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Determination of Radiolysis Products in Tributyl Phosphate
by Liquid Chromatography-Mass Spectrometry
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YA H B FRH] e 25949 &uFEAE A8 HE tributyl
phosphate(TBP)Z %Co v-4 ZAAAHS AM&dte] A9 oz 2AAZ B8  TBPY

AR BEEAAE dHFHe] A= TBP, dibutyl phosphate(DBP) % monobutyl
phosphate(MBP)9]  3%3 dAazntE adfu]-AF2 A7 (LC-MS)E A7 &EAsH3ith
Ce(46 mm x25 cm) Ao CHzOH : H:0(50 mmol CH:COONHY)E o|E54 o2 &l
TBP, DBP % MBP®| W55 7&& 2o Rt Fe¢ 745 TBP9 DBP= 80 : 20 8¢
of, MBPi= 70 : 30 &g oA o]E59] Zelrt 7 a&Aolglon, HeEuolart vhept
= A7+ TBPE 16.3%, DBPE 4.9%, 1831 MBPE 3.8% 1 ok =4 sEEYE 10 g
/mL - 200 pg/mL7b Agetdon o] MeoA] HHFFdLe 1 = 099972 F& JHdAE
BolFdnh, A3 # 20 pLE T 9o SCAN modedl#l TBPY #HEEA = 01 ug/mL
o]31, DBP9] AZ&3d A= 0.1 ug/mLelil, SIM modedll ] MBP9] AZ&3dA= 0.1 ug/mL ©]
Ak,

Abstract

Tributyl phosphate(TBP) is used in solvent extraction process for radioactive
waste. This compound may be degraded to dibutyl phosphate(DBP), monobutyl
phosphate(MBP) by radioactive materials. Amount of TBP, DBP and MBP in TBP must

be monitored because they production of these compounds means degradation of which



leads to a decrease in the extraction yield. Retention behavior for TBP, DBP and MBP
are studied with Cis (46 mm x25 cm) analytical column and CHsOH : H.O(50 mmol
CH3COONH,) eluent by liquid chromatograph-mass spectrometry. Optimum eluelnt
condition of CHzOH : HxO(50 mmol CH;COONH,) are &0 : 20 ratio for TBP and DBP,
and 70 : 30 ratio for MBP. TBP, DBP and MBP compounds are well separated within
20 min. Dynamic range is 10 - 200 pg/mL for TBP, 10 - 100 xg/mL for DBP and 0.5-50
ug/mL for MBP, respectively. The detection limit are 0.1 pg/mlL for TBP, DBP(in SCAN
mode) and 0.1 pg/mL for MBP(in SIM mode) in this system with 20 pL. sample loop.
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TBP % TBP9 & Ad=dl that A4 2 AFEHel a4

TBPe 44 3 AREAL AG7HA AY7A Wie] ApgHdl o, 8 EAYR S
A HE W gas chromatography, liquid chromatography, ion-pair chromatography, ion
chromatography, paper chromatography, thin layer chromatography, mass spectrometry,
IR spectrometry, UV-Vis spectrometry, titrimetry, NMR spectroscopy, L8] t}¥d &
g sshA EAW [1-11]0] ARgERoH, E AFHAANE o2rbA] B S AFESHY]
TBP % &afjqbse gk &48 3§ vk glv [12-13]

E ATdME TBP FEAE YCo v-iAbd 2AAEA0A 9949 THoew =
APAZL o, TBP 2 TBPY @A £l =5 o594 54 9385 vA+= DBP

o MBP A& &S LC-MS W o= A etqich
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2.1 A)eF
TBP ¥ MBP (DBP 60%$ MBP 40% &2, dodecane™ Merck A%, DBP

(97%)+= Acros organics Co. A &S AM231Y

2.2 Ak @A
TBP+= TuckZ} ARESE W9 [14]o= A Zﬂé]'oﬂ‘:]'. $-4 & AleF TBP 100mlE 0.5%
NaOH 500ml¢} 141 7F reflux Al v 28]5l &5 ¢F 200mI7F 2812 w74 S/A1A
A A2 FEEAS A & TBPE SR7o9 1119 FaH|= 63] AlHgt. ol F
= AAs 8N pHE oF 6.8 o|t}, Watman 1PS 8 o =512 TBPE o #ste] &
e AAANZT. BAT TBP= 24 #2&7]d wol HE#A3sH Molecular Sieve 3A
(1/16" bead, Aldrich Co)E €A% Ho| o FiE5 &d AAANZH
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2.3 TBP9 “Co v-4 A} 2 %4

TBP(Merck Co. pro analysis), @4 TBP ® TBP/dodecanc® #AMA FAlE sh= ¢
AE AT 2] WAL ARG 2AbEG o, HARY A9 YCo (95,000 CDS A}
&otd] FeAn. FAIEAE A7 HARLY g dubA o w23 HE EEg
(threshold leveDo] ¢F 10° ~ 10" rad?l A& 383te] Huol ZAAA 7MY} 2A S AA Y
o FAREE L AR B LV AlgHE AFAS7]E f8 8 7] (scintillation glass vial)
of %% TBP 20ml A< Z+zb 9 ths, TBP AW 2o digk Zap S5 %e] 1x10°
rad, 1x10° rad, 1x10° rad, 1x10" rad, 3x10" rad, 7x10" rad, 1x10° rad 2 2x10° rad”} 5=
= ] 7ES7] Aol AR

2.4 TBP, DBP 3 MBP¢ #F8&% 3 A58 Ax

TBP, DBP % MBPY #8992 TBP(< 97%), DBP(< 97%) % MBPDOBP 60%<
MBP 40% &g&Ar12F)-g zZtzh 164, 98, 274 mg=E 3aA&x =A% t}S acetone 10 mloll
|AIA o 10,000 pg/mee] EFHANo] HES AF8UTh o] FFEANL ofM=S AHES
o] 100 pg/mlLe] FFE&Nom dAsto] AMESIl o REE EFE AL -4T o|ste] Wan
of Baste]l A&t £4 8 AEe EFAE AlxUHI sde Ao oF 100, 500,

1,000 mg A BE AR =% S acetone 10 mlol] &84 A LC-MSE X314

2.5 247171 2 54

EX7]71= Hewlett-Packard 1100 series system (U.S.A), ###<2 Phenomenex
LUNA-C1846 mm x 25 cm), 48|98 CH:OH : H0(50 mmol CH;COONHy) Z35&8-8
AHEsEg o, BEl® QRS ESl(electrospray ionization)® =73 3te] Exa-8 32l

golg EXAL HP GIO33A Holg Heg A2"e A&stgr). aglm #A=7]= HP



G1946A MSD(mass selective detector)e] ¥2% HP GI315A diode array UV/VIS HZ7]
E ARSI At LC-MSY &3 2712 Table 13 21,

Table 1. Liquid chromatography-mass spectrometer condition for
the determination of TBP, DBP and MBP in V- irradiated TBP

System Hewlett-Packard 1100 series

Analytical column Phenomenex LUNA-C18 (46 mm x 25 cm)
Eluent (for TBP, DBP) Methanol : H20O(50 mmol CH;COONH4) = 80:20
Eluent (for MBP) Methanol @ HxO(50 mmol CHsCOONHy) = 70: 30
Flow rate 0.7 ml/min

Ionization mode ESI positive

Fragmentor voltage 100 V
Drying gas flow 10 L/min
Drying gas Temp. 350 €
Drying gas pressure 40 psi

3. 2% 2 uF
3.1 TBP, DBP % MBP 2 9]&fe] F4
TBP, DBP ¥ MBP 2] &9 #42 +47]7]= Hewlett-Packard 1100 series, <
A #%-& Phenomenex LUNA-C18, €292 CH:OH : HO(50 mmol CH:COONH,) E&-& Y
Abgstel A wFEEa Zelet AR 43 4k TBP, DBP 3 MBP X9
golo] & o] ARMEIWL Fig. 13 2o
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Fig. 1. Total ion chromatogram for MBP, DBP and TBP in synthetic solution

3.2 A A=A



TBP, DBP % MBP9 AAdES HAESHZ] flste] TBPY 81 pg/mL9t DBPY 48
pg/mL LE]al MBPY 22 pe/mLE Z+2Zb 53] ZA4ele] 21 A3E Table 201 e
TBP, DBP % MBP =% wW¥5 A7t3} yjoja w4 digh AHdde] 011 - 1.67%=HA
wEdvtel 4 HoFa gt} o5 HEeAE SAe 43 SCAN modeol ] TBP,
DBP+= Z+2ZF 0.1 pg/mLet SIM model 4] MBPE 0.1 pg/mL o] 21th.

Table 2. Precision for the determination of TBP, DBP and MBP
in liquid chromatography

TBP (81 pg/mL) DBP (48 pg/mL) MBP (22 pg/mL)

Retention Retention Retention
time Area time Area time Area
(min) (min) (min)
1 16.29 11798790 4.93 11600100 4.06 5876600
2 16.33 11822120 4.89 11389890 4.05 5649070
3 16.36 11587820 491 11426890 4.05 5838300
4 16.31 11436130 491 11836130 4.06 5581400
5 16.34 11732390 4.90 11716910 4.06 5660960
Average 16.34 11644615 4,90 11592455 4.06 5682433
Std. Dev. 0.01803 146547 0.0083  189282.1 0.005 94968.9
RSD % 0.11 1.25 0.17 1.63 0.12 1.67
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Fig. 2. Calibration curves of MBP, DBP and TBP

A7l$1ste] TBP= 162 - 162 pg/ml, DBP= 19 - 95.1 pg/ml, MBPE= 0.4
oA SA4 A3t Fig. 29 & ZAag BT o5 H#iA
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3.82E+04 (% =0.9995), MBPE v = 255E+04X + 1.45E+04 (%= 0.9997)¢] < el
wElA] AR sxvl o] WY ] HAsE Aol /A Aty Aow e
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TBP WA BefjatZel 242 TBP A2E Zvbd FFd%e] 1x10" ~ 2x10° H %

2 OCo9] e xAbste] 43519t Fig. 3 IM TBP/dodecane A 2% Ix10°rad %

ARAZL g el A ) sd BRI o S8 ArvtEade|ty. 1elal TBP, DBP %
MBPe| ojgt ESI-PI d#¥-~dEq] S447%= Fig. 4 2 Table 39 Yetddeh &5
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Fig. 3. Total Ion Chromatogram for MBP, DBP and TBP in v-nradiated 1M
TBP/dodecane
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Fig. 4. ESI-PI mass spectra of TBP, DBP in a 80:20 CHsOH : Hz0(50 mmol
CH;COONIHY) and MBP in a 70:30 CHsOH : H:O(50 mmol CHsCOONH.)

Table 3. Assignment of detected MBP, DBP and TBP in the ESI-PI mass spectra

Analyte Retention Ion Assignment
time(min) cluster(m/z)

MBP 4.0 155 M +H
177 M’ + Na
199 M + 2Na

DBP 49 211 Mi + H
233 M + Na
205 M + 2Na

TBP 16.3 267 M+ H
289 M + Na

Table 4. Determination of TBP, DBP and MBP in v-urradiated pure TBP

Compound  1x10* 1x10° 1x10°  1x10" 1x10® 2x108
TBP(%) 9088 9769 9540 9310 86.77 79.87
DBP(%) 0.02 0.02 0.07 0.53 4.80 8.43
MBP(%) N.D 0.0001 0.001 0.005 0.09 0.2

* : 80Co, : rad



Table 5. Determination of TBP, DBP and MBP in v-irradiated 1M TBP/dodecane

Compound 1x10°0 1x10° 3x107 7x107 1x108
TBP(%) 99.72 95.49 90.04 87.60 86.87
DBP(%) 0.05 0.19 0.46 1.06 1.50
MBP(%) 0.0004 0.001 0.005 0.01 0.02

* : 80Co, : rad

4. 4 &

Phenomenex LUNA-CI8(46 mmx25 cm) &&#F 2 CH:OH: H:O (B0 mmol
CH:COONHy &8 Hs Aot dAAZnE T o)A IM TBP/dodecane -3l AHE 9]
4 Eelx1L TBP9 DBP= 80 : 20 &<, MBP= 70 : 30 &8 qdlA o]&59] &7t
b ZEA0IH, wElueolart yehE AZHE TBPE 1637 DBPE 49+, 285l
MBP= 38%9 2, o 2794 TBP, DBP % MBPE 208 2871 vk 54 F =&
A9E 10 pg/mL - 200 pg/mL7F A Fetgom o] MY AFIHNL 1 = 09997 F&
ARBAAZE BAFAY, ARH 20 uLE AT 499 SCAN modedl ] TBP2 #AE3A =
0.1 pg/mLelil, DBPS AZ3AE= 0.1 pg/mleliL, SIM moded| Al MBPe AZ3sHA= 0.1
pg/mL o]tk A& A9 TBPE 10-200 pg/ml, DBPE 10 - 100 pg/ml, MBP&=
0.1 -50 pg/mlLo] Agsly, o] ML oA TBP @ TBP/dodecane® EaAIE =40 &8 7
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