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Study on Hydrogen Isotope Permeatiog in the HTTR Hydrogen Production System
- (IT) : Effectiveness of Reducing the Amount of Permeated Deuterium by Oxidized Film -
(Contract Research)

Tetsuaki TAKEDA, Jin IWATSUKI' and Tetsuo NISHIHARA

Department of Advanced Nuclear Heat Technology
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken
(Received October 1, 2002)

The Japan Atomic Energy Research Institute (JAERI) has performed a research
and development (R&D) program on nuclear production of hydrogen as a study consigned by
Ministry of Education, Culture, Sports, Science and Technology. Permeation of hydrogen
isotope through a high-temperature alloy as used a heat transfer pipe of an intermediate
heat exchanger and a steam reformer is an important problem in the hydrogen production
system connected to be the high-temperature engineering test reactor (HTTR). In order to
obtain detailed data for safety review and development of analytical codes, a test of
permeation of hydrogen isotope was carried out as one of essential tests. The objective of

" this study is to obtain a permeability of hydrogen isotope through Hastelloy XR and other
high temperature alloys and to evaluate quantitatively an effect of oxidized film on reducing.
the amount of permeated hydrogen through the pipe. From the results obtained in this
experiment, it is supposed that the oxidized film produced on the surface of the heat transfer
pipe during an early stage of the reactor operation will reduce the amount of tritium
permeated from the primary circuit of the HTTR to the utilization system. This report
describes the amount of permeated hydrogen and deuterium through Hastelloy XR with

oxidized film on the tube surface and state for production of oxidized film.

Keywords: Permeability, Hydrogen, Deuterium, Oxidized Film, Hastelloy XR, Hydrogen
Production System, HTTR Reactor

Present study is entrusted from Ministry of Education , Culture, Sports, Science and
Technology of Japan.
*Ishikawajima-Harima Heavy Industries Co., Ltd.
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LBREHIRO, FAETERBRO, BIUBBERARLL TUKRBRRRG), g FRetERBROL
BRI BT ARBREED TS, HTTRICESS T 2K REE S 2T LA TOMRF DB O
T AEEELT, NF UL KEBITORENRDS, Fig.1 ICHTTRARYIES AT LADNFY
2o AEBITEROEREZR T, HTTROF L TRAELLN F VAL, THRAKBREOEIEZEL
TIRAHBRNL2RAHNZ~FBL, SOIAERKREBOMBEELFZR T DD, MU TAERK
THKRBFICNFVLBBATIHZEIZRD,

—%, HTTRDOABRRKE B ~ON FULFZBLITHIC, KRR E B TERINIZKFE
HEPFRL T2REHRICBITL, SOKIIPHBARBRBOLCRELEBL TIRGARONIV A
HAFIZRATAZENTREND, ZOBAIE, FUOEHICKRMRAL, FLEOBNEKFLEOR
S EBRFM DAL R R TIRGEHM O RE EFICLAMALEENE T S ORMEEZ A LS A REE
2D, BEOHTTRIRAYY AFALRE TIIARRES Sppm LA FOHIZONDIIRFTENT
BY, ZORELL T TILE OO BIMEEMICH L TEREE RIFERWVELTWD, LInLARYDL, Z
TUTHTTREAKERES RF AEOEREREL TORVWEETHY, 5%, KBRRE AT 22
+BDI, PRBZRBMEHE A RSN E BAEE LB ETIKRELERMNICIHE TSR
WHRBBULETHD,
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HBITBROERLE BHEL TS, B4 IFBECNATOAXREA L ARV6001Z5 T HAFE - EK
REBEO, ROKRFL R EBBRBROB OISV TRE U, ARE ST, MEFRS
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HTTR Hydrogen Production System
Intermediate Heat Exchanger Steam Reformer
) Tritium Tritium Tritiium
Tritium
950°C | 905°C H,+CO
Primary Secondary
gif:tm Helium Helium
395°C 160°C CH,+H,0
Lommm—m Lomm———
Hydrogen Hydrogen

Fig. 1 Tritium and hydrogen permeation process in the HTTR hydrogen production system



JAERI-Tech 2002-090

2. KR FNL I Z B AR
2.1 KRR FEBRS

SRTEAENPBRTI- LTI HONERRTHY, EBKRE CORE BB LOER T O
BEEA RN EEOTHHLEINTVAR, FHICRENOILBICEIR EER L EERIICERE
DS DI BETHE LS00, RERSIWEILEIC A THYENRRURE T 2HENS
W, ZHETORRTCHE, ABRBAROXRBRRIIOVT, BBICHT 2200 EHE BRI
IC L BEBIEHINED Fig.2.1 DISITREN TS, EAIEZE (19 10Pa LLE) LS BEIFIK
T, &REEA B R TAKERILERICHLT, LA TRARSEOFEHFIROEIZLS]TDE
BRI EEOEIR ThoLEN, HBWIESEDBAITFERBENS S EDIROZETHAITHLFER
EAFEIR THBESN TS, T2, FEICEMUENTEREN TOBBE K E S FARREE 310
W& 570, KBTS TIREECEMLIERN Z LB, BLIEOTFRIRIBIZIDKFESIED 0.5 NH1%E
OFEFENDEE ELHESNTND,

FCIBLNTODERTEAS &K EFEFREE Fig.2.2 [IRL, TL=UARICELD LRI K
E 5 BEEOE ER FLEMLT R —% Table 2.115R T, A2 20RO ERMEE I3 TD
A& BAREOBEBFEZUICIOTONTHE, HELBESNTRY, NATRAREEIHETIRE
LI B ONBTRE THD, BIFH03 Y B &R APl Sh B AT D dh - e & &
T#HBHKA40, 420,800, NATOAX, A2FN6001Z-OV T 800°C~1000°CiZ&i) 5F1EER
HaRHTOB, BeFhD=yr7 /L (Ni) SEROBMIHE-> Ty I N OKRRZBREKOITEOE,
EMEE T RN — I &2 BEL TS, Table 2.2 IZARB TROLNINATEAXREALAFIE0
0D BAEFBEROBERTFLEELT RV F—2ELD, Fig.2.3 [CRRE FHREDOFH
x4 2 EBREET T,

2.2 REBREEOBE

SREIEEE DB K OIS % Fig.2.4, Fig.2.5, Fig.2.6 {2, EE{tAR% Table 2.3 (279, LT T
R B OB AR50, BMICOVWTIATROEZBBINEV, RBRERIZ, BERRE (N
%), AIEY OVE) ROBLFHLRARBIE, [EME —V PR %, BENER, BER, &
HAR, BRER CTHRENTOD, NATEAXREBUD ETHHEMAESERRELLT &
Ke—Z Iz LMmBEh - RBREHOBRTIKERMIBEDO S ELE RO HIIIVRET2EEBTH
B,

ARBTHBLTEAESELRETE, BSRBEOGHENI, WHBOMBENIMIKRES
DEASEANEENICRNLTEY, RO AESEL—EICEFTIILEESITT D, BIE
BEANCBERBR T ERSE CEEHELL, RRENNMC—EDES, RETREEH T TiEE
SALE. NENOERRBEIINE 24.8mm, BE 3.5mm DNATRAXRTHY, HTTROFHE
AR BEIVE LRI T B, AV ORIES R ERE R LoD ICHIEFMI~OAREEE
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B BERBH B, ARESLRERECLENSKGEL EOB A LHET A UERH DD, B
IARBEBREBBONTOAARTOAXEL, FWEIE 50mm, AR 3mm &Lk, BEFEHAR
6kW LU, MRS ZSAE S I3 EIL T, TR HIET A LN TR THS,

MEENDOTEMS AL EERBSERET, RRELHBL Tk ERENET 28I
BERELDERIHBIVISRY, FOMELLTHIEEENERS, 20T, FRATCODR R
5, BB THEENESEN TN AR O % B A EICR EL CHRR RHEGEY T, 20°C,
1RJEIZBWT 0~1000cc/min &L77, BHEDOBREMEIIRAT VA ~NTKBRE RS D22
AR L, AEBEAROHEITAEEE BROWHE AT, KEBREIT lppm, AL HEE
1% 500ppb £ CHIE FTAETH S, BERE AITSAMHE RO, FBREE N R OREF 003
IR T, BEASBOBRERNERIC 0.4 ROKBEES, t—FHHEAIC 0.25 ORI EL & E
AL, BEREREETL0.5CLNTHS,

2.3 ABREMLARTIE

BEAREZAWEZZBRAROSEM% Table 2.4 17T, REREIIME 99.995% LA LD~V LA RTF
F&IZT, 600°C~850°CDIREHEFHTH 150 RFREIMEZ D NATOAXREZEMA LI, IHIT, EK
EFHERBRAE T %, ZORBRE XL 1000 BERE 3 LT 3000 FF I O MNEALIR % M LT, MEVERE X
850°C, ~U LM AFEEIL 100cc/min & L7, #EAERE/S—TROFEIL 500cc/min &L, RERE DN
BUR B 700°C~850°C% 50K A A TRELE,

ARBRTIL, BRTRENBUKICLSZBEOERENS FHRINGD, T RTAELRAN
EHEARAKBFERRICH L TRRPICE ENHMEOKFELER TEa20, BIERZEDPHEAT
KT D, 22T, IVBEIKERBEZRDAIDI, KKFITIHFEAETFELZWEAR LS
HAZRANz, TV RG U ADEKRBIRAETRACBITHEKFREIX 9.91X102ppm~3.93 X
104ppm &L 7z,

FAL-EAKRBELRDDD, HOOUOH A7 N T2 EVEKRRRENRDON /IR
KEEHOCTEESHRHCLVREDEAR R ENOEAKRREICHE TOROERMSAE L RO DO
ERBEERL, RERBRIT, RRMEMALL2WVTEERRE LRIEE LOGRIRIE IR IC R
DIR—CEERRICELWE R CEEKE R, EEOTH TRIEINIEARFEENEETD
FTRBEMGEL, Z0BRE, RRFEEZTFETHAIIENLARZBREITIER TEXBITE/N
&, BEABSEEIEESEOEARBELNRELOILOLSE -~ BEEBREEERDDIILNT
&5, OGBS FHIRBRERM THALLBIE KRR EOFEHIZI W T E LR B ITHIE 2 Bk
DHHIEITRENTND, LIeho T, ERAEIIRERBRERLAWVT—ERDNITH2THD,
ARERBYREREE LR LS, RBREMZEETHCICRERBRE EREL T, FRRAN
RO EREIITNODOEHEITH LT 3% LUADBRETH T,

UTFICERRROFIREZT T,
O ZHRBREROZBERBRE LAEE LOMORRBEIIIAYY DHAZFEOFHE THLAZD
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Table 2.1 Hydrogen pemmeability of high-temperature alloys

No. | High-temperature | Pre-exponential factor K, | Activation energy | Temperature | Ref.
alloy [cm}(NTP)cm™.s'.Pa®9 E, [kJ-mol™] T[°C]
1 Nickel 7.73x10° 54.84 - [18]
2 Inconel-600 2.22x10* 66.14 800-1000 [16]
3 Incoloy-600 1.00x10* 64.05 700-950 [15])*
4 Incoloy-800 2.13x10” 69.07 800-1000 [16]
5 Incoloy-800 5.45x10® 64.05 700-950 [15]
6 Incoloy-800 2.31x10™ 741 600-950 [14]
7 Incoloy-800 9.77x10° 741 649 [11]**
8 Hastelloy-N 2.59x107 77.99 605 (113
9 Hastelloy-X 5.62x10° 58.2 400-600 (17}
10 Hastelloy-X 2.00x10™ 66.98 800-1000 [16]

* Some oxide film influence suspected.

** For deuterium

Table 2.2 Activation energy and pre-exponential factor of H, and D, permeability

High- Gas Temperature Partial Activation Pre-exponential factor
temperature | species [°C] pressure energy [cm*NTP).cm™.s".Pa?®9]
Alloy [Pa] [kJ-mol’}
Hastelloy XR H, 570-820 3.95x10° 67.5 1.02x10%
T T 0 1.01x10° 68.1 1.01x10*
1 0 0 1.06x10° 66.0 7.8x10°
T 1 0 Average 67.2+1.2 (1.0+0.2)x10"
0 H,* 1 1.06x10° 70.2+2.0 (4.740.4)x10°
1 D, 670-820 4.04x10° 76.1 2.31x10%
T T 0 9.89x10° 76.9 2.63x10™
0 0 T Average 76.640.5 (2.5+0.3)x10™
Inconel 600 H, 669-819 1.05x10° 69.1+1.2 (1.9+0.4)x10™
0 D, T 9.98x10° 74.7+0.5 (2.5+0.3)x10™*

* : Some oxide film influence suspected.
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Table 2.3 Main specifications of experimental apparatus

Test section

Permeation test pipe (inner)

Pipe material

Measuring pipe (outer)

Pipe material
Working fluid

Electric furnace

Maximum temperature
Maximum pressure
Flow rate of gas
Hydrogen measurement system

: coaxial double pipe and electric furnace
:24.8 mm |.D., 31.8 mm O.D.
3.5 mm thickness, 1000 mm length
: Hastelloy XR
:50 mm 1.D., 56 mm O.D.
3 mm thickness, 1000mm length
: Hastelloy X
: Hydrogen, Deuterium, Helium, Argon, Nitrogen
: Main heater 2kWx3 regions (vertical direction)
Pre-heater 1kWx2 parts (supply and purge lines)
: 900°C
: 1MPa
: 100cc(NTP)/min
: quadrupole mass spectrometer
(*1) normal condition (20°C, 0.1MPa)

Table 2.4 Experimental condition of deuterium permeation

Test Heating Set D, D,
No. Pipe No. Time [h] | Temp. [°C] | Conc. [ppm] Press. [Pa]
OD-1 TP-1 150 850 1.01x10* 1.01x10°
OD-2 TP-1 150 850 9.91x10° 9.91x10"
OD-3 TP-1 150 850 9.91x10° 9.91x10"
OD-4 TP-2 1000 850 1.01x10* 1.01x10°
OD-5 TP-2 1000 850 9.91x10? 9.91x10"
OD-6 TP-3 3000 850 3.93x10* 3.93x10°
OD-7 TP-3 3000 800 3.93x10* 3.93x10°
OD-8 TP-3 3000 750 3.93x10* 3.93x10°
0OD-9 TP-3 3000 700 3.93x10* 3.93x10°
OD-10 TP-3 3000 850 9.90x10° 9.90x10?
0D-11 TP-3 3000 850 9.90x10° 9.90%10?
OD-12 TP-3 3000 850 9.90x10° 9.90x10?
OD-13 TP-3 3000 850 9.90x10° 9.90%10?
OD-14 TP-3 3000 800 9.90x10° 9.90%10?
OD-15 TP-3 3000 750 9.90x10° 9.90x10?
OD-16 TP-3 3000 700 9.90x10° 9.90x10°
0OD-17 TP-3 3000 850 1.01x10° 1.01x10?
OD-18 TP-3 3000 850 1.01x10° 1.01x10°
OD-19 TP-3 3000 850 1.01x10° 1.01x10°
OD-20 TP-3 3000 850 1.01%10° 1.01x10°
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Fig.2.1 Rate-limiting steps for permeation [Ref.12]
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Fig.2.2 Hydrogen permeability of high-temperature alloys
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Fig.2.3 Hydrogen and deuterium permeability of Hastelloy XR and Inconel 600
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Fig.2.5 Experimental apparatus
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3. R REBE

Table 3.1 (ZINELEIZ L>TH AR SNZBEIES EAROFE R EIZKITTRELRA DD
CEBLERBRERELTT, RPOKEBIZTAENEND, RBRES, HALZRBREES, M
IVERESRE, A SNBSSy FIREE, BES TR (ExhRE) oMk, BT ADEKRRE,
BRI ELRD I FIREK I 0 O EAKRBE, BARRS0ICRRE 2 EL TR
CEB LT RO E, HEEILRBAMICERL QWKEAREOHEME, EREER
R OZOF AMBHETHD,

BAEBBEREERDBICHI>TL, BENTL=URARIOBEOEEL A0, ZHHRBRICEIT
AEERBRE O# G M EHRESKETHY, THETLREROFHEI ZVRBREIRE O RIERH R
PROWCESRBEZEHLE,

Table 3.1 FOEAZFZBBRIIAKOHALFRRICL TR, RBRELFZRTOIEAROERNM
¥ f em(NTP)-s THE A F O LS KD HN B0, TABFOEAR L ELSBRE AR LIZEKR
ENPEELDBMENLLT O Sievert’s RIS & T 5,

Cs =S pDZ (1)

ZIT, CoidEAROENBE, Slem3(NTP)-cm3-Pa S IEMRE, p,, [PalidKAEDEKRS

ETHD,
AEO¥ZRE rlem]edhid, BEFERITRTELUTES,

J =-D,(r/r.\dC, /dr) 2

Ds [em2s 138 Bk 2 EAROIEHRE TH D, R(DEZX@ITRALTHEZ $HL TRER
60

7, /r)(\[_ ‘/—_) ®

ZIT, pipe PallI TN ENBERBRENLREERNOEKFERETHY, 1o [em]iZRBE DH
BENETHD, KRB TIL, RRENZHNSHGETFOEARSETI—ELREL, RIEENEK
ESFETHEEFANTER, HOTIHERSOHTE CHELZEARBENDORDIIECELOLR
FLT, HA O TOEREREERF V-, Kplem3(NTP)-cm'l-s'1.Pa ik TR TRENDIFZRAKT
HD,

K, =D, S =F,exp(- E,/RT) @
Z7T, F [cm3(NTP)-cm'1-s1.Pa0si3 EA BB BIC R+ 8ERF, Fb [kd-mol lidiEHE{L=x
LE—THD, BRI mol LK ixK A&k ES, TKIIMEDOHEIHRE THD,

ULz, B Iem] OAFCAHTIEARZRR @ em® s IINEZEELL TRATR
2D,
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270K
0=2mi = e mln ) ?

I, KxrlINATaAXROFZBIZE THD,
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Table 3.1 Experimental results of deuterium permeation

Test | Heating | Ave. D, supply| D, meas.| Amountof |  Correc. Permeability | Log |
No. Pipe Time Temp. | 1/Abs.T.| Conc. Conc. |Permeated| ofD,Q, cm’(STP) (Permea.)

No. (h} [’c] | [1000/K1| fppm] | [ppmis] | [cm®ss) fem®ss] cm-s-Pa”® | [log(K;)]
D-1 - - 818.84 | 0.916 |4.04x10°] 6.361] 5.43x10° [ 1.51x10* | 5.19x10° | -7.284
D-2 - - 768.561| 0.960 |4.04x10°| 4.614] 3.95x10° [ 9.51x10° [ 3.70x10° | -7.432
D-3 - - 717.88 | 1.009 [4.04x10°] 2.820[ 2.43x10° | 5.32x10° 2.22x10° | -7.654
D-4 - - 667.26 | 1.063 |4.04x10°| 15281 1.32x10° [ 2.69x10° | 1.18x10° | -7.928
D-5 - - 819.05| 0.916|9.89x10°| 3.062] 2.58x10° [ 1.03x10* [ 5.32x10° | -7.274
D-6 - - 768.32 | 0.960 9.89x10°] 2.057 | 1.74x10° [ 6.22x10° | 3.47x10° | -7.460
D-7 - - 717.73| 1.009 |9.89x10°| 1.3681 1.18x103 [ 3.70x10° | 2.25x10° | -7.647
D-8 - - 667.49| 1.063|9.89x10°| 0.809 | 6.94x10* [ 1.94x10° | 1.30x10° | -7.886
D-9 - - 818.98| 0.916|9.76x10°] 0.739] 6.29x10* [ 5.14x10° | 4.63x10° [ -7.334
D-10 - - 760.37 | 0959 ]9.76x10] 0.217] 1.85x10* | 2.91x10° | 1.38x10° | -7.861
D-11 - - 719.62 | 1.007 |9.76x107] 0.091| 7.76x10° | 1.51x10° | 5.67x10° | -8.247
D-12 - - 669.56 | 1.06119.76x10°] 0.045] 3.86x10° | 7.34x10° | 2.70x10° | -8.568
oD-1 | TP-1 150| 818.25| 0916 |1.01x10°] 2.404| 2.05x10° | 9.36x10° | 4.09x10° | -7.389
oD-2 | TP-1 150] 818.17| 0.916 |9.91x107] 0.479 | 4.09x10* | 4.18x10° | 2.89x10° | -7.539
oD-3 | TP-1 150] 819.37| 0.915[9.91x10?] 0.465] 3.97x10* | 4.12x10° | 2.80x10° | -7.552
ob4 | TP-2 1000] 818.22| 0.916]1.01x10%] 25321 2.16x10° | 9.61x10° | 4.31x10° | -7.365
ob-5 | TP-2 1000| 819.87| 0.9159.91x10°] 0.421] 3.59x10* | 3.92x10° | 2.53x10° | -7.597
op6 | TP-3 3000| 818.15| 0.916]3.93x10°| 5.157 | 4.40x10° | 1.37x10* | 4.25x10° | .7.372
oD-7 | TP-3 3000] 768.97 | 0.960 |3.93x10°| 3.905| 3.33x10° | 8.78x10° | 3.16x10° | -7.500
oD-8 | TP-3 3000 718.52| 1.008 |3.93x10°| 2.275] 1.94x10° | 4.78x10° 1.81x10° | -7.743
op-9 | TP-3 3000] 669.03| 1.061|3.93x10°| 1.440] 1.23x10° | 2.62x10° 1.13x10° | -7.948
oD-10 | TP-3 3000 819.49| 0.915]9.90%x10°| 1.456| 1.24x10° | 7.29x10° | 2.47x10° | -7.608
oD-11 | TP-3 3000 818.64| 0.916]9.90x10°] 1.795| 1.53x10° | 8.09x10° | 3.06x10° | -7.515
op-12 | TP-3 3000| 818.77| 0.9169.90x10°| 1.855] 1.58x10° | 8.23x10° | 3.16x10° | -7.500
oD-13 | TP-3 3000] 819.13| 0.916 |9.00x10°| 1.854 | 1.58x10° | 8.23x10° | 3.16x10° | -7.500
oD-14 | TP-3 3000| 768.65| 0.960]9.90%x10°| 1.497 | 1.28x10° | 5.44x10° | 2.50x10° | -7.602
OoD-15 | TP-3 3000| 718.99| 1.008 |9.90x10°] 1.150] 9.81x10* | 3.40x10° | 1.88x10° | -7.725
oD-16 | TP-3 3000] 668.15] 1.062]9.90x10°| 0.759] 6.48x10* | 1.90x10° | 1.22x10° | -7.915
oD-17 | TP-3 3000] 818.65| 0.916]1.01x10°| 0.152] 1.30x10* | 2.35x10° | 8.99x10° | -8.046
OD-18 | TP-3 3000] 819.42| 0915]1.01x10°] 0.077| 6.57x10° | 1.68x10° | 4.71x10° | -8.327
oD-19 | TP-3 3000 819.12| 0916]1.01x10°] 0.106] 9.06x10° | 1.97x10° | 6.38x10° | -8.196
OoD-20 | TP-3 3000 818.09]| 0.916]1.01x10°] 0.054 | 4.63x10° | 1.41x10° | 3.41x10° | -8.467

17 —



JAERI-Tech 2002-090

Table 3.2 Measurement point of oxidized film

Test
Pipe
No.

Heating
Time

[h]

Meas.
Point

Meas.
Direc.
(Deg.)

Macro
Photo.

SEM

EPMA

150

@

0

90 .

180

270

0

90

180

270

1000

90

180

270

90

180

270

3000

90

180

270

90

180

270

90

180

270

90

180

270

O|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0]




Log (Permeability, Kp) [cm*(NTP)em s 'Pa®?|

7.2

74

-7.6

-7.8

-8.2

-8.4

-8.6
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Table 3.3 Measured thickness of oxidized film

Test Meas. Thickness
Pipe Position [um]
No. 1st 2nd
1 ©) 7
@ - 7
2 O) 3.3
® - N
3 @® 7.6 6.3
@ 5.6 -
: a]
@ 4%-0h 04%-3000h | @
A | m1%-0h X 1%-150h
JAY B 1%-1000h 01%-3000h
A A0.1%-0h X 0.1%-150h
A A0.1%-1000h  A0.1%-3000h
0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06

10%/(Absolute temperature, T) [K']

Fig.3.1 Deuterium permeability of Hastellox XR

1.08
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Measurement position - @

Fig.3.12 Photograph (SEM) of permeation test pipe (No.1-150h)
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Measurement position - O

Measurement position - @

Fig.3.13 Photograph (SEM) of permeation test pipe (No.2-1000h)
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Measurement position - @

Fig.3.14. Photograph (SEM) of permeation test pipe (N0.3-3000h)
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Fig.3.20 Results of EPMA (No.2 - @: 2nd time)
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Fig.3.21 Results of EPMA (No.3 - @)
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Fig.3.22 Results of EPMA (No.3 - D : 2nd time)
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Fig.3.23 Results of EPMA (No.3 - @)
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Fig.3.24 Results of EPMA (N0.3 - @ : 2nd time)
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