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Chemical Analysis of Metallic Chromium and Iron Contained in

Semi-reduced Chromium Pellet

Kinnosuke OXUDA, Mitsugu MURANAKA, Kikuo TAKEDA,

Hiroshi ABE, Ryiji SAKURAI, and Kazuyoshi GoTd

Synopsis:

Chemical analysis of metallic chromium and iron contained in semi-reduced pellet produced in ferro-
chromium factory wasstudied. Metallic Crand Fe form complex carbide which is easily dissolved in concent-
rated H,S0O,. However, when acid concentration was high, higher analytical values of Cr and Fe were ob-
tained because of the dissolution of Cr and Fe from unreacted chromite ore which was contained in the semi-
reduced pellet. H,SO, (1 +3) was mostsuitable to fully recover metallic Cr and Fe preventing the dissolution
of chromite. Another important point was to put a condensation cooler over a beaker to maintain constant
volume and concentration of acid during heating period. The boiling point of H,SO, (14-3) was kept to
111 °C. Under this condition being maintained for 30 minutes, the best result was obtained. The proposed
method had no bias among four laboratories and precision of the method was as follows;
for metallic Cr, the standard deviation was 0.159%, to mean value of 13.6%,.
for metallic Fe, the standard deviation was 0.20% to mean value of 11.0%,.
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Fig. 1. X-ray diffraction pattern of semi-reduced
pellet (upper) and its residue leached

with H,SO,(1+1) at 80°C (lower).

Table 1. Analytical value of samples.
Sample Cr Fe Si C
Metallic Cr 9.8 0.79 0.09 0.002
FCrH | 68.1 23.4 0.68 6.79
FCrH 5 59.8 25.7 5.75 7.29
Cr;Cy 86.8 0.60 0.47 11.6
Cr,C, 83.2 0.79 0.30 14.9

(FCrH is a sign of JISG 2303 fur high carbon-ferrochromium.}
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Fig. 2. Cr recovery of various Cr compounds by
H,SO,(1+1) leaching.

Table 2. Factors and levels of the experimental
design.
Level
Factor - -
(1) (2)
Sand bath

Heating method (A) with a ’ Water bath,

condensor open

30 min for A,
60 min for A,

15 min for A,

Heating time (B) 30 min for A,
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Table 3. Experimental results of L, design.

Factor A B C D E R, l R,

Rank ?
2 ! 8 6 12 Cr Fe . Cr Fe

No. ]
1 1 1 1 1 1 7.6 6.4 19.5 15.0
2 1 1 2 1 2 7.0 5.7 18.6 14.7
3 ] 1 1 2 2 7.1 6.2 19.8 15.0
4 1 1 2 2 1 6.7 5.9 19.0 15.0
5 2 1 1 2 1 3.7 4.0 18.7 14.0
6 2 1 2 2 2 0.4 2.1 14.5 11.2
7 2 1 1 1 2 1.2 2.7 18.4 14.0
8 2 1 2 1 1 3.4 3.2 13.8 12.5
9 1 2 1 ] 1 7.1 7.0 19.6 15.6
10 1 2 2 1 2 3.4 4.4 15.6 13.0
11 1 2 1 2 2 7.0 6.1 19.6 15.0
12 1 2 2 2 1 4.7 4.7 16.5 13.3
13 2 2 1 2 1 0.4 2.5 15.5 13.0
14 2 2 2 2 2 0.8 2.2 6.0 7.5
15 2 2 1 1 2 0.5 2.1 13.3 10.7
16 2 2 2 1 1 0.6 2.2 9.2 8.7

Table 4. Variance analysis on metallic chromium observed.

Factor df. | s [ m. S. F, 0 (%)
Heating method (A) 1 192.08 J 192.08 303%x 12.2
Heating time (B) ] 49.01 49.01 77%% 3.1
Conc. of H,;SO, (C) 1 47.04 47.04 74%% 3.0
Size of sample (E) ] 5.12 5.12 8.09*% 0.3
Reduction rate (R) | 1200.50 1200.50 1897** 76.5
Interaction AXB 1 8.00 8.00 12.6%* 0.5

AXG 1 1.62 1.62 2.56 0.1
BxC 1 5.78 5.78 9. |3** 0.3
RxB 1 6.48 6.48 10.2%% ! 0.4
RxC 1 17.41 17.41 28+ | 1.1
RxAxB ! 1 7.60 7.60 12. 0%+ 0.4
RXAXC 1 12.50 12.50 19.8%* 0.8
RXBxC 1 1.44 1.44 2.27 i 0.1
RXBXE 1 3.92 3.92 6.19% | 0.2
¢ IV 10.76 0.633 i 1.0
Total sl 1569.26 | 100.0

F1.(0.01)=8.40, F} (0.05)=4.45

(e’ includes factors whose Fy are under 1.00)
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Table 5. Variance analysis on metallic iron observed.
Factor d. f. S. S. m. S. F, 0 (%)
Heating method (A) 1 79.38 79.38 350%* 10.5
Heating time (B) 1 12.00 12.00 S4** 1.5
Conc. of H,SO, (C) 1 16.53 16.53 75%* 2.2
Size of sample (E) 1 3.38 3.38 15, 3** 0.4
Reduction rate (R) 1 619.52 619.52 2803%* 82.2
Interaction AXB 1 3.13 3.13 14 2% 0.4
AxC 1 0.45 0.45 2.04 0.03
BxC 1 2.54 2.54 11.5%* 0.3
RxB 1 2.88 2.88 13.0%* 0.4
RxC I 3.00 3.00 13.6%* 0.4
RxAXB 1 2.00 2.00 9.05%* 0.2
RxAXC 1 3.52 3.52 15.9%* 0.4
RxBxC 1 0.91 0.91 4.12 0.1
RxBxXE 1 0.50 0.50 2.26 0.04
e' 17 3.76 0.221 0.8
Total 3] ‘ 753.50 100
F1,(0.01)=8.40, F! (0.05)=4.45
(e’ includes factors whose Fy are under 1.00)
Table 6. Cr and Fe segregation in each size range 25
of pellet.
(Re)
Range of size Cr Fe
Sample (mesh) (%) (%) 20} l 20
60~100 11.5 11.2 1 l (R,)
A 100~-200 12.7 11.4 l 15k %
200~-300 14.6 11.6 3 1o R $
—300 17.7 13.3 < I < v
S fid
60~100 9.0 10.0 | i 3
B 100~ 200 11.6 10.2 10 T (R0 | 1o 0
200~300 13.7 9.5 !
—300 20.8 12.6 | ! g, R
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Fig. 3. Analysed value of Cr and Fe of sample
R, and R; under various heating methods
(A) and acid concentration (C).
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Fig. 4. Analysed value of Cr and Fe of sample

R, and R, under various heating methods
(A) and heating time (B).
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Fig. 5. Solution temperature of sulfuric acid with
various concentratiomn.
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Fig. 6. Dissolved quautity of Cr and Fe per 100 g
of chromite ore under various H,SO,
concentration.
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Fig. 7. Analysed value of Cr and Fe of pellet
under various sulfuric acid-concentration.
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Fig. 8. Analysed value of Cr and Fe of lower
reduced pellet by four laboratories.
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Table 7. Precision of analysis.

\\\\S. - & i Fe
— “ r -
AN 1 O R L e D T
80 BP. |  BP. 80 | BP. |  BP
Term of & | 60 | 20 30 ] 60 ] | 20 30
Between labos 0.85 0.25 0.09 ‘ 0.92 — —_
Between days : 0.39 0.03 0.06 | 0.41 0.07 0.08
Sample Xlabos 0.55 0.05 0.08 | 0.61 0.15 0.17
Within day 0.17 0.07 0.07 | 0.11 0.09 0.05
Total 1.10 0.27 0.15 1.18 0.19 0.20
E : Element, C : Conc. of HpS0,, *: Temp. (°C), ¥*: Time (min) )
&, WREH 11°C wifich, €F7 o akiU& X &

BEkiFsEacMmtiahg. RRITO S 0 AEAEPS
OBELY 0 A B X UBELSOBBIBERTE HIZ LS
V. ZOABEKRIEEDEEDOHITTHEN, £B2 0 AT
Ty 13.6% It L 6=0.15%, &BEETIEFYE 7.4%
wxtl 0=0.20% THotz. ErSHEEMOERS L
NP X —FKL7.
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