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Rate of Potassium Uptake of Coke from N,-K, Gas Mixture

Saburo KoBavasHr and Yasuo OMORI

Synopsis :

It is well known that potassium circulates in blast furnaces and that potassium taken up by coke reduces
the strength and enhances the reactivity of coke. The kinetics of potassium uptake by coke from gases
is fundamental to elucidate accumulation of potassium in coke and contribution of coke to the circulation.
The experimental results on the rate of the potassium uptake from Ny—K(g) gas mixtures with 10~*to 1073
atm as partial pressures of potassium, in the temperature range from 900 to 1 100°C, have proved that the
rate depends on size of coke particle and partial pressure of potassium, and has maximum values in the
vicinity of 1 000°C.

The mathematital analysis of the experimental results, assuming the first reversible reaction as the chem-—
ical process and taking into account the diffusion of potassium vapor within coke particle, shows that, with
raising temperature, the reverse rate constant increases significantly and the equilibrium constant decreas—
es in the similar extent, while the other factors have no significant dependence on temperature. The math-
ematical model developed here is able to represent, in good agreement with experimental results, not only
the overall rate of the potassium uptake but also the concentration profile of potassium within coke particle.
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Table 1. Physical properties of coke used.

Density Apparent density | Porosity Ash
[g/cm?] palg/cm?] [—1 [wt%]
1.94 0.94 0.52 10.9

(a) (b)
1 weighing balance 2 cap 3 reaction tube (Al,O3)
4 sample vessel (MgO) 5 rest 6 tube (MgO)
7 potassium-evaporating cell 8 support tube
9 cooling tube 10 bolt 11 rubber plug 12 thermocouple
13 weighing balance 14 beam (MgO) 15 coke sample
16 thimble (MgO) 17 alumina felt 18 inside tube (MgO)
C1 two-way cock C2 three-way cock

Fig. 1. Schematic diagram of the experimental
apparatus used for potassium uptake and
oxidation of coke samples.
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Fig. 2. Examples of evaporation of metallic
potassium in the cell.
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Fig. 3. Sequence of experimental operations.
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Table 2. Weight differences of the sample vessel before and after the potassium uptake processes.

Temperature Weight of Partial pressure Time Weight gain of | Weight difference
coke sample | of potassium . vessel and coke | of vessel
[°C1 [g] pxlatm] x 108 [ min] [mg] [mg]
1 600 1.847 0.36 69 70 + 5
1000 4.821 1.15 23 57 —1
1 000 5.245 0.74 16 26 + 5
1100 1.639 1.72 22 62 —3
1100 2.853 1.24 52 52 +5
100 - 60 5 ——
. 40 NN o o 1100°C
g’ '_\:'_ﬁ.ﬁr-u-:—-_‘_.__,__,,ﬁ_,_ 20 ?‘A o 9lo ot A
— %0 temp. dp N2 —_
£ [°c] [em] [Ni/min] E 69 d [cm]
2 —-- 903 0.88 22 I o 1000%C A 043
2 60 —2-—1000 088 o 90 S o 086-088
§ \O\M)LO'“ > £ o5 55 C?dﬂ O 218-234
e} I | Arh .
- 40 § 20——0 o o
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§ N § 88
E: 20 - - & sol_0 2 900°c
le) o EIO
R Tty ° Ao
0g 10 20 30 20—-O—R OB~ A o
Time [min] 0
0 05 1.0 1.5 20

Fig. 4. Discharge of potassium from coke after
the potassium uptake processes.
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Fig. 5. Distribution of experimental conditions
for potassium uptake by coke.
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Fig. 6. Linear increase in weight of the samples

with time at constant partial pressures of
potassium. o
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Partial pressure of potassium py [atm] -10°

Fig. 7. Dependence of potassium uptake rate of
coke on partial pressure of potassium at

900° C.
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Fig. 8. Dependence of potassium uptake rate of
coke on partial pressure of potassium at

1000°G.
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Fig. 9. Dependence of potassium uptake rate of

coke on partial pressure of potassim at
1100°C.
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Fig. 10. Concentration profiles of potassium within
the coke particles having taken up it at
1 100°C, observed by EPMA. d,=2.18cm
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Pk time Wy

atm min  wt%
A 46ad 14 037
B 360 69 3.7
———— _ calculated

[wt %]
~

~
=

Potassium content
N
1 -
. = P e
V=

0 1 2 3
Distance from periphery [mm]

Fig. 11. Concentration profiles of potassium within
the coke particles having taken up it at
1000°C, observed by EPMA. d,=0.43cm

a)

a) Microphotograph (X 500)

b) EPMA photograph : K (X 500)
Photo. 1. Distribution of potassium in carbon
wall detected by EPMA.

4. AV Y LRIGEBROBENR
FRoERIE, = — 272 ANTFOH ) v ARINDOERE

WREDI A Y Y A DRFLINIERL, 35 X OREBE~ DR E R
LU A —F LD LRINRIGETH B = ExmR LT
Wb, £ZT, DFOREFEL :

1) RIGE—KASETH 5,

2) AV YA — 7 ARE S AT B, RTE
Fi B0 % EENIEE L 7,

3) VY AOBHIBUREIL » v 7 ARV B SRS
HBThsb, BLO

1) NFEERILGER LES.

BEL) Lo, RiEk
k

K(g) ? K(s)"""""""""""""""""""'

~~
\V]
~—

EERIND. FHER Ko 12

Ke=(Cs/Cg)eq=FK/k" ++voevmeiniiniiniiniiiiiiiii(3)
Th5DH. 2T, Cg BIV® G i FhFRI Y v a0
K% L OEMEPRE (mol/cm3), kIO ¥ 12%h
THIER XOHNEOREER (s71) Ths.

22— 7 ZRTHOSHE LOEMHENDO » v v AEED
R R, ThEh

€0Cg /0t =Dop2Cy—k(Cy—Cy/Ky) +woveeeeeena(4)
0G5/t =k (Cg—Cy/Kq) wrevrerresvsreinrnennnnnc(5)

LE/RD., 2T, eliz— 2 2DOKIEK, Do ixH Y
D A DEIPILEAREL (cm?/s) THhHD. Ny 12iziF 100%
D T—EE LES. MILEEILE A M5 58 ORIEL
BOmEE, WIckE Sic X, ST oBESE % By
TRENDEHLBREOMTH B DT®, KE2) 131%
E7 Vv AORMEIEEXHR Ly, 2 oBar, &
(4) D Do IRELEDOF S % &5,

N(4), (D)CEENBER Do, k3550 Ko B
T = R EDSCTEHE T 5 O AHNEORECHDH. =
DIDTIIIPTERZAGB0Y, R (4), (5)%< b
W UM BIED D H DT, FHERMOE CHREY AT
B ENFETHD. —KAHEIEH L 5 WULAR R
LCix, CrANK 2ENTRZEBT5239, Wu 52348
HLTwD X 5wr™, & EHEEMTHS. Wu b
E—BEERLMEOT T, 575 AT b oML
T BAERT B TT S B PE L RE LT\ 523, foks 40
s ~3min OFEREELETS. = h bR
WCie B L TIWET TR, 5 oRBERRAR LK
BILMREFLTIEREED EEALTURY. L
1B, Co-HMTRERRE, Tobb, 00g/06=0
wRETIE, FHEREY KIECEfETES. 2 -2 A
WFERCGELT S &, R(4) B L0(5) IFhEh

d2y/dx?+ (2/x)dy/dx— §2y+ ($2/a) 2=0 --- - (6)
02/0t =@ BY— Pz wevereeeerimsrnnrnneinarninsiennns (7))

— 16 —



a— 2D Np-Key BE

FAPSDH Y 7 ARIGEE 1797

EEELZDBRA. 22T, Yy BIV2ThTh5E
DAY T AEAHRE L a— 7 ABRMEREY ) DR
WAy v a0BERE (g-k/g-coke) THDY,

x=r/rp R T PR €D
a=KoPMy/(pgRyT) [—]-eeveveeveeveceeenens(9)
B=K'=k/Ky [s571]-srereesreercnnsrinennananenee (10)
= (k/D)1/2 [cm=1] weeeeerevecenennnaennnnneeee (11)
G=rp7 [_](12)
THBH. rp (22— 7 ART ORELYFE (cm), 7 13k

Fo» boERE (cm), P 3IKHEOEE (atm), Mg
Y v ADRFE (g/g-atom), pg iz — 27 ADHEMN
BHEE (g/cmd), Ry 135KMAEH (cm3-atm/g-mol/K),

TixRE K), ¢ I13RINEH(s)ThHS.
AR X O R &M
F=0: 2=00cerremmrrinniiiene e (13)
x=0:dp/dx=0 -oerreeerrreiiiii - (14)
x=1 1 =Py Pp ceerererrereeniniiiiin - (15)
ThEz bhb, HEs BIObiFhFhIABERS X
OHARKGEEERTS.
Rl EZEMEL

tn=tu—1+dt (n>2,6,=0) eeceeririiraeree oo (16)
ET5. t=ly—y WKITD y=p(tp-1,%) DOFEII,
R(6)ITRNT 2(tn-1,%) KR, t=t; BT S 2=
2(tayx) OFEE, R(T)RBNT, p-1<t<iy:
I=9(@n-1,%) ET5H. N(6)FME &

Y(tn-15%) =f(x)+ (95/“)

folG(x, £) & z(tp-1,E)dE (n=2)eveenenene (17)

f(x) =pssinh(gx)/ (2 sinh @) eeeeerveeenerennensa (18)

sinh{¢ (1—=x)} - sinh(¢€)
/(xsinh ¢) : 0<<E<x

G (x&)= sinh(gx) - sinh{g¢(1—£)} (19)
/(xsinh ¢) : x<<&€<1
%5, OECEVTUL, 20,x)=0 ThH5H2, R

AN bR E 5, y0,x)=,(x) TH%. Zh
L, BEBREBORECHERTHY, WM f(x) ~
DX A D BENFEEY BRT 5. R0 I gilcs
TAELIBETE IRV, o HEE, =—-7AD
Boudouard & DOfETCEIT 5 & R, HEORIF
+HERTER EBEL LIRS,
y=Y(ln-1%) LT, R(7)% ty-y DD Ia ¥ T
SThHE, B G BT ARTFHENY v ARE

2(tny %) =2(ty-1, %) -exp(—f- 4t)

Fay(ty-q,x) - {l—exp(—p-4t)}

=aYs nillajw] (x) (7’[22) .-...................(20)
j=

1§85, 2T
aj=1—exp(—Boty) — Qj wnerrrrrrreseeninanns (21)
Qi=Qj1+tmjoy, n-1 (J=2,Q0,=0) --oeee (22)
Tj-1, n-1=0j-1, n-1{A" 787 -1 (j<2) eeeme (23)

01, n-1=n—1

02, n-1=(n—2)(n—1)/2
n—j+1 mj -3 my
Gj-1,n-1= & 23 my(my+1)/2

mjz=1 mj_4= 1 my =1

(j=4)
ceeee (24)
z—exp(_‘g AE)  eeereneinie e e (25)
o=1-—2 crrrr e e (26)

o, (x) = sinh (gx) / (x sinh ¢)
0; () =9 [ 68 E0;- (@) (j=2)

cene (27)
ThHb.
s, Wl & WRITDHRFON Y v AORIVE Wk
(tn) (g-K/g-coke) 1X, z(tn,%) & x TOWTHEH LT

7n—1
WK<tn) :3[1})3 ‘Zlajyi tetessestersrancntiacantseasas (28)
j=

InvExph’, 22T
v;=1/(¢ tanh ¢) —1/¢2 }

vj = folv<x>~w;_,<x>dx (j=2) e (29)

o1 (x) = sinh(¢«)/ sinh ¢
010 = [ 5, 6) -2 @1 (=[O
sinh{¢ (1 —x)}- sinh (¢&)/ sinh ¢

1 0=«

sinh (¢x) - sinh{¢(1—&)}/ sinh ¢
1 x<E<]

- (31)
y(x) =x— Sinh(@x)/ sinh ¢ -oveeeeereeeeesaenns (32)
THBH. N(@27), (30)DFEHIX, ¢ <5~10 DBFE, H
BRRBEN XL, AEREIECENURCE &2 2 B
5.

G'(xa E) =

5. 185 X — 2 OF

LROFERCEITNLRMD AT A =21, a, B B
IO0r (pHBULT) THh5H. 2hbDT 21— 2%
eI BH7 rrx OB

E(x) =3 w(Wx(m)—Wg)2ee-errereereraneennnn (33)
PERNCTExHRDDB, 22T, Wrkm BIO Wk
e ZhIIEER LOR@) L HFHEMETH Y, w
N ERTH B, w=1 L L. AEF -zl
BE 14, T/t 900, 1000 3 X0 1100°C wBiL

— 17 —



1798 % O W

# 66 4= (1980) 132

TEFSHTHS. dt=1min + LT+ ThHoI.

x B LT, BYsiEL S &

dE(x) /dx=0.. e (34)
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Fig. 12. Temperature dependences of the parameters.
Solid lines : direct evaluation by the least
square method, broken lines : indirect eval-

uation.
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Fig. 13. Precision of calculated amount of potassium
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Fig. 15. Estimated chemical composition of coke
at equilibrium with N,-Kg) gas mixtures.
(K/C) : atomic ratio.
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