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Abstract

Toughened blends of poly(butylene terephthalate) (PBT) with appropriate ABS materials can be prepared without a compatibilizer within
limited melt processing situations. As illustrated by transmission electron microscopy, coarsening of uncompatibilized blends occurs under
certain molding conditions resulting in a deleterious effect on blend properties. Methyl methacrylate, glycidyl methacrylate (GMA), ethyl
acrylate (MGE) terpolymers were shown to be effective reactive compatibilizers for PBT/ABS blends that broaden the processing window
and provide improved low temperature impact properties, ABS dispersion, and morphological stability. A twin screw extruder is more
effective than the single screw extruder used here for processing these reactive blends. Several ABS types with different rubber
contents were examined; generally, materials with very high rubber contents were found to be more beneficial for toughening PBT.
Among these high rubber content materials, the ABS material having the lowest melt viscosity was found to be superior for
optimizing morphology and impact properties. At leat 30% of this material, containing a minimum of 36% rubber, is required for producing
toughened blends. Moderate amounts of GMA functionality in the compatibilizB?4) and small amounts of compatibilizer in the blend
(<5%) significantly improve low temperature impact properties and ABS dispersion. Higher amounts of GMA in the blend increase the room
temperature impact strength with little effect on the ductile—brittle transition temperature and increase blend vied®9§.Elsevier
Science Ltd. All rights reserved.

Keywords:Methyl methacrylate-glycidyl methacrylate; Poly(butylene terephthalate); Styrene-acrylonitrile

1. Introduction compatibilizers for blends of PBT with styrene/acrylonitrile
copolymers (SAN) or ABS materials resulting in an
Poly(butylene terephthalate) (PBT) is an important engi- improved SAN or ABS dispersion and morphological
neering thermoplastic with many useful properties; stability [2]. Model compound studies were used to show
however, neat PBT materials fail in a brittle manner under that the carboxyl endgroups of PBT react with the epoxide
certain loading conditions such as in notched 1zod impact groups of the GMA repeat units during melt processing to
testing [1-31]. The impact properties of PBT can be form a graft copolymer at the PBT/ABS interface. This
improved by simple melt blending with appropriate acrylo- earlier article also examined the effect of MGE composition
nitrile-butadiene-styrene (ABS) materials[1]. These tough- and content on the generation and stabilization of the mor-
ened materials, however, can only be produced within a phology of PBT/SAN blends in some detail [2]. Previous
limited processing range and have an unstable phasework has shown that crosslinking reactions occur in the
morphology; the ABS domains can coalesce during certain PBT/ABS/MGE system in addition to the desired graft
low shear conditions (particularly at high temperature when copolymer formation. It appears that residual acid compo-
the PBT melt viscosity is low) in the melt resulting in a nents in certain emulsion-made ABS materials catalyze ring
reduction in mechanical properties. opening polymerization of the epoxide groups in MGE or
An earlier article showed that terpolymers of methyl other possible mechanisms. In any case, the formation of a
methacrylate (MMA), glycidyl methacrylate (GMA), and gel fraction leads to a reduction in the room temperature
ethyl acrylate (EA) (denoted as MGE) are effective impact strength [3]. The purpose of the current article is to
explore the effect of MGE composition and content, pro-
* Corresponding author. Tel.#1-512-471-5392; Fax:+1-512-471- cessing conditions, ABS type, and rprer content on the
0542, morphology and mechanical properties of PBT/ABS
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Table 2

Characterization of MMA/GMA/EA terpolymers

Designation used here Composition MMA/GMA/EA M, (g/mol) M, (g/mol) T, (°C)

(weight ratio of monomer feed)

MGE-0 (PMMA)? - 63 000 158 000 108

MGE-1 97/1/2 48 000 85 000 107

MGE-3 95/3/2 40 000 120 000 105

MGE-5 93/5/2 41 000 120 000 104

MGE-10 88/10/2 46 000 190 000 102

MGE-15 83/15/2 41 000 119 000 98

MGE-20 78/20/2 26 000 80 000 92
2 Plexiglas V811 (100) from Rohm and Haas Co.

2. Experimental rheological characteristics as that of PMMA,; their synthesis

and characterization are described elsewhere [2].

Table 1 describes the materials used in this work. The Pellets of PBT along with the reactive compatibilizer
rheological behavior of each material was characterized by were cryogenically ground to a powder and dried for 16 h
measurements of the Brabender torque at 50 rpm antC250 in a vacuum oven at 8&. The ABS powders were dried for
using a 50 ml mixing bowl. The PBT was supplied by 16 hin a convection oven at 7. All components for each
General Electric . Five ABS materials with different char- blend were thoroughly mixed prior to melt compounding
acteristics were obtained from various sources and areusing a single pass extrusion method. Table 3 provides
designated by their rubber content, expressed as weightinformation about the processing conditions and the equip-
percent. Three of the materials (ABS-38, ABS-45-a, ABS- ment used to prepare PBT blends with various ABS materi-
50) were used in a previous study of uncompatibilized PBT/ als. The single screw extruder used, outfitted with an
ABS blends [1]. These materials are emulsion-made SAN intensive mixing head, proved to be a very effective
grafted rubber concentrates with small rubber particles in compounding device; however, it generally provides less
the range of 0.18 to 0.@m. ABS-45-c and ABS-50 have effective mixing than the twin screw extruder used in the
broad rubber particle size distributions while the other three case of current blends. The range of processing tempera-
contain near monodisperse rubber particles. The amount oftures is limited by the melting point (220) and the degra-
SAN chains grafted to the rubber particles for these ABS dation processes that occur at temperatures greater than
materials, expressed as a graft ratio, ranges from 0.40 to
0.72 as determined by the manufacturer using procedures PBT/ABS-45-a/MGE-10 (70 - X)/30/X
described elsewhere [1]. The SAN material used in this Single Screw 2307240 ¢
study was obtained from Dow Chemical. A commercial
poly(methyl methacrylate) (PMMA) product from Rohm
and Haas was used as the control, i.e. 0% GMA in the
MGE-X compatibilizer series shown in Table 2, where
the X represents the weight fraction of GMA in the ter-
polymer. The MGE materials were designed to have similar
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Table 3

Processing conditions used to prepare PBT/ABS blends PBT/ABS-45-a/MGE-10 (70 - X)/30/X

Twin Screw 220/240 (°C)

T LI T T
Extrusion conditions Molding conditiofis E 1000
Extruder RPM TemperaturéQ) Melt temperature°C) 2 00l
o
Twin screW? 170 220 240 g ool
220 260 =
260 240 g 4001
Single screfr 30 230 240 £ 0ol
o
2 Arburg allrounder injection molding machine, mold temperatuse = ol v v v
50°C, injection and holding pressure= 50 bar, injection time= 3 sec. 60 40 Tempf,gm,e (oé]) 20
P Baker-Perkins co-rotating, fully intermeshing twin screw extruder (D
= 15 mm), residence time 20 sec. Fig. 1. Effect of temperature on notched Izod impact strength for PBT/

¢ Killion single screw extruder (L/D= 30, D = 2.54 cm) outfitted with ABS-45-a/MGE-10(70-X blends molded at 2@0and extruded at (a)
a high intensity mixing screw, residence time 2 min. 230°C in a single screw extruder; (b) 2ZDin a twin screw extruder.
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(a) PBT/ABS-45-a/MGE-10
(70 - X)/30/X
Single Screw 230/240 (9C) Twin Screw 220/240 (°C)
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Fig. 2. TEM photomicrographs of PBT/ABS-45-a/MGE-10 (70-X)/30/X blends molded &(240d prepared in a single screw extruder at’€36r a twin
screw extruder at 22C. The rubber of the ABS phase is stained dark by £s(a) while the SAN of the ABS phase is stained dark by RiurQ(b).

260°C for PBT. The twin screw extruder could be used ata  The morphology of selected blends was examined using a

barrel set point of 22T, as the high shear generates heat that JEOL JEM 200 cx transmission electron microscope (TEM)

ensures that PBT is fully molten; however, the single screw at an accelerating voltage of 120 kV. Ultra-thin sections

extruder could not be operated at a set point beloWi@30he (15-20 nm thick) were obtained by cryo-microtoming,

temperature profiles for both the extruders and the injection from the center of the molded Izod bars perpendicular to

molding machine were kept flat along the barrel. Blends were the direction of flow during mold filling, using a Riechert-

molded into dog-bone shaped tensile specimens (ASTM D638Jung Ultracut E microtome at- 45°C. These sections were

type 1) and standard 1zod bars of 3.13 mm thickness. The exposed to Os@vapor (stains the rubber particles) for 15 h

mold temperature was kept constant atG0 or RuQ, vapor (stains the SAN matrix) for 20 min. Under
Notched Izod impact testing was conducted according to these conditions the stained materials appear as dark

ASTM D256 as a function of temperature to determine the domains in the TEM images.

ductile—brittle transition temperature. At least five samples,

each from the gate- and far-ends of the injection molded

bars, were tested at room temperature and in the region of

the ductile—brittle transition. At other temperatures fewer 3. Results and discussion

samples were tested with the exact number being dictated by

the consistency observed. Only gate-end information is One of the objectives of this work is to explore the effect

reported here as differences between gate- and far-endof MGE composition and content on the toughness and

specimens were typically insignificant. An Instron was morphology of PBT/ABS blends. However, appropriate

used for tensile testing in accordance with ASTM D638 at blending conditions and extruder type must be established

a crosshead speed of 5.08 cm/min. An extensometer strairfirst to ensure that optimal blend properties are achieved. In

gauge with a 5.08 cm gap was used to obtain the modulusthe next sections, processing conditions, ABS type, and

and yield stress values. rubber content in the blend will be examined. Once the
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(b) PBT/ABS-45-a/MGE-10
(70 - X)/30/X

Single Screw 230/240 (°C) Twin Screw 220/240 (°C)

=0
=5
Fig. 2. continued
effect of blending protocols are defined, the optimal MGE Twin Serew Extruder
composition and content will be examined. £ 1000f (@ ' ' ' ' ' Ik
2ol e, ]
3.1. Processing conditions g, o] o e ;
2] A 260/240 (°C) b
The notched Izod impact strengths of blends containing § a00f ]
30% ABS with and without the MGE-10 compatibilizer, E : 9}1 o
prepared in the single screw and twin screw extruders, are g 200 T ]
compared in Fig. 1. Binary blends prepared in the twin T T T R T e T
screw extruder are tough at lower temperatures than those Temperature (°C)
prepared in the single screw extruder for the processing PBT/ABS-45-a/MGE-10 65/30/5
conditions shown. The addition of 5% MGE-10 reduces _ . . . ' ]
the ductile—brittle transition temperature from8°C to grooor o N ]
—30°C for blends prepared in the single screw extruder £ 800 7
and from—22°C to —53°C for blends prepared in the twin g sool E
screw extruder. The addition of compatibilizer, however, 2 Sision | motang 3
reduces the room temperature impact strength by 10%-— g a00r o 20020 00 |1
40%. This reduction in impact strength caused by crosslink- g 200F [ T o ]
ing reactions involving the MGE epoxide groups, induced N S —_ ]

PR TR SR R L P
by acidic impurities in the emulsion-made ABS, is essen- 80 -60 'T“e"mper‘;gre (O‘(’:) 20 40
tially eliminated when PBT and MGE-10 are blended
tOQEther prior to addlng ABS in a second pass extrusion Fig. 3. Effect of temperature on notched Izod impact strength for blends

[3]. Only a single pass extrusion method will be employed molded and extruded in a twin screw extruder at various temperatures: (a)
in the current work as this minimizes the number of PBT/ABS-45-a (70/30); (b) PBT/ABS-45-a/MGE-10 (65/30/5).
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PBT/ABS-45-aMGE-10
(70 - X)/30/X
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Fig. 4. TEM photomicrographs of PBT/ABS-45-a/MGE-10 (70-X)/30/X blends prepared in a twin screw extruder and molded at various temperatures. The
rubber in the ABS phase is stained dark by QsO

processing steps and is most likely the way such blendslessen this problem. The effects of extrusion and molding
would be made in practice. temperatures on the Izod impact strength of PBT/ABS-45-a/
TEM photomicrographs shown in Fig. 2 provide informa- MGE-10 blends containing 30% ABS are seen in Fig. 3.
tion about the morphology of these various blends. For the When uncompatibilized blends are molded at 2i0the
specimens shown in Fig. 2(a), the rubber particles in the extrusion temperature does not appear to have a significant
ABS appear dark, while in Fig. 2(b) the SAN matrix appears effect on the impact properties (Fig. 3(a)). However, these
dark as a result of the RuGtaining; the latter allows the  properties deteriorate when the blends are molded at a
outline of the entire ABS domains to be seen. The ABS higher temperature as demonstrated by the increase in
domains appear to be relatively large for uncompatibilized ductile—brittle transition temperature from22°C to 3C
blends; hence, the rubber particles are non-uniformly as the temperature of the barrel of the injection molding
distributed in the PBT matrix. Addition of 5% MGE-10 to machine is increased from 24D to 260C. This loss of
these blends produces a finer dispersion of ABS in the PBT toughness apparently results from coarsening of the ABS
matrix such that only a few rubber particles are located in phase during molding. Addition of 5% MGE-10 to these
each domain. There are some rather large ABS domains inblends reduces the ductile—brittle transition temperature
the blend prepared in the single screw extruder while the while the room temperature impact strength is slightly
ABS domains are uniformly smaller for the blend made in lowered relative to uncompatibilized blends (Fig. 3(b)).
the twin screw extruder. This is consistent with the more The ductile—brittle transition temperature is lowest
intensive mixing generally found in corotating twin screw (—65°C) when the blends are extruded at 26@nd molded
extruders compared to single screw extruders. at 240C. As the MGE-g-PBT graft copolymer provides
The toughness of uncompatibilized PBT/ABS blends is increased morphological stability, molding at 260rather
rather sensitive to processing conditions as they have athan 240C is not as deleterious as observed for uncompa-
rather unstable morphology. Addition of a compatibilizer tibilized blends.
like the MGE series described here should, to some degree, The TEM photomicrographs shown in Fig. 4 reveal little
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(a) PBT/ABS-38/MGE-10 (70 - X)/30/X (b) PBT/ABS-45-b/MGE-10 (70 - X)/30/X
Twin Screw 220/240 (°C) Twin Screw 220/240 (°C)
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Fig. 5. Effect of temperature on notched Izod impact strength for PBT/ABS/MGE-10 (70-X)/30/X blends prepared in a twin screw extrud€raid20
molded at 24€C for the following ABS types: (a) ABS-38; (b) ABS-45-b; (c) ABS-45-c; (d) ABS-50.

morphological difference in the blends molded at 20 260°C as suggested by the impact properties shown in Fig.

when prepared in the twin screw extruder at Z&Q0r 3(b).

220°C (Fig. 2). The morphological instability of uncompa-

tibilized blends is particularly apparent during molding at 35 ABS type

high temperatures where coarsening can occur more rapidly

owing to the lower melt viscosity; this effect can be seen by  The five emulsion-made ABS materials described in

comparing the structure of blends molded atZ5@® those Table 1 (from various commercial sources with different

molded at 24€C. The presence of 5% MGE-10 stabilizes rubber contents, morphological and rheological characteris-

the morphology against coalescence during molding at tics) were used to prepare a series of PBT/ABS blends of
fixed ABS content (30%) with and without 5% of the MGE-
10 compatibilizer. The blends were made in the twin screw

Table 4 extruder at 22TC and were injection molded at 24D into
Impact data for PBT/ABS/MGE-10 (70-X)/30/X blerftis test specimens. Fig. 1(b) and Fig. 5 show the 1zod impact
ABS type Ductile—brittle transition Room temperature 1zod strength as a funCtion Of. temperature for the§e blends while

temperature°C) impact strength (J/m) Table 4 summarizes their room temperature impact strength

and ductile—brittle transition temperatures.

X=0 X=5 X =0 X=5 Of the five ABS materials, ABS-38 contains the least
ABS-38 18 —47 506 670 amount of rubber. Its binary blend with PBT has a
ABS-45-a -22 -53 859 720 ductile—brittle transition temperature of I3 Addition of
ABS-45-b —-10 —64 760 500 5% MGE-10 to this blend reduces the ductile—brittle transi-
ABS-45- -10 —54 740 400 tion temperature to— 47°C and slightly increases the room
ABS-50 18 -45 711 550

temperature impact strength.
2All blends were prepared in the twin screw extruder at°g2@nd ABS-45-b is similar to ABS-45-a but has a higher melt
molded at 24€C. viscosity, as indicated by Brabender torque measurements,
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PBT/ABS/MGE-10 (70 - X)/30/X

ABS-38
) ;
vt W !‘;".Fl !
¥
ABS-45-b
ABS-45-c
ABS-50

Fig. 6. TEM photomicrographs of PBT/ABS/MGE-10 (70-X)/30/X blends with varying ABS type prepared in a twin screw extrudéCaa@@0nolded at
240°C. The rubber in the ABS phase is stained dark by ©§sO



W.R. Hale et al. / Polymer 40 (1999) 4237-4250
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Fig. 7. Effect of ABS content on room temperature notched Izod impact Fig. 9. Effect of ABS rubber content on room temperature notched lzod

strength (a) and ductile—brittle transition temperature (b) of PBT/ABS-45-
a/MGE-10 blends prepared in a twin screw extruder at@2thd molded at
240C.
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Fig. 8. TEM photomicrographs of PBT/ABS-45-a/MGE-10 (90-X)/10/X
blends prepared in a twin screw extruder at’Z2@nd molded at 24C.
The rubber in the ABS phase is stained dark by ©sO

impact strength (a) and ductile—brittle transition temperature (b) of PBT/
ABS-45-a/MGE-10(70-X)/30/X blends prepared in a twin screw extruder at
22C0°C and molded at 24C.

in spite of the higheM,, of the free SAN (Table 1) in the
latter; evidently the higher graft ratio of the former is
responsible for its higher viscosity. As a result of the higher
viscosity, the ABS-45-b material is more difficult to
disperse into PBT during extrusion compounding; and
apparently for this reason, uncompatibilized blends with
ABS-45-b have a higher ductile—brittle transition tempera-
ture than blends with the lower viscosity ABS-45-a material
(Fig. 1(b)). Addition of 5% MGE-10, however, aids in the
dispersion of ABS-45-b throughout the PBT matrix result-
ing in a lower ductile—brittle transition temperature. The
presence of compatibilizer also reduces the room tempera-
ture impact strength.

Blends based on ABS-45-c have similar impact properties
as blends with ABS-45-b (Fig. 5(b)), probably because of
the higher viscosity of ABS-45-c or possibly its broad parti-
cle size distribution as compared to ABS-45-a. Addition of
5% MGE-10 to this blend lowers the ductile—brittle transi-
tion temperature, however, the room temperature impact
strength is also reduced significantly.

ABS-50 has the highest rubber content of all the ABS
materials used, but its binary blend with PBT has one of
the highest ductile—brittle transition temperaturesC)8n
this series of blends (Table 4). ABS-50 has a high melt
viscosity, which makes its dispersion into PBT during
processing more difficult, and a broad rubber particle size
distribution which may affect blend properties. The high
rubber content should be beneficial to the impact toughness,
however, it was suggested that chemical degradation may
be an issue for blends based on ABS-50 [1]. Residual
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PBT/ABS/MGE-10
(70 - X)/30/X
18% rubber in ABS-45-a

TEM photomicrographs of PBT/ABS/MGE-10 (70-X)/30/X

blends prepared in a twin screw extruder at Z2@nd molded at 24C

where the ABS phase (ABS-45-a diluted with SAN) contains 18% rubber.

The rubber in the ABS phase is stained dark by 9sO

Table 5
Tensile properties of blends

PBT/ABS-45-a/MGE-X 65/30/5
Twin Screw 220/240 (°C)
T T T T T

1200
§, 1100 ]
£ 1000¢ 3
2 9o0f 3
g : E
& 8o0of 3
S 700% 3
o £
E 600 3
B 500 E
E F
400 [ R B
0 5 10 15 20

X = % GMA in MGE Terpolymer

PBT/ABS-45-a/MGE-X 65/30/5

25

(b)

-60+ .

Ductile-Brittle
Transition Temperature (°C)

Y1) S B

Twin Screw 220/240 (°C)
- — 1 —

I Rt 1
0 5 10 15
X = % GMA in MGE Terpolymer

Fig. 11. Effect of GMA content (X) of MGE-X terpolymer on room
temperature notched Izod impact strength (a) and ductile—brittle transition
temperature (b) of PBT/ABS-45-a/MGE-X (65/30/5) blends prepared in a

twin screw extruder at 22@ and molded at 24C.

temperature to—45°C with a slight reduction in room

temperature impact strength.

Fig. 6 shows TEM photomicrographs for all the blends
whose properties are listed in Fig. 5. The ABS dispersion
within the PBT matrix is relatively poor for all blends
without compatibilizer. The materials designated as
ABS-45-c and ABS-50 have a bimodal rubber particle
chemicals in ABS-50 were shown to degrade polycarbonatesize and the smaller population of rubber particles
resulting in inferior blend properties [32], there is some seems to surround the larger rubber particles in the
evidence that suggests that a similar problem may occur ABS domains of blends based on each of these materials.
when processing with PBT. Nevertheless, addition of 5% Addition of 5% MGE-10 to these blends provides a more
MGE-10 to the blend reduces the ductile—brittle transition uniform distribution of rubber throughout the matrix. Even

P R
20

Composition (wt%)

Yield stress (MPa)

Modulus (GPa)

Elongation (%)

PBT
PBT/ABS-45-a/MGE-10
70/30/0

69/30/1

67/30/3

65/30/5
PBT/ABS-45-a/MGE-X
65/30/5

=0

=1

=5

15

= 20

X X X X X

48 = 0.3

36 +
38 +
39+
37 =

0.1
0.1
0.3
0.2

39
39
40
39
38

0.2
0.2
0.4
0.3
0.4

I+ + 1+ 1+ I+

24 = 0.21

1.7 =
18 =
1.7 =
18 =

0.10
0.08
0.04
0.07

18 =
1.7 =
18 =
19 =
19 =

0.08
0.06
0.08
0.05
0.08

165 = 58

110 =
61 = 32
53 = 30
50+ 6

59

153 =
140 =
114 = 49
40 £ 13
245 + 7

57
53

2 All blends were prepared in the twin screw extruder at®22a@nd molded at 24C. Five specimens of each sample were tested at 5.08 cm/min.
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Fig. 12. TEM photomicrographs of PBT/ABS-45-a/MGE-X (65/30/5) blends with a varying amount of GMA in the MGE-X terpolymer prepared in a twin
screw extruder at 22C and molded at 24C. The rubber in the ABS phase is stained dark by £sO

the smaller rubber particles of ABS-45-c and ABS-50 seem used in the second series because it has a relatively low melt

well dispersed. viscosity and imparts superior impact properties to PBT
blends compared to the other ABS materials (Table 4).
3.3. Rubber content in the blend The lzod impact strength of PBT/ABS-45-a/MGE-10

blends prepared in the twin screw extruder is shown in
Two series of blends were prepared in order to investigate Fig. 7 as a function of weight percent ABS in the blend.
the effect of rubber content on the impact properties of As the ABS content is increased, the room temperature
blends with and without compatibilizer. In the first series, impact strength increases and the ductile—brittle transition
the ABS content of the blend is varied, while in the second temperature decreases. The ductile—brittle transition
the weight fraction of rubber in the ABS is varied keeping temperature is significantly reduced by compatibilization,
the ABS content in the blend fixed at 30%. ABS-45-a was however, the Izod impact strength is slightly lower. At
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PBT/ABS-45-a/MGE-10 (70 - X)/30/X 3.4. GMA content in the blend
1200 ' ITwin S‘crew '22:0{240 (‘I’C) -
Enoo'— (@) 3 Addition of the MGE-10 terpolymer to PBT/ABS blends
£ 1000 E was shown to produce a uniform dispersion of ABS that is
5 900 E more stable against coalescence during the molding cycle.
@ soop E To further examine the effect of this compatibilizer on blend
§ 233 f properties, two series of experiments that vary the epoxide
2 ook ; content in the blend, while keeping the ABS content fixed at
TP 30%, were performed. The first series maintains a constant
LV S S PBT/compatibilizer ratio in the blend while the GMA
content in the compatibilizer is varied. In the second series,

PBT/ABS-45-a/MGE-10 (70 - X)/30/X T L -
Twin Screw 220/240 (°C ) the GMA content of the compatibilizer is fixed while the
L L T ]

g PBT/compatibilizer ratio is varied.
3 Fig. 11 shows the Izod impact properties for a series of
PBT/ABS-45-a/compatibilizer blends in the ratio of 65/30/5
] prepared in the twin screw extruder for the case where the
7 compatibilizer contains a varying amount of GMA. As the
] GMA content of the compatibilizer is increased, the room
temperature Izod impact strength initially decreases reach-
B R T ing a minimum of 570 J/m at 5% GMA and then increases to
X =% MGE-10 in Blend 1100 J/m at a GMA content of 20%. However, the ductile—
Fig. 13. Effect of MGE-10 content on room temperature notched Izod brittle transition temperature continually decreases from
impact strength (a) and ductile—brittle transition temperature (b) of PBT/ 170(: to below—50°C as th_e GMA Co_ntent of the terpolymer
ABS-45-a/MGE-X (70-X)/30/X blends prepared in a twin screw extruderat IS increased to 5%; any increase in GMA content beyond
220°C and molded at 24C. this point appears to have little effect. Fig. 12 shows the
TEM photomicrographs for this series of blends. For blends
where the compatibilizer contains 3% GMA or less, the
least 30% ABS is required to significantly decrease the ABS domains are not well dispersed. Increasing the GMA
ductile—brittle transition temperature; higher ABS levels content to 5% provides uniform ABS dispersion throughout
beyond this leads to only a minimal reduction in the the matrix. Further increase in the GMA content to 20%
ductile—brittle transition temperature. Fig. 8 shows the leads to relatively little change in blend morphology.
morphology of blends containing 10% ABS-45-a, with Fig. 13 shows the impact strength of PBT/ABS-45-a/
and without compatibilizer. The ABS domains of the MGE-10 blends where the PBT/MGE-10 ratio is varied.
uncompatibilized blend are large and contain many rubber As the compatibilizer content is increased, the room
particles. The blend containing 5% MGE-10, however, has a temperature Izod impact strength initially decreases reach-
finer dispersion, but nevertheless it is apparent from Fig. 7ing a minimum of 580 J/m at 3% MGE-10 and then
that 10% ABS is insufficient for toughening. increases to 1090 J/m at 10% MGE-10. The minimum
The rubber content of the ABS phase was varied by dilut- impact strength seen here occurs when the overall GMA
ing ABS-45-a with SAN in the single screw extruder at content in the blend is 0.3%. This behavior is similar to
220°C. These ABS materials with reduced rubber content that observed when varying the GMA content of the MGE
were then cryoground to a powder prior to mixing with PBT terpolymer (Fig. 11(a)), where the minimum impact
in the twin screw extruder. Fig. 9 shows the effect of rubber strength occurs at nearly the same overall GMA content in
concentration in the ABS phase on the impact properties of the blend (0.25%). The ductile—brittle transition tempera-
ternary blends containing 30% ABS prepared in the twin ture decreases to below 50°C at an MGE-10 content of
screw extruder. At least 36% rubber in the ABS phase 3%; further increase in compatibilizer content beyond this
(10.8% rubber in the blend) is required to achieve a signifi- has only a small effect on the ductile—brittle transition
cant increase in the Izod impact strength and a significanttemperature. Fig. 14 shows TEM photomicrographs for
reduction of the ductile—brittle transition temperature. At this series of blends. The blend containing only 1% MGE-
27% rubber in the ABS, the impact strength of the compa- 10 has a poor ABS dispersion compared to blends contain-
tibilized blend is higher than that of the uncompatibilized ing 3% MGE-10 or more.
blend. The morphology of blends, with and without MGE- Table 5 shows the tensile properties for the two series of
10, where the ABS-45-a was diluted with SAN to 18% blends described above. The presence of 30% ABS reduces
rubber is shown in Fig. 10. The uncompatibilized blend the tensile modulus and yield strength relative to pure PBT.
reveals a poor ABS dispersion while the addition of 5% Addition of compatibilizer appears to have only a small
MGE-10 significantly disperses the ABS throughout the effect on the tensile properties of these blends. There is,
PBT matrix. however, a general decrease in elongation at break as the

T

Ductile-Brittle
Transition Temperature (°C)
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PBT/ABS-45-a/MGE-10
(70 - X)/30/X

Fig. 14. TEM photomicrographs of PBT/ABS-45-a/MGE-10 (70-X)/30/X
blends prepared in a twin screw extruder atZ2@nd molded at 24C.
The rubber in the ABS phase is stained dark by ©sO

GMA content in the blend is increased, although the
elongation at break is very high for the PBT/ABS-45-a/
MGE-20 blend.

4., Conclusion

Very tough blends of PBT with various ABS materials
can be achieved without compatibilizer within limited melt
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processing situations. However, the morphology of these
binary blends is unstable and phase coarsening can occur
as demonstrated by TEM; this has a deleterious effect on
blend properties. Terpolymers of MMA, GMA, and EA
(MGE) were shown to be effective reactive compatibilizers
for PBT/ABS blends providing improved low temperature
impact properties, a finer dispersion of ABS domains,
morphological stability, and a broadening of the processing
window. The twin screw extruder is more effective for
processing these reactive blends than the single screw
extruder used here.

All ABS materials used were suitable for toughening
PBT, however, ABS materials with higher rubber content
and lower melt viscosity are more beneficial for producing
tough uncompatibilized blends. The material designated as
ABS-45-a has a high rubber content but only a moderate
melt viscosity and was found to be superior for producing
toughened blends. At least 30% ABS-45-a containing a
minimum rubber content of 36% is required to significantly
improve impact properties of these blends. Addition of the
reactive compatibilizer improves ABS dispersion and
lowers the ductile—brittle transition temperature for blends
based on all ABS types.

Moderate amounts of GMA functionality in the compati-
bilizer (>5%) and small amounts of compatibilizer in the
blend 5%) significantly reduce the ductile to brittle tran-
sition temperature and improve ABS dispersion. While
higher amounts of GMA functionality increase room
temperature impact strength but produce only a minimal
improvement in low temperature impact properties and
increase blend viscosity which is undesirable for some
processing techniques.
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