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METHOD FCR%\@ jo\G TOTAL REACTI VE SULFUR FI ELD OF THE | NVEpE )gg??
invention relates to a method for analyzing for total reactive sulfur
crude oils or fractions thereof using nass spectronetrlc t echni ques.
DESCRI PTI ON OF THE RELATED ART There has been increasing interest in the
determ nation of total reactive sulfur (TRS) I n crude oils due to the
declining supplies o 3OD § AT rol R IV ,

crudes. The prediction of crude corrOS|V|ty I's |nportant to the econon1cs
of crude purchasing and processing. It is known that certain sul fur
-containing species or_total reactive sulfur are mainly responsible for the
corrosivity at&ik unds present in crude oils. The total
reactive sul fur includes contributions fromthe follomﬁng sulfur-

dntai ni ng types: (i) h L fi phat
Ul rdos, (1 v ai i phat | & ThRCEVeRtRRTelttes top mahod FOLanaF Aing fof tfebfeactive

Peauired for t URRIRERTN 8l B aPhor Bkl uelT MRS RO R RIS HaiiGh!

sul fides are determ ned by UV rreasurerrent of a sul fur-iodine conpl ex.
Mer capt ans andpRSURIPTION g g%m non- aqueous potentionetric
titration. DisuUlirdes are measurec y CONVErsIon to mer capt ans using acidic
reduction. Polysulfides and el enental sulfur are determ ned by

pol ar agr aphi ¢ nethods. T RefeHhds bee ifcreasihg ineedt i ¥ detérnimatiod Dfitéal he
determ nation of aliphatic sulfides which are believed to account for the
maj ority (aboutaéive sulfurofTRS)ih drodeabils dae to the dedlining syppliesofisweet oririesand
fractions thereof. Since aliphatic sulfides contribute at |east about 80%
or more of theandihg ineisaringinged jo proggess sonysrydes: 1 Fheprediction of crude

PCT/US97/ 16782c6rx2051v1ty is important to the economics of crude purchasing and processing. It

-

is known that certain sulfur -containing species or total reactive sulfur are mainly
responsible for the corrosivity attributed to sulfur compounds present in crude
oils. The total reactive sulfur includes contributions from the following sulfur-
containing types: (i) hydrogen sulfide, (ii) mercaptans, (iii) aliphatic sulfides,
(iv) aliphatic disulfides, (v) elemental sulfur and (vi) polysulfides.

A combination of wet chemical methods are conventionally
required for the determination of total reactive sulfur. The aliphatic sulfides are
determined by UV measurement of a sulfur-iodine complex. Mercaptans and
hydrogen sulfide are measured by non-aqueous petenﬁometric titration.
Disulfides are measured by conversion to mercaptans using acidie reduction.
Polysulfides and elemental sulfur are determined by polaragraphic methods.
The main concern of these chemical methods is the determination of aliphatic
sulfides which are believed to account for the majority (about 80% or more) of
total reactive sulfur species in crudes and fractions thereof. Since aliphatic

sulfides contribute at least about 80% or more of the total corrosivity, any



probl ens which affect their measurement affects the final TRS and hence .
final corrosion values. The nethod for determ ning aliphatic sulfides was
ori gi nal wo ssentétdoped for the 450[err]F- fraction, and i s F&I&BIFR6TBNe

sel ective conpl exation of the "basic" sulfide sulfur atomw th iodine. The
conpl ex shows a strong band at 308 nminzhe UV region. However, this
techni que suffers fromthe disadvantage that iodine conplexation can al so

occur with basic nitrogen- cqntaining speci i C ffegt the accuracy
of the WV nﬂf‘?ﬁiﬁ“’éf‘”@ﬁgla&qc& Cir MSARUIEMER} 6@‘%&?@2@%&@3 eehoal; s
di scl osed b%?GeoraﬁaEmd Gorbaty, J. Am Chem Soc., 111, 3182 (1989) which

i s based on“PHEs! P&k Edge X-ray absorption near edge structure
spectroscopy and X-ray photoel ectron spectroscopy. These techni ques have

been successful ly enpl efhdd fOF UeicrMining afpaai¢ Sulifides hrsinigdlly di c
sul fur and thiophenic sulfur. Unfortunately, the cost of the requisite

equi pment i devéloped feththie159°F < fidetionrid s basahon thecselevtivei dompplexdtion oput i ne
anal ytical purposes. It is known to use 70 eV el ectron ionization and

chenmi cal i othe%bdsic? sulfide spkur atome withdodineh iTheueamplex showsiaistranigs bansk aton
and quantitation of aromatic su]fur conpounds. Howeyer, these nethods have
not been exB8Rawa in the HY wagient Howavesithisgechniqye suffersifenm theg di sul fi des
whi ch are tg(laqaaeecies nost di'rectlx | i nked t.0 sul fur rr.osi.vity. It would

be desi r abl Blags that iading GOMRICXFNPN (AN IR QP ‘yi‘ﬁg’f@&wﬁgg%s in a
elates to Sonabibl3PsrisEuicn ca e Sacrlizey MU etiu SrdBRper, |

fraction thereof which conprises the steps of: WO 98/ 11419
PCT/ US97/ 16782 3- A more rigorous spectroscopic approach is disclosed by George

and Gorbaty, J. Am. Chem. Soc., 111, 3182 (1989) which is based on the sulfur
K-Edge X-ray absorption near edge structure spectroscopy and X-ray
photoelectron spectroscopy. These techniques have been successfully employed
for elucidating organically bound sulfidic sulfur and thiophenic sulfur.
Unfortunately, the cost of the requisite equipment is very high thus rendering the

technique unavailable for routine analytical purposes.

It is known to use 70 eV electron ionization and chemical
jonization mass spectrometric techniques for the identification and quantitation
of aromatic sulfur compounds. However, these methods have not been extended
to the direct analysis of alkyl sulfides and disulfides which are the species most

directly linked to sulfur corrosivity.

It would be desirable to be able to rapidly and inexpensively

determine TRS in a crude oil or fraction thereof.

SUMMARY OF THE INVENTION

This invention relates to a method for determining total reactive

sulfur in a crude oil or fraction thereof which comprises the steps of:



(1) introducing the crude oil or fraction thereof into a mass spectroneter;

(2) obtain ries of mass spectra; (3) selecting frag ' i ch
are char a%@t’?@ of reactive sul fur species including hy%&%ﬁf%de.
mer capt ans, hydrocarbyl sulfides, hydrocarbyl disulfides, elemental sulfur
and pol ysul fides, said fragnent ions being »elected fromat |east one of
the group consisting of SH+, CSH+.CH err] S+, (err]Herer]S+, Herr] S err]+
and S[err]+: (4) identif(y)rigupeadingithe tArle'GIB6r fhEWoRiHPEG Aty R intd3s ar e
characteristic of at |east one of the fragment ions; and (5) quantifying
the reactive speéttometgeci es identified by their correspondi ng fragnment

I ons, wherein the total reactive sulfur is the sumof individual reactive
sul fur species. In another embodinment, this invention relates to a nethod
for determ ning total r 442 tqbjaining 1 seriessofs nrags apeairg; of  boi | i ng point for a
crude oil or fraction thereof which conprises the steps of: (1) introducing

which |d oter ?;Je&aféi 13 eseleeipe st jg&ﬁ‘s{ W @8?%%2&3%4%;%? ¥ dlrsagtive sulfur
D oL SoPar Skl blorldifp ek 4yl HBEbARe SR T ARGRE S &by
consti tuent C*a?gmﬁﬁsoggsmaﬁsn&ﬂmr%a PoIJRIRASOSEHT AIEhER: iohs beftfy &1&idy 2

series of tine res NMass spectra, _ 19~ o
PCT/ US97/ 1678%om at lead) ofsebL el g‘tﬁuﬁ cofsiig bOSH WISET;GHSS t @RS eHLS iagadof
reactive sul fur species including hydrogen sulfides, nercaptans,

hydr ocar byl s@t:i des,

(4) identifying peaks in the mass chromatograms which are

characteristic of at least one of the fragment ions; and

(5) quantifying the reactive sulfur species identified by their
corresponding fragment ions, wherein the total reactive sulfur is the sum of

individual reactive sulfur species.

In another embodiment, this invention relates to a method for
determining total reactive sulfur as a function of boiling point for a crude oil or

fraction thereof which comprises the steps of:

(1) introducing the crude oil or fraction thereof into a
chromatographic separation means which is interfaced to a mass spectrometer
thereby causing at least a partial separation of the crude oil or fraction thereof

into constituent chemical components as a function of retention time;

(2) introducing the constituent chemical components into a mass

spectrometer;

(3) obtaining a series of time resolved mass speétra;



hydrocar byl disulfides, elenental sulfur and polysul fides, said fragnent

I ons being selected fromat |east one of the group consisting of SH+, CHS+,
CHerr] Swodsnasmw] Herr] S+, Herr]S[err]+, and S err]+; (5PCraseviém:ng
peaks in the mass chromat ogram whi ch are characteristic of at |east one of
the fragnment ions; and (6) quantifying the reactive sulfur species
identified by their corresponding fragnent ions as a function of retention
time, wherein the tot

| Jve. | fur i h f the i L Vi |
et vt ot e peot 3) "selieting dradmerigha D A eharas e ok bk
di ted t t hod f det 1, Ni | ti i d il
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oi | of fractugiapoéa@ﬁ%xfeaisuma& élén%ﬁtélf‘%%g'gpg @towsm&d%?saiaqesgrﬁem ibRs

obtaining a series MASS Spectra; I'ng fragnment ions which are

char act er i styegng@iecle@aé fiohg af ldabtonSoEthieqironp ebhls o SHOgEHS Y OH 88,
mer capt ans, hydrocarbyl sulfides, hydrocarbyl disulfides, elenental sulfur

and pol ysul fCARS,", HeS 4, dnd8sent i ons being selected fromat |east one of
the group consisting of SH+, CSH, CH err] S+, Cerr]Herr]S+ Herr]Serr]+
and S[err]+: (4) identifyi ng‘gleaks in the mass chromatograns which are
characteristic of the (dridentifyingpeaksdn the mass shraspatogram pehich aggrent i ons;
WO 98/ 11419 . .. . PCT/ US97/ 16782
(5) sel ect i ribarasteristiccef atdeast oue L ihe Fagmsnhiopsi ML of total reactive

sul fur and subjecting said references sanples to steps (1) to (4) above;

(6) calibrating the Pﬁgﬁ%&ﬁﬁﬁ@ggﬁéf%a%mlggﬁffﬂf’ﬁﬁé@esqmﬁ{i‘ﬁte%%g'gﬁ?ce

sanpl es which are cha ris € nom nal ‘nasses 0 e east one
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e

reactive sulfur is the sum of the individual reactive sulfur species.
Yet another embodiment of the invention is directed to a method
for determining total reactive sulfur in a crude oil or fraction thereof which

comprises the steps of:

(1) introducing the crude oil of fraction thereof into a low

resolution mass spectrometer,
(2) obtaining a series of mass spectra;

(3) selecting fragment ions which are characteristic of reactive
sulfur species including hydrogen sulfide, mercaptans, hydrocarbyl sulfides,
hydrocarbyl disulfides, elemental sulfur and polysulfides, said fragment ions being
selected from at least one of the group consisting of SH', CSH", CH,S", C,H,S",
H,S," and S,™:

(4) identifying peaks in the mass chromatograms which are

characteristic of the nominal masses of at least one of the fragment ions;



reference sanples; and (7) quantifying the reactive sul fur species

I denti fi edey”{]lq 9nom' nal masses of their correspondi ng fraq;a% 9L,H@7<82by
conpari son W't e calibration obtained fromthe reference sarrp? es,
wherein the total reactive sulfur is the sumof the individual reactive
sul fur species. BRI EF DESCRI PTION OF THE DRAW NGS Figure 1 is a schematic
showi ng reactions of parent nolecul ar species which result in
characteristic fragnent ($)nseledtirftifeferénté sémpleshavinpdtiovn vaRies of 2tal e
abundances of selected nass ions 1n the mass spectra of RSR and RSH
conmpounds. Fi geaetive sulfur andsnibjedtmg said referenckssamples boisteps ¢ Estood) abbee;t ed
mass ions in the mass spectra of RSSR conpounds. Figure 4 is a graph

showi ng the rel ative abundances of selected mass ions in the mass spectra
of thiophenes. Figure 5 (& ealthrating theopsakg in themass ehramatograms ofitheext er nal

o o0 < ket mualeh ch S onaimitie o ¥ ominal el SF e BTRLR:
PCT/ US97/ 16782 -6z Fiqure 6 is.a, graph show n arison.of nmass .
spectral ar easorffnﬁag'aga{ ‘qnéz?gﬂr\%ﬂ’f n Ké\félgg pg@%%@ég?té%ylﬁ.lrvwc@ﬁ dnithe

net hods. Figurged h?esaa h owi ng total reactive sulfur as a function of
ti me/ boiling poi nF or ree petrol eum sanples. Figure 8 is a graph show ng
total sulfur as a function of tine/boiling point for three petrol eum
sanples. Figure 9 is a grpPuAITYinEkh réiétidérs%lﬁ@@p&*i@sr idefififie@byitheeact i ve
sul fur using nodel sulfur conpounds.

nominal masses of their corresponding fragment ions by comparison with the

calibration obtained from the reference samples, wherein the total reactive sulfur

is the sum of the individual reactive sulfur species.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic showing reactions of parent molecular

species which result in characteristic fragment ions.

Figure 2 is a gx:aph showing the relative abundances of selected

mass ions in the mass spectra of RSR and RSH compounds.

Figure 3 is a graph showing the relative abundances of selected

mass ions in the mass spectra of RSSR compounds.

Figure 4 is a graph showing the relative abundances of selected

mass ions in the mass spectra of thiophenes.

Figure 5 is a graph showing a total reactive suifur external
calibration curve using a Nigerian medium crude spiked with known amounts of

reactive sulfur compounds.



Figure 10 is a graph show ng a validation chart for the mass spectronetry
total reactive sul fur nethod. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Cf ude
oi | s andwoesiismns t hereof typically contain many differermgciusyiacmst

sul fur-contai ni ng speci es. These species are broadly characterized as being
sul fur incorporated into an aromatic ri ng6structure VS. non-aromatic

sul fur. Aromatic sul fur conpounds such as“fhi ophene and the |ike are
generally not as corrosive when conpared to non-aromatic sul fur-containing
conpounds such as ner cHiguseé is reraph shawinga ¢omparnisdn efbmasRgrctrahareas

hydr ocar byl di sul fides. (RS whereip R is a hydrqcarpy] radical. By

hydr ocar byl ‘i"gf Wé%lr{f"a%tF‘Fepﬂi rmeagur E}'F'@Pd%ﬁdo‘i‘fﬁ't?}!ﬁm'&?‘ mﬁm@ and
alicyclic-substituted aromatic, and aromatic- substituted aliphatic and
alicyclic wherein the I | cal s e substit ut ed. by .hal agen,
nitro, cyano, carboxyl ?Yg%\é’zgg g@é‘ﬁ%ﬁ%@ Wﬁﬁ%‘?ﬁtﬁéﬂﬁf %Mg%ﬂ?

radi cal i S nﬂﬁleﬂfdifif_lggbintfafﬂllreég&%lbﬁﬁ ssa%é}gg is then the sum of the

non-aromati c sul fur ntai ni ng specres I nc I'ng the mercaptans, sulfides
and disulfides identified above plus hydrogen sulfide, elenental sulfur and
pol ysul fides (Sx). Figud88 14 4 BPaph showing total sulfur as a function of

PCT/ US97/ 16782 -7 - In the nass spectroneter, sanple nolecules are

bonbar ded wi timeftiogiing peing forthees petneletimessaaiplesr eat i ng nol ecul ar i ons whi ch
fragnent in a pattern characteristic of the nolecul ar species involved. A

continuous series of gpss sBectra re obtained_over a scan range of about
10 to 800 Daltons. Thel1gHEsYdpaeranh showiagasplibraipmehartgliiatakreastive ect ed

i on rmnitoriﬁr;g node. I n,thi node. car,e nust be taken to sel ect ions
r epr esent at | YRUSASHEMOd fyrcompoundscr est and to operate under

repeatabl e conditions. A variety of mass spectroneters nmay be used

including |ow resol utipflydghs 5§?éﬂﬁgﬂo%ngWal}ﬁation chart for the mass

spectrometry total reactive sulfur method.

D V

Crude oils and fractions thereof typically contain many different
kinds of sulfur-containing species. These species are broadly characterized as
being sulfur incorporated_ into an aromatic ring structure vs. non-aromatic sulfur.
Aromatic sulfur compounds such as thiophene and the like are generally not as
corrosive when compared to non-aromatic sulfur-containing compounds such as
mercaptans (RSH), hydrocarbyl sulfides (RSR) and hydrocarbyl disulfides
(RSSR) wherein R is a hydrocarbyl radical. By hydrocarbyl is meant aliphatic,
alicyclic, aromatic, aliphatic- and alicyclic-substituted aromatic, and aromatic-
substituted aliphatic and alicyclic wherein the hydrocarbyl radicals may be
substituted by halogen, nitro, cyano, carboxyl, amino and the like. The nature of
hydrocarbyl radical is not critical. Total reactive sulfur is then the sum of the
non-aromatic sulfur-containing species including the mercaptans, sulfides and
disulfides identified above plus hydrogen sulfide, elemental sulfur and
polysulfides (S,).



ion cyclotron resonance and tinme of flight, Any ionization technique may be
used such I ron ionization, chem cal ionization,

mul ti phot oﬁﬁoﬁ{"jgﬁi on, field desoprtion, field ionization ar?&‘i’%%”ﬂ’ﬂ?é
provi ded that the techni que provides either nolecular or fragnment ions
which are suitable for use in the present nmBthod. An inportant aspect of
the present invention is the discovery that certain fragnent ions can be
used as quantitative i ndircieqhassSpetticinetepiaiple mblktiites afhbambardedSpiRi €s.
These fragnent ions and correspondi ng sul fur species or conpounds are set
forth in the flighenergy tlattrens therehyeoreatimgpmolecularsions vhicte fragent éma

sul fur-containing species CJerr]Herr] S+ . 61.0112 RSR/ RSH
H[ err] S[ er r] + pattern characsistis 26 the molecularrspericsjiavolyed. A continuous sedevafi1
Sx, RSSR CH err]S 46. 9955 RSR/ RSH RSSR. CSH+

44. 9799 [ mllsmnmsnrmmnqdﬁmm rapge ot about 10 0 8@&3@?@9& The

Cpect ronet o dPGciFeniee] i foay b B aBhgired f JEctsh o Figtoring mde otn s
cor 1 espondi ng 1,844 G8e nhic EAlen! §'WBtect lorstepfRSatHife bP et thbbfkY 6ty

ascertain the

PCT/ US97/ 1678 i dRSors? A& vai e. Cther
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fragnent ions nmay substi they are quantitative i1ndicators of parent

sul fur - cont ai ripeEreMeLars Mmay sy ustdyintludeiy RAV eesohR AL hégh rdsbRuticy], MSAMS,
abundance of each of the fragnment ions over the total 1onization of the
particul ar corpogydotmini nesonance hadpime of flighiciAay ionizatiopdecknique nuaybee

di fferent depending on the type of parent species. The results are shown in
Fi gures 2-4 wHsed sdelyas elestrai donigation chemijeal ionization, multiphotonionization,

field desoprtion, field ionization and the like, provided that the technique
provides either molecular or fragment ions which are suitable for use in the

present method.

An important aspect of the present invention is the discovery that
certain fragment ions can be used as quantitative indicators of their parent sulfur-
containing species. These fragment ions and corresponding sulfur species or

compounds are set forth in the following table:

C,H,S* 61.0112 RSR/RSH

H,S," 65.9528 RSSR

S, 63.9441 S,» RSSR

CH;,S’ 46.9955 RSR/RSH/RSSR

CSH™ 44.9799 RSR/RSH/RSSR, thiophenes
SH* 32.9799 H,S, RSR

The reactions schemes which produce the fragment ions in the mass
spectrometer are also illustrated in Fig. 1. By monitoring the masses

corresponding to these fragment ions, it is possible to quantitatively ascertain the



abundances of selected fragnment ions for honol ogous nenbers of RSR, RSH
(Figure 2), RSSR (Figure 3) and thiophenes (Figure 4). The hydrocar byl

sul fi deswaneg/mgrecapt ans have been grouped toget her based RCHURNTH6BReni cal
simlarity. The fragment ion with nmass/charge 33 is weak in all types of
spectra. The fragment ion at mz 61 is ingense in the spectra of RSR/ RSH
The fragnent ion at nfz 45 is intense in the spectra of thiophenes.

Excl udi he fi . i n RSR/ RSH ' H [ m

47 1 5. pr oserfOnPSMEHIG PLRRRIRESHS Headvanumpls et RERFIER Ris/i e care -
tio d i : ] : \ 2 2. 66 i

:na)lr laoi n? gnséﬁpgtgl{ugeed ‘sipiged graet M@%&J @gfﬁgt§x{§§>g E‘ app?gg‘lﬁﬁg?ﬂ%ﬁmg %g&”f.lgsn CHISi

(mz 44.9799) can be used to neasure the total sulfur content in a sanple.

Thi s approxi mation hassqafly giees pareispetiey, the réitiveatmdafoabf eatteof thel 975,
45, 1150 to nonitor all sul'fur conpounds in fluid catal ytic cracker heavy

napht ha. Hovfeagnenttibhs ougpthexonhiomiratiorcofihepapi¢ilancampound mraking up the
non-aromatic sul fur-containing species. lons (JerrJHerr] S+ (ms 61.0112)
and H] er r] S[pareftspecies vas. disasierehto bedifferant dependingoon thedypaot parest

RSR/ RSH and RSSR, respectively, The ign Cl-lgﬁrr S+ i veé%/ weak ia@.

t hi ophenes, spegiesi A resultssarg show; indtigusesi2ad vrhick shew the pyerage gRlativesr RsH
and RSSR, it ,can be used,to geantitativ noni t or t kN a
Sl e, ThustteRdansesSY SeigesediRBineh Fian 3ot RPleths e Y TR SH'
guantitativ r FelbNgrn: . :

PCT/ US97/ 16%¥g®gtﬁsﬁ§§ﬁ g‘él@'&eéﬁ) ??%ﬁllaﬁé#gggtg%e 41) 'hghseyg{?(i%b)z’albundances
of ions wit ‘?% : ek baserndn (HedERgsichh a
series. In ?&%ﬁ%ﬁfd@%{ RSII&;’/%I%QS,E%g g&%%b%@%ggige m z 6nl and 66 land cannot
be used exclgjmimgity. The rit YO withheiasd/chidrge t 3Biseweak m albrypes ofspeatra.i n

the evaluation of the sul fur anount when assum ng a direct rel ationship

bet ween t he Tiemfragment ion at m/z 61 is intense in the spectra of RSR/RSH. The fragment
ion at m/z 45 is intense in the spectra of thiophenes. Excluding the first spectra
in RSR/RSH series (C,H;S), the ion m/z 47 is present in both RSR/RSH and
RSSR spectra in approximately the same ratio, and is very weak in the spectra of

the thiophenes. The ion m/z 66 is more intense in the spectra of RSSR.

As a first approximation, the ion CHS' (m/z 44.9799) can be used
to measure the total sulfur content in a sample. This approximation has been
made previously by Gallegos, Anal. Chem., 1975, 45, 1150 to monitor all sulfur
compounds in fluid catalytic cracker heavy naphtha. However, this
approximation includes both aromatic and non-aromatic sulfur-containing
species. Ions C,H,S* (/s 61.0112) and H,S," (m/z 65.9598) can be used to
monitor the amount of RSR/RSH and RSSR, respectively. The ion CH,S" is
very weak in thiophenes, and since it is approximately in the same ratio in both
RSR/RSH and RSSR, it can be used to quantitatively monitor the TRS content
in a sample. Thus CH;S’ (m/z 47) is the preferred fragment ion for

quantitatively determining TRS.



mass spéctral area and the actual sulfur quantity. Neverthel ess, the

nmet hodol og used on a relative basis, when conparing

simlar or%é’?%gﬁh different sulfur types. The actual |imtation’i rﬁ’ usi ng
t he above noted characteristic fragment ions to determ ne | ow
concentrations of various reactive sulfur t¥pes is the working resol ution
attai nable by the mass spectroneter. The resolution requirenents for
separation of ions CHS+, AGHfanrbe ssen fkdmRigtiles 2-4,Fhe aeldtive abuhddrses of ioey ¥
wi dely based on the pernmutations of C, H Nand 0. If all four of C, H N
and O are preswith miz4§, 6l apd 6@ shange with(the different\bamdlags inageriesdIn| n
practice, nost of the possible elenmental conpositions are either very weak
or are not preddditionnbethRER/R T and RSSR paeguessm/zrel and 46 and-cagaot be ysed | on
of 10,000 is adeciuate to separate st ions. Attaini ng hi %her resql ution
requires a sact¥qipsivelyfor gach fyps; ¢ henefoyey Hiaraifa eeraain cghoriin the gyalyation of

o i gher ol cRsRuR Aot e SRt 0RE dadshihehePa bE pRaged "
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nearest interfegdn bgusédlon Alrelabive bhsie, WRER @EmparifiBaaripletdofIsinilaP ofigih Weth
sanple may vary according to the type of mass spectroneter (MS) avail abl e.
A tandem M5/ MAdiffesentusubfur types. be used to directly nmeasure TRS wi th maxi num
sensitivity. H gh resolution (HR) 70 eV el ectron ionization can be used for
the relative nonitoring of the various sulfur types in crude oils and
refinery streams. HR canThe agablimitatiog in using the above noted characteristic

PCT/ US97/ 16782,.-10- attain ,nore.accurate results E}; usi n% t he response .
factors for ealfREMERLIONS Lo dtsrming low. conrcaniratiops Al Varoyssagtive selterypes ivs

are obtained by KR, K35 WGTTRYn Haidddle BPHRE ADSE Ip8ifbrfete! TRE HdHidRL " X

determ ned from known
requirements for separation of ions CHS", CH;S", C,H;S" and H,S," vary widely

based on the permutations of C, H, N and O. Ifall four of C, H, N and O are
present, very high resolution (90,000) would be required. In practice, most of

the possible elemental compositions are either very weak or are not present in
typical petroleum samples. Thus an average resolution of 10,000 is adequate to

separate most ions. Aftaining higher resolution requires a sacrifice in sensitivity.

Low voltage electron ionization primarily forms molecular ions,
and the resolution required for separation of higher molecular weight structures
necessitates higher resolution settings according the equation: Resolution =
m/Am where m is the ion mass and Am is the difference between the mass of the

ion and the mass of the nearest interfering ion.

The precise method of measuring TRS in a given sample may vary
according to the type of mass spectrometer (MS) available. A tandem MS/MS
instrument can be used to directly measure TRS with maximum sensitivity.
High resolution (HR) 70 eV electron ionization can be used for the relative

monitoring of the various sulfur types in crude oils and refinery streams. HR can



sul fur m xtures according to conventional methods. HR can be coupled with a
gas chromat ograph to correlate TRS with boiling points for a given sanple.
Low resowg9sama@LR) 70 eV el ectron ionization can predi ct POTAISYYRET8Nt r at i on
of sulfur species based on nmultiple |inear regression analysis of sanples
wi th known concentrations of sulfur typegg.This nmethod is the nost

practical for field neasurenents where nore conplex MS instrunents are not
avai |l abl e. Mass spectral data be, acquired in_.the ?el ecc}]ed i on

moni tori ng @A) MEERIacCuTRieRSYIS PY Using AN reSPORSEfACtQTy IOLFACh HOmBAy with a
t t Wi | h ' : dt t

the m xtur o R oTBe fasalion 3 VARRRELARY GReEidibuiea 85, HREE 10 2700 2y

means for i %{%{sfélﬁgﬂlmén}?o&‘ gﬁgéﬁgﬁ&ﬁ'ﬁ:é RAE W' QlBERion nhBR6adRRired themaAdRwtY ed

is first inje ere the sanple conponents are separated as a

function of shELPHikRIFed AcToraing tbYonvesticial Meth¢dy. YHRatdn tsd copledrtithos aphi c
resol ution of sanple conponent's is necessary. Conponents nay al so be

i dentified lpaseheinhsograplstoadorrelate TR widthi boilingpioints der 2 given, sanipde mblow
conductivity detector. atonic em ssion detector or electron capture

det ect or. Tirescletion (LRY 76re\pelectranlignization earepredintthe cancentagion od sulfur
transferred to the mass spectroneter by a heated capillary Jine interface.
In this nanspeciesbased e myttiphedineap segressiomanalysis B? ame@esvwie kngpa

correlated with retenti L mes_and..hence bpilin i L SELI ion of the
sanpl e undeﬁopﬁ%ﬁt}%&nﬂiﬁﬁx@sphﬁ B'begh%fpis&bf g’f‘gs? Pg%ct&a? ﬁcﬁﬁeg%eci es as a
function of L [ | : | 1eMvg&t hod for
det er mi ni ng %P}%ﬁ%ﬁgﬂle&%n%ﬁ@%%é y rﬁ%ﬁ?%ﬁﬁéf%&k&%& mass of the
charact eri Stghecd: Hlay BadduitddEnRhe SEBERAdG6n hitinitorig (SIM)1Hbae.ar bon
speci es. AstSPE$ts£]qng?§oc?yl V\gi‘98/ 11419 2 (SIM) :
PCT/ US97/ 16782 only neasures the nom nal mass of an ion, it is coupled with
a multiple linear regr@EsvMSutilidesta gasi chromatographi intdifgedwithsy mass or der to
di stingui sh between the )
spectrometer. While any chromatographic method may be used to separate the
mixture into components, capillary gas chromatography is the preferred means
for interfacing with a mass spectrometer. The sample to be analyzed is first
injected into a GC where the sample components are separated as a function of
retention time and boiling point. Only partial chromatographic resolution of
sample components is necessary. Components may also be identified by a
detector such as a flame ionization detector, thermal conductivity detector.
atomic emission detector or electron capture detector. The separated or partially
separated components are then transferred to the mass spectrometer by a heated
capillary line interface. In this manner, a series of mass spectra can be obtained
which are correlated with retention times and hence boiling point distribution of

the sample under investigation. This provides a correlation of TRS species as a

function of boiling point.

When using the low resolution (LR) MS method for determining
TRS, one cannot normally directly monitor the exact mass of the characteristic

fragment ion in the presence of interfering hydrocarbon species. As this method



signal of the mass spectra of the ion of interest and signal due to
interferenges epresentative set of known sanples is subj R M5
anal ysi s aWt?%sﬁg‘@ont ribution of desired and interfering congtgi;{g%éﬁ#sz

mat hematically determned. Due to the conplexity of typical sanples, it is
not feasible to prepare standard calibratiohl i xtures that woul d adequately
represent the many different sulfur conpounds in_.petroleum Wile there are
many mat hemat i il rhefused the dvmiighl Mdss a0 v ROUPleddvil alheltiple linear
sanples, a preferred nethod is based on a multiple |inear regression
approach. | n niégrésgion ¢dliveation egoltaiti TRS valsey. i lnsordér wodiatinguish ibstweerathed
by neasuring the ion abundances Aii of a nunber of representative sanples |
with known TRsignalcsfithe anassispe@ra ofithe ionwdiinterast and signdleiuedadntecferenggs.ia
alAl] + a2A2 + a3Al3 + .....,. + aj Ali 2= b + aA2l +€%§\§2 + a3A23 +
.o.... + aj A2i repmeseptativgisapf knewnsamplesiasubjected to L Agplysis. and the

2A12, 3Ai 3 e | Al ' . : ' d
?he coe;rf ?ci en e;texgniéxﬁg g@ﬁ?ﬁé‘%&%ﬁ§£%@?éﬁ‘w&§?“gﬁl‘"ﬁ’?\ énac%%_gg‘grr;fgsi S
deter m ned frofehfit dRAHHAIbRRBHPIANS Wa WG RAcliaery RopédchE tRinany

Al t hough for t e system one nee =], denerally the

condi tion | >>fiffeserit/ Subfie@omripotdein p&rslegaunt for the presence of the same
TRS concentration is sanples wth different hydrocarbon chem cal

conpositions. A better analysis includes the ion abundances of the .
contributing interferi ngWhits theee arermany\mathenatical tgels for hamdling the«data um
usi ng a quadrupole M3 can acquire ions with up to 800, Igal té)n V\P ?8/ 11419
PCT/ US97/ 16782genepated by the known samples, a preferred method is based on a multiple -
linear regression approach. In multiple linear regression, a series of equations is
created by measuring the ion abundances 4; of a number of representative

samples J with known TRS concentrations C;. The equations are as follows:

Cr=b+ady +ad;,+ ad;y + ... + @A

Cz = b + a,AZ, + azAz_, + a_;Az_; + + a,-AZi
C; =b +ady + aydy; + ady; + e + ady

-------------------------------------------------

-------------------------------------------------

-------------------------------------------------

Solutions of the above equations produées the coefficients b and a;, . The TRS
concentration for an unknown sample is determined from the measured ion
abundances and the known coefficients. Although for the solution of the system
one needs / = J, generally the condition / >>j is allowed in order to account for
the presence of the same TRS concentration is samples with different
hydrocarbon chemical compositions. A better analysis includes the ion
abundances of the contributing interfering hydrocarbons. Although a typical LR

MS spectrum using a quadrupole MS can acquire ions with up to 800 Dalton



masses, for reasons of sinplicity, the preferred approach is restricted to
the m ni num nunber of possible characteristic TRS ions. Mnitoring a

smal | er W94l ected ions al so i ncreases consi derabl y tHcT/USYIA67820N
limt of the instrument because nore tinme is spent in signal accunul ation
and |l ess in scanning between peaks. BasedsqQn analysis of a conparison of
many known sanples with standard wet chem cal analysis vs LR M5, the LR M5

t hod Wi t hi bilit f t ch | d th at
oact a oo JRESH éﬁ%ﬂé‘m?ﬂ sm‘nﬁ@?tta ' '#?ﬁem“rﬁﬁsﬁ Ksiaed e " @
[ 1 trated 3
IpI’OgZdL?eg adrqe ’gﬁscr g AT exarrpcf 59 é%%%ﬁdoﬂméﬁg@e%%@ﬂg&e&s' ng
a JEOL JMS- AofaRibfedions 'aﬁsofx %ﬁké@cd\@ldeﬁl&l th@%fe ﬂBchrﬁi? £thB$ndFiment

el ectrostatic sector (E) angea magnet i c an l'yzer ? in a orward geomnetry
arrangement bechesg mbﬁe ﬁmel ld/s%mﬁﬁtsigxalfhednﬁhulaﬁbﬁ aﬁﬁ%sé\iﬁ slcﬁﬁﬁih%"ﬁéﬁ'eéﬁ
based on a virtual imge double focusing ion optics design with a 1:4 imge
magni f i cat i greaks:oBasedyon enalysisaifiat comparesoni ofymany knownrsagipiés witttstaridard our
times wider than the collector slid width. The overall effect is to allow

t he ent r ancevelichgmiralanalysis vebR M& the bR Mhmﬁmd measuresu TRISwithisthet he
maxi mum sensi ti vit duced hrough a heated

i nl et systeﬁfp%{“ﬂé‘ ?%@i‘&!"de goet E‘Qaé”‘&h]? ég?{h éeféﬁﬁnam c batch
type inlet system The dynam c batch system all ovvs the direct introduction

nj eoti on port. Es?ngazﬂﬁe PR 3 he bl 3R Rher JHURAES bYA0ET, 2, e

short tine reewWifsetfhprREal ysis and the capabilities of automation using
an aut osanpl er for the ?outl ne anal ysis of sanpl es. WO 98/ 11419
PCT/ US97/ 16782

EXAMPLE 1

The instrumental procedures are described in this example. Mass
spectra were obtained using a JEOL JMS-AX505WA double focusing MS. This
instrument contains an electrostatic sector (E) and a magnetic analyzer (B) in a
forward geometry arrangement (Electric Field/Magnetic Field). The JEOL MS
instrument is based on a virtual image double focusing ion optics design with a
1:4 image magnification. For a given resolution setting, the main slit width is
four times wider than the collector slid width. The overall effect is to allow the
entrance of a wider ion beam into the analyzer and thus increase the maximum

sensitivity.

Samples were introduced into the MS through a heated iniet
system, a Hewlett-Packard 5890 gas chromatograph or a dynamic batch type
inlet system. The dynamic batch system allows the direct introduction of the
sample in a manner analogous to the sample introduction in a GC injection port
using a carrier gas. The advantages of this system are the short time required for
analysis and the capabilities of automation using an autosampler for the routine

analysis of samples.



- 13- High resolution experinents were perforned at 7,500 resol ution.

Col l'ision induced di ssociation (CID) was done using helium .S on
gas. The pmg'fﬂlél? n the collision cell, located in the fi rgfc’ﬁjgﬂék%@ee
region, was set to achieve a 50% attenuati on of the main beam M5/ M5
spectra were obtained using |linked scans atl!%onstant B/ E (daughter ion
scan) and at constant B[err](1- E)/Eferr] (neutral |oss). EXAMPLE 2 This
exanple is directed to tiHigHiresslutioR esperdients wire Pefformied at V¥ 00 resshution.
spectra of various sulfur fragnents were obtained at constant B/ E scan

usi ng t he i nst Coblision deduwcedatissociationa(GID) was ddrieushieg thelindeasa kcollisiomgas.
acqui sition of the daughter ions produced upon collisional dissociation of
the sel ected pdherpressyre in thewollision teld, Rcatedimthgpfirst field-Areeiregionn wassst tat

B Sooncamil LEAE e e el e W SRS i

4=et hyl di sul fide. 8= | di fide~ 6=n- | di sul fide; '

o s TR 0 e AR s 54
6 7 8

1 2 5 9 15
0.2 o DFfneuwalféss). D, 0.5 0 0.3 25 1.3
1.0 0.1 0.9 2.6 0.1 26 1.3 0.4 0.6
1.0 1.9 EXAMPLE®. 9 0.3 5.2 27 0.3 0.9
0.4 1.7 1.0 1.1 0.3 28 0.6 0.1 0.5
0.2 0.4 1.0 0.1 1.0 29 0.1 0.1 1.5
0.1 0.3 This examplg.ig d¥écted to the direct measuremenit. & TRS using
0.2 1.1 31 0.3 . 0.1

1.0 32 4. 2MS/MS8. CID spegtrg of varioys sulfur fragments werg obtaingd agconstant B/

10. 4 1.2 4. ] 1. .9, 2. .1 .1 2.1
399 323 1 7S5can using ghe mstz'_ume?lt desop%gg in Exggrgs?e 1. 'Ial_zlgscan m@_czig allows theg

acquisition of the daughter ions produced upon collisional dissociation of the
selected parent' ion structure. The B/E CID spectra of the ion CH;S+ at m/z 47
are shown in Table ! for the designated sulfur compounds: 1=2-
methylthiophene; 2=2,3-dimethylthiophene; 3=2,5-dimethylthiophene;
4=ethyldisulfide; S=isopropyldisulfide; 6=n-propyldisulfide; 7=benzothiophene;
8=n-butyldisuifide and 9=dibenzothiophene.

Tablet
m/z 1 2 3 4 5 6 7 8 9
15 0.2 1.6 0.3 0.1 1.2 0.5 0 0.3
25 t.3 1.0 0.1 0.9 2.6 0.1
26 1.3 0.4 0.6 1.0 1.9 0.8 0.9 0.3 52
27 0.3 0.9 0.4 1.7 1.0 1.1 0.3
28 0.6 0.1 0.5 0.2 0.4 1.0 0.1 1.0
29 0.1 0.1 1.5 0.1 03 0.5 .
30 0.6 0.2 1.1
31 0.3 0.1 1.0
32 4.2 6.1 4.5 4.7 29 2. 10.8 1.5 10.4
kX ] 1.2 40 1.8 2.9 29 2.1 2.1 2.1 3.9
34 1.7 1.0 2.7 1.7 0.6 0.8 49 0.6
3s 14 08 2.3 0.1 29
36 0.6 0.2 0.3 5.2 0.1 It9

37 29 0.1 2.2 03 0.6 0.3 6.4 0.4 18.0



35 1.4 0.8 2.8 ‘0.1
2.9 36 0.6 0.2 0.3 5.2 0.1
11. 9 37 wo 98/P149 0.1 2.2 0.3 0.6 0.3 PCT/UING6TS. 0. 4
18.0 WD 98/ 11419

PCT/ US97/ 16782 -14 - 38 2.3 _14- 2.4 0.1 0.8 0.2
5.1 0.3 18.7 39 2.1 0.3 3.3 0.2 1.9 0.8
9.8 0.7 40 1.4 4 0.8 _ 45 .3 137 1.3
0.3 1. 55341 220.4 o5 1?‘ 8%‘ > 9% 0703 S S
1.0 2.8,42 1, oz 0o 1 s 03 0153 Q39 s

0.2 43 351’ 1 . 0, ; 21 51 2. 54 Lo O 4

24 7.9 Py 0'%1.0 ol 5. 7 4 0193-4 3. 12°4 45
11.5 39, 4.2 033301 157 15.§ s 11.24 14 13.2 46
7.8 11. 8 7.1 01 3.3} 32 7418.5., 4 16,8 47
100 100%4 2%0 79100 44 14 E:l o 414 1003 1g’(532 100 As
can be seerd¥romabl e3%! an 1#4t enslé- r antd-¥ i 0H5i3§ obs‘%rzved ¥ mz'h
(CHS+) . Al t#ough %his thagnen?dis fdrlined al | 434l f ur!

(g)ypes Ahen A% lyzed

pure. the ré ati 80 aburl@@nce W0 t hel®arent% on 09 47 1YW ver J%eak PR the

spectra of thiophenes. Thus nmlz 47 can be used as a TRS di agnostic. O her
characterristic MS/M5 transitions are as follows: (1) CH err] S+ ->
CHS+ TRS (loss of Herr]) 47 mz 45 mz (2)
Cerr]Herr] S+ CHS+ RSR/ RSH (loss of CHerr]) 61
m z 45 mz (3) Herr]S err1+ . -> 9 r%+

RSSR (1 oss oAsiqanrbejsgendram Aable 1, an intense teansijjon rﬁpgas edBkH and

RSSR trans ;[rnllg Qg (EifS'?.o %}&ob httnl% f&gglrgéﬁt\ése fgr?rlljencfi Q}D afi s?liﬁx??}?&s when
analyzed pure, the relative abundance of the parent ion m/z 47 is very weak in
the spectra of thiophenes. Thus m/z 47 can be used as a TRS diagnostic. Other

characterristic MS/MS transitions are as follows:

(1) CH,S' -  CHS' TRS (loss of H,)
47 m/z 45 m/z

(2) C,HsS" - CHS' RSR/RSH  (loss of CHy)
61 m/z 45 m/z

3) H,S, - S RSSR (loss ot H,)
66 m/z 64 m/z

The RSR/RSH and RSSR transitions are bound by the relative abundance of each

parent ion in the mixture and cannot therefore be used to directly monitor the

amount of the corresponding sulfur type.

Fig. 5 shows an external calibration curve for TRS (standard

addition). A Nigerian medium crude was spiked with varying amounts of a

standard mixture of reactive sulfur compounds. The peak area measured with



parent ion in the mxture and cannot therefore be used to directly nonitor
t he anobunt of the corresponding sulfur type. Fig. 5 shows an external

cal i brati oWQM81% or TRS (standard addition). A Nigerian mREUHSVGE: was
spi ked with varying amounts of a standard m xture of reactive sulfur
conpounds. The peak area neasured with M@ 98/ 11419

PCT/ US97/ 16782 - 15- the M5 is plotted agai nst the known TRS concentrati on

actor. The | oEAS Ry BRES agf e Bpo PR AR Phesmtut T peripir nERENRe
This calibratigfing lqlirn\eergjmg%s&ge thé fvét8he TRY AlshBfisefactdi® THEInfRBEGRIS pa! 1 ONS

I n an unknown sanpl e. shows a~conpar| ) em cal

met hods. The rgaturs ofthe intisloTRS ahffint W thecrade] This eilibtatiee suriay t6F age,
Ni gerian, Miurban and Col d Lake) and heavy petrol eum cuts (heavy and |ight

gas oils and rdefernsidation of the TRSi concentritdénst ihaincuninowvnysamgpigood (at | east
95% correl ation between the two nethods. EXAMPLE 3 The use of high
resolution MS to nonitor_TRS is shown in_this Exanple. A kerosene was

subj ected to high resol Ukigof shewsa aamparisoncafddSi vsa web chemical gnethody. Thele.
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resol ution (LRvoVRefhdds.

EXAMPLE 3

The use of high resolution MS to monitor TRS is shown in this
Example. A kerosene was subjected to high resolution MS in the selected ion
monitoring (SIM) mode. While the SIM can be used to study any of the
_ Characteristic fragment ions noted above, of particular interest is the CH3S+ ion
in view of its correlation with TRS. The results for three different samples
boiling in the kerosene range are shown in Fig. 7 and 8. Fig. 7 is a graph of TRS
as a function of time for the three samples. Fig. 8 is a graph of total sulfur as a

function of time.
EXAMPLE 4

This example is directed to the use of low resolution (LR) MS for
the determination of TRS. A Brunfeldt batch type system was used for the
introduction of sample into a Hewlett-Packard 5970 mass spectrometer.
Samples were introduced either through an ampoule which was heated under
vacuum or in the case of light samples, through a gallium frit inlet. The
spectrometer was calibrated using perfluorobutylamine. Data were obtained by

scanning the desired range (33-80 Daltons) or in the SIM mode. A series of MS



the determ nation of TRS. A Brunfeldt batch type systemwas used for the
I ntroduction of sanple into a Hew ett-Packard 5970 nass spectroneter.

Sanpl es wWelhgnidadr oduced either through an anpoul e whi ch waeriysswmsegunder
vacuumor in the case of |light sanples, through a galliumfrit inlet. The

spectroneter was calibrated using perfl Uf{)obutyl am ne. Data were obtained
by scanning the desired range (33-80 Daltths) or in the SIMnode. A series
of MS WD 98/ 11419 .

PCT/ US97/ 16¥&2cruddsspiked withudi€fererpidoadentrationsi 6f ssandard sulfuc mixtures iveref
standard sul fur m xtures were obtained and the approprjate coefficients
from a nul t pptaingd apdithe appropriatscopfficigstssfrom 3 multiple dingar L@BSIhed. The

calibration equati [ TRS-W,. % = 1591..+ 0. 1100A45 + 1.2596A47 -
0. 0116A51 -%ﬁﬁ%@%glle da .‘ﬁ@@%ﬁ?@%‘/q‘g‘iﬂ%ﬁ Byatien RAUANONS, age absol ut e
error between the known and neasured TRS values of 0.0 163S-wt % The
coefficient of correlation is 0.9908. The calibration chart is shown in

Fig. 9 which is a graph of TRS usi ng nodel sulfu ou ol e crudes,
distillate and r éER§- t%]é"r@-)s?l;c’“k'éoo-\hl&ﬁﬁﬂsﬁ'alnésiéggﬁ 6&%@ A series
of over 100 sanpl es varying from whd.@568Ag es- &F.0006GAar+ fhVedbAact er to
distillate cuts were anal yzed using standard wet chem cal techni ques and
TRS determ ned from LR MS. The average absolute difference of the results

obtained with the LR M5 nethod as conpared to the wet chem cal nethod is
0.056% Fi gwittDan average absolute arrer beeseen theckrowe and measuredolRRyafyesiatt he

wet net hod for these sanples. The average differ e omFEig..10.is 0.0083
Ww.% This Qé}m&wa%s%ﬁﬁ&peffm@ qi@.ogqefqtlpa] ‘P;’ﬁéb%m Eﬂ‘et?éf‘ ion ghagis 5 g
wet net hods pver .a J.arge.set. of data. LR NS net h h t d tiages
that it is §h%¥‘é',‘ I'Jr‘& &’,h“g’r B& %fépﬁr?é ﬂ{%w‘é‘gé“% SPgﬂﬁﬁéﬁgﬁpgdgo%@ner y
and field opafAk! §IANLRIN resid cuts are spiked with RSR and RSSR compounds.

A series of over 100 samples varying from whole crudes of
differing character to distillate cuts were analyzed using standard wet chemical
techniques and TRS determined from LR MS. The average absolute difference
of the results obtained with the LR MS method as compared to the wet chemical
method is 0.056%. Fig. 10 is a graph of the TRS difference measured by MS
from the wet method for these samples. The average difference from Fig. 10 is
0.0083 wt.%. This demonstrates that there is virtually no bias between LR MS

and wet methods over a large set of data.

The LR MS method has the advantages that it is simple, rapid,
precise and accurate and is amenable to refinery and field operations where
expensive MS equipment is not available. Crudes with specific gravities
between 0.75 and 1.10, and total sulfur values up to 7.0 S-wt.% have been
successfully analyzed using this technique. The method is applicable to even

wider ranges of crudes and fractions thereof.



expensi ve MS equi prréﬁfn_i s not avail @%e. Crudes with specific gravities

between 0.75 and 1.1 mﬂm‘(u“g !\‘ ﬂ r values up to 7.0 S-wt.% have been
successf ul WO WLz e ! i que. The method is apfFi/ESAINE7820
even wi der ranges of ctudes an

fractions thereof. MAY 05 '98 01: 29PM
RESEARCH & DEV LABS -17- CLAM Ms: 1. A ethod for determning total
reactive sulfur in a crude oil or fraction theredof Wwhich conprises the
steps of: (1) CL[Ar]Mgduci ng the crude oil or fraction thereof containing
aromati c and non- aromatic sul fur conmpounds into a nass spectroneter; (2)
obtaining a series of mass spectra; (3) selecting fragnent ions which are
characteristicj of nAmamheadEbt GeteARiihY Cotiltdabfive BRI 4 SreldeGiner frieigpen
sul fide, mercaptans, hydrocarbyl sulfides, hydrocarbyl disulfides,

el enment al sul fthercofiaviiich yamipiisésethe stepsiof:r agnent i ons being sel ected from
at | east one of SH*, CSH+;CH err]St. CJerr]Herr]S+, Herr]Serr]+, and
Slerr]+; (4) identify peaks in the nass chronmatograns which are
characteristic of dil)l eaigtrodneingithe emdereilor fractiom thereafdnt®a masguant i f yi ng
the reactive sulfur species identified by their correspondi ng fragnent
ions, wherein the total FPES¥PMEEIsylIfur is the weighted sum of individual
non-aromatic reactive sul fur species. 2. A net hod of determ ning total
reactive sul fur as fungt,i OF L] ] Qint faor a crude oil or fraction
t her eof whi ch corrpr(?ges %éﬁ&éég?@#sj\ M(q 483 PR Sduci ng the crude oil or
fraction thereof containing aromatic and non- aromatic sul fur conpounds
into a chromat ographic ; ifp?fggqgl? Gk 5,5 J t :
spectroneter ther e&gb caﬁs"sélpé;l}}g%ﬁ1 t as qgnﬂﬁ%a?ésdggglﬁ%ﬁﬁd%tf&? ﬁé@%ﬂgler oi |

ortfrflptiotn_ther eof i nt aspeeies indluginl IDROEERSulGAEPReRAPEanShidioeadylon of
retenti on I e,

sulfides, hydrocarbyl disulfides, elemental sulfur and polysulfides,
said fragment ions being selected from at least one of the group

consisting of SH', CSH";CH,S", C,H,S", H,H, and S,":

(4) identifying peaks in the mass chromatograms which are

characteristic of at least one of the fragment ions; and

(5)  quantifying the reactive sulfur species identified by their
corresponding fragment ions, wherein the total reactive sulfur is

the sum of individual reactive sulfur species.

2. A method of determining total reactive sulfur as a function of boiling

point for a crude oil or fraction thereof which comprises the steps of:

(1)  introducing the crude oil or fraction thereof into a chromatographic
separation means which is interfaced to a mass spectrometer
thereby causing at least a partial separation of the crude oil or
fraction thereof into constituent chemical components as a function

of retention time;

et Has Been ReplacedT

T



(2) i ntroducing th ' m cal conponents into a mass =
spectroneter; (3) M i H s of time resolved nass spectra; '
MAY 05 ' S§o 98ii438PM S -18- (4) sel ect i ngp&tTRgoRIshs2 ons

whi ch are characteristic of non-aromatic reactive sulfur species including
hydr ogen sul fi de, nercaptans, hydrocar by_IlssuI fides, hydrocarbyl disulfides,

el emental sul fur and pol ysul fides, said fragnent ions being selected from

at | east one of the group consisting of SH+, CHS+, CHerr]S[err]+,

Clerr]H err] S+, H2r r] mteaducing thecogplétuent.chenmical corapongmty intg aspass in t he
mass chromat ogram whi ch are characteristic of at |east one of the fragnent

ions; and (6)  quanti YRACHOMEIEN:r eacti ve sul fur species identified by their
correspondi ng fragnment ions as a function of retention tinme, wherein the

total reactive sujgiur j | g*é{p |Rdividual non-aromatic
reactive sul fur s{?gci egﬁtaghﬁg%xﬁgétsgg c?rg&é{é{ig?érﬁg%b%t ’otal reactive
sulfur in a crude oil or fraction thereof which conprises the steps of: (1)

i ntroduci ng the cggyde Qéléctﬂf% fraginefitliond Stfich afOERARGEAS AbPFRCtive 3GFunON:
aromatic sul fur conpounds into a | ow resol uti on mass spectroneter; (2)

obtaining a series of smgiessineluding hydrogen salfitle] megcdpragsybytrocagbylwhi ch are
characteristic of non-aromatic reactive sul fur species including hf/drogen
sul fi de, mercaptans, hsulfidesittydrocarbyl disulfides.cslomanta) sulfusand palysulfides.

el enental sul fur and pol, %ulfides, sai.d fragrre i ons bei n% %el ected from
at | east one of the gr?ﬁ!% ragmsnd Aong,being selecte Fﬂ‘,“aéi!faéFPP pf the group

Clerr]H err]S+, Herr]S[ektr]+ §[ F e i dent;Vd RO, ks i n the
mass chromat ogr ans whi & sésrtk‘gcmc’tégss‘t?%ﬁ Q%gn‘gﬁ?%1 d‘ﬁﬁé&es of at
| east one of the fragnent ions; (5) sel ecting reference sanpl es having

known val ues of t@hal IRAGIIKE polk! i 1R Hass ehksithiohfartdlfichoker ences

sanples to steps
characteristic of at least one of the fragment ions; and

(6) quantifying the reactive sulfur species identified by their
corresponding fragment ions as a function of retention time,
wherein the total reactive sulfur is the sum of the individual

reactive sulfur species.

3. A method for determining total reactive sulfur in a crude oil or fraction

thereof which comprises the steps of:

(1)  introducing the crude oil or fraction thereof into a low resolution

mass spectrometer;
(2)  obtaining a series of mass spectra;

(3) selecting fragment ions which are characteristic of reactive sulfur
species including hydrogen sulfide, mercaptans, hydrocarbyl
sulfides, hydrocarbyl disulfides, elemental sulfur and polysulfides,
said fragment ions being selected from at least one of the group

consisting of SH', CSH", CH,;S", C,H,S", H,S," and S,":

his Sheet Has Been ReplacedT
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(6) calibrating the chronmstograns of the reference
sanpi es which are char HIMM'IMlmmﬁmnom nal nmasses of the_at |east one
f ragnent iM”A&A st the known "val ues of total reactive suI?‘&T’%’f?é’é?@s in
the reference sanples; and MAY 05 '98 01: 30PM RE, RCH & DEV LABS - 19-
(7) quantifying the reactive sulfur specipgs-identified by the nom nal
masses of their corresponding fragment ions by conparison with the

cal i bration obt ai neﬁgar Ome}iﬂfyipg@%ﬁﬁpﬁﬁhgmés x..mdm '30 tvbﬁicﬂ @I reactive

sul fur is the weigh sum o I'ndi Vi non- -arotratic reactrive sul fur

speci es. 4. The net ho
sgl ected from CSH+, CH e?l?d]}%ﬁﬁh%[léerrsf e‘g?‘ﬂ“&?"gyﬁséﬁbgﬁ S[s%éﬁ?@ﬂ{e ﬁ‘%é@he

met hod of clains 1, 2 oriohsivherein the fragnent ion is CHerr]S+. 6. The
nmet hod of claim 2 wherein the chromatographic separation neans is a gas
chr omat ogr aph. 7. The met hod of claim®6 wherein the gas chromatograph is

a capillary gas chruat o@elemmg Rferenca samples hawlingf kngwain vallesiof itetahreactiverns s

spectronmeter is a high res%“ut ion M5/ M5 spectroneter
and subjecting said references samples to steps (1) to (4)

above;

(6) calibrating the peaks in the mass chromatograms of the reference
samples which are characteristic of the nominal masses of the at
least one fragment ions against the known values of total reactive

sulfur species in the reference samples; and

(7)  quantifying the reactive sulfur species identified by the nominal
masses of their corresponding fragment ions by comparison with
the calibration obtained from the reference samples, wherein the
total reactive sulfur is the sum of the individual reactive sulfur

species.

4, The methods of claims 1, 2 or 3 wherein the fragment ion is selected from

CSH', CH,S", C,H,S" and H,S,".
5. The methods of claims 1, 2, or 3 wherein the fragment ion is CH,S".

6. The method of claim 2 wherein the chromatographic separation means is

a gas chromatograph.

7. The method of claim 6 wherein the gas chromatograph is a capillary gas
chromatograph.

8. The method of claim I wherein the mass spectrometer is a high resolution

or MS/MS spectrometer.
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