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Abstract: Ethanol is one of the most important Braziliandensity and alcoholic content in mixtures ethanatew

export goods and its international market is granstrong,

using the hydrometer-method. It also allows taakate the

mainly because of a number of measures taken bgralev density of a mixture at 20°C and its alcoholic emf using

countries in order to reduce environmental pollutidor
example, adding amounts of ethanol into regulaolgaes or
even using pure ethanol-moved motors. Quality rasse
of ethanol is becoming more and more importantrdeoto
make Brazil able to achieve larger shares of iational
market,

determined from their density. In this paper isgemted an
analysis comparing the density of blends of ethamith
water at 20°C, obtained using Brazilian standardRNE®92-
80, and by using the model described in the Inteynal

every day more demanding and competitiv
Chemical composition of ethanol-water blends can b

the measured density of that mixture at an arlyitrar
temperature between 10°C and 40°C.

This is the only Brazilian technical stand#rdt defines
the behavior of the densities of mixtures ethamater, and
that is why used as the reference in analysis asdarch,

eoeing also used as technical foundation for sevegal and
formative documents, such as the specificatiorfaed !

 and beveragéd.

Considering its importance and the long \ligeriod
without revisions, in this work, was evaluated Hueuracy

Recommendation OIML R22. The analysis has identifie Of density of mixtures at standard temperature @2 in

systematic differences between the results, suiggethat
the Brazilian standard should be revised.
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1. INTRODUCTION

comparison with the Recommendation R22 of the
International Organization of Legal Metrology, timmesents

a international recognized model to densities oktunes
ethanol-water.

2. BEHAVIOR MODELS OF
MIXTURES ETHANOL-WATER

DENSITY OF

Since the last decade, growing pressures have been

observed for the reduction of the environmentalypioin by

emissions of Cg as a form of preventing the greenhouse

effect. The Kyoto’s Protocol has defined redudctiap to

20% of the emissions of G@ntil 2012. Several developing

countries, such like United States, Japan, and &®ym
among others, started to consider the substitutfopart of
the fossil sources of energy by new renewable owéh,
prominence for the combustible alcohol and the ieial.

In the study accomplished under the projeeT B, it
was verified that the potential of the world markétethyl
alcohol is growing quickly, what makes possible #hnising
of great new suppliers, futures competitors of Bralaat is
today one of the largest producers of ethyl alcoant the
largest exporter. In order to achieve larger shaoé

2.1. TheBrazlian Model

The Brazilian standard, NBR 5992-80, based in
governmental decree, is the only Brazilian model tfee
densities of mixtures ethanol-water in function of
temperatures, it also allows to determinate of ladic
contents, that can be expressed in °INPM and °GL.

This standard, presents a group of tables from ayher
using experimental densities in any temperaturevdsent
10°C and 40°C, can be obtained the specific gratit§0°C
and the alcoholic content.

The standard was established to obtain measurerogénts
densities using the hydrometer—method, with acguiac
0,0010 g/cr in function of variabilities of thermometer and

international market, every day more demanding anélydrometers. However it is necessary, to assure ttea

competitive, Brazilian producers of ethyl alcohaed to
demonstrate the quality of their product. Howewe

sector demands standardized methods, referencaiamte

widely recognized and up-to-date technical starglard

For example, the technical standard NBR 5303
presents the reference method for the determinatiathe

model presented in the tables does not have elvecguse
the accuracy have to defined from the very precidees.

Moreover, the model presented in this standard,bean
used to convert density values, that can be olddimen the
another measurements methods, and for determinafion
their alcoholic contents.



2.2. The OIML Modél

The International Organization of Legal Metrology
(OIML) uses a mathematical model that represents th
density of mixtures ethanol-water in function ofeith
alcoholic contents and temperatures, that is ptedem
Recommendation OIML R 12.

The original model was obtained by Wagenbreth an
Blankd®. This model was based in IPTS-68, represented bY ~ttici . .
oefficients with 8 si

Equation 1:

p=A+Y AN YB-20'+

In this equation, the densipy,is expressed in kg/m3, the
temperature, t, in °C, and the alcoholic contentjspan
adimensional factor. The Table 1, presents theficoefts

i=1k=1

n m .
22 G e-29 (@)

The omission of the last number, can create, rowndirors
that can invalidate the utilization of the Equatibrthat can
be verified with numerical examples.

Bettin and Spieweck!, proposed a new model, based on

the original model of Wagenbreth and Blanke, usihg

S-90. The model

Equation 2:

ame experimental database properly correctedrdingao
of Bettin and Spieweck, which
gnificant numbers, is presdoy

p=A+S ATP-08+dB 120 +3 3, -0 29

i=1 k=1

In Equation 2, the density, is expressed in kg/m3, the
temperature, t, in °C, and the alcoholic contentjspan

of this model adimensional factor, such as in the Wagehbasid
. ’
Blanke's model.
Table 1. Coefficients of Wagenbreth and Blanke's odel.
Kk A Bk Cik Cax Cax Cax Csk
1 9,982012300-10° -2,0618513+10™ 1,693443461530087+10™ -1,193013005057010+10° -6,802995733503803+10° 4,075376675622027+10° -2,788074354782409+10-°
2 -1,929769495+10° -5,2682542+10°% -1,046914743455169-10" 2,517399633803461+10™ 1,876837790289664+10°2 -8,763058573471110-10°  1,345612883493354+10-°
3 3,891238958+10° 3,6130013+10° 7,196353469546523+10" -2,170575700536993+10° -2,002561813734156+10°™ 6,515031360099368+10°
4 -1,668103923+10° -3,8957702+10°7 -7,047478054272792+10° 1,353034988843029+10" 1,022992966719220+10° -1,515784836987210+10°°
5 1,35221544110" 7,1693540010° 3,924090430035045¢10° -5,029988758547014+10" -2,895696483903638+10°
6 -8,829278388+10" -9,9739231.10™ -1,210164659068747+10" 1,096355666577570+10° 4,810060584300675+10°
7 3,062874042+10° 2,248646550400788+10* -1,422753946421155+10° -4,672147440794683+10°
8 -6,138381234+10° -2,605562982188164+10" 1,080435942856230+10° 2,458043105903461+10°
9 7,470172998+10° 1,852373922069467+10* -4,414153236817392:10" -5,411227621436812+10™
10 -5,478461354+10° -7,420201433430137+10° 7,442971530188783+10°
11 2,23446033410° 1,285617841998974+10°
12 -3,903285426+10°

Another Parameters:

n=5; m1=11; m2=10; m3=9;

m4=4; m5=2

Using this model it is possible to calculate thesiey of

any ethanol mixture with water, saturated with dir,

temperatures from -20°C to 40°C. The procedumalithe
calculation of the alcoholic content of the mixirén
function of density readings in any temperaturthanrange

of validity of the model.

2.3. Arevision of OIML Model

According to Bettin and Spieweck, the
difference among the densities calculated by timeidel and
the original model of OIML is near 1,2 x 1. By the way,
for practical applications, it is possible to calesi Bettin

The Table 2 presents the coefficients of this model

largest

and Spieweck’s model equivalent to the originabremend
by OIML.

In 1990, the new fundamental scale of temperature3- A SOFTWARE FOR THE COMPUTATION

denominated International Temperature Scale [0.9afs
present. This scale incorporated corrections basethe

more
temperature.

On the other hand, it is possible to observe, that
parameters, CK of the OIML model, has 16 significant
numbers. The computers languages of 1970, sucbrasifr

IV, allows to utilize many significant numbers.

allows to utilize numbers with only 15 significanumbers.

The necessaries calculations to determidatesity in
recent researches about standards points Bfctions of temperature and alcoholic contents thg

original model of OIML, are not complexes, howevkis
calculations, are relative arduous. It was develofe

Metrology Reference Laboratory of Center of Metgylan
Chemistry of IPT, a computer program that impleraght
model of Bettin and Spieweck, equivalent to the etod

adopted by OIML. The program was validated in adioay

representative of Bettin and Spieweck’s model.



Table 2. Coefficients of Bettin and Spiveck’ s model.

k Ax By Cik Caok Csk Cak Csk

1 9,1376673+107 -7,9437550+10°" -3,9158709+107" -1,2083196+10™* -3,8683211+10° -5,6024906+1077 -1,4441741 10°°
2 -2,2175948+107 -1,2168407+10 1,1518337-10° -5,7466248+10° -2,0911429+10"* -1,2649169+10° 1,3470542 10°
3 -5,9617860+10" 3,5017833+10° -5,0416999+10° 1,2030894+10°" 2,671388810°° 3,4863950+10°

4 1,4682019+10? 1,7709440+107 1,3381608¢10" -2,3519694+10°" 4,1042045+107 -1,5168726+10°

5 -5,6651750+102 -3,4138828+10° - 4,5899913¢10° -1,0362738+10° -4,9364385+10

6 6,2118006+10% -9,9880242-107* -1,1821000+10% 2,180450510° -1,7952946+10

7 3,7824439:10° 1,9054020+10° 4,2763108+10° 2,9012506¢10™"

8 -9,7453133+10° 3,3981954+10% -6,8624848+10° 2,3001712107°

9 -9,5734653+10° -9,0032344+10% -6,9384031+10° -5,4150139+10"

10 3,2677808+10* -3,4932012+10% 7,446042810°

11 8,7637383+10°

12 -3,9026437+10°

Another Parameters:

n=5; m1=11; m2=10; m3=9;

ma4=4; m5=2
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Figure 1. Uses of the behavior models in the ForgigCommerce.

4. COMPARISON BETWEEN NBR RESULTS AND
OIML RESULTS

The Figure 1, presents an illustration of thesealsiein
methods, that can be use in comparisons amongethits
obtained by customer.

A comparison of differences among the d@sito
20°C obtained by NBR 5992-80 and densities obtalmed
OIML model, was done, for a set 296 compositionemsh
the alcoholic concentrations were between 63% @&84dlat
temperatures of: 10°C, 25°C, 30°C, and 40°C, utlieg
computer program developed for this work.

The Table 3, presents some examples, selbetweeen
the 296 studied cases, only for general observationl the

corrections realized by calculations of OIML ande th

application of the tables of Brazilian standard.

Table 3. Examples of corrected values by NBR e OIML

Corrected Corrected
Density values  Density values
Temperature of  Observed at 20°C by at 20°C by Difference
mensurement Density NBR 5892-80 OIML (NBR-OIML)
© (glem ) (gem?) (glem?) (glem’®)
10 0,8045 0,7962 0,7959 0,0003
25 0,7920 0,7963 0,7963 0,0000
25 0,8645 0,8686 0,8688 -0,0002
30 0,7945 0,8029 0,8032 -0,0003
30 0,8645 0,8729 0,8731 -0,0001
40 0,7820 0,7990 0,799 -0,0004
40 0,8070 0,8243 0,8248 -0,0005

In Figure 2, it is presents the histogram of tHéedénces
among the corrected values by NBR and correctategaby
OIML model, considering all cases in study. It aspible to
observe that the histogram is bi-modal, with augrto the
left with a larger numbers of results where theeeregative
differences, in the other words, representing teswhere
the values obtained by NBR were smaller than tiees
obtained by OIML . In the second group, with leases we
have the opposite behavior, in the other wordsyaslof
OIML smaller than NBR values.
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Figure 2. Differences between the corrects valuey INBR and OIML.

Figure 3 presents the distributions of differenaa®wng
the corrected values, grouped by temperature afikeure.
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Figure 3. Distributions of corrections performed usng NBR and OIML
grouped by the temperature of the sample.

It is possible to observe that the corrections HBRN

from temperatures higher than 20°C are systembtical

smaller than the OIML ones. In temperatures lotiam
20°C happens an opposite behavior. This behaxiglams
why there were more negative than positive redultthe
Figure 1, once there were more cases of correcfiams
temperatures higher than 20°C.

At temperatures higher than 20°C, the Braizi§tandard
produces results smaller than the OIML model. Tdrgdst
errors obtained in this work was + 0,0004 and -00g0
g/cnT, at temperatures 10°C and 40°C, respectively.r&rro
of this magnitude can affect results obtained bent
methods, such pycnometer method and digital density
method, nowadays widely employed in laboratories of
analysis.

Considering the necessity of utilization afnsistent,
comparables and right values, the authors sugbesthte
made a revision of the Brazilian standard NBR 5802-
with the aim of incorporate more recent modeldéscribe
the behavior of density in mixtures ethanol-wagerwell as
the model of Bettin and Spieweck, used by OIML.
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to difference among observed temperature and stdnda

temperature at 20°C, and the alcoholic contentsthef
mixtures. This way, at observed temperatures sméikn
20°C, the standard produces results systematidattyer
than the results obtained by OIML model.



