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BACKGROUND INFORMATION RESEARCH AND RESULTS

The need for fuel 1s growing worldwide along with the industrialization of many The performance of the model is shown in a plot of the ASTM measured values
Aslan and African countries. Along with this growth Is an increase in fuel theft in versus the NIR predicted values (Figure 3D). A linear least squares fit to the data,
the form of dilution. Dilution can range from water to lower grade fuels. While here referred to as the correlation coefficient of calibration, R2, has a value of
water dilution can eaSily be determmEd, low grade fuel dilution reCIUireS 0.92 (10 would be a perfect CO”e]ation). The root mean Squared error of
sophisticated analyzers that determine various fuel properties. Unfortunately, such correlation (RMSEC) was then cross validated using the “venetian blinds”
analyzers are confined to laboratories, and the measurements can take hours to method to yield a cross-validated correlation coefficient (R2-CV) and a RMSECV
perform. In an effort to meet the need for rapid verification of fuel at ports and of 0.91 and +1.1, respectively. This process was performed for all of the diesel
depots, we have developed a field-portable analyzer that can determine multiple properties. The R2-CV and RMSECYV values are listed in Tables 2.

properties within 10 seconds. The portable fuel analyzer measures the near-
Infrared (NIR) spectrum of a fuel sample, which is correlated to the properties
using multivariate statistics and a fuel sample data base consisting of previously

Table 2

measured NIR spectra and ASTM properties. Twenty-two correlation models have ~ Property ASTM PFPA
been developed for diesel, gasoline, and jet fuels that predict fuel properties _Method Reproduc Repeat Lv R 2X 2x  Calibration
comparable to ASTM reproducibility values. The analyzer accurately determined -ibility  -ability CV  RMSECV StdDev  Range
properties for 16 diesel samples previously characterized at two ASTM [Density(151C)g/MEY D1298 00012 00001 6 095 00045 0001 0.82t00.88
certification laboratories. The analyzer design, model development, and the ICEtaneinds D976 2 - 5 083 15 0.4 4310 o>/
sample measurements are described. \iscosity (40C),eSt " D445 0042 0022 6 08 034 0058 20to45
JAFomatics, %eVol* ™ D1319 3.0 14 3 092 5.2 0.9 20 to 55
INSTRUMENTATION AND DEVELOPMENT _ D1390 4.0 1.2 3 0.89 6.2 14 45 t0 80
The portable fuel property analyzer ( PFPA) was designed and built to measure the CIGUGPGIRECII D250 4 - S B Ly | Z5ls
diesel, gasoline, and jet fuel samples. The PFPA employed 2 mL glass sample, a Flash Point (P-M), C DS 0 2 i 134 L4 051095
oy : IPOUFPOIREENN D5297 6.8 34 4 045 9.4 1.6 -28 0 -6
transmission grating to spread the spectrum, and a 256 channel InGaAs array to
. L Distillation 0%, C D86 8.5 35 5 035 214 1.9 160 to 210
detect the transmitted NIR radiation from 1000 to 1600 nm. Distillation 10%, C D86 T T el 196 T
Table 1 Figure 1 IDistillation 20%,C | D86 85 35 6 085 125 1.8 180to 270
~ Properties ~ Diesel » Distillation 50%, C D86 8.5 35 6 078 102 1.8 240to 300
 Demsity 166 Distillation 90%, €| D86  10.5 35 6 053 142 1.5 300 to 360
_ 14 The 16 test samples were measured at ASTM certification laboratories in Houston,
- Viscosity @40C 134 TX, and New Haven, CT. The comparison was limited to density, cetane index,
_ 35 viscosity, flash point, and cloud point, and distillation points at 90% for which all
_ 35 of the samples had ASTM values, except cloud point which had values for 13
_ 111 samples. The PFPA predicted all of the properties very close to the measured
_ 107 ASTM values (Table 3). Statistically, twice the standard deviation of the average
_ 163 difference between the ASTM and PFPA values for each property (2xStdDev),
Indicative of the 95% confidence level for this data set, was better than twice the

RMSECYV calculated by the models (2XxRMSECV), except for a minor difference
In the cetane index of Sample 11 (highlighted yellow). Removal of this sample
from the analysis greatly improved the 2xStdDeyv, reducing it from 2.4 to 1.7.

Model Development
The fuel property models were built by
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: . Table 3
measuring the NIR spectra (Figure 2) and ™ oo - Tl
ASTM properties of 166 diesel Samp|e3 Em Density (15 C), g/mL| Cetane Index VISCOSI(’%/§@40C, FIashPoglt(P-M), Cloud Point, C D;S;:)I/Ijtgn
(Table 1). Then each spectrum was pre- “ Sample |ASTM PFPA Diff |ASTM PFPA Diff [ASTM PFPA Diff |ASTM PFPA Diff |ASTM PFPA Diff |[ASTM PFPA Diff
) - - 11 0832 0.832 0.000f 494 519 25 243 236 0.1 65 57 8 -8.7 323 328 5
processed as follows: 1) the %St derivative " 2| 0.834 0.837 0003 496 489 07 216 234 02 63 67 4 -17.3 318 322 4
was taken to remove baseline tilt and offset; e i 10 B0 55 T o i i B 3| 0845 0842 0003 522 522 00 311 333 02 B MM 2 14.8 326 317 9
2) an 11-point, 3rd degree polynomial Wavelength (nm) 4] 0833 0836 0003 498 497 01 219 238 02l 57 6 8 -18 -174 1| 313 321 38
. . . 5| 0.831 0.833 0.002] 49.6 502 06 210 229 02 57 65 8 -14 -165 3] 315 324 10
(Savitsky-Golay) was applied to remove | Figure 3 6| 0826 086 0000 542 543 01 363 343 02 6 5 12 -14 -9 5 317 38 1
noise: 3) the range was clipped to 1050 to 002- f " 7| 0832 0835 0003 483 482 01 210 216 01 65 65 of -14 -183 4 313 32 9
- - é '1 8] 0.839 0.841 0.002 52 521 01 306 313 01 /1 /0 1 -11 -145 4 327 317 10
1550 nm (2nd overtone and Comt_)mfat'o_ns’ £ | o| 0846 0847 0001 485 461 24| 277 254 02 61 69 8 23 -193 4 35 313 1
6500 to 9000 cm-1); and 4) a multiplicative 7 .| oy 10| 0857 0854 0003 449 435 14 306 270 04 66 76 10| 96 -108 i 35 312 13
: : : . O 00l i " 12| 0845 0845 0000 454 463 09| 266 269 00 62 67 5 -154 -166 1| 320 321 1
remove y-axis magnitude influences (Figure = \/ 13| 0829 0827 0002] 500 510 10| 243 223 02 60 6 6 -77 -125 5 320 36 3
3A). Then partial least squares (PLS) od — T ] 14| 0.856 0.853 0.003] 437 440 03] 28 263 02| 79 69 10 -136 -149 1] 320 307 13
- - O e teanth () 0 150 180 15| 0.844 0843 0001 492 487 05 300 296 00f 66 67 1f -152 -155 0 323 316 7
Wavelength (nm)
mOdelmg Gt used to develop COITElatI(-)nS 0.25- : 16] 0.842 0.841 0.001} 442 462 20 243 236 01 9 6/ 8| -149 -148 (O 312 315 3
between the processed spectra as a function 5 o B Aw Diff 0.002 11 0.15 6.3 2.3 7.6
of wavelength and ASTM measured propert | 2xStdDev 0.0028 24 0.19 74 3.5 7.9
valles J PTOPETLY e ﬁ || | ﬂ 2XRMSECV 0.0045 2.2 0.34 134 7.2 14.2
. -E - IIII'- | | |"|'-.~_ .
;‘E = [ I',x _;'I | ——— n,' |||| .-.__ux __,ﬂr,f’ ""“'“x_.
e\ | VY CONCLUSIONS
For Ie)j:amfhle, da'l mlodel \‘:vas ?e\ﬁ'fpgd t(: e When transporting fuels, specifically diesel fuels, it is important to verify that the
10530 1100 1150 1200 1250 1500 1350 1400 1450 15000 1530 . - - . - - =
correla © t © thle_se kspec 'a Ot _ dlese Wavelength (nm) fuel shipments meet required specifications. Often in the transportation process, the
| ({0 - -2.2 - . . -
>amp esd 0 3_” tnO,X\VSnTI\(/:IeSg% |r|1:_exes - C 08 shipments pass through custody at different depots, pipelines and ports where the
;neasu_llf_eh a]cc:_cotr '”dg o o ( Ilgturet = X Variace Capiusd 182 fuel properties should be quickly checked. To meet this need of testing multiple
)'. N © I'_@ “OraeEt (?otrre 4 |1?n (or la <! 2 60- R tj; properties in the field, a fuel analyzer based on near-infrared (NIR) spectroscopy
Va“;. ° s b )th constl_s > g rf_gressmn E;j 122 was developed. The standard deviations between the values given by the analyzer
1c::oe t!C|en i 0 Inegatthlver_m pO??IBIVG, _?_?] a Esn- |05 and the ASTM laboratory instrument measured values for these samples were
f_un;: Il_i? fo t\;]vave fng . ((1 igure el ) , '3 e 2 L E generally better than the model root mean squared error of correlation or, in other
7I;S78(V ofr the Cetane Index mode tcapf“';ﬁ e e terms, the cross-validated values for each property. This innovative analyzer will
I 2 3 4 5 6 : :
. : e A(ezld'\ignarllclf\’/ — hmﬁs ® et L atent Variable (number) be able to produce quick and accurate results correlated to ASTM methods for on-
correlation. itional LVs, which represen 60- 5 : PIRR
! . site fuel verification
higher order relationships between the spectra o
and properties, can be used to improve the = = s ACKNOWLEDGEMENTS
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models. This process was continued until the B g © : :
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next latent variable did not Improve the £ - Y0 hab @koehlers ¥ coehleri
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