Recycling of Some Steel
Industrial Solid Wastes for High-
value Materials Application
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Second fume
~100kg/ton pellet
KO NaO Pb  Zn h 4 KCl: 10~20%

16 0.14 043 0.03 0.11 7n0: 30~50%
333 0.07 0.63 0.15

~2 ~4

10.0 2.24 215 0.50

How to use the sintering dust ?
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Introduction---problem 2

| dustief Si-Fe alloy works
4N AN\ L .

mm 1000 kg Si-Fe

' Silica fume
w) ~100 kg/ton Si-Fe

Composition of typical silica fume
Comp. SiO, AlLO; Fe,0; CaO P,Os S size

<lum

%wt 865 054 315 0.73 : . 056 <0.1 0.24 (80%)

If SiO, >90%, silica fume can be used as cement additive.
But generally, SiO, <90%, How to use it ?
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Cement production
water-granulated slag P

Pore particles

If it is possible to be used as the of other high-value
material ?
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1. Recovery of Potassium Chloride from

Sintering Dust of Iron making Works
electrostatic _grecip!tator

e |
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ﬁF At the sintering temperature:

e e 1 5 e

i KCI, NaCl (in the raw) === KCI(g), NaCl(g)
A g4l |

) ii ~ Atthe low temperature:

Y

;‘a KCI(g), NaCl(g) (in flue gas) === KCI(s), NaCl(s)

Sintering Dust Pca >Prnacr KCIlis more than NacCl in the dust
~4kg/ton sinter ’
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KCI, NaCl content the sintering dust collected by electrostatic
precipitator ( 5 steel works in China)
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v About 800 million tons sinter in China
v" Sinter fume ~4 kg/ton sinter

v ~ 3 million tons sinter fume per year
v If the average KCI is 20% estimated

Pure KCI resource is 60 X 103tons

About 50 million tons general dust

v" if 60% of dusts treated by RHF in the
futer

v ~100 kg fume generated again to treat
one ton dust

v ~3 million tons fume per year
v If the average KCI is 20% estimated

resource estimation

1.5 million
tons
potassium
fertilizer
>production

About 50%
of Chinese
potassium
fertilizer
output in

Pure KCI resource Is 60 X 103tons /

- e e ) T
Second International Slag Valorisation Symposium | C. Peng, X. Zhi, M. G I, R.

present

1 28/04/2011



Properties of sintering fume
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ties of sintering fume

et | 5 | e | ke

%atom 142 4395 46.25 3.76

300 -

200 -

100

keV

1200

Q00 —

BO0 —

Counts

300 —

o =

Second International Slag Valorisation Symposium | C. Peng, X. Zhi, M. G '!.')-

128/04/2011



Composition of the fume used in the experiment

Elements K

11.50 1.48
Elements Si S
1.762 1.21

Composition,wt%

Composition,wt%
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Recovery of potassium, %

&l

50

\Y[o Zn Pb
1.002 0.20 0.885 21.73
Mn Ti P
0.041 0.132 0.060 0.065
F ™ FY FY
o Y o &
R u =
m T./S=2/1
o L/S=5/1
A4 T./5=10/1
I 300 | &0 | 200 | 1200 | 1500

t. s

Effect of L/S ratio on leaching rate of K element at 303 K with particle size of
8. 297pm and stirring speed of 550 rad/min
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EDS map for an Cl and K the received dust

R
9 Rz
8 i -, —0— Unwashed dust : s
I o . —eo— \Washed dust X A FT
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£
A s ‘s EDS map for an Cl and K the washed dust
i .o" /O ° \o
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Particle size (microns)

Sizing analyses of un-washed and
washed dust

grey file:(123X128) CKKa)(2471-2775X128X128) K(Ka).(3164.3468) 128X128)
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Comparison of available
leaching content of
potassium, calcium, sodium
and lead as a function of

leaching time
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Comparison of ion concentration in the leach liquor with L/S ratio of 1/1
and that after sulfide precipitation

Constituents

Concentration in the

leach liquor

KCI, NaCl, CacCl,,
g/L g/L g/L

206 46 24.7

Zn, Cu,

Pb, ppm
PP ppm ppm ppm

5049 1766 2151  16.8

i
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impurities removal

Sodium sulfide can be used to precipitate the heavy metals
500+ = )
—a—Cu o
1 400 4 —e—Pb” 07 — = — Pp”*
Eﬁ ZI’]Z:+ % e Cq®
) 300 - —v— Cd g 300 7n?
-g 2004 ¥ é) Rl
< Precipitate for 5 min £ 150+ '\ Add 0.5% Na,S.9H,0
Q_\ 100 — ’S
N .
0 V—-———-"N V’l 0+ K L 2
0 1 2 3 4 ° 0 200 400 600 800 1000
Na,S.9H,0, % Time, s
i KCI, NaCl, CaCl,, Pb%" Zn2*, Cu?, Cd#,
g/L g/L g/L mg/L  mg/L mg/L mg/L
leach liquor 206 46 24.7 5049 176.6 215.1 16.8
after sulfide precipitation 205 51 2.45 2.9 0.9 0.3 0.2
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Sintering dust |[€——

Addtives

e

— Mother liquor [€—

I
\ 2
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Leaching solution
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pilot test
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100 X 103ton dust/year
2 X103 ton KCl/year around
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A industrial plant will be set up in Dangshan
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2. White Carbon Black Preparation from the

Dust of Ferrosilicon Plant

White Carbon Black: A kind of mic-nano size SiO,

Used as rubber additives
Produced by precipitation of sodium silicate (Na,Si05;"9H,0)
solution with acid (HCI or H,SO,)

CaO CaO CaC CaC > C;H; PYVC :
production »| production »| production
C 02 Hf T T Clg
- whit: 2= ey NaOH
white Whita caxbpnb]acl« Si6 duston
carbon production slurry
black -
sagEP_le _
2lDzduse Si-Fe
cam‘zﬁi?hck production

Fu .

- TR
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operties of silica fume

Composition of typical silica fume

Si0o, ALO; Fe,O, Na,O P,Og S size

<lum
86.5 0.54 3.15 0.73 : : 056 <0.1 0.24 (80%)

V) T PSS ol BaR e [ (o i T FiE SR I T 1771

crystalline
SiO;

Extent (%)

<) Silica
: fume

SEM of silica fume s z s

Particke Diameter (Micron meter)

XRD of silica fume
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2NaOH + nSiO, = Na,O. nSiO, +H,0

- B —m
——
s —0—a—08

- / temperature: 160°C
Si0 /Na,0=2.0

SiOp conversion (%)
Lo

T v i — T T T T T T
30 60 90 120 150 180 210 240 270

Time (min)
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Preparation of silica particles by CO,

Na,SiO;+C0O,+H,0 - Na,CO,+H,SiO; |,

PH change during
carbonization

12

9
B i 10|
Particle size analyser O

4
pH

@ 8
circulating water _J
) ¢
I 10 20 30 40 50 60
7 CO, N, gas o ol i Time (min)
! %é}ﬂo}pi/ 1 ___ circulating water
G — _
6 Na,SiO,: 20-80 g/L
LIRS, 2—pHif: 3RS, ATRE, Temperature: 50-95 °C
SR 6—S SR, 7—CO, N
BRI k: 9— KT R4 CO,: 10-40 %
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The size of white carbon black
particle increase with Na,SiO,
content,

and BET surface decreases with
Na,SI0,
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23 Second International Slag Valorisation Symposium | C. Peng, X. Zhi, M. G 28/04/2011



= 124
~ 360}
% 122
© 340} ¥ _
@© 120>
: o
g 320f l188
2 5
o 300} |160
5
o 280} 14
S | | | | |

50 60 70 80 90 100
Temperature (°C)

1 d1 sBerl oepl

24 Second International Slag Valorisation Symposium | C. en.;&, X. Zhi, M. G 28/04/2011



N
ol

= = = 50°C
20F =—=2380°C
o 15}
]
g ‘«
=~ 10 o
) LA
o " .
o . .
\030.5- ) ".s‘
0.0} IR
4 10 40 100

Effect of temperature on pore size

distribution

IIIIII[!!IIE*ZL}ﬂ;L
25 Seco:n ternational Slag Valorisation Symposium R en.;&, X. Zhi, M. G

Pore diameter (nm)




Comparison between
CO, precipitation and H,SO, precipitation

500
@ 4 400F 35
o = 2.0t
o 400} 9 S o
o) E | & 320 p
n = & =10}
(2] ©
B 300} & 1f 2 o5l
o > o 240F 3
5 of g 0.0f
9 - - = 1 10
c 200 F 10 40_ 100 8 Pore diameter (nm)
o Pore Radius (nm) T 160
£
2 100} e
> S 80p
o
0 2 2 2 2 2 2 > 2 2 2 2 2 2
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Relative pressure (p/p,) Relative pressure (p/p )

The white carbon black with more pore and larger pore
diameter can be obtained by carbonization precipitation
than acid precipitation.
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@a28i03 solution> (Residual slag )
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filtering
v v
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& carhonation

1 reactor sprayd.tyer
holder
white
! carhon
2 black
filter
3 cool water J
stearn s
dissolving reaction Carbonation reaction hydrolyzation reaction
2NaOH+SiO, Na,SiO,+CO,+H,0 H,Si0,—8i0,.nH,0
—>NaZSiO3 +H20 —>N32CO3+HZSiO3l
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The plant of industrial scale with

10000 ton/year will be set up.
R4 T T

ey — - -
o .A.

T e Rl S B L
-_— e -
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3. Sound-absorbing Material preparation

from Iron-making Slag
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water-granulated slag
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Properties of the water-granulated slag
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Conclusions

€ Due to the rich pores and good sintering property of the
water-granulated slag of ironmaking, it is possible to be
used to produce sound-absorption plate.

€ Due to the high activity property of silica fume, it can be
used to produce white carbon black.

€ The sintering fume in steel industry contain high content
potassium chloride. It can be used to produce potassium
chloride by hydro-process.
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€ Recycle of the second recourses of metallurgy
¢ Utilization of the social wastes in metallurgy

& Technologies for utilization of the poor or
complex iron ores
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