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Abstract

The ion-exchange resin (IER) is commonly used in nuclear power
plant to purify the cooling water and remove radioactive elements.
Cementation was a conventional process to treat the spent resins in
Taiwan. But the swelling of resins by ion-exchanging with calcium ions
in the concrete destroyed the container after a long-term storage.
Therefore, it is urgent to develop proper techniques to treat spent IER.

This study combined fluidized bed reactor and Fenton process to treat
ion-exchange resins. Experimental results demonstrated that the process
was effective in decomposing cation IERs: under conditions of 50 wt%
H,0, dosage = 1.0 mL/min (25 min), water bath temperature = 75 °C,
FeSO, (ag) volume = 400 mL (10 mM), H,SO,4 conc. = 0.1 M, upflow
rate = 48 cm/min, the removal ratio could attain 91 % in 1 hour when an
initial loading of 117.6 g/L cation IERs was used. However, this process
could not enhance the loading and had no effect on treating anion IERs.
However, there is still room for improvement in this study. Problems
such as poor anion exchange resin treatment may be accompanied by
cation and anion IERs separation techniques. And it is recommended to
use protective measures for the hazardous gases such as CO, H.S. In

this way could make the process more perfect.
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(= ) Fenton An B P adZ g+ 2 A%

—
—

Fenton #j:/{h‘ﬂ»\rg ‘&»3& v HpTFen— 7}@ s er«ﬁ CeE- &

#i(Advanced Oxidation Processes, AOPs)p i &+ 1 & 2

4z d A (hydroxyl radical » HO )srftjis» & § p

ey

0
K2 § s 280V =04 (F)ess § 14 A 4o

.

2-6 #7o1 [40-43] - p+ % 5 1894 & Z W & 7 Fenton ¥ A B i
E,ﬁ}»ﬁ’; P B IR N IPABRBRE T T 4o ip i E a2 % (44
St PO H,0, 8 & 34 b 5 Fenton 34 > e 3 o™ okt

#p s HEE 7 1960 £ A AR L33k

126 L5 A2 F BNEEET LB R T -[40-43]

EO
Oxidant Equation | Reduction reaction
(Volts)
(2-9) Fag + 2H* +2¢- — 2HF 3.05
Fluorine (F2)
(2-10) Fo) t26° — 2F 2.87
Hydroxyl radical (HO ) | (2-11) HO e+ H" + e — H,0 2.80
Sulfate radical (SOs79) | (2-12) SOy ¢+ € — SO~ 2.60
Chlorine radical (Cle) (2-13) Cle+e —CI' 2.41
Dichlorine  anion
(Clye) (2-14) Clye+e — 2CI 2.09
radical
Ozone (03) (2-15) Os(q) + 2H" +2e" — O, + H,0 2.07
(S208*
Persulfate anion (2-16) S;,08> +2 € — 2S04* 2.01
)
Hydrogen peroxide | (H202) | (2-17) H20; + 2H* + 2e — 2H,0 1.76
MnOs + 4H" + 30 —» MnO; +
(2-18) 1.67
Permanganate (MnOy) 4H,0

(2-19) MnOs + 8H* + 56" — Mn?* + 4H,0 | 1.51

21



(2-20) HO, » + 3H* + 3¢" — 2H,0 1.65
Hydrogenperoxyl | (HO; )
(2-21) HO, ¢ + H" + e — H,0» 1.44

Hypochlorous acid | (HOCI) | (2-22) HOCI + 2H* + 2" — Cl; + 2H,0 1.60

(2-23) Claag + 26" — 2CI° 1.39
Chlorine (Cly)

(2-24) Clyg + 26" — 2CI 1.36

(2-25) O2(aq) + 4H* +4e” — 2H,0 1.27
Oxygen (02)

(2-26) Oy + 4H* +4e — 2H,0 1.23

Manganese dioxide | (MnO.) | (2-27) MnO; + 4H* + 2e- — Mn?* + 2H,0 | 1.23

Fenton @& ¥ se B4 2. K BV 2 H @ X ¥ #cdcd 2-7

AroE o0 39 (2-28) % - At k& ¢ Fenton & B enk BN 0 3N

v

(2-29) 5 = B2 iEF v & 4 & FeOOH* e f=5¢ » 5\
(2-30) T (2-34)d > $ B4 dF fi s ez B AR R S T AR
G F]pt ¥ 2 B4 Fenton & R 3EHE 75 A 1B AP §F 0 58 (2-35)
3 (2-39)R] 5 #r+4] Fenton & Redp B & B3N o EX B Fenton

F R LB AN R kT A iEr 2 T e

% 2-T Fenton ¥ it 2. & Jigfrd i & ¥ & 2 T §=¥ #[40]
Equation Reaction k (M-1s1)/equilibrium constant (K)
Fe** + H0, — Fe¥* + OH +
(2-28) ki =63
HO-
(2-29) | Fe**+ H,0; <> H* + FeOOH?* Ki=3.1x 103
H* + FeOOH* — H* + Fe*" +
(2-30) ko =2.7x 1073
HO;
(2-31) | Fe**+HOz » — Fe?" + O, + H* ks =2 x 103
(2-32) | Fe** +0z+ — Fe?* + 02 ke=5x 10’
(2-33) | HOe + H202 — H20 + HO, » ks = 2.7x 10’
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(2-34) | HOz+ <> Oz +H* K = 6.3x 10
(2-35) | HO2 ¢+ HO2 « — H20, + O2 ke = 8.3 x 10°
(2-36) | HOz ¢ + Oz¢ + H*— H202 + O3 k7 =7.1x 10°
(2-37) | Fe** + HO* — Fe*" + OH- ks = 3.2 x 108
Fe?* + HO; «+ H'— Fe** +
(2-38) ko = 1.2x 10°
H20>
Fe* + Oy « + 2H'— Fe®* +
(2-39) ko = 1.0 x 107
H20>
“,f TN IR T S LY R AR 5 0 Fenton F O 2
b F b wour B PRt iEy t 3 A4 53 pd
& fLz & Fenton-like &> — S % & b+ AAF 3T
HE B 4r38(2-40) % (2-41)#757 [44] :
Cu?* + H202 — Cu* + HOpe + H* k=46x102 (Mlst) | (2-40)
Cu* + H202 — Cu?* + HO» + OH- k=10x10* (Mlsl) | (2-41)

£ K F] Fenton 4p B FiradB i+ 2 R 2 AP
v;gk’ hipit 2 )gkc‘ #r % e Fenton Hke s § o 1A B A
EFEORFI/RNFER BRI BC v EF 1§ 4o
A UHF o RF BRI 09T iz- Wb g H
R BFAIENL RO AR e BRI F BES
65°C T 2. »c% 7 B F[5] > ¥ L2 Fenton ; % AJT 3t
+ AR RBREC e 2w BT > F R € T

Ty
B
3

‘Er

L E ARE S (U A R R A @ ERIE AR T o WU B X 1Y

Y
*

FeSO, 2 CuSO4 & 50 MM 2 /R & i 4-tit 53 it 3 & B4
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*d Fpd o A97-102CTEFHEIT T RBP4
AP 5 TOC 4 %7 502 fPq 2 %5 5 >09 Do 0 Iad+ 24k
H75 B 2t 37 MM CuSO, f 411 » 2 & % 3mM Az ik 4
“ﬁf%f-;’am%k iEiE T > 3 TOC 2 K,ért x>85 %ft g ",f
F >99 %enr % [45] - Zahorodna & A P 3% 1 2 B v Gj4%
B ARG PR AES L A 2 TR R R o AP 2R <
|V R AR 5o v L EE[46] -

d ** Fenton ¥ & 3 & v Atz 2 T (pH=2~4)>
TRI-LARES2= B4 g2 a3 MHBSAN
Bk QL PEA T A fI3Nie (7 Fenton £ 0 e pER g A 2 E
EMER[AT] o 2 TG € T P fRiE
P AL IRz P B AS 0 HE
2% Q4 fed [48] 0 & Fenton % § ¥ § ek ~ A4
BA KB F el FEB Ay LS o

photo-Fenton 2 — 12 % b sk &% % B & gea¥ Fenton
F 4t (2-42)% (2-43) > H 1 & E5iF= Wz kit F4
fhoo M-z Wz e R RS - RS e A &
WE AR AL ZF P I KAV (2-44) % (2-45) [49]

[Fe(HO)(H20)s]2" + H20 + hv — [Fe(HO)(H20)s]"* + HO « + H* (2-42)
[Fe(HO)(HOO)(H20)4] * + H20 + hv — [Fe(HO)(H20)s]" + HO * (2-43)
[Fe(HO)(H20)s] * + H202 «> [Fe(HO)(H202)(H20)4]* + H20 (2-44)
[Fe(HO)(H202)(H20)4]*+ H20 «> [Fe(HO)(H20)s] 2 + HO » + HO" (2-45)

Zahorodna % A #% &) F IR kA F R R 4 S X
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B > P imE % SLF LR fR(BPR R ERAR)A B 4 AR o
2 4p Fe ik 2 2. Fenton & &+ #& > photo-Fenton & i & ¥ fé
4o F] 5 R RS 4B & 4o 38 (2-46) & 20 MM
FeSOs ff 452 UV kit = » 3+ 45 & 48 % = 273 fA My
FRpail A 2 2 Box BEM R AR R e £ 0 A 2 X2 KR

ERDBEMES T TEER Y E o AR RKRTE A
(desulfonation) 5 1 & * J4r @ 2-6 - 55+ #rit > d 3%
photo-Fenton + 3 4c fE4Lk & » @ F faid FH 4 ¥ BRI M
29 RR M AR BB T 210 AR R 2 F T A R
[49] -

2 [Fe(C204)s]*+ hv <> 2 Fe 2" + 5 (C,04),2 + 2 CO,  (2-46)

R _ R _ R
[T e ST L e
038 0,8 o

HO

R HO R R
/©/ +HO — D/ —- ©/ + 803 + HO'
0,8 038 '

B2-7 &5 0 J RoH AT 2 pg 2 £ R[49]

Sono-Fenton j# 3 FZ AR HRAIGHA L TR (B
B 3% % 08 5000K » % /& 50 MPa) » @& -k4via ¥ &2 4 B3 F
B2 * %X B HO O efr HOO% % /&1 chp o A |4rst
(2-47) > & Fenton F @ 2 2l > Big 2 =+ &
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IR S SR S KR S SR S
Fenton ;2 *F 4 C0-60 45 &4i/h 2 K4 1 g 4+ 2 3
Ba o THILEE BT 0 25 [ BET % 23 IR 0 6] B
= 2>+ [50] -

Ultrazound

H,0 HO « + H (2-47)

v

Electro-Fenton ;2 — 4k 4 5 = ~ 2f o % — sg Lg% £k
4L (¥4 4% > 4o carbon-polytetra-fluoroethylene(PTFE) » H
RILEHEE N J0Y L §F A8 F 0 5d RfEA LA BR
+ERR R F 0 A2 EF a0 e 2 TS R
FRO-GEFTHEBIEY PPEFLEBEFLDRE 2/
A2 a5 pd A5t Fy 5o BT A BT 54 (2-48)
v (2-49) [51] - # B ot > Bk
T kiR EHD R oo

=

4

—T

D

|

B ok s =
EI N DI & i - ST -

1% 4% (Pt or PhO,) : H20 — HOs + H* + ¢° (2-48)

& (PTFEOr % &) : O2+2 H" +2 " — H202 (2-49)

FoA A RPEBRY C AL TS o L 2
iRy 22423 4 b2 53 VT RFE R
[52,53] » fe gtz v 4 1 B 5k PR 4L > F 40T

15 t&(Fe) : Fe— Fe?" + 2¢° E°=-044V (2-50)

st O2+2 H +2 ¢ — H20» E°=0.44V (2-51)
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N
~

i

BRI G mR R RERY 2 22 2 R

F >

\m
1:‘4

ﬁ@ﬁ&@%»@&ﬂﬁiﬁiﬂiﬁﬁﬁ
R[54] > & fisst e

B4 2H0 > Oz +4H +4 ¢ =123V (2-52)

L4g : Fe +e — Fe? E°=0.77V (2-53)

= oarit > d 3t Fenton ;‘é?;f‘gsi Fo e & A8 P kg 2
HAgEscsk o FPH AR EEEY S 4 1 R UMY R
WA erF? 3 0 RIS 4ok 2-8 P7or o 7 iR w’;&v‘
Foig - WA WL BTN R AR R ORI B
R R AR F R R R FAIE(X F S R AR
A 20 B ) B EERAEL S ERR - L AF

% 1§ E 4 Fenton 2 iR AR Fec > F H A b
=

RIS R T 0 BRI R 2 MR D B

PR AR F R i kR F R @A
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Paper

% i %, 2000

Wu, 2003

2 Ygi=, 2005

Method

Fenton

Fenton

Sono-Fenton
+
Radiation +

Photo

#. 2-8 Fenton #p R 3 iF/e 2 4+ 2 HHtPg 20 Jr

Dried IER (loading)

4.7 g cationic +

1.8 g anionic
(315gLY)

5 g cationic

(47.6gL?)

5 g anionic
(3459gLY

1 g cationic
(105gL"Y

Conditions

Temp = 93~100°C
pHi = 4.85

Temp = 97~102°C
pH:= 0.4

Temp = 97~102°C
pHr =2

Co-60
pH=9
Ultrasound

1 g Photo catalyst

28

Add
50 mL (50 mM FeSO,)
30% H,O, rate
=1 mL /min (120 mL)
25 mL (50 mM FeSO,,
+50 mM CuSO,)
30% H,O, rate
=1mL/min
25 mL 37 mM CuSO,
30% H,O, rate
=1 mL/min

3 mM Acetic acid

80 mL 2 mM Fe3*
15 mL 30% H»0-

Final Ref.
IER; >999%
[5]
TOC, >85%

Time = 80 min
IER >999%
TOC, >99%
[45]
Time = 120 min
IER >999%
TOC, >85%

Time = 360 min
IER; >999%; [50]
TOC: >99%



Zahorodna,
2007

Kim, 2007

Zahorodna,

2008

Gunale, 2009

catalyst

Fenton

Electro-Fento

n

Photo-Fenton

Fenton +
Wet

oxidation

0.732 g cationic
(49gL?Y

2.5 g cationic +
2.5 g anionic

(15.4 g LY

0.732 g cationic
3lglL?

22.5 g cationic

After dissolution,

(TiO2 + BaF»)

Temp = 50°C
pHi =2

Air rate = 45 mL/min

Temp; = 80°C
pHi =2

Cathode = Pt plate

Anode = Pt wire
V=-0771V
Temp = 50°C
pHi =3

Air rate = 45 mL/min

Medium

Fenton :

Temp; = 95°C

waste was diluted to | pHi =2

29

pressure

Hg-lamp (125W)

100 mL 16.2 mM FeSO,
15% H,O, rate
=2 mL/min (48 mL)

200 mL (5 mM FeSO,

+ 5 mM CuCl)

28% H20- rate

= 1.67 mL /min (125 mL)

150 mL 20 mM FeSO4

15% H20; rate
=2 mL/min (90 mL)

Fenton :
150 mL 20 mM CuSO4
30% H202

Time = 24 min
IER; >999%;
TOC, >11%

Time = 210 min
TOC; >9594

Time = 210 min
IER >999%;
TOC, >9994

Fenton :
Time = 180 min
IER >999%;

[46]

[55]

[49]

[56]



FRAE i, 2015

Zhong
2016

Wan,

Electro-Fento

n

Fenton-like

COD =500 ppm
(150g LY

8 g cationic +
12 g anionic
(2709 LY

20 g wet anionic
(87.0g LY

Wet oxidation

Temp= 220°C

pH =6.5

Temp = 85°C

pHi =2

Cathode = IrO2 /RuO:
(Ti-DSA)

Temp =95 °C
pH=3

30

Wet oxidation :

Po2 = 0.69 MPa

500 mL 20 mM FeSO4

50 % H20; rate
=1.2 mL /min (240 mL)

30 mL catalyst solution
(0.5 M CuSO4

+ 0.34 M citric acid )
200 mL H20; (30%)

Wet oxidation :
COD: >999%

Time = 210 min
IER, = 96.19%
TOC;=94.9%

COD=97%
volume
reduction

=75%

[57]

[58]
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(=) A= B FLIr R %
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5

SHE g AR AFEY A A

‘-T—’H

THIHRREFRRR PN ER DT BT F RER > 6
kR GAREEMCHF BEL TR F BEAE S
L BB 3-1 997 0 F B AL Fd 125 mL 48755118 scm
o ¥ ORFTG AT F 2R (8 7 G T R %)Y
B 60°C g M EFFITE D AR 607G
°?5§7‘53?&r‘f
PrAg 2 MoREET LHEAE R R
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— b rEFFE2iEF CF 0 F RERFA40~60 448
£ F B A BA S FN
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— #-k f@w\/p/xi’

(60°C ‘-4 ¢ 17 24 -] P L P55 )

v
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=

(Z) imBl i B F BRE 5
ARG AR 2T R F KR el 3-2 T 0 5 -
Atg e RO R F RE T LR AR
P F RENRBT AART AL ETE 2 FE 20
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RECES (b 3 8Rgs Jf

(% A& > pehE 50 ok iR i)

#-400 mL fR 4R R m r K R

FFEREBENRARER AT T0°C 2+ g

Bffgie » 2 F BEY

(¥ )@/puim-@i’ff”}’ BOKFIERERSHE€HZ5C)

EE R R AR EE 1 E o FEF A LR

LT FfIDIF REN IR R 4 0 TR T

e U E IR W ek g

FIEGRISHFE B2 3RELEFRF BRMA

LA A TR

HAAFAR e e R R S

(60°C s4i ¥ &7 24 | P14 b S5z R)
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AFEE AT 2 B RS heT
1. B+ 23 M 0 R 3055 ¢ Purolite® NRW100
2. MEEF R 0 B A EL ¢ Purolite® NRWA400
3. #%® % 1 & (Hydrogen peroxide) » & 3 ;% ¢ H,Op » & & :
50wt% > it c £ FE
4. Frps d; 4 (Ferrous sulfate) » 4 & 3% 1 FeSO,+ 7 HO 0 & & ¢
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>995% > %3 % : MERCK

5. #ipadr (Copper(ll) sulfate) » & &+ 3% 1 CuSO4 + 5 H,O » %
B 1>99% > @i F ¢ SIGMA-ALDRICH

6. FiAlF ¥ # i 2 & (Antifoam B® Silicone Emulsion) > 4|
55 1 B531-05 > @i : J.T. Baker

7. Fifa(Sulfuric acid) » 4 & 3% 1 HySO4 0 %4 & 1 98.7 wit% »
#lit % : CHONEYE

8. & 3 it 42(Barium hydroxide) » 4~ &+ ;% : Ba(OH), « 8 H,0O »
MR C97% > Wi o Panreac

(z) 282 &%
LR SEE 8 =EE “,f Fot
MxlOO%
W

0
Wo: F %% kit &8
W1: I3 )‘%?g’;%\gy}\ﬁ:é&#g::&

1 EFRARLH
-~ A HEE R T &
B HRES AR MR 0 AE YR L R SR TR
PR A AR R TS EE o RS A
B 4-1 977 > d B7 Aoy Bis L Ltk Rr 20
MM 2 endi 4R % 18 0 € B8 e » en50Wt%iE S Y & A 4
VA redk 0 F b o] B EAT 0 iy S 1] 90 %

Foe ¥ 20 mM 3] 30 MM shde Rl o BEG2 “,fi“}j_% 5 >
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A hF RE Sy AF rL4R o AA SDERARF F RA
Pod ASRIZ] o PP el e AR TR AR E T E TR g0
SRR R PR B Y A 25 MM TE GoAsdn iR R R o

O OLHUER DR FIZ o AL R L S ER
wﬁx'rﬁﬁ,é%%m42wf’d@ﬁrﬁmaﬁ%ﬁ

TWF I OMLE gk T AL A g A R R

LA44 g/ Apdz i @ F 2 DS o 7 BB IR K LR
BB A AL R iR o e BA KR SR FEYE &2
FrEEL AR S B AR R F BB R
Y+ 2 A UL e

100

80

60

IER,_ (%)

20 -

O 1 1 | 1 | 1 | 1 | 1
5 10 15 20 25 30 35

FeSO, Concentration (mM)

Bl 4-1 54 RIA T B — g 2 i FH LT €2 M RE
B+ e =49 HO0 % £ =15mL (50 wt%) » -kig 8 & =70°C »
A8 A =5mbL ye® =3 jF > F RFFRE =60 min
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100

®
90 |-
S 80k
>
N
S
o
W 70t
60 -
50 | | | |

H,O, dose (mL/g-1ER)

Bl 4-2 54 RIER & — Ay —i“]:ﬁ‘é'ﬂ-i vE B2 B AE
B e ® =490 HO2 k& =50Wi% » -kifE & =70°C >
_{Fiﬁfﬁ?ﬁ’,& =5mL(25mM) > e #H =3 F F PR =40 min

NS CRU, W . I gL

o FLAORERR SRS Pl chin AT B OF s Bk T AL 2 2
= ’a‘i—:%fﬁﬂ&éi EARR SRR i AR R % L el A F IR
PAS A Bl T o
(-) ®F -3 * & %FHE:

d 2 feim ik BEI R o TFIFTEES €7 5 -
o FRL AT R Y PRIERGEALBER > RE AW
ﬁ@ti?%—Tﬁgﬁiﬂwmﬁﬁ’@W¥{§“W@
AT G ERSFLTBERRTFIF RAEIL kLB
Bl FRF AR EZ THER o FUL I B2 &
A BT 410 g AT i 2 Tk AR 5 25 mM o
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EET Ry R & R TR -
T sAcR 43 711 o d BT g £ g H O 4 &
e l5mL TR B2 K g FAP BT MR > 2 2 f
FUEZ MY 00 % 0 Fpt T R A A1* 15 mL HO, 4 E £
g R AR R R FE o RS D L BT SRR
oy Kﬁfﬁ:’z:}«‘tﬂ FlAziE 90 Y% o ¥ ¢hd B 43 BT F i
HoOp % &3 4r 3 - TAZR 2 {8 fPq 3 "f F e 4 2R T 7
TAFE H O~ B4p i & Ao R g% 18 &
-

’fv’q

d

:'E’
}i TEJ_//';\“*Q ¢ 7 ﬁj—p A,\ﬁg’:ﬁ‘ﬂ}i;l'ﬁ ) é%j}.‘k,{&a?kﬁfpaé K//f:
1%4\2’!‘2 ﬂ—\ﬁ f’@“"‘ifﬁv/%“zmTOC£Vﬂ\ﬂg§PT"§ ’%\'T‘

HoOp @ Sddded & g2 P 5307 2 A f28 A4 o

—\

\\‘*‘

100

90 |- 4 10000

80 | 1

20 L 4 8000

[ e

~—~
e 60
S - 4 6000 %
c o o
W 40+ '®)
- L {4000 =

30 F

20 | 4 2000

10 |

O i L L L L L L L L 0

1.0 1.5 2.0 2.5 3.0

H,O, dose (mL/g-1ER)
B 43t riFk—EF t4* &7
B g e £ =109 0 50 wt% H202 &4tz & = 1.5 mL/min »
kigi@ R =75°Co mrpik R =0.1M > L4 £ =400 mL (25 mM) -
ForiE R =48 mL/min s F BFEFRE =60 min
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(=) Lodtdp—+ k& % 7R3

FHipLm HOp % € B FHR AR g & &7 ki 48
ERSFFHRAEF T ISMLHO, * £ ki2i7 > F kS 540
Bl 4-4 %71 > d B w15 mL 2 HO 4c 2§ T 5 F T 48
Be25~15mM 2 BFps o P d e 38 v 1] AP AZiE
B> 2EF I F €3 LB ERARF F AR AR
2] A TABER G 25MM Z & % 540 A EaPER A i
BEREPOBRFS A EP RS RIFERS 0 LG
ABER S ISMM P 2 320 4 &8 s E AR R
ARk o B )I*—U;)%m)j |74z~ F T4 3 > 25mM 48k
BFEF BARDEFETL2°Cofw & 15mM ehfi 0k B
TEBEETAIC VT RAMOL fRE R EER
MR EA o YK B 4-4 ¢ RV uﬂ,zﬁ[@%;;‘%;‘&év’ﬂTOC
- S ’»]*ffﬁ” a3 5 FilARF AR BWP T F HO,
FERHTELAEE S SR RILG S A H0F 1 e
Bk B R NASFRER o LR FGRIITY B4R
#ia Lo FlF iR n TOC k& 4 § fota 4 % 3 L0
I Ap B cRd B o
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100 12000

4 10000

4 8000

4 6000

IER, (%0)
TOC (ppm)

41 4000

1 2000

0 P S S B 0
0 5 10 15 20 25 30 35 40

Fe®* Concentration (mM)
B 4-4 7481 3 s — LB R A % (10 g £ 1Y)
Ba+ a2 € =109 50 wt% H02 :24:# & = 1.5 mL/min (10 min) >
KigBER =75°Co ek R =01M > i‘;éﬁii%i,’i’ziﬁtéci{ =400 mL -
F o B =48 mL/min s & B pFRE =60 min

P Blehg Ry T oA ¥ TER 525 ~ 15 mM
2 WP G 95% it g Rip R a s R
T 109 B3 4 f LT o AiE Ay f N E ok
T R A et 0 R g2 10 g AR R & 15
ML 97 HyOp 2 7% 3t 2 i @ 3 0% a4 (F] 5 4o » 3 7%
WA g2 i/ f g 5 ) Pl T kA R R &
110 g #4175 (24.1 g/L)# % 130 g (72.3 g/L)#H g s f £ 4 3
£_50 g #4175 (117.6 g/L) » Fe P - A& oo n 45 e 1.5 mL
1 H O % 3 0.5 mL > 4ept = kA a0 F 48§ A S Bty
el R - R R F P e
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