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Fission

(Gen. 1)

Fission
(Gen. IV)

Structural alloy T, | <300°C 500-1000°C =  550-1000°C [ 400-600°C
Max dose for core ~1dpa | ~30-150dpa ;| ~50-150 dpa <60 dpalfpy
internal structures

Max transmutation [~0.1 appm| ~3-10 appm ~500-1500 appm |  ~2000
helium :(~8 times more for§ appm/fpy
concentration : SiC)

Particle Energy <1-2MeV| <1-3MeV <14 MeV - several

E, . : fhundred MeV
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' (02 Overview of a KAHIF
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» KAERI Heavy-ion Irradiation Facility (KAHIF) : 0|28 ZAA|™HA|A

= Z[CH 1.09 MeV/nucleon stable ion beam AL 715 : He, Ar, Xe, Fe & 45 KINS 1517t &tz

ECR lon-source 2nd Target Chamber
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| \a%
"’..., A . ‘
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172 keV/u, 22 uA @ He) [
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I 2 Overview of a KAHIF i S
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» Split-coaxial (SC) RFQ 8= 43 Parameters RFQ
Cooling Tube i Frequency 25.96 MHz
Rhombus Backplate Split Coaxial Cavity
- — Synchronous phase - 30 deg.
Spacing Rod : 2\ | g : Charge-to-mass ratio >1/28
j’ 2 V:‘.v\" ,/. : “ 2 . OO, OO : Input energy 2.07 kev/u
.@" g 0
utput energy (MAX) 178.4 keV/u
| % @ Distributed C 7
Lrs Normalized emittance 0.6t mm-mrad
Vertical Vane Hc}rizontal Vane 400
Energy spread 1.03%
Duty factor 30 - 100%
Repetition rate 20 - 1000 Hz
RFQ (350 kW) | Total length 8.6 m ‘
l.ll] I:S 2:0 2:5 —
Power level (turn) 2023 KNS Fall Conference
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' ? Overview of a KAHIF

e Interdigital-H (IH) LINAC

Pulse repetition frequency
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N, drift tube

magmnetic flux inducer
2 2 E,: average axial E-field amplitude
U X EO X V (Eo = Vo/L where V is the axial RF voltage)
p U: the total EM stored energy
V,: pickup voltage from RF pickup loop in the IH tank
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Parameters IH

Frequency 51.92 MHz
Synchronous phase - 25 deg.
Charge-to-mass ratio >1/9

Input energy

178.4 keV/u

Output energy

178.4 — 1090 keV/u

Normalized emittance

0.6t mm-mrad

Energy spread <2.8%
Duty factor 100%
Repetition rate 20 - 1000 Hz
Total length 5.6 m |
o
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2 Overview of a KAHIF
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Fe Target reaction products (by Geant4)

nubmer of event: 10000

Incident particle He product Ar product Fe product Ag product
5 MeV X 50 MeV X 100 MeV X 400 MeV X
10 MeV X 100 MeV X 200 MeV X 450 MeV X
e- 18
N e- 10 el—.216 e+ 1
Energy " 5 n: 3 : 5 n 3
7! . : .
15 MeV Fe56: 1 150 MeV ::392 250 MeV 13 500 MeV 5;
MR Mo@1: 1 ;:;104- ) Fes6: 1
' Hf160: 1
XA HELLE e-: electron
® -l-/_l- o/(/_Q/O//L1XI.' >.5.0 Mel//n g+ positron
e .
® KAHIF 73t : ~ 1.02 MeV/n e hevtron
® X-1 AfH2F 1120l S Ef +: garma
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« LY X|X. U RFlinac 0|2 0|28 ZA|HA|M 115 2t= (18 128)

: : : : : He (18 8E) Ar (199 33)
SCRFQ : IH1 : H2 : IH3 : IH4 : AT
On : On : On : On : On :H¥ouyx| o|2F He* Ar'o+
: : : : : 0.7,1.2,1.9,2.9,
0| 2% of|X| (MeV) 42.3
SCRFQ o I x ‘x x I ox i 4.2
mode ; ; ; ; ;. keViu 7.8(@ 1.06 0.8(@ 1.06
Peak-beam current (uA)
MeV/u) MeV/u)
IHY 293 Duty cycle (%) 28.8
Mode © : © : X : X : X . keViu
. . . . . Repetition rate (Hz) 120
. . . . . oA E
142 o R 476 =22 35 (ms) 24
Mode : : : : . keViu TR HIME QA 224 0.23
: : : : : s atwm (M) | 232@RFQ) | (102@RFQ)
; : ; : : Z o & M (w) 33.0 34.3
IH3 . . . . . 726
Mode o 0 : 0 O X I Vi Bl QAL =7 Horizontal / Vacuum
Fluence (#/m?-s) 4.9 x 10" 5.1x10'°
IH4 . . . . . 1.06
Mode © . 0. 0 . 0 . 0 . MeV/u _‘
: : : : : Beam size (mm?) 20 x 10
nce
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Korea Atomic Energy Research Insitutue Heavy Ion Irradiation Facilicy

o 22[__=| = E_I LH/Q_l = I:II A-llle A SH % TEST REPORT
_— I O
1 Test Date 2023-04-19
2 Client g43a / #HU
Korea Atomic Energy Research Institute
3 lon-beam Time on 1:15 PM Time off 2:05 PM
4 Heat on 11:20 AM Heat off 3:20 PM
L [Fc1[ 6.8a5 kv
Cooli ¥ | RBlon Gauge | RFQ lon Gauge 19 1A 5 Operators oA, o
ooling o hd b
1.58E-4 6 Experiment 316L Stainless steel He irradiation
_ _ _ LBT lon Gauge Beam energy (keV) 688.00
- - - Sample current [uA] 224 uA
| @ # ||+ )| @ : 14 S0A Sample temperature [°C] 300
4.7E-4 4171 0.00288 Fluence 5%10' ions/cm®
= u 2.81E-5
< AE-4 ] =5
T‘-:r' %405_ u 1/5 2 lon Gauge 7 Results
o 364 ] E un
3 oea | ' 395 = 2.83E5
£ gﬁ 1/S 1lon Gauge
g 14 2 385
-9.78E-10 . ; 3771 Beam Current 4.69E-4 /- : i
14:32:16 14:40:00 14:46:08| 12:16:54 13:00:00 13:40:00 14:46:04 LT TR T T T T e
: - Times [lr:min:zec] Time [lr-min:zec]
Time Time RFQ Cavity Water 229'c -
£ A ][] [fF) ) (£ * (=
i il i ] Terget Temp 394 C Report Date 2023-04-21
g 13 |3 1858 — A Complied b sugel2eany oMY (otihdh
NN . - Terget Set Temp 410C ompled By (28875 o
=] a o o El=a
; =R AR Z 5 | ) Approved by _dS2|S2HTS O|&d (S\ﬁ
8735 |8 9% 1 T Acceleration lon He
E 15 § 15 lf ] _— Testing Laboratory Name SiLEE QFXp St A SHE Rl S8
2 |Ze E = ~
5 |5d45 |E5]2 &4 Address KAERI ZHENGE (C26) 104-125 (AP
S S R Lol e . KAERI ZEENGE (C26) 2083 (Algi/Hof4)) p
7 7 ; ‘llé;'flﬁ‘n;‘ Uil m e wkswew e e owm e e ue s RFQ Frequency 25.9603MHz
A1 -1 - L
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02 Overview of a KAHIF T
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' (03 Preparation of Fe ion beam
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DPA & Concentration calculation : SRIM simulation

< ARAA ELZIO| Cfet A& S & O[22/ 1AIZE ZAF Al A

Concentration [appm]
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-
o

a

AbA 1>

—

4
x10 T v T 6 500 g X X T T ¥ n2
T t :ARAA Target :ARAA
jon spacies He 7 1.24 um lon species e 2.12 um
I { e
Fluence =2.25e+17 [#/cm2] 1= : 415
o
)
< 300 F
© O
3 _g- -é 1
£ 200 Fe
2 [T]
5
0.5
© 100
1
....................... | S ——— 0 P 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2 3
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2
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KAERI Research Institute
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KAERI ﬁesearchlnsmute

Beam condition

Mass 4 55.8
Charge 2 14
Energy 0.688 MeV 9.632 MeV
Current 20 uA 1 uA(expected)

Fluence(lhr) 2.3 x 107 /cm? 1.6 X 1015 /cm?

Target condition

dpa

Cr 9 40
W 1.2 90
Mn 0.45 40
V 0.2 25
C 0.1 28
Si 0.1 15
Ta 0.07 90
N 0.01 28
Ti 0.01 25
Zr 0.01 40
Fe Balanced 40 ‘
2023 KNS Fall Conference
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(03 Preparation of Fe ion beam *

Sy=eoea @ neuta G

DPA & Concentration calculation : SRIM simulation

< lon beam irradiation experiment guidance (DPA contour plot)>

Beam Area : 1 cm? (Assumption)

N Nqgt 1
Fluence = — It
A Aqt ~ Aq
T T 100 5E16 —
-4 30
1.0E18 J
DPA [Displacement Per Atom] DPA [Displacement Per Atom]
0.000 - 80 AE16 0.000 425
A Q)
8.0E17 = =
c!,—| 5.000 -g ‘rl 10.00 20 -g
£ 60 % € 3E16 X
-9_ = .S_, 20.00 =
* 6.0E17 10.00 — * —_—
= o et 415 @
o E o E
g 15.00 140 F g 2E16 30.00 =
4.0E17 » b
o - o 410 <
=) s = 40.00 s
L 20.00 g 1 . g
420 = 1E16 . 3
2.0E17
o 50.00 15 ©O
H e 24.40 o
0_0 1 | 1 | Il | | o 0 N | ) | " | 1 | 1 1 1 | 1 | 1 0 ‘
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 el
Depth [um] Depth [um] 2023 KNS Fall Conference
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Preliminary MIVOC system test : RGA measurement in test chamber

ECR Plasma chamber volume : 1.3liter (diameter : 75mm / length : 300 mm)
Test chamber volume : 3.2liter (diameter : 100 mm / length : 410 mm)

— i
> W’”W//////

S
N
N

A
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Preliminary MIVOC system test : RGA measurement in test chamber

< Analog scan results>

- partial pressure of Fe (mass number : 56) = 2E-5 Torr

- Total pressure ®rea measurea): 6.71E-5 Torr

- ECR ion source operation pressure for Ar, He : 5E-6 mbar (= 3.8E-6 Torr)

- Ferrocene loading &0 tE E 2 58 41 0.2g O|&40|M 1.2E-6 Torr =22 ZE3E|0 LHSHA RA[E.

3.0E-06

H2 £ 156
_ ” —w/o MIVOC —w/ MIVOC § 1°F06
|_
o 2.5E-06 CxHx o 13E-06 o
= | Fe 2 o ©
2.0E-06 § 1.1E-06
8 | = o)
é 1.5E-06 Water -,g 9.0E-07
(C
@ ﬂ S 7.0E-07
| ()] .
O 1.0E-06 L
= CxHx 5.0E-07
© N2 '
= b5.0E-07 0 0.2 0.4 0.6
E p /_\N J\) Ferrocene loading mass [g]
B 0.0£+00 M\& - A — ‘
0 5 10 15 20 25 30 35 40 45 50 55 60

2023 KNS Fall Conference
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' (03 Preparation of Fe ion beam
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Preliminary MIVOC system test : RGA measurement in test chamber
< Long time operation stability test of MIVOC system >

- 0.4g loading = A|Zt0]| 2} B Bot SFA| 10 A2t Ol =& 42810 & A&,

- AlZto] el 25| S7t5ts de0| EO|Lf, A (mass 28) Lt H[E 2 SHA| Y-t A2 HOF 2 Hot =

2

.I) ._'I
S: i
~ /KAERI"
|

- Korea Atomic Energy

Research Institute

2.0E-06 50
_ MIVOC 0.4g loading —2
= 40
L 1.5E-06 —_—12
Q
3 N 18 2 30
o o8 ©
& 1.0E-06 ("_J/ g
.g — 32 g 20
& ——54
5.0E-07
——55 10
—56
0.0E+00 — 0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12
Mass [amu] Time [hours]

14 -
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Preliminary MIVOC system test : RGA measurement in test chamber
< Comparison of lonization energy : Ar, Fe>

lonization energy [eV]

1000

800

600

400

200

KAHIF A& 7tE57[0)| M 7t
ECR O|2 0| E2t=0} & = Bending magnetS
Fe(Atomic mass = 55.8)2]
Ardt HLCF &2

= Fl¢

2 :A/g =4 (A/q <9

8 2-17. Ar 0|2 charge state distribution (ECR 300 W 7|&)

Ar1o+

- oo =
=S 0|83l He*, Ar®* MEN == =
4F Felt E Q.
O|2=} O|HX|E 7tX|2 YLEE FE% Fe SHUXAT SSEICHH Fel
-@—Fe 40
=@-Ar as
30
g
-:25
§zo
424 394 §15
10
Ar1'|+
5
]
00:00.0 01:26.4 02:52.8
2 4 6 8 10 12 14 16
Charge

Ar beam current

Aré*

Ar®

04:19.2 05:45.6 07:12.0

Time [s]

08:38.4

10:04.8 11:31.2
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Fe ion beam extraction experiment
< Installation of MIVOC system in KAHIF ECR ion source >
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' 3 Preparation of Fe ion be

Fe ion beam extraction experiment
< Mass spectroscopy using bending magnet >

Current [A]

S50

dm

(@) igametm Ol SOTS | w
Cipgud’ PUKYONG NATIONAL UNIVERSITY \:,i:,’?,_a UNIVERSITY OF ULSAN &

40p
30pn
20p

-[2.67]

10p

Fe21+(2.66
| 06+(2.66)

[2.80]

—— He (RF 100W)

Fe (RF 100W)

Fe20+ (2.79)
N5+ (2.8)

|

[3.19]

ca+ (3)

[3.00]
Fel9+ (2.93)
C4+ (3.00)

[3.32]

Fel8+ (3.1) Fel7+(3.28)

05+(3.2)

[3.47]

Fel6+ (3.49)

N4+ (3.5)

[3.60]
Fel5+(3.72)

.

[3.94]

Fel4+ (4.0)
He+ (4.0)
C3+ (4.0)
04+ (4.0)

W

[4.35]

Fel3+ (4.29)

[4.57]
Fel2+ (4.65)
N3+ (4.67)

/

[4.88]
Fell+ (5.07)

3.0

3.5

4.0

AlQ

4.5

5.0
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' 4 Conclusion : Final goal
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