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references were for the most part not
specific as to the specie of bark involved.
The EPA’s emission factors for wood
waste-fired boilers are based on the
same range of 0 Lo 0.2% sulfur content,
where an arbitrary average of 0.1% is
selected, resulting in an emission facter
of 0.375 1b §0o/million Btu (86% stoi-
chiometric conversion). These values
suggest gaseous concenirations of SQz
on the order of 130 ppm while the lim-
ited data available indicated measured
concentrations approaching one-tenth
of these levels. :

Conjeclure exists about the SO, emissions resulting from the burning of wood residues since
current New Source Performance Standards for large power boiters permit the use of the Btu
in wood residues in calculating alloewable SO, emission rates. The concern is based on available
knawledge of the sulfur content of bark and wood residues which, if stolchiometrically converted
to G, would account for SO, levels of about 130 ppm in the flue gas. This information is ap-
parently the background for selection of an emission tactor ot 0.375 Ib SOz/million Btu of wood
residue flred ihat is included in EPA resource documents. This péper describes a field study
carried out to determine the amount of $C, generated when butning representative bark, The
sludy involved a sulfur fuel balance around the combustion device by determining sulfur content
of the bark fed, and suffur leaving the boiler In solid and gaseous forms, namely ash, tly ash,
and $0,. The siudy showed that just over 5% of the sulfur contained in the hark was emitted
as S0, which amounied to 0.001 to 0.02 Ib $0,/million Btu in the bark fed. The remalnder of
the sulfur was accounted for in the ash combustion producis. The findings support the conclusion

" that the sulfur content of wood Is not stoichiometrically converted to $0.

T order for the pulp and paper industry
10 meet their commitment to (a) incre-
mentally decrease purchased energy
consumption over the next several years,
or (b) become energy sufficient, in-
c¢reasing emphasis will be placed on the
utilization of bark and wood residues as
a primary fuel. Although it is logical to
expect that appropriate concessions
might be offered relative to allowable
emission levels in order to encourage the
use of these energy resources, current
indications are that increasingly more
atteniion will focus on these sources
insofar as regulatory action is concerned.
This paper addresses one of the issues
which has alveady been raised regarding
the emissions from hurning wood resi-
dues, namely their SO, contribution as
a result of their sulfur content.

Background

Recently there has been conjecture in
EPA ahout the SO, derived from the
sulfur content contained in tvpicaltree
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barks. This question arose due to the
recent amendments to Subpart D,
Standards of Performance for New
Stationary Sources (40 CFR 60). Es-
sentially this regulation as amended by
the EPA November 22, 1976, (41 FR
51397), permits the use of the Btu con-
tent of wood in calculating allowable
80, emissions from combination fuel-
fired boilers. The issue has been raised
as to the levels of sulfur contained in
barks, and the subsequent emission
levels of SO, which would be associated
with the combustion of these fuels.
Subsequently, a project was included in
the NCASI 1978 technical studies pro-
gram to address these issues.

Published kformation

in eontrast to the extensive literature
available on the chemistry of wood, rel-
atively little is published on the chem-
isiry of bark. Nevertheless, limited in-
formation was located from seven
sourees, suggesting that the sulfur con-
tent of hark may very from 810 0.2% on
a dry weignt basis. However, these

Objectives

Consistent with the issues which have
been raised, i.e., the 80z emission levels
associated with the combustion of bark
and wood residues in dedicated boilers
or combination fuel-fired boilers, a
straightforward investigation was un-
dertaken. Accordingly the objectives of
this investigation were to (a) determine
what was known about the sulfur-con-
tent of bark (and wood residues) based
on published information, and (h) per-
form field testing at selected sites to
determine the fate of sulfur contained in
bark and wood residue type fuels when
fired in boilers burning bark or sulfur-
less fossil fuel. During these investiga-
tions, an attempt was made to account
for all of the sulfur, to the extent possi-
ble, by developing o sulfur balance
around the boiler system.

The investigative efforts described in
this paper involved emission measure-.
ments, laboratory analysis, and data
compilation associated during the op-
eration of four different bark hoilers.

Investigative Program and Procedures
Scope of Work

In order praperly io address the ner-
tinent issues, ihe ioilowing elemenis
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were considered a minimum to support
this investigative effort:

1. Compile a summary of the available
information on the sulfur content of
bark and wood.

2. Perform field testing at selected
sites to determine the fate of sulfur
contained in bark and wood residue type
fuels when fired in dedicated boilers.
During these investigations, an attempt
was made to account for all of the sulfur,
to the extent possible, by obtaining
material samples and measurements as
follows:
a. The SOz emission levels in boiler
stack gases were continuously moni-
tored for sufficient duration, during
a stable operating period.
b. Samples of particulates being
emitted during these test periods
were collected and analyzed for sul-
fate content. Also, samples were col-
lected from the particulate control
device for the same purpose.
c. Samples from the boiler ash
hopper were also collected and ana-
lyzed for sulfates. _
d. A composite sample of the bark
_ being fired was collected and ana-
lyzed for total sulfur content.
e. The pertinent boiler operating
information was recorded during the
test periods of each site.

3. The results of these analyses were
used to develop a sulfur distribution
profile for the specific fuel being burned
at each test site. :

4. It was also anticipated that in pro-
jecting the fate of the available sulfur,
additional insight would be gained rel-
ative to any SOz—particulate interac-
tions.

Summary of Published Information Relative
to Sultur Content of Bark and Wood Waste

" Sulfur Content of Bark. 1In contrast
to the extensive technical literature
available on the chemistry of wood, rel-
atively little exists on the chemistry of
bark. Nevertheless, limited information
was located from several sources,'~’
suggesting that the sulfur content of
bark may vary from 0 to 0.2% on a dry
weight basis. However, these references
were for the most part not specific as to
the specie of wood involved.

Based on studies by the Institute of
Food and Agricultural Sciences, Uni-
versity of Florida! to determine the
components of forest fire smoke, sulfur
oxides have not yet been detected in
forest fire smoke, and only organic soils
contain more than a negligible amou:lk
The EPA’s Compilation of Air Pollu-

tant Emission Factors? states that bark - .

contains less carbon and nitrogen than
wood, but more sulfur, with the amount
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quoted as ranging from 0 to 0.075% by
weight. Another EPA reference source®
quotes the amount of sulfur in bark to
range from 0.05 to 0.075% by weight.

. Ultimate analysis of 4 Douglas Fir
batrks used in pyrolysis development
work performed by Boucher, et al.,4

- suggested sulfur content to range from

0.04 to 0.16% by dry weight. A summary
contained in yet another reference® in-
dicates the sulfur content for a variety
of barks to range from a trace to 0.1% by
weight.

The EPA’s emission factor for wood
waste-fired boilers, contained in Envi-
ronmental Pollution Control, Pulp and

Paper Industry, Part I, Air,%jsbased on -

arange of 0 to 0.2% sulfur content, where
an arbitrary average of 0.1% is selected.
The value contained in this reference
projects an emission level of 0.375 1b
S80y/million Btu (86% stoichiometric
conversion of sulfur content). These

‘values would further suggest gaseous

concentrations of SOz on the order of
130 ppm, while the limited data avail-
able from the literature’ indicate mea-
sured concentrations approaching about
one-tenth of these levels.

Other Physical and Chemical Prop-

erties of Bark. There are other impor- .

tant properties of bark which should be
considered in an investigation ad-
dressing the potential 802 emissions
from the combustion of bark. One of
these is the ash content of bark. Pub-
lished data® show the ash content of
bark to vary from 0.5 to 10.0%, with the
greater portion of these values falling
between 2.0 and 6.0%. However, the ac-
tual values encountered in the field will
be somewhat higher due to varying wood

composition, and the amount of dirt’

carried with the bark resulting from its
contact with soil.

A second consideration is bark ash
composition. Bark ashes are mainly
composed of inorganic oxides, carbon-
ates, and sulfates. The oxides of silica
and calcium usually account for more
than half of the ash content while oxides
of iron, titanium, aluminum, magne-
sium, manganese, and carbonates of
calcium are also present. The earlier
cited reference data indicates ash sulfate
(as SO3) content ranging from 1.4 to
7.4%.

The properties of bark which have
been discussed in this section will later
be shown to have a substantial influence
on the distribution of sulfur compounds
in combustion products resulting from
the burning of bark.

Need for Development of Sulfur Balance .
around Boiler Systems in This Study

During the initial stages of this in-
vestigation, preliminary testing to de-

- Samples.

termine SOq lovels in flue gases vesulted

in much lower values then anticipated,
based on the fuel sulfur content. Previ-
ous investigative work conducted by the
NCASI? revealed that the ash products
of combustion do indeed react with 50,
generated during combustion. It is alsa
not known how much of the sulfur con-
tent of the fuel was originally in a sulfate
form and not available for SO genera-
tion. Consequently, in order to enhance
the validity of this investigative effort,
it was deemed imperative to develop a
sulfur balance around the boiler system
studied at each site, by including the
following elements:

1. The SQ2 emission levels in boiler
stack gases were continuously moni-
tored for sufficient duration during a

stable operating period.

2. Samples of particulates emitted
during these test periods were collected
for analysis of sulfate content. Also,
samples were collected from the partic-
ulate control device for the same pur-
pose.

3. Samples from the boiler ash hopper
were also collected and analyzed for
sulfates.

4. A composite sample of the bark
fired was collected and analyzed for total

-sulfur content.
5. The pertinent boiler operating in-

formation was recorded during the test
periods at each site.

Testing and Analytical Procedures Utilized '

The testing and analytical procedures

_ which were utilized to develop the re-

quired data will be summarized in this
section.

Stack Gas 80y Determinations.
Testing was performed on beiler flue
gases using a Barton coulometric titrator
to determine S0, concentrations. The
decision to oxidize the gas sarnple ther-
mally prior to analysis with the Barton
titrator was predicated on the possibility
that organic constituents contained in
the flue gases might generate a bromine
demand,  thus resulting in an erro-
neously high indication of SOz concen-
tration. The tests were conducted for a
minimum duration of four (4) hours and
were performed in accordance with the
equipment and procedures outlined in
NCASI AQITB No. 89.1°

Analysis of Sulfur in Bark and Ash
The sulfur analysis on all
samples obtained during this investi-
gation was performed in duplicate by an
independent laboratory, which used a
Leco DB-64 digital titrator for this
purpose. The DB-64 Sulfur Titrator
automates the familiar iodate titration
used in the determination of sulfur by
the combustion method, and is further
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Table I. Sulfur distribution in dedicated bark boiler systems.

Sulfur released to
Bark atm. via stack Heat Percent of total
feed Percent - Percent Input Contained in Discharged
Mill ib/hr ash in Sulfur in\bark of MM 1b 80,y Fly Hopper  w/Grate
No. Dry Wt. bark - Percent |lb/hr total Ib/hr Btu/hr per MMBtu ash ash . ash
1 28,090 1.3 0.068 1191 0.7 0.134 257.6 0.104 X 102 84.2 1.8 133
2 15,275 1.3 0.010 1.7 9.6 0.163 156.0 0.208 X 102 31.0 3.8 55.6
3 18,000 2.5 ' 0.060 104 59 0.614 1448 0.84 X102 86.8 5.0 4.0
4 30,600 33 2.142 X 1072 —B4.4— 5.1

.l? 0-13,4—_

40.8 6.5 2.65 247.5

(By difference)

v

described in Leco Bulletin No. 200-
73411 ‘ -

Analysis of Sulfate in Ash Samples.
Tn addition to having all ash samples
analyzed by the Leco Furnace method
for sulfur, sulfate determinations were
also performed in the NCASI Southern
Regional laboratory using the gravi-
metric method (barium chloride pre-
cipitation)!? as specified in Standard
Methods.

In utilizing this procedure on the bark
samples, the material was “ashed” in the
laboratory. This step also provided in-
formation on the ash content for each of
the bark samples.

Resulis

The inveétigative efforts covered in

this report resulted from the field test- -

ing, laboratory analysis, and data com-
pilation associated with the operation of
four different bark boilers.

Sulfur Content of Bark

The bark fuel supply at each of the
mill sites consisted of a mixture from
geveral sources such as that resulting
from debarking of roundwood stored at
the mill, and purchased batk from saw-
mills and other sources. Although the
dominant specie was pine bark-in all
cases, there were substantial amounts of
hardwood bark in the mixture as well.
These barks were derived from wood
harvested from the lower quadrant of
the Southeastern United States (Ala-
bama, Florida, and Georgia), the area
essentially being a square of 400 miles
(160,000 square miles).

Sulfur content of composite bark
samples taken from each of the four
study sites was 0.068, 0.010, 0.060, and
0.134% on a dry weight basis. These
values are well within the ranges which
have been reported in the literature
surveyed.

Sulfur Contained in Ash Materials of
Combustion

At each study site ash samples were

takan at the painie where these materi-
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als are purged from the system: e.g.,
boiler grate ash, primary collector hop-
per fly ash and fly ash discharged with
flue gases. Analysis of these samples
showed that 90% or more of the feed fuel
sulfur content is contained in (or on)
these ash materials, the actual values
being 99.3, 90.4, 95.1, and 93.5%. In the
case of the higher value (99.3%), a large
portion of the primary collector hopper
fly ash was reinjected into the boiler.
This provided a finer ash with longer
retention times to react with SOs, con-
sequently resulting in almost complete
adsorption of 807 gases generaled dur-
ing combustion.

In the case of the lower value (90.4%),
“analysis indicates that the flue gas fly
ash contained the lowest amount
(31.0%) of total sulfur and the grate ash
contained the highest (55.6%) amount,
suggesting that the bark size or some
other physical factor is responsible for
this distribution shift. Since this source
was a gas and hark-fired boiler, the NO,
emission levels were high, suggesting a
high combustion temperature which

inhibits 8O3 formation and the subse-.

quent sulfate specie formation.

Suliur Emilied as 80, in Stack Gases

As indicated in the above discussion,
for the sources sampled, in the most

extreme case, less than 10% of the total |

sulfur content of bark fuel was released
as S0 via the stack gas. These values for
the four sources concerned were 0.7, 9.6,
5.9, and 6.5%. The higher percentage
value of 9.6 occurs at the source with
lowest fuel sulfur content (0.01%), and
the probable causes for this result are
discussed in the previous section.

A summary of all the pertinent data
relative to this investigation is contained
in Table I.

Discussion

Chemical and Physical Analysis of Bark
and Wood Waste

"T'he properties of wood residues and
‘hark fuels can vary so greaily that a
standard specification is not possible.

The differences should be recognized
and accounted for in the engineering
and operation of wood-fueled systems.
Table II summarizes the analysis for
several properties of selected wood
species.

The ash content of wood residues is
generally low, but still is significant
when large quantities are burned. The
ash content of bark usually is greater
than that of wood because handling and
harvesting of logs frequently causes dirt
and sand to cling to the bark. Saltwater
transport and storage of logs also can
add to the ash content by deposition of
sea salt in the wood or bark.

Review of the Combustion Mechanism

The basic process of burning wood-
refuse fuels requires the evaporation of
moisture, the distillation and combus-
tion of volatile components, and the
combustion of the remaining carbon
materials. These three steps are ac-
complished either separately or simul-
taneously depending on the type of
equipment that is selected for the par-
ticular installation. Boiler emisgions are
affected by the size distribution of fuel,
firing method, reinjection of fly carbon
(ash), furnace vertical velocity and res-
idence time, and overfire air.

Factors Affecting Sulfur Distribution in
Combustion Products

The issues which have been raised
generate further interest in the sulfur
content of wood residues and in the
distribution of the sulfur in the products
of combustion. Earlier work by Kaiser*?
discusses the apparent effect of alkaline
components of ash in uniting with sulfur
oxides, and certainly the presence of
sulfate sulfur in ash products of wood
waste combustion has been established
in the references quoted in this report,
as well as that determined in our own
laboratory.

The variables which affect the sulfur
distribution are closely related to those
cited in the previous section which also
influence overall emission levels. i.c., size
distribution of fuels, reinjection ot ily
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" ash, residonce time and velocity, and

_combustion temperature. Also, the fuel
composition such as sulfur content
{amcunt as fres sulfur or aulfate) and
ash conient (and composition) may
exert an effect as well. '

Factors Contributing to S0, Emission
Levels from Combustion of Bark

The S0» emission levels from bark
and wood waste boilers have been shown
to be extremely low (10 ppm or less)
because of two major reasons, (a) the
initial sulfur content of fuel is extremely
low (less than 0.2%), and (b) most of the
sulfur (90% or more) is combined with
the ash products of combustion.

Conclusions

1. The sulfur content of the barks fired
ranged from 0.01 to 0.134% by weight on
a dry basis. This resulted in a sulfur
input to the boilers ranging from 1.7 to
40.8 Ib/hr.

2. The percentage of total sulfur fed
which was released to the atmosphere
via the stack as 80 ranged from 0.7 to
9.6%. Sultur dioxide concentrations
ranged from <1 to 10 ppm or 0.1 X 102
Ib to 2.14 X 102 1b of S0/106 Btu,

3. The total sulfur accounted for,
based on calculations from analysis and
material flow ranged from 86 to 113% of
that contained in the bark feed.

4. TIn the vase of the sources investi-
aated only 10% or less with an average of
just over 5% of the fuel suliur content
was, emitted as SUs. This fact is further
substantiated hy the sulfate content of
the ash products of combustion, which
are discharged at various points in the
operation. Table I contains a'summary
of all pertinent data, and as indicated,
all of the sulfur contained in the fuel is
accounted for as SO, or as sulfate in ash
released from the (a) boiler grate, (b)
mechanical collector hoppers, and (c¢)
the fly ash discharged with the exit
gas.

5. The reaction of sulfur, oxygen, and
ash minerals to produce sulfates in the
combustion process is responsible for
preventing the full conversion of the
bark and wood waste sulfur to SOs in the
flue gases. Some of the sulfur may be in
sulfate form in the bark and wood waste
before combustion. That $02-S0; will

unite with metal oxides in the gas phase-

is well known from the use of pulverized
dolomite and other minerals to control
sulfur oxide emissions from oil-fired
power boilers. Sulfates of iron, magne-
sium, sodium, and calcium, etc., are
produced .in the gas phase of such
boilers.

6. Based on work performed by oth-
ers, 134 it may be inferred that the sulfur
content of boiler fly ash increases with
time of contact with the flue gases, and
possibly with the fineness of dust par-

Table II. Analysis of somé selected wood refuse burned as fuel.®

Jack Western
Item Pine Birch Maple Hemlock
Proximate analysis, percent
Ash 2.1 2.0 43 2.5
Volatile 74.3 78.5 76.1 72.0
Fixed carbon 23.6 19.2 19.6 25.5
Ultimate analysis, percent
Carbon 53.4 574 ° 504 53.6
Hydrogen 59 6.7 5.9 58 .
Sulfur 0.0 0.0 0.0 0.0
Nitrogen 0.1 0.3 0.5 02
Ash 2.0 1.8 4.1 2.5
Oxygen (by difference) 38.6 338 39.1 37.9
Heat value, Btu/lb (bone dry) 8930 8870 8190 8885
Ash analysis, ppm
Si0, 16.0 3.0 9.9 10.0
AlxO3 6.3 0.0 3.8 2.1
TFen0s 5.0 2.9 1.7 1.3
Ca0 51.6 58.6 55.5 53.6
CaCOjz 49 13.0 1.4 97"
MgO 5.5 42 194 13.1
MnO 1.6 46 1.0 1.2
Po0; 2.8 29 1.1 2.1
K:0 4.1 6.6 58 46
Mn,0 3.1 1.3 2.2 11
TiQs 0.2 Trace Trace Trace
S0, 26 3.2 14 1.4
Fusion point of ash, °F '
Initial 2450 2710 2650 2760
Softening . 2750 2720 2820 2770
Fluid 2760 2730 2830 2780
Weight, 1b/ft3 (bone dry) 29 3744 3142 26-29

& Average moisture of about 50% as received at firing equipment. Adapted from information
compiled by the Stream Power Committee of the Canadian Pulp and Paper Association.
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ticles. Aiéo, the alkaii contznt of the 1ly
ash is highest in the emitted fine ash.
The greater time of contact and higher

alkali content of ihe finer fly asix may .

have a combined effect in fixing sulfur,
such as by reacting with 0y and 503 in
the combustion Gases.
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