-pentene (ruftanal also
. possible), saturated Cg hydrocarton
or pentanal, saturated cq hydro-~
carbon
i 2 Heptene (?2)., Cg hydrocarbon (?) Ammonia, ethylene
3 Methanol (2)., methyl ethyl ketone, Propene
saturated Cg hydrocarbon
- -
® = 4 Ethanol, benzene, unsaturated C Isokbutene
hydrocarkon, dimethylpentadiene
(l-heptyne also possitle),
(S-methyl-2-hexyne also possible)
5 l.Propanol (acetic acid possible), Trimethylamine
toluene
6 2-Methyl-1,3-pentadiene (?), n-Pentane (500)
ethylvinyl ether (?)
. 7 Xylenes, tricyclene Acetone
8 A C, hydrocarbon (diene,-yr.e or n-Hexane (600)
cycloalkene) , a C; hydroc.rbon
or c7 ketone (eg. 2-heptanone)
9 AC alkyne or diene or substi- 2-Methyl propanal
tilxged cyclohexene
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Table 33

1

MAJOR ODOROUS CONSTITUENTS OF VAPOR SAMPLES FROM COOKER LIQUID

Consecutive

Type of Column Used

Peak Number 2 sp-1000 3 . Pennwalt 223
1 Ethanol Trimethylamine
2 Propanol, 2-ethylbutonic acid (2}, An alcohol
toluene
3 Methyl butanol An amine
4 Butenal (?) Carbon dioxide, an amine
5 Butanol Nitrogen containing compound
6 l1-Pentene An amine
7 Hexanol Spectrum too complex
8 Xylene spectrum too complex
9 Furfuryl alcohol (?) Spectrum too complex
10 Possikly phenol, too weak to be sure spectrum too complex
il p-Cresol or benzyl alcohol Spectrum too complex
1 2Given in order of elution from the respective column:

Identified by GC-MS techniques;

3The question mark designates a non-positive identifdcation.

Table 32 (cont.)

Type of Column Used

Consecutive 3
Peak Number SP-1000 o Pennwalt 2233
10 1,3,7 Octatriene-5-yne(but could also Tetrahydropyran, 2-Methyl furan
be styrene on cyclooctatetraene T(9473,
11 Butyne-ol (?). C4 substituted benzene 3-Methyl-hexane (possibly n-heptane) (700)
12 Dimethyl pyrazine n-Pentanal
13 1-Hexanol Trichloroethylene
14 Dimethyl ethylpyrazine (methoxy Saturated C, hydrocarbon (probably (800)
benzaldehyde somewhat possible) 2,4-d1metgylhexane or 3-methyl-
heptane or n-octane, unsaturated C7
hydrocarbon or a c6 aldehyde.
15 Hexyne-ol ? Dimethyl disulfide (1110)
16 Hexadiene (?), benzaldehyde Toluene
17 An alcohol (C, or Cg possible) 2-Methyl furan (?)
i8 Methyl naphthalene Spectrum too complex
19 Dimethyl naphthalene, bipheayl Spectrum too complex
20 Acenaphthene Spectrum tou complex

1Identified by GC~-MS technidues;

2. . X
Given 1n order of elution from the respective column;

3 . . : .
The question mark designates a non-positive identification.
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INCINERATOR WITH_ AND WITHOUT HEAT RECLAIM
Source: (Ref. F-9

[
Mfg. - Air Preheater Co., Wellsville, New Yorl
Detention - Min. 0.3 Sec. © 1200°F
Temp. Range - Operating 1200-1400°F
Y Pase - 50¢/MCF Natural Gas Cost @ 1000 BTU/cu.ft.
1.5¢/KW Electrical Cost
Unit 5-2 (*Fuel Rate Dased on 2,000 SCFM, 1200°F Inc. in Air
Temp. 100°F) 3
- Vol = 2000 (.3/60) = 10 ft
bl Heao oo hanger % None 35% Eff. 47% Eff. 59% Eff.
Flow Lace SCFM 2,000 2,000 2,000 2,000
Bgquin. Cost $ 13,050 20,100 23,700 33,350
Est. lrstalled Cost $ 17,050 26,900 31,900 44,550
Fuel 1C0Y B3TU/Hr. * 2.25 1.46 1.19 .92
® I'ower KW 3.0 3.5 3.75 6.5
Weight # 7,500 13,000 15,600 21,720
Cost o Cas & Elct/Hr. s 1.18 .78 .65 .56
Cost/L700 SCrM 59¢ 40¢ 33¢ 28¢
® Unit 5-5 (*Fuel Rate Based on 5,000 SCFM, 1200°F Inc. in Air
Ecmp. 100°F)
Vol = 25 ft
Heat I:changer % None 35% Eff. 47% Eff. 59% Eff.
Flcw Nate SCrM 5,000 5,000 5,000 5,000
» Equin. Cost $ 15,550 24,230 29,400 41,800
Est. Installed Cost S 20,550 32,230 39,400 55,800
Fuel 10~ BTU/Hr. * .20 4.04 3.28 2.54
Power KW 13.0 17.0 23.0 34.0
Weicht: F 9,400 15,300 19,000 26,420
Cost of Gas & Elect/Hr. S 3.30 2.20 1.99 1.78
> Cost/2ND0 SCrM 56¢ 4G¢ 40¢ 35¢
) Unit -9 (*Fuel Rate Based on 10,000 SCFM, 1200°F Inc. in Air
Temp. 100°F)
Vol = 50 ft3
. Heat T:changer % None 39% Eff. 48% Eff. 64% Eff.
Flow Rete SCFM 10,000 10,000 10,000 10,000
Equlp, Cost $ 20,600 32,600 38,0830 54,600
Est. Inntalled Cost $ 26,600 42,600 50,080 71,600
Fuel 10Y BTU/Hr. * 12.4 7.55 6.45 4,45
) ?oyeru KW 14.0 27.0 24.0 36.0
Wiceight ¥# 13,800 22,500 25,700 37,430
gosf/?fCGas & Elect/Hr. $ 6.41 4.19 3.59 2.75
ost/1CC0O SCrM 64¢ 42¢
’rTeProduced from ¢ 206
best available copy% 137




Uni: 7-1/ (*Fuel Rate Based on 15,000 SCFM, 1200°F Inc. in Air

Temp. 100°F)

vV =75 ft

Feat Ixcrnanger %
Flow Rate SCFM
Equip. Cost $
Est. Inrstnlled Cost $
Fuei 10° BTU/Hr. ¥
Power w
Yeloht #
Cost oi Cos & Elect/Hr. $

Cost/100) £CrM

Unit 710
3 Air Temp. 100°F)
v = 100 ft

Heat Ixchanger %

Flow Pa:ce SCFM
Dauip. Coust $
Est. Inctalled Cost $
Fvel I.° LTU/Hr. ®
Power KW
Weigh:

Cost ©f Gas & Elect/Hr. $

Cost/1000 SCFM

None
15,000
24,750
31,750

18.6

23.0

15,300

8.65
64¢

None
20,000
23,000
36,000

24.8
35
17,300

12.93

65¢

15,000
36,750
47,790
11.3
G2.0
25,300
5.50

aAde

15,000
43,980
57,980
9.65
538.0
30, 600
5.70
38¢

39% Eff. 48% Eff.

20,000
43,530
55,530
15.1
32
29,400
8.75

44¢

20,000
52,530
68,530
12.8
75
35,400
7.54

38¢

39% Eff. 48% Eff. 64% Eff.

15,000
52,000
82,000
5.7
30.0
42,730
4.55

30¢

(*Muel Rate Bascd on over 20,000 SCFH, 1200°F Inec. in

64% Eff.
20,000
74,850
97,850

8.9

109

50,130

6.09
31¢

Unit 3-28 (*Fuel Ratc Based on 30,000 SCFHM, 1200°F Inc. in Air

Temp. 100°T)

vV = 150 ft3

Heat C:ichanger %
Flow Rauve SCFI1
Equip. Cost S
Est. Installed Cost 5
Fucl 10¢ nTU/Hr. *
Power Kw
Weight #
Cost of Gas & Elect/Hr. $

Cost/1000 SCFM

Reproduced from
best available copy.

Heat recovery can halve the cost.

None
30,000
34,350
43,350

37.3
50.0
19,900

19.40

65¢

138

399 Eff.
30,0060
55,8380
71,3460

22.7
123
34,0600
13.20
44¢

48% Eff.
30,000
66,830
86,330

19.4

113

42,200

11.40
38¢

64% Eff.
30,000
93,100

121,100

13.4

152

60,230

8.98
30¢



INCINERATOR PERFORMANCE DATA

Vs
CONTRACT SPECIFICATIONS (TEST #4)
30 JULY 1970
Expected Based
Result on Input of
Test #4  Test #4
Flow SCFM 28,900 28,900
#/hr 130,000 130,000
Temperature in (°F) 120 120
Air Temperature Out Cor-Pak (°F) 822 806
Incineration Chamber Temperature (°F) 1,203 1,203
Stack Temperature (°F) 550 555
System P ('"W.G.) 10.4 13.4
Heater Exchanger Effectiveness , 64.8 63.3
Fuel Rate #/hr 600 642
Odor Units/SCF <150 <150

ODOR EVALUATION RESULTS
AT
INCINERATION CHAMBER TEMPERATURES OF
APPROXIMATELY 1000, 1100, 1200, & 1400°F

.3 sec Contact Time

Incineration Chamber Odor Concentration
Temperature (°F) Test No. Odor Units/SCF
Duct At Stack
Inlet Qutlet
1007 2 1000 270
1500 290
1100 (Nominal) 5 3000 395
2500 1000
1203 4 3600 105
4200 90
1400 (nominal) 7 3000 43
3000 <10

Conclusion: At 1400°F reduction ratio is 70 to 300; and at
1100°F is 2.5 to 10.
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Initial Cost
Capacity

Annual
Runningy H.DP.

-

OPERATING COST COMPARISON

Scrubber vs.

Installed

Operating Hours

Fatirated Actual Life
Arnual Opearating Cost
- Shda Ash

500 Llb/wk ¢ 3.35¢ X 26 wks

(Spray Tower)

L2000 gal/wk @ 60¢/1000 gal.

‘. Chemicals
2. Wat~nr

X 20 wks
3. I'iel

$5.50/nr x 25950 hrs.

4. Power

H.P. x .7157 x $.009/KWH x
anning Hrs.

~ & U

Maintenance (estimated)
Labor (operational)
Amortization of Investment

Total Annual Operating Costs

Operating Cost/Hr

Operating Cost/Hx/1000 cfm

Incinerator

Scrubber

$40, 000
60,000 cfm

3100 hrs.
70 H.P.
15 yrs.

$ 435,00

130.00

1,459.00
200.00
500.00

2,670.00

$1.74

Incinerator

$65, 000
25,000 cfm
25170 hrs.
30 H.P.
8 yrs.

$13,800.00

500.00
500.00

8,120.00

$22,920.00

$9.16

$ .37

(Ref. F-7)

The total annual cost of the incinerator is over 4 times that
of the scrubber.
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Comparison of Crossflow vs. Countercurrent
Energy Cost in Gas ond Liquid Phase
Annual and First Cost of Installing Fan and Recycle Pump

With Motors

Crossflow Countercurrent

Energy Cost

Far - Gas Phase $ 2,170 $ 4,380

Pimp - Liquid Phase 995 4,680
Total Annual Fnergy Cost $ 2,765 $ 9.060

Fan HP 41.5 84.0

Pump HP 11.5 90.8
Total HP req'd. 53.0 174.8
First Cost Fans 0 10¢/CFM $ 9,500 $ 9,500
First Cost Pump D $1.50/GPM 1,160 6,750
First Cost Motors ‘@ $15.00/BHP 795 2,600
Electrical Installation Cost for:

switches, motor starters, power

wiring, control wiring, etc. (@ $30/BHP 1,590 5,250
Total First Cost $13,045 $24,100

(Ref. F-10)

Cross-flow tower gives the smaller total cost.
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