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SUMMARY , . ;
The analytical application of the hydrogenolysis of sulfur compounds over
Raney nickel has been studied in some detail. These compounds have been analyzed
quantitatively determining: the hydrocarbons produced by ‘the reaction. RS

The reaction carried out-in the liquid phase. (in solutions: of. hydrocarbons) was
found to be completed in 3—5 minutes at room.temperature (in the case of thiophene).

The reaction time of hydrogenolysis in the vapour phase was less than one
second . under the experimental. conditions employed. The Raney nickel must be
modified with a small amount. of hlgh bo:hng substance (squalane, Aplezon L, etc. )
in order to reduce the adsorptivity. :

-The appropriate analytical procedures have been worl\ed out for the est1mat1on
of the structure and content of the sulfur compounds present in narrow crude o11 or
coal tar cuts : ‘

INTRODUCTION

For some time, the increasing tonnages of crude oil high in sulfur content,
being processed have created a need for applopnate analyt1cal methods in petro-
chemistry. :

Classical analy51s of the sulfur const1tuents in crude oil. necess1tates, as a rule
prehmmary, and sometimes repeated, concentration of the sulfur compounds present
in small or even trace amounts. The compounds are isolated from the concentrates
usually in groups dependent on the functional group present the 1nd1v1dua1 pure com-
ponents are only rarely isolated. R TIEEIE R TTEES  OR
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Some time ago, THOMPSON ef al.l utilized the possibilities offered by gas chro-
matograply to characterize the suliur compounds in Texas crude oil. The sulfur
compounds isolated from the crude oil were subjected to hydrogenolysis on Pd
deposited on alumina. The original sulfur compounds were identified by the structure
of the resulting hydrocarbons. By using this technique they were able to prove
the presence of thionaphthene and its methyl homologues among other compounds.
Among the hydrogenolysis products, ethylcyclohexane or “the - methylethylcyclo-
hexanes, if present, have been. assayed, depending on the site of attachment of the
alkyl substituent. However, the quantitative aspects were not studied.

There also are other well-known hydrogenation catalysts in addition to palla-
dium. Among them Raney nickel occupies a special position, since in addition to its
ability to bring about hydrogenation reactions?, it displays high affinity towards
sulfur. This fact has been utilized by MoziNGo ef @3 who were the first to employ
Raney nickel for structural 1nvest1gat10ns In this way they. were able to elumdate
the structure of biotin.

The procedure adopted by MoziNGoO ef al.® can be traced in the work of THOMP-
SON et al.* or STREIBL® who derived the structure of sulfur compounds from the hydro-
carbons obtained from the hydrogenolysis, e.g. thiaindanes in Texas crude oil and
alkylsulfides in the so- -called low-temperature sp1r1t

It has been stated in a monograph® that the C—S bond in thiols, orgamc sulfides
and -disulfides, .sulfo' compounds, sulfonic acids and several other compounds, will
break upon heating alcoholic solutions of these compounds in the presence -of Raney
nickel to yield nickel sulfide, while the substituents attached to sulfur give new com-
pounds: The: hlgh reactivity of Raney nickel has already been used to determine the
sulfur:content in sulfur compounds’ or total sulfur® in crude oil or coke oven plant
products. The fact, however, that hydrogenolysis of sulfur compounds leads to well
defined hydrocarbons, has not yet been made the subject of a critical investigation.

The above facts induced us.therefore to study the possibility of employmg
Raney-nickel hydrogenolysis for the quantitative determination of sulfur compounds,
based on “the determination of the amount of hydrocarbons resulting from this
reaction. Basic experiments were.undertaken in an attempt to find out the rate and
yields of the hydrogenolysis reaction depending on the conditions used to effect this
reaction. The model compounds of choice were simple aliphatic and heterocyclic sulfur
‘derivatives in such solutions and at such concentratmns that are. encounteled in
crude oil products. e X

The hydrogenolysis reaction was checked by gas chromatography in two ways
the reaction :was carried out in the liquid phase, thus reproducing the procedure
adopted by MozINGO et -al3 with: the. only exception. that the reaction was carried -
out at room temperature, and secondly in the gaseous phase in such an arrangement
as is: usual 1n reaction gas chromatography (cf. ref 9) : : :

E\PERIMENTAL
Reagents and appamtus | : P - SPEERRE
Two brands of Raney alloy (50 % Ni -~ 50 % Al) were used in the expemments, .
a spemmen from the Research Institute of ‘Metals, Panenské Breéany, Czechoslovakia,
and a commerc1a1 product of British Drug Houses Ltd., Poole, Great Britain. Both
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alloys were: powders; their particle size was' up ' to ‘0.1 mm. Other chemicals, wvzz.
2,2,4-trimethylpentane (isooctane), benzene ‘(for spectrography), -isopropanol A.R,,
and sodium" hydroxide A.R. were-commercial products of Lachema, N.E., Brno,
Czechoslovakia.  Of the model substances, thiophene was a’' commercial chemical :of
Lachema, N.E., Brno, Czechoslovakia and the other sulfur compounds were syn-
thetic products procured from the Departments of Organic Technology and of Synthe-
tic IFuels and Petroleum, of the Institute of Chemical Technology, Prague, Czecho-
slovakia.

The analyses were carried out with a commercial gas chromatograph Chrom 2
(Laboratory Instruments, N.E., Prague, Czechoslovakia). equipped with a packed
column. The decrease in thlophene content was determined using 25 % by weight
of formamidel® on Sterchamol (particle size 0.125-0.20 mm) packing material, while
other analyses were performed on a 80 X 0.6 cm column packed with 30 % by wught
of squalane on the same support as above. The column temperature was 40—50 )
nitrogen flow-rate was 1—-2 ml/sec. The components were detected with a flame ioni-

zation detector.
PREPARATION OF RANEY NICKEL

The nickel was activated according to GRANATELLIS. To 40 ml of 2.5 N NaOH
kept at about 80°, the requisite amount of Raney alloy (2 g) was added in one portion.
After setthng (approx 15 min) and withdrawing the supernatant, the. Raney nickel
‘'was washed as quickly as possible with three 20 ml portions of distilled water while
care was taken to maintain a protective layer of water over the product. The product
was subsequently washed twice with 40 ml portions of isopropanol yielding a product
in principle ready for use. This slurry was transferred into'the reaction flask by using
isooctane, and the product in the flask was once more washed with another two 20 ml

| portlons of isooctane.

STUDY. OF THE LIQUID-PHASE HYDROGENOLYSIS OF SIMPLE SULFUR COMPOUNDS

I'nvestigation of the decomposition of thiophene a R o
The th1ophene solut1on (x mg or 5 mg thlophene in T g of the respectwe solvent

TABLEI - o o
INCIPIENT AMOUNT: OF SUBSTRATA . IN REACTIONS OF RANEY ‘NICKEL WITH THIOPHENE MODEL
SOLUTIONS . .

Model Raney nickel Model solutions of t):z'opl;ene

systew T Ly —— - — - -
No. A mozmt Origin Amownt . Concentration : Solvent
, (g) L . (, ) .. mglg . . wmmole/mole . .

1 I .‘.,”Czechoslovalua . 20, . 1 N 1355 hiﬁﬁsooctanei_w‘. ‘
1T X " Great PBritain- . 20 b " 1.355 ../ i;,l‘xsooctane ;
IIT T .Czechoslovakia .- 20 - 1 ‘0052 . "benzene i "
IvV. . I Czechoslovakia... . .20 . . - §5 w . 6.78 .. . . .isooctane;. .
DA I . Great Britain | = 20 5 .., 678 . ... isooctane
v B S ' [Czechoslovakia - 'z0 *' 5 S 476 0 _'v-vfbenzene '

J l‘Chr.om"itog.; i36 (1968) 429-439
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in accordance with the description in Table I) was added toa freshly prepared port1on
of n1cke1 immediately after decanting the last volume of isooctane. -

~ After adding the thiophene. solution, the contents of the reaction ﬂask were
11nmed1ately shaken and after the nickel had settled from the upper layer of liquid,
0.1 samples were taken with a microsyringe at regular time intervals. The frequency
of sampling was 15 sec in the first minute, then 30 sec, 1 min and 2 min (see Table II) ;
the ﬂask was thoroughly shaken between successive sample w1thdrawals ;

TABLE II .

THE COURSE OF THE LIQUID-PHASE: ‘REACTION OF THIOPHENE WITH RANEY NICKEL IN HYDROCARBON
MEDIA . : _

(a = startmg thxophene concentratxon & = reductxon in tluophene content after ¢ sec)

Time Model systene No.

(sec) — . . -
r 1r IIr v v , vy
a — X a—x a—x a— ¥ a—~ x La— x

(mmole|mole) (mmole[mole) (mmole[mole) (mmole/mole) (mmole/mole) (mmolemole)

o 1.355 1.355 0.952 6.78 .. 6.78 . . "4.76 ..

- I5 0.474 0.745 " 0.600 3.18 3.61 3.90

30 © 0217 0.474 0.476 1.925 2.92 3.04
45 . 0.108: 0.271 . '0.362 T 1.490 ‘ ‘2.44 © 2,48
.60 .. 0,041 " . 0.163 0.200 1.423 . 2.31 . 2.31
go 0.014 ' 0.068" 0.105 I.I5I 1.76  1.83
120 = — ' 0.076 ' 0.921 . 1,18 1.40
180 -—_ — . 0,029 . i 0.555 S 00746 ' 1.03 -
240 —_— — L — - 0,298 _0.542 . . o060 . .
300 — —_ — : " 0.163 0.474  0.552 -
420 = — — 0.04I 0.217 . 0.428
540 — —_ —_ — ' 0.136 - 0314 .-
660 —_ —_ — — 0,068 = .0.257
780 — — — — 0.027 0,200
.9oo o— — . — _ —_— ' 0.162 °
1020 —_— — - _

— . 0.133

The concentration of thiophene in the sample was determined by gas chromato-
graphy using calibration graphs prepared by carrying out analyses of standard thio-
phene solutions in isooctane or benzene, where thiophene was present in concentra-
tions ranging from 5 to 0.25 mg thiophene per g of the solution. The results obtained
are listed in'Table II and plotted after transformation of the data to mole umts (see
Fig. ). :

Determination of the hydrocarbon formed from model sulfur compounds

The reactlon was carried .out in reaction flasks of known volume, in all cases
with 10 ml of the standard solution containing a known amount of sulfur compound
accordmg to the descrlptlon in Table III. Each standa.rd solution also contained.
n-pentane adrmxed as an internal standard for quant1tat1ve ‘determinations. The con- "
centrations.of sulfur compounds listed in Table III are in milligrams of the respectwe
model substance per ml of solution without the internal standard. On the other hand,
the. sepa.ra.tely listed. amounts of the mternal standa.rd are in. mg of n-pentane added :
to 1 ml of the respectwe model solut1on

J ,C’,zfcomatog-.\;ﬁﬁ ,(19'_68):-429.—‘439,
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Fig. 1. The course of the liquid phase reaction of thiophene on Raney. nickel in 1sooctane solutlon

(___.._...

aney alloy (Great Bmtam)

) and in benzene. solution (- - —-), respectively. () Raney alloy. (Czechoelgyakla) ; (.Q)

The ﬁasks were stoppered ‘with sﬂlcone rubber wrapped in tln fo1l and then‘
contents were mechamcally shaken for 1 h at room temiperature; the hqu1d and gaseous
contents of the flasks ‘were then sub]ected to qualitative and’ quantltatlve analyses.
The m]ected volumes were I ,ul of’ 11qu1d and I ml of va.pour m each case The results
are summanzed in Table III. ' :

Identlﬁcatlon of the products from hydrogenolysus was effected by comparmg

TABLE 504 -

T]-I]: COURSE OI‘ HYDROGENOLYSIS Ol‘

SEVL‘RAL SIMPLE SULI‘UR COMPOUNDS ON RANEY NICKDL

Amount - Model solution After 'hydrogenolyszs Internal standard
c{;m,yst Vol. Solvent = Sulfur . . Orig. - Hydrocavbon Estimated Compound ' ancn;
( g e (md)y - compound concn. of .produced .~ concn.of - G A(mg/ml) .
Lo ; the sulfur ‘ ‘ .-bhe suwifur : o
compd. compd.
(mg[ml) - (mg[ml)
0.5 10 ' Isooctane n-Butyl thiol 2 p-Butane - 1.82° ' - m-Pentane ' 2
0.5 ;10 . -Benzene .n-Butyl thiol . 2 - n-Butane : .. 1.80 . "~ n-Pentane .: . 2
0.5 - 10 .  Isooctane Isobutyl thiol 4 : _Isobutane 3.76 n-Pentane 4
0.5° 10 Benzene Isobutylthiol = 4 Isobutane - 3.78 - “m-Pentane’ 4 -
0.5 .. .10 -Isooctane Dx-lsobutyl ‘4 ¢ Isobutane: ' 3.88 .. n-Pentane . -4
SN ;. o sulfide . e T SO A T L T
0.5 . 10 ‘Ben,zene _Thiophene 4 .n-Butane . 3.75 n-Pentane =~ 4
0.5 10 2 - n-Butane ‘ n-Pentane " 4 '

' 'Isooctane Thiophene

1.85

J . Chromatog., :36:(1968):429—439 .



434 R. STASZEWSKI, J. JANAK, T. WOJDALA
‘the retention times of the reaction products with the retention times of known hydro-
carbons. This procedure was deemed sufficient because of the sxmp11c1ty of the model
solutions used in this study. : :

~The content of the sulfur compound was arrived at, from the products of 11qu1d—
phase hydrogenolysis determined by 1nterna1 standardlzahon (cf. ref II), usmg the

relation
' ’A—g’ RMRsr Mx(
8= = 8¢ 47 RMRy M,

where g, is the weight of the internal standard in unit volume of the original solution
under analysis, A4’ is the peak area and RMR; the relative miolar response of the
resultant product from hydrogenolysis; 45" and RM R,y are the same quantities for
the internal standard used; and M, and M are molecular we1gths of the sulfur
compound and of the internal standard, respectively.

The content of the hydrogenolysis products from the gaseous phase was deter-
mined by comparison with calibration graphs. After transformation to the weight of
therespective sulfur compounds, the results obtained above were corrected by adding,
per 1 ml of the 11qu1d phase, such amount of the sulfur compound as determmed by

calculation.

mg/lnl)

Dzscusswn ' ' '
+From  the: data inFig. 1 it follows that:the hydrogenoly51s of tlnophene over

Raney nickel is ‘a process leadmg ‘to 'the comparatwely rapid dlsappearance of this
sulfur compound from its solution, when concentrations in the same range as are en-
countered in various hydrocarbon matenals and the above amounts of Raney nickel are
used.. In contrast to. MozINGO et al.3, we found thatthe 1eact10n proceeds to the desired
degree even at 1oom temperature, and thus. it is well sulted for analyt1ca1 purposes
A companson of, the shape of plots for ‘the rate of thlophene depletion -in
reactions carried out in isooctane or benzene showed (Fig. 1.) that at comparable'
starting, concentrations the behawour of thiophene in ‘these. solvents differs, to some
extent. In spite of both solvents pertammg to the same type of so-called aprotlc
solvents, the rate of thiophene depletion is higher in isooctane than in .benzene.
Previous opm1on on the influence of the solvent on the course of hydrogenolyms‘
reactions? ‘was that the reaction proceeded better in protic solvents (e.g. alcohols);
but: dlfferences have also been indicated, however, in the behav1our of aprotic solvents.
The experimental, ﬁndmg7 12 that the presence of unsaturated hydrocarbons, has ‘a
negative influence on the course of hydrogenolys1s should be mentioned here. The‘ '
cause of a lower reactron rate in benzene carn also be the higher tendency of this .
hydrocarbon to adsorb on a metal surface 1t would seem that tlns factor plays a
greater role in our case: : -
From what has been said above it follows that op1n1on on thlS pomt is far from :
bemg clear-cut and unanimous. An exact picture of ‘tle transformations occurrmg.. ;
can be: best obtained. by determmmg the order. and. rate constant ‘of the reaction.
However, the mechanismof a heterogeneous reaction and partlcularly the mechanism
of a catalytic reaction taking. Pplace on a surface possessmg chennsorptlve propert1es,',f”
is.intricate. and not easily understood “This is'also the.reason Why no kinetic equatxon o
1nvolv1ng the’ rates of all subsequent processes can be demved S

J .::..Chramatog-;,?36:'(1968) ;~’429‘-,,439
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Since thiophene, a compound very resistant in contrast to thiols, sulfides, and
similar sulfur' compounds, readily undergoes hydrogenolysis on Raney nickel, it
-would be expected that other sulfur compounds would react more read11y in this way.
This expectation has been confirmed. Both the thiols and sulfides’ stud1ed (Table III)
undergo hydrogenolysis to produce the respective hydrocarbons in y1e1ds conﬁrmmg
an unequivocal and quantitative reaction course. Occurrence of other compounds
in addition to the expected hydrocarbons has not been observed as can be 111ustrated
by the hydrogenolysis of di-isobutylsulfide (Fig. 2). ' ‘ B

However, the above statement only concerns compounds that have been studxed
in this paper. The question of unequivocal hydrogenolysis of such sulfur: compounds
that would produce radicals which would persist as 1ndependent entities or would
further react in one way or other, can be solved only after carrymg out further basm

studies.
STUDY OF THE VAPOUR-PHASE HYDROGENOLYSIS OF SIMPLE SULFUR COMPOUNDS

The results obtained in the liquid-phase reaction have confirmed that hydro-
genolysis could in practlce be used for quantitative determination of sulfur compounds.
The only difficulty is that sometimies the liquid and the gaseous phase of the reaction
mixture must:be a.nalyzed separately. The difficulties. tend to - .grow. in such cases
where highly volatile hydrocarbonsare produced, e.g. methane orethane. : " ‘

It seemed expedient to study hydrogenolysis in such a set-up as would allow
the hydrogenolysis products to enter immediately the analytical column of a gas
chromatograph.The principle of reaction gas chromatography, developed by DRAWERT
etal %,can be usedforsuchapurpose e ISP

F he reactor S . ,
The reactor is shaped as a. pre-column of a gas chromatograph 1t is 111ustrated

in Fig. 3. It has its own injection port-and:- hydrogen inlet.. It .can:be electncally
heated to a controlled temperature. The: pre-column is fitted. a.t the. end with an in-
jection needle which allows: it to.be-joined directly. to the injection block of -a gas
chromatograph,: by piercing its rubber septum.. Such a .construction. permlts .easy
sampling, both via the pre-column and directly, on to the analyt1ca1 column of the
apparatus.. Thus, operation: conditions .in the analytical column.can’ be malntamed
constant regardless of whether the sample passes through the reactor.or the latter is
by-passed. . e TR e IR

N.'mv '

Benzeae’(sa/venf)- R

b','-"'s T T s T 20 25

: __...z‘/me (min)
Fig. 2 Chroma.togram of di: 1sobuty1 ‘sulfide (4 mg/ml) in benzene model solutmn after reactlon
with Ra.ney nickel (squalane, 5o°, sample 1. /41) . . B TR T T

J. Chromatog., 36.(1968) 420-439
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I‘xg 3 Reactor layout I = injection port (sﬂlcone rubber septum) 2 = rcactm tube (go X 6 mm) H
3 = electric heatmg 4 = thermal insulation (asbestos cord) ; 5 == injection needle; 6 = mercury
‘thermometer in' contact with:the outer reactor tube wall; 7 = sampling port of the connected gas
chromatograph (silicone rubber septum); 8 = quartz. wool 9 = catalyst bed in reactor (Raney
mckel and statlonary liguid a.pphed to glass beads)

Prepamtwn of Raney mckel L _ N |
- The nickel was prepared and act1vated in the same way as has been descnbed

in the section Experimental. After decanting the last portion of isooctane, 5 ml of a
solution of #-hexadecane in isooctane (1.5 mg #-hexadecane/ro0 ml isooctane) was
added. To this slurry, 10 g of acid-washed glass beads (size 0.25-0.315 mm) were
added. The solvent level is' maintained so that the beads are continuously covered.
After ‘‘homogenization’’ the isooctane is evaporated. This can be done by heating .
the flask in warm water. The glass beads ‘serve as an inert support for the Raney
nickel and the n-hexadecane stationary liquid serves to bind the powdery catalyst -
to the supporting material and to- impair the: adsorpti'vity of the catalyst metal.:

~The packing material obtained in this manner is immediately poured into the
pre-column while passinig hydrogen at a moderate rate through thelatter. 7’re-column
conditioning is achieved by heating it in a stream of hydrogen for 4—5 hours at 100°
The pre-column temperature during actual analyses is maintained at g5°. i

After use, the pre-column must be contmuously purged w1th hydrogen or
else it will rapidly lose its activity. :

, “The analyses were carried out at a column temperature of 50 ,ata carner-gas
flow rate (H, -+ N, mixture) of up to 1.5 ml/sec, and at a hydrogen flow-rate through.
the reactor of up to 0.4 ml/sec. On these grounds, the ﬂow of hydrogen mto the
detector m1cro-burne1 was reduced : ‘ Sl

Dzscusswn » ' L ' ;
-In the  initial expenments Raney nlckel ‘was . apphed to powdered teﬂon“:_"

W1thout any 11qu1d statmnary phase. The results obta.lned however, have shown that "

T C'_hromatég-‘; 3-36*(19‘68) 429-430
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such a packing material readily adsorbs-hydrocarbons (Fig. 4a) Ra1smg the pre-
column temperature up to 200° was of no help in this problem. . :

The adsorptivity of Raney nickel was reduced. successfully by addmg a statlon-
ary phase. I-Ilgher alkanes ( -hexadecane, squalane) or Ap1e40n L were used for this
purpose. ' -

Tirst; it was: necessary to ﬁnd out- the necessary amount and type of phase to
be used. In: suppressmg ‘the. adsorptivity of'the nickel, slowing down of the course
of the hydrogenolysis is unavoidable due to'the layer of stationary. phase prolonging
the time necessary for a sulfur compound to diffuse through to the active surface
of the catalyst; the restoration of the hydrogen content on the catalyst surface is. also
-hampered in thls way ‘ : s :

my

- Hme (min) :

I‘xg ’.lhe influence of Raney nickel modification on the adsorption properties of reactor packing.
vInJected mxxture propane -+ iso-butane - xz-butane -+ #z-pentane; chromatographic column:
squalane at 30°..(a) Reactor packed with Raney nickel fixed on teflon at 100°. .(b) Reactor packed
with Raney mckel on ‘glass beads modified thh 50 mg n-hexadecane (per 1g Raney mckel and 108
glass beads) at ‘100° ( ) Reactor by-passed ‘ A ;

“The- stat1onary phases used for thls purpose were n-hexadecane, squalane, and
Apiezon L:"The: packmg material was prepared in such a way that the respective
stationary-phase was added to-a: mixture of Raney nickel and glass beads (1:10:by
weight) ‘in’ amounts’ gradually increasing from 25 to’ 400 mg. Each of :the. - packing
materials’ prepared in tlns way was. then 1nvest1gated at temperatures ranglng from
20°16200° : \ el

, Dven the smallest amount of stat1onary phase sufﬁced to reduce the adsorptlve
properties of the packing; at room: temperature; it did-not ‘however €liminate them
to a sufﬁc1ent degree. The conditions could be improved: by: raising’ the: temperature
and increasing the amount of stationary Phase: Stationary:liquid.in. .amounts of 50-150
mg/1 g Raney nickel’ and 10 g ‘glass ‘beads can be considered sufficient for practically
‘ehmmatmg adsorptlve properties of the catalyst (Fig: 4b) An increase in- the amount

s Chromatog =36, (1968) 429—439.



438 R. STASZEWSKI, J. JANAK, T. WOJDAEA
of stationary phase over 150 mg has no further influence on the state of affairs, except
to slow down the rate of hydrogenolysis. Apiezon L, #-hexadecane, and squalane give
similar results; with n-hexadecane or: squalane however the pr oportmn of stationary

phase can be decreased to some extent.. - ~ .
It has been found that, for hvdrogen_olvmq f 1_1ghlv volgtlle sﬁlf r compot unds

(b.p under 120°), there is an advantage in using n-hehadecane and keeping the pre-
column temperature at‘less than 100° . For sulfur compounds of medium volatility
(b.p. under 200°), squalane is well-suited for temperatures of 120-150°. With low
volatile sulfur compounds (b.p. abovei200°) the pre-column temperature should be
increased to 150-200° and Apiezon L should be used to modify the nickel. :

It was also necessary to investigate the influence of the time of residence in the
reactor of the sulfur compound on the yield of the hydrogenolysis process. Thio-
phene was again used as a model substance. In order to have something in hand,
the least appropriate phase was chosen (¢.e. Apiezon L) and this was added in a high,
i.e. less favourable amount (200 mg/x g Raney nickel and 10 g glass beads). At the
same time, the lower temperature limit (150°) suited for use of this phase was main-
tained. Thus, the conditions created were the least favourable of those recommended
for use. Under these conditions, 0.5 ml saturated thiophene vapour was injected,
thus mtroducmg an additional factor which can have a negatlve 1nﬂuence on’ catalyst
nnhvﬂ'v z.e. nxvsrpn from air.

The tlme of residence in the pre-column “of the compound subjected. to hydro-
genolys1s is, under otherwise stabilized conditions, dependent on the flow rate of
hydrogen through the reactor. This parameter was gradually changed over a range of
0.095-2.87 ml/sec. Up ‘to a hydrogen flow-rate of 2.0 ml/sec, no unreacted thiophene
has been found among the hydrogenolysis products. It only occurred among the.
products at rates higher than 2.87 ml/sec. After reducing the calculations to the time
of residence of thiophene in reactor, the lowest time limit found was 0.9 sec. It can be
assumed therefore that a tlme of re51dence in excess of I second w111 ensure the com-
plete reaction of thiophene. : : .

Vapour phase hydrogenoly51s under the cond1t1ons of reactmn gas. chlomato-
graphy has also been used to analyse the same solutions of model compounds as have

‘been used'in the first part‘of this paper. Identification of the products and quantltatwe
,‘calculatlons weremade’ by using the ‘procedure described therein. Theresults obtained do
‘not differ from those summarized in Table III, The procedure adopted for the vapour-
phase analyses has proved to be simple, together with their quantitative evaluation,
‘even-in such cases where hlghly volatile hydrocarbons appeared among the products.

“.Another positive feature is that neither. the character of the solvent nor that of
»the accompanymg hydrocarbons: have anything like so: 1narked an influence .on: the
;course‘ ofi hydrogenolysis, as has been encountered when carrying out the analysis
in theliquid phase. A favourable fact is that the vapour phase hydrogenoly51s takes -
place in a hydrogen atmosphere and also that mckel is present in a large excess over
kthe 1n]ected amount of sample.. : IR IR : -

- It éan be assumed that: the act1v1ty of the reactlon medlum w111 be 111ghe1 m
the gaseous rather:.than-in the liquid phase. With: this in.mind,.it is also necessary
‘to-consider:secondary: changes in-the hydrocarbon backbone formed by the desulfur-
ization of the original sulfur compound. This can.occur. espemally in such cases where
this backbone will-tend towards further hydrogenation. - L e R -
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CONCLUSIONS

The aim of the present paper has been to study the hydrogenolysis of sulfur
compounds over Raney nickel and to use this reaction for the. quantitative determina-
tion of these compounds, based on the type and amount of hyd1ocarbons produced
The study has been performed W1th model sulfur compounds of simple structure and
in presence of hydrocarbons, both in.the 11qu1d and gaseous, phases.. . . . -

It has been found that, with th1ophene, the rates, d1rect1on and y1e1ds of reac-‘
tions carried. out in both 11qu1d and gaseous phases permlt the use of the procedure
for analytical purposes . P R

- The reaction in the liquid phase is complete w1th1n 3—-5 m1nutes at room tein-
perature; its course was unequivocal and an equivalent amount of x#-butane was
produced. The only question to be solved yet is whether other sulfur compounds can
also be quantltatlvely determined in this manner. o S

It is convenient for analyt1cal purposes to carry out the gaseous phase reactxon
over Raney nickel under the conditions of reaction gas chromatography It has been’
found that the time necessary for complet1on of the reaction of, this compound on’
Raney nickel, in the gaseous phase, is less than one second. The Raney nickel must be
modified with a small amount of a stationary liquid (50—150 mg. n-hexadecane,
squalane or Ap1ezon L/xg nlclsel) in order to reduce catalyst adsorptivity. :

The results obtained in the present study form a basis for Workmg out appro-
priate analyt1ca1 methods for the estimation and determination of sulfur compounds
present in narrow crude-oil or coal-tar cuts. The hydrocarbons produced have con-,
siderably lower molecular weight relative to -that of the original sulfur. compound
and. appear early in the chromatogram wh1ch affords an. advantage especrally in
trace analysis. In some cases, the reactor can be 1nterposed even behind the analytlcal‘
column or at any location along the column which, undoubtedly, _w111 permlt ‘the
further extensmn of the suggested procedure | ' o ’
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