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STUDY OF THE BUTANE-BUTYLENE FRACTION
ON MODIFIED RU-CO SUPPORTED CLAY CATALYSTS

Annotation. The metal (Ru and Co) doped on chromium pillared montmorillonite was have been prepared by
wet impregnation method. The prepared bimetallic catalysts were characterized by N, adsorption-desorption
isotherm, Brunauer-Emmett-Teller (BET) and Scanning Electron Microscopy (SEM) methods. The activity of the
catalysts was evaluated by using conversion of C, fractions at different reaction temperature and pressure. Amount
of metals in the catalyst, temperature and gas pressure revealed to a significant impact on the catalyst activity and
selectivity. Experimental results show that the 1.5%Ru-Co/MMC system has a best selectivity towards Cg olefins.
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1. Introduction

Butane-butylene fraction is the main part of gaseous products from the Fluid -catalytic
cracking (FCC) process. C, fraction dimerization, trimerization and oligomerization products will be used
in a wide range of chemical and petrochemical industry. For example, Cs- olefins are the main component
of high-octane gasoline and C,;,- olefins are the raw material of production of plastic substances [1],
dodecylbenzene, lubricants and gasoil additives [2, 3]. A variety of solid catalysts: zeolites [4, 5], sulfated
zirconia [6, 7], sulfated titania [8], WO./ZrO, [9], NiO-W,0,/A1,0; [10], silica supported chloroaluminate
ionic liquid [11], HNaNi-ZSM-5 [12] have been studied for C; fraction oligomerization reactions.
However, all of them appeared low selectivity and/or conversion.

Actually, in industry for the oligomerization of C, fractions used solid phosphoric acid catalyst [13].
Because of polluting and easily deactivation disadvantage, requires modification of catalyst
environmentally safe direction. According to the afford mentioned, clay minerals represent a available
source to prepare catalysts because of low cost and environmentally friendly porous materials. As well as
it has good swelling, high specific surface area and ion exchangeable properties. The most used
modification techniques include cation exchange and pillaring. Clays or clay modified catalysts have been
used for petroleum refining and petrochemical industries [14, 15]. An earlier paper reported that nickel or
cobalt layered clays are highly active for hydroisomerization and hydrocraking to light hydrocarbons [16]
and oligomerization of C;-C, hydrocarbons [17]. In the resent paper reported that Co, Na, Ca-Y [18] and
carbon supported cobalt catalysts [19] showed good dimer selectivity for C4 fraction oligomerization.
Also an aluminum pillared montmorillonite and aluminum pillared saponite were used as catalyst for 1-
pentene oligomerization [20]. In our previous work we investigated new oligomerization Cr-pillared
supported clay catalyst and tested it for C,-C, oligomerization reaction. It was showed highly selective
towards Cg hydrocarbons [21].

In this report we describe the synthesis and characterization of Cr-pillared Ru-Co supported
montmorillonite and their catalytic behavior in the conversion of C, fractions. Obtained products identify
and quantify by GC.
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2. Experimental
2.1. Materials

The starting material natural bentonit clay which containing montmorillonit (resource of bentonite
clay is from Republic of Kazakhstan) used as carrier without further treatment. Modifying the natural clay
to pillar structure used CrCl; (99%, Sigma-Aldrich) as a structuring agent. For improving the swelling
properties of the clay used 1M NaCl solution. As support used Ruthenium (IIT) chloride-RuCl;-3H,0
(99.99%, Alfa- Aesar) and hexahydrate of cobalt (II) nitrate- Co(NOs),-6H,0 (99.99%, Sigma-Aldrich).

2.2. Catalyst preparation

For preparation of RuCo/MMC* (atomic ratio Ru:Co=0.4:0.6) aqueous solutions of ruthenium(III)
chloride-RuCl;-3H,0 and hexahydrate of cobalt (II) nitrate- Co(NO;),-6H,O were used. Pillared clay
preparation carried out by method proposed in [22, 23]. The preparation of the Cr-pillared clay was
analogues to that of the Ga-pillared clay [24]. Prior to pillaring process, the clay was saturated with
sodium ions through exchange with 1M NaCl for 8 h, and then washed with deionized water in order to
remove residues of NaCl as determined by the AgNO;. Then 0.1M NaOH solution added to the required
amount of 0.1M CrCl; solution under vigorous stirring at room temperature. Then this mixture added to
the aqueous clay suspension and stirred 4h. Obtained mass undergoes to dry in air at ambient temperature
and left for a few days. Finally, the sample calcined at 450 °C during the 8h under air at heating rate of 2
°C/min. After cooling a certain mass of this sample is impregnated by cobalt and ruthenium salts. Then
obtaining mass was dried at 80 °C for 8 h and calcined at 450 °C during 6 h in the air at heating rate of 2
°C/min.

2.3. Characterization techniques

Textural properties of the samples were obtained from nitrogen adsorption-desorption isotherm,
measured at 77K using an ASAP 200 Mirometric instrument. The specific surface area and mean pore
size diameter for the different synthesized solids were calculated by Brunauer-Emmett-Teller (BET) and
Barrett-Joyner-Halenda (BJH) - methods respectively. Scanning electron microscopy (SEM) - images of
the sample previously gold-coated are performed using a Jeol JSM 5800 microscope (20 kv) equipped
with a secondary clectron images detector.

2.4. Catalytic tests

Oligomerization of C, hydrocarbons was carried out in a continuous flow fixed-bed reactor. The
reaction temperature and gas pressures are range from 110-170 °C and 2.0-4.0 MPa respectively. Prior to
experiment the catalyst (1g) was pre-treated in situ in a stream of hydrogen (50 cm’/min) at 300 °C at
atmospheric pressure for 2 h. Then the reactor cooled down until reaction temperature in a flow of argon
(Ar, 50 cm®/min) and the C, gas mixture were fed to the reactor. Reaction products analyzed by DANI
Master GC Fast Gas Chromatograph.

3. Results and discussion

Textural properties of the starting clay and its derived catalysts are shown in Table 1. The
montmorillonit have small surface area and pore diameter about 60 m*/g and 1.1 nm respectively. After
modifying with chromium they were 240 m?*/g and 3.9 nm respectively. This can be attributed to the
pillaring agent successfully entered into the interlayer spacing of montmorillonite to create regular
porosity, resulting effectively increase of it is surface arca and pore diameter. After impregnation with Ru
and Co to the clay, a decrease of specific surface area was observed. The metal content consist 2%, it was
sharply decreased to 170 m*/g. But the pore diameter still increased to 4.3 nm, then remain stable. This
can be explained by the capacity of the carcer. In this case the more metal content less efficient for Cr
modified montmorillonite, then measured the lower specific surface area.
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Table 1 - Physicochemical properties of the parent carrier and metal supported catalysts

Samples Ru content, | Co content, Specific surface Pore diameter,

% % area, m*/g nm
MM* - - 60 1.1
MMC** - - 240 3.9
0.5%RuCo(Ru: C0=0.4:0.6YMMC 0.2 0.3 235 4.1
1.0%RuCo(Ru: Co=0.4:0.6)/MMC 0.4 0.6 230 42
1.5%RuCo(Ru: Co=0.4:0.6)YMMC 0.6 0.9 218 43
2.0%RuCo(Ru: Co=0.4:0.6)/MMC 0.8 12 170 43

Note:*Montmorillonite, **Montmorillonite modified by compound Chromium
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Figure 1 - N, adsorption-desorption isotherms of MMC

Fig.1. shows the N, adsorption-desorption isotherms of Cr modified montmorillonite, which display a
type IV curve with a adsorption region at 0.4-0.8 relative pressure (P/P) implying an uniform pore
geometry and corresponding to mesoprous adsorbents. The hysteresis loops belong to type 111, which is
the same as IUPAC classification [25]. The pore size distribution of MMC is also shown in the inset in
Fig.1. The average pore size of MMC is calculated to be 4.0-5.0 nm from the BJH adsorption data, which
is compatible the previous TEM result [20]. A gradual increase in nitrogen sorption observed at low to
medium relative pressure (P/P,=0.4) suggests the presence of micropores and small mesopores. While the
increasing of the nitrogen adsorbed at higher relative pressure could be related to larger mesopores. In
conclusion it can be seen the pillaring process improved its adsorption properties, led to create uniform
mesoporosity structure.

The SEM images of chromium modified 1%Ru-Co/MMC are shown in Fig. 2. In Fig. 2A shows the
raw montmorillonite particles remain united themselves. Fig. 2B reveals that the pillaring agent can affect
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morphology and structure of the parent carrier. After pillaring process, the surface of MMC become more
porosity and their morphologies are become more smooth, also appeared ordered parallel line (B,C)
because of interlayer of clay binding with polyoxocations of chromium. It could positive influence for
increasing specific surface area of parent clay mineral. The white spot observed in the Figure 2C is area of

supported metals (Ru and Co) in the MMC carrier.

Figure 2 - SEM images of parent MM (A), Cr- pillared MMC (B), 1.5%Ru-Co/MMC (C)
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Figure 3 - Influence of amount of metals (a) and pressure (b) to the conversion

of C, fractions on Ru-Co (Ru:C0=0.4:0.6)/MMC systems (1. 110 °C; 2. 130 °C; 3. 150 °C; 4. 170 °C)
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Influence of amount of metals and pressure to the conversion of C, fractions on supported clay
catalyst and product distribution at different reaction temperature were shown in Fig. 3 and Fig. 4.
Increasing temperature and pressure have positive effect on gas conversion [26-28]. In Fig. 3a shows at
constant pressure (P=2 MPa) conversion of gas went up at all temperature range when the amount of
metal was increased from 0.5 to 1.5%, then decreased. The maximum value was achieved at 170 °C about
82%. In Fig. 3b showed the conversion of gas on 1.5% RuCo(Ru:C0=0.4:0.6)/MMC catalyst at different
pressure and temperature. When the pressure and temperature climbed to 3 MPa and 170°C respectively,
the gas conversion reaching the highest 90.0%, then tends to stabilize.
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Figure 4 - Selectivity to Cg, C1, and C (1. Cg; 2. Cyy; 3. Cy¢) for the transformation of C, fractions on Ru-Co
(Ru:Co=0.4:06)/MMC systems as function of amount of metals (a) and pressure (b)

It is necessary to control amount of metal content, temperature and gas pressure to yield optimal
productivity, which selective towards Cs oligomers [29, 30]. The selectivity of catalyst with different
amount of metal loading was evaluated for the same reaction conditions (170°C, 2 MPa) shown in Fig. 4a.
Note that, the 1.5%RuCo (Ru:Co=0.4:0.6)/MMC catalyst exhibited the best selectivity for dimers product
- Cs, as about 42.0 % compared to among other synthesized catalysts. The C;; oligomer selectivity varied
between 8.0 - 20% at all samples. The catalyst with 2.0%Ru-Co showed selectivities in the same order for
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C; and C,; fractions. It’s worth pointing out, that the Ru-Co total content in the range of 1.0-1.5% gives
much higher selectivity to Cs fractions. This can be ascribed to the fact that in the reaction environment
only the Ru-Co planted catalyst species will be active for dimerization C, fractions. In this case,
increasing metal loading, all the Ru-Co species cannot be able to incorporate in the framework. In
consequence, extra metal species will block the pores an active species and selectivity will reduce.

Under constant temperature (t=170°C) the selectivity of 1.5%RuCo (Ru:Co=0.4:0.6)/MMC catalyst
in function of pressure is presented in Fig. 4b. The selectivity of catalyst to Cs fractions increased linearly
when the gas pressure increase from 1 to 3 MPa, as about 30 to 49%, then decreased. On the contrary, the
selectivity for C;, fractions reduced. It was also observed that the catalysts exhibited a little selectivity to
Ci6 oligomers (< 2%), result of the tetramerization of the C,4 fractions. The reason for that the low pressure
will increase spent time of the gas molecules in catalyst cavity, thereby increasing the formation of long-
chain hydrocarbons.

Conclusion

In this work, the conversion of butane-butylene fractions on heterogencous Ru-Co
(Ru:Co=0.4:0.6)/MMC clay catalysts were studied. Temperature, pressure and metal content of the
catalyst have great effect in controlling conversion and selectivity of the catalysts. Obtained results
showed the gas conversion increase along with increasing temperature and pressure. The maximum
conversion were found at 170 °C. According to the results, the best conditions that selectivity toward Cg
hydrocarbon products were found combination of higher partial pressure (3 MPa), lower content of metal
(1.5% Ru-Co) and a temperature of 170 °C. Under these conditions the obtained highest volume of
selectivity for C; oligomers was 49.0%.
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1Ka(pe/:Lpa XHMHUYECKOH HIkeHepHH, Kasaxcrancko-bpuranckuit
Texamueckuit YausepcuteT, Tone 6u 59, Amvarsr, Kazaxcran;
2I/IHCTI/ITYT xumud, Oeaepanbaeiii YHUBEpcuTeT mrara Puy-I panau-ay-Cyn, [Topry - Anerpu, Bpazmmius

W3YYEHHUE BYTAH-BY TWIEHOBOM ®PAKIIAA HA Ru-Co HAHECEHHBIX
NAJIJTAPUPOBAHHBIX I'THHUCTHUX KATAJIM3ATOPAX

Annoramus. Metamt (Ru u Co) HaHECCHHBIH HA XPOM NMUJUIAPHPOBAHHOM MOHTMOPHJUIOHHT OBLT IOJIYYCH
METOJOM MOKpOH HponuTky. IToyucHHBIE OMMETATIMYECKHE KATAIU3aTOPhI XapaKICpU30BAIHCh N, aacopOumu-
Jecopbumu u30TepMoH, Meronamu bpynayapa-Ommera-Tennepa (B3T) u CxaHupyromei 3IeKTPOHHONH MHKPOCKO-
muu (COM). AKTHBHOCTB KAaTaJIHM3aTOPOB OLEHUBAIM C HCHOIb30BaHHEM KOHBepcHU Cy-(hpakumil OpH pa3aMyHBIX
PEaKIUOHHBIX TEMIICPATyPax U JapiacHHU. KOIM4YecTBO META/LIOB B KATAIH3aTOPE, TEMICPATypa U JABICHHE ra3a
TIOKA3A/I 3HAYMUTCJIBHOC BIIMAHUC HA AKTUBHOCTE U CCIICKTHBHOCTH KATAlIA3aTOPA. 3KCHepI/IMeHTaJ'[I>HLIe PpE3Y b=
TaThI MOKA3bIBAKOT, uTO 1,5% Ru-Co/MMC- cucrema ob1agaeT nyyimei cenekKTuBHOCThIO Kk Cg-01e(huHam.

KunroueBrnie cJ10Ba: MOHTMOPHJUIOHUT, Oy TaH-Oy THICHOBAS (PPAKIIHS, MOTOPHOE TOILIUBO, PYTCHHH, KOOAIBT.
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XuMusIbIK HEKeHepUs kKadeapacsl, KazakcTaH-bputan TeXHUKAIBIK Y HUBEPCUTETI,
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Ru - Co OTBIPTBI3BIIIFAH KABATTAHFAH KYPBIJIBIM/IBI CA3 BAJIIIIBIKTHI
KATAJHM3ATOPJAPJA BYTAH-BYTHU/IEH ®PAKIIUACHIH 3EPTTEY

AnHoranus. Mertamn oreiprei3suraH (Ru sxoHe Co) XpOMMEH KaOAaTTBIK KYPBUIBIMIAHFAH MOHTMOPHJUIOHUT
JBIMKBUT CIHAIPY OMICIMEH JadbIHmAmabl. AJBIHFAH OMMeETanabl KaramusaTopiaap N, agcopOums-mecopOuus mu30-
TepMsbl, BpyHayap-Ommer-Temmep (BOT) xoHe CKaHEpJIEHICH 3J1eKTpoHIsl MUKpockomus (COM) oxictepiMeH CH-
narranasl. Karammsatopmapaeiy Oencenainiri Cq (pakuusIChIHBIH OPTYPIl PEAKUMAIBIK TEMIEPATypa MEH KbICHIM
Ke3IHJeTi KOHBEPCHCH apKbUIbl OaranaHapl. EHTI3INreH METAXIapAbIH MOJIIEpPi, TEMIICPATypa KoOHE a3 KbICHIM-
HBIH ©3repiCi KaTaau3aTOPAbIH AKTHBTLNINT MEH TAFAMIBLIBIFBIHA AHTAPIBIKTaH dCep €TETiHAIr! aHbIKTAIIbL Toxi-
pubemnix Hotmwkenep 1,5% Ru-Co/MMC sxyieci Cs oneuraepre xakchl TATFaMAbl CKEHIH KOPCETTI.

Tipek co31ep: MOHTMOPHJUIOHUT, Oy TaH-Oy THIICH (DPAKLUHUACHL, MOTOP OTBIHBI, Py TEHHH, KOOAJbT.




