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MODIFIED USY-ZEOLITE CATALYST FOR REFORMING HYDROCARBONMS

FIELD OF THE INVENTION
{0011 The present invention relates {0 a catalyst for catalytic reforming of hydrocarbon
oif containing a framework-substituted zeolite-Y in which zirconium atoms and/or hafhium

atoms and/or tianium atoms form a part of a frarework of an vltra-stable Y-type zeolite,

BACKGROUND AND PRIOR ART

(0621 Catalvtic reforming is a major conversion process in petroleum refinery and
pefrochemical industries.  The reforming process is a catalytic process which converts low
octane naphtha that have been, e.g., disiilied from crade oil, into higher octane reformate used in
gascline blending and aromatic rich reformates wsed for sromatic production. Basieslly, the
process re-arranges or re-struciures the hydrocarbon molecules in naphtha feedstocks and breaks
some of the melecules into smaller molecules, Naphtha feeds to catalytic reformung include
heavy straighi run naphtha, I transforms low octans naphtha into high-octans motor gasoline
biending stock and aromatics rich in benzene, toluene, and xylene with hydrogen and Hquetied
petroleum gas as a byproduct. With the fast growing demand in aromatics and demand of high-
octane numbers, catalytic reforming is Hkely to remain one of the most important unit processes
in the petrolewm and petrochemical industry. There are various conumercial catalytic reforming

processes which will be well known to the skilled artisan,

(3031 Given the importance of preparing useful products from crude ofl, it 18 not

surpwising that there 13 a substantial lterature on calalytie reforming processes,

(0041 U8, Patent No. 4,698,322 10 5

Pt, (i} type L zeolite, and (i) a “promoter” which can be Fe, Co, or T1. The ratio of Pt to

il teaches a reformation catalyst containing (i)

promoter is Jess than 10:1, This “promoter” is not inserted into the zeolite framework which, in

any event, differs from USY zeolite. No binder is disclosed either,

(6051 UK, Patent No. 5,271,761 to Skeels teaches zeolite Y molecular sieves, The

artisan recognizes that, while USY and zeolite Y both have an FAU framework, they differ in

composition and properties. The *761 Patent also describes mole fractions of Tidd, AlG;, and
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510y, as well as SUTH ratios and (51 + ALYTH ratios, which are not within the ranges of those of

the Invention described herein,

(0061 Also see UK. Patent No. 5,690,810 o Law
processes using solid acids, Group I or Group IV members of the perindic table, and Group
VIH metal deposits. Also ses UK. Patent No. 9,499,403 10 &)
8,008,226 and 1.8, Patent No. 7,700,005 o Inui ef al.

(0077 118, Patent No. 8,512,371 describes incorporating 11 into FAU zeoliies, followed
by their use as hydrocracking catalysts, The weight % ratio of AVSI ranges from 0.14 — 0.35,

which i3 well outside of the range of the present invention.

[008] In a sense, catalytic hydrocracking may be viewsd as the “opposite” of reforming
processes, because in the former, large molecules are broken (“oracked”) into smaller ones, while
reformation converts the molecules by, e.g., dehvdrogenation, isomerization, alkviation, and
cracking regctions converting starting materials Into high octane containing molecules, Again,
the literaturs on hydrocracking catalysts is enormous, and the inventors wish (o draw gitention to
{U.S. Patent No. 8,221,036, incorporated by reference in its entivety. The “036 patent teaches,
inter afin, 8 hydrocracking catalyst in which a USY framework has been substituted, in part, by
one or more of zirconium, tanium, and hafinium. In these catalysts, the metal {T1, Zr, and/or
Hi}, substitutes for part of the aluminwm in the sluminunsilica framework, and essentially
become part of the framework, Processes for making these catalysts and their use, are all

described in the “036 patent, Examples | and 2, infra, are in fact taken from this Patent.

{0097 Zeolite based catalysts provide sufficient acidity to function in cracking, which
are desivable in hydrocracking, In contrast, these reactions are very undesirable in reforming
reactions, so a goal of developing any new reforming catalyst is a reduction of acidity In the

catalyiic composition.

FO010] Further, characteristic metals which are used in hydrocracking are Mi, Mo, and W,
alone or preferably, in combination. Such metals are avolded in reforming catalysts, which are

characterized by the presence of noble metals, A further fundamental difference is the
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temperature at which hydrocracking and reforming reactions operate, with the laiter type of

reaction requiring temperatures of 300° O, or more, well above those used in hydrocracking.

[0011] Given the different aims, and reagents, used in reforming processes and
hydrocracking, it is surprising that a hydrocracking catalyst can be modified o become a
reforming catalvst.  Yet, this is the sobject of the invention, which is elaborated upon in the

disclosure which follows,

DETAILED DESCRIPTION OF PREFERRED EMBODIMERTS

0012} The invention includes a catalyst useful in reforming processes, wherein an ulira
stable ¥ (“USY” hereafler) zeclite is framework substituted to incorporste ome or more of
zirconium, titanium, and hafndum info s framework, and also has impregnated therein a
reforming process metal, such as Pi, Rh, or Pd. Optionally, the reforming catalyst can include or

comprise a melal such as ¥, Zn, Ga, Li, Ca, Mg, or a rare garth metal,

(00137 The USY zeoliie, base component of the catalysts of the invention contains from
0.1 to § mass % of one or more of Zr, Ti, and HE as caleulated on thewr oxide basis, The
reforming metal is present in an amount from 0.01 1o T wis, preferably from 0.1 to 0.4 wi% of
the resuliing catalyst composition. The amounts of the individual materials supplying Zr, Ti, and

Hf is tess than 0.1 wi%%, but when combined, the total is gt least 8.1 wi%,

[0014] In toto, the caialytic compositions comprise a binder, e.g., an alumina binder, a
USY zeolite, and the aforementioned metals. The amount of USY-zeolite should not exceed 50
wi%, and is preferably 1-10, more preferably 1-5, and most preferably 2-3 wi%t of the total

composition.
EXAMPLES

EXAMPLER

FO0157 Manufacture of An Ultra-Siable Y Zeolite




WO 2019/147345 PCT/US2018/064001

R

{SAY of 720 m¥/g, and a Nax) content of 13.0% by mass was suspended in 500 ler (hereinafier,
alse expressed as L) of water having a temperature of 60° £, Then, 14.0 kg of ammonium
sulfate was added thereto, The resulting suspension was stirred at 70° €. for 1 hour and filterad,
The resulting solid was washed with water, Then the solid was washed with an anvuonium

sulfate solution of 140 k { ammontum sulfate dissolved 1n SO0 L of water having a

it
[

temperature of 68° €., washed with 500 L of water having a temperature of 60° €, dried at 130

£
Lo

. for 20 hours, thereby affording about 45 kg of a Y zeolite (INHLS Y o which 65% of sodium
{Na) contained in Na¥ was ion-exchanged with ammonium ton (NHg). The condent of Na; (U i

NHM Y was 4.5% by mass.

e

Nt I o . . L ormas N ;
[OOTTI NHLTY 40 kg was fived in a saturated water vapor atmosphere at 670° C. for |
howr to form a hydrogen-Y zeolite (HY) HY was suspended in 400 L of water having a

teruperature of 60° €0 Then 49.0 kg of ammoninm sulfate was added theveto. The resnlting

O

mixture was stirred at $0° O for 1 howr and washed with 200 L of water having a temperature of

The mixture was then dried at 130° €, for 20 hours, there%)y affording about 37 kgofa ¥

zeolite (NHL YY) in which 95% of Na contained in the initlal Na¥ was ion-exc hanged with NHa,
HRIER 37 : { EEPRTLR 3 4+

NEGTY 33.0 kg was fired in a saturated water vapor atmosphere at 650° €. for 1 hour, thereby

o~

[EES

affording about 15 kg of a ultra stgble Y zeolite (hereinafier, slso referred to as “USY (o)™

having a Sith/ALTy molar ratio of 5.2 and a NayQ content of 8.60% by mass,

I

i’(‘;@i&] Next, 26.0 kg of this USY {8} was suspended in 200 L of water having a

Al

~ ~ - - - B

emperature of 60° O After 61.0 kg of 25% sulfuric scid by mass was gradually added o the

Py

suspension, the suspension was stivred at 70° €. for | howr, The suspension was filiered, The

resulting solid was washed with 260 Heer of defonized water having a femperature of 60° €. and

d at 130° C. for 20 hours, thereby affording & ultra stable Yetype zeolite (hereinatier, also

o
&
-
fyd

FOCIRT USY (b was fived at 600° C, for 1 hour, thereby affording about 1

stable Y-type zeolite (hereinafier, also reforved to as “USY {g)”)
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HERAMPLE 2

00207 1 kg of USY {¢) obtained in Example 1 was suspended in 10 L of water at 25° £,
and the pH of the solution was adjusted to 1.6 by sulfuric acld of 25% by mass. Zirconium
sulfate of 18% by mass (86 ¢} and tiiany! suifate of 339 by mass (60 g) were added and mixed,
and the suspension was stirred at room tomperature for 3 hours. Then, the pH was adiusted to
7.2 by adding 15% by mass aguecus smmonia, and the suspension was stirred at room
temperature for 1 hour and then filiered. The product obtained was washed with 10 L of waler
and dried at 130° C. for 20 hours o obtain about § kg of g zivconiumn/titanium-substitated type
zeotite {hereinafter referred to as “USY (EY). Asalysis showed the USY contained 0.8% by

weight of TiOs, and a iofal of 1.39% by weight of TiO; and Zr(,.
EXAMPLE 3
(0217 This example preosents a catalyst prepared in accordance with the imvention.

00221 A catalyst support was prepared by combining 95 wit% of an alumina binder as g
support, and 5 wi% of a framework inserted TI-Zr-USY prepared in accordance with Example 2,
supra. This support was then lmpregnated with Pt, by mixing 600g of the support with a
solution of tetra-araine Pt containing 1.9 wi% Pt. (This solution was prepared by dissolving 63g
of tetra~-amine platimum in water). This served to impregoate the catalyst support with Pt. The
product was then air dried at 120° €. for one hour, and calcined at 400 C. for one hour,

Analysis showed that 8.2 wi% Pt had been Impregnated in the support,

100237 Though not discussed in this Example, the mixture as prepared may be mixed
with a catalyst support {e.g., alumina, silica, or mixes thereof, or any catalyst support known t©
the art) and then extruded, 8t room temperature prior to drving and caleination. The mixing and
exirusion will be familiar 1o the skilled artisan, as well as by way of review of the “036 Patent,

supr,
EXAMPLE 4

(00247 The catalyst prepared In Example 3, was used in s pilot study, which took place

over sbiteen {16} days. The conditions were changed, so as {0 determine the impact of various
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parameters. The pilot plant was operated at $10° €, at a pressure range of 6-8 bars, a liquid
hourly space velocity range of 1.0-1.5 h and a hydrogen to hydrocarbon ratio range of 3.5-5.0.
Table 1 shows the composition of the test feedstock. Table 2 refers to the final results. “Feed”
refers, of course, to the composition of the feedstock. “Commercial” refers {0 a commercially

available catalyst compared to the catalyst of Example 3.

Table 1. Feedstock properties

Property { urit) ' Unit Value
Density (@ 15°C : Kg/L - (.7374
API Gravity ° A 60.2
Distiliaion | '

B8P oc b 78
10W% °oC 100
W% T | 112
SOW% e b 123
TOWY °C 139
W% _ °C 156
FBP o 173
Paraffios WY o 70.8
Olefins B W% 1.6
Naphthenes W N 14.5
Aromatics W 139
Sulior - Pomw & 0.3

Table 2. Process performance.

CompusitivaProperyy Unlt Feed Commereial  EXAMPLE 3
Paraffin W% 36.8 9.9 0.0
{-Paraffing Wi 34.0 18.4 161
Aroratics W% 13.0 68.3 68.3
Naphtenes W 14.5 10 t.3
Olefins W% 1.6 2.4 43
Calculated RON 388 97.4 97.1
Avg MW Kg/Kmol 109.6 97.3 97.1
Mass Balance W% 93 101
Liguid Yield W% 74 58
H2 Yield W% 0.6 .52

100251 The foregoing examples set forth embodirents of the invention, which include a

reforming catalyst, a process for making the reforming catalyst, and its use.
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[0026] The reforming catalvst of the invention is a composition compwising an ultra
stable (“US™ Y type zeclite, with a framework in which part of the aluminum has been
substituted with Zr and T4, and 1o which a reforming metal has been added. The reforming metal
is preferably added in an amount of from 0.01-1.0 wi%s of the iotal weight of catalyst.
“Reforming metals” as used herein includes the noble metals, Le., Ry, Rh, Pd, Ag, Os, Ir, Pt, and
An, with Pt and Pd being preferred. Optionally, the framework of the zeolite may contain one or

more of V, Zn, Ga, Li, Ca, Mg, and the rare carth elemenis,

G027 The actual amount of USY-zeolite in the catalyst is less than 30% by weight, bul
is preferably as low as 1-10 wi%h, preforably 1-5 wi%, most preferably 2-3 wi%, As in the "03¢6
Patent, the Zr, Ti, Hf and other optional metals used, may be present in amounts ranging from
0.1-5% by mass of the zeolite base component. Other characteristics of the zeolite of the
reforming catalyst include a crystal lattice constant of from 2.425 10 2,450 nmy, preferably 2.430-
2450 mwm, a specific surface area of from 600 mg to 900 m¥g, and a molar ratie of %0 o
Al Ch, generally ranging from 5:1 to 100:1 and preferably from 28:1 to 1031, These reforming
catalysis preferably have a specific surface area of from 200 1o 450 m/g, and a pore volume of
from 0.4 - 100 mb/g.

00287 The catalytic composition of the zeolite component, in preferred embodiments,
contains from 0.25 t0 1.25 wi% of TiO;. Preferably, it containg from 0.75 to 1.9 wi% Tilkh, and

most preferably, 0.8 wi% Ti0; (which corresponds t© 0.01 mol% of Ti0:),

{0029} The catalysis of the invention are made, essentially, by using the processes
described in 118, Patent No. £,221,036, incorporated by reference supra, via, the USY zeolite of
Example 2 is placed in suspension, preferably to form a suspension having a houid/solid mass
ratio of from 3 to 13, after which an acid is preferably added 1o bring the suspension to a pH of
from 1 to 2, after which Zr and Ti are added and mixed, followsd by neutralization, The
resulting material is combined with a binder, such as an alomina binder, and hnpregnated with a

noble metsl by adding a solution of the noble metal thereto, followed by drying and caleining,

(00301 In use, the reforming catalyst of the invention is contacted 1o a hydrocarbon
reedstock having a boiling point in the range of 36 — 250° ., at a reaction temperature of from
430% C. to 800° €., preferably 430° C. — 600” (., and most preferably 430-550° C,, and a

-
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pressure of from 1 bar to 50 bars, an LHSV of from 0.5 to 5 1, and a hydrogen to hydrocarbon
feed ratic of from 1:1 to 30:1, preferably 1:1 to 30:1, Various methods may be used, such as a
fixed bed reactor, a catalyst replacement reactor, 8 semi-regenerative fixed bed reactor, a cvelic

fixed bed reformer, or 2 continuous reformer.

(003171 Other features of the invention will be clear to the skilled artisan and need not be

reiterated here.

[0032] The terms and expression which have been employed are used as terms of
description and not of Emitation, and there is no intention in the use of such terms and expression
of excluding any equivalents of the features shown and described or portions thereo, it being

recognized that various modifications are possible within the scope of the invention.
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We Claimy:

1. A reforming catalyst comprising a reforming metal carried on a support coniaining an
ultra-stable (US}) Y-type zeolite, in which a portion of aluminum atorms of the framework
of said USY zeolite thereof is substituted with one or more of zirconium, titaniom and

hafnium atoms.

2. The reforming catalyst for hydrocarbon oil according io claim 1, wherein said zeolite-1
contains from 0.1 10 5 mass% of zirconium atoms and titanium atoms as caleulated on an

oxide basis,

3. The reforming catalyst according to claim 1, wherein the said support is an alamina or a

stiica-aluming support.

4. The zeolite of the reforming catalyst according to clalm I, wherein said reforming
catalyst has:
{a) a crystal lattice constant ¢f 2.425 {0 2.450 nm,
{b} a specific surface area of 600 to 800 mzf’g’ and

{c} a molar ratio of 810, to ALO; of 540 100,

3. The reforming catalyst according to claim 1, having a specific surface area of from 200 to

430 m¥g; and a pore volume of from 0.40 to 1.00 ml/g.

6. The reforming catalyst of clalm 1, comprising from 0.01 - 1.0 wt% of reforming metals.
7. The reforming catalyst of claim 1, wherein sald reforming metal comprises a noble metal,

8. The reforming catalyst of claim 7, wherein said noble metal is Ru, Rh, Pd, Ag, Os, Ir, Pt
or A
9. The reforming catalyst of claim &, wherein said noble metal is Pt.

. The reforming catalyst of claim 1, comprising less than 50 wi% USY zeolite.

FL, The reforming catalyst of claim 19, comprising 1-10 wi% USY zeolite.
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The reforming catalyst of claim 1, comprising 1-5 wie USY zeolite,

The reforming catalyst of claim 1, whereln said Y-type zeolite comprises V, Zn, Ga, L,

(s, Mg, or a rare earth metal.

A method for reforming g hydrocarbon feedstock comprising contacting sald feedstock
with the reforming catalyst of ¢laim 1, at a reaction ternperature of from 4347 €, o 6007
C., a pressure of from 1 10 50 bars, an LHEV of from 0.5 10 § %', and a hydrogen

fecdstock ratio of from 101 to 5001

The method of claim 14, wherein said reaction temperature is from 430° €. w0 350° L
The method of claim 14, wheretin said hydrogen feedstock ratio ranges from i1 to 31
The method of claim 14, comprising reforming said feedstock in g fined bed reactor.

The method of claim 17, wherein said fixed bed reacior is a semi-regenerative fixed bed

reactor,

The method of claim 14, comprising reforming said hydrocarbon feedstock in a cyelic

fixed bed reformer.

The method of claim 14, comprising reforming said hydrocarbon feedsiock in a

continuous reformer,

The method of claim 17, comnprising reforming said catalyst in g catalyst replacement

Ractor,
The method of claim 14, wherein said feedstock has a boiling point of from 36-250° C,

A process for making the reforming catalyst of claim 1, comprising forming g suspension
of USY type zeolite in which a portion of aluminum atoms in the framework of said USY
type zeolite has been subsiituted with zirconium and tigndum atoms and/or hafnium, a

binder, and a reforming metal.

The process of claim 23, wherein said reforming metal 1s Pt

10
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The process of claim 23, wherein said USY zeolite containing catalyst is present in an

arnount less than 50 wibs,

The process of claim 23, wherein said USY zeolite containing catalyst is present in an

amount of 5-10 wibs,

The process of claim 25, wherein said USY zeolite containing catalyst 18 present in an

amount of 1-5 wi%,

i1
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