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ON THE OXIDATION VELSCITY OF METAIS AT HIGII TEMPERATURE

Kurazo Fukagawa. Rigakulalkushi.

ISYNO.PSIL.'" Known papers relating to the investigation of oxidation phenomenon
for metals at high temperatures throughly studied are very large in their number. But

,they are only results that concerned the change of weight with time by the oxidation

and these results are not sufficient to deduce the course of 0x1dat1on of metals. More-

over, in the limit of my inquiring, papers premsely discussed on the theoretical side of
this subject have rarely been contributed.

The known equation that expresses the oxidation velocity of metals obtained theoreti-
“cally and now geuerally used is as follew:

R .
%—? where R is a ‘some _constant, in the Welght of 0X1de-ﬁlm, t the tlme, and

this equation is taken as can hold in the whole range of oxidation.
However, in my consideration, it may only hold in a very narrow range of the early

~ period of oxidation and not in a whole range of oxidation as usually taken.

Then I have theoretically considered this problem and arrived at a some conclusions,

that is the 0x1dat10n of metals may be divided into the-three- stages, and the above
"expression may be considered as only applicable to the second stage in the course of

oxidation of metals. The first step is the oxidation of metals in no presence of oxide-
film on their surface. The third stage is its oxidation after some measarable oxide-film
produced on the metal-surfaces. : ‘

The author have theoretically derived the expression of the oxidation velocity of
metal for this third stage. Practically the oxidation of this stage may be considered
as important factor, if we are reqmred to compare the mnon-oxidisability among many
metals. :

The experimental test for correctness of the expression deuved by the anthor is now
requisited. The author now confines himself on the investigalion of this point so that

‘ defers to future for its contnbutlon

-

i

OE B R BN T 7 B TS 7 2 4%

SR AL T B ARTRCE S LTI
SR O (k& IR BRESAICHIL
BRI L 2O THIH TD B0 HbRERILEE
& ST 7 2BAE & 2 i icl LE—H5 2
(CoARE 2 B I G B 2 BT L, /B
EHILEO KRBT 2 IR I i

DR QTR ML LI L7 il & Vb BRRE

BR O 5 NEIC B TE BN, RSB

HEBT HICE TRBEH LD, HhhE 4
S BRI ICHE 4 S ERIIRAE & B 5 51
B TARSE L& i F OB LT 285 A 2 ST
OERILEE T 1338 Lé’%%@% ZEERFBOL D, Ik
PEAEEBEEL T ASIHORHEOBN LS
IR LTz 2 b ORI 20, 28

OEBNTERFEILOWED % L4 bW HHIE
IR LIEECR Y R BRI LD M




HJIJ'R' 9N 2 - C’K/

~.;zmmﬁ@%EM@§mm D BRREAT TR

844 B w mtAE

oA

RTICBI LS e TROTD Do WCIEOFED
ﬁ%mﬂu@ REICHILIEN T BB EFI~7e b
DTHY LK1 %o

—-w

Langmuir Ko 40

Qi
[}
3
3
@)
on
S
o

) . No.1 No.2 J913
Jour. Amer.Chem, Soc. No.1 1919
RO G — BT HOMTERNCHERAALL Y

v XT/-f%? 00001mmHg &_’o&?ﬂzﬁfsﬁé .
ﬁEFT%mgmﬁﬁé&kﬁ%%ﬂ RHBEICE

 BICHIR L 0 Th %o MEOLOBRICH
TR MRMEERBEES AT v 7 AT
Icfifge3 % chance i H LESiTEBR &
DIOBRAGHEER L HBE LB TD . RIHICE

BRI s B (RIEFC BB b, BLEE
OFEAIMICIH OB l:}};‘%ivi/\i\g@ﬁiﬂtﬁ BEICRIET :

BB L TIRIBA EERENTHRVWETH 2,
ETUE SRR L LTORES T oS BRI

AT SRR LTI O BI £l

{3 3 35 KRR HSE 7B C B 2o ERS
 BE A EERL L ORI
PEAT B, B0 5 I KIS
- BW B B oeAT & 3
24— BB IR L R Lo L
B4 B UL OBMLBEM TR 5 BRSO BB
BB O £ R HRCE B T & —i
HICH~ D % \TINCD Do BRIOUA LEAD
k. Laﬁg&hdirﬁé@ﬁ@ﬁ Lkﬁk}f;é}'@EOﬁ’E

- EETT REA LB A R TIREIC 7 5 v b A

‘fmo¢%kﬁw@%aﬁz¢@%@¢%%%wa
LT ﬁﬁmér%ﬂummkm ABRALBEO MR

e B
Bz

<g

)

N

=1

K Do B

hxl 2 BoGEL 255
4—-)&

P
QN

E

 ~£EKEwm®n@@u£§m1 Jei & g

HLEKT SOTD S 50 ILOWINHEE O R

PRI

ekt~ HOES ¥ #gj;n?‘ .

miLk%AEﬁ%imﬁ %0%%@m£§©

’A%ﬁ’i’%) 2 EH EEND Do WICIHOYAESE

B O L EE O Fl e IR B LEERIC A T 2883

rEg V- A LB 5,

LEAWI LT L

FLHT5 T OB O LTS B P
Do

#%@@&ﬁﬁf@ﬂ%%ﬁ%
%%@EEDEFJLK%_L‘B Mﬁ%@@ﬁﬂﬁrcﬁ*

 U%@wL§fﬂwﬁE%T£“an%ﬁ%ﬁ'

7SR ; ‘ R
» dln R ‘ . - v’\. c‘.- 4.' . '
dt *.—IE' ' (L
fEf me B tﬁOEg oo BRI

ivﬁﬁ EJ?LEC—EXVC@FH ‘C‘WL’CE Z> z & ﬁ\%ﬂh‘/‘co

btk Diffusion-law X DiFdhil7e? ’67)'“

THHEEENT S, BIHIR

dm __goade T

“ap T KA e
@ﬁWL%%@aé«Bao ,

Ky JecEpemt A &w&zu&%¥

T

A x‘=—Am?’; WHE (AL p—BILEED Density
- (1D RKix
dm 1 ae, de
as KA dm
211 __ddT "—Kn &KZ)O ,

KiC »C%i , fﬁa\)w*c%.&akc

=0 &5@?10 Ui

c=C
Em } 1;=X1 D ?_ 1&“&@”
(‘130 _~—~— EiBe oo BREOWRET
m - : Lo

4
A N

VY



RIBECRY 28808 m&&waf . 845

e (D). &
1;

%T I{IICO—— - ‘—Rﬁ“& E 6 [} J’

BBN bomg BT Dlﬁusmn law X )’;‘M‘(-
RN ST BRI BN B IR RS
Bl
IEORCHEPT 5 b B SECREEFRT 5 ©
RCRE~R AR

J%ﬁﬁ@ﬁmﬁﬁuﬁﬁ%%@

_ . m=0 -0 (a)

x=0 AbE C=Cprorrrens (b)
M= e- “(e)

X=x BEbiE C=0'}’ ..... (d)

mﬁmtmxTé& | R

(a) (b) (c) @?IET Z)FEihKV\%D (d) kif&_LL
TOBRICHE~D Bo 5 L () 19T 5 L r il
IBRROETT 2R HICRALE L 2B & O5A.

_m#fu&%@Fanzaz$§fé% WET

na&%&mﬂébkﬁiﬁ%u%<%§ﬁ@&

.mﬁﬁﬁ@%é%sﬁgﬁifééﬁo%DE@

Langmuir Ko EERICH ) RAMAS 2 & 43
BN, A & RLERKICRT DB ©
T EE T CRBE CHE LRESTolTa
~VEHEBRINTELNOTED,
Rate of cledn.up of Oxygen at Various
temperature—%{i-—ExM 6p.A -
K E@ﬂ#%ﬂmﬁ"b‘ SERE  p @%Rﬂﬁ@
B A-(prrx 7‘/1‘%]7)%@% t- - IRl
E- -B#E5 T4 filament &2k L7cRORE

temp.  ECERMED - EGHID

1,070°x 000033 -0:00016 -
1,270 00011 00012
1,470 00053 1000525
1,570 00094 0°0095

1,770 00255 0°0256

2,020 0049 . 0066

2,290 0095 0148

Itk Langmuir K (Jour. Amer.. Chem.

. ',Socf No. 1 1913} oBE ¢ EO—ITH 5o

E s 1 X DE’J‘K%gl@#ALKW@%
SFOBMFERTEE, EU‘E (d) 0151(;3@%‘?”‘3’]
CREHE,
ﬁVC X=X Xk m=m %3 c=c ME%

. RDE v ‘
dc ~_(e—e) dm KA2P((’0 Cl)
dm - m at m’

ﬁut%ﬂ#(l)fm%bma%@

" R=KA’ o(ey—c1)

Bl c=a Constant ¥k p~E7E, -
Mﬂﬂ%mTAﬂkouLD%%lbdm =
ESEEn mw$*éféaoﬂk&#m%«55{
H RIS ORISR L VBB 0
FIWNCR T BRI cy—esa Constant & =
RALD . DRIEOBIRO KIS % 0 IO EN
MR 0%, HciommiRicc S0 =R

dt m
Vi’?UE’]KWJ.TZ)g:VCK%o ‘
dm R

‘ E“—* I ﬁ’?ﬁ%(t—*xéﬁ%gim?]

» Jour Stanley Dun 0#%% (Jour Inst. of

Metal. No. 2. 1931) PO B RICHKD & 5§
BATRLEE I B L7 s RERO BRLIRE Y Tdkr

dm_ I‘Iblimﬁmura%o
“dt ‘m .
. md dm
time m- 1 =R VVdR/R time m: at =R dR/R
T 025, 0445 . ,3'0;,, 0343 .= 22:59%
05 0430 - 34% | 50 0320 — 280

10 0400 —100 | 100 0237 - 355
20 0360 —191 |

H#E B3I BRI 5% R ol
%KﬁHOWﬂ&%K%$T6C&ﬁd&R
50 ORREI (ID ROFEERDHE
FRTOTH B, s Stanley KZJLiLicE L
OREAICHBILT . RAEBILTRM IR HER%
© Permeability 23E TS 2 WE L2 L



846 R s AN o

O\ B
\‘"\'T A 4 ' "“:‘" . .
WNTIED o B O InE R 2NH%0rw%@ Nia0s O p=484
Kﬁéf’(i&( & }6 g-@ﬁ@ﬁ%ﬁ e ‘ E B [ 1 00000 ' |
bivAd P = 27 o} 5 ° ; . . N \
BAflc— e Thi0 & LTHR = Am . (dR ARy 2dA
VCﬁ‘J ( ﬁ@f@l?‘]mﬁ\f E— Am. 8, m At (E-)ebs v e (\ﬁ. cal A
00155+ 51 0015, 0000045 — I SR —
& @ Z,i,,g fa@:@ | 00088 10 00238 0000042 — 67y O035m 2cm 03
& # HEORHE 00053 15 00291 0000031 —31'1 0348, 1997 — 098
Vcﬁez,,%ﬁgm%ﬂbuﬂy&of 00044 20 00385 0000029 —355 (348, 19968 - 104 .
b =24 Vv, g 4E W S e . . ) )
; E%%ﬁ PICRIE Y% o, | 00061 5 00061 000000745 — — —
B Stanle OF 5 | €003 10. 00091 000000545 —26'8 0349, 1998,  — 066
o y & BRAE 00015 15 00106 000000817 —57'2 . 0'349, 1998, ~ —07

- Zigho Permoability 25—
m%fﬂﬁ%%%& mmbk<ﬁm?a&@ﬁ
BEBEBTRVWERICBEN S, BRALOHEIC
B LS BREHOETCHET 2 0Tl
EEAT, ENicks R ~OBSch LEg.
| ~,&»mﬁ%@mmﬁiﬁﬁurﬁk'c@%,
%k®%ko |
| o R 5
%\‘:H‘mﬁlf%‘%? P ,=0'85em % lo=20m
%n#@ﬂént%%&@¢& s
%,h&?h@

: : V= "““/[3 '7T+J'Yg477'2+2772]0’)’05"!‘71‘2!02’}’0—72']0Amt

7;'1

k%% AL Am i §RHICEE: LRibbo
. p BRRLBEOME, KO TIOWR L b Am,
WL b vels EEHE TN o KICTHTE
%EAﬁﬁwéﬂ% EwﬁhE%@M&ﬁkn
ETREEEOSEEEIL 1A [TTRS 5,

I 0-Zn0 ZnO @EE{ p=6'57
E A"'té‘m;\) Am ;ﬁmé—‘ 'n I i}‘i_ﬁf} |
; o J:{; : ;A
wTg
-O'34, R
=084 - o
=K,
(’/Aypo
45 Lﬂ? @E%E{I:H#FLWU%%%K%IB?M L?‘to L

250°C 00001 5 03496 I 999, "
©300°C 00002 5. 0:3496 1999,

, 350°C 00007 5 03495 1999 —-04

J;L_hoﬁqn(%fi)cal & 7, jc, AIIIt; b | t R

%%K%U%ﬁ%ﬁﬁ%ibﬁﬁtk%o%o

f&@%@%ﬁmm%a( ( cal
EOENERTH S, @%IiEﬁDﬁF@%E
EE%OﬁTKﬁ?%g%&%K<&OkO%E

 CRTHERIER Lako7e,

_%%=liu@ﬁmm%ﬁ BkIC b LB O

ﬁmaot@&¢bkmtaﬁmﬁén% m
. ET%‘%@iKFTﬁK%ﬁTM%&%‘Q%%@

qu
BR AL 3E Eﬁ@ﬁ%
AL &&e@&%ﬁ@@m@mﬁmwéw

SKIAF ORI KRN D 15, 0B

%©%§ﬁ£®%”?%fﬁK%LPWﬁ@&
VC}H{‘JVC;%&T%#@E%%PI Fouher s law X

P } L
"(ﬁﬁ—l§+-‘1aaﬁ%&%zo_
7 ¢ o.p dx -
RABRLELL 08 & OSTENS SBTIHIC

BRERO TR LB b B, H LSS

%@%@ﬁﬁkb&?nﬁmﬁf©ﬁ$©&ﬁé/

e b

. NDEER

(&) kACTTéﬂ%o ,,@;

MR e LTRo ST R SREOR




%%EK%H%&E@M%&E%%mf  sa7
BEASEICEMES B dm__gadl porzznsat
() kAC e nn, OBET SR
o t o.p d a
L K @m&mm#wa@%@ﬁﬁﬁg ‘:*g%—KACwe& &a%o“
,Eﬁ v#’x=f%-&%u MLﬁaﬁﬁum
| G B BE O '
o BALBERICR 5$$@m%§ th#ﬁﬁﬁﬁgf@Bmmﬁaﬁm
S @’”ﬁ%@ﬂ}ﬁ dm KAC
dm _ o "
. o T WBe” pa&5 %ﬂ%ﬁﬂ%
k $BORRLEEE X fA.B © AP dm fKCodt X D
A SBoOEEH p . %‘c
) e 5 R ARY - EANIEY
C SBEMLCKT 2Rk A 7
b e ki t=00&Em= Ofumﬁ¢&5
Efﬁ’éﬁcﬁﬁﬁ%ﬁﬁi\ﬁ%ﬁé?%% _&'{C ei ; ‘_1_ KC()@ ) |
(dc =0 ¢7%% N .
at ° ORI LS i&m%ﬁ%@mﬁéég&

>@B@mﬁﬁwﬁ%min%Gmﬁmm%mf
BRI 2. FORRBIC CHREEBIR ST T 5
zkThd,
ﬁm~§%giikmi&%ay?
Mg C=e ™ kLT
g=x( LR ) 3.
Mol — et C=Ae*+Be F* 1432,
ALU:D — IR L& Boundary Conditions
?r:kb X
x=00&% Co=A+B
x=c0 O¢% C=C(d3—2MH)
Hic A=0 72 BHREH 5,
e Co=B L% %, |
mfmmﬁm#H%@§E%k§© SRS

C= %emwfmé5‘m@f;b
de '

= -Bx 4H
. CoBe %ﬁéo

TR OB

B & OB X RT OTH 5o HICHLOBIER O
EPR kDL,

(XAopNy L
8 Qfﬁ_),aakut,,

hom (&) enee

B (ko

Hic A" (KAp) m 7%, Ll

BIET1 X W/ TH2FRBEGRT 2 cHL Zwv,
ieie, Aplste LT

1+Jiﬁrk%(Bm)er%ﬁ%+1,

Ap Ap
%5 %,
£l AP 2 A. 2
e (m. £, ) —9KA 2

WO t=0, m=0 O} ¥ W 2 HEHE )
WA ERT . RICEE R o SRS
BEREX D (m~t) ik kD5 5,
BRIEBRRICHETIER
SBHEALE 2 \ BAEBOFEIC T (m~t)
MRS B2, Ul % B2 & —fkic =0 K



s arm

’a’—iﬂ* N B N8R
FICRTHRIBEESER TS D, B 550 T w0 @m0 3
aim=0@boc%$iw& ZAHETH Do HETARE LTRBORILEER £ B~ 20 f
ﬂandﬂ;'?_a DR DKILT ;;,%g:,T Lt EORMLBEORALL wﬁéﬂ%ﬁ%ﬁﬁ%ﬁé_@m A
5. MBICEROBY LRI, t=0 CRTIE E%”’?@%ﬁ‘@ )

‘31‘? CDA_?(kKap)’f " Tqp CEAG TR,
aKOT&mﬁgmﬁkfaaaas&x@<m BL. Lo REROMRE, kA RERL 7
—U%ﬁMmTEME&~ﬁLEm%f®%O RIC B0 BSBUEBRRAR b ORI IS
4 @ﬁm%mﬁbtﬁéa& dm Ry S

dt m dm _ R .. .. . . :
CEBMIC b E L R, | _dtf??'fééﬂ%°f S
| %nwﬁaﬁmfiﬁ—limtzomﬁm% %Ktﬁikkﬂf%%@ﬁ%bko -
0 BB LB i B~ 5 BIRS: & BB O E "EFfKA%&’“ TRERD.
BCBRN S, Em%&%@aﬁ%‘% Lz t50 B fiiL 8= (kiap)
FICRTEIE B LB RSB IR EROBE LRI GRS ERO
T OmERBICR T RBIUEORES RS ERWRIIAS LTk b b B R SECHLIE
- Toka &z Comparable &2 BORILEES  HTH %, EOTHALREEBTETEI. K L
;,Wuﬁﬁm%OTiménfEkm%mmézﬁ (LD iﬁ%oﬁmkﬁﬂénk%%mﬁﬁm;
REBNTED, BEERT  (SHEEERIT
-



