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RESULTS
Typical ash fusion determination requires a well defined
ASTM cone for accurate IT measurements. (see Figure 1)

Figure 1. Sample 2000-1 ASTM cone

Figure 2. Sample 2000-1 DIN pin

Figure 3. Sample 2000-1 ASTM cone with broken tip

However, using the patent pending method, both DIN pins
(Figure 2) and ASTM cones with broken tips (Figure 3) may
be used to determine ash fusion values.

Table 1. Measured vs. Calculated for Various Cone Shapes

Sample IT ASTM IT Predicted ST HT FT ASTM FT Predicted

2000-1 broken
cone 1136 1156 1180 1270 1231

2000-1 pin 1072 1129 1151 1179 1284 1235

2000-1 cone 1077 1102 1136 1184 1272 1259

2000-1 pin 1132 1152 1176 1287 1230

2000-1 cone 1072 1127 1150 1179 1263 1236

average 1073 1125 1149 1180 1275 1238

Riley 1104 1147 1175 1225

Canspex 1096 1117 1138 1165 1223 1222

std 2.4 13.4 7.6 2.9 10.0 11.9

rsd 0.22 1.19 0.66 0.24 0.79 0.96

Table 2. CANSPEX Data With Associated Manually Calculated Predicted Values

Table 3. LECO Comparative Study Using AF700 Integrated Prediction Software*
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1171
1159
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1215

1160

1157

1125

1368

1179

1235
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1469
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1221
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1245
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1445
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1444
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1421
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1320
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1263
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1276
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1186

1398

1476

1211

1291

1254

1300

1417
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OBSERVATIONS and COMMENTS

As stated, the objective of this study was to confirm that the difficult to
measure ash fusion values of IT and FT can be accurately predicted from
the more easily measurable ST and HT values. ASTM requires a
repeatability limit of 30°C between runs. This means that with 95%
confidence, the same operator on the same apparatus should be able to
have successive determinations that are within 30°C of one another.

From the data shown, all but three of the predicted IT and FT values are
well within the 30°C margin of error. The only sample that was consistently
outside of the 30°C margin was sample 2004-2 which failed to fall within
the specifications for both oxidizing and reducing environments in both
studies. Sample 2004-4 fell outside of the specification when analyzed
under reducing conditions in the CANSPEX Data evaluation, but was within
30°C of the consensus value when reanalyzed during the LECO
Comparative Study. An average absolute difference of 13°C between
consensus CANSPEX values and the LECO Comparative Study using the
determination values of the AF700 software was observed. The CANSPEX
Data with manually determined values showed an absolute average
difference of 12°C under reducing conditions and 9°C under oxidizing
conditions.

Overall, the predictive algorithm has shown to be a highly accurate tool for
determining IT and FT from ST and HT values. The most highly valuable
and interesting aspects are the ability of the calculations to account for
defects such as broken tips on ASTM cones and the ability to use DIN pins.
Figures 1-3 show a standard “good” ASTM cone (Fig. 1), a DIN pin (Fig. 2),
and an ASTM cone with a broken tip (Fig. 3). The associated data can be
seen in Table 1. Under “normal” conditions, an ASTM cone with a broken
tip would be discarded resulting in a loss of operator time, and sample
material because IT could not be determined. However, there was no
statistical difference for the calculated vs. CANSPEX values when using
broken tips. Some operators also prefer to use DIN pins which are easier to
make. The IT is very difficult to determine when using DIN pins, but the
calculated values from ST and HT are easily determined with good
accuracy.

The new predictive algorithm used in conjunction with the AF700 is well
within ASTM guidelines for accuracy and precision when determining IT
and FT. By automatically terminating the analysis after the last deformation
point has been reached for all samples, the algorithm increases
throughput while also saving money by extending furnace lifetime. A
variety of sample shapes and sizes may also be used, allowing for greater
operator freedom to choose either ASTM or DIN pins. Broken ASTM cones
may also be used, saving valuable preparation time.

Acknowledgement – Data employed to validate the predictive methods
was taken from the CANSPEX Proficiency Test Program operated by
Quality Associates International Canada Ltd.

Equipment Required

Procedure

• LECO AF700 Ash Fusion Determinator
ASTM Cone mold or DIN pin mold

1. Prepare either ASTM cone or DIN pin for analysis.

2. Place wafer with samples into AF700.

3. Analyze.

•

METHODOLOGY
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Ash fusion temperatures give an indication of the soften-
ing and melting behavior of fuel ash. Ash fusion temper-
atures are useful in predicting the slagging and fouling
characteristics of fuel ash. The ASTM International stan-
dard test method for determining ash fusion tempera-
tures (ASTM D 1857) uses four temperatures to charac-
terize the fusion behavior of coal and coke ashes. The
four transition temperatures are as follows:

Temperature at
which the first rounding of the apex of the cone occurs.

Temperature at which the
cone has fused down to a spherical lump in which the
height is equal to the width of the base.

Temperature at
which the cone has fused down to a hemispherical lump
at which point the height is one-half the width of the
base.

Temperature at which the fused
mass has spread out in a nearly flat layer with a maxi-
mum height of 1/16 in.

Initial deformation temperature (IT)

Softening temperature (ST)

Hemispherical temperature (HT)

Fluid temperature (FT)

INTRODUCTION
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2
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3
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The temperature measurements are made by observing
the behavior of ¼ x ¾ in. ASTM cones or DIN pins pre-
pared from ash and mounted on a ceramic wafer. The
observations may be made under either oxidizing (air) or
reducing (60% CO and 40 % CO ) atmosphere. The sam-
ples are heated rapidly to 800°C and then, at a rate of 8°C
per minute (± 3 ), to a maximum temperature (typically
1550°C). The four temperatures are assigned according
to the definitions.

The AF700 Ash Fusion Determinator software automati-
cally determines ash fusibility temperatures using Image
Recognition Functions (IRF) within the software.
Difficulties in determining IT and FT led to the investiga-
tion of using the measurable ST and HT values to deter-
mine IT and FT. A patent-pending series of equations was
developed and verified with ash fusion temperatures
from coal and coke ashes from widely varying sources on
ASTM cones, DIN pins, and ASTM cones with broken tips.
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