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CLETERBINING THE DEPENDESCE CF THE VALUE OF 1EE EXCHANGE CNPACITY OF

IBN-EXCHANGE FILTERS ON THE GRAIN DIAMETER CF TEE ION EXCHANGERS

A. A. Gromoglasov, Cand. lech. Sci., Doceat, ard 2. P. Kolpakchiyev,

Grad. Stud.

fThe effect of the icn exchanger grain diaseter on the form of
the ostput curve of the icp-exchange filter is of interest in certain
vater treatment situations. The prccess of icpization in
ccabined-action filters, which are comprised of a specific fraction
cf ica exchangers, is an example of such a case. The problem of the
effect of the ion excharger grain é¢iaseter on tke form of the output

curve can be solved by the method described in [1].

Bhen ion-exchange filters are used for trezting auxiliary wvater

for steam generators or for cleaning turbine ccpdensers, the content
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cf impurities in the water is insignificaat, ané¢ the ion exchange
isetherms are convex. These conditicrs sake it fossible to assume
that the parallel transfer cf the filtering frcyt takes place in the
ionization process, while tlte hinetics cf tle frccess are determined

ty the kinetics of external diffusicn.

In this case, the sclution of the system ct differential
€guations describing the icr excharnge frocess leads to the expression
(Vi

Yyenbe-h o n, o
shere Ty is a dimensionless value which deteraives the ionization
frecess. This value can ke represented in tle form of an exponential
dependence on the conditicps under whbich the prccess is carried out

T 'f“wﬁ‘-‘t‘ ’ ]

vhere u is the filtraticn rate, 4 is the icr exchanger grain
diameter, C, is the initial concentratica cf the solution, y is the
ccefficient which detensines the properties cf the ion
exchanger-solution system, and v, €, a agd 6§ are the exponents
vhich reflect the effect cf the change in tie ccrresponding

copditions of carrying cut the frocess.

Jf two ionization frccesses are carrjed out under comditions
shich differ only by one gparameter, €.g., d, ir accordance vith

equation (2) and the definiticn of valwe 2,3, we can obtain
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Thus, by conducting twc tests cn the icnization of water vith
diffexent values of the ion exchanger grain éiaseters, ve can
calculate the value of the exgcnent €, vhich can be used in
calculating the output curves of icn-exckance filters using N. A.
Shilov's equation

t=8x-te . Ty

the value cf ¢ in this eguation can be found frca the known foraula
f 4 .12*;, (S)

vhere gy is the value of the total exchange cagacity of the ion

exchanger. Equation (5) cén crly be used wken thke value of q, does

pct degend on the surface area of the ica excharger (the ion

exchanger vorks by voluse)j when the value cf g4 depends on the ion

exchamger surface area, the equaticn

» —M' | O
‘ u.a dq‘
should be used to calculate 6§, vhere ¢ #s the tulk veight of the ion
exchanger) S is its specific surface area, &nd q', is the value of

the tqotal exchange capacity, expressed in mg-equ./ca2.

The presence of the dependence cf parameter § oa the grain
diaseter of the ion exchanger can ke established in the above two

tests, from the results of which it is alsc easy to find the value of
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%e conducted a series cf tests cn the icnization of a sodium
chloride solution in oréer to determine the value of €. The tests
vere acnducted on the device diagrassed ia Fig. 1. Pure wvater brought
frams tank 4 Lty means of a gear-type fump vas sized in a specific
ratio with an NaCl solutics. The gquantity ct NaCl solution was
djsgrensed by pinchcocks 12 depending cn the reaédings of the
salingmeter with with sensor D,. Tite flow rate cf the sodium chloride
sclutjcn was monitored Lty rcotameter Ry. Part c¢f the solution passed
thrcugh thermostat 7, whkere it was heated tc 3C°C, and rotameter R, -
for establishing the required filtration rate - and arrived at the
experimental filter 9, shich was charged with either a cationite or
an anjcnite. When the experisental filter was charged with an
anicnite, the cationite was charged into filter 10, and vice versa.
Thus, it was possible tc follow the depleticn of filter 9 by the
salingmeter with the senscr D, and tc wnifcrmly distribute saamfles
taken from pcint 14. Then the wvater went tc tke purification
asseably, consisting of three filters 1, 2 and 3 (cationite,
amionite, and mixed, respectively); its purity sas monitored by the
salin¢meter with sensor Dy, and its quantity - Lty rotameter R, - and
it was poured back into tank 4. Pure nitrogen wes blown over the free
space in the tank above the water in crder tc irsulate it from the

atmosphere. Equalizing ccntainer 6 withk a sanceseter was located

behind the pump.




pGC = 1251 ENGE F# %

Fig. 1. Diagras of device fcr deterwmining tlke vzlue of E: 1 -

cationite filter; 2 - anicnite filter; 3 - ccmtination filter; 4 -

tagk; 5 - gear-type pumf; 6 - equalizing ccrtainer with manometer; 7

- thermostat; 8 - thermcemeter; 9 - experimertal filter (cationite,
anionite); 10 - filter (amicnite, caticnite); 11 - tank with NaCl
scluticn; 12, 13 - pinckcccks; 14 - sanmgling pigchcocks; 15 - water
sufpply line; Ry, R, Ry - rctameters; L[;, [,, L3 - salinometer

£@NEOIE.

A1l of the filters and tarks of thke asseakly vere made of
plexiglas or polyvinyl chloride. The diameter cf the experimental

filter was 14 ma.

The pinions of pumf 5 were made of allcyed steel; therefore,

iren in a guantity of 160 pk/y arreared in the water after the pump.

The output curves cf ttke icnizaticn of KaCl solutions on
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bigh-dcid cationite Wofatit KPS and bigh~base arionite Wofatit SBW at
aa initial NaCl solutice comncentraticn cf 2¢10 3¥n, filtration rate of
€0 s/h, and different grain diameters vere registered on the
asseably. The ion exchamgers underwent prelisinary regeneration

acccrding to [2).

the ion exchapgers vwere fractionated as fcllows. The swollen ion
exchangers wvere dispersed cn screees by a large gquantity of pure
vaterys The resin remaining <n the screen was carefully washed by a
tackvard jet of wvater. 1be icm exchanger graigs held in the holes in
the séreen vere removed ty 2 scft krush and were collected as a
separate fraction. The sizes of 15(-20Q particles vere measured vith
a measuring lens in order tc detersine the frecise size of the
fracticn. The particle éiaseters did nct differ by more than 5-6
hugdredths of a millimeter fros each cther. Thé mean arithmetic value
cf all the neasurements vas used for the calculations. Thus, three
fracticns cf 1.0, 0.6 and 0.4 sm were selected for the cationite, and

for the anionite - 0.97, 0.%58 and C.39 mn:

The concentration cf ¥a ions in the filtrate was determined on a
flase photcmeter, and of chlorine - with digbenylcarbazone. FPigure 2

shcus the results of the tests with the caticmite.

g
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Fig. 2. Output curves of cationite. Filtraticgy rate - 50 m/h: 1 -
grain size - 1.0 am; 2 - grain size - 0.6 ma; 3 - grain size 0.4 mm.

The bxoken line shows tbe calculated curve.

é. |
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The results of calculating coefficieat £ are given in Table 1.
Coefficient £ wvas calculated for nine valuwes cf the relative
cogcentration for each pair of curves. After this, the points were
fFlctted cp millimeter paper and the "wean weighted™ value of all the

fcints vas determined.

The height of the layer and the speed cf tte front, calculated
fcr peint C/Cy = 0.37 according to the results cf the three tests

sith the caticnite, are given in Teaktle i.
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Table 1. KBY:

fable 2. KBY: (%) ca/k.

—_— T Y
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The value of € calculated frcm Tatle 1 is € = -1.2.

The output curves for the anicnite are shcwn in Fig. 3. The
experimental data and results of tke calculaticn of € for the

anionite are given in Takles 3 and 4.

Fig. 3. OQutput curves of anicnite. Filtraticn rate - 50 m/h. 1 -
grain size - 0.97 mm; 2 - grain size - C.S5€ mm; 3 - grain size - 0.39

in. The brckepn line showss the calculated curve.
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Table 3.

KEY: (1) cma/h.

fable 4.
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the value of € for the anionite calculated as the weighted mean

value frcam Table 3 is € = -1,

It follows fros Talles 2 and 4 that the rate of the parallel
transfer of the front does not depénd on th¢ value of the diameter of
the igen exchangers; therefcore, the value of parameter € can be

determined from eguation (£) in this case.

the output curves for the ionjization cf scdium chloride
sclutjcns ¢n ion exchangers with a grainm diaseter of 0.6 (cationite)

and 0,58 ma (anionite) were calculated on tie tasis of the results

cktained.

the calculated curves are shovn by the brcken lines in Pigures 2
and 34 The mean errors in tte secticn cf tbe output curve in gquestion

ar€é 3450/0 and 1.420/0, resgectively.
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