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10 Claims. (C. 208-216) 

This invention relates to the conversion of hydrocar 
bon fractions, particularly petroleum fractions, boiling 
above 150° C., and a principal object of the invention 
is to provide a process by means of which the cloud 
point, pour point or freezing point of Such fractions 
may be lowered. It is also an object to desulphurise hy 
drocarbon fractions containing sulphur simultaneously 
with the reduction in cloud, pour or freezing point. 

According to the invention a hydrocarbon fraction boil 
ing above 150° C. is contacted in the presence of hydro 
gen with a catalyst comprising a group VIa metal, a re 
fractory oxide support and boron at a temperature of at 
least 700°F. but below that at which substantial cracking 
occurs, a pressure of at least 100 p.s.i.g. and a space 
velocity not exceeding 8.0 v./v./hr. and a product boiling 
above 150° C. having a pour point at least 5 F. lower 
than the pour point of the feedstock is recovered, the 
temperature and pressure being correlated to give said 
lower pour point. 

in the drawings: 
FiG. 1 is a graph showing the effect of boron content 

and treating temperature on the pour point reducing ac 
tivity of cobalt oxide-molybdenum oxide-alumina catalysts 
in the treatment of a hydrocarbon fraction according to 
the invention; and, 

FIG. 2 is a graph showing the effect of boron content 
and treating temperature on the desulphurization activity 
of cobalt oxide-molybdenum oxide catalysts in the treat 
ment of a hydrocarbon fraction according to the invention. 

For the purposes of the present specification substantial 
cracking is understood to occur, when more than 20% 
wt. of the feedstock is converted to material boiling be 
low 150° C. Preferably not more than 15% wt. of the 
feedstock is so converted. 
The term “fraction” as used in this specification includes 

both fractions which are distillable at normal or reduced 
pressure, for example, gas oils and waxy distillates and 
also residues and portions thereof, for example deasphalted 
residues. Particularly suitabie fractions for use as feed 
stocks are distillate fractions boiling within the range 150 
to 450° C. and more particularly within the range 250 to 
450° C. 
The feedstock to the process may be substantially Sul 

phur-free having for example less than 0.1% wt. of Sul 
phur, but according to a preferred embodiment the feed 
stock contains 0.1% wt. or more of sulphur, the process 
effecting simultaneous desulphurisation as well as a reduc 
tion in cloud, pour, or freezing point. 

If desired a part only of a particular fraction may be 
treated by the process according to the invention and the 
resulting product blended with the untreated portion to 
give a final product of reduced pour point. 
Some lower boiling material is likely to be produced by, 

for example, dehydrogenation, desulphurization and/or 
cracking and since the desired product boils above 150 C. 
this may be separated from the product, preferably by 
fractionation. 
The boron content of the catalyst may be from 1 to 

20% wt. by wt. of total catalyst but according to a par 
ticularly preferred embodiment the boron content is from 
3-7% wt., preferably 4-6% wt. 
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This is because the degree of pour point reduction 

reaches its maximum within this range of boron contents, 
greater or lesser amounts giving a lesser degree of pour 
point reduction. This optimum content of boron is not 
related to the desulphurisation activity, and the desul 
phurisation activity declines steadily as the boron content 
increases from 0 to 7% wt. When deciding the most de 
sirable boron content for any particular operation, there 
fore, the relative extents to which desulphurisation and 
pour point reduction are required should be considered. 
The temperatures normally used to obtain pour point re 
duction are, however, those which favour desulphurisa 
tion so that in practice it is likely that adequate desulphur 
isation will be achieved with boron contents within the 
range 3 to 7% wt., except in the case of feedstocks which 
are particularly difficult to desulphurise. 
The refractory oxide support may be selected from the 

refractory oxides of metals of groups II, III, and IV of 
the periodic table. The preferred refractory oxide is 
alumina and the support may consist wholly of alumina 
or a mixture of refractory oxides having a major pro 
portion of alumina and a minor proportion, preferably 
from 5-25% wt., of one or more other refractory oxides 
of metals of groups II, III, and IV. Examples of Suit 
able supports thus include alumina, silica/alumina, titania/ 
alumina, zirconia/alumina and beryllia/alumina. 
The group VIa metal is preferably in the form of an 

oxide or sulphide. The catalyst may also contain a group 
VIII metal, preferably in the form of an oxide or sulphide, 
in addition to the group Via metal. The presence of a 
group VIII metal is particularly desirable if it is desired 
to desulphurise as well as to reduce the pour point. The 
preferred group VIa metal is molybdenum and the pre 
ferred group VIII metal is an iron group metal, particular 
ly cobalt. The molybdenum may be present in from 
5 to 40% wt., calculated as the oxide MoC3, by Weight of 
total catalyst and the iron group metal from 0.1 to 10% 
wt., calculated as the divalent metal oxide, by Weight of 
total catalyst. A particularly preferred catalyst contains 
the oxides of cobalt and molybdenum (as such, or in com 
bined form, or both). 

Active catalysts can be prepared using any convenient 
known technique, for example by the techniques generally 
known as co-precipitation, impregnation or milling. It 
has been found however that it is preferable to incorporate 
the boron at an early or intermediate point in the catalyst 
preparation rather than subsequently to impregnate the 
pre-formed catalyst particles. Preferably the boron is in 
corporated into a hydrogel of the hydrated refractory ox 
ide. The group VIa metal and group VIII metal if used 
may be added subsequently by impregnation of the pre 
formed support, but they are also preferably added to the 
hydrogel. 
The boron may be added initially in the form of a 

boron compound for example in the form of a decompos 
able salt or in the form of an oxide or oxyacid. After 
calcination of the catalyst, the boron is believed to be in 
the form. of boron oxide. Compounds used for adding 
the group VIa metal and the group VIII metal if used may 
be those conventionally used. 
The catalyst may be employed as a fixed bed, a mov 

ing bed on a fluidised bed. 
An essential requirement to obtain pour point reduc 

tion with any given catalyst and operating conditions em 
ployed is a correlation of temperature and space ve 
locity. In general the higher the temperature, the highes' 
the space velocity that can be employed, the upper limit 
of temperature, at any given space velocity, being deter 
mined by the amount of cracking occurring. The feed 
stock used, the activity of the catalyst used and the re 
duction of pour point required should also be taken into 
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account when selecting the process conditions. When 
treating the heavier feedstocks, for example, the op 
erating conditions may be more severe (i.e. conditions 
of higher temperature and/or lower space velocity) than 
when treating lighter feedstocks. When using a more ac 
tive catalyst, for example one having from 4-6% wt. of 
boron, less severe conditions may be used, an equivalent 
reduction in pour point being obtainable at a lower ten 
perature and/or higher space velocity. In practice the 
temperature will not normally exceed 950 F. and it is 
preferably at least 750 F. and may be at least 800 F. 
The pressure may be from 100 to 1500 p.s. i.g. and the 
hydrogen:hydrocarbon mole ratio from 1:1 to 20:1. In 
practice the space velocity will not normally be less than 
0.1 v./v./hr. and it is preferably from 0.5 v./v./hr. to 
5.0 v./v./hr. 
The process may be operated with or without a net hy 

drogen consumption. A net hydrogen consumption is gen 
erally favoured by increase in pressure, and for any 
given temperature and space velocity the pressure at which 
the hydrogen consumption and hydrogen production are 
in balance is known as the equilibrium pressure. It is 
generally preferred to operate at or above this pressure 
because this results in an increase in the on stream time 
before catalyst regeneration or replacement is necessary. 
Another advantage of this type of operation is, for exam 
ple, that when processing feedstocks such as gas oils for 
the production of diesel oils reduction of the diesel index 
is minimized or avoided. The principal advantages of op 
erating below the equilibrium pressure are that a reduc 
tion in the specific gravity of the distillate is minimised 
or avoided, and that hydrogen is produced, this hydro 
gen being then available for use in other hydrogen-con 
suming processes. 

Operation of the process using a fixed bed of catalyst 
is carried out in the normal manner, which is to increase 
the temperature gradually as the run continues in order 
to maintain the quality of the product at the desired 
level. 
The process of the present invention will normally 

lower all the three points specified viz. cloud point, pour 
point and freezing point. Which point is taken as the 
criterion for any particular operation will depend on the 
feedstock used and the use to which the product is to be 
put. The freezing point is normally only of importance 
with the lower boiling feedstocks. 
The invention is illustrated by the following examples: 

EXAMPLE 1. 

Alumina Preparation 
1500 g. of aluminium nitrate was dissolved in 2 1. of 

de-ionised water and stirred for 30 mins. 780 ml. of 
0.880 ammonia was added with continued stirring and a 
hydrogel was formed with a pH of 8.5. This mix was 
stirred a further 2 hrs., then aged in an oven at 70° C. 
for 16 hrs. After ageing, the hydrogen was filtered to 
a cake, the cake then reslurried with 2 i. of de-ionised 
water, stirred for 30 mins, and again filtered; this wash 
ing with de-ionised water was repeated twice more. The 
washed hydrogel was dried for 2 hrs. at 100° C., and 
calcined for 2 hrs. at 550° C. The calcined material 
was then pelleted to pellets of v8' x 6' dimensions. 
The pellets were calcined at 550° C. for 2 hrs. 

Impregnation of the Pellets 
100 g. of the pellets prepared as above were impreg 

nated with a solution of 11.63 g. of ammonium molybdate 
dissolved in 55 ml, hot de-ionised water. The pellets 
were allowed to soak in this solution for 1 hr. before 
drying at 100° C. for 2 hrs. and calcining at 550° C. for 
2 hrs. 
The pellets were then impregnated with a solution of 

12 g. boric acid dissolved in 55 ml. hot isopropyl alcohol, 
The pellets were allowed to soak in this solution for 1 
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4. 
hour before drying at 100° C. for 2 hrs. and calcining 
at 550° C. for 2 hrs. This impregnation was repeated 
twice more using the same quantities of boric acid and 
isopropyl alcohol. The pellets were dried at 100° C. for 
2 hrs. and calcined at 550° C. for 2 hrs. after each in 
pregnation. 
The composition of the finished catalyst was: 

Molybdenum oxide (expressed 
as MoC3).------------------ 9% wt. 

Boron oxide (expressed as B2O3)- 18% wt. (equivalent 
to 5.6% wt. boron), 

Alumina--------------------- Balance. 
Use of the Catalyst 

The catalyst was tested for pour point reducing activity 
using as feedstock a desulphurised heavy gas oil having 
an ASTM boiling range of 298–395 C., a cloud point 
of -60 F. and a pour point of --50 F. The process 
conditions used were: 
Pressure----------------- 500 p.s. i.g. 
Space Velocity------------ 1.0 v./v./hr. 
Once-through gas rate.----. 5000 s.c.f. of H/b. 
Temperature------------- 775, 800 and 825 F. 
Duration---------------- 4 hours at each temperature. 
At the conclusion of the first test period (using all 

three temperatures) the catalyst was regenerated. The 
initial regeneration gas contained 2% oxygen and the re 
mainder inert gas and the final treatment was with neat 
air. Throughout the regeneration the temperature of the 
catalyst was kept below 550° C. After the regenera 
tion the catalyst was tested again with the same feed 
stock and under the same conditions, then regenerated 
again and tested again. 
The results obtained are given in Table 1 below. 

TABLE 

Activity Test 
Temperature 

Catalyst Feed 
stock. 

775o 8000 8250 
o F. o F. o F. 

Cloud Point, --24 --26 --26 --60 
Fresh Catalyst o F. 

- - - - - - - - - - - - Pogroint, --20 --20 --10 --50 

Cloud Point, --30 --28 -20 -------- 
After 1st regeneration.----- F. 

PE Point, --20 --20 --15 -------- 
Cloud Point, --32 - 26 --26 -------- 

After 2nd regeneragion.--- Pof Point --25 --20-15 
give - 1 v v -------- 

Similar results to those given in Table 1 were also ob 
tained with a catalyst consisting of 10% wt. molybdenum 
oxide, 9.4% wt. boron oxide (equivalent to 3% wt. boron) 
and the balance alumina. 

EXAMPLE 2 

A catalyst containing 1.84% wt. cobalt, 10% wt. mo 
lybdenum and 5% wt. boron on a base of alumina was 
prepared in a similar manner to the catalyst described in 
Example 1. 
The catalyst was used to treat a gas oil having an 

ASTM boiling range of 250 to 360° C., a sulphur con 
tent of 1.2% wt., a pour point of -15° F. and a cloud 
point of --18 F. under the following conditions: 
Pressure ----------------------------p.s.i.g.- 600 
Space velocity----------------------v./v./hr.-- 1.0 
Hydrogen:hydrocarbon mole ratio-------------- 7.5:1. 
Temperature -------------------------- ° F 750 
The product, after processing for 50 hours on stream, 

had a Sulphur content of 0.01% wt., a pour point of 0° 
F. and a cloud point of 5 F. 



3,125,507 
5. 

EXAMPLE 3 
Preparation of Catalysts 

2030 g. of aluminium nitrate was dissolved in 2.5 . of 
deionised water and stirred for 30 minutes. 1040 ml. 
of 0.880 ammonia was added with continued stirring and 
a hydrogel was formed with a pH of 8.5. This mix was 
stirred a further 2 hours, then aged in an oven at 70 C. 
for 16 hours. After ageing, the hydrogel was filtered to 
a cake, the cake then reslurried with 2.5 1. of de-ionised 
water, stirred for 30 minutes and again filtered; this wash 
ing with de-ionised water was repeated twice more. 
The cake of hydrogel was divided into 4 equal portions 

which were treated as follows: 
Catalyst A-A solution was made up by dissolving 

19.3 g of ammonium molybdate in 50 ml. of de-ionised 
water and to this was added a solution of 9.8 g. cobaltous 
nitrate dissolved in 20 ml. de-ionised water and the mixed 
solutions slurried with one portion of the alumina hydro 
gel. The mix was then dried at 110 C. for 16 hours, 
calcined for 2 hours at 550° C. and the calcined material 
pelleted to form v8' xys' pellets. 
The calcined pellets were then impregnated with a 

solution of 24.3 g of boric acid dissolved in 100 ml of 
de-ionised water. The impregnated pellets were then 
dried at 105° C. for 2 hours and calcined for 2 hours at 
550° C. 

Catalyst B-A second portion of the alumina hydro 
gel was slurried with a solution of boric acid made up 
by dissolving 24.3 g. boric acid in 100 ml of de-ionised 
water. The mix was then dried at 110° C. for 2 hours 
and calcined for 2 hours at 550 C., the calcined mate 
rial was formed into /8" x %' pellets, which were then 
impregnated with a solution made up by dissolving 19.3 
gammonium molybdate in 50 ml. of de-ionised Water 
and mixing this solution with a solution of 9.8 g. cobal 
tous nitrate dissolved in 20 ml. de-ionised water. The 
impregnated pellets were dried at 105 C. for 2 hours 
and calcined for 2 hours at 550 C. 

Catalyst C.-A further portion of the alumina hydro 
gel was slurried with 24.3 g. boric acid dissolved in 100 
ml. de-ionised water and stirred for 15 minutes, after 
which 19.3 g of ammonium molybdate dissolved in 50 
ml. de-ionised water was added and stirred in; 9.8 g. of 
cobaltous nitrate dissolved in 20 ml. de-ionised Water 
was then added and the whole mix stirred for 2 hours, 
before drying at 110° C. for 16 hours, calcining for 2 
hours at 550° C. and then forming into /8' x %' pellets. 

Catalyst D.-The final portion of alumina hydrogel 
was slurried with solutions of boric acid, ammonium 
molybdate and cobaltous nitrate in the same proportions 
and manner as for catalyst C and after drying the mix at 
100° C. for 16 hours it was pelleted to /8' x 78' pellets 
before calcining at 550° C. for 2 hours. 
The composition of each of the finished catalysts was: 

Percent wt. 
Molybdenum (expressed as MoCs)------------- 15.75 
Cobalt (expressed as CoO)------------------- 2.54 
Boron (expressed as B2O3).-------------------- 12.73 
Alumina --------------------------------- Balance 

Testing of the Catalysts 
Each catalyst was tested for pour point reducing activ 

ity using as feedstock a desulphurised heavy gas oil hav 
ing an ASTM boiling range of 298–395 C., a cloud point 
of --60 F. and a pour point of +50 F. The process 
conditions used Were: 

Pressure----------------------- 500 p.s.i.g. 
Space velocity-----------------. 1.0 v./v./hr. 
Once-through gas rate----------- 5000 s.c.f./b. of H2. 
Temperature------------------- 775, 800, 82.5° F. 
Duration---------------------- 4hr. at each temp. 
The results of these tests are given in Table 2. 
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TABLE 2 

Activity Test 
Temperature Feed Catalyst 

A. {S} Point, F---- 
- - - - - - - - - - - - - Pour Point, F----- 

B (Sieg Point, F 
- - - - - - - r - - - - - Pour Point, F----- 

C (Sail Point, F---- 
- - - - - - - - - - - - - Pour Point, F----- 

D (Sits Point, F---- 
- - - - - - - - - - - - - Pour Point, F----- 

These data show that a wide variety of techniques can 
be employed for preparing active catalysts. However, it 
is clear that the activity of the finished catalyst can be 
greatly affected by the particular technique employed 
and that of the four techniques described, that for cata 
lyst D is preferable. 

Example 4 
A desulphurised gas oil had the following inspection 

data. 

Specific gravity at 60 F./60 F---------------- 0.850 
ASTM distillation: 

IBP, C------------------------------- 146 
10% vol. recovered at C---------------- 278.5 
50% vol. recovered at C---------------- 333 
90% vol. recovered at C---------------- 371 
FBP, C------------------------------ 391 

Sulphur, percent wt-------------------------- 0.08 
Cloud point, F----------------------------- 60 
Pour point F------------------------------ 50 

Portions of this feedstock were treated to reduce their 
pour point under the following conditions: 
Temperature, F--------------------- 775, 800, 825 
Pressure, P.Sig----------------------------- 500 
Space velocity, V./v./hr----------------------- 1.0 
Once through gas rate, s.c.f. of H2/b------------ 5000 

12 runs were carried out using cobalt oxide-molyb 
denum-oxide-alumina catalysts having different boron con 
tents within the range 0–7.2% wt. and the results obtained 
are shown on the accompanying graph, FIGURE 1. The 
results show a clear optimum content of boron of about 
5% wt. for maximum pour point reduction. 

Other characteristics of the catalysts were also varied. 
Thus the cobalt content varied from 1.2 to 2.6% wt., the 
molybdenum content from 7.2 to 15.2% wt., and both 
/8' pellets and 8-12 mesh granules were used. This re 
sulated in some slight departures from the curves shown 
in FIG. 1, but the trend was not in any way affected, in 
dicating that the contents of cobalt and molybdenum and 
the form of the particles were not critical in determining 
the extent of pour point reduction. 

Similar trends and curves were found for the relation 
ship between boron content and cloud point reduction. 

Example 5 
A series of experiments similar to those of Example 3 

was carried out to investigate the effect of boron content 
on the desulphurisation activity of cobalt oxide-molyb 
denum oxide catalysts. The feedstock used was a straight 
run gas oil having the following inspection data. 
Specific gravity at 60 F./60 F---------------- 0.850 
ASTM distillation: 

IBP, C------------------------------- 232 
10% vol. recovered at C---------------- 263.5 
50% Vol. recovered at C---------------- 289 
90% vol. recovered at C---------------- 331 
FBP: C------------------------------ 359 

Sulphur, percent wt.-------------------------- 1.25 
Cloud point, F---------------------------- 18 
Pour point, F----------------------------- 15 
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The process conditions used were: 
Temperature, F-------------------- 630, 680, 730 
Pressure, p.S.i.g------------------------------ 500 
Space velocity, V./v./hr---------------------- 5.0 
Once through gas rate, s.c.f. of H2/b------------ 1000 
Again a variety of catalysts were tested having boron 

contents ranging from 0–7.2% wt. and the results ob 
tained are shown in the accompanying graph, FIG. 2. 
The results show the decreasing desulphurisation activ 

ity with increasing boron content and the increasing de 
gree of desulphurisation with increase of temperature. 
At the preferred operating temperatures of above 750 F. 
for pour point reduction it is clear that a high degree of 
desulphurisation would occur even with 7% wt. of boron. 
As would be expected, the degree of desulphurisation 

tended to increase with increase in the content of cobalt 
and molybdenum and with decrease of the size of the 
catalyst particles. 
No reduction in the cloud or pour point of the feed 

stock was obtained in any of the experiments. This illus 
trates the necessity of correctly correlating the tempera 
ture and space velocity, a space velocity of 5 v./v./hr. 
being too high at temperatures of 730 F. or below to 
obtain cloud or pour point reduction. 
We claim: 
1. A process for the treatment of distillate petroleum 

fractions boiling within the range 150-450° C. to lower 
the pour point at least 5 F. without material reduction 
in the specific gravity and diesel index of said distillate 
fractions, comprising contacting the distillate fraction as 
feedstock in a treating zone and in the presence of hydro 
gen with a catalyst comprising a group VIa metal, a re 
fractory oxide support, and from 3-7%, by weight of 
total catalyst, of boron, the hydrogen to hydrocarbon 
mole ratio being from 1 to 1 to 20 to 1; maintaining a 
selected temperature and a selected space velocty in Said 
zone, said selected temperature in said Zone being main 
tained at least about 750 F. but not higher than about 
950 F. and being a temperature at which, at said selected 
space velocity, not more than 20% wt. of the feedstock 
is converted to material boiling below 150° C. and said 
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selected space velocity being at least equal to the space 
velocity at which at said selected temperature not more 
than 20% wt. of the feedstock is converted to material 
boiling below 150° C. but not exceeding 8.0 v./v./hr.; 
maintaining a selected pressure in said zone in the range 
of 100-1500 p.s. i. ga., said selected temperature and said 
selected space velocity being correlated to reduce the 
pour point of the feedstock such that the pour point of 
the material of the treated distillate fraction boiling above 
150° C. is at least 5 F. lower than the pour point of the 
feedstock, and recovering the treated distillate fraction. 

2. A process as claimed in claim 1 wherein the frac 
tion contains at least 0.1% wt. of sulphur. 

3. A process as claimed in claim 1 wherein the cata 
lyst contains from 4 to 6% wt. of boron by weight of 
total catalyst. 

4. A process as claimed in claim 1 wherein the group 
VIa metal is molybdenum, present in an amount calcu 
lated as the oxide MoOs, of from 5 to 40% by weight 
of total catalyst. 

5. A process as claimed in claim 1 wherein the catalyst 
contains also a group VIII metal. 

6. A process as claimed in claim 5 wherein the group 
VIII metal is an iron group metal, present in an amount, 
calculated as the divalent metal oxide, of from 0.1 to 10% 
wt., by weight of total catalyst. 

7. A process as claimed in claim 6 wherein the iron 
group metal is cobalt. 

8. A process as claimed in claim 1 wherein the refrac 
tory oxide support is alumina. 

9. A process as claimed in claim 1 wherein the refrac 
tory oxide support is a mixture containing a major pro 
portion of alumina and a minor proportion of at least 
one other refractory oxide of a metal selected from groups 
II, III and IV of the periodic table. 

10. A process as claimed in claim 1 wherein the space 
velocity is from 0.5 to 5 v./v./hr. 
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