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1. (Mixing devices, 302 rpm) TY PE 34R4BFCI-5R, Associated Design,
Chicago, USA.
2. N4440, WEST Co., UK
max. temperature 1450 °C.
3. (Aging Oven) CON-580, YOUNG CHENN Taiwan, max.
temperature 220°C.
4. (Balance) (a) AY 220, SHIMADZU, Japan 10
(b) SNUG-300, JADEVER Taiwan
10"
5. pH (pH meter) pH/MV/TEMP. METER SP-701, SUNTEX, Taipei,
Taiwan.
6. (Centrifuge \-70, Table-Top RS4 Swing R max. speed 5,000 rpm,

KUBOTA, Tokyo, Japar

7. Associated Design and MFG Co., Virginia, USA.
8. MDS-2000, CEM Co., Matthews, North Carolina, USA.
0. (Flame Atomic Absorption Spectrophotometer, FAAS)

Z-6100, HITACHI, .
10. dy Coupled Plasma
-Atomic Emission Spectrometer, ICP-AES) Kontron, S-3, Germany
Jarrell-Ash, ICAP 9000, USA.
11. (lon Chromatography) DX-100, Dionex, Caifornia, USA.

12. (Elemental Anayzer) Heraeus CHN-O-S-Rapid Analyzer,



Germany; Elementar Vario EL 111, Elementar Analysensyteme GmbH Co., Hanau,
Germany.
13. (BET Surface Analyzer) COULTER, SA3100, Florida, USA.
14. X (X-Ray Powder Diffractometer, XRPD) D8 ADVANCE,
BRUKER AXS, Germany.
15. X (X-ray Fluorescence Spectrometer, XRF) XEPOS, SPECTRO,
Germany.
16. (Multi-Function Scanning Electron Microscope,
M-SEM) JXA-840, JEOL, Japan.
17. (Fourier Transform Infrared Spectrometer, FT-IR)
BIO-RAD MODEL FTS-3000, USA.
18. (Solid State Nuclear Magnetic Resonance Spectrometer,
NMR) DSX400WB, BRUKER, Germany.
19. X (X-ray Absorption Spectroscopy, XAS) Wiggler C (BL-17C),

National Synchrotron Radiation Research Center, Hsinchu, Taiwan.
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1 (NiSO, 7H,0) Merck, GR. Germany.

2. (Ni(OH),) Merck, GR. grade, Germany.

3. (NiO) GR. grade, ACROS ORGANICS, New Jersey, USA.
4, (Ni) 99 %, GR. grade, Merck, Germany.

5. (HNO3) 69 %, GR. grade, Merck, Germany.

6. (HCl) 37 %, GR. grade, Riedel-de Haén, Germany.

7. (CH3COOH) 99.8 %, GR. grade, Merck, Germany.

8. (NaOH) 1.0N, GR. grade, Riedel-de Haén, Germany.

0. (HF) 48 %, GR. grade, Riedel-de Haén, Germany.



10. (H202) 30 %, GR. grade, Merck, Germany.
11. SRM 2709 (San Joaguin Soil Baseline Trace Element
Concentrations) NIST, Maryland, USA.
12. (Nickel Standard Solution) 1000 mg Ni?*/ L, Merck, Germany.
13. (8) AshlessCircles 42, 90mm® , Whatman Co., England.

(b) Advantec glass fiber filter GF 75, 142mmd® , Toyo Roshi Kaisha Let.,

Japan.
3.2
1 (rice husk RH)
50 mes (< 297um) 105+5°C 2 1L PE
2. (ricehusk ash RHA) 25cm( )x17cm( )
x10cm () 900°C 1 50 mesh
1L PE
3.3
2 Fig. 3.1
RH Fig.32 33
331
50 100 500 1000 2000mg/L  Ni(Il)
50 100 500 1000 1766 mg/L ( 1766 mg/L
100 500 1000 mg/L ) 100 mL
Ni (1) 5gRH RHA 100 mL
PE 05 1 2 4 8 12 24 36
48 (FASS)

(Langmuir  Freundlich



) 180

SEM 2BC-NMR FT-IR XAS

3.3.2
RH
NiSO, Ni(11)
RH Ni(11)
Ni(Il) (40000 mg/L NiSO, 1.5L
) (15L  Ni: 1766 mg/L )  0.5kg
RH 2L (HDPE)
48 ( 30 rev/min) 1055 °C 3
50c.c. 500 900 1100°C
2 (
)
34
3.3
34.1 (residue weight)
RH  residue weight RH (Wa)
(W2) (300~1100°C)
2 (Ws)
residue weight

residue weight (%) = (W3-W1)/(W2-W1)* 100



3.4.2 (BET)

out gas (
out gas 105°C 3 )
out gas
(BET)
343C H N S O (EA)
CO,
H,O N, SO, CO (TCD) C H N
S O C HNSDZO
344 pH
pH
1 30 5 ( 200 rpm) pH meter
pH
345 (Toxicity Characteristic Leaching Procedure, TCLP)
Ni(I1) USEPA SW-846
Method 1311 (TCLP)
59 250 mL 96.5 mL
5 pH pH 5 A(pH  4.93+0.05) pH
5 35mL 10N HCI 50°C 10
pH pH 5 A pH 5 B(pH 2.88+
0.05) A B CH3COOH+NaOH CH3;COOH
20 Ni RH
1842 ( 30 rev/min)



(FASS) A

3.4.6
Ni USEPA SW-846 Method 3052 (Microwave Assisted
Acid Digestion of Siliceous and Organically Based Matrices)

RH gsmL  +3mL (HF)+1 mL

(FAAS)
(SRM) SRM 2709

93 + 4% (n=2)

3.4.7 (SEM)
M-SEM ( )
Ni(11) RH
15 mm 6 mm
SEM
(~10™ torr) (1~30 keV)
5~50 nm
3.4.8X (XRF)
X
3.4.9 X (XRPD)
X 3



JCPDS (joint committee on powder diffraction

standards)
(Bragg angle) ( )
(Cu Ka ) 40 kv 30mA
(26 ) 5-80 0.05°/sec
3.4.10 (FT-IR)
FT-IR ATR ( )
4000~650cm™ scan 64 resolution 4 cm™
3.4.11 2c- (**C SSNMR)
E
BC-NMR
3.4.12 X (XAS)
XAS X (X-ray Adsorption Near Edge Structure,
XANES) X (Extended X-ray Absorption Fine Structure,

3-7



EXAFS) XANES d-

EXAFS (Fourier Transform, FT)
XAS Wiggler C (BL-17C)
1.5 GeV 120-200 mA 4-15 keV
8.333 keV WinXas2.0 Feff 7.0

XANES EXAFS

3.4.13 QA/QC

Merck (1000 mg/L)

(05 10 20 25 4.0 mglL) (y X )

5 (R)
0.995 20
80~120 %

(FAAS) (Method Detection Limit,
MDL) (

1 3 12 12 (9 3s
(y absorbance) (m) (MDL = 3s/ m) (x
mg/L) MDL MDL  0.05mg Ni%/L



Heating at 900°C for 1h

Rice husk
(RH)

Rice husk ash
(RHA)

V

Drying at 105°C for 3 days, then measured
with SEM, ®*C-NMR, FT-IR

End-to-end mixing of 5 g RH or RHA with 100 mL 50, 100, 500, 1000, 2000

mg/L Ni (I1) solution or nickel-containing plating wastewater at 30 rev/min for

Separating solid and liquid phases

Solid phase % % Liquid phase

Drying at room temperature Measuring Ni concentration

Calculation of amount of Ni
sorbed on RH or RHA

Modeling sorption data with
Langmuir and Freundlich

05,1,2,4,8,12,24,36,48h

Measurement  of SEM

BC-.NMR FT-IRand XAS

adsorption isotherms

Fig. 3.1. Experimental flowchart of nickel sorption using RH and RHA from NiSO.

aqueous solution or nickel-containing plating wastewater.
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End-to-end mixing of 250 g RH with 40000
mg/L NiSOy solution (in 1.5 L de-ionized
water) at 30 rev/min for 2 days

Separation of solid and liquid phases

, [
Solidphase  _J I i E Liquid phase
Drying at 105°C for 3 days . . .
Measuring Ni concentration

Calculating the amount of Ni
sorbed on RH

Thermal treatment at 500, 900,
1100°Cfor 2 h

Recording data residue weight, nickel

content in ash, nickel TCLP, BET surface

area, solid pH, SEM, XRD, FT-IR, and

XAS

Fig. 3.2. Experimental flowchart for thermal treatment of nickel-containing RH samples

that have sorbed Ni(I1) from Ni§Qg agueous solution.



End-to-end mixing of 250 g RH with 1766
mg/L plating wastewater (in 15 L
wastewater ) at 30 rev/min for 2 days

Separation of solid and liquid phases

: [

Solid phase \Jv é E Liquid phase

ittt
Measuring Ni concentration

Calculating the amount of Ni
sorbed on RH

Thermal treatment at 500, 900,
1100°Cfor 2 h

Recording data residue weight, nickel

TCLP, BET surface area, solid pH, SEM,

XRD, FT-IR, and XAS

Fig. 3.3. Experiment flowchart for thermal treatment of Ni(Il)-containing RH samples

that have sorbed Ni(I1) from nickel,plating wastewater.



