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ABSTRAer 

Demetallatlons of non-porphyrln fractlons from 
Boscan crude oU were done uslng sulfuryl chlorlde at 
dlfferent reactlon times. Perlods longer than elght 
hours almost completely removed the vanadium whlch was 
determined uslng &raphlte furnace atomlc absorptlon 
spectrometry (GFAAS). 
Cromatographlc studies (me excluslon and HPLC) 
Indicated that demetaUatlon led to several low 
molecular welght components. Mass spectrometry suggested 
that the vanadyl- non porffyrins have mol~ular welghts 
less t han 400. lR, lHNUR, CNMR and mass spectra showed 
the presenae or large aUphatic hydrocarbon chains. 

RESUMEN 

Las fracciones de no- porflrlnas del crudo de Boscán 
se desmetaUzaron usando cloruro de sulfurilo a 
diferentes tiempos de r eacción . Perlados mayores docho 
horas removieron casi completamente el vanadio el cual 
se determinÓ usando la espeetrometrla de qbsorcl6n 
at6m1ca con horno de grafilo (GF......S). 
Los estudios cromatográficos (cromatografía de ex.clusl6n 
y HPLC) Indiearon que la desmetallzacl6n condujo a 
varios compuestos de bajo peso molecular. La 
espeotrometrCa de masa sugiriÓ que las vanadll - no 
porflrln~ poseen pesos moleculares menores de 400. rR 
'RRMN, 1 CRMN Y espectrometría de masa demostraron la 
presencia de largas cadenas de hidrocarburos allfátlcos. 

lNTRODUcnON 

Crude olls from Venezuela contaln unussually hlgh 
amounts or vanadlum and nickel [L1. Sinee the presence 
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of these metals ls deleter ious t o cracklng catalysts for 
petroleum, an understandlng of the nature of the metals 
In petroleum is of lmportance. 

Vanadium ' In erude oi! exlsts predominantly lIS the 
vanadyl Ion (VO·2) in chelates with porphyrlns [2,3,41 
and a1so wlth other largely unlmown non-porpbyrlns [21. 
The porpbyrln chelates have been tbe most studLed and 
have becn reviewed by Baker and Palmer 151. However, 
Httle Is lmown about the non porphyrln fraetlons. An 
lmproved procedure to isolate these fractlons and sorne 
of thelr cbaracterltics have beeo published by Dlckson 
et al. (61 and Yen et a l. [2' Spencer et al. [7) and 
Crouch et al. r81 reported ti.... fraetíonat lon of vanadyl 
lrn1xed wlth some nlckeO non-porpbyril15 uslng Uquld 
cbromatography plus UV-Ylsible absorbance and off-line 
graphlte rurnace atomic absorptlon spectroscopy (GI"AAS) 
to detect vanadlum and nlcke! frac t ions. Crouch Isolated 
samples eontalning vanadlum and nicj(e1 non- porphyrln 
complexes using me exluslon chromat ography and 
reported a complete st.udy of the distr ibution of 
vanadlum and nLclte! In both porphyrlns and non- porphyrln 
fractlollS uslng GFAAS. More recently, HPLC In 
combinatlon wlth GFAAS has Iso been used by Flsh et al . 
(9,10) to previde both a vanadlum flngerprlnt and 
molecular welth categorlzation of the vanadyl porphyrln 
and non-porphyrln compounds In h '1y erudes. 

The primary goals of the present study were to 
fractionate erude oil into porphyrln and non-porphyrln 
fractlons, to demetallate non-porphyrings uslng sulfuryl 
chlorlde, and then to separate demetallated 
nan-porphyrin rractions by size exelusion chromatography 
and hlgh performance liquid chromatography. 

EXPERIMENTAL SECflON 

Chemlcal. The Boscan heavy eructe 011 was provided 
by IflITEVEP, Caracas, Yenezue a. 
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Dlmetbylformamlde IDMFI. tetrabydrofuran (ll{f). 
methanol IYeOHI, chloroform. carbon tetracbJorlde, 
n-haaDe, benzene. and methylene c:t\!orlde were 
~toIMtrlc OC' HPLC vide Wethyl t-butyl etber 
IV11IEI and 8CetOnltrlle IA~) were flsber HPLC vade. 
1lIF traS fresbly dlltelled Ove!' potuslum and obtalned 00 

a dally bula u oeeded. Sulfuryl cblorlde IAldricb 
~iea1 Co.,) and Aldrlch 99+~ pure phenol were used In 
tbe demetallatJon proc:edure. 

Neutral alwn1na (8roclanan actl?lt, 1, 80-200 mesh 
wu obta1Ded f1'Olll Flscher SclenUflc Co. Uc:brospbere 60 
... obtalned from AlJtech A.Iaoc:lates. lne. 

PVlystyrene standarda ot lOO, 2200. 4000. 9000. 
17000 &lid 36000 molec:uJar wel¡ht were obtalned troro 
~ OIemlcaJ for use u Itandards In 
cbromatoarapby· 

Vanadlum nandards were mada froro vanad1um 
oxobls-ll-phenyl-l.3-butanedlClDllteJ (Eastman Kodak Co.• 
R.ochester. NYI. 

Apparatus. lba chromatograpblc system conslsted of 
and Isoc:raUc Altax pump. ..odel UOA CBerkaley. CAl. a 
Valco Yodol ACV-6-UHP a N60 lnjectlon valva (HoustOD, 
TIO bavlng a 10 Id- sample loop. a Perkln-Elmer Model LC 
55 UquId chromatogrpby detector (Norwalk. eT) set at 
2S4 MI, and a Linear (Reno. NVJ ..oclel 585 chart 
recordor. 

A model 8800 gradlent Uquld cbromatographlc system 
(Dupoot Instruments. was usecI for all HPLC studles of 
delneWlated non-po1"Phyrlns. lbe system was equipped 
_Itb a Valco "odel ACV+4HP a N60 injectJon "alve 
ha'fing a SO Id- sample loop. For fractloo collectlon, a 
Wlcrometrltlcs AutomatJc Injectlon "o<Iel 72S and a 
Dupont Series 8800 variable wavelencth UV detector were 
used. Aa 1BW Computer Systc:m ..odeJ 9000 was Uled to 
~ lile ebromato¡rams and store all of \he data from 
HPLC studies. 

HPLe columns are IIsted In Tabie 1 and the 
¡¡radIesnts In Table 2. CFAAS measurements were made on a 
Pukln-Elmer Wodel 403 Atonlle AbsorptJoo 
Spec:trophotometor. IR apectra were recorded uslna a 
PerJdn-EImer Wodel S99B apec:t.rometer and a DllIllab 
FTS-ZOC FllR apectrometer bulna a goJd-coated 
cyllndrical reflectJ.on ~tlon cell. over tbe 
apectral rana- 600-3.800 CID • 

Proton nuclear IDIlIJlC!tJe resonance wu peñormed 
uslng a Varlan WocIeI T-60 NWR spectrometer Carbon-13 
nuclear magnetlc resonance was done usJn¡ a Joel "odel 
nt-60 spectrometer. Elec:tron lonlzatloo mass spectra 
_ere recorded .uslna a Flnnlnpn Quadrupole mass 
~ter, Uodel 4000. TIle mass spectrometer was 
operatod at 70 and 20 eVo 

The lBOlatJon of PG1"Pbyrln and non- porhyrln 
rractlons froro Boscan cr\KIe 011 followed the procedure 
developed by Spencer et al (7J. TIle method of 
demetallatJon of non-po1"Phyrlns was derlved from a 
procedure developed by Suglhara el. aJo (11] and 
mod11'led by Croueh et al. (9/ in whJch sulruryl ehloride 
wu used for demetallatJon. Flnally. the vandlum in the 
or¡anle fractJon was detennlned uslnS GFMS and the 
percentage demetallatJon caleulated. 

RESULTS 

Demetallatlon of Non-porpbyrlns. Beca~ au1f'uryl 
c:hlarlde wu found to be ?erJ effectlve under aenlle 
reactJon condJtJODl¡ 12,8/, a series ot c1emetallatloos 
"ere made at -78oC for different reac:t1Ol1 times. Perlods 
lea tban 2 h provlded Httle reactJon. HoweYel". data In 
Table 3 Show tIlat a reactlon time of 24 b allllWt 
complete!, removed the vanadlum frolD \be non-porphyrlo 
fractlon. Generaly. 8 b was eDO\IIh tJme to remo" most 
of the metal from \be non-porpbyrlna. The orlainal 
content of ?anadlum and nlcltel was 1.300 ppm and 180 ppm 
respectJvelly.• UV-?i.ihle. lR and NWR spectrouurtrles 
were UMd to monitor the demetaJlatJoo procedure durina 
tbe course of \be raactlon. 

Slze Exclusloo Chromatograpby. The chromatogram ot 
\be demetallated non-porpbyrlns In Figure 1 showa tIlat 
tbe components ranged In polyestyrene equivalent 
molecular wel.ght from 17000 to 100 with \be majar peab 
at 1700 and 1500. F'laures 1 aIso lndlcates that 
dmnetallatlon resulted in tbe formatJon of lo", molecular 
welgbt components havlng maxima at 600 and 200. Tbere 15 
the possibillt, that tbese peales were caused by a 
break ·up of mJcelles of tbe non-po1"Phyrlns 110-121. If 
the non-porpbyrlns were present as mlceUes formed by 
compounds of relatJvely lower molecular we!ght (as a 
resu1t of strong Intermolecular assoclatlons), It couid 
account for tbe low volatJlity and IIrnited solublllty of 
the non-po1"Phyrlns rractlons. SEC fractions were 
col1ected from multiple allquots of samples so as to 
obtaln enough materLaI for subsequcmt relnjection and 
fraetlonatlon. Figure 2 shows the four fractlons from 
SEC of demetaJJated non-porphyrlns and the ehromatograms 
tor tbe lndlvldual fractlon upon relnjectlon under the 
same chromatographic condltlons. ChromatograJDS ot each 
rractlon showed components tor all of tbe ortber 
fractLons. lbe results lndlcated once aaaJn tbat 510'" 
Intercanverslons must ba.ve occurred 18.131. Anotber 
inter'5tlng flndlng was tbe Improved resolution tor the 
last two peaks, speclaJly for fra.ctJons I and 2. HPLe 
studies. Accordlna to Crouch el al . (8) the best column 
for rractlonatlng the noo- po1"Phyrln samples was 300 A 
trlmetbylated slllca ('nes); tbe best gradient was 
¡:radlent A. (See Table I and 2). When Column 2 and 
vadlent A ",ere used to fractionate tIle demetallated 
non-porphyrin samples. figure 3 show tIlat, unllke tbe 
c:aae wltb the po1"Phyrlns 114l. demetallated 
non-porpbyrlns showed ooly rour or nve peUS Instead of 
m.any peaJes. As sean In Figure 3. \he area of the fin 
bread peak for nnadyl non-porphyrlns 15 larger than 
tIlat fOl' \be demetaJlated non-porphyrins. Conversely, 
the area ot tbe second br-oad peak was smaller rOl' the 
demetaUated noo-porpbyrlns. 

HPLC fractLons of demetaJlated non-porpl\yrlns were 
collected from many samples so that cbromatoaraphlc and 
spectraJ dlffereoCe5 could be examlned. Figure 4 shows 
tbe alx fraetlons coUected from the HPLC chrornatogrBm 
and the resu1ts fo relnJectlo¡ fraetions 1-6. We 
conflrmed tite flnding of Croueh et al. (8) tIlat eacb 
fractlon contalned some of eaeh of the other fractlons. 
lbe results. lUce the earller SEC results, lodicate that 
510w ln1.erconverslon must occur between tbe components 
of tbe dlffereot fractJons. 

Spectrometrle studJes. Eaeh of \he SEC fractJonswas 
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DEMETALUTlON Of NON - POaPHy aIN SAMPLf S 
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9, 
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individually collected and coocentrated to form a carban 
tetrachlorlde sample for the FT-IR. Figure 5 sbows that 
fraetlons I and 2 showed -t large amount of allphatlc C-H 
stretching (3000-2800 cm l. On golng to fraetlons 3 and 
4, thls peak decreased and at the same time became 
progresslvely broader. Fractions 2 and 4 revealed NH and 
OH at 3200-3400 cm-t, respectlvely, whJcb did not appear 
in fracUons 1 and 3. 

Fraetions 1 and 2 also sbowed a sharp earbanyl peak 
at 1750 cm-l. Fo. fraction 2 thls peak appeared as a 
cIoublet and at a hlgher wave number that corresponds t o 
that for earboxylie aelds. In fractioos 4, th!s peak 
became very small. The CO absorptioo region at 1.000 
cm-l was smallest in fractlon 1, but increased lo 
fraeUoos 3 and 4. 

Mass spectrometry of demetalJated ' oon-porphyrlos . 
Figure 7 shows small strong peaks at m/e 205 and 207 
attrlbutable to non porphyrlns. Thls agrees with the 
last two peaks in our SEC and Is support for the recent 
study made by Flsh et al . (10\. They. coocluded that 
.,anadyl non-porphyrlns wlth apparent molecular weights 
¡reater than 2000 by SEC actually had molecular . welghts 
of less than 400 by mass spectrometry. That Isnplies that 
the vanadyl non--porphyrlns either rorm aggregates or are 
complexed wlth the Jarge molecular welght asphaJt en1c 
colllponents of heavy crude petroleum. ThJs 15 supported 
aIso by the work of Dlcky and Yen [lll, who suggested 

The mass speclrometry studies suggested that non 
porphyrins having apparent molecular weights greater 
than 800 may actuaily have molecular welght s less than 
400. Thls may imply that vanadyl non- porphyrlns eitl¡er 
form aggregates oC complexes wlth the la~e molecular 
weight components of heavy 'crude petroleums o/. l[-l[ 

/9teraction of by hydrogen bonding [7,81. IR, HNMR, 
CNMR and mass speetr ometry sbowed that these 

non-porphyrins have large allphatic hydrocarbon chalns 
attached. 

FIQur. I 

,. , 

.:0 '.0 .0 . ,0 ." 
that tbe mlcrostructure of asphaltie materials cooslsts 
of three entltles: mlceUes. partic1es. and unlt sheets. 
MJcelles were descrlbed as belng composed or smaller 
assoclated entltles called partlc1es which In turn are 
sald to be made up or yet smaUer unít sheets thougt to 
be held together by Intermolecular rorces. 

The metal conteet in the nr:r.-pophyrin fraotlon was 
hl¡b enough so that HNMR and CNMR spectra wer not 

obtalnable [15). However. an I HNMR spectrum of the 
deJDetallated non-porphyrlns Is shown in figure 6. Thls 
spectrum contained one maJor reglon of slgnals around li 

1.0-3.0 ppm whleh 1ndJcalr-: a large amount of 
allpbatle protons. A1.so, tbe CNMR spectrum of the 
demetallated non-porphyrins in figure 7 shows abscrptlon 
in the li - 14-37 ppm reglon whlch Is indlcatlve of 
allpbat1c carbcns. The strong singJet al 30 ppm ls 

'" ,. , 


.... ..100 o•• .... 

wagesUve of tertlary methyl earbons (C(CH ' 3) 1161. 'IOU" ,3 

100.0The other peats in thIs r~e correspond to m.etbylene " 
ClU'bons belongihg to long allphatle cha1ns. The smali 
absorptlon at 207 ppm ls wealdy IndJcatlve of low -
concantratJolUI of aldehydes and/or ketones in thls .. ., '"..•0..#fractlon.. 

CONCLUSIONS 

DemetallatLon of the non-porphyrlns usJng sulfuryl 
chJorJde was VCl'y' ef fectlve under gentle r eaction 
eondJtlons. 

The deJDetallated noo-porphyrln fracUoos obtalned 
from SEC exhlbled complex behavlor In that, upon 
reloJectLon of a single peak, peaks characterlstlc of 
otber fracUons aJso eluted. ThIs findlng suggested that 
a slow Interconversion was posslble between components 
of tbe dJfferent fractions. 
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UTERAl'URE CITED LlST OF FlGURES 

FIGURE 1: 	Size-exelusion ehramatograms of original 
(A) IIfld dellll.'tallate~ (S) non-porpbyrin 
samples usiog a 60 A pore size eolumn at 
a THF flow rate of 1 mL/min. Size exelu
sion c:hroma'tography ealibration curve(C). 

FIGURE 2: 	Cbromatogram showing size-exelusioD frae
tions (A) and c:hromatograms of frac cions 
1-4, a11 us i ng eolumo 1, at a TBF rate of 
1 mL/min. 

FIGURE 3: 	 HPLC chromato~rams of vanadyl non-porphy
rins (A) and demetalLated non- porphyrins 
(B) s8l1lJ'les using olumo 2 and gradient A. 

FIGURE 4: 	Cbromatogram sbowing HPLC fraetions ob
tained (A) and the chromatograms of frae
tiolUl -6, from A, sil using Column 2 and 
gradient A. 

FIGURE 5: 	FT-IB spectra of fractiona 1-4 fro Figu
re 2 using Columo 1 at a THF flow rate of 
1 mL/min. Carbon tetraehloride WaS the 
solvent for FTIR meaaurements. 

FIGURE' 6: 	 lHNMR spec t rum of tbe demeta l l ated non

porpbyrin fraetion in deuterated c:hloro

form using TMS as the internal referenee 

(A). 13CNMR apeetrum of the demetallated 

non-porphyrin fraeríon in deut e rate d 

ehloroform (B). 


FIGURE 7: 	Masa apec t rum of the demetallated oon

porphyrin. 


ACKNOWLEDCMENT 

We wlsh to thanJc James De Haseth for the ITlR 
spectra. This work was supportOO In part by the 
Department of Baste Energy Sclences . Department of 
Energy. Contrsct No. DE:-AS09-76EROO854. NM acnowledges 
CONDES- Universidad del Zulla for finandal support. 

111 KAPO, G.: "Bltumes, Asphalts and TJI.r Sands". G.V. 
Oülingarian and T.F. Yen, Eds. ; Elsevler Selentlflc 
PubUshlng Ca. : Amsterdam, 1978; Chapter 8. 

[21 YEN. T.F.: '"The Role of Trace Lleta! in Petroteum". 
T.F. Yen, Ed. ; Ann Arbor Sclence Publlshers lne. : AnD 
Arbor, MI 1975; Chapter 1, n. 
(3] TR.ElBS, A. AnD. Chem., 1934, 42, 510 

(4) TREIBS, A. AnD. Chem., 1935. 172. 517. 

[SI BAKER. E. W. ; PALMER, S . : "The Porhyrlns", Vol. 11; 
(D. Dolphln, Ed.); Acdemic, New York, 1978; Chapter 8. 

l61 DICKSON. F.E.: PETRAXrS, L.: Anal. Cbem. 1974, 46. 
1129. 

l71 SPENCER., W.A.; GAKIBARADES, J.F.; CURTIS. M.A. ; 
ROGEAs. LB. Sep. Se!. Teohnol. 1982. 11. 797-819. 

[81 CROUCH. F.W.; SOMMER, C.S.; GALOBARDES, J."'.; KRAUS, 
S.; SCHMAUOI, E.H.; GALOBARDES, M.; FATMf. A.; PEARSAU.., 
K. andROGERS, LB.: Sep. Sei. and Tech. 1983. 18 (71. 
603-639. 

191 FlSH. H.R.: KOMLENIC, J .J.! Anal. Cham. 1984, 56, 
510-517. 

[101 FlSH, H. R. ; KOMU:NIC, J.J.; WINES, B.K. : Anal. 
Chem. 1984. 56. 2452. 

[111 SUGlHARA, J .M. ; BRAN"rnAVERN. J.F. ; WIU<OX. K.W.: 
SymposJum on the role of trave metals In petroleum; 
before the D1vislon al Petroleum Ch.emlstry, 1nc. , 
AmerIcan Chemlcal Soclety. Chicago, Meeting, Aug. 26-31. 
1979. 

1121 DICKIE, J.P.; YEN, T. F. : Anal . Cham. 1967, 39, 
1847. 

1131 SELUCKY. M.L. ; KIU, S.S.: SKlNNER, F.; STRAUSZ. 
O.P.! "Cbemlstry of A5pba.ltenes". J.W. Bunger and N.L 
U. Eds.: American Chemlcal Saclety: Washington, OC, 
1981; Cbapter 6 . 

1141 HAJIBRAHIM, S.K. : TlBBETIS, P.J . ; WAlTS, C.D. : 
YAXWEU.... J .R.; ECUNTON, G.; COUN, H. : GUIOCHON. G.; 
Anal. Chero. 1978, SO, 549-553. 

(15) HAlTBRAHIM. S.K. : J . Uq. <;hromatogr. 1981, 4 
749-764. 

1161 SILVERSTElN. R. A.; BASSLER, G.C.; MORRn.., T.C.: 
"Spectrometrlc IdentJncatlon al OrganJc Campounds"¡ 4th 
oo.; Jobn 	 Wlley & Sonns. lne. New York, 1981, Chapter 
4,5. 

Recibido el 03 de Abril de 1990 

- 94 -


Rev. T~c . !ng. Unlv. Zulla, Vol. 13, No. 2 . 1990 



