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Introduction
Due to new environmental legislation, European refiners will be required to make significant processing changes. Nowadays, reformulated gasolines must contain 2.7% oxygen as oxigenates and 18% volum of olefins. More than 90% of the ozone potential is due to the olefins contained in the FCC C5 fraction. Different processing options to be considered for removal of C5 olefins from gasolines are: C5 alkylation, TAME (tert-amyl methyl ether) or TAEE (tert-amyl ethyl ether) production, C5 isomerization, C5 hydroformylation/hydrogenation and C5 dimerization. In the dimerization of isoamylenes some alcohols in small quantities lead to the formation of diisoamilenes without oligomerization or cracking. In turn, the final product after dimerizing and etherifying C5 reactive olefins (isoamylenes) simultaneously has lower Rvp, higher octane number and lower ozone-forming potential than initial mixture (isoamylenes and alcohol).

In a previous work it was shown that the macroporous styrene-DVB resin Amberlyst 15 is a good catalyst for the liquid-phase dimerization/etherification of isoamylene in the methanol presence. The aim of this paper is to test the catalytic behaviour of some macroporous and microporous resins comparing the different effect of the methanol or ethanol presence in the liquid-phase dimerization/etherificaction of isoamylene.

Experimental

The acid macroporous ionic resins Amberlyst 15 and Amberlyst 35 (Rohm &Haas), Purolite CT-175 and Purolite CT-275 (Purolite) and the gel type one Amberjet 1500H (Rohm &Haas) were tested. Their physical properties are summarized in Table 1. Isoamylenes mixture containing 2-methyl-2-butene (85 %) and 2-methyl-1-butene (15 %) (Fluka), methanol and ethanol (Romil Chemicals Ltd) were used. A 200 cm3 stainless steel jacketed reactor set to 80ºC operating batchwise was used at 500 rpm to avoid the influence of external mass transfer, and 19 bars to ensure the liquid phase over the reaction. All experiments were carried out with an initial molar ratio of isoamylene to alcohol of 9 to avoid the formation of oligomers and cracking products. 4 g of dried catalyst (110ºC for 3h in an atmospheric oven and 5 h at 100ºC in a vacuum oven), with the commercial distribution of bead sizes was used in each experiment (catalyst loading < 3%). The first 10 liquid samples were taken from the reaction media every 25 minutes and every 50 minutes the last ones to follow the evolution of the reacting system with time, and analyzed with a GC-MS system connected online to the reactor. The length of the experiments was set in 8 h. 

Table 1. Physical properties of catalysts

	Catalyst
	Acidity

(eq H+ / kg)
	Sg (m2/g)a
	Vg (cm3/g)b
	Sg (m2/g)c
	Vg (cm3/g)c
	dpore (Å)
	db (mm)d
	Tmax (ºC)

	A-15
	4.81
	42
	0.36
	157
	0.632
	343
	0.74
	120

	A-35
	5.32
	34
	0.28
	166
	0.623
	329
	0.51
	150

	A-1500H
	5.20
	-
	-
	-
	-
	-
	0.65
	-

	P-CT-175
	4.98
	29
	0.48
	193
	0.861
	662
	0.94
	145

	P-CT-275
	5.20
	31
	0.29
	183
	0.909
	601
	0.72
	145


a BET method. b Determined by adsorption–desorption of N2 at 77 K. c Swollen in water (ISEC method). 
d Determined by sieving dry industrial samples.

Results and discussion


As can be seen in Table 2 and Table 3 the highest isoamylene conversion was found on Amberlyst 35 and Purolite CT-275 and the lowest conversion was found on Amberjet 1500 H. The most active macroporous catalyst is the most acidic. The selectivity to diisoamylene is very similar on all the macroporous resins tested.

Table 2. Isoamylene conversion, XIA (%), selectivity to DIA, SDIA (%), and DIA yield, YDIA  (%) in the methanol presence

	MeOH
	Amberlyst 15
	Amberlyst 35
	Amberjet 1500H
	Purolite CT-175
	Purolite CT-275

	tmin
	XIA
	SDIA
	YDIA
	XIA
	SDIA
	YDIA
	XIA
	SDIA
	YDIA
	XIA
	SDIA
	YDIA
	XIA
	SDIA
	YDIA

	5
	18.3
	18.5
	3.4
	16.9
	15.2
	2.6
	0.3
	0.0
	0.0
	18.0
	17.7
	3.2
	17.9
	17.3
	3.1

	30
	32.4
	52.4
	17.0
	31.7
	50.5
	16.0
	8.6
	0.0
	0.0
	29.8
	47.5
	14.2
	32.1
	51.6
	16.6

	130
	49.6
	79.5
	39.4
	50.2
	79.9
	40.2
	14.0
	0.0
	0.0
	47.6
	76.7
	36.5
	50.0
	79.7
	39.9

	230
	55.4
	86.2
	47.7
	56.0
	86.7
	48.6
	16.7
	11.5
	1.9
	54.3
	84.7
	46.0
	56.2
	87.0
	48.9

	330
	57.3
	88.4
	50.7
	59.5
	90.3
	53.7
	19.8
	21.4
	4.2
	54.7
	85.3
	46.7
	57.6
	88.5
	51.0

	430
	59.2
	90.7
	53.7
	60.7
	91.8
	55.7
	22.7
	30.7
	7.0
	57.8
	88.8
	51.4
	60.8
	91.6
	55.7


Table 3. Isoamylene conversion, XIA (%), selectivity to DIA, SDIA (%), and DIA yield, YDIA  (%) in the ethanol presence

	EtOH
	Amberlyst 15
	Amberlyst 35
	Amberjet 1500H
	Purolite CT-175
	Purolite CT-275

	tmin
	XIA
	SDIA
	YDIA
	XIA
	SDIA
	YDIA
	XIA
	SDIA
	YDIA
	XIA
	SDIA
	YDIA
	XIA
	SDIA
	YDIA

	5
	16.0
	11.3
	1.8
	16.4
	15.8
	2.6
	2.4
	0.0
	0.0
	14.8
	12.0
	1.8
	14.3
	15.3
	2.2

	30
	20.4
	21.8
	4.5
	22.1
	25.8
	5.7
	6.8
	0.0
	0.0
	20.5
	22.4
	4.6
	21.4
	23.6
	5.0

	130
	29.6
	46.4
	13.7
	31.6
	50.6
	16.0
	13.0
	0.0
	0.0
	30.8
	49.0
	15.1
	30.5
	48.0
	14.6

	230
	34.6
	56.5
	19.6
	38.0
	62.4
	23.7
	14.7
	0.0
	0.0
	35.3
	58.0
	20.5
	35.5
	57.8
	20.5

	330
	38.7
	63.3
	24.5
	41.3
	67.9
	28.1
	17.2
	9.4
	1.6
	37.2
	62.1
	23.1
	38.4
	63.3
	24.3

	430
	39.8
	66.0
	26.2
	43.1
	71.0
	30.6
	20.0
	19.9
	4.0
	40.4
	66.7
	26.9
	42.1
	68.6
	28.9



It was observed that isoamylene is converted to ether faster than to diisoamylene and only when ether equilibrium is reached, does dimerization become the main reaction. Data show that isoamylene conversion and diisoamylene yield of are lower in the ethanol presence than in methanol presence. This behaviour can be explained by the swelling of the resin and the etherification equilibrium: The less polar the alcohol used, the weaker tendency to swell, so when ethanol is used, there are less alcohol molecules in the catalyst pores. When the alcohol content of the catalyst is low, isoamylenes have easier acces to the active sites and their isomerization will be promoted from 2M1B to the more stable 2M2B, which is less reactive in the etherification reaction. Moreover, the equilibrium constant of TAEE formation at 80ºC is smaller than for TAME formation. As a result, less isoamylene is converted in the etherification reaction and more ethanol is present in the reacting media, inhibiting the dimerization of isoamylene giving rise to less isoamylene conversion and diisoamylene formation. 


Obtained initial reaction rates are shown in Table 4. These rates are higher for the isoamylene consumption and lower for the diisoamylene formation in ethanol presence.

Table 4. Initial reaction rates (mol/h·g) 80 ºC

	
	A-15
	A-35
	A-1500 H
	P-CT-175
	P-CT-275

	
	rIA
	rDIA
	rIA
	rDIA
	rIA
	rDIA
	rIA
	rDIA
	rIA
	rDIA

	Methanol
	2.32
	0.09
	2.52
	0.08
	0.12
	0.00
	3.00
	0.08
	2.25
	0.09

	Ethanol
	6.34
	0.06
	6.49
	0.09
	0.11
	0.00
	3.77
	0.08
	2.69
	0.08



























































