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Abstract: - SAGMA Copolymer has been demonstrated to be an 

efficient reactive compatibilizer for the incompatible polymer 

blends of ABS and PA6. Thermal properties; TGA, HDT and 

Vicat softening temperature of Blends of acrylonitrile-butadiene-

styrene (ABS) and Nylon 6 (PA6) incorporating styrene-

acrylonitrile-glycidyl methacrylate (SAGMA) copolymer as 

compatibilizer have been studied across five different 

compositions by varying the PA6 ratio from 15 wt% to 55 wt%. 

The change of morphology from discrete dispersed PA6 particles 

to phase inversion to co-continuous phases effected due to the 

compatibilizer and responsible for evolution of thermal 

properties. 

I. INTRODUCTION 

he utilization of polymer blends is an increasingly 

important segment of the plastic industry.  The demands 

for many applications need a set of properties that no 

polymers can fulfil. One method to satisfy these demands is 

by missing two more polymers. Mixing two more polymers to 

produce blends is a wellstabilished route to achieve desirable 

properties, without the need to synthesise specialised polymer 

systems. Blends of polyamides with ABS materials are of 

commercial interest and are a useful model system for 

exploring this concept owing to the inherent reactivity of the 

polyamide and the abundant options for designing functional 

polymers that would be miscible with the sytrene/acrylonitrile 

copolymer (SAN) matrix of ABS [1-7].  

 The problem of immiscibility of polymer blends can be 

overcome to a great extent by the introduction of a third 

component which acts as an interfacial agent to reduce the 

interfacial tension and promote adhesion at the interfaces. 

This third component, generally known as compatibilizer [8-

10]; may be a block or graft copolymer capable of reacting 

with the amine end groups of the polyamide and is miscible 

with the SAN phase of ABS. The incorporation of 

compatibilizers like MAH, IA, SMA, SANMA and 

SAGMAimproves the mechanical properties of the polymer 

blends [11] as they effectively “stitch” themselves across the 

polymer/polymer interfaces thusreducing the possibility of 

interfacial failure [12-15]. 

In the present study, wereport on the changes in 

thermal properties associated with ABS/PA6 blends in which 

PA6 is incrementally incorporated into an ABS matrix at a 

fixed compatibilizer (SAGMA) weight ratio. 

II. EXPERIMENTAL 

General purpose molding grades of ABS Cycolac EX 

10 U by UMG ABS Limited; Japan and PA6 Grade M-40 RC 

by GSFC; India were used to prepare the different blends of 

study. SAGMA copolymer (styrene acrylonitrile glycidyl 

methacrylate] having GMA 2 wt% was synthesized in the lab 

according to an adapted procedure [16]. This SAGMA 

copolymer was used as compatibilizer at a fixed 10 wt % in 

the blends. The compositions of the blends prepared are given 

in Table 1.  

Melt blending for the preparation of the blends was 

performed by a conical intermeshing co-rotating twin-screw 

extruder, L/D =24 and 120 rpm, attached to a HaakeRheocord 

RC – 90 Torque Rheometer equipped with cooling bath and 

strand cutter using an extruder temperature profile  :Feed 

zone:  215
0
C; Compression zone   :  225

0
C; Metering zone:  

235
0
C; Die ring:  250

0
C; Die:  240

0
C employing the following 

sequential steps: 

-  PA6 pellets were size reduced by grinding to increase their 

surface area to enable intimate melt mixing with SAGMA 

copolymer followed by vacuum drying overnight at 80
0
 C. 

PA6 and SAGMA copolymer were extruded using the above 

processing profile and palletized.  

ABS and SAGMA modified PA6 along with antioxidant 

Irgafos 168 in accordance to the blends of study were dry 

blended in a tumbler mixer for approximately 30 minutes to 

enable good distribution and dispersion of the compositions. 

The dry blends were then vacuum dried at 80
0
 C overnight 

prior to extrusion compounding.  

- The extruded and pelletized blends formulations were 

vacuum dried at 80
0
 C prior to injection moldingby a 120 ton 

Klockner Windsor Injection Molding Machine at 240
0
C. The 

injection-molded specimens for testing of various properties 

in accordance to ASTM were conditioned for at least 40 hours 

at 23 ± 2
0
C and 50% RH prior to testing.  

Scanning electron microscopy (SEM) was used to 

investigate the morphology changes using fractured surfaces 

from izod impact tests. The fractured surfaces were etched in 

T 
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formic acid for 24 hours to remove PA6, dried under vacuum 

and coated with a thin uniform gold film by an Ion Sputter 

JFC-1100.Micrographs were taken by a JSM-840, Jeol 

Scanning Microscope at 5000 X magnification tostudy the 

morphological changes.  

Thermal degradation of the blends was analyzed by a 

TA Instruments Simultaneous TGA-DTA, Model 2960 in the 

dynamic mode at 10 
0
C/min from room temperature to 860 

0
C. 

The vicat softening temperatures were determined by a Toyo 

Seiki Seisaku-shoVicat Softening / HDT Apparatus under one 

kilogram load and heating rate of 50
o 

C / hour till 1 mm probe 

penetration was obtained. Two readings for each blend were 

taken and averaged. 

The blends samples having dimensions of 20 mm х 20 mm х 

3.0 mm were tested in accordance to ASTM D-1525. 

Heat distortion temperatures were measured in accordance to 

ASTM D-648 by a Toyo Seiki Seisaku-ShoVicat   softening / 

HDT Apparatus. Specimens having dimensions of 127 mm х 

13 mm х 3.2 mm and 127 mm х 13 mm х 6.4 mm under 264 

psi and 66 psi load and temperature ramp of 120
0
C were 

tested till a deformation of one-fourth millimeter was 

obtained. Tests were carried out on annealed and unannealed 

specimens. Annealing of specimens was carried out at 80
0
C in 

an air-circulating oven for 4 hours. Two readings for each 

blend were recorded and averages presented. 

III. RESULTS AND DISCUSSION 

3.1Vicat Softening Temperature 

Vicat softening temperature of the blend sample and control 

ABS are given in figure (1). The vicat softening temperature 

of neat ABS is 105.5
0
C. As 15% and 25% weight ratio of 

nylon 6 incorporated in the blend, no significant change is 

seen in the vicat softening temperatures, which are essentially 

comparable 103.5
0
C and 104.5 

0
C, respectively. Beyond 25% 

weight ratio of nylon 6, an increase in the trend of values are 

observed, a slight increase by 5
0
C is observed at 35% of nylon 

6 weight ratio. 

Further increase in the nylon content shows a steep rise in the 

vicat softening temperature (VST). Vicat softening 

temperature is recorded 143.5 
0
C and 180 

0
C for the blend in 

which nylon 6 is incorporated 45% 55% by weight ratio 

respectively. 

Incorporation of greater quantity of nylon 6 (i.e. 45 and 55%) 

blend accounts for the steep rise in the value of vicat softening 

temperature, as the vicat softening temperature of nylon 6 is 

as high as 215
0
C and this starts influencing the blend material. 

It is interpreted from the obtained data that when nylon 6 is 

included in the blend up to 45% by weight and 55% by 

weight, the vicat softening temperature became 1.4 times and 

1.7 times respectively than that of neat ABS, which is 105.5 
0
C. 

 

Fig: 1. Vicat softening temperature of ABS/Nylon 6 blends at varying 

composition 

3.2 Heat Distortion Temperature: 

It indicates the temperature limit above which polymer cannot 

be used for structural application. 

In case of an amorphous polymer (ABS) heat distortion 

temperature is slightly (10 to 20
0
C) lower than Tg, while in the 

case of semicrystalline polymer heat distortion temperature is 

more closely identified with Tm. Blends of one polymer with 

another having greater or lower Tg can be used to modify the 

Tg or heat distortion temperature of another polymer.  

Heat distortion temperature (HDT) of unannealed and 

annealed control ABS and its blend sample with nylon 6 are 

given in figures (2 and 3). 

Heat distortion temperature (HDT) of Unannealed Samples 

Heat distortion temperature (HDT) at 264 psi load at ¼’’ of 

unannealed sample of neat ABS is 87
0
C. Incorporation of 

varying amount of nylon 6 in the blend by 15%, 25%, 35%, 

45%, and 55% by weigh ratio, the HDT obtained are 83.5
0
C, 

82.5
0
C, 83

0
C, 80

0
C and 75

0
C respectively. Different values of 

HDT of sample blends show a gradual decreasing trend with 

respect to HDT of neat ABS as the nylon content increases in 

the blend. 

Heat distortion temperature (HDT) at 264 psi load when 

recorded at 1/8” its value for neat ABS comes to be 78.5
0
C. 

When different ratio of nylon 6 is added to the blend in ratio 

of 15%, 25%, 35%, 45%, and 55% by weight the values of 

HDT obtained are 73.5
0
C, 72.5

0
C, 70

0
C, 68.5

0
C, and 63.5

0
C 

respectively. Similar declining trend of HDT is observed as it 

was in the case of ¼’' with the increase in the content of nylon 

6. This decline in HDT is of narrow margin in both the cases. 

The HDT at 66 psi load at ¼” of unannealed sample of neat 

ABS is 94.5
0
C. The incorporation of nylon 6 15% weight ratio 

leads to decrease HDT to 92
0
C. Any further incorporation of 

nylon 6 up to 55% weight ratio does not lead to any further 

decrease in HDT. 
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The HDT of at 66 psi load at 1/8’’ of unannealed sample of 

neat ABS is 89
0
C. The incorporation of nylon 6, by 15% 

weight ratio, results in a decrease of HDT, which comes to be 

84
0
C. But further increase in nylon 6 contents by 25% and 

35% by weight ratio shows a lower but identical HDT value, 

which is 83
0
C. Beyond 35 % weight ratio of nylon 6 again a 

down face in HDT is observed for 45% and 55% weight ratio 

of nylon 6, which comes to be 82
0
Cand 77.5

0
C respectively. 

Comparison of HDT of unannealed blend samples at ¼’’ at 

264 psi load and 66 psi reveals that at higher load (264 psi) a 

regular declination in the HDT of blends samples is seen but 

at the lower load (66 psi) no significant decrease in the HDT 

is observed. 

 

Fig: 2.  Heat distortion temperature at 264 psi load of unannealed and 

annealed samples of ABS/Nylon 6 blends at varying compositions 

 

Fig: 3. Heat distortion temperature at 66 psi load of unannealed and annealed 

samples of ABS/Nylon 6 blends at varying compositions 

From the above data an inference is drawn that at 264 psi 

load, blend containing higher content of nylon 6 bends at 

lower temperature as compared to neat ABS. Nylon being soft 

component (ductile) and possessing low glass transition 

temperature (Tg) accounts for this behavior of the blend 

material. Also the value of rigidity looses as the nylon content 

increases in the blend. 

On the other hand, at 66 psi load, the blend with higher 

content of nylon 6 bends at comparable temperature to that of 

neat ABS. The lower Tg of nylon 6 is compensated by high 

HDT of value (165 ±5 
0
C) of nylon 6 and this effect is 

accountable for no significant decrease in the HDT of blend in 

comparison to neat ABS and as such rigidity of the blend 

material is not reduced to a greater extent.  

Heat Distortion temperature (HDT) of Annealed Samples 

The HDT at 264 psi load at ¼’’ of neat ABS is 94.5
0
C. The 

incorporation of nylon 6 in the range of 15% to 55% weight 

ratio leads to gradual decrease in a narrow margin from 

93.5
0
C for the blend incorporating 15% nylon 6 weight ratios 

to 89.5
0
C for the blend incorporating 55% nylon weight ratio. 

The HDT at 264 psi load at 1/8’’ of annealed sample of neat 

ABS is 94
0
C. The incorporation of nylon 6 in increasing order 

of weight ratios by 15%, 25%, 35%, 45% and 55% leads to 

HDT values to be 92.5
0
C, 91.0

0
C, 90.5

0
C, 89.0

0
C, and 87.0

0
C 

respectively showing a regular decline in HDT of blend 

material in comparison to that of neat ABS. 

HDT of annealed neat ABS at ¼’’ at 66psi load is 98.5
0
C. As 

nylon 6 content is enhanced by 15% up to 55% weight ratio, 

no significant declination in the value of HDT is observed. 

The HDT at 1/8’’ at 66 psi load of neat ABS is 97.5
0
C. 

Incorporation of nylon 6 in increasing order of weight ratio 

15%, 25%, 35%, 45% and 55% revealed a decrease in HDT as 

96.5
0
C, 96.0

0
C, 95.5

0
C, 95.0

0
C, and 93.5

0
C respectively. 

From above data it is evident that a regular downfall in the 

values of HDT is observable for the blend material.  

From the data obtained so far HDT of annealed blend samples 

at ¼’’ and 264 psi load states that there is a decrease in value 

of HDT of sample blends with respect to neat ABS. HDT at 

66 psi at ¼’’ of annealed blend samples follow the similar 

trend as it was in the case of unannealed HDT of 66 psi at ¼’’. 

This decrease in the HDT of blend with the increase of nylon 

6 ratio by weight is in accordance with the fact that annealing 

renders the blend less brittle and more workable. In addition, 

annealing increases the ductility and lessens the possibility of 

failure by relieving internal strains, which in turn is the result 

of three dimensional network structure formed during 

compatibilization. 

Corresponding values of HDT of annealed blends are higher 

than unannealed blend samples, which depend upon the 

combine effect of rigidity and glass transition temperature 

(Tg). The higher value of HDT of annealed blends can be 

explained in terms of crystallinity and rigidity. High HDT of 
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annealed blends are in accordance with the fact that annealing 

render the blend less brittle and more workable. In addition 

annealing increases the ductility and lessens the possibility of 

failure by relieving internal strains. Annealing imparts 

dimensional stability and refines the grain size, which is 

responsible for high HDT. 

3.3 Thermal stability 

TGA results depicted in Table 2 show that there is no 

observable weight loss upto 395 
0
C for control ABS and 420 

0
C for control PA6. The onset temperatures of degradation for 

the blends essentially lay between that of both individual 

components. The onset temperatures were nearer that for ABS 

and increased with PA6 wt%. This showed good thermal 

stability of the blends despite two extrusion compounding 

steps during preparation.  

S. 

No. 

Sample 

Notation 

ABS 

wt% 

PA6 

wt% 

SAGMA copolymer 

wt% 

1 Control ABS 100 0 0 

2 SA 75 15 10 

3 SB 65 25 10 

4 SC 55 35 10 

5 SD 45 45 10 

6 SE 35 55 10 

                              Table 1 Composition of blends 

S. 

No. 

Sample 

Notation 

PA6 

wt.% 

Degradation Onset Temperature 
0C 

1. Control ABS 0 396 

2. Control PA6 100 422.5 

3. SA 15 392 

4. SB 25 396 

5. SC 35 399 

6. SD 45 401 

7. SE 55 406 

Table 2Thermal degradation data for ABS/PA6/SAGMA 

blends SA to SE at 10
0
C/min 

IV. CONCLUSION 

Blends of ABS and PA6 in varying ratios from PA6 

15 wt% to 55 wt% and incorporating SAGMA copolymer as 

compatibilizer were prepared by a two-step extrusion 

compounding procedure to overcome incompatibility of the 

blend components. In previous paper we have discussed 

morphological changes from discrete PA6 particle dispersion 

at PA6 15 wt% and 25 wt% has been evidenced with phase 

inversion at PA6 35 wt% to co-continuous phases at PA6 45 

wt% and 55 wt% resulting from partial dissolution of blend 

components effected by PA6-g-SAGMA at the interface [6-

7]*. DMTA analyses also support partial dissolution by the 

observed shifts in Tgs of the blends components towards each 

other accompanied by broadening of the Tg peak of PB of 

ABS [6].  

Incorporation of greater quantity of nylon 6 (i.e. 45 and 55%) 

blend accounts for the steep rise in the value of vicat softening 

temperature as a result of compatibilization, as the vicat 

softening temperature of nylon 6 is as high as 215
0
C and this 

starts influencing the blend material. It is interpreted from the 

obtained data that when nylon 6 is included in the blend up to 

45% by weight and 55% by weight, the vicat softening 

temperature became 1.4 times and 1.7 times respectively than 

that of control ABS, which is 105.5 
0
C. 

The decrease value of HDT of annealed and unannealed blend 

samples with the increase of nylon 6 ratio by weight is 

observed. The sharp change is observed on incorporation of 

PA6 at 45 wt% and 55wt% as a result of better 

compatibilization. 
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