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Thermal Cracking ofOliveQill

Thermal cracking through aFluid Catalytic Cracking Unit (FCCU, shownin Figure 1) of
oil decreasesits molecular weight of vegetable oils and sois effectivein converting it
toamoreusablefuel.Here, microscale pyrolysisis usedtolook at cracking products
of supermarketboughtoliveoil,and afreefatty acid found abundantly inoliveoil, oleic
acid.Each samplewas heated to asetpoint 750°C for 15seconds. Theresulting pyro-
gram of oleic acid and olive oil are shown in Figures 2and 3. Oleic acid produced afew
aromaticslikebenzeneandtoluene.Mostproductsintheoliveoiland oleicacid arelong
chain alkenes, alkanes, and alkynes. Pyrolysis products areshown in Tables 1and 2.

Pyroprobe Setting

Set-point: 700°C 15sec
Valve Oven: 300°C
Transfer Line: 325°C

Figure 1. FCCU Diagram

GC/MS Setting

Column: 5% phenyl

Carrier: Helium, 50:1 split

Injector: 300°C

Oven: 40°Cfor2minutes
8°C/min to 300°C
hold 5min

Mass Range: 25-550

CpvnnnnnneRRRRRREREN]

Figure 3 Olive Oil. 750°C

Table 1: Oleic Acid pyrolysis products, by retention time.

176 1.3-Butadiene 547 Cyciohexane. ethenyl- 1291 Cyclodecene 1853 2-1,6-Tridecadiene

208 1.3-Cyclopentadiene 696 1-Nonene 1338 1-Dodecene 1943 1

231 1-Hexene 772 Cyclopeonane, 1.4:(1.2 eanedhpls- 1405 5-Decyne 2017 1-Hexadecyne

282 2.4-Hexadiene 8z Cyclopentene. 1-butyl- 1472 2.4-Dodecadiene, (E.Z)- 2088 cis-7-Tetradecen-1-of
201 13Cydonexadiene 918 1-Decene 1520 Cyclodecene 27 &-Heptadecene

an - 1083 - 3-Nonadiene, (£)- 1581 2.4-Decadienal, (EE)- 2238 9-Octadecyne

435 1.3 5&){2‘!\211& 2-methyl- 1138 1-Undecene 1652 1.12-Tndecadiene 2612 9-Octadecenal, (Z)-

468 1.7-Octadiene 1208 1.3-Nonadiene, (E)- 1710 1-Tetracecene. 2841 9-Octadecenoic acd, (E)-

Table 2: Olive Oil pyrolysis products, by retention time.

1584 2-Propenal Cyclopentene. 1-butyl- 1723 Tetradecane 2481 9.0ctadecenal, (Z)-

20 1-Buten-3-yne, 2-methyl- 937 Decane 18.13 Cyclotetradecane 2687 ,17-Octadecadienal, (Z)-

226 1-Hexene 1.3-Octadiene 1854 2-1,6-Tridecadiene 2723 9.12-Octadecadienoic acid (Z.Z)-
242 1.4-Hexadiene, (2)- ||56 5-Undecene 1867 Cydlododecane 2768 Oleic Acid

a2m 1.3-Hexadiene c&t 1208 1.3-Nonadiene, (E)- 1880 2-Tetragecene, (E)- 2784 Z.E-2.13-Octagecadien-

297 1.3-Cyciohexadiene 1291 trans-BicyciofS. 1 Ojoctane 1953 n-Nonylcycionexane 2804 2-Methyl-Z.2-3. l:oaaoecamen«
318 1-Heptene 1339 1-Dodecene 2014 Cyclododecene, (E)- 281 11-Hexadecen-1-0l, acetate. (Z)-

339 2-Heptene 1355 Dogecane 2029 Cyclohexadecane 2826 11-Hexadecen-1-0i, acetate, (Z)-

a82 1-Octene 1408 5-Decyne 205 Hexadecane 2926 EZ-2,1;

512 2-Octene, (Z)- 1521 Cyclodecene, (Z)- 2174 8-Heptacecene 2968 Oleic Acid

695 1-Nonene 1545 Tridecane 228 Cyclododecene, 1-methyl- 3113 9-Octadecenal, (Z)-

1659 n-Decanoic acid 214 5-Octadecene. (E)- 3243 13-Docosen-1-ol, (Z)-



High Pressure Pyrolysis of Switchgrass

Elevated pressure and temperature conditions of hiomass feedstock can be studied
onamicroscalelevel, priortobuilding apilotreactor. Figure 1shows pyrograms of
switchgrassatatmospheric pressureand elevated pressure (400 psi, 27atm). Eachrun
contains typical components like levoglucosan (shown in lower run) from cellulose, and
vinylmethoxyphenol (shownintheupperrun)fromlignin.Therun performed atelevated
pressurereveals morearomatic structures, including phenol and the methyl phenols

shown in Figure 2.
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Figure 1: Pyrograms of Switchgrass
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Pyrolysis:
Valve Oven:
Transfer Line:
Trap Desorb:
Back Press:

GC/MS Setting

600°C

300°C

325°C

300°C 5 minutes
400psi, 27atm

ﬂ | ,‘ \l "l Column: 5% phenyl
- ‘:'I‘.‘ .H» |I"\‘"‘. in ‘I‘. \ Carrier: Helium, 50:1split
WA AW I NVAIUN AW Injector: 300°C
S foN : Oven: 40°Cfor2minutes
/ @/ 10°C/minto300°C
f ﬂ : L \,] Mass Range: 35-600amu
Y L \ [ N A N

Figure 2: Zoom-in of Pyrograms




Pyrolysis of Oil Shale Under Various Conditions

Behaviorofoilshalewas studied atdifferentpressure,temperatureandreactive
conditionscanstudied onamicroscalelevel. Typical pyrolysisresults of oil shalelook
likethetopchromatograminthefigurebelow,showing aseries oflong chainaliphatic
interspersed witharomatics and branched compounds.Inthemiddlechromatogram,
thesameshalehas again been pyrolysed, butthistimein hydrogen at 200 PSI (14 atm).
The pyrolysis products are then carried through a platinum reactor where double bonds
arereduced. Inaddition, further cracking takes placein thereactor,and thereissome
conversion to aromatics. Thisis mainly caused by the elevated pressure, as seenin
thelower chromatogram,inwhichthehydrogen pressureis 400PSI(27atm)andthe
production of aromatics is further increased.
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Pyrolysis of shale under 3 different conditions

Pyroprobe HPR Setting

Interface:
Pyrolysis:
Valve oven:
Transfer line:
Reactor:

Pressure:

Carrier:

325°C for 4 min

750°C for 15 sec
325°C

325°C

500°C, Platinum
200 PSI (14atm)
400 PSI (27atm)

Hydrogen

Flow:

Trap:

GC/MS Setting
Column:
Carrier:
Injector:

Oven:

Mass Range:

40 ml/minute
325°C for 4 min

5% phenyl
Helium, 50:1 spli
300°C

40°C for 2 min
10°C/min to 300°
35-600amu
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