In conventional lime-sodo softener, water flows downword
dspositing its sludge, then leaves through inverted cone

the pilot-plant stage, it showed possi.
bilites of providing much ‘more effi-
cient silica removal than o new eof-
tener of thé conventional type. A
d-stage tank of jonal do-
sign was installed for phoaphate treat-
‘ ment. Provision was made {ar lime and
soda softenlng and silica reduction in
this softener, so that it might be used
88 o lime-soda softener while the pri-
mary unit ts out of service for inspec-
tion. Piping was erranged so phasphate -
could be added at the feedwater pump
section during such operation.’

In the new softener, raw water and
Is are sprayed into a colk
cone at the top, Fig. 3. The minture
passes through a downcomer to the
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bottom, where the water is deflected
upward -through @ blanket of sludge.
Clarified water Is decanted to the phos-
phate softener.

SILICA-REMOVAL REACTION

M ‘

3 . Water entering sludge-blanket softener seltles to bottom,
and then must flow upward through the sludge to get out

lime and soda ash to'meet our needa
Removal of silica proceeds slowly,
approaching s certain equilibrium point ¢
for ‘cach set of conditions, ~Several
variables effect the speed and complete. |
ness of the reaction, The equilibrium |
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used to remove silica from water, may
be produced by precipitation of the
magnesium salts in the water by cal:

" point app

hed s d ined by:-
(1) amount of sllica in the raw water, §
{2) amount of magnesium oxide em- 3
ployed, (3) water pH, and (4) tem- ;

cium hydroxide. If there is insuffici

pe in the sof! The speed -§

magnesium in the raw water it may be
added in the ‘form of magunesium oxide
or dolomitic Bime. Activated magne-
sium oxide, especially prepared for the

of the silica-removal reaction vories /AN

with: (1) residual silica in the water, g
{2) concentration of mognesium hy:
droxide, {3) degreo of unsaturation of

purpose, silica eflectively. At
shia plant it was used in both iypes of
softeners and was fed with high calcium

the hy tde, (4) water.?
pH, and (5) temperature in the eof- §
tener. As the silica is removed, con- {

TABLE 1 =Data Dbtained trom

Charecteristics

Alfica 1n raw water, as SOy, ppm
Bllica In effuent, as 5iOy, ppm
MgO feed, ppm

Parte 910y, remaved per part MO
Avg retentica time of Mg(OHh, hr

Contact time of water with Mg(OH)s, min
Hesdness of efluent, as CaCOw ppm
Average boad an goltenss, % rated capacity
Termperature In soltener

*Results based on operation during June-Oct, 1948,

Sottener Dparation

Censentionsl Slvdge-blanket
design® design®t

Total bardncss & CaCOy 190 poeo Y
s » Caldium hardness as CaCOy €4 pros
it 3.0 Magoesiom hardners s Cal 40 po® §
76 30 orangs stiall s CeCOy 110 ppe §
0.6 1.4 Phenolphthalciz alkalicity xs C+COy 8 pre2 g
.“r 100 .

’ Silica & S0y . 58 ppoo
[1] a Chlorides a2 Cly . 6ppm 3
au " B:I!nwv & B0« 1: ;;po
o3 48 [2 K

0P P Tempersture k23 4

**Rewilts based oo operation during July-Sept, 1947,

Table t1—~Typica! Analysis
0f Raw Water

L
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ing the ‘effect of

dnued removal slowa to such an ex-
tent that sttsinment of reaction equi-
Jibrium in the softener is not fessible.

PRELIMINARY WORK

Rescarch at the Permutit labnratories
and pilot plant demonatrated the value
of a concentrated sludge bed for silica
removal. Data taken from this work
wero used in preparing curves, Fig. 4,
which show the amount of silica re
wmalning «in solution plotted egainst
magnesium-oxide feed, both with and
without a sludge blanket The curves
show that eilica removal Is rouch greater
when the resction I» carried out in a
concentrated blanket of sludge. Fur-
thermore, in the region of lowsilica
concontration, relatively large increasea
in H ido feed are y
to achieve further reduction in silica,
with ot without the sludge blanket.

SIICA-REMOVAL COMPARISON

Although reaction equilibrium is not
reached in the new sofiener, it is much
more closely approached than in the
conventional type. The greater effi-

. clency of the sludge-blanket unit {s

aitributed primarily to greater concen-
teation of magnesium hydroxide with
which the water comes in contact, Some
increase In efficiency Is due to higher
opeeating tempersiura.

Table 1 provides a comparison of
the two types of softeners over com.
parablo poriods, and shows the new
unit's greater effict , silica 1

blown down from the new unit once
every two days. The average reten-
tion time of the hydroxid

in the old softeners was 4.7 hours,
compared to'100 hours in the new anit.
Concentration of sludge In contact with
the water in the old sof d

1500 ppm; the added magnesium hy-
droxide was 23 percent of the sludge.
Concentration of sludge in the new
soltener was 60,000 ppm of which 17
percent was  added magnesium  hy.
droxide.

Added magnesium hydroxids in the
sludge layer waa thirty times as con-
centrated as in the conventional sof-
teners, although only 66 percent as
much magresium bydraxide was fed.
As the speed of the silica-remcval re.
action is proportional to the concen-
tration ol magnesium hydroxide, and
the contact time of 1he sludge with the
water fs the same in cither case, it
would be cxpected that more )
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Mg (On); added, ppm
Residual slllco In the effluent with
ond without sludgo-blonkat oction

Sillca in raw water, 55ppm
Remosil feed, S52ppm

silica removal would occur in the new
unit,

In the new softener, part of the un.
spent magnesium hydroxide settles out
below the baffles st the bottom of the
downcomer, requiring that sludge be

. recireulated from this area to obtain

maximum efficiency. Rate of recircu-
tation is not impostant; it may be
stopped several hours without ad: Ty

Y T -
Sludga‘wnhcf time
\ ¢-£t dlepth, 12min —
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8-t depth, 23min
16+1* depth, S6min
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affecting silica removal.
Recirculation of sludge in the old
softeners caused the magnesium hy.
i,

per unit of ‘mognesium hydroxide being
about double.

In co ing operating eficienci
it should be pointed out that during
the periods considered the new softener
wes operated at a temperature approx-
imately 23 F above that of the old
Units, Whereas extensive data regard-
p on effi-

d to be reused, and also in-
creased the concentration of sludge in
contact with the water from 480 ppm
to 1500 ppm. The average retention
time of the sludge was increased from
1.5 hours to 4.7 hours. Twice as much
magnesium oxide was required when
sludge was not recirculated; failure
of sludge recirculation equipment con-

tiency are not available, the results
from operation for faur days at lower
lemperatures indicate silica content of
the effuent may incroase by LS ppm
1 the v in the new soff

s dropped from 243 F to 220 F.

Thero was no significant difference
In contact time of water with mag-
neslum hydroxide in ‘the two types of
softeners. The contact time in the new
unit could have been increased by rais-
'..“ the sludge level. This was un-

h, B 1

3 1] 13
the flow through the softener from 46
percent to 89 percent of rated copacity
creased silica gontent of the effluent
only ono ppm,
'b:\"”lludge,wu blown down from
by old softeners once each eight hours,
! oreas only part of the sludge was
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ly reduced silica 1.

-
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Sitica in effluent, ppm
-~
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~

4 6 8 10 n 4
Sludge depth,

5 Roising sludge lovel obove 7 ft im-
proves the silico remaval only slightly

- caused & rapid end immediate increase

in silica content.
As shown in Table II, the raw-water
hard

The amount of silica d in the
new soltener increases with tho depth
of the sludge layer through which the
water passes. During the operating
period on which the figures in Tabie 1
are based, the sludge level was about
7 feet above the conical section. Rais-
ing the level above this point improves
silica removal only slightly at normal
loed, Fig. 5.

EFFLUENT HARDNESS

Chemical feed to the new softener
may be discontinued seversl hours
without causing a d i

ged 100 ppm., Hard-
ness of the effluent from the new sof-
tener averaged 15 ppm as compared to
21 ppm from the old softeners. The
lower hardness was due in part to the
stabilizing effect of the . undissolved
caleiur hydroxide in the sludge blan.
ket, and in part to the Jower solubllity of
calcium hydroxide at the higher operat.
ing P Following pag!
of the chemical feed for two or three
hours, treated-watar hard increised
to only 25 to 30 ppm. This resulted in
part from the 10 ppm excess sodium

ikalinity of the raw water.

in silica. This is due to tho stabilizing
effect of 4000 pounds of added mag.
nesium hydroxide in the sludge layer,
Failure of chemical feed to the old
softencrs, on the other hand, always

Although the percentage undissolved
caleium hydroxide in the aludge of
the old softeners was higher than in
the sludge-blanket unit, the total

(Continued on page” 156)
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