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This research investigated the comparision of heavy metal removal efficiency by ion
exchange resin prepared from cassava tree, pineapple leaf and coconut husk which was both
untreated and treated with hydrochloric 1 N, formaldehyde 5% and formaldehyde 37%
respectively. The concentration of heavy metals studies (copper, nickel and zinc) was varied at
5,10, 20 and 50 mg/l by using batch experiment. The efficiency of heavy metal removal in
synthetic wastewater indicated that the highest efficiency was ion exchange resin made from
untreated coconut husk, cassava tree and pineapple leaf, respectively. The highest efficiency was
ion exchange resin prepared from untreated, treated with hydrochloric, treated with formaldehyde
5% and treated with formaldehyde 37% respectively. The result indicated that chemical treatment
did not enhance the removal efficiency of heavy metal. The aforementioned ion exchange resin
had average efficiency of copper, nickel and zinc of 67.72%, 22.55% and 44.78% respectively.
Ion exchange resin had the highest efficiency at an initial concentration 5 mg./l. When the
concentration of heavy metal in wastewater was increased, the efficiency of heavy metal was
decreased. This research also investigated the efficiency of heavy metal removal from industrial
wastewater. The initial concentration of copper, nickel and zinc was 3.930, 4.034 and 0.567 mg/1
respectively. The result ‘indicated that untreated coconut husk had the average efficiency of

copper, nickel and zinc removal at 85.80%, 65.13% and 90.43% respectively.
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LL@ﬂlﬂaEJuUlE]QEIU§'HJﬂ‘]Jﬂ13ﬁﬂﬂG]'JVI'laga'lﬂ LLE‘]%‘L!Hﬁﬁ]i]%@@\'lN'luﬂ'liﬂi'f]ﬁﬂ@ul,waﬂﬂﬂﬂu

o a = A a dg’ 1o ' 1 o A
M3 YAAUVBIUHLILLILTY ANVTansved lepauninatuediunnnuaiednd I lva

U
2

W
' a Ay o w 129 aA o a Ay Y
ATy B HNduumsihlaguaidveanedunsofimuasiaved lesounidesns 1
2.2.7 msananaunuemelih (Electrolytic Recovery)
a y I § A { 1
Fmsthilunszurumsmiuail llihidsozaailiuiulooouvelanzoglu
9 1 ~ 091’ a o Aa ~ nszl an dy
arsazarglvedluzivessigniiunlnanazinanmseansaundiue Tuanasaal 354
o o Aa Y 9 1aa A o 1 Aa A Iy =
mnzdmiuansazashlianududuueslangge uadstin lidluntdeuiiesnndunlies

wasaw lwihgaun

2.2.8 M3IYARARNI (Adsorption)
Qddy 3 o w a A < = o
BHdunszurums lunmsmaananuasnvua@naudszay Tuana tazas
A a Ao 9 o w A 1 v W 4 . I 1 A o c'dy 3
gaaanIninlylussuuiiniafo o1uNuIUA (Activated carbon) HusundunTIzHUYMTIY
Blddy AA A £ lo Y ) YA A dy 4
wermie IATnuRFwnNga Bl 1d Taenisiilnligngunse Insaneluileaisuouun
VoA o 9 A =\ 3 1 = dy o [
Iz 1A gwgunie Tnsallvinaaaua 20 Ag D9 20,000 AF NTEUIUMSUEINTNIIINAUN
o w o 1 4 3 o W a
1¥sdaTaneiinla 51 measveunuunaaansomaalsonuazitu ldnia tazaunso
) A ' o v A = o A v MYq o A
AANNUTNTUVDS TanzdUe U azn Neauad Wudu aumaedseauneaysy 1a luiay

[ L A 9 1 9 a = Y dy
NANAUN IUMTHN 1FATLUINMTAIY ABeNIITDIRNMHIzaNdae 11T

Y
a

A [ :1 =\ 1 o w g’ 9 dy A A 9 9 o w 3’
o dnpazvenindenounisthtia quaimvenimiidesns wuindesldlunmsinia
Y Y
i@oavua arlga1elunisdidaindes uaznisasingounanIn A WEINGIBLATAIN
[ a I o { o w [
Haoadslumaauszoy anudluld1dlumsihveudensomnvoudendsesidanavan e

13
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2.3 nguimsuaniasrloson

= Ao [ Jd a & &£ o A
mananilasulesoueyyaniilszy) Wuilsngmsaisdanisdalinsdunlaeu
lopaundu11/nduun (Reversible interchange) 5¥H3198INA14 2 ¥ Ao AINA1VBIHAILIAL

Y] <3 1 Aa = 9 Y <
AINANWNUDILUN IﬂElvllllﬂﬂﬂ']ﬁLﬂaﬂullﬂaﬂﬂ’miﬂﬁﬂﬁﬁ"NGUEN@'Jﬂa"NGUENLLGUQ

2.3.1 vihntaznszuaumsuan)asulossu
Y ~ ' = &£ a 1 A o A
ninAuaznszuumsuanlasu leeou i 2 Usems Funaasiiloaiune
Y
o w 1 o 1 - - I~
1. msfialesauane sennntieu ca’, Mg, S0, ¢ 1iludu
dy :JI a Yo w a ] :I Yy Y 1 3 dyal 9 a d'
wonni luuensusgueinleiidn Taneina19g eanainti ldaleuaniideelasdun
] < I a = 9 a o w 9 1 a ~ ~ 4
Fuazmuney Tanefiunlsssusisaeon 1aun auwila uusoy uaaiioy Tauoad
NDIUAL NOY AL Ewadiey (1 1URsY LAz dIngd

o w

0o q 9 1 =2 Y 9 A =
2. Vl'lﬁlﬁvl,@ﬂﬂu@']\‘i“] UANNAVNUVUFINING AD llﬂ@ﬂuﬂgﬂﬂ'mﬂﬂ@ﬂﬂTﬂ
% J 1 o
ﬁ']ia3211&%51(?@]ﬂ@@ﬂiJ"Iﬂ‘]Jﬁ'Wﬁﬁganﬁmuluf]!Li‘L!ﬂ (Regenerant) Glui%ﬁ')”lﬂﬂWﬁVl'ﬁl’ﬂulu’ﬂ
o \ a c’c; 1 a
13¥W  (Regeneration) !ﬁﬂ\i%']ﬂﬂﬁlﬂ@ﬁGUﬂﬂﬁ']ﬁﬁgﬁﬂﬂg!ﬂulu’ﬂllﬁuﬂgﬂﬂ')']ﬂﬁiﬂﬁﬁﬁWiﬁza'lﬂ
P - 1A Y 9 1 =] 1 R = o Y £
“]NLﬂu‘l”l@g!@llSUf]\1Ulf]f]f]uﬂ'ﬂllL‘ll3Jslluclﬁi\lﬂl@ﬂkl’ﬂﬂﬂuﬁ]\iq@ﬂ'ﬂiﬂﬂ“ﬁﬁL']_]uﬂ'lﬁ‘l’l'lnl‘ﬁll'ﬂf]'ﬂuclf\i

a A - y 9 A & -
ANRDINUINUANUVNUVTLNYI UK AIYS) N1

A Yo Iq ¥Yq 9 X 1 1 Y
msuanasulessulasunmsiszgndlilds: Tesisg1auns vate wu n1suinam
P Y 2
n32A19903111 (Softener) M3 1Mi1UTgNT1U51A910U3 519 (Demineralizer)  N138170
a S .
#199UNTY (Organic removal)
v 1 A o Y ) Ay Yo dy
Froeamauanilasulessu MU Softener p1AEUFTUNTIAT 1dAa1
RNa + Ca(HCO,),  ------=-=r---==- 2> RCa + 2NaHCO,
A A o 2 & a ' a ! ' A A Ay ¥ '
1o R Aesanatvesdsduanogluglveslmaey (Na) iudiuindoun ldve sy looou
[ £ 9 [ ~ T g’ = 2+ a ~ o
anan Falduaniu lesouvaniiegluiit fe ca® lulsumhauyadiu
o Y 3 A 1 ~ A ) o Aaaa Y] A & A +
dmSudanasvewdsnedluglvesunaon Wethwilgasernunasundedl Na
[~ o = a ~ % I~ % ~ 1 =3 = o
pgiilusamnnivzinansuaniasu losoundvuuiludinarsiogluglvesIanaendnit
Y
Taansninau I lFidaanunszaraInildon @evaunisnii v ladedl
RCa + 2NaCl ---------------- - RNa, + CaCl,
a 4 4 Aaaa o
Tagmsazaremnaounsazdssiinnududuludsuaannie Idauaadvelfnsenay

NAN
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2.3.2 Tnssaraveusuranaelessn
Tassadrwveussuiinnudngaemsimuagussoniwlumsuaniaoulesou
a =1 1 9 [} aa d! 9 1 o @ 1 A 1 d‘ (=]
Ul Inseinadiomiieauia szneudlediudiny 2 diune Tasesien lididsey
T fwaz vy looouniidszy Wi damyloseuniidszy Iiheganduiisaisg uuaiiie
v 1 ) ]
i38n71 Functional group W3 loveuildiunilameanegiulngesiwuaz limasui sndiu
> 4 1 I [l { { o { 1 oy 1 a I [ { o
viundoud lduaziduduilduanlasuny losouneglunilassinveussuiuaiunih
Trtaiudi ﬂﬁ'mﬂuammﬂﬁWﬂ;]uawmiﬂafJ"lﬂTﬂﬂ"luawmﬂumaw"lmmﬂwﬂT@mw Taseshail
4
adndunnaslsznenlalasasueuiwmnafiiusiadeiugmemuiuaoe uasd
aTasasueus naiianiiaiimihiyse mumaimﬂmﬂuiﬂﬁma @ slfi 2.1) @A
Tlsansonnungu mmiﬂsﬂﬁmmLsclsmluagﬁummmumuuummmiﬂizﬁm (Degree
of crosslinkage) #4ald1ndTuavesdidszaiu sulsuavesditszavinn Tnsese
a <3 =3 vy a 1Y 9 [ a 1 [
YOI TFUILHVILAzNU uan1lTumvesdlszaiutioslas s 19veusuIzoouLas 1139
AuTdsanTonunguuo UsFUN D IATIT19U0UTFY Tnud1Anyaon1siIHua
anuemselumstanuldeulesou (Exchange capacity) lazfiMuadnyauzdus ¥oussF
9 1 di’ a I 9 1 A a 9J ~ ~ A o Y
ua2e 1wuanuiulussu @udu ndnae Fuszasslinnungunoiiosiozi1ld leeou
1 A Ay 9 = = = 4 A Aa .
a9 tnaeuitieen ldazainveeziimsvaniasu loaan'la 155uNT Degree of crosslinkage
a =1 <; o 9 dy [ =% 9 d! [} 1 a d‘d
qunuldvzlianungudr dldanuduodlussuiosdazuanindie 1sFuNT Degree of
. o a =\ o Y g’ 9 ' @ Y A =2
crosslinkage  @unulaglinnumguuiniildemi ldunuagatsdalddieiiosninussia
4
Mied
[ a I~ ) a [ a 1
vy 10001 (Functional group) VBUTFU ITHUAIRIHUANYANTTUAII VOUTTU 151
A o = } Y Y ' R
anuansonses i lumsuanilaonleson iudu ddiulngese Matrix Hdszyay
o w . g . < {
1528162 Functional group azHi1l5zuaniSeniuilu Cation exchanger Avilumisuanilasn
! o W . g
Uszquan 811039519 Matrix 31529170 J5g3160 Functional group aziidszyay Seninilu
y :
Anion exchanger Apitluasnani)asuilszqau
a Q o dd‘Q 9 o ] 1 a
IFUAINIIEA lagnszuaumamanl idenlsnued aunsvangluilagiuaiung
< { % K%
Taseafrafuansnin Polystyrene "ﬁimmagﬂu Divinylbenzene @@ Functional group VB
3 1 a { o <
Cation exchanger wWuwan Sulphonic , Carboxylic H30 Phosphonic arussuni 19 uens
= . < A A . [
uamﬂaﬂuﬂim@a‘u (Anion exchanger) 9211/UnWINNA Functional group IUWIN Quarternary
ammonium , Primary amine W30 Secondary amine

1 a T W arAa o [
TA3991990 95T (Matrix) 0191NaPYULN NN 14 3 dnbUE Ao
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Ao A Yy 9 . ¥ ' ~
1. Gel type UANHUZUUANYIUAIWITOUITY Functional group 1éwn HAFWIUY
< d' S Y a4 A a @ NP Y
Yuaanazaun uwin Membrane "U'E]Lﬁ'ﬂﬂﬂ!,ﬂﬂﬂ'liq@]@uhlﬂﬂ'lﬂ Iﬂﬂm‘W'lgiﬂ!‘]J‘L! Strong
anion exchanger
= A Ak da = ' Y
2. Macroporous type UAIMUNWIUNINNI ADUNUNAININGI 100 ATNUATABDNTY
) Y 1 Y 1< .. 1 = 9
14 linoogadu 1lunan Polystyrene Divinylbenzene tu11n393193i DVB 8-12% laath
@ @ a 1 a = 1 <3
%DVB ﬁflﬂ NITNBDIAIVIAAIVSUIN mm@ﬁhaaﬂmm"laaaumugmuﬂzﬂ UANIIMLULLT I3
9
Hod
< (= O 1 . A Y
3. Opaque gel 111 TA39319MUAUS WATNITOVTTY Functional group Lazdanalduin

NOAUNIT

H=CH, “H —CH s— CH —CH —CH — CH s—CH —CH ;—
Heat
Catalyst

) T.inear nolvstvrene

) Stryrene
H:CH2 CH=——CH _CH —CH —CH —CH y—
H — CH ;—CH —CH —CH—CH ;—
CH=C o

f) Divinyl benzene

) Crosslinked polystyrene
l H,S0,

CH —CH — CH —CH —CH _CH

i O =

9) Cation exchange resin

g1 2.1 anvaz Tnssadwveussunanaou looou
4 { g o A
(mw ) laTasmsveuniluduiuiiafe Styrene
A Vo g 2 o
(MW ) tweriae Tuanamaenuaziiu Inames

I Y I aa a -4 4 ]
(M a.) Wuameenimaenuiuauiamnayu ldildeliddszaufe Divinylbenzene
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mw 1) 118 a5 eveusdy Faddlufisunalunmsuannlden leeau
(mMw 2.) M3auy looou 159 SOH (FaTvliin) ﬁﬂﬁ’”lﬁ'm?uﬁﬁémmesiwﬁuu“mf
Gfudu, 2535)
2.3.3 MIUVAIFUMNANHMLMTIFIIHMY Functional group
ﬂmﬁuﬁﬁmiu,aﬂgﬂﬁﬂu%aaumamcﬁumﬁuafjﬁuwy:"laaaumam@u GRIVRERY
uaialdily Acidity 1ag Basicity wonmniifautsesldiiu sFumuunsaud (Strong acid ion
exchanger) ISFUUVUNTADDU (Weak acid ion exchanger) B UUUVATIN (Strong basic ion
exchanger) ISBUUVUA1BOU (Weak basic  ion exchanger) Wy loou v0usBULTZIANA

uanaluaisnan 2.1

1. 13BUMUUNIAUN (Strong acid ion exchanger)
a 1 . < J 1
ISFULLUNTALARD WINTI Functional group Wuwanngaun 1u Sulphonic acid
9 d' a 1 9’ % + +. [ d' 9
WinNUeusFUNUUNs ARz 19 lopouuInuesded (H, Na) uannulosoundesnsez
o w 3’ [l 3 IS 1 { 4 { ' a
fiaonomitgu Ca”’, Mg (udu H w3e Na udiuinaoui ldvy leoouveusdu
a 1 - a I~ 1 t o A "o J
TagsFunuunsaunvziivyda Inia (-s0) Wunyleosusaivaaegiulnselalasasveu
[ a dy 1 < o I~ 1 1 1
vida lrlintvzegluglues H naNa  nla(S0H’, -S0,) -S0, viludiui lildlums
[ v v ] Y v
uanuldsunall H 3o Na' 1lduandlaeuiulessuuiniiogluii (Ui 22)

9

Frednmstanulossuveus Funtunsaun il H wie Na fudsil fie
RSOH, + Ca’ -m-eeeeoeee > RSOCa” + 2H
sEUIBINs AR NS ez i Te0euINYBY Cation 14 anun iiesFumnua

s lumsuann/aeuleseu sunsasensnnmnduiuin g Tasmsnisnumersdu
isFufioglugiues Na' §o3nuimesndan Nacl
RSO,Ca + 2NaCl ------=-=---=- 2 RSO,Na, + CaCl,
drusguiiegluglves H dessinumeisadisnsaun (H)

RSO,Ca  + 2H| “sen > RSOH, + Ca”

a a9y A A
SFULVUNTAUNTTDA AD
I YA o 2’ A A [
1. 1Flaaruhiieynsyay
+ = 9
2. 911N50UeN Na_ 91nnasind 1@
o d‘ﬂl o w a d? 9
3. M3svedleosuuinndeamsnida navuios
{ 3
4. mnsovantlasu'loosuldsiag)

=S o a

= 9 Y = d?’ = <3 9
5. UANUANINU 1615\‘111!1@1!']1/! Iﬂ‘c’]i]ﬂ"liqmLﬁﬂﬂ?ﬂ?%tﬂﬂﬂlulv\lﬂﬂlaﬂuﬂﬂ

o



4 a I o a A g
6. manlasugveaNa’ Tusduilu e hldlsinasmuauiies 7%
14 4
7. mnzdmsuldsisaanunszdnielumsinihusgnilsennussig
(Deminerization)

M3199 2.1 ¥y lopouvousFuilszinnae (udu, 2529)

14

Dissociation
Classification Active Groups Constant Typical Configuration
PK,
Caion Exchange Resin ﬁ SO3H*
trong acid : Sulfonic 1
Metylene Sulfonic 1 e CH2SO3HY
Weak acid : Carboxylic 4-6 ~-m-—— CHyCHCHy ™ ™7~
COO0 H*
Phosphonic 2-3 ----ﬁpo32-H2+

7-8

Phenolic hydroxyl 9-10 S ﬁ o Ht

Anion Exchange Resin

Strong base : Quarternary ammonium 13 ----*@* CH2

(type I) OH-(N(CH3)3)*

mm- CH2
(type IT) |
((CH3)2(CoH40H)N) OH

Weak base : Primary amine 6-9 ""‘O*CHzNHZ
Secondary amine  7-9
""‘@CHQNRH

(aromatic matrix) 9-11 -

Tertiary amine

CHCHpNCHyp

OH CHp

(aliphatic matrix)
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Ca(HCO,), "\ Raw water (
Mg(HCO,), NaCl
CaSO, NaR < NaHCO,
MgSO, > _f
CaCl, ~— Treated water Na,SO,
Mg(Cl, :
NaCl J is converted into
Ca
Mg R

v H Y v
57 2.2 msuanilasu Na  vessFunuunsaunn leoauuanyndalui (udu, 2529)

a = = =
IFEULVUNTALNYUDLFEY AO
= a A = ° o Y Y A =
1. Pszansmulumssnuueiadilszina 25-45 % A1 lvasalassasiai
lumsiis sl

a ) Y o 9 =) a =1 di’ dgl a
2. Qﬂﬁ]ﬂﬂ“ﬁllﬂﬁllﬂﬂﬂ ‘nﬂmwumﬂmimmmzumquwu TARWIZISFU

]
[

A A ' (;
NUszavvoImMsdszaulngas e

2. ISBFUIVUNIADOU (Weak acid ion exchanger)
a J A A . [ ' 1 J
UL UUNTIADDUADNINNY Functional group L‘IJUW’JﬂﬂSﬂ’EI’E)‘L! WU NIANTTUDN
Aaa aa a a dy v Y Y 1 A A (] ~
BAA NTIABDSATAN Li"“liusb'uﬂume‘lﬁ’Jlﬂuulﬂﬂf]ullﬂL!f]fJ'JJ']ﬂTﬂEJLﬂW"I%ﬂﬂ?ﬂﬂﬂlh@ﬂgiﬂﬁﬂ?ﬂ%‘ﬂ

Wunsarhld liawnsolfuanaldeu lessu Iviunaen laannsaun 1 Nacl , Caso,

9 a U A Y o w =) &' 49’ o w a 9 A a
115 15911V UTFULDVNTABIU VDN A A WolluMdusFuansanae 15FU
a dy Yo A IS} da{ Ao ' . o ' J 3
“]ﬁ!ﬂl.!ﬁnﬂiﬂalslﬁ]ﬂllﬂ@i’)i!ﬂ'igﬂ‘]JTJﬂ‘i/liJ’J"lmu‘?]f 1 suu"hJ NIy (Associate) NUWINANUNTIUY
k4

v o . A Y] 2+ 2+, (Y 9 1 I v
AUUITUIY Cation NYNVIADDN (Ca, Mg ) MAVANUNTZANAVINAIN MU UA

[ o)

A 9y 09.: J I 1 09.;’ £ o 1 g 3’ A
'I1’ii‘]Jﬂile‘Vlﬂ'Nllﬂi%@ﬂ\i’ﬂ\ﬂ’iMﬂiﬂﬂﬂ?'lﬂ')'llllﬂuﬂﬁlﬂﬂﬂllﬂ C]f\i"l]ﬂ’)'llﬂ‘l.!ﬁﬂ1w1ﬂ‘ﬂ!1’i3ﬂ$

Do

' Y
Nga dmsusFuyiail
TunsaiNons1aIuYey Hardness: Alkalinity AN 1 1AAII19¢ABIHN Permanent
Y
Hardness 1% 1s@uriiatiisuae inssminziumsvia loosumazanuanialumssy

v E4 9 ]
ﬂ‘i%ﬂﬁ]gﬁﬂﬁ\‘i 1@ Cation leakage qumﬂsﬁu ﬂﬁul‘!%\‘ihlilﬂ@EJL‘I"iﬂJWLﬁ’E]Lﬁﬁlﬂﬂﬂ!i“ﬁu!mﬂﬂiﬂllﬂ



16
a 1 A9y A A
ISTFUNUUNTABDUTITOR Ao
a A = v =2 9 = o 1
1. dsza@ninmlumssnumosdugane o % lasmwizdwlasunauneglu
JU H 131213 5uTA1NY0Y (Affinity) H ¢
= d‘ 1 a 1 1
2. GannuamnsnlumsuanwlasuleosuganinsFunuunsauniszuna 2 mh
a 1 a Jd 1 = PG
3. 1SFUNUADAITOONTUAUIN 1TU AADIU 14A
v
2 o w [~ 1 o 1 a
4 3ulugd H ennsadidaanuiuasesnainiildlag ludeudunsa
a J o A o a 1
5. 13BuaNI0 195 UL HANINMIIFT WU FUVB T FULU DN AL I8

= o =) o 1 Y = o 2 9
6. UNITIIIVDILAUGYINA umaﬂﬂ%mammu%mﬂ

a 1 9 = A
SFULVVNIABDUNTBLAE AD
a2 I ¥ 9 o w ] I Yo oy A
1. sguldldmelagniizding wu 1 lanuihniifiesgs

2. 5% liianuaansalumsueninae (Salt Spliting)

=S

v Y
3. mandasugl B dhilddSuasmudunou 2 i
A Ao = Y zi%/ LY g}Q
4. 5Fulionsimstaniasy lessuduaziuediuonsims navenihau
9 i H
5. isgwnalaserlalalaganuiiidie sildinanssivesleoeundesns

A19A00N

3. 1I3FUIDUAIN (Strong basic ion exchanger)
a 1 1 [} = I a
sFunpuauniivg leoouniilszq lWiluilu Quaternary Amine uazlovoudese
A~ - A - A (aaa = A 1 [ 9 = a [ A 9
wnilu el wie ol Hgnsemuniimilousiaun Winveussunuuaun ao 19 leoou
Y v
avvoussunaniu leseuauluihiidesmssiiaeenau HCO, , SO,”, CI', uag Sio,
a 1 1 1 I a
sFULUUAaALUteany 2 Fia fie
=t < 1 = [ e I
1. Type 1 Annunilua1aiaga upanige Ianuau1sn lunsdu Silica 144
= A a a °
2. Type II Hiannuamnsolumsuantlasulessu uazdszdnsamlums
ERTTGIEAVE K
aaa = =~ ) 3 Aaan 9 o Yo dyd
Ugnsenlumsuannlasulesouuazinuuessuilulgnsedounay lansii Ao
RN.OH + NaCl  ------mmoomee- > RN.CI + NaOH

ssuensud 91 1 lmaounan lia ninlslasnaosa nie lanoulsasonlesa

a 1 19 a A
LIFULUUANULUD UUDA AD
Y

I Y o A A
1. Glﬂf]’lﬂﬂﬂﬂuqﬂlw\llﬂ%nﬂjgﬂﬂ

+ A v
2. aIaLen Na_ 91nnaound e
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{ <
3. gunsananaasu lessau 1asaa5)

a 9 =1 A
IFEULVUNTAUNUUDITEY AD
1. Hdszansonlumssnumioisaduiis 18-33 % i lvassassasai lunmsi
=S
SUUDITA
~ o o ] ] o
2. Aanuaanudl i lvneignis lganudu
dd‘ 2’ a A a A 1 d‘ A o 9 a =S 1
3 lunsalmindelinsagrianamsniniesvesiiy amsoi lfissdenas i
o A o 9
R TR LRI I L TR (S

Y =

a A I 1 1 Y o = A
4. Lﬁ%utﬂaﬂmﬂumaaau”lmw ‘ﬂﬂfwqmymﬂm@mmmmmiummamﬂaﬂuhlaaau

4. 15BUNVVA1990U (Weak basic ion exchanger)
A [ 1 T { I~ . .
isUMUDA1eeuW lopouniilszy lulfluilu Primary , Secondary %3® Tertiary
. a v 4 = - A 123y Y o w PR ¢
Amino uaglossudasziniu €I wis OH #3e lulinld msmia lovouauvoussuilog
1 Aa A d' ) Y 4' a a dyo [ 9
HANANINTFUDA 3 Usznndiosnin b ladimsuannldesu lossu sGusiiaiinida ldmuie
R . [~ 9 o w 1 a dg’ A lz 9 [ a
NIAUN 15U CO, , Si0, Wudu mstsansauminaiu Iasinsaunne luananasunus Fu
A a (] 0 1o & Y = a I Y o 3 o
19199910 15 FUL U U Tuduilude il leoaudaszn 19 ad1iuna INNTHIIUYDY
a 3| Y 7 19 1@ \ o a 1 1
sFusziludnume Absorption Milsanvagmananildouilszy Taen liisFunuuaeou

Wnlylunsiida CI tag SO™

VoAUBUTFULVUAIIDDU A

=

tszansmwlumsnisnumesFuguney 100 %

[am—y

2. nuAsnIngla Nlszansnmmisiiva lovougs
= 4 9 = o = 4 A ~
3. drssumensuaena 19 laidenlansonloa TmRounisvoua vieuon Tuilow

laasonlud

Yy A a 1 1 A
VLAEUDUTFULLUANODY AD
A v = 9
1. Ioasimauanilasulosoudn
I Yo 3 A A o ' 3
2. ¥ laduihntfiesdunniy
aaAan QJ 'd g d”
UgnsenlumsduTuanavesnsauniuaail
RNH, + HX --eeemeeees > RNH,HX — --w-emeemees >  RNHX

di A - a
e fio X losoudaszilszyay
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9
v A

Ugnsenlumsuanlasu leoswiludsi
RNH, + H,0 ------mmmme > RNH,OH
RNH,OH + HX ---ememeev > RNHX +H,0

di A - a
e fio X losoudaszilszyay

2.3.4 svuanuvevlumstdendvlesenveusdu (Selectivity)
F4 v
sFUNwuUnsanaza dnnwyeu liminulumsuanlasu loesuveussu
1 a tﬂ' ] aAan % ) 1 ) d‘ d! g L% a

nuIsFuRvzreutlfnseny lessuneriannyiady  FIuegiudTuImaIw
Yy 9 03/’ dy A o dgl 1o vAa
Wuduveslesouiug luaisazais uenaninsuanilaoulossudsiuediuguauiia
VOUTFU 15U VUIAUDUTVU (Degree of cross linking) FUAUDI Functional group AL T8I0

Tumsinlgasen

[ o 4 1 [ [ a
anuduRusszrndleesunumsaendy lossuususdu

a = [ P 4 Y 1 A !5 o w
1. Li«uummmuaﬂzﬂaauﬂu"laaauwmuaumqa "lﬂﬂmﬂaaauwmwmu«ﬁm a1y
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A1590 2.3 ANUAUNUTIZHIN Degree of Crosslinking ﬂ‘]Jﬂ"I'iLﬁi’]ﬂi]‘]J]lf’J’E]ﬂusUf’J\i

Cation exchange resin (Larry, 1982)

ION % Divinylbenzene
8 12
Monovalent Cations
H 1.0 1.0 1.0
Li 0.9 0.85 0.81
Na 1.3 1.5 1.7
NH, 1.6 1.95 2.3
K 1.75 IS 3.05
Rb 1.90 2.6 3.1
Cs 2.0 2.7 3.2
Cu B.2 53 9.5
Ag 6.0 7.6 12.0
Divalent Cations

Mn 2.2 2.35 2.5
Mg 2.4 2.5 2.6
Fe 24 2.55 2.7
Zn 2.6 2.7 2.8
Co 2.65 2.8 2.9
Cu 2.7 2.9 3.1
Cd 2.8 2.95 33
Ni 2.85 3.0 3.1
Ca 3.4 3.9 4.6
Sr 3.85 4.95 6.25
Hg 5.1 7.2 9.7
Pb 5.4 7.5 10.1
Ba 6.15 8.7 11.6
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2.3.6 ANNFUVDUIFY (Moisture Content)
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2.3.8 VAV ATALSTY (Particle Size)
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AN 2.4 L@ mﬂmﬁmﬁﬁmm Serva Cellulose ion exchangers (Dorfner, 1977)

(CE = Cation exchanger , AE = Anion exchanger)

Name Ion exchanging group Properties Capacity Prevailing
(meqg/g) particle size(91)
CM-Cellulose -OCH,COOH CE, Weak 0.6290.1 50-200
Acid

P-Cellulose -OPO;H, CE, Medium | 0.8-0.9 50-200
Acid

SE-Cellulose -OC,H,SOH CE, Strong 0.2-0.3 50-200
Acid

DEAE-Cellulose | -OC,HN(C,H,), AE, Strong 0.4-0.5 50-200
Base

TEAE-Cellulose | -OC,H.N Br AE, Medium | 0.55-0.75 50-200
Base

PAB-Cellulose -OCH,C,H,NH, AE, Weak 0.15-0.2 50-200
Base

AE-Cellulose -OC,H,NH, AE, Weak 0.33%0.1 50-200
Base

BD-Cellulose -OC,H\N(C,H)), AE, Medium | 0.890.05 50-200
Base

CMGE-Cellulose -OC2H4NHC=NH2+CL_ CE, Strong 0.2-0.3 50-200
Base

BND-Cellulose -OC,H,N(C,Hy), CE, Medium | 0.810.5 50-200

Base
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My 5 97.71 92.91 97.25 87.64
EALERE! 10 93.56 81.70 90.80 71.57
20 92.24 58.82 72.56 43.86
50 37.06 23.49 25.84 16.51
324 37.06-97.71 | 23.49-92.91 25.84-97.25 16.51-87.64
Aunde 80.14 64.23 71.61 54.90
dufiany 28.82 30.64 3226 3133
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ARl 67.72
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39 9.11-96.57
AURaY 61.04
drfioann 29.90
luduilesa 5 78.95 81.46 91.30 72.31
10 72.80 59.10 71.68 50.00
20 4480 33.13 39.53 3172
50 18..77 9.04 12.64 11.53
399 18.77-78.95 | 9.04-81.46 12.64-91.30 11.53-72.31
Aunde 53.83 45.68 53.79 4139
dnuiioa 27.70 31.42 34.76 25.92
¥ 9.04-91.30
Aunde 48.67
dnufioan 27.52
59U 129 18.77-97.71 | 9.04-92.91 12.64-97.25 11.53-87.64
Aunde 67.73 56.62 6436 47.87
Ao 27.92 29.94 31.63 27.42
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uznin 10 67.71 27.73 21.94 30.40
20 37.03 26.74 29.56 27.70
50 37.52 18.60 18.70 21.94
324 37.03-99.44 | 18.60-82.19 18.70-84.43 21.94-84.85
Aunde 60.42 38.81 38.66 41.22
dufiany 29.70 2921 30.85 2930
B9 18.60-99.44
ARl 44.78
dnuiioam 28.24
Aty 5 85.27 76.16 81.77 80.79
dlzvids 10 32.18 24.39 19.71 19.60
20 28.04 20.97 20.29 20.52
50 20.92 15.31 12.69 14.00
324 2.092-85.27 | 15.31-76.16 12.69-81.77 14.00-80.79
Aunde 41.60 3421 33.62 33.73
ddleany 29.48 28.22 32.29 31.50
39 12.69-85.27
AURaY 35.79
drfioann 27.42
luduilesa 5 75.04 70.97 73.49 69.71
10 2751 15.92 10.13 11.36
20 25.16 15.66 12.61 9.16
50 16.93 9.31 6.17 8.19
399 16.93-75.04 | - 9.31-70.97 6.17-73.49 8.19-69.71
AunaY 36.16 27.96 25.60 24.60
didleany 26.31 28.83 32.04 30.10
¥ 6.17-75.04
Aunde 28.58
dnufioan 26.71
59U 129 16.93-99.44 | 9.31-82.19 6.17-84.43 8.19-84.85
AunGY 46.06 33.66 32.63 33.18
Ao 28.01 26.42 29.25 28.32
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H 9 A a o v A a 3’ [ 4
M13719% A.1 Yeyamsrnlsza@nimmlumsmsatinmnalmindedunsizn

¥indan  |wiamssvanm| dwiindan |awdufusudul arududungs | Tansiigndise | Tansiignisa |ulefiudmsiia
(2 (mg/l) (mg/1) (meq) (meq/g) (%)
MUNEH3 Tulsvernn 2.0072 5.27 1.17 0.0559 0.0278 77.80
2.0004 10.31 8.21 0.0286 0.0143 20.37
2.0027 19.75 16.4 0.0456 0.0228 16.96
2.0007 47.28 42.86 0.0602 0.0301 9.35
leTasasean IN|  2.0048 527 2.82 0.0334 0.0167 46.49
2.0000 10.31 8.9 0.0192 0.0096 13.68
2.0168 19.75 17.81 0.0264 0.0131 9.82
2.0046 47.28 43.54 0.0510 0.0254 7.91
Wosiadled s % | 2.0061 527 2.72 0.0347 0.0173 48.39
2.0010 10.31 8.78 0.0208 0.0104 14.84
2.0111 19.75 17.69 0.0281 0.0140 10.43
2.0062 47.28 43.82 0.0471 0.0235 7.32
Wosiadled 37%|  2.0034 527 2.74 0.0345 0.0172 48.01
2.0064 10.31 8.87 0.0196 0.0098 13.97
2.0114 19.75 17.96 0.0244 0.0121 9.06
20112 47.28 44.23 0.0416 0.0207 6.45
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d‘ 1 9 a Aa o v A a g’ =y LY 4
A1TNN A.1 (919) ﬂl@ial,aﬂ'liﬂ'lﬂigﬁﬂﬁﬂWW“luﬂ1iﬂ1ﬂﬂuﬂlﬂa1uu1lﬁﬂﬁ\‘1lﬂi13ﬁ

windan | wiamsUsuanm [iiinan| anududusudu | anududungs | Tanziignida | Tanziigniia |wefidudmsmia
(2) (mg/l) (mg/1) (meq) (meq/g) (%)
auiudlzn TS uann 2.0054 5.27 3.33 0.0264 0.0132 36.81
2.0109 10.31 9.04 0.0173 0.0086 12.32
2.0066 19.75 18.43 0.0180 0.0090 6.68
2.0101 47.28 44.68 0.0354 0.0176 5.50
laTasasoan IN | 2.0018 5.27 3.76 0.0206 0.0103 28.65
2.0135 10.31 9.47 0.0114 0.0057 8.15
2.0000 19.75 18.64 0.0151 0.0076 5.62
2.0036 47.28 44.64 0.0360 0.0180 5.58
Wosiadled s% | 2.0056 527 3.7 0.0214 0.0107 29.79
2.0094 10.31 9.47 0.0114 0.0057 8.15
2.0013 19.75 18.16 0.0217 0.0108 8.05
2.0276 47.28 46.20 0.0147 0.0073 2.28
Wosiadled 37% | 2.0006 527 3.870 0.0191 0.0095 26.57
2.0177 10.31 9.370 0.0128 0.0063 9.12
2.0006 19.75 18.500 0.0170 0.0085 6.33
20219 47.28 45.98 0.0177 0.0088 2.75
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d‘ 1 9 a Aa 0o w A a g’ =S LY 4
13190 A.1 (D) 611ayjamimﬂizﬁmmwiummmﬂuﬂmaiummﬂmmﬂzw

yiadan | wiamsUSuanm piwiindag| anududusudy | aowdudungs | Tansiigninia | Tanziigniia |wesidudmsmia
(2) (mg/1) (mg/1) (meq) (meq/g) (%)
luduilzsa TailSuann 2.0000 5.27 3.62 0.0225 0.0112 31.31
2.0028 10.31 9.21 0.0150 0.0075 10.67
2.0096 19.75 19.02 0.0099 0.0049 3.70
2.0126 47.28 44.8 0.0338 0.0168 5.25
laTasnsedn 1IN | 2.0017 5.27 3.79 0.0202 0.0101 28.08
2.0202 10.31 9.41 0.0123 0.0061 8.73
2.0204 19.75 19.04 0.0097 0.0048 3.59
2.0209 47.28 453 0.0270 0.0134 4.19
Wosianled s% | 1.9981 5.27 4.06 0.0165 0.0083 22.96
2.0076 10.31 9.41 0.0123 0.0061 8.73
2.0315 19.75 18.51 0.0169 0.0083 6.28
2.0088 47.28 46.17 0.0151 0.0075 2.35
Wosianled 37% | 2.0031 527 409 0.0161 0.0080 22.39
2.0038 10.31 9.31 0.0136 0.0068 9.70
2.0059 19.75 18.75 0.0136 0.0068 5.06
2.0031 47.28 45.87 0.0192 0.0096 2.98
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H 9 A a o gl [ 4
M31990 .2 Yeyamsrnlszanimmnlumsmaanewaslnindedunsizs

¥indan | wiamsdsuanm | thmindae | aomedudusudy [anududinds| Tansiigndsa | Tavziigninia| alefidudmsmia
(2 (mg/l) (mg/l) (meq) (meq/g) (%)
NMUNZNET) Tlsuanm 2.0013 4.37 0.1 0.0538 0.0269 97.71
1.999 9.78 0.63 0.1152 0.0576 93.56
2.0017 21.25 1.65 0.2468 0.1233 92.24
1.9084 51.35 32.32 0.2396 0.1255 37.06
leTasasean IN | 2.0002 437 0.31 0.0511 0.0256 92.91
2.0004 9.78 1.79 0.1006 0.0503 81.70
2.0039 21.25 8.75 0.1574 0.0785 58.82
2.011 51.35 39.29 0.1518 0.0755 23.49
Wosiadleas% | 2.0015 437 0.12 0.0535 0.0267 97.25
1.9925 9.78 0.9 0.1118 0.0561 90.80
2.002 21.25 5.83 0.1941 0.0970 72.56
2.0007 51.35 38.08 0.1671 0.0835 25.84
Wosadlea 37% |  1.9998 437 0154 0.0482 0.0241 87.64
2.0043 9.78 2.78 0.0881 0.0440 71.57
2.0043 21.25 11.93 0.1173 0.0585 43.86
2.0035 51.35 42.87 0.1068 0.0533 16.51
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A 1 Y a A o w :’ S o 4
A1TNN 7.2 (D) m@yjaﬂ1iﬂ1ﬂ§$ﬁﬂﬁﬂ1W1uﬂ1iﬂmﬂ‘ﬂ@\ilm{liuuWLﬁEJ?NLﬂiw‘H

Wiinide yiiamsuanm | vhminSae [anududuiudn] andudungs | Tavsfigniisa | Tansfignisa | nlefiudmsiia
(2) (mg/l) (mg/) (meq) (meq/g) (%)
Augiudnlzn TS uann 2.0081 4.37 0.63 0.0471 0.0234 85.58
2.001 9.78 1.47 0.1046 0.0523 84.97
2.0047 2125 4.44 0.2116 0.1056 79.11
2.0028 51.35 37.4 0.1756 0.0877 27.17
lgTasnsean 1 N 2.001 437 0.37 0.0504 0.0252 91.53
2.0041 9.78 1.94 0.0987 0.0493 80.16
2.0023 21.25 10.4 0.1366 0.0682 51.06
2.0269 51.35 42.6 0.1102 0.0544 17.04
Wosiiadled 5 % 2.0029 437 0.15 0.0531 0.0265 96.57
2.001 9.78 1.14 0.1088 0.0544 88.34
2.0012 21.25 7.22 0.1766 0.0883 66.02
2.0026 51.35 41.2 0.1278 0.0638 19.77
Woiadled 37% |  2.0013 437 0.83 0.0446 0.0223 81.01
2.0048 9.78 3.66 0.0771 0.0384 62.58
2.0039 21.25 13.48 0.0978 0.0488 36.56
17143 51.35 46.67 0.0589 0.0344 9.1
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A 1 Y a A o w :’ S o 4
A1TNN 7.2 (D) m@yjaﬂ1iﬂ1ﬂ§$ﬁﬂﬁﬂ1W1uﬂ1iﬂmﬂ‘ﬂ@ﬂlmﬁiuuWLﬁEJﬁQLﬂiw“H

wiinidg yiamsu | vhwintag | aomdudusudu [anudiudinds| Tansiigndsa | Tavziigniia| alefidudmsmia
anIn (g) (mg/1) (mg/1) (meq) (meq/g) (%)
Tudulesa | Tidsuanm 2.0006 437 0.92 0.0434 0.0217 78.95
2.0005 9.78 2.66 0.0896 0.0448 72.80
2.2493 21.25 11.73 0.1199 0.0533 44.80
2.002 51.35 41.71 0.1214 0.0606 18.77
leTasasean IN|  2.0002 437 0.81 0.0448 0.0224 81.46
1.9973 9.78 4 0.0728 0.0364 59.10
2.0065 21.25 14.21 0.0886 0.0442 33.13
2.0009 51.35 46.71 0.0584 0.0292 9.04
Wosiadled s % |  2.0044 437 0.38 0.0502 0.0251 91.30
1.9994 9.78 2.77 0.0883 0.0441 71.68
13653 21.25 12.85 0.1058 0.0775 39.53
2.008 51.35 44.86 0.0817 0.0407 12.64
Wosiadled 37%|  2.0036 437 121 0.0398 0.0199 72.31
2.0048 9.78 4.89 0.0616 0.0307 50.00
2.0047 21.25 14.51 0.0849 0.0423 31.72
2.0076 51.35 45.43 0.0745 0.0371 11.53
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A 9 a A o v w = :’ a o 4
M1T NN 1.3 GU’E'HJ“EIﬂﬁ’l’i1ﬂi$ﬁﬂﬁﬂ1‘wcluﬂﬁﬂ'li]ﬂﬁﬂﬂ$ﬁ Glummammiww

wiadan | viamsUiuanm | imvinyag | anududududn | aoudutunga | Tansiigniia Tansiigndisa | nlefiudmsiia

(2) (mg/l) (mg/1) (meq) (meq/g) (%)

MUNZNET) TailSuann 2.0346 7.13 0.04 0.0868 0.0426 99.44
2.0732 8.98 2.90 0.0744 0.0359 67.71

2.0538 17.69 11.14 0.0802 0.0390 37.03

2.0001 48.13 30.07 0.2210 0.1105 37.52

laTasasedn IN |  2.0661 7.13 1.27 0.0717 0.0347 82.19

2.0718 8.98 6.49 0.0305 0.0147 27.73

2.0769 17.69 12.96 0.0579 0.0279 26.74

2.0228 48.13 39.18 0.1095 0.0541 18.60

Wosiadleq 5 % 2.019 7.13 111 0.0737 0.0365 84.43

2.0789 8.98 7.01 0.0241 0.0116 21.94

2.12 17.69 12.46 0.0640 0.0302 29.56

2.0929 48.13 39.13 0.1101 0.0526 18.70

Wosianled 37% |  2.0035 7.3 1.08 0.0740 0.0370 84.85

2.0342 8.98 6.25 0.0334 0.0164 30.40

2.0211 17.69 12.79 0.0600 0.0297 27.70

20737 48.13 37.57 0.1292 0.0623 21.94
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A1TNN 7.3 (919) "llE]33!'6'1ﬂ'liW1ﬂi$ﬁ'1/]ﬁﬂ1wsluﬂ'liﬂ1ﬂﬂﬁ\1ﬂgﬁ' 1uu1gaﬂﬁmﬂi1zw

wiadan | yiiamsUiuanm | imvinyag | anududududn | aoudutunga | Tansiignisa Tansiigndisa | nlefiudmsiia

(2) (mg/l) (mg/1) (meq) (meq/g) (%)

Augiudnlzn TailSvann 2.1152 7.13 1.05 0.0744 0.0352 85.27
2.0999 8.98 6.09 0.0354 0.0168 32.18

2.0232 17.69 12.73 0.0607 0.0300 28.04

2.0249 48.13 38.06 0.1232 0.0609 20.92

laTasasedn IN | 2.130 7.13 1.7 0.0665 0.0312 76.16

2.1248 8.98 6.79 0.0268 0.0126 24.39

2.0291 17.69 13.98 0.0454 0.0224 20.97

2.0145 48.13 40.76 0.0902 0.0448 15.31

Wosiadleds% | 2.0875 7.13 13 0.0713 0.0342 81.77

2.0258 8.98 7.21 0.0217 0.0107 19.71

2.0099 17.69 14.1 0.0439 0.0219 20.29

2.019 48.13 42.02 0.0748 0.0370 12.69

Wosiadled 37% |  2.0301 713 137 0.0705 0.0347 80.79

2.1825 8.98 7.22 0.0215 0.0099 19.60

2.0785 17.69 14.06 0.0444 0.0214 20.52

2.0300 48.13 41.39 0.0825 0.0406 14.00
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A 1 Y a A o v w = g’ a o 4
A1TNN 7.3 (919) "llE]33!'6'1ﬂ'liW1ﬂi$ﬁ'1/]ﬁﬂ1wsluﬂ'liﬂ1ﬂﬂﬁ\1ﬂgﬁ' 1uu1gaﬂﬁmﬂi1zw

wiadan | yiiamsUiuanm | imvinyag | anududududn | aoudutunga | Tansiignisa Tansiigndisa | nlefiudmsiia
(2) (mg/l) (mg/1) (meq) (meq/g) (%)
luduilzsa TailSuann 2.1163 7.13 1.78 0.0655 0.0309 75.04
2.0275 8.98 6.51 0.0302 0.0149 27.51
2.0334 17.69 13.24 0.0545 0.0268 25.16
2.05 48.13 39.98 0.0997 0.0487 16.93
laTasasoan IN |  2.0643 7.13 2.07 0.0619 0.0300 70.97
2.2998 8.98 755 0.0175 0.0076 15.92
2.0353 17.69 14.92 0.0339 0.0167 15.66
2.0942 48.13 43.65 0.0548 0.0262 9.31
Wosiadleasw | 20172 7.13 1.89 0.0641 0.0318 73.49
2.0693 8.98 8.07 0.0111 0.0054 10.13
2.0587 17.69 15.46 0.0273 0.0133 12.61
2.0039 48.13 45.16 0.0363 0.0181 6.17
Wosiadled 37% |  2.0009 713 216 0.0608 0.0304 69.71
2.0236 8.98 7.96 0.0125 0.0062 11.36
2.0298 17.69 16.07 0.0198 0.0098 9.16
2.0386 48.13 44.19 0.0482 0.0237 8.19
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{ 9 a a o ¥ a a J % J
M3190 A.4 veyamsrnlszanimmlumsmdadmnalindedunsizd

v

yuadag | wUamsdsuanin | viviiniag amududusudu | armdudunds Tamﬁgﬂﬁﬁﬂ Celq Langmuir
(2) (mg/1) (Ce) (mg/l) (meq/g) R’ Y=aX+b Qmax
muwgwin | TddSuaam 2.0072 5.27 1.17 0.0278 42.04 [0.9429| Y=30.33X+169.34 | 0.033
2.0004 10.31 8.21 0.0143 573.94
2.0027 19.75 16.4 0.0228 719.51
2.0007 47.28 42.86 0.0301 1423.75
laTasnsean IN |  2.0048 5.27 2.82 0.0167 169.35 |0.7693 | Y=32.49X+448.21 | 0.031
2.0000 10.31 8.9 0.0096 926.45
2.0168 19.75 17.81 0.0131 1358.77
2.0046 47.28 43.54 0.0254 1712.64
vesiaalad 5% | 2.0061 5.27 2.72 0.0173 157.04 |0.8744| Y=37.10X+355.85 | 0.027
2.0010 10.31 8.78 0.0104 842.70
2.0111 19.75 17.69 0.0140 1267.41
2.0062 47.28 43.82 0.0235 1864.63
Wosiadlen 37% | 2.0034 5.27 2.74 0.0172 159.23 |0.8760 | Y=43.16X+378.44 | 0.023
2.0064 1031 8.87 0.0098 906.99
2.0114 19.75 1796 0.0121 1481.06
2.0112 47.28 4423 0.0207 2140.40
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J

4 1 9 a A o w A a g’ 1%
M1319% 0.4 (si0) Vayamsrinlszansmmlumsimsatinnalindeduns g

yiadae  |[sHamsdsuanm ﬁwwﬁ'ﬂ’ﬁ'ﬁﬂ anududuisudu| anududunas | Tansiigniida| cerq Langmuir
(2) (mg/1) (Ce) (mg/l) (meq/g) R’ Y=aX+b Qmax
Auidudevas|  ludsuann 2.0054 527 3.33 0.0132 252.62 |0.8024 | Y=50.05X+529.12 | 0.020
2.0109 10.31 9.04 0.0086 1050.45
2.0066 19.75 18.43 0.0090 2056.05
2.0101 4728 44.68 0.0176 2535.01
laTasasedn IN| 2.0018 5.27 3.76 0.0103 365.81 [0.5627| Y=41.32X+955.26 | 0.024
2.0135 10.31 9.47 0.0057 1665.88
2.0000 19.75 18.64 0.0076 2464.76
2.0036 47.28 44.64 0.0180 2486.30
Wai’ﬁaﬁ"laﬁS% 2.0056 5.27 3.7 0.0107 346.87 |0.9649 | 137.79X-157.75 | 0.007
2.0094 10.31 9.47 0.0057 1662.49
2.0013 19.75 18.16 0.0108 1677.46
2.0276 47.28 46.20 0.0073 6365.35
Wafﬁaﬁ"laﬁW% 2.0006 5.27 3.870 0.0095 405.85 10.9914 | Y=110.72X+174.46 | 0.009
2.0177 10.31 9.370 0.0063 1476.01
2.0006 19.75 18.500 0.0085 2172.92
2.0219 47.28 45.98 0.0088 5248.16




4 1 9 a A o w A a g’ 1%
M1319% 0.4 (si0) Vayamsrinlszansmmlumsimsatinnalindeduns g

J

yiadee | vamslUSuanin ﬁymﬁﬂ*iaﬂ anududusudul anududunds | Tansignida| ceq Langmuir
(2) (mg/1) (Ce) (mg/1) (meq/g) R’ Y=aX+b Qmax
lududesa|  lddsvann 2.0000 5.27 3.62 0.0112 322.02 [0.3540|Y=50.71X+1044.1| 0.020
2.0028 10.31 9.21 0.0075 1230.63
2.0096 19.75 19.02 0.0049 3842.55
2.0126 47.28 44.8 0.0168 2668.12
lalasasedn IN | 2.0017 5.27 3.79 0.0101 376.18 |0.5075|Y=64.31X+1077.3| 0.016
2.0202 10.31 941 0.0061 1550.11
2.0204 19.75 19.04 0.0048 3976.20
2.0209 47.28 45.3 0.0134 3393.13
Wosiadlad 5% |  1.9981 5.7 4.06 0.0083 492.02 |0.9925 | Y=130.94X+39.31| 0.008
2.0076 10.31 9.41 0.0061 1540.45
2.0315 19.75 18.51 0.0083 222548
2.0088 47.28 46.17 0.0075 6131.91
Wosiadled37% |  2.0031 527 4:09 0.0080 509.53 |0.9649 |Y=89.52X+433.63| 0.011
2.0038 10.31 9.31 0.0068 1369.07
2.0059 19.75 18.75 0.0068 2760.15
2.0031 47.28 45.87 0.0096 478227
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{ 9 a a o w oy [
M990 A.5 veyamsrnlszansmnlumsmdanewaslnindedunsiy

wiladde | sHamsdsuanm ﬁmﬁﬂiﬁ@g anududusudul anududunds | Tansiignida| ceq Langmuir
(2) (mg/1) (Ce) (mg/1) (meq/g) R’ Y=aX+b Qmax
muvenin | TidSuanm 2.0013 4.37 0.1 0.0269 3.7226 [0.9997| Y=7.87X+3.13 | 0.127
1.999 9.78 0.63 0.0576 10.9317
2.0017 21.25 1.65 0.1233 13.3839
1.9084 51.35 332 0.1255 257.4300
lalasasedn 1N 2.0002 4.37 0.31 0.0256 12.1302 [0.9993| Y=13.03X+6.49 | 0.077
2.0004 9.78 1.79 0.0503 35.5943
2.0039 21.25 8.75 0.0785 111.4118
2011 51.35 39.29 0.0755 520.3601
Wesiadlad 5% | 2.0015 437 0.12 0.0267 44885 [0.9991| Y=11.94X+0.07 | 0.084
1.9925 9.78 0.9 0.0561 16.0393
2.002 21.25 5.83 0.0970 60.1181
2.0007 51.35 38.08 0.0835 456.0004
Wosiadlad 37% | 1.9998 437 0.54 0.0241 223944 [0.9984 | Y=18.55X++3.97 | 0.054
2.0043 9.78 2.78 0.0440 63.2218
2.0043 2125 11.93 0.0585 203.7720
2.0035 51.35 42.87 0.0533 804.4595
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{ 1 Y Aa A o w g’ [ 4
M319% A.5 (si0) Veyamsrnlszanimmnlumsmaaneaaslnindedunsigd

v

yiuadag | sdamsdsvanmwn viwiiniag anududusudu [anududunds Taﬁz‘ﬁgﬂm”ﬂ Celq Langmuir
(2) (mg/1) (Ce) (mg/l) (meq/g) R’ Y=aX+b Qmax
Auiudilends|  TddSuenm 2.0081 437 0.63 0.0234 26.8665 [0.9966 | Y=11.13X+8.61 | 0.090
2.001 9.78 1.47 0.0523 28.1139
2.0047 21.25 4.44 0.1056 42.0554
2.0028 51.35 37.4 0.0877 426.4736
lalasnsean I N 2.001 4.37 0.37 0.0252 14.7010 10.9964 | Y=18.38X-6.63 | 0.054
2.0041 9.78 1.94 0.0493 39.3879
2.0023 21.25 10.4 0.0682 152.4369
2.0269 51.35 42.6 0.0544 783.7744
Wosianlad 5% | 2.0029 437 0.15 0.0265 5.6545 |0.9970 | Y=15.75X-7.19 | 0.063
2.001 9.78 1.14 0.0544 20.9699
2.0012 21.25 7.22 0.0883 81.7951
2.0026 51.35 41.2 0.0638 645.6284
V\Ia'gﬁaa"laﬁW% 2.0013 4.37 0.83 0.0223 37.2687 10.9909 | Y=29.28X-31.59| 0.034
2.0048 9.78 3.66 0.0384 95.2265
2.0039 2125 13.48 0.0488 276.1227
1.7143 51.35 46.67 0.0344 1357.8006




{ 1 Y Aa A o w g’ [ 4
M319% A.5 (si0) Veyamsrnlszanimmnlumsmaaneaaslnindedunsigd

v
U

Yy ¥y A 9
ATV NUULTUAU

[

yiuadag | sdamsdsvanmwn viwiiniag ANUAUT U A Tamﬁgﬂm Al Celq Langmuir
(2) (mg/1) (Ce) (mg/l) (meq/g) R’ Y=aX+b Qmax
luduilzsa TaidSuann 2.0006 437 0.92 0.0217 423727 | 0.9995 |Y=15.93X+25.43| 0.063
2.0005 9.78 2.66 0.0448 59.3605
2.2493 21.25 11.73 0.0533 220.1231
2.002 51.35 4171 0.0606 687.9937
leTasasedn IN | 2.0002 437 0.81 0.0224 36.1465 | 0.9880 |Y=34.69X-53.10 0.029
1.9973 9.78 4 0.0364 109.7824
2.0065 21.25 14.21 0.0442 321.6754
2.0009 51.35 46.71 0.0292 1599.8324
Wosiadled 5% | 2.0044 437 0.38 0.0251 15.1619 | 0.9788 |Y=24.89X-41.39| 0.040
1.9994 9.78 2.77 0.0441 62.7507
1.3653 21.25 12.85 0.0775 165.8858
2.008 51.35 44.86 0.0407 1102.3906
Wosiadled 37% | 2.0036 4.37 121 0.0199 60.9350 | 0.9959 [Y=26.39X+10.93| 0.038
2.0048 9.78 4.89 0.0307 159.2312
2.0047 2125 14.51 00423 342.7789
2.0076 51.35 4543 0.0371 1223.6450
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A 9 a A o v w = 3’ a o 4
M1319N 0.6 GU’E'HJ“EIﬂﬁ’l’i1ﬂi$ﬁﬂﬁﬂ1‘wcluﬂﬁﬂ'li]ﬂﬁﬂﬂ$ﬁ Glummammaww

v

yuadag | yuamslsuaam |vimindag anududusudu [anududunds Taﬁzﬁgﬂﬁfﬂ Celq Langmuir
(2) (mg/1) (Ce) (mg/) (meq/g) R’ Y=aX+b Qmax
MUNENIT ludsuanm 2.0346 7.13 0.04 0.0426 0.938 [0.6267| Y=8.26X+68.60 | 0.121
2.0732 8.98 2.90 0.0359 80.802
2.0538 17.69 11.14 0.0390 285.424
2.0001 48.13 30.07 0.1105 272.117
leTasasedn IN | 2.0661 7.13 1.27 0.0347 36.589 |0.7407 | Y=14.51X+199.29| 0.069
2.0718 8.98 6.49 0.0147 441247
2.0769 17.69 12.96 0.0279 464.995
2.0228 48.13 39.18 0.0541 723.574
waiﬁaﬁ”laﬁs% 2.019 7.13 1.11 0.0365 30.419 [0.5701|Y=13.92X+239.95| 0.072
2.0789 8.98 7.01 0.0116 604.469
2.12 17.69 12.46 0.0302 412.706
2.0929 48.13 39.13 0.0526 743.540
Wosiadlea37% | 20035 713 1,08 0.0370 29.224 0.6982 | Y=12.45X+181.38| 0.080
2.0342 8.98 6.25 0.0164 380.539
2.0211 17.69 12.79 0.0297 431.073
2.0737 48.13 37.57 0.0623 602.853
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A 1 Y a A o v w = g’ a o 4
19NN 7.6 (919) "llE]Sal,'ﬁﬂ'liW1ﬂ§3ﬁ'1/]‘ﬁﬂ1wsluﬂ'liﬂ1ﬂﬂﬁ\1ﬂgﬁ' bluuuﬁ'ﬂﬁﬂ!ﬂiW%‘ﬂ

wiladde  |[vdamsdsuanw ﬁwwﬁ’ﬂ‘i’a@ anmdudusudu |anududunds | Tansfigndidn|  cerq Langmuir
(2) (mg/1) (Ce) (mg/l) (meq/g) R’ Y=aX+b Qmax
dusiudlzuds)  ldsuaam 2.1152 7.13 1.05 0.0352 29.849 |0.5709|Y=13.05X+171.33| 0.077
2.0999 8.98 6.09 0.0168 361.582
2.0232 17.69 12.73 0.0300 424301
2.0249 48.13 38.06 0.0609 625.362
lelasasean IN | 2.130 7.13 1.7 0.0312 54.493 [0.7392 | Y=17.60X+253.77| 0.057
2.1248 8.98 6.79 0.0126 538.310
2.0291 17.69 13.98 0.0224 624.777
2.0145 48.13 40.76 0.0448 910.379
Wosiadled s% | 2.0875 7.13 1.3 0.0342 38.036 |0.7759 | Y=21.99X+267.66| 0.045
2.0258 8.98 7.21 0.0107 674.291
2.0099 17.69 14.1 0.0219 645.041
2.019 48.13 42.02 0.0370 1134.592
Wosiadled 37%| 2.0301 7.13 1.37 0.0347 39.455 |0.6442 | Y=18.69X+132.62| 0.054
2.1825 8.98 7.22 0.0099 731.589
2.0785 17.69 14.06 0.0214 657.835
2.0300 48.13 41.39 0.0406 1018.638




A 1 Y a A o v w = g a o 4
13190 7.6 (7D) "IJE]Saljaﬂh‘“ﬂ1ﬂ53ﬁ'%‘ﬁﬂ1W1uﬂﬁﬂWﬂﬁﬂﬂZTcT luingedunsnzi

E4

yuadag | suamsdsvamn ihmindag anududusudu |anududunds Tamﬁgﬂﬁﬁﬂ Celq Langmuir
(2) (mg/1) (Ce) (mg/1) (meq/g) R’ Y=aX+b Qmax
luduiezsa|  ludsuann 2.1163 7.13 1.78 0.0309 57.535 |0.8185| Y=16.61X+197.17 | 0.060
2.0275 8.98 6.51 0.0149 436.650
2.0334 17.69 13.24 0.0268 494.355
2.05 48.13 39.98 0.0487 821.727
leTnsasedn IN | 2.0643 7.13 2.07 0.0300 69.005 |0.7741| Y=31.16X+374.90 | 0.032
2.2998 8.98 7.55 0.0076 992.178
2.0353 17.69 14.92 0.0167 895.790
2.0942 48.13 43.65 0.0262 1667.297
Wosiadlad 5% | 2.0172 7.13 1.89 0.0318 59.452 |0.7735|Y=45.98X++492.34| 0.022
2.0693 8.98 8.07 0.0054 1499.492
2.0587 17.69 15.46 0.0133 1166.235
2.0039 48.13 45.16 0.0181 2489.786
Wa§ﬁaﬁ"laﬁs7% 2.0009 713 2.16 0.0304 71.058 |0.5648 | Y=32.33X+649.87 | 0.031
2.0236 8.98 7.96 0.0062 1290.405
2.0298 17.69 16.07 0.0098 1645.291
2.0386 48.13 44.19 0.0237 1868.307
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{ Y a A o w A a 3’ Aa
M319% 4.1 Yeyamsrnlszanimmlumsmaatinnaluindess

WiiaTde yiamsifuanm | vwindan | anududusudy | anwdudunds | Tansiigndia | Tansiigniisa | edifudnsdiia
(g) (mg./1.) (mg./1.) (meq) (meq/g.) (%)
MuuzniN TaidlSuann 2.1199 4,034 1.22 0.0383 0.0181 69.76
laTasasedn I N 2.0322 4.034 1.602 0.0331 0.0163 60.29
Wosiad led 5% 2.0308 4.034 1.395 0.0360 0.0177 65.42
Wosiad lad 37 % 2.0035 4.034 1.409 0.0358 0.0179 65.07
Ausiudlznas TailSuann 2.0076 4.034 2.558 0.0201 0.0100 36.59
laTasnsedn I N 2.1634 4.034 3.011 0.0139 0.0064 25.36
Wosiiadlad 5 % 2.0204 4.034 2.586 0.0197 0.0098 35.89
Wosiadlad 37 % 2.0725 4.034 2.835 0.0163 0.0079 29.72
luduiesa TaidSuann 2.1608 4.034 3.004 0.0140 0.0065 25.53
lalasasedn I N 2,03 4.034 3307 0.0099 0.0049 18.02
Wosiiadlad 5 % 2.0324 4.034 2.899 0.0155 0.0076 28.14
Wosiad led 37 % 2.0009 4,034 3.054 0.0134 0.0067 24.29
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{ Y a a o w gl a
M3719% 4.2 Veyamsrnlszansmmlumsmsaneaalningessa

wiinidg yiamsuanm | vwindag | anududusudy | anududunds | Taveiigndisa | Tansiigndisa | wlefidusmsiia
(g) (mg./1.) (mg./1.) (meq) (meq/g.) (%)
Muuznin lsisueanm 2.1199 3.930 0.453 0.0438 0.0207 88.47
laTasnsedn I N 2.0322 3.930 0.807 0.0393 0.0193 79.47
Wosiadlad 5 % 2.0308 3.930 0.490 0.0433 0.0213 87.53
Wosiiadlad 37 % 2.0035 3.930 0.483 0.0434 0.0217 87.71
dusiudlenda TaidSuann 2.0076 3.930 1.390 0.0320 0.0159 64.63
laTasasedan I N 2.1634 3.930 2.330 0.0201 0.0093 40.71
Wosiadlea 5 % 2.0204 3.930 1.620 0.0291 0.0144 58.78
Wosiad led 37 % 2.0725 3.930 1.440 0.0314 0.0151 63.36
luduilzsa lidSvann 2.1608 3.930 1.420 0.0316 0.0146 63.87
lalasasedn I N 2.0300 3.930 1.803 0.0268 0.0132 54.12
Wosiadlad 5% 2.0324 3.930 1.510 0.0305 0.0150 61.58
Wosiadled 37 % 2.0009 3.930 1.647 0.0287 0.0144 58.09
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= Y a A o v o = o A a
MTNN 3.3 "UE]33!'6'1ﬂ’lfl'W’Iﬂi%ﬁﬂ‘ﬁﬂ’lwglUﬂ'liﬂ']fﬂﬂﬁ\‘lﬂgﬁiuunﬁﬂiﬁ\‘]

¥UA TR yHUaMIUTVTAIN ﬁymﬂ’ﬂ”aa anududusudy | anududund Tamﬁgﬂﬁwwﬂ Tamﬁgﬂﬁﬁﬂ nlesidudmssiia

(g) (mg./1.) (mg./1.) (meq) (meq/g.) (%)

MuuzniN TaidlSuann 2.1199 0.567 0.050 0.0063 0.0030 91.18
laTasasedn I N 2.0322 0.567 0.067 0.0061 0.0030 88.18

Wosiad led 5% 2.0308 0.567 0.050 0.0063 0.0031 91.18

Wosiad lad 37 % 2.0035 0.567 0.050 0.0063 0.0032 91.18

Ausiudlznas TailSuann 2.0076 0.567 0.110 0.0056 0.0028 80.60
laTasnsedn I N 2.1634 0.567 0.130 0.0054 0.0025 77.07

Wosiiadlad 5 % 2.0204 0.567 0.120 0.0055 0.0027 78.84

Wosiadlad 37 % 2.0725 0.567 0.117 0.0055 0.0027 79.37

luduiesa TaidSuann 2.1608 0.567 0.117 0.0055 0.0026 79.37
laTasasedn I N 2.03 0:567 0.180 0.0047 0.0023 68.25

Wosiiadlad 5 % 2.0324 0.567 0.140 0.0052 0.0026 75.31

Wosiad led 37 % 2.0009 0.567 0.130 0.0054 0.0027 77.07
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= & = a = < o
Nﬁf‘ﬂiﬁﬂ‘lﬂ1ﬂ’J13Jﬁ'13J15ﬂ‘1/]\11’ii]ﬂ‘1uﬂ1§uaﬂlflJﬁElu]l@’E'J’E'J‘LlellENLiG]f‘L!LLﬁﬂlﬂaﬂuhlﬂﬂ’f]uﬂﬂ1ﬂ1ﬂ

MUBZNIM

< & = a = =
AITNN 2.1 u,ammmmmm‘nwmiummaﬂgﬂaﬂullaaaumamcﬁuuamﬂaﬂu"la@au‘w

MINMUNENT D

Fl v Fl
Asan | Wminesd | anududu | anwdudu | USnaesazane | anvaanso

unani)asu |¥09 NaOH (N)| 909 H,80, |H,S0, Al¥ lnmsam| i

looou(e) (N) (meq/g)
1 1.0054 0.100 0.099 37.60 5.19
2 1.0021 0.100 0.099 38.05 4.96
3 1.0008 0.100 0.099 38.95 4.59

ANNaY T A beuuuIng Il 491 030




e s Butanulasuloson

AONUUINYUINNS )
ANRINTUNINEAE



M15199 0.1 YoyamIMIAIAMINE T UNIE

a A A o~ 9
Liﬂlmuamﬂaﬂu"1®ﬂ’e)u°l/lmiﬂijmﬂmummn

£

F)

suamsdsuaam | v vianlar | wu vedag | v wesdaanil | wu wieai | Auees e ﬁ?lﬂ?"l‘&l(%) daugﬁmmummgm
(%)
li'lddsaam 8.9812 9.5301 18.5120 19.0589 1.0037
8.6733 9.2169 18.2465 18.7893 1.0015
8.8733 9.4702 17.7774 18.3734 1.0015 1.0022 0.0013
lalasnsedn IN 8.6733 9.2534 18.2100 18.7889 1.0021
8.9812 9.5492 18.4923 19.0592 1.0019
8.6733 9.2420 18.2222 18.7889 1.0035 1.0025 0.0009
Wosifadlad 5 % 8.8733 9.4118 17.8445 18.3812 1.0034
8.6733 9.2587 18.2059 18.7889 1.0041
8.9812 9.5364 18.5058 19.05898 1.0036 1.0037 0.0004
Wosiadlad 37 % 8.6733 9.2400 182256 18,7892 1.0055
8.8733 9.4708 17.7886 18.38328 1.0047
8.9812 9.5484 18.4939 19.0592 1:0034 1.0045 0.0011
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li'lddsvanm 8.9812 9.5060 18.5349 19.0590 1.0013
8.6733 9.2256 18.1287 18.6796 1.0025
8.8733 9.3931 17.8644 18.3833 1.0017 1.0019 0.0006
lalasasedan I N 8.6733 9.2108 18.2524 18.7889 1.0019
8.9812 9.4994 18.5420 19.0592 1.0019
8.6733 9.2645 18.1990 18.7889 1.0022 1.0020 0.0002
Wosiiadlad 5 % 8.8733 9.4702 17.7876 18.3818 1.0045
8.6733 9.2149 18.2490 18.7889 1.0031
8.9812 9.5239 18.5179 19.0590 1.0030 1.0035 0.0009
Wosiiad lad 37 % 8.6733 9.2401 18:2243 18.7893 1.0032
8.8733 9.4538 17.8062 18.3842 1.0043
8.9812 9.5239 18.5187 19.0590 1.0044 1.0040 0.0007
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li'lddsvanm 8.9812 11.0047 17.0375 19.05898 1.0010
8.6733 10.7281 16.7354 18.7891 1.0005
8.8733 10.9665 16.2951 18.3828 1.0026 1.0014 0.0011
lalasasedn I N 8.6733 10.8323 16.6279 18.7858 1.0005
8.9812 11.1807 16.8618 19.05901 1.0010
8.6733 10.6813 16.7891 18.7892 1.0039 1.0018 0.0019
Wosiiadlad 5 % 8.6733 10.9021 16.5701 18.7889 1.0045
8.6733 10.7831 16.0784 18.1822 1.0029
8.9812 11.1352 16.9107 19.0591 1.0026 1.0033 0.0010
Wosiiad lad 37 % 8.6733 10.8949 165857 18,7893 1.0082
8.8733 11.1143 16.1473 18.3824 1.0026
8.9812 11.0921 16.9539 19.061 1.0018 1.0042 0.0035
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yilamsUsuann | USinasTag | USias Taquds 24 527w aN Anaees) | danadisanm
V99 (wa.) (wa) mi‘U’Jll‘L{W VINTTIU(%)
Tai'ldl5uann 8.00 13.00 1.63
10.00 18.30 1.83
9.00 15.75 1.75 1.735 0.103
leTasasedn 1N 9.00 15.40 1.71
10.05 17.20 1.71
10.00 18.00 1.80 1.741 0.051
Wosiadlan 5 % 10.05 17.30 1.72
10.50 16.50 1.57
10.10 16.75 1.66 1.650 0.075
Wosiadlen37% |  10.00 17.00 1.70
9.95 16.40 1.65
9.90 15.75 1.59 1.646 0.055

A 9 g’ a A A A % o (%
MTINN NS5 magamsmuuwmﬁ«vuuamﬂaﬂu'laaaummsJaJmmJumime

silamstSuann | USinasTag | USinns aands 24 $2Tue fi Aunde | daudsaun
v¥097a9 (1a.) (¥a.) Mt (%) | 1ATTIU(%)
li'lddlsveam 9.90 12.15 1.23
10.00 14.50 1.45
10.05 15.80 1.57 1.416 0.175
laTasnsedn IN 9.90 14.85 1.50
9.75 13.25 1.36
10.00 13.50 1.35 1.403 0.084
Wosiiadlen 5 % 10.00 13.70 137
10.05 14.65 1.46
9.95 12.45 1.25 1.360 0.104
osiiad lad 37 % 9.90 12.05 1.22
10.10 13.15 1.30
10.00 14.50 1.45 1.323 0.118
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V99 (va.) (ua) msmmﬁ% (%) UINTTIU(%)
Tal@al5uann 8.00 11.55 1.44
9.05 11.85 131
9.00 12.60 1.40 1.384 0.069
laTasnsedn 1N 8.00 11.00 138
9.90 12.45 1.26
10.00 14.55 1.46 1.363 0.099
Wosiad las 5 % 9.20 12.50 136
10.05 12.85 1.28
10.10 13.25 1.31 1.316 0.040
Wosianlad 37% | 9.80 12.85 1.31
9.70 12.30 1.27
9.90 12.65 1.28 1.286 0.023
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F

A Aa
WUNKA

5uasgnsu VUIATNITU

RATERLL FHAMIUTUTAIN - ; - - — - -— -

1 2 3 4 5 6 7 8
MUVZNT? Tai)Suann 6.6816 4.6729 4.7691 0.007843 0.007212 55.5226 67.1383 60.4927
nsalalasnanin 6.5684 4.6894 4.7807 0.008138 0.007469 58.2516 69.4148 62.4931
Wosiadlad 5% 7.8396 5.7447 6.3670 0.011112 | 0.010410 64.6857 77.3700 65.4003
Wosiad led 37% 5.8707 7.9055 8.0854 0.010022 | 0.009883 68.2843 53.3943 48.8911
Ausiuditlenas LidSuanmw 4.4336 3.0884 3.0955 0.004918 | 0.004450 52.8060 63.6959 57.5071
nsalalasnaosn 6.3500 4.4813 4.5793 0.007333 | 0.006703 54.5998 65.4536 58.5535
V\Iagﬁaa"laﬁ 5% 4.9860 3.5924 3.6765 0.006335 0.005805 59.2948 70.5350 63.1602
Wagﬁaﬁ"laﬁ 37% 5.7855 4.1355 4.1915 0.006987 0.006391 56.6938 57.5765 60.9942
luduiesa lidSuanw 4.1155 2.6853 2.7779 0.003879 | 0.003601 46.9122 57.7765 51.8514
nsalalasnas3n 4.8633 3.2743 3.2888 0.004724 | 0.004339 47.6007 57.7122 52.7786
Wosiadlad 5% 4.4461 3.1029 3.1247 0.004597 | 0.004208 50.5423 59.2619 53.8671
Wosiaa lad 37% 4.5761 3.1165 3.1861 0.004635 | 0.004286 49.2986 59.4889 53.8061

1" 131899 BET Surface Area, sq.m./g.

2" Y184 BJH Cumulative Adsorption Surface Area, sq.m./g:
3" 118949 BJH Cumulative Desorption Surface Area, sq.m./g.

4" ¥111999 BJH Cumulative Adsorption Pore Volume, cc/g:

5" 11894 BJH Cumulative Desorption Pore Volume, cc/g.
6. NI Average Pore Diameter (4V/A By BET), A’

7" M99 BJH Adsorption Average Pore Diameter (4V/A), A

0

8" Muneda BJH Desorption Average Pore Diameter (4V/A), A’
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Micromeritics Instrument Corporation
ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS/26 START 13:35:4702/13/02
SAMPLE ID : Un-Coconut Husk COMPL 15:27:04 02/13/02
SUBMITTER : REPRT 15:29:0002/13/02
OPERATOR : Chatchada SAMPLE WT : 0.4359 ¢
UNIT NUMBER : 1 FREE SPACE: 55.8132 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL: 10 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA : 6.6816 sq. m/g
SINGLE POINT SURFACE AREA AT P/Po 0.1999 : 4.7322  sq. m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 4.6729 sq.m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 ~AND 3000.000 A DIAMETER : 4.7691 sq. m/g
MICROPORE AREA : -4.3762  sq. m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P/Po 0.9840 : 0.009274  cclg
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND “3000.000 A DIAMETER : 0.007843  cc/g
BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.007212  ccl/g
MICROPORE VOLUME : -0.002730  cc/g
PORE SIZE
AVERAGE PORE DIAMETER (4V/A BY BET): 55.5226 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 67.1383 A

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 60.4927 A
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Micromeritics Instrument Corporation

ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS/31 START 14:30:5602/15/02
SAMPLE ID : HCI-Coconut Husk COMPL 16: 02 : 55 02/15/02
SUBMITTER : REPRT 09:02:3402/15/02
OPERATOR : Chatchada SAMPLEWT: 04193 g
UNIT NUMBER : 1 FREE SPACE : 54.4772 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL: 10 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA : 6.5684 sq.m/g
SINGLE POINT SURFACE AREA AT P/Po 0.1999 : 47678 sq. m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 4.6894 sq. m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 ~AND 3000.000 A DIAMETER : 4.7807 sq. m/g
MICROPORE AREA : -4.1811  sq.m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P/Po 0.9840 : 0.009566  cc/g
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND “3000.000 A DIAMETER : 0.008138  cc/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.007469  cc/g
MICROPORE VOLUME : -0.002581 cel/g
PORE SIZE
AVERAGE PORE DIAMETER (4V /A BY BET): 58.2516 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 69.4148 A

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 62.4931 A
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Micromeritics Instrument Corporation

ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS/24 START 13:50:1802/12/02
SAMPLE ID : 5% Coconut Husk COMPL 16: 06 : 28 02/12/02
SUBMITTER : REPRT 16:47:49 02/12/02
OPERATOR : Chatchada SAMPLE WT : 03363 ¢
UNIT NUMBER : 1 FREE SPACE: 56.3312 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL: 10 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA : 7.8396 sq.m/g
SINGLE POINT SURFACE AREA AT P /Po 0.1999 : 5.6663 sq. m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 5.7447 sq. m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 6.3670 sq. m/g
MICROPORE AREA : -4.9963 sq. m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P./Po 0.9840 : 0.0126678 cc/g
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND .3000.000 A DIAMETER : 0.011112  cc/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.010410  cc/g
MICROPORE VOLUME : -0.003089  cc/g
PORE SIZE
AVERAGE PORE DIAMETER (4V/A BY BET): 64.6857
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 77.3700

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 65.4003
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Micromeritics Instrument Corporation

ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS/35 START 11:27:4702/19/02
SAMPLE ID : 37% Coconut Husk COMPL 13 :31:5202/19/02
SUBMITTER : REPRT 13:33:5102/19/02
OPERATOR : Chatchada SAMPLE WT : 0.4360 ¢
UNIT NUMBER : 1 FREE SPACE : 54.6644 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL: 10 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA : 5.8707 sq.m/g
SINGLE POINT SURFACE AREA AT P/Po 0.1999 : 43836 sq.m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 7.9055 sq. m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 ~AND 3000.000 A DIAMETER : 8.0854 sq.m/g
MICROPORE AREA : -3.6870 sq.m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P/Po 0.9840 : 0.010022 cc/g
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND “3000.000 A DIAMETER : 0.010553  cc/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.009883  cc/g
MICROPORE VOLUME : -0.002222  cc/g
PORE SIZE
AVERAGE PORE DIAMETER (4V /A BY BET): 68.2843 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 53.3943 A

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 48.8911 A
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Micromeritics Instrument Corporation
ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS /32 START 12:46:2202/18/02
SAMPLE ID : Un-Cassava COMPL 14 :27:01 02/18/02
SUBMITTER : REPRT 11:32:1502/19/02
OPERATOR : Chatchada SAMPLE WT : 0.6109 ¢
UNIT NUMBER : 1 FREE SPACE: 55.2355 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL: 10 SEC
SUMMARY REPORT
AREA
BET SURFACE AREA : 44336 sq.m/g
SINGLE POINT SURFACE AREA AT P/Po 0.1999 : 2.8074 sq.m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 3.0884 sq.m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 ~AND 3000.000 A DIAMETER : 3.0955 sq.m/g
MICROPORE AREA : -2.7010  sq. m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P/Po 0.9840 : 0.005853  cc/g
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND “3000.000 A DIAMETER : 0.004918  cc/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.004450  cc/g
MICROPORE VOLUME : -0.001871 cc/g
PORE SIZE
AVERAGE PORE DIAMETER (4V/A BY BET): 52.8060 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 63.6959 A

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 57.5071 A
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Micromeritics Instrument Corporation

ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS /29 START 14:35:07 02/14/02
SAMPLE ID : HCL Cassava COMPL 16:09:19 02/14/02
SUBMITTER : REPRT 09:07:04 02/15/02
OPERATOR : Chatchada SAMPLE WT: 03928 g
UNIT NUMBER : 1 FREE SPACE : 54.2692 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL: 10 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA : 6.3500 sq.m/g
SINGLE POINT SURFACE AREA AT P/Po 0.1999 : 4.0548 sq. m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 44813 sq. m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 ~AND 3000.000 A DIAMETER : 4.5793 sq. m/g
MICROPORE AREA : -3.9156 sq.m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P/Po 0.9840 : 0.008668  cc/g
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND “3000.000 A DIAMETER : 0.007333  ccl/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.006703  cc/g
MICROPORE VOLUME : -0.002690  cc/g
PORE SIZE
AVERAGE PORE DIAMETER (4V /A BY BET): 54.5998 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 65.4536 A

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 58.5535 A
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Micromeritics Instrument Corporation

ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS /27 START 15:57:4002/13/02
SAMPLE ID : 5% Cassava COMPL 18:01:2202/13/02
SUBMITTER : REPRT 09:04:18 02/14/02
OPERATOR : Chatchada SAMPLE WT : 0.4919 ¢
UNIT NUMBER : 1 FREE SPACE: 54.3029 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL : 10 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA : 49860 sq.m/g
SINGLE POINT SURFACE AREA AT P/Po 0.1999 : 3.4369 sq. m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 3.5924  sq. m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 “AND 3000.000 A DIAMETER : 3.6765 sq.m/g
MICROPORE AREA : -3.2152  sq.m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P/Po 0.9840 : 0.007391  cc/g
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND “3000.000 A DIAMETER : 0.006335  cc/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.005805  cc/g
MICROPORE VOLUME : -0.002059  cc/g
PORE SIZE
AVERAGE PORE DIAMETER (4V /A BY BET): 59.2948 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 70.5350 A

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 63.1602 A
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Micromeritics Instrument Corporation

ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS /34 START 16:48:1902/18/02
SAMPLE ID : 37% Cassava COMPL 18:21:5702/18/02
SUBMITTER : REPRT 09:25:1602/19/02
OPERATOR : Chatchada SAMPLE WT : 04512 ¢
UNIT NUMBER : 1 FREE SPACE: 55.6542 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL: 10 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA : 5.7855 sq.m/g
SINGLE POINT SURFACE AREA AT P/Po 0.1999 : 3.8384 sq. m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 4.1355 sq. m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 “AND 3000.000 A DIAMETER : 4.1915 sq. m/g
MICROPORE AREA : -3.6655 sq.m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P/Po 0.9840 : 0.008200  cc/g
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND “3000.000 A DIAMETER : 0.006987  cc/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.006391  cc/g
MICROPORE VOLUME : -0.002426  cc/g
PORE SIZE
AVERAGE PORE DIAMETER (4V /A BY BET): 56.6938 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 67.5765 A

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 60.9942 A
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Micromeritics Instrument Corporation
ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS/25 START 09 :20:5602/13/02
SAMPLE ID : Un-Pine COMPL 11:02:19 02/13/02
SUBMITTER : REPRT 11:35:1302/13/02
OPERATOR : Chatchada SAMPLE WT : 0.4506 g
UNIT NUMBER : 1 FREE SPACE: 54.2555 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL: 10 SEC
SUMMARY REPORT
AREA
BET SURFACE AREA : 4.1156 sq. m/g
SINGLE POINT SURFACE AREA AT P/Po 0.1999 : 2.5731 sq.m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 2.6853 sq.m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 ~AND 3000.000 A DIAMETER : 27779  sq.m/g
MICROPORE AREA : -2.5217  sq.m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P/Po 0.9840 : 0.014827  cc/g
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND “3000.000 A DIAMETER : 0.003879  cc/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.003601  cc/g
MICROPORE VOLUME : -0.001754  cc/g
PORE SIZE
AVERAGE PORE DIAMETER (4V/A BY BET): 46.9122 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 57.7765 A

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 51.8514 A
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Micromeritics Instrument Corporation

ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS /30 START 12:32:1202/15/02
SAMPLE ID : HCL Pine COMPL 14 :14:20 02/15/02
SUBMITTER : REPRT 14:47:0602/15/02
OPERATOR : Chatchada SAMPLE WT : 0.4766 ¢
UNIT NUMBER : 1 FREE SPACE: 55.5492 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL : 10 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA : 4.8633 sq. m/g
SINGLE POINT SURFACE AREA AT P/Po 0.1999 : 2.9498 sq. m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 3.2743 sq.m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 “AND 3000.000 A DIAMETER : 3.2888 sq. m/g
MICROPORE AREA : -2.8905 sq. m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P/Po 0.9840 : 0.005787  cclg
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND “3000.000 A DIAMETER : 0.004724  ccl/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.004339  cc/g
MICROPORE VOLUME : -0.002048  cc/g
PORE SIZE
AVERAGE PORE DIAMETER (4V /A BY BET): 47.6007 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 57.7122 A

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 52.7786 A
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Micromeritics Instrument Corporation

ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS /42 START 12:43:05 02/14/02
SAMPLE ID : 5 Pine COMPL 14 :16:31 02/14/02
SUBMITTER : REPRT 08:46:03 02/15/02
OPERATOR : Chatchada SAMPLE WT : 0.5080 g
UNIT NUMBER : 1 FREE SPACE : 55.5905 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL: 10 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA : 4.4461 sq.m/g
SINGLE POINT SURFACE AREA AT P/Po 0.1999 : 2.8450 sq. m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 3.1029  sq. m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 “AND 3000.000 A DIAMETER : 3.1247 sq. m/g
MICROPORE AREA : -2.8056 sq.m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P/Po 0.9840 : 0.005618  cc/g
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND “3000.000 A DIAMETER : 0.004597  ccl/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.004208  cc/g
MICROPORE VOLUME : -0.001906  cc/g
PORE SIZE
AVERAGE PORE DIAMETER (4V/A BY BET): 50.5423 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 59.2619 A

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 53.8671 A
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Micromeritics Instrument Corporation

ASAP 2000 V3.03 A PAGE 13
SAMPLE DIRECTORY/NUMBER : ANALYSIS /33 START 14:50:2702/18/02
SAMPLE ID : 37% Pine COMPL 16:33:07 02/18/02
SUBMITTER : REPRT 11:15:2702/19/02
OPERATOR : Chatchada SAMPLE WT : 0.5257 g
UNIT NUMBER : 1 FREE SPACE: 539115 cc
ANALYSIS GAS : Nitrogen EQUIL INTRVL: 10 SEC
SUMMARY REPORT
AREA

BET SURFACE AREA : 4.5716 sq.m/g
SINGLE POINT SURFACE AREA AT P/Po 0.1999 : 2.8136 sq.m/g

BJH CUMULATIVE ADSORPTION SURFACE AREA OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 3.1165 sq.m/g
BJH CUMULATIVE DESORPTION SURFACE AREA OF PORES

BETWEEN 17.000 “AND 3000.000 A DIAMETER : 3.1861 sq.m/g
MICROPORE AREA : -2.7808  sq. m/g

VOLUME

SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1229.7822 A DIAMETER AT AT P/Po 0.9840 : 0.005640  cc/g
BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND “3000.000 A DIAMETER : 0.004635  cc/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES

BETWEEN 17.000 AND 3000.000 A DIAMETER : 0.004286  cc/g
MICROPORE VOLUME : -0.001966  cc/g
PORE SIZE
AVERAGE PORE DIAMETER (4V/A BY BET): 49.2986 A
BJH ADSORPTION AVERAGE PORE DIAMETER (4V/A): 59.4889 A

BJH DESORPTION AVERAGE PORE DIAMETER (4V/A): 53.8061 A
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