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Abstract 

The constant pressure specific heat capacity ),,( or  0 xTpc sp
/Jkg

-1
K

-1
 of 1-butanol 

and Diesel fuel blends at temperatures T = (253.15 to 468.15) K are reported with 

an estimated average cp/cp = ±0.5% deviation. Measurements were carried out 

using a Perkin Elmer’s Pyris 1 differential scanning calorimetry (DSC). The excess 

heat capacity ),,( or  0 xTpc s

E

p
/Jkg

-1
K

-1
 of 1-butanol and Diesel fuel blends were 

calculated. Polynomial equation as a function of temperature was used for the fitting of 

measured data 

Keywords:  1-butanol, Diesel fuel, heat capacity, high temperature, differential scanning 

calorimeter 

Introduction  

The Diesel engines has wide range applications in the transport vehicles (ships, Diesel 

locomotives, cars, trucks, military transports etc.). The properties and performance of Diesel 

engines is close depending from the injection system design [1]. The stringent emission 

standards require advanced Diesel engines technology with improvement of the primary 

injection and combustion processes within the engine combustion chamber. Two important 

developments (common rail for fuel injection into the primary combustion chamber and use of 

alternative fuels instead of fossil diesel or mixtures of alternative fuels and fossil diesel, so-called 

blends) successfully applied to meet the stringent legal requirements for emissions of Diesel 

engine [2].  

Alcohols have been used as alternative fuels or in blends in internal combustion engines 

for a long time. Typically, alcohol tends to decrease internal combustion engine emissions [3]. 

The important properties of fuel blends with the adding of alcohols to Diesel fuel were discussed 

in [2]. Application of 1-butanol into Diesel fuel as alternative is more popular during the last 

years. 1-butanol possesses less hydrophilic tendency, higher heating value, higher cetane  
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number, lower vapor pressure, higher viscosity and lubricate than ethanol and has a very good 

miscibility [4].  

For optimal design of Diesel engine combustion and high pressure fuel injection process 

with fuel mixtures concerning understanding, modeling, optimizing spray formation, 

vaporization, combustion and pollutant formation an accurate knowledge of basic fuel 

thermophysical properties like density, vapor pressure, viscosity, speed of sound, surface 

tension, heat capacity etc. as a function of pressure, temperature and composition, is required [5].  

In this paper, the constant pressure specific heat capacity of 1-butanol and Diesel B0 fuel 

blends at wide range of temperatures, ambient and saturated pressures presented. Analysis of the 

literature showed, that there are no heat capacity values of these binary system. Therefore, we 

decided to investigate them experimentally. This work is continuing of our investigations in the 

field of thermophysical properties of 1-butanol and Diesel B0 fuel blends [1, 2, 6, 7].  

Experimental Part 

The ultra pure 1–butanol (w=99.995%, absolute for analysis EMPLURA®, CAS No. 71-

36-3, Art. Nr. 8.22262.2500) were purchased from Merck Schuchardt OHG, Germany. Shell 

Global Solution DK5037 Diesel B0 sample taken in 2015 was used during the preparation of 1-

butanol and Diesel B0 binary fuel blends. More information about the preparation of binary 

liquid systems also was discussed in our previous publication [8].  

 

Fig. 1. Differential scanning calorimeter Pyris 1 

The constant pressure specific heat capacity of alcohol and Diesel fuel blends cp(p0,T) at 

ambient and saturated pressures is measured at T = (263.15 to 468.55) K using the differential 

scanning calorimeter Pyris 1 [9] and the obtained experimental data was used for the calculation 
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of specific heat capacities cp(p,T) and cv(p,T) at high pressures and temperatures, in which the 

density of alcohol and Diesel fuel blends is experimentally investigated. The accuracy of 

constant pressure specific heat capacity measurements is cp(p0,T) =  0.5%.  

Heat capacities are measured using the Perkin Elmer’s Pyris 1 Differential scanning calori-

metry (DSC) which excels at the most difficult DSC analyses (Fig. 1). DSC measures the amount 

of energy absorbed or released by a sample as it is heated, cooled, or held at a constant tempera-

ture. Pyris 1 is installed with DSC which is an effective tool to characterize and enables physical 

properties and characterization of glass transition and other effects that show changes in heat 

capacity or a latent heat. At elevated temperatures DSC gives accurate results comparatively 

with normal calorimetry measurements. In Pyris 1 Quasi three dimensional measurement 

systems with power compensating device was installed which has very short time response [9, 

10]:  

TmcTCQ        (1) 

If the sample is time dependent, then the differential form of the equation is used which is 

written as shown in equation (2): 




 mc
dt

Q
C

dt

Q
       (2) 

where: δQ is the heat exchanged, ΔT is the temperature change caused by the exchanged heat, Φ 

is the heat flow rate, C is the heat capacity, c = C/m is the specific heat capacity, m is the sample 

mass, and β is the scan rate (heating or cooling) [9].  

For all measurements an empty measurement, a calibration measurement with sapphire and 

the sample measurement with the temperature programs described below are carried out: the 

temperature calibration takes place with indium and zinc. Firstly, the sample twice from 

T=(263.15 to 468.65) K with cooling and heating rates of 10 K/min measured. This process is 

necessary to check the stability of measuring cell and to see phase transition in this temperature 

range. The temperature profile is presented in Fig. 2. In the second part of the measurement the 

sample in steps is measured by 50 K at temperatures T=(263.15 to 468.65) K with 10 K/min. 

Between the temperature steps an isotherm is inserted to the correction small instrument drifting. 

The temperature programme is represented in Fig. 3. 

The constant pressure specific heat capacity, ),,( or  0 xTpc sp
, was defined after the obtaining 

of heat capacity time curves as following form [9]: 
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where: K(T) is a temperature dependent calibration factor, which can be stored for future use: 
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Fig. 2. Temperature Program lines of cooling and heating 

 

Fig. 3. Gradual cooling and heating for heat capacity calculation 
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Results and Discussion 

The experimental values of constant pressure specific heat capacity cp(p0 or s,T) at various 

temperatures measured with Pyris 1 DSC are given in Table 1.  

Table 1. Experimental at p0 = 0.101 MPa and saturation pressures ps constant pressure specific 

heat capacity cp(p0,T)/Jkg
-1
K

-1
 values of 1-butanol and Diesel B0 fuel blends at 

temperatures T = (263.15 to 468.65) K 

V1-b, volume % 0.0000 6.9998 15.7889 30.0393 60.0215 80.0649 100.0000 

w1-b, mass % 0.0000 6.9145 15.6144 29.7631 59.7049 79.8537 100.0000 

x1-b /mole fr. 0.0000 0.1773 0.3493 0.5514 0.8112 0.9200 1.0000 

M/kg·mol-1 0.2150 0.2053 0.1930 0.1731 0.1309 0.1025 0.0741 

T/K cp(p0 or s,T) 

263.15 1799.53
ac

 1851.83 1905.20 1977.02 2064.09 2095.00 2113.63 

273.15 1844.22 1892.45 1945.28 2019.03 2115.00 2153.99 2182.20 

283.15 1887.84 1937.61 1994.28 2078.02 2183.73 2231.00 2260.21 

293.15 1930.49 1985.57 2049.02 2133.02 2262.58 2314.83 2347.41 

303.15 1972.26 2034.98 2106.93 2206.94 2348.74 2405.00 2443.01 

313.15 2013.23 2084.74 2165.99 2276.93 2438.95 2503.13 2545.74 

323.15 2053.50 2134.05 2224.66 2346.00 2530.52 2602.13 2653.95 

333.15 2093.16 2182.36 2281.84 2423.83 2621.25 2706.00 2765.75 

343.15 2132.29 2229.30 2336.79 2488.77 2709.44 2806.98 2879.03 

353.15 2170.99 2274.69 2389.12 2547.92 2793.78 2906.00 2991.62 

363.15 2209.35 2318.48 2438.66 2609.00 2873.34 3001.99 3101.36 

373.15 2247.45 2360.74 2485.48 2662.00 2947.51 3091.00 3206.17 

383.15 2285.38 2401.60 2529.78 2714.00 3015.94 3175.00 3304.20 

393.15 2323.25 2441.24 2571.86 2760.06 3078.53 3249.01 3393.85 

403.15 2361.12 2479.86 2612.06 2806.00 3135.32 3320.00 3473.95 

413.15 2399.11 2517.62 2650.67 2845.91 3186.51 3378.00 3543.77 

423.15 2437.29 2554.63 2687.93 2884.00 3232.36 3430.00 3603.17 

433.15 2475.75 2590.91 2723.93 2917.03 3273.16 3476.02 3652.70 

443.15 2514.59 2626.37 2758.58 2958.00 3309.17 3514.00 3693.62 

453.15 2553.90 2660.75 2791.53 2983.86 3340.00 3546.00 3728.10 

463.15 2593.76 2691.00 2822.12 3013.12 3365.00 3574.02 3759.23 

468.65 2615.95 2710.80 2837.59 3030.09 3380.00 3590.00 3776.37 

ac 
Standard uncertainty u are u(T) = 0.01 K and the combined expanded uncertainty Uc is Uc(cp) 

= 0.5 Jkg
-1
K

-1
 (0.95 level of confidence). 
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The obtained values from Table 1 were fitted to the polynomial equations: 





3

0

3

0

or  0p ,)/(fr.) ole/(),,(
j

j

ij

i

i

s KTlmxxTpc     (5) 

where lij are the coefficients of eqns. (5) are given in Table 2.  

Table 2. Coefficients of eqn. (5) for constant pressure specific heat capacity of 1-butanol and 

Diesel B0 fuel blends at temperatures T = (263.15 to 468.65) K. 

l00 = 455.9261019 l12 = 135.1477835 l30 = 0.1497809549·10
-5

 

l01 = 4977.747691 l13 = -157.328961 l31 = -0.1461735009·10
-3

 

l02 = -16154.10817 l20 = -0.3783420129·10
-2

 l32 = 0.3010091204·10
-3

 

l03 = 18288.20477 l21 = 0.150583102
 l33 = -0.3742342538·10

-3
 

l10 = 6.008842245 l22 = -0.3571181928  

l11 = -47.63529006 l23 = 0.4312149091
  

The APD between experimental and fitted values are: ur(cp/cp) = ± 0.24 % for 1-butanol 

and Diesel blend. 

Plot of constant pressure specific heat capacity cp(p0,T) of 1-Butanol and Diesel fuel blends 

versus mole fractions x of 1-butanol at various temperatures T=(263.15 to 468.65) K are shown 

in Fig. 6. From the Fig. 4 it is to be seen, that the concentration dependences of heat capacity has 

slowly part negative, part positive lines. Such dependence continues until appr. T=(373.15-

383.15) K. The dependence is changing to the full negative form after this temperature interval. 

Such behavior can be explained using the information about boiling temperature of 1-butanol, 

which close to this temperature interval [T=(390.85) K].  

Figure 5 shows the plot of deviation of experimental cp0,exp(p0,T) and calculated using 

empirical equation cp0,cal(p0,T) constant pressure specific heat capacity of 1-butanol and Diesel 

B0 fuel blends versus mole fractions of 1-butanol x at various temperatures T=(263.15 to 468.65) 

K and Figure 6 - versus temperature T/K at various x mole fractions of 1-butanol. These 

dependences have middle average deviation in the experimental uncertainties interval. The 

deviations of some points more than ur(cp/cp) = ± 1% can be only experimental error of every 

points and mostly they are obtained at T=263.15 K. 

The excess molar heat capacity ),,( or  0 xTpc s

E

p  of binary alcohol and Diesel fuel blends is 

an important thermodynamic property, because it provides also information about molecular 

interactions in mixtures. It can be calculated with knowledge of the heat capacity values of pure 

components and compositions at various temperatures: 

DmpampBLmps

E

p cxcxcxTpc  , , ,or  0 )1(),,(  ,    (6) 
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where: ),,( or  0 xTpc s

E

p
 is the excess molar heat capacity of fuel blends; x is mole fraction of 

alcohols; BLmpc  , , ampc  ,  and Dmpc  ,  are the molar heat capacities of fuel blends, alcohols and 

Diesel fuel, respectively.  
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Fig.4. Plot of constant pressure specific heat capacity cp( xTp s ,,or  0 ) of 1-butanol and Diesel B0 

fuel blends versus mole fractions x of 1-butanol at various temperatures: , 263.15 K; , 

273.15 K; , 283.15 K; , 293.15 K; ▼, 303.15 K; , 313.15 K; , 323.15 K; , 

333.15 K; , 343.15 K; , 353.15 K; , 363.15 K; , 373.15 K; , 383.15 K; , 

393.15 K; , 403.15 K; , 413.15 K; , 423.15 K; , 433.15 K; , 443.15 K; , 

453.15 K; ◑, 463.15 K; ◐, 468.65 K. 
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Fig. 5. Plot of deviation of experimental 

cp0,exp(p0,T) and calculated using empirical 

equation cp0,cal(p0,T) constant pressure speci-

fic heat capacity of 1-butanol and Diesel B0 

fuel blends versus mole fractions x of 1-

butanol at various temperatures T=(263.15 to 

468.65) K: , 0.0000; , 0.1773; ▲, 

0.3493; , 0.5514; , 0.8112; , 0.9200; 

, 1.0000 

Fig. 6. Plot of deviation of experimental 

cp0,exp(p0,T) and calculated using empirical 

equation cp0,cal(p0,T) constant pressure specific 

heat capacity of 1-butanol and Diesel B0 fuel 

blends versus temperature T/K at various mole 

fractions x of 1-butanol: , 0.0000; , 0.1773; 

▲, 0.3493; , 0.5514; , 0.8112; , 0.9200; 

, 1.0000 

 

The excess molar heat capacity ),,( or  0 xTpc s

E

p  of 1-butanol and Diesel fuel blends versus 

mole fractions of x 1-butanol at various temperatures between T=(263.15 to 468.15) K and 

ambient or saturated pressures are shown in Figure 7. During the analysis of mixture excess 

molar properties, the properties of pure substances must be investigated very carefully. Because, 

the small uncertainties in the pure component property can be change the excess properties of 

mixture very speedily. The constant pressure specific heat capacity of 1-butanol, which need in 

Eqn. (6) were measured in our laboratory and through compared with the all possible literature 

values in last century [11]. The constant pressure specific heat capacity of Diesel B0 fuel sample, 

which also need in Eqn. (6) were measured in our laboratory, published in [1], but it was 

impossible to make literature comparison. Because, it is impossible to measure the properties of 

Diesel fuel in a standard accuracy (Diesel fuel is different in the various parts of Earth). 

Positive values of excess molar volumes can be visualized as being due to a closer 

approach of unlike molecules having significantly different molecular size and indicates strong 

interactions between similar molecules. It can be used to determine the feasibility of having 

alternative blend in Diesel fuel. Due to the presence of non-polar molecule like acrylic esters, 

existing H-bonding in alcohol molecule breaks and system shows weak intermolecular 

interactions. Positive values of ),,( or  0 xTpc s

E

p also show that volume expansion is taking place 

causing rupture of hydrogen bonds in self associated alcohols. 
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Fig.7. Plot of excess molar heat capacity ),,( or  0 xTpc s

E

p  of 1-butanol and Diesel fuel blends 

versus mole fractions of 1-butanol x at various temperatures between T=(253.15 to 

468.15) K: , 263.15 K; , 273.15 K; ▲, 283.15 K; , 293.15 K; , 303.15 K; , 

313.15 K; , 323.15 K; , 333.15 K; , 343.15 K; , 353.15 K; ▲, 363.15 K; , 

373.15 K; , 383.15 K; , 393.15 K; , 403.15 K; , 413.15 K; , 423.15 K; , 

433.15 K; ▲, 443.15 K; , 453.15 K; , 463.15 K; , 468.65 K. 

Conclusion 

The constant pressure specific heat capacity cp( xTp s ,,or  0 ) of 1-butanol and Diesel B0 fuel 

blends over a wide range of temperatures T, at ambient or saturated pressures are reported. The 

measured heat capacity values of Diesel B0 fuel and blends with 1-butanol are not found in the 

literature and in this case, comparison of them was impossible. The excess molar heat capacity of 

),,( or  0 xTpc s

E

p 1-butanol and Diesel B0 fuel blends versus mole fractions x of 1-butanol at these 

state parameters were defined and analysed.  
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