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Abstract: Current aviation jet fuel specifications only prescribe basic technical indicators, thus cre-
ating a regulatory gap because they cannot effectively distinguish between conventional petroleum-de-
rived sources, bio-based sources, or their blends. To address this issue, a stepwise identification
strategy comprising component screening, rapid physicochemical qualitative analysis, and bio-
based carbon content confirmation is proposed for the attribute identification of hydroprocessed esters
and fatty acids synthetic paraffinic kerosene (HEFA-SPK). First, gas chromatography—mass spec-
trometry is performed to screen the carbon number distribution; samples outside the typical aviation
fuel range (C6-C17) are excluded. Subsequently, rapid qualitative discrimination is achieved based
on density and aromatic content, supplemented by distillation range and flash point as auxiliary pa-
rameters for a comprehensive evaluation. Finally, bio-based carbon content serves as the key evi-
dence: a measured content above 97. 0% identifies HEFA-SPK, while a value below the detection
limit of 0. 5% indicates petroleum-based jet fuel. For intermediate blending ratios (1%-30%), a step-
wise regression approach is employed to develop a predictive model for the blending ratio of bio-based
fuel, and the model is validated via a paired i-test. Results show that the linear regression model
based on flash point, distillation range, and biogenic carbon content accurately predicts the blend-
ing ratio (R*>0.99), thus providing reliable technical support for the quality supervision and source
identification of bio-based aviation fuel.
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FA R E T NS B (AMS) I “C RN AR, Bt 17 AR e 5 BRI B h 48008 L i I = T
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RIS E B AE HEFA-SPK AL SE A ML 4150 1 3 S8 S 80RH S 6 MILGICVESS 1. 5241, R
K A, RS RS BENES ALy, 5 HEFA-SPK & a8 /it 1158 IR
1, #AFE HEFA-SPK AT 25 BTSRRI i 6 ANk GR & 5 #E 5 i HEFA-SPK IR BV S04 & T
50%), ICAESE 34,

WAL, SR NIEAR IR RGN LR I2 T IR B 245 HI7E 30% LU (LL20% J5 %), 1R
GRRI R AR B E S R AERIE G TSN, DL 2 [ N 2% [ brid 1 7 i A5 1R b ) R
WA, H RS B 5 B & (R B0 K2 494 15%, 5 HEFA-SPK BRI &, KB SEURE
FEITETS I 1 B S5 R bR D AR TARMEFR B ZoR (R BN T 8%) o 56 LaRiB 1738k 50
A, ARFTEHS 30% B BIR EIR .

1.2 A xE

1.2.1 HWEESEN RSO FOEEH (GC-MS) X 3 RS B 2y BEAT 04T . Gk
Agilent J&W HP-5MS BAIEH: (30 m X 0. 25 mm X 0. 25 wm) ; FEFE 1. 0 mL/ min, Z3¥ikL 250 @ 1; i
FELTRE 280 'C, #FAER 1.0 pLo FHEFEF: PIGRIEE 40 'C, fA%F5 min, LL8 ‘C/minF+E 200 °C,
PL15 °C/min F3 300 ‘CHRFF 10 min, FUGAAAER W FE T (ED 8706, SRR X E 230 °C, Jits
FIHEVE R m/z 50~550, R CREL W . HImMEA YT NIST FUEE Z R % 5 0 58 B )6 E
BEATE MRS T, DR BIE % R 70%.

1.2.2 BEHEREN K4 GB 6537-2025 Fll SN/T 2045-2022 B4 AR TR, 3 20AE S H#ALPE 5t 77 1
B 1 TR . AHEESR B BB . IR . SR AR UK R SR R R, Tk
GB 6537-2025"", Horr, F5RRARR S T S% R BRI, $2 B GB/T 11132 2 e RIHE X 555
SRR, KT 5%, SR NB/SH/T 0606-2019" J5 Al H it & 4344
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Table 1 ~ Comparison of physicochemical properties of different fuels

G 3(HEFA-SPK/jet fu-
Ttem Group 1 (HEFA-SPK) Group 2 (Conventional petroleum based jet fuel ) el Jes

el blends)
Density (20 C) 726~767 kg*m™ 775~830 kg*m™
Distillation range  10% [E1SCH BEAS i35 T 205 °C, ZYMBER ST 10 %[DBGHE BEAS S 1205 °C, 50 % [EDIGEEE AR 8T 232 °C, ZURERE
T 300 C it 300 °C
T90-T10%> 22 °C - T50-T10"> 15 °C
T90-T10= 40 C
Aromatics Ji 7 81<0. 5% RFHAY B <20%"
- - Volume fraction >8%
Others VK <-40 °C VK <-47 °C
[N 538 C [N 538 C

“T90-T10: The difference between the 90% and 10% recovery temperatures in the distillation range; "T50-T10: The difference between the

50% and 10% recovery temperatures in the distillation range; °For civil jet fuel, the specified volume fraction is no greater than 25%(*/##£ 90 %

IR 5 10 96 TR B 20 5 U 50% ISR FE 15 10% [T CIRL I 250 % R FHIME UMM ILRE PR BN BOR K T 25%)
1.2.3 &£YWEMBEE 0T HEFA-SPKIFB AR, MAES OB REE T A ®E, —
BAERIFRVE EAAERAER . BT X 25, RABU R CCO)REIN 7750 E BOEH ) BUARER &
&, RENE AN HEFA-SPK (38R FL I At v S0 Ak fk i . ETRIRICTS MLm=, FEmsa
SBAREEG , NG T, EHEFE, STH280B G AL (AGE) . FEMIGET TR TS
(EA) BIBRe e, MIREALFFFEAL R CO,, Fl)E B 3058 e ik & =AW, RIS & (S
), IBEX (%) . REREFESIRE B B35S E 80 Coalifh . Atk &SP IR, A ki
A A R S, R AMS IR, BEat e AMS B GG [RI; 2 BC/C 3 AT [ B IE AR IR
gz, JFLABARERLE) (F,) T C0E . e R EE 20k, NREE R IRZE £ 0. 1%, FEamH
A R & 8 X (90) RS T IRAFER AR R & & X, (%) TR A X)L ()R
X = F_/REF x 100% (1)
X, = (X/100) x (X,/100) x 100% (2)
Hr, FAERIARERILBY], & AMS I E MR FEEUE, REF & KRAKRIER F, H{EHZ% ASTM D6866
(2026 4FEHUEL99. 1),
1.3 BRkGIGITS
TERHEE S T2 SR P E TR HT I BERE |, SR SPSS AU ZEZR A HT# AR 72 B M TS 1 o0, 1)
i HEFA-SPK 40 3 FEAE S B IR L B B RS , i B ) iR 2 R G W ZZ A T T - . B2
TCZ W AT, MTCBIRIGIDSFES R EE L I VKL, W SR . R S Bt
PRI 4G S 5o, E e P S SE I ) A 3 AR R 25 (RMSE ) 5 348 %) 12 22 (MAE ), JF4#
AR AHEAS (K258 (=0. 05), & B IPATER D) TN TERE . K558 B . I, DKt TRIFE (10% DSCiE ) o
TR (509 DS EE ) . TRFE (90% DlWicim ) . IR FR (208 A5) . T50-T10. T90-T10., J5@dlsy . Wik
mEE(RESE) MNRME Y, ~, ..., v, ETEYREHSIRSE ()L 02 b ) — AR,
P 3E T I e 32 s B2 R -, A SOB A SRS, LSRR 7 R A 1k .
FEFY 0 FOUN) 1: E E A AR T A 5 SEIEL 18] ) RMSE Al MAE #8477 S 0E 0T, JF4 LR AR «
K QR PEKF a=0. 05) , LIRS TS P45 520 RGP 22

2 GRSt

2.1 SFAEBBSH

T BREC AT H AR > BEA T R . A BB R B 40 AT 85 WP AE Co~C 17 Bt R T ]
XX 7 HARERE | Rt RE R TR 20 1 S5 SRR bR i 2 T2 48 & S LAO 6 FH Bk, Al
T B B BRI 4 W BE T T CA~C12 R C9~C25 [XJH), R isr i . IS A, 5818t .
RIS EA L , BIT0ik LR R A MR O B AR A Rk . b, 83 GC-MS XL SR A i 4 T
HI, AR ) R S AR — R I AN ATE AN B T Co~C17 X a), BT HERR HE T
WU PR ORI T REVE, MO HIT HE: 7500 T a2 2 SRR m T S e
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EZARXTIRME,, S bR p g e H i B3 %
PREE N 2R, 456 SCHRIGE ", 1ZHHIE R 2R
F HEFA-SPK Az 5= i 2 v X 1 44 e 0 B 3 138 1 5
Fft: AL S SR KT ke 5| )]
AETREET N a2 EHE, SEUE Y b SRR g . 5 5 20 25
R B 1 T IE R e Hinelin
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W
1

Abundance/10°

W
1

Bl 1 HEFA-SPK 4148 58 P (iR (Co~C17 fREGE

i b, BB AT AT A OR 1 ) 1 )
it T J2 2% 1) O A A — ﬁﬁg{[ AT JEEI W) 4 Fig. 1 Full-scan total ion chromatogram of HEFA-SPK (hydro-
C6~C17 X EFEF T HENJELL SRR, oL carbons in C6—C17 carbon number range )
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Table 2 Analytical results for physicochemical properties of different fuels

Blending . 50% re-  90% re- . Biobased car-
. Density Freez-  10% recov- Final
Group Mo, ratio (vol- (20 C)/ Flash R covery  covery boiling TSO: T90: A}romat- bon content
ume frac- (ke- ) point/°C point/'C  ature/C tempera- tempera- point/C T10/°C T10/°C  ics/% (mass frac-
tion )/% ture/C ture/C tion)/ %
Variable assign- y x, %, Xy x, ¥y % %, X % X %,
ment
Group 1 1 100 756.3 42.0 -80.4  166.0 223.0 270.0 286.0 57.0 104.0 0.2° 98.75
(HEFA- 2 100 763.3 40.5 -73.8 167.7 256.5 282.5 284.6 88.8 114.8 0" 98. 82
SPK) 3 100 766.2 41.0 -=70.2 168.0 253.5 283.0 315.9 85.5 115.0 0.2 99.13
4 100 766. 8 42.0 -47.0 172.8 251.7 277.6  285.2 78.9 104.8 0.3° 98. 96
5 100 751.5 48.5 -54.0 172.9 224.6  260.7 266.3 51.7 87.8 0.2 98.51
6 100 749.2 39.5 -76.3 162.0 202.5 254.0 273.0 40.5 92.0 0 98.93
Group 2 1 0 803.5 45.5 -54.3 169.3 199.0 241.8 253.6 29.7 72.5 18.2 0.15
(Conven- 2 0 809. 1 47.0 -59.4 175.7 201.4  233.4  240.9 25.7 57.7 11.8 0.20
tional pe- 3 0 807. 4 45.5 -53.9 170. 4 200.7  240.7  251.5 30.3 70.3  17.5 0.32
troleum 4 0 799. 6 48.5 -59.5 175. 1 180.9  222.9 239.8 5.8 47.8 17.7 0.18
based jet 5 0 798. 1 46.0 -58.0 167.9 188.6  220.9 232.2 20.7 53.0 15.6 0.02
fuel ) 6 0 797. 1 48.5 -56.0 173.9 197.8 233.6 251.2 23.9 59.7 9.3 0. 08
Group3 1 5 802. 5 45.0 -55.2  169.9 201.2  247.2  259.5 31.3 77.3  16.8 4.87
(HEFA- 2 10 803.0 44.5 -55.8 170.2 203.6  250.2 263.0 33.4 80.0 15.9 9.44
SPK/jet 3 15 798. 6 44.5 -56.3 170. 1 204.2  255.8 269 34.1 85.7 14.8 14.33
fuel 4 20 796. 4 44.5 -56.9 169. 4 206.4  260.9 272.4 37 91.5 13.7 19.20
blends) 5 25 794. 4 44.5 -57.4  168.7 208.6  265.2 275.2 39.9 96.5 13.4 23.82
6 30 792. 4 44.0 -58.0 169. 0 210.7 267.9 276.0 41.7 98.9 12.1 28.70

mass fraction of aromatic components was determined by NB/SH/T 0606— 20191 (¥ NB/SH/T 06062019 J5 V5K 55 K 20 43 1 Joi 2 0 850

HUK, 5651 4IRS VR NIRZE R R R 4 AL 5 Stk A8 r=dy, FLPRAL M 52 JsORHH
I%m#mﬁﬁ%m SRR B AN [H] 25 BRI P S B VK S RNA) 5, BUEAS )t R ) () 21 2 etk
TEERR2E 57 AR, S5 AA MRS BB EL , HEFA-SPK 32k 2R . TEilfe
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BRI M RIR R R, HE 2T, % o ————— ;
. - — . N " £ Density F‘Ialsh Freezing Aromatics T50-T10 T90-T10
BE. FRSR . TSO-TIO SISRICBIN G RHAAE 3, 0 won | om
BRTF 0.8, LW LR 5HRRLGIRAB AT, S

15 7 B — 78 28 M [ 09 8 5 vl E R B0 (RY) 49 3 ‘“" O
0.99. 0.41. 0.26., 0.91, 0.69 }20.59, Hsgprgyy  -121
Wty RIS RS . WV IS VR0 2 PRI S LS RO A R B
SERHEARR: VKA S0 RIIET 0.5, Hughffeoly e 2 Bubble chartof conclation coclficients betacen
?ﬁ{ﬂﬂ%ﬂ@ﬁgﬁﬁgﬁﬁﬁﬁo blending ratio and key physicochemical indicators
BRI, R TR & R R & AL TSR 0 S 2t K FL AT TS, M L i S e &2
PR 2 DRIV F R 2 A i sr Sk BRI, 7 B & e A B e, IR IR L ] B A
B TTRI TN T, LIS T HONRS S R e
2.3 BRILBITM R
T PO Y AR IR ). RGBS AT, LABEEE . I KA 10%
ISR E . TSO-T10, T9O-T10 &5 1EdH Mk H AN &, BRI (EFI 5, %) AkAs &, #E1748
. HHTRERI () PR

y=1281.13-1.613x,+0.635x, (3)
SIRTAE SRR 3P, B (v ) FITSO-T10 (o) PHAAE SFEN B VA5 7R, AR E RELR=0. 99, RII
T RRABIR LB R0 99. 0%, FARIR(F=720. 17, p<0.05)%5 RFEHBRIA R, LML R,
P BAS & 5 IR 1 (VIF) BN T 5, AEEZ BHIEAM; Durbin-Watson ST &7E 1. 5~2. 57E[H
W, PRRERZETCE ARG, FEARELR ) TR 25 H A E
#3  BHBIASPTLER GETHLIERT)

Table 3 Stepwise regression analysis results (considering physicochemical properties )

Unstandardized coefficient Standardized coefficient Collinearity diagnostics
B* SE" Beta® ! P VIF* Tolerance*
Constant 1281. 13 65.10 - 19. 68 0. 00 - -
Density(20 C) -1.61 0. 08 -0.745 -20. 18 0. 00 1.98 0.50
T50-T10 0. 64 0.07 0.318 8.61 0. 00 1.98 0.50
R 0.99
Adjusted R’ 0.99
F F (2, 15)=720.17, p=0.00
D-W statistic 1.85

“B: unstandardized regression coefficient, significant when p<0. 05; "SE: standard error, indicates the fluctuation of B; ‘Beta: standard-
ized regression coefficient (when constant is zero) ; YVIF: variance inflation factor, used to diagnose multicollinearity; “Tolerance: 1/VIF, val-
ues above 0. 1 indicate no significant multicollinearity (‘B: [T REH, X p<0. 05BIHE L ; "hrifEiRs . Rom BIHIVIEE); ‘Beta: FARH
BOR O A IHREE; VIF: FEWKE T, HTEW2EIEM:; Tolerance: HHFE, 55T UVIF, HAEKT 0.1 W FRAAALER
FzmILn)

Ry PEAS TR A ) RS, KRR TR 5 S I S A T ECRAEAS ¢ A, SRR, TME
5 SR BAETC R 2 5 (1=0. 00, p=1.00), ZEEH MO0, ZfAtRiEZER4.58, WME3APTR, FNME
55 S B  BRrAT T R AR, ZE(B 95% B E X8 A (2. 28, 2.28), UESE [HERITE 3 ARGtk
i 72 o AELASE TR T 00 i R0 S 000 4B 2 8] ) MAE 31X 3. 36%, RMSE ik 4. 43%, RMSE W35 {5 T MAE (fhi 22
31.9%), FHATMIRFZIFATAY), FEAEDEREARR BRI 2 . BBt BRI S B AT R i
W IRFERE T, (BAER b (B B E 473 S5 T 0 B BT Refe T, MaiAE H T HEFA-SPK 2R
Fe A P

R AR T INREEE , SINEYER S BV AR &, B e R (4) PR
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y =—6.149 + 0.087x, — 0.023x, + 0.041x, + 1.009x,, (4)
IIFTEERIFE 4, WM (x,) . T50-T10(x,) . TOO-T10(x,) . AEPIFERR S (x,,) 4 DA R HEN 1] 1577
P ZHTN HEFA-SPK $5 IR H 0 00 R FRAE 1 i i, BRI 280 (RY) 1K 0. 99, &R F 5
1.3%, VIR0, PIAREEN RS,
Fa BB BIASTLE RGNS i

Table 4  Stepwise regression analysis results (with biogenic carbon content included )

Unstandardized coefficient  Standardized coefficient Collinearity diagnostics
B* SE” Beta* ! & VIF! Tolerance"
Constant -6. 15 1.79 - -3.43 0. 00 - -

Flash Point 0. 09 0. 03 0.01 2.60 0.02 2.71 0.37

T50-T10 -0. 02 0.01 -0.01 -3.65 0. 00 6. 62 0.15

T90-T10 0.04 0.01 0.02 6.12 0.00  6.41 0.16

Biobased carbon content (mass fraction) 1.01 0. 00 0.10 434.33  0.00 3.56 0.28
R 1.00
Adjusted R’ 1. 00

F F (4, 13)=168 224. 38, p=0.00

D-W statistic 2.45

a—e were the same as those in Table 3

IS 2 R PRI B S L5 XU AT L35 A . B RPRISE RPE T 0. 99, —HmE—2L,
HEBR T R S A0 T REE  TOUINERN SN2 18] A MAE 4 0. 20%, RMSE 40. 17%, W&3UER A
RMSE {5t MAE £70. 03%, 5 BRI R B B A E MEAZ AL RE D EHF , AL g A2, i e fkt
BRI & TR . it PR (F=168 224. 38, p<0.01)k B, BRES ¥ AR EEDE
PEo FCXPFEAR R IR 45 R B r, M 22 EbRIETZ 0. 20, ~FIEZEE N 0. WE 3B Frn, THME 5 5K
A 2208 95% BAZ X W AE(-0. 10, 0.10)W, BE—AUESE 7 RAIHIN A RV ZZAE v H2 Bl 2
T HREHS R L i) i BT

ETARURHEARAIR, RN REFAEMARN S EIbM, A2 R, FrEEsIA
JG, DAEERVIFEEST S, &R rfE—ErfeEadt etk SR, ZRE0r et 2 HARTE T Ui il
MR, AR AR AL T AR B ML TTIR ;AR IR BRI TR T, IR R A B T iR A
PERE, PIORR HE T BIBR A IR, LA o BIMBIR LR T 30% B TE 0L T, Lo ab# 55K
FETIN 1] (4 SRS e HAT S B

A 304 B 30 A
g
£ 07 L e N
< . <
= =
£ E
=] e
Z g
< <
k=] =
£ £
= 101 = 104
m  Predicted value/% B Predicted value/%
Linear fit — Linear fit
95% confidence interval 95% confidence interval
0 T T T T T T 0 T T T T /] T
5 10 15 20 25 30 5 10 15 20 25 30
Measured value/% Measured value/%

B3 ] VBRI 5 S s b
Fig. 3 Scatter plot comparing predicted and measured values of stepwise regression model
A. model based on physicochemical properties; B. model incorporating biogenic carbon content(A. FETHALME AR G B, 5| N4
R B R )
2.4 FmBEEEMNTIE
BT 2,27 BARPERUOATAE R, M R B - AR O E - B R S R AT iR
REN WA, ME 4R,
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HEFA-SPK X 3 FAE G A0 3R G S8 BRI A T 28 B BH 2 AW AIR (726~767 kg/m?®) K 9518 & BARAR
(253 80<0. 5%) , & VAP @ A R A8hR; 1R SN s BAE PR R B TR E— B 25 5%,
HEFARERIE B AR RS, ol A EE AR, SCa Ve i B NE &R,

Sampling Component Rapid qualitative Comprehensive Kﬁy Identification
screening identification evaluation evidence results

HEFA-SPK
C6~C17
" saturated
hy(]r'm 'EU'})()“S

Biobased carbon
content =97%
Aromatic content
(mass fraction <0.5%)

Density (20 °C) : 775~830 d
kgem™ i
Aromatic content
(volumefraction <8%)

B4 7 E SRk
Fig. 4 Method for identifying product attributes

A R R O RIS T 1R SR 7 S R SR BRI . A AR T IR RO B, A 1 AR S AT
TS BB S T E , PR 0. 2%, ARifEdm 22 (SD) R 0. 1%, MR IEE FRaiks 5 5 ik 2# 8 A 2
W IR, RIS BRI FR (LOD) 47 0. 5%, SCMEAR TR MO AR €8T
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