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Current Status of Hot Steam Corrosion Evaluation of the Candidate
Materials for Intermediate Heat Exchangers of HTSE System

Minu Kim®, Dong Hoon Kim’, Changheui Jang" and Duk-Joo Yoon"

ABSTRACT

Nuclear hydrogen production using high temperature heat of a very high temperature reactor(VHTR) is one
of the most attractive ways of mass hydrogen production without greenhouse gas emission. In many
countries, sulfur-iodine(S-I) thermochemical process and high temperature steam electrolysis(HTSE) process
are being investigated. In such processes, corrosion behavior of Intermediate heat exchanger materials are the
several heat exchangers will be facing hot steam

most critical issues.

Especially in a HTSE system,

conditions. In this paper, the status of high temperature corrosion researches in hot steam and supercritical
water conditions are reviewed in view of the implication to HTSE conditions. Based on the review, test
condition and plan of the hot steam corrosion of the candidate materials are formulated and described in
some details along with the schematics of the test set-up. The test results and subsequent evaluation will be
used in development of a interface system between the HTSE hydrogen production system and the VHTR.

Key Words :
Heat Exchanger (5-7+En%7])

1. M &

LItAZM UoE 1
AoZ oz e

QAT AFdAde] =& A
J&oltt. YA

A=dl, 1 FolM g

X]——IT—‘— g}\ e x4
£ 9= 25 yaE
A AHE Stob BA

o% AR +4 B/ )

pud

2 ke oY ZHATE

o= dshel Axwl, DeRsIEE AEo] FAl
Aoz F4 A7Hn Y= el 53, 18
AR AzEe F.90= Askst A2l

 AAA, B9, KAIST 948 2 3a3o0
E-mail : chjang@kaist.ac.kr
TEL : (042)350-3824 FAX : (042)350-3810

* KAIST 91742 2 3435t}

e AN AT

Hot Steam Corrosion (i%7]5-2]), HTSE (2-2%17]%3l), VHTR (Z127}2~2), Intermediate

ol
==

T-2%7} 600~1000C HAZ HlwA 7] uf
710 BAA] Fagbe] Ths sk, Al

&g 271dAl| 2R 2719 7=
ste] A AH Ak 2 dHES
B3 e etk 2u27kERM F1F
W] FRellM dojues | RaE Ha
900C, 9MPa®] Z75 7M=& S0l M o]F0i]
o2, 32317188 4835 dMe T
7)o dist el st A7 Basith F3t
dusr)o] $H A5 Z-&Ho|= Inconel 6173
Haynes 230, A-2%-o|= Cr go] =2 FMS 5
o] AEHIL 3=, %’49} e a7 E F3H
a1 E vEshe 24 MH AT AL v
HIgE Fejolth. WM 2ae vkaR Fgag
]

ZZ0] Wek FR AFESY LT FAEY

_u_

ol
o=

Q
I

Z

mELHn

=z
z5 7
ol o]
2
T

m& ot

N
hin



[e]
2 A 3%

A ME FAHOZ 7]

=
=<l 5‘31%7}/\i~

u o185 A AALA] 2o
AHgE dud) ARe) 1237 RAAP o
@ QP24 U AYL hsck 4F 2 A7

=1
A 2371229 dAE DR/ R o
231 SN AE 9] ub] 38E o Fo|t}

2. %

)

2.1 %3127}~ E(VHTR)

ZL7}~2(VHTR, Very High Temperature gas
cooled reactor)= FF 59 7AE WAANZE AL

}3 FAL PEAL AGIE, wAS B7 2%
7} Hof 1000C A= =& 2pAd a2 o|t =
< WA 2E2 Qe dasc] wor, oy
29 ogale] ST UHoR ANT 5 UE
ol oM Fog i oA AlHE Grol ol
uel i ke dAEE 2l glh

o kI H

Reactor

I

Generator

Ll

Tuibine

" (Electrolysisy 1~ Hydrogen
Exchanger  Production
’ H(y:;?m;mi::n Hydrogen
Primary
Heat Rejection Power Low Pressure
Conversion Unit Compressor
Fig. 1 Schematics of a VHTR connected to hydrogen

production system"

0.65

06 -#-n_AGR-SCO2-HTES
055 | | ——MGT-MHR-HTES 052

—+~n_MHR-SI
05
045
04
035
Operaton
o

03
025
02
0.15
a1
0.05

o !

350 400 450 500 S50 600 650 700 750 800 850 900 950
Reactor exit/ Process / Turbine inlet Temperature, °C

Fig. 2 Hydrogen production efficiency vs. steam

temperature (I-S vs. HTSE)?

Transaction of the KPVP, Vol. 5, No. 1

fek

443 - 95

ZALTIERE o7 AT A2
Fig. 101M9} o] IA A=, ALHIL=], 13}
27} TR, FARA A|2F 07 o] FoiA]

Sk 2 AR Az AFH ez B ghe
BE2 23 dudy] REoZ, o] FE day
A Balo] fa o] ol FolFlch

W FAZeR FPHoR ATHI Y i
AL A 2" 3k g oE g3)3 A ~HT T
1323l Alz=gleltt. Fig. 26 & 4= gl5el, 900C
ool SEolME B-995 Asjst Azwle] 5
2 AP mgo] BE A2 UEhR, 900T o
Fo] LxdlMe RIE u2d7]Ee Al2gle] &
=& Z0R yrhta ok meM o]

o Z % Lo [q_a_ s Eg}x%o; 3—}}1
T e AL HAM £ =wdMe o] =
27188 =4S

Nl

LA
1__1__

¢

N
o: F

ofr

££

2E

o=

Blomdt > o

P

2.2 11271 7]-3)(HTSE)

ZALTIERE o] &5 AN A|2F] F9 B}
Ul 127wl Al2Ele aALEE el solid
oxide electrolysis cell, SOEC)E, & &3fo] @
o do] IFE 7] thilel] e AAE vk

] A"t Aghe g qfoll|qA] Al=F o ul
SHe 19 F571E o)&ste AlzHlelt 1
2371880 A= Fig. 33 o] A2oM =&
A7188) k= ARG o]2 HafjHsks W A =
AYS o] &3t F4E o] &%

A FTED I oMo A

—]

====Thermal Energy Input
- Electrical Energy Input i

Temperature (C)

Fig. 3 Thermal and electrical energy inputs vs. steam
temperature in a HTSE system”



by
e

N,

fr
WL i-:
Ql‘,
k]

N
i
pal

30

)
Kot

o Kl

g2 VHTROIM

=
N
M
i)
2
il
o= fo
o

olN
N
1)

o
ng r
N, o

o -
o= o

2Fol "} o] FolN F0rd
ews} axjzel £ 7
slolet 371 e of
fAEE Aol Basith
Z}xﬂi ARgElE R dmd
1010]: 6}1’4- O]E-]
@ i Bl e

o
|
Ny
eh
>

e o L
N

1 =
25 4o 2
oY

&N 2 Ao
ro Kl rlo

L
2

o3l

~

M
o nJlo

<
s
—
=
rlo
i

LN R HE o Bl of

tlo 1o ot

183} 27
2] i) S0AnEIel o
& 4ge] B8% A4o]

3.1 S 3R Ago] e

311 371% 2 F =AM w319

AWy TR AQFE ARE
617, Haynes 230°|u Cr &) =
w52 AN A7 Y 71AH
st WAL Kotk 187 Wi o
72N 2e7ISEE TR AR
A% gk Zneskaz Ad Ade
olM AT Ao] ohet L HHE Sl
ol 29 7] FToju L27tAES WA=
2olE dAF 2MY At ik A= ov|
e o] FolAAL Q= ZdEolth Table 1°= A
Table 1 Impurities reported in the helium coolant

during steady-state operation of HTGRs

(in ppm)

Reactor H,O| H, | CO | CO, | CHy | O, N,
DRAGON 0.1 | 0.1 [0.05]0.02| 0.1 | 0.1 |0.05
Peach Bottom | 0.5 | 10 | 0.5 |<0.05| 1.0 0.5
Fort. St. Vrain| 1 7 3 1 0.1 - -
AVR 0.15| 9 45 1025 1 22
THTR <0.01| 0.8 | 04 | 0.2 | 0.1 0.1

3k 1257 SHA Y FAgrt As 3

A LAY ILIPAZHTGR) AHS-H &
FUe ETE &S YERIATY
FHtol| FE ATE2E X729 CEA Saclay
AR} AREVASIAM 750~980C 2] 71
2 B0l 44 b2 iE F FHENM
YA 55 o= o 12413 ﬂ% A

HA =

7F AT 7F TR A S| Abs Agre] vlus}

dF o) BE 5ol 2xdl w2 AR Aol
nXE FEE FAT T3 ZUME OWI

AFM 950~1000C AHere] 271 3HAdM Alo] &
F8 Ud-357) 55 doE Alste] A
o] Aol ol HX= Gl thete] EAIE nf
ATED ol ME KAISTAIM 900~1100C A%
o] 371 2 EEo] Fd dF $749IM Inconel
617 F5< tde= 3 123 43S A
ALE o5 T 2mol wWE 2tsl AP v
of QI Zzio] Atsle] wX= JFS B uf
Ak AN FHT EME 1257 |H7RE
o] 83 A AYate] HAilo] HopAal 9o
1S 9] 28 UM o] FolA =
FEo] o AHo|t}

2 o]—Eé_

a7 2

o

ol M ferritic, austenitic Zo]vF YA 7] o
FAAFo] FFoltt. o]F AHe 2YAF
oM T AT AP dA= 3L 9
AAEE olsleed &84 %% Ho=z
Hoh w3 2 34 2O F Table 29 0]
3 a5 AT A ES FaAskal Q)
I;]_.IS)

A ME A 550CY 471 39 =
7] A4 2N YA el ik S 32
A g QA F] AE b UATE'O T Foll
23 o] o jbslEe] A7 vE, FH
9] WstEol tig 45 B3l UFEo kA g
2kl ofgt AkskEe] Aol YAlOIM Yokl Ni/
Ni(OH), ZAIHAM o] HAsle, olejst &
250 JASHFATE Fdoll TS T A
Aol %6‘%/;&5}

JENME FEHAM 560~700C] =43 =

=9t 7171 8ks] =R Alsd A1E 2009 3€



AR - A%

g=]

Table 2 Planned steamside oxidation test materials

for ultra super-critical power boilers'

Slot| 650°C (1202°F) | 800°C (1472°F) | 900C (1652°F)
1 [P92 (F) P92 (F) P92 (F)

2 (230 (A) 230 (A) 230 (A)

3 [HR-120 (A) HR-120 (A) HR-120 (A)

4 |SAVE 25 (A) |SAVE 25 (A) |SAVE 25 (A)
5 |Alloy 617 (A) |Alloy 617 (A) |Alloy 617 (A)
6 [Super 304H (A) [Super 304H (A) |Super 304H (A)
7 |Alloy 740 (A) |Alloy 740 (A) |Alloy 740 (A)
8 |HR6W (A) HR6W (A) HR6W (A)

9 [SAVE 12 (F) SAVE 12 (F) SAVE 12 (F)
10 |304H (A) 304H (A) 304H (A)

11 |T23 (F) T23 (F) Nimonic 263 (A)
12 |“9Cr” (F) 214 (A) 214 (A)

13 [Nimonic 263 (A)[310HCbN (A) [310HCbN (A)
14 |[800HT (A) 347HFG (A) RA602CA (A)
15 |Coated 1 Coated 1 Coated 1

16 |Coated 2 Coated 2 Coated 2

17 |Coated 3 Coated 3 Coated 3

18 |Coated 4 Coated 4 Coated 4

19 |Coated 5 Coated 5 Coated 5

20 |Coated 6 Coated 6 Coated 6
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