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Thesis Title Desulfurization from Diesel Oil by Oxidation and Solvent Extraction
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Major Program Chemical Engineering
Academic Year 2000

Abstract

The desulfurization of diesel ail by oxidation and solvent extraction was studied.
If effective, >th‘|s process would have possible applications to a small refinery. Ozone was
used as the oxidant for changing the sulfur component in diesel oil from non-polar to
polar. Methanol was used as the extracting solvent. Oil from Fang refinery in Chiangmai
province, containing 0.09% by weight, was used for this experiment.

The research indicated that it was possible to apply the oxydesulfurization
process in laboratory testing to industrial plants. Efficiency of desulfurization depends
on two main operating units. One is the oxidation unit and the other is the extraction unit.
The results showed that the sulfur content in diesel oil could be reduced by 0.05% by
weight, while the properties of the diesel oil after the oxydesulfurization process did not
change significantly. The results were within the standard set by Ministry of Commerce

in 1998 for diesel oil in high-speed engine.
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1

@] (@]
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nasana1sausdulutnfudalnglnssuauniseandindunazaindasdaii
arane VidoNaandn oxydesulfurization process Wunszununmsfiazdadldfeantladifia
Iuenesnanvassausdilniniididiuanismnm sulfoxide 138 suffone
O
I
R-8§-R" —p R—St—*R' — R—ISI—R’
oxidizing agent g) oxidizing agent O
sulfoxide sulfone
Faansinuziulssnm sutfoxide vide sulfone TumsRREA i (polarity) @q‘%u
ndudn Falamndynsiuiugsdssanbiida (hon-polar) senamiuasinuzdutlssnm
sulfoxide V3@ sulfone @:ﬁﬁmtﬁamqﬁund%ﬁm nswlaaugania (property) 289479
ysznaninsidlsinfididnenguiRresinduiabl MFausanenaissenay
Saurdusanamnsiuldiheiy wunsatndansiainazans (solvent extraction) Taaldsn
Srazanslssnniida Wy wmues i wiedu o lamiteszaasinlssnautus s
nereanugslisnniidouds Tnedvinacaneildainiiasdasissanaduiiafen
it (du Tndutny fteraeuasiainsianduasnaniidoesssugfives
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arsnsarianduan18En  waranlsznaudnuzdudaeninsodandafums a3z fimanz
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lunnsdfiunsisadudiu 054 uazansz, 2541) amamdhdltdlunsedn
ansiansiuludaalfidnie  ddenldlelnuiusoeandlad asanlalnuiiugheend
Indiisuusann uazeglusnmuzufsieasutnsenanirfidatassumagudn vinlslaiil
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& g - i u’f A [ l; il
unagauduningge, :agn, wldde, qabentunsndunanitieainudas dacnuwuniy
p 1 ¥ o = :’/ & b1 - :,IAD 3 L7 a8 3
'YIleﬂﬁ’]\'ﬁ"]ﬂu']liuﬁL‘Hﬁ?ﬂﬂﬂﬁﬂ'\?ﬂl[gﬂﬂ‘ﬂu’ﬂ’aﬂ@’]ﬂﬂuiﬂlﬂﬁmﬂﬁ\l'ﬂx‘li‘? udidnaztidadanlu

Frunnsszwelddauarleiiininnu

1.2.7 nssusumsaandadayllsiadu (oxy-desulfurization)

N99333738ndn oxydesulfurization andderfiaseiidn tariuluanmzlaonaud
spama|FalHd (sulfide) anansogneentladiifhuanszanaud Zajdalviy (sulfone) B4
nalsinasnseinfeamnsieuainimiffirdamafinoenlsdoanunis

nszusunnsfanannansnsnadasmsiuldlaglifeddlatanau  udgnamgfiiidlu
neaanedaliugaunnnazgaiundy  500°C Feazialfifansunndadannondausas
Tuanalalasanfuen

AndnunwihresernantriAeenfingn i (polar) Tunandnten 4
fnlfansnusnAuanstlsznausaeiulne\divaarans  Selddunmmumaneilnudatu
nsvtaumsAdIEnsaite furfural Jarasvifmas i B fuitesaeetihannann
stlounsnidu (F.Zannikos ot al, 1995) Wnudnilel¥latanauvigaslsd (HF) ludaia
azaslumaaiagiunsaatnssdssnauinuzduaingay middle distiltate 16 ansulsznau
iy i dalri uazdaranled (sulfoxide) afignniidn (polar) iandadalviunn uas
nnassaNAusaanreanfiadunazniraindaadiaazataasilss@ninalunisan
Bunnrusdurandemadiandon Ineldaslssnoususduiinosududelumiasoii
ATANLUNY éqmﬁmma’tﬁ’tﬁﬂmmmﬁmmfasiﬂmﬁn%'ﬂrﬁ'qa Brnositiaandnunnressd
afn (Wasaiiasae)fifitinasusiusrasiamingeenagnadnudinssiaunngania
fauflasndainusiuiely  nandnwaesldresihadamesineanladaragnauiiufiog
Ll%ﬂ'lgu‘] udagnifndusgdnastilumise Claus siali

Zannikos et al. 1995 MansAnmnisaagssiuzdiluiaidaetiniseandtod
ansisznauniusiuassuidantd (gas oil) Tunsatind (acetic acid) ﬁqmvxqﬁ 90°C Tmes
1Hlalnnawilefaanlas (H,0,) Wudeandladnielunan 30 wfiudadnesandaeninugy
asavareladelunfues 5% MnlukanuaniiFondamimmasania udailladn
Anadiavinasany 3 THAAR  methanol, N-methyl pyrrolidone (NMP) uay N,N-

2 I 1 . &
dimethylformamide (DMF) fhuaan 30 ki uanduitseasdudadadominndunanansy
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ugnainlifassimBunnanstansiudall  wudn  nsadnceafiaviisransmIues
annsaantBinataeiuIdRe 90% aamBunnsiausiuEuiu 0.87 %lauimin auwie
0.05 %laerinmin uarliindmniRauresireesdifanudmusngs

Aida et al,1994 l§RanisAneniseandledansdseneunnusduduridd
dibenzothiophene  doensailaivefiin  (drswanseudransaraifinuaslalnsiaunlad
aanlad) nalnnsinljfFerde nsauleiasiindvindfiifiniy dibenzothiophene 1in
nseandladidiihy  dibenzothiophene  suifoxide  wasnisaandiadusialuazisiiv
dibenzothiophene sulfone éqﬂﬁ‘ﬁ?‘m@@nﬁim‘ﬁ“uﬁwum::mﬁ’ﬂLﬁm‘la‘l?mmmﬂﬂ%ﬂ@niﬁGT
uaznsavlaftinfilfarnnisFloAaraiiy

natnnnseandinduansilsenauinusduauyie 1 dibenzothiophene Katiansras

sewdnansadafinuaslataniauilefeantas ldnanaldfaninilsznau 1 (Aida et al, 1994)

H,(0, H,0

NS

H.ﬁ-OH < H I-OOH

00 OO OO

awtsznau 1 nalnnseandinduansdsenaunnusduaunse

=y o A .
anmaiamsilagufialasunlanswlduaseitiudananden (shif) 18919873
o . . A:i ) o or . N T o d
wudu (retention time) Aunnsreesnitaesdalwufy dibenzothiophene atledaiania

wansliiulidadnqainanaasfaliuuasanmildngeauiiainiseandindy
ar Q o ¥ ot t:f © o T g o
annsaaasrdagrrisiuluiidiEinanuediuey  0.56%  Taendwiin
Faentsaandiadundnaiadaiinarans (3@ uazanz, 2541) wudianisoanniuziu
L | g & é 2r e & O g at =
Wwaa 0.057%aeninmindlald acetonitrile ifovinazans uazdmnmanninziuvas

g o A Sr ar O
e 0.018%meniwiintisield N,N-dimethylformamide (DMF) lusianazans uas
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Anwefianatasnisgaduseriiufitunisatndan DMF udanilenfs wudnanusoan
fuziuadlfivie 0.0046%ilad siica gel hufagady uazwite 0.0038% eldargiinn
dhudgadu

National Petrochémicai & Refiners Association (NPRA) (Bonde et al.,2000) 14
LAUBNITHATNII AT N TUA8INTZLAUNTT selective oxidation and extraction uazld
apthRanmslfsrunean@indiuily  peroxyacetic acid  \FasnlffiFan  (catalysed
peroxyacetic acid) wazlfifan dibenzothiophene hignstsenaufathalunisinesi
Anunreandiadudotszuy peroxyacetic acid FauUen wasudalifignsdseney

5”

infermediate  dszinn  sulfoxide  wanifaneendaduilulua Bunouduiug

—_ . o ., 4 a4 1 u o ,
(stoichiometric) fil peracid igoamgiinanda 100°C Aaauiussannialuoan b 25

& o o

[ 9
i ualdnanadnnisatailuddn Aydudusasaaenssuounisii
. . ‘é & T a,v i
mawen (polishing) IAgnidifteadnans oxidized organo-sulfur AicfmAans]
& A o’ ot
(Bonde et al., 2000) wAsaInAnsrLunIsainratnat-rasusslduaniananslsenauda
:'.’r 1 o IJ L oA
Wuuazansdsznauiida (polar) danlugjeenidudn wiarawdamlflunmsdaniiagilasndd
Y Y o . . v , o d
anmilfmazazgaduduudnianrasialtuiazasidivauniony wasawdanldly
oL . : =y e o =y o ::’il 0 & A =y
nahAD refining clay, 38n1ias uaragiiun nefimsanansgaduiiazAniladenan Ussdns
) P as ] 3 o -E:’ ar
Ay wazansdelunisuenAunduanldlul agnisldiuresssgaduasiuinfunm
:’:’ at 1 4 ] =
annlseneniidn  dalvu anslumen uasBugiaandesglumasvifug
lunsetnunng conversion extraction desulfurization Haylfnan@n 2 N3TUg
=) ﬁ! ol Q ot § 1
(Bonde et al., 2000) Aa WamwHiunhrdadneiundrtersgdatadinssuaunisvian uas
[ . L1 r-‘é A'-‘i Y ] oF [
Wi medugeieiiitiuam 15% seanssuatlewiidn nszuatlanagndesialutiomiag
coker ugiuuinfu asphalt vidawflu@amasiulsandulnedl stack scrubbing el4Tinng
= ai' A' I 8s 13 | e ~ 2 = o ~ &
wuanuRanhaniinyad ligeTu 2 nisuds Ae nesudsnaeil WiRadludawlndase 4a
& " ar ] Lo ¢4 L o ar
A (sulfite) visadaliumdall wasnssudtnasdonon Feasndmiluansanusiabiodalu
e

&

o 4 o’ g Lo Jd g ot J t
uananidelifinnsuansdayanisangaaiousfuaiminiy LAGO Fuinfufiriau

L L3 ot

1 ‘J 1 o k4 at
nszuunsint ladiinauGedasnninwataiilodfy  sedusstousiuanasann

=X 3

enddad Y
4720 ppmw WRaLAitN 70 ppmw uasflantAnaTuReA WA API gravity 1Bnaniiy

& X £ ot ] L4 or c!
- wlefifwfasTunfndianasan 25 mRafe 17 Gaasusneudmzduiignuansan’iyl
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doumiaifhuasastoudin gy benzothiophene ¥3a dibenzothiophene wazlnaudnnst
Fssnias s indasssnaulssinnaslsuninidatlideniiUssdninm
ﬁq&mﬁﬂdquﬂﬁ‘znamm@z‘l,‘a‘uuﬁnfamﬂﬁq;ﬂuuﬂﬁﬂﬁﬁﬁmmﬁuiﬁu NN AT
mRduniuadanafreresinlsznateslunfndideudnsuun (flal) Finlimudndaiy
(pack) IR Fainl¥ API gravity i1 nsanmeTasansazlsuainderinly AP) gravity 44
Ty ﬁmﬁ%uqﬁu anAdu uaznisiatiaasdssinniy (gum formation) lulldumnsnalilann
AUn® witBinadlulasiauasinaanuanaanauang |

Tinemageuidiinsn eI ama (fuel stability) WuddllaBsn WA AIUAT
mamneld Wasindullsgmdanlsznen organo-sulur Wusmgassraniliades
saanuiama

NPRA &agildnszanunis conversion extraction desulfurization Hagnsuflsdlalls
wazifhimnadanianmnsaudeduiildludusaniunszuaunis hydrodesuifurization
(HDS) %\ammzcﬁﬁLﬁumﬂﬂum:mumﬂﬁmLfanmﬁu’?‘mﬂunsxmumsﬁmﬁwﬁiamn
nszusums HDS Werdmifhudam@riia ultradow sulfur %qm«;gnﬁqﬁul“ﬁmﬂ United

State Environmental Protection Agency fansaunsiantlunima 2
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Property
Sulfur, |Aromatics, Polycyclic Natural Distillation, °F
ppm. vol%  lAromatics,| Cetane Number iBP T50 T90 EP
Test Method ASTM [D2622-84] D1319 | D2425-83 D613-84 D86-82
US-EPA | 500 max.| 36 max. - 40 min, - - 640 max. 0
Actual
CARB Ref. [500 max.| 10 max. | 1.4 max. 48 min, 340-420 [ 470-490 ) 550-610 | 580-660
Unocal 487-496 | 23.3-23.9 | 6.3-86 50.7-55.6 311-315|467-489 | 607-616 | 654-663
Tosco
é Chevron 54-202 | 15.1-18.8 1 2.2-4.3 54.8-58.9 N/A /A /A N/A
é A2-G2
8
& EEC 50-350 - 11 max. 51 min, - - | 680 max. 0
Proposed
AAMA* 30-300 15-26 | 2-5 max. 45-562 min, - - 608-670 | 660-690
Charter max.
Range** 10-100 10-25 2-8 45-55 315 - 800 640
Forecast
[*] Collaborative charter developed by AAMA, ACEA, JAMA, EMA and NCWM
[**] NPRA's forecast range for fuel specifications based on above data

ﬁm : NPRA 2000 Annual Meeting March 26-28, 2000 Convention Center, San Antenlo,

Texas
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1Y i
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2.3 sngaziaanwiaganiiunig
nmsaaniutuazn1singingunsainismasasifaniiunisina Wlszuunisiaaay
wuuseties alseneudegagunsaifeelal]
231  padudeendindy

=

radiinannmanndn el (stainless steel) Hzwnadurinududnans 150 fafiuns
4 3 wmr ddmamgensaitiaeenld Safiadusedinl fesnglnesey nveluussq
qunsalnenizluarasteanaouaclelig daanwdnndFalluvfedanussq (packing)
AN (raschig ring) e nusnnd- e HANGe 60 LmFiums dudaeilde
AN (sight glass) ﬁ'}c?fq51fS'ﬁcg‘lﬂﬁﬂmﬁﬂuﬁifamsﬁﬂnéﬂummﬁqﬁuﬁmLm::‘ffa‘f*ﬁu finding
gasdanutazdaudilviagminfuizaidean (gnivsznay 3 wih 33)

232 padwiain

padiiranmdnndnlafln (stainless steel) Hunadurinugudnats 150 Jadwms
g1 3w diwungwnsadiaeanld Bafnfunedind foanglaaseu anerluuse
qunsalzeantsinarasreamaciasielon anwdnndalwifedanusry (packing)

= - e R Y P & = =,
Ans 3 (raschig ring) iianmannd1¥aia fannuge 60 imdFuns drudaiide
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189 (sight glass) ndasdanladianPnusansianseutenivhiisauasmiuoantan
%ﬁﬁﬂmqL«?ﬁ@ﬂn'na\'ni'];Tutm:tumufaamugﬂtmu (g milseneu 3 wiin 33)

233  paduindy

aafunlinanmdnndn1¥atin (stainless steel) Hummdudmigueanats 150 Hadmns
19 1 \wns Aadameslfimesundaoniendiin (0-100°C) Lﬁﬂf;"mqnmqﬁmﬂluﬂﬂé’uﬁ
fideswasdudoriuneduisentindunacradiniann  uumaesnediniinnzgaunadu
riuAutnans 3/8 o

23.4 ffuihfufieefdunmen®lad (reated diesel tank), faftiumuea
(methanol tank) wasdfUA AR un T I (diesel accumutator tank)

frmnFagaiadiaiunedmiten fawnmanng 40 dms Sldesdmiugeriuse
waAud99 ﬁ'lé’qu?ﬁﬁgwuﬁiﬂmsﬁ’mnﬁ'\auﬁmﬁ'}ﬁuﬁmmm:mmu@a Hgdusreantes
8989 2 19 NnafuRuguTnans 3/8 o

235 fufiufasddan (diesel residue tank)

Li‘]uﬁ'qLﬁuﬁqﬁu?}Lﬁﬂﬁﬁﬂ?mmﬁm:ﬁuga franudnng laln faurnuse 20 fas

2.3.6  widaAuldY (condensing unit)

fenindnuaznesunlagdasannsnangamniaeslanmiueaildannnisadi
mueefipadiingy  aussnwiunasdiureuenfiei ifludafemues Aoy
asalunsasuiidlisnndndaliess 2 ns

237 Framaituewmef {ejector pump motor)

m’?m@udwwuﬁﬂuﬁﬂﬁuﬁmuamﬂuT@i‘m (circulating & mixing pump) 47421 1
0 aaBunumslus 80 Ansviedalin fuindaudaanauedlniia faisasgu (pump)
nuslameiansaurasiizauaslalon Wiulianszuasdy 220 Taasl Y4 used dauon 1
1

238 thnawmes (pump motor)

Lﬂ%qQuﬁﬂﬁuﬁLﬁﬂﬁhﬂ@ﬁu'ﬁﬂﬂﬁm‘ﬁ’u pafIiafn wazguinmuaaddrediniais

1 ﬂ" =y ar d ‘J 1 & 1
gudnalidalinas 20 Ans FuiaReudaanamaslndn iifasgu (pump) nurensiandon

i
as

saaiumias uasldiiianssuanse 12 Toasd (W¥aat transformer 220/12) 47191 3 9n
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239  iiasiadnenasiunatadiumiuea (methanol flow meter)
Iﬁmumeqmmmmﬂummmmum mm?mmamﬁmi“lumxmwmimﬂu 0-40
ans hannTaginudenisiansenaeinifisuaziunies
2.3.10 weamquAY (panel control)
uessaslrifiasuaunistresastigudtua 4 29 wasdtaslasiuliingans
A% (circuit breaker) 273491 1 10
2.3.11 Wolnlalau (ozone gjector)
Whuinftenaslalmufinisiumios annsagafdlilidenndn 1 gnunddiunssie
fala
2.3.12 gilnsalviants
seveiifulalnudluiagfinudanisfansausastalo
2.3.13 Lﬂ?‘@mamﬁ"l‘ﬁ@%u (ozone generator)
dueesrdntelauiaonsBmunlasresniianluenialinaneduanneiis
fatetau Tndidnmmondninatelolégegn 20 nfusladali Aamadudusasinateln
18 niudegnunadiume  uazdnsaliuunnreantsefafitgdandiolfluseiuseg
MINGIB9NTS muﬂszn@u'ﬂm@ﬂnsnﬁﬂ?mm'ﬁmiﬂ?ﬁuﬂsznauﬁoadquﬂ?znﬂwé’nfiqmu 3
1n Aa sruusBaneniA ssuundniglalauuasssuuiiilh ussiqedlugmdnaunaunns
glaaiigunsainialulszneudas
1) wasaufedwiundnfinalalsulidaendy 10 vaan
2) ﬂﬂé’uﬁtﬂﬂﬂmﬁu (desiccant adsorber) 1 4 grwnsaiuldse
dlaclaitfanndn 8 Falus frzuriiusntn {regeneration) 971117 mefa‘ﬂmniﬁ?q 1an (timer)
‘ﬁ’mu‘fmama‘lﬁmw%’ﬂmqnmmmmmﬁmu%’@uua:ﬁ’mamﬂqLﬁmé’mﬂrmu%uiuﬁqgmsﬁ’u
Ay Lmsﬁm@ﬂmLtmnéqmmsnﬁ?\sqmmmﬁﬁmm?ﬁ'mu‘l@]’rx"i’isLLm' 50-200  B4AN
viaFea
3 wifauadliflusgelaitiasnda 10,000 Taad iensuanteloulds
UsyAnsnw '
4) ﬁfqﬂnsrﬁmé’mmmﬂuammmmﬁ%aﬂqmmmuqumsﬁﬁmumm
uffautladlnlfusege Tnpaziinnasinaudiefionaluadutieandrmitmialy

& 4 a8’ L) ‘J =y 3 A -
5 fevuudansinedeedabeimdadadfraasrow@nialo
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6) Serunlsifugaamavinay Wy wiesdatalouiney Winwdn
Taloufinnfindnd ssuusvdefiuielnd ssuuwBerenifiney szuDwBENeInA
Anung waziimdnssuyli

7} ﬁszuuﬁwdmﬁmﬁmmnLﬂéﬂuﬂmu%’faumuw@ﬂmmﬁmiﬂ%ﬁu i
&nsnnsiva 60 amssiadalue

8  sruusisENaINA ﬁﬂ@ﬁuﬁq]mfi‘i’umm%mﬁfaﬁwﬁﬁ@mmméu
Tuanad ‘Imﬂ'ﬁma‘ﬁuﬂmwm?@mmﬂu%u‘{mﬂé’m‘iuﬁmm::ﬂxLqm‘:sfaan']ﬂ"ﬁmul,ﬁ@iﬁ‘lﬁ
arnAukAfiaunmaamnaswieuddlldszuunaniratatiy

9) styunanfialme i Aeuennauieliiiennafining
lolow  Ussneudaevaaaufefeiunulszqlin  umudssqliinasinmihiuauufng
aandlueanidlinansiiuiatelndonuadiifa dwiuninldenissqfigesn 10,000
Taast Gl’mlﬁ‘u’]mﬂ"l’mﬁ’ﬂﬁm?‘ﬂﬂdﬂ'}?&la13]ﬁ']‘ﬂﬂi‘iiutﬁ\ﬂﬁﬂ’]i‘ﬁ‘tﬂ’]ﬂm’m%‘l’auﬁ’]ﬂ‘tﬁ’]ﬁ‘ﬂl]’]
wautadon

10)  szuulidi _ﬂa‘::na'uﬁ’qm::uuﬂfmﬂunqa‘ﬁwﬁa4lﬁﬂﬂ§u1.ﬂ§ﬂu
anaznisinauuudnluilR (electrical switching system) uazudiauasiniirtlaunszua

TAdrgszuumen@nialela

2.4 wuaAnRugiuntsiusnBunalelauildlul azen
amnudnnslasuansszneuimzduaindauslififaduannusiidlnannseand
Indeinetalau ‘lé’l’lﬁl’i’gﬂunwﬁmqmlﬁ‘mmT@T@ﬁuﬁﬁ’ﬁqﬂﬁﬁ?ﬂﬂﬁumsﬂ@znﬂuﬁmzﬁuﬁaﬁ
' 0
R-S§-R —p R—ISE—R' —Pp RH|S|-R'

Il
oxidizing agent O oxidizingagent O

sulfoxide sulfone

J .
Wnaasugnsdsznauniuedu 1 assauldiiuanslsenay sulfone azsiagld

Talaw 2 Buanasivaunas
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4

R-§-R" + 20, » R-S-R +20,
R
O

o Q

=y ¥ 1 A L= d ar © =y Sy ar
uuanuAguiuand Talaufindnlddiuon 96 niu azvindjidandusiniusdy

q

3
ar

d a’ a’ i’» d{ = é’:{o [ oy o ] [~
R7u01 32 nfU Aaiunnniarasndnlalaulunisnaaasiiinngenisuan 20 nfudadolug A
argrunrardnnuztulamaiy 6.667 nfudnlug

L

= ’0’ :! o & hd [ 24 ‘0’ o
wnauuflinraandasnsasinsusduihi Buannnuedy  0.09%  Tatsiamin

I ’o’ v | [ e = &y ot :’/ g o =t ~ ~
uasATNmIuRgantY 0.82 nfudlafans duduhiufaa 1 @nseziionn

Auzdumiinyiany 1000x0.82x0.09/100 = 0.738 ndu

winanuAdnFasnisaaliunauinsiuliviefseaiavileas iy sy Tufe
Wwganauziu 0.045% Taenisin ansduids 1 ansazfadanninetuly 0.369 iy
-y sz} = 8o 4 & %’ ar =l 173 ] ar
wanfiarsurarniuaalalauiuanlanacdaiuisaanninzduluiadumigalawiaiy

6.667/0.369 = 18.068 ansAagalie
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3.1 dngiAu

&

= o n’ © A e :’1 4:’-!, 14 %’ L] [ 4
agAundnfldluneiiddeniedl Usznauds dnlume mwes uazindlalu

o

8
TnelaaziBonresinghumieiall

9
3.1.1 uniudiea

%’ o ‘=} & =y ° Ao L ﬂll g L I ot ar
unidmanlfilluingiulunsidduilldanntinduiniude - e faudn

&
o e

] ¢ "l ] g af = ‘i ey ¥ o L1
Fealnal Tanduldlaansanniniuiu Tnaiaiufgadn dtauiRfiugiuial

A1979 4 duiRRugveahiuRLgs

Test ltem Result
fgnition Quality:
Flash Point, °C - 92
Flow Properties!

Viscosity,Kinematic,cSt. @ 40°C 5.95

Pour Point, °C 15

Gravity, APl @ 15.6°C 40.2

Specific Gravity @ 15.6/16.6°C 0.8241
Cleanliness:

Color ASTM 1
Cefane Index 51
Bofling Range: Distillation °C

1BP. 185
10% 235
50% 308
30% 345
EP. a8
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3.1.2 (inuaa

AJ v [-3 [ L4 - %’ L
wnueai dithianiazanelunsaiannuziueananuiigs  Whiuniuealds

ATAN (commercial grade)

3.1.3 flalau

Ratelaulfunanniesesinialouii 0Z 20 ECONOTO tasiivsfiungd Wgdn
raninza  IawendveandaulueiniAduinghu ﬁ&'amnqﬁﬁgn@ﬂﬁqqumuqm@m
e 1Y (adsorber) wazldnsasauiluanmaiilndainenaduiaoniaute udolua
drugadadmmsivasasainia (flow meter) ggaindntelou fisznevdaevasa
fAufialaloy  Deiluishidntnsnegmulimaseatiialelnudluinéennszudlviindtaly
Aansuanuldslszg tl¥eenfianluaniananeidiuleley TnefhBunanisanteln

§ag0 20 nFupiadalug

L4
3.2 audnsal
4 o a . 4 .
3.2.1 wiraainiinlalau $u 02 20 ECONOTO TenantalauldlhunBunngegn 20 nfy
siatalus aaniBEninefin vigdnnealnea 411in
o a 4
3.2.2 gannilumanaass talssnavdian
3.2.2.1 padmleandindu auadudougudngns 15 wufaing Aeuge 3 weg
°© o oy A rcl a8’ 1
wdaemdnndiFafin Gedlginsondrdgnlssnavsgdanfie
ot e,
- alsAalmaT (ejector)
- 1l
- JdaUq (packing)
- Temlimas
- gnszanenniiu (distributor)
3.2.2.2 paddlain auwaduhngudna1s 15 ufiung Annuga 3 lwes indoe
wanadnlFaily
o e o 9 ar 2 o =t v 4
3.2.2.3 padwinay A wifuuanmunmueansunndlunszuqunisanase G

dsenaudavanduuazgaiArasnIuimy
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A F
3.2.3 aunsoliasauda Talsenavdian
- NIEUANALN
=] o
- finned
- NN (separatory funnel)

A
- AW

3.3 3aANilunng

duRanaudnssuaumstadainsduanntrndushitiehg Qi SaduTAny
g wazineendladiafaeendladivanzamdy Teltu udodmsinuandnaang
tfadelunszuauniseandiady  wdu ﬁ’mmfiqwfmﬁqgan%"l,ma’ﬁiﬂﬁﬂﬁuﬁvm, wantunig
Fuffavida space time, Aanduduasieendlad Tiiigalithunssuaunisaandadn
wdrazgniluenifhudodifiionsiuin  uasdniliuriuge  Taensarndansias
asanusiinidn (polar) MAenfudafaumiues udrarAnmaninadndousiotiasatasia

g o Q] ar JJ ' o o ot o
Widudaa, wanaldluntsada Addewsfiauinisataanstssnauinusdy nasilasius

H
v 0 e =

. ¥ o 4 - o 1 ar ar @
R (yield) aaaifumaail dhdufieaildndesandunszuunsatndoadaniiazans
L) ar mé‘l’ 1 = av, g & T &t or
axgminhdnauiEifiugusine nRennevauifraainRugstaunasudanisdi
NTLUIUNITRAAITNINZY
3.3.1 seAuvanifiRng
‘d at L ar
3.3.1.1 Answaildlunisatasislsznaudansdy
b
o L ) o L% A ~y
- thhagrsiniviisaneand leddaetalaulnBuraiunnfiune
&
-] at A ¥ ° 9
- shdgafdunnseand ladudotdnnasadoaiunuealudndau Bunns
A = L
1:1 igaungiivieslneldinalunsada 2wl 5 undl uaz 10 und
1 ?) g ot l:i -l % 0'
- dasslfusndulunsmauen aclddougasiniumganiuroisansausn
Tudanang
o ?5' ot -:] 4r 9 b7 g cll
- i lfindrafosinngy
L] o [ A
- dlfAwsrsfumBuuiuedulngdistes XRF (Xray Fluorescence

Spectrometer)
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¥ oo, . o .
3.3.1.2 Anwrdndouiniuntdiunireand lndudsamivaan lunisasn
. ¥ . Jd o A oa N
- sinihdudsafitumseandladdalalauluFunfdunennaiadoey

17
nuaa g lddndoutiiusamniuesiiii 1:3 1:1 uaz 2.1 uazlfuvarlunisadawinfuie

2 W
1 rr %’ ar ﬂJ o & n‘
- deslfusndulunsanan azlddonaenindibuaitButadauedunin
Tudauans
o 5 o o due o w L
- vl funanasaeninngu
< o ar A
- inlAesediinBunaiuziulseldidias XRF (Xray Fluorescence
Spectrometer)

3.3.2 s¥A\ pilot scale
aa] 1 ] g
An1svaans lumhesiaey Usznausian
3.3.2.1 paantlaandindu (oxidation column)
o 3
- flindfudngeendinduredinifinentfanng 15-20 ans
- tsesialauliiaUfidontuiniuluredind TnedalfinsmyuRauae
%’ o w 1 = & aé ég [ eﬂ, o = q' $ o
widisadgramefidueamile FiuegiuifinniniufisansuFuiuasdnmnis
¥ d euo
Tawauniiumnraiazidvianismaaag
1 1
- flaminfudgadhgredsineiuiufaadnsnisinaiiiualy whou
::' 1 %’ ot Ao = 3 8 ] [ € 4 8 Y ar &:J
nalgamiiudauiioniseandladudmsinudwannedinidngdaindaadnsmnnsinad
infusudnsnaslnata
3.3.2.2 aanudarin (extraction column)
- tlauumussdrediilezann 3 11 4 dovuaasaedusl
113
o Lo A [] ar (4 ar
- flawisfuidunsaeni laduddaedilananisduuureenaduiilas
flavunueaidmieiusegasrediniludngdausine
1 by
[ & 3 & at o er ® ot t-*;
- famszdurenintiunua luvedialaadUSudnsnisivasanaasindud

i
dumsadauds  (product) giudy  wiautuilastiumueslueduaannisfinmuses

1
ar Ly ¥4

AaduiainasNgrednindl (distilation column)dine
3.3.2.3 nadminau (distillation column)
a o ¥ o | .
- ilngaldiaaiuten (heater) Wasy wasimaaifurnueistasuiuifia

nduue Ny uaanduAvun Mlunszuauniin ussldarsdssnaudnnzdiludauang
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i

Awdsznan 2 amuaaanszinumsaandndaying

+



Air inlet

l

ejector

——

ozonizer

Alir outlet

QOxidation

column

Air
condenser
¢ B ﬂ B
- W
m |
- x fh-
D Extraction Distillatiqn L
Coolin
column L_y| column) s
l ‘ ater
Hgl rotameter
Methanol
Product tank
Fresh Oxidized (low sulfur) v

diesel oil tank diesel oil tank

Oxy-desulfurization process

Awiseneu 3 leazunsuaasnsyusunnsaandaday inadu

Diesel residue

high sulfur

£e
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3.4 NM5IATIEH

o oy m&’ g ar a=n 0 L
'mm‘mLﬂm:ﬁﬂuumwugﬁummmuuﬁL‘ﬁﬂluﬂwmmﬂﬂﬁ

ANNNURULL MUNNTEIM ASTM D1208
209701 (flash point) ANNNINTFIU ASTM D93
WFunuiuziu’
ANNNIRNIFI ASTM D3120 ( PTT Research and Technology Institute
' Petroleum Authority of Thailand,Wangnoi)
PMUNHIATFINASTM D4294 (Petroleum Authority of Thailand,Klongtoey)
AINNINTIU IP 336/81 reapproved 1986 (Prince of Songkla University)
anluan (pour point) MANNATIIN ASTM D7
AYIIMElA MINNIATFIN ASTM D445
& AuNIMTFI8 ASTM DO76
fuandnu (cetane number) MANNIATFIN ASTM D1500

AN AMNRAIEIN ASTM D86




oy e i’r g 1 =) ar 4 [ I~ ar  §r =
uannaaaslunisdpafeiiiinsfiansanesnity 2 suiiudhaiy Ria  seiuviecl]

NNTUAZITAL pilot scale

4.1 szAuvastjinnas

o
UnnN 4

NANSVIARBINASLVIAAT T

aAy

R

AJ o o o ° %’ o é ] =
@'1nm?ﬁnmummmﬂfml"ﬂumiﬁnﬂmsmznﬂun'm:nu‘imﬂmumummums’aaneﬁ

lJ ~ L3 [ ’0’ ar 1
ladaralalouluFurafifureuiiinisaiamauniuaanadnd i uA ML

4. A
Wnilamanii

o g ar ﬂ; 6’ A4 e’ L4 o A 1 %’ &4
udininTudauiaialdluionsdnBumuiiusdunaavaaagluindu

=y o
Han1Th ﬁﬁ@ﬁ‘ﬂ‘lﬂlm ANFASIMNTIE 5

a ar =f
579 5 aaraseaitldlunisannaisdsznauriasduneliinuiusduiinanae

g
1Bunms | 1B ms MeOH| Andau  |Extraction time| Result
Frathai | oxidized ofl (ml) Oil:MeOH (min} %S
(ml)
1 100 100 1:1 2 0.029
2 100 100 11 5 0.028
3 100 160 1:1 10 0.028
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Extraction time VS % Sulfur remained

003
00285

5.029 -

0.0285

0028 v

0.0215 —&— o4 Sulfur
Q.027

0.6265
0.02G -
0.0255
0025 1 T T

L 4

% Sulfur remained

0 2 4 L] 8 10 12

Extraction fime {min)

‘J - o ar 1 o o
Awsenay 4 neuasenmtanannflunisainanalssnaumuziusmFunnininsoy

.:] ~ 1 g at
Nasmaast

mnmamsmamﬁﬁmm?ﬂszﬂﬂuﬁmzﬁ’uiuﬁﬂ:‘J’uﬁmﬂ’imﬂf’fﬁﬂdfmﬁﬁﬁumm
wueaiiu 1:1 SeluiidiBuame 100 fadans watlfnanlunisaia 2 widl 5 il uax 10
Wit wudnnsinanlunsgdaiiawd 2w Siuaildunnsnatuiunislduailums
atanly 5 427 ke 10 Wil anaaznanléi BuansreniiuazmueraRNI0 R
fuldviadeahaanysaliasnisnousionuvianauusimin (magnetic stirrer bar) Tunanie
2 wit defhdnunsaplldnn wallilunsaialilddearianlefifuimsanaces

fanrduatneiivddydlathuaainisainlludolszinn 2 wi




37

ar ¥ o b ] [ as
A131¢ 6 mammﬁm'dqumuuﬁLfﬁ'awmum's@faﬂ%‘lméﬁummuaam@ﬂ?mmmmnu

Fruniaagiuhiu
PBume | 3ums MeOH | dmdaw | Extraction time | Result
fiaatinedl | oxidized o (i) OiMeOH|  (min) %S
(mil)
4 50 150 1:3 2 0.023
5 100 100 1:1 2 0.028
6 50 25 1:0.5 2 0.031

Effect of methanol ratio to %sulfur remained
0.04
£ 003 \\
£
—p—— 0,

=
@ 0.01 -
&

0 T T T

0 1 2 3 4
MeOH : Oil ratio
L.

4
L3 L A [ a8t 1
Aslseney 5 neuannarasdadouiniuRgafiitunreand ladituniuassiedfinm

o o o = 1 %" ar
Anuzdufisawaantluindu

L1

o at ‘J ] = []

nuaniaasdinsdadasinuiaaiithunireaniled da wnes Tnelddn

goutnustammnuaadit 1:3,1:1 uaz 2:1 waeldasnlunsadadiaiufa 2 wiil adlddnda
v o, L v oo v ba A o

dnusstusauinuasiinaanlefifusonsedaionsde  Mfedialddadowumueailan

o [ o [} o o ¥ o Py g
fd ﬂi‘za‘ﬂﬁﬂ’]ﬂh&ﬂ’]?ﬁﬂﬂ’ﬂzﬂﬂﬂﬁﬁ‘]ﬂ ENz%mm‘lé’mmﬁmmmusnuﬂmﬁ@lumuummu
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a1n 0.023 1l 0.028 uay 0.031 Wedndaminfudanmuasiiy 1:3,1:1 uaz 2:1 Ay
iy Tamgnzaugaaissnilutladuiiwua i fuiiviesd luvatedes us
FatiBunaiusddvwieedhifideagunnsfoessld Wi\ ddadaudhifste
ameaRldunisaimde 1:1 lunisesnuuunisaiahesiulssnunaaassiall

-é'v 2 9 ) o %’ L% nI 1 ﬁ\l & Au
u@nmnum'lﬂmmﬁ"wmammmuuﬂmunwﬂﬂnsﬁ ﬂ'gﬂ'}ﬂt’ﬂi“ﬁuﬂﬂﬁ?’m’lﬂﬂﬂ‘ﬂﬂﬁ

: =

1 & Qs o o ¥ o o e o o
Aurasinelisinnsndudaierandl D-86 udatinidugauinaulaliiannsdanBuo
& ar J == 1 g ar = .:3 &r n‘/ ar ar b ci §r
Anuzdufaawdaat i ufaudaunshilfannisnduiunsaiadoammiies a4

Fnsdouinudawnnueaifhi 1:1 uazldiarlunisainda 2 wnH anlduansdamnise 7

o ar ¥V oo o ar ) P
A15719 7 dFurouniusduasuae biinduAanaitunszuauasna T au e

NUNFEUIUNTTHNA
ansmstva | dmsnaslua nédudnt D-86 ANPRILLUNIUDSR

el fiLa % sulfur % sulfur
(I/min) (ml/min) remained remained

2.5 1.0 0.073 0.060

2.5 1.4 0.072 0.062

2.5 1.8 0.071 0.062

2.5 3.0 0.071 0.062
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Flow rate diesel VS %Sulfur remained

0.08
Eo] —r—0 *
= . .
s  0.06 A
g - —é— distillation
5 A i
q_j__ 0.04 - extraction
w
P

002 T T T ] 1 1

0 0.5 1 1.6 2 256 3 3.5

Diesel flow rate (ml/min)

v ]
Aamitlsznay 6 nmvuasaiBunnidansiuaanas i anddEun s aunnnAY

wiEsnfaudunssuaunisana
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A 1 =y & .
A9 8 HAN1TYARAUNANARALNTTNIIUTRIRUILANNUNT LU pilot scale

Sample |Air Flow | Diesel | Retention |Oxidized cil:{ % sulfur Sulfur Remark
no. rate flow rate Time MeOH remained | removed
{thr) {(/hr) {min} Ratio {by wt.) {g/hr)

1 - - - - 0.090 - Raw material
2 600 7.2 96 101 0.062 1.653 [stir by magnetic stirrer
3 800 7.2 96 1:1 0.090 1.181 2 hrs.
4 600 18.95 38 11 0.079 1.709 1 hr.
5 600 18.95 38 11 0.076 2175 2 hrs.
6 600 i2 60 11 0.072 1.7714 1hr.
7 600 12 60 i 0.074 1.574 2 hrs.
8 600 12 60 i1 0.078 1.181 3 hrs.
9 600 6.9 87 i1 0.08 0.566 1hr.
10 600 6.9 87 11 0.073 0.962 2 hrs.
11 600 6.9 87 1:1 0.054 2.037 3 hrs.
12 600 18.95 32 2:1 0.081 1.399 1 br,
13 600 | 18.95 32 2:1 0.079 1.709 2 hrs.
14 600 18.95 32 2:1 0.084 0.632 3 hrs.
15 600 12 30 21 0.088 2.165 1 hr.
16 600 12 30 2:1 0.068 2.165 2 hrs.
17 500 12 30 21 0.066 2.302 3 hrs.
18 600 6.9 87 2:1 0.08 0.566 1 hr.
19 600 8.9 87 21 0.06 1.697 2 hrs.
20 600 6.9 g7 2:1 0.06 1.697 3 hrs.
21 600 154 39 11 0.08 1.263 2 hrs.
22 600 2 . 60 11 0.08 2.952 2 hrs.

= a dwsy A ve A ot 1 oA
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TUAITAIRUARIGIELNDN retention time %a%m’qﬁ’uaﬁmmﬁ’nﬁuﬁm%gﬂuﬂﬂﬁuﬁmf
asdninsiuadirnnnduiaa (ViQ) Falunnsdfunisfiganuzasiin (steady-state)
Smmrinaduazeanainaedinitesindidimaaziniy damnsdia retention time 34
nessald 2 FRRen s Bunnslunedin! delunsdifereduiiduiuguinansnsiafiaz
ﬁﬂiﬁ’?zr&‘i’ummqwmﬁﬂﬁuﬁmmﬁu?';u HATNITRABATINITHIBN(Q) Taanastlauinsiuiiae
deedinTlusnafidias Janadial retention time Hesadiiinansznusen1sfnilunnsia
lunsaadmsanisiion TnglindeuBuaslueedinasinldindantondas asiing
WsnBnmstndiua(v)idgety avdansnsznulirediniinnageididiesayanniy
u,ﬂzml‘ﬁféqamé’mwzﬁ’qmuﬁ‘l‘ﬂun'ﬁqwmmmﬂfam‘ihﬁ’imuummmé’uﬁ%zgq%u
Tudusndinnnsnanesfial retention time ‘lﬁgaéuﬁ’wmﬂﬁﬂ?mmsfnmmmlu
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A . a
AN919 9 HANNTNARAILTALAN retention time Tagnsanans tauidnasnia

Air Diesel | Retention | Oxidized oil:| % sulfur | Suffur

Sample Flow rate |Flow rate{ time MeOH remained | removed Remark
No- {inn) {I/he) {min) Ratio {by wt.) {g/hr)
23 600 18.95 48 11 0.060 4.662 magnetic stirrer
24 55 | 69 | 130 11 0.050 | 2262 manual ext.
25 600 12 75 1:1 0.059 3.050 manual ext.
26 600 12 75 21 0.062 2.755 manual ext.

- 27 600 6.9 130 2:1 0.047 2.432 manual ext.
28 600 5.13 176 1 0.047 1.808 manual ext.
29 500 2.56 328 1:1 0.029 1.280 manual ext.
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= Y o (3 . , . o e
1513 10 Hansnaaailaldinduiigansuida (high speed diesel oil) L?‘]mmqmu

Diesel | Retention |Oxidized oil:{ % sulfur Sulfur
Sample Alr
. Flow rate time MeOH remained | removed Remark
No. | Flow rate
: {I/hnr) {min) Ratio (by wt.) {g/hr)
30 - - - - 0.090 - raw material
31 500 6.9 130 1:1 0.045 2.547 manual ext,
3z 500 6.9 130 2:1 0.046 2.490 manual ext.
33 500 12 75 1:1 0.062 2.755 manual ext.
34 500 12 75 2:1 0.059 3.050 manual ext.
35 780 15.4 47 1:1 0.050 5.052 manual ext.
36 780 156.4 47 2:1 0.060 3.789 manual ext.

ransnasnsgaiiuantuuaiifuradninanisfineflunnsdnfiiunnsiduReaiuy
pannsnasedriauntiiil  iduniafin retention  time  Aoanasasdnsnislua(@)lunag
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Air Diesel | Retention |Oxidized oil:| % sulfur Sulfur
Sample
Flow rate |Flow rate time MeOH remained {removed| Remark

N o | amn) | (min) Ratio (bywt) | (afhr)

37 - - - - N/A N/A |Raw Material
38 500 12 50 11 N/A /A column ext.
39 500 12 50 1:1 NiA NFA manual ext,
40 500 12 50 2:1 N/A N/A manual ext.
41 600 15.4 39 1:1 NIA NIA column ext.
42 600 15.4 39 1:1 0.067 2.806 | manual ext.
43 800 5.4 39 21 N/A N/A manual ext.
44 600 18.95 32 1:1 NIA N/A column ext.
45 600 18.95 32 1:1 0.075 2.330 | manual ext.
46 600 18.95 32 21 N/A N/A manual ext,
47 600 16.4 58 1:1 NIA N/A column ext,
48 600 6.4 58 11 0.066 3.030 | manual ext.
49 600 15.4 58 21 N/A N/A manual ext.
50 600 10.25 88 1:1 0.066 2.016 | column ext.
51 600 10.25 88 1:1 0.085 2941 | manual ext.
52 600 10.25 88 2:1 0.06 2.522 1 manual ext.
53 580 12 75 1:1 0.068 2,166 | column ext.
54 580 12 75 i1 0.063 2.656 | manual ext.
55 580 12 75 2:1 0.069 2067 | manual ext.
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ndrspecificationfiszyiitassnndmsnisinaanmmdiligiiedgega 2) tazBudnmiu
pandadunadulinmssisduaugurasreamaan  ilivedtelousesiussiuaes
wianeangussanniAliiaatfisanid 13 retention time aaauRa uax 3) tssandnm
nrdnaugngrstsznauninsiudadavinasaaumiuas iinaae adaglefauune iy
gasdvanauinmessdunsfiandUufianaiafunmmassareuntinil iy s
srannsisinluiainasasifnsindnnmsainlupadiiadn  dndouaassiinavaisium
uaafigandnlunsafaueniunnidrdalumsuanannlsznauinusii
manasesgaraliflfilgdmaznisdndiunasdaaniadis retention time luiie

o " " o X -
1aamaslnaniafinFunnsresvarlunedini(szavanguuaavaniiaiiv) i 20 s

o L | o
A9 12 HANISNAADSHALNY retention time °luLﬂm'aamm'l:man'mwml?u']m

saanarlunaanil
Sample Air Diesel | Retention | Oxidized % sulfur Sulfur
oil: remained | removed
No. {flow rate|Flowrate| time MeOH (by wt.) Remark
{/hr) {I/hr) {min} Ratio (g/hr)
56 500 10.25 117 1:1 0.059 2.605 | manual ext.
57 500 10.26 117 21 0.065 2102 | manual ext.
58 500 10.25 117 1:2 0.051 3.277 | manual ext.
59 500 10.25 117 1:3 0.046 3.699 | manual ext.
60 520 7.7 155 1:1 0.048 2.653 | manual ext,
61 520 7.7 156 2:1 0.055 2211 | manual ext.
62 520 7.7 b5 1:2 0.041 3.094 | manual ext.
63 520 7.7 156 1:3 0.037 3.347 | manuat ext.
64 500 12 100 11 0.071 1.869 | manual ext.
85 500 12 100 2:1 0.074 1.574 | manual ext.
66 440 6.4 187 1:1 0.030 3.149 | manual ext.
67 440 6.4 187 2:1 0.050 2.089 | manual ext.
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=] ar . .
m19149 13 ransnanasiiadfuilgelss@nsninlu oxidation column

Diesel flow | Retention |Oxidized| % sulfur sulfur
Sample [Air flow
rate time oil:MeOH| remained removed Remark
no. {rhr)
{I’hr) (min} Ratio (by wt.) {afhr)
68 700 - 80 11 0.075 N/A (batch)manual ext.
69 700 - 100 (A 0.071 N/A (batch)manual ext.
70 700 12 100 11 0.066 27552 manual ext,
71 700 12 100 21 0.071 2.2632 manual ext.
72 700 10.25 117 1:1 0.057 3.1099 manual ext.
73 700 10.25 117 241 0.063 2.6056 manual ext,
74 700 15.4 78 1:1 0.067 3.4006 manual ext.
75 | 700 15.4 78 2:4 0.077 21468 manual ext.
76 700 18.95 63 11 0.075 2,9524 manual ext.
77 700 i8.95 63 2:1 0.079 2.3309 manual ext.
78 650 18.95 63 11 - 0.064 4.6617 magnetic stirrer
79 650 18.85 63 21 0.071 3.6740 magnetic stirrer
80 650 18.95 63 1.2 0.057 5.7494 " magnetic stirrer
81 650 18.95 63 13 0.052 6.5264 magnetic stirrer
82 650 18.95 63 14 0.049 6.9926 magnetic stirrer
83 650 154 78 1:1 0.046 5.0614 magnetic stirrer
84 650 15.4 78 21 0.053 5.1775 magnetic stirrer
85 650 154 78 1:2 0.036 7.3242 magnetic stirrer
86 650 15.4 78 1:3 0.031 7.9556 magnetic stirrer
87 - : - - - 0.094 NIA raw material

. 5
@ at 4 1

wgiwg)  (batch) manual ext. wisiantsaandiadiniulFuinsaaingldiinistia

- o - ° ot = [ ! .
ALraLisRN uazinnisain iuReaiunsdl manual ext,

- 1 e = ] o at

aInmInasaRsdunaiiuIdnsnsivazaeiniaiinasdenisaafunnimeiu

Tuinfufa fansmnainnimmagasil 70 (s 13) Wiaufeuiunimaaesd 64 (919

de NP o o ¥ L
12) idhsnasivediaa 12 Anssadalus retention time 100 Wit Swsadauindfufitininig

: . = o oo a g e
aand ladoiatunvasidlu 1:1 nnsnaasd 64 nsvinfignimnastuasinaa 500 Anssadalug
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= ar 1 [} [y 1 = &
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cj [ | 1% [ ) et o 3
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1 o +r A 4 .-
retention time HuananisamBunnniuzdy dunaannimasash 70 72 74 was 76 G490

eiv =, 3 ‘l/ e 1

nnaaedRdnsnisiuaainia 700 dnsdadolue  warainlaunisieinly  separatory
17 4
o« o ¢ ar ‘J ] )
funnel udoaaluendu fadnsdaniniuiitunireantladudorawniveaishe 1:1 ax
1 ;:l . . 3 ar g o 1 :l . . °
1641 7 retention time g4 avarnsaantnzdihninfuiiaalduinndnh retention time fin
ﬁi o =y Sty v L & g o i 1
Wasaanlalowindfifenduinusiulunildunnd
J . d .
WRsURaLNTARRR 76 FU 78 (M99 13) UasnInesasn 77 Rauiunig
.;J ar 1 ' ' o
AN 79 (M1 13) asiulddaaudanasld magnetic stirrer doailunisnauassialdils:
L) & Q‘ tg c} L4 clv ]
andnmlunisainiieTu n1svasedhi 78 uay 79 ulinssnanansnasiuaanadtiaanda

cf ' o o 1 A 4 o 1

MINARENT 76 uae 77 tegnisnaaniuztuldunnadn Wassnniinnsdudatuseudnauna
%’ & a[d I3 n'/
InUasLasHg T uRRNT e
<3 ] i o = 1 q' [ o ar
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§ ] oF ] A [ [ [ 1 5
WanFauiaunnmaaaesendnafioatef 74 fiu 83 uaz 75 iy 84 Famnsasia i

f191¢ 14 wiTeuieuasuainssuiinsanaraansInNIsaRgIslsenaufus o

Diesel flow | Retention |Oxidized{ % suifur sulfur
Sample | Air flow

rate time oi:MeOH| remained | removed Remark
no. {I/hr)

{I/hr) {min) Ratio (by wt.) (g}
74 700 154 78 11 0.067 3.4096 manual ext.
83 650 15.4 78 11 0.046 6.0614 | magnetic stirrer
75 700 156.4 78 2:1 0.077 2.1468 manual ext.
84 [ 650 | 154 78 2:1 0.053 5.1775 | magnetic stirrer
87 - - - - 0.094 NIA raw material
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aniiuRTaRaiie 940 ppmw.  neniantsaingrslszneuiissfufidaunis
aanFnduudanninsuRTadgiinaraiemues  donnnsnousandas  magnetio
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Aot uaxmnmé’mmﬁg'}wh windansaniunislunszuaunisaialililss@ninmga
whdienunnsld magnetic stirrer lun1Inaaed r;“ffmthn'}?mamﬁm%wmﬁ%@q
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Falg ’Lwa;ﬁmwmafaqﬁ 78-82 warlumadindadoudininasatiimneaann 0.5-3.0 wih
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funsainauusiwin (magnetic stirrer)

Comparison for method of extraction

0.075

—4— 7.7 hr,manual ext.

0.05
N 8 164 I gt

0.025 -
siirrer

% Sulfur remained

0 T T T T T
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MeCH : Ot ratlo

mvidsznen 8 WReLdsENERarRINsaindaenisnaudasgunsainounindnussnns

analunmeauandaanisieenile

Effect of solvent ratlo on desulfurization

0.1
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£ —— 18,85 iMr
4O
- 0.05 ‘\_‘
5 E\m\a —&— 154 Vhr
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amnamilsznay 9 uanEninasasdadauiinaransfiiidensatagnstusiy
panamrminty tﬁ@i‘iﬁﬁmmmsﬂﬂmifaﬂ’uﬁmqqﬁq 18.95 Amsladalie Taunasmaned
el llgnansoaadnssnasiiluinsiiisalfininfeuss 0.05 Teniinld wiiste
Mdadaummueaily 4 wiwaqﬁqﬁuﬁvaﬁLmzwmmﬁ’mé’eaqﬂnmimuuaimﬁn CF
amnsnandiinarasieiiiieslusnnidndad 15.4 anmadalug nsanasaLL
muaaludadon 1 de Tﬁzmﬁmmﬁ’uﬁqs‘i’u%’mLmzﬁﬁmé’waﬂnmﬁ’muuﬁmﬁn f
surroanBinnusulidnd dasas 0.05 Tasminly

ar

¥ foar 1 o hid o Y
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4
M99 15 HNURUBNSUALEA N ULASHASHIUNTZLIUNITUS AFIT NS §Y

Result
Test ltems ASTM Spec. Before Treatment | Affer Treatment
Ignifion Quality:
Flash Point , °C D-93 min 52 97 95
Flow Properties;

Viscosity,Kinematic,cSt. @ D-445 1.6-4.1 3.75 3.7
40°C

Pour Point, °C D-97 max 10 11 9

Gravity APl @ 15.6°C D-1298 31.2-43.2 40.5 41.4

Specific Gravity @ 15.6/15.6°C | D-1208 | 0.8100-0.8700 0.8227 0.8184
Cleaniiness:

Color ASTM D-1500 max 2.6 1 1
Cetane Index D-976 min 50 61 61
Boiling Range: Distillation, °C D-86

IBP. . 240 170
10% : 268 249
50% ' 291 282
90% max 357 328 315
EP. 360 - 331
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M99 16 Wannunuzauludiuuatkiunszuunig 3 wed faldu-nrda-1un

UDR)
g Y !0' ot AJ b4
4 [Pty | Banesunves | Brasinidld] %sulfur
N1SNAREN
{ml) (mb) (mi) remained

1 100 100 80 0.071
2 100 200 80 0.071
3 100 300 80 0.067
4 100 400 80 0.073
5 100 500 80 0.064
6 100 600 80 0.068
7 100 800 75 0.046
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1. ALNANANNIE 0l gunnil 15.6/15.6 °C aifnd1 0.81uaL | ASTM D 1208
(Specific Gravity at 15.6/15.6 °C) Talgandn 0.87

2. dunudinu (Cetane Number) alfinndn 47 ASTM D 613
visadaiiiinu (Calculated Cetane Index) lsidnndn 47 ASTM D 976

3. Auniin o4 aoumgil 40 asdnsuiialnng Lidhndn 1.8 uax ASTM D 445
(Viscosity at 40°C,cSt) Taiganda 4.1

4. aplwaw (Pour Point ,°C) laigenda 10 ASTM D 97

5. stz Sauaclaminnin Taigandn 0.05 ASTM D 2622vi38
(Sulphur Content ,%wt) 3Raun e

6 nasienFeNuiunaiAe uneiaa  (Copper | ligendn 1 ASTM D 130
Strip Corrosion,number)

7 nandau fetaslaainmin {sigandn 0.05 ASTM D 189
(Carbon Residue,%wt)

8 wuaznznay SatazineBunns Taigandn 0.05 ASTM D 2709
(Water and Sediment,%Volume)
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REFINERY DiVISION

DIRECTOR

NORTHERN PETROLEUM
DEVELOPMENT CENTER

DEFENCE ENERGY DEPARTMENT

TEL. (053)451261-2, 452007-9

TEL.401

QUALITY CONTROL SECTION TEL.472

LABORATORY TEST REPORT

PRODUCT: DIESEL

TANK : flow rate = 15.4 ¥/min, DO:MeOH =1:1

DATE RECEIVED : 27 MAR,,2000

TEST ITEMS ASTM SPEC. RESULT | REMARK
fgnition Quality:
Flash Point 0-93 rnin 52 110
Flow Préperﬁes:
Viscosily,Kinematic,Cst. @ 40°C | D-445 1.6/4.1 3.89
Pour Point, °C D-97 max 10 13
Gravity, APl @ 15.6°C D-1298 31.2-43.2 41 43.4-88
Specific Gravity @ 15.6/15.6°C D-1298 | 0.8100-0.8700 | 0.8203
Cleanfiness:
- Color ASTM D-1500 max 2.5 1
Cetane Index D-976 min 50 58
Boifing Range: Distillation °C D-86
IBP. 61
10% 189
50% 252
90% max 357 265
EP. 281
REPORTED BY.......ccovenneee. APPROVED BY.....cocevnnnenn,

DATE....28 MAR., 2000

..................
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X-ray tube  : Rhtube X-ray path : He
Application : SinQil 2 Sample type : Liquid
Objective : Quantitative Measurement of Sulfur
namsinsizd
sdui | hetha S(%) RMS*
Sanfafi1 | Sandeiiz | Sandeis inde
1 No.1 0.053 0.053 0.053 0.053 2.358*10"
2 No.1/1 0.049 0.049 0.048 0.049 2.680*10"
3 No.2 0.047 0.047 0.047 0.047 2.388*10"
4 No.2/1 . 0.053 0.053 0.052 0.052 9.724*10°
5 No.3 0.059 0.059 0.059 0.059 5.133*10°
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