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Octyl(phenyl]—N,N-diisobutylcarbamoylme’fhylphosphine oxide

CeHyz 0
S 7 O CAS Registry N
egistry No.
Formula Welght ™~ CH,—C 7 83242-95-9
407.58 2 ~N— CH,CH(CH,), Empirical Formula
CaaHaoNOLP
CH,CH(CHg)»

Product Description

M&T CMPO s a neutral organophosphorus extractant usefulin conjunction with tributyl phosphate
as a process solvent for the separation and concentration of transuranium elements from acidic
nuclear waste via the TRUEX (TRans Uraniumn EXtraction) process. This process allows the
separation of americium from plutonium by using two different strip solutions. SX-grade CMPO
permits the removal of more than 89.99% of americium from the organic phase.

Typical Properties

BB

M&T 2 ®D8-grade CMPOO RS2 7 L v b L DIRBR

BACOREMEIE, 1 ke88AM (2kgBlT) KRERMHE( 2kg~25keET) 1ke

6677 M.
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' Application of the TRUEX Process to the Decontamination of Nuclear Waste Streams”
H B
ISEC ' 86
E. Philip Horwitz Wallace W. Schuiz
## | Chemistry Division. Argonne National Rockwell Hanford Operations Post Office
Laboratory 9700 South Cass Avenue Box 800 Richland, Washington., 99352, USA
Argonne, [L, 60439, [SA
F—%
Octyl(phenyl)-N,N-diisobutylcarbamoylmethyiphosphine Oxide
CgHyy \ o o)
CH,CH(CHy,),
CH,
CH,CH(CH,),
OaD(IB)CMPO
C3EBFTIF L FRAEOHB AT
2t BF

CLPBO.IMOY 2 v BROFETIE - 525 /4 KPP U853 845 b A3 B 1T,
KD, REESBICT L REERT,
« CMPOD £ 4L &5,

MOGPORT AN D LAD= bT b EGEREMT S 1-DCNPOICE » T

DEIENTES, L->THIL, IMPIAEDP LTV > THAD S EEREFHEE L
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4 ft | Separation Science and Techmology, 17(10), pp, 1261-1279, 1982
2 | B P.HORWITZ, D.G.KALINA, L.KAPLAN, G.W.MASON. and H.DIAMOND
F—F
TABLE |
Abbreviations, Structures, and Nomenclature of CMP and CMPO Extractants Employed in This Work
Abbreviations Extractant MNomenslature
| Il
DHDECMP (CgH;10)3P—CH;—C—N{CyHy)2 Dihexyl N, N-diethylcarbamoylmethylphosphenate
CgHyy © 8]
N ]
HHDECMP P—CH,y;—C—N(CaHs) Hexyl hoxyl-¥, N-diethylearbamoylmetlylphosphinate
CgHyO
0 v}
DHDECMFO (CgH,;3);P—CH;—C—N(C3Hy), Dihexyl-N, N-diethylcarbamoylmethylphosphine oxide
Gty o +]
A\ 1
H9DECMPO P—CH;~—C—N{C3Hs); Hexyl(phenyl)-¥,V-diethylcarbamaytmethylphosphine oxide
&
(CH;),CH(CH,)s © 0
I iy
6-MH@DECEMPO \P—CHI-—C—N(QH,): 6-Methylhepty phenyl)-¥, N-diethylcarbamoylmethyl-
/ phosphine oxide
-]
CgHyy © o]
N I N .
0¢D|IBJCMFPO P—CH;—C—N|CH,—CH(CH;):l; #-Octyl{phenyl}-N,N-diisobutylearbamoyimethylphosphine
oxide
)
{CH;},CH(CH)s © o)
I I
6-MH@D[IB|CMPO \ P—CHy—C—N[CH,CH(CHy)zly  6-Methylheptyliphenyl)-N, N-diisobutytcasbamoylmettyl-
! phosphine oxide
@
C4Ho(CH5ICHCH, © Q
It I
2-EHpD{IBJICMPO \P—CHZ—C—N[CH;CH(CHJ)III 2-Exhydhexyl{ pheayl)}-N. N-diisobutylcarbamoylmethyl-
; phospine oxide
=]
H B CMP, CMPODBEZE, #HE. &
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Hi 52

Material Safety Data Sheet

FE

M&T#

it
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SPECIFIC GRAVITY: N/A
VAPOR DENSITY: N/A
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@ Material Safety Data Sheet

&

M&T#

: :Meltingpoint

® FREEZING POINT:

N/A

L
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Hi 82 | Material Safety Data Sheet

EE | M&TH

~y
|
Ny

BOTLING POINT: N/A

# A
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Material Safety Data Sheet

=5

M&T#

o
|
&

# VOLATILES: N/A
VAPOR PRESSURE @ 20 C: N/A
EVAPORATION RATE: N/A
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@ CMPO/*» 7 b w b

@ Material Safety Date Sheet

zE

M&T#

!
i
r

SOLUBILITY IN WATER: INSOLUBLE
SLIGHTLY SOLUBLE IN ALCOHOL

B
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IHE | CMP, CMPOO THBEMHIINE (HBOIFEMHE) E% 2—-9-3

H# | Separation Science and Technology, 17(10), PP, 1261-1279, 1982

& | E.P.HORWITS, D.G.KALINA, L.KAPLAN, G.W. MASON, and H.DIAMOND

5
TABLE 2
Extraction of HNQ; by 0.5 M Extractant in ¢-Xylene
{HNO;),
DHDECMP  HHDECMP DHDECMPO H¢DECMPO

[HNO,], (phosphonate)  (phosphinate}  (phosphine oxide) (phosphine oxide)

0.10 0.00260 0.00847 0.0377 0.0201

0.25 0.0135 0.0353 0.136 0.0667

0.50 0.0434 0.0983 0.268 0.159

1.0 0.139 0.237 0.424 0.305

2.0 0.344 0.464 0.552 0.466

30 0.533 0.611 0.650 0.602

40 0.694 0.694 0.726 . 0.68%

6.0 0.521 0.936 0.943 0.93%

AN EFI L o EFRAE L TIHDECHP~HG DECHMPOO BB BE 2L A LB OIHR O

B

&ﬁ%&&btm%o

(PO FO 7 2 FElSPBERIEL, PEEERBRPCOT/ FFOMBIKEEN &
BERERT,
7 iF 7’JL—'ftiﬁetal-phosphorylﬁﬁ%é#:7k%4 A TEBETZy 7 2E0T 5,




PNC N8450 90-008

IHE | CMPOL TBPO S ECH (BREED) o 2-9-14

The TRUEX Process-A Process for the Extraction of the Transuranic Elements from
H s
Nitric Acid Waste Utilizing Modified Pwrex Solvent

‘EH | B. Philip Horwitez, D.G. Kalina, H#. Diamond, G.F. Vandegrift

M
i
Yy

Table 5. Distribution Ratins of 0¢D(iB)CMPC, EH¢D(iB)CMPO, and
TBP 0.2 M CMPO - 1.2 M TBP - Norpar -12.

Extractant Aqueous Phase Temperature °C Dewpo Drpp

. - 6 03 1. 6 3

04D(1B)CMPO 1 M HNO4 25 . 1xl  6x10

EH4D(1B)CMPO 1 M HNOy 25 6.7x103  1.3x103
A

EHD(1B)CMPO 1 ¥ HNO; 50°C 1.0x10%  1.9x103

EH¢D(1B)CHMPO  0.25 ¥ Na,CO, 25°C 2.0x10%  2.8x103

KA DBEOEREL, PIETOAERTRRLE b0, FRENFVEL
30

AERICEFABREDOEVWI EICH S,
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High | J.Radioanal. Chem., 80, 63(1983)
F& | M.E. Chnutova, N.E. Kochetkova, 0.B. Koiro, B.F. Myasoedov, fit 3 A
F e Solubility of reagents I and II in
various solvents
R
Solvent fagent
' l 1
CHCl, 1.7 1.7
DCE* 0.3 0.3
1,2,4-TCB* i.16** 0.05
o-DCB* 1.55** 0.05
PCE® 1.1 insoluble
cac, 1.18** insoluble
DEB* .0.28** insoluble
o-xylene 0.8 insoluble
cyclohexane - insoluble
benzene 1.2 insoluble
MIBK* 1 insoluble
0.1M HNO, 0.035** -
IM HNO, 0.0042** -
*DCE — dichloroethane.
1,2,4-TCB — 1,2,4-trichlorobenzenec.
o-DCB — o-dichlorobenzene.,
PCE — perchlorocthylene.
DEB — dicthylbenzene.
MIBK — methylisobulylketone.
*+Exact data, t=23.2 °C.
(I) DéDBCMPO
(Il D$DECMPO
B
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EEH

M&T#:

=4

Safety & Industrial Hygiene
The toxicological properties of M&T CMPO have not been fully determined.

Workers should be supplied with gloves, protective clothing, and chemical worker goggles in
orde{to avoid contact with this product. This product should only be used with adequate exhaust
ventilation,

Recommended First Aid

Persons exposed to CMPO should be moved to a non-contaminated area. A physician should
be consulted.

For skin contact, wash thoroughiy with soap and water, If irritation develops, consult a physician.
Contaminated clothing should be laundered before reuse.

In case of eye contact, immediately flush eyes with copious amounts of water for 15 minutes and
get medical attention.

FHE
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Hi#t | Material Safety Data Sheet

TFE | M&TH

h!
i
Ny

s e o ol o s oo shoode o o e o e oo e e e e o e e e o

FIRE AND EXPLOSION DATA
o o o e e o e e e o e o oo o o ol o o o ke oo e e s ek ke

FLASH POINT {(TEST METHOD) AUTOIGNITION TEMPERATURE FLAMMABLE L7S.
N/A N/A ' LEL= UEL=
EXTINGUISHING MEDIA:= FOAM, ORY CHEMICAL, CARBON DIOXIDE

SPECTAL FIRE FIGHTING PROCEDURES: AVOID EYE AND SKIN CONTACT.
DO NOT BREATHE FUMES OR VAPORS.
UNUSUAL FYRE AND EXPLOSION HAZARDS: NONE KNOWN

i A

—30-
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HE | (MPOD R &4 (BEFHE) &= 2—10~3

H# | Material Safety Data Sheet

EE M&T#H

7y

T sl oo e o o ok o deode o o S o o ot o o bl sk e o o o e ool o o e o o gk e e oo e e e e e ook e A

ENVIRONMENTAL INFORMATION
ok kR kB R R Rtk e kol SR ot ook ok dook oo ok sl e o e o o o e e ke

SPILL RESPONSE: ABSORB SPILLED MATERIAL AND TRANSFER TO SUITABLE
CONTATINER FOR DISPOSAL.

RECOMMENDED DISPOSAL: ODISPOSE OF AS SOLID WASTE OBSERVING ALL
APPLICABLE REGULATIDNS FOR CHEMICAL POLLUTION CONTROL.

EPA HAZ. WASTE DESIGNATION (FOR VIRGIN PRODUCT):
OTHER:

FEA
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Hig | Material Safety Data Sheet

HE | M&TH

F—

¢ sk o e o el o o ool sk e o e e o ot e ok skl e e o o e s e e e 0 e o o oo o e g e e e e o e e ol o o o ke

HEALTH HAZARD DATA
e s e o o o s s st o ot o o ke o o o ol e e o e e oo et o ot P e ol e oot o el ot ot e ot ol e e e e g ok

EYE CONTACT: THIS MATERIAL CAN PRODUCE SEVERE IRRITATION TO THE
EYES UPON CONTACT. ANIMAL STUDIES HAVE INDICATEDC THAT THE IRRITATION
IS REVERSIBLE.
SKIN CONTACT: MAY PRODUCE MILD IRRITATION TO SKTN UPON CONTACT.
LD50= >2000MG/XKG

INHALATION= MAY CAUSE IRRITATION TO THE NASAL AND RESPIRATORY
PASSAGES UPON REPEATED OR PROLONGED CONTACT.
ORAL: tD50=>5000MG/KE

CHRONIC TOXICITY: BASED ON THE TOXICITY OF TRIPHENYL PHOSPHINE,
AND UNTIL STUOIES CAN BE BEEN PERFORMED USING THIS COMPOUND.,
CMPQ MAY CAUSE NEURCTOXIC EFFECTS.

SUGGESTED FIRST AID:
EYES: IN CASE OF CONTACTy IMMEDIATELY FLUSH €YES WITH FLOWING
WATER FOR AT LEAST 15 MINUTES. GET MEODICAL ATTENTION.

SKIN: WASH THOROUGHLY AFTER HANDLING. WASH WITH MILD SOAP
_AND WATER. IF IRRITATION DEVELOPS GET MEDICAL ATTENTION.
INHALATION: MOVE EXPOSED INDIVIDUAL TO FRESH AIR. CALL A
PHYSICIAN. :

INGESTION: NEVER GIVE FLUIDS DR INDUCE VOMITING IF PATIENT IS
UNCONSCICUS OR HAVING CONVULSIONS. GET MEDICAL ATTENTION.

i AR
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tH 82 Material Safety Data Sheet
EE  M&TH
F—%
et e g o e o o e R ko o ol e ok o o e e o e
REACTIVITY DATA
s o e s o el ok ol ol ot S e o o o e ool e e ot
STABILITY: STABLE
CONDITIONS TO AVOIO: N/A
INCOMPATABILITY (HATERIALS TO AVOID): N/A
HAZARDOUS POLYMERIZATION: HILL NOT QOCCUR
CONDITIONS T& AVOID: N/aA
HAZARDOUS  DECOMPOSITION PRODUCTS: N/A
3 B
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Hi 58

Material Safety Data Sheet

FE

M&T#

M
i
%

s o o s e e e e e ol o ot o oo ol o o e e o e e ofe ool o ol ol o R AR o o e o o e ok ok o o e e e

TRANSPORTATION
sk A oo e ot g e o oo oo o e oo o o o o o oo e o e o ol o o o sl oo i ol

DEPARTHENT OF TRANSPORTATION (DOT)
DOT PROPER SHIPPING NAME: NONE REQUIRED
DOT HAZARD CLASS: "NONE REQUIRED
DOT LABEL: NONE REQUIRED
DOT ID #s= NONE REQUIRED

e o feadr o e o e e e e o ot ot e e e o e e e e o ol ot R o A s Ao e e ke o

HISCELLANEOUS
0 e ool s oo o e o e e oo bt ook o e e e o skl e e ok e ke ek

ke e e e o e o ot e e e e s e o ol o o o o e oo ok el o e o o e ofe o o e o e e e o e el o e e ke

. REVISION(S)
e e ol s o o o oz ool ey o ot ok o e KR e o o o e o RoRe e e oo ot g ko ol e e e o ok og o 1)

i« PHYSICIAL DATA — REVISED APPEARANCE ANDU ODOR.
2« INGREDIENTS — REVISED ZX.

Bz
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Hi# | Material Safety Data Sheet

FEH | M&TH

N
|
r

e e e el e oot e ook ol e o ool bt o ool o o oo o e o e e o e ok ool sl e sl of el o e o ool e e e

SPECIAL PROTECTION INFORMATION
&Rk ek fokok okl el ol ok ok ko sk ol kool el R o e bl e e e R

VENTILATION: LOCAL EXHAUST IS RECOMMENDED.

MECHANICAL (GENERAL) ¥S REQUIRED.
RESPIRATORY PROTECTION: USE NIOSH APPROVED CHEMICAL CARTRIDGE
RESPIRATOR WITH ORGANIC VAPOR CARTRIDGE.

EYE AND FACE PROTECTION: CHEMICAL WORKERS GOGGLES. DO NOT WEAR
CONTACT LENSES.

OTHER CLOTHING AND EQUIPMENT: BUTYL QR NITRILE GLOVES

o ol o o o s o ook o o s oo e ol et e e o e o e R e e o e e e ot e ok e ot s e

SPECTIAL PRECAUTIONS ]
T X233 o ot e e e e e e e ot ool e o a e oo o e v o dkale ol el o kol o o e el Atk e e dfofods o sk e e kol de el o s ol e ok ool e b ot o

PRECAUTIONARY LABEL INFORMAYIONZ WARNING! MAY CAUSE SEVERE

IRRITATION TO THE EYES. MAY CAUSE MILD IRRITATTION TO THE SKIN UPON
CONTACT. WASH THOROUGHLY AFTER HANDLING.

STORAGE AND HANDLING: NORMAL WAREHOUSE STORAGE IN COOL. ORY AREA.

B




PNC N8450 90-008

2.11



PNC N8450 90-008

3. m i B

~37—



PNC N8450 90-008

3.

1

i/

- 38—

b e



PNC N8450 90-008

EE | TRUEX 7 o & AREEE (Hanford) %5 3—-1-1
B | W.W. Schulz E.P. Horwitz
e
=%
Laboratory-scale TRUEX process equipment for tests with PFP waste.
e B
c AemEOBLOMESRSEEZERELAL, ABREE,
o Hanfordic % &
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The TRUEX Process - A Process for the Extraction of the Transuranic E'lements from

Nitric Acid Waste Utilizing Modified Purex Solvent

ey

E. Philip Horwitz, D.G. Kalina, H. Diamond. G.F. Vandegrift

h !
1
R

Table 1. Composition (in weight percent) of NPH Diluents.

Catrbon Chain Worpar ™12 Ccmoco"'clz_l 4 SRP.
Length

10 13 1 -
1L 36 2 0.5
12 44 12 9.5
13 7 56 48
14 - 28 40
15 - 1 2

W ORBICHW SN/ NPH (Normal Parafinic Hydrocarbon) ®@# A,
Nurparm—lz ---Exxon Compary Iac.
Conoco™C¢C,,-14 --Conoco Chemicals, Inc.

SRP ---Savannah River Plantk ®# 8B4 b D,
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Application of the TRUEX Process to the Decontamination of Nuclear Waste Srreams®
H i
ISEC ' 86
E. Philip Horwitz Wallace W. Schulz
#% | Chemistry Division, Argonne National Rockwell Hanford Operations Post Office
Laboratory 9700 South Cass Avenue Box 800 Richland, Washington., 99352, [SA
Argonne, IL, 60439, USA :
F—%
TRUEX Process Solvents
N
f CMPO, M TBP, M Diluent Use
0.20 | 1.2 to 1.4 | NPH(C,, to C,3) HLW
0.25 |0.75 to 1.0 CcCl,, TCE Pu Scrap
Waste
0.50 - TCE Chioride Salt
. Waste
TBP o & %]
FaBg
O HEAER
@ Dwn®ELE &
@ LMNHNGELOBETTOBRBECH T2 RSHOER (HHEH)
@ 1 MHNO AT OBET TODDERE GEHMEHE)
® %EEEEQEﬁ(ﬁt/wvwﬂﬁ74V%#ﬁﬂﬁmmént%é)
® CMPOOKHE~DDOZDIER |
@ CMPOD IR B4R 1B 18 D B & |
EBBET O R T BB S LR O 580 &R
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H: 5

%% | W.W. Schulz E.P. Horwitz

F—y
TARLE l. TRUEX Process Solvents
CHPO, H TBP, H Biluent Use
0.20 1.2 to 1.4 Morral Paraffinic Hydrocarboen HLW
€127C13
0.25 1.2 Iso-Paraffinic Hydrocarbon WL
Ci2

0.25 0.75 to 1.0 CCl,, TCE® Pu Scrap Waste
0.50 | 0o 1.0 TCE" Chloride Salt Waste

*TCE = tetrachloroethylene

TBP 7% M i
i BH

S CMPO-&BA A VEEABRICE DU SBE=MABREELT 2D ICTBPEERM
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HE | MEHAWER (£0O 1)

&S

3—-3-1

Hi 58

Nitric Acid Waste Utilizing Modified Purex Solvent

The TRUEX Process - A Process for the Extraction of the Transuranic Elements from

& B, Philip Horwitz, D.G. Kalina,

H. Diamond. G.F. Vandegrift

—y Table 2. Composition of Synchetic Weste Solutiens.
T=7
Concentration, mol/L
AW DSW SFP
Acids
HNO, 1.0 1.0 (1.0-6.0)2
HyC40, (0.10-0.20)" (0.05-0.20)% 0.1
Non-Fisslon Product Cations
Ha 0.20 .15 -
Mg - 0.0016 -~
Al 0. 60 0.046 -
Ca - G.0014 -
cr 0.015 0.0Ll4 -
¥n - 0.0045 -
Fe 0.15 0.15 521072
Ni 0.007 ©0.0080 -
Cu - 0.0018 -
Anions
F~ 0.15 0.008 -
$0,2” 0.20 0.012 -
NO, - 0.005 -
a - conceatrations were varied wichin this range.
AT ORBICAV S, HWEHIAROHEE,
& B :

AW ~Purex7 o R LbHRRLETIHELED,

DSW - ERANL-84-45C1984) IR XNt b D,

SHP -+ X BRORNL-5012(1975) 2R e N/c b D,

S id ICP/AESIC L 5,
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The TRUEX Process - A Process for the Extraction of the Transuranic Elements from
H
Nitric Acid Waste Utilizing Modified Purex Solvent
## | BE. Philip Horwitz, D.G. Kalina, H. Diamond, G.F. Vandegrift
- 5 Table 2. Composition of Synthetic Wasce Solutions. {Cont.)
Concentration, mol/L
AW DSW SFP

Fission Preducts
Se 4.2x1077 9.5%1073 4.3%10™°
Rb 2.521074 - 2.7x107%
st 6.2¢107% 1.4%10°3 6.4x107%
Y 3.5x107 7.0x10™% 3.6x107%
Ze 2.6x1073 6.2x1073 2.7x1073
Mo 2.4x1073 1.6x10™4 2.2x1073
Ru 9.9x10™% 2.0x1073 1.0x1073
Rh 2.5x107% 5.7x10"% 2. 62104
P4 8.8x107% 6.6x107% 9, 1x10™3
Ag 3.7x1073 3.0:{10_.5' 3.8x1073
cd 5.0x1073 4.4x1070 5.2x1077
Te 2.9x1074 3.3x107% 3.0x1074
s l.2x1073 - 1.2x1073
Ba 8. 1x1074 2.1x107" 8. 4x1074
Fission Product Rare Earths
La 6.1x1073 " 1.ox1073 6.32107%
Ce l.2x1073 2.4x1073 1.2x1073
Pe 5. 7x107¢ g.2x107% 5.8x107%
Nd 1.9x1073 2.7x1073 2.0x1073
S 3.9x107 3.9x107 4.1x107
Eu 7.5%1073 4.8x1073 7.7x1077
cd - 1.2x1073-

i ig
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Behavior of Americium in the Strip Stages of the Truex
HE = 3-3-3
Process

Hi#8 | Solvent Extraction and lon Bxchange, 6(l), 93-110(1988)

E# | B P. Horwitz. R. Chiarizia, and R.C. Gatrone

F—F

PFP? psyP
HNO4 1.5 1.0
F 0.09 0.008
S0, 0.01 0.012
N0, - 0.005
UyC,0, —— 0.3
Na 0. 04 0.15
13 0.003 -
Mg 0.06 0.0016
Ca 0.06 0.0014
Al 0.43 0.046
Cr 0. 0004 0.014
Mn 0.003 0.0045
Fe . 0.03 0.13
Ni 0.0004 0.008
Cu 0.0003 0.0018
In 0.0006 -
Pb 0.0005 —
rare earth fission - 0.0075
products
other fission products —— 0.013
Table 1
% BH

Composition of Synthetic Waste Solutions

{molar concentrations, charges amitted for simplicity)

“PFP

"DSW

KRB TRAVWAEBREORS R

Dissolved sludge waste solution

Plutonium finishing plant waste solution
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IHE | Hanford COTRUEY Y O XD 7 4 — ik O

EFS 3—-3-4

Hi

EH I WW Schulz

E.P. Horwitz

!l
!
%

TABLE 3. Composition of Cendidate TRUEi Procese Feede at the U.S. DOE Hanford Site

PFP® Waate ccP Liquid Vaste
Constituent® Concentration, H Conatitucntd Concentration
No,” 3.0 Ha 9.9 H
o , 1.5 L 1.6
AL 0.43 noz' bt
F~ 0.09 coal“ 1.1
] 0 to 0.02 AL(OH), ™ 0.37
Pu 1075 po 1074 oH” 0.18
2l 1076 to 1073 TOG® 0.039 k¢ L7}
137¢q 1.4xE0¢ Bq wl™!
89, 80g, 6.4x105
2 lpg 1.9x102
239,240p, 2.1x102

" BPlutonium Finiohing Plant.
Cowplexant Concentrate.

present.
£T0C « Total Organic Carbon.

“Concentratians of Be, Cr, ML, Cu, Zn, and Pb all <6x107% M.
Small ((lO"z_ﬂ)‘concentrntions'oE Mg, He, Cr, 2Zn, Cd, Ca, Cu, Pb,

Zr, DBa, La, HY{, and Hd alao

H
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HE | BROSHE &S 3-3-5

Hi# | ISEC '88 10-28

EH | M Casarci'. R. Chiarizia, G.H. Gasparini, G. Puzzudi, G. Valeriari

Falal 4
ALPHA LIQUID WASTES TO BE TREATED
acidic waste oxalic waste alkal. waste analytical wastes
Type 1 Type 2 Type 3 Type 4a ' Type 4b
HNQO3 3-7M  OxalicAc. 0.8M NH40H 11M HSCN 0.02M AgNQO3 20g/
Pu 24 HNOg 1M NH4NO5 0.5M - Fe(SO4)3 0.03M Fe{S04)3 0.01M
u 433 g Pu 50.1g CCl4 traces H2S04 c.7M u 1017 g
U 9.14g THFA() o0.5M H3POy4 2M  Pu 12.56 g
Pu i4g HNO3 0.06M others(®) traces
u B15g
Pu 20g

' others(™) lraces :
Volume $34L Volume 153 L Volumel5.1 L Volume S0 L Volume 36 L

) tetrahydrofurfurylic alcohol; (] (NH4)5M07024‘24H20. (CsHSNHCsH4SOa)2_Ba. KzCl’OT
{?) AllNO3z)3, HSCN, Cep(504)3

LEEOBEN S a BB (Pu, U As) ESET 3HEPIZAVT) ERH LI
B -
EOBBEOERERT

—49-
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HHE | M HREX &S 3-4-1

Application of the TRUEX Process to the Decontamination of Nuclear Waste Streams®

H 8
ISEC ' 86
E. Philip Horwitz Wallace W. Schuiz .
= | Chemistry Division, Argonne National Rockwell Hanford Operations Post Offece
Laboratory 9700 South Cass Avenue Box 800 Richland, Washington., 99352, USA
Argonne, IL, 60439, USA '
F =%
3+ -
An” + 3NO, + 3E-(HNO,) Am(N03)3-E3-(HN03)m + (3n-m) HNO ()
an®* 4+ 3c17 + JE-(RCIY.  AmCl,E,-(HCI)_ + (3n-m)HCl (2)
E = O0¢D(iB)CMPO
- = HHmboE
n:0~2
] Eg. 1 n.m=0~1 ] Bq. 2
m: 0~3
EnAiE
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HHE

An (II) SYECH (BEREEEH)

5 3—4-2

H

Separation Science and Techrology,

17(10), PP, 1261-1279, 1982

FE

E.P. HORWITZ, D.G. KALINA, L. KAPLAN, G.W. MASON, and H. DIAMOND

102 ¢

ot r

S
10-2 L

()4

~/™$L0PE 30

o] 0,504 HND,
{o] 3.0M HNO;

104
|o-2

0! o

MOLARITY OF EXTRACTANT

]

F16. 4. Extractant dependency for Am{III) using HpDECMPO in o-xylene, 25°C,

#EA

Fig.4.5.6THBLTRA &

A bFLhol ¢ DECMPOD A, (1) SEK BT 2HBSEES, BEEREA

BTIRMES O (MBER) 0BHEERT,

Fig 4. 5,608 & b A, chooHoBRE

Amd*+3N0;~+ 3 ESAn(NOg) 5 -

3 E

AR**+ 3 E - HNo;SAn(ND3) 4 *

(N—R3FHE,. E @GCMPD

3E+3H*

[ #% 8 & (% DHDECMP & DHDECMPOIC b R 5 h 3,
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HE | A2 A EGH (CMPOICH T 5 BBEEEM)

B |3-5-1-1

H
Nitric Acid Waste Utilizing Modified Pruex Solvent

The TRUEX Process - A Process for the Extraction of the Transuraric Elements from

& | B Philip Horwitz, D.G. Halina, H. Diamond, G.PF. Vandegrift

TBP-Dodecahe, 25 °C.

SEHOCMPOIZN T B4 (1) OREFHOKRIE.
0 ¢ =n-Octyl (phenyl)
HOE ¢ =Hexoxyethyl (pheny!l)

BH¢ =2-ethylheyyle (phenyl)

k. TMPE# D(iB) CMPOIZ. EH¢ D(iB) CMPOLF L TH » 72,

_)T.-"_y 10 E T T T T T TI1TT0] T “Illlli;
L ¥ O¢DIIBICMPO 3
[ © HoEgDIIBICMPO 7]
| O EHgDIIBICMPO ‘//-‘W*-* |
10 / 4
e 10 3 =
< c ]
o C ]
107 E
10 5
F 11y eyl 11t 131751 11 lnuu:

107 0t 10 10’

[HN03]M. M
Acid Dependency for the Bxtraction of Am (HD by 0.20 M CMPO - 0.8 M
WA |
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IHE | A0 S EES (CMPUIc T 2 Br B BEREM) E#E85 | 3~-5~-1-2
The TRUBX Process - A Process for the Extraction of the Transuranic Elements from
H#
Nitric Acid Waste Utilizing Modified Pruex Solvent
&% | E. Philip Horwitz, D.G. Halina, H. Diamond, G.F. Vandegrift
7-2'—; 102 T [ lllllr[ T T Illll'l'l L I 'II_I'I'I'I_..
10' E O
: Ong{IB]CMPO/ = 3
e W E £
< o EHHDIIBICMPO 1
(o] = J
107k E
10 2
) oty rirl 1 el 1 I'llli;-
i0° 10" 10° 10’
[HNOalAq, M
Acid Dependency for the Extraction of Aw (HI) by 0.20 M CMPO - 1.2 M
#% B : :
TBP-Norpar™-12, 40°C.
A (I OZBEHOBEEEEXKEE CGERME) .
CMPO & TBP, NPHOEBEAFEECEE,
i :_3 -2-1
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Method for extracting Lanthanides and Actinides from acid
#E £%|3-5-1-3
solutions
Patent No.4548790
HiB8 | United States Patent:
Date of Patent Oct. 22. 1985
E., Philip Horwitz, Dale G. Kalina,
EE
Louis Kapian, George W. Mason, (Inventors)
F—_5
T ¥ I'llll'll T 1 I‘Tlill T T 011 TT
0% & E
[
10 E
E F :
() I~ -
i ]
IOO 3 -
8 (0) 0¢DLIBICMPO
~ (&) 6-MH$DLIBICMPO .
(@) 2-EH¢DLIBICMPO
[0‘] 1 i 1[111_1] 1 1. lllllll 1 2131111
1072 o™ 10° 10!
MOLARITY OF HNO3 IN THE AQUEOUS PHASE
Comparison of the Dam vs agueous HNO; concentration for three octyl isomers
g4 AF : ‘ .
of phenyl.N.N disobutyl CMPO
£ 2 25°C, 2ilAp, 0% B4Ry, SR LTERBATLAL, SEEHOBHE £5%
O-xylene, DEBH,
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Method for extracting Lanthanides and Actinides from acid
HE %5 |3-5-1-4

solutions

Patent No. 4548790

M8 | United States Patent:
Date of Patent Oct. 22. 1985

Z3#H | B. Philip Horwitz, Dale G. Kalina, Louis Kapian, George W. Mason, (laventors)

3
10 e

Nt
|
Ny

o¢p[zE])eMPO

102

T T TTTIT

DHOECMKP

DAm

0% L

102

03
1072 0! 1o 10
[HNOES] aq! M

Comparison between the acid dependencies of Dam using 0.5M UHDECMP and

A
0¢ D[IBICMPO solution in DEB
DHDECMP . CGH]S_O\ 40 0
PP/ C.Hs
Colia-0/ NCHe-C-N/

| CoHs

0¢ DCIBICMPD Celliny /0 0

- PP -/ 1B 1B (Isobutyl)

¢ 7/ NCH.-C-N{
: iB ¢ (Pheayl)

DEB:Diethylbenzene2 DD L F AEDOME, # Ak, X5, /450 RFRH,

BELARH,
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I5HE | Behavior of Americum in the strip stages of the Truex Process

3—-5-1-5

Hi81 | Solvent Extvaction and

lon Exchange, 6(1), 93-110(1988)

£2# | E.P. Horwitz, R. Chiar

izia, and R.C. Gatrone

solvent at 25°C with high purity CMPO (from ref. 9).

FRA) TOA (I SEFR LN BERFERT o
MDA ERR E EREOERTECB AN ORI NS,

T 102 —
10 |
o 10° |
1071
e TRUEX-—-CONOCO, 30°C
s TRUEX-TCE, 25°C
10"‘2 i
i lrllllll 1 II!II[II 1 | NN
1072 1071 10° 10
[HNO3), M
Figure 1. Acid dependency for TRUEX-CONOCO solvear at 30 °C amd for TRUEX-TCE
2 8 '

2 B OTRUBY 74, TCE(tetrachloro ethylene) & CONOCO(n-paraffinic Ciz-Cia
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IHE | Danit i A TRPEBEORE E2 | 3-5-1-8
Application of the TRUEX Process to the Decontamination of Nuclear Waste Streams*
Hi B
ISEC * 86
B. Philip Horwitz Wallace W. Schuiz
&3 | Chemistry Division, Argonne National Rockwell Hanford Operations Post Office
Laboratory 9700 South Cass Avenue Box 800 Richland, Washinngton, 99302,
Argonne, 1L, 60439, USA US4
T
Acld Dependency of D, with 0.25 M
OgD(IB)CMPO in TCE for Various
Concentrations of TBP
10’ E T TTTTTT] T T T 1T1rTIm =TTy
10 €
o —
o0 E
w0 - 3
o A ]
E L ]
o TBP, M
10" =3
E oQ B
. 1
° 0.25 ]
,/ 2 0.50 |
107§ 4075 3
- 4 1.0 ]
1  1.28 |
10“ 1ol Lo tos el P2 1 1341
10° 10" 10° 10'
[HNO,], M
Fingil |
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THE | CMPOR CFCHDECMPD Pu (IV) S EMH (BREEEFH) #S |3 -56—-1~17

Hi g8 | LA-11191 UC-10 (Feb. 1988)

#¥% | 5. Fredric Marsh, Stephen L. Yarbro

F—%

1000
E 5
= B
L i
O 00 |
L .
1L C
L 9
O L
o 10
< E
S :
}__ -
D =3
E]_ 1 O 0.25 M CMPO/1.00 M TBP/ISOPAR H
o - A 0.25 M CMPO/1.00 M TBP/TCE
= - @ 0.75 M DHDECMP/1.00 M TBP/ISOPAR H
g [ # 0.75 M DHDECMP/1.00 M TBP/TCE

0 1 L ] 1 1 1 1 1 1 L 1 1 1 L 1 t
1 2 3 4 5 6 7
NITRIC ACID MOLARITY
Bxtraction of Pu (IV) into various extractani/diluent combinations as a
e Be o

function of nitric acid concentration.

HERELE(IGALE0MsORE ERACHSADE CHT 3P (V) 04
RENESRE
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JHH | CMPOR UFDHDECMPO U(IV) S EFRE (BMERE&RER) ®S | 3~-5-1-28
HigR { LA-11191, UC-10 (Feb, 1988)
ZH | 5. Fredric Marsh, Stephen L. Yarbro
-5
U(v1)
1000 -

L : |

w :/ J;'/ e

Le z

L z

51 Z

C -

© 10

= =

O E

*__ -

5 -

m 1 O 0.25 M CMPO/1.00 M TBP/ISOPAR H

jast = A 0.25 M CMPO/1.00 M TBP/TCE

g E @ 0.75 M DHDECMP/1.00 M TEBP/ISOPAR H

5 - B 0.75 M DHDECMP/1.00 M TBP/TCE

0'1 L] 1 1 L L i3 1 1 1 1 1 1 ] 1 1
1 2 3 4 _ 5 6 7
NITRIC ACID MOLARITY
o Extraction of UCIV) into varions extractant/diluent combinations as a function
of nitric acid concentration,
WREEEEESECLEEOBLOBRE / FRACHEIEDE LT EIN) OHE
FRErE®RE
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JEH | CMPOR TXDHDECMPD A (II) A EFEH (BMEEKEMS) 5| 3-5—-1-9
e | LA-11161, UC-10 (Feb. 1988)
#3 |8, Fredric Marsh, Stephen L. Yarbro
F—7
Am(1il)
1000
b=~ E O 0.25 M CMPO/1.00 M TBP/ISOPAR H
r - A 0.25 M CMP0O/1.00 M TBP/TCE
E [ & 0.75 M DHDECMP/1.00 M TBP/ISOPAR H
9 100 B 0.75 M DHDECMP/1.00 M TBP/TCE
L C
[ : o
L s | — 0
QO i
Q
> 10 é-—
St
}_. "
D -
@ 1 L
o .
= -
s C
O o
0.1 1 1 1 ) ! I 1 1 | [ i ' 1 1
1 2 3 4 5 6 7
NITRIC ACID MOLARITY
Extraction of Aw (I) into varions extractant/diluent combinations as a
A :
function of nitric acid concentration.
EBREEA2EI L L20B2 2088 /FRAOHAE LR CH T A, (II) OF
B ERE
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IAH | 0¢ [IBICMPOR TR AC S EFHE (BMEBEKENE) 2| 3-5-1-10
Hi# | United States Patent No4574072 May. 4. 1986
£# |E. Philip Horwitz: Dale. G. Kalina, et, al.
3
F—5 10 E
102§
1D1§
E o |
< T =
a 10 E
10"
B 0.5MOPD[IH|CMPO
10™ e o.1Mogu{TE]cmpo(” Decafin
0 osmopofzgcy
. o o.pogo[IE)cMPO > DEB
10. 1 LR LRLELLL L) ITIIIH[ RN
-2 -1 (*] 1
10 10 10 10
[HNOSJAq. M
BREMPITH . EIBBEOELLICHECLS,
B
{Diluents>
Decalin:[decaﬁvdronaph'thalene]
DEB :{diethylebenzene]
Temp :25°C
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HE | ETPEELCH T 2 )..0BBEKERE 21 3-5-1-11
High | United States Patent Ne4574072 May. 4. 1986
%% | BE. Philip Horwitz: Dale. G. XKalina, et. al.
F— 0y
: '_/-"-_'-f’
TR
<H,
Z 8,
\K?&
AN
o 0.00M TBP
D 0.254 T3¢
2 0.50M T3P
m 0.75M TBP
10° 10'
(HNO4Jsq. M
0.25M. 0¢ D[IB]CMPO/decalinr B~OEZETPECHEMOEE
i B
EHAEMMASDOStrippingt B0 LS CERBEHEK TR, TBPEEZ LA 1Y
BWTH B,
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EHE | SEHMEATOILOBRBEKRES F#8|3-5-1-12
Hi#t | United States Patent Ne4574072 May. 4. 1986
#F& | E. Philip Horwitz: Dale. G. Kalina, et, al.
F—# 10
- B CEP
S \
/""’ - -——’-E."--...__ - ‘-“:—r—
: Ay
S
Z 10 T
o)
1 T S S meeittar
T < ° TEHPO
1 N C DH3O .
5 2 Tap _
:- 7 EHOH
109 '.| c' — a.-: --------- !
10 10° 10'
[HNO,], M
0.25M, 0¢ DLIBICMPO/decalin
BoL ] .
WiwEHA (phase modifiers) HEE:0.5M
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FHH | BEHMERATOLMOEBEERE 3-5-1-13
e | United States Patent No4574072 May. 4. 1986
2% | B. Philip Horwitz: Dale. G. Kalina, et, al.
75
10" 5
. O0¢DIBICMPO
101'5
o HHDECMP
10" 5 A
7
<E: i /
O -
104 /DHDECMP
1074
. a
.IO-’ _2i ll]lill[-tl ll]li“io T T T TTTIT .
10 0 10 10
[HNOSJAQ, M
HEA £ A A :0.2M (0.8M, TBP/n-dodecane)
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Variations in the Solvent Extraction Behavion of Bifunctional
HE BH | 3-5—-1-14
Phosphorous Based Compounds Moditied with TBP

Hi 88 | Solvent Bxtraction and Ion Exchange (3) 235-250 (1985)

EE | B P. Horwitz D.G. Kalina

'52 - 5 T E
o ]
I o - decalin ]
3 s - 0.75 H-added TBP, decalin’
| o - €Cl,
= - 0.75 M added TBP, CCly
10“ 1 1 ! 1 i Lol 1
10" 100 C0
IHNO31AQ' M :
FIGURE 1. Acid dependency for Am extraction by 0.25 H opD[LB}CUPO
in CCl; and decalin.
0 ¢ DLiB]CMPOD Aot M ¥t %= FH IR Al decal ine RO MEEFE E LO0.75M O TBPOF &
= ' '

TH&E L, (modifire)

c EFHERMdecal ine MELBERTE, 4.5~14EOBLIS B,

cTBPEBRMT 2L I OBNVENILCH B,

CEBRERKRTERTBPOMHEHMRBIBCCL . FTRAALR AL L,

cEBMELHBRETOIL, dég:aline@%h%‘h#:ﬁ?"%TBP@’E#@%?‘D 7 =
@ﬁbﬁﬁmlé%@#ma<ﬂ%tmo
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Variations in the Solvent Extraction Behavion of Bifunctional
"H E2(3-5-1-15
Phosphorous Based Compounds Moditied with TBP

tHiBE | Solvent Extraction and lon Exchange 3(3) 235-250 (1985)

& | B.P. Horwitz

i

1

Ny
Y

ool v reeend. oul sl 1aen

A

—
oﬂ
+ & (AT

D@DIIBICMPO 0¢DIIBICMPO

piapnd v oevel vaosend 8 Cignd 1 e

a b

10'3 sl M EETT

DAm

\

s 1pent b oraomend p wDapnd s serapl 498 AN

10
DODIiBICMPO
107 &
3 3
10” 11t [ R ET] [ NRTL] I
107" 10° 10"107" 10° 10'
HNO, 1, M

FIGURE 2. Acid dependency for Am extraction by 0-25 M phosphine
oxide (o) and 0.25 M phosphine oxide/0.75 M TBP (e} in CCLy-

CMPOD A M i B £TBP O0F (@) & (O) THELAL LD
P

© a. b, cli3D ¢D, 0¢D, DODDLETHD . EBETHED ¢D <0 ¢D <DODD

IO RBENRE(LE TV S,
© 3 uﬂh@%b\@ﬁ’ﬂﬂw@%%l:;%’)fa}ﬁattb*‘j:% < f&lofh\éo-
@ monofunctioncDTOPU*cMBP@:J:q‘c%u\@ﬁ‘eéﬁ}ﬁakb@%kﬁﬁaﬁ%n
SO X ATRPO B A 2 TR A & DconplexDBIC & B b T A < BEhN

FROBILBLOTHEEELLLANBELUTH B,
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Variations in the Solvent Extraction Behavion of Bifunctional
HHE &5 | 3—-5-1-18
Phosphorous Based Compounds Moditied with TBP

HiBE | Solvent Extraction and Ion Exchange 3(3) 235-250 1985

F& | E. P, Horwitz

— 102 P T 1T} I TTTTY
T—5 E '
a b
10
DHDECMP DHDECEP
[
107
10”E
€ 10"F » t vl RN 11l WA
L4
Q 102 RS R ERLYY T T TTIT
c d
10' - '
E HHDECMP 4
N O
10 = E [?DHDECMPO-_-/
10" 3
10° E
10‘3 ind F bt barenl IR RRILT]
10! 10° 10'10”" 10° 10*
[HNO Jqu M
‘FIGURE 3. Acid dependency for Am extraction by 0.25 M bifunc-
tional extractant (o} and 0.25 M bifunctional extrac-
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Patent No.45483790
BB | United States Patent :
Date of Patent Oct. 22. 1985

E. Philip Horwitz, Dale G. Kalina.
e 1

Louis Kapian, George W. Mason, (Inventors)

7
TABLE |
Comparisom of 0.5 M Solutions of Extractanis
) in DEB. 3 M HNOy, 25° C.
Am 9 Loading
Extractan| Dim Fe Nd(IIN®*  LvD®
DHDECMP I3 3% g >75 100
. TABLE I-continued
Compansons of 0.5 M Solutions of Eatractants
wm DEB. ) M HNO,y, 25" C.
Am % Loading
Exiractant Dam Fe Ndillt)* wvn.
DHDECMPO 2 4 =107} 83-70 30-35
04D(IB]CMPO 41 3% ! >73 4045
*Perceol koadings are bascd on an extractani-to-metal ranm of ¥ for N1l and 2 for
uivn
General comparison of three essential properties of a liquid-liquid extraction
FEH

system

fEREL B,

o hn () EFe (M) OERERTIF /4 F (H) OB ORI T 2 EREDE L
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Hi 82 | Separation Science and Technology, 17(10), PP, 1261-1279, 1982
Z# | B. P.HORWITZ, D. G. KALINA, L. KAPLAN, G. W. MASON, and H. DIAMOND
T4
TABLE 7
Loading of CMP and CMPQO Extractants with Nd(III) and
U(vI), 0.5 M Extractant in DEB, 3 M HNOQ,, 25°C
% Loading
Extractant Nd(II1y* uen”
DHDECMP >15 100
HHUDECMP >15 80-85
DHDECMPO 65-70 30-35
HeDECMPO <5 <5
6-MH@DECMPO 315-40 1015
6-MHoD{IBJCMPO >175 40-435
2-EH@D[IB]JCMPO >175 30-35
O¢D[IBJCMPO >15 40-45
@Percent loadings are based on an extractant-to-metal ratio of
3 for Nd(IIT) and 2 for U(Y]).
SHCMP, CMFOD O - F 4 » 7/ Z3M-HNOy, ND (II) (Aw (W) ERCIETWVS),
Bl
V(M) % - THN~,
CMP &CMPOD T —F 4 7 OWL, 20 —BlkcchonF—7HNAETES
O IFRU>*TERBICEZH LV,
@alkoxyZ N —7Dalkyly A —F~0BBRIBIFZEDEL T 5,
@ethyl Z W —FDisobutyl 7 L —FT~OBHIEIHEERERZ 5,
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Variations in Solvent Extraction Behavior of B. functional
EHA ' &5 3—-6—-6
Phosphorous Based Compowrds Modified with TBP
¥ | Solvent Extraction and Ion Excharge 3(3) 235-250. 1985
& | B, P. Horwitz
F—=%
TABLE 1.
Range of Americium Enhancement Factors (Dmix/(DE+DTBP))
for 0.25 M Extractant + 0.75 M TBP in CCl,.
Extractant : Enhancement Factor
@ DHDECMP . 2.1-5.1 (3.0-9.2)%
DHDECEP 1.4-2.8
HHDECMP 1.4-2.4
DHDECMPO 0.4-1.9 (0.7-2.7)*
DPD[iB]CMPO 1.2-2.8
@ 0@D[iBlCMPO 0.8-5.8
: DOD[i_B]CMPO 0.4-2.8
TOPO ' 0.6-2.7
*0.75 M TEHPO.
TAY VY AQEEMBI BT S, MEERICTIPERNL cHOMMBRET 775
& 8 ' i
(Enhancement Factor)
Enhancenent F, =EA&BAETOSEE (0.25M #F# +0.75MTBP) /BN TOS
BEL+TBPTOSER
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Hi# | United States Patent No4574072 May. 4. 1986

#F3#H | B.Philip Horwitz; Dale. g. Kalina, ef, al,

7%
Conc of CMPO Ratio TBP/CMPO % Loading*
0.20 | 6.0 70
0.25 4.8 55
0.30 40 45
*Percent loading is based on sn eatractant-to-metal ratio of 3
Nd (IT> in 3M, HNOs solution.
F '

1.2M; TBP in Norpar—lz' T™ C(a normal paraffin hvdrocarbon containing 13%,

Cio, 36%Cy1, 44%Cis, 7 26C1s)
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#% | E.Philip Horwitz ; Dale. g. Kalina, et, al.
F—4
TABLE 2
Dhluent %, Loading 9-®
Norpar-12 735
Conoco? 25-30
Decane (Cip) 100
. Dodecane (Cy2) T0-75
Tridecane (C)2) 30-35
Tctradecane (Cys) <
Hexadetane (C)g) ¢
1007 Ci270% C)y T0-75
15% Cy/725% Cyy ' 50-35
50% C2/50% Cyy 45-50
25% C /759 C)yy J0-35
0% C2/100% C), Jo-1s
. “Baved o NdSOSI{IBICM PO mal rato of 13
*The rangc of numbers means there was 1w third phase formation ot the hvwer % hul
10 igher 7 losding caused third phase formaton
*Heavy organic forms with 30M NHO),
N o 27 O 127 Cyn 867 Cin 287 Clal 177 Coe
" TABLE 3
Dhluent %% Loading
Norpar-12 -~ 100
Conoco 50-55
lej 100
Cia ~ 100
C3 55-60
Crs " 30-35
Cis ‘ : <5
Nd () or Nd(NOs); in 3.0M, HNOs
By
Temp=257C
0.2M, 0@ D[IB] CMPO/1.2M TBP in different diluents.
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Date of Patent Oct. 22. 1985
E. Philip Horwitz, Dale G. Xalina,
EE
Louis Kapian, George W. Mason., {Inventors)
F—3
'O3 =y ¥ ll"'r”] T T iilll T ¥ Illll"
- ! ]
X ! ]
- ) ]
L / J
|02 = ~
C i
- ! 1
10 -
C 3
E 0 [ ]
S E
107 & E
5 SLOPE 3.0 3
o | -
(@) 0.50M HNO; 3
‘ (0} 3.0M HNOy ]
|O'3 i 1vuu| [ | lnn] 14
1072 1o°! 10° 10!
MOLARITY OF EXTRACTANT
Variation in as a function of extractant concentration for 0¢ D[IB] CMPD
i BH '
:BEAFRH :DEB hTHEELBRbN S (BARWTL)

—-122-



PNC N8450

90-008

Method for extracting Lanthanides and Actinides from acid
HH ‘ &5 3-6-11
solutions
Patent No.4548790
HE | United States Patent:
Date of Patent Oct. 22. 1985
E. Philip Horwitz, Dale G. Kalina,
E _
Louis Kapian, George W. Mason. (Inventors)
F—_25
3
IO E T Illllll] T 1 TITUOEIT T T]II[IE
- 04D [18] cMPO ]
10% £ E
o' & -
E o -
s O F
Lo E
0% £ E
103 :
1072 107! 10 o'
MOLARITY OF EXTRACTANT
Extractant dependency for Dan from 3M HNOs using Q¢ D[IB] CMPO and DHDECMP in
Fa kg .
DEB
B E AR

-123-




PNC N8450 90-008

IEH | Nd (M) OCMPOITXd 5 R &5 3 —6—-12

The TRUEX Process-A Process for the Exiraction of the Transuranic Elements from

H 8

Nitric Waste Utilizing Modified Purex Solvent

#%& | E. Philip Horwitz, D. G. Kalina, H. Diamond, G. F. Vandegrift

i
I
u

Table 4. Maximum Loading of CMPO Extractants with Nd(LIL)} 0.2 M
CMPO-1.2 M TBP - Worpar -12, 3 M HNOj, 25°C.

Extractant % Loading

TMPe'¢D{iB)CMPO 50
KEH¢D(iB)CMPO 60
O¢D(1iRB)CMPO 70

ADdrb D, Nd () Z2HV, HEA £B=30BBHECHTIRRERRER
L |

Hl, BREVWHIEKE, E2HBHEZERLEVWVEEORTERE VI BEK,
’ mEE.3-2-1

-124—-



PNC N8450 90-008

—125—



PNC N8450 90-008

Method for extracting Lanthanides and Actinides from acid
prig=] E= 3—-T-1

solutions

United States Patent : Patent No.d4548790
Hi 8t
Date of Patent Oct. 22, 1985

=# | E. Philip Horwitz, Dale G. Xalina, Louis Kapian, George W. Mason, (Inventors)

]
|
gy

TABLE I

Separation Pector af” s & Punction of
NitricAddCoocmtrv:doﬂ‘Q.éMExmmt.ZS'C.

[HNG;]  DHDECMPO  HDECMPO  O4D{IBJICMPO

0.50 6.1 28 x 18 11 % 102
1.0 5.2 24 x 107 1.4 x 107
20 1.8 1.0 % 10! 1.6 x 10!
40 1.0 x 1o~! 7.2 8.7
6.0 9.9 % 103 0.60 1.2

“Sepurstion faczor, afy = D,4./Op,

B | Substantial improvement in selectivity of Am(I) over Fe(H)

«Am (L) DFe (M) KKWT 3RREARCBVEESIr (V) , Nb (V) . Mo (V) %

DOIPiZHLTbL+aTHW (&ELAONB)

-126-



PNC N8450

90-008

EH |An () &Bu (II) O HESE (SMENTOHE) &= 3—-T7-2
H B | Separation Science and Techrology, 17(10), PP, 1261-1278, 1982
=% | BE. P. Horwitz, D. G. Kalina, L. Kaplan, G. W. Mason. and H. Diamond
F—%
TABLE 6
Separation Factor, afT, as a Function of Structure,
3 M HNO;, 25°C

DHDECMPO (in xylene) 1.32

HoDECMPQO (in xylene) 1.69

6-MHg¢DECMPO (in DEB) 1.70

O¢D[IB]CMPO (in DEB) 1.41

6-MH@D[IB]CMPO (in DEB) 1.42

2-EH¢D{IBJCMPO (in DEB) 1.70
50 | DHDECMPO® hexylZ W — F % phenyl 7 L — FicB &9 AL B & Fpheny| B Z HF I CMPORI T

asiHEI SR B,
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FHE | An () &Bu (M) o4 FEHoMBRABEKRES &5 3-7-13
Hig4 | Separation Science and Technoloty, 17(10), PP, 1261-1279, 1982
## | B P. Horwitez, D. G. Kalina, L. Kaplan, G. W. Mason, and H. Diamond
F—3%
TABLE 3
Separation Factor af as a Function of Extractant Concentration.? 25°C
H@DECMPO, - 0¢D[IB|CMPO, 2-EH@¢D|[IBJCMPO,
HNO; HNO; HNO,
|E] 0.5 M I0M 0.5 M 10 M 05 M 30M
0.020 0.75 <113 0.73 0.68
0.050 0.79 1.02 0.75 0.75 1.04 0.95
0.10 0.86 1.16 0.78 0.82 1.03 1.20
.20 0.97 141 0.84 .99 .04 1.41
0.50 1.42 [.69 1.07 1.41 1.20 1.70
aSeparation factor, R = D, /Dg,.
HEN | MHEREBENEEI R e NP LENT B,
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IHE {An () &Bu () ©O5EEHEE &5 3-T-4
HiBR | Separation Science and Technoloty, 17(10), PP, 1261-1279, 1982
Z% | E. P. Horwitz, D. G. Kalina, L. Kaplan, G. W. Mason, and H. Diamond
=%
TABLE 4
Separation factor e as a Function of Nitric Acid Concentration? 0.5 M Extractant, 25°C
DHDECMPO 6-MH@DECMPO 6-MHgD{IBJCMPO 2-EH@D[IBJCMPO

[HNOj], (in xylene) (in DEB) (in DEB) (in DEB)

0.10 1.06 1.54 1.02 INES

0.25 1.02 1.56 1.03 .11

0.50 1.01 1.67 1.04 116

1.0 112 1.76 112 1.3%

20 1.25 1.73 1.3l 1.70

3.0 1.32 1.70 1.42 1.73

4.0 1.28 1.52 1.42 1.70

6.0 1.05 1.31 1.21 1.41

“Separation factor, afl = D, /Dg,.
B | Ao (I) &Bu (D) RAHEHIB TS LD aiRarticb~phEn,
athid LM HNO: E TIRIBIE—E, 4.0M HNO, ETHML, 6M HNO, TREDT 3,
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EE | An (IT) &Fe (M) OSKEHEH (3EOCHPITHED 'S 3—-T7-5
Hi# | Separation Science and Technoloty., 17(10)., PP, 1261-1279. 1982
#% |E P. Horwitz, D. G. Kalina, L. Kaplan, G. W. Mason, and H. Diamond
F—%
TABLE 3

Separation Factor aff® as a Function of Nitric Acid Concentration. 0.5 M Extractant, 25°C

[HNO;), DHDECMPG HpDECMPO O¢D[IBJCMPO

0.50 6.1 2.8 % 10% 1.1 X 102

1.0 5.2 24X 102 1.4 X 10?

20 1.8 LOX 107 7.6 % 10!

4.0 Lox 107! 12 8.7

6.0 9.9 1073 0.60 1.2

9Separation factor, afff = D /DE,.
5B | DHDECMPO X 2 B D alkyl(phenyl)-N, N-dialkyCMPOD an () /Fe (M) O HBEHHEOLE

ERT. BEPRELHRERT .
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Behavior of Americium in the Sirip Stages of the Truex
EH &5 3—-T7T—6

Process

8 | Solvent Bxtraction and lon Exchange, 6{(1), 93-110 (1988)

##& | E. P. Horwitz, R. Chiarizia, and R. C. Gatrone

Table 2

i
[
Nr

Effect of cerium, samarium, uranyl and HDBP on the

stripping behavior of americium®

Dam
Feed:® 1 M HNO, BFP or 1 M HNOg + 1 M HNOy with
LM HNOy + 1072 M uo}? 107 u upBP
1073 M cet3 in organic
{or Sm+3) phase
Strip®

1 0.68 0.77 0.58 0.76

2 0.15 0.19 0.15 0.17

3 0.12 0.11 0.11 0.12

4 0.11 0.10 0.10 0.1t

5 0.13 0.10 0.12 0.12

6 0.24 0.13 0.24 0.17

40rganic phase: 0.25 M CMPO (HP-grade} + 1 M TBP in ICE

PAfter Am was extracted from each feed (0/A = 1); it was scrubbed
three times with 0.2 M HNO, (0/4 = 3)

CAqueous phase: 0.04 M HNO4 (0/A = 1)

5 | EEDICEEhE5 052K, 952044 VPHIBPR EOBBIR DLW TH~N .

Ce () E/idSm () e (M) s ARESMBEREFT. chidin (M) © 1004
DEOBETEETSILIEL 5. |

HERME : 3—-3—3
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Method for extracting Lanthanides and Actinides from acid
HE &5 3-7—-1
solutions

United States Patent : Patent No. 4548790
Hi g
Date of Patent Oct. 22. 1985

"#E& | E. Philip Horwitz, Dale G. Kalina, Louis Kapian, George W. Mason (Inventors)

h
|
g

TABLE 111

Distribution Ratios (Measured by
ICP/AES) from Synthetic HLLW. 30° C.

0.4 M O4D{IBICMPO

Element in DEB
Rb <0.001
Sr 0.003
Y 1.7
Zr 0.19
Mo 0.66

*Te 1.2
Ru | : 0.083
Rh 0.10
Pd 0.1e
Ag <0.5
Cd 0.056

*Ca <0.001
Ba < 0.007
Cr <0.09
Fe 0.08
Ni <0.2
La 2.4
Ce 34
Pr 4.5
Nd . . 5.6
Pm _
Sm 9.1
Eu 30
Gd 1.9

*Am 9.4

*Cm 1.2

288 | Distribution ratios for most of the fission products and corrosion products Cr,

Fe and Ni.
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"E

An, PPOREFRECBREREEKEFERE 'S 3-7-8

The TRUEY Process-A

Process for the Extraction of the Transuranic Elements from

g
Nitric Acid Waste Utilizing Modified Purex Solvent
¥F# | B. Philip Horwitz, D. G. Kalina, H. Diamond. G. F. Vandegrift
F—7 _
Table 10. The Effect of Nitric Acld Concentration on Selectivity
Organic Phase 0.2 y_OeD(iB)CﬁPO - 1.4 M TBP-Conoco
Aqueous Phase SFP ~ 0.1 M HaColdy
o/a = 0.5, T = 40°C
Biscribuclion Ratlos
Element 1 4 HNO4 3 M HNO4 &Y HNO4
Am 7.2 11 8.3
sr <1072 <1072 <1072
Y 0.74 1.6 3.0
it 0.005 0.03% 2.7
Mo 0.08 0.15 l.1
Te 3.0 0.78 0.27
Ru 0.22 I.1 0.38
Rh £0.2 0.2 £0.2
bd 0.23 0.22 0.21
cd <1o”! <1071 <1o™4
Ba o2 <1072 <o™2
La 3.2 3.8 2.3
Ce 4.7 6.4 4.6
MNd 4.3 6.9 5.8
Sm 4.7 7.9 3.1
Eu £.5 7.1 7.8
Fe 0.017 0.077 2.3
EZRiL

B o.3-2-1
ARk :3-3-1-2
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IHEH | An, FPOREBERICEZ 2L 27 BORE &= 3—-7T-89
The TRUEX Process-A Process for the Extraction of the Transuranic Elements from
H 8
Nitric Acid Waste Utilizing Modified Purex Solvent
Z#& | E. Philip Horwitz, D. G. Kalina, H. Diamond, G. F, Vandegrift
F—F
Table 9. Disctribucion Ratios of DSW Constituents as a Fumcetion of
Oxalfic Acid Concentration In the Feed.
Organic Phase 0.2 M 04D(1B)CHPO = 1.4 M TBE—Conoco
40°C, O/A = 0.5.
Disteibuciod Racie
Element 0.05 H 0.10 0.20 H
sr <1072 <1072 <1072
¥ 1.5 1.5 1.1
Zr 0.58 0.13 g.013
Mo 0.80 0.31 0. 11
Te NA Na 3.0
Ru 0.39 0.38 0.30
&h 0.078 0.080 0.11
Pd 0.71 0.65 0.44
cd <0. 04 <0.04 <0.05
Ba <an? <in~2 <1072
La 5.2 5.0 1.4
. Ce 8.2 8.2 ©5.4
Pr 9.1 8.0 $:7
¥d 9.0 8:6 5.6
Sm 7.9 7.8 5.1
Eu 6.8 6.8 4.4
An 10.0 10.0 7.1
Al 0.012 0.0097 <0.006
Hn 8.5x1073 9.5x1073 1072
Fe 0.057 _ 0.057 0,041
Cu 0.014 0.014 <€0.007
NA ~ not analyzed.
B | RERIICY A v BREREALBADA, FPOSERHFIZSL VT,

s

®:3-2-1

HEEk.3-3-1-2
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IHE | Am& FPOCMPOIC M § 5 S EC L ES 3—T7-10
The TRUEX Process-A Process for the Extraction of the Transuranic Elements from
H; 5
Nitric Acid Waste Utilizing Modified Purex Solvent
F# | E. Philip Horwitz, D. G. Kalina, H. Diamond, G. F. Vandegrift
. P Table 3. Diseribution Ratlos of Am{I1I11} and Fission Products Fforc
7 CMPO  Dertvacives 0.2 M R4D(LB)CHPO L2 M TBE-
Norpar™-12/Aqueous Phase~aW (0.1 M HyCy04),
O/4 = 0.5, 50°C.
Aliyl n~octyl 2,4, 4-crimechylpentyl 2-echylhexyl
am 12 10 9.2
sc “an? <102 <1072
Y 3.1 6.2 2.1
Zr 2.8 0.82 0.69
Mo n.38 0.23 0.6
Te 2.8 t.5 1.6
Ru 0.38 0.34 0.32
Rh <1072 <1072 <n~?
Pd 0. 64 0.71 0.60
A 0.33 0.28 €0.22
cd <5x1072 ¢5x1072 ¢5x10™2
Ba <1072 an™? <lo=2
La 5.3 1.9 1.3
Ce 8.2 6.3 5.7
Pr 9.7 7.4 7.0
Nd 11 1.7 7.0
5m 10 8.2 7.2
Eu 9.1 7.7 6.3
AL 1.4x1073 s.4x1078 4.5%1074
Ce xtn™3 1.2x1072 1.0x1073
Fe 0.1l 6. 1x1072 4.5x1072
NL 3.5x1073 t.4x1073 <1o™?
A | An (II) ¢FPO I EDOCHPOICH T A HEEDERE,

wm OB 3-2-1
HEBE . 3-3-1

-2
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IEE | Bu () & 5E = 3—-8-1
gL | ISEC 88 10-5
=& | M K. Chmutova, et., al.
T & Ii__
'_‘D - N x
G Y
w | - 3
O
—
001 3 r
435 <.
0.05 2r -
£
0 5" Jf :
log [El.l]aq,lfi
Fig.5. Dependency of Eu(III) asmo-
unt in organic phase (a) and Dy
on extracting by 0-1M Tol, Et,(1),
2M TBP(2) and a mixture of 0.1M
Tol,Et, and 1M TBP (3) on Eu(III)
concentration from 3M I-]JSTO3
S | AP ORMBENES RS L, CMPU’%‘ﬁf#ﬁK‘(‘Ga‘.iﬁi:EuﬁEfﬁ‘Ffﬁ—J‘C( 4, TBPD & 72
EERAE G, (RBEAE N & SR OREE D LA L TR 3)
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HH | 7AAVEEMcOAn () fMH ®5 3—-8-2
g2 | I1SEC "88 10-1
& | B. F. Myasoedev
7 RHA
AA
;A H L Jq ' i
0 0,5 1,5 4{NaOH] L1
- Pig, 2. Extraction of Am(III)
from alkeline solutions by dif-
ferent extractants
B | TAAVEBRERIOSLDBEYURBEBREEZAVBI LR EDAcE OO EMBIT A ENTE
5, CITWHAMOMBEANEZEBRILIIRLE,
()
Aliquat-336 ---- FH, BREH,?
DOP -+ TAFALEOAHFI—I
AL e T EIJTAI—AOTAFLEUE
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IHH | BT Y VR (Aryl effect) 3-8-—3
His | ISEC '88 10-1
3% | B. F. Myasoedov
F ey
q o
89
O
1
o -
-1 T
-3 -2 log-[R.f s M
Fig.1. T"Aryl effect®™ in extrac-
tion of Am(IIT) from 3 M HI\IC)3
B | PORIIHOVWAEEOBSREEMNNECHN DL, HBEEAPKREZL{ L A3HMBEary] effect
EWVd,
SITR, AVFVILUVEP=0REBERECHWLIEROT UL HNEERL T WS,
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Distribution Coefficients for Various Elements from
HH 55 3—-8-14
Fluorinel Raffinate using 0.1 CMPO/1.4M TBP in Dodecane
Hi Bt | Partitioning studies to separate actinides from ICPP HLW
% | J, D. Baker, B, J. Mincher, D. H. Meikrantz
F—% Table 1
MACRO COMPOSITION OF [CPP FLUORINEL RAFFINATE
Component Molarity
Ir 0.55
Al 0.31
H 4.2
Cd 0.13
B 0.37
Fe 0.00}
HNG4 1.2
Table 2
pistribution Coefficlients for Various E‘lea-Lean frem Fluorinel
Raffinate Using 0.1 Y CHPO/).4 § TBP 1n Dodecaas
a d
Elament Extraction Scrub Strip - |h Strip - Zc strip - 3
A 6.4 B8.0 1.2 0.007 0.001
u 30.7 130 M 0.024 <0.001
Pu 721 66 R T <0.001 0,001
Ce 1.4 7.0 1.3 0.01 0.0z
Eu 3.6 6.0 1.0 0,0} 6.02
[ 0.00]
4 0,004
Al 0.01
ir 0.07
Sa <0.005
Se 0.08
Sr 0.002
Te 1.3 1.9 10.4 0.6 0.09
Ho 2.7 1.7 2.6 0.03 <0.001
0.4 H A1{HO3)3/0.4 Y HHyOR (1/3 voluee)
bo.01 1 N0y
©0.05 Y HyC,0,
%0.5 | Hayt0,
FB3 | « Table 1 HOEREH ohigh-level liquid waste (Fluorinel raffinate) %0,1M CMPD
/1.4M TBP in Dodecane G L & 4B R,
++ 3, 4, 6D Actinide, lanthanide, Tc, Mold PR+ B & TH 3B,
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BH BBAIroOMb R %= 3-8-5
Application of the TRUEX Process to the Decontamination of Nuclear Waste Streams”®
H
ISEC ’ 86
E. Philip Horwitz
Chemistry Division, Argonne National Laboratory 9700 South Cass Avenue Argonne,
#F# | Wallace W. Schulz
IL, 60439, USA
Rockwell Hanford Operations Post Office Box 800 Richland, Washington, 99352, USA
F =%
Extractabliities of Elements from Nitric Acld (1 to 3 M)
Waste using TRUEX Process Solvent
Distribution Ratlo Range
<0.05 0.01to 1 1to 20 >20
Be Rb =Zr Y Th
Na Sr *Mo(VI) Tc u(vIy
Mg Rh Ru ia Np(IV)
Al Ag “Pd Ceo Pu(lIVv)
K Cd Pr
Ca In Nd
Cr{IlI) Sh Pm
Mn(I1) Te Sm
Fe(I11) Cs Eu
Co(Il) Ba
Ni Am
Cu Cm
Zn
*D's lowered by oxalate lon
i 8
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EH EBMISOMBEHE ' &5 3—8—-6
Application of the TRUEX Process to the Decontamination of Nuclear Waste Streams®
Hi 58
ISEC ' 86
E. Philip Horwitz
Chemistry Division, Argonne National Laboratory 9700 South Cass Avenue Argonne,
F# | Wallace W. Schulz
[L, 60439, USA
Rockwell Hanford Operations Post O0ffice Box 800 Richland, Washington, 99352, USA
F—-3
Extractabllities of Elements from
Hydrochloric Acld (6 M) using TRUEX Process Solvent
Distribution Range
<1072 102 to 10° 10° to 10? >10%
Be Mn (1) \Y; Fe
Na Co(I1) Zn Ga
Mg NI Cd Zr
Al Pb(II) Sn Mo
K
Ca Am Th
Cr(III) Cm U(VI)
| Np(IV)
Pu(ly)
e BH
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IHE | CMPOIC X B AcHIHHE R &5 3—~9-1
HiJ8 | ISEC " 88 10-28

& | M. Casarci, R Chiarizia, G, H. Gasparini, G. Puzzuali, G. Valeriari

a4

Residual alpha activity %

1 2 3 4 5

Contact number

Fig.1. EXTRACTION TEST FOR A TYPICAL MIXTURE OF REAL WASTE SOLUTIONS

B

EREBRPOAEMPITAVWTHE (WMEIFT P IEA) LEABER.

CMPO 0. 25M

W TBP 1M
&)
TCE

RERIE : 3—-3-5
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HEHH | CMPOM S D Pu, Ami#tfth &= 3I—9-2

Hi#e | ISEC '88 10-28

& | M. Casarci, R. Chiarizia, 6. H. Gasparini, G. Puzzueli, G. Valeriani

L
[
Ny

100.00 ’<" O O oY

10.00 P \
s}

\ - Am strip

1.00 - Y o .
0 ; 2 3 P s \j 7 8 = Pu strip
\ '

Residual alpha activity %

o.)M

Contacts number

Fig. 2. SELECTIVE STRIPPING TEST
Stripping solution:0.04M HNO4 for Am{lll) and 0.04M HNOsz+ 0.05M HF for Pu(Iv)

B | CMPOCHIH: L7 Pu, Aok M L SERE: 8.

Ama¥ i <o (.04 HNO,

Pu (IV) el -- -+ 0.04M HNO, + 0. 05M HF
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HHE &S 3—9-3

Hi 88 | RFP-4008

FH#E | A, C, Muscatello, J. D. Navratil

-2 100
F—y 10 E
FEED
R 50000000 .
-3 A
10 Fe i10
< - :
o N 4 .
- L B E e
S - mo1 2
= S 1 £
o =
= _ -2 &
5wt Enll-
§ T ] %’
5 i | -
S E
E - —
L -3
E 1077 . -:10
WASH ELUTION
LOADING ! f |
J .
oL L a hot
01 2 3 4656 7 0 50 100
YOLUME, LITERS ml

Figure 2, Sorption of mriciu.m. from 7.4 nitric acid
concaining 0.25 g/l iren(I1I). WVashed with 1.0H nicric acid.
Eluted with 0.10H oxalic acid. Feed [Am] — 2.1 =g/l

WME | MEZ7o9T b 2B VWAL CMPO~N DB, (Fe?t0.25g 7 £ &%)

©0.25g /£ OFe** R AnDCMPO~N OB 2 85E L, #30Bed volume (Loading 1 LITERY
SBVDETAEN?) TANIODVWTINREHLTLE - 72,

*BlutionTRE S~ rOMAEIRINIZDOATH S,

=~ 146 =



PNC N8450 90-008

1"E &S 3—9—4

Hig | RFP-4008

#F&E | A. C. Muscatello, J. D. Navratil

L
[
Nr
G
—_—
—
———

10 —

L3 3 1 11

1

1

- ELUTION

llllllt

1

AMERICIUM COHCENTRATION, g9/

llll[]

0 100

VOLUME, LITERS - ml

Figure 1. Sorption of americium from 7.4H nitric acid.
Elution with 0.104 oxalic acid. Feed [Am] — 1.7 mg/l.

B | MBS/ o b EAOCT.ANMEBEPOARECHPOICHE L& R, (FePr3ERE LIV, )

° 120Bed volumeD i3k (1.7TX107*g /L BE) 2BEAIEtARKATHEABRETOAREE

B0 'g /2Bt TAUS Y ADTRIZ2.6%.

o i (Elution) BO.IMO Y a9 BEH WAINLEYOENEBETHERE LTEEL L,
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FEE |TRIRI o A 88 - SBSFHERCERE (Hanford) 5= 3—-9-5
Hi 8t
F# | W. W Schulz, E. P. Horwitz
F—y
Feed:Clarified PFP Waste Containing 603 uCi/L
Pu + 24 am
Solvent:0.25 E CHMPO - 0.75 ﬁ TBP-TCE
Scrub:0.1 H HNO3
Stages®:5 Extraction, 3 Scrub 4 BELIHHEE §H
Flows :Feed/Serub/Solvent = 250/50/100
Aqueous Raffinate: TRU uCi/L
Run 1 Run 2
1.1 3.2
ZBF | Initial TRUBX Prosecc Tests with Actual PFP Waste
Plutonium Finishing PlantBEi# (Pu., *‘'AnEfH) OMEHRE
Feedtf o TRU 603 uCi/ £
— ME#%E 1.1, 3.2 uCi/ 2 (Raffinate 7K#H)
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Behavior of Americium in the Strip Stages of the Truex
HHE ES 3—-9-6
Process
Hi8E | Solvent Extraction and lon Exchange. 6(1), 93-11¢ (1988)
## {B. P. Horwitz, R. Chiarizia, ard R. C. Gatrone
. 10 - 0! -
T—% LA ]
(; §X—grade I Tech—grade
::‘? 109 100 | HNO,
HNO,
Lu
-C DsW EL‘\\ g Dsw
10-1 L | 101 S R R
1 2 3 4 5 ] 1 2 3 4 5 8
Strip Humber
Figure 4. a) Dy vs. strip number for SX-grade CMPO, with 1 M
HNO3 or synthetic DSW solution as feed.
b) Dpy vs- strip number for technical grade CMPO,
with 1 M HNO3 or synthetic DSW solution as feed.
Organic phase: 0.20 M CMPO + 1.4 M TBP in CONOCO
diluent;
Serub procedure: 1.5 M HNO3 + 0.05 M HyC,0, (once,
0/A = 1), 0.5 M basic aluruvinum nitrate (once, O/A =
1); Strip conditions: 0.04 M HNO,, O/A =1, T =
30°cC.
B | HEEISWER bAn B IcHRME B, UNO: EDSWFE E D ER A D W (Fig 3 & H~S8X
MBEET?) O, PRIMPIBENEVWIE, ZO0LDOBEORWICIL B,
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Behavior of Americium in the Strip Stages of the Truex
HE & 3-9-7
Process
Hi#t | Solvent Extraction and Ton Exchange, 6(1), 93-110 (198%)
e

E. P. Horwitz, R. Chiarizia, and R. C. Gatrone
10?
F—-%

10!

8X—grade

Tech—grade

109 |

.- PFP
a"o PFP
10~1 1 | ~~e-— ! 10~ \
1 2 3 4 5 6 1 2 3 4 5
Strip Humber
Figure 3.

a) Dy, vs. strip number for SX-grade CMPO, with 1 M

HNO; or synthetic PFP waste solution as feed.

feed.

b) Dppy VS- strip number for technical grade CMPO,
with 1 M HNO; or synthetic PFP waste solution as

Organic phase,

scrubbing procedure,
conditions as in Fig. 2.

strip

A, Bli7r — X TPFPRED s BHRBREINZ D, FiC

" HNO

BT VWIENBEBLTVWEIENELILNRS,
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Behavior of Americium in the Strip Stages of the Truex
HE &5 3-9-28
Process
H B | Solvent Extraction and Ion Bxchange, 6(1), 93-110 (1988)
#%£ | B. P. Horwitz, R. Chiarizia, and R, C. Gatrone
01 —
F—=% 1 i
L Tech—grade
3 10°%¢
i
SX-—grade
AW ’p
- ‘\‘ l”
’
B ‘\0 I, /
ra
RN J//HP—-grade
~ N . :::A _
10—1 ] H% ] ]
1 yA 3 4 5 8
Strip Number
Figure 2. Dam ‘vs. strip number for different grades of CMPO.
Organic phase: 0.25 M CMPO + 1 M TBP in ICE; strip
conditions: 0.04 M HNO3, O/A = 1, T = 25°C. Each
organic phase had been initially made 3x107° M in
Am(IXI) from a 1.0 M HNO5 solutien and scrubbed
three times with 0.20 M HNO, at 0/A = 3.
HEA | SEECSALDOCMPOE TRUB-TCE D A BH A VWARZROLE,
Tech— & G67 (85~90%CMPO, 1.0~ 1 %BREBE) HMEOD P KE L, THIEMPOIHOR
DHEBEICAZ(CIEEL TSI LDHEEERS,
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Bt | CMPO/S> 7 L w b
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iN:
Strip #1
Soivent Strip Strp Solvent
Removes — | Americium, | —= Plutonium, > Cleanup
TRU from Curivm from Neptunium
Liquid Wastes Solvent from Solvent ;
TRUEX
| Solvent
ouT: : : Flow
TRU-Free Duxm Cm OUTPu Np
Low-Level : '
Liguid Waste Product Product
To Near-Surface To Vitrificalion To Recovery and Recycle
Disposal and Disposal in Deep or
Geologic Repository Vitrification and
Disposal in Deep
Geologic Repository
Basic Truex Process Separation Scheme
B
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ey
TABLE 2. TRUEX Flowsheet Features

Application Scrub Strip Concentration Factor

o ———DldeteHNOFOT _Dilutc_"NOS_GAmFCN)-————-"————————IB!_izizl_:_i___“_________
HNOJ-oxalic acid HF or HeCy04 {Pu,Np) TRYU's (ILE,IV) - 10 to 25

Pu Serap Dilute HNO4 Dilute HNO, (An) Am (III) - 3

Waste . Dilute IlN03-IIF (Pu) Pu (IV) - 6

Chloride ) H HCL 1 to 2 H HCl (A‘m,'.l.‘h) Am - 5 to 10

Salt Waste HF or HyC504 {Pu,Np,U) or Pu, Np -~ 5 to 10

Reductant (Pu,Np)

*Conc. Facter = [TRU) in Strip/([TRU) in Feed

HEA
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Application of the TRUEY Process to the Decontamination of Nuciear Waste Streams®

H #
ISEC ' 86

Wallace W. Schulz

F#H | B. Philip Horwitz,

Genaric TRUEX Proceass Flowshest for Nilric Acid Wasts
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Application of the TRUEX Process to the Decontamination of Nuclear Waste Streams

ISEC ' 86

EE

E. Philip Horwitz, Wallace W. Schuiz

EL

CEMBEROR /I TREELERVWDY, FELI0BR /I THAVWERS,
$Hb B, 0.25M HNO; —0.001M H.C.04132r, MoR UFe®:BRET 5,

cHLBEB -V VBRAISTERAVLAINRNOHEBE Y 2 VBREAROHEEZ R /2 DHBAN
(basic aluminum nitrate) EAWVWA I LN TE 5; |
(CHEFLEAFLEFIR P v PTHBMEINPUORBERF C28)

cR7S5TTOO/AREERESI, BANCH L TR0,

CHAESBANRE I RS TICARSEEID BT+~ FitARLZANR L,

cl@T7O—-Y— bDRFEHIEAL Cn (34 2Py, Np (4 8) o3BT EIEH 5,

° chﬁ(iB)CMPOt:J:%cE AMBT77F=FR/73@T77F = FORBEFREIZ~10% (0.04M HNOs
T) o

cAn& CoRERERI» S XA MY v FERNKLE, Pu (V) &Np (IV) BHEWE -7 v BRIEH®

XD BENICAMNY w STES, |

CHULPA MU LT RETHFET AN OHAN-HBICKIDERILTEIENTES,
Nph oPudiftBich 3,

° XYy OO /AKBAN-CnicFLTIRL, Pu—NpicfL TR 2,

°cZ v (6fi) BEREROEAETRHRINS,

° TRUBXEE A SO TOTRIA MY v 7TROBREFTEO 25 IBE, @71 —Fi
HOTRUBE OBE, DA SHE.

CHRELR MY vy TETBPECHPOD BHE LM EECMA B LTk F.

BB ERBY —FESAEAT URA (T4 V) M (Anberlyst-26) KL BE
H 2% o
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HiBt | United States Patent No.4574072 May. 4. 1986

#% | B. Philip Horwitz, Dale. G. Kalina, et, al,
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!
%

HAN= HYDROXYL AMMONIUM NITRATE
H,C,07 OXALIC ACID
No, C.%S00IUM OXALATE

MPH= NORMAL PARAFFIN HYDROCARBON
Acldle Waste

Solullon Scrub Slrlp Solven! Wash
1.OK HNO, 1,54 HNO, 0.01H HHO, 0.25W Ho,CO,

Aclinldas 0.034 H,C,0, 0.00SH HAH 0.05M Na,C,0,
F.P.R.E

F.P.

j— H.

,C

0

[ ] S .

Feed Solution
1L.OK HHO,
0.2Md H,C,0,
Aclinldes
f.P.R.C.
F.P.

Recyelo

L 4

Strip Col.

Extn, & Scrub Cal.
Salven! Wazh Col.

Exlroclonl

0.2M
0g0 (18] cMPO

*

NPH
1.4 M TBF E P Exespl Te U and Solvanl
Wosh Wq:ln

Np, Pu, Am

fo 8 Cs f.P.R.E.Te
F/G / Recovery

A | <Flow rate)

feed : extraction sol.=1 : 0.4
loaded extraction sol. : Scrub sol.=1 : 0.5
scrubbed extraction sol. : Stripping sol.=1 :0.5
stripping extraction sol. : Solvent Wash=1 : 0.25
CoT7O—y—hTR, TediNp, Pu, AMCHELTLE 4%, 04D (IB) CHPOD R D iT,

2-EH¢ (IB) CMPORERA+HX, TcRFP.HIKb T I EAHED,
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The TRUEX Process-A Process for the Extraction of the Transuranic Elements fron

Nitric Acid Waste Utilizing Modified Purex Solvent

L

E. Philip Horwitz,

D. G. Kalina,

H. Diamond.

G. F. Vandegrift

il
|
Ny

| e il Y
Y ]
1RUED Calroiion Faad Scrub !
Selegnl :
T HHO, D )-3¥ D.%-1.5% HHO, '
' WC,0, 0-0.3% 0-0.038 H,C,0, t
: LODY Actinidey !
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) 1003 T P, "
' 1002 taerts 1
1 [}
) 1 r_' .
T Sirip -1
. ne Solvenl
[xlraclion Scrub ok ee
: 0.05M KN, T
- 4
' ]
: Strip = 2 :
Aqueous Y. [
Rollingle 0.05% RO '
Sleip = 1 ] ) '
~100% 1P, 0.05¢ Hr '
D902 1 !
~160% tnga1y ' 4—] !
1002 1,€,0, Y 1
&m Praduc! !
Shrip - 2 '
To l".ulrr al ~100% im L]
Selechd Fivtion 1-1% Pu. Kp \ !
Producls andfar ~100T I.P 20 "—I : !
Oisporet aire. 1 .
(¥ LALI T Mp = Py DR ,,i Seleant
10-100%1¢ Froduct Tienn-up
$5-19% Hp, Mo Vocreparavy
T4 Recovary ol haign Lrchangr
Americium ané + Kagin

1eehnilivm eng/
or Sisporal
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Fig. 3. Generic- TRUEX Procsss. Flowsheet.

i BR

TRUBE Z 100nCi, g T E TR BEOEEMMNIEX Yo 70~ — b,

BEERLT~SMETHERA, YavBRLABRERAIOBEIC K 5, (MPOIR0. 1~0. 34,

CHEPURBX T O R T4 ~12%DCMPOZ WA Z S ICEHMT 5,

NpHO B REZFIHI32 ks CHRIBEXKEZRCTHUECT B,
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HEH |14V 7 THESNATESEOY o R = 4 -7

High | ISEC "88 10-28

E#H | M. Casarei, R. Chiarizia, G. K. Gasparini. G. Puzzuali, G. Valeriari

a4
Mixing Chemical-physical
" Wastes [ *| Characlerization
¥
— Chemical
: Adjustmanl [
Filiration —Fl Solid Wasles I HND3 0,04 M
and/or i HNO3 0.04 M HF 0.05 M
Cantrifugation , HNO3 0.2 M
B.AN,
LLw :
~4——1 Exiraclion Sectian Scrub Section Am Strip Section Pu Sirip Section
8 Stages 4 Stages 8 Slages 4 Slages
OiA - 015 OfA - 3 VA = 4 oA - 4
I—V — 1
CMPO 025 M
TBP1 M
Tetrachloroathyiene
- Am Producl Pu Product
Fig. 3. TESEQ PROCESS SCHEME M
to Solvenl Reganaration and
Recycle in Exiraction Seclion
FEH | TESEOY o€ X ---- CMPOTHIH L7, 0.04M HNO, TAnZE ¥ L., T D% (0.04X HNO,

+0.05M HF) TPuk#d 5,
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The TRUEX Process-A Process for the Extraction of the Transuranic Elements from
He B8
Nitric Acid Waste Utilizing Modified Purex Solvent
#Z#& | B. Philip Horwitz., D. G. Kalina., H. Diamond, G. F. Vandegrift
7=
Table 6. The Influence of Chain bLength of the Diluent -on Loading
Capacity of 0'D(1B)CHMPO Solutions.
Org. Phase 0.2 M 0'R(iB)CMPO - 1.2 M TBF - NPH
Ag. Phase Nd(III) in 1 M and 3 M HNO,, T=25°C
%Z Loading
Diluent (NPH) 1M HNO5 o3 RNO 4
Decane 100 100
Dodecane 100 70-75
Tridecane 55-60 30-35
Tetradecane 30-35 *
Hexadecane <5 *
100% €;,/0% €4 - 70-75
50% CIZISOZ Ci3 - 45=50
25% 012/75% Ci3 _ - 30-33
0% 012/1002 Ci3 - 30-35
Norpar—12 100 70-75
Conoco(Cy5=Cy,) 50-55 25-30
SRP Solvent 45-55 20-25
*Second organic phase Fforms with 3_ﬂ.Hﬂ03 in the absence of
Nd(IIL). '
B | ADD DD NI () 2HL, FR{oVWEFIE L, B2E5HHE (BIWHEEI) A
ERTEIEFELR LD,
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The TRUEX Process-A Process for the Extraction of the Transuranic Elements from
H
Nitric Acid Waste Utilizing Medified Purex Solvent

¥*¥%E | E. Philip Horwitz, D. G. Kalina, H. Diamond, G. F. Vandegrift

T—%
Table 7. Lloading Capacity of Variablé Concentrations of
04D(1B)CMPO in 1.2 M TBP — Norpar -12.
Aq. Phase Nd(IIT) in 3 M HNO,, T=25°C.
0¢D(iB)CHPO TBP/CMPC % Loading Total Capacity
H of na3*
0.20 6.0 70-75 0.046
0.25 4.8 5560 0.046
0.30 4.0 45-50 0.045
B
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The TRUEBX Process-A Process for the Extraction of the Transuranic Elements from

Nitric Acid Waste Utilizing Modified Purex Sclvent

2

E. Philip Horwitz, D, G, Kalina, H, Diamond, G. F. Vandegrift

F—2
Table 8. Loading Capacity of 0.20 M OD(iB)CMPO in Conoco
(Cy,-Cy;) Containing Variable Quanticties of TBP.
25°c
fTBP) ‘ % Loading
M 1.0 M HNO4 3.0 2 HNO,
1.20 5055 25-30
L.40 100 50-55
Bl
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SEPARATION SCIENCE AND TECHNOLOGY, 23(12&13), pp. 1355-1372, 1988

HYDROLYTIC AND RADIOLYTIC DEGRADATION OF 0¢ D(iB)CMPO : CONTINUING STUDIES

]

K. L. Nash, R. C. Gatrone, G. A, Clark, P. G. Rickert, and B. P. Horwitz
Chemistry Division, Argonne Natiomal Laboratory, 9700 5. Cass Avenue, Argonne,
IL 60439, USA

i
|
Ny

0dWalng Yado ) 0drolnaaeo

— »

odroajado

oaroiag0 |

1302 OH

OGO
(3@ )OI ]

odvio(rads o

50°C, 5.0M HNOs

i

32.0 Wh/L IRRADIATION,

(iBu)CMPO

[9¥0d $OH

td(&)0H 0d ean

TR I D

d81 da1 JEL

d80H ———=
dEN™H —

dEaH —

Wees jusAjog WeADS J

r——

’

12 WEEKS HYDROLYSIS 50°C, 5.0M HNO

—_—

1.0M TBP, 0.25M 08D

H A

Capillary gas chromatograms for TRUEX-TCE solutions (0.25 M CMPO, 1.0 M TBP in
TCE) : a. initial; b. after 12weeks hydrolysis at 50°C in contact with
5..0 M HNO, ; c. afber 32.0 Wh/L irraditation with ®°Co gamma rays at 50°C,
5.0 M HNOs.

TBP®D % {L#7 i HDBP, H.MBPD &, CMPOO % ke L TrhiEEm 4L, MO4 PO (nmethyl
(Octyl) {pheny!)phosphine Oxide) . O¢ MCiB)CMPO (Octyl(phenyl)monoisobutyl CMPO) .
Btk 2 R (30 (0(¢)P) (Octyl(phenyl)phosphinic acid) . H (0@ POAc) (Octyl

(phenyl)phosphorylacetic acid) -
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HYDROLYTIC AND RADIOLYTIC DEGRADATION GF 0¢ D(iB)CMPO : CONTINUING STUDIES

K. L. Nash, R. C. Gatrone, G. A. Clark, P. G. Rickert, and E. P. Horwitz
##% | Chemistry Division, Argonne National Laboratory, 9700 S. Cass Avenue, Argonrne,
1L 60439, USA
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SEPARATION SCIENCE AND TECHNOLOGY, 23(12&13), pp. 1355-1372, 1988

HYDROLYTIC AND RADIOLYTIC DEGRADATION OF O0¢ D(iB)CMPO : CONTINUING STUDIES

HE

K. L. Nash, R. C. Gatrone. G. A. Clark, P. G. Rickert, and E. P. Horwitz
Chemistry Division, Argonne National Laboratory, 9700 S. Cass Avenue, Argonne.
IL 60439, USA ‘

1.00 p—a—a & & C o £
B8P

0 #D(IB)CMPO

W—

HIO($)P]

T T

0.100

0.010
HIO 2POAc]

™ T T T

Molar Concentration

0.001 +

T Trrryru

0.0001

-

Weeks Hydrolyzed

Results of gas chromatographic analysis of hydrolyzed
TRUEX-TCE solutions, T = 50°C, {HNO3] = 5.00 M.

B

HDBP, H (0(¢)P) B UH (0pPOAc) Dk NBEELYO—RERBRIEBRONPOR
BETHL, 2O®RETT S, MIJPOORESLBERS ST, FHHEEZ0.002]
(£0.0016) NTH YD, THECHPOMMED 1 %LUTTH 3,

0¢D (iB) CMPOL TBPIA BRI LERNICBEEBRTIS3L5CAHA B,
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HYDROLYTIC AND RADIQLYTIC DEGRADATION OF O¢ D(iB)CMPO : CONTINUING STUDIES

K. L. Nash, R. C. Gatrone. G. A. Clark. P. G. Rickert, and E. P. Horwitz
EE | Chemistry Division, Argonne National Laboratory, 9700 S. Cass Avenue, Argonne,
IL 60439, USA
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Results of gas chromatographic analysis of hydrolyzed
TRUEX-TCE solutions at 50°C as a function of [HN03].

FEH | CMPOL TBPO MK S RBICEA G HBRBEOXE
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HYDROLYTIC AND RADIOLYTIC DEGRADATION OF 0¢ D(iB)CMPO : CONTINUING STUDIES

K. L. Nash, R. C. Gatrone, G. A. Clark, P. G. Rickert, and E. P. Horwitz
&% | Chemistry Division, Argonne National Laboratory, 9700 S. Cass Avenue, Argonne,
IL 60439, USA
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Americium distribution ratios in hydrolyzed TRUEX-TCE
solution before and after removal of acidlic degradation
products by carbonate scrub.
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HYDROLYTIC AND RADIOLYTIC DEGRADATION OF O0¢ D(iB)CMPO : CONTINUING STUDIES

K. L. Nash, R, C. Gatrome. G. A. Clark, P. G. Rickert, and E. P, Horwitz
#FH | Chemistry Division, Argonne National Laboratory, 9700 S. Cass Avenue, Argonne,
IL 60439, USA

7%
0= w g TBP
- —5-
g ' 0 #D(iB)CMPO
0.0 2
5 C HDBP
B [
z _ _
g 0 $M(iB)CMPO
8 o0.01;
- F HIO $POAC]
- [ |
2 N
i HIO(&)P1
0.001

o 10 20 30 40 50 60 70

Dose (Wh/L)

Results of gas chromatographic analysis of radioclysed
TRUEX~TCE solutions, T = 50°C, [HNO,] = 1.25, 2.50, 5.00
M (average for irradiations of TRUEX-TCE in contact with
each).

FE | CHPOL TBPOME KK 3 18wh/ L ETEL —H, LAHALBNRENESTIION, THEER

15 1) B ARV 4 B B T CMPOAS80% TRPT90% & 12 » 72 0

TBPD E B H {L4 IS HDBP, CMPOIZ0¢ M(iB)CMPOT & - 72,
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A HYDROLYTIC AND RADIOLYTIC DEGRADATION OF 0¢ D(iB)CMPO : CONTINUING STUDIES
K. L. Nash, R. C. Gatrone, G. A. Clark, P. G. Rickert, and E. P. Horwitz
#% | Chemistry Division, Argonne National Laboratory, 9700 S. Cass Avenue, Argonne,
IL 60439, USA
#=% | Ssolutions Conditions Yield Ref.*
CMPO-TCE 5.0 M BNO4, 0-32 Wh/L G(-CMPO) = 5.;I2io.42) PW.
CMEO-—CClA 5.0 _!*j_HNO3, 47-97 Wh/L G(-CMPO) ={;‘7.:£:_f;l.4) 2
CMPO- 5.0, 2.5, 1.25 EHNO:,,., G(—-CMPO) = ;;;la(io.36) pW.
TRUEX (TCE) 0-68 Wh/L '
TBP-TCE 5.0 M HNOj, 0-32 Wh/L G(-TBP) = 9.2 (13.0) pv.
TBE- 5.0, 2.5, 1.25 M HNOg G(-TBP) = 3.78(x0.63) pw.
TRUEX (TCE) 0-68 Wh/L G(HDBP) = 1.56(+0.08) pw.
G(total acid) = 18.0(*5.5) pw.
G(HC1) = 11.4($2.0) pw.
30%TBP dry, 0.27-270 Wh/L = G(HDBP) = 18(%9) 4
(cc1y)
TBP neat-dry, G(-TBP) = 5.5(*1) 4
0.27-270 Wh/L
pPW.-present work
G‘ Values for Gamma Irradiation of TRUEX-TCE,
TBP-TICE, and CMPd—TCE
B | o F— s OBEBEM (Fok) »ostBELEGHE.
° CMPOIXCCl, kD S TCRHO AN & D A R EHE K.
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H; B
HYDROLYTIC AND RADIOLYTIC DEGRADATION OF O0¢ D(iBYCMPO : CONTINUING STUDIES
K. L. Nash, R. C. Gatrome, G. A. Clark, P, G, Rickert, and E. P, Horwitz
## | Chemistry Division, Argonne National Laboratory, 9700 8. Cass Avenue, Argonne,
[L 60439, USA
~_ Titrated Acidity (Molar) for Irradiated TRUEX-TCE Samples
'7"-—
Sample ID 1.25 ¥ 2.50 M 5.00 M
blank, 4dq. 0.95 1.91 3.95
blank, or. 0.30 0.59 1.05
blank, total 1.25 2.50 5.00
68.0 Wh/L, aq. 1.36 2.10 4,42
68.0 Wh/L, org. 0.43 0.69 1.11
68.0 Wh/L, total 1.79 2.79 5.53
increased total 0.54 0.29 0.53
aqueous P? 0.016 0.011 0.012
rei® 0.33 0.24 0.31
org. acids® 0.074 0.093 0.050
:Phosphorus in the aqueous phase by ICP analysis.
Radiolysis product from TCE quantified gravimetrically by
precipitation with Ag+.
From gas chromatographic analysis.
R HBEMWOER . KBICETBT0~100% B MIETCEA & @HCI, T ~10% idH;P04.
H:.MBP, EDBPic & 3,
BFHRECBTA60~WNYoMMBERBICX 3,
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THH | HstE R A TRUBKE IR 1< 3513 5 And 3 R 3K &2 5 ~12
SEPARATION SCIENCE AND TECHNOLOGY, 23(12§13), pp. 1355-1372, 1988

H
HYDROLYTIC AND RADIOLYTIC DEGRADATION GF O0# D(iB)CMPO : CONTINUING STUDIES
K. L. Nash, R. C. Gatrone, G. A. Clark, P. G. Rickert, and E. P. Horwitz

## | Chemistry Divisien, Argonne National Laboratory, 9700 §. Cass Avenue, Argonne,
IL 60439, USA

F—% 00 l D% (1.25, 2.5, 5.0 HNQ,)

D%
1.00 4
: D o (ALL ACIDS)
Duu
D o (5.00HNOs)
010
| S— ] . 02(1.25.3._521_134_9_;_)_,
" L
0.01 T T T T T T
0 10 20 30 40 50 60 70
DOSE Wh/L
Americium distEiBur..ton ratios in radiolysed TRUEX-TCE
solutions. D (BaBIIonate scrubbed (CS) and water
washed (WW)) and DA:; (WW) are average values for
solutions irradiétgf in the presence of 1.253, 2.50, and
5.00 M HNO,. DAn.: (CS) values are for 5.00 M HNO3 or
averages of3 1.25 and 2.50 M HNOq as noted.

S0 | B5H68wh £ DB ACHPOIZA0% A ABINT LB bALD ST DA ORDEDE L,
Dim OEMEDH -7, MKIBEIDSZHAEAIY, TARLRARES TR
H{0(g)P) ONEAB NI &Ik B,

REBRERA DRI HEAEN NG, CEFLABRIE >V TEDL BHOHNER+TST
T,
Danm OHEMIZHDBPEH (0(¢)P) OHEEILZEELZONTY,
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Hy st
HYDROLYTIC AND RADIOLYTIC DEGRADATION OF D¢ D(iB)CMPO : CONTINUING STUDIES
K. L. Nash, R. C. Gatrone, G. A. Clark, P. G. Rickert, and E. P. Horwitz
& | Chepistry Division, Argonne National Laboratory, 9700 5. Cass Avenue, Argomne,
IL 60439, USA
#_ 5 Hormalized Product Distributlon fur Degradatlion of CMPO at
68 Wh/L or 12 Weeks Hydrolysls
CMPO-TRUEX (TCE)
HYDROLYSIS RADIOLYSIS
5.0 M HNO4’
80% H[O(¢)P), 13% H[O¢POAc]), 15% O4¢M(iB)CMPO, 6% MO$PO,
8% MO4PO ‘ 4% R{O(¢$)P], 69% unknown
2.5 H HNO4
18% H[O($)P], 50% H([O4POAc], 25% O¢M(1B)CMPO, 12% MO&PO,
32% MO $PO 4% H[O{$)P}, SOZ unknown
1.25 M HNO4
17% B[O $IP], 52% H[O¢POAC) 15% 04M(iB)CMPO, 7% MO¢PO,
307% MO4PO 3% H[O(4)P], 69% unknown
CMPO-TCE
HYDROLYSIS RADIOLYSIS
5.00 M HNO,
40% HO$PO, 50% H[O$POAc) 15% O@M(iB)CMPO, 10X MO4PO,
" 70% unknown
g
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i #2

SEPARATION SCIENCE AND TECHNOLOGY, 23(12&13), pp. 1355-1372, 1988

HYDROLYTIC AND RADIOLYTIC DEGRADATION OF 0¢ D(iB)CMPO : CONTINUING STUDIES

K. L. Nash, R. C. Gatrone, G. A. Clark, P. G. Rickert, and E. P. Horwitz

&% | Chemistry Division, Argonne National Laboratory, 9700 S. Cass Avenue, Argonne,

IL 60439, USA

D2 H(O(%)P) in TRUEX
10.0 ©

T T unllla

1.00

T F ¢ T TIY

DAM

004 -
it ~HO(g )P) in TRUEX .

010 B

D —HDBP in T

RUEX
§—

0.01 8
'E D HIO(8)P1 in TRUEX

DI
HDBP in
TBP—TCE

I | I N N 1 lllll!’ 1 .l Lt it

Relo) .01 10

.001

[HIO{$)P11 or [HDBP]

Americlum distribution ratios in synthetic solutions.
TRUEX is 0.25 M CMPO, 1.0 M TBP in TCE.

BB | (H (0(g)P) ) X4 (HDBP) #°0.0IMk D<A &, Din HIREEIHL 2 RO K

KT 5,

Dam® it B & EMER &~
0.04M HNOs; T, Daa~@H (0(¢)P) DERFHER 1 LD DT W,

2.0M HNOsTHEH (0(¢)P) BEBEEZ LW,
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HYDROLYTIC AND RADIOLYTIC DEGRADATION OF O¢ D(iB)CMPO : CONTINUING STGDIES

FE

K. L. Nash, R. C. Gatrone, G. A. Clark, P. G. Rickert, and E. P. Horwitz
Chemistry Division, Argonne National Laboratory, 9700 5. Cass Avenue. Argonne,
I[L 603439, USA

~
]
Nr

H{o(4)P], HDBP Distribution Ratlos Between TRUEX-TCE

and Aqueous Carbonate Solutlions

[Na,C05] DCH[D($)P]) D{HDBP)

0.0625 0.012 C1E~4
0.125 0.013 7.4E~4
0.250 0.018 8. 3E—4

0.500 - 0.018 3.9E-4

iR B

AEFHITACEVOTHEY ~ VAR 2BRESTOXUEEFR I ENTE S,
MO@POIZ LM TBP/TEQ RBRIEEHR TRADDLRB LI BRETZIN W (HEFKEEH 400 (£

17> for (Na,C0;) =0.25M)
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Partitioning studies to separate actinides from ICPP HLW &5 B-1

R

H# | Soluent extraction and ion exchange, 6(6), 1049-1065 (1988)

Z#£ | J. D. Baker, B. I. Mincher and D. H. Meikrantz

BE [CPP (ldaho chemical Processing Plant) Tid. ERZEYWE (HHH?) =, 7t

KFEHBICEESERE, BHEYS ERNLTWS, £LT, wasfe sfreanicid &R
DLr, AlOT7 v LA EET S, (WOEZAWTER SN B, ActinideZ A BEL & 5 &
ALAB0EBTHY, BEIWNEF W TActinideDFHEEET->HHERETH 5,

x®izik, Am, Ce, Eu, U, 1Ir, Tc@&ﬁﬁt:%?‘éﬁ}ﬁ{?ﬁﬁ@‘?—5’75"?).575“. i
HWEH A O RPPEIIRINATES Y, Tho0REFREY, RELTVWIREOEE

EZUTVWHOMEILNEF, FEET-HROHABEWHETI W,

—179—




PNC

N8450 90-008

Separation and Recovery of Transuranium Elements from Liquid

£33 &= cC—-1
Wastes Produced by the CASACCIA Plutonium Plant

st | ISEC "88 10-28

&% | M Casarci, R. Chiarizia, G. M. Gasparini, G Puzzuoli, G. Valeriani

BE A4 % U FdlasacciaZ A VF—FEFRT, PUAEEE» S OPu—AnER (10nd) 208

FHBOT T~ — FEMPOER VTR L.,
B#ia,
s U, Pu, AnERR%E, KAHEE3TB g (10nCi/ g) BITFRT 3,
cPub AWVRPUZEINL, REMECEHNAT 3,
caBEREINLT 5,
COBHERNETCT-TEXAABOBBRBNATSHY, BRI RBIATVIXEE
R3IENBE,
Bes i,
cREEAIBCSHE (HBR, Ya7B, 7TAAY, ﬁtﬁ@%%i&)
cBEREERESTEENE I (7Juo—-v— L+ 24 BEEIORKRE)
° CMPOD MR E, A oOoWE (BR{LE, 14 X ZHED
° BB DB
o Bt v T IIRE
o HiH - HMMET R H
o SOLVEXZ — FTO 7o — v~ hREH
cNHIFHF -k FFT—TORR

° TESE07 0 & A R E
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Extraction of Transplutonium Elements from Acid Media by

Mixture of Neutral Organophosphorus Extractant

s | ISEC "88 10-5
EHI!M. K. Chmutova, G. A, Pribylova, N. P. Nesterova, B. F. Myascedev, M. I. Kabachnik
BME | OPIEMTRERMEOBEMEY, BFRAOSBBKERENEVH, CHETPE

MABIETHRINS,
2T, R'R” P CHoCNRY O ORI ZH W/HEARZ T - 1,
o 0
R’ =R"=Phenyl&, Tol, Bu, Bud F& i
R*=Phenyl&, R"=Bu0 BV
R” =Bt or Bu
FRAILTCE, DCE,
An (1) OSEHHD, BREPOCMPIORBELBE, BBREELZ XA -5 &L TKD
EHTWb,
TBPL.OMEEAS LA FH PP DanhiEL 0B, 72, TBPEEE 0. 05M<0.5M< 1. 5MT
DamdKE L,
£/, CNPOBESL, 0. IMFTREBE<DAmTDH S, oxyleneBAOHBR OB TY
3o |
W CMPORE - ERBEOEMTE, BRTPFDAWETHIHELH 5,
BEOEVWT, D@ EENET50E, HHBABOREVELEILNS,
[Am(N03)3 +n CMPO - BEE

H* Am(N0s):-n CMPO +- - EEE
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Selected Alkyl(phenyl)-N,N-dialkylcarbamoylmethyiphosphine

FE &5 H-1
Oxides as Bxtractants for Am(H) from Nitric Acid Media

W38 | Separation Science and Technology, 17(10), pp, 1261-1279, 1982

& | E P. Horwitz, D. G. Kalina, L. Kaplan, G. W. Mason., and H. Diamond

BE EEADOCMPIZ R WT, HBRBER, SOAn (II) OMBII > WTHEL &,

2B @alkyl (phenyD-N, N-dialkyICMPO{L &EMABE T, 1 2N N-diethyl 7 A —
7, N N-diisobutyl 2 N—7TT% 5,

N.N-diethyls ¥ — Xidhexyi{phenyl) &, 6-methylheptyl(phenyl) HFEHF T,

H¢ DECMPO L 6-MH ¢ DECHPO L BERR S 31 5 6 |

N,N-diisobutyl: U — X4, n-octyl{phenyl), 6-methylheptyl(phenyl), 2-ethylhexyl
(phenyl) FEE&E T, TAZTH04D (1B) CMPO, 6-MH# D (IB) CMPO, 2EH¢ D (IB) CMPO&
BRI h b,

0.5% ' 3MHMF O An (1) OffHAKFEA0. MU T OEMUARETH NI,
L OREITEAN IMEBR TN LombBATE Ok,

H¢ DECMPO, 6-MH¢ DECMPO, 6-MHo D (IB) CMPG, 0¢ D (IB) CMPG, (& -<xTDEBIZ0.5H)
i3, DHDECMPOL » | ~ 6 MiH# D An (II) OMEHICERTWS, Chold, BREE
TEDHDECMPOL U & D an®¥ /N E 0 5 2o

H¢ DECMPOE 0¢ b (IB) CMPOIZ, DHDECMPOL » HFe (II) Bl EicAm (II) =Xt L CEE
BRV, _

DEBH > H¢ DECHPOIZ, 3 MBS HSCHEBEON (I) U (H) oMt 2 ZEHOF#
BEERT3EERHZ. CoMEIE, 04D (IB) CMPOL6-ME@ D (IB) CMPO{LE&W TH.,

BLALERLLS,
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Variation in the Solvent Extraction Bebavior of Bifumctional
.3 E= H-2
phosphorous Based compounds Modified with TBP.

Wi | Solvent Bxtraction and lon Bxchange, 3(3), 235-250 (1985)

Z# | B. P. Horwitz, D. G, Kalina

BE PAE bR FE R D 2 THEMHAC L IWERFRASCOT AV Y7 LOMBFEICE LR

BRET -T2,
cRABMELTTBPERAMNL, MEROBEOEAIL LY D SERLAE S ELT 50
KT AF -5 EB

° &% & L TDHDECMP, HHDECMP, DHDECMPO, DHDECEP, 04D [iB) CMPO, DOD tiB] CMPO,
DéD [iB) CMPO, TOPO, % H#gl /., B&BEE UTTEHPOIC W T HHAE L 7o
cAnd BuDiHSREEMELL, BEHEE LS %PMATH - 2,

°modifierd LTOTIPO B &£ 2 miEi A & OEE KL (synergestic) TRACE
BAFHR (diluent) KL 2HBUEZELTHZ2LOMB* P OREZENIBHRLEN
o 1

o podifier@polarity@ ‘W%, B Odituentd LTCCL, B, decalinBikE I hnic

. TBPRITEHPOE MA B &2 HE L, polarityO BVWHEREISHRETRELARKLER
LIEBET/NI R L VI #BREPE S,

epodifieric LB BEMHEROESFHILISBELEELNEEETHEEEAL S,

¥ BEXW

Solvent Extraction and lon Exchange 2 179 (1984)
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The TRUEX Process-A Process for the Extraction of the

#F & | Transuranie Elements from Nitric Acid Waste Utilizing 55 H-3
Modified Purex Solvent

8 | Solvent Bxtraction and Ion Exchange ; 3(182), 75-109 (1985)

## | E. P. Horwitz, D. G. Kalina, H. Diamond, 6. F. Vandevgrift, W. W. Sculz

BE BEMEFE LTS DUBCMPOEE WS HE (TRUBIE) B, BULANILVEE,STRIZ R

ETBHELLT, BFOBABTIBCIICHEATZSLVWIRTEATVWS, COHS
i, UqbD(iB)CMFB~TBP~NPH/HNDs§éT@ﬁﬁ@?ﬂiH:.'Téﬁ%%&@%ﬁ,ﬂ—:‘ub\l’sﬁﬁLf:b@'@é
%,
O NPHOREBZHORXDOEE
@ TBPEO@D(iB)CMPOD. MR & % 3 AR & DR
@ (FP+AEHEHE) BRBAER»SOMMERECHT 22 09BBLUHEBD
.
@ TRUB H W &4
® 0¢D(BCHPORIAD 3EDOCNPOIK YW T (ZhiIHEDEIND » )
BEEREREELCHRRLUABSR, 0.2M0¢ D(iB)CMPO+ 1. 4MTBP+ NPH (=Conoco(C,2—
Ci)) FAVACI LI LA, COBRBERWT, RIEXT O R 2D 5Pk, cOTD
X 0K,
@® TRUEXEPRUEXIZ K < l/-fiih, 3%, S, BHESFIELZES,
@ ECH50FoLA0OBEHELICUALLE, REERS, MAKFR - KERIBICH
THEREM-E DD,
® TRUEKE#IZ, PurexiBBIchH THDOSD(IBIMPOEME 3713 TTE B,
@ TRUBXIAHE, 3. 4. 6MQAEHIETZE0T, BRIEKOABNAE,

® Danid, BAENLT-NOBBATHRECEKFELAVWOTIO®RI Y ba—J
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Appticat_ion of the TRUEY Process to the Decontamination of

i E= H-4
Nuclear Waste Streams*

g | 1SEC ' 86

#%& | E. Philip Horwitz, Wallace W. Schulz

BE | cTRIEX7 0t AR, T/7F - FomtisE o xTH 5,

clDT O RAREBCEBRRETOTRIZEEES <100uci /g ETER{ETII &2
H# oI na, (USATIE <100nci,/ g MIETRURZEMORR)

CHBLLTEGKS 74 32— FHOTRIBEZ2 <10nci/ g TERBLTEAL, COERR
R s LTI ~10%cElE L7,
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Behavior of Americium in the stripstages of the Truex
= . &5 H-5

Process

H B | Solvent Extraction and Ion Bxchange. 6(1), 93-110 (1988)

=# [ BE. P. Horwitz, R. Chiarizia, and R. C. Gtatrone

B’E TRUEXZ ot R, ANLTHEZ L, BEREEREEHPONRIZSHE, BF T2 70k

ZATH B

ik Al & L T0ctyl(phenyl)-N, N-diisobutylcarbamoylmethylphosphine oxide(CMPO)
NEHENR S,

CMPOIZ, TBPEBMRATIRIEX ot X DEHEE L THWSN S, TRIEXY o XD RF#
i, 2HEOEMMHBERTCPEMDFBETRICTIETH S,

HABBRICE T 3D EF 3 A0/ PuOBRAMEEHR LT 5,

AHETHTRIBX Y o2 R BB EFHEBEOA () Oo5ELEZ 6 BROoMMBERTAE
Lia

M OAND B3, (NPOOHEPHRBLBREORSICHET 2,
ﬁﬁ%ﬁ%ﬁm,n&m*,mm%ﬁof,ﬁmmbewm%akwm%%%fgto

¥  SK-grade CMPD: 92~952% CMPO, <0.022% POPPA
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Comparative Bvaluation of DHDECMP and CMPO as Extractants

=£H &5 M-1
for Recoverering Actinides from Nitric Acid Waste Streams

H# | LA-11191, UC-10 Feb. 1988

¥# |5 Fredric Marsch, Stephen L. Yarbro

BE DHDECMP & CMPOD 2 B OB AEEIT>WT, HEBAE »SOAn (M) , Pu (V) R

U (VD) oMEgE2FEMLL, FRAELTRBNCE(F S 7ooxF L) &lsoper K

EE, BB 0450, 15M, 4. 5MROUT.5MO 4K, T o LMBER O, 0.0MRYT

0.05M0 3 K& ¢, MBHRARETV, ROBEREB .

() CMPOIZDHDECMPL ¥ b NMEATH 245, BMHIERTD 5,

@ BBREEABRICONTHHEELING, Ao () KoVTRIOEMIELD
FEETH b |

3) 7ot (I) OHBCRELLREESALN, Pu (V) OHBREBFE0T,
EHEHOBICERT 5 & LW,

(4) Isopar HETCEo B & kS KAkBEP RSB LATHREEELELZ L6, HI#R
BETHD, Hicin (II) ORMBIEHLTRIVWERATS 5,

(5) DHDECMP/TBP/Isopar HOM AL HE THAERKKLNB S h, Eh7 v EMBEMILD

HEHHLEETH 5.
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Americium Removal from Nitric Acid Waste (WEREM SO 7 A
FE &5 M- 2
) LOBRE)

Hi#2 | RFP-4008

E% | A. C. Muscatello, J. D, Navratil

BE Owd—75 w75 b (RFP) OPUSBIE S OHBEEEE (TW fFo7 24 Y

VO LEGBRHIIRETEIHFEL LT, Accurel R oLV U/ HFET 74— LD
DHDECMP (dihexyl-N-N-diethylcarbamoylmethylphosphonate) A HFI% (6.9M nitrate
0. 1M acidity) OBEBE»S0.25MY 2 VR HBE~OBITRMNBREBAZ L 2REL
foo ERCMPOEHMIERE LTH S & 1M acidity, Fel*%0. ZM:/;O@'C"%{IK*fth:i&b\
BT AV I LEDENCHHTEEILEVWIREL 687,
cHEHDPIZIE 1 ~10n2/ £ DPutAniEB SN B,
cHEIBROKBILKEZOEBRLAELZIT>-TWEY, Pu An2RELFENRIET 00D
BNHARTH 5,

EREE

hZEk, £X11.5em AE0. 15m ZBE 0.l K4 FERTS%IZBray 0il Co. D 84Vol
%pure®DHDECMPIR Z ek L - BB = v M2 7 4 “" F#EEL, AnENal(TD & F+ »
RZBT7FITAFIT LD AIE,
oMM A A LARBICEBEWMEF R, 0.1ng/ L DAne Z ¢ 100l 0. 1M HNG: D& TIT - 7
° CMPOIZ & 5 fli 43R BR 13 CMPO% Amberlite XAD-4ICH0°CTHAL Ch%:500lH 5 AICHKHE
LTiT=7e (9~10ml min)
Ao PmAt

°An®d GEE) BTER Le - - OPnicTHHEI B,
At Vv

# #

O PEREBETCOER

7. OHNO S IR 2 5 0. 250 = "D BBERT, AmOBANINGRKELLTVORY 2
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Americium Removal from Nitric Acid Waste (FEESFEH MM LD T A

=2 E5 M- 2
Do ADERE) (Do0%)

Hi 88 | RFP-4008

E#FE | A, C. Muscatello, J. D. Navratil

i) YHIEAOHBEENKEL LR TA2LDDREFNOBITHEL B A,

Table 1 KBEILHTABTROXRERERT,

BEAEV) IMODEBIZRIFLAMOBITNRENT VS,

Table 1
B (D NalNQ, (M) BITEY% Permeability
10~ %em ./ sec
T.0 0.0 61 —
3.0 4.0 76 —
1.0 6.0 90 e
0.1 6.9 94 7.2

@ 74—FHELAMYy 7 (HHAD Bokk (F: S ratio)
F:S:BE7-75sRV=ToMFREEEFHahLN, EBEART AV Y
LW BRBETHRLDTFHBELIDEVRE 7 r 77 &1
Table 2

Volume Ratio(F:8) HITERY BEI 7 75—

3.33:1 80 0.90
5 :1 52 0.62
10: 1 45 0. 58

@ RPNV THROAFF RE
Table 3 1%0.1M HNO; — 6. OMBE BV —F D7+ — FEICH LO.25MD ¥ 2 S BE R L Y
y THRICAVWEBOMOBTERT 7 — FEPOAnOE D IEB2% ET6% TH 1o, #
F 7 AR IE 13 Dowex 500X 8 ZH W,

EBREZBEROBLVIIEHE A A L THELBLEZREVAEREZTable 4 IKRT,
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Americium Removal from Nitric Acid Waste (WEEEEMA DT A

& b 4= M- 2
o LOBRE) (DdF)

H 8 | RFP-4008

#&E | A. C. Muscatetlo, J. D. Navratil

BE Table 4

FI 8 —F Ko =3500 JWIATBE S a7 A Kp = 800

Bone Char Kp = 600 VI B Ve N BV N p =1100

o< g

- ERAE L ADREE L L'CLiCMPDKtqubD(iB)CMPUEﬁL\%b?&“ﬁﬁE‘]'@

H 5B,

CFe " OEELTVWAVWEAETRIMPION R RO I ALK THD, Ny FOI20EE
DREEBLTANEHBIN ‘g LRUTTH -7, LALLMV 2V BERAVWTOE
B () BN1.6%OEIREFICE EF - 2,
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HYDROLYTIC AND RADIOLYTIC DEGRADATION OF 0¢ D(iB)CMPO :
xE &= N-1
CONTINUTING STUDIES
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Method for extracting Lanthanides and Actinides from acid
x5 HFH-1

solutions

United States Patent : Patent No.45487930
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Date of Patent Oct. 22. 1985
F# | E. Philip Horwitz, Dale G. Kalina, Louis Kapian, George W. Mason, (Inventors)
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Kalira, D. G. et al., “The Extraction of Am(II) and Fe(Il) by Selected Dihexyl
N.N-Dialkylcarbamoyl Methyl-Phosphonates, -Phosphinates and -Phosphine Oxides
from Nitrate Media”, Separation Sci. and Tech., 16(9), pp. 1127-1145, (1981).
Horwitz, E. P. et al., “Selected Alkyl(Phenyl)-N,N-Dialkylcarbamoylmethylphosphine
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Tech., 17{(10), pp. 1261-1279, (1982).
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Method for extracting Lanthanides and Actinides from acid
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solutions (23 &)
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Method for Extracting Lanthanides and Actinides from Acid
=5 &5 BH-2
Solutions by Modification of PUREX solvent :
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