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Synopsis:

The conventional method of proximate analysis of coal and coke is specified by the JIS method in Japan.
This method is based on the loss in weight of the coal and coke sample in air under rigidly controlled condi-
tions of temperature, time and air flow.

Usually, the above procedure is performed by manual operation throughout the measuring process.
However, labor saving of the analysis by automation has been required. We have developed a fully automatic
method for proximate analysis and total sulfur analysis of coal and coke by using an electric articulated
robot under computer controll.

Each apparatus, such as the electric furnace, automatic balance, sulfur analyzer, and vibrator, is arranged
in the concentric circle position, and the robot is set to the center of the circle.

Each procedure, such as sampling, weighing and handling is performed by the robot. All processes are
controlled by computer (IBM series 1). The results of the measurements are typed out aut..matically.

Total sulfur is measured by the combustion and acid-base titration method using a conductivity glass
electorode sensor.

The conditions of laboratory room are improved, as well as we can obtain better precision than with the
manual method. '
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@ Robot @ Electric furnace for ash () Electric furnace for

volatile matter @ Electric furnace for moisture & Electric

furnace for sulfur ® Sulfur analyzer (O Balance Vibrator

® Moving apparatus of sample (@ Moving apparatus of vessel

@ Insertion tray for vessel

Fig. 1. Layout of automatic apparatus for proximate

analysis and total sulfur analysis of coal and coke.

Table 1. List of analytical items.

Analytical items Inherent Moisture (IM) Volatile Matter (VM) Ash Total Sulfur(TS)
JIS M 8812 JIS M 8813
Specification Methods for proximate JIS M 8812 JIS M 8812 Method for ultimate analy-

analysis of coal and coke

sis of coal and coke

Combustion and titration

Method Loss in weight Loss in weight Loss in weight method
o o Heating pattern by JIS Heating pattern by JIS
Heating temperature Coal  107.CE 2.C 900°C+5°C Mgg12 M8812
oke - 815°C+10°C 1350°C
Treatment time ggile }1 : 7 min 5h 15 min
Vessel Glass capsules Pt crucible with lid Porcelain capsules Porcelain capsules
(Size mm) (404X 20) (254 % 30) (65X 45X 10) (90X 15 10)

Table 2. Summary of specification.

Equipment

Name of apparatus

Specification

Computer system

CPU
Disk
Process input output
Cathod ray tube, Key boad

Memory 128KB, Language EDL
Fixed disk 9.3MB
PIO input point 80, output point 80

Type writer

Charactor display
Serial printer

Robot —_—

Degrees of freedom 6 axials
Work piece weight 10 kg
Procedure, Teaching playback method
Driving method, Electric servo drive

Furnace for IM

Furnace for VM
Furnace for Ash
Furnace for TS

Electric furnace

Muffle type furnace
ditto
ditto
Electric tube furnace

Balance —_—

Maximum weighing 160 g
Sensitivity 0.1 mg

Moving apparatus of sample —_

Turn table.type

Vibrator e

Valiable vibrating time method

Moving apparatus of vessel —_

Horizontal moving type
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Fig. 2. Constitution of system.
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Fig. 3. Constitution of software.
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Fig. 4. Time schedule of analysis.
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Fig. 5. Comparison of treatment process of automatic analysis with manual analysis.
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Photo. 1. Handling of porcelain capsules.
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Fig. 6. Configuration of robot hand.
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Table 3. Comparison of the precision of automatic method with manual method.
n=20
VM% Ash% TS%
Sample A Sample B Sample A Sample B Sample A Sample B
o : 17.71 31.47 7.81 10.46 0.29 1.08
Automatic method [ 0.0886 0.0777 0.0375 0.0378 0.0052 0.0057
CV% 0.50 0.25 0.48 0.36 1.76 0.53
T x 17.71 31.46 7.80 10.46 0.29 1.08
Manual method 4 0.1261 0.1326 0.0428 0.0371 0.0095 0.0126
CV% 0.71 0.42 0.55 0.35 3.24 1.17
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