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he following research was carried out in part as graduate wcrkl

’.J

No. 228 (April 1918; of the Index of the Moscow Commerce Institute

by i'v. Wosnes: ensky )mder the direction of Prof. Schilow in the year 19.8

and later carried on in collaboration with Misa L. Lepin. The work never-
theiess hae been neither completed nor jublished. Since then more researches
have appeared on the subject and it may be mentioned in the first place

among them the treatment of Mecklenbergz, Because our work and the results

2
Mecklenburg, Zeitschr, £, slcktr. 31, 488 (1925)

of Mecklenberg differ substantially, we have cons.dered it fitting to publish

our werk, which at this time has been supplumented Dy new exporiments,

Although our work concerns tLhe adsorption of a gns ﬁixed with an
air stream, yet our results are of other practical uses, such as {iltratien,
leaching, adsorption by ground, etc. “utatis mutandis the sone regularities
sre valid also for the methods which for~ the basis of the counter-current

principle.
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I. Procedure and avparatus

ra

Work has been done, on the one nend on the cource of adsorptien
with time of a gas mixed in an alr strean and on the other hand on tre
spatial distribution of the adscrbed gas in the adsorption layer, eic. in
order %o study the residuval concentration in the streaming alr.
end we had the sdsorbing layer in separate sections, thai is divided into
goparated tubes snd inserted between the same measuring apparatus with
whieh at a chosenﬁpoint & gas analysis could be carried out. Sm.ll tubes
with reagent papers, which could be inserted between the sections as well
as at the end of tha whole apparatus, -allowed the apgearance of the gas to
be rezognized at different places along tne bed, correspending to the con-

sideration that progressive saturation of the adsorbent eccurred and wita

it the protective action of a single length ccased.

We have used differsnt kinds of activated charcoal for tae
sdsorbent and chlori.ie as the gas, The apparatus was constructed in the
following marncr: The velocity of the air-chlorinc stream was regulated
with a rheometer. DBoih gases ;fter mixing 1n a largs spherical flask
entered through & two-way cock either into the main anparatus or inty s
long branching tubs, viilch offered exactly the same resirtance to the air
stream as the wholé charcoal laver. This tube allowed the gas stream %o
be regulated bafore the experiment and to be conducted unchanged into the

apparatus at the beginning of the experiment.

The gas measuring dovices consisted of flasks of 2 liter capacity

with ground glass stoppers and could be shut off by vurning two two-way cocks
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withcut interupting the air stream, A funnel with a ;lass stopper allowed a
r

1 aslution to be run in without opening the flask. The iodine zo liberated

#as vitrated with thiosulphate,

The apparatus usually contained 6 or 7 sections,oach,of them consisted
of a glass tube 4 cm. diameter and 12 cm. long that conteined an elfective 10 cm
layer of charcoal which was covered at both ends with perforated platinum
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atesa, Yor downvard [low the tubes a provided with glass stopners and
connectking tubes, for upward flow they narrowed in a ball fitting conneeting
viece,

With this spparatus we have carried out the following series of
expariments:

L. Ve have determined the spatial & stribution of the chlorine in the
gas phase along the entire crarcoal bed at the noment of the exnaustion of
the protective action. This is done by the simultaneous shutting off of all
Lhe mzasuring devices immediately after tne apocarance of chlorine at the
end of the whole apparatus.

2. We have followad with the course of time, the conceniration of

the chlorine in the flowing air at different places in the absorbing bed.

3. The end of the protective action at dilferent places in the
charcoal bed was noted viat is tie velocity of vrorress of the {irst trace

alorng tne wisorbing leyer was deternined,

'

4o By welphing a sinyle tube before and after the uaperinoat the
absorved arount of enlorine was Jdeterndned that is its distribution in a

singo~ leagth of the adsorbing lay. -




5. Occasionu’ly we have confirmed the characteristic approxinate
relation, namely ¢, x T = X, where C, 18 the initial cc ‘entrstion of the
chiorins, T {a the ~arvice tims of a definite charcoal larer snd X is a

constant,

We have carried out all these series of experiments at different
initial concentrations of chlorine and air stream velocities, as well as
with different kinds of charcoal, as is specified in the de. iptions of

individual experiments in the following

II., Experimental part

A. Experiments on the distribution of c.lorine in the air inside the

adsorbing layer at the moment of the exhaustion of the protective action.

No, of gas meas- Amount of ad- Service Concentration of
uring flasks or rorbed chlorine Time chlorine in the
bed layers ( = in grams air stream in %
layer le..gths in of the initial
decimeters) quantity

1. Velocity of the air stream 3 liters/min.
Activated "normal" charcoal (dry, 10 mm. grain size),

(a) Initial cshlorine concentrati 1 2.23%.
(Fig. 1 No. 2; Fig. 2 No. 1; Fig. 3 No. 8; Fig. 6 No, &)

1 5.7 61 8-2. 100
2 5.4 13 m 3 s. 95
3 5.0 33 m. 92
&4 L. 6 61 m, 89
5 3.6 90 m. 82.5
5 2.0 1i7 m. 59
7 0.8 U5 m, -

(b) Initial concentration 3.96%.
(Fig. 1 No. 3; Fig. 2 No, 2; Fig. 3 No. 2)

1l 6.5 28 s. 100
2 6.05 8 m, 30 s. 8L
3 5.05 25 m. 90
A 4.17 42 m., 10 s. 81
5 2,75 58 m, 10 s, "
[ 0.48 T4 m., 10 s. 14
7 -~ 90 m. -




(¢) Initial oncentration 8.2%,
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(Fig. 1 No. 4; Fig., 3 i,
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Nerinal charcoal.

v+ Fig. 6 No,

atream 5 liters/min.

(a) Initial concentration 0.656%,

(Fig., 3 No. 9)
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(b) Initizl concentration 0.93%,
(Fig. 3 No. 7; Fig. 6 No. 7)

(¢) Initial concentration 1.36%

-
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(Fig. &4 No. 2)
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(d) Initial concentration 1.93%,
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Velocity of air atream 3 liters/min.
Initial concentration 2.13%.
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¥ildly activated charcoal,
Velocity of air stream 3 l.tars/min.
Initial concentration 2.2%

(“ig. 1 No. 1; Fig. 3 No. 3; Fig. 6 No.
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(g) Non-activated charcoal.
Velocits o” the air stream 3 liters/min,
Init‘al concentration 2.0%
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(Fig. 1 No. 5; Fig. 2 No. 3; Fig. 3 No. 2;
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5 m. 50

17 m. 34

33 m. 50

52 m. 40

71 m, 25
88 m.

(e) Coarse grained charcoal (16 mz. dismeter)

121 m.
- 143 m.
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Char.oal w..h 18% molsture.

Velccity of the air stream 3 liters/min,
Initial concentration 2,2%,

(Fig. 2 No. 10)

1 - lm &8s, 10C
2 .- 18 n, 30 s. Giy
3 - L7 m. 20 s. £9.5
L -- 84 w, 7 8. -
5 - 120 m, 87
6 -- 155 m. 67
i - 189 x. 30 s, L

B. Series of experiments to determine the change of the chlerine
sintentwation in the air inside the adsorbing layesr with time.

Time in minutes  After the lst Afier the 2nd After the 3rd
layer in % of layer in % of layer in ¥ of
init. conc, init, conc, init, conc,

1. Velocity of the eir str.am 3 liters/min. !
Initial concentretion 2,0%. :
(Fig. 5 Nos., 4, 6, 8)

v pRA] 14 0.5 -
O s .. .l 0,23
e 38 10 -
25 L5.5 - .-
a0 6C 0 g
35 &9 -- --
49 £l.5 51 -
45 -- .- 31
50 -- 66 --
55 83 - .
o) - g2 53
65 94 -- --
ol - - T
90 -~ 37 -
118 So - -
120 -- - Sa
130 - --
135 - -- 87

2. Veloc.ty of the air stream 3 liters/min.
Initial concentration 3.98% chlorins (Fig. 7).

5 3 - -

10 }UN 3 -

L5 32 2 2

20 0 35 -

T 25 6b L3 -

[




N
-8 -
30 77 54 o3
35 90 ob -
40 87 78 --
L5 -- 90 £y
50 98 --
60 -- - &3
85 ~- 98 -
90 -- -- 97
3., Non-sctivated charcaoal.
Velocity of the air stream 3 liters/min.
Chlorine concentration 24, (Fig. 5 Nos. 1, 2, 3).
5 32 19 b
10 60 L7 3z
15 £0 &0 51
20 /R 2 72
25 92 -~ €
30 -~ 5 &e
35 94 - --
IRY 9 91 --
L5 - -- Y
50 -- -- --
4. Charcoal with 18% moisture.
Velocity of the air stream 3 liters/min.
Chlorine concentration 2k, (Fig. 5 Nos. 5, 7, 9.)
10 2.8 -- .-
15 23.9 - --
x 50.5 5 -
2¢ 52,8 - --
30 o7. 2 R o
35 "2 -- -=
L0 82,3 54 -
L5 £45.8 -- 2o
oy, £3.8 639 ~--
55 93.2 -- -
o0 - 32 oo
70 -- 85 -
75 -- - <
£ - 23 .-
Dl - Sa 50
105 -- -- 8«




Tt
-

riven

e

v

.

~

oring co

[
e

N

SR R SR NI I

Aoy Doy Oy

rd 4 d

[SF BRGS0 S BV

i 2 C [ S
[ ]

RSN S AvIRVORIe AR §

s 4 L et O

4

€y DAY (D DO
VI AN T VIR G R o

-]
im

v iy
RGN

* e

s

ii
-

e
ci v
o
Po
is

+ =
J

Ot‘

ven,
wa W

el
298
ANy

seclions ©

~

\
et on
~uda s
2

WNooLaoh
c

iapses

v

3

-
v

b ais s vuia B

*

PYLEVDY

EER« WU

By P
o INE aa
4
“ye
aia

v
ol
a
<

»

¥

ne
[
. S
Gd isianaa

e

o1pa
the tive

t
Lai.
e

Caliv
N

Qo
&

o
X
it
Rl e
“x

al3

the values of C.
i
ricas,

-

a3 weli as o

i@

v

3e

e ta
re:

~asoruved chlorive

Lh
wonen.

2

£

-

[
a4

tre
R
e

Y

- &
3
ne

2
(&)
3
-t
®

i

ion

~
<y

-

CCLuIns

I

~

i




o)

Wa . v i ey ; e = TR o e o < T a

Weii ns time-~ unlts, b-ocnuse ve hnve to denl tltt o0 ogarsain velascliy ol che
s . 3 Vans the s Yl e U SN

prosrese 0L tne criorines slons the rdsoviles lrvere We will trorelore uce

2
It 15 self evidornt tnsd
aren for tro rdvance of

ms, . Lt it it
Tha ex-ressisn Veourve®™ 4

mear, of this sren in tre

the time wnive,

In the lest esnaces of the chercorl lnver, the sreclent curve for-s

under the same conditions ss in the midlle™ smages: tle orlorice ¢_ree-tration

L

¥e leave the accidentsl pasanre of tre crlovine tn tre erd ol *re ¢ oroiel
bed outslde conslderatian, This will in fret nmot e indicrred by the test
varer present at the end; the visible BWlvue colour shovy un only alter ine
gredurl amnenrance of ¢ e ¢hl ‘rine outslde $ne ¢ coal bed,

increnres pradvally at each wiiut from 7ero to the initirnl concentratiorn,

end thlas oceurs in the bulk os L' .dsorvticn crmacity of *he snroe in auecstion
as ve'l as tho rreceeding ones rr: sptureted. Fxnctly the eame =ay ts otserved
by the anpearance of fas at the end of the ag .rbing lnyer: thls sare errdient
curve anvenre temrorarlly with emall crerses »t dlfferent nrrts of the bed

(ct. dlagramj. At the bepinning of the adsorbins layer (vhere the cne enters)
the relntion is different .rom ali the olh:srs, becnvee ot thils volnt and

only at thils nolnt the grndient curve doee not pronlly tutld ur from s
concentration equrl to rero, but from the first norment of tie exporinent

s onovelue eonl teo the initirl concentrotion of the pry nnd resalos

consirnt £t this maximum, Conceavertly tie Lulldl.,m v of tine eor gient '
curve t tue berineineg of the adsarbont bed Tollovr ¢ coursc 2o trrt the
velocity - 7 the advacee of the ron ponenra grecrer Yo in the rewrintines
rirtooof the bed ard thereforn the covre. wording durction of the vrotective

tation rt the beelnnine of the exnoriaent 1n  comvnartenn  oith




the later stages, Unly after the gradient curve is uilt up, can its regular
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advance with a censtant velocity ir e bed Le assued.

o

O course such a Ccuception i8 oni, to te regardsd as approxinate,

in reality as our expsriments show, the graiient curve is appreciadbiy daformed
by the acvance and moreover a compicte saturation of the adsorption capacity

of the apparently used up part of the charccoal bed does noct occur, but this
continues adscrbing more, if only in small grantity., It can t.ierefore be
imagired that instead of a parallel di.placement of the gradient curve, it under-

oy

goes a change of its configuration w.th time,

wherq/the point C on the cordinate ,
sxis, which corresponds to the initial concentration, can be considered as ihs

starting podnt of all the curves, as is represented schematically in Fig. &.

Actuaily the gquadrilaterals OAE, OBC, CCD, etc. at & cefinite place in the {igurse

can be assumed to be approximately of equal size, The quadrilaterals correspond

to the adsorbed amcunt of gas related to a definite length of t..e adsorbing bed E
and each single one corresponds also to an approximately constant service tixe,
that is to an approximately equal time of gas protective action, This corresponds
to the stretches ¢f the curves in Fig. 3 running rectilinearly, which show the
dependence of the service time on the length of the adaorbing section., The
initial sections of the corresponding curves in Fig, 3 show a curve which
corresponds to the smaller quadrilaterals OPQ, OQR, etc. in Fig., 8. It is
therefore consistent that at the beginning of the adsorbing layer or in the

first period of the adsorption the adsorptive power of the charcoal layer is
exhausted relatively quickly, since the later cies correspond to a constant,
maximum (initial Jconcentration of the adsorbable gas, The service time of the ;
initiel sections of the adsorbing layer, related to & uni* . length, ls there-

& . )
fore/shorter one in comparison to the middle or end se.tions, although the §
f
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greatest amount of chlorine is adsorbed on th: initial lengths, ‘ecause tnhese
lengtha can adsorb mors after the expirstion of their service time. It 1is
thence alsc understood that tha curves which represent the distribution of the
adsorc.3 chlorine in the cnarcoal bed have & reverse slope to the curves wnich
represent the dependence of the servics tine on the length of the charcoal bed

{ef, Fig. 2 and 3).

In fact we have observed experimentally Y. our method of procedure
that a constant service time is obtained with a given tube from the following
ones, The last tubs of the series is no exception on the cther hand we find for
the first two or thres tubes a shorter pc;iod of protective action, corresponding
- to the faster progress of the adsorption at the beginning of the bed, wncre a
constantly higher concentration {initial concentration' of the crlorine in the
O

air atream prevails,

Now take the relation

Service time T - {ay
Length of the adsorbing bed L

where syequals "the cosfficient of protective action". Let us consider the ) |

aifference of the service times for a fixed length, one time reckoned from the

beginning of the bed and the other time in the central parts of the bed and make

the assumption, that in the second cace the chosen range corresponds to a

complete formation of the gradient curve, that is the rectilinear course of f

. the curves in Fig, 3, This difference, which as the difference between two :
real time intervals has a real meaning, is further symbolized with <T,"the

<::> initial service waste"., Both quuntitiesl and T can be dstermined without '
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difficulty exroriventally and allow the properties of an aidsorbent

10 be defined epirically feor fixed sxperimantal conditicns and further

Is

the service tina to be calculated from the leaptn of tre adsorbing bed.

ihus our methou of representation is also of praciical importance,

We have carried out this calculation for the experiment given
atove and have cbtained satisfactory‘agrccmént with the experimental nwubers.
& was determined from the service time of & lengih of charcoal bed in ths
front (lying down stream) part of the apzaratus divided by the length of
this chosen section, N appears as the diffcrence betwuen the service times
of equal lengths of the charccal bed at the beginning and end of the

adsorption apraratns.

<::> 1. Air flew 3 liters, chlorine concentration 2.2%
T o= 50m ¥ = 2.77 m.

L= 70 cm. TF = 143.9 me  li4 m.

60 116.2 117
5C 86.5 90

2. Adir flow 3 liters, chlorine concentration 3.98%

V= O m = 1,65m

L a 6D cm, Twe 75m 7L.5 m,
50 58.5 56,5
70 91.5 90

* In the first column the observed and in the second the calculated

ve'ues are given,




3. Air flow 3 iiters, chlorine -oncentration 0.2%

Telbm ~F = C.9m,

L = 50 cm. T = 29 m, 29 m,
60 38 38,25
70 47 46,9

/
4. Air flow 5liters, chlorine concentration 0,93%

T« &, x. . 1.3 m.

L= 50 cu, T = 101 m, 98,1 m.
&0 134 132
T0 167 166.5

5. Air flow 5 liters, chlorine concentration 1,92%

T 36,7 m. &=l 76m,

Le 35 cm, T « 52.3 m. 52.6 m,
&0 69 71
70 86,5 88

6. Air iiow 5 liter: chlorine concentration 0.66%
Tae98m e 55m
L= 5o cm, T« 177 mn. 182 m,

60 242 239

The dependability of the quantities§} and T on the experimental

conditions is illustrated by the following numbers:

Air flow 3 liters T N
Chlorine concentration 2% 50 2.77
4 2 1.65

8 16 0.9

L
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.15 -
Air flzw 5 liters
Chiorine concentration O, 66% 98 5.5
1.00 6L 3.3
2,00 37 1.76

Lon~activaisd charcoal: T = 13; 4} = 0.9
Coarse~grained charcoal:Um bi; ~F & 2,60

Eoth with air flow of 3 liters.

In concluzion we might point out, that the guantit:es~F and ¥
introduced by us stand in direct relationship with the “uead szpoce” of
becklenberg. From Fig, 9 it may be seen, that the "dead space" of Mecklen=
herg 1s represented by the line OA. The quantity T is on the otner L. nd
equal tu 0’0 = AB. From which flows OA = AB tan 95 or the "deu' space' =
T/ , because,F as quotient T/L (Inverse velocity coefficient) is -ut
equal to l/tan<ﬁ. From this the "dead space" of Mecklenberg acquires a

I!S

definite physical meaning, instead of being a "watnemati-al fiction"”,

5

Moscow, December 1928, Inorganic Chemistry laboratory of the Technical
High School. Kolloid-Z, 49, 288 (1929)

it msans namely that & time Interval 1s expressed Iin units of length
with the help of an inverse velocity coefficient, In other words it
spacifies the length of the adsorbing bed, which would correspond *o the
time interval of the initial waste .f the protective power {(T), if the
coefficient of protective action ¢% ) were constant duri{ng the whole

experiment,

P




The distribution of the chlorine adsorbed by an adsorblnpg ted
from an air stream, 8s well as the distribution of ths residual cnalorine
in the ras phase along the same bed in a specially constructed apparatus

was studied,

The dependence of the service time on the length of the adsorb-
ing bed is expressed by two empirical guantities, These guantitles permit

the definition of the adsorption properties of a bed under fixed experizental

conditions and the calculation of the service time for different bed

lengths under the same conditions.

Moscow, December 192&. 1 : emictry Lovoratory of the Technlcesl
Eigh School. Kolloeai-Z.
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