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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceflures used to develop this document and those intended for its further maintenanee
described |n the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof
different types of ISO documents should be noted. This document was drafted in accordance with
editorial rifiles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may|be the subjeq
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Introduction

The determination of plastic layer indices has been performed in GB/T 479[2] and GOST 1186l] for
many years. First, a manual detection of the height of the upper and lower interfaces of the plastic layer
is performed, then curves for the upper and lower layers are established and finally the maximum
thickness of plastic matter is calculated.

Instrumental methods for a more rapid determination of plastic layer indices are now available. If such
amethod is to be used, itis important to demonstrate that the method is free from bias, when compared
to a reference method. In addition, it should give levels of repeatability and reproducibility which are
the|same as, or better than, those quoted for the reference method (see Clause 11).

Thd objective of this document is to provide a reference method for determination of\the plastometric
indjces.
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TECHNICAL SPECIFICATION
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Hard Coal — Determination of plastometric indices —
Manual method

1
Thi

Scope

document specifies a manual method for the determination of plastometric indices. Th

ese indices

are

Thi
des

Th4
conl
und

ISO

ISO
pla

ISO
ISO
ISO
ISO
ISO

3

For

apply.

ISO

the maximum thickness of the plastic layer (¥, mm) and the final contraction value (X,m

5 document is applicable for hard coals with a determined ash level less than 15 %owa d
cribed in ISO 11722 and ISO 1171.

Normative references

following documents are referred to in the text in such a way that some or all of th

ated references, the latest edition of the referenced document (including any amendmen
1213-2, Solid mineral fuels — Vocabulary — Part 2: Terms reldating to sampling, testing and

3310-2, Test sieves — Technical requirements and testing — Part 2: Test sieves of perfor
e

13909-1, Hard coal and coke — Mechanical sampling — Part 1: General introduction

13909-2, Hard coal and coke — Mechanicals@mpling — Part 2: Coal — Sampling from movi}
13909-3, Hard coal and coke — Mechanical sampling — Part 3: Coal — Sampling from stat|
13909-4, Hard coal and coke — Mechanical sampling — Part 4: Coal — Preparation of test

18283, Coal and coke — Manual sampling

Terms and definitions

the purposes of:this document, the terms and definitions given in ISO 1213-2 and th{

and [EC maintain terminology databases for use in standardization at the following addr

[SO @nline browsing platform: available at https://www.iso.org/obp

m).

"y basis, as

bir content

stitutes requirements of this document. For dated references, otily the edition cited applies. For

['s) applies.
analysis

ated metal

ng streams
fonary lots

samples

e following

esses:

[EC Electropedia: available at https://www.electropedia.org/

3.1

displacement curve of the plastic layer
curve of displacement of the packed coal bed changing with the temperature during the determination
of plastometric indices

3.2

maximum thickness of plastic layer

Y

maximum perpendicular distance between the upper and lower plastic layer
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3.3

final contraction value
plastometric shrinkage

X

perpendicular distance from the end of the displacement curve at 730 °C to the zero line (at 250 °C)

Note 1 to entry: This distance is 3 times that of the actual displacement of the plastic layer.

3.4
zero line

original height curve of the packed coal bed paralleling the X-axis drawn at a temperature of 250 °C

4 Prind

The coal s
whilst the
periodicall
layer is rec
least squat
maximum
toas X)is

iple

orded. The curves representing changes of the upper and lower layers are generated by
es method. The maximum thickness of the plastic layer (referred tp.as)Y) is calculated by

Falculated by the perpendicular distance from the end of the displacement curve at 730 °

the zero lige (at 250 °C).

5 Reag

5.1 Ciga
sold for rol

bnt and materials

rette rolling paper, (also known as blanks), which are small sheets, rolls, or leaves of p4

ling cigarettes either by hand or with a rollingimachine.

5.2 Filtdr paper, qualitative filter paper, dimensions of at least 60 mm wide and 190 mm to 200

long, used

NOTE
refractory 1

5.3 Thin
around thg
surrounde

5.4 Refr
pads, with
coal sampl
requires a
probe hole

to line the inner wall of the retort (6:1.4).

The width of filter paper can be adjusted to keep bending the paper over the upper heat-resis

ound pad.

steel rod, 3 mm in didmeter and at least 150 mm long. Cigarette rolling paper is wrap
t rod to make a tub€. The resultant paper tube is then placed into the retort (6.1.4) an
d by the coal afterJoading.

actory round-pad. Heat resistant refractory ceramic pads or other refractory and por
thickness.of 0,5 mm to 1,0 mm and diameter of 59 mm for use on the top and bottom of

f in the'retort (6.1.4). The pads can be made by manual or mechanical means. Each base

hole'to allow the thermocouple tube (6.1.6) to fit through and a mark corresponding
of the pressure plate. Each top pad requires two holes, one to allow the thermocouple t

hmple is heated unidirectionally from the base at a standard rate under conStant press
plastic layer develops. The plastic layer thickness (referred to as Y') is mantally measuy
y throughout the test using a rounded end blunt probe. The displacementeurve of the pla

perpendicular distance between the upper and lower layers. The\final contraction (refer

ure
red
stic
the
the
red
C to

per

mm

fant

ped
d is

ous
the
pad
the
ube

to fit thro
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Dimensions in

millimetres

the retort

brimeter of

ces, one of
s the same

nent of the

13 5
o)
®8.,5 Q b1
. q
D

| 17

1 2
Key
1 |[toppad
2 |base pad

Figure 1 — Refractory round pad
5.5| Abrasive cloth. Emery cloth P80 grade is suitable for removing coke residue from
(6.1.4) and associated components.
5.6/ Displacement curve recording paper. A type of standard millimetre coordinate paper, with a
height the same as the height of rotary drum-(6.1.8) and length is slightly longer than the p{
the[rotary drum.
5.7 Ceramic cord and ceramic wopl
6 [(Apparatus
6.1 Plastometric apparatus
Tyqically, two types-of manual plastometers are used in daily analysis of plastometric ind
which is with a®balance mass (see Figure 2), the other is without a balance mass (the setup i
as Higure 2 except without the balance masses).
Thg pressure applied to the cross section of the loaded coal sample during the measuren
plagtemetric indices shall be 9,8 x10% Pa (1 kg/cm?2).

The pressure cross section on the loaded coal sample should be checked when the apparatus is newly
purchased, moved to a new location OR when major parts have been replaced. Annex B provides
guidance on how to check the cross-sectional load on the coal sample.
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Key
1 pedestgl 14 lever
2 horizontal screws 15 probe
3 upright column 16 pressure plate
4 refractgry pad 17 articulated joint
5 lower Rrick layer 18 direetion control panel
6  connecfing clamp 19 _direction pillar
7  silicon parbide rod 20" masses hook
8  upper brick layer 21 recording pen
9 retort 22 rotary drum (with a clockwork)
10 thermdcouple tube 23 rotary drum support
11 steel clamping bar 24 loaded masses
12 balanc¢ masses 25 setscrew
13 connecting shaft
Figure 2 — Sehematic of a plastometric apparatus with balance masses
6.1.1 Electric Furnace
The furnage shall consist of two layers of rectangular furnace firebricks, each measuring 200 mm x
290 mm x|140 mm. The lower layer has a longitudinal groove to allow for visual inspection, and four

latitudinal grooves that support the four heating elements. The upper firebrick [ayer sits over the lower
firebrick layer and has two cylindrical holes that accommodate the retorts (6.1.4). The upper firebricks
(Figure 3) surface shall be flat and very carefully positioned, to ensure the alignment of the rolling
paper tube, relative to the probe.

NOTE Typically the furnace firebrick has a refractoriness of 1 670 °C to 1 710 °C, in which the content of

Al,05 is not less than 40 %, and appearance porosity is not more than 26 %. Other refractory bricks can be used
provided the furnace can achieve these temperature specifications
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6.1
The

Dimensions in millimetres
—A -
[
—H ! H <
geeRs 13
3 g ==
1 [] i ] 8
[1]
20| TA | | w» L1125
140 32
200 110
A-A
1 2
upper firebrick layer
lower firebrick layer
Figure 3 — Sketch of electric furnace fire bricks
2 Heating elements
re are four silicon carbide elements each pratected by a quartz glass tube of 200 mm x 20 mm. The
difference of resistance between the two series elements under each retort (6.1.4) is not [more than
(). The elements shall have a resistancé.of 6 () to 8 Q with an active length of 150 mm anf diameter

0,5
of §
the
ele

NOT
tem

6.1

The
Fig

6.1

mm, providing a limiting incandescence temperature of up to 1 200 °C to 1 400 °C. T
cold end should be 60 mm long and diameter of 16 mm. The incandescence intensity o

'E Heating elements\niade from different materials can be used provided they can ac
perature specifications.

3 Pressuredeyver assembly

pressure lever assembly consists of lever, loaded masses and horizontal adjustor as
ire 2.

4~ Retort

length of

f the heating
ents decreases at a distance of 15 mm from the cold end. The resistance of the heating elements
shall be checked at time intervals'to ensure compliance with these temperature specificatio}

1S.

hieve these

shown in

Component parts made with steel conforming to C45E4 in ISO 683-1 shall consist of 6.1.4.1 to 6.1.4.3.

6.1.

4.1 Retortbody

Specifications are shown in Figure 4. The external diameter is 70 mm. The height from the inside base
of the retort bottom to the top of the retort body shall be 110 mm. The retort body shall be tapered,
the internal diameter at the bottom shall be 59 mm and the internal diameter, at a height 50 mm from
the bottom and top, shall be 60 mm. The inner wall of the body should be smooth without scratches
and/or dents. The internal diameter of the working range of the retort body shall be measured for
conformance to specifications every 50 determinations. To check the diameter, measure six points
(every 10 mm from bottom) on the retort body. The variations between the average results of 6 points

©IS
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and the average diameter (59,5 mm) should be within 0,5 mm. The gap between the retort base and
retort body should also not be more than 0,5 mm.

6 © IS0 2022 - All rights reserved
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Dimensions in millimetres

$90
- 060
el
. |- 6
o |
! | C
a"!" %qss i Z
- ; i¢6oi ]
‘/‘/' %
2 W | \
i i¢59! /1
: %LLL N\
YA
30

Key

1 retortbody

2 retortbase

3 thin steel rod

4  thermocouple tube

5 steel clamping bar

6  screws for steel clamping bar
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a  22holes ¢2.

Figure 4 — Retort body and other accessories

6.1.4.2 Retort base

Specifications and layout of gas ventilation holes are shown in Figure 5.

Dimensions in millimetres
52

®23

®35

12,5

3 These two holes are.symmetrically on the opposite sides of the centre line at a distance of 11,5 mm and ofher
holes afe equidistant.

b 22 holds ¢p2.

6.1.4.3 Pressure plate

There is a 5 mm thick refractory insulating fibre disc between the upper and lower pressure discs of
the pressure plate. The dimensions and layout of 16 gas ventilation holes are shown in Figure 6.

8 © IS0 2022 - All rights reserved
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Dimensions in millimetres

L (LFRONT = 11" }' LREAR = 229)

#58

a 16 through holes ¢2.
b 4 rivets.

Figure 6 — Pressure plate

©1S0 2022 - All rights reserved 9
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6.1.5 Thermocouples

The thermocouple should be made from nickel-chromium and nickel-aluminium or nickel-chromium

and nickel-silicon. The thermocouple and associated temperature measurement system shall
checked on a yearly basis to ensure accuracy of measurement.

be

NOTE Thermocouples made from different materials can be used provided they can achieve these

temperature specifications.

6.1.6 Thermocouple tube

A hollow, gtainless steel tube, closed at one end, that sits in the retort base (6.1.4.2), used to house
thermocoyple. The dimensions are shown in Figure 4. Inspect the condition of the well frequently
after 100 tpsts to check that it has not corroded.

6.1.7 Prpbe

An example of probes is shown in Figure 7. The probe consists of a steel needle fixed’'with a rod on
top and a jmovable aluminium graduated scale. The steel needle with a rounded\blunt end is 1 mn
diameter. The minimum division value of the graduated scale is 1 mm. The scale marks with a thickr]
of 0,1 mm fo 0,2 mm should be straight and distinct.

The pointqr should indicate the zero marks when measuring the bottom of the paper tube place
a loaded r¢tort before testing. Before each test, the probe shall becleaned and checked to ensure
straight. Iffit is not, it shall be replaced.

Dimensions in millimg

= ]

A
—| 80
—| 70
2 —| 60
—| 50
-| 40
\z:g 30
—| 20
wn —| 10
|- AL 0

3

118

the
hnd

the
N in
ess

] in
tis

tres

Key

1 analuminium graduated scale
2 pointer

3 steel needle

Figure 7 — An example of probes
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6.1.8 Recording device

If a recording rotary drum with a clockwork is used, the rotary drum should operate at a smooth and
constant speed to ensure the recording pen is capable of drawing a line with a length of 160 mm + 2 mm
over a period of 160 min. The rotating speed of the drum should be verified regularly to ensure it meets
these requirements. During verification, the segment length drawn in the period of at least 80 min
should be measured. Adjust the rotating speed of the drum to meet these requirements. Other types of
recorders can also be used.

6.2

Programmed temperature controller

The
unt
25(

Th4

from 350 °C to 600 °C and 10 °C for other periods. The temperature is measured with the the

pos|

6.3
Thi

6.4

The
test

6.5
The

6.6

Cal
the

loadling the retort.

6.7
Ad

NOT

they

furnace shall be heated electrically with automatic controls to ensure a heating rate|d
il furnace temperature is 250 °C, after which the heating rate shall be 3,0 °C/min *©;1°(
°Cto 730 °C.

difference between the displayed temperature and the target temperaturéds not mor¢

itioned in the thermocouple tube (6.1.6) in the retort (6.1.4).

Exhaust device

5 device is used to exhaust fumes generated during measurefnent.

Mass measurement device

mass measurement device is a top loading balance;with a resolution of 0,1 % or less rel3
portion mass.

Spirit level gauge
spirit level gauge is used to measure(if the pressure lever is horizontal (level).

Callipers

ipers are used to measurethe internal height of the retort body, and the depth from the 1
top of the pressure plate. These readings are required to confirm the height of the coal ¢

Double rolt-crusher

buble roll ctusher can crush the sample to pass through a 1,5 mm round hole sieve.

r achieve a similar effect of double rolls crusher and do not generate excessive fines.

f 8 °C/min
/min from

e than 5 °C
rmocouple

itive to the

etort lip to
harge after

E If other methods are used to crush the sample to pass 1,5 mm round hole sieve, it is important that

6.8

1,5 mm round hole sieve

This 1,5 mm round hole sieve shall be in accordance with the requirements of ISO 3310-2.

6.9

Sampling shovel

The sampling shovel is rectangle, 45 mm long and 30 mm wide.

© IS0 2022 - All rights reserved
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7 Sample preparation

7.1 Collectarepresentative gross sample of coal with the method specified in [SO 18283, ISO 13909-1,
ISO 13909-2, and ISO 13909-3. The laboratory sample shall be prepared by the method specified in
[SO013909-4 or ISO 18283.

1,5 kg of coal crushed to pass a 4 mm square holes sieve or no less than 0,7 kg of coal crushed to pass a
3 mm square holes sieve as described in ISO 3310-1 shall constitute the laboratory sample. This sample

should be representative of the batch being tested.

For the p
10 %. Harg
declared i

test report.

7.2 Spr
atmospher]
of oxidatig
40°C. Afte
with a doy
fines is pr
report. The
the steel r¢

| the test report. Details of any beneficiation to a value of ash level can also be noted"in

I the laboratory sample has been air dried to equilibration, stage crushjthe laboratory sa
ble roll crusher (6.7) to pass a 1,5 mm round hole sieve (6.8), ensturing that a minimur
bduced. If the amount passing 0,212 mm is more than 30 %, it‘should be noted in the
b bulk density of the coal sample is affected by the particle size distribution when loaded
tort and subsequently affects both the contraction, X, andthe maximum thickness of pla

layer, Y, reported.

7.3 Thory
of 500 g sf

oughly mix the stage crushed sample, preferably by mechanical means and divide a por
ored into an airtight container. Test the coal samiple for plastometric indices by dupli

Ih on the plastometric indices of the coal sample. The drying temperatdre-should not exde

fest
nto
Stic

ion
ate

determina
round hole
be signific
refrigerati

fions on the same day, as soon as practical after preparing the sample passing the 1,5 mm

sieve. Avoid delays as far as possible beca@se the plastometric indices of coal sample [can
hntly affected by deterioration and oxidation. If the coal sample cannot be tested in time,
bn or inert gases should be used to minimize oxidation of prepared coal samples.

8 Preparation for testing

8.1 C(ledning retort

Remove cd bive

cloth (5.5)

ke residual on thedetort and its base, thermocouple tube and pressure plate with abra
to make it cleanCEach hole on these components should be clear and not blocked.

8.2 Preparation ofpaper tube

Wind cigagette rolling paper around a thin steel rod (5.3) to make a paper tube with diameter of 3 mm
and at leagt 60, mm long. Coat a thin layer of glue on the edge of the end part of the rolling cigarette
paper to ayoidunrolling of the paper tube. Fold up the bottom of the paper tube about 2 mm to 3 mr to
seal the tube. The top end should be closely attached to the thin steel rod to keep coal from flowing into

the paper tube.

8.3 Preparation of refractory round pad

Prepare refractory round pads in accordance with the requirements of 5.4.
8.4 Loadingretort

8.4.1 Fitthe retort base into the retort body. The recess in the retort base should be aligned with the
hole for resting the thermocouple tube in the steel clamping bar, making sure that the marked grooves
line up and the two surfaces are well connected and flat.

12 © IS0 2022 - All rights reserved
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8.4.2 Using callipers (6.6), measure and record the internal distance from the retort base to the top of
the retort body, H, Figure 8.

8.4.3 Fit the base refractory round pad (5.4) into the retort body and gently push it to the base. The
hole on it should be aligned with the recess in the retort base. Line the inside wall of the retort body
close to retort bottom with the filter paper (5.2). Insert the thermocouple tube locating its base into the
recess in the retort base. Position the paper tube (8.2) with the thin steel rod (5.3) on the mark of the
base refractory round pad corresponding with the probe hole of pressure plate. The thermocouple tube
and the paper tube/thin steel rod are vertically fixed by the steel clamping bar. Hold them in a vertical
position during the entire coal-inflow period.

8.4]4 Thoroughly mix the stage crushed sample (7.3), preferably by mechanical meansjand divide to
collect two sample portions of 100 g + 0,1 g.

If the manual division method is used, the subsequent method may be carriedput. Load all prepared
sanples on a dividing plate. Thoroughly mix the samples and spread them to form a rectangle with a
uniform thickness of 10 mm. Then divide this sample rectangle into equalsquares of 30 mm x 30 mm.
Talle two alternating increments by sampling shovel (6.9) in accordance with'the flattened-hdap method
spekified in ISO 13909-4 or ISO 18283, with 100 g + 0,1 g for each.

8.4/5 Load the coal sample into the retort assembly in four separate equal (about 25 g) tept portions
by ¢one quartering. Take one of the portions and slide it into theretort. Use the flattening rof to flatten
samples loaded into the retort. Take another portion on‘the diagonal direction and repeat the above
opdration of first portion. After each portion is added, levelthe coal surface to ensure even distribution.
Thd coal sample shall not be tamped during this process. Ensure that no coal enters the thgrmocouple

8.4{6 Carefully remove the steel clamping ba® while ensuring that the thermocouple tulje and thin
ste¢l rod, wrapped with cigarette rolling paper, are not disturbed. Place the top refractory|round pad

the excess filter paper over the-top pad. The coal sample in the retort should now bg sheathed
in filter paper and refractory roufid paper. Position the pressure plate by aligning the holes with
thefmocouple tube and the thin steel rod. Remount the steel clamping bar and secure it with the two
bolts to fix the thermocoupletube. The paper tube should be visible above the surface of the pressure
plate.

8.4|7 Using calliper$-(6.6), measure and record the distance from the upper surface of the pressure
plate to the top of the retort, g, in four different quadrants and the thickness of a base pad| a top pad,
and the pressureyplate, b, for each retort (see Figure 8).

8.5 Adjusting the rotary drum (if applicable)

If a|rotary drum (6.1.8) is used, roll it up with the displacement curve recording paper (5.4) lining up
thelstart and end horizontal line hefore connecting with each other. Adjust the height oflthe rotary
drum or recording pen to keep the two displacement curves of the front and rear retorts synchronously
recorded. Check the distance from the connecting shaft centre (see key 13 in Figure 2) to the tip of the
recording pen and adjust it to 600 mm.

8.6 Determining the height of the coal sample in the retort

The height of the coal sample in the retort before heating shall be manually measured and calculated
with Formula (1):

h=H - (a+b) 1
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where

h  is the height of the coal sample inside the retort, in mm;
H is the inner depth of the retort body, in mm (measured before coal sample is loaded);

a isthedistance between the upper surface of the pressure plate and the top of the retort body, in
mm (reported as the mean value from four different measures around the retort body);

b is the total thickness of the pressure plate and the two refractory round pads (measured with
callipers). in mm

The differ¢nce of the height of the coal sample inside the retort between duplicate tests shall not be
more than|l mm. Otherwise reload the retort with coal sample in accordance with the requirements of
item 8.4. Record h and its average of duplicate tests.
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/

Key
1 | b, total thickness of thé pressure plate and the two round refractory ceramic pads (measured with callipers),
in mm
2 | a, distance between the upper surface of the pressure plate and the top of the retort body, in mm (reported as
the mean value from four different measurements around the retort body)

3 | H, inner depth of the retort body, in mm (measured before coal sample is loaded)

4 | h, heightof the coal sample inside the retort, in mm

Figure 8 — Loaded retort

9 Test procedure

9.1 Place the loaded retorts into the furnace. Secure the pressure plate rod in its respective notched
connecting arm. Attach the connecting arm with the bolts.

9.2 Hitch the masses. Check each lever arm with a spirit level gauge (6.5). Adjust the lever adjusting
mechanism to ensure each lever is horizontal. Gently rotate and remove each thin steel rod ensuring
that the position of each cigarette rolling paper tube is unchanged and remains vertical. The retort
should be reloaded with coal sample in accordance with the requirements of item 8.4 if the paper tube
moves out of the retort.
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9.3 Put the graduated scale of the probe (6.1.7) on the steel clamping bar to measure the position of
the bottom of the paper tube in the loaded retort. The pointer of the probe should be at the zero point of
the scale marks, otherwise, reload the coal sample into the retort in accordance with the requirements
of item 8.4.

9.4 Insertthe thermocouples into the thermocouple tubes, making sure they are seated correctly.

9.5 Turn on the programmed temperature controller (6.2) and heat the furnace. The heating rate
under the two loaded retorts is controlled at 8 °C/min until the furnace temperature is 250 °C after
which the heating rate shall be 3,0 °C/min # 0,1 °C/min from 250 °C to 730 °C.

9.6 Recdrd the time and temperature during the testing. The initial testing time starts“when
the furnade temperature reaches 250 °C, then record the furnace temperature every 10 imin. [Che
difference petween the displayed temperature and the target temperature shall not be more than $ °C
between 3p0 °C to 600 °C and not more than 10 °C for other periods. Otherwise, this ruiis invalid. [Che
temperatufe is measured with the thermocouple positioned in the thermocouple tube in the retort.

9.7 If arfotary drum is used, adjust the tip of the recording pen to touch the.recording paper on|the
drum and fix its position. Rotate the rotary drum in a circle to draw a zero\line, then fix the tip of|the
recording pen on the starting point and start recording the displacement curve.

9.8 Wheph measuring the upper plastic layer level, put the gradudted scale of the probe (6.1.7) on|the
steel clamping bar and insert the steel needle into the paper tube carefully through the special hole$ on
the steel clamping bar and pressure plate. Gently push the probe-down until the end of the steel ne¢dle
touches thee surface of the plastic layer, which is the upperplastic level, causing a resistance felf by
hand. Recdrd the reading on the probe, which is the distance from the upper layer to the bottom of|the
retort. Redord the reading of the upper plastic layer and probing time.

9.9 Wheph measuring the bottom plastic layer*level, probe the upper level of the plastic layer with
the steel needle and then gently penetrate. through the plastic layer until a significant increas¢ in
resistancelis felt by hand. This is the surface of the semi-coke layer the bottom level of the plastic layer.
The steel rleedle should be carefully and slowly penetrated into or pulled out of the plastic layer. Genhtly
rotate and|simultaneously remove the.steel needle from the plastic layer to avoid removing any of|the
plastic lay¢r or artificial release of-gases stored in the plastic layer, which can damage the shape of|the
displacemé¢nt curve and influence the position of the plastic levels.

NOTE 1 or the normal coal‘'samples which do not generate a plastic layer with great fluidity, the upper level
of the plastjc layer can be prebed when the displacement curve of the plastic layer descends about 5 mm, and the
bottom levgl of plastic layer'ean be probed when the value of the upper level of the plastic layer reaches 10 jnm.
Measuring for the depthef plastic layer can be stopped when the furnace temperature reaches 650 °C.

NOTE 2 or coalsamples with a mountain-type displacement curve or ones that generate a plastic layer
with great fluidity, the measurement of the plastic layer level can be ceased after the maximum thicknegs of
plastic layef isimeasured and the upper layer and bottom layer are successwely probed 2 to 4 times each Then,
immediatelybtock 3 stic
mass overflow.

9.10 The frequency of measuring the upper plastic level and bottom plastic layer is dependent upon the
shape of the displacement curve listed in 10.2 and the peculiarity of the plastic layer, which is specified
below:

a) for a smooth descending type [Figure 10 a)], a tiny wave type [Figure 10 d)] or mountain type
[Figure 10 f)]. Measure the top of the plastic layer every 5 min and the bottom of the plastic layer
every 10 min.

b) for a wave type [Figure 10 c)] or zigzag type [Figure 10 e)]. Measure the upper level of the plastic
layer at the peak. Measure the upper level and the bottom level of the plastic at the valley, and the
bottom of the plastic layer at the valley is only measured every 8 min to 10 min. If displacement
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curve ups and downs are frequent, the above measurements could be performed in the interval of
one or two fluctuations.

c) for a mixture of types a) and b) [i.e. Figure 10 g) or Figure 10 h)]. The measurements for the levels
of the upper plastic layer and bottom plastic layer should be performed according to the specific
type at the time following the above provisions.

d) for a smooth ramp-down type [Figure 10 b), Y value is under 7 mm]. The levels of the upper layer
and bottom layer are not conspicuous. The probe always tends to penetrate through the whole
plastic layer to reach the bottom of the retort. In this case, stop the measurement for 20 min to
25 min to allow recovery of the plastic layer, then the probe should measure the top of the plastic
layer and the bottom of the plastic layer at the frequency of no more than once every 15 min.

For[coal samples that generate a plastic layer with a great fluidity during testing, theymeasirement of
the|bottom level of the plastic layer may begin later, then measure it in the intervalof 7 mih to 8 min.
After the maximum thickness of the plastic layer is measured, the probing hole en-the pressyire plate is
imrhediately blocked with ceramic cord or ceramic wool (around the temperature of 620 °L) to avoid
plagtic mass overflow.

If the plastic mass overflows the pressure plate during the testing proceéss, stop the run and feload coal
sanpple into the retort according to the requirements of 8.4. Additionally, the gaps betweep pressure
plate and the inner wall of retort, and the pressure plate and thermocouple tube, should be sealed
tightly using ceramic cord of 2 mm to 3 mm in diameter.

If aJlarge amount of coal gas is discharged from the bottom"of the retort during the procesd of testing,
blo the heaters with air occasionally to avoid gas lock in‘the heating space and carbon bldck settling
on the rods.

9.11 Stop the test when the furnace temperature‘reaches 730 °C. Remove the recording pgn from the
drum. Shut down the electricity and demount tli€¢ masses and cool the furnace.

9.12 The furnace shall be cooled to roonitemperature before the next determination can be performed.

9.1B If the plastic mass flows over the pressure plate or the plastic layer level in the cigar¢tte rolling
papler tube rises abruptly, the runris invalid.

10(Expression of result

10{1 Processing of plastometric graph

Th¢g plastometric graph is processed as shown in Figure 9.

The temperature is marked horizontally above the displacement curve. Time (in min) [is marked
horfizentally below the displacement curve as the X-axis and the distance to the bottom of the retort on
thelleft'is marked as the Y-axis (in mm)

The "upper plastic level curve" and "bottom plastic level curve" are created by the least squares method
based on dots which represent the data of the upper and bottom plastic level locations, respectively,
and the corresponding "time". The maximum thickness of plastic layer is calculated by the maximum
perpendicular distance, Y, between both layers and final contraction, X, is obtained by the perpendicular
distance from the end of the displacement curve at 730 °C to the zero line (at 250 °C).
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250 280 310 340 370 400 430 460 490 520 550 580 610 640 670 700 730 X1

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 X2

Key

X1 temperfpture, in °C

X2 time, in min

1 zerolirle
upper plastic level

3 bottom|plastic level

Figure 9 — Schematic diagram of plastic layér curve

10.2 Displacement curve types

Displacement curve types include:

a) smooth descending type, see Figure 10 a);

b) smooth ramp-down type, see Figure 10 b);

c) wave tlype, see Figure 10 c);

d) tiny-wjave type, see Figure 10 d);

e) zigzag|type, see Figure 10 €);

f) mountfain type, see Figure10 f);

g) zigzag|curve with hump-type, see Figure 10 g) and 10 h).

250 310 370 436,490 550 610 670 730 X1 250 310 370 430 490 550 610 670 730 X1
——
e
0 20 40 60 80 100 120 140 160 X2 0 20 40 60 80 100 120 140 160 X2
a) Smooth descending type b) Smooth ramp-down type
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g) Zigzag curve with hump type\O h) Zigzag curve with hump typje
Key ‘\\Q
X1 |temperature, in °C N C)
X2 |time, in min @ ’
O .~ Figure 10 — Displacement curve types
N
103 Calculat'ag)md record
10.8.1 All s shall be made in duplicate and the mean values reported to the nearest 0,5 jnm.
10. 3%&}"2; record should include at least the following:

— associated plastometric graphs for each determination with displacement curve type;
— final contraction value X;

— plastic layer thickness Y’

— maximum thickness of plastic layer Y calculated;

— height of coal sample h;

— sample size distribution;

— sample moisture;
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— ifrequested, report the technical characteristics of coke block identified by the method of Annex A.

11 Precision

11.1 Repeatability limit

NOTE Repeatability values are not included in this document and will be added in a later version after

completion of an interlaboratory study.

11.2 Reproducibitity timmit

NOTE Reproducibility values are not included in this document and will be added in a later version dfter

completion jof an interlaboratory study.

12 Test report

The test report shall include the following information:
a) identification of the sample tested;

b) areferlence to this document, i.e. ISO/TS 4699:2022;
c) the dafe of the determination;

d) the regults and the method of expression used.

20
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Annex A
(informative)

Visual assessmentfor the technical characteristics of the coke

block

A.1

The
the
and
seg

Wh
the
are

A.2

Cracks

coke block. It is generally represented by three characterized types: a) no gracks, b) sq
¢) many cracks, which are distinguished by the number of monomer coke hlocks, i.e. the
ments on the bottom surface of the coke block created by the crack lines!

No cracks, the number of monomer coke block is 1;
some cracks, the number of monomer coke blocks are 2 to 6;
many cracks, the number of monomer coke blocks are more,than 6.

en a small portion of a crack is incomplete, the line of the crack can be extended to clearl

extensions along the crack lines.

&

Figure A.1 — Schematic diagram of eight monomer coke blocks and cracks

Porosity

identification of cracks shall be subject to an inspection of the bottom surface.(heating side) of

me cracks
number of

iy delineate

area. As an example, in Figure A.1, the number of mdottemer coke blocks is eight, and the dotted lines

Por
a)
b)
‘)

osity refers to the condition of the coke block profile, and is characterized by:
small pores;
small pores with large pores;

many large pores.
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