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The Preparation of Magnetic Nano-photocatalysts and
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Abstract

Nanotechnology is the technology of using tremendously small nano-sized(10-9)
technology by reconfiguring atom or molecular nano-world in order to investigate and
practice the new achievement in industry. Its development focuses on the new
nano-sized material and its application for all kinds of fields. Therefore our
government during different policy making conferences pointed out that

nanotechnology is one of the major key directions for our manufacturing industry .

Experimental treatment efficiency by using photocatalyst-TiO, alone for dye
wastewater is guite impressive, especially for decolorization. Besides, the secondary
pollution by the application of TiO, can be eliminated.. But, the difficulty of solids

(TiO; ) and liquid (wastewater) separation problems exists and hard to solve.

Therefore this project will focus on the preparation of magnetic photo-catalysts
which can be recycled by magnic-field. In this research, iron oxides were used as

cores which will be coated by TiO; via the chemical co-precipitation process.

The magnetic Ni-Cu-Zn ferrite were produced by using ferric nitrate ~ nickel
nitrate and zinc nitrate via co-precipitation method. Then the annealed Ni-Cu-Zn
ferrite power is used as crystallization nuclei and Ti(SO4), solution and water is added
into this Ni-Cu-Zn ferrite power. Also,NH4OH solution is used to adjust the pH to
neutral and Ti(OH)4 gel forms. Before filtering, Ni-Cu-Zn ferrite power and Ti(OH)4
gel in the solution must be agitated and mixed completely. After filtering, the mixture
of Ni-Cu-Zn ferrite power and Ti(OH)4 gel is calcined at different temperatures. The
magnetic photocatalysts of Ni-Cu-Zn ferrite/ TiO, are produced and applied to the
treatment of textile wastewater. The separation of nano-photocatalysts and

wastewater will be investigated by the utilization of these magnetic photocatalysts.

Keywords : Magnetic TiO; catalysts ~ Chemical co-precipitation method ~
AOP(Advanced-oxidation-process)
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N _ ;C‘t N e
N N \
- 329
| N | —(s0sNa) g.52.5
= Y
—~ —

B A DA BA 2 BHER 2 Ay B

4-2 REBHIHE 2
AFHRFAT2ZPNEA S (a) 4 8ai 2k Ed (b)) By 1y
(C)4F 31 H ¥+t FBL # 1 Bx -k 2. % 22 % o

42-1 % - B 5wk & S M BB T ER
R g VTR AR AE R B RLAR (R  FRPRAR © ARFLAR R BRI 4K)

Tl G| & N AR A I BB 0 T R AR 4B 4200 HF BN AT
FR 1. 40T 58

2 Fe"(aq jt (1-%-y) Ni™aq) + X Cu gt ¥ Z"ag) + 8 OHag)

—> Ni(l_x_y)CuXZnyFezO4(S) +4 HZO

FR 2. 40T 38
2 Fe+2(aq) + (I-X-Y) Ni+2(aq) + X Cu+2(aq) + y Zl’l+2(aq) +6 OH-(aq) +1/2 Oz(g)

— Ni(l_x_y)CuxZnyFeZO4(S) +3 Hzo
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AL (Fr )84 A (R k) 4 A (R ) & A (4 i )46

#BEpH [«—NaOH

Bl 4-2A ey mb L E e

“TRLIT 2 B A SR T RS AT 550 CCEURIL S » 4e » AR A PVACR.Z s -

3

PVAL%020 7™ ) » $cE 24118 > 02 900 'C 2h*&Em WIELSH KM E & (F %42

BlcB 4-2B) » P e i HEE 2R T8 B " EF T F 5 E 5 E

L))

@'J o
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ST 40578 ]
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4-2B S8 F Bk s A

4-2-2 w2 9%
BT BT 2 AN E B 0 A~ B4R R {TI(SOu) 2 & kB R

{NH,OH} » 3238 & 2 ] pF » 258 & § i 4c {Ti(OH)s} " Tk 2 41 4F 4248 §
BAs2 393 R E R i S50 CHEET S Rl 22K 1 & 22 %3

= TiO, ° | ki A2 Bl 4e B 4-2C #771 o
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@ Ti(SO4)2 P

BIRe NH,OH

[ 4% % 500°C ~ 550°C ~ 600°C ~ 650°C ]

\ 4

XRD

4-2C BALEFH-TIO, WA

4-2-3 pafd kP utE f2 FBL %R -k R 5%

A B T f2 COD=100ppm 2. FBL %3 -k 2L # 0. 1912g 2. FBL
AA e r 2L 2 % dp3 k354 HEEH AAER T 5 COD=100ppm - 4 » 7 e )
B2 Bk (4 550°C) 0 1 X B R RS 8 B 3055123455+
6~ 7~ 8hr B~k A 47 » B~k 2 2 411 45um MFS &g s » 4 472 TOC 2 ADMI

B F I ALB 4B 4-2D T o
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$IF BFREHSB
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B2 - B 5 (OHz~IMHZ) # RIp » 2RI &P (TR T FfrR L) frdp iz
NS o

HBAFBBI L REARE ) 7 ERABAETT A4 S X2 HEF o
A 45 2 #icdy Table A-2-1 -

Table A-2-1 43.4F 43483 B 2. Rl 17 % o 47

Bl | Bl gtig | rrE | @y | dRo | U | Lip | e
(8 Dy(mm) | Dy(mm) | h(mm) | (g/em’) & ©r
Vg | 247 | 2020 10.80 3.08 3.50 0709 | 269 | 230.99
15k | 239 17.58 9.48 291 4.78
255 | 239 20.20 10.80 3.01 3.47 0.71 | 270 | 23421
255HE | 230 17.49 9.45 2.89 4.68
3B | 243 20.20 10.80 3.05 3.48 0.69 | 27.8 | 244.68
3G | 237 17.52 9.47 2.85 4.87

5-2 malt %42 XRD A 45 &7

X LYt ke & EHAMESRIZ HERTF2AF > 1 X L3
WERUEER > RETR T FAL AR ZENBE S FELMESFET 2R
(intensity ) 22 %65+ & B (20) 2_ Bl > A B K (Tor{F2 v & 3 Mot @ &
Ea FAARITR Lt Az VB B o AR TR Y X REMFEITIEZLT O

(1) #7514 (Cu)-

(2) T :30(mA)-

(3) Heid (%) TR 140 (kV)-o
(4) #H#H# A 2 (deg/min) »

(5) it d B (20):15~60 B 2 & o
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CAMIAL MUy

CAS Number.

Volume{CD} 1363
Dx 3893 Dm

Sys: Tetragonal

Lattice: Body-centered
S.G. 141/amd 141)

Cell Paramaters:

a 3785b c 9513
(3 B ¥

SS/FOM: F30=74{.0116,
IfMcor: 3.3

Rad

Lambda:

Fider

dip

Mineral Name:
Anstase syn

Tarsum Oxde
Molecula Weght: 79,94 Ref: Natl B Stand [U.S.) Momq. 25,7 .82(1969)
i
32 g
("8 L]
r J l l Wl i 4' . . ™ o

0 % 50 75 100 125 150 28
b mE hk 1|2 td hk || 2 Y
%281 100 101 |76020 4 301 |2 <@
3347 10 10380727 <2 00 8 |11388 2
37801 20 00 4 |82139 2 303 |14%0 2
|EM™ 10 11 2 |s2e62 6 22 4 |nsa3 4
1800 3B 200 |83149 4 21 2 12010 2
53891 20 105 |93221 2 217 @
s5062 20 21 1 |%ai82 4 305 123 2
62121 4 2113|8143 4 321 1310 2
6260 14 20 4 |®NS 2109138 <
68.762 6 116 |93804 2 20 8 |137.39 4
70311 6§ 220 |02 2 323 |143ss 2
74031 <2 10 7 |107.48 4 316 15003 3
7502 10 215 |[108% 4 400 |15263 2

B 5-2(a) 44c# (Anatase) X k45K (JCPDS 7 A )

79-24856  Qualhy C
CAS5 Mumber;

Molecular Weaght: 799
Volume]CDE 13627
Dy 3895 D
Sys: Tetiagonal
Laltize: B

S.G 1 Famd [141])
Cedl Pararrslais:

a 378 c 9.514
3 p T

&d

Iflcor: 496
Rad Cukal
Lambda: 1. 54060
Fiker

caleulslad
ICSD # &3
ireral Barmes:
Anstase syn

TiDZ

Titarmany Oxde

Fel: Calcudated fecen ICSD0 wssing POWT-124+, [1397)

Fef Howad, )., Sabine. TM., Dickson, F.. Acta Cipstalogr., Sec, B:

Stiuctursl Seience, 47 462 [1391)

i

Fixed St
Intensity

~
J I" | TR T ;ﬂ
0 15 20 45 &0 i 2
o it hk I| > 4 hk || 2 It
X307 91 01 | 7505 77 215
3%.951 59 1 0 3 |76.044 2 301
Inrae 185 0 0 4 | 861 1 2086
3570 70 11 2 (8073 3 008
48,043 243 2 0 0 |e21E7 5 30 3
51.965 1 20 2 |82ea2 | 224
53986 149 1 0 5 |83167 16 212
55 08 152 211
62.113 2% 213
&2 EES 1m0 20 4
62756 £ 1168
70.293 52 220
74,052 4 107
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B 5-2(b) 4457 (Anatase) X £ $E&F K] (JCPDS FHLE )

434K 848 ¥ 2ok XRD SE5tR] 0 (i JCPDS R Tl E v #1187 Ffe R &
X b %é—’f#&éﬁ«i AR A H B e E o 4oB] Fig A-1-5 5 42§ 1 TiO, chsd dr 4748 5
s (coating 1 ~ coating 2 ~ coating 3)2_ & |2k ff 4 XRD &4+ 8] - ‘538 JCPDS
I TR R (AR R B 550°C T BF > G 4Rdk P 4P (Anatase) $F el
Yebt & o LR A% IR 20=25 B T 0 4o 5-2(a) ~ 5-2(b) o 5 F 2 £ 550C
M pE s B4R P A2 £ = F 4P (Rutile) 0 4[] Fig A-1-6 ~ Fig A-1-11 > #7
TR B AR 550°C 2 B R TR T AR BOK R R Sk o

4@ Fig A-1-12 ~ Fig A-1-13

5-3 aHL Sk fH4-"F 32 4R Bk 2. TOC ~ ADMI 3§ &R £

] TR Mk i 4 crE| £ (coating 1~ coating 2 ~ coating 3) ' f3E AL
FBL(;E & COD=100ppm)- # FigA-1-1 £ FigA-1-2 ¥ # & coating | £ % B i »
_FigA-1-3 ¥ FigA-1-4 # —fg Ao 2 2 E_TOC =3 #c s B & ADMI &3§ ﬁx’ﬁ Ak
T3 100% o F eiE 3] PEES 0 MR R AORACKAR AR Uk i o 7 ek 1 4N

WAL ERR G F R E 0 Rk o

Lo fr v 8w A aaaadimki- Rt 2285l 2
¥ XRD ¥4+ F).5 JCPDS B FH B - 4415 » 2 X P SHEd g H 6 e o

2. £ R BB AR A KLY §%Y 0 0F i 3L F g
£ 7 TOC ~ ADMI 2 3% #ic's 48T 100% » »c % A ¥ -

3. MR RAA AR B v 3 d xR H o TR FE

B K 2 B R
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4. 0 M AR RIDBEAL LG 2 WE > R E R A 2 B4 B
WG - HEFEHZEZE -

’J_ -2
PO §

BE#HEF E T“?I?i'{ -ﬁ-‘}km:fﬁ nhgj;]]ﬁv 0 % RS T P s R
ﬁﬂ%%’“‘i‘ﬁmﬁ)’?‘@lﬁ FE-BREL R Z2ART RAEZ LS
BT d R e
RHFIHA LT - &k m'\*%%*’#&% GRS EREL
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BARE R AR R H% FHEA M2 ER T HRA PP R
LR IT 2 FE SRR S A R
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s ¥ oo

K

C'“
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Hek-A-1 R Bk iy B
(1)d 4 4 S4BT 2 4B F RS 11 T 394 NO; ©

() F i 4 b 848 T L 2 4B T B 12T 394 SO, -
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90 // - o2
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= NO ting 1
1] m—
20| , coa fng
. —e—NO, coating 2
10 ;
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Time (hr)

Fig A-1-1 ¥ % gk ff @ & ( NOs coating 1 ~ coating 2 ~ coating 3)*% f2 & #

M 44 (FBL & & COD=100ppm) 2. TOC 2 'ﬁ KPR 2 B TAE o
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Fig A-1-2 ¥ % g3 % f§ @ & (SO, coating 1 ~ coating 2 ~ coating 3)"% f# & £+
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Fig A-1-6
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Fig A-1-5 NO; ~» SO4 % 550°C  XRD s 4
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HHR-A-2 R kB

Table A-2-1 &4 &8 ¥ B 2 [E4l 17 2 {45

Bl | BrBE W 9bE [ i W oo | GUSEE | Ll | sk
(2 Dy(mm) | Dy(mm) | h(mm) | (g/em’) E fr

VG | 2.47g 20.20 10.80 3.08 3.50 0.709 | 269 | 230.99
1556 | 2.39 17.58 9.48 2.91 4.78
2G| 2.39 20.20 10.80 3.01 3.47 0.71 27.0 | 23421
2%EE | 2.30 17.49 9.45 2.89 4.68
3B | 2.43 20.20 10.80 3.05 3.48 0.69 | 27.8 | 244.68
3BEHE | 237 17.52 9.47 2.85 4.87

Table A-2-2 #32

: FBL (COD : 100ppm)

T ok B o 0.6746mw/cm’

BRI E D 3g/L KRR SR BRMEH 2L FEPER 8 ) pF
TOC ADMI
e 2%F (%) Bie %5 (%)
e 29.682 - 7400 -
30min 6.524 79.02 164 97.78
lhr 3.706 87.51 16 99.78
2hr 1.482 95 15 99.79
3hr 1.091 96.32 15 99.79
4hr 0.94 96.83 13 99.82
Shr 0.97 96.73 13 99.82
6hr 0.993 96.65 12 99.83
Thr 0.926 96.88 13 99.82
8hr 0.795 97.32 13 99.82
NOjs-coating 1-—————- (A L &raB § A4 R A BER)
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Table A-2-3 % #L : FBL (COD : 100ppm ) T 3ok B 0.3906mw/cm?

Bk a R 3g/L kiR Bk B2l FRER 8|
TOC ADMI
wiE 2% F (%) Bicie %5 (%)
g 30.12 — 7500 —
30min 9.609 68.09 1400 81.33
lhr 6.733 77.64 325 95.66
2hr 3.156 89.52 73 99.02
3hr 2.98 90.1 19 99.74
4hr 2.18 92.76 12 99.84
Shr 1.703 94.34 15 99.8
6hr 1.786 94.08 14 99.81
7hr 1.447 95.19 10 99.86
8hr 1.457 95.16 11 99.85
NOs-coating 2-—————- (AR &4 F A R & A FER)

Table A-2-4 % #% : FBL (COD : 100ppm ) Tyakas A L 0.6705mw/em’

B LR ERE 1 3g/L kiR L % kA - 2L F PR 18 ) pF
TOC ADMI
Wi 245 (%) &E [247F (%)
EERs 29.96 - 7450 -

30min 9.861 67.08 1850 75.16
1hr 5.704 80.96 92 98.76
2hr 4718 84.25 17 99.77
3hr 4.249 85.81 12 99.83
4hr 3.222 89.24 11 99.85
Shr 3.751 87.47 14 99.81
6hr 3.622 87.91 14 99.81
Thr 3.01 89.95 12 99.83
8hr 3.138 89.52 13 99.82

NOs-coating 3

——————— (PR Fe b b B0 % A= 4o BRI @ @R
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Table A-2-5 % #L : FBL (COD : 100ppm ) T 3ok B 0.3906mw/cm?

B o 3g/L kiR cHX R 2L FRER 8
TOC ADMI
e 2% F (%) g %5 (%)
R 31.02 — 7600 -
30min 5.184 86.06 84 98.89
lhr 4.581 88.07 26 99.65
2hr 3.282 92.39 26 99.65
3hr 3.103 92.99 21 99.72
4hr 2.257 95.81 20 99.73
Shr 1.799 97.33 21 99.72
6hr 1.843 97.19 23 99.69
Thr 1.512 98.29 21 99.72
8hr 1.454 98.48 16 99.78
SOs-coating 1-—————- (MR ddr SR 4B % Ade RO W & B

Table A-2-6 % #L : FBL (COD : 100ppm ) Tyaksp B ot 0.3906mw/cm’

ARl £ ¢ 3g/L S A % kA - 2L F PR 18 ) pF
TOC ADMI
Wi [2uF (%) %E  [2%F (%)
CE¥ 30.333 - 7700 -

30min 6.022 80.14 41 99.46
Ihr 5273 82.61 12 99.84
2hr 3.984 86.86 13 99.83
3hr 2.127 92.98 12 99.84
4hr 2238 92.62 12 99.84
Shr 2.085 93.12 14 99.81
6hr 1.674 94.48 14 99.81
7hr 1.999 93.4 10 99.87
8hr 1.462 95.18 13 99.83

SO4-coating 2

——————— (rLpR 4 4 R0 F Ak RS ELE @ R

31




Table A-2-7 % #L : FBL (COD : 100ppm ) Tiak g A 0.6705mw/em’
B RRERE C3g/L KRR B 2L FORRER I8 B

TOC ADMI
w=E 2% F (%) Bicie %5 (%)
g 31.02 — 7600 —
30min 5.184 86.06 84 98.89
lhr 4.581 88.07 26 99.65
2hr 3.282 92.39 26 99.65
3hr 3.103 92.99 21 99.72
4hr 2.257 95.81 20 99.73
Shr 1.799 97.33 21 99.72
6hr 1.843 97.19 23 99.69
7hr 1.512 98.29 21 99.72
8hr 1.454 98.48 16 99.78
SOs-coating 3-—————- (MR ddr SR 4B % Ade RO W & B
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