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The URANUM is an experimental lab dedicated to nuclear fuel engineering and radiation materials © T o,

science at Ulsan National Institute of Science and Technology (UNIST), Department of Nuclear [ *l' -|-|-=| X E 7"

Engineering. We are mainly interested in metallurgy, thermophysics, and irradiation behavior of -
. | _ = 0|24 _7.<_)\ro INE:

uranium alloys and compounds as nuclear fuel in and outside of nuclear reactors. Some other

materials that have to suffer radiation damage are also of our interest, such as zirconium alloys, 0:0 rl_l %:'I:l' al K M xl-
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stainless steels, and Al-B4C metal matrix composite (MMC) neutron absorbers.
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2018'A X| X &{7Ie] 2H| ™
o ¢ MR O E AFEA|G(EFEH SEAIES 12 X[)0| okt
. HAZ XX, 29 5 d A0 2ovt 58 A4 LW TH| LX|(TEM, FIB, SEM,
XRD, AFM, Dllatometer o)Oﬂ CHSH AHE S{7FE MH™HSIF L, “HAH0|E” £ =
“MAtAD|E A H K2 TH|” T “17tX]|70E AR 7SS & 7HE.
— FIBE AIE5t0 MAtAO|E A|HZ K| &fotH HX
g3 o MRS 0| A A HE A & ol 4.
- A FHMCE “AMH A SEEH| AIE S E0{ot 2770|2t0 HOIH LY. .
_|

- 7t58:1) TEM & SEM Xt0[; 2) TEMA|H K| 2 Al AlE K2 EX| 2€29;3) I+ HR4E.

20194 10 S|
= ENEXIAO0[E S M E A|EH XA ZH|] SA| AR S fot =d 571 AH-E Tl &
o HIZ OFMIZ|X} MO BX|Z Qs 28 & 7F AKX K|

UnisT 3 CHRANUM

SCIENCE AND TECHNOLDBY . "N NUCLEAR FUEL LAB



Citot AR I 2O WAIMEAIEAM ELH AL TG
= CHSIO|A AFE AR AFE ZAIZAHE(PIE) = 27t (A HH| £5)
= KAERI-KOMAC 5/7|H|/Ete O] 27157| AF2 A o] s & Xol Cjjot
o (AIAZH A7t 3009 O|BF S2tE AFE (AlEFae| Ha
~ HOo|Z AN, WX 2&/7|K 7t47|8 ReHs O|2FAF M E MY {
o AHEH 2 X[C{ 700 °C; 7| Al /& Z[CH 100 MPa (3T =& B4l
~ A SR HS A AR TR 24 U RALEM OIT0|E SEE Z(= TH3to| ATty

3 5 (EHY 2 0)E)

FIB-SEM, HR-TEM/EDS, in-situ heater & nano(pico)-indenter & 27
= HAM ZAZ Qo A& Lt 3 A2 Hol =8 (with HT-XRD)
= AXE 20 2E (A AERAAE MY 2E) MzHd (715) ZALER
o In-situ heater: 12 AHO| Bl ZALEM LA 2=

UrIiST 4 CORANUM




HEZ M My AU Y AR Al

Ok

XA -BAX 7S 7| A HE L] 7|N|/=% o| 28 X[ o 8X]|
= ZAZbs 7| O] 2: H*, Het, N*, O*, Kr*, Xe* S (20 ~ 200 keV / ~ 5 mA)
ZAMI7ts 2% O|2: Cot, Fet, Cut, Crt& (20 ~ 150 keV / ~ 1 mA)
= X2 YH[: NVS
» XD 25:700°C
« Z[CH €3:~100 Mpa
MH AL A =
= 118 S+ 0" AX]
s REESEZr-UE S AE M
= UN, UgSi, 2| = A|H
= 20208 2= F7| HERY 4

r

n)l-

S
SRS

UrIiST 5 CORANUM




M 2K HE)
2t

B (O WA BE

e +RIE

Hm|_“_

B

Il

_E
o_.

~

il

100

|A

~

o

KO —
Kin r
% B
=} My
ol W™
m L
= <
g o
s a-
zo o o
N =3
1 N T
oo 7 0f0 i
1_ dJo K
M4 Ol <0

._A._ LE O_L
° o_I

GB w/ furnaces.

melter;

SPS/CS/MWS/Arc-

DSC-TGA; HT-LFA; HT-XRD;

SEM/EDS;
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Spark Plasma 20 » Arc furnace
Sinter &) = SEM/EDS
e F » 2 Metallurgy sets
; / \ » OIM
Radioactive Hood | GB with » XRD (1500 °C)
= 2 furnaces » Waste Storage
HT-XRD ‘ :

_ geusd @x)
» LFA (1250 °C)

» DSC/TGA

» SEM/EDS
— Buffer zone

» OSL

» Manuals; PC; etc.

| 15" Conventional Sinter Spark Plasma Sinter. aUR |
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Spark Plasma
Sintering System

High T. Tube furnace Glove Box — Tube furnace Arc Melter Cold press (10t)

Optical

DSC-TGA ;
Microscope
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UNIST Central Research Facility (UCRF)

= FIB-SEM + HR-TEM/EDS (ttAl| 7|2t &¢I CH 7| &), Dilatometer, AFM, etc.
KAERI-KOMAC
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Metal ion-beam Gas-ion beam Vertical ion beam
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Nuclear Science User Facility (NSUF)
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Fueltype Notregulated = both HFO and distillate are permitted,

Exhaustgas cleaning Permitted alternative under Regulation 4 to achieve any regulated limit.

Particulate Matter (PM) Mo limit values,
https://gcaptain.com/international-chamber-shipping/
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Zr composition (wt%) D=18m
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Phase-dependent bubble and void formation in U-Zr alloys irradiated
at the same dose of 5 x 10' He* ions/cm?
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Thermal conductivity (W/m-K)
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o UO,-30 wt%U.Si,

799 e
: 69 e
N R . & 30wi%U,Si,
613 818 622 " 9. 951D
4.28 2.43 times
. 1
: 326 W
301 L% —m— o U0,
. 261
245 95%TD
: . T T T T T
600 800 1000 1200

Temperature (°C)

Temperature(°C)

700

600 =29 W/m-K

500

5.8 Wim-K

400

0 0.2 0.4 06 08 1
Axial position

Ab-initio calculation of fuel temperature with
increasing thermal conductivity using FRACPON 4.0 code
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U.Si, CHH| 4] X{&HAd ShAL
= ‘Breakaway’ ¢zt 2% S7t
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TG samples after oxidation (a) U,Si,, (b) UO,-30wt%U,Si,

Mass gain (%)

0.7
0.6
0.5—-
0.4—-
0.3—-
0.2

0.1+

0.0

Oxidation test at 20%0, atm., 3°C/min

2

—U_Si,
—— UO,-50wt%U, Si,

Rapid oxidation:
=300°C 450 c

l

0

1 ! I ! I ! I ! | ! I ! I ! I ! | !
100 200 300 400 500 600 700 800 900

Temperature (°C)

TG graph of UO,, U,Si,, and UO,-50wt%U,Si,
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b Hydride-nitride process
M og Yr (92 ~96 %TD)
ol 7| HHA

- L. O
= Hexa-monolithic (& 7S EH UN =
o BIESI =2 B3} A| Thermal crack resistance

.

—

Solid monolithic fuel

® . el rod
o : Heat pipe

0
1

< Fuel design for H-MMR >
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25nt3 S2f=0t 2~2E (SPS) #& UN R H|I=

UN powder synthesis

& =

Metal uranium
(Oxide layer removed)

(A) 2U + 3H, — 2UH,

(@235°C/H,/8h) (A)

(B) 2UH, + 3/2N, — U,N, + 3H, |:>
(@ 800 °C /N, /0.5 h)

(C) U,N;— 2UN + 1/2N,
(@ 1200 °C / Ar /6 h)

UN pellet sintering

‘P

Graphite
mold

Powder
1000A

DC Pulse

-

SPS sintering

Graphite (outer) &
Al, O, (inner) crucible

) UN powder morphology

@ 40 MPa;
1800 °C;
40 min;

Sintered Pellet

High density (~94 %TD)
UN pellet

20.0[KV] SP=14.0 WD=6.3 x200 100[um]  HV SEL

i
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43t (DG-1327, 2016.12.)
| X2tX| 4=t (U.S. NRC)

=

Fuel performance
III!E!II'*»

Thermal-hydraulics |‘
code

AMALI(LOCA) H BHS =2 TFAI(RIA) S A Al X[ &Sl A HIHE AL O] 27L&,
AE7| @™ 58 X3} ot ol 5/ UL E SIS

O 2|t H| etz ek= 2 X HXHACA) HH 7tsd S

F o3l Lig Qs 7|Z ¢elm A= JHM T

SEEX S L R Y M s = E f5) RoteAE 7|8t ZE He

Water chemistry
code

NNNNNNNNNNNNNNNNNNNNNNN

21

LLLLLLLLLLLLLL



Centerlin

0 0.5 1 1.5 2 25 3 3.5

Active fuel axial increment (m)

——FOREST (1 day)
——FOREST (243 day)
——FOREST (504 day)

-==FALCON (1 day)
-==FALCON (243 day)
-==FALCON (504 day)

-
-

Normalized power facto
s = 2 2
S v B &

Axial Power Shape

20 40 60 80 100

Axial node number

=—]1day =243 day =—504 day
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1200

1000 |

600

Temperalure (C)

400

200

0

s

800 L

SEi - MY EHet,

%77 24 @t

T T T

VHTR

GFR

SCWR
I LFR

& Curren't (Gen Il) fission reactors

ITER fusion reaclor

fusion

SiC

|V alloy_,? ODS steel
F/M stell

0 50 100 150

Displacement Damage (dpa)

200 250
Cr-Ka

Map data 3298
MAG: 57.0kx  HV: 200 kV
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2 M= EAEY °"§I EM &E

EL Tz ds S s

1 2(-500°C) & DA 2200 dpa)

» cf. APR-1400: 50 dpa / ~330 °C

YA AL HE O|M = B &
M p

. WR ZARIIZN U WA WO 2T Y

Void & bubble

Map data 3298 300 nm

300 nm

HAADF MAG: 57000 x HV: 200.0kV F——— MAG: 67.0kx  HV; 2 ﬂl)k\:l"

Radiation-induced precipitate
(Cr-rich M;X)

-induced segregation

f | Fimg: sn.0kc Vi 200 k¥
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0|28 7157| 88 =Al £& Z2AL A+

AT A|H BEASE (H2)) S
AlZtH| 8 ZH 28X
+ FM 32 LK 100 dpa 244 0fl 2 27+ 500 22
_ ZMXEZALCHH] 10 BHHY 52 AL M2
« ChRH MY S0 XX =}

. 2Z/MZHE)OHX/OIR BR/ZIHSE S
X}7t o] =2 e ME 2AHQIE| 7Y 9 DE gk M
N2 TA}

(L &4 B AD

71 88 & 12
Xt7F O] 2 XA}
(FCMI &< mAh
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3.5 MeV Fett 0|2 212 A} Al 240

%Swellihg (swelling fate): Swelling (swelling rate): Swelling (swelling rate):
2.01 % (0.010 %/dpa) = 3.74 % (0.016 %/dpa) | ( %ldpa)
HAADF MAG: 14000 x HV: 200.0 kV ﬂl HAADF MAG: 14000 x HV: 200.0 kV lﬂi
FC.92: et {XIHAHF A /| m M FM S =E
= I Netd £ HT.9 CH| 30 % 7§ — BOR-60 ‘=L AL A F
= FC.92-N: HT.9 CHH| 5% 7t& 7H M El W& NN
o ZANAE XTAHRE ) ZASME  He &5 5): 475°C 1480 dpa s 1 appm/dpa
- HT9 = HIXStFM &= 8 SEAL 8L 0|2 A Al S &4 swelling rate: 0.01 ~ 0.02 %/dpa_

i
M " 0 —
I I Ay
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£9F: 171, 81xl, Oj2}.

A
» 22 E/EE MBS FS L AUAR SEH AL AEY 75 (718 Al o FH|)
» SEUAR O] E2HFC. 92-N/B) U CHH S E

=% (Ce0,, Ce,Si,) 2
IAEA SITAEE QX & 7|8t uo, StetE

AT StFESE 7= ME
» petead VM lds dSAEE

= SMR/MMRE #¥H=E (UO, + U,Si, EE= UN)

 MIHTY DEHE DU HHE (Zr-U) W S
. BHR LM EAVFSEA MY W BY AC

O 2

BTS2 E YUY
F

SH
HE

= 8L H-Z3ALE ¥ Y™ (MCCI) (UO, + ZrO, + Concrete + etc. )
« A" SEXEF HE?)

 EAXEA HHER L)
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Equipment for Fabrication & Heat Treatment

Pellet sintering, ceramic synthesis, alloy fabrication, long term annealing, etc.

High T. Tube furnace Microwave furnace High Temperature Arc Melter
Vacuum furnace
» T, 1650°C > Trax 11600 °C L > Power: 20 KW
Max ramping rate: > Trex 11900 °C Max vacuum : 2x105 torr
= Ceramic(UN, UC) synthesis 100°C/min Max vacuum :10- torr
* Annealing « Ceramic synthesis
»  Conventional sintering * Rapid sintering within 1/20 * Heat treatment « Alloy fabrication
time of conventional  Powder synthesis
sintering using microwave. « Alloy fabrication
NST

:
[
(1}
-
29 I
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Equipment for Powder Metallurgy

Synthesis,

e

Tubular 3D Mixer

« Powder homogenization | l __ Hot Isostatic press

Tmax: 2000 °C
Max. pressure: 5 ton/cm?
Max. vacuum: 5x102 torr

Spark Plasma
|

Sintering System |
Max. pressure: 2 ton/cm? |
fl Max. vacuum: 5% 102 torr:

High Energy Ball Mill

» Powder milling
» Ceramic powder synthesis

=

Cold press (10t)
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Equipment for Metallurgy Sample Preparation

Precision Diamond cutter

 Left for general & cladding material
(Zircaloy, Stainless steel, etc.)

* Right for radioactive material
(Uranium, Thorium, activated material, etc.)

Optical Microscope
Leica DM2700M
» Sample surface inspection

| .

;
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Equipment for Quality Control

Prevent OX|dat|on/react|on of specimen, secure hlgh fldellty

Glove Box - Tube furnace

» T 1650 °C

» Heating Zone:
180>180>=250 mm

> Ar, N,, H, atmosphere

= Heat treatment for
oxidizing/inflammable material

YV VY

Po, Monitoring System

Operating T: 800 °C

O, sensor: 8-YSZ

Detection Range: -25 < log(Py,) <0
Accuracy: < 1%

Gas quality inspection
Oxidation reaction assessment

m T-Station®

(Eowaros

High Vacuum
Pumping Station

Pumping speed: 84

L/s

Ultimate vacuum pressure:

3.7><108 torr

High vacuum pumping for metal

alloy fabrication

;
NS’
ULSAN NATIONAL INSTITUTE OF
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Equipment for Thermophysics

Thermophysical properties measurement, phase transformation investigation,

nd I ifi i
2"Y phase identification - Specific heat, AH, | [
measurement .
« Mass change measurement | K
. T,_.:1500°C €3

Accurate measurement of
thermal diffusivity and
thermal conductivity.
Trax: 1250 °C

Laser Flash Analyzer DSC-TGA
Netzsch LFA467HT Netzsch STA449F5

UrisT 33 CORANUM
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Equipment for microscale metallurgy & crystallography

Microstructure analysis, compositions measurement

e X-ray generator : 3kW(sealed
tube) / 9kW(rotating anode)

o T, 1600 °C

» Goniometer radius : 300 mm

e Min. step : 0.0001 °

e Magnification: x150,000
e Accelerating Voltage: 1~30 kV

SEM-EDS HT XRD
EM-30AX Plus SmartLab
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