The Steam Reforming of Methanol as a Function of Lithium Promoter Content
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* Hydrogen 1s a very renewable source of energy to be used in fuel cells. However, the process o e T S I R o e * In temperature programmed reactlop of methanol steam reforming . all- catalysts
to obtain that hydrogen is complex. In addition to that it is also hard to store. T L S . T )Vi‘%’"mf,f’ T showed some formaldel?yde formatlon at low temperature, suggesting adsorbed
* One of the ways to obtain that hydrogen 1s through a reaction that involves the reforming of e = . WT' s ;%?gg B S ;(.7% N formaldehyde 1s ‘ likely intermediate Flurmg methanol steam ' formmg, fort.nec.l from
light alcohols into hydrogen. The selective reaction involves reacting the light alcohols with hi N ﬁmm\j(g) Mi o i o i (:.) the dehydrogenatlon of methoxy species. For the catalyst havm.g no L1, a &gmﬁcgnt
water to form carbon dioxide and hydrogen, while the unselective reaction produces carbon i 0 i N i 0 i route 1 that. th.e formgldehyde.decor.np oses to (O aI.ld Hy, which is th.e unselective
monoxide and less hydrogen: 3 | - — : | . (m) pathway. With increasing th§ L1 loading, the H, peak increases syst.eme.ttlcally and thp
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Selective pathway: CH,OH + H,0 - 3H, + CO, g | @ | B g | @ i i . - THSL ) .
. M M L N | | W methoxy species undergoes oxidation to formate species, which releases H,. Formate
Unselective pathway: CH;OH = 2H, + CO w - O | © i 0 then un}c]lell‘)goes forwar%l decomposition (c:atalyzecllD by co-adsorbed H,O) 2to H, and
* The reaction requires a catalyst, and that catalyst needs to have the properties necessary to i 5 | " | - | N CO,. The second possﬂ.alhty 1s CO produce.d from 'formaldel.lyde decomposition
facilitate the desired reaction. Previous studies have shown that using a Pt/m-ZrO, catalyst Juw NE_J\_,M_ | NS undergoes water-gas shift through formate intermediate species. The proposed
doped with Na alkali increases the selectivity of the reaction to promote hydrogen w | ‘“’ _NM i o mechanism can be seen in figure 7 below.
production. This research shows how the selectivity 1s affected by using lithium doping, @  F———— R R e R e
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Figure 1: DRIFTS of (a) adsorbed methanol at 50°C, and temperature Figure 2: DRIFTS of (a) adsorbed methanol at 50°C, and temperature stepped ’ + CO (orH »)
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 First, the catalyst had to be prepared. 2%Pt/m-ZrO, was prepared by loading monoclinic 2 e T o oco 0.6 3. (rco,+ 3,/ Feosan) T 4-9
Zr0, (1/8" pellets, Alfa Aesar, crushed and sieved to 63—106 um) with an aqueous solution of T L T - y H/O_H
tetraamine platinum (IT) nitrate (Alfa Aesar) to the point of incipient wetness. The catalyst ey T i 0.5 - Li content i V
was dried and calcined 1n air using a muffle furnace. This mother batch was divided into i . i (:.) ‘
several batches for adding different weight % L1 loadings with Li(NO;) (Alfa Aesar) as the i | 0.4 - i ] H
precursor. Aqueous incipient wetness impregnation was also used to add the lithium, with 3 i i RO i W § Q'/q’g\ P
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H,-Temperature Programmed Reduction (TPR) and TPR-mass spectrometry : | < 0.2 - o
« An Altamira AMI-300R unit equipped with a thermal conductivity detector (TCD) was used MM i | Y i _ H,,
to record temperature programmed reduction (TPR) profiles of the catalysts. 10 % H, in Ar w i o B Figure 7: The perceived mechanism of the catalytic cycle.
(UHP, Airgas) was flowed , and the temperature was increased from 30 to 1000 °C. The i s E . .
thermocouple was located inside the catalyst bed. Approximately 200 mg of sample were w\/\i i i 0 e = By looking at the DRIFTS Figures _ .
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* CO, temperature programmed desorption (CO,-TPD) was investigated using an Altamira stepped steam reforming of adsorbed methanol in 30 cm?/min of 4.4%H,0 Figure 4: DRIFTS of the Pt carbonyl v(CO) stretching region at 150°C during 1 bers. Meth : rted to fi t d fi te band
o1t o transient steam reforming of methanol, including (black) unpromoted 2%Pt/m- OWCI wavenumocers. VICINOXYy SpecCies arc converied 1o rormate, and rormate dands
AMI-300R instrument connected to a Hiden Mass Spectrometer. Firstly, the catalyst was EZ?';;;?C’H(?) Cl’;zrco Zf?g;ISZC/I:gr;OErCC’z (it) (zaz)sfgj%) (zbs)ozg,ofj') (;;5120(% 210,, and the same promoted with (red) 0.15% L, (green) 0.30%Li, (blue) 054%Li,  already begin to form at 50 °C. With increasing temperature, formate species are
reduced at 300 °C using H, and argon for 1 h. The sample was cooled to 225 °C in H,, 300¢C, (1) 325°C, (m) 350°C, and (n) 350-C (He purge for 10 min). (pink) 0.75%Li, (cyan) 1.5%Li converted to carbonate species. With increasing Li loading, the formate species are
saturated with H,O by bubbling He through a saturator (held at ambient temperature) for 15 converted more rapidly to carbonates, as the C-H bond is weakened; the n(CH) band
min to ensure bridging OH group formation, and turther reduced at 225 °C in H,/Ar mixture S S moves to lower wavenumbers. We believe that this is caused by increased basicity
for 15 min. Then, at 50 °C, the sample was saturated with CO, for 15 min, and finally the .l ‘° ‘° : —» Li content causing the -OOC functional group of the formate molecule to interact more strongly
temperature was increased to 500 °C in helium while the MS signal of CO, was followed. oL m R m [ i\ with the catalyst surface, which in turn weakens the formate C-H bond. In addition
DRIFTS of steam reforming of methanol TR T e CREE to these observations, the Pt-carbonyl band intensity is attenuated by adding Li,

* A Nicolet 1S-10 Fourier Transform infrared spectrometer was used to conduct temperature () (b suggesting some direct contact of L1 with Pt surfaces.

stepped methanol steam reforming reaction experiments. First, 512 scans were taken of the = |

calcined catalyst in flowing helium at ambient temperature. The catalyst was reduced at

* From what I learned through the research project 1s that the optimum lithium
percentage 1s between 0.54% and 0.75%. These percentages show the best
proportions of carbon monoxide and hydrogen selectivity and having carbon dioxide
be evolved at relatively low temperatures. This 1s seen 1n the MS signal graphs in
Figure 5.
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300°C using a 1:1 mixture of H,:He for 1 h and a background spectrum of 512 scans was
taken. The catalyst was purged in helium at 300°C, and then cooled to 50°C in the flowing
He and another background of 512 scans was taken. Helium was used to bubble methanol for

and Formaldehyde
-~
%y o [eubig S
and Formaldehyde
%H j0 |euBis SN

MS Signal of CO,
MS Signal of CO,

Absorbance normalized to peak height

species apd a spectrum of 512 scans was tgkep. Helium was publ?led through a saturator . e = association being too strong at higher alkali presences since it 1s an acidic molecule.
(located mn a 31°C water bath) Contalnlng delonlzed HZO9 reSUItlng 1n an HZO concentration gxgaoe—g- -me-?E %EE'ME.Q- _me?g | B S B B B R B S I B B R M e e e Thls ln turn diminishes the activity due to product lnhlbltlon, as evidenced by the
of 4.4% with a flow rate of 30 cm?/min. This resulted in a reaction between adsorbed H,O o MR 3100 3000 2900 2800 2700 high temperature CO, desorption peak at 1.5%Li loading.

and methoxy species, converting them to formate, followed by decarbonylation/ ghas T " Wavenumbers (cm™)

decarboxylation of formate. The L1 content was varied, and the temperature was stepped 1n Tm

25°C increments from 50°C to 350°C. (e) () Figure 6: DRIFTS of the formate v(CH) stretching region at 150°C during
transient steam reforming of methanol, including (black) unpromoted 2%Pt/m-

ZrO,, and the same promoted with (red) 0.15% Li, (green) 0.30%Li, (blue)
0.54%Li, (pink) 0.75%Li, (cyan) 1.5%Li. Note that spectra are normalized by

T({°C)

Figure 5: Temperature programmed surface reaction of methanol steam

lemperature programmed surface reaction of methanol steam reforming reforming, including () unpromoted 2%Pt/m-ZrO,, and the same with (b)

° Catalysts were activated by (1) ﬂOWlIlg 33%H2 (balance argon) at 300 OC, (2) COOllIlg to 225 Sﬁle?:i/;sl_lé\fg)lvoe-joifclﬂ’d(ed)og'iseé rlg:g’h(te)agiZ?tﬁatll’()alr-llf gridl,-if L‘;"e Clzﬁcrr;;cii’l peak height to emphasize peak displacements. 1. Seuser, Grant et al. "Co2 Hydrogenation: Na Doping Promotes Co and Hydrocarbon Formation over Ru/M-Zro2 at Elevated
°C and steaming for 15 min using helium flowed thI’Ollgh a HZO saturator, (3) ﬂowing (red) CO, (green) CO,, and (blue) formaldehyde. Pressures in Gas Phase Media." Nanomaterials, vol. 13, no. 7, 2023, p. 1155, https://www.mdpi.com/2079-
33%H, (bal 225 °C H, for 10 min, and (4) purging i for 15 min and i
0Ll ( alance argon) at p TOT min, an ( ) purging in argon 1or min an 2. Rajabi, Zahra et al. "Lithium Promotion of Pt/M-Zro2 Catalysts for Low Temperature Water-Gas Shift." International Journal
cooling to 50°C. The procedure was performed to ensure that defect-associated bridging OH of Hydrogen Energy, vol. 47, no. 72, 2022, pp. 30872-30895, doi:https://doi.org/10.1016/j.ijhydene.2022.03.022.
. . . 3. Rajabi, Zahra et al. "Low Temperature Ethanol Steam Reforming: Selectivity Control with Lithium Doping of Pt/M-Zro2."
groups were formed on the surface of the catalyst, which is more representative of the Catalysis Today, vol. 402, 2022, pp. 335-349, doi:https://doi.org/10.1016/j.cattod.2022.06.018.
catalyst surface during steam reforming catalysis at a high H,O/CH,;OH ratio. * The catalyst surface was saturated by injecting methanol and then purging in argon for 15 min to remove 4. Martinelli, Michela et al. "Effect of Alkali on Ch Bond Scission over Pt/Ysz Catalyst During Water-Gas-Shift, Steam-Assisted
. o . Formic Acid Decomposition and Methanol Steam Reforming." Catalysis Today, vol. 291, 2017, pp. 29-35,
weakly bound species. The catalyst was then heated to 800 °C and the MS signals of H,, CO, CO,, and doi:htts://doi.ore/10.1016/i cattod.2016.12.003.

formaldehyde were followed in order to steps involved in converting methanol by steam, as well as the effect 5. Martinelli, Michela et al. "Methanol Steam Reforming: Na Doping of Pt/Ysz Provides Fine Tuning of Selectivity." Catalysts,
of Li promoter Ioading vol. 7, no. 5, 2017, doi:10.3390/catal7050148.


https://www.mdpi.com/2079-4991/13/7/1155
https://www.mdpi.com/2079-4991/13/7/1155
https://doi.org/10.1016/j.ijhydene.2022.03.022
https://doi.org/10.1016/j.cattod.2022.06.018
https://doi.org/10.1016/j.cattod.2016.12.003

	Slide Number 1

