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Effect of Pressure on Reduction Rate of Hematite
Sphere with Hydrogen at High Pressure
Kyisji SATO, Yasunori NISﬁIKAWA, and Isamu TAMURA
Synopsis :

A hematite sphere of 3.3cm in diameter was reduced by H, in pressure up to 27 atm at 900°C. The
temperature profiles within the solid sphere and the weight change were continuously measured. The
experimental results were analyzed by the three interface unreacted-core shrinking model with dynamic
effective diffusivity. Influence of gas flow through product layers on the reduction rate elucidated
reasonably by using the known structural constants obtained from the permeability and the isobaric
diffusion experiments.

The effect of pressure on the reduction rate was found to be governed essentially by three rate
parameters: the effective molecular diffusivity at 1 atm (D°sg)errt Knudsen diffusivity K,, and chemical
reaction rate constant ks. The larger (D°ap).rr was, the faster reduction rate became and the larger
pressure effect became. In the case that ks and K, became larger under the condition of constant
(D° aB) e¢s' the reduction rate increased but the pressure effect decreased. The reduction rate increased
with the increase of the pressure, while it became maxmum when the molecular diffusion through the
products layers governed the overall reduction rate.
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Fig. 1. Experimental apparatus for high pressure

reduction.
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Fig. 2. Variations of temperatures T, pressure
difference 4P, and dimensionless reaction-inter—
face r.;/Rp within the solid sphere and fractional
reduction X during reduction of hematite by H,
at the pressure of Py=3.42 atm.
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Fig. 3. Variation of T, 4P and r.;/Rp within
the sample sphere and X during reduction of he-
matite by H, at Py=6.81 atm.
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Fig. 4. Variations of T, 4P and r.;/Rp
within the sample sphere and X during
reduction of hematite by Hj.
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Fig. 5. Comparison between the observed and
the calculated reduction rates from three-interface
model.
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Fig. 7. Effect of structural constants of product
layer on the dynamic effective diffusivity.
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Fig. 10. Effect of gas velocity and frequency
factors of chemical reaction rate on the overall
reduction rates.
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Appendix

BRIGEE ma (XFREM & EREC BT 5 € 15Ky
HETHEARD I SCEINBWO.

ma=aCs, (—drc/dt)

_ (P/RgT)(%a,—*ae)
T rgmy A
akSC'So kmAR% D§A

o MEFEREE, Cs, REGFTMIRE, Re 133RF
BThsn. (A-D Rk (5), (6) R&fRAL, P
BRI T B ERD X 5 W AERDIE ST IR EED
RN 5.

ma=C-coDap(xa,—*pe) /Te(1—1c/Rp) - (A-2)
£2>0.8 TIX(7)RT xm=1, xn=m L TE,

(6)RI kD X 5 i fiipgib I 5.
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1/D3y=P/ceDip+1/mKy «woeereeeeeennenes (A - 3)

(A1) Ric (A-3) KERAL, BET2L

ma=AD/($°/P+1), ¢p°=D/B -eeereeeeeei (A -4)
A= (xp,—%a0) /RgT evvieevieivinnniccnnn (A 5)
1/B=1/akges,+rc(1—71o/Rp) /mKp «vveeee- (A-6)
1/D=ri/kmsRi+1c(1~7¢/Rp) /ceDip +- - (A-7)
Die=PDpg, koa=Pkpp «oorereevveeeennnenn (A -8)

(A'4)N(A'8> ﬁki kS: KA, k:nA; DoAB ES NS Pﬁ§
KREL 2D & my PHMTHE L%RT. kua X PO
BB Ch A2, (95)RA/RT X 51z Reynolds Fat 100
UTFTo/NIGERTIE P L LT3 L Bk
L7a\wo T P E\BRIER LIRET 5. Dis b PiT
EEARTH Y, (A7) R D i3 P wEBREN &
b, (A4 X% P ¥4t ¢° T 5 &,

dmA/d¢°:AB/(1+¢°/P)2 (Ag)
dmA/dP=(A/B)/(1/B+P/D)2 (A[())
d(dmy/dP) /d°=2ADP/ (§°+ P)3--coe-o. (A-11)

(A9 ~(A-11) RoBFTLIThE EOEKETHS
b, RDX 5 kEmiIELh5.

(A-9), (A-11) Rl ¢° 23EINT 5 & my & dmy/dP
PRS2 LRt (A4, (A-10) Rk B 53
—ET D REINTHE ma & dma/dP HETHEIN L,
B, D "—FETPAMMNT B L ma (TIEINT 228 dmy/
dP 3@ T5 o x5 T. (A4, (A1) Rz D 2
—ET BRI 5 & mpa (XMT 50, ¢° B EAT
LD T dmp/dP B\ THZ & &RT.

H =

a {LEERBE ()

C: K[koLPEE, =P/R,T (mol/cms)

Cs, : BB kD FeyO3 0 @#AEE (mol/cm3)

Cs, : IL¥EHRBEEZ &L FeO o, =2.11Cs,

(mol/cm3)

6 ¢ D FIELRE Dag CHET HHEEBREK (-)

¢ifp : Knudsen JKHR ¥ Ko BT 5 % %% (cm)

ofp ¢ MR NRE Hy BT 55 %% (cm?)

Dpp : 5 F i8R (cm?/s)

Dis : latm [Tk % 5 FHhEURE, =PD,g

(atm-cm?2/s)

D : (6)RTEHE LEELNREE DL A F 3 » 7

T HIREPR L (cm?/s)
Hy: (8)RTEHEL MMERNHEE (cm?/s)

Kp: (8)RTEEL 7 Knudsen AEREK (cm?/s)

kma : WWHBEEK (cm/s)

kst latm 53 2 WEABIHHRE, =Pkma

(atm-cm/s)

ks, ksy : L% RISEEEK, HERF (cm*/mol-s)

My : ¥ & (g/mol)

m: =Kp/Ka=V' My/Mg (—)

mp: BALEFRY 72 D O RIS E

Np: =K (mol/cm?2.s)

P : EF; (atm, g/cm-s?)

Re : StkEH (g-cm?/s?-mol-deg)

Te t RISHRWEELE, XL 701:RP X Bk DAE (cm)

T:|EE (°C, K)

LA | (mins S)

Up : ik (cm/s)

W, w: 1)~ RTEHEL . (mol/s), (-)

X :@Em®E ()

xp: ENAGHE (-)

Xm,y X * (7)5&“‘:‘%%1/7;: (—)

$°: (16) X TEHE L LENKEHKRE (atm, g/cm-s?)

IRE)

A, B: fiikpks Hy, HO

¢, d, f: KIEARE, LRWE, SHEEE

e : {2ty

k (b2 RS EE @R

0, 1: AH&G &M, HEW

2, 3, 4: Fe, FeO, FeO, O&LKYEE 7212 Fe-
FeO, FeO-Fe;0,, Fe;O,-Fe,0; & KIS
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