Legend: S = Satisfactory, O = Some Attack, U = Unsatistactory
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Chemical Resistance of Fortifiex HDPE
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Legend: S = Satisfactory, O = Some Attack, U = Unsatisfactory

TYable ll

Chemical Resistance of Fortifiex HDPE

21°C 60°C 21°C  60°F
Reagent (70°F) (140°F) Reagent (70°F) (140°F)
Milk ) s Tn S S
Mineral Qils S u Zine S S
Molasses S S Poiassium Bicarbonate Sat d S S
Mustard (Prepared) S ) Polassiom Borate 1% S &
Naphtha O ] tassium Bromate 10% S S
Napthalene S U Potassium Bromide Satd S g
Natural Gas (Wet) S S Potassium Carbonaie [ S
Nicke! Chionde Sat'd S S ‘
Nicke: Nitrate Conc. S s Potassium Chiorate Sar'd S )
Nicke! Sutiate S S Potassium Chionde Sat'd S S
rasswm Chromaie 40%: S S
Nicotinic Acid S S Potassium Cyanide Sat d ) S
Nrric Acig 0-30%: < g
Ninc Acig 36-59% S Q Potassium Dichromate 42% S o
Nitnic Aoz 70% s O Potassium Fesri‘Ferro Cyanids € S
Nins Azig 905-88%¢ U u Fotassium Fsonde ) S
Niropenzene 100%: ! u Poassiam Hydroxides 20% Conc S 5
FPotzssium Nitrgie Sz: o S S
Nitroglycering 0 U
Ccisne S = Potassium Perborate S2°°0 ) S
Ceum Cong u (V] Polzzsium Perchiorate 10%¢ ) S
QOlve O¢ S S Poiassium Permanganate 20% S S
Orznpe Joos g g Po2csium Sufiziz Como S <
Orz = A2z Dhss < ¢ Forzssium Sutios Com.. g g
Oxaiz Az2 3212 = S
Poizzsium Sutfiie Co=z < <
Ozons Q @] Porassium Persutiate S2° ¢ S s
Fair O = £ P:oozne Gz S <
Parz®- 0 2 ) Propargyi Aicong' < <
Peanu: Bumer = S Propvt Aiccho’ S S
Ferchiorogthviens U U
Pepoer (Fies~ Grounz S s Propylene Giveg S S
Pepper™in 0. G U Pyrig~e < C
" Perchionc Acig 0% S @] Rz.o~ Coagulating Bz~ g S
‘ Resacing S <
Petroieurn Ethe- U ] Sakcvlic Acid < <
Perroleum Jetb:, S S Ses Waie’ [ <
Preng! S S Snorening S S
Pnosphoric Acid 0-30% S s Silicic Acid
Phosphonc Acid 30-90% S S _ ]
Pnosphoric Acid Over 90% S S Silver Nitrate Sof'n S S
Photographic Solutions S S Soap Solution Conc. S S
Sodium Acetate Sat'd s S
Pnthalic Anhydride S S Sodium Benzoate 35% .8 S
Pickling Baths Sodium Bicarbonate Sat'd S S
Suturic Acid S S Sodium Bisutfate Sat'd S S
Hydrochioric Acid S S o
Sutfuric-Nrric S U Sodium Bisuffite Sat'd 8 s
Pine Ou ] u Sodium Borate S S
Sodium Cartonate Conc. S S
Piating Sotutions Sodium Chiorate Satd S s
Brass S S Sodium Chioride Sat'd S S
Cadmium S S ] _
Chromium S ) Sodium Cyanide S S
Copper S S Sodium Drehromate Sat'c S S
Gog S S Sodium Ferricyanige Sat'g S S
indium S S Sodum Ferricyanice S S
Lead S S Sodun Fioride Sat'd S g
Nicke! S s Sodium Hydroxige Cone. S S
Rhodium S S
Silver S S
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Legend: S = Satisfactory, O = Some Attack, U = Unsatisfactory

Chemical Resi

Table 1|
stance of Fortifiex HDPE

21°C - 60°C 21°C  60°F
Reagent (70°F) (140°F) Reagent (7O°F) (140°F)
Sodium Hypochlorie S S Toluéne u U
Sodium Nitrale S S Tomato Juice ) S
Sodium Nitrite S S Transtormer Ol S 0]
Sodium Perborate S S
Sodium Prnosphate S S Tnsodium Phosphate Szat'd S S
Sodium Suthde 25% 1o Sai'd S 8 Trichloroethylene U u
Sodum Suffie Sal'c ) S Turpentine O U
Sodium Thiosulphate S S Urea S S
Uring S S
Soybean Oif S S Vaniila Extract S )
Stznnous Chloride Szi'¢ S S
Stannic Chionge S2' ¢ S S Vaseling S s
Siarch Soldtio~ Sz: ¢ = S Vinegar Comm S S
Swearnic Aoz 107% S e Wering Agents S £
Sulfunc Aciz 0-30% s S Whigke S S
Wines S S
Sutfuric Acig 70%. < C
Sutung Aoz B2 g U xylens U U
Suttunc Acio 96% O 4] Yeas: S S
Suttunz Acig 88% Ca-z @] U Zmiz Chionide Sarg S s
Sullunc A Fumin g U U Zine Oxige S S
Suliurous Acid ) s Zinc Sullzle Sa''c s S
Teme o dbo o = =
Temc 1 ATz 100 S &
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Chemical resistance of Rigidex

Introduction

A guide to the effect that @ variety of chemicals has on high densitv polvethylene (HDPE) is
given in the following Table which is 2 compendium of BF Chemicals Limited informauon
and other published literature sources.

Polvethyvlene materials as 2 class have a high resistance to chemical artack and are insoluble
in_all known solvents at room temperature. However. when considering the suitability of
Rigidex HDPE for a particular applicauos, certain other factors should be taken into
account.

Permeation effects

HDPE hzs a closely packed moiszul2r structure and as 2 result provides an effective barrier
to many hquids, gases and vapours. Consequently, Rigidex grades are used extensively to
package and transport a wide range of household and industrial products, foodstufTs,
pharmaceuticals, agrochemicals and cosmencs. However, HDPE, in common with all
thermoplastics is incapable of providing a complete barrier to 2ll substances and Joss by
relatively low permeation rates can sometimes be accompanied by partial collapse of the
container (panelling). In some instances, this can influence the stacking performance of the
container in addition to detracting from the aestheric appeal.

If panelling cannot be overcome by improving bottle rigidiry, then it migh! sometimes be
possible 10 camouflage the eflect by using an oval cross section bonle or incorporating
concave surfaces,

Photo-degradation effeccts

Panelling can also occur with products thar are either photo-degradable or result in the
absorption of oxygen from the ullage space. However, the use of opaque pigmentarion
and/or flushing the head space with nitrogen immediately prior te capping, will often

_ eliminate panelling.

Absorption

This phenomenon is similar to permeation and ip general the two effects tend to present
problems with the same liquids. One notsbie exception is motor oil, which often exhibits
quite high absorption levels yet negligible permestion.

When HDPE absorbs a liquid, there may be s change of dimensions and swelling. In severe -
cases, buckling of the container walls and panelling effects similar to those observed by
permeation can occur. The swelling is usually accompanied by some loss of mechanical
propertics, notably tensile strength and softening of the polymer.
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Environmental stress crack resistance

Products made from HDPE sometimes fail prematurely in service in the presence of certain
surface active environments. Examples of these ure detergents, chlorinated hydrocarbons,
alcohols and some silicone products.

The brittle rype of failure which occurs is always associated with 3 combination of the active
environment and mechanical stresses in the moulded product. In any moulding there will
siways be regions of moulded-in stress in addition to stresses which result from externslly
applied loads. Also, some features of container design such as sharp corners or notches will
produce areas of stress concentration which intensify the effects of applied loads. These
stresses can result in brittle failure in the presence of active environments, even though the
stresses invoived would normally be within the mechanical limits of the polymer. In
addition, these effects can be accelerated by elevated temperatures.

The activity of 2 liquid as 2 stress cracking environment and the resistance to stress cracking
provided by the polymer may be assessed by a range of test methods. Generally,
polyethviene materials of lower density and melt flow rate have better resistance to
enviranmental stress cracking.

Packaging suitabiliry

The use of small scale sccelerated tests should be used only as an indication of the
suitability of HDPE as a packaging material for 2 particular product. Information inferred
from these tables for a single product may not, of course, be relevant when it is used as 2
component tn 3 mixture of chemicals! Consequently, potential users of HDPE containers
should always satisfv themselves that the containers are suitabic for their particular produst,
taking into accoun! the conditions of storage and distribution.

Guide to chemical resistance

Key
Substance Conc.% 20°C 60°C

S. Sartisfactorv. This chernical 15 only abserbed

to 2 low deve! and thus has hitle or ne Allv! chloride 100 L L
measurtzble ¢ffect on physica: propertizs G C I All 5 S
L. Limited resistance. A higher level of i T T — ) S S
absorpiion occurs resulting in defimite loss of o -
phvsical properues. The question of tht Aluminium chloride S S
suitabilitv of high densitv polvethylen: wouid T :
have 1o be considered with respect 1o the = umfnfum ﬂuond:-: 2 ]
particular environment. Aluminium hydroxide S S
E. Environmental stress cracking may occur. Aluminiurm nitrate S S
NS. Not satisfactory. Chemical attack or 2 high Aluminium oxalate S S
level of absorption occurs. In both cses the loss fas .
of physical properties is such that high density AEumfn?um RS 3 .
polvethyvlene is not suitable where prolonged Aluminium sulphare s s
contact is likely. Alums All S S

Amino acetic acid All S 8

Ammonia (gaseous 100 s S
Substance Conc% 20°C  60°C : )

Ammonium acetate Al S S
General chemical products ' Ammonium bicarbonate All S S
Acetaldchyde 100 5 L Ammonium carbonate S S
Acetic acid 10 S/E SIE Ammonium chloride S S
Acetic acid 100 S/E LE Ammonium fluoride s S
Acetic anhydride 100 s L Ammonium hydroxide S S
Acetone 100 S 5 Ammonium .
Acerophenetidin S S metaphosphate s s
Acetophenone 100 s~ & Ammonium nitrate S S
Acetylene All S S Ammonium oxalate S S
Acrylic emulsions All S/E SIE Ammaonium persulphate S S
Acrylonitrile 100 S S Ammonium phosphate s S
Adipic acid s S Ammonium sulphate S S
Aliphatic alcohols 100 S S Ammonium sulphide S S
Ally! chloride 100 S ) Ammonium thiocyanate ) s
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dubstance Conc.% 20°C  60°C Substance Conc.% 20°C  60°C
Amyl alcohol 10 L 1 Chloroethanol 100 S s
Amyl chloride All L L Chloroform 100 NS NS
Aniline 100 L L Chloromethane 100 = —
Antimony 100 s 5 Chlorosulphonic scid 100 NS NS
Antimony trichloride 100 ) S Chrome alum S S
Aqua regia 100 NS NS Chromic scid Sat. SIL NS
Arsenic J00 S S Chromium salts Sat. ) S
Arsenic acid S S Citric scid S/E S/E
Ary! sulphonic acid 100 S S Copper salts {aqueous)  Sat. S s
Benzaldehyde 100 5 L Cresols 100 s )
Benzaldehyde (AQ) Sau 5 — Cresylic acid 100 L —_
Benzene 100 L. NS Cresylic acid 50 S S
Benzene sulphonic acid 100 S'E SE Cyclohexane - 100 L L
Benzoic acid Sat. S S Cyclohexano! 100 S’E SE
Benzophenone 100 s S Cyclohexanone 100 S 18
Benzoyl cloride 1o0 L 15 Decahvdronaphthalenz 100 = NS
Bismuth carbonate ) S Diburyl ether 100 L NS
Boric acid S S Diburyl phthalate 100 L L
Boron trifluorids 100 ) Diburyl sebacate 100 s —
Bromic acid 10 S s Dichloroacetic acid 100 S L
Bromine (lLiquid) 100 wS NS Dichloroacetic acid 50 S S
Bromine (vapour} High NS NS Dichloreacetic acid/methy] ester § S
Bromine wzrter Szt NS NS o-dichlorobenzene L NS
Bromochicromethane 100 NS N p-dichiorobenzene L NS
Bu:adiens 105 NS NS Dichloroethane 100 L L
Butanedic! 107 SE Dichlorocthvlene 100 NS NS
Butane (gaseous) 100 ) S Dicthyl ether 100 L L
Butzne (liquid) 100 L - Diethylene glveol 100 SE SE
Buuans! 100 S S Diglveolic acid 100 SE &
Butoxy! Dihexyl phihalate 100 S S
(methoxy buryl acetate) 100 5 L

Burty! acetate 100 L NS Diisobutyl ketone 100 ) NS
Bury! alcohol 100 S/E S/E Dimethy] carbinol 100 S -
Butylene glycol 100 S S Dimethy] formamide 100 S L
Buryric acid 100 s 15 Dimethyl sulphoxide 100 ) S
Carbon dioxide (dry) 100 S s Dinonyl sdipate 100 s —
Carbon dioxide (wet) 100 s s Dinony] phthalate 100 S L
Carbon disulphide 100 L — Dioctyl adipate 100 s -
Carbon monaxide 100 S s Dioctyl phthalate 100 3 L
Carbon tetrachloride 100 NS NS 1,4-Dioczane 100 s S
Caustic potash (soln.) 50 S s Diphenyl ether 100 -L L
Caustic potash (soln.) 10 S s Disodium phosphate 100 S S
Csustic sodz 50 s 8 Epichlorbydrin 100 S S
Caustic sods 10 s S Epoxy resins 100 s S
Chloral hydrate 100 S S Ethanedio! 100 s S
Chlorine gas (moist) L NS Ether 100 SE L
Chlorine hquid NS NS Ethyl scetate 100 s L
Chiorine water L NS Ethyl scrylate 100 L J=
Chloroacetic acid 100 ) s Ethyl alcohol 100 SE S’E
Chlorobenzene 100 L NS Ethylbenzene 100 L NS Pacge 17



Substnce

Conc% 20°C  60°C

Etby] butyrate
Ethyl chioride
Etbhylene chloride

Ethylenediamineterra-
acenic aaud

Ethylene dichloride
Ethylene glvcol
2-Ethvlhexanol
Fatty acids ( > 6)
Ferric chloride
Ferrnc nitrate
Ferric sulphate

Ferrous ammonium
citrate chloride

Ferrous sulphate
Fluoboric acid
Fluoric acid
Fluorine

Fluorosiliciz acid

100
100
100

100
100
100
100

Sat.

100
40
100

Formaldehvde (aqueous}40

Formzlin
Formic acid
Furfure!
Furfun! alzohe’
Geliis anil

Glyeolic azid

Glycohic acid buryl ester

Hepiane
Hexazhlorobenzens
Hexamine

Hexane

Hydrazine
Hydrazine hydrate
Hydrobromic acid
Hydrochloric acid
Hydrocyanic acid
Hydrocyanic acid
Hydrocyanic scid
Hydrofluoric acid
Hydrofluoric acid
Hydrogen
Hydrogen bromide
Hydrogen peroxide
Hydrogen peroxide
Hydrogen phosphite
Hydrogen sulphide
Hydroquinone
Hypochlorites
Hypochlorous acid

100
100

30

100
100
100
100
100
100
100

Conc.

L
L

(7 O 7 7 T 7 7 I N R BT T T T T BT R ]

LirvnZnhouoononononvmomoonanon

NS
NS
NS
S

NS
SIE

SIE

wv W w»

S/E
S'’E

KS

S/E

A
v

)

Substance

Conc.% 20°C

60°C

Iron salts (agueous)
Isobutyl alcohol
Isooctane

Isopropanol

Isopropy! ether

Lactic acid

Lead acerate

Lead tetracthyl
Magnesium carbonate
Magnesium chloride
Magnesium hydroxide
Magnesium nitrate

Magnesium sulphate
Maleic acid
Manganese sulphare
Mercuric chloride
Mercuric cyanide
Mercurous nitrate
Mercury
Methoxybutanol
Merhyl acrylate
Methvl alcohol
Methy] bromide
Methy] cyclohexane
Methylene chloride
Methyl ethyl ketone
Methy! glveol
4-Methyl-2-pentanol
Methyl sulphuric acid
Monochlorcacetic acid
Monochlorobenzene
Nsphthalene
Narural gas

Nickel salts (aquecus)
Nicotine

Nicotinic acid

Nirric scid

Nitric acid
Nitrobenzene
Nitroglycerine
Nitropropane
o-nitrotoluene
Nitrous gases

Nenyl alcohol

Oleic acid

Oleum

Onalic acid

Sat.
:00
100
100

100
100
Sat.

50

1oe
100

100

100

Sat,
Dil.

98
100
100

100
100
100
100
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Substance Conc.% 20°C  60°C Substance Conc% 20°C  60°C
Oxygen 100 S S Pouassium perborate s S
Ozone NS NS Potassium permanganate S S
Palmitic acid S'E SE Potassium persulphate S S
Pentane NS — Potassium sulphate S 5
Perchloric acid 20 S ) Pouassium sulphide s S
Perchloric acid 50 S S Potassium sulphite S B
Perchioric scid 70 S NS Propane (gastous) 100 S S
Pearoleum ether 100 ) L Propane (liquid) 100 ) -
Pheno! (squeous phase) S S Propargy! alcohol SE S'E
Phenol (solid phase) 100 S S Propionic acid S0 S s
Pheny! sulphonate s S Propionic scid 100 S r
Phosgene S — Propy! slcohol 100 S/E S/E
Phosphoric acid 25 S S Propylene dichloride 100 NS )
Phosphoric acid 50 ) ) Propylene glyco! S'’E SE
Phosphoric acid . Con:z. ST NS Pscudocumene L L
Phosphoric anhydrids S S Pyridine 100 S NS
Phosphorous S s Quinine S
Phosphorous oxyehlorids S L Resorcinal 100 S S
Phosphorous pentoxide S S Salicylic acid S S
Phospharous trizhloride 5 L Selenic azid 100 S S
Phthalic acid 5¢: S S Silicic acid S )
Phinzlic anhvdride S S Silicone fluids SE SE
Picric azid S S Silver nitrate S S
Polvglveol ethers ) S Silver salts (aqueous)  Sat, ) S
Portassium antimonate S s Sodium acerate S S
Porassium bicarbonate S ) Sodium benzoate S S
Potassium bichromatt S s Sodwm bicarbonzate S S
Powassium bisulphate S S Sodium bisulphate S S
Fouassium borate s S Sodium borate S )
Potassium bromate s S Sodium bromide S S
Porgssium bromide S S Sodium carbonate S S
Potassium carbanate s S Sodium chlorate S S
Potassium chlorate s S Sodium chloride S s
Porassium chloride s S Sodium chlorite S s
Potassium chromate s ) Sodiun cyanide 5 5
Pouassium cuprocyanide S 5 Sodium dichromate S s
Potassium cyanide S S Sodium dodecyl-

Potassium dichromate s S e L 5 5
Potassium ferr/ Sadium fervicysnide § 5
ferrocyanide S S Sodium ferrocyznide S S
Potassium fluoride S S Sodium fluoride S S
Potassium hydroxide S S Sodiurn hydroxide s S
Potassium hypochlorite S S Sodium hypochlorite s s
Potassium iodide Sat S s Sodium hyposulphate s -
Portassium nitrate S ) Sodium nitrate S s
Potassium orthophosphate S S Sodm nitrite S s



Substance Conc % 20°C  60°C Substance Conc % 20°C  60°C
Sodium orthophosphate S s Xylene 100 L NS
Sodium perborate ) S Zunc ammonium carbonate s S
Sodium peroxide o S - Zinc carbonaie S S
Sodium peroxide Sat. L — Zinc chloride S )
Sodium phosphate S S Zinc oxide s [
Sodium silicate S S Zinc sulphate S S
Sodium sulphate S S

Sedium sulphidc S s .Oﬂs and Waxes

Sodium sulphire S [ Aniseed oil 100 L NS
Sodium tetraborate S s Beeswax 100 S s
Sodium thiosulphate s S Camauba wax ) [
Stannic chioride S S Castor oil 100 SIE S/E
Stannous chloride [N [ Cedar leaf oil NS NS
Stearic acid 100 S/E SE Cedar wood oil NS NS
Succinic acid Sat. s S Cinnamon oil NS NS
Sulphur [ S Cirronella oil NS NS
Sulphur dioxide (dnv} s [ Clove oil S S
Sulphur dioxide (wet) S s Coconut oil S NS
Sulphur uioxide NS NS Coconut oil alcohols S/E S'E
Sulphuric acid 10 S 5 Cod liver oil 1000 S =
Sulphuric acid 50 g 5 Corn seed oil S L
Sulphurns 202 93 S L Cotton seed oil SE SE
Sulphurous anid 30 S S Diesel ail S S
Sulphuryl chionde NS Fuel oii 10l S I
Tanric acid S'E S'E Kerosene L L
Tartric acid 100 S s Lanolin 100 S -
Tartaric acid (aqueous; Sa:. S ) Lemon pect oil S L
Tetrabromomerthane 100 NS NS Linseed ol 102 s S
Tetrachlorosthane 100 NS NS Mentho! 100 S s
Tetrahvdrofuran 100 L NS Mineral ail L L
Tetralin 100 S L Motor oil 100 S L
Thioglycolic acid 100 S [ Olive oil 100 S S
Thiony! chloride NS Orange peel oil . 100 S -
Thiophene 100 L L Palm oil 100 S -
Toluene 100 L NS Paraffin oil 1000 S L
Trichloroacertic acid 50 S S Paraffin wax 100 S S
Trichloroacetic acid 100 L NS Peanut il 100 s s
Trichloroethylene 100 L NS Peppermint oil L NS
Tri & chloroethylene Petrol SIL S
pbosphate 100 S s Pine needle oil 100 s S
Tricresyl phosphate 100 L L Pine oil 100 L NS
Triethanolamine L L Salad oils 100 s L
Urea SE  SE Silicone oil 100 SE LE
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Substance Conc.% 20°C  60°C Substance Conc.% 20°C  60°C
Soya bean oil 100 S S Pectin Sat S S
Tallow 100 s — Pepper S S
Transformer oil 100 s L Pineapple juice s s
Turpentine oil 100 L NS Rum S S
White spirit SIL L Saccharose 100 s S
Sodz water S —
Foods etc. Starch 5 S
Beer S s Sugar beet syrup 100 S S
Brandv S - Tea (leaves) S S
Buttcr’ S = Tomato juice 100 S S
Buttermilk g _ Tomato ketchup 100 S S
G S/E S/E Vanilla 100 S S
Cinnamon S - Vinegar - Al S S
Cloves S - Whisky 40 S’E
Coca Colz g S Wine (mulled clarer) 100 S S
Coroz S _ Wine spirit 100 s hY
CofTee S — Yeast 100 S S
Cream S -
Curds S -
Dextrocs < S
Fructos: s S Car, garden, household products
Fru: iuices s 5 Antifreeze S S
Gelatins S ) Bleach L L
Gin 40 s L Borax S 5
Glucos: S S Brake fluid 100 SE SE
Glyeerine 105 S’E SE Brine ) )
Glyveenine (aguzous) High S SE Creosote 100 ) S
Glvcerine (aqueous) Low S S Cresol (aqueous) S 3
Grapefruit juice S S Detergents S/E S/E
Honey ) S Dextron ) s
Horse radish S - Emulsions
Jam 100 S (photographic) 100 S/E SE
Jelly 100 S Fioor wax 100 s L
Lard S Fumiture polish 100 S/E L
Lemon juice N ) Hair shampoo S S
Lime juice S S Hydraulic fluid 100 S L
Margarine 100 S S Ink 00 S S
Mayonnaise 100 S - Methylated spirit SIE S/E
Milk s s Niuil polish snd remover 100 s L
Molasses s S Petroleum jelly 100 S S
Mustard S s Shoe polish 100 S L
Orange juice S S Tslc S S
"Paprika 100 S ) Tar 100 S B
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