0o g
ST
o O

s
nE

koW ¥ 5Ok W A

Spectroscopy and Spectral Analysis
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of diesel and biodiesel

TETR G BRI A 61 T rp 8 X5k B o A 0 S i kR A
N F B AN R A S, e, P ek A C=C
(1 650 cm™ D F C=0 (1 743 cm™ ") YL 1E X 3% il 25 AE 4 47
e RN, 6T 0 A SR RE L T T B O s AR AT 20 40 O 1%
i, C=0 (4 659 cm ") FEAF S X I B AR S Tl vk B A AR
iR, BRI 2 Bis. IR F Rl =0 R X
I AE L2 G F I 21 A0 3% v B 2 B LD 55 2E U S i v T vk
FEA AR KA B .t Fhr bk ML s = A LR
) A S 2 R A GO 1 6, 20 AN R

MRS S D' e A BR AT 72 A B O 1 [ b 23 A 2 016 3
L1412 B R[] 14 4 O 3% B AE W SRR AE A L PR
N TS C=0 YR3l5 1R &80 P A Y S vk B2 7 4 20
T L ZL AP G 3 v B I . T K 45 A6 SR 40 A O R R T
FEM S C—=O IR 3l 6k B 4 $E & 6 1% R 204 Bt
iRy DI

0.8

Raman

2 Slodiesel
4 10d1CSC!
0.6 10% Biodiesel

044 — 30%B

— 80% Bi
—100% Biod

0
0
0
0

0.2

Raman intensity
wn
(=]
=<
@

0.0

1550 1600 1650 1700 1750
Wave number/cm™

2.59
NIR
2.01 —— Diesel
5% Biodiesel
10% Biodiesel
o iS5 —— 15% Biodiesel
2 —— 20% Biodiesel
g —— 25% Biodiesel
5 1.0+ —— 30% Biodiesel
2 —— 50% Biodiesel
< —— 80% Biodiesel
0.54 —— 100% Biodiesel
0.0

4 600 4700 4 800 4900

Wave number/cm’
B2 SEmSEMERRBESYNEZRHFELE
(a): fi @i, C=0, 1743 em
(b): FELHMERE, =0, 4659 cm ™!
Fig. 2 Characteristic spectra of diesel and biodiesel
(a): Raman, C=0, 1743 cm ';
(b): Near Infrared. C=0, 4659 cm !

2.2 EBELLAFZE

SR LE T R SR — P B O R O O e AR T )
VR 2 S8 o VSRS TR v B 0 R A I 5 Ll N — AN RRAE
1% 5 RE X i ) R BE R R EOC R A IR R B AT L
T A 5 r A R

HRAE B A AT AR ROk C=0 RHE X
Wil 2 Py S v B AR AR O B B R AE 1 743 om ! Ak B RRAE
W, MELLAMGHE 1 C=0 FHAE XA 4 659 em ' AL FRAE
U 55 A Wy S T R B AR AR AR AT L . BRI 43 SRR TR S A T TE X
A7 B Ak A 42 Y I R AE U5 AR GUT 20 A0 6 3 R A M 25 5 i R L T
P LG R AR W R B TR A T v A S R B 1Y AR Ak
KE.

& 3 2 A i BE L 7 ik T B A AR, N T LUK,
PGSR W AL RS R MR Ak @ S AR ], B J2 F
A, HE LD AN G R AR W i 2R B S i v AL R R R T



1892 i 2% 5 61 43 Hr

5540 &

0152 OIG HE AR AIL UAE 1) A 0 S I S R B AR R g i T
Ay S i R E S AR L ) O B R AL 0 e R P Wi R ks AL
SROLIER C—=0 R ARG 35 X I & A6 A0 ¢ R BOM L Tz =0k
WHEAEIL T 1, RRILLAERE C=0 FRAEEXS A4 4 58 i o
JRE B TIOI 0R LB 2O I R AL M T AL L, Sk =0
RFAE ' 3 DX SRS 5 5 BE LU 7 0 Al A W Sl VR BE L T
ZLA G (Y i W R LU L A Sl 3% A0y 415 AT U B2 A3 B Al 19 A
Seuhu A5 S .

1.4 ® Infrared at 4 659 cm™
A -1
1.24 Raman at 1 743 cm
o 1.0 1=1.32x+0.09
s R=0.996 2
e i
S 0.8
'z
§ 0.6
=
0.4+ 1=0.23x-0.01
R*=0.947 2
vl ;,:)1"1/‘/‘/
004 4

00 02 04 06 08 10
Biodiesel concentration

B3 BERFTENEAMER

Fig. 3 Quantitative results of intensity ratio method

2.3 wRE/MAZEREEE

G B3R5 A1, A P 5 A8 BT S8 Tl R R AE G R 2
Ao 0 A g Sl T BE SN, WO R A AR AE X (hr 2
W 1625~1675 cm ', ITLLANEIE 4 640~4 800 cm™ ') 5 i
SIS R 0 0 AR A R B i B /s e Il VA 40 A i — R O
JUARRE i WAL 2= 50 BT 5 v, Rt —Fh 20 Z LMk H
R, YRR BRZ . BAAAAEZ T AR
P R B/ T3 [T 09 A ST P R R L AR e RS B . R
A A fe /N 3 1A 3k N B B 2 O % AR 21 46 O i
C=0 HFE 3 XX IO R A R T b A P S5 T v B2 1 &L A R
JH#AT IR

FE ST A/ A RS AR S f e B/ 3 [ E (PLS)
RO T4 A A= g 25 il vl J3E 0000 4 R S B {9 4 B AN ] 4
B o M BT, YRS ATl A= g S i ik R Y DU 1 A S
PRle i 22 58/ HLELLAMBIS M R 25 8/, o 7 S HEH 1Y 1
RIS RGELL AN RE C=0 ¥AE 6% X 5 45 4w B /D
IR TS A3 BT I 6T 6 /A ) S TR A e I AR ) S T R
BALHE 1. BIA T A E R E G A 7 AR iR 25 (RMSE) X 137 &
J T RN IE 2T A0 T 1 AL R 1 EA T PR AR .

2 2 FR R MR G RE T 21 A6 Az A #5 /)s — 3fe [l )
ML S B G MR RO MW BT s
T RCHE HE T (R AR OC R BB LR 2O T 1. 1
¥ MRk 22 (RMSE) Ha 1 33 2141 ' 18 Haie st 7 A6 A 2y
5 R 15 25 BUME B hE B O i B ST A R B DN . A R
BORN ¥ 7 R 15 2 IS I P R A 000 {0 S o {22 ] A AR 25
AT L 2 P /s 3 IR S 4 T i 4 A 8 ORI 40 Ah
JEHE I C=0 FFE 6% X Bk & 1 A= W 52 b vk B2 i, fl ol
LLAMEIE C=0 FRAE X 38 g 57 1 i 35 /s = 3fe (7] 5 79 ) 455 75

M TR = C=0 FEAE X I8 8 57 0 e de /> — 3 0] )4 13
TS 7Y EL A T4 1 2F ) S il ok BE AL BB ) .
(@) A

—
(=}
1

Raman

=
oo
1

o
(=)}
1

Actual biodiesel concentration

T T

T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Predicted biodiesel concentration

b
104 \m (b)

Actual biodiesel concentration

00 02 04 06 08 1.0
Predicted biodiesel concentration

B4 EWSERIRETNES SBREX L
Fig. 4 Comparison of predicted and actual

concentration of biodiesel

F2 RBRAZERDEFEHTEGSHSIT
Table 2 Evaluation parameter statistics of

partial least squares regression

Raman Near infrared
Parameters - - — - - —
Calibration Prediction Calibration Prediction
r 0.990 4 0.981 5 0.999 1 0.999 2
RMSE 0.043 5 0.093 7 0.012 7 0.012 9
:': N
3 én e

T TR A 8k i v B 7 2 5 385 1T 21 40 56 15 A6 A= ) S
YR RE ST . L2 B UL 2 AN TR R A R R T
T TR) A2 0 S i e 8 )T S ST AT LT A6 . O o0 B 4G R R
JE H 7 9 RV BB/ 36 1 (PLS) #2237 28 1) 4% T 1 ViR 2 19T 00 A4
B, BRRW . TR B Ly TR A B O B N 4041
W C—=0 FRAEHR S B9 FRAE WX S8/ A4 ) S iR & W h i
A=W S R EAT A R AT AL AN ) =0 ik
By AE 5 R BE I BN AR G RBCE L T 1, R E L
A W) S AL RE T 5 25 0 AR R/ 3 (PLS) [B] 19 23
HEEA RSB AL A C—0 Rk 2 X 30T 5230/
A SR W I AR W S R B AT B RE . lamZnAhot



% 6 39 Sl o 5615 M 1893

W) C—=0 FRAEG 3 DX 57 Y fi f5c /)N — 3 (8] 0 57 0 A A5 RER T, S/ A SR S W h C=0 Ik 3 X pi; A
RIS b S i EAR A B AR R 2% o 3 O T A A U LA 3% DX e I B 4 19 A 1 e &Kﬁikﬁmnmo

References

[1] Gaurav N, Sivasankari S, Kiran G S, et al. Renewable and Sustainable Energy Reviews, 2017, 73; 205.

[ 2] Verma P, Sharma M P. Renewable and Sustainable Energy Reviews, 2016, 62: 1063.

[ 3] Martins G I, Secco D, Rosa H A, et al. Renewable and Sustainable Energy Reviews, 2015, 42 154.

[ 4] ASTM Standard D975. West Conshohocken, PA: ASTM International, 2013.

[ 5] Paiva E M., Rohwedder J ] R, Pasquini C, et al. Fuel, 2015, 160 57.

[ 6] BSENS590: 2013. Automotive Fuels-Diesel-Requirements and Test Methods, BSI Standards Limited, 2014.
[ 7] LIU Hao(X| #%). Basic Science(FAlRl2%), 2014, 123 0132.

[ 8] Palou A, Miro A, Blanco M, et al. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 2017, 180 119.
[ 9] Kiefer J. Energies, 2015, 8(4): 3165.

[10] Ault A P, Pomeroy R. Journal of Chemical Education, 2011, 89(2); 243.

[11] Dantas W F C, Alves ] C L, Poppi R ]J. Chemometrics and Intelligent Laboratory Systems, 2017, 169; 116.
[12] Firdous S, Anwar S, Waheed A, et al. Laser Physics, 2016, 26(4): 046001,

[13] Miranda A M, Castilho-Almeida E W, Ferreira E H M, et al. Fuel, 2014, 115; 118.

[14] Bumbrah G S, Sharma R M. Egyptian Journal of Forensic Sciences, 2016, 6(3): 209.

Quantitative Analysis of Fuel Blends Based on Raman and Near Infrared
Absorption Spectroscopy
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330063, China

2. Key Laboratory of Nondestructive Test (Ministry of Education), Nanchang Hangkong University, Nanchang 330063,
China

Abstract Biodiesel is a typical “green energy” with good environmental protection and fuel characteristics. It is usually mixed
with diesel to use in diesel engines. However, there is no uniform standard for the blend proportion of diesel and biodiesel at
present, and different proportions of diesel/biodiesel blend present different combustion performance, which also have a certain
impact on diesel engines. In order to measure the concentration of biodiesel in diesel/biodiesel blend quickly and accurately, near
infrared spectroscopy (NIR) and Raman spectroscopy have been used in fuel detection. In this paper, the concentration of biodie-
sel in diesel/biodiesel blends was quantitatively analyzed by using Raman spectroscopy combined with NIR. The Raman spectra
and NIRs of diesel/biodiesel blends were measured firstly, and then the spectra were pre-processed by smoothing, baseline cor-
rection and normalization. The Raman and NIRs of diesel/biodiesel blend present C=Q characteristic spectral regions. and
show corresponding trends with the increase of biodiesel concentration. The main variation of C—O characteristic region with
biodiesel concentration in Raman spectra is the characteristic peak at 1 743 cm™ ', while the main variation of C—QO character-

'. Afterwards. the concentration predic-

istic region with biodiesel concentration in NIRs is the characteristic peak at 4 659 cm
tion models of biodiesel in mixed fuel based on the strength ratio method and partial least squares (PLS) regression method were
established respectively. When using intensity ratio method to establish the biodiesel concentration prediction model in the char-
acteristic peak, the correlation coefficients of C=—O0O characteristic peak linear prediction model established by Raman spectros-
copy and near infrared spectroscopy were 0. 947 2 and 0. 996 2, respectively. When using partial least squares (PLS) regression
method to establish the biodiesel concentration prediction model in the characteristic spectral region, the correlation coefficients

(R*) of the prediction set established from the Raman and near infrared spectral characteristic regions of the blended fuel are

0.981 5 and 0. 991 2 respectively, and the corresponding RMSE are 0. 093 7 and 0. 012 9 respectively. The results show that the
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biodiesel concentration prediction model based on the C=0O spectral region in near infrared spectroscopy can obtain more accu-

rate prediction results in mixed fuel.
Keywords Raman spectroscopy; Near infrared spectroscopy; Biodiesel; Quantitative analysis
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