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The following research was carried out in part as graduate work1

No. 228 (April 1918 of the Indcc oil the Moscow Comerce Institute

0 by i . Wosnesensky under the direction of Prof. Schilow in the year 1913

and later carried on In collaboration with Xis3 L. Lepin. The work never-

thaless tas been neither completed nor ubl.shed. Since then more researches

have appeared on the subject and it rray be mentioned in the first place

among them the treatment. of 1ecklenbcrg 2 . beczuse our work and the results

2

Mecklenburg, Zeitsch6r. f. :;cktr. LL 4&2 (1925)

of Mecklenberg differ substantially, we hcvo considered it fitting to publish

our work, which at this time has been :suppl-mented by new exporirMents.

Although our work concerns the adsorption of a ?,ns mixed .*th an

air stream, yet our results are of otUr practical ii~cc, such as filtration,

leaching, adsorption by ground, etc. ,-utatis mutandis the sane regularities

Qare valid also for the method: which foi-- the basis of tne counter-current

principle.



II

I. Procedure and annaratu3

Work has been done, on the one hand on the coure of a(.sor,)tion

with time of a gas mixed in an air strean and on the ot ;* r hnd on t e

spatial distribution of the adsorbed ga3 in the adoorpt.n layer. etc. in

order to study the residual concentrate, on in The 5trianing air, To this

end we had the ac-sorbirg layer in separate sections, that is divided into

separated tubes and inserted between the same measuring3 apparatus with

which at a chosen point a gas analysis could be carried out. Si.ll tubes

with reagent papers, which could be inserted between the sections as well

as at the end of the whole apparatus,,allowed the appearance of the ga2 to

be rezognized at different places along tne bed, corresponding to the con-

sideration that progressive saturation of the adsorbent c"curred and with

Q it the protective action of a single length ceased.

We have used different kind.s of activated charcoal for the

adsorbent and chloriAe as ti'e gas, The apparatus was constructed in the

following manncr: The velocity of the air-chlorine stream was regulated

with a rheometer. Both gases after mixing in a large spherical flask

entered through a two-way cock either into the main apoarctus or Into a

long branching tube, which offered exactly the same resi:'tance to the air

stream as the whole charcoal laver. T'his tube allowed the gas stream to

be regulated before the experimant and to be conducted unchanged into the

apparatus at the beginning of the experli cnto

The gas measur~iig dsvices consisted of flasks of 2 liter capacity

with ground glass stoppers and could be shut off by tuininf two two-way cocks0
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w'thcjt intcrupting the air stream. A funnel with a glass stopper allowed a

K ) solution to be run in without opening the flksk. T he iodine so liberated

was titrated with thiosulphate.

The apparatus usually contained 6 or 7 sections,3ach,cf them consisted

of a lass' tube 4 cm. diameter and 12 cm. long trat contained an effective '" cm

layer of charcoal which was covered at both ends with perforated platinu.m

patcs, For downvard flow the tubes e provided with glass stopoers and

confnecting tubes, for upward flow they narrowed in a ball fitting connecting

plece.

qith thi.s apparatus we have carried out tne following series of

experiments:

. We have determined the spatial d- stribution of the cnlorine in the

'0gas phase along the entire cnarcoal bed at the moment of the exhaustion of

the protective action. This is done by the simultaneous shutting off of all

the ztasuring devices in~aediately after the apocarance of chlorine at the

end of the whole on)aratus.

V2. e have followed with the course of time, the concentration of

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

3. The end of the protective action at dif'%arent places in the

charcoal bed was noted 'tia is tic velocity of oro:reos of the first trace

axcn" tnhe aasorbing layer was ueter,inod.

4, UY weighii.g a sin,,ie tube before anc after thk i the

absorb.d n-mount of elorine was Jeter.inod tlat is its distri button in a

sine. et-th of the adsorbinp- Iay,..0i~ "



5. Occasionally we have confirmea the characteristic approxl.ate

relation, namely C0 x T - K, where CO is the initial c( ;entration of the

chlorine, T is t.he -rvice time of a definite charcoal la.-er and K is a

cnstant.

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 Eprimental pgrt

A. Experiments on the distribution of cilorine in the air inside the

adsorbing la~er at the moment of the exhaustion of the protective action.

No. of gas meas- Amount of ad- Service Concentration of0 uring flasks or norbed chlorine Time chlorine in the
bed layers ( - in grams air stream in %
layer le.gths in of the initial
decimeters )Quatitv

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

(a) Initial zhlorine concentrati 1 2.2%.
(Fig. 1 No. 2; Fig. 2 No. 1; Fig. 3 No. 8; Fig. 6 No. 8)

1 5.7 61 s 100
2 5.4 13 m. 3 s. 95
3 5.0 33 m. 92
4 4.6 61 m. 89
5 3.6 Qo m. 82.5
6 2.0 i7 m. 59
7 0.8 144m. --

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

1 6.5 28 s. 100
2 6.05 8 m. 30 s. 81
3 5.05 25 m. 90
4 4.17 42 m. 10 s. 81
5 2.7 5 58 m. lO s. ul
6 0.48 74 m. lOs. 14
7 -- 90i. --



(c) 7nitial oncent-atlon 8.2%.
(Fig. 1 No. 4; Fig, 'o. ' Fig. 6 No. I)

1 100
2 -- 4 n. '2 s. 97.5
3 -- l2ni.4 s, 96.5

4 -- 20nm, 93
.-- 29 m.

6 -- 38 m. 15 3. 59
7 -- 46m. 548. 12

. ,, ...... Z' -tream 5 liter,/min.
Nornal charcoal.

(a) Initial concentration 0.66%.
(Fig. 3 No. 9)

1 -1 r. 100
2 -- 17 m. 88
3 -- 67in. 82
4 -- 116m. 71

5 -- 182rm. 36

6 -- 239m. --

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

1 -- 318. 100

2 -- 13 m. 20 s. 99
3 -- 34 m.45 s. 94

4 -- 70 m47s. 93
-- 981,. 7 . 74

6 .- 132 m. 20 s. 41

7 -- 166 m, 30 s. --

(c) Initial concentration 1.36%
(Fig. 4 No. 2)

1 -- 100
2 -. 8rm. 96

3 -- 27ru. 91

4-- 49m. 30 a. 83
-- 76m. 58

6 *89 --

7 -- 115 m. --

Misprint in German text - corrected from Russian of. Z. Elektrochem

., 96 (.930)
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(d) Initial concentration 1.93%.
(Fig. 2 No. 5; Fig. 4 No. 1; Fig. 3 No. 4; Fig. 6 No. 4)

1 5.21 23 8. 100
2 4.73 5 m. 50 s. 97
3 3.97 17 m. 34 s. --

4 3.69 33 m. 50 s. 92
5 2.84 52 m. 40 s. 87
6 1.19 71 m. ; s.7
7 0.20 88 m.

(a) Coarse grained cr rcoal (16 ni. diameter)
Velocity of air 9tream 3 lltera/min.
Initial concentration 2.13%.

1 4.9 20 s. 100
2 4.8 4in. 97
3 4.3 18im, 20 s. 93
4 4.1 45im. 54 s. 87
5 2.7 66im. 73
6 1.0 92 m. 30 s. 47
7 - 121 i° 6
8 143 m.

0(f) Mildly activated charcoal.
Velocity of air stream 3 lt~rs/min.
Initial concentration 2.2%
(:'ig. 1 No. 1; Fig. 3 No. 3; Fig. 6 No. 2)

1 1.9 20 s. 100
2 1.9 4 m. 54 s. 93
3 1.9 12 m. 54 s. 91
4 - 22 . 30 S. 8
5 1.9 34in. 87
6 1.4 45 m. 30 s. 65

0.5 56 rn. 30 s. 16
- 57 m. 30 s. --

(g) Non-activated charcoal.
Velocit: -.i the air stream 3 liters/mir.
Initial concentration 2.0%
(Fig. i No. 5; Fig. 2 No. 3; Fig. 3 No. 2; Fig. 6 No. 3)

1 -- 10 . !<

2 -- 3 m. .,5 s.
3 -- 12 m. '5 s,9

4 -- 23in. --

5 -- 31 m. t.5 s. 57
6 40m. ,.9
7 -- 50. lO a. 15



-7-

(h) Char-)al w-.h 18% mosture.
Velocity of th e air stream 3 liters/in.

initial concentration 2.2A.
(Fig. 2 No. 10)

1 -- I m. 8 3. 100
2-- 18 m. 30 s. 94
3 -- 47 m. 20 s, 89.5

4-- 84 7e. --

5 120 =. 87
6 -- 155m. 67
7 -- 189 .30s. I

B. Series of experiments to detenr.Lne the change of the chlorine
nn- t~cn ir. the air inside the adsorbing layer with time.

Time in minutes After the l8t After the 2nd After the 3rd
layer in X of layer in % of layer in % of
Init. conc. it nit. c-onlZ.

1. V-locity of the air str am 3 liters/min.
Initial concentration 2.0%.
(Fie. 5 Nos. 4, 6, 8)

4 0o.15 --

15 24 -- 0.23
2038 1 --
2 5 1-5.5 ....-
30 60 3v 8

35 69 ..
61.5 ;,i --

45 .. 31
5- - 66 --

88 --

C -- 53
o 5 94 ..

9Q -- 6'7 --115 -- --

120 -
1.30 -- !4 --

135 ... 67

2, "'elo., y of the air streax 3 litersimn.
nitial concentratlon 3.98% chlorine Fig. 7).

5 3

15 32 12 2

20 50 35 -

25 66 14 3



0
30 750
35 966 -
497 - -
45 90 69

60 9- ..
85 -- 98
90 9

3. Non-activated charcoal.
Velocity of the air stream 3 1iters/rin.
Cnlorirne concentration 2 . (Fig, 5 Nos. 1, 2, 3).

5 32 i4

100
!080 &2)3

20 S?-
25 92 -- 62
30i -- 2

35 94 ....9

40 94 91 --

45 ... -

50 ... .. .

4. Charcoal with 18% moisture.
Velocity of the air ttream 3 liersiin
Chlorine concentration 2%. (Fig. 5 Nos. 5, 7, 9.)

11o 8.8 ....
15 20, ....
ZA, 50.5 5

35 72

..o82. 3 '4 -

0 63.8 9 -
55 93,2 ..

00

75 .. .
k,--€o-

I0 .... 5



.ncr of the aczso'ru. ~noieoCer. o

'7,7
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-fl c ca-is 2, 3,4 of toe ta-e thre values of C- x 7are gi.ven.

Discussionr~ csf ti'p -Y r'p'f

The grapni.c representation cf. t; e a z o favn irurCa ofC thC

spati4al4 d istrbut ion7 o f the --is crbe chiu in tz e a r c ca s ection s o f te

r es3 ua I c A-'or ine in thre s~ se, as well as of the,! tlre assof the

adsorption process Is gaven or--n nrcer~iayZa'tzcoe..e

show oltarly, a,3~Moiebreriszi tha t te a.Iortln -- 0

-.e cr-,arocal sectlon in tne ::rect'Jon aoe 2-r . -Iji ou l'aaV

1~~~ ifctlaS an e S SentCi I pa rt, c'e t C ctienc-; v a, f iu a'tt

a s nt e .. , conssc Cn~e j.cc 1 ae e~ 0..er areo tt:.e - t

O~t~~tC tot 3e1o the ::o5~ cs It C':r!.-;e no t -e wo ~e a& . o Ster

purel ~prcly~totcloa n-tec.m .(ouc

toe entrine on toe*- a~tu er at tor-e :, re ' . ten

CQC a 5ar e Causw of eozol5te arou C. rn a;ecu~o t I : a~

~o~czIo-:rreocn~sto t"als ;radtn tua ste uv l:4o: tn

cr~.orire concentratioQn insizc tone corocn e XcreeCZ3 on e~f-a



T7o,:erpsr of t -e C:'lnrIr~ni wtr~ foU :r''r. '<111.t- ~r,. ~ce

*t 16s se If e v et t ".s t s ~ 7"r.~ t.~crs: ~*.e
~r er a 0 t~ i C e 0f t e c~ or 7e t rc~K j~ vr -> c- t 1,c .ct.
Theo exrt,,S 1-V 11,,,r 'I.ve " t 'r r 0 t ~ ee urrt.c 1: h e :2

me o f t-? Jrctr ! n fi2drNt~oft~ ~~"~

the time vi-nts.

in the i ;T sne of theP cIrc*11-er, tnF-rf-cierA. ca ,rve fr--S

uz-, er the s'ime conditions ss :n t.-,? 1e sro cc-; tI1; Ch,'Olorne xecrt

'Wp I enve the nolcderntnI 7-iiF, n'-e of t.he c'! o r Ine to ze er' c +i c c
bed outside consi~lerptilon. T rI~ sKI w n I ~ 1c 4 1-, n:,.+ edU ts
raoper present irt the end.; the, '!1b ) bue coic',r s ho'v ze n. t*r ::e
elrcdurl a7)necrnce of 4.e ch, rli e otside trwo c", c

Iricrenses rrnd ,'lly at each ' )Int fro:: 7ero to the iritIni concertrl-t cr

0 c-ond triq occlirs in the bulk P-s t ,I-orotion cr-ic'.ty of ",-,, r einTe.2o

asvlI as the vrreceed! ni, ones P,-- s-tnrpl. ed. 7xnctly th wsme >wx b observe.,

by the n-rnenrannee of pts -I the end of the irc .rb'LnP Iny~r: thi-qS frr!-64 ent

cuirve nm-rrr termrorrlly with u7,-! crr-es.'-,t different ,r'rts of l' bed

(cf. dlarrNtm). At the bej-31niiInC of the Pcsorbt.,- Iryer (uhee te -a ent-rs)

t rent ion is different ,rOrn ATUI theoj.r ece rt this noint rnd

only nt this -nolnt tlhe prndient curve dooes not ra~iybliru' fr,m it

conc>titr.--tion eqiirl to :'ero, but from t'no first i:.urent of t'-e :rret

I.'~ vp vliu e( .c 1 to the inJ ip r concent r, t loo of thp - ' rn.,:- 's

on r n t i t f. i s i Y 1, inum. Co n F pc 1,et y tr e b i,',O I (I o f th~'r in

c tirver t Cie be'! tnrnn of the errtbed fc)II o,- corur so thf t then

vf'1 cc v~ tho~ ndvorcc, of tl'o r ' Nrlerr ,ie~r K: in there'"( nr

ofte d nrf t"erpfore? the- cn-r--. )or~ilnr" rh'rr t'on of rie r-rotect ive

K ct on ,~t t he bin n 4,n- of the er,,r* .int ti r, m- r1 ;; vtl



tne later s~a~es, Onyafter the c.rsdiernt curve is 'Dullt up, car. its regular

advance wiha cornstant velocity in thec direction cf th-e bed 'Lc ass-u-Zd.

02 course sr.a Cc,.Ceptio. is on..., o :;e reftarued1 as approx-4rate.

_n reality as our expsrizzerts sinow th.C gra_4er- _Cv i S appreciably deformed

ty tho acvance and moreover a cca~esaturation of the adsorption canac"tv

o1 th"e Up~e'.yused UP part of the chnarcoal bed" dzes not occur, but tfhis

ecnt~nues dcr3 more, if only in sm:all q,,antity. it can t.;eorefore be

imagirt-d that instead of a paralle] d4,placc-ent of thle z7radi nt curve, it under-

goes a change of its config.-ration vlth tmp where/the point 0 on the ordinate

axis3, which corresponds to the initial co ncerntration, can be conisidered ae the

starting poirt. of all the c urves, as is rapresented sche.mtically in Fig. 8;

AL

Actually the quadrilaterals CAB, OCO, COD, etc. at a defirite place in the figureQcan be assumed to be approximately of equal size. The quadrilaterals correspond

to the adsorbed amount of gas related to a definite length of t~.e adsorbing bed

and each single one corresponds also to an approxiz'ately constant service tirLe,

that is to an approximately equal time of gas protective action. This corresponds

to the stretches of the curves in Fig. 3 running, rectilinearly, which show the

dependence of the service time on the length of the adsorbing section. The

initial aections of the cor'-esponding 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 adsorptiv-e power of the charcoal layer is

exhaustced relatively quickly, since -the later oiies correspond to a constant,

maximum (initial)concentration of the adsor'bableo gas. The service time of the

initial sections of the adsorbing layer, related to a unit ,f length, Is there-
fm

0 oe/hreroeincmaran ote ide red etinalhog1 h
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0
greatest amount of chlorine is adsorbed on th- initial lengths, ?ecause nese

lengths can adsorb more after the expiration of their service tne. It is

thence also understood that the curves which represent the distribution of the

adsorbA cnlorine in the charcoal bed have a reverse slope to the curve. waicn

represent the dependence of the service tine on the length of the charcoal bed

(cf. Fig. 2 and 3).

In fact we have observed experimentally >, our method of procedure

that a constant service time is obtained with a given tube from the following

ones. The last tube of the series is no exception on the cther hand we find for

the first two or three tubes a shorter period of protective action, corresponding

to the faster progress of the adsorption at the begiLning of the bed, wr,'re a

constantly higher concentration 'initial concentration" of the chlorine in the

air stream prevails.

Now take the relation

Service tire - T
Length of the adsorbing bed L

where V equals "the coefficient 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 case the chosen range corresponds to a

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

the curves in Fig. 3. This difference, which as the difference between two

real time intervals has a real meaning, is further symbolized with -', "the

initial service waste". Both quantities, and 'Z can be determined without



dif4c C.", rmt-aiy and allow th-e properties of an a-,orben.t bed

to be defined e :pir ic<liy for fixed -xpcrip-ntal onditions and furthc r

the service ti:.e to be calcjnted fr- r the length of ttdc bc~.

.1 us our metho. of representation is also of prac ical importance1

We have carried out this calculation for the expcriment given

above and have obtained satisfa.ctor agreement ' itlh the excrimental numubers.

was deterV-'.d frm he service time of a length of charcoal bed i, the

front (lying down stream) part of the ap:,aratus divided by the length of

this chosen section. J'appears as the difference bctteon t10 service times

of equal length of the charcoal bed at the beginning and end U. the

adsorption am~art.,s.

1. Air flow 3 liters, chlorine concentration 2.2'

-C" - 50 2.. - 2,77 m.

L - 70 cm. T* m143.9 m. 144 m.

60 116.2 117

50 66.5 90

2. Air flow 3 liters, cnlorine concentration 3.981

- 9n. .- 1.65 m.
6) m. 5 m.

L - 6D cm. 7 - 75 m ...

50 58.5 56,5

70 91.5 90

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

v ues are given.

,K)
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3. Air flow 3 liters, chlorine .oncentration 0.2%

T - 16 M. G. -. 9 M.

L 50 cm. T -29 m. 29 mn.

60 38 38.25

70 47 46.9

4. Air flow 51iters, chlorine concentration 0.93%

tn64 m. "1 303 mn.

L - 50 cm. T - 101 m. 98.1 M.

60 134 132

70 167 166.5

5. Air flow 5 liters, chlorine concentration 1.92%

Q t- 36.7 - 1.76 i.

L - 50 cm. T - 52.3 m. 52.6 m.

60 69 71

70 86.5 88

6. Air Liow 5 literL chlorine concentration 0.66%

b 98 m. .w5. 5 mn.

L - ;v cm. T - 177 m. 182 M.

60 242 239

The dependability of the quantities. and ', on the experimental

conditions is illustrated by the following numbers:

Air flow 3 liters q9

Chlorine concentration 2% 50 2.77

4 24 1.65

8 16 0.9
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Air fJc 5 liters

ChIlorine conzentratio. 0. 66% 98 5. 5

o o 64 3.3

2.00 37 1. 76

Non-activated charcoal: 't- 13; &- 0.9

Coarse-grained char;oal:T- 64; 2. U' 2.6

both with air flow of 3 liters.

in conclusion we might point out that the quantit)s- and

introduced by us stand in direct relationship with the -'cad sp-ce" of

Lecklenberg. From fig, 9 it ray be seen, that the "dead space" of Xecklen-

rherg is rep'resented by the line OA. The quantity ' is on the other h nd

0 equal tu 0 0 - AB. From which flows OA - AB tan or the "de space" -

, becausea' as quotient T/L (Inverse velocity coefficient) is iut

equal to 1/tan /. From this the "dead space" of Yecklenberg acquires a

5definite physical meaning, instead ol being a "iathematical fiction"

5
Moscow, December 1928, Inorganic Chczistry laboratory of the Technical
High School. Kolloid-Z. J, 208 (1929)

it means namely that a time interval is expressed in units of length

with the help of an inverse velocity coefficient. In other words it

a3ecifies the length of the adsorbing bed, which would correspond *o the

time interval of the initial waste )f the protective power (-'V), if the

coefficient of protective action Y* ) were cnstant during the whole

experiment.0°
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The distribution of the chlorine a~sorbcd b; an adsorbini, bed

from an air stream, as well as the distribution of the residual chlorine

in the ras phase along the same bed in a specially constructed apparaLus

was studied.

The dependence of the service time on the ier,,th of the adsorb-

ing bed is expressed by two empirical quantiti,!s. These Quantities per;rit

the definition of the adsorptinn properties of a bed under fixed experimenta.

conditions and the calculation of the service time for different bed

lengths under the same conditions.

Noscow;, December i92g. inor Rar:c C1.T,!try Lr'ior-tory of the Tecln Il

Eigh School. KollofI-Z. g, 2S5 (92,)0

0
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" ?

Di~rection of flow

-ingth of laver -

Fig. 1. 1, Airstream 3 1. .. coine. % A k 'v act iv ated ch arc -

I3 f i

N4 TI I I / .

N5 1, r-sc ti vated
N6 n I if 11 1 coarse grain

Dlirction of C.ow

Fi. trar , S I per .

N! C cnentration nI melly A ,icint* h arctT

I' IT 2.13 coa000 grol.s

&
_______________________________________________________ ________________________________________________________.
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