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Abstract

There is evident effort shown by the global stifee community towards experimental investigatiand characterization of
cellulosic fibers geared towards optimizing celBitofibers for composite processing. Areas of ait@ninclude fiber chemical
pre-treatment, composite architectural considematisuch as the fiber loading effects and matrixrdyytilicity, amongst the
others. On one hand, there has not been much explorgeared towards assessment and ascertainhéme effects and
influence of test systems and environmental coowfitiparticularly to mechanical testing with regerd@¢onveying the quality of
results. This research seeks to outline specifitofa with adverse contribution to the results deflulosic-fiber composites
based on tensile test. By virtue of the tensil¢’daaherent similarity in configuration to stressaxation and creep test, the
methodology of quantification of doubt which exiatsout this test could also be applied to thedaite based on that the two
tests are a paramount criteria for cellulosic fibemposites’ long term performance characterizatieattors contributing to
uncertainty of measurement have been identifiedthed respective effect quantified. This is inid to convey the quality of
results and outline laboratory environmental eleisie¢a critically control and monitor in order tohéeve authentic results.
Relative humidity and temperature were observdietthe main contributors to uncertainty of measemrat 96.32% and 3.25
% correspondingly. The resulting expanded uncestagxhibited levels in the margins of 20 %, whickutions for critical
control of the environment and the testing systecomsistently accurate results are to be assured.
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1. Introduction

Every measurement or test has an error of meamnt. If repeated, a test or measurement oftezs gavdifferent result even
though it is usually very similar to the originadsult (NMISA, 2009; Bell, 2000). This implies thattest gives only an
approximation of the true value of the quantitypptomeasured. A measurement or test is therefohgcomplete if it includes the
measurement uncertainty of the test. Uncertainiy@disurement can be thought of as a quantitatiieation of the quality of the
result (NMISA: 2009). Consideration given to théénent complexity of the cellulosic fiber composiied the fiber’s anisotropic
nature, it becomes a worthy cause to quantify araduate the quality of the result for materialssath architecture. This owes
particularly to their complex architectural varieblbased on its assembly, fiber-loading, matrixrdégiobicity and composite
processing. The comparative advantage of the eraglayethodology of uncertainty of measurement isitt@nveys the quality
of results, identifies experimental constitutivegraeters with adverse influence to test resultd, grantifies the degree of their
contribution to the overall effect. The methodolagpnstitutes variables as proper mathematical nsofibeluncertain quantities
and co-opts simple probability distributions to negent forms of measurement uncertainties. Foraghydication and bearing the
need to establish the degree of accuracy of thesyssem, the methodology is advantageous when amdpwith others which
employ mathematical intervals rather than a prditpldistribution. Examples of the preceding maglude data manipulations
involving periodic measurements, detection limits, plus-minus ranges of measurements, where nadcplart probability
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distribution seems justified, or where one cannssuae that the errors among individual measuremargscompletely
independent.

Several research articles on cellulosic fibexnsital modification were reviewed with respectaotbrs affecting effectiveness
of treatment. Yaret al, 2000 carried out a detailed and comprehensiveeweof sisal fiber properties, interfaces between
thermoplastics and sisal fiber. They observed disat fiber exhibits effective reinforcement potehin polymeric matrices. With
regard to authenticity of results, they cited ekpental conditions namely fiber-diameter, gaugegthn strain rate and test
temperature as variables pertinent to the detetiomaf any usable information on mechanical angispdal properties of the
fiber. It becomes the intent of this study therefaio establish and estimate the effects of thesgstem and the laboratory
environmental conditions on cellulosic fiber comipes results. The goal of outlining and assesdiegdegree of contribution to
uncertainty of measurement is to institute effextoontrols and monitoring of test systems and tigrenment under which
testing is performed in order to achieve consisfemtcurate results. In the estimation of uncetyaof measurement, this study
employs sisal fiber and isotactic polypropylenenwah preparation of the composite for evaluatibimcertainty of measurement
was evaluated based on tensile test results foorapasite material prepared from sisal fiber havimglergone chemical
modification with 25% NaOH solution concentratidie aforementioned alkali solution concentratiorelés obtained from part
of the comprehensive research dedicated to optiinizaf sisal fiber strength by the same authorsiakial tension tests on
specimen of uniform gauge lengths were performezmg@lementary to tensile testing from which unceaitiaiof measurement
was approximated, impact testing, TGA and fracsuegace morphology were studied to accord furtiheight on composite
performance and effectiveness of fiber modification

The methodology for evaluation of uncertainty méasurement involved identification of sourceseobrs and their types,
determination of standard uncertainties, convergibrstandard uncertainties to a similar scale aniisuhrough sensitivity
coefficients and determination of the expanded naogy. Consultation was made to documentatiopared by a joint working
group supported by Bureau des Poids et MesuresMBIPternational Electrotechnical Commission (IEGhternational
Organization for Standardization (ISO), Internasibi©Organization of Legal Metrology (OIML), and théational Physical
Laboratory—UK (Cook, 2002, Kandil, 2000, Gabau€@Q@, Bell, 2001). The documents guides on how uatgy statements are
attained and also, provide a basis for internaticoenparison of measurement results. The matewale extensively consulted
and the generic principles applied to reach atomsle scientific findings given this specific rasgh discipline and scope.

2. Experimentation
2.1 Materials and sample preparation

2.1.1. Fiber origin and reagent3he sisal fibers used in this work were harvesteally. No information on fiber physical and
chemical characteristics were available. Laborateggents used were sodium hydroxide pellets of 88&ngth supplied by
Rochelle Chemicals, South Africa. Chemicals weretéd to solution concentration stipulated in the-pyeatment protocol

entailed in this article.

2.1 2. Fiber extractionThe fiber extraction procedure involved careful hrtical separation of the fiber from the inner cofre

the sisal leaves. Sisal fibers were stored for sEavee at room temperature controlled at 2Z#4nd relative humidity of 57

+3%. Fiber samples used were “ribbon fibers” exttddrom the median line and mid-span region ofl¢lad.

2.2 Fiber treatment, analysis and testing of conitpos

2.2.1 Fiber Chemical-treatment protocd\: single batch of fibers were mercerized. The fbeere soaked in sodium hydroxide
(NaOH) of 25% concentration, and then thoroughlgheal with distilled water in a controlled bath 4#2°C for 48 hours. Fibers
were then dried at room temperature for 48 houtzers were subsequently soaked in 1% acetic aamtiralize excess sodium
hydroxide. Lastly, the fibers were thoroughly ridsgith distilled water, and then dried in an ovér8@°C for 2 hours to remove
free water.

2.2.2 Fiber analysis

2.2.2.1. Thermogravimetric Analysis (TGA)GA was performed using the Thermogravimetric Amaly— Pyris 1 supplied by
PerkinElmer. Three samples each from the untreatedtreated fibers were taken for TGA analysis. @amamounts of about
6.866mgof untreated and NaOH-treated fibers were analyakdamples were analysed between’@to 600°C at 10°C/min in
Nitrogen atmosphere flowing at 20 ml/min.

2.2.3 Composite processing and testing

2.2.3.1 Preparation of the compositeomposite panels were prepared from isotactic pofyylene and mercerized sisal fibers at
0.3 fiber volume fraction of loading. In order teeperve the integrity of the fibers, the composits processed at a temperature
of 180 °C. The initial degradation temperature for the radeed sisal fiber was about 280 as determined from TGA
thermograms in Figure 3. Tensile test specimen weteff from the prepared composite panels. Fiftsgecimens were prepared
for tensile testing according ISO 527-1. Samplesewkept for 7 days within the laboratory to accliiza to the environment.
During testing, the first three samples were usedrfal testing to “stabilize” the test system.lies for the subsequent twelve
samples were reported on. Testing on all samplespgegormed in one day.
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2.2.3.2. Impact TestindCharpy impact testing was performed on the ZwicklREIT 5.5 Pendulum impact tester using the 2.7J
hammer. Testing was performed following 1SO 179902 Figure 1 (a) shows the notched samples forgyhapact testing.
Figure 1 (b) illustrates the configuration for #ndgewise impact blow. A total of five samples wested for impact. Prior to test,
samples were stored under a controlled laboratongition of temperature 23£C and 57+3% relative humidity for 48 hours to
acclimatize.

(a) (b)
Figure 1 (a) alkali-treated v-notched samples, and (b) etfgeimpact blow configuration.

2.2.3.3. Tensile testingfensile testing of the composite samples was cdeduon the Zwick/Roell Z020 universal testing
machine of 20kN maximum load cell capacity. Testivas performed following the 1SO 527-1 standarde $hecimen was cut to
a dog bone shape and a gauge length of 50mm nragdtal est speed was maintained at 0.05 mm/sectefisde machine was
interfaced to a computer where the configured patama such as the load-extension graph were desgldyesting proceeded in a
controlled temperature and relative humidity of 28€ and 57+3 % RH correspondingly. Figure 2 showstémsile specimen
positioned within the jaws of the tensile tester.

Figure 2. Zwick/Roell Z020 Universal testing machine illiegtng sample positioning.

3. Results and Discussions

3.1 Thermal Gravimetric Analysigigure 3 shows the thermograms for the untreatetithe treated sisal fibers. Parameters
determined from the thermograms are shown in Table
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Table 1. Thermal degradation parameters for untreated baadi-reated fibers

Degradation parameteiQ) Untreated fiber Treated fiber
Initial degradation 174 230
Inflection point 335 379

The results indicate improvement of initial dedgtion from 174 to 20T for mercerized fibers when compared to the utécka
fiber. This effect highlights that treated fibe@ncbe processed at temperatures lower®@08afely whilst still maintaining their
structural integrity. A similar shift in effect bserved for the inflection point (where the degtamh rate is maximum leading to
degradation of cellulose) and the final degradat@mperature. The inflection points determined fithie thermograms were 335
°C and 379C for untreated and mercerized fibers respectivEhe results are consistent with findings by Kifabaret al,
1996 who observed that cellulose generally degratiedout 376C. Similar improvements in thermal properties hais® been
observed by Luet al, 2012. They investigated thermal stability anertho-mechanical properties of hemp-high density
polyethylene composites. The authors reported ingatdnitial degradation of hemp fiber from 225 %612C following NaOH
treatment.
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Figure 3. Reproduced TGA thermograms for untreated andidikated sisal fiber samples
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3.2 Impact testing resultsthe v-notched Charpy impact strength of the treaisdl fiber reinforced composite results were
studied to establish the fiber-matrix adhesion abi@ristics. Table 2 shows comparative resultshefinpact strength for the
untreated fiber composite and the 25% NaOH trefibed reinforced composite. Five composite specisnafnreach category were
tested. The impact strength for the composite nfaole the 25% NaOH treated fiber decreased slightiynpared to the
composite made from the untreated fiber. Standawihtions of 0.66 and 0.29 were obtained for utnéeand 25%NaOH treated
fiber composites correspondingly. The higher steshateviation observed for untreated fiber may ssggemore pronounced
variation of the natural state of the fiber, whilsé lesser standard deviation for the treated fibay be attributed to improved
structural packing order of crystallites conferritigseness of properties. The negative impactefriated composite is attributed
to improved fiber-matrix adhesion upon surfacettreant, which led to fiber fracture rather than filpaillout when subjected to
mechanical shock. This observation if consisterthwiork by Liet al, 2011, who studied the effects of chemical treatnum
properties of sisal fiber reinforced polylactidengmsites. They observed slight decrement in impaength of surface treated
composites compared to untreated fiber composites.

Table 2. Charpy v-notched impact results for untreatedalkdli treated sisal fiber-polypropylene composites
Work of Fracture (kJ/f)
Composite from untreated fiber Composite from 2580 treated fiber
8.79 7.48
10.16 7.07
8.58 6.96
8.86 6.98
8.61 7.0
Average 9.0 7.09
Std. Dev. 0.66 0.29
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3.2.1 Fracture surface morphologkigures 4(a) — (c) show the fracture morphologiethe composites from Charpy impact test
surfaces. The figures depict fiber ends exposenh fitee surface of the matrix as a result of an imhfracturing the composite.
Several different failure modes can be observedehanielamination, fiber pullout and fiber fractufghese failure mechanisms
are consistent with findings by other researchBeo(t al, 2012) who carried out investigation on formwatiof energy release
rate in the fracture mechanics of short fiber cosites. Delamination, which is evidence of shedufaican also be observed
mostly at Figure 4(a) implying weak bonding for quosite processed from untreated fibers. Figure dd) (b) from untreated-
fiber composite exhibits almost intact fiber-endslicating minimal energy dissipation at fiber engsssibly from poor
mechanical interlocking. For treated fiber compesitremnants of treated fiber could be observednardhe edges of resin
sockets in Figure 4c. This effect is indicativeraproved adhesion from the enhanced fiber-matriixigf. In Figure 4(c), several
sharply cut and smooth profiled fiber ends can leoved. The sharp-cut profile could probably meisited with the improved
stiffness of the fiber as conferred by treatmeasulting in rapid fiber snapping on impact. Imprad\atiffness of the cellulosic
fiber is a viable property for composite applicati®imilar failure characteristics have been obsgyy other authors (Carvalho
et al, 2010) who studied on the chemical modificatioieets on mechanical properties of high impact gghgne.

@) (b) ()

Figure 4. SEM micrographs of fracture surfaces for untreateuples (a) and (b), and alkali treated fiber (c)

3.3 Tensile Resultigure 5 shows some of the tensile test curvethimcomposite prepared from the 25% NaOH treatsstdi
The curve profile shows expected features of alloslic fiber composite where mechanical responshasacterised by an initial
linear response followed by a nonlinear transitioryield point. The behaviour of the processed awsitp is consistent with
research work on cellulosic fiber composites byeottesearchers Carvalkt al 2011, Ghasemét al, 2010 and Carvallet al,
2010. The figure depicts the specific tensile carfar the 10.5MPa and the 12.8 MPa fibers, wheah earrve represents the
sample tested. The obtained values of composiegtn showed an average of 11.66 MPa and a staddaiation of 0.83.

3.2 Uncertainty of measuremefitogether with the test system and the laboratowyremmental condition, the results for tensile
testing formed the basis for estimation of uncattaiof measurement. Estimation of uncertainty ofamueement led to an
expanded uncertainty fully expressed in sectionodtBis article. For completeness of expressiba,doverage factor and level of
confidence chosen is also expressed alongsidexiaded uncertainty.

4. Estimating uncertainty of measurement

The detailed estimation of uncertainty of meamant which follows is based on the laboratoryirtgstnvironment, test system,
and the results obtained from tensile test. Thaeafentioned elements are constitutive to the uairgyt of measurement
evaluation framework. The representation of thalfimeasurand namely tensile strength in Nfmisdetermined from the force
in Newtons and the sample cross-sectional areanh m

4.1ldentifying sources of uncertainty for tensitsting of the compositéthe sources of error considered to contribute to
uncertainty of measurement together with theirauaitd types are identified and listed in Table 3.

4.2 Calculating standard uncertainties and sengjticoefficients:Table 4 shows the list of mathematical relationshged to
calculate the standard uncertainties and the sahsitoefficients together with their correspongircalculated results. For
calculation of standard uncertainties, the pararaéte= 95 %;n= 5;t=2.78 were used, wheRis the confidence leveh is the
number of measurementsis the degrees of freedom ahés the student distribution factor. Various levefsconfidence and
studentt values can be applied in the estimation of measen¢ uncertainty dependent upon the desired acgwfaaresentation
(JCGM, 2002; Bell, 2000; Cook, 2002).
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Figureb5. Tensile test curves for the two samples of the 2&¥0H treated fiber composites

Table 3. Parameters for which uncertainty was estimatedgudainty budget)

Measurand Units Symbol Type
Original cross-sectional area mm S A
Stress N/mrmh G A
Strain Mm € A
Temperature °C T A
Relative humidity % RH A
Load cell calibration N F B
Speed of test mm/sec % B

Evaluation of the sensitivity coefficient wasngothrough partial differentiation of the equatibiat models the measurement,

of
such thaC, :0_ , and also, by numerical calculation which apprated the differentiation process. The sensitiviagféicient
)(i

determines the measure of sensitivity of the ctuigig parameter to the measurand (NMISA, 2009glEation of sensitivity

F
coefficients was applied by partial differentiatifor tensile stressg =§whereF is force ands5, the area; specimen cross-
(o]
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sectional aregz = [Fj whereF ando represent force and stress respectively, and sgraina_ whereg andE represent
SO 0. E

stress and Young’s modulus respectively. For teatpeg, humidity and speed of test where the funetioelationship to the
measurand was not known, the sensitivity coefficieas determined by temperature and humidity detarded during testing.
The values for sensitivity coefficients for tempera and humidity are presented at sections 4.212d14.2.2.2 respectively.

Table 4. Standard uncertainties and sensitivity coeffigdot identified uncertainty contributors.

No Standard uncertainty Applicable mathematical reteghip Results
1 cross sectional area U, = \/(b )2u 2+ (a,)%u,,” 0.0425 mm.
2 stress 0.0072N/mn
Gt ) o [ }
o)
3 strain 0.000565 mm
u£ - |: i| |:L 2
4 temperature u(x,)= % 0.408°C
5 relative humidity _.a 1.2247 % RH
J6
6 force (load cell) u. )2 0.16 N
= (%)
k
7 speed of test C(u. )’ 0.011025 mm/sec
= ()
Mathematical relationships for sensitivity coeféints
1 cross sectional area oo 9 = -1.8780706
€y = Cy = ———=
SO SO a SO a [ o J
2 stress _0E _ 0 [ o j 1.141592
c,>C, =—=—| —
00 0
3 strain _0E _ o (a j -41.89797
c,>C,=—=—|=
de o€
temperature y = —0.1306x +14.745 -0.1306
relative humidity y =1.2842x - 62.438 1.2842
force (load cell) do F) [ = ] 0.05869
c, > Cp =—F=—| —
oF JoF | S
7 speed of test c = ot _ i[gj -0.10062289
Y av  av

4.2.1 Standard uncertainty in temperatutk, and relative humidityl,, : In the absence of a mathematical relationshiplii@ct

temperature effect existing for the experimentaligdor this Type B uncertainty analysis, a trialagulistribution was chosen for
estimation. A divisor of/s was used in calculating the standard uncertaipgy) for temperature. The triangular distribution was

chosen on the basis that the recorded room temperailues concentrated the centre of the int¢®&iC) were considered more
credible than values dispersed near the bounddf@msrelative humidity, a triangular distributioras also chosen based on a
similar premise as for temperature.

4.2.2 Calculation of sensitivity coefficieniBhe presented seven uncertainty contributors whktaedard uncertainties have been
determined are presented in different units. Faredisional correctness in their aggregation, thettainty contributors have to
be converted into the same units as the measufaadlagur, 2000; Kandil, 2000; JCGM, 2008) namelgiterstrength in MPa.
Conversion of uncertainty contributors into the sammits as the measurand was achieved throughcapph of the sensitivity
coefficient.
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4.2.2.1 Sensitivity coefficient for temperat@e, The Figure 6 depicts the recorded levels of tersirength of the composite
against temperature prevailing within the labonatduring testing. Five temperature readings reabifde the duration of testing

were 23.36'C, 23.36, 23.41, 23.41 to 23°C1 The sensitivity coefficier@, was obtained as the gradient of the plot for tensil
strength against temperature.

14

V'S y=-0.130x + 14.74 ® V'S
L 2

10

Tensile strength

O T T T T T 1
23.3 23.35 23.4 23.45 235 23.55 23.6 23.65 23.7

Temperature level

Figure 6. Variation in Tensile strength as a function of pemature

4.2.2.2 Sensitivity coefficient for humidity,; The Figure 7 illustrates the levels of tensile regth of the composite against
humidity prevailing within the laboratory for thauction of test. Five humidity readings recordedtfte duration of test were
57.64, 57.60, 57.27, 57.74 and 57.74 % RH. Theitbétys coefficientC, was obtained as the gradient of the plot for tensil
strength against humidity.

4.3Combined uncertainty and expanded uncertaiftlowing calculation of standard uncertainties fodividual uncertainty
contributors and their associated sensitivity doefiits, the contributors were combined to prodiheecombined uncertainty. The
expanded uncertainty was obtained by multiplying tloverage factor and the combined standard untiri@NMISA, 2009).
Table 5 shows the resultant mathematical relatipssfor the combined uncertainty and the expandeztrainty together with
the corresponding yielded results.

As final expression, the expanded uncertainty i8Q2 2.55 MPa, based on the standard uncertainttipiied by the coverage
factork = 2, at a level of confidence of approximately 95%
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Figure 7. Variation in Tensile strength as a function of Hdity
Table 5. Combined uncertainty and expanded uncertaintyiteesu
Parameter Applicable mathematical relationship Resu
Combined 2 2 2 2 2 2 2 0.6978737
uncertainty \/(CSOUSO) + (Caua) + (CEUE) + (CTUT) + (CH uH ) + (CFUF ) + (Cvuv)
u:(y)
Expanded kxu 2.5556
uncertainty ¢ (y)
U

5. Conclusions

This study has established and estimated effediseofest system and the laboratory environmeotadlitions on cellulosic fiber
composites experimental results. This was performi¢ii the intention to highlight and assess therde@f elements contributing
to uncertainty of measurement. Consequently, thasome informs institution of effective controls amnitoring of the test
system and the environment for achievement of stersily accurate results. Based on the findings ftiois study, the following
conclusions are drawn:
o Temperature and humidity are critical elements withe test environment requiring close attentiad aontrol during
evaluation of mechanical properties for celluloftier composites.
o The main contributors to uncertainty of measurenveste humidity and temperature, at a contributib®®32% and
3.25 % correspondingly.
0 The expanded uncertainty of 12.80 + 2.55 MPa etdiliargins of 20 % strength variation. This levielmargin may be
considered significant. The margin cautions fotical control and monitoring of elements constitatof the framework
for estimation for uncertainty of measurement i ¢ivaluation of cellulosic fiber composites.
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