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ABSTRACT

This work has involved the studY on

capability of peat as cation exchanger in

continuous column. The main obiective is to

investigate whether peat is feasible for using

as cation exchanger column for heavy metals

removal and also the factor effecting to

enlarge cation exchanger column of peat. Adsorption

isotherm has been carried out using cadmium and

copper solution of 50 ppm with up to 9 selected peat

samples. Column test has also been performed using

the seleeted peat with best adsorption capability.

The glass column (01.8 x 30 cm) and three different

flow rate have been applied. The samples were

.I
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collected and analysed using Atomic Absorption

Spectrophotometer. The results of service time and

bed-height were plotted, and then were calculated

using Adams and Bohartts equation.

Adsorption isotherm results confirmed that

peat has adsorption capabil ity. The Narathiwat soil

series no. 2l and 23 showed their adsorption

capability on cadmium and copper, taking a resonable

service time to meet the industrial waste water

standard of 0.03 and 1.00 ppm respectively. And

the calculated results using applied Adams arrd

Bohart's equation showed that peat is capable to some

extent for heavy metal removal. However , in

practice it is rather inconvenient to use it as

cation exchanger column as peat regeneration may be

- required at every 2 hours. Eventhough, increasing

bed-height to increase column efficiency can be done

but capacity loss due to critical bed depth and

adsorptive capacity of peat must be taken into

consideration. Therefore, the influence of physical

factors that effecting peat colunn should be further

investigated.
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CHAPTER I

工NTRODUCT10N

1.1 SiEnificance of Problem and Trends

Peat is one kind of nonrenewable resourcet

which compraise' of 282,9OO rai in Thailand. Almost

60 % (166 r25O rai) of them occupied the swampy

areas of the east coast in Narathiwat province

( 1 ). It has been reported that there are two

major peat swanps {2') as fo}low:

Todaeng swanp ( 125 
' 
991 rai ) is partiv in

Amphoe Sungai-Padi, Sungai-Kolok and Tak-bai. Some area

of this s!{amp has water-level almost 50 cm and is

undrained.

Bacho shramP ( 7 
' 
300 rai ) is Partly in Amphoe

Bacho, Yi-ngo and Muang. Almost of peat area in this

swamp is drained for agricultural purpose.

Amount of peat soils can be decreased upon

util izatLon and peat layer can also be disappeared

due to burning and subsidence. Many proiects

have been established for developing the use of

peatland, According to development scheme' a committee

of the Phikulthong Education and Development

Center has classified peatland into three types

as followed:

- Development zor.e; The area is about 97 1465

ヽ
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rai. The most of this zone has been evacuated

and some area was al.l-ocated to the People for

cultivation.

- Conservation zone; The area is about L22r286

rai. Most of the area has been disturbed and natural

forestry has been destroyed' This required for being

retained in natural condit ion.

- Preservation zonei Natural, forestry and

undisturbed area has been found.It is about 59'941 rai.

However, it has been sholvn that Peatfand is

considerably ur,suiteble for most kinds of agriculture.

So the uses of peat soil from peatland shou.Ld be

considered for other purposes' The utilization of peat

for industriat purposes has been researched and

developed in many ways in Europe and Anerica.

Peat can be used as adsorbent and cation

exchangers because of the exchange properties of

carboxylic and phenolic grouPs in the fraction of

Iignin and humus in peat composition. Mutsuda

and Mizumaki (3, 4) reported that peat has also been

used in air and waste vrater treatment process.

-

2
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]

1.2 Conceptual Idea of the StudY

The basic information of peat was

considered for choosing the way to develop peat

resource and to use for other purposes. Tongcumpou

reported that peat from any sl{amp in Narathiwat

province had high percentage in lignin and humic acid

fraction ( 5 ). Lignin and humic acid have phenolic

and carboxylic functional grouP, which have ion

exchangf eable anrl adsol:ption properties. Frorn this

reason, Tongcumpou investigated the way to use peat as

cation exchanger or adsorbent ( 6 ). The study on

Iaboratory scale gave results that confirmed the

feasibility further study on using peat as adsorbent

for industry the data showed that Peat has cosiderably

potential for the removal of cationic speeies '

especially, heavy metals from water over a wide range

of concentrations. so it is reasonable to eonduct

this research investigating the way to use peat as

cation exchanger column. Co]umn operation is one

type of operating method of cation exchange. It is

similar to a series of batch equilibriun, and is

much favoured among the three types of operating.

Because ion exchange processes are equilibrium

a

reactions necessitating a continuous contact of the

Copyright by Mahidol University
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exchanger with fresh electrolyte in order to drive the

reaction to comPlet ion .

The study on sulfonated coal by Dorfner

found that sulfuric acid enhanced their exchangeable

properties (7). For sulfonated coal occures via

sulfonic groups introduced in+-o '"he coal by the

action of the sulfuric acid. In contrest' TongcunPou's

found that sulfuric treatment of peat did not give

significantly effect to adsorption capacity. However'

the use of untreaf,ed Peat should be evaluated

cost-lrj.se cost select the more econonicelly

feasible plan. So untreated Peat is used in this

research for supporting this reason.

AdsorPtion is the Process Prinarily used for

removal of nonpolar materia.Ls and so![e sPecific

toxic ions. BasicalJ-y, the process of ion exchange

is similar to adsorption system in which a solid'

usually Porous particle rdith reactive sites on its

surface, cone to equilibrium with ion in solution'

According to the toxicity of heavy netal , such as

Cadniun and coPPer and the Possibility of Peat

as cation exchanger have nade this research usable

f or adding va.lue of Peat.

へ
　
ヽ
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1 .3 Ob.iective of 'the StudY

The maior objective of this work is to

investigate whether Peat is feasible for using as

cation exchanger for heavy metals removal. This work

is, therefore, carried out in order to study on

the capability of peat as cation exchanger column

un and also study the factor effecting to enlarge

cation exchanger column of peat for industry'

L ,4 Scopes of--ee- Stgdl

This work has been carried out in

collaboration with Depaltment of Land DeveioPmerrt,

Ministry of Agricultural and Cooperative, and is

confirmed as followed:

1. Peat samples in this work are collected

from Bacho and Todaeng swamps, both in Development

and conservation zone. A11 samples are taken

from Narathiwat and Kabdaeng soil series.

However, the desirable sanpling sites are

selected with the consideration of soil series, landuse

and the access to the area.

2. The composited peat sample, is also

desirable the properties of peat in adsorption

,

Copyright by Mahidol University
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■sotherm test.

3.   The  heavy  metals  uSed  are  cadmium and

copper which prepared from  tri― Cadmiun  sulfate   OCta

hydrate  (3CdS04・ 5H20) and   COpper   sulfate    penta

hydrate {CuS04・ 5H20)respectively。

4.   Glass  column  with  l.8  cm  IoD.,  30 c"

height iS used.

一

1.5  Significance of the Studv

Fron  thiS  Study  it  iS  expected  that : the

resu■ ts  wi■ ■  be baSiC information necessary for using

peat  as  Cation exchanger.  In addition, it wil■  be an

a■ ternative  way  of  deve10ping  the  natura■  resource

which  is  ineffective  in  agricultural utilization to
メ_         industrial uti■

ization.

‐
.
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CHAPTER II

REVIEW OF LITERATURE

2。 l Basic lnformation of Peat

2.1.1 Source and Definition

Peat is a soil composed of partially

decomposed organic matter and inorganic minerals that

have accumulated in a water over a period of

time (8). The portion that is not water usually only

about 10-20 % of the mass is the partially

decomposed residue of dead plants. Composition ratio

of carbon, hydrogen and oxygen of peat are about

50.O, 6.0 and 44.0 respectively and its eolor carr

vary from yellow to brownish black, depend upon the

degree of biological. decay. Peat is usually found

in tropical and temperate zones. The composition of

peat depend on climate of peat formation. Waksman

explained that basic factors, such as climate of water

and soil and its relation, have effected to nature of

peat (9). The formation of peat are often found in

fresh water slramP forest. High moisture levels

establish the necessary anaerobic environment that

reduces the exchange of gases which occur for normal

biological and chemical decomposition of the organic

material.
Copyright by Mahidol University
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The rate of Peat formation is extremely sl-ow

and varies between peatland. Clirnate and vegetation

are prinary cause of the variation' Dent (10)'

Vijarnsorn ( 11) and HastinEis ( 12 ) reported that the

fornation of the swamps in Narathiwat province are

related to the geonorpholog ical phenomena of the

emergence shoreline. During the period of 5'000 to

31800 yrs. B.P., the sea be6an to regress which can be

led to the develoPnent of Progadational lagoons and

beaches. In additlon' some main strea,ns were also

energed j.ntc the tidal flat systemr for:'ning unique

back swamps between the lower stretches of the nain

river course . As soon as the lagoons and back swamps

rdere closed, the water becone stagnant and the

sediments were settled down. By ditution of the sea

water with rains, the water !{as favorable for

development of water herbaceous plants' After

sufficient organic residues were hoarded, and the

swamp becane shallower, the native plants gradually

changed to the nixed swamp forest types. Finelly, the

whole srramp have been occuPied by the tyPical fresh

water swamp forest that consist of nore than 100 genera

including trees, palms, climbers, herbs, ferns, seeds

and reeds. When these plants were faflen and died'

peat can easily be developed because these water-Iogged

Copyright by Mahidol University
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condition is preferable the rate of peat accumulation

to that of the decomposition. Since, these Peats

are normally flooded mainly by the rain l'ater and no

longer enriched by influx of Plant nutrient from

outsider they are so poor in nutrient and contain high

fiber contents.

In 1968, aII of these peat swamps remained

undisturbed. Most of then had the organic layer of

thicker than I m and has been recognized as the

Narathiwat series. According to the need of the land

for crrltivation' some nain swanps have been

develoPed. In 19?5 ' the irrigation canals !'ere

constructed to evacuate the water from the swamPs'

Innediately these swamps started to develop,

changes have been occured to some extentr resuLting

in various adverse effects on soil conditions. Firstlyr

burning of the Peat as a consequence of forest

clearance, causes great subsidence of the Peat layer'

When the peat layer became thinner, the underlying

mineral soiis have become acidified. Therefore, in

nany places, these peat soils have converted to

typical acid sulfate soils. Moreover, this has also

resulted in drainage waters becoming extremely aci'd

in nany areas.

9
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2,t.2 Classif ication of Peat

Peat is in histosols order. It is classified

as soil organic matter in soil taxonomy system.'

According to the decomposition degree of Peat, peat is

divided into 3 suborders ( 13 );

( 1) Fibrists : this is bhe least degret:

of decomposition, high fiber content and low bulk

density.

(21 Henists : this is medium degree of

decomposition. Its bulk clensity is atrout 0.07-0.18 and

one third fiber content.

( 3 ) Saprists : this is the most degree of

decomposition. Fiber content is less than one third

へ

and its bulk density is equal or more than 0'3'

Vijarnsorn ( 14 ) reported that peat 1n

Narathiwat province is divided to 2 soil series,

Narathiwat (Nw) and Kab-Daeng (Kd). Nw decomposed

Iess than Kd and thicker than Kd. Nw may be deep to

130 cm while depth of Kd is less than 130 crl'

2.L.3 Chemical Properties and Composition of

Peat

:

There have been various evidences indicate
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that peat comPosed of the following component (15):

( 1) Organic matter in an organized state of

preservation and, therefore, identifiable.
(21 Organic matter which has undergone

considerable breakdown but in which cell structure is

stiII visible.
( 3 ) Organic matter which has been degraded

below the cellular level, composing what night

be termed "humus" and often forning a Peat matrix.

(4 ) Inorganic matter derived either fron

dust or inw*sh, or from the cells of some Plants.

The proportions of each of these components

will vary from one peat sample to another depending

on the nature of the peat-forming naterial and the

rate of the decomposition. Thus, peat is a

chemicalty heterogeneous and very complex materiaL.

There has been only few works done an investigation

of peat conposition in Thailand.

Polak (16) has studied comPonents of peat and

concluded that peat comPonent in tropical zone was

significantly different from peat in temperate zone'

except high percent of lignin was found in tropical

zone. However' peat component in Narathiwat province

by TonElcumpou (5) showed that percent of lignin in peat

from Narathiwat province is sl,ightty higher than in
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the tropical zone. -According to work done by

Jarearnpong (17) and Vijarnsorn (18) on characteristics

of peat in Narathiwat to indicate the potential of

peatland for agriculture. The resuLts showed that

peatland in Narathiwat was rather unsuitable for

agricuLture, because of its low fertility, especially

on inportant nutrient such as phosphorus (P) and

potassium ( K).

Bunnumna (19) studied on hunic acid extraction

from peat and reported that the quantity of hunic

acid of Narathiwat peat was betrdeen 16.19-44.65X'

hunic acid isolated from Peat in Baeho swanp (28.38X)

is higher than Todaeng swamp 127.85i{1, development zone

(30.6?X) is higher than conservetion zone ( 2$.O4%) and

Nw soil serie (28.90%) is higher than Kd soil serie

(25,52%l' For the properties of hunie acid, CEC of

hunic acid isolated from Bacho swamp is between

173.06-329.43 meq/100 g and Todaeng srranP is between

162,30-288.31 neq/100 g.

2.2 Utilization of Peat as Cation Exchan(er

Peat is contained of li6nin and cellulose

as major constituents. The chemical cornposition and

particulate nature of peat make it an effective
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adsorbent and filtration medium in the purification

of waste water. Lignin is one of the constituents

which bear polar functional groups' such as alcohols'

aldehydes' ketones, acid, phenolic hydroxides and

ether (20). These polar functional groups can be

involved in chemical bonding. According to the

character of these grouPs, peat can catch many kinds of

metal .

2.2.l Exchan口 eab■e Capacity of Pea立

Peat in

properties ( 21) .

its nature forn has cation exchange

However, raw peat is

inpervious to fLow and can be used in a

very

flow

system only after being dried. According to the

consideration of material which has exchangeable

capacity, the total exchange capacity of the materiaL

is one of the most important characteristics of ion

exchange resins. The ionic sites per unit volume,

or per unit weiSht of the resin is a neasure of the

number of available or Potentially availabLe.

There are studies on utilized Peat as cation

exchanger or adsorbent both in type of batch and

coluron operation. Many treatment .were used for

peat activating in the term of exchangeable capacity.

^
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It has shown that peat exhibits enhanced cation

exchange caPacity after treatnent with concentrated

sulfuric acid (22, 23, 24, 25, 261.

Snith and his colleaques (24) studied on

cation exchange capacity of Peat after treatment

with concentrated sulfuric acid on column system'

They found that the best condition r{as at 2OO" c'

When it t as treated with 15 mI of concentrated

sulfuric per 1,2 gran of dried peat its capacity was

2.82 neq/ g, for copper ion.

The study on Narathiwat's peat utilization as

cation exchanEler of TongcumPou (6) was designed to

determine exchange capacity of peat in column system

using Rohn and Hass' s l'{ethod. Both treated and

untreated peat samples was determined and the results'

as presented in Table 1, showed that the exchange

capacity of the treated samples was slightly

decreased, The highest capacity appeared to be only

0.46 meq/g, Whil.e the synthetic resins are about 2-8

meq/g depending on type of resins.

′
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Tabfe 1 Column exchange capacity of Narathiwat's peat

Source Tongcurnpou C. The study on peat utilization

as cation exchanger, 1987.

2 , 2 .2 Heavrr Metal Renova.L

Numerous studies have been conducted on the

developnent of utilized peat for metal trapping,(ZO, 24,

27 , 281 . Bunzl ( 29 ' 30, 31 ) had studied on kinetics
of ion exchange during continuous addition of Pbz+

ions to humic acid and peat, investigating exchangle

cEpacit,

Ultreat

Treal,reDt

1 ‖]2S04 6112S°
4

18 1 E2SO`

l br 2 br 3 br l br 2 hr 3 br l br 2 br 3 br

Deq′ loOg

42.80

40.22 33.79 37.34 46.34 32.93 37.26 35,25 33.25 33.35

D l101′lg

423

402 338 ワ
ー 463 329 373 355 339
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process in batch experiment, in which the exchangeable

ions were added continuously as a function of time

to a we.II stirred dilute aqueous suspension of the

ion-exchange particles. He reported that the humic

substances exhibit the same kinetic as the ion

exchange resin. In 19?6 ' Bunzl and coworkers ( 31)

had studied on the adsorption and desorption rates of

pb2+, cu2+, cdz+, zn2+ and ca2+ by peat.

The results on distribution coefficients showed that

the se}ective order for the metaL adsorption by

peat is pbz+ > cuz+ > cd2+ = = zn2* > caz+ in the pH

range fron 3.5 to 4.5.

According to work done by Greenland (32) and

Stevenson (33) on the capacity of peat and hunic acid

in different conditions, it was also found that the

order of selectivity adsorption was cu2+ > cdz+ > z^2+

respect ively .

Similar results of adsorption capacity in order

of cu2+, Cd2+ and znz+ on Narathiwat's Peat

have al,so been denonstrated by Tongcunpou (6).

2.3 Related Theories of Adsorption

Knowledge of ion exchanEle technology has been

developed for along time. This is evident as many

A
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researchs have been conducted 124, 26) ' Peat is

interesting material for using as cation exchanger'

However' to study its ion exchange capacity it is

necessary to know about many related theories' Adams'

and Bohart's equation and Freundlich's equation are

some guidance for t,his study. The fornation of these

two equations wiIl be presented ]ater.

2.3,1 Elementarv Aspects of Adsorption

Adsorption; as the tern is used here, applies

to the physical transfer of a sol'ute in a 8as or

liquid to a solid surface where the solute is hefd

as e result of interuolecul'ar attraction with the

solid molecules (34). Atons and molecules are heLd

together in a solid by cohesive forces that range

from strong valence bonds to the relatively r{eak

van Der Waals forces of attraction. Molecules in the

interior of a sotid are completely surrounded,

consequently their attractive forces are satisfied on

all sides. The attractive forces do not cease

abruptly at the surface. Instead they extend outward

and cen capture wandering fluid molecules-a phenomenon

that is known as adsorption. The terns adsorbent and

adsorbate describe the solid and its captured

レ
・
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molecules.

The procedure for deternining the distribution

between the quantity adsorbed and the concentration

remaining in solution is as follows (35):

a) Different weighed amounts of adsorbent

are added to separate flasks, all containing equal

volumes of the solution being studied.

b) The contents of the flasks are stirred

at uniform temperature until adsorPtion equilibriun is

reached,

c) The adsorbent is separated from the

system by filtration and the concentrati n remaininEl

in the filtrate is measured.

The data are coded :

Co original concentration

C concentration remaining in solution

or final concentration

Co-C amount adsorbed

n weight of adsorbent

x/m anount adsorbed per unit weight

of adsorbent

Knowledge of the relationship between the

amount of substance adsorbed and the concentration

remaining unadsorbed is of pratical util,ity. Many

research have shown that the concentration on the
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adsorbent

fractional

unadsorbed.

is usual Iy
porier of

Expressed

proportional to

the concentration

rnathenatically:

a power or a

that remains

x,/n is proportional to c1/n

This is converted to an equation by introducing

a constant K which forms the classical Freundlich's

equation.

x/m = KCI /n

For data collected at identical temperaturer &rl

isotherm is forned when x/^ is plotted against C.

If the plotting is done on logarithmic paper' the

isotherm wiII generally be a stright line over a wide

range of concentrations.

The exponent 1/n in the Freundlich's equation

is of practical utility because it discl-oses the

adsorption pattern when different quantities of

adsorbate are removed from a solution. The

concentration on the adsorbent (x/m) is proportional

to the square root of the concentration remaining in

solution.
When  an  isotherm  has  a 45 angle slope (i.e.
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l/n equals 1), the rate of change in adsorption

concentration is identical with that occuring in

solution ( Figure 1). When the isotherm slope is

steeper than 45'(i.e., 1/n is larger than 1.0) changes

in the adsorbed concentrations outweigh changes in

the solution concent,! at ions '

An isotherm can be viewed as a map of the way

in which an adsorbable solute distributes itself

between the adsorbent and the solvent. Isotherm can

convey an overal I picture of many data more clearly

than could be devided directl-y from nurabers.

”

・　
　
　
　
”
　
　
　
　
“

チ

i6---.d-5% !o

Figure 1 Adsorption isotherm (1/n equal to 1):

C, concentration dye remaining in solution

lne/r)
x/n, amount dye adsorbed (mg/g adsorbent)
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Thus, when an isotherm is at a hi6h level and

has only a slight slope, as shown in Figure 2 (Al ,

means that the adsorption is .large throughout

the entire range of concentration studied;

conversely, a similar slope isotherm at a lower leveI '
as shown in Figure 2 (B) indicates proportionately

Iess adsorption. Nextl consider an isotherm having a

steep sLope, as shown in Figure 3 ' this typifies an

adsorption that is .IarEle at strong concentrations' but

is nuch less at dilute concentrations.

Figure 2

c

Adsorption isotherm (plotted logarithmically ) :

C, concentration dye renaining in solution

lns/7)
x,/m, amount of dye adsorbed (ng/g adsorbent)

`
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1@

Figure 3 Adsorption isothern (plotted logerithnically):

C, concentration of dye remaining in solution
(ne/Ll

x,/m, amount of dye adsorbed (ngl8 adsorbent)

The relative efficiency of different adsorbent

is in direct proportion to x/m values measured

at an identica.L concentration remaining in solutionl

and sor the isotherms afford a fuII view of the

relative efficiency of adsorbents over the entire range

of concentration studied. Thus, in Figure 4 adsorbents

H has twice the relative efficiency of adsorbent J at

a residual solution concentration of 10 ppm; at a

concentration of 30 ppm both adsorbents are equal:

end at a residual solution concentration of 1OO ppm'

adsorbent J has double the efficiency of adsorbent H.

ヨ
ヽ
Ｘ

30

30            50

C:
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Figure 4 Adsorption isotherm (plotted logarithnically):
C, concentration in ppm remainin6 in solution
x,/m, ppm adsorbed per gram of adsorbent

2.3.2 Elementary Aspects of Ion Exchan(e

Ion exchange can be thought of as a special

case of adsorption, where 
. 
a specially prepared ion

exchange material serves as the adsorbent ( 34 ) . The

operating method for both cation and anion exchanger

are currently done by 3 following nethods :

(f ) Batch operation : The ion exchanger is
nixed in a vessel with the exchance solution and the

solution is decanted when ionic equilibriurn is reached.

(2) Column or Fixed bed operation 3 Column

ol)eration is similar to a series of batch equilibrium,

The exhaustion step may be thought of as a series of

equilibrium systems.

∞
　
　
“

ヨ
ヽ
Ｘ

40

″

C
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( 3 ) Moving bed operation : In a moving bed

operation, the resin passes through the column and

the Iieuid being treated flows in the opposite

direction.

Anong the three methods, column operation

is mueh favored. ft i.s lhe nost important and most

frequently used Iaboratory technique. The ion exchanger

is packed in a glass column and all necessary

operations are carried out in this bed.

The rate of transfer in ion exchange is
complicated by the conplex of mechanisE of the transfer
process. A postulated meehanism of ion exchange

consists of the following step ( 34 ):
(1) Diffusion of ions from the butk tiquid

phase to the surface of the exchanger.

(2) Diffusion of the ions fron the surface

of the exchanger to the site of exchange.

(3) Exchange of the ions at the active site.
( 4 ) Diffusion of the replaced ions from

within the exchanger to its surface.

(5) Diffusion of the replaced ions from the

exchanger surface to the bulk Iiquid.
When a solution of ions passes through a fixed

bed of ion exchange material , the concentration of ions

is reduced to zeto as the solution contacts successive

Copyright by Mahidol University



25

portions of the bed (36). Attention is directed to

Figure 5, which shows the location of a hypothetical

concentration gradient in a fixed bed at different

intervals of tine. Such a gradient is located

initially at the top of the bed and travels downward

through the bed as the top layers of the exchange

naterial becane spent. At tine t'the gradient is shorrn

to be located entirely within the bed and none of the

ionic species being removed escapes in the effluent. By

tine tZ, however, the gradient has receded to a Point

where the ions begiu to appear in the effluent. At

tine t3, the gradient has almost passed through the

bed, and the concentration of ions in the effluent

is cLose to that in the feed. Although the Elradient'

as shown in Figure 5, delineates a moving zone in

which aII the ions are renoved fron the solution' for

convenience, an exchange zone is considered in which

the concentration of the ions being removed is reduced

from 95 to 5 percent of the feed concentration. For a

given set of conditionsr the height of the exchange

zone as weLl as the rate at which it tloves through

the bed renain constant. Both height and rate will

vary with feed rate, feed concentrationr exchange

capacity, and dimensions of the bed.
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Figure Location of a hypothetical solution

concentration gradient in a fixed bed at

different intervals of tirne.

The height of the exchange zorle' can be

deternined from an analysis of a breakthrough curve

similar to those presented in Figure 6. Such curves,

which can be constructed from data obteined in the

laboratoryr relate the effluent concentration of the

ion being removed with the volume of effluent. It
conformance with the definition given for the

exchange zone, points of breakthrough and exhaustion

are focated at effluent ion concentrations equal to 5

and 95 percent of the feed ion concentration, Co,

respectiveiy, Copyright by Mahidol University
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Figure 6 Typical breakthrough curves

2.3.3  Co■ umn Test

Tc sea:rch for adsorption isothern is g batch

operating nethod. That is only to deternine whether

adsorbent adsorption will accomplish effective
purification. Equilibrium data for adsorption are

usually presented in the form of adsorption

isotherms.. These data are necessary before the design

equation can be applied. Although only adsorption

isotherur data is not enough for the study of

adsorption. According to the several interacting
physical mechanisms involved in adsorption or ion

exchange, and because such calculations are usually

applied to a finite quantity of adsorbent in a

cyclic operation, the design of fixed beds for ion

exchange and adsorption can be involved procedure.

′

E fflrnt r,olu,Dc

A schenatic representation of a fixed-bed
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adsorber is given in Figure 7 (34). While a

solute-rich soLution enters a fresh adsorbent bedt

the solute in the solution begins adsorbing on

the solid adsorbent. The rate at which adsorPtion

occurs is influenced by one or more of several

factors ( 34 ):

( 1) Diffusion of solute from the following

solution to the external surface of the solid particle.

(2) Diffusion of the solute into the gas-fiIled

internal pores of the particle.

(3) Reaction at the solution-solid interface.
(4) Diffusion of the adsorbed solute within

solvent phase.

E':'uent

V・

r=0 .sri
」  L

Figure 7 Adsorption in a fixed bed

The solid adsorbent wiII innediately adsorb

soLute until it is in equilibrium with the entering

solution strean. Thereafter, the entering solution

fLows unchanged through this first increment' and

onward to have its solute adsorbed in the next

increnent. This action continues until enough feed has

lru.ort"rrr
1 bal

. lr = cror:-sccti*ral
l aふ 訴bedI

Soitlte― ,Ic:!
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″

γ:
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been introduced to saturate the entire bed to

equilibriun with the solution, at which time the

effluent solution instantaneously increases fron zero

concentration of solute to the concentration of

the entering stream.

During . 
the time the adsorption front is

progressing through the bed, the unadsorbed

component has been flowing through the renainder of

the bed and out as the eff uent. If the concentration

of solute in the effluent is measured, it will be

found to be ze?o unti! the tine at which the bed

becomes saturated; then it suddenly increases to

the entering conposition.

The tine required to saturate the bed is a

function of the adsorptive caPacity of the bed' the

flow rate' and the concentration of adsorbable

constituent in the feed. Accordingly' a direct

proportionality exists between the tine required to

saturate the bed and the cumulative ef fl'uent nass. With

instantaneous adsorptionl the front between the

fully saturated bed and the fresh adsorbent tDoves

through the bed until it reaches the efflux end, at

which tine a concentration change from zero to l/l

occurs as the last increnent of adsorbent becones

saturated. This sudden increase of solute concentration
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in the eff.Luent has been called breaking through the

bed, leading to the designation breakthrough curves

as the appropriate name of a plot of exit concentration

as a function of tine. BreakPoint is the point which

the solution of effluent is maximum. Breakpoint time

is the tiure during adsorption start to breakpoint.

Breakpoint time is depend on :

a) the height of adsorbent

b) the particle of adsorbent

c) flovr rate of effluent

d) the concentraLion of adsorbed solution

The continuous process of colunn test is

according to Adans and Bohart's equation (37)l

t = No/cov {h - v,/kNolln (ColCs - 1)l} ...(1)

t = Breakpoint tine or Service tine (nin)

v = Velocity of effluent through adsorbent

(superficial velocity) ( cmlmin )

h = Height of adsorbent or depth of bed (cm)

k = Rate of adsorption (cn3lng,nin)

No = Adsorptive capacity (mglcm3)

Co = InfLuent concentration (mglcr3 )

Cg = Effluent concentration (ng,/cm3)
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From ( 1) t = Noh/Cov - 1/cokI In(cg,,/Cs - r)l l2)

Compare with l inear

sl ope

int.ercept

From 12)

caPac i ty

t versus

cal cul ated

equation '
y=mX+C

(m) = No/Cov '..(3)
(c) = I /coklln(co/C6 - r)l ...(4)

The bed depthr which theoretica.Lly is iust sufficient

to prevent penetration of concentration in excess of

CB aL zero tine, is defined as the critical bed

depth and is deternined from (2) when t = 0

ho(Critical bed depth) = v/kNo[1n(ColcB - 1)] ... (5)

, it can be shown that the adsorPtive

No can be determined from a linear plot of

h. The rate of adsorPtion k is then

from the intercept of this Plot.

2.4 Summarv

Peat infornation such as classification,

characteristics and the study of peat in Narethiwat

province told why an investigation of cation

exchanger should be carried out. And it has showed
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that peat is interesting material for being used as

cation exchanger.

The re.Lated theories to this study are

guidelines of this work especially Adams and Bohart's

equation. ALI values obtained from this equation

give conclusion and trend for further study'

Conclusion and also reconmendation can be drawn from

this equation.

●
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CHAPTER III

RESEARCH METHODOLOGY

3。 l Materials

3。 1.l Peat Sample5

Peat samples collected from development and

conservation zolne of Bacho and Todaeng swampsr were

used. OnIy Narathiwat (Nw) and Kabdaeng (Kd) soil

series according to unit number of 20-26 and 13' 15

respectivelyr were taken.

3。 1。 2

Certified test sieves size 0.50 - 1.00 mm

( mesh no. 16-30 )

Test sieve shaker Model Octagon 2OO

Suction pump

Atom■c  absorption  spectrophotometer

Hitachi 180-50

Stop watch

3.1.3 Chemica■  Reagents

4 % Hydrochloric acid

Model

17947
i -l t I t-4cl"1to X
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- 5O pprn Copper suLfate penta hydrate

( CuSO4 ' 5H20 )

- 50 ppm Tri-Cadmiun sulfate octa hydrate

( 3cdso4'8H20 )

- Standard Cd and Cu soLution for AA. spectro,

- Methyl orange indicator

Note : AII chemicals were analytical grade and

preparing reagents were in Appendix B

3.1.4 Glass― ware

- Glass colunn 1.8 cn I.D. 30 cm height

- Beaker 75O, 25O, 1,000 mI

- Buchner funnel

- Cylinder 10, 50, 100 nI

- Glass stirror

- SampLe bottle

- Volurnetric flask 10, 25, 50, 100, 1,000 ml

3.2 Experinental Procedure

3.2.1 Peat SampL ine

Peat samples from conservation and development

zor:e in Bacho and Todaeng swam1> were collected on
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soil series. The overlay mapping technique

topography, soil map of geography (l : 50,000) and

landuse map of peat in Narathiwat province

(1 : 50,000) was used, and then sampling sites were

selected using siraple random sampling technique,

cor:sidering of zoning area and landuse type. AII
the peat samples r'rere obtained as the following

criterias:
( 1) The accessible sanpling sites were

distributed cover most of the development and

conservation zone of both srtranps,

(21 The areable peatland for peat sanpling

were Narathiwat (Nw) and Kabdaeng (Kd) soil series.
( 3 ) Within 10 kr2, at least one peat

sample was collected for each sampling site.

3.2.2 Peat Preparation

Before experiment

followed:

peat was prepared as

( 1) Raw peat

air-dried over 1 day

remaining noisture in
45-50"c using electric

is spread, Ieave it for open

and then further dried to reduce

the room at the temperature of
buLk as the heat source.

sample 1-2 min using high speed12) Ground
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blender and

0.50-1.00 mn

then sieved with test

particle size.

sieve shakers

3.2.3 Adsorption fsotherm Experiment

The prepared sample with particle size of
0.50-1.00 mn was divided to individual samples and

nixed with heavy metal soLution (Cd, Cu) for the time

interval selected. The nethod followed by laboratory
evaluation of adsorptionl weighteC l, 5 and 10 S

peat samples (accurately) in beaker then poured cadnrium

solution( 50 ppm) 25 cn3 in each beaker, stirred nixture
in each beaker for 5 minutes and stand for one hour.

Aftel filtration the concentration of cadrniurn renain
in filtrate was measured by Atornic Absorption
Spectrophotoneter. These datas were, then, plotted in
accordance with the Freundlich isothern to determine

the adsorption characteri st ic s . From the curve obtained
peat sample with high adsorptive capability. Instead,

copper solution was conducted using the same procedure.

3.2.4 Colunn Test Experinent

ヽ

ヽ

The selected

adsorption property hawe

peat samples with high

been chosen, and then mixed
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together. A portion of selected peat was nixed with

deionized water in beaker and then poured this

nixture into the glass coLunn (1.8 cm I.D', 3O cm

height) which glass wool was cushioned in the botton'

and then gLass wool was covered above. The height of

peat sanple and flow rate of solution applied

according to the Table 2. The column treatment with 4 X

HCl were conducted anq then washed column with

deionized water til] the effluent is normal (checked

the effluent by Methyl orenge indicator). Let, cadnirrm

solutiorr throughou+- the colurnn and collected the

sample of effluent fron the column every 5 minutes

until the concentration of effluent was 3 x 10-5

ng/cm3 (or collected for 1-2 hrs/1 colunn) and the

concentration of effluent was measured using AA.

spectrophotometer. Then break. point has been

considered the time fron startinE run column when the

concentration of effluent was 3 x 10-5 mg/cn3. AfI the

resuLts obtained were plotted for service tine versus

bed-height and Nor hqr k versus velocity, and then

used for further calculation. The same procedure was

applied for copper solution but the break point

was the point which concentration of effluent was

0 . 001 urg,/cn3 .

へ

一
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Tsble 2 Bed-height of peat coluotr, flov rate of cathiul and copper soiution

for colurn test

l

Cadriur Solutiol Copper Solution

Flov late

( ca"/ril)

Bed-height of peat Colum

( cr,

Flor tate

(cr'/linl
Bed-height of peat Colurl

(cD)

I
5

6

6.5

7

2.0 1

6

7,5

8.5

11

3.0 I
6

7

8.5

9.5

5

6

7

7.5

10

4.5
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3.2.5 Application of Adams and Bohart's

Equation

fn order to explain the apparent from column

test experiment Adams and Bohart t s equation ( see

section 2.3,3) is being applied as follow :

3,2.5.1 Column Efficiencv Calculation

( 1 ) Column efficiency calculated from bed-height :

efficiencY=h-ho

h

%efficiency=h-ho x100

h

...(6)

" '(71

(21 Column efficiency calculated from adsorptive

capacity :

From l2l t x Co x v = Noh v/kIIn(Co,/Cg 1)l

efficiency=txCoxv
Nh

o

= Noh - v/k[1n(col-qa--ll]- ...(8)
*oh

% eff iciency = Noh - v/k[1n(CsZqB--:--11-I x 100 . '. (9)

*oh

From (5) ho = g/kNe[In(Co,/Cg - 1)]

Copyright by Mahidol University
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capacity loss = Noh。

v/k[ln(c。 /CB - 1)] ..。 (10)

replace (f0) to (8)

efficiency = 里。h ― NoL。

N h
0

N。 (h ― h。 1

N h
0

efficiency = h ― h。

h

…
。 (11)

% efficieracy = h ― ho x 100

h

..。 (12)

It can be seen that coiumn efficiency fron (7)

is equal to ll2l as the value of No, ho and k

have been derived from the sane value of velocity.
AII these values will be used as a factor of further
study for enlarged colunn.

However, in order to compare efficiency among

columns, the same velocity vaLue must be in
consideration. In case of conpering the colunn

efficiency at a different velocity, the equation (13)

which is derived fron (2) should be used for
confirmation. Equation (13.) is :
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Ll

t x v = Noh/co - v/Cok[ In(colcg - 1)l ...(13)

From (13), the coLunn efficiency can be observed from

the quantity of treated soLution volume (t x v).

-(
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CHAPTER IV

RESULTS AND DISCUSSION

In this chaPter

findings are presented.

calculations necesserY for

in the Appendix.

the results

Backg round

clarification

of research

data and

are shown

4。 l  Adsorption lsotherm

Adsorption isotherrn is a batch test which

is very useful for finding adsorption capabilitv

of peat and also to use as guidance to see if the

particular peat sample can be used as adsorbent.

In order to evaluate the adsorption

feasibility, a study under laboratory conditions was

conducted. Two kinds of solutions' cadmium and copper'

with concentration of 5O ppu have been tested with

u1> to 9 sefected peat samples, The peat samples used

as adsorbent are varied with the weight of 1' 5 and

10 g. only 25 nl of solution is taken for each

experiment and then the concentration of the remaining

uretaL in solutionr the adsorbed metal were analysed

and recorded as presented in Tabfe 3 and Tabfe 4.

From Table 3, aI1 datas of cadmium solution

experimental are plotted to show adsorption

characteristics of each sample sholring the ordinate

^
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as the ratio of the adsorbed cadrnium and weight

of peat (x/m) and the abcissa as the concentration of

the remaining cadniun in solution ( final concentration

of cadmium ). These resulting lines, as present in

Figure 8 (a), are in accordance with the isotherm

calculated by Freundlich equation( see section 2.3 ' 1) .

The slope of isotherm line wiII present the adsorption

capability of each Peat sample. The steeper of ]ine

is showed the nore of adsorbed cadmium is appeared.

However, fron this experiraent, the minimtrm

reneining concentration (1-15 ppn) of the four steepest

Iines are higher than the required concentration

that being used as industrial waste water standard

(0.03 pptn). Therefore, all these four saoPles (Kd 13'

Kd 15, Nw 22, Nw 25) are useless to be considered as

the selected representative samples for further

analyses. Consequently, 5 samples (Nw 20, Nw 21'

Nw 24, Nw 26) with the potential
Nw 23,

m■ n■ mum

concentration of lower than 0.01 pPn' as shoern in

Figure 8(a), are in consideration. And only two

representative samples were seLected (Nw 21' Nw23)

for colunn test as its coverage adsorption

capability value and being in consistence with

those results presented by copper solution experinent.

ヽ

The results fron copper solution exPeriment
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(a) r/r

■iモ   ニ■1   三護     =:モ署   lモ
=手
   三手:モ     il:モ    ニ手署

=ri==卜「
i■三
=警
 三三■■卜 f=]■ i

(b) xrl

=F=       
≡
=1    :==    F■

1      ■11    :=■     Fll      ■■1    1■■

Adsorption  isotherm  of  peat  using (a)cadmiun

solution and (b)copper solution

Tab■ e 3, 4

(1)Kd13,(2)Kd15, (3)Nw20, (4)Nw21, (5)Nw22

(6)Nw23,(7)Nw24,(8)Nw25,(9)Nw26

Figure 8

Source :

Note :

く
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are presented in Table 4 and Figure 8(b), According to

the sane considerateness of cadmium experiment and

with the industrial waste water standard of copper

(1 ppm), the two representative samples (Nw 21 and

Nw 23) for colunn test which are identical sanple as

cadmiun solution experiment, a:'e selected.

As aforenenbioned, it can be concluded that
peat is capable for using as cation exchanger' as

every sample has considerabLy showed its adsorption

capability, However, under industrial waste water

standard constraint, onLy 2 representative sanples

are reasonabfy selected.

4.2 Column Tes E

. fn order to investigate if selected peat

can be operated in larger colunn, the column

test must be performed as the continuous column

in which the service time (breakpoint time) wiII be

obtained. For this experinent, Nw 21 and Nw 23 were

mixed, and the two sol"utions of cadniun and copper

have been applied on a glass co}urnn wir-h d 1.8 x 3O cm.

The collected effluents have been analysed using

Atomic Absorption Spectrophotomete r (AA.), then were

recorded and calculated using Adams and Bohart's

ヽ
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appl ied

that would

and cofumn

equation in

be used for

enlargement.

order to obtain No, ho, k

column efficiency calculation

4。 2.l  Cadmium  Solution

The condition used in this experiment are

shown in Table 2 (Chapt.3). The resu]-ts from this

experiment are presented in Table 5 in which the

service tines are obtained and then are pJ-otted, as

presented in Figure 9(a), with the ordinate being the

breakpoint tine and the abcissa being the height of
peat column. As we can see that the relationships of

bed-height and service times are Iinear and being

in accordance rrith a surface-reaction-rate theory, and

Adams and Bohart's equation ( see section 2.3.3 ) .

Adsorptive capacity (No) and rate of adsorption (k)

are then calculated from slope and intercept

respectively. The. critical- bed depth ( ho ) can also

be calculated from equation as presented in section

2.3.3. These datas are then plotted, as shown in
Figlure 10(a), with the ordinate being Ns, h6, k and

the abcissa being the cadmium soLution velocity through

the column. From this Figure, it can be seen that
the values of adsorptive capacity, critical bed depth

Copyright by Mahidol University
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and rate of adsorption will be determined by solution

velocity. Increasing velocity tend to increase the

critical bed depth and rate of adsorption but only

slightly change appeared to be of the adsorptive

capacity value. However' this relation can only be

applied .for a range of velocity of 0.51-1 .22 cn/mint

when the velocity have been changed then another

relation of No, ho, k wiII be occured. It is al.so

noted that the highest adsorptive capacity' rate of

adsorption and critical bed depth are appeared at the

highest velocity.

4.2.2 Copper Solution

As the resu.I-ts presented in Figure 9 ( b ) , it can

be seen that the relationships of bed-height and

service time are also Linear which is the same as

cadnium solution. The cafcuLated adsorptive capacity

(No), critical bed depth ( ho ) and rate of adsorption

(k) are presented in Figure 1O(b). The results are

also indicated that the solution velocities are the

determinant of alL adsorptive capacity values, critical

bed depth and rate of adsorption. And the sane relative
pattern with cadmium solution has been shown at the

app1icab.I"e velocity range of 0.98-1 .77 cm/min. The
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highest adsorptive capacj.ty' rate of adsorption'

critical bed depth and solution velocity are also

considerably noted '

As the nentioned above, the conclusion of

column test can be drawn. It is shown that peat can

be operated as continuous column, providing

adsorptive capability (Nq) r rate of adsorption (k)

and critical bed depth (ho) needed for caLculation

of colunn efficiency and column enlargement.

4.3 Colunn Efficiencv

It has been shown that the highest adsorptive

capacity, rate of adsorption and critical bed depth

will be presented with the hiShest velocity (Figure

10). Fron this result, it is however questionable

that whether the highest column efficiency wiII also

be obtained, as the conparative efficiency must be

perforned within the same velocity.

As previously mentioned in Chapt. 3, column

efficiency can be calculated from either adsorPtive

capacity value or bed-height usinS the applied Adans

and Bohart's equation (see section 3.2.51,

Copyright by Mahidol University
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4。 3.l  Cadmiun So■ ution

Using adsorptive capacity calculation' as

presented in Figure 11 the calculated column efficiency

using different cadmium solution velocity ( (a) 0.51,

( b ) 0. 78, ( c ) L.22 cmlmin ) showed t.hat the value

of total capacity' capacity loss and efficiency

are slightly changed with the solution velocity.

Comparing within the particular velocity the total

capacity will be increased with bed-height while the

capacity loss is ccnstant and slightly increasing of

efficiency is observed. It is noted that increasing

solution velocity might not be profitable as a

graduaily decreasing of efficiency has been observed.

In case of using bed-height calculation' as

shown in Figure l?la), the results seem to ind.icate

that the lower velocity will give rise to the higher

column efficiency. But this comparison could not be

possible as ;" aforementioned that any comparison

must be performed within the same velocity. Therefore

this result can only be shown that the variation of

column efficieney are potentially dependent on

bed-height.

t
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4.3.2 Copper Solution

As the results of calculated adsorptive

capacity presented in Figure 13. It can be seen

that the calculated column efficiency results using

different copper solution velocity ( (a)0.98, (b)1.18'

(c)1,77 cmlmin) are considerably the same as using

cadmium solution. Increasing solution velocity might

not be profitable as a slightly decreasing of

column efficiency are also noted.

On account of bed-height calcu'l ati-on r as

shown in Figure 12(b) ' the results are also consistent

with the results obtained by cadmium solution. It is

also observed that eolumn efficiency can only be

varied with bed-height. This result has confirmed

that any efficiency must be compared within the same

velocity.

4.4 Treated Solution Volume

In order to compare column efficiency at a

different velocity, the treated solution volume

(t x v) which is calculated from equation (13) (see

section 3.2.5) can be observed.
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4.4。 l  Cadmium Solution

The calculated volume of treated cadmium

solution are shown in Tab1e 15. These datas are then

plotted, &S shown in Figure 14(a), with the ordinate

beir:g t x v and the abcissa being bed-height of peat.

It can be seen that three crossed dots from

these three lines of this graph are x1' x2 and

x3 showing 3.468, 6.27A and 8,428 respectively. As

we know beforer w€ can compare column efficiency at a

different velocity from the calculated treated

solution volume. It concluded that the volume of

treated cadmium solution at any ranEle of bed-height

are :

( 1 ) at bed-height of lower 3.468 ' the vol-ume

of treated cadmium solution obtained using solution

velocity of 0.51 cmlmin, is higher than the velocity of

0.78 and 1.22 cmlmin.

treated

velocity

0.78 and

volume

solution

(2) at bed-height of 3.468 ' the volume of

cadmium solution obtained usitrg solution

of 0.51 cm/min, is equal to the velocity of

higher than the velocity of L.22 cmlnin.

( 3 ) at bed-height of 3 .468 to .6.27O, the

of treated cadmium solution obtained using

velocity of 0.78 cmlmin, is higher than the

Copyright by Mahidol University
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メ

velocity of 0.51 and 1.22 cm/min,

(4) at bed-height of 6.270, the volume of

treated cadmium soLution obtained using sofution

velocity of 0.78 cm,/ninr is higher than the velocity

of 0.51 cnlnin and the volune of treated cadnium

solrr'-iorr obteined rrsind so].ution veloeity of 0.51

cn/nin is equal to the velocity of 0.78 cnlnin.
(5) at bed-height of 6.2?O to 8.428'the volune

of treated cadmium solution obtained using solution

velocity of 0.78 cn/nin, is higher than the velocity

1.22 ca/ mi-n and 0.51 cmlnin.

(6) at bed-height of 8.428, the volume of

treated cadnium so.Lution obtained using sol,ution

velocity of 0.78 cm,/nin, is equal to the velocity of

7.22 cm/nin and the treated cadniun solution

obtained using solution velocity of 1.22 cn/min is

higher than the velocity of 0,51 cnlnin.
(7) at bed-height of 8.428, the volune of

treated cadrnium solution obtained using solution

velocity of 1.22 cm,/nin, is higher than the velocity

of 0.?8 and 0.51 cnlmin.

It is noted that using cadmiun solution at

any solution velocity must also be considered at any

range of bed-height of peat column, It is appeared

that at Low bed-height, the lower solution velocity

メ

´
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wiII give rise to the

high bed-height, high

when the high solution

high column efficiency, Then at

efficiency wiLI be obtained

ve.Locity is used.

4.4.2 Copper Solution

As tbe resu.Lt presented in Table 16 and

Figure 14(b), the lowest velocity of 0.98 cnlnin will
give the most highest volume of treated copper

solution at every bed-height of peat. It is noted

that using eopper solution the lowest velocity can give

rise to the best colunn efficiency.

4.5 Application of the ExDerimental Results

In order. to see if the results obtained fron

column test experirnent can be applied for column

enlargemment, The expected column size must be set

up and chose the value of No, ho, k and v from

the colunn test experinent (Figure 10, Table 6 ) .

Then calculation for flow rate used in experiment and

effluent (CA) obtained at various time using Adans

and Bohart's equation was applied, as the results
shown in Table 17, 18. These calculated results show

that in case of cadmium solution, the serwice time to

ヽ

・
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meet the requirenent of industrial waste water

standard may be obtained at 138 min whiLe only 130

min appeared to be of copper solution.
It is clearly shown that peat is capable to

some extent for heavy metal renoval . However, in
prac+-ice it j.s rather inc.nvenient to use it as

cation exchanger colunn a's peat regeneration may be

required at every 2 hours. Eventhough, increasing

bed-height to increase colurnn efficiency can be

done but capacity Ioss due to critical bed depth

and adsorptive capacity of peat nust be taken for
consideration. Therefore, the influence of physical

factors that effecting peat column should be further
investigated.

ミ
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CHAPTER V

CONCLUSION AND RECOMMENDAT10N

5.1 Conclusion

5.1.l   The   Capability__of Peat as Cation

Exchanger Column

. Results from this work confirmed that peat

are capable for being cation exchanger. Adsorption

isotherm are shown that every samples of peat have

adsorption capacity to some extent, depending on

source and quality of peat. Nw soil serie with unit no.

2l and 23 are peat representatives as its coverage

adsorption capability value.

From the study of peat in continuous column

acquired the result which eonfirmed that peat can be

used as cation exchanger column. This study

proceeded to Adams and Bohart's (see section 2.3.3

and 3.2.51, which have developed a relationship base

on a surface-reaction rate theory, that can be used

to predict the performance of continuous column.

According to Adams and Bohart's equation (see

section 2.3.3 and 3.2.5), the essential values

a.cquired f rom experimental. a.nd cal-crrlation are

obtained. They are adsorptive capacity (No), rate

of adsorption (k) and critical bed depth (ho). The

〈

（
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conclusion drawn from these results showed that the

capability of peat in heavy metal adsorption is

dependent on No and k, However, the caLculated

cofunn efficiency is deternined by the critical bed

depth (ho) used for any experiment.

5.1.2 EnLargirrq Cation Exchanger Co.lumn

Adams and Bohart's equation is usually used

to explain the reLative behavior of the related
variables obtaining from continuous column experinent.

The obtaining vaLues will be used as basic

information for calculation of column enlargenent.

5.2 Recommendations

From this work the recommendations can be

drawn as follows :

( f ) In comparison of different heavy metals

adsorption solution concentration ,

concentration (Cg) and bed-height of
recornmended.

effluent
peat are

(21 In order to naximize adsorption capacity
the ap1>lication of multiple adsorption column is

recommended .
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(3 ) Peat regeneration should be further

investigated in order to know the working life tine of

peat.

( 4 ) The influence of related factors to pilot

column test should be further studied in more details.

Copyright by Mahidol University
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APPENDIX A

rABLE OF RESULTS

rable 3 Tle Haining collent iti n in odniul solution and x′ 口for isothen

ヽ

Peat贅田pl●

恥lJbL of A●「bent(口 )

{r)

hmining ComtFatiOD in SOletion(c)

〔pp)

llsorhd HLir (rl

(.9) xrl

rd 13

Id 15

精 20

‖1 22

|124

H125

ν
`23

35.50

29.60

23.20

19.田

9,90

5,70

01.45

24.85

20.60

34.05

11.90

4.20

20.40

4.22

1.20

19.65

3.10

0.411

14.:0

2.50

1.00

27.10

13.10

0.55

10,45

1.m

O.m

田

　

５‐

　

師

0,76

1.00

1.11

0.48

0.63

0,74

0,40

0.95

1.14

0,71

1.14

1.22

0.76

1■ 7

1.24

0.90

1.19

1.22

0.57

0,92

1.04

0.99

1.21

1.23

0.3G

O.10

0.07

0,76

0.20

0.11

0.46

0.12

0.07

0.40

0.19

0。 11

0,74

0.23

0.12

0,76

0.23

0.12

0.90

0.24

0.12

0.57

0.10

0,10

0.99

0.24

0.12

″

Copyright by Mahidol University



72

Isble { n0 reriril€ coueatn[iu ir ctpper sohlior rd r/r lor isotien

Pnt Smple

Ueight ofよ競rbnt(11

("〕

聰nining ttntration in Solltion(c)

(pp,

aLOrbed Q“i口 (菫〕

〔lr) ヌJI

Id i3

Id 15

‖1 20

胞 21

加 22

H1 23

‖1 24

胸 25

H12G

１０

”

範

■

２‐

４‐

ｍ

■

１６

■

■

■

５２

”

‐２

”

■

ｍ

ｍ

ｍ

ｌｌ

■

“

“

０２

‐２

ｍ

‐３
．

５
．

２
．

９
．

１
．

０
．

‐３
．

２
．

１
，

７
．

２
．

０
，

７
．

１
．

０
．

３
．

０
．

０
．

２

１
．

０
，

７
．

１
．

０
．

■

１
．

０
．

0,92

1.12

1.19

1.02

1.22

1.24

0。 92

1.19

1.22

0,01

1.18

1.23

1.“

1.22

1.24

1.05

1.23

1.24

1■ 9

1.22

1.21

1.06

1.22

1.23

1.15

1.22

1.24

0,92

0.22

0.12

1.02

0.24

0.12

0.92

0.24

0.12

0.31

0.24

0.12

1.08

0.24

0.12

1.05

0.25

0.12

1,19

0.24

0,12

1.06

0.24

0,12

1.15

0.21

0.12

1

5

10

1

5

10

1

5

10

1

5

10

1

5

10

1

5

10

1

5

10

1

5

10

1

6

10 Copyright by Mahidol University



73′

ta e 5 Senice tirc 0f cdtiu ud ctpler solrtiol Iror colurl iedt erDerilert

Qtti■ 詢l口th Copper ttlution

臨
　
ｎｉｎ‐

山

ピ

nd‐height oF pmt"lm

t"〕

scnicc tire

(rirl

Floo Eate

icn3た in)

腱 nght Or"ι
"lm

icl〕

80riCe till

lnin〕

22

63

102

141

100

4

5

G

6.5

7

∬

＝

躙

Ｈ

‐５２

4

6

7.5

0.5

11

槻

“

ｍ

ｗ

卸

4

6

7

8.5

9.5

■

∬

‐‐７

＝

郎

5

6

7

7.5

10

３０

ｍ

ｍ

”

卸

３‐

５‐

田

”

■

Copyright by Mahidol University



7L

目
●
引
´
”
【
●
∽
　
』
ｏ
口
ぃ
ｏ
い

コ

Ｏ
Ｏ
い
。∞

】
∞
∞
。Ｎ

Ｎ
い
∞
．Ｎ

（自
引
日
．”
日
ヽ
。
口
●
）

“
Ｎ
“
】
。】

∞
“
〇
．】

モ
”
一
．】

（・
０
一
ヽ
〕
日
）

黎

一
』
卜
．】

】
ｎ
∞
．「

∞
∞
い
。”

一
口
ｏ
●
“
ｏ
一
日
】

‐   い   ‐
卜   ‐   ‐

ｏ
口
一
“
∽

∞   い
N  ‐   ‐

（日
一
●
ヽ
口
ｏ
）

卜
´
【
●
●
【
●
一

∞   ∞   ト
‐   ‐   ト

‐   H  日

目
●
引
一
目
【
●
∽
　
●
口
嘱
日
一
●
一

0  ●
コ   0

一
一
劇
．∞

一
”
崎
。Ｎ

一
”
一
．Ｎ

（日
】
●
．「
日
ヽ
・
口
０
）

“

∞
一
め
．Ｎ

一
一
一
．Ｎ

ｎ
一
崎
．】

（輌
口
０
ヽ
「
口
〕

〓

Ｏ
Ｎ
Ｎ
．】

０
一
“
．】

卜
０
一
．】

一
ぃ
０
０
“
０
一
日
】

‐   ‐   N
‐   卜   ∞

●
一
一
Ｈ
∽

（日
【
日
ヽ
口
０
）

ぃ
一
Ｈ
一
●
【
０
い

Ｎ
Ｎ
。】

∞
卜
．一

】
一
．０

】
一
・

。
コ
　
一
●
●
　
“
　
ぃ。
【
　
一
ｏ
一
“
［
曰
●
Ｈ
“
●
　
０
コ
い
　
　
　
∞
　
ｏ
ロ
ハ
“
い

ヽ
Copyright by Mahidol University



75

Table r The calculated colunn efficiencF of O.51cコ ノnin cadDiun SOlution lelocity

ベ

Bed‐ height of Colunn

icl)

Total Capacity

t口 Jノ cD2)

Capacity loss

irg,lcr")

Coluru tfIiciencr

3.5

1

1.5

5

5.5

6

6.5

7

ア.5

8

8.5

9

9.5

10

10.5

11

3.525

4.029

1.533

5.036

5.510

6.013

6.517

7.051

7.554

8.058

8.562

9.065

9.569

10.072

10.576

11.030

2.448

2.418

2.418

2.418

2.418

2.438

2.448

2.448

2.418

2.118

2.418

2.448

2.448

2.418

2.418

2.418

0.306

0.392

0.460

0.514

0.558

0.595

0.626

0.653

0.6薔

0.696

0。 711

0.730

0,711

0.757

0.168

0.779

ヽ

″
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Table 8 The calculated oollコ n efficiencざ of O。 78 cDノ Din CadDitl solltiol velocity

メ

Bed‐ height of peat Co1111

'CDi

Iotal Capacity

2
ilg/m )

Capacity Loss

ilg/cnt)

Coiunn trfficiency

3.5

1

1.5

5

5。 5

6

6。 5

7

7.5

8

8.5

9

9。 5

10

10。 5

11

3.343

4。 399

4。 919

5。 499

6.019

6.599

7.119

7.699

8.218

8.798

9。 318

9.898

10。 418

10。 998

11.518

12,098

2.769

2,769

2.769

2。 769

2.769

2。 769

2。 769

2.769

2。 769

2.769

2.769

2.769

2.769

2.769

2.769

2.769

0。 231

0。 371

0.440

0.196

0.542

0。 580

0。 613

0.640

0.661

0.685

0。 704

0。 720

0.735

0。 748

0。 760

0。 771

ヽ
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Iable 9 The calculated coiurn efficiencr-. of 1.22 cn/Din cadriul solul,iou velocitr

3ed-height of Peat Coluru

. icrl

Iol,ai Capacity

2
irg,lcr )

Caprcitl loss
2iu/c[,

Coluln trfficieocy

3.5

1

1.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

1.27

1.88

5.19

6.1

6.71

7.32

ア.93

8.54

9.15

9.薔

10.37

10.98

11.59

12.2

12.81

13.12

3.782

3.782

3.712

3.782

3.ア82

3.782

3.782

3.782

3.782

3.782

3.782

3.732

3.782

3.782

3.782

3.782

0.111

0.225

0.311

0.380

0.186

0.483

0.523

0.557

0.587

0.612

0.635

0.655

0.671

0.690

0.705

0。 718
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Ta}le 10 ttre calculated coluon efficienc! of 0.98 cUDi[ copper soiution ';elocitr

ヽ

Ded‐ beight or peat cOluDn

ic● ,

lotal Capacity

:Bgノ co2)

Capacits loss
,

iDE/cD )

Cohu Ifficieucy

5.539

6.331

7.122

7.913

8.705

9。 196

10.287

11.079

11.870

12.662

13.153

11.241

15.036

15.327

16.618

17.110

3.724

3.721

3.721

3.721

3.724

3.72尋

3.724

3.721

3.T24

3.721

3.721

3.724

3.724

3.ア21

3.721

3.724

0.328

0.112

1).177

0.529

0.572

0.608

0.638

0.661

0.686

0.706

0.723

0.738

0。 752

0.765

0.776

0.786
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T8!le 1I lhe calcrlated colunn efficieocy of l.l8 cr/!h coDper solution velocil,y

Bed‐ hettht Of Peat ColuDn

icn}

lotE] CaDrcity

i[grcr )

CapacitI loss

irg/cD )

tolum Ifficiency

3.5

4

1.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

5.385

6.726

7.567

8.107

9.248

10.089

10.930

11.770

12.611

13.352

11.293

15.133

15.971

16.315

17.656

18.196

1.125

4.125

4.125

1.425

1.125

1.125

1.125

4.125

4.125

1.125

4.125

4.125

1.125

1.125

1.125

4.125

0.248

0.342

0.115

0.171

0.521

0.561

0.595

0.624

0.649

0.671

0.690

0,708

0.723

0。 737

0.719

0.761

ヽ

ハ
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Tabje 12 the calculaled colunn efiicielcl 0[ f.il co/nin copper so]ution ''ielocilr

ヽ

rea-Uiglt o[ Peat Co]uru

icr i

Iotal Capacity

irglcr )

Capacitl toss

iDg/cn )

[olum Ifficiency

3.5

1

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

6.195

7.080

7.965

8.850

9.735

10.620

11.505

12.390

13.275

11.160

15.045

15。 980

16.815

17.700

18 585

19.170

6.195

S.195

6.195

8.195

6.195

8.195

6.195

6.195

6.195

6.195

6.195

6.195

6.195

6.195

6.195

6.195

0

0.125

0.222

0.300

0.361

0.117

0.161

0.500

0.533

0.562

0.583

0.611

0.631

0.650

0.667

0.682
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7able 13  The cal1llated colun efficiencr frlll bed height for"山 inl

Ld‐hight of Pmt∞ luB

(a}

C●luD Erficiener

at,=0.51“′口in at,=0。 70 carnin at▼ =1.22 cl′111

3.5

4

4.5

5

5.5

G

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

0.3“

0.392

0.4m

O。 514

0.5■

0.595

0。 62G

O,653

0.G76

0.698

0.714

0,730

0.744

0,757

1.760

0.779

0.281

0,370

0.4“

0.4鶴

0.5乾

0.500

0.612

0.6“

0.6“

0.8“

0,704

0,720

0,715

0,748

0,7m

O,771

0。 114

0.225

0.311

0.300

0.438

0.朝3

0.523

0.5‖

0。 587

0.612

0.635

0.650

0.674

0.690

0,705

0,718

ヽ
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Tabl● 14 The calcniated l● luln eFriciency rrOn bed‐ height for copper

Ld height or ht cOlun

(“ )

C●lun Hrficim"

at,=0.98●fni■ at▼ =1.10 cnJlin at▼ =1.77 or■ in

4

1.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

0.412

0.477

0.529

0.572

0.000

0.63t

O.604

0.686

0.706

0,723

0,739

0.752

0.765

0,776

0,7“

0.312

0.415

0.474

0.521

0.■ 1

0.595

0.624

0.6縛

|.G71

0.8匈

0.700

0,723

0.737

0,749

0,761

‐２５

２２２

湖

謝

４‐７
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勁

５３３
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Tabl● 15 7reated mlutim l1lme f●「 cadnim

Bed‐height of Peat∞lm

(cl〕

trr (cll

at▼ =0.51 ornin at▼ =0,7a carain rtr=l,ttGlr.ir

3.5

4

4.5

5

5.5

6

6.5

7

7.5

0

8.5

9

9.5

10

10.5

11

21.547

31.6211

41,692

511765

01.837

71.910

01.982

92.055

102.127

112.湖

122.272

132.345

142.417

152.490

182.582

172.635

21.mG

32.m4

43.m2

54.Om

65.500

70.598

87.504

98,592

lo9.mo

l".鵬

131.鵬

142.鵬

153.582

104.脚

175.570

186.576

9.7m

21.鰤

".160
■.謝

50.5m

70,7m

82.960

95。 100

107.3m

l19.5m

131.760

143.980

1■ .160

160.3m

180.脚

192.7m
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Table lS hated solltion volue for llpper

La_heigLt Or peat colun

(ca)

Irr (ct)

at▼ =0.90 cnた in at,=1.18“′nin str=1,7?crrrir

4

4.5

5

5.5

G

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

61.986

78,900

96.0441

113.092

lm.144

147.198

164.248

101.翻

198.352

215.Ⅲ

232.458

249,鵬

266.560

203.012

謝 .604

46,020

62.885

79,850

96.465

113.280

lm.膊 5

140.910

1G3.725

lm.540

197.鰤

214.170

2詢 .985

247.m0

H.615

201.430

17.7

35.4

53.1

70.8

00.5

1∝ .2

123.9

141.8

159,3

177.0

194.7

212.4

230,1

247.3

265.5

●
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Tsble 1? Calculated cadriul concenLraLion effluent for coluln enlargelent

llote : 3.00 x lg-u lglcr" = 0.03 Dpr

Colditions : coluu = 5 cr, h = 10 ctr, cross-sectioD area = 19.83 ct2,

flor rate = 23.95 cr'/rfu, t = 1.ZZ cr/rin, I{. = 1,22 rlglcta,

L = 2.392897 cr"/rg,rir, h. = 3.1 ct

lire
(rin)

Calcrlated cadriur colceltratiol

effluent (C!)

(tglcr )

standard industrial vssteurter

for cadriur solution

(rg/rcr )

２０

４０

６０

８０

００

２０

３８

-1t
Z.2Z x l0

Z. rB x 10

2.66 x l0

2.91 x 10

3.18 x 10

3.18 x 10

-53.00 x l0 -53.00 x 10

０

０

０

０

０

０

５

７

９

１

３

５

1.26 x 10

-a1.31 x 10

1.16 x l0
-23.84 x 10

1.86 x 10-q

1.99 x 10
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Table 18 Caleulated copper coacentration effluelt for colurn enlargelent

ilote : 1.00 x 10-" lg,to" = 1.00 ppt

Coulitiols : colula = 5 cr, h = 10 cr, cross-section area = 19.63 clr'

flor rate = 23.95 c.3/riD, v = 1.77 cr/rir, ll. = 1.?? rglcr",

h = 1.111918 cr"/rg.lil, h" = 3.s cr

Tire

(rir)
Calculated copper colcentration

efflueDt {C6)

5(rglc! )

staulard industrial rastevater

for copper solrf,ion
3

trg/cr )

20

10

60

80

100

120

130

2.25 x l0
-6

ti. 85 x ll,

2.00 x 10

6.32 x 10

-a1.92 x 10

5.?8 x 10

-l1.00 x l0 -31.00 x 10

150

l?0

190

210

230

250

-32.92 x l0

?.93 x l0
-[1,82 x l0

3.18 x l0
-,1.20 x 10

-e1.?1 x l0
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APPENDIX B

CHEMICAL REAGENTS

1。  4 % Hcl (V/V) Dilute 40 mI of CONC. HCI to 1 L

with distilled water in volumetric

fIask.

2. Cdz+ solution(50 ppm) : Weight 0.1143 g CdSO4.8H2O,

dissolve and dilute to 1 L with

distilled water in volumetric

f lasl:.

Cu2+ solution (50 ppm) : Weight 0.196 g CuSO4.5H2O,

dissolve and dilute to 1 L wi-th

distilled water in volumetric

flask

Note : and 3. were deternined

AA. spectro.

accurate concentration

3。

ト

Ｏ
　

　

ｙ

２

　

ｂ

ミ

ミ
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APPENDIX C

CALCULATION

C.l Ca■ culation of N。 . k. ho of cadmium solution

C。  50  ppm  =  0。 05  ng/cm3

CB O。 03 ppm  =  3 x 10~5 ng/cm3

colunn C' 1.8 clrt

column cross-section area = (a2

= 2,54 "^2
f Icw rate of catlnium solution through .the colunn

= 1 . 3, 2.O, 3. 1 "rS/rin
velocity of effluent through the column

= flow rate/etoss-section area

= 0.51 r 0. 78 ,1.22 cm/min respectively

from plotted graph in Figure 9(a) with the ordinate

being the break point time and the abcissa being

the height of peat.

The linear curve of this relationship base on a

surface-reaction-rate theory; Adamsand Bohart's

equation :

from (2) section 2,3.3

t = Noh,/Cov l/cok[ In( ColCg 1 ) ]

calculation of No, k and ho

(a) at v = 0.51 cm/min slope = 39.5 intercept = 96

from (3) section 2,3.3

No = sloPe x Co x v = 39.5 x 0.05 x 0.51

一　
４

ヘ
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= 1.00725

from (4) k = 1 In(ColCg 1)

C x intercept
o

= 1 In( 0.05 - 1)

0.05x96 3x10-5

= 7.5454L2

from (5) ho = v In (Co/Cg - 1)

KN
0

0。 51        ln( 0。 05   - 1)

1。 545412 x l。 00725   3 x 10~5

= 2。 430379

(b) at v = 0.78 cmlmin slope = 28.2 intercept = 7l

from(3) No = slope x Co x v

= 28.2 x 0.05 x 0,78

= 1。 0998

from(4) k  =       l       ■n(C。 /CB - 1)

C  x ■ntercept
O

=     1   ln(  0。 05  - 1)

0。 05 x 71    3 x 10~5

= 2。 089572

from(5) h。 =   v ■n(c。 /CB - 1)

kN
0

=     0.78 ln(  0。 05   - 1)

2.089572 x 1.0998 3 x 10 -5
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= 2.517730

(C)at V = 1022 cm/min S■ Ope = 20 intercept = 62

from(3) N。  = slope x Co x V

=20 x O。 05 x l.22

= 1。 22

from(4) k  =       1       ■n(C。/CB - 1)

C  x ■ntercept
O

=     1   ln( 0。 05   - 1)

0。 05 x 62   3 x 10~5

= 2。 392897

from(5)h。  =  v  ln(c。 /CB - 1)

kN
O

=     1。 22       1n(  0。
05  - 1)

2。 392897 x l。 22   3 x 10~5

= 3。 1

C.2 Calculation of No. k. ho of Copper Solution

Co = 50 ptrrm = 0.05 mg,/cm3

cB= lPPm=0.o0Lmg/cm3

Column A t.g cm

cross-section area of eolumn = !-dz
4

= 2,54 .^2

flow rate of copper solution through the column
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く

= 2.5, 3。 0, 4。 5 cm3/min

velocity of effluent through column

= flow rate/cross section area

= 0.98, 1 . 18, I .77 cm/min respectively

from plotted graph in Figure 9(b) with the ordinate

being the break point time and the abcissa being

the height of peat.

The linear curve of this relationship base on a

surface-reaction-rate theory ; Adams and Bohart's

equation :

from(2) t = Noh/Cov - l/Cok[1n(Co,/Cg 1)1

calculation of No r k and ho

(a) at v = 0.98 cmlmin slope = 32,3 intercept = 76

from (.3)  N。  = s■ope x Co x v

= 32.3 x O。 05 x O。 98

= 1。 5827

from{4)   k  =     1 ln(C。 /CB - 1)

C  x ■ntercept
O

=    l        ln( 0。 05 - 1)

0。 05 x 76      0。 001

= 1。 024163

from(5)  h。   =   v  ln(c。 /CB - 1)

kN
O
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0。 98        1n( 0。 05  - 1)

1。 024163 x l。 5827    0。 001

= 2.35238

(b) at v = 1.18 cnlmin slope = 28.5 intercept = 75

frcm(3) No = sloPe x Co x v

= 28.5 x 0.05 x 1.18

= 1。 6515

from(4) k   =      1 ln(co,/cg - 1)
C  x ■ntercept
O

=___ 1___ln( 0。 05 -1)

0。 05 x 75     0。 001

= 1。 037818

from(5)h。   =   v  ln(c。 /CB - 1)

kN
O

=      1。 18 ln( 0。 05 - 1)

1。 037818 x l。 6515    0。 001

= 2.631578

( c ) at, v = L.77 cm/min slope = 20 intercept = 70

fron(3) No = sloPe x Co x v

= 2O x 0.05 x L,77

= 1。 77

from(4)  k  =    1         ■n(C。/CB - 1)

C  x ■ntercept
O
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ヘ

=    1    ln(0。 05 - 1)

0。 05 x 70     0。 001

= 1。 111948

from(5)  h。  =   V  ln(c。 /CB - 1)

0

=   1。 77    _ln(_CI.05-1)

1.111948 x l。 77    0。 001

= 3。 5

C。 3 Calcu■ ation  of  COlunn  Effic■ ency fron Adsorptive

Capacity for Cadmium So■ ution

For example , velocity = 0。 51 cm/min

c。 = 0.05 mg/cm3

CB = 3 x 10~5 mg/cn3

h = 3。 5 cm

from Table 5  h。  = 2。 430379

k = 1.545412

N。  = 1。 00725

replace these values in (8)

from (8)

efficiency = 里。h ― Vノ k『 ■n(C。∠ΩB - 1)]X 100
N h
O

= t,OO725 x 3.0 - O.51l1.545412tln(o.O5l3 x 1o-5-1)l x 1oo

= 0。 305605

1。 00725 x 3。 5
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the same calculation for another two velocity and

also as the calculation of column efficiency from

adsorptive capacity for copper solution,

C.4 Calculation of Column Efficiencv from Bed-heiEht

for CaCnnlun Sclution

For example, velocity = 0.51 cm/min

h = 3.5 cm

from Table 5 ho = 2.430379

replace these values in (6)

fron(6), efficiency = h - h^

h

= 3.5 - 2.430379

3.5

= 0. 305605

the same calculation for another two velocity and

also as the calculation of column efficiency from

bed-height for copper solution.

C.5 Calculation of Treated Solution Volume for Cadmium

Solution

For example, velocity = 0.51 cm/min

h = 3.5 cm

Co = o'05 mg/cm3

Cg=3x10-5mg/cm3
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from Table 5

replace these

fron ( 13 ) t

No=

k=

values in

xv=N^h
C

o

1.00725 x 3.5 -

0.05

1.00725

1.545412

(13)

―   v  lln(C。 /CB - 1)]

C k
0

0.51   ____[ln(p.05  - 1)]

0。 05 x l.545412   3 x 10~5

= 21.5475

the same calculation for another two  ve■ oc■ ty  and

also as the ca■ culation of treated solution  volume

for copper solution.

17947

一嘘
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