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(A) In nuclear power industry, the recycling of uranium and plutonium metd in the form of
used nuclear fuel rod is an important research topic. Nuclear fud rods are usudly dissolved in
concentrated nitric acid and extracted using chdate - containing organic solvent. Uranium and
plutonium can be recovered efficiently in this process. However, a large amount of waste organic
solvent must be reprocessed. Supercritical fluid carbon dioxide (SF-CO;) has been introduced
recently to replace the organic solvent. SF-CO, evaporates after the extraction process and separates
from the extracts. Thus, it can be used to save the endeavor to reprocess the extraction solvent.
Researchers adso tried to synthesze a complex usng TBP with nitric acid firs. The
complex-containing SF-CO, was found to be able to extraction uranium metal from solid waste
samples. Thistechnique can prevent the overuse of nitric acid and avoid direct contact between nitric
acid and the fuel samples.

In this Study, we attempted to replace SF-CO, with liquid refrigerant 1,1,1,2-tetrafluoroethane
(R1344a) asthe extraction liquid due to its much lower operationd pressure, and the Smilar savation
power compared with SF-CO,. We followed the smilar idea to synthesize the complex of TBP and
nitric acid. This complex-containing R134a showed great cgpability in extracting uranium. In
addition, we did extractions for a number of other metds that would be produced during the nuclear
fisson process. Except for La(lll) ~ Gd(I11) and Lu(lll), recoveries of other metals were negligible.
Therefore, using of R134a may provide a more economica and safer way to recover uranium from
used nuclear fud rods.

(B) Countercurrent chromatography (CCC) is a technique of liquid-liquid chromatography. This
technique is suitable for preparative separations of biomolecules and naturd products. It usudly
includes two steps, forward and backward extractions, to extract and concentrate proteins. We
performed these two stepsin CCC in order to improve extraction rate and to achieve concentrationin
the same time. We accomplished to concentrate a 10.8 mg in 540 mL cytochrome ¢ agueous solution
to a10.1 mg in 60 mL agueous solution. The recovery was 93.2% with a volume reduction of one
ninth to the origind volume.

In addition to extraction of proteins, we used atwo-phase solvent system, i.e. the aqueous (moabile)
and reverse micedlle (Sationary) phasesto separate protein mixturesin CCC. The sationary phaseisa
100 mM sodium bis(2-ethylhexyl) sulfosuccinate (AOT) — containing n-hexane solution. At 800 rpm
of ahigh-speed CCC, the volume of the stationary phase retained in the separation coail (tota volume
28 mL) is 12 mL. The mobile phase was duted a a flow rate of 1 mL/min usng pH and ionic
srength gradients. Sample solutions are composed of myoglobin, cytochrome ¢ and lysozyme. The
effluent was collected every 5 mL and andyzed by HPLC and Mass spectrometer. The result in the
individua protein collector showed that the recovered purity for cytochrome ¢ was 85% while the
recovery yield reached 64 %. We expect that applications usng CCC with reverse micelle phase may
provide aussful method for protein separations and purifications.
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W 4-2
(B)& H7384

B 5% B AoE] 4-3 #F T

(D) * Age s Fif rimad 3mb/min 2 1425005 B B F 4 o

(Qfct B ipim AT RE > @ H w3 800rpm »

Qi wEETrs o HAF I #dAp Ay Imb/ming » B Fn k4R o

@F FApr £t A7 FpEIT G B UV R BQ280nm) > £ FgfEz -
(B)i> 3t FiREBRIML B 4% fo4p A+B &7 b iF 2T arfh vt b o & pFle 45K 4
EL o

(6)F Sadbfchh— F o FEHY 54 EmLjchiec BT L FhpH E o

(M SFokis  BBEF R RLES - UF FRF P R F il o0 49
FookAp kg - P R 4p ﬁﬂﬁﬁﬁi]&f‘?\%‘*#ﬁ'}%?i °

(8)reffik s ® fR(L2R &4 60mML» e g £ 1 60mL 2 43 RiFie o Bt £ % F F i
IR

(2)1'{&;& 12 HPLC 4 472

B TR AR R R R

-

w40 A1t 73 50mM TrissHCI ~ 0.1 M KCI ~ pH 7 % &% i
40 By o 7 3 50mM KoHPO,4 ~ 0.1 M KCI ~ pH 12 % 7% 7%
AR,

# 40 Az 3 50mM Tris-HCI ~ 0.2M KCI ~ pH 7 % 7% 7%
40 B2 0 7 3 50mM KoHPO, ~ 0.2M KCl ~ pH 12 % 7% 7%
F k=

48 Az 7z 3 50mM Tris-HCI ~ 0.2M KCI ~ pH 7 3 #% %
#4p Bs: 7 3 50mM KoHPO, ~ 0.6M KCI ~ pH 12 % 7% 7%
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(7)) B¥o:
(")

(A)? FERFAPAT P2 B F
AR IR R T E *q‘*“ HNO3-TBP%?E~H5§%?W » EBobh b 2otk o B LR

¢ 4518 #FEA (30C—50C) 55k & fRYF 2T
baiT’$&§J£¢60C%’”qﬁé?¢ﬂ"Hﬂ%&h&mmLm¢%wﬁ
FRFH10% 2kt o hAZTRA -
% e SR E 28 R 1 60°C 5 (FAE TS

% 51 %

Pressure(bar)

ERREY > SR 4
Wi e

IR R 2 FAp A F B
Temperature("C)

* 7

“~

Extraction
efficiency(E%)

EBERTE Y

4 & ¥ R134a* TR 60

AR
BR O F 0 &

RSD(%)

HNO,-TBP

30

56.2

16.3

40

59.7

7.06

50

59.6

8.02

60

70.8

6.97

Sample: UO3 10.0mg, # & * 0.1g; Complex 5mL ; frizsa = 0.3~0.4 ml/min; Vgrizsa=20 ML ;

RSD & = £4f F % =

(B)& 4 $HAPAFTZ P2 7
N SHRF R A 2 %
d £ 5285 3% R4 ATEH &2

= A iE

% 8K
w7

4 52 7
Temperature("C)

e R4

i A

Extraction
efficiency(E%)

2 HNO,S TBP* Hp & ¥ » 5Bk £ h2 o - F 5%
EPw g Ap L & o

RSD(%)

HNO,-TBP

Sample: UO310.0mg, # &+ 0.1g; Complex 5mL ; frizsa = 0.3~0.4ml/min ; Vrizsa=

RSD 'E’_FF ﬁ?ﬂ%%ﬁ.f’k”ﬁ«

d e 2
BB i

A

[ *\"a 56}"-% ’ p} HS_
# 3 5 60 bar pF o B4d 2%
R SF-CO, MR 2 T o P £ BT

> 41

SF-CO* Hp A ¢ >

67.2

5.67

68.1

2.35

67.0

271

70.8

ES WY EE S S

6.97
20mL ;

= 3 (v 4t 125 bar 1

5250 = § 4§ b2 zwbiﬂ’*“125barﬂr, % g 619% %

A
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Extraction efficiency (%)

O T T T T T
10 20 30 40 50 60 70

Pressure (bar)

B51fl* RiB4a*t 2 PB4 TEFAMATEPE £ 2 555
Sample: UO310mg, # &+ 0.19; frizsa=0.3~0.4 mL/min ; Vr131,=20 mL ; T=60C

(C)= § 4h2 = § i b2 Fp A 5B
UO, # UOs > UOp 2 ¥ rick il » £d %% HNOg 2% TBP £ & » HNOs % &2 jh 1t 3 £
Fos o FE s FUIV) BF 0 F U (V) HEREERE > 7 F L UO & UOs 42 fph =
FromEd > HHNOsfi%F HF it 4 > HNOsTBP ™2 4 & 4h & po it 4 o

AR LATIGERT R RIBAANEHMRT Y BB & F %S & Aol 52 40T
#RI13Ma? A FaAEBEN T E F AT BN T A 2B R ARER NI UGIV)
HEEECREERELEET 4 AP % T § HNO;-TBP 2 R134a*r A A 5@ » ¥
BbhhBE G F e ERL i o P HNOs " d HF tit 4 » g U(IV) § 102 U (V)

10

8 L
Eo A/A/A A A A A
~ 6F
e
ja]
Gy
o 4 L
+
=
oo
.;J

2r e ° o

/./.
o
o
0 / T T T T T T
0 10 20 30 40 50 60 70

Time (min)
Bl 5-2U0Os 2 UO, *t HAp & ’Fﬁi T 5

(A)UO3(e) UO, ; Sample: UOz ~ UO, & 10.0mg, # %+ 0.1g:; Complex 5mL ; frizsa
=0.3~0.4 mL/min ; Vg134:=20 mL ; T=60C ; P=60 bar

a1



O)f1* * F A pk &R % & TBP &7 F4p A F 5P~

AEHSHIRER A ERE G BEER TBP4 &6 L 2 RI3MaR s (7R A T
Beo LR NRAET AN PR LA IS TBP U £ TR A TR £ LB o
EHkdrdk 5-3477  AERIERTHF > W EAPATZ U (VI) F2F g P B en 4o 0 F2t o
LA ER2ZABE TBPE L » L FAMATE R RS SETARERZ A F o ¥
AERAFER U (V) SR %42 B8 Fa tiRNF BY o A RE AR % > HHe
2. EPF R o

253 2 FHEERSE
HNO;3 jk & (N)

TBP 2. Hip f 7 % >~

Temperature (°C ) | Extraction

efficiency(E%) | RSP(*N)

53.5 16.0

68.4 6.09

70.8 6.91

71.1 357

67.4 3.77

Sample: UO; 10.0mg, # %2 0.1+ Complex 5mL : frissa = 0.3~0.4 mi/min : Veiz=20 mL ;
RSD & & £ 48 % % = % #717

(E)# I HNOs 22 TBPAfE - 6] & & 2 48 & 4 4 ElAp & T2 55

R A - HNO; & TBP 17 it 6] (1:2-1:12 2:1) H&1 - & R134a
RE S - s TR F e £ 475 HNOs 22 TBP R £ 04 67 - $303E 7
ATESB & B2 BT S5 d 4 54507 » ¥ HNOs 22 TBP 11 7 I A v G2 £ 15
EFRANATEPH &R TELE L RHFLLRL > Flut > L#HNOs &2 TBP 27 1t bl
BEAP LB RIMARFANATE M & DAMFLLE o

# 547 F HNOz &2 TBP 2 & 1 bl 88 £ 4+ 0 Bl A ¢ 55t & o2 oty

HNOs-TBP
1 Fove bl

Pressure(bar)

Temperature (°C )

Extraction
efficiency(E%)

RSD(%)

1.2

70.4

2.74

71.8

2.46

72.7

1.32

Sample: UO; 10.0mg, # %4 0.1g; Complex 5mL ; frizsa = 0.3~0.4 mi/Min ; Veuge=20 mL ;
RSD @& & £ 48 % % = % #717

(F)B-= pr % 1-Benzoylacetone £ 3
ARBREY - 3 F & 2p-=
AF? Erp b F%R%%d 2 55 @2
1Benzoy|acetone S4B TBP AR & » £ % RI34aiR & 1+t Afp A ¥
{Q#Eéi’ﬁﬁ'ﬁf‘;f—]%a ES' SRR
AN EB Nk T

Uranyl -TBP z

b EREA TBP & £ 2

PP~

ﬁ»’lﬁﬂ % 1-Benzoylacetone ¥ 3

Lﬁ»ﬁi§ﬂ}"‘!
A AEE Y A€ AL BB R E KSR HH DB

AR AR5 B
i ¥ EEE A TBP 4p
..:FE% F’ koo ®* 2§ A 2 P-- BAE

i R F] o

FE i W EAR

Fegh &
T R A

sr o Tt > 1-Benzoylacetone-TBP 45 & 4= - FAp A ¥ > HHahiZ § FPeiv 4 o
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# 5-5 1-Benzoylacetone-TBP *t R134a 2. 5 B~ % %

R Extraction
Temperature (C)

« . 0
Complex Pressure (bar) efficiency(E%) RSD (%)

15 30 0.0415 158
Benz.-TBP

60 60 0.155 113

Benz. = 1-Benzoylacetone
Sample: UO310.0mg, # & * 0.1g; Complex 5mL ; frizsa=0.3~0.4ml/min ; Vgri345=20 mL ;
RSD & & £4F 7 B = =& #7%

(G)# = f.f’i%*“ﬂﬁﬁé%‘” S
AFHRAIR P NLEP 5 HNOsTBP 2 R134a- »t FAp A i i7 55 » b3 £ 7 440
£ EPE- o d £ 5—6“’ @i 4% 23 HNOs-TBP 2 R134a> *r Hip A TP 2 5B~
L h CRER R Rzt B £ER Jﬁ;‘%ﬁtﬁﬁ’w*“— i F L U (VI)
2 EHHF AR PRI O RHARIEET ] EH NSE PRz syt ”’“r’** A&
#TBP 3% O2 hF »a B &Fol4e NI (I1) 2383 432 N2 Sz fiei > H©3w
2 fe A T RY 221K LRG0 Ft o Ni(ll) st 7 3 HNOgTBP 2 & £ 4+ » 5+ 5
WMAFPARAZEBIK - Ra > lafrGd £F~ RF FARFEN L 305 - I 27 )
é‘i"]o
# 56 7 HNOx-TBP 2 R134a*"7 F & 2 522 %
La (I Gd (I Lu (I Sl
Metal uv1) u(Iv) ) ) ) an
Extraction
efficiency(E%) | 795 19.6 27.2 47.6 23.0 -
RSD(%) 15.9 13.2 10.4 11.5 24.6 -
Ba (Il Zr (IV Mo (VI Ni (1l Cr (I
Metal 1) (1V) (V) 1) 1
Extraction <01 <0.02
efficiency(E%) ) ) )
RSD(%) - - - - -

Sample: Metal 1.0mg, # &2 0.2g; Complex 5mL ; frizsa = 0.3~0.4 ml/min ; Vgi345=20 mL ;
T=60°C ; P=60bar; RSD & 4 €4 ¥ 5= = #71®@ ; ()47 ICP-MSip| 2 Flst £ 2 5 &

W ACTRR S F AP B PR A PR FPv s £ %
Prae 1 FEH o AFTE f B8 4 R13a kP Az TR il u“"%ﬂtﬁ%”*f—' %10 A
o SRR DR L 1‘*%%&5&‘ Eo{ o 2NV ERRERET BT R L FanT

H

o

4
(=3

()
(A) EBeni
(A-D) 33 ik R HH T fc % s 3

P ERAREFEFIDFF L - > - a3 o B ERAF > 30 %‘”w\—*j*i\ﬁﬁﬂi?‘
F it d iz AT R A R 0 F TR L 0 6
,&)f;:'”,ljlfﬂﬁra’—rﬁ‘mﬁﬁj"ﬁ" c &Y O KPEIERITLRE AT > HFHTHY K
Feg o HiERH 2% 4ok 570
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% 57 3 b d kR Y o

B+ EAR - 0.1M

e
F

Collecting volume(ml) |10 20 30 40 50 60
Recovery yield(%) 76.4 87.3 88.7 92.4 95.0 97.0
Concentration factor 13.8 7.9 53 4.2 34 2.9
3 ER G 0.2M

Collecting volume(ml) |10 20 30 40 50 60
Recovery yield(%) 30.7 53.5 63.8 66.3 67.0 67.0
Concentration factor 55 4.8 3.8 3.0 24 2.0

d 457 REET
JaplH R F o

I ﬁgﬁ_d—,};f:‘{d OlMi‘Eﬁ,—» 0.2M p% >

¥ e & chB adod 5-8 o

7 58 #hHFTE

2w T enlg %

How fed g 4 HF s
ARBEIEAFTET M - F%Lwi?%ﬂbi%m%wkﬁﬁi%é%
RO E AT O RROMA SRR TR B AF v et LR O FAATES

Vr

2

5

10

Recovery yield(%)

6/

78

82

4 58¢ s Vit &3 » & r‘n%ﬁyf—;]* ¥ 3 n

g

Ay £
FRRR A

3%

)'—f“"_\ﬁ‘l’f— o

A-2) pH E¥w JcF g
BT pH & B A

ﬁ‘u%’;‘* R EFF

,mf‘!%

¥ 2ot s 424 2 ';«?%L

FEONE A g AR OlM 23 kR
5% 28mL > 7~ ok S8 A 5 180mL s B VR X 5 64

FEGL60mML B VRS 30224 474 T > gjf\?ﬂ’“f%? 0.1M =z
BPIERP > H VROL 64 RH wicF e it O7% > f4giE % 47 ¢ >
82% > m &k 4-7T 9 #rid % 2 I3 kR A OZM s Bt ”;fﬂ’-/?] ’ ﬂ_@%ﬂ'ﬁ Fw o
7 VR ig ¢t ’}.@;MﬁJ Hv hFld g i

W%

fariEE

/— FH‘U

Bl edicdy X

FiglnglErS""plla’Fra'_fB’*
h o BEAR cytochromecmpl s 94>
B pH =12.8 =

Bz pH E 5 100 > upﬁré».ﬁsﬁ’»ﬁ?’sfi’f‘ d £ 59“‘ ‘g:‘!"\’»‘
T How kA i iE ] 67% o

% 5-9pH B & vz & b %
pH 10.0 11.0 12.0 12.8
Recovery yield(%) 9 24 49 67

e b e S kg A BmL 0% pH Bk K F B F BR3P
f 5mL 1% pH Ed&2 ¢ » % Kic G andsfp v AR E_K pH Ea o 'ﬂ
v | Zl g > @ R F R Y HRE pH B2

' pH & ﬁ%—)j
BhAplEE

FlpL o
Lok

v

38

%510 # % pH 5 112

MR R Pk o
BhFEY o #Y pHEL 72 112
Btk 4ot 5100

R A4 F

BrgiR o ABiTL T

L& g . S P ,r s [P
B RAF v B RIS %

Collecting volume(ml) (10 20 30 40 50 60
Recovery yield(%) 35.0 50.6 58.2 63.1 66.5 68.5
Concentration factor 6.3 4.5 3.5 2.8 2.4 2.1

a

A% 0.2M 2 3
Ve it % 10 v 1’@

) B 5B)§fﬁ" At

Bk o RPN AR
EpH E:%i > pH E

B E B K b ¥ Beih




§ 45112 8% P uETERY pH B3 11 2 S0ra R tr v 550 8 o fs e B s
2 1127 > F B ek v ud 3 685% ) R AR Y - ] B pH 5 12.8 2 gk iR Ak
m‘?""](.-’ é% g °

pH &7
‘?’-—1—3" v AR

m Té? 2\ Faﬁ&—‘fﬁ"'}{:}ni_t pH =R ‘;g%j_r |12 »
3 EH IR € F IR DT TS

= e £ 4-10
be il AOT““}#?}'L DRI OPH E o fir® pH E A

‘?’l’]{—f l”k" pH Iﬁ ;—:.\ 11 z
#5—1?

Brpikipr £ 87
srr]}f%q\— VREY &5 202 W A
¥ T ¥ T/)»F %TEI’ °

2511 #* pHiE S 122 @Ak ik v 38 2 Flenk %
Collecting volume(ml) |10 20 30 40 50 60
Recovery yield(%) 394 46.8 51.8 56.4 59.7 62.1
Concentration factor 7.1 4.2 3.1 2.5 2.1 1.9

(A-3)EA 7 E v aF e B
FeFg P mfﬁ 55;,? R ,/] 4v EA 23
UL AN L= A

d A A L_*?t

AR ¢

Mo A
+

£
HE% 534 512

J}R%r_gfi m‘?—' P]’t'f )
P A ped EA w* w5 0%~ 5%% 10%:5 ##F 4  BR

Y .

-
o8

Y AR e PP R
fed R 47 ’Eﬂu?i? i f 5 e
‘J"?""]{—f mﬁ g:g

# 5-12EA 3 £ v g F g
EA 2 & 5 0%
Collecting volume(ml) (10 20 30 40 50 60
Recovery yield(%) 64.4 0.6 0.6 0.6 80.6 80.6
Concentration factor 11.6 7.3 4.8 3.6 2.9 2.4
EAZ & 5 5%
Collecting volume(ml) (10 20 30 40 50 60
Recovery yield(%) 72.5 83.2 83.2 83.2 83.2 83.2
Concentration factor 13.1 7.5 5.0 3.7 3.0 2.5
EA z £ 5 10%
Collecting volume(ml) |10 20 30 40 50 60
Recovery yield(%) 764 |873 [887 [924 |50  [97.0
Concentration factor 13.8 7.9 53 4.2 34 2.9
*4 5122 F 5 F4p 5 50mM AOT 323t 2 “ﬁ 0% > 5% > 10%EA 2. n-hexane *

pH=6.99 - 0.1M NaCl i 7% /%

A AR & 5 20mg/L 2. cytochromec

(B) A473n~
B-D)F =% -
3 #Ap

: 50 mM Tris-HCI

~0.1 M KCl ~

, FAp X B2 0 4p 5 pH=11- OlM NaCI

#B/%?Z‘é = ']{10 mL > 3% ,ﬁ%] %‘réﬂ.%{ér@ 5-3 #1 o

ar

pH 7 3 =3 % » 12 % 50 mM K,HPO; ~
KCl ~pH 125 #m3 %k > B SiFE 7 sa &AM Pl 28mL > ¥

BF AR E Peih
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minutes

B 539 - chigin 478 o F4pinid Lmb/min» UV R % : 280 nm

d%]*ﬁ'r]cl ’ELI;"_F %E/H’H’m’il’ 40/4v\ ﬁi"l}/: ““*B@lﬁlﬁgi’lﬂﬂlp/&/w/%mm Iﬁ
BIIE < F ;E‘]ﬁtm T, 5 3~ Fv ’Fﬁ‘fr’fra;fgﬁ—,)i%w,\w R ,“\? ’l‘lm Ve R B T A %‘% % th
R S RN R T il “Kfﬂ#%\ i PR > v Fens donk s 224 2 mt&; o A fin
AAFIGETIRAA R EFW--RIpA e 2 FE AR kA A2 R o

(B-2)F % =

d PSR- EAFWRAR G RGDRTF > T L F TR A 50 RIS
2> A - KC /}Eg‘i%}irﬁ 7] 0.2 M # i }?*/'L/P s FAp o4 enpd A7 o bl s pi L it %]
1 FI(F 5-4)f 5 B2 5 -

1000

mv

500

0 20 40 60 80
minutes

Bl 5-4 § 5= chafiin k4708 o #24p i I mb/min> UV g % : 280 nm

st RAT NG Bl-k R BGERTY 0K P B wﬁpﬁ%*?L%ﬁ
LU IR A o A T Red TR A B 4 o e F S Ap pH B R R TP A S
B E > R AR Z BATRERL A R 2 AR R E S T nfrehddp A w17
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Fow (2 ) A EdcdE W HPLC 247> L g ¢ Fed B2 kR > M2 & §d T2 Apstik A
(Flitdo FRZ2Z2AH) 2 55T H 55

(a) cytochrome ¢

1 Lysozyme

B myoglobin

Tube number -
(b) cytochrome ¢
[ lysozyme
B myoglobin

Tube number

W55 -HPLC A~ 47§ %= e 8@ chiv 7 £
(@ F-v F =ik A (ppm)
(b) v Fend-v FAp$Hk & (%)

g3 itic ded hpl B 5 70 afAp pHT EE T o oo T e 2T eyt AR a i
124 AOT P ja i8 % 4 o] > veic Fod 3 % 38 ~ F fic?e #% 48 - cyrochromec {vi3 Fps @ F-v
FapH7%BY > 26 2 T AOT F ficie 5~ grisld Fla 3 b e r #4p > @ @tk
Fod A ARk o MBI D 2 50 RRF B4R pH BT @R R ks 2 TR
Wt d F CAjEpHT7 = % 3 pH O Az » & & & TIFE B 0 Fod T8 R M i
gl 4 SRR ) o mre d h CHER R e w TIBAR-KIG R 0 SR FESA SR Ok o F pH &
BB D 1 24 0 B A AR T AOT & jice erwa sl 4 2 3B 9 35 0 Fla w B4k

SR
%R ¢ oo

g Fn FRARFOY IR BHE
e % HRT jEeR il 4 Wi pH 12 $ 4p it 4%
% ekt E(pH 18 0r 14 )8 5 7 @ LB

R r e R 16% FH%Y ARV L

FrenE T Rpl =110 46 & T ok #oe 2 4
b
6O APl e R s L i
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(B-3)% 2% =

A HEF P FPEOT TS o AR T R pH S AptRR 2 o f e r KC e Ap i
5K 0 )0 pH 7-12 hptig & fr KCI 0.2-0.6M = % & $- & - f5d pH Bt R iEH
e FAo T BRI RRTE AT R RY F TR e et 4 oo

PRz G R AT BB AcR 460 R A cE 2 SER 204 Fd Uk E o BaplLE Y
pH i FEF AT R o PR ¢ chpH BT R AR E - 1% HPLC
TEFY F7ZEfodky FAAEER » mLv #3159 FipskR 85 %t » w iz 60 %

b g o

400 ”\

350

250
\\ i
1504

|
300 I\
.l

|

|

|

<A N

0 50 100
minutes

B 56 F5%= @i RiTHERE o $4pinid ImL/min> UV B % 280 nm

(@)

cytochrome ¢

200.0
[ lysozyme

150.0
M myoglobin

ppm 100.0

50.0

0.0

Tube number
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(b)

cytochrome ¢

100.0% B lysozyme

B myoglobin

80.0%
60.0%
40.0%
20.0%

0.0%

Tube number

B57THPLC A 47 sk = e § @ v F i &
(@) F-v =k A& (ppm)
(b) v Feded T ap 4k & (%)

LRP RS e R AT 0 A PR HUti by foime & C v fuik B o ko
FARSHE R AR LS % > i FAe ek R fods TARSEE RIS 2 > v F 16 % ~ 5#
23160 % F]ia FE&OPH EHFRERPRE S FRA B AR Foovr e L F LR
%0 KCI 4T B R » 20" Mt Ffok e e L3l 4 o @73 FsF $ 5w ke o
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BRI FIREATR 0 G oorF kg S o ok 1T A S o BB A B G il 8 )
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iEd 42 3310 R NI 2SO LA A~ TRETRAS R T
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