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Prediction of the Liquid Density of Fatty Acid Methyl Ethyl
Based on the Peng-Robinson Equation and Volume Translation

CAI Lingxiao, ZHANG Yujing, WANG Xiaopo

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To improve the accuracy of the classical Peng-Robinson cubic equation of state (PR
equation) to predict the high-pressure liquid density of fatty acid methyl esters, and to provide a
reliable density prediction method for the further application of the biodiesel in engineering, the
experimental density data of 19 saturated fatty acid methyl esters and 6 unsaturated fatty acid
methyl esters at atmospheric pressure issued in the literatures were collected and the PR equation
was modified using the volume translation method. According to the investigation, there were
regular trends between the values of the volume translation and the temperature, carbon atom
numbers and double bond numbers of the fatty acid methyl esters, and the quantitative relation-
ship was obtained. Based on this, a new PR equation based on volume translation (VTPR equa-
tion) used to predict the density of the homologous fatty acid methyl esters was obtained. The
investigation results show that the overall average relative deviation between the density of the
fatty acid methyl esters at atmospheric pressure calculated with the proposed VTPR equation and

the experimental density data is 0. 30% and that between such density under high pressure predicted
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with the equation and the experimental data is 0. 50%. It indicates that the VTPR equation can

meet the requirement of the practical engineering.

Keywords: fatty acid methyl ester; density; volume translation; Peng-Robinson equation of state
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Table 1 Information of fatty acid methyl esters
Wy i i B FxX M/(gemol™) T./K po/MPa V./Cem® « mol ) )

c R /P B SC6:0 C:H, 0, 130.18 612. 00! 2. 8801 455.9 0.476 9
BE g B iR SC7:0 CsHy50, 144. 21 626. 00! 2. 53041 512.5 0.520 4
o R F R SC8:0 CyHi50, 158. 24 646. 00! 2. 34041 569. 1 0.563 5
TR s SC9:0 Cio Hyo O, 172. 26 665. 00! 2. 060 625.7 0.606 4
2% ik 1 g SC10:0 Cy H,, 0, 186. 29 675. 00! 1. 9304 682.3 0.648 8
+— & H lis SC11:0 Ci. H,, O, 200. 32 694. 001 1. 7501 738.9 0.690 9
H g g SC12:0 Ci3 Hys O, 214. 34 709. 00! 1. 5201 795.5 0.732 6
+ =R H s SC13:0 Ci1 Hys O, 228. 37 722.93 1.529 852.1 0.773 8
PR &5 12 P 1R SC14:0 Cy; H3 O, 242. 40 730. 002 1. 320t 908. 7 0.814 6
+ R H B SC15:0 Cis Hy, O, 256. 42 748. 50 1.323 965. 3 0.854 9
o A 2 FE SC16:0 C;; Hi, O, 270. 45 760. 002 1. 1704 1021.9 0.894 8
£ R H s SC17:0 Cis Hys O, 284. 48 771.53 1.156 1078.5 0.934 3
5 i 2 H s SC18:0 Cio His O, 298. 50 785. 00112 1. 08012 1135.1 0.973 3
T LR H s SC19:0 CyHi O, 312.53 792. 47 1.019 1191.7 1.011 8
Y g SC20:0 C,, H,, O, 326.56 802. 27 0.959 1 248.3 1.049 9
Z+—m YR SC21:0 Cy, Hyy O, 340.58 811. 67 0. 905 1304.9 1.087 6
1L &7 BR H B SC22:0 Cys Hys O, 354. 61 820. 71 0.854 1361.5 1.124 9
—t+=mR¥Es SC23:0 C,i Hyis O, 368. 64 829. 40 0. 808 1418.1 1.161 7
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L/bin R AT M/(gemol D) T./K p/MPa V. ./(cm® » mol ') w

- pu e g H g 5C24:0 Cs Hs0 O, 382. 66 837.78 0. 766 1474.7 1.198 1
A R il 7R P T UC16:1 Ci-Hy, O, 268. 43 764,03 1.282 1001.3 0.880 3
TR UC18:1 Ci Hy O, 296. 49 777. 00 1. 2100 1114.5 0.959 1
Sy 2 R UC18:2 Cio Hs, O, 294, 47 778. 00 1. 24003 1093.9 0.944 9
VPR R HY g UC18:3 CwH;, 0, 292. 46 779. 00 1. 44003 1073.3 0.930 7
MGi-11-— 45 R W g UC20:1 Coi Hy O, 324. 54 805. 38 0.991 1227.7 1.036 1
TR T R vC22:1 Cos Hyy O, 352. 59 817. 00t 0. 960 1.340.9 1.111 4
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Table 2 Information of the experimental density of fatty acid

methyl esters at atmospheric pressure

/051 T/K By o
SC6:0M P 273, 15~405. 23 66 —0.002 14
SC7:oM P 273,15~418.93 61 —0.005 15
SC8:o 1 273, 15~448. 74 80 —0.005 36
SCY:o Pl 273,15~453. 14 30 —0.009 65

SC10:oM 1018 273, 15~393. 15 91 —0.009 56
SC11:0M 293.09~353.13 13 —0.012 90
SC12:0M-16-19201 283 15~413. 15 89 —0.018 60
SC13:0M4 273.15~348.13 12 —0.014 99
SC14:0M 1021 293, 15~393, 15 60 —0.020 69
SC15:0414 293.14~353.15 15 —0.018 58
SC16:0%221 304, 35~415. 67 67 —0.022 77
SC17:0-1 313.13~353.13 6 —0.021 16
SC18: 001 313.15~363.15 16 —0.023 23
SC19:0-1 313.13~353.13 6 —0.024 15
SC20:0M4 323.15~373.15 11 —0.025 44
SC22:0M4 333.15~373.15 9 —0.028 04
SC24:0M4 338.15~373.15 8 —0.030 45
UC16: 1t 278.15~363. 15 18 —0.018 73
UC18: 121 270, 00~470. 00 59 —0.016 93
UC18: 2142 270, 00~470. 00 57 —0.016 74
UC18: 3t 278.15~363. 15 25 —0.008 74
vC20:1H 278.15~373.15 20 —0.025 41
vC22:1H 278.15~363. 15 18 —0.023 00
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Fig. 1 Variation of volume translation with the carbon number in

saturated fatty acid methyl esters and temperature

http: // zkxb. xjtu. edu. cn

TEBLIERE L A3 AT T R A R B 1 43 30l 5 i SR
THL N RIS D R A 2 s,

Ac/(cm’ *» mol )

® K
— WAkl

16 17 18 19 20 21 22

N
() D=1 I T A A B A% i Bt s 7 K 22 1k
=30 r
-40

=504

|
(=)
S

|
-
[=}

Ac/(cm’ » mol ™)

|
o«®©
S

o K
— WALk

|
O
(=}

-100

-110 L
1

(b) N=18 I R4 MBUFF4 4k B DU R A2 1
Bl 2 R AT A8 fk BN (AR TR P s e 74 N
RUEEEL D gL
Fig. 2 Variation of excess volume translation with carbon number
N of the unsaturated fatty acid methyl esters and double
bond number D

Xt T A R U TR R L B AR BT B bR B 3R
ik
Ac =1 + LN+ LN +1LN + LD+, DF (12)
Cansar = Coar + A (13)
ShE R R 2 B S0 B SR g/ Rk R4S 2
(DA H R EL His R ECH
F%?iwéﬁﬂ (14)
s KRB 20 S s o0 R o 43 30l 3R 5 B
(R S0 (B RT3 . 5 BB A2 X TRl R 40 9.
12,14 F1 16 HH ARG 17 R H I , LA RO B iy 2 4k
FIER 5 At e J5 - BN — BeCan &l 1 Rz PR X 3
JURP# o Bl 47 T RH, £ 3 AW TR AD M
KA WSEIEME.




76 W% o i

PN

857 %

3 RADAX2) 8 A= )2l
Table 3 Regressed values for the coefficients in Eq. (11) and (12)

SR Gl 2 Bl
N=9,12,14,16 HAh

ky —499. 500 0 9.798 0 L, 2.026 3X10"
ks 113.000 0 —2.4100 | &  —3.304 9X10°
ks 0.076 9 —0.0055 | 4 177.691 7
ks —7.609 0 0.670 7 A —3.162 3
ks —0.016 6 —0.006 7 | 4 69.610 0
ks 0.195 9 0 s —24.160 0
ks 0.000 3 0

J T HCBAR SO #E ST () VTPR 5 R B4 45, 5 5
If PR 72 .Do Carmo Ir## 37 i) VTPR J5 2 (D-VTPR
FrFE LA K Abudour #5379 VTPR J7 72 (A-VTPR J7
FOMAT T HeE., 2R 4 45 T 3X 4 oy 72 2% 1 1
SR E A AR 25 . SRR E A ST VTPR
J5 TR X ARL R LA S AN TR0 15 1R FY T 1 %85 R 5000 RS B A
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Table 4 Average absolute deviation between the predictive and

experimental densities for different equations
5 J3E RO A 5 S 06 A AR X i 22/ 26
Py JFi# PR DVIPR A-VIPR A3
T T K K

SC6:0 3.21 0. 65 0. 83 0.12
SCT7:0 6.73 0. 65 0.79 1.70
SC8:0 6. 96 0.88 0.91 0. 44
SC9:0 12.14 1. 30 1.48 0. 29
5C10:0 11. 94 1.27 0. 90 0.05
SC11:0 15.97 1. 20 0. 87 2.05
SC12:0 22. 86 1.52 0.78 0.15
SC13:0 18.56 1.48 0.90 0.58
SC14:0 25. 44 1. 94 0.77 0.16
SC15:0 22.99 1.27 0. 85 0. 62
SC16:0 28.01 2.39 0. 88 0. 20
SC17:0 26.12 2.06 0.45 0.67
SC18:0 28.70 2.04 0.52 0.43
SC19:0 29. 86 1. 96 0.47 0.61
$C20:0 31. 42 1.87 0.58 0.33
$C22:0 34. 66 1.37 0.47 0.01
SC24:0 37.68 0. 68 0. 42 0.25
UC16:1 23.21 1.37 1.04 0.14
UC18:1 21. 04 1.23 1.35 0.11
UC18:2 20. 80 1. 29 1. 40 0.11
UC18:3 11. 05 2.77 1.02 0.17
UC20:1 31.49 1.05 1. 09 0.05
UC22:1 28. 62 1.05 1.06 0.13
BRAHXRZE 16,66 1.32 0.93 0. 30
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Fig. 3 Comparison of density deviations of saturated

fatty acid methyl esters C16 : 0 for different

equations
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T k20 PP AL AR TR ST i 17 R P TS e s % R
AT SEPE AR T 9 ﬁ'f@%ﬂﬂaﬂﬁﬁ&@@a%ﬂ 3 i AN

AR D R P i e H W RH 2% % L R T B 38 200 MPa,
it 2 158 A %dE A, R UJ”%'%EB [] isf L 2%

T 4 BORTE SRR AT LT (45 R, RTRLE
ASCH) VTPR J5FEXF 12 Fh G B B2 B G = 6 7 AH 2%
JE T 235 SR 0 A AR X 25 R 0. 50 %, T At
HRE,




12

BT 55 R 1 Peng-Robinson 77 AR FLSF- B 119 i 1y R 1Y Ik 9 AH 285 R T 7

A5 BEEEERREKER & B R AR & R E AR R £

Table 5 Information of the experimental high-pressure density and the average absolute deviation of the high-pressure density

for different equations

1o 8 R 00 0 (5 592 9 {1 ) A X i 22 / 0%

/)i T/K p»/MPa BofE i B4R PR D-VTPR  A-VTPR ENS'S
5 5 I T e
SC6:0M 293.15~363. 15 1. 00~60. 00 96 2.95 0.73 0.85 0.22
SC7:0M 293.15~363. 15 1. 00~60. 00 96 6. 46 0.88 0.82 1. 66
SCg: ot 293.15~363. 15 1. 00~60. 00 96 6.88 1.06 0. 84 0.38
SC9: 0t 293.15~363. 15 1. 00~60. 00 96 12. 36 1.25 0.90 0.32
SC10: 008281 293.15~393.15 3.00~100. 00 125 12.00 1.54 1.13 0.48
SC12:009-20-2729] 283.15~413. 15 1. 00~200. 00 462 22.99 1.55 1. 04 0.24
SC14: 0027201 293.15~393.15 1.00~80. 00 144 25.65 1.79 1.01 0.21
SC16: 00222081 313.15~442. 52 1.00~50. 00 102 27. 34 3.26 1.53 0.28
SC18:0-1 313.15~373.15 6.89~34.50 20 29.49 1.15 1.15 1. 50
UC18:qle2rstsz] 270.00~470. 00 0.49~100. 00 321 21.12 1.62 1.79 0.49
UC18: 27 2s-s182) 270. 00~470. 00 0.38~129.78 575 21.69 1. 86 2.03 0.72
vC18: 3t 293.15~373.15 6.89~34.50 25 10. 31 1.63 1.31 0.29
S AR X 22 19. 21 1.63 1.41 0.50

B 07 B A W] REAE AR B ) 2 A — By ) 3 o i

M, BARRIAALE p-V K AR T G SR B Y
SRR AT RE SRR R e N 22 X, A, 2016
4F Shi FII Li 82 1T — A &) B A 7 o F 40 D 1 R
PRSI BT B M RBE R R 5k
JERLMEXR W c=AT+B,. HHEEREA N
I FRATE pV IR A B X, A3
AR TR 1 00 7 A B R B A AL S ik BT H N
A K
A = ks +k;N+k N* (15)
RERE A MRS RME 6 P, 45R%E
Y 5 T 0 55 B B i e M, T BRI E R A
B/NT 0, B 5 R 78 B T8 00 IR BE AR ) 8 LA G
oy — 2k,
k6 FEFEW BT E A BEAHA
Table 6 Temperature coefficient A of different fatty acid

methyl ester

N A N A N A N A N A

6 —0.05[10 —0.0714 —0.10||18 —0.13|22 —0.15
7 —0.05[11 —0.08)15 —0.11||19 —0.13|23 —0.16
§ —0.06(12 —0.0816 —0.11||20 —0.14|24 —0.17
9 —0.05(13 —0.09(17 —0.12||21 —0.15
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