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Sewaqge and Indosirlal Waslas, Jan, 1952

11. “The Role of Educational Inglitutiong in Pennsylvania’s
Claan Sireams Pragram’. C.J. Lawis. Procaadings ol
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Spclion 1 - NOMENCLATIIRE

The chamical terms most often encountered in the
lield are:

- limestgne, galzium carbonate {LaC0,)
- fuicklimea, caleiom dwide (Calh
« hydrated lime, calclom hydroslde (CalOHa)

- phosphate, a chemical union of phosphorus and
oxygen (PO

- nifrate, & chamlcal pnicn of pirogan and awsygen (MOL)
- sullur (S)

- Sullur diexida, a chemical union of sylfur and cxygen
(50

c2ulfur irloxkida, anather chemical unign of suliur and
axygen [SCa)

- slack gas scrubber sludge, calcium gulfile (LCaS0:)

- g¥psum, calcwrm sulfaba (CaSlh)

- sulfuric acid. hydrogen sullate {H. 5040

- tgeric ghlgride, & compound al iron and chlorine (FeCh)

- alom, a campaund el aluminum, gulfur and oxygen
(A S0 alao may contain chemically comboned
watar (H:0)

- sde ash, sodium carbonate {Na. Q)
- taystic geda, sodium hydroxide (MaQH)

+ hydrodlponic acld, a compaund o hydragen anc
fluorine {HF)

- mumigipal waste sludge, mostly orgenic solids from
sewage lraatmeant

- precipitation, causing a dissclved matenal 1o coma
out of solubon as a solid

AUTHOR'S NOTES

Lime i5 ihe most versatile chemicel in the world,
Howeaver, becausa of 15 different gecgraphical and
peological origing and the varying circumstances surroun-
ding ii5 produclion, there are differences in the physical and
chemlcal propories. Thesa muosl ba 1akan Inlo account by
design anginesrs, lime salesmen and purghasing agents.
Lime, ag a chemical, has, and will continue to have, compeli-
tion lrom cihar chemicals which may substituta lor [Tme.

Becausze [Ima has Its orlgin In antlguity, and for hun.
dreds ol years was lnoked opdn A% a manial produsl af in-
teresl mainky for acil sweetening and maortar preparation,
lime has nol yal rocoivad (12 dua recognalion as a chemical.
Thiz chemigal is ofen handled wilthicul due regard tor ils
perishable nalure and the equipment necessary lor its effi-
cianl perfarmanca is improperly englrearad o inadaqualaly
maintained, Many ime handling instaellalions which might ba
quite neal arg monomants to Indlllerence and lack cf
knowledga. Thasa sitpalions give rise to frosiratiansg and
concessions which have nothing to do with the lime, but
ralhar the allllude of 1hoza uslng it 11 is oped that those |me
volved wilh lime will ned anly find something wselul in the
precesding pagos, bul will alzo atlempl 1o educate all ool -
ad wilh the imparange of regognizing lima as a chamical.

a5
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Advanlage: Highly sllactiva as a hinal claan-up raagent
lgr remoying small amounls ot prdesirable
substances which have ngt been removed by
previous processing steps. Can be reganeratad.

Qisadvanlage: Relalive inilial high cast and rapid satura-

lion and inactivation if being used 1o remaove
rara than 2mall amounls of pndesirabloe
aubsiances,

a4

- precipilent, the reagent which raasts wilh tha dls-
solvad subslance o cause precipitation

« precipitale, the material which camas cul ol salution
- caagulaticn, usad Inlerchanggably with precipitation
c coaquiant, used mterchengeably with precipitant

 flocculant, B material which cauzas a light, flulfy
snowflake-hke pracipitate

« flocculating reagent, the material which causas floc-
- oz, the light, Hoffy, snowllake-like pracipilate

The Inragoing namas and [ormulas pratty-wall covar the
chemigal malerials abaut which (Ra img Salesman should
have soma understanding, as far as the use of lime in the en-
virgnmenlal slaan-up program |5 concarned.
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Seclion 2 - SOME "BITS" OF LIME CHEMIETRY

The chemical terminalogy a lime daleaman is most

likely 10 encountar (0 ihe Hald includes the following:

Elemanis
MName Symbol

Cale|um Ca

Magnegium Mg

Oxyqen Q

Sul fur >

Carbian [

Hydrogen H

Heavy metals H:0,

{iron, aluminum, &tc.)

Phosphorus P

Siligon 3

Sodium Ma

Compounds
Mams Farrmla

High calcium limestane CalcDs
High calcium quickl ma Cal
High calcium hydrate CaOH):
Dolomitic [imastann CaCd.»MglCg,
Dolomitic guicklime CabeMgl
Hormal dolomitic hydrale CafOH)y=MgO

Dolomitic préssere hydrate
Soda ash
Caustic soda
Sulfur dioxida
Suiluric acid
Carborn dids|do
Phaosphale
Sihca

CralCrHY, « Mg i)
Ma: GO

HalOH

50

H-50.

Gl

P

Sy

do the work o one 1on ol Righ calciom hme.
Limesione cannat develop a pH suffickently high
1o precipilate afl heavy metals and somelimas mot
sulficiandly Righ 1o mee! EPA requirements on pH
ol discharge walers,

Falymears-camples arganic compoynds

Uge; Sludge condilioning ahead of dewalering and iloe-
culation. Can be purchased as a waler solution or
a% dry salids, which can (hen be dissolved in
waler.

Advanlage. Easo of handling and applicateam.

Disadvaniage: Fragile nature of the dewalared sludges
produced and the lact thal polyrers are mnert as
PH fonlrgl reagenlts, end likewise generally inert
as lar s reacting wilh metals, phosphata,
nilrates or adar-produtars.

Waste carbide sludge - from acatylena produciagn

Use: Can be, and is substituted for slaked time slurry in
meny applicalions,

Advantaga: Ralatively lbw delivered cost per ton of
available calcium gxide if source is near point of
applicalion. Usvally dallvered as 3 4-45%
calcium hydroxide slurry, thus eliminating quick-
lime starage and a lime-slaking operation.

hsadvantaga: May condain impurities, such as
cadimum, zing and chromium n amownts [ar ex-
ceeding Ihe conlanl of these and clher ifmpuritias
in commercial quicklime. Such impurities may
repart in lhe sludges or effluent Inom the opera.
lon, exceading EPA limllatians, Aelatively coarse
parlicla size, mifimizing surface area,

Activated carban - a2 maternal not enllke an lon-
axchanglng resin and capabla o absarbing melals and
othar impurities frgm walker

Uze_ As an abzorbard for ramoving relalively small gquan-
lities &l metals and gages, usually from water,
Fopuolar in teriary mumecipal wasie ireabment
plants as a final Slean-up reagent.

33
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Oisadvantage: Same as alpm. Seldam wsed onless [ocal-

Iy avardalile 35 a waste product from a local indus-
iry. parbicularly an sndusley cleaning steel with
sulfunc acid.

d.  Soda ash {sodium carbonalal (Ma:C000

Dse: Acid newiralization, heavy metals precipitation and
25 a zlack gas-acrubbing reagent far sulfur ox-
ides removal,

Advantage: None in padicular unless locally avanlable al
an aflractive prce. In stack gas scrubbing, has
the advantage ol all sodiym gompounds besng
soluable 1o thus eliminate scallng wm a serubber.

Disadvantage: The scrubber eMfluent ia usually reganer-
alwd with lime ta recycte caoslic =oda and the
sda ash thus becomes a makaup raagend. Cher
wise, 1the scrubbear alfluent must be impounded.

Il used inm a dry scrubbing process, the sodium
talls, mixed with fly agh, are lgachabla. This may
also render the fly ash rnsaitable far use in con-
crels.

2. Lauslic soda (sodiom hydroside) (MadiH)

Use: Acid neulralization and to preciprtala haavy metals.

Advaniage: A minimum ol shudge i3 produced becapse
all spdium galts are waler soluble, Can be pur-
chased a3 a llquld or as a salid, which is easily
dizsobvad n waler — hence ease of handling and
appficalion.

Dicadvantaga: High cosl. Efvirenmental groleclion
authoriligs revwn an sluable sodiom salls in
digeharges entening poblic domain.

B High calcrum limesione {falcium carbonale) (CaCiCh)

Use: Acid neulralization, preclpitaltion of 3pme heawy
melals and as a reagen! for sulfur oxldes contral
by serubbing or dry injection.

Advamiage: Local abundancy, relatively low cost and
relative ease of handling and appllcatian.

Disadvanlage: Aboul 2 tans af limestone are requirad (o

42

An element «3 a chemcal bullding block, the smallest
parficle of whech 2Ll relaing all of the chemical and physical
properies of any amounl of 1he elemant. For gsampie, the
smallest conceivable parlicke of the element calciom has the
sameg chemical and physical properties of a pound, a ton or a
ihausand 1ons of galgium.

A compound |5 a comblnation ol 1wo or more olaments
i a definite, fixed and unchanging ratwe of the &lements by
weight. For example, waler [H:Q) i5 8 compound of hydrogen
and axygen, which can be broken down inle the elements
hyddoyan and axygen. As in 1he case gl (he elements, the
smallazt concaivable parlicla ol a compaund has all the
chamcal and physical proparties of any amaant of the com-
pound.

Science has been able to determine the relatwe
weights ot the approximately 100 chemical elementa now
krawn. B is very impartant 1o understang the use of the 1l2rm
“rglalive” bacavse it is doublful il 1he actuzl weight of the
smallest parllcle ol any &lamant 15 Known, Howavar, by
simply assigning an arbilrary walght of 16 to tha oloamend oG-
yvoen {Q). the relative weights ol the known elements havo
been establishad and, lor those alteady menticoned, 1hese,
rounded off 1o the nearest decimal pomnt, are:

Element RAelatlve Weghi
Calcium 40
Magnesium 24
Orygen 16
Sulfur K ¥
Carbion 12
Hydrogan 1
Heavy metals Mot applicable
Fhosphorus 31
Silicon Z2a
Sodium 23

IV 1he lisl of chemical compounds of princapal mtarast ta the
limg salesman ig examined, it can be saan that thess are
eszentially combinations ol 1he loregoing elemants and ihal
the rumber af elements ang compounds involved in 1he
chamstry of lima i% relatively small.
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Vhen the formula ol 4 compound imvetving ime m a
chemizal reaclidn is knowr. the amoant of hme ar me-
sione wivolved can be calculaled by simple arithmetic by
using the alomic welghts as indicated. It should be barne
v mind Thal 1ha folkawing examples are based an theoret-
ical chemistry and pure compoonds. This would not hold
froe inoall applicabons since hiree and mastone always
cgnlain same impurities. This means that the amgunl of
lvme ar limesione caloulated from rounded-off stomes
waigghls and formuolae will vsually be from 5 ba 10% by
werght less than that realized in field practice 30 affer
ihe theorelical guanily of lime required has been caliu-
lated, 1t ig a rula-cd-thumb ba add al least ancther 5% ol
thig weight 85 8 contingency

Evample 1

Led us comsider 1he Mermula 1or high calciym lime-
slone — this is Galld: The Tormula weight ks

Ca {&40F + C {12 + 3 limes O [16) 1or a totaf of 100
Of this total. the quicklima (SalH portion 15
Ca (40 + O {18) equal 1o 56
S0. the poledial guickhime in high calcium limestgne is

a6
100

Obvicusly, the carbon droxide (GO0 contant |5

d4
190

Sq, if 1004 1ons of chemically purg high calcium lime-

= HE %

= 44%

slone were complelely calewmed to high calewm quickline,

S0 Ions of quicklime product would be produced.

ExamEIe Z.

Lat us cansidar bigh calciorm hydraled limme — Ca[CH]y,

Mz formula weighl is

Ca doh + 2 timeas O 18] + 2 limes H (1)
for g 1ptal gf 74,

Seclion 11 - COMPETITIVE MATERIALS

In the gnvirpnmental clean-up program, the lime
salesman will encounler reagents which cam be used in
place al lime. In 1ha figlds of sowage treabment. and
acids neutralizalion, as well as heavy metals precipila-
fion and fiealion, major competibive reagents are:

Alum [aluminum suifalel [Alg300]]

Lize: Phosphate precipitalion and 1laceulabion. Gan be
purchased as a solubon or as & sobd, which can
be dissolved in watkar,

Sdvarmtaga: Ease of handling and application.

Disadvantage: The sulfale par of this reagent remains
drzzalved [N tha water. Also lowers pH and
sometimes requres subseqguenl lime addifion
Far sullate remgval and pH contral.

Ferric chlpride [FeCld)

Uza. Mumicipal waste sludge condibioming, phosphate
precipilation and sometimes for locculatidn.
Can be purchasad allher as a schation or a3 a
solid, which can be dissalvad in water.

Advantlage. Eaze of handling and applicaticon.

Cisadvantzge: The chigride partign remains dissolved in
the water and lime cannot remove 1his because
calcium chilorida [CaCl:) 15 waler-soluable.
However, ferric ghloride lowers pH and lime may
be subsequently needed for pH contral. Also,
terris hlaride has (ha dizadvaniage of beng a
vary corrogive material. When Fellly is uged far
sludge canchticning, lIma is almost arvays re
quired as an addilive.

Copperas JJerraus Sullate) [FadS0.0.l]

Use. Flocculabon and phosphate precipitation bl rarely
lor munigipat sludge condilioning.

Advamtiage. Ease of handling and applicatlon.

31
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When ysing pulverizad limasiona as a raagent for neylraliz-
ing suifur oxida gaszes in scrubbers, the ellect of carbon
didxide evolutian is negligible,

[ 1he so.cated “dry”’ slack gas scrubbing operalions
even very lineky pulvearized limestene is nol practcal
because gf the relatively alow reaction rate of tha limestons
as compared with a slurty ol high calcivm lime The EPA has
Cconducled much research in an eliod to inGrease the rear.
tign rate of limeatone neutralizalions, partlcularily in wet
scrubrbers {or sullur axides candrel. |1 has been established
thal a group ol arganic agida dg increase he reacton atf-
giency gometimes gufficiently to oblaln almost thearelical
(slorchlomatiec) vse of 1ha limestone. OF these acids, adyplo
acid is currently being waed in wel dcrobbers oparatang en
pulverized limestone. However, the savings rasulling from
betler Imestona usaqe may be otiset by the cost of the
organic acid.

A5 belora slatad, lImeslona al 1ha sourse may be rela-
lively megxpensive and even lhough ita gther cost lactors
may resull in its fingl cost approaching, of even exteeding
that of lime, [t muost ba barne in mind that many producers
ol lime also markel imeslone The foregoing comements
have been prasaniad b indwcale the paramelers belween
lirmaslona and lvhme which should e taken intg accownt
when making an evaluation ol (he relative merils of these
matenals in aced naulralization oparalions.

O 1his formula welght, the guicklima (Sad) s

)
= TEI
74
I ather wards, high calciom hydrated lime is thegreticatly
TE% calviwm oride and 24% water.

Examgple 3.

Let us consider the use af plomic weight relaticnships
for estimaling the quantity of lime required whan removing
sulfur dloxide by scrubblng the stack gases from coat-
burming pperatians, &ll coal contains some sulfur which dor
ing the combustion of the coal lorms mostly sullur dioxide
(50:). This sulfur diguide in gither wel type or "dry' 1ype
slack gas sorubbers lforms @ chemical compound kKnown as
calcwm sulfile contaning some chamically-Dound water. |t
formula |5 CalSO0a e M0, vWhelhor this waste material Ingm
1he scrubberis in the fgrm of a wet sludge ar a dy
baghouse praduct, iz formuia |5 the sama. The various im-
purlties accompanying this material, auch as fly ash,
unreacted lime, elg,, dg not affect the calculabons for
gstimating the amount of imestana or lime needed o
thearetically react with the sulfur digxide from coal-bumning.

It is 1lrst necas=sary (o obtam milarmatian gn the
amount o1 coal ta be burned per hguor ar per day, the sulfur
contenl of The coal or the waight of sullor dioxide gas which
wili Qo up the slack. Ia 1he case ol ytililies, a ryle-gl-thumi
is thal it requirgs aba gne-half 1on of coal 1o ganerata ona
megawalt of power. S0, if tha magawall capacity af ihe
ganerating Slallon s kaown, the amount of coal to be used
per hour can be estimated. The next step would ba 10 ascer.
tain 1he surfur content of tha coal. Usoally this figure can be
ablainad from the user.

Lel ugs assuma tha quantity o <oal per hour and its
sullur canlent is kngwn, We may then usa tha lormula of
1he end product scrobber sludga [CalSOape 1= HQ] and visu-
alize thee compound as Cal=50.2 10 H, 0. Bazed on atomee
weights, it is obvious thal 56 umiis o Cald invalve 32
units of sulfur jatomic waight &1 § 15 32} This gives a
lime {0 suMur conversipn faclor ol SE32 or 1.75. In
other wards, if the weighl of surfur scrobbed per Rour is
multiphed by 1.75, this glvas the ithesretical quantily of
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fegh calcium lime required per hour. €1 course, the
actual quardity in practice will depend spon the allici-
fncy of the system and actual amourt ol lime used will
be morg than theorelical. Howeavar, this example affords
a slarting palnd in assessing the lime requirement lor
any particular amgunt of sulfur.

Saction 10 - LIMESTONE YERSLUS LIME FOR NEUTRALIZATION

High calcium limesione {Catdy) may be used in place
of lime in agid neytralization, Limesione will reacl wilh acids
and is used where a pH on the alkaline side ol ihe scala 15
nat required. Limasione can develop a pH samewhere het-
ween pH 2% and pH & 0. a5 contrasted with lime which can
develop & pH an excess of 12.0. This s ot trua lor dolamelic
lirnestane which rsacls wilh acids al an imgractical rate,

Usually the selaction of limesione, rather 1han hime, is
based &n an abundance of high calcium limestone near its
poinl o use. [ts relatively iow price FOB the mine or quarry
may allord it an econemic advantagqe. Hawaver, there arg a
number ¢ faclors gther than grigin gnd price which affect
the ecgnomics of limeslone use Transporalion cost is im-
porlant becapse, thaorelically, il mquires anou! 100 pounds
al figh calciom limasione to proguce the negtralizing effec)
 od pounds ol galcium oxide, The limeslone should be
pulverizeo to abowl 200 mesh ta obtalm any kind of reacisgn
aficiancy. Various experances in (he lield indicate that
abgut 1.5 times the theorelical quantily of limestone is re-
quired; Thus lurther addmng to ds ralatiea cosl In addion,
more than twige the weight of limesione musl be handled as
compared with {ime. Finally, »f hardening of limasione-
provduced sludgea is gesired, if s mare difficult 10 barden 85
compared with a lime 3ludge. Glher cost facicrs may aflact
ihe bottom [Ina (or limesione varzsus lime, Bl 1ha loregaing
arg 1hé majoer anas which shguld e 1aken inlp agegunt

It has been wet-esiabhshad that the presance of
magnesm carbonatle In Ine Sryslal siruciore ol a high
calcwrm limesione retards the rale ol acid neutralization 1o a
paint where Ihe [imestone cannot be psad. An unaccapiable
amount of magnesiom carbanate 15 considered to be any
amaunt in exceas of 5% of the limestone, It is for this
reascn Ihat dolomilic [Imazsione is nat wused for acid
maulralizatian. (However, this is npd true lor dgolomitic lime,
which is nol similarly allected by the gresence ol
M MRS U,

In the neutralization of wasie acids wilh limeslone,
copious amounts ol carbon diaxide gqas ara liberated, This
can become a hatard il 1he neytralizalian is camied awl in a
closed area.



Graymont Booklet 3/31/05 10:47 AM Page 13 $

In recent vears, il Nas been ascertained thal sulfur oa- Saction 3 - CONVERSION FACTORS
ida emismons from indusiial cparalions in cental

Eurape have destrgyed Irgsh water lakes in Soanding-

wian couniries. SNl more recently, it has bean ascerlaln. Other lactors for converting weighl ol a material to the
ed ihal sulfur oxdeg emlszions eorm the graater suliue equivelant weighl of high cal¢ium quichlime arg ag follows:
dicxide-praduging araas in the United Siates have ) )
destroyed |akes in the northeast and in Canada. Indeed, Waight Conversion
Ihare have bean rapors of acld fawm injuring the health Pounds, Tong, etc. Factor
of lgregt lands in [he Rocky Mounlain wesl, Sulfur (S} 1.75
In 12#, .I'Eicha nd:navian c::?unturia_ ;,_tmg abdqitian ol I_irnaas lime Sulfur dickios (S0} A5
Io the lakes to newlralize acidity is being praciiced, Al
prazent, thera is considarabla witarast im the contmnantal Sultur trigside (50) 0.7
Linited States and Canada lo appiy lime or fimeslone 1o Sulturic acld {He504) 0.57
lakes in order b combat 1he etfects of acwd rain. This Hydrochloric acld (HE) orr
siluali:::r;: -3 {:p&fﬁmlr;gt;ncrafslr:fg ser;nur:.* bec;usa Phosphala [P oAa7
FIME Faked In 2 NArtnegasT an dngadd Nave 0een -
completely destroyved for recreational purposes, In Ferric chiorlde (F&Cl:} 0.52
terms of sulfunc acld and acld ran and the naad for Farrous sulfate [Fe{50.j] oar
conlrgl and newlralization, and 1he potential markel for Hydregen fluaride (HF) 1.40
lime 1o control S0z emissiong or nedlralize acidity in Bicarbonals (HCO:) 046
Ihs area slagoars the imagonatlon. i
' ag ar Alurn [ALISC .48
High galciom hydraled [ima 0.76
High calcium limesione 0.5

Waighl ol material mulliplied by sonverson lactor
gives welghl of calcium oxide (Jheoratical).

28 9
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Saciian 4 - CHEMICAL EQUATIONS

Having congidered atomic weighls of the elemenls and
how a Tormula can be used for calculating percentage com-
prgilion and weighl relalianships, we will naxl take an glg-
mamary ook at chamical equatons,

The word "equation” is derived brgm 1he word "egqual”
In shart, an equalion states that one relationshlp |5 equal
I anpther. For example, 2 + = 4 i5 an eqguatign; alsa
2+ T H12=94+ 8+ 4is an equalion, In algebra, (x + ¥l
bimas {x - y] = %7 -y 15 an aquation. For practical purposss,
the units in equalions can be weight wnits, valume unitg,
time or distance unils, e1c., 5o long &3 the total unlls are
the samea on each side o Lha equaban.

From & chemical poinl of view, however, 5 chemical
aqualion »& mara 1han jus! a relatonshp batween an
equal number ot uni1a, A chemicatl equalion alsg describes
the chemical maction which 1akes place. The chemicat
equation must nel anly refale egual unils n each side af
the equation but it must alzo be a lrue stalement of what
happen chomically. For exampla,

Cald:) + heal = Cad + GOy
i1 I 4K il “b F I H
I [Lr 1]

is alrue chamucal equatwan because the lotal welght of the
elemeants on each side is 1he same and likewise, this re-
actian actually takes place when imesione i3 heated to

produce calcium oxrda and carban dmxide.

Mow, if we consider an equation in wheoh high cak
ciurn [wmestane is reacted wilh sulfur digxide in a stack
q8s scrubber, we could write;

CalCa} + 500 = SalS0:) +« G + 0.

LI ] 3 s ] 17 al L Iz

It can ba sean 1hat this equatian satislies 1ha requirement
that the total weight of all the elements is 1he seme on
aach slde ol {he equatien However. this 12 nol a chem-
¢al eguatian bacause il doas net slate what actually 1akes
place. Caron and oxygen are Aol produced on The right-
hand side. Instead, carbon dloxda is prodoced. Tharalore,

Cconsumplicn, can be assessad. Based an pasi ex-
perience and gmearging data from the research under
way . dry injection has httle opporlunily ol SutCess
unlass the grasant requiremant lor the remaval o suliur
in the BR% range is reduced 10 aroend the 60% require-
ment_ &5 indicated.

Sludge Hardening. This is a relatlively new apphcalion
1or lime and the chemistry of the raaclions inedlved is
nol vl wall understood. In some raspects, siudgs
hardening may be visualized as “3ail stabibzation™. |t
may be considered that the lIme raacts with siliceous
material and aluminum carmpounds added, or present,
te form & crude cement. It has been estaplishad that Iy
gsh from coal-burning reacls Wwith excess lime in a wet
sCrubbar sludge ta bring abaut this hardening reaction,
Il has also been e3tablished thal pulverized blast fur-
nace slag will react with axcess lima 1n a wat acrubber
sludge 1o lofm a mora or lass hardened mass.

It is imporlant, when considering hime for any sludge
hardening procass, that the precipitatiin and fixalion of
any hgavy melals present be aken intg account in
terms of pH which must be devalopad. IF hardenad
sludges are used fur landfill, 1he EPA requirtes that the
heavy metals present be “fizred™ in such & manner 1had
they cannol leach nto sarface watars or 1hea
undarground waler 1able.

Acid Rain, This section would nol 6e complata without
& brlel reference 1o acid rain. Over many years of in-
dustrial grawih, worldwide, vast guanlilies of sulfor
dicxide have been released into the atmosphare.
Likewise, over a Ieng lima panad. this haz moved in at-
mosphanie patterns over great dislances to linally be
barne 1 earlh by rain and snow in the Icrm o acd rain:

B0 4 H O = HBi (sulbyrous acidy
S0 + M = H:S0. (sulluric acidh

Due tg the regetion between sulfur dioxida and oxygen
in thrg @, mosl of thls rain has no doudl come down a9
sulluric acid.

ar



Graymont Booklet 3/31/05 10:47 AM Page 15

CajHy, + H:50, eCasl, + 2H.(0
CaldHp + H:50. iCab0. + 2H:0

Babh the calcium sulfita {CasSdh) and the calciom
sul{ate {Casd.) are insaluable precipitates. It |s the
calgivm sulfale (gypsump whech lends (o stick o the i,
ternals of the scrubber and cause plugging, Both of
these precipllalas farm an admixture of slodge which
musl Ba mpounded or otheryise dawalared and used
as land fill, &s will be discussed |aler, these sludges
can be hardenad for passible ather uses,

In the case of dry lime scrobblmg, The chemical reac.
lions ara the same as in the cage of wel scrubbmng ex-
cept these end products repon as a dry slodge well-
mixed with fly ash — all baing collegted in a baghouss.
&s tar as lima |3 concerned, il is the weight ralatlenship
botween tha sullur in the Fuel and the calcium oxide re-
quited in the foregoing raactions that is important,
While this can bo caleuvlaled, more Lthan the theoratical
amount of lirne is necegsary, depending on Ihe alficien-
oy of the sorubbing system.

Dry {ngaciian. Currently, there i3 renewed Intarest in the
dry injecticn of alkaline matenal inle coal-fired bailers
lor sulfur dicwides control. These malerials: sbch as
pulverized limeslone, high calclum hydraled-lime,
dolomitic prassurahydratad lime and vaniows sodidm
alkales, may be dry-injecled, mipad with the coal or as a
separale siream,

It |5 knywrr Ihat (hese syslems can ract with around
B0%% Gt the sulfur in the codl with the resulling reaction
products and fly ash beng collacted in elecirostatic
precipltaiors or Baghauses. Revival of interesl o thasy'
syslems largely resulted in increasing public congen
over acid rain and the belief that Congresa will enact
legrslallon reducing requirements to all coal-burning
aparations. On bhis begis, the dry injachon process ap-
pears promising as {ar as solfur oxides contral i3 con-
carnad.

Howayer, much research and pilpt-plant 1esting will be
required helgre the ellect of the procedura on baiker
cperalions; soch as scaling, luel ettigiency and reagent

1o satisfy 1ha requiraments o a chemical equalion, 1his
ghauld be writien

CatOs + 50y = CaSdch, + CO,

This equalion now satafies both requiraments. (For
simplificalion, tha lact ihal water is prasent Ras been

ignored.]

There 15 one mora considaration imealving alamentary
chemical eguatians. This i known as "balzncing’ the
equation. For examphe. il we consider the reactlon be-
Iwoon causiic seda and sullorous acid, IS may ba wrillen

Ha{OH} + Hi80: = Na{&0:) + HOH twaterh

This gequalion is chemically true for the lirst bwo maleri-
als do react to form the second two malerials. Haweyvar,

1 the woeights ara addad an eagh side of Thit egualion,
these will ngt be equal. T balance this equalion, one
mMust use bwo woghl parts ol caushie 20da in ordar b3 have
Ihe bwo sSedium alems which are necessery o complete
Ihe farmule on the right-hand side of the equallon. The
balanced aqualion 1han appears as follows

INBOH) + Hi50: = Na:(S0:) + 2HOH {watan

2f course, by using the weight relationships on 8ach
side of a balanced and frua chomlcal aquatlon, i can be
calculaled haw much lime, limestone, gavstic or giher
chemical is needed to react with some other chemical 1o
produce stll other charmcals, ats. THiS is wery similar
ta calculating the game practical weight relationships
uging alomic weights and {ormulae as praviously discussed,
Chamucal equatians can become somplicated and it really
raquires <ame background in chemeslrg to wrtie chemical
equalions correctly. Howevar, 113 hoped, that {rom the
foragoumng briel distpssion, the signiticance ¢l a chemical
equalion can be beller underslood when an equaticn is
encounterad in tha course of lime applicalians.

11
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Saction 5 - A LAYMAN'S LOOK AT oH

When prameHling the pse af ime n the envirgonmental
clean-up program, the ime sales enginger often hears
the ferm "pHT”. pH 15 a measure &l acidity ar alkalinity,
pH i a measure of neutralizalion (NLA Bultetin Mo, 216),
a guide for the precipitalion of many melals, and H I8 ane
al the mos frequent terms encounlered in EF& specilica-
tigng for liguid waste discharge.

Ta batior understand the meaning of pH, we must first
recall some arithmelic. Consider the following table:

IDx1 =10

10 10 = 100 = 1

10 x 10 = 16 = 1000 = WP

¢ 10w 10 2 1 = 10,000 = 10

Nole that the exponent of 10 indicates the noumber ol
zergs loflgwing the numberal 17 Also nota (hal in muolti-
plying 19 x 10, these axponents ara added — the exponents
are nol mulliplied. For example, consider the following:

101D o 107 HNE = 10° = 10,001
00008 x 10°01,0008 = 10" = 100000

Mow, Ihe pH scale makes yse of Ihese exponenls of 14,

as will be explained. pH, in simple terms, Maans the con-
cantrabien af hydrogen ion® i a water solution. Science has
determingd thal water ia newral. Tha chamrcal farmula tor
water is H:0. However, thls may Bbe writlen as HIQH). The
impadant point herg is that all acids in waler solutlon
cause 8 preponderance of hydrogen lon, whearaas all ikalis
i waler solutlon cause a prepandarance ol (OH) ion,
commanly relerred ta a hydroxyl.

Scianca has furiher established thal in a neutral water
solutian, the concentralion of ydrogen icn s 1107 &
rneutral solelion is tharelors considarad 1o be a solution
whuch has a pH o 7 and the peid-forming hydrogen ian amd
the alkaline-forming hydroxyl lon are of equal concentraiion.

® In waser 530EGn, 5ome malecwrles break aparl 1o [orf atoms haveng an
electrical charge. These a1cns are cadled ions Tha hydrogan ign has a

metals. Lime is an excellent reagani for precipitating
and “hemg” heavy metals. Far example, the reaciion
belween hime and farmic sullate is

Fed3luh + 3CaldHp = 3CaS0h + ZFellHL

<ome of the hegvy metals and the pH values at which
they begin to preciprate are as follows:

Metal pH Melal pH Malal pH
Ferrlc Fanous Fing FRL

irgr 2.0 ron 2.3 Mercory T.a
alominum 41 Lead B0 Manganesa B.S5
Chromium® 5.3 Mickel 57 Cabalt 4.9
opper %3  Cadmium 6.7

Mol every medal is compleiely precipitaled from soiu-
tign gt the pH indicated. Ferrous Iron begins to
preclpiale al a pH of aboul 55, bul k3 precipitalion is
nol earmpleled pntil a pH 9 abggl 10,5% is achieved
Some hegvy metals which are compleiely precipilatod
by [ime al the stan of precigilation lerm compaunds
which redissolve if the pH ig log high. Examples of
such melals are aluminum and zinc. Magnaslum In salo-
bon is precpltated by calsivm Rydroxide al a pH ol
about 2.0, However, for practical purposes it may be
assumed that aimost all heavy medals can be
pracipilatad by a hime slumy. Mosl af (hese precipilates
arg gquile ingoluable and, in terms of sludge behavior
panlculandy far land disposal, may be considered ag
“limed". Ovar a peripd of time, these precipilates tend
1o react with chemicals i 1he soll, air or watar 1o revar
loward Ihew patural slate as earthy minerals.

Slack Gas Scrubbing lor Sullur Owides Control, In stack
pas scrubbing, the principal chemlcal reacllon o the
scruobber 15 batween (he lira slurry and sulfur digride
{50:}. When luel iz burned, particolarily coal, the sulfur
i3 converlad 1o sullur dluxlde by reaciing with the ox-
ygen in the eombuslion gir, Singe 1herg i3 always some
exceas combustion gir, some of tha sulfur daxlde then
qoas on Lo react with (he remaining oxygen g farm
sulfur trigxide (30} The simplified equations for the
reaction of these gases with Time ara;

plus charge al ane [+ and The Bydrgay] i has a negalive chacge ol " Limg doas nt pracipiale chromale chromum 1Sok, The chiamate snusl
one 4 flrst b reduced b0 a lower watance graee,

12 25
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precedurgs but, rather, i1s use is minimized depending
upon whelher heavy matal Hxatian in the composl! is
necessary or whether inggmplele incineralion yields an
adorgug agh which is 1hen Ireated with [Ime to destioy
the odor. When ranchimg is used, eilher raw or Iregted
Sludge is simply buried in a irench and covered wilh
garih. in this changing technology, there |5 yel a qrow-
ing market lor me In the diract addition of high
calcium quicklime t9 dewalered sludge cake from balt
filter presses or centrnifuges. Current techralogy is 1o
add quicklime on 1he sludge conveyar Balt which then
discharges intg a pug mill or gther mixing device. This
incorporales the qulckliimea Intge tha sludges, aansuming
Sludqe watad as the lime slakes. The end product i a
Irighle gdgr-free malerial in which the heavy metals
have been fixed and the pathogens destraved.

Industrial Wasle Acid Meutraliztion, The only acid of
real Interesl 1o the [Ima salasman iz wasie sulluric acid
(H150.}. Where nonrecoverable fluprides (F1 are involys
ed, lime can be used 1g Iregt these by precipliation of
ingoluble calclum flucrlde (CaF:). Phosphoric asid

tHa POk} is psualky oo valueble to be considered as a
waste and is recovered. Hydrochlorlc acd (HCI and
nitrle acid (HMNOh) are ned only worlh recovering but
EvEN in Cas5es where recovery is nol feasmible, hme s nat
Jenerally usaed for neutrahzalmn because the end pro-
ducls, calcium chlgride (CaCli} and calcium nitrate
[CafM D], are complelaly water-soluble. The raachian
Bertwesrn limma slurey and sulluric acid s

CaOH)z + HiS0 = Cady {gypsum) + 2H:0

The gypsum calcium sullale) is the insoluble
precigilated end product and is paually settléd oul as a
sludge ar ot may be furher dewalered on lillers. This
gypeum has ldlle or no market potential becauae it is
usually contaminated wilh heavy metals which am in
e wasta soMure atid.

Precipralion and Frsallon of Heawvy Melals. A chemigal
glemenl is either a melal gr a non-metal; althoogh there
are a few elemenls which are either, depandmg vpan
the chemusiry irmedvad. Far example, sodiem,
potazsiom and lithivm are clasgilied as lighl melals.
Iron, ZIne, copper and nlchkal are asamploes ol faavy

24

Finally, as far ag this brief explanalion ol pH i3 con-
carnad, sciance has also gstablished (hal the cancentration
of hydrggen myltiplied by the concentration of hydroxyl
always aqual 110", This Is 1he kay poinl 10 understanding
the pH scale.

The pH nstrument is actually measwimg an alecirical
impulse caused by Ihe concenlration of hydrogen in a water
solution, Therefore, il 1he hydrogen concentration is W19
the cancantralion ol hydfoudyl must be 110", bacausa {ad-
dingl 3 + 11 equals 14. On the ¢lher hand, if the concentra-
twon of Rydrogen is 1/10°, the concentrallon ol hydroxyl muost
be 111)* since [again adding) 3 + 5 equals 14

Finally, 1ot us consider what 1hese concanliratbons of
hydrogen mean. |1 the pH s &, Ihe concendration of hydrggen
is 110% which is 110, And this means that the concenira-
tian of hydroxyl must ba 107, which is 101,000,000, 000, 000
Cbvigusly, a conceniration of 11100 is g lot gironger that
110,000, 000,000 00, So, hydrogen predominates and al a pH
af 2, this sysiem iz very atidiz. Now let wz congider a pH af
10, Thisz means 1hat the hydrogen concentralion ig
110,000,000, 000 (1M10'%, wha the hydrosyl concantration is
110,000 (110 In this gase, the hyvdroeyl concentralion is
obvicusly greater than the hydrogen concentratlon, which
rmeans that hvardayl (alkalinily) predaminatéas, rather 1han
hydrogen (acidily). 5o, a pH of 10 means the system is very
alkalire.

As can be noled from the foregoing, only the exponents
¢l 1) are used when reterring fo the pH sgale. The
arithmetic, as explained, iz inferred. Nautralily |s represanied
by apH ol 7, acidily is reprasanted by 1hosa valuas below 7
and alkalinily i3 represented by 1hose pH values gbove 7,
The pH scale, svmphfied, is therelore the concentration of
hydragan asing (he axponenls of 10 batweaan 0 and 14,

Since slaked high calcium lime, CaldHp and dolo-
mmilic lima [SaOHpsMgO] ar (CaOHja# MgiOH ] canlain
QH, they gre hydrgxyl donorg, and hence are ideal malari-
als for naulrallzing the hydrogen concandration of acids.
Thiz is because hydrggen {H) + hydroxyl {OH] unite (o
{orm water (Ha.O0, whoch is peutral. In olher words, the
addilipn ol slaked lirme o an acid systermn with a low pH
can increase the pH ol this syslem Lo around pH 12,5,
which iz abaul the masimurm pH ihal lime can davelog.

13
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This change in pH. wsing lime. causes most medals in solu- a mcineralion

fian 1o precipitale oul a5 solrd compaunds as 1he pH s in- b. tandalill

creased. The EPA prefers liguid waste discharge in 1the . frenching _
range of pH 65 ta pH 8 5. However, in some cases, when d fertilizer production

certain m&tal; arg pr&seqt,_ iF.iE Necessary 1o ingreaﬁ_e the Since 1his sludge originates as a waler slurry contamin

pH beyend & in order ta ™ix™ the metal and remove it belween 3 andg!'r percgenl s0lids by weighl, :1yu5ually I

irom salution, This is probably how the term “lixing™ musl ba dawatarad belore it can be turiher processed,

heavy matals by pH conlrel af municipal waste sludge Lime destroys sludge gdors, kills sludge pathogens and

originated. fixea the heavy melals in sludge. In adddion, hime wn-
pans a msdual alkalmity to newliralize the acids formed
when sludge decays on the land,

Trachianally, sludge dewatering has been accomplished
by adding a miglure of ferric chlorida and high caleiom
[vme slurry (@5 {iMer ades) 1o the sludga and then
dewalering the mass on conventianl rolang vacuum
lillers. The reaulling semisolid fier cake, practically
odor-free_ i3 then ready for soma (orm of land disposal.
This lime usaga conllinuas ko rapresent a substantial
market.

The availabmty af land for sludge disposal is
diminizhing and newer lechnigues lor sludge dewalar-
ing and oispezal are gaining ground. Crganis reaagenis
bnown as potymers are reglacing the lime-ferric chloride
systems and 1the belt liller and centnfuge are qalring n
popularity over the rotary vacuwm liller. One reason for
lhis is 1o avaid the increase inoweighl of lolal salids i
the dewatered sludge rasulling from tha addition ol
lime and fernc chlaride. The amound ol pglyelegtalyte
for sludge dewalering may be ag little 33 5 1o 10 pounds
per weighi ol dry solids. Howevar, an aven mord impor-
tant reason favonng polyslactrolyles is the growing
popularity ol compasting the dewalered sludge cake or
incingraling it. in the composiing procass wilh poly-
electrolyles, dawatarad sludga is mised wilh wood
chips and allowed 10 decay under controllad conditians
of lemperalure and aaralion to yleld A material which
can ba used o loresl lands and cerdain crop lands as a
1erlilizer, Likewige, the dewatered sludge, without 1he
added burden af the [marl lima and ferric chlaride
solids, iz amenable 1o incineration to amn ash which ra-
guires 3 minimom of disposal arga. Lime is aot
necessarily ahiminalad by compasting o incineralion
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timum floccurlating and sludge setihing condilions.
Because some pubhc waters cannat lolarata syan 1ha
overllow Irom the secandary ireatment basin, and
because the reuse ol sewage elfluent may be deswable,
some municipal waste Ireatmend planis have, ar ara
maving b ferliary traatmant.

Tertiary Iregtmeni involyves both the primary step and
the secondary step and, in addibien, a thed stap which
removes heavy metals, phosphetes end nitrates. Many
ol 1he heavy metals are toxic 1o aguabc lile, and
photphates and nifrates are well-known tertilizers which
cause excessmve plant growth in rivers and |akes Also,
e heayy metals and phosphales are objachanabla in
wataer whiah 15 ta be recycled for industrigl purpases
Sgme terliary treaiment plants contain sieps which
finally vield an almost polable waler.

Some, ar all af the terhary trgatment steps may be jug-
gled with reference Vo their position o the Hlowshest of
1he tarbiary procass, The chemistey, as far as lime is
cancerned, is that lime precipitales phosphates and
heavy melals. Also, pH adpustment with lime sels the
slage 1or ndrate remawval. This can be accomplizhed in
Ihg poverllpow Irom the secondary treatment by elevating
the pH o some dasired level. dne procedore o 1o in-
craase the pH to artund pH 11, settle oyl 1he
precipitaled maleriala, and then blow the relatwely clear
overlow wath alr in ammonia “spradingd’' {owers. At the
elevated pH, the nitrales in 1he sewage elfluent are con-
verted 10 ammoma {MH. whech o3 then released to ihe
air as the effluent cascades downward Inrough a 1owat
and meets (he opsarrung siream ot farced air. In
anplher system, the secondary effluent. at a carefully
ad|usted pH on the alkahina sida, is impragnatad wilh a
bactgria which canveris the nitrate 1o nitrogen which is
then released indo the g, 11 s obviouws thal 1he role of
lime in {he lertiary se2wage (reatment is bolh that of a
precipilanl and a pH adjuster,

Muricipal Sludge Disposal. All thres of the foregoing
Ireatment processes produce 8 mumcipal waste slodge.
The cheposal of the sludga may be a majar problem.
The developing pptionz far sewage sludge disposal are:
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Seclion & - MEASURING ACID RAINT

The acidity ol any salulion, including rain or snow, is
measured on a scale known 35 3 pH scale Thia scale is
numberad rom O la 14, A pH valee of 7 i3 naotral, nedher
acidic nor alkalinge. Valpes lower than 7 are more acidic —
vinegar, lor wnstance, with a pH of between 2.4 and 3.4.
Values abowae 7, zuch az Iar ammonia or lye, represanl

* 1+ 31 d 4 & @

B O W b kK Y

el HEUTRLL Rakiad

The pH EBealn

Yhe g | poienkiad
Ry Jrngin” I RCRIE 13 &
g idard 8 Ny DeogEn 1@n
poreCentrjligon Hpdpgem
[T LB E NI
aleClrCal chaipr and are
Chlled culiong (OnR wabom
AEgEhwE AleCincal chaipe
Fiy LAARM BE RPIOML &
AERIEAES EONIEn g k]
coiirhtrgTiang af CLLGNE
and anaang &G 18§l L
#leclncel chppres Balancr
o nEutrel ard bay s pE ol T,
HOw B8 B Fub11EAce wiih
Mo hipdeagE N aDnd TN
mrn@mp ik AGiche gad nky §

H i FH 5

Nyfnymipgi

The fowar ie pH rulus
el g s A WCed S,

P s ihan 7, sobiimacyp
anilh mare $negey ihgn
FULighy Jog ok A angd

e B MEATrEl RES e T

Thut & lhe ConCEAlIRIOR

@l hydrpgen «on g o EAEER,

ihe p deCirdees Baline
rH ICEIE ERyS nOChing
EEDul wREITE | LS
OT BRGnG §l# Irgrm ngl angl
2T MERMRd iy rces. &
hydigigen wan hpm wn

ind Jmiriml Emak xSk
mEASurEs ihE LA ME 30 1R
ACHIE BY & R o el
TiQm Pl pbgl fungugls

FH 4 T

- Al e

TEpEETEnla & raAlalg
Lo LI R 1L

Edch dull pH wfun gi g

S ERE 000 PR DM Waabaglan BD0E Juty G

The pH acale is a
agarilbmic measure,
that ig, each change
of one pH unil — say
from Bio § —
represenis a tenfold
mcrease w acidity.
Thus a drop Irom pH
G fo pH 4 rapresants
a fundredigld in-
crease and drop heom
FH & 1o pH 3
represents a
thousandfold [n-
Cidase in acidity,

For raln or snow,
acidity measuremenis
reilecl the hatance of
pasitive and negabwva
NG w i precipita
lion [se€ box], The
ions can coma lrom a
varigly of compounds
or elements (Sullur
and nirpgen gxides,
hydrogen, carbon ox-
ides, chloring, eto.)
thus the 1olal acldety
of precipltatran must
laka ints account all
af the sgurces of
Fons,
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Saclion 7 - CHEMICAL CONSIDERATIONS
IMYOLWING LIME SLURRIES

Lume ag a chemizal reagent is usually applied in the
Torm o1 a water slurry o1 suspended staked lime parlicles.
The ohjective al slaking i% 1o obtain a high surface area of
1he hydrale in & waber slarry which Can be readly brans-
parled, meferad, and meeed whan apphad, Dependmg opan
ihe reactlvily of the quickhma and tha Lypa of hma slaker
uged. slaking 1emperatures may ranga from as low as 160° F
> near boeling Higher slaking temparatures promote grealar
surface area. & well-slaked mme shouwld result in hydrale
particles of which aboul 85%% will pass a 200-mesh slandard
sigve. Major congiderations 13 keep in mind when produc-
ing and handling lime slurries are:

1. The chemical analysis of the waler used for slaking =
impartant Sulluric acig, heayy metal sullates.
phasphaltes, carbonates and glher subslances which
farrr precipiliabtes wth lime are undesirable. The
preciprates tend te coat the surface of the quicklime
and pravan! aficient contaci with waler. This redards
tha rate of slaking, 1he dovalopment of dasirad slaking
lemperalura and cavses an axcess of grilty rasadog in
1he lime slakes. Such subsiances in the ranga of 184,000
ppm in the slaking water may be tolerated. When ex.
cessive, a ball mik slaker may be required smnce the
grinding in the mill Breaks up coaling on the quicklime
parlicles.

2. Frecipialion m ihe hme slaker reaulis an some loss of
available lime. This 15 atso \rue when water high an tha
relerenced impurilies 15 added 1o the lime slorry 1ank
lor dilution, However, using such water lor dilution hasg
ng apparent adverse effect gn the lime slurry gince the
precipitales adhere 1o 1the high turface area ol 1he
hydrata parlicles and scaling on the tank walls and
aquiabon MocRanism rarely Goours.

1 Scalingin lime slurey fransport systems. including
valves and pumgs, can pocur if dilution water conkain.
ing the refergnce impunties i3 added down stream from
the time slurry hotding fank. Such scaling oocurs on the
walls al the trantparl sysiem [where velocitly is

theoratically 2erc) and can plug the sysiem. Alsa, 1ha in-

verse sHubikily of lime can cause senous scalmng if the
temperature af the transporl System increases substan-
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Saclion § - THE MAJODR USES FOR LIME IN THE
EMYIROMMEMNTAL CLEAN-UP PROGRAM

These are presented with no partigular arder-

. Municrpal wasle treaiment (Sawage).
- Municipal wasle siudge disposal.
Induatrial wasle acid neulralizatoan
. Precipiatlon and fixation of heavy mataks.
. wtack gas scrubbing tar sultur digwides contral,
. Dy nnjection.
. Sludyge nardening.
CAcid rain

Municipal Waste Trealment. This is divided intg three
calegaries,; namely. primary, secandary and lertiany
irgatment. Prumary treatonam inealves satlling aul such
sorlid matter as will seltle in a pracliceble time and the
overflaw from thig settling operalion goes directly nla
public walers or Ralding ponds. Usually oo lirse breal-
meanl is invglved, Qocasicnally, a situation might exisl
in which the overflow water contawns more haawy
migtals; such as iren, nigkel, chigmigm, cadmiym, zing,
elc., than can be toleraled. In this case. lima may ba ap-
plied in the sedlling Basin 13 precipilale heavy meidals
which then bhecome a part of the sludge The currem
godl af the EPA |5 10 have all sewage ireatment plants
atfeve &l leasl a secpndany trealment level,

0w ln B G R oas

Secondary Irealmant slarts the sama as primary (raat-
rrant Bul has the additional step of the cverllow from
the primary sellling basin going to s1ill gnother basin
{or basinsh wherein bacieria can digesl ihe sofubke
organlc mattar in the prirmary Bazin averflow. Baclerial
digestion produces 8 secondary sludge which is com-
manly referred to a5 activalad =ludgae. Tha purpose ol
the digeshian is Ip remove solulgle grganic matter 5o
thal 1this will nol conswmea ogygan when il decays in tha
raceiving watars. This is known as lowering Bipchemical
oeygen demand {BODN. The shudge lormed mn (he sacon-
dary chiqestion chambers may not settie-aul oo well.
For this reason, a flocculaling agent, such as alum or
lerric chlgride is sometlimes addad in tha secondary
basim and pH adjustad wilh lime 1o prodoce the ap-

21
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cidents involving hime are causad By the hol lime slormy, tially dawnsiream fram the lime slurry holdding 1ank,
either i of coming Irom the lime slaker. [P the 5laking Anglher cause ol scaling in systems whene calcium
tamporatura 15 sufficiently hot, sevare 2kln burns can suliate {CaS0h] is an and produch of 1he reaclion is the
occur from the tamparalure — not 1he lime, and ade- tendancy of calclum sulfale to suparsaturals ils solu.
gquale precautions in this grea should always be taken. tlom. &5 thig supersaturation is relieved, savera acaling

may result. particutarly on the overflow of thickeners,
One remedial procedure is to add megnesium ig the
syslam in 1ha range ot from 2 1o 8% by weight of
calclum oxide (Cad). Magneslom may be sbilaingd in
the form of dolamitic lima or magnesiom solfalg.

4. The use of llexibla lings to prevant scale In lime slurry
transpon syatems merits gpecial attention, Especially
amaplh surlages, such as glass and plastig, have nol
bean praved successiul 1ar pravanling 1ha adharence ot
scala. Howowear, linas which can (lax, such as (hRla-
walied suspanded plasibc, rubber and flexlbla hoza, |6
general, are very successinl since |1 the lranspor lna
mgved ar ia mechanically defomed, acale cannot
adhare. Finaltly, in some situatisns whare none of the
farggoing pracaduras can Ba usad for scale prevention,
il 1= possible 10 kaap Ihe slurry transport lines opan by
“plgglng" or by rodtine flushing of tha lnas wilth an n-
hibited acid.

2.  Some quicklimes, when slaked with polable water or
plant water, yield glurries having viscosities which are
undesirable from a slurry handling peint of view. This
wiually acturs when Whe hydrala solids arg in excess gl
15% by wonghl. Viscosily can be maasurad by the
vIscomater. Howayer, a Common practice bo asoertain
relative wiscosities i3 1o maasure 1he rate ol Mlow of the
slurry fram a pipelte ar through g laboratary filter fun-
nel. Viscosily can be broken by tha addition ol
chiemecals 10 the quicklime belore slaking or inlo the
resulting lime sluery. Thara are orgamc chemicals which
break viscosity. Dne of 1he mara common matanals is
raw pulverized gypaum [(CaS0ee2H00, which |5 usually
added to the quicklime in the range of 0.5% 1o 1.0% by
weight of calciom gxide, Also, the ash pond water ol
pubdic wtililies is an excellenl viscosity bregker when
used for glaking, whether or nit the pond water is on
the alkaling or acid $ide. This use of ash pond waler
has provad very successful when lime Shurmes in the
range of 20 1o 25% hydrale sollds by waighl aro a-
quired for spray.dry scrubbars. [1is prudsand 1o wnder-
lake laboratary experiments when devetopglng a pro-
cedure to "break” the viacosity of 8 gleked lime slunny,

2 17
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Saclion B - LIME HANDLING

Pebble quicklime is usually shipped via rail v covered

hopper cars, of o0 pareumatically-unioaded ucks, Tha hdap-
pers may discharge into an gir-cgnveying system or be
unlnadad by screw conveycr and elevalor 1o tha slorana
tank, Since 5o many deliveries al pabble quicklime arg made
by trucks, a well-designed system lor handling truck
deliveries can ba dascnbed as follows:

1.

The quicklimeg ig in 3 s5ize range o from abowl 112 jn.
ches 10 dust. The standard fourInch wnloadwmg line
fram the Iruck 15 connectad to 1ha lime receiving line
wilh unlgading pressure in the range of gix 10 ten
pounds,

The transpart ling is nel horizontal Ralher, it is inclied
10 1he maxmuwm angle possible, wiih 1he [Ine to the 1ap
af the receiving tank being near verfical The line has no
sharp bends but. rather. makes curving sweeps as
racassary on about a 1our-faed radius. [This phservation
periging 1o the relatively limited air vwolume and
pressufa of preumalic ruck unloading). When (ha lime
it5 unlgaded nts & surge lank lar franspart g final
stgrage some distance away. horizonlal runs snvolving
the necessary larger air volumea and pressure are feasi-

[ 1]]:3

The lime storage bin has a 50° sloping bottom In-
cluding a “live bin'' al tha bollorm of the cone bo anspre
1hatl the lime dgoes nel hang vp in the tank and is easity
Ted trom the boltom. The storage tank alsc has a dusk
collectar at ihe top and a heavy, igose-lilling manhgle
cowver whigh can blgw cut iV 1he dust collector should
become plugged or the unloading syslem shauld other-
wise undergo excessive pressure [This blow out por
mus! be well anchored)

Fram this bin, the lime is discharged inte a sgrew cane
veyar whigh trangpors the lime to a smaller "day tank’”
which discharges. again, threugh a live b bollom 1o a
balt conveyar which dischargas the lime intg 1he lime
slaker.

The ime slaker 1 cllsal sulliciendly trom the day bin Lo
prevent any sleam gr moislore from the slaking opera.
lion 1o work backward mta the slorage tank or convey-
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ing mechanisms. Also. the slaker i3 operaled under
nagative prassura. The slakar, i1 nod a ball milk, rajests
1he core inlo 2 mechanmizm which enables the core 1D
be received in & suitable container for subsequent
disposal.

The lime slurry is discharged ram the slaker onto a
screall which removes tha remanning fina core o a siZo
sontiszlen wilh the end uzte ol 1he lime slurry. The lime
slurry is pumped 12 the lime slurry siorage tank, which
Is mainlalrod under mild aqitation 1o prevent the slurry
solids frgm gettling and compacling, Dilution water is
added in the slurry 1ank 10 prodoce & slurry of desirad
concantratian.

From the slurry tank, ite Slarry i3 pumpad By a pasitive
dizplacernenl purnp, which i£2 well-sealed ag that no in-
ward air leakage can oocour, At the end of 1he slorry |[Ino.
the slurry = fad 1o paint ol applicalion. At this point,
lhera is sulficiant agitatian, ar lurbylence, to disperae
the lime slurry quickly in the reaction syslem. The
slurry feed 1z controllaed by pH measuramenis sulfi-
ciandly dawnsirearm ram the sturry addilion point to
allaw the reaclion to be nearly completed at the painl
ol pH measurarment.

Finally. takeoff poinls along the ime slorry loop ara war-
fical 10 pravend solids buildup Behing the lakegl! valve
when il is Clpsed The valves are 3 flexible squeeze.
Iype' which ald In preventing lima sohds irom plogging
Iha valve iksall.

With relerence to salety and heallh factors, lime |s not
a hazardous matarial par sa. 1 is alkaling and can cause
skin irritalions on moist aread of the body. Indeed,
some individuals may be allarges b lirme, i which casa,
a physician snould be cansultad as 1o lype of clothing,
glc. for besl proteclion. Lime has no record as a
materlal which cauzas damage o the razpiralory
syslem. However, it can be dangeraurs to the eye and
ghould glways be washed therefrom promptly. Eve
washes should be accessible within a tew secands. |1
limeg, gither dry ar a5 3 glurry, conlacts tha eys, 1o ayo
should not be rubbed bacanse Mmingr amaants o grit in
the lirmae can scralsh Ihe aye. Il is common praclice 1o
rubr Ihe gyehall with petrolewm jelly or equivalent alter
the eve has first been thorcughly washad, Mosi ac-
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