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Some Problems on Materials Tests in High Temperature Hydrogen
Base Gas Mixture

Tatsuo SHIRAMA, Tatsuhiko TANABE, Masakazu FUJITSUKA,

Heitaro YosuipA, and Ryoji WATANABE

Synopsis:

Some problems have been examined on materials tests (creep rupture tests and corrosion tests) in
high temperature mixture gas of hydrogen (809%H,+15%CO+5%CQO,) simulating the reducing gas
for direct steel making.

H,, CO, CO,; and CH, in the reducing gas interact with each other at eleveted temperature and
produce water vapor (H,O) and carbon (soot). Carbon deposited on the walls of retorts and the
water condensed at pipings of the lower temperature gas outlet causes blocking of gas flow.

The gas reactions have been found to be catalyzed by the retort walls, and appropriate selection of
the materials for retorts has been found to mitigate the problems caused by water condensation and
carbon deposition. Quartz has been recognized to be one of the most promising materials for mini-
mizing the gas reactions. And ceramic coating, namely, BN (born nitride) on the heat resistant super-
alloy, MO-RE II, has reduced the amounts of water vapor and deposited carbon (sooting) produced
by gas reactions and has kept dew points of outlet gas below room temperature.

The well known emf (thermo-electromotive force) deterioration of Alumel-Chromel thermocouples
in the reducing gases at elevated temperatures has been also found to be prevented by the ceramic

(BN) coating.
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H,, BRO* CO B ASHFRE T, (EEECLERT S
TedW, ThbH AR KRBT MBI, BET »
FA~—2A (Dead Space) #7577 L, Bak%x
TR EBEE LTS, Eh, CO DBEAE, *
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G : Gas controll room
M : Monitor room

notes; B : Gas reservoir
T : Testing room
P.T.: Gas pressure transducer
F.T.: Gas flow-rate transdicer
F.M.: Gas flow meter
G.C.: Gas chromatograph
H.M. : Hygrometer

C: Water vapor condenser
H: Gas header

Bu: Gas bublera

T.V.: Television camera

Fig. 1. Schematic diagram of the test system.
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BT VvEY s VIR D BIEERECER SRS, 2hb
HEbc X v, RBRPIARE~OFERDOIA N ILIZ
EAERBERY, EbDTELECHBRIEFTTES.

3. HRLEOMER

H,, CO, CO,, CH, #EFLEAF AL, mRKEB

Table 1. Composition of the hydrogen base mixture (%) (reducing gas)

co CO, CH, 0, N, H, DGEY, é’)‘)int
Cylinderd 14.94+0.1 | 4.840.15 — 2.3 (ppm) 18 (ppm) Bal. —70
Ent.2 14.8 4.78 0.12 N.D. N.D. Bal. below —20

1) Gas chromatograph analysis of the cylinder gas

2) Gas chromatograph analysis of the reducing gas at the entrance of retort.
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Table 2. Chemical reactions of hydrogen base
mixture at elevated temperature.

Ac - Py,?

CH,=C+2H = 1
¢ + 2 kpl PCH4 ( )
CO+H,=C-+CO, %faiﬁﬁﬁéL (2)
Pco- Py,
Ac-Pco
2C0=C+CO, kp3=—7coTz— (3)
1 <Py, 1/2
H,0=H,+ O, kw=h2&; (4)
2 Py,o
CH,+C0,=2C0O +2H, (5)
CH,+H,0=CO0+3H, (6)
H,+C0,=H,0+CO (7)
1
CO++0,=CO, (8)
X
Me—l——2—02-——Me0x (9)
Me+yC=MeCy (10)
Kpy : Equilibrium constant
Py : Partial pressure of X gas
Me : Metal atom
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notes; C=[COJ+[CO;]+[CH,] (C=15+5=20)
H=2[H],+4[CH,]+2[H,0] (H=2x80=160)
O0=[CO1+2[CO,]+[H;071+2[0,] (O=15+2x5=25)
S=C+H+O (S=20+160-+25=205)
(0/8=25/205=0.12195, C/S=20/205=0.09756)
[X]; partial pressure of X
( ) ; values of the present reducing gas
(presented as a black dot in Fig.)

Fig. 2. Carbon deposition line at 650°C, 900°C,
and 1000°C. Gas mixtures, whose com-
positions are below the line, have carbon
activity (A4.) more than 1 and have po-
tential of carbon deposition.
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Fig. 3. Eqilibrium composition for the mixture
809,H,+159,CO +52,CO, at elevated
temperatures when only water-gas reac-
tion is considered.
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Table 3. Results of carbon deposition and water vapor condensation in various retorts.

quartz tube of 25 mme¢ (3
Cu tubes of 6mmdg)

. ; . Amount of Carbon deposotion
Expelal_(r)nent Retort Temp. (°C) DeV(sL(l;)omt condensed (amount of deposited
: water (ml) carbon)
No. 1 SUS 304 of 25 mm¢ 800 — 23 Almost blocked with
carbon (~1g)
No. 2 SUS 304 of 25 mm¢ 900 — 26 Blocked with carbon
(~10g)
No. 3 SUS 304 of 25 mmg 1000 — 36.5 Blocked with carbon
(~7g)
No. 4 Quartz of 25 mmg 800 —19.8 — negligible
No. 5 Quartz of 25 mm¢ with Cu 900 +15.2 — negligible
wire of 1.2 mmg¢, 750 mmL
No. 6 SUS 304 of 32mm¢ with 900 +4.7 — negligible

OB OO 7 AE S, RBRBoOKER, EoRtE
Kz v v b OMBEINC E DD, Table 3 TF
. SUS304 % v F b & ULTER LA, B0
iy 2ABEO LR, ThicfEsHE, KyoREHNE L
DXL, ARELFEH LBATE, Bofly A&
RERDTECHREIR, BEEXRD LT, o4
#2425, SUS 304 BRI ELXFA LI EE DS
BFRALBEBERO LRI ELS Mz bhi.

—7, AREACHTERE T, RABELH AH 200h
R L, BESEENY=y ¥ 1S54 Inconel 617 |
~OBOHHIRITE Table 4 2R3, 650°C 1T\ T
BREREOERIDDL, TXRCOEEECTHEOWIHEITAD
bhs. —F, 900°C L hwiwkucix, Cr, Mn %%
&, FEEIC Cr;0p 7\ Uik MnCr,O, {f#piEs 4
BT 5EETIE BEONBIXED bhikliks. i
L, ABETL 7 AP CREELHRLER L &4
(900°C ¢» S20C, SCM21, 1000°C To S20C) =

heater (a)
s' y
| L4
[

N\ __ T
\\ |
(a) retort (b)
r I
. HYGROMETER

(a) Carbon deposition

(b) Water condensation
Fig. 4. Carbon deposition and water vapor con-
densation resulted from gas reactions in
SUS 304 retort at elevated temperatures.

Table 4. Degree of carbon deposition metal
surfaces at elevated temperatures.

Specimen 650°C 300°C 1000°C
S 20C V.S. S. S.
SCM 21 V.S. M. N.D
13 Cr M. N.D. N.D
SUS 304 M. N.D. N.D
Incoloy 800 M. N.D. N.D
Inconel 617 M. N.D. N.D

w

V.S. : Very Strong
N. D. : Not Detected
notes ; chemical composition of Inconel 617 and Incoloy 800 (%)
Inconel 617 : Cr (20.31), Mo (8.64), Al (0.72)
Ti (0.57), Fe (1.02), Co (11.71), Si (0.19)
C(0.07), Ni (Bal.)
Incoloy 800 : Cr (20.76), Ni (31.27), Ti (0.43)
Mn (0.94), Si (0.55), Mo (0.03)
Cu (0.06), C (0.06), Fe (Bal.)

. ¢ Strong M. : Medium

B LCiddie b OIS ZED Hh S,

¥ 72, Inconel 617 %, 900°C, 200h, ZREXETCH A
PCEAL, REAK Cr0; #ELYARIBHE, £
D 650°C DREE L7 A FKH TORMAEIL, #
WY S URTRES LA % B © Br\ 7z Inconel 617 3
M DWATE LB LT, ZLLMMshs.

Pk, FABEHEE (Cr,0;, MnCr,Op) (3EPTHHN
He B Thsr &N BDdBRSE. Lavl, 600°C~
700°C ¢, REFHRABREIL D A PICEF I8,
MRRILHEIEE, BEOME L L DRPEESh, BIEOBE
&L DDA L, FFCE&ERMOERRL
DELLHETTS.

ChHDFERNG, BELERINCVGERRRER
ERWE, “EEESYEAL, SRR EER
MECENS SUS 310 2{EA L, WEXBHALELE L,
P LOMEE & DRWCANEYE Ar TARTRL Y —~ 1T 55
@& L (Fig. 5). ME L, BWARELHEHTOK
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Fig. 5. Schematic of the corrosion test facility.
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Table 5, Fig. 6 @ R_RF Lo, HAaVABRREIT49K

————

DEW POINT(°C)

l\lllllllllllll

llllllllllllll

| 1 1 1 1 1 1 1 |
0 500 . 1000
TIME(min )

Fig. 6. Dew points of outlet gas passed through
BN coated retorts at 900°C.
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note. BLEOfER, BN-SIO, ##7E, BT, Ko
EROMENCTDEDTHB ERDBIA., 2D &b
b, 71— HBEL L, TAmr, F, F4p ., 2k
4T MO-RE I Lic BN-SiO, #B L2t 0% (#
L7,

LasUicad s, 1000°C, 1000h L) Lo 7 v — FREx
BT, —8, FE L HyO & BN L olokiG
(2BN + 3H,O <= 2NH; + B,O;) @ L b 7 vE=7
(NH) 2MERT % 2 AR bh, 20 & &1z BN-SIO,
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KEXERD LT 57 AFAKFTO, AL-AEr Y
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ETLHEFAKF CHBRNRE L INEE VY IATV - v
= v ARBGENIER L, M CRHIERB SW®. B,
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Table 5. Effect of coatings on gas reactions at 900°C.

Machine No. Coating Bubbling Dgi)rs?t(;gn Dew Point Condensation
No. 1 BN (8iO, binder) G G G G
No. 2 ZrO,+MgO B wWT WE WE
No. 3 No coating B WE WT wWT
No. 4 BN (SiO, binder) B G G G

G : Good, B:Bad, WE: Worse, WT: Worst.
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Fig. 7. Deterioration of thermo-electromotive force
(emf) of Alumel-Chromel thermocouple,
and improvement of the deterioration by
BN coating in the test with the present

. reducing gas at 900°C.
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—77, BN-SiO, % ZEm&EA L1z CA BECH T

i3, SR T O HIIINH S hT, REDH I
DI s D (Fig. 7).
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&T 5 BB TR eI R TR A R 7R3 o Bk,
RN e o BT 5. RBET S AD
HARJEFHEE Do T, BFHE  KOYE2HT 5
L7

Kbz oy, BEEEE TERMiREORE S

Photo. 1. Internal oxidation of Chromel leg where carbon deposition has occurred,
Notes; S.E. : Secondary electron image
Mn : Characteristic X-ray (Mnkqa) image
S : Sika image
Cr : Crka image
O : Ok image

— 117 —



424 g X W 5 66 4 (1980) 3=

v 2 VRO E LTI D THEZ LY
i3 %.
X )

1) ReiEm: & 17 BETABREY VRV Y A TR
% (1979), p. 21

2) BASKMELS, WEiRA AF RS X OV
HRHCBE T 5 BER: BCRICR T 2EET A FH
EIRBATT AR B X OV BAA R O BT A BA 5 0 BLIRIC
DWT —AERE—

3) Proc. of The Second U. S.—Japan Seminar on
HTGR Safety Technology (1978)

4) Proc. of The First Japan—U. S. Seminar on
HTGR Safety Technology (1977)

5) BRREFAVIRMN: LENEEY AFHERED
Bk (1978)

6) B Eit: 8B 17 ARETHREY VY EI 7 ATH
4 (1979), p. 24

7) %k 122-123 gRIERS: SIEY AP EAR
MASBERSE 5 14% (1972), 52 % (1974)

8) HHTKES, MILIEE, FEEE: BRRTNF
43k, 19 (1974), p. 210

9) T. Nopba, M. Okapa, T. HiraNo, H. YOSHIDA,
and R. WatanaBe: Proc. of The Second U.S.-
Japan Seminar on HTGR Safety Technology

10)
11)
12)
13)
14)
15)

16)
17)

18)
19)

20)

(1978), 1, p- 3

T. HiraNO, M. OkADA, H, ArRAkI, H. YOSHIDA,
and R. WATANABE: [6 F, p. 7

T. Nopba, M. Okapa, T. HiranO, and R.
WATANABE: Boshoku Gijutsu, 28 (1979), p. 3
BEMEHS: # 20 BEBEY v AV T AEK
*, (1978), p.l

K. MuvLLer: Nickel-Berichite, 21 (1968), p.
121

MIAER=: ¥ AR X OCRLKOBERR, (1977),
p. 6 [H&T%WH4&]

R. W. Gurry: Trans. AIME, 188 ((1950),
p. 671

R. Lirreewoon: JISI, 202 (1964), p. 143
A B bE SO REmMNTRE, (1976),
p- 457 bR A]

M F: BAEBF¥ESSWm, 14 (1975), p. 881
)R T2 (W) il ARSI L b7 m
AN—T W ANBEN DL L T ORE, (1974)
N. F. SpooNER and J. M. THomas: Metal
Prog, 68 (1955), p. 781

21) J. C. Bokros, H. E. SHOEMAKER: Martime

Gas-Cooled Reactor Program, (1961) [General
Dynamics]

— 118 —

4

™

2



