
CHAPTER II
BACKGROUND AND LITERATURE REVIEW

2.1 Water contamination
2.1.1 Introduction
U sed  w ater n ever rea lly  g o es  aw ay. In fact, there n ever w ill be any m ore or 

any le s s  w ater on Earth than there is  right n ow , w h ich  m ean s that all o f  the 

w astew ater generated b y  our com m u n ities each  day from  h om es, farm s, b u sin esses, 

and factories even tu a lly  returns to the environm ent to b e  u sed  again. So, w h en  

w astew ater rece iv es  inadequate treatm ent, the overall quality  o f  the w o rld ’s w ater  

supply  suffers.

W astew ater has the potentia l to affect public health , the lo ca l econ om y, 

recreation, residential and b u sin ess d evelop m en t, u tility  b ills , taxes, and other aspects  

o f  everyd ay  life . It is  im portant to note its characteristics (that is , its com ponents, 

strength, v o lu m e, and flo w ) and h o w  certain characteristics can a ffect to  lives.

2.1.2 Hydrological cycle
W ater in  the b iosphere has three form s solid , liqu id , and vapor. From  Figure  

1, it can  b e  seen  h ow  the รนท cau ses w ater evaporation from  the surface w ater and 

cau ses évapotranspiration. T he vapor rises into the atm osphere, w h ile  som e is 

absorbed in so il b y  plants and then transferred into the atm osphere b y  the p rocess, 

w h ich  is  k n ow n  as transpiration. T he w ater vapor on the atm osphere con d en ses into 

tiny drop lets, w h ich  c lin g  to dust particles. T h ese droplets for c lo u d  and rem ain in  the
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atm osphere until th ey  turn into precipitation and fall into the earth surface as rain, 

sleet, sn ow , or hail. T he water, then, co llec ts  on  lands and run o f f  on  the surface flow s  

into rece iv in g  b o d ies  o f  water, (ocean , stream s, lak es, rivers, etc .). S om e infiltrates 

(seep s) in to the earth and jo in s  w ith  groundw ater and co lle c ts  in  porous rock storing  

and su p ply  w ater in  aquifers. S om e o f  the w ater is absorbed b y  plants and then  

transferred to the atm osphere again  (N P S , 20 0 5 ).

F igure 2.1 h yd ro log ic  c y c le  
A vailab le  from: N P S  (2 0 0 5 )

A s  w ater m o v es through the hyd ro log ic  cy c le , both natural p rocesses and the 

action s o f  hum ans affect its quality. There are several w a y s  for the substances to  

contam inate fresh water. For exam p le, w ater is contam inated  b y  ru n off from storm  

w ater or sn o w  m elt, b y  seep ag e through the so il and b y  atm ospheric transport during  

this cy c le . H um an activ ities are considered  a m ajor cau se o f  w ater contam ination, 

w h ich  is driven b y  the natural w ater cycle .
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2.1.3 Sources of Contaminant

Inorganic m inerals, m eta ls, and com pounds, such  as sod iu m , potassium , 

calc iu m , m agn esiu m , cadm ium , copper, lead, n ick el, and z in c  are com m on  in 

w astew ater from  both  residential and nonresidential sources. T h ey  can originate from  

a variety  o f  sou rces in  the com m u n ity  in clud in g  industrial and com m ercia l sources, 

storm water, and in flo w  and infiltration from  cracked p ip es and lea k y  m an h ole covers. 

M ost inorganic sub stan ces are re la tive ly  stable, and cannot b e  broken d ow n  easily  by  

organism s in  w astew ater.

Large am ounts o f  m an y inorganic substances can contam inate so il and water. 

S om e are to x ic  to an im als and hum ans and m ay  accum ulate in  the environm ent. For 

this reason , extra treatm ent steps are often  required to rem ov e inorganic m aterials 

from  industrial w astew ater sources. For exam p le, h ea v y  m eta ls, w h ich  are discharged  

w ith  m an y typ es o f  industrial w astew ater, are d ifficu lt to  rem o v e  b y  conventional 

treatm ent m ethods. A lth ough  acute p o iso n in gs from  h ea v y  m eta ls  in drinking water  

are rare, potentia l long-term  health  e ffec ts  from  in gestin g  sm all am ounts o f  som e  

inorganic substances ov er  an exten d ed  period o f  tim e are p ossib le .

2.2 Zinc
2.2.1 Introduction
Z inc is  a naturally occurring elem en t, w h ich  is  found in  the air, so il, and w ater  

and is  present in  all food s. In its pure elem ent (or m eta llic ) form , it is  a b lu ish -w h ite, 

sh in y  m etal. P ow d ered  zin c is  ex p lo s iv e  and m ay  burst into flam es i f  stored in damp  

p laces. M eta llic  z in c has m any industrial uses. A  com m on  u se  is  to coat iron or other 

m etals to p revent rust and corrosion. It is  also m ixed  w ith  other m etals to form alloys
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such  as brass and bronze. A  zin c and copper a llo y  is  used  to m ake p en n ies in the 

U n ited  States. M eta llic  z in c  is a lso  u sed  to m ake dry ce ll batteries.

Z inc can a lso  com b in e w ith  other e lem en ts, such  as ch lorine, ox yg en , and 

sulfur, to form  zin c com pounds. Z inc com p oun d s that m ay  b e  found at hazardous 

w aste  s ites  in clu d e z in c ch loride, z in c  o x id e , zinc su lfate, and zin c su lfide. M ost zinc  

ore are found naturally in  the environm ent is  in  the form  o f  z in c su lfid e. Z inc 

com p oun d s are w id e ly  used  in  industry. Z inc su lfid e and z in c  o x id e  are used  to m ake 

w h ite paints, ceram ics, and other product. Z inc o x id e  is  a lso  used  in producing  

rubber. Z in c  com p oun d s, such  as z in c  acetate, zinc ch loride, and zin c  su lfate, are used  

in preserving w o o d  and in  m anufacturing and d yein g  fabrics. Z inc ch loride is  a lso  the 

major ingredient in sm ok e from sm ok e bom bs. Z inc com p ou n d s are used  b y  the drug 

industry as ingredients in com m on  products, such  as vitam in  supplem ents, รนท b locks, 

diaper, rash o ilm en ts, deodorants, a th lete’s foot preparations, acne and p o ison  iv y  

preparations, and antidandruff sham poos (A T S D R , 20 03 ).

C onsum ption  patterns

Z in c-b ase  alloy: 38% ; galvanizing: 38% ; brass products: 15%; rolled  zinc: 

3%; zin c ox id e: 3%; other, 3% construction m aterials, 45% ; transportation, 25% ; 

M achinery: 10%; electrical: 10%; other: 10% (1 9 8 5 ) (S p eclab , 2 0 0 5 ).

2.2.2 Chemical and physical properties
Z inc u su ally  occurs in the + 2  ox id ation  state and form s co m p lex es  w ith  a 

num ber o f  an ion, am ino acids and organic acids. It m ay  precipitate as Z n(O H )2 , 

ZnCC>3 , Z nS , or Z n (C N )2 - Z inc is  one o f  the m ost m ob ile  h eav y  m etals in surface
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w aters and groundw ater b ecau se  it d isso lv es  w e ll at neutral and acid ic pH  values  

(Sparks, 1995).

Table 2.1 C h em ical and p h ysica l properties o f  z in c

Descriptions Values
A tom ic num ber 30

A tom ic m ass 6 5 .3 7  g .m ol '1

E lectron egativ ity  accord in g to P auling 1.6

D en sity 7.11 g .cm '3 at 2 0 ° c

M eltin g  point 4 2 0  ° c

B o ilin g  point 907  ° c

V anderw aals radius 0 .1 3 8  nm

Ionic radius 0 .0 7 4  nm  (+ 2 )

Isotopes 10

A t h igher pH va lu es, z in c  can form  carbonate and h yd roxid e co m p lex es  w hich  

are rarely d isso lved . Z inc read ily  precipitates under reducing con d ition s and in h igh ly  

polluted  sy stem s w h en  it is  present at very  high concentrations, and m ay  c o 

precipitate w ith  hydrous o x id es  o f  iron or m anganese (sm ith  et ah, 1995). Sorption to  

sed im ents or suspended  so lid s, includ ing hydrous iron and other o x id es , c lay  

m inerals, and organic matter, is  the prim ary fate o f  z in c in  aquatic environm ents. 

Sorption o f  z in c increase as pH  increases and sa lin ity  decreases.
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pH  u n it s

Figure 2 .2  H eav y  m etal so lu b ility
A vailab le  from: H offlan d  E nvironm ental Inc (2 0 0 6 )

2.2.3 Toxicology Information
2.2.3.1 Exposure Pathways

Z in c is  an essen tia l m ineral needed  b y  the b od y in  sm all am ounts. H um ans are 

exp o sed  to  z in c com p ou n d s in  food . The average d aily  z in c  intake through the diet 

ranges from  5.2  to  16.2 m illigram s (m illigram  =  0 .001  gram ). Z inc presents in  m ost 

drinking w ater. D rinking water or other b everages m ay contain  h igh  lev e ls  o f  z in c i f  

they are stored in  m etal containers or f lo w  through p ip es that h ave been  coated w ith  

zin c to resist rust. I f  a person takes m ore than the recom m en d ed  d aily  am ount o f  

supplem ents con ta in in g  z in c , he m ay h ave h igher lev e ls  o f  zin c exposure (A T S D R ,

20 0 3 ).

Z inc can enter the b ody through the d ig estiv e  tract i f  in gested  through food  or 

drink w ater con ta in in g  it. Z inc can also enter through the lu n gs i f  z in c dust or fum es
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from z in c-sm eltin g  or z in c-w eld in g  operations are inhaled  on  the job . T he am ount o f  

zin c that p a sses d irectly  through the skin  is  re la tive ly  sm all. T h e m ost lik e ly  route o f  

exp osure near an N P L  w aste  site  is  through drinking w ater con ta in in g  a h igh  am ount 

o f  z in c. Z inc is  stored throughout the body. Z inc increases in  the b lo od  and bones  

m ost rap idly after exposure. Z inc m ay  stay in  the b on e for m an y  days after exposure. 

N orm ally , z in c  lea v es  the b od y  in  urine and fece s  (A T S D R , 2003).

Jobs w h ere p eo p le  are exp osed  to z in c  in clud e z in c m in in g , sm elting, and 

w eld in g; the m anufacturing o f  brass, b ronze, or other z in c-con ta in in g  alloys; the 

m anufacturing o f  ga lvan ized  m etals; and the m anufacturing o f  m ach ine parts, rubber, 

paint, lin o leu m , o ilc lo th s, batteries, som e kinds o f  g lass and ceram ics, and dyes. 

P eop le  at construction  jo b s, au tom obile  m ech an ics, and painters are a lso  exp osed  to 

zinc (A T S D R , 2 0 03 ).

2.2.3.2 Health effects of zinc (Lenntech, 2005)
T aking too  m uch zin c into the b od y  through food , w ater, or dietary  

supplem ents can also  affect hum an health. T he le v e ls  o f  z in c  that produce adverse 

health e ffec ts  are th ose  m uch  h igher than the R ecom m en d ed  D a ily  A llow an ces  

(R D A s) for z in c o f  15 m g/d ay  for m en  and 12 m g/d ay  for w o m en . I f  large d oses o f  

zinc (1 0 -1 5  tim es h igher than the R D A ) are taken b y  m outh  ev en  for a short tim e, 

stom ach cram ps, nausea, and vo m itin g  m ay occur. In gestin g  h igh  le v e ls  o f  z in c for 

several m on th s m ay  cau se anem ia, dam age the pancreas, and decrease lev e ls  o f  high- 

d en sity  lipoprotein  (H D L ) ch olestero l. W e do not k n ow  i f  h igh  lev e ls  o f  zinc affect 

the ab ility  o f  p eo p le  to have bab ies or cau se birth d efects  in  hum ans.
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E ating food  con tain in g very  large am ounts o f  z in c (1 ,0 0 0  tim es h igher than  

the F D A ) for severa l m onths caused  m an y health effec ts  in  rats, m ice, and ferrets, 

in clud in g  anem ia and injury to the pancreas and k idney. Rats that ate very  large 

am ounts o f  z in c  b ecam e infertile. Rats that ate very  large am ounts o f  zinc after 

b ecom in g  pregnant had sm aller bab ies. P utting lo w  lev e ls  o f  certain z in c com pounds, 

such  as z in c  acetate and zin c ch loride, on  the skin  o f  rabbits, gu inea p ig s, and m ice  

caused  sk in  irritation. Skin  irritation from  exposure to  th ese  com p oun d s w ou ld  

probably occu r in  hum ans. H ow ever, the Departm ent o f  H ealth  and H um an Services  

(D H H S ) and the International A g en cy  for R esearch on  C ancer (IA R C ) h ave not 

c la ssified  z in c  for carcin ogenicity . B ased  on  in com plete in form ation  from  hum an and 

anim al stu d ies, the E PA  has determ ined that zinc is not c la ss ifia b le  as to its hum an  

carc in og en ic ity  (A T S D R , 2003).

C o n su m in g  too little z in c is at least as im portant a health problem  as 

con su m in g  too  m uch  zinc. W ithout enough zinc in  the d iet, p eop le  m ay experien ce a 

lo ss  o f  appetite, a decreased  sen se o f  taste and sm ell, d ecreased  im m une functions, 

s lo w  w ou n d  h ea lin g , and skin sores. T oo little z in c in the d iet m ay  also  cau se poorly  

d evelop ed  sex  organs and retarded grow th in yo u n g  m en. I f  a pregnant w om an  d oes  

not get en ou gh  z in c , the bab ies m ay  have grow th retardation (A T S D R , 2003).

Z in c can b e a danger to unborn and new born children. W hen exp ectin g  

m others h av e  absorbed large concentrations o f  z in c  the ch ildren m ay  b e exp osed  to it 

through the b lo od  or m ilk  o f  their m others.

P utting lo w  lev e ls  o f  certain z in c com p oun d s on  the skin  o f  rabbits, guinea  

p igs, and m ice  caused  skin  irritation. Skin irritation w ill probably occu r in  people. 

In the w ork p lace environm ent z in c con tag ion  can lead to a flu -lik e con d ition  know n
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as m etal fever. T h is con d ition  w ill pass after tw o days and is  cau sed  b y  over  

sen sitiv ity  to z in c  (L enntech , 20 0 5 ).

2.2.4 Regulations

T he E P A  recom m en d s that drinking w ater should  contain  n o  m ore than 5 

m illigram s per liter o f  w ater (5 m g/L ) b ecau se  o f  taste. T he E P A  requires that any 

release o f  1 ,0 0 0  p ounds (or in som e ca ses  5 ,0 0 0  pounds) b e reported to  the A gen cy .

T o protect w orkers, the O ccupational S afety  and H ealth  A dm inistration  

(O S H A ) has set an average lim it o f  1 m g/ra3 for zinc ch loride fum es and 5 m g/m 3 for 

zinc o x id e  (dusts and fum es) in w orkplace air during an 8-hour w orkday, 40-hour  

w o rk w eek  (A T S D R , 20 0 3 ).

2.2.5 Zinc-Environmental Aspects (Fate & Transport)
Z inc enters the air, water, and so il as a result o f  both natural p rocesses and 

hum an activ ities. M o st z in c enters the environm ent as the result o f  hum an activ ities, 

such as m in in g , the purify ing o f  z in c, lead, and cadm ium  ores, stee l production, coal 

burning, and burning o f  w astes. T h ese  re leases can increase z in c  lev e ls  in the 

atm osphere. W aste stream s from  zin c , other m etal m anufacturing, z in c  chem ical 

industries, d om estic  w astew ater, and ru n -o ff from  so il con ta in in g  z in c can discharge  

zinc into w aterw ays. T he lev el o f  z in c in so il increases m ain ly  from  the d isposa l o f  

zinc w aste  room  o f  m etal m anufacturing industries and coa l ash from  electric utilities. 

In air, z in c is  present m ostly  as fine dust particles. T h is dust even tu a lly  settles over  

land and w ater. R ain and sn ow  aid in rem ovin g  zinc from air. M ost o f  the zinc in 

b od ies o f  w ater, such  as lakes or rivers, settles on the bottom . H ow ever, a sm all
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am ount m a y  rem ain either d isso lv ed  in  w ater or as fine suspended  particles. The lev el 

o f  d isso lv ed  z in c  in  w ater m ay increase as the acid ity  o f  w ater in creases. S om e fish  

can accum ulate z in c in  their b od ies i f  th ey  liv e  in  w ater con ta in in g  z in c. W hen zinc  

enters the b o d ies  o f  these fish  it is  able to b io m agn ify  up the food  chain. M ost o f  the 

zin c in  so il is  bound  to the so il and d oes not d isso lv e  in water. H ow ever , depending  

on the characteristics o f  the so il, so m e z in c m ay reach groundw ater. C ontam ination o f  

groundw ater from  hazardous w a ste  sites has b een  noticed . Z inc m ay  be taken up b y  

anim als eatin g  so il or drinking w ater con ta in in g  zinc. I f  other an im als eat these  

anim als, th ey  w ill  a lso  accum ulate in  their b od ies (A T S D R , 2003).

Z inc is  not o n ly  a threat to anim als, but a lso  to plant sp ecies . P lants often have  

a z in c uptake that their system s cannot handle, due to the accum ulation  o f  zinc in 

soils.

O n zin c-rich  so ils  on ly  a lim ited  num ber o f  p lants h ave a ch an ce o f  survival. 

That is  w h y  there is  not m uch plant d iversity  near z in c-d isp osin g  factories. D u e to the 

effec ts  u p on  p lants z in c  is  a seriou s threat to the productions o f  farm lands. D esp ite  

this fact z in c-con ta in in g  m anures are still applied.

F in ally , z in c  can interrupt the activ ity  in so ils , as it n eg a tiv e ly  in flu en ces the 

activ ity  o f  m icrorganism s and earthw orm s. T he breakdow n o f  organic matter m ay  

ser io u sly  s lo w  d ow n  b ecau se  o f  this.

2.3 Treatments options
T reatm ent op tions for groundw ater and w astew ater from  Chapter 4 o f  the 

handbook: “ Stab ilization  T ech n o log ies for R C R A  C orrective A ctio n s” describes data 

co llec tio n  im plem entation , and tech n o lo g y  ind icate that the application  for
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groundw ater pum p-and-treat system  (U S E P A , 1991), a  general rev iew  o f  m ethods to 

treat m eta ls in  groundw ater, is  presented in  the R esou rce R eco v ery  Project 

T ech n o lo g y  C haracterization Interim  R eport (M S E ,1 9 9 3 ). S p ec ific  inform ation on  

precip itation  is  availab le in the report “P recipitation o f  M etals from  groundw ater” 

(N E E S A , 19 93 ). B iorem ed iation  tech n o lo g ies  are deta iled  in  B iorem ed iation  o f  

M etals (M attison , 1993). A  sum m ary o f  w ater treatm ent tech n o lo g ies  is  presented in 

T able 2 .2

2.4 Foundry sand
2.4.1 Introduction
W ithin  the d efin ition  o f  w aste  under the E nvironm ent P rotection  A ct (19 9 3 ), 

foundry sand is  d efin ed  as a “by-product from  castin g operations” . Foundry sand 

prim arily co n sists  o f  c lean , u n iform ly  sized , h igh-q u ality  s ilica  sand or lake sand that 

is  bonded  to form  m old s for ferrous and nonferrous m etal castin gs (U S E P A , 20 0 6 ). In 

foundries p rocess o f  producing castin g , m olten  m etal is  m etal poured into m olds. 

From  th ese  p ro cesses , (m etal m eltin g  and pouring, and m o ld in g ), sand castin g is 

generated. R esid u a ls  con sist o f  spent sand from  m old in g  and core-m ak ing , slag , and 

w a stes from  clea n in g  room s, dust co llectors or scrubbers. T he m ajor com p onen ts in 

foundry sand are 70-80%  quartz sand, 5-15%  bentonite c lay  as the binder, 2-5%  coal 

dust as a carb on aceou s m old  ingredient m ade o f  f in e ly  ground lo w -su lfu r  coa l that 

im p roves the castin g  fin ish , and up to 4%  m oisture. H ow ever , the characteristic o f  the  

residuals vary from  foundry to  foundry due to the type o f  m etal b e in g  poured, the 

type o f  ca stin g  p rocess, and the tech n o lo g y  em p loyed , particularly the type o f  furnace 

and the typ e o f  fin ish in g  p rocess (A F S , 1978).



Table 2 .2  Sum m ary o f  Treatm ent te c h n o lo g ie s  for m etal-bearing w astew ater stream s

Process Applicable Waste streams Stage of Development Performance Residuals Generated
C h em ical Treatm ent M ethods

P recip itation A q u eous stream s; restrictions W ell-d ev e lo p ed , reliab le H ea v y  m etals: Cd, Cu, Pb, H g, E ffluen t stream  w ill require

b ase  on  p h ysica l form , p rocess, su itab le for N i, A g , and Zn rem oved  to further p rocessin g  to rem ove

v isco s ity , and m etal so lu b ility autom atic control. 0 .01  to 0.5 mg/1. and d isp ose  o f  precipitated

so lid s.

C oah u lation / A q u eou s stream s; for ppb W ell d evelop ed  and N o t con sidered  a prim ary S lu d ge requires secon d ary

F loccu lation concentrations, tw o -sta g e read ily  availab le from treatm ent but can a ch iev e  lo w p rocessin g  and d isposa l.

p rocess required; not read ily com m ercia l vendors. residual lev e ls .

applied  to sm all, interm ittent

flow s.

R ed u ction Prim arily aqueous W ell d evelop ed . C hrom ium  rem oval to 0.01 E ffluen t stream  w ill require

chrom ebearing w astestream s, mg/1. S od iu m  borohydride further p rocessin g  to rem ove



Process Applicable Waste streams Stage of Development Performance Residuals Generated
a lth o u g h  s o d iu m  b o r o h y d r id e a b le  to  r e m o v e  C u , N i ,  P b , Z n , an d  d is p o s e  o f  r e d u c e d  m e ta l.

c a n  treat m o s t  m e ta ls . H g , A g , C d  in  th e  0 .0 1  to  1 .0 S o d iu m  b o r o h y d r id e

m g /1 ran g e . in tr o d u c e s  b o ro n  in to th e

e f f lu e n t  stream .

F lo a ta t io n A q u e o u s  s tr e a m s c o n ta in in g N o t  fu l ly  d e v e lo p e d  for

100  m g /1 o r  le s s  o f  m e ta ls . m e ta ls  r e m o v a l;  p r im a r ily H e a v y  m e ta ls  P b , C u , Z n , C r3+ R e q u ir e s  p o sttrea tm en t o f

R e s tr ic t io n s  b a se d  o n  p h y s ic a l at p ilo t  p la n t s ta g e  o f r e m o v e d  to  0 .0 3  to  0 .4  m g/1 m e ta ls - la d e n  fo a m .

fo rm , o i l  an d  g r e a s e  c o n te n t. d e v e lo p m e n t.

B io lo g ic a l  T rea tm en t M e th o d s

W e tla n d s C o n str u c te d  w e t la n d s  r e m o v e P ilo t  s c a le M a y  b e  u se d  a s  f in a l trea tm e n t M e ta ls  rem a in  im m o b iliz e d in

T rea tm en t m e ta ls  b y  p a r t it io n in g  or for  lo w  c o n c e n tr a t io n s  o f w e tla n d .

£>
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B io r e d u c tio n

p r e c ip ita t io n .

B io r e d u c tio n B e n c h  s c a le

h e a v y  m e ta ls  (1 0  m g /1 o r  le s s ) .  

T e s te d  for  c o n v e r s io n  o f  

m e r c u r y  sa lts  to  m e ta l and  

C r(V I) r e d u c tio n .

R e d u c e d  m e ta l req u ires  p o s t  

trea tm en t fo r  r e c o v e r y  or  

im m o b iliz a t io n .

T h erm a l T rea tm en t M e th o d s

E v a p o ra tio n A q u e o u s  w a s te s  w ith  lo w  

n o n v o la t i le  m e ta ls  c o n te n t, or  

w a s te s  w ith  h ig h ly  v o la t i le  

m e ta ls  c o n te n t.

W e ll  d e v e lo p e d  an d  w id e ly  

a v a ila b le .

C a n  a f fe c t  h ig h - le v e l  r e c o v e r y  

o f  v o la t i le  m e ta ls  or  

s ig n if ic a n t  v o lu m e  r e d u c tio n  

o f  a q u e o u s  w a s te s .

B r in e .

C r y s ta lliz a t io n P r im a r ily  u s e d  for  w a s te s  from  

e le c tr o p la t in g  an d  p ic k lin g  that 

c o n ta in s  h ig h  le v e ls  o f  a c id s ,

W e ll  d e v e lo p e d . O fte n  

u s e d  in  c o n ju n c t io n  w ith  

e v a p o r a tio n .

C an  a f fe c t  h ig h - le v e l  r e c o v e r y . S lu d g e s .
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w a ter , or  lo w -m o le c u la r -  

w e ig h t  o r g a n ic s .

P h y s ic a l T rea tm en t T e c h n o lo g ie s

M e m b r a n e A q u e o u s  w a s te  s tr e a m s D e m o n str a te d  t e c h n o lo g y G reater  th an  99 %  r e m o v a l i f C o n cen tra ted  b r in e req u ires

S ep a r a tio n c o n ta in in g  10  to  2 0 %  m e ta ls fo r  m a n y  p r o c e s s  s tr e a m s p r o p e r ly  u sed . trea tm en t or d isp o sa l.

d e p e n d in g  o n  th e  t e c h n o lo g y an d  w a s te  stre a m s.

u se d .

L iq u id -L iq u id A q u e o u s , s lu d g e , an d  s o l id L im ite d  u s e  in  h a z a r d o u s C a p a b le  o f  y ie ld in g  a  s o lu t io n R a ffm a te d  an d  reg e n era n t

E x tr a c tio n w a s te s . w a s te  f ie ld  b u t w id e sp r e a d that is  2 0  to  3 0  t im e s  m o r e stream  m a y req u ire

in  m in in g  and  s m e lt in g c o n c e n tr a te d  th an  fe e d . p o sttrea tm en t to r e m o v e

in d u str ie s . re s id u a l ex tractan t an d  m e ta l.
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C a rb on

A d so r p t io n

Io n  E x c h a n g e

A q u io u s  w a s te s tr e a m s  

c o n ta in in g  m e ta l io n s  at lo w  

p H . E f fe c t iv e  in  trea tin g  

c h e la te d  m e ta ls  a s  w e l l  as  

m eta l c a t io n s .

E f fe c t iv e  fo r  trea tin g  d ilu te  

a q u e o u s  w a s te s tr e a m s  as an  

e n d -o f-p ip e  o r  p o l is h in g  

treatm ent.

Stage of Development
L a r g e ly  e x p e r im e n ta l w ith  

s o m e  f ie ld  a p p lic a t io n s  for  

trea tin g  h e x a v a le n t

c h r o m iu m  an d  m e rcu ry -  

c o n ta in in g  w a s te s tr e a m s .

U s e d  in  m e ta l f in is h in g  

an d  e le c tr o p la t in g

in d u str ie s  fo r  r e c y c lin g  

r in se  s o lu t io n s  and  

c o n c e n tr a t in g  w a s te  m e ta l  

s o lu t io n s  fo r  e f f ic ie n t

U s e d  as a  p r im a ry  trea tm e n t  

fo r  r e m o v a l o f  h e x a v a le n t  

c h r o m iu m . W ith  a  C r6+ 

in f lu e n t  c o n c e n tr a t io n  o f  6 

p p m , e f f lu e n t  c o n c e n tr a t io n  o f  

C r6+ r e m a in e d  b e lo w  0 .0 5  

p p m .

P e r fo r m a n c e  in f lu e n c e d  b y  

n atu re o f  fu n c t io n a l g ro u p , 

io n s  a v a ila b le  fo r  e x c h a n g e ,  

an d  s o lu t io n  p H .

S p e n t ca rb o n  req u ires  d isp o sa l  

or  rea c tiv a tio n .

R e g e n e r a t io n  s o lu t io n  req u ires  

trea tm en t or  d isp o sa l.

cp
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S o r p tio n  o n

In a c tiv e

B io m a s s

S im ila r  to  io n  e x c h a n g e .  

A q u e o u s  stream ; h ig h

trea tm en t.

S e v e r a l p ro d u cts  

c o m m e r c ia l ly  a v a ila b le .

S im ila r  to  io n  e x c h a n g e  b ut  

m o r e  e f f ic ie n t  at lo w  

c o n ta m in a n t  c o n c e n tr a t io n s .

R e g e n e r a t io n  so lu t io n  

G e n e r a lly  th e  m e ta l is

E le c tr o ly t ic c o n c e n tr a t io n s  (g rea ter  than W e ll  d e v e lo p e d  and P e r fo r m a n c e  v a r ie s  g r e a tly r e c o v e r e d  in  a u sa b le  fo rm  an d

T rea tm en t 1 ,000  p p m ) are m o s t  

e f f ic ie n t ly  r e m o v e d .

r e a d ily  a v a ila b le  fro m  

c o m m e r c ia l v e n d o r s .

d e p e n d in g  o n  th e  a p p lic a t io n  

an d  th e  p a r ticu la r  e le c tr o ly t ic  

u n it u se d ; s o m e  u n its  m a y  

r e m o v e  o v e r  9 0 %  o f  m e ta ls  

su c h  as C u , P b , Z n , Z u , A g ,  

an d  C d.

n o  res id u a l s o l id s  are  

g en era ted .
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2.4.2 Binder in foundry sand
C la y -b o n d e d  sa n d s  h a v e  p r o v id e d  th e  p r in c ip a l m e d iu m  fro m  w h ic h  m o ld s  for  

c a s t in g s  h a v e  b e e n  p r o d u c e d  fo r  c en tu r ie s . In  e s s e n c e  th e  m o ld  m a ter ia l c o n s is t s  o f  

san d , u s u a lly  s i l ic a  in  a quartz form , c la y  and w a ter . T h e  w a te r  d e v e lo p s  th e  b o n d in g  

ch a ra c te r is tic s  o f  th e  c la y , w h ic h  b in d s  th e  san d  gra in s to g e th e r . U n d e r  th e  a p p lic a tio n  

o f  p r e ssu r e  th e  m o ld  m a ter ia l c a n  b e  c o m p a c te d  arou n d  a p a ttern  to  p r o d u c e  a m o ld  

h a v in g  s u f f ic ie n t  r ig id ity  to  e n a b le  m e ta l to  b e  p o u red  in to  it to  p r o d u c e  a c a stin g . 

W h en  th e  m o ld  i s  u se d  in  its  m o is t  c o n d it io n  it is  referred  to  as g r e e n  an d  th e  m e th o d  

o f  p r o d u c in g  th e  m o ld s  as th e  g ree n  san d  m o ld in g  p r o c e s s . I f  th e  m o ld  is  d ried  at a 

tem p era tu re  ju s t  a b o v e  1 0 0 ° c  (2 1 2 ° F ) , th e  m a jo r ity  o f  th e  free  m o is tu r e  w i l l  b e  

r e m o v e d . T h is  i s  th e  p r in c ip a l o f  th e  d ry  san d  m o ld in g  p r o c e s s . R e m o v a l o f  th e  free  

m o istu r e  is  a c c o m p a n ie d  b y  a s ig n if ic a n t  in c r e a se  in  th e  s tren g th  and r ig id ity  o f  th e  

m o ld . T h is  e n a b le s  th e  m o ld  to  w ith s ta n d  m u c h  greater  p r e ssu r e s  and  s o , tra d itio n a lly , 

th e  d ry  san d  p r o c e s s  h a s  b e e n  u se d  in  th e  m a n u fa ctu re  o f  la rg e , h e a v y  c a s t in g s . (C a st  

M eta l F e d e r a t io n , 2 0 0 5 )

Clay-bonded sand
T h e  p r in c ip a l a d d itio n  to  th e  sa n d  is  c la y , w h ic h , in  th e  p r e se n c e  o f  w a ter , 

p r o v id e s  th e  b o n d  n e c e s s a r y  to  d e v e lo p  m o ld  stren g th . In  a d d it io n  to  w a te r  and  c la y ,  

th e  m o ld in g  sa n d  m a y  c o n ta in  o rg a n ic  m a ter ia ls  to  im p r o v e  m o ld in g  ch a ra c ter is tic s  

and m o ld  p r o p e r tie s  (C a s t  m e ta l fed era tio n , 2 0 0 5 ) .  L o w  c o s t  and  a v a ila b le  sorb en t  

“c la y ”  h a s  a d so r p tio n  c a p a b ilit ie s  for  a v a r ie ty  o f  m e ta ls . D u e  to  th e  s iz e  o f  th e  c la y ’s  

p a rtic le , w h ic h  is  sm a lle r  than 0 .0 0 2  m m , it is  c la s s if ie d  a s  c la y  an d  h a s  a  v e r y  large  

s p e c if ic  su r fa c e  area , g iv in g  it a tre m e n d o u s  c a p a c ity  to  ab sorb  w a te r  and o th er  

su b sta n c e s . T h e  la rg e  a d so r p tiv e  su r fa c e s  r e su lts  in  th e  c la y  p a r t ic le s  to  c o h e r e n c e
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to g e th e r  in  a  hard  m a s s  a fter  d ry in g . W h e n  w e t , c la y  is  s t ic k y  an d  c a n  b e  e a s i ly  

m o ld e d .

A c c o r d in g  to  th e ir  stru ctu re and  c o m p o s it io n , c la y s  h a v e  b e e n  d iv id e d  in to  a  

n u m b er  o f  g ro u p s. T h ere  are fo u r  g en e r a l ty p e s  o f  c la y  u s e d  as b o n d e r  in  sy n th e tic  

sa n d s (A F S , 1 9 7 8 ).

1. F ir e c la y s , w h ic h  is  c o m p o s e d  e s s e n t ia l ly  o f  th e  m in e r a l k a o lin ite  (A I2O 3, 

2 S i 0 2.2 H 20 ) .

2 . B e n to n ite , is  a p la s t ic  c la y  d er iv e d  u s u a lly  b y  th e  d e c o m p o s it io n  o f  v o lc a n ic  

a sh  and  c o n s is t in g  c h ie f ly  o f  th e  m in e r a l m o n tm o r illo n ite . T h e  c o lo r  o f  b e n to n ite  

c la y s  v a r ie s  fro m  w h ite  to  lig h t  g ree n  o r  lig h t  b lu e . W h e n  a d r ied  b e n to n ite  is  

im m e r se d  in  w a ter , th e  fo rm er  in c r e a se s  it s  v o lu m e  or s w e l ls  m o r e  th an  a n y  o th er  

d ried  c la y . W h e n  m o is t  b e n to n ite s  are d r ied , th e y  sh rin k . W h e n  p r o p e r ly  c o n d it io n e d , 

c la y s  are u se d  in  th e  c o n s tr u c tio n  o f  d a m s , r e se r v o ir s , p o n d s , o r  la g o o n s  for  

p r e v e n tin g  th e  s e e p a g e  o f  w a te r  th ro u gh  th e m . T h e  s w e l l in g  p ro p erty  o f  th e  c la y s  is  

u tiliz e d  h e r e  to  a d v a n ta g e  to  s e a l o f f  th e  v o id s , th u s  r e d u c in g  s e e p a g e  f lo w  b y  

d e c r e a se d  p e r m e a b ility .

3 . F u lle r ’s earth  is  c la y  u se d  p r im a r ily  b e c a u s e  o f  its  b le a c h in g  q u a lit ie s  

c lo s e ly  r e la ted  to  b e n to n ite ;  it is  u se d  b y  s o m e  as b o n d  c la y .

4 . Io l ite  is  a c la y  m in era l fo u n d  in  m a n y  ty p e s  o f  c la y . H o w e v e r , i l l i t e  is  

d e c o m p o s it io n  p rod u ct o f  m ica .

C la y ’s  a d so rp tio n  c a p a b ilit ie s  re su lt  fro m  a  n e t  n e g a t iv e  c h a r g e  o n  th e  f in e -  

g ra in  s i l ic a te  m in e r a ls ’ stru ctu re. T h e  a d so rp tio n  o f  p o s it iv e ly  ch a r g e d  s p e c ie s  can  

n e u tr a liz e d  th is  n e g a t iv e  c h a rg e  b y  g iv in g  c la y  th e  a b ility  to  attract and  h o ld  c a t io n s  

su ch  as h e a v y  m e ta ls .

ห ร ส }|ตกลาร ส ำน ัก งาน ว ิท ย ุ1'ณ ์พยากร 
จ ุฬ าล งก รณ ์ม ห าว ิท ย ุ1สั0
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2.4.3 Organic in foundry sand
In  th e  iro n  fo u n d ry , th ere  is  n o t  o n ly  c la y -b o n d e d  san d  b u t a lso  o n e  or  m o re  o f  

a w id e  ra n g e  o f  o r g a n ic  m a te r ia ls , ad d ed  to  m a k e  m o ld s . T h e  m a in  p u r p o se s  o f  

a d d it io n s  are a s  f o l lo w s  (A F S , 1 9 7 8 ):

1. T o  im p r o v e  th e  su r fa c e  f in ish

2 . T o  p r e v e n t sc a b b in g

3 . T o  in f lu e n c e  th e  b o n d in g  p ro p er tie s  o f  th e  c la y

T h e  m ater ia l that is  w id e ly  u se d  to  im p r o v e  th e  su r fa c e  f in ish  an d  p rev en t  

s c a b b in g  is  c o a l  d u st. T h e  im p r o v e m e n t o f  th e  c a s t in g ’s su r fa c e  f in ish  o c c u r s  w h e n  

c o a l d u st is  p o u red  in to  and u n d ried  m o ld  c o n ta in in g  o n ly  san d  an d  c la y , it fou n d  that 

in  cer ta in  a rea s, a la y e r  o f  san d  is  f ir m ly  f ix e d  to  th e  c a s t in g  w h ic h  ca n n o t b e  

r e m o v e d  b y  v ig o r o u s  b r u sh in g  w ith  a w ir e  b ru sh . T h e  san d  is  c e m e n te d  o n to  c a s t in g  

b y  a th in  la y e r  c o n s is t in g  o f  s i l ic a te s , iron  and a lu m in u m .

D u r in g  th e  c a s t in g  p r o c e s s , th e  g a s  p resen t in  th e  p o r e s  o f  th e  m o ld  is  a 

m ix tu re  o f  a ir and  stream  w h ic h  rea c ts  w ith  iro n  at h ig h  tem p era tu res  a fte r  th e  m o lte n  

is  p o u r e d  in to  an u n d r ied  m o ld  w h ic h  c o n ta in s  san d  an d  m o is t  c la y  o n ly . T h e  iron  

o x id e  is  fo r m e d  as th e  p ro d u cts  o f  th e  r ea c tio n  o c c u r  w h e n  th e  iron  is  liq u id  and  

c o n ta in s  2 %  o f  s i l ic o n  and 3 %  o f  carb o n  is  u n certa in  at th e  c o n d it io n  o f  th e  

tem p era tu re  n ear  th e  m e lt in g  p o in t  o f  th e  m e ta l. T h e  o x id e , w h ic h  is  c h e m ic a lly  

a c t iv e , rea c ts  e a s i ly  w ith  c la y  an d  san d  to  form  m ix  s il ic a te s . A fte r  th e  c a s t in g  c o o ls ,  

th e se  s i l ic a te s  f in a lly  s o l id ify , b in d in g  th e  san d  gra in s to  th e  c a s t in g .

A d d in g  c o a l d u st in  th e  san d  s tr o n g ly  r e d u c e s  th e  d e c o m p o s it io n  p ro d u cts  that 

f ill th e  m o ld  c a v ity  and  th e  fo rm a tio n  o f  iron  o x id e  is  su p p r e sse d  c o m p le te ly . T h e  

r e a so n s  a d d in g  c o a l d u st to  r e d u c e  th e  in c id e n c e  o f  s c a b b in g  h a v e  p u t forw ard ; th e
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m a in  e f f e c t  is  th at it  in c r e a se s  h o t  p la s t ic ity . T h e  c o a l  d u st u se d  c o n ta in s  s o m e  3 0 %  

o f  v o la t i le  m a tter  an d  m o s t  c o a ls  o f  th is  ty p e  p a r t ia lly  m e lt  at a  tem p era tu re  o f  4 5 0  

d e g r e e  C e ls iu s ,  p r o d u c in g  a v is c o u s  liq u id  w h ic h  p e r s is ts  o v e r  th e  ra n g e  o f  

tem p era tu re  in  w h ic h  s i l ic a  e x p a n d s  m o s t  rap id ly .

H o w e v e r , fo u n d r y  c o r e s  an d  m o ld s  are su b je c te d  to  in te n se  h ea t fro m  th e  

m o lte n  m e ta l. T h e  tem p era tu re  o f  th e  m o ld -m e ta l in te r fa c e  a p p r o a c h e s  1 0 0 0  d e g r e e  

C e ls iu s . A s  a re su lt , a ll o r g a n ic  m a ter ia ls  u n d e r g o  th erm a l d e g r a d a tio n  and o x id a t io n .  

T h e  n atu re  an d  d istr ib u tio n  o f  c o m b u s t io n  an d  d eg ra d a tio n  p r o d u c ts  are c o m p le x  and  

n o t e n t ir e ly  p red ic ta b le . B e c a u s e  o f  th e  h ig h  tem p era tu re  in v o lv e d , a ll resid u a l 

o r g a n ic  c o m p o u n d s  are fo u n d  in  sp en t fo u n d ry  san d  in  v e r y  sm a ll q u a n titie s . 

T h e r e fo r e , d e s p ite  th e  freq u en t u s e  o f  o r ig in a lly  t o x ic ,  irritant, and  h a za rd o u s org a n ic  

c h e m ic a ls  in  m o ld s  or  c o r e s , sp e n t san d  a fter  c a s t in g  d o e s  n o t  c o n ta in  o r g a n ic  m atter  

at h a za r d o u s  le v e ls .

T h e  b e n e f ic ia l  r e u se s  o f  sp en t fo u n d r y  sa n d  are e c o n o m ic a l ly  fa v o ra b le , 

e n v ir o n m e n ta lly  b e n ig n  an d  te c h n ic a lly  e q u iv a le n t  to  th e  m a ter ia l it  i s  b e in g  rep la ced  

in  th e  a p p lic a tio n .

2.4.4 Beneficial Reuse of Spent Foundry Sand
T h e  iro n  an d  s te e l in d u str ie s  a c c o u n t for  a p p r o x im a te ly  9 5  p e r c e n t o f  th e  

fo u n d ry  sa n d  b e in g  u se d  fo r  c a s t in g s . A p p r o x im a te ly  8 0  p e r c e n t o f  th e  san d  and  d u st  

g e n e r a te d  e a c h  y e a r  b y  บ .ร .  fo u n d r ie s  is  p la c e d  in  la n d f il ls . T h e  E P A  e s t im a te s  that 

th e  fo u n d r y  in d u str y  h a s  th e  p o te n tia l to  r e u se  or r e c y c le  6  to  10  m il l io n  to n s  o f  n o n -  

h a za rd o u s sp e n t fo u n d r y  san d  e a c h  year . A c c o r d in g  to  F IR S T , a  fo u n d r y  r e c y c lin g
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n o n p r o fit  o r g a n iz a tio n , th e  fo u n d r y  in d u stry  c o u ld  s a v e  $ 1 0 0  to  $ 2 5 0  m il l io n  in  

d isp o sa l c o s t s  b y  f in d in g  r e c y c lin g  o u tle ts  for  th is  m a ter ia l.

M a n y  s ta te s  h a v e  d e v e lo p e d  b e n e f ic ia l r e u se  p ro g ra m s an d  r e g u la tio n s  that 

a llo w  sp e n t fo u n d r y  san d  to  b e  p u t to  p r o d u c tiv e  u se . T h e  b e n e f ic ia l  r e u se  o f  fou n d ry  

san d  is  in c r e a s in g  in  a  n u m b er  o f  areas, in c lu d in g  th e  tra n sp o rta tio n , co n str u c tio n , and  

e n v ir o n m e n ta l se c to r s . T h e s e  in d u str ie s  ca n  u s e  la rg e  q u a n titie s  o f  fo u n d r y  san d  as  

earth f i l l s ,  h y d r a u lic  c o n tr o l b arriers, and  p a v e m e n t  s y s te m  a g g r e g a te s . L a rge  

fo u n d r ie s  are ty p ic a lly  th e  o n ly  g en era to rs  c a p a b le  o f  p r o d u c in g  th e  a m o u n t o f  

fo u n d ry  san d  n e c e s s a r y  for  th e se  a p p lic a tio n s . F o u n d ry  san d  fr o m  sm a lle r  gen era tors  

can  b e  u se d  in  o th er  a p p lic a t io n s , su ch  as th e  p r o d u c tio n  o f  b r ic k s , b lo c k s , P ortland  

c e m e n t, a g r icu ltu ra l s o i l  a m e n d m e n ts , an d  o th er  in n o v a t iv e  p r o d u c ts  u su a lly  re la ted  

to  lo c a l m a rk ets . ( บ ร E P A , 2 0 0 6 )

2.5 Treatablility testing
2.5.1 Introduction(Gavaskar et al., 1998)

T h e m a in  p u r p o se s  o f  trea ta b lity  te s t in g  is

1. T o  e s t im a te  th e  h a lf - l i f e  o f  th e  d eg ra d a tio n  r e a c tio n  an d  d e te r m in e d  th e f lo w  

th ro u g h  th e  th ic k n e ss  o f  th e  r e a c tiv e  c e ll .

2 . T o  e v a lu a te  th e  lo n g e v i ty  o f  th e  w a ll .

T r e a ta b ility  te s t  c a n  b e  c o n d u c te d  in  a  b a tch  o r  c o lu m n  (c o n tin u o u s)  m o d e .  

B a tc h  te s t  are a c c e p ta b le  as an  u se fu l in it ia l s c r e e n in g  to o l fo r  e v a lu a t in g  d ifferen t  

m e d ia  o r  for  a s s e s s in g  th e  d e g r a d a b ility  o f  th e  co n ta m in a n ts .
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A n o th e r  r e a so n  w h y , c o lu m n  te s ts  are fa v o r e d  b y  re se a r c h e r s  are a s  fo l lo w s

rea so n s:

1. D e s ig n  p a ra m eters  are d e te r m in e d  u n d er  d y n a m ic  f lo w  c o n d it io n s . A s  

c o n c e n tr a t io n s  o f  co n ta m in a n ts  an d  in o r g a n ic  c h a n g e  w ith  th e  d ista n ce  

tr a v e le d  th ro u g h  th e  r e a c tiv e  c e l l ,  th e y  c a n  b e  m e a su r e d  b y  in s ta ll in g  a 

n u m b er  o f  in te r m e d ia te  sa m p lin g  p o r ts  a lo n g  th e  h a l f - l iv e s  m e a su r e d  th rou gh  

b a tc h  te sts .

2 . N o n lin e a r  so r p tio n  to  n o n -r e a c t iv e  so rp tio n  s ite s  i s  b e tter  s im u la te d  in  

c o lu m n s .

3 . R e a c t io n  p r o d u c ts  m a y  a c c u m u la te  in  th e  b a tc h  rea c to r , w h e r e a s  th e y  m a y  b e  

w a s h e d  a w a y  in  c o lu m n s .

V a r io u s  ty p e s  o f  w a te r  m a y  b e  u se d  to  run trea ta b ility  te sts:

1. D e io n iz e d  w a te r  sp ik e d  w ith  th e  ta rg eted  c o n ta m in a n t(s ) .

2 . C o n ta m in a te d  w a ste w a te r  fro m  th e  s ite .

2.5.2 Batch Testing
B a tc h  e x p e r im e n ts  g e n e r a lly  are c o n d u c te d  b y  p la c in g  th e  m e d ia  and  

c o n ta m in a n t-sp ik e d  w a te r  in  c o n ic a l tu b es  (P P  w ith  ca p ). T h e s e  k in d s  o f  te sts  are  

u se fu l s c r e e n in g  t o o ls  b e c a u s e  th e y  can  b e  run q u ic k ly  and  in e x p e n s iv e ly . H o w e v e r ,  

care sh o u ld  b e  ta k en  in  e x tr a p o la tin g  th e  resu lts  to  d y n a m ic  f lo w  c o n d it io n s . T h e  

r e su lts  fro m  b a tc h  e x p e r im e n t  are c o n s id e r e d  w h e n  c h o o s in g  th e  su ita b le  m e d iu m  for  

c o n t in u in g  th e  c o lu m n  ex p er im en t.
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2.5.3 Column Testing
2 .5 .3 .1 Column experiment (G a v a sk a r  e t a l ., 1 9 9 8 ; R ensselaer  

P olytech n ic  Institute (RPI), 1996)

T h e  m a in  o b je c t iv e  o f  a  c o lu m n  te st is  to  e s t im a te  th e  e f f ic ie n c y  and  r ea c tio n  

t im e  o f  th e  m e d iu m , w h ic h  is  th en  u se d  to  d e s ig n  an  ap p ro p ria te  f lo w  th rou gh  

th ic k n e ss  fo r  th e  r e a c t iv e  c e ll .

T h e  n e c e s s a r y  c o lu m n  r e s id e n c e  t im e , v o lu m e  o f  w a s te w a te r  treated  b e fo r e  

b reak th ro u gh  o c c u r s  an d  th e  sh a p e  o f  th e  c o lu m n  e x h a u st io n  c u r v e  are an im p ortan t 

v a lu e  for  th e  c o lu m n  d e s ig n .

L a b o ra to ry  te s t in g  to  e s ta b lish  th e  b reak th ro u gh  c u rv e  i s  c o n d u c t  for c o lu m n  

a d so rp tio n  d e s ig n . A t  t im e d  in te r v a ls , th e  e f f lu e n t  fro m  a c o lu m n  is  sa m p le d . T im e  

zero  is  w h e n  th e  s o lu t io n  is  a p p lied  to  th e  c o lu m n .

A t th e  b e g in n in g  o f  th e  ex p e r im e n t, th e  a d so rb en t ( in  th is  s tu d y  it is  fo u n d ry  

san d ) is  fresh  w ith  a ll its  a d so rp tio n  s ite s . E s s e n t ia l ly  n o n e  o f  th e  m ater ia l to  b e  

r e m o v e d  e s c a p e s  fr o m  th e  c o lu m n . A s  t im e  p a s s e s , s o m e  o f  th e  a d so rp tio n  s ite s  are 

u se d  u p , and  th e  c o n c e n tr a t io n  in  th e  e ff lu e n t  r ise s .

F rom  th e  r e su lt , th e  sh a p e  o f  th e  graph  m a y  v a r y  c o n s id e r a b ly  for  d ifferen t  

s itu a tio n s . U s u a l ly  th ere  is  a  lo n g  t im e  b e fo r e  th e  e f f lu e n t  c o n c e n tr a t io n  r is e s  sh arp ly  

and th en  le v e ls  o f f .  I f  a ll th e  s ite s  w e r e  o c c u p ie d , th e  in le t  c o n c e n tr a tio n  and  the  

o u tle t  c o n c e n tr a t io n s  are e x p e c te d  to  b e c o m e  th e  sa m e .
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E x h a u stio n

F ig u re  2 .3  B r e a k th ro u g h  cu rv e

T h e  o r a n g e  l in e s  in d ic a te  th e  b rea k th ro u g h  c o n c e n tr a t io n  and  e x h a u st io n  

c o n c e n tr a t io n . T h e  b reak th ro u gh  c o n c e n tr a tio n  is  d e te r m in e d  b y  th e  p r o c e ss  

s p e c if ic a t io n s . T h is  is  th e  a l lo w a b le  co n c e n tr a tio n . I f  a p o llu ta n t  is  b e in g  r e m o v e d ,  

th e  b rea k th ro u g h  c o n c e n tr a tio n  m ig h t  b e  th e  g o v e r n m e n t r e g u la t io n  fo r  w a ste w a te r  

d isc h a r g e a b le . (T h e  c o n c e n tr a tio n  o f  th e  co n ta m in a n t in  th e  w a s te w a te r  sh o u ld  m e e t  

th e  stan d ard  b e fo r e  b e in g  r e le a se d .)  F or  a  c o m m e r c ia l p ro d u ct w h e r e  th e  c o lu m n  is  

r e m o v in g  c o lo r , th e  b reak th ro u gh  c o n c e n tr a tio n  i s  d e te r m in e d  b y  y o u r  sp e c if ic a t io n  

fo r  p ro d u ct q u a lity . T h e  p o in t  i s  that th e  b reak th ro u gh  c o n c e n tr a t io n  is  n o t so m e  

fu n d a m en ta l n u m b er  b u t d e p e n d s  o n  th e  o p era to r ’s  d e c is io n .

T h e  e x h a u st io n  c o n c e n tr a tio n  a lso  d e p e n d s  o n  p r o c e s s  c o n s id e r a tio n s . I f  th ere  

are n o t e n o u g h  w o r k e r s  o n  th e n ig h t  sh if t , th e  c o lu m n  m a y  h a v e  to  b e  r e m o v e d  in  

t im e  fo r  r e g e n e r a tio n  b y  th e  d a y  sh if t  s o  that it ca n  b e  rea d y  in  t im e  fo r  th e  n e x t  d ay  

fo r  u se  a s  a tra il c o lu m n . N o te  that th e  c o lu m n  c o u ld  s ti ll ad so rb  m o re  m ateria l.

H o w e v e r , th e  op era to r  w i l l  g e t l it t le  b e n e f it  b y  ru n n in g  fo r  a lo n g e r  t im e  d u e  to  th e
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c o s t  o f  la b o r , e le c tr ic ity , p la n t, e tc . W h en  th e  b e n e f it s  are n o t  w o r th  th e  c o s t s , th e  

c o lu m n  is  c o n s id e r e d  e x h a u ste d .

A  p ra c tic a l w a y  to  d e s ig n  an a d so rp tio n  c o lu m n  is  to  ex p e r im e n t w ith  a 

la b ora tory  c o lu m n . T h e  le n g th  o f  a fu ll s iz e  c o lu m n  and  o f  su ff ic ie n t  d ia m eter  to  

m in im iz e  w a l l  e f fe c t s  c a n  b e  s c a le d  u p  from  a la b o ra to ry  e x p e r im e n t . T h is  is  m e r e ly  a 

m atter o f  in c r e a s in g  th e  area  to  m a tch  th e  v o lu m e  to  b e  treated . E v e n  i f  th e  

d im e n s io n s  o f  th e  p r o d u c tio n  c o lu m n  are u n d e c id e d , o p e r a tin g  th e  lab  c o lu m n  u n til a 

b reak th ro u gh  s h o w s  h o w  m u c h  so lu t io n  h a s b e e n  p a sse d  th ro u g h  sorb en t. T h is  lea d s  

to a s im p le  c a lc u la t io n  o f  th e  c a p a c ity  o f  th e  sorb en t. A  m ajor  so u r c e  o f  error is  th e  

e f fe c t  o f  th e  f lo w  rate b e c a u s e  th is  d e te r m in e s  c o n ta c t  t im e , and  th e  ap p roach  to  

e q u ilib r iu m  ta k e s  t im e s . (RPI, 1996)

2.5.3.2 Type of column systems
D o w n  f lo w  f ix e d  b e d s  m a y  p erfo rm  tw o  fu n ctio n s: a d so r p tio n  and filtra tion . 

H o w e v e r , e x c e s s iv e  h ea d  lo s s e s  n e c e s s ita te s  freq u en t b a c k w a s h in g , and th e  e c o n o m ic  

g a in  o f  c o m b in in g  th e  tw o  p r o c e s s e s  m a y  b e  o f f s e t  b y  d e c r e a se d  fu n c tio n a l l i fe  o f  th e  

b ed  and  h ig h e r  o p e r a tin g  c o s ts .

In u p - f lo w  f ix e d  b e d  c o n ta c to r s , th e  in f lu e n t  en ters  th ro u g h  th e  b o tto m , and  

th e  treated  e f f lu e n t  is  d raw n  o f f  at th e  to p . T h e  f lo w  rate is  k e p t lo w  e n o u g h  to  a llo w  

th e  b e d  to  re m a in  sta tio n a ry
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2.6 Sorption
2.6.1 Background
A d s o r p t io n  is  th e  u s e  o f  s o l id s  fo r  su b sta n c e s  r e m o v a l fro m  e ith er  g a se o u s  or  

liq u id  so lu t io n s . T h is  p r o c e s s  in v o lv e s  th e  p re feren tia l p a r t it io n in g  o f  su b sta n c e s  from  

th e  g a s e o u s  o r  liq u id  p h a se  o n to  th e  su r fa c e  o f  a  s o l id  su b stra te . T h e  a d so rp tio n  

p h e n o m e n o n  h a s  b e c o m e  a  u s e fu l to o l  fo r  p u r if ic a tio n  an d  sep a ra tio n . Its o p era tio n s  

e m p lo y in g  s o l id s  su c h  a s  a c tiv a te d  ca rb o n  an d  sy n th e tic  r e s in s  are u se d  w id e ly  in  

in d u str ia l a p p lic a t io n s  and  for  p u r if ic a tio n  o f  w a te r s  and w a s te w a te r s .

S ep a r a tio n  o f  a su b sta n c e  fro m  so lu t io n  a c c o m p a n ie d  b y  it s  a c c u m u la tio n  or  

c o n c e n tr a tio n  at th e  su r fa c e  o f  a d so r b in g  p h a se  (so rb en t)  is  th e  p r o c e s s  o f  ad so rp tio n . 

T h e  m a te r ia l c o n c e n tr a te d  or a d so rb ed  at th e  su r fa ce  o f  th at p h a s e  is  th e  ad sorb ate . 

A d so r p tio n  is  th u s  d iffe r e n t from  a b so rp tio n , a p r o c e s s  in  w h ic h  m a ter ia l tran sferred  

fro m  o n e  p h a s e  to  an o th er  (e .g . liq u id )  in terp en etra tes  th e  s e c o n d  p h a se  to  form  a 

" so lu tion " . T h e  term  so r p tio n  is  a  g en era l e x p r e s s io n  e n c o m p a s s in g  b o th  p r o c e s se s .

V a n  d er W a a ls  fo r c e s  an d  e le c tr o s ta t ic  fo r c e s  b e tw e e n  a d so rb a te  m o le c u le s  

and  th e  a to m s w h ic h  c o m p o s e  th e  a d so rb en t su r fa ce  are m a in ly  c a u se  o f  P h y s ic a l  

a d so rp tio n . T h u s  a d so rb en ts  are c h a ra c ter ized  first b y  su r fa c e  p ro p e r tie s  su ch  as  

su r fa ce  area  and  p o la r ity .

A  la rg e  s p e c if ic  su r fa ce  area is  p re fe r a b le  for p r o v id in g  la rg e  a d so rp tio n  

c a p a c ity , b u t th e  c r e a tio n  o f  a la rge  in tern a l su r fa c e  area  in  a lim ite d  v o lu m e  

in e v ita b ly  g iv e s  r ise  to  la rg e  n u m b ers  o f  s m a ll s iz e d  p o r e s  b e tw e e n  a d so rp tio n  

su r fa c e s . T h e  s iz e  o f  th e  m ic r o p o r e s  d e te r m in e s  th e  a c c e s s ib i l i ty  o f  ad sorb ate  

m o le c u le s  to  th e  in tern a l ad so rp tio n  su r fa c e , so  th e  p o r e  s iz e  d istr ib u tio n  o f
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m ic r o p o r e s  i s  a n o th er  im p o rtan t p ro p erty  for  c h a r a c te r iz in g  a d so r p tiv ity  o f  

a d so rb en ts . (S le jk o , 1 9 8 5 ; S u z u k i, 1 9 9 0 ; and  I A S , 2 0 0 6 )

2.6.2 Ion exchange
2.6.2.1 Principle

Io n  e x c h a n g e  is  th e  p r o c e s s  w h e r e  an  in s o lu b le  su b sta n c e  r e m o v e s  io n s  o f  

p o s it iv e  or  n e g a t iv e  ch a rg e  fro m  an  e le c tr o ly t ic  s o lu t io n  an d  r e le a s e s  o th er  io n s  o f  

lik e  c h a r g e  in to  th e  so lu t io n  in  a  c h e m ic a lly  e q u iv a le n t  am o u n t.

M o s t  o f  th e  c a t io n  e x c h a n g e  c a p a c ity  o f  c la y  m in era l is  d u e  to  th e  p erm an en t  

f ix e d  c h a r g e  at th e  c la y  su r fa c e , th ere  is  a lso  a p H -d e p e n d e n t  c h a r g e  that can  

co n tr ib u te  to  th e  e x c h a n g e  c a p a c ity . A t  lo w  p H  v a lu e s  ( le s s  th a n  a b o u t 6 ) , h y d r o g e n  

io n s  are s tr o n g ly  b o n d e d  to  o x y g e n  a to m s at cry sta l e d g e s , an d  th e se  s ite s  are n o t  

a v a ila b le  fo r  c a t io n  e x c h a n g e . H o w e v e r , as th e  p H  in c r e a se s  and  th e  a q u eo u s  

h y d r o g e n  io n  a c t iv ity  d e c r e a se s , th e  b o n d  w ith  o x y g e n  b rea k s r e le a s in g  h y d r o g e n  in to  

th e  s o lu t io n , th e r e b y  c rea tin g  n e w  c a t io n  e x c h a n g e  s ite s .

A t  lo w  p H  v a lu e s , H + is  th e  m ajor  a d so rb in g , e x c h a n g e a b le  c a t io n , b u t as th e  

p H  in c r e a se s  and  th e  H + a c t iv ity  d e c r e a se s , th e  s ite s  b e c o m e  m o r e  a v a ila b le  for  

e x c h a n g e  w ith  th e  m ajor  c a t io n s  in  so lu t io n .

T h e  c a t io n  e x c h a n g e  c a p a c ity  a v a ila b le  to  s o i l ,  w a te r  or  g ro u n d w a ter  w i l l  b e  a 

fu n c tio n  o f  th e  a m o u n t o f  in o r g a n ic  c la y  m in e r a ls  and  o r g a n ic  h u m u s  p resen t in  th e  

s o lid  p h a se . M a ter ia l co a rser  than  c la y  s iz e  (2 p m )  h a s  a  p r o p o r tio n a lly  sm a ller  

su r fa c e  area  an d  d o e s  n o t add  s ig n if ic a n t ly  to  th e  c a t io n  e x c h a n g e  c a p a c ity .
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A n io n  e x c h a n g e  m a y  a ls o  o c c u r  o n  c la y  m in e r a ls , b u t to  a  m u c h  le s se r  ex ten t  

than  c a t io n  e x c h a n g e  b e c a u s e  o f  th e  d o m in a n t f ix e d  n e g a t iv e  c h a r g e  o n  the c la y  

m in era l su r fa c e . (T h u n s ir i, 2 0 0 4 )

2.6.2.2 Point of Zero Charge
G e n e r a lly , at lo w  p H  v a lu e  c a t io n ic  h y d r o x y l s p e c ie s  d o m in a te  w h e r e a s  at 

h ig h  p H  v a lu e  s o lu b le  a n io n ic  h y d r o x y l s p e c ie s  d o m in a te . T h e  m in im u m  p o in t  o f  

s o lu b i lity  c o r r e sp o n d s  to  th e  p o in t  o f  ze r o  c h a rg e  (P Z C ) w h e r e  th e  n e u tr a lly  ch arged  

h e a v y  m e ta l h y d r o x id e  d o m in a te s , th e  eq u ilib r iu m  p o s it io n  o f  a n io n ic  n eu tra l and  

c a t io n ic  h y d r o x y l c o m p le x e s  (E n te c h  In d u str ies  P ty  L td ,2 0 0 5 ) .

In  c o n c lu s io n s , from  th e  e x p e r im e n t  th e  e a s y  w a y  to  f in d  o u t i f  th ere  is  io n  

e x c h a n g e  o c cu rred  in  th e  c o lu m n . Z in c  io n  fro m  in le t s o lu t io n  w i l l  e x c h a n g e  w ith  

so m e  io n  fro m  fo u n d ry  san d  w h ic h  is  c a u s e s  z in c  attach  w ith  fo u n d r y  san d  in  th e  

o th er  h a n d  th e  io n  from  fo u n d ry  san d  w i l l  r e le a se  in to  th e  so lu t io n  in stea d . T h erefore , 

b e s id e  z in c  fr o m  in flu e n t b e in g  so rb ed  b y  fo u n d ry  san d  in  th e  c o lu m n , th ere  sh o u ld  

h a v e  o th er  su b sta n c e s  that in teract w ith  z in c  and  e x c h a n g e  o u t fro m  F o u n d ry  san d  

m ix  w ith  th e  s o lu t io n  in  th e  sa m p le s . M o r e o v e r , th e  te n d e n c y  o f  its  q u a n tity  sh o u ld  

re la te  w ith  th e  a m o u n t o f  z in c  d isa p p ea r  from  th e  w a ter . H o w e v e r , th e  m e c h a n ism s  

o ccu rred  in  th e  c o lu m n  can  h a v e  m o r e  than  o n e . F or e x a m p le , th e r e  m ig h t  h a v e  io n  

e x c h a n g e  a c c o m p a n y  w ith  a d so rp tio n  w h ic h  resu lt  to  th e  in c r e a s in g  o f  th e  c a p a c ity  o f

th e m e d ia .
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2.7 Literature reviews
T h ere  are m a n y  s tu d ie s  u s in g  ad so rb en ts  fo r  h e a v y  m e ta l r e m o v a l, in c lu d e  

c o m m e r c ia l a c t iv a te d  carb o n  (N e tz e r  and H u g h e s , 1 9 8 4 ; R e e d  an d  A ru n a ca la m ,

1 9 9 4 )  , a c t iv a te d  ca rb o n  from  lo w  c o s t  m a te r ia ls  (B u d in o v a  e t a l., 1 9 9 4 ; P e r ia sa m y  

and  N a m a s iv a y a m , 1 9 9 4 ) , E D T A  c o a te d  a c tiv a te d  ca rb o n  (L u  e t a l., 1 9 9 3 ) , P eat  

( D ’A v i la  e t a l., 1 9 9 1 ) , f ly  a sh  (D ia m a d o p o u ls , 1 9 9 3 )  an d  lig n ite  ( S l le n  and  B r o w n ,

1 9 9 5 )  .

B lo w e s  e t a l. ( 1 9 9 7 )  e v a lu a te d  se v e r a l k in d s  o f  so rb en t (F e -b e a r in g  so l id s ,  

s id e r ite , p y r ite , c o a r se -g r a in e d  e le m e n ta l iro n , and  f in e  g r a in ed  F e ) . T h e  resu lts  

s h o w e d  that F e  f i l in g  ( f in e  gra in ) h a d  th e b e s t  e f f ic ie n c y  to  so rb  Cr6+ b e c a u s e  o f  its  

h ig h e s t  s p e c if ic  su r fa c e  area. L o w  f lo w  rates h a d  b e tter  e f f ic ie n c y  th an  th e  rap id  o n e s .

M e lla h  et a l. ( 1 9 9 7 )  s tu d ied  th e  o p era tin g  p a ra m eters  (a g ita tio n  sp e e d , 

tem p era tu re , p a r tic le  and  in it ia l z in c  c o n c e n tr a tio n ) that in f lu e n c e  th e  rate o f  

a d so rp tio n . T h e  m a x im u m  m o n o m o le c u la r  c a p a c ity  Qo a c c o r d in g  to  th e  L a n g m u ir  

m o d e l w a s  5 2 .9 1  m g /g  for  an  in itia l z in c  c o n c e n tr a tio n  o f  3 0 0  m g/1 at 2 0  °c.
L e e  an d  B e n s o n  ( 2 0 0 2 )  u se d  fo u n d ry  sa n d s a s  r e a c tiv e  m e d ia  in  p er m e a b le  

r e a c tiv e  b arriers to  ad sorb  z in c  at in flu e n t p H  4 .0 , th e  p a rtit io n  c o e f f ic ie n t s  fro m  the  

c o lu m n  te s ts  w e r e  4  o r  5 t im e s  h ig h e r  than  th o se  o b ta in e d  fro m  th e  b a tc h  so rp tio n  test  

b e c a u s e  th e  so lu t io n  p H s  fo r  th e  c o lu m n  te st  w e r e  h ig h e r  th a n  b a tc h ’ร. H o w e v e r ,  

B e n s o n ’s w o r k  d id n ’t v a r y  th e  f lo w  ra tes or  b e d  h e ig h t  to  s e e  th e  e f fe c t iv e n e s s  o f  th e  

so rp tio n  e f f ic ie n c ie s .

A b o l l in o  et a l. ( 2 0 0 3 )  s tu d ied  th e  so rp tio n  o f  7  m e ta ls  (C d , C r, C u , M n , N i ,  Pb  

and Z n ) o n  N a -m o n tm o r ilIo n ite  w a s  s tu d ied  a s  a fu n c t io n  o f  p H  an d  in  th e  p r e se n c e  

o f  lig a n d s  to  form  c o m p le x e s  w ith  th e  m e ta ls  o f  in terest. T h e  p H  v a r ia tio n s
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in f lu e n c e d  to  a g rea ter  e x te n t  th e  c o n c e n tr a t io n s  o f  C u , P b  an d  C r in  th e  e fflu e n t. T h e  

resu lts  s u g g e s te d  that c o m p le x e s  fo r m a tio n  h in d ers  th e  so r p tio n  o f  th e  m e ta ls  o n  th e  

c la y , in  th e  f o l lo w in g  in c r e a s in g  order: M n > P b > C d > Z n > N i> C u > C r . T h e  e v a lu a tio n  

o f  th e  to ta l c a p a c ity  o f  N a -m o n tm o r illo n ite  s h o w e d  that th is  c la y  w a s  a g o o d  sorb en t  

o f  a ll th e  m e ta ls  e x a m in e d .

K a tsu m a ta  et a l. ( 2 0 0 3 )  รณ d ied  th e  c o lu m n  e x p e r im e n t  for  its  a b ility  to  

r e m o v e  h e a v y  m e ta l fro m  p la tin g  fa c to r y  w a ste w a te r  b y  m o n tm o r il lo n ite , k a o lin , 

to b e r m o r ite , m a g e n e t ic e , s i l ic a g e l  and  a lu m in a  as so rb en ts  to  w a s te w a te r  c o n ta in in g  

C d (II), C r (V I)  an d  P b (II). T h e y  n o t ic e d  that th e  r e m o v a l e f f ic ie n c y  ten d s  to  in crea se  

w ith  in c r e a s in g  p H  and d e c r e a se  w ith  in c r e a s in g  m eta l c o n c e n tr a t io n s .

T h u n sir i ( 2 0 0 4 )  s tu d ied  “u tiliz a tio n  o f  fo u n d ry  san d  w a s te  a s  h e a v y  m eta l 

so rb en t” in  b a tc h  e x p e r im e n t b y  u s in g  fo u r  k in d s  o f  fo u n d r y  sa n d , S ia m  M a g o ta u x  

C o ., L td ., S ia m  N a v a  In d u stry  C o ., L td ., S ia m  N a v a lo h a  F o u n d r y  C o .,  L td ., and A s ia n  

A u top art C o ., L td .

V ija y a r a g h a v a n  e t al. ( 2 0 0 4 )  p a c k e d  b e d  u p - f lo w  c o lu m n  e x p e r im e n t w a s  

p er fo r m e d  w ith  an in tern a l d ia m e te r  o f  2  c m . T h e  b ed  h e ig h t  an d  f lo w  rates w e r e  

v a r ied  in  ord er  to  in v e s t ig a te  th e  a b ility  o f  crab sh e ll  to  r e m o v e  n ic k e l  (II) io n s  from  

a q u e o u s  s o lu t io n . T h e  e lu t io n  e f f ic ie n c y  w a s  grea ter  than  9 9 .1 %  in  a ll s e v e n  c y c le s .  

T h e  lo s s  o f  so r p tio n  p e r fo r m a n c e  w a s  o b se r v e d  a s  th e  c y c le s  p r o g r e s se d , w h ic h  w a s  

e q u a lly  in d ic a te d  b y  a d e c r e a se  in  b reak th ro u gh  t im e , a b r o a d e n in g  o f  th e  m a ss  

tran sfer  z o n e , and  a lo s s  in  so rb en t w e ig h t . T h e  in c r e a se  in  f lo w  rate resu lted  in  

d e c r e a se d  n ic k e l  u p ta k e , p r o b a b ly  d u e  to  in s u ff ic ie n t  r e s id e n c e  t im e  o f  th e  so lu te  in  

th e  c o lu m n . T h e  resu lt s h o w e d  that crab sh e ll  a c ts  as an a ttr a ctiv e  trea tm en t o p tio n  for  

n ic k e l b e a r in g  so lu t io n s .
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K u n d u  and  G u p ta  ( 2 0 0 5 )  u se d  iron  o x id e -c o a te d  c e m e n t  a s  a  m e d iu m  to  

r e m o v e  A s ( V )  fro m  w a ter . C h a ra cter istic  p a ra m eters  su c h  as th e  d ep th  o f  the  

e x c h a n g e  z o n e , t im e  req u ired  for  e x c h a n g e , a d so rp tio n  rate, an d  a d so rp tio n  c a p a c ity  

w e r e  c a lc u la te d  b y  th e  B o h a rt and A d a m s  so rp tio n  m o d e l. T h e  m a x im u m  ad so rp tio n  

c a p a c ity  w a s  5 0 5 .3  m g /L . T h e  B D S T  m o d e l u se d  in  th e  e v a lu a t io n  o f  th e  c o lu m n  

p a ra m eters  g a v e  r e su lts  that w e r e  in  g o o d  a g r e e m e n t w ith  th e  e x p e r im e n ta l re su lts . 

B rea k th ro u g h  p r o f i le s  w e r e  a ls o  in  g o o d  a g r e e m e n t w ith  th e  th e o r e tic a l b reak th ro u gh  

p r o f ile s  o b ta in e d  that w a s  in co rp o ra ted  in to  th e  F r eu n d lich  iso th e r m  m o d e l. T h e  

g rea ter  th e  b e d  d ep th  le n g th  th e c o lu m n  h ad , th e  lo n g e r  s e r v ic e  t im e  w a s  o ccu rred  for  

th e  trea tm en t. L ik e w is e  to  th e  in c r e a s in g  o f  f lo w  rate and in it ia l c o n c e n tr a tio n , th e se  

resu lted  to  th e  d e c r e a s in g  o f  se r v ic e  t im e .

V ija y a r a g h a v a n  et a l. ( 2 0 0 5 )  in v e s t ig a te d  e g g s h e l ls  fo r  th e ir  a b ility  to  r e m o v e  

co p p e r  fr o m  a q u e o u s  so lu t io n  in  an u p -f lo w  p a c k e d  c o lu m n . T h e  so rp tio n  

p e r fo r m a n c e  o f  e g g s h e l l  in  th e  c o lu m n  w a s  e x a m in e d  b y  v a r y in g  th e  b ed  h e ig h t  (1 5 -

3 0 .5  c m )  an d  f lo w  rate ( 5 -2 0  m l/m in .) . A  d e c r e a se  in  b reak th ro u gh  t im e  w a s  o b se r v e d  

as th e  c y c le s  p r o g r e sse d . B o th  b e d  h e ig h t  and f lo w  rate a f fe c te d  th e  c o p p e r  so rp tio n  

c h a r a c te r is tic s  o f  th e  e g g s h e ll .  T h e  b rea k th ro u g h  t im e  in c r e a se d  w ith  an in c r e a se  in  

th e  b e d  h e ig h t . T h e  e f fe c t s  o f  f lo w  rate w e r e  a lso  o b se r v e d  - at h ig h e r  f lo w  ra tes , the  

b rea k th ro u g h  c u r v e s  b e c a m e  s te e p e r , and as th e  f lo w  rate in c r e a se d , th e  m a ss  tran sfer  

z o n e  b e c a m e  sh orter . A t  a lo w  f lo w  rate o f  5 m l/m in , a r e la t iv e ly  h ig h e r  co p p e r  

u p ta k e w a s  o b s e r v e d  and  th e  u p ta k e  d e c r e a se d  a s  th e  f lo w  rate in c r e a se d . T h is  

b e h a v io r  m a y  b e  d u e  to  th e  in s u ff ic ie n t  t im e  for  th e  so lu te  in s id e  th e  c o lu m n  and  

d if fu s io n  lim ita t io n s  o f  th e  so lu te  in to  th e  p o r e s  o f  th e  so rb en t (K o  et a l., 2 0 0 0 ) .
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T h u n sir i ( 2 0 0 4 )  in d ic a te d  that:

1. T h e  s tu d ie d  in d ic a te d  th at th e  z in c  c o n c e n tr a tio n  d e c r e a se d  a s  t im e  p a sse d  for  

a ll p H  o f  th e  so lu t io n .

2 . T h e  e q u ilib r iu m  c o n c e n tr a t io n s  w e r e  fo u n d  w ith in  2 4  hr.

3 . T h e  s o lu t io n  p H  c o n tin u e d  to  in c r e a se  a s  t im e  p r o g r e s se d  and sta b iliz e d  

w ith in  2 4  hr. (e q u ilib r iu m )

4 . T h e  r e su lt  s h o w e d  that w a s te  fo u n d r y  san d  is  e f f e c t iv e  fo r  th e  r e m o v a l o f  z in c  

v ia  so r p tio n  and  p r e c ip ita tio n  p r o c e s s e s . P a rticu la r ly , a m o u n t o f  z in c  r e m o v e d  

in c r e a se d  a s  s o lu t io n  p H  in crea sed .

5. T h e  z in c  r e m o v a l e f f ic ie n c y  b y  fo u n d ry  san d  u s in g  in it ia l z in c  c o n c e n tr a tio n  

5 0  m g/1 are 5 .1 2 , 7 9 .8 , an d  9 2 .3 9 %  at in it ia l p H  3 .7 2 ,  6 .5 9 ,  and 8 .0 1 ,  

r e s p e c t iv e ly .

6 . C la y , T O C , and  to ta l iro n  c o n ta in  in  w a s te  fo u n d r y  san d  are r e sp o n s ib le  for  

th e  so r p tio n  o f  z in c . T h is  p r o v id e d  m o re  so rp tio n  s ite  fo r  z in c  and c a u se d  th e  

fo r m a tio n  o f  z in c  h y d r o x id e .

7 . T h is  k in d  o f  fo u n d r y  sa n d , S ia m  N a w a  in d u stry , w h e n  co m p a r e d  w ith  th e  

o th e r s  th ree  k in d s  o f  fo u n d r y  sa n d , s h o w e d  th at h a s  th e  b e s t  e f f ic ie n c y  to  

r e m o v e  z in c .

J j l  เ  ±  7 1
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F ro m  o th e r s  re se a r c h  d e sc r ib e d  th at th e  c o lu m n  e x p e r im e n t  w a s  d e s ig n e d  fo llo w  

from  th e  s tu d ie s  a b o v e , fou r  k in d s  o f  fo u n d ry  sa n d , b e d  h e ig h t  (1 5 - 3 0 .5  c m ), f lo w  rate 

( 5 -2 0  m l/m in .) ,  and u p - f lo w  p a c k e d  c o lu m n . A n d  th e  resu lts  fro m  th e s e  ex p e r im e n ts  

in d ic a te  that th e  in c r e a se  in  f lo w  rate  re su lte d  in  d e c r e a se d  m e ta ls  u p ta k e , p rob a b ly  

d u e  to  in s u ff ic ie n t  r e s id e n c e  t im e  o f  th e  so lu te  in  th e  c o lu m n . T h e  b reak th ro u gh  tim e  

in c r e a se d  w ith  an in c r e a se  in  th e  b e d  h e ig h t. A n d  th e  r e m o v a l e f f ic ie n c y  ten d s  to  

in c r e a se  w ith  in c r e a s in g  p H  and  d e c r e a se  w ith  in c r e a s in g  m e ta l c o n c e n tr a t io n s .
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