[

APPLICATION OF ION EXCHANGE TO
ACID MINE DRAINAGE TREATMENT

Roger C. Wilmoth, Project Engineer
Robert B. Scott, Chief
Crown Field Site
U.S. Environmental Protection
Rivesville, West Virginia 26588
Eugene F. Harrls, Chief
Extraction Technology Branch
Industrial Environmental Research Laboratory
U.S, Environmental Protection
Cineinnati, Ohlo 45268

INTRODUCTION

Coal is returning 1o prominence as the nation's primary energy resource. Expansion
of mining operations and increases in production are stressed almost daily by energy
officials in response to the current energy orisis, As mining operations expand, the quan-
tities of pyritic materials in the strats surrounding the coal seams that are exposed fo
natural oxidation forces are similarly increased; this increased exposure creates additional
concern over the problem of acid mine drlmm production.

the production of a potable water from acid mine drainage and will present specific da

This paper will Imr.l'l:qr d!m:uu several ion exchange tmtmml schemes conceived for '|
ta

from research on one of these processes curmently under study by EPA ot the Crown Ming
Drainage Contrel Field Site near Morgantown, West Virginia,

lon exchange is defined as a “reversible exchange of ions batwoeen a solid and a liguid
in which there is no substantial change in the structure of the solids, In this definition,

the solid is the jon exchange material (resin)” [1].

CURRENT APPLICATIONS OF ION EXCHANGE TO ACID MINE DRAINAGE

SUL-BISUL PROCESS [2,3]

The Commonwealth of Pennsylvania has notably been the pioneer in the development
and implementation of acid mine drainage treatment technology. Pennsylvania has con-
structed two full-scale ion exchange plants on acid mine drainage (AMD). A third plant
is in the planning stage. The first of these plants was built in 1969 for the Smith Town-
ship community and was designed for the production of 500,000 gallons per day (gpd)
of potable water. The plant went on-line in 1971, Although the water problem in the
Smith Township was degmded by mining, the water to be treated turned oul to be more
brackish than scidic. The major prohlems wete high sulfate and manganese levels.

The Sul-biSul process was chosen for this application.

A continuous countercurrent

regeneration system (the Higging System) was utilized to provide a continuous supply of
water to the Township. The Higgins System is & doughnut-shaped column in which the
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resin ks hydraulically moved from one section to another for backwash, regeneration,
rinking and service. Some quantity of resin is always in service to provide & constant sup-

ply of product.
In the Sul-biSul process, the sulfate form of a sirong-base anion exchanger is used,
v el condiien of AN ur::ﬂw::rmrm__ ¢ on_the resin fo (he munLﬂgm_waL
¢ X ity then be ocoupied b [ i

[fate ion, v frees o
(sulfate or bisuifate):
E.‘m‘ * Hz.."lﬂq_ o H.'Imﬂgh

Eegeneration of this resin requires a shift of eqoilibrium to convert the bisulfute back
to the suifste form. This is sccomplished by an alkaline rinse causing

R, (Hi0g); = R, -504 + Hy50,

At Smith Township, a strong-acid cation exchanger is coupled to the Sul-hiSul anion
exchanger (Figure 1), Sdh%%@#@mn The effluent
from the cation process (primanly salfuric ated by the Sul-biSul anion eolumn
to remove free minéral acidity. Lime-neuwtralizved water th used to regenerate the anion
column, The end product is chlorinated and meets potable standards,
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The plant, however, did not meet design capacity specifications and I8 currently not
opersting because of pending litigation.

MODIFIED DESAL PROCESS [2.3.4]

The Hawk Run facility was the secand fon exchange plant to be constructed in Penn-
sylvanis for drinking water use. A moderately severe acid mine drainage stream is treated
at the Hawk Run plant. This plant wis designed at 500,000 gpd and atilizes the modi-
fied Desal process.

The modified Desal proceds incorporates 8 weak-base anion exchunge resin that operates
in the bicarbonate form. To achieve the bicarbonate form, the weak-base resin Is firt
reganerated with ammonium hydroxide to the free-base (OH') form; then, in & second step,
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the resin is charged with a carbon dioxide solution to convert the resin to the bicarbonate
(HCO3) form. This bicarbonate form of the resin is capable of converting metal sulfates
to their respective carbonate salts, For example, ferrous sulfate (Fa504) in the AMD
reacts with the anion resin (Ry) as follows:

13._'“‘333 + FeSOy -+ ﬂlih'suq + Fe(HCDy )y

The sorbed sulfate lon occupiss two exchange sites on the resin,  Acidity in the AMD is
removed a3 follows:

ER‘- HCOy + qu] -+ R.j 80y + Iﬂgm]
The soluble constituents in the effluent from this stage of treatment will be the bicarbonate
salts of caleium, magnesium, ferrous iron, manganese and sodium. With the removal of
sgidity and inorease in pH, aluminim and ferric iron will precipitate. Subsequent asration
anid lime treatment are required for the removal of the remaining cations (except for sod-
ium) as follows:

2 Fa(HCD3); + %0y + Hy0 - 2Fe(OH), + 4CO;
Ca(HCO5); + Ca(OH); — 2CaC0, + 2H;0
MEHCO3); + 2CalOM); — 2CaC0; + Mg(OHly + 2H;0

MnfHCO3)3 + %0; + 2Ca(OH); —~ 2€aCOy + MnO; + 3H,0

To accomplish the removal of thess metals, it Is necessary to increase the pH to ap-
proximately 10. It is therefore necessary fo posfireat with an acid (o reduce the pH o
acceplable potable levels and to apply chlorination for bacterin control.

Severnl optimizing modifications have been made an the Hawk Run plant to increase
its efficiency. Such modifications as precarbonating the AMD have contributed to a sig-
nificant increase in capacity (from 500,000 to 800,000 gpd). A schematic of the process
b shown in Figure 2, The waste regenerant Is composed of an ammonium sulfate solu-
tion. This is lime treated to form caloium sulfate, which is removed by filtration. The
filter effluent is sent to a distillation process where 92 to 95% of the ammonia is re-
covered for rense os the first-stage regenerant.
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Figure 2. Acid mine drainage treatment plant of Philipsburg, Pennsylvania using ihe modified Dosal process.
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The Hawk Run facility was originally constructed to augment a degrading water sup-
ply: lately, however, water quality has improved to the point that the plant is not cur-
rently needed. The facitity has been placed in the standby mode for future use as required.
_ While it was operating, it performed extramely well.

STRONG-ACID/WEAK-BASE TWO-RESIN PROCESS

In 1972, the U.5. Environmenial Protection Agency contrected with Culligan Inter-
national Company [3] to conduct bench-scule feasibility studies on vardous schemes of
ion exchange treatment of acid mine druinage. Two proceises were chosen from the
studics as having the greatest potentinl for use in AMD treatment; fe., the wo-resin pro-
cess and the Modified DeSal process. Since Pennsylvinin wis already investigating the
Modified DeSal process, EFA chose to conduct pilot-plant studies on the two-resin pro-
cess and performed these studies in-house at the EPA Crown Fleld Site.

lon Exchange Process at Crown

The ion nlﬂhlm process investigated at Crown involves the use of & 2-resin system;
the first resin being an nt fm'm. strong-acid cation exchanger and the second resin being
8 weak-bose anion exchanger in the free-base (OH7) form.

In the cation column, H” ions are exchanged for the metal jons (iron, sheminum,
miagnesium, calcium, manganese, sodium, et ) in the AMD, Since the only anion in
Crown AMD is sulfate, the cstion effluent becomes predominantly H; S0, with regidual
concentrations of metals.

The basic reversible reaction imvolved m the strong-acid cation process is dlustrated in
the following example using manganese; R, represents the cation resin and sulfuric acid
is the regenerant:

Exhaustion ==

+ Regeneration

MsSOs + 2H'R, = Mn 2R, + H;50,

The concentration of reddual metals is largely governed by the amount (dosage) of regen-
erant used Initially to charge the cation resin with hydrogen lons. Thus, by regulating
regencrant dosage, it s possible to establish the degree of residual metal concentration re-
maining in the cation efffuent. Removal of residual metals and regenerant dosage are not
linearly related , however, and the utilization efficiency of the regenerant drops drastically
as the dosage is increased and process costs skyrocket sccordingly, The choice of cation
regenerant dosage then becomes largely an economic one and the intent is to operate the
column at the largest reskdual metal level consistent with the objectives of product end-
use and therehy minimize both regenerant requirements and cost,

The effluent from the cstion column (predominantly sulfuric acid) then enters the
weak-base anion exchanger where the acid is totally absorbed by the resin. A weak-base
anion exchanger can only absorb acid; it cannot split neutral salts. Some carryover there-
fore exists of metal salts that were not removed by the cation exchanger and passed un-
affected through the anion colomn. Because of the alkaline nature of the anlon exchanger,
some precipitation of ron and aliminum residuald can be expected. The effect of this
accumulation on anion resin efficiency and capacity must be investigated during this study,
The basic weak-bese anion exchange reuctions are illustrated using sodium hydroxide as
the regenerant; R, designates the anion resin and H; 50, is the cation effluent:

Exhaustion: R, + HyS0, — R °Hy50,
Regeneration: R H;S04 ¢ INaOH = R+ NuyS04 + 2H;0
lron precipitmtion|1]:  Fey(804); + IR, + 6Ha0 — 2Fe(OHNd + 3R, - HyS04

As the anion effluent contains residual levels of ferrous iron and manganese, it must be
further treated to meet potability requirements. This is sccomplished by lime neutraliza-
tion to pH 9 or 10, followed by filtration, and then followed by pH readjustment back
te neutral lovels. A small portion of the cation effluent is added to the filtered offluent
to reduce the pH to acoeptable values.
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Either hydrochloric acid or sulfuric acid may be used for regencrating the cation cal-
umn. Sulfuric is generally preferred becaose it is considerably cheaper. A potential prob-
lem of gypsum (calcium sulfate) precipitation is present with the use of sulfuric acid as
the regenerant; no precipitation problems are anticipated with hydrochloric acid. The
wiste stream during regeneration with salfuric acid will consist of excess sulfuric acid plus
iron, sluminum, sodium, manganess, caleium and magnesium sulfotes,

The anion exchanger is repenerated with sodium hydroxide (canstic). The anion re-
generant waste stream consists mainly of sodium sulfate,

The Basic lon Exchange Unit

The operating specifications for the basic jon exchange unit designed for Crown are
given in Tahle 1, The system included individually adjustable timers and adjustable Now
controls for each operating cycle. Both the cation and anion column operated in the
downflow mode (Figure 3). The regeneration sequence could be initiated either manually
or sutomatically (by sensing changes in conductivity),

Table I, General Specifications for EPA lon Exchange Treatment Unit (Two-Resin System)

Cation Exchanger Anjon Exchanger
Type strong acid weak base
Resin Duolite C-20 Dowes WGR
Vialume of resin, m” 0.93 0.54
Approximate tank slee, cm 9 x 213 Tex 213
Approsimate tank area, m® (L6S 045
Service Mlow rate, liters min 4 40
Service flow rate, liters/ min/m” 43 74
Service flow direction downilow downflow
Backwash MNow rate, Hiem/min 115 100
Backwash fow rate, liters/min/m* 160 190
Backwash flow direction upllow upflow
Bed expansion during backwash, % 50 75
Regemerant flow mte, litems/min 100 40
Regenerant flow rate, litesy/min/m’ 150 a0
egenerunt fluw rate, liten/min/m’ 110 (L
Regeneruni flow direction downflow doamflow
First rinse Tlow rate, Wemmin 100 40
First rinse flow rate, liter/min/m? 110 a0
First rinse flow direction downflow downflow
Second rinse Mow mie, Hien/min 115 100
Secand rinse Mlow rate, liters/min/m™ 120 190
Second rinse flow direction downflow downflow
Regensrant salfiurrie meid sadlum hydroxide
Regenerent concontration, wi % 1 i3

STUDY RESULTS

The AMD quality (Table [I) at Crown was significantly worse than that of Hawk Run.
The high sodium levels ot Crown proved to be important in this investigation. These
studies on the process basically characterized system performance under different condi-
tions of cation regenerant dogoge, Typical pollutant concentration trends during each
cycle of the treatment process are shown in Flgures 4 and 5 for the cation and anion
calumns respectively.

Typical operational data from the trestment process for three sets of cation dosage
conditions (48, 96 and 144 g of 100% sulfurde scid per liter of resin) are given in Tables
I, IV and V.,
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Table I Crown Water Quality Dats, 876 Through 3/77

Stnndard
Parameter Mean Muxinium Minimim deviatiomn
pH 31 6.1 1.5 0.6
Specific conductance, pmbofcom P 400 2350 $40
Acidity sk CaC0y, my/l 420 610 260 a0
Culchim, mg/l 340 400 310 0
Magnesium, my/fl 110 130 a8 7.1
Total iron, mg/l 210 170 140 32
Ferrous lron, mgfl 200 270 120 13
Sodium, mg/l 360 470 90 4n
Aluminum, mgfl 7.6 18 0.5 9
Manganise, mg/] 51 b.6 i6 0.7
Sulfate, mg/l 2500 3040 2100 200
Abkalinity, mg/| 20 100 0 24
Total dissolved solids, mg/l 3540 4160 30 n
Temperature, “C 17 s 14 1.7
Exchangeabile cations as CoC'0y, mg/l 2510 F0640 2180 180

The regeneration system on the jon exchange unit was interlocked so that both the
cation and anion columns were sequentially régenerated. This was necessary lo insure that
both units did not attempt simultaneous regeneration because the cation unit needed to
be on-stream to provide water for the anion regensration process, This interlocking, how-
ever, worked to g disadvantage in evaluating and optimizing anion column performance,
Since the anion column was totally dependent upon the cation column, it was essential
that the cation exhaust first and thus initiate regeneration. The anion column was, there-
fore, necessarily overdosed to assure a greater capacity than the catlon column. Because
af this, it must be emphasized that the anion capacities and efficiencies in Tables T, TV

and V were not optimized and the apparent changes largely reflect the differences In ca-
ton capacities

Chemical datu from the studies are given in Table VI As the cation dosage increased,
the concentrtions of each of the pollutanty in the cation effluent tended 1o decrcase,
Very little removal of sodium was schieved, however, Passage through the anion column
effoctively removed all scidity and imparted alkalinity. Precipitation of iron within the
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anion column was particulardy apparent from the data.
by the anion column was also noted.

The process, s is, will not produce a potable effluent from the Crown AMD because
of the unusually high sodium level in the influent AMD, The sodiom congentration and
its equivalent quantity of sulfate exceed the 500 mg/l total dissolved solids standard for
potability. If the sodium were not present in the AMD, the efffuent could be postireated
and filtered for residual iron and moanganese removal and chlodnated to meet potability
requirements.

An increase in sodium imparted
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Table TIL loa Exchange System Performance ai 48 gl Sulfuric Acid Desage

540

Catlon Anion
Regenerant Hy 50 MNaldH
Bulk regenerant cout, &g 1.72 1L
Bulk solution concentration, wi % 93 0
Dedired segenerint concentration, wi % 20 1.0
Delred dosage, grams of regenerant/lite: of resin 48 a0
Desired dosage, pounds of regenérant/ft° of rexin 3 is
Influent load, mg/) e CaC0y 2710 1770
Effluent losd (leakage), mp/l as Cally T80 0
Effective removal, mg/l as CaCOy 1930 1o
Avernge actual domge, grams of regeneranifliter of resin 45 a4
Averge p<tual regenorant concentiation, wt % 195 T
Exchanger capacity, grams/liter of resin as CaC0y .1 19.0
Exchanger capacity, Hlnmumg'f:’ of resin an CatO0y 121 8.3
Regenerani utlieation efficiency, % 60 4
Hegenerant cost, ¢/m’ ig 98
Ropenerant cost, 4/ 1000 gal 150 370
Total volume to waste, liters/regeneration 6400 1240

Present studies are investigating the long-term elfects of the iron precipitation on the
anion resin, After 400 regenerstion cycles to date, no effects are apparent. The use of
the low-pH cation effluent for backwashing appears to remove substaniial guantities of
trom during each regeneration cyele
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Table IV. lon Exhenage System Performance at 96-Grams/Liter Sullfuric Acid Dosage

Cation Anbon
Regenerant Hy504 NalrH
Bulk regenerant cost, f/kg T.72 100
Bulk soltion concentration, wi % 93 20
Diesired regenerint concentration, wi % 20 50
Desired dosage, grama of regenerant/Hier of resin 96 40
Desired dosage, pounds of regencrant/ft” of resin 6 5
Influgnt load, mg/l as Cal’0y 2410 1730
Effluent load (leakage), mpfl is CaCOy &30 i
Effective removal, mg/l as CaCOy 1730 1730
Average aciusl dossge, grams of regenerani/Titer of resin R 46
Avermye actunl regenerant concentration, wi % 192 477
Exchunger capacity, mmﬂ“mqﬁnu&fﬂ, 29.2 16.5
Exchanger copacity, kilograing 1t of resin us CaCOy 127 1.6
Regenerant uillization efficlency, % 33 46
Regenorant cost, ¢/m” 59, 67
Regenerant cost, 1000 gul 30 150
Total volume to waste, liters/ regeneration 8720 2890
Table V. lon Exchange Systom Performance st 144-Grams, Liter Sulfuric Acid Dosage
Cation Anivn

Regenerant H;804 NaDH
Builk regenernnt cost, kg 1.11 1.0
Bulk solution concentration, wi % 91 0
Desired regenemnt concentration, wi % 20 5.0
Drebred donage, grams of regenerani/liter of resin 144 40
Desired dosage, poutids of regenssant/ft” of resin 8 15
Infiuent load, mg/l as CaCOy 24810 1RO
EfMuent lood (leaksge), mgfl as CaCO3 520 0
Effective removal, mg/l as CaC0y 1960 1800
Average actual dosage, grams of regenermnt/lites of reidn 119 46
Averuge yotual regenerant concentration, wt % 1.95 4,94
Exchunger eapacity, prams/liter of resin gz CaC0y 94 91
Exchanger capacity, kilograins/ft? of resin as CsC0,y 124 127
Regenerant utiization eficiency, % n 51
Regenerant cost, ¢/m” 94 63
Regenetant ooat, ¢/ 10040 gal %0 M0
Total volume to waste, liter/regeneration 12,270 2410

L.
2
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Table VI Summary of lon Exchange System Chemical Analyses”

Acid Total Exchongeable
Suimiple Cond Alk pH Ca My Leon Fet' Nu Al Mn S0, TDS Cations

Opemtion at 48-g/1 (3-1b/01") Dosage of Sulfaric Acid

Raw feed Wi 410 4.9 400 110 210 190 160 0.3 5.0 2600 1690 2670

Cation #fL. BRSO 1780 1.54 42 12 1 22 260 Y L6 2460 2790 760

Anion eff, 1330 280 9.4 £ 12 £ ] 0.3 320 il i 60 98D o0
Opemiion st $6-g/l (64b/ft"} Dosage of Sulfuric Ackd

Raw (eed W0 40 5.1 330 110 200 190 3401 8.7 5.0 2430 3410 2410

Cation off, 8910 1730 1.55 29 6.0 M 1 240 {6 0.3 2380 2670 650

Anion off, 137 340 93 21 53 24 0 360 0.3 0.2 510 970 BSD
Operation at 184-g/1(90/1t") Dasage of Sulfuric Acid

Raw feed 2790 4 50 W40 110 210 200 330 7R 52 2470 3500 24RO

Catlon eff. 9700 2000 154 LY 56 16 11 190 0.7 nA 2280 2550 520

Anion eff. 1430 190 95 19 44 L4 i 400 0ns 0.2 730 1150 951)

¥ A1l umits are mg/l except for conductiviey Ganhojem) and pH, Acidity, aikafinity snd exchangeabie cations are expressed s CaCi0y,



