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Development of Recovery Technology of Valuable Metal Contained in Industrial Sludge by
Smelting Reduction Furnace with Two-stage Tuyeres

Takeshi UCHIYAMA, Yoshiaki HARA, Kanji TAKEDA, Hiroshi UESUG! and Takashi NAKAMURA

Synopsis : A new technology for recycling stainless pickling sludge has been developed by combination of a smelting reduction process of the sludge

and a separation process of fluorine from the pickling.

The stainless pickling sludge, which is generated by the neutralization of the waste pickling liquor, contains valuable metals such as iron,

chromium and nickel. The sludge, however, also contains fluorine and the fact has obstructed the recycle of the sludge.

We carried out bench-scale and pilot plant tests of the smelting reduction with coke packed bed in order to develop the recovery technolo-

gy of valuable metal contained in the sludge. The reduction of the metal hydroxides and the behavior of the fluorine in the furnace were stud-

ied through the tests. A newly modified index of heat level was installed. By considering decomposition heat of hydroxide and reaction heat

with carbon, reduction indices were uniformly described. Complete recovery of the valuable metals in the sludge was achieved at the pilot

plant tests. The fluorine distribution ratio into slag was 21% and we expect that the fluorine leaching from the slag is 0.32 mg//, which is

lower than the environmental standard value of 0.8 mg/l. The pH of the cooling water for the off gas is mainly determined by the balance of

the ion contents of fluorine and chiorine as the acid eclements and that of calcium, sodium and potassium as the alkali elements.
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Fig. 1. Process flow of smelting reduction furnace.
Table 1. Chemical composition of sludge.
(%)
TFe | TCr F sio, | ALO; | w0 Na cw
Strip mill sludge 43.4 4.66 0.16 3.86 2.32 6.47 0.07 8.47
Defluorized sludge 43.7 7.54 3.04 0.17 0.40 <0.1 3.73 8.76

CW : Compound water
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Table 2. Operating condition.
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Fig. 2. Effect of operating condition on index of reduction.



Ratio of F distribution into slag: 21 %
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Fig. 3. Relationship between fluorine content in slag and
fluorine content in sludge.

Ivd 10d Rq() F
O A 03-04 CaF,
® A 04-06 CoF,
O A 04-06 NaF

F distribution ratio into slag (%)

O 1 1
1800 2000
Tu (C)

2200

Fig. 4. Effect of T, on fluorine distribution ratio into slag.
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Table 3. Calculating condition.

Case 1 Case 2
Input |[Gas | CO 3.07 X 10!
material N, 3.60 X 10!
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Fig. 5. Equilibrium of fluorine distribution ratio into slag

(calculation).
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Fig. 6. Relationship between pH and ion concentration in cooling water.
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