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OBJECT

The object of this thesis is to find by experiment
the least amount of salt it is necesssry to use in each of
the five softening tanks of The East Lansing Water Plant,
and to suggest any improvements which would make the plant

operate more economically.



INTRODUCTICN

Zeolite is a nume given to a group of mincrals com-
monly found in cavities in igneous rocks, from which they
are derived through cecondary alteration. They iaclude
thompsonite, natrolite, scolocite, analcite, chabicits,
gmelenite, phillipsite, harmotome, stillite and heulan-
dite. The neme i1s derived from the boiling reaction be-
fore the blowpipe. The engincer, though, defines & zeolite
as any chemical compound so imperfectly bound together thet
its composition will change dependent upon the concentra-
tion of chemicals in solution in its presence.

Commercial zeolite is usually artificially munufac-
tured beczuse of its greater purity. Artificial sodium ze-
olite (NaAlSi04°3Ho0) known &s "permutite," is the material
used in water softeners, because it will exchange its sod-
ium for the culeium, magnesium, iron 2nd sluminum of the
hardness producing compounds in the water, thus leaving the
water with as meny chemicals in it but with zero hardness.
¥hen the calcium, megnesium, iron or aluminum zeolite is
then olaced in a solution containing a greater concentra-
tion of sodium, the sodium replaces the previously mentioned
elements and the orifinal zeolite is obteined.

In 2 zeolite softening plant the sand is contasined in
tanks - over » layer ©f gravel - through vhich the water to

be softened 18 passed down until the non-hardness produc-

ing substances of the zeclite have be=n exchanged for hurd-



ness producing substances of the water. The sznd is then
washed by running water upward through the tank to remove
any particles of materisal 2nd 4irt which may have been
caught in the sand. A standard sodium szlt brine is then
run through the tank in the same direction as 1s the water
to be softened, until the reverse of the chemical reaction
of softening takes place. The filter is then rinsed by
passing raw water downward through it for a certain length
of time. All effluent of tho'regenerating process 1s dis-
charged into the sewer.

A portion of the brine which huas passed through the
tanks is saved in some cases but its value is doubtful. Its
practical value will be shown in this paper to be negative.

The largest cost item in the operztion of a zeolite
water softening nlant is for the salt necessary to regener-
ate the zeolite 8:=nd; therefore, in order to operate most
economically, the salt dose must be cut to a minimum., A ze-
olite water softening plant hos the sdvantage over other
types of being able to produce zero hardness water if de-
sired, and there is no sludge to dispose of as in other
methods. A zeolite plant can also be made automatic so
that it does not require the constent sttention of sn atten-
dant, whereas it would be a much more difficult task to con-
struct a soda ash or lime treztment olant to be entirely au-
tomatic. Other types of softening with coagulation, though,
are more adapted to use with water which must be filtered,

for the coagulant removing the hardness alsc serves to re-



move other objectionable impurities, but it requires more
snace than the zeolite »lint end a method of disposing of
sludge must be nrovided.

In the United States and abroad, zeolite softeners
hive been used for more than twenty five years for soften-
ing water from various supplies and for various consumers
such as laundries, the textile industries, boiler fecd,
breweries, ete. At the present time there sre over 15G,C00
installations of zeolite water softeners, both large &nd
small, in the United States. Household installations, how-
ever, are decreesing in number with the increased use of

municiyal softening ani treatment.
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DUSCRIPTION OF THE EAST LANSING WATER PLANT

Ez8t Lansing's water trestment plant is on the east
side of town, working with a total cleer water storege of
110,C00 gallons, 100,C00 of ~hich is effective. There is
a 100,000 gzllon storage tank at the site of the treatment
plant and & 10,000 gallon tank on the west side of town, but
some of the total cepacity must be’used for cushioning.

This 4s small for a population of BO020, ezs East Lanslng has,
for it orovides only a two hour everage flow. The daily
consumption of watzr ranges from aporoximately 50,000 gel-
lons in =inter to éO0,000 or 1,000,000 gallons in summer.
The plant runs intermittently, alternately filling and &l-
lowing the tenk at the site of the plant to be emptied. If
the plant ran continuously it would have a capacity of
%903000 gallons per day. The water is drawn from two 12
inch dismeter wells. Well number one is directly under the
plant and is 390 feet deep, its casing sunk to a depth of
150 feat with a strainer 170 feet below the floor of the
pumping pit. The floor of the sumping pit 48 10 feet below
the surface of the ground. Well number two is a little to

the north of the plant and is sutomatically cut in only in
rficdent to supply the demand.
ped with

ez2se well number one is insu

Well number two is 392 feet 9 inches deep &and equip

a six stage centrifugal pump. ¥ell number one has a five

stage pump. The casing 1s sunk to & depth of 150 feet and

the strainer is 170 feet down as in well number one.
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The water, as it comes from the wells, has & hardness
of aporoximately 300 parts per million and is softened to
about 70 parts per million dy dividing the flow to go near-
ly ona~fourth through two iron remcval tanks, and the rest
through five softening tanks. The iron removal tanks are
the same size as the softening tanks, sesven feet in diameter
by nine feet in height. They each contain 10° cubic feet
of manganese zeolite sand snd reduce the iron content of
the water from 1,0 part per million to 0.1 part per million.
This amount of iron in water, although very smszll, is ob-
Jectionadble because of the rust i1t produces on clotnes
washed in water containing &3 small an amount &8 1.0 part
per million of iron. Manganese zeolite sand is mude by
treating sodium zeolite sand with monganase chloride, &nd
then oxidizing it with sodium or. potascium perme=nganate.

The reactions are:

NaeOZ ¢ MnCl, = Mn0Z ¢ 2NaCl
Mn0Z « ENaMnO4 = Na0Z < EnOMn207

In the latter reaction, the higher oxides of manganese
formed are carried to the surface of the grains of zeolite.
When water is then passed through the sand, these oxides
€ive up their oxygen to the iron of the water in the follow-
ing reaction:

MnOZ ¢4 MnO¥n,0r 4 4Pe(HCOz)p =

MnOZ + 3NnO ¢ 2Pep0z + 8COp & 4HgO

The ferric oxide thus formed is insoluble znd 1s precipita-
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ted on the grains of zeolite. These iron removal tanks
ere regenerated by hand with z u ngnese s«3$ solution
each tinms a{ﬁw'apgroxinately },060,000 gallons of water
hz2s passed through each tenk. The muximur rate of Ilow
through the iron removal tenks is 103 gallons p:r minute
per tank, .nd the m:aximum ~orking pres:sure 1s 75 pounds por
square inch.

The five softening tunks -re regensrated c¢s »>revicuse
ly described. Their opcration is cutowmatic, being elzctrice
ally contrclled by 2 tim: sequence switch especially de-
signed forthe purpoze. The tim2 sequencs switch opy=rates
the motor oi. the multijyort valve to regenarate the tsnks
at the nroper time. Fach tank contsins 202 cubic fect of
sodium gzeolite s:nd snd uses .bout 14 inch:s of vrine from
the 18" x 60" brine tank (é&ﬁ gallons) for ezch regenera-
tion. Tre washing period of each scftening tank is about
10 minutes with 2 flow of wvash water of 230 gallons per
minute. The brine iz then run through the tank for approx-
imately 15 minutes, depending on thz salt dose used. Then
wash water 1s run through the tank for about 20 minutes st
145 gallons per minute.

The plant also embodies equipwent for the use of re-
covery brine, that which has been used but still contuins
a certain smount of szlt. 7This brine, when used, is run
through the regenersting tank before the new brine, to re-
c¢laim any of its value.
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PROCEDURE

The procedure w:s to dacrerze tiie selt duse fer re-
generation 8 smz2ll smount at a tine until 1t could b» cut
no more without causing the tanxs to deliver h:rd water ve-
fore the time of their next regeneration. The scap tost
for hrdness wrz run ¢t 1 tervels before regencration to
determine if and whon tha ternk started to deliver hoird vet-
er. The recovery brina w:s used at the beginning of the
experimental work, but discontinucd so that its proctical
value oould be determined &fter the cconomical emount of
salt to use wes found. After this was done, the economi-
cal emount of new s:lt brine wss eterminsd while using the
recovery brine.

Some unforeseen difficulties in the ¢peration of the
plant were encountered, which caused the exjerimental work
to proceed less smoothly then it might hzve otherwise.

The theoretical amount of flow of water to each soften-
ing tank was confirmed by the economiczl smounts of s:zlt

negessary to regencrate each tank.



RAESULTS

No attempt will be made 4n this paper to explain the
irregulsrities in amounts of sosp solution necessary to pro-
duce a lather in 40 cubic centimeters 6f the effluent from
the various softening tanks &s found st the beginning of the
experimental work, for the operstion of the plant at that
time was very irregular, due to vurious causes. On occe=-
sions, at that time, regenerations were skipped and tank
number five once got two doses of brine in one regeneration.
The recovery brine was elso being used then, thus introduc-
ing two unknown quantities, a circumstance which usuzlly
m-kes any experimental work of little importence. Ainy ir-
regularities experienced before the critical pcint in am-
ount of brine used was reached were due to these or other
8imilar causes. Another variable introduced at one time
during the work wus the cutting of the amount of wéter g0~
ing through the iron removal tanks, thus increzsing that
through the softening tanks, but this had to be discontinueld.

Tank numbers one, two znd three delivered zero soft
water during theiﬂLntire runs until the brine dos€ was cut
to 12 inches, indicating 13} fnches ss the lesst amount
which would give proper results. These tanks were then de-
livered 14 inches to provide a factor of safety.

Tank numbers four snd five went hard with 11 and 10}
inches of brine respectively, thus indicating 11} and 11

inches as their economic values of salt dose. These lower
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figures for four and five were due to the decreased flow of
water through these tanks. The decreased flow was caused
by their 4 inch effluent pipe being too small.

The economical amount of new brine to be used with the
recovery bdrine in operation was found to be 16 inches for
tanks one, two &nd three; =nd 14 and 13} inches with four

and five, respectively.
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CONCLUSIONS

From the results of the work done in performance of
this thesis, it has been concluded thet the claims made by
the Permutite Company for the velue of the recovery brime
equipment are based on the chemical snalysis of the recovery
brine :ni not on actual tests of its regenerating power, for
it has been found to have a detrimentsl effect instezd of a
practical value.

The flow of water, as calculated, hes compared quite
favorably with the amounts of selt brine found necessary to
use in the various softening tanks, except for the indicated
difference in flow of tank number four ovér tank number fivs.
This difference was probaﬁly caused by some unscen obstruc-
tion causing excess friction in number five,

The smaller flow of water going through tanks number
four and five ¢ould be remedied by installing equipment to
cause less head loss in the flow of water through those
tanks, It 13 suggested that the effluent pipe from those
tanks, marked KG' in the flow disgram, be made a € inch
plpe instead of the 4 inch which is in place at present. If
HI were made a 6 inch pipe, cnd the first ell znd two sec-
tions of pipe of lines 1J and IL were made 5 inch, the flow
should be evenly divided zmong the softening tanks.

A further refinement could be mzde dy & slight sdjust-

‘ment of the time sequence switch.
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CONCLUSIONS

From the results of the work done in performance of
this thesis, it bas been concluded that the c¢clzims made by
the Permutite Company for the value of the recovery brime
equipment are based on the chemical enalysis of the recovery
brine -ni not on actual tests of its regenerating power, for
it has been found to have a detrimentsl effect instezd of a
practical value.

The flow of water, &s calculated, hzs compared quite
favorably with the amounts of salt brine found necessary to
use in the various softening tanks, except for the indicated
difference in flow of tank number four ovér tank number fivs.
This difference was probaﬁly caused by some unscen obstruc-
tion causing excess friction in number five,

The smaller flow of water going through tanks number
four and five eould be remedied by installing equipment to
cause less head loss in the flow of water through those
tanks, It 1s suggested that the effluent pipe from those
tanks, marked KG' in the flow disgram, be maude a 6 inch
pipe instead of the 4 inch which is in place at present. If
HI were made a 6 inch pipe, cnd the first ell znd two sec-
tions of pipe of lines 1J and IL were made § inch, the flow
should be evenly divided zmong the softening tsanks.

A further refinement could be mzde by & slight zdjust-

‘ment of the time sequence switch.
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