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Evaluation of Effective Diffusivities of Gases in Coke and Reduced Iron by Wicke-
Kallenbach Method. By Yoshihito SHIGENO, Saburo KoBAayvasHI, Kanji TAkepa, Hiroshi
Goro and Yasuo OMORI.

Diffusive fluxes through a glass filter, a disk of coke and reduced iron made of iron oxide pellet
were measured by Wicke-Kallenbach method in the temperature range of 18~150°C. Based on the
results obtained, the effective diffusivities in the porous media at high temperature were estimated.
The results are summarized as follows.

1) In the Ar-He system, the ratio of the diffusive fluxes was found to obey the “'square-root
law” that the diffusive flux ratio for binary mixtures is equal to (M;/M,)'’% but to deviate from that
law in the CO-CO; system. The deviation for the latter system might be attributed to surface diffusion
of gaseous molecules.

2) Permeability of Ar and He in formed coke was measured. This data and the measurement of
diffusive flux were analysed by the dusty gas model. By use of the calculated parameters characterizing
a porous media in the model, the ratio of surface diffusion flux to total flux was estimated to be 20%
for CO, and 7% for CO, respectively.

3) The correlation between diffusibility and porosity was established for unreacted and gasified
formed cokes. The effective diffusivity was found to be proportional to T%°. From the results the
effective diffusivity at 1000°C was estimated and then compared with the data obtained according to
the overall reaction rate of coke with CO-CO, mixture. These values were found to be in close agree-
ment.

4) The diffusive flux of CO-CO; system through the iron reduced at 600, 800, and 1000°C by H,
was measured. Effective diffusivity was found to be proportional to 7% %", The effective diffusivities
at high temperature thus estimated were compared with the values determined both by use of a canister
and according to overall reduction rate of iron oxide pellets by H,.
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Table 1 Comparison of measured and theoretical ratios of the
diffusive fluxes.
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Table 2 Effective diffusivities of CO-CQO; in the reduced iron.
The specimens were made of the pellets reduced at
the temperatures shown in the first column.
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Fig.8 Temperature dependence of effective dif-

fusivity of CO-CO; system measured with
the same specimens shown in Fig. 7.
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Table 3 Comparison of the estimated effective diffusivities of CO-CO,
system in the reduced iron with the both values determined
by canister method and according to the overall reduction rate

of iron oxide pellet by Ho,.
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4. E ®

Turkdogan 51k = = & —HiC X b £FEHEM (BRES, BEl=— 7 2, KK © CO-CO,
Fods L OV Ho-Ho0 RO BERINEEEABEL T 5, 1% I EBRESNRE CH LSRR AT
RERER, T'PCHOT 5 LMD, T ADORC L OTM— DR LES - & L
LT, L2l =22—kik, SRTOWENBLTHSHEV5EHEETHKE, RDORKR
HALED, TRbbRILABRN—HMEAZETH 5D, TARENEEAHEAFREE D, SFED
EZNRKEVHERBANCEAENC X 57 AMAET S, Licat - TCO-CO: ZD X 5 H3F
B2 1 SV B H T SIIREBRET 3 5 7 A DI/ E VA, He-H0 RD X 57
B8, FBOENREVCTD T ARNOEELRECEBbh b, FREBBRIVNIVES
HEDABIIRE <785, Lo LEE TR RIS 3 5 7 A O8O E BT 7o 51
IR TV, 7o BIREERULEE 2 BR DICHDIKHRE L » = 2 2 — D& LA, FEHa
BT X 2 M AR OB ZET HLEND 5,

Table 3 TH = A &% —k X ORIERISEREIC X % He-H:0 DA IKSEE A CO-CO, D
DEDIRRBUC AT 585, Ho-HoO RDIKERZ A Lichy, EHARIC X %57 2ih 0
BIEBEL TRbT, 4FOFEEL THRFT524 D TH 5,

—77, Wicke-Kallenbach #: CIXEHFEBTE 2 DH ADIKHBEERNBIETE 5D T, H AWK

*%EQ’A"M%@ LTk, ARIKERE DR R ’“o"?%%ﬁvﬁfif HBHLEEHEEL, ML




FEFIS84E 6 FJ  Wicke-Kallenbach BT L % =t — 7 A%k X OB TTEED H 9hik SB35 o SE4li 35

NOBEOE\ H ISR E A RS B, FAREEE QM TEETH 57, b b AB
72T Ar-He RTRDIIEEE (c2=1.55%x10"%) w{HHTIIE, FHEIKEOEC & RE LTS
D CO, CO: DIKELIRHE J'co, J'coe A (A5 MHHEHTE S, Ch &FEJHE Jco, Jco: &
DFEE L AUE, FBEIKEITEK Jco®, Jco:® #Rr b LN TE S, ffiR% Table 4 1R T,
HFF 51 COHy & CoHyHe @ 2O HF ADMERT, #5 A — FEEfiAdo CO, kX
O CHy ORBEIRFIRARDOE GEIEL T 5, EHLDOFHFRIZ LY, CO 2 11%, CHa X 7%
MREIETH 5. AW R L ERIKHOEI S 37D REWI ERRL TV 5,

Table 4 Ratio of the surface diffusion flux to the total diffusive flux
in the case of formed-coke.

Total diffusive Flux of surface JiS

Gas flux Ji ~ diffusion Ji‘S> -— X% 100(2%)
(mol-cm ™ 2es™) (molscm™ %+s'7) ‘ Ji

Cco | 2.5x107° | 1.8x107° 7.2

CO: | 2.3x107° 4.7x107° 20

RHEIKFRE OIRISKEMRCEI L, FEECRBICHEA T E 52180 OEEN e 5Ei 3Bk S Tlx
5700, Wicke B8 2 WIEIUTF B X AU B 9K ER R T » A~ M @ik E R 3, (Da)eY
& B RFEEINSEE (Da)eS Of1E LTELI R A, FThbbkoX A7) T 5.

(DaB)e=(DaB)eY+ (DaB)eS an

LU, HRIKERBORIEKGEE IR R B ORISR, 70 b 7 A RN E R
DREERFECIZIE—FT 2 2 &n b, FREIKEFRBEOREKFEE L AD #EETHIXIh
BEREILSELDLIEITMANEEZDND, LI THREEDO T ADBEHC L, AFEDO X H
CERIC BT A IRER R D WE & BRI RE DTS KL D H 2 EI2 XD, SR TOH
IR BRI D HEE W RETH 5.,

5. #&

Wicke-Kallenbach {2 X b, #5327 ;&2 —, CO THAELIHM =2 — 7 2% L OFRIL
vy FERIKFRICL THARICSHOIRFHM KA PEL . FLEER LD 150°C £ TOD
CO-CO: DHMILREDOBERFEEZXHE L, B TOEDIEBAROAETE 23 A7z, #EER% U
TR,

1. =i, FESHTrHs 27 402 —, BBlla—27 22250 T, Ar-He % & CO-CO: RD
PEERIR R 2 HE LI & 2 A, Ar-He FZTix “EFRI MNERALT %25, CO-CO: R TIEHKSL LT
W2 ED T

2. FE=a—7 20FEBE LY Ar & He DXL H DL EFIT O TR, JRELDT R O ) E #5 H
LG, dusty gas ETF LIS X DT LI, COBEEZFIAHL, KD 5 bERBISHIRTK O 4
HLEGERDICEZA, COTTY, CO:T20% TH -7z, EHBAILLOT I, DOFKHE
JREC L 5B THH S LHEE I 5.
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17) Wicke, E.; Kallenbach, R.: Kolloid-Z., 2 (1941), 135.
18) HUTFMEK, FH B MR A R¥TF, 31 (1967), 920.
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3. BHHla—~7 AL ChEEETHY AEL, FHAELYHRLRB2E#HBL, CO-CO; @
IKHOCR & SR DBIRA R, =D D 150°C OHIFR CH RIS GREE T @ i L.
Ch B DFERD B 1000°C 1T 1) 5B RIKF R Z HEE L, BIERIGEE D BRD b icbgess
R LIcE A, MHEIIRELS—F L,

4. 600, 800, 1000°C TIKHKIRIC L 7o LD A RhIRERE A HIE Lic, ¥l 5150°C
DR THBIREERBUE T W Lic. Sh bofER25 600, 800, 1000°C IZisi) 5H
BHINEC R B A HEE L, S T OEBENERSE 5 L OBEEKISHEIE D R ed B o ks B & APF5eEs
R UL L,

Is BAP IR D %172 b HECHB) W o 7o WAL R R SR R F st L 7 b VS
FFBB QT IR BB L 2 7. RS, Mgk~ vy P OIS OV THASE M BISRATIC R L, Fic
AR = — 7 AR S TER S B LERCT LHELRL 7.

iC =
WFE I ARG 1 T,
Die : BRIINERE (cm®es™)
Dij ARG i-] OISR (cm®es™)
Ji o PRERIRER (molscm™?+s™")
Kj ¢ Knudsen $K8%% (cm®es™)
(=civ/RT /M)
Km :Kiyi+Kiyi (em®es™)
L R X (cm)
Mi :45FE (gemol™")
Ni R (molscm™ 257
P i 925 (dynescm™®)
R D oH AES 8.31 %107 (ergemol '+deg™
T EE (KD
Vo xR (N/*min™"
pi P (dynescm™)
Yi P EALGR ()
jZ D KSR (gecm™les™)
€ P RAFLE (-
Co : R (5) DHFEHT D'Arcy permeability O HAIEE (cm®)
Cy : Knudsen $AEXFREL D H. I E $ (cm)
Ce 1IN/ & S (=

Cor C1, C2 IBABAEOHEEC L - THhELAT2AX—~TH5L, Fio—Bc (D)e =
CDi) ' +Ki™ TH AN TUE (D)e=(Dj)e=0ceDij 2R3 5.



