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ABSTRACT

It is the goal of this research to provide the technical basis

for development of a process to remove chlorine from coal

prior to combustion, based on a thermal treatment process.

Under the reaction conditions employed, the behavior of other
trace elements of concern will also be evaluated. The recov-

ery of the chlorine removed from the coal as a marketable by-

product, calcium chloride suitable for use as a road deicer,

is also being investigated using a novel absorption/crystalli-

zation device. We have previously reported on equipment

modifications required to attain the necessary data. A tube

furnace system employs a flow of nitrogen across the coal

sample to carry the HCI released to an absorber, where a
chloride specific electrode measures the concentration of the

| c.hlorlde' in solution. The data is analyzed by a least squares

• technique to provide values of the three kinetic constants inm

, a modified first order rate equation used to mode], the system.

During the past quarter, several runs were performed, and

| kinetic constants determined. After 20 minutes at 385°C, 90%
i of the chlorine was removed from IBC-109 -200 mesh coal. The=

data are encouraging, in terms of being able to provide a
4 basis for design of a precombustion chlorine removal process

based on thermal treatment.

Co_strnction of the bench scale chloride recovery system has _ _

'_=- proceedingbees completed,, and shakedown tests of system components are_y_.
_ST_148UTtO, N OF T_S DOCUMENT IS UNLtMITEE3

_ This project is funded by the U. S. Department of Energy (PETC) and by the

._ shared program. __0



EXECUTIVE SUMMARY

The relationship between chlorine content of coal and cor[o
sion caused by burning such coal has been well documented _-_.

Recently, the importance of understanding the mature of chlo-

rine in coal was highlighted by a conference devoted to that

end: The CRSC/EPRI First International Conference on Chlorine

in Coal, which was held October, 1989, in Chicago, Illinois.

The conference included a broad range of papers concerned with

various aspects of the behavior of chlorine in coal. It was

evident from the presentations made at the conference that

there is a need for greater understanding of the chlorine
release mechanisms that occur during combustion, conversion,

and coal cleaning processes. Utilization processes could
contribute toward mitigation of the harmful effects of chlo-
rine in coal.

. Passage of the Clean Air Act Amendments in November 1990 has

greatly increased the concern for control of chlorine and

othe_ materials on the air toxics list given in the legisla-
| tion _. Unless ways are found to remove chlorine and other
q

| noxious material from Illinois coal, the recent legislation

| could prove devastating to the Illinois coal industry. The
data obtained from this study will add to the existing options

I available to meet the emission requirements for chlorine, and
possibly also for other substances on the air toxics list.

This is important, if the marketability of Illinois coal is to
be maintained and expanded.

It is the goal of this research to provide the technical basis

for development of a process to remove chlorine from coal

prior to combustion, based on a thermal treatment process.

Through a bench scale study, mechanisms are being investigat-
ed, reaction rate constants and activation energies deter-

mined, and energy and mass balances performed. The recovery
of the chlorine removed from the coal as a marketable by-

product, calcium chloride suitable for use as a road deicer,

is being investigated using a novel absorption/crystallization

device. The investigation of recovery of the chlorine ascalcium chloride would also be applicable to the waste stream

generated by a water leaching process, as well as the thermal

process which is being investigated here.

I Although chlorine removal and utilization are the major

| thrusts of this research, data will also be obtained on the
| behavior during heating under controlled conditions of several

_| other trace elements of growing concern (mercury, seleniumm

| etc.) since the enactment of the Clean Air Act Amendments last
_! November.
i

Specific project objectives include: (i) Determination ofg
w kinetic rate constants and activation energies that character-

i ........... = _--^ _ _ _l _ h_ghe_ tempera-

i iz_ u**_ L=_= _ chlor_.._ rc.caze .................

tures (375-500°C) than previously employed; (2) Evaluation of _
_
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the quality of calcium Chloride obtained from the absorber of

the modified tube furnace thermal treatment system; (3) Based
on the kinetic data obtained, a bench scale fluidized bed

thermal treatment unit will be designed and constructed. (4)

Evaluation of the extent of removal of selected air toxicsr in

addition to chlorine, that results from the thermal treatment

process; (5) Evaluation of the effectiveness of the bench
scale (6" diameter, i00 cfm) catenary scrubber in concert&rat-

ing and crystallizing calcium chloride salt from a synthetic

liquid waste stream. (6) Evaluation of the effectiveness of
the bench scale catenary grid scrubber for removal of chloride

as calcium chloride front a synthetic waste gas stream; (7)
Preparation of the existing i0 V Btu/br FBC-CG boiler for

operation.

Chlorine Removal

A tube furnace system is employed with a steady flow of nitro-

gen that transports the HCl released from the coal to an
absorber that contains a chloride specific electrode.

The chloride concentration data obtained from the chloride

specific electl_ode in the absorber is retrieved in a Lotus

1-2-3 worksheet, and the percent removal of chlorine from the

coal calculated. The initial values (where the % removal is

less than 10% of the maximum value) are rejected from the data

set to minimize the effect of the transient period during heat

up to reaction temperature° The edited data set is then used
to determine the kinetic constants R, k, and t° in the modi--

fied first order rate expression given below. The calculation

procedure employs a least squares fit of the data (Flexifit

software) to obtain the value of the rate constant k and the
other two constants.

% removal of chlorine = R(l-EXP(-k(t-t°)))
where'.

R - the % ultimate chlorine removal under the

reaction conditions.

k - the first order rate constant, hr -!.
t - the reaction time measured from the

beginning of the heating period, hr.

t° ,- the time lag prior to the onset of

significant chlorine evolution, hr.

During the past .quarter, several runs have been performed

using the modified tube furnace system. Minus 200 mesh IBC-

109 coal containing 0.42% chlorine was processed. The major

objectives of these initial runs were to establish the repro--

ducibility of the data obtained with the modified tube furnace

system, and to start experimentation in the higher temperature

region (above _50°C).

c

_
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minutes at the reaction temperature of 385°C, the furnace

allowed to cool, and the treated coal analyzed. Although less
than 10% of the chlorine in the coal appeared in the absorber,

analysis of the treated coal showed approximately 90% of the
chlorine had been removed from the coal. Thus the chloride

measurements obtained only from the absorber cannot be used to

determine kinetics at higher temperatures using the tube

furnace system. However, the initial absorber values may be
used as a measure of chlorine evolution rate in conjunction

with the chlorine analysis of the solid product to provide an

estimate of R, the ultimate removal value. The values of k

and t° may then be obtained by application of the Flexifit
software.

Chlorine removal based on analysi_ of the thermally trea£ed

coal ranged from 57% after 24br at 2_0°C, to 89% after 5ht at
350°C, to 99% after 5br at 385°C. Approximately 90% removal
was attained after 20 minutes at 385°C_

Four runs were made at 350°C, to assess reDroducibility. The

average yalue of the rate constant k for those r_ns was
0.870hr -_, with a standard deviation of 0.0bThr -_. Overall
chlorine accountability balances were 85% to 97% for the 350°C

runs, but decreased to 71 to 79% at 385°C.

Solid recovery averaged 91.4% for the four 5-hour runs at
350°C, and 85% for the two 5-hour at 385°C; the 20 minute run

at 385°C exhibited nearly 90% solid recovery.

Increasing the temperature from 350°C to 385°C greatly in-
creases the rate of the chlorine evolution. After 20 minutes

at 385°C, 90% of the chlorine in the coal was removed, based

on chlorine analysis of the treated coal. A 5-hour treatment
at 385°C removed 99% of the chlorine from the IBC-I09 coal.

Some loss of volatile matter was observed, particularly on the

5-hour, 385oC run.

The data are encouraging, in terms of being able to provide a

basis for design of a precombustion chlorine removal process
based on thermal treatment. If the thermal dechlorination

process were integrated with the boiler operation at a power

plant, it would be possible to minimize the net energy loss
associated with the process by feeding the treated coal di-.

rectly to the boiler, without an intermediate cooling step.
This should be possible under thermal dechlorination condi-

tions that require a treatment time measured in minutes,
rather than hours. The volatile loss that occurs in the inert

gas stream carrying a[_ay the hydrogen chloride released from
the coal could be recovered by removal of this material prior

to and/or following t_e chloride recovery operation. Thus the
overall energy balance on the system should prove to be fa-
vorabl_.
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Our efforts are now being directed to exploring the tempera-
ture range between 350 and 385°C, and above 385_C, over a

range of particle sizes, with a goal of maximiz_.ng chlorine

removal and solid recovery while minimizing volatile loss from
the coal.

Chloride Recovery

The HCI removed from coal by a thermal precombustion process

must be removed from the exit gases, most likely by use of a

scrubber system. Such systems have been in use since the mid-

1970's for removal of HCf and other acid components from

combustion gases at power generating facilities, and also at

municipal waste incinerators.

This research utilizes a novel device, a catenary grid (CG)scrubber, to attempt to accomplish collection of acid gas and

crystallization of the resultant soluble salts at a low energy
cost and in a device that is minimally subject to plugging.

J

The product recovery aspect of this project has progressed to

the point that the bench scale scrubbing assembly is nearlycomplete. Tests have begun on the bench scale system to find

| the air flow rate capacity of the blower. Tests were also

made to find the boiling point elevation of water as a func-

tion of concentration of CaCl 2.

_

|
i

w

1
I
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OBJECTIVES

It is the goal of this research to provide the technical basis

for development of a process to remove chlorine from coal

prior to combustion_ based on a thermal treatment process.

Through a bench scale study, mechanisms will be investigated,
reaction rate constants and activation energies determined,

and energy and mass balances performed. The recovery of the
chlorine removed from the coal as a marketable by-product,
calcium chloride suitable for use as a road deicer, will be

investigated using a novel absorption/crystallization device.
The investigation of recovery of the chlorine as calcium

chloride would also be applicable to the waste stream generat-

ed by a water leaching process, as well as the thermal process

which is being investigated here.

Although chlorine removal and utilization are the major

thrusts of this research, data will also be obtained on the

behavior during heating under controlled conditions of several
other trace elements of growing concern (mercury, selenium

etc.) since the enactment of the Clean Air' Act Amendments in
November, 1990.

Specific pro_ect objectives are:

(I) Determination of kinetic rate constants and activa-

tion energies that characterize the rate of chlorine release
from coal at higher temperatures (375-500°C) than previously

employed°

(2) Evaluation of the quality of calcium chloride ob-
tained from the absorber of the modified tube furnace thermal

treatment system.

(3) Based on the kinetic data obtained, a bench scale
fluidized _ed thermal treatment unit will be designed and

constructed.

(4) Evaluation of the extent of removal of selected air

toxics, in addition to chlorine, ti_at results from the thermal

treatment process°

(5) Evaluation of the effectiveness of the bench scale

(6" diameter, I00 cfm) catenary scrubber in concentrating and

crystallizing calcium chloride salt from a synthetic liquid
waste stream.

(6) Evaluation of the effectiveness of the bench scale

catenary grid scrubber for removal of chloride as calcium

chloride from a synthetic waste gas stream°

N

(7) Preparation of the existing 106 Btu/hr FSC.-CG boile_"

I for operation._

J
, , r IF ,_, mm ,, ,,,raaqm ,, ', ,H _B ,, .... _l' M ..... ra
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INTRODUCTION AND BACKGROUND

The relationship between chlorine content of coal and cor[o_
sion caused by burning such coal has been well documented - .
Recently, the importance of understanding the nature of chlo-
rine in coal was highlighted by a conference devoted to that
end: The CRSC/EPRI First International Conference on Chlorine
in Coal, which was held October, 1989, in Chicago, Illinois.
The conference included a broad range of papers concerned with
various aspects of the behavior of chlorine in coal: occur-
rence of chlorine in coal and distribution of high chlorine
content coal in the United States, co:rrosion problems at coal
preparation plants, corrosion of equipment during coal combus-
tion and conversion processes, and economics of state of the
art chlezine removal processes. It was evident from the
presentations made at the conference that there is a need for
greater understanding of the chlorine release mechanisms that
occur_during combustion, conversion, and coal cleaning proc-
esses 5. Provision of a sound scientific base on which to

improve design of coal cleaning and coal utilization processes
could contribute toward mitigation of the harmful effects of
chlorine in coal.

Passage of the Clean Air Act Amendments in November 1990 has
greatly increased the concern for control of chlorine and

othe{ materials on the air toxics list given in the legisla-
tion v. Unless ways are found to remove chlorlne and other
noxious material from Illinois coal, the recent legislation
could prove devastating to the lllinois coal industry. The
data obtained from this study will add to the existing options
available to meet the emission requirements for chlorine, and
possibly also for other substances on the air toxics list.
This is important, if the marketability of Illinois coal is _e
be maintained and expanded.

Chlorine Removal

To model the chlorine evolution rate observed during heat

treatment, a first order rate equation, employing a time la_
term when fitting the absorber data, was used in prior work',
and is also being utilized in this study. Tbe calculation
procedure employs a least squares fit of the data to obtain
the value of the rate constant k.

• As we explore nighe_ temperature ranges (375-500°C) values for
the rate constant for chlorine evolution will increase, thus

making diffusional effects more significant in the tube fur-
nace system. We l%ave addressed this problem by providing for
design and operation of a bench scale fluidized bed for the

= thermal t_eatment studies.

_j

,, ,[_ ..................... ,l? r.... ,.... '" 'qi'r'' ' IIII' '_I.... r'lH.....IIII, I,_ " iI_I_"I'M r _l r,, r_rleleplrr''i,, lleql!,_'NTTI'!'I_'"'P;_II'qrrpll_i'p'"_'l'll,J'_qllllr"'_,,IF_I''II','
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Chloride Recovery

The HCl removed from coal by a thermal precombustion process
must be removed from the exit gases, most likely by use of a
scrubber system. Such systems have been in use since the mid-
1970Ws for removal of HCI and other acid components from
combustion gases at power generating facilities, and also at
municipal waste incinerators.

During combustion in a power plant boiler or in a municipal
waste incinerator, halogens (chlorine, fluorine) and sulfurous
compounds are converted to acid gases and acid gas precursors
which must be controlled. Typically, HCf emissions must be
reduced by 99%. An effective control technology is the use of
wet scrubbers.

Use of sodium alkali enhances the scrubber collection effec-

tiveness of acid gases. However, both sulfates and chlorides
are more soluble in the form of sodium salts, and the recovery
of these products from the scrubber blow down becomes more
difficult. This often leads to a common practice of disposing
of the soluble salts into the sanitary or storm water systems.
Recovery of the product for potential reuse, such as salt for
wintertime use as a road deicer, is a much preferred proce-
dure.

Crystallizers can be used to concentrate the slurry until the
salt crystallizes and can be filtered out. Standard crystal-
lizers may require external energy to operate and are prone to
frequent plugging and other operating problemso

This research utilizes a novel device to attempt to accomplish
collection of acid gas and crystallization of the resultant
soluble salts at a low energy cost and in a device that is
minimally subject to plugging. The device is a catenary grid
(CG) scrubber, licensed by the Otto York, Inc. Operational

characteristics of this low pressure drop, high efficienc_ _as
and particle control wet scrubber are described elsewhere , .

.... ",'_........ ,li,"....... mp,+_l.......... rrl,...... r1,,rnq,'q,_,,,_..... f*,,ll.... _l+P,Tilq+_,' _Im"Ip,_' +," ,,,, ,",mIll,:rmroll, npl,lr',n,l_...... ,l,',,+,r, l,nln_n,,_"Plql;"m?Ii".... mllli'll_+l''_lll'"'+'"'''_, i --
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EXPERIMENTAL

Chlorine Removal

The tube furnace apparatus being used to study chlorine remov-
al rates by thermal treatment was described in the first

quarterly report. The apparatus includes a furnace, N2 gas
cylinder, absorber', piping system, and a special shaped quartz
tube used to hold coal in a quartz boat in the furnace. A
constant flow of nitrogen transports the hydrogen chloride
released from the coal to the absorber. In the absorber, a
magnetic stirrer and diffuser stone are used to facilitate the
absorption.

_he monitoring portion of the systam includes a pneumatic
regulator, valves, rotameter, temperature controller and
monitor, 720 PH/ISE meter, computer and printer for data
recor4ing. As the temperatures being investigated increase,
the frequency of chloride concentration measurement has also
been increased, by appropriate modification of the computer
data acquisition program.

The chloride concentration data obtained from the chloride

specific electrode in the absorber is retrieved in a Lotus
1-2-3 worksheet, and the percent removal of chlorine from the
coal calculated. The initial values (where the % removal is
less than 10% of the maximum value) are rejectQd from the data
set to minimize the effect of the transient period during heat •
up to reaction temperature. The edited data set is then used
to determine the kinetic constants R, k, and t° in the modi-
fied firs'_ order rdte expression given below. The calculation
procedure employs a least squares fit of the data (Flexifit
software) to obtain the value of the rate constant k and the
other two constants.

% removal of chlorine = R(l-EXP(-k(t-t°)))
where:

R -tlle % ultimate chlorine removal under the
reaction condition_.

k - the first order rate constant, hr -1.
t - the reaction time measured from the

beginning of the heating period, hr.
t ° - the time lag prior to the onset of

significant chlorine evolution, hr.

Product Recovery

The design details of the bench scale product recovery system
were presented in the previous quarterly reporn. The status
of the construction of the system is discussed later in this
report.

i



RESULTS AND DISCUSSION

Chlorine Removal

During the past quarter, several runs have been performed

using the modified tube furnace system. Minus 200 mesh IBC-

109 coal containing 0.42% chlorine was processed. The major

objectives of these initial runs were to establish the repro-

ducibility of the data obtained with the modified tube furnace

system, and to start experimentation in the higher temperature

region (above 350°C).

Figures 1 and 2 show the % chlorine removal attained for -200
mesh IBC-109 coal at 250°C and 350"C, respectively. The

modified first order rate expression provides a reasonably

good fit of the data at these temperatures.

Figure 3 presents the chlorine removal curves for runs at

350°C (run 16) and 385°C (run 12). Note the abnormal behavior
observed at the higher temperature, where the chloride content

of the absorber solution increases rapidly from 0.8 to lhr,

and then decreases sharply for about a half hour before under-

going a slow, steady rise. This phenomena appears to be
related to a pressure increase that occurred [n the system,

indicating a partial plugging of the absorber diffuser stone

by volatiles released from the coal. The e_act nature of this

phenomena is not clear at this time.

A run was performed (run 17, Table i) where the run was termi-
nated after 20 minutes at the reaction temperature of 385cC,

the furnace allowed to cool, and the treated coal analyzed.

Although less than 10% of the chl)rine in the coal appeared in
the absorber, analysis of the treated coal showed approximate-

ly 90% of the chlorine had been removed from the coal. Thus
the chloride measurements obtained only from the absorber

cannot be used to determine kinetics at higher temperatures

using the tube furnace system. However, the initial absorber

values may be used as a measure of chlorine evolution rate in

conjunction with the chlorine analysis of the solid product to

provide an estimate cf R, the ultimate removal value. The
values of k and t ° may then be obtained by application of the
Flexifit software.

Figure 4 shows the fit of the data for a 385°C run using the

above procedure. Note that the m_.ximum remova_ indicated by
the absorber value is only 59%, while analysis of the treated
coal indicated less tha!_ 1% chlorine actually remained in the

coal, corresponding to 99% removal of the chlorine. The k
values obtained should be conservative (lower than the true k

for chemical reaction) for two reasons: the transient period

below the designated reaction temperature represents a greater

portion of the total treatment time, and the diffusional
effects would be expected to be more significant relative to
the true chemical reaction rate at higher temperatures. The
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bench scale fluidized bed reactor currently being designed

will help reduce these effects that are inherent in the tube

furnace system.

Table i summarizes data obtained at 250, 350 and 385°C.

Chlorine removal based on analysis of the thermally treated

coal ranged from 57% after 24br at 250°C, to 89% after 5hr at
350_C, to 99% after 5hr at 385°C. Approximately 90% removal
was attained after 20 minutes at 385°C.

Four runs were made at 350°C, to assess reproducibility. The

average yalue of the rate constant k for these r_ns was
0.870br -_, with a standard deviation of 0.067hr -_. Overall

chlorine accountability balances were 85% to 97% for the 350°C

runs, but decreased to 71 to 79% at 385°C. Note the larger
amount of chlorine recovered in the rinse water, particularly

for the 20 minute run (run 17).

Solid recovery averaged 91.4% for the four 5-ho_ir runs at

350°C, and 85% for the two 5-hour at 385°C; the 20-minute run
at 385°C exhibited nearly 90% solid recovery.

Table 2 compares the proximate analysis obtained on the proc-
essed coal for these runs with that of the IBC-109 coal proc-

essed. Total sulfur is also reported; only a slight sulfur

loss was observed. Note that there is a small loss of vola-

tile matter of the treated coal. Heating values are currently

being obtained on these runs, to permit calculation of energy
balances. Our experiments are designed to determine the best

operating conditions to maximize chlorine removal and solid

recovery, whale minimizing volatile loss.

Produat Recovery

The product recovery aspect of this project has progressed to

the point that tI%e bench scale scrubbing assembly is nearly
complete. The heating elements are sealed hot water calrod
heaters which have a power rating of 4500 watts at 220 volts.

The agitator is a paint stirrer powered by a drill motor.

High temperature steam hose was used to connect the pump to
the reaction tank. The hose is 2 ply wire braid with a work-

ing temperature of 450°F. Tests have begun on the bench scale

system to find the air flow rate capacity of the blower.
Tests were also made to find the boiling point elevation of

water as a function of concentration of CaCl 2.

CONCLUSIONS AND RECOMMENDATIONS

Increasing the temperature from 350°C to 385°C greatly in-
creases the rate of the chlorine evolution. After 20 minutes

at 385°C, 90% of the chlorine in the coal was removed, based

on chlorine analysis of the treated coal. A 5-hour treatment
at 385°C removed 99% of the chlorine from the IBC-109, -200

, rq_,1,,'_1_ , ill_r,lrl',, ......-,.I



mesh coal. Some loss of volatile matter was observed, partic-
ularly on the 5-hour, 385°C run.

The data are encouraging, in terms of being able to provide a
basis for design of a precombustion chlorine removal process
based on thermal treatment. If the thermal dechlorination

process were integrated with the boiler operation at a power
plant, it would be possible to minimize the net energy loss
associated with the process by feeding the treated coal di-
rectly to the boiler, without an intermediate cooling step.
This should be possible under thermal dechlorination condi-
tions that require a treatment time measured in minutes,
rather than hours. The volatile loss that occurs in the inert

gas stream carrying away the hydrogen chloride released from
the coal could be recovered by removal of this material prior
to and/or following the chloride recovery operation. Thus the
overall energy balance on the system should prove to be fa-
vorable.

Our efforts are now being directed to exploring the tempera-
ture range between 350 and 385°C, and above 385°C, over a
range of particle sizes, with a goal of maximizing chlorine
removal and solid recovery while minimizing volatile loss from
the coal. Construction of the bench scale chloride recovery

_ystem has been completed, and shakedown tests of system
components are proceeding.

............ '11 11 lfr ' irl, , , ,'_ rirII11'_' _' ',IMI i I' r'__Pil,1_lr1'_llrJIll , 11,I, iri rlllllir ,Ifip,_ ,,p ,,, ,,iilJr Tr] '
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Figure 1. Chloride release from IBC-109 -200 mesh coal heated in a
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Figure 3, Comparison of chloride release from IBC-I09 -200 mesh coal
heated in a tube furnace under nitrogen flow at 350 and
385°C.
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Table 1

Run conditions and chlorine removal for -200 mesh

IBC-109 coal in a tube furnace under nitrogen flow

Chlorine Accountability
Overall

Run Temp Time Solid Solid Absorber Rinse Cl Balance k
No. oc hr Recov., % % % % % I/ht

i0 250 24 96.84 42 .73 45.95 2 .21 90.89 0. i0

13 350 5 91.58 i0.87 66.88 7 .03 84 .78 0.84

14 350 5 90.84 i0.50 69.60 4 .94 85.04 0.78

15 350 5 91.88 Ii. 78 71.63 5.48 88.89 0.96

16 350 5 91.23 12.52 76.05 8.76 97.33 0.90

Average (350) 91.383 11.418 71.040 6.553 89.010 0.870
Std. Deviation 0.389 0.789 3.348 1.488 5. 072 0.067

ii 385 5 86.08 2.72 62_4 5.76 70.88 1.77

12 385 5 84.08 0.68 58° 56 19.48 78.72 2.94

17 385 0.333 89,75 I0.29 9.31 51_54 71.14 1.35

Table 2

Proximate analyses (moisture free) of the runs given in Table 2

and the IBC-109 coal processed. Total sulfur values are also given.

Volatile Fixed Total

Run Temp Time Content Carbon Ash SulfurNo. °C hr % % % %

IBC-109 34.33 57.42 8.25 1.18
i0 250 24 31.92 60.06 8.02 i. 12

i 13 350 5 29.27 62.49 8.24 I.i0

14 350 5 28.92 62.70 8.38 1.0915 350 5 29.54 62.21 8.25 1.11

16 350 5 29.14 62.50 8,36 1.09

|

| Average (350°C) 29.218 62.475 8.308 1.095
Std. Deviation 0.224 0.!74 0.063 0.009

ii .......
II 385 5 25.29 65.9_ 8.75 1.06

12 385 5 NA

17 385 0.333 26.86 64.71 8.43 1.08

i
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