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Sintesi di biocombustibili liquidi e gassosi
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Metanolo Zn/Cr,Cu/Zn 50-300 300-450 40-50
Fischer-Tropsch 2:1 Fe, Co 20-30 250-300 40-50
Metano 3:1 Ni 530 300-450 6570 <4
Gassificante Composizione Gas Secco (% v) PCI

Agente co N, C,H, (MJ/Nm?)

Aria 9-10 12-15 | 14-17 2-4 56-59 <1 3.8-4.6 0.70
Ossigeno 30-34 | 30-37 | 25-29 4-6 2-5 <1 9-10 0.96

Vapore 32-41 | 24-26 | 20-22 | 10-12 2-5 2-3 12-13 1.46
Vapore/O, 30-33 | 28-32 | 22-27 | 9-11 2-5 1-2 11-12 1.10

WGS :
CO +H,05CO,+ H, Wa%

Methane ‘ CH,



Necessita di aggiustare la composizione del gas: H2/CO

CO+3H, S CH,+H,0 H2/CO = 3:1 AH,q,, = -206.1 kJ/mole
CO, +4H, S CH, +2H,0 H2/CO2 = 4:1 AH,qq, = -165.0 kJ/mole

WGS o

> €O +H,05CO,+ H, «®-o
Methane ’ CH,

1- stechiometria = massimizzare la conversione del gas in CH,

2- evitare la disattivazione del catalizzatore per formazione di depositi di carbonio
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Figure 5. Arrhenius plot of carbon accumulation on 14% Ni/AlLO, Figure 6. Arrhenius plot of carbon accumulation during methana- Figure 7. Arrhenius plot of carbon accumulation during methana-
at T = 573-723 K, Pgo of 9.0 kPa, and various H,/CO ratios: o, tion at a Hy/CO ratio = 3, Peo = 4.5-17.9 kPa, T = 573698 K:O, tion with Peo = 13.4 kPa, H,/CO = 2 with and without 2.7 kPa of
H,/CO =0; 0, H,/CO = 2; O, H,/CO =3; A, H,/CO = 4. Poo = 4.5 kPa; O, Poo = 9.0 kPs; 0, Poo = 13.4 kPa; 4, Poo = 17.8 H,0 added to the feed stream: ©, before, and ®, after addition of

kPa. water; I3, in the presence of water.

David C. Gardner and Calvin H. Bartholomew. Kinetics of Carbon Deposition during Methanation of CO. Ind. Eng. Chem. Prod. Res. Dev. 1081, 20, 80-87
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w SEWGS: la reazione di WGS assistita da sorbenti per la CO2
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(riduzione costi di investimento, prestazioni di processo)



“ Interlayer anaion & H,0 ‘[
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Sorbenti per la rimozione di CO2

co2

x/n

Acronimo Sorbente M+ /M

HTI Mg/Al Idrotalcite Mg/Al=2/1
HTIK Mg/Al Idrotalcite + 20%p K,CO, Mg/Al=2/1

HT?2 Ca/Al ldrocalumite Ca/Al=2/1
HT2K Ca/Al Idrocalumite + 20%p K,CO, Ca/Al=2/1

HT3 Mg/Ca/Al Idrotalcite Mg/Ca/Al=1/1/1
HT3K Mg/Ca/Al Idrotalcite + 20%p K,CO; Mg/Ca/Al=1/1/1
PMG70/K  Mg/Al Idrotalcite com. + 20%p K,CO; Mg/Al=3/1

]:mH,0, M?* = Mg?* ef/o Ca?*, M3* = A3+, A™ = COZ%,

By
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Test in TGA: Pcy,=1 bar; T 4, ,,=350°C; T 4 pign= 600°C
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First cycle 600°C
m Second cycle 600°C
W Third cycle 600°C
First cycle 350°C
M Second cycle 350°C
M Third cycle 350°C

HT2K HT3

HT3K

Testabassa T

HT3
migliore performance
(1-36 mmOICOZ/gsorbente)

HT1K

migliore performance tra i sorbenti
impregnati con K (0.66 mmolCO,/g. . vente)

TestaaltaT

HT2
migliore performance
(4.78 mmolCO,/8.. bente)

Campioni impregnati con K
Effetto non rilevante
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La riduzione della capacita sorbente osservata in HT2 e HT3 dopo il primo ciclo, e rispettivamente

dovuta alla formazione di fasi stabili Ca,,Al,,0;; (Mayenite) e K,Ca(CO;), (Fairchildite)
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Per tener conto dell’'ottimizzazione del processo complessivo anche rispetto all’efficienza energetica, sono state
condotte prove di WGS e simultanea rimozione CO, a bassa (400 °C) ed alta temperatura (600 °C).



Test di SEWGS con miscela CO/H,0

o Sorbente PMG70/K2C03, CO/H20, WGS 400 °C o Sorbente HT1K, CO/H,0, WGS 400 °C
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» Sperimentazione su gas reale
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Test di metanazione al BioSNG di Trisaia
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Test su catalizzatore commerciale (G1-85, BASF)

%V
MIE“II&I H/CO Yl cCondizioni operative
56.5 135  -- - 300 - 4.2 0 220 280
B 208 206 - -~ 296 - 24

25.2 18.1 -- -- 56.7 -- 1.4 P (bar,) 20-25

B 322 50 171 38 189 230 6.5 GHSV (h) 1000

18.3 15.4 19.2 4.3 11.6 31.2 1.2

60,0 MIX 4 —_— MIX 5

50,0 50,0

40,0 %
T 30,0 = 30,0
2 o
§ 20,0 § 20,0

10,0 10,0

0,0 0,0 0000000000000 00000000000°

0:00:00 0:14:24 0:28:48 0:43:12 0:57:36 1:12:00 1:26:24 1:40:48 0:00:00 0:28:48 0:57:36 1:26:24 1:55:12 2:24:00
Tempo (H:M:S) Tempo (H:M:S)
-&-H2 -e-CO & CH4 -e-CO2 -e-H2 -e-CO -e-CH4 -e-CO2

A)
A) pellet TQ, B) fine prova mix 3, C) fine prova mix 4, D) fine prova mix 5




Spettroscopia Raman e microscopia SEM-EDS
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T P
+, Ni2*, Fe3*
L4 OH_ OCO32_

Precursore tipo idrotalcite

$

Ossido misto da preattivare

Rapporti atomici Ni/Mg/Al /Fe

% of NiO

% of Ni°

1
24,5
42,2
33,3

0
35,0
27,1

Campione Campione Campione Campione

2 3 4
33,33 24 26,66
33,33 51 40
33,33 25 20

0 0 13,33

45,0 35,0 35,0
34,8 27,1 33,33

Campione 3 prestazioni migliori
(attivita catalitica e stabilita nel tempo)

@

Ottimizzazione del rapporto Mg/Al

Rapporti atomici Ni/Mg/Al
Ni 24.0 24.0 24.0
Mg 51.0 56.0 47.0
Al 25.0 20.0 29.0
TOTALE 100.0 100.0 100.0
% p/p NiO 35.0 35.0 35.0
% p/p Ni° 27.5 27.5 27.5
M>* /M| 3.0 4.0 25
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Test di

Metanazione — | fase

TEST 1|TEST 2 |TEST 3 |TEST 4

Town [°C] 300
GHSV [h] 20000
T [ms] 180
H,/CO 4.1 Basse rese in CH, e lacuna

Composizione miscela entrante [%V/V]

nella chiusura del bilancio al
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H2 32.88 32.56 32.58 26.69
carbonio (- 20/30%p)
CHa 3.98 4.02 3.99 3.31
CO2 28.14 34.22 24.14 34.04
CoHq 1.07 1.07 1.07 0.87
H20(v) 2590 20.01 30.17 28.47
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Test di Metanazione - Il fase

R STUDIORUM
U\HVER\IT/\ DI BOLOGN

TESTS|TEST6|TEST 7| TEST 8| TEST 9
FLUSSO | A FLUSSO
STD. @% H.0 H% CO, (' “h,0 ﬁT
Towen [°C] 300
Incrementa ndo H /CO e GHSV [h] 20000 | 20000 | 20000 | 18392 | 21170
2 [ms] 180 180 180 195 170
contenuto di H,0 e CO, tale ___Hi | B ) B0 | G | B
Composizione miscela entrante [%V/]
da essere a| dl fuorl da| Hz 33.81 38.33 30.55 36.82 31.42
A= 3 . . CHq 4.04 4.50 3.69 4.40 3.79
limite di formazione di C. o P BT m Ty
CoHas 0.67 0.75 0.60 0.73 0.63
H,0(v) 3542 29.94 3542 29.81 33.61
TESTS TEST6 TEST7
i H,/CO/CH,/CO,/C,H/H,0,= 33.81/5.08/4.04/20.98/0.67/35.42 - H,/COICH,/CO,/C,H,/H,0 = 38.33/5.75/4.50/20.92/0.75/29.94 - H,/CO/CH,/CO,/C,H/H,0,,= 30.55/4.49/3.69/24.62/0.60/35.42
— 80
E £ @ o
o o | < ™) =y o | < N < e » | < )
560 2 < al n Tll ‘:I’ ‘“’ gso : - T T " T,’ " §5° )| T T I
® 1] 213 - & & & & & - v & & n 1]
i L MEB HE 2 & & YN = |2 =3 g I"HIB =|= 5 s &
£ 40 - o = | X = == > 40 ol I & vz 2 40 I IS o | X = s
S = 5 | = & |2 = & oz E s | = | T & g c s | s & | s 2 =
GER S [ =& S| = E s S s|= = S = 830 2| = & & &
R = | & = 20 RS e = =
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100 T : 100 - .
gy | [ : Resa in CH, calcolata all'equilibrio termodinamico g, [P : Resa in CH, calcolata all'equilibrio termodinamico
80 a0 |
g % H 0 T L
= % H,0 %%CO, £7 FLUSSO 4FLUSSO
S 5 5 — H,0 % co
m i E— 2 2
7] 7]
i} 4
(14 ['4

M2+/M 3+
3
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Il catalizzatore a rapporto M(I1)/M(l11) = 4 risulta il piu attivo in tutte le condizioni



Formazione depositi di carbonio

TUDIORUM
UNIVERSITA DI BOLOGNA

Carbone amorfo «— — Carbone grafitico
M2*/M* = 2.5
M2*/M* = 3
C M#*M*=4

oy Ak Nig 3Mg467Al9 27.5 %,
E Ni,Mgs;Alys 3 27.5 %,
%‘ g Nis ;Mgs 3ALo 4 27.5%,
c

1400 1800 2000

800 1000 1200
Raman Shift [cm]

1600

Spettri Raman ottenuti su 3 zone di campioni Ni/Mg/Al

Sperimentazione su
gas reale

Ni,3 ;Mgs6.3Al50
(M+2/M+3 = 4)
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Impianto pilota di gassificazione ICBFB-1MW,
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Steam/oxygen biomass gasification at pilot scale in an internally circulating bubbling fluidized bed reactor. D. Barisano, G. Canneto, F. Nanna, E. Alvino, G. Pinto, A. Villone, M. Carnevale, V.
Valerio, A. Battafarano, G. Braccio. Article in press, Fuel processing technology, 2015.

Steam/oxygen biomass gasification in a 1000 kw,,, ICBFB pilot plant. D. Barisano, G. Canneto, F. Nanna, E. Alvino, G. Pinto, A. Villone, A. Battafarano, M. Corrado, G. Braccio. In Proceedings
of the 23rd European Biomass Conference and Exhibition. 1-4 June 2015, Vienna, Austria



Diffusione risultati

Development of innovative catalysts for methanation of syngas deriving from biomass gasification. R. Mafessanti, D.
Barisano, F. Basile, G. Fornasari, A. Vaccari. XIX Congresso Nazionale della Divisione di Chimica Industriale della
Societa Chimica Italiana, Salerno, 14-16 Settembre 2015.

Production of BioMethane from Syngas Experimental Tests at Bench Scale Reactor. F. Nanna, G. Canneto, A. Villone,
D. Barisano. EU BC&E 2015 - 23rd European Biomass Conference and Exhibition — Messe Wien, Exhibition and
Congress Center. 1 - 4 June 2015, Vienna (Austria).

Sorbent selection for product gas upgrading via simultaneous CO, removal and H, enrichment. D. Barisano, A.
Villone, K. Gallucci, F. Micheli, P.U. Foscolo. EU BC&E 2015 - 23rd European Biomass Conference and Exhibition —
Messe Wien, Exhibition and Congress Center. 1 - 4 June 2015, Vienna (Austria).

CO2 Sorption-Enhanced Processes by Hydrotalcite-Like Compounds at Different Temperature Levels. K. Gallucci, F.
Micheli, D. Barisano, A. Villone, P. U. Foscolo, L. Rossi. Int. J. Chem. React. Eng. Volume 13, Issue 2, Pages 143-152,
ISSN (Online) 1542-6580, ISSN (Print) 2194-5748, DOI: 10.1515/ijcre-2014-0131, April 2015.

CO2 Sorption by Hydrotalcite-Like Compounds in Dry and Wet Conditions. K. Gallucci, F. Micheli, A. Poliandri, L.
Rossi, P. U. Foscolo. Int. J. Chem. React. Eng. ISSN (Online) 1542-6580, ISSN (Print) 2194-5748, DOI: 10.1515/ijcre-
2014-0167, April 2015.

In situ gas composition adjustment via catalytic activated CO, sorbent. A. Villone, F. Nanna, D. Barisano. EU BC&E

2014 - 22nd European Biomass Conference and Exhibition - Setting the course for a biobased economy. 23 - 26 June
2014, CCH Congress Center, Hamburg (Germany).
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Coal, petcoke,

biomass or waste
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Air
separation
unit
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y

Gasifier

(SNG) using TREMP™

Sour shift

Figure 1: Gasification process — from coal, petcoke, waste or biomass to SNG.

http://topsoe.ru/business_areas/gasification_based/Processes/~/media/PDF%20files/SNG/Topsoe_TREMP.ashx

From solid fuels to substitute natural gas

Sulphuric
:acld WSA Steam . CH,, mole-% 04-98
CQO,, mole-% 0.2-2
y'y H,, mole-% 0.05-2
Steam
CO,/H,S I—> GO, mole-% <100 ppm
N, + Ar, mole-% 2-3
3 -
| Acid gas e SNG._ HHV, KJ/Nm 37,380-38,370
removal g HHV, Btu/scf 950-975
Table 1: Typical specification of SNG produced by the TREMP™
technology.
CO; H, - CO,
Feedzs 700, 2
Super-
heater,
HP Natural gas product
Recycle boiler
gas cooler HP’I
N boiler
F/E exchanger Low temperature
heat recovery Process condensate

Recycle o
compressor

Figure 3: Example of the Topsee TREMP™ technology.
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