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Abstract — In this study, ignition delay characteristics of various bio aviation fuels (Bio-ADD, Bio-6308, Bio-7720)
produced by HEFA process using different raw materials were compared and analyzed. In order to confirm the
feasibility of applying bio aviation fuel to actual system, ignition delay characteristics of petroleum-based aviation fuel
(Jet A-1) and blended aviation fuel (50:50, v:v) also analyzed. Ignition delay time of each aviation fuel was measured by
using CRU, surface tension measurement and GC/MS and GC/FID analysis were performed to interpret the results. As a
result, ignition delay time of Jet A-1 was the longest at all temperature because it contains aromatic compounds about
22.8%. The aromatic compounds can produce benzyl radical which is thermally stable and has low reactivity with
oxygen during decomposition process. In the case of bio aviation fuels, ignition delay times were measured similarly
because the ratio of n-paraffin/iso-paraffin constituting each aviation fuel is similar (about 0.12) and the composition
ratio of cycloparaffin also has no difference. In addition, ignition delay times of blended aviation fuels (50:50, v:v) were
measured close to the mean value those of each fuel so it was confirmed that it can be applied without any changing or
improving of existing system.
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Table 1. Manufacturing processes for bio aviation fuel certified by ASTM |[2]

Manufacturing process

Details Year

Oleochemical conversion processes, such as hydroprocessing of lipid feedstocks obtained from

HEFA (Hydroprocessed Esters and Fatty Acids) oilseed crops, algae or tallow 2011
FT (Gasification through the Fischer-Tropsch ~ Thermochemical conversion processes, such as the conversion of biomass to fluid intermediates 2009
method) (gas or liquid) followed by catalytic upgrading and hydroprocessing to hydrocarbon fuels

. . Biochemical conversion processed, such as the biological conversion of biomass (sugars,
SIP (Synthesised Iso-Paraffinic fuels) starches or lignocellulose-derived feedstocks) to longer chain alcohols and hydrocarbons 2014
ATJ (Alcohol-to-jet) A fourth category includes “hybrid” thermochemical or biochemical technologies; the 2016

fermentation of synthesis gas; and catalytic reforming of sugars or carbohydrates
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Fig. 2. Schematics of Combustion Research Unit (CRU).
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Fig. 3. Pressure change according to combustion time (a) Definition of specific time, (b) Example of results.
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Fig. 4. Main combustion delay (MCD) (a) Various aviation fuels, (b) Blended (50:50, v:v) fuels.
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Fig. 5. Surface tension (a) Various aviation fuels, (b) Blended (50:50, v:v) fuels.
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Table 2. Results of GC/MS analysis

Components of fuels [area%

- Paraffins Olefins  Aromatics
n+ iso Cyclo
Jet A-1 45.6 29.1 2.4 22.8
Bio-ADD 97.2 2.8 - -
Bio-6308 98.8 12 - -
Bio-7720 97.7 22 - -

Spectrometer(GC/MS) 241& 33l o, AEA Lol e
intensity peak “ZZ=E Fig. 6ol YERNSITE 4] A7HE Edj2
Z} AgE ek skEe S 38k el whet wste]
Table 21 J2Iat3l o, o1& Salf Jet A-100i= TR Hlol 2 &5+
of] $1i= aromatics”} ©F 22.8% EAISH= A& FR1E 4= QIT) Bt ut
0] @ &ky-1-2] 73-9-olli= n-paraffin, iso-paraffin 22| 3L cycloparaffin®.
2 AH s & Utk

Jet A-13} 7Fo] =2 paraffin©. 2 0] 5o

1

L

&3-ol] aromatics

7} 8 A el Yehs HeA 532 o529 w8l 2
of| Al A== k) Ze] Abs) wk-g-} #edo] Sl Pilling [16]°

oJahH AR Fig. 78 7ol ghrlzhe] A4, o] A st 9 At
& B3l A3} o] FoJ 7Lt Paraffine 82| 0,8} ¥H-3-514
alkyl radical& A/ shH, o] THA] 4ka} W58 =] peroxy radical
=& peroxideZt Ho] WE 7HA] RES-& 0 7)HA A g7t w2 A
Aape] Al ket 18t} aromatics®] 7-9-oll= Abst kS S8l A
== benzyl radical(CgHsCH,*)0] Fig. 82} o] o] 7% &
TEE 7SR Q8] dF o ebgsh T Akaele] ukgy
2ol Hgl7k A A A STH17-19]. TSk, ©AF7L TR T
paraffin¥} aromatic®] th3£24]?1 E2] n-heptane™ toluenesr 7|5
o7 FA] W Eoll $1X 3 methyl”7] o4 2] C-H dissociation
energy”} 2+t 420.4 £ 4.2, 371.7 = 6.3 kl/molQ] 71 & n] o1,

©}H20], paraffin®} aromatics”} 74 =4 7-9-o|+= alkyl radical

L

.

=y

F

T
an

-

3
er

RH
0—0s T OH l o HO,+ +alkene
el ? L
, w7
Ozl T Smaller R+ + alkene
RO;'

*QOOH —» Products + HO «

|1

*0,Q00H

Peroxy radical
isomerization

ROOH ——» RO+ +HO-~

Fig. 7. Chain reactions of radical: formation, isomerization, propa-
gation [16].

‘CH, CH, : _CH, CH,

Fig. 8. Resonance structures of benzyl radical [17].

“CH,

o



HEFA 3407 AxH vlo] Q3380 AsAAEA 24 625

Table 3. C-H dissociation energy of C, paraffins [21]

The broken bonds (bold = dissociated atom) Bond dissociation energy [kcal/mol]
n-hexane CH;CH,(CH,);CH; 97.6
2,2-dimethylbutane (CH;);CCH,CH; 97.7
2,3-dimethylbutane (iso-C5H;)CH(CHj;), 95.0
2-methylpentane (n-C3H,)CH(CH;), 95.1
3-methylpentane (CH;)CH(C,Hs), 95.2
cyclohexane CeH,» 99.1
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Table 5. Results of GC/FID analysis

oY

>
i3

Weight% of paraffins
CrGy Cip-Cip Ci5-Cys CisCig
n- iso- n- iso- n- iso- n- iso-

Jet A-1 5.46 10.37 14.31 40.85 4.80 20.81 0.35 2.67
Bio-ADD 3.20 17.14 6.30 55.39 2.76 14.35 0.11 0.31
Bio-6308 3.39 13.90 3.75 31.91 3.02 28.63 0.80 14.37
Bio-7720 2.98 12.21 2.79 23.40 2.03 17.95 2.98 35.49
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