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FATE CF TRACE WMERCURY iN THE COMBUSTION UF CUAL
L.
~r

R. C. Dieh!,! €, A, hottman,' H. Schultz,? and R, J. Haren?

ABSTRACT

Coal, fly ash, ani flue gas samples were analyzed for mercury (Hg) by
double go'4 amalgamation-flameless 1tomic abgorption spuctrophotometry. The
purpose of tha study vas to elucfcate the fate of the trace mercury ‘n the
ccal when the coal {s burned. Samples vere ccllected from a beach-scale -
100-g/hr combustor, a 500-1b/hr combustor, and three coal-turning powerplants.
1n all cases mscrecury vos found {a the ‘ly ash, The amounts ranged from about
9 to sbout 70 percent of the mercury {n the coal that was burmed,

INTRODUCTION

The potentially detrimental eff~cts of truce mctal emissions on both the:
environment and public heslth have recently been the subject of much concern
(2-1).% Ore¢ possible source of suck emissions {s coal, which is known to
ceatsin trace amounts of a number of =ctals (1, 8). Among the metals whose
pr.sence in the environment i{s of ccncera, mercury ctands out oving to fta
voratility and known towicity (3). While cual {s known to contain only small
amounts of mercury (0.0 to | _g Hg/g coal) (7, 12-11), the amount of coal
consiured fs large. World production of coal ercecds 3 x 10° tons, and roal
consumption in the !nft~d States alone ¢xiceds 500 x 10° tons “). T
approximastely Y00 s 10% tons »f coal burned annually In the United States for
electrical power zoneration (3) could poisibly releane as much as 300 tons cf
me cury to the environment,

Recent publicat’ons concurning merr ry emissions from coal combustion
hive aseumed trnat sall the mwrcuTy present {n coal i{s released to the environ-
ment as 3 gaseous mission (2-3, 7). However, some of the mercury could te
comhited with rhe flv ash and be removed from the stack gas and thus elinm-
inited as 3 scurce of atmosphere c.ntaminstion, The purpose of the present
work (s to determine this distribution of nercury bctween the fly ash and
the flue gases,

“Research chemist,

FResearch supervisor,

*Chemical engineering technician,

4ndi rlincd aunbers ta parentieses refer to items in the references st the
end of this report.

z

R

el ::{?

- c558
© e
&



C For the initiul studies a

ool . N . .

: Jjjlfeed.r ?enca-scnle puiverired-coual com-
tustor vas employed. The use of a
suall-scale combustor allowed i1or
better control. The coal fecd
razes and airflow rates could be
measurcd with a fair degree of
accuracy. The coal associated
wira the effluents could be more
rradily identified than would be
possible with a powerplant, and
atrempts at msterizl bulances were
*hus feasible. As part of the
ctidy, anslyses were performed on
cosl, trapped fly ash, and flue
gas {rom the bench-scale combus-
tor. Some analyses vere perform.d
on sanples of coal and fly ash
from an experimental 500-1b/hr
pulverized-coal comhustor.

Samples of fly ash from large
powerplants were collectcd and
snalyzed for purposes ol
comperison.

0

We?t test
meter

EXPERIMENTAL WORK

fce tath
Lo L o

FIGURE 1. - Schemotic Flow Diugrom of Tracz

100-g/lir_Pulverized Coal Combustor

A flow disgram of the bench-
scale pulverized-coal-fired

combugtion unit and the trace-
meral recovery system are shown in
figure 1. Prior to being charged to the feeder hopper, the cosal, 100 to 200
mesh, is dried for 2 hours at 110° C and ctnen veighed. The coal combustor f{s.
a 2-incli-1D by 36-inch-long aluaina tube that {s heated to about 1,200° C by
a three-zone electric furnace. Platinum versus platinum-10 percent rhodium
thermccouples monitor the temperature of the ccmbustor. Afrflow trancports
the cral into the combustor. The residence time of the coal in the combusior
is .ncreascd by interrupting the vertical descent of the coal by & deflector.
Coal at a feed rate of 100 g/hir (s burned with about 1,3 md/hr of air at an
excess air 'evel of 20 to ?5 perceat. Carbon combustion efficiencies are
4reater than 95 pcrcent.

Elemenm Unis,

The flv ash and combustion gas «ffluent continue through the ceramic
fonbustor and into a glass rccovery system. The fly ash (s entrapped at
150° 10 177° C using a 6-inch-long by 2-inch-d{axseter Nomex’ bag filter.
After exiting from the bay fil:er, the gas flow is divided into two unequal

"Reference to trade names i3 nade to facilitate understanding and dues not
imnly endorsem:nt by the Bireau of Mines.
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FIGURE 2. . Simpiified Flowshest of 500-1b ke Pulres:zed-F vel-Fired F uncce.

itreams., The largsr stream (s 2gain split, with hy'f passing *hrough
covlometric oxygen analyzer and half passing tirough a nondisperstive fnfrared
nitric oxtde anslyzer, The snaller stream (=0.15 o /h) nasses through (he
mercury collection equfnment,

Sangie - of coal remaining [(n the feeder were removed, velghed, ritfled,
and asalyzed (or Bercury. Samples of fly aah and the BUld trup and bubbler
solutons were also aralyzed for mercury,

900-1b/hr Pulverized Cnal Combystor

The 500-1b/hr pulvertzed cos’ combustor fs shown {n figure 2, The
furnace, capable of burning 509 pounds of pilvertzed ccal per hour, was
‘esigned to simulate the ojer :lon of a8 conventional w.ll-fired, dry-bottom
nlt such as those used In the utflity f{ndustry. Coal (s pulverfzed to
B3 perceit through 200 mesh prior to firtng, Ash from pulverized~cosl-fircd
furnaces is exitted largely in the effluent £3% stream, In this furnace
nearly SR percent of the ash fn the coal (s emsttted with the flue g4s. Asn
removal from the flue zas fis accomplished by a single-stage cyclooc’ collector,
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vith about 75-percent collection efficiency.
tioco

This
from
tion,

Ashh for the mercury determina-
study wag obtatied from "thief" samples of asn f{row the cyclone hopper,

sampling method utilizes @ yrobe, or “thief,” which extracts core sanples

several posftions ‘a3 the hopper, thus providing a degrce of representa-
Flue gos temperature at the cyclons fnlet wvas about 200° €. Coal

sacples used {n Lhe study were obtained by extrecting @ portion of the coal

feed to the burnaers during cperstion, ageiu providing @ representative smmple
of the coal used during the combustion period.

Cosls Used in 100-g/hr and 300-1b/hr Combristors

Table 1 shows the analyses of the coels used {a the corbustion experi-
vents with the 100-g/hr and 500-ib/Nr combustors. DR%-E Ls a washed, deep~
sined Pittsburgh sems coal orfginating in Washington County, Ps. P-3 is a
afxture of Telo sewn srd Welr seam coals from Henry Cownty, Mo., and MR (s o
dittsburgh seam cosl originating in Washington County, Pa.

TABLE 1. - Analysis of cngqls combusted (ef hasis)

TR S DR
Proxiz-*2 atelysis, welight -percent.
Yolatile MALLRT . cvsvoesncacsrorsnsonnse ”03 37.8 3.2
Fined CATDOD, ;s vvveetsconvonstcoscnnnsoca 2.3 eC ¢ 32.2
“ho.o.:noooo.'onnocotbna:ooocuocl.o-clo ‘., zl-b !O.l
Cltimate snacysls, walghc-percemt:
ﬂ?drogen...-..................-....o...- so‘ 6.4 5.0
chhOﬂ-:-oo.o-oooaoooncc-vo-ocooocoaoo.- 78.1% h1.9 "cz
b A e L T 5.6 1.0 1.9
OXYEOD. cavvsrossosesssocsaccssnsassocone 7.1 3.9 7.1
Sulfﬂl..o-.aoa.---.co-no-.oooaoc-aoo vee 1.2 5.2 2.1
A.h"obo‘.oco.oo-nc..o!.t.oo.'ollao.uoll .o‘ 1‘06 ,°a1
Calorific valie, '(U.ncc..-ooooa.n-ooooora ".9’0 “nl’o "c”"
Free Ncll1’1&_!”"‘114‘L!L'j’l!)!i!jlj)l( 8 1 2,3 )

ANSALYIICAL P OCEDUPLS

Megcury (s deteruined o~ the co..1, t1: sst, flue gas, and scrubber solu-
ticns using 2 double go! i aalzamailva-etoric abeorption procedure, The

procedure Le adapted froe that used by Proledsor ¥, Buhr of the Peansylvanis
State Unfiversity,” ’

T-e doudble 30'd amaly.mation apparstus §s showr schexattically (a
figure 3. Part A s 8 combined combustion and catslyst section, and parts
¥ and C are successive p0ld traps., The three secticas sre cotstructed of
17100 Yyzor arend tuving wo.nd with resietance wire. The current taput
12 cach hestirg €2il is controlled by o variable trersformer. Integral

18/9 Yyepr berand Hall +nd socket foints fitted with Yiton O-rings connect
.he three g tiuns,.

» visit was ; ade to Prof. Sunr'e levorstory whire the mercury auslysis
syiten was ohsyerved in operition,
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FIGURE 3. - Apyoratus for Determination of Mercury by Double Geld Amaljomation.

The onalysis train was designed with {nte<ral ball and sochket jointe mso
thatl the lirset Lould trep could be remcved from the system and .5 4 for the
wollecttun of mrcury frum atr or flue xas. The flue gas ~nllection rrafn
used un the lUtieg/ar aid the 500-Ib/hr combustor was destignec ‘o accept
part 8. After coliection of a sample, the gold trap te v~placcd tn the
anaiysis tratn ard the analysis {s completed by heacing the tra; to drive the
mercury off the first gold trap and onto the second gold tsap., Pirally the
mercury (s drivea off the second gold trap Lnto the cptical path of an atomic
abdsorstion spectropnotometer,

Caltbratfon is accomplished by (njecting n:rcury-utn'rn;-d sir irto
pert A thre.gt the runber septum at the enc of par; A. The calibration s

perlodically checkec with Xstional Buresu of 3terdards referonce material
1630,

Mercuty s volarized from the scrubber solutfcas by the Hatcn and Ott
trocedurr (%), passed through eflica gl and macine.! s peichlorate drying
thres, and wmalnacete! (n the first gold sectim. Jt 44 then resmalgwmated
s . tinally measured in the stomie sbsorptior spectrophctometer. By concen-

“iuting the mercary {0 this “wnncr, the sensit vity ta Increascd and
‘tlerences sre remnved,

The time required for the anslysfs nof a %0- ¢« 103-mg coal semple (s

At 19 mimites.

Die sensitivity of ¢ e moethod was fournd 0 averayge ahout 1.9 nanograme
tor l-percent abscrption. Since the mer.sry nolliw cathod: tube prod.ces a
«:abie hase line, a decection limit on the orcer of 7,6 nanogram s possible,
(A t.pical calihration carve {8 shown (n fighre &)

RESU™.TS AND DISCwy®tnn
T Fesalts of the eviceriments conducted with the lUG-g/hr combustor are

suewarized 1= L3 ¢ 2, ond the roaulte of the experiments conducted with the
TelB 'l comrtiistog are 8o~ gtfcad fn tatle 3.
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WERCURY, nonogroms :
FIGURE 4. - iercuy Concentration Versus Absorbance. ‘,
TABLE 2, - 100-g/hr combustor: (su-url 2f results
j
Coral [Combris+|fly ash Merc.ry conteat Percent Percent :
feed | tion |produc-| (:1 stendard deviaticn) of total| of total :
Coal |Runjrate,] effi- | cton Coal, Fly ssh, [Flue | mercury | mereury i
g/hr lclency,| rate. sg/8 +8/8 gas, sccounted j
percent v up/e’l fly ash for [
Dk3-E 1 | 98,11 97,6 | 9.1 30.97;0.05 2.21 60 77 :
orB-t! 3 [108.1] 9.4 | 11.3 | .95: .09] 1.7 66 78 ._-
’ i
P-3 ‘ 1 }198.9] 97.5 | 23.8 f Jit .06} 761 31 62
P-3 | 2 135.7] 96.3 | 3.3 2,26+ .08f! .3%« .| 3)| 37 ¢A) ‘
P-3 13 J1tr.2] 98.3 | 272.1 |V A7 ok]1s.6] 36 % ¢
‘Average value of 12 replicates for DRB-E : :
2Average value of (i replicates for P-3. j
Mo {lue gas sampling on this run, i
!
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TABLE 3. - 5(0-1b/hr combustor: Summary of ~esults

Mercury iu coal (M})............ug Hg/g coal.. 0,1820,04

Number of replicates..ccvieoorcoeccescscncncence 23
Mercury i{n fly ash....seveescss.ug Hg/g ash.o.  0.2220.04
Number of replicatesS..ccccersssscsosccscccccnce 17
Percent cf total mercury found in fly ash..... 12:3

Attempts at collecting the wercury from the flue gas have not been
entively successful. Initial attempts at using a gold trap revealel the
fclloving difriculties:

fS80

1. At trap temperatures ¢f 100° to 150° C (high encugh to prevent water

condensatioa), *he 5old 1385 up tuv 1% verceac oL the mercury per hour.

2. At combustion efficiencies of 96 to 97 percent, sufficient combustion
In

addition, when the gold was heated, the ultraviolet absorbing sp:cies condensed
on the gold surface yielded erroncously high absorption signals at the mercury

products condensed on the gold surface to cause occlusion of the mercury.

resonance line,

3. A s.lver trap heated to 500° C to catalyze the oxidat’ oa of the com- .

bust ion products was not successful owing to the low oxygen levels (4 to
7 percent) in tne flue gas.

4. A bubbler filled with 10 weight-percent nicric acid (HNOa) did not

trap all the mercury passing through the gold trap.

The next series of experiments planned will attempt tn overcome the
difficulties l{sted above by--

1. Us.ng higher combustior effficiencies where possible.

2. Us‘ng 3 teated copper. oxide furnacc prior to the gold trap to oxidize

the combustilun products.

3. Using a two-bubbler system following the gold trap t> increase t
trapoing eff.cfency for mercury vapor. Onme trap will contain acidic perm
zanate, and the other 10 weight-percent nfitric acia.

Six separite experiments were conducted vith the 1C0-g/hr combustor.

percentuge of the original mercury found in the fly ash ranged from 31 to 66.

he
an-

The

The percentage cf original mercury that could be ~ccounted for ranged from

62 to 95, Each coal gave consistent results for the percentage of the to
mercury f{rem the coal that could e accounted foos in the fly ash. It (s

significaat tha. thr values for the percentage of originil mercury accoun
for vary i{n approximatelv the same manner as i(he values for the amount »f

tal

ted

mercury found in the flue gas., This effect can be explained by *he fact that
the mercury {n the [lue gas was naot quantitatively trapped. Theiefore, the

. maximum quantity o>f mercury that could enter the enviromment via the flue

[ S e
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gas would be the amount of mercur; accounted for in the enalysis of the flue
gas plus the mercury that was unaccounted for.

Samples of fly ash collected from three different ccal-burring power-

rlanc; were analyzed {=r mercury.
powe:plants sampled and the mercury found in the fly ashes,

Table 4 gives descriptiors of the
The first two

powerplan:s procuce about 250 megawatts and the third about 175 megawatts.
All the fly ashes were found to contain mercury.

TABLE 4. - Summary of nowerplant data

Steam conditions i Fly zsh - Mercury
Type of firing Rate, Pres-|Tempera-; Coal sanplc content cf
102 lb/hr| sure,| ture, fired collecticn |[the fly ash,
pvsig] ° F ) conditions ug Hg/g
Slag top, 702 1,268] 899 Itlinois | Mechanical 0.1020,.02
cyclone. No. 6, collector
Hveb, hopper.
Siag top, 723 1,293 799 Illinois |Elecirostat?ic .26 .0
pulverized No. 6, precipitator
coal, Rveo, hopper.
Dry bottom, 461 1,450F 928 Kentucky | Mecnanic: .22 .02
tangential, No. 6, dusty
Hvbb, collector
hepper,

While a mercury material balance was not possible in the case of the
puwerplants, an estimate can be male for two of the powerplants based on

available inicrmation.

Ruch and cuworker (9) found the cverage mercury

content of Illinois No, & coal (based on 32 samples) to be 0.1620.07 nficrogram

mercury per gram
reported as 11.8
te 7 percent for

(.g Hg/g) coal.

CONCLUSIONS

As the average ash content of the coals is
rercent, the mercury accounted for in the ash would amount

the first powerplant and 19 percent for the second.

The investigations condrcted to date indicate that, contrary to current
assumptions, no* all the mercury content of coal cnters :he environment as

vapor when the coal is burned.
some of the m:  cury remained with the fly ash.

In all cases obser..d {n the present study,
Contact between the fly ash

and flue gas after cooling was prnbably the reason for the retention of

mercury in the fly ash.

If this i{s true, then further contact at lower

temperatures might lead to greater retentfoa of mercury by the fly ash,

[
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