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P S AR (Aod® ) Bk X3 R F MST ##t2 H0, 5 B4
ER TR 2
VO B s e kT Rt AUk 22 W HO, 12 &4 MST
A2 @AeRlc oo FOREF BER -~ BRPHEZ /3R T8
W~ HyOo/MST X B3t e B0t Na/Ti % » $2 & MST 2 %142 A4
e s ¥R A 8 F 5 - L FTIR ~ XRD ~ BET -
TGA ~ SEM 4= ICP % » 7 fi2 H,0, 13 & MST sl enit 8 5 iy
Eai o AT A EEREkKE fﬁmz Mk F B B e &
Ho0p-MST i » 448 % A (dodf ~ &~ 47~ & - B & - 8
2 4L)E G Bk 2wt 4 B pH=T T AL E 2 HyO-MST # % &

FrE ek £ RS L FE > % 0.05g 7 HyO-MST =it
50mgL™ 2 43 5 £ i E £ % i 170.22mg/g -
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Abstract

This proposal applied titanium isopropoxide and sodium hydroxide
as raw materials, to produce monosodium titanate (MST), by a
deposition method. Furthermore, hydrogen peroxide (H,O,) was
utilized as a mineralizer to modify the as-prepared MST in order to
obtain materials with more finely dispersed. The sorption capabilities
(e.g., kinetics, selectivity, capacity) of the MST sorbent material
currently being used to treat actinide ions, such as Nd**, in acidic
solutions found significantly improved when treated with hydrogen

peroxide.

We utilized the experimental statistical method by Design Expert
software to deal with the preparatory conditions of the thermal
hydrolysis technique. The pyrolysis temperature, pH-value, drying,
molar ratio of H,O,/MST and molar ratio of Na/Ti were studied their
effects on the MST properties, and the optimal preparatory conditions
were obtained. However, the H,0O,-modified MST material was
characterized by FTIR, XRD, BET, TGA/DTA, SEM, and ICP, and
those mechanisms for the evolution of MST in the process will be
proposed and discussed in the context of the microstructures and
sorption capabilities. The nanometric-sized peroxide-modified MST
sorbent materials have significantly improved sorption capabilities for
lanthanide ions, such as Ce**, Co**, Eu*, Gd**, La>*, Nd*", Sm*®*, Sr*,
Y**. The initial concentration of lanthanide ions at 50mgL™ for 0.05g of
peroxide-modified MST. The research is exhibited the best performance,
in neutral solution. The maximum loading for lanthanide ions was

determined to be >170.22mg g™* for peroxide-modified MST.

Key words: monosodium titanate, deposition method, monosodium

titanate, actinide.
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2 E R[] e kA A e F 2 A IET R B Ao LR
ottty T NBAAL L AEEPEIGHOE ARILER T HE £
Bap i 4 2 73
- RRES
(C)REERBEAUE T B
1. B/ % #4c (Titanium(IV) Isopropoxide) :
35 Ti [(O-i(CsHr)a ) » &+ & 5 284.26 g/mole »
HR 5 98%  Fluka» GR % o
2. & % 1“4 (Sodium Hydroxide) :
%34 T NaOH » » + & % 40 g/mole » % & =96% >
SHOWA -
3. ®'p& (Nitric Acid) :
3 3 HNO;3 » 4~ + & 63.01 g/mole » % & 65% - p
AP el Btk g AL o
4. L g4 (Sodium Nitrite)
4+ 7% NaNO, » 4~ 3+ & 69.00 g/mole » * & 98.5% -
SHOWA -
5. i % i* Z (Hydrogen Peroxide) :
b F T HO0, 0 2 F # 134.01g/mole s B AR 135% o
HSE PURE CHEMICALS -
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1. #A'pa4d (Strontium Nitrate)
&+ 3% Sr(NO3),» #» + & 211.62 g/mole > Merk > 99%
2. #'Ba4s (Cobalt Nitrate)

4

& 3 3% Co(NO3), » 6H,0 » 4~ + & 290.93 g/mole -
Merk > 99%

3. A'pk4x (Neodymium Nitrate)
A+ 3% Nd(NOs); « 6H,0 > » + & 438.24 g/mole »
Merk > 99%

4. ' pa4; (Samarium Nitrate)
A+ 3% SM(NO;3); » 6H,O » » 3+ & 444.36 g/mole »
Merk > 99%

5. m'pi4s (Cesium Nitrate)
&+ 3% CsNO; » & + & 194.91 g/mole » Merk > 99%

6. A4 (Gadolinium Nitrate)
A+ 3% GA(NOs); « 6H,O0 > &~ + £ 451.25 g/mole »
Merk > 99%

7. A'pkde (Yttrium Nitrate)
&+ 3% Y(NO3)z » 6H,0 » 4 &+ & 382.91 g/mole >
Merk > 99%

8. #pe4d (Lanthanum Nitrate)
&+ 3% La(NO3); » 6H,0 » » + & 432.91 g/mole »
Merk > 99%

9. Ag%-k ¢

338 H,O o &~ 3§ 18g/mole > B =98%
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(-) # £ 2 # £ & ¥ & (Thermgravimetric
analysis/Differential thermal analysis, TGA/DTA) Ei % %2 355 ¢
TA ; SDT-Q600
MBEZRILPFRPE RSB A  EFER A EEH
T8 8P R MEEARY oA 2w 5 9 10~15mg >
Trd gAY o LTS Y 10 10 C/min e FE R T
800 C -
(=) &2 ERIHFPRLPH &K (Fourier Transform Infrared,
FTIR) B % #%L : Perkin Elmer ; Specterum one
Mg R REFRATETHEF T T2 F
ok o MIBTA R B KBr 24 Ak AR 2353 R EE
) # b R4+ 5-8 tonfem® i 2 TR A 0.1 ~ 0.4 mm 2 N
RIS A S
(2) X-k3st4s 7%k (X-ray Diffractometer ) g % 455 :
PANalytical ; X Pert PRO
* X-k ¥5+ % (XRD, PANalytical ; X Pert PRO ) » 12 4 ¥=
$HAM PR B R BRI A 47 0 o BRI AR A S
- fe & JCPDS (Joint Committee On Powder Diffraction Standard)
FoRE ek A AR A 2. @2 o j7 iy PANalytical ; X Pert PRO - X-ray
Diffractometer -
(=) # & & 474 17 &R (Energy Dispersive Spectrometer, EDS)
R 2 A% ¢ Philips ; XL-40
AE AR ] o B Y g X-Ray a0 B4 46
i d g AL PR Fla T LG i E e o



() BET £ & f 4 7 & (Brunauer-Emmett-Teller Specific

Surface Area Analyzer, BET) g 4% % 3| %L : Micromeritics ;
ASAP2101

BIEEELS R &G R TTK g §F ZESRG/ R o &F
Blarg * A =i 107 torr "% kR eJR 12 ) BE o LB TA T o
BET 2 RiE 4 ## o

=2~ RmRAER
AR SR A LA
(m)HMI BRkEESHPEBALRAZBE
1. w5 i * A (HNOs) ~ I A e 4h (NaNOy) ~ B 3 § 2 45 (Ti
(O-i(CsH7)a ) )22 & F 1t 40 (NaOH) #i % fie B 4 4% ik W e 5
;f;n °
2. HAHP06F LA BIANREER LM A 5100
mL a3 ® > 4r » B F o I F v WoEAr ¢ 3HF 0 d
R Ak R BB R R T AR
wFH R e
3. FTRPBPBEF AL2MLE Mt » BlEA R Y REE304 45T
A e M E AR E MRIEARE Y O e
FrIBER ~FFEF )@:pH(NaOH)T BEFLEFRE R o
4. FPIrIHSRBLRAZEEBEBHETI S G4 ~ Lo BF 2 B
BT FE -

- )i § i & (Hydrogen Peroxide) s 4F 4 45 B4 % 8l & &2 5
1. L) pFmsr B =~1s 0 se ~4mL (35 %) H,O3 452 pFrie 7
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Am A AFHRY Y VA TLRHEHIIET HEED
2 W Mtae B0 IR ARAMAR A B R e F Ao > L ERE A
PR T p R SR 4 R R { mRE Ao
BB 2 MSTegp xRk d 2 (7% % 1 & (hydrogen
peroxide)z. # w 12 &F o

2. & m AR S e gris o % Dl-waterifit ek 2 F A F B ¥
2 iEF P ERASRPHEY ST -

3. BEERENMARIE N TEFIE FE Wi JHO0,-MST

PR ok AILARACB] S T o

(2)R %®3
d TP E HOpMST B 2875 ¢ > 5 0 45337 71
(1) F AR F i pHEB) 50% > 4 HO-MST # % @ # ehg
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NaNO, @ TIPT

Stirring to clear solution

Mixing and stirriﬂ < @

Precipitation Method
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Suction filtration
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Fo— BB E HOrMST 8 k2 F e s o

Reaction temp.

PH®NaoH)

sample . Drying
i () (M)

R1 38 8.7 A
R2 60 8.7 A
R3 90 8.7 A
R4 130 8.7 A
cl 60 5.0 A
2 60 7.0 A
€3 60 8.7 A
c4 60 11-12 A
D1 60 8.7 A
D2 60 8.7 C
D3 60 8.7 v

Ao Bacd e Ckkack o V5% 40Cick -

(2 )snt b st

AR TR 2GR R KR AR = AT 0 M HyOp-MST w5t

8k & s op g 50 ppm 4Rk & F

ML M7 0 & R T B E I R 0 B

B Bl 4 o

50ppm 48 4 4 /5

B3 A 5 100 mL %2 250

|

H,0,-MST

Bl= ~ 85l ko



1 BRFRE L
-~ ExEEERCRHERSE (FTIR)

* e B ARiE T & &2 HyO,-MST st » deBle #777 o d
% oo & 3200~3400 cm™ 2 ¥ e o F k fg ke O-H ¥ 45dR
% (Stretching Vibration) 7 = » pt Zm E 4¢P 3 53 R F kA §E
5 1630 Ccm™ Mt F - BfciE 0 gt 5 H-O-H eh¥td 3rd 0 @ A
950 cm™ 12 T % Ti-O-Ti g o Vibration» iz &_Fl4h 45 B ok *
WIS KR A A BT B erA5 8 o & 400~800 cm™ FiT evR T
FORHRBFTI-ONES  LrhFHEMRBL R 3 B S 4 o

o
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- ~FTIRA ¥Rz Wie%#cs -

Exp. NaNO., TIPT pH/ H,O, Reaction Temp. Dry

no. ()] (mL) (NaOH) (mL) time (h) (C) powder °ET
C1l 0.6 2 6.98 4 2 60 A 263
C2 0.6 10 8.42 4 2 60 A 264
P1 0.6 10 11.12 4 16 A X

P2 0.6 10 8.56 4 16 A 184
H 0.6 10 11.98 14 2 60 V 27

D 0.6 20 8.49 8 2 60 \Y, 137

Aambient condition, Vvac dried at 40 C.

-~ #HERELAFHR (TGA)

FI* TGA jtra E4 2 pfi pir @ B4 2 hfiin o &
€A TR S e BB A 2 G S A fRerig 2 ehE §
HWEAHBER OB G o LAY s BB LR KRLBE
AR S BE sk A fR{r R G o d TR
e AR B E L AR RNSRY 0 AT F F 4 T HE A
B ¥ 10°C “7192 TGA# A~ 7Bl - o 4
Wy A2 HpEEBARY A 2T 400°CH - A EEHL
FAFHL 2224 LR AP R Gark oz a3IEF N gk
A > @R R B2 400 °C A A AR T 0 A £.< 600 °C
P bR A > A FEF L d AR
% H0, -0, ~HO, SE A pr o SiEF L d BAEZ SRR X
BB AP AR T RERE

NS

3N
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FRLET IR FTER CBAKMA N AR pH R TS
+2 HOrMST 5k H#E44 4 § 573 F » # £< 600 °C §] 4 4
L H0, ~ 07 ~HO e 454 Fd & 3 1% pH=5 > pH=11-12 >
pH=7 > @ pH=8.7 2. 600 °C & i ¥ “ 4 2 4F 4 o

100
MST

95 | ————— Hzoz'MST

20 |

85 |-

Weight (%)

80 |-

75 -

0 100 200 300 400 500 600 700 800
Temperature (DC)

BT ~F &iG4ciBF & 97 HO,MST 2 TGA A 47

95

90

85

Weight (%)

80

75

70

65 |-

100 200 300 400 500 600 700 800

Temperature (°C)

]%]7{ ~ A P\:"'le'-n- i+ *"‘p‘ff;’HgOg'MST’ TGA % ’H’ °
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= X-k Y6+ %A 5 (XRD)

3 F i B 718 HyO0-MST 4 % 22 XRD 4 45 » 4ol = #f7 o
§ XRD A 47 (@ arbgr 8 & 20=253 % & Ak A 4 > H 2 FTIR
BlgRR s ST i 3 TiFO 2 = § i 4v2 sesc A B4 iwd XRD

Bl 40 4 &R F 2 amorphous 4p 75 & ©

(D)
VoY
17,]
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S
=
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£ (B)
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=
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Bl= ~ 4 F BiER & 2T 95 @H,0,-MST2 XRDA 47
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17



E s VARG FAFEIES

HALgd BET v 4 o f&ﬁ%E%FA@Tﬁ@7F&%W
TR B T A SEE > oA RE AR By & BET
2o~ T B I BRI I o BN 2RI SRR
B RE A I B AR AR AT RS N2
Ho0,-MSTo#: & £ B ~ vt 1648 Rz g v S A B> T30 13] % 4m
R A R TLPE s AT 2§ M e BTy chat R LS 0 2 BT
R A B4 2 R AT N E R R0 TR IV 5 HAR BT
BRI AIBFRG > FFRBIGN R - R 2= L RF RE
B #718 2. Hy0,-MST#: % 2. BET 4 47 o

| mesoporas
d=30-300A

' starke Adsorption schwache Adsorptlon i
c> 20 1 l<«c< S -r

.y

mikropords
d<10A

Bl > 7 fe b i ag S ehfEig s L R
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4.0
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22~ 2 F R REATE2ZH0,-MST# 2. BETA 45 -

Properties SgET Pore volume Average pore
Samples (m?/g) (cm®/g) size(hm)

3R 132.3 0.09 X

60°C 249.1 0.10 15.6

90°C 172.2 0.09 20.6

130°C 105.8 0.07 217.2

o ~ 7 e pH#T 18 2 H,0,-MST# % 2. BETA 7 o

Properties SgeT Pore volume Average pore
Samples (m?/g) (cm®/g) size(hm)
5.0 0.9 0.01 584.2
7.0 3.8 0.02 191.3
8.7 249.1 0.10 15.6
11-12 3.4 0.003 88.8
3 ~ I T A7HE 2. H,0,-MST3# % 2. BET 4 47

Properties SeeT Pore volume Average pore
Samples (m?lg) (cm®/g) size(hm)
e 249.1 0.10 15.6
A ¢ 130.4 0.03 9.8
2 340°C 196.7 0.08 16.7
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=~ B MR T T BkE.(FE-SEM)
Bl-- 5% & pH=87> 3 T2k F RER T
H,O,-MST #: % 22 SEM £ 47 o Bg7 41 > § F BB R i 4e > sk h
RS s EREZ B SR R HEDR L Bl S F BRER
60°C » R Tic% 2 B F B pH T #7118 H,0,-MST # % 22 SEM
g oo d BIEET D0 e pH=b BRI R > A e 3 R 3R
A Fa ek id B2 AT AW AL BT
T *4@, 2 BET ' % w ff 4 47 &RV 3 > 8 R F 3L Average
pore size :¥ 584.2 nm - % ¥ NaOH 7 e g WAoo pH ¥ BIARE TR
e = (B)AE R S e U R nBIR R- A LFT
PH=7 B > 4hap T B R BB > B A7 d as 59 w2 (Tip0) K
ApI a4 om ﬂja“?f?%%f\% PR kAL RES B
FRLAROM YL o P SEE P AARB R TER &
BET '* #fiF - #* 7 JF Average pore size 5 191.3 nm > < tg"% 4 o 3
PH=11-12 :Edc F¥ > % xR % { 5 fcE ° BET &7+ 7 'k Average
pore size T "% i 88.8nm - F i 7§ 3+ 4BF o
Aol = 0T 0 T PR R E T AT R AR B AR
RGN o F REERETICRM o Jd B Z(A) Foa Dk xR BR
PG e > § B340 CicEr > d BI-=(B) 70 0 48
A S IRAPRR s s RAE S ) 2 RIS 0 B G & @
RO AL 9aldsmma+ @ b ficgiEzEr T d B+ = (C)
Boadlo o RIEPE A HE13nmME+ o REER K ) 2EF G353
FoRo REEOR %A L 0 Fdpd R 0% 2 Bk R R

) JF Ff%_ fggo
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NCHU S| 3.0kv  X100,000 WD 3.0mm ( S| 3.0kV  X100,000 WD 3.0mm 00nn

-

-

Blt - ~F i pH=8.7" 2 8 T iz > % b F BB B T #71% Hy0,-MST
¥ 4 2. SEM A 45 o
(A)z 8 5 (B)60°C 5 (C)90°C ; (D) 130 °C -
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NCHU Sb:80 GB-L  SE X Sbh:80 GB-L  SEI

B-+= ~FRBRERZO0TC » TRTIENAFF EpH T 7 1F
H,0,-MST # % 2. SEM 4 37 -
(A)pH=5 ; (B) pH=7 ; (C) pH=8.7 ; (D) pH=11-12 -
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cc.V Spot agn
100KV 2.0 100000x

TS P e

cc.V Spot Magn

0.0kV 1.0 100000x SE
7 B ol

el
S AccV  Spot Magn De
§10.0 kV 1.0 100000x SE

: e

“FRRER S 60TC

t WD Exp
98 1 FESEM990915

v & & pH=8.7 > % I 37

¥ % 2. SEM A 45 ) -

(A) § ®ic% ; (B)

Akisk 1 (C) B aw
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I~ & EFIAITR(EDS)

;lxp;szk;% o r BERE~FF pHNaoy® # FicE 354 d = &
BB HETHE 2 HO,-MST s R erfpdp+ 2 2 BB o HE* v £
FREETENZ XHR T AR ET L ED

PR ORE R pH 87_1»_13.—[36“}#&‘%1 zoz-MSTﬁ”;%%\\i
AN Z R AT Ao Bl e (2)47F o d BT Ao HyOp-MST b
FERFFBERTH B A M A FHRE G FWF RERARS

P iEE V3 ABRRPMFRBREFEELERL A EF F o0tk
I F?  RRBRYIRFHNAKEBL G 2 T ER
BRE brbrdg Lk ¢ o Flpt A EMGEI A3 HA DR &
H,Op-MST £ 6 cndp 7 E5EF F E R W 4o i 4 o § ’1““7 F a
FUAERPBRY pHES 22 k> 2 3% 27 F pH R
ERREEBFEHT FPHFER T EF & 2 BH A B e ()
5 3 F pHpaorn*t & R & 60 °C 38 T ik © ¥ 2. Hy0,-MST 4
mAMIF T ELIT ] BIF A AR F RIER G0CH » B3R %
BB RY A FEE B M BekB R d TGAK T I ¥ 12
534 i% i 2< 600 °C PFAp R FL & sadki3 iR F I PE R A 0 F
PR EF o g T EER
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8.63% 8.75%

5.42%

Na Atomic

0.78%

0.78%

60°C 90°c 130°C pH=5 pH=7 pH=8.7 pH=11-12

Blte ~72FFRERZEZ? FPHNaon T H E 2 H,0-MSTH % % 5

ST §

A BRSNS E TR RS F 6 E A 15 & (Inductively Coupled
Plasma — Atomic Emission Spectrometry, ICP-AES)

B+ 550ppm4g s £ BBHRFBRE IR F RER L

T HyO-MST #5 % 0.05 g 2 48 % & Bidin o 348+ 2 4%

PEEPER M R o d BT Faois BIEAR 130°C T v H

W e Hy0p-MST £ 5 {5 erdf i & B g chmavg 5 £ > 30 &

EPFRTRAE S L F BV £ D) 99.18mglg 0 F A 4 e g

PEFEREMR > PR DT AR & H F] HO,-MST

B+ 53k pH & 3T 2718 Hy0,-MST 4% % 0.059 2 4§
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SRR ORI R EET O GE o J BT D & pH=5
ﬂ%iﬂﬁﬁiﬁiﬁﬁgﬁ¥&wﬁﬁﬁﬂﬁ?
e A 4 o R FIE L H,0p-MST b % &% 7 127 T 3545
@ igarck o d Bl& o 0 pH=5~ pH=7 2 pH=11-12 z_ &+
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