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industries, b

additives and hakes create a uniform, stable mixture. The important obstacle
is the appropriate time of curing these materials which is not 5
according to the type of material and additives in it and due to the lack of re- TEF |
deformation alier curing rubber, it is necessary lo provide appropriate EPDM 100
information before injection or mokdmg. Timing is very mmportant m (his B 3 0

mold of rubber forming process or in injecting, since the material shaping 50

does not change afier baking, the curing agent must be in the final stage and 75

after adding all the necessary additives should be added. To perform -

rtheometric tests from the MDR rheometer of the GDM Turkey Company. In
the temperature of 180 Celsius degree in 10 minutes. The arch-density of the
produced foams was measured by device made in China. Cunng agent must
be in the final stage after adding all the necessary additives. The scenario of
flexible losed-cell Insulation foam is that the
compound which enters the fumace moves from a low temperature from 130
°C to a high temperature as 180 °C inside the famace. Upon the first
entering temperature 7one, nitrogen gas is releases slowly from ADC. This
gas must be trapped inside the final cells and then it cooks to keep the gas
mside with no evacuation. The scorch time should be aceurate so compound
cooking start at last as all the mitrogen gas releases. Aller that, the cooking
process must be fast enough to cook the cell quickly to makes millions of
cells at the same time. Tn order of making flexible closed cells with such
elastic properties so that bursting does not occur in the cell under tensile and
compressive stresses, To meet all the expectations, three samples of
‘mixtures with three different amounts of sulfur were produced. In the sample
with the highest sulfur, the muximum forque was accord, indicating a
‘modulus value of 300% higher. But the values of the torque were same and
it cannot be considered effective in the production of closed cell foam
because the mooney viscosity of the compounds had the same values. The
cooking speed of all three mixes was almost the same because a kind of
slatic cooking system was used with the same accelerators from the fast
famuly. But 1o some extent, with the increase of sulfur, the cooking speed
almost increased. In the three mixtures produced, the difference between the time (min:sec)

maximum and minimum lorque, which mdicates the Iength of the cross i
e i Figure 1: Riconeter dingraim based on data from lable (1)
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for determining the cl.iw.unm:i
compounds. Asymkmwrmnwmamk

information before injection or molding. Timing is very important in this
‘mold of rubber forming process or in injocting, since the material shaping
does not change after baking. the curing agent must be in the final stage and
after adding all the necessary additives should be added. To perform
theametric tests from the MDR rheometer of the GDM Turkey Company. In
the temperature of 180 Celsius degree in 10 minutes. The arch-density of the
produced foams was measured by device made in China. Curing agent must
be in the final stage after adding all the necessary additives. The scenario of
flexible clastomeric closed-cell Insulation foam production is thal the
compound which enters the fumace moves from a low temperature from 130 time (min:sec)
°C to a high temperature as 180 °C inside the fumace. Upon the first

entering temperature zone, nitrogen gas is releases slowly from ADC. This ‘Figure 1: Rheometer diageam based on data from table (1)
gas must be trapped inside the final cells and then it cooks 1o keep the gas .
inside with na evacuation, The scorch time should be accurate so compaund = Joike "“‘Ww
cooking start at last as all the nitrogen gas releases. After that, the cooking DEpE

process must be fist enough 1o cook the cell quickly o makes millions of EPDM 100
cells at the same time. In order of making flexible closed cells with such CB.330
clastic propertics so that bursting docs not oceur in the coll under tensilc and Dor
compressive stresses. To meet all the expectations, three samples of ADC
mixtures with three different amounts of sulfr were produced. In the sample S
with b highest sulfir, ihe maximum forque was accord, indicating Acel 85
modulus value of 300% higher. But the values of the torque were same and
it cannot be considored cffective in the production of closed cell foam
because the mooncy viscosity of the compounds had the same valucs. The B Wbl 2 Bioue Ko pacs oy W Wity
cooking speed of all thice mixes was almost the same because a kind of ample FEF2
static cooking system was used with the same accelerators from the fast MH (n.m) 257 2.08
family. I3ut to some extent, with the increase af sulfur, the cooking speed ML (nm) 024 0.23
almost increased. In the three mixnures produced, the difference between the $2 (min: scc) S
maximum and minimum torque, which indicates the length of the cross S90 {min: sec) 154 2
joints, increased. This higher valuc in sulfir indicates that the C-$n-C bond CRI 25 2
lengih is longer and more elastic in trapping more nitrogen gas. Thercfore, [ Density (Kgms) 95 3

o = 9~

Torque (Dn.m)
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lerators. DOP oil was used as a
s

for
compounds. Asyouknnw the raw malorials of rubbers in aw form have
mm:ﬁnmwkmﬁmmh
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important abstaclc Foruma 8, Mon 'm Mn E. Rmmgmnl Environmental
s the appropriate time of curing these materi stal i (‘ompositc Wall
according to the type of material and additives in it and duc to the lack of re- System. BmgymﬂthIT;lll:W—?I-
deformation alier curing Tubber, it is necessary lo provide approprisle
information before injection or molding. Timing is very important in this able |_Formulaton of P s on NER in Pl
mold of rubber lorming process or in injecting, since the material shaping FEF 1
does not change aftcr baking, the curing agent must be in the final stage and
alier adding all the necessary addilives should be added. To perform
rheometric tosts from the MDR rheomcter of the GDM Turkey Company. In
the temperature of 180 Celsius degrec in 10 minutes. The arch-density of the
produced foams was measured by device made in China. Curing agent st
be in the final stage affer adding all the necessary additives. The sccnario of
flexible elastomeric closed-cell Insulation foam production is that the
compound which enters the furnace moves from a low from 130
“C 1o a high temperature as 180 “C inside the fumace. Upon the first
entering temperature 7one, nittogen gas is releases slowly from ADC. This
gas must be trapped inside the final cells and then it cooks to keep the gas
inside with no evacuation. The scorch time should be accurate so compound
cooking start at last as all the nitrogen gas releases. After that, the cooking
process must be fast enough 1o coak the cell quickly to makes millions of T
e making flexible closed cells with such [Exsoni(miritiec)
elastic properties so that bursting does not occur in the tell under tensile and ol
compressive suesses. To meet all the expectations, three samples of Density (kp/m’)
‘mixtures with three diflerent amounts of sulfur were produced. Tn the sample
with the highest sulfur, the maximum torque was accord, indicating a
‘modulus value of 300% higher. But the values of the lorque were same and
it cannot be considered effective in the production of closed cell foam
because the mooney viscosity of the compounds had the same vaues. The
cooking speed of all three mixes was almost the same hecause a kind of
static cooking system was used with the same accelerators from the fast
family. But 1o some extent, with the increase of sulfur, the cooking speed
almost increasedl. In the three mixtures produced, the difference between the 2
maximum and minimum lorque, which indicates the length of the cross
joinls, increased. This higher valuc in sulfur indicates hat the C-$n-C bond time (min:sec)
Tength is Tonger and more elastic in trapping more nitrogen gas. Figare 1: Rhcometer diageam based on data in Table (1)
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containing blends labeled as PCUEPWI/NS: which x represents the
wenghtﬁ'aetmnnfSN(xEO% 1%, 3%, and 5%) with respect to the
‘polymer content. The specimen with DHBP was showed by TPVx (x—varicd
from 1 to 5} 'The DHBP content of the compatibilized samples was sel al
0.1 wt% (with respect to the total ). For instance,
PCI/EPDM/DHBP/Nx is representative of the blend containing 75 wit%
PCL, 25 wi% EPDM, 0.1 wi% DHBP, and 1 wt% SN is shown

‘The melt mxmg approach was utilized to obtain the specimens using a lah
intemnal mixer (Brabender Plastirecord) at 180°C and a rotor speed of 80
pm for 15 min. First, PCT. was incorporated into the mixing chamber. About
2 min later, the EPDM was added. After 1 min, the desired amount of SN
nawpamchswasaddcdmthcsamvlns After about 8 min from the
beginning of the mixing prooess, DIIBP was added to initiate the dynamic.
vulcanization process. The samples were obtained  using S min of
compressive molding (4008 Polystat model, Germany) at 190 °C.

Results and Discussion
Rheological behavior
Figure 1(a.b) shows the variation of dynamic modulus, G* and G, with
frequency for PCT/TPDM blend and crosslinked PCL/EPDM blends with
and without nanoparti

“The neat PCL/EPDM. samplc showed termmal behavior rend by a shoulder
at the storage modulus at low frequencies which could be assigned to the
contribution of the interface to the blend elasticity as well as the shape
relaxation of the EPDM droplets within the PCL matrix In presence of 1
Wi% nanoparticles. the modulus increased at all frequencies especially at
lower values, and deviated from terminal behavior. The enhancement of
both G canpecects AN G ierce contributed to the increase of total G*. The
incorporation of SN and DHBP exhibited a synergistic effect in
compatibilization of the droplet and matrix phases leading to a i

a low crosslink
of 5 1% and
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Figures and Graphs
2

cnhancement in the interfacial strength and reducing droplet size which
mereased Gistatice. As discussed above, due to the higher aflinity. the SN
nanoparticles are located mainly in the EPDM droplets and some are
localized in the PCL phase. Then, the G* components is also enhanced.

Figure 1-(a,b). Variation of (A) storage modulus and (B) loss modulus with
frequency for different samples.




[requene
interfacial interaction, the reactive blends showed higher complex viscosities
than the values predicied by lincar superposition. Because of high viscosity
of the reactive melting mixture of caprolactone and EPDM based on

diflusion  of the active  domic  cemlers  of
‘polymerization, molecular weight decreased in the blend by increasing
EPDM amount, figurcl-A. The storage modulus (G) as PAEPDM blends
with different amounts of ABS is illustrated, figure 1-B. As shown in the
figure, the storage modulus curves for EPDM and PA followed a lincar
mixing rule. The storage modulus of these blends gradually increased with
the increasing amount of EPDM. Nolably, G* diagram showed a similar
trend. As a result, the storage modulus showed an increase in the low
frequency region and followed linear mixing rule in the high frequency
region. Therefore, the ility of i i which leads
o an enhancement in the interfacial adhesion, Tigurel-B. The loss modulus
diagram for the reactive blends with different contents showed that the 25
wt% blends has the maximum loss modulus, indicating a higher energy
dissipation that for the other blends with lower EPDM contents, Figure |-C.
The increase in LPDM or the rubber phase content increased the loss
modulus of the EPDM/PA blends. Therefore. the rubbery phase in the EPDM
strongly controls the viscoelastic behavior and loss modulus of the reactive
blends.

Conclusion

The theological properties of the FPDM/PA blends prepared by reactive
extrusion were studied. The uniform distribution of EPDM droplets led to
dilatant fluid behavior and a transition from viscous Lo clastic behavior in the

|

1s)

Figure 1 diagrams of G' (4) & G" (B) of different samples: (PA), (EPDM), PA with
SYEPDM (figure $%) , 15% EPDM (figurel5%) and 25% EPDM(figure25%).
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Results and Discussion

Morphology

Fig 1a-f shows the FE-SEM micrographs of PLAPCL blend and its
nanocomposites containing 2.4 and 6 wt. % Zn0 nanopartcles, FE-SEM
in which PLA and
PCL are matrix and droplet with (80/20 w/w), respectively.

Viscoelastic emulsion models
Lee and Park have developed Doi and Ohta model for immiscible polymer
blends. Equation (1) is Lee and Park model.
(“ (r.‘ ' c.oq ‘Equation 1
w., atree
Where G; @), G(@), 3 2nd Gypumee are the blend system complex
modulus, mairix complex . disperse complex modulus, and

modulus,
Fig. ZMG..WVMWMEAW(BWZOWN)
samples with various ZaO nanoparticles loading obtained from Lee and

’Aﬁbmedinﬁ.,z.msouowm%.wmmmedm
decreasing order:

Gpires » Gozese > Gotnoai) 2 Gzasss > Gzews - Equation 2

"
ateas (Em)x
G'(@) =G, + Go* (%)’ “‘i !

1420 con E)4-:3'
@

GO parameter
viscose nature due to degradation of lnpll-ﬂhn—

 Abdoirsaceli, M- Buboes, A; Kaschis, | Naoockss,H.J. Hool Az Techvol 2019, 25,48
e Ty £ A o M. Tk, M D S Compn i Fesd 5t Fond S 000,

T2 G, Verws fsqurncy o e PLATCL (9920 w) Fic 3. #) GO, b) Ge, and ) 7 fractonal remer parameters
sampies

Leesnd park model ster modsficaton of O vaimes
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PMMA droplet phase.
radius of droplets was obtained equal to 1570 nm from FE-SEM.

gy images.
Fig3 i 1 wofmwv
PSpolymzblendwnhwmw percent composition in
oIlwl%MWOlkhuoboﬂvedmﬁl\leJMWCNhuhﬂlﬂed
in droplet phase.
Accnting to/the fig 1, the developed emulsion model & edin

Sexi Expecimental

T4 (Harmonic men equation) ”
07 ¥

o.

ewunon .

14 3vpH, 1+ 3vel: Equation (1)
&= "'((: z»n,)‘ v BT ))
)26 +50,1 +16;, =0:)(160: +196,1
120, =36, 1366 + 90,1
51+ 16, - G)(366.. + 396..)

)6+ 6.1~ 130, = 36,1363 + 96,1

o

Gr, Giy, Gio, ®, P, @, R, ar and as are matrix complex shear modulus,
dmp containing nanoparticles complex shear modulus, droplet

without nanoparticles complex shear modulus, volume fraction,
masimum packing volume, interfacial teasion and droplet adivs,
stram

)
Prspwerrs )

(A1220°0)
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the viscosity of the pp melt inercasc
caco3, which is shown in Flg I

viscosity of the plastic melt can affect the injoction process conditions.
“Table 1 compares the various important parameters i the injection molding
process for the PP+20% filler and thbppﬂs'/o filler. In general. with
increasing filler wenght pememage injection pressure, clamping force and

higher alues. Also. in PP with highes filler ‘percentage.

smxapphedwdusphsucbywhgwmmnmhmem but the
reduction of injcction fime with increasing filler percentage cannot be
exprsmd as a general rule. Cooling time is one of the important parameters
of the injection process, which indicates the residence time of the part from
the begmmng of filling the mold w the gjection time. Fig 2 shows I)m cooling.
time diagram in terms of mold temperature for plastics with different filler
percentages. According Lo this figure, with increasing the percentage of filler
in the PP 1 cacos composite, the cooling time al dillerent temperatures
decreascs. As expecied, in general, the cooling time increases with
increasing mold temperature.

Conclusion

In this study. the process of PP injcction molding with different weight
percentages of cacos (20% and 35%) was simulated and their theological
and process parameters were comparcd with cach other. Ihe effect of filler
inctease on viscosity. injection pressute, clamping force. shear stress, melt
and mold temperature. injection time and cooling time were also
investigated.
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—~PP+20% Filler

\ ~PP+35% Filler

a0 60

Shear rate (1/s)

Cooling time (s)

e e o
Mold temperature (°C)
Fig 2. Cooling time vs mold Temperature: a) PP+20% CaC 0y, b) PP+35% CaCO;

‘Table 1. Tnfection p a

Parameter PP+20% Filler | PP+35% Filler

L7 23

18 23

278 241

80 80

C
Injection time (s) 2.5 23

Shear siress (MPa)
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Blmds of rubbers are of tech

accessible from a si
alone [1]. Detailed

Chloro sulfonated poly

sulphenamide ;
an unpotﬁml rubber which has been

ethylene (CSM)
frequently
rubber (CR) car
Experimental
Rubbers used for composite preparation: CR rubber,
Baypren 110, CSM rubber, Hypalon 40S. other rubber
ingredients were: stearic acid, and PbO; sulfur obtained
from Chemmin Corporation, MgO, ETU, TMTD, CBS.
Compounding was donc on a laboratory size two roll
mixing mill. CRL were calculated using Egs. (1) and (2),
respectively:
MDR = 2MmaxMin) 4 gy 0)
100
CRl= teoo—tsz @
where My, and My, are minimum and maximum
torque; tg, is the optimum cure time; and tegp is the
scorch time.
Results and Discussion
Rheographs of the mixes are given in Figsl. in Table 1
also shows the consumption of each accelerator. CR/CSM
rubber blends with TMTD have higher values than
CR/CSM compounds with CBS accelerators. The torque
difference values of AM increase with incrcasing TMTD
ion and di with i g concentration
of CBS accelerators for CR/CSM rubber blends. The
CR/CSM rubber blends with TMTD accelerator have AM
maximum. The scorch time tg, is also improved slightly
with increasing LBS (within a few seconds) that Lhe CRI
of the P with i
CBS provides the best processing salety in this wmpound
In addition, TMTD and MBTS also provide superior
mechanical propertics. Duc to their lower reactivity,

> cross-linked with metal oxides.

many applications [2]. Chloroprene |

faqt that no filler is used in the compound, sn can be noted
hat adding CBS accelerator to the compouml greatly
reduces the maximum torque.

Refergnces -
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24:10-11, 1224-1228.

‘Table 1. The content of accelerators (phr) in different rubber
compounds based on CR/CSM (50:50) rubber blend with out of any
filler.

Sample name
B
0
1
0.5

L

8 R

5 &

w

Elastic Torque[dN.m]

°

o

20
Time[Minute]

Figure 1. Rheographs of CR/CSM rubber blend compounds cured
with accelerator TMTD, MBTS & CBS.




Results and discussion
Using the theological mastercurve of TPU-PSA cotaining 17.5% hard segment, T
L it was located in the high shear zone of the Chiang's viscoelastic window, Tig. 2.
Moreaver, i lowsr low- ey G than 3X 17 P roveald it PSA chimetor
! the Ac-PSA with lower storage and
v ol i TIPS 1 1o ]vlepnmlum of PSA witk i penerally higher shear
strength than the Ac-PSA and u loon tack of inlorestngly higher than that of the
primary components. The lower shear strength of the TPU20-Ac than the pristine Ac-
FSA vas produbly du o (s lowe content of TPL which could nol compensate the
lion between "I PL v However, inercase in the 1PU
content led o formalion of Inercomnected microphass soparaled. regions and an
improved shear strenglh. Ihe tack of the blend PSAS inereased up to 40 wi. % and
docreased at higher IPU contents. ‘The negative impact of the lnw-serylic content in
the blond, namely 20 wt. %, was alsa observed in the tack.

Conclusions

“Ihe blend PSAs were comprised of high-shear maduli TPU and low-shear maduli
serylic copolymer. The blending of high-shear strength TPU and high-tack acrylic
capolymer companents shawed a shear strength in heresn and a bigh synergy in
tack, The blends tar fram the i ion range showed deteriacation i the
property the loweri ion componewt

G (Pa) 10°

of TPL-PSA

i e
> 5

Shear strenght (min)
B
=
Loop tack (N)

20 4 60 80
TPU content (%)

Fig, 3. Sheur strength und loop tuck of the PSAs versus the TPU
content




Resilience (%)
o =

B
Hardness (Nmm?)

20 4
Carbon black (phr)

(10 phr) and CB

measurement wi I it

150 1o 160°C al @ heating rute of 5°
e O 1 @%@g
proecties 1 was me,gem iy o the!

increasing the amouut of carbon black to 70 ph, the sample

damupess bias become 91%. Also, with incteasiug carsbon black. the bardaess of the

souples increased, which is normal. Tigure 2 shows that with increasing carbon black

the mudulus increased and e strais at break decreased which is ressoneble. Tigure 3

,nmumnmammonumumrnﬂmmpha.ﬂmbmm}e shuwing
nereases.

Conclusions.
.\cmdmgmmmmwm»:mmmkwhwmmbmmu

The tan & peak i at 10 Hz in the ambient
Awudmglol.heDmmnmmmmo{upnmnmmyumsodegmes.lhu
sample b @ suitsble darap and cen be used for applications in (s lemperature
sange. OF couese, uther properties should be considered acconling tu the futended
application.
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0 100 50 o S0
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Fig. 3. tan 8 vs temperature wl frequencics of 0.1, 1,10 und 50 Fiz, for
cexample with 70 phr carbun block
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The UV-cured DN hydrogels were synthesized by a radical
polymgrimon ‘lypwally «-Car, Am, KCI, UV-initiator and MBA
in ized water or GO suspension under stirring.
Mﬂwsolunonwucoo]edandexposedeVhﬂnmmdmedw
photo-polymerization reaction of Am. Similarly. the thermal-cured
DN hydrogels were obtained by replacing the UV-initiator with
APS. In this method, first, k-Car, Am, KCI, and MBA were added
into the deionized water or GO ion under stirring, then, APS
was introduced. The obtained solution was then quickly poured into
amold. The sealed mold was cooled, and then placed into an oven at
60 °C for 24 hr. Samples were named as i-DN for double network
hydrogel and i-DNGOXx for double network containing GO. i = UV
or Thermal represent the UV-curing or thermal-curing methods, and
x is the weight percentage of GO.
SampleCharaclenzanon

of hydrogel

were on an Instron
Machine. For tensile tests, the stmch rate of the upper clamp was
kept constant. Rheological experiments were carried out by using a
MCR301 rheometer with a parallel-plate system and temperature
was controlled by a Peltier plate.

Results and Discussion

Tensile results (Figure 1) have demonstrated that although Ihe
UV-cured hydrogels exhibit a plastic-like behavior with

21, Tehran, Iran

d that although
adlixm a_plastic-like behavior, themmlly-amd one shows an

B by e hen
UV-emed llydrmels axhilmed better thermo-reversibility in
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o e e - CE

Tensile Strain (%) Tensile Stain (%)
Figure 1. Tensile stress-strain curves for hydrogels prepared by (a)
UV-curing and (b) thermal-curing methods.
@

——GTvon
< Guvonoms
el

3

Storage and Loss Modulus (Ps)

Iocalnzed necking, the d\ermally-cumd one shows an
ic-like behavior. ., the ies of

B
s

w e e
Temperature (°C) Temperature (°C)

lheUVDNhydrogeI(of—042MPa,ef—2079"/o.E 0.1 MPa, and
W = 3.54 MJ/m3) are greater than those of Thermal-DN hydrogel

Figure 2. [ d G and G" on duri sweepata
cooling and heating rate of 2 °C/min with a fixed angular frequency and strain
amplitude.




sequent conjugation of bioactive
> modification methods, such as
a clearer mechmism and

LA

Experimental
Poly(lactide) )PLA ( graide 4043d was from Narure Work Co. (USA)
and Ethylene diamine from Merck Co. (Gennany). Chloroform from
CDH Fine Chemichal Co. (Dariva Ganj Dehli India).
PLA filius were prepared using solvent casting method. 3g of PLA was.
wmixed in S0ml of chloroform imtil a homogencous mixture was mixed
ing a stirer at room temy . The homx 'S mixture was
then cast m a peini cish and allowed 1o stand for 24 hours al ambent
temperaturc. Then the prepared film was cut into 2em x 2cm samples
and washed with ethanol. To functionalize the ethanol-washed samples
in a solution contaming 10 g of ethylene diamine and 100 g of ethanol
at room temperature, it was stired until the samples were finally
functionalized. The functionalized sumples were then washed with
deionized water to remove unstable amines (Tt should be noted that we
prepared samples with different percentages, and our optimal sample is
this sample). The pure sample with code PLA and the fmctionalized
sample with code PLALO are shown below. For igation of
mminolysis process using DMTA by TTDMA (Englmd), Tensile
propertics, ASTM D638 and ISO 527, ATR FTIR Tensor27 model by
Brucker (Germany).

Results and discussion

According to Figur | and the appearance of peaks 3100 Cm-1
(amine) and 1510- 1580 Cim-1 (amide). the changes in the theometric
curves of the two samples, with diflerences in the eurves of slorage and
loss modulus as well as tan & can be seen in Figures 2 and 3.

Rheology
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wudunl incronss in storige
ition of GO,

TTM image of nanacomposite us

oxide is well dispersed in polymer ma : a particle

growth in he matrix at Mmmlu“aumg pulynx calion, purification and drying.

Uhis may be due to the sood

dispensian swith ultrasaund wnd interactions and Grmation af dipalir bonds between

GO and functional groups of monomers, which can reduce macroscopic phase

separatian and swbilise the nanoparticles in

the polymer mafris [5].

Concinsion

Nanocomposite with ditferent amount of Go (0.1, 0.3, 0.5 and 1 Wt %) were

preparcd by Frecradical palymerizalion  lechnique, The sample with 0.5%

nanoparticle has the optimum rheological properties. Simultaneous use of polymers

and nanomalerials in the resalting vampasites providod a synergistie ellicct and led

to excellent mechanical strength and very high thermal stability. According to 1GA

results, the aliton o geuphent wide t the tmin copolymer chuins due t dipolar
the heat lcsisumoc of nzlwcompo!m The storage

was improved The filler

cake thickness and filtrates of samples at different time intervals were reduced in

manocomposite due 1o presence of nanoparticles compared with the

copolymer.
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1. Use a suitable
2. Tradiation of

Materials
LDPE (low-density po@
Tmam Petrochermical Gruls ozo DPI 750

255
6.6, 1315-1334,2012.
hlel L
eeoorion of potsalyier b o e sl e R B T 1 5 LarLigii s o1 toraee and Loss madale cggyes
Dimethyl-2,5-di{terr-butylproxy) hexane.

rheologicad speciroscop)

el shows the behavier of rhc storage Modulus is shown in tims of the
Trequency of the control sample and the Branched samples. As shawn in the
figure, non of the diagrums show the terminal behavier in the low-frequency
runge. In polymer allays with interconnected morpholagies, u palymer phase,
such as three-dimensional lattice, is scatecred throughout the allay structure, and
s result, the beliavior o e storage modulus in ferms of angular lrequency in
chis strucrure progresses o non- terminal in the low-frequency range. For all
brnched saniples, the behuviar of the storage terminal in the low-lrequency
tangs. For all branched samples, the behavior of the storage modulus in terms of
sngular Tregquency in the kiv-lrequency range has shilied 1o non-terminal [3. )
When the 1-octanc comonomer is added to the alloy stucture with 0.2% by ——
weight of the peraside primer, the storage madulus ol the hranched palymers is
slightly incrensed and s abserved at 0.2% by weight of the peroxide primer FigT Stomipe moduls hohavior i1 terms of the angalar truency of conral
similar t the sample. This indicates that the amaunt of 1-1-Oclen side bands and branclied speciness.
attached to the polymer is less than the samples in which 0.4% by it of the
primer was used. In most linear palymens o1 low frequencics, the change in
viscous behavior is greater than in the elastic sate. and as a result, the
dissipation modulus is greater than e slorage modulus, As e madulus of
branching increases. the storage and loss modulus become closer tagether.
Tnereasing The storage modulus indicales an incrouse in e elasticity of The
specimens due o branching, which restricts the movement of the polymer
chaingund increases the laslicity, Avcording o tblel whal was said in The
analysis of the behavior of the storage module in terms of frequency. due to the
increase of Taieral branches, (he bonding af the ehains increases, and the elastic
behaviar of the material increases. ‘Tus, the slope of the graph decreases in the
Tow-froquency range. The highest slope i related o the curves of DOOD,
D0.203, and. As mentioned, the 1U.205 behavior deviation of the control
samples fram the lerminal siale (slope 2) is intercannceked due I the proximily
of the sample strucawre to the morphology. Also in examples. DU.203 and
D205 Due w the lower rafe of branching, less deviatian (rom the wermin
behavior oceur, 50 the slope is higher [3]. wuetrol ard hruncliee! spevane.

e S —

Flg2 1ass madule hohaviar inferms of the angular Frequencs of
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blel.ict-hlkllﬂil v
viations ure P: PVC/E: EVA/H

PVC

255 giem3 and cationic cxchange

- supplied by Imerys Tabl Asln ‘V
al figures of namral 1INT,

t runs longitudinally along. the £
structure of HNT are given in |

. steanic acid and HNT were

specimens. in dimensions 250 x 250 x 3

then pellets were prepared for structure  specification
measurements. Blending of PVC and VA compared without

same process, regarding to propertics the item PISEOS is dmem s an
optimized blend o mvestigale by HNT.

Result and Discussion

Figure | gives information about the variation of impact strength of
PVC/EVA blends and PVC/EVA/HNT nanocomposites, according to ASTM.
D256-04. From the blends. it is noticcable when 5 phr of EVA was added to
PVC, Notched Izod impact strength rose from 5.2 kJ m-2 to 7.16 kJ m-2 of
PVC, whereas the impact strength of nanocomposites declined gradually in
present of the large content of EVA loading duc to some agglomeration of
EVA in the PVC matrix.

The nanocompositc of 95 PVC/S EVA'S HNT pmvxdes the highest impact
strength by reaching to 1 1son with other
composites and net PVC. The notched impact menglh of the nanocomposites
has experienced a fall trend duc to the further increase amount of HNT which
cause to agglomeration of HNT in the PVC matrix, Figure 2. However, the
nanocomposite of 95 PVC/S EVA/S HNT cxhibits a synergism cffcet of the
EVA and HNT that enhanced the toughness of the nanocomposite. The
rheological properties of PVC/AIVA/IINT nanocomposites illustrate increase Fig 2. TEM of agglomeration of HNT in the PVC matrix
in complex viscosity, Figure 3, especially at 5 phr HNT concentrations in -
comparison with the PVC/EVA composite and net PVC. Therefore, the low
shear rate (est method in composites determincs that the variation of viscosity
for composites are growing up at low angular [requency © values.
Approximation of the viscosity trend of the investigated nanocomposites at
higher @ values indicates that not only the viscosity value, but module rate
rose by increasing with the amount of HNT [2, 3].

Conclusion

“I'he preparation of PV TIN'T nanocompaosites was successfully carried
out. The effect of EVA and HNT contents on the properties of the
nanocomposites was studicd. The results display (hat the impact test of the

o (@)
Fig 3. Rhcology propertics of nanocompositcs.
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. this study is aimed to
investigate the cofle MCP I lms:ms parameler (vollage,
time of § il
Q@).
Materials and metho
Materials

Quinoa grains (7iticaca) Wl’msed from a local retailer
and were of Pcrsﬁ origin.,

Samples obtained by AC whole quinoa grain at 5 min-
50 kV. 10 min-50 kV, 5 min-60 kV, and 10 min-60 KV were
termed as S1, 52 $3, and $4 lespectlwly

frequency sweep test was camed outina frequency range of 0.1
-100 Hz at 30 °C using parallel plam geometry by Physica MCR
The 1 (storage

modlllus (G") & loss madulus (G™)) were reported.
Results and Discussion
The storage (G') and loss modulus (G") indicate the clastic and

2021, Tehran, Iran

2017

viscose behavior of materials respectively. As shown in fig 14 Figl.a rhcological properties (loss modulus) of unireated sample (control) and
and b, elastic modulus for all samples is higher than the viscous plasma treated quinoa flour.

modulus (G'=G"), indicating the solid behavior of quinoa gel. As
depicted, the elastic moduli of the control sample were higher
than the ACP treated samples al diflerent times and vollages,
Changes in protein structure induced by active species of ACP
treatment may also alfeet the theological characteristies of qui-
noa flour. At constant treatment time of 5 min. increasing the
treatment voltage increased the viscosity modulus (83 compared
o S1). Also, at constant (reatment lime of 10 min, the viscose
and elastic moduli has been increased with increasing the treat-
ment voltage (84 compared to S2). The higher the amount of
protein in network, the greater the strength, clastic and viscous
properties will be. Also, the cross-links created between starch-
starch, protein-protein, or prot tarch by plasma
treatment improve the syslems rheological properties. This im-
provement may be due to the partial gelatinization of starch and
the interaction between other components. In SI sample which
ACP treated at shortest exposure time and voltage (5 minutes,
50 kV), the rheological propertics (G' and G" moduli) had been
deercased compared to control sample. This decrease may be
due to starch depolymerization (3, 4).

Conclusion

Figl b thealogical praperties (storage modulus) of untreated sample (control)
and plasma treated quinaa flour,
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Rheological characteristics of wheat dough in the presence o
potassmm chloride and dlffel ent fermentation type
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Abstract: Overconsumption of bread as the main contributors of sodium intake plays un important role in heart disease occurrence.
Regarding, its sodium chloride content is recommended to be decreased by different strategies ¢.g. salt substitution by sodium free mineral
g 5

efficiency of wheat bread, this study

salts. Consldenng the importance of sodium chloride on

is aimed to of the impacts of chloride (KCT)

Tevel ( l() 20. 30, 40, 50%) und fermentation types (yeust and

sourdough) on rhealogical characteristics of wheat dough, using theometer and parallel plate Jeomeer Results indicated that despite the
ions, KCI

prevalence of elastic madulus (G") on viscose modulus (G") at all for

influence

the r
characteristics by decreasing the storage modulus (G7), loss modulus (G™). complex modulus ((y‘) parameters. Substitution of KCI up to
2% wit in the presence yeast provide the formulations similar to 100 % wiw NaCl containing sample,

Keywords: Salt reduction-Potassium chloride (KCI) - Rheology- Sourdough (MFSD) - Yeast

‘Wheat bread is a staple food prodnct (1). \laCl considered as a com-

of KCI es on

mon salt in bread making that
such as dough development nme extensnbnhty. ‘yeast activity and ete.
(2). Sodium is considered as an essential nutrient for maintaining the
fluid balance, cell functionality and nerve impulses in human body
(3). Iigh sodium intake is related to cardiovascular disease (4). Par-
tial substitution of sodium with potassium is a popular strategy in
production of low sodium foods (5). Adequate daily intake of potas-

characteristics of wheat bread. The frequency sweep curves of wheat
dough containing different KC1: NaCl ratio and fermented differently
are presented in figure | a. b. c and d as G°, G”. G* and tan & respec-
tively. All formulations were frequency dependent with storage mod-
ulus greater than loss modulus (G'>G"} at whole range of angular fre-
quencies as an indicator of elastic-like gel formation of wheat bread as
by (11). Elastic and viscose moduli are generally moni-

sium has positive effects on the risk of dis-
eases (6). Despite the positive health effects of KCI, high usage of
KCl in food products creates off flavor (bitterness and metal flavor).
Adding food permissible flavor enhancers, such as yeast extracts,
considered as a recommended strategy for masking Yo unpleasing
tastes (7). In addition to the ingredients, fermentation is also consid-
ered as a key step in bread baking that influences the technological
and sensory characteristics of final products. Fermentation with yeast
andfor MFSD is commonly used in bread making that produced dit-
ferent types of aroma and Mavoring agents. The purpose of this work
was developing the wheat bread with different ratio of NaCIFKCI and
yeast andfor MISD and evaluating the rheological characteristics of
the final products. /

Experimental

Materials: Potassium chloride produced by Merk Company were\
purchused from scientific retail and other materialy were also pur-
chused from the local market.

Rheological measurement: Controlled shear/stress rheometer
(Anton Paar MCR301, GmbH, Germany) with parallel plate geometry
wass used for rheological measurement,

The Oscillatory Rheological analysis: Dynamic viscoelastic char-
acteristics of wheat bread were determined by frequency sweep
test at frequency range ot 0.01-10 117 und the storage modulus (G')
& loss modulus (G") were reported. Parameter damping factor (tan 5)
and complex modulus (G*) were calculated respectively using the fol-

Tand =G"/G'

Towing formula:
o = 'Gl: % Gue

tored as quality determining factors as high quality bread should be
more elastic than viscose (11). Alongside, the complex modulus and
damping factor also provide valuable information about dough
strength. Cansidering both clastic and viscose modulus, complex mod-
ulus should be optimized as formulations with high complex modulus
are generally oo rigid 1o facilitate the growth of air bubble und those
having low G* arc unable o restore gases. In ye
samplcx, increasing the KCI incorporation level decrease G,
* and increase lan 8. In other words, despite decrease observed in
holh clastic and viscose moduli, the G mndulm decrcased more
sharply in yeast ed samples via g the KCL i
tion level. In M. fermented samples. increasing the ratio of KCI
incorporation level enhance the degradation activity of lactic acid bac-
teria in a way that lowest G°, G” and G* is found in 11 containing
50% wiw KCl in the presence of MISD. Furthermore, highest G*, G™
and G* is found in 9 containing KC' ] 70 ratios. The low-
est frequency dependency of G* i T8 confirming the
formation of strong gel structure (13

_ onclusion

Results showed that although increasing the KCI incorporation

level and added sourdough by inhibiting yeast activity and weak-

‘,mnx, the gluten nulwork respectively, dwrw;ud G’, G” and
the KCI

and 1 i tan bstil mlm,
Due to the increase in glulsnm level, decreased G” and in-
creased (', which is a desirable behavior in dough products.
Samples with 20% KCI with the highest elasticity :md cohesion
were optimal samples and in rheological evaluation were slightly
different from the control sample.

Referenc:
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The role of EVA level on melt viscoelasticity, rate of crosslinking

and morphology development in cross-linked Ethylene-Vinyl

Acetate/ Low-Density Polyethylene/ (EVA/LDPE) blend Foam
Narges Asghari, Azizeh Javadi*, Ali Asghar Kathab

Department of Polymer & Color Engi

ing, Amirkabir Uni

(EVA/LDPE) blend foams are prepared

ity of Technology, Tehran, Iran

foaming

via compresslon molding. Effects of EVA we!ght fraction on gel content, melt viscosity, and morphologv of foams are studied. Cell density

increased with reducing cell size by EVA level due to a higher rate of EVA

of melt viscosity. This is

evidenced by an increase in gel content of the foams with the EVA weight fraction.
Keywords: EVA/LD Blend - Foam — Crosslinking — Gel Content — Morphology

Introduction
ams or celllar structure_mterials retain the advantages of bulk
¥

their h (hznna!q dg:dlmcmsulanon,
buoyancy, low  density, high impact absorbance, fong durability, and
stress-cracking veslstanae, polymeric foams are widely used in several

systems, sound
absorbers, eledr&al and mermal Inwhws dammwc wave shields
(2). The e.g, cell

type, cell size, cell size distributit 1l

a gas source requires crosslinking to sxablllme bubhla growth during
expansion and enhance the resistance of the cellular material to thermal
collapse, which is necessary for some applications [2]. Low-density
polyethylene (LDPE) and ethylene-vinyl acetate copolymer (EVA) are
popularly used to manufacture polymeric foams; in particular, the LDPE/EVA
foam possesses higher flexibility, toughness, and impact resistance.
Cross-linked EVA usually shows a better control of nucleation and formation
of cells with uniform size in the foaming of EVA (3, 4].

This study aims to investigate chemical crosslink and EVA content's effect on
the cell morphology of the cross-linked EVA/LDPE foams.

Experimental

LDPE L2102TX00 (MFI=1.9 /10 min) from Laleh Petrochemical Company,
Iran, and EVA V5430 (MFI=2.5 g/10 min; 18 wt% vinyl acetate content} from
Lotte Company, South Korea, were supplied. Azodicaroonamide (ADC, Anhui
Huishang Group, China) as a chemical blowing agent, zinc oxide {ZnO,
Rangine Pars, Iran) as ADC activator, dicumy! peroxide (DCP, Di-Cup 98,
Hercules) as a cross-linking agent, and stearic acid {Palmac, Malaysia) as an
external lubricant were also used. EVA/LDPE blends containing compositions.
(100:0, 90:10, 70:30, 50:50) were prepared by melt compounding method
using a laboratory batch internal mixer (Brabender Plasticorder) at starting
temperature of 110 "C and with a rotor speed of 60 rpm. This temperature
was chosen to avoid activation and decompasition of ADC and DCP during
mixing. First, polymers including EVA and LDPE were added into the mixer
and allowed to melt and mixed for 3 minutes. Then, ADC and ZnO were
incorporated into the mixture, and mixing was continued for up to 10
minutes. Finally, DCP was added to the mixing chamber, and compounding
was completed at 15 minutes. Samples were foamed in a hot-press machine
at 155 °C and a pressure of 50 bar. After 25 minutes, the pressure was
removed, and the samples were allowed to expand.

Results and Discussions

The gel content was determined by a 24 h Soxhlet extraction cycle using
xylene as the solvent at a temperature of 140 *C according to ASTM D-2765.
After the extraction cycle, the remaining insoluble sample was dried in a
vacuum oven at 60 °C to a constant weight. The gel fraction was calculated
from the ratio of the final weight, w,, of the sample to its initial weight, w, as
follows:

gel content =" x100 It

As shown in T:mle 1, at the same DCP fraction, the gel content increased with
EVA content. This indicated that the presence of EVA was favorable to the
crosslinking of polymer blends.
Furthermore, according to Figure 1, the Temp-Sweep mode of the RMS result
indicates that EVA starts to crasslink in fewer temperatures with a higher rate
(higher fitting slope). This can lead to an increase in the gel content and melt
strength with increasing EVA content.
The average cell size was abtained by analyzing the SEM photographs (Figure
2) by the software Imagel. The cell density N,, was defined as the number of
cells per unit volume of the foam, was calculated by:

£ am? Y
N, L 7 ) (2)
Where n, M, and A are the number of cells in the micrograph, the
magnification number of the micrograph, and the area of micrograph (em’),
respectively. According to the results of SEM analysis, For the cross-linked
foams, as shown in Table 2, the average cell diameter decreases, and cell
density increases with the increasing of EVA content. Wang et al. [4] reported
that EVA has lower melt viscosity and melt strength, leading to larger cells

and decmsed cell density in non-cross-linked foams. Still, we observed that
afterc

EVAILDPE blends, due to the EVA higher gel content, melt
ity ands mewh
in the polymer blends. The fusion and break of the cells can be restrained,
and the cells can also become smaller.

Conclusion

‘The crosslinking in the EVA/LDPE matrix with EVA major phase improves the
melt viscosity and strength, leading to a higher resistance to cell expansion
and a barrier to the coalescence of the neighboring cells. Thus, the smaller
cell size and a higher cell density of the foams could be obtained.

References
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Table 1. Gel content of EVA/LD foams.

Sample [ GelContent (%)
D 5050 7637
2030 W6
EVALLD 9010 8415
EVALD 1000 8.3

Table 2. Average cell diameter and cell density of foams.

Cell dinmeter
Sample
5 (um)
EVA/LD 50/50
EVA/LD 7030
EVALD 90/10
EVA/LD 100:0
10° 10t
= 20l = |b)
5512 e
= —B—EVA z —8—LDPE
Fas g
M 25
: :
Slope = 200
8 5 Stope = 400| S Pe
‘nn 115 120 125 130 135 140 145 12 125 130 135 140 145 150
Temperature (°C) Temperature {°C)

Figure 1. Temp-Sweep test of a) EVA, b) LDPE cross-linked with DCP.

Figure 2. SEM micrographs of EVA/LD foams: a) 50/50, b) 70/30, ¢ 80/10,
100/0.
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Tribological measurements were conducted on a
Physica MCR 301 Graz,
Austria) at 37°C using a ball-on-three-pins test
configuration. :

The solid rheological properties of the samples
was evaluated by using a texture analyzer (CT3
Texture Analyzer, Brookfield, USA).

Results and Discussion
Tribological properties
For all samples, there is an increase in the COF at
low speeds, and then the coefficient of friction
seems to reach a sort of plateau. It can be seen that
for most samples the COF did not changed with
increasing speed in the mixed regime, then it
decreased at increasing values of the sliding speed
in the hydrodynamic regime. The 0.0XG-0.0CSG
and 0.0XG-0.5CSG samples showed the least
lubricating and the highest frictional resistance in
the intermediate sliding velocity range (mixed
regime).

Rheological properties
The hard of hyd:

Meid solnti . .

r 2021, Tehran, Iran

1.Cichero JA, Steele C, Duivestein J, Clavé P, Chen J,
Kayaﬂﬂw I, et al. CPMRR. 1,280-91, 2013,
2.Munialo CD, Kontogiorgos V, Euston SR, Nyambayo

1. LIFST.55,1862-71, 2020.

3.Miller JL, Watkin KL.Dysphagia. 11,117-24,19965.
8.Yakubov G, Branfield T, Bongaerts J, Stokes JJB. 3,1-
10, 2015,

10.Nakagawa K, Matsuo K, Shibata S, Inamoto Y, Ito Y,
Abe K, et al.5,72-8, 2014,

waaAu»n——[

S ey i

1
il
1

Fig 1. The Stribeck curves of the xanthan-cress seed gum
thickened fluids atT-37°c
Table 1. Rheologi istics of xanth: seed

on their macromolecular structure. Since with
increasing amount of gum, the amount of
absorbed water and cqnsequmﬂy the fluid
also i d adh of the
bolus during the swallowing process can increase
the residual risk in the esophagus (8). The easy
swallowing has been reported for foods with
connective texture in the range of 0.2 to 0.9 (10).
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1.0XG-0.0CSG
1.0XG-0.5CSG
1.0XG-1.0CSG
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100 phr of SSBR with 53% vmyi content, 23%
mom% 10, 20 and 30 phr of N3 and

and IPPD as antioxidant and

Initially, all components curing

were fed into Banbury mixer along with half of the silica. Mixing
was continued for 3 min at a rotational speed of 80 rpm until a
temperature of 100 “C. At this temperature the remaining silica was
added to the system and mixing was continued for 3 min until
reaching a temperature of 150 *C with a rotational speed of 80 rpm.
Sulfur and accelerators were then added to the mixes, and the mixes
were rolled for 5 min with the curing system. Curing was performed
at a pressure of 150 kg/cm2 and a temperature of 150 "C.

DMTA test and the abrasion resistance were performed according o
ASTM D 5026 and DIN 53516, respectively.

Results and discussion
Fig. 1 shows a schematic representation of tan & versus temperature.
The tan d is the result of dividing the storage modulus (G') by the
dissipation modulus (G") at each temperature (land = G'/G"). The
level of the tan & at 0 °C and 60 °C is a measure of wet grip and
rolling resistance. respectively. Therefore, the amount of tan & at the
mentioned temperatures is compared for the rubber compounds filled
with hybrid of carbon black and silica, which indicate the two
characteristics of green tires, namely wet grip and rolling resistance.
Fig. 2 shows the damping factor at 0 °C (tan 3,) of the samples
filled with three different amounts of carbon black i.c. 10, 20 and 30
phr. As can be scen, the highest damping factor occurred for the
carbon black-free sample. In fact, with the addition of carbon black,
the probability of forming a wide filler network increases and the
number of rubber chains trapped in the filler networks increases and
the effective volume of the rubber chains decreases, leading w a
lower amount of dissipation at this ‘Therefore, i
the carbon black level to the compounds causes a decrease in wet grip
in green tire treads.
It is widely accepted that the loss factor values in 60 “C (tan 8,.) are
asure of the tread rolling resistance. Compounds with a high
ipation factor at 60 °C show high rolling resistance and therefore
require more energy and fuel to drive. Therefore, to achieve low fuel

Conclusions

AddmgCBlothembbereolm@nds, resulted in
Byec and increase in tan . This means that by the i
CB, the wet grip and rolling resistance characteristi

ion resi Therefore,
10 phr was considered.
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Figl.
Schematic representation
of determining the wet grip
and rolling  resistance
criteria in green tires.

Rolig Resstance

tan 8g.c of samples filled
with various CB content.

o i 2
CB Content.

Fig3.
tan dg.c of samples filled
‘with various CB content.

‘Table 1. Abrasion loss of compounds.
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CB Content.
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ture on the steady shear flow behavior of
tica pilulifera) gum
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The steady shear flow behavior of Nettle seed gum (NSG) was investigated between 3% and 5%
(w/w) concentration and temperatures of 10-70 ° C. NSG showed shear thinning behavior at all
concentrations and temperatures. When the concentration increased from 3% to 5%, the flow
behavior index decreased significantly from 0.92720.021 to 0.686=0.065 with increasing
concentration, indicating more thickening, stabilizing, and pseudoplasticity functions at higher
concentrations. The dependence of viscosity on temperature was evaluated by applying the
Arrhenius-type model. The activation energy for the NSG was calculated as 18.88 kJ/mol at 3%

c and Technology, I

numerical optimization method, the optimal
conditions for extraction of Nettle seed
(Urtica  pilulifera) gum (NSG) were
determined [4]. The purpose of this study
was to characterize the steady shear flow
properties of NSG solution as well as to
study the effect of concentration and
temperature on the rheological behavior of
NSG solution.

Experimental

Measurement of rheological properties of
NSG dispersions was carricd out by a
rotational viscometer (Visco 88; Bohlin
Instruments, UK). Shear rate dependence,
Concentration dependence, Temperature
dependence was evaluated.

Results and Discussion

Effect of shear rate

Flow behaviors, e.g. the apparent viscosity
variation with shear rate, of the NSG
dispersions for different concentrations from
3 to 5% (w/w %) at 25°C are shown in Fig.
1 (a).

Effect of concentration

Based on the results of Herschel-Bulkley
model, The consistency coefficient and
yield stress of NSG increased from
0.009+0.001 to 0.495+0.083 Pa.sn and [rom
0.148+0.028 to 0.630+0.083 Pa,

Effect of temperature

The effect of temperature on the apparent

concentration.

Keywords: Hydrocolloid- Pseudoplasticity- Rheology- Shear viscosity- Urtica pilulifera seed
| ntie

Introduction VISCOSItY O own 1n Fig. . The
Natural ~ hydrocolloids, as  functional activation energy for the NSG was
biological macromolecules (mainly || calculated as 1888 kl/mol at 3%
polysaccharides and proteins), are widely concentration.

used in food and pharmaceutical products Conclusion

[1]. In our recent research, based on the Time-independent  rheological  studies

showed the Herschel-Bulkley model is the
most appropriate model to describe the
steady shear flow behavior of the NSG. At
all the concentrations and temperatures,
NSG indicated a shear-thinning behavior,
the rheological properties of NSG were
severely affected by concentration and
temperature.
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Fig 1. Apparent viscosity of Nettle seed
gum; (a) at different concentrations (3%, 4;
3.5%, m; 4%, A; 4.5%, x; and 5%, +) and
constant temperature (25 °C), (b) at different
temperatures (10°C, ¢; 25°C, m; 40°C, A;
55¢C, x; and 70°C. XK) and constant
concentration (3%).
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Abstract:

was observed. Resulls also revealed thal there is an iner

I'his study aimed lo investigate Lthe effect of gamma irr;

using six dlﬂerent dme: of irradiation (0.5, 1. 2.5, 5, 7.5 & 10 kGy). The changes in rh ing tests
were evaluated, Where deercased in the slomgc modulus (G, lass modulus (G"), and complex modulus (G*) allx:r the {reatment
e in dumpmg l'auwr (um 5) afler the treatment. Thus, gamma irradialion

ialion on Lhe 1heolcglml properlies of quinoa flour
| f

ion methads for

treatment can he one ot the physical il
Keywords: Gamma irradiation - quinoa - rh.

l properties - loss modnlns - storage modulus.

1 properties of quinoa.

L
Introduction

(Q

high pratein content (more than 15%) with a balanced cambina-
tion of essential amino acids as well as significant amounts of li-
pids. dietary fiber, vitamins, erals, antioxidants and bioactive

Quinoa (Chenopodium quinoa) is a gluten-free grain that has n\'

Conclusion

——
Gamma irradiation treatment ol quinoa resulled in decreasing the
wviscoelastic nature of its gel (i and (i) as well as complex mod-
ulus (G*) and inereasing damping factor (tan &) signilicantly and
induced changes in Lhe rheological properties of quinoa flour. Re-

ds (1, 2). C of quinoa with gan-
isms such as fuma Exigua, Sclerotivmroiphsi, and Pythium

giber during different stages requires the use of effective an P
crobial (3). Food irradiation is a beneficial, cost ellec- | {rtics of quinoa.

sults indicated that this _can cause the degradation of
starch molecules and the b besides
gel network. “Uherefore, can be used to change rheological prop-

.

tive , and i Ily [riendly (4) to reduce mi-
cmhnal load, increase <helfhfe and maintain quality (5). Gamma

aliers [ood carbol nd proteins and eventually
causes physical, lextural, and rheological changes in [vod. Hence
this study aims to investigate the effect of gamma irradiation on
\lhc rheological charaetenistics of quinoa four.

Experimental

(Matcrials I'he white Quinoa sceds (7 itzcaca) were purchased
and packed into airtight polyethylene bags.

Gamma TIrradiation Treatment: Irradiation treatments of
samples using Gamma source Co-60 at doses of 0.5, 1. 2.5, 5, 7.5

& 10 KGy (1.15 Gyisec, 23-2°c) were done at NSTRI of Iran
and un-iry r'ldmtcd sample uscd as control
The Os Fr y sweep Lesl

(0.1-100 Tz, ’5() °C’) was carried out using P‘\)‘KICJ MCR 301 ro-
tational rheometer and the storage modulus (G') & lass modulus
(G") were reporied. Parameter damping factor {tan 8) and com-
plex modulus ((i*) were calculated respectively using the follow-

iny formula: m - =
\_ Tans=G"/G' G =NG*+G"”

Results and Discus:

n

i pl lasticity ) I'ur all sam-
1'y; which shows a gel -like vmcoehﬂm behavior of qui-
noa our. Similar resulls b @ by Ye el al. (2016)
and Bashir ¢l al. (2017).  Higher values of both moduli {G' and
G“) were found in un-irradiated flour, whereas the lowest values
were found in the 10 kGy (G6) irradiated flour as similar as Zhu
(2016). The decreasing trend ol G" and G” as increasing Lhe irradi-
aton dose ecan be auributed (o interaction between particles in qui-
noa flour and starch, degradation of the starch molecules and the

1 of the pol, at higher doses which lead
1o the formation of weaker gel network of quinoa flour (6-8). Also
Higher frequencies led to an incrcasc in the patterns of storage and
loss modulus as in Kong et al. {2009). The complex modulus (G*)
and damping faclor (tan §) of samples al constant frequency ol 10
Hz (uable 1.3 shows significant reduction in complex madulus off
irradiated samples compared to control sample indicating the for-
mation of weaker gel in irradiated quinoa flour (6). Gel formation
with higher complex modulus miy be duc Lo the polymerization of
proteins and the formation of dlﬂ\llrﬂL bouds (9). Dampmg fackn
(tan &) mgmncsn[h diated sample pared to
control. the liks of quinoa
Mour structure (7). The rheological characteristics results, (hus,
might be due to the cleavage and rearrangement of the starch gran-

{les after irradiation ¢ 10). /

References

plasma freared
irradiation o1 st
16:

Tan 8
13T10+0.02
1.42x10740.01 "

«
3471074003 ¢
3 x 107001

G2 2.72%10°L0.05 ¢ 1.56x10"20.01 ¢
a3 L95x 10°L.02 ¢ L74x10'L0.02*
G4 2.38x10°=0.02 ¢ L9I=10"0.03¢
[ 103x10°0.03 1 2.25%1070.01®
Gb LO2x1 040,05 % 2.43< 10

“Values fulloveed by dilcigut Lefiees i voeh coluru: aec sigulvanly Jifleess
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rpm for about lhn ambient temper-
°C) All hmplas were made in triplicate.

Rheological tests

References
,Esff;grm:@,%zfm

15,
mm G. 0. (2011). Food

Dynmcshenrrbeol cnlp'mperﬁelnfﬂ‘ ispersions of

»mm, F. (2017). Food

and also the BSA SG i

a Physica Mﬂ()tk 301 rbeommlm(m Paar, (ﬁnb!l. ('.inz.1 bdfmltmg
with a coaxial system

equxpred i ip diameter of 22.158 mm).

ter of 21 CSG, and
CSG-BSA lexes ﬂ H=3.5 were anal while cach sample
was equlh at 25°C forat lensl 5 min before lesu(;l& Strain sweep.
tests were performed over a strain range of 0.01 % in the con-
trolled rate mode and 1 Hz to determine the linear limit of strain (Illi%
and the critical strain value (yc). Furthermore, elastic mods
(G'LVR), loss modulus at LVR (G" LVR), the flow point sn'ess or tf,
and loss tangent (tan 5), were m the strain sweep data. Fre-
mcasurements were carried out at a 0.5% stl‘lln (which
i lincar viscoelastic region, LVR) over a fmucncy
range of 0.01-10 Hz (Alghooneh, Razavi, 2017). The
er-law model was used to describe the frequenc: cpendence of the
storage modulus (G) and loss modulus (G") (Rao, 1999).

Results and Discussion
Dynamic rheological properties

Rheolog-cal Propeme% can be related to structural elements in materi-
shear m in weak
gels and vnscoelnsuc fluids (Behrouzain et al., 2020). Because of the
Newtonian behavior of the BSA solution (0 5%, wiw), the BSA
results were omitted here. The obtained ofth:stmmsweepare
re{ resented in Table 1. Within the lincar viscoclastic region, the
VE dominated over the G"LVE at all samples, showed a solid-like
hch:vlor - primarily (G'LVE>G"LVE) but after the flow Eomt (crosso-
point), the samples revealed a liquid-li behavior
(G‘LVIZ<G"LVE) and the moduli values reduced at strains greater
than the critical strain. The racteristic value of loss tangent (tan &
LVE= G"LVE/G'LVE) is applied t'or evaluanon of the viscoelastic be-
havior, the low value of tan § (tan & < 1) represents a predominantly
elastic behavior, while tan § > 1 shows a predominantly viscous behav-
ior. Also, the Tan & value lower than 0.1 means that the sample is a
true gel while the value between 0.1 and 1 shows the structure is a

weak gel (Mandala & Kostaropoulos, 2004). TanSLVE values of the
CSG dispersion (0.46) and the CSG-BSA mixtures (0.50-0.54) were
lower than | but higher than 0.1, which shows the presence of predom

3 Behramu.F. Rlnvx.s M.A &Alghonmh.A (2017). Journal

Rao, M. A. (l999§plkheo of Fll)lde’:'}li »cmlsohd Foods—Prin-
cip) ons Aspen.

les and Applications

Table 1 determined

atpH 3.5,25°C. f=1 Hz

G Grx Tan i

928:04dc  42310.09c  046:0.02¢

1233043112 62241520 0.50-:0.05h

2569+4137h 132451256 0510036

1223:016c  658:03dc 05420012

fr—
Fig 1. Frequency sweep of the CSG (open symbols) and 0.05%CSG-0.1%BSA (filled sym-
bols) complex coscervate (pH 3.5) at 0.5% strain amplitude and 25 °C.
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ccific surface arca is 163 m*/g)

3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)

temperature. Inudnwredwcthcvucmtymdhemph&iymmn
with the matix,

then add the reinforcements with oil. When fully dlspelsed. add zine m

and stearic acid. We should note that if the silanc modilying agent was.

present in the formulation, it should be added dircetly to the silica in the

same second step to perform the msmmecmnopumm “The optimum

cure time (190) of the was by a Disc

(Beifing Huanfeng ChemicalMachinery Trial Plant, Beijing, China). The

compounds were vulcanized at 160 °C for (90 in a standard mold to form the

nanocomposites.

Table 1. The formalation of modificd slica flled STR componds.

N35 N15

18

3. Results and discussion

According to the results obtained in Figure 1, n can be seen that: The peaks
appearing in the wave numbers 3411 em? and 1100 were the main
characteristics of silica. And belongs 0 OH and Si-O-Si groups,
respectively. Poor peak for C-I1 bond tension around 12811 em* Approves
surface modification of silica with silane. Simultaneously decreasing the
peak intensity of the OH group and increasing the peak intensity related to
Si-0-Si tension in the modified sample confinms the surface ¢
reaction. Tn other words, the amount ol hydroxyl groups on the silica s
decreases after activation by $i69, thus destroying the hydrogen bonds on
the silica surface as much as possiblef4].

20 25
Angular Frequency(1/s)

Fig. 2. rying
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devialion, signifying (e formation of nanolayer elworks

relaxation spectra of samples can be clearly detected in Tig 4. The results i

slmtion e of e PCL-GO 0%, BOLIGO-CS 025%. axd BCLGOCS 05

S, are 1. system. This

S i Tobdby Nt by e ool g 118 rcron et

‘manoprticles md the matrix . 1t should be mentioned that the lower relasation tme of

the PCLIGO-CS 1%wt chain i |n comparison fo others is duc to the lubricatmg role of
i fucilt

shots and GO.CS mmolnid hwve » difRred ok on the pasocomposic
‘micrastretre and propertics.

Conclusion

This work aimed to investigate the effect of GO-CS nanohybrid as  nanofiller on the
theological properties of the PCL wnlrix. The GO-CS mmolybrid has a lubricant role
and motion limting the role. 1t was found that GO-CS is a candidate for enhancing the
processability of polyuer ntrices.
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Abstract

. To analyze the MR behavior of the
fabricated magnetic bio-sorbent with the weight percent of 10% was dispersed i
N-500 oil as carrier Nuid Rotation theomeler equipped with # magmetic field
gencrator was employed to determine the MR propectics.

ilts and Di

SEM images of raw and modified sawdust are shown in Fig. 1 It is obvious that
the surface of pristine sawdust is smooth and clear. After chemical modification a
layer of aggregale magnetic particles precipiiated on the surface of the sawdust.
This modification results a rough morphology on fthe surfac. Finally,
supethydrophobic surface was obtained by roughening and medifying with low
surface energy fluorosiloxane [3].

T onder to show the successful modification of sawdust surface with
CoFe,0,FAS the FTIR spectra of raw and modified sawdust are presented in
Fig. 2. By comparing. adsorption peaks were observed at 559 and 467 car? in
wodified spectra atinbuled 10 Fe-O bod which mdicate favored coating of
CoFe,0, The strang peaks at 935 and 818 cnr* conform the existence of CF and
CF, in medified sawdust. Also. the adsorption peak at 1219 cm' indicated C-F
stretching bond.

The variation of viscosity versus shear Tate for the prepared MR Nuids under
different magnetic ficlds is shown in Fig. 3. According to the results at low shear
rates the MR fluid shows a non-Newtonian behavior. Under magnetic field. MR
Muid exhibited Bingham- lke behovior. By mereasing magnetic stength,
viscosity mereased which is due to the formation of strong chain-like simicture of
magnetic particles along the direction of magnetic field [1]. The orientation of
MR fluid under magnetic field results the oil movement along the direction of
field. This property causes Lo better oil sorption of the prepmred magnelic
sawdust

Con: n

In the present study wigmetically superhydiophobic geen oil sorbent was
fabricated through precipitating of CoFe.0, magnefic nanoparticles on the
surface of sawdust and subsequent chemically modification with low surface
energy Muorosiloxane.

Sotbents. Materials. 12, 3432,2019.
3. Ma. M. imd THIL RM., Superhy
terface science, 11, 193-202 2006,

4. Kamear, A.. Hassanajj
et

M pdr
e

B ED
Wanenumbee ')

Fig 2. FT-IR spectraof the raw corn cob powder and modified powder.

[——

Fig3. The MR




Storage madulus against time, and v is the. crmcal s'hnr strain. Samples
mixed 10 min with hand and rested for 10 min then tested.

Results and Discussion
Tn order 1o investigate the printability of the material static shear strength has
been caleulated for 3 samples and have been shown in the Table 2.

‘the loss modulus and storage modulus of two samples with two different
activator molarmes ‘were measured and were depu:md against shear strain in
Tigure 1. Th strain v was obtained from the i
fitted line on storage modulus plot. mﬁulhnemthcmnmzloﬂnmar
elastic stage whereas the second line is fitted to the viscoelastic phase. The
critical shear sirain was approximatcly 0.03% for those two samples.
Figurel also shows that the storage modulus of AAM decreased with
increasing the molarity of the activator. The differences between cnitical
shear strain of other samples can be neglected Results show that by
increasing the molarity of activator to slag ratio, the storage and loss
modutus of the printed inorganic polymer is decreased. This is mainly
‘because of the interaction forees between particles which leads to formation
and cessation of 3D gel of C-S-H bonds inside the AAM. Table 3 shows the
increase in molarity of activator led o decrease the storage modulus of

samples. As the ritical shear strength in wo samples with diflerent molarity

was approximately the same, the static vield stress of high activator molarity
sample is lower than low activator sample. Addition of silica sand also
increased the storage modulus of the AAM to more than | order of
magnitude. The result of static yield stress was lower than the stress level ol
the printed layer which is caleulated through the pgh where p is 1800
Kgm3, g is 9.8m/s2 and h is 0.01 m print (1764 Pa > 1o« 0.597 Pa).
Although addition of silica sand increased the storage modulus to a
considerable amount, it 1s still lower than being sustamable to print.

Conclusion
Static yield siress was calculated as the main parameter of the material
‘prinability. Results show that by decreasing the molarity of the activator

Silica Sand

Storage Modulus.
Loss Modulus G

Je
100E02
100601 |
o001 001 01 1 1 100
Shear Strain (%)
—e—Storage Modulus M35 —e—Loss Modulus M35
e Storsge Modulus M85 —a—Loss Modulus MBS
Figue 1
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100803 |,
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©
5
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Fabrcation Tecluique )
vinylidene ide) (PVDI) (Kaynar 720 : S
250000 ¢ / 1 mol), DM, acetone and cellulose ZALS e Bl i

of 200-300 nm and a Mnrmwmmmmmmﬁm
4 "

- 4
- N

tages of CNC (0, 1, 3 mn.n%um«mvmm%&mm
i

MFfacetone atio of 50.50 was
CNCO CNC1 CNC3

“feed rate of | mh and a distance of Mean
ip (o the collector plate diameter(um) 0206 0250 0310
By Using abeload viscomeler, Intrinsic
viscosity  was olxamed. Mo Y lean d:ammr of

PVDI/CNC have been measured

Results and Discussion
Minimum concentration required for uniform [iber formation s 2- Fig 1. SEM images of nanofibers produced from solutions with a)
2.5 Ce. Also, considering that Ce — 10 C * and C* - 0.7/ [n] [3]. Diwi3eh) 2 NINEVDE

Intrinsic viscosity calculated from the extrapolation of the Kramer-
Iuggins equations obtained from abeload, which is equal to 0.79
dligr.  According 1o this resull, 23 wi% solution of
PVDIacetone/DMI” was obtained from uniform polymer fibers.
Also, with increasing PVDF, due to the increase of entanglement,

the diameter of the fibers increases (Fig. 1)[4]. Fig. 2 shows the
SEM images of clectrospun nanocomposites. The mean diameters
of fibers with different CNC content are measured and are
tabulated in Table I. By increasing CNC. the fiber diameter
increases up to 3 Wi%, but at § wi%, in addition to decreasing the

xr:'“‘dl:"?m"lgm’“” s also obscrved. InFig 3, it was obsorved b cpyy pniagey captured from PYDEIONG electrospan namocomposties with
v adding 1 wi% CNC, complex viscosity decreases and et giferen CNC contents with respect to PYDF weight: 2) 0 % CNC, b) 1 %, CNC ¢
by adding 3% CNC, increascs. Thercfore. viscosity cannot be 3% CNCand )5 % CNC.

responsible for the increase in diameter. The storage modulus was

shown in fig. 3. By addition CNCs up to 3 wi%, the storage

modulus increases at low frequencies and decreases at 5 wt% due

to agglomeration formation. Adding 1 wt% CNC may increase the

free volume, which facilitates movement and thus reduces

viscosity. Another possibility is that the long chains interacted with

the CNCs, which reduced the bulk visc The reason of

modulus increasing is formation of nanoparticles network [2].

Thercfore. it is possible that increasing the storage modulus in the

lower regions, because of the solid-like of the jet during the

electrospinning process, could be responsible for diameter increase. Fig 3. complex viscosity und storage modulus of samples with lhlhnnl CNC contents
Extensional viscosity of PVDF and | and 3 wt% PVDF/CNC

samples is shown in Figurc 4. By adding CNC. the Extensional

viscosily mereases and stram hardening ocours earlier,
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L Preparation of san

Pure PU sample wis md duw i,
mide (DME) as a solv W" i

polyether wrethane in dink
samples, at first moditied

AT
pure PU and twa differant sili
Ilcn mmpmmles concentral

An oscﬂlnwly hicomsrer as been nsed in meffen state of samples (185°C), The
h D.034 mm haight were applicd on

henmeler [4].

TV. Frequency sweep test of samples:

The same device in the last experience has been used [or fequency sweep: m’s ln

molren states. Lo study on the regiol

December

in all points of' 3 tests [47

1. FTTR unalysis of sumples:
In Fig L, FIIR peaks shows N-H bonds in the range of 3200-3500 em”, €=0 in
1600-18D0 o and C-O-C betwesn 1000-1300 e, Strciching Si-0-51 peaks
can be ahserved between IH10-1190 cm * in samples na.l and m.2. Around 850
cn” in sample 0.3 we have P-FF peaks to prove the presence of IL in PUsilica-
I

11, Viscosity amalysis of samples:
The Pawer-low (Fg. 1) and Cameau viscosity squations (T, 2) have been used o
fiml the viscosits behavior ol samples. All the samplis behave like pseudoplastic
tluid (Fig. 21 and viscoplastic fuid behavior not seen, so the Herschel-Bulkley
and other same cquations did not used [6.7]. The viscosity parumeters are report-
din Table |

. 4,
To= A Az, N
E M=
TIT. Frequency sweep test of samples:
“Tbe storage modulus of the samples versus frequency ace reported in Fig. 4. As i u
is obvious adding unmodificd silica info PL incrcass G at low frequencics
solid-like natwork structure amd Gller aggrogation. Bul adding IT. madified §|l|cn
i sume percent has reduced storage G in this region due  belier silicn
v ic madel.

2021, Tehran, Iran

. Hassaoaili S, E Masoudi E, Kar
yerhor il and polyesier
ivm G CO2CTIS s, Se

2018,330-

manapartiles for
ehioingy, 116, 2013,

le in plastics pro-
Media.

and applied the-

l=¥’i.=i’l=v’t=i’|.:y\}s

g
) :_W'f, {V'
V(Ww'

Fig R spectra of samples.
1.PU, 2. PUS

disper

“The Maxwell paramerors soported in Labic 2. For better caleulations we are able
10 use mare clements, s the modeling gors closer 1o better fitfing on experimental
datsr, but il wm be mare difTicull smd ime consuming.

Numaparticles und modifier have o negative eifect an functionality of viscosity
specilly in high sher raies, the Camean muodel is able (o s in namcomposiics.
The silica nanoparticles caused the viscosity shilied to high values, but the madi-
tied silica had invers cffect and urensificd the pscudoplastic behavior. [n low

Fig 2. Psendoplastic hehavior of samples

SrgubrFrza
Fig 4. Stovage moduln

s
compartsan




10
Time (min)
Fig 1 R of e SR SEIS bk

L As the amount of

resull, scorch safety is i el G ol e

As the SR content incroascs, the cure time (T90) of the blends decreascs.
Tncreasing the content of' SR increases the cure rate. ML L ||| jEorseerCuco
Increasing the content of SR increases the AM of blends. Since this min) (@Nm)  (@Nm)  (dNmimin)
difference is directly related to the cross-link density. increasing the SR 1
content increases the cross-link density of the blends. 135 | A18 935

‘There is a significant difference between the cure characteristics of SR and g 135 530 048
SLIS: 151 823 093
The same behavior was observed in the SR blend with EVA | 1] and the SR blend with 177
polyurethane rubber [4]. In those blends, increasing the content of SR reduced the [
scorch time and curing time. Also, increasing the content of SR increased the cure rate
and AM. It should be noted that the difference in solubility of the curing agent in
elastomers can cause significant differences in their curing speed and the amount of
their crosslinking [1]. In addition, it should be noted that the nature of cach polymer,
the encrgy of the chains and the type of chemical bonds in cach polymer, cause
differences in its cure charactenistics. But there are other reasons for the difference in
SR and SEBS cure characteristics. In the present study. the mixing temperature of the
samples with peroxide was set at 70°C. When polymers are mixed inside the internal
mixer, the friction caused by the polymer chains with each other as well as with the
wall of the internal mixer generates additional heat. The excess heat generated also
causes the lemperature of the polymer in the intemal mixer to be slightly higher than
the sct temperature. Fig 2 shows the changes in torque, middle zone temperature (sct
temperature) and mell lemperature of the palymer while mixing with peroxide (melt
temperature refers to the temperature of the polymer in the internal mixer). This
diagram is obtained from the Rheosens Lab Torque Rheometer, for BI. Mixing
diagrams of other samples follow a similar procedure.

Torque (dNm)

Temperature (C)

* mohammadi@qut.ac.ir
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yield stess uids such as carbopol microgel. this time scale is very small, and thus, A,

and A, decrcase monotonically 5 8t increascs. Recently, Radbakrishnan cu al, [15]
shawesd that the Miricity mudels and the snft glassy rhealogy model can reproduce such
Tysleresis Tuaps. Accurding L the simulation results, differsnt wndencies t furm shear
bands in simple and time-dependent vield suress (uids ducing the sweeps cause (0 two
ditfcrent form of dependence hystorcsis loop on swosp time, Simple yicld swcss Auid
oxhibit. the hamoyenous flaw response during the descending sweep in showr e,
followed by shear handing triggened by stress uvershoul in the ascending sweep. While in
time-dependant sield stress fluids. sheae banding fored during descending weeps. In
particular. Puista ot al[16] suggssted that a coupling between hystorosis measurcd fram
the lncal velaeily proils sand that measured from the glabal Now curve. | hey predicled o
monulinic decrense of the hysteresis luop areus Ac und Av with increasing sweep time 6L
for inelastic fuids. lowever for viscoelastic materials they demonstrated more
complicated dependonoss, in some cascs rosembling the bell-shaped plats, These
xperimental measurements and simubaion resulls b besn limited to the macroscnpic
measurements o u system and indivated that there is o characteristic tme scale in
ditTerent thixotropic thuids. Jaoli et al. | 17]|determined a characteristic hysteresis time in
atteactive volloidal suspensions bascd on the hysteresis arcas -,nleulatcd ot vhrcc
different length seales: from prrticle-lovel loal mher

tmicroscale). 1o the apnearance wf demity and veluity ﬂmmwns (mesoscale), -md up

xmber 2021, Tehran, Iran

2K (2019).
¢ Pross, New Yk,

3 X
-
1 Nuen, . Desgranges, N, Gajanis, G- Roy, Mars, 5. Honcher, H. Anguc
Mirtsa, It ). Therm. Sei. 47 113-111 ¢

120 Domrkr, Ho krirk, Inlmmku@ Joumal of Hew and Mass Trmstor
HI9,11113.2020)

r of ] I

- 2

-

v v
W o 1«

¥ig 1: Differcnt shapes of hysteresis loops 9]
s

2N
85

30 timm).

e -

10

10 the shear stress response 1 aa imposed Atall
the sharscteristic hysteresis tim become shorted upon increasing the sength o the inter
anicls atraction, and ulso the maximum hsteresis oo inereases due 1o the formation
af bunds. clusters and spamiing nelwurks belween purticles. Moreover. lhey suggested
that suspension with stronges actractions exhibic larger seasitivity 1o the histor of flow.
Ilysteresis in different systems
System with thermal behavior showed rate dependent hysteresis due (o the competition
berween the driving and the relaxation rates [13]. Nguyen <t al. [19] reported hyswercsis
phenamenon in A 1203-water and CuO water nanouids heyond # eritical 1eeperature
which the parlicle suspension properlies seem o be drstivally wliered. This critival
temperauce has beea found to be strongly dependeat on both particle size and
Demirkir et al [20] found that che graphens-water Alanoﬂum; wnh
concenlralivn and al higher lempenitures il
pronounced shear tinning behavior in descending sweep rather than ascmdmg ones. md
thws showed hyseresis.

1
s

¥ig 2: Flow curve of 1 2.5% wt. laponite suspension: descending sweep in 90
i f S s (black symbolsy.
ity profiles during the
deseending (black). ascending (red) sweeps. Area of the hystercsis laop s 2
functon of #t for (a) lupenit suspensions, (b) carbon bluck gt (e

Normalized data [11]
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medium, si mal\eouily. The reaction had been

completed in 24h, and finally, poly{styrenc-co-acrylic acid} latex was directly
achieved. f

s 5, Tk 718 T SO, mmmv
i 0 20t 7 spam kg oo
Sol-gel process Ao o kerg e, e A e A & IS 30 rgy v

Coating the functionalized PS particles with silica

PS/Si02 nanoparticles were: owmed
Results and discussion
FE-SEM and TEM images of synth

PS cores are shawn in fig.1 with a mulmmrahoutsm nm,

Flow curve. -

In fig2 as can be seen, in all samples in the volume fraction of about ¢ =
2%, almost quasi-Newton behavior can be seen. Only in m-am nl W<
Pa <107, due fa some weak in the system,
observed in the diagrams. It is noteworthy that this amount of deflection
increased in the quite rough sample, and also the flow curve shows a platau
at higher Pe. This behavier can be aliribuled to the presence of surface
roughness resulting in more frictional cantacts and more particles colliding
with each other. On the other hand, in the volume fraction of @ = 34% in all
samples, we see shear thinning in almost the entire range of Pe. Here it can be
said that increasing the percontage of rough partides has somewhat
increased the viscasily of the system. In fact, in this percentage combinatian,
with an increasing the percentage of rough parficles in the system, the
resufting structures become more robust, and this causes that by increasing
the shear rate on the suspension, the structures are broken, and the shear
thinning is somehow occur stronger in the system. In other words, in this case,
it can be said Lhal Lhe hydrodynamic forces avercame the Brownian farces as
well as the existing structures, leading fa the armngement of particle [4]. On
the other hand, fragile shear thickening behavior can be abserved in 8/2 and
quite rough samples. Therefore, it can be said that the presence of a high
percentage of roughness in the system, leads to an increase in frictional
contacls and thus increase energy loss in the system and consequently
increase the viscosity in the system [S][6]. As can be seen, the campletely
rough sample has a higher intensity of shear thickening, and its viscosity
increases at lower values of Pe than the 8/2 sample. However, this behavior is
fragile in both samples. In the volume fraction of ¢ = 49% in all samples, at
low Pe numbers, shear thinning behavior accurs withoul any constant
viscosity at a low shear rate. However, with increasing the roughness
percentage, from the sample 5/5-0.43 and above. the shear thickening
behavior is seen. This behavior becomes more visible and intensified by
increasing the percentage of raugh particles. In fact, as the percentage of
roughness increases, the hydroclusters created by the particles, as a result of
their solid-salid frictional contacts and the roughness of the surface particle,
locking together and loss more of the shear stress in the system. It moves and
thus further increases the viscosity of the system |7].

Allhaugh the shear thickening behavior also had be scen in samples Fig. 2. Relative viscesizy curve 3s 3 *uncticn of Paciet numbar for
ntaining a higher percentage of smooth particles, such as sample 5/5, this sarmples af smuoth, b) B0/20; <) 50/50, ) 20/80, and <) rougl
behavmr can be mare attriouted ta hydrodynamic forces in the system.

FIg. 3.3, bj ESHA G, d) 1EM mages af Images of synthesized
nanoparticles, The scale bar is equal to 200 nm in all nanographs.
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makes the
networks in slecirical and
mlmn‘mmu:u&mdn m

the polymer

Tn this
comprising MWC) mggy ‘physicallyy mixed und chemically nma
iprehcs

olation feasible a5 a result of the conductive

ive insight of pnicles”

watsix in s sudy.

polymeric

(DAY modificd MWCNT (NC7001 DI

their physically mied hybrids are obtained hy “ihe solion castng method.

i biainid by soiching MWCN TS ends 1o
wiaphenes’ sdges via elhylene danive Uough o nndea substtution reaction.

Nanocomposites samples nomenclature is peesented in tab]

The AC conductivify measurements arc danc by an Auphb PGSTATINN apparaus,

and the namacomposics” rheological m-mx s testad by an Antan Pasr Rheometer

MCR 302. ‘The values of Uhe real part of AC conductivity ‘shear wodulus al the

lowest fequeacs (L xu ad 0007 m for ac conductivity aud siorage modulus.

swdics.

Results and Discussion
Fignre 1 shows the FE-SEM images ofmn pnquuy incomorured and chemically

anocomposite
vol. 37, 0. 24, pp. 9045-055,
(0] A Mosemian, and I Mmzm\m “Epoxy
compositcs with carbon nanotubes and graphene nanaplatccts - Dispersion and
synergy cffec , vol, 7%, . 268278, 2014,

141 M. Yooncsss and J. R Ganer, “Highty Conduciove Multilimctionl Graphene

7 ACS N 0.
Pulymbaugmummnm ACS Nano, “'L.‘..“-‘i.‘i..‘.i'.”..’cﬂ‘ 7220, Dec. 201

n..mmy, Macromolecu
L. Yue, G. Pi

Type of hybrid’s

suiched hybrids of MWCN A
s evideu, in e case of In the pl.,wmy.nm Liybid, Graplieaes are distiet from
MWCNT' bulk. and i is manifest that there is no junction amongst them (Fig. 1a).
Howeyer, in fhe cass of chemically sriched hybrid, a4 wnified stemre of
MWOCNT@eraphene, where MWCNTS accompany the  standing  graphenc, s
visible(Fi. 1b). Ihe unified and hierarctiical stnucture of nanopaructes in chewically
stitched hybrid causes an excellent dispersion i their nanocomposite. so in all pans of
the image, MWCNTs and graphencs are prosent simuliancously, while i the
nanocomposite af physically mixcd mumopariclcs, MWCNTs are accurmikied in the
ceniral part o e e,
In continuation, e elextrical aud dheological percolation is investizated. Tig2 a aud b
il i alis OTIS 6ol o clecica w5 asar s o
the Tawest frequency of experiment versus weight fracrion of the graphitic content of
nanoparticles. The values of percolation threshald und critical exponent also are
presented w fipures 2. ¢ and d, respectively. Lirst of all, the trend for percolatvn
Ureshold is ideatical jn 5 and G, however. the values of the rheological percolation
threshold arc greater than the cloctrical percolation thrcshold, which is relaed to the
facr thar canstmicrion of a conducrive parh necds. pumchs with ubant onc-nanamerer
distance Tor electron womeling while theologically Lo carrier paih nowds abou. SU
g pariio’ distanee; Sched il i ¥t T O pAlymGr e Alsc
as is cvidont for both 5° and G, the percolation threshold of the C-» is Tower than the
Gex, indicating a higher capabiliry of MWONTs for making conductive parways,
Adding a minor part of i inhomogencons namoparticle wmd fabrication of hybrid
suwples can significantly decline e percolation threshold, auributed 10 te
improvement i dispersion state. Contrary (0 TIC-». the percolation threshold of CTIC-x
x. which originates from the fact that MWCNTS arc artachsd fo the
amaphenc sheets, and they st ss selective chisters, which hindersd their random
distnbution.|3|
Acconding 10 figures 2. ¢ and d. the tead for the critical exponent in elecuical aud
rhealagical percolation is entirely identical. Similar to the percolation threshold, valucs
of critical expanent for rheolngical percolarion are less than clecrrical percolation, This
unustal owcoine is related o the polystyrene micradomams of SLUS, which 1t a3
ceinfurcing aaterial, conlributiug nanoparlicles i establishiug e load carries uetwork,
So. the role of nanoparticles in creating the load carrier network weakens. and critical
exponent decreasss.

Physically incorporated

HCx Physically incorporated

CuCx Chewically stitchod

| \
| 3

Fig3. Rheolagical (a) and elcetrical
(b) percotation ehayior of diverse
nanocomposites und
corvesponding litting pavameters
in rheological {c) and electrical (0)
percalation theary.

FE-SEM images of )

stitched hybrid of
MWCNT and Graphene, ¢) HC-5,
and d) CHC-S.
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terminal behavior with scaling properties of approximately

@ which exhibited a shoulder a1 the storage modulus which can be
attributed to the contribution of the interface to the blend clasticity and the
shape relaxation of the PU droplets in the PLA matrix [1]. It can be seen
that the addition of 2 wi% nanoparticles sharply cohanced the low-
frequency modulus and the slope of the 6 curve considerably decreased
(nonterminal behavior). At low NP contents and low frequencies, the
sample behavior is controlled by the particle-induced changes in polymer
chain dynamics. Thus, the large-scale polymer relaxations in the
nanocomposites will be efficiently restrained at the presence of the NPs
which prevented the viscous flow of molecular chains and also enhanced
the clastic response. This indicates a fvorable interaction between
nanoparticles and PLA matrix. Furthermore. in polymer blends, the
clasticity of the interface contributed 10 the overall clasticity al low
frequencies. According to SIM images, the decrease of droplet size and
improved interface upon NPs introduction enhanced the modulus.
However, al nanosilica loadings of § wi% and higher, the low-frequency
storage modulus was considerably enhanced and became almost
independent of frequency (a plateau is observed). This is indicative of
solid-like viscoelastic behavior implying that the nanosilica has formed a
percolated network which spanned the sample and restrained the long-
range motion of polymer chains. Besides, the compatibilization eflect of
nanoparticles induced high interfacial area which increased dynamic
moduli at low frequencies. Al high frequencies, storage modulus was also
enhanced suggesting short-range dynamics of polymer chains is restricted

Fig6

‘nanoparticles

FLAPU blends with and without nanoparticies

Iy
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mr.‘mm
 ipm and the nanoce
ﬂnumnsgo.as nna—m-u

loumomlll.lndlcmnlld aMwInr It should be noted that the unfavorable
h surface in the printed sample, and also
lhopvlalln.o(lnocm'l anwh--numc-mlouuxm nozzle blockage, The

the percentage of CNT nanopaticles in these samples, the stornge modulus is
affected. However, this increase in the storage modulus of the hyb1: 1
sample is about one-third of the CNT1.S sample, which is an advantage for 3D printing
applications. Then, due to the existence of the extensional flow field in the convergent
part of the nozzle and & more detailed study of the printing process, the elongation
viscosity behavior was investigated[3]. The results of this test show the strain
hardening behavior for all samples, which indicates the resistance of the elastic
‘behavior of the material to extension, strain
1% observed in the CNT1. 5 sample, which is
of printing process in this sample. On the other hand, with increasing printing speed,
this behavior occurs quicker and with more slope, which leads to undesirable printing
and rough surface (figure 3).
Conclusion
Rheology provides a powerful tool to evaluate the nanoparticle dispersion
state through a polymeric matrix. In “IIS study, in order to evaluate the three-
i network  of a frequency sweep test was
performed. No significant amount of storage modulus and time-independent
behavior was observed. Also, the results of elongation viscosity test in this
regard showed the strain hardening behavior; which was the maximum
value in CNT1.5 sample and proves the non-printability of this sample.

N Y)., vol. 62, no. 6,

[

Figurel. FESEM

qnmmcm‘mnﬂmmnm—m
contacting 0.75% CB and 0.75% CNT

Figure3. elongation viscosity versus time at two different extension
rate

»

*goharpey(@aut.ac.ir
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whishire

Pentaerythritoltetra Mm (PETMP) a5 crosslinking agent was
Whnmmm.wh]&mmeA
nmﬂﬂmm , Germany. All the other chemicals were analytical
reagent grades and were used WM
Tommmmm-mmuwummumdmnm
PETMP mol
5 minutes, Amrvmt the stoichiometry amount «wnrnnammm
tohonmmrlnimnuuﬂuum'l\bl-l ‘Then diluted DPA in toluene was
added to the container 1o accelerate TAMApolymerization procedure mounting 0.1 %
mole of RM257,

Results & Discussion

A rtheometer (Anton Paar, Physica MCR 300) was used for all rheology data cone and
plate geometry. After adding the PETMP storage and loss moduli as a function of time
‘were obtained under oscillation with a strain of 3% and the frequency or 2 Hz for 1 h.
As expected (Fig. 1(n)) the O curves for all three specimens is lower than the G
curves, indicating that no cross-links have not been formed in 60 minutes. By setting
the aliphatic spacer next to the cross-linker, intensification (increase of slope) of the
curves was observed, which indicates the special structure. Also, all

of sumples six samples (two samples from cach one) subjected to 100% and 2009
strain ilhlm‘dnlﬂl mm/lw-nlod.'nwuwluwmhnﬂludwmm
during for 7 minutes, Then th
illustrating the RSC feature, was ukullhd by Eqn. (1) given tin Tab.2.
Fixity (%) = —L=L x 100
Fappuied

Fixity smounts showed that all samples have RSC property and increase in strain led
to increase in fixity amount extension reoriented mesogenic
segments more efficiently. But the fixity amount for LCE; revealed that this sample
could completely retain shape memory. For more precision the strain failure amounts
were plotted vs PETMP extent. Fig. 1(b) showed that LCE, possessed the highest
amount of strain failure and also the tand graph for LCE, confirmed that this failure
has taken place at Ty, The samples at the £=100%6 were selected for DMA test (DMA-
“Triton, Model, Trlln 2000 DMA, England) with heating ramp of 3 “C/min ranging
from -60 °C 10 120 °C. It can be concluded from Fig 1 (c, d) that tand graph had two
extremums points belonging to Tg and Tni. Also by increasing the PETMP extent, the
crosslinking density was increased leading to obtain higher Tg and Tni,

Yu-u.nl Tn-nﬂ‘ Y--wl't

Fig 1. @) Storage und loss moduli of LCE samples, b) strain failure vs
temperature for LCEy, ¢) indication of Tg and (4) Tl for LCE samples
by DMTA test

*phdzahedi@ut.ac.ir
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c-caprolactane. stannous 0ctoate
wrimol, dichloromethane were pus
chised

the
used 1s a catalyst For cxample, to synthesize the PCT
005C. nmpmd by Bac ctal.!

cmnwmmdasaedhluscmﬁx&mﬁngcxcvyhimnﬂ
sulphuric acid. 5 er
45 minutes. hehydmlymdmﬂm w,m.mhdh mu«mmdm
with excess deionied water ta stop the reaction. Then centriluged many times.
uniil the solution became stable. The solution was poured into a dialysis bag
and the water constanily changed until it reached a neutral pl1. Tn the nex step,
the resulting solution is frecre-dried 10 oblain solid CNCs. The manocomposiles
were preparcd in two sieps: Tn (he first siep different of CNCs

37]5 2019,

. *rﬂnm.&w & Jeons,
5260-5 20

nﬁk Macromolecules, 10, 3697-

Vidyasagar, A., Ku, §. T1,, Kim,

.. & Kokkoli, ., ACS Macro 1.
Bersch,

- G, Til sohcr P&
mafms u | 3K5TH-38555, 2019,

mm,Aa,,m.mu Sanati-Nezbad. A Hejazi, . H. &
Sundarasaj.

and  Surfaces A: Physicochemical and

dispersed in deionized water with the help of an ultrasonic homogenizer (4
, 20 KHz). In the sccond step copolymers were dissalved in the CNC calloids
o form nanocomposites.

Results and Discussion
The struetures of the PCL-PEG-PCL block copolymers were confirmed using
TH-NMR analysis. According t Figure 1. the two characteristic peaks at 4.07
423 ppm which related to PCL block formation are resolved in the NMR
spectrun. The average muleeular weight of PCL black segments can be
R 1 dhviiig o s o e i Mo 2 I T e O 05
peak locaied at 4,072 By preparing a sample of 30% by weight of polymer mnd
two different 1% and 3% by weight of CNC. it was observed that at 25 * C.
1% by weight sample of CNC, called TCI. flows during the fube-invericd test
time (30 scconds) and docs not shaw drastic behavior change with temperaturc.
and docs not gel in the body temperarure range. 3% by weight sample of CNC.
called 1C3, according to figurc 2 flows at 25 * C during the cest period. but
unlike TCL. it does not fow in the body temperature range during the test
period and shows a gel state. Rheological tests were conducted using an Anton
Paar MCR-302 sheomeler with cone and plale geometry with 4 25 mm
diameter, a conc angle of about | . The dynamic moduli versus angular
frequency i ilusirated in Figure 3 10 observe 31 structures and their chinge by
changing the CNC percentage. Tor TCI prosence of a thres-dimensional
structure at low frequencics with the passage of G' from G " as well as the
deviation from terminal behavior of G at low froquencics can be detected.* But
for 1€3 2 G & G cross-over in the hiph frequencics was obscrved. In the low
Irequencics both G and G show non-terminal bebaviors that indicatcs the 3D
neework Lormation in the high percentage of CNC.

R

7

IROR SR IRES
I

Figure L. (a) Sol state of 1C3 at 25'C, (b) Gel state at zv'c., (©)'H-

NMR graph of PCL-PEG-PCL triblocl

Dynamic Moduli (Pa)

a
N

G ICy
GICs
@ Tcl
aTCl

1 "
Angular Frequency (radis)

Figure 3. Frequency sweep of TC3 and TC1
sample at a constant strain 1% and 25'C.




was |
1o make sure on the of dispersion of graphene, it was then

range of ( ‘The storage.
amplitude for PYDF-HFP/PEO blend, Gel
and FGNP a5 shown in Fig |

. The lincar-nonlinear
ion of the mummwwmmnmumwhumduael,cd-ow
(1),nndOel—FGNP(n15)uwmpmdvnm

IL in the Gel

effect of IL, and b) decreasi 'mmul nsity. It sh
ion of modulus, which happens by these two phenomena, are in competition with
improvement causes by gelation lmemmn'ﬂwx.ﬂnunmuydhmml»

fer the critical irmin. Also, this tramsiton in the FGNP containing nanocomposites
at lower ains in comparison with pridine nanoplatles. Such an observaton

d 1o the

e 5 T

Inslic linkages in the 3D of d
in the functionalized nanoplatelets. Additionally, storage modulus exhibited a rapid
ine in the Gel-FGNP(0.75) implying more robust 3D network structures when FGNPs
used inflead of GNPs. Therefore, more linear theological asscssments were conducted
ithin the linear viscoelastic region (at 0.5% amplitude).
v, inFig2
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ly Th i as well as other

eters, exhibited a drasti i ion of IL, GNP, and FGNP
awi Jectrolyte. The hi icncy (5.30%)

inGel-FGNP(0.75), The
ration of FGNP declined the DSSC performance due to the lowered ionic transport and
anced crystallinity.
the designed DSSCs were fabricated and tested at consislent temperatures and device
nts, the enhancement in JSC could not be assigned to the thermal aceeleration of
ons in the GPE or the different photoande properties. Impravement in the dye regencra-
ion kinctics s under the influcnce of the ion diffusion and charge transport cficicncics
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Fig 2. J-V curves of graphene-functionalized DSSCs




A-10-348-1

robcmmgmmmsmnmmmmm

Experimental
Poly(vinyl alcohol) (PVA) was pu igma Aldrich (99 mol%
hydrolyzed, M = 13000 g). Gmphmmdemhldﬂsﬂl -7 nm thickness) was.

T, wilh « purity of 99.5% and 6-10

grimol was obiined from Merck.
cqual to 1.2:1) was purchasc

from Signia Aldrich. Grafting of PEG on GO was done following (he procedures
reported in our previous vork |3|.
PVA powder was added into deionized water to preparc 4 solution under stiming at
80 °C for | b Afier the PVA solufion was cooled down (o room temperature, S ml
GO dispersion (5 myml)mnddademlWAmm.Aqmu
willh wo different PVA weight ratios lo GO was prepared: ameunmion\epr
a5 0.4 W% in the dispersions prepared with PVA:GO = 2:1 and 115, corresponding.
1o 0.80 and 0.08 wt.% PVA in the dispersions, respectively. Both dispersions kept
under magnetic stirring for another 1 h, Tt is worth mentioning that hydrogel is not.
formed when PVA contents is less than or equal 1o 0.05 wi.% in the dispersions.
Next, lvn%svlunnnvfmalgmmuddudmﬂphofﬂwdmsmsmnbﬁm
aPVAGO/sodium ng. Atlast, each di
{5 mchted 4 5 % S pmeomns scbston il calobm el o prepare sl
We measured G' and G" wilh respect Lo frequency al constant shear (yv=10%) (o
carroborate the SAQS-induced gelation. Fig. 1 shows a typical storage modulus (G)
and loss modulus (G") of hydrogels with 0.8 wt.% and 0.0¥ wt.% PVA. These
measurements have been dane by 4 conventional frequency sweep from 101 radis
to 100 rad’s in the rotational rheometer with parallel plate geometry with a gap size
of 1.0 mm and a plate diameler of SO mm,

Results and Discussion

According 1o the FTIR spectra of GO and GO-g-PEG presented in Fig, 2, the
characteristic peak of C=0 bond was movad to 1731 cm’ which indicates the
presence of ester groups. This peak proves fhe successful grafling of PEG an GO

surface.
Regarding the formation of the double network hydrogel. it is clear that PVA chains
are concentrated araund GO nanaparticles, which are grafied 1o PEG long chains. As
solution is put under SAOS flow, the PVA chains create physical
enlanglements, and finally, they form Tesides, sodi it
calcium chloride have already produced ionic bonds. The creation of physical
entanglements coupled with fonic bonds Ieads to the formation of hydrogel
nanocomposile. As shown in Fig. |, G' and G" al first had some Mucwations until
they reach a plarean. Moreav: s always higher than G" ar all frequencies
mentioned in this study. These findings suggest thar SAOS may impact the gel
structure. 1f this is the case, irditional frequency sweep dynamic moduli cannot be
used 1o measure (he structural proerties of Tydrogels.

wg:ol.zwz
al, 295: p. 159-157 2019, :
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") of hydrogels with 0.8 wt.%

Time evolutios ') nnd
PVA (black) and 0.08 wet% PYA (red) at @-1 rad's.
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