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ARIZOMN OF ASH FOULING TIMDINCIZS OF
H- AND LOVW-SODIUM
NORTH DAXKOT

G.H. GRONHOVD given ‘minc had qualities pcculiar to that A '/CI\

Project Coordinator - inc. -but that within the mine the lignite S~ o \
A\ U. S. Bureau of Mines was quite nniform. Tn 1959 the Otter Tail Nl e et -
B Coal Research Leboratory Power Company irstatled 2 53.5 Mw lignite- _ ("A’/ J U
A Grand Forks, Ma:th Dakota burning unit at their HMt, o
g R. J. WAGNER Teraus Falls, Minnesota. During the first LV"\ . S
. ‘Manager, Hoot Lake Station vears of operation, ash fouling problems w,’ > t\
| Oitter Tail Power Company were quite scvere, but not consistent or ,\ 6'\/%
: Fergus Falls, Minnesota predictable. It soon hecame ayident that
B and the fouling tendencics of the Jignite being
B * . - - ~ VA - s
o A. J. WITTMAIER ;{pphed from .th_, culah -.*Il'nc-of I\n}fc i
ijver Coal Mining Company werc quite
General Superintendent variable, and dependent upon Jocation in B
- Knife River Coal Mining Company the pit. - K
S ' Bismarck, North Dakota liy noting the location of the loading:
. - shovels during the periods of severe fouting;

the mining company was able, over a 2-

" INTRODUCTION X ! ‘
. year period, to outline arcas of suspected

) North Dzkota lignite has received con- troublesome coal. These arcas were by-
diderable attention in rccent years as a passed during the winter high-load period
source of low-cost fuel for power generation and loaded out during the summer, with__
in the upper Midwest. The major problem 0% improvement in plant operation, but

at the expense of disrupting the normal -

_mining and stripping operations. Results

from analysis of the coal did not show

large ditferences in moisture percent, ash

perceat, heating value, or ash fusion tem-

perature between the troublesome and the

associated with its use in powcr‘soﬁcrs is
= tendency to form troubicioumia
posits on boil2 tbe surfaces—a problem

T8 e IR . -
which also occurs vl somnc Lituminous
coals. This problem varics considerably from

one lignite-fired boiler o another and is .
33 troublesome coals.
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various research programs relating to the
study of lignite ash and ash fouling prob-
lems. One project was a survey in which
full seam samples were obtained {rom vari-
ous locations in all the major lignitc pro-
ducing mines in North Dakota and detailed
analyses of the coal and ash were maele,
‘This was the first systematic survey! of the
ash propertics of North Dakota liaites. The
results showed there in faer, larme
variations in ash chareteris
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for cleaning. The ash deposits at the front
and rear of the reheater at shutdown are
shown in Fig. 3.

For the second high-sodium test the load
was reduced to about 40 M for most of
the day, as shown in Tig. +. After six days
of operation, the load was increaced to
about 45 Mw. After three days at this lead,
excessive fouling again caused shutdown.

The low-sodium lignite tests were then
run, repeating the load curve and coot blow-
’ing schedule from the previous test. A
marked decrease in the degree of fouling
was experienced, and after nine days the
load was increased to 30 Mw, which was
continued. until the 20th day when the
available low-sodium lignite supply was
exhausted. A typical daily load curve for
the latter part of the low-sodium lignite
test is also shown in Fig. 4, and at this con-
dition the fouling was not considered cx-
cessive. ’

PROBE TESTING

As a means of obtaining additional in-
formation relating to ash fouling, a scries
of simultancous probe tests were run by the
Bureau of Mines during the various boiler
tests. The location of the sampling poinis
in the boiler are shown in Fig. 3. To obtain
meaningful data it was necessary to performn
these tests during a 2-hour nonsoot-blowing
period in the day.

Deposit and HVT Probes

An air-coolzd probe was inscrted into
the hoiler at varinus locaticns for dater-
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of deposits were collected in a 15-min period
and this was established as the standard
test time for comparison, although some
longer tests were also made. The tempera-
ture at the probe thermocouple was main-
tained at 1600 I at positions A and B,
and at 800 F at position C. The rate of ash
denpsition and gas temperatures as deter-
mined by a hizh-velocity thermocouple for
the high- and low-sodium lignite tess at a
'aad of about 40 My are shown in Fig. 5.
The rates of d=gpesition at A and B were
about 10 tim2s geeater for the high-sedium
than for <he low-sedium ceal. Also shown
ate deposition rates and temperaturss at
49 Vw with the low-sodium coal, and the
deposition rates at this higher loading ar
still only aout half that of the high-sodium
40-Maw tost. ]

Figure 6 shows a typical section of the
probe after both 15-min and 7 to 3 hour
insertions for tests with high- and low-
sodium lignites; the differences are quite
the 7 to 8 hour tests, soot
blowers.located in the vicinity of the probe
no doubt removed some of the deposit

: (note indent in lower left picture).

The prcbe deposits normally consisted
of_two lavers, a soft, fine, white inner laver
adjacent to the tube, and a coarse. brown-
ish,_smtcrod outer layer. The white layer
completely surrounded the tube, but the
sinter laver onlv built up on the sidz facing
the gas stream. After cach test the two layers
were removed from the probe separately
13 weithed and anaiyzed, Micros
izn chowed that hinnor
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: Fig. 3—Test boiler, showing

tions in the boiler and of the original coal
ash. The silicon and iron are consistently
higher and sodium lower in the sinter de-
posit than in the original high-sodium coal
ash. The inner layer of these deposits_is
cpriched in sodium. The sinter deposits from
the low-sodium coal show no large differ-
ences from the original coal ash; however,
the white déposit is consistently depleted i
silicon and iron and enriched in calciun
and magnesium. These deposits are being
studied further in the laboratory in an at-
tempt to obtain information on the depesi-
tion mechanizm; however, the scone of this
paper does not permit discussion of this
phase of the investigation.
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low-sodium coal, it might be assumed that
the difference in rate of deposition ivas

due primarily to differences in ash fusion

temperatures. However, the fluc gas tem-
perature between the sccondary super-
heater and rcheater was about 2160 F for
both hizh- and low-redium coal tests and
vet the deposition raze was ten dmes as
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. N TABLE Il
’ SULFUR BALANCE DATA FROM BOILER TESTS
INPUT SULFUR OUTPUT SULFUR
’ SO: 4+ 50;in In flyash - Total
flue gas to entering accounted
air heater air heatar for
Pound Pound Parcent Pound Percent Pound Percent
per per of per of per of
hour hour ~ input hour input hour input
High-sodium tests N
410 270 66 39 22 359 88
460 241 52 116 25 357 77
Low-;odium lignite tests ‘
490 523 107 50 10 573 117
530 523 %9 47 9 570 108

— creased to about 40, It is obvious that under from" high- to low-ndium_

“these conditions frequent soot blowing is
. S
necessary in order to prevent blockage of

li

ite and,

strangely, the SO, cortent decreased from

the tube passes.
e ————

Sulfur Oxides in Flue Gas
Determinations of the SO, and SO,

also made during the 2-hour test period each
day. Two methods were used: the stlective
ccndensation methed described by Lisle
senbaugh? and the absorption meth-
od of Berk and Burdick.! Agreement be-
tween the two methods was good, but the

a

nd Ser

Hlue gas with the

about 20 ppm t 0. The lower SO, in thd

vould

W
indicate a reaction beiveen the sulfur gases
and thc high-sodium lznite ash. This effec

is 5een 1n the Imcreasci S0; content of the
contents in the flue gas to the air heater were  ash deposits and Iy asR TS The Figh-sodium

coal, as shown in Tafs J1. In future lab-
“oratory tests, it is hoyed that information
can be obtained on ‘tie end reactions of
sodium. and sulfor in the flue gas and on
the possible cawlviic -ffect of varipus ash

componcents om the emwversion of SO. to

selective condensation method is preferred SO,

bscause of its simplicity. In addition to the
SO, and S0O.. total

werealio mads

\

on the samples by titrimetric
i h

Tahle Il shows siTur balance data for

sulfr determinations  tests with high- and 'bw-sodium lignites.

The balances for the bith-sodium tests show

and gravimetric nethods as a check on the 32 1o 66 percent of theinput sulfur as sulfur
ove gases and 22 percent:in the (lyash in the
As e . the suliur cos atept  fug_zag, Total sulfur 3o el for was-

Temzined sant ot 0.6 77 tn 83 prreent, but ciiv about 23 percent
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AT

rate, which is bhased on pulverizer coal
feeder revolutiors, the flue gas ~olume rate,
which is based on a pitot tube traverse, or
the dust loading determinations.

The percentage of original sulfur re-
tained in the ash during laboratory ashing
of the coal samples at 800 C varied from
67 to 98 percent. There has been speculation
that this effect of retention of the major
porgc:ns of the sulfur in the ash might also
exist in hoiler operation. However, the re-

sults of these tests would indicate that with,

low-sodium coal most of the inpui sulfyy
appears as gascous sulfur oxides and that
with high-sodium coal the percentaze is also
high—
SUMMARY AND CONCLUSIONS

The rate of fouling, as determined both
by_boiler performance and by probe tests,
‘ismuch greater when burning lignite having
8 to 10 percent sodiurg oxide in the ash
compared with burning lignite having less
_than 2 percent sodium oxide in the ash.

The tests indicate a remarkably high
ash collection efficiency of the boiler tubes
on the unit tested. Based on short-time dust
loading tests, only 25 and 40 percent of
the input ash can be accounted for in the
flue gas for the high- and low-sodium coals,
}cspcclivcly. '

Sulfur oxide determinations indicate that

the Sodfum Tevel has a profound eleet on
the SO, contcnt of the NMue gases, The SO.
increased from about 450 to 550 prm when
changing from Ligh- to low-sodiuin coal.
With low-redinmh coal, nearly all the coal
“ulfur can be expeeted 1o anpear as SO
Dared on e results of these tosts, the
Ouer Tail Power Comoany
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TEMPERATURE,
*F

a0

20

PROBE LEPOSIT
WEIGHT,
rams/ 15 minf 72"

%o

0%

30

ASH IN FLUE CAS
10 AR HEATER,
percend cf uoul Gsh

45
" -
mg £ 40
g3¢ sop
as Ll i 1 1 [ - 1
1-2 7-23 ,7-30 . B-i7 8-8 8~19 $-20

1965 TEST OATE

Fig. 7—Sulfur nxides in fluc gas using high-
+ and low-sodium lignite.

shovels at the mine and adjusting the num-
ber of trucks serving each shovel. the lignite
is blended at the tipple to provide a sodium
level determined by-the expected electrical
load at Hoot Lake. The railro2d car num-
bers are recorded, alonr with the caloulated
sodivmn percentage. These fizures are re-
ceived at Ioot Lalke 2 to 3 duyvs in advance
of the railread . Miror clectrical load
if necussary,
cupected Hamite Llend,
analviis at the plant have
d corrclaticn with the
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The Authors have made an vutstanding
contribution with one of the very early
investigations of the fouling characieristics
of pulverized lignite. The Ppaper presents
data from a thorough swudy or the fuel
properties that affect ash depusition in con-
vection passes and provides u soiution 1o the
problem based on their findings. Their work
represents the type of effort that is necessary

. if lignite is to compete successiully as an

energy source for electrical power generas

tion. The investigation answers a number of

questions and also introduces daga that

prompt several questions and couunents,
One of the more interesting- aspects of

i:hc investigation is the high rciention of
fl

yash in the boiler S ; raie
I deposition figures and the very 1o
pluggage of this bailer—ar feduced loads

firing"a rclatively low-ash fuel ail indicaw:
that an exwemely high perceniage of tie
ash is deposiicd on tube banks whlc g

the hish-sodxum lignite, The Authiors con-

DISCUSSION

sidered the possibility that fusion tempera.
tures might be responsible for differences i;
deposition rates between these two fuels.
but discount this possibility, apparently be
cause the tlue gas temperatures are 100
degrees F or .more below the ash softenin,
mperawres. I would like w suggest, how-
ever, that the presence of sticky particies ;.
possible and perhaps ll@,—%m&rm
Wit e high-sodiym ligaite.~ The inita
“delormauon temperature is 170 degrees |
lower for the high sodiwn asi, wud it i
possible that molten phases exist ar ever
lower wmperatures. In addition, the flyase
partcle tewmperawre can be higher ihu
surrounding gas weihperature, depending os.
particie size. velocity, eec.
© We have had the opportunity of workin:
with Mr. Groniovd on certain phases of the
Hoot Lake Tests and have followed tis |
tests with a great deal of interest. Our work
included determination of the sinierja:
characteristics of lignite ashes wested at Lioo.
Lake and from other sources. The sirengh
of sintered ilyash from biwminous coals
develops guickly and is related 10 fouling
tendeney, but thus far sintering daw and
probe wsts indicate that the depusit froin
- lignite ashes is friable for at least 8 w 15






