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Development of High-power X-ray Generation Target for Radiation

Processing
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An X-ray generation target system attaching to an electron irradiator
was developed for application of bremsstrahlung radiation to radiation
processing. For designing an industrial X-ray source, the electon
accelerator assumed to provide the beam power of 5 MeV, 300 kW. Two
different type targets, "plane plate" and "curvature types'", were made on
trial basis to obtain the engineering date required for the target design,
and were installed under a 2 MeV, 60 kW electron irradiator for testing
X-ray generation.

had good performance for

"

The result showed that the "curvature type
high-power X-ray generation.

A "curvature type" target for industriazl use was designed based on

above results,

keywords : Radiation Processing, Radiation Source, Electron Accelerator,

Bremsstrahlung Radiation, X-ray Generation Target
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Table 3,1 Basic data on the interaction of 2 MeV and 5 MeV

electrons with three materials (thickness:1 CSDA

range), obtained by ETRAN code

INCIDENT ANGLE =0

ELECTROHN TARGET MATERIALS
ENERGY TTEMS Ta (Z=73) | W (Z=74) | Au (Z=79)
(MeV) (KeV) | (%) | (KeV) | (%) | (KeV)| (%)
2.0MeV | PHOTON TRANSMISSION 49| 2.43| 49| 2.43] 48| 2.42
PHOTON REFLECTION 39| 1.93| 39| r.9s| 42| 2.08
ELECTRON TRANSMISSION 0| 0.0 0| 0.01 o 0.01
ELECTRON REFLECTION | 485| 24,25 485(24.26| 528 26.39
ENERGY DEPOSITION 1,415 [ 70.76 | 1,415 [ 70.74 | 1,369 | 63.47
TOTAL 1,688 | 59.38 | 1,988 | ©9.39 | 1,987 | 95.37
5.0MeV | PHOTON TRANSMISSION | 380| 7.60| 381| 7.6 378 7.57
{ PHOTON REFLECTION 177 3.54| 179| 3.57| 191 3.81
ELECTRON TRANSMISSION 2| 0.04 2| 0.03| 2| 0.03
ELECTRON REFLECTION | 626{12.51| 645]12.89| 7061 14.11
ENERGY DEPGSITION | 3,800 | 75.99 | 3,748 | 74.96 | 3,691 | 73.81
TOTAL 4,985 [ 99.63 | 4,955 | 99.05 | 4,968 | 99.34

Table 3.2 Physical properties of tantalum, tungsten and gold

Items  Materials. Tantalunm Tungsten Gold
Density (g/cm®) 17.1 18.3 19.3
Specific heat 0.033(20°C) 0.032(20°C) 0.031(20°C)

{kcal/(kg °C)) 0.035(500°C)
Thermal conductivity 52.8(20°C) 170(20°C) 254(20°C)
(kcal/(m h °C)) 63.6(500°C)
Thermal expansion
coefficient (107%/°C) 6.5(20°C) 4.3(20°C) 14.2(20°C)
7.1(400°C)
Melting point (°C) 2850 3410 1063
Workability good no-good good
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qs= 2 (MeV)x30(mA) x 0.71 x 1,7 4.2=10.1 (keal “sec)
AT=4qg,/ Q=132 ("C)

4. 1.3 BEHIKKTETTE
1) #—47 . PRERICED 2EE
a) HEH

AP, =1 Xy x(v? 2g)xl d
cTT,

f oo (k) oFEEREE, f = 00056+05 R =0.022
rooKEGERE, 09983 (g.tm?)

g I EJjnkE, 980 (cm.sec’)
v o ma#. 210 (cm sec)
4 EHE, 0.76 (cm)

BlE XD,

AP =017 (kg cm®)

g em®)
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b) #8250 &
AP,=8xX{v? 2g)xr X (HPDEH)

LT, :
¢ UIRPLGREL, 1260
B30 Eer, 4@
ElE&D

APy =0.11 (kg cm?)
¢) F =4 b AL

AP;=86 xX(v? " 2g)xy
£ =0.49
v =330 Cemsec) (ADDOED 03cmx7.8cm)

PlEX b,
MNPL=0.03 (kg cm?)
d) & —4"w O

AP:;:EX(VZ/ZQ)X 7
£ =0.67
v = 330 {cm sec)

LlEd& b,
ASPL=0.04 (kg cm®)
Lizdi-TEERPIZ
P=3XAP,=0.35 (kg cm?)
It SEIKIEFIEL0.35 (kgoem®) DLEMEL LS,
4.1.4 ERES -4 o P OHBEFE
F =47 FPOXBEEETHAL S VI MRITEENKCKERNE LD, O KFIZHL
LNETHUEBENNETH L, COFERA Y -4 POBHAKBOEG SOmm & /507,
T NWRERT VUV ABIENE ZEFTI2HEREIROMTATEE L, TOFEMEAIT 125
mm®OEIEL, Vo FEKERENOmm ARSI 30mm, EFARCHENLS TR 25mm & L
oo

Fud aRIEER AN G2 ek, BE4EE & 126mm X 30mm O EAE
WMERWBTTENTEE, LT, KEFNb - -EBOGEAELTEAE,
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Y o=2x{(Pb* t?) (1)
£ A d = 0,454 % (Pb* /ET?) (2}
LT,

pAKE (kg/om®G)
b:@dAoEsD 1,72 (1bmm)
CHRE (0.5mm)

E v 7R (19x10°kg /mm®)

—

EEp S, BEKESLTD0.35kg rem COEEITIE o = 6.3kg,/ mm*, ¢ = 0.03mm &
A, AL »EDHEX 3802k, MM THLZD THELEES F=82.763=13L7130,
LDEeTauEEAsET 5, '

4.2 =HfF

42,1 ERB L -5y b

Fig. 4 2 1CERE Y —# o rOABRZRY, CO5 -7y 239 vy v (KBRAEERL
2 F UL R (FEE) —~2F v L2 (BEHBER) roERan, SMoMEATTEE
Blral it BRBAESELOVEFEINTY vF e 2T YL 2 LDFEREED
CHABTE - L BBEELH L, LELIDEA, 75 VBOBEOREERE—LS
B, B vV —ATFY L ADBERTENDLEL, EABLELTY T 0 r 2EET LR
B O ADEARMERS S &EBbh -, EBCARKERL, B TR ET- 7
B SRBOERICOVTRERT 50, ZOBEBSTETOUARBE L T ¥
Ltce #CC, RICGRTEETY -4 PORfEEEH LT LT L2,

4.2.2 HEEHEY -~ b

FHOLESICTRES -5y TS v I v ERAT VL REDBEPEEHCELO IS
E@?%%%ﬁibto%C?&y&w&z%yux&@ﬁ%%l%ﬁ@%ﬂﬁ@&~5yF
GEDRH AN, TORE, TORBRL LBEHMs -y bERTT LY -y P ORI
BiTH T EE LT

BRIy - 2y b R Fig A 3R T LSy vy VEBIXBRENR, HHAKE, BRLUAT Y
L BERSBEECE - TE0, B~ v AR THEANANRENLLIO ZH CHEL
BT, BREETLICERLDEHAFLET 25 vy vEDENFEPE SN, ER
EXBREEDOB DA R —F— (27 v L&) LXRREBRERLILBLEET, 22
Bty 2 v EAVTVALS XBEGCHELEEREOBESAEL G -/, WH, TDY -7
PO DT 10em &L, CHEMEROE - A& D 10om OB TRE - L&
FHARTLEE LKL, £/, ESE80cm & L 7o,

Oy =y FOBHROBEER XBEREEROHS THERER 0cm &L, § 5 VEXEHAE
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EEOES, BEHAKEBEE, 27y L ARMERBERFAFNERE L C05mm, 4mm , 1mm
L, FRXBAEFRELEREDOAX—4 —& LTFig.4 3R L DIT4mme < 10mm
() 027 YL A% bem £y FT3F, BERCHEBECIDMD 2itic. ETHERBEHIKC
FABRELAE, BHAKCLILAKEL SR SO THASHKORBLEERBOBE AL ZER CEIR
EFLTVLDTHMHICEDF -y HBEATELLEL LN,

Fig. 4 4 iCHAMEL EWMAE s — 7 » P OABXHERT,
CDEH>CENETHEETL LIV XBEREARCEUZNABLITEA I EDOL ST
B, FROBELEBETLIEROLHIKEL, 9, ERACKESMO L5 EFig 45
(AR TR LEEDERICEDIRMELMD - TOLHIRECHIE L, EihH & 13 ERI(biC
ATLHIUEHENARGICHE (RE) b T aREBICHIE T2, COBRJEEOBEOE
KIEH o BEUBRREAI B LEOURABLUVQAXTHACHKRDOMBEL B,

6 =a,pb?,/t*= 1000 (kg /mm)
¢ =pg,pb*,” (Et*)=150.7(mm)

z2ZTp {(FEFA) 36 x102 (kg mm)EBEL, a,=02,d,=0454, E=19%x10% &
Lic, $ - ZHMAEOEEOIEABLURA (R0 r3ERATEL N5,

c=npr./t (3)
Sr=pr*{1-1,/(2m)). (Et) {4}

LT r R, 100 (mmy, (1,/m)R@RE7TY v, 034Rd, itBOHE ¢ =10(kg
smm?y, dr=004mm &% 5,

Lt X H B UDE&ICEE, B4& 60 ERUICESXTEHELMIC/NSVEE LS,
CNBKRHAKBEHERE S TKEN LBLBE50BAGHEPLEVIANTHLT LE2BERT S,
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; 500

Fig. 4.2 Outside view of the "plane plate type' target

X-ray emitter
(tantalum 0.5 mm)
e

Fig. 4.4 Outside view of the "curvature type' target
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AMIELTz 24 —7 v b ORI ER

W

51 HHABROCBEN, #BE

XA 7oy SHELTHOEESD Y % v PBEASNEEMHE, XBROFEEFE
MEHNLEEEBILERBELTOEEN, MAEZEA TV AT EHNERLL S, BB
BOTR - EORTEBICESESELEI -y FBNEOUEEEI L ERALT 2T &
WEEBMEL B, 0k, EECIESZCWMOMY, BEKEALXRERE S ETHRRAY
(W, BIKEM HEORR, RHEOZUHEOFESLITAr VT o T OLOODT- ¥
OMEZ4T5 L E L. 20, REXEOHE» SHEREEOHMGE, -7 M &K
DRF 2 EREAMEBRBA~OERIC2>OTODF - § WNBLEET - 1,

BB AT ETRMEL A EHRE S 5 P BLOENE S — 5y FED0 TEHE 1S
MERE (KEE-— L) WY 203 TiT- 1,

.2 #£R

5.2.1 FEHRBY — 4o b

(1) A&, BKRK7F=2 b

e, b v LA LOBEICENT, ¥y vsaT L AEBRERE L OERE
BARERIEH > TOLAEADRY I VHDBEARESRO LN, F/, BAKET-» &R,
HELURSRAKRED SN, ZOKBETOHMEREL /2,

20 = aF b

E— L FA MRS -y PREINERDOE - B0 10cm DEELCHET L 25 -7
R EEDOH, BEHEAABRACLERSELCLICE DTz, TORMEBIRBT HHLA
FOBTAEERE - B ImA $k0 33eA om® &85, BFHFRBETOEEOREA
FAET A7, 0.lmm ¢ Oc- cHEBEWNEFRL, %y -4 P REBLUIMESHDA + v ¥
- v EHSROMEMBE~NBEEREEME RO TEE L,
BEHIKBILDOWTRINEEDT IR LEN > TEEROREESE UBD e RR 18307
mnE TR EET o, BUHOHBETRE - 2 FHIImMA FTOFR P &I LRLTLE
B, A, AARBOZBRSSCOERMy -4y PEOVWTH SMAFTICEEDL T LIT
Litcs

5.2.2 EdMsy -4 b

(1) #M88, @KF A b

AT 2 POBERBCMELEAAREDLNL DL -, EREKRT R MITEL TRGE
KEERATE/min & LABKEREFICEBLLEARREY oL -5
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9) ¥ —4nF Rk

MAEHFOE - BEE Y7y PHOBREEREOES &F L 10cm & L, HEl/KE %36,
56BLTUTIE, 'min LZ&LE &, SHOBEEHERTEHKS 2MV OMNARBETE - L BFR %
EMEEIE-LT AT, REMEAEREQCESEEUFTRICE s, -4y
PEHD 1 EICHDVTRERBES 77 0 VBRI EDERL L, T kD Bilko#Eo
R ABETDZEE L, CORBRMAKEI( /min OBARKERYE - LFHR I5bmAEED
BEREEHPCEBLAEONIBAEVHEHES N, TORD, COSKKETRYEY —4EH20mA
ALEfRE Lize 56€, /min BLUT1 ¢,/ min OBEEICRIIMAITE - LBREABMERL T
EHTEN, Fig b1y =4y P HPOAETOREE C- LB REOEFEERT,
WHIKDEE ERIZ36 ¢ min DHE10°C (20mA) ,66 4./ min ®E&8°C (20mA), 12°C
(30mA),71¢, / min L& 6°C (20mA), 9°C (30mA) *#-t, A Fvrh— D
BEid 30mA BB TRS 1T7°C &M -1, MV, 30mA OERE I TOEBEBEHKET
min TR oo CO1TRROD By -4 v PEWBLUNHESEHORE> E
FIMEICZ L - BT & /oo

KRB RSTRSEMTHRELAAEYEHETHEA IS ¢ O XBABHMEL+TV, Int
BH®ERECLIDY -7y rORBARE LICEBARCEE XS THEL /2, Fig.b 2 2MV,
OmA CEERELEESDY =7 5 FEIL 0em KABILED ABEBESHBORNTHEL R T,
S EGEGEOBICAMEENCB Y EEEORELIT- 2, BETFHAEEREROEYT
MEHOES IS EE 3204, /sec DA AV EYTEFOTVEE, SEEF -7y b D
DEFMEBETFORETABICELEENENAT L LB TFRENLZOTA A v Ry TIWHAT
2000¢ "sec 74 vy 2vFratr—bEBSEh, TOEERE Y- 2BHEY OmADES
3X 10 Torr Th - L BEE, C—sERA0mAEFWOEL##1569T 25 x 107 Torr & 74
D, BHEEMALABZORBR A CEELEGRMER 1 BRETE 2210 Torr & 14 - fo,

5.3 HHUEBREROILD, BEFE

ProgRss b, BRI LERODELHIILNE S,

1 SEEFELEZY 7y POIEEHE O VTR, 1 ENESOERENTHWELE
EEHITHARLEES Ui, ZOFLUERERRBY v 9 vERT v L 2DEESERENL L
H -t SR VI VEACAKTERMZ2E8FTILEOSLESGICERTOBEICO>T
BRI ErET S,

2) chied LadBEEREATHoRERT L HEEEH
REABENICKEICH L TEO D, BEkE+Sizkd
CRELTHEULIEAREVA B,

@8 7y AHOBREL>DOTHEMEE BRI Lokt £6as 0, FAHEEIT 4L 2DIETH
NP HFHEKK >z, Fig. 5. 3 BIBHIKES (, min OFEOEMBLHEZKRE L LR,
COFER, FICEY - 2@ RBTRUENILENE —Hd 2208005, £ LT
WA, REP EPLICEOEHEOZRIREHL LY, INEXEFEERLERT 28

TAHT LR TEL AK
LTE, KELHHY 5
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CCTALEABERECBOTHIOEBHC ST 2520 THZEESN T,
) XEDHEEF (exposure rate )R3HIC 2DV TOHRAMEFEEREE L TAPEXP 2 —
FUICEAHBERRE OB £IT -, COERLFig.b.4itind., MEEBOL—H %X

L., APEXPOLOHEZLLTERTHLI bbb,

D Ty ERETALLCLIMERE~DODELE L > THE, MEBENEZEE, EEEE
DEELRC DV TOREMEED LB T - /. TORREROCETHER, - »iE
EFEDGHEHTRRERTHEY, 945 PESLHBRELLBHEZT LRI T
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Fig. 5.1 Increase of temperature at the surface of the X-ray
emitter of the curvature type target with electron
beam current
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Fig. 5.2 X-ray expeosure rate distributions along the X and

Y directions at the accelerator operation condition
of 2 MeV, 30 mA. The air gap between the target

and the ion chamber is 20 cm.
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Fig. 5.3 Comparison of calculated and measured values
of the temperature at the surface of the X-ray
emitter as a function of beam current.

beam curret density : 3.3 uA/cmz at 1 mA

flow rate of cooling water : 56 Z/min

T ¥ —~—rTr [ T e e
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..... medsurement
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Fig. 5.4 Comparison of X-ray exposure rate distributions in
the X and Y directions measured with the ionization

chamber and calculated by APEXP code
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6. FEHEHE 42—~ v bOFE

6.1 -~ v bDAER

LED LS KBED 2MV,mAETHNERSFCWHTT 29 -4 o F2RAEL, BB L
T fc#h R, Bdfly —4 o MRS OESE T EERICE O T 2T 68 ATHE S HEE &R
L7e

BEEy —4 0 PEBEENICBHKEBERE WA EMARETHD, KEAXBEERY
=4y bELTHELEARTHLCLEDBHALHEN -, 200, BHEREHBELEZ T

H5BFHRINIOMV,60mA OB FNEBICHMONTTCHEATEY -4y PELTOBEHBS -
oy ORI EED I,

6 2 E%F

6.2.1 & —4 o FOEE, ME
%%ﬁﬁ&fﬁy%@ﬂﬁu,ﬁﬂtk%%ma—fvrkﬁu XA GRSy 5o,
EReoftidzrrirasl, @i#HERRkelEToL, EHOEIC S50 TR Fig.3 21Kmd
XBFEEBEDLELBMHRES S EE L THREL, Xﬁﬁ¢%ﬁthﬁﬂm@ Z8mm,
B 1.5mm, &4 5, F-XBEEROTERE, BEFEFEEWRS 120ecm 352 &, BXU
ELREEN TSGR ENDLD, By -V POBEGLEVRARETLHLEESE
ML, £X5130cm,®Bi5em &£95, XBRAKOBHROEE, I 4OLMEFER20cm &

4+ 5, Fig6.1icZ % —4» F DEREATRT,

6.2.2 ¥ -4y FPOEIE

FHOBEOYy - P TR EZFVF-EMeVOBFHEMEEICAHNLLZBSI, 20T 3
AMF =@ 0763 By —4 v MICHZ SN, TD55D0963 8y Yy v XEEERIT, 0.064
RwHlkicsEzoh 5, (Fig 3.1

KRG ERORETRELAPSGELOCESIBTFREESRRELLLAE TS S 2MeV
B TEBRET-HGICE, BTRFEZORAME - 28R ImA MDD 33 rA
THOLERESTH A30mA THYuA ‘em® THolo. K9 -4 rOBESICE - Lk
HIEH 120cm OMAEBTHO 50T, BAE - ABRYS D OEF RS B LE) I E 2B
60cm DBFED 1 2LFBZHIENTEL, LD T, FHE 1200m 0BHDE - 48
BE0mA L 60cm DEADINMA ETRETREFLSMEE L SN S,

Ay =4y P20 T, U LBRIMARLDOBETREE S L CBHKESENEN
1.BE A cm*—400 ¢,/ min, 1.1 4 A "¢cm®—400¢, min, 8EX U 0.65#A “cm®- 200 £ /min
DEABICDNT, E—oBREF VI NVEGOEELOMBEE 4 12 TR ALNEICXDITE
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Beam current (mA) - - 60 cm scan
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Fig. 6.2 Calculated result of temperature at the surface of

the X-ray emitter for different curreant densities and
flow rates of cooling water as a function of beam

current
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