Determination of Factors Affecting the Separation of Potentially Hazardous
Trace Elements and their Behavior in Coal Tailings Impoundments
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Introduction

Aims/ Goals

During conventional coal dleaning processes, some hazardous air pollutant (HAP)
elements are removed from the clean coal product stream with different levels of
efficiency. Some of these elements become concentrated in the reject stream and
become a concern when disposed in tailings impoundments due to their potential
toleach out into the environment.

This work is aimed at investigating why these trace elements separate well or
poorly during coal cleaning processes by determining the mineralogy of coal and
mode of occurrence of the trace elementsin coal

Analytical methods employed for characterizing the trace elements occurrence
include X-ray absorption fine structure (XAFS) spectroscopy, X-ray diffraction
(XRD), X-ray fluorescence (XRF).

The mode of occurrence information obtained from the trace elements is being
employed to interpret the behavior of trace elements in laboratory simulation of
tailingsimpoundments.

Experimental

* Four coal samples were collected from process streams of an
operating preparation plant using lllinois #6 seam.
— Incremental samples from the FEE/RBR/CLN/PLR streams were
collected from the operating plant simultaneously (about 800lb).

Sample preparation for analysis and testing

— Representative samples for testing were prepared from the bulk by air
drying, crushing to %” mesh and riffle splitting.

Coal baseline data generated from samples include: Ash,

Proximate and Ultimate Analysis, Calorific Value, Total and

Forms of Sulfur.

Testing carried out on the coal samples include: TCLP,
Washability, Flotation, Simulated Laboratory ASTM cyclic
leaching.

Advanced Analytical Methods
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TABLEZ2: UN lysesof D z
. the mi and mode of Stream %Ash %Moisture  %C  %H %N %O %S
trace i
orderto ir behaviorin RBFeed (FEE)  27.66 515 5252 410 098 1065  4.09
- Thisi i to obility of key
trace RB Reject (RBR) ~ 76.47 553 1078 158 025 738 354
+ Trace Elementand Speciation Methods Clean Coal
~ Mosshauer - Fe minerals and oxidation state (€N 916 464 6154 514 125 1361 330
~ XAFS -trace element speciation "
Plant Reject
~ INAA - trace element concentration PLR) g 73.16 321 1385 150 034 601 514
~ ICP-MS - trace element concentration
~ CUAAS - determination of mercury concentration
— XRD - mineralogical analysis
TABLE3: Formsof p
TABLE 1: Heatng FourFracionsoflinois 44
Stream Wi HV_ Moisture Volatle Ash  Fixed VM S ol  SiED  CgEmb Rl
Stream*  Btu/lb Matter wt% Carbon**  daf
basis RB Feed (FEE) 198 011 200 220
RB Feed (FEE) 100 10,278 491 2971 2711 38.27 437
RBReject(RBR) 15 1869 570 1083 7683 665 - RB Reject (RBR) 288 0.10 056 359
CleanCoal (CLN) 65 13132 453 3680 914 4954 426 Clean Coal (CLN) 0.86 011 233 105
PlantReject (PLR) 335 2,644 3.01 1390 7355 954 -
Plant Reject (PLR) 467 0.19 0.28 446

For further information contact:
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“estimated from Mossbauer Spectioscopy

Separation of Elements by Plant Cleaning
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The comparison  of the relative efficiency of separation of elements during preparation plant
cleaning, The vertical length of the bar, relative to that of ash, represents the efficiency of
separation of the removal of the element by the plant cleaning process.

Trace Element and Mineral Correlations
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+ Correlations between V, Cr and Ni concentrations and ilite abundance in the four llinois 6
coal fractions. (left)

* Correlations between As and Zn concentrations and pyrite abundance in the four llinois #6
coal fractions. Note that the As contents are multiplied by a factor of 10. (Right)

Cr, As XANES of Coal Fractions
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+ Chromium XANES spectra of the four llinois coal fractions. Spectra of tailings fractions are

dominated by Cr as llite. Cr associated with macerals contribute s to spectra of Feed and
Clean coal fractions,

« Arsenic XANES spectra of the four llinois coal fractions. Distinct peaks due to As in pyrite and

As as arsenate from oxidation of the pyrite are indicated.

Conclusions- Coal Cleaning

* Element associations have been deduced based on separation
behavior and speciation determinations by XAFS
spectroscopy.

* Inthis lllinois #6 coal, associations of many trace elements
with either pyrite or illite determines their separation
behavior

— Cr, V, Ni are associated with illite;

— As s associated with pyrite.

— Hgis divided between organic and pyrite associations.
— Geis almost totally organically associated.

— Znis principally present as ZnS

Trace Element Mobility Testing

Experimental testing of trace element leaching from
coal cleaning tailings.

Three experimental leaching protocols tested

— Toxicity Characteristic Leaching Procedure (TCLP)
« AlIRCRA elements negligibly leached in the 18 hour test

~ Baseline Leach Test
« Under standing water for 20 weeks

~ Cydlic Leach Test (ASTM standard method D-5744)
« Weey cycle of wetting and drying for 23 weeks
* Water wetting for first 22 weeks and acid exposure for 23" week

ASTM (Cyclic) Leach Setup
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1. Compressed Air 2. Desiccant 3. Humidifier 4. Valve 5. Leach Vessel (a) RBR (b) PLR
Cyclicleaching consists of | day water submersion, 3 days dry air and 3 days moist air
repeated weekly

Leaching Results (ASTM Cyclic)

Cumulative Extraction: Na, Ca, Sr, Mg

Cumlative variation of Na, Ca, S, Mg as a function of time for tailings fractions exposed
tocyclic leaching regime. Note slow decrease of pH over the same perio

+ After Week 22, the tailings were exposed to 0.1M HNO3 in an attempt to liberate
elements at a faster rate.

Acknowledgements

T the for their
contributionsto this study:
~ . Thomas, v
analyses and g anayses of the Hinois coal ractions;
= H.Frandsand . Backus, pforx: the ash and
1CP-MS, i, Eh, the st

~J.Kyger B. L Higgins,and J. . Robertson, Universiy of Missouri t Columba, for ICP-MS

determinations of trace mefalsinthe coa ractons;
~5.Pal,and M. Seehra, West Virginia University for Rietveld X.-ray difraction analysesof the

mineralogy of the coa ractions.

This research was supported by a grant from the U.S. Department of Energy

throughthe Centerfor gini

Institute and State University, Blacksburg, VA.

The authorsalso acknowledgethe U.S. Department of Energy for its support of the

synchrotron facilities for XAFS spectroscopy at the National Synchrotron Light

Source, Brookhaven National Laboratory, NY, and at the Stanford Synchrotron

Radiation Laboratory, Stanford University, CA.

Cumulative Extraction - PLR

LWK20PLR

STMZPLR BACID23PLR

L
[FIRIITH

P ESIPEE TIPS PSS
A ST

+ Differences in cumulative extraction achieved between Baseline and ASTM cycic tests
Data are shown for ASTM cycli test after 22 weeks exposed to water and for 23 week
after acidification.

Arsenic XANES Results

ToLP Test cvcucTes

« Comparison of As XANES data before and after leaching in the 18hr TCLP test and the
ASTM (Cyclic ) tests after 7 weeks. Note the lack of variation in the spectra in the TCLP
test and the enhanced Arsenate content after 7 weeks leaching in the ASTM test.

+ Arsenic associated with pyrite is being oxidized to arsenate in the ASTM test.

Conclusions — Trace Metal Mobility

TCLP is uninformative regarding the leaching behavior of RCRA trace
metals in coal tailings and cannot be used to assess the long term leaching
of metals as might occur in impoundments.
~ Longer term testing must be utilized to fully determine the mobility of
elements in tailings impoundments
For this Illinois #6 coal, Na, Ca, Mg, Sr are most easily mobilized and
appearto buffer any acid formed by dissolution of pyrite
— pH remained >5 for 22 weeks despite weekly cyclic exposure to air and
‘water.
— Significant leaching of S as SO, accurs which correlates with Eh
values.
Both Fe and As are immobile during testing despite significant oxidation of
pyrite.
— Formation of insoluble Natrojarosite prevents Fe and As mobility and formation of [H']
— 3FeS;+3H,0 +13.50; + [Na'lor, > NaFes(SO.);(OH)s + 4[S04 Luorr
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