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ABSTRACT

To aid NIOSH in determining organic compounds with marginal respirator

cartridge service lives, the service lives of 231 compounds listed in 29 CFR

1910.1000 were estimated mathematically. The calculations were performed

on a computer using the Dubinin equation to calculate adsorption capacity

and the modified Wheeler equation to estimate service life.
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I. INTRODUCTION

The purpose of this task was to estimate the service life of an average

organic vapor respirator cartridge against each of the organic compounds

listed in 29 CFR 1910.1000. This information was requested by NIOSH as

an aid in determining substances with possible marginal service lives for

laboratory testing. By publication of this information, it is hoped that

industrial health professionals may find the data helpful in administering

industrial respirator programs. Although data are presented for a wide

variety of substances listed in 29CFR 1910.1000, it should be recognized

that NIOSH does not recommend the use of sorbent type respirators for all of

these substances. Service lives (10 percent breakthrough time) were estimated

for 231 organic compounds; service lives for another 50 compounds were not

calculated because of insufficient density and vapor pressure data. The

calculations were performed on a computer using Fortran IV program language.

II. TASK SPECIFICATIONS

The task order specified the use of the Dubinin equation [lJ for calculation

of adsorption capacity and the modified Wheeler equation [2] for prediction

of service life. The Dubinin equation is as follows:

Ws = pWoexp
BT2

- --2-- 10g2 (p /p)e s

where w = adsorption capacity (gram/gram)s
p =solvent density (grams/cc)

Wo =maximum adsorption space (cc)

B =microporosity constant
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T =temperature (OK)

a = affinity coefficient

Ps = saturation vapor pressure at temperature T (torr)

p = partial pressure (torr)

and the Wheeler equation is:

where tb = breakthrough time (min.)

Ws = adsorption capacity (gram/gram)

Co = input concentration (grams/liter)

Q = f10wrate of contaminated air (litersfmin.)

W =weight of charcoal in cartridge (gram)

Pc = charcoal density (grams/liter)

C = breakthrough concentration

k = adsorption rate constant

The following conditions were specified in the task order:

Carbon weight

Carbon type

F10wrate

Temperature

Wheeler rate constant

Input concentration

Affinity coefficient (8)

2

average of commercially available
cartridges

petroleum base

30 1iters/min./cartridge

303 0 K

4,094 min- 1

10 X TLV, with a maximum of 1,000 ppm

to be calculated from molar volumes



III. TASK PARAMETERS

Based on these specifications and work performed on a previous contract [3],

the following parameters were chosen:

Carbon weight (W) = 34 grams/cartridge

Microporosity constant (B) = 1.1 X 10-6

Maximum adsorption space (Wo) = 0.53 cc/gram

Carbon density (Pc) = 400 grams/liter

In addition to the Dubinin and Wheeler equations, the following mathematical

relationships were used in the computer program.

v =Mm p

where Vm = molar volume (cc/mole)

M =molecular weight (grams/mole)

P =compound density (grams/cc),

a = Vm
, Vm ref

where vm = molar volume (cc/mole)

Vm ref= molar volume of carbon tetrachloride (96.49 cc/mole)

~ = affinity coefficient

C = Ci XM
o 24.863 X 106

where Co = input concentration (grams/liter)

M = molecular weight (grams/mole)

Ci = input concentration (ppm)

760 Ci
P =

106
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where p = partial pressure (torr)

Ci = input concentration (ppm)

and CalC = 10 (since all calculations are for 10% breakthrough).

IV. DATA SOURCES

The computer program required as input the following: compound name,

molecular weight, density, and vapor pressure. The program calculates

and prints out affinity coefficient, adsorption capacity, and service

life. In addition, the input data is printed out along with the cal­

culations.

Molecular weight data were either obtained from reference books or were

calculated from atomic weights. Densities were obtained from reference

books, primarily reference [4]. Vapor pressures at 30° C were the

most difficult data to obtain. Some were found tabulated in the lit­

erature. Others were interpolated or extrapolated from data at other

temperatures by plotting log p vs. liT, and some vapor pressures were

calculated from the Antoine equation. The Antoine equation is:

log p =A- B/(t + C)

where p = vapor pressure

A, B, and C = constants for a particular compound

t = temperature (OC)

The most extensive collection of Antoine constants is in the compilation

by Dreisbach [5-7J. Some vapor pressure data was also found in the

periodical literature.

V. TASK RESULTS

Tabulated below, as printed out by the computer, (Table i) are the input

4



data and calculation results for 231 compounds. TLV (Threshold Limit

Value) is in parts per million, density is in grams/cubic centimeter,

vapor pressure is in torr, adsorption capacity (ws) is in grams of

solvent/gram of carbon, and service life (tb) is in minutes.

Following this tabulation is Table II, which lists the compounds for

which calculations were not made due to insufficient vapor pressure

and density data. Following Table II is the Fortran IV program.
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TABLE I

INPUT DATA AND CALCULATION

RESULTS FOR 231 COMPOUNDS

6



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TLV
ppr~

ACETALDEHYDE
200.00000

ACETIC ACID
10.00000

MW

44.05

60.05

DENSITY V PRESS
Glce TORR

0.7834 0.9877F.+03

1.0490 0.2060E+02

BETA

0.58

0.59

WS
GIG

0.023

0.102

TB
.MINUTES

11.9

382.6

ACETIC ANHYDRIDE
5.00000 102.09 1.0820 0.5500E+01 0.98 0.350 1549.7

ACETONE
1000.00000

ACETONITRILE
40.00000

58.08

41.05

0.7920 0.2827E+03

0.7830 0.1160E+03

0.76

0.54

0.132

0.042

51.4

58.4

ACETYLENE TETRABROMIDE
1.00000 345.70 2.9600 0.4600E+00 1.21 1.260 8234.2

ACROLEIN
0.10000

ACRYL~MIDE

0.10000

ACRYLONITRILE
20.00000

ALLYL ALCOHOL
2.00000

ALLYL CHLORIDE
1.00000

56.06

71.08

53.06

58.08

76.53

0.8410 0.3580E+03

1.1220 0.2000E+01

0.7970 0.1434E+03

0.8550 0.3240E+02

0.9380 0.4535E+03

0.66

0.69

0.70

0.85

0.000

0.065

0.047

0.020

198.0

12193.3

137.6

921.5

585.2

ALLYL GLYCIOYl ETHER
10.G0000 114.14 0.9698 0.6600E+Ol

7
1.22 0.398 788.0

1 17n~n



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TlV MW
PPM

N-AMYl ACETATE
100.00000 130.18

SEC-AMYL ACETATE
125.00000 130.18

ANILINE
5.00000 93.12

O-ANISIDINE
0.07000 165.19

P-ANISIDINF
0.07000 165.19

BENZENE
10.00000 78.11

BENZYL CHLORIDE
1.00000 126.58

BROMOFORM
0.50000 252.77

1,3-BUTAOIENE
1000.00000 54.09

2-BUTANflNE (MEIO
200.00000 72.10

2-BUTOXYETHANOl
50.00000 118.17

DENSITY V PRESS
Glec TORR

0.8760 0.8000E+Ol

0.8600 0.1300E+02

1.0220 0.9100E+00

1.0980 0.4000E+00

1.0890 0.4000£+00

0.8684 0.1180E+03

1.1000 0.2670E+Ol

2.8900 0.7000E+Ol

0.6210 0.2470E+04

0.8050 0.1214E+03

0.9027 0.1000E+01

BETA

1.54

1.57

0.94

1.56

1.57

0.93

1.19

0.91

0.90

0.93

1.36

WS
GIG

0.444

0.428

0.437

0.413

0.412

0.141

0.368

0.413

0.071

0.242

0.474

TB
. MINUTES·

11.0

74.3

2118.2

80606.1

80395.2

407.5

656.5.5

7381.5

29.8

75.1

181.1

BUTYL ACETATE
150.00000 116.16 0.8820 0.1800E+02

8
1.36 0.422 82.0



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIfE PREDICTIONS

COMPOUND NAME
TLV
PPM

MW DENSITY
GICC

V PRESS
TORR

BETA loiS
GIG

TB
MINUTES

SEC-BUTY~ ACETATE
200.00000 116.16

TERT-BUTYL ACETATE
200.00000 116.16

0.8648 0.2900E+02

0.8960 0.3050E+02'

1.39

1.34

0.402 .

0.411 80.0

BUTYL ALCOHOL
100.00000 74.12 0.8098 0.9520E+01 0.95 0.375 114.2

SEC-BUTYL ALCOHOL
150~OOOOO 14.12

TERT-3UTYl ALCOHOL
100.00000 14.12

0.8080 0.2390E+02

0.1881 0.6360E+02

0.95

0.97

0.333

0.282

101.6

85.9

BUTYtAMINE
5.00000 13.14 0.7401 0.1164E+03 0.122 151.8

N-BUTYl GLYCIDYL ETHER
50.00000 130.21

N-BUTYL MERCAPTAN
10.00000 90.18

P-TERT-BUTYLTOLUENE
10.00000 148.24

CAMPHOR
2.00000 152.23

CARBARYL
0.60000 201.22

CAR80N DISULFIDE
20.00000 16.14

0.9081 0.4000E+Ol

0.8350 0.5810E+02

0.8600 0.9500E+00

0.9900 0.3700E+OO

1.2320 0.1000E-Ol

1.2500 O.4353E+03
9

1.49

1.12

1.79

1.59

1.69

0.63

0.459

0.226

0.439

0.486

0.650

0.032

159.3

561.0

-
668.5

3605.8

12164.6

47.5



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TLV
PPM

MW DENSITY
G/CC

V PRESS
TORR

BETA WS
GIG

T8
MINUTES

CHLORINATED CAMPHENE
0.03000 413.84 1.6600 0.3000E-06 2.58 0.716 141161.3

CHLORINATED DIPHENYL OXIDE
0.05000 238.90 1.3200 0.7000E-03 1.88 0.698 132007.3

CHLOROACETALDEHYDE
1.00000 78.50 1.1900 O.1000E+Ol 0.68 0.239 6876.1

AlPHA-CHLOROACETOPHENONE
0.05000 154.59 1.3240 0.4000E-01 1.21 0.529 154642.4

CHlORoeENZENE
75.00000 112.56 1.1066 O~1545E+02 1.05 0.481 130.2

CHlORDBROMOMETHANE
200.00000 129.40 1.9114 0.1834E+03 0.70 0.316 55.2

CHLOROFORM
50.00000

CHLOROPICRIN
0.10000

CHlORQPRENE
25.00000

M-CRESOL
5.00000

o-CRESOl
5.00000

P-CRESOL
5.00000

119.39

164.39

88.54

108.10

108.10

108.10

1.4840 0.2460E+03

1.6920 0.3110E+02

0.9583 0.2600£+03

1.0340 0.2500E+00

1.0511 0.6800E+00

1.0390 0.2900c+00
10

0.83

1.01

0.96

1.08

1.01

1.08

0.250

0.108

0.172

0.517

0.485

0.515

94.4

14801.8

175.4

2161.1

2024.6

2150.4



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TLV MW
PPM

CROTONALDEHYOE
2.00000 70.09

CUMENE
50.00000 120.19

CYCLOHEXANE
300.00000 84.16

CYCLOHEX,I}.NOl
50.00000 100.16

CYCLOHEXANONE
50.00000 98.14

CYCLOHEXENE
300.00000 82.14

CYClOPfNTADIENE
75.00000 66.10

DOT
0.01000

DENSITY V PRESS
Glec TORR

0.8530 0.3200E+02

0.8640 0.1645E+02

0.7791 0.1217E+03

0.9449 0.2600E+Ol

0.9478 0.6500E+Ol

0.8102 0.1111£+03

0.8048 0.4500E+03

1.5500 0.2500E-06

BETA

0.85

1.44

1.12

1.10

1.07

1.05

0.85

2.37

WS T8
GIG MINUTES

0.097 1564.5

0.402 151.1

0.219 14.9

0.472 213.0'

0.440 202.3

0.280 76.9

0.132 60.3

0.673 61270.6

DEMETON
0.01000 256.31 1.1230 O.1000E-02 2.37 0.582 512724.8

OIACETONE ALCOHOL
50.00000 116.16

DIRUTYl PHTHALATE
0.40000 278.30

O-DICHlJRDBENZENE
50.00000 147.00

0.9306 0.2300£+01

1.0450 O.2900E-04

1.3070 0.1790E+Ol
11

1.29

2.76

1.17

0.475

0.525

0.670

184.8

10644.6

205.8



CONTRACT NUMBER 210-76-0108

.QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TLV
PPM

MW DENSITY
Glce

V PRESS
TORR

BETA WS
GIG

TB
-MINUTES

P-DICHLOROBENZENE
75.00000 147.00 1.4581 0.1070£+01

DICHlDRODIFlUOROMETHANE
1000.00000 120.92 1.4860 0.5320£+04

l,l-DICHlOROETHANE
100.00000 98.96 1.1740 0.2777E+03

l,2-DICHlOROETHYlENECCISl
200.00000 96.94 1.2820 0.2500E+03

l,2-DICHLOROETHYLENEtTRANS)
200.00000 96.94 1.2570 0.3890£+03

DICHLOROETHYL ETHER
15.00000 143.00 1.2220 0.2600E+Ol

DICHlOROMONOFLUOROMETHANE
1000.00000 102.92 1.4800 0.1520E+04

l,l-DICHllJRD-I-NITROETHANE
10.00000 143.96 1.4210 0.2000E+02

DICHlOROTETRAFLUOROETHANE
1000.00000 170.93 1.4550 0.2050E+04

1.04

0.84

0.87

0.73

0.80

1.21

0.i2

1.05

1.22

0.767

0.097

0.261

0.240

0.209

0.571

0.094

0.440

0.346

157.2

18.0

59.5

55.8

48.6

600.3

20.7

690.9

45.7

OICHLORVOS
0.10000

DIELDRIN
0.02000

OIETHYlAMIN:=
25.00000

221.00

381.00

73.10

1.4150 a.IOOOE-Ol

1.7500 0.2000E-06

0.7108 0.2927E+03

12

1.62

2.26

1.01

0.715 73027.1

0.787 233171.3

0.153 188.7



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TLV
PPM

MW DENSITY
G/CC

V PRESS
TORR

BETA WS
GIG

TB
~INUTES

DIFLUORODIBROMDMETHANE
100.00000 209.80

DIGlYCIDAl ETHER
0.50000 130.10

DIETHYLAMINOETHANOL
10.00000 117.20

DIISOBUTYL KETONE
50.00000 142.24

OIISCP~OPYLAM!NE

5.00000 101.19

DIMETHYL ACETAMIDE
10.00000 37.12

2.2880 0.1000E+04

1.2420 0.1000E+00

0.8857 0.4000£+01

0.8100 0.3600E+01

0.7220 0.1200E+03

0.9440 0.2000E+01

0.95

1.09

1.37

1.82

1.45

0.96

0.409

0.554

0.400

0.417

0.213

D.400

44.0

19226.5

771.5

132.4

950.5

1038.1

01 METHYLM<l I NE
10.00000 ·45.08 0.6804 0.1850£+04 0.69 0.006 29.3

N,N-DI METHYU\NILINE
5.00000 121.18

DIMETHYLFORMAMIDE
10.00000 73.10

l,l-DIMETHYl HYDRAZINE
0.50000 60.10

DIMETHYL PHTHALATE
0.60000 194.18

DIMETHYL SULFATE
1.00000 126.13

0.9557 0.1000E+01

0.9445 0.5560£+01

0.7820 0.1800E+03

1.1890 0.3000E+00

1.3322 O.1000E+OO

13

1.31

0.80

0.80

1.69

0.98

0.450

0.290

0.013

0.561

0.619

1678.0

896.3

959.8

10871.8

11086.1



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SOR8ENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TLV
PPM

MW DENSITY
G/CC

V PRESS
TORR

BETA WS
GIG

TB
.MINUTES

DI-SEC-OCTYL PHTHALATE
0.30000 390.60 0.9650 0.1400E-06 4.19 0.462 8903.2

DIOXANE
10n.ooooo

DIPHENYL
0.20000

88.10

154.20

1.0353 0.5120E+02

0.9910 0.1600E-Ol

0.88

1.61

0.355

0.504

91.1

36933.6

DIPROPYLFNE GLYCOL METHYL ETHER
100.00000 148.20 0.9500 0.4000£+00 1.62 0.502 76.5

.EPICHLORDHYDRI N
5.00000 92.52 1.1761 0.2150£+02 0.82 0.197 962.4

EPN
0.04000 323.30

ETHANDL.f\MINE
3.00000 61.08

2-ETHOXYETHANOL
200.00000 90.12

1.2680 0.5000E-02

1.0180 0.7000E+00

0.9360 0.7700E+Ol

2.64

0.62

1.00

0.658 114881.'9

0.303 3732.1

0.448 112.2

2-ETHOXYETHYL ACETATE
100.00000 132.17

ETHYL I\CETATE
400.00000 88.10

ETHYL .~CRYlATE

25.00000 100.11

ETHYL ALCOHOL
1000.00000 46.07

0.9748 0.2500E+01

0.8946 0.1187E+03

0.9230 0.6000E+02

0.1808 0.1880E+02

14

1.41

1.02

1.12

0.61

0.510

0.291

0.297

0.138

87.1

76.2

267.9

61.7



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIfE PREDICTIONS

COMPOUND NAME
TLV
PPM

ETHYL~fUN.E

10.00000

MW

45.08

DENSITY V PRESS
Glce TCRR

0.7059 0.1280E+04

BETA

0.66

WS
GIG

0.006

TB
~INUTES

30.5

ETHYL SEC-AMYL KETONE
25.00000 128.20 0.8220 0.3000E+Ol 1.62 0.412 290.4

ETHYlBENZENE
100.00000

ETHYL gHar-nOE
200.QOOOO

106.16

108.98

0.8669 0.2315£+02

1.4510 0.5640E+03

1.27

0.78

0.399

0.195

85.0

40.4

ETHYL BUTYL KETONE
50.00000 114.20 0.8198 0.2200E+01 1.44 0.422 167.1

ETHYL CHLORIDE
1000.00000 64.52 0.9214 0.6280£+04 0.73 0.026 9.0

ETHYLENE CHLORIDE
50.00000 98.96

ETHYLENE CHLOROHYORIN
5.00000 80.52

ETHYLENEDIAMINE
10.00000 60.10

ETHYLENE DIBROHIOE
20.00000 181.88

1.2570 0.1000E+03

1.1970 0.1000£+02

0.8994 0.1100~+02

2.1101 0.1740E+02

0.82

0.10

0.69

0.90

0.274

0.188

0.149

0.616

125.0

1053.1

560.1

406.2

ETHYL~NE GLYCOL DINITRATE
0.20000 152.06 1.4890 o.aOOOE-Ol 1.06 0.604 44861.8

"ETHYLEN~ nXIDE
50.00000 44.05 0.8111 O.1559E+04

15
.0.52 0.004 3.9



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TlV
PPM

ETHYLENIMINE
0.50000

ETHYL ETHER
4DO.00000

ETHYL fOFM,\TE
100.00000

MW

43.07

74.12

74.08

DENSITY V PRESS
Gice TORR

0.8320 0.2700E+03

0.7135 0.6472E+03

0.9236 0.2975E+03

BETA WS
GIG

0.54 0.000

1.08 0.179

0.83 0.183

TB
MINUTES

12.'0

54.5

55.9

ETHYLIDENE CHLORIDE
200.00000 98.96

ETHYL MERCAPTAN
10.00000 62.13

N-ETHYLMDRPHOLINE
20.00000 115.20

ETHYl. SILICATE
100.00000 208.30

FLUOROTRICHlOROMETHANE
1000.00000 137.38

FORMALDEHYDE
, 3.00000 30.03

FORMIC ,~CI lJ
5.00000 46.03

FURFURe.l
5.00000 96.10

FURFURYL ALCOHOL
50.00000 98.10

1.1740 0.2800£+03

0.8391 0.6446E+03

0.9160 0.1000£+02

0.9330 0.3000E+01

1.4940 0.9950E+03

0.8150 0.8100E+04

1.2200 0.5220E+02

1.1610 0.5300E+Ol

1.1290 0.1000E+01

16

0.87

0.77

1.30

2.31

0.95

0 .. 38

0.39

0.86

0.90

0.260

0.032

0.39~

0.491

0.269

0.000

0.001

0.327

0.585

59.4

114.6

391.0

53.3

44.2

0.0

9.5

1538.6

269.5





CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TLV MW DENSITY V PRESS BETA WS TB
PP,~ Glce TORR GIG MINUTES

lS0J3UTYl ,l\LCOHOL
100.00000 74.12 0.8050 0.1500E+02 0.95 . 0.354 107.9

ISOPHORONE
25.00000 138.10 0.9229 0.8000E+OO 1.55 0.481 314.8

ISOPROPYL ACETATE
250.00000 102.13 0.8740 0.8700E+02 1.21 0.3!t6 76.5

ISOPROPYL ALCOHOL
400.00000 60.09 0.1854 0.5300E+02 0.79 0.241 90.6

ISOPROPYL MHNE
5.00000 59.11 0.6940 O.6957E+03 0.88 0.035 266.7

ISOPROPYL GLYCIDYL ETHER
50.00000 116.16 0.9186 0.1200E+02 1.31 0.421 165.9

ISOPROPYL ETHER
500.00000 102.11 0.7190 0.2030E+03 1.41 0.290 64.0

KETENE
0.50000 42.04 0.8100 0.8900E+04 0.54 0.000 0.0

MALATHION
0.01000 330.00 1.2300 0.4000E-04 2.78 0.651 445695.8

MALEIC ANHYDRIDE
0.25000 98.10 1.4800 0.7000E+OO 0.69 0.1~2 17644.7

MESITYL OXIDE
25.00000 98.14 0.8539 O.1200E+02 1.19 0.359 330.8

METHYL ACETATE
200.00000 74.08 0.9244 O.2658E+03 0.83 0.190 57.9
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CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TlV MW
PPM

METHYLACETYLENE
1000.00000 40.06

METHYL ACRYLATE
10.00000 86.10

DENSITY V PRESS
GICC TORR

0.6600 0.4810E+04

0.9490 0.1100£+03

BETA

0.63

0.94

WS
GIG

0.009

0.161

T8
MINUTE~

4.9

421.5

METHYLAl
1000.00000 76.10 0.864,0 0.4700£+03 0.91 0.178 52.9

~1ETHYl ALCOHOL
, 200. 00000

METHYLAMINE
10.00000

32.04

31.06

0.7913 0.1600E+03

0.6220 0.3160E+04

0.42

0.52

0.019

0.000

13.4 '

0.8

METHYL N-AMYL KETONE
100.00000 114.18 0.8166 0.6000E+01 1.45 0.416 82.4

METHYL BROHIDE
20.00000 94.45 1.7320 0.1920E+04 0.57 0.004 5.4

METHYL CELLOSOLVE
25.00000 76.09 O.Q660 0.1340E+02

METHYL CELLOSOLVE ACETATE
25.00000 113.13 1.0050 0.4800£+01

0.82

1.22

0.305

0.466

362.2

356.3

METHYL CHLORIDE
100.00000 50.49

METHYL CHLOROFORM
350.00000 133.42

METHYlCYCLOHEXANE
500.00000 98.18

0.9180 0.4970E+04

1.3492 0.1570£+03

0.7864 0.5870£+02

19

0.57

1.02

1.29

0.005

0.427

0.336

2.4

72.3

77.3





CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TLV MW DENSITY V PRESS BETA WS TB
PPM Glec TORR GIG MINUTES

MORPHOLINE
20.00000 87.12 0.9980 0.1350E+02 0.90 0.331 429.2

NAPHTHALENE
10.00000 128.16 1.1(,20 0.1400E+00 1.14 0.613 1079.4

NICOTINE
0.03000 162.23 1.0092 0.6000E-01 1.61 0.463 80537.5

P-NITROMHL INE
1.00000 138.13 1.4240 0.1000E-Ol 1.01 0.154 12322.3

NITROBENZENE
1.00000 123.11 1.2050 0.1000£+00 1.06 0.451 8276.3

P-NITROCHlDROBENZENE
0.15000 151.60 1.5200 0.2000E-01 1.07 0.704 67218.8

NITRQETHANE
100.00000 75.01 1.0520 0.2560E+02 0.14 0.362 109.0

NITROGL YCnnN
0.20000 221.09 1.6010 0.8300E-03 1.41 0.846 42058.2

NITRDMEnL~NE

100.00000 61.04 1.1300 0.4616E+02 0.56 0.214 79.0

I-NITROPROPANE
25.00000 89.09 1.0030 O.1400E+02 0.92 0.351 355.1

2-NITROPROPANE
25.00000 89.09 0.9920 O.2000E+02 0.93 0.326 331.0

M-NITROTOLtJ~NE

5.0\1000 137.20 1.15'70 O.!'.. 200E+OO 1.23 0.570 1817.1

21
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CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIfE PREDICTIONS

COMPOUND NAME
TLV MW DENSITY V PRESS BETA WS TB
PPM GICC TORR GIG MINUTES.

0- NITROTOL IJENE
5.00000 137.20 1.1630 0.4000E+OO 1.22 0.574 1891;0

P-NITROTOLUENE
5.00000 137.20 1.2990 0.3600E+00 1.09 0.635 2091.5

OCTANE
500.00000 114.23 0.7036 0 •.1840E+02 1.68 0.348 68.9

OXALIC ACID
0.02000 126.10 1.6530 0.2000E-04 0.79 0.113 692113.8.

PARATHION
0.01000 291.30 1.2600 O.4000E-03 2.40 0.662 513031.8

PENTACHlORCPHENOL
0.05000 266.40 1.9780 0.2000E-03 1.40 1.044 177035.5

PENTANE
1000.00000 72.15 0.6260 0.6148E+03 1.19 0.182 57.1

2-PENTANONE
200.00000 86.13 0.3060 0.2480E+02 1.11 0.354 92.8

PHENOL
.5.00000 94.11 1.0720 0.8000£+00 0.91 0.459 2202.4

PHENYL l:THER
1.00000 170.20 1.0100 0.3000E-Ol 1.65 0.560 7426.3

PHENYL GLYCIDYl ETHER
10.00000 150.17 1.1090 0.2000E-0! 1.40 0.578 868.9

P-PHENYLENEDIAMENE
0.02000 108.14 1.1390 0.4000E-01 0.98 0.328 342177.3
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CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NM1E
TLV MW DENSITY V PRESS BETA WS TB
PPM GICC TORR GIG . MINUTES"

STYRENE
·100. 00000 104.14 0.8964 0.7940E+Ol 1.20 0.442 95.8

1,1,2,2-TETRACHlORO-l,2-DIFLUOROETHANE
500.00000 203.85 1.6440 O.7300E+02 1.29 0.685 75.9

TETRACHLOROETHYLENE
100.00000 165.83 1.6059 0.2402E+02 1.07 0.698 95.1

TETRACHLOROMETHANE
10.00000 153.84 1.5843 0.1430E+03 1.01 0.288 423.1

TETRAETHYLLEAD
0.00600 323.50 1.6240 0.5700E+OO 2.06 0.518 672853.6

TETRAHYOROFURAN
200.00000 72.12 0.8880 O.2004E+03 0.84 0.204 63.9

TETRM1ETHYLLEAO
0.00(:>00 267.33 1.9950 O.4050E+02 1.39 0.166 233420.3-

TETRANITRGMfTHANE
I.OOOlO 196.04 1.6500 O.1500E+02 1.23 0.424 4887.8

TOLUENE
200.00000 92.13 0.8576 0.3670E+02 1.11 0.361 88.4

TOLUENE DIISOCYANATE
0.02000 176.16 1.2200 0.2500E-Ol 1.50 0.518 332143.0

D-TOLUIDINE
5.00000 107.15 1.0040 0.9000E+OO 1.11 0.455 1919.2

TRIRUTYl PHOSPHATE
0.46000 266.32 0.9727 O.3000E-Ol

24
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CONTRACT NUMBER 210-16-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TlV MW DENSITY V PRESS BETA WS T8
PPM GICC TORR GIG MINU.TES .

l,l,2-TRICHLOROETHANE
10.00000 133.42 1.4242 0.2940E+02 0.97 0.368 623.6

TRICHLOROETHYLENE
100.00000 131.40 1.4550 0.9400E+02 0.94 0.466 80.0

1,2,3-TRICHUJROPROPA.NE
50.00000 147.44 1.3832 O.5000E+01 1.10 0.661 202.5

1,1,2-TRICHLORO-l,2,2-TRIFlUOROETHANE
1000.00000 187.39 1.5102 0.4000£+03 1.24 O.SI0 61.5

TRI-Q-CRESYL PHOSPHATE
0.00700 368.36 1.1700 0.4000E-06 3.26 0.594 520381.1

TRIETHYLAMINE.
25.00000 101.19 0.7229 0.7310E+02 1.45 0.278 248.2

2,4,6-TRINITRDTOlUENE
0.16000 227.13 1.6540 0.2000E-04 1.42 0.148 46485.5

TRIPHENYL PHOSPHATE
0.22000 326.2B 1.2680 0.1000E-02 2.67 0.612 21129.4

TURPENTINE
100.00000

VINYlTOLUENE
100.00000

M-XYlENF
100.00000

f)-XYLENE
100.000aa

126.16

118.17

106.16

106.16

0.8700 O.1000E+OO

0.8894 0.2310£+01

0.8556 0.1143E+02

0.8711 0.1555£+02

25

1.50

1.38

1.29

1.26

0.461

0.466

0.417

0.414

82.5

89.0

88.6

88.1



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NIH-iE
TLV MW DENSITY V PRESS BETA WS T8
PPM Glce TORR GIG MINUTES

P-XYlENE
100.00000 106.16 0.8523 0.2352E+02 1.29 . 0.395 84.0

2 7 4-XYLIDINE
5.00000 121.24 0.9740 0.3000E+00 1.29 0.492 1831.5

2.6-XYLIDINF.:
5.0aooo 121.24 0.9820 0.5000£+00 1.28 0.482 1794.8
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TABLE II

COMPOUNDS FOR WHICH CALCULATIONS

WERE NOT MADE

1. aldrin

2. allyl propyl di sul fi de

3. 2-ami nopyri di ne

4. alpha-naphthyl thiourea

5. azi nphos-methyl

6. benzoyl peroxide

7. tert-butyl chromate

8. chlordane

9. o-ch1orobenzylidenemalonitrile

10. (tri) chlorodiphenyl

11- (penta) chlorodiphenyl

12. 1-chloronitropropane

13. CragR herbicide

14. 2,4-0

15. diazomethane

16. 1, 3-di chl oro-5, 5-dimethyl hydantoi n

17. dimethy1-1,2-dibromo-2,2-d~ch1oroethy1 phosphate

18. o-dinitrobenzene

19. ~dinitrobenzene

20. p-dinitrobenzene

21- dinitro-o-cresol

22. endrin

23. Ferbam

27



24. hexach1oronaphtha1ene

25. lindane

26. methoxychlor

27. methy1i socyanate

28. octach1oronaphtha1ene

29. paraquat

30. pentach1oronaphtha1ene

31. perch1oromethy1 mercaptan

32. picric acid

33. piva1

34. propy1eneimine

35. quinone

36. RDX

37. ronnel

38. rotenone

39. strychnine

40. 2,4,5-T

41. TEDP

42. TEPP

43. terphenyl

44. 1,1,1,2-tetrachloro-2,2-difluoroethane

45. tetrachloronaphthalene

46. tetramethy1 succinonitrile

47. tetryl

48. thiram

49. tri ch1oronaphtha1ene

50. trif1uorobromomethane

28



VI. FORTRAN IV PROGRAM

FORTRAN IV VER13/MODOO
--_..._--_.._-_..._-------

34

35
36
37
38

I READ DEVICE-MFCU1
C WHeELER EQUATION EVALUATION-RESPIRATOR CARTRIDGES-----·-e· CrellO':' 76-0108- CHG 997501 . - .-. ..-.-.-- ..--..... ---...- ....--..----.--..-.--..-.-

1 REAl*8 Il?12,13,I4?I5'-2 . --ffEAT.-MW~K· - -.- --.----.---.----.--.------- -- ----.-.--.-

C CONSTANTS ASSIGNMENT STATEMENTS--3------------------·WO ~. 5 ]------- - .. -.--.---------.---.--_.---"-- -_.,---.- ~-._'-----------.-----'--"--.----.----.~.--_.-'-.--_.---'-'----'_."-.

4 T=303.-'-"'5"'-"-"-'-"'-' i3;T. 1E':'6 ...--- ..-.----.-.---.---.---.....--- .....--..----- ..- ..-...- ----..... _...-.- .....-_.-..-.---.

6 W=34.---r·---·------cbe;r6:.-_....- _.-..-.----....... -------_.---.....-----.-..--...---- "-'''---'''-'-'''- ... ---..--
8 Q=30.---.-.- - -- ._-_.>.-_._-.------_.. __..--_." - --~, --

9 K=4094.
10 PC=400.

' - 1i- -.-.-----.-.-.-.--..-.-.~--- N= 0

12 l=12¥---f3 -.-.---- ._"... ,--_. --\1 -;\1'R Ef ;-9-6-~ 4- ii--------------·----------~-'_ .. .-,-~--.~..-----..------.-------_.--~- ,-- ._----..~-,-~~~ ..,-~- ..-~~.-. -

C VARIABLES INPUT
14 ----- ao READ ( 1,10, END= 110) (Z 1, li~'13,Z4~ Z5 ,RHO, Tl V, PS ~ MW) -..---......... ----.......- .. ---.
15 10 FORMATC5A8,Fl0.5,FlO.2,ElO.4,F10.2J--- ------~~_._.._-_ ... ~

16 VM=MW/RHO
17 BEfA=VM/VMREF
18 CI=TlV*lO.
19 IF(CI-IOOO.)250,250,240
20 240 Cl=1000.
21 250 P=CI*760./IO.**6
22 CO=CI*MW/24.8b3/10.**6
23 WS=RHO*WO*EXP{(-B*T**Z/BETA**Zl*«ALOGIO(PS/P»)**2J)
24 TB=(IWS/CO/Q)*(W-(PC*Q/K)*ALOG(COC»)
25 N=N+1
26 IF(N-l)20,20,25
27 25 IF(N-l)70,70,90
28 90 l=l+12
29 20 IPAGE=L/12
30 WRITE(3,120)IPAGf
31 120 FORM~T{'l' IT71?'PAGE ',13)
32 WRITE(J,50)
33 50 FORMAT{////T30,' CONTRACT NUMBER 210-16-0108'/IT21,- QUICK RESPONS

BE ENGINEERING REPORTf//TI9,'TASK URGER 1 SORBENT SERVICE lIFE PR
CEOICTIONS'///T6,'COMPOUNO NAME'/11X,·TLV·,7X,'MW'?6X,'DENSITY·,3X,
O'V PRESS·,dX,'BETA',7X,·WS·,8X,'TB'/11X?'PPM',17X,'G/CC·,5X,'TORR'

. _(:,21X, 'GIG' ,5X? 'MINUTES'II)
70 WRITf(3,60lIL ,12 ,I3 ?14,l5,TLV ?MW ,RHO ,PS ,BETA,

.............. ._ 1:..\-1. S. , T B. .. _ _ ..__ _ _._ _ ...
60 FORMAT(4X,5A8/6X t F10.5 t Fl0.2,F10.4,2X,ElO.4,Fl0.2,Fl0.3,FIO.111)

GO TO 80--- ._"_._._-,,- ~ ------ ...

110 STOP
END
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