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Separation and recovery of iron, nickel and chromium from evaporative
crystalline product of spent pickling solutions from stainless steel processing
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(1. Yunnan Chihong Zn&.Ge Co. Ltd. , Qujing 655011, Yunnan, China;
2. Faculty of Metallurgy and Energy Engineering, Kunming University of Science and Technology. Kunming 650093, China)

Abstract: In view of characteristics that crystal produced from stainless steel pickling wastewater
evaporative crystallization contains iron, nickel, chromium and sulfuric acid, the process of dissolution-
recrystallization-purification was carried out to separate iron and nickel and chromium in crystal. The
results show that iron in crystal mainly exists in form of FeSO, - H, O. Temperature and initial
concentration of iron are the important factors for crystallization efficiency and purity of ferrous
sulfate. With drop of crystallization temperature and increase of initial iron concentration, crystallization
efficiency of iron rises, but ferrous sulfate purity reduces. The ferrous sulfate primary product of wet base
purity of 93% is obtained under the conditions of solution temperature of 64 ‘C, crystallization
temperature of step | and step [[ of 30 C and 5 C, respectively, both crystallization time of step | and
step [l of 30 min, and speed of agitator of 300 r/min. The primary product is purified through resolution-
recrystallization to prepare ferrous sulfate product meeting Chinese standard GB/T 10531—2016 type II.
Materials of Ni 4% and anhydrous sodium sulfate with purity of 99. 42% are prepared from crystallization
mother liquor by evaporation concentration-freeze crystallization-neutralization-preparation of sodium
sulfate through evaporation.
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Table 1 Main chemical compositions of experimental material /%
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Table 2 Solubility of several sulfates of metals

W/ C FeSO, NiSO, MnSO, Crz (SO
0 15. 75 28.1 52.9 —
10 21. 87 33 — —
20 26. 24 38.4 62.9 220
30 32. 81 44.1 62.9 —
40 40. 08 48.2 60 —
50 48. 39 52.8
60 55. 06 56. 9 53.6 —
70 49. 26 — — —
80 43. 69 66. 7 45.6 —
90 37. 34 36. 4
100 31.6 69 28.8 —
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Fig. 1 Flowsheet of crystal produced from stainless steel pickling waste water
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Fig. 2 Relationship between iron concentration in dissolved

liquid of experimental material and time

M 2 T, A% 1 b JE, BRUBEE SN 110 g/L,
S5 AR S S I T, Rk B AR AL O AR ] . 3]
W BRI R A, I, SR 2 se s rh b R R
JERS B 110 o/L 245, TEM AT HRI& T
50 LI Jo WA E A JE 2L gkl . 2T (g/1)

TFe 114.2, Ni 2.59, Cr 2.88, Mn 7.57, H,SO, 49. 20,
2.1.2 455
TR RS R R R AR A i AR R EE MR
— . P E BRIR WA SRR R X R Bk 4
pn AR E WA AR . . TERIG Bk
B 114.2 g/L., WA 60 min, $$E 4 # 300 r/min
E’J SUFTT . BT 5 R EE X 4 S W D 4 e e
K AR 3 FTR

80 8
Jof a—a— 17 L
= o
=60 16 £

R

S s0f {s E
3 40t 14 4
fE —eo o 0 4 0000000 . .
30 43 =
\o i+
iy .——./'___'/. =
0F 1, =
& lis
uesy
10 - -+ Fe -#Ni —eCr —aMn q1 =

0 1 1 1 1 1 1 1 1 1 O

-2 0 2 4 6 8 10 12 14 16

4 IR C

B3 #REENGERERPEBRENEZMN

Fig. 3 Effects of crystallization liquid temperature on

metal concentrations
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Table 3 Effects of temperature on impurity contents and purity of ferrous sulfate /%
i TR IR i A 2 43 o L o
A/ C - . BRES AR i R 0. 2 100 e 2l 2
Fe Ni Cr Mn
—2 18. 40 0.13 0.065 0. 46 57.52 91. 34
0 18. 60 0.12 0.063 0. 38 55.70 92. 34
5 18. 80 0.12 0.062 0. 39 53. 66 93.33
10 18. 80 0.11 0.062 0. 35 49. 34 93. 33
15 18. 85 0.08 0. 06 0.28 45. 47 93.58
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Fig. 4 Effects of crystallization liquid

time on metal concentration
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Table 4 Effects of time on crystallization efficiency

and purity of ferrous sulfate

S50 E) /min BRI AR A5 R ROE % T IR 3 4 Y L 4l
1 52.98 93.17
10 53. 67 93.02
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Fig. 5 Effects of initial iron concentration on iron
concentration in crystallization liquid and purity of

ferrous sulfate
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Table 5 Effects of initial iron concentration on

crystallization efficiency and purity of ferrous sulfate

it/ min BIEROEERES MACEY BRI BRI A
100 45.04 93. 56
109 51.05 93.28
123 58.97 93.33
134 63.3 93. 02
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Table 6 Experimental conditions of crystallization steps

Fe T Bedhii IRz &1
I [6] / min e/ C PR/ (r « min™ 1) i [8] /min R/ C PR/ (r + min™ 1)
1 30 35 300 30 8 300
2 30 35 300 30 5 300
3 30 30 300 30 5 300
KT ZRBEHERER
Table 7 Experimental results of crystallization steps
s T W e Rk s/ (g« LD BB WAk h 4 )@ & i/ % lﬁﬁ&@l%ﬂu ﬁﬁ@lﬁ%‘}fu
Fe Ni Cr Mn Fe Ni Cr Mn WA/ %D LA/ %
1 T Be4s by 106. 11 2. 64 3.35 7. 40 19. 65 0.13 0.23 0.53 17.77 93. 55
B4k 64.07 2.06 3.56 5. 80 19. 11 0. 22 0.21 0.55 35.07 90. 87
1 Begh by 104. 43 2.68 3.41 7.50 19.70 0.11 0. 21 0. 50 18. 25 93. 80
2 T Bt 4t 5y 60. 45 1.92 3. 66 5. 10 19. 07 0.24 0.22 0.53 37.72 90. 68
s T B4 i 98. 17 2.35 3.53 7.68 19. 20 0.11 0.19 0.48 27.06 93. 31
I B 45 60.33  1.91 3.62 5.44  16.00  0.08 0. 20 0.49 39. 33 90.42
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Table 8 Experimental results of purification process(redissolution-crystallization)

e T W &R/ (g« LD BB W4k b 4 )@ &/ %6 @ﬂﬁﬂz%lﬁ . B2 2. % 1%
Fe Ni Cr Mn Fe Ni Cr Mn &Y FeaifE/ %
. T Be4h 104. 67 1.41 0. 20 6.08  19.46  0.14 0.0016 0.55 33.45 96. 56
Il BL 4 i 68.00  1.18 0.23 6.05 18.53 0.11 0.0011 0.35 34.08 91. 99
) 1 Beah 106.67  1.45 0.21 6.08 19. 40 0.11 0.0012 0.35 32.52 96. 31
11 B 45 68.67  1.23 0.25 6.08 18.60  0.15 0.0023 0.57 33. 87 92. 34
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Table 9 Product quality test result of crystallized product from step [I during purification /%
E 4R GB/T 10531—2016 £ 151 H ARSI AR
WRER 2k (FeSO, + TH.O) 4 Jit 5 43 % =>87.0 91.7
TR (TIO) R 5K <1.00 0.08
AN 1Y 0 4 A <0.50 0.03
TF B IR (LL Ho SOL i) 19 5 &2 43 %K <2.00 0.07
it CAs) 1 T 2t 43 % <0. 001 0. 000 000 4
% (Pb) ) 5 & 43 8 <0. 002 0. 000 01
4% (Cd) 14 5 1 43 % <0.000 5 0. 000 146
R (Hg) i 5 2 43 5K <C0. 000 1 0. 000 001
& (Cr) 1 o7 1 53 X <0. 005 0.000 073
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Table 10 Experimental result of evaporation-freezing crystallization of crystallization mother liquor /(g -+ L™')

Yk 24 7 Fe Ni Cr Mn H, SO,

78R W (45 f B BO 60. 33 1.91 3.62 5. 44 76. 44
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Table 11  Product quality of sodium sulfate

GB/T 6009—2014

it H % aem SEHG R AR
BER 4§ (Na2 SO, / % >=99.0 99. 42
IKREW % <0.05 0. 006
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5 (Ca) / % —
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B (Fe)/ % <0. 002
Ko/ % <0. 20 0.05
HEE(RAST) /% =82 83
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