
Treating Tailings Waters 
From Moly Operation-A Review 
Gopalan Ramadorai 

Removing pollutants from tailings water is a prime concern at Climax's Henderson mine 

Tailings water from primary flotation concentrators usu- 
ally contains minor amounts of pollutants such as heavy 
metals, cyanide and solubilized molybdenum, which are 
solubilized in the flotation process. A review of various 
techniques to reduce pollutants to acceptable levels is 
presented. 

Generally, molybdenite ores are processed by conven- 
tional size-reduction techniques, followed by flotation to 
produce a metallurgical-grade concentrate of 88% to 92% 
MoS2. Reagents commonly used in the milling process 
include: vapor oil (collector); pine oil, MIBC (frother); 
Dowfroth 250 (water-soluble frother); lime (rougher pH 
control); and sodium cyanide (Fe and Cu depressor). For 
lead depression, Nokes reagent is stage-added to the re- 
grind mills and cleaners. Floeculant is added to obtain 
clear overflows in the intermediate thickeners. 

What's Needed to Treat Moly Tells Waters 
About 2120 L (560 gal) of water or 2.33 st are required to 

process one short ton of ore; if8O% recycle is practiced, the 
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fresh water usage will be 420 L(112 gal) or 0.47 st per ton of 
ore processed. In areas where there are significant quan- 
tities of rainfall, bleeding a  art of the tailings ~ o n d  decant 
water prior to discharge is essential to maintain water 
balance. 

The flotation process tends to solubilize small amounts 
of heavy metals such as molybdenum, copper, manganese, 
and zinc. Low levels of cyanide are also present in the 
water; this can usually be attributed to the use of sodium 
cyanide in the milling circuit. Ifclarification is inadequate, 
total suspended solids content in the tailings pond decant 
water may increase. 

Most of the flotation collector normally reports into the 
final concentrate. The balance of the collector is adsorbed 
in the tailings withvery little reportingin the decant water. 
The same comments are valid for water-insoluble frothers 
like MIBC and pine oil; but the amounts offrother used are 
significantly smaller compared to the collector level. If the 
tailings pond decant water is visually frothy, it is an indica- 
tion that excessive levels of frother are being used. The 
obvious solution would be to lower frother use in the mill. 

Close control of the usage of water-soluble frothers like 
D F  250 in the mill will alleviate visual frothing of tailings 
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ponds decant water. 'This is also apl)licnt)le to surfactants the' coinplex by :hickelling may not be  practical in view ot 
like Svntrx I,.  thtl SIOM, settling charactvristi(.s of the Fe-h.10 ~recinitatc.. 

In geiic~ral. l)olllltants that 1llay rcyuirc. trcatn~elit art. t!lc 
h e a y  nictnls. ilrc,ludiilg mol! 1)den1i111 and cyanide,. 

Treat~ncnt of tailings \\-ater is tloilc~ for t\vo reasolls; 
miniinizt. htlav! nretnl pollutants so as to 111c~ t  l)ollutio~i 
control recluiren~ents, and minimize the c~ffcact of XloS, 
recovery loss upon water recycle. However, thr  c ~ ~ t r -  

stituents ofthe recycle rvater thatcoiltributc to k1oSy losse~s 
in the flotation circuit are not clearly defined. 

Molybdenum Reduction 
The Mo level of tailings water is in the, range of 2 to 4 
m and 7 to 10 ppnl h l o  with water recycle.. The levels 

a pl' ter treat~nellt will depend upon the water flobv sinct. the 
discharge limit is usually in pou~ id  per cia!. With 110 recy- 
cle, these concentrations are c.xpectt.d to be  below 1.0 ppln 
and 2.0 ppm with the rrcycle. A revic~v of the ilnportant 
techniques follows. 

Coprecipitation with hydroxides of A1 and Fe-Xlol?.b- 
denum can be removed from aqueous solution I)>- sorptioii 
or coprecipitation with flocciilallt h!-droxides of i ro l~  (111) 
and alumil~uin (111). However, the cjuantity of' tlissolved 
aluminunl recjuirecl is greatrr thali iron. For this r twon.  
testwork with aluminunl has been linlitt,tl. 

The chemistry ofthe &lo removal process with ferric iroll 
is fairly siraightforwartl. Thc optinlunl pH is 1)c~twren 3 
and 4 and the FeIMo ratio controls the degree of 110 rc- 
nioval with the residual h.10 concerltration depelldent 
upoil the initial5 concentration. The FelMo ratio required 
for optiinuln rcinoval is in the rangc of 6 to 10. 

The technology for removal of the Fc-&lo con~plrx  is 
Inore complicated. Conventional solid-liquid separation of 

0 I 1  

T h r  use. of flotation technicluc~s for its rcinoval has ljt*c,n 
iii\,estigated 1)y the USBXS and the bloly Project at thc 
LTni\,c'rsit!. of Colorado for solid-liciuitl reii~oval.".' 

T l ~ c  Burc.ali of ?\liiics has irlvc~stigatctl the tec.hr~ic~uc 0 1 '  

tlissol\ctl air flotation (DAF) fi)r rc~n)oval of the F(,-XIo 
coltlplcs. .A11 Ft,IXlo ratio of 6 was fi)untl to r tduce thc 1So 
1c.vc.l from 4.0 to 0 . 5  ppm on  syilthctic solutioils. Fur t l~c~r  
tcst\vork siinulating rec>clcl licluors v i th  higher le\,cls of 
I l o  is c o n t i n ~ i n g . ~  

Sinall-scale pilot testing usinga specially designed DAF 
unit has been contluctecl 1))- Jordan and coworkers :it t11t. 
University of Colorado ulicler the sponsorship of the 
"1lolyl)denum P r ~ j e c t . " ~  The overflow rates were in the 
range of 122 to 367 Llinin per lnz (3 to 9 gpm per sci ft). 
Availablr co~nmcrcial units usually operate at lower ratcs 
of 41 to 82 Linlin per ni2 (1 to  2 gpni per sci ftj. 

Both the USBhl and Jordoil e t  a1 used a surfactallt like 
sotliun~ laur\.l or capric sulfate to 1)rolnote the flotation of 
t h ~  Fts-hlo con~plrx .  

While, the techniclue appears to t)r feasible, s t~vt~ra l  
proI)lcll~s rclnain, includiilg: (1) Will the, treated tvater 
~ n r c t  regulations for total iron and total suspended solitls 
1cvc:ls; (2) %'ill there be  a further need for polishing of the' 
treated effluent by filtration techniclues; ancl (3) What 
al)oui thtb hanclling and clisposal of the Fcx-hlo sludgv:? 
Fillally, the overall question of thc process economics 
remair)~,  as the technical problems arc solved. 

Ion exchange-The literature has niail?. refcrenccs 011 

the, chemistry of M o  removal by ion exchange techniques. 
The removal of Mo is most efficient in the pH range of 3.0 
to 4.0; alnine-tvpe anion rxcxhange resins are used. Weak 

In moly mills, the flotation process tends to 
solubilize small amounts of heavy metals 
such as molybdenum, copper, man- 
ganese, and zinc. Low levels of cyanide 
are also present in the water, owing to the 
use of sodium cyanide in the milling cir- 
cuit. 
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base amine types were selected by Climax due  to their 
higher Mo absorption capacities and smaller alkaline re- 
quirements for elution. Plus, the resin in the bisulfate or 
chloride form had a greater capacity to load Mo compared 
with the free form. 

Amberlite XE 299 was chosen for development work. 
Laboratory loadings of u p  to 192 kg of Mo per m3 (12 Ib per 
cu ft) of resin at a cumulative percent recovery of 90.8 were 
obtained. Resin moly elution efficiencies in excess of 98% 
have also been obtained. 

Ion exchange on a commercial scale is performed in 
several ways. A brief reference to these follows: 

Fixed Bed Downflow Ion Exchange-It is essential to 
present a clarified liquor as free of solids as possible to the 
fixed bed column. Feed liquor is clarified by filtration; if 
the slimes are ultra-fine, coagulation and flocculation pre- 
cede filtration. When this is done, care must b e  exercised 
in the use offlocculant; an excess may be  deleterious to the 
resin. 

If algae is a problem, addition of an algicide would be  
rt.cornmended. If this is not done, fouling of resin will 
probably occur. Chlorination could also be  used to destroy 
the algae. 

Resin in Pulp (RIP) Process-The process was de- 
v e l o ~ e d  to handle turbid liquors by ion exchange from 
UIOY leach linuors. H i d l  maintenance costs and excessive .. &. 1 0 

resin losses have made the process obsolete. 
Chemseps Countercurrent Ion Exchange (CC1X)- 

Pioneered by Climax for Mo removal in tailings water, the 
fully automated system operates by continuous cycling 
between a "service" mode and a "pulse" mode. During 
the service mode, loading regeneration, elution, pulsing 
and resin storage are perf(;;med in five separate sections in 
a c~ontinuous loop. The resin is moved from one section to 
another by sonic pulsing. Backwashing removes sus- 
pended solids and fine resin. 

This system attempts to minimize the problem of TSS 
whilc. maintaining high flow rates; it requires less resin 
inventory. An average Mo concentration of 2.0 ppm could 
be obtained from feed concentration ranging from 2 to 24 
ppm. Average resin loadings were 59 kg/m3 (3.66 lb  per ft3) 
of resin. 

Fluid Bed Ion Exchange-Several designs have been 
described in the literature, including the Cloete and Streat, 
the USBM design Ily Rosenberg and Ross, Ritchey e t  al, 
Haines e t  al,lR and the Himsley Contactor.lg All of these 
have  potent ia l  application in moly removal  from 
wastpxvater streams. 
Removal of Heavy Metals 

The effluent guidelines are noted in Table 1. Data on 
Climax are found in Reference 2; information on other 
op~ra t ions  is not generally available. The levels of heavy 
metals in the feed will vary depending on the degree of 
recycle and the solubilities of the different metals in the 
tai l ings waters.  T h e  heavy metals  to b e  found  in 
molybdenum milling water are usually inorganic in na- 
ture. 

The chemistry of the removal of heavy metals from pro- 
cess wastewater has been r e v i e ~ e d . ~ '  Technology available 
for heavy-metal renioval is varikd; e.g., the chemical pre- 
cipitation of heavy metals by p H  adjustment followed by 
flocculation and clarification, activated carbon adsorption, 
reverse osmosis, ion exchange, and c e m e n t a t i ~ n . ~  Conven- 
tional lirne precipitation is not generally useful due  to the 
poor settling nature of the metal hydroxides. The solids 
content is also low due  to the relatively low levels of 
pollutants in the recycled water. Cation exchange does not 
appear to b e  feasible, as noted by C l i m a ~ . ~  Cementation is 
not gent-rally applicable since it is done in acid solutions. 

- - 

Table 1-Effluent Guidelines for the Ferroalloy Ore 
Mining and Dressing Industry 

Effluent 24 hr. 
(max.') 

F- 3.0 
T Fe 0.6 
Mn 1 .O 
As 10 
Cu 0.1 
Mo 2.0 
Zn 0 2 
Cd 0.10 
CN 0.04 
TSS 30.00 
PH 6 9  
COD 50.0 

'All values in mgIL except pH. 

Effluenl 30 day 
(average') 
- 
- 
1 .o 
0 5 
0.05 
1 .o 
0.10 
0.05 
0.02 
20.00 
69 
25 0 

In addition, the more active metal used as the cementing 
agent will dissolve in the process and may need to be  
removed. Reverse osmosis as noted by Lenouette2' is still 
in the development stages. 

The  use of ferric chloride or sulfate as a coagulant fol- 
lowed by lime to pH 8.6 was attempted by Climax with 
little s u ~ c e s s ; ~  solids settling was not improved. 

Several flotation techniques are available. These in- 
clude Dissolved Air Flotation (DAF), Induced Air Flota- 
tion (IAF) and the Swift Lectroclear process. 

Dissolved air flotation (DAF)-Primarily used in the 
removal of oils and grease from industrial wastewaters, the 
process saturates wastewater under air pressure. When the 
pressure is reduced, excess air is released, forming bub- 
bles of 30 to 120 microns in diameter. These bubbles attach 
themselves to the suspended matter or oil and are floated 
to the top of the flotation basis since the average density of 
the aggregates is less than that of water. Chemical coagu- 
lants and flocculants are usually added to ensure good 
separation. The DAF process as a means of heavy metals 
removal (except molybdenum) does not appear to have 
been evaluated. 

Induced Air Flotation-The IAF system operates on the 
same principle as the pressurized DAF units with one 
difference; the gas is self-induced by a rotor-dispersed 
mechanism, and is dispersed in the water. 

Swift Lectroclear Process-The process is applicable for 
solid-liquid separation when the total suspended solids 
(TSS) is below 8000 mg/L. I t  is especially valuable in 
separating solids which are easily destabilized by elec- 
t r o d e ~ . ' ~  In the Swift process, the heavy metals are precipi- 
tated as hydroxides into lime. The hydroxide precipitate is 
electrolyzed in an electrocoagulation cell. Hydrogen and 
oxygen are produced in the process. These attach them- 
selves to the slurry and render them lighter than water. 
Subsequently, a polymer flocculant is added to agglomer- 
ate the precipitate, which is then floated off in the electro- 
flotation basin by electrolytically generated oxygen and 
hydrogen. The skim containing the hydroxides of the 
heavy metals and excess lime is disposed of, while the 
effluent from the cation removal process has to be  filtered 
in a high-rate sand filter to remove the residual TSS. 

GotP has reported optimum results in the removal of 
heavy metals with the Lectroclear process at a pH of 10.5 
on mine tailings wastewater at Climax, Colo. 

Treating Cyanide 
Several treatment techniques are available to lower 

cyanide to the target level of0.02 mg/L.24 The feed cyanide 
level can range from a low of 0.02 to a high of 0.50 mg/L. 
Chemical oxidation by alkaline chlorination is appropriate 
for these levels. The oxidant can be  chlorine gas, sodium 
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hypochlorite or calcium hypochlorite; cyanide is rapidly 
oxidized to cyanate. Retention times for oxidation are in 
the range of 0.5 to 2.0 hr; a pH of 10 or higher is necessary. 
Additional chlorine can be  used to oxidize the cyanate 
further to n~trogen and carbon dioxicle or to carhorl dioxide 
and animonia by acid hydrolysis at a pH of 2 to 3. This 
requires readjustment of treated water to a pH range of 6 to 
9 prior to discharge. 

Alternatively, excess chlorine can be added at pH 8 to 
8.5 to oxidize the cyanate to nitrogen and carbon dioxide: 
retention time of 1 hr is essential. Exccss chlorine is 
needed to prevent tht: formation of highly toxic. cyanogell 
chloride. 

Hydrogen peroxide plus formaldehyde has been used 
by DuPont in their Kastone process to oxidize cyanide to 
~ y a n a t e . ~ "  The major disadvar~tagt~ of the process is its 
inability to oxidize cvanide below the 1rvc.l :)f cyna te .  
However, if the cyanide is present as "free" cyanidt. and 
not co~nplexed, the process could be  attractive since n o  
problems of cyanogen chloride arci encountered. 

Hydrogen peroxide alone will probably by eciually ef- 
fective in lowering cyanide levels. The same comments 011 

"free cvanide" will apply to this as those stated above for . . 

the  ast tone process. 
Climax has used hypochlorite in lowering cyanide to 

acceptable levels on the effluent from the Chenlseps Ion 
Exchange unit used for lowering hlo lcvcls in tailings 
water.' 

Fluoride 
Several approaches are possible; choice of' ;I specific 

process depends o n  the e f f l u e l ~ t . ' ~ . ~ ~  
The rrlost widely used treatment consists of the addition 

of a soluble calcium salt to form insoluble calciu~n fluoride 
which is removed by liquid-solicls separation. The  op- 
tirnum pI-I for precipitation is between 8 and 9. The 
fluoridr levels after treatment vary fronl the theoretical 
solubility limit of 7.8 lng/L to about 30 mgiL. For lowering 
the fluoride levels even further, the most promising treat- 
ments are alunl precipitation and adsorption or1 activated 
alunlina. 

Alum (aluniinurn sulfate) has bcc,n used to lower fluoride 
levels in potable waters in the pH range of 6.5 to 7.5. The 
quantity of alu111 needed depends on the initial fluoriclP 
level and the desired final level; this increases as the 
residual fluoride level decreases. Extensive amounts of 
sludge are produced in the process; settled sludge will 
amount to 18% to 40% of the volunle trc.atet1.'" 

Activated alumina can reduce fluoride ion levels to less 
than 2 ~ngiL.  Problems of handling rcgcnc~rant a r ~ l  the 

effect of regenerant on overall effluent quality are yet to be 
resolved.26 

In  general it can be said that technology for fluoride 
reduction to low concentrations is not well established. An 
extensive development program will be essential to de- 
ternline the applicability of the defluoridation tecthnicluc,\ 
discussed earlier to the effluent in c1urstion. 'l 

References 
I Technical lnformal~on Brochure of the Climax Property, prepared by the operating 

departments of Cllmax Molybdenum Co., Climax. Colo.. 1974. 
? Gott, R. D ."A Discussion and Review of  the Development of Wastewater Treatmenl 

at the Climax Mine," presented during the 1977 AMC Meeting, San Francisco, Calif. 
Filyk, A., "A Review of Plant Practice at Molycorp, Inc., Questa Division," A M. 

Gaud~n Memorial Volume on Flotation, Vol. 2.. Chapter 42, pp. 1185-1 199, 1976. 
'Wright. J. D., "A Revlew of Plant Practlce at Endako Mines," Ibid. 3, Chap 43. 
' Legendre. G. R ,  and Runnell. D. D., "Removal of Dissolved Molybdenum from 

Wastewaters by Precipitates of Ferric Iron " Journal of Environmental Science and 
Tech., Vol 9, No 8. Aug 1975. pp 744-49 

DBrooks, P ,  personal communication. USBM, Salt Lake City. Utah 
'Jordan. R. M.. and Zander. 8.. "Removal of  Aqueous Molybdate by Iron (Ill)." 

Molybdenum Project, 1975. 
*Anon .  "Wastewater Treatment with Alr Flotation-Outlook.' Journal of Envtron- 

mental Science and Tech., Vol. 7. No 11: Nov. 1973, pp 996997 
Zundel. W. P., Metal Extractron. French Patent 1,458,378, Aug. 1965 

"'AMAX Inc.. Extraction of Metal An~ons. Neth Appl. 6.51 1.360, March 1968. and US 
Appl., Aug. 31, 1964. 

" Bhappu, R. B.. Roman, R. J.. and Schwab. D A.. "Hydrometallurglcal Recovery of 
Molybdenum from the Questa Mine." New Mexico Bureau of Mines Circular 87. 1965. 
24 P 

Lee. J. Y.. Revnolds, D. H., and BhaDDu, R. B , "Selective Se~ara t ion  of 
Molybdenum. ~ u n ~ s t e n  and Rhenium by ~ o r p t j o n  Processes.'' proceedings. Continu- 
ous Processrno and Process Control Conference. The Metalluroical Societv. 1968. 

'~eters 'n.  i. C, and Matthews. D. C.. "Uranium Milling at ~l;e ~ a t e r ~ l i n t . "  MCJ. 
Vol 43. No 1, Jan. 1957. 

" Cloete, F D , and Streat. M . "UK Patent 1,070,256 
'"treat, M .and Qassim. R.Y ."Recoveryof Uraniumfrom Unclarifled Liquors by Ion 

Exchange. 702nd lnternalional Symposium o f  Hydrometallurgy, AIME, Chicago. IL. 
7973 

'"Rosenbaum, J. B.. and Ross, J. A .  'A Countercurrenl Column for Flurd-Bed Ion 
Exchange of Uranium Ore Slimes." Ibid. 15 

"R~lcey. G M . Slater. M J , and Lucas. B H , l b ~ d  15 
' *  Ha1nes.A K .Craig. W G . Hendrlksz. A R .and Wlllls. W J . '  The Useof WeakBase 

Resins In the Recovery of Uranium from Unclarified Leach Liquor." 17th International 
Mineral Processing Congress. Paper 32. Cagliari, May 1975. 

' "  Himsley. A,. "Uranium Extraction from Turbid Liquids by Continuous Ion Exchange 
Processes.'' Presented at the 15th Annual Conference 01 Metallurgists, Ottawa, 1976 

"'Cadman. T W.. and Delllnger, R. W.. "Techniques for Removing Metals from 
Process Wastewater." Chemrcal Engr., April 15. 1974, pp 79-85. 
" Lanouelte. K H., "Heavy Metals Removal." Chemical Engr. Deskbook. Ocr. 17. 

1977. DD. 73-80. 
Ford D L ,  and Elton. R. L .  'Removal of 011 and Grease trom lndustrlal 

Wastewaters Ibrd, 21. pp. 49-56 
'Wamirez, E R.. and Gianninl. A. P., ' Removal of Heavy Metals from Mining Tall~ngs 

Wastewater by Electrocoagulation " Presenled at 3rd Annual Conference o n  New 
Advances in Liqurd-Solid Separation Technology SeparIExpo 111 Cherry Hill. NJ, Oc- 
tober 1977 
" Palterson. I W., Wastewater Treatment Technology, Chap. 9 Ann Arbor Sclence 

Press. Michigan. 1975. 
' V n o n  . 'New Process Detoxifies Cyanide Wastes.'' Env~ronrnental Scrence Tech- 

nology. No 5. 1971. pp. 496497. 
Paulson. E. G.. 'Reducing Fluoride In lndustr~al Wastewater." Chemrcal Engr 

Deskbook. Oct. 17. 1977, pp. 89-94 
" Patterson. I. W . Wastewater Treatment Technology, Chap. 10. Ann Arbor Sclence 

Press Michigan. 1975. 

Coming in October 

Uranium Mining in the United States 
Don't miss next month's report on  the status of the U S  uranium industry, compiled by the editors 
of MINING ENGINEERING. Field reports on existing and new uranium projects will accompany analyses 
of trends in uranium processing and marketing. 
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