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CHEMICAL CHARACTERIZATION OF FEEDSTOCK 

AND HYDROCRACKED PRODUCTS 

by 

Albert E . George 

INTRODUCTION 

Working on bitumens and heavy oils poses certain problems in the 

areas of recovery, processing and analysis . All these problems are attributed 

to the chemical nature of these materials . They are asphaltic, and contain 

high amounts of sulphur, nitrogen and metals . The aromatic content is con

siderably high, and most of it is in the form of polycyclic aromatics . 

Emulsion formation in the hot water extraction process of bitumens 

and in in-situ recovery is related to the presence of high amounts of nitro

genous and polar material in the bitumens . The~e components also cause the 

oils to adhere to the reservoir rocks in secondary and tertiary recovery pro

cesses. 

Polynuclear aromatics have a definite rolc in coke formation during 

processing. This causes reactor fouling and catalyse deactivation. The nitro

genous compounds, particularly the basic types , are known for their dcletcrlous 

effect on catalyses . 

In all these problems the conventional routine analyses by physio

chemical methods are not adequace . Study of the chemical configurations of 

the different hydrocarbons, sulphur and nitrogenous compounds is necessary . 

Most of the methods for chemical characterization of conventional oils and 

their products have to be modified or new method developed to be used in 

bitumen and synfuels . The latter are more complex in composition and less 

stable thermally . The modifications aim at improving analysis and speeding up 

the methods . 

I will present examples of projects in which we modified characteri

zation methods and used them for Canadian bitumen and heavy oils ns well as 

their products from the CAIDŒT hydrocracking process . 
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RAPID CHROMATOGRAPHIC PROCEDURE FOR CREMICAL CHA.RACTERIZATION OF SYNTHETIC 
FUEL NAPHTHA 

Significance 

1 . Potential for BTX production . 

2 . Choosing reforming strategy to upgrade the octane number 

without using lead additives . 

Accomplishmen t 

In 90 minutes per sarnple of 30 ul obtain the following information: 

1 . Complete true boiling point data . 

2 . Hydrocarbon- cype distribution (satur t s, olefins and aromatics) . 

3 . Sulphur content . 

4 . GC/MS analysis of all major components of the c5-c13 range . 

Slid s 

1 and 2 . 

RIGH PERFORMANCE LIQUID CHROMATOGRAPRY FOR ANALYSIS OF POLYNUCLEAR AROtATICS 

A superior HPLC system is developed for analysis of PNA . The Silica

R(NR2)2 sorb nt with n-heptane and n-heptane/CH 2CL2 mobile phase shows 

selectivi t y c ntered on ring type up to 4 rings . 

' Slide 3 

MODIFICATION OF TRE DSBM-API PROCEDURE FOR RYDROCARBON TYPE ANALYSIS OF HEAVY 
PETROLEUM DISTILLATES 

Accomplishment 

Slid 4 

1. Time of analysis/sample considerably reduced . 

2. Sample size, gel and solv nts volume scaled clown by a factor 

of 10 . 

3 . The polyaromatic-polar f raction resolved to three fractions 

of diff rent composition . 
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EFFECT OF THERMAL HYDROCRACKING ON HYDROCARBO - TYPE DlSTRlBUTIO IN 
ATHABASCA BITUMEN 

Hydrocarbon-type conversions discusscd . 

Slides 5,6 

Further Work 

- Lloydm.inster hydrocrack d products have ben investigaced . 

- Investigation of Cold Lake hydrocracking products is 

underway . 

MODIFICATION OF IO -EXCHA GE CHROt,li\TOGRAPHIC METHOD !:OR ITROGEN-TYPE 
ALYSIS L 3 SYNTHETIC FUELS 

Accomplishment 

1 . Tim of analysis per sample consiJ crably re<luced . 

2 . Pretreatment step with FeC13 prec~ 

3 . Polar material quantitatively sepnrated into six fractions 

with minimum amounts of solvent . 

Slides 7,8,9 . 

EFFECT OF HYDROCRACKING ON THE DISTRIBUTION OF NITROGENOUS COMPONE TSIN 
ATHABASCA BITUME.• 

1 . Fractions have bigher nitrogen content due to migration of 

these components from asphaltenes and residual fractions . 

2 . Separation of nitrogenous compounds from non-polar material 

improves . 

3 . Acids eliminated (decarboxylation) . 

4 . Basicity increases with sever.ty of hydrocracking . 

5 . Carbozoles, indoles and pyrroles increase consider bly . 

Slid s 10 , 11,12 

EFFECT OF HYDROCRACKI. G ON SULPHUR COMPOUND-TYPE DISTRIBUTION IN APHTHA 
OF ATHABASCA BITUME 

1 . Overall sulphur amount decreases . 

2 . Main sulpbur- typ sin hydrocracking naphtha are residu 1 sulphur 

(thiophenic), aliphatic sulphid s and aromatic sulphides in 

descending order . 
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3. The catalytic product has higher mercaptans and aromatic 

sulphides , and lower residual and aliphatic sulphides than 

the non-catalytically hydrocracked product . 

FURTHER WOR.K 

Hydrocracking naphtha products of Lloydminster oll have been 

investigated. Work on Cold Lake products is underway . 

Slides 13,14,15 . 
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CA MET KYD ROCRACKING PRUCESS 

Meeting ~-., ith a Vcnez uc l an Ue 1cgation 

Decernbe r 4 , · 19 79 

AGENDA 

Morning Session - P1ant Tour 

1. Introductory Commcnts by J.M. Denis , Manage r of the 
Synthetic Fuels Rcsearch Labo r atory . 

2 . Ta r of the SFRL facilities : 

( ù ) 13 u i l d i n <J r~ o . ~ - 11 y d r o c ra c k i n g p i 1 a t p l a n t s 
lb) BuilJin9 No . 5 - cc1talyst dcvelopment 
(c) Bu il ding No . 6 - co<.11 liquefc1ction - disti 

llc1tion 

Lu n cl1 ----
Aftcrnoon Session - Techn i ca l Presentations 

Thcmc : lrnµrovc111er1ts to the CANMr. T Hy d rocracking 
Process 

Session Chai rman : J .M . Denis 

1. "Roll~ o f the l\ddit iv c ùS a Coke ~upprcssing Agent'' 
by Or . K. Bclinko - !Jitumen Processing Section . 

2 . "Role of the Additive c1s a Demetalization Agent'' 
b y D. r . D . Pa t 111 o r e - U i t u me n Pr a ces s i n g Se c t i o n . 

3 . "Proccssin~J Stratcgics" by Dr . R. Rnnganathan -
Bitumcn ~rocess i ng ~cction . 

4 . "Prediction of Operability fro111 Dench Scille Studies '1 

by Dr . J . Kriz, - Catalysis Development Section . 

5 . 11 CANMET PiLch - /\ Valuablc Co111ponent in Meta1lur 
gica1 Coke " by Dr . K. Bclinko - Diturnen Processing 
Sect i on . 

G. "Pitcll Conversion lly l.iitvl.YLic Pyrrilysis ,111d G;1-.;i-
lï cl l: i o 11 '1 li y l) r . M . Tc r n ù 11 - C t c.1 1 y~ i s lJ c v cl u p 111 c II t 
Sec Lion . 

7. 11 Clic111icùl Characc Lcri c1tion of Fccdstock and llydro 
crackcd ProducLs 11 lJy Dr . A. George - Rcsca r ch on 
Uitu111ino s Substances Section . 
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60 50 

n-C Il 

72 

n-C 10 

160 

50 1 

62 

40 30 

TIME, min 

130 
i 

26 

1 

1 

20 rO 0 

,sLr.nE 2. Cl!ROi·O'l'OCHJ\M OF ArliTII/\ FRJ\CTfO,I (JF IIY.nrwr.11/\C:Kl"ll ATlll\H ~CA ilfTU:-!r-: 
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HPLC FOR Pl\! 1 ANAL YS I S 

SIGN[F!CANCE 

- POSSIBLE ROLE IN COKE FORMATION 

- [ATALYST DEACT VATION 

FOULING UP REACTORS 

- POTENTIAL CARCINOGE S 

SELECTIVITY 

LJ6 P!~H o 7 HPLC sr L 1 CA-BAS ED POLAR BONDED PHASE soRB E 'TS 
N NORMAL MOBILE PHASE 

- REVERSE PHASE SILICA- (18 GASED SYSTEM 

- Sil CA-R(NH2)2 SORBET SUPERJOR, SE LECTIVITY CE NTERtD 0 
RING TYPE UP TO 4 RINGS, 

PHENYL SUBSTITUTION DOES OT INCREASE TH PARENT AROMAT C 
RETENTI 0, , 

RESU T 

- fRACTIO S OF AROMATICS ARE SEPARATED FROM FEEDSTOCKS AND 

PROCES$! G PRODUCTS ON BASIS OF NUMBER OF RI GS, 

- FURTHER /\NALYSIS DY GC -MS IN A MORE CHEMICAL Y EFfICI. T 
A; ER , 
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