
I♦ E.lll:rqy, M11) '$ mxl Lflt'!(J"', M1111•s ,,1 
Resources Canada Rcssourct..'S Can;ida 

CANMET 
Canada Centre 
for Minerai 
and Energy 
Technology 

Centre canadien 
de la technologie 
des minéraux 
et de I énergie 

TIii~ EFFEC:T OF TIN C:/\T/\1.YS'l'S ON IIYDROIŒFrN fNG OF ATHABASCA 

011 SAND IHTU~1EN AND ON COAL IIYDROGENOLYSlS 

J .F . KRIZ , K. BELINKO AND B.N. NANDI 

APRIL 1978 

ror preSL'n t:a t: ion a t the Ame ri c an Chemical Society !11.:e ting , 
Miami, Floridn , September 1978 

ENIŒ(;y 111 :SEARCII l'ROc:RMI 

J•:N IŒCY Rl'.Sl•:ARCII I.AIIO!lA'l<llUES 

REPORT Elli'/1'.'.RL 78-27 (Ol') 

eburgoyn
Black



The Effocl of Tin C;iLalysls on llydrorefining 
of J\t:habnscn Oil Sand Bil:umcn ,1nd on Coal llydrogcnolysis 

J . F . Kriz , K. Belinko and B. N. Nandi 

Ener gy Research Laboratories , 
Cannda CcnLrc for Minrrnl nnd ~ncrgy Tcchno l ngy, 

Dcpa rtmcnL of Encrgy , M incs and Rcsourccs , 
Ottawa , Canada 

INTRODUCTION 

The development of catalysts for up- grading of Canadian oil-sand bilumcn 
and for conversion of coal into liquid products bas been of considerable interest 
al Lhc En0 r gy Rcsearch Laboratories . The study rcporLcd bclow was pnrt of an 
investigation o[ the suitabil ity of differenl calalysl systems for hydrocrucking 
heavy oils , and involved the use of tin compounds with bilumen and heavy oil fecds . 

Tin compounds hnve gcncrally been found to be particularly effect:ive in 
coal hydrogennlion proccsses (1-4) . Reccnt: studics h,1ve incl udcd the use of t:in 
catalysts in hydrorcfining of coal-derived feeds such as asphaltencs (3) and 
solvcnt rcfined coal (4). Allhough much attention has becn given to the activity 
of supportcd and 11nsupportcd tin catalyst:s, litllc effort has bccn made Lo examine 
the fale of the tin during the liquefaction process . 

Guided by the outcome of previously published work , a series of t:in
containing catnlysts was tcsted for bitumen and coal up-grading . Emphasis was 
placed on studying the changes occurring within the catalysts during these 
processes . Results obtained in preliminary tests stimulated further development: 
such as the use of diffcrent methods of catalyst preparation . 

EXPERIMENTAL 

Feedstocks and Equipment 

Athabasca b itumen was ob t ained from Great Canadian Oil Sands, Fort 
McMurray, Alberta , Canada, and some of its properties are given in Table 1. 
Asphaltene feedstock from bitumen was obtained by precjpitating the asphaltenes 
by addition of pentane to bilumen according to the ASTI-1 method (7). lligh 
volatile Devco 26 coal was obtained from Cape Breton Development Corporalion, 
Nova Scotia, Canada. The properties of this coal are given in Table Il. 

TABLE I 

Propcrties of Athabasca Bitumcn 

Spe c if ic gravily 1 . 009 (15/15°C) llenzene in solubles o. 72 wl% 
Sulphur 4 . 48 wt% Carbon 86 . 36 wt% 
Ash 0 . 59 wt% llydrogcn 10 . 52 wt % 
Con r,1thrnn carbon rcsidue 13. 3 wt % NiLrogcn 0 . 45 wt % 

- Pentane insolubles 15.5 wt% Pitch (524°C+) 51.5 wt% 



TABI E Il 

Propertics of Dcvco 26 Coal 
{iïigi,-Volatile Biluminous A) 

Pro:.ima te Analys is UlLimaLe Analysis Pel rograph ic Analysis 
wL% wtï:'. vol% 

-

Moisture 1.13 Carbon 83 . 97 Vitrinit.:e 77 . 8 
Ash 2. 18 llydrogen 5 . 36 Exinite 6.6 
VolnLile ru.iller 31 . 35 S111phur 0 . 62 MicriniLc 3 . 6 
Fixed carbon 65 . 34 NiLrogcn 1.80 Scmi-fusinit:e 8 . 8 

Oxygcn (by di[) 4 . 94 Fusinilc 2.6 
Pyri Le 0 . 6 

Bitumen 5est:s were carried out in a bcnch-scalc fixed bed reactor having 
a volume of 155 cm , a lcnglh Lo di.amcter raLio of 12 and a conLinuous up-flow 
arrangement (5). Expcrimcnls wcre perfonned :il ,1 pressure of 13.9 MPa, a J iquid 
volumetric space velocity of 0.278 ks-1 (1.0 h-1) based on the rcacLor volume and a 
hydrogen (electrolytic) flow rate of 37.5 cm3s-1 al STP (5000 eu ft/bbl). TI1c 
temperature range was 420°-460°c. 

A bal ch shaker au toc lave, into whi.ch about 
us cd for experiments involv~ng coal hydrogenolysis . 
without a vehiclc oil , at an inilial (cold) hydrogcn 

0 tcmperaturc of 350 C for 2 hours. 

25 g of coal was charged , was 
The runs werc carricd out 
pressure of 6 . 5 MPa and a 

Optical microscopie examinations of Lhe catalysts wcrc made before and 
afLer use and wcre complcmcnt:cd by c l ectron microprobc analysis. 

Catalyst Description and Preparation 

The calalysls tested wiLh bitumen were alumina-supported and were 
prepared as described below . 

Catalyst A: 

Alpha alumina monohydrale (obtained from the Cont.:inental Oil Company, Pct:crboro , 
New Jersey) was gelled wilh slighLly acidLfi.ed water and nmde inlo 3 . 2 mm 
(1/8 in) extruda tes . These were t:hen d ricd at 110°c for 6 hours and calcined at 
500°C for 6 hours. The calcined cxl:rudates wr-1, impregnated with a solution of 
SnClz in mclhanol, the volume of which was ab6ut one-half that uf t·hc cxtruda
les. Methanol was subsequenlly purged out of the extrudates in a nitrogen flow at: 
150°C . TI1e final concentration of Sn was ca. 7 wt:%. 

Cal :iJ y s L B: 

ExLrudalcs of CaLalysL A wcre sulfidcd in a flow of a mixture of ll zS and 112 (1 : 3 
by vol . ) at 150°C for 5 hours al: almospheric pressure . 

C:HalysL C: 

An aqucous solution of SnCl 2 was addecl Lo lhc alplw alumina monohyclrale and mulled 
in a mix-muller. The rcsulling pasLc w::is exLrudcd , dried and calclned as in the 
case of Catalyst A. The final conccn lralion of Sn was ca . 7 wt%. 



Cat:alyst D: 

/\ solution of aluminum i<-;opropoxidc anù SnCJ 2 in 
by hydrolysis using dil u Lcd ammonium hydroxide . 
dricd and calcincd as in the case of Catalyst A. 
ca . 15 wt%. 

jsopropanol was co-pr<'cipitat:cd 
The prccipitat:c was ext:ruded , 

The final concentration of Sn was 

SL•parat:e cxpcr i ments wi th biL11mcn involveù tcsting altoninél cxt:rudalc>s 
uscd for preparaLion of CaLalysL A and B, and also testing a scrics of caLHlyst:s 
contnining bolh Mo and Sn in different conccnLrations . The lalt:cr serics wns 
prcparcd by adding , successively , an aqueous so lution of ammonium pnramolybda t e 
(NH4)6 Mo7 024 · 411 20 and an aquc,ous solution of stannic chloridc SnCl4 · 511 20 t:o 
alumina monohydrat:c in t:hc mix-muller . /\Lamie ratios of molybdenum and Lin addcd 
wcrc , rcspeclivcly , P iLlwr 1 :1 or 1 : 0. 111c rcsu l t:ing paslc w1s cxlru<lecJ , dried 
and calcined as dcscribcd above . 

For experimc>nts invo l ving hycJrogL•nolysis of co:d nncJ bitumL•n-dl'riv(•d 
asphaltencs , an aqucL1us slurry of pulvt•rizcd fcpd and tin catalysL was prt•parcd 
and subscqucnLly d r icd undcr vacuum .1t 80°c . The catalysts LesLed inc.ludcd 
stannous chloridc , sLanno11s oxalate and slannous sulfidc. The concentration of tin 
in the feed was approximatcly 5 wt%. 

RESULTS AND DISCUSSION 

Compared wit.:h pure nluminn, tin compounds support:cd on alumina werc 
generally found Lo exh ibit only marginnl improvements in liquid product quality 
in bitumen hydrorcfining. 111c usual propl•rties of Lhe liquid producl:, such as 
specific gravit:y , sulfur and nitrogcn content: and percent: pitch conversion, werc 
not significant:ly chnngcd whL>n , for instnnce , in one scries of tesl:s t.:hc tin 
conccnlralion was vnried . The results arc shown in Figure l , which compares 
Mo/AI

2
o3-type catalysts boLh with and without a Lin addit:ive . It wns found that: 

the cxlcnl of dccrc.•nsc in Lhc specific grnvil:y of the J iquid producl causcd by an 
increasing nrnlybdenum conccnLrat:ion was not significantly affccted by n slmult.:a
neous increase in tin loading . 

The influence of the convarsion of bitumcn-d~rived 1sphalt:encs into 
pentane-soluble products was also invest:ignt.:ed. The i nfliwnce of SnS on nsphal tene 
conversion was much less appnrcnt than on coal. 1'he conversion of biLum0n-dcrivcd 
asphaltenes increased from 69% with no catalyst t:o about 75J in the prescnce of SnS . 

The conversion of conl in t o bcnzcne-sol 11blc prodLèls was found to 
incrcase substantially in the presencc of the various t.:in r.nt.:alysts testcd . The 
conversion incrcascd from 12 . 4~ with no cat.:alysL to an average of approximnt.:cly 
51% for all Lhrce tin catalysts invesligated. 1he effcct.:iveness of tin compared 
favourab].y __:'.lth other cat:alysts testecJ, as shown in Table III. 

Cat:alyst 
Conversion(% daf) 

T/\131.E l II 

EffPcl of C:1t;1Jy};tl, on Convl•t·sion o[ C:(1al 
int:o Benzenc-Sol uble Producls (3S0°C) 

No Ill! 

12 . 4 
SnC12 
53 . 2 

SnS 
52.0 

Sn(C00)
2 

4 7. S 
FcS04 
23 . 2 

FcCl 2 
19.3 

ZnCl2 
51. 5 



These resul ts ngree well wil:h Lhose obLained previously by Kawa ~·L a 1 
(2,3) showing high activiLy of Lin compounds for coal hydrogenolysis . Asphaltene 
production is probably Lhe first step in conl liciuefncLion and more scvcn' condi
tions are needcd to incrense the yield of pentane-soluble products . The conversion 
of asphaltenes produced from coal was noL determined in the present work . Jlowever, 
the effect of stannous chloride on bitumen-derived asphaltenes appenred small er 
chan would be expec Led if nsphallenes produced from cool wcre used (2). ln this 
r espect Lhe work wit:h nspballcnes from solvenl.: refincd con l (4) producc<l more 
compnrnb l e rcsults . The r enson for the diffcrenccs in rellCLivity bcLwecn nsphn l
tenes from c0nl and asphaltenes from bitumcn fecdstocks arc not known and one can 
only speculate that they result from variations in chemical structures. A 
detailed analysis of bitumen-derived asphnltcnes was presented b y Str ausz (6), and 
the sulfur content (about 8 wt%) is higher and oxygen ccn t cnt (about 1 wtf) is 
l owc r !:han Lhosc in :1sphn l Lencs pro<luccd from co;1 l (2,3,4). The h l r,h s11lf11r 
content suggcsts t.:hat Mo/A1 203 based c.:atalysts mny be Lhe most efflciL•nt: c.:at:a l yst:s 
for hydrogenolysi s sincc they secm to be the best hydrodesulfurizing agents . 

Notable chnngcs rcsulLing [rom diffcreni.: catalyst preparaLion mcthods 
wcrc obscrvcd . Tab l e lV presenLs some r esul Ls o ( mrnlyses of l iquid producLs 
from bitumcn cxperimcnts for different tin-containing catalyst.:s . 

TJ\llLE IV 

Effect of Catalysts on Liquid Products from Bilumen*** 

Catalyse Specific Gravity 

J\1203 o. 951 
A 0.932* 

0 . 952** 
B 0 . 947 
C 0 . 928 
D 0 .903 

* Initial run 
** Second run 
*** Run at 440°C 

%S 
Removed 

33. 3 
41.1* 
31 . 0*'~ 
30 .1 
34.2 
41. 6 

%N % Pitch 
Removed Converted 

26 62 
52,•; 77* 
321'* 66** 
28 67 
- 87 

40.0 97 

It is noteworthy thaL thPre was a drop in the activily of Catalyst A from the 
initial run to the second . Prcsumably , Lhe imprcgnalcd SnC1 2 initially prescnt 
was not completely transferred in t o SnS before the first run comrnenced and 
exhibited a gr eater activity at that stage . Two separate batches of SnC12 
impregnated on alumina showcd such deactivation. TI1e dcactivat i on was not 
observed when pre-sulfided batches were used (Catalyst B). Liquid products of 
improved quality, namely l ower speci fi c gravity, wcre obtained whcn Catnlysts C 
and D we r e 11sed. J\ <liffcn•nt proecclurc was npplicd to prcpare thcse catnlysts 
muJ Lhcir propcrtics are discussctl bclow . 

The supported tin catalyst:s of the type A and B t:est:ed with bitumen were 
found Lo cxhibi t li l tlc incrensed activi ty wht•n c-omparcd w i th a lumina nl Ont' . 

Microsçopic exnminations of the used cxtruda t cs rL'Vl'alPd l'Xll'nsivl' sinLPring of 
the Lin componc.->nt wil hin the crarks in the aluminil , (Figure 2). Identicill ~e::;uLLs 
were obtained regardlcss of whether the s Lar t ing material was SnC1 2 (Catalyst A) 
or SnS (Calalyst B). These observations suggesLed Lhat very little of Lhe tin 
cnti'1 l ysL was actually exposed to the bitumC'n during t he proccss . TI1e optica] 
reflectancc of the st:rcuks secn in Figure 2 comparcd wcll with t.:hat o [ pure SnS . 



In addition, elcctron microprobc., an.Jlysj ., of Lhc spent caLalysL cunfinncd thaL 
the high reflectance sLreaks werc composcd of tin and sulfur in atomic ratios of 
approximately 1 : 1. No streaks wcre obscrved in the unuscd cxtrudntcs , indicating 
even dispersion of the tin compounds on the surface of alumina. This was 
confirmcd by eleclron microprobe analysis . Microscopie cxamination of Lhc benzcne
insolublc residue from coal liquefaction experimcnLs revealed a sinLcring effecl 
similar to thal notcd with bitumen runs, irrespect i ve of whether SnCl2 , Sn(C00)2 
or SnS was uscd as Lill' c-:HalysL , (Figure 3). The hlgh rcflcct.incc sLn•aks werc 
again found to be composcd of Lin and sulfur in atomic ratios of about 1 : 1 . 

The formation of SnS from SnCl2 is feasible under typical hydrogenation or 
hydrorefining conditions providcd sufficient sulfur is prescnt in the feed material . 
Tt has bPen s11gr,cslcd (1) LhnL SnS bec-ornes Lhc most: stable form of tin and wo11ld be 
formcd from SnCl2 , for exnmplc, according to: 

SnC1
2 

+ HzS -► SnS + 211Cl 

At react:Jon tempcraLurcs, SnC1 2 could conccivably f l ow into porcs and cracks of t.:he 
support or coal, and subsequenlly be convcrlcd to the sul fidc form. On Lhe oLhcr 
hand, SnS melts at 880°C , which is considcrably highcr than Lhe reaction tempera
Lure u~wd. No1wthclcss, sinLcring h;id occurrcd to Lhc same extcnt.: whcn SnS 
w.is uscd . The m~igralion m(•chanism mny Lhercfore involvt• an intermL•di,lle spe<.:ics 
hnving a low melting point, such ,1s elcmcnt:il tin. This spccies could Lhen 
migrate into void are:is of the support before being converLed back to SnS. ln a 
separatc experimenL Lhe frcsh SnS- and SnC1 2-containing caralysts wcre subjecte<l 
Lo reacLion candit ions in t:he absence of the fecd . Spots of high rcflect:ancc 
indicaLed the possible formation of metallic tin in extrudates subjccted to this 
type of reducing condition. 

In vicw of the extensive sinLering effect the original dispersion of the 
tin compound was reduced considerably and consequenLly the effectivencss of bath 
high- and low-surface area supports was cxpectcd to be comparable, as reportcd by 
Kawa el al (3). Figures 4 and 5 show sintering or SnS in t:he cxtrudaLes of 
Catalysts C nnd D (Table IV) . Comparison with Figure 2 indic.ales thal :i mon• even 
dispersion of tin sulfide was eslab l ishcd in the extrudates of Catalysts C and D. 
The sintering still occurred b11l the SnS nppcnred Lo assume a larger surface area. 
The higher dispersion <"orrclatPd wel l wi th the acLivi Ly observed with bit:umen 
Lcsls using lhcsC> c:llalysLs. One additionnl observa Lion rel ales Lo Catalyst D in 
Figure 5. 1t appcars th;it: concentration of the Lin componcnt is greater in Lhe 
reg ions between the part.:icJ es o [ alumina than inside the particlcs . One co11ld 
speculaLc that thcse regions may have bcen more accessible Lo Lhc reactant fluids 
than Lhe regions within the illumina particles . This would be in agreement wLth 
the enhanced activity of Cat.:alyst D. 

ln coneJ us ion, Lhe rrcscnl findings m:1y IH• summnr izeJ .1s follow::; : 

Tin compounds wcre found relnlively less effl•clivc for biL11m011 hydro
ref i n ing thnn for hydrogenolysis of high vo);itilc bitumino11s c::o.lls, possibly 
bL•c·m1sc of Lill' diffcrl'nt struct11rl' of bil11111en-dL•riv1·d ~1sph:1lt.e1ws . TIH• origin;il 
dispcrslon of Lhe calalyst on lhe suppo,-t was significant:ly reduced . The t•xlent 
of sinlering of tin cat.:alysts under reaction conditions correlaLed wit.:h their 
acliviLy. Tt mny b0 th.,t an improvcd c.it:nlyt.:ic system would requin' n sLronger 
bond beLwecn Lhe tin compound nnd Lhc support to h imil'r surface migration . 
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Figure 1 : Specif ic Gravity of Liquid Product 
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FI9.JRE 2: OPTrCAL MICRCXJRAPH OF USED 
CATALYST A SHOWING HIG-l 
REFLECTNJŒ STREAKS OF SINTERED 
TIN cavlPCNENT 

FIGURE 4: OPTICL\L MICRŒRAPH Cf USED 
CATALYST C 
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FI0JRE 3: MIŒŒRAPH Cf THE BCNZENE
INSOLUBLE RESIIlJE FRQv1 COAL 
LIQJEFACTION EXPERIMENTS WITH 
STANNClJS OXALATE 

FIGURE 5: OPTICAL MICROGRAPH (f USED 
CAT/\LYST D 


