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. INTRODUCTION 

The thermal stability of mitifay jet fuels is of increasing concern as the fuels must wilhstand ever increasing loads 
as the molanvheal sink for the system of advanced aircraft (I). Fuels exposed lo  elevated temperatures and oxygen 
form soluble and insoluble oxidation products. The formatioo of insoluble deposits in fuel system and Ihc 
resulting possibility of system failure is of particular concern. 

Hazlett pointed out the role of phenols and oxidative phenolic coupling in the formation of insoluble deposits under 
accelerated storage conditions in 1986 (*? We have observed phenols as the only reactive species in engine 
augmenler fuel tube and spray ring deposits from a mililary engine 0). From the real engine deposits we postulate 
deposit initiation by oxidative phenolic coupling, followed by condensation to three dimensional ammatic nehvorks 
as the initial phenolic dimers and oligomers are exposed to more heat energy. Lo experiments with fuel samples, 
solid phasc extraction of polar compounds were predominately phenolic for non-hydmtreated fuels but not with 
hydrotreated fuels ('). The hydrotreated fuels oxidized rapidly and extensively to give alcohols and carbonyl 
products,including (he homologous series of 5-alLyldihydrofuranona. Hydrolrealed fuels did not form significant 
amounts of insoluble solid & p i t .  Non-hydrotrealed fuels oxidized slowly and formed large amounts of insoluble 
deposits. Heneghiln has observed this inverse relationship of deposit formation and "oxidiwbility" for 20 different 
fuels as measured by eight separate techniques (I? 

Nou-hydrotreated fuels are generally high in sulfur relative to hydrotreated fuels. The catalytic effect of sulhrric 
and sulfonic acids in the demmposition of a-arylhydroperoxides lo phenols is well known (6? Hardy, el. al.. 
observed (be effect of w e d  s d k  compounds as anti-peroxidam (7) in fuels and in model system (*). 

lf oxidative phenolic coupling is a major mechanism for w i t  formation, h e  effect of sulfur compounds in the 
producrion of phenols by decomposition of arylhydroperoxide precursors should significantly increase deposit 
formation. Tbe relative effects of different classes of sulfw compounds is prdmbly predidable, but lhe effecl of 
thes  compounds on phenolic coupling is not known. A previously prepared, 12 component, arrrogalc fuel (9)  

presents a (at media for doping cxperiments with reprPsentative sulfur compounds from which reaction products 
of fuel components and sulfur compounds should be easy lo follow. compared to complex real fuels. 

Aliphatic thiols. thiopheMlS, thiophenes, te~~~othiophenes and disulfides are represented by dopant compounds. 
GravimeUic resulls of deposit formation, extraction and analysis of polar products by GC-MS and analysis of 
insoluble solids by step wise thermal desorbtiodpymlysis-GC-MS gives a fairly complete picture of the oxidation 
.and w i t  procerses. The information should eslablish a relationship of suucture to deposit tendency for these 
classes of sulfur compounds. To investigate possible effects of the sulfur compounds in phenolic coupling, 2- 
propylphenol was added to all samples. 

EXPERIMENTAL 

Surrogatefuel: Isooctaoe, 5.0 YG wtlwt.. methylcyclohexane, 5.0 %, m-xylene. 5.0 %; cyclooctane, 5.0 Yo; 
tetramethykuene, 5.0 YG telralin, 5.0 %, dodec;tne, 20.0 %; me(hylnaphlhalene. 5.0 %; telradecane, 15.0 %and 
hexadecane. 10.0 Yi, were 99' % grade purchased from Aldrich. 

Dopant compounds: 2-propylphenol, 3,4dimelhyllhiophenol. pheuylethylmercaptan, diknzothiophene, 
phenylsulfide. Z-ethyllhiophenol. 2-ethylthiophene and hexanethiol were Aldrich reagent grade. Solvents: acetone, 
methanol, methylene chloride and toluene were Aldrich reagent or HPLC grade. High purity helium, nitrogen and 
oxygen gascs were used as supplied by Central Kentucky Welding Supply. 

Fuel stressing: The flask ted apparatus and operation have been described previously e? 30.0 mL of surrogate 
fuel and dopants were stressed in a 50 mL round bottom flask, equipped with a Friedricks condenser with coolant 
at 0-5 OC and heated with mantles convolled to 175 +/- 2 OC. The fuel was nitrogen purged until temperature 
equilibrated and oxygen was then sparged into lhe fuel at 100 mllmin. via 0.53 mm fuzed quam capillary. 
Samples were stressed for 24 hours. filtered and washed upon reaching room temperature. Stressed fuel was 
vacuum filtered with O s m o n i d  0.45 silver membrane 47 mm filter. Glassware and filters were washed with 
heptane. Filtered deposits were washed with acetone. Filters, with amone insoluble material were dried in 
vacuum (20-30 torr, 80 "c) 36-48 hours and reweighed. Acetone soluble gums were collected as filuate. the 
solvent evaporated with dry nitrogen and weighed. 

Solid phase extraction: 1.0 g J & W silica gel SPE cartridges were conditioned with 2 x 5 mL portions of 

e x d  and the culridge washed with 3 x 3 mL of heptane, lightly air dried (2 x IO mL) and the extract eluw 
with 3.0 mL methanol. Methanol was evaporated with dry nilrogen, the extract weighed and immediately 
rediluted to 1.0 mL with methanol. 

Analysis: Hewldt Packard 5890 series n GC15890 MS with 7673A autosampler. MS s c a d  35-550 mlr six 
minute wlvent delay. 1.0 @ splitless injection, 280 'C injection port and transfer line. 50 meter x 0.25 mm x 0.5 
pn J & W DE-5 MS column at 30 psi head pressure, Purge lime 0.5 min.. 2 min. at 60 OC, 2 "C/min. to 250 Qc, 
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It) Winin. to 280 and 10 niia. final hold. Sample sa~iiples by thernial desobtionlpyrolysis with CDS model I0I)o 
Pyroprobe*. Coil probe, 2 x 16 nim q a a m  tube. Approximately IO mg of dry simple lor sequential thermal 
desorbtion and pyrolysis at 200, 280, 450, 750 and 1 IO O C .  Interface at 200 and 280 "C for first two samples, 
probe fired immediately upon attaining interface temperature. Interface at 325-330 OC for final three pyrolysis 
runs. Probe fired 99.9 seconds in all cases and GC run started immediately after probe firing MS scanned 15-550 
d z .  GC purge time four nunutes. Initial tcniperature (9 -50 "C for six minutes, 10 *Chiin. to 50 "C, then thrg 
Wiiiin. to 280 "C and 17.33 niin. hold for I I O  inin. Total nin time with the same column as soluble samplc NIIS. 

RESUI.TS S DISCUS.SION 

Tlle conditions of the nask test in lhis work (I75 "C, 24 hr., 100 niWuiin. 0,) represent exlrcmes, shofl of 
pyrolytic conditions, for the thernial-oxidative stress of fuel and must be under s td  to represent no possible real 
case. I f  anything, it is a hyper-accelerated storagc modcl. The advantage of thc conditions is Ihc productioii 01 
oxidation products and dcposils in quantities amenable lo the analytical methods used in a relatively short tiliie. 

We have subjected nine samples to thermal oxidative stress under identical conditions: The surrogate hel. 
uiidopcd; surrogate + 1.0 X 2-propylpheiiol; and surrogate + 1.0 X 2-propylphenol with 0.5 % sulfiir conipouiid 
(3,Jdimethylthiophenol, 2-ethylthioplienol. phenylethylmercaptan, hexanethiol, 2-elhylthiophene. 
dibemotlliophenc and phenylsulfide). Fuel 
insoluble, but acetone soluble solids arc gums and acetone insoluble material is called solids. Table 3 is a 
compilation of the gravimetric data obtained. Relative comparison of these data to that obtained from real fuels ( I )  
sugqxt that solid Formation IS the most valid indicator of thernial stability. 

Fuels stable to deposit formation and thermally stable by JFTOT. etc., siich as IP-7, mTS, POSF 2747 and the 
surrogate fuel forni'substantial amounts of gum but iiisignifiwut solids in the flask test. Less stablc fuels lorm less 
gun1 but dramatically more solids. The fuels with high gum and extract concentrations can be characterized as 
"oxidizable" fuels and those with high solids but low gums and exlracts as "Mn-oxidizable' Table 3 sliows 
dibenzothiophene, phenylsullidc and 2-etliylthiophene as dopants that produce "oxidizable" fucls relative to 
undoped surrogatc (IP-8s) or surrogate doped only with 2-propylphenol. The thiophenols and alkyl thiols, 3.4- 
dimetliyltliioplienol, 2-ethylthiopheuol, plieiiylelliylriiercaptaii and hexanethiol doped fuels arc "iion-o.\idi/ablc" 
mid foriii Iiirgcr iiiiioiints of solid dcposil. 2-ctliylthioplicnc is so~iicwh~iI ~IIIOIII~I~OIIS by griiviinctric dah  :IS well :IS 
cliroiu:itograpliic analysis. This is probably duc to cxtrcn~c oxidative coiidilioiis. clcaviiig tlic riug lo loriii a 
sulfonic acid. 

Space permits only representative chromatogranis and product identificalion for polar extracts and therllwl 
desorblionlpyrolysis of solids. The more extreme cases are used. Chromatograms 01 polar extracts of "oxidizable" 
fuels are Figure la, surrogate, no dopanl, Ib, phenylsulfide dopant and Figure IC, dibcnzothiophene dopant. 
Tables la, Ib and I C  are product identification for the corresponding chromalograms. Figures 2a and 2b are 
cliromitograms of "non-oxidimblc" fucls, dopcd with plieeyletli~lmcrc;iptan and 3,4dimcthylthiophenol. Tables 
2;1 and 2b are producl idcntilic;itioii lor thcse chroinatogr;inis. 

Comparison of the chromatograms shows a demh of oxidation products from the fuels doped with the thiol and 
thiophenol and a proliferation of oxidized species in nndoped and fuels doped with phenylsulfide and 
dibeiuolhiophene. 2-propylphenol and 2,4,5-triniethylphenol are the most abundant compounds in the extracts of 
phenylethylmercaplan and 3,4diniethylthiophcnol doped surrogate. The trimethylphenol has to be the product of 
,hydroperoxide decomposition from tlie 1,2,4,5-tetramethylben~ene (durene), present in tlie surrogate fuel. The 
phenols are minor components in the chronutogranis of the "oxidizable" fuel extracts. The sulfones of 
diknzothioplicnc and phenylsullidc are found in the respective chromatograms (at about 94 and 88 Inin. R.T.). 
The most reasonable interpretation of tliese observations is thal the alkyl and aryl thiols both quickly oxidize to 
sulfonic acids tlial catalyze phenol productioii from ir-arylhydroperoxides. Oxidation of aliphatic hiel components 
is inhibited. The sulfide and thiophene are oxidized to siilfoncs bul essentially do not arfect oiidation of fuel 
components. 

Sequential thermal desorbtionlpyrolysis with GC-MS analysis has proven a valuable technique for characterization 
of insoluble solids, but a r e  must be exercised in interpretation of data Pyrolysis onset teuiperature and the result 
of thernio-synthesis dCgrddltiOn and rearrangenients can not be exactly known. Total ion chromatograms for the 
technique applied to solids formed by the surrogate fuel doped with 2-propylphenol and 3,4diniethylthiophenol are 
presented in Figure 3. The temperature sequence the simple is subjected to for separate chromitograms is 200, 
280, 450,750 and 1100 "C. Expcrieiice has shown that solid deposits from jet fuels contain high concentrations of 
absorbed fuel componeots. These are essentially all desorbed ill 200 "C. 280 and 450 "C providc the IIIOS usfhil 
information for characterizing the solid matrix. At 280 OC, it is assumed that strongly absorbed compounds arc 
desorbed and weak cheniiwl bonds are broken. At 450 "C, we assume pyrolytic decomposition of the polymeric 
matrix without extensive rearrangenieiit or pyrosynthesis. This is supported by model studies with "Noryl" (poly- 
2,bdimethylphenol) polymer ('). Pyrolysis at 450 "C produced mononieric C,-C, phenols in high abundance and 
several -0- arid -CH,- linked dimers. The niajor prodact W:IS 2.6-di11lclhylphcno1. We assme that this step 
condenses remaining solid sample and subseqiieiit chromatograms arc essentially all from aromatic hydrocarbons. 

Figures l a  and 4b through 7a and 7b, are the respective total ion chromatogranis cbtained fronl solids 01 hlcls 
doped with phcnylsiilfide, dibcnzothiophcnc. phciiylctliylmcrcaptaii and 3,4-di~nctLyltl1iopl1~1iol at 280 and 450 
"C. These chronlatograms suppon the oxidative phenolic coupling as the mechanism for Formation of extensive 
solid deposits. The chromatograms from the "non+xidiZiiig" thiophenol and mercaptan doped surrogaie are 
essentially all phenolic and aromatic while the chromatograms of solids from sulfide and thiopherle doped fuel 
show prcdorninatcly alkenes, alcohols and ketones. Thc sulfonic :rids of plicnyletliylsicrcapta~i arid S.4- 
diniethylthiophenol arc present in the respective chromatogranis. as are the dibenzosulfone arid phenylsulfoxide. 

The data from this work is consistent with sulfonic acid formation and wialysis of phenol production IO rcsult i n  
insoluble solid deposits Conned by oxidative phenolic coupling. A consequence of these observations is that i l  
should be relatively simple to desire a method to predict hiel stability (to solid deposit formation) tht would be 
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based on faustic extraction followed by funher separation and analysis. Such a meihod would need to include 
ofentraclable interferences such as deicer. 

The dilemnia of stability to peroxidation verses deposition remains Hydrotrealcd fuels would Seem I O  solve the 
dcpqsitioll problcllls if q$iics and fuel lraiisfcr systclns wcrc "pcrosidc proor'. AI prcseiil, it scciiis the so~ulioli 
r W i r a  antioxidants that are Iheniselves not deposit promolers. 
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Figure la. TOM Ion Chronlatograni of Solid Phase Extract of JP-8s + 1.0 o/. 2-propylphcnol. 24 Hour Flask 
Test at I75 "C Wilh Nowing 0.xygen. 

Figure lb. Total Ion Chromatogram of Solid Phase Exlracl of JP-8s + 1.0 % 2-propylphcnol and 0.5 % 
Plienylsullide. 24 Hour Flask Test at 175 "C With Flowing Oxygen. 
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Figure IC. Total Ion Chroinatograiii of Solid Pliax Exlran of JPdS  + 1.0 % 2-propylplieiiol and 0.5 % 
Dibenzolhiophene. 24 Hour Flask Tesl a1 175 "C Wilh Flowing Ongen. 
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Figure 2a. Tow1 Ion Cliromalograiii of Solid Phase Extract of JP-8s + 1.0 '% 2-propylplienol aud 0.5 % 
Plienylelliylinercaplan. 24 Hour Flask Test a1 175 OC with Flowing Oxygen. 

Figure 2b. Total Ion chroinatograiii of Solid P h a r  Exiracl of JP-8s + 1.0 % 2-propylphenol and 0.5 YO 3.4- 
dinietliyllhiophenol. 24 Hour Flask Tesl at 175 OC Wilh Flowing Osygen 

Table la. Peak ldciilihcation for Figure la. 

Peak # RI (Inin.) Compound 

I. 
2. 
3.  
4. 
5. 
6. 
7. 

9. 
10. 
I I .  
12. 
13. 
14. 
15. 
16. 
17. 

19. 
20. 
21. 
22. 

n. 

in. 

Z0.116 
2 I .60 
27.65 
35.37 
39.43 
40.20 
41.56 
43.36 
43.87 
47.62 
50.37 
5 I . 0 2  
5 I .29 

53.21 
53.9') 
56.80 
57.40 
5x.29 
59.47 
60.45 
61.02 

52.60 

Melhyldihydrohiran 23. 63.53 
Mixed pliciioVfuraiiiiictllanol 24. 64.02 
Ethyldihydrofurao 25. 65.15 
Propyldihydrofuraii 26. 66.43 
Mised acid 27. 68 66 
2-propylphenol 28. 69.19 

Bulyldihydrofuran 30. 71.62 
2,4,5-trimethyIphenoI 31. 72.64 
Mixed isobenzoFuraiidionelmeiIiyl riaphihalene 
lsobenzofurnnone 32. 77.64 
Pcnlyldi Iiydrofxiii 33. x0.7x 
Substitwed ki izcne 34. 83.47 

Aliphatic alcohol 29. 70.39 

C, phenol 35. 89.03 
Telradecane 
Mctliyli~,bcnzof~irsldioiic 
Benzopyraiione 
Substituted benzopyraii 
Hexyldihydroliiran 
Naphlhalenone 
lndolediole 
C, phenol'! 946 

Propenylbciizodioxole 
C, pheiiol 
Heptyldihydrofuran 
HexadecandC, diliydrofuran niix 
Methylnaphlhalenol 
Phenylkelone 
Substituted cycloketone 
C, dihydrofuriln 
Subslilulcd naphthalene 

C, dihydrohran 
Subsiitulul :ironi:ilic 
Clo dihydrohiran 
Subslituted aromatic 



Figure IC. Total Ion Chroliiatogranl of Solid Phase Extract of JP-8s + 1.0 % 2-propylpheiiol and 0.5 % 
Diben~othiopliese. 24 Hour Flask Test a1 I75 OC With Flowing Oxygen. 
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Figure2a. Tolal Ion Chromatogram of Solid Phase Extract of JP-XS + 1.0 % 2-prop)lpheiiol and 0.5 % 
Plienylethylinercaplan, 24 Hour Flask Test at 175 "C with Flowing O-xygen. 

Figure 2b. Total Ion chromatogram of Solid Phase Extract of JP-8s + 1.0 o/. 2-propylplienol and 0.5 % 3.4- 
diniethylthiophenol. 24 Hour Flask Test at 175 "C With Flowing Oxygen. 

Table la. Peak ldeiitilication for Figure la 

Peak # Rt (min ) Compound 

1. 
2. 
3. 
4. 
5 .  
6. 
7. 
8. 
9. 
Ill. 
11. 
12. 
13. 
14. 
15. 
16. 
17 

I'J. 
2 0  
21. 
22. 

in. 

20.06 Methyldihydrofuran 23. 63.53 
21.60 Mixed plienol/furanmethanoI 24. 64.02 
27 65 Ethyldihydrofuran 25 65 15 
3.537 Propyldihydrohran 26. 66.43 
39.43 Mixed acid 27. 68.66 
40.20 2-propylphenol 28. 69.19 

13.36 Butyldilydrohiran S O .  71.62 

47.62 Mixcd isobenzofiir;indiondiiicllryl ~~aplithalcnc 
31.37 hbeomfiiranone 32. 71.64 

51 29 Substituted benane 34. 83.47 

53.2 I Tetradecane 
53.99 Metliylisobenzofurandiorie 
56 80 Benzopyrdnone 
57 40  Silhstiliitcd kcn~op)r;~ii 
58 29 Hcxyldili).droliir~~ii 
59 47 Naplitlialeiioiic 
60.15 lndolediole 
64.02 C,, phenol? 

4 I 56 Aliphatic alcohol 29. 70.s9 

43.87 2,4,5-trin1cll1ylphcnol S I  72.64 

5 I .02 PciitsldilisdroAiriii 33. 80.78 

52.60 C, phenol 3s. 89.03 
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Propenylbenzodiosole 
C, phenol 
Heptyldihydrofuran 
HexadecandC, dihydrofuran mix 
Methylnaphthalenol 
Plieny ketone 
Substituted cvcloketolic 
C, diIi)drofuraii 
Substitutcd naphtlialenc 

C, dihydrofuran 
Siibstitiilcd aroiiiiltic 
C , ,  dihydrohiran 
Substitutcd aromatic 



'Tablc Ib. Pcak Idenlificatioii for Figure Ib 

Peak U RI (inin.) Compound 

1. 
2. 
3. 
4. 
5 .  
6. 
7 

9. 
IO. 
I I .  
12 
13. 
14. 
IS. 
16. 
17 
I8 
19. 
20. 
21. 
22. 
23. 

8. 

28.52 
36.34 
40.12 
40.97 
44.37 
44.72 
40.27 
52.13 
53.83 
54.23 
54.99 
57.78 
59.12 
60.53 
61.94 
64.56 
66.117 
70.27 
72.52 
73.91 
7R.50 
84.25 
88.94 

Etliyldihydrofuran 
Prop! ldihydrofiiran 
Hexanoic acid 
2-propylphcnol 
Butyldihydrofuran 
C, dihydrohiran 
Isohciiiofiii;iiidiuiic 
C, dihgdrohiran 
Methylbenzofurandione 
Alkaneol 
Methy lisobenzorurandioiie 
Benzopyranone 
Heqldihydrofuran 
Dihydronaphthalenone 
Phthalate 
Phenylpropenal 
C, dihydrohiran 
Substitoled cycloketone 
C, dihydrofuran 
Naphthoic acid 
C, diliydrofiiraii 
C I di hydrofuran 
Phenylsulfone 

Table IC. Peak Identification for Figure IC.  

Peak U Rt (mill.) Compound 

I 
2. 
3. 
4. 
5 .  
6. 
7. 
8. 
9. 
IO. 
I I .  
12 
13. 
I4 
15. 
16. 
17. 
18. 
19. 
20. 
2 1  
22. 
2s. 
24. 
25. 

26.22 
30.40 
33.82 
35.95 
37.55 
38.50 
39.69 
4 1.72 
42.25 
46.03 
48.52 
49.29 
51 I I  
5 1  52 
52.42 
54.86 
56.62 
57.04 
61.45 
63.27 
64 57 
67.02 
69.73 
75.77 
81.54 

Elliyldiliydrofiir~ii 
Diene ? 
Propyldihsdrofuran 
Phenylelhylelhanone 
Carboxylic acid 
2-propylphenol 
Substituted cyclohexanone 
Butyldihydrofuran 
2.4.5-trimetliylphenol 
Isobenzofurandione 
Isobenzorunndione 
Bii~yldiliydrofi~ra~io~ie 
Subslilutcd benzofuran 
Subsliluled alkane 
Pentyldihydrohiran 
Benzopyranone 
Hexyldihydrofuran 
Substiluted benzoic acid 
Substiluted benzene 
Heptyldihydroruran 
Alkane 
Substituted kctone 
Oclyldihydrofuran 
Nonyldihydroruran 
Deqldihydrofuan 

'Table 2:1 Pcak Idcntificalion for Figure 2a. 

Peak U Rt (niin ) Conipound 

I .  39.42 
2. 41.18 
3 44.50 
.I 52.75 
5 .  53.28 

6 .  55.21 

7. 57.37 
8. 57.84 
9. 61.04 

I O .  62.50 
I I .  66.65 
12. 68.60 

Substiluted benroic acid 
2-prop? lpheool 
2.4.5-1ri111etIiylplienol 
Diliydronaphthalenone 
3.4-dili).drobenzop~ran-2- 
one 
1.2- 
diliydroxypropylbeiizeiie 
Benxopyran-2-one 
Subslituled benzopyran 
Sub. 
dihydrobenzopyranone 

Penladecine 
Methylnaphthalenol 

c, phenol 
I 

Table 2b. Peak Idenlification for Figure 2b 

Peak U RI (niin ) Conipoiind 

/ 

I .  
2 
S. 
4. 
4 
6. 

7. 

R. 

15.72 
38.77 
42.35 
5 I .06 
54.90 
58.96 

61.2') 

66.29 

Ketone 
2-propy lphenol 
2.4.5-trimelhylphenol 
Methylbenroruranone 
Bcn7opyran-2-one 
Substituted 
diniethylphenol 
Dimelhyl-2.3- 
dihydroindenc- I-one 
Substituted phenol 

Table 3. Gravinieiric Analysis of Thermally Stressed Fuels 
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Figurc 3. Scqiiciilial 'llicriii:il Dcsoibtioii/Pyrol,sis 'Total 1011 Cliroiiiatogranis or Ilisolublc Solids Froill JP-XS 
Doped With Cumene and 3.Jdiinelli).ltliioplieiiol. 
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Figures 4a & b. Tolal Ion Chromalograms of Insoluble Solids From JP-8s + 1 0 % 2-propylphenol and 0.5 % 
Phenylsullide. Thermal Desorbtion at 280 "C (a) and Pyrolysis 81 450 "C (b). 
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Figilrcs 5a & b. 'loml Ion Clironialograllis or llisoluble Solids From JP-XS + I .O Yo 2-propyIpIiciioI atid 0.5 % 
Dibenaotliiopliene 

Figures 6 a B b. Tliermal Desorbtion @ 2RO OC and Pyrolysis @ 450 OC of Solids Formed From JP-RS Doped 
Wilh 1.0 % 2-propylphenol Br 0.5 % Phenylethglmercapcan. 
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Figures 7 a & b Tliemial Desorbtion @ 280 OC and Pyrolysis @! 450 OC of Solids Formal From JP-8s Doped 
With I 0 % 2-propylphenol & 0.5 % 3.4dimethylthiophenol. 
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