SURFACE MODIFICATION METHOD OF ALUMINUM OXIDE CARRIER

FIELD OF THE INVENTION

[00017 The invention is related to a technical field of the surface modification of a
catalyst carrier, specifically, it is related to a method of surface modification of aluminum

oxidecarrier,

BACKGROUND OF THE INVENTION

[0002] Aluminum oxideas a catalyst carrieris widely applied in industry. It has excellent
mechanical strength and hydrothermal stability. It is widely applied as a catalyst carrier in
various industrial fields such as chemical engineering and petroleum processing. As a
catalyst carrier, chemical properties (acidity and alkalinity, ability of resistant to corrosion,
interactions between metal and cartier, etc.) and physical properties (mechanical strength,
thermal conductivity, etc.) of aluminum oxide’s surface greatly influent the properties of

the catalyst which it carries.

[0003] However, as a catalyst carrier, aluminum oxide still has some flaws. First, the
mechanical strength of aluminum oxide as a carrier is relative low, especially the abrasion
resistance. Under some specific reaction circumstances (such as continuously stirred
slurry bed reactor, circulating fluidized bed bioreactor, etc.), the carrier would break
down and shorten the working life of catalyst, which further brings in the problem of hard
to separation product from catalyst powder. Second, aluminum oxide’s acid-resistance is
relative low. Under acid environment, surfaces of aluminum oxideare easily tobe
dissolved and greatly weaken the connection between the active metal and the carrier.
The active metal then is easily to be departed from the carrier during reaction.
Correspondingly, the life time of catalyst and the quality of product are compromised.
Third, the carried active metal has strong interaction with aluminum oxidecarrier.The
interaction causes it is easy to form aluminate compound with spinel structure which is

difficult to be reduced during the calcination process of catalyst. Correspondingly, the



reducibility and the utilization efficiency of the active metal are reduced. Thus, it is
necessary to modify the surface of aluminum oxidecarrier to improve its chemical and

physical properties.

[0004] Chinese patent (application number 201110004999.3) discloses an aluminum
oxidecarrier and a method for manufacturing it. The surface of carrier after modification
has a layer of spinel structure compound formed by modifying the aluminum oxide with
the modification elements M (M could bela, Ce, Pr, Mg, Ca, Sr, Ba, Zn, etc.). The mass
fraction of the modification elements M is 0.1 to 10 wt% of the quality of the aluminum
oxide which hasn’t been modified. This method can reduce the acidity of the surface of
the carrierand inhibit the interactions between the active metal on the surface and the
carrier, which keeps high activity and stability of hydrogenation catalyst during long-time
operation. The method reduces the relative intense interaction between the carriedactive
metal and the aluminum oxidecarrier, however, it can’t apparently improve the acid
resistance and the abrasion resistance of the surface. Chinese patent (application number
200480041633.1) discloses a method for manufacturing a modified catalyst carrier. The
carrier could be aluminum oxide, titanium dioxide, magnesium oxide, zirconia, or
refractory oxide and its mixture. Monosilicic acidmade by TEOS and diluted acid reacts
with the carrier to deposit approximate 0.1 to 10.6 Si/nm? on the surface of the carrier,
wherein the silicon atom is connected to the carrier material through silicon-oxygen bond.
After modification, the abrasionresistance and deaggregation resistance of the carrier are
improved. However, it does not efficiently improve the acidresistance and does not
efficiently inhibit interactions between carried metal and aluminum oxidecarrier. Both of
the Above-mentioned patents are utilizing chemical method to form an oxide layer on the
surface of the aluminum oxidecarrier, which has changed the chemical and physical
properties of the surface of the aluminum oxidecarrier, improved the abrasion resistance,
or inhibited the interactions between carried metal and the carrier. While, the oxide layer
is mainly composed of metallic oxide or silicon oxide, the properties of the oxide layer
after modification determines the mechanical strength, interactions between carried metal
and the carrier, and acid resistance of aluminum oxide after modification. The

above-mentioned patents cannot achieve all of these properties at the same time.

[0005] The silicon nitride has quite good properties of abrasion resistance, chemical
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inertness, acidresistance, and thermal conductivity, however, ordinary material made from
silicon nitride has relative small specific surface area (below 1 m*/g). It is difficult to
increase the fraction of carried active metal, and thus the silicon nitride can’t be used
directly as a catalyst carrier. If aluminum oxidewere modified with silicon nitride, the
advantages of both would be combined together, specifically, the new material would get
big specific surface area and porous structure from aluminum oxide, and also, it would
get high abrasion resistance, chemical inertness, and high acid resistance from silicon
nitride. Such new material would have high application value. However, the synthesis
condition of silicon nitride is relative strict, e.g., synthesis temperature of silicon nitride is
normally beyond 1200°C, which is beyond a crystal transition temperature of most
aluminum oxidecarrier, and the primary product after synthetizing contains complex
impurities. Thus, it can’t utilizing ordinary method to modify the surface of a carrier by

synthesizing silicon nitride on the surface of aluminum oxide.

SUMMARY OF THE INVENTION

[0006] In view of the above-described problems, it is one objective of the invention to
provide a method for modifying the surface of an aluminum oxidecarrier. The method
cansynthetizesilicon nitride on the surface of aluminum oxidecarrier under gentle reaction

conditions, which improves the various properties of aluminum oxidecarrier.
[0007] To achieve the above objective, the following technical schemes are provided.

[0008] 1)Dissolving soluble kazoe into deionized water and preparing kazoe aqueous

solution;

[0009] 2)Soakingan aluminum oxidecarrier into the kazoe aqueous solution of step 1) and

then drying the aluminum oxidecatrier in vacuum environment;

[0010] 3)Placing the aluminum oxidecarrier in a reactor, adding silicon tetrachloride,
dropping a Grignard reagent, sealing the reactor, heating the reactor and maintain a
temperature for reacting for 3 to 18 hours, wherein the volume ratio of theadded silicon
tetrachloride and the aluminum oxidecarrier is controlled to be 0.5 to 5:1, the

heatingtemperature for reacting is controlled to be 160 to 350°C; and
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[0011] 4) Cooling the reactor, filtering the aluminum oxidecarriet, washingthe aluminum
oxidecarrier, drying the aluminum oxidecarrier again in vacuum environment to obtain

the modified surface of aluminum oxidecarrier.

[0012] In a preferred class of this embodiment, the soluble kazoe in step 1) are one or
more of the followings: sodium azide, potassium azide, ammonium azide, calcium azide,

and barium azide.

[0013] In a class of this embodiment, the weight percentage concentration of the soluble
kazoe in step 1) is controlled to be 5 to 30%, which makes the surface of the aluminum
oxidecarrier is capable ofbeing covered sufficient concentration of kazoeand at the same

time avoid the crystallization of the kazoe.

[0014] In another preferred class of this embodiment, the aluminum oxidecarrier in step

2)is one or more of the followings: a, v, 8, k, or § crystal form aluminum oxide.

[0015] In a class of this embodiment, the temperature for drying the aluminum
oxidecarrier in vacuum environment is controlled to be 20 to 80°C, and the time for
drying is controlled to be 2 to 4 h. Under above-described environment, the moisture on
the aluminum oxidecarrier is effectivelyremoved, which is good for the synthesis reaction

in next step.

[0016] In another preferred class of this embodiment, the temperature for heating the
reactor in step 3) is controlled to be 180 to 250°C, which is able to efficiently control the
reaction being processed normally and avoid decomposing of kazoe compound in high

temperature.

[0017] In a class of this embodiment, the volume ratio of addedsilicon tetrachloride and
the aluminum oxide powder in step 3) is controlled to be 1 to 2:1, which is able to
immerse the silicon tetrachloride completely in the aluminum oxidecarrier and enter into

channels of the carrier.

[0018] In a class of this embodiment, the volume of the Grignard reagent added in step 3)
is 0.1 to 2% ofthe volume of the silicon tetrachloride. The Grignard reagent here effects
as a catalyst for accelerating the reaction rate between the silicon tetrachloride and

kazoeand ensuring the complete reaction therebetween.



[0019] In another preferred class of this embodiment, in the washing operation of step 4),
firstly utilize absolute ethyl alcohol as washing solution, then utilize deionized water as
washing solution, which is able to remove organic impurities and chloride side product

attached on the surface of aluminum oxidecarrier.

[0020] In a class of this embodiment, the temperature for drying aluminum oxidecarrier
in vacuum environment is controlled to be 20 to 80°C, and the time for drying is

controlled to be 2 to 4 h.

[0021] Advantages of the invention are summarized below: the invention utilizes
solvothermal method to synthesize the silicon tetrachloride and aluminum oxide together
in a relative low temperature to form a compact silicon nitride layer, which realizes the
perfect combination of porous structure of aluminum oxide and high mechanical strength
and chemical inertness of silicon nitride, which greatly improves the mechanical strength
{especially abrasionresistance) and acidresistance, and which effectively inhibits the
interactions between carried metal and carrier. Silicon nitride is a kind of ultra-hard
matter and has high abrasionresistance, with which silicon nitride is usually made into
some mechanical components such as bearings and leaf of turbine. Therefore, the
modified carrier has high abrasionresistance as well. Silicon nitride has good chemical
inertness, which enable the modified carrier to efficiently inhibit the interactions between
carried metal and carrier. Furthermore, silicon nitride has high acidresistance. It doesn’t
react with any inorganic acid other than hydrofluoric acid. Therefore, the modified carrier

has high acid resistance as well.

[0022] The aluminum oxidecarrier modified by the invention is suitable for producing
metallic catalyst and is capable of efficiently improving the properties and working life of
catalyst. In addition, this method efficiently solves the problems of high energy
consumption and residual impurities in present technology related to synthesizing silicon
nitride material. Moreover, this method is relative simple, is easily to be controlled, has
little requirements on equipment, and consumes relative low energy. Therefore, the

method is suitable for mass production.



DETAILED DESCRIPTION OF THE EMBODIMENTS

[0023] The invention is explained in further detail below with the reference to the

embodiments.

Example 1

[0024] 1. Dissolving 200 g ammonium azide into deionized water to prepare aqueous

solution having ammonium azide of weight percentage 18%;

[0025] 2. Pouring into above-mentioned aqueous solution 200 mLy-aluminum oxide
powder whose average particle size is 85 um, bulk density is 1.2 g/mL, specific surface
area is 200 m*/g after preroastingprocess, filtering the aqueous solution after being
completely stirred, and drying it in vacuum drying cabinet under a temperature of 50°C

for4 h;

[0026] 3. Placing dried aluminum oxidecarrier in a stainless steel reactor, adding 200 mL
silicon tetrachloride, dropping 1 mL Grignard reagent, sealing the reactor, sweeping with
high purity nitrogen for 10 min, then raising temperature to 250°C with the rate of

3°C/min, and maintain this temperature for 10 h; and

[0027] 4. Cooling the reactor to room temperature, opening the reactor and filtering the
aluminum oxidecarrier, washing the aluminum oxidecarrier2 to 3 times successively with
absolute ethyl alcohol and deionized water, then drying the aluminum oxidecarrier in
vacuum drying cabinet with a temperature of 50°C for 4 h to obtain the modified

aluminum oxidecarrier.

Example 2

[0028] The other operation steps are as same as Example 1, except in step 1), the weight

percentage of the ammonium azide is raised to 25%.

Example 3



[0029] The other operation steps are as same as Example 1, except in step 3), the

temperature in the stainless steel reactor for maintaining reaction is controlled to be

200°C.

Example 4

[0030] The other operation steps are as same as Example 1, except in step 3), the time for

maintaining the temperature is controlled to be 4 h.

Example 5

[0031] 1. Dissolving 200 g calcium azide into deionized water to prepare aqueous

solution having calcium azide of weight percentage 30%;

[0032] 2. Pouring into above-mentioned aqueous solution 300 mLcylindrical aluminum
oxidecarrier whose average grain size is 1.8 mm, bulk density is 0.6 g/mL, particle length
is 5 to 6 mm, specific surface area is 150 m*/g, and the weight percentages of y-aluminum
oxide and a-aluminum oxide are respectively 88% and 12%after preroastingprocess,
filtering the aqueous solution after being completely stirred, and drying it in vacuum

drying cabinet under a temperature of 80°C for 2 h;

[0033] 3. Placing dried aluminum oxidecarrier in a stainless steel reactor, adding 500 mL
silicon tetrachloride, dropping5 mL Grignard reagent, sealing the reactor, sweeping with
high purity nitrogen for 10 min, then raising temperature to 350°C with the rate of
3°C/min, and maintain this temperature for reaction for 3 h; and

[0034] 4. Cooling the reactor to room temperature, opening the reactor and filtering the
aluminum oxidecarrier, washing the aluminum oxidecarrier 2 to 3 times successively with
absolute ethyl alcohol and deionized water, then drying the aluminum oxidecarrier in
vacuum drying cabinet with a temperature of 70°C for 3 h to obtain the modified

aluminum oxidecarrier.

Example 6
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[0035] The other operation steps are as same as Example 5, except in step 2), the
cylindrical aluminum oxidecarrier is substituted for spherical aluminum
oxidecarrierhaving ® 3 mm particle size mm and thealuminum oxidecarrier is composed

of 20% 6-aluminum oxide and 80% 0-aluminum oxide in weight percentage.

Example 7

[0036] 1. Dissolving 100 g sodium azideand 100 g potassium azide into deionized water
to prepare mixture aqueous solution, wherein the weight percentages of sodium azide and

potassium azide are both 10%;

[0037] 2. Pouring into above-mentioned aqueous solution 200 mLB-aluminum oxide
powder whose average particle size is 150 um, filtering the aqueous solution after being
completely stirred, and drying it in vacuum drying cabinet under a temperature of 30°C
for 3 h;

[0038] 3. Placingthe dried aluminum oxidecarrier in a stainless steel reactor, adding 300
mL silicon tetrachloride, dropping2 mL Grignard reagent, sealing the reactor, sweeping
with high purity nitrogen for 10 min, then raising temperature to 160°C with the rate of

2°C/min, and maintain this temperature for reaction for 18 h; and

[0039] 4. Cooling the reactor to room temperature, opening the reactor and filtering the
aluminum oxidecarrier, washing the aluminum oxidecarrier 2 to 3 times successively with
absolute ethyl alcohol and deionized water, then drying the aluminum oxidecarrier again
in vacuum drying cabinet with a temperature of 40°C for 2 h to obtain the modified

aluminum oxidecarrier.

[0040] The tests of physical and chemical properties of aluminum oxidecarrier modified
by steps 1) to 4) in above-described examples haveproceeded. The result is showed in the
following Table 1. In Table 1, the contrast sample is non-modified y-aluminum oxide

produced in the same batch of relevant examples.



Table 1

_ Modified y-aluminum oxide Non-modified
Physical and .
cal . y-aluminum
chemical properties Example 1 | Example 2 | Example 3 | Example 4 oxide
Total specific surface | 201.47 198.42 200.54 201.32 218.46
area, mzfg
Average pore 7.68 8.13 8.35 8.28 8.95
diameter, nm
Total pore volume, 0.42 0.45 0.44 0.45 0.49
mL/g
Average particle 84.32 89.01 85.21 86.43 85.54
diameter, um
Weight percentage of 6.1 8.9 3.5 1.2 -
silicon nitride, wt%
Abrasionresistance, 76.34 86.82 72.17 65.76 52.04
um

Remark: the abrasionresistance in the table is tested in jet-ring experiment equivalent to
ASTMDS5757-00. The abrasionresistance is acquired by comparison with average pore

diameters after abrasion.

[0041] The tests of related physical and chemical properties of aluminum oxidecarrier
modified by steps 1) to 4) in Example 7 have proceeded. The result is showed in the
following Table 2. In Table 2, the contrast sample is non-modified 8-aluminum oxide

produced in the same batch of aluminum oxide of examples.



Table 2

Modified 8-aluminum Non-modified
Physical and chemical properties .
oxide 8-aluminum oxide

Total specific surface area, m*/g 177.3 180.5

Total pore volume, mL/g 0.88 0.91

Weight percentage of silicon 7.6 -
nitride, wt%
Abrasionresistance, um 124.52 30.21

Remark: the abrasionresistance in the table is tested in jet-ring experiment equivalent to
ASTMDS5757-00. The abrasionresistance is acquired by comparison with average pore

diameters after abrasion.

[0042] According to the data of Table 1 and Table 2, the aluminum oxidecarrier modified
in the invention, doesn’t show apparent differences in properties of porous structure (total
specific surface area, total pore volume, and average pore diameter), which means that
the modified aluminum oxidecarrier still keeps the properties of porous structure of
original carrier and is suitable for being used as acarrier of metal catalyst. In addition,
according to the test of abrasionresistance in the jet-ring experiment equivalent to
ASTMDS5757-00 and comparing the average pore diameters after abrasion, the data
shows the average particle diameter of modified carrier is apparently bigger than that of
non-modified carrier. It means that the abrasionresistance of carrier is apparently
improvedand the abrasionresistance is improvedfollowing the raising of mass percentage

of silicon nitride.

[0043] In addition, the data in Table 1 and Table 2 shows that, raising the concentration of
kazoe solution is able to increase the amount of kazoe dipped on the surface of carrier.
Raising the temperature or prolonging the time in the reaction between silicon
tetrachloride and aluminum oxide is able to increase the completeness of reaction

therebetween. All of these factors are able to efficiently raise the weight percentage of
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silicon nitride and it has the equivalent effect of raising the thickness of silicon nitride

layer on the surface of aluminum oxide.
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CLAIMS

A method for modifying surface of aluminum oxidecarrier, the method
comprising:
1)dissolving soluble kazoe into deionized water and preparing kazoe

aqueous solution;

2)soakingan aluminum oxidecarrier in the kazoe aqueous solution and then

drying the aluminum oxidecarrier in a vacuum environment;

3)placing the dried aluminum oxidecarrier in a reactor, adding silicon
tetrachloride, dropping Grignard reagent, sealing the reactor, heating the reactor,
and maintaining a temperature for reacting for 3 to 18 hours, wherein the volume
ratio of added silicon tetrachloride and the aluminum oxidecarrier is 0.5 to 5:1, the

temperature for reacting is controlled to be 160 to 350°C; and

4)filtering the aluminum oxidecarrier, washing the aluminum oxidecarrier,
drying the aluminum oxidecarrier in the vacuum environment to obtain a modified

aluminum oxidecarrier.

The method of claim 1, characterized in that the soluble kazoeis one or more of
the followings: sodium azide, potassium azide, ammonium azide, calcium azide,

and barium azide.

The method of claim 1 or 2, charaeterized in that a weightpercentage

concentration of the soluble kazoe in step 1) is controlled to be 5 to 30%.

The method of claim 1 or 2, characterized in that the aluminum oxidecarrier is

one or more of the followings: o, v, 6, K, or 6 crystal form aluminum oxide.

The method of claim 1 or 2, characterized in that the temperature for drying the
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10.

aluminum oxidecarrier in the vacuum environment is controlled to be 20 to 80°C,

and the time for drying is controlled to be 2 to 4 h.

The method of claim 1 or2, characterized in that the temperature for heating the

reactor in step 3) is controlled to be 180 to 250°C.

The method of claim 1 or2, characterized in that the volume ratio of the silicon
tetrachloride and the aluminum oxide powder added in step 3) is controlled to be 1

to 2:1.

The method of claim 1 012, characterized in that the volume of the Grignard

reagent added in step 3) is 0.1 to 2% of the volume of silicon tetrachloride.

The method of claim 1 or2, characterized in that in step 4),washing the
aluminum oxidecarrier successively with absolute ethyl alcohol and deionized

water,

The method of claim 1 or2,characterized in that in step 4), the temperature for
drying the aluminum oxidecarrier in vacuum environment is controlled to be 20 to

80°C, and the time for drying is controlled to be 2 to 4 h.
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