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Carton Dioxide Used in the Dispossl of

Water Softening-Flant Lime Sludge

Statement of Protlem

The lime-soda process ol water sof'tening produces a
sludie wnich 1s mostly composed of celcium csrbonate and mag-

nesium hydroxide (CaCO, and Mg(OH)Q). This method of soften-

3
ing 1s to Le used by the City of Lansing in their new treat-
ment plent now under construction,

Approximetely forty tons of lime sludge will be discnarg-
ed daily from the Lansing water softening plant when it is
put in operation. As yet no provision has been made to dis=-
pose of tnis sludge.

The Lansing sewage disposal plant will be inadequate to
handle it and does not constitute a sstisfactory means of dis-
posal. Dumping the sludge into the river is also undesirable.
Transporting 1t to some location outside the city would be
another undesirable metnod of dispossl because the sccumulat-
ion of sludge will fill the available land in a short time.

Therefore it seems that 1t would be best to investigate
any other means for disposing of the sludge or rendering it
so that it might be moré easily disposed of.

In view of this fact, it has been sugested tnat this
sludge which 1s largely calcium carbonate be put beck into

solution by changing to a soluble bil-carbonate by the r~dd-

ition of carton dioxide (002) and discharging it into the
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Grand River,

An avellable supply of carbon dioxide is the flue gas
from tihhe new Ottawa Street power plant also owned by the City
of Lansing.

This puvpose of this investigation was to determine (1)
the feasibility of using carbon dioxide to redissolve lime
sludge, (2) the concentration of the lime sludge #nd its comr'b
position, (3) the amount of dilution necessary, (4) the rate
of sblution, (5) the amount of gas necessary, end (6) the
depth efficiency for the sludge in tanks where the treatment

is to teke place.



Discussion and Procedure

In the lime process of water softening, sufficient lime
is added to react with all the bi=carbonate present in the
water, the megnesium in any form, and to react with the free
carbon dioxide. The amount of lime necessary mey be determin-
ed by laboratory analysis not touched upon by this investiga-
tion. |

The reactions between the lime and the hardness proper-
ties of the water ape:

Ca(HCOz)o + Ca(OH)o === 2CaC0z + ZHo0
Mg(HCOS)2 + Ca(OH)2 === NgC0g4 + CaCOz + ZHg0
MgCOq + Ca(OH)2 --» Mg(OH)p + CaCOgz

MgClo + Ca(OH)g === Mg(OH)o + CaCl,
Ng(NOz)p  + Cal(OH)y --+ Lig(OH)g + Ca(NOz)g
MgS0, + Ca(OH)y =-o Ng(OH), + CaS04

COo + Ca(OH)2 -=-+CaC0g + Hy0

The reactions that take place when soda-ash or lime and

soda-ash are edded to a4 hard magnesium wster are:

CaS0y + N82C03 -=+ CaC0g + Naog50y
CaClo + Nagco5 ----Cace5 + 2NsCl
Ca(N05)2 + Na2005 ---«-(3:;100:5 + 2NallOg

Calcium carbonate has been found to be the main constit-
uent of the sludge from a lime or lime soda-ash treatment
plant. Other elements which make up the remainder are in
much smaller quantities; the main one being magnesiun hydrox-

ide which is,with the others, considered of a negligible
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anount in this investigation.

Lime sludge resulting from the removal of hardness from
water either by the lime or lime soda-ash process has present=-
ed aproblem ever since the introduction of the process and use
of lime in water softening over a century ago.

Some investigations have found various methods for dis-
posal of this sludge which-are used out of necessity rather
than froﬁ choice, although'there may be some cholwe between
two or three methods of disposal. It is with lime sludge dis-
posal as 1t 1s with the design of water treatment plants; an
individusal study of the community to be served is necessary
in order to determine the most satisfactory yet economicsal
method of handling the problem,

Various methods which have been investigsted, tried, or
used in the past are:

l. Discharging into a nearby stream or dralnsge ditch.

2. Calcining end using agaln for the softening proceés.

3. Transporting in wet state to low ground for filling
or ponding reclsmation.

4, Partial or complete drying for use &s a soll sweet-
ener,

5. Use as filler for paints, nutties, wall boards, etc.

In the first case, when the sludge is discharged into
the river or drainsge ditch, it results in extensive deposits
of the insoluble particles, which, when allowed to accumulate,

result in a river bed of increased elevation, which in turn



affects the drainage of the surrounding land. In various
sectlons of the country today, people sre having impressed
upon their minds the importance of prevention of stream pol-
lution and of stream control. Wwhile lime sludge, if chem=-
~ically pure, presents no health hazards, 1t certainly will
not improve the beauty of the streaﬁ and does reduce the eff-
ectiveness of one argument againts stream pollution, which s
the appearsnce of streams and other bodies of water.

Tne second case: It has been sugrested by several part-
les that the lime be calcined and reused in the water soften-
ing process. HoWever, it wes found in Grand Repids, Kichigan
that there is an ever incressing amount of other elements in
the sludge as it is used over and over again. Due to this
fact and that in their case the specifications called for a
lime having 85 percent calcium oxide present to work satis-
factorily, this possibility was eliminated.

The third case is used in the Mshoning Valley Sanitary
District, Youngstown, Chio, where lime recovery was consider-
ed but did not seem practicals, It was decided to adopt sedi-
mentstion in ponds. Three ponds were constructed, each of
wnich 1t was telieved would hold the sludge accumulsted over
the period of one year. It was planned (193%) to fill one
pond at a timg allow it to dry, end then clean 1t out end
use the sludge for £1illing low land or that it be taken by
farmers to apply to soil, This sludge settled to 70 percent
moisture very rapidly and to about 60 percent in the pond.
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The first pond (193%) was approximately 59 percent full =t
the end of ten months of use and the sludge had a moisture
content of 60 percent.

It was found possible to dry the sludge in drying beds,
in Grand Rapids, to 50 percent moisture, in the summer, and
with good drainage they have reduced the moisture content
from 85 to 35 percent in seven days. ‘lhey have also conduct-
ed investigations on the use of the centrifuse, which drys
the sludge to 66 percent moisture. In the centrifuge, vari-
ous strata of the sludge 1s formed, with practically all of
the organic matter in one layer.

In connection with the fourth case mentioned, use on
the farm, all of the layers would be desirable for soil
sweetening, wnhile if used as a filler (case 5), it would be
desirable to have the organic metter removed. After the
centrifugals were used it would be necessary to further dry
the sludge in furnaces.

Quite a great deal of agricultural lime has been sold to
farmers. There 1s a tendency for the sludge to assist in re-
taining moisture when mixed witn sandy soil. This in itself
could be an important factor if used in advertising to sell
the 1lime to farmers.

Use as a filler in plaster and insulating boards is poss-
ible and boards made in this way have been found sstisfactory
according to leading testing laboratories. However to be
feasible, the sludge would have to be obtsinable close to the

6



base at operations and at a very low cost, as would the other
materlals used iﬁ the manufacture, in order to make it econom-
icglly sound.

A commerciel develppment of any of the aforementioned
possibilities has not been made but has been considered in
Grand Rapids and would be possible if a definite order to
cease river pollution with sludge were given;

Lansing's water, which is supplied from wells, has a
hardness of 400 p.p.m. according to the State Department of -
Health. It will take 2.8 pounds of lime to treat 1000 gallons
of the water. It is planned to treat nine million gallons per
day; using 25,200 pounds of lime, which will produce a sludge
of 7.8 tons on a dry basis. ‘This will give the reesder some
idea of the importance of disposal.,

In this investigation, it was necessary to first use &g
typical sludge and analyze 1t.

A five gallon sample was obtained from the treatment
plant at Saginaw, liichigan, and another from Ann Arbor, MNich-
igan. The Saginaw plant has the lime soda-ash process, while
Ann Arbor uses solely the lime process.

The snalysis of the two ssmples were run in the seme man-
ner, For the molisture content, a 25ml, sample of the sludge
was welghed, dried in a 103°C oven and the weight of the dry
sludge was determined.

Approximately 25ml. of the Saginew sludge weighed 25.8702
grems and the dried sludge weighed 2,4077 grams, thus 25.8702
grams of the sludge sawmrle contalned 23.4625 grams of molisture
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or 90,6 percent.
Approximately 25mll of" the Ann Arbor sludge welghed 24.
4370 greams and the residue weighed 0,1357 gram, thus the 24.
4370 grams of the sludge sample contained 24,3013 grams of
molsture or 99.2 percent.
To determine the calcium present the following method
was used:
(1) weighed 0.50 gram dry sludge
(2) added 50ml., 1-3 HC1
(3) heated to bolling to dissolve
(4) filtered through quantitstive filter and washed
(5) ignited residue in muffle furnace to red heat, cool-
ed, snd reweighed; gave weight of inert material
(6) to filtrate trom (4) added 20ml. (10% NH4Cl) and made
alkaline to litmus with NH4OH(conc.)
(7) heated to boiling and added 25ml. saturated ammonium
oxalate and set in warm plase for thirty minutes.
(8) filtered on quantitative paper and washed
(9) titrated calcium oxalate with Kran4
(10) to filtrate from (8) added 15ml. NH4OH(conc.) and 20
of NaghHPOyu (10% solution) and let set for four hours
(11) filtered on guantitative paper
(12) ignited paper and residue
(13) reweighed; gave welght of lig
It was found that a 0.50 gram sample of the Saginaw
sludge conteined 06.0086 gram of inert material, 0.0234 grem
of Mg(OH)z and 0.425 gram of CaCOS. On =a percen@age basis
8



there was 1.7 percent ol inert material, 4.7 percent magnesium
hydroxide, eand 85 percent was calcium carbonate.

It was found tnat a 0,50 gram sample of the Ann Arbtor
sludge contained 0.0015 gram of inert material, 0.0203 gram
of I.ig(OH)2 and 00,4438 gram of CaCCz. On a percentege basis,
there was 0.3 percent of inert material, 4.06 percent magnes-
ium hydroxide, and 88.8 percent wess calcium carbonate,

Theoretically the addition of carbon dioxide would change
the calcium carbonate to calcium bi-carbonaste, which would be
soluble in its own moisture content, for it is an established
fact that at 2009C or normal room temperature, 16.6 grams of
calciumPéarbenate is soluble in 100 grams of water,

The laboratory work for changing the carbonate to bl-car-
bonate was done with apparatus shown in the illustrations,
page 10, A Kipp generator using limestone and 1-1 hydrochlor-
ic acid was originally attempted, but the limestone gave off
e great deal of hydrogen sulphide as well as carbon dioxide.
Due to the fact that it wesn't known wnether the hydrogrn sul-
phide affected the desired dissolwing of the cslcium cartonete,
and that there was the highly dissgreeatle odor to contend w
with, it was declided that som other method should be used.

The most satisfactory apparstus found was the one shown,
using a separatory funnel, a Erlenmeyer flask, rubler stdpper,
rubber tubing, a Y glass tube, two smmonia tubes, and a one
liter graduaete. Small pleces of a rubter stopper were placed
on the ammonim tubes and used as baffle plates in an attempt
to slow down the passage of carbon dioxide through the sludge,

9



Illustrations

ElTus,: 1

shows the apparatus
used in the lsboratory.
Two were used to make
the best advantage of the

time availgble.

10
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Illus. 2

Shows the ammonia
tubes, with“rubﬁer tubing
attached, also shows the
two tubes braced apart
with two larger pileces of
rubber tubing (note arrows)
The slices of rubber stop-
per used as baffle plates

are also shown,






giVing it more chance to dissolve the carbon dioxide in the
water, |

Calcium carbongte was plsced in the flask and i-l hydro-
chloric acid was used, being admitted to the flask by the stop-
cock in the fuhnel. In this way 1t was poésible to obtailn
carbon dloxide without the hydrogen sulpﬂide end to run the
gas through a higher column of water, due to the fact that s
higher gas pres;ure was avallable and the friction loss
through the ammonia tubes was leés than througn the diffusion
disk used witn the Kipp generator. "his increased heignt in
the column of water, it wes believed, would increase the eff-
iciency in the same wa& as the baffle plates.

Due to the fsct that Saginew's sludge wes condensed to
some extent, it wés decided to run all dissolving tests on the
inn Arbor sludge. |

Several set-up's of the apparatus were made and the sus-
pended solids tests were made on the sludge befofe starting
and at fre-uent intervels during the time that carbon dioxide
was bubbling through the sludge.

Tests were run three times on the sludge as it wes, with-
out dilution. “akles I, II, end III show the results obtein-
ed. ‘

Following these, tests were run én the sludge diluted 1-1
‘(one part sludge to one part distilled water), 1-3, 1-4, sand
1-5. tebles IV, V, VI, end VII. ‘he len:¥H of time of run
vias shortened because it wes shown in the {irst three runs
tuset thie maximum percent dissolved occurrea cy the end of the
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first two hour perlod, Then il wes decided to re-run tests
on 1-1 and 1-u dilutions in orcder to epproximete the lenchh
of time from the start in whicn the major part of the dis-
solving took place, tarles VIII end IX.

The method for determining the suspended solids or the
undisgolved sludge as it were, was to use:« a Gooch cruciltle
with an asbestos mat, dried and weizshed, then the 50ml. sam-
ple talten in each case wrs filtered with the suction filter
end aspirator, and dried in a 10%°C oven end weigned. 'ne
difference in the welghbt represented the snount of suspended
solids. In tnls way it was possille to determine the pcrcent-

ase dissolved in a certain length of time.



Explanation of Tsaltles

‘he tables have severel colurmns snd need some explenation
In order to eliminate a lengthy heading for esch column:

Time, is the length of time that the cerbon dioxide had
bubbtled through the sludge before the test for suspendecd sol- '
ids was made. In the case of "O" tire, it is for the amount
of" suspended solids in tne sludge before the gas cenerator was
started.

Cruc. Ident., is the identifying mark on the cruciltle

used., That 1s, several crucibles used in this experiment were
used and in the oven at the same time as well as for the cruc-
ibles used in other experiments being conducted in thne lakora-
tory.

Dry Wit., 1s the welght of the crucitle with the asbestos
mat in the crucibke used for filtering.,

Dry Vt. snd Sol., is the weight of' the crucible with the

asbestos plus the suspended solias from the sample after it
has been dried.

Wt. Sol.,is the wel , ht of the suspended solids in the
sample taken. At "O" time 1t 1s the totel amount of suspended
solids in the sludge in order to give & basis for figuring
the amount of the solids dissdlved in a certain length of
time. |

Per. Dis., 1s the percent of the original suspended sol=-
ids in the sludge that has been dissolved in the particulsr

length of time given.
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Time

o o » O

Time

SR
W

(e¢

«C

Cruc.
Ident.

Cruce.
Ident.

4

61

Tables

Table No..I

Undiluted Slﬁdge

Dry
‘1"\" t .

16.0054
16,4154
15.5483

16,3084

Dry Wt.
& Sol.

16.2566
16,6104
15,7449

16.4944

Table No. II

Undiluted Sludge

Dry
Wt

16,0C54
18.0118
16.4440
15,9055
16,3966
16,4650

18.05618

14

Dry Vit.
& SO.L )

16,2566
1811843
16.6300
16,1182
16.5681
16,6458

18.2426

VWt.
Sol.

0.2512
0.1950
0.2066

0.1869

Wt
Sol.

6.2512
0.172%
0.1860
0.1827
0.1715
0.1828

0.1908

Per.
Pis.

00.0
31l.2

25.8

27,2

51.6
2)1'7.1

24,0



Time

(&)

Time

Cruc.
Ident.

4

RG]

Cruc.
Ident.

Table No. III

Undiluted Sludge

Dry
Wt

16.0004
14,4621
15.8.01
16,4249

15.4887

Dry Wto
& Sol.

16,2566
14,6654
16,0854
16,6556

15,6960

Table No. IV

Sludge Diluted 1-1

Dry
Wt

15.7248
16.8522
14,4628

16.491%

15

Dry Wt.
& Sol.

15.8476
1644515
14.54359

16.566%

V” t °
Sol.

0.2581%2
0,201
0.2000
0.2107

0.2073

Wt.
Sol.,.

0.1228
0.0793
0.0811

0.0750

Per.
Dis.

00.0
19.8
20.2
16.1

17.4

Per.
Dis.

00.0
35,0
34,0

59.0



Table No., V

Sludge Diluted 1-3

Time Cruc. Dry Dry Wt. Wt Per.
Ident. Wt. & Sol. Sol., Dis.

0] 61 18.0542 18.1160 0.0618 00.0

2 S 15.9229 15.95487 0.0298 51.7

4 O2 16.6448 15.6749 0.0301 49.7

Table No VI

Sludge Diluted 1-4

Time Cruc. Dry Dry Vit. Wt. Per.
Ident. Wte. & Sol. Sol. Dis.

0 4 16,0593 16.0906 0.0513 00

1 61 18.0558 18,0780 0.0222 o7

2 eg 15,4963 15.5182 0.0229 55

4 RGIi 14,5490 14,5717 0.0227 56
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Time

B NV O

Time

Cruc,
Ident .

26

Cruc.
Ident.,

Taple No., VII

Sludge Diluted 1-5

Dry Dry Wt.
wt. & Sol.
16,4306 16.4795
16,4588 16.4680
15,9160 15.9303
16,5226 16,3349

Table No. VIII

Sludge Diluted 1-1

Dry
Wt,

16,0262
15,4748

16,5688

Dr‘y Wt.
& Sol.

16,1520
15,5698

16,4052

Table No., IX

Sludge Diluted 1-3

Dry
Wt.

18,0403
15.8065

15,9450

17

Dry Wt.
& Sol.

18.1040
15.8415

18,9740

Wt.
Sol.

0.,0489
0.0142
0.0153

0.0123

Wt
Sol.

(/41158
0.0950

0.0844

Wt
Sol,

0.00637
0.0350

0.0285

Per,
Dis.

00
71
69

75

Per.
Dis.

00.0
18.0
27.2

Per.
Dis.

00.0.
45 .O

42,7
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Results and Conclusions

As may be seen from the tables (I - IX) and the graphs
(1 - 9), there was little change in the amount of sludge dis-
solved after the first one or two hour period, and the maxi-
mum was dissolved wnen the sludge was diluted 1-5. The 1-8
dilution showed from 70 to 75 percent of the sludere to Be dis-
solved in the first two hours.

On the basls of the moisture content of the Ann Arbor
sludge of $9.2 percent and the fact that the plsnt will dis-
charge %7.8 tons of sludge on a dry bsasls daily, it would mean
that the undiluted sludge discharged from the plant would am-
ount to 4725 tons, 9,450,000 pounds, or 1,132,000 gallons per
day, and, when diluted 1-5 and subjected to dissolving by the
carbon ddoxide process, there would be 6,792,000 gallons of
water wasted into the river and in addition there would still
be 9.,45 tons of sludge left undissolved to be deposlited on the
river bed.

On the basis of the graph (no.l0) showing the effect of
dilution on the percentasge dissolved at the end of & two hour
period, and assuming that bhere 1s a straight line relation-
ship between the amount dissolved and that 95 percent dis-
solved would be satisfactory, a dilution.of 1-8 would be neces-
sary to waste into the river each day 10,188,000 gallons,of
water, which is more tnan the anticipated amount of water to
be treated by the plant daily.

Another fact, whose effect on the result is doubtful, 1is
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that distilled water was used in the lesboratory experiments,
This might mean that the dilution would have to be still great-
er.

Therefore 1t 1s evident thet the treatment of lime-sludge
with ¢éarbon dioxide and disposal in the river would be unsat-
isfactory, which contradicts the assumption that wes based on
the fact that the lime-sludge snould have dissolved in its own
moisture content.

There is no apparent reason found in the experiments to
explain the fact that calcium carbonate did not dissolve in
the presence of carbon dioxide. It is possible that the rate
of tormation of €alcium bi-carbonate is very slow and beyond
the limits of the practical application ot the process. How-
ever, no eaplanation can be given for tne first reduction in
solids followed by no apparent resction after the first hour

or two.
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