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Radiation stability test of DEHPA and TBP extractants by irradiation with
Cobalt-60 gamma-rays

WARE HAH 7 E ] Aol AMEEE FEAIR] di(2-ethylhexyl) phosphoric aicd
(DEHPA)$} tributy]l phosphate (TBP)E “Co 7y -Aoz ZAIAA AL o5 FZE4|
o] RHMAES GC-mass, NMR, IC, IRE FH3lo] WArba kAL FAFsHUh
DEHPA FZ&#1% WARACl o8 @A¥ =2 DEHPA — MEHPA — H3PO, #3j%w
A MEHPA S} HsPOsS A3kt 18151 TBPE WA 98] TBP — HDBP —
HoMBP — H3POs= ¥31% WA HDBP, Ho-MBP 2 HsPOs2 A4 &3 th

Abstract

This study was carried out to evaluate the radiation stability of di-(2-ethyl
hexyl) phosphoric acid (DEHPA) and tributyl phosphate (TBP) extractants by
irradiation with Cobalt-60 gamma-rays. The degradation products were analysed
with  Gas Chromatography/Mass  Spectrometer, NMR  Spectrometer, Ion
Chromatography and IR Spectrometer. It was found that the major radiolytic
degradation products were mono-(2-ethylhexyl) phosphoric acid (MEHPA) and
phosphoric acid (HsPO4) for DEHPA (DEHPA — MEHPA — HsPOs4) and dibutyl
phosphate (HDBP), monobutyl phosphate (HoMBP) and phosphoric acid for TBP
(TBP — HDBP — H-MBP — HsPO.), respectively.
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&S AsAIE A8 @ e E9W TBPe WA #3812 A4 ¥ HDBP: U 2
zr 3 ZEetEs FAJske] TBPeF 344 &9 Fol FAe sh5teE Fejz EAsH
v w#A U o Zro] hRSHA e HA gtk BAR Bl #U15EA # oy
A A= sfmxﬂoﬂ Bt dojupA A wEb AA FANAE A
F7lvitk gujEEAE AHstel 44 £xE FAES s Ak §FE 4
AHEEE FEAQ] DEHPA 2 TBP, 2183 84 A =dt&
f171el A el g, WgAbd 54 R ZeE& wAE dFel g WA
579 A9l Aasi

B d7e “Co y-4< 2AME TBPSH DEHPA® WA BHAHES
2 IR, NMR, IC 52 2& 7I7led ¥isor w4ste o= FaAd o
geta 54& st g

2.2 9
21 AloF
DEHPA, TBP % dodecane= Merck A3, Dibutyl phosphate(97%)%} Diethyl
phosphate(75%)% Acros organics Co A 2F& AF&3}91 ).

22 717
B Ao Ab&3 B47]7]% Ion Chromatography : Dionex — 100 (DX-100),
Gas Chromatography/Mass Spectrometer : Jeol Co9l JMX-SX 100A with HPGC,
NMR 742 BrukerAt2] DMX600 (600 MHz) —18]3l IR ~FEY 42 i
#7] (Beckman model IR-4200)& AM-&3}%ith

2.3 Aok A
DEHPA Cu 999 HAH[M]E o] &3], MEHPAT Peppard”’} AlA]3k W [5]o
2, 7183 TBP+ TuckZb AH&3k wh[6lo= 2tz A A 3} S

2.4 “Co 7y-4 =A
TBP ¥ DEHPA+= Al kg3 AAS Ak 747 20ml & A v2 543 %=
Ao A ZAAZ o] 1x10° rad, 1x10° rad, 1x10" rad, 1x10° rad 2 2x10° rad ZA}3}
Ak A 2ARRYES YCo (95000 CE AMEdHGlom, 2AZAL YA =
3ol FEAS0 9238 HE g (threshold leveDo] oF 10° rad ¢4 A& elst
o] o]2 7]Zo® AHu 2x10° rad 7HA] 42 7RV el A 2AMES T

OCo y-Hoz ZAAA AL TBPY R ES GC-mass, NMR, IC, IRE

311 A% 29y 2y
TBPo] A% AHEZL Gas Chromatography/Mass Spectrometer (Jeol Co<
A)

=439 oM [Fig. 1], TBP ~2¥E# EAFL S o)



(1) m/e 268914 YE}E= FolaE Eol(parent ion)o] P=O Ao H A7} £
A (addition) A9 TBP9 [(C4HsO);PO'], HDBP9 [(C4HyO)-PO'l, H:-MBP¢]
[C4HyOPO'], phosphate®] P(OH)s, 123l CiHg' ol Pt EAfol22] &4 7}
5SS AEF (mass number) EHE eld 4= 9t

(2) m/e 2117} 999 A YEl= o] FTol e Auld-2 7}7F HDBP2] [(CaHeO):PO']
7} P(OH)4 ol si@dat™ sy m F/e 424717 H 942 X5 P=-0 2%
of stvhe] H A7t BojA A drh

(3) m/e 155914 YEl= o]lF 3ol o] Aulde P=0 Aol she] H A7t 29
A A E HMBP2 [CqHyOPO ol & 2t}

AL 9] TBP9 A2l TBPOl W3t Agadey 2

HoMBP, phosphatedl] 333t A2l Fjolze] A7|7F F7t3)

=3

X
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3.1 2 o2 ARvEIHY £A
TBP, DBP, HsPOs 1831 TBP9] “Co WA ZAZ 3 Eloi AP E Fr71d
S FE87] st 24 Alg 1 mE FAske]l 5 me CCLel %<1 ¥, 3mM NaOH
= EoE F FE WA 53 fU15S SRR e, FF
qA15E F kel Ion Chromatographyol elste] WgApEsiol ok AdE
th o] AZREIHE X = DionexAke] DX-1005 AH&std o, &

- Analytical Column : Dionex Ion Pac AS 14 (4mm X 250mm)

- Eluant : 0.003M Na2COs3 + 0.00lM NaOH, - Detector : Conductivity Detector
- Flow rate : 1.2 mL/min, - Injection Volume : 2010

- Sensitivity : 100us, - Standard Sample : 10ppm PO, *
AUTO Sampler

Aok TBP9 “Co y-do=z Wabd =AAIZ] TBP (AR @ 0 rad, 1x10°
rad, 1x10° rad, 1x10" rad, 1x10° rad, 2x10° rad)°ll ‘:HZ?_ TBP2| HARA B3| A A &
g EA A2 e TBPe WA A %3 TBP el A4 5 (PO, °) o] 3aaAE
=AlEHE Fig. 29} 2tk AAHom xabdakd wl#ste] PO, el A Fo] M e
o] &3 WALY ZAMA Ho] w2
Avh 18]al TBPE] HARA #&&
[ Rl B bt A = R B
AL AR A Eo] TBPY ®IlE FHAAI|+= Aoz A7 = gl

HWIAMA S ZAAIZ]A] @k& TBP, HDBP, HiPO.9t “Coo @ wWhAbA ZAMAIZI
TBP Algol digh o] aznteEadde] BAAZE BH WAk 8o o) A=
EHYEES] AAFE ]S HSe ¢ = AUk 2AAFo] 1x107 radZFA ZARA]
21 TBP9 7% Fig. 304t o] &2Az 28 20% FolA TBP % alkyl”]
(CiHoO)7F st Eojd] yUzk Eaj 85 Fo|art Yelvh=d ¢ Io]3a+= HDBP

2 e, 2ea 28 50% oA TBP % alkylZ](CaHgO)7F 271 "ol ik
A =] o7t YEhdsd o] ¥olas HMBPRE #dheltt 18 al 83 10%
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& AMEEY TUd RAWHo R O*% v‘i—*—i@ﬁr% Fe vl By Fdg &¢
Alzrel] Fol At AEEATkeE AMER JFT F Adden doA Agsk TBPe A
FoHEY Ay X TBP, HDBP % HzPOs 3gE9 A 7Fsdozr 2 4
o 3t BtFAS 9 4 AAh o] Lashs[7]o] LR3I o] A=ntE ey
o=

S0l APB (Precolumn, 3X150mm), <o)< 8 (3X500mm), A& (6
250mm)S AF&3te] 0.003M Na:COs + 0.00lM NaOH & o
H>MBP, phosphateE 204 Wlo] &2 AT & A+ WHe 2
th AP FFo] 1x10° rad o1 ZAMAZ Aol thde FH RIAYYEC HE
HAT o)A WAL FaE AAE o2 7HA {fUl1E T

stol AAdE Aw dEF Ev 7718 JHE7E A2 SFEAASE By,
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3.13. "P-NMR =¥ E# &4

BCo y-Hozm WAA EAAZL TBPY “'P-NMR 2#E#S BrukerAh9l
DMX600 (600 MHz)= =43ttt &AM Zo] 1x10° rad, 1x10° rad, 1x10" rad 744
= TBP ¥o]agt -0.78 ppmell A =R H Atk 22lu 1x10° radE FAHAZ] TBP A
= TBP (-0.808 ppm), HDBP (0.253 ppm), H-MBP (1446 ppm) =123l H3PO, (2.194
ppm) o] FolA7} FAHEJATHFig. 4]. ol A% o3 B2 HsPOs < H:MBP
< HDBP < TBPY w=AZ yeldth 183 2x10° radE FAMA1Z1 TBPel A &= 1] 9]
Ao BeFo] &3 FHlEA SAHFUG. ol B A7 Creech[8]2] NMR 4]

AgoE A&t 2822 TBPY S'P-NMR ~HEY BAATE o A &d
APEA2AEY BAAT L o] ARvEINANE o]&F BAARSr 45 o
Zge & 4 AU

3.1 4 IR 299 BA

Aok TBP9 “Co y-Hdoz WA ZAAZ TBP (2AFAE @ 0 rad, 1x10°
rad, 1x10° rad, 1x10" rad, 1x10° rad, 2x10° rad)ol ™t LR =FEH S Ao M 37|
(Beckman model IR-4200)& Ah-&3ste]l A8ttt 1=1d] TBP, HDBP, H.MBP9| IR
sHEGo] w$ Farete] pEE] o@y] wie 5@ 5449 WaE e 5
2. ey TBP 49 EAS vehys ws[9], = 2050 Cm ‘el CHsel Hl
Mz og W= 1280 Cm '¢ P=0 23] o8 W= 1030 Cm '¢] C-O-P Z§<]
C-0 A= o3 Me=so] A A [Fig. 5]

3.2 DEHPAS] R E 4
YCo y-Hoz ZAAA A& DEHPA FE4 9 2aAAHEE TBPS vl371x|
2 GC-mass, NMR, IC, IRE =A3}o] 43

321 AFxnAEY B

DEHPAS A% ~HEHL Gas Chromatography/Mass Spectrometer (Jeol Co
o] JMX-SX 100A) Z43% A3 Fig. 6 2 Table 13} 2t} 21831 DEHPA A&



~HEY 542 b3 Zrh

(1) Xo]&(parent ion)¢! (RO):P(O)(OH)" EApol&o] Zw7b <kgic} —1gjal o]
(parent ion)oll P=0 ZA3&d H Y7} oA (addition) A E (RO):P(OH), 2;
o] 2ol 3]st m/e 3239412 Fojzd 7t It} (R=2-ethylhexyl)

(2) m/e 2113} 99elA  uvERtE  eolFdelae] Awide Zzt (ROP(OH)s
P(OH)s o #g3ln sty =& Fole] 4777 H 92 X35 P=0 Aol
stube] H 927 Eoljx At

(3) m/e 153914 (CoHs502)2PO-H (diethyl phosphate=DEP)¢] o] =7} <F&}A yebyt
o} 283 m/e 181914 YElH I o] == (CoHs0)3PO (triethyl phosphate=TEP) 2]
olg Folaw FAHE

ol gk #% S. Tachimori [10]¢] #2423} FAMS 54S WeER AT 7] 9]

9] o]% Ajuj <A (double rearrangement)> Quayle®t Mclafferty”} trialkyl phosphate

o] Ak AdEYoAN wstgdt. 18] DEHPAS] P-OR Zgto] stxj€ohd, RO

o e yH o EAol2E°] m/le 1292 RO'9F m/e 130¢] ROH 7} d44E 4= o

U, 2 2 AF9EdAdAE AEE 5 fith 2822 DEHPA: o&HE 2

(C-0)9] B AAAA F=2 4 dgste 4TS Bdvs 228 UE & AAdrh

P(OH)s o]&& AFr#AEoA Auld o]2E9 wo]aFoA 71 43 A<

glo]aE He]F31 9t} S. Tachimori[10]o] €J&tH AL AAE ] YA 7} F7HE ol

wetA P(OH)s o] wloja Al7]¢k ZuiAl HlieA (CH:OP(O)OH), EHo]&

(fragment ion) ¥|o]= A|71¢] A&FaL, octyl ©]&(CsHis %3 CsHir) Iol= A7)

T a3k, (CH:O)P(O)(OH), Ewre]2 o PAL mitxte] sfglo] o3 o] o}y

2} phosphate ©]2°] CHz7}F Bl E99AA FA¥® Rolzpar Rtk CsHis ©]2(m/e

12)e A7lE 718 23 gojae] shvoly, CeHis o szl A4ERY e 44 &

o]l o] Frtghe mEtd I MV FRAFom FAd] #gAaT Aot

3.2.2. 0] ARvE T A
ol ARutET# I o3 WAL FA}F DEHPA FEA419 WA RN E
of digh A2 SkeA 71=d TBPoF ¢ Wyez stdew  AleF DEHPASH
YCo y-Mom ZAAIZ] DEHPA (ZAMI#H : 0 rad, 1x10° rad, 1x10° rad, 1x10’
rad, 1x10° rad, 2x10° rad)el st DEHPAS] WAld R Ee gig 2AAx=
2E DEHPAS] WA A %3 DEHPA 58445 (PO, %9 AaaAS =AW
Fig. 77 2th AA Doz zApdd Hldate] PO, e Aol duzow F7}st
= s & F o, oy AuBAE ol&std TBPO 459 mzirpA 2 #ARA
AP mE Fe AN EY] AdHFS F4T F IS Folth. DEHPAS #AMA #
= XA AdE Tt A Fedse] souEA HAF vEstE G 9
. ol@ls A4S TBPO 79 #FAHlgith. DEHPA, DEP, HsPOs 12]at “Coo 2
AR ZARAIZL DEHPAC] i@ o2 Azvt=les2 243 da4E B2y TBPe
o A Z AL Rael eld Ba AgEe ANFE we Aee & &
t}. ¥Coo = 2x10° rad WA ZAAIZI DEHPAS 7% Fig. 8ol A ¢} o] & A
2% 20%°lA DEHPACIA F 7§¢] CiH79] alkyl”]7} EolA vzF MEHPA® 3¢
= RAAAE 93 Jolzrt yehyar, 3% 30%0A YEhYE 3ol == DEHPA



oA shel CsHizel alkylZ] 9 kbl CaHrol alkyl”] 7} 9ojA 3k MBPZ 3¢ty
AN E g Fojazw dddEth 18 6% 2004 e FojaE AY
o= ofA WA Zatgd ot ddA vee A AHERS HA EA 1819
el Fo] =7} triethyl phosphate [(CoHs)sPO4 Joll 23t 3jo]a=z S Ho| e}
|2 A2vtEaANA ZHE B 90 A7} triethyl phosphated] ]38 T|o]aZ o
At 738 50% A diethyl phosphate [(CoHs502):PO9 19 o] Z7} YElyow 13
105 30%14 PO,°el 3olzrt A&HATE d7HA A YdE F4eS DEHPAZL
AP B EE TBPY WAMY ESiAAEY BEA#HS Z oy FZE(structure)’} ©f
s}3EQl MEHPA®F HDBP, 18] il #Ab=a F+27F 22 35t&E<?]l H:2MBP7F A
HEe Aow Addu. & DEHPAS TBPY A% ~#Eedy] =34

DBP7} m/e 21194 Fo]=7} vl Hg o] ARuEIH ol
B MEHPA®F HDBP7F A9 Hls=gk &A1 7te] do]a7t Yete Aoz Ayl
t}. DEHPAYI A = TBPoIA AA¥ = HMBPe AA7HsAd S 4o DEHPAS
TBPe| A& ~HEd ZAH A7 TBPY 44+ m/e 155914 HMBPol 3@ sk 3
olZ7} AA el Wb DEHPAC] 4 $-ol& m/e 155914 wlg- °F3k w]o] A7}
etk 22iu DEHPAS TBP a8 =S &4 3 ol AzvtETadd gig &
MANE B A Hl=g & ARt Folavt YEE AoR Hol o] Fo]avt

=l

o

M o R oox 2 2 ol

o,

U

HoMBPol| o] Yeldth=s F80] 7hsstvhal deg,

2x10° rad ZAMAIZ] A9l TS FHo PP EC AFHUY. oA
TBP®| ZAg-oliet mz7tA 2 WAbd a2 A9 oe7kA] f71s 50 &7]
=9 kAot wr3-ate] AAE AF alcohols B EIAAE FUIEES Add 9%
Zow AbmEr. 12]il DEHPA Al k& HzPOs°] $HeFo] TBP Al¢Fe] HzPOs°| &

3.2.3. "P-NMR =¥ E3 24
YCo y-Hoz =As DEHPAS 31P-NMR 2 E# S BrukerAhe] DMX600
(600 MHz) 2 =4 3}5]t}.
ZAPA Zo] 1x10°rad 74 DEHPA 3 o] 2%k 1.18 ppmol Al ZAH ¥t} 17
U 1x10'rad® #AFg DEHPAY A& MEHPA7ZF 2607 ppmol Al e 7] Al 2Hak4l
t}. 2x10°radE ZAFSH DEHPA] A& DEHPA (1.228 ppm), DEHPA (2.397 ppm) %
HsPOs (3.027 ppm) @] ¥]o] =7t A=At} [Fig. 9] 183 o] AznfE1e)y] 54
Ao A =AU DEP(diethyl phosphate)”t “P-NMR 2= E& o] A %= (.68 ppm
~ 0.766 ppmol| Al FA ATt e]al FojAe] AV|E e dl®Z WA AR
Hl#l3le] HsPOs, < MEHPA < DEHPA® A2 ueykon, DEHPAS ¥Co y-4
YEgo] F7MLFE Holao Yy AVE FF FsA FAHAHA. &

E3F AL
Bao] o3 REAAHE FE7} DEHPAC Hsle] Aujdozm ztomz XA A
EAA RS F Aol ofd wEe] EIAALE Tolart FAHE F Ade BAERA
=4S urFof 3 olrt. o]9ZS DEHPAS “'P-NMR Z~HE# BAZAn= oo A
Mest Ay ~249Eqy FAANZEE 53 ¢ e FHANE ¢ o) a=zvE
YT E o] & FAAAGE AT dAFS & 5 dATH



3.2.4. IR 29 EZ 4

Ak DEHPAS} “Co 7y -H oz %A DEHPA (ZAMA# : 0 rad, 1x10° rad,
1x10° rad, 1x10" rad, 1x10° rad, 2x10° rad)el W@ IR Z=EHS A9 H 37
(Beckman model IR-42000% Ab&3to] Z4atsich, 1#1v] DEHPAS MEHPA®| IR

2~HEHo] w]$ GAFsle] FEEy] o@ ] wlEo] 1x10° rad 7hA o] FAFA Fo 4=
5dWg 54759 WakE 2 + 9o DEHPAY 54¢ el 2890 Cm 'l
O-He W=, 1250 Cm '] P=0 2 Zdl] og W= 1115 cmu C-0 2Z9] g Wl
=Eo] 4Lt 28y 1x10° rad®] FFAEAA 2AAZ DEHPAS] IR 29 E
Hol = 1,715 cm oA RS A T4y o)Az e, o] wola: C=0 4l
Zd #FstE FolAr) [Fig. 10]. ol#ls AMA e #t)zz DEHPAS 2HAdA19)e]
WSS AABE AoR dWbH o R peroxy HHZAS REETF Awol= AE, S
A4 aea d3ES wena deA Aol
4. AE

‘“)CO y-A oz zAg TBPSF DEHPAC] ok Ay Bafs F2 <adn 2
FHo] U= A7 A E e HuA AAs] EsiF J&8 @k TBPo 44 W
AR S 7F HDBP9F HoMBPE A XA HsPOu (orthophpsphoric aicd) & A/dst= 7

How they) o] AARYT BeAT

TBP — HDBP — H:MBP — H3PO,

I2]3 DEHPAQS] 9% TBPS fAeHA d&5H o2 WAl R oo
7o Aoz A3 o] HgPom AdATa 714s ¢ 9

DEHPA — MEHPA — H3PO4
uebA] TBP9F DEHPAS] AR #3&&= fARSE Wb 2 i3
¥t TBPO 729 HAMd FFd%e] 1 .
A28 F5EG) 1.3~ 259 e VM AR g o, webA DEHPAA
9o &= l9+ FrAkE %k—"— Ad Aog FAZE o] wabde] digk viido] vl A
S E3le] TBP2 DEHPACI
of ojgt BPA Tsﬂ A& HDBP, H.MBP, H3;PO,2t DEHPA9| H-&fA
MEHPA ¢} HsPOso] BAHS =4 2 Axksla, TBP2 DEHPAS] WALA &2
F} o5 EHAGES] F&o|2FE FAHo w2 JFo] s A o Fojrt

of
ol
o, ¥

T A

BoAfo it FelrjeH ol AxHAT A A ¥3 GC-masset NMR
Fol FA k=t 7|2 skA] ] AFYel EAE A=Yy
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