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Foreword

This Part of this British Standard has been prepared under
the direction of the Cement, Gypsum, Aggregates and
Quarry Products Standards Committee, in order to bring it
into line with current practice followed in the selection and
use of pulverized-fuel ash in concrete.

BS 3892 has been revised as two Parts. Publication of Part 2
completes the revision of BS 3892 : 1965 which is
withdrawn. This Part of this standard specifies pulverized-

. fuel ash with a low sieve residue for use with Portland
cement in concrete intended for structural purposes.

Part 2 specifies two grades of pulverized-fuei ash with
higher sieve residues for use in grouts and for miscellaneous
uses in concrete, such as the manufacture of precast
concrete products.

Pulverized-fuel ash is extracted from the flue gases of
furnaces fired by pulverized coal. It is a fine material,

the bulk of which passes a 45 pm mesh sieve. By virtue of
its water-reducing and pozzolanic properties, it may be
employed in concrete as a component of the cementitious
phase with ordinary or rapid-hardening Portland cement.
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The requirement for fineness measured by specific surface

‘has been replaced by one based on the measurement of

sieve residue,

A limit for the water requirement of pulverized-fuel ash
when mixed in fixed proportions with any ordinary Portland
cement has been introduced and the method of determina-_
tion is based on the mortar flow table. If required as an aid
to concrete mix design, particular tests for water require-
ment can be carried out by the user on the pulverized-fuel
ash and cement mixed in the proportions to be used in
practice.

Recommendations for the use of pulverized-fuel ash are
given in appendix H and in CP 110.

The pozzolanic properties of pulverized-fuel ash are well
established and this Part of this standard now includes in
appendix F a method for their assessment.

Certification. Attention is drawn to the certification
facilities described on the inside back cover of this Part of
this standard.

Compliance with a British Standard does not of itself confer immunity from legal obligations.

Full document details: BS 3892-1:1982
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BS 3892 : Part 1 : 1982

British Standard
Pulverized-fuel ash

Part 1. Specification for pulverized-fuel ash for use as a cementitious

component in structural concrete

1. Scope

This Part of BS 3892 specifies requirements for the chemical
and physical properties, sampling, testing and certification
of pulverized-fuel ash suitable for use with Portland cement
in concrete for structural purposes.

NOTE. The titles of the publications referred to in this Part of this
standard are listed on the inside back cover,

2. Definitions
For this Part of this standard the following definition applies.

pulverized-fuel ash. Solid material extracted by electrostatic
and mechanical means from the flue gases of furnaces fired
with pulverized bituminous coal.

3. Chemical composition

3.1 General. The chemical composition shall be expressed
as proportions by mass of dry ash when determined on
samples prepared as in appendix A and dried as in
appendix B.

3.2 Loss-on-ignition. The loss-on-ignition, as determined by
the method described in 13.2 of BS 4550 : Part 2 : 1970,
shall not exceed 7.0 %.

3.3 Magnesia. The mass of magnesia, MgO, shall not
exceed 4.0 %,

NOTE, The preferred method for determining the mass of magnesia
is given in appendix C but other methods of equal accuracy may be
used by agreement between vendor and purchaser.

3.4 Sulphuric anhydride. The mass of sulphuric anhydride,
S03, as determined by the method described in clause 10
of BS 4650 : Part 2 : 1970, shall not exceed 2.5 %.

4. Moisture content

The moisture content at the time of delivery, as determined
by the method described in appendix B, shall not exceed
0.5 % of the mass of the ash.

b. Fineness

The fineness of the pulverized-fuel ash, expressed as the
mass proportion of the ash retained on a 45 ym mesh test
sieve and determined by the method described In
appendix D, shall not exceed 12.5 %.

6. Water requirement

The water requirement of a mixture of the pulverized-fuel
ash with an ordinary Portland cement complying with

BS 12, as determined by the method described in
appendix E, shall not exceed 95 % of that for the Portland
cement alone.

7. Sampling and tests

A representative sample or samples shall be taken by the
method described for cement in 5.1 of BS 4550 : Part 1 :
1978 for ash in bags, drums or other packages. Ash in a
bulk-delivery vehicle shall be sampled by lowering a ladle,
such as that shown in figure 2 of BS 4550 : Part 1 ; 1978,
from the top of the vehicle into the centre of the load and
withdrawing at least 1 kg. Such a sample taken immediately
after the ash has been discharged into the vehicle from a
storage silo shall be taken to represent the contents of the
silo. Samples, after preparation in accordance with
appendix A, shail be tested for:

(a) chemical composition (clause 3);
{b) moisture content (clause 4);

{c) fineness {(clause B);

(d) water requirement (clause 6).

8. Vendor's certificate

The vendor shall be satisfied that the pulverized-fuel ash at
the time of its delivery complies with this Part of this
standard and, if requested, he shall forward a certificate to
this effect to the purchaser or his representative.

9. Marking

Pulverized-fuel ash shall be marked in relation to the
material (e.g. on the vendor’s certificate, on the delivery
note and on the invoice) with the foliowing particulars:

(a) the name, trade mark or other means of identification
of the vendor;

(b) the name of the material, i.e. pulverized-fuel ash;

(c) the number and year of this Part of this standard,
j.e. BS 3892 : Part 1 : 1982*.

*Marking BS 3892 : Part 1 : 1982 on or in relation to a product is a claim by the manufacturer that the product has been manufactured to
the requirements of the standard. The accuracy of such a claim is therefore solely the manufacturer’s responsibility. Epquiries as to the
availability of third party certification to support such claims should be addressed to the Director, Quality AssuranceB@

Avenue, Hemel Hempstead, Herts HP24SQ for certification marks administered by BSI or to the appropriat: cuihority for other certification

marks.
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Appendix A

Preparation of sample for testing

Thoroughly remix the whole sample taken as described in
clause 7 and reduce it by quartering and subdividing until
approximately 25 g of the material is obtained.

Appendix B

Determination of moisture content

Weigh to the nearest 0.01 g approximately 10 g of the
sample prepared as described in appendix A. Spread it in a
shallow container and dry in a well-ventilated oven at

105 + 5 °C for 60 = 5 min. Cool in a desiccator containing a
suitable desiccant {magnesium perchlorate is generally used)
and reweigh to determine the loss in mass. Report the
moisture content, to the nearest 0.1 %, as a percentage of
the mass of the dry ash.

Appendix C

Determination of magnesia

C.1 Apparatus. Atomic absorption spectrophotometer
burning an air/acetylene flame supported on a 100 mm
path length burner. Use according to the manufacturer’s
instructions particularly with regard to safety and to
establishing the optimum operating conditions.

C.2 Reagents

C.2.1 General, Use reagents of analytical reagent quality
and distilled or deionized water throughout the analysis.
Ensure that lanthanum nitrate is of low calcium and
magnesium content, suitable for atomic absorption work.

C.2.2 Magnesium standard stock solution {1000 mg MgQ/L).
Wash magnesium metal (ribbon, wire or turnings) with
dilute nitric acid (1 + 9) to remove any oxide film. Wash
with water then with alcohol and finally with ether. Dissolve
0.6032 g of the oxide-free metal in a slight excess of dilute
nitric acid (1 + 9} and dilute to 1 L in a volumetric flask.

C.2.3 Magnesium standard working solution {10 mg
MgO/L). Dilute 10.0 mL standard stock solution to 1 L in a
volumetric flask.

C.2.4 Lanthanum nitrate solution (5 % {m/V)). Disso-l;/’e
50 g lanthanum nitrate, La(NO3)3.6H, O, in water and
dilute to 1 L in a volumetric flask.

C.2.5 Magnesium calibration solutions. To a series of five
100 mL volumetric flasks add 5, 10, 15, 20 and 25 mL

wa, sium working solution. To each flask add 5 mL
lanthanum nitrate solution and dilute to 100 mL with
distilled water. These solutions will have concentrations of
0.5, 1.0, 1.5, 2.0 and 2.6 mg MgO/L respectively.

C.2.6 Perchloric acid, 60 % (m/m).

C.2.7 Hydrofluoric acid, 40 % (m/m).

C.2.8 Nitric acid, density 1.42 g/mL.

C.3 Decomposition of sample and preparation of stock test
solution. Weigh 0.500 g of the sample prepared as described
in appendix A and dried as described in appendix B into a
platinum basin and ignite at 600 °C for 30 min (see note 1).

Cool to room temperature, add 20 mL water and 10 mL
perchloric acid. Stir with a polyethylene rod, add 20 mL
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hydrofluoric acid (see note 2) and evaporate the solution to
strong fumes of perchloric acid in a well-ventilated fume
cupboard of a type designed for perchloric acid evaporation
(see note 3).

Cool, add 20 mL water and 6 mL perchloric acid and again
evaporate until fumes just cease to be emitted. Cool, add
10 mL nitric acid, warm to dissolve the salts (see note 4},
cool and dilute with water to 500 mL in a volumetric flask.
This is the stock test solution (see note 5).

Prepare a blank solution by carrying out the above
procedure but with no sample present,

NOTE 1. CAUTION. To avoid a dangerous reaction it is essential to
burn off any free carbon or other combustible material before treating
with perchloric acid. The residue from the loss-on-ignition test is
also suitable.

NOTE 2. CAUTION. Hydrofluoric acid causes severe burns and is
not to be handled unless suitable protective clothing is worn,

NOTE 3. CAUTION. Perchioric acid fumes can react explosively
with some absorbent organic materials. Fume cupboards for use
with perchloric acid should never be constructed in timber but
polyviny! chloride and stainless steel have been found to be suitable,
All materials of construction should be non-absorbent and interior
surfaces should be free from crevices and ledges that could prevent
complete washing down. Guidance on the suitability of a fume
cupboard for use with perchloric acid should be sought from the
manufacturer. Recommendations on all aspects of fume cupboards
are given in DD 80.

NOTE 4. If decomposition is not complete, as shown by a residue
insoluble in nitric acid, evaporate to dryness and repeat the
perchloric-hydrofluoric acid treatment.

NOTE 5. The stock test solution is suitable for the determination of
total sodium oxide and potassium oxide if desired.

C.4 Procedure. Pipette 10.0 mL stock test solution into a
100 mL volumetric flask. Add 5 mL lanthanum nitrate
solution and dilute to 100 mL with water. This is the stock
analysis solution.

NOTE 1. For samples containing more than 2,6 % MgO it will be
necessary to prepare a new analysis solution by dilution of a smaller
aliquot of the stock test solution.

Operate the atomic absorption spectrophotometer in
accordance with the manufacturer’s instructions. Use the
air/acetylene flame supported on a 100 mm path length
burner. Use a magnesium light source and set the spectro-
photometer wave length at the peak of the source output
at 285.2 nm. Obtain absorption readings for each of the
magnesium calibration solutions and for the analysis
solution.

Construct a calibration graph from the readings on the
calibration solutions and measure the concentrations in
milligrams of MgO per litre of the analysis solution by
reference to this graph. Correct, if necessary, for any blank
readings.

The mass of magnesia in the pulverized-fuel ash as a
percentage of the mass of the dry ash equals the value of
the concentration of magnesia in the analysis solution in
milligrams/litre. Report this value to the nearest 0.1 %.
NOTE 2. For samples weighed out from the residue from the ioss-
on-ignition test, the mass of magnesia in the original pulverized-fuel
ash as a percentage of the mass of the dry ash

0.5 % 100 - loss-on-ignition

=c

100
where
¢ is the concentration of magnesia in the analysis solution
(in ma/L);

m is the mass of ignited sample used for the procedure in C.3
{in g).
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Appendix D

Determination of 45 pm sieve rasidue
D.1 Apparatus

D.1.1 Sieve frame, constructed of durable material not
subject to corrosion by water or distortion by heat.

The frame is circular, 50 mm nominal diameter and 75 mm
deep from the top of the frame to the cloth and fitted with
45 um stainless steel sieve cloth, complying with BS 410.

D.1.2 Spray nozzle, securely fitted to a high level tap.

The nozzle is constructed of metal not subject to corrosion
by water and is 17.6 mm in inside diameter with a central
hole drilled in line with the longitudinal axis, an inter-
mediate row of eight holes drilled 6.0 mm centre-to-centre
at an angle of 5 ° from the longitudinal axis and an outer
row of eight holes drilled 11.0 mm centre-to-centre at an
angle of 10 ° from the longitudinal axis. All holes are 0.5 mm
in diameter (see figure 1),

D.1.3 Pressure gauge, fitted between the tap and the spray
nozzle. The gauge is of 80 mm minimum diameter, graduated
in 15 kPa (0.10 bar}* increments, having a maximum
capacity of 260 kPa (2.50 bar).

D.1.4 Ventilated oven, for drying at 105+ 5 °C.
D.1.5 Balance, capable of weighing to the nearest 0.001 g.

D.2 Calibration of test sieve. Test the sieve twice using a
sample of calibration ash of known 45 pm sieve residuef.
Ensure that this sample is kept dry in an air-tight container.

First inspect visually the sieve cloth of the sieve to be
calibrated by holding towards a light source to determine
whether there are obvious imperfections in the cloth as
manufactured or whether it was damaged whilst being fitted
into the sieve frame. Reject any sieve of which the sieve
cloth is imperfect or damaged. Then take approximately 1 g
of the calibration ash and sieve it using the procedure in D.3.

If the values for the residue differ by more than 0.3 %,
change the sieve cloth and repeat the test until two values
differ by not more than 0.3 %.

Calculate the correction factor F for the test sieve as a ratio
by the formula:

e
F=.__..
P

where
P is the proportion of calibration ash retained by the test
sieve (in % (m/m));
t¢ is the known 45 pm sieve residue of the calibration
ash (in % (m/m)).
Take the mean of the two values for the sieve correction
factor and report it to the nearest 0.1 %. Mark this mean
value clearly on the sieve case. Each test sieve is to be
inspected regularly and re-calibrated at intervals not exceed-
ing 75 tests.

*1 bar = 10° N/m? =100 kPa,

BS 3892 : Part 1 ; 1982

™~Spray nozzle

Detail of spray nozzle

All dimensions are in mitlimetres.

Figure 1. Spray nozzle

Example

Using a calibration ash of known sieve residue 9.2 %,
the mass of ash sieved was 1.021 g. The residue retained
was 0.088 g.

0.088
1.021
8.6 %
9.2
86
1.07

D.3 Procedure. Use only aclean and dry calibrated sieve that
has been inspected before each test. Weigh approximately
1.0 g of the sample of pulverized-fuel ash prepared as in
appendix A to the nearest 0.001 g and place on the clean
dry sieve; wet the sample thoroughly with a gentle stream
of water. Remove the sieve from under the spray nozzle
and adjust the pressure of the water supply to 75+ 5 kPa
(0.70 £ 0.05 bar).

P = X 100

F:

Return the sieve under the spray and wash for 60+ 5 s,
swirling the sieve in a horizontal plane at the rate of about

"1 t/s. Ensure that the spray nozzle extends between 10 mm

and 15 mm below the top of the sieve frame.

TFor information on the availability of samples of calibration ash, apply to Central Enquiries Section, British StQ(gg Hsmt%rnts

enclosing a stamped addressed envelope for reply.
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