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FOREWORD

This Malaysian Standard was developed by the Technical Committee on Water Treatment
Chemicals under the authority of the Chemical and Materials Industry Standards Committee.

This Malaysian Standard is the first revision of MS 1454, Specification for liquid
polyaluminium chloride for potable water treatment.

Major modifications in this revision are as follows:

a) incorporation of the following statement in Clause 5 on Requirements:
“No recycled products, by-products and wastes from other industry shall be used as
raw material or starting material for manufacturing liquid polyaluminium chloride for the
treatment of water intended for human consumption provided that such output for
quality/purity can be definitively controlled.”

b) incorporation of methods of analysis for polyaluminium-based coagulants;

c) addition of Type 2 and Type 3 of liquid polyaluminium chloride; and

d) inclusion of application guidelines of liquid polyaluminium-based coagulants in potable
water treatment.

This Malaysian Standard cancels and replaces the following Malaysian Standards:
MS 1454:1999, Specification for liquid polyaluminium chloride for potable water treatment;
MS 1455:1999, Methods of analysis for polyaluminium-based coagulants; and

MS 1457:1999, Guideline for the application of liquid polyaluminium-based coagulants in
potable water treatment.

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

iv © STANDARDS MALAYSIA 2007 — All rights reserved
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LIQUID POLYALUMINIUM CHLORIDE FOR USE
IN POTABLE WATER SUPPLY - SPECIFICATION
(FIRST REVISION)

1. Scope

This Malaysian Standard specifies requirements for liquid polyaluminium chloride for use in
potable water supply service.

This standard provides purchasers, manufacturers, and suppliers with the minimum
requirements for liquid polyaluminium chloride, including physical, chemical, packaging,

transportation and testing requirements. It also gives information on the application and safe
handling of this chemical.

2. Normative references

The following normative references are indispensable for the application of this standard. For
dated references, only the edition cited applies. For undated references, the latest edition of
the normative references (including any amendments) applies.

BS EN 1302: 1999, Chemicals used for treatment of water intended for human consumption —
Aluminium-based coagulants — Analytical methods

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods

Regulation 7 (Classification, Packaging and Labelling of Hazardous Chemicals) 1997,
Occupational Safety and Health Act 1994 (Act 514) and Regulations and Orders

3. Terms and definitions
For the purposes of this standard, the following terms and definitions apply.
3.1 Waste

Any substance or object in the categories set out in Table A2 which the holder discards or
intends or is required to discard.

3.2 Recycled material

A material utilised in place of raw or virgin material in product manufacturing consisting of
materials derived from post consumer waste, industrial scrap, materials derived from
agricultural wastes, and other items, all of which can be used in new product manufacture.

3.3 By-product

Product/output which is produced from other than the principal product(s) of an industrial
process or chemical reaction.

NOTE. This definition only refers to such output that quality/purity is not controlled/monitored.

© STANDARDS MALAYSIA 2007 — All rights reserved 1



MS 1454:2007

4. Descriptions

For the purposes of this standard, the following descriptions apply.

4.1 Identification

4.1.1 Chemical name

Polyaluminium chloride hydroxide.

Polyaluminium chloride hydroxide sulphate (for product with sulphate content).
4.1.2 Synonym or common hames

Polyaluminium chloride, PAC, PACI; basic aluminium chloride, BAC.

Polyaluminium chloride sulphate, PACS (for product with sulphate content).

NOTE. Type 3 PACl is also known as aluminium chlorohydrate or ACH in other countries.
41.3 Empirical formula

Al(OH)Cl, with (a+b) = 3 and a greater than 1.05.
Al(OH)Cl,(SO,), with (a+b+2c) = 3 and a greater than 1.05.
4.1.4 Chemical formula

Variable (see 4.1.3).

4.1.5 Relative molecular mass

Variable (see 4.1.3).

4.1.6 CAS registry number”

4.1.6.1 For product without sulphate content

a and b variable: 1327-41-9 with a greater than 1.05.
a=2.5; b=0.5:12042-91-0

a=2; b=1:10284-64-7

4.1.6.2 For product with sulphate content

a, b and c¢ variable: 39290-78-3 with a greater than 1.05.

R Chemical Abstracts Services Registry Number

2 © STANDARDS MALAYSIA 2007 — All rights reserved
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4.2.1 Physical properties

4.2.2 Appearance

Liquid polyaluminium chloride products is a colourless to yellowish solution.

4.2.3 Density

The density depends on the particular composition, especially the basicity of the product and
aluminium ion content, expressed as mass fraction of aluminium (Al) or aluminium oxide
(Al2O3).

4.2.4 Solubility (in water)

Liquid polyaluminium chloride is fully miscible with water. Depending on the particular
product, diluted solutions may hydrolyse and form a precipitate.

4.2.4 Vapour pressure

Not known.

4.2.,5 Boiling point at 100 kPa or 1 bar

Not known.

4.1.7 Crystallisation point

Typical values for solutions:

-20 °C for 9.5 % Al (18 % as Al,O5); 0 °C for 12.4 % Al (23.5 % as Al,O3); and
-10 °C to -15 °C for 5.3 %Al (10 % as Al,O3) for products with sulphate content.
4.2.7 Specific heat

Not known.

4.2.8 Viscosity (dynamic)

Typical values for solution at 20 °C:

10 mPa.s to 50 mPa.s for 9.5 % Al (18 % as Al,O3); and

3 mPa.s to 10 mPa.s for 5.3 % Al (10 % Al,O3)

4.2.9 Critical temperature

Not applicable.

4210  Critical pressure

Not applicable.
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4.2.11 Physical hardness
Not applicable.
4.3 Chemical properties

Polyaluminium chloride solution is an acidic liquid in which the electrolyte hydrolyses and
forms a precipitate of aluminium hydroxide when diluted beyond a particular level.

NOTES:

1. Since aluminium compounds are amphoteric in nature, their solubilities depend on the pH value and the products
should be used within an appropriate pH range.

2. A characteristic of these products is their high tendency to hydrolyse which restricts their use; this tendency
results from the particular oligomeric or polymeric composition.

These products vary in their relative basicity (mole ratio OH/3AI), the percentage of chloride
and sulphate ions present and in their methods of manufacture.

NOTE. These variations may affect their performance in water treatment plant. Special plant requirements regarding,
but not limited to, organic matter removal, residual aluminium levels and working pH values should be specified when
possible, so that the product which best meet the needs of the treatment plant can be offered.

5. Requirements
5.1 Purity criteria

Liquid polyaluminium chloride shall not contain any impurities and additives in such
concentrations that are capable of producing deleterious or injurious effects on the health of
those consuming water that has been properly treated with the polyaluminium chloride
solution.

Limits have been given for impurities and chemical parameters where these are likely to be
present in significant quantities from the current production process and raw material listed in
Annex A. If the production process or raw material leads to significant quantities of impurities,
by products or additives being present, this shall be notified to the user and when necessary
to relevant authorities.

No recycled products, by-products and wastes from other industry shall be used as raw
material or starting material for manufacturing liquid polyaluminium chloride for the treatment
of water intended for human consumption provided that such output for quality/purity can be
definitively controlled.

4 © STANDARDS MALAYSIA 2007 — All rights reserved
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5.2 Liquid polyaluminium chloride shall comply with the requirements as specified in Table
1.

Table 1. Requirements for liquid polyaluminium chloride

Parameter Requirements
A. Product requirement Type 1 Type 2 Type 3 Test method
Density (ambient temperature), g/ml 1.13-1.23 1.18 -1.35 1.32-1.38 Annex B
Aluminium oxide (Al.Os3), % w/w 10, min. 15, min. 22, min. Annex C
Basicity, % wiw 35-83 35-83 > 83 Annexes D, E and F
pH (1% wi/v solution) 3.5-5.0 3.5-5.0 3.5-5.0 Annex G
Sulphate ion (SO4%), % wiw 3.5 max 3.5 max 3.5 max Annex H

Table 1. Requirements for liquid polyaluminium chloride (continued)

B. Impurities Limit, max.
Insoluble matter, % w/w 1.0 1.0 1.0 Annex J
Total iron (Fe), % wiw 0.05 0.05 0.05 Annex K
Ammoniacal nitrogen (N), % w/w 0.01 0.01 0.01 Annex L
C. Toxic substances Limit as mg/kg of Al, max.
Types 1 and 2 Type 3°
Arsenic (As) 40 14
Manganese (Mn) 300 40
Cadmium (Cd) 50 3
Chromium (Cr) 700 30 13%2:%“99
Mercury (Hg) 10 4
Nickel (Ni) 700 20
Lead (Pb) 200 40
Antimony (Sb) 40 20
Selenium (Se) 40 20
NOTES:
1. The contribution of toxic substances in the chemical used for treatment of drinking water should not be more
than 10 percent of the maximum allowable concentration of those toxic substances to the drinking water (“the
1/10th rule”).
2. For allowable limit of toxic substances in mg/kg PACI as stated concentration, the values after calculation are
given in Table A3.
@ Type 3 PACI is also known as aluminium chlorohydrate or ACH in other countries.

© STANDARDS MALAYSIA 2007 — All rights reserved 5
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6. Sampling
6.1 Location

A representative sample of the product shall be obtained in accordance with the requirements
outlined below at the point of destination. No sample shall be taken from a broken or leaky
container. For certification purposes, sampling shall be done in the factory.

6.2 Sampling from tanker, drums and bottles

6.2.1 Equal quantities of polyaluminium chloride shall be taken from at least 5 % of the total
delivered drum and bottle to make up a total of 5 L to 10 L of sample per delivery. Product
shall be mixed thoroughly by rolling containers or by other suitable means before sampling.
For delivery in bulk tanker form, samples shall be drawn from manhole and all discharge
outlets. No sample shall be taken from a broken package or container.

6.2.2 The individual samples shall be combined by mixing in a closable container (of
plastics or glass) to give a composite sample if necessary. A laboratory sample of about 2 L
shall be taken from the well mixed composite sample.

6.2.3 About 500 ml of the laboratory sample shall be filled into three glass or plastic bottles
which shall then be closed air-tight, sealed and labelled. One of these samples is intended for
testing by the recipient, and the others are held ready for analysis in the event of a later
complaint.

6.3 Sample distribution

The composite sample obtained in 6.2.1/6.2.2 shall be mixed thoroughly. This sample shall be
poured into three, approximately 200 ml airtight, moisture proof glass containers and sealed.
If a glass container is inappropriate, the manufacturer shall recommend the type of sample
container. Each container shall be clearly labelled with product name, type of container
samples, manufacturer's name, sampling date, production location, sampling location, lot
number, and shall bear the signature of the person responsible for sampling.

One of the three sealed samples is for immediate use by the purchaser for testing of the
delivery/shipment. For the remaining two sealed samples, one shall be retained by the
purchaser for third party verification if needed, the other sealed sample shall be returned and
kept by the supplier.

6.4 Sample retention

Samples shall be retained for at least 30 days after the date of receipt of the shipment before
they are discarded.

6.5 Test samples
Test samples shall be obtained from the sealed sample delivered to the laboratory. The
sample container shall be unsealed only when necessary. The container should be

immediately resealed after the test sample is removed. The material sample shall be
thoroughly mixed before each test portion is withdrawn for analysis.

6 © STANDARDS MALAYSIA 2007 — All rights reserved
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7. Test methods
7.1 Completion

Laboratory examination of the sample by the purchaser shall be completed within seven
working days after receipt of shipment.

7.2 Methods of test
Methods of testing PACI shall conform to the annexes and references listed in Table 1.
Alternative recognised reference test procedures can be used with the written agreement of

both buyer and supplier or as in-house routine quality control test methods. In any case of
conflict, the methods of this standard shall prevail.

8. Marking, labelling and storage
Each shipment of product shall carry with it some means of identification.
8.1 Marking

The following information shall be marked legibly either on each container or on a label
attached to each container:

a) “polyaluminium chloride”, trade name and grade;

b) net weight;

c) name, address and telephone number of supplier and/or manufacturer;
d) batch number;

e) the date of manufacturing or packaging; and

f) any other markings as required by applicable laws.

In the case of shipment in bulk, every consignment shall carry a certificate setting out the
above mentioned information.

8.2 Risk and safety labelling
The following labelling requirements (written in both Bahasa Malaysia and English) shall apply
to PACI and shall comply with the requirements of the Regulation 7 (Classification, Packaging

and Labelling of Hazardous Chemicals) 1997, Occupational Safety and Health Act 1994 (Act
514) and Regulations and Orders.

© STANDARDS MALAYSIA 2007 — All rights reserved 7
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a) symbols and indications of danger:

&

Mengakis
(Corrosive)

b) nature of special risks attributed to dangerous substances:

R21/22

R21/22

R36/38

R36/38

Memudaratkan jika bersentuhan dengan kulit dan jika ditelan
Harmful in contact with skin and if swallowed
Merengsa kepada mata dan kulit

Irritating to eyes and skin

c) safety advice concerning dangerous substances:

S24/25

S24/25

S26

S26

528

528

S36/37/39

S36/37/39

Elakkan daripada bersentuhan dengan kulit dan mata
Avoid contact with skin and eyes

Jika bersentuhan dengan mata, basuh segera dengan menggunakan air yang
banyak dan dapatkan nasihat perubatan

In case of contact with eyes, rinse immediately with plenty of water and seek
medical advice

Selepas bersentuhan dengan kulit, basuh segera dengan air yang banyak
After contact with skin, rinse immediately with plenty of water

Pakailah pakaian perlindungan, sarung tangan dan perlindungan mata/muka
yang sesuai

Wear suitable protective clothing, glove and eye/face protection

8.3 Packaging, transportation and labelling

8.3.1 Liquid polyaluminium chloride shall be delivered by tanker, tote tank/semi bulk, or
drum, as specified by the purchaser. No contamnination of polyaluminium chloride product by
toxic substances shall occur during transportation or storage, and the supplier shall ensure
that the tanker, tote tank/semi bulk container, or drum is suitably cleaned before loading. The
supplier shall provide recommendations for appropriate materials of construction for the
storage, handling and packaging of each specific product.

© STANDARDS MALAYSIA 2007 — All rights reserved
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8.3.2 The product shall be categorised under the following transportation guideline and
labeling depending on the degree of acidity.

a) RID?: class 8, 5° (c);

b) ADR?: class 8, 5° (c);

c) IMO-IMDG": class 8, UN No 2581; and
d) IATAY: class 8, UN No 2581.

8.4 Certificate of analysis

A certificate of analysis, with the indication of country of origin should accompany all
deliveries for the chemical and be given to end users.

The contents of the certificate of analysis shall include the following:
a) density (ambient temperature) g/ml;

b) aluminium content as (Al,O3), % w/w;

c) basicity, % w/w;

d) pH (1% w/v solution);

e) sulphate ion (SO4%), % wiw;

f) insoluble matter, % w/w; and

g) totalion (Fe); % wiw.

A comprehensive certificate of analysis shall be provided to end users upon their request and
shall include 7.4.1 a) to g) and the following:

a) ammoniacal nitrogen (N), % w/w; and

b) As, Mn, Cd, Pb, Hg, Cr, Ni, Sb, Se as mg/kg of product.
8.5 Storage requirement

8.5.1 Storage

8.5.1.1  Store in a cool, well ventilated place and away from direct sunlight.

2 Regulations concerning International carriage of Dangerous goods by rail.
European Agreement concerning the International carriage of Dangerous goods by road.
International Maritime Organization — International Maritime of Dangerous Goods.

% International Air Transport Association.

© STANDARDS MALAYSIA 2007 — All rights reserved 9



MS 1454:2007

8.5.1.2 Storage tanks shall be acid resistant, e.g. natural rubber/synthetic rubber lined
(PVDF), tetrafluoroethylene polymer. Steel (mild or stainless), aluminium, nickel, copper or
brass are not suitable.

8.5.2 Storage incompatibilities

8.5.2.1 Avoid contact with chlorites, hypochlorites and sulphates. The products react
aggressively with some metals (e.g. galvinised metal, aluminium, copper, zinc and alloys of
these metals). Polyaluminium chloride should be kept away from alkalis.

8.5.2.2 Incompatible with iron salts and aluminium sulphate.

8.5.2.3 Incompatible with other polyaluminium product. Special care has to be taken
regarding any mixing with products previously used in order to avoid gel formation or
precipitation. Seek manufacturer’s advice.

8.5.2.4 Long term stability

Liquid polyaluminium chloride is stable up to 6 to 12 months under proper storage conditions.

9. Certification mark

Each product, may by arrangement with a recognised certification body, be marked with the
certification mark of that body, provided the product conforms to the requirements of this
Malaysian Standard.

10. Compliance

When tested, for each of the samples which is found to conform to the requirements specified

in this standard, the lot, batch or consignment from which the samples have been drawn in
accordance with Clause 6 shall be deemed to comply with this standard.

10 © STANDARDS MALAYSIA 2007 — All rights reserved
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Annex A
(informative)

General information on liquid polyaluminium chloride

A1. Origin

A1.1  Raw materials
Depending on product and manufacturer:
a) aluminium hydroxide;
b) aluminium chloride;

c) aluminium sulphate;
d) aluminium metal;

e) bauxite;

f) hydrochloric acid;

g) sulphuric acid;

h) calcium carbonate;

i) sodium hydroxide; and
j) sodium carbonate

The quality of these raw materials is such that the final product meets the purity criteria as
specified in Clause 5.

A1.2 Manufacturing process
The typical manufacturing process is the digestion of e.g. aluminium hydroxide or aluminium

metal in suitable acid(s) with or without addition of aluminium chloride in either a
substoicheiometric amount of acidic material, or followed by a separate basification step.

A2. Safety and handling

The usual safety precautionary measures in handling chemicals shall be observed. Avoid
direct skin contact and wear appropriate protective clothes e.g. rubber or polyvinylchloride
apron, gloves and face shield/goggles.

© STANDARDS MALAYSIA 2007 — All rights reserved 11
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A3. First aid procedure

A3.1First aid should be given to the victim immediately when accident occurred. The relevant
first aid procedure is as follows:

a) Skin: Remove the contaminated clothes and wash the affected skin with plenty of water.
If swelling, redness or irritation occurs, seek medical assistance.

b) Eye: With eye lids open, rinse the eyes with plenty of water. If swelling, redness or
irritation occurs, immediately seek medical assistance.

c) Ingestion: Do not induce vomiting and immediately bring the victim to seek medical
assistance.

d) Inhalation: Remove the victim to fresh air area and immediately bring the victim to seek
medical assistance if problem with breathing occurs.

A3.2 Spillage

Put on protective clothing. Collect bulk and reuse if possible. Precipitate the remainder with
alkali. Collect and dispose as per local authority regulations. Wash the affected area with
plenty of water.

A3.3 Fire/Explosion hazards

Not combustible. All extinguishing equipment may be used. Toxic fume of hydrogen chloride
may be liberated when boiled to dryness or heated above 200 °C.

A4. Relationship between basicity, specific gravity and aluminium
content

Ad4.1 The specific gravity depends on the product composition, especially the basicity of
the product and aluminium ion content, expressed as mass fraction of aluminium (Al) or
aluminium oxide (Al,O3).

A4.2 In general, the specific gravity for product produced by a similar process shall
increase with the increase of aluminium content.

However, the specific gravity will decrease if the basicity of the product increases. This is due
to the replacement of chloride ion by hydroxide ion. This rule is only true for direct process
and does not apply to product where its basicity is adjusted via additional of alkaline
compound.

A4.3 The typical values for the specific gravity of PACI product for a particular basicity are
listed in Table A1.

12 © STANDARDS MALAYSIA 2007 — All rights reserved
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Table A1. Basicity and S.G. for PACI with 10 % w/w Al,O; and PACI with 15 % w/w Al,O3

PACI 10 % w/w Al,O, PACI 15 % w/w Al,O5
Basicity S.G. S.G.
40 1.21 1.30
60 1.15 1.18
80 1.13 1.15

A5. Categories of waste

Table A2 contains a list of 16 different categories of waste as stipulated in the EU Council
Directive 75/442/EEC on Waste and amended by the EU Council Directive 91/156/EEC,

Art.1(a).
Table A2. Categories of waste
Category Description of waste

Q1 Production or consumption residues not otherwise specified below

Q2 Off-specification products

Q3 Products whose date for appropriate use has expired

Q4 Materials spilled, lost or having undergone other mishap, including any materials,
equipment, etc., contaminated as a result of the mishap

Q5 Materials contaminated or soiled as a result of planned actions (e.g. residues from
cleaning operations, packing materials, containers, etc.)

Q6 Unusable parts (e.g. reject batteries, exhausted catalysts, etc.)

Q7 Substances which no longer perform satisfactorily (e.g. contaminated acids,
contaminated solvents, exhausted tempering salts, etc.)

Q8 Residues of industrial processes (e.g. slags, still bottoms, etc.)

Q9 Residues from pollution abatement processes (e.g. scrubber sludges, baghouse
dusts, spent filters, etc.)

Q10 Machining/finishing residues (e.g. lathe turnings, mill scales, etc.)

Q11 Residues from raw materials extraction and processing (e.g. mining residues, oil
field slops, etc.)

Q12 Adulterated materials (e.g. oils contaminated with PCBs, etc.)

Q13 Any materials, substances or products whose use has been banned by law

Q14 Products for which the holder has no further use (e.g. agricultural, household, office,
commercial and shop discards, etc.)

Q15 Contaminated materials, substances or products resulting from remedial action with
respect to land

Q16 Any materials, substances or products which are not contained in the other

categories

© STANDARDS MALAYSIA 2007 — All rights reserved 13
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A6. Values of allowable limit of toxic substances in mg/kg PACI

Table A3 gives the values after calculation of allowable limit of toxic substances in mg/kg
PACI as stated concentration.

Table A3. Values after calculation of allowable limit of toxic substances in mg/kg
PACI as stated concentration

Product requirement Type 1 Type 2 Type 3°
Aluminium oxide (Al203), % w/w min. 10 15 22
Density (ambient temperature), g/ml 1.13-1.23 1.18-1.35 1.32-1.38

Toxic substances

Limit as mg/kg of product, max.

Arsenic (As) 2.4 3.7 2.2
Manganese (Mn) 17.9 28.1 6.1
Cadmium (Cd) 3.0 4.7 0.5
Chromium (Cr) 41.9 65.6 4.6
Mercury (Hg) 0.6 0.9 0.6
Nickel (Ni) 41.9 65.6 3.1
Lead (Pb) 12.0 18.7 6.1
Antimony (Sb) 2.4 3.7 3.1
Selenium (Se) 2.4 3.7 3.1

NOTE. Calculation is based on minimum density of each type of product.

@ Type 3 PACI is also known as aluminium chlorohydrate or ACH in other countries.

14
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Annex B
(normative)

Determination of specific gravity

B1. Method 1 — Specific gravity by means of a hydrometer
B1.1  Apparatus
B1.1.1  Hydrometer

Hydrometers with the nominal specific range 1.100 - 1.300, or 1.200 — 1.400 with scale
subdivisions of 0.001 shall be used. The hydrometers should be calibrated at 25 °C or 28.9
°C.

B1.1.2 Hydrometer cylinder

Made of clear glass and cylindrical in shape. The internal diameter should be at least 25.0
mm greater than the outside diameter of the hydrometer used in it. The height of the cylinder
should be such that the length of the column of the sample it contains is greater by at least
25.0 mm than the portion of the hydrometer that is immersed beneath the surface of the
sample after a state of equilibrium has been reached.

B1.1.3 Thermometer
Should have a range from -20 °C to +102 °C.
B1.2 Procedure

Select a place that is free from air current to carry out the determination of specific gravity by
means of a hydrometer.

Rinse each piece of the equipment with a portion of the sample. Pour the sample into the
clean hydrometer cylinder without splashing to avoid the formation of air bubbles. Remove
any air bubbles adhering to the surface of the cylinder. Stir the contents of the cylinder
carefully to avoid formation of air bubbles. When the temperature of the sample reaches
ambient temperature, lower the hydrometer slowly and carefully into the sample to a level two
smallest scale divisions below that at which it will float and then release the hydrometer. After
it has come to rest and float freely away from the walls of the cylinder, read the gravity as the
point at which the surface of the sample apparently cuts the hydrometer scale. Make this
observation by placing the eye slightly below the level of the liquid and slowly raise the eye
until the surface of the sample first seen as a distorted ellipse seems to become a straight line
cutting the hydrometer scale.

B2. Method 2 — Specific gravity by means of a pychometer

B2.1 Apparatus
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B2.1.1 Pycnometer

2.5 ml capacity with a ground-glass stopper having a capillary opening, a chamber to provide
for expansion up to a room temperature, and a cap to prevent evaporation.

B2.1.2 Thermometer

Having a range from -2 °C to +80 °C.
B2.1.3 Analytical balance
Having a sensitivity of + 0.1 mg.
B2.2 Procedure

Clean the pycnometer by filling it with a saturated solution of chromic acid in concentrated
sulphuric acid (H,SO,, s.g. 1.84). Allow it to stand for several hours. Empty the contents and
rinse the pycnometer well with distilled water. Fill it with freshly boiled distilled water that has
been equilibrant at ambient temperature.

After 30 min of immersion, adjust the level of liquid to the proper point on the pycnometer.
Put the stopper in place and remove the pycnometer from the bath. Wipe dry and weigh. Both
the wiping and weighing procedures should be carried out quickly to avoid changing of the
temperature. Avoid touching the pycnometer with bare hands.

Empty the pycnometer and rinse several times with alcohol. Remove the vapour of the
alcohol. Let the pycnometer in the same environment as it was done before. After 30 min, put
the stopper in place and remove the pycnometer. Wipe it dry before weighing. Subtract the
weight of the empty pycnometer from the weight when filled with distilled water to get the
weight of the contained distilled water at ambient temperature.

Equilibrant the sample to ambient temperature and fill the pycnometer with it. After 30 min,
adjust the liquid level and put the stopper in place. Wipe dry and weigh. Subtract the weight
of the empty pycnometer from the weight when filled with the sample to get the weight of the
contained sample.

B2.3 Calculation

Calculate the specific gravity at ambient temperature as

S
Specific gravity at 25 °C = —
w
where,

W is the weight of distilled water in the pycnometer at ambient temperature, in grammes;
and

S is the weight of sample in the pycnometer at ambient temperature, in grammes.
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Annex C
(normative)

Determination of aluminium — EDTA complexometric method

C1. Principle
Dilution of a test sample with water. Complexation of aluminium, in a hot acidic medium with

an excess of solution of ethylenediaminetetraacetic acid (EDTA). Titration of the excess
EDTA with a titrated solution of zinc in the presence of xylenol orange.

Al* + EDTA*_ AIEDTA

Zn?" + EDTA*_ZnEDTA?

C2. Reagents

All reagents shall be of a recognised analytical grade and the water used shall comply with
ISO 3696 grade 3.

C2.1  Sodium acetate solution, 80 g/l
C2.2 Sodium hydroxide solution, 100 g/l

C2.3 Hydrochloric acid, dilute 1 volume of hydrochloric acid (p = 1.19 g/ml) with one
volume of water.

C2.4 Hydrochloric acid , 36.5 gfl, ¢(HCI) =1 mol/l

C2.5 Disodium ethylenediaminetetraacetate dihydrate (NaEDTA), standard volumetric
SOlUtion, C(C10H14N208N32 2H20) = 0.05 moll/l

Weigh to the nearest 0.000 1 g, 18.625 g of NaEDTA. Dissolve in water, transfer the solution
quantitatively to a 1 000 m/volumetric flask. Dilute to volume and homogenise.

NOTE. Commercial standard volumetric solution could be used.
C2.6 Zinc, standard volumetric solution, c(Zn) = 0.05 mol/l

Weigh to the nearest 0.000 1 g, 6.537 0 g (m) of pure zinc (minimum content 99.9 %).
Dissolve in 60 ml of hydrochloric acid solution (C2.3). During the reaction, cover the beaker
with a watch-glass. At the end of the reaction, boil the solution 10 min, cool to room
temperature. Dilute to about 500 ml and add sodium acetate solution (C2.1) until a pH of 5.5 +
0.1 is obtained. Transfer the solution quantitatively to a 2 000 ml volumetric flask. Dilute to
volume and homogenise.
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If the weight of zinc is not exactly as that stated above, the zinc concentration is given by the
formula:

m

c(Zn) = ———
n) 2x65.37

where,
m is the mass of zinc weighed, in grams;
65.37is the relative molecular mass of zinc; and

c(Zn)is the concentration of zinc solution, in mol/l, calculated to the fourth significant figure.

NOTE. Commercial standard solution could be used.

C2.7 Buffer solution, pH 5.5

Weigh 50 g of solution acetate cryohydrate (CH3;COONa.3H,0). Dissolve in 500 ml of water
and add glacial acetic acid (CH;COOH) until a pH of 5.5 + 0.1 is obtained.

C2.8 Xylenol orange

Grind 1.0 g of xylenol orange with 99 g of potassium nitrate in a mortar until a homogeneous
weight is obtained.

C3. Apparatus

Usual laboratory equipment.

C4. Procedure

C4.1 Preparation of the test samples

Prepare the test sample from the laboratory sample. Homogenise liquid samples.

C4.2 Weigh to the nearest 0.001 g, about 25 g of the test sample (mp) into a 400 ml
beaker. Add approximately 150 ml of water at 80 °C. Transfer quantitatively into a 500 ml

volumetric flask. Dilute to volume and homogenise. Filter if necessary (test solution ;).

Place V; ml of this solution (see Table C1) into a 200 ml volumetric flask. Dilute to volume and
homogenise (diluted test solution V,).

Table C1. Volume V; as a function of expected Al,O; content

Expected Al,O; content Volume V;
(9/kg) (ml)
10 25
15 20
23 10
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C4.3 Blank test

Perform a blank test following the same procedure and using the same quantities of all the
reagents as indicated in C4.4. Record the volume used for the titration (Vs).

C4.4 Determination

Transfer 100.0 ml of solution as prepared in C4.2 (V3) into a 250 ml beaker and adjust pH
within 5 to 6 with hydrochloric acid solution (C2.3) or sodium hydroxide solution (C2.2). Add 5
ml of hydrochloric (C2.4) and 50.0 ml of the standard volumetric solution of EDTA (C2.5).
Cover with a watch glass. Heat the solution at 80 °C to 90 °C for at least 20 min. Cool to room
temperature. Rinse the watch glass with water into the beaker. Neutralise with sodium acetate
solution (C2.1) and add 10 ml of the buffer solution (C2.7). Add 30 mg to 50 mg of xylenol

orange mixture (C2.8). Titrate with the standard zinc solution (C2.6) until the indicator
changes from yellow to definite red. Record the volume (V,) used.

C5. Calculations

The aluminium content, Xu, expressed in grammes of aluminium oxide per kilogramme of
product (Al O3 g/kg) is given by the formula:

ux%xﬁxvo x 1000

X0, =0.05098 o x
3 1 0

where,

my is the mass, in grammes, of the test sample;

Vo is the volume, in millilitres, of the test solution;

Vi is the volume, in millilitres, of the test solution diluted to V5;
V,  is the volume, in millilitres, of the diluted test solution;

V5 is the volume, in millilitres, of the aliquot for analysis;

V, is the volume, in milliliters, of the standard volumetric solution of zinc employed for the
titration of the test solution;

Vs is the volume, in milliliters, of the standard volumetric solution of zinc employed for the
titration of the blank test solution;

Cs, is the actual concentration, in moles per litre of the volumetric solution of zinc; and

0.050 98 is the weight of Al,O3 in grammes corresponding to 1 ml of standard volumetric
solution of zinc, ¢(Zn) = 1 mol/l.

With V, =500 ml, V, =200 ml, V3=100 ml

X a0, = 50980 x Vs -Va)

© STANDARDS MALAYSIA 2007 — All rights reserved 19



MS 1454:2007

Annex D
(normative)

Determination of basicity — Titrimetric oxalate method

D1. Principle

Dilution of a test sample with water. Addition of an excess of hydrochloric acid in the presence
of an excess of potassium oxalate solution (complexing agent).

Depolymerisation by heating in acidic medium.

Determination of the basicity of polyaluminium chloride solution by using titration method with
sodium hydroxide in the presence of phenolphthalein.

D2. Reagents

All reagent shall be of a recognised analytical grade and the water used shall comply with ISO
3696 grade 3.

D2.1  Hydrochloric acid, standard volumetric solution, ¢c(HCI) = 0.1 mol/l
D2.2 Sodium hydroxide, standard volumetric solution, c(NaOH) = 0.1 mol/l
D2.3 Potassium oxalate (K,C,0,.H,0), 200 g/|

D2.4 Phenolphthalein, dissolve 1.0 g of phenolphthalein in 100 ml of ethanol

D3. Apparatus

Usual laboratory equipment.

D4. Procedure
D4.1 Preparation of the test solution
Select the required aliquot portion in grammes for the expected basicity according to Table

D1. Weigh the aliquot portion to the nearest 0.001 g. Dissolve in water at 80 °C to 90 °C,
transfer to a 50 ml volumetric flask, dilute to volume with water and homogenise.
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Table D1. Aliquot portion for basicity, titrimetric oxalate method

Expected basicity (OH" g/kg of product) Aliquot portion (ml)
25t0 70 2
70 to 120 1
>120 0.5

D4.2 Blank test

In the titration vessel, add 20 ml of hydrochloric acid (D2.1) and 5 ml of the potassium oxalate
solution (D2.3). Add 1 ml of phenolphthalein solution (D2.4) as indicator. Titrate the solution
with sodium hydroxide solution (D2.2). Record the volume V; delivered at the end point.

D4.3 Determination

In a 100 ml beaker, add:

- 5 ml of the potassium oxalate solution (D2.3);

- 20 ml of hydrochloric acid (V) (D2.1); and

- 2 ml of the diluted polyaluminium chloride solution (V).

Cover with a watch glass, place on the hotplate and bring to boiling point, continue to boil for
15 min. Cool the solution. Rinse the watch glass with water. Add 1 ml of phenolphthalein

solution (D2.4) as indicator. Titrate the solution with sodium hydroxide solution (D2.2). Record
the volume V, delivered at the end point.

D5. Calculations
D5.1 Hydroxide content
The hydroxide content, Xon , expressed in grammes of hydroxide per kilogramme of product

(OH" g/kg) is given by the formula:

V 1000 50
Xon—=0.017xc(V, -V, ) X — X ——x —
OH (Vq-Vs) v T X

where,

m is the mass, in grammes, of the test sample;

Vo is the volume, in milliliters, of the aliquot of diluted sample used;
4 is the volume, in milliliters, of the hydrochloric acid used;

V; is the volume, in milliliters, of the sodium hydroxide solution used for blank
determination;

V, is the volume, in milliliters, of the sodium hydroxide used for sample determination;
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C is the concentration, in moles per litre of the standard volumetric solution of sodium
hydroxide; and

0.017 is the mass of hydroxide, OH’, in grammes corresponding to 1 ml of standard
volumetric solution, ¢(NaOH) = 1.000 mol/I.

D5.2 Basicity

The basicity, Xgas expressed in moles of OH per three moles of aluminium is given by the
formula:

X = Xow . 101.96
Bas
17 7 2x3xAl,0,

where,
Xgas IS the basicity expressed in grammes of hydroxide per kilogramme of product; and

AlL,O; is the content of aluminium (X,) expressed in grammes of aluminium oxide per
kilogramme of product.
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Annex E
(normative)

Determination of the chloride content — Titrimetric method

E1. Principle

Dilution of a test sample with water.

Determination of the chloride content of polyaluminium chloride solution by using back
titramitric method with ammonium thiocyanate solution.

E2. Reagents

All reagents shall be of a recognised analytical grade and the water used shall comply with
ISO 3696 grade 3.

E2.1 Dilute nitric acid, 1 volume of nitric acid, HNO;, Q = 1.4 g/ml, dilute with 1 volume of
water.

E2.2 Silver nitrate solution, c(AgNO3;) = 0.1 mol/l.

E2.3 Ammonium thiocyanate solution, ¢(NH,SCN) = 0.1 mol/l.

E2.4 Indicator solution: dissolve 100 g of iron sulfate, Fex(SQO,)s, and 20 ml of nitric acid,
Q=1.4g/mlin 1L of water.

E3. Apparatus

E3.1  Two conical flasks, 250 ml nominal capacity.

E3.2 Two one-mark bulb pipettes, 25 ml nominal capacity.

E3.3 Burette, 25 ml nominal capacity.

E3.4 Funnel

E3.5 Round filter of medium density, 15 cm diameter.
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E4. Preparation of sample solution
E4.1  Procedure

The initial mass taken for the preparation of the sample solution depends on the aluminium
content which is to be expected. It shall be:

- (2.0£0.1) g for an aluminium fraction by mass grater than 15 %;

- (4.0 £0.2) g for an aluminium fraction by mass of 4 % to 15 %; and

- (10.0 £ 0.5) g for an aluminium fraction by mass less than 4 %;

The appropriate quantity of the sample taken as specified shall be weighed to the nearest

0.01 g into the 250 ml volumetric flask and dissolved or diluted with water. The solution shall
be made up to the mark with water and shaken.

E5. Test procedure

Pipette 25 ml of the sample solution prepared as specified in E4.1 into a conical flask. After
the addition of 5 ml of diluted nitric acid, add 25 ml of silver nitrate solution using the pipette.
Shake the mixture until supernatant solution becomes clear. After the precipitate has settled,
filter using a round filter into a second conical flask. Rinse the filter and the precipitate with

water. After adding 5 ml of indicator solution, titrate back the excess silver ions in the filtrate
with ammonium thiocyanate solution until a slight brown coloration appears.

E6. Calculation

where,

W, s the chloride (CI') fraction by mass in the aluminium hydroxide chloride, in %;
Vs  is the volume of the ammonium thiocyanate solution initially taken, in ml;

Vs, is the volume of the ammonium thiocynate solution consumed, in ml;

my is the volume initial mass of the aluminium hydroxide chloride as specified in E4.1, in
gram; and

L is the conversion factor: £, = 354.5 g/ml.
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Annex F
(normative)

Evaluation of basicity — Calculation method

F1. Principle

Determination of the contents of aluminium, iron, chlorine and /or sulphate and other ions
such as sodium, calcium, silicate which influence basicity.

Calcium of the molar concentration of hydroxide by difference between anions and cations.

If the product is free from some ions, these ions will not appear in the expression of the
basicity.

F2. Procedure

Determine the contents of the elements given in Table F1 in accordance with the analytical
methods listed.

Table F1. Methods for determination of Al, Fe, chloride and sulphate

Determination Method
Aluminium Annex C
Iron Annex K
Chloride Annex E
Sulphate Annex H

F3. Calculations
F3.1 Product free from sodium, calcium, silicate

The calculated hydrogen content, Xon expressed in grammes of hydroxide per kilogramme of
product (OH g/kg) is given by the formula:

where,

X :17_00(2x3xXAl) L[ 3% Xee | _ Kor | [ 2% Xgo2
OH 101.96 55.85 35.45 96.06

Xa is the content of aluminium expresses in grammes of aluminium oxide per kilogramme
of product;

Xre is the content of total iron expressed in grammes of iron per kilogramme of product;
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Xc  is the content of chloride expressed in grammes of chloride per kilogramme product;

Xsos— is the content of sulphate expressed in grammes of sulphate per kilogramme of
product;

17.00is the mass, in grammes, of 1 mole of hydroxide;

101.96 is the mass, in grammes, of 1 mole of aluminium oxide;
55.85 is the mass, in grammes, of 1 mole of iron;

35.45 is the mass, in grammes, of 1 mole of chloride; and
96.06 is the mass, in grammes, of 1 mole of sulphate.

F3.2 Calculated basicity

The calculated basicity, Xgas, expressed in moles hydroxide per three moles of aluminium is
given by the formula:

_ XoH /2X3XXAI _ XonH

Xgas = =
Bas ~17.00/ 101.96 X

Xon is the content of hydroxide expressed in grammes of kilogramme of product;

Xai is the content of aluminium expressed in grammes of aluminium oxida per
kilogramme of product;

17.00 is the weight, in grammes, of 1 mole of hydroxide; and

101.96 is the weight, in grammes, of 1 mole of aluminium oxide.
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Annex G
(normative)

pH measurement

G1. Principle

The basic principle of electrometic pH measurement is determination of the activity of the
hydrogen ions by potentiometric measurement using standard hydrogen electrode and a
reference electrode. pH is defined as - log 0an+ where ay. is the activity of the hydrogen ion.
G2. Interference

G2.1 The glass electrode is relatively free from interference from color, turbidity, colloidal
matter, oxidant, reductants, or high salinity, except for a sodium error at pH > 10. Reduce this
error by using special 'low sodium error' electrodes.

G2.2 pH measurements are effected by temperature in two ways: mechanical effect that
are caused by changes in the properties of the electrodes and chemical effects caused by
equilibrium changes. This can caused long term drift in pH. Because chemical equilibrium
affects pH, standard pH buffers have a specified pH at indicated temperatures. Always report
temperature at which pH is measured.

G3. Sampling and storage

Collect samples in clean plastic or glass bottles. Fill completely and cap tightly. Analyze pH
immediately or in within two hours, no storage allowed.

G4. Reagents

G4.1 Standard buffer solutions, pH 4.01, pH 7.01 and pH 10.01

G5. Apparatus
G5.1 pH meter that can read up to 0.01 min with pH range of 0 to14.
G5.2  Stirrer, use a magnetic, Teflon®-coated stirring bar.

G5.3 Beakers, polyethylene or glass.
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G6. Procedure
G6.1 Sample preparation

Weigh 1 g of the sample and transfer to a 100 ml volumetric flask, add distilled water up to the
mark and homogenise.

G6.2 Measurement

Rinse the electrode with deionised water.

Switch the meter on and ensure meter is in [MEAS] mode.

Dip the electrode into the sample from G6.1, ensure that the glass bulb of the electrode is
completely immersed. Stir the sample gently with a magnetic stirrer electrode to create a
homogeneous sample.

Record the pH reading when the readings are stable or a [READY] annunciator is displayed.

Keep electrodes wet by returning them to storage solution such as pH 4.01 buffer, tap water
or saturated KCI solution whenever pH meter is not in use.

G7. Accuracy check

In each case follow manufacturer's instruction for pH meter calibration and for storage and
preparation of electrodes for use.
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Annex H
(normative)

Determination of the sulphate content — Gravimetric method

H1. Principle

Dilution of a test sample with water. Depolymerisation by heating in acidic medium.
Determination of the sulphate content of polyaluminium chloride solution by using gravimetric
method with barium chloride solution.

H2. Reagents

All reagent shall be of a recognised analytical grade and the water used shall comply with ISO
3696 grade three.

H2.1  Hydrochloric acid, p(HCI) = 1.19 g/ml.
H2.2 Barium chloride solution, c(BaCl,) = 100 g/I.

H2.3 Silver nitrate solution, c(AgNO;) = 20 g/l.

H3. Apparatus

H3.1  Volumetric flask, 250 ml nominal capacity.

H3.2 pH meter

H3.3 Glass beaker, 250 ml nominal capacity.

H3.4 One-mark bulb pipettes, 5 ml and 50 ml nominal capacity.
H3.5 Porcelain filter crucible, with narrow pores.

H3.6 Filter flask, with stopper, 500 ml nominal capacity.

H3.7 Filtration adaptor and electrometric cup.
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H4. Preparation of sample solution
H4.1  Procedure

The initial mass taken for the preparation of the sample solution depends on the aluminium
content which is to be expected. It shall be:

- (2.0 £0.1) g for an aluminium fraction by mass grater than 15 %;

- (4.0 £0.2) g for an aluminium fraction by mass of 4 % to 15 %; and

- (10.0 £ 0.5) g for an aluminium fraction by mass less than 4 %.

The appropriate quantity of the sample taken as specified shall be weighed to the nearest
0.01 g into the 250 ml volumetric flask and dissolved or diluted with water. The solution shall
be made up to the mark with water and shaken.

H5. Test procedure

Pipette 50 ml of the sample solution prepared as specified in H4.1 into a glass beaker and
dilute with water to about 100 ml. Adjust the pH value to 2.0 to 2.5 by drop-wise addition of
hydrochloric acid. Heat the solution to boil and add 5 ml of barium chloride solution, by
stirring. Leave the solution with the precipitate to stand for 2 h to 3 h at 70 °C to 80 °C and

then filter by decantation using a filter crucible. Wash the precipitate with hot water until free
of chloride, dry at 120 °C to constant mass and weigh.

H6. Calculation

where,

W, s the sulfate (SO,) fraction by mass in the aluminium hydroxide chloride, in %;

m, is the mass of the precipitated and dried barium sulfate, in g;

my  is the mass of the initial aluminium hydroxide chloride as specified in H4.1, in g; and

f3 is the conversion factor: f; = 205.8 %.
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Annex J
(normative)

Determination of water insoluble matter

J1. Apparatus

J1.1  Sintered glass crucible, porosity No. 4 (5 microns to 15 microns pore-size) or
Gooch crucible.

J1.2  Drying oven maintained at (110 + 5) °C.

J2. Procedure

Accurately weigh about 25 g of the prepared sample. Dissolve in 100 ml of water, stir the
solution well and warm if necessary. Filter the solution through a tared sintered glass crucible
or Gooch crucible. Wash the insoluble residue with hot water until the washing is free of
sulphates and dry at 110 °C + 5 °C to a constant weight. Cool and weigh.

Collect the filtrate and washings in a 500 ml volumetric flask, cool, dilute to 500 ml and mix
thoroughly.

Transfer 100 ml of solution No. 1, equivalent to 5 g of the sample, to another 500 ml

volumetric flask, make up to the mark with distilled water, and mix thoroughly.

J3. Calculation

w.
Water insoluble matter for solid sample, % (m/m) = W1 x100
0

where,
W, is the weight of residue in grammes; and

W, is the weight of sample taken in grammes.
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Annex K
(normative)

Determination of iron — Atomic absorption method

K1. Principle
Dissolution in nitric acid. Determination of the iron content by atomic absorption spectrometry

in an air-acetylene flame at a wavelength of 248.3 nm, using the method of standard
additions.

K2. Reagent

All reagents shall be of a recognised analytical grade and the water used shall comply with
ISO 3696 grade 3.

K2.1 Nitric acid, p = 1.42 g/ml.
K2.2 Hydrochloric acid, p = 1.19 g/ml.
K2.3 Iron standard stock solution, 1.000 g/l

Dissolve 1.000 g of iron wire in 20 ml of hydrochloric acid (K2.2) and 5 ml of nitric acid (K2.1).
Dilute to volume with water in a 1 000 ml volumetric flask and homogenise.

NOTE. Commercial standard solution could be used.

K2.4 Iron standard solution, 100 mg/l

Standard solution containing 100.0 mg of iron (as Fe) per litre, prepared by dilution of solution
(K2.3).

K3. Apparatus

Ordinary laboratory apparatus and glassware and;

K3.1 Atomic absorption spectrometer fitted with an air-acetylene burner and a non-
specific absorbance correction system.

K3.3 Iron hollow cathode lamp. The spectrometer shall be capable of detecting 0.1 mg/l
of iron in solution.

K4. Procedure

Prepare the sample from the laboratory sample. Homogenise liquid samples.
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K4.1 Preparation of the test solution

Weigh to the nearest 0.000 1 g, about 10 g of the sample (mp) into a 200 ml volumetric flask.
Add 40 ml of nitric acid solution K2.1. Dilute to volume with water and homogenise.

K4.2 Blank test

Perform a blank test following the same procedure and using the same quantities of all the
reagents.

K4.3 Determination

To each of five 50 ml volumetric flasks add 5.0 ml (V;) of the test solution K4.1. Add to each
series of flask, 0 ml, 0.5 ml, 1.0 ml, 1.5 ml and 2.5 ml of the standard iron solution K2.4. This
corresponds to added concentrations of 1.0 mg/l, 2.0 mg/l, 3.0 mg/l, 5.0 mg/l of iron. Dilute to
volume with water and homogenise (V5).

Determine the iron concentration using the iron hollow cathode lamp at 248.3 nm after

optimisation of the instrument as recommended by the manufacturer, by using the standard
addition method.

K5. Calculations

Determine the correlation line by plotting the measured absorbances of the spiked
measurement solution in relation to the iron content. The spiked measurement solutions are
produced by adding defied quantities of iron to the measurement solution V,. They contain
step wise increasing contents of iron to be determined.

The concentration of iron in the test solution is to be read by extrapolation of the correlation
line to absorbance A = 0. Similary determine the iron concentration of the blank solution and

subtract from the result obtained for the test solution. Alternatively the evaluation can be
carried out by linear regression.

K6. Expression of results
The iron content, Xg. expressed in grams of iron per kilogram of product (Fe g/kg) is given by

the formula:

v, V
Xe. =10%(C, - Cy) x 2 x 2
Fe ( 2 1) V1 mo

where,
my is the mass, in grammes, of the test sample;
Vo is the volume, in milliliters, of the test solution;

V; is the volume, in milliliters, of the aliquot for analysis
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Vs is the volume, in milliliters, of the measurement solution;
C, is the concentration, in milligrammes per litre of Fe in the analysed blank solution;
C, is the concentration, in milligrammes per litre of Fe in the test solution.

With Vo =200 ml, V4 =5ml, V, = 50 ml

mq
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Annex L
(normative)

Determination of ammoniacal nitrogen — Spectrophotometric atomic
absorption

L1. Principle
Addition of sodium carbonate to precipitate aluminium as hydroxide, followed by addition of

sodium hypochlorite and 1-naphtha to the supernatant. Measurement of the absorbance of
generated bluish green indophenol-type solution at a wavelength of 720 nm or its vicinity.

L2. Reagents

L2.1  Sulphuric acid, (1 + 35).

L2.2 Sodium carbonate solution, (30g/l).

L2.3 Sodium hydroxide solution, (10g/1).

L2.4 Sodium hypochlorite solution, (available chlorine 1 g/l).

Dissolve 100/C m/I (C = concentration of available chlorine) of sodium hypochlorite (on the
market) and 15 g of sodium hydroxide in water to make 1 000 ml solution.

L2.5 EDTA-sodium hydroxide mixed solution

Dissolve 0.93 g of disodium ethylenediaminetraacetate dihydrate in sodium hydroxide solution
(40 g/l) to make 250 ml solution.

L2.6 1-naphthol solution

Dissolve 1.6 g of 1-naphthol in acetone-ethanol solution (15:85) to make 100 ml solution.

L2.7 Ammoniacal - nitrogen standard stock solution, (0.1 mg N/ml)

Allow ammonium chloride to stand in a desiccator (keeping magnesium perchlorate) for at
least 16 h. Weigh out 0.382 g into a 100 ml beaker, dissolve in water, transfer into a 1 000 ml
volumetric flask, and add water up to the mark.

L2.8 Ammoniacal - nitrogen standard solution (5 pg/ml)

Transfer 50 ml of ammoniacal-nitrogen standard stock solution, (L2.7), into a 1 000 ml
volumetric flask, and add water up to the mark. Prepare this solution fresh when required.
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L3. Apparatus

UV-visible spectrophotometer or colorimeter.

L4. Procedures

L4.1  Weigh about 5 g of sample to the nearest 1 mg, transfer into a 500 ml volumetric
flask, and add water up to the mark.

L4.2  Transfer 25 ml of this solution into a 100 ml stoppered measuring cylinder, add 1.5 ml
of sulphuric acid (L2.1), Shake it, add 5 ml sodium carbonate solution (L2.2), then add water
up to the mark, and shake it gently again.

L4.3 Allow the mixture to stand to precipitate hydroxide; transfer accurately 50 ml of the
supernatant into a beaker.

L4.4  Add sodium hydroxide solution (L2.3) to the supernatant to adjust the pH to about pH
to (NOTE 1). Transfer quantitatively to a 100 ml volumetric flask.

L4.5 Add 1 ml of sodium hypochlorite solution (L2.4) to the mixture, minimum for 2 min,
and within 5 min add 1 ml of EDTA-sodium hydroxide mixed solution (L2.5), and mix again.
Then, 1 min later and within 5 min (NOTE 2) add 5 ml of 1-naphthol solution (L2.6), mix, add
water up to the mark, and allow to stand at 25 °C to 30 °C for 15 min.

L4.6 Transfer a portion into a 10 mm absorption cell, and measure its absorbance at
wavelength of 720 nm or vicinity.

L4.7 Working curve: Pipette, 0.1 ml up to 7 ml, of ammoniacal nitrogen standard solution
(L2.8), each into a 100 ml volumetric flask. Add water to make about 50 ml solution.
Thereafter, carry out the procedures as in L4.5 and L4.6, plot the working curve, making use
the relative between the quantity of ammoniacal nitrogen and the absorbance.

NOTES:
1. The blank for the working curve and standard solution have a low buffer action, so pH adjustment is not needed.

2. The time control needed when reagents are added should be carried out accurately, including working curve
preparation.
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L5. Calculations

From the working curve prepared in L4.7, find the amount (pg) of ammoniacal nitrogen (N)
which is equivalent to absorbance measured at L4.6, and calculate the concentration (wt
ppm) of ammoniacal nitrogen in the sample accordingly to the following formula:

n
D= — —
Sx 25 « 50
500 100

where,
D is the concentration of ammoniacal nitrogen in sample (wt ppm);
n is the amount of ammoniacal nitrogen (g); and

S is the weight of sample (g).
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Annex M
(informative)

Application guidelines

M1. General

M1.1  Scope and field of application

This guidelines is applicable to the installation requirements, work procedures and the
relevant scope of work involved when using liquid polyaluminium chloride (PACI) in water
supply service.

M1.2 Objective

The objective of this guidelines is to provide necessary information on the product usage and
scope of the work involved to the end users.

M2. Use

M2.1  Function

Primary coagulant.

M2.2 Form in which it is used

Dilution may be carried out after the dosing equipment or at the point of dosing.

M2.3 Treatment dosage

Variable depending on raw water quality and treatment plant layout. Pre-determination by jar
test is necessary.

M2.4 Secondary effects

Increase of respective anion concentration.

M2.5 Removal of excess product

The water purification process has to be operated under conditions (e.g. pH, alkalinity) in

which the aluminium ions in the treatment system are precipitated out and reduced below the
regulated level.
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M3. Means of application

Usually dosed by positive displacement metering pump or by gravity flow. Sufficient
turbulence at the dosing point is required to ensure rapid mixing.

M4. Scope of work

Refer to Figures M1 and M2 for the flow charts for jar test and plant trial methodologies.

M4.1  Jar test

In order to obtain empirical information on the behaviour of the coagulant used and the
optimum chemical dosage for each type of row water, it is essential to study the treatment
process initially on a laboratory scale, often using the jar test method.

M4.1.1  Apparatus

M4.1.1.1  Flocculator

M4.1.1.2 Glass beakers

M4.1.1.3  Plastic pail

M4.1.1.4 Pipette

M4.1.1.5 Stop watch

M4.1.1.6  Turbidity meter

M4.1.1.7  Alkalinity test kits

M4.1.1.8 Aluminium test kits

M4.1.1.9 Iron manganese test kits

M4.1.1.10 pH meter

M4.1.1.11 Spectrophotometer

M4.1.2 Typical procedure 1

Collect a sufficient quantity of fresh raw water sample.

Analyse and record the water quality parameter such as pH, colour, turbidity, alkalinity, total
iron, manganese, aluminium content and other parameter according to the necessity of the

particular treatment plant.

Add a fixed volume of raw water to each of the six beakers. Lower the stirrer paddle and
positioned it well for each beakers.

Switch on the jar tester and set the stirring speed according to the actual treatment plant
dynamic, which is typically (200 - 300) rpm.
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Dose in 1 % PAC solution (working solution) accordingly. Fresh 1 % PAC solution (working
solution) should be prepared daily by diluting 10 g of PAC to 1 L of distilled water. For 1 L
sample, 1 ml of this 1 % PAC Solution is equal to 10 mg/l (weight/volume).

Dose in flocculant (0.01 % polymer solution accordingly if necessary and stir for another 30 s
to 60 s at the same speed). Reduce the stirring speed to 50 rpm - 150 rpm and continue
stirring for another 7 min.

Finally, set the stirring speed to 30 rpm - 50 rpm and stir for another 10 min. Allow 10 min of
setting time.

Observe all samples in each beaker for the rate of floc formation, flocs size (after 15 min of
test) and the rate of the settlement of the floc (during settling time)

Draw 200 ml of the settled water (25 mm from the surface) from each beakers and test for pH,
colour, turbidity and alkalinity. Filter 150 ml of the settled water (20 pum - 25 pm retention) and
test for turbidity, colour, iron manganese and aluminium residue if necessary.

Repeat the procedure for different sets of conditions and dosages until the optimum dosage
with the best performance was obtained.

To compare the performance of PAC and other coagulant agents, use the same stirring
speed, the same stirring time and the same fresh raw water.

M4.2 Plant trial
After conducting the jar tests with encouraging results, a plant trial can be arranged to further
evaluate the ability of polyaluminium chloride in treating the water in that particular treatment

plant.

If mixing of flocs between existing coagulant and that of PACI is unavoidable, consideration is
to be given on this aspect in planning the plant trial and evaluating plant trial result.

M4.2.1 Temporary storage

If the storage tank at the plant is not available for use, temporary storage tanks shall be
installed.

The tanks are to be made of corrosion resistance material such as PVC, fiberglass coated or
rubber lined.

M4.2.2 Dosing system

It is advisable to use separate dosing system to prevent disruption to existing coagulant
dosing system and maintain availability for emergency change-over.

The dosing system - metering pump, flow meter, valves and piping are of non corrosive
material, i.e. PVC, fiberglass or rubber lined coated.
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M5. Presentation of plant trial findings for compliance and acceptance

M5.1 In presentation of the effectiveness and cost difference between the proposed
coagulant and existing coagulant the supplier should carry out independent jar tests instead
of applying current dosage of existing coagulant. Optimum dosage graphs for the difference
parameters evaluated should be plotted to illustrate the effectiveness and the behavior of the
coagulant.

M5.2 The supplier should take into consideration the difference in characteristics between
the existing and proposed coagulant and existing treatment processes when making
suggestions in the conversion from one chemical to another. The aspects to look into are
mixing of coagulant, dosing points and existing mode of sedimentation.

M5.3 The supplier should advise carrying out analyses of the treated water to ensure
compliance during the trial period.

M5.4 The supplier should advise on the conversion of all related equipments and existing

treatment processes where necessary together with costing to assist intending user in making
decision.

M6. Familiarisation on application of liquid polyaluminium chloride

Prior to the delivery of the consignment of the coagulant, the supplier should familiarise the
representatives and plant operators of the purchaser on the sampling procedure and
application of the coagulant.

To attain these objectives, the following procedures shall be adopted:

a) The supplier shall familiarise himself with the existing facilities and system available at the
plant for the handing, storage, preparation and dosing of the coagulant.

b) To suggest addition and amendment to available facilities and system to suit, if deemed
necessary.

c) To hold a talk on the sampling, handling and application of the coagulant.

d) To demonstrate by carrying out at site the test procedure for determining the compliance
of the coagulant at time of receipt.

e) To demonstrate by carrying out a bench test on the determination of dosage requirement
of coagulant.

f) To supply and display on poster as in Figure M1.
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Step 1 Sample collection Parameter to be measured:
(raw water) 1
. pH
2. turbidity
3. colour
4. Fe, (mg/l)
Step 2 Analyse characteristic .| 5. Mn, (mgl/l)
of raw water "1 6. Al (mg/)
* Other parameter
According to a need or necessity of
Step 3 Determine optimum pH that particular treatment plant
procedure
Step 4 Determine optimum dosage of coagulant
agent (JAR test procedure)
Step 5 Supernatant Filtrate**
\ Test for: /
1. pH
2. turbidity
3. colour
4. Fe, (mg/l)
5. Mn, (mg/l)
6. Al (mg/l)and (*)
Step 6 Comparison of data/result
Comparison between Compare with raw water
each beaker with

different dosage

A 4

Lowest reading represent
optimum dosage of coagulant
agent to treat raw water

* other parameter(s)according to a need or

necessity of that particular treatment plant

**represent filtered water after filter tank in

treatment plant (for precise result) Use this optimum dosage to treat raw water in
treatment plant

Figure M1. Flow chart for jar test methodology
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Stages
Raw water
Raw water source
Pre-treatment y ¢
Jar test i .
_| Laboratory jar test (once per day or Aeration Water quality analyses once
»1 when turbidity of raw water changing) per day or when turbidity of
¢ raw water changing
Prechlorination/
Preozonation
Optimum
coagulant v
dosage .
Mixing Dose polymer if
» Chamber necessary
Flocculation Yes
Check plant production records ¥
and set coagulant pump flow rate . }
Flocculation | pH adjustment
channel N if necessary
No
Flow rate v
correct Horizontal/Vertical

Sedimentation

sedimentation tank

Yes

Dose coagulant

Water quality analyses |
once per 2 or 4 hours -

Water analyses

Conformance to
parameter limits

End

Yes

Post. final treatment

Post-line, chlorination

& flouridation
Storage 4_ Reservoir 4—l

Filtration [«

4

WATER ANALYSIS

Parameters

1. pH 6. Residual ironf/iron content

2. Alkalinity 7. TDS (if necessary)

3. Turbidity 8.  Suspended solids (if necessary)

4. Colour 9. Residual manganese/manganese content
5. Aluminium residue/aluminium content 10. Hardness (if necessary)

Other parameters needed to be considered during plant trial are:
1. filter run time; and
2. floc settling rate and floc size.

Figure M2. Flow chart for PACI plant trial
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