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Development of Recycling Process for Stainless Steel Pickling Acids

Hiroshi UESUGI, Yoshiaki HARA, Fumio TANNO, Takashi NAKAMURA and Efsurou SHIBATA

Synopsis

: The waste pickling solution used with stainless steel, which consists of mixed fluoric acid and nitric acid, is treated by pH adjustment, and the

larger part of the neutralized sludge product is dewatered and disposed of in landfills. Thus, with recent pressure on landfill sites and stricter
controls on the fluorine and nitrogen concentrations in waste water, the development of a recycling technology for this waste pickling solu-

tion has become an urgent task.

In the present research, useful metal components and fluorine were separated and the separated fluorine solution was recycled as a pickling

solution on both beaker and bench scale levels with the aim of developing a 100% recycling process for stainless steel pickling solutions.

As a result, a multi-step recycling process was developed at the bench scale level. The features of the process are as follows.

(1) Fluorine is separated from the neutral sludge by neutralizing the waste pickling solution to pH 10 or higher with alkali.
(2) The neutral sludge from which fluorine has been separated is washed and dried, and useful metals such as Ni, Cr, Fe, etc. are then re-

covered using smelting reduction technology.

(3) On the other hand, the acids and alkali are separated by electrodialysis.

The regenerated fluoro-nitric acid is concentrated by again applying the electrodialysis technique, and is recycled and used as a pickling

solution for stainless steel.
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Fig. 1. Test flow of alkaline dissolution.

Desalination Solution
Concentrated Solution
‘_l T A c I A C '[ A c I A I-Electrode Solution
Concentration Desalination
Room Room
F- F- F-
T |Noy NO,
. NO, F- 3 | - s | e _
Noa_ NOQ_ NO3_
K* K* K
T K* K* K+
Electrode Solution I I [ I L__
Waste Salt Solution

Sample Solution

A: Anion Exchange Membrane, C: Cation Exchange Membrane
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Fig. 3. Conceptual diagram of bipolar electrodialyser.

Table 1. Example of analysis result of various drainages.

(unit: mg/])
Effluent Fe Cr Ni Zn T-NO, F
EGL-rinse 43 - 17 159 - -
EGL-cell washing 681 - 934 14,011 -
H-APL-rinse 779 133 31 - 60 51
H-APL-conc 58,000 11,000 2,000 - 30,000 | 84,000
CGL-rinse 1 116 - 28 - 8
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Table 2. Analysis results of drainages contained fluorine.
(Kawasaki Steel Co. Stainless washing waste so-

lution)
Fe Cr Ni F Ca Mg
No. Note
(g/L) (gL) | (L) | L) | (mgl) | (mg/L)
1] 253 | 51 14 | 2727 | 40 10 Beaker-scale
experiment
2| 25 | 27 | o8 | 185 Scale-up
experiment
Table 3. Results of concentration experiments using elec-
trodialyser.
(Kawasaki Steel Co. Stainless washing waste so-
lution)
Time Mass of solution (ml) i Conductance - 'ls“zllr;[:i,o(:lf
(miny| V | A |Desalination | Concentration | (mS/em) | P Q)
0 800 200 614 1125] 192
K | 15 |133]301 740 260 433 1059 238
30 |11.9|2.15 660 340 104 900 | 273
48 | 9.0 | 0.40 620 380 2.0 856 | 276
0 300 200 310 1100 212
KN, | 10119200 760 240 153 193] 240
>t 20 | 9.0 |081 740 260 54 10.61 25.2
30 {90050 740 260 20 1031 237
| O 800 200 825 11.55| 205
Ko, | 2 [120]301 720 280 68.9 1112 256
5| 40 [12.2]3.00 640 360 384 1033] 301
EREL 2,
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Table 4. Results of recovery experiments using bipolar

membrane.
Voltage Mass o(f];olunon Salt room
Tiz'ne Ampere- Temp. of
(min) | Tank | Stack | hour Salt | Alkali | Acid Conductance pH | solution
Vi1 V2 (mS/cm) Q)
0 10.0 3.02| 4.04 | 335 73.7 11.01 19.0
30 (156 91 32 290 4.04 | 338 60.1 1211 230
KF 60 | 157 87 17 2.83| 4.06 | 335 40.2 12.43 258
9 [157} 91 121 {283| 4.06 | 3.40 14.0 12.11 217
105 | 151 | 10.1 136 [2.83] 404 | 335 29 1130 | 281
0 53 00 ]296| 3.60 |3.21 354 11.16 18.1
KNO, 15 1175 93 21 296 3.60 |3.21 27.0 1.72 21.0
30 | 175 94 4.6 284 3.60 | 3.23 15.2 1.61 23.2
45 1175 | 110 64 1272] 3.65 [3.25 33 223 24.6
0 11731100 00 |[3.19] 3.64 | 2.85 96.0 11.35 16.4
MIX 30 | 173 95 48 300 3.71 | 292 774 12.29 21.6
60 |17.3| 9.2 107 257 3.76 | 3.01 56.4 12.62 253
90 {1731 93 169 229 3.81 |3.11 23.0 12.35 28.1

Table 5. Analysis results of practical solution.

(/L) (mg/L)
| K Fe | Cr Ni
202 | 542 <os | 77 <05

Table 6. Operation condition. (Adjustment solution)

Ampere- Voltage Salt room Mass of solution (L)

Time Temp. of
miny | "our | Tank | Stack | Conductance | | 0l ! St | Alkali | Acid

@ | vi| v2]| (mSem) poss

0 154 | 100 104.8 10.48 17.2 520 | 359 | 314
60 8.19 153 | 87 81.5 12.20 244 518 | 3.60 | 3.15
120 18.4 153 | 84 58.8 1251 27.9 514 | 359 | 317
180 295 153 | 84 26.0 1233 29.4 509 | 3.62 | 3.18
225 35.4 153 | 107 2.0 11.32 29.6 507 | 363 | 3.18
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Table 7. Experimental results. (Adjustment solution)

Content (g/L)
(:'1',’:3 Salt Alkali Acid
K* F NOy K* F NO; K* F NO;
0 44.7 15.1 22 2.49 - - - 1.55 0
60 344 145 9.2 18.6 3.96 23
120 23.0 10.1 0.8 364 10.5 30
180 8.03 3.65 <0.2 528 17.8 29
225 0.58 0.23 <0.2 60.0 - - 21.8 29
T Distribution ratio (%)
(,;'::f) Salt Alkali Acid
K F | NO, | K F | NO, | K F_ | NO;
0 96.3 942 100 37 - - - 58 0
60 727 85.8 39.7 273 14.2 60.3
120 475 60.9 4.1 525 39.1 95.9
180 176 247 0 824 753 100
225 13 1.7 0 98.7 98.3 100
Table 8. Operation condition. (Practical solution)
Voltage Salt room Mass of solution (L)
Time Ampere- Temp. of
hour | Tank | Stack | Conductance . . .
. - g
(min) @) Vi V2 (mS/em) pH so(l:.\éx)on Salt | Alkali [ Aci
0 156 | 99 98.1 9.32 20.4 531 ) 358 | 3.00
60 9.05 158 [ 86 80.9 12.20 26.9 529 | 358 | 3.01
90 137 158 | 87 70.8 12.61 283 526 | 3.58 | 3.02
150 25.6 158 | 87 428 12.73 305 522 1 3.60 | 3.05
210 35.8 158 | 99 8.1 11.99 314 517 | 3.62 | 3.07
225 37.2 15.8 | 11.0 2.3 11.57 31.1 517 | 3.62 3.07
60
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§ 40— WD
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Fig. 7. Changes in concentrations of ions and element in
salt solution with treatment time.
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Fig. 9. Changes in concentrations of ion and element in
acid solution with treatment time.
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