
C H A P T E R  IV
R E S U L T  A N D  D IS C U S S IO N

4.1 P S /N R /M A  b len d s C h a ra cter iza tio n

4.1.1 Torque study o f  P S /N R /M A  R eactive blend
Tem perature and torque profiles w ere recorded along b lending step  

from  Brabender Plasticorder. The temperature and torque profiles w ere show n in 
Figure 4.1 .

—  Torque — Temp.(Sock)

F ig u re  4.1 Temperature and torque profiles o f  P S /N R /M A  reactive blend (50  rpm, 
150° C).

From Figure 4.1, Brabender Plasticorder temperature started at
150°c and suddenly dropped when PS was added into the chamber due to cooling by
PS pellets. Temperature slightly increased when DCP was added at 3rd minute and



19

M A  at 6 th m inute indicating som e reactions occurred to PS. W hen N R  w as added  
into the cham ber at 9th m inute, temperature suddenly dropped again  due to coo lin g  by 
N R  and then increased again suggesting som e reaction cou ld  be occurred.

Torque profile w as recorded along b lend ing p rocess also. Torque 
increased w hen  PS w as added into the cham ber and sligh tly  d ecreased  w hen  DCP  
w as added at 3 rd m inute. E specia lly , w hen  M A  w as added, the torque reduced  
ob v iou sly  w ith  sm all increm ent o f  tem perature indicating som e chain  sc issio n  
occurred. W hen N R  w as added into the cham ber, torque increased again  since cross­
linking reaction. The p ossib le  reactions are

A t 3 -6 th m inute PS +  DC P -* PS- (1)

A t 6 -9 *  m inute PS +  M A  - »  P S-g-M A  (2)
PS- +  M A  - »  PS-g-M A - (3)

A fter 9 th m inute N R  +  D C P - *  NR- (4)
NR- +  NR- ->  crosslink N R  (5)
N R  +  M A  —» N R -g -M A  (6)
NR- +  M A  - »  N R -g-M A - (7)
PS- + NR- - »  N R -b-P S or N R -g -P S  (8)
PS-g-M A - +  N R -g-M A - - »  P S -g M A -N R  (9)

The reactive blend w ith  anhydride functional group prepared in this 
step w as used as a reactive com patibilizer for N y lo n  12 and N R  blend. The blend o f  
N y lo n l2 /N R  at com p osition  o f  8 0 /20  w eigh t ratio w as used  as a blank in  this work.

The temperature and torque profiles o f  P S /N R  (w ith  D C P at 3rd 
m inute) b lend w ere sh ow ed  in Figure 4 .2 . Compared w ith  P S /N R /M A  reactive blend, 
torque profile o f  P S /N R  blend is low er than another one at 13th m inute. This is 
indicated that M A  generated grafting reaction and resulted to increase torque due to 
the d ifficu lt o f  m ob ility  o f  blend.

Tem perature profile o f  P S /N R  blend also  decreased  com pared w ith  
P S /N R /M A  reactive b lend at 13th m inute. This m ay be from  no reaction generated  
along b lending process so  no heat generation.
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F ig u re  4 .2  Temperature and torque profiles o f  P S /N R  blend (50  rpm, 150° C).

From P S /N R /M A  reactive com patibilizer blend, m elt f lo w  index  
w as m easured from the sam ple taken out from the m ixer at several stage o f  m ix in g  to 
study the reaction along blending step. The results w ere sh ow ed  in  Table 4 .1 .

T a b le  4.1 M elt f lo w  index o f  PS and PS w ith DC P (at 3rd m inute) and M A  (at 6th 
m inute) (200°c and 5 kg)

P o ly m er  b len d M elt f lo w  in d ex  (g /1 0  m in u tes)
Polystyrene 10.29
P olystyren e+ D icu m yl peroxide 20 .35
P olystyren e+ D icu m yl p eroxide+M aleic anhydride 41 .77

From Table 4 .1 , polystyrene blended w ith  d icum yl peroxide and 
p olystyrene blended w ith  dicum yl peroxide and m aleic anhydride show ed  low er m elt
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f lo w  in d ex  than polystyrene. This indicated that m olecu lar w e ig h t o f  PS decreased  
and its chains had been  scission ed  w h en  dicum yl p erox id e and m aleic  anhydride 
w ere added. W hen N R  w as added to the reactive P S /D C P /M A , the reactions w as  
extended  w ith  N R . S om e side reaction like crosslinking m ay occur. T his cou ld  be  
detected  by the gel form ation.

4 .1 .2  G el content o f  P S /N R /M A  reactive com patib ilizer
G el content o f  P S /N R /M A  reactive com patib ilizer w as m easured  

by sw ellin g  technique. Firstly, sam ple w as d isso lved  in to lu en e (2%  by w eigh t) and 
stirred for 2 days to get com plete d issolu tion , see F igure 4 .3 . Then, the blend  
so lu tion  w as filtered by w eigh ted  filter paper (W hatm an N o . 1). Then, the w et filter  
papers containing gel w ere dried at 110°c for at least 5 hours to ensure steady dried 
w eigh t. F inally , the filter papers w ith  gel w ere w eigh ted  and % wt gel w as  
calculated. From the experim ent, the % gel content w as 41 .73% . T his suggested  
that the crosslink reaction w as intensive. The gel m ay be an interprenetrating  
netw ork o f  N R /P S  as w ell as the crosslinked  NR.

F ig u re  4 .3  P S /N R /M A  reactive blend d isso lve  in toluene.

4.1.3 Thermal Properties of PS/NR/MA blend
Glass transition temperature of blend was detected by differential

scanning calorimeter (DSC) from -20°c to 200°c with heating rate of 10°c/min
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under nitrogen purge. Figure 4 .4  sh ow ed  heat f lo w  o f  P S /N R /M A  reactive  
com patib ilizer com pared w ith  temperature.

24.95 -

F ig u re  4 .4  H eat f lo w  o f  P S -N R -M A  reactive com patibilizer.

The change o f  slope in Figure 4 .4  at 91.82°c sh ow ed  Tg o f  PS in 
P S /N R /M A  blend. G enerally, Tg o f  PS is around 80 °c and that o f  N R  is m uch  
low er; how ever, the P S /N R /M A  blend sh ow s high Tg w h ich  is h igher than expected. 
This is attributed to rigidity o f  the gel part. The endotherm  peak around - 1 5  ๐c  m ay  
attribute to N R  crystalline (g lass transition temperature at -25°c, K awahara e t  a l .)  or 
heat overshoot due to unstable m orphology.

4 .1 .4  D eterm ination o f  Content o f  Grafted M ale ic  A nhydride
B y u sin g solution carbon 13 N M R , the result in  F igure 4 .5  reveals  

that the content o f  PS and N R  is approxim ately 5 8 .2 9  and 38 .75% w t (at chem ical 
shift 120-130  ppm  for PS and 20 -4 0  ppm  for N R ). The am ount o f  M A  can be 
determ ined from  the peak area at chem ical shift o f  about 135 ppm  w h ich  represents 
carbonyl carbon in M A . The grafted about is 2.48% w t.



23

1 4 0  1 2 0  1 0 0  8 0  60  4 0  2 0  0 ppm

F ig u re  4 .5  Carbon 13 N M R  for P S /N R /M A  using CD CI3 as a so lvent.

4 .2  [N y Io n l2 /N R ]/[P S /N R /M A ] C h a ra cter iza tio n

4.2.1 Torque รณdv o f  [ไร[ylon l2 /N R l/rP S /N R /M A 1
Temperature and torque profiles w ere recorded along b lending step  

from  Brabender Plasticorder. The tem perature and torque profiles w ere show n in 
Figure 4 .6
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F ig u re  4 .6  Tem perature and torque profiles o f  [N ylon  12 /N R ]/[P S /N R /M A ] reactive  
blend.

From  Figure 4 .6 , Brabender Plasticorder tem perature started at 
180° c  and suddenly dropped w hen  N y lo n l2  w as added into the cham ber for tw o  
steps (at 0 and 2nd m inute) due to coo lin g  by N y lo n l2  pellets. Tem perature suddenly  
dropped w h en  N R  and com patib ilizer w ere added at 3 rd m inute due to co o lin g  by N R  
and com patib ilizer then increased continuously until the end o f  process suggesting  
som e grafting reaction cou ld  be occurred (about 30 ° c  total increm ents and about 15 
° c  above v isco u s heat o f  N y lo n  12).

Torque profile w as recorded along b len d in g p rocess also. Torque 
increased w h en  N y lo n  12 w as added into the cham ber for tw o  steps (at 0 and 2 nd 
m inute) and sligh tly  increased w hen  N R  and com patib ilizer w ere added at 3 rd m inute  
su ggestin g  the interaction occurred betw een  N y lo n l2 , N R  and com patibilizer. D ue  
to non-isotherm al m ix in g  (temperature keeps increasing), v isco s ity  o f  the blend was
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reduced w ith  tim e and thus torque change w as thus le ss  ob v iou s than temperature 
change.

4 .2 .2  Therm al Properties o f  N y lo n l2 /N R /[P S /N R /M A 1  blend
G lass transition temperature (Tg) and m elt tem perature (T m) o f  

blend w as detected by differential scanning calorim eter (D S C ) from  -20°c to 200°c. 
The blend w as heated from  -20°c to 200°c and then co o led  to  -20°c again under 
nitrogen purge. Tg and Tm w ere detected in second  scan from  -20°c to 200°c. Figure
4 .7  sh ow ed  heat f lo w  o f  N y lo n l2 /N R /[P S /N R /M A ] reactive b lend com pared w ith  
temperature. It is noted that the heating range is above the g lass transition o f  N R .

F ig u re  4 .7  H eat f lo w  o f  N y lo n  12 /N R /[P S /N R /M A ] blend.

From Figure 4 .7 , the peak at -18 ๐c  w as found like that in  Figure
4.4  for the first run and then disappeared in  the second  run. T his can conclude that 
this peak is due to the unstable m orphology o f  sam ple and not the crystallin ity o f  
N R . The change o f  slope in Figure 4 .7  at 5 1 .2 7 ° c  sh ow s Tg o f  N y lo n l2  in  
N y lo n  12 /N R /[P S /N R /M A ] blend.
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4 .2 .3  C rystallinity o f  N y lo n  12 /N R /[P S/N R /M A 1 blend
C rystallinity in term o f  heat o f  fusion  w as ob served  b y  differential 

scanning calorim eter (D S C ) from  - 2 0 ° c  to 2 0 0 ° c  for tw o  steps. The heat o f  fusion  
for N y lo n  12 crystalline from  the sam ple obtained from  com p ression  m old in g  w as  
observed  as a first heating run (first heat o f  fusion) and the m ore equilibrium  heat o f  
fusion  obtained from  the sam ple from the second heating w as a lso  observed. Table
4 .2  sh ow ed  Tm, T c, AHf, and AHC o f  [N y lo n l2 /N R ]/[P S /N R /M A ] w ith  various 
[P S /N R /M A ] content. M oreover, Figure 4 .8  show ed  heat o f  fu sion  from  the first and 
second  runs that vary w ith  the content o f  com patibilizer. It is sh ow ed  that by adding  
P S /N R /M A  16 phr the heat o f  fusion  or crystallin ity decreases by 40  % o f  the 
m axim um  (at 2 phr).

T a b le  4 .2  Tm, AHf, Tc, and AHc o f  [N y lo n l2 /N R ]/[P S /N R /M A ] w ith  various 
[P S /N R /M A ] content
[P S/N R /M A ]

content
Tm ( ° c  )
(1 st run)

A H f(J/g) 
(1 st run)

Tc (๐C ) AHc (J/g)
Tm ( ° c  )
(2 nd run)

AHf (J/g) 
(2 nd run)

1 176.83 33 .97 153.47 34 .22 173.20 35 .04
2 177.67 35 .54 152.30 36 .89 176 .87 36 .94
4 176.67 38 .02 152.63 3 9 .0 2 176.53 38 .63
8 176.33 31.55 153.30 3 1 .9 6 173.03 32 .95

16 175.50 23 .15 153.30 23 .65 172.70 24 .35
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F ig u re  4 .8  Heat o f  fusion  o f  N y lo n  12 crystalline in [N ylon  12 /N R ]/[P S /N R /M A ]  
w ith  various [P S /N R /M A ] content (from  N y lo n l2  80%  o f  blend).

From  Figure 4 .8 , crystallin ity increases in itia lly  and decreases  
con tin u ou sly  w hen  com patib ilizer content increases. A t h igh  com patib ilizer content, 
lo w  heat o f  fusion  indicates lo w  crystalline content resulting to low er m echanical 
properties (tensile  properties and im pact properties).

Therefore, [PS/N R /M A ] blend prepared by reactive p rocessin g  and 
containing gel can be used  as a reactive com patib ilizer in 80 /2 0  % wt N y lo n /N R  
blend. The fo llo w in g  m echanical properties w as obtained by adding [P S /N R /M A ] at 
various am ount in com parison w ith  the non reactive com patib ilizers, e .g . 
[P S /D C P /N R ] and com m ercial grades o f  SE B S (G 1 65 0 , 1652 , and 1657), and the 
reactive one, e .g . S E B S -g-M A  (F G 1901X ).
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4.3 M e c h a n ica l P ro p ertie s  o f  [N y lo n l2 /N R ]/c o m p a tib iI iz e r  b len d

4.3.1 The E ffect o f  P S /N R /M A  com patib ilizer on  the im pact properties 
Im pact property w as studied by Izod im pact testin g m achine. The

21 .6  J pendulum  w as used to test all specim ens. A ll sp ecim en s w ere not broken as 
sh ow ed  in Figure 4 .9 . The result o f  im pact energy (not fu lly  broken) w as show n in 
Figure 4 .1 0  also. From Figure 4.9 , it is noted that the crack region  is w hitened. This 
indicates a special m echanism  o f  deform ation in the fast m ode as a lso  observed  from  
the b lends o f  polyam ideô/polycarbonate com patib ilized  by S E B S -g -M A  and 
com bination  o f  SE B S and S E B S -g-M A  (H oriuchi et ah, 1997)

Figure 4.9 The tested specimen from Izod impact testing machine. Sample was not
thoroughly broken into two pieces.
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F ig u re  4 .1 0  Im pact energy o f  [N y lon l2 /N R ]/C o m p a tib ilizer  w ith  6 types o f  
com patib ilizer at various content o f  com patibilizer.

The effects o f  type o f  com patib ilizer and com patib ilizer content 
w ere sh ow n  in Figure 4 .10 . A n  80 /2 0  % wt N y lo n  12 /N R  binary blend has im pact 
strength o f  633 J/m. W ith increase o f  the com patibilizer content in [N y lo n l2 /N R ]/  
com patib ilizer b lends, the im pact energy increased in itia lly  then decreased  
continuously . A t very sm all content o f  com patibilizer (1 -8  phr), the increase o f  
im pact energy can result from  the suitable dispersed phase s ize , the strength o f  
N y lo n  12 matrix, the flex ib le  o f  N R , and proper m orphology. The seq u ence o f  
effec tiv e  com patib ilizer for im pact strength im provem ent is 
[P S /N R /M A ]> [P S /D C P /N R ]> F G 1 90 1x> G 1 65 2> G 1 657 > G 16 50 . It is noted  that all 
grades o f  non-reactive SE B S are not effec tive  to im prove im pact properties at 
content 16 phr. The e ffectiven ess to im prove im pact property o f  com m ercial reactive  
S E B S  is poorer than the in-situ  com patibilizers. It is noted that the content o f  the 
grafted M A  in S E B S -g -M A  and [P S/N R /M A ] are nearly the sam e. M agaraphan e t
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a l. (2 0 0 4 ), sh ow ed  that the blends w ith  all com m ercial S E B S  had low er crystallin ity  
than that w ith  [P S /D C P /N R ]. G enerally, im pact strength is based  on  the am orphous 
part o f  the m aterials b ecau se its free structure can be altered to a llev iate the im posed  
energy (better energy absorption than crystalline). H ow ever, the results are not 
related to the am orphous part o f  the b lends (e.g . increasing com patib ilizer content 
also increases am orphous content).

H oriuchi et al., 1997 reported that polam ideô/polycarbonate  
(P A 6/P C ) blends w ith  SE B S and S E B S -g -M A  sh ow ed  three d ifferent phase 
m orp h olog ies, core-sh ell (PC =core, PA 6=m atrix, S E B S -g -M A = core), stacking  
(blend w ith  S E B S ) and the interm ediate betw een  shell and stacking. A ccord ing to 
this m orphology, the sam ples sh ow ed  w hiten ing at crack reg ion  and the specim ens  
w ere not fu lly  broken. M agaraphan e t  a l . ,  2 0 0 4  also sh ow ed  that the m orp h ology o f  
N y lo n l2 /N R /S E B S  or S E B S -g-M A  or [PS/D C P /N R ] w as core-sh ell type or the 
m ixture o f  core-shell and stacking or interm ediate. In fact, the S E B S -g -M A  causes  
the sim p le  m orphology o f  N R  core and com patib ilizer shell and their stacking. 
E sp ecia lly  for non-reactive com patibilizer, not on ly N R  but a lso  N y lo n  12 w as found  
to be the core surrounded by triple com patib ilizer/N R /com patib ilizer sh ells  (so  called  
com p lex  core-sh ell) or N y lo n l2  inclusions in N R  dom ains w ith  com patib ilizer shell. 
The com p lex  core-sh ell m ay be occurred due to less v isco u s o f  the m atrix than the 
dispersed phase such that shearing can overcom e surface ten sion  o f  the m atrix and 
m ake sm all droplets o f  the matrix encapsulated by dispersed  phase. The 
characteristics o f  non-reactive and reactive com patib ilized  m orphology is that the 
form er has increased particle size w ith  com patib ilizer content e .g . the dispersed  
phase size  o f  [N y lo n l2 /N R ]/S E B S  G 1652 blends w as increased w ith  increasing the 
S E B S  content but the later show s stabilized  size once the optim um  com patib ilizer  
content is  reached. In case  o f  [P S /N R /M A ], the dispersed particle s ize  increases w ith  
com patib ilizer content as show n by SEM  m icrographs in F igure 4.11 and a p lot in 
Figure 4 .1 2 . T his su ggests that [P S /N R /M A ] induces the com p lex  core-sh ell or 
in clusion  m orphology rather than sim ple core-shell w ith  m in im ized  particle s ize  as 
that found for the blends w ith  SE B S-M A . The dispersed phase s ize  w as the greatest 
com pared w ith  other com patibilizers. The shape o f  the dispersed  phase is irregular 
and b ecom es m ore spherical for the blends after addition o f  1 phr SE B S. The
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num ber average o f  dispersed phase s ize  m easurem ent w as estim ated  b y  averaging the 
diam eter o f  about 100 dom ains random ly for each blend system .

(e) (f)
F ig u re  4.11 SEM  m icrographs o f  the cryofracture surface o f  the [80/20]  
[N ylon  12/N R ] blends at various [PS/N R /M A ] content (a) 0 phr, (b) 1 phr, (c) 2 phr,
(d) 4  phr, (e) 8 phr, and (f) 16 phr.
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F ig u re  4 .1 2  D ispersed  phase size and distribution o f  [N y lo n l2 /N R ]/P S /N R /M A  
reactive b lends w ith  various P S /N R /M A  content.

The m echanism  o f  im proved im pact strength as found by H oriuchi 
e t  a l ,  1997 for the sim ilar com patibilizers w as due to the vo id  form ation at the 
interface o f  the dom ain and matrix w here encapsulation w as not com p leted  and this 
prom oted the energy dissipation. In our case, the crack and w h iten in g  m ay occur by  
sim ilar m echanism . The low ering o f  im pact energy w ith  increasing com patib ilizer  
am ount w as probably due to the coarser m orphology or the broader dispersed  size  in 
N y lo n  12 matrix. W ith various type o f  com patib ilizers in  [N ylon  12 /N R ]/ 
com patib ilizer blends, P S /N R /M A  com patibilizer act as the best com patib ilizer  
com pared w ith  others probably attributed to the higher N R  content (40%  w t) and 
have M A  w hich  is the reactive reagent to N y lo n l2 . M oreover, the g e l in P S /N R /M A  
m ay b enefit to the energy absorption in com parison to S E B S  or S E B S -M A  w hich  
have no gel.
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4 .3 .2  The E ffect o f  P S /N R /M A  com patib ilizer on  the ten sile  properties
The e ffec t o f  P S /N R /M A  com patib ilizer on  the ten sile  stress w as  

sh ow n  in  F igure 4 .1 3 . The [N y lo n l2 /N R ]/P S /N R /M A  sh ow ed  a s ligh tly  higher  
ten sile  stress than F G 1 9 0 1 X  and P S /N R  com patib ilizer. H ow ever, at h igh  
[P S /N R /M A ] content, the tensile  stress o f  this blend w as low er than th ose  blends 
w ith  F G 190 1X  and P S /N R . In other w ords, at h igh  load ing, S E B S -M A  is  m ore 
effec tiv e  to provide strong bonding at the interface than [P S /N R /M A ], This m ight be 
caused  by the increasing gel content to obstruct the interaction b etw een  tw o  phases. 
T en sile  force causes the stretching o f  the m atrix in com bination  w ith  the vo id in g  at 
the interface.

F ig u re  4 .13  E ffect o f  com patibilizer content on  ten sile  stress o f  
[N ylon  12/N R ]/com patib ilizer b lends w ith  various content o f  P S /N R /M A  in  
com parison  to P S /N R  and F G 1901X .
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The [N ylon  12/N R J/P S/N R /M A  sh ow ed  a substantially  higher 
ten sile  m odulus than [N ylon  12/N R J/P S/N R  and [N tlo n l2 /N R ]/F G 1 9 0 1 X  at lo w  
com patib ilizer contents, as show n in F igure 4 .14.

In sum m ary,[P S /N R /M A ] contained m aleic  anhydride w hich  
provided sp ecific  interaction to N y lo n  12 matrix. M aleic  anhydride im proves the 
m orphology and m echanical properties at lo w  com patib ility  contents.

Compatibilizer Content (phr)

F ig u re  4 .1 4  E ffect o f  com patibilizer content on  ten sile  m odulus o f  
[N ylon  12/N R ]/com patib ilizer blends w ith  various content o f  P S /N R /M A  in 
com parison  to P S /N R  and F G 1901X .

4 .4  D y n a m ic  m ech a n ica l ch a ra cter iza tio n  fo r  [N y lon  1 2 /N R ]/co m p a tib iliz er  
b len d s

D ynam ic m echanical properties is a good  m easurem ent o f  
m olecular m obility  based on v iscoelastic ity  o f  the m olecu les. The w ork has been  
carried out for the solid  state m echanical properties, storage and lo ss  m oduli and 
their ratio (tan Ô) o f  the blends w ith  various com patib ilizers. The fast m ode
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response w as observed  at high frequency or lo w  tem perature (so lid  like response) 
and the s lo w  m ode response w as observed  at lo w  frequency or h igh  temperature. 
The b lends w ith  on ly  2 phr com patibilizers w hich  sh ow ed  an optim um  properties 
w ere selected  for the study.

4.4.1 E ffect o f  Temperature in lN y lon l2 /N R 1/com p atib ilizer  b lends
The effects o f  temperature on storage m odulus, lo ss  m odulus and 

tan 5 w ere show n in F igures 4 .15 , 4 .1 6 , and 4 .17 , resp ectively . T h ese figures were 
obtained from  [N ylon  12 /N R ]/[P S /N R ] non-reactive b lend w ith  [PS/N R ] content o f  2 
phr. Storage m odulus and lo ss m odulus vary strongly w ith  tem perature w ith in  30 ° c  
to 70  ° c  and are less  different at higher temperatures. W ith increasing temperature, 
storage m odulus decreases ob v iou sly  sin ce the m aterials have m ore flex ib ility . L oss 
m odulus and tan 5 increased initially and decreased con tin u ou sly  w h en  temperature 
increased. The increasing tan 8 occurred near 5 0 ° c  and 8 0 ° c  (around frequency 1 
rad/s) as a result o f  Tg o f  N y lo n l2  and PS, resp ectively . B oth  storage and loss  
m oduli increased at h igh  frequency and lo w  tem perature indicating the enhanced  
rigidity and relaxation sim ultaneously. W ithin the testin g range storage m olu lu s and 
lo ss  m odulus are different by one order o f  m agnitude.

The storage m odulus at lo w  frequency has the lo w est value 
com pared w ith those at other frequencies due to longer tim e for the m ovem en t o f  the 
chain. A t high frequency, the blend sh ow ed  higher storage m odulus due to less  tim e 
availab le for the m olecu les to have som e m ovem ent (b ecom in g  m ore so lid -lik e). 
M oreover, at h igh tem perature, frequency did not a ffect storage m odulus so m uch  
because to the m ovem en t occurred easily  com pared w ith  lo w  temperature.

£  M f c U O C Q
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F ig u re  4 .1 5  Storage m odulus o f  [N ylon  12 /N R ]/[P S /N R ] w ith  [PS/N R ] 2 phr content 
reactive b lend at various temperature.

Figure 4.16 Loss modulus of [Nylon 12/NR]/[PS/NR] with [PS/NR] 2 phr content
reactive blend at various temperature.
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Frequency (rad/s)

F ig u re  4 .1 7  Tan 8 o f  [N y lo n l2 /N R ]/[P S /N R ] w ith  [PS/N R ] 2 phr content reactive  
blend at various temperature.

F igures 4 .1 8 , 4 .19 , and 4 .20  show ed  the effec ts  o f  tem perature on  
storage m odulus, lo ss  m odulus and tan 8 o f  [N ylon  12 /N R ]/[P S /N R /M A ] reactive  
blend w ith  [P S /N R /M A ] content o f  2 phr, respectively. P S /N R /M A  com patib ilizer  
sh ow ed  the sam e result as P S /N R  ; ie , storage decreased  w ith  tem perature as w ell as 
tan 8 sin ce the m aterials have m ore flex ib ility . Storage m odulus increased w ith  
frequency, esp ecia lly  at 30 -7 0  ๐c  w h ile  lo ss  m odulus acted differently depending on  
tem perature and frequency. The lo ss  m odulus w as large at 30  ๐c  and lo w  frequency  
and dropped fast to a plateau for the interm ediate to h igh  frequency. T his su ggests a 
m ore stable m orphology. A t higher temperature, the lo ss  m odulus increased w ith  
frequency as a result o f  m ore relaxation o f  N y lo n  12 above its Tg. Tan 8 w as thus 
higher w ith  temperature and energy lo ss  w as prom oted at h igh  frequency, 100 rad/s.

In com parison to the blend w ith  P S /N R , sim ilar results were 
obtained but w ith  low er values. Storage m odulus o f  the blend w ith  P S /N R /M A  at 
various temperatures w ere higher w h ile  lo ss m odulus w ere higher at 30  ๐c  and lo w  
frequency (less than 1) and becam e com parable at h igher tem peratures and 
frequency. Interestingly, the lo ss m odulus o f  the blend w ith  P S /N R /M A  w as lower
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than that w it P S /N R  at h igher tem perature and lo w  frequency. T his su ggests that the 
sp ecific  interaction b etw een  M A  and N y lo n  can suppress the lo n g  term m otion  o f  the 
m olecu les.

F ig u re  4 .1 8  Storage m odulus o f  [N y lo n l2 /N R ]/[P S /N R /M A ] w ith  [P S /N R /M A ] 2 
phr content reactive b lend at various temperature.

F ig u re  4 .1 9  L oss m odulus o f  [N y lo n l2 /N R ]/[P S /N R /M A ] w ith  [P S /N R /M A ] 2 phr 
content reactive b lend at various temperature.
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F ig u re  4 .2 0  Tan Ô o f  [N ylon  12 /N R ]/[P S /N R /M A ] w ith  [P S /N R /M A ] 2 phr content 
reactive blend at various temperature.

4 .4 .2  E ffect o f  com patib ilizer content in [N ylon  12/N R 1/C om patibilizer
blends
The [N ylon  12 /N R ]/[P S /N R ] blends w ith  variation in [PS/N R ] 

content sh ow ed  the increasing dispersed phase size w ith  increasing [PS/N R ] content 
in the b lends (A ppendix c ,  Figure C 12 and C l 3).

TEM  micrograph sh ow s on ly  in clusion  o f  PS (core) in rubber 
particle (shell) in [N y lo n l2 /N R ]/[P S /N R ] blend com pared w ith  the 
[N y lo n l2 /N R ]/S E B S  G 1650  blend m orphology. T his should  attribute to the 
exce llen t com patib ility  o f  N R  phase in the bulk and in [PS/N R ] (A ppendix  c ,  Figure  
C 14).

The effects o f  com patib ilizer content on  storage m odulus, loss  
m odulus and tan 8 w ere show n in F igures 4 .21 , 4 .22 , and 4 .2 3 , resp ectively . T heses  
figures w ere obtained from  [N ylon  12 /N R ]/[P S /N R ] reactive b lend at 3 0 ° c .  W ith  
increasing the com patib ilizer content, storage m odulus and lo ss  m odulus increased  
in itia lly  and decreased continuously . The [N ylon  12 /N R ]/[P S /N R ] w ith [PS/N R ] 2
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phr have the h ighest storage m odulus and lo ss m odulus com pared w ith  other 
[PS/N R ] contents due to the in clusion  o f  PS core, h igh  am ount o f  N y lo n  12 
crystalline, and proper dispersed size. Increasing com patib ilizer content provides  
less  crystallin ity o f  N y lo n l2  and m ore am orphous content lead ing to low er m odulus. 
The w orse case  is occurred at loading o f  16 phr w here the storage m odulus is low er  
than the blend w ithout com patibilizer. H ow ever, storage m odulus increases w ith  
frequency or stronger for the fast im p osed  load. B esid es, adding P S /N R  results in 
increasing lo ss  m odulus m ore than that o f  the sim ple binary b lend excep t the loading  
o f  16 phr. There are not m uch different in lo ss m odulus am ong the b lend w ith  
P S /N R  1-8 phr; h ow ever, the values are large at lo w  frequency indicating the high  
energy d issipation  w ith  longer tim e. Therefore, the relaxation o f  chains is 
insign ificant different by different loading.

A t low er content o f  [PS /N R ], [N ylon  12 /N R ]/[P S /N R ] w ith  1 phr 
[P S /N R ], the dispersed phase s ize  is low er than 2 phr [PS/N R ] content. H ow ever, 
storage m odulus o f  1 phr [PS/N R ] content low er than storage m odulus o f  2 phr 
[PS/N R ] content due to low er PS (rigid part) content. A t h igher [PS/N R ] contents, 
(4, 8, and 16 phr [P S /N R ]), storage m odulus decreased con tin u ou sly  due to the 
increasing o f  particle s ize  and m ore content o f  N R  w ith  the assum ption  that w hen  
N R  content increases (by the addition o f  P S/N R ), N R  tends to stay together due to 
decreasing in storage m odulus.

From  Figure 4 .23 , [N y lo n l2 /N R ]/[P S /N R ] w ith  [PS/N R ] 2 phr 
blend has the lo w est tan 8 com pared w ith  other [PS/N R ] contents. T his figure  
indicates that [N ylon  12 /N R ]/[P S /N R ] w ith  [PS/NR] 2 phr blend has a rigid structure 
due to the h ighest storage m odulus.
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F ig u re  4 .2 3  Tan 8 o f  [N y lo n l2 /N R ]/[P S /N R ] reactive b lends at 3 0 ° c  w ith  various 
[PS/N R ] contents.

F igures 4 .24 , 4 .25 , and 4 .26  sh ow ed  the e ffec t o f  com patib ilizer  
content on  storage m odulus, lo ss  m odulus and tan 8, resp ectively , o f  
[N ylon  12 /N R ]/[P S /N R /M A ] reactive blend at 3 0 ° c .  P S /N R /M A  com patib ilizer  
sh ow ed  the sam e result as P S /N R , and the [N ylon  12 /N R ]/[P S /N R /M A ] w ith  
[P S /N R /M A ] 2 phr has the h ighest storage m odulus and lo ss  m odulus com pared w ith  
other [P S /N R /M A ] contents.

A t higher [PS/N R /M A ] contents, (4, 8, 16 phr [P S /N R /M A ]), 
storage m odulus decreased continuously due to low er crystallin ity o f  N y lo n l2  
m atrix, the increasing o f  particle s ize  and N R  content. The lo ss  m oduli for 
P S /N R /M A  com patib ilizer w ere com parble to those o f  P S /N R  com patib ilizer and 
rather steady am ong several loading lev els  and frequency indicating stable 
m orphology; h ow ever, the h ighest lo ss  m odulus is at 2 phr.

From Figure 4 .26 , [N y lo n l2 /N R ]/[P S /N R /M A ] w ith  [PS/N R /M A ] 
2 phr blend has the lo w est tan 8 com pared w ith other [P S /N R /M A ] contents. This 
figure indicates that [N y lo n l2 /N R ]/[P S /N R /M A ] w ith  [P S /N R /M A ] 2 phr blend has 
a rigid structure due to the h ighest storage m odulus. Tan 8 o f  the blends w ith

□ □ □

อ

+  No Compatibilizer 
O PSNR01 
r  PSNR02 V  PSNR04 
■  PSNR08 
□  PSNR16

’ ’ ■ ' ไ : ! : ; ! : ; ; . ; J8§»

า------------- 1------------- 1--------------T



43

P S /N R /M A  8-16  p h r  a re  re la tiv e ly  h ig h  su g g es tin g  th e  m o rp h o lo g y  is  e a s ie r  to  be 
d e fo rm e d  esp ec ia lly  a t b o th  ex trem e o f  lo w  an d  h ig h  fre q u e n c ie s  an d  h e n c e  th ey  are 
n o t s tro n g  an d  d u rab le . O n  th e  o th e r h an d , th e  b len d s  w ith  1 -4  p h r  h av e  lo w  tan  8 
co m p a ra b le  to  th o se  o f  P S /N R .

T h e  m o le c u la r  m o tio n s  o f  th e  b len d s  w ith  1-4 p h r  P S /N R  or 
P S /N R /M A  are n o t m u ch  d iffe ren t an d  su ch  th e re  m ech an ica l p ro p e rtie s  are  s im ila r 
w ith  th e  o p tim u m  ab o u t 2  phr. H o w ev er, a t lo ad in g  o f  8 -1 6  p h r, th e  m o lecu la r 
m o tio n  o r en e rg y  d iss ip a tio n  (tan  8) a re  m o re  fac ilita ted  e sp e c ia lly  a t h ig h  freq u en cy  
m ak in g  th e  ten sile  an d  im p a c t s tren g th s  d ro p  very  fast.
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Figure 4.24 S to rag e  m o d u lu s  o f  [N y lo n  1 2 /N R ]/[P S /N R /M A ] reac tiv e  b len d s  at 
3 0 ° c  w ith  v a rio u s  [P S /N R /M A ] con ten ts .



44

1.4e+2

1.2e+2

1.0e+2

"(o' 8.0e+1 ÇL 2
ill 6.0e+1 

4.0e+1 

2.0e+1 

0.0
0.01 0.1 1 10 100 1000 

Frequency (rad/s)
Figure 4.25 L oss m o d u lu s  o f  [N y lon  1 2 /N R ]/[P S /N R /M A ] re a c tiv e  b len d s  a t 3 0 ° c  
w ith  v a rio u s  [P S /N R /M A ] con ten ts.

▼  ▼

#  No Compatibilizer O PSNRMA01 ▼  PSNRMA02 V PSNRMA04 ■  PSNRMA08 □  PSNRMA16

▼  ▼ _ ▼  ▼  ▼

ร 8 ? 0  « 0  9

" .'" ■ "ร ■ ■ ■ ‘ ร ■ " ร ' ‘’ . 0 ° "

0.40

0.35

0.30

0.25

%Q 0.20
as
H  0.15

0.10

0.05 

0.00
0.01 0.1 1 10 1 00 1000 

Frequency (rad/s)

• No Compatibilizero PSNRMA01▼ PSNRMA02V PSNRMA04■ PSNRMA08a PSNRMA16

T

Figure 4.26 Tan 5 of [Nylonl2/NR]/[PS/NR/MA] reactive blends at 30°c with
various [PS/NR/MA] contents.
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4 .4 .3  E ffec t o f  ty p e  o f  C o m p a tib iliz e r  in  [N y lo n l2 /N R 1 / C o m p a tib iliz e r  
b len d s
4 . 4 . 3 . 1  E f f e c t  o f  S E B S  a n d  r e a c t i v e  S E B S  i n  b l e n d s

T h e  e ffec t o f  s im p le  S E B S  an d  S E B S -g -M A  w ere  
co m p ared . T h e  c ry o g en ic  frac tu re  o f  th e  b len d s  w as o b se rv e d  b y  S E M  a fte r  e tch in g  
N R  an d  S E B S  p h a se  by  to lu en e  (9 0 % w t to lu e n e /1 0 % w t IP A  fo r  S E B S -g -M A ). T he 
d isp e rse d  p h ase  s ize  o f  [N y lo n l2 /N R ]/S E B S  G 1652  b le n d s  w as in c re a se d  w ith  
in c rea s in g  th e  S E B S  co n ten t. T he sh ap e  o f  th e  d isp e rse d  p h a se  is irreg u la r  and  
b eco m e  m o re  sp h e rica l fo r th e  b len d s  a fte r  ad d itio n  o f  1 p h r  S E B S . T h e  n u m b er 
av e rag e  o f  d isp e rsed  p h ase  s ize  m e asu rem en t w as  e s tim a te d  b y  av e rag in g  th e  
d ia m e te r  o f  ab o u t 100 d o m a in s  ran d o m ly  fo r each  b le n d  sy stem . H o w ev e r, th e  
av e rag e  d iam e te r d e c re a sed  w ith  in c reasin g  S E B S -g -M A  co n ten t, th e  
[N y lo n l2 /N R ]/S E B S  F G 1 9 0 1 X  b len d s  sh o w ed  a  re d u c tio n  in  d isp e rse d  p h ase  size 
an d  th e n  lev e ls  o f f  a t th e  h ig h e r co n cen tra tio n . T h is  lev e llin g  p o in t co u ld  be  
co n s id e red  as th e  in te rfac ia l sa tu ra tio n  p o in t w h ere  th e  c o n c e n tra tio n  o f  S E B S -g -M A  
in  [N y lo n l2 /N R ]/S E B S  F G 1 9 0 1 X  w as h ig h  en o u g h  to  sa tu ra te  th e  in te rface  b e tw een  
N y lo n l2  an d  N R  to  p ro d u ce  p erfec t co re -sh e ll fo rm a tio n  (A p p e n d ix  c ,  F ig u res  C 9 
and  C IO ).

T he e ffec t o f  re ac tiv e  fu n c tio n a l g ro u p  o f  c o m p a tib iliz e r  
o n  s to rag e  m o d u lu s , loss m o d u lu s  an d  tan  8 w ere  sh o w n  in  F ig u re s  4 .2 7 , 4 .28 , and  
4 .2 9 , re sp ec tiv e ly . T h e  [N y lo n l2 /N R ]/S E B S  G 1652  sh o w ed  h ig h e r  s to rag e  m o d u lu s  
an d  lo ss  m o d u lu s  th an  [N y lo n /N R ]/S E B S  F G  1901X , see  F ig u re  4 .2 7  an d  F ig u re  
4 .28 . T h is  in d ica te s  th a t a lth o u g h  S E B S  F G  1901X  p ro v id e s  b e tte r  p h ase  ad h esio n  
th an  S E B S  G 1 6 5 2 , it d o es  n o t m ean  b e tte r  s to rage  m o d u lu s , to o . T h is  a ttr ib u te s  to  
e ffec t o f  m o rp h o lo g y . B ased  on  T E M  m ic ro g rap h , (A p p en d ix  c ,  F ig u re  C 3 ), it sh o w  
th e  N y lo n l2  co re  (rig id  p h ase ) and  N R  shell m o rp h o lo g y  w ith  S E B S  G 1 6 5 2  a t th e  
in te rface  la rg e r th a n  d isp e rsed  p h ase  w ith  S E B S  F G  1 9 0 IX . T h e  r ig id ity  o f  la rge  
s ize  co re  g iv es th e  h ig h  m o d u lu s. M o reo v er, loss m o d u li g iv e  th e  sam e  tren d  as 
fo u n d  fo r s to rag e  m o d u li; ho w ev er, a t lo w  freq u en cy  o r  lo n g  tim e  th e  S E B S  a llo w  
m o re  m o le c u la r  en e rg y  d iss ip a tio n  th an  th a t o f  S E B S -M A . T h is  su g g ests  th a t S E B S  
F G  1 9 0 IX  g ives s tro n g  in te rac tio n  b e tw een  tw o  p h ase s  w h ile  th e  b len d  w ith  S E B S  G  
1652 sh o w s m o re  ch a in  m o b ility . T an  8 in  F ig u re  4 .2 9  g iv e s  b e tte r  in fo rm a tio n  fo r
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th e  m o le c u la r  m o b ility  an d  s tren g th  o f  m ate ria ls . In  th is  case , S E B S  is m o re  
e ffec tiv e  th an  S E B S -M A  to  lo w er en e rg y  d iss ip a tio n  su ch  e v en  a t lo n g  tim e  
in d ica tin g  c h a in  rig id ity  p lay s  im p o rtan t ro le  to  im p ro v e  s tre n g th  ra th e r  th a n  specific  
in te rac tio n . T h is  is  th u s  can  be  fu rth e r in v es tig a ted  b y  u s in g  e ith e r  S E B S  w ith  h igh  
m o le c u la r  w e ig h t o r h ig h  co n ten t o f  P S  to  v erify  th is  effec t.
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4 . 4 . 3 . 2  E f f e c t  o f  m o l e c u l a r  w e i g h t  o f  S E B S  i n  b l e n d s

D isp e rsed  p h ase  s ize  o f  [N y lo n l2 /N R ]/S E B S  G 1 6 5 0  w ith  
v a r ia tio n  in  S E B S  c o n te n t sh o w ed  th e  in c reas in g  d isp e rse d  p h a se  s ize  as in c reas in g  
S E B S  co n te n t v e ry  s im ila r  to  th a t fo u n d  in  th e  b len d  w ith  S E B S  G 1 6 5 2 . It w as 
in te re s tin g  to  see  th a t th e  p a rtic le  s izes o f  th ese  b len d s  h a v in g  S E B S  G 1 6 5 0  less th an  
8 p h r  w ere  re la tiv e ly  sm a lle r th an  th o se  o f  th e  b len d s  w ith  S E B S  G 1652. T h is 
sh o w ed  th e  co n trib u tio n  o f  lo n g er c o m p a tib iliz e r  ch a in  to  e n h an ce  h o m o g en e ity , 
s tab iliz ed  th e  in te rface  an d  m o rp h o lo g y  an d  p rev en t c o a le scen ce . W h en  m o re  SE B S 
G 1650 w as added , th e  p a rtic le  size and  its  d is tr ib u tio n  in c re a se d  an d  la rg e r  th an  th a t 
o f  S E B S  G 1 6 5 2  (A p p en d ix  c ,  F ig u res C 4 and  C 5).

T h e  e ffec ts  o f  m o lecu la r w e ig h t o f  c o m p a tib iliz e r  on  
s to rag e  m o d u lu s , lo ss  m o d u lu s  and  ta n  5 w ere  sh o w n  in  F ig u re  4 .3 0 , 4 .3 1 , an d  4 .32 , 
re sp ec tiv e ly . T h e  [N y lo n  12 /N R J/S E B S  G 1 6 5 0  (H ig h  M W ) sh o w ed  a  s lig h tly  h ig h e r 
s to rag e  m o d u lu s  an d  lo ss  m o d u lu s  th an  [N y lo n /N R ]/S E B S  G  1652 (L o w  M W ), see 
F ig u re  4 .3 0  and  F ig u re  4 .3 1 . T he re su lt co rresp o n d ed  to  th e  d e c rea se  in  p a rtic le  size 
o f  th e  b len d s  w ith  S E B S  G  1650 in d ica tin g  the  b e tte r ad h e s io n  o f  th e  tw o  p h ases  due 
to  lo n g e r ch a in  o f  S E B S . M o reo v er, tan  Ô o f  [N y lon  1 2 /N R J/S E B S  G 1 6 5 0 , see 
F ig u re  4 .3 2 , s ligh tly  lo w er th an  th a t o f  [N y lo n /N R ]/S E B S  G  1652 , due  to  r ig id ity  o f  
S E B S  ch a in  w ith  h ig h e r m o lecu la r w e ig h t. M o reo v er, a t lo n g  tim e  ( lo w  freq u en cy ), 
th e  lo w  M W  S E B S  c lea rly  show s g rea te r chain  m o b ility  o r  e n e rg y  d iss ip a tio n  th an  
h ig h  M W  SE B S.
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Frequency (rad/s)
F ig u r e  4 .3 0  S to rag e  m o d u lu s  o f  [N y lo n l2 /N R ]/S E B S  G  1652 (L o w  M W  S E B S ) and  
[N y lo n  12 /N R J/S E B S  G  1650 (H igh  M W  S E B S ) at 2 p h r  an d  3 0 ° c .
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F ig u r e  4 .31 L o ss m o d u lu s  o f  [N y lo n l2 /N R ]/S E B S  G  1652 (L o w  M W  S E B S ) and  
[N y lo n  12 /N R ]/S E B S  G  1650 (H igh  M W  S E B S ) at 2 p h r  an d  3 0 ° c .
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Frequency (rad/s)
F ig u r e  4 .3 2  T a n  8 o f  [N y lon  1 2 /N R ]/S E B S  G  1652 (L o w  M W  S E B S ) and  
[N y lo n l2 /N R ]/S E B S  G  1650 (H ig h  M W  S E B S ) a t 2 p h r  an d  3 0 ° c .

4 . 4 . 3 . 3  E f f e c t  o f  % w t  P S  o f  S E B S  i n  b l e n d s

T h e  [N y lo n l2 /N R ]/S E B S  G 1 6 5 7  b len d s  w ith  v a r ia tio n  in  
S E B S  c o n te n t a lso  sh o w ed  th e  in c reas in g  d isp e rsed  p h ase  s ize  w ith  in c rea s in g  S E B S  
co n ten t as  fo u n d  in  b len d s  w ith  S E B S  G 1652. T he N y lo n l2  co re  s ize  w a s  o b v io u sly  
red u ced  w ith  a  th ic k  ru b b e r shell as a  re su lt o f  lo w  PS  c o n te n t (A p p en d ix  c ,  F ig u re  
C 7 , C 8  an d  C 9).

T h e  e ffec ts  o f  % w t PS  o f  S E B S  o n  s to rag e  m o d u lu s , loss 
m o d u lu s  an d  tan  8 w ere  sh o w n  in  F ig u re s  4 .33 , 4 .3 4 , an d  4 .3 5 , re sp ec tiv e ly . T he 
[N y lo n  12 /N R J/S E B S  G 1650  (H igh  % w t P S ) sho w ed  a  h ig h e r  s to rag e  m o d u lu s  th an  
[N y lo n /N R ]/S E B S  G  1657 (L o w  % w t P S ), see F ig u re  4 .3 2 , d u e  to  h ig h e r  PS  co n ten t 
(rig id  p a rt) . M o reo v er, ta n  8 o f  [N y lo n l2 /N R ]/S E B S  G 1 6 5 0 , see  F ig u re  4 .3 5 , lo w er 
th a n  [N y lo n /N R ]/S E B S  G  1657, due  to  rig id ity  o f  S E B S  chain .

•  No Compatibilizer o Low MW SEBS ▼  High MW SEBS
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F ig u r e  4 .33  S to rag e  m o d u lu s  o f  [N y lo n l2 /N R ]/S E B S  G  1650 (H ig h  % w t P S  S E B S ) 
an d  [N y lo n  1 2 /N R ]/S E B S  G  1657 (L o w  % w t PS S E B S ) a t 2 p h r  an d  3 0 ° c .
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F ig u r e  4 .3 4  L o ss m o d u lu s  o f  [N y lo n l2 /N R ]/S E B S  G  1650 (H ig h  % w t P S  S E B S ) 
an d  [N y lo n l2 /N R ]/S E B S  G  1657 (L o w  % w t PS S E B S ) a t 2 p h r  an d  30°c.
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Frequency (rad/s)
F ig u r e  4 .3 5  T an  Ô o f  [N y lon  12 /N R ]/S E B S  G  1650 (H ig h  % w t PS  S E B S ) and 
[N y lo n  12 /N R J/S E B S  G  1657 (L ow  % w t PS  S E B S ) a t 2 p h r  an d  3 0 ° c .

4 . 4 . 3 . 4  E f f e c t  o f  [ P S / N R ]  i n  t h e  b l e n d s

T h e  e ffec ts  o f  P S /N R  b len d  p re p a re d  b y  reac tiv e  
p ro c e ss in g  on  s to rag e  m o d u lu s , loss m o d u lu s  and  tan  Ô in  c o m p a riso n  to  S E B S  w ith  
h ig h  M W  and  h ig h  PS  co n ten t are  sh o w n  in  F ig u re s  4 .3 6 , 4 .3 7 , an d  4 .38 , 
re sp ec tiv e ly . T he [N y lo n l2 /N R ]/[P S /N R ] show ed  a  h ig h e r  s to ra g e  m o d u lu s  th an  
[N y lo n /N R ]/S E B S  G  1650, see F ig u re  4 .36 . T h e  [P S /N R ] reac tiv e  b len d s  co n ta in  
6 0 % P S  w h ic h  w as d o u b le  the  co n ten t o f  PS  in  S E B S  G  1650 b u t its  M W  w as no t 
k n o w n  an d  w as a ssu m ed  to  be m o re  th an  100 ,000  b ecau se  M W  o f  N R  is g en e ra lly  
5 0 0 ,0 0 0 . M o reo v er, P S /N R  co n ta in s so m e gel m ak in g  it h ig h  M W . T h u s th e  co n ten t 
o f  so ft N R  p h ase  w as sig n ifican tly  red u ced . C o n seq u en tly , th e  PS  h a rd  seg m en t 
(6 0 % P S ) and  N R  c ro ss lin k in g  co n trib u ted  to  th e  h ig h e r  m o d u lu s  o f  th is  b len d  
co m p ared  to  th e  o ther. M o reo v er, tan  5  o f  [N y lon  12 /N R ]/[P S /N R ] ,see  F ig u re  4 .38 , 
is a lso  lo w er th an  [N y lo n /N R ]/S E B S  G  1650.

•  No Compatibleer 0 Low %PS SEBS ▼  High %PS SEBS
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F ig u r e  4 .3 7  L o ss m o d u lu s  o f  [N y lo n l2 /N R ]/[P S /N R ] (6 0 %  P S ), [N y lo n l2 /N R ]/ 
S E B S  G  1650 (3 0 %  P S ) an d  [N y lo n l2 /N R ]/S E B S  G  1657 (1 3 %  P S ) a t 2 p h r and  
3 0 ° c .
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Frequency (rad/s)
F ig u r e  4 .3 8  T an  8 o f  [N y lo n l2 /N R ]/[P S /N R ] (60% P S ), [N y lo n l2 /N R ]/S E B S  G 
1650 (30% P S ) and  [N y lo n  12 /N R J/S E B S  G 1657 (13% P S ) a t 2  p h r  an d  30°c.

4 . 4 . 3 . 5  E f f e c t  o f  [ P S / N R / M A ]  r e a c t i v e  b l e n d s  i n  b l e n d s

T h e  e ffec t o f  P S /N R /M A  re a c tiv e  b len d s  o n  s to rag e  
m o d u lu s , lo ss  m o d u lu s  and  tan  5 are  sh o w n  in  F ig u res  4 .3 9 , 4 .4 0 , an d  4 .41 , 
re sp ec tiv e ly . T h e  [N y lo n l2 /N R ]/[P S /N R /M A ] sh o w ed  a  h ig h e r  s to ra g e  m o d u lu s  
th a n  [N y lo n /N R ]/[P S /N R ] and  [N y lon  12 /N R ]/[F G  1 9 0 IX ], see  F ig u re  4 .39 . T he  
[P S /N R /M A ] reac tiv e  b len d s  co n ta in  m a le ic  an h y d rid e  w h ic h  ac t as re a c tiv e  ag en t 
co m p ared  w ith  [P S /N R ] reac tiv e  b len d s  th u s  [P S /N R /M A ] re a c tiv e  b len d s  hav e  
h ig h e r  s to rag e  m o d u lu s  th a n  [PS /N R ] reac tiv e  b lends.

In  ad d itio n , th e  [N ylon  1 2 /N R ]/[P S /N R /M A ] h av e  th e  PS 
h a rd  se g m e n t (6 0 % P S ) m o re  th an  [N y lo n l2 /N R ]/[F G 1 9 0 1 X ] co n trib u ted  to  the  
h ig h e r  m o d u lu s . H o w ev e r, loss m o d u lu s  and  tan  5 o f  [N y lo n l2 /N R ]/[P S /N R /M A ], 
see  F ig u re  4 .41 , a re  ab o u t th e  sam e o rd e r o r  s lig h tly  g rea te r th an  
[N y lo n l2 /N R ]/[P S /N R ] b u t low er th a n  th e  o thers. T h is  su g g ests  e a s ie r  en erg y  
d iss ip a tio n  has o ccu rred  to  th e  reac tiv e  b len d  w ith  P S /N R /M A  th an  th a t w ith  P S /N R . 
T h e  la rg e  p a rtic le  s ize  in  th e  b len d  w ith  P S /N R /M A  is co n trib u ted  to  m o re  energy  
d iss ip a tio n , e sp ec ia lly  a t lo w  freq u en cy  and  lo n g er tim e.
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It sh o u ld  be  n o ted  th a t b o th  P S /N R  an d  P S /N R /M A  
c o n ta in  to lu e n e -in so lu b le  gel o f  ab o u t 2 5 % w t and  41 % w t, re sp ec tiv e ly . A cco rd in g  
to  th e  s to rag e  m o d u li o f  b len d s  co n ta in in g  b o th  c o m p a tib iliz e rs , th e  p la te a u  m o d u lu s  
a t lo n g  tim e  w as fo u n d  o n ly  fo r th e  b le n d  w ith  P S /N R  b u t n o t fo r P S /N R /M A  or 
S E B S -M A  w h ich  k eep  red u c in g  s to rag e  m o d u lu s w ith  tim e . T h e  p la te a u  m o d u lu s  
in fo rm s th a t th e  re la x a tio n  o r m o b ility  o f  th e  m o lecu les  is re ta rd ed . T h e  in c rease  in  
to lu e n e -in so lu b le  gel m ay  be  due  to  th e  in co rp o ra tio n  o f  M A  m a k in g  th e  b le n d  less 
so lu b le  in  to luene .
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F ig u r e  4 .3 9  S to rag e  m o d u lu s  o f  [N y lo n l2 /N R ]/[P S /N R /M A ], [N y lo n l2 /N R ]/ 
[P S /N R ], and  [N y lo n  12 /N R ]/[F G  1 9 0 IX ] at 2 p h r and  3 0 ° c .
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F ig u r e  4 .4 0  L o ss m o d u lu s  o f  [N y lo n l2 /N R ]/[P S /N R /M A ], [N y lo n l2 /N R ]/[P S /N R ], 
an d  [N y lo n  12 /N R ]/[F G 1901X ] at 2 p h r and  3 0 ° c .
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F ig u r e  4 .41 T an  Ô o f  [N y lo n  1 2 /N R ]/[P S /N R /M A ], [N y lo n l2 /N R ]/[P S /N R ], and  
[N y lo n  1 2 /N R ]/[F G  1 9 0 IX ] at 2 p h r an d  30°c.
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