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1) 29 F 54

=5 = , FAYA(RAE 7492 g/mol)
A ¥l A E F7]14] A (Inorganic), +714] 4 (Organic) & &4 gk},
T FrIH AR EASY, FUH A {78 A

At
B HAgdo] s, F71ul4 F 37H A (As(ID)7F 57HH] & (As(V) R =7 o]

H| 2= ol ]oﬂ ol S o o7 %o]%/ﬂ FHE
o

o, A&7

Ml R 57bulseln], A% AF Aol A

Inorganic —— Organic
/ I
L CH
] .ﬂug\ HO—As—CHj | : L—0
i "
p o H3;C—As CHIArsenuhetaine
Arsenite, Monomethyl CH, (AsB)
As(ILI) Arsenate(MMA)
o CH;

CHy; H,C—OH
0—As—O HO—As—CH, |/

I H;C—As™—CH,
0 0 Arsenocholine
Arsenate, Dimethyl CH, (AsC)
As(V) 3 \ Arsenate(DMA) )

<Y 1> ¥]429 £33} % (Hoon Choi et al. 2010)
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1 : Initial C()n(:enlfﬁ!_l“nﬁ_‘____“ & 12 | N <;m\.g-,)’h ATy
= 08 F 1 o 10F T :
2 | V “\ 8 f 1
E 06 f @ \ E : \ 1
L s 4.90 mg/L 2 6 | 534 _
£ 04 - N o [ S
o, _a =0 g
5 1.83 p—= S 5 4 o 1
02 F g9 oo sk .5.__.“&_“ § E
gap F————= .. T
0 j ) 0 -
' T T T - - -
b h"'\ / 1 = = [P
H AsO \ / / ; N
08 | ' ! \"'\ ,»'j (b) 0.8 f HZASOJ \‘\ / 4
= \'\, .-’"f | A\ l'll \ H'I
g T )/ 1 & % \y“ \Xf
L?. 04 | / \'\\I E- 04 - ,." \\ f \'-\ =k
/ \ ! \ \
02 [ / \\ —_ 0‘2 L \ H ASO \
HAsO,  / \ \ Sl \\
0 - = _T e = : \ ) 0 : I — - ) ) = - I
1 - 1
\ AOH © \ acH /N ©
08 - \ N : 08 - . \ |
= 1 s N
g 06 | YALO, : 1g/L H & 06 Y-ALO_ : 1g/L |
: 2 /( | @ A N
= 04 - AOH, NaClO,:25x 10°M || & (4 - AIOH, \NaClO, : 2.5% 10°M ||
AlO _ AlO
0.2 r / \> : 02 - / \
L ! ’ | 1 1 i ] L 1 ] i / 1
2 4 6 ol 8 1012

<" 2> A dFrve] () As(), (%) As(V) &2 (Tsair-Fuh et al. 2001)
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°F 0.3 ~ 2.0mme] WM FAS B=d FRAE A
sto] = FEQl ABAS] @S Bt AHYITAHS JNdsAr &t ’3P7<]“}
Sludge®} Alginate, PVA® A 2t¥ S-A-P 500(Sludge-Alginate-PVA) & &A= &
AN FRAALSS A7 BEon, Ay os FHAVE FA4 ABA
o] Tdo] Attt 3 ofe] Edo] H7E F3A AN 3 T 5 HEA<d

8
TAE dAS AT A FERA S BYS FAEHH, 9 AFE FFACL FAbe
T&ss Hede A" FRAAE AT gE] e FAA o] 25
A g AAYESE A5 F JEF gt= slo] B A9 Exolv. w9 fE A
MAE FFA S 54 ol o] &ste] Asell tist F3 54 AFE FHstA
FEA] HA AA vEs EE57] 8 Ax, A4, A = AR 2 F J7
Al sl AT+E TR, NAE FHAE Atk o= AR F2A <]
EA4E& AR, Hla (As) & 545 A8t ARt wE FFAC As F
ZFo g Hd L=ddt= HAHO AIZHE Fholstth(Adsorption kinetics). ©HS
Ase] FEe wE FAAY As FHFFE ARSI Ao & Jtsd As &

(Adsorption isotherms) &hela}
3 &2 A2 Bed Volume &2
2t Al E F2AVSE Y, Bt Sl

o] & L= ¢kollo YArE MASD

A
Ark AdE FHAES ol&3te] Column 23S
& 2AE, Asel 4 71F9] RS EESa

AA9) FHE FAES Sefekanz 87449

oozt o}m nqo



AR B2 b2
(As) B4 B2 o1

‘Kinetic experiment Isotherm experment pH experiment Column expenment
LAlZHA KHE As L ET W =EM = AS D CHEFRY pHO K : SEEZ Bed
=3 -y o & Ry

E Az BE S Y volume EAl

Colmn 48 & E8

Opalk s S &

<" 6> AT 2=

1) A4 A= & =&

b Azx/24 22 F7 AFA dF As FAZ
w2
Ao

—g—z Al Az 230

INEEECE B FERE

%

AT AYHEEH A (raw alum sludge)§ 105 C°ﬂ /\1 24 ] b AxAZ)
0.15mm A= HAA] 71 o]3te] &S 300TCoAA 24X 7 &=

ato]
U asRe 24 de dx A 4§ SAE ol 85t

o] 2t %] of =y FX
E AR, olE aAdst As S Arrsta s m=g F7F H
FAZ PVAE AHE3t As 23S v ustgich

2 20 37 3 Aa AE ol&stda, FUE 7IE9 ABA AXH F
A3 A JPHJom HAAh FHL ALrE FdgozN {750 w3
(Carbonation)”} 5o &2Ale] F=< S8} stz AAsA (£ 2, 3) &

="
d& 3A17F E<F 300, 400, 500CNA FaekA L olE ZHzF vlulgAth (&
1) ABA®} Alginate® AZd Hl= F2A¢] 459 A-A (ABA-Alginate) ,
ABAS®} Alginate, PVA® o] Fo]z 749-= A-A-P (ABA-Alginate- PVA)Z ™
HalR 3, L3 Ao w Sludge«] Z4%9l S-A (Sludge-Alginate), S-A-P
(Sludge-Alginate-PVA) & 3} t}.

A 2 A 50 mg/L ¢ As (Arsenate, HAsNa-O4-2H-,0)E o] &3}e] 0.1
g9 FAAE 30 ml As &N (zAu] 1:300) 3k 8A1ZF F<F 30 rpm
412 9] end-over-end shakerE ©| 83, oA S o] &3slo] o3 F o



ol ICP-OES (Agilent 7200, USA)& A 38tgich Aol Falw 249
o3 59} oo s E 49 5o e AT
EE}E}H = 127}X]94 %5%‘11]2 A A B ) s ﬁ%‘oﬂ
]9} SludgeZ' o] & 3 &
AbgE S 1 ¢ Y L F BA94 %
4005 A Qg 574 FERA A o whep 52
F 4 9o Drying-calcination J/} d9o] 6714 &3 o}
}0}~ e B 7 Atk U HA 2EE AL 300Col A vk
Drymg calcination®] & 2F#ko] Only calcination Xt} ok
4o e A o] 300TCANA A=td F2A7F &2 A
El:r EolAA F2Eol SUHE Zlow dddEnh HwkA
T A-A-P9 As & o] 2o wat FA4sA St
3t} SludgeE ©] A2t FARAL] A9 S-A FHA 24 2=7t
400CNA + 344 & #wko]l wrokow Only calcination ¥t} Drying-
calcination®] & 2A|7F | @3Ao|t}, A7 PVAE #H7bste] A& S-A-P
oot As F2Fo] §E5ER T8, ol ABAE o8
s AzE FERACt sdd FIFES Holw AL sk EF ABAY
oA ier vl=d AAE e
o] Hl=etAY =5 o
s g2 & Utk o= ABAVE o|F] AAE FERAR vA AAA
o & W3E FA4 Fshe AE 9rehH, Sludge® A<l

Fr7lEs AL FF AllEE ATFOoEM As FEFo] 7l s
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of &A% 79, ABA®} SludgeE ©]&3F & F&A A 400T <
300C < 500Ce A= As F#o] oA xqt PVAE 73k Drying-
calcination #74-2 300C < 400C < 500C¢] =M= F& o] F7stAtt. ol
= 9 A9 A FdsA 300CE A A7 2 29 whk =5
of mpEE s BT FoA FFFo] A v FoE HAXH. WA A-A
2 A-A-P9 Only calcination ¥ Drying-calcination ¥4 A-A-P 300=
Alelstal As F2ol Hls=shA yER X,;}?‘Mﬂﬂ As F&ol| & A4S 7AA

I

¥l Aog uefd 4 9t} Sludged 7 71439 A& =24 As
FzreFo]l ABA FEAlC] w3 EAsH "LO}X] 7)4\% B QT 1 F
Drying—calcination #7382 S-A-P7} Fol 9A F=z]A 317} Sludge?
g3t 7h ABAC] B3] o] AU Aoz Hozlt

o]ZH ABAZ A|Zst= A-A 2 A-A-Po A4 AL LS o] &= A
of F&A Wel F=& o A As %X—}Oﬂ frelst™, Sludges ©] &3 &
A= &7 23E st fU1E 21]71 24 TS PAse Aol 9 F2 Ao
2 YEEth A 2EF 00T A EF sd9stA S Fe] =& AS 7tk

_7_



<I 1> ABAS} Sludgeol A%, 24, F7F 434 (PVA), 24

9,
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rlr
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o

HolA
2 (S-A)ek 2

Zi CRAE>

i AgAs 24 PVA
= = & kA vk
Aols widh W 2 A %
4] A-A-P 500, S-A-P 500 # E’ﬁ:fx\féiﬂ A-A

57]1 242 SludgeE o] &3 F2HA
] o]

Aol s A &4 Z:Zﬂ o] A O]U] 300C & 24/\]7P /\"4/\]74 A 2F k=
A Aersintd) ol YA & AMlekes AA RS 23] A &S] wwol H= A
Zh H)-go] F7ketAl ®tt. Sludge F&ASl A5 A ARG FV|AE F
A o] As FF o] ¥il, 1 Fol A% Drying-calcination®] ¥Ao] ©f wow
A F2Ael Ag-dl 13]9] 2AES F3 AFetr] Wi ABAE o] &3 &
A BopheE AA Aot 34 052 Only calcination®} Drying—calcination®)
FAEF Aozt AA Fow, AxIAo] F7HAQ] v Eo] AREHV|E std, &
A Fu7F ghAdte] Byto] golgk Aol vk webd 2 ARE E8 A
Drying—calcination®] S-A-P 500= Air-based® A2A3F ZHo] 7} AE3 &

272 B

Sample A-A A-A-P S-A S-A-P
b (ABA-Alginate) (ABA-Alginate-PVA) (Sludge-Alginate) (Sludge—Alginate-PVA)
Medterial ABA Raw alum sludge
(Raw alum sludge to calcine at 300C) (Dry at 105C and sieve <0.15 mm)

. o . . 2% sodium alginate o . . 2% sodium alginate
Binder | 2% sodium alginate 15% Polyvinyl Alcohol 2% sodium alginate 15% Polyvinyl Alcohol
Dry 25C 24h None 25C 24h None 25C 24h None 25C 24h None

Air Nitrogen Air Nitrogen Air Nitrogen Air Nitrogen
Calcina 3h 3h 3h 3h
—tion
300C | 400°C | 500°C | 300C | 400C | 500 | 300 | 400C | 500C | 300 | 400TC | 500°C




<3E 2> Air based 24 2% AZtE 300TC ¢ 500C e F2AE A2A7]1A & A

(Air-based, Only calcination 9] &2HA))

A-A A-A-P S-A S-A-P
(ABA-Alginate) (ABA-Alginate-PVA) (Sludge-Alginate) (Sludge-Alginate-PVA)

A
23]

3> Nitrogen-based 2 o2 A 2HE F2AZ 25Co A AZAIZ 3 4007 ol A
:g‘_

22 A171 & 24 (Nitrogen-based, Drying-calcination)

A-A
(ABA-Alginate)

A-A-P
(ABA-Alginate-PVA)

S-A S-A-P
(Sludge-Alginate) e—Alginate-PVA)

oy
M




Air-based 9} Nitrogen-based® 443k &

S-A

Air-based
Calcination

Nitrogen-based

(Sludge-Alginate)

S-A-P

(Sludge—-Alginate-PVA)

Calcination
<IE 5> %o WE Air-based ¢ Nitrogen-based® A4 3 3
As E7 I A9 F o3 A3 o3} 9| o v
Eat) A-A-P S-A S-A-P
= (ABA-Alginate-PVA) (Sludge-Alginate) (Sludge-Alginate-PVA)
IBREIEE B
pot
L]

Before
filtration

After —
filtration —

=l




Adsorbed As mass (mg/g)

Adsorbed As mass (mg'g)

(5]

=
e

-
L]

A

LB ]

Air-based Calcination

BN Ouly caleimation 1
| 3 Drying - Calkkmanon | _
‘A#h.\#\\— \,I \.‘\1 k,,',?'ﬂ gh#.}-?\'ﬂugh# 5'\.?3*'\1”“;\1““
MN2-based Calcination
== Oolv cakimation ]
B Drying - Calcimation
S VS Y N_\j!‘:__\,'l' ﬂih’jgﬂ AW N ywe}i*flt”tgﬁ
LAY 7> AFR, 2A, FF AgA 2d wWE Air-based 2
Nitrogen-based® A4 & A #AE E&ZA9 As &&% (mg/g)
A3 050 mg/L As 95 o] &3] 1:3009] L HH|=
8A1 7t % ¢t end-over-end shaker® 30rpmo. & wyb
(J) Aax 9 24 52 A7t 59 & As & & kinetics
o o] HYHAAM HAAHE S-A-Po F&FH FTUHE fd & T Ay =EE
WMPR Fo] TS P A7 AES TG &2 5= AZke] FS-
ol 20, 60, 100+ W52 Fof zolE Rl i, %22 499l 300C¢
FARA el F¥ Aol yElueE AS 7kste] 400C € 500TCE st
I 2o 2AL o)A Ay FLsH Air-based® 3AZF B A A A F
St wekA B SHAE AR Aol glo] AFE AL

S-A-C (Sludge-
Algmate/PVA—Calcmatlon), Az #AZS AP Hg-d S-A-
Alginate/PVA-Drying-Calcination) & S 333t} (% 6)

DC (Sludge-



ABA® AZE FHAE (A-A A-A-P)ollA o= s Az Ao 53
star A=y g-o] F7bshe= Z\% Zrekste] 24 34 glol Az AARE A

&
FRAE AHE-SFA T
AZE FZAE 150 me/l. ¢ As (Arsenate, HAsNa204-2H20)E o] 8319
0.1 g8 +FAE 30 ml As §fol] (aze4n] 1:300) ¥o] 8AIZF REAIA FZ
ahelar, ol thE &S A e SRS dolrR ] 9&) 10, 30,
60 o] HESAIZFO & kinetic A¥S 30 rpm %2 end-over-end shakerE
olgste] FaAHI, AHJAE o] &t ofHAES ICP-OES (Agilent 7200,
USA)Z #2433t}
S-A-Ce ZA$dl 371A¢] S Azl A 400CHTE 500CoAA &% o %
3

o
As F&EFS 7HH e, 1 F 400C9] A5 & AlZto] AoXWA F2=F
o] FAA FHAsEATE (18 8). AN S-A-DCO A el & A F&
Foll A JEs 74 Xatdon, 71Ed o8P 60 min® S ALt
A oHlae] FREo] FUketeE AE B o A o= S-A-C 4005 Al9]sta
BE FFAAA A FEe YERW oW, S-A-C 4009 459l 209 &4
S=AIZE S-A-DC 5009 7-5-9l 609 &4 S Agte]l FFFS MY A
A s S Ytk S-A-DC 4003 S-A-C 5009 A= Amdoz 24 %
> Al Zroll wheh As E“‘F*O] & AfolE YERA %%U}.

AdbA o @2 400C M= S-A-Coll B3] S-A-DC7} & A4 2% 52 A
N =2 FHTFS 7%1# 500CAAE 609 &2 Aks Al 2
AZPol A wE FAEE BAAY olE F3 FFEel 7MY =2 S-A-DC 500
< AAste S dAHoRE A G AV Advka dAdste], FrHH R #
2 HEA A A FFHFE Lol A FF kinetic 2E S F33AT
wEkA S FEA S FE o] AR F2 Akl 100 AL i Azt
W S SloF st AS kst AQstR i, F 57HA SFAE AASH
o e A AN A F3F kineites2 s (AAE F2A4,;, S-A-DC

400 20°, S-A-DC 400 60, S-A-C 500 20’, S-A-C 400 60’, S-A-DC 500 60")
Az AA AFE =340 A-A A-A-P9 A Z 2AL Table 3¢ veR)
A

Rom, 24 FHAQ S-A-C 2 S-A-DC¢ Blulstr] &) 43 43S 2
AstAct (19 9 a). A-AS %71 102004 F2o] 719 dojubA] &=
As & & F 9lx, vk 60—3%01] A F&ECl 1 mg/gdl =9 g Ae =
2 9tk Wb A-A-Pe Al 27 108014 o 1 mg/ge EXES AT
ol 60l M A3 T7Fste] oF 33 mg/gel FHAEFE A= Ae = 5 v
S AA AR 3*‘}%101 S-A-C¢t S-A-DC®| A4 21 9 bell veb
3L, S-A-DC 400 20°9] 5o %=7] 1029 F&=Fo]l ¢F 1 mg/gollA 600
4 mg/g7tA S 7Fst o ] A-A-Ps} v 523k A¥E zh=th S-A-DC 400
60°e] A5l 7] 104 oF 23 mg/gel FAFS 2k 60wl °F 4 mg/g

o FHFE A 27 %2}%—8— & ARkl o)
Atk S-A-C 500 20°¢] <l 7] 109 FHgo

=<
FhE A% 39 @ # 9



wgron] G0Rol A= oF 22 mg/go R A Z7FEHA ktth S-A-C 500 60
= 27] 10214 °F 3 mg/gel FA S 7HHL 60olA Q38 FHasho] oF
2 mg/gel FFFS 7HA S AlRbe] 209 Aok TdE FHA G =Lt
= s Fsii shAR Y FHA 9 error bar7k 2 AS Fetstd 7]
FateFo] e 7heAS i, S-A-C 5009 E S-A-DC 4003 FLsA 5
& AIZE 600l 2040l Wl 27] FEEe] S7Feta 60w ol Hsmd F A
of Zddte S stk 8AZE wmwk Aol sbF FEREol &8kl
S-A-DC 500 60" ¢] kinetic A+ ¥]= %7] 104 error baro} =LA vk of
4 mg/g® FHFE 7ML 604 8 mg/ge FARALFS A B AT W
As F&o] BYg Zlow Holx sid FHAL 27| 10&9] FHFS 1 9
of FAZF 60w FFI v FFEoE FH kineticol Wb AE
o] &}

AEE Fal FEAY 7] S kineticse] 7HE w2 S-A-DC 500

60 24 FHAR AAstda, kasksy] fls) 24" FHAE S-A-P =

<E 6> Az B A4 o2 AP 2R web AlFtd F2A (S-A-C # S-A-DC)

Samples S-A-C S-A-DC
P (Sludge—Alginate/PV A-Calcination) (Sludge-Alginate/PVA-Drying—Calcination)
. Raw alum sludge
Material (Dry at 105°C and sieve <0.15 mm)
Binder 2% sodium alginate & 1.5% Polyvinyl Alcohol
Dry None 25C 24h
Air-based for 3h
Calcination 400°C 20, 60, 100 min
500C 20, 60, 100 min

<E > AR A, F7F AFA 270 whE Air-based®} Nitrogen-based® 443§ & Z A

A-A A-A-P
Sample . .
(ABA-Alginate) (ABA -Alginate PVA)
. ABA
Material (Raw alum sludge to calcine at 300C)
] . . 2% sodium alginate
[¢)
Binder 2% sodium alginate 1.5% Polyvinyl Alcohol
Dry 25°C 24h 25°C 24h
Calcination None




14 7 sl 20 min
I 60 min
12_ [ 100 min
)
) 4
é 10
2
8_
g
“
= 6
[-P]
£
=
<
2_
0

S-A-C 400 S-A-DC 400 S-A-C500 S-A-DC 500

<Y 8> xS Ay %o wet AtE FFA] As FFHF (mg/g)
23 1150 mg/L As £§99< 1:300 ZAH] end-over-end shakerZ
o] &3kl 30 rpm 8A]%F uyk



Adsorbed As mass (mg/g)

Adsorbed As mass (mg/g)

— % —  AA
———#——  A-A-P

(a)

—

*—

10 A

20 40 60

Time (min)

—@&—— S-A-DC 400 20'

A S-A-DC 400 60'
—— B ——  S-A-C 50020’
........ ’........ S_A_C 500 60'
— —@—— S-A-DC 500 60' 8

20 40 60

Time (min)

<" 9> Az g 24 2es o2 At wE §F

A&

=

g

(a) A-A % A-A-P, (b) ST A-C % S-A-DC

o]-g-ate] 30rpm Ly

kinetics,

: 150 mg/L As €4S 1:300¢] 19%H] end-over-end shakerZ



() A4 =+

e H=Y BZHAEZ AZ3te] screening AL S Ao FA| FAHES
o] g3t FARPFoR FHAE A, oldd wet FFA L] Kol YA}
Al ¥ ATt whebA A2 wota g, sid AnE

o] g3lo] H| =& A|xdle] Y
* Sodium alginates *°]7] 93l 60 ~ 70C= &
WRESE S50 PVA o] % FojFEr, HEg
&7l #s Wl Ezke] Aok gr7E Fas)
ABA X+ Sludge

of 23 FAPOR g

)
o] HEE Fef 100 ml FAZIE 7= $¢ 999 FEHe] ABA E

vl =3 %%‘Xﬂ A 2h& %’46‘11 gl
ok

oo

Sodium alginate®l]

8ol Wol & Mol  F HZE ol gste] 100 ml A
o]\:t

Al ABA-Alginate(-PVA) H+= Sludge-Alginate(-PVA

Aol wAlstel wale o] AT sl Yon
= o] Fuh. FEIL o2 ABA Ei=
PVART} =L7] wjito] FA71$ FALE Afo]o

Aol 9ol 217G = 1 oS AHgste 3l
szt &Nl A3k shiz HACA so] wAstA|
= F7kstel AAREol Thsstth sA R vlEE

hul
E_lﬁ fr kuorlr oo

i
=



(1K

<29 10> ¥= AF A AA=




(2) A& (As) &8 54 4+
h) FZA 54 xA

ol £21A 2 Sodium alginate, PVA9] %o W& A 74288 dolH 7y

=

#38 thermogravimetric analysis (TGA)®} differential ghermogram (DTG)E
wAEEA AL, o] & 19 120 YErAY. o Ao A= 37HA ¢ 9

Z Jeion, 250 ~ 600TC ¢ WA §71Ee dEE YEhlE Aow
H?JE}. Sodium alginate®] %4 HLE 5/lE Ys = AL, 275 ~ 560TC
A a7 dojdt. PVAE 37FA 92 Y™ 270 ~ 550TodA 55 AS
gee ¢ Uk wepa 37HA] Z4-o] BF vk el oF 300 ~ 550T
= UERdE ¢ AR 500TC o] dE As F&l S WA= AR AbsdF
ngol AAdE JhsAdol o, 300 ~ 500TCe] A 2L=7F FA43 Aoz v
T}

—_—

M
=A3A S-A-P (Dry)®t} S-A-P (Calcmatlon)gl 4”4-4 N
4 o] Ak ZAA| o] Alo]lz2%E ] ol AE &l T S 9l
(A% &4 (A-A 2 A-A-P); ¢ 1 mm, &4
2kA ] SEM-EDS A4 X
gl & 9}1

F2A (S-A-P) ; °F 08
= %;2}21194 Alst Sif]
tq = Ax &ZA
gl a«l ApelEgt & o

o] = AL g F F UdAT(LE 14) a4 FFARL S-A-P

+
O,
Im
XN
o BN
re
ol

Na®] mapping * s B
olE9} FUI A Ze Fow F HdFgS FHA ¢S FAo=w P%_Oi‘“/} o] 24
Gelling solution®. & A}g-3t= 9324 (CaCly-2H-0 Oﬂ o] A FE = H =9
Ca ¥ Sodium alginate®] Na7} As®] 5 &2 Alo]EQl Ald & d&S 4
ko Ao w Hgu)
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100 - Alum sludge
~ mm———= Sodium alginate
Polyvinyl alcohol
80 -
Q
S 60 A
2 Sl
40 - I N
\ \
AN ST
20 - N,
\
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0 - i e ™
0 100 200 300 400 500 600 700 800
Temperature (°C)
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\
/
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= 20 |
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a -30 - b
I l
‘ l
| " Alum sludge
-40 7 |\l —————— Sodium alginate
—— Polyvinyl alcohol
_50 T T T T T T T 1

0 100 200 300 400 500 600 700 800

Temperature (°C)

<19 12> F7] HAo R HA3 Alum sludge, Sodium alginate, PVA9Y TGA$ DTG

<E 8 7 FF A W3t BET surface area (m“/g)

S-A-P S-A-P
A-A A-A-P (Dry) (Calcination)
BET
surface area 1.25 1.03 0.30 36.84
(m?%/g)




(b) A-A-P

<9 13> Adxz 2 A4 FFAI] SEM o v A A
(a) A-A, (b) A-A-P, (¢c) S-A-P (Dry), (d) S-A-P (Calcination)



| (a)

(b)

Si Ca Ma
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<™ 14> Ax 2 2A 5&A 9 SEM-EDS £41
(a) A-A, (b) A-A-P, (c) S"A-P (Dry), (d) S-A-P (Calcination)

(Y) Alzto & As &3 54 (Adsorption kinetics)

o oA screening Ao AAE AX vE=d FFAS A-A, A-A-Po} A4
v =38 ZzAQ] S-A-PE A3 & & kineticsS 333 L, pseudo—first
order ¥ pseudo-second order B@& 83t 19 22 a, boll YEAT &
2282 150 mg/Le 44 (Arsenate, HAsNa»Q,-2H.O) & 2984] 1:300 (0.1 g
S&A 30 ml HAgH) o T 21TCeA 30 I‘pm94 w7210, 30, 60, 120,
240, 480, 960 ol &l wHkste] o] gk - ICP-OES (Agilent 7200, USA)Z
A sk AT

o A FAAG-A-P)Y B 8AZTel B =Eetda, B g As FF

ol diu|ste] 25% = xﬂﬂ% e 107 ol =gy 28y Ax 24
1 A-A, A-A-P2] AS-dl dld AJZE otoll HEP ol wmebslA] 2kl 9604l A
o] As &= moﬂ 25%3 AAZ F Z+zh 2A17F 1A 7ko] AQE AT =

r—{m
L
ool
b

3 S-A-P= A-A 2 A-A-P Bt %7] 10 g80] 3 ~ 21ME %
AFE QAL ol & £x A kDAAE FAad = Auh(E 9). A-Ast
A-A-P¥ pseudo-first order 2@ Adal r* kS 7133, S-A-PY A $-a
pseudo-second order E&o] A3 * e JHAE AR <l & £

g = 5

pseudo—first order =@ F23H o] & Alolo] ot 3= 7}s}H]

S+
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<3 9> Hao Ax % AA v=y F2A| 9] adsorption kinetics®] parameters

Pseudo-—first order Pseudo—second order
de ki 2 de ko :
Sample |\ Sy | (min Y r (mg/g) | (@mgmin) | *
A-A 15.62 0.0011 0.99 26.39 0.00002 0.55
A-A-P 14.47 0.0023 0.96 17.48 0.00015 0.92
S-A-P 9.43 0.0102 0.87 10.89 0.00123 0.99

() As %9 & As §F 54 (Adsorption isotherms)

Langmuir ¥ Freundlich isotherms = &g A}8-3to] Fx Ao &2 5A4S
ofatlar, 1% 169 | el s & 109 At YERSlTh Bl=
&2 A adsorption kinetics®] A¥E wlg oz 3 F2FTFo] w3t Ao
14 sEo g F&AS A FHEFS At A A4S A5k
A4+ ¥=8 F2A| adsorption kinetics 23 Ly, FEHA 5 1
40, 80, 120, 200, 300 mg/Le] H]4A (Arsenate, HAsNayO42H,O)Z 319 H]
1:300 (0.1 g &#A @ 30 ml H]AgM) ez 30TolA 30 rpme] R 2 244
7 tf sl npkske] of 33k & ICP-OES (Agilent 7200, USA)Z #4354
Az v=yd F#FAA A-A, A-A-P= Freundlich isotherm, S-A-P+
Langmuir®} Freundlich isotherm®] r® ztel ¢la) #H3st Aoz elH g},
Langmuir 5244 Az FFA] (A-A, A-A-P)l 5249 As Hu &5

moh 2 off

ol

KeR
T

o2

<o

< 24 FFA (S-A-P)o] SR oF 1.2 ~ 148) =hoy, &4 24
= F&Yo dHgdE Ax FHRAY 7 dUARY & ke s dEHu
a3k, @ ol&st RL @ 78 4 Qi o] gtol 0 ~ 1 AkelQl A5
of &#o] #ul3 A 9wt Freundlich 524 Zdod A4 FF3AE
Az FFRAC w8 vre 2 832 ke kS 7FAY, °]i= Langmuir &4
O quax®t LI AFS et B3 349 FFAE BF 1/ne #ol 18 ¢
A ¢kl o] Normal Langmuir & 22 9 w]gkc}, o] 24 M| A7 &34 349
of ddstA FEEHo] i, ARl FFoE EAGA oS ¢ 7 AT
e 1/me] grel 03 olstd Af-dl F2AY FWol EdAd AE on A
oAz 2 A FFEA A EF 03 ooz xwoel dEd AL g9l
o v A2 SA7F -2 SARY Ho §FF &3] okt
SEkAqk A -4 o] Hgo] F A A wWEA v A FEF AFJEE A
Fote] F&o] o & dojuh= AE AEAS 7 db



<E 10> Hlad Ax W A4 =y &%

2l =38 FZA| 9] adsorption isotherms®] parameters
Langmuir Isotherm Freundlich Isotherm
Umax KL 2 ‘ 9
A-A 18.49 0.03 094 2.54 0.35 0.99
A-A-P 21.20 0.03 094 3.31 0.33 0.99
S-A-P 15.15 0.04 0.97 2.01 0.37 0.97
B9 4
® A-A
B  A-A-P
201 o sA-P
Langmuir

q, (mg/g)

0 50 100 150 200 250 300
C, (mg/L)
25 A (b)
L] A-A
B A-A-P
204 @& S-A-P /,%
———Freundlich j =
o 151 el T e
~ - -
on - - i//’/
E // %/// ///
\:, = - i///
S 10 P
a -
.o
’//////
s )
////
59 14y
él/
0 T T T T T T 1
0 50 100 150 200 250 300

C, (mg/L)
<a¥ 16> Ax 4 24 FFA 9 adsorption isotherms
(a) Langmuir, (b) Freundlich

A& kst As =% g o 1:300 A4 30C
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AL o] ZAH As A A A 1 AIZHE B8R sittE S o g A o
E F4 7]F9 Ase 10 ug/Lola, ¥ A= g & =
breakthrough pointE A3t YeEPAT.(2E 18 b) webA sd 7=l vk
%3l 37HA FFAC BV S-A-Pe ABAZE oF 20094 et

Bayoxide®| 7d-9-i= °F 120°|t}. o] =A “Asf-4Ad'e] o] FAH o ARG
= FFAIQ] Bayoxideol M8 o 1.6W) =2 BVS 7HA, #8&7d°] 7hesiH

As AA Z3Hde veEbdT

<E 11> Ax 2 24 EFA9 ABA, Bayoxide (83t &2HA4])¢] adsorption column

Sample A-A A-A-P S-A-P ABA Bayoxide
As Conc. 0.2 mg/L
Column 1.5 cm diameter and 12 cm length
Flow rate 0.2 ml/min
Mass 3g
Bed volume 371 em® 548 em® 495 em® 442 em®
@ o o AA
a é) O A-A-P
104 P ™~ R O  S-A-DC
% AL O ABA
Aw A Bayoxide
0.8 1 [ cpo%° &0 mé
o AA o
A o O
§ 0.6 1 A &,:5& %o
Q NN <o 00
0.4 - B
> ]
Aoo%oo ooo°°° 80(3)0
0.2 - 223
' AA & OO&OOQ‘P
AAo o)
0.0 e i i ,
0 200 400 600 800 1000 1200
Bed Volume
o A-A
(b) O A-A-P
1.0 o & S-A-DC
& ° O ABA
A& Bayoxide
0.8 1 o o © 0 %0 © 00
o
= 0.6
Q
Q
0.4 1
A
0.2 1 A
A A <
A A Y
oo D e T T e —

|

0 50 100 150 200 250
Bed Volume

<Y 18> Ax W AA &FA9F ABA, Bayoxide®] adsorption column
g3 g SFHAL 02 mg/L As 9L o] &34 0.2 ml/mine] FHFoZ 313
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<E 12> AFAGRRIY) 324

=5 AE Adg A A} A Q9
s of renss o 0 comertConert . Mrhorod] e | A
S Composites K. Ramamurthy 21 L= 2 Al =
pelletization process A7 ste] #AY s}
Characterization of porous MATERIALS Jiang ]*3 Rl |
silicon nitride ceramics ) : 71 A% Xﬂ
. . . CHARACTERIZAT | Guang-Peng Bentonite = o
using bentonite as binder ON ot al. . }\Hﬂ_EUrO]j-JE i
and sintering additive 53 71AA B
INTERNATIONAL A2zl
Effects of bentonite fiber | JOURNAL OF |S.K. Kawatra, . AR\
R . Bentonite . S1o) =
formation in iron ore MINERAL S.J. Ripke BentoniteE % 7}5}¢]
pelletization PROCESSING AR
. . . B E z7}skak
]1_31)"1;;111 gfeng]?ilflm p?elillqestSln\x\;lzciE TEEOPEvangY S'P'E't F(])rsmo Bentonite Z] 75}];0] VE g%l‘ﬁ
a bentonite binder et e

s AAZRALE ol AFE MR oRE FU|EAoA M A, A EFH
NEE AAToEHN H AT %5-‘}%3 T A= A 'g‘ﬂ' APlE)E F7HAZE Y &
42 3A TS 300, 400, 500 Coll A a8kt ar, 2F7+e] F2AY F25S vl
3ttt dEEHAHAYGE AS (Alum Sludge), WlEYolEH L ASB (Alum

Sludge - Bentonite)® ¥ 3} t}.

o o] oA wtEAN FHRAL FAAE S vlusty] A 34 SRAAS
TR, 57F vl A (As(V), NaoHAsO, -7H20) 500 mg/L-8< 30 mLol &#A 1
g (29d] 333 g/L)o® 33, SA7FEe 30 rpm %% end-over—end
shaker 1 HF7|E o] &3} o, /‘E'@Ef‘ oA 2 335t A, ICP-OES (Agilent
7200, USA)= o] 7} o] ] A3}k

o
o A3 AYZTHAAES 2N E 250 %;21*3‘5-% ol 7] A =W
EAANES Frredrt. A== 300, 400, 500C = ARG TE 500°C o] Aol A
= 244 dFuFo] AATRE VA= AsdFuEtRE A5 7] w7

HY =55 500CE AgkE FAH(Jeon et al, 2018).

e ARV ASB00T < 400TC < 500C) g% F2e< 7.82, 981, 1325 mg/g
o2 F7FAY. o= &AWl fr7lEo] AAEUA FHRA]ETL o] Hal
Lo whet BlATE FAE ¢ Qe FHA el ksl wiEelvh. skARE 500T
s xzAdA Azt FAAE BAFHE FASHA ekl 300, 400TolA =
Ao Fejot BRYE FASt F &2 E AAs Ak 3003 400TCeA AZE &
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ASB300 ASB400 ASB500
Z1E 20> Air-based, 427d->%(300, 400, 500C), 3 Al

HIEWOlE 1% 27 mE F2A9 v]A(As) &35 (mg/g)
238 0 500 mg/L Asg9 30 S o] g3 1:309 mAu =

<3l

8A| 75 ¢F end-over—end shakero A 30 rpmo. = nlyk

4> Air-based, 400TCe] A2A =%
e M FF Ak A

ol




W
e 1ﬂrr Ea NS R < 2 o=
o ol Mo dr ) E m N o o
&%amkqod N KA
N o S Xo— ] g m
— N H 5 I o M 21
T ® o o T B R
| T oy © = oK Lo X P T
— oy N = N ﬂAI_._ X 0 X o
.Ml i of o = O B A o N W Bo W T
Cy . ~r (T _*oﬂﬂ 0 _Eﬁ °
T IR R e e o
L X X T jo 9 i
S =83% Priggrse TIF :
Hummﬂ gmaaoodrﬂad TRz
< _%b(o%om_ Wboa o) W ogr = T oLl WHMUWV
XA — . o ~ ) 3
"o B /mQﬁom‘wmeaEmm m%wﬂ@
JlLy _EH 0 o .:0 b ) o o N .o X W mo lo
57)%3 Lo Vﬂﬂdrﬂ Oﬂm o
=] ,._,_AIM Acm o N ML S o o B 3 — Y Mﬁ . ~E
<a] <O ~— oﬂ o n_J .EH OﬁE Gt 2} 7o~ ﬂ_OI :.L NG .V .EH
744 R, o 5 e i ) )
A4d0F Rdwe s o MR T
oF @ < B 70 im moﬂ < = o 0 ™ o
O 9T KR T (1ﬂ|m - S Ur}gﬁrobtu,.um
S=2% 44 b T A oo S Ew S
') <= &) ﬂ 50 —_ [l BN ) _
<t ﬂ_l o | m fite) D)} _Hv ‘H_ol N <t _ ~
. do @ T Mo AR e
TR = o 7 T o & Gi
- 2 < © Et Jo A No w N =) T E
W m.ﬁoﬂﬂLléwo.%zm%1aﬂ
a2 = 5 o R J| T
S bz o omr TR X ir o~
. S 0 = %%A.&.ﬂﬂﬂ]%ﬂuv
o o N T O o~ Wﬁ ~ —~— e <0 0 .NW N
NEE-E A T w X kg
1 J T [aN| N o ~ ~ J oy g fojm T 11
— = 1 . = ﬁ #oﬂ.h 50 o o= ;ow_ m o =
4 i X - mook m N E — T X oR
(@/5m) 4 ﬂu B ot o) o o A X o o = E on T
2 o -
sseut uopdiospy v @ = P ¥ LT ol S He m S T <
L
‘_ﬂ_l _Xﬁ ‘._mu‘._ .ﬂ&l ;oa H_A| ‘Mﬂ ‘Aluy_l Mﬂl 0@ A_l ,ﬁlao ﬂT_mE
o D I e 2B Wy W <
M_.u ol ® OE ]V oy o r
o m ‘A..# o) .EH

7h

Fol A}

S

3 ~ 10 mm 7}

7 =
43715 3 ~ 10 mm= A=t

-

°l

YA
ar

SR

o)
H
- 32 -

1

st

3]
2

S 3

LS



<3% 15> Air-based, 400TC, H3A MEYO|E 1%, F+ 7FA] Aol F2A &4 Ha &
TR 3~10 mm 10 mm <
SEE] | /
o3 &

Adsorption mass (mg/g)

pa./
\.)f
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3-10 mm

10 mm=

<19 22> Air-based, &24d2% 400C, A WEYOE 1%

230 W& F2HAl o] v (As) &35 (mg/g)

A8 500 mg/L AsE9 30 mLS o] &3 1:309] aroiu] =
8A) 7+% ¢t end-over—end shaker® 30 rpmCO. & Lk




SR c ey N EEA(mYg) | FAFTEA(cmYg) | BEATAZA(A)
Bead 13 0.02 61.0
22P A% | Pellet 7 0.03 150.0
Block 404 0.21 20.7
32bd %= | Bead 238 0.32 53.4

AdAdHA

BF AT A EH | ganen s
(o Yo d3a das migeen| A0S 0TI ya(ET

T EE =102 = 2757 |, Faxi0sh—T03-2750)
L2 o =
o Fldwiade ;e Joojel Wy
o 2 WANE Fofd FelPgmaog 568 (FEE)

o 8 # 9 s so1od O6H 2TW
2 Aluydase &5 Jaf
A AW MR A

& AW 2o0ed o6W 279 - a0ued oTH 159
5. dgad - K5 L 15D 1ATSTIES A 0084)
T
o £EX:021 £]1)C TRl (31 £1)% RH
T. MW %
qad A yaR b b LE N AL w5t
| ) {w ) 138
. . | K% L [50 18757
44 W& Nim) e (K% A DOBdl
AT A) B
Bl i Aeaias daws GFEE §55 1 ¥ Micromerites & -J.:'."\l..'l- i SR,
1BAT (Bhrbla] L AXIPuliGumidgisitl B dolid MrlAH § @Al AR &Y
LB FEEE YENAr brapern (17— R00 L 18 U BEE AEPES @& SBEE

iy R9E e

A
® 3| el A & AleRdad g a A .'er"f)

=]

g5 48497 =4

Wl o gaeje sudn dadd g ¥ Juies dud Sidssd dd 84 @ 88 ¥ Vel LPEE s
o ddale Bol, @d, Wi W A HREE GEE £ @AW EVAE Sen Sgd e

YWD KO- 18-TTD T LT [r—

<ad 23> B 54 29 (FA4HA)




A HAu & A F7]27, 400C 2AdF7N HEYOESH 05 w
2 ASB0S &2HA19] 28454 S AT F& A9 29
#23817] ¢ $13te] FE-SEM(Field Emission Scanning Ele
ctron Microscpe-Schottky type)¥ FE-SEM EDS(Energy Dispersive Spectro
metry) 41 Z8stR o &=A 9 surface area®t Pore size, Pore volume
S =4317] 93t BET(Brunauer-Emmett-Teller) #4273 &}9]t},
FE-SEMeo]| "] %] ¢} FE-SEM EDS H“éiﬂrE 2% 24 o YER A surface
area ¥4 A} 22d % AT NLEAAQ] S-A-P 500 (36.84 m*/g)ell w3 6w
ol S7FsEA T ol = 22 A E F AR Ao = IA o] E 2% ¢ PVA 15%E A
AR ALEE G, AAFFAAE AEUIES 05%E AHESI3H 223 =
o)

mioh
_sN‘

SRA et vlws A o Aol JEFA HIFE AV wZol Bl A o] A
3] F7betith FARAE AT BN v EFH A= dae} o]ikste
A F2NA AAAFHAR ) AAFHA = 7] 2NN AAAFT T F
A 2AZANZE AL Faa 20 g ¢ B2 4o 83428 AA 9 g
THRAIEE AlE & 5 dvhe RS HHA R SR

FE-SEM¥ EDS #41& EailA F&Ae £9 % Sogxdy 45 A% &
A3tA T Fe-SEM o| A& &3le] ol 4ds ddst zlo] Rl=ATt
o]+= Adsorption Isotherm< &34 1/n dr#ks 3l & & Ao 24 9
WH7F e MRS EZE AT 3 & 7 e Aol EVE BaL HA AlE
T2 ESES & T At A7 AHeE A S A= dHEe A EY
olEV} FHgolmR AlY Sizt FAHEC AL & 4 vl As Mapping 23}
Al frAbgE 1o 2 gRlE o] Alell As7F F&HATE A& FRled &+ AT
3% FE-SEM EDS #4102 49 9aE gRlsta A&+, EDS +
Aol A= As®] ¥ =7F YElyar AR o7 11 Fo] FUFERAAL, ol & ui' e

=
2 FHA At FHHASS ¢ F Ak



FE-SEM o]u]#] 4]

d 24> ASB¢]

<1



o] © Before

782K
6.93K

5.94K

495K

3.96K

297K

1.98K

0.99K

Ca Ca Mn Mn
0.00K e T———— . -
0.00 087 134 201 268 335 402 469 5.36 6.03

Lsec: 16.7 0 Cnts 0.000 keV Det: Octane Pro Det

| o After!

432K

3.78K

3.24K

270K

216K

162K

108K

0.54K

Ca Ca Mn Mn

0.00 . e A 2 335 4,02 469 5.36 6.03

Lsec: 10.0 0 Cnts 0.000 keV Det: Octane Pro Det

<71¥l 25> ASB®| FE-SEM EDS #4|

Before

<719 26> ASBe| &% #-% FE-SEM Mapping 4

@ Azt w2 As &2 54 (Adsorption Kinetics)
o HAME AYL Ea AAYE ASBOS BYZEA Y A7t wE & &

& =9}
EA5E S dolr ] 9)3te] Adsorption Kinetics 23S A3yt 28L& 5
0 a1y

&

N

staem, A8 A7 (10, 30, 60, 120, 240, 480, 960, 1,440, 1,560, 1,680, 1,800, 1,9



204) vtk AlEE ARG AHAE Al AR ek, ICP-OES
(Agilent 7200, USA)Z oJ 3} e] H| A& FE & #4319 Y. Adsorption Kkinetics
A8 A 3} = Pseudo-frist order, Pseudo-second order =22 % 83fo] 19 27

2 Y.

A F2A(ASB0.5) S A7 284 7F F-ol HF ol =detdar, el Ao
As FHEO oF 50% = 4A7F Bro A Eeatin). ol del AFE-g | =d &3
A (S-A-P), +28 F#A (ABA), 383 2 (BaYOXIde E33)E°l 1|3} A
Ho] EEdlE A7 thA Aol AT} Adsorption kinetics test:® r’S HFEFO.
& Pseudo second-orderol] A ¢S HojFu o] Rdl2 &5AF2E 7nko
2 AAFAAASB)7F o A% ol udor FANgo] dojd AS &
T Atk ol A Ao} 83} FFA BT Pseudo second-orderel & 3§ret) &
2 £ 3= ABA, Bayoxide E33, S-A-P, ASB =4 & wgton] Z 2w at

TKE HtE o2 FHAEEE vl & F Qvh F3E 545 (Ky) = ABA(0.10
), Bayoxide E33(0.003), S-A-P(0.001), ASB(2.3°10 )2 Yed=d], o=

8- 2 A o] Particle size9t ¥ #AIE 7HA 32 At} ABA, Bayoxide E33, S-A-
P, ASB®] Particle size= Z+Z} 0.075~0.15, 0.3, 0.8~1, 3~10 mm®| t}. Particle
size’t AsE & & ¢ = 713, § ZHA o] FAas] i FHEETLP

article size®} ¥ 3l

—_

101'

il Pseudo first-order —— 160 ————— Pseudo second-order
o ) . 140 A
" 120 4 P
10 4 _ e, -
% 8 i ) E‘ 1 i
E 6 - z ¥ E 80 : #
SN g ] :
z | ] 40 -~ ; * -
201
04 :
- T T - — 0 +—r - -+ - - . —y —
240 480 720 960 1200 1440 1680 1920 0 240 480 720 960 1200 1440 1680 1920
Time (min) Time (min)
<29 27> ASB9] Adsorption kinetics test
A3 571 8] & (As(V), NasHAsO4-7H50), 300mg/L =9
S 20mLel &&A 0.3g (L HH] 15g/L)
<3 16> ASB9] Adsorption kinetics®] parameters
Pseudo-—first order Pseudo—second order
Je kl Y Je k2 Y
Sample (mg/g) (min 1Y) r (mg/g) | (g/mg-min) r
ASB 13.51 0.0022 0.93 15.36 0.00023 0.97
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q (mg/g)
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20 4

15 4
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£ (Adsorption Isotherms)
2k EAREAS ntolélr] 938t Adsorption Isotherm
. Langmuir, Freundlich -+ 7}#] 2@ -& A}-8-3}o] 524 <
7 FHREAS Fotsl9dt). Adsorption kineticse] H o] el
1 7H(1,680%)S HlEF o & Adsorption Isotherm A &S X3 a¢]th. Adsorption
Isotherms 2 &2 57} H] 42 (As(V), Na:HAsO, -7H.0) 10, 50, 80, 100, 300, 500,
800, 1,000 mg/L %E«] 4o 20 mLoll S#A) 03 g (ZYH] 15 g/L) o= 33}

B
8 = ]Iloil

—E‘ o _11_'4

192}
4
Q‘L

N
£ 1
]Ill e o

24 o
ol
oX,‘l _lm

>
N

AL, Ao A4 30 rpmE =% end-over-end shaker nLHF7]| & o] 83} %1 o /\]
2E AR R 044-?3‘} 331, ICP-OES (Agilent 7200, USA)® o] ¥}l o] H] 4
w2 BA

18 289 A H Y3

OBL
o
By
2
¢ (o3
>
w
o9)
rlr
.-gl\z

o

S HFE o 2 Langmuir isotherm®} Freu

Aoz %o Freundlich isothermol] %
& &4 S-A-P& v wlet g S uf okt
S22 Kp#ks HolF Y. A% Langmuir 1sotherm4 A5 S

PR =2 FHEQ dnas BATFAY. 032 S-A-PRT =& v 3HA 3
"

271490 48 Alginate, VAL 371 9140 Rkel W47} §3 @ 5 9 Al
JEE Y ol Hd & 7] MEYS & 5 Ark =E WYY FAAE I
ghol 1o] x| ekgkeom, o= As7h el wLdsHA LrHEA F2H L, )
sqoz F4d AL Juath 183 In %kO] 03013} & A$ol= HEHlo|
AT AS ou|sh=d, 2 o] e #he HojFRE o] WA AS &
o gt
Langmuir isotherm —————— 25 7 Freundlich isotherm -
. t 20 - il
f 15 !
. 8 P
E w0
B /
5 s
.
ﬂ' -
20 w0 o 0 200 00 600
Ce (mg/L) Ce (mg/L)

<19 28> ASB<e| Adsorption isotherms test
A3 57F A (As(V), NasHAsO4-7H,0) 5=
S 20 mLel|l &2A] 0.3g (24| 15 g/L)



<3 17> ASB9] Adsorption isotherms®] parameters

Langmuir Isotherm Freundlich Isotherm
Umax KL 2 ) 2
ASB 22.05 0.0022 0.97 1.83 0.39 0.99

® olent Asel A4 FF AT

A strol A v A (As)9F AAFZE 7Hsdol A FoleS AAMA Aset &
st B oA 9 F25E dotr ] 9te] T T A ¥ A (As)
& 28 Astr WA B2 &S 2 Fole T 6/1E AA AT
Ze g 0.1 mg/L3 F4(Cl), G4 (S04), 2AA(NO; ), T84 (HCO3)
TAFD (Si057), Q1A (PO, ), 0.1, 0.5, 1.0 mME xefu] 1:15 (&F2A) 0.3g, 8
o} 20 mL), 30 rpm®] WHH7] 2 480+l sl ulwkste] of #efE ICP-OES (Ag

ilent 7200, USA)= #2135} ¢}

a7 29004 914+ (POS)E A7 G A 57 Sol 25 Hl A F2|

FS FA 2 AL FdesAn 294G (POS )] A w9 A
ot del A Ak QNG (POS )L v A9 BATR B A

FAFSE7] Wil AAEFAE s, A3k W AAA(POS) BRI =

ol v AE FAAAS = A & A NEHdE 7 & Ao

A shgell Qlatd 9] st AARE A &7] wio] AAH T2 A=

a7 98 Ao Az,

ool

s o o

il

O ol 2




Adsorption efficiency (%)

B 0.1 mM

120 - N 0.5 mM
N 1.0 mM

100

80

60

40 -

20 -

Cl SO4 NO3 HCO3 SiO3 PO4

<718 29> ASBY So| Lo I AT HAE
A3l 57F ¥4 (As(V) NasHAsO4-7H-0) 0.1 mg/L<}
AR el 0.1, 05, 1.0mM<e] F=A 03g (3284H] 15g/L)

® Column adsorption

o\

FHREZANA S FHRAY A A& = Z]

A oatEe] ZAfoA dELsFA R FHAEES FHsAY. 4P 0.1 mg/L
o] As &9& A4 1.5 cm, 2ol 2 Fol] F2A 10 g& FF

/min &2 Y3t AP e F v7bA FZAE AAste 218 }Oj °
), o] dAFA A AFE-FE A H 5 A A (ABA) 9} 78315 2 Al (Bayoxide E3
3), HEYUOEE H7} 3% &2 d#E&2# X2 2l (Non-bentonite ASB)S o=
T o2 AASAY. v 4 48 ICP-OES (Agilent 7200, USA)Z 43 3} v},
Hew T4 7IFd MY Ase 10 ug/LolaL, o] & Ed® Axld e A7}
10 ug/L o]do 2 A&EHe S FATEHoE AAsAr 19 305
aehH WEYo|EVE HrtEA] g2 &2 H gl (Non-bentonite ASB)<>

e FAASH vmede o v

@"z ol 37

7Fat7] glste] AT

iy

5 &2 AAsE T80 vol & nlE &
2ZA o] Fdo] =g 3k o] Folxdut. wetd g HEE FHEV|E
of WE3tE 3714 FF A WME=EF(BV)S ABA 456 cm’, Bayoxide E33 451

cm®, ASB 477 ecm®® YERETE
THHANAM Y A8 FE oo} o] AESS T

=3

X

2 &F = o] AAF 4 (mL) + (FF(mL/min))xA ] A] 7F(min)



A A5 & % (mg/kg) =

7y SEAEC A8 %S ABA 7912.34 mL, Bayoxide E33 7,574.77 mL, ASB
8,014.73 mLo|t},

TR A §F} FTABY ol g3l FAAES] AAEHFS olelst 2
o] A3t

2R BV(em®) / 34 A3 (g) x W44 9% = (mg/L)

A A &2 ES ABA 4,560 mg/kg, Bayoxide E33 4,510 mg/kg, ASB 4,770 mg/kg
o2 AEHAY olF EUE 7t SHAEY FAd5H 8-S ASB > ABA
> Bayoxide E33 AR 738 HoAFIAT

o] Adsorption kinetic®} Adsorption isotherm 2 & o4 ASB+= ABA<®} Bayo
xide E33R.T} T & &7 g3, EX8 4% A2 gt AHHAEES A8
gk Ay A BV Al 7HA] gﬂxﬂﬂ TR T ol A vt

Jebgt,

N m
o
ft

pzs

%‘Xﬂ (ABA)94— A+8-3} & 24| (Bayoxide E33)+= 2 &
W As §fo] Z =] ¢Fil 23] A
=

:>|4:"4
iy
ot
= Hu:

o ru
oX
=2,
o)
o
By
2

lo i
Sl
2
futo)
(o3

o wEb ASB

= 4
7 011*1-4 Tedds Twsl AAE =
S

<3 18> ASB, ABA, Bayoxide E33¢] adsorption column® Z=7

Samples ASB ABA Bayoxide E33 AS
As Conc. 0.1 mg/L
Column 1.5 cm diameter and 24 cm length
Flow rate 0.2 mL/min
Mass 10g
Bed volume 16.96 cm® 16.69 cm® 16.96 cm’ 16.96 cm®




<3 19> ABA, Bayoxide E33, ASB9| column adsorption test

ABA Bayoxide E33 ASB
] ﬁ
Fu L]
01 1
i
N
_I.T z §
® i
H
¥
e
1.0 -] ® AsB
@ ABA ”
0.9 11 & Bayoxide E33 A
:\Q:‘ 0.8 - A Non-bentonite ASB A
- A
= 0.7 1 A A
2
2 06 -
o
£ 05 -
=]
g0
? 0.3
< 0.2 f adsorbent life time
-
0.1 +
0.0 A Y

<y 30> 4d FFA(ABA), 483} & 24 (Bayoxide E33),

APy F2A(ASB)2] Column adsorption test

3 10g9 &E&A 9 0.1mg/L As &HE o] g3}
0.2mL/min®] fF#o = X

F&r7171 18

B

N}
2
=2
b

b
;

R}
k>

2 ok
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I Deionized water
= 10mM NaOH

§3 - == 10mM Na3POy4

100 H -

e
(=]

Regeneration rate (%)
= (=2
=} (=

[ 3]
[=]

=}

1 cycle 2 cycle 3 cycle

<719 31> ASBY] AALE-AF
A8 03 g TFAY 10 mg/LL % 20 ml Asg AL o] 8350

2A17F end-over—end shaker nlwk

120

I Deionized water
100 - [ 10mM NaOH
1 10mM Na3zPOy4

e}
=

Desorption rate (%)
&= N
S S

(]
=

1 cycle 2 cycle 3 cycle

<719 32> ASBe| €#AE

Ag  FARAY o]F As SNS Qs L FHTE 3~43] AF F 5L Y=
2A17F5 9t end-over-end shaker 3% 4000rpm 1059 YA &8 & A5 4
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B Deionized water
= 10mM NaOH
= 10mM Na3POy4
? 15 R
=
S
&
]
-
4 10 -
-
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>
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—
g 5 o
0 jll
1 cycle 2 cycle 3 cycle
<719 33> ASB| dEFEHE
A "2R A o]F FHRTE 3~43] AlFH F 105TNA 4AE 3 & FA A

() FF3A 4424 443e 44

e AL A WMHoRE AR vy 1%E %3] 2439 Granuledt 3
Atk dAE 1g B4 FHA 0.1486g7 vkl 1g 24 T3 09179g9] 1%
o1 0.0092g= é% T 2Adste] AatE EFAE 0.1556g 02 =4 5
o AE FAA FAL dAE niRltE MUk FAL vjE2ZA4 oF 98% o
AbEIT) F, A add ol =L ALY AE E4dol AS o Al

<HE 20> HAE, vy, 24 Ax = 54 A

T Ax A 5F Ax ¥ 5% lg »4 5%
@9 g
AA = 1.036 0.154 0.1486
vkl d 1.023 0.939 0.9179
F 2 A 1.041 0.162 0.1556
<E 21> A¥P4aAst
T AA = k2l w3 A APad
@9l g %
=4 0.1486 0.0092 0.1556 98




) e AeAad 7ls R AA

O s84E 7%

<E 22> U] AFA2E V)E

T A 2 3= oA & & (%)
Segment Filter Sum ©141 W YHA} BHE Wik 5 90
Arsenic(7]2¥ &2HA]) Filter H] 5 95
Pre & Post-carbon Filter o1&, ARdL Bt A F 90
Ultraviolet Filter 1 A& A7 9

@ FWAFALEY DA
© BE M2 P g 29EA A5
e 4 1500 L/hr (4,000 L/day)
o THYA 20199 09€¢ 30¥

o H|AAS 3E8AHAVIF ¢ 10ppb

o AXNAAL Il FHEE SHTL I

e T FEEE AIWE I, vAEE 2y, X2EJE I, UV Z2H, A
dHA, 3R 5

—
FAW _WATER =

TANEK (D, 4m ) PUMP MICRO FILTER ARSENIC FILTER CARBON FILTER UV STERILIZER
<2H 34> FAFA LAY RAR(TARE)
<3 23> HlAFA LT AL
LS AL &
Aol = SUS 304, 1,200mm(W) x 1,500mm(L) x 1,700(H)
TEE= 1 m¥hr (1 E)

Segment Filter

SUS 304, 5um, 5 EA, I VOLT

Arsenic Filter

SUS 304, 400(D) x 1,000(H) x 1EA

Post—carbon Filter

SUS 304, 5um, 5 EA, I VOLT

L E

PE, 04 m®

UV Filter

2.1 m*/hr, 40W
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<19 37> kA



<719 39> Ax A7




Korea Agency for
Infrastructure Technology
Advancemnient

DASAN CONSULT.

<19 43> ARAF A



Arsenic
(mg/L)

0.01 Not detected
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TEST REPORT

2 A4

() WA omols: 322, a8yl 282
27| 5 otgAl BotF HOIZ 70MZ 35 (BAE)

TEL : (031)473-3413-5 FAX : (031)472-2996

7t3el Y@ FEAHAMN?H 368

S+H#E LIW1811-0355 =97} 2019.11.08

MNEFH Tst==(S8) NEES SELMIE 2 4500 &5

SABHE (FICHHREEHE TASH/ANEIE sOE /AT

BHEH0T = Ll -

MEHHTH AEMNZ A= TH# I =

MNEMHELAM 2019.11.08 NEMHBANSY) | HE1=

MEHHFL =5

< AN 8 2 10 >
e s +8 J & AME Zik A BHE +E AT AME 21
L HZ 100 CFU/mL 015 0 o 0.01 mo/L 015 FET
U EES 22&/100 mL 22 z=o 0.7 ma/L Dist 0.001
SREANEDZE E&/100 mL =H= WEH® 0.3 mg/L 015t EE®
g 0.01 mg/L 015 2a Iag 0.5 ma/fL 0I5t 0.002
A 1.5 mg/L 013} 2a Li-C2z2nea 0.03 mg/L 0i&t FET
Hi 0.01 ma/L 0I5 B2 EET=Es 0.002 ma/L 015 T T
Zas 0.01 mg/L 0I5 -1 j-O=zo-3-zz=szg| 0.003 mg/L 0I5 22s
22 0.001 mg/L 013 =g [ ra-moiss 0.05 mg/L 0I5t FEL
ALEH 0.01 mg/L 015 e [a= 1.000 mg/L 0I5t 224
3= 005mg/LOIEl | EEE | IuRBMEELHE 10 mgjL 015t 1.8
AL E S 0.5 mg/L 0I5t FET A =g=] -
aEEAs 10 mg/L 015 0.2 gt g s
IR 0.005 mg/L 03 22e FES) 1 mg/L DIt 0.017
YHE(BL) 1.0 mg/L 013 E+F s 5 = 0I5t i
Hi= 0.005 mg/L 013t B A (SoEHSEEE) 0.5 mg/L 0I5 22s
CHOIOR Rl = 0.02 mg/L 015t =ia +40I2EE 58~B5 6.5
el 2 0.06 ma/L 0I5 22 o 3 mgfL 015 0.080
HUESE2 0.04 mg/L 0I5 2za gA02 250 mg/L 0151 143.0
FHHLE 0.07 mg/L 0/5 FEEL = 0.3 ma/L 015t FEL
1.1.1-E 2220 g 0.1 mg/L 0/3 22E a2 0.3 ma/L 0I5} 0.010
HEZZ=HEM 0.01 mg/L 0I5 E =1 =13 1 NTU 0I5t 0.09
Egz=HEas 0.03 ma/L 0/& S a0 200 ma/L 015 S
WEEE ] 0.02 mg/L 015 22E RS 0.2 mg/L 0I5} 22
BE e

« ZEE IS DIEE.

20193 118 18¥

HEusez

B 1 0 SXME HETP QAE AR 5 ARYS2 AHE A2 Y A 0 ZUE 2FHNE Bhedc
S

20| g8ME 82, 44, ¥2 §l 248 2= MEW

B0l 85 0/22 ALEE SRUCH
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TEST REPORT

() WA omols: 322, a8yl 282
27| 5 otgAl BotF HOIZ 70MZ 35 (BAE)
TEL : (031)473-3413-5 FAX : (031)472-2996

7t3el Y@ FEAHAMN?H 368

EHxps LIW1911-0356 EHaT} 2019.11.08

MNEFH Tst==(S8) NEES SELMIE 2 4500 &5

SABHE (FICHHREEHE TASH/ANEIE sOE /AT

BE/E+0T = LS In ol -

NEWHI pAE = MNE W -

MNEMSHAA 2019.11.08 NEHHEA(MNEY) |82

MEHHFL =5

< AN 8 2 10 >
e s +8 J & AME Zi# A BHE +E AT AME 21
LT 100 CFU/mL 015 340 wa 0.01 mo/L 015 FE
EREEET 2E/100 mL =2a E=20 0.7 mg/L 015t e
SRHANEEE =2&/100 mL E=Za R 0.3 mg/L 0I5 B2ze
= 0.01 mg/L 015 =Ha E P 0.5 mo/L 0I5} 22a
= 1.5 mg/L 013} 2a lLi-CiZ==nEa 0.03 mg/L 0i&t FET
Hi 4 0.01 mg/L 0/3 =g MESIEA 0.002 ma/L 015t e
nEs 0.01 mg/L 0I5} =Ee | 2-C==20-3-g==o=p| 0.003 mg/L 0I5 22s
2 0.001 mag/L 013 E2a | ra-CoISs 0.05 mg/L 0I5t FEL
AlEE 00T mg/L oA | o=EE  |[3=s 1.000 mg/L 015} 230
3= 005mg/LOIEN | EEE | DMUDAEEAHF 10 mg/L 013t 1.3
SADLNEEA 0.5 mg/L 0/ T A s g
EagEL 10 ma/fL 015k a8 gt k=] s
el 0.005 mag/L 015t 22a FEUS) 1 mafL 0I5t 0.026
2E(EL) 1.0 mg/L 013 EZa =1 5 = 0la i
His 0.005 mg/L 013t Ea A (SSHBRER) 0.5 mg/L 015t 22s
CHOIOR Rl = 0.02 mg/L 015t =ia +40I2EE 58~B5 6.6
TEE= 0.08 mg/L 013} 22E o 3 mo/L 015 0,520
HUEZE= 0.04 mg/L 0I5 2ye Hap= 250 mg/L 0I5 1.0
IHHHE 0.07 mg/L 0/5 BHE = 0.3 moj/L 015 FEL
1-EREE2HE 0.1 mg/L 0I5} FEL apz 0.3 moJ/L 015} BAHS
HEAZZZHEY 0.01 mg/L 0I5 E = =1 1 NTU 013t 0.21
s EsEHEE 0.03 ma/L 0/& s a0 200 ma/L 015t 24
FEEL 1) 0.02 mg/L 03 FEL EEl T 0.2 mo/L 015 B
BE FEE (LEHZ)
« BEHE B 0.
2019 118 182

HEusez

B 1 0 SXME HETP QAE AR 5 ARYS2 AHE A2 Y A 0 ZUE 2FHNE Bhedc
S

20| g8ME 82, 44, ¥2 §l 248 2= MEW

B0l 85 0/22 ALEE SRUCH
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©® =94

RPN X I B

A2 dukabg

e 24 : 1,000 L/hr (8,000 L/day)
o AU A] 20199 079 12¢«
o H|AHS 38477 ¢ 10ppb

B
o XA : Pakse city, Laos
THAZ AaHE FAE, ZTEgtE L, v A
H, UV 28, A8, A7t i 5

PRE CARVON FILTER MICRO FILTER ARSENIC FILTER AFIE.EHT EILTER
| ey

Segment Filter

SUS 304, 5em, 5 EA, I VOLT

Pre-carbon Filter

SUS 304, 5um, 5 EA, I VOLT

Arsenic Filter

SUS 304, 600(D) x 1,000(H) x 2EA

Post-carbon Filter

SUS 304, 5em, 5 EA, I VOLT

S

SUS 304, 1 m®

UV Filter

2.1 m®/hr, 40W

#17] 917 33

174 5KVA, IGBT %4, 800W7]<& 60 -~

RAW WATER MWEEDLE
PLIMP WALWE
I 3IRAN>
FLO'W METER
[O] I:_-:
W ¥ - 41£ HI
U '-.";EF-ILIZEFE GARBON FILTER
<Y 48> HAHFA LY BAL(TAHE)
% 25> oG FA| "l A FALS
T = A} &
Apo]l = SUS 304, 2,000mm(W) x 3,000mm(L) x 1,800(H)
2 SUS 304
THHEZ 1 m¥hr (S1¥H)
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A7 HEA UEE UV 4506k
(HEAE2E) 135111947 @aEaan 1 )
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HEIL 30271 MolehE e gag @ AFYAPFEEENE N (@RS AG

@5 T F  KHONGY INTHAVONG DaINEN 1 SRS ESE, 2HE)
(PR %) 7777777799994 AETOHAED No

L ] (RHE b 00001 )

[BE @  FILTERING OR PURIFYING MACHINERY o am -

[BHUEY  FILTERING OR PURIFYING MACHINERY 4=y -

Doy -7 bﬂ; o +aeey 7HusD) Faﬂwsm

I | oot S il

PHSA ARSEMIC TREATMENT SYSTEM (DAT-SYSTEM) 5 1 e BASGES 45666

[ | I l 46,242
= 21. = , am |

ngmqi B421.21-5090 b Y 2:0000 G) ’® ¥ | B U} (@ ti7rFos) W, 865,185
SEURE | INV DASAN 190603, Eﬂﬂm’!ﬂ DN KRN [ ERAEE 1061)
SEaaze - |
(U2HRE)

o E4327Y 16,242
FEEJ I_ 200010 [KS) h?v‘lz%’?ﬁ‘ {11 3] E{I'OBJ  wasenias
bt-il:'m 239,390 i REEW) 17.954 {8 BASY CIF-LIS0-8,456,66

TURE BHE I@' Ea[TLIELR - N
#4038 LR EF = HE| G .
WY NO, [FV_DASAN_T90603_DAT A BB T S 42 oefE D NGIEHE| BE M
2 FEELCH B s fd ah i L =
BFME0] A7) WREFL CE S EE R[S
& 0158 + =8 of WY
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TEXT AUTHORIZED BY FIATA COPYRIGHT RESERVED £ FIATA/ZURICH-SWITZERLAND 6 52

CONSIGNOR st ,‘K P
DASAN CONSULTANTS %‘@9 FBL EssASEL19081857

15, SONGI-RO 30-GIL, SONGPA-GU IFEAYY NECOTIABLE FIATA

SEQUL, KOREA, 05800 SR MULTIMODAL TRANSPORT I%
ATTN @ JOONKYU PARK / TEL @ +82-2-2222-4451 BILL OF LADING

KR M75 ISSUED SIJBJEC‘I’ TO UNCTADACC RUL
MULTIMODAL TRANSPORT DOCI..NENTS(KJC FUBLI:AT!CN 4&1}

CONSIGNED TO ORDER OF = g i
KHONSY  INTHAVONG

LAK11, PAKXE DISTRICT, CHAMPASAK PROVINCE, )
LAQ PEOPLE'S DEMOCBATIC REPUBLIC EUNSAN
TEL : 020-8552-0053 EUNSAN SHIPPING & AIRCARGO CO.,LTD.
_____ ey oe_fece _ ] WPUSAN, KOREA MSEOUL KOREA
NOTIFY ADDRESS TEL: (081) 441-0966 TEL: {02} 774-2501
T.E.C. LOGISTICS CO,,LTD FAX: (051)441-8969 FAX: (02) 773-9969
116/48 SSP TOWER 2, 14 TH FLOOR
NA RANONG ROAD, KLONGTOEY, BETTER FREIGHT & TRANSPORT CO., LTD
BANGKOK 10110 THAILAND 116/39 S5 TONER 2. 23R
TEL(662)240 4041-6, FAX(B62)240 4047 NACRANONG, ROAIER Eyednl FL.
INCHEON. KOREA Y ATTN) YUPIN
OCEAN VESSEL PORT OF LOADING | TEL) B6~2-02-6729982 FAX) 66-2-7119110/6729710
NORDCLAIRE 0585 INCHEON, KOREA E
PORT OF DISCHARGE PLACE OF DELIVERY i
BANGKOK. THAILAND BANGKOK, THAILAND | ORIGI N AL
MARKS AND NUMBERS NUMBER AND KIND OF PACKAGES DESCRIPTION OF BDDDS GROSS WE!GHT MEASUREHENT
20"X1 SHIPPER'S LOAD & COUNT 2,000.00KGS 12.000CeM
1 SET SAID TO CONTAIN
LAOS VIA BANGKOK DASAN ARSEN|C TREATMENT SYSTEM (DAT-SYSTEM)
DASAN CARGO IN-TRANSIT TO LAOS VIA BANGKOK
CONSULTANTS
#it# Container & Seal No #i#
TEMUO4 10084/KG287136
LADEN ON BOARD
AUG.29.2019
cy/cy FRE IGHT PREPAID
SAY : ONE(20°X1) CONTAINER(S) ONLY.
LS _ ACCORDING TO THE DECLARATION OF THE CONSIGNOR et
DECLARATION OF INTEREST OF THE CONSIGNOR DECLARED YALUE FOR AD VALOREM RATE ACCORDING TO
IN TIMELY DELIVERY{CLAUSE 62} . THE DECLARATION OF THE CONSIGNOR(CLAUSES? AND §)

THE GOODS AND INSTRUCTIONS ARE ACCEFTED AND DEALT WITH SUBJECT TO THE STANDARD CONDITIONS PRINTED OVERLEAF
TAKEN IN CHARGE IN AFPARENT GOOD ORDER AND CONDITION UNLESS OTHERWISE NOTED HEREIN, AT THE PLACE OF RECEIPT FOR TRANSPORT AND DELIVERY AS MENTIONED ABOVE,

OME OF THESE MULTIMODAL TRANSPORT BILLS OF LADING MUST BE SURRENDERED DULY ENDORSED IN EXCHANGE FOR THE GDODS IN WITNESS WHEREQF THE
ORIGINALIMULTIMODAL TRANSPORT EILLS OF LADING ALL OF THIS TENDR AND DATE HAVE BEEN SIGMED IN THE NUMBER STATED BELOW, ONE OF WHICH BEING ACCOMPLISHED
THE OTHER(S) TO BE VOID.

FAEIGHT AMOUNT L FREIGHT PAYABLE AT T PLAGE AND DATE OF ISSUE
IPREPAID AS ARRANGED SEOUL, KOREA - AUG.29.2019 SE{)Ui_ I(OHEA
['CARGO INSURANCE TRAOUGH THE UNDERSIGNED NUMEER OF ORIGINAL FB'S | ETANP A0 SIGNATURE 5

[} NOT COVERED [-] GOVERED ACCORDING TO ATTACHED POLICY THHEE( 3}

EUNSAN SHIPPING & AIRCARGO CO..LTD.
~ ACTING AS A CARRIER

<71¥ 57> OBL (Original Bill of Lading, A3tZ4#)



<18 60> AMAF d



Arsenic

(mg/L)

i

0.10 Not detected
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FIWAMEHE ooy 224, JeHAD =42
Iz otgAl Set Helm 7o 35 (BHS)
TEL : (031)473-3413~5 FAX : (031)472-2996

TEST REPORT

718l HeR FHHMIH 368

s LIW2001-0038 H4 g 2020.01.06
MESH Nat+(28) MEas YE T 2 4504 B
= f (FIOMHEEHE HAREAEIE 208/ M
Rp/Hemg - Ho/e DS -
ABHHLE NEMNE METHT -
AIZFHHYM 2020.01.06 MNERHEL(A2Y) | G-ABA-R S+
NERHFA Bl
< AN 8 2 It >
24 g8 +# e AE 2 B4 38 +# JE e 21
wsET 100 GFU/mL 018¢ | 48000 | == 0.0 mg/L 0I3 | maE
B EEE gASN00mL [ mEE | EE o.rmoloe | =Ha
SAHERT sa/00ml | EEs | WEwm oamg/ois | m2a
o 0.0 mp/L0iBt | EASE | 3a@ osmg/los | maa
B LEmg/L 08 | mAS LI-CIEESmEa oo3mg/l0ld | maE
Hi 0.01 mg/L 018 |  D0.038 AE BB 0.002 ma/L 015 | ES
T 001 mo/L 018t | EEE [1o-0828-3-§220=0| 0.003mo/l 018 | =S
+2 0.001 mofl 018 | EEE |1 A-DIOISE [ El BEED
Mgt oot mpLois | omEE [EE 1,000 mg/L 018 10
s 0.05 mo/L 018F | EASE | NHABELHH 10 ma/L 018 1.2
YOIk B 0.5 g/L 018 0.02 T et s
BUHEL 10 mg/L 018 4.2 o s s
ET=- 0.005 mg/L 018t | EHS | F2UE) img/Lolg | m2a&
HE(E1) 1L.0mg/LOIB | Ed& |4 5= QI8 1
oiE 0.005 mg/L 018 | EAS | HAISOSHHESET) 05mg/L 0Bt | =&
CHO[0H T i= 0.02 mg/L 018 | EEE | L0EEE EB-85 6.7
TEtEl 2 0.06 mo/L 018 | =& | ol amg/Lolgt | 0.017
EEER 0.04 mo/L 016 | ER& | ®ioe 250 m/L 018 8.3
ETTTH 007 mo/L0l8t | m2& |& 03mg/L 0Bt | =&
LILI-EQRE2HE 0.0 mg/L 016t | m2E | 0amglols | =E
HECI@EEHEE 0.01 mofL 08 S Bc 1 NTU 08 0.52
Efg=E=lRa 0.03 mp/fL 018¢ s ez 200 mg/L 08 =24
CEE=0e 0.02 mgfL 018 EdE ZR0= 0.2 mg/L 0I5 EAE
BH PEE (LU, HL)
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TEST REPORT

718l HeR FHHMIH 368

s LIW2001-0039 H4 g 2020.01.08
MESH Nat+(28) MBS YE T 2 4504 B
Sl (FIOMHEEHE HAREAEIE 208/ M
R E-E VL] - N DS =
ABHHLE NEAME METHT -
AMBHHAM 2020.01.06 MEHHBLINZY) | G-ABA-FHEI 4
AIRFHHF A Bl
< AN &8 &2 >
24 g8 +# e ME 2 B4 38 +# JE AE 20
T 100 GFU/mL 018t | 280000 | =2 0.0t mg/loI3 | mAS
B EEE gASN00mL [ mEE | EE 07 mp/0lg | mza
SAHERT E&M00mL | mEE | WEHHA oamg/ois | m2a
o 0ol miLois | mAS | 3dE osmg/Lols | =za
B LEmg/L 08 | mAS LI-CIEESmEa voamg/ols | maa
Hl 0.01 mo/L 0Bt | ERAS& | AESBL 0.002 mp/L 0Bt | =S
T o0img/Lois | mEa liorsesagscnes| oomame/ 08 | mEE
+2 0.001 mofl 018 | EEE |1 A-DIOISE [ El BEED
Mgt oot mpLois | omEE [EE 1,000 mg/L 0l 3t 1
s 0.05 mo/L 018F | EASE | NHABELHH 10 ma/L 018 1.3
YOLIOHE R L 0.5 mg/L 018 0.02 T EE s
BaHEL 10 mg/L 018 1.3 o e s
ETT=r] 0.005 mg/L 013 | mEAS | TS i/l | EEa
HE(EA) 1L.0mg/LOIG | Eda |4= 5T Ol 1
s 0.005 mg/L 018 | EAS | HAISOSHHESET) 05mg/L0lst | =&
o0t R = 0.02 mg/L 018 | EEE | L0EEE 58—85 6.4
TR 0.06 mo/L 018 | =& | ol amg/lolg | o008
EEER 0.04 mo/L 016 | ER& | ®ioe 250 ma/L 018 6.4
ETTE 007 mo/L0l8t | m2& |& 03mg/L 0Bt | =&
LILI-EQRE2HE 0.0 mg/L 016t | m2E | 0.3mg/L0lg | 0.004
HECIEZE=HESE 0.01 mofL 08 S Bc 1 NTU 08 0.23
Efg=E=lRa 0.03 mp/fL 018¢ s ez 200 mg/L 08¢ =dE
CEE=0e 0.02 mgfL 018 EdE ZR0= 0.2 mg/L 0I5 EdE
m3E FEE (EAZ)

« EEE B8 02y,

20204 018 142

= (F) Y

1 0] HEME UHXL HAEE MR ¥ ARTLES ARD SIS MY HEA O BFdE 2SN s W
S0 JEE + o, B 092 AEE SR

20 d8ME 8= 8 Fa Q&

<39 64> AT LY Ak S8 A4 (HE)




o HE EFA AHyr)|E=E& WHO(World Health Organzation, Al A X 7 7]7)¢)

Y B 8§ /1F0R BEs] Ausgon, qan, Meg, gudd, ge
2 5 Egebrel 499 Ael AFEe] L wEse] Al ol BAZ gk
o« FEAH Fgebrlel At Qi Hrbd W g5 £A 2 WIS NES

=7}/7] & {5 4= / wlEA ,;%i: :IEE/L
. HeE 2§58 7 E 2] &4 0.01
s e e AE 2 34 0.05
L HeE B 38 7)E A &b 0.01
e R R R e A E 01
HeE B 38 7)F A &b 0.05
7FR ) o} N TR A 0.1
TETY R sk 1.0
2o ~ H= 2 58 7)F A sk 0.05
Wb g A He B 58 7+ A st 0.05
WHO HeE B 38 7)E A &b 0.01

(W) AFA 2 S 83 Ta5 9 L9EZ AEet

@© " HA
* Segment FilterE ©]83}4] 5 mm °]49] v HAE A A%

@ "=
o A& A Ultraviolet FilterE o] &3to] vl A ES AFE A7

@ WA, Bt 2 A f71E, AT 7] 39E(VOCs), ER#E W E(THMS) &
*  Pre-carbon, Post-carbon FilterE ©]-&3to] ot WA}, 27 A4, F71=, 344

7] S5E, EY@Edaes AASa, us FsAh

(A AFEeAE ol g3 A AN 2 A2 AL Wt
D AF2eAE o8 A AN

- AR A8E ATE2AA L) AL

4e PEFAG. (LR 4902, 78] ATE

« AAFY AR G5 4 9 AT )

FArael A% A ehd
AL

1 ARE(SEA S A,

AN

SIS



A3z(FNEAQ P71 A% AV E FEAY 7IE BAL ot}
ZEUth (3 20 A71E FaE5AY 719)

o F/HHCE AR FRE Y8 HEFHAE T EHE FAAEEANES 7Y
st o, =485 (Daphnia magna) w4 5448 23 1,000mg/Le] A& &%
ANA FAANAS AAIT A 48AF BAAAA FB AN HEE A G

o MEE FHAE AFETRALE AAQHYE FaAlEdo] ofd 1HF o] &F

ANJAEE &9 71+ 2 3
7154 % ] 5% o] &t =A==
Lo mg/L 3.0 mg/L ©]3} 24=
VAR mg/L 0.3 mg/L ©°]3} 24=
T mg/L 3.0 mg/L °]s} 0.007
iy H] 2 mg/L 1.5 mg/L ©|3&} 24=
i 67t mg/L 1.5 mg/L ©]3s} 24=
;O; T mg/L | 0.005 mg/L ©]3&} BHE
Al QFsheHE mg/L 1.0 mg/L °]3&} EdE
EgazzodEd | mg/L 0.3 mg/L ©°]3} el
HEgZ 22 ed | mg/L 0.1 mg/L ©]3} 24=
7191 s & mg/L 1.0 mg/L °]3&} EdE
A A sk - | F71AF btol Wl w3l | AdHEE A ok
2k3tA - HAgdarsg = 200mm7HA] &< 4
213HAd - 100 mm/45sec 14 | 5 olulell EAA
AE=A 9 - - A8M3-ECs 1,000mg/L ©)3
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T Tty ,rr. ! ; ﬂjg 4 ,l" ”M'l"#yl". [ _I_ f?Jr
5] ngz i f’ﬂt i (e 80'0.004) -
F2l£S peiq:.z § : | (] 0.007 g -
L T R BF e G0 e O Ty | ot 0, BHE o N
) ! it (1 a# t’fﬁﬁ- = Jajl_...__g b
, El "
612125 064072 WN&\M&W (| g 283 o
Al©t5tg:S-£S 06351 1 no/L (n (= gﬁ%ﬁn,m) -
EQIZR 20| S H-ES 06602, 1 ng/L (1 {@ﬁgi%m&) -
=T >
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BEYOND ABIAN HUB. TOWARD GLOBAL WORLD

Loy
TEST REPORT
& 58141 MHE NaT MEE HEHE 12-6 TEL (061)370-7700 FAX (061)300-7777
S EHE  TEW-00456 Ha WA ATA AR R
o 8 A.0%Na AR . 2017 09 13%

oM RCHMMEEE
= A MEEWL SO 2012308 15 MUY

Al B 9 ARA A

AlgE o
NEUYS oy | AE7E | 2 - NER
SuiR gasEaY | wm/ll - | Y1000 OECO TG 202
- 8 R HBEEIH (TBW-X0456-2017)
‘8 5 BEBAS

H] 3 1. 0] M3 s SRARy HAIS AS S AEHEE AM FAE W A R G EHE BEE gon,
S8 2 M2 01X www kir.or k) £ OF codes BP JHeBLICH
2 0f MEME B SE B ASR BOE ARE 4 §O0, R5 0]2/9 ABS SEUL,
3 0] HANE BElEN SHe G, A R HA oS/ TIRME Ak HABYICH

By s TIeuUr) ==
E-mail: sorsanholkror kr Ted | 1677=-0081(ARS @)
20178 0ol 19%
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FWE YIS OR code
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<E 29> AARAVIE FHEE HA
1 23510

A aq | RO 2%
k=3 mg/L 3.0 mg/L ©°]% EAE
T mg/L 3.0 mg/L ©°]% 0.057
H] A&~ mg/L 1.5 mg/L o|% 0.063
Fo mg/L | 0.005 mg/L ©|% ER4E
i II=F mg/L 0.3 mg/L ©°]’ EAE
N 67l e mg/L | 15 mg/L o|4 2%
pe A Sciainss mg/L 1.0 mg/L ©]% EHE
71138 8= mg/L 1.0 mg/L °]% EHE
EfEEaddsl | mg/L 0.3 mg/L °]% EHE
HEgFZ 2o dal | mg/L 0.1 mg/L °]% BHE
7154 mg/L 5.0 mg/L ©]% EHE
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o g & KEA ST S012302 15 (BES, CH0LY), OIMNHLEE
=R G-ABA I &4&
ANEE= g9 10ae
AlE 2ZIYAl 20194 118 08% | ANE SELA 20194 118 19¢
NE g s x%mgg%g R AlE s Bl 2
= (mg/L) 3 014 2A= HIIS2ZANEIE
- (ma/L} 3014 0.057 "
Hi & {ma/L) 1.5 014 0.063 »
42 (mg/L) 0.005 01 4 == "
Jesg (ma/L) 0.3 0|4 2AE "
67138 (mg/L) 1.5 014 2243 "
Aeotstere (ma/L) 1ola EAs "
]IlolsaE (mg/L) 1014 =28 "
EgjZz=oigd  (mg/L) 0.3 014 222 "
HEAZ2 2018  (mo/L) 0.1 014 s ”
plE=F-R (%) 5014 0.1 Olat "
0l &t 0f &
NET=1=00 o + = (@veey
202 11/08 ~ 11/19 T
JlEMAR A Il e m@’&:

)| 2H2iE MolE&Yo 52| 20l MM AISE 4 SO0, AMUA MAIE A2 20
ANEEH 2E BE6HE SSLICH

SZotel AIRS NEZE 919 20| EXIELIC

201949118 19¢
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&K FI T eHAAl SO AR TIPS (S HE)
o g X :031) 473-3413
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oA, FUSHAE FEH EHA AN S8 AR FH-Lwen 978
A AFE ol 83t}
©ANEAAY FRE A AL g AR

(oh) Fox 2= 1AY
E

@ T"SMART VIET; it

* AIY: SMART VIET (&A% 2A))

 FoAY: A o EFA

* Website: http://www.svetorezerv.ru

e Tel: (024) 6329 7119

* E-mail: lannt.smartviet@gmail.com

* SMART VIETA= A5 A8 A% 9 9 Y= 71 457, RO 715 AT
3}, Aceon, Aquasana, cleantec, Crewelter, Haohsing, Runxin, Pentair, Marti
n 53 e U]% =9 s].;;- it 2o 9 valse) ASEA FJEY 4&
TE3tR e, 20179 SMART VIETAN= 34571 AldjA] dd WEWY 4] g
A 2 ZdlAto 12 A 8ol 37bske] Crewelter 8 &zbe] o] =3} 4|

<% 68> SMART VIETAF MlEY A 2l Q4F 9 Zalao]= A8 A
25 &3 0 SMART VIETAF E30]#

o £ Wa A% B A4 HUE AP B olo] Bel f4
NS Adstgon, 25 44 B S VY A8 b5y Ao pud



@ T"HAMINCO;, it

AAE: HAMINCO (sFx=o] 2&A))

TFoANY: 7Hd 2 A8 A e e, A" R AXA

Website: www.haminco.com/gioi-thieu

Tel.: (Mr.Ha) 0983552368

E-mail: haminco368@gmail.com

HAMINCO Ab= AF] 2 ®IZF &7 FE A S Azt 2 i) 7H 3 AR &
T et A A", A AIE s 5, HAMINCO A= S4HF
7lwE ol&ste] By, A e, Alx ¢ SelA deEEE =5 Age,
A8 E ¢ MBBR (Moving Bed Biofilm Reactor)”7] &< ©]83t= 5 t
G FAY Ves T 2 BAeky, =3 He Ay A dd A 2017
129 A7tE2 &4 719¢] “HICLEAR AL} 7] 2 Avlo] StEYHE 5
o] gt

<19 69> HAMINCO-HICLEAR®] 3ty 4 A4
g &4 0 HAMINCO A} &9 o] %]

HAMINCO AH:= (GR)THIAAEES} B4 71%0] ha) #4lo] 9 ow
Hlolo] MES A8 AL AE oA FAHAT EH AW FE Gl
F4 v"e] date] A GG wed wh

(FIPAEHE o] F35-
sk 7

Z7} vg Qe A5 A

@ TTHIEN AN, jit

AAH: THIEN AN (&A% ZHE AA)

Fargh 4% AH, 35 e, 958A

Website: www.locnuocthienan.com

Tel.: (Mr.Tham) 0919 444 636

E-mail: thienancantho@gmail.com

THIEN AN Ab= 7H4-8 A< 2E, Asts R A x5 A, dsAd, 9
FAY, A7) haAe e SdALNAS FR oSk, FAE oke] vadd 7

ZOP



299 Jacobi A& | Norit Netherlend Mgt

Calgon USA &g

o IS 93t AP AHFoA (F)AHAEAEES Y] FA v" sk T A<l
s glsArt
A E B w719l & 319 2o o]F HAMINCO 71i¥he] 34 wlgS 199 8
4 269 (2) 1A AAsg o, i ddES] 7240 AR Hv]& &2
AE o83 AFAag #AA A, 7= dA d/AY /s AY 5 71H93T
MR AHE T3 dA 739 ALEHAHYE JA H2E g 9 9
AR HIEY HAXALE &88 gyt 3 olF 3t m"dA F7F AE
< Whol 3 Al th
<E 31> ARSI AL
NO 7143 Hzy2 g9Y AFQ) o & ¥ ol A
* Picogram, Hidrotek,
- Pentair 5 <2449 | http//www.sv
o) o B S
1 SMART VIET THRA/ s DA £ 2 55 etorezerv.ru
U 9 RO A Ay
o 37 http://www.ha
2 HAMINCO TALA/FELAA | « ROAST ZHd] minco.com/gio
* A3} shstE4 i-thieu
o 7138774 )
THIEN AN Py o= . 23 3 http://locnuoct
¥ (Thién An) THHAEAA . ;gi 2?;@7}% hienan.com/
pu o Ao




() F2AL A2 BAH AA
 AAHoR VY 3Esw
Aoz Aguo] v,

&2 A= Bayoxide E332.24, 1,000kg & 25,0007

o it SFA e Hrjwrl= 1,000kg B 15,000 Y o2 AbEEom A8-3)
d F2A wrh 60% AWt 14 AAELS A ek
o AErE FERA0 Bulvsl A% 2@9 AF A9 olgel 2l
<IE 32> FFEA Aws) AE 24
3 w uj &
e ] x5
LER B4
ch 3
< () A, g WE
g EE!
RIhA b
< 33> AbE Aulel] wE A A4
5 = N A A4 2 2m] AP
- (KW) (hr) (kWh)
o] %75
($-01 /1 =) 10.0 2.0 20.0
w g 7] 19 2.0 3.8
48 7 15.0 6.0 90.0
2 A7) 80.0 5.0 400.0
) 7] A] A 75 15.0 1125
7V BN A 2%
(a7 = 2.2 15.0 33.0
) 659.3
1- _
3] 7l 116.6 (o} 650)




<E 34> MEE E&ZA dudrt A=

e ES v} = 2ol
HEQN 130,264 1 130,264
- 5] 2ol uka 159,003 1 159,003
A7) 75 AHA Z) 99,783 1 99,783
2 389,050
vpel Y 100,000 10 1,000,000
7] 1) g
(e Al X200 2,339,690 1 2,339,690
2 3,339,690
AR B ) 550,000 1 550,000
~9)mr 950,000 1 950,000
5 600,000 1 600,000
73 H]
A 90 660 59,400
A3l 550,000 1 550,000
21 7k
(55 ﬂg W f& way | 9500000 1 9,500,000
2 A 11,309,400
& Al (S99 / A9 wgk g ) 15,000,000
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<Y 74> FIAY 24 0 I EEFA=FA (CFR)

-

¢« FEAGNEDS] /P Bl2As} & DDPE HAE o4 v E AAFA,

<E 3> BAATF WG EZA(DDP) A o4 Hl8 AHA (B9 )

AR A &

o4 =574 10,000

Hjj <54 6,000

(E57H4 + d$H]) < 16% (F7FA 10% + HS Code ¥4 5%) 2,400

47 (DDP Value) 18,400

DDP Value x 17% (F-7FA] 10% + Al 5% + 71 EbAl= 2%) 3,128

DDP Value x 20% (F-7FA 10% + Al 5% + 71 EbAl= 5%) 3,680
HAF A% aA = 3,128 ~ 3,680
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(W) 71=AE Q=AY BAYA 5

Ay
o« of2AFe] BAFA 4 AArAo] B AR BAEE EHRA}
X A7t AREske] s A4Skt
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ARTICLE INFO ABSTRACT

Article finfory: Alom dhudge rom waler treatment [acilites s composed muinly of almmum hydroxide or Juminam
Received 5 Sepeember 17 eoidde, wikkch can slzorh As[V]). Howsver, nécroorganksms and organicmorganic matter sgglomserated
Teceived in rensed form Lergettier with raw alum shudge inhibit U sdsorplion of As(V) oo the material, Calcnation was used to

% Mowember 2007
Accepred 17 December 20017
Available oo 18 December 2007

remove onganic matter snd soinvate the moterial, and the plysical properties amd adsorption charac-
teristees wene evaluated by wing Geld-emidtion scanming elediron micrsoopy, elementil analyiss, X-ray
diilfractsai, Fourier transform mirared, beta potential, and Brunaser-Emmser-Telker surface analyis. At a
laigher calkination termpersture, & larger proporison of onganic madailer was removed and the adsorption

?:::ledu capacity for As{V} was 54—-87 times greser than that of the raw slsorbent. Hivsever, calcmation at
Arsemic adsorpuen B00*C changed the strucure of alominem odde info a crypstallized Borm, reduced the surface area, and
Calcinathon the adsorption capacity for As{V) decreased. In comparison, calcination at 300 *C removed organic matter
Uninde crystallization efficiently without chunging the structure of the adsorbent, and showesd greater adsooption capacity for
Ogamic matier AdV) The results suggested that calcination is a suitabde process for producing alum shedge-hased

adsorhent for As{V} remowval
© 2017 Elsevier Lid. All rights reserved.
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Enhanced adsorption of arsenic using calcined alginate bead containing m
alum sludge from water treatment facilities L
Seunghee Kang”, Sang-Min Park®, Joon-Gyu Park”, Kitae Baek™"
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Krywards; An milsorbent vof o py pa do pemove sdwnic (A ) wos develcpml By calcimetion of smdivm slginate and pedyvingl
Ailuigin bieetic aleohil conlakning s powder Toens of abam shedge. The sdsorbeil was evalistid b lerms of sdsieption kb,
P el capacities in bateh s and by & columa sudy, The calcinsion process cresied rough srfaos and incresed the
Algine bead sucface kren of esl 100 times, which smbanced the sdsomiion kisetion of As ante i ealcinesd adsarbent 3-21
i times than ss-calcised hesd Howsser, the adssption coparitly decreased sdightly compared ta Dhe us-calcined

aduirhent. The cobamn gudy showed similar adweption capacity with commercial sdsarbent s powder form
of ahim wadge convidering the stasdard vabee of Ay for drinking water. The calcination prices. sifuiced the
ndsorption kinetos of the sdsorbent for Ay remsrval, noe of major by of bead fype asosbsent compared 1o
puovnaler fype, which conld redoce the bel volume of the feactor
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Kppworg Pomider tvpe of mlsorbinl has & bupe sirfoce ares, it the possders are pggrembad, which lowens the sdsoeption
Adlsnrpeion kil aof nrseniciAs} deamatically duoe to prefereniial flow in the sdsorption bed. Pellet sdsorbeni to remaove As was
T"‘-'":"""’ el prepaed tosalye The proldems of powider type sduaibent usisg dewatered ahum shadge amd molasses ag o binder
o |nation

The pellet was treated thermalty under three different resction media of air, Ny and C0; 15 enbance the strength
of pellel amd b meke pore structune, The sér s oxldites (he ofganic maller whider oaygon, it the -
oy pen conslition for My and 00, carbemizes the organic maiter. The adsorpiion charnciersiics, the pellel shagpe
[, the strengib ol the sdsoarhenns] shesild be retaived during the sdsaplimn process, which is ane of the majo
oomcerns for the pellet alsorbents, The shape retention was enbanced by the thermal treatment aecher the re-
nction medism of air, Ny and OO0y Besides the sdseption chamotorintes of As on the ndsorbents weee in-
westigabed i terims of adscrpibon knetics, adsorpiion BEolherms anid sirface charge of ibe adsirbenis. The pellets
ihermally copated under air and ©0; shoes 2 ke fnater sdsorprion Rinetics than the simpdy dried and N
mediam wizhin 10 min. The strength of pellets was enbanced by the thermal treatment under GOy compared o
the alr and Ny mediem due w the carbomlzation. As o resule, the pelier adsorbenn thermally sreated umder the
Oy, removed As from the aqueous phase with enhanced kinetics.
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*  Geotrop(2017), Development of bead-type arsenic adsorbent using

alum-based sludge from water treatment system

2017 8" International Conference on Geochemistry in the Tropics & Sub-Tropics
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1 71=4 A3

o F&A

A G 2A A GA AT = GEVE AFESSIA Y. ASBy HEZEQ A

o] E(Bentonite) & HEFAZ AFESIAH. WEYVO|Exs Fi3 HFA] ddst
A wZol AstEe AES 7HAI o], ikl AstA 2 HPgA R S
Hojxa lom, HAFEAgGoA SHEZAZAE AN o) I FE
ol 7)ol Aol AFAIAY kA gol FEA el FFAE Fobdd
t WlEUolEE HUbeA| && HAIYFAA Y MM FRAE e EFEEA

)M F AolE HoAHT

60

EE <2 mm
0 =2.8mm

40 4
30
20 A
10 4 ij
0

AS ASB-0.5 ASB-1

Mass loss rate (%)

<aY 115> HEYEES H7I3E 249 daEdE
AS(Alum Sludge), ASB-0.5(Alum Sludge-Bentonite 0.5%),
ASB-1(Alum Sludge-Bentonite 1%)

WEWIES 7 FHAE H7bskAl &2 FF Aol vl &)

= =
A s S24A8 HAa=7] 28~3.0mm ZlEolA AEFELE] HiE

ASB(22.0omg/g) el +&8 %2 2xbd e /s SAP-500(15.15mg/g) ¥ Bayoxide
(16.1lmg/g)® .t} =t}

MEE FEAE AR Agstd F2A Bu oF 137% F&EFS sk
ATt

ASB(238m?/g)®] ¥ 3% H A& Bayoxide(150m%/g) Rt} =t}
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A e R AR g4 SAdE A ski
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] S

o A871= i AgH] e

73
o Il B o] Al A& Jbed wEd EestE S8 ddd fAud

2) 71=9 54

) F&A v &4 2 A8std a9 SFA AAAL v
s FalTaEs AR A ool e AR LI HAE TSR
gk | Far|deA BAsta e A v8e 243 TdxRAE
el 5 AAAAN SR 7 @Wol AFE-HIL 9l= Bayoxide E339F Z7]%F ¢
of W& F2AL @rtet A FFF B mE nlx ]H]*O“o A kAT
o AAIHo R 7P} 83" FFA = Bayoxide E332.24, 1,000kg & 25,0007

7H‘E‘;% E2A el FAvdrE 1,000kg F 10,0004 o2 JbEE o, A8t
H FFA BY 60% A #Hste] 74 AAES 7HA I

MEE F2AY HAujdrl AES fsh 27, A AEgF 9 E J9s 1
32, 33, 34 YEFH AT}

A wmE FERA FAEERES s FA APg7IEQ] “Adsorbent
Treatment Technologies for Arsenic Removal, US EPA Report 2005”4 A A]
e A ¥aEE 01mg/LG7E H2), AeE %S 10m’/day ot 7HE <
w Bayoxide E33¢} 22 o] FFAE ALatAs B4 24 A AdlF
kol =dale 7|3hE aEske] Abgetdltt. okl ol A& o}
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<FE 45> g EEA 9 AFe-skE 3]

G-ABA 3952
2n [Granular-Alum|
- Based Bayoxide E33
Adsorbent] e ED) AA-FS50 GFH Metsorb G
A4
Iron
Alum . . impregnated Ferric Titanuim
.]
=% Hydroxide Ferric Oxide activated hydrooxide dioxide
alumina
BET surface Area 238 119 246 242 166
(m”/g)
Bulk Density
(g/ml) 05 05 0.75 1.19 0.78
Size 3.0~5.0 05~2.0 0.3~06 0.3~2.0 0.3~1.0
(mm)
As Hulg&=
(mg/°] Akg) 22,050 16,100 2,210 5,452 7,036
87
(/1 Alkg) 2 18 2 6 8
ZAPE7H
(/% k) 15,000 25,000 3,400 8,000 1,6000
1zt d 2o 14 20 148 60 46
(kg)
IS4
1 7‘l( _;j /7;]4 ‘)}a M 210,000 500,000 503,200 480,000 736,000

% US EPA report, 2005, "Adsorbent Treatment Technologies for Arsenic Removal”
wx S22 0 pH 7.0~75, 20T, Aol gl

a
s A7E FAA A0 ¥E, F94F dlaEE  01mg/L(57H &), el &% ¢ 10m’/day

3) 7l=9 534

D s FFZAAe] 7= vl

o TSl Ao Aekie] X3 LS Asste] AeRHe] A4

2wz AYFY FAAqch

o FHITAET FEshE FHA= FA ¥ HAE FHsE FAF A SR
o

o FFAE(22.05 mg/g)e HANFHHF 8
A e vl HEAE(238 mY/g)Y] ¥ EHA
70% 3= Aot

- WA TS ASE Er ARFol el Sol oSl FEaR qlo), T
dl glo] wel aolo] Bk e AuE FRAE A4 oled was L
gl e FAA FRAYT A% 3G fol Lol Frglol e FAA



& fAs, 1 AR okl 19 2ok AF Avs
AE B AA Fsstel, B FHOR WAE

At 27% F7 8ka Qo
m AELL 451m°, FY

o, obel Ee} 2ot

<3 46> AstEE - ol 8 A (A shERAA R, 2018)

(9] = A&, Wghm’/d]

¥ ARg | FAE | oA | A A
HES 872,491 13,674 800,677 3,323 1,690,165
Ask A5
H] & (%) 51.6 0.8 47.4 0.2 100.0
ol 8- 1,437 173 1,750 25 3,384
Ashs ol g
H] & (%) 42.5 4.1 51.7 0.7 100.0
¢« ZRE ASE gl weh wx 2 FAEFE AA A5 45L&

9]
O A7AEe] Sl -9 dF

(I7d~260d)= AAEA fFellzde] AAA degets
& 3= 7ol das.

opAlopA S HEW, FHT o} Tes 5 VHAE B vEtes AFALHS
= | &80l 7} sttt.

2]
odd Al % HITA sor Fad Astrel A3}

N9

>
b

)
L
X,

E fd BE Vlesol AdE stoew, v= A A (EPA)
< o] &g, A4HF, modified &5/°1%, modified lime softening, 7154,
Absh/ml Aol F2 7|EES vlAaAEd 9le]A 9] Best Available Technology
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El°1' l->

N, MBS Agetel HAE AAGE Ao Adsrin G4 Atk o

A% gdHen @AW % Eusl An ASs +Ad BE 9B BA

G FAAE ol8e FAAY % AT gol AgHn vk (PAM %,

2005)

obdl aYe waE AANY] 96 BAAREY FAAE o §3te], faol
T S P

WSk fABEEE e e el

Activated Aluming
Capatal Couts
£1.008.000,900
1t it
[T T] . I
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- - y = 420288 + 12
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5 000 am
; i il { | 1l
¢ S+ W21 i
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<Y 116> R (EA LT FAHe 7] 98] 4HA" (EPA, 2000)

$3000 J000) S

$10.000 B 4

¥ = 1888 * 4177 r
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Qo aa oy L 1m L =

Avarags Faw imgd

<" 17> FHEAALTFY) s FAEeH] A8 (EPA, 2000)
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ole) T FF 50m¥/day 7|Eo®E FQ FAE 27 B @ Angd H

FH G AA AT

<EAT> F8 FAY Ax 2 9488 (50 mY/day7]E)

g B ($)
&% 'ZL?:)] & ;‘Z:fg_%g‘s) (A 19x(B) | (A)+10¥ x(B)
/A 156,706 22,864 179,571 385,348
o] 2 ul 3} 24,098 6,010 30,108 84,197
(FAA L5 17,021 6,618 23,639 83,201
(Greensand) 15,645 8,171 23,817 97,358

wlze] A7 %ol e BFL Stolmy] 1) obd] b ol 24 AAAL
AA -9 58] R =F FAE
Type 1& Aak5 o] 02 A7 st AT 9 /&AFL 2457 93]
W, Type 28 1 % FHWNE ol &% wael AAd o

& wAlsky) Sls A E

<E 48> =, 59 dgA =21 A4
2 =4 394
Type 1 Arsenic & Groundwater & Removal
Type 2 Arsenic & Groundwater & Removal & Adsorption

< E=EHMA AbolE 1 ISI Web of Knowledge, £3] 72 Alo]E : KIPRIS >

_?_
FAPRL o 8F Aot Fo Wi AA A AT A AAAoL ol
S
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B Type 1: Arsenic & Groundwater & Removal
[ Type 2 : Arsenic & Groundwater & Removal & Adsorption

1000
800
2 600
9 48%
S A,
400 +
53%
200 t I71%
H 50%
\ . i P il

Korea  Japan USA EU

() se 7=

o <E 40> yEheER hgd F8 587 deke] YEr it

© AN E HAR e dE Akl skl FHAES ol8ste] AAs= AT
7h 8w olfolA we Vel oFolAa glom B VEry o ¥
& s A

© SHANE 37kHe] Ayt Pilot PR ol dke] A5 B3 dAoin

- otEEe 1&?‘%%‘8 Z“w}a ojuf &FHlE AbskE FEHE Ve R s F
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<3E 49> M AaF Aol #Ek e 53 dAg
=7t SE(FRMNS U8
07947183 Methgds for removing contaminant trace species, especially
arsenic, from water
08361920 Methods and compositions for removal of arsenic and heavy
metals from water
H = . : ) " — )
07314569 reatm.ent of arsenic-contaminated water using akaganeite
adsorption
06790363 Method of treating arsenic-contaminated waters
00502460 System for treating contaminated groundwater
i
00991595 Immobilization of inorganic arsenic species using iron
(18326405) Water purifying filter
o w (14079015) F1lter' 'for arsemc removal and purification method of water
containing arsenic
(11047763) Method and apparatus for removing arsenic dissolved in water
o <X 50> Zo] HlAE AASH] f8 o2l FERW A et A AAF R #
& A7F Es] o] FoA A AN, 37F B4 APl g A 57F vl 4 A
Zol g AT LEH Agolth
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<3 50> H|A& FFol

A A

Jounal of
Hazardous

Materials

Adsorption characteristics of As(V) on iron-coated zeolite

Kitae Baek et al.

Superparamagnetic high-sulface-area Fe304 nanoparticles
as sdsorbents for arsenic removal

Bujnakovaet al.

Appication of titanium dioxide in arsenic removal from

. Guan et al.
water: A review
Removal of arsenic from water by supported nano
. . Zhu et al.
zero—valent iron on activated carbon

As(V) adsorption on maghemite nanoparticles

Tuutijarvi et al.

Water

Research

Arsenic removal from water/wastewater using adsorbents
- A critical review

Mohan et al.

Optimization of capacity and kinetics for a novel bio—based
arsenic sorbent, TiO;-impregnated chitosn bead

Miller et al.

Adsorption of arsenic from a Nova Scotia groundwater
onto water treatment residual solids

Gibbons et al.

Kinetic and thermodynamic aspects of adsorption of
arsenic onto granular ferric hydroxide (GFH)

Banerjee et al.

Environmental

Science and

Arsenic removal by iron-modified activated carbon

Chen et al.

Arsenic(V) removal kom groundwater using nano scale

. . . . . Kanel et al.
zero-valent iron as a colloidal reactive barrier metarial
Technology
Preparation and evaluation of GAC-based iron containing Gu et al
adsorbents for arsenic removal ’
¢ <E 5059 FREES AHNY, F2 FAS o83 vady mgolglon,
53 AAHES o8 AT AH B
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() =dl 7=

o H|A& A Ao ﬂ%ﬂ ATE f8 =g oy AT 215CEFHRET e,
7149, ARAAAT, ARRSF WM FEES AT/ NTea Ak,
<E 51> FW AT 2FW ATEF (%)

AT g AF5F

o A3t G g WA FAAHH L A AR(TE
=3 M5 10-0176064)
) . EH FES FAA Ay 2 08 335§

Gaas A o 43 2 A5 AEUEHHE: 10-08712960) | |
(e} b
71249 * Arsenic adsorption by Fe loaded on RH-MCM-41 As(I1D)

(A7 2) synthesized from Rice Husk Silica (2012) 2]
R [ * Removal of arsenate from water by adsorbents: a

i comparative case study (2011)
* Arsenic removal by a colloidal iron oxide coated
sand (2007)
© HHPANFE 0 g3 Bmy meho] Az 2
53 ol ol&d FTESHF T AEH(TFHI
10-0926736)
o FH 9 gzt AslEE IHE LSS o] &g
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<E 54> WEW FomAe £49 A%

T4 T wF

el A9 | wmex s |z (MEHANA wey g
(km®) ARG (%) | (m®, billion) (m?, billion) (%)
Ky Cung-Bang 11,220 94 89 7.3 82
Red river-Thai Binh 155,000 55 137 80.3 59
Ma-Chu 28,400 62 20.2 16.5 82
Ca 27,200 65 275 245 89
Thu Bon 10,350 100 17.9 179 100
Ba 13,900 100 13.8 13.8 100
Dong Nai 44,100 85 36.6 32.6 89
Mekong 795,000 8 508 55 11

“Zt5 : Environment Monitor 2003, World bank
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AL Ao RA 1998 39 =Al 2 T WIS AAS

100% of urban population having access to safe water of 120~ 150L/capita/day
by 2020

Reform the sector including the financial policy

Modernize technology and equipment and enhance human resource development
Mobilize contributions from communities and all sectors of the economy
TA e g Ao s A= 19999 39 20203714 EAEE 2 g

TR
=1 O 37 = o = = = o<
A e HES L AYELFE AEE BFow A7 Fo vk 5%
=

=
Ak A st eAlE Bdste] =S At deea B oetrAly e
HEE 39 7 e W¥eR HHor AT AT

o WEYS AFFyFAAE I WSC(Water Supply Company)oll ] g+ A
H| 25 AF3tal 12 Small towns 2 Townlets®] & 3 A|H| 2ol o]&E3}
I Qo T UHA B ups 5o ARGy AW A7k B FHFAAE E9)
o] Fo] x| a1 QT
© ddra
o & Fo HEW] 2R3t EAEIE AXHA AlHES FA3E S A G
93 w=gom Qe HEd Frheta dom, d=wla @ ADBS FE o
2 A FALAGAAE 9 Aol M=, 1990 E4AHFS F FAYH
9] 6%F2l ¥ 5009 m’/yeare] 2 ot 20301 ol = 870 m’year7t A A F
Ve Ao g Avsta Q).
<HE 55> WEY & Fo% W3l 3k FAk
=R~ 1990 2000 20104 2020 20304
£ 9 % (m’/year) 5009 650°] 7209 8009 8701

“Z}& : Vietnam Environment and Life 2004
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