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Metal Finishing Wastewater Treatment

Variety of metals are found in metal finishing wastewaters
(chromium, zinc, cadmium, copper, iron, etc.) ;

Metals are also present in Acid Mine Drainage (AMD)
Example: The Berkeley Pit, Butte Montana

Largest superfund site in the US;

Contains more than 25 billion gallons of AMD with a daily
Incremental increase of approximately 3 million gallons
resulting in a rise of 12 feet every year.
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TREATMENT PROCESS
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TREATMENT PROCESS PERFORMANCE

Experiment Precipitator-Settler Precipitator- Precipitator- Precipitator-
Number Unit# 1 Settler # 2 Seftler = 3 Settler # 4
pH Cu In pH Al pH Fe pH Aln

1 2.21 100.0% 99 9% 4.85 97.0% 6.28 100.0%

2 224 100.0%  100.0% 488 96.8% 6.28 100.0%

3 2.21 100.0% 99 9% 6.15 97.6%

4 2.38 100.0%  100.0%  4.60 82.1% 5.74 100.0%

5 2.25 100.0%  100.0% 478 86.7% 6.42 1000%  9.83 100.0%
6 222 100.0%  100.0% 4384 88.8% 1284* 1000% 952 100.0%
7 2.21 100.0%  100.0% 483 952% 1291* 100.0%

8 217 100.0%  100.0%  5.09 89.9% 6.05 1000% 952 100.0%
9 426 84.6%

10 227 100.0% 99 9%

11 2.18 99.9% 99 9%

12 2.56 100.0% 99 9% 5.23 92.0% 6.19 1000% 1034 100.0%
13 2.76 100.0% 99 9% 5.31 96.1% 6.33 99.6% 10.27 99.0%
14 271 100.0% 99 5% 5.39 96.1% 6.18 99.8% 9.93 95.1%
15 2.15 100.0% 99 8% 5.46 97.1% 6.29 99.9% 9.94 99.1%
16 245 100.0% 99 8% 5.13 92.9% 6.58 99.6% 9.39 96.3%
17 2.35 99.9% 99 9% 5.48 97.1% 6.36 99.8% 942  100.0%
18 2.37 99.9% 99 9% 5.94 99.2% 6.33 1000% 10.16 99.0%
19 241 100.0% 99 8% 4.65 77.1% 6.46 1000%  9.17 99.3%
20 2.50 99.8% 99 7% 5.13 92 8% 6.09 99.7% 1048 100.0%
21 2.29 99.9% 99 9% 5.68 98.5% 6.22 99.6% 9.74 89.2%

¥ Denotes abnormal point




PURITY OF PRECIPITATES PRODUCED

Experiment
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METAL REMOVAL EFFICIENCY FROM

BERKELEY PIT WATER

Expt. Al Ca Cd Co Cr= Cu Fe Mg AMn Ni in
No.
) 100% 46% 100% 100% 80%  100% 100% 50% 100% 100%  100%
] 100% 16% 100% 100% 58%  100% 100% 19% 100% 100%  100%
3 100% 20% 100% 100% 71%  100% 100% 32% 100% 100%  100%
12 99%  53% 100% 100% 80%  100% 100% 36% 100% 100%  100%
13 99% 57% 99% 97% 55% 100% 100% 32% 100% 97% 100%
14 99% 47% 100% 100% 95% 100% 100% 20% 99% 91% 100%
15 99% 53% 100% 100% 75% 100% 100% 20% 100% 100%  100%
16 99% 41% 100% 100% 72% 100% 100% 20% 99% 90% 100%
17 99% 29% 100% 100% 35% 100% 100% 12% 100% 100%  100%
18 99% 53% 100% 100% 98% 100% 100% 19% 100% 100%  100%
19 99% 19% 100% 100% 36%  100% 100% 9%  100% 88% 100%
20 99% 50% 100% 100% 66%  100% 100% 49% 100% 91% 100%
21 99%  35% 100% 100% 41%  100% 100% 18% 98%  89% 100%

* Based on mstrument detection limit
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https://www.netl.doe.gov/research/coal/rare-earth-elements

U.S. Department of Energy analyzed hundreds of coal and coal by-product samples and
found highest rare-earth assays in the northern Appalachian region




OVERALL PROCESS SCHEME FOR COAL
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CONCLUSIONS

Metals can be recovered from Acid Mine Drainage using
the sulfide precipitation process, wherein the sulfide is
generated using Sulfate reducing Bacteria (SRBs)

Experimental results obtained using Berkeley Pit Acid Mine
Drainage has shown that Cu, Zn, Fe, Mn and Al can be
selectively separated at high purities using the sulfide
precipitation process

It is proposed to convert coal into Bio-Oil using Hydrothermal

Liquefaction in conjunction with waste biomass to get partially
carbon-neutral oil (exported to Asia) and Rare Earth Elements

and other metals in the water phase

Rare Earth Elements can be easily extracted from the water phase
after Hydrothermal Liquefaction of Coal



