OIEL ITI=E MR &

Occupational Safety & Health Research Institute

Prediction of Flash Point for Binary Mixtures
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Prediction of flash point(1)
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Fig 1.

Comparison of the flash point-prediction curves with exper-
imentally-derived data for octane (1) + heptane (2) solution.

Horng-Jang Liaw, "A mathematical model for predicting the flash point of binary solutions"
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Minimum Flash Point Behavior
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Fig. 5. Comparison of the flash pomt-prediction curves with exper-
imentally-derived data for octane (1) + ethanol (2) solution.

Horng-Jang Liaw, "A mathematical model for predicting the flash point of binary solutions"
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Prediction of flash point(3)

Maximum Flash Point Behavior
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Fig. 5. Variation of flash point with composition for phenol ( 1)+ acetophenone
(2).

Horng-Jang Liaw, "Binary mixtures exhibiting maximum flash-point behavior"
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Ideal Solution
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3.2. Reduced model under an ideal solution
assumption

For the ideal solution. the activity coefficients of the
liquid phase are equal to unity. and the flash point-pre-
diction model may be reduced to a simpler form. Under
this condition. the vapor-liquid equilibrium equation. Eq.
(5). was able to be reduced to Raoult’s law for this study,
this being described as:

B xipzi-,at
P

(8)

Vi

Therefore. the modified equation of Le Chatelier. Eq.
(6), was reduced to:

bl 29| S7EY: Pa

Pt o Pt x,Ps
1=211_11+_2 (9)

Py PR PR
this being the equation used by White et al. (1997) to
estimate the flash point of aviation-fuel mixtures, JP-
4/JP-8 and JP-5/TP-8. The Antoine equation. Eq. (7). was

still deemed by us to be useful to estimate P{* and 0 Mo'e fraction 1
% for this reduced model. Therefore. the reduced

T 459 18

Horng-Jang Liaw, "A mathematical model for predicting the flash point of binary solutions"
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Non-ideal Solution

A o) 4 A%

Positive Deviation(&®x})-Z7|9 Negative Deviation(SEx})-57]2 |

, H[H 42 57|22 Pb ,
0 Mole fraction 1 0 Mole fraction 1




Comparison of Ideal & non-ideal SolSh—~==

Positive Deviation (&t -371% deal Solutiond} S
Z71 9| /NS00 H[0f 3N LS O[NSuTbS or TN YOLN &2 O[AS0N dleh &H LIE
of | SEIEMRHUE)(ZEMAAE LU0 EE/0E 080 8% SEENN A COIFEMN 0
gehi4) va>lyp>1  yw,=lyz=1 y,<lyg<l

2423 | Octane-Ethanol Octane-Heptane Phenol-Acetophenone

~ Water-Ethanol BenzengyTofene  Acetone-Chioroform
fhano-Benzene  Mefhanof&thanol Water-gjA
Acetone-CS2A| Methane-Ethane Water-gAt

Neaative Deviation(EtRtd)-7|%




.JEPJEIE.Jﬂ-_r'._'I

Procedure to estimate
Procedure to eg MIXtUI‘e FIash Pomt point of binary
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M. VIDAL, "Prediction of minimum flash point behaviour for binary mixtures" |




sHitute

al
M
ol
rl
H:
Kl
ol
ol
<l

©

pational Safety & Health Research I

Ethanol-Water A

&k 4

, Raoul’t lawel ¢

=>Min. FP
N3

| Bt

A

~

A



Characteristics of the flash point In g cumzaeze
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water-ethanol mixture
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Assumptions can be dangerous

Ouestion Can we treat mixtures as pure compounds
and use the available methodologies

to evaluate the risks associated with them?

AnsWer The answer to this question is generally NO.

The behavior of mixtures can be extremely different
compared to the behavior of the individual components,
and making such assumptions can be very dangerous.
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A correlation of FP for organics:-:

The flash point values of the individual mixture com-
ponents can be obtained from experimental measurements
or from correlations with boiling point or with molecular
descriptors. A_correlation_of the flash point for organics
compounds with their boiling points was developed
by Satyanarayana and Rao (1992) and is presented in
equation (7).

b(c/Tp) e /T
Tt = a (1 — e—C/Tb)z (7)

where 77} is the flash point temperature (K), a, b, and ¢ are
constants provided in Satyanarayana and Rao (1992), and
T}, 1s the boiling point temperature (K).

The equation was fit for over 1200 compounds with less
than 1% absolute error with experimental data (based on
K). The larger deviations, of approximately 10°C, were
found for the phosphorous chemical group. A comparison
of this correlation with other correlations is presented
(Satyanarayana and Rao, 1992). =
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Models of activity coefficients and their composition effect in binary systems
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