
- 51 - 
USE OF ACTIVATED CARBON FOR M I N E  WATER TREXTMFNC 

Edward A. Mihok 

U.S. Department of the In te r ior  
Bureau of Mines 

Pittsburgh Mining Research Center 
4800 Forbes Avenue 

Pittsburgh, Pennsylvania 15213 

ABSTRACT 

Extremely rapid oxidation of the  ferrous i ron i n  raw acid mine water is pos- I 
s ib l e  without the use of cost ly  oxidants and precipi ta t ing agents. 
achieved by ca ta ly t ic  oxidation in  an activated carbon-air+nine water system. 
ferrous i ron content of an acid mine water flowing through aspirated, granular, 
activated carbon was reduced from about 700 t o  10 ppm i n  less than 1 minute. 
corporating a ca ta ly t ic  oxidation s t ep  i n  the  treatment of acid mine water contain- 
ing ferrous iron would f a c i l i t a t e  treatment by v i r tua l  elimination of aerat ion 
equipment and precise stoichiometric control  of pH. 
expensive alkal ine reagents, thus lowering reagent costs .  Final ly ,  smaller 
s e t t l i ng  ponds would r e su l t  through sludge volume reduction. 
essent ia l ly  consist of oxidation, neutral izat ion,  and se t t l i ng  of so l ids .  

T h i s  was 
The 

In- 

Limestone would replace 

The process would 

INTRODUCTION 

Mine drainage is now c lass i f ied  a s  an indus t r ia l  waste. Although mine waters 
vary widely i n  chemical composition, the most damaging constituents--acid su l fa te  
and/or iron--are invariably present, and economical removal of these pol lutants  
const i tutes  the  problem of mine water treatment a t  the  present time. 
economic standpoint, one of the most d i f f i c u l t  technical  aspects of mine water 
treatment i s  i ron removal. 
would be re la t ive ly  simple and inexpensive. Iron, aluminum, and acid could be 
e f fec t ive ly  removed f r o m  mine water by ra i s ing  the  pH t o  about 6 with a cheap 
alkal ine agent such a s  limestone. However, i n  most mine waters the  i ron is pre- 
dominantly i n  the ferrous form (Fe++). 
expensive t o  remove, especially when present i n  appreciable quantity. 

From an 

If  the i ron is i n  the  f e r r i c  s t a t e  (Fe+++), removal 

Ferrous i ron is more d i f f i c u l t  and more 

Conventional mine-water treatment processes consis t  of lime neutral izat ion,  
aeration, and sludge se t t l i ng .  
i ron  because l e s s  sludge r e su l t s  when i ron  is  i n  the  f e r r i c  form, and savings i n  
reagent costs  can be real ized with the  use of lower pH. 
applied, a high pH (about 9) would be needed t o  guarantee a l o w  soluble iron con- 
t e n t  (<7 ppm) i n  the  t reated water. 
a more flocculent prec ip i ta te  and thus fur ther  complicate the sludge disposal 
problem. 

Aeration is u t i l i zed  primarily t o  oxidize ferrous 

If aerat ion were not 

Larger sludge volumes would r e s u l t  because of 

An inherent disadvantage t o  t h i s  mode of treatment is the d i f f i cu l ty  of pro- 
cess control. 
has been converted t o  the insoluble f e r r i c  s t a t e .  
a lkal ine reagent feed cannot be established by a s e t  pH l i m i t  for e f f i c i en t  opera- 
t i o n  without continuous monitoring of ac id i ty  and ferrous iron load. 
blance of control  i s  possible i f  the raw mine water feed is  equi l ibrated i n  
holding ponds and aerat ion equipment capabi l i t i es  and performance a re  firmly 
established. 
a lka l in i ty  or ac id i ty  i n  the  t reated water. 
therefore, can provide some degree of control  i n  such a mine water treatment 
process. 

Neutralization of ac id i ty  is not achieved u n t i l  most of the  i ron  
Therefore, regulat ion of the  

Some sem- 

But sudden changes i n  the acid and i ron load may r e s u l t  i n  excess 
Only experience and t r i a l  and er ror ,  
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When acid mine water is exposed t o  the atmosphere the ferrous iron oxidizes t o  

f e r r i c  i ron.  The oxidation r a t e ,  however, is exceedingly slow, even with the aid 
of aerat ion (l).u To accommodate large volumes of mine water having appreciable 
ferrous iron, prohibi t ively large basins and aerat ion f a c i l i t i e s  would be required. 
Chemical oxidants can be used t o  accelerate the  r a t e  of oxidation, but a brief 
analysis  of the stoichiometric requirements and the uni t  cost of oxidants show that 
such oxidation would be too cost ly .  
of ferrous iron, but none a r e  used i n  pract ice .  

Certain substances (9 enhance the oxidation 

The best approach t o  acid mine water treatment is t o  convert the ferrous i ron 
t o  the f e r r i c  form p r io r  t o  neutral izat ion.  
readi ly  be achieved by simply increasing the pH above 4.5. 

Complete i ron removal would then 

Recent developments (2) i n  the Bureau of Mines Pittsburgh Mining Research 
Center laboratory indicate  t h a t  extremely rapid ferrous iron oxidation i n  an acid 
mine water is possible without the use of high-priced chemical oxidants, without 
expensive precipi ta t ing agents, and without extensive aerat ion equipment. This 
ca ta ly t ic  oxidation reac t ion  was achieved i n  an activated ca rbona i rmine  water 
system. 
fu r i c  solutions (4). 
acid and acid s a l t s .  
activated carbon as a means of catalyzing the a i r  oxidation of ferrous i ron i n  acid 
mine water, the i n i t i a l  r e s u l t s  are promising. The brevity of t h i s  study d i d  not 
allow defining the reac t ion  kinet ics  or resolving the fac tors  affect ing the ac t i -  
vated carbon-air-acid mine water system. 
the t e s t  and the t e s t  r e s u l t s  can be made. 

Activated carbon accelerates  the  r a t e  of oxidation of ferrous iron in  su l -  
Acid mine water eff luents  a re  d i lu t e  solutions of sulfur ic  
Although only an exploratory e f fo r t  was made w i t h  granular 

Therefore, only a general description of 

MPWIMENTAL WORK 

The carbon used throughout the  tests was a commercial-type, coal-base, a c t i -  
vated carbon sized 12.by 40 mesh. Mine water containing 613 t o  945 ppm Fe++, 810 
t o  960 ppm t o t a l  Fe, 2,100 t o  2,400 ppm t o t a l  acidi ty ,  and w i t h  a pH ranging from 
2.70 t o  3.15 was used fo r  the  tests.  
i n  tab le  1. 

A typ ica l  analysis of t he  mine water i s  shown 

TABLE 1. - T w i c a l  mine water analysis 

pH ........................... 
Eh ........................... 
Total  ac id i ty  ............ ppm 
Fe++ ..................... pprn 
Total Fe ................. pprn 
Ca++ ..................... ppm 
Mg++ ..................... ppm 
SO4 ...................... ppm 
Dissolved so l id s  ......... ppm 

3.10 
6.05 

2,370 
830 
965 
220 

66 

7,080 
4,512 

The experimental apparatus consisted of a g lass  cylinder with a f r i t t e d  disk 
connected t o  a f i l t e r i n g  f lask .  
allowed passage of a i r  and water. 
nected t o  an asp i ra tor .  
40 mesh) was used i n  a l l  t h e  tests. 
one the carbon column was 6.5 c m  i n  diameter and 12.5 cm 3.n depth; i n  the  other 
(used i n  l a t e r  t e s t s )  the carbon column was 3.8 cm i n  diameter and 42 cm i n  depth. 
The longer cylinder was used t o  increase flow through time. A synthetic porous 
sponge supported the granular carbon i n  the  cylinder and prevented the loss  of 

The disk supported the  granular carbon and 
A side tube i n  the f i l t e r i n g  f lask  was con- 

The same batch of activated carbon (200 grams, I2 by 
Two d i f fe ren t  g lass  cylinders were used: In 

l/ Underlined numbers i n  parenthesis r e fe r  t o  items i n  the l ist  of references a t  
the end of this report .  



carbon par t ic les .  
f igure 1. 

A sketch of the  activated carbon oxidation apparatus is shown i n  

A i r  was aspirated through the  carbon colunln before the  mine water was added 
and continuously throughout the  t e s t  until most of the  water had passed through 
the carbon. 
175 t o  1,070 cu cm per batch ( t e s t ) ;  airflow r a t e s  ranged from 0 t o  3,500 cu cm 
per min. 

The mine water volumes flowing through the carbon column ranged from 

Prior t o  tes t ing ,  the  batches of raw mine water were analyzed f o r  pH, ferrous 
iron, and t o t a l  iron. Ident ical  analyses were made immediately a f t e r  tes t ing on 
the eff luent  from t h e  activated carbon column. A l l  t e s t s  were conducted a t  room 
temperature. A t o t a l  of 65 separate runs, consisting of about 25 l i t e r s  of raw 
mine water, were made i n  the  same carbon  column over a period of about 2 weeks. 

I 

TEST RESULTS 

The pH of a suspension of the  activated carbon i n  d i s t i l l e d  water was about 
6.6. 
the  eff luent  decreased s teadi ly  and appeared t o  leve l  off a t  a pH of 2.3 t o  2.5 
when ferrous i ron oxidation was v i r tua l ly  complete. 
c a l l y  colorless,  but the eff luent  from t h e  carbon column was a deep amber color 
owing t o  the  presence of a hydroxylated f e r r i c  su l fa te .  

With successive additions of t h e  acid mine water (pH 2.70 t o  3.15), the pH of 

The raw mine water was prac t i -  

The ferrous i ron  content (635 t o  920 ppm) of t h e  raw mine water was reduced t o  
about 10 ppm a f t e r  flowing through the  carbon column f o r  l e s s  than 1 minute; 
contrast ,  aeration of an acid mine water (1) i n  the absence of an oxidizing agent, 
except for  bacteria which may have been present, reduced the  ferrous i ron  concen- 

made between these resu l t s ,  they do indicate  the  enormous increase i n  the  ferrous 
i ron  oxidation r a t e  t h a t  can be achieved with activated carbon. 

By 

I t r a t i o n  from 261 t o  about 10 ppm i n  168 hours. While a d i rec t  comparison cannot be 

The t e s t  r e s u l t s  a r e  summarized i n  tab le  2 .  These preliminary resu l t s  indi-  
ca te  that activated carbon catalyzed the  a i r  oxidation of ferrous i ron i n  a 
ferruginous acid mine water. The i n i t i a l  t e s t s  a l s o  show that the  activated carbon 
must be preconditioned t o  an acidic s t a t e  f o r  t h e  ca ta ly t ic  react ion t o  take place. 
The low ferrous i ron content i n  the  eff luent ,  beginning with run 26, was consis- 
t e n t l y  maintained t o  the end of the experiment. 
carbon was adequately conditioned a t  t h i s  time. 
(pract ical ly  a l l  i n  the f e r r i c  form) i n  the  e f f luent  represents about 65 percent 
of the  t o t a l  i ron  i n  the  feed. 

1 

It was l i k e l y  tha t  the  activated 
For these t e s t s  the t o t a l  i ron  

I 
i 
i 

After 25 liters of a ferruginous mine water had passed through the  carbon 
column, there was no appreciable loss i n  ca ta ly t ic  eff ic iency and no v is ib le  s ign 
of surface fouling o r  so l ids  deposit ion on the  surface of the  carbon par t ic les ,  
although a portion of the  i ron  was adsorbed by t h e  carbon. It is possible t h a t  
only an insignif icant  amount of iron would be held by t h e  carbon i n  a continuous 
flow operation. 
y s i s  would be negl igible .  
might be minimal. 
column, produced equally effect ive ferrous i ron removal. 

t 

If  the pH of the  system were maintained below 2.5, f e r r i c  hydrol- 
The a i r  requirements f o r  oxidation of ferrous iron 

Run 60, conducted without aspirat ing a i r  through the  carbon 
1 
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I TABLE 2.  - Batch test r e s u l t s  of c a t a l y t i c  o x i d a t i o n  of f e r r o u s  i r o n  

i n  acid mine w a t e r  w i t h  a c t i v a t e d  carbon--Continued 
- 
It 
Tot a1 

Fe , 
PPm - 
560 
653 
647 
4 10 
445 
420 

5 1 0  
445 
505 
520 
585 
7 10 
715 
550 
560 
6 70 
710 
620 
6 35 
315 
5 60 
605 
320 
620 
490 
4 70 
490 
525 - 
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lNot  det 
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2.80 
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2.80 
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2.80 
2.80 
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2.75 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
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1 ,070  
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.6  
1 . 3  
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5 . 5  
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2.5 
2.6 6512.85 
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720 
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635 
635 
635 
635 
635 
6 35 
6 35 
635 - 

865 
865 
865 
865 
86 5 
865 
865 
865 
855 

'855 
855 
855 
855 
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1-4 
- 
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througt  
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2 , 0 0 0  
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- 
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Lunm f o r  rms 1-44. 
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DISCUSS I O N  

The exploratory t e s t s  conducted with activated carbon and a ferruginous acid 
mine water indicate that ferrous i ron oxidation takes place ca ta ly t ica l ly  a t  an 
extremely rapid r a t e .  Further investigation is necessary t o  determine the fac tors  
t h a t  may l i m i t  the  effect iveness  of the carbon, t o  determine the  eff ic iency and 
ef fec t ive  l i f e  of t h e  carbon i n  a continuous flow system, and t o  determine whether 
acid regeneration w i l l  r e s t o r e  the  carbon t o  i t s  or iginal  efficiency when the sur- 
faces become fouled with sol ids .  Cost and performance standards need t o  be estab- 
l ished also.  

Rapid oxidation i n  a carbon-air-acid mine water system t o  convert ferrous i ron 
t o  f e r r i c  i ron pr ior  t o  neutral izat ion would grea t ly  f a c i l i t a t e  the  mine water 
treatment process and reduce costs  t o  a minimum. Catalytic oxidation would provide 
d i s t i n c t  advantages : 

- 1. Limestone, t h e  least cost ly  alkaline agent, would supplant the more expen- 
s ive  alkal ine agents i n  common use f o r  neutral izat ion.  

2 .  Stoichiometric re la t ions  could be precisely controlled a t  a pH l eve l  which 
would ensure optimum use of a lkal ine agent. 

3 .  Aeration a f t e r  neutral izat ion would be eliminated. 

4 .  The dense, small volume of sludge produced a t  near neut ra l  pH conditions 
would s ignif icant ly  reduce the  cost  of sludge separation and sludge handling. 

Other potent ia l  advantages include product ion of pract ical ly  pure i ron oxide 
by f rac t iona l  precipi ta t ion;  maintenance of optimum ferrous-ferric ra t ios ,  by means 
of controlled oxidation, t o  form dense, low-volume sludges; and the use of more 
react ive alkal ine agents, which can be jus t i f ied  i f  s ignif icant  reductions i n  
sludge volume can be at ta ined.  
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FIGURE 1. - Activated Carbon Oxidation Apparatus. 


