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Geotextile Polymers for Waste Applications

What types of polymers are used to
manufacture geotextiles?

Virtually all geotextile fibers are made from
either polypropylene or polyester polymers.

Are these polymers used in a 100% pure form?

The manufacture of geosynthetics usually
includes the addition of stabilizers and other
additives that are blended with the base
polymer. The additives constitute a minor
fraction of the polymer mixture.

Additives are used primarily to counteract the
effects of oxidation, to which many synthetic
polymers are sensitive. Oxidation can cause a
reduction in material properties such as
strength and elasticity. The main sources of
oxidation are heat/temperature (thermal
oxidation) and ultra violet (UV) radiation from
sunlight (photo-oxidation). Manufacturers of
geosynthetics add a variety of proprietary
additives during production to make the
polymers more stable againstthermal and UV

degradation (see Amoco Technical Note No. 9).

Should the designer specify polypropylene or
polyester for geotextiles to be used in waste
applications?

The type of polymer used in the fabrication of
the geotextile is not a relevant design
parameter. The specifications should be
developed to focus on the required physical
properties of the geotextile relative to strength,
hydraulic performance, and chemical
compatibility and durability. These elements
are addressed in detail in the Amoco Waste-
Related Geotextile Guide Specifications.

Does the type of base polymer affect the
chemical resistance of geotextiles used in
landfills?

Geotextiles in landfills are exposed to
leachates, which are generally dilute solutions
of chemicals. The geotextile must be resistant
to degrading in this chemical environment.
Chemical resistance of geotextiles to
leachates is evaluated in the laboratory using
EPA Test Method 9090 (EPA 9090). The results of
such testing on polypropylene and polyester
have proved both polymers to be relatively inert
and durable in various chemical environments
of hazardous and nonhazardous waste landfills
(refer to Amoco Technical Note No. 7).

Of the polymers used to manufacture
geotextiles, polypropylene exhibits the greatest
resistance to chemical attack. Polypropylene is
inert to most chemicals except for some highly
concentrated solvents. Geotextiles are not
expected to be exposed to such solvents in
waste applications, where the associated
leachates typically contain only trace to very
low concentrations of solvent constituents.

Polyester exhibits comparable chemical
compatibility. However, unlike polypropylene,
polyester is subject to hydrolysis in aqueous
environments such as landfill leachates.
Hydrolysis is a process in which water-based
solvents or water alone causes the polymer
chains to break. This can resultin a reduction
in the mechanical properties of the polymer.
Despite this characteristic, the results of EPA
9090 testing on polyester do not show an
impact from hydrolysis.



What effect does polymer type have on the UV
resistance of geotextiles used in landfilis?

There are only slight differences in the UV
stability of various geotextile polymers. From a
construction perspective, these differences
have no impact on the selection of geotextiles
for landfill applications. Regardless of the
polymer type, it is important to limit exposure of
the geotextile to potentially damaging UV
radiation.

In landfill applications, geotextiles are usually
covered by soil layers and waste soon after
construction. Their exposure to UV radiation
therefore generally occurs only during
construction. Regardless of polymer type,
exposure of the fabrics to sunlight during
installation should be limited in accordance
with the project specifications (see Amoco
Waste-Related Geotextile Guide
Specifications).

On some landfill side slopes, the geotextile
might be left exposed for an extended time
before being covered with seil. In these cases,
the geotextile must be protected from UV
radiation by alternative methods, regardless of
whether the fabric is manufactured of

polypropylene or polyester. Alternatives include

covering the geotextile with a sacrificial
geotextile layer or opaque plastic sheet. The
sacrificial layer would be removed prior to
placing soil cover.

Has the performance of Amoco gectextiles in
landfill applications been verified?

Yes. In fact, the excellent chemical resistance
of Amoco polypropylene geotextiles is one of
the qualities that has established Amoco as a
leading supplier of fabrics to the waste
containment industry.

Laboratory testing programs have been
performed specifically to evaluate the chemical
compatibility of Amoco polypropylene
geotextiles with landfill leachates. In all test
cases there were no measurable changes in
the physical properties of the Amoco
geotextiles after exposure to leachates. Also,
unlike polyester, polypropylene does not
undergo hydrolysis. Amoco Technical Note No.
7 provides detailed information regarding the
chemical compatibility test conditions,
procedures, and results.
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GSE TenDrain 275 mil Geocomposite

GSE TenDrain geocomposite consists of a 275 mil thick GSE TenDrain geonet heat-

laminated on one or both sides with a GSE nonwoven needle-punched geotextile.

TenDrain 275 is comprised of a tri-planar structure consisting of middle ribs that provide
direct channelized flow, with diagonally placed top and bottom ribs. The geotextile is

available in mass per unit area range of 6 oz/yd? to 16 oz/yd?. TenDrain 275 geocomposite

provides high transmissivity under high and low loads.

Product Specifications

PRODUCT DATA SHEET

[*]

AT THE CORE:

A 275 mil thick TenDrain
geonet heat-laminated on
one or both sides with a
nonwoven needlepunched
geotextile.

Tested Property Test Method m Minimum Average Roll Value®™

Geocomposite

Transmissivity®, gal/min/ft, (m2/sec)
Double-Sided Composite

Ply Adhesion, Ib/in

Geonet Core®™ - GSE TenDrain
Geonet Core Thickness, mi
Density, g/cm?®

Tensile Strength (MD), Ib/in
Carbon Black Content, %
Creep Reduction Factor®
Compressive Strength, psf
Geotextile®

Mass per Unit Area, oz/yd?
Grab Tensile Strength, lb
Grab Elongation

CBR Puncture Strength, Ib
Trapezoidal Tear Strength, b
AOS, US sieve®, (mm)
Permittivity, sec”

Water Flow Rate, gpm/ft2

UV Resistance, % retained

Roll Width, ft

Roll Length, ft

Roll Area, ft?

NOTES:

ASTM D 4716

ASTM D 7005

ASTM D 5199
ASTM D 1505
ASTM D 7179
ASTM D 4218
GRI-GC8

ASTM D 6364

ASTM D 5261
ASTM D 4632
ASTM D 4632
ASTM D 6241
ASTM D 4533
ASTM D 4751
ASTM D 4491
ASTM D 4491

ASTM D 4355
(after 500 hours)

1/540,000 ft?

1/50,000 ft?

1/50,000 ft?
1/50,000 ft?
1/50,000 ft?
1/50,000 ft?
per formulation

1/540,000 ft?

1/90,000 ft?
1/90,000 ft?
1/90,000 ft2
1/90,000 ft
1/90,000 ft?
1/540,000 ft2
1/540,000 ft2
1/540,000 ft2

per formulation

NOMINAL ROLL DIMENSIONS®

Double-Sided Composite

Double-Sided Composite

6 oz/yd?

24.2 (5x10%)

0.5

275
0.94

75

2.0

12
60,000

160

50%

435

65

70 (0.212)
15

1o

70

12.75
200

2,550

8 oz/yd?

24.2 (5x10%)

0.5

275
0.94

75

2.0

12
60,000

220

50%

575

90

80 (0.180)
13

95

70

12.75
200

2,550

« WAl geotextile properties are minimum average roll values except AOS which is maximum average roll value and UV resistance is
typical value. Geonet core thickness is minimum average value.

1hour.

@ Component properties prior to lamination.
“10,000 hour creep test under 10,000 psf at 70°F temperature.
® Roll widths and lengths have a tolerance of +1%.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve
built a reputation of reliability through our dedication to providing consistency of product, price

and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow
us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution.

For more information on this product and others, please visit us at
[ m"un"'"v n“Ns nEEP ] GSEworld.com, call 800.435.2008 or contact your local sales office.

@ Gradient of 0.02, normal load of 7,000 psf, boundary condition: plate/sand/geocomposite/geomembrane/plate, water at 70°F for

w’

ENVIRONMENTAL™

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information.
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE Environmental, LLC in the United States and certain

foreign countries. REV 240CT2013
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EVALUATION ON STRESS CRACKING RESISTANCES OF VARIOUS HDPE
DRAINAGE GEONETS

M.S. Mok', E. Blond®, J. Mlynarek” and H. Y. Jeon®

ABSTRACT: Specimens from each geonet were placed under various compressive loads in a vessel containing a
solution of 10% surface-active agent and 90% water at a temperawre of 30°C. Then the surface morphology study of
the specimen was performed after 300 hours test duration. The results show that all of these geonets did not appear any
kind of stress cracking in the condition of 400 kPa, which is a typical landfill’s loading condition. However, in the case
of bi-planar geonet there were some deposits on the surface of geonet’s strand and it is expected that this phenomena is
due to the results of chemical clogging, On the other hand, in the case of the tn-planar and circular type bi-planar geonets,
it maintamed very clean flow channels until the end of the test. For high normal pressure some environmental stress
cracks were detected for the eircular type bi-planar geonet. The results show that the resistance to the environmental

stress cracking is related to its polymer density, crystallinity and also rigidity not its mechanical properties.

KEYWORDS: geonet, compressive loads, surface morphology, stress eracking, chemical clogging, fow channels

INTRODUCTION

Land filling, by all indications, will continue to be
the predominant method of solid waste disposal. As the
use of high density polyethylene (HDPE) geonets
increase in land (il applications, it is required 10 evaluate
their long-term properties in several chemical conditions,
(Ward and Brown 1990; Carlson 1993)

Typically, the high crystallinity of  polvethylene
geoncts provides an excellent chemical resistance o
harsh chemical leachate, however can be problematic
with regard to environmental stress cracking. (Qian and
Brown 1993; Thomas 1998) Under low stresses in the
circumstance of room temperature polyethylencs will
fracture by slow crack growth. This mode of failure
limits the lifetime of polvethylenes used in critical
applications as drainage materials, lining under landfills,
i Lagaron, Pastor, Kip 1999; Bobsein 1999)

Geomembranes and geonets are used as a barrier and
drainage component in this system, respectively. With
addition of carbon black which is an anti-oxidation
material HDPE geomembranes and geonets are normally
used in hazardous landfill system as a barrier and
drainage respectively,

Many rescarchers and a lot of work about environ-
mental stress eracking resistance for the geomembranes
were done and many beneficial reports have already

been published, (Peges and Kannien 1995; Thomas and
Deschepper 1993) However a few rescarch results on the
environmental stress cracking resistance for the geonet
drainage material were performed. Therefore, in this
study the resistance to environmental stress cracking
(ESCR) was examined mainly in morphological issues
for various geonets (bi-planar, tri-planar and circular
type of bi-planar geonet) under condition of various
normal pressures,

SPECIMEN & TEST METHODS

Total three types of geonets were test in this study.
Sample A has 5.6 mm mean value of thickness and two
lavers which means bi-planar geonet. The cross sectional
shape of strand of Sample A is more likely to a square,
Sample B has average of 5.6 mm thickness and has 3
layers (tri-planar). Sample C is also bi-planar geonet
however has circular type cross sectional shape and
thicker than sample A. The raw material of all these
samples is high density polyethylene (HDPE). Typical
specifications of the samples are provided in Table 1.

Fig. | shows these samples, Short-term compressive
deformation test was performed using the procedures set
forth in Standard Test Method for Determining Short-
term Compression Behavior of Geosynthetics (ASTM

' Researcher, CTT Group/SAGEDQS, Saint-Hyacinthe, Quebec, CANADA, Email: munsungmokizmail com

* Director, CTT Group/SAGEOS, Saint-Hyacinthe, Quebec, CANADA, Email: eblondi@gettg. com

FCED, CTT Group/SAGEOS, Saint-Hyacinthe, Quebec, CANADA, Email: jmlynarekizgettg.com

* Profiessor, Division of Mano-Systems Engineering, Inha University, Incheon, KOREA, Email; hyjeoniainha,ac kr



D6364) to evaluate basic mechanical properties of
samples. Specimen is positioned between two rigid steel

platens and compressed at a constant rate of 1.0 mm/min.

To control an accurate temperature of specimen of 23°C
heating platens were manufaciured and its heating is
14°C/min. Also special test equipment for ESCR under
compression was manufactured and this equipment 15
shown Fig, 2,

The specimens were immersed in a solution of 90%
water and 10% [-gepal COG30 at a temperature of 50°C.
The solution level was checked daily and de-ionized
water used to keep the bath at a constant level.

And the solution was replaced every 2 weeks. 200,
400 and 700 kPa for sample A, 600, 1,000 and 1,200 kPa
for sample B and 400, 600 and 800 kPa for C of load
were subjected as compressive load using 6:1 arm lever
loading system within considering their compressive
strengths.

The immersion duration was 500 hours and during
and after the test apparent observation and microscopic
morphology was evaluated for the specimen,

Table 1 Typical specification of the samples

" Sample
Property Tesl Lt
: method A B C
T ASTM . . "
Thickness 05199 mim 5.6 5.6 1.2
Mass per ASTM 3 ¢
3 a2 T 230M)
unik aréi 35261 g/m 8 — 5
. ASTM T an b
: ac ; 2. 2.2 23
Carbon black 4718 @ 5
L ASTM T ,
Dremsaty Disos  Eem 0942 045934 05940
Crystallinity ASTH b 13 33 6l

2910

{a) Sample A

Fig. 2 Compressive environmental stress cracking test

equipment
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RESULTS & DISCUSSION

Considering the compressive strength and  strain
properiies, the sample C has the stiffest behavior in these
three Samples. Initial 5% elastic modulus is much higher
than other samples. From this behavior of Sample C it is
expected that sample C has rigid structure and has high
crystallinity of over 60%. Table 1 confirms this phenomenon.
In the other hand Sample A and C have more flexible
behavior and low initial elastic modulus.

s LI

Sample B

Sample &

Comprassive StrangihikPa)

Strain(%)
Fig. 3 Short-term compression test results

Figs. 49 exhibit the results of apparent observations
and microscopic morphologies. Some kind of chemical
clogging due 1o the l-gepal solution is expected for the
Sample A because of its flow channel and thickness.
This chemical clogging for the Sample A was confirmed
by the apparent observation. Fig. 4 shows the results of
apparent observations for Sample A. In this figure many
deposits on the surface of the specimens were detected
during and end of the test and it seems that these
deposits which were induced from the chemical solution
may occur clogging and therefore affect geonet’s in-plane
flow capacity. Also there is no chemical clogging on the
surface of the specimen for Sample B and this fact was
confirmed by apparent observation (Fig, 5).

Considering flowing pattern of the [-gepal solution
through out the specimen, the T-gepal has zig-zag flow
pattern and this courses some frictions with strands of
sample A, therefore the chance of clogging is higher than
the Sample B which has straight flow pattern. Also thin
thickness compared to other samples can increase chance
of any clogging, For the Sample C, the initial creep
deformation was very low which means the initial
modulus 1 higher than the other samples and therefore
high modulus indicate more rigid than others. High
rigidity has brittle failure pattern rather than ductile
failure and this can induce a stress crack during the
compressive creep test. Also it seems that the chemical
act a stress cracking accelerator.

250 hours 250 hours

platen

platan

L

. Geonet specimen:

platen

200 hours

LT . e
=T 500 hours

Fig. 4 Apparent observation during and end of the test
for sample A (200kPa)

250 hr:urs.1"...‘ 250 hours

platen

platen

-y

500 hours

Fig. 5 Apparent observation during and end of the test
for sample B (700 kPa)

Figs. 6—9 confirm this environmental stress cracking
phenomenon. From these exhibitions it is elear that
Sample A and Sample B which have relatively more
flexible HDPE strand than Sample C didn’t experience
any kind of environmental stress cracking. For the
Sample C which is more rigid and has high crystallinity
(Table 1) likely has to chance of stress cracking. The
microscopic morphologies indicate that the extent of



environmental stress cracking observed in the Sample C
is related to its flexibility and crystallinity, And from the
morphologies it seems that the stress cracks occurred at
the junction point of the strands first and then propagate
o strands with increasing normal pressure,

Fig. 6 Apparent observations end of the test for samples
under various nommal pressures

Fig. 7 Microscopic morphologies of Sample A after the

test for various normal pressures

T ‘. y Bl hk..- I
Fig. 8 Microscopic morphologies of Sample B after the

test for various normal pressures

Fig. 9 Microscopic morphologies of Sample C after the

test for various normal pressures

57
CONCLUSIONS

In this study long-term (500 hours) environmental
stress cracking resistance for various geonets under
various normal pressures were evaluated. The conclusions
are as follows:

I. ESCR property is one of the most critical
parameters for evaluating long-term chemical resistance
of HDPE geonets which used in hazardous landfill
systems.

2. Traditional bi-planar geonets which have square
type strand and tri-planar geonet have very strong
chemical and stress cracking resistance even high normal
pressure.

3. Cyhindrical type bi-planar geonets 15 more rigid
material than other samples and it is very week to
environmental stress cracking with increasing normal
pressure
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geasynthetlic clay Ingres

THE EFFECTS OF LEACHATE ON THE
HYDRAULIC CONDUCTIVITY OF BENTOMAT®

Compatibility testing was performed to determine the effects of solid waste landfill leachate on the
permeability of Bentomat over a prescribed time period. Testing was performed in accordance with United
States Environmental Protection Agency (USEPA) Method 9100, as provided in SW846.

Hydration of specimens was conducted using de-aired tap water for approximately 48 hours. Saturation
was also conducted using de-aired tap water until a minimum B value of 0.95 was achieved. Following
hydration and saturation, baseline hydraulic conductivity was performed using water. After the baseline
hydraulic conductivity was established, the permeant was switched to leachate. Testing continued for an

additional 30 days to allow a sufficient number of pore volumes to permeate the specimen to establish a
hydraulic conductivity with leachate.

Results show that the hydraulic conductivity of Bentomat ™ unaffected when permeated with this
‘leachate.

TR-101A
Revised 12/00

1500 W. Shure Drive o Arlington Heights, I 60004 » USA o (847) 392-5800 = FAX (847) 577-5571 /www.CETCO.com
A wholly owned subsidiary of AMCOL International

The information and data contained herein are believed to be accurate and refiable. CETCO makes no warranty of any kind and accepts
no responsibility for the results obtained through application of this information.
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2. TEST PROCEDURES

2.1 Task 1: EPA 9100 Compatibility Testing

Compatibility testing on the Bentomat was performed to measure the
effect of leachate on the hydraulic conductivity of the mat product over
a prescribed period of time. Testing was performed in accordance with
the United States Environmental Protection Agency (USEPA) Method 9100 SW-

846, Revision 1, 1987. The test conditions for Task 1 were as follows:

¢ Testing was conducted using flexible-wall triaxial permeameters,
as shown in Photograph 2.1-1.

¢ Three replicate samples of the Bentomat were tested.

¢ Each sample was trimmed to a diameter of 2.8 in. (70 mm) and
assembled in the following test configuration (from bottom to
top): porous stone/filter paper/sand Tayer/Bentomat/sand Tayer/
filter paper/porous stone.

»  Hydration and saturation of the samples using de-aired tap water

was conducted at an effective stress of 2.0 psi (14 kPa) for a

’ time period of approximately. 48 hours... Saturation was defined
as a minimum Skempton’s B-parameter of 0.95.

o Consolidation of the saturated test samples was performed at an
effective stress of 5.0 psi (35 kPa). Pore-water displacement
was monitored until primary consolidation was complete.

¢ To determine the baseline hydraulic conductivity, the samples
were permeated using de-aired tap water. The average hydraulic
gradient used for baseline permeation was approximately 50. For
this testing program, initial hydration and saturation was

GL1614/GELIL066 3 91.07.3!
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"conducted using de-aired tap water. Hydration with leachate may
or may not yield different results.

After establishing the baseline. hydraulic conductivity, the
permeant was switched to the leachate. Because of the slow
permeation ratas and the objective to increase the volume of
Teachate in contact with the Bentomat, the sand layer was
replaced on all samples by an Amoco 4516 geotextile after
approximately three weeks of testing. Permeation of the samples
with the Tleachate continued for an additional 30 days. The
hydrautic conductivity of the sample was monitored and reported
daily during this period.

Permeation of the test specimens with the leachate was initially
conducted at an average hydraulic gradient of approximately 50.
In order to increase flow through the Bentomat during the
prescribed time period, the average hydraulic gradient was
increased to approximately 160. ’

Because the final hydrated thickness of the Bentomat is unknown
until the completion of testing and for comparison of the test
data, the hydraulic conductivity was calculated using 0.4 in.
(1.0 cm) for the Bentomat. These values were used in all
calculations of hydraulic conductivity in Tasks 1 through 7.



TABLE 3.1-1

EPA 9100 COMPATIBILITY TESTING
BENTOMAT SPECIMEN CONDITIONS

American Colloid Company

GeoSyntec Consultants

Specimen No. 1

Specimen No. 2

Specimen No. 3

Parameters Initial Final Initial Final Initial -Final
Thickness, in. 0.29 0.39| 0.33| 0.43 0.28 0.36
Diameter, in. 3.01 3.14|  3.19| 3.30 3.11  3.18
'Dry Mass, g 30.8 24.4 38.3 31.4 34.4 26.1
“Mass/Area, 1b/ft? 1.37 1.00 1.54 1 1.16 1.44 1.05
Water Content, % 18.8 170.1 15.7 | 169.4 10.9 167.4

Notes: !

geotextiles bonded to the specimen.

The dry mass includes the dry weight of the bentonite and the

The mass/area is determined using the dry mass of the material

normalized with respect to the cross-sectional area of the test
specimen before drying.

3L10:13/6GELYL066

1.06.27
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EPA 9100. COMPATIBILITY TESTING
BENTOMAT SAMPLE #ELOOS

GEOMECHANICS AND ENVIRONMEMTAL LABORATORY
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EPA 9100 COMPATIBILITY TESTING
BENTOMAT SAMPLE #EL0OQ5

GEOMECHANICS ANDENVMONMENTALLABORATQRY
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GeoSyntec Consultants

3.1 Task 1: EPA 9100 Compatibility Testing

3.1.1 Test Results

The physical conditions of the three Bentomat specimens, measured
before and after the tests, are summarized in Table 3.1-1. Graphical
presentations of the hydraulic conductivity as a function of elapsed time
are presented in Figures 3.1-1, 2, and 3. Graphical presentations of the
hydraulic conductivity as a function of the volume of Tiquid passed-
through the specimens (i.e., pore volumes) are presented in Figures 3.1-
4, 5, and 6.

3.1.2 Observations

Because of the Tow hydraulic conductivity of the bentonite mat, and
in arder to maximize the volume of leachate through the mat, the sand
layer in each test was replaced by an Amoco 4516 geotextile during that
test. This generally occurred shortly before the permeant was switched
from water to leachate. 1In many cases the data indicated erratic
behavior for a short time after the switch, but the hydraulic
conductivities eventually became consistent.

A11 specimens were initially permeated at a hydraulic gradient of 50.
The resulting hydraulic conductivity measurements were somewhat variable.
The hydraulic gradient was subsequently increased to 160 after
approximately five days of testing. The test results tended to stabilize
after the gradient increase. The average hydraulic gradients that were
used for the remainder of each test after the initial increase gradient
is indicated on each figure.

In all cases, the data presented in the tables show that each
specimen swelled in thickness and in diameter, and that each specimen
experienced an apparent loss of mass. The effluent water however, was
not visibly cloudy in any of the tests.

GL1614/GEL91066 13 91.07.31



GeoSyntec Consultants

In each figure, a transition from water to leachate is indicated.
The variability in the test results near this transition is likely the
result of disturbance due to leachate injection and removal of the sand
Tayer. Within a short period of time, the test results stabilized.
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aid in maintaining a 6- to 8-in-wide overlap during

installation.

2.1.2.1 Bentomat® Permeation with Water
J & L Testing Compeny (1990) conducted flexible-wall

hydraulic conductivity tests on 6-in (150-mm) diameter

samples of Bentomat® containing either untreated granular
bentonite ("CS" grade) or high-con{eminant-resistant bentonite
("SS" grade). Test conditions and results are summarized in

Table 22 -The duration of the tests was not reporied. Fxgure

2.2 presents the relatnonshxp between hydraulzc conductmty

and maximum effective stress. Hydrauhc conductw:ttes

ranged from 6 x 10°10 cm/s to 6 x 10-9 cmi/s.

2.1.2.2. BQnIQmaj. Permeation with Chemical Leachates

GeoSyntec Consultants (‘1991a) pen‘ormed compatxbmty
tests on- 8entomat® in flexible-wall permeameters in order to‘-
measure the effect of landtill leachate on the alternative
barrier material. Three 2.8-in (70-mm) diameter replicate
samples were. permeated first with de-aired water (under an
effective stress of 2.0 psi (14 kPa) and a hyérau!ic gradient of

about 50) and then with leachate (under an effective stress of
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Table 2.2 Summary of Results of Hydraulic Conductivity Tests on

Bentomat® (J&L Testing Company, 1990)

High-Contaminant-
Resistant ("887) .

Untreated Granular
Bentonite ("CS")

Stress _(psi)

50
50

.50 .

50
50
50

_ Maximum
Head Tail Effect]
42.2 418 8.2
44.6 39.4 . 10.6 .
47.2 . -36.8 . 13.2
422 418  ‘B.2
44.8 39.4  10.6
47.2  36.8  13.2

Hydraulic .
Conductivity
~{cm/s)

214 x 10-9
7.5 x 10-10
5.8 x 10°10

5.6 x 10°9
1.1 x 10°9
9.8 x 10-10



Hydraulic Conductivity (cm/s)
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Fig. 2.2 Results of Flexible-Wall Hydraulic
- Conductivity Tests on Bentomat®-
- (J&L Tevsting Company, 1990)
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5.0 psi (35 kPa) and an average hydraulic gradient of
approximately 160). The steady-state hydraulic conductivity,
after two  months of testing and 2.3 pore volumes of flow, was
approximately. 2 x 10-9 cm/s using the de-aired water and
approximately 2.5 x 10-9 cm/s using the landfill leachate. The
res‘ults seem to indicate that Bentomat® samp'ies that have
been hydrated first with de-aired water will have very little

increase in hydéaulic conductivity after -the .introduction of

landfill leachate.

GeoSyntec Consultants (1991a) conducted a ﬂex:ble wall B
hydraulic conducuvsty test on a 28 -in (70 mm) sample ofﬁ
Bentomat® that had nndemone 4 desiccation cycles _Each
cycle involved-fn‘st permeatmg “the’ sample with de-aired
water (using an effective stress of 5.0 psi (34 kPa) and 'én
average hydraulic gradient of approximately 25) then
desiccating the sample for two weeks in a 40°0C (1040F) oven.
This procedure was repeated 4 times. The steady-state
hydraulic conductivity, measured after each cycle, ranged'
sporadically between 1 x 10-9 cm/s and 3 x 10°9 cm/s. The
results show little effect of desiccation on the hydraulic

conductivity of Bentomat®.
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2221 Claymax® Permeation with Water

Literature published by the James Clem Corporation lists
2 x 10-10 cm/s as the hydraulic- conductivity of Claymax®
permeated with de-aired water. A summary of published
measurements of the hydraulic conductivity of Claymax® to
water is given in Table 2.4. Results are plotted in Fig. 2.5 in’
terms of hydraulic conductivity versus effective confining
stress. The results show that the hydraulic conductivity to
water varies from ‘just -under -about -1.x 10°8. cm/s at low
effectwestress to just -above 1 x 10-10 -cmy/s athagh

effective stress.

2.2.2.2 Claymax® Permeation with Various Liquid.and Chemical .
Leachates

" The information ‘available - concerning hydraulic

conductivity of Claymax® permeated with liquids -other than
water is summarized in Table 2.5. Al of the test specimens
that were hydrated with water and then permeated with
chemicals maintained a hydraulic conductivity € 1 x 10-8
cmvs, even for compounds such as diesel fuel and heptane that
would normally be very aggressive to soil liner materials.

Brown, Thomas, and Green (1984), for example, found that the
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Fig. 2.5 Results of Hyd%aulic:‘ Cbnducﬁvity Tests -
on Claymax®-Permeated with Water
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hydraulic conductivity of a compacted, micaceous soil was 1
to 4 orders of magnitude higher to kerosene, diesel fuel, and
gasoline than it was to water. The inconsistency of results
reported in Table 2.5 to the research conducted by Brown and
his co-workers may be related to either a small cumulative
pore volumes of flow in the tests on Claymax® or application
of a high compressive stress to the test specimens. The
cumulative pore volumes of flow of permeant liquid was not
reported in many of the test referenced in Table 2.5; in many
cases, there was probably an msuﬁxment quantity of flow to
»determme the full effects of the permeant hquxds (n some
A~tests ~~~~~ a- Iarge effectwe confmmg stress was used Brodenck
and Damel (1990) found that one compacted clay was
vulnerable to sxgnmcant aiteratlons in hydrauhc conductmty
when compressive stresses were <Ji 10 psi (34 - 69 kPa) but
dxd not underge an mcrease in hydrauhc conductxvrty when -the -
specxmens were permeated thh compresswe stresses farger
“than 5:to 10-psi (34 to 69 kPa). Brown and his co-workers’
applied no compressive stress to their test specimens.

Te~sts on specimens of Claymax® that were hydrated
with the same liquid as the -eventual permeant liquid (rather
than water) showed mixed results. For leachates, a pab_er pulp
sludge, and simulated seawater, the hydraui\ic conductivity

was found to be < 1 x 10-8 cmvs. However, the significance of
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these results is questionable because the duration of the tests
was short, the cumulative pore volumes of flow was not
'eported. and the applied compressive stress was not reported.
In as-yet unpublished tests by Shan, markedly different
results were obtained when Claymax® was not prehydrated
with water. ~ Shan fcund that when dry Claymax® was
permeated dlrectly with a SD% _mixture of water and methanol,
with pure methanol, or with heptane, the bentonne did not
hydrate even after several pore volumes of flow, and the
hydraulic conductivity did not drop below 1 x 10-6 cm/s. Shan
used a cbmpressive stress of 5 psi (34 kPa). Thus, with
_,concentrated- organic hquxds the condmons -of hydra‘uon
” appear:to p!ay an 1mportant role in determmmg the abil nty of'_.
- the bentonmc blanket to reszst _the deleterious action | ofi
organic c;h.emig_al_s._ The bentonite appears to be more
chemically resistant . if hydrated with fresh water before

exposure to concentrated organic chemicals.

The effects of desiccation were investigated by
GeoServices (1989d).” Three hydrated samples of Claymax®
were placed--in- a temperature-. and -humidity-controned
chamber. The chambers 6peratéd on a timed cycle to simulate

day and night conditions. The temperature and humidity during
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thick HDPE geomsbrane, was the material tested during this
study.

2.3.2.1 Paraseal Permeation with Water

Pittsburgh Testing Laboratory- (1885) conducted a
hydraulic conductivity test on a 2.5-in (64-mm) diameter
sample of Paraseal. A 15-ft (4.6-m) head of water was

applied to the sample, which was soaked for & days prior to

permeation. A single, falling-head test was performed, which
yielded a hydraulic conductivity reported to be 4 x 10-10

cm/s. Fur‘ther detanls “of the test procedures are not avadable

»However because the.direction. of flow was apparenﬂy through!

-the HDPE membrane the test may have provided a measuré of

sidewall \eakage rather than flow through the material.

The hydrauhc conductivity of Gundseal permeated thh
landfxll leachate was measured by GeoSyntec Consu!tams
(1891c). A grid of 0.12-in (3-mm) diameter holes on 0.3 in
(0.75 cm) centers were drilled into the Gundseal test samples
in order to ‘effectively test the bentonite portion of the

~Gundseal product. Three 2.8-in (70-mm) diameter samples
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were placed in flexible-wall permeamsters and subjectsd o}
an effective stress of 5.0 psi {35 kPa). The test specimens
were permeated, first with ‘de-aired water then-with leachate.
The average hydraulic gra'dient applied during permeation with
de-aired water was 50. The hydraulic gradient was increased
to 230 during ﬁermeaﬁon éith the leachate in order to
increase flow thl'ough the Gundseal. The average hydraulic
conductivity of the punctured Gundseal specimens was 1 x 10-
9 cmi/s fdr both the de-aired water and the leachats after
approximately 1.2 pore .volumes of flow. The hydraulic

conductivity'.of the prehydrated bentonite appeared unaffected

by the__imroduction of the leacbate.,l_,

- GeoSyntec Consultants (1991c) measured the hydraulic
conduct:vxty of a sample of Gundseal that had undergone 4
desiccation cycles. The 28 -in (70- mm) dxameter sample was .
punctured with small holes in the same grxd paﬁem as the
- samples described previously. The test sample was permeated
with de-aired water in & flexible-wall permeameter under &an .
effective stress of 5.0 psi (34 kPa) and an average hydraulic
gradient of 215 in order to determine hydraulic. conductivity.
The sample was removed from the permsameter, subjected t0 2

0.4 psi (3 kPa) confining stress, and placed in an oven for two
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25 Summary of Hyvdraylic Properties of Bentomat®,
Clavmax®, and Paraseal/Gundseal
Table 2.10 is an abridged summary of the hydraulic

conductivity data of Bentomat®, Claymax®, and

Paraseal/Gundseal. The table includes results from tests
‘conducted by ‘Gebsyntac (1891a,b,c), GeoSyntec (1990b), and
Shan (1990). ‘Resuh_s frdm hydraulic cdnductivity tests
conducted by other laboratories have not been included in Table
2.10 in order to .present the information in a simplified and

consise form.
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HYDRAULIC CONDUCTIVITY AND COMPATIBILITY TESTING OF CLAYMAX
BALTIMORE COUNTY LANDFILL PROJECT
TOWNSON, MARYLAND

e

SCOPE OF SERVICES

STS was to perform two hydraulic conductivity tests on sections of Claymax liner
material in conjunction with a six inch sand {ayer utilizing leachates as the hydration
med}u-m and the permeants. The Claymax specimens were supplied to STS by Clem
Environmental and the leachate specimens were obtained from L.A. Solamen. Inc. All

testing materials were delivered to our Northbrook Testing Facility.

Test Equipment

The equipment used in the compatibility study was a tnaxml compressxon permeameter

- This equipment incorporates the use of a ﬂe)uble membrane, pre»entmg mdewa!l seepage. '

back pressure to facilitate specimen saturation small diameter - bureftes makmvw

measurement of small volumes of collected permeant possible and lh__c: system is closed

preventing the permeant from being exposed to the surrounding air.

Specimen Construction

Each of the specimens, utilized -throughout the testing program, consisted of an
approximately six inch cylindrical column of silica sand on top ‘of which a circular
section of Claymax was placed. The orientation of the Claymax to the sand provided for
permeant flow initiatéd through the sand followed by the Claymax section.  The
directional flow of the perrr;eant. is similar to those conditions found in the field

applications.



Clem Environmental Corporation
_ STS Project No. 25868-XH
May 11, 1989

Once the specimens were assembled. a flexible rubber membrane was used (o encase the

specimens while sealed in the triaxial permeameter chamber.

Test Procedures

- After its initial construction and placement in a triaxial compression permeameler each
of the specimens is backpressure saturated. To aide in specimen saturation, carbon
dioxide gas was allowed to flow freely through the test specimen. inundating the voids
in the sand and dry Claymax. The use of this carbon dioxide gas has been accepted as a
procedure to aide in specimen saturation. The carbon dioxide gas will go into solution
more readily than normal atmospheric air. Once it was determined that the carbon
dioxide gas had completely inundated the voids: of the test specimen, the permeants were
allowed to free flow through the test specimen f{irst saturating the silica sand and then
the Claymax section. For this study, the leachates were utilized both as a set
_hydr'at‘_ingA me:_dil__m{-"‘é.md as ‘the -actual permeant for -the hydraulic “conductivity

- —:-determination. -

Two leachates were used during the study. Thé first was Jabeled Parkton Landfill and
the second labeled as Eastern Sanitary Landfill. It is the understanding of STS
. Consultants that the twb leachates were a municipal Jandfill Teachate and contained such

things as heavy metals. phenals, cyanide, copper, phosphorus and other substances. '

Once the leachate had fully hydrated the test specimen, the specimen was allowed (o
stand for a 24 hour hydration period. Following the hydration period.. the backpressure
saturation techniques were implemented to complete the saturation procedures. This was
accomplished by simultaneously increasing the cell and back pressurés’ in increme‘ms
while maintaining a pressure differential of 0.125 kilograms per square centimeter
(KSC).  Pressures were incrimentally increased until obtaining testing pressures of
4.125 KSC cell pressure and 4.00 KSC back presgure.

-
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Specimen saturation was gonsidered complete when a Skemp(on's Pore Pressure B-parameter
of 0.95 or greater was obtained., The “B" parameter is simply a ratio of an increase in
pore water pressure to a simultaneous increase in confining pressure.  When full
specimen saturation was determined, permeant flow was initiated through the bottom of
the test specimen, allowed to flow through the top of the test specimen and collect in 2
calibrated buretie.. The test was performed utilizing two separate gradienls. The
initial gradient consisted of an application of a hydraulic head of one foot. The

second- gradient.was applied as a hydraulic head equivalent to 35 feet.

During the entire test, permeant volume versus time measurements were recorded and the
hydraulic conductivity of the test specimen at the two gradients was determined. The
test was allowed to continue until it had been determined that a minimum of three pore
volumes of pore fluid had passed through the test specimen. Once this had occurred and

steady state flow had been established. the test was terminated.

mLébb'r‘ét“oﬂfy'_Test Results : -~

As a result of the testing as outlined above, the Cl'ayrﬁax' section utilizing the Parkton |

-1¢

Landfill Leachate, as the perméant, obtajned_hydr'aulic con-ductivity values of 2 x 10
centimelers per second (cm/sec) for a hydrauiic.head of one foot and 4 x 10~ "° cm/sec
for a hydra-ulic head of 35.feet. ‘The Claymax section exposed to the Eastern Sanitary
Landfill leachate obtain hydraulic conductivity values of 3 x 10 -IO c.m/"sécmui'i.lizing 2
hydraulic head of { foot and 4 x 10 "1 emisec utilizing a hydraulic head of 35 feet.
A summary of specific specimen characteristics and final hydraulic conductivity values

is attached to this report.



‘ STS Consultants Lid.

Permeant
Sample No.

Classificeation

T v Unit
she (pcf)

Water Content

(%)

Diameter

(cm)

Length
(cm)

Saturation
B Value

Bydraulic
Conductivity
k (cm/sec)

<1 ft,

STS PROJECT KO. 25868-x4

PROJECT Baltimore County

"Landfill Project

DATE 4-24-89

 SUMMARY OF KYDRAULIC CONDUCTIVITY TESTS

Parkton Landfill

1

"Claymax with
6" Silica Sand

51.6

Dry

7.028-..
0.568

0.97

35 ft. 4 x 10 —10

2 x 10 —10

Ezstern Sanitary Landfill

2

Claymax with

"6" Silica Sand

62.5

Dry

7.026

0.616
0.99

1 ft. 3 x 10 —10
35 fr. 4 x 10 ~10




Dennis F. Rizmusacn
Caurty Raeculive

t

BALTIMORE COUNTY,

INDUSTRIAL DISCHARGE COHTXOL PROGRAM

& 479 29?31 BALTO. CO., G4
v Rev:12 /87
WASTEWATER MONITOKING AND ANALYSIS DIVISION
Somple Ho,: @ 01110
O e e A s A gy

SAHMPLING/AHALYSI; FORM

DRyt rpeer iy )

——

Industry Name:

_ EASTERN SANITARY LANDFILI

___ Facility No.:!

Addresst

Tele

Telephone!

Days Cove Road

Sampling Sits Locatiom:

Leachate pit

P. Phillips

Special Instructions: STD 5, motala, Total alkalinity & Chlorides
- {

%

FIELD
Dito and Time of Sampling:

Sampled by:

Scarg 1/18/89

Finist

10:20 a.m.

P. Phillips, T.E. Ryan

Type of Sampla: Crab

Sampler Settings! N/A

Sacple Charactev{scics:

Preservatives Added:

1 quarr; dark e¥ay: ) quarts; dark brown

Cooled with ice

1)
i
B

Ccoments and Obscrvations:

" pP, TEK -

I
1

Dacas

Ozlivered to Labd byi

1/18/89 - T;qe:J_JI:SO &.m.

LABORATORY

Sample received by:

upe

Data

Characteriscice of Noges

1718789  Tima:

- v v

11:50 a.m,

—

ANALYTICRL RESULTS
t

Lode BbL Porameter - Cone. {me/L)

. st o T 6.3

. BOD 122 mg/L

o CoD 148 mp/L
188 125 me/L

2012 FOC ~ ALY

3013 FOC = Paty

2026 P(Phosphorus) _ 2.52 mg/L

3006  0.01 Cd(Cadmium) BOL

3007 0.05 Cr(Chromium) DL

3008 Q.02 cu(Copper) 0.04 mg/L

b Cn{Cyanide) )
3009  0.10 pp (Lead) 0.36 mp/L-

A e ottt e i 5 1 Sl 3 Smere W8

{(Origin of Seced:

?o\v:ccd§

Conc. {myp/L)

Code BDL Paramacery
3011 - 0.05 Ni{Njekel) BDL
3015 0.01 2n(Zine) 0.05 mg/l.
3130 Phenols 5
3013 0.0} Silver . BDL
GRAD pH '
Total Fe 3,88 ng/L

Chloride

Taral alkalinity 350 mg/L

80 mg/L




Dennis F. Rasmusson
Casnly Brecutive

i R . £7
BALTIHORE COUNTY evil2 /87
WASTEWATER MONITORING AND ANALYSIS DIVISION
INDUSTRIAL DISCHARCE CONTROL PROCRAM

o SAHPLIHC/AHALY?IS FORM Sawple No.: 9 02104
{

=

—— e

———

]
Industry Rame! PARKTON ! Faciifey No.:
T i
Address: i i
Tclephone! : - "Requested by: R. Huch

fandling Slca Location:

Call 43 §

Specicl Instructionat

i
pH, DBOD, COD, TS3, Alkalinity, Chloride, Hetals

{

<o
—
o

|

Py (leoud)
e

e
Q.00 mg/L

FILLD | é

Date and Time of Sampling: ™ Start 2/‘_?:_/_@_9 Fianlch

Sampled hy: 7. Mouah, B, Xramer : e

Type of Sample: Crab 3

Sazpler Seltings! A«L-g

Sazple Chavacteristics:

Presoevatives Added: ;

Cooments and Obszgrvations: _ ? ] S
Delivared to Lab by: "~ ‘BX, RM | Datet _2/9/89  Time: _2:20 P.H.
;ABORATD.RY ) “ ‘ ) i

Sample recelved by: W Date: 2/9/8%  Time: 2:20 I'.M.
Characcerlstics of Notet : .

%3; " (Origin of Sced: Polyszcd)
%;. . ANALYTICAL RESULTS .

2de  EDL Parameter '~ Conc. (mg/L) | Code  BDL Parameter  Conc. (mg/L)
. o 6.1 3010 0.05 Ni(Nickel) -, 1-44 =8/L

B0 38,868 mg/L | . 3015 0.01 Zn(2ine) 5:45 mg/
. cop 60,831 mp/l, 3130 Phenols

%,___ Iss_ 691 mg/L 3013 0.01 silver ‘ 0.03 =x/L
S;g FOC ~ ALy .

ggg; FOG_~ Berr - * GRAB_pH

.3_9. : B(Phosphorus)  snterfaronce
fi& 9.__9_1_ LdlCadmium) 0,10 mg/L T Toral Fe 736,00 eg/L
m -O_'Q.é QLQE’_TEEE) MLML ——’—' Total alkalinity 15,000 =n /.
w 0.0 S_-“LC:\EEP_Q) 0.17 mﬁ_&_ T Chlorida 1,500 =g/l
% £n(Cyanido) —

—— |
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.2 PLASTIC PIPING HANDBOOK

Chemical Resistance of Plastics and Elastomers
Used in Pipeline Construction

1. Introduction

It is now inconceivable o construct
pipelines without the use of plastics.
Pipes made from plastics are used not
only for drinking water, water for gen-
eral use and waste water, but also for
the conveyance of aggressive liquids
and gases. Expensive pipe materials
such as lined metal, ceramic or glass,
have been largely superseded by plastic
pipes. It is, however, important that the
most suitable plastic material is selected
for each application. This "Chemical
Resistance List” serves as a useful guide
in this respect. The list is periodically
revised to include the latest findings. It
contains all plostics and elastomers in
the George Fischer product range which
can come info direct contact with the
media.

The information is based on experiments,
immersion and, when available, on data
from tests which include temperature
and pressure as stress factors. The
results achieved in immersion experi-
ments cannot be applied without reser-
vation to pipes under stress, i.e. internal
pressure, as the factor “stress corrosion
cracking” is not taken info consideration.
In certain cases it can be of advantage
to test the suitability under the planned
working conditions. The tests referred fo
have been carried out partly by George
Fischer and partly by the Infernational
Standardization Organization (IS0 or
national standards organizations.

Pure chemicals were used for the tests. If
a mixture of chemicals is fo be conveyed
in practice this may affect the chemical
resistance of the plastic. It is possible in
special cases fo carry out appropriate
tests with the specific mixture. Suitable
test equipment is available af George
Fischer for this purpose, which we regard
as part of our service to the customer. It
goes without saying that we are willing
to give individual advice at any time. In
this connection it is worth mentioning
that George Fischer already possesses
information concerning the behavior
towards plastics of a number of chemi-
cals or mixtures of chemicals which are

not yet included in this list. The “Chemi-
cal Resistance List” gives valuable
assistance in the planning of plastic
pipelines. Please refer to the following
instructions, which are important for the
application and evaluation of this list.

2. Instructions for the Use of
the Chemical Resistance List

2.1 General

As stated in the introduction, the “Chemi-
cal Resistance List” is only intended as a
guide. Changes in the composition of
the medium or special working condi-
tions could lead fo deviations. If there is
any doubt, it is advisable to test the
behavior of the material under the
specific working conditions, by means of
a pilot installation. No guarantees can
be given in respect of the information
contained in this booklet. The data
shown is based upon information
available at the time of printing, but it
may, however, be revised from time to
time in the light of subsequent research
and experience.

2.2 Classification

The customary classifications:

resistant, cendifionally resistant and
not recommended are depicted by the
signs: +, O, and -, which allow simple
presentation and application. These
classifications are defined as:

Resistant: +

Within the acceptable limits of pressure
and temperature the material is unaf-
fected or only insignificantly affected.

Conditionally Resistani: ©

The medium can aftack the material or
cause swelling. Restrictions must be
made in regard to pressure and/or
temperature, taking the expected service
life into account. The service life of the
installation can be noticeably shortened.
Further consultation with George Fischer
is recommended.

Not recommended: —

The material cannot be used with the
medium at all, or only under special
conditions.

(Courtesy George Fischer Engineering Handbook)



CHEMICAL RESISTANCE OF PLASTICS AND ELASTOMERS

2.3 Pipe Joints

2.3.1 Solvent Cement Joints (PVC)

Solvent cement joints made with stan-

dard PYC cement and primer systems

are generally as resistant as the PVC

material itself. The following chemicals

are, however, an exception:

= Sulphuric acid H,SO, in concentrations
above 70 percent

+ Hydrochloric acid HCl in concentra-
tions above 25 percent

= Nitric acid HNO, in concentrations
above 20 percent

Hydrofluoric acid in any concentration
In conjunction with the above media the
solvent cement joining is classified as
“conditionally resistant”. Previously
recommended solvent cement (Dytex, by
Henkel, Germany! used for pipe and
fittings to carry concentrated acids, can
no longer be brought into the United
States because of its methylene chloride
solvent system being classified as a
carcinogen. There is no known domesti-
cally available subsfitute. Special
consideration should be given to the
possible attack of the cemented joints by
these concentrated acids.

2.3.2 Fusion Joinis

In the case of PE, PP, and PVYDF (SYGEF®
heat fusion joints have practically the
same chemical resistance as the respec-
tive material. In conjunction with media
which could cause siress cracking, the
fused joints can be subjected to an
increased risk due to residual stress from
the joining process.

2.4 Sedling Materials

Depending upon the working condifions
and the siress involved, the life span of
the sealing materials can differ from that
of the pipeline material. Seals in PTFE,
which are not included in this list, are
resistant to all the chemicals indicated.
The greater permeability of PTFE should,
however, be considered. Under certain
working conditions, for example when
conveying highly aggressive media such
as hydrochloric acid, this material

characteristic must be taken into ac-
count.,

2.5 General Summary and Limits of
Application

The following table includes all the
materials contained in the George
Fischer product range, and their abbre-
viations. The summary gives preliminary
information regarding the general
behavior of the materials and the
temperature limits.

2.6 Siandords

This list has been compiled with refer-
ence fo the following ISO standards:
ISO/TR 7473

Unplasticized polyvinyl chloride pipes
and fittings — Chemical resistance with
respect fo fluids.

ISO/TR 7474

High density polyethylene pipes and
fittings — Chemical resistance with
respect to fluids to be conveyed.
ISO/TR 7471

Polypropylene (PP} pipes and fittings —
Chemical resistance with respect to
fluids.

ISO TR 10358

Plastic pipes and fittings = Combined
chemical resistance classification table.
DVS 2205 Part |

Caleulations for thermoplastic con-
tainers and appliances.

DIN 8080 Supplement 1 «Pipes of
chlorinated polyvinyl chloride {PVC-CJ,
PVC-C 250 - Chemical Resistances.

(Courtesy George Fischer Engineering Handbook)
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PLASTIC PIPING HANDBOOK

Materiol Abbre- Remarks Maximumm Permissible
viglion Temperalure (Water) °C
Constant Shorl Term
Ve Resisiant ic most saluiions of acids, alkalis and saiis and o &0° 60°
Pelyvinyl Chlonde arganic compounds miscible with waler, Not esistant 1o
aromatic and chimnaied hydrocarbons
Chlorinated CPVC Can be used similatly 1o PYC but o higher lemperatures 90 1100
Polyvinyl Chlorice Cansult factory for speafic applications.
High-density PL 50 Resisiant k> hydrous solulions of acids, alkalis and salts as 60° 80°
Polyethylene well as 1o ot large rumber of oiganic. solvents. Unsuiiable for
concentraled oxidizing acids.
Polypropylens, heot siabil zed PP Chemicai resistance similar 1o 1hal of 2E but suitable for Q0° 1100
nighe! lempetonnes
Folyvinylidens PYDF Resisian! 1 acids, solulions of saliy, abiphalic, aromalic and 140° 150°
Fluoride {SYGEF?) chloringtec hydrocarbons, aleahels ond hologens  Conditior
nally suitable lor ketones, esteis, arganic bases and
alkaling solutions
Polybutylene-1 PE Semilar 1o PE 50, but can be used up 1o 90°C 90° 100°
Polyaxymethylene POM Resistont i mesi solvents and hydious alkalis. Unsuitoble Tor 60° 807
acids
Polyerrafluorcethylenc PTEF Resisiont to all chemicals i this fist 250° 300°
le.g. Tetlon®)
Nitile Rubber NER Gond resistance 10 ol ond patrel. Unasuitoble lor oxidizing Q0¢ 1200
meadia
Buryl Rubber IR Cood resislance to ozone and weather. Especially suirable 20° 120°
Elhylene Propylens Rubber EFDAY for aggressive chemicals. Unsuitable for cits and fats
Chioroprene R (& Chemical 1esisia 1y sunilar 1o that of PYC-U and 80° 110¢
le.g. Meoprene®™j benween that of Nitritz and Bulyi Rubber
Fvorine Rubber FPAL Hos best chemical tesistance to solvenls of oll slosiomers 150¢ 200°
fe.g. Vilon®]
Chiorine Sulphonyi Polyethylene CoM Chemicul resisiance simifar to thal of EPDM 100° 140°
{e.g. Hypalon®}

BRegistered lrade nome

The abbreviations listed below

Q/E {Quellung/Erweichung)
D/P (Diffusion,/ Permeation)
SpRB {Spannungsrissbildung)

= swelling/ softening

= diffusion/ permeation

= environmental siress cracking

Courtesy George Fischer Engineering Handbook)

are found throughout the listings and have the following definition:
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85

Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PVC
CPVC
ABS
PE
PP-H

PVDF (SYGEF}

EPDM

FPM
NBR
CR

Acetaldehyde

Acetaldehyde

Aceic acid {SpRB)

Acetic acid {SpRB)

Acetic acid [SpRB)

Acelic acid (SpRB)

Acgiic acid ISpRBI

Acetic acid anhydride
{SpRBI

CHz-CHO
(CoH, O

CH;COOH

CH;COOH

CH,COOH

(CH3-CO10

2

118

118

139

technically pure

40%, aqueous

solution

technically pure,

glacial

10%, aquecus

50%, aqueous

60%

98%

technicolly pure

(e

o+
O

O+ +
O+ +

O+ +
+ o
o+
+ 4k
+ o+

O+
O+

O+

P

QO+ + +

O+

O+ +

e}

O+ +

SO+ +

O+ +

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentrolion

Temperature “C

PVC

CPVC
ABS

PPH

PVDF (SYGEF)

EPDM
FPM
INBR
CR

Acetic acid

isobutyl ester

Acstone

Acafone

Acetonitrile

Acetophenone

Acrylic acid methyl ester

Acrylic ester

Acrylonitrile

{CHyl5-CH-(CHal-CO4H

CH,-CO-CH4

CHCN

CH3-CO-CyHs

CHy=CHCOOCH;

CHap=CH-COO CH,CH;

CH,=CH-CN

56

81.6

80.

w

100

technically pure

technically pure

up fo 10%,

agueous

100%

100 %

technically pure

technically pure

technically pure

140

140

140

+ 4+

+

o

+ o+
[eXeXe)

++

+

o+ +

oo

o+
000

+ 4

CSM

[eXeXe}

(Courtesy George Fischer Engineering Handbook)
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9.7

Aggressive Medio

Chemical Resistance

Medium

Formula

Boiling point "C

Concentration

Temperature “C

PvC
ABS
PE

PP-H

PVDF (SYGEF)

EPDM
FPM

Adipic acid

Aluni

Alcohalic spirits (Gin,

Whisky,etc.}

Allyl olcohol

Aluminium chloride

Aluminium chloride

Aluminium fluoride

Aluminium hydroxide

Aluminium nitrote

HOOC-(CHa),-COCOH

see Potassium/ aluminium sulphate

HoC=CH-CH-OH

AlCl3

AIClh

Aif;

AlOH},

ANOI

—_— 1

T
o
@

97

115

saturated,
aqueous

approx. 40% ethyl

alcohol

96%

10%, aqueous

saturated

safurated

Suspension

saturated

120
140

20
40

80
100
120
140

20
40
40
100

120
140

140

o
T+ + | CPVC
+ o+ +

ok

+ o+
ot
+

¥
+4 o+
ok

+ o+
o+
+ o+
+

O+ + + +

+ 4+ o+t +

+ okt

+

R

ot

+ o+t

000

+ + + o+

o+t

ok

-

+ okt

R

+ o+ + | NEBR

O+ + -

+

L O+ 4+

+4+ | CR

o+ b

T r 1 | CoM

P [

+ o+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Medio

Chemicel Resistance

Medium

Formula

Boiling point “C

Concentration

Temperature "C

PVC
CPVC
ABS

E
PP-H

PVDF {SYGEF!

EPDM
FPM

Aluminium sulphate

Aluminivm sulphate

Ammonio (SpRBI

Ammonium acetote

Ammeniur. oluminium

sulfate

Ammonivm bromide

Ammonium carborate

Ammonium chloride

Al SOyl

NH;

CH3COONH,

INH,1:CO5

NH,Cl

115

10%, aqueous

cold saturated,
aqueous

goseous,
iechnically pure

aqueaus, all

50%, aqueous

aqueous, cold
saturcled

140

20
40
60

100 |

120
140

O+ +
TR

+ ok
B

[P

+ o+

"
-

+

P
o+
R

+ o+

+ 2
+ +
+ +

O+ +
o
+ o+t
+

O
+ o+t
'y
+
ot

»

o+
o+

A+

b 0QO+ + FoE b I

4+

+ 4

@

o+

o+

ok

o+

o+

4

o+

o+

4+

+ o4+

o+

+ 4+

ok

ok

+ + +

e

+

o+
O+

+ 4

A

+ 44 | CR

o+
OO0+ +

+ 4+

4+

O+ + + | CSM

+ o+

+ o+t

+ 4+t

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media Chemicol Resistance

|

Boiling point “C

Temperature °C
PVDF ISYGEF)

Ve
CPVC
ABS
EPDM
FPM
NBR
CSM

PE
PP-H

Medium Formula Conceniration

CR

Ammonium citraie 20(+

o

Ammonium dicromate INH,), Crp O7 saturated 20

o
(=]
ot

Sw
88
+

Ammonivm 20| +
dihydrogenphosphate 401 +

-
+ okt

Ammonium fluoride NHF 200+ |+

bk
okt

Ammonium formiate 20

Q:
(=}
bt

Ammonivm o
hexafluorosuilicate o

+

[«
8
+ b4+

100
140

Ammonium hydrogen NH,HF; 50%, aqueous 20
fluoride 40

o+ +
+ 4+
N
¥
T

140
Ammonium 20
hydrogencarbonate 40
&0

+ 4+
4+
+ 4kt

100
120
140

(Courlesy George Fischer Engineering Handbook)



2.10

PLASTIC PIPING HANDBOOK

Aggressive Media

Chemical Resistance

Medium

Formula

O

&

E
]
a

Concentration

Temperature °C

PVC

cPvC
ABS
PE

PP-H

PVDF ISYGEF

EPDM
FPM
NBR
CR

Ammonium
hydrogenphosphaie

Ammonium

hydrogensulfie

Ammonium hydroxide

Ammonium nitrate

Ammonium oxalate

Ammonium persulphaie

Ammonium phosphate

Ammonium sulphate

NH,OH

NHJNOs

HsNOOC-COONH,

INH),8,05

(NH4isPO,

INH42S04

112

aqueous, cald
saturated

aqueous,
saturoted

saturated

aqueous,
saturated

8888

100
120
140

20
40
60
80
100
120
140

20
40
40
80
100
120
140

20
40
60
80
100
2

140

20
40
60

100
120
140

20
40
60

100
120
140

+ 4+

O+ +

+ 4+ o+

okt

+ 4+ +oF o+

& E £

O+ +

-
O+ +

+ 4+

o+

-

-

o+ + 4+

O+ + +

+ 4

4ok b+

ot

PR A+ RN

ok ok o+

+ ot

O+ +

+ 4+

+ o+

RN

+ ok

ok

ot

QO+
O+ + +

O+ +

O+ +
+ o+

O+ +

+

O+ +

+ o+t

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point “C

Concentrotion

Tempercture “C

Ve
PE
PP-H

PVDF {SYGEF!

EPDM
FPM

Ammonium suiphide

Ammonium

tetrafiuoroborate

Ammonium thiocyanate

Amyl acetate

Amyt alcohol (SpRB)

Aniling

Aniline hydrochloride

Antimony thiocyanate

—_—

(C(Jul”fesy

INH.i5S8

NHJSCN

CH3lICH,)y-COOCH;

CH3ICHl3-CH,-OH

CaHsNH;

CeHoN+HCI

141

137

182

245

agqueous, all

saturated

technically pure

technically pure

technically pure

aqueous,
saturated

100

140

+ + + | ABS
4k

O+ +
000 | CPVC

ot

o+

+ o4+
[e3e}
o0+

+ 4
+ ok

+

+ o+

+ o+

+ 4+

O+ ++ ++

o+

+ o+

+
O+

+

+ o+

=

000

+ -+ + | NBR

+

+ 4+ [ CR

¥

+

+ o+ | CSM

O+ + +

George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature "C

PVC

CPVC
ABS
PE

PP-H

PVDF (SYGEF)

EPDM
FPM
NBR
CR

Antimony trichloride

(SpRBI

Aqua regic (SpRBI

Arsenic acid

Barium carbonate

Barium chloride

Baorium hydroxide

Barium salts

Barium sulfcte

S6Cls

HNOa+HCH

HaAsO,

BaCOs

BoCly

BaiOHl,

BoSO4

102

0%, aqueous

80%, aqueous

saturated

cqueous,
saturated

aqueous, olt

3388

++

O+ +
ok

o+ +
R

o+

&

+

4okt

4

[

R

o4
o+

[

o

o+

+ o+

o+

+ 4+

&

o+ + kb ot +F o+t

+ o+

o+

+

okt

+ o+

+ o4+

ok

[

4o + + + 4+ +

b4

+ o+ o+

[

-

R

O+ + +

+

4o+

+ 4

+ 4+

+ 4

o

+!csm

+ b

+

o+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C.

Concentration

Temperature °C

PVC

CPVC
ABS
PE

PP-H

PVDF ISYGEF

EPDM
FPM
NBR
CR

CSM

Barium sulfide

Battery acid

Beef tallow emulsion,

sulphonaied (SpRB!

Beer

Bénzu\dehyde

Benzene

Benzenesulionic acid

Benzoic acid

Benzuyl chloride

|

8aS

see Sulphuric acid 40%

CaH-CHO

CaHig

CaHsSOsH

CeHs-COOH

CeHsCHCl,

180

80

Fp.r,
12

.

suspension

usuol commercial

vsual commercial

saturated,

agueous

technically pure

technically pure

aqueous, all

technically pure

100

140

4+

ok

okt

O+ + +

+ 4+

4+

o+t +

[oXe}

o+
e
ok

P

-

o+ + kb ++ o+ ot

O+

o

SO+ + 4

R

+ o+

+ 4+

+

O+ ++ +

(COI”‘IES)’ George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concenfrotion

Temperature °C

PVC

CPVC
ABS
PE

pp-H

PVDF {SYGEF)

EPDM
FPM

NBR

Benzyl alcohol {SpRBI

Beryllium chioride

Beryllium sulfate

Borax

Boric acid

Brine, containing chloring

Brombenzene

Bromine, liquid

CgHs-CHo-OH

NaB4O;

H3BOs

CgHsBr

Bry

2

&

technically pure

squeous, all

all, aqueous

technically pure

O+ +
+ 4+

o+

o+

o+

+ o+

O+ +
O+ +
C O+ +

+ o+ +

o+ o+

o+

+ o+ b+

Fa—

+ okt

-

P

O+ +

O+ ++ +

ok

+ o+t ++ +

o+

+ o+

+ 4

o+

4-++]CR

o

o+ +

+ 4

(Courtesy George Fischer Engineering Handbook)



CHEMICAL RESISTANCE OF PLASTICS AND ELASTOMERS

Aggressive Media

Chemical Resistance

Medium

formula

Boiling point "C

Concentration

Temperature “C

(@
CPvC

ABS
PE
PP-H

PVDF ISYGEF)

EPDM
FPM
MBR
CR

CSM

Bromine, vapours

Bromine water

Butadiene !Q/EI

Butane

Butanediol (SpRB)

Butanol [SpREI

Butyl acetate

Butyl phenal, p-tertiary

Bry

BrH-O

HoC=CH-CH=CH,

CiHio

HO-CH,li-OH

CaHoOH

CH3;COOCH,CH;CHaCHy

ICH3}3C-CyHa-OH

230

nz

237

|

high

saturated,

agqueous

technically pure

fechnically pure

aqueaus, 10%

technically pure

technically pure

technically pure

EaRA

+ b

O+ +
+ o+
C O+ +

O+ + +
O+ +++

4 O+ 4+ +

R

o+

o+t

+ 4+

@

O+ +
+ okt

0%

+ o+

(Cour tesy George Fischer Engineering Handbook)
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Aggressive Medio Chemical Resistance

Medium formula

Boiling point °C
Temperalure "C
PVDF [SYGEF)

CPVC

+ + + | ABS
PE
E£PDM
FPM

pvC
PP-H

Concentration

l NBR

+++’CR

Butylene glycal (SpRB) HO-CH,-CH=CH-CH,-OH 235 {technically pure 20

.o’CSM

o5

(=)
O+ +
o+
o
4+
o+t
4
O+ +

Butylene liquid CaHa 51 |technically pure 20| + - -+ Of+ |+

Butyric acid {SpRBI CH3-CH,-CH,-COOH 163 {technically pure 20f+ |+ -

o

o

O+ +
O+ + + +

Cadmium bromide CdBry 20

3

(s}
+ o+
e
+ o+
+ 4+ +
+ 4
o

Codmium chloride CdCly 20

+

S
L= 3
+ o+
+
+ o+
PR
ok
+ o+t

Caodmium cyanide CdICNI2 20

e
o
[P,
o+t
-

Codmium sulfate CdSOs 20

rS

L=
o
P,
AR
44+
[P

o

Calcium acetate (CH5COO0)Ca saturated 201 +

O

o
+
+ 4+
N

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemicol Resistance

Medium

Formulo

Boiling point °C

Concentration

Temperature °C

PVC
PP-H

PVDF [SYGEF)

EPDM
FPM
NBR
CR

Calcium bisulphite

Calcium carbonate

Calcium chlorate

Calcium chloride

Calcium fluoride

Calcium

hydregencarbonate

Calcium hydrogensulfide

Calcium hydrosulfite

CalHSOal,

CaCO;

CalClOzly

CaCly

Cafy

CalSHi,

CalHSO3),

125

cold saturated,
aqueous

saturated,
aqueous, all

saturated

140

100
140

20
40
60
80
100

140

100
120
140

+ 4+ + | CPVC
+ + | ABS
PE

+
+ ok o+
o
+ o+

+
P

O+ +
+ b+ o+
+
+ + +
+ o+

+ 4+
+ + 4
ok

4+t

okt

+ ok ok

+ 4+

bbb R

P

R

3

RS

O+ + + +

+ o+

+ +

4+t

ok

4kt

o

R

O+ + +

O+ + +

T I Csm

+ b4+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PVC

PE
o

PVDF SYGEF)

EPDM
PM

NBR

Calcium hydroxide

Calcium nitrate

Caleium phosphate

Colcium sulfide

Calcium sulphate

Calcium sulphite

Calcium tungstate

Calciumbromide

CalOHI,

ColNO3l

CalHoPO,
CaHPO,
CaslPO4s

CaSOy

CalHSO4),

Calry

8

115

satyrated,
aqueous

50%, aqueous

suspensions

aqueous, cold
saturoted

+ 4+

+ + + + | CPVC

P

+ o+

+ + + | ABS

+
ER—

+

o+ o+
b

4+

+ o+ +
b4+t

+ 4+
+ 4+t

el

oA

+ ot

4+t

+

+ 4

I
b

P
+ o+

+ 4+

++ +
+ 4+

O+ +

+++++ICSM

+ o+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PVC

CpvC
ABS
PE

PP-H

PVDE {SYGEF

EPDM
FPM
NBR
CR

CSM

Calciumlactate

Caprolactam

Caprolactone

Carbon dioxide

~corbonic acid

Carbon disulphide

Carbon tetrachloride

Carbonic acid

Caro's acid

Casein

—_—

{CH3COOLCa

CeHiNO

CHioOa

CO,

Cs;

CC,

see Peroxomanosulfuric acid

46

3

saturated

technically pure,
anhydrous

technically pure

technicolly pure

100
120
140

140

+F o+

-

ot

I

4+

-

PR

R

ok

F okt

oA+

o

ER

ok

-

T

+ ok

ok

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point "C

Concentrafion

Temperature °C

PYC
CPVC
ABS
PE
PP-H

PVDF (SYGEF)

EPDM
FPAA
NBR
CR

Casium chloride

Casiumhydroxide

Coustic potash solution

Ipotassium hydroxide)

Caustic soda solution

Cerium Ui} -chloride

Chloral hydrate

Chloric acid (SpRBI

Chioric acid [SpRB}

CICs

CsOH

KOH

NaOH

CeCly

CCl3-CHIOR),

HCIO;

HCIO,

13

98

50%, aqueous

50%, aqueous

technically pure

10%, aqueous

20%, aqueous

- J NS
[eX=X=k=]

0o
33

140
20
60
80

100

120
140

140

140

o+ +
++ 4+
4+
+ 4+
R

+
4+t

+ o+

O+ 4+
-
++

+ o+

+ 4+

+ 4+

+ 4+

O+ + +

o+

o

CSM

r 00+

O+

o+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media Chemical Resistance

N—
|

Q Boiling point °C
Temperature °C
CPYC
ABS
PE

EPDM
FPM
NER

PH
O | PVDF(SYGER

Medium Formula Concentration

CR
CSM

o | PVC

Chlorosulphoric acid CISO3H technically pure 20

]
Chrome alum KCrSOy,2 cold saturated, 200 +
{chromium potassium agueous 401 +
sulphatel &0 +

b+
+
o
-+
¥
+ o
+ ot
+ 4+
+ o+
E

Chromic acid (SpRB} CrOz+H,0 up to 50%, e
aqueous 40

(e} @]
00+
[oXeXe]
+
00

QO+ + + +

Chromic acid ISpRBI all, aqueous 21010} -|0]0

S
OO0+ + +
O+

[eXoXe]

Chromic acid COy 30g 20{ +
+ sulphuric acid H2S04 5 10| +
+ water [SpRBI HO 35g 600

.,.
O

O+ + +
O+ + +
5

Chromium (1 -chloride =

o

o

+
o

Chromium (11} -Huoride CrFy 2

o
(=]
o+

Chromium (1) ~chloride | CrCl, ©

3
+
+ o+

140

T

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

CPVC
ABS
PE
PP-H

PVC

PVDF (SYGEF)

EPDM
FPM
NBR
CR

Chlorine

Chiorine

Chlorine

Chlorine water [SpRBI

Chloroacetic acid,

mono (SpRBI

Chloroacetic acid,
mono {SpRB)

Chlorobenzene

Chlorogthanol

Cly

Clp

Cly

Cl; HO

CICH,COOH

CICH,COOH

CeHsCl

CICHCH,OH

188

132

moist, 97%,
gaseous

anhydrous,
technically pure

liquid, technically

pure

saturated

50%, aqueous

technically pure

technically pure

technically pure

ReXe]

&
O+ +

+ o+
VO +

4+
+ + +
r 00+

O+ + + +

C O+ +

oo

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Boiling point °C

Formula Concentration

Temperature °C

PVC
CPVC
ABS
PE
PP-H

PVDF (SYGEF)

EPDM
FPM
NBR
CR

S

Chromium (ll}) -nitrate

°

Chromium [II} -suifate

Cider

Citric acid

Citric acid

Citric acid up to 10 %

Coal gos, benzene free

Coconut fat alcohol
(SpRB

|

(Courtesy George

CrNOsl

Cral SO4lz

Fp.

. 110%, aquecus
*153

technicolly pure

140

+ o+ 4

4

+

-+

+
ok

++
4+t

O+ +

okt

okt

+ o+

+

+ o+

+

o+

ot

O+

+

O+

Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperoture “C

PVC
CPVC
ABS

PVDF (SYGEF)

EPDM

PM

Compressedair,

containing oil ISpRB)

Copper salts

Corn oil {SpRB!

Cresol

Crotonic oldehyde

Cyclohexane (Q/E)

Cyclohexanol (SpRB)

Cyclohexanone

CuCl, CuCly, Cufy,
CulNOgly, CuSQO,,
CuiCNIp

HO-CeHy-CHy

CHs-CH=CH-CHO

CeHiz

CeHi20

CeHigQ

102

81

161

135

all, aqueous

technically pure

cold saturated,

aqueous

technically pure

technically pure

technically pure

technicolly pure

100

140

PE
o | PP-H

4+ +

+
P
b4
+ +
+ 4+

O+ +

0+ -

*
4+

+ o+ o+ + o+
+

+
O+ ++

OO0+
QO+

SO0+ + o o+ O+ ++ + o+t dik g d g -

O+

o+

+ o+

+ o+

+

+ | NBR
+’CR

+ 4+ o+

=y

O+ +

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PVC
PP-H

PVDF (SYGEF)

EPDM
FPM
NBR
CR

CSM

Densodrine W

Detergents [SpRBI

Dextrine

Dextrose

Dibuttyl ether

Dibutyl phthalate

Dibutyl sebacate

Dichlorbenzol

Dichloroacetic acid

see washing powder

1CsH100s),

siehe Glucose

C4HeOCsHo

CsHalCOOC, Hgl

CgH6lCOOC,Holy

CgHaCly

CLCHCOCH

142

340

344

180

194

for usual washing
lathers

usual commercial

technically pure

technically pure

technically pure

technically pure

technically pure

100
140

20
40
60
80
100
120
140

20
40
60
80
100
120
140

20
40
60
80
100
120
140

¥+ + | CPVC
O | ABS
PE

+

T

o4+
o+
+ o+

+
okt
++ F
FAE_—

OO0+
o0+
O+ +

Q

O+ +
O+ +
O+ 4+

N

okt

ottt

o+

+ o+

+ o+

okt -

O+ +

§
=

o+
+ 4+

o+

+

000

o+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point "C

Concentration

Temperature °C

PVC
CPVC
ABS
PE
PP-H

PVDF {SYGEF}

EPDM
FPM
NBR
CR

Dichloroacetic acid
(SpRB)

Dichlercacetic acid
methyl ester

Dichloroethan

Dichloroethylene

Dichloromethane

Diesel oil [SpRB, Q/E!

Diethyl ether

Diethylamine

Diethylene glycol butyl
ether

Cl,CHCOOH

Cl,CHCOOCH;

Ethylene chioride

CICH=CHCI

{CaHgl,NH

143

60

56

50%, aqueaus

technically pure

technically pure

technicolly pure

20
40

80
100
120
140

20
40
60

100
120
140

20
40
60

100
120
140

O+ +
+ o+ 4
+ 4+

+ +
PN

O+ 4+

s

o+

o

ReXe]

+ o+

++

o+
O++{C5M

O+ +

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature *C

pPvC

PE

PP-H

PVDF (SYGEF)

EPDM
fPm

CR

Diglycalic ocid {SpRBI

Di-iscbuty! ketone

Dimethy! formamide

Dimethylamine

Dimethylphtholate

(DivP1

nylphtholate

Dinor
{DNP)

Dioctylephthalate (S,
o ehthalate (SpRB)

Dioxane

Drinking water

——

HOOC-CHy-O-CH,-COOH

N

[ICHaJ2CHCH1,CO

{CHa},CHNO

{CHal,NH

CeHalCHyly

CaHaOs

see water

—
e
@

124

153

10

30%, aqueous

technically pure

technically pure

technically pure

technically pure

technically pure

technically pure

DO wo BN
888388

140

20
40
60

100
120
140

20
40
60

100
120
140

20
40

80
100
120
140

100
140

20
40

80
100
120
140

O+ +

+ 4+ 4+ | CPVC

+ | ABS

+ 4

O+ +
+ o+

ok
+ 000

+ o+ o+

£

Ea

+ | NER

+
o}

o | CSM

(Cour, tesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medivm

Formula

Bailing point °C

Concentration

Temperature °C

PVC

CPVC
ABS
PE

PP-H

PVDF (SYGEF)

EPDM
FPM

NBR

Ethanolamine

Ethyl acetate

Ethyl alcohol + acetic
acid
{fermentation mixture!

Ethyl alcohol

[Ethnoc! (SpRBI

Ethyl benzene

Eihyl chloride

Ethyl ether

Ethylenchloride

11,2-Dichloroethane}

Ethylene chloride

see Annino ethanol

CHyCOOCH;-CHs

CHj-CHz-OH

CaMs-CHCHy

CHa-CHoCH

CH3CH,-O-CH;CH3

CICHZ-CH,CI

78

35

83

technically pure

technically pure

technically pure,
96%

technically pure

fechnically pure

technically pure

technically pure

o+ +

o+ +

Q0+
[o]

+

R

O+

FE—

o

O+ + +

O+

CO+ 4+

[e)e) +

Q00

+ o+

[eXeXe)

O+ +

00

+

’ CSM

+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point *C

Concentration

Temperature °C

CPVC
ABS

PE
PP-H

PVDF (SYGEFI

EPDM
FPM

NEBR

Ethylene diomine

Ethylene glycol ISpRBI

Ethylene glycol

Ethylene oxide

Ethylenediaminetetra-
acetic acid
{EDTAI

Fatty acids >C, (SpRB)

Fatty alecohol sulphonates
{SpRB)

Fertilizers

HaN-CHy-CHo-NH,

HO-CH,-CHy-OH

CHLOHCH,OH

CHy-CH,

R-COOH

<

198

198

technically pure

technically pure

technically pure

technically pure,

moist

technically pure

aqueous

aqueous

140

140

140

100
140

20
40

80
100
120
140

20
40
60

100
120
140

20
40
60

100
120
140

o | vV

+
+ 4+

+
o+
+ 4+

+ o+
+ o+
o+

+
+

o+ + 4+ + +
O+ + + 4+

O
o
+

00

otk

+ okt

+ 4+t ok

4+ o+

+
100
Lo+

+ b+

+ 4+

+ 4+

O+ ++

O+ + +

dok ok

0+

O+ +
O+ +
O+ + +

+ o+t

+

+ o+

o+ | CR

O+ +
O+ + +

+ 4+ (o]

_—

. 00 | CSM

+

+ okt

(Cour tesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PVC

CPVC
ABS
PE

PP-H

PVDF {SYGEF}

EPDM
FPM

INBR

Flucrine

Fluorosilicic acid {Q/E}

formaldehyde (SpRBI

formamide

Formic acid (SpRB}

Formic acid [SpRB}

Formic acid {SpRB}

Freon 113

frigen 12 {D/P)

Fa

HaSifs

HCHO

HCONH,

HCOOH

HCOOH

see frifluoro, frichlorethane

see Freon 12

210

10

48

technically pure

32%, aqueous

40%, agqueous

technically pure

up to 50%,

ogueous

technically pure

25%

technically pure

140

100
140

20
40
60
80
100
120
140

20
40
60

100
120
140

+ o+t

+ 4+

+ 4+

+ o+

+++

o+

R + o+

+ o+
O+ +
+

4+

+ o+

o+
+ob

+ o+

ottt

[P

+ o+

o

o+ +

O+ + +

+ 4+

+ +
O+ +

CO+ +

.{CR

: fcsM

O+ +
o+ +

O+ +
O+ ++

O+

O+ ++

(Courtesy George Fischer Engineering Handbook)
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Aggressive Medic

Chemical Resisiance

Medium

Formula

Boiling point °C

Conceniration

Temperature °C

I

PvVC
PP-H

PVDF ISYGEF)

EPDM
FPM

Fruit juices [SpRBI

Fruit pulp

Fuel oil

Furfuryl aleohol (SpRBI

Gasoline (SpRBI

Gelatin

Glucose

Giyeerol

CsHsO2

CsHya to CioHad

CeHi20s

HO-CHy-CHIOH-CH,0H

17

80-
130

fp*.,
148

290

technically pure

free of lead and
aromafic
compounds

all, aqueous

all, aqueous

technically pure

e85
4+

140

140

100
120
140
20
40

80
100
120
140

+ 4 + | ABS
PE

+

++ 4+ + | CPVC

+
+ o

&
+

O+
n

+ o+

++ o+
+ o+

o+t

o]
o+
+ o+
¥+
+ o+

o+

+ 4+
+

ok

F 4

FR e ——

+ ookt okt [P O+ otk b

+ bk E o+

+ 4k

P

OO+

L O+ +

+ + dob

+ 4+

-

O+ + +
O+ + + +
O+ + + +

+ 4+ + + 4+ + + | NBR
o+ +

+ o+ o+

e

+ 4+ o+ + | CR

+ o+

o+ b+ o+ | CSM

+ o+

ok

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistonce

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PVC
PP-H

EPDM
FPM

NBR

Glycocoll [SpRBI

Glycol

Glycolic acid

Heptane ISpRB)

Hexane (SpRB}

Hydrazine hydrate {SpRB!

Hydrobromic acid {SpRB!

Hydrochloric acid (Q/E,

D/pl

Hydrochloric acid {Q/E,
D/PI

NHa-CH,-COOH

see Ethylene glycol
HO-CHy-COOH

Crthg

CoHiz

HaN-NH, . H,0

HBr

HCI

HC

BT
[~

Fp.*,

80

98

&9

13

124

10%, agueous

379%, aqueous

technically pure

technically pure

aqueous

aqueous, 50%

up to 38%

5%, aqueous

RO oo N
8388588
+ o+

140

100
120
140

4+ 4+ | ABS
PE

+ o+

+ 4 4 | CPVC
+ +

+ 4
4o

4

+
O+ + +

o+

O+ + +

+ + + 1 | PVDFISYGEFI

R o+

bk

R o+

PR

SO+
L O+

+ o+

4o+

-

+

44

o+

+

+

+

e
o+ | M

+ o+

O+ F

o+

C O+ +

o+

(Courtesy George Fischer Engineering Handbook)



CHEMICAL RESISTANCE OF PLASTICS AND ELASTOMERS

Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PVC
ABS
PP-H

PVDF ISYGEFI

PM

Hydrochloric acid
{Q/E, D/P)

«
Hydrochloric acid IQ/E,
D/P)

Hydrochleric acid

IQ/E, O/P1

Hydrocyanic acid

Hydrofluoric acid

Hydrogen

Hydrogen chloride IQ/E)

Hydragen perocide

HCt

HC

HCI

HCN

HF

Ha

HCl

253

10%, aqueous

up to 30%,

agueous

36%, aqueous

technically pure

technically pure

technically pure,
gaseous

70%

O+ +
4+ 4+ + | CPVC
|
+ 4+ + | PE
QO+ +
okt

O+ +
o+
o
Lo0+

O+ +

00+ +
+ o+
O+

O+ +
+ o+ +
ot
R

+

"
ok
+
+ 4+
+ ok
4+t

o
O+ + +
+
+

ok EE s

R

T

QO

T+t | EPDM

O+ +

ocC

ok

+

+ o+ O+ + o+ o+ O+ + P

o

. O | NBR
Lo CR
, O+ | CSM

o+

o]

o+

O+

o+ +

okt

[eXe]

(Courtesy George Fischer Engineering Handbook)
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Aggressive Medic

Chemical Resistance

Medium

Formula

Boiling point *C

Concentration

Temperature *C

Ve

ABS
PE

PP-H

|

EPDM

FPM

NBR

Hydrogen peroxide
{SpRB!

Hydrogen peroxide
1SpRBI

Hydrogen peroxide
(SpRBI

Hydrogen peroxide

1SpRBI

Hydrogen sulphide

Hydrogen sulphide

Hydroquinone

Hydrosulphite

Hydroxylamine sulfate

H0,

HO,

H,0;

HaOg

H,S

HaS

C4HAOHI,

see Sedium dithione

139

105

50%, aqueous

10%, aquecus

0%, aqueous

30%, aqueous

technically pure

saturated,

aqueous

saturated

140

120
140

140

O+ +

+ o+

+ | CPVC

4

++

ok

O+ +

+ o+

-

F

+ o+

+ ok

e

+

+ o+

O | PVDF{SYGEF}

AR SR

Fok otk b+

6]
+

00
0+

GO+

O+ + +

JCR

‘ CSM

o+ +

c OO0+

O+ +

(Courtesy George Fischer Engineering Handbook)



CHEMICAL RESISTANCE OF PLASTICS AND ELASTOMERS

Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PVDF (SYGEF

EPDM
FPM

CR

Hydroxylamine sulphate

fodine-potassium iodide
solution
{iugol's solution)

locium

fron {1} -chloride

fron 1l -chlorice

Iron {11} -nitrate

Iron (11l ~chloride

Iron (] -chloride.

INHA0HRSO4

FeCly

FelNO3l,

FeCly

|

all, aqueous

100%

saturated

saturated

saturated

saturated

saturated

140

40

140

140

++ { PVC

4+ + ( CPVC
ABS
PE

+ 4+ + | PPH

T
otk

+ 4+
+ 4k

+
+ otk b
+

o

+ 4+
+
+ o+

T

P
P

R

4
ER e
+ 4
4+

++ 4+ (R ok

4+

ot

b

'
+ +

+ - ++
otk

+

[

R - R

ok

O+ | NER

T+ | CSm

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemicat Resistance

Medium

Formula

Boiling point °C

Conceniration

Temperature °C

PVC

PE

PP-H

PVDF (SYGEFI

EPDM
FPM
NBR
CR

CSM

fron 1) ~chioridsulfate

fron (11 -nitrate

tron (1 -nitrate

Iron {1 -sulfote

Iron I} -sulfate

fror: (ll) -nitrcie

Iron [H) -sulfate

fron (i} -sulfate

FelNOj3

feslSOulz

FEINO;13

FeSCy4

saturated

saturated

saturated

saturated

soturated

saturated

saturated

saturoted

140

140

[P

4+
e b e

+ 4+ + 4+ [ CPVC

+ 4+ P

+ b

ot

+ | ABS

+ 4+

4

+ +

2

44+ + o+ o+ + o+ ot 4

ok

+ 4+t

okt R + 4 ok Foh FO -

+ o+t

o + b+ o+t + 4+ - P —

ok

R + 4kt ottt + 4 ko Fo b+ o oE

R

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C.

PE

PP-H

PVDF {SYGEF

EPDM
FPM

CR

Iron salts

Isooctane (SpRB}

Isophorone {SpRB}

Isopropyl cleahol {SpRB)

Isopropy! ether

Isopropylbenzene

)
<am, Marmalade

Lactic acid {SpRB}

(CHy)3-C-CHy-CH-ACHgl,

(0%, I¥e]

{CH3l-CH-OH

(CHglp-CH-O-CH-(CH3ly

CHaCHOHCOOH

|

{

82

68

all, aqueous

technically pure

technically pure

tachnically pure

technically pure

10%, aqueous

100
120
140

20

60
80
100
120
140

O+ + | PVC
++ + + | CAVC

OO+
o+

P

+ + { ABS

O+

+ o+

+ 4

ok

ok

e
00+ +

IR

PRI

O+ + +

+ 4+

RN

+ b

o

000
00O+

o+

+ o+t

+ 4+ + | NBR

+ 4+

+ o+

4+

+

+ o+

4+ + + | CSM

3

+ 4

[efeje]

Courtesy George Fischer Engineering Handbook)



9.38

PLASTIC PIPING HANDBOOK

Aggressive Medio

Chemical Resistance

Medium

Boiling point "C
Temperature °C
CPVC

PVDF [SYGEF)
EPDM

FPM

NEBR

PVC
PE
PP-H

Formula Concentration

Lanclin {SpRB)

lead acetcte

tead solts

leadcarbonate

teadnitrate

teadnitrate

Leadfetrafluoroborate

tinoleic acid

o

technically pure 20

+ +
T

R
Tofcsm

888
O+
+ + + | ABS
+ ok ok

+ ottt
++ +
ot
Lo+

PLICH,COO!I, aqueous, 20|+
saturated 40| +

%
+
+ ok
+ o+
+ 4+ +
4+
+ 4+
4o
+
ok

PbCly, PHINO3ly, PbSO, saturated 20

o
o
+ 4

PHINO3I2 20

PR

o
o
+
+ 4+

120
140

20
40
60

R

100
120
140

o
o
R

(Courtesy George Fischer Engineering Handbook)
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9.39

Aggressive Media

Chemical Resistance

Medivm

formula

Concentration

Temperature “C

PVC

CPVC

PE

PP-H

PVDF [SYGEF)

EPDM
FPM

Linseed oil {SpRBI

Liqueurs

Liquid fertilizers

Lithiumbromide

Lithiumsulfate

Lubricating oils

Magnesium salts

Mﬂgnesiumhyc’rogen‘
carbonate

Libr

MgCls, MgCO3, Mg(Na3l,,
MglOHI, MaSO,

|

technically pure

all,
agueous,saturated

140

100
120
140

20
40
60
80
100
120
140

20
40
&0
80
100
120
140

o+ +

+

+ o+

O+

+ o+

+ R+

4+ { ABS

o+

o+

o+

O+ +

+ o+

o+t

R —

++

+ ok

oA+

[

+ o

o ++ +

ok bt

T+

+ o+

+ ot

+

SO+ + 4

+ o+ o+

+ 4+ + | NBR

O+ +

+

0O |CR
Lo+ | CSM

O+

¥

& 4

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resisionce

Medium

Formula

Boiling point “C

Cencentration

Temperature °C

PVC
PE
PP-H

PVDF {SYGEF]

EPDM
FPM
NBR
CR

Maleic ocid (SpRBI

Media water or similar

media

Mercury

Mercury fill -chloride

Nercury (Il <cyanide

Mercury Hl} -cyonide

Mercury {11} -sulfate

Mercury salts

Methane

(CH-COOH),

Hg

HgCl

HglCNI2

HalNO3ly

HgNO3, Hg Cly, HglCNI,

see notural gas

fp.
*131

357

-161

cold saturated,
aqueous

pure

cold saturated,
oqueous

technically pure

S ®o AN
SO OO

120
140

+ + | CPVC
+ | ABS

o+ +
4
I

+
o
-+
o+
A

+
ok

o+t
o+t

+

¥
P

F
R
+ 4+
b+

o+
o+ o+
ok
FR_—

+ o+ b+t + o+ P ok T o4+

At

+ 4+

+ o+

[

+ 4+ + 4+t ++ + o ot

+ o+

o

+ 4+

+ 4

+ 4

[oXe}

+ o+

+

+

+ o+

. ’CSM

+ o+ + o+ + o+ o+ F + 4

[e}e]

(Courtesy George Fischer Engineering Handbook)
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9.41

Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PVC
CPVC
ABS
PP-H

PVDF ISYGEF}

EPDM
FPM

CSM

Methano! (SpRBI

Methyl acetate

Methyl amine

Methyl bromide

Methyl chloride

Methy ethyl ketone

Methylene chloride

mevhylisoburylkevone

CHaOH

CH3COOCH,

CHaNH,

CH3Br

CH,CI

CH;COCHs

CHyCl

CeHi20

T

6.

&

56

24

80

40

all

technically pure

32%, aqueous

technically pure

fechnically pure

technicaly pure

technically pure

140

O+ +
+ 4+ 4 | PE
+ 4+

o++

o+
OO+

L O+

O+

+ o

—_

OO+

e
000

+ 4 + | NBR

o+ + | CR

+

4 4

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point "C

Concentration

Temperoture °C

PVC
CPVC
ABS
PE
PP-H

PVDF ISYGEF!

EPDM
FPME
NBR

J CR

Meihyimethacrylate

’ Methylphenylketone
{Acefophenont

Milk (SpRBI

Mineral oils, free of
aromatics

Mineral water

Mixed acids
- nifric

- hydrofluoric
- sulphuric

Mixed acids
- sulphuric

- nitric

- water

Mixed ocids
- sulphuric

~ nitric

- water

CsHaO2

CoHa0

15% HNO;
15% HE
18% H,504

HaS0,
HNO,
HO

HS04
HNO;
H,0

3 parts
1 part
2 parts

48%
49%
43%

50%
50%
40%

100
120
140

20

60
80
100
120
140
20
40
60

100
120
140

40

80
100
120
140

+ 4+
+ 4+
EU
+ o+ +
ok

- 4

+ o+
[P
+
+
o

b

bk

4

ok + 4

+ o+

+b o+

4+t

o+

+

+ o A

+ o+

] CSM

+ ok

O+

(Courtesy George Fischer Engineering Handbook)



CHEMICAL RESISTANCE OF PLASTICS AND ELASTOMERS

9.43

Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentraiion

Temperaiure °C

PE
PP-H

EPDM
FPM

NBR

CSM

Mixed acids
- sulphuric

= nitric

- water

Mixed acids
- sulphuric

- nitric

- water

Mixed acids
- sulphuric

- nitric

-~ water

Mixed acids
- sulphuric

- nitric

- water

Mixed acids
- sulphuric

~ phosphoric
- phosphoric

Molasses

Molasses wort

Monachioroacetic acid
ethyl ester

—m——

2S04
HNO;
H,0

HaSO4
HNO;,
H0

HaSOs4
HNO;
H,0

RN
HNO;
HO

oS04
HsPO,4
(o)

CICH;COOC,Hs

14.

IS

10%
87%
43%

50%
33%
17%

10%
20%
70%

50%
31%
19%

30%
60%
10%

technically pure

100
120
140

20

460
80

120
140

PVC
O | CPVC
ABS

O+

O+
O+

O

+ o+
+ 4
T

o+
+ o+

ok
+

T
P

O | PVDFISYGER

+ 4+

T ot

bk

+ 4+ 4

o+

+

+ +

+ +

+ o+

o

O+

O+ + +

+ o+

O+

PR

]

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

fFormula

Boiling point °C

Concentration

Temperature °C

2%

CPvC
ABS
PE

PP-H

PVDF [SYGEF

EPDM
FPM
NBR
CR

Morpholin

Mowilith D

Naphthalene

Natrivmhydrogensulfite

Natrivmsulfate

Natriumtetraborate

{Borax}

Nickel salts

Nitrating acid

CsHoNO

NaHSO3

{CHzCOOIRN, NiClp, NINO;12,
Ni SO4

2504
HINO
Ha0

]
<)

218

technically pure

usual commercial

technically pure

cold saturated,
agueous

65% 20%
15%

RO mo AN
S883833

140
20

40
80
100
120
140

1C0

o+ +
+ 4+

+ o+ + okt

+ o+t

-

o+t

+ o+

+ o+ o+

P

+ 4+

Py P b+

4+

0+ +

P O+ +

[P

+ o+

ok

+

+ 44+ o+ +

+ 4

b+

+ok

RN

+

+ +
+ o+ 4

o’csm

+ o+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media Chemical Resistance
v v =
z e &
5 3 Q
? gl 1o 2l |z
£ o 5
= [SRFRI 5 8ls iz p:3
Medium Formulo & | Concentration ,5 2|0|% | lE |2 SEIZ83
Nitric acid {SpRB) HNO; 20] + | + +lol+ & |
40|+ |+ + +
60+ | + =4 +
80 #
100 +
120
140
Nitric acid (SpRBI HNO; 0+l +]-]+]+]+ + |+
401+ |+ +]0 |+ +
&1+ |+ + &
80 + +
. 160 &
120
140
Nitric acid up to 55% 200+ [+|-j+]-]+ +
(SpRB} A40( + | + +
&0 +
80
100
120
140
Nitric acid see Salpetre 6,3%, aqueous
lsee note 2.3.1 on jointing)
1SpRRI
Nitric acid see Salpetre up to 40%,
Isee note 2.3.1 on jeinting} aqueous
{SpR8)
Nitric acid see Salpetre 65%, agueous
Isee note 2.3.1 on jointing}
{SpRB!
Nitric acid see Salpetre 100%
Isee note 2.3.1 on joinfing)
1SpRB)
Nitric acid - see Sclpetre 85%
Isee note 2.3.1 on jointing)
15pRB)
Nitric oxide see Nitrous goses
Nitrilotriacetic acid NICH,-COOHIy 20} - 1+ *+
40
40
80
100
120
140
Nirabenzene CHsNO, 209 |technicallypure | 20| - | - |- |+ ]+ ]+ ol|-|-]-
40 O}+1{0
60 O -
80
100
120
140

( Courtesy George F ischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium Formula

Boiling point °C

Concentration

Temperature °C

PVC
CPvC
ABS
PE
PP-H

PVDF {SYGEF)

EPDM
FPM

CR

CSM

Nitrotoluene lo-, m-, p-}

technically pure

(Y]
@R
@10

Nitrous acid HNO,

Nitrous gases see Nitric oxide diluted, moist,
anhydrous

N-Meihylpyrrolidon

NN-Dimethylaniine | C4HsNICHg,

technically pure

n-Pentylocetate

Oleic acid {SpRBI

Ci7H33CO0H

technically pure

Oleum [SpRB! H250,+503 10% 505

Oleum vopours {SpRBI traces

140

20
40

100
120
140

20
40
60

100
120
140

O+
O+
O+ +++

T+ +
O

O+ +
O+ +
b+

+ 4+

e}

O | NBR

(Courtesy George Fischer Engineering Handbook)
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9.47

Aggressive Medio

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PVC

CPVC
ABS

PE

PP-H
PVDF SYGEF)

EPDM

FPM

Olive oil {SpRB)

Oxalic acid [SpRBI

Oxygen

Ozone {SpRB!

QOzone (SpRBI

Palm oil, palm nut ol

{SpRB)

Palmitic acid {SpRBI

Poraffin emulsions

(COOH,

O,

CisHy COOH

\\
(Courtesy G,

39

t=1

cold saturated,

aqueous

technically pure

up to 2%, in air

cold saturoted,

agueous

technically pure

oqueous

usual commerciol,

100
i20
140

o

O+ + +

+ o+

+ o+

+ o+
O+ +

O+ +

4+ 4+

O+ +
O+ +

+

+ 4+ ok

O+ +

OO+ + + +

O+ +
A+t

P

o+

(e}

oA

ok

A

bkt

O+

PP

o+ + O+

+ ok 4

+ + + | NBR

O+ +

O+ +

4+ + | CR
L O+ + | CSM

ok

O+

o+

orge Fischer Engineering Handbook)

(e e]

EAR

o+ +
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Aggressive Media

Chemicol Resistance

Medium

Formula

Bailing point "C

Concenration

Temperature “C

PVDF ISYGEF)

EPDM

FPM

Paraffin oil

p-Dibromo benzene

Perchlorethylene

{tetrachlorethylene}

Perchlorid acid {SpRB}

Perchlorid acid 1SpRBI

Pelroleum

Petroleum ether (SpRBJ

Phenol [$pRS)

CeHsBra

Che=CCl,

HCIO,

CeHs-OH

40-
70

182

technically pure

technically pure

10%, aqueous

70%, aqueous

technically pure

technically pure

up to 10%,

agueaus

100
120
140

PVC
+ | CPVC
O | ABS
PE
PP-H

T
o+
o+ +

+

O+

Q0O+

O+ 4
okt R

o+
Q0+
R

O+ +
4ok o+

e O+ 4+ o+ ok

A+

+

oAb

O+ + +

O+ + + o

O+ + +

+

O+ + +

00+ | NBR

+ o+

+

Ci
.o!CSM

C O+ +

O+ +

(Courtesy George Fischer Engineering Handbook)
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8.49

Aggressive Media

Chemicol Resistance

Medium

Formula

Boiling point "C

Concentrafion

Temperature °C

PVDF (SYGEF!

EPDM
FPM
NBR
CR

CSM

Phenol ISpRBI

Phenol {SpRB!

Phenylhydrazine

Phenylhydrazine

hydrochloride

Phosgene {SpRBI

Phosgene (SpRB)

Phosphate disodique

Phosphoric acid

Phosphoric acid

—_—

CoHs-OH

CaHs-NH-NH;

CeHs-NH-NH,HCI

COCh,

see d'isodiumphosphate

H3PO,

243

up fo 5%

up to 90%,
aqueous

technically pure

agueous

liquid, technically
pure

gaseous,
technically pure

saturated

up fo 30%,
agueous

50%, aqueous

58

100

140

20
40
60
80
100
120
140

40
40

100
120
140

PVC
+ + | CPVC
ABS
PE
PP-H

+ o+t
+

o+ +
ot

OO+
o+

00+

(o)
[P
o+ +
+
P

+
ok
O+ +
P
o

ot

o+

o+

R R

O+
O+ + +

O+ +
+ 4+

o+
O+ 4+ ++

O+ + (e d

CO+ +

+ 4+
o+

Qo0

O+ + +

O+ +
O+ ++ +

CO+

O+ ++

(Courtegy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

pvC

PVDF ISYGEF)

EPDM
FPM

INBR

CSM

Phosphoric acid

Phosphoric acid

Phosphoric acid

Phosphoric acid fributyl
ester

Phosphorous chlorides:

- Phosphorous trichloride
- Phosphorous
pentachloride

- Phosphorous oxichloride
1SpRB)

Photographic developer
(SpRBI

Photographic emulsions
(SpRBI

Photographic fixer ISpRB}

HaPO4

H3PO,

{HaC,013P=0

PCly
PCI5
POCl

175
162
105

85%, aqueous

technically pure

usual commercial

usual commercial

+
+ 4+ + 4 | CPVC
O+ + | ABS
O+ + | PE

PP-H

A

++
+ o+

+ 4
o+t

O
O+ + +
O+
O+ +
+

o+ +

s

b+

ok

+ 4

+

+ o+

+ o+ +

O+ +
O+ + + +

+ 4

+

+ o+

O+

Q+ 4+

+ o+

o++ | CR

+

+ +

(Courtesy George Fischer Engineering Handbook)

o+

+ +
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature *C

PVC
CPVC
ABS
PE
PP-H

PVDF ISYGEF}

EPDM
FPM

NBR
CR

CsM

Phihalic acid [SpRB)

Phihalic acid diociayl

ester

Picric acid [SpRB!

Potash

Potash lye

Potassium {SpRBI

Potassivm acetate 1SpRBI

Potassium bichromate

ISpRBI

Potassium borgte

CsHsICOOHI,

CaaHzgQO4

CeHaNzO7

ses potassium carbonate

KOH

KMnO,

CH;COOK

KoCrO5

K3BO,

=k

FP.
122

107

saturated,
oqusous

1%, agueous

cold saturoted,
aqueous

50%

cold saturated,
agueous

saturated

soturated,
aqueous

10%, aqueous

20

60
80
100
120
140

140

o+
o4+
-

+ o+

4
o+
+ 4+
b+

+ 4+
+ b+
4+

Qo
b+t

+

+ o+ o+

o+

FEE—_—

Fa—

4+

IO

+++ + + +

+ 4+

O+

-

+

+

ot

-

ok

+ 4+

O+

+ ok

O+ +

+

+

5

4

+ o+t

( COlu'tesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistonce

Medium

Formula

Boiling point *C

Conceniration

Temperature “C

PVC

PE

PP-H

PVDF (SYGEFI

EPDM
FPM

NBR

Potassium bromate

Potassium bromide

Potassium carbonate

{potash}

Potassium chiorale {SpRI

Potassium chloride

Potassium chromate

{SpRB)

Potassium cyanide

Potassium dichromate

KBrO4

KBr

KCIOg

KCi

KoCrO,

KON

K2CrO7

cold saturated,

aqueous

all, agueous

cold saturated,
aqueous

all, aqueous

cold saturated,
ogqueous

cold saturaied,
oqueous

saturated

120
14C

20
40
60

100
120
140

40
60

100
120
140

O+ +

O+ +

o+

++ + + | CPVC

+ 4+

o

o T4+ 4+t

+ 4+

+ + + | ABS

&

+

4+

+ +

o+ +

+ b+

Jrs
g
+

o+

+

+

+

P

&

+

+

ok + o+

A

e

U

ok b

+

kb

+ +

PR

+ 4 + 4+ + 4+

+

+

o+

o+t

ok

00+ + +

+ b

+ o+

+

++

C O+
o+t

P4+

O+

+ 4 4

o0+ ++ | QR

O+ +++

+

O+ + +

L

0+

O+ +

++ 4+ + + | CSM

4+

+ o+t

+

+ o+ 4+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media Chemical Resistance

Boiling point °C
Temperature "C
PYDF (SYGEF}

pPvC
CPVC
ABS
PE
PP-H
EPDM
FPM
INBR
CSM

Medium Formula Concentration

CR

Potassium fluoride Kf soturated 20) +

3

4
okt
+ ok
b+
I

Potassium KylFelCNIgl5H,0 20
Hexacyanoferrate -t 40

I s
+ o+ 4
o+

+ o+
R

Potassivm hydrogen KHCO; saturated 20} +
carbonate 40

4+
o
+ 4+
T
+

Potassium hydrogen KHSO,4 saturcled 0]+
sulphate w0l +

o
+ o+
+ o
4

F

Potassium iodide Kl celd saturoted, 201 +
aquecus 40| +

%
+
+ 4+ o+
+
4
ok
O+
v O 4
o+

5

R

Potassium nitrcte KNO3 50%, ogueous 20| +

ot
o+
+ o+
-
okt
+
+
¥
-

120
140

Potassium perchlorate KCIO. cold salurated, 201( +
1SpRBI aqueous 401 +

-
+ b+
+
O+
O+
o+ + +

Potassium persulphate K25208 all, aqueous 20( +
(SpRB}

+
+
+
+ 4+
O+ + +

R
o+

( Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature "C

(3%

ABS
PE

PP-H

PVDF {SYGEF]

EPDM
FPM

Potassium sulphate

Potessium sulphide

Potassium sulphite

Potassium-
oluminiymsulfate
{alum]

Pottasium

hexacyanoferrate -(1ll

Pottesium farirat

Pottasiumhydrogensulfite

Pottesiumhypochlorite

K2SO,

K3S

Ka503

KOC!

KalFelCNIgl.

all, agueous

saturated

saturated

50%

+
)
o]

+ o+ o+ + + + o+ + + + + | CPVC

P

+ +

+

+ o+

+ o+ 4

++

+

+ 4+

okt o+ + 4 PRI + 4
[

[N

ey

[e}oXe)

+ b+ o+t

+ okt

+ +

+ ok

+ ok

+

e

4

o

T+ | NBR

+ 4+ | CR

++ + | CSM

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point “C

Conceniration

Temperature “C

PVC

CPvC
ABS
PE

PP-H

PVDF ISYGEF!

“EPOM

FPM
NEBR
CR

CSM

Pottasiumperoxodisulfate

Pottasivmphesphote

Pottasiumphosphaie

Propane

Propane

Propanol, r- and iso

ISpRB)

Propc(rgyl alcohol (SpRBI

Propionic acid [SpRBY

K25:04

KH,PO, und KoH PO,

CaH;0H

CHEC-CH,-OH

CH3CH,COOH

-42

97

bzw.

82

114

141

soturated

all, agueous

technically pure,
liquid

technically pure,

gassous

technically pure

7%, aqueous

50%, aqueous

-

o+ +

+ o+ +

Q0O+

O+ +

BB e s

Ea—

+ 4+

o+

o

+

+ o+

PR

+ o+

4+
00+

5

-

+ o+ + 4+

O+ + +

+ 4+

4+

+ o+

+ o+ o+

O+ +

O+

+ o+

C O+
O+ + +

+
00+

S

(COU?'f@Sy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistonce

Medium

Formula

Bailing point °C

Concentration

Temperature “C

PVC
CPVC

ABS
PE
PP-H

PVDF ISYGEF}

EPDM
FPM
NBR

CR
CSM

(

Propionic acid (SpRB}

Propylens glycol (SpRBI

Propylene oxide

Pyridine

Pyrogeliol

Ramsit fobric

waterproofing ogents

Salicylic ocid

Sea woter

Silicic acid

C3HOs

C3HsO

CsHsMN

CeHalOHly

CeH{OHICOOH

see Brine

SitOHI4

=

188

35

115

technically pure

technicolly pure

technically pure

technically pure

100%

usual commercial

saturated

100
120
140

20
40
60
80
100
120
140
20
40
60
80
100
120
140

20
40

80
100
120
140

o+
[e]
00+
QO+

000 + 4+

QO+

o+

T

o+
+

o+

+ okt

+ 4+

+ o+

+

+ 4+

O+
O+ ++

+ 4
o+

+ 4+ +

+

O+

o+

+ + o+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medivm

Formula

Boiling point “C

Concentration

Temperature “C

PVC
cpve
PP-H

PVDF (SYGEF!

EPDM
FPM

Silicone oil

Silver

Sitver salts

Silvercyanide

Soap solulion (SpRB!

Soda

Sodium acetate

Sodium aluminium sulfate

Sodium arsenite

AgCn

AgNO3, AGCN, AgC!

see Sodium carbonate

CH;COONa

Nag AsO3

saturated

cold saturated,
oqueous

afl, aqueous

all, aqueous

saturated

120
140

20

40
80
100
120
140

20
40
60

1

120
140

20
40

80
100

140

Lo+
+ 4
+ | ABS
4+ 4+ + | PE
+ ot

ok
+ o+

o+
b+

O+ +
4+
-
+ o
+ o+

+ o+
+ 4+

+ o+

5
otk
ok
R

+ o+
+ o+

o

+ 4+
+ 4+ +

F o+
+ okt

ottt + 4 o+ + ot A

+

O+ +

T
o+t

o+ +

#

+ 4

ok

+ o+

+

+

ok +

s

+++ | NBR

a—

+

+

o++ | R

+ 4

+

+ ok

+

+ 1 | CSm

+ 4+

o+

( Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperaiure °C

PVC
CPVC

ABS
E
PP-H

PVDF [SYGEF)

EPDM
FPM
INBR

Sedium benzoate

Sodium bicerbonate

Sodivm bisulphate

Sodium bisulphite

Sodium borate

Sodium bromate

Sedium bromide

Sodium carbonate

Sodium chiorate {SpRB)

CyH5-COONa

NaHCOs

NaHSO4

NaHSO4

NazBO3

NaBrO3

Nabr

see soda

NaClO;

cold saturated,
aqueous

cold saturated,

aqueous

10%, aqueocus

all, agueous

saturated

all, ogueous

all, agueous

cold saturated,
aqueous

all, aqueous

140

O+ +

+ ok
+ +
+ 4+

+
S
+ 4+
+ 4+

+

+ + 4

O+ +
+ 4
+ 4+
4+
PR

+ o+ o+
o
+ 4+
o+

O+ +
+ 4
& o
ok

o+t
+
+

O+ +
+
+
-

O+ + + +

otk Fok b

P

At

R

O+

44+

+
o

+

4+

L0+ 4+

O+ + +

+ o+

Fot b+

++

+

RS

4ok

3

g

o

o+

O+

O+
o+

++ | CR
TR

+

O+ +

O+ +
O+ + +

O+ +
O+ + +

o+t

+ o+

o+

O+ +

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature “C

ABS
PE
PP-H

PVDF (SYGEF]

EPDM
FPM

NEBR

CSM

Sodium chlorite {SpRB)

Sodium chromate {SpRBI

Sodium disulphite

Sodivm dithionite

Sodium luoride

Sedium hydroxide
Isee Caustic sodal

Sodium hypachlorite
(SpRB}

Sedium iodide

Sodium nitrate

Sodium nitrite

NaClO,

NaaCrOs

Na,5:05

see hyposulphite

Naof

NaOCl

NaNOg

NaNO,

diluted, aqueous

diluted, aqueous

all, aqueous

up fo 10%,
agueous

cold salurated,
aqueous

12,5% active
chiorine, aqueous

all, aqueous

cold saturated,
aqueous

cold saturated,
aqueous

120
140

20
40
60

100
120
140

o | PVC
++ 4 + | CPVC

O+
O+

O+ +
+
o+
+

P
+ o+
k4

O+ +0+ +

o
+ 4+

O+ +
b 4
+ 4
+ 4+
P

FER—
+
+ o+
T

ok o4+t + b+ 00+

]

ok b -

++ okt

-

+

+ o+

+ o+

+ o+

4+ 4

4+

-

+ 4+
O+ +

+ 4+

+ 4+

O+ +

+

O+
+ 4+

+ F & O+ + Co R

+ 4+

ot

+ o+

+

o++

+

O+ +

R

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Beiling point °C

Concentration

Temperature “C

PVC
CPvVC
PP-H

PVDF (SYGEF}

EPDM
FPM
NBR

CR

Sodium oxalate

Sodium perborate

Sodium perchlorale

Sodium persulphate

(SpRB)

Sodium phosphate

Sodium silicate

Sodium Sulfide

Sodium sulphate

Sedium sulphide

NazCz04

NaBOj3 4H:0

NaClO,

Na5:04

NazPO,4

Ne»SiO3

Natrivmsulfid

Na»SO,, NoHSO4

NasS

cold saturated,
aqueous

saturated

saturated

cold saturated,
aqueous

cold safurated,
oqueous

all, agueous

cold saturated,
agueous

cold saturated,
aqueous

140

100
120
140

20
40
40

100
120
140

+ | ABS
PE

O+ +
4k

+ +
+ 4

+ 4
++ o+t

o+ +
+ o+ o+
+

O+ +
+ 4+ o+
+
+ A+

R

[

+
+ 4+ +
ok
-

3
+ ok

O+ +

+ 4+ o+

C O+ o+

R I A

000

e

2

[o}eXe)
PR

o+

4

[

+

o

+

+

+ 4+

+

o

O+ + +

o+t

o+ o+

o+

PR Y

+ O+ + +

+

+ +

o+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C.

Concentration

Temperature °C

PVC

PE

PPH
| PVDFISYGER

EPDM
FPM

Sadium sulphite

Sedium thiosulphate

Sodiumchloride

Sadiumcyanide

Sodiumdichromate

Sadiumbydrogen-

carbonate

Sodiumhydragensulfate

Spindie o

NoaSO;

No0,S03

NaCi

NaCN

NgzCs205

NaHCO;

NaHSO,

T

N

cold saturated,
aquecus

cold saturated,
aqueous

each,
aqueous

100
120
140

100
120
140

20

60
80
100
120
140

O+ +

++++ | CPVC

+ o+ + 4+ ok o+ o+

Pt

+ | ABS

+

e

+ 4+

+ o+

+

+

+

dok

P

e 4

PR ok 4

L O+
PR

+ ok b+

o4+

Y

+ o+

+ 4+

ok

+

+ 4

+ + 4+ PR

+ o+

+ o+

+ o+ + b+

&

+

+

O+
SO+ +

O+ | NBR

o+
O+

O++|CR

+

+ 4+ | CSM

O+ +

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

" Medivm

Formula

Boiling point °C

Conceniration

Temperoture °C

PVC

CPVC
ABS
PE

PP-H

PVDF{SYGEF}

EPDM
FPM
NBR

Spinning bath acids
containing carbon
disulphide [SpRBI

Spinning bath acids
containing carbon
disulphide ISpRBI

Spinning bath acids
containing carbon

disulphide [SpRBI

Stannous chloride

Stannous chloride

-Tin IV chioride

Starch solution

Starch syrup

Stearic acid ISpRB!

Styrol

see Tin Il chloride

SnCl

ICaH1p0sin

Ci7HasCOOH

Fp.

100 mg CS,/1

200 mg CS,/1

700 mg CS,/1

cold saiurated,
oqueous

cold saturated,

aqueous

oll, agueous

usual commercial

technically pure

100
120
140

20
40
40
80
100
120
140

140

o+

+

o+

-

+ +

+ 4+

4+

+ 4+

b+ o+

¥

T+

+ 4

o+

+ o+

-

e

b+

+ o+

+ o+

o

R SR

£

+ 4+

+ b+

O+ +

-

o+

5

b

oM

+ 4+

ok b+

00

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boifing point *C

Conceniration

Temperature “C

pvC

PVDF (SYGEF}

EPDM
FPM

CR

CSM

Succinic acid

Sugar syrup

Sulfur

Sulfur diexide

Sulfur dioxide

Sulfur dioxide

Sulfur trioxide

Sulturic acid
saturated by Chiorine

HOOC-CH,-CHp-COOH

SO,

S0,

SO,

SO3

HaSO4+Cly

.

=N

Fo.",
119

aqueous, all

usuol commercial

technically pure

technically pure,

anhydrous

technically pure,
moist

all, moist

60%

140

100
120
140

+ 4+ + | CPVC
+ | ABS
+ | PE
PP-H

+ 4+

+

O +
+ o+
O+
+ o+
[P

+ 4+

I

o+
N
"

+ 4+

otk

+ b b+

[o)e)

+ 4+

[

R

o ok ok o+

O+

+ 4+ + | NBR

s

-

h

+ 4+

o

ok

(Courresy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medivm

Formula

Boiling point °C

Concentrafion

Temperalure °C

CPVC
PP-H

PVDF ISYGEF)

EPDM
FPM

Sulfuric acid
Isee note 2.3.} on jointing)

Sulluric acid
Isee note 2.3.1 on jointing]
(SpRBI

Sulfuric acid
Isee nole 2.3} on jointing]
ISpRB!

Sulfuric acid
{see note 2.3.1 on jointing!
1SpRBI

Sulluric acid
{see note 2.3 on jointing!
(SpRBI

Suliuric acid
{see note 2.3.1 on jointing!
1SpRB)

Sulfuric acid
(see note 2.3.1 on jointing!
{5pRBI

Sulturous acid

H,804

HaSO4

Ha504

HoSO4

HaSO4

Hz50,

H;50,4

H:80;

[N}
S

140

195

250

340

up fo 40%,
Gqueous

up to 60%,
aqueous

up to 80%,

oqueous

90%, aqueous

6%, aqueous

7%

98%

saturated,
aqueous

O+ + [PVC
o

O+ | ABS
+++ | PE
+ b+

T
o+t

O+ +

+
P
o+

O+
O+ +

O+ + + + + + o+ ok

OO0+ + + +

+ o+

ok

O+ o+
O+t

O+ +

O+

O+
Q|+
o

+ o+

O+ +

7O | NBR

00+ 00+ + | CSM

O+

(e e]

(Couirtesy George Fischer Engineering Handbook)



CHEMICAL RESISTANCE OF PLASTICS AND ELASTOMERS 9.65

Aggressive Media Chemical Resistance

Boiling point “C
Temperature “C
PVC

CPVC

ABS

PE

PP-H

PVDF ISYGEF)
EPDM

FPM

NBR

CSM

Medivm Formula Conceniration

CR

Suifuryl chloride SO.Cly &

o

technically pure 20

o
+

Surfactants (SpRBI up fo 5%, aquecus| 20

N
2
Q00
00+
QOO0+

Surfactants 20{0|0j0 (0|0 |0 o|0|0O|C
{ESC! 40

Tolfow ISpRBI technically pure 200+ -1~

o+
¥

N
o
+
+ 4+
oA
+ 4+
o+

Tarnic acid (SpRB) all, aqueous 204 +

[
++ +
b+
+ +
+ o+
T
T
&
+

140

Tanning extracts form usual commercial | 200+ |+ |+ |+ |+ |+ B o
plants {SpRBI 40 +

100
120
14C

Tartaric acid

Tertaric acid HO,C-CHIOHI-CHIOHI-CO,H oll, aqueous 200+ |+

©
o
+ o+
+ o+
+
+ 4 ok
+
O+ +
+ ok
+ + 4

140

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medivm

Formula

Boiling point °C

Concentration

Temperature °C

PVC

CPVC
ABS

PE

PP-H

PVDF (SYGEF)

EPDM
FPRA
NBR
CR

CSM

Tartaric acid up to 10%

Tetrachlorethylene

Tetrachloroethaone

Tetrachloroethylene

Tetraetylene lead (SpRB)

Tetrahydrofurane

Tetrahydronaphthalens

Thionyl chloride

Tin LIV} ~chloride

ClLCH-CHCl,

see Perchlorosthylene

1CoHslPb

CHgO

Teralin

SOCl,

146

121

66

207
79

technically pure

technically pure

technically pure

iechnically pure

technically pure

[ RN
S3S3SS

100

140

+ o+

+ 4+

o+ +

P

A+

o+

R

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medivm

Formula

Boiling paint *C

Concentration

Temperoture “C

PVC
CPVC
ABS
PE
PP-H

PVDF (SYGEFH

EPDM
FPM
NBR
CR

CSM

Tin-{fll-chloride

Toluene

Triacetin

(Glycerintriacetat]

Tributylphosphate

Trichloroacetic acid

Trichloroacetic acid

Trichloroethane

Trichloroethylene

Trichioromethane

SnCly

CoHs-CHsz

CoHiaOg

{CaHolaPO4

Ci,C-COOH

Cl3-C-COOH

Methylehloroform

ClaC=CHCI

Chloroform

1

289

196

74
87

61

technically pure

technically pure

technically pure

50%, aqueous

technically pure

technically pure

20
40

80
100
120
140

ok
+ A+

+ o+ o+
+ 4+

o+
O+
@

+ 4
o+ +
O+ +

+ 4

O+ + +

(C0urtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

pPvVC
ABS
PE

PP-H

PVDF {SYGEF}

—

EPDM
FPM

CR

CSM

Tricresyl phosphate

(SpRBI

Triethanolamine (SpRB!

Triethylamine {SpRB!

Trifluore acetic ocid

(SpRBI

Trioctyl phosphate (SpRBI

Turpeniine off [SpRB!

Urea [SpRBI

Urine

HaC-CeHs-O 1304

NICHyCH,-OHilg

NICH,-CH313

F;C-COOH

(CgH )73 PO,

HaN-CO-NH,

fp.
*2%

89

Fp.
133

technically pure

technically pure

technically pure

up fo 50%

technically pure

technically pure

up to 30%,
aqueous

100
140
40
60
100

120
140

140

140

O+
+ 4
O+

o+ +
O+ + +

+ 4
+ 4+
+ o+

O+ +
+ 4
+ 4
e
+ 4+

+ o+

O+

O+ + + +

o

3

+ +

+

FY

+ o+

-

o | NER

o+

+ o+ 4+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemicol Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PVDF (SYGEF)

EPDM
FPM

CR

CSM

Vaseline

Vegetable oils

Vegetable oils cnd fats
(SpRBI

Vinegar

Vinyl ocetate

Vinyl chloride

Viscose spinning solution

Woste gases containing -

Alkaling

Waste gases containing -
Carbon oxides

see wine vinegor

CH,=CHOOCCH;

CH,=CHC

-14

technically pure

technically pure

technically pure

all

100
140

20
0
60

100
120
140

PVC

o | cve
ABS
PE

o | PPH

O+
o+
O+ +
FUE—

ot

o+
+ ok
-
+ b4

+
o+
+ o+ 4+
ok

o

+ +

+ o+

g

+ bkt

+ 4+ 4 +

+ b4+

AR —

4o+

PO+ 4+t + + +

R

+ 4+ 4+ + 4+ | NBR

+ 4+

++ +

(oFe]
(eXe]

[eXe]
+ o+

o+ +

+ 4+

(C"Wtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Beiling point °C

Concentration

Temperature °C

PVC

PVDF ISYGEF)

EPDM
FPM

CR
CSM

{

Waste gases containing ~
Hydrochloric acid

Waste gases containing -
Hydrogen fluoride [SpRB}

Waste gases containing -
Nitrous gases

Waste gases containing -
Sulphur dioxide

Waste goses containing -
Sulphur trioxide {SpRBI

Waste gases containing -
Sulphuric acid

Water
- distilled
- deionised

Water, condensed

HO

100

olf

traces

fraces

traces

traces

all

140

e

+ 4+ + | CPVC
ABS
+ + + | PE
O+ + | PPH

T
+ o+ o+ o+
+ o+
o+

+
o+ +

-
+ ok 4+
ok

o+
b+

-
T

o+
oA+
++ o+
O+ +

+
+ 4+
-
O+ + +

"
+ ¢+
+
+ 4+
T

R

O+ +
¥
-+
o4t

b b+

o

+ o+ P [ ot

+ At

O+ + + O+ + + [P — O+ + + O+ + O+ + +
O+ + 4+ + 4+ o+

o+
+ o+

+

44+ + + PR

o

7o | NBR

O+

R

O+ ++

+ 4+

- O+ +
O+ + +

+ 4

+

+ 4+ + o+

o+t
P

(Courtesy George Fischer Engineering Handbook)

[Fapa—

+ 4+ o+

+ b+ o+ P ot

[P
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Aggressive Media

Chemical Resistance

Medium

Formula

Boiling point °C

Concentration

Temperature °C

PE
PP-H

PVDF (SYGEF)

EPDM
FPM

NBR
CR

Water, drinking,
chlorinated

Water, waste water
without arganic solvent
and surfaciants

Wax alcohol (SpRBI

Wine vinegar (SpRBI

Wines, red and white

Xylene

yeasts

Zinc salts

CarHgaOH

CeHalCHsly

ZnCly, ZnCOs, ZniNO3ly, ZnS04

1382
144

technically pure

vsual commercial

usual commercial

technically pure

all, aqueous

all, aqueous

140

140

+ 4+ | PVC
+ 4+ + | CPVC
+ 4+ + | ABS
+ 4+
+4+++ 4+

+ o
+ b+
+ 4+

+ 4+

-
P
o+

+ o+
o+
o+

+
+ o+
+ 4+
+ 4+

O+ +
+ 4+
+ o+
4+
4

+ o+ O+ + ok 444+ + 4+ + o+t + o+ttt

ER

O+
b+

O+

o

+

++

Y

o+

o+

o+t

O+ + + + O+ + +

+ o+

+ 4+

o4+

+ o+

+ o+t

44+ + | CSM

R

o+

+ o+

+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media

Chemical Resistance

Medium

Formula

Boifing point *C

Concentration

Temperature °C

pPvC

PE
PP-H

PVDF ISYGEF)

EPDM
FPM
NBR
CR

CsM

Zinccarbonate

Zincchloride

Zincnitrate

Zincoxide

Zincphosphate

Zincstearate

Zincsulfoie

1-Chloropentan

ZniNOgly

ZnSQy

CsHi €l

saturated

saturated

Suspension

safurated

Suspension

100

140

R

+ o+

PR

+ 4+ + + | CPYC

+ ok

+ ot

b+

P

+ | ABS

+ 4 + 4

+ 4+

+ 4

+ o+
[P

+ o+ A

o+

+

+

bt

4o + ok o b + o+ ot

o

o+

+ 4+ +

+ 4+ +

o+

R

4+

+

o

-

+ o+

(Courtesy George Fischer Engineering Handbook)
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Aggressive Media Chemical Resistance
¢ Y =
E [ i
5
g H g
o 5 L)
e a o T = =
= OIS (v |5 = 3 =
Medivm Formula & | Cencentration ,glEi 1512 |2 12|z & .i.g_ E & 18
1),2-Trifluoro, FCl,C-CCiFy 47 technically pure 201 + - + + |+ ]+ ]+
12,2-Trichloroethane 401 +
{Freon 113} (SpRB} &0
80
100
120
140

(Courtesy George Fischer Engineering Handbook)































































butane may condense and liquefy in the
pipe. Such liquefied fuel gasses are
known to permeate polyethyiene pipe,
and result in unreliable heat fusion or
electrofusion joints.

In potable water applications, permeat-
ing chemicals could affect the pipe or
water in the pipe. ANSVAWWA stand-
ards provide the following guidance for
potable water applications:
“The selection of materials is critical
for water service and distribution pip-
ing where there is likelihood the pipe
will be exposed to significant concen-
trations of pollutants comprised of
low molecular weight petroleum prod-
ucts or organic solvents or their va-
pors. Research has documented that
pipe materials such as polyethylene,
polybutylene, polyvinyl chloride, and
asbestos cement, and elastomers, such
as used in jointing gaskets and pack-
ing glands, may be subject to permea-
tion by lower molecular weight
organic solvents or petroleum prod-
ucts. If water pipe must pass through
such a contaminated area or an area
subject to contamination, consult with
the manufacturer regarding permea-
tion of pipe walls, jointing materials,
and so forth, before selecting materi-
als for use in that area.”’

Chemical Attack

A direct chemical attack on the polymer
will result in permanent, irreversible
polymer damage or chemical change by
chain scission, cross-linking, oxidation,
or substitution reactions. Such damage

or change cannot be reversed by remov-
ing the chemical.

Chemical Resistance In-
formation

The following chemical resistance guide,
Table 5-1 (next page), presents immer-
sion test chemical resistance data for a
wide variety of chemicals.

(I This data may be applicable to grav-
ity flow and low stress applications.

L It may not be applicable when there
1s applied stress such as internal pres-
sure, or applied stress at elevated
temperature.

Unless stated otherwise, polyethylene
was tested in the relatively pure, or con-
centrated chemical.

It is generally expected that dilute chemi-
cal solutions, lower temperatures, and
the absence of stress have less potential
to affect the material. At higher tempera-
ture, or where there is applied stress, re-
sistance may be reduced, or
polyethylene may be unsuitable for the
application. Further, combinations of
chemicals may have effects where indi-
vidual chemicals may not.

Testing is recommended where informa-
tion about suitability for use with chemi-
cals or chemical combinations in a
particular environment is not available.
PLEXCO cannot provide chemical test-
ing services.

Second Edition
©1998 Chevron
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LLC
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1 ANSI/AWWA C906-90, Section 1.2; ANSI/AWWA C901-96, Section 4.1.
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Table 5-1 Chemical Resistance

Because the particular conditions of each application may vary, Table 5-1 informa-
tion should be used orly as a preliminary guide for PLEXCO and SPIROLITE poly-
ethylene pipe materiais. This information is offered in good faith, and is believed to
be accurate at the time of publication, but it is offered without any warranty, ex-
pressed or implied. Additional information may be required, particularly in regard
to unusual or special applications. Determinations of suitability for use in particu-
lar chemical or environmental conditions may require specialized laboratory test-
ing.

Additional information on chemical compatibility may be found in PPI TR-19, Ther-
moplastic Piping for the Transport of Chemicals.

Chemical Resistance Key

Keyt Meaning
X resistant (swelling <3% or weight loss <0.5%; elongation at break not substantially changed)
/ limited resistance {swelling 3 - 8% or weight loss 0.5 - 5%; elongation at break reduced by <50%)
- not resistant (swelling > 8% or weight loss >5%; elongation at break reduced by >50%)
D discoloration
* agueous solutions in all concentrations
Hx only under low mechanical stress

T Where a key is not printed in the table, data is not available.

Medium 73°F 140°F Medium 73°F 140°F
Acetaldehyde, gaseous X / Ammonia, liquid {100%) X X
Acetic acid (10%) X X Ammonium chioride *X X
Aceti_c acid (‘1 OO%) X D Ammonium flouride, aqueous X X
(Glacial acetic acid) (up to 20%) A
Acetic anhydride X /D Ammonium nitrate *X X
Acetone X X Ammonium sulphate *X X
Acetylene tetrabromide **/t0 — — Ammonium sulfide *X X
Acids, aromatic X X Amyl acetate X X
Acrylonitrile X X Aniline, pure X X
Adipic acid X X Anisole / —
Allyl aleohol X X Antimony trichloride X X
Atuminum chloride, anhydrous X X Aqua regia — —
Aluminum sulphate *X X Barium chloride *X X
Alums X X Barium hydroxide *X X

Plexco/Spirolite Engineering Manual Vol. 1 Chapter 5: Environmental Effects



Medium
Beeswax
Benzene
Benezenesulphonic acid
Benzoic acid

Benzyl alcohol

Borax, all concentrations
Boric acid

Brine, saturated
Bromine

Bromine vapor
Butanetriol

Butanol

Butoxy!

Butyl acetate

Butyl glycol

Butyric acid

Calcium chloride
Calcium hypochiorite
Camphor

Carbon dioxide
Carbon disulphide
Carbon tetrachloride
Caustic potash
Caustic soda
Chiorine, liquid
Chlorine bleaching solution
(12% active chloring}

Chlorine gas, dry
Chlorine gas, moist

Clorine water (disinfection of
mains)

Chloroacetic acid {mong)
Chlorobenzene

Chlorosthanol

Chloroform
Chlorosulphonic acid
Chromic acid {80%)
Citric acid

Coconut oil

Copper salts

Corn oil

Creosote

Creosol
Cyclohexane
Cyclohexanol

Chapter 5: Environmental Effects

73°F
X
/
X
*X

140°F Medium
**/19 — | Cyclohexanone
/ Decahydronaphthalene
X Desiccatar grease
X Detergents, synthetic
o/ e, e 5%

X | Dibuty! ether

X Dibutyl phthalate

X Dichloroacetic acid (100%)
—_— Dichloroacetic acid {50%)
Dicliloroacetic acid methy! ester
Dichlorbenzene
Diclolorethane
Dicloroethylene

Diesel ail

Diethy! ether

Diisobutyl ketone

Dimethyl formamide (100%)
Dioxane

Emulsifiers

XKoo XX o~ X~~~ XX X

Esters, aliphatic
Ether

Ethyl acetate
Ethyl alcohol
Ethyl glycol

— Ethyl hexanol

Ethylene chloride
{dichlorothene)

—-— Ethylene diamine
—_ Fatty acids (>CG)

=< x|

Feric chloride®

X Fluorine
—_ Fluorocarbons

Fluorosilic acid, aqueous {up to
32%)

—_ Formaldehyde {40%)
_ Formamide

—D Formic acid

X Fruit juices

/ Fruit pulp

X Furfury! alcohol
/

Gelatine
XD Glucose
XD Glycerol
X Glyceral chlorohydrin
X Glycol {conc.)

Plexco/Spirolite Engineering Manual Vol. |

73°F

X
X

= X > x

~ ~ X X > X

l

>
ek
o

><

—~ 3 X X o~ T X X X X

>

X X X X X X X o~

> X

140°F
X

> S~

> X

>x<oX X X X
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Medium
Glycolic acid {50%)}
Glycolic acid (70%)
Halothane
Hydrazine hydrate
Hydrobromic acid (50%)

Hydrochleric acid
(all concentrations)

Hydrocyanic acid
Hydrofiuoric acid (40%)
Hydrofluoric acid (70%)
Hydrogen

Hydrogen chioride gas, moist
and dry

Hydrogen peroxide {30%)
Hydrogen peroxide (100%)
Hydrogen sulfide

lodine, tincture of, DAB 7
(German Pharmacopoeia)

Isooctane
Isopropanoi
Isopropyl ether

Jam

Keotones

Lactic acid

Lead acetate
Linseed oil
Magnesium chloride
Magnesium sulphate
Maleic acid

Malic acid

Menthol

Mercuric chloride (sublimate)
Mercury

Methanol

Methyl butanol
Methyl ethyi ketone

Methyi glycol

Methylene chloride

Mineral oils

Molasses

Menochloroacetic acid
Monochloroacetic ethyl ester
Monochloroacetic methyl ester
Maorphaline

Naptha

Naphthalene

Nickel salts

Plexco/Spirolite Engineering Manual Vol. 1

73°F

>
SE > SE > X X g X X X X X XX X X X X X X X~ X X

><><><><><><><><\><><><><><><><><><>§

*
>

~

140°F

>

XX X~~~ X X X X -~ X

/D

= > |

>
~

~ .
?xxxx'\xxxxxxx

Mo — X X X X X g o~ X

~

Medium
Nitric acid (25%)
Nitric acid (50%)
Nitrobenzene
o-Nitrotoluene
Octyl cresol

Qils, ethereal

Qils, vegetable & animal
Oleic acid (conc.}
Oxalic acid (50%)

Ozone

Ozone, aqueous solution (Drinking
water purification)

Paraffin oil
Perchloric acid (20%)
Perchloric acid (50%)

Perchloric acid (70%)

Petrol

Petroleum

Petroleum ether
Petroleum jelly

Phenol

Phosphates
Phosphoric acid (25%)
Phosphoric acid (50%)
Phospharic acid (95%)
Phosphorus oxychioride
Phosphorus pentoxide

Phosphorus trichloride

Photographic developers, commecial
Phthalic acid {50%)

Polyglycols

Potassium bichromate (40%)
Potassium borate, aqueous (1%)
Potassium bromate, agueous (up to
10%)

Potassium bromide

Potassium chloride

Potassium chromate, agueous (40%)
Potassium cyanide

Potassium hydroxide (30% solution)
Potassium nitrate

Potassium permanganate

Propanol

Propionic acid (50%)

Propionic acid (100%)

73°F
X

XX X X X X X S X X X S~ X X~

X
**X1to/
X
*X

> X X X X

XXX X X X X X

> X X X

140°F
X

~ ~

> > XX X X X X~

>
g = > =<

~ X X
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Medium
Propylene glycol
Pseudocumene
Pyridine
Seawater
Silicic acid
Silicone oil
Silver nitrate
Soduim benzoate
Sodium bisulphite, weak aque-
ous solutions
Sodium carbonate

Sadium chloride
Sodium chlorite {50%)

Sodium hydroxide {30%
salution)

Sodium hypochlorite (12%
active chierine)

Sodium nitrate
Sodium silicate
Sodium sulfide
Sodium thiosulphate
Spermaceti

Spindle oil

Starch

Steric acid

Succing acid {50%)
Sugar syrup
Sulfates

Sulfur

Sulfur dioxide, dry
Sulfur dioxide, moist
Sulfur trioxide
Sulfuric acid (10%)
Sulfuric acid {(50%)
Sulfuric acid {98%)
Sulfuric acid, fuming
Sulfurous acid
Sulfuryl chloride
Tallow

Tannic acid {10%)
Tartaric acid
Tetrachloroethane
Tetrahydrofurane
Tetetrahydronapthalene
Thiony! chloride

Chapter 5: Environmental Effects

73°F

>

>XX X X X X X~

140°F

XX X X X X Y~~~ X

x>~ x X

XX X X X X~ X ~— ~ X X xX X

> > X

XX X

Medium
Thiophene
Toluene
Transformer oil
Tributyl phosphate
Trichloroacetic acid {50%)
Trichloroacetic acid (100%)
Trichloroethyiene
Triethanolamine
Turpentine, oil of
Tween 20 and 90 (Atlas
Chemicals)
Urea
Vinegar (commecial conc.)

Viscose spinning solutions

Waste gases containing
carbon dioxide

carbon monoxide
hydrocloric acid {all conc.)
hydrogen fluoride (traces)
nitrous vitriol (traces)
sulfur dioxide {low conc.)

sulphuric acid, moist (all
conc.)

Water gas

Xylene

Yeast, aqueous preparations
Zinc chioride

Plexco/Spirolite Engineering Manual Vol. 1
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~
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