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ARTIST Process

- A Novel Chemical Process for Treatment of Spent Nuclear Fuel-

Shoichi TACHIMORI

Department of Materials Science
Tokai Research Establishment
Japan Atomic Energy Research Institue

Tokai-mura, Naka-gun, Ibaraki-ken

(Received September12, 2001)

A new chemical process, ARTIST process, is proposed for the treatment of spent
nuclear fuel. The main concept of the ARTIST process is to recover and stock all actinides
(Ans) as two groups, uranium (U) and a mixture of transuranics (TRU), to preserve their
resource value and to dispose solely fission products (FPs). The processis composed of
two main steps, an U exclusive isolation and a total recovery of TRU; which copes with
the nuclear non-proliferation measures, and additionallyof Pu separation process and soft
N-donor process if requested, and optionally of processes for separation of long-lived FPs.
These An.products: U-product and TRU-product, are to be solidified by calcimtion and
allowed to the interim stockpile for future utilization. These separations are achieved
by use of amidic extractants in accord with the CHON principle. The technical feasibility
of the ARTIST process was explained by the performance of both the branched
alkyl monoamides in extracting U and supressing the extraction of tetravalent Ans
due to the steric effect and the diglycolic amide (TODGA) in thorough extraction of all
TRU by tridentate fashon. When these TRU are requested to put nto reactors, LWR or
FBR, for power generation or the Accelerator- Driven System (ADS) for transmutation,

Pu (Np) or Am-Cm (Np) are to be extracted from the TRU-product.

Keywords: Spent Fuel, Reprocessing, ARTIST Process, Monoamide, TODGA, TRU

Elements, Interim Storage, Nuclear Proliferation Risk, CHON Principle, Partitioning
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BLWY, BRAICSFHICEEND ZNSEDRIL, PWR; 45,000 MWD /MT. 5 4RI
BB OBE. 12 %720 P 'Np: 630z, > Am: 410g, **Pu: 270g TH %, LI=H>T 100
oD SFIZEENS Np, Am D513, MHMNICEEBHOBERE+MIBONE I LIk
5. CHOHEMEL, WX —LAZEETZIFICTIE. TRU O HEEHIFHIE UTEIT 5
ETH D,

Table 1 The physical characteristics of the main actinides presentin a spent fuel
from PWR.
Nuclides | Half Life | Specific Neutrons [* Burnup | *Total **Critical
(year) Heat (w/g) | (n/g.sec) |Yield (g/T) |Heat (w/T) | Mass (kg)
U-234 | 24x10° |1.8x10™ 1.95 x 107 | 0.035
235 {70x10% |57x10® 829x 10° 18~19
236 | 53,107 | 1.8x10° 5.06x 10°
238 9 9 5
45x10° | 85x10 9.28 x 10
Np-237 [ 2.1x10% [22x10° | 0898 |633x10°| 0.0136 [31~55
Pu-238 | 88 0.568 |356x10%|2.68x10%| 1.52x10%| 4.2~6.9
239 | 24x10* |192x107| 96 6.03 x 10°| 11.6 4.9~5.2
240 | 65510° 710x107 | 1.29x10% | 268 x 10%| 190 |19-25
3.9x10° |1.13x10™ | 200x10° | 551, 12| 0087  1°¥7
Am-241 | 43x10* | 0.114 |695x10° | 411x10%| 469  [34~71
242m | | o 02 Beax10”| - 0.79 - 4~5
243 |5 1108 | 6ax10? | 541x10% | 171102 110 136-96
Cm- 242 0.45 3.84 2.92 x 107 0.01 0.041
243 | 285 | 190 | ia3,105| 0468 | 0887 | 3-4
244 | 181 2.83 16107 | 357 1.58x 102| 5.4~16
3 ERRS
245 | 85x 10; 57x107 | o 102 4.93 0.028
246 | 47x10° | 001 022 5 10° 0.511 | 0.005

* SF of Burnup: 45.000MWD/THM, cooling time : 5 years after discharge

** Critical masses of metallic form, steel reflected sphere.
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Fig.3 Four main requirements for the fuel cycle technology in 21* century.
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Table 2 The main characteristics of the long-lived fission products present in

a spent fuel from PWR

Fission P. | Half Life | Burnup | Specific |Effect. D. C. |Isotopic |Total Mass

Nuclides (year) Yield Activity  [for Ingestion| %* |of Element
(g/m* (Ba/g) | (Sv/Bg) ** (gMT) *

EZ X3 ¥¥¥

Be 5.7x10°(0.13 ) |1.05 x10"| 5.8x107*] 100 [(0.13 )

Pse | 65x10% 6.155 258x10°| F29x10” | 848 | 72.6
M39x10

Zr | 15x10°9.58x10°| 93x107 | 28x1071°| 19.8 |4.83 x 10°
®re | 21x10°1.05x10° | 63x10% | 7.8x 10| 100 [1.05 x 10°
07pg | 6.5x10°3.12x10*| 1.9x107 | 3.7x 10™| 15.8 |1.98 x 10°
2660 | 1.0x10°] 306 |10x10°|7.7x10” | 430 | 71.1

129 1.6x1071242x10°| 65x10% | 1.1x 107 | 81.8 [2.96 x 107
35cs | 23x10°522x10% | 42x107 | 20x10” | 14.8 [3.53x10°

93

*  SF of Burnup: 45,000MWD/THM, cooling time : 5 years after discharge

**  Effective dose coefficients for ingestion (time period: 50 y) : frodlCRP Publication 68, Annexe B
Table B.1 (1994).

*** These values are for a SF of burnup 33,000MWD/THM, 3 years cooling.

EREETINE. BYREREAMTH 2 UvVDHZME L. PudV)Zid U o ftho HFiio
AnZHH LW E S ICHkD. RADERMREZ RS, BEHT7ZNVFIVEAZET S NN, -di
hexyloctanamide (DHOA) £ X U NN, -di octylbutanamide (DOBA) @ U(VI), Pu(IV), Np(VI)D
MR BRI 7 V¥ )VEEEF T 5 NN, -di hexyl 2-ethylhexamide (DH2EHAT > )V 3D
TIVEIWBI S ) & NN, -di (2-ethylhexyl) butamide (D2EHBA: 2% D 7 )V ¥ )V EHIC KL
Shh)DZh% Figl. Fig8 IZmT ™ Fig7 »50» 53X 51, BHO7VFVEEET
% DHOA £ DOBADMMATIE. ZhZhD AnZ BT 2 LIZREETH B, LT AD
Bahh 7V VEHEET5E 7 I FTIE. Fig8 Tmahba X512, 6{fid AniZtb~
Pu(IV)DAEELEIZ 1 7 Z L EK LR > T3, B A AL 41lid An K D & An(llT)., An(Vy
5T E N0, Fig8 iZ /2. UVHERERIC Np(VD)S SN2 2 L Z2RLTHED.
Np % U(VIy» 5 238 $ 212iE. &7l A T Np(vZJEfIEED Np(vy& Lz hidiz
5721, Table3 &, 1.5mol/dm’ (A& M & %529 %) DH2EHA- K 7 /1 > —3M HNO it 5
BT BE An OB B K UE RO H B U(VDIRE TH %0a) TIEXETD An DK
MWMIEEIL ML —Y—BTH . hTIE. DKM 0.5M (120g /dm*)D UVI)E b L
—H—F D Pu(lV), Np & ZH B2 Np(VIYDiE ol & LT 0.02M @ Acetohydroxamic acid
(AHA) DML T %o Table3 256 AHA ZHRMTHIE UDAAILE N, Np & Pu (3
flilcE TETLEINE LD TH D) IKMHEI BN L AR TE S,
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Fig.6 Radiotoxicity of long-lived fission products in HLW varing with elapsed time.
(expressed by Hazard Index).
Burnup: 33,000MWd/T, 99% of lodine is removed at reprocessing process.
Hazard Index = Radioactivity (Bq/Ton)/ALI (Bq), ALI = 0.02/ Effect. dose coefficent.

Table 3 Distribution ratios of actinides with various valency states in 1.5M DH2EHA-
n—dodecane and 3M HNO, systems.
a) without U(VI) in the initial aqueous phase,

b) with 0.5M U(VID) and 0.02M acetohydroxamic acid in the initial aqueous phase.

Initial Aqueous Extracted
Amide Cus DU6 Dpu4 DNpG DNP" DNpS Cus
(mol/dm?) (g/dm?)
a) 0 8.44 1.17 6.24 0.24 <0.01 0
DH2EHA
b) 0.5 3.53 <0.01 <0.01 92.8
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Fig.7 Extraction properties of di n—alkylmonoamides (DHOA, DOBA) for u(vD,
Pu(IV) and Np(VI).

Organic solvent: 1M extractant in n—-dodecane.
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Fig.8 Extraction properties of di branchedalkylmonoamides (DH2EHA, D2EHBA)

for U(VI), Pu(lV) and Np(VI).
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Organic solvent: 1M extractant in n—dodecane.
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Fig.9 Variation of distribution ratios of actinides (DM) in various valency states

with TODGA as a function of aqueous nitric acid concentration.
Organic solvent: 0.1M TODGA in n—dodecane
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Fig.10 Compositions of the main fractions in the ARTIST process.
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Fig.11 Variation of distribution ratios of Tc(VII) (D;.) with various cyclic amides as a function of

aqueous nitric acid concentration. Organic solvent: 1M extractant in n—dodecane.
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Fig.12 Flow scheme of ¥Te recovery process attached to the 1* step of the

ARTIST process
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Fig.13 Mass and heat flows in the ARTIST process for treatment of spent fuel.
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