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PROCESS FOR THE REGENERATION OF CATALYSTS FOR STEAM CRACK-
ING

The present invention relates to a process for the re-
generation of catalysts for steam cracking.

One of the mailn problems associated with heterogeneous
catalysis processes 1is the loss of catalytic activity dur-
ing the reaction, i.e. deactivation. This process can be
either of a chemical or physical nature and takes place si-
multaneously with the main reaction. For catalytic reac-
tions involving hydrocarbon charges and in particular 1in
cracking reactions, side reactions occur on the surface of
the catalytic particles which cause the formation of carbo-
naceous deposits, usually indicated as coke. These residues
tend to physically cover the active surface and can deacti-
vate the catalyst both by diréctly covering the active
sites and by obstructing the pores which allow access to
the active sites themselves.

The regeneration of catalysts used in cracking proc-

esses or conversion of hydrocarbon charges is therefore an
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extremely important step in many refinery processes and in
the petrochemical field. The regeneration of catalysts in
this type of process consists in eliminating the coke which
1s formed on the surface of the catalyst. The coke, as al-
ready mentioned, covers the surface and obstructs the pores
of the struéture of the catalytic particle, thus preventing
access of the molecules of the reagents in gaseous and/or
ligquid phase to the active sites situated on the surface of
the catalytic solid. In this way, 'the catalyst cannot ex-
press its properties in the reagent system and must there-
fore be substituted or, as happens in most cases, regener-
ated.

The regeneration normally takes place by combustion of
the coke deposited on the catalytic pa;ticles. The combus-
tion must be effected however under controlled conditions,
with particular respect to the temperature and gaseous at-
mosphere. Under conditions which are too drastic or however
unsuitable, harmful and irreversible modifications can be
caused to the structure of the catalyst, which can thus
lose 1its pr0pertiesl The regeneration procedures (duration,
temperature, pressure and atmosphere conditions) can there-
fore wvary depending on the process and type of catalyst
used and must be studied and set up in detail. Various pa-

rameters such as the duration of the catalytic activity in

each reaction cycle and the catalyst 1life, which have a
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significant impact on the whole process, can in fact depend
on the greater or lesser efficiency of the regeneration.

On an industrial scale, the regeneration of catalysts
is a practice which is commonly studied and used. In some

processes, such as "Fluid Catalytic Cracking" (FCC), regen-

eration takes place in continuous in the regenerator of the

circulating fluid bed reactor. In others, the exhausted
catalyst is discharged from the reactor, externally regen-
erated and re-charged to the reactor. In some cases, a so-
called " swing' reactor"” system is used in which there are
two or more reactors in parallel. The main reaction is car-
ried out in the first reactor; when the catalyst is deacti-
vated, the reagents are sent to a second reactor containing
fresh catalyst, whereas the c:atalyet in the first reactor
1s regenerated. In each reactor there are therefore alter-
nating reaction cycles and regeneration; a continuous proc-
ess is thus obtained with batch regeneration of the cata-

lyst in situ, i1.e. while the reaction takes place in one

reactor, the regeneration of the exhausted catalyst is ef-

fected 1n a second or more reactors.

In previous European patent applications published under publication
numbers EP 1114675 and EP 1114676, the use of catalysts is claimed in a crack-
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ing process in the presence °f vapour (steam cracking) for
the production of light olefins. Steam cracking is a petro-

chemical process of great importance; its main products are

. 39 -
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ethylene and propylene, i.e. two of the major "elements" of
petrochemistry, compounds which are used in numerous proc-
esses for the production of a large quantity of intermedi-
ates and chemical products. Steam cracking uses hydrocarbon
charges with a high paraffinic content such as ethane, pro-
pane, GPL, naphtha, light gas oils. The charges are ther-
mally converted, at a high temperature and in the presence
of wvapour, into prevalently olefinic products. During the
process there is the formation of coke which is deposited
on the inner walls of the coils of the cracking ovens. When
the thickness of the layer of coke becomes too great, the
plant must be stopped to remove the carbonaceous deposits.
The heavier the starting charge, the more rapid will be the
deposition of coke. Excessively heavy charges and with a
high content of aromatics cannot therefore be treated in
conventional plants for economic (necessity of frequent
plant stoppages) or technological (impossibility of running
conventional ovens) reasons.

In recent years, in order to increase the economic va-
lidity and flexibility of cracking processes, attempts have
been made to use charges of a worse quality than those nor-
mally used. Partial modifications to current steam cracking
ovens have only provided slight improvements in this sense;
important advantages with respect to the possible use of

heavy charges can only be obtained however with the intro-



10

15

20

25

CA 02436189 2003-05-30

WO 02/45850 PCT/EP01/13622

duction into the process of a catalyst which allows a re-
duction 1n the reaction tempgrature and the minimum forma-
tion of coke. The use of a specific catalyét in steam
cracking therefore enables charges to be exploited, which
could not be fed to conventional cracking ovens. During the
reaction, there i1is still the formation of coke on the sur-
face of the catalyst. The catalyst remains active for a few
hours, after which it must be regenerated.

The regeneration, as already specified, is commonly
effected with air at a high temperature; the process must
take place under contl;olled conditions, otherwise, due to
the exothermicity of the combustion reaction of the coke,
phenomena may occur such as sintgring, agglomeration, loss
of active phase, etc., which cause permanent deactivation
of the catalytic material. Even operating under controlled
conditions, local overheating of the catalytic particles
may still occur, causing modifications of the material and
a reduction in the life of the catalyst.

We have found that catalysts containing crystalline
calcium aluminates can be regenerated by means of treatment

with vapour at a high temperature, in the absence of air or

another oxidizing gas, continuing to express their proper-

ties.
Furthermore, it has been surprisingly observed how the

regeneration process we have set up allows higher perform-



10

15

20

25

CA 02436189 2003-05-30
WO 02/45850 PCT/EP01/13622

ances of the regenerated catalyst to be obtained with re-
spect to those of fresh catalyst. In steam cracking reac-
tions with regenerated catalyst, in fact, increased vyields
to ethylene + propylene have been obtained, with reduced
yields to carbon oxides with respect to reactions carried
out with £fresh catalyst. Fresh catalyst evidently has an
excesslve activity for cracking and leads to the formation
of various by-products, with a loss 1n selectivity to ole-
fins.' The catalyst after regeneration, on the other hand,
has a milder activity; regeneration allows a more con-
trolled cracking reaction with better yields to the desired
products and a greater duration of the activity in the

cracking reaction.

The process, object of the present i1nvention, for the
regeneration of exhausted catalysts containing one or more
calcium aluminates, for steam cracking reactions, comprises
treating said exhausted catalysts 1n a stream of water wva-
pour at a temperature fanging from 700 to 950°C, preferably

from 720 to 850°C, and at a pressure ranging from 0.5 to 2
atm.

The regeneration is preferably carried out for a time
ranging from 5 to 10 hours with a wvapour feeding ranging
from 5 to 15 gh 'geat *.

The regeneration can be effected in the same reactor

in which the steam cracking reaction takes place. When the
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catalyst has .lost its activity, the stream of hydrocarbon
reagent 1s interrupted and the feeding of water wvapour 1s
started, under suitable conditions for the regeneratiom.
The vapour is fed onto the catalytic bed for se\}eral hours,
until the carbonaceous deposits have been eliminated.

Among ‘the advantages c¢f this procedure, it can be
noted that the regeneration 1is effected in the absence of
alr; there 1s consequently nco combustion and the main reac-
tions involved are endothermic. This allows the temperature
to be kept under control and also avoids excessive over-
heating of the catalyst particles. As mentioned above, the
performances of the regenera.tﬁed catalyst are higher than
those of fresh catalyst and are maintained for numerous re-
action-regeneration cycles. The type of procedure and dura-
tion of the reaction and regeneration cycles are compatible
with a process which comprises two or more reactors operat-
ing 1in parallel, alternatingly 1n reaction and regenera-
tion.

The calcium aluminate of which the exhausted catalysts
to be regenerated with the process according to the inven-

tion, are formed, can be pure mayenite, claimed in patent

application EP 11114676, having the general formula
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12CaQe7A1,0;

having, 1n 1ts calcined form, an X-ray diffraction spec-

trum, registered by means of a vertical goniometer equipped
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with an electronic impulse count system and using CuKo ra-

diation (A = 1.54178 A), containing the main reflections

indicated in Table I (wherein d indicates the interplanar

distance) and in figure 1.

The catalyst consisting of said pure mayenite allows

better results to be obtained in terms of vyield to light

olefins in the field of steam cracking reactions of naphtha

with respect to mixtures contalning mayenite and.other cal-

cium-aluminates, either pure or mixed with each other.

Preferably, the process for the preparation of pure mayenite described above

comprises the following steps:

dissolution of salts containing calcium and aluminum

with water;
complexing of the dissolved salts by means of polyfunc-
tional organic hydroxy-acids;

drying of the solution resulting from the complexing so
as to obtain a solid precursor product; .

calcination of the solid precursor product at a tempera-
ture ranging from 1300 to 1400°C, p};eferably from 1330

to 1370°C, for at least 2 hours, preferably at least 5

hours.
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The polyfunctional organic hydroxy-acids can be se-
lected from citric acid, maleic acid, tartaric acid, glyco-
lic acid and lactic acid: citric acid is preferred.

The salts containing calcium are preferably selected

- 8a -
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from calcium acetate and calcium nitrate.

Aluminum nitrate is the preferred salt containing alu-

minum.

It is advisable for the preparation process to be car-
ried out with a molar ratio polyfunctional hydroxy-
acids/salts containing calcium and alumina ranging from 1.5
to 1.

The exhausted catalysts to be regenerated with the
process according to the invention can consist of crystal-
line calcium aluminates having a molar ratio CaO/Al,0;
ranging from 1/6 to 3 and molybdenum and/ Or vanadium ox-
ides, wherein the molybdenum oxide, expressed as MoO,, or
vanadium oxide, expressed as V305, or the sum of said two
oxides is in a quantity ranging from 0.5 to 10%, preferably

from 0.8 to 5% by weight, as claimed in patent application

EP 1114675 cited above.

Preferably, the activity of the calcium-aluminate compounds in the

steam cracking reaction 1s 1ncreased by the addition of

transition metals such as molybdenum and wvanadium. These
elements, in fact, added in the form of oxides to the basic

catalyst, allow a further increase to be obtained, in the

vield to the main products desired, i.e. ethylene and pro-

-0 -
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pylene. The negative effects on the formation of by-
products such as coke and carbon oxides are limited; these

by-products, in fact, in tests with wvirgin naphtha, do not

- 93 -
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exceed 1% by weight of vyield with respect to the starting

charge, even in the presence of catalyst modified with Mo

or V.

Preferably, the process for the preparation of the catalyst de-

scribed above comprises the following steps:

- dissolution of a salt containing molvbdenum or wvanadium

in an appropriate solvent;

- impregnation -0of the calcium aluminate present in granu-

lar form, by the addition of said aluminate to the solu-
10 tion of the molybdenum or vanadium salt;

- elimination of the solvent:
- drying at a temperature ranging from 100 to 150°C of the
solid precursoxr product;
- calcination of the solid precursor product at a tempera-
ture ranging from 500 to 650°C for at least 4 hours.
The solvent depends on the salt selected: 1t 1s pref-
erably selected from water, alcohol, ether, acetone; water
1s more preferably used for dissolving the molybdenum salt

and ethanol for the vanadium salt.

Preferably, the crystalline calcium aluminates forming the cata-
20

lyst should be selected from those having a molar ratio

CaO/Al,0; ranging from 1/6 to 3, more preferably equal to

10
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12/7 or equal to 3.
The crystalline calcium aluminate having a molar ratio

Ca0/Al,05 equal to 12/7 can be the same pure mayenite de-

- 10a -
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scribed  above, claimed in  patent application, IT-

MIS9AQ002616.

Preferably, a further object of the present invention relates to
the integrated light olefin + regeneratidn process.

The process for the production of light olefins by the
steam cracking reaction of hydrocarbon charges selected
from naphtha, Kkerosene, atmospheric gas oil, vacuum gas
oi;L, ethane and GPL, alone or mixed with each other, con-
sists 1n:

10 a) reacting said hydrocarbon charges with catalysts Ccon-
taining one or more calcium aluminates, in a reactor
operating at a temperature ranging from 670 to 850°C,
preferably from 720 to 300°C, at a pressure ranging
from 1.1 to 1.8 absolute Atm., with a wvapour/charge ra-
tio ranging from 0.1 to 1.5 w/w, preferably from 0.2 to
1, and for a contact time ranging from 0.05 to 0.2
sec. ;

b) regenerating said catalysts by means of a regeneration

process comprising treating sailid exhausted catalysts in

a stream of water vapour at a temperature ranging from

20 ‘
720 to 850°C, at a pressure ranging from 0.5 to 2 atm.,

for a time preferably ranging from 5 to 10 hours and

- 11 -
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with a wvapour feeding preferably ranging from 5 to 15

gh™Gear ™"

In the drawings:

figure 1 shows X-ray diffraction spectrum of mayenite phase;

figure 2 shows X-ray diffraction spectrum of a sample consisting of mayenite
and powellite;

figure 3 shows a comparaison between fresh and regenerated catalyst;

figure 4 shows a comparaison between fresh catalyst and after the fourth
regeneration;

figure 5 shows overall behaviour for a steam cracking test; and

rigure 6 shows a comparison between fresh catalyst and after regeneration.

some examples are provided for a better understanding

-11a -
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of the present invention but should not be considered as
limiting the scope of the invention itself.
EXAMPLES

First of all, some examples are provided of the preparation

of the catalysts described in European patent applications EP 1114676 and EP
1114675 for which the regeneration procedure according to the invention is

particularly effective.

EXAMPLE 1

Preparation of the catalyst c¢onsisting of pure mayenite

(already described in example 1 of patent application EP 1114676).

A synthesis method in homogeneous phase was used.

‘This method comprises the use of citric acid or poly-
functional hydroxy-acids with the function of complexing
metal salts in aqueous solution. After dehydrating the
aqueous solution, an amorphous precursor solid 1s obtained,
which, after high temperature thermal treatment, produces
the desired product.

The main advantages of this technigue are:

- homogeneous mixing on an atomic level
- good stoichiometric control

- production of mixed oxides using commercial chemical

products

- short process times.

212 -
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A  solution of aluminum nitrate, 378.2 g of

Al (NO;);#9H,0 (1.008 moles in 470 g of water was first added

to a solution of calcium acetate, obtained by dissolving

152.2 g of (CH;COQ),CaeH,O0 (0.864 moles) at room temperature

in 450 g of H,0, followed by a solution of citric acid:
393.1 g (1.872 moles) in 375 g of water. The homogeneous

solution obtained was dried by means of a spray-dryer. The

desired prodﬁct 12Ca0e7A1,0; (Mayenite) was obtained 1in

pure form after calcination at 1350°C for 5 h.

In order to obtain a catalyst formed by pelletizing, a
lubricating agent was added (2 wt% of stearic acid); after

pelletizing the catalyst was subjected to a further calci-

nation step.

The composition of the catalyst obtained was verified

by means of X-ray diffractometry which revealed the pres-

ence of the sole pure 12CaOe7Al1,0; phase.

(See Table I and figure 1 mentioned above).

EXAMPLE 2

e

Preparation: Doped mayenite (12Ca0e7Al.03) + (2% Mo0O;3) (al-

ready described in example 2 of patent application EP 1114675).

_ 13 -
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0.86 g of ammonium tetrahydrate. heptamolybdate (0.0049
moles) in 100 g of water were charged into a 250 cc flask.
35 g of granulated mayenite (20-40 mesh) were added to the

solution. After 2hr, the product was dried and then cal-

-13a -
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cined at 550°C for 5 hr.
The composition of the catalyst obtained was verified
by means of X-ray diffractometry (Table II and figure 2)
from which it can be seen that the crystalline structure of
the mayenite 1s not altered by the addition of molybdenum.
Small quantities of Ca0O may be formed, which however
have no influence on the catalytic activity.

EXAMPLE 3

Preparation: Doped mayenite (12CaOe7Al1,0;) + (2% V,05) (al-

ready described in example 3 of patent -application IT-
MI99A002615) .

2.68 g of vanadium(III)acetylacetonate (0.0077 moles),
in 75 g of ethanol were cﬁarged into a 250 cc flask. 35 g
of granulated mayenite (20-40 mesh) were added to the solu-
tion. After 2hr, the product was dried and then calcined at
550°C for 5 hr‘.

EXAMPLE 4

Steam cracking reaction effected in a laboratory plant with
a fixed bed reactor having a 1/2 inch diameter.

Operating conditions for the steam cracking:

Charge = HVGO (heavy wvacuum gas oi1l, density at 23°C =
0.8955 g/cm?)

T = 750°C

H,0/Charge = 0.8 w/w

Catalyst: mixture of calcium-aluminates (15% w 3CaO-Al,0s3;
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70% W 5CaO°3A1203} 15% w CaOA1203)

Test time = 1 hour both with fresh catalyst and with regen-
erated catalyst
Operating conditions for the regeneration of the catalyst:

T = 800°C

1

Vapour feeding: 9 g/hegca:”

Time: 6 hours

Figure 3 1llustrates the performances of fresh cata-
lyst and after regeneration with wvapour.

It can be observed how the quantity of ethylene + pro-
pylene 1s always greater 1in the test carried out with re-
generated catalyst, on the contrary the quantity of CO,
produced therewith 1s much lower than that generated in the
test with fresh catalyst. The quantity of CO, even if to.a
lesser extent, also decreases 1n the test with regenerated
catalyst.

EXAMPLE 5

Steam cracking reaction effected in a laboratory plant with
a fixed bed reactor having a 1/2 inch diameter.

Operating conditions for the steam crackingi

Charge = HVGO

T = 750°C

H,O/Charge = 0.8 w/w

Catalyst: mixture of calcium-aluminates (15% w 3CaO-Al,0;;

70% w 5Ca0-3A1,0;; 15% w CaO-Al,0-,)
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Test time

i

1 hour with fresh catalyst; 3.5 hours with re-
generated catalyst

Operating conditions for the regeneration of the catalyst:
I = 800°C

Vapour feeding: 9 g/hegg.: ™

Time: 6 hours

Figure 4 1llustrates the difference between the fresh
catalyst and used catalyst after 4 regeneration cycles with
vapour.

It can be observed how theqquantity'of ethylene + pro-
pylene is greater in the test carried out with the regener-
ated catalyst, and is also slightly higher with respect to
that obtained after the first regeneration.

The CO, produced continues to dec:;:ease both with re-
spect to the number of regenerations and also with respect

to the duration time of the test; the same behaviour is

noted in the production of CO.

EXAMPLE 6

Steam cracking reaction effected in a laboratory plant with
a fixed bed reactor having a 1/2 inch diameter.

Operating conditions for the steam cracking:

Charge = HVGO

T = 750°C

H,O0/Charge = 0.8 w/w

Catalyst: mixture of calcium-aluminates (15% w 3Ca0-Al,05;
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60% W 5C&O'3A1203} 20% w 120&0’7A1203} 5 W CaOA1203)
Test time = 1 hour with fresh catalyst; from 2 to 3.5 hours

with regenerated catalyst

Operating conditions for the regeneration of the catalyst:
T = 800°C

Vapour feeding: 9 g/hegcat

Time: 6 hours

Figure 5 illustrates theoproduction trend of ethylene
+ propylene, CO, and CO. This graph was 6btained by summing
the test time without considering the regeneration time;
the data of the first hour refer to fresh catalyst (first 6
points), the rest to the regenerated catalyst (6 times in
all).

It can be observed that with an increase in the number
of re;generations, the production of ethylene + propylene
seems to become stabilized, whereas contemporaneously, the
quantity of CO, tends to progressively decrease. (it can be
noted that the maximum quantity of CO, is always present at
the beginning of the single tests apd its wvalue progres-
sively decreases with an increase in the number of regen-
erations) .

The performances of the regenerated catalyst are bet-

ter than those of fresh catalyst and are maintained after

various reaction-regeneration cycles.

EXAMPLE 7
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Steam cracking reaction effected in a laboratory plant with
a fixed bed reactor having a 1/2 inch diameter.

Operating conditions for the steam cracking:

Charge = HVGO

T = 750°C

H,O/Charge = 0.8 w/w

Catalyst: pure mayenite (Cai3Al14033)

Test time = 2 hours both for the fresh catalet and for the
regenerated catalyst

Opérating conditions for the regeneration of the catalyst:

T = 800°C

Vapour feeding: 9 g/hegc.:™

Time: 6 hours

Figure 6 compares the production of ethylene + propyl-
ene with fresh catalyst and regenerated catalyst. The quan-
tities of CO and CO, are almost zero and are therefore not
indicated.

The performances of the regenerated catalyst are bet-

ter than those of fresh catalyst.
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Table I

X-ray diffraction spectrum of the pure Mayenite phase
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20 (CuKa) (°) d (A)
18.18 4 .88

21.02 4 .22

23.52 3.78

27.89 3.196
29.87 2.989
33.48 2.675
35.17 2.550
36.77 2.442
38.33 2.347
471 .31 2.184
44 .10 2.052
46.76 1.941
4£49.30 1.847
51.76 1.765
52.96 1.728
54 .14 1.693
55.30 1.660
56 .44 1.629
57.56 1.600
60.87 1.521
61.95 . 1.497
62.98 1.475
67.19 1.392
69.23 1.356
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Table II

X-ray diffraction spectrum of the sample consisting of May-

enite Ca;,Al.14033 and Powellite CaMoO.,
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20 (CuKa) (°) d (A) Mayenite d (A) Powellite
18.18 | 4.88
18.68 4.75
21.02 4.22
23 .52 3.78
27.89 3.196
28 .80 3.097
29 .87 2.989
31.33 2.853
33.48 2.675
34 .34 2.609
35.17 2.550
36.77 2.442
38.33 2.347
39.38 2.286
39,95 2.255
41.31 2.184
44.10 2.052
46.76 1.941
47.11 1.927
49.30 1.847
51.76 1.765
52.96 1.728
54 .14 1.693
55.30 1.660
56 .44 1.629
57.56 1.600
58.05 1.588
59.59 1.550
60.87 1.521
61.95 1.497
62.98 1.475
67.19 1.392
69.23 1.356
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WHAT IS CLAIMED IS:

1. A process for the regeneration of exhausted catalysts containing one or
more calcium aluminates, for steam cracking reactions, comprising treating said

exhausted catalysts in a stream of water vapour at a temperature ranging from 700

to 950°C, and at a pressure ranging frorn 0.5 to 2 atm.

2. The process according to claim 1, wherein the vapour feeding ranges from 5

to 15 gh™'g cat .

3. The process according to claim 1, wherein the regeneration takes piace in
fixed bed reactors in parallel, functioning alternatingly in steam cracking reaction

and in regeneration.

4 The process according to claim 1, wherein the calcium aluminate is pure

mayenite having the general formula

12Ca0Oe7A1,0,

having an X-ray diffraction spectrum as indicated in Table |.

D. The process according to claim 1, wherein the exhausted catalysts consist of
one or more crystalline calcium aluminates having a molar ratio CaO/Al,O3; ranging
from 1/6 to 3, and of molybdenum or vanadium oxides

wherein the molybdenum oxide, expressed as MoOj3;, or vanadium oxide expressed
as V.05, or the sum of said two oxides is in a guantity ranging from 0.5 to 10% by

weight.

0. The process according to claim 1, wherein the exhausted catalysts consist of

one or more crystalline calcium aluminates having a molar ratio CaO/Al,O; ranging

from 1/6 to 3, and of molybdenum and vanadium oxides

- 21 -
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wherein the molybdenum oxide, expressed as MoO3, or vanadium oxide expressed
as V205, or the sum of said two oxides is in a quantity ranging from 0.5 to 10% by

weight.

7. The process according to claim 5 or 6, wherein the molybdenum oxide,
expressed as MoQj;, or vanadium oxide expressed as V.03, or the sum of said two

oxides is in a quantity ranging from 0.8 to 5% by weight.

8. The process according to any one of claims 5 to 7, wherein the crystalline

calcium aluminate has a molar ratio CaCQ/Al,O3 equal to 12/7 or equal to 3.

9. The process according fo any one of claims 5, 6 and 8, wherein the
crystalline calcium aluminate having a molar ratio CaO/Al,O3 equal to 12/7 is pure

mayenite.

10. A process for the production of light olefins by the steam cracking reaction of
hydrocarbon charges selected from naphtha, kerosene, atmospheric gas oil,
vacuum gas oll, ethane and GPL, alone or mixed with each other, consisting in:

a) reacting said hydrocarbon charges with catalysts containing one or more
calcium aluminates, in a reactor operating at a temperature ranging from 670 to
850°C, at a pressure ranging from 1.1 to 1.8 absolute Atm., with a vapour/charge
ratio of 0.1 to 1.5 w/w and for a contact time ranging from 0.05 to 0.2 sec.

b) regenerating said catalysts by rneans of a regeneration process according

to one of the claims from 1 to 3.

L
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