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S U N N A R Y  

B a s e d  on r e s e a r c h  p e r f o r m e d  by Our p o l y p r o p y l e n e  s u p p l i e r s  
( H i m o n t ,  S h e l l ,  S o l t e x ) ,  t h e  c h e m i c a l  r e s i s t i v i t y  o f  
p o l y p r o p y l e n e  i s  o u t s t a n d i n g .  A t  room t e m p e r a t u r e  it 1s 
e s s e n t i a l l y  i n s o l u b l e  i n  common s o l v e n t s .  When i t  is r e m o v e d  
f r o n  t h e  s o l v e n t ,  i t s  s w e l l i n g  is  r e v e r s i b l e .  I t  r e s i s t s  a c i d s ,  
a l k a l i e s ,  m o i s t u r e ,  and  s a l t  s o l u t i o n s .  I t  i s  a t t â c k e d  by  
s t r o n g  o x i d i z i n g  a g e n t s  s u c h  a s  c o n c e n t r a t e d  n i t r i c  a c i d ,  
h y d r o g e n  p e r o x i d e ,  a n d  wet c h l o r i n e ,  e s p e c i a l l y  a t  t e m p e r a t u r e s  
a p p r o a c h i n g  6OoC. E x c e p t  i n  o x i d i z i n g  e n v i r o n m e n t s ,  
p o l y p r o p y l e n e  i s  i m m u n e  t o  s t ress  c r a c k i n g ,  a s  d e t e r m i n e d  by  
a c c e p t e d  t e s t i n g  p r o c e d u r e s .  

B a s e d  o n  r e s e a r c h  p e r f o r m e d  b y  Our s u p p l i e r s  o f  h i g h  d e n s i t y  
p o l y e t h y l e n e  ( S o l t e x  and  B r i t i s h  P e t r o l e u m ) ,  d u e  t o  i t s  
m o l e c u l a r  s t r u c t u r e ,  HDPE is  r e s i s t a n t  t o  a t t a c k  by  a l 1  
c h e m i c a l s  u h i c h  may b e  r e a s o n a b l y  c o n s i d e r e d  t o  b e  p r e s e n t  i n  
s o i l .  S o l t e x  s t u d i e s  f i n d  no  known s o l v e n t  f o r  t h e i r  h i g h  
m o l e c u l a r  w e i g h t ,  h i g h  d e n s i t y  p o l y e t h y l e n e  b e l o w  6 O o C  (14OOF) .  
T h e  h i g h e r  t h e  m o l e c u l a r  u e i g h t ,  t h e  more HDPE i s  r e s i s t a n t  t o  
c h e m i c a l  a t t a c k .  The  T e n s a r  C o r p o r a t i o n  e m p l o y s  h i g h  m o l e c u l a r  
w e i g h t  f r a c t i o n a l  m e l t  p o l y e t h y l e n e s  i n  t h e  m a n u f a c t u r e  of  
g e o g r i d s  a n d  g e o n e t s .  

A t t a c h e d  t o  t h i s  T e n s a r  T e c h n i c a l  Note i s  s u p p o r t  d o c u m e n t a t i o n  
on t h e  r e s i s t a n c e  t o  c h e m i c a l  a t t a c k  of  T E N S A A "  G e o g r i d s .  
S p e c i f i c a l l y ,  The  T e n s a r  C o r p o r a t i o n  u s e s  H i m o n t ,  S h e l l ,  a n d  
S o l t e x  p o l y p r o p y l e n e s  f o r  a l 1  b i a x i a l  p r o d u c t s  a n d  S o l t e x  
XF 409 a n d  BP HDPE f o r  t h e  u n i a x i a l  s o i l  r e i n f o r c e m e n t  
p r o d u c t s .  E n c l o s e d  a r e  Himont  and  S o l t e x  P o l y p r o p y l e n e  a n d  
S o l t e x  XF409 and  BP H i g h  D e n s i t y  P o l y e t h y l e n e  c h e m i c a l  
r e s i s t a n c e  d a t a .  A l s o  i n c l u d e d  i n  t h i s  t e c h n i c a l  n o t e  a r e  two 
e x e r p t s  from r e s e a r c h  d o n e  b y  Dr. J .  P .  G i r o u d  on t h e  c h e m i c a l  
r e s i s t i v i t y  of  TENSAR Geogrid a n d  G e o n e t s  and from r e s e a r c h  
done  by  G .  H .  B u r k e  o f  BP C h e m i c a l s  on a g i n g  of  HDPE i n  b u r i e d  
s i t u a t i o n s .  

R e q u e s t s  f o r  i n f o r m a t i o n  on s p e c i f i c  c h e m i c a l s  o r  t h e i r  
c o n c e n t r a t i o n s  no t  i n c l u d e d  i n  t h e  e n c l o s e d  d a t a  t a b l e s  can b e  
r e q u e s t e d  from The  T e n s a r  C o r p o r a t i o n ,  D i rec to r  of P r o d u c t i o n  
T e c h n o l o g y .  

0 R e g i s t e r e d  T r a d e m a r k  
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PRO-FAX''' Polypropylene 
Chemical Resiçtance 

PRO-FAX polypropylene. like most of the polyoiefins. is highly rcsistant IO solvents and chcmicals. 
The results of extensive iaboratory and acrual field installation icsts of polypropylcneS chemical resistance 

are reported in rhis data sheet. which is  updated al intervals. 
1.he corrosion resistancc data presented here are based on unslressed spccimens of Pro-fax. 3 in. long by 

0.025 in. ihick. in the shape of dumbbells. Resuits are rcponed after 1-month immersion. As il is difficult to 
creati aciual service conditions in the laboratory, the results of many of the cnvironmcnts should be taken only 
as an  indication of behavior in scrvice. 

Pro-fax polypropylene has outstanding resistance Io waier and oiher inorganic cnvironments. in most 
aqueous enyironrnents. its weight increase i s  l e s  than 0.2% when il has k n  stored for 6 months at ambient 
tcmperatures. When the temperature is increased 10 00°C (140°F). the weight incrcase is icss than 0.5% for a 
similar period. According 10 ASTM D 570-63T. i ts 24-hr water absorption ratc is 0.03%. 11 resists most strong 
mineral acids and  bases. but. iike the other polyolefins. it is subject 10 attack by oxidizing agents. 

Pro-fax polypropylene is appreciably affected by chlorosulfonic acid and olcum al room temperature. 
98% sulfuric acid. 30% hydrochloricacid. and 305i. hydrogen peroxide ai  IW"C(ZiZ*F). I t  isalso affectcd by 
98% suifuric acid al 60°C (140°F) and fuming nitric acid and liquid hrominc a t  roorn temperaturcs. Under 
strain, failure could occur with strong oxidizing acids at tcmpcraturcs lowcr than ihose mcniioned. With f eu  
cxccptions. howevcr. inorganic chernicals prcduce iittle or no cffect on Pro-fax ovcr a period of 6 months ai 
tcmperatures up to 120°C (248'F). 

The permeation rcsisiance of Pro-fax polypropylenc 10 organic chcmicals depcnds on the rate and extent 
IO which absorption occurs. This, in turn. will govern the suitability of the rcsin IO xrve in a panicuiar 
cnvironmeni. When the plastic i s  rcmovcd from the environmcnt. evaporation wiil takc place and cause it IO 

reiurn almost IO its original dimensions. Propcny changes resulting from the absorption will be rcvcrsed if 
evaporation is complete. 

Temperature and polarity of thc organic medium are the forcmost factors dctcrmining the extcnt of 
absorption by polypropylcnc. Absorption bccorncs greater as tempcratura are i n c w d  and poiarity of the 
medium is decrcased. Copoiymers sweil morc than homopolymcrs, indicating grcater absorption. Such non- 
polar liquids as bcnzenc. carbon tetrachloride, and pctroicum eiher have a highcr absorption ratc by 
polypropyknc than poiar media such a s a h a n a l  and a a t o n t .  Som? d u a i o n  in tensik strcngth and a n  incrcase 
in flcxibility and clongaiion 10 b m k  in tension can be cxpcctcd, dcpcnding on thc nature and amount of the 
organic medium absorbcd. 

Pro-fax polypropylene has cxallcnt resisiana 10 environmental strcsscncking. When it is tcsied ac- 
cording to ASTM D 1693-607; the brittie fracturcs that occur with cenain polyethyln>cs in contact with polar 
organic iiquids, dctcrgcnts, and silicone fluids arc no1 obscrvcd. Failure of this type with poiypropykne is rare. 
Those cnvironrncnts known IO cause such cracking Io  polypropyknc arc 98% sulluric a&, conccntratcd 
chromic/sulfuric acid mixtures. and concentratcd hydrochlonc acidlchiorim mixtures. 

Thc uscfui iilc of Pro-fax polypropyicm al clcvated tcmperatures is limitcd by oxidativc degradation. Thc 
cxpcctcd life of polypropylene ai  any givcn tcmpcraturc is atso determincd by the nature of thc environrncnt, 
and by the cxtraction of somt of thc antioxidant sysrcm. Any environmcni ihat tends 10 extract the antioxidants 
may lead 10 morc rapid brcakdown of ihc polypropylcnc, apccially al  elcvatcd tempcratura. 

- 
"'S!qpSe<cr& Indemach of HIMONT harponW. 

We cannot anticipate ail condi:ons under which lhii information and Our PrOduCtS. or the PrOdrntS of other manutacturers 
in combinalion with our products. rney be used. We aCCeP1 no responsibilily lor fesults obiained by the appiication of this 
intorrnation or the çafety and suitability 01 Our producls. either atone or in combination viith olher producls. üsers are advised to 
m a k e  their own tests (O determine the s l e t y  and suitability of each SuCh produci or producl combination (or h i r  own purposes. 
Unless otherwiw agreed in uriting. *P seIl  the pmducts vdhout warranly. and buyers and users assume al1 responsibility end 
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RATING SYSTEM 

'1 his chart rates the chcmical resistance of Pro-fax poly- 
propylene according IO the following code: 

A 1: NEGLIGIBLE EFFECT - Should be suitable for al1 
applications wherc these cnvironmcntal conditions 
exist. 

,, 

B = LlMlTED ABSORPTION OR ATTACK - Should be 
suitable for rnost applications. but the user is advised 
10 rnake his own tests 10 determine the suitabilitv of 
polypropylene in the panicular cnvironnient 

B O  - -  

Acetic acid klaciai i  

Ac& acid 

Acetic acid 
Acelic arid 
Acelone 
Acetophenane 
Acriiiavine 

Acrylic emulsions 
Aluminurn chloride 
Aluminom lluoride 
Aluninum suilate 
Alums iall typesi 
Ammonia laqueouri 
Ammonia gar idryl 
Ammonium carbonate 
Ammonium Chloiide 
Ammonium ituorido 
Ammonium hvdioride 

12% solution in H,Oi 

A -  

A -  

B i r i m  carbonate 
Batium chlotide 
Barium hydroxide 
Batium rullale 
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Ammonium sullale 
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Amil chloride 
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C = EXTENSIVE ABSORPTION AND/OR RAPID PER- 
MEATION - Should be suitablc for applications 
where onl) intermittent service is involved. or uhere 
the swellinp. produced has no  detrimental effecr on thc 
pari. The user should make his own tests 10 determine 
the suitability of polypropylcne in the particular 
cnvironrncnt. 

D = EXTENSIVE ATTACK -The  spccimen dissolves or 
disintegraies. Polypropylcne i s  not recornrnended. 

I"rl.."-"l 

Calcium carbonate 
Calcium chlorate 
Calcium çhioride 
Calcium hydroiide 
Calcium hypochloriie bleach 
Calcium nitrate 
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Carbon dioxide (dry1 
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Table 4 

CHEMlCAL RESISTAKCE OF FORTïLEh'E POLIT'ROPi'LEh'E 
k g e n d :  S = Saiisfaciory. O = Some Atiack. U=  Unsatisfactoq 

Reageni  (21'C) (6@'C)(IO@'C) Reagent  (21 'C) (6O'C J (100°C 1 
70'F 140'F 212'F 70'F 140'F 212°F 

Acetic And (10% 1 S S Calcium Chloraie S S 
Acetic Acid (505) S S O Calcium Chionde S S O 
Acetic Acid (100% ) S S Calcium Hydroxide S S S 
Acetic Anhydride S S Calcium Hypochlonte S S 
Acetone S S Calcium Nitrate S S 
Aceionitrile S Calcium Soap Grease S O 
Aceiophenone O O U Mcium Suifaie S S 
Aiuminum k-nmonium Sulfate S S Calgonite (1%) S S 
Aluminuni Chloride S S O Carben Dioxide (dry) 5 S 
Aiuminum Fiuoridt S S Carbon Dioxide ( W e i )  S s 
Aluminm Hydroxide S S Carbon Disuifide O I! 
Aiuminm Kitraie S S S Carbon Monoxide S S 
Aiuminum Potassiun Sutia:e S S Carbon Teuachlonde U ti 
Alurns id! types) S S Carhoni: Acid s s 
Ammonia (anhydroui) S 5 Castoi Oi! s 5 

~ c S Celiusolit < 
Ammonium Bffluonde s S Cety! Aicoho! S 
Amrnonih Carbona!e S S S Chlonne (&y) I- I- 
Ammonium Chionde S S O Chlonne (wer) O c 
Ammonium Fluoriie (25% j S _z Chloroacetic Acid S 
Ammonium Hydroxide S - < Chlorobenzene c c 
An-Tmnium KJmIe S 5 S ChloroioRn O I- 

S Chiorosulioni: Acic! 1' r s S 
s s CNomi: Acid (KG ! - 
S C Cbomi: Acid (505 ) s 
O L- Chiorni: Acid (KG 1 S 
s O r Cidri 5 s c c Ciuic AciC S C 

Aniine S s O Clorox . S  S 5 
Aniso!e O O c Coppe: Chlondt S s 
A n h o s y  Trichla?& s 5 Copper Cyanidt s t 
Aqua ReFi O O Copper Fluonjt s - 
Arceni: AciE 5 S Copper Kitraie S s 
Arkio; Fue! O O Copper Suliate S S 

Corn Oil S S 
Cortonseed Oii S S 

Barium Carbonaie S S 

Cresol S 5 
Barium Chioride S S O 

Cuprous Chionde S S 
Barim Hydroxide S S 

Cyclahexane S O Banum S a p  Grease S O 

Cydohexanol S O 
Barim Sdfate S S 

Cgdohexanone O u BKNm Sulfide s S S 
Beer S S 
&nzaidehi.de S S Demiin U U 
B e q l  Ahxhol S S Devetopcrs @hotographic) S S 
&ql Chloride S s Denrin S S 
Bismuth Carbonate S S Dibutyl Pbthakre S S LI 

S S 
Borax S S S 

Bnke Fhad S O Dieth3i Etber O O 
Brine S s S Diglycdic A d  s s 
Bromk Acid U u Disooctyl Phthalaie s S 
Bromine u u  Dimethyl Phrhikte S S 
Bromine %ier u c püioxane S O 

Ethyl Awtate S S Butyi Acrtate U U 
Ethi.1 Airohol s ~S 5 Buti.1 Anylate U U 
Elhyiamine S S Buiyl AIcohol S S 

Calcium Bisulfzte S S Ethykne Chioride U U 
Calcium CPbonate S S S Ethykne Chiorohydrin S S 

C - Ammoniz (30% aquroui; 

C C 

- 

. 

DThlorath *ne S 
Borv A d  S S I x e w  ne 



CHE?:ICAL RESISTAXE O? FORTILEKE POLYPROPYLESE 
Legend:  S = S a r i s f a c r o r y .  O=Some A t t a c k .  U = U n s a t i s f a c t o r y  

7 0 ° F  i & O o ?  717'F .~ _ _ _  . 
Reagen: ( 2 1  (60°C) (100°C) 
E t h y i e n e  G l y c o l  S S 
E t h a n o l a K i n e  
E t h y l  E t h e r  
E t h y l  C n l o r i d e  
E t h y l e n e  D i c h i c r i d e  

5 S 
O O 
O O 
S 

E t h y l e n e  Oxiàe S 
F e r r i c  C h l o r i d e  5 S 
f e r r i c  K i t r a t e  
F e r r i c  S u l f a t e  
F e r r o c s  C n l o r i d ç  
F e r r o u s  K i  t r a  t e 
F e r r o u s  S u l f a t e  
F i i i e r i n e  
F l u o r o s i l i c i c  
Forrna i6cky8c  
Fcr;i: .>.;ii (!$-.) 
F c r r i c  A c i C  ( I O C ; . j  
F r c c t c c i  
F r i i ;  J u i c e  
Fc?! 011 

- - 
S S 
S S 
S 5 
S S O 
S S 
I( c 
5 S 
S S O 
s 5 
5 
S S 
S S 
S O 

F . E > : 2 è C C ! . 1  'L.7 -i_. - 7.- ._ -. s 5 
F._;?:Z>t 5 5 
H y à r o i o c i c  .:.cii Y L- 

5 S H.. ' 

H y d r o c h l o r i c  A c i d  ( 2 0 t )  S 5 O 
H y d r o c h l c r i c  A c i d ( l O 0 Z )  S S 
H y d r o f l u o r i c  A c i d ( 3 5 X )  S S 
Hydrogen  P e r o x i d e  (305) S O 
H y d r o g e n  P e r o x i d e ( 9 0 X )  O O 
H y d r o g e n  C h l o r i d e  G a s ( d r y )  S S 
H y d r o g e n  S u l f i d e  5 S 
H y d r o q u i n o n e  S S 
Igepal S S 
I o d i n e ( d r y )  S S 
l o d i n e ( w e t )  U 
I s o p r o p y l  A i c o h o l  S S 
I s o o c t a n e  Ii 
J e t  F u e l ( J ?  L E 5 )  O I: 
L a c t i c  Acià S S 
L a n o l i r ,  S S 
L a u r i c  A c i d  S S 
Lead Acerate S S S 
Lemon 0il O 
L i n s e e d  O i l  s S 
L u b r i c a r i n g  O i l  S O 

> o r o b r o i i c  A c i d  (SOT.) 

70'F 140°F 212 'F  
Reagenr f21Tl16O'CI i1OO'C 

Mapnesium Sulfiie S S 
Malic Acid 5 (1 

Mercunc Chloridi S r 
Merîurir Cpanidr S s 
Mercurir Kitrate S C 
Mercup  s s 
hlenholaie flincrurc) S c 
Methane S 5 
Methanol S 5 
Meth!-l Cellusolw s 
hfethy! Chioride c 
Methylene Chioride 5 O 
Merhyi Erhyl Ketone S 5 
hltihyi Isobuiyi lieionr c c 
Meihyl Sulfurir A% s 5 
hliik S 5 
ilinerr! Oi! C 1' 
Minera! Çp::i:i s 5 
Motor 011 s C 

Kaphtha i i 
h'aph:halenc s s 5 
Si:kti C h h i &  5 . 
s1:;.r; s$%:r 5 c . 
Sirric Acid il05 ! s > 
Sitric Arid ironrt::rz:7> O I 
? h c  Acid ifu;~.:n; i' 
~ ; l r i r i ~ u i f u r i c  AciE jO! jO< 'c 
Xitrobentex n 

4 '1ii.e: 5 - c 

OltUT. 
Olive Oil 
Oxalir Arid 

L. 
S s 
S s 

Oxwen 1: I - . 
o z G e  r r 
Paradichlorobenzene S S 
Paraffin z c - -. 
Peanut Oil S S 
Perchiorwthylene Y L- 
Phenoii OOCX ) S S O 
Phosgene k a s )  c' L' 
Phosgene Oiquid) u c 
Phosphnric Arid 130% ) S s ( 1  

PhosphorK. Acid (65% ) S S 0 
Phosphorus S 
Phathaiic Acid S 
Polt61yl Acetate S 
Potassium Bromide S S s 
Potassium Carbonate S s E 
Potassium Chlorate S 0 
Potassium Chloride s S tl  
Potassium Cyanide S S 
Poiassium Dichromate s S s 
Potassium Ferrocyanide S S 
Polassium Hydroxide S S 5 
Potassium Nitrate S S 



. Table 4 (cont inuedi  

CHEMlCAL RESISTAKCE O F  FORTILEKE POLYPROPYLEKE 
Legend S = Sausfarion O = Some AtiacA. U= Unsaiisfactor) 

R e a g e n i  
70'F 140'F 212°F 70'F 140'F 212'F 

(21 " C )  (60'C) (100°C) Reageni (21-C) (60"C)(lOO'C 8 

Magnesium Carbonaie S S S 
Magnesium CNondt 5 S O 
Magnesium Hydroxtde S S S 
Magnesium Nira i?  S S 
Magnesium Suliair S S 
Potassium Perrnanganaie S O 
Potassium Suifaie S S S 
Poussium Suiiior S S S 
Promnoi S S ~ - 
P'id1ne S 
Sihcone Oil S S 
Silver Csanidr S S 
Siirer K;ua:e 
Sodii?;r, Aretaie 
Sodium Benzo2ic 

S s S 
S s 
s S S 
S 

5:arrh 
Stamic Chlondr 

S 
S 

S 
S 
S 
S 
S 
C 

5 
C 
C 

s 
S 
S 
S 

S 
O 
0 

Sucrose (20% S S 
Suifmir Acid (10%) S s 
Sdfurir Acid (50% 1 S S 
Sulfurir Acid iconcenrraied) S O L. 
Sulhuic Acid (fuming) I: c 
Suifamic Acid S S 
Tannic Acid (105) S S 
Teuah?drofuran S O O 
Teualin O O ci 
Toluent 
Tnburyl Pnosphaie 
Trichioroaceiic Arid 

L. c 
S 0 
S 5 

Trichioroeihylen? r L. 
Trixecyl P h o s p k i t  s s 
Triethanolamint O O 
Trisodium Phosphaie C s 
Turptr::ic 5 0 (!  

O l 
5 

ieac: 5 5 
Zin: Chi?ndr 5 5 
Zinc Oxidr s s 

5 Z ~ n i  Sulixt  C 



Tathe II 
Chernical Rwistanœ d -ex HDPE 

Legend: S = Setisfactory, O = Çome Attack, U = Unsatiçfactory 

Reagen: 
Acelaldehyde 
Aceic Acid 1-1Pi 
Acelic Acid 10-605; 

Aceiic Anhydride 
Acetone 
Acids. A!oma!!c 
Acrylic Emulsons 
Adipir ACIB 

Aluminum Cniorioe Ott& 
Aluminum Chloride Coir  
A!J~~?uT Fluorici Coi: 
Alurriinurri SuKaie Co-,: 
A!JTS (ai: r y p s )  C m f  

Am113 At$: i A: 1 
Am""io?.~ 103% û r j  G z i  
Ammonium Aceiari 
A m l s l ' g m  BrrjTij? 
Ammonim CarDana:$ 
Ammonium Chioride Sa!'d 
A71-,3-, 2-7 =lJT 3: 27:; 
AT-tX.:- h?*L'3i  2: 

A - ~ ~ I : ; T ,  ! . ' ~ : ~ = ? 3 , j ~ a ! e  SZ: c 
A m m w - ?  NBiraie SE I 

k""im3nii- Fe:sLli:i:5 ç;: 2 
Ammonium Fnxpia:e 
A-monium Sulair Sa' 2 
A-.-TJl!>-, Sul!:C): SE. 2 

Ammonium Tn:zqeiaie Sa 2 
Amy: Ace:ai~ 10YS: 
Arq4 Aicoho' lWi, 
Amy1 Cnioride 1075c 
Aniline 10056 
Anise Seed Oii 

hîirnûny Chlonde 

Aranatic Hydrocartmns 
Arsenic 
Aspnn 
Bariwn Carbonate Sat'd 
Banum cnicnde Sa.0 
üanm HyOroxide 
ûarium Sufale Sa:'d 
&num Suilide Sard 
Beer  
Benzzlldehyde 
Beozene 
Bemene ÇUHonic Acid 
BenZck Acid 

Aceifc Acid 801004c  

Asm Regta 

cIyS1P.i 
Saruraied 

Bmwh Carbonate Sat'd 
Btack bquo- 
Bieach Lye 1090 
h a X  Coid Sai'd 

2l.c 60'C cr0.6 (140°F) 
S O 
S 
S 
S 
S s s 
S s 
s 
S 
S 
S 
S 

S 
S 
ç 
S s 
S 
r 
5 c 
S 
S 
S 
S 

s 
O 
S 
O 
S 
O 

S 
O 
U 
S 
S 
S 
s 
S 
S 
S 
S 
S 
O 
S 

S 
S 
S 
S 
S 
S 

c: - 

S 
O 
O s 
S 
S 
S s 
s s 
S 
s 
S 
s 
S s 
S 
s 
S 
5 

s 
S 

S 
S 
S 
S 

s 
t 
S 
U 
U 
U 

S 
U 
U 
S 
S 
S 
S 
S 
s 
s 
S 
O 
U 
s 
S 
S 
s 
S 
S 
S 

C " 

b r i c  Acid Coi: 
Brine 
Eromic AOd 1 W m  
Brmine touid 103% 
6rmochlorMethane 
Buradiele 
Euranedrd 103; 
BAano3to' 60% 
Butanediol 153% 
Bune: 
Butyi Acetaie 100; 
B J ~ !  Alcoho' 1009: 
BJtyieno.Giyco 
BJtyic Acid 103% 
Catieine Clrraie Sa:~o 
Ca'zm? Eisui!m 
Calcium Eromic?e 

CarSon 'klrachloriae 
Carbonic Acte 
Carnauba Wax 
Cano: Juice 
Casto: Oii Conc 

S 
S s s 
O 
U 
U 
S 
S s s 
O 

S 
S s 
S 
s 
s s 
S 
5 

S 
s 
i 
U s 
S 
S 
C 
S 
U 
S s 
S 
S 
S 
S 
U 
U 
O 
O 
U 

U 
S 
s 
S s 
S 
U 
S 
O s 
S 
S s 

c: - 

c 

S 
s s 
U 
U 
U 
S 

S 
S 
Li 
5 

S 
i 
5 

s s 

C - 

c .. 

C 
C .. 

C - 
L 

r . ~ 

s s 
5 
i' 

S 
c 
c 

U s 
S s 
S 

S 
O 
U 
U 
U 
U 
U 

U 
S 
O 
O 
S 
S 
U s 
U s 
S 
S 
S 

C .. 

C - 



Table Il 
Cheniiml Resistanœ of Foruflex HDPE 

hrrous Ammonium Ctiri:$ 
k r o s  Cnisros Sa: c 
Ferrous Suiiaie 

Fluobonc Actd 
Fiuane 
Fiuostiicic Acid 32% 
F l ~ l i c t c  Actd Conc 
fomaldehydr 
1030% 
3040% 

hrmic Acid 202 

Furfuraf iw% 
Furtury: klcOh3! 
Gailic Arid Ça! d 
Gvoline 
Glucose 
Gi ycerine 

Glycoi 

S s s 
S 

s s s 
S 
Ç s s 
U 
U s 
S 

S 
s s 
O 
U 

s 
C 
c: s 
S 
O 
L 

S 
S s 
S 

S 
S 
S 
S 

S 
S 

S 
S 
S 
s 
S 
O 
5 
S 
S 
S 
S 
s 

< " 

C 
c 

C 

C .. 

S s 
S s 
S 

s 
S s 
S 
O 
S 
S 
U 
u 
U s 
s 
s 
S 
U 
U s 
5 

G 
S 

u 
S 
S 
S 
S s 
S 
S 
U 
S 
S 
S 
O 

S 
S 
s 
S 
U 

u 
O 
S 
U 
s 
S 
S 

C 

C 

L 
,- 

C .. 

2l'C W F  
&gent VO'F) (140 Fj 
Givcolic Actd 30% S s < S - Grape Jutce 
Grapefrun Juice 
Hepiane 
Hexachlofobemene 

tiexane 
Hydrobranic Actd 539; 
Hyorocyantc Acid Sa' d 
Hydrochlortc Acid 10% 

Hydrochlonc Actd 30% 

HyQ-ocyaw Ac i i  

Hydroftuo:tc Acta 60% 

Hyjrofiuoric Acte 75:; 
Hvdrwei 103:c 

Hydfh7hloric ACOC 35S, 

Hyd:OliilüriC Acid 495: 

C S - 
O i' 
S s 
u Li 

5 S s 
S - 
S .. 
S 5 

S 5 s s 
s S 

s 
S s s 5 

5 .? 
5 c 
5 - 
s 5 

0 c s 2 s c; 
C 0 

C L 

S s 
S - 
S S 
S s 
S S 
.2 5 
S " 
O u 
S S 
S S 

S S 
S s 
S s 
S S 
S S 
S S 
S S 

S S 
S S 
S S 
S s u u 
S S u U 

C 
C 
c 

C 

C - C " 

C 
r . - ~ . ~ 

C i .. ~ 

r 

C 

c 

c 



Table II 
Chmical Resistance of Fottiflex HDPE 

Lepnd: S = Satisfadory, O = S o m  Attack, U = Unsatisfacîory 

. . . . . . . 
Minera! 011s  
Molasses 
Mustard iPreoare31 . .  
Naph:ha 
Napthalene 
Narurai G i s  (We:) 
Nicke! Chionde Sai d 
NicKei Ni:raie mnc 
Nickel SuIlaie 

Nicotinic Acid 
Nnric Acid D 3 5  
Niiric Act5 3G335' 

OZ3Y 
Fa:- 3 
&V;t.-, 3 

hrchloroe!?v!e?e 
Ro3er iF:es- 3-317: 

kch lo r i t  Arid 59% . 

FelroieiJr, EfhPi 
Pe:roieJm &i.j 
PhenGl 
Pnosphûnc Acid 030% 
h X p h M l C  h d  30.90% 
mosphoric &id Over 90% 
pnotcgraphic Soluiions 

Rithaiic Anhydride 
Pckling Barns 

SuHunc Acid 
Hydrcchbric Acid 
Wuric-Naric 

RM 01: 

W i g  çoluiicns 
BrasS 
Cadmium 
Chimiin 
Copi=: 

tndium 
Lead 
Nicke: 
RhOdlUm 
Silver 

h2niJ: ÜJ>e- 

hp3-^7:-,: 5. 

G3f$ 

s s s 
G 
S s s s s 
s s 
s s 
U 
L' 

O s 
U s 
5 
5 

O 
5 
L 
5 
U s 
G s 
U s 
S s 
S 
S s 
S 
S 
S 
S 
O 

S 
S s s s s s 
S 
S 
S 

C 
L 

s 
U s s u 
U s s s s 
s 
s 
O 
O 
u 
U 

U s 
L! s s 
5 

O 

- 
C - r 
I 
, ,  
C .. 
U 

k 
C 

U 
S s s 
S 
S 
S 

s 
S 
S 
U 
U 

S 
S 
S 
S 
S 
S 
S 
S s 
S 

C .. 

Reagent 
Ttn , .. . 
Zinc 

RI:assium Bicarbonate Sa1 d 
b:assiJm B5raii? 1% 
F&s.siu.n Brmaie 10% 
btassium Brmlde Sa! U 

Prosviene G : y r ~ '  
Pyr13 -*e R - ,  C: 3 - Coa~ulat in~ Eiz-. 
Rexrcins: 
Saiirvlic Acid 
Sei Wze. 
Shonening 
Siliric Acid 

Siiver Nitrale çd'n 
soa;, çoluiion ca?c. 
Sodium Amlate saf'd 
sodium Bemoate 35% 
Sodium tkcartxnate Saïd 
Sodium BDutiae Sai'd 

sodium üiwmte Sai'd 
sodim Waie  
sodium CarboMte Conc. 
sodium @@rate Sai'd 
çoduSn(%JfX3eS&d 

sodium Cyanide 
sodium Ochrariaie s . 6  
sodium Femcyanrcte Sa: d 
Sodium FenicyaMûe 
sodium Fliionde Sai'd 
Wium Hydrûxoe GJ~C 

s 
S s 
S s 
S 

s 
S s s 
s 
S s 
S s 
s s s s 
5 
C 
C 
- 
s 
5 
S 
C 
C 
.. .. s s 
s s 
S 

S 
S 
S 
S 
S 
S 

S 
S 
S 
S 
S 

S 
S 
S 
S 
S 
S 

Z ï T  60-F 

S s s 
(70'F) (1co'F) 

S s s s 

s s s s 
S s 
s 
5 
i 

s s s 
5 
5 

C - 

C 
C 

~ 

. ~ 

5 
5 

L 
C 

i s s 

s 
S 
S 
S 
S 
S 

S s 
S 
S 
S 

S 
S s 
S s 
S 

C 
< 
- - 

PAGE 15 



SoySea7 OI! 
sa-inous Cnioride S?‘ d 
3annic Chlorioe Sz: c: 
Sarch SOIJW-. SE: 2 

n “C 
s 
S 
S s s 
s s s 

r_F! 
60’C 

s s s s s s 
S s 
s 
s s 
S s s 
C 
U 
U 
c: 
U 
S 

(140°F) 

C 
C 
L 

5 
C 

Tomato Juice 
Transtormer 011 

s s 
Tnscdium Wosptiate Sa! û s 
Tnchiorwthylene u 
Turpentine O 
Uree s 
Urine s 
Vaiiiia Exiraci s 

S 
s 
S s s 

kV1o-e II  
Yias: 
Z T  Chlûri3e Sa!d 
Zinc Oxioo 
Zinc Su!!zte S2:’e 

- 
S 
S s 
S 

U 
s 
O 

s 
U 
L 

5 

S s 
s 
s 
c s 
5 
S 

C - 
C 
Y 

C .. 

C .. 

PAGE 14 



Rigidex 
high density 
poiyethylene 

Technigram T800I1  

Chernical rcsistance of Rigidex 

I n t r o d u c t i o n  

A p i d c  to thc cffccr thar r varicty of chcmicals has on high dcnsir? polycthylcnc (HDPE) is 
gircn in thc follouing Tablc ahich is a cornpcndium of BP Chcmials Limitcd information 
and orhcr pïblishcd lirrrawre sourccs. 
Pol~crh~-lcnc marcrials as a clars havc a high rcsistancc [O chcmical anack and arc imolublc 
in a11 knovzn solvcntr sr room tcmpcrarurc. Howercr. whcn considcring ihc suitzbiliv of 
Rigidcr HDPE for a pariicular appli:a:lo:., ccnain orhtr factors should bc d e n  into 
accouni. 

P e r m c a t i o n  e f f cc t s  

HDPE hzs a closcly pazkc2 mok-ulz: sirucmre an2 a l  a rcsult provides an cffcnir-c barriCr 
10 mar.? Iiquids, gascs and vapours. Conscqucnrly, Rigidcx gradcr arc uscd utcnsivcly ta 
packap and transpori a aidc rangc of hourrhold an? indusrrial producis, foodsmffs, 
pharma~euticals, agrochcmicalr and cormciicr. fiowcre:, HDPE, in common with 211 
rhcrmoplastics is innpablc of providing a complcrc barricr to a11 substances and losr by 
rclarivcly Iow pcrmcafion nies can somcrimcr bc accompanied by partial collapsc of thc 
conraixi  (pancllingj. In somc inrtanccr, this a n  innuincc thc siacking pcrformanct of th: 
confaincf in addition to dcrnctin& from the acsrhciiz r p p c r ! .  
If panclling n n n o t  bc ovcrcomc by improrinf boXlc rigidit), thcn i t  migh! romctimcr bc 
possiblc to camouflagr the etTeci by using an oval m s  section bonlc or incorporaung 
concivc surfaces. 

Photo-degradation efiects 

Panclling n n  aho OcNr d r h  prcduaa that arc cizher pbotodegrarfiblc or renilt in thc 
absorption of oxygcn from the ullagc rpacc. Hmevcr,  rhc ure  of opaque pigmentation 
indtor flushing rhc hcad spacc vith nitrogcn h ~ ~ e d i a f e l y  pnor to apping, vil1 oftcn 
climmrc plneliing. 

Absorption 

This phcnomenoo is rimiiar 10 pennearion urd b b n c n l  the (Po &cm tend to prcsent 
problcms virh the same üquids. One norsbie a a p t i o n  i s  motof oii, whicb ofrcn a h i b i u  
quite high absorption lcwh yzt ncgligibie permation. 
V h c n  HDPE abzorbr a iiquid, chur may k a Ebingc of d h e m i o m  rad svciiiag. III -. 
a s y  buckiing of thc container walls and pancliing clTeni rimiiar to thow obrcrved 
pcrmation can ocnar. Tùc nucliing U usually msmpanicd by wmc 10s of mcchanial 
propcnia, notably tcnsilc strengrh and softcning of shc pol~ymcr. 



Environmentai S V C S S  c r n c k  mi r t ance  

Products madc from HDPE mmcrimtr fail ~ I C I I U N I C ~ Y  in servicc in Ibc pracncc of cemin  
surfacc activc cnvironmcnrs. Eumpics  of thest arc dctcrgcnts, chlorinatcd hydrocarbons, 
alcohols and -me riiiconc producrs. 
Thc brittlç t y p c  of failurc which OCN~S k always Prx>cbtcd wirh a combination Of chc actirc 
envkonmcnr uid mcchanial  sr- in die mouided produn. in m y  moulding LhcX =il! 
iiwxys bc regions of mouided-in strm in iddition ro st- ah ich  renilr from a t c m l l y  
applrcd iœds. Also, somc fianircs of conraincr dnign such as rharp comcn or norchcs will 
prcducc arcas of stress conccnrration which intcnsify Ibc cITccts of applicd ioabr. Thcsc 
rtrcsscs can rnult  in britrlc failurc in thc prestncc of activc cnvironmcnrs, cvcn rhough thc 
stresscs invoivcd would normally bc wirhin thc mcchaninl limirs of t h e  plymcr. i n  
addirion, thesc eKku a n  bc iccclcrated by cicvatcd tcmpcnnrrn.  
T h c  activiry of a liquid as a srress cncking cnvironmcnt and the r a i s u n c t  to srrCU m c k i n g  
providcd by rhc polymcr mny bc asscsscd bu a nngc of tcst methods. Gcncrally, 
polycthylcnc ma~criais of lorcr dcnsicy and mclt flow n t ç  havç bcrtcr raistancc 10 
cnvironmcnul r t r w  cracking. 

P n c k a g i n g  suitabifity 

T h c  usc of small m l c  acccicrarcd tcsrs should bc uscd only as an indinrion of rhc 
suitabiliy of H D P E  as a packaging matcrial for a parricular produn. Information infcncd 
from thcsc rabics for a singlc produci ma- nor, of counc, bc relcvant r b c n  it is uscd as a 
componcni in a mlxrurc of chcmicals. Conscqucnrly, prcnt i r l  usen of HDPE containcrs 
should always saarisf!. thcmsclvcs thai rhc conraincrs arc suira'& for Ibcir panimlar p r & x r ,  
taking inio accounr rhc condirions of storagc an: disïribuiion. 

Guide CO chernical rcsistancc 

h C S '  

S. Saarisfaxw-. This chcmica! is only absorbe3 
IO a loa lcvt :  a:: rhus h2i li:ilt O: nr  
mrzss:zilr c f i c a  OF. F.~!SIC~: p:o:c:~i:s 
L. Limircc rcsis:an:c. A h g h c r  icvcl of 
absOIF:i@> Kmrs rcsïiticg in dcfinirc ioss of 
pnysia!  propc:rics. T h e  question of th? 
suitabii:iy of high dcns::? po!ycth>-lcnr uoul.! 
have 10 bc considcicd r i r h  respect IO rhr 
panicula: cnvironmcnt. 
E. Enrironrncntal sïrcss cracking ma: DCCCI. 

NS. Koi satisfa;:on.. Chcmical attack O: a hich 
Icrci of absorption OCCUIS. In borh cascs rhc los8 
of physical propenics is such rhat high dcnsity 
po l~c~hy lcnc  is not suitablc r h c r c  prolongcd 
cuntact is likcly. 

Substance Cnnc.W 20°C 60'C 

Ail!! chloridc IO@ L 
Aluminium azc:z:: Al1 S 
Aluminium carbonarc Ail S 
Aluminium chioriac S 
Aluminium iluoridc S 
Aluminium hydroxidc S 
Aluminiur;. nirratc S 
Aluminium oxaiatc S 
Aluminium q c h l o r i d c  S 
Aluminium sulpharc S 
Alums Al1 S 
Amino icetic acid Ail S 
Ammonia(gueous) 100 S 
Ammoniumiceute Al1 S Subruncc Gmc.% 20°C 60% 

Gcneral chemicrl 
Amrtdchyde 
Acnicuid 
Aceric icid 
Acctic anhydride 
A m o n c  
Amopbeneridin 
Acetophcnonc 
Acerylcnc 
A a y k  anukionr 
A crp 1 O ni uii c 

M i p i c  u i d  
Aliphrtic itcohoh 
AUyl chlotidc 

producu 
100 
IO 
100 
100 
100 

100 
A11 
AI1 
100 

100 
100 

S 
M 
SIE 
S 
S 
S 
S '  
S 
SIE 
S 
S 
S 
S 

L 
SE 
LIE 
L 
.s 
S 
S 
S 
SIE 
S 
S 
S 
S 

Ammonium biaibonatc Al1 
Ammonium cutroaite 
Ammonium chtwidc 
Ammonium fluoride 
Ammonium hydmxidc 
Ammonium 
meuphosphatc 
Ammonium n i o l t c  

Ammonium r m l a ï c  

Ammonium p t l p h a r c  
Ammonium phosphare 
Ammonium rulphatc 
Ammonium d p h i d c  
Ammonium thiocyanatc 

L 
S 
S 
S 
S 
S 
S 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 



Amy1 8Icohol 10 
Amy! chiorilc Ali 
Aniline 1 O0 
Antimony 100 

Aqua :c&ia 1 00 
Antimony trirhloridc 100 

Ancnic I O0 
Arscnic ncid 
Aryl sulphonic s:id 100 

Bcnzaldchydc (AQ) Sai. 
Bcnzcnc 1 O@ 
Bcnzcne sulphonic ncid 100 
Bcnzoic acid Sa!. 

Bcnzaldchydc 1 O@ 

Bcnzophcnonc 100 
Bcnzoy: cloriàr 1 0P 

Bismuth carbonaie 
Bori: acid 
Boron trifluorid: 100 

Bromic ncid 10 
Brominc (liquid) 100 
Brominc (rapoÿr) Higt  
Broz in r  u i i t :  S2: 

Bromo:hioromcikin: ID; 
Bu:adicni 10: 
Burancdio! 10: 

Butanc (giscous) 100 

Butane (liquid) 100 
Buuno: 10:. 

Buioay! 
(mctboxy buryl arcratc) 100 
Butyl acciax 1 O0 
Bu@ nlcohol 100 
Butyicnc glycol 1 O0 
Bury~ic icid 100 
G r b o n  dimidc ( d v )  100 
G r b o n  dioxide (ver) 100 
Grbondisulphidc 100 
G r b o n  m o n d e  100 
Carbon reirnchloride 100 
Caunic poush(to1n.) 50 
cmnicpourb(loh) 10 
tusuc  roda JO 
G u i t i c  w d a  10 
Chloral hydntc 100 
Chlorinc gxs (moisr) 
Chlorine iiquid 
ChloMc w t c r  
Chiormmtic u i d  100 
Chlorotxnzcnc 100 

L 
L 
L 
S 
S 
?iS 
S 
S 
S 
S 
s 
L 
S'E 
S 
S 
L 
S 
S 
S 
S 
XS 
XS 
WS 
ss 
h'S 
S E  
S 
L 
S 

S 
L 
S E  
S 
S 
S 
S 
L 
S 
h'S 
S 
S 
S 
S 
S 
L 
NS 
L 
S 
L 

1 
L 
L 
S 
S 
WS 
S 
S 
S 
L 

XS 
S E  
S 
S 
L 
S 
S 

- 

S 
KS 
NS 
KS 
h's 
h'S 

S 
- 
S 

L 
XS 
S E  
S 
L 
S 
S 

S 
NS 
S 
s 
S 
S 
S 
NS 
NS 
NS 
S 
NS 

- 

Chlorarhanol 100 
Chloroform f O0 
Chloromctbnc 1 O0 
Chlorosuiphonic icid 100 
Chromc ilum 
Chrornic scid Li. 

Chromium ralts Et. 

Cirric icid 
Coppcr v l r r  (aqucoui) Sat. 

Crrrols 100 
Crcsylic rcid 1 O0 

Cyclohnïinc 1 O0 
Cyciohaano! 1 O0 
Cyciohcunonc 1 O0 

Dibuni  cthcr 1 O@ 
Diburyl phtbiarc 100 
Dibutyl scborarc 1 O5 
Dichlorolcetic ocid 1 O0 
Dichlorwccric acid 50 

Crcrylic scid 50 

Dccahydronaphthalcnc 100 

S 
NS 
L 
NS 
S 
sn 
S 
S E  
S 
S 
L 
S 
L 
S Z  
S 
L 
L 
L 
S 
S 
S 

Dichlormmtic 8cidlmcthyl s r c f  S 
o-diihlorobcnzcnr 
pdichlorobcnzcne 
Dichiorocthne 
Dichiorarhylcnt 
DiethYi crhcr 
Dicthylcnc glycol 
Diglycolic acid 
Dihcxyl phihaiarr 

Diisohucyl kcionc 
Dimcthyl arbiio! 
Dimcthyl fonnnmidc 
Dimnhpl Niphmide 
Dinonyl dipatc  
Dinonyl phthalcc 
Diocryi d ip ire  
Dunyt phtbrLtc 
1,CDiainC 
D i p k n y l  nhtr 
Dicodium pbaphtie 
Epichlorbydrin 

E h n c d i o l  
Elher 
Erhyl -ic 
Ethyi 8cryiatc 
Etbyl dcuhol 
Ethylknzcnc 

Epoxy - 

1 O3 
103 

100 
1 O0 
1 O@ 
100 

IO@ 
100 

100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

L 
L 
L 
KS 
L 
S'E 
S 'E 
S 

S 
S 
S 
S 
S 
S 
S 
S 
S 
.L 
s 
S 
S 
S 
SE 
S 
L 
sn 
L 

S 
t i S  
- 
X S  
S 
h'S 
S 
S E  
S 
S 

S 
L 
S'E 
L 
KS 
lis 
L 

- 

- 
L 
S 

S 
NS 
SS 
L 
SZ 
L 
S 'E 
S T  
S 

XS 

L 
S 

L 

- 

- 

L 
S 
L 
S 
S 
S 
S 
L 
L 
L 
S E  
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- - - - - 
Subslancc Conc.90 20°C - 
Erhyl buryraic 100 L 
Ethyl chloridc 100 L 
Erhylcnc chloridc 100 L 
Bhylmcdraminctcm- 
acctic acid 100 s 
Erhyicnc dichloridc 100 L 
Ethylcnc glyco! 100 SIE 
2-Erhylheuno! 100 s 
€1- acids ( > 6) SIE 
Fcnrc chioridc s 
Fcrric nitrafc s 
Fcrric sulpharc 
Fcrrous ammonium 
cirrarc chloridc Sa1 
Fcrrous suiphatc 
F1uobo:ic acid 100 
Fluoric acid 40 
Fluorinc 100 
Fluorosilicic a c i l  
Formaldchyde (aqucous) 40 

Forrnz!;r. 
Formic acid 
Furfur?! 1 oc 
Furk?~. !  akoh-! Ici(’ 
G-’:.. 
Giycoii: a c i l  3- 

Hcy.anr 100 
HcxachloroScrucno IO? 
Hcxaminc 100 

Hcxanc 100 
Hudrazinç 100 
Hydrazinc hydrate 100 
Hydrobromic icid 50 
Hydrochioric icid Cooc. 
Hydrœyanic icid 100 
Hydray ln ic  id .Ur. 
Hydrcqanic  acid 10 

G.2 , .  

Glycolic acid bac-i 6rc r  100 

s 

s 
s 
s 
S 
KS 
s 
SIE 
s 
S!E 
L 
S 
S ‘E 
S E  
S 
s 
s 
S% 
KS 
SrE 
S E  
S 
S 
S 
S 
S 

HydroflumiE =id (O S 
Hydrofluoric icid 70 S 
Hpdiogcn 100 s 
Hydroguibrmnicic 10 S 
Hydrogcn pcroxidc 30 S 
Hydrogcn prroxidc 90 S 
Hydrogcn phaphi tc  100 S 
Hydrogen sulphidc Lasr S 
H ydroquinonc S 
Hypxhlorita 100 s 
H y p a h l o m u i d  All S 

- . 

60°C 

NS 
NS 
h’S 

S 
h’s 
SIE 
- 
SIE 
S 
s 
S 

s 
S 
S 
s 
KS 
S 
SIE 
s 
SE 
lis 
L 
S‘E 
S’E 
s 
KS 
s 
SIE 
XS 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
‘S 
S 
NS 
S 
S 
S 
S 
S 

Subruncc Conc.2 20°C 60°C 

lron saits (aqucous) Sar. S s 
I S O ~ U I ~ I  ilcohol 
I s m t a n c  
Isopmpanol 

lsopropy! cthcr 
Lacric scid 
L a d  amtate 
Lud rctracthyl 
Magnesium a,rboonatc 
Magncrium chloridc 
hlagnniurn hydroxidc 
Magncsiurn nitrate 

Magncrium sulphatc 
Malcic acid 
Mangancrc sulpharc 
Mcrcuric chloridc 
Mcrcuric m n i d c  
Mercuroui nitmtc 
hicrcury 
Mcthoxybutanol 
hlcihyl acnlare 
hicthyl aicoho: 
hicihy! bromide 
hlcrhyl ryclohcxanc 
Mcrhylcne chloride 
Aicrhyl cthyl kcronc 
Mcrhyl glycol 
4-hicrhy1~2-pcn:ano! 
Merhyl sulphuric scid 
Monochloroacctic icid 
Monochlorobenzcnc 
Nxphthlcnc 
Nanirai p s  
Nickel sala (quanu) 
NimUnc 
Nicraic u i d  
Ni& icid 

Nirric u i d  
NiPobmtcnc 
Nimglyurinc 
Niuopropanc 
onitmrolucnc 
Nitmur psn 
Nonyl i b h o l  
Olcic icid 
OlNm 
O u l i c  u i d  

.O0 s - 
IW s L 
100 s S 

100 L XS 
100 SIE S‘E 

S Sar S 
s 
S S 
S s 
S s 
S S 

S S 
50 S S 

S S 
S s 
S s 
S S 

ioe s S 
100 s L 

ss sc 
S E  S t  
L ss 
L NS 
lis xs 

100 s L 
s S 
5 L 
S E  S I :  
S S 
S S 

100 s 
S S 

sar s S 
Dil. S E  S E  

S I E S I E  
M L NS 
98 NS NS 
100 NS NS 
100 NS ~ NS 

L L 
100 s L 
100 s S 
100 s - 
100 SE LIE 

NS NS 
S E  SE 

p4GF 1:) 



Subsiancr Conc.70 îO'C 

Wm 100 s 
Ownc NS 
Polmiiic acid S 'E 
Pcnrane tis 
Pcrchloric ncid 20 S 
Pcrchloric acid 50 S 
Pcrchiori: ncid 70 S 
Pcirolcum cihcr 100 s 
Phcnol (squmus phase) S 

Pbcnyl culphonarc S 

Pbosgcnc S 
Pbosphoric acid 25 S 
Phosphoric acid 50 S 
Phmpho:~: azid Con:. S l  
Phosphoric anhyd:idr S 
Pbosphoroiis S 
Phosphoras oxychiondc S 
Phosphoroui pcntoxidc S 
P hosp horous 11 izhlo: i i I' S 
Pbihalic ar i l  S(* S 

PixraLc anhyd:ido S 
Picri; a 5 2  S 
P o l ~ g l ~ c o l  crhcrr S 
Poiassium anrimonare S 
Potassium bicarbonari S 
Poiassiurr, bichroma!: S 
Poussium bisulphaie S 
Poussium boraie S 
Poiassium bromatc S 
Poussium bromide s 
Potassium catboaaic S 
Poussium chlorate S 
Poiassium chloridc S 
Potassium chmmrtc s 
Potassium aprocyuijdc s 
Poussium cyanidt S 
Poussium dichromatc s 
Potassium ferrir 
f crrqnidc  S 
Potassium fluoride S 
Poussium hydroxidc S 
Potassium hyparhionic s 

Phcnol (rolid phasc) IO@ S 

Potassium iodidc s i .  s 
Potassium niiratc S 
P a m i u m  anhopharphatt s 

60°C 

S 
NS 
S F  

S 
S 
NS 
L 
S 
S 
S 

S 
S 
XS 
S 
S 
L 
S 
L 
S 
S 
S 
S 
S 
S 
S 
S 
S 
s 
s 
S 
s 
S 
S 
S 
s 
s 

Suhsttncc Conc 

Poussium pcrboraic 
Potassium pcrmangaiuir 
Potassium pcrsulpharc 
Potassium nilphaic 
Pouuium Niphide 
Potassium ~ l p h i i c  
Propanc (gareas) 1 O0 
Propanc (iiquid) 1 O0 

Propionic ocid 50 
Propionic pcid 100 
Propyl slcobol 100 

Propargyl rlcohol 

Propylcnc dichloridc IO0 
Propylcnc glyco! 
Pscudocumcnc 
Pyridrnc 1 O11 
Quininc 
Rcsorïinol 1 O0 
Saliqlic acid 
Sclcnic acid 1 O0 
Silicic ncid 
Silironc nui& 

Silrcr niiraic 
Silvcr ulrs (aqucous) Sa:. 
Sodium acxiart 
Sodium bcnzom 
Sodium bicarbonari 
Sodium bisulphaic 
Sodium boratc 
Sodium bmtnide 
Sodium arbonaic 
Sodium chionte 
Sodium chioride 
Sodium chionic 
Sodium cyanidc 
Sodium durbmmrtc 
Sodium dcdccyi- 
brarwrulpbonirc 
sodium fcrricyindc 
Sodium femryrnidc 
Sodium fhroridc 
Sodium hydmidc 
Sodium hypahloritc 
Sodium hypmulpbrc 
Sodium niimtc 
W i u m  nivi ic  

70 20°C 

S 
S 
S 
S 
S 
S 
S 
S 
S E  
s 
S 
SE 
NS 
S 'E 
L 
S 
S 
S 
S 
S 
S 
S E  
S 
S 
S 
S 
S 
S 
S 
s 
s 
s 
S 
s 
S 
s 

60'C 

S 
S 
S 
S 
S 
S 
S 
- 
S 'E 
S 
L 
SIE 
tiS 
s 'E 
L 
XS 

S 
S 
S 
S 
S E  
5 
S 
S 
5 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

s 
S 
S 
S 
S 
S 

S 
S 

- 



Subriancc Oint.% 20°C 60°C 

Soya b u n  oii 100 
Tallou- 100 

Transformer oil 1 O0 
Turpcntinr oil 1 00 

Whitc spirit 

Food6 etc. 

Bccr 
Brand: 
Buricr 
Burrcrrnilk 
Cidcr 
Cinnamon 
Cl0i.C' 
Cwa Col2 
Coro; 
Coffce 
Crcarn 
Curds 
Dcxrror: 
Fruxos. 

FN:: i u i c c ~  

Gclarint 

G:n 
Gluco'c 
Glyccrine 
Glyccrinc (aquxvr  
Glycrinc (aqucous) 
Grapcfruir iuicc 

Honcy 
Horsc radish 
Jam 
Jcll: 
Lard 
Ltmon juicc 
Lime iuicc 
Margarine 
Mayonnaise 
Miik 
Molarscr 
Muirard 
Orangc juicc 

-Paprika 

4 0  

1 @? 

HiF: 
Lou 

1 O0 
100 

100 
100 

100 

s s 
s - 
s L 
L NS 
s n  L 

s 
S 
s 
s 
SE 
S 
s 
s 
S 
s 
s 
s 
s 
S 
S 
S 
S 
s 
s 'E 
S 
S 
S 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

S 
- 
- 
- 
SE 
- 
- 
s 
- 
- 
- 
- 
S 
S 
S 
S 
L 
S 
S'E 
S 'E 
s 
S 
s 

s 
s 

s 
S 
s 

S 
s 
s 
S 
s 

- 

- 

Subsuncc Conc.<Fo 20'C 60°C 

Pcn in  
Pcppcr 
Pinoppl?  tuicc 

Rurn 
SiCCbrDSC 

Soda amcr 

Stircb 
Sugar bcct  q m p  
Tca (lovcs) 
Tomaio juicc 

Tomato kcichup 
Vanilla 
Vincgar 

Winc (mullcd clnrcr) 
U i n c  apirii 
Y u r r  

, v, nisk! 

sll 

100 

100 

100 
1 O0 
1 O0 
Al1 
40 
1 O@ 

100 

100 

s 
s 
S 
s 
s 
S 
s 
s 
s 
S 
s 
S 
s 
S!E 
s 
S 
s 

s 
s 
s 
s 
S 

s 
s 
s 
s 
S 
S 
S 

- 

S 
S 
s 

Car, gardcn, hourchold productr 
Anrifrceze 
Blca:h 
Borax 
Brakc fluid 
Brine 
Crcosott 
Crsol (aqucous) 

Dctcrgcnts 
Dcxtron 
Emubions 
(photognphic) 

Rmr VaX 

Furniturc polish 
Hair h r n p  
Hydnulic fluid 
IlIk 
Meibybtcd spirit 

1 O@ 

1 oc 

100 

100 
100 

100 
100 

Niil polish and rcmwef 1W 
Pctroicurn jclly 100 
Shoc polish 100 
Talc 
Tir 100 

s 
L 
S 
s 'E 
s 
s 
s 
SIE 
S 

SIE 

s 
SIE 
S 
S 
S 
SIE 

S 
s 
S 
S 

i 

s 
L 
S 
S 'E 
s 
S 
S 
SE 
S 

SE 

L 
L 
S 
L 
S 
SIE 
L 
S 
L 
S 
L 
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Sodium onhophosphait 
Sodium pcrbonrc 

Sodium pcroxidc Sa:. 
Sodium phospharc 
Sodium riliurc 
Sodium culpharc 
Sodium sulphid: 
Sodium sulphitc 
Sodium tcrnborair 
Sodium thiosulpharc 
Srannic chloridc 
Sunnour chloridc 
Stearic acid 1 O@ 

Succinic acit  Sa:. 
Sulphur 
Su!p.C,-: dioxid: (dv) 
Sulphur dioxidc (wct) 
Sulphur trioxidc 

Sodium pcroxidc 10 

Sulphuric acid 10 
Sulphu:i; a:;? 50 

Sui;hriro:r a:!: 3e 
Sulphr-l chiorid: 
Tanci: acid 

Tanaric acid 100 
Tanaric acid (aqucû-s: Sa:. 
Tttrabromomcrhanc 100 

Tetra:hlorocrhanc 1 O0 
Tctra hydrofuran 1 O0 
Terralin 100 
Tùioglycolic and 100 
Thionyl chioridc 

Thiophcnc 100 
Tducnc 1 O0 
Trichlorœcctic icid 50 
TrichIoracetic icid 100 
Trichlomthylcnc 100 
Tri â chiorarhylcne 
phorptlatc 100 
TrLrriryl pborptutc IOû 
Tritthanoiaminc 
U r a  

Su!:?l;trl; 2r.; 95 

s 
s 
s 
L 
S 
S 
s 
S 
S 
s 
S 
S 
s 
SE 
S 
s 
S 
S 
lis 
s 
5 
S 
S 
1; S 
S.'E 
S 
S 
XS 
XS 
L 
S 
s 
NS 
L 
L 
s 
L 
L 

S 
L 
L 
S E  

s 
s 
- 
- 
S 
S 
S 
S 
S 
s 
S 
S 
S 
SE 
S 
s 
S 
S 
KS 
S 
S 
L 
S 

S 'E 
S 
S 
KS 
NS 
NS 
L 
s 

L 
NS 
s 
NS 
NS 

s 
L 
L 
SE 

Subnancc C m c %  20°C 60°C 

Xylcnc 100 L KS 
zur MmoNum orbDiurc S s 
Zinc carbonarc S S 
Zinc chloridc S S 
Zinc oxidc S S 
Zinc sulphatc s S 

OiL and 'Rases 

AnLecd oil 
BCCSWZX 

Grmuba wax 

Castor oii 
Gdar lui oil 
Cedar wood oil 
Cinnamitn oi! 
Cirronclk oil 
Clovc oil 
C a o n u r  oil 
Coconul oil ilcohols 
Cod livcr oi! 
Corn sccd oi! 
Coiron sccd oi: 
Dicscl ol! 
Fut! oii 
Kcroscnc 
Lnol i r ,  
Lcmon pccl oil 
Linsccd oii 
Menthol 
Minerai oil 
Moror oil 
Olive oil 
Orange peel oii 
Piim oil 
Parafiin oil 
Purffin wax 

Punur 02 
Peppcrrnint oii 
Pcnol 
Pine aeedle oil 
Pine oil 
Solad oils 
Silicone oil 

100 

1 O0 

100 

1 O0 

Ici: 

108 

10:. 

100 

100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 

L 
S 
s 
S E  
NS 
KS 
NS 
XS 
s 
S 
SIE 
S 
S 
S E  
S 
S 
L 
S 
S 

s 
S 
L 
s 
s 
s 
s 
s 
S 
s 
L 
SIL 

NS 
S 
S 
S E  
KS 
KS 
KS 
NS 
S 
KS 
SiE 
- 
L 
S 'E 
5 
L 
L 
- 
L 
S 
S 
L 
L 
s 
- 
- 
L 
S 
s 
h'S 
SIL 

s - s  
L NS 
S L 
SIE UE 



EVALUATIOI; OF RESISThNCE OF TEKSAR POLYPROPYLENE BIAXIh-L 
GEOGRIDS TO CHEMICAL ATThCii ANI> SOIL BURIAL FROP: AVAILhBLE 
ih'FORClhTlOE. 

Technicel W o t ~  
Prepared for The Tensar Corporation 
by J. P.  Giroud, GeoServices, Inc. 

Tensar biaxial geogrids, SS1, SS2 and AR1, are made of 
polypropylene. This polyner is known for having a hiaii 
chernical resistance. In addition, the molecular orientation, 
imparted to the polymer by the manufacutirng process of Tenser 
geogrids, decreases polypropylene permeability, which is 
considered likely to increase chernical reçistence. k sum:crj. 
of datt regàrcing chenical resistance of polypropylene is 
presenteà beloli, with conclusions on the use of geogrids in 
civil engineerinç. 

Pclypropylene is not affecte6 by àetergentc, oroenic s e l t s  in 
aqueouc s o l u t i o r i s ,  an6 by alnost 811 inorganic acids an8 
alkelis, EVET. et hiçL concentreticn an? high temperture (6C': 
cr more). D u e  to the resistance of polypropylene to alkalis, 
polypropylene Tenser geogrids are not ùffecteà by cernent ar.? 
concrett. 

>o:yprcpylenc Fc ct:ici;ei t.1. s:ro::c ctiCizino acer.%c, C-C:. t~ 
fur.i:.: s::.:k:riz icie, concer.:ri:e; r.i:ric &ciCs cr.2 h i l o g e r s .  
Suc:. cher.ictli a r e  nct normally encounzereC in civil 
encineering but they cëin be present in a waste disposa1 cell. 
? O  àeciàe if E Tensar polypropylene geogrid czn be pz-. iz 
ccr.=.ict Kit?. suc:: cher.ictls, tne attechec table cân be usec ; s  
a first ocide eriü tests shoulà be conàucted. 

FC _ _  ., -*.'-t _ .  - _  . .  -... :€rie Fies S O ~ E  srnsizivity to certai:. solveztc, ci?:: 
z7.r fiyCrocarDo:.~, s~1c1: E S  ô s p h t l t .  PolyFropylene ceogrics 
coulc3 be slO*:ly âffecteà if they werc exposeà durinp a l o n g  
perioë of time to diesel fuel. Also, polypropylene geogriàs 
could be slowly affected if they were placed below a thin layer 
of asphalt exposed to the sun in a very hot climcte (where the 
surface of asphalt can reach 140OF during several hours every 
summer day). Polypropylenc is inert to sulphur included in 
some asphalt pavements. 

Poiypropyïene is not +: nutrient medium for micro-organisms, and 
is therefore not attacked by them. Consequently, polypropylene 
Tensar geogrids can be used safely in the ground, even in 
hi?hly organic soils. In fact, polypropylene geotextiles have 
been extensively used in the past t w o  decades, and experience 
has shown that they can be expected to have a service life of 
several dozens of years when placed in most naturally occurring 
soi1 environments. Since geogrid rib thickness is at least 20 
times the diameter of typical geotextile fibers, the durability 
cf polypropylene Seogriàs is expected to be greater thün the 
durability of polypropylene geotextiles. 

. .  

J. P. Giroud 
1984 August 
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EVALUATIOE OF CHEMICAL RESISTANCE 
OF 

TENSAR DRAINAGE KETS FROM AVAILABLE INFORMATION 

Technical Note 
Prepared f o r  The Tensar Corporation 
by J.P. Giroud. GeoServices, Inc. 

Tenser drainage nets are made fron polyethylene. This polymer is 
knosA'nl f o r  havina a high resistancf to cheniccl atta:k and beincj insolut;: 
in al1 kn0h.z solvects ct r0o.T temperature. 

The chernical resistance of polyethylene materials increases in 
general with increasing der,sity. As shom in the attached Table, the 
resistance o f  polyethylene to arox:ic soivon:s is affected by densi:). 
Honovf:, the ~ f i ~ ; i  i s  knonr. t c  be s-.::l an<, as shon,n in the Tab;e, tns 
resistancs of polyeth-lez- t c  e c i "  an: alkelis is net noticeabiy afie::- 
ed by d e n s i t y .  

The influence of density on the chernical behavior of poiyethy- 
lene is  linked to the structure of  the polymer. A high density polyethy- 
lene macromolecule is a linecr Chain Of CH2 elenents, while 1ok' density 
polyethylene macromolecules are usu211y a cornplex arrangenent of branches 
o f  CH, C H 2 ,  and CH3. Because of its many branches, a 106 density poly- 
ethylene i s  more prone to react with chemials than a hign density poly-. 
ethylene, while a high density polyethylene 5s more likely t o  crack in 
certain environments (stress cracking) because it is made o f  parallel 
chains. 

and high density polyethylene geomembranes (0.935 to 0.945) are in the 
middle of the range of existing polyethylenes (0.91 to 0.97). It may 
therefore be conciuded that there should be no significant difference in 
chemical behavior between the polyethylene used fo r  Tensar drainage nets 
and the polyethylene used for high density polyethylene geomembranes. 

extensive chemical compatibility testing in the Dast five years in view of 
their utilization in waste management faciïities. Test results have shown 
that high density polyethylene geomembranes have a better canpatibility 
4 t h  most chemicals than other available geomembranes. As a result, they 
are now used routinely to line hazardous waste disposa1 facilities. 

Tensar drainage nets (with a specific gravity of 0.925 to 0.930) 

High density polyethylene geomembranes have been subjected to 



The thickness of materials exposed to chemcials is aïs0 believed 
to have some influence on their durability. 
strands is typically two or  three times the thickness of a 60mil-thick 
geomembrane. 
may conclude that Tensar nets and 60mil-thick geomembranes are equiva- 
lent regarding thickness. 

lene. The foam structure results from the inclusion of bubbles that do 
not comunicate. Therefore. foaming should not increase exposure to 
chemicals. Also. according to the manufacturer of the net, the foominc 
agent used in the manufacturing process hac no effect on the chenicâl 
resistance of the polymer. 

considerations on density and thickness, it may be concluded that Tensar 
drainage nets can be used in waste dispos51 faciiities where the use o f  
currently available high density polyethylene geomembranes has been 
r?pro\’E:. 

The thickness of Tensar net 

However. geomenibranes are exposed on only one side and one 

Some of the Tensar drainage nets are made of a foamed polyethy- 

Fron Our presen: knowledge on chemical compatibility, and 

J.P. Giro2.i 
196s. 06.01 

PAGE 24 



. 
Publications such 88 BSI CP312 and mamrfacturera' data  aheets vhtch refer 
t o  ageing tests r e l a t e  t o  the a f fec te  of u l t rav io le t  or near  visible 
rad ia t ion  at tack on t he  polymer wfrich can reault in o l ida t ive  degradation 
m d  embrittlement. 
dxmgee in f ree  volume, cxys ta l l in i ty ,  an3 the possible e f f e c t  o f  chemiC2.l 
and micmbiologlcal a t tack  need t o  be considerrd with respec t  t o  pny 
po ten t i a l  long  tenu e f f ec t  on pmpert ies .  

Vork i n i t i a t e d  by BdpRh (Reference 1) BOLW 16 pears .gû bas inm>lPed a 
storageand e r a m i t i o n  of BDPE. Sauplee of p l g m e r  vere stored,  in 
A l m i n i u m  boxes with f r e e  air circulat ion,  ln temperate, hot vet  prid hot 
d r y  climates in the  absence of radiation. Bo s igni f icant  changes occurred 
in the  basic pmper t i e s  of the BflpE a f t e r  this period. 
conclusion tb t  ~ n y  c r y e t a l l i n i t y  changes, bad an ineignificant e f f e c t .  

HIIPE bas been w e d  in  W i e d  pipe applications f o r  ag r i cu lh i r a l  draina@, 
potable =ter, ef i luent  and &E dis t r ibu t ion  f o r  up t o  30 years. A major 
reason is l ts  carmsion  resistance t o  a c i d  soils and i t s  generally excel- 
l e n t  chezAcal res is tance - EDF's is  g e n e d l p  l n e r t  t o  chemicals other  tbz? 
stmnglg oxidising acide became of  i t s  chemical s t m c t u r e @  EIlPE has al63 
been useè t o  eheatheg metdi pipee in buried en i l  conditions in order t o  
e l h i h a t e  corrosion. 

HDPE sheztbed R a n s a t l a n t i c  telephone cables have e l s o  been w e d  in 8 

salt ha te r  environment f o r  neorlg 20 pars  v i t b u t  problems of chemicd 
atti-lr. 

Cert.-- types of ches ic r l s  m c h  86 detergezts came s t r e e s  crac-- of 
uriorienteb EDE t e s t  pieces but creep rupture t e s t s  c a n i e d  out in vzter  
a?"- Z& detergent solut ions a t  23OC on sacples of Tensar t o  compare the  
enviroments ,  have ahoun no deleterioue effects .  These da ta  compare w e l l  
v i t h  t e s t s  norroally car r ied  out on pressure pipe grades which a re  require5 
t o  pûEsess a hi& resis tance t o  StreSE c r z w -  in oràer t o  f u l f i l l  thEi r  
53 yer r  desigz l i f e  requirement. 

BDI% a ï s 0  IME excel lent  reeiatanee t o  mlcrobiological a t t ack  and vil1 mt  
r o t  away vhen buried (3). 

F ie ld  eervice evîdence t o  date on the  use of BllpE in civil engineering 
appl icat ions ia based on non-annealed producte. Orientation 1s kllOm t o  
reduce the permeablllty o f  HneE uld t h i e  cnhaaoaaent coupled vith the  
evidence of improved strees crack reeis taace lends rupport t o  the deduction 
that o t ien ted  gr id  structures vil1 have PO lena A pennanenoe in buriad a o i i  
conuUtione than that of the  established -es of n o w r l c n t c d  producte. por  
cxaavple, HlrpE girs pipe 1s NppUtd on A pragmaie of 50 year minimum 
l i f e  - t he  cri t ical  clement ie t h e  riak of  Fntelsal d l  aofteaing due t o  
occluclad gas condensate - the  ri& O f  Attack rrgaltfng h o m  t he  burfed 
soi1 enviromnent l a  wnsidered t o  ôe t crltiop1. 

hlthough buried PE does mit  BuZfer fmm this  pmbiec  

This ïeads t o  the  

Bigidex i s  m approved grade in the O.K. 

. A  

50th October, lgûl  
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'AGElh'G' OF HIGH DENSITY POLYETHYLENE IN BURIED SITUATIONS 

R E F E R E B C E Ç  

1. RQX.4 Members J o u r ~ l ,  July/dugust 1975, P53 and March/dpril 1976, 
Pl9 bg B. C. Xoakes. 

V i a y l  an6 Allied Polpners, Volume 1, I l i f f e  Books P148 (196C). 2. 

3.  British Plastics, October 1967, PfO:, B. mlezal, Wem- 
o r g a n i m a  and Plastics. 

30th October, lgSl 



. riundie Ltning sysiems Inc 

19103 Gundle Rcad 
HCUS~OI~.  Texas 77073-3598 
U.SA. Teiei: 166657 GUNDLE HOU 

Phone: (713) 443-85bI 
Toi1 Free 18Wj 435-2008 

FAX: (713)875-M10 

SPECIFIC GUIDELINES FOR GUNDLINE HD CHEMICAL RESISTANCE 

Gundline HD Resistance 

Alcohols - resistant to 100% concentration 
Aldehydes - resistant to 100% concentration 
Amines - resistant to 100% concentration 
Aromatic and Aliphatic Hydrocarbons 
without Functional Groups - resistant to 100% concentration 

Detergents and Other 
Cleaning Products - resistant to 100% concentration 

Esters - resistant to 100% concentration 
Ethers - resistant to 100% concentration 
Halogenated Hydrocarbons - resistant to 100% concentration - aromatic halogenation resistant 

Inorganic Acids - nitric acid resistant to 10% 
to 1% concentration 

concentration 
- chlorosulphonic acid resistant 

to 5% concentration - other acids resistant to 9 5 %  
Inorganic Bases - resistant to 100% concentration 
Inorganic Salts - resistant to 100% Concentration 
Ketones - resistant to 100% concentration 
Natural Fats and Oils - resistant to 100% concentration 
Organic Acids - reçistant to 100% concentration 

These materials are significantly absorbed by the liner causing 
some "softening" but no degradation. Concentrations in liquid 
next to the liner should be prudently limited to 1500 ppm for long 
tenu containment. Concentrations in soils may, however, be 
higher. 

Note 1: This information is for containment at 23 + 5OC. 
temperatures would increase reactivity, especially of the 
inorganic acids. 

Note 2: This data does not apply to the mixture of certain 
chemicals, e.g., a strong acid and base would react releasing much 
heat and possible rupture of the liner at "hot spots". 

Actual report data can be obtained from Gundle by requesting the 
chemical resistance reports index. Other specific data is 
available from independent laboratory testing and from 
polyethylene manufacturers. Please cal1 if you have questions. 

Higher 

T-068 



CHEMICAL COMPATIBILITY TEST DATA 
-(Reports Available) 

Report 
Number 

105 
109 
311 
156* 
185 
197* 
208 
210 
216 
227 
234 
25 1 
298 
334 
425* 

45 1 
533 
553 
563 
567 
629 
644 
656 
667 
671* 
690 
730* 
73 1 
763 
796 
914 
962 

1118 
1119 
1195 
1196 
1197 
1198 
1315 
1316 
1327 
1370 
1371 
1374 
1375 
1376 

Type of Chernical 

Stripped Cas Liquor 70" C) 
Sulphuric Acid (97.38; 0 (25" C) 
Metal Hydroxide Waste Water Sludge 
E-2 Sludge 
No. 6 Fuel Oil 
Sludge E-1; Sludge T-1; Flyash E-2; Neutralized T-1 
Contaminated Water Samples 
Kerosene 
Hvdrochlonc Acid: Methanol: Diethvlbenzene 
komatic  Waste Containing Inorgdcs 
Creosote Emulsion 
Potato Plant Wastewater 
Escaid 100 (Kerosene) 
Kerosene (Jet Fuel) ' 

Wastewater - Svnthetic & Rutile Ore; Petroleum Coke: Sand & Grid; 
Hydroxides; oddes; iron; chromium; calcium carbonate; manganese, 
arsenic; nickel; salts; calcium sulfate 
Shop d u s  leachate' picMe liquor sludge leachate 
Leachate solution 
Fuel Oil (Automotive Fuels) 
Leachate Solution (PVC); 3300 Polylefin 
Metais Leachate (black mud slurry waste) 
Creosote 
Petroleum Waste Sludge 
Black Liquor (Hypalon) 
Aromatic Leachate 
Tnchloroethylene 
Synthetic Leachate (Gundnet; Gundfab: Gundflex 300) 
Boiler Blow-dom Waste; Brine Concentrate 
Aromatic Hydrocarbons 
Leachate generated from air pollution sludge; flue dust 
Herbicides & Metals Leachate 
Exoosure to Metal Leachate after One Year 
Ni& Acid (10% & 50%) 
Chemicai Waste (Organic & Acidic/Basic) 
Cholorinated Hvdrocarbon Leachate 
DichIorobemene 
Dichlorobenzene Plus Water 
Dichloroethylene 
Dichloroethylene Plus Water 
Ethylene Dichloride Solution ( 2 - 3  ) 
Resin Waste Containing Methyl Methacrylate (40 Days) 
Typicai Landfiil Leachate 
iandfill Leachate 
Synthetic Hazardous Waste Mixture 

Nacl Solution 

Municipal Landfiil Leachate 
Municipal Landfiil Leachate 

* Chemical Analysis Included 



.. 
Cliemicai Compatibility Test Data (Continued) 
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1448 
1449 
1450 
1519 
1520 
1521 
1522 
1523 
1524 
1525 
1584 
1617 
1705 
1775 
1785 
1824 
1825 
1870 
1952 
1953 
1954 
1989 
2043 
2044 
2098 
2114 
2148 
2214 
2277 
2357 
2817* 
2901* 
3183* 
3600* 
3601* 
4214* 
4215* 
.5081* 
5771* 
5812* 
5815* 
5882* 
5969* 

OL 001* 
OL 002* 
OL 003* 
OL 004* 
OL 005* 
OL 006* 
OL 007* 

Pond Water 
Methyl Methacqlate (120 Days) 
Oil Retention Pond Waste 
Synthetic Leachate/Neutralization Sludge 
Spent Carbon 
Mill Waste 
Fiame Retardant 
Municipal/Residual Waste 
Chemical Waste Solution from NUS Corp. 
Municipal Landfill Leachate 
Brominated Hydrocarbon Solution (ALRS) 
Treated Sludge (Dust) 
Phosphate Leachate 
Wastewater Leachate 
Cyanide 
Heavy Metals Leachate 
Landfill Leachate 
Waste Water 
Creosote Emulsion 
Flume Wastewater 
Solvent/Pesticide Waste (Casmalia) 
Ground Wastewater (Aromatic Hydrocarbon Waste) 
Paint Reducer & Paint Thinner 
Creosote Emulsion (LDPE & HDPE) 
Chlorinated Pesticide 
Metals Leachate 
Waste Sludge 
Dichlorobenzene 
Toluene 
Nitnc Acid 
Metai Salts. Hvdrocarbons & Haloaenated Comuounds " 
Landfill Leachate 
Toluene, Ethylbenzene 
Dichloroethane & Miscelianeous Organic Solvents - 
Incinerator Ash Sludge 
Chlorinated Hydrocarbon Waste, Ketones, Alcohols 
Phenolic Landfil Leaehate 
Heavy Metal Leachate 
Aromatic & Phenolic 
Phenolics, Aromatics, Sulfates, Nitrates 
Chromate Copper Arsenate (Wood Preservative) 
Anthraquinones (Aromatic Solvent) 
Aromatics, Phenolics 

Chemical Compatibility Testing of HDPE Chevron Resin 
Chemical Compatibility Testing of HDPE Union Carbide Resin 
Chemical Compatibility Testing of HDPE Solvay Resin 
Chemical Compatibility Testing of HDPE Geomembrane 
Chemical Resistance of Jet Fuel--TRI Test Results 8Omil 
Chemical Resistance of Jet Fuel--TRI Test Results i j  60mil 
Chemical Compatibility Testing of HDPE Quantum Resin 

* Chemical Analysis Ineluded 

RNised 9-9ï 





Another nay to GO 

Another approach to evaluating some amount of a chemical is 
to find a standard for that chemical, then calculate how much air 
or water would be needed to dilute that amount of a chemical down 
to acceptable levels. For example, a few years ago, a large 
computer Company best-known for its typewriters, Who shall remain 
nameless, was caught dumping trichloroethylene ont0 the ground in 
South Brunswick, NJ. The Company said, "There's really no 
problem because we only dumped ten gallons during the whole 
year." Ten gallons really doesn't Sound like very much, does 
it? Let's see. 

From Sittig's book (see Appendix A), we learn that the 
federal guideline for trichloroethylene in water is 2.7 parts per 
billion (micrograms per liter); this is an amount the government 
thinks will cause one cancer in a million people Who drink water 
contaminated at that level for a lifetime. Ten gallons is 3 7 . 8  

. .  

liters (see Appendix E). The problem looks like this: 

2.7 37.8 

109 7 
------ - ------ - 

Solving for ?, we can see that it's 37.8 x 109/2.7 = 14 
billion liters. A human drinks two liters of water each day 
(average). Thus 14 billion liters of water is a drinking water 
supply for 19 million people for one year (14 x 10'/2/365 = 19.2 
x 10'). 
contaminate the entire year's drinking water supply for a City 
bigger than New York or Los Angeles. 

Thus 10 gallons of trichloroethylene is enough to 




