A numerical method for calculating
the quantitative composition of
complex water-ethanol mixtures



Strength

The determination of the strength of the sample of alcohol beverage is

one of the key actions while routine quality control tests.

Strength = The volumetric ethanol content in solution

strength = Vethanol .10 04
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How to determine strength correctly?
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Inaccurate data example

FHAueHEe NOKAZATENA ANA FONaBHeA PRaKLme,

BhipafaTmsaemon
HaumeEHoBaHKME NOKAIATENA
HALUMOHANBHBI n I'OCT P e M3 xpﬂxmanmnenucﬂugﬂrn
CTAHOAPT 55983— ChifbH
POCCHMUCKOWM 2014 T T
CENEPALNM DBLEMHAR A0NA 3THNOBOM CNWPTE, % HE MeHes 82,0 42,0
OELeMHER QUNs METWNOBOTD CIHMPTE B NEPECYETE HA
BespoOHER CNMpT, %, He Donee 0,05 6,0
MaccoBan KOHUEHTRALME CHEYILHOM MACNA B NEpacyaTs
Ha BelBoHER cipT, fiaM’, He Gones 1.5 2.5
®PAKLMA TOJIOBHAA 3TUNOBOTO CMUPTA i
MacooBan KOHUEHTRELMA ANbASMAOE B NERECHETE HE
TexHU4ecK1e ycnoBus Dezeoauei compr, rlam” 35,0 35,0
Maccoean KOHUBHTRAaUWA 3drpoe B NepacHate Ha Gea-
BOOHEIA -EIIM[J[,I.I'HM!, e Bonea 60,0 g0.0
MaccoBan KOHUBHTPALWA NETYHUX KMCNOT, n’nu! Beasog-
HOMS crKupTa, He Bonae 1,0 20

Total content of impurities reaches 13 % in anhydrous alcohol

7.2.1 Onpegenelve zanaxa
25 em3 ronoeroi drpakuui Npu Temnepatype 20 °C HanueaioT & konBy ¢ WHWPOKUM ropioM BMEcTUMOoc-

Thig naxaHaS—8c.
7.3 Onpegenedve obbeMHON AoNK aTMNoBoro cnupta — na MOCT 3639.

Reference to areometric determination of strength




Determination of volatiles contamination

Volatile compounds — associated components,
appeared during ethanol production

The concentrations of volatile components must be
presented in mg/l (AA) (Absolute Alcohol)

ug/mg Pmix
[ or ] > [ + ] > [ mg/| (AA)]
mg/| strength




Contraction phenomenon

While mixing pure components (ethanol and water)
the final solution has less volume than the sum of
volumes of pure components
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The proposed method of calculation

Every water-ethanol solution appears to be divided into hydrous and anhydrous parts:

Prmix = Cwater '+ (1_Cwater) ) Zpl -C
/ 5
eff

20
/Owater pwater |:(Cwater’ ethanol) 1,30

The effective water density appeared
to be depending on F value

= Pmix _Cethanol Pethanol 1,10
- & 20
water * Pwater 105
F value can be calculated from the
official water-ethanol density tables
and finally be presented as function of
. 0 " 6 5 4 3 2
water volumetric concentration F(C,.C)=a-X"+b-x*+c-x"+d-x’+e-x* + f -x+g
X = Cwater

C..+C

water ethanol



The proposed method of calculation

The relationship between ml/ml and mg/l (AA) values can be demonstrated as:

M C. ~ 4 R G A, o ™
(e LNy ' Ci:RRFI--—’- - ! ] :Ci L L
i (p,j [% ,O,] AEt PE: (Aft/Af;t, AEt P Et Al;t AEt
Substituting volumetric concentration in anhydrous part:
@ et
Pr Zil_zcl
CUD — ) Pi )
i . . C v
ow ,F(J+1)(x(]+1)),zpl_zci 6
@) Fi @) -
F(Cu:Cen) =a-X" +-+
«—_ Cu Ci -ml/ml solution
Cw +Ceun

C, -ml/ml of anhydrous part
C, -mg/l (AA)

€ SIS G @ < Determined directly fom GC measurements
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Experimental tests

The RRFs’ values were calculated according to GC analysis of
both bought and prepared standard solutions

Ten samples were prepared by mixing pure ethanol and water and then they
were analysed by the proposed method

Areometer | 10,0% | 20,0% | 30,0% | 40,0% | 50,0% | 60,0% | 70,0% | 80,0% | 90,0% | 95,5%
GC analysis| 9,97% | 19,97% | 29,96% | 39,99% | 49,99% | 59,99% | 69,99% | 79,99% | 89,95% | 95,49%
bias -0,03% | -0,03% [ -0,04% [ -0,01% | -0,01% | -0,01% | -0,01% | -0,01% | -0,05% | -0,01%

A complex mixture of water, ethanol and isoamil alcohol in the ratio of 20:60:20

ethanol
isoamilol areometer 80,2 33,7
L A proposed 99,3 1,2
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Chromatogram of prepared solution



Cyclical calculations
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On-line calculator AlcoDrinks

Hazpamme opoder:

Mpumep - CRM LGC5100@ Whisky-Congeners

http://inp.bsu.by/calculator/vcalcr.html

KoMmorent 1'[.10'::1?::1:;*, __ RRF Mnomaae, l{nnfxentl:_launm

Mr/T Cpexnmii*= CofcTEeHHEBIH NpPOH3BO.IBH. €. mrin (AA) |Z|
aeTaIBIeTH 783400 1.337 1.337 31.216 75.844
H200VTHpaTEIerET | 793800 1.109 1.109 ] 0
sTEopMHAT 916800 1321 1.321 ] 0
aleToH 784500 1.300 1.300 0 0
MeTHIAneTaT 934200 1.387 1.387 3.481 8.774
ITHIALIETAT 900300 1.117 1.117 121.388 246.401
METaHOT 786600 1.223 1.223 23.757 52.800
2-GyvTaHoH 805000 0.900 0.900 0 0
2-nponasoa 785000 0.969 0.969 0.917 1.615
3TaHOI 789300 1.000 1.000 434338 789300 (39.90 006. %)
THAIETHT 990000 2.019 2.019 0 0
2-ovTamoa 806300 0.853 0.853 0 0
l-nponmason 805300 0.679 0.679 471.362 581.619
200y TaHOT 801800 0.581 0.581 585.582 618.270
H20aMILTALIETAT 876000 0.707 0.707 ] 0
1-ovTamoa 809800 0.648 0.648 4443 5.232
H30aMILTOT 813000 0.632 0.632 775.877 891.095
TeKCAHOT 815300 0.600 0.600 0 0
ITHITAKTAT 1032800 1908 1.908 0 0
mukdoTekcano1 962400 0.556 0.556 0 0
oenzmnoesni crmpt|1041900 0.909 0.909 ] 0
deEnT2TAROT 1013000 0.730 0.730 0 0
npoda 948060

| Meyars pesyniratos |







