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Study of Pressure Dependence of Permeability in

Hydrogen-Nickel System to the Design of Hydrogen Detector

—— 3 tudies of Small Leak Sodium-Water Reaction(9) —

—— Study Report of 50MWSGTF for Sodium-Water Reaction(3) —

Naomichi Kanegae B Teruyoshi Norizuki k¥

Ichiro Ikemoto ES Michio Tukiji kk

Ko Hashiguchi* Kunihiko Hiyama sk

Masao Hori 3k Tadao Takahashi¥k
ABSTRACT

Generally, in the phenomena of hydrogen permeation or diffusion
through nickel membrane, the relationship between the measured pressure
P:p(pressur;e in vacuum side (mmHg)) and Pws (partial pressure of
hydrogen in sodium {(mmHg)) should be according half-power low,

I
Pir o= PNH/2

But some report indicated that the abo.ve equation is not realized,
and the same phenomenon was also observed in our in-sodium experiments
of the SWAT—2 and 50MWSGTF at PNC.

This phenomenon is very imporltant in the desigen detectors,

An in gas experiment {(range of Pms; 1074~102 mmHg, temerature;

5 stages of 216 T~ 505 C) was performed using the Nickel Membrane -
Ionpump Type Hydrogen Detectors {Thickness:0.25m, Area: ~ 150 ¢t )

in the 50MW Steam Generator Test Facility of PNC, >and empirical
results for the pressure dependence effect on the permeability K that
could be employed in the desigen of hydrogen detectors were obhtained
as follow,

1) When PNH>O:5 Torr, K is found to be independent of pressure

and the temperature dependence is expressed as
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K=k exp (—E/RT)
Where, K is a constant, R the gas constant, E the activation
energy and T the temprature.
2) When Pwa > 0.5 Torr, permeability K* is expressed as
K¥=K.b Ppg/m
Where K is the same as above equation, b and m are constants,
This indicates that the pressure dependence of pemeability
in the low pressure range tends to be expressed by the
Freundlich’s adsorption isotherm equation.
From the experimcnts, b and m are determined as follows
(these were found to be independent of temprature):
b=125, m=2.8
3) If the relationship between Pws and Pir is written as
P o PNHl/n

the combination of n and m yielde the following equation

-+

i_1_ 1

n m 2
The valuevof n was ¢xtracted from the data of in-sodium

hydrogen detectors in SCTI, Phenix, PNC(SWAT—2, 50MWSGTF) and

this work., A good agreement between them was found in the region.

1.1<n<15

* Fast VR.eactor Saféty Séction.
%% 50MW Steam QGenerator Section.

O—arai Bugineering Center, Power Reactor & Nuclear Fuel Development

Corporation.
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AEBZROTH DAL KRHBREXREROMEM 3 — 2 IKRT,

B EA By FHEIEIe (#A) ENafAKEEECw (ppb) OBERETRLLD
DT, WhWEERAEFOBEHBRTHZ, cOHILA4F YRy THAOEL ££2CT
DEHPie(Tore) 3, MHEET (BR12 )P ( 2.21) K, §abb,

Pip=22X10 - Ir (3.4)
TEHEMAT S N E (I &P ZHAIBERICEHS) o

IR OFED L st Bl dAE (220) ABLY (31) N5 RES Cou & L2 OF
#Feubb (3.2 ) XOBERERLLZLEDOTH 3,

MEOHBELOHZERBY, ERFERIINE Om & Pir i3 (3 2) ROX St #
BEIEHMTr&d, UL7cdiso TP & P I

Pie ocPNlﬂ/" (3.5)

2

v

n=1
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OEBHEMILL, FSWAT — 2Rk nild
n=14 (36)
BB 5,

Fh, M3 -3, BoNLERBERLSKERONI EEBRHEKEZXHERLE b
DTHd, COBBKARDBIFELLTIZ 2250, 12@FE (219 )R CHAEHE
THDPuwm, Poe AL, BEMDEJ, 8, A, Cr FZRAVKEZEMHT3H5ETH 3,
oD 1 DRI 12) D3 L1 BEKTERBR Ltk I iIC, BN TEENERORELE P LE
HtoBfRTLbs

P P .
+1n (1 — )= ——K_ A — (3.7)
Puu Puu Z'V'd‘PNH/‘,

TCT, P B#lt ( sec VBT AHEIEN ( Torr )

Pua: NafIKESHE ( Torr )
A NiBEREH ( cm? )

41 NijEE (em )

VI HLERER (em® )

K : Bl ( cn? mmHg / s ec)

hoRBONE, THLE, BNTFHACKHOEN—BMOBRLESRES (3.7 )R0O
EAEEMt OBRAARLIEBEOZOEEDLLKERDE EDTHE,

B3 —3 FEFETRLULERD, EROFT( 219 )Xo RKDLEDT, HET R
LizbDm (37 ) XPoRDALSDTH S,

Nw, AMTERE 2R (AL YRy THIEESH1 £ sec &2 £, sec VBEKL
O, FXE12) FEGHAT L EBY, YT Y BARHOKEHRI BOBEICE -
TN HTH 5B, '

U EOMELS bHIEEBD, SWAT — 2 OEBREETIINa BKESE Pue A1 1071
Torr 5 3 X 107 mmHg OFE T, FBRKICENEREE ( Pru REHE ) BBHIINT
Wi, ZOERE, LD 20RRIFETEREREEE L O ODET, @
DEHNE THEETEETHO, BIBEHOHE( (3.7 )RNickBHk) Tld44 v
Ry TEEORECEMoEBAZIRORECELALERETHo T, BROMBOWE
HREDEED DO IEEBHEMETH 2,

1.2 B50MWS GTM:%@%%IQ)ZS) %)

5OMWSGTFBONa BAESETAEROTERLETV ZFRBHERICOVTEEE
WER13 Y ICERMIER L, T, Na PREABRBREC DO THREZFLER 14) KR LT,
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FETHINFORGEOODLAFEEICHAET IFRICOVT, &b RMAOCERKL -
HAPHBERELPLCRAL, RO OERER LTS,
SOMWSAGTFRAONa hRKEFZEESZ (EV ) B, BAB (S H) IO 23452 e
(AEXDOLDT, 2ORMUBLUNI HEEH T3 —4, B3 -5 KRT,
FLEAFEHOLIBEREERS — 2RI EBDTH S,
(1} A 2 BRRE IR
A ARG, NiRH1IRHCER SN KETAETAIVHZ O RERETE L,
HFEB L BN TERBLTICLEL D KEHOF AT HTEHB B LB BEK %
Kb DTH B
FHABOEE, ARTFIRFOFMISEZLM 13} Kb L{ERLALDT, T3
#HET 5,
B3—6, M3 —-73HAFKEIEPcs (mmHg ) 44 v EFHTTe (4 )
OEFEEEV fl, SHEOZTATOWRKAFTTRELEDDTH B,
EDSWAT— 2 DR THAH3 —2 LERRICPon BEFE (BRDE DTS5 X 10T mm
HgBLF ) TR 1L2RACEs> TRV EnHE, FFERE2EEE (219 )X %
VT (AREPun £Pen THADLIHBBEKERDLMRN D3 —8, @3 — o
Thodo UBEHKCH o> TRUTOREZERL 12,
(i) B3—6, M3 —70BIRLELATYRyYHAOTIe DA A YRy vy &
7Y FEZES2HAOKEOHCIIHNEERD 12,
(i) doAFYRYTREMB (44 YRy 7HBENP: & 1 OFFEATRT BIEH
BI)EBOTAF Y RYTEENPre RO T,

NE, FREFFICHCOO L 2HBOREHBLTAF vy H 3L T, KFILX
ABEATVHEBBHCBI 3 THThORERBEB T3, CHhEOBROEM
BEEZEXH13) 2B I o,

@iy KDohr PiefELPaufEERE (219 ) REANTKERDI, 7KL, FERX
FOREHITLUTOEERBV I,

d: 0025 (em )
§: 315 %X 103 { cm® “sec)
A 147 { cm? )
Our:. 40.4 X 108 ( cm® /sec)

V) LtREfE0>L, 14Xy THIEES OE HIEFER, BFHB (2ETHE 13)
WECHER ) 0 S HINT LT, RESHEE TEEHL L,
V) NiE1 ®REoKZESEREEER L DOEFRA LY, ABCERTERIECL >
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THMRLI, COENIEHNE05 T~216 CATHFEVEORELFERTH L C
EREBYy—FH T VA t“[/—-‘/a‘/ﬁjzﬁ'é@ﬁiésiybﬂir‘:o
) BoNkEREIROEHHBETS 3,
107" < Peu < 102 ( mmHg ) (38)
Ni [HEEE=505 406 333, 304, 216 T
UEBoNL#HRLPOFBEKCEBLERLALBRAUTOLLITH %,
(A) FEREYFME i
FEBEKEH AP KEDFEPew OBE%S, EV, SHE LUKSBECH LERLL
3—8, M3 —-—9hoROHENHS,
(a) FBEKIEZ, HPon =5 X 1071 { mmHg ) LL LTI, SEBEICHTL— EE

I

(b) Pou <5 X107 ( mmHg ) Tid, MHHE LK & Pes FEROERND
%0

(¢} LictioT, KOENEFHER, FEREFZTE S X 107 {mmHg WA FTET
BENVZ B,

(B) FBEKOHEKREHE
BIIEWCEE Lk DT, Pon > 5 X 107! Torr OEHATHKII—FENZIDT, T
DIE OERECRY 5 2MEAEHEE 1T (1, °K) THR Lo, Bi—
10 TdH B,
—RCBEBEKRIAE (29 ) ATRLALIKKRRNTRDbEN 3 ( ENREFH
DIOERT ),

Ep
RT

K= Cpexp ( — ) (229 )

HL, Cp : BBHH ( cm? 'mmHg%/sec )
Ep : HROLEMHILT A v+ ( Kecal / mol)
T:E E { °K)
R : H 2AEH#H ( Kcas, mol » °K )}

EFE (29 )XDCp, EpEH3 —10L9KRDS L, LTODL DI 57,

=8 Cp : Ep
2 {cm® ‘mmHg sec) (Kcat /" mol)
EV il 0. 656 10. 527
S H fl 0. 641 10. 815
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COBROLORDEMOZ B,

(a) BZBEKH—FOFHM ( KRR TII Pou 2205 mmHg B OB ) TRRERND
nTAdLEdiCexp (—1,/RT) CKEFEALTHWEZ ENELDHSHT,

(b} (29 )f&‘CE"éiﬂ; LEzBERKRH 5N/ Cp, EplIEV, SHTEZD OHEENDS
B, @ik —E LT3,

(c} *béﬂtGmEp®ﬁd,Cﬂ??%%éﬂtNiKﬁ?éM%é%@é

Cp=0.766 { ¢m? "mmHgl/z/sec )
Ep=134x103 ( Kcal /mol)
HofELE, Cp, Ep & DEVEEZRLTS,

(@) CO3bEp DERFERIF A Ni BOBETEGLLERTEH B 15, F
BOBROS b, BBOBERDTEEAT 4 1 ¥ —ICHOKTE RIET 2154
ARLEDTEBObEELLGND,

BHE, EFXWE) KInild,
M L 2EM bz A v ¥D=9 56 X 103 (fNi)
10. 10 X 10% ( Ni —4.4V)
BIRIC Y BiERLT AL E 8 =3 60 x 10® (#Ni)
2. 09 x 108 (Ni-—4.4v)( cab/mol)
Y, AEETCRDLEp LERDERRV—FERTEY, 5BOBF OHR
EFTRERTH S,

(caﬂ/n;:ol)

(2) NaFElBER
FRBICHT SHMME LS ELM 14 KRR LALEBOTHY, HBOSWAT—2
KR 2B FREBELFAROSETSOMWSGTFABOTEBLALDDTH 3,
BohiBERo 1MAE®3 —11, B3 —12EnT, ARG SWAT—2h 68 h
HRETHLHES —2 LFEBIC( 32 )ROBRMBEILLABVCEAERLTEY, (3
5 )AFOr GROETHSET &l 1o,
n=122 L1 32 { 3.9 )

FHAREEFROFELORT > ABBEFEKEFEI 13, I3 —-14 DEBYTHS,

3.3 HEICHT IHRE

= Na PAREFHER VARSI ELTH, E- Cambillarﬁﬁr);iﬁ?&% L7, Phenix
E%ﬁf%ybzm%mﬁwé%ﬁ%%&,J-M-Mué?émsmnﬁﬁémwfﬁ
ELhbOonFET o b,

E - Cambillard DEBEICIAETEE( 3 5 ) XPDnBRDEBLOTH S,
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1.13 << n=_149
(310
to1d LBEIEEE 1L 350 C~500C

—F, J-M-Mckee(d, B3 —15 KR LA 2HECES, HYDROGEN
DETECTOR*HYDROGEN METER#%SCTI#BEICHAA, SWAT-—-2, 50MWS
GTF LRBOBEMBL KD, B3 —165, 2OHBED1HTH, xHELS,
(35 )RPOn ZHHTELRDELI S,

n=13 (EBE 900 °F )
n=12 ([BRE 950 °F)

B3 —15 R L7-tkHHETE, ARGONNE, NATIONAL LABORATORY{(ANL)
ﬁodpvnsJ?em%%Ltﬁmﬁﬁégﬁu%wﬁ%%(ﬁ%ﬁﬁlm)¢f1/
2EMICESBWVORA A VR 7B CEORERNHELEHBL, a1 FrE 7
CEBEBRMEERL TS, HOBEC LU, FIAIE, 003ppmiREF 54 & v &
Y THERAEEI21002, sec THAEH1 ppm TIE20£/ /s5ec KELDZBFEHFD,
1 /2 BACECROVEROFRATRAEVALERLALOOTH S,

LivL, SWAT—2 OEBREROFE LTRLAEM3I—-30D35, (3.7)KREHT
FBREKZRHUAFERR, A2 £V TOEBHLE(EBORETRDESDOTH 3,
XGICS0MWSGTFHOKEFTRD 4 4 v RV 7HQMEE (BETHR 13) Piciti])
b, LEOL S CHEEENENICED S BEIR-oTRBZC LEBE IO TV,

Lo T, TDVissers DEFLABAEAZERP»SIOIATUIRZVEDT
Hd,

( 3.11 )

3.2 FREATHENLORE

ABETEER (31 )X LB, THOLEBMEQ NI 1 M ( Na fikE
FTOBEENafl) OKESEPw O12FICEHFILEOCEEE Lo E2ET, K« O
RTTHOAZEEABTAMBECELR L, MEAOERLIT I,

CZTHI¥ED3 21, 2, 3TELARATIHMEL, EBRERETAEE L L ETHEBICH
TEARRERAHT L CHY, LBROBMFHICKRL2EEZON SO THBMFEMELL, 3
24ETHETOMBEROREDAICE > TV E2bDOHPLFIZET LI EE LT,

3.2 1 SMITHELLS®§ﬁ§9) (19354 )
Hid, ERICL> TH 0K F«—EBRCBLIEROMEQ: ( E I BMLYF IZIED

DEBEHOTVE ) ARy, BE, B, SEAHOMHELTFM@ML T 5,

LORR, BECIIEEYEexp ( ~Bp /RT) ICHEAT L LEERMSIERHES R
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TLaEBDOEBRBERENBONILELTLS,
—F, FHOBMBREDOTHRICTRT Z2LI6, ERERBLUEZEEZR~NTED L
OEBEXBROFLEATDH 5,
(1) EBERICOLT
FEHPamicid (227 ) ROBESKITT AT &2 E L, HEICQu B/ P %
WotT7oy P 5&,
BE (/Pou > 15mmHg? BE ) TRABICRS
BEMTREBRICES T,
M3-—-17kKZ01 fizie s, BPOH, xMHELR[AT, BERGEOREL &
BERXR (312 )RNTH3B,
(2) #HROIFMICHONT
iz, FEREBHEFCHL Langmuir ODBRBFEFRALCIIMELRRNOL IICHTHE
HELERIDFATELE LTV S,

L aPcu
=W. B ——— 3.12
Qu W-Per ( T+ aPon ) ( )

{fAL, Qu, Peu : BEHOESELRAL
Wea: @H(WR(27 )EthK'%Kifﬁﬁﬂ‘é )

(B2 TEREET )
CORFHATEETCOERIRDOEBY TH 5o
(i) BHPoREOBEREI~v ) —OEM( 23 ) AL L, 2EFHFOBE (2
L) RBRTTBCEE, BIFKWONVCETHY, EARMITIEQuxy P1pRILYT
Bo
(i) BHEHFORRLORH» >, HRAORL, HB#ZFCLIREREOLLT, K&
ORBCHSLREASELTEBY, RERBHEERFFLLO, CHICERT <
THbo
iy 261, hoXRTHEWI A TNELEBD, BEELBTI3ZFEOHFB/IEC 20T,
HEPEBROHDRIVERRLC BT RBEOHNROFBLIVZENEL 1D THS
EFXLLENLTV A,
W (Nileabetr, $5CRMCPOTHEBLFLST 2 @R, S5RHTHEE
Bemdinn, VO AHEEOELRLIR
A -8 (313 )
T, A SEAEM
e: W #H E
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DHBRCHMICE L, T RREDHRICIERET B EELZ TN S,
V) Zo6elt, Bb—HBIY Langmuir OBRBEERXTRRDOL I CEFRENH S,

P
@ =— 2 5" | ( 314 )
1+ a Pecx

i 2o (314 )2 (27) RicAhhiF(312)XhnEhh s,
ElEDFHliZTTo T BRLEH, (312 )& (227 )RiEF(227) RAEEKE T h
FHZEBH, HoEBBEEBCHTIE,

P
Koo 2= 60 (815 )
1 4+ aPocu

BRIT B, THDOEFBRKRENCOERET 2 LEEHBLELDTH B,
BOHREEDLBTOHFLDOTHE3L EbboT, ROREHD 5,

(a) WEREBXRPTHEBLTLEEBY, Langmuir ROFEAICDITIE, 4FiITHE
ZAaMAT, WOEZ OBRBERLOHBEIBINTLEY, .

(b) EEHELALLTLS, (31 )RXEDHBTFMAET o 2DIF Pou = ImmHg
BELTT, KFRILFTELTOEABEATS 2 10" anHg § TEITHDHR TR0,

() (31 )RKRIEHRTE2ERa DO TOBEREL (FIZIFHBIH BB &EDEE
7 REEMHEEERRLTOR, ERALOUBOBE ba 28U KRN X<
BEIENHIRHMICELT > T3,

v 3)
3.22 WEBBOHiE ( 198654 )

Bid, T -BATHBAELT( 27 ) (29 ) REBORIT B LA2LERL, EFEK
BTk Bmithells EERIERBETCORBIRLADENHHTRERT, (314 )KXDLa
ngmuir OXTEDLDENTVBEIDTHA I EHEML T B,

SHWERBICE>T (29 )RD0p, Ep 2K, hORBRT — & ks 2 AR
(27) B3 027 ) RKXET—2EF2T0, PlAEM3 - 18 DEREFH/ T3,
L, Smithells ODFREZIAFBOEMAETTSIOTHY, BEHI K2 RTH
505, Webb DfER

BE ( Pyy > 10mmHg ) TidQu &y Pou (AT 3,
BEETIZQn (2 Peu THAFIT S,
ELTWaE,
THbb, EEHTEISmithells 2 ( 315 )XOBEABEBLAOKHL, Webb

i,
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C B
Qu:-:exp(-* R;)'Pau { 3.16 )

(BERTNTHEHOLDEFL )
AR A LEHALTNS, LdL, AFROMBAS $ 7/ Smithells FEIFRIC, EKED
EESTH Pn=1mmHg I I TOERLDTTo T,

323 STREHLomHDﬁ%?J (1973 4 )

BRAENSBEEEAZEBT L, TOLBOREREBCRULEEOFEVFRBE Qs
DEAESTS, THOLEBIEOEERL>TQe 3BETT 2 RCHEB L, RHA T E
#1Toto,

FOBBE LT, RCKHOLEAT 5RIMET B E bl £EH O KESBICEK
D3OOEBBFELET S EANT S,

(1) BEFR (FAXMTE>~102 Torr ML) : EBTFOSBHEELNLYD, FREQx
21 RPKEDEPen D12 RIZIHHIT 5,

(2) HPRGESL ( 102 ~ 102 Torr DFEE ) : BILEFBBOEEL LD Qu T Por D1 R
EHd s,

(3) EFESRIR (1072 Tore T )  BILEPCFETIHOPEZBRBLTLE I D, &
BiEeBTERMERLIEDQu FPea @ 1,72 RITHHAT 5,
COERAEXIALLTRELEONE3 —19TH3, FUSERKTOZBEE Qu 2AHT

TL, 2085 LLTEDLENBIELRHTRLTL D,

XS, BAFORBELTH S —20 2R LUATOBRAZMA T 5,4

(a) FEBEIEEAKE (D) & Incoly800 THEIEL, BRIEROEVRETORRE (FRKF

EHOO® ) LRLEDELZRETOER (FNFEHROOO® ) DHEE LT,
b) EEOEWMKET /2 RACRD, 12HMEOETHZERDI 1,2 >
SETNTNE, CAEFAPREEINTVIBARZCLIRILERKOERBTHS

Do
(c) BIUEMREOKETHIEFOOOI2AECEREN1/0RETYD, Lid,
1,2 05 FhT S, |
LFEDESI, STREHLOW BB EQu DENEAELI, T KBRLKE 2 0 icHE
S BT, KEORBEERENS bOTHS LR L,
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2.4 ZFOMOWME
HABBOEHEKREECETIBREILEBENEREBENATEY, £T4LIEH LFMET
Lo biHHETHR, CCTIRAFE( 33 )XT bbb

1
Qu o PGHllz

BT LBOEWIERBEOFOW 2% ER LBFOEELT L LET S,

g, MELEEBY, FETENTIREDBLALRZOHEBEOREDHICEE D,
TORE~DEREITHO T,
(1) Chang dHE (19524 )

B9 3. 21 Blhi & DB|EFI TS 5, ,

ﬁd&ae%NiﬁmswcwﬁﬁéﬁﬁﬁtP%—P?(EHfﬂﬁlﬁﬂﬁﬂ,Pzﬁ
B2RBEEND) OBRTEHELALLOT, BETREEREMS 12 RACIEIRES B L
PELILPTH B, HBOHIZHECD Smi thells PWebb DD E 2 HPTHALL T
W3,

(2) 52 nMmes (19744)

@3*é2M%®ﬁ%WT%50

FREENI BE-EES/NAHOKEHOV R PHRIFBRELLTRRELEGDTH 3,

FEBCELEL I CBRE®SOFNs, LEVHRO Smithel ls ZEOHRLFE

BEBETELTHWAEHE L,

(3) 5'43624)0)%%(1975@)

B — 23 2 OREPTDH B,

T2, EKED ONvfE( 0.4 mmt) KBW 2 FBEEL 1L REND 1,2 FED
BEAZEDGRLABOTHY, ChITah L OoRELABOEBREZRLTVEC &
Dbird,

B, NiAOELBELTOKEOSFIBICHL1,/2 RAIGEHATE RN OERsEELE0
WEEZRLAED, 2oz EDBLELUTOENER 3,

@ Hy (K30, )OBRIKENBEERKESE, BBEN1 /2RUWCESHL N 3,
® LbLELTEASC LR, ¢ OEFER ! milg MTOHCHE LTRBER

BEN TN, . »

@ LidoT, L/2EALSOTOAKKL, TORRNBROZERIELA LTTDO

T TEe,

— 18 —
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4. ZEBEOEAEGFAMERXNZE

4. | EHNEFEWBERXOLEN
FIIEF TEHRBLAFHEH»S, BECROVTEBRVENOL /2 BICEHERALE N & 0D
HECHL, TOMERLZROBUBLFZRHICLTHTF L LT 3,

411 HETNEERH
SWAT—2%DERERTHS (36 ) (310) (311 )5, T¥1DEPwe (2 Puu®d
1V RSP TEESEERIETAEREE, BOBEHTL~ VY —ER( 2.3 ) =K,
(24 )RBB0EL, v—~<n POE( 215 )RBEETIERILAVEVSIEL S
KELWD P LN, |
(a) smithellsm%o)#ﬁ%%%qﬂ’eg< DHFIZEF TEDERUBETHEL, ~V
J~DERITKREDHE (24 )X, TUOLLLEBOBEG~OERIKEDESE,
N1/ 2RICKFITELEEDERIEI>RHBONVLEELI SN B,
(b) Ft, v—~n r DEASEBRAYIC30ppb( 3.5 X 105 mmHg ) ECRITT 3 &
HEBWIC HEDL D en'c:rso7,) ( 3.4 )NBPILLBNET BT LR,
LtcdioT, HBOHEBEXTHS (27 Jﬁ???@ﬁ%@]itilﬁ/f%ﬁ-’émitfo, &
HiviEWebb SN XD (313 )RNDXIWCWETCLRIFEBENENTHA D,
CORICEZLT, (27 )RER3E, A, dBEERLOEZERTHEDL S,
Smithel i SIEW L LI, BBEKKENHENSLBTHSEEIL0RFENTHD,
(29 ) RIROBICEEXEININETHA I, |

Ep
RT

K=Cp exp ( — ) - F(P) (4.1}

PP): EHICLBHER

412 FRAMERX
FEIETHERLAEZ OERBRO YL, BLRHENKITOLAL DL, 50 MWSGTF
LN 2PRRTHE, CORBRERLALES —8, M3 —9hoHicLid, KOF

NEFHEERDTEREA L LT

1
K o Pua (42)

PFEIFLREEIOND, THbE, LR 2EPLSCDENKRECBLTH> 120 &30
TOARTH= 70
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(1) Xt b, KEPuu DEHREBEHEEL G —EBEAR—DOEHEZ o TREA T
5,

2F0, HEXRPRIEEDOHEIZEL LTI,

(3) LicdioT, (41 )ADLIIC, Pue LIIFHERZETIMEXNNRSBEHXTH

A
—F, (4 2)KXFvbW3 Freundlich DRBEZEBERNICHELVL22ECTH O, Smi-

thells ( FE 3.2 1 H) XEM LA LARCHENE LTREFBROBHBZSETH

( Z ORFHFRICIZTETAR O Langmuir, Freundiich ®fhiC Henry, BET,

BT 0B,
G DFEMICONTITIE 2) A4

Temkin, Dubinin-RadushKevich @A TH b ,

éﬁﬁﬁnf:b\o )
XTCZODFreundl ch FEATEHRDOBFICT XN 5,

1
F(P)=bpM ( 43 )
b, m . B

ERAEMHERELTHNWEET B L, FIZE( 27 YREROFELE S,

A Y Ym
Qu———K‘d—PNH ¢« bPwu ( 4.4 )

THDHL
: ¥m (4.5)

Qu « Pnzu « Puu

DEEBESTT %, LicdoT, BETOERERLLT

Qu & Pl (aXx2)
2RBE, BRBEOENKEEHEOENII VTR S 1 bbﬁ.ihﬁj:ﬁi 1,2 FAVICHES 13
(458) (46 )Xds5

(46 )

HAEEBBONERTH S,
(4.7 )

HEBENE, £( 47 )00 mDBEEADRELE-LOME 4 —1Th 5,
L EDEREHZLT, FBEOENKRERICHT 3BTIRIC (43 )XEAVS &5

BEKIROKXTRDbDEN S,

Ym Ep .
K=0Cp-bP . — ) 4.8
NE exp ( BT ( )

i, BBEQuAEDLT (27 )X, AEBRHBROEN T v 2K (2.19) 1720 %
HERDRICTINE, '
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bY E 1 12
Q,H=Cp-b~Pnumexp(— p)(Pni—PMz) { 4.9)
RT
¥ d S “L'm Ep 8 Y
= — P - P 1 P
Pan Gp A Frw exp { RT ) et ( +Gm) 1P
(410)

SECHDIKERLAXIC EROE 2 HARELASERE R

mt 1

Qe & PNHzm: PNHyn ( 411 )
mt] 1
Prr & Pyulo= Pl (412)

WERALT B,
T, MENE LT Freundiich DREFERNEZHAT AL LB OMERE

EFRCOHMIMEASCLE, RATHERT 3, LOL, COWMERIB VDWW 5 EHBE &
LTHLONLSDTEHY, COFBEENKEFUHORRE LTREDROSEEZ T L
WERERIEREVTSEA I, THROLMETERLAEBVALTBRLEODREE S
DRI ZLBETELEEIONS, L L, AMEFERNEAEFZEHSicRNT 28D
ELTRAABREEZON, UTZOZ LB SOTEELIRT 5,

4. 2 HBRBEREOUBICKBIWIEROFEM
3ETIE, ENREHCHETIZ OREWLETTTAR LY, CORTHELRKNICENR
EncEBRE, 3L 2R LA SOMWSGTFIREBH APRBTH BT &2 I bk~
108, TAPORONABBEKOENKRGHICET 3RHERLZILDIELUTOLED
L5,
(1) Pww < 0.5mmHg TKREDEREE LB S NS, (3.12I5)
(2) ZEOENKFEOHENRF (Pax ) ELT, Freundlich DREERXTHIEE ( 4
3 yXJabs

F(P):bﬁ?
DHEBBELRTHAH, (41 21H)
(3) EBZRLLT, Paa b P OMIKAEE (3.5 )XT 1 bhb

L

Prr ¢ Puu
OBROEOSNIEE, COn & FEBmiIiZ ( 4.7 )R THIROEEHRTT 2, ( 4.1 215)
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