1-1

1999
Weng et al., 1997

Ketty and Alex, 1996

1-2

Kadirvelu et al., 2001



1-3

1. (50-4000
mg/l) 48 Langmuir  Freundlich
(1)
/ (Scanning Electron Microscope /Energy
Dispersive Spectrometer, SEM/EDS)

(i) (Fourier Transform Infrared
Spectrometer, FTIR)  °C- Solid State Nuclear

Magnetic Resonance Spectrometer, “*C-NMR

(iiX (X-ray Absorption Spectroscopy, XAYS)
2. (105~1100
) 2 (i
(Toxicity Characteristic Leaching Procedure, TCLP)
(i) (X-Ray Powder Diffraction, XRD)
(ii)SEM/mapplng (iv)X

(X-ray Absorption Spectroscopy, XAS)

3. (Cu Ni Cr)



2.1

2,300
() () () ()
() ()
() 2001
1999
Yadcin and Sevinc., 2001
3600
1992 60

1997



300

10 me/200m 22 me/100ml
pH 1996
2.2
Cr( ) Cr( ) Low
1999 Cr( )
Cr( ) Cr( )
(chromate)
1996
(CuSOy)
1996

B 4



2.3

(cadmium Cd) (copper Cu)

(bioaccumul ation)

1.1)
2.4

pH 25 ()
8.5~10.5

1999

(zinc Zn)...
1.2
()
(
6-9



Li u988

(14

2.5

()

(equilibrium situation) :

Langmuir  Freundlich

1.3
58%
1996
1)
(boundary layer)
3

(kinetic Situation)

1997



1. Langmuir
(e=KQC/ (1+KC)

e (mg/mg)
Q (mg/mg)
K
c (mg/)
2. Freundlich

logJe=logK + UnlogCe

e (mg/mg)



2.6.1 (FTIR)
2.1
2.1 Daviset al., 1999
cm™ functional group
3400-3200 -OH stretch from —COOH and —COH
2800-3100 -CH stretch from —CH,-CH,,and —CHs;
2400-2700 -OH stretch from strongly H-bonded —COOH
1700 -C=0 stretch from - COOH
1600-1650 aromatic —C=C vibration -C=0
stretch from H-bonded conjugated ketones
and —COO- asymmetric stretch
1400 -OH and —CO deformation from alcoholic and
phenolic—OH and —COO- symmetric stretch
1200-1220 -CO stretch and —OH bending from -COOH
1020-1050 -CO stretch of poly-saccharides and Si-O
stretch from silicate impurities
925 OH bend carboxylic acid dimers




262 13-

21 RH “C-NMR
(©) (celulose) (L) (lignin) (H)
(hemicdlulose)
Aliphatic (0-50
ppm) Carbohydrates(50-90 ppm) Polysaccharides(90-110 ppm)

Aromatic(110-160 ppm) Carboxylic  160-200 ppm ppm
(chemical shift)
8)
Hgein ﬁ: Cellulose
G ol
| O
Cp
|
h
OCH; g
O _—
O~
=,
£ B
: 3
1 " 1 - 1 O 1 " ]
200 150 100 50 0

Chemical shift (ppm)

21RH BC-NMR Freitas et al., 2001



2.7

Nakbanpote et a., 2000 300 400 500
gold-thiourea complex (AU(CS(NH,),)*
) 300 silanol group SI-OH
gold-thiourea complex 400 500

(i) 300
21.12mg/g (33.27mg/g) gold
NaZSZOS

Khalid et al., 1999

2.73x 10°mol/l  0.01 mol/l (HNO,
HCl H,S0, HCIO,) 5

Freundlich
m-(SOH) «—» m(-SO)+mH".......(1)
M™+m(-SO) «—p M(OSH)"™.....(2)

D+
M™+m(-SIOH) +—» M(0Si-),"™ + mH"..(3)

M n slanol
group(-SIOH) 21
5000~6000 10.5mgl/l 0.5
mg/l

10



1996

2.8

1999

Sharma and Forster, 1995

Cr( ) pH (20
mi/min - 80 ml/min)
65.87mg/g
Cr( )
Lytleet al., 1098
(water hyacinth) Cr( )
Cr( )

Cr( ) Cr( )

1

2.9)

(moss peat)
(40
pH 2.0 80ml/min
Cr( )

Eichhornia crassipes

Cr( )

Cr(



Cr( )

(oxaate ligands) Cr
Cr( ) Cr( )
Leeet al., 1995 natural moss Cr( ) Cr( )
pH
Langmuir Cr( ) 189
mg/g Cr( ) 7.1mg/g Cr( )
Cr( )
2.9
Scott, 1995 Cr Cr
Cr( )
Cr( ) Cr( ) Cr( )
Ajmd et al.,
Cr( ) pH 2 8 50mgl
100% 0.01M NaOH Cr( )
87%
1996 Cr( )
pH (0.8~1.5) Cr( )
pH 3
SO, Cr( )
Cr( )



1901 cr( )

1.0x 10° 2.0x 10°M 1.0x 10*M
Cr( ) SOH**-CrO,> SOH*
-HCro* Cr( )

2.10

1996

Wunsch et al., 1996

2000

ZnFe0, ZnCrO,

13



211

Rinehart et al., 1997 XAS Portland cement /
Cr( ) Portland cement Cr( )
Cr( ) Cr( )/ total Cr TCLP
Fe’ Cr( )
Hsao et d.,2001 XAS

CuCl, Cu,O Cu(OCH), CuO

XAS
1 /hydroxyation  CuCl, Cu(OH),
2. oxidation Cu,O CuO
3. fitting
Cu-O-Cu 0.12-0.22A
Kelley et d.,1999 (Eichhormia crassipes)
Eu( ) SEM Eu( )
XAS Eu( ) 1011 O
244 A (Carboxylate group

Hydration)

14



3.1

3.11

12. 0 = 2 TYPE
34RABFCI-5R  Associated Design  Gearmotor Chicago USA

13. N4440 WEST Co. max.
temperature 1450

14. LIBROR AEX-200B 10°* SHIMADZU Corp.
JAPAN

15.pH meter pH/MV/TEMP. METER SP-701 SUNTEX Taipel
Tawan

16. RHD-120L max.temperature 200 RISEN USA

17. Allegra 21 Centrifuge ROTOR F0630
14500rpm  Beckman JAPAN

18. Flame Atomic Absorption
Spectrophotometer, FAAS  Z-6100 HITACHI JAPAN

19. X-Ray Powder Diffractometer, XRPD  X-RAY
DIFFRACTOMETER D-500 SIEMENS Co. Germany

20. (BET Micromeritics) Gemini 2360 Micromertics
USA

21 MDS-2000 CEM Corp. USA

22.X Wiggler C (BL-17C) Synchrotron Radiation Research

Centar Tawan

15



23. (Multi-Function Scanning Electron

Microscope, M-SEM) JXA-840 JEOL JAPAN 2
(Wave Length Dispersive Spectrometer, WDS)

LINKS AN10000/85S (Energy Dispersive
Spectrometer, EDS)

24. Solid State Nuclear Magnetic Resonance
Spectrometer, NMR  AVANCE 400 BRUKER Germany

25. Elemental Analyzer, EA  vario EL CHNOS Elemental
Andyzer Elementar Analysensysteme GmbH Co. Hanau Germany

26.X X-ray Fluorescence Spectrometer, XRF  X-ray
Spectrometer System 3063M  Rigaku  Japan

27. Tube Furnaces Temp room temperature~1200
ELE 220V, 50-60Hz, Wattage 8000W, Young Chen Co, Taipe,
Tawan

28. (Fourier Transform Infrared Spectrometer,
FTIR) BIO-RAD FTS40 USA

3.1.2

1 Cu(NQOj3), 25H,0 G.R. Riedel-de Haén Germany
2. CrO; G.R Merck Germany

3. (HNO3) 69% G.R. Merck Germany

4, (HCl) 37% G.R. Riedel-de Haén  Germany

) CH;COOH 98% G.R. Merck Germany

6. (NaOH) G.R. Riedel-de Haén  Germany

16



1. CrO; 999 G.R. ALDRICH USA
8. Cr,O;  99.995 G.R. ALDRICH USA
9. HF 48% G.R. Riedd-de Haén Germany
10. 1,5-diphenylcarbohydrazide G.R. Riedel-de Haén Germany
11. Copper standard solution 1000 mg/l Merck
Germany
12. H,SO, 98% G.R. Merck Germany
13. Chromium standard solution 1000 mg/l Merck
Germany
14. (1) AshlessCircles#42 90 mme Whatman Co. England
(2)Advantec glass fiber filter Gf75 142 mm Toyo Roshi
KashaCo. Japan
15. H,O, 30% G.R. Ridd-de Haén Germany
16. Chromium( ) acetate hydroxide Cr3(OH),(OOCCHs5), G.R.

AlfaAesar Massachusetts USA

3.2

1 (rice husk, RH)

50mesh 105+ 5
1L PE
2. (ricehusk ash, RHA) 20
900 1 50 mesh

105+ 5 1L PE

17



3.1~3.2

31RH RHA
Sample Elementd
RH SS S Cl K Ca Cr Mn Fe Ni Cu Zn
RHA
32RH RHA pH
RH RHA
(%) 9.89 1.43% NIEA R203.00T
(%) 21.56 80.57% NIEA R204.00T
(%) 68.55 18.0% NIEA R205.00T
pH 6.34 9.85 1996

18



3.3

3.3.1 ( 3.1)
0.1 PE 50 100 200 500 1000
2000 4000 mg/ll  Cu( ) Cr( ) 0.1 RH RHA
5g 0.5 ~48
(FAAS) (05 1 2 4 8 12 24 36 48hrs)
Langmuir  Freundlich
252
252 12
(FTIR “C-NMR SEM  XAYS)
12
3.3.2 RH ( 3.2)
RH .
(HDPE) 0.3147 mole CrO;
Cu(NO3), 25H,0 ( 15L ) RH
105+ 5
35
Cu Cr 105 300 500 700 900 1100

RH 50c.c

19



3.3.3RH

B (O

3.34

3.34.1X

3.34.2

(33

RHA

(A)
3.9 : 10gRH RHA
12

X-ray Fluorescence Spectrometer, XRF

X ,

(Fourier Transform Infrared

Spectrometer, FTIR)



3.3.4.3 C- *C-Solid State Nuclear Magnetic

Resonance Spectrometer, °C SS-NMR

13C

3.34.4 Elemental Analyzer, EA

(TCD)

3.345 (Multi-Function Scanning Electron
Microscope, M-SEM)
SEM

15mm 6mm

21



~10° torr

3.3.4.6 X-ray X-Ray Diffractometer, XRD
Bragg angle
Bragg intensity
Cu 40 kV 30 mA 20

5~80 0.05° /sec JCPDS

3.3.4.7 BET Surface Area
BET
3.3.4.8X X-ray Absorption Spectroscopy, XAS
XAS X X-ray Absorption

Near-Edge Structure, XANES



d- X Extended X-ray

Absorption Fine Structure, EXAFS Fourier Transform,
FT N
R o’
XAS SRRC Wiggler C  BL-17C
1.5 GeV 120~200 mA
4-15 keV

Win XAS20 Resser 1998

3.3.4.9 ( Toxicity Character

Leaching Procedur e, TCLP)
RH USEPAM4W Met hod 131

(TCLP
59 sample+96.5 mL p H pH 5
A pH 5 3.5mL 1. ON5KACI
10mi ns p H pH 5
A p H 5 B A B CiCOOH
Na OH pH 4., 9+30. 05 A 2. 88 .05
B 20 RH 18

30 rev/ min FAAS

23



3.3.4.10 pH

130 1
pH met eprH
3.34.11
RH RH 1
2 (300~1100 )
2 3
% =[1- (Ws-Wy) / (W2-Wy)] x 100
34 QA/QC

FAAS Merck 1000 mg
Cu( )/L 1000mgCr( )/L

R? 0.995
Cr( ) 05~400ppm Cu( ) 0.5~8.00ppm
QC standard

20 QC standard 80~ 120
%

24



900 for 1hr
Rice husk » Ricehusk ash
(denoted RH) (denoted RHA)

N\ /

Each ground and sieved ( 50mesh)

!

Driedat 105 for three days

!

End-to-end mixing of 5 g RH or RHA with 0.1L 50-4000 mg/l Cu( ) or

Cr( ) solutionat 30 rev/minfor 0.5~48nrs(0.5 1 2 4 8 12 24
36 48hrs) l
Separate solid phase and liquid phase

/ N\

Measurement of heavy metal Some solid-phase samples
concentration in liquid phase drying a 30

Calculation of amount of heavy meta Measurement of FTIR SEM
sorbed onto RH or RHA “C-NMR BET and XAS

(mg heavy metal/kg RH or RHA)

Fig 3.1 Experiment flowchart for sorption isotherms

25



End-to-end mixed 500g RH with 0.3147 mole Cu(NOs) 2.5H,0
or CrOs (in 1.5L de-ionized water) at 30rev/min for 2 days

v
Separation of solid phase from liquid phase

M
Measurement of heavy metal concentration in liquid phase

v
Calculation of amount of heavy metal sorbed on RH

Drying of solid phaseat 105  for 3 days

v
Ground

4
Thermd treatment for 2 hrs at 105~1100

talking data of TCLP vaues, SEM, XRD, and XAS

Fig 3.2 Flowchart for experiments related to the thermal
treatment of heavy metal-sorbed RH

26



Collect on-site waste water (containing Cr  Cu and Ni)

l

End-to-end mixed 10g RH and RHA with 200 ml waste water

l

Separate solid phase and liquid phase

l

Measurement of heavy metal concentration and pH in liquid phase

Fig 3.3 Flowchart for experiments related to the waste water
mixed with RH or RHA

27



() RH RHA cu( ) Cr( )

(50~4000 mg/l) 0.5-48 RH
RHA BET SEM FTIR
NMR XAS (ii) RH

SEM TCLP XRD BET XAS (i) RH

RHA

41 RH RHA Cu( ) Cr( )

41.1
Cu( ) 4.1~4.2 (mg/kg)
RHA RH
Cr( ) 4.3~4.4 Cr( )
RH RHA 50~500 mg/l
RH RHA 1000 mg/l
(1000 2000 4000 mg/l) Cr( ) RHA RH
RH RHA Cr( ) Cu( )
Langmuir  Freundlich isotherms
48 48 Langmuir
Freundlich Langmuir

( 41

28



Freundlich RHA-Cu RHA-Cr n(

) K( ) RH-Cu RH-Cr( 4.2
RHA RH
4.1.2
RH RHA
2000 mg/I RH RHA ( 12 48
4.1.2.1 SEM
RH 2000 ppm Cu( ) Cr( ) 48
4.5 RH Cu( ) Cr( )
Cu( ) Cr( ) Cr( )
4.6 RHA Cul ) Cr( )

4.1.2.2 BC-NMR

47 RH Cu( )
48 RH Cr( )
4.9 RHA RHA-Cr-48
BC-NMR (spinning



side bands) 43 RH

Cu Cr ®BC-NMR RHA
(SN )
4.1.23FTIR
RH Cu( ) Cr( ) 4.10~4.11
Cu( ) -OH
Cr( ) Carbohydrates
RHA Cu( ) Cr( ) RHA Si-0O C-0
3100-3600cm™®  Si-OH -COOH
-COH 1703-1722 cm* -C=0 -C-OH 1050-1300 cm*
Si-O-Si 4.12~4.13 Cu( ) -OH
-OH Cr( )
4.1.2.4BET

neat RH RH-Cu RH-Cr
BET neat RHA  RHA-Cr-48 BET
(RHA 214nflg RHA-Cr-48 21.2nfl/g)
4.6  SEM morphology RHA 35%
Cr( ) BET



41.2.5

4 8%)
RHA

k (A1)

RH

Cr( )
RH

RHA
(900
RHA

Cr( )

XAS

4.14 ( panels) RH 12 48
Cu(OH),  Cu(NO,),

RH -OH 414 (

(CuO
panels)

CuO 24~35%

k-space k2 X (KK

4.15 XANES fitting

RHA cr( )

4.16) RH

Cr( )

RHA cr( )
RH RHA

cr( ) 12%

Cr( )

Cr( ) RH
Cr( )
Cr(OH); RHA RH
1) RHA RH
X (KK

( 417) 48 12

31



4.2

4.2.1 RH
neat RH RH
2 4,18
RH 300
RH-Cr 48.2% 1100 RH-Cu 18.7%
900~1100
4.2.2 RH XRD
44 RH RH
(XRD 419 4.21) RH
20 22°
SO, amorphous 1100
RH-Cu CuO Cu
CuO Cu
1100 SO,
RH-Cr 900
Cr,04 1100

32

300 1100

RH-Cu 45.7%

RH-Cr 18.2%

XRD
Si

(silicic acid)

300

SO, Cr0s



4.2.3 RH TCLP

RH TCLP
4.22 RH-Cu
silanol group(Si-OH)
1100 SO, XRD
Cu,0O Cu(
) Cu Merck
RH-Cr
silanol group 500
Cr( ) Cr,04(
) 1100 SO,
RH-Cu
(Cu 15mg/) RH-Cr (Cr 5mg/l)
RH-Cu RH-Cr
424 RH SEM/M apping
SEM RH-Cu RH-Cr
( 1000 ) Cu Cr mapping 4.23 ~4.24
RH-Cu RH-Cr 300 2

900



( ) mapping RH

TCLP
1100 RH
4.2.5 RH BET
900 1100 RH RH
BET 4.5 BET
RH RH
4.2.6 RH XAS
4.25 RH XANES x (K)K*fitting
500 Cu,O Cu XANES
X (K)K?fitting
Cu,0 ( 4.26) Cu,0
RH-Cr Cr(OH); Cr,04 CrOs;
fitti ng 4.27 500 CI’(OH)3 Cr,0O4
700 Cr,0, 500
XANES x (K)K*fitting
fitting 500 700



Cr( ) Cr( ) Cr( ) pre edgepeak

4.3
RH RHA
A B (©
4.6 A 129.3
mg/l B (226mgl)  (245mg/l) C (117.2
mgl)  (23.1mg/l)
RH RHA 12 (30 /min) 4.7
RH pH
RHA
( A 4.28) RHA



30000

25000 | 1 4000 (mg/1)
% B 2000 (mg/!)
% 20000 + ! 4 1000 (mg/l)
= : 500 (mg/I
& 15000 | X500 (mgh
g X 200 (mg/l)
S 10000 P —= . ® 100 (mg/)
g o 0 50 (mg/l)
< [ AA——a—— A * .
L0 L3 [0
0 m : Z —$
0 4 8 12 16 20 24 28 32 36 40 4 48 52 hrs
41RH Cu( ) (50-4000 mg/)
30000
25000 | ) 1 4000 (mg/!)
% r“"’_r_'(_ m 2000 (mg/l)
£ 20000 a 1000 (mg/1)
>
2 R 500 (Mgl
& 15000 * . 500 (mgl)
=1 X 200 (mg/l)
g_ 10000 ¢ ® 100 (mg/l)
-@ 0 50 (mg/l)
< N X >K \‘./
- - 2

24

hrs
28 32 36 40 4 48 52

42RHA Cu( )

(50-4000 mg/l)




50000

000 1 4000 (mg/l)
@ OT : m 2000 (mg/l)
g yostodl] 4 1000 (mg/l)
g 32888 I X 500 (mgl)
g 20000 | i X 200 (mg/l)
8 15000 rr""'/_'——’.k ® 100 (mg/l)
§ 10000 Lut—s—r . . — o 50 (gl
5000 3¢ «
0 @4
0 4 8 12 16 20 24 28 32 36 40 44 48 52 hrs
43RH Cr( ) (50-4000 mg/l)
50000 : —
45000 | /A//*/d*
1 4000 (mg/l)
= 40000 -
D 35000 - 2000 (mg/)
> 30000 F 4 1000 (mg/l)
= - —u= . n X500 (mg/l)
B 15000 hus v . . . ® 100 (mg/l)
'§ 10000 | 0 50 (mg/l)
5000
0 b—‘—b‘

h
0 4 8 12 16 20 24 28 3 36 4 4 48 52

4ARHA Cr( )  (50-4000 mgl)

37




4.1 Langmuir

sampl e R Q( mg/ kg)
R HC u Y=0.0328X+00098®98 10000
RHEuU Y=0.0002X+00090496 10000
RHCr Y=0. 1-053®XR020. 9909 *
RHAT Y=0. 06 X+ 0. 000.09181 9 12500

* cannot be calcul ated
4.2 Freundlich
sampl e R K n
RHCu Y=0.6@29R610. 946%.x00 1.51
RHEuU Y=0.32835X050.8663.xI0 3. 14
RHCr Y=1.2-%5342%8860. 9764.x30 0. 79
RHE T Y=1.2633%230. 9528.x20° 0. 81




9 <

RH-Cu-48 hrs

il AL
£

RH-Cr-48 hrs

4.5 RH

SEM

11217 mg CukgRH - -

Cu mapping of RH-Cu

- 19722mg CrikgRH

Cr mapping of RH-Cr

2000mg/l Cu( ) Cr( ) 48

(x 1000 ) mapping



RHA-Cu-48hrs Cu mapping of RHA-Cu

" 26108'mg Crikg RHA - ..

RHA-Cr-48hrs Cr mapping of RHA-Cr
4.6 RHA 2000mg/l Cu( ) Cr( ) 48

SEM (x 1000 ) mapping



RH-Cu-48

¥ l'—l""r"r' 11—7—11& ||||||||| ﬁ ---------- -_rTerTT

4.7 RH 2000 mg/l Cu( ) 48

BC.NMR

41



ﬂ RH-Cr-48

RH
.p_pr.rT..m lllllllll 1% lllllllll ,’m llllllllll é llllllll 6!!!!

48 RH 2000mgl Cr( ) 48

42



X X RHA-Cr-48
X
" RHA
!I'I | | .,
e A Lo T T
49 RHA 2000 mg/l Cr( ) BC-NMR
spinning side bands)



43 RH Cu Cr BC-NMR

peak area of various carbon-containing group

200-160 160-110 110-90 90-50 50-0
sample
Carbonylic Aromatic Polysaccharides Carbohydrates Aliphatic
RH 100 353.3 471.9 1957.4 191.3
RH-Cu-48 914 232.5 358.6 1454.2 80.5
RH-Cr-48 92.2 264.8 288.6 1072.7 99.3




1600-1650 aromatic —C=C vibration -C=0 stretch from H-bonded
conjugated ketones and -COO- asymmetric stretch

1400 -OH and —CO deformation from alcoholic and phenolic
phenolic-OH and —-COO- symmetric stretch

1200-1220 -CO stretch and -OH bending from -COOH

1020-1050 -CO stretch of poly-saccharides and Si-O stretch from

silicate impurities

3100-3600
-OH stretch
from -COOH 1722-1703 -C=0
—COH and Si-OH stretch from -COOH RH-Cu-48
2925 CH,

(aliphatic+ aromatic)

4000 3000 2000 1000
Wavenumber (cmt)

410 RH 2000mg/l Cu( ) 48

FTIR



1600-1650

1401

1200-1220
1020-1050

3100-3600
-OH stretch

from —COOH

—COH and Si-OH

(aliphatic+ aromatic)

aromatic —C=C vibration -C=0 stretch from H-bonded
conjugated ketones and —-COO- asymmetric stretch
-OH and —CO deformation from alcoholic and phenolic
phenolic-OH and —-COO- symmetric stretch

-CO stretch and —OH bending from -COOH

-CO stretch of poly-saccharides and Si-O stretch from
silicate impurities

1722-1703 -C=0
stretch from -COOH
2925 CH,

RH-Cr-48

RH

4000 3000 2000 1000

411 RH

FTIR

Wavenumber (cmt)

2000mg/l Cr( ) 48



Si-O-Si

RHA-Cu-48
3100-3600
925 OH bend
-OH stretch R
carboxylic acid
from -COOH 1722-1703 dimers
—COH and Si-OH -C=0, -C-OH
RH

4000 3000 2000 1000

Wavenumber (cmt)

412 RHA 2000mgl Cu( ) 48

FTIR

47



Si-O-Si

RHA-Cr-48
3100-3600
-OH stretch 925 OH bend
from —COOH 1722-1703 carboxylic acid
-C=0, -C-OH dimers

—COH and Si-OH

RH

4000 3000 2000 1000

Wavenumber (cmt)

413 RHA 2000mgl Cu( ) 48

FTIR



Normalized absorption (arbitrary unit)

14
T2 ﬁ RH-Cu-12nrs ':ﬁ-_ RiA-Cu-12nrs
p g v : \\o—’/‘
08 : '
06 : Cu[OH), 45% CulOH), 42%
04 Cuo % : CuO  35%
02 CulNO,), 47% H CulNO,1, 23%
(1) e e T gk TN MR Tl o 8 OF iy

[ T y T . N S . T ¥ T ¥ T
14 ”~
12 RH-Cu-48nrs s N PHACu-dGnn
10k £ R
o8 | E 3 1
06 F 3 CulOH), B2% ; CulOr), 571%
paE. # CuO 4% , CHOr. 2%
nz | 3 CuiNO,), 34% : Cu(NO,j, 25%
80 b e -
D2 et —t—| ' | .

Bo8 900 902 904 898 900 902 904
Photon energy (KeV)

#4114 RH foRHA /L 4 2000 mg/l Cu( 1 ;5% 12 % 48/ 8%
~ XANES fitting @] &



X (KK

154

10 RH-Cu-12nrs RHA-Cu-12nrs

05 A ih g

L E R EAY WV ! 1 AN
05:R: 5 W : ¥ ’

10 '—‘ ]

15 —t— —4—— ]

10 RH-Cu-48nrs RhA-Cu-48nrs

,ggb‘\mw N

15}

By

1

O

i8]
O =
-
L |
Pl
i
(5 1]
e ]
=
-
L)

K [i";
#4415 RH #vRHA 2 4 2000 mg/l Cu( 1 ;5 & 124 48/).8%
Z ¥ (kK f|tt|ng # %



Normalized absorption (arbitrary unit)

12k e RH-Cr-1205 ~__ RAACr12hrs
s 5 Ty 'i ey phaAEN

I | * = FrrvEs
08k H i
L CrlOH). 27% | CriOH), 48%

: - Cro3  38%

04t Cro3  32% fop r

L - £ g 16%

2 5 QOrg 41% - e
1) 2 - "‘v (L] ...:J'.
0.0 b il
14 p— —t—f—+— v ' - A P —
12 ’\nwzmsm f\iHA-Gr-nzﬁhm
1 Q — ; . '"_|J :- . ‘“'.r
esf e ; —
08 : CriOH), 31% g CriOH), B7%
oaf ; Cro3  12% Crol  16%
o2k Og, 5™ Org.  17%
00 b’ . ' J“ , : :
T T T - - ¥ - . . . -
598 B800 602 604 5598 600 BO2 B804 B06
Photon energy (KeV)

# 4 16 RH #aRHA i 4 2000 mg/l Cr(V) 5% 12 & 48[+ 8%
Z_ XANES fitting & %

51



X (K)K

4 17 RH #2RHA ;& 4 2000 mg/l Cr(VI)\&. R 12 & 48/-8F

?

L
= J

RHA-Cr-12hrs

AN

RHA-Cr-12nrs

o=t e e o
L RHA-Cr-48nrs RAA-Cr-48nhrs

& Il 4
¥ |

r. A
J NV

L]

=t
8 10

2

—_———— e e e
4« 85 B 10 1

K {l“']

z x (kK fitting & &
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100

90 | —i#— R H
—®—RH-Cr
80 —4&—RH-Cu

70
60

50

- _X'\
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45 RH RH BET mig
Temperatutre () RH RH-Cu RH-Cr
105 - - -
300 * * *
500 * * *
700 * * *
900 250 307 407
1100 71 174 346

-2 no cannot detectable
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4.6 pH
Metal / pH A plant B plant C plant
Cr (mg/l) 129.3 24.53 23.1
Cu (mg/l) 2.17 22.55 0.38
Ni (mg/l) 0.09 9.57 117.2
pH 3.0 2.07 3.04
47 RH RHA 12 pH
A plant B plant C plant Law
RH RHA RH RHA RH RHA
Cr 108.5 01 2376 11 20.13 0.01 2.0
Cu 121 022 2255 0.01 033 0.02 3.0
Ni 0.01 002 957 001 1041 001 1
pH 3.70 6.34 207 747 312 9.06 6-9
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