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One of the chief problems in upgrading shale oil is the presence
of inherent arsenic, which is known to poison downstream cata-
lysts. Highly dispersed transition metal sulfides formed in situ
from the decomposition of dithiocarbamate {DTC) complexes of
transition metals show excellent potential as dearsenation agents.
We have studied the reaction of these sulfides with various arsenic
compositions, and characterized the metal arsenides and arsenic
metal sulfides formed as well as the ease of their formation. Thus,
the reaction of bis(butyldithiocarbamato)Ni, (NiBuDTC), with
model compounds was very facile and gave NiAs, NiAsS, and
NiAs;_.S;. In general the effectiveness of the sulfides for dear-
senation followed the sequence Ni > Mo 3 Co, while iron sulfides
were totally ineffective. Based upon these results, tests where run
in autoclaves (as well as a fixed-bed flow-through unit) with Ni
BuDTC and shale oil having 73 ppm inherent As. Under optimum
conditions, dearsenation down to less than 1 ppm was ob-
tained.  © 1994 Academic Press, Inc.

INTRODUCTION

Upgrading of oil derived from oil shale is a very de-
manding and challenging task. In contrast to similar oils
from petroleum feeds, shale oil as well as other synthetic
liquids contains a high concentration of nitrogen relative
to sulfur. In the synthetic fuels category, shale oil is beset
with additional problems. Thus, shale oil obtained from
retorting oil shale contains a significant amount of fines,
which can be as high as 10% or more of the heavy oil. In
addition, depending upon the source, shale oil contains
10-100 ppm of arsenic both as oxides and as organic
complexes. Since arsenic is an acute poison for down-
stream upgrading catalysts, its concentration must be re-
duced to less than 1 ppm. Metal oxides and sulfides on
supports such as ALO, are used as adsorbents and reac-
tants (1) for arsenic compounds. Irreversible plugging
problems associated with fixed beds (2) in the presence of
significant amounts of fines are obvious. Therefore, for a
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viable process the material used for dearsenation should
not be affected by the presence of large amounts of fines.
Similarly, the disposal of spent guard beds which cannot
be easily regenerated poses significant toxicological and
environmental problems (3, 4).

As a prelude to studying the dearsenation of shale oils
we have studied the reactions involved in the synthesis of
As—Metal and As—Metal-S compounds by the interac-
tion of dithiolato complexes, primarily dithiocarbamates
(DTCs) of Ni, Co, Fe, and Mo. In another paper, the
decomposition of DTCs of Ni, Co, Fe, and Mo to give the
corresponding metal sulfides is described (5). This paper
presents the synthesis of As—Metal and As—Metal-S
compounds by the reaction of in situ formed metal sul-
fides with arsenic compounds as well as its application to
the dearsenation of shale oil.

EXPERIMENTAL

Kerosene was obtained from Exxon Baton Rouge re-
finery. For most of the work a shale oil obtained by re-
torting Colorado shale by the Paraho process (designated
here as Paraho shale oil) was used; it contained 73 ppm
As. In some cases shale oil obtained by the Exxon shale
retort process was also used, which contained 14 ppm of
arsenic. Arsenic(II) oxide and phenylarsonic acid were
obtained from Alfa Products. Arsenic metal powder was
purchased from Cerac, and tributylarsine was obtained
from Pfaltz & Bauer.

Dioxobis{dibutyldithiocarbamato)molybdenum
(MoO;DiBuDTC) was prepared according to the method
of Singhal (6). Metal DTCs other than Mo were prepared
by one of the general methods given in the review by
Coucouvanis (7) or as described by Singhal er al. (8). All
the complexes were crystallized from suitable solvents to
give compounds with sharp meiting/decomposition
points. All the compounds gave acceptable elemental
analyses, and their physical characterization by IR spec-
troscopy or H' NMR was consistent with the structure.
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Abbreviations Used for Dithiolato Complexes

Compound name Abbreviation

Compound name Abbreviation

Bis(N-butyldithiocarbamato)Ni NiBuDTC
Bis(butylxanthato)}Ni NiBuX
Dioxobis(dibutyldithiocarbamato)Mo MoO,DiBuDTC

Procedure

Reactions aimed at studying the synthesis of metal ar-
senides and arsenic metal sulfides were carried out in a
300-ml stirred autoclave. Mixtures of transition metal
DTC, arsenic model compound, and solvent were al-
lowed to react under different conditions. Details of the
experimental conditions are given in Tables 1 and 2. Af-
ter the experiment, the residue was collected by filtra-
tion, washed with a suitable solvent, dried, and analyzed
by X-ray diffraction. Experiments aimed at dearsenation
of shale oil were carried out either in a 300-ml stirred
autoclave or in a small continuous flow-through unit. As
given in Table 3, a few experiments to ascertain the effect
of actual shale fines on dearsenation were also carried
out. In dearsenation experiments, arsenic in solution was
analyzed by X-ray fluorescence.

RESULTS AND DISCUSSION

Dithiolato complexes of Ni, such as DTCs or xan-
thates, are very etfective in reacting with arsenic model
compounds as well as with the arsenic compounds
present in shale oil. During initial heatup, decomposition
of NiBuDTC produces the active catalyst NiS. This sul-
fide effectively scavenges a variety of arsenic compounds
to give gersdorffite, NiAsS. This reaction takes place
both in N, and in H, environment. In H; atmosphere,

Bis(N, N-dibutyldithiocarbamato)Ni NiDiBuDTC
Tris(N, N-dibutyldithiocarbamato)Fe FeDiBuDTC
Tris(NV, N-dibutyldithiocarbamato)Co CoDiBuDTC

gersdorifite reacts further to give niccolite. NiAs, and
H,S. However, if excess arsenic is present, an arsenic-
rich form of gersdorffite (NiAs;—,Sy) is formed. These
transformations are given in Fig. 1 as well as in Table 1.
As shown in Fig. 2, the effective utilization of nickel
depends on the Ni/As ratio. A system with excessive
Ni present will form Ni;;Asz (maucherite) and Ni;Sg¢
(godlevskite), whereas a system deficient in nickel can
yield NiAs; (rammelsbergite).

The complexes of other metals, Mo, Co, and Fe also
decompose in a similar way to give molybdenite (MoS,),
CoSy, and pyrrhotite (Fe;_.S), respectively. These
results are presented in Table 2. The molybdenite formed
from MoQO,DiBuDTC is very effective in removing many
forms of arsenic. However, the molybdenum arsenides
are formed as amorphous compounds and thus could not
be characterized by X-ray diffraction. Elemental analysis
of the product showed it to be composed primarily
(>95%) of Mo and As. Several molybdenum arsenides,
including MoAs; and MosAs, have been reported (9).

In the case of CoSy from CoDiBuDTC, CoAsS was
formed in the presence of arsenic compounds under auto-
clave conditions. No evidence for its reduction in hydro-
gen to form cobalt arsenide was found.

As shown in Table 2, the pyrrhotite formed from FeDi
BuDTC did not react with arsenic compounds under au-
toclave conditions. It should be pointed out that in the
absence of sulfur compounds both iron and iron oxalate
react with arsenic compounds to give iron arsenides:

TABLE 1
Reaction Products from NiBuDTC with Arsenic Compounds?
Run NiBuDTC Amount Gas Pressure Time
no. (g) As compound (g) T°F) used (psig) (Hr) Products obtained
1 3.552 As,03 1.001 550 N, 500 2 NiAsS
2 8.901 As;0; 1.000 550 N, 500 2 NiAsS, Ni§
3 8.913 As,0 1.002 550 H, 1000 2 NiAsS, NiS, NiAs
4 2.660 As,(Os 0.730 650 H, 500 1 NiAsS, NiAs
5 1.320 AsyO, 0.370 650 H, 1000 1 NiAs
6 5.610 Bu;As 3.694 650 H; 500 3 NiAsS
7 1.320 As 0.280 650 H, 500 1 NiAsS
8 2.110 As,0, 0.200 650 H, 1000 2 NijAsg
9 2.213 PhAsO.H 1.005 600 H. 500 2 NiAs

¢ In all the runs 60 g of kerosene was used.
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* Thermal Decomposition Forms Finely Divided Metal Sulfides

Bu\ %S.'- ./S\
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i 650°F
—» NiS
1000 PSIG
Hy

Ni7Sg (godievskite)

Bis(N-butyl dithiocarbamsto)Ni = NiBuDTC

* Metal Sulfides React with Arsenic Species to Produce Metal Arsenide Compounds at 550-650°F

NiS + [As]* —» NiAsS (gersdortfite}
W2 NiAs + HpS  (niccolite)
N 4%'
No Reaction «—2—  NiAsS 3
lAgf NiAsg xSy  (As-rich gersdortfite)

*‘[AB] = Aag0n, As5y, As, Phenylarsanic Acid, Tributylarsine

FIG. 1.
1000 psi H .
2Fe + As,(O; —2 2, 2 FeAs (westerveldite)
2 hr, 65(°F
1000 psi H4 . .
FeC,0, + As:04 71—3‘ FeAs; (loellingite).
r, 650°F

However, as is well known, shale oil contains significant
amounts of sulfur compounds. Similarly, in the absence
of sulfur compounds, cobalt acetonylacetonate reacts
with arsenic to form CoAs.

Co(II) (acac), + 1/2 As,0, ﬁ-» CoAs (modderite).
r, 65

Using NiBuDTC as the catalyst, the effect of tempera-
ture and time on arsenic removal from Paraho shale oil
was measured. These results are presented in Fig. 3. It is
clear that dearsenation is temperature dependent be-
tween 550 and 675°F. The effectiveness of NiBuDTC in

* Nickel-Deficient Arsenides

NiS + [As] —» NiAsS ﬁ: Nifssy S, 123, Nias,
H
2 NiAs -l'ﬂb NiAsg  (rammelsbergite)

* Near-Stoichiometric Ni/As

Ni+ [As] —» NiASS === NiAs +HyS (niccolite)

* Nickel-Rich Arsenides
- Reaction pathway undefined

1.0 - 1.4 NitAs
1.0 1.4 Nifke
NiS + [As]
1.4-3.0 NUAs
[12-3.0NVAs

FiG. 2.

NiAs + NijjAsg  (maucherita)

Nij1Asg . Ni7Bg  (godlevskite)

Dependence of Ni utilization upon Ni/As ratio.

Reaction of in situ formed NiS with arsenic compounds.

removing arsenic is not impaired by the presence of large
quantities (~10%) of mineral fines in the shale oil. Since
shale oil produced by retorting contains significant
amounts of fines, this property is critical for any effective
material. As shown in Table 3, NiBuDTC shows similar
dearsenation of shale oil in the presence or absence of
high fines loading from two different oil shales.

CONCLUSIONS

Dithiolato metal organic complexes offer a unique
method for dearsenation of shale oils. Competitive exper-
iments show that the order of activity for the metals is
NiS > MoS, > CoS, » Fe,_,S (ineffective). From experi-
ments using Fe complexes, no iron arsenides or iron arse-
nic sulfides were observed, indicating low reactivity of
iron sulfides for scavenging arsenic compounds from
shale oil. The inactivity of iron sulfides is surprising in
view of the suggestions made for the association of arse-
nic and iron sulfide minerals (10, 11). Experiments with

TABLE 2
Reaction of Other Metal Organic Complexes with As,0;°

Run no. Metal organic complex As compound Products formed
10 Mo0O,DiBuDTC As; 0, MoAs,; or MosAs,
11 CoDiBuDTC As,0, CoAsS
12 NiBuX As,0; NiAsS
13 NiDiBuDTC AsyO, NiAsS
14 FeDiBuDTC As;0, Fe,_,S, As®

@ All the runs were carried out in a 300-m] stirred autoclave at 650°F
under 1000 psig H; for 2 hr in 60 g of kerosene.
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FIG. 3. Effect of temperature and time on arsenic removal. Feed,
Paraho shale oil; catalyst, NiBuDTC; pressure-1000 psig H,.

TABLE 3
Dearsenation of Paraho Shale Qil with NiBuDTC in the
Presence or Absence of Fines®

Run Weight of ppm As %

no. Descrption of shale fines fines (g) in product Dearsenation
15 None 1.6 97.8

16 Kerosene Creck shale fines 10 1.1 98.4

17 Colorado shale fines 10 2.55 96.5

9 All the runs were carried out with 100 g of Paraho shale cil, 1 g of
NiBuDTC, and 0.5 g of CS,, at 600°F for 2 hr under H, pressure of 500
psig.
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NiBuDTC clearly demonstrate that the reactions of the
dithiocarbamate with arsenic compounds present in shale
oil are not hindered by the presence of solids such as
shale oil fines; even at 600°F the arsenic levels in shale oil
were reduced from 73 ppm to 1-2 ppm. Flow-through
dearsenation results were almost identical to the results
given for autoclaves. In view of this observation, this
process should be considered as a viable approach for
shale oil dearsenation.
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