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Production of 237Pu and 236Pu with 237Np Targets
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Department of Radioisctopes
Tokai Research Establishment
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Tokai-mura, Naka-gun, Ibaraki-ken

(Received June 1, 1990)

:

Production methods were developed for 237py and 236py wﬁich are
useful Pu tracers. By using 237Np as target nuclide, those isotopes were
produced in the 237Np(d,2n)237Pu and 237Np(y,n)236Np(B“)236Pu reactions.
Excitation functions were measured for the deuteron-induced reaction, the
237Np(d,xn)239‘XPu(x=l,2,3), and thick target yieids of the Pu isotopes
were estimated.

A small amount of 237Np02 sealed in a quartz ampoule was used for
bremsstrahlung irradiation. In the case of deuteron irradiation, thick
237Np02 targets were prepared with a thickness up to 1.0 g/Cm2 obtained
from sintering a pressurized 237Np02 or 237Np02—Al mixed powder in a disk
shape with a diameter of 15 mm. Almost the same chemical procedures were
applied for separation and purification of Pu out of the irradiated
targets: Anion exchange was used to separate Pu, Np, U/Pa and fission
products from the NpOs dissolved in HNOj3.

Finally, 265 KBq of 237Pu were obtained at the end-of-bombardment
with the thick 237Np02 target irradiated for 17 h with a deuteron beam
of 24 MeV and 4.9 uA; Tts radio-chemical purity was found to be 99.97%
for y-ray emission nuclides. As for a-radicactive nuclides, 236py and

238py were found to be 8.4% and 4.2%, respectively, as activity ratios

* QOsaka Gas Co. Ltd.
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to 237py, About 560 Bq of 236py were obtained from 7.5 mg of 237Np02
irradiated for 8.5 h with the bremsstrahlung produced by an electron

beam of 55 MeV and 9 uA, and no a-radiocactivity was found.

Keywords: Plutonium-236, Plutonium-237, Plutonium-238, Neptunium-237,
Neptunium Dicxide, Excitation Function, Deuteron Irradiation,

Bremsstrahlung Irradiation
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38py &, PNp (d, p) “Np—ogi "°Pu LORTELERT 5. T, EET
T EECINBYHIETHE, BTAKETARESSOLEPRLNTV B, CORIERICD
WTh(d, p) kU (d, p2n) KIEOHTES Vandenbosch iIC X DRESNTE n'Szh
iC kB e, AERTEELL PPy EREOKREN L, P PubEREBON 22D 1 BETHHX
BARHLTVAC &It d, -7, P Np &, P Np&g4a P°Pu PP Pu it fiBLK O,
BHETESHHROEBETY -7y M5 Pu OH8ETS C itk ®Pud ®PudEA

BEKIOBH ST T LEBAGETH B,
3.2 B0 ¥ Np&—7 v bOHAR

3.2.1  ®'NpO:~AlTRB&ES -7 » b

BINDO, 4 A EBRTOREAHE s — K TOSCAR] #FLTHRH LA, ¥'NpOe D5
Tt AR BTNDOLIc Al £ 30%, 50 BEA LIBEOMIEE Fig 10ITRd, By
—r oy DTERICH - TiE, BHE— 2 OBEESPESme THEIHF -7y » DEEA15m
¢ EEWI, 21 THR L7 ®'NpO:, 0.7 9 2Ly MURBIL/HEE, £OMRER400m/
BT, BEFTAAF—165MeViemGd 5, L LAMS, <y POESE0T~0.8 nu
BT, COXSHBHTHNAL b AR, fifsd 2R FOREHS FHES NI, €2
T NP0, 0.7 ¢ KRAIRD Al K ERE LIs —4 o b OREEIT 5~ FRMERET 72
FERTIZ B NpO, OBbDic, U, Pu &b3K), HEOEESUTO TRARLYMHOR
ETHEERBRICEVONTACeO: (HE - 7.3 g/cff, RIS 1950°C) 2, LT Al
AESLTHEEMHEE L,

CeOs{ 200 mesh ) & Al BAEERLZ 0~ 100 CEETES L, WIhOBE LATERR
1 g &Lt £, BEBIZIBARMSILODEEO T F VT va - VERIL 7., RER
EHELMEHD 0. T~ 2. 4ton/ed THREBAITL, 2.1ton/cfT <Ly bOEBET -0 2D
W He ST T Al QR ( 660°C) T THELTERZL, Hub L7, BARLBEHEHROE
B4 Fig. 11CRd, BEREICELMEFEI MV O TEZ 100056 EBRES
NUy hOEREE EHT O SODREET OENSSHBRACEMRT S & RRICEN L REDRE
e L, TEEE 25 CIAME, BEEEL Tk 1 UMY 5. MEME AV L THERD
crm  BINRO, i Al BEE 10~30 BERERS L, 2.1~ 2 4ton/af THREHE, He Xt
TA1 ORMUERMSIC BT 5 HET, B P NpO:—Al BE&Y —7 v PEWEBTILEL
Foo #—Hy PAMODETRIZIKRDEENTHEZ (Fig.3)o

EETH 2 1 Hi TR~ R L DB LA Np (IV) 4 MIERRIAH 50me % R #E, RA

&EELI0b, 14 MREEK 5me THE, BREEE 3ET,, REMCIMBEEImLTH
L PNp (NOs)a & Ltco ChEASAY KB U THURRLE L EENOERIE

1.2 ¢ THIfEMT&H - 72

Bt &E L 2 Np (NOs )4 #He vy KL Afkc T TN BRFATME, BAEL.
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MBEZLEBECHERAL, 800°CT I BMNAOOLRL ICRR Lz, 90 CTKTDERE
270 CTEZMLMOHEBORBRAEISIEE DF 400°CE TR 2. BILED P NpO:DE
Bi10.76 7, BEAEHIL -FEEQOR-» TOABETH - 120

®'NpQ, LAl BYERES | ¥ NpO: & Al BIFEORSGBRIFCR E=—- VRIS o - 7F o 7

ZERWI. HENVY EFAD P'Np0: ( 0.79 ) &4/ HEHIKEL, AIMK(034)%

MA-ObEHBEOLF LT AT - VEMAFERELE—RES L,

KLy FEE D #NpO: LAl BROREMASEICEL, £8&F% c=—y— P TEH

L7REETC 2. 1 ton /ol THINERR U fo WRELRD <L o P ZER 15m, E &K 1.5 mELT,

ERRBERETHANOREBE SRRSO b - o, BAEO P NpO:—Al BES —4 >

k% Photo. 1 TR,

BEE B Licy -y b E2RAF VLRI 30mé ) iKAD, Ao - ROF[EE (AR 4

em, =& 25cem) AICHALIZOL, 2EFZEAXNEREIFAICE ., AEED—HHL

He# 2 ZE|A (0.5 ¢/ min ) L, MEEEERME LT 4 vy — iR LI, SO B

1B EIC 660 °C 3 TR L DBRA KA Lz, BEBRDS —4 5 L RE RIKEET,

N 7 ov 3 —vRGFEFICEE L Bbh A/ NS IBRRPHE IR/ L, ok

DT B4 DTEEP- .

PlLoBETHB LAY ~4y FEEOERIZ099 9, BELIE P Np0270%, Al 30%
THotie CDY =4y iCDEFig 10 KELEES I EEBF OFRFAEH L, BHTH
WE— 20MeVRHE, ¥INpO iKxid 5 RIEIE 620 mg/of TEH B4, ¥ NpO:—Al 30%RA S
=4y M ICKT T ATRIZIRA 500ng/cf TH B &, TOF—4 o bhizdi¥ d ¥ NpOid#y400
mg/ch T, 20MeVOEBTHIDI -5y FTIEETLz2LF -3 1T.6MeV ThH 5, T
Wi, B AvF— 32 4MeVENLB, —F, ¥ Npl(d, 2n ) RGBT B L &V EI 33
MeVEBHEINEZEDD, BREIT A 0F—-2.4MeVIZE D P Pu UL @RSV &I
5 h, WET, Z@#—4"y Mid Thick target &R ENTE S,

5 —4y MHRRICE A EB T £ 0 F— & Thick target yield DFFBER% Fig 12I77,
HETFTANVE - 20MeVORBSILELS, 2D 4y D Thick target yield (34 20KBq
JuAh EHEELR, O =47y 2 1EIBD *'Pa 8hEFERICH .

3.2.2 *'NpOH—piss —4 v b

BINpO:—ALIRE ¥ — 4 v Mtk b PPulliEoEs, BYRREAHTHE T Thick
target £ 0ET, WEDETFTRIEE LD, EHERAMET 2 ETO A RS D LML 5,
T, BERCRIAIORBEEH T4y NOBEBICEBERILE2EBT, {EFENEECB
THEBO A #BRETIVLEVHDHT L OBEHTIE L, DR P NpO:: DAL L BE NS
L=y PORRETIEE L,

BINpQ2 { ORNL®I) 1.5 g #FAicBAL, P NpOo—~ ALIRE S — 7 v b+ o B8 L
72 PTNpOz, 0.5 ¢ #MA T 2. 1 §iCaR~F HEc L DRI LI, ¥ NpO B— i34 — 4 v
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rﬁﬂ&gmg3mﬁutoAlﬁmﬁéﬁﬁé%mf”%mmfAlﬁé&wﬁfy}®ﬁ@
LR TH D, BEERESEEKTE00C FTiT»7 (3.3 1HICHIBT 3 & DT
LR BB O S — 7y FORRCEETE, COLHIORITERLL P PuREROS —
By P IOV EEREEEE A 600°CE Lo ) P'NpOBi—5Y s — % MIGER 15m, E5H
omn, B 1.89g CEAREFBTEI I v 7ROERAEBL TV, #~-7 v POBER
1070 mg/cd TH D, Fig. 10 kDG oNLERTF A0+ — 24 MeV 2364 4 FRFE830mg /o &
N EFICE NS -y b TH T BHLALEBF L R VF— 24MeV iTxtg % Thick tar-
@tymmaimgizﬂgﬁaoK&/w&&ﬁ%btocwa—fyb@Z@E@”Wuﬂ%
EERICH W,

3.3 PTPuRERER

331 ¥ B
(1) HEETHEE

3 2ETHB LB P NP0 4 — 4y FEROT P PuBEERET -, BERTRE
%mmﬁm,97?Aﬂmgﬁ%mwko§9—5yr@AW§(womn)?@é,@mw
FAG kv & — B TEED TR L, £40BEEFAROEBDTH -1,

STNpO2—Al BTINpO 2 B—f 5
BES—4 v b g =4y b
B AvE— (MeV) 20.3 24
T3 B B il { h ) 8 17
E LR (¢ ) 1.16 x 1072 1.76 x 107°
{ wAh) 3.2 4.9

BEEDS — 4y PRGBSI ERES 45 n Ky, 12 BMBHLObL
EHBET > 1o
@ P'NpO:—AlR& S — ¥ v b DS AE

WG L7 “TNpO:— Al BB S -7y PH 5D Pu OSHER 2,280 T/ TR 2 DT 72,
BINpO, DRI 2.1 DHMHDOBALE U THLLHRER, B4 4 VB4 7 L OFERRBIR
SR I T o RGOS — 4 PRIEE, ©— AR SNAEHE-TAI &5 =5
AR L TR D, EEhDs — 4, MREA Al DEAEC F TELE D EEES
%70 BEHTIICHATY =4 FRESE AL H - TR, Al ORI ERBRESNLL
ot AERMEICEVTAl ORFERBICHES S5, Al RESBESMERAL7 77 v
VKL e &7 52 s v Oa, T BSHERERHOBE S 2 ORER 3. 1.2 H0RID
B LERICT - e

(30 ZBINpQ:H— a3y —4 v b DB EHITE

BB L7 2TNpO Bt} — 57 b 05D Pu DSR2 2 B TONEHIC KT 1o
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BINpO:DEAHI 1.9 g LBV, CAIIEUAZREELTH B & & iT, BA 4 vk
TEEGHBREFORH L5 f5& Ui, MERERIELARORAKE 2 ORIEIL 2. 1. 2I5OROEBE &6
BRiTiT» 1, BEEBOY —4 o PEREAR, - s2BHINLESZPOCHEEKO Y 59 74
AL, BHYOBRESALD TH-LEEbNE, AMIBBIZLZY -7y POBEREZEBD
THETH - 7288, BEKFEKERMLUGE LEBFRER U, BRRICIKSEMEEL L,

ZORKE Y —47 o MERRFOBRE ( 800°C) 8L, €73y 72Kt FELD
na,

COBERBRTEN L2 “'PudFAHEOELICLD, 05MERER 1.0 me iICRELT

s L.

3.3.2 HRLIEE
(1) *'NpO:— Al iR&5 —#4 » MCkAEEER

BUEEBMOEES Table. 4 IKind, HPOTEMITIFig 9 @ Thick target yieldd 53k
Wice PTPuiKDNT, FTEME ( 96KBg ) S EBRME ( 8211 KBqg ) 3 EENT—HLT
VIV, EERAORZRBRHEERE L ESBIETRER oI 400AT, BERTOERMA
DEE SRS ICET S REREIN T LY, £, HEMERS -7 bET P NpO:
LAIBAPE-KEBLTVWA L EEZFIRIERDIETH LY, FLUEREEEFITT S
CERRBTES, CN50C EEEBTNITERE S EMEE OFNEAENLRENC
LEEZOND, TOWBERICERS P'PudEER EOB T 82+ 11 KBg, {LFER
B81BTH -1 FEIE LT, aBETIE P Pu, P Pudig4 7.8%, 1.8%, rEETIE
PLr 005 BEEEINT e, -7, *Pud y S RENMEIZ .9 %L ETSH -
7o
(20 P'NpO R 2% —4 v btk BERIEELR

BLERBROFERE Table. 4R L1, ZOFER, “'Pu OARETHE Fig. 9 okdicst
Fifi ( 245KBq )& FKERME ( 265+ 21 KBq ) BEREOEBEAT R L7, ¥ Pu s P Pudit
Bl & EREIRLY, BENTHLTOWRLAI 1L 3TETO 28 py o Bt Bk o ms:,
Ha DENCEIESEECERET 2225l dnd, NHOBEREZEYT 6O LML
7o

LOEBRICET AEFRRILTEIHTH - /oo AHWE LT a T P°Pu, ¥ Pu b
BBAFB, 4.2%, rHETHEPZr B0.09BEESEN TV, ¥ Pud r MEHERTEIS
E398.9 %L ETH- 1
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4. BNp (r, n) Rt & % 25Pud Elik

41 £ B

1) & -4 FHAR

2.1 Hi T~ HETREL 7o P Np Fuk O — 2RI L, #it%: 4 MERERICERL
D5 PINp 7.5 mg ICARSF 5 BAGET ¥ 70 (A dm, WE3m) AL, ERES
EHRWEL-OL, BEFETMRLT P Np (NO3) 2 ¥ NpO2 iTZE#HR L, AET ¥ 7iC
HA LT, BEHcRE -k s 2 ~ASL, SROMMES ( AIE, A 15m, PIE 13m,
E&45m ) IWHEHL, BHEEEE L
(2) B AR S

ZINp (7, n ) PullEoRBoEEIcE, EROBTEHMAMESEAY, BEFAMHT &
VA — 55 MeV, TR 9 A T 8.5 BRI Lo, P NpiRE QRS IICET S, HEAEIC
BFE7E, DHTHORERE XL OBRESTERD B LHE—BHEATEHE (13md,
20 um ) % 1 FSEIMBE Lo BESHE, TAul 7, n Y IEB FAU(T,,, 6.2d), “TAu
(7, 2n )itk "™Au (T, 1 183d ) RO Au(n, 7)ICE3 A0 (T,
27d ) AEBRLAELN. 2 NpBHEEENS, P Np (7, n ) IETHEE LR P Np (T
S 220 ) MR BB L - TP PuEBEL, 22 ¥ Np (1, ) BIGICK BHAREER
OGS D X E 5753 30 BEASEIL 72,
3 Pu DoyEEEHAIE

B DSENL 2.2 BTl HEIC L DPuDS AT - 7. 4 4 Y RIBEIEICE 2 P Pu
DB ER A EEROBREERERH L-HBE 77 v a2 vDa, v HRERERIESE
AELEL L7, HIEREOREEUHITIR I 1.2 QTR AEEBRRICIT - o,

4.2 WRIBE

WIND 5 — 4y b OBRERMEICB TS r REPUHTHROBENARIL, E—RETRHLIEE
(13mm ¢ ) % 2 X 2mfr O THRICUIF L, SHO A, PAu ZER LEOLESHREE
B LTk, FOHE 1HOBHRUBRLS —7 » PORLD L SmiBTN TN LR
KHtz. CODFos PPy SLEICER L PTNpO: 4 — 4 » MBS EROr fREEE
BT A0 & HRBTH -1 20T, @EREICENRL TS TAuD KRR & T
O 7 EHEEG, £k, COBSICE D PPu o EKRHEERAHE L. THE, R (7,
n ) RIS E T 2ROAMUNER N,

R(r, n J:;ﬁram(r, nJ
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CZTowm R{7, n ) RIEOBEMEME s (E) 20T o :f;:“a (E)dETH
bENb, E(h ZZOMIGO LEWEL 2 F—, E nax SHEBSFROREA T 2VFE-Th 5,
CORR, AU 7, n ) RIED 0w (E)=2190 mb22P i ko THR®H I ¢, 12 9.1 % 101
s  MeVIT, 2D, ZiNp (7, n )RIED o i (7, n ) =1085mb*® HoHE
U7z P°Pu OARREEEEIZEOB T 211 Bg Th- .

B LESES L, ER LY PudE OB T662Bq, {EZNFEEFGLEHBTH- 7,
R, HHEIOY -4y MTEBR LTV ®*PuiiE O B T614 Bg T, ZOMIEHEFHITHT
o FE BB AR 3T o » 20 COMMEE, STLEORGERPORD G, DEE, &
BOBH S —7 y POBREELHBTLE -HMLTOENWIDTHLEEL LA,

FERIEUY L 7 PPu@afi~<=s + 5 % Fig 13 IR, °Pu DAD e B IRE Sh T,
228Dy / B9Py DIERELBRIERO 1 x 10 DR TH o7 *PPu it bb—v—&LLTHL
BIBE, —HESLODEEBRMBEN THI-OMEMEENHEREETH LD, L
THLNE P PulE, BELHCEALNLTEDTH- T,
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5. F & ©

BHEIC B S Pu OR%A, HHVEERRICETEPu OBBEHFTTELY, bL—F-&
LTHVGHE P Pu & PTPu ORERREIT- 00

WEh G BINp 24—y b &L, XTPu @mRizid ®'Np (d, 2n ) BUEERIAL. &
FCEEETER LBV Y — 5y b ARV T T OIS QR ZEHIE L 72, W&z 3T,
5y FANEREE A, ERTFL A LFE— 25 MeV F COFRMTRE L5 £ VI BKAS
ZHEWT Pu 248, AEL, P Np(d, xn ) PuBUBTHKT % BEpy, ®Pu R
B2py ORRBEARIE Ui, #OME, ChOORIGIE 10 MeVHERSE I isY, &K
EOWER I ER T © & v+ — OBINE RICRAEICET 50 HhY SEEGITHFREERL
e %t CORIEE P Pu kR BN ORIERICLE L THERTH S 00 PPu, *Pu
@EA@KﬂﬁT%E%KﬁﬂT%%C&ﬁﬂoto&m,mNﬂ»K;5Em&—5yf®ﬁ
B4 RE L, P'NpO: (0.7 ¢ JICALBE (0.3 ¢ ) ZEEL, TR DD B EERE L 72
H%morAjﬁéy—fvb&,mthﬁ—&%awfvﬁ(ngj%%ﬁbkowfnm
by h by Y FAERTEBTHE AT, Pu 208, DiLL, TOMHR, EO B
BB PPy DEREI P NpOa— Al IRA ¥ — 7 v b T 82 £ 11 KBq, *'NpOz i—k 5}
Gty T 265 2 21 KBqTdh-7o, TOMEH, EhE oKD B 4 D Thick target vield
96 KBq, 245 KBq &ixiF—8 L 7,

Jﬁ,%WuQE&K@%WW(T,nV“NMB‘)mPuEE%WQLtO%ﬂbtwwp
by MU T 5 EGET Y IARKHAL, BFERMERTAHT F 0+ 55MeV, 15
WO L AT 5 IMRE Lcob, B4 vlgissAv T 2 Pueitt, Bl £0
59, B O B gk 5 “PudEmBEE 614 By, {LENRIZ 0158 TH 7, Hahitid
SSpy DIAD a IR S g, PPPu/ PPy ORI B HRALIT TH - 1o,

2%, Pu ORT, BHICET BHEN &0 ILEICED SNAHRT, *Pu & ®Pud b L—
o — FIF R ARITITHINS 5 C &8 FREN S, BIC P Pu R ECHBERRB Ty BA DT EL
H0.002% % BB THENTER D, SHED P Pu b L -4 — 2EBETRRIARICRSL
TREBREARLCELTEZOTREVHEBDNE, #-T, Pu, *Pu%0 ¢ BT
EEASIHOMEOSL “TPuOREARINTACLEBEREHHLDLEELA LN S,
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Nuclear data of Pu isotopes

I[sotope Half - life Type of decay Major radiation {MeV)

: {7),(8) (a)
#2py 34.1m EC, a 6.54, 6.60
23py 209 m EC, a 0.2354 () 6.30
234py 8.8 h EC, a 6.15 6.20
B3py 253 m EC, a 5.85
2%py 2.85y a 5.72 5.77
Bpy 45.1 d EC, a 0.0595 (¥} 5.36
PPy 877y a 5.46 5.50
#py; 2.41x10%y a 5.14 5.16
240, 656 x 103 y a 512 5.17
24%py 14,4y B,a 0.0201 (87 4.89
2420y 376 x10°y a 4.90
28py 4.95y B 0.5780(87)
24py  8.26x 107y a 4.59
24%p, 10.5h B 0.9380 (87
248py 10.85d B~ 0.1500(g")

0.2550

Taken from Table of Radioactive Isotopes (1986)
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Table 2 Nuclear reaction for 236py and 237pu production

2%6py  production 237py  production
Target Nuclear reaction Target Nuclear reaction
111 ®'Np (r,n) 111 #®™Np (p,n)
(21 {d, 3n) [2] (d, 2n)
(3] (d, p2ng”) | (31 ® (*He, n)
141 #%y (g, n) [4] {g,2n)
(5] la, pp”) (51 *y (3He,4n)
(6] 25U (a, 3n) (6] (@, 5n)
(71 (@, p2ng~)
18] (d, ng™)
[91 238y (p,3ng")
[0l (d, 4n87 )}

Table 3 Yield and radiochemical purity of 237py in various reactions

Reaction Projectile 2Ty Yield 238pu_+ 2Py
Energy (MeV) {(KBq/ 100 Ah) 2py
28 4+ e 30 2.0 x 10° 0.002
28) + *He 38 2.0 x 10° 0.039
2N+ 4 15 1.4 x 10° 0.070
2Tp+  d 25 48 x 10° 0.160
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23TNp0, ( ORNL, Products )
Dissolution with conc. HNO;
Evaporation to Dryness

~Dissolution with conc. HCH

-
Evaporation to Dryness

Dissolution with 9M HCI-0.1M HI

Anion Exchange with DIAION SA #100,100/200 mesh

—

Washing with 9M HCI-0.AM HI Elution with 4M HC! Elution with 0.1M HCI

Pu Fraction 23TNp Fraction U Fraction

|

Fig. 1 Flow diagram of the chemical process for the purification

of 237Np
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Irrodiated 237NpO2
Carriers of Nd and Cs

Dissolution with conc. HNO3

Evaporation fo Dryness

Dissolution with 9M HCI-0.1M H]

"Anion Exchange with DIATON SA #100,100/200 mesh

Washing with 9M HCI-0.1M H!  Elution with 12M HCI  Elution with 4M HCI
Pu/Fission[ Products 23‘5U/"’3‘3’F|’u Fraction 23TNp |Fruc'rion
Evaporation to Dryness |
DissolutionI with 0.5M HCI-0IM NH,0H-HCI

Evaporation Neor to Dryness

DissoluiionI with 9M HCi-0.1M HNO3

|
Anion Exchange with DIAION SA #100, 100 /200 mesh

I
I
Washing with 9M HC1-0.1M HNO; Elution with 4M HCI

and conc. HCI L
l Pu Fraction

Fission Products .
Evaporation to Dryness

I
Dissolution with 5M HNO3

l
Filtration with millipore filter
|
Pu Product

Fig. 2 Flow diagram of the chemical process for the separation of Pu

from,237Np02 targets irradiated with bremsstrahlung or deuterons
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Fig. 3 Preparation of thin and thick targets of 237NpOz

for deuteron irradiation
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Fig. 4 Structure of the electrolytic cell used for preparation

of thin 237Np02 targets
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Fig. 5 Effect of electrolyte concentration on the current density

and the resulting amount of NpO3
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Fig. 6 Scan of a activity over the 237Np electrodeposited
on ani aluminum disk along a radial direction.
I4: o count, Iﬁv: average of I}s.
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Fig. 7 Target assembly for measurement of the excitation function
of the 237NP + 4 reaction.
The deuteron energy incident to each 237Np02—target surface

is given for a primary energy of 25 MeV.
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Formation cross sections of plutonium isotopes and neptunium
isotopes in the 237Np + 4 reaction.
Solid lines connect the present experimental points to guide

the eye, and dotted lines show the results by Vandembosch
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Fig. 9 Calculated thick target yields of Pu isctopes in the

237NP + 4 reaction.
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Fig. 11 The hardness of CeOp-Al mixture before and after sintering

as a function of aluminum content. Ce0y was used instead

of NpO2
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Fig. 13 oa-spectrum of the 236py product
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Photo. 1 A view of the 237Np02—A1 mixed target

after

moulding
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