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On the Chemisorption of Carbon Dioxide by Reduced

Iron. [I. o i
By f
Kimio Kawakita. _ o
Abstract. *

The present author found a very interesting phenomenon due to a strong chemisorption of
CO: by reduced iron in the course of his experimental research on the dcobmposilion reaction
of CO (see Table 1 and Fig. 4.). The chemisorption occured sa strongly that the final pres-
sure of COs: was observed to be nearly zero at 300°—400°C in a closed system (see Table 2,
Figs. 5 and 6.).

It is the author’s intention to discuss the above mentioned phenomenon from the standpoint

of surface chemistry in the hope that it would serve to be in some way a revelation of still

— e iy A memdda .. .

unknown surface nalures of catalyst.

-

Experimental Resulis,

In case of CO, acting on reduced iron catalyst at 300°—400°C, the author found, in the-
measurement of sorption velocity, that an irreversible sorption always took place in* the normal o
state of the activity of the catalyst (see Figs. 8.' and 13.) and the sorption amount was propor-
tional to the square root of time in the inlermediate stage of the -sorption, excepting its initial
and final stages (see Figs. 7 and ¢.): the final pressure of CQOe al\vays approached w0 zero
practically. Such an irreversible sorption as said above was observed to begin at 150°—200°C
as shown in Figs. 10 and 11, Successive actions of CO: brought its definite equilibrium pressure
{see Table 4 and Fig. 12.) and the weakened aclivity of reduced iron ; the latter was observed ‘
to recover again by the re-reduction with s, forming water (see Figs. 13 and 14.).

Using the catalysts of various activities, the author found some selectivity of catlylic action
from the results of experiments of CO and CO.: when the decompuosition of CO took place,
the sorption of CO, did not occur in both cases of the catalyst saturated with CO, and of the

sintered catalyst as shown i Figs. 13 and 16, while CO and CO: did not act in case of the !
poisoned catalyst (see Fig. 15.). _ 1
Some Consideration on Experimental Results. {
‘I'he knowledge of diffusion enables us to explain properly why sorbed amount is propor- i
tional to.the square rool of time. :
"TI'he  writer observed “the experimental resulls' to be well elucidaled by grain :boundary I
diffusion as a diffusion mechanism, as Lem;ardf]o_nes" did. And. there may ‘be, as .easily be
1) J-Fs Lennard- Jones; Trans. Famd. Soc.. 28, 333-359 (1933). - WF - Fori o w
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thought, some chemical interaction. between CO; molecules diffused along the inner surface and

active metal atoms.

CA)  On Possibility of Chemisorpiion.

(a) Appricability of Sieverts’s Law.

Qur case does not correspond to Henry's Law (see Table 8.) but comparatively weil Lo
the relation that the amount of sorption is proportional to the square root of pressure, as given
by Sieverts and Lis school (see Table g.). The relation given by Sieverts means to be applica-
ble when gas is dissociated for solution at high temperatures, and we may anticipate from this
the sorption of CO: afier its chemical transformation.

(b) Possible Chemical Reaction Proposed by the Author.

| Some material chain reaction is the most possible here :—
) . Fet{CONads. =FesOy+{CO)auw, ssssss ssoresassasorsasosratsasenasos1)
{COVaas. =_:..c+_;.;coy}m_ sessssvessesissnsssssvsenisvelg)

CO from the reaction (1) will be decomposed catalytically al once to carbon and carbon
dioxide in the solid phase. and the equilibrium of the reaction (1) vught to shift to the rght
side, because of the irreversibility of the reaction (2) at 300"—400°C from the standpoint of the
‘thermod ynamics.

.CQO: from reaction (2) reacts again with active iron atoms as shown in reaction (1) by
two-dimentional thermal motion. Thus a chain reaction with reactions (1) and (2) is formed,
where reaction (2) is considered to take place mainly in small fissures.

Facts proving the above mentioned material chain reaction are summerized as follows :

(i) ‘The catalyst saturated with CO. recovers its activity, forming water, by its re-reduction
with Ha.

{ii} The formation of frece carbon was ascertained.

(i) The sorption is imeversible and has some self-poisoning.

(B] detion of CC and C O jor the Catalyst with Variows Acfivitics.

{a) On the Catalyst Saturated with CO-

This case memns that every minute, cracks or fissures of the catalyst are filled with oxides,
carbon and others on account of the sorption of Ctls and there is not almost any free active
iron atom : also that the decomposition of CO), however, can occur on the outer surface or
even on the crystal surface with some weak aciivity.

{b} On the Poisoned Catalvst

[t makes the decomposition of CO impossible that active centers arc puisoned, especially
on the outer surface ; CQ- is considered unable to Jdiffuse into minute cracks or grmin bound-
aries of small dimension because of impossibility of adsorplion on the outer surface.

(c) On the Sintered Catalyst

" In this case, the sintered catalyst is considered w0 come from ‘lbe remarkable diminution

—((® ®B)—
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of the small fissures. And the decomposition of CO can occur from the existence of some i
weak aclive centers on the outer surface, though ‘the stiong active centers—crystal edges or
crystal corners etc.—are almost to be lost.
The Iaboratory of Physical Chemistry,
Kyoto Imperial University, Nippon
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HECHT 2 2 =S0HEREILL . BEORE A i1 3T e 8 3 —FRL B R R R R FEO R
Bl s EHERFEALCH B
[(II] RERIEERHE
) % =y
BIT, WHRBEEREM-L™ AR = 2 4 L O ITHT 2 —B LB RO S RBITHER 2 v

EEAMCHTRE TS 220 WFERADFTO B LIRS L M~7c 565 b 2 h5dic, Kicdk
DRE R Wik 3.

Fig. 1.
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—_—
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From
¥ Purifying Systen
u To Pumps

25) Ik ARge B4R (B 57—73 (EA-ae).
26) J. Clemison & IT. V. A. Driscve, J. Chem. Soc, 2148—2164 (1926).
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CH TR 2D A8 LT, R LED LA TR £ER x pHETANC L 2EEER A BV
CRIBFC AN 2 MBAMHIC L bRt L dfps wesse FRIAFM(BIIBLHU-LOTHS. B
LV NOREARBOERHPIRG I 0B HTIRITHh, A LEALIRER DL bED,
AERL- S HRTERARRARRETENT S L5 CLTHS. FTHONELFERE ¢ LH5. 4 LAY T
e Pl ACH OB REASR V NORMUERZSIEY THRHLE B RoRAMRIZE I8
s HRURAT MEREQEETS. T, QfF8 Top 12LT, oEREFTERELD, T
UL LTEL22 TREOR SUEEOET r RULAPBIRI LOTH 3. HLENSET
Ed Rl ont: —HtRrEr Bl ER - TEAY LD 3. WECBEREVZSCHBTH
i, Geisler A BELPBELLCEEORAEREL LS. T IXEEHR A & V 2REMFILY
CHAc. T ERUL G ey U GERREEC THHL, hBEoMEEMLCRT 2RO V

CNAOBRARVSABBHEIS Thap DL, KOBHECRTII—~RBREHK ) THO T 4

DTHE- M 12 V NORHOBELHLABREENATS b, M, L FETRER R hoRh ML
KEEAUTHS. Vit R HORFORI 2 ESOBICELT 2 BCLHMIBETHT. KOHH
FIARTAIOHR v~ p—BIHHET 32 L ISRV TRLAD TS 3 BEL RHI+ 34312 Conco Hyvic
pump  LARFAREARS » P LPHEAC LTHOE (BTE) BENORM)EL Ceisler 74 1]
THFEL:. & woHRUACRRME-OBN LU TERNE LTEAREMMLLI 5 6 IR
[E¢ gkl

Fig. 2.
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f, ROERIE 200 (LT, DUEHY 3RELANTE(OTH S L pOKKORIRTHE
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FRoow = WMEL B, —BERE L KEZHAICH O TlE Lk sHUIKkom{ TH 5.
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EA¢ sELROR | EURKE | ETERE TR B

4.7085 g 363°C 35hr 362°C 7 24hr

Tahle 1, Reaction Temp..--367°C.
Exp. (a). Initial Press.=40.70cm Final Press,=(.02cm

Timf( min) Pres;.(cm) L s " .
0 40.79 5.63 3.93 18.87 0.03
137 22.21 6.78 1.3 14.40 0.02
3.20 11.22 8.02 0.45
4.37 7.06 10.03 1.08

Exp. (h). Initial Press.=45.86cm Final Press.=0.02cm

Lot Pem t p t p

0 45.86 5.20 9.79 10,37 0.48
1.37 29.66 6.61 5.95 18.37 0.06
2.78 20.39 8.20 2.70 14,40 0.02
3.95 14.64 0.28 1.33

Exp. (c). Initial Press,=48.07cm Final Press.=(.04cm

l | ’ {
tmby Pem t p t p

]

0 48.07 | 6.8 1133 13.47 0,69
1.30 3658 |  7.97 8.05 14.80 0.20
3.13 25.04 | 9.30 5.05 21,18 0.14
4.38 19.33 10.80 2.89 23.63 0.07
5.47 16.07 ‘ 12.22 1.38 1440 0.04

Exp, (d). Tnitial Press,=45.63cm Final Press.=0.04cm

tmin | Pem | t P t P

} |
45.63 ‘ 7.40 11.35 14.57 0.92
2.40 28.70 | 8.3 8.96 16,20 0.36
3T | 2299 1 870 6.46 | 1923 0,13
5.07 | 1818 ., 11.18 4.00 25.81 0.05
6.28 14.87 ! 12.80 2,25 $7.73 0.04
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Initial Press.=44.19cm Final Press.=(,05cm
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A L e e e o e e e,

tmaiy Péem i t p t p
0 w19 | 63 16.27 1,92 3.82
1.8 43,07 ! 7.62 1314 15.23; 2,26
27 2944, 9. 9.56 16.95 L13
282 | =15 | 1118 7.14 16.88 0.4
5.07 14.98 ] 12.63 5.02 22,85 0.05 ,

E.\”p. (fJ. Initial Pres:s.=47.08c¢m Final Presz. ==0.0dcm

fmin Pom t P | L |4
o ' a4t 7.32 1678 | 1547 | 238
1.10 38.56 §.47 It 1o | =230
2,50 3173 9.73 1122 Be2 | 12
.80 96,81 11.40 8.8 20,37 0.55
4,98 23.01 12.80 6,54 22,07 0.21
6,10 19.86 14.02 4.0 | 1440 0.04

Exps. (a). l't_‘): {c), (d); (e). (N ERMFERMEFLTAT IO TH S. Fxps. (b)) & (C).riiﬂiﬂi'ﬁ:ﬁ.suﬁii
ic A ES, BRI 1 FicfT~a b o, (d), (¢) % () ¥ —EHESIcT 2722 bolcHk

Z{T o7 THD. WHOFNLEH—Eiflbiic cllme Fig 4 ootk .
ng. 4.

.50

® Exp. (x)
40 ® Exp. ()
. A Expe (©)
€ a0 g
= =] Esp. (@)
A\
:g ‘\ x  Exp. (e)
b \ + Exp. (D)
10 \ %{\%\

o i0 20
Time in min.

Figi 4. % Table 1. X b Wi a0in {, il i U VIRE40—50cm 1T LARBRL 1T 0.02—
0.0dcuy &7 0, A—iE s 4 b T | RERSY BScd| 2 TROWMEL TS D, ExpsTd), (¢)
B (N wRaond p—t I EE Lz \w.

30 40
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Hi— —TEESE T BT L LTHE bICE, Ric BRI { BT oA

M=, AFART LT R RAE AP & AR UL SR ) 7 5 Bl ML o iR & T Do

W=, AL ML s L THEsk LE’;% Carbonyl® $i~ Fe(CO)s oin2 LamiivT
R LT G Dh.

N, —RHESEOSMRITH b TEF2 AR L ERT 30,

FARLAS. FLAVOREERICH T, REEITREBRICHRT 25T s E &Y
KB Tl BERITHR D TAHT L2 2R, —BMEREII—ESML T 200-C+CO, ¢ 3T
LDV, MRTOREEREOBEIC THE T 28O Carbonyl FEHEELTHONT S
EREDT. Micf— B2, BERER b oFEL LTHE~S TEIARATARETDD. B
&%@Wmaerw&FA*aPﬁtm BBLTF R RN EO R TR kit aT E:
¥ s.

(B) —Mybs¥oteA

THACOW 2 ARE L MO, “EILREO & & RIEFSMICTE D THE L e 285U RN TR 5.

& B I
R L A A

N 3 AR B jﬁﬁmk BRI KRN

1.0019 ¢ 420°C - 24hr 360°C "7 24hr
Table 2,
CQ), Sorptiou at 360°C.
| 5 g " Surbe
s o v D TG R v
- L t o __{-“cm)- (‘cm)
o | 180 ' o | o 1’ 11.70 14.90 ad2 | 315
030 | 1792 . 07 013 | 1290 14.46 250 | 330
100 1781 100 023 | 1400 | 1417 37 3.%8
200 ¢ IT6 141 1 020 0 1575 13.62 no7 1.4
252 | 1771 159 | 034 17.22 13.16 1.16 .00
A10 17,56 1.76 ! 049 | 18.40 12.77 4.39 5,28
5.90 17.33 1.99 072 | 20,00 12.30 447 5.75
6,30 16.65 a.51 140 | 2100 12.05 4.60 6.00
7.61 16.15 276 | 180 | mas 1.71 4.71 6.3
8.88 15.77 2.05 1 2928 | 23.46 1130 4.8 6.77
10.04 15.20 207 1 ags | 2008 10.95 1.9 7.10

36)  Fe(CO), DAz Carbonyl L L TFe(CQ)y, To(CO), HdTd 355 FIHLEMAPMIILIC Ik b T BN S
27 Fe(CO) &g 180°C Ll kiZ7: 3 L Fe(CO)s (pBS 102.8°C 740mm 12T iXfibicBREL
TFeCOY—5CO+ e k7 & Fe(CO) DRI gm_,-nz A. Stoffel, Z. anorg. Chem., 84, 66—71i

(1914). M-
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28.10 10.58 511 | 747 5180 | 872 7.60 14.38
27.30 10.25 523 ' 7.80 59.25 | 3.5 7.70 14.54
+8.50 9.90 8.4 ‘ 8.10 68.20 2.94 Y T.94 15.11
20,37 0.42 551 | 8.8 65.75 2.62 8.1 15.48
31.88 9.02 565 | 002 57.20 2.43 £.20 | 15.62
32.50 8.62 5,79 0.43 49.25 2.20 8.32 15.85
5.06 8.93 5.92 9.82 70.75 2.05 8.41 16,00
36.80 7.80 6.07 10.25 78.25 1.81 8.56 | “16.24
28.30 7.49 6.19 10.56 74.80 1.66 8.65 16.89
39.40 7.18 6.28 10.87 76.50 1.52 8.76 16.63
41.00 8.84 6.40 11.21 79:10 1.2 8.89 16.73
42.38 6.55 6.51 11.50 80.70 1.20 8.98 16.85
43.40 6.92 6.59 11.78 83.35 1.02 9.13 17.03
44.80 6.06 .68 11.99 86.25 0.82 9.29 17.23
46.50 5.70 6.82 12.35 89.50 0.67 9.46 17.38
48.30 | 5.3 6.95 12.69 93.80 0.49 9.69 17.56
50.04 5.00 7.07 18.05 96.52 0.40 9.82 17.65
51.70 497, 7.19 1328 | 10160 0.28 10.08 17.77
53.00 4.51 7.28 13:3¢ || 107.00 0.13 10.34 17.92
54.25 4.32 7.87 13.73 118.35 0.08 10.88 17.97
55.04 411 742 13.94

Table 2. OAE MO TR —MHEFH# < & Fie. 5. ©ind Kk 3. Fig. 5. (X —FR#Eom
MEMNGERE TS 5. MPORA Y & ) ERclET 2 Bic, EERERNHEEHC TREHOR
fexfA .

Fig. 5.
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(nEE) SRITHRI- 4R 3 ZRMEBGRO LR RS 101

A ci ek s o S P AR P w1 b et

i THLRD e RE 0D ZBRE LR EOHNITE Sz 20 —RRCH 3.
HraBEOIGEEL LT, Rt S HORE x & DOROBRIAX

(1) t AUl BHEOFE © xoot

@) t Ao FORE  xood

(3) KA SO x 13 o cH L THTBwE

Té&5. Table 2, o0 x—t dghifE i & Fig. 6 DIk 5.

Fig. 6. Fig. 7.
20 20
18 ' 18 o
16 i 16 !
14 P .. 14
Z 12 = 4R
z 5
£ 10 Z 10
- i =,
&
2 s Z s
5 i ;
6 6
4 4
2 2
o <o
0 20 40 60 80 300 120 140 a 2 1 6 8 10 12 14

Time in min. Square Root of Time

HBFNOMEIRE RTPCE 2. X x T IEM< & Fig. 7. ol ok 5.
Fig. 7. IR T 5m { FIIARZEOHA RV TREBY RTnTH 2.
$ 0 ZEMLSEEOFHAIE
THEEREOMBERXATHMCEA N TH AT L LN . UFZREL N tho—Mis
T—HERO» IR 5. .
® B I
o & et

ERe s AROR | WREE | HREM | KERERM

4.1721¢ 420°C 48hr 420°C 7 22hr

ZERELFOTHEORNYNLZ T L kiR Fig 8. gH0RH — BHdERTd 5.
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1oz (L) SEGER I & —ARE R Rakcy
Fig. 8. Fig. 9.
36 . 36 ‘
32 o8
Fxp.d
28
g g 24
E 20 _;-f 20 Exp.2
# L
= 16 z 16
12 P £ 12 —-EFG_ .
o K4
-]
8~ “i N 8
A
1 @ ) i a
. : . , &
0 20 40 B0 80 100 120 o 2 4 6 8 10 12
Time in min. Square Root of Time

T — VISR < & Fig 0. IcRT A A B
Sz b +EE L TR ERECH nwie#EfT ok b DT 5. Fig. 8. i TkED
OB B D L LR 5 0 GRITBOETEEN B~ Bk 2HICE~BILS. L HINT Fig. 9.
D T L —EHRETH DT, EERBOBIEHE Fxps 1, 2, 3. LEDE#Y TR BICHOTE~
ByPT50CHS.
S I PEEEERE & ORE

BBERNTOEROBIECHKSHIEL TTorkHE, Hilk B L LT2560°C it it 2505
FRMORL L WET 2 Bk Y XD UKL FTo7k.

EEES V (Fig 2) NoBTHRCBHRBICT RIEREORSF TR LD, ®FESTEL
e ORI AEL, HEFRIIOEC LT Koy MBS Lol (ERRIFIC
BRELENLE) OHEEY BB TITE, BEOTHML 50°. 100°, 150° 200° % 250° TR
BLA. EEREALOEBECHTS, —RIKEL TBERGOHEA D L L BIE Lt WiknRE
FIETE Ol

%® B I
RO SR

R SEAMOR | RRAE | HREE KRR

8.204 ¢ 430°C 24hr 430°C T e

E%ﬂi;t"r;ble 3, IRTHMmE Rk Br.
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Oidk) Bk ks RV RO RRANCE -103_

T'able 3.
. Thermal Expansion L
No. | TanpcC). | FRm | SEOmEor | Dres{omp® | Amountion:
| Sorption®7}
1 “0 | .71 14.01(pbs.) | 0.3 (obs.)
s | 50 | 1493 1511 | 15.4d(calc) | 0.51(cale) _
s | 10 | 164 17.45 17.83 132
4 | 160 ‘ 17.37 19.79 20.22 2.85 '
5 200 0.02 22.13 22.61 22,50
6 J 50 | 0.02 24.47 25.01 | 24.99

Table 3. offix O TEEE R EhR RS F—IRENR TR < & Figs. 100 & 11 ol i
ra. .

Fig.. 10, - Fig. 11.
0% 25
- A -
20 N
B ;Q(:io“ ‘/_f /7
RO T ~
18 TRy \‘_‘ﬁntf'l =
e |
o B i
o=
18 "'\&t\‘:““{e' b’ /ﬁr/ P 21 "’
: s i
= 14 e }r
: ;
H .17 ;
H 12, 0 | l'
E y : i
10 4 Z1s ?
; ! i
2 5 218
E i ~ ]
= . >
= o % Tt .
y #
*
g
4 3 { i
! 7
2 "
3
3 ] 5
0 50 100 150 200 250
Temperature'¢ B :
H
: B
A | ) |
v] 30 100 130 200 250

Pemperature €

Figs. 100 & 11. & Dz 200 Bl & 9 150°C 2 M2 HEamE & Mok & 8~ 7 W IR a e
LOEINITH DA, 150°—200°C TR A 2RSS, 115 200C BT hTliER
BUCTEHH D FI—HT Btk 0.02em OIEX BT ILEZNOTHS. WL ZRILKAOERS S
WAL 200°C LT T Y85 T 2D RO TS 5.

S IV YoEE e THEL ORRRG0°C ISHTS)
BHEo K% ( B, ZEMLRFEOREEO L VRN, HERTREFE 20, THcliELHS
EHRE A NEWDTH 5. ZICK UREDMME LR, YoSRaE4mmL T, ZEILKk

37) 20°C AW SRS Tl crn. 2B L. K LB BB SR T 5
38) 50°C LI #A 2 FOREIR 20° 125 2 WLk ) SR TR -
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1nd ONdk) SETMIZ{E 2 — RO EE

OGRS KO Tl 2 R WFMEGER R T LR 2O FHBELr 238Kk 3 (B0
#HOB) @ (b) W), HETHD Ml 7T 2 BETH508 ¥ E L TH.672x10~* mol L@ LT
LB ORI & FHRE S BB E 360°C KR ciE L.

i B IV
BRI T Table 4. ITRTHME WL 97, Bt — 1S LcBEAOBLNLOPEO ..
* Fig. 12,
Table 4. -3
X 10
ilibrium Pressure ¢ Sorbed Amaunt{obs.

No, | Eauili "1‘:([::;:). ure i or M(Ir::;!)l?{ ) 2_5ﬂ f

1 0.08 0.4971 X 10~8 S /

2 0.93 0.8059 S2 3 OH

3 0.53 | 18078 = ;

4 0.79 | 17218

5 2.14 | 9.3802 1.9

. | ;

Table 4. OBYHIT 5 THFSEHREI &
Fig. 12. mim<{ Lk 2.

Table 4. & Fig. 12. K& TlI, BRI RO HBR
DEC R TR~ 3.

Sﬂl'be'tl Amount
=
N‘

e

0 1 2 3
Equilibrium Pressure in cm.

§$V ZEMERREXSATEICIEAL LAOLIWIRICE =
(a) ZEMtRFEOEA (RE3I)
(b) —BHMLEFEDIER (RE 4
(e) AEILEIBRET (RED
i BV
KR i 1 B e
(a) —ERiE¥eEOfER
M | R NAROR | BREK | BRSE | ARRZGN
0.5054g | aec | s 1 360°C T 72br

1 =38 M 12 360°C (LUFRI L) -

2 MR 4 b T H360°C ET2HEFMAMCIE N2 s DR IME

MR OT L b MILY 360°C T KL ED 20 FARO B
R®20E

| REsRERMCTIEE3L0
—(H 88—




ME{EEOEL Vol

(WHE) SETCHE 5 ~RMLBSRORRAOE

(b)  —EEfLam oo fEH

ML T Y b—HE MR P RAC LRk REFUTIE

(¢) kFEKHEKZWIRT

EalsEl. 2 SR A5 b L - rﬁ_¢;g——‘—_m. T RE IV C,

B:’f["l’iﬁﬁﬁi. ?]’n,ﬁ“ﬁ?ﬂﬂu"] HU°C 2 T240FfR], 800°C T AR
EroaTiE

- fESANT Table 5. IT5R¥ 20 2 %197,

I'able 5.
CO, Sorption (Exps. 1, 2, 3, and 4.) and CO Decomposition (Exp. 4.) at 360°C.

Exp. 1.
lmin Pem Vv Xom tmin Pem vt Xem
0 13.62 0 0 142.60 3.07 11.93 8.55
1,00 13,56 2.00 0,08 150.00 4.80 12.25 8.82
9.25 13.14 3.02 0.48 159,06 4.43 12.59 9.19
18,00 12,85 3.61 057 | 165.00 118 | 1284 9.44
15.98 12.71 3.92 0.91 170.00 3.95 13.04 9.67
21.25 12.19 1.61 1.43 176.33 3.74 13.28 9.88
24.21 12.03 4.92 1.50 183.50 3.04 13.55 10.08
28.31 11.74 5.31 1.88 192.50 3.35 13.88 10.27
32.31 11.52 5.68 2,10 199.00 3.15 14.11 10.47
36.93 11.18 6.07 2,44 207.50 2.9 14.41 10.63
40.83 10.85 6.29 2.77 213.50 2.84 14.61 10.78
© 4618 10,51 6.78 3,11 290,40 2.690 14.85 10.93
'51.30 10,29 7.16 3.33 293.50 2.68 | 14.96 10.94
55.10 0.96 7.42 3.66 298,00 2.54 15.10 11.08
59.25 . 9.65 7.69 3.97 231.75 2.41 15.22 11.21
64.00 934 | 800 4,28 247.83 2.09 15.74 11.53
72.50 8.79 8.52 482 | 268.62 1.87 16.08 11.76
77.00 8.48 $.78 514 267,50 1.66 16.36 11.96
85.25 3.01 9.2 5.61 286.50 1.34 16.93 12.98
91.91 7.61 0.59 6.0 '207.50 1.18 17.25 12.44
96.83 7.30 9.84 6:32 305:00 1.07 17.46 12,35
101.18 708 10.08 8.54 348.50 0.51 18.67 13.11
107,73 6.73 10.28 6.89 383.00 0.26 19.57 13.56
118.76 6.537 10.46 7.25 433.00 0.05 20.81 13.57
124.83 5.83 11.08 7.79 164.00 0.01 21.52 13.61

Exp. 2
tin Pom v ; Xem tenin : Pew } v " Xem
0 18.06 ' 0 0 5:50 1792 232 0.14
2,50 18106 | 188 0) 0,50 17.67 3.08 ‘ D.39

8 No. 4 (1934)
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14.25 17.38 3.97 0.68 91.66 15.39 9.57 4.67
19.00 17.12 4.38 0.94 100.00 138.01 10,00 5.06
25.00 16,74 5.00 1.32 109,66 12.68 10.47 5.40
20,66 16.41 344 1.65 117.16 12,3 10.84 5.687
.88 16.12 5.89 1.94 148.00 11.25 12.17 6.81
37.00 16.02 6.08 204 173.00 10.58 13.34 .48
41.50 15.76 6.4 2.31 191.30 9.83 12.84 £.23
47.25 15.56 8.87 2.50 222.00 9.05 14.90 9.01
83.00 1n.17 7.28 2.89 286.00 7.67 16.91 10.39
58.00 14.88 7.62 3.18 390.00 5.69 19.75 12.87
65.66 14.52 8.10 3.54 485,00 1.55 23.02 14.51
72.25 14.22 8.50 3.84 507,00 302 22.52 14.94
79.00 13.92 .80 414 | 1947.00 0.0 4412 18.05
86.25 13.68 9,29 4.48
Exp. 3
Luin Pes vt Xem tmin Pem Vvt Nem
0 18,02 0 0 115.00 17.94 10.78 0.10
2,00 18,02 1.41 0 284,00 17.86 17.00 0.16
5.00 18.02 2,23 0 1355.00 16.94 36.81 1.08
20.00 18.02 1.47 0 1765.00 18,08 42.01 194
E_xp. 4.
tmin Pem L Xem tmin Pem v Xem
0 18.10 0 o | 103,00 16.10 13.89 2,00
10.00 18.10 3.16 0 243.00 15.79 15.59 2.31
21.00 17.90 4.58 0.20 453.60 15.42 21.29 .68
34.00 17.52 5.83 0.38 | 850.00 13.88 29.16 4.20
43.00 17.02 6.55 1.08 | 1020.00 13.79 31.86 £.31
122.00 16.48 11.00 1.62
Exp. 3
tmta Pem T Zem tmin Pem v Xem
0 14.02 0 39.00 174 6.25 1.28
2,00 14.02 “1.41 0 43.00 1257 .56 1.45
3.00 14.02 .73 0 51.00 12.24 7.14 1.78
5.00 13,87 2.2 0.13 37.00 1197 7.50 2.05
12.00 12.65 3.48 0.37 80.00 11.82 7.75 2.20
17,00 13.01 4.12 041 63.00 11.62 7.04 2.40
20,00 13.50 +4.47 0.52 70,00 11.29 817 2.78
24,00 13.30 4.90 072 | 84.00 10.70. 9.17 3.82
28,00 13:17 5.29 0.85 | 95.00 10.25 9.75 3,77
2200 12,07 a.74 1.05 | 101.00 10.12 10.06 3.90

—(® ®)—
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(m-ﬂ;) Exmi fm m&*#mwm?‘ 107
107.00 9.83 102¢ ' 419 | 26100 3.64 16.26 | 10.38
111.00 9.64 1053 | 438 | 271.00 3.41 16.46 10.61
119.00 017 1091 485 | 981.00 3.19 16.76 10.83
127.00 8.78 11.27 5.24 | 288.00 3.11 16.97 10.91
194,00 8.26 11.57 576 | 318.00 .42 17.83 11.60
165.00 7.t 12.85 6.0 | 329.00 2,18 18.14 11.84
|
"184.00 6,43 12.57 7.5 | 335.00 2,03 18.31 1199
191.00 6.08 13.82 m4“3mm 1.72 18.76 12.30
202.00 5.64 14.21 ! 2.8 | 470.00 1.20 19.94 12.63
211.00 5.20 | 1463 | B7% | 398.00 102 | 195 | 1300
990,00 4,99 14.83 | 9.05 | 419.00 0.84 20,47 12.18
238.00 4,35 1543 0.67 | 1859.00 0.04 43.11 18.98
249.00 3.94 15.78 | 10.05
Table 5. o>#fEics€, BI—BEEMREi¢ & Fie 13. ol Thd.
Fig. 13.
20
154 | & Exp.3 _
16/ e~ Exp.4
14(
= 12 \Q
E‘ 10 NQN
Z
.§ 8 \\K,;}
&
6 ’ NG
-.‘f/.‘ \
4 4@ \
q Y
F ke\
2
0 80 160 240 320 400 480 560
Time in min.
mw13@1mm1 % 2. ¥ R3EANWINED—WERLTH B LHME. WicEDT

ARG Exp. 3

T BmE, 360°C ’C“‘Jlbﬂ#ﬂﬁ?ﬁ‘iﬁfgﬁﬁ‘lﬁéiﬂil B LT, KR

.~Eﬁ$vﬂmrﬁkm_&&&##m

2L, CEHBEEMNTERAOKECEE I L F,
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Square Root of Time

Fig. 14, 12T Esps. 1, 2. 8. % 5. R REHRMBAE LTIE 35, Exp. 4 033
nThHirw. L Exp 1. & Exp. 5. OHMBBEHE T 3 L HEOBFILEER—TH 5. BHGH
ERMRTCHKD TRET3EHB~LD.

; S VI SBEpmicH 2

Grease MBIV R ¥ RIEFRAIC AL, BEOMEEIC L 208 7. BRI TR KR Rt

REOWMEICHEF I
® B VI
BRI D AR et

M SEMLEOR | EREE | ERHM | RRRER

0.5310g 26PC I 24hr ‘ 360°C T 24hr

B45°C. e T B 70T Table 6. 1R 70 % fre.
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ONdE) Mz {k 2 AL O REe) f t 100
Fable 86,
Fxp. 1. CO, Exp. 2 co.
. tmin Pem F Lniin | Pem IL Ymin Pem
-ﬂ B mﬁg_d ) 5;48— ] 45.72 - _l} e +1.90 -
1.42 45.94 3124 15.72 2,51 41.90
3.01 15.81 G36.20 45.67 11.61 41.90
5.39 45.78 46.46 46.67 14.01 41.81
10.36 15.69 57.46 45.67 1440.00 41.81
17.07 45.72 » 45.67 o 41.81
20.14 ‘l 45.72
Fig. 16,
50 e Table 6. >BAAIC H:-CIEH—FMRE 16 ¢ &
- o Fig. 15. nfm{ T 5.
a6 s Fig. 15. It 3 Exp. L. @ ZBMbxFEics+
g e ZEEERTB b, lixp. 2. 1% Exp. 1. OH240%
= 30 HIREAR v 40| & T LR E BT
£ ELERTES. Fig. 15, X Vi ZEMEm
£ 20— HOUTHI WR—RIREOAMEBONT LAt
& 5.
10#— $ VII < (Sintering) LA 2K xt 2
FTRRTTICK D TR L7 2 WFICFH 2 "ML
RER—THIERETHER V] RA8%/ 4 TR

0 ”
1020 30 40 50 po) prgenmmrms .
Time in min.
) B VI

B & el
fER ¢ 3 Mt ot ! Bl | Rt : AR o

0.5296 g . 500°C 48hr 300°C T 36hr

MHO°C ik TZEMIEF 72T Table 7. ICRTHIM 58 % B,

Table 7,

Exp. 1 CG, Exp. 2. CO

Cingy Pem “_ tuin Poin bnin ] Mom

0 19.64 o ' 2706 | 2480 | 2449
3.5 19.44 3.20 26,70 | 2068 | 24.07
7.8 19.14 5.98 2644 | 37.58 23.48
15.00 19.44 7.00 2605 | 4416 23.0]
20.00 19.32 P68 ! 2585 50,13 22.61
110.00 19.32 12.62 2552 | 5768 | 22.05
125.00 19.32 17.68 , 2808 | 6200 21,82
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110 (b)) BTG o 5 ~RMEB RO Pay R
161.00 19.32 72.20 2133 | 16472 | 18.51
250.00 19.32 82.50 20,85 ' §71.60 18.18
300.00 19.32 94.00 20.51 194.27 | 1n.71
= 19.32 98,82 20,29 .Ii 217.60 { 17.22
105,22 20,10 237.93 17.28
113.72 19.89 ! 249,03 ’ 17.17
127.18 19.58 069,03 1415
138.08 | 1920 !
Fig. 16.
. Table. 7. ITidF 3 Exp. 1. 2 —ELRFice
‘ T2RERRTD D, Exp. 2. (3 Exp. 1. ¥§70
261} TH—EREFS BEwCs 12, RiflicT—Eb
sl &t BRITHE T LA RCd 5.
. %, Table 7. DRRIC B TES) —FeRAdAR L &
: 22 g Fig. 16, o>Ind itk 5.
Fig. 16. 1T 54T Fxp. 1. & bW 540 ¢, 500°C
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b
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‘ CfHIh s © & LW Rk, Exp. 2. o#EIE—
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(V] RBEROER

RERROEE XESOUMITH TN AL RGN, BEEERE T 300°—400°C 2T
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FOKEORLGBRNE~OEMICK 2805 TH 2 &£ 2. H3HREESBOMILNHBEIZ BN
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Law % 3 b OIXHOBBIC AR & A WOTH S, i LTIEANEHIT, BESEMTYELT, &
BRI GER RT3 &ic L b, SUIRMEMEIE SRLMO RO AR L BL T
Mzz Ll (BHRAFRIOIC L VEZIOTH .

Lennard-Jones® |3 Ward oEEBEER L MRNICEST 2T LICHKD, ROBEETHBMOFGEIC
L YoM (G T-K)OEETZT & LR L, BOEMICHRAE 2 NiokER A2 ZREEEE)IT
I 0 THOYISAICIR (B L RERE T230L LT, Ward 0k 3 AToEBRERAY ROR
HLTH . '

HTE AT TR AR TRIc G S h 2 84810 b, LR R 2R3 T & e 8,
ZHTEBREOICLIT L 5 T 23 LlOFH L YW Td 3. fil L THOMEER S LT,
Ko E AR TRs T Lt ) LTOEERISR (R332 L ¥ D TH 3-
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UHBEOERYS (O L Vs & LTz M Fig 17. o {E~3.

Fig. 17,
5 {ﬁn g fFJAcheaj ..i
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I s} ER%sE (Ecke) ~rE
Fien M 3 & R % (Hohlkante)
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