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INTRODUCTION

Over the years there has been a strong desire to prepare thermoplastic rubber compositions of either a rubbery or a plastic nature containing polymeric components that are capable individually of acting as barrier materials.  Compositions prepared from these materials would have particular use in automotive parts, machine parts, protective clothing for military applications such as masks, gloves, and/or footwear, and easily prepared films for protecting equipment and other sensitive materials.

As a class of polymers, polyamides (nylons) have excellent resistance to penetration by petroleum, oil, and lubricants, higher softening temperatures, higher mechanical properties, and better resistance to weathering than polyolefins such as polypropylene.  They are frequently used in applications as engineering plastics, but are limited from some applications by their poor impact resistance, and lack of flexibility.  Blending butyl rubber into polyamide compositions may provide materials with a higher degree of flexibility and impact resistance, while retaining some of the mechanical characteristics and the barrier properties inherent to the polyamide component.

Butyl rubber is generally used to produce rubbery materials that are highly flexible and offer excellent barrier characteristics in some applications; however, butyl compounds are thermosets.  The addition of a polyamide component to butyl rubber may introduce a degree of stiffness to the composition that may allow the composition to serve as a thermoplastic rubber.

A recent literature search on blends of polyamides with various types of rubber shows a substantial amount of activity on blends of this nature over the last 10 years, mainly by the Japanese1-5.  Several patents have already been filed on polyamide/butyl rubber blends, with applications in hose compositions impermeable to gasoline, fuel oils, kerosene, and fluorinated hydrocarbons.  However, limited data exists on the interaction (grafting, block formation, and crosslinking) between the polyamide and butyl rubber components in blends of these polymers.

This paper presents some results from blending experiments to produce various compositions of polyamide (20 – 70%) and butyl or bromobutyl rubber.  The experiments are part of a larger polymer research program investigating novel polymeric compounds for protective barrier materials.  Some of the blends contained maleic anhydride modified polymers of ethylene-propylene.  A high shear environment was used to facilitate in situ formation of compatibilizing agents by polymer chain rupture and radical formation.6-8
EXPERIMENTAL
All blends were made in a small Banbury mixer at 200˚C with a mixing speed of 15 rpm.  Polyamide 12 resin was first added and mixed for 1-2 min until melted.  Maleic anhydride modified polymers (Fusabond series) were subsequently added and mixed for 7 minutes in experiments containing these polymers.  This was followed by addition of the rubber (bromobutyl or butyl rubber), and a further mix for about 3 minutes.  If no Fusabond modifier was added, the rubber was added after the polyamide resin had melted, and the mixing process continued for 3 minutes.  After mixing the mixture was removed from the Banbury and cooled.

For selective solvation on polyamide/rubber blends, a 0.5 g sample of the blend was suspended in hexane and mixed for 48 hours, followed by filtration and, if required, centrifugation of the insoluble material.  Portions of the soluble filtrate were deposited onto an NaCl disk for fourier transform infrared (FTIR) analysis.

The blends were tested by differential scanning calorimetry (DSC), and observed under scanning electron microscopy (SEM).  In some samples the blend was etched with concentrated H2SO4 to dissolve the polyamide phase, leaving holes in the rubber phase that could be observed under SEM.

Mechanical properties of specially designed blends were tested using dumb-bell specimens cut from pressed sheets or films, or prepared directly by injection molding.  Stress/strain characteristics were determined by ASTM D412-80 and hardness values by ASTM D2240-91 (Shore A).  Melt flow values were determined by ASTM D 1238-99.

Materials

PA = polyamide 12 (EMS Grilamid 125)

BIIR = bromobutyl rubber (Bayer Bromobutyl X2)

IIR = butyl rubber (Exxon Butyl 402)

F = maleic anhydride grafted ethylene-propylene rubber (Dupont Fusabond MF-416D)

RESULTS

It was observed that polyamide 12 forms excellent blends at all proportions with butyl rubber systems, especially bromobutyl rubber.  Maleic anhydride grafted polymers enhance compatibility in blends containing low proportions of polyamide.  During blending a reaction is assumed to occur between the two polymer systems as a result of the dynamic manufacture of block or graft polymers in the system.  A range of materials from rubbery to thermoplastic resins are possible from these blends, which can be processed by compression molding, injection molding, and film extrusion, depending on the composition.

[image: image1.wmf]CHANGE IN MELT VISCOSITY WITH HEATING 

TIME

(200

o

C, 5kg)

-30

-20

-10

0

10

20

30

40

50

0

5

10

15

20

25

30

35

40

45

50

Heating Time (min)

% Change in Viscosity

70PA/18BIIR/12F

70PA/30BIIR

Pure Polyamide

70PA/30IIR


	        Observations:
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	        1.  Polyamide/bromobutyl rubber blend shows a 43% increase in melt viscosity

	             following 45 minutes of heating.
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	        2. Polyamide/bromobutyl rubber/Fusabond blend shows a 26% decrease in melt

	            viscosity following 45 minutes of heating.
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	        3. Melt viscosity of pure polyamide 12 stays relatively stable following heating.
	

	
	
	
	
	
	
	
	
	
	

	        4. Melt viscosity of polyamide/butyl rubber blend stays relatively stable following

	            heating.
	
	
	
	
	
	
	
	


	DSC DATA FOR POLYAMIDE AND POLYAMIDE/RUBBER BLENDS

	
	
	
	

	Composition
	Material
	Main Peak
	Enthalpy *

	 
	Description
	(deg C)
	Corrected (J/g)

	 
	
	
	 

	Polyamide 12
	Film
	178.22
	39.70

	 
	 
	 
	 

	70PA/30BIIR
	Film
	177.42
	40.68

	70PA/30BIIR
	Film (EB-treated 250 kGy)
	175.03
	44.63

	50PA/50BIIR
	Blend
	178.55
	41.57

	70PA/30BIIR
	Blend
	177.57
	41.20

	 
	
	 
	 

	70PA/30IIR
	Film
	178.03
	38.85

	70PA/30IIR
	Blend
	178.57
	40.54

	 
	 
	 
	 

	70PA/18BIIR/12F
	Film
	178.24
	42.09

	50PA/30BIIR/20F
	Film
	177.62
	49.04

	70PA/18BIIR/12F
	Film (EB-treated 250 kGy)
	175.53
	45.95

	70PA/18BIIR/12F
	Blend
	178.47
	42.60

	 
	 
	 
	 

	* Enthalpy calculated based on weight of polyamide present in blend
	 
	 

	
	
	
	

	Observations:
	
	
	

	
	
	
	

	1. Polyamide/bromobutyl rubber blends show a decrease in melting point of

	    approximately 1oC and increase in enthalpy of approximately 1 J/g in 

	    comparison to polyamide 12.  This may indicate a change in polyamide chemical

	    structure during blending (possible grafting and/or degradation).

	
	
	
	

	2. Polyamide/butyl rubber blends show insignificant differences in melting

	    point and enthalpy when compared with polyamide 12.
	

	
	
	
	

	3. Polyamide/bromobutyl rubber/Fusabond blends show an insignificant change in melting

	    point and increase in enthalpy of approximately 2-9 J/g, which is associated

	    with increased crystallinity  and possible change in polyamide chemical structure during blending

	
	
	
	

	4. Electron-beam treated polyamide/rubber blends show increased crystallinity and

	   polyamide degradation, as evidenced by the decrease in melting peaks of 

	    approximately 2oC and increase in enthalpy of approximately 4 J/g.


% INSOLUBLES

-
Blends extracted with hexane.  All non-processed rubber components are soluble in hexane.  Polyamide 12 homopolymer is completely insoluble in hexane.

-
Irradiated samples were exposed to electron beam of >100 kGy (results independent of dosage beyond 100 kGy.)

	
	Blended
	Blended/Irradiated

	20PA/80IIR
	21
	

	20PA/80BIIR
	36
	69

	20PA/48BIIR/32F
	42
	86

	50PA/30BIIR/20F
	76
	97

	70PA/30IIR
	78
	

	70PA/30BIIR
	98
	

	70PA/18BIIR/12F
	99
	

	100IIR
	0
	0

	100BIIR
	0
	72


Observations:

1.
Higher proportion of polyamide in the mixtures results in greater % insolubles.

2.
The % insolubles in the mixtures are too high to explain by entrapment of soluble polymeric components in an insoluble matrix.

3.
Extensive reaction and crosslinking takes place within the rubber component during processing.

4.
Less reaction occurs in polyamide/butyl rubber blends than polyamide/bromobutyl rubber blends.

5.
Electron beam treatment increases the crosslinking reaction of both butyl and bromobutyl rubber in the presence of nylon.

6.
The presence of maleic anhydride grafted polymers increases the crosslinking in all blends.  This additive also enhances the crosslinking reaction under electron beam irradiation.
INFRARED SPECTRA OF SOLUBLE PORTION

Presence of Key IR Absorption Bands

	Blend
	Wave Number
	

	
	3292 cm-1
	1714 cm-1
	1640 cm-1

	20PA/80IIR
	w
	w
	W

	20PA/80BIIR
	w
	m
	W

	20PA/48BIIR/32F
	w
	m
	W

	20PA/80BIIR

   - irradiated
	w
	M
	W

	50PA/30BIIR/20F
	w
	m
	W

	70PA/30IIR
	w
	w
	W

	70PA/30BIIR
	w
	--
	M




W = weak, M = moderate, S = strong

Observations:

1.
The FTIR spectra of the hexane soluble portion in polyamide/bromobutyl rubber blends indicates a small yet significant proportion of polyamide peaks.  Because polyamide 12 homopolymer is insoluble in hexane, this is most likely due to a bromobutyl-g-polyamide copolymer present in the mixture after blending of polyamide with pure bromobutyl rubber or bromobutyl/Fusabond blends.

2.
The observed polyamide component is present in 20PA/80BIIR, 20PA/50BIIR/30F, 50PA/31BIIR/19F, and 70PA/30BIIR mixtures.

3.
Electron beam treatment of a 20PA/80BIIR mixture results in reduced proportion of polyamide 12 polymer in the soluble component.  This is attributed to the relative ease of polyamide 12 to participate in free radical crosslinking reactions promoted by electron beam radiation.  The result is that polyamide containing graft polymers are less easily extracted by the hexane solvent.

4.
The presence of a rubber-g-polyamide component in polyamide/butyl rubber mixtures is less than in polyamide/bromobutyl rubber mixtures, due to the lower reactivity of butyl in comparison to bromobutyl rubber.

PROPERTIES

A.  Blends with High Proportions of Polyamide 12

	
	
	Room Temperature
	-40 (C

	
	EB Dosage
	Ultimate Strength (MPA)
	Modulus (MPA)
	Elong. @ Break (%)
	Ultimate Strength (MPA)
	Modules (MPA)
	Elong. @ Break (%)

	100PA
	0
	100
	952
	376
	107
	1353
	177

	70PA/30BIIR
	0

100
	62

44
	829
	244

160
	
	
	

	70PA/30IIR
	0

100
	69

61
	
	139

156
	
	
	

	70PA/18BIIR/

12F
	0

100
	38

46
	475
	325

231
	65
	941
	253



Observations:


1.
Modulus is reduced as butyl rubbers are added, providing a softer and more flexible resin.


2.
Low temperature elongation at break is improved in polyamide/bromobutyl rubber blends.

B.
Blends with Low Proportions of Polyamide 12


- examples of attainable products:

	Blend
	Method
	Ultimate Strength (MPA)
	Elong. @ Break (%)
	Hardness 

ShoreA

	20PA/50BIIR/30F
	Compression molded, EB exposed


	5.78
	211
	70

	20PA/50BIIR/30F


	Injection molded
	4.37
	219
	77

	40PA/60BIIR
	Dynamic vulcanization


	7.87
	120
	98


CONCLUSIONS

1.
A chemical reaction occurs between polyamide 12 and bromobutyl rubber during blending and processing of these polymers.  The reaction can be detected by

· increase in the blend viscosity during processing

· increase in the quantity of insoluble polymer

· downward shift in the polyamide melting temperature, and relative increase in enthalpy during melting by DSC.

· the observation of graft polymer in solutions of hexane after the blending process.

2.
Graft polymers likely formed in the blending process improve compatiblization between polyamide and butyl phases.

3. Maleic anhydride grafted ethylene-propylene (EPR) polymers are active during the blending of polyamide12/butyl rubber mixtures and may improve the mechanical properties of blends, particularly with rubber as a continuous phase.

4.
Extensive polymer crosslinking is observed during exposure to high-energy electron beam radiation in polyamide/butyl or bromobutyl blends (even with relatively small quantities of polyamide 12).

5.
Polyamide 12 and butyl rubber blends can be processed into thermoplastic elastomeric materials.  Butyl rubber may also act as a plasticizer in blends containing polyamide as a continuous phase to reduce the modulus of elasticity and increase elongation, particularly at low service temperatures.
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Melt Index vs Heating time at 200C
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pure Nylon has a residence time of 14 min.)
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Data

		MFI		Conducted at 200oC, 5kg weight

		000509-4		70N/30R

		time		melt index (g/10min)				time		%Change

		10		0.486				0		0

		25		0.492				15		-1.2

		40		0.552				30		-13.6

		55		0.614				45		-26.3

		000224-1		70N/R30 no fusabond

		time		melt index (g/10min)

		10		0.122				0		0

		25		0.096				15		21.3

		40		0.078				30		36.1

		55		0.07				45		42.6

		pure Nylon L25 pellets

		time		melt index (g/10min)

		6		2.45				0		0.0

		21		2.55				15		-4.1

		36		2.55				30		-4.1

		51		2.49				45		-1.6

		000524-1  70N/30 Butyl 402

		time		melt index (g/10min)

		10		3.64				0		0

		25		3.46				15		4.9

		40		3.55				30		2.5

		55		3.64				45		0.0





%Viscgr

		

		Observations:

		1.  Polyamide/Bromobutyl Rubber blend shows a 43% increase in melt viscosity

		following 45 minutes of heating.

		2. Polyamide/Bromobutyl Rubber/Fusabond blend shows a 26% decrease in melt

		viscosity following 45 minutes of heating.

		3. Melt viscosity of pure polyamide 12 stays relatively stable following heating.

		4. Melt viscosity of Polyamide/Butyl rubber blend stays relatively stable following

		heating.
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