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ANEXO 1: Especificaciones técnicas de equipos

Tabla 1.1 Especificaciones técnicas de agitador magnético

Nombre del equipo

Agitador Magnético

Marca Fisatom
Modelo 752A
Didametro de placa 14 cm
Capacidad 41
Potencia del motor de induccién 0w
Potencia de calentamiento en la placa de 650 W

aluminio

Rango de velocidades

120 RPM a 1800 RPM

Rango de temperaturas

50 °a360°

Voltaje nominal

230 VAC — 60 Hz

Tabla 1.2 Especificaciones técnicas de analizador de humedad / balanza analitica

Nombre del equipo

Analizador de humedad/Balanza

electrénica
Marca Metler - Toledo

Diametro del plato portamuestras 90 mm
Peso minimo de la muestra 0,59
Peso maximo de la muestra 54 g
Precision de indicacion de balanza 1mg

Precision de indicaciéon de resultado 0,01 %

Voltaje nominal 240 VAC — 60 Hz
Corriente nominal 1,0A

Tabla 1.3 Especificaciones técnicas de centrifuga de alta velocidad

Nombre del equipo

Centrifuga de alta velocidad

Marca Benchtop
Modelo XZ20T
Velocidad méxima 20 000 RPM
Fuerza centrifuga relativa maxima 27 800 x g
Capacidad maxima 6 x 50 ml
Rango del temporizador 0—99 min
Potencia del motor 370 W
Voltaje nominal 220 VAC — 50 Hz
Corriente nominal 5A

Dimensiones

390 x 330 x 320 mm
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Tabla 1.4 Especificaciones técnicas de homogeneizador ultrasénico

Nombre del equipo Homogeneizador Ultrasénico
Modelo UIP200Ht
Eficiencia 90 % como minimo
Frecuencia de trabajo 26 kHz
Rango de control 1kHz
Voltaje nominal 240 VAC — 50 Hz
Potencia 200 W

Tabla 1.5 Especificaciones técnicas de incubadora

Nombre del equipo Incubadora
Marca Isotherm
Modelo IFA—-54-8
Rango de temperaturas 32°C-100°C

Voltaje y Potencia maxima

220 — 240 VAC, 50/60 Hz. 1097 W

Dimensiones

620 mm x 530 mm x 840 mm
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ANNEXES
{Mandatory Information)

Al. TOE COMPENSATION

ALl Inatypical stress-strain curve (Fig. AL 1 there is atoe  region, AC, which does not represent a property of the material.
It is an antifact caused by a takeup of slack, and alipnment or
seating of the specimen. In order to obtain correct values of
such parameters as modulus, strain, and offset yield point, this
artifact must be compensated for to give the comected zero
point on the strain or extension axis.

AlLZ In the case of o material exhibiting a region of
Hookean (linear) behavior (Fig. AL 1L a contimuation of the
linear (CI? ) region of the curve s constructed through the
rero-stress axis. This intersection (B) is the corrected zero-
strain point from which all extensions or strains muost be
measured. including the vield offset (BE), if applicable. The
elastic modulus can be determined by dividing the stress at any
point along the line CI (or its extension) by the strain at the
same point (measured from point B, defined as weno-strain).

Btreas

AL3 In the case of a material that does not exhibit any
linear region (Fig. A 1.2}, the same kind of toe cormection of the
Fero-sirain point can be made by constructing a angent 1o the
maximum slope at the inflection point (H7). This is extended to
intersect the strain axis at point &, the comrected zero-strain
point. Using point B as rero strain, the stress at any point (G
om the curve can be divided by the strain at that point to obtain
a secant modulus (slope of line B 7). For those materials with

4 B ¥ Serain n linear region, any attempé to wse the tangent through the
Mots |—Some chart recorders plot the mirror image of this graph. inflaction point as a basis for determination of an offset yield
AIG. A1.1 Matertal with Hookaan Reglon point can result in unacceptable error.

Copyright by AST lat'l {all rights resereed), Tha Oz 24 18:373.58 EDT 1013 I
Dewabiadad fpeimnied by
Pontifica Liniversidsd Caolees &1 Peru pursusal 1o Licease Agrecmenl. MNa forther repeoductasn aotonmd

Figura 2.1 Norma ASTM D882, pagina 9. Especificaciones para la correccion del calculo del
modulo elastico por desalineamiento inicial.
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& B Scraln
Mot | —Some chan recorders plot the mirmor image of this graph.
FIG. A1.2 Material with Mo Hookean Reglon

AL DETERMINATION OF TENSILE ENERCY TO BREAK

A2l Tensile energy to break (TER) is defined by the area  scale on some chart paper is not in round-number dimensions.
under the siress-sirain carve, of Moreover, if the curve coordinates are in terms of force and
. extension instead of stress and strain, the calculated energy,
TR I:’Sd.: (azn) comesponding to the measwred area, must be divided by the

where § is the siress at any strain, &, and or is the strain al  product of gape length, specimen width, and mean caliper:
rupture. The value is in wnits of energy per unit volume of the

specimen’s initial gage region. TER is most conveniently and {curve area) { farce per unit chart scale) (A1.5)
accurately measured with a tension tester equipped with an - {exiension per unit chert travel |
integrator. The calculation is then: T = e caliper] (specimen width] | gaps =ng]
. o A
TER={IK) (A3} A3 For example, if the area under a force-extension curve
{fiull =cale load) [chart speed) | crosshead spesdichant spesd) is 60 000 mm”, the load coordinate is 2.0 Mjmm of chart scale,
| mean caliper] [specimen width] [ gage lengih] the extension coordinate is 0.25 mm of extension per mm of

where I is the integrator count reading and K is the  chan travel, and the specimen dimensions are 0.1 mm caliper,
maximum possible count per unit time for a constant full scale 15 mm width and 100 mm gage length, then the calculation for
Ioad. This whole calculation is typically done elecironically.  tensile energy to break is:

The results are best expressed in megajoules cubic metre . - . .
s AP & per . (60 000 mm®) (2.0 Nfmm) (025 % 10 mimm)

{or inch-pounds-force per cubic inch). TER BT 10 Tm] {155 10 Y] {100 16-"m]

A22 Without an integrator, the area under the recorded (AZ.4)
siress-strain curve can be measured by planimeter, counting .
squares, of weighing the cut-out curve. These techniques are TER = 200 Mlim

time-conswming and likely to be less accurate, since the load

Conpryright by ASTM lar] {all ghts seserved i, Tha Ot 24 14:33:58 EOT 2013 10
Duowaliadaiprintsd by ’
Pontilices Lniversidasd Caalees 42l Pera pursusnl io License A Ma lusther reperod athonired

Figura 2.2 Norma ASTM D882, pagina 10. Especificaciones para el calculo de la tenacidad.
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often introduce thermal effects because of friction or
orientation. or hoth, and thereby change the thermal history of
the specimen.

8.2 Molded or Pelleted Specimens—Cut the specimens with
a microtome, razor blade, hypodermic punch, paper punch, or
cork borer (Size Mo. 2 or 3) or other appropriate means to
appropriate size, in thickness or diameter and length that will
best fit the specimen containers as in 7.1.5 and will approxi-
mately meet the desired weight in the subsequent procedure.

8.3 Film or Sheet Specimens—For films thicker than 40 pm,
seg 8.2, For thinner films, cut slivers to fit in the specimen
capsules or punch disks. if the circular specimen capsules are
used.

8.4 Use any shape or form listed in 8.1 - £.3 except when
conducting referse tests that shall be performed on films as
specified in B3

%, Calibration

9.1 The purge gas shall be used during calibration.

0.2 Calitrate the DSC temperature signal using Practice
E%T and the same heating rate to be used in this test method
preferably 10°C/min or 20°C/min (see Note 5). (See Saction 10
for details.)

0.3 Calibrate the DSC heat flow signal using Practice E968
and the same heating rate as in 9.2 (see Mote 5).

0.4 Some instruments allow for the temperature and heat
fiow calibration to be performed simultaneously. In such cases,
use the same heating rate for this method and follow the
manufacturer’s instruction. Report the heating rate. (See
12.1.3)

Mome 5—Use of other heating rales is permitisd. However, test resulis

are affecied by the heating rate. It is the responsibility of the wser of ather
mies o demonstrale squivelency to this test method.

10. Procedure

10.1 For First-Qrder Transiion (melting ard crystallizg-
lion):

10.1.1 The purge gas shall be used during testing. The flow
rate of the gas shall be the same as used in the calibration (9.1).

10.12 Use a specimen mass appropriate for the material to
be tested. In most cases a 5-mg specimen mass is satisfactory.
Avoid overloading. Weigh the specimen to an accuracy of = 10
ue.

10.1.2.1 Intimate thermal contact between the pan and
specimen is essential for reproducible results. Crimp a metal
cover against the pan with the sample sandwiched in between
to ensure good heat tramsfer. Take care to ensure flat pan
bottoms.

10.13 Perform and record a preliminary thermal cycle by
heating the sample at the same rate used for testing from at
least 50°C below to 30°C above the melting temperature to
erase previous thermal history.

10.1.4 When the effect of annealing is studied, selection of
temperature and time are critical. Minimize the time of
exposure to high temperature to avoid sublimation or decom-
position. In some cases it is possible that the preliminary
thermal cycle will interfere with the transition of interest

Copryright by ASTR lar (all rights ressrved ), Sus Mov I 150033 EST 2004
Dheswnbonsderd fpeimisd by
Fonlilicz Universidsd Caabes &2l Peru purssal o Licese Ag

N festher

cansing an incomrect Wansition or eliminating a transition.
‘Where it has been shown that this effect is present, omit the
preliminary thermal cycle.

10.1.5 Hold the temperature for 5 min (10.1.3).

Mom f—In cases that high-tempemture annealing camse polymer
degmdation, the wse of shorer annealing times is permitied bt shall be

reporied.

10.1.6 Cool to at least 50°C below the peak crystallization
temperature using the same rate that was used for heating and
record the cooling curve.

10.1.7 Hold the temperature for 5 min.

10.1.8 Repeat heating at the same rate used in 10.13
{10 min or 20°C/min) and record the heating curve. Use this
curve to calculate the enthalpies of transition.

10.1.9 Measure the temperatures for the desired poinis on
the curves: T Tome Topn o Toin T and T (see Fig. 1)1
Report two T__'s or T_'s if observed.

10.1L.10 In case of dﬁp.lh: determinge T, and T, at a heating
rate of 10°Cimin

crystallization peak temperature, "C. and
crysiallization extrapolated end temperature, “C.

Mom 7—The achml t=mpemume displayed on the empemme oxis
depends wpon the insirumeni type (for example, spscimen d=mpersture,
program iempemive, or specimen-program femperstures sverage L Fallow
any moommended procedures or guidelines of the instrument manafac-
turer i obixin specimen t=mperatune ol the point of interest

10.2 For Glass Transition:

10.2.1 The purge gas shall be used during testing. The flow
rate of the gas shall be the same as used in the calibration (9.1).

10.2.2 Use a specimen mass appropriate for the material to
be tested. In most cases. o 10-mg specimen mass is satisfactory.
‘Weigh the specimen to an accuracy of = 10 pg.

10.2.3 Perform and record a preliminary thermal cycle by
heating the sample at a rate of 20°C/min from at least 50°C
below to 30°C above the melting temperature to erase previous
thermal history.

10.2.4 Hold the temperature for 5 min. (See Note 6.)

10.2.5 Cuench cool to at least 50°C below the tramsition
temperature of interest

10.2.6 Hold the temperature for 5 min.

10.2.7 Repeat heating at a rate of 20°C/min, and record the
heating curve until all desired transitions have been completed.
(See Note 5.)

10.2.8 The glass transition is more pronounced at faster
heating rates. A heating rate of 20°Cimin is the preferred
heating rate for T measurements. The instrument shall be
calibrated at the same heating rate used for testing. If both firs-
and second-order transitions (T, and T, respectively) are to be
determined in the same run, use the same heating rate as used
in 10.1.# for both transitions and determine resulis from the
second heating step (10.1.8). Report the heating rate. (See

12.1.3)

where:

T.m = melting extrapolated onset temperature, °C,

]"qh = melting extrapolated end termperature, “C,

Tom = melting peak jemperature.” C,

ﬂ = crystallization extrapolated onset temperature, °C,

S

Mom BT, obtained using Procedure 10,1 will be differsnt from T,

anthoriesd

Figura 3.1 Norma ASTM D 3418, pagina 3. Procedimiento y recomendaciones para la
ejecucion del ensayo de calorimetria diferencial de barrido.
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must be reporied & desoribed in 12135,
1029 In case of dispute determine T, at a heating rate of
207 min. )
10.2.10 Measure temperatures T, Tmﬁ. and T‘ﬁ: (see Fig.

where

T = extrapolated onset temperature, °C,
1o, = midpoint temperature. °C, and

T‘ﬁ: = extrapolated end tempemture, *C.

A new baseline will likely be established after the transition.
rather than a peak {see Note %). For most applications. the T,
temperature is more meaningful. In those cases, designate T,
as the glass transition lemperatre (T,) in place of the extrapo-
lated onset for the glass transition curve.

Mot 9—Stres relaxation peaks, caused by annealing. that sppear in
some polymers above the glass tansition sre normally efiminstsd by the
prefiminery thermal cycle and & new baseline will be established afier the
trunsition.

11. Calculation for Heat of Fusion and Crystallization
11.1 Construct a baseling by connecting the two points at

which the melting endotherm or freezing exotherm deviate

from the relatively straight baseline, caused by a signal that is

Capyright by ASTM la1 (ll fights ressrvad), Sus Mev T ISOLISEST 2004
Duwnlinaded frinisd by
Fuontifices Universidsd Caelacs 41 Pens pursst 1 Licsese Ags Mot fusther
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FiG. 1 Arst-Order Transition of Nylon
messured using procedures 10.23 - 10.1.7. Therefore, the healing mte proportional to the difference in heat flow between the refer-

ence and specimen capsules (Fig. 3 and Fig. 4).

11.2 The method described in 11.1 is not applicable for
certain materials. In such cases, other graphical means must be
developed for enclosing the peak areas as agreed upon bebween
the manufacturer and the purchaser (4-8).

11.3 Integrate the area under the fusion heat Aow endotherm
or crystallization exotherm as a function of time to yield
enthalpy or heat (ml) of the transition.

11.4 Calculate the mass normalized enthalpy or heat of
transition by dividing the enthalpy obtained in 11.3 by the mass
of the test specimen. Report this mass normalized enthalpy of
transition (J'g).

12. Report

12.1 Report the following information:

12.1.1 Complete identification and description of the mate-
rial tested, including source, manufacturer’s code,

12.1.2 Description of instrument used for the test,

12.1.3 Statement of the mass. dimensions, geometry, and
materials of the specimen container. and the heating rate.

12.1.4 Description of temperature calibration procedure,

& authornad

Figura 3.2 Norma ASTM D 3418, pagina 4. Procedimiento para el calculo de la entalpia de
fusion.
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