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. , The Jrying of Gus by Calcinm Chloride

Laboratory of Research, Solvay & Co. _
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Now thet calcium chloride is currently used in the lanratory as a

drying agent for gas,-it has scarcely been tae ochét of znzlogrous applications

in industry, for various reasonsv-,In the followdag will be found tic resulis
of experiments tending to utilizelon a large scale,” to effect not only com-
plete drying, but a reductisn of the quantity of iater contained in the

gases treated. A series of tubles and diagrams make it possible to resclve
the problems which are posed in practical industry,

T e e———
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Introduction:

Calcium chloride is frequently used in laborstories as drying agent
for gases: they are made to puass under a bed of porous granules of anhydrous
calcium chloride. The gases coming out are extremely dry insofar as wie
layer of chloride contains still a sufficient quintity of anhydrous chloride.

This process has not received important industrial applications. It is,
in fact, rather costly for the following three reasons: ‘

=—~The quantity of water fixed per kilogram of CaCl®is relatively we.k,
for the chloride loses its efficacy in proportion as it is hydrated.

wvelhe apparatus necessarily proceeds irregularly, for the hydrateqd
calcium chloride is solid am its replacem:nt by new chloride demainas a
considerable cost of labor.

—Anhydrous calcium chloride in porous granules is a relatively ex-~
pensive substance,

The question changes aspsct completely when one desires not a complete
drying of the gas but a reduction of the quantity of water contained; onc
can then utilize the calcium chloride industrially, it by dbit, ot little

cost, and regulate ths operation in such manner that the wuter is evacusticd
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at the state of saturated solution. In such a case the installations can

work continuously and no supervision is necessary.

arrangements of this kind have already been recomnended. They have teen
little used up to the presént, doubtless becauss of the lack of sufiicient
technical date to determine the dimensions of the apparatus and tw foresee
the cost in calcium f:hlorido. - The results which we present .hero 'have the
short aim of filling this void. They result from a profound expericentul
study of the question.

Calclum chloride can serve in the drying of all ges not reacting cheuically
with it. The results which we give bear on the drying of air.

Drying .ipraratus:

The drying apparatus consists of a simple cylindrical colurn of iron
f£1lled with calcium chlorids at 73-75% CaCi®, crushed to bits of 25 to 50 mm.
It i3 to be noted that particles such as are used as antidust are not suitable
for this purpose because the particles unite too easily under the eifect of
humidity. The calcium chloride rests on a grille in a box covered with :
metallic mesh with holes of 2 mm. The gas to bs dried is injected under the
grille by a lateral pipe permitting as equal distribution as possible in all
sectiors of the apparatus. it the base of the apparatus is .dapted a siphon
permitting evacuation of the chloride solution. The dried air leaves by a
tube sel in the top cover.

In practice, the feeding of the chloride apparatus will not be continucus.
Drying‘lea.da.to a consumption of chloride, the height of this will progressivel;
dminish and it w1l be necessary to place a new charge in the apparatus at
the momsnt or the heightof charge will no longer be sufficient to assure the

result desired,
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Functioninz of the Avnparatus:

If one considers a column of drying functioning norzully, one can
distinguish two zones:

~The first oécupics the lower part of the apparatus and hus only a
slizht height. It is in this zone that the major part of tie fixation of
water tales place. The complete oporatlon, condensation of water vepor
and dissolution of chloride, beinz exothermic, thc temperature of air
increases stronsly and as the surfuce of rudiation is weak, the maxdimun
temporature attained at the higher level of this zone is only sligntly
lower than that corresponding to an acdiabatic opcrotion.

—The second zone carries on all the rest of the changing of chloride,
Its height being less, the heat losses by radiation are more inoortznt;
the cooling which results has the effect of increusing the hygrometric
degree of the air; but because of the presence of chloride, there is excess
fixation of water with release of heat, which slows the cooling of air.

The water vapor condensed forms, on the surface as grains, a saturated
solution which rolls to the base of the apparatus where it is evacusted in
continuous fashion by siphon.

Tor the unitary output of air enclosed batween 7C0 and 3.500 kg. of

ary air/h/m® (1), alr, on leaving thrs apsaratue, is in hvsrometric balance

with the chloride gsolution saturated at the fovernin:~ teuperature at

the peak of the piling up of the cnloride. Its content in hwaidity is then
a functionof its temperature. That is why the temperature is an essentizl
factor in the question of drying.

The curves of fig. 1 give the variations of the quantity of .ater
contained in air in hygrometric balance with the saturated solutions o’
Ca.Clz, as a function of temperature, One sees that the content of . .o

vapor of air in hygrometric bulance with the saturated solutions C:le‘ >
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much stronger, and the incresss of this content more rapid, the higher the

témpcmturo.

This diagram glves also, for each temperature, the content lmit in water

" of air, which ons attalns by drying by means of calcium chloride following

thoe process which we are studying. If one desires to obtain more dry air,

he must have recourse to another dryins agent.
To augment the efficacy of drying, & lowering of the temperatuse of air

at the moment where it leaves the chloride would always be favorable, The

drying operation being exothermic, “he temperature of dr at the peak of
accumulation of chlorids will be twmch higher than the temperature, and the
-l‘vgrometric degree of air will be higher.
~=3ach time that it will be economically possible, there would be
interest in codling the humid air before its entrance into the drying ;
apparatus. After this preliminury cooling, there would eventually be con- !
O densation of part of the water vapor. In act, saturation at 20°C for eXample,

cosresponds to only 52;,6°hygrometric at 30°C. and 31,5° hygrometric at 40°
~ centigrads.

Consumption of calcium chloride:

In industrial production, all water taken off as air passes the state

of c¢hloride solution, the consumption of chloride is directly proportional
20 the quantity of water fixed; that is to say to the production of gutput
of air by the diffefence between the quantities of water contained in the ;
alr before and alter drylng. The consumption of chloride depeads ecually
on the concentration of the solution leaving the zapparatus.

This ~oncentration |
i
increases with the temperature of air on drying. :

\ In an apparatus such «3 we have previously described, in which the air
j - O to bo dried is injected directly under the calcium chloride, the consv.. tion

|

!

is important and varies from 1.7 to 3,0 kg./kg. fi-ed water Jor the cutnut
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nits contained hHotuw A5 =00 $ 2 5 I 1
units contained acp:con 720 axi 5,300 ka. of dry -’\l‘z‘/h/f.‘l" ard the ini%icl

tenperatures vary f:j m 20 to 409 centigrude. The censunpticon is sirongly
roduced Ly efi‘ecfinr_; preliminar: drying of air by means of the solution of
CaClzv."nioh rolls fraa the d13'in;;' column, Tha operaticn can o caslly elfccted
Wy plaoin; 2% the base of the drying cdlum a scrunder equil:;ped with Raschig
rings. 4ir eatoring at the lower part of the appar.atus crosses the accumulation
off Raschiy rings on-whic;n the solution drops pr'oc':wding' from t‘.f.:{ é.:ivin;_q by

o

chloride in the height of *the apraratus, In this zone, vhich functions as
scrubber, the eair alroady yields &« part of its water vapor to the solution.
As a result the solution which rolls to the haso of the upreratus is more

diluted than that which dries without scruiber. The censuwapticn of chloride

vill then be roduced. ¥e have veriried ttat cconcmy on consumptien atiains

507 for a serubbor of lm, in heizht. ‘'Thers is soracely any advantage in

—

utiliziny a higher scrubher.

If, for roasons of enownbrence, it is not possible to superpose in the
same apparatus the part funotioning as scrudier andthe part filled vidin chlorids,
the sorubber will 2e placed alonzside the other. This disposition will nece-
cssitate the installation of & pump to retake the solution rolling to the

base of the apparatus to tho chloride and drive it ouck to the summit of the

sciunler.

Resolution of problemc of industrial drying:

-

After having rapidly seen ".:Hs functioning nethod ¢ a drying cclumm, o
vil: approach the industrial problems posed.

It ic necessary, for example, to calculatc the c:“ficac.\"one ean ntualn
fron dryin; o cuantity of air in.determincd conditions, in an apperati. o

viish the dimensicne are fixecd in advance. lore froguently It io oo

to determine the dimensions of a drvin apparazus, vhih porming oo
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to introduce at the time of each recharming should

cenditions,

treated under imposeod

h Y Y » . 'y ) . Y . N
As the feeding of chloride will »d dis continued, the ¢vantity of chloride

e calculated in such s

manner that the frecquency of recharging will be in agreement with the nec-

essities of the service. Ve may add that lessening the encum'braxiée of ths

apparatus, as mich in sections as in height, entails always incraas:ln,r;'ﬂm

froquency of chargings, Vhen industrial proklams are rosolved, it will then ' -,

be necessary te odopt a solution canciliatinyg the se other matters.,

In some cases, it vill be nscessary, to obtain the result imposed, to dry
t\';'o or nore tines vith intermediate refri ;;eratioz.m. Frem the pcin-h of view
of consumption of chloride, it would always de interesting to adopnt a drying
apparates bearinz a sorubder, as we have indicated previcusly.

In order to permit rapid resolution of prodlems of dryin: vhich Tould
oocur in practice, we have established a certair numbor of tablos and diagrems
for viich we will show the use.

In order not to conplicate the tables and diagrams, we have calculated
and tracel for a total constant pressure of 7COmm. Hg, to an ambiant tempera-
ture of 20°C. and have adopted drying apparatus in ir;:n, which will be the usual
case, This choice is justified by the fact that variations of total pressurc
and ambiant temperature are in general weak and do rot influence the results
very much,

The tables and diagrams which we present will suffice largely for the

golution of industrial problems. They have beon estehlished for an apparatus

without scrubher,

In tre case of adoption of .an apparatus bearing a scruucer of ln,in
height, the qualities of air dried (temperature and content in vator) vill
scarcely bo modified, 'aufc the consumption of chloride will be only halr ¢f
that resulting from our tt;.blos.

-c-
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Te simplify the lanpuage, we will use the Tolloviny notations:

Notations = Units tenning 1
to : Temperature of air vein; dried

1;0 | °hy%1:ome tric wy_,romefric deszree of air being dried

Pe. . cre./kge dry air hWater vapor content of air bein: dried

ta Temporature. o andiahatice dr,ving.

ts Temperature of air et higher level of calcium chloride
us °hy,»._rcm; tric Hyirometriec dezree of air at higher level of chleride
Pg gro/kgedry air Tater vaper content of air after drying '
A i .drv air/h Outout of air reluted to dry air

Al kg.dry a_gr/‘m.'n?' Tnit output of air rolated to dry air

o ot vinmetor of the column at dossice

)4 N m ' Haleht of flor of sulcium chloride

Usually, it is'a question of dotermining the dimensions of an apparatus
in vhich one dosires to pess M ims/h. of air at °c_. and at uve dezrees hy.srometric,
The efficiency of dryins should %e such that tho hy:rametric degree of air
treated, returned to the sams temperature, shoauld cqual u,

The weizht of dry air bein: a quantity which is carstont in the courso
of drying, we have tho output and quantities of water containcd in the air
per kilo;ram of dry air.

Tables I ond II give a roview of usual data concerning yield in kileo;rams
of dry sir containing P gr. of vator por lkilogram of dry air,

Fizure 2 givos irmediately the temperaturo of adiabatic drying, ta, as
a function of the state of initisl air (tomperature and hygrometric dogree).

Table I.~- Voirht of dry oir containsd in 1 wmS of humid air
for dflferont tomperatures and dif'forent hyirometric
dezrees, (Total prossure of humid air: 760mm. "ff")
.\eig_:ht of dry air, kilosrums,
Table Il.--Variotion of the quantity of vuter in the air as
a functiom of the tomperature und hy;rometric de-
sree.(Total wressure of hunid air; 750 im. ).
Cuantity of vator in air, gr./kg. dry air.
TahleIIl.-- Lowering of chloride in the eapmratus as & function
of initial conditions, : : *
Table IV,==-

Consumption of comercial c¢olcium chloride as a
function ‘of conditions of drvin-,

Iy £
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ne racall that 4o Lonporaturs

pore ifsuing air ic close to ta. It is important,

1oy At X . " .
then, to !mmow ta, since the veater ontent of {reated air depends on to.

It is the conient corrosponding to hv.vromotrm talance rith thﬂ soluti'on sat-

urated in caleium chloride..

Waximum content of water in issuing air, Ps maximum, being imposed, the

diagrem of fipure I f-':'woe the 5 1nximum of sir 3t tho end of drying.

.

“ Tt showld he r'o ad thnt 75 naximun nand s naximum corrospond to tne

minimum holzht of the flow of chloride, that is to its hoightr immediately

before recharging. Immediately after the rechars~ine, ths height iz max

L Sved
iy e,y v ~~ icibidn B b bn i

s and Us corrospording at this momont are minimum. In the course of funct-
ionin: of the apparatus hetween two chargzin~s, Pc ond 4s incroase propgressivoly

to attain their moxirmm values at the mmen’c of recharxing,

P

The diarzram of 7iz. 3 lets us choose the dimensions of the apparatus.
This diagram gives tho temperature of issuinz air, 4s, as a function of unitary
output 61; dry air for dii"f‘erin» adiabatic teapcraturss. Furthermore, 4 eoch
ta thers aro two aorrosponding, curvos subject to the relative dimensions of
the drying; column; one of the curves corresponls to an Ig = I, the othor to an
% = 3. The isoadiabatic ourves are traood rrun 5, 5°C. but one can interpolate
between these values. -For values of 'ﬁ oomprised botweenr I and. 3, in‘cornolatic;n
is parmitted- extrapolu.tionia. equally in theo neimborhood of these values.

This diagram shows imedmtely if the dryin is possiole with a single
colurm, Sufficient for this is that ts minimum corresponding to the curve

Ha

of the ta of the problem and 5 3, be lowor than the 435 na.ximm found on ths

diegrem of figure I. In the oontrary case one should use two colurms with

intermedinte refri g,emti One

The diapram of figure 3 will show the possibility of adootlnz gither an

e

apearatus of large diameter and little heisht, or an sppar ratus of Smll it

-8-




and ereat hoight.

Only leoal necessity in connection with encur nriice of

$daa v yeay degis e 1Y P YR O R LI s ’
the Spoamatus 212 et Jullsloun Malen, ooy wdd that the ‘n’_ S S Treed

frem the diagzram corresnands Yo the minumum hei: zht of th

¢ flow of chloride
underneath vhichit should not fall, ’ |

The actual hoight of armperatus should bo calcult;.fed ta):.’mg into account
the consurntion of chloride and dosiderata concorning the fréé'&e_ncy of ro-
chargings,

Table ITI gives lowering of chloride in the o.pps.ra.’.cus #sé. funciion of
ix}itie.l candits ons (temperature ‘and unitarv flow of eir to b; dried). To
obtain ac.tual lovering of chloride in the apparatus in c::;/al‘:'hours » you must
nultiply the lowerinr, given in the ta‘nlo,~b:-} the é.if'i‘erence (?e-Ps) of
quantities of vater contained in air before end after drying.

From tle actual lowering of chloride, one deducos +he total height of
the apparatus. | - | |

Ve a.dd that the total height thus caloulated should be increzsed i"x
the noighborhood of 34ito take %o uooount the increase of oonsmpt;cn duo
to the fact that followin tho differonco in hoifht of i‘lcv: of chloride be-
tween two rechargings, the camsunption is s‘cron;g;t immedio.tely astor recharging,
arxd then diminishes, | : : : . T

also, for focknical reascis , one ounxuot tolerate or.l,r verJ weuk variations
in hygromotric de:ree. of dried air, it 45 nccessary e‘ther-'_co adopt an agpuratus
of groater diumeter and congent to fraeguent rcchax;gin;;s » or envisaye continuous
fecdin; of chloride, | L -

Table IV gives omswsption of commercial d.loride at 72-7.;,1, Catl® in ztlo-
pracs por Xilogran of fixed water, ..nov'inu the unitary output of air snd the
guantity of water taken off by dryin;, one deduces the hourly cansimption.

Vie recall a.gain that the consunmpiion thue calculated ccrroe'c01~d° to un

apparatus in ~.hi.ch tha humid air to be dried is introduced’ at the bage of
chloride flmf ..

o+ 7
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~hiz comswaption vill b reduwed Dy L% By ucin
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p an coparatus bearing an

scrusber of 1. in hoight.

First sxamnle
A ——— T a———— - - Sk o

thet are the dimensions of en aprn.r:\tus to Lo used in treating 1.3%00

ms/h of air at 519C nnd 90%ygrometric) so that the hyyremetric dosrce of

alr dried, returred to 31°C w11l not be more than 567
Table I permits eoleulation of A:
A2 1,115 x 1,300 = 1,430 kg./h.
(1 n® humid air ot 319C and ¢0%ysrometric cantuins 1,115 kx. dry ziri.

‘Table II gives:

Po
I's

6 id v oalr
6 gre/kg. dry air,
I

(L ¢
=N
(%2}
“.

The diagram of firure shows that in order never *c have Ps > 15,68 it is
o B . Ve 4

necessary thai *the maximum 45 he < 53,%.

vith the aid of the dlagram of fisure 2, enc finds ta = £5° centigrade.

Ve then ccnsult the diagram of figure 3. One sees that +s = 53,5 is [rentor

.y
144

than the ts minimur correspondinz to an apraratus of 3 = &.
Pryine is then possible with a single column, .

Fron the point of view of dimensions of apparatus, we envisage thres cases.
A) First case, — Local utilization necossitates un apraratus of low height
This conditicn cntuils a woaok unitary output, tmr a rathor large dicmedor.
v extrepolation, one finds on +the ii:.;rram of sisure 3 ‘.:hat‘»"i‘or the unitary
output of 720 lrb./h.m » 1t is necezsary th'xt ., /O 85 in ordo* tha. e /h/m®
ts < 53, 5. o
The section of the apparatus should be equal to H;ig% =2 m?, of vhich
D=1, 0 M. | '

The minimam height of flow of chloride should We egqual to 1,80 = C,Ch.=

2
1’0‘1: e

=10~

1

|
|
i
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w2ta the ald of wanla III, one findc thxt “he lovorinr o crloride is ngual
. 00 en L8 orgual

to '3,‘58 cm./?."zh. for 1 gr. of fixed vuser rer lilogram of dry oir.
The lorarinz of chloride is then eguel to:
4,56 (25,6 ==-15,8) = 45,8 om./24 hours.

Thg initlal roight chould be equal to:

¢
!
1,04 ¢ 0,46 = 1,5 motors;
if one recharges one a doy,

thile taking into acccunt the inereanss o 37, one mus%t give to the initial

flov a heizht of 1,55 netores,

v

LAlter progreszive lowerin; orf th: chloride levwel, Ps continues inereasing

-~

in the course of functionin: and oscillates botveen ¥ minimum and 1§, 6.
4 N
Ps minimum corresponds o the bosinning of the ncbien, immodiately after
3 & - »
rocharging, and corresponds to a Y. %.!.g?_ = 0,97,
(%) (<% -~ ) N N L4

After figure 3, ts minimum corresponding to ta = 3§, Al = 720 and

)31
-‘f;: 0.97 is ogual to 52,8° centirrado. .

One thon deduces Ps minimum = 15,1 (sec fizure I),

Setween two rechirgings of chloride, Ps will vary fram 15,1 to 15,8 g./fige.

dry air.
Consumption of shloride, == In mccordance vith Tabvle IV, cohsm:fption of
( 15,1 4 15,6 ) 1450 . .-
chleride will be equal tos 2,33(25,6 --"‘"“‘é“"—"‘ ) 1500 - 34;,6 kg./hour

At each rocrerging, it will bLe necessary then to introduéé ‘iin»’,tho apparatus
34,6 x 24 = 830 kg. commercial chloride of calecium, :

Thus, in reswm, an apparatus is necossary of amout 1,6 m. in diaz:.etex;
a;xd about 2 m. in height to take into account the place necessary to ir-.ject‘
air under the zrille,

One wust load on the zrille a layer of chloride of 1,53 m. in heigit,

The ayparatus will he recharged aftor 2¢ hours of action by intreducticn

of 830 kg. of calcium chloride.

Lar oo dR ol i L P PO e
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. L) Second Case.—= For lece off sproe, one desires an apparatus of low section. !
R ]
O Thic condition imposes the choico.of o lerze output of unitary air,
i e - . . - .
We will edopt A = 2,500 };g./‘n,/mz which .fixes at 0,73 ms the diamoter of
the apparatus.

-

3y interpclation, one finds on the.diagram of fijure 3 that with the out-
) \ .

put of air adopted, ts {_ 53,5 vhen g 7 1,83
The minimum height of the layer of chloride is equal to 1,83 x 0,73 =

1,20 n, arproxima‘toly.' ’ ‘ .
Vith the aid of table III, ons finds thet thoe lowering of chloride is

equal to 26,3 % 10 = 262 om., when a period ¢’ 24 hour recharging is adepted.

he initial heisht wmld then se in this case (1,2 gplus 2,6) 1,03 equals

¥y, : 2
3,9 m. oorresponding to an -g initially equal to 5,34.

The hei tht thus ob"cainod is very ldrge. One can eventually reduce it Dy
consenting to & frequency of rechargings.
O Yie admit, for exemple, a poriod of recharging at twelve hours. |
The loweriny of chloride i.s equal 'this tire to 1,3m end in comsoquence
Initial H equals (1,2 plus i,s) 1,03 equals 2,60 m.
walch corresponds to an initial D equals 3, 56.. i
: e cell attention Lo the fact that we have verified that the loss of
charge of a ocolum of 3 m. in height, full of chloride in rreins of 15 30 25 mn.
is very weck. For e unitary output of 3,200 1:).3/1'1./m2 the loss of charpge iz
only 2k mm. lig, or 380 rm, of water, ‘

The diagram of firure 3 showe that if % egunls 3,56, ts equa}s 59,7° C ard

, ir consequence initial Ps equals 14,3 (sce diagrem of fgure I).- ,

Between two successive rechargings, Ps will vary then froem 14,3 to 15,6, '

The median Ps is thus oqual to 15 and Pe -- P ecquals 25,6 =~ 15 equals 10,7,

. -12-
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ansum_pti_.on of ckleride. -= Accordine to tahle IV

s the consumption of chloride
— ‘ | 1430
Seiwcen two rechargirgs ic equil to: 2,75 x 10,5 % 1000 x 12 oquals 508 lzz.

iIn adepting this solution, an apparatus of abtous 3 m. is nceessary and

one of about 0,73 m. in diameter. OCne must load, on the grille a layer of

1y

chloride of 2,6 1. in heipht. The apparatus vill be recherged aftor 12 hours

of action, sy introduction of 510 kg. o caleium chloride.,

C) Third casze. == Therc ic intercst in this case in utilizing an intermediate

on 5 I N AN,

cutput of air, so as net to adept excessive wvalves in either dianeter or height
oi" the apparatus,

Let us cxamine for example the solution of the protlem posed, in adopting
2 unitary output of air of12, cégo kge of drv air/a./fmt.

In this oase S cquals ’2{%—0_0- aguals 0,725 n? and Duequals 0,95 m.

The diagram of fisurc 3 shows that, in this case ;-;mininmm cquals 1,3,
vihich corresponds to H minimum equals 1,25 meteres.

In acoordance with table III, the lowerin: of chloride is equg}. to 13,74 x
10 equals 137 em./24 h, thus ini%ial I equals (1,25 plus 1,37) 1,03 equals
2,70 ms and % equals 2,81,

3y interpolation on diagram of figure 3, one finds that vhen'% equals 2,81,
tz equals 31, 6°C.; to this t5 minimum corresponds o Ps minimun equals 14,2

(diagram of fipure I).

Betveen two successive rechor gins, ths content in vater of the air dried

vill vary from 14,2 to 15 9. Px median ic then equal to 14,8, o
Consumption of chloride., ~- Using table iV, hourly consumption of commercial

chloriie is equal to:
1430
2,53 (25,6 ~--14,9)I000 equals 39,2 kg.

The consurmption of chloride in twenty fow hours is then equal to T4l

¥ilogzrems, }

-13-




Ia sumary, tho arpuratus weuld have aseut 3 me hedsht and G,86 o, diamoter.

A layor of chlerido 2,7 m. in hoitht should Ve laaded 6n the ‘rill uand the

apparitus reonsrged every 24 hours, intraducing 240 Xk, o calzium chleride.

Seofnd “xanmplo

Yhat are tte dimensions of tho apparatus to bs used in treating 803:-..3/21. of
ait at 25%C. enxd 90° Byzrometrie, so. that the Wy sromeiric dejrec of dried air
left at 20°C, will not be more than 50?7

Yo can, as formerly, calculatc A Ly reans of table I:

A equals 1,182 x 820 oquals 501,35 kz./hour

<)

Table IT cives tho following:

peyeey

. Pe equals 17,8 gr. /M. dry sirg
D5 equals 7,1 gr./ficg. drvoeir.

The diagram of fizure I sho's that in order that 25 ' 7.1, !

1t it necessary that ts be < 35° centigrade.

tdth the help of the dic;rem of S ure 2, vc “ind ta equals 43,69 centijrds.

How oonsulting the diesraa of fizure 3, ve esn see {by interpolation) that

H : . s
for ta equals 43,8 and 5 equals 3, ts is alvays > 35 we cormct then attain

the desired result usin; an apparatus constituted ¢f a single column, Tro

B
P

oolumns must be used with intermodieto refrigeration.

"o are going to show the aotion to follov far dotermining the dimensions ]

- of the two apparatuses, ;
Ve v111 simultaneocusly calculate for the casees of two extreme unitary
- yields of 720 and 3,00 kg./‘h.mz co as to bo able to choose judiociously ths

dirmonsions to use.

As the drying is dons in tvo apparatuses, it is logical to divide the

quantity of water in half between the two., The content cf rater in tre uwir

leaving the first apparatus should then e 4 12,5 gr./kg., vhich implice ©uw

O e -

|




ts  ,  49,49C (see diagran of figure 1),

v —— -

now, wve have seen that

ta equals 45,8°C, It results that vhatever the dimensicns
of tho apgaratus, the quantity of fixed water will be preater than mlf of tho

totul water to be retained in the two times. In consequence, the heisht of

Y

the layer of chlorids should se as litlle as possible,

Experiments hnve.shpvn that’, in order <o havc‘rcgular functioning, the
layer of éhlorido should not be lecs than 0,8 m. in height. Then i minimun
eqwals 0,5 metero,

To faciliteto the text, wo will indicnte in a table, the following successive
operations leadin; to recults of dryiny, with farles or diagroms consulted
betwoon parenthesis. (see table of prededins paze). | S

Ve aro going to suppose now thaﬁ_the a2ir leaving these o columns.passés
into a refrigefant, at %he enq.of'which the tempersture is reduced to 25°C.

As at no moment, can the value of Ps at the ord of tv;o times he hi;gher
than 7,1,.we will calculate from the second apparétus vhile supposing that
Pe (2nd time) is eqt_x‘all to Ps maximum (first time).

In those conditions, tahble II shows that:
~====t0 Pe equals 9,75 corresponds a hyprometric degree equal to 50 at

25° centigrade,

v=-==%t0 Pe equals 9,95 corresponds a hygrometric degree oquo.l'. to 51 at

25° centizrade., Ve can now begin ocalculating the appe.ra.tus' of the secand tizme.

Seocmd tine

Al 00000000000-0720 5’500 E
ue ®oedesses s b 50 51 ;.
te ...‘.ll...'..lzs 25 ;
. : i

ta ...(diagr. fizure 2) 33,6 33,9 5
-15- -
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‘o soa that it §s usoloss to pursuve the oulculation. In fact, vhutever,

o tho agparatus, ts at the ond of the soocond time will ba levsr than 33,¢ ond
Por thoro "oro the correspundings Pg will be netubly lover than 7,1,
i .
Lo ihilo admituting ovon that the fact of havin: & water contont of dried wir,
o
ro * lover than the required valus, Yo omipatible with tho technical derands, therc
g !
| . . . s
b would rosult a uscless oaicswmption of chlorido.
o
5 M . -
\ : . In ordar to a value closor to 7,1 the vater centent of dried air, one

can send only a part of the ajr to be drield into the tvo columns, or send
the total air into the first colwm and a part only into the second., These
tro mothods of operation load to the same consuantion ol chlerides the Tirst

permits & light reduoction of dimmetor of the two columns, the second zoranits

LG LOl'id

eduocin; to & minimum the diametsr of the colunn of drying e¢ifectod the second

time .

o are going to continue the ocalculation using as example tho second

: 0 solution. ) ' ¢

Deterﬁ.ination of the guantity of air to pass inte the second apraratus '

nescessitates knovled-e of the maximum quantity of water contained in the air

i
!
‘on leaving this apparatus. %

s

To arrive at this, we noed the aid of diagran in figure 3, to determine the

ts maximum for the output considered, vhile adopting K equals 0,5 m. and D oguwls }

the dimmeter of tle apparatus of the first tine, -

C(ne easily deduces Ps maximum, A and D to use, .5 thon continue the col-

- cwation taking Z equals 0,5,

. . . N - . N
70 xzive hore followin: tho celeulations, (Seo tinle ¢n page folloving,, i

One has then the dimensicns for tho tro exfreiz cutputs, Their cemyariscn

-Gl

PO

© will permit choosin: judiociously an irtermodiery outrvt .'er vhich the eul-

| . culation will be made in the same manncr,

-lC=-
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.'chlori ds and froquonoy of rechargings,

RN USRI 7 A VTN Y Do S AR LAY, 0 L S8 WA

v e s . ’
In the examplos iven, ve put ourselves uniquely in the point of viemr of ugin-
el

. . . .
the ta. les and diagrams; “ut, in practice, it iz certain tmt the anpa ratus

used always have o scrusber. Thors 1ill rosult raa this & lesseninz of

consumption of chloride and a le ssenin; either of height of o.pparatus or

frequency of rechargings. '

In pra(c‘cice, with a sorusher of 1 m, in height, consumption of chloride

vill oc reduced by half, and thercrore, i on

4
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heicht of the layer of chloride es in the case of an s.ppilratus vithout scruaber,
the len«-th of time betwesn two co*&uecu‘clvo recrorgines vill e dowbled; if,

en the contrary, ‘ch;-r'e i: little interest in spaeine the recharsinzs, the height

M

of the apparatus may be reduced,

Corclusions

Drying of gas by caleium chloride is an operatiocn nccessit.a.tixig;' a wvery

simple apparatus and is ‘ef‘!‘ected witho\xt supervision,

The di.a*rans and table° prosentsd rave poseible the solvin,_, of pro bleins

£ drying air as presented in Industrial practioo. , It is nossible "co determire

whethor a proalem can be solved by dryinz in one sir. le or in soveral machlnes,

'1

. and to caloul&te the d mensions necessary as well as cmsuxnption oi‘ ca.lc...wn

There. is o.lways 1nteres’c, from tho point of wiev of result of dr\'ing es

v2ll as conoumption ¢f chloricds, in refrif-era.‘d re the gas boI‘cro 'i'l:: on"c::m_ce ‘

(2

Irte the Jring syporatus and in vsi':g an appsratrs cn‘l.a:mi s 8 .;c*'L‘)"ﬂr.

It is necessary to note that, even at a stron‘ uni’cu.ry outpxrb of 3 000 -

to 3.200 ma/h./maof hwnid'air, thero is no chlorids d us‘:.’,‘ ;ran..od t@.t, especially

with larzo unitary outputs, the zrainms in the whole cclum are recoverad

irmediately vith a film solution.
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