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The expencion ond suwccesx of the rubber
industry world-wide owes ©ograac deal 1o the
hard wonk and =rlliance of rubber ehemisis
whir aver the veors produced ¢ owide “angs of
symchete -ubbers such as styrene-buladiens
mhher, polybutadicne tubes and nitdle
mbbzr These rubbers acd reany more wess
snbacauently  moes  topether weth ratuenl
mmbhe- i prodies kleadds for wse in e e
comsourds, 1oses, and conveyas helts™' . To
ncresge durphility, perfoarmenes: and sorvier
hfe of rubbes Mended coerponents, it is
esaertia b '\-|'r|'imiq:: the e acial adhbezins
atrer pth between dissomilas mibkbers aich as
the ~mes nerbemed above. Mosenseer, This well

help 1 minimise the risk of urexpected sudden
joirt foilre in cervice, enhince materials
selectior. and joimt design as well as impriove
environmer: and safety in service,

The formation of 2y heterogeneous syvutem,
¢ g a polymedc ate, i accompanizd by the
fermas on of on imterpiase, which dewermines
imparant propertics of that sysiem’. Trermel
diffusion hetween btwo ttiszible of patidally
miseihle polymera results im oen interfocic!
phase developing. With increasing diffusion
time, 'n most cascs, tre thickness of the
intcrphase increascs end the conceriratiorn
profilc eranges”. The interfaee s ehnracierized
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s Ustad Movehed ef of. Assessing Elfects of Mixing Paramesess on Interphases ir. Blends

Lp =407 AT e |

wiere L is the heat capacity, 4T &= il
change m temperature, and O i e amoan:
of heat requmired to achieve AT, Ollen, chis
15 the heat stored reversibly in the molkecular
motion in the matzrial, that is e vibeziions)
ard transletional motions, Thus, the b
mven out by the sanple when i s cooled
by 1"C is emactlv the same as that regumed
1o heat it by the e amounl. Thos tvpe of
heat capacily is ofien called vibrations] hes
capacity. When lempersiure chamges, the
ratz of heat fow ceguired o oachieve this ™
Eiven by

o <ol = O s ol el

wiere S0 15 the e of hest flow, and
a0 is the healing e, Clearly, if onz wishes
1o ierease the emperaiure of the maienal
toice as fast, twive Lhe amount of energy per
il tme st be supphed. 15 the sample has
twice the heat capacity, this also douhles the
arroum of hear required par uait time for o
given rate of emperamre fise. Considering a
linzar remperzture programme, sueh is usually
employed in scanning calorimerry

T=r+p ot
whee T is the emperamre, T, is the starting
temperatura, and B s the heating rate, o7767.
This leads w:

dQ i = pCp o

wr
Cp =/ dy SR bevh

This providee ome wiy of measuring heat
vapaily imo@ linear rising rtemperature
exparimem whers ona simply divides the heat
flow by the heating rae. If the temperature
programmme 15 reclaced by one comprising of

a linear temparature ramp moduloted by 3 sine
wave, this cen be expressed as:

T=To+ B = Beinu B

where B is the amplitude of the madul mtion,
w ie the angular frequency of the maodul ation,
and 7 is the time of rodulation. Tha darivetive
with respect 1@ time of Equatios & is:

=1

arddr=p = i eos W
Thus, in folloeas tho
acr Sy = Cpif + o car w g ]

For a special caze where 3 is rore, this
wields:

A S dT = Cpw® cos wi )

For the simzlest poasihle case from Fquating
2. e resu'tant heat feear rate most also be g
cname wave, Thus:

Alfens oof = Cpealicos ol [

whore Aff i3 the amplitude of the heat
flonw modulation. It follows that wd is the
amzlimde of the modulation in the heating
rate Therefore:

L = ARFS auf i 1|

Heewover, sff can be replaced with 4% which
ia the amplitude of modulation in the heaticg
ralc.  This provedes a second method of
mcasiring beat capacity by measuring the
arplitade of maodviation. The same relation-
ahip applics even o thers 1= ar undexlying
hcating rarep. In essence, M-TDSC i baszd on
simultenesus'y measunng the heat capacity of
the sampli uzing hatk method s whach consists
of reaponees o the bmear ramp and to the
moxiulason, and then comparing them. When
thore arc no sipnificant rempetatune grad ents
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5. Ostad Muvadeed er af. Asseesing Effects of Mixing Perameters on Interphasca in Hlends

period of 60 & werp used throughom the
imwestigaons which were conductad at a
heating mate of ¥C/min. The TA Instrument
Graphware software was used w megsusz the
Tt Moow, the beer eapacity and the differenial
af heat capacity, The calorimerer was calibrmed
with incliym standards, Both emperamure and
buselime were calibrated os for conventiomal
DSC, Standard aluminium pan and lid were
wer, samrles of rubbar approximaely 10-15
mg in weight were placed in the pan at am=ient
temperature and the lid wassuhsaguently closed
uncer game naminal pressure. The pssembly
was placed in the chambar of the calositetcr
and ‘he temperature was lowared w - 14TFC
with the flow of liguid nirrogen at a e of 35
mifrin, which was used as the haat mansfer
gag, The reraperamre wus allowed to rodu late
back to ambient as described above, The T, of
the pure rihbers ¢ Bt 1) ond the mass fraction
af the imerphase ond e comaosition for the
SBA/BR physizal mixure and SBRBR and
BRNR blends were subsequently caloulmed
for different coditiors

EESLILTS AN D0SCLSSI0N

The change of heat capacity, € s terpera-
tume. amd ACCT wx tempersture bor the
MEBER (50:5]) Mend and for 2 physical mix-
ture of the “an sampies of NR and HR (5050
are shown i Figeres J and 2, respectively The
increeaz of incroment in heat capacity, ACp.
at the glaas warsition femperatare af botk

rubbers can he scem in Figeee | The value
af ACp for e enrmponent i3 proportiona] ta s
mass fraction in the system umder irse shgaton
The neet capacity s temperatucs does not
provide information  aboor the  interphase
glass transitinn fcmperatre and its compo-
sition  distribution  hur the 0]
temperature data (Flgmee J) provides thet
informanion'®

Fignre 2 shows dC T ve temperature
for a diffuse imterphase in the NEUR (S0:50)
hlend prepared at S0°PC for 3 mir, and for e
physacal mixiure oF the o pure 52 and BR
samples (3050 prepares m the same wav,
respectively, The data in this figure shows
that the valuz of the oCGF v temperature
for the MR/ Blenc 15 larger than thet for the
more NI and BR samples (physical mixturz)
hetacon the glass tonston temperatires
af MR and BR Tee WETR bkead hes g
single interphase and this mierphase does not
exhibit a separate glass Warsilion lemperatung,
but occurs continually between the plis
tramsition temperahoes o] the constimeri
rubbers.

BACKGROUND OF THE ANALYSIS

The SOAMT vy, demperiure signal can be
described by a Gaussian luncton [or pelymen:
and miscitle polyier blends, Howsever, the
aC T vs. temperature signals [or the rubber
I + rubber 2 ophysical istore cannod be

FAALS T RESLITS FROM THE MOONEY WISCOSITY, SPECIFIC GRAVTTY AND GLASE
TEAMNSITION TEMPERATURE MEASUREMEM TS CHTHE MIRE BUBBERS
Rew rubber Specific graviy Muogney vigseasity (LN | I i
MK 092 a7 —
SBE 004 51 50
2 Bi Q.8 49 — ¥
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#bere ACp is the increment of heat capacity,
Fois the glaes mansiton wmperature, and
w,, 1% the half widih of the i sub-system at
the imterphase®. Using Eguatiam 2. the
merphesz can be amolysed quontitatively.
Figurs [ shows a typical lmerphass region
after baseline correction ond peak resolution.
“malky, an inmerphise curve was ohtaired
L Figeree &) by subrracting the blznd curve from
4 Caussian smulation of the same Rlend eurve
showm ir Flgwise 3,

Afwar determining the oren under the curve
of thysical mixre for ind:vidual peaks as well
a5 the simuleted Gaussiar one, the fallowing
equatians mav be used ta determime the masa
“raction of interphese ard its eamposition’.

. A

B "”'“[,' ".12:.;} 13
Y I Vs

i "*-'ﬁ[,".zr;;,,,} 14

where &, and & are the mess (raclions it e
interphase of rabbers | amd 2, respectosely,
iy 18 the mass fracuon of the rubbers before
mixing, Al and AT, wre increments of 2.7
al at glass wransilion kempersiures o Dure
rubbers in Dlend farea wnder curve of the
Caussian simulation curvel, A0p and ACp,,
are inceznwents of fOANT gl pluss ransition
remperatores of pure mubbers (ares under
curve of physical mixiure], The gmount of
imerphase in a blead 15 given as follows:

Armount of interphase 15
T . “df -
Percent of imte-phase Total amount of blend * 100 = (&, +b.)
0.033 MH glass mangiton lemperatne __;L}EI; Sl
" '
050 g
: f\ v
2% , !
Fol i B ylaz irensiion temperarine f’ I .l'lll
f" 0027 | | | f
. = ¢
=i L 3 . 4
= Y j ! || 4
% 0a1s | Illlﬂ.H -I v | I.-"
I- I.' ! I'I
& f % o /
=0l d ! i
a4 3 /| \ /
i J l"'-. iy S
H e, e
0,005 S "xn- /
Q.00 L - : : —
140 =12 -0 =0 0l 40 =
Temperatare (*C)

Eigrre L dlpeaT versur semperciare for NEBR (3030 by mase! blond idaiied Bae), and NESSN (3050 oy
et paperiecd pfaed (liek Mol Somples prepared o 509C for 30 min,
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S Dsted Meovahed ee af © Assesar p Piceks of Moons Paramefers on Interphases in Blends

RHLE 2 A YIOEE IR AN MASE FREALTT HM A I8 TERPEASRE I BB ANLF sEHR
BLEMCE PREFARED AT DMFFERENT TEMPEEAT JRES FCR 0 MM

e NRER NR:ER SERSR = SBR/BR

1500 5L [ I i O 150050 1581k
Temperatte C) 24 1 25 o
[* (%) o 224 0 EL!
[ [P =g, [RIE=5 ) 11 (BHE=HA", =%
rhh {p L

1= Maas frachom ot e mtzrplas

[*# Coengeoe fion o the ernhace

17%% hfss Daction ol WE o BE anl SBE 12 BE o e Dleads

Th= mass Fachon ab the rubhers i the mterpaass was caloulabed as Tol limses:
For RR/BR, 185 -0k, and for SBRCBE, 327119733,

TABLE 3, COMEOSITION AMD MASS FRACTION OF [NTERPAASES IN MEBE AND SBEBRE
BLEWD= PEEFARED AT DIFFERENT TEMPERATURES FOR 30 k41N

ilerad e petabame 1"U0) 1% {*ah == |rn
MEBE 50,50 I . (NE=MY, BR=21%) 2.7
M B R 50 Sihp Lkl 234 CHR-3T4, BR—13%) i
SEHERA0.AT) an 44 (SER-£35%, BR-16.5%) 5.0
SH-EA kS L1.H + Coo =, HH=d Y R

[*  Bdass Gaction oMl ioterplase

I1** Compieitiom of the terhase

[*=* The mass fraction of %3 10 BE, and SBE 70 BR ir tha icecphsze vwes caloulsied 2o deemibad in
Talle 2.

TABLE 4. COMPOSITION ARMD MASS FRACTION OF INTERPHASES M ME/BE ANT SRRBER
ELENRD: PREPASED AT DIFFERENT MIXIMG TIMES AND AT 100°C

Blend Mo ime [mimg [* ™ [ =%
BRABEZ 50 1] 229 (WHR=49%, BR=5 % 0.5
FIE-HRIR 500200 i 254 (WE=ETL BR—13%%) 1.6
S3R-BA050:50) 1] o r3HR=88%, BR=12%" 153
e BRI R 1] 3] 44 (SRR=T5%, BRE=21%" iTh

[* Mas fadion o ihe morphaese

[*= Coinposition af the nrerphass

[*=* Tac maza fraction of MR te BE, and SBR (2 BR in ke interphess was celeakated oa describad on
Tazle 2
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. Detad Movehed ef al: Asessing Ffects of Mixivg Maramerers an Intershaaes m Hlends

Wher the SEROER (SI:50) and [75:25)
hlends were prepared abt 50O for M1 rmm,
thee mass fractior of the incerphzse and it
composiinn wers substaohally @ Fected. Dor
thie SHRAEE (50500 hlend, the mzss fracson
af Bie irlerphase was 4%, and for the SHRY
HR [V5205) Mend b was =2 2% The mass
fraction of SHIE ba DR i the interpha sz alsa
reduzed from 506 o |40 {fakle 7).

Effect of silamised silica nanobiller on the
miiss  fractiom and compositiom of the

inlgrpliase in the SER/ER hbend

Silaced slica monuliDer ie ueed eniersieey
il grezn vres whene SER aqd BR rubbers e

hlznd=d'. To mveshigate the etfect of this tiller
on the mass frechior of the imterphase and its
composbiio 0 the SOEBE blenc, raw 508
ard UK rebbers were mixed for 20 min and
then, 6L pher sihica was added and m1ixed for
ar exn L rom g ENFL o prodece SEBEC R
(o140 and SRR {75 250 blends { fbae S
Im addition fo these blends, SPBEE S (630
ard HSHEHE (T2 25) blends with oo silice
hlle: wers elso made, For the SBEECBE (6407

cnd, the mass fractbon of the interphase
mereased foom 41 o G0 when silice was
added. Hewewer, the mass traction of SBERE
i B mthe cnwerphaee decrepsed from 3,35
i 257, which imdicated a chanpe in the
comnpesition of the imecphese, Skl for
the SBR/BER (75:25) blen:d the mass fraction

TABLE 7. CCMPOSITION AR MASS FRACTHOM OF INTERUHASS (M THE
SHR/BE. BLEMNDS WITH DIFFERENT 38R TO BR MASS SRACTIONS, ELENDS WERE
PRAEFARED AT 500 FOR 30 MIN

Bland | kY
SBABRS0:ED | R
SHAHR{TS Y] 2.2

™ L] | mat i
[SBR=832%, BE=16.5%) 5
(SBR=233%, BR=4] T LA

1*  Mass froction of the iterihase
I** Compea:iien of <he innerpoase

[*** The wass fiection o7 SBR to BRE i the iber alese wes caboulawed as Jascribed i Teldz 2.

TABLE &, COMPOSTTICH AMD MASS FEACTION OF INTERFHASES M THE
SARMER I ERDS FILLEDY WITH ok PH R SILEC A WANOFTLLEER. BLEWDS Ww=R=

PREEARELFAT MNPC FOR 30 M1k

Blamid [* 1%a) = [# =

HAAPR{TE TS ) 1.2 (SBE=71% BR=59%) .55

SAARTE 2 a0 (SHE=7a%, BR-24%) in
lphr alen

SESER{BO-40) | 419 (SER—7 75, BR=2%4) 1.35

EELER{AOADY ! B0 (SBRE—72%, BR—255) 257
il b al s |

[*  Bduss frction cf the inerphes:s
1#= {"imr ;:.,lsilinl' sl e in|-:rp'.u.;;:

1%=% The nasa Frachion oF SR = PR o ghe inder ches=s wes cakouladed s described o Tabl: 2
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1 &l phr g anged silica nanv[ille was

arpornted In the raw =EEBR Glerd al
D for 40 min, the mess fraction of e

rahase changed. [t wes conchuded 1l

S e SBR/BR [60:40) ani SBRER
- [TE2%) clendk, the maes fraction of Hie
- imerprase incraase,

all eages, the comosinon of the inlerphase
 the rlends also charged. In summay, M-
TTISE waa frrand 1 be a neeful webnique
pensiming the mass fraction of (e mverphis:
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