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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 proced

rawn to the possibility that some of the elements of this document may-be the subj
4. ISO shall not be held responsible for identifying any or all such patent rights. Det

on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngme used in this document is information given for the convéniéence of users and do
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific term
expressions |related to conformity assessment, as well as infermation about ISO's adheren
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT
www.iso.org/iso/foreword.html.

This documgnt was prepared by Technical Committee\}SO/TC 27, Coal and coke, Subcommittee
Coke.

This third edition cancels and replaces the second edition (ISO 1014:1985), which has been techn
revised. It also incorporates the Technical Corrigendum ISO 1014:1985/Cor 1:1994.

The main chgnges compared to the previous edition are as follows:

— the normative references (see Clause 2) have been updated;

— the manglatory Terms and definitions clause (Clause 3) has been added and subsequent clause$

been renumbered;
— general and technicalrevision.

Any feedback or questions on this document should be directed to the user’s national standards b
complete listingofithese bodies can be found at www.iso.org/members.html.
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INTERNATIONAL STANDARD ISO 1014:2021(E)

Coke — Determination of true relative density, apparent
relative density and porosity

1 Scope

This document specifies methods for

a) determining the true relative density of coke, crushed to <212 pm, in relation to water;
OTE “True relative density” varies according to the displacement liquid used.

b) determining the apparent relative density of coke, i.e. the ratio of the mass/of'a volumie of dry coke
to the mass of an equal volume of water;

e

)

hlculating the porosity of the coke.

2 Normative references

The fpllowing documents are referred to in the text in such ‘a way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced document (including any amendmg¢nts) applies.

[SO 3B10-2, Test sieves — Technical requirements anid testing — Part 2: Test sieves of perforated metal
plate

ISO 1B909-6, Hard coal and coke — MechanicalFsampling — Part 6: Coke — Preparation of tgst samples
[SO 18283, Hard Coal and Coke — Manualsampling

3 Terms and definitions
No terms and definitions are listed in this document.

ISO apd IEC maintain terminological databases for use in standardization at the following pddresses:

]

$0 Online brgwsing platform: available at https://www.iso.org/obp

]

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

4 True relative density

4.1 Principle

The mass of water displaced by a known mass of dry coke, ground to pass a sieve of nominal size
of openings 212 pm, is determined using a pyknometer. Air is displaced by boiling during the
determination. Air-free distilled water is specified. Thermostatic control of the temperature is essential
since a difference of 1 °C can cause an error of about 0,012 in the result.

4.2 Apparatus

4.2.1 Pyknometer, 50 ml capacity, Figure 1.

©1S0 2021 - All rights reserved 1
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4.2.2 Water bath, with stirrer, thermostatically controlled to maintain a desired temperature 0 °C to
within #1 °C.

4.2.3 Two wash bottles, each containing about 50 ml of air free distilled water. One wash bottle is
kept hot (80 °C to 90 °C) and the other is left in the water bath (4.2.2).

4.2.4 Reflux air condenser: a glass tube about 1 m long, of the same external diameter as the neck of
the pyknometer (4.2.1) with a short length of rubber tubing for attaching it to the latter.

4.2.5 Glycerol bath: a suitable vessel in which sufficient glycerol can be heated for the lower two-

thirds of the pykmometer{t#2-1jtobetmmersed:

4.2.6 Balapce, accurate to 0,1 mg.

10

85

110

45

Key

1 marked lire

Figure 1 — Example of pyknometer

4.3 Preparation of sample

The coke used for the determination is the analysis sample, ground to pass a sieve of nominal size of
openings 212 um (see ISO 13909-6, ISO 18283 and ISO 3310-2). Before commencing the determination,
mix the sample thoroughly for at least 1 min, preferably by mechanical means.

2 © IS0 2021 - All rights reserved
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4.4 Procedure

4.4.1 C(Clean the pyknometer (4.2.1), fill with air-free distilled water. Insert the stopper and immerse
the pyknometer up to the neck in the water bath (4.2.2) at 6 °C for 1 h. The value of 6 should be about
5 °C above the ambient temperature. At the end of 1 h, remove the blob of water from the top of the
stopper with a piece of filter paper, remove the pyknometer from the water bath, rapidly cool to
approximately ambient temperature under cold running water, dry, allow to stand beside the balance
(4.2.6) for 30 min and determine the mass of the pyknometer with an accuracy of £0,1 mg. Empty the
pyknometer and dry the neck.

Clean the pycnometer (4.2.1) using suitable reagents like a mixture of hydrogen peroxide and sulfuric

acid d
an ulf

4.4.2
temp
the p
distil
the py
the b
with

r commerclally available surfactant mixtures. If necessary, the cleaning can be enhatr
rasonic bath. After the cleaning step rinse thoroughly and fill with air-free distjlled

Dry a portion of the coke sample for 1 h at 105 °C to 110 °C (see 4.4:3), coo
brature, then weigh about 5 g of the dry coke to the nearest 0,1 mg and(tyansfer it ¢
yknometer. Wash down any coke adhering to the neck or side of the pyknometer
ed water, making up the volume to about 25 ml. Attach the air cendenser (4.2.4) t
rknometer with the rubber tubing and immerse the pyknometer in-the glycerol bath
hith so that the water in the pyknometer begins to boil vigorously. Wash down any
h few millilitres of the hot, air-free distilled water at ambient temperature. After t

boiled for 30 min, remove the pyknometer from the glycerol bath, detach the air condens

the p
and i
contr
trapp
the td
balan|

4.4.3
proce
of the

4.5

451
The t

wher¢

yknometer to cool. Fill the pyknometer with air free-distilled water at 6 °C, inser
mmerse the pyknometer up to the neck in the watéirbath at 6 °C for 1 h, compens

iced by using
water.

| to ambient
ompletely to
with air-free
b the neck of
(4.2.5). Heat
scum of coke
he water has
er and allow
the stopper
hting for any

ed, either below the stopper or in the capillary.*At the end of 1 h, remove the blob
p of the stopper, remove the pyknometer fromithe water bath, cool, dry, allow to stai
ce for 30 min and determine the mass of the-pyknometer as before.

Some reactive cokes are hygroscopie and with such materials it is permissible to on
dure. In this case, a moisture detérmination is carried out at the same time on a sep
analysis sample (see ISO 687).and the mass of coke taken is corrected accordingly.

Expression of results

Calculations
‘ue relative density of the coke, p, is given by the following Formula (1):

mi

my; +m2 —mg

hction of the liquid by the addition of air-free distilléd water and ensuring that air bjbbles are not

f water from
hd beside the

1it the drying
irate portion

e8]

m; isthe mass, in grams, of the dry coke;

m, isthe mass, in grams, of the pyknometer filled with water;

m; is the mass, in grams, of the pyknometer and coke, filled with water.

The result, preferably the mean of duplicate determinations (see 4.5.2), shall be reported to the nearest
0,01.

© IS0 2021 - All rights reserved
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4.5.2 Precision

4.5.2.1 Repeatability

The results of duplicate determinations, carried out at different times in the same laboratory by the
same operator using the same apparatus on representative portions taken from the same analysis

sample, shall

not differ by more than 0,03.

4.5.2.2 Reproducibility

The means of the results of duplicate determinations, carried out in two different laboratories on

representati

5 Apparent relative density

5.1 Gener

Experimentd
of coke, due 1
water which
10 s. A simp]
methods, sud

5.2 Princi

e portions taken from the same analysis sample, shall not ditter by more than 0,05.

al

1 work has shown that the difficulties in the determination of the apparent relative d¢
o water draining out of large pores after immersion in water (t6\determine the amo
has entered the porous structure), may be overcome by limhiting this drainage per
e reproducible method is thus obtained which gives results agreeing with more co
h as filling the external pores with gelatine gel.

ple

bnsity
unt of
od to
mplex

The volume ¢f a large amount of coke is determined by displacement in water according to Archinjedes’

principle; diy
relative dens

5.3 Appai

5.3.1 Cage

12 mm, fittedl with a lid of the same material and a fastening device.

5.3.2 Wat

r
emptying. AI elliptical tank (See Figure 2) or rectangular cross-sectioned container (see Figure
both allowed.

The tank or
in height, pr
container ab

iding the mass of the dried coke by the mass.of an equal volume of water gives the app
ity.

atus

, 0,03 m3 capacity, made of.galvanized iron wire or metallic mesh with hole size

tank, deep enough“to immerse the cage (5.3.1) completely and fitted with a t

ontaineris‘@approximately 560 mm in length, 280 mm in width, and a minimum of 33
pvidedswrith a spout consisting of a short 13 mm nipple extending horizontally fro
but,270-mm above the bottom.

arent

about

hp for
B) are

0 mm
m the

An elliptical

Torrrirrrrerer T T r o T C I re oo — vy oo rorec —orrorire cer

330 mm minimum height shall be used.

mm,
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Fjgure 2 — Elliptical tank and iron wire cage for determination of coke apparent density
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Key %
1 ASG contdiner O‘\\
2 ASG basket Q
3  spout QQ
4 basketlid NS
QO
Figure 3 — Rectangular cross-sectioned container and ﬁg'allic mesh cage for determinati
coke apparent de&‘si y
¥
5.3.3 Masg determination machine, capable of 1’&935 determination, to within 1 g, a mass up td

The maching
passed over |
to fit on the {

5.3.4 Drai
13 mm deep

5.3.5 Platform scales, n@um capacity 25 kg, accurate to 25 g.

5.3.6 Dryi

5.4 Samp
The sample

021(E)

shall be supported firmly on a w
he beam of the scale shall pass
ides of the cage (5.3.1). Alt

en support above the tank (5.3.2). A wire sf
\ugh a hole in the wooden support and end in two
(g\tlvely, a suitable dial machine may be used.

hage tray, of galvaniz@n sheet, slightly larger than the base of the cage (5.3.]

o

ng oven@?g'e enough to accommodate the cage (5.3.1).

D

jon of

2 kg.
irrup
hooks

) and

e AP
&

ShattbeTepresemntative of the tokeamnd more tham suffictent i voture to carry o

determination in duplicate.

ut the

When the mass of lump coke of about 25 mm or more in the gross sample is less than 40 kg, the sampled
number of pieces of increment should be increased so that the mass becomes 40 kg or more. The gross
sample taken in accordance with ISO 13909-6 or ISO 18283 shall be screened with the sieve of hole size
of 25 mm, in accordance with ISO 3310-2. The coke lumps remaining on this sieve shall be collected, and
a one-time sample of 10 kg or more shall be taken by the increment reduction method.

Dry the coke to constant mass at a temperature of 105 °C to 200 °C. Determine the mass of the coke
when cool, after shaking and brushing off any adhering dust.

© IS0 2021 - All rights re
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5.5 Procedure
5.5.1 Procedure using an elliptical tank (5.3.2)

5.5.1.1 Determine the mass of the dry empty cage (5.3.1) on the platform scales (5.3.5). Balance
the mass determination machine (5.3.3) with its stirrup, suspend the cage from the stirrup, immerse
completely in water in the tank (5.3.2) and determine the mass of the cage. Remove the cage, allow it to
drain for 30 s, place it on the drainage tray (5.3.4) and redetermine the mass on the platform scales. Fill
the cage with coke that has been pre-dried in the oven (5.3.6) until constant in mass (see 5.5.1.2). Allow
the coke to cool to room temperature. weigh Determine the mass of the coke and cage on the platform
scales anpnnd the full cage from the ch'rrnp and immerse rnmp]ofo]y inwater for 15 minutes. record
the mass of the cage immersed in water, remove the cage from the tank and allow to’drain for 30 s.
At th¢ end of this time place the cage on the drainage tray and redetermine the mass, on|the platform
scaleg.

5.5.1]2 The time for drying 0,03 m3 of coke of the size concerned should be‘determined by separate
tests.|Overnight drying at 105 °C is usually most convenient but the time ¢an be shortened by drying at
200 °C.

5.5.2| Procedure using a rectangular cross-sectioned container with a spout (5.3.2)

Select about 11,4 kg of representative coke sample. Dry the.coke to constant mass at a temperature of
105 °C to 200 °C. Determine the mass of the coke when coal, after shaking and brushing off pny adhering
dust. [Place the empty cage into the container. Pour water at ambient temperature into the container
until the water level is above the spout. Then place thé.dried coke sample of known mass finto the cage
and permit the cage to remain in the water for 15 min, with occasional shaking to detach arly air bubbles
adheiling to the surface of the coke, care being taken not to disturb the position of the contafiner. Remove
the wet coke from the cage and determine its-mass. Determine the mass of the displaced water, which
has been caught in the bucket. The detailed procedure is provided in ASTM D167.

5.6 |Expression of results
5.6.1| Calculations

5.6.1]1 Procedure usingan elliptical tank (5.3.2)
The apparent relatiyedénsity of the coke (g /cm?3), p,, is given by the following Formula (2):

M7=y
= (2)
P (mg=rhg )~ (mg —ms)

where

m, is the mass, in grams, of the dry coke;

mg  is the mass, in grams, of the empty cage in water;

mg  is the mass, in grams, of the empty cage after draining plus drainage tray;
m, is the mass, in grams, of the cage plus dry coke in air;

mg is the mass, in grams, of the cage plus coke in air;

mq is the mass, in grams, of the cage plus coke after draining plus drainage tray.

The result, preferably the mean of duplicate determinations (see 5.6.2), shall be reported to the nearest
0,01.

©1S0 2021 - All rights reserved 7


https://standardsiso.com/api/?name=11a0836f2a74737ca175548d0d876a12

ISO 1014:2021(E)

5.6.1.2 Procedure using a rectangular cross-sectioned container with a spout (5.3.2)

The apparent relative density of the coke (g /cm3), p,, is given by Formula (3):

my

myg +(myy —my )

where

my, isthe mass, in grams, of water displaced by wet coke;

IS phermss oo empleenco e
The result, pfeferably the mean of duplicate determinations (see 5.6.2), shall be reported to theng¢arest
0,01.
5.6.2 Predision
5.6.2.1 Repeatability
The results ¢f duplicate determinations, carried out in the same laborateryby the same operatof with
the same apparatus on representative portions from the same bulk sample, shall not differ by|more

than 0,02.

5.6.2.2 Re

The means
representati

6 Porosif

6.1 Princi

The porosity
density (see |

6.2 Expre
The porosity|

_P~]
P/

P

o

producibility
Ve portions taken from the same bulk sampléeyshall not differ by more than 0,03.

Ly
ple

P,, is calculated from thetrue relative density (see Clause 4) and the apparent re
Clause 5) of the coke.

ssion of results

of the coke, éxpressed as a percent by volume fraction, is given by the following Formu

PA 100

f the results of duplicate determinations, carried out in two different laboratories on

lative

la (3):
(3)

where

P

Pa
100

is the true relative density of the coke;

is the apparent relative density of the coke;

fraction in coke.

The result shall be reported to the nearest 1 %.

© IS0 2021 - All rights re
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