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KNF Near-term ATF Concept

4

HANA-6™ Cladding Tube
v" No change to tube specification

Cr-coated layer (10 - 20 um)

v Using Arc lon Plating Technology

v" 10 times better oxidation resistance
v Excellent corrosion resistance
v Improved creep properties

Shoulder Dish

1st champer

2nd champer

La,0,-Al,0,-SiO, (LAS) Doped UO,
v" Using existing manufacturing plant
v" Higher plasticity at high temperature
v' Better fission gas retention

v Improved PCI resistance

0.1 wt.% LAS
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We are Here !

Small-scale coating (Lab.) Full-scale coating (Prototype)

O Small-scale 3&! 7|= 7Y (~'21.12)
e m 3 IE ™7 |= e =
o TE| I H0| (2 FE I|E2 FEIZ O|M7LE/EHAES TIL

Commercial production (Plant)

Coating crack

Coating defect

Coating layer thickness

O Full-scale A2HH| 8! & 7|= 7%
° Full-scale 2 & ZH| 7iE 2= (2012
° Full-scale 2 3747 |= 71E = ('22.06) 4 SHAIE A oY
o HRE HZ=7|= 7Y Z (22.12) T
o Hlufn| HAP|= 7HE (BE : 24.12, 2 : '26.12)

Coating Delamination

o L AHgAAS I8t AT
2
o

» 250 70| m|=E Y E IYEH| 113 2R (24.12)
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Minimize coating thickness
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€ 1 Open : Calo-test Axial thickness variation (STDEV)
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i * :
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Coating thickness (um)
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Coating thickness (um)
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—— Thickness profile of 12 tubes (1 batch)

w

2um

Tube to tube variations (STDEV, pm)
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500 1000 1500 2000 2500 3000 3500 4000

Distance from top (mm)
2.0 T LA LI reeT
] Tube to tube variations (STDEV)
1.8 1 = Laser OD measurments
1 4 Calo-test results
1.6 ¢ Calo-test after polishing
1.4 .
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1.0 i
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Coating thickness (um)
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Potential New Damage Mechanisms (Highly Ranked)

O New degradation mechanisms
o A &S| ¢t EF= UHEo| Rt Mzds 22 X ZE 7 &
A A

— o =
o 7| AA 7|ES &80t A B = FIHH 2 A

/

> 3. Cr-Zr interdiffusion
o YA/AMDZTHONM TS

- 2 &84, 78 B2 FANMNEIE@E D EA)

K 1. Coating defect/cracking
o NZ/ 82 T/ARE= A0 M 7S
o Oj=32 He IO 2, +=AFF Mol S0 Feks
= A O] o MS A o] 74 m| : :
= 7 AN 2EWA T, AN BE 22 * Impact on SAFDL : overheating of cladding,
* Impact on SAFDL : strain limit, fatigue limit, ballooning embrittlement, eutectic formation between Cr-Zr
oxidation rate, embrittlment limit

» Vendor Specific =Xl

XA Cr A8 D=2 seet

AN

. Coating delamination
IS HeE FFA, oS0 2 gelely
f;ﬁ’é{ﬁ—, oA DebrisOf| 2|et OFE, GSI-191
[e) N

o

—

* Impact on SAFDL : strain limit, fatigue limit,
ballooning, oxidation rate, embrittiment limit

\- Vendor Specific =Xl

» 4. Radiation Effects on Cr
* Formed Cr-51 with a half-life of 28 days
- 2F M SR Vs

* Impact on SAFDL : dose release limits, coolant
chemistry

. Cr 29 IO SY -

Y S
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A Uncracked Cr layer (all data)
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Reduction of diameter (%)

&0 50 40 30 20 10 0 10 20 30 40 50 80
Distance from tube rupture (mm)
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1200 °C steam oxidation test
| TGAIPQD results 1
20 - = HANA-6 i
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o Corrosion test in 360°C water with PWR water chemistry
e Excellent and reproducible corrosion resistance in Cr-coated HANA-6
e Reasonable corrosion WG despite of cracking of coating layer

70
| - *- Ref. Zrtube
—=— HANA tube -
60 1 - & - Coated tube (1st) -
__ {-e -Coated tube (2nd) -
£ 50— » -Coated tube (3rd) : & ! Gauge section : 24.5 mm
S, | g e Coated tube (Tensne) P Deformaticn region: approx. 30 mm
g’ - A~ - Corrosion on coated layer of 1st tube
E 40 5
I~ .
'S After 82 days in 360°C water
0 30 N e e s - EE S S . . -
“ R
= : _ l 1]
O oatingwith cracks _ ¢ - -~ 4 |
o 20 I R A S
= € AT F
f.:” e Extract corrosion |
10 1 on coated surface <5
Py S s A- = = =A I £
V.S S |
0 f T T T T T 2
0 30 60 90 120 150 180 210 240 | &
L5

Days
16

COPYRIGHT © 2021 KEPCO NF. ALL RIGHTS RESERVED.



Weight change, mg/cm?

° /K|°4/\|7r 12 min % 27 min.

o 21 :12min 7t Cr 5 229 A 0
H e e X
o LI F A4S ZIHEO{E ZE S B2
50 T —T= T T
11300 °C steam oxidation (2-side omdatloln)
¥ T e HANA-6 (27 min)
Cr-coated HANA-6 (12 min)
40 4 Cr-coated HANA-6 (27 min)
Cr-coated HANA-6 (27 min)
35 -
30
25 4
20 4
15 4
10
5 4
0 T T T T T
0 500 1000 1500
Time, seconds
17
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(- FeCrAl cladding (GE-Hitachi)

» SiC cladding
* Metal-ceramic hybrid UO,
» TRISO-SIC pellet

e
» SiC cladding
e Cr-Variant Pellets

SiC cladding (SiGA, GA)
Metallic pellet (UN or U;Si,)

Fiber Preforming
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