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We bave determined the service lives of organic vapor nspintor cnrlridgcs for 121
solvent vapors and pases including aromafics, alcohols, scetates, alkanes, ketones,
amines, and cblorinated materials. We passed the vapor and air mixtures through
the cartridges and monitored the downstream concentration with a flame jonization
detector (FID). Moniioring continues unfil the cartridge is completely saturated. We
compared breakthrough times to values calculated from the adsorption isotherm and
Mecklenburg equation and obtained reasonable agreement. In general. the nctivated
carbon has grester affinity for the less volatile materials. Also, the higher the
boiling point of the solvent, the greater is the weight of solvent adsorbed. Water
vapor, in general, decreases the amount of solvent vapor adsorbed, especially of the
more volatile solvents and those soluble {n water. The effect of concentration n
breskthrough time was briefly investigated snd found to conform to the basdc

Freuvundlich equation.
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’ lntroduﬂlon .. oo versely proportional to the flow rate. That

L is, doubling the flow through the cartridges
HISISTHE FIFTH in a scdncs cz: papers will halve the effective service life if all the
conceming respirator cartridge efficiency. other test parameters remain the same.

The previous reports have described our pro-
gram goals,! the testing apparatus,? develop-
ment of a mechapical breathing simulator,’
and a comparison of the effects of steady-

The present investigation sought to deter-
mine how the cartridge service life varies
with the type of solvent vapor adsorbed. We
investigated 121 solvent vapors and gases

state and pulsating flow.*

We observed no significant difference in
cartridge  service life between steady-state
and pulsating flow. This conforms to basic
adsorption theory; equilibrium between the

apd compared observed breakthrough times
with the values calculated from the adsorp-
tion isotherm and the Mecklenburg equation.
This report, in some respects, respresents an

vapor and adsorbent should be practically 16——————T T —
instantancous.> We discarded the breathing ] R
simulator, therefore, and in all subsequent -

esting employed steady-state flow. AR o —o ""\-m: mo hd T

We also observed that the amount of f; ! 4

solvent adsorbed at a given temperature, £ | - _
humidity, and concentration is essentially < s

" constant (see Figure 1) and is independent gt _—Q-TD*D_’-'E_ 1
of the flow rate in the range normally asso- é - Ethyl acetate -
ciated with human breathing. Since the s | Acetone ~ o o .
equilibrium rates are so rapid, the time to —— v

reach a predetermined breakthrough is in- O z|o T 0 20 100

Flow rate — 1/ain
Figure 1. Contamipant adsorbed as a function
of flow rate.

This work was performed under the awpices of the
United States Atomic Epergy Commission.
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- 7. OQur standard tes

Experimental Progedure

The apparatus used to gencrate and moni-
tor the test concentrations is basically the
same as that described in refs. 2 and 4.
Several minor changes appear in Figure 2,

_ The humidifier now consists of a Lucite

_reservoir with a level switch and solenoid
valve assembly to maintain a constant water
volume. A 126-watt spot heater on the
" reservoir bottom countrolled by a humidity
monitor holds the humidity constant.

A 2-inch plug of glass wool added to the
solvent vapor injection port aids in evaporat-
ing the solvents, espeacially those with higher
boiling points. Maintaining the block tem-
perature as close to the boiling point as
possible avoids decomposing the solvent and
plugging the needle. The activated carbon
plug downstream further smooths solvent
evaporation irregularities.

Regulator

- Compressed

afr

switch

Solenoid /

Figure 2. Schematic diagram of humidifier and
solvent vaporizer,

of ‘

as5/2s nut
3 : ™\

jotnt o -
Test 'l I

ges =b

B W . R

A t conditions included a
- - solvent concentration of 1000 ppm, 50% . -
.~ " relative humidity, and 53.3-liter/min flow,
. -.. equivalent to a moderately heavy work rate
:..of 830 kg-m/min. The solvents tested in-
cluded aromatics, alcohols, actetates, al-
kanes, ketones, amines, and chiorinated ma-
terials. Some preliminary investigations on
the effect of concentration (125 t
pp) were also initiated.

Sreakthrough - X

100

Activated carbon—

Breakthrough ~ %

Humidity sensor

L Taat Sarecs A5 LEr R IR ol B Sl o
" : . i . r

Wing . -

Adapter R 1

Figure 3. Schematic diagram of dual un:{?,

holder. g
100 g

Mesitylene, Cumeng

0 50 100 150 200 3
Time —min T

Figure 4, Breakli:rough curves for aronmf
boiling in the range 80° to 177°C.

40 sec-Butanol
20
0
T T L B 3 'Il'l"!llll_llll""lll'!"
4-Methyl-2-pentanol N
2-Ethy)-1-butano} .
2-Pentanol
3-Methyl-1-butanol
Pentanol
00~
Bo —
601
AO
20
05—~50 100 10 200
Time ~ min

Figure 5. Breakihrough curves for alcobols be
ing in the ranges {a) 65° to 100°C and (b) 118°
147°C.
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'str:am gases and conductcd them 1o the -

S .
A ’]‘he cartridges ‘were vacuum-dned and
“gtored in a cabinet for at least 2 days at common sample outlet. "~ i 5 ; P "7: 3
50% rélative humidity and 22°C4 Two Typc 1 carmdgcs (sce rcf 4 for cartndge
i7 cartridges were tested s:multancously in the S, : T L
Para"el configuration shown in Figure 3. - I o a F
- The test gas entered through a 35/25 crnor'ufor- e . ' L i ' U ¥
-'; * ound brass socket joint and passed through : Methyl cwioroform y _,.l‘ Il RS &
. ¥ . " Trichloroethylene . ' - T A
*H-mc cartridges held in individual polyethylene 1,1.2-Trichloroethane A
ridge adaptors. Anodized aluminum housings, se- 100}~ o
- " cured with wing nuts, collected the down- - :g N k
- . - - - B ]
- e ; " ' 40 1,2.3-Trichloropropane ]
1 LELIR L BLER T vT Ll = v,
Methy! chlorfde : .. g % !
- Viny‘l ch'loride__ ’ £° TTT e ma j TrY T YT T T T Y Li
- Ethyl chloride x T Carbon tetrachloride ! b. o
2-chloropropane £ Pentachloroethane T 3
A1yl chloride - ° .
<3 Perchloroethylene " {
: 1=Chloropropane 100 - i
Toluene, mXylene | .1 7 s0p- )
Ethylbenzens ene o 80 2-Chloro-2-methylpropane — = 60 1
/ Kesitylene, Cumene . yoee —1-Chlcrobutane ] 40f- 1.1.2.2-Tetr F
» a0 - o slylpl=Totrit- r
SN [ IR 2-Chloro-2-methylbutane | - . 20 chloroethane 3
0 150 200 250' - g 0 N/ AWV PRETY POTI P % -
fne — min T = B A A AA RS SL AR e ns nanRy Lu Ll DN o Time —nin ] 'EI
ugh curves for aromatics . & 3'“",";:;"'"‘:”""’“"' : b. Figure 8. Breakthrough curves for (a) trichlo-. -~ §?
® 10 177°C. & - ?:g,ﬁgﬁ:::"m . rides and (b) tetra- and pentachlorides boiling in the A
s 1-Chlaropentane ranges 61° to 156°C and 77° to 161°C, respec- K{
» 100~ - tively. E%
lllll'llllllllt|'u 80— = .E
60— o-Chlorotoluene - k
a. - Chiorocyclopentane - LA RS R R RS RS IEAAS R -i
20~ Chlorobenzene a. R
w01 o Methyl i
alcok 0 50 Jo0 150 200 250 300 350 3
Time — min ¥
7] Figure 6. Breakthrough curves for monochlorides 100l ] ,;
_ boiling in the ranges (a)) —24° 1o 86°C and (b) Bok - ';
Propano) 4 108° 10 172°C. P B I
sec-Butanol . '
__ " A0F b { {
M IR FNERE FETN FTY X S AN LR B v j—l—'|..||-1—v—rv‘- é‘ 20 Prop_ﬂ -1 .'.g.
i, Dichloromethane - E 0 AL AT WS FTWwE I tC
‘ov-rl-l-rrrr-r‘vﬂ-rf'rrrrm-‘ . trans-1,2-Dichloroethylene L E T N RAAAS RALLS RAA !.g'
b, | = 1,1-Dichioroethane - = . 5y
:M‘ T ¢13~1, 2-Dichloroethylene , - .5 1,3-Dimethyl butyl b. F ¢l:
= i 1.2- Dichloroethane = LS
3{:;;;?‘{“"0‘ “ £ 1-2-101;?:r';pmpane : E
Botano] i E «3-Dichloropropene f
X NES IR . f
o = A
11 ®af i 4
L 11] o o-Dichicrobenzene = :; ‘.'
b 20k 1.4-Dichlorobutane - te
50 200 250 300 0
fme — min - 0 50 lm 15 200 250 300 - Time —ofn
o Time — min Figure 9. Breakth h curves for acetates boil-
h curves for alcoh B J . . . s - Breakihrovg = N
to 100°C and {:)o:;sl:oilo Figure 7. Breakthrough curves for dichlorides ing in the ranges (a) 57° to 104° and (B) 112° w
hoiling in the range 40° 10 180°C, 169°C. "'
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100 150 200 250 300

- . TR A S
T : PP : SR T e TS Tl L N
: Egh‘:, et Eh SCCIEN RORRLASSAS MRS DAARE ORALAARNIAMA B characteristics) were tested mu,_’”ug?‘,,. >4
. ‘;J;f._,'_».fr_' Gk ST e "::;1;;1 oxide, 2-Pentsnone 74 - aleohols, esters, and chbrina{gd*'ﬁai'c“vmq'*- by
%.,l:}* g;;lg:u ¥ 'y : R 2-Pent{none T o .?-_ type 2 cartridges were tested withk‘ﬂa"?hg 2
i VRS i * 3-Pentanone i 1 ami Pl i -
‘;-‘2‘ ks EW R <7+~ - | 2-Butanone . o .a"mnes' mines, and -n-?.OSt.», m!scfnaneou; 2
= 1R 100[~Acetone - compounds. RN A LT 2
5t IR '] “SE ] - L e e . : e Oy
genr e E ] ’ ' 4. Results .. .. -7 B
oAy e L] o - 2.4-Pentanedions = - St "
$ w200 Cyclopentanone Effect of Solvent Vapor - A .
L 2 '_ l Johod A L AL i i i ' i 8 & ‘ L. b . . . ‘ - _n .‘;’n ‘:‘:' ’ :
e s ° . .. Figures 4 through 13 show how the , )
i S g Diisobutyl ketone' ' vV b, tridge service life varies when tcs'ed_“ﬁ.-f‘
SR = 3-Heptanone each class of solvent vapor. The perceni’
2l of 4 S-H;f:{;:;;l:ztamne breakthrough (the ratio of the downstrezny 23
4R ¢ 3-Methyleyclohexanone ‘ ’ ' ) . i}?ﬁ-
AT 4-Mehtylcyclohexanone \RAd RAR A B J
7Y o8 - 100
TRV ol - 8o
225 _ 6o} . 60}
35 ) )= _ " ;g -
‘% 1 ‘ .- 200 . . -
z?. i - [ e i _1
o 80

“Time —min .
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% ihi; Figure iO. Breakthrongh curves for k_elones -'l:g 55
g boiling in the ranges (a) 56° to 104°C and () 112° s e
o E{ ;| to 169°C. 40 o4 ; e
2 Fv R T S0prop, bt
b it b I 20 Dibutyl oo
; TR 00"~ "706 150 200 50 300 o X
ﬁgﬁ ":‘5"’;’;} ;.'ct\- AAA RASEE LEREERAREE BRI SARLE RN Time — @in -:".f‘.'
*%‘:&; 5 i’%" 38 ey Pentane s Figure 12. Breakthrough curves for amines boil. %
e B Bl <7:: i Methylcyclopentane ing in the ranges (a) —7° to 56°C and (b) 78° 10 ..
3 i g = 2.3-Dimethylbutane, Cyclohexane 159°C. oy
%‘F RN e AP 2,2,4-Trimethylpentane Y
» B i) PR B
MXT - e T s h 100{~ 7 I B L s TR -
¥l L gf-f sof e 1 Acrylonitrile n cooio 1T . {
i o Cyclohexene ] Methyl- fodide pichlorohydrin L3
, ' 3 £ ;’_-, f 6o~ Heptane ] 100} ~ - T~
Fit w 40 Hexane 8ol i RS
-{n_z 13 § 20 .;’-‘
et = 0 601 i
bt TSR B S o} A
i £ AL AR MRS T T T - y
‘_g Yew £ b. ) -
LN ] 5-Ethyl{dene-2-norbornene . Co o i,
. ,"' ! E - Nonane - §‘ . R
: 55 M = 2,2,5-Trimethylhexane E
3 P - MG A ML A I SR B i B .
X oty Decane = Z-Etholxyethy'l ascetate 1.2-Dibromocthane! -¥.
; % ) - 4 1-Nitropropane =
ZEEil 100} - 100}~ 2-Methoxyethy _ <. -4
ff ! B0 1,3,5-Cyc1ohep~| BO A:::}:" e
i & B ol tatriene 4. 601~ unhydride 2-Ethoxyetranol -1 7, -
: 40}~ Methylcyclohexane = . 401 Bromobenzene 14
204~ lC_yclmctlne . . 20 2-Methoxyethanol p - .
daanl MY TENTENE FNUEE R o' .o
O~% " Yoo 15 200 25 300 350 0O 50 100 150 200 250 300 350 ]
Time — min Tl . Time — min .
Figure 11. Breakthrough curves for alkanes boil- Figure 13. Breakthrough curves for miscellane- *
ing in the ranges (a) 39° to 99°C and (b) 101° to ous solvents boiling in the ranges (a) 42° 10 124°C ~
174°C. . o and (b) 132° 10 156°C.
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UF pressure co¢fficient Volume — Meight ~— breskthrough tlses T T, et e Rt
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Sl Ty . ' . 3 )
O :'f’ j Aromatics® ) » - R . . )
‘ ”3 Denzans S 0. 724 0.0932 146 59.1 .t 75,3 886 170 . ©0.214 0,249 E“( s
P ;._! Taluens 119.6 21.8 0.0849 144 s"r.r_,' ) 94.5: 114 196 0.334 .0,391 | ) '-.a': o
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A ] Alcohols® : T v -’_-.: s J
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" B 11oprepancl 8.3 2.4 0.1033. 145; - $5.7. 54.3 818 247 0.129  0.188 0,534 _
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o - -_::;_’ Propancl C O Tera 144 0.0993 144 ss.7  70.4 111 260 0.168  0.255 6,384 " 0.085 . :
35wt sec-Butanel 99.5 . 12,6 0.0881 144 5.9 96.0 121 196  0.200 0.347 o438 . g.osp o[ RE¥ iGN
s % 3._‘:5 Sutanol 117.7 s.65 ° 0.0861 1“3 . oss.s s 141 238 0.340 e.409 0,512 e.08’ & ‘;,;
35 Ei,. E 1-Pentancl 9.9 436 .78 147 $6.7 a6 amr 0.2 0.373 “aus11 T los0z0 *;*' )
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Wt. solvent sdsorbed .

* Welight

water
adsorbaed

WP
. at t .
Diffusion Experlmental 100%
::Eziurc coefflclent Volume Weight breskthrough times p"t"' °E'°;'b°" — per vt.
3p  ae 20°c  t 28°C charcorl chareoal iy Tigy oy f;v  trow 100V carbon®
Solvent {(c*) (Torr} (cm’/aec) (" (e) (min} (min) (min} (g/g) (s/3) (/)  (a/3)
-f:rh' Monechlorides® . ’ \ AL
[ ..~: B . ' . 3 "',._ . ..--:'...._
. e Methyl chlorlde -24,2 s460 ' o.tu40" 148 5.7 0.05 0.7 146 0.0001 0,001 0,008 0,07 e
PR R : : : : ; : L ey
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. v M ) - ':gl ‘4' 3:..1'-"
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TABLE 1 {continued) a
r . '
¥t. solvent adsorbed st t ,l
piffusion Bxperimental 100% 'h‘. LA
Vapor coefficient Yolume breakthrough times per wt. of °:"’°" T pcr we s lu/’%i“'h‘ .
Pressurs ¢ 2s°c tharcosl t t t t, t t . f'ih»." 1 "'a';
BP  at 20°C 3 . Sty tron toos 1" 100 t1p0%:, cerbanf, ""‘“1
Selvent {C*) (Torr}) (en’fsec) (n1}) {ain} {min) (win) (p/g) (g/2) . (a/6): {','.) H ',“
. T L. . . 1 " oaf bou e
< i J“-U'-:ar'f.' ,
imines  Cone, . Lo BRI : ri_
. PR . i PR ) ‘ ] ot PR B R 1 ¥l
Crclohexylanine 134 .- 0.0664" 163 1z 128 279 0,382 .51 0564 © o.rdi- &‘!’;".',“:.n
- L L A e
Dibutylenine 159 - 1,61  o0.0s67" 164 75.5 84,8 186  0.335 0,372 0, ho “0.009 < *’1,}
: ) I
Hiscellaneous "
i ettt - LM A
Methyl lodide! 42,4 336 0.0900" 169 1.6 17 7 94.5 0,063
- - [
Acrylonierite! 77.3 67,8 0.1059 160 8.5 6l.1 169 0.098 . -
Dibromomsthenel sa.6 33 0.0826 160 02 11 2 ooz _ _
Pyridinel 115.2  15.4  o,0824" 160 19 . 134" 292 . 0.324° 0,360 0.460 i
Epichlorohydrin® 16,9 12,5 0.0821" 146 85.5 110 288 . 0.308  0.337 0,566 ey
N - L . « . :'. N . . N q‘l
2-Methoxyathanotf 124 1. © 8.0 0.0804 146 116 1S 249 0.352 . 0.431 0.540 iav
. - ' .\'.:'
. 1;2-Dibromosthanel 131,85 8.6 0.0840" 161 141 165 303 b.9de ,n.ug__. i. 336'_ :i.:
1-Nitropropane® 131,6 7.2 0.078i" 160 143 | 164 5221 _}n;us j 0. 5044 0:630 0, f
- g-Ethoxysthano1® 135,5 - 0.0788 148 77.0° 133 23 0.277 S 0:4265 0 Su *‘F;‘
L . h . ) B T ',}'." ¥ hqu‘ '.,
: Acotdc anhydride - 139.6 3.7 ° o0.0758h 2b0 7é 00 4sn *;ﬁo (S06: E'ish,
e . . e e

e 1:" f‘ﬁ A
‘;F:f‘ L_,?::«L' ;“ Q" ﬁ

]
ek
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“Z-Nathoxyethsnoi* . . . . - » .. . .
2 y sagl . 124 .4 9.u ¢ "“I 140 55.5 516 143 8y 0,333 ° 9,431 9,p8 Wﬂrm [
?,2-pibromoethane 131,58 4.6 0.0s40" 161 61.9 141 165 il 0.946 1.09 l..'Jﬁq -
1-Nitropropans! 131.6 7.2 v.07m" 160 63.2 143 164 22 0.443  0.504 0.6 - T
?-Ethoxyethunol’ 135.5 - 0.07M0 148 55.4 77.00 125 283 0.277 0.426 0.593 0.011
, I s )
Acatic anhydride 130,85 3.7 0,0955" 16t 61.0 ‘124 1348 200 . D.459 0.506 ©0.591° 0.070
. ' et I
,s N
. . - Lo vy L o '-""ﬁ.' S ru.'lv "
'r 1 Aok, geen L . AT 5:". CR '45'4:13 ; " "t,-l\ 2 oy it aBEL 26
-u,'#l' i ;;v 5,“ :“ };., R PRV SRR Sl e H’ -."la 4 iy {!;, i'('ﬂ'.* *ﬂ 4. f»}- ’s' 3“{ r!{-q v ;_ 7 ‘1' ‘-’:
N PEEEPTRE Y B | A A Cry
. i : - -cr&tpwm«}n.&i"&«m AR nﬁ;.?l‘*%. s
Stk
. ' D Yo i . K
TABLE ] (Continued) s sid =,~‘;F[ ot
' : “ Welght' T3 M
' water + |3
. . :i , . adsorbed: ‘ig'
) . f Wt. solvent szdsorbe at t e
Diffusion . . Experimentsl 1009 L,
::f::ure coefficient Volume Kel;ht breakthrough times gercvt. of "'b°“ per wt. ‘ﬁfﬁu-hﬁﬁ
. i’
¢ " mp st 20°c "t 23C charconl ﬁ“"°;'1 “Tiv- troy  tegy  fiy tiot 'tloﬂl,lcarbnn wf JHE
Solvent " (C*) (Torr) (em’/sec) (m1) (g) “(min) - (min} (min) (s/8) (t/l] (Sfl] fl/l)"'l 1y ';' _i"._'.'l‘f'! )
— — . 2530
A ; : : a v
Miscellsneous Cont. 7 o, 0 ggbﬁ;.
[ P e
Z-Hethnl‘ethyl- h R - . . s s ~;:;;J«j
scetate 144.5 3.6 0.0666 150 58,7 93,3 113.2 303 0,438 _ 0. 521 0-707.; - E‘,.iﬂ'
. . Sy
Brombenzens!  1ss 3.0 6.0563" 150 56,1 142 150 297 . 0.849 . i
2.!thn:yi:hr1 . h : i P
acetate 156.3 2.0 0.0619 148 55.2 79.5 96.5 248 o.417

'Anrau volumes for s :lrtridn palr are 146.3 ¢

blve!lll welghts for a clrtrld;e pair are 56.1 % 1.2 g for the Typc 1 and 62.2 ¢t 3.9 g for the Type 3.

Scalcutated from “lﬁ =ty NQc/24.1

[
Estimated from "10&

= [ty + 0.9 ()5 - t4)] [MQC]/24.1

[

®5es Ref. 4, "Data Processing,” calculation of LD

f
Calculsted from H":o . ":ettl

fysed Type 1 esrtridges,

"C'glcullted from Gl11liand's equetion D,

where Yeir 1s 29.9 wl/mol and v“p

ilJnd Type 2 cartridges,

- H‘.

10 Kc' o ‘
3
10 "e'
1.5 ﬂ 5 .33
= [0.0043T0°7(1/M,, 11n ]’f'nir Vs
is colclblated £romrthe LeBas npprexllatlen (see Rel. ).

1.9 m1 for the Type 1 snd 163.8 ¢ 4.3 II for tl’ll Typt 2.
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. from initial breakthrough to total cartridge
‘saturation for cach of the solvents and gases
“tested. - .
~ Table 1 helps summarize r.he ‘data’shown

O i e e - -

arranged by classes, and within clasm by

. pound shown first. The times to reach'1%,

each solvent. *

of solvent, the most volatile solvent breaks
through first. As the boiling points of the
.solvents. within a class increase, however,
. the trend eventually reverses. At some point
~the breakthrough time -actually decreases
" with rising solvent boiling points. This oc-
curs for each class of solvent.

- Table I also illustrates how the wclght of

 solvent adsorbed varies with the vapor pres-
" sure as well as the boiling point. Within
each solvent class the weight adsorbed is
"both an increasing function of the boiling
point and a decreasing function of the vapor
pressure—the two being interrelated. This
is shown to be the case for 1%, 10%, and
100% breakthrough. These data can be
used, therefore, to approximate the weight
adsorbed of an untested solvent once its
class and boiling point or vapor pressure
are known. .

Table I also gives the diffusion coelficients
and the activated carbon weights and vol-

PPN NPT RN Y

RIYRLG SE DR s i i A Y BRI 1A

¥
2 ¥ ¢ umes needed in the theoretical calculation of
e X the breakthrough times. It also shows the
& i;’_%é‘a‘f’a:; 3. weights of water adsorbed. Note the rela-
£ f-‘-ﬁr@wzc‘% tively large amount of water adsorbed in
w A ATET R N . .
84 %&g ;:*} 4 connection with more volatile solvents, espe-
:‘% -'-'g‘i.al} “;f_ cially those that are miscible with water.
R s, "-":-!.-E i ) . .
A ?g?ﬁ "5-7-:' Calculation of Breakihrough Times .
F PRV o . .
X a‘!;'ﬁ‘: :'::tt.;' 34 The ability to predict the cartridge break- .
R OY P 'a%g A § . through mathematically for any solvent that’
AR A g may be encountered would be useful. Initial
b ' i %ﬁ%{l’%’.g 3
LYY s
X BEsa Iy B
K e ";'i..”s -
" l" 4 :, u‘ﬁt)__‘-; .-. .
g WS ‘ .-
‘b?!‘.‘_"ﬂ
I It

“)in Figs. 4 through 13. Here solvents are °
boxhng point;- with the ‘most volatile com-

10%, and 99% breakthrough and the re- .’ -
. spective weights adsorbed are shown for ™

This table ‘shows that, within each class‘ ;

NG
1o the upstream concentnhon) for cach sol-_
-vent is shown as a function of time. These
figures yield the complete adsorption history’

‘cdrtridge breakthrough can be éﬂl:;r
from ;~:|"’:!‘ _“.t-:.' :

2 105V W

149

. whcrc.u wﬂ mmal cartndgc 'brcakthmu
¢ ... time (min).* Jy.,._

Ve = molar volume at thc syster __‘""
* temperature and pressure (243 :}3{ th
' liters/mole at 20°C, 760 tory _) R el
- - """ w = weight of solvent adsorbed gf“;he
- - gram of activiated carbon, % = char
B R et
W. = weight of activated carbos“ _5'3?
- (gm)- 3 el
-'M = molecular weight of the con 8. %
. taminant (gm/mole). ~  G%E T3
Q = airflow rate (Lters/min). 53 s:'-r._'-,;-

C = upstream gas concentratxo
- (ppm). ‘ =< BF.
All the tcrms cag be measured or cnlcu- T
lated except w. The weight of solvent ad—%
sorbed is extremely difficult to predict, smc: ¥
it is a complex function of the nature of the4 2 0 ' i
adsorbent and solvent vapor. Thcrciore b B
equation 1 is useful only if the weight u‘ Tt
determined .experimentally. Estimations of -*§ .¢
the breakthrough time can be calculated,™~
however, from the adsorption isotherm and ]
the Mecklenburg equation. ;.', .

The adsorption isotherm for microporous : ‘;}.

U

adsorbents yields the maximum weight of
solvent adsorbed at total carbon saturation’

and can be calculated by r;t

-

(log (ps/pP)T? } . (2).::::a -

we = pWo exp {-:;

where w, = equilibrium 'static adsorptive a-?;
pacity per unit weight carbon T3
‘(gm/gm). = e

p = density of solvent (gm/cm?’). ¥ ...
We = total volume of adsorptton“‘ >
space (cm¥/gm). - Ny
B = microporosity constam for the * '
carbon. _.‘: .
T = temperature (*K). i >
T /9 affinity coefficient of solvent va- 7§
- por for the activated carbon. “¢'f .»
; . 21 =
) e PR .:: o7

1

d e
)
!
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«x Jmtﬂ‘-"’"‘ !qdu:mal H)g:mc Amcuanon qurnal

_‘,-‘_.”:__,.-! _.._"ri‘\ -I-. b _':,._1‘_,_"__-.-“- . v

“p. = saturated vapor pressure (torr)
- for.the solvent at temperature T,

p = cquilibrium partial pressurc of

thc solvent vapor (torr) - and pracucally independent of the porosity. -

- ’ R - e s .~ The B term can be detcrmmed expen--
= 'rms adsorphon |sothcrm holds for any : mcntally or approximated by : .

e jcroporous adsorbent and is valid only at

-lni

cartridge brcakthrough

min). - ,a},;%
volume at the systey’ ':’“umpcraturcs ‘below the critical temperature - ﬁ 5 g
; . ‘Va

Tof the vapor. The W, and B terms are inter- -

ature and pressure (24-1, , 3
nole at 20°C, 760 torr) - .,,13 ed and depend only on the nature of . where v, Ve = molar vo]umc for the un- -
of solvent adsorbed pq_ “the adsorbent. The affinity coefficient g ,~ -~ .. ~ known and standard solvent
of activiated carbon + @~ ~characterizes the adsorption of a given vapor (cm/mole). . :
m). 2% . with respect to another vapor selected as a P, P, = parachors for the un]cnown
of activated carbgp 3 'é-;
s EeS TABLE II

Jar weight of the con.-“ - Carridge Characteristics and Test Conditions Used
ot (gm/mole). 5 ~ for Calculating Weight of Solvent Adsorbed,

"
Nt

w,. from Adsorption Isotherm

" rate (liters/min), . '
um Bas conccntrauon,r "P . i , g 'lCa.rt.ndgetypez )
) arameter _
N 2 Density, p (gm/cm?) - a & ) ]
a be measured or Calcu Maximum adsorption space, W, (em3/gm) - 0.65 0.61

“.;ir.-.' Degree of porosity, B' - - .. . 1.0x 106 095 x 106

difficult to predict, Smcefz e Temperature, T (°K) e o - 293 293

:tion of the nature of I.he 3 B -;‘ y - Affinity coefficient, 8 ) See TablesIVand V

vent vapor. 'I'hcreforg, : : _ Satuiatcd vapor pressure, p, (torr) See Tablel -
. Solvent vapor pressure at 1000 ppm, p (torr) * 0.76 0.76

al only if the weight s -

sentally. Estimations of *Obtained experimentally from weight and volume measurements.

NN R R N LR RIS DT TSR,

lime can be ca]culatcd, TABLE III &
adso—*ion isotherm and Cartridge Characteristics and Test Conditions Used '§'
Juatic “ﬁ for Breakthrough Time Calculations® 8.3
sotherm for microporous from Mecklenburg Equation i.",'
he maximum weight of - Cartridge Type ’
i total carbon’ saturation . Parameter ) 1 2 &
ted by . - Weight of solvent adsorbed (w,) per weight of - H
7 ol activated carbon (gm/gm) See Table 1 :,2_
* 2 o Carbon density, P (Em/cm?3) 0.375 0.389 "l
Y] flog (p./p)) } @) :' Cross-sectional area of carbon, A4 (em?) 21 39.6 ;-
Number of cartridges tested, n 2 . 2 N
rium static adsorptive C" - Flow rate, 0 (liters/min) 53.3 533 s
per unit weight carbon External surface, a, (cm?2/gm) a5 77 T
n). - Diameter of granule, 4 (cm) 0.165 0.117 g;
a0
f solvent cm? kY Viscosity of air—vapor stream, n (gm/cm—scc) 1.83x 104 1.83x104 1
. (i' £ (gmo/r “2) Density of air—vapor stream, pa (gm/cm3) . 1.2 x 103 12 x 103 ¥
0 “’mc ol adsorplion- Breakthrough concentration, C,, (ppm) X 10 10 .F
cm’/gm). :_" Inlet concentration, €y (ppm) 1000 . 1000 ;.2.
Jrosity constant for thc . Molecular weight, M (gm/mole) . b » ‘ﬁ
il Void volume, ¥, (cm3/gm) ’ . 0.42 . 038 iy
wure (°K). 'l;“ Cartridge volume, V (cm?) 70 20 ) .o ;L’
coefficient of solvent va- Diffusion coefficient at 25°C..D (cm2/sec) See Table 1 o ”_' _i 3
P SAL 20°C and 760 10T, g = E | T
the activated carbon. ’ r bObtained from the Handbook of Chemisiry and Physics. ] L f
- - tp.
,r,. - 7 '
¥ - ) - . - . 18-
= -F S
. 5 . . ot .- Cx ~F
Vg __‘- A . . - -
- = v Pl :'_" Al et L el iy f""__‘g_‘- _!4’,_!:'? x ,'3?',’7':"“"‘_!‘.' Yk X e Y- "_ - -
, s SRS B aﬁ-g A S
RRAT e -‘*'xk.-n-' Sl :h::.; ‘-:“:fa:::‘ n. r;u; hhg(‘ ‘fﬁx
R Ly e S O N 5
_ ) ; IR S
P - - . 'M-Jp. v,'- iad -.,.—_ﬂ.‘ Al .‘.L_;;_\.\! -:-.:r.‘__‘L‘
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“and :tandard solvent (calcu- ',:'“‘ penmental values of w; ate Ilso ‘;m
" lated fmm Sugden’s equa- "Tables IV-and V. Note that the more i 4-
hon) o S "~ tile materials show the greatest de"“ﬁﬁn

-‘ f: Pe = solvent densxly for the un—l " from the calculated values. This is due’
known and standard solvent .. -marily to the preferential adsorption - of 1=
e v " water vapor present. In theory, th':;*'d"

M, M, = molecular weights for l’he I;I; ; sorption isotherm described by °‘1“aho
>:.'is valid only for a single vapor in air’Se

known and standard solvent *
..+ . Deglects competing adsorption by Water oy

€ o Bl
. - (gm/mole). : .~ _.. .any other vapors. Even by expanding 1 the 8
All the parameters needed to solve the - adsorptnon isotherm to include multiple v3 3
adsorption isotherm are given in Tables ~"° por systems, it is still difficult to predjc. m*
1 through V. Comparison of the actual ex- what exlent lugbly polar matenals such o

: TABLE IV L ' .
Comparison of Calculated and Observed Adsorption Capaeny
of Type 1 Cartridges for Several Solventss - :
Adsorptive Capacity. w,
Calculated Deviation
Affinity from from
Solvent Coefficient, Observed Equation 2 Observed
B (gm/gm) (gm/gm) (%)
Benzene . 1.000 - 0.327 0.408 + 25
Toluene 1.33 0.473 0.507 + 72
m-Xylene 1.38¢ 0.536 0.540 + 07
Methanol - 0.40v 0.018 © 0.048 +167
Ethanol 0.61v 0.168 0.251 + 49
Propanol 0.84¢ 0.384 0.429 + 12
n-Butanel 1.024 . 0.512 0.495 - 33
n-Pentanol 1.224 . 0.552 . 0.525 - 49
Methyl chloride 0.56> 0.008 . 0.016 +100
Ethy! chloride 0.76% 0.048 0.129 +169
1-Chloropropane 0.91¢ 0.196 0.293 + 49
1-Chlorobutane 1.09= 0.391 0.426 + 9.0
Chlorobenzene 1.18¢ 0.562 ' 0.669 + 19
Dichloromethane 0.66* © . 0.101 0.216 +114
1,2-Dichlorocthane  0.90¢ 0456 0.555 + 22
1,4-Dichlorobutane  1.28¢ 0755 . 0720 — 46
o-Dichlorobenzene  1.36¢ 0911 0.851 — 6.6
Chloroform 0.86% 0415 0.518 + 25
1,1,2-Trichloroethane 1.08° ' 0.773 0.822 -+ 63
Carbon tetrachloride 0.96% 0.677 0.690 + 19
Perchloroethylene 1.21¢ . LO1 0.965 - 43
Methy! acetate 0.894 0.214 0.333 56
Ethyl acetate ).104 - 0350 . 0.442 26
Propyl acetate 1.304 0.507 0.513 12
Buty! acetate 1.48¢ 0.584 0.550 b8
Pentyl acetate 1.63d 0.616 0.577 - 63
2The equilibrium partial pressure, p, a1 1000 ppm is 0.76 1orr. The satu-
rated vapor pressure, p,, is taken from Table 1.
bE xpsrimental values taken from ref. 6. -
¢Calculated from parachors using Sugden’s equation,
dCalculated from equation 3 using molar volumes.‘
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REQue Lt ¢ PO 80T Bt SREL TR TR et
a ;h narater will mterfere with the normal” ad-
ote that the more yo) 2f 27~ Zorption processes of organic vapors. Cur-
"h‘" 3’”“’“ deviatioy'd=Zeatly there is no satisfactory method of
d . This is dup Pr ﬂecuon for this interference.$8 sxivg 3.2
fer "“31 adsm‘l?’uon of th: ";nﬁ-As was prcvnously mentioned, w,is the
sent, In theory, the 343 &=.ight adsorbed at 1otal saturation—that is,

described by Cqumo 3 :ﬁ‘t 100% breakthrough. Initial breakthrough, '

a single vapor ip

6wcvcr, occurs long before the equilibrium
8 adsorption by Watcr Or

to include multiple Va3 '-mﬂ‘-'d from the Mecklenburg cquatmn oncc
b still difficult to predic 3, 0.8 «w- has been determined.
ly polar materials such “g¢33 % The Mecklenburg equation statcs that

A Luhere

"4 dsorptive capacity is established. Neverthe-; ;
- Even by expanding the "‘ﬁ‘css such breakthrough times can be esti-

- X wpedn L1 [dG \of m YOS
Eapacity i -i_'“ QCe [z a,p,( ) _(p.Dzo

and p.; = carbon dens:ty (gm/cm’)
A = cross-sectional area of the adsor-
. bent bed (em?)." Lt -".';"
V = carbon volume (cm?)..- 3. *
. _+n = number of cartridges tasted.
Co = assault conccntranon (gm/lner)
..z = bed depth (cm).: = = . =i s
a. = specific surface area (cm“/gm)
.- -d = diameter of grapule (cm). . . }
.G = mass velocity through cartndge
- . (gm/cmsec).
" n = viscosity of the ajr-gas stream_
. (gm/cm-sec).

. -

’_
In(Co/Cr) ] (4)

v

p~ =density of air-vapor stream
(gm/cm?). .
D = diffusion coefficient (cm'-'/scc)

.
[P S
rhe ] meam b loae cmlr

Deviation '_":'-_, . B MC,

from
Observed
(%)
+ 25
+ 7.2
+ 0.7
+167
+ 49
+ 12
- 33
- 49
,. ')
+109
+ 49
+ 9.0
+ 19
+114
+ 22
- 46
- 6.6
25
6.3
1.9
4.5
56
26
1.2
58
- 6.3

arr. The satu-

M
i

L

b aani TaE AR R va L ry-wr TRt Dy

24.1 X 106 ' , C» = breakthrough conccntrauon

- 1000p. QV.p: T (ppm).
604An . - ... - . .- - Cp= assault concentration (ppm).

Ve = void volume (cm3/gm).
Equation 4 is generally useful only for
Cw/C1 <. 0.2—that is, for breakthroughs

TABLE V
Comparison of Calculated and Qbserved Adsorption
Capacuy of Type 2 Cartridges for Several Solventst
Adsorptive Capacity, w,
Calculated Deviation
Affinity . from from
Solvent Cocfficient, Observed Equation 2 Observed
B (gm/gm) (gm/gm) (%)
Acetone 0.88v 0.135 0.236 +75
2-Butancne 1.10¢c 0.295 0.360 +22
2-Pentanone 1.19¢ 0.483 0.427 -12
2-Heptanone 1.57¢ 0.560 0493 = -12
Pentane . 1.08b 0.228 0225 To= 13
Hexane T 1.295b 0334 - 0.319 - 45
Heptane 1.46b 0.432 0.375 =13
Nonane 1.854 0.490 0434 -11
Decane 2.05¢ 0.553 - 0.442 -20
Methylamine 0.72¢ 0041 0.061 +49
Ethylamine 0914 0.179 0.166 - 13
Butylamine 1.29¢ 0.429 0.371 -14
Dibutylamine 1.25¢ 0.480 0.466 - 29
8The equilibrium partial pressure, p, at 1000 ppm is 0.76 1orr. The sarv-
rated vapur pressure, p,. is taken from Table 1,
bExperimental values taken from ref."6.
€Calculated from equation 3 using molar volumes.
9Calculated from parachors using Sugden's equation.
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- The prednctcd and ;actual breakmrough ' There have been’ attempts : ' 3
" 1 £

-"" times are compared ‘in Table VI and VIL these calculations by relating th

. In general, the predicted times are somewhat _ ' through time or weight adsorbed dimcﬁ*
r'more optimistic than those detcrmined ex- a single property of the solvent such a_ﬂ,o

... perimentally. .This again can be explained  ing point, molccular weight, vapor pm‘u::‘ 2

'by water’s tendency to occupy the available “" or diffusion coefficient. These Oversimp;

-~ adsorption sites. ; . e fications generally fail, however, sinei=

Tables VI and VII show conclusively that . many interrelated vanables play a role ” 2
% i

Comparison of Predicted and Actual 1% Breaklhrough ‘

Times, Type 1 Cartridges®
Calculated from M ecklenburg Equauon
. . - . Using Calculated .~
Using Weight a
- Experimental Adsorbed from
Time Weight Adsorption
Measured Adsorbed Isotherm

Material {min) (min) (min)
Benzene 73.3 74.2 926
Toluene 94.3 89.1 955
m-Xylene 98.7 82.0 - 82.6
Methanol 0.2 10.9 29.1
Ethanol 28.0- 67.6 101
n-Propanol 70.4 115 128 .
n-Butanol 115 120 116 >
n-Pentanol 102 104 99.2, .4
Metby! chloride . 0.05 3.0 59 ) e
Ethyl chloride 5.6 13.2 56 i
1-Chloropropane . 245 T 430 . 64.3 ¥
1-Chlorobutane 723 . T 7108 71.1 o
Chlorobenzene w7 838 . 99.7 . -
Dichlorumethane 106 21.6 462 VEr
1,2-Dichioroethane - 54.0 - 812 " 98.8 .\,m -
1,4-Dichlorobutane 108 96.4 91.9 ik
o-Dichlorobenzene 109 99.6 23.0 5
Chloroform 33.2 61.0 76.1 "E
1,1,2-Trichlorocthane 71.8 98.7 105 -7 H
Carbon tetruchloride | 77.0 758 - 713 i ‘E‘;
Perchloroethylene 107 104 993 £

: Methyl acerate 328 517 80.5 .":,
Ethy! acetate . - 668 69.1 87.3 &
n-Propyl acetate 78.8 ) 839 849 T
n-Butyl acetate | _ 773 | 81.8 71.0 o
n-Pentyl acetate 726 - 74.5 69.8 e

*Test conditions; 53.3 liters/min, 50% sclative bumidity, and 20°C. ~ ~ . .

Cartridge characteristics are surnmarized in Tables II and II.
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"~ approximate breakthrough times can indeed adsorpuon. : N g
be calculated, but only if the activiated car- . ' ST T “gé-“g;..- e

" bon is well characterized. . Approximately Effect of C""“"”""o" L .;‘,' }gf }-&
twenty-five variables must be known, how- = In a prehmmary mvcsugauon e vaneis »:'.é
ever, before such calculations can be initi- the conccntrauon, from 125 t6 2000 PPm fm:‘ - :;_
- ' TABLE VI ':E‘-;"t
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5} = DR e R i v g
* e llempts to sxmphfy = T v = Companson of Predicted and Actual l% Bre:klhrou;h
bv. relating the brCak.._L wi o * .- Fimes, Type 2 Cartridges - i
wc’ adsorbed dmuy t “? ;'t,*: o "(::;.'.‘__l;_ N R AT LRt Cslculated from Mecklenburg Equmon
’of lhc SOchnt such as boﬂ- " 'H - . . - e Ex Usning ! U:mgw C::;l:llted ‘ .
g ) e nmen a ,
. .Pll i . oo . -Adsorbed Adsorption lsolherm = ;
dly fail, however, since 50 1‘;‘,': ' .Material .- ST (min) LTI (min) - - (min) B
*d variables play 2 role jp - ‘! _ - Aceone - . 31 . 583 . 1@ IR
- : _3 % . .- 2Butanone’ .- . 819 ST [ DESARTIN b - R LR
g k. B 2-Pentanone .. 104 RS & A ¥ N TP
tration . 2-Heptanone 101 116 . _.__102,_ S T,
' oy ) ‘. . - N
ary investigation we varicd"_j'"_ - ::;e:::: :g; . ;;’-? ::; = —_—
?' from 125 to 2000 Ppm for . - n-Heptane © 182 103 . 01
. kO n-Nonane : 76.2 ) £9.4 792
. = n-Decane 70.3 . 903 T2
Tough S : Methylafine - 124 336 50.0
—_— - . Ethylamine 40.5 93 _ 921 -
nburg Equation : n-Butylamine 1mo . . i4s - T 128 .
Ising Calculated M Di-n-butlyamine 755 ;- 869 - N X I
- Weight el ATest conditions; 53.3 liters/min, 5096 relative humidity, and 20°C.
Adsorbed from SR Cartridge characteristics are summarized. in Tables T and IL- ' .
Adsorption g . N . - R -
ls(on'ﬂ-:';" benzene and from 50 to 2000 ppm for ace- ';' L AL
976 tone, and measured the effect on service - -
955 life. The characteristic S-shaped break- -
82.6 through curves for these solvents appear in 5
29.) Figures 14 and 15. Although the time to )
:g' reach a given breakthrough increases as the - g
1;6 concentration diminishes, the breakthrough 3
99.2 time—concentration relationship is not in- &
59 . versely proportional as one might intuitively
156 suspect. However, a logarithmic plot of the 0 .
-~ 643 breakthrough time (for example, at 10%) 0 50 100 150 200 250 300 350 400 A4S0
;;_" as a function of the concentration yields the Fieure 14 Brnklh:t)‘:;:;:\iﬁ for type 1 car-
. 462 linear relationship shown in Figure 16. The i dgi: ®  varions concenations of benrepe. Each
“ 98 resultant empirical equatlons for the straight cartridge pair contained 56.6 = 1.5 gm of acti-
. 91.9 lines are: . vated carbon and was tested. at a flow rate of
: 930 f10 percens. = 1.4 )( 104 X Cy-076 for ' - _53.3 liters/min md 50% rejative humnd:ty
76- - . . - o .
1051 benzene o Summary o
i713 fioperoeme. = 1.1 X 10° x Ci=0%  for - - e have examined the service lwes of
7.3 . dcctone o - """ organic vapor respirator cartridges exposed
:g; L where 710 pereent is the time in minutes to . to aromatics, alcohols, acct_ates, alkanes, ke-
84.9 : achicve a 10% breakthrough, and C; is the.  tones, amines, and chlorinated materials.
7.0 - upstream assault concentration in parts per We assaulted the cartridges under standard-
69.8 :1 million. These results conform to the basic ized conditions amd monitored the down-
y, and 20°C. 3 Freundlich equation and have been demon-  stream concentration to cartridge saturation.
L. ' strated previously by Fraust and Hermann.? The standard test conditions included a sol-
( ) . A - . .o
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" The annual Short Course in Fundamentals of Industrial Hygiéne will
be presented at the Kettering Laboratory, University ‘of Cincinnati, from
October 14-27, 1974. The course, half Jecture-half laboraiory, will be L
conducted by the graduate faculty of the Department of Environmental S
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Health. The class will be limited to 20 participants. and the course fee' .
£ is $600. For information contaci Howg¥d Ayer, Kettering Laboratory, =~
ﬁ £ 3223 Eden Avenue, Cincinnati, Ohio 45219, (513) 872-5708. - '° :
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