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Mastering a biphasic single-reactor processfor direct conversion of
glycerol into liquid hydrocarbon fuels

Vitaly Ordomsky*, Andrel Khodakov
Preparation of catalysts

The powdered ruthenium on carbon (Ru/C) catalyth wiwt. % Ru was prepared by
incipient wetness impregnation of hydrophobic carbwy aqueous solution of RuCIThe
catalyst was dried at 100 °C and reduced jmatinosphere at 500 °C. Afterwards the catalyst
was passivated in the flow of He at ambient tentpesa

The Pt/ALO; catalyst with 5 wt. % Pt was prepared by incipieetness impregnation
of alumina powder by aqueous solution of [PtgdH(NO3),. The catalyst was dried at 100 °C
and reduced in fatmosphere at 500 °C. Afterwards the catalyst pessivated in the flow of
He at ambient temperature.

Catalytic tests

Experiments were carried out in a 100 mtreti autoclave working in a batch
mode and equipped with valves for sampling ttpeid and gas phase. The experiments were
conducted during 7 h. The stirring rate was 600.rpm

The procedure for testing catalysts in the reaaio@O hydrogenation was as follows:
water (40 ml) and decane (10 g, in the case obipleasic experiment — entry 2), catalyst Ru/C
(0.5 g) in the aqueous (entry 1) or organic phasdry 2) was poured into the autoclave. The
autoclave was purged and filled with CO (10 ba &gdrogen (20 bar), the temperature was
increased to 220 °C and thereafter the catalyfieement was started.

The procedure for testing catalysts in the reacttdnCO, hydrogenation was as
follows: water (40 ml) with 0.1 M 8O, in the case of the experiment with acid additientily
4) with Pt/ALOs (0.5 g) and decane (10 g) with catalyst Ru/C @).5vere poured into the
autoclave. The autoclave was purged and filled i@ (10 bar) and hydrogen (20 bar), the
temperature was increased to 220 °C and thereh#taratalytic experiment was started.

The procedure for testing catalysts in the APR asg$ollows: water (40 ml) and 5 g
glycerol with 0.1 M HSGQOy in the case of the experiment with acid additiam(2) with Pt/A}Os
(0.5 g) were poured into the autoclave. The auteciaas purged and filled with,N5 bar), the

temperature was increased to 220 °C and thereh#taratalytic experiment was started.
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The procedure for testing catalysts in the APR daoetb with FTS was as follows:
water (40 ml) and 5 g glycerol with 0.1 My&Oyin the case of the experiment with acid addition
(run 4) with Pt/AbO3 (0.5 g) and decane (10 g) with catalyst Ru/C (f).%ere poured into the
autoclave. The autoclave was purged and filled Witlt5 bar), the temperature was increased to
220 °C and thereafter the catalytic experiment staded.

Periodically gas samples were taken from the aatecl Gaseous reaction products
were analyzed online by gas chromatography. AmalggH,, CO, CQ and CH was performed
using Alltech CTR | column and a thermal condutfidetector. The composition of the liquid
phase was analyzed at the end of the experimeh&samount of glycerol in the samples was
analyzed by HPLC (Shimadzu) equipped with a refvacindex detector. Products in the
agueous phase were analyzed by GC (Varian) wittadloition of external standards (acetone).
Products were identified by GC-MS (Shimadzu 201&Pand the use of pure compounds. Light
products (till Gg) in organic phase (decane) were analyzed by G@dWausing a capillary CP
PoraBond Q column. Simulated distillation (SIMD)SABy gas chromatography was used to
analyze the long chain hydrocarbon£Cso) with addition of octadecane as external standard.
Analysis of the hydrocarbon during FTS in the agisephase (entry 1) was conducted after
extraction of hydrocarbons by addition of decarnerakaction.

Conversions of CO or CQmol %) and product selectivity (mol %) in hydrogéion
experiments were defined as follows:

Conversion (mol %) = (moles of CO or g@acted)/(moles of initial CO or G100

Selectivity (mol %) = (moles of C atoms of prodgpecbduced)/(moles of CO or GO
reacted -J100.

Conversions of glycerol (mol %) and product seletti(mol %) in APR and combined
APR-FTS was defined as follows:

Conversion (mol %) = (moles of reacted glycerolgles of initial glycerol}100

Selectivity to C containing products (mol %) = (e®lof C atoms of product
produced)/(3xmoles of reacted glycerbl.

Selectivity to B (mol %) = (moles of kiproduced)/(7xmoles of reacted glycertlp.

APR and APR-FTS

Table S1 shows effect of addition of different cemécation of sulphuric acid on APR
and combined APR-FTS. Addition of acid till the centration 0.05 M leads to decrease of the
selectivity to CQ from 36 to 23 %. Although, the selectivity to Czieases only to 0.5 %. At

the same time, the selectivity to ethane and prepaareases to 27 and 18 %, respectively.
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Further increase of the amount of acid to 0.1 Misomh does not lead to significant changes in
the distribution of products. The selectivity to £@nd oxygenates slightly decreases and
selectivity to alkanes increases. The main diffeeeis in the amount of CO in the products of
the reaction. The selectivity increases to 2.3 %.

Addition of 0.05 M sulphuric acid to the aqueousagd during combined APR-FTS
leads to significant decrease of the methane foom&7.8 %) with increase of the contribution
of C2-C3 alkanes (31 %) and oxygenates (22 %)ihkine case of the APR in the presence of
acid. The selectivity to CO in the gas phase ofréaetor is 1.2 %. The selectivity to long chain
hydrocarbons increases with addition of acid to.3t%means that addition of acid indeed shifts
the equilibrium in the direction of CO formationhiwh might be further consumed for the FT
synthesis.

Further increase of the concentration of acidtill M results in the significant increase
of the selectivity of carbon transformation intmdpchain alkanes (15 %). The contribution of
C5-C7 hydrocarbons also significantly increases ¥4p Taken together, the selectivity to
hydrocarbons with C5+ is around 30 % of all caratoms of converted glycerol. The increase
of the selectivity to hydrocarbons is accompanigdiecrease of the selectivity to oxygenates

(12.7 %) and light hydrocarbons (methane, etha2z)4).

Table 1S. APR of glycerol over Pt/&); without acid and with different concentration
of H,SO, (T=220 °C, 40 ml of water with 5 g glycerol, 0.5P§/Al,O3, p(N2)=5 bar, 5h) and
combined process of APR of glycerol over P#@J and FTS over Ru/C (T=220 °C, 40 ml of
water with 5 g glycerol, 0.5 g Pt/AD3;, 10 g dodecane, 0.5 g Ru/C, p&b bar, 5h).

Aqueous phase Glycerol Sy, Selectivity, mol. C% Alfa
g conversio| %
g n, % CO, CcoO CH C, Cs Cs Cs,Cs, Cs+ | Oxyge

G nates
APR
1 Pt/Al,03 55 68 36.7 0.1 21 3.1 1.9 0.2 2.7 - 27.8
2| Pt/Al,03+0.05M HSO, 47 41 235 0.5 15 27.3 185 0.5 8.4 - 145
3| Pt/ALOs+0.1M HSQ, 51 33 20.9 2.3 1.2 27.6 16.2 3.8 9.1 - 7.8
APR + FTS with Ru/C in organic phase

4 Pt/Al,O3 63 22 304 | 0.6 24.2 14.7 6.7 2.3 4.9 10 4.8 0.62
5| Pt/Al,0:+0.05M HSQO, 53 17 16.7 | 1.2 7.8 253 6.2 1.2 2.9 5.2 225 0.79
6| Pt/ALOs+0.1M HSQ, 47 13 119 |32 1.2 213 6.9 4.2 14.7 15.4 12.7 0.75

ASF distribution of Fischer-Tropsch products

The results can be described by Anderson-Schulg+KBSF) statistics. As expected,
the a coefficient of the products during G@ydrogenation is quite low (0.76). At the same
time, hydrogenation of CO in biphasic system lgadfie standard for CO hydrogenation over
Ru based catalysts (0.84). The combination of ARRFTS in the presence of acid leads to the
a coefficient (0.75-0.79) betweenof the hydrocarbons during G@nd CO hydrogenation.
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Fig. S1. ASF curves of hydrocarbons after CO and @rogenation and combined APR and
FTS (reaction conditions are in Table 1, 2)



