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pressure sufficient to accomplish the above purpose and are then pumped

out of the well for re-processing. However such removal is not usually

complete and at least a portion of the crude extracted from the well will be
20 contaminated by the phosphate derivatives.

The frac fluids may also be contaminated by metal values which are
also present in many phosphate-containing gelling agents and the removal
of such metal values is desirable since they can poison catalysts used in
subsequent refining components of the refinery or be deposited in the

25 equipment used to further process the oil. The phosphate contaminants are
particularly undesirable since they are often in an acidic form or a
polymerized form that either lead to corrosion damage to distillation or other
refining equipment in an oil refinery uniess expensive stainless steel
materials are used, or cause the deposition of gummy residues that interfere

30 with the efficient operation of the refinery components.

The "sweetening" of an oil, that is the removal of sulfur-containing
contaminants such as mercaptans, is carried out by an oxidation process

conducted in an alkaline environment. A desirable preliminary to such a
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15 Summary of the Invention

The absorbent media of the invention comprise from 50 to 96% by
weight of alumina and from 50 to 4% by weight of alkaline earth metal
oxides selected from calcia and magnesia in CaO:MgO proportions by
weight of from 90:10 to 50:50, and have a BET surface area of at least 100

20 m2/gm..

The term "absorbent" as used herein is intended to cover activities in
which an impurity in a hydrocarbon flow is physically trapped within the
pores of the medium, adsorbed on to the surface of the pores of the
medium, or reacts chemically with the material of the medium to produce

25 components that are not further transported by the flow of which the impurity
was a component.

The proportions of the components are calculated of the basis of the
weights of components added initially stoichiometrically adjusted to the
oxides that remain after firing to produce the media of the invention.

30 In general terms this gives a reasonably accurate translation as can be seen

from the following chart.
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change very significantly when going from the precursor materials to the final
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The media can have any desired shape depending on the application.

15 They can for example be in the form of short rods or pellets, hollow
cylinders, rings, saddles and the like. A particularly useful shape is
described in United States Patent No. 5,304,423. Alternatively they can
have the form of monoliths with multiple through passages that can be
assembled into beds. Such monolith media are however often less

20 preferred for applications such as those primarily intended for the media of
the present invention.

The invention further comprises a method of making such media
which comprises a) forming an aqueous slurry mixture of from 50-97 % by
weight of a hydrated alumina component, such as for example a boehmite,

25 with from 50 to 3 % by weight of a mixture of calcium carbonate and
magnesium carbonate wherein the relative weight proportions of the calcium
and magnesium carbonates are from 10:1 to 50:50, the weights of the
boehmite and carbonate mixture being based on the solids weight in the
slurry;

30 b) peptizing the slurry by addition of an acid;

c) extruding the peptized slurry to form the desired media shapes; and
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Nat i onal Line and Stone Conpany under the trade nanme i
respective oxides. The products of the invention could therefore, in theory,
be made by incorporating the oxides or hydroxides into the boehmite slurry.
This would however require more acid to peptize the slurry and thus is a less

15 preferred option.

To aid dispersion of the carbonates in the boehmite sol, it is preferred
that they be supplied in the form of a powder of about 50 microns average
particle size or finer. A commercial dolomitic limestone that is commercially
available from National Lime and Stone Company under the trade name

20 Bucyrus Microfine, (99% passing through 325 mesh screen), is particularly
suitable. This material contains the calcium and magnesium carbonates in
a roughly 6:1 weight ratio
The acid added to cause peptization of the slurry, which is essentially
a dispersion of the calcium/magnesium-containing component in a boehmite
25 sol, can be any of those generally know to peptize such sols. Because the
firing would lead to decomposition of the acid, it is preferred that mineral
acids such as nitric, hydrochloric or sulfuric acids be avoided and a strong
organic acid such as acetic or, better, formic acid is used to cause
peptization. The peptized sol in effect becomes a stable gel which can be

30 formed, for example by extrusion, to produce shapes that will retain their
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the alumina in a less active form. The firing temperature therefore is
15 preferably at a maximum temperature of from 500 to 800°C and for a period
until no further loss of weight occurs. Generally heating at the firing
temperature for 30 minutes to 5 hours is enough to decompose essentially

all the carbonate and drive off all the bound water.
The surface area of the fired product is at least 100 m%gm such as

20 above about 200 m%gm and preferably from 200 to 250 m?/gm.

Description of the Drawings

Figure 1 is a graph showing the variation of phosphorus and iron
content over time while distilling contaminated oil in the presence of media

25 according to the invention..
Figure 2 is a bar graph showing the amounts of phosphorus in

distillate and residue after being distilled in the presence of various media.

Description of Preferred Embodiments

30 The invention is now further described with particular reference to the

following non-limiting examples which illustrate the capabilities of the media
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the resulting coil was extruded again through a die to give a strand that was

cut into one quarter inch long pellets or rods. These rods were dried at a
little over 100°C for about 10 hours. They were then fired in a kiln at 700°C
for a period of about an hour.

15 The BET surface area of the media obtained was measured at 219
m?/gm, the apparent porosity was 78.5%, the water absorption was 103.4%,
the apparent specific gravity was 3.54 gm/cc and the material density
was 0.76 gm/cc. Analysis of the material showed 92.2% by weight of
alumina, 6.6% by weight of calcia and 1.2% by weight of magnesia.

20 Several more samples were made in different forms from essentially
the same mix and in one case with a slightly different firing schedule. Also
in Sample #3, a corn starch temporary binder was added to the slurry at a
level of 5% by weight based on the dry solids weight in the slurry. The
process and properties of the media are set forth in the following Table.

25
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Inthe above Table:

“Poros” means apparent porosity

“App.SG” means apparent specific Gravity

“Mat. Dens.” means material density

“H,O Ab%.” means water absorption percentage

“FPCS” indicates the flat pate crush strength
measured according to ASTM D-4179

This demonstrates that the above formulation can be fired to produce

media with a high surface area in a variety of sizes and shapes with a

reasonable crush strength if the right sizes are chosen.

From these samples, #1 was selected to be evaluated in the removal

of phosphate contaminants from a hydrocarbon stream. The evaluation was

performed by distilling oil which had been deliberately contaminated by the

addition of tri-decyl phosphate such that the phosphorus content was

0.4 mmole (or 78ppm). The contaminated oil was distilled in a 500 ml. flask

in the presence of 4% by weight of media made from the formulation under

investigation.

The fractions boiling in three temperature ranges were

examined: 20-65°C; 65-370°C and 370°C and higher for contamination. The

amounts of phosphorus measured in these ranges were: none; 0.3 ppm and

0.5 ppm. Barely a trace of residue remained.

In a different experiment the same media were used to evaluate iron

and phosphorus removal from an oil over a protracted period. The results
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eval uated using the sane procedure The phosphate renoval  achi eyed by 8gm
of the medi a oegr 90t anrd @jtes8009,Raws had risen to 95%. The media were then

regenerated by heating the media in steam and after that, no trace of iron,

zinc or lead remained in the media.
Finally Samples #1 and #5 and a repeat of Sample #5 were evaluated
15 alongside a sample containing no media at all. In each case the same
amount of oil contaminated with 78 ppm of phosphorus was distilled. The
results which are shown in Figure 2 indicate clearly that the media were
effective in binding up the phosphorus since the bulk of it was to be found

neither in the distillate nor in the residue in the flask.

20
Example 2
In this Example a further series of media were made using essentially
the process described in Example 1 with the minor difference discussed
25 below. The products were examined to determine their physical properties

which are recorded in the following Table.
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the distillate S il e f-esi H—the—fHask—26 Exar.“p7“ 2—+-this
Exanpl ea further Q9548 gf e 3 wer d_madd g ng—essent] he process

described in ExataPeAd. % tlh t h83m nar |diff BBAce dilscusdBA-T 25 hel ow. The
products were ¢xafippe8Gt o |det erdriine their phQ4ical |propel.iPes which are
recorded in the Matl Dehsg |Tabl ¢.03A0 01/ 494089CT/ USOQ 35884 - 9 |SAMPLE #8
#9 #10 SHAPE Pl NG Sfgke/ grn 109 115 1125 Poros. % 66.3 67.6

79. 4 , O Ab. [ nota 103 1T App.[SCG 3513 04 3. 75 Dens. 1.05 0.99
0.77 FPCS rod L0 Sneulia tifl o s oLl 2-5kg
emp. 109°C" '™ 190°C 100°C

Dry Time 10 hr 10 hr 10 hr
Fire Temp 700°C 700°C 1000°C
Fire Time hr 1hr 1hr ~Thr
15
In Sample #8, the Versal boehmite component was mixed with 50% by
weight of dolomitic limestone and the dispersion was peptized with 2.5% by
weight of formic acid.
20 In Sample #9, the same solid components were used in the same

percentages as in Sample #8 but the formic acid addition was doubled
to 5%.

In Sample #10, only 10% of dolomitic limestone was added to the Versal

25 boehmite and 4.5% of the formic acid was used.



Dry Tenp. 100C 100C 100C D Tine 10 hr 10 hr 10 hr Fire Tenp 700C 700C
1000C Fire Time hr 1 hr 2 hr 1 hr 15 In Sanple #8, the Versal boehmte
conponent WR81/4%98&d with 50% by weight of dolonitic |imesPENSIHF3he

di spersion was peptized with 2.5% by weight of formc acid. 20 In Sanple
#9, the same solid conmponents were used in the sanme percentages as in
Sanple #8 but the formc acid addition was doubled to 5% In Sanple #10,
only 10% of dolomtic |imestone was addéd to the Versal 25 boehmte and
4.5% of the formc acid was used. WO 01/49408 PCTI USOQ 35364 -10- W
Aaim 1. Absyelgaim:media conprising from50 to 96% by wei ght of al umina
and from50 to 4% by wei ght of alkaline earth netal oxides selected 5 from
cal cia and magnesia present in calcia to magnesia weight ratios of from

90:10 to 50:50, said ”%ﬁé@rb@ﬁt’ i& B&hp ?@Tngaﬁ@ma{")@@o@G%tb)J %’ﬁéhtj&o 2/ gm

2. Medi a according to aim1l having an a rent porosity of from60 to
80% 3. Medi almmrmdigom(ﬁOGbﬂ%rbywmgm dfeﬁ@lmﬁaarm%eial @tithes setected| i ¢ or

L1 d . i di a which
corpr | Sbs affarOFACHEEE Batesdar B LLeTeR i P ohesetraohR P TES"o7 o by
wei ght of a ?@iﬂmd&) %téhuarr@ana‘iﬂa\hﬁga%wurfmgabo%n@amMmﬁe/gﬁi cal ci um

carbonate an 5 rragne5| um car bonate wherein the rel ative wei ght
Media according to Claim 1 having an apparent porosity of

from 60 to 80%.
3. Media according to Claim 1 with less than 1% of other metallic or
10 metallic oxide impurities. |
4. A method of making absorption media which comprises:
a) forming a peptized aqueous slurry mixture of from 50-
97 % by weight of a boehmite with from 50 to 3 % by
weight of a mixture of calcium carbonate and
15 magnesium carbonate wherein the relative weight
proportions of the calcium and magnesium carbonates
are from 10:1 to 50:50, the weights of the boehmite and
carbonate mixture being based on the solids weight in
the slurry;
20 b) shaping the peptized slurry to form the desired media
shapes; and
c) drying to remove water and then firing the shapes at a
temperature of 650 to 850°C.
5. A method according to Claim 4 in which the drying is conducted
25 at a temperature of less than 150°C.
6. A method according to Claim 4 in which the firing is continued
until there is no further loss of weight.
7. A method according to Claim 4 in which the time of firing is
controlled such that the final product has a surface area of at least 200
30 m?/gm.



proportions of the cal cium and nmagnesi um carbonates are from10:1 to

50: 50, the weights of the boehmte and carbonate m xture being based on

t he soli ds“,%i/gsm,si n the slurry; 20 b) shaping the pepti zedTaldsosssedo form
the desired nedia shapes; and c) drying to renove water and then firing
the shapes at a tenperature of 650 to 850C. 5. A nethod according to Caim
4 in which the drying is conducted 25 at a tenperature of |ess than 150C
6. A method according to Caim4 in Wh'ﬁ] the firing is continued wuntil
there is no further | oss of weight. 7. met hod according to aim4 in

which the tinme of fgrj j : j ar has a
surface area of at 'eérs?ﬁ eg‘ég a%%}d’r'r@ g)en@%%%%%@%%éﬁ )1 %@%0'? f%gg%éd -11 8.
A nmet hod accogsihgan orgéhii agid. i n which the boehnmite is peptized using an
organic acid. 9. A nmethod according to Caim@8 in which the epti,éi,ng aci d
is formc acid. 5 %0. AANREIOSRCCRE agdp%latrﬁ &nawhich the Ramtiging gd is
conponents ar g, ded in amounts to yield a final product formulation
conprising from to 96% by wei ght of alum na and 50-4% by wei ght of

al kal i n& earth net 40. éxindtwdsatarding torClairnad o whishdheewpmezoreniharei n t he

wei ght  propor géﬂ gd Cl)r]1c amco%ln sI ?o t)/f)elgggf{]n% ip?O(ijusctqg}n‘%‘ﬁgﬁor%%brlnptri%in5gofr05r91' 50’LO
to 96% by weight of alumina and 50-4% by weight of alkaline earth metal
oxides selected from calcia and magnesia wherein the weight proportion of
calcia to magnesia is between 10:1 to 50:50.
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