FINAL REPORT

ORGANIC VAPOR RESPIRATOR
SERVICE LIFE PREDICTION

by
D. M. Smoot

The Bendix Corporation
Launch Support Division
Cocoa Beach, Florida

NIOSH Contract No. 210-76-0108£ 3 )

National Institute for Occupational Safety and Health
Division of Physical Sciences and Engineering
Control Technology Research Branch
Robert A, Taft Laboratcries
Cincinnati, Ohio






. NIOSH 00TL3554

3UZ2i4=i0Y . -———
'REPORTY DOCUMENTATICON 1. REPORT MO. . b 2 . 1. Recipiant's Accession Mo, -
PAGE 210-76- 1108 . NA P‘gﬂ j_ 8 g ? 3 9
& Tile snd Sudtile ' C ) ) o £ Report Oatae
Final Report, Organic Vapor Respitator, Service Life Prediction
[ 9
. NA .
7+ Authar(s) ) A, Perdorming Organization Repl. No.
Smoot, D. M. NA
3 Performing Organizstion Name and Address . 319, Project/Task/Work Unit No.
' NA

The Bendix Corporat_ion 11. Cantract{C) or Grant(G) No,

Launch Support Division-
Cocoa Beach, Florida <@ 210-76-0108

(]
32 Spansoring Organization Name and Addrexs : ) . 13. Type of Report & Period Covered
" Contract
NIOSH .
Cincinnati, Ohio . _ 14,
NA

15, Supplementary Notes

NA
16, Abstract (Limitt 200 words)

. The service life of an average organic 1 i

was estimated for 231 compounds listed %n 29gCode §2P;Zd§$:$l£:;3;a:?;£:l?ESR)
1910.1000: The study was requested by NIOSH to aid im determining substances
with possible marginal service lives Ffor laboratory testing. Calculation
were pe?formed on a computer using the Dubinin equation to determine °
a?sorptlon capacity and the modified Wheeler equation to estimate service
11fe: A computer print out tabulation provided the threshold limit value

. dgn31ty, vapor pressure, adsorption capacity, and predicted‘cartrid e ser;ice
life for each compound. Fifty additional compounds are listed for 3hich
cartridge service life was not estimated because of insufficient density and
vapor pressure data. The author suggests that the estimales of cartridye
service 11?3 may be helpful to industrial health professionals in ¢
administering industrial respiratory programs, 4

7. Document Analysits &. Descriptors -

Orgarfic—»vapors, Materials-testing, Srevice-Life, Chemical-cartidge-respiratoers,
Respiratory-protective-equipment

b identlfiecs/Opan-Ended Terms

-

B

. COSAT} flald/Group
» Avslladlitty Slatemaent 19. Security Class (This Report) 21. No. of Pages
- 31

Available to Public . 20, Security Class (This Paga) 22. Price
. H

"19.18) . See Insieuctions on Reverne N

OPTICNAL FORM 77 (4=7/

A msrmael s i T ASN






CONTENTS

TABLES

Section
I INTRODUCTION
I  TASK SPECIFICATIONS
IIT  TASK PARAMETERS
IV DATA SOURCES
V. TASK RESULTS
VI FORTRAN IV PROGRAM
BIBLIOGRAPHY
Table
I‘ Input Data and Calculaticon
Results for 231 Compounds
II  Compounds for Which Calculations

Were Not Made

ii

Page

o W

29
30

Page

27



ABSTRACT

To aid NIOSH in determining organic compounds with marginal respirator

| cartridge service lives, the service Tives of 231 compounds Tisted in 29 CFR
"1910.1000 were estimated mathematically. The calculations were performed
on a computer using the Dubinin equation tq calculate adsorption capacity

and the modified Wheeler equation to estimate service 1ife.

LI |
'l



I. INTRODUCTION

The purpose of this task was to estimate the service Tife of an average
orgénic vapor respirator cartridge against each of the organicvcompounds
Tisted in 29 CFR 1910.1000. ‘This information was requested by NIOSH as

an aid in determining substances with possible marginal service lives for
]aboratory testing. By publication of this information, ft is hopediihat
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 [1] for calculation
of adsorption capacity and the modified Wheeler equation [2] for prediction
of service 1ife. The Dubinin equation is as follows: |

BT?
Ws = pHoexp - o Tog? (pg/p)

where wg = adsorption capacity (gram/gram)

solvent density (grams/cc)

el
il

maximum adsorption space (cc)

=
(=}
L1

microporosity constant

=)
1}
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temperature (°K)

B = affinity coefficient
ps = saturation vapor pressure at temperature T (torr)
p = partial pressure (torr)

and the Wheeler equation is:

_Ws | W- P n (Cy/e) |
% CoQ k

breakthrough time (min.)

where tp
Wg = adsorption capacity (gram/gram)
Cq = input concentration (grams/]iter)
Q = flowrate of contaminated air (1iters/min.)
W = weight of charcoal in cartridge {gram) »
P = charcoal density (grams/liter)
€ = breakthrough concentration

k = adsorption rate constant

The following conditions were specified in the task order:

Carbon weight average of commercially available
cartridges

Carbbn type petroleum base

Flowrate 30 liters/min./cartridge

Temperature 303° K

Wheeler rate constant 4,094 min~!

Input concentration 10 X TLV, with a maximum of 1,000 ppnm

Affinity coefficient (B) to be calculated from molar volumes



II1. TASK PARAMETERS
Based on these specifications and work performed on a previous contract [31],
the following parameters were chosen: |

Carbon weight (W) = 34 grams/cartridge

Microporosity constant (B) = 1.1 X 106

Maximum adsorption space (Wy) = 0.53 cc/gram

Carbon density (pc) = 400 grams/1iter

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

relationships were used in the computér program.

Vg =

o=

' where Vp = molar volume {cc/mole)

M = molecular weight (grams/mole)
P = compound density (grams/cc),
B = m
Vm ref
where \, = molar volume (cc/mole)

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

m .
o

affinity coefficient

24.863 X 10°

where C, = input concentration (grams/liter)

M = molecular weight (grams/mole)
Ci = input concentration (ppm)
760 Cy
P=s—777
106



where p = partial pressure {torr)

Ci

input concentration (ppm)

and Co/C = 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'ca1cu1ate§
and prints out affinity coefficient, adsorption capacity, and service

1ife. 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 cbtained from reference
books, primarily reference [4]. Vapor pressures at 30° C were the
most difficult data to obtain. Some were found tabulated in the 1it;
erature. Others were interpolated or extrapclated from data at other
temperatures by plotting log p vs. 1/T, and some vapor pressures were
calculated from the Antoine equation. The Antoine equation is:
logp=A~-B/(t+C()

where p =.Qapor pressure |

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

t = temperature (°C)

The most extensive collection of Antoine constants is in the compilation
by Dreisbach [5-7]. 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



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 (wg) is in grams of

solvent/gram of carbon, and service life {tp)} 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.



TABLE I

INPUT DATA AND CALCULATION
RESULTS FOR 231 COMPQUNDS



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME

TLY he |
PPH :
ACETALDTHYDE
200.00000 44.05

ACETIC ACID

10.002000 60.05
ACETIC ANHYDRIDE
500000 102.09
ACETONE
100000000 58.08
ACETONITRILE
4000000 41.05

ACETYLEMNE TETRABROMIDE

1.0200090 345.70
ACRDLETN :

Cel 000D 5606
ACRYLAMIDE

e 12000 71.03
ACRYLDONITRILE

20. 80000 53.06
ALLYL ALCOHOL

28133000 58.08
ALLYL CHLORIDE

1.00000 T6.53

ALLYL GLYCIDYL ETHER
10. 343900

11414

DENSITY
G/CC

0.7834
1.0490
1.0820
0.7920
Ca.7830
29600
08410
i-lZZO
0.7970
0.8550
0.9380

0.9498

V PRESS
TORR

0.9877E+03
0.%060E+02
0.5500E+01
0.2827E+03
0.11460E+03

C.4600E+00

035508403 -

C.2000z+01
0e14324E+03
0.3240E402
0.4535é+03

0.6E00F4+01
7

BETA

053

0.59

0.98

Da7d

C.70

0.85

1.22

HS
G/G

0.102

0.350

0.132

1.260

0. GO0

0.038

Q. 065

0.047

0.020

0.398

ﬂ

T8
MINUTES

11.9
38246
1549.7
51.4
58.4
823442
198.0
12193.3
137.6
921.5
585.2

788.0

17N2A0



CONTRACT NUMBER 210-76-0103
AUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME

8

TLV MY DENSITY V PRESS BETA WS ™
POM 67CC TORR 676 . MINUTES -
N-AMYL ACETATE -
100. 00000 130.18 0.8760 0.8000E+01 1.54% 0. 444 77.0
SEC-AMYL ACETATE | ‘
125. 09000 130.18 0.8600 0.13005402 1.57 0.428 74.3
ANILINE
5. 00000 93,12 1.0220 0.9100E+00 0.94 0.437  2118.2
O~ANTISIDINE
0.G7000 165419 1.0980 Cu%000E+00 1.56 0.413  80606.1
P-ANTSIDINE |
0.07500 165.19 1.0890 0.4000E+00 1.57 0.412 80395.2
RENZENF
10. GOGDO 78411 0.8684 0.11805+403 0.93 0.141 . 407.5
BENZYL CHLORIDE -
1.00000 126,53 1.1000 0.2670E+01 1.19 0.368 6565.5
BROMOFORM
0.50700 252,77 2.8900 0.7000E+01 0.91 0.413 7381.5
143-BUTADIENE
1000. 63000 54,09 0.6210 0.24TOE+04 0.90 0.071 26.8
2—BUTANONE [MEK)
200. 00000 72.10 0.8050 0.1214E403 0.93 0. 242 75.7
2-BUTCXYETHANOL
50.00000 118.17 0.9027 0.1000E401 1.36 0.4T4 181.1
BUTYL ACETATE
15000000 116.16 0.8820 0.1B00E+02 1436 0.422 82.0



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TLV MW
PPM

SEC-BUTYL ACETATE
200.00000 116.15

TERT-BUTYL ACETATE
200, 00000 116.16

BUTYL ALCOHOL
160.00000 Thel2

SEC-BUTYL ALCOHOL

150400000 T4a12

TERT-RUTYL ALZDHOL

1006. 00000 Thel?2
BUTYLAMINE
5« 20000 T3.14

N-BUTYL GLYGCIDYL FTHER
50.00000 130.21

N-BUTYL MERCAPTAN
10. 00000 90.18

P-TERT-BUTYLTDLUENE
10.00000 148.24

CAMPHOR
2.00000 152.23

CARBARYL
0. 60000 201,22

CARBON DISULFIDE

DENSITY
G/CC

0.8648

0. 8960

0.8098

D B08D

0.7887

0.7401

0.9087

0.8350

0.85600

0.5900

1.2320

1.2500

V PRESS
TORR

0.2900E+02

0.3050FE+02

0.9520E+01

0 2390E+02

0.63860E+02

D.1164E403

0e4000E+01

0.5810E+02

D.9500E+00

0.27T00E+00

0.1000E-01

0.4352£403
9

BETA

1.39

1.34

1.12

1.59

1.69

WS

G/G

0402 -

0.411

0.37%

0.333

0.282

0.122

0459

0.226

0439

0.486

0.5650

0.032

1

T8
MINUTES

T8.2:
80.0
114.2
101.6
85.9
751.8
159.3
56740
668.5
3605.8
12164+5

475

17n29



COMPOUND NAME

TLV
PPM

QUICK RESPONSE ENGINEERING REPDRT

TASK ORDER

MW

CHLDRINATED CAMPHENE

003000

413.84

CONTRACT NUMBER 210-76-0108

1 SORBENY SERVICE LIFE PREDICTIONS

DENSITY

G/CC

1.6600

CHLDRINATED DIPHENYL OXIDE

0. 05000 238490
CHLOROACETALDEHYDE
1.080000 13.50

ALPHA-CHLORDACETOPHENCNE

D 05000

CHLORDBENZENE

75 G000

154459

112.56

CHLORCBROMOMETHANE

230. 006000

CHLORGFORM
50.038000

CHLOROPICRIN
0.10000

CHLCRIPRENE
25. 00000

M-CRESOL
500600

OD-CRESOL
5.00000

P-CRESOL
5.00000

129.40

119.39

164439

88.54%

10810

108.10

108.10

1.3200

1.1300

13240

1.1066

1.9114%

1.48490

1.6920

09583

1.0340

1.0511

1.0320

V PRESS
TORR

0.3000E-06

0.7000LE-03

0« 100CE+D1

0.4000E-01

Oel15455402

0.1834E403

0.2460FE403

0.3110E+072

0. 2600E+(G3

0.2500E400

0.6800E4+00

042900£+00
10

BETA

258

1.05

0.83

096

1.08

1.07

1.08

WS
6/G

0.776

0.658

0.239

D.52¢

0.487

0.316

0,250

0.108

0.172

0.517

0.485

0.515

T8
~ MINUTES

14116143
132007.3
687641
154642.4
130.2
55.2
Yhe
14807.8
175.4
2161.7
2024.6

2150.4



TASK ORDER 1

COMPOUND NAME

TLV MW
PPM
CROTONALDEHYDE
2.00000 70.09
CUMENE
504 00000 120.19
CYCLOHEXANE
300. 00000 84416
CYCLONEXANOL
T 50420000 100416

CYCLOHEXANDNE

50« 00000 UB.14%
CYCLOHEXENS .
300. 00000 87.14
CYCLOPENTADIENE
15000830 L6610
DDT ,
0.07000 354449
DEMETON
0.01000 256431

" DTACETOME ALCOHCL
50. 02000 116.16

DIRUTYL PHTHALATE
0. 40000 278430

O-DICHLORORENTZENE
50« 30000 14700

CONTRACT NUMBER 210-76-0108

QUICKX RESPONSE ENGINEERING REPORT

" DENSITY
G/CC

0.8530

0= 85640

0.7791

0.9%49

0.9478

0.8102

0.8048

1.1230

0.9306

1.0450

1.3070

V PRESS
"TORR

0.3200E+02
0.1645E402
0.1217E403
0.2600E+01
0.6500E+01
0.1111F+03
0.4500E4+03
0.25005~-06
0.1000E-02
0.2300E+01
0.2900E~04%

0.17305+01
11

BETA

le44

1.05

2«37

237

1.29

215

1e17

SORBENT SERVICE LIFE PREDICTIONS

WS
G/6G

0.097

0.402

0.279

Ce472

0. 440

0.280

0.132

D.673

0582

0475

0.525

Ce 670

T8
MINUTES

1564;5
i51.1
T4+9
213.0°
202.3
T6.9
603 -
612706
5127248
184.58

1064445

20548
1 17nadk



CONTRACT NUMBER 210-76-0108

-QﬁICK RESPONSE ENGINEERING REPORT

TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS
COMPOUND NAME
TLV My DENSITY V PRESS BETA WS
PPM G/CL TORR G/G
P—DICHLOROBENTENE
75.00000 147.00 1.4581 0.1070E401 1.04 0.767
DICHLN2ODIFLUNROMETHANE
1000. 00000 120.9? 1.4860 0.5320F+04 0.84% 0.097
1,1-DICHL DROETHANE
10G. 00000 98.95 1.1740 0.2777F+03 0.87 0.261
142-DICHLORAETHYLENE{CIS)
200400000 26.54 1.2820 0.2500FE+03 0.73 0e240
1, 2-DICHLOROETHYLENE{ TRANS) :
200.00000 96.04 1.2570 0.3890F+03 0480 0.209
DICHLODNETHYL ETHER
15. 002000 143.00 1.2220 0.26005401 1.21 0.571
DICHLORNMONDELUOROME THANE
1000.00000 102.92 1.48D0 0.152CE+04 DaT2 0.094
1, 1-DICHLORO-I-NITROETHANE
10. 00000 143,96 1<4210 0.2000E+02 1.05 0. 440
DICHLOROTETRAFLUDROETHANE
1000. 00009 170.93 1.4550 0.2050F+04 1.22 0.346
DICHLORYGS
0.10000 221.00 1.4150 0.10005-01 1.62 0.715
DIFLDRIN
0.02000 381.00 1.7500 0.2000F—06 2.26 0,787
DIETHYLAMINS
25.00000 73.10 0.7108 0.2927E+03 1.07 0.153

12

TB
MINUTES

157;2‘
18.0
59.5
55.8
48,6

600.3

- 20.7

690.9
45,7

73027.1
233171.3

188.7



CDONTRACT

QUICK RESPONSE ENGINEERIMG REPORT

NUMBER 210-76-0108

TASK CORDER 1 SORBENT SERVICE LIFE PREDICTIONS

COMPOUND NAME
TLY : MW
PPH

DIFLUDRODIBROMUMETHANE
100.09000 209.80

DIGLYCIDAL ETHER

0.50000 130.10
DIETHYLAMINOETHANOL
1020000 117.20

DIISOBUTYL KETONE
50.00000 142.24

DIISCPROPYLAMINE
5. 00200 101.19

DIMETHYL ACETAMIDE
16. 02000 8712

DIMETHYLAMINE
10.007900 45,08

Ny N-DIMETHYLANILINE
5. 00000 121.1%8

DIMETHYLFORMAMIDE
10.30000 73.10

1, 1-DIMETHYL HYDRAZINE
0.50000 60.1D

DIMETHYL PHTHALATE
Da 60000 1944183

DIMETHYL SULFATE
1.00000 12613

DENSITY
G/CC

2.2880

1.2420

0.8857

0.8100

D.9440

D.H804

0.9557

09445

€.7820

1.1890

1.3322

V PRESS
TORR

0.1000E+04
0.1000E+00
Ca40C0E+0]
0.3600E+01
0.1200E+03
N.2000E401
0.1350C+04
0.1000FE+01
0a.5560E+401
0.1800E+03
0f3000E+00

0.1000E400
13

BETA

0.95

1.82

D. 69

1.69

0.98

WS
G/G

0.409
0554

0.400

Oa 417

0213

0.400

0.006

G450

0. 290

D013

Je58&1

0.519

T8
MINUTES

45.0'
19226.5
771.5
132.4
950.5
1038.1
29.3

1678.0
896.3
959.8
108718

11086.1

1 17074



CONTRACT NUMBER 210-76-0108
QUICK RESPONSE ENGINEERING REPORT
TASK ORDER 1 SORBENT SERVICE LIFE PREDICTIONS
COMPDOUND NAME

TLY MW DENSITY V PRESS BETA WS ™
PPM G/CC TORR G/6  .MINUTES

DI-SEC-OCTYL PHYHALATE ‘ : .
030000 390460 0.9650 D.1400E-06 4.19 0.462 B8903.2

DIDXANE
100.00200 88.10 1.0353 0.5120E+402 0.88 0.355 91.1

DIPHENYL
0420000 154.20 0.9910 0.15600E6-01 l.61 0.504 36933.4

DIPRUPYLENE GLYCDL METHYL ETHER ‘
- 10000000 148.20 09500 0.4%000E+00 l.62 D.502 : T65

EPICHLUORORYDRIN

5. 000400 92.52 1.1751 0.215CE+02 0.82 De197 9624
EPN

0.04000 323.30 1.25680  0.5000E-02 2564 D658 1143831.9
ETHANDLAMINE

2,130080 61.08 1.0180 0.7000E+00 .0.62 0.303 3732.1

2—ETHOXYETHANDL
200.00000 9012 D.9360 0.7700E+01 1.00 O« 448 112.2

2—-ETHOXYETHYL ACETATE
100. 00000 13217 D«9748 0.2500E+01 1.41 0.510 871

ETHYL ACETATE :
400.90C00 88.10 08946 0.1187E+03 1.02 0.297 THa2

ETHYL ACRYLATE
25. 00000 100.11 0.9230 0.6000E402 1.12 0.297 267.9

ETHYL ALCOHOL
1000. 20000 46407 0.7808 0.788DE+02 0.561 0.138 65T7e7

14



COMPOUND NAME

TLV

PPM

ETHYLAMTINE

1C.002000

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER

MW

4%.,08

ETHYL SEC—-AMYt KETONE

25.000040

ETHYLBENZENFE
100.00000

ETHYL BROMIDE
200.00000

128420

105.16

108,93

ETHYL BUTYL XKETOGNE

504 24000

ETHYL CHLORIDE
1600. 00000

114.20

&4.52

ETHYLEME CHLORIDE

50.020000

98.95

ETHYLENE CHLODRDHYDRIN

500020 80.52
ETHYLENEDIAMINE
10, 30000 6010

ETHYLENE DIRROMIDE

20.00000

ETHYLENE GLYCDL DINITRATE
0620000

ETHYLENT DIXIDE
50. 00000

187.88

152.046

44.05

CONTRACT NUMBER 210-76~0108

1 SORBENT SERVICE LIFE PREDICTIONS

DENSITY

G/ec

0.7059

08220

D.8669

1.4510

0.8198

0.9214%

1.2570

1.1970

D.38924

2.1707

1.4390

0.8711

V PRESS
TCRR

0.1280E+04

0.3000E4+01

0223758402

0.564054+03

0a2200E+401

0.562B0E+04%

O« 1000E+03

0.10008402

017005402

0.1740E+02

0.B000E~-D1

0.1559F404
15

BETA

1.62

073

G.82

0.70

0.90

WS

G/G

04006

0«412

0399

0.195

0422

D.026

0.274%

0.188

D149

CabT5H

0.604

0. 004

1

T8
MINUTES

30.5

290.4

85.0

40.4

167.1

a0

125.0

1053.7

560.1

40642

44867.8

3.9

ATNRR



COMPOUND NAME
TLY
PPM

ETHYLENTMINE
0.50000

ETHYL FETHER
430. 06000

ETHYL FDRMATE
108.0C00D

ETHYLIDENE CHL
20300000

ETHYL MERCAPTA
10. 00000

N-ETHYLMORPHOL
2000000

CTHYL SILICATE
100.00000

FLUDROTRICHLOR
100C. 30000

FORMALDEHYDE
. 3.060000

FORMIC ACID
5.00000

FURFURAL
5. 00000

QUICK RESPONSE ENGINEERING REPORT

TASK DRDER

MW

43,07

14412

74.038

ORIDE
98,96

M
652413

INE

115.20

. 208430

CMETHANE

137.38

30.03

46.03

96.10

FURFURYL ALCOHCL

50.00000

98.10

CONTRACT NUMBER 210-76-0108

1 SORBENT SERVICE LIFE PREDICTIONS

- DENSITY
G/CC

0.8320

0.7135

09235

1.1740

0.8391

0.91480

9330

1.4940

1.2200

1.1610

1.1290

V PRESS
TORR

0.270DE+03

0.6472E+03

0.2975E+03

DL 28C0E+03

Co 64468403

0.10008E+02

0.3000E401

0.2950E+03

0«.8100E+04

0.5220E4+02

0.5300E+0)

0.1000F+01
16

BETA

0.54%

1.08

0.77

WS
G/G

0.000

0.179

0.183

0.260

0.032

0.393

0.491

D269

0. 000
0.001
0.327

0.585

T8

_ MINUTES

12.0
545
55.9
59%.4
114.6
391.0
53.3

4442

1538.6

26%9.5



COMPDUND NAME

QUICK RESPONSE ENGINEERING REPORT

TASK ORDER

TLV MW
PPM
GLYCTINOL
50. 00000 74.10
HEPTAGHLOR -
0. 03000 375430
HEPTANE
500. 00000 100420
HEXACHLNROETHANE
1.00000 236476
HEXANF
500. 020000 86417
2—HEXANONE
100.00000 100.14
HEXONE -
100.009060 100.16

-

SLC-HEXYL ACETATE

50. 00000

- HYDROQUININE
0« 04000

144.21

110.10

ISOAMYL ACETATF

10000000

130,20

ISCAMYL ALCOHOL

100, 00000

130, 00000

88.15

C ¥YS0BUTYL ACETATE

116.20

CONTRACT ‘NUMRER 210-76-0108

1 SORBENT SERVICE | IFE PREDICTIONS

DENSITY
G/CC

1.1150

1.5300

0.6840

20910

0.6603

0.8300

0.8030

0.8598

1.2320

C.8760

£.8160

D.B685

V PRESS
TORR

01300E+01
0.4000E-03
0.5835E+02
0.1000£401
0.1834E+03
0.6000FE+01
0.2000F+0]1
0«5650CE+01
0.2000E-01

0.9000E401

050005401

0.2400E402
17

BETA

0. 69

246

1.17

1425

1.29

0. 86

WS
G/6G

0.556

0. 837

G.310

0.797

0« 256

C.418

0397

Da433

Q448

Du44b?

0.410

O.(fcg

" TB
MINUTES.

339.0
16750844
69.9
7604.9
67.0
94.2
89.5
135.7
2297070
T6.7
105.0

75«5

1 47n4n



TASK ORDER 1

COMPOUND NAME
TLV MW
PPN ' ‘

ISOBUTYL ALCOHOL

106400000 74412
ISOPHOROME
25. 003000 128.14

ISOPROPYL ACTETATE
250.00000 102.13

ISCPRCPYL ALCOHOL

430. 00000 §0.09
ISOPRGPYL AMINE
5. 00060 59.11

- CONTRACTY NUMBER 210-76—-0108

QUICK RESPONSE ENGINEERING REPORT

DENSITY
G/CC

0.8050

0.9229

048740

0.7354

0.6940

ISOPROPYL GLYCIDYL ETHER

50, 00090 116416
1SOPROPYL ETHER
500. 00000 102.17
KETENE
De 50000 42.04
MALATHIDN
0401000 330,00
MALEIC ANHYDRIDE
D.25000 98.10
MESTITYL DXIDE
© 25.00000 98.14
METHYL ACETATE
200400000 74408

0.9186

0.71990

0.B8100

1.2300

1.4300

0.8539

0.9244%

V PRESS
TORR

0.1500E+02
0.5000E+00
0.8700FE+02
0.5300F+02
Ca695TEHQ3
0.1200E+02
0.Z2030E+03
0.8900E+04
0.4000E-04
C.700G6E+00
0«1200F+02

D.2658E+03
18

BETA

0.95

la&?

1.19

SORBENT SERVICE LIFE PREDICTIDNS

‘WS
G/G

 0.35%

0.481

. 241

0.035

0.427

0. 290

0.000

D.651

0.192

0.359

0190

1B
MINUTES

107.9 °
314.8
76.5
90.6
266.7
165.9
‘54.0}
0.0
445655.3
1764447
330.8

579



TASK CRDER

COMPOUND NAME

TLV Mw
PPM
METHYLACETYLENE
1000.09000 40.06

METHYL ACRYLATE

10.00000 86.10
METHYLAL
1000.50000 76.10
METHYL ALCTZHOL
C200. 00000 22.04
METHYLAMING
16.600Q0 31.06

METHYL N—AMYL XETONE

1604000090 114418
METHYL DROMIDE
L TR

2000000

METHYL CELLDSOLVE

250062020 T5.09

CONTRACT NUMRER 210-76-0108

QUICK RESPONSE ENGINEERING REPORY

DENSTIYY
6/7CC

0.6600

0.9490

0.8640

0.7913

046220

0. 8146

1.7320

09650

METHYL CELLBSGLVE ACETATE

2500000 118.13
- METHYL CHLORIGE
100.C0008 50.49

METHYL CHLOROFORM
350, 00000 133,42

METHYLCYCLOHEXANE

500. 00000 G8.138

1.00:0

0.9180

13492

0.7864%

V PRESS
TORR

0.4810E+04

0.1100E+03

0. 4700E4+03

0.1600E4+03

0.3160E4+04

0.46000FE+01

0.1920E+04

0.1340E+02

Ca480030E401

0.49700404

Ca1570E+032

0.5870E+02
19

BETA

0.94

O.42

l.22

1.29

1 SORBENT SERVICE LIFE PREDICTYIONS

WS
G/G

0.161

0.178

0.019

0.000

0.416

0.004

0.305

0. 465

0.005

0.427

D.336

T8
MINUTES

4y ‘9

421.5

52.9

1304 §

0.8

B2.4

54

362.2

3%6a3

123

T7.3

1 - 17NAD



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

TASK DRDER 1 SORBENT SERVICE LIFE PREDICTIONS
COMPOUND NAME
TLY MW DENSITY V PRESS BETA WS
PPM G/CC. TORR 6/6
METHYLCYCLOHEXANDOL , -
100. 00000 114.19 0.9130 0.15C0E+01 1.30 0.481
O-METHYLGYCLOHEXANONE - .
100.00000 112.17 0.9250 0.4000E+01 1.26 0.474
METHYLENE SISPHENYL TSOCYANATE
002000 250.25 1.1900 0.1000£-02 2,18 D622
METHYLSNE CHLORIDE
500, 00000 B9.94 1.3070 0.5114E+03 D.71 0.142
METHYL FORMATE
105. 00000 60405 0.9750 0.7079E+03 0.64 0.058
METHYL IODIDE
5400000 141.95 2.2790 0.4834E4+03 0.65 0.020
METHYL ISDRUTYL CARRINCL
25.060000 102.18 0.3079 0.4500E401 1.21 0.383
METHYL ¥ERCAPTAN
10. 00000 48.10 0.8680 0.1620E+04 0.57 0.001
METHYL METHACRYLATE .
100. 00000 100.11 09350 0.4800E+02 1.11 0.380
ALPHA-METHYLSTYRENE
100. 00000 118.17 0.9018 0.3400E401 1.26 0.467
MONOME THYLANTL INE
2. 00000 107.15 0.9890 0.S0C0E+00 1.12 0.408
MONOMETHYLHYDRAZ INE
0.20000 46407 08740 0.6000E402 0.55 0. 000

20

T8
MINUTES

95.2

9545

280575.8

35.5

21.9

64.8

333.8

T-0

B5a7

8%.3

4295.1

89.2



COMPOUND NAME
TLY
PPM

MORPHOGLINE
20 0000D

NAPHTHALENE
10.00000

NICOTINE
0. 03000

P-NITRDANILINE
1. 00000

NITROBENZENE
1.00000

P—-NITALCHLDROR
0.,15000

NITRDOETHAMNE
100.00000

NITROGLYCERIN
G.20000

NITROMETHANE
10000000

I-NITROPROPANE
25400000

2—-NITROPROPANE
25. 00000

M-NITROTOLUSNE
Se D00

QUICK

TASK ORDER

MW

87.12

128.16

162.23

138.13

123.11

ENZENE

157.60

1507

22T. 09

61.0%

89.09

89.09

137.20

CONTRACT

NUMBER 210-76-0108

RESPONSE ENGINEERING REPORY

1 SORBENT SERVICE LIFE PREDICTIONS

DENSITY
G/CC

0.95380

1.15620

1.0092

1.4240

1.2050

1.5200

1.0520

1.6010

1. 1300

1.0030

0.9920

1.1570

V PRESS
TORR

0.1350E+02

0.1400E+00

0.6000£-01

0.1000E-01

0. 7C00E+00

0. 2000E-01

Q.2560FE+02

0.38300E-03

Du46T76E402

0.1400E+02

0 2000E402

C.4Z200E+00
21

BETA

0.90

l1.14

1.67

1.01

1.06

Da T4

0.93

WS
G/G

 0.331

0.613

D.463

0.754

0.451

0. 704

0.362

0.846

0.214

G.351

0.326

0.570

T8
MINUTES

429.2
1079.4
80537.5
12322.3
827643
67218.8
109.0
42056.2
79.0
35547
331.0

18771

1 . 17NA4



CONTRACT NUMBLR 210-76-0108
QUICK RESPONSE ENGINEERING REPORT
TASK DRDER 1 SORBENT SERVICE LIFE PREDICTIONS
COMPOUND NAME

TLV MW DENSITY V PRESS BETA WS T8
pPM G/CC TORR G/G MINUTES .

O~-NITROTOLUENE :
5. 00000 137.20 1.1630 0.4000E+00 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.CO00D 11423 0.70356 0.1B840E+4+02 1.68 Ce3438 68.9

DXALIC ACID

002000 126.10 1.6530 Q0.20C0E-04% 0.79 0.773 692113.8
PARATHIGN

D.01000 291.30 1.2600 0«4000E-03 240 D062 513031.28

PENTACHLDROPHENGE

D« 50860 266440 1.5780 0.2000E-03 1.40 1.044 177035.5
PENTANE

1000.00000 7215 0.6260 0.6148E403 1.19 0.182 57.1

2—-PENT ANONE - |
200400000 86.13  0.8060 0.2480F+02 1.11 0.354 92.8

PHENDL
5900000 9411 1.07290 0.8000E400 0.91 0.459 22024

PHENYL ETHER ‘
1.30000 17020 1.0700 0.3000E-D1 l.55 0=560 T42¢€«3

PHENYL GLYCIDYL ETHER :
10.00000 150417 1.1090 0.2000E-01 1.40 0.578 B368.9

P-PHENYLENFEDY AMENE .

22



TASK ORDER 1

COMPOUND NAME

TLY MW
PPM

PHENYLHYDRAZINE

5.00000 108.14
PHOSDRIN

0.01000 224.10
PHOSGENE

(e 1000N 98,972

PHTHALIC ANHYDRIDE

2.00000 148411
PROPANE
1000, 29000 44409

PROPARGYL ALLOHOL

14000060 56«10
N-PROPYL ALETATE
2004200300 102.13
PROPYL ALCOHOL
20000000 60.10

PROPYLENE DICHLORIDE

754 00000 112.99
PROPYLENE OXIDE
100.50000 58.08
PROPYL NITRATE
25400000 105410
PYRIDINE
5. 00000 79.10

CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPORT

DENSITY
G/CC

1.9900

1.2300

1.3700

1.5270

De4861

0.9715

D.8370

D.8044

1.1300

C.8304

0.9820

V PRESS
TORR

0.1400E+00

0.5000E-02

0.1649E+04

C+4600E-01

0.3100E+04

0.1740E+C2

0.4300E+02

0.27560E+402

0.23BLE+02

0.6310E+03

C.2400E+02

0.3000E+02
23

BETA

1.89

075

D.94

0. 60

C.T7

1.04

SORBENT SERVICE LIFE PREDICTIONS

WS

G/G -

0.560

0.594

0.001

0.7S1

0. 040

0.021

0.378

0.283

D.478

0.0856

0.368

0.154

T8
MINUTES

2340;2';
598255.8
11§-8
£02%. 4
207
859.6
83.6
106.3
127.3
33.3
316.0

880.5

1 17NAR



CONTRACT NUMBER 210-76-0108

QUICK RESPONSE ENGINEERING REPODRT

TASK BRDER 1 SORBENT SERVICE LIFE PREDICTIONS

- COMPOUND NAME

TLY MW
PPM
STYRENE
"100. 00000 104.14

DENSITY
G/CC

0.B9564

V PRESS
TORR

0.7940E+01

19142, 2-TETRACHLORN=1,42-DIFLUCRNETHANE

500. 00000 + 203.385

TETRACHLOROETHYLENE
100.90000 165483

TETRACHLOROMETHANE
© 10.00020 153.584

TETRAETHYLLEAD
e BOE20 323.50

TETRAHYDROFURAN
20000000 72.12

TETRAMETHYLLEAD
0. 00530 26733

TETRANITROMCTHANE
1.09090 156404

TOLUENE
203. 00000 97.13

TOLUENE DITSOCYANATE

0. 02000 1764156
O-TOLUIDINE
5. 00000 10715

TRIBUTYL PHOSPHATEL
0.45000 266432

1.6440

1.6059

1.5843

1.6240

J. 8880

1.995%0

1.6500

048576

1.2200

1.0040

0.9727

0.7300E4+02

0.2402E402

0. 1430403

0.5T00E+00

0.20C4E+03

0.4050E+02

C.1500E+02

0.3670E402

0.2560EF~-01

0.5000E400

0.3000E-01
24

BETA

1.29

- DaB%

1.23

1.11

1.50

WS
G/G

0442
0.685
0.698

0.238

S 0.578

G204

Da 166

0.424

0.361

0.518

Da455

0.510

S §
- MINUTES

Qsoé
759
95.1

T 423.1
672853;6
£3.9
23342043
4887.8
88+ 4
332143.0
1919.2

9400456



TASK ORDER

COMPOUND NAME
TLV MW
PpM

F41:2-TRICHLORDETHANE

10.00000 133,42
TRICHLOROETHYLENE
100.00000 131.40

1+23-TRICHLOROPROPANE
50. 00000 14744

CONTRACT NUMBER 210-76—0108

QUICK RESPUNSE ENGINEERING REPORT

1 SORBENT SERVICE LIFE PREDICTICNS

DENSITY
G/7CC

1.4242

1.4550

1.3832

V PRESS
TORR

0.2940E+02

0.9400E+02

D.5000L+01

19152~TRICHLORD-1,2,2-TRIFLUBROETHANE

1000.00090  187.39

TRI-O—-CRESYL PHOSPHATE

0. 00700 3684356
TRIETHYLAMINE
25. 30600 101.19

2349 6=TRINTTROTOLUENE
0. 1560600 227.13

TRIPHENYL PHOSPHATE

0.22000 328.28

TURPENTINE

10000000 126416
VINYLTOLUENE

109G« 5036G0 11B.17
M—-XYLENE

100.020000 10616
B—-XYLENE

1006 00000 106.1¢6

1.5702
1.1709
D.7229
1.6540
1.268d
0.8700
0.3894
0.8556

D.8717

0.400DE+03

C.4000E-06

073108402

0.2000FE~04

0.1000F-02

Ca7000E+C0

0.2310E401

0.1143£402

015550402
25

BETA

" Ca94

3.26

le45

l.42

2467

1.29

1- 26

WS
G/G

0.368

0.466

D« 661

0.510

0.594%

D.278

0.748

0572

0.461

D466

0.417

De4l%

T8

 MINUTES

623.6
80.0
2025
61.5
52038141
248.2
46485.5
21129.4
82.5
89.0
EB. 6

28a.1

1 17N4R



QUICK RESPONSE ENGINEERING REPORT

TASK CRDER

COMPRUND NAME
TLV MW
PPM -

P—XYLENE
1C0. 00000 106.16

294=-XYLIDINE
5. 00000 121.24

2e6=XYLIDINE
5. 030060 121.24

CONTRACT NUMBER 210-74~0108

1 SORBENT SERVICE LIFE PREDICYIONS

DENSITY
G/CC

0.8523

D=9740

0.9320

V PRESS
TCRR

0.2352E+02
0«3000E+00

0.5000E+00

- 26

BETA

L
G/G

© 0.395

0.452

D.482

T8
MINUTES

B4.0 '

1831.5

1794.8



—
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TABLE II

COMPOUNDS FOR WHICH CALCULATIONS

WERE NOT MADE

aldrin

allyl propyl disulfide
2-aminopyridine
alpha-naphthylthiourea
azinphos-methyl
benzoyl peroxide
tert-butyl chromate
chlordane
o-chlorobenzylidenemalionitrile
(tri) chlorodiphenyl
(penta) chlorodiphenyl
1-chloronitropropane
CragR herbicide

2,4-D

diazomethane

1,3-dichloro-5,5-dimethylhydantoin

o-dinitrobenzene
m-dinitrobenzene
p-dinitrobenzene
dinitro-o-cresol
endrin

Ferbam

dimethy1-1,2-dibromo-2,2-dichloroethyl phosphate

27



24.
25.
26.
27.
28.
29,
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
a1.
42.
43,
a4.
45,
46.
47.
48.
49,
50.

hexachloronaphthalene
Tindane

methoxychlor

methyl isocyanate
octachloronaphthalene
paraquat
pentach]oronaphthaiene
perchloromethyl mercaptan
picric acid

pival

propyleneimine

quinone

RDX

ronnel

rotenone

strychnine

2,4,5-T

TEDP

TEPP

terphenyl
1,1,1,2-tetrachloro-2,2-difluoroethane |
tetrachloronaphthalene
tetramethyl succinonitrile
tetryl

thiram
trichloronaphthalene

trifluorobromomethane

28



VI. FORTRAN IV PROGRAM

FORTRAN IV VERL3/MODOO

/ READ DEVICE-MFCUL

_C WHEELER EQUATION EVALUATION-RESPIRATOR CARTRIDGES

“CCN 210-76-0108 CHG 997501

1 ‘ REAL¥8 71,22,23,24,25 )
2 - REAL MW,k
C CONSTANTS ASSIGNMENT STATEMENTS e
3 W0=.53
A T=303. .
5 B=l.1E-6
o W=34. e, -
i C3C=10. R
8. - ..R=30. _ I - . e
9 K=409%.
10 ___PL=400. I . o o _
11 N=0
12 =12 S B o o
13 CVMREF=96.49 o ' S
) € VARIABLES INPUT
14 80 READ{1410,END=110)1{Z21,22423,24475,RH0,TLV,PS,MW) -
15 10 FORMATAS5A8,F10.5:F10.2,E10.4,F10.2)
156 VM=Mi /RHO
17 _ BETASVM/VMREF - ) o i
18 CI=TLV*10.
19 CIF(CI-10004325019250,240 S o
20 240 CI1=1000.
21 250 P=CI%T60./10.%%5 _ -
22 CO=CI*MW/24.863/10.%%6
23 CASSRHORWOREXP ((—B¥T®%2/BETA¥X2)#({ALOGLOUBS/P) )¥®2} )
24 TB=({WS/CA/QI# (W={PL*Q/K)XALOGI{COL) )}
.25 _N=N+1 e e e
26 A IFIN-1)20,20,25
27 25 IF(N-L}70,70,90 B -
23 90 L=L+12
23 20 IPAGE=L/1Z e I -
30 WRITE{34+120) IPAGE
31 120 FORMAT{®1! /TTL,'PAGE ',13) ) B
32 WRITE(3,50) :
33 50 FORMAT(////T30,' CONTRACT NUMBER 210-76—-0108%//T27,* QUICK RESPONS
. BE ENGINEERING REPORT*//T19,*TASK ORDER 1 SORBENT SERVICE LIFE pr
CCEDICTIONS!///T6,'COMPOUND NAME /11X 2TL VY p TX o tMW1 , 6X 4 *DENSITY? 43X,
DIV PRESSY 48Xy *B3ETAY g TXy TWS 48Xy " TBY /11Xy PPPMt 91 7Xs*G/CL* 45Xy TURR?
o B 21X 'G/G 5K *MINUTESY /7)) , ; , o o ,
34 70 WRITE(3,60)21 222 123 224425, TLV v MW +RHO s PS +BETA,
o  EWS.TB
35 60 FORMAT(4X5A876X3FLl0a54F10.2yFl0+492X9E10.44F10.29F10.3,F10.177)
36 6o T108O0 . N e e
37 110 STOP
33 END

29
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