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Proof of concept: We can control the
reaction performance by changing the
electrical current
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The reaction performance (i.e.,, rate, selectivity, and
efficiency) of the reaction can be controlled by adjusting the
electrical current used to drive the water electrolysis
reaction.*
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(alkyne) (alkene) (alkane)
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Hydrogenation is a process used in the
manufacture of useful chemicals

®
Hydrogenation reactions are used at large scale in the .
petrochemical, fine chemical and food industries. Together A palladium membrane flow cell for

these reactions consume 113 million metric tons of faster hydrogenation
hydrogen gas annually.’
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Making an impact in commodity chemical synthesis requires
high reaction rates, and a scalable reactor platform. Toward
this goal, we constructed a flow cell that enables ~20x faster

m @ o o reaction rates than previous batch-reactor designs. This
approach was informed by the technical development of
Food Biofuels Pharmaceuticals electrocatalytic flow-cell systems such as hydrogen fuel

(e.g., shortening and (e.g., renewable diesel (e.g., Resveratrol, cells®or C()2 electrolyzers.6
other solid plant-based from biogenic Tetrabenazine, Vitamin A)

fats) feedstocks)

window anode cathode compression  flow field
sealing plate chamber chamber plate plate

Hydrogenation reactions traditionally
require harsh reaction conditions

Industrial hydrogenation is unilaterally carried out at high
temperature and pressure and uses H, gas as the hydrogen
source.” These processes have inherent safety risks and
environmental costs owing to the flammability of H, gas
derived from fossil fuels." We are developing a
hydrogenation reactor to address these concerns.
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transparent nafion palladium
window membrane membrane

Traditional methods Our method

We are working toward applying this
technology to large-scale commodity
chemical synthesis

up to 100 atm of v hydrogenation reactions
pressure required to drive carried out at 1 atm . .
hydrogenation . We are currently limited to hydrogenation of carbon-carbon,
4 aas used af N haf;‘geg;tiimfséit:erg Ta ke a plCture tO and some carbon-oxygen double bonds. We are developing
aN 0 g=/ hydrogenis p < ----- catalysts to expand the diversity of bonds we can
temperatures up to 500 °C directly from water I h f I I . : :
dOWﬂ Oad the Tu paper hydrogenate. We are looking for industrial partners to help

us develop this technology for impactful applications!

Our reactor can uses electricity and
water to  hydrogenate chemical
feedstocks

Our hydrogenation reactor, called Thor, can enable safer,
more sustainable hydrogenation by using only electricity and
water to hydrogenate organic molecules.®* The
hydrogenation process happens in the following steps:

relevant to the pharmceutical industry

relevant to the food industry

currently accessible using Thor relevant to the energy industry

Pd an electrical voltage is applied between the
membrane platinum anode and palladium cathode

least challenging most challenging
to hydrogenate to hydrogenate

water is oxidized at the anode to produce O,
and protons

References

1. Mc Williams, A. Merchant Hydrogen: Industrial Gas and Energy Markets; CHM042D; BCC Research,
2018.

protons are reduced at the palladium
membrane surface to produce hydrogen

2. Rylander, P. N. Catalytic Hydrogenation in Organic Syntheses: Paul Rylander, Academic Press, 1979.
hydrogen diffuses through the palladium CIFAR Q I 3. Sherbo, R. S;; Delima, R. S.; Chiykowski, V. A.; MacLeod, B. P; Berlinguette, C. P. Complete Electron
NSEBC I N N@VATION ‘ : A CANADIAN Stewart Blusson Economy by Pairing Electrolysis with Hydrogenation. Nature Catalysis 2018, 7 (7), 501-507.
membrane ° INSTITUTE Qua ntu m Matte r I nStitUte 4. Sherbo, R. S,; Kurimoto, A.; Brown, C. M.; Berlinguette, C. P. Efficient Electrocatalytic Hydrogenation
hydrogen atoms hydrogenate an CBSNG CANADA FOUNDATION ‘ FONDATION CANADIENNE FOR with a Palladium Membrane Reactor. J. Am. Chem. Soc. 2019, No. 141, 7815-7821.

FOR INNOVATION POURLINNOVATION ADVANCED THE UNIVERSITY OF BRITISH COLUMBIA . Wang, J.; Wang, H.; Fan, Y. Techno-Economic Challenges of Fuel Cell Commercialization. Proc. Est.

RESEARCH Acad. Sci. Eng. 2018, 4 (3), 352-360.
Endrédi, B.; Bencsik, G.; Darvas, F; Jones, R.; Rajeshwar, K., Janaky, C. Continuous-Flow
Electroreduction of Carbon Dioxide. Prog. Energy Combust. Sci. 2017, 62, 133—-154.

hydrogenation water electrolysis

ohamser chamber unsaturated organic molecule



http://paperpile.com/b/mjHjLF/BYSK
http://paperpile.com/b/mjHjLF/BYSK
http://paperpile.com/b/mjHjLF/E8IX
http://paperpile.com/b/mjHjLF/MA9M
http://paperpile.com/b/mjHjLF/MA9M
http://paperpile.com/b/mjHjLF/QAnu
http://paperpile.com/b/mjHjLF/QAnu
http://paperpile.com/b/mjHjLF/FSPA
http://paperpile.com/b/mjHjLF/FSPA
http://paperpile.com/b/mjHjLF/Hefq
http://paperpile.com/b/mjHjLF/Hefq

extra



BERLINGUETTE
RESEARCH

Descriptive heading

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText

First author, Other Author, and Curtis P. Berlinguette*

Departments of Chemistry and Chemical & Biological Engineering, and The Quantum Matter Institute, The University of British Columbia, Vancouver, BC, Canada

Descriptive heading

Sustainable hydrogenation using water and electricity

Descriptive heading

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTex

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText cathode membrane electrode tText
TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText assembly TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTex
TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText CO (g) + H2 (9) tText
TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText - anode TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTex

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText

Descriptive heading

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText

AN

Li, Y.C.; Zhou, D.; Yan, Z.; Goncalves, R.H.; Salvatore, D.A.; Berlinguette, C.P. Mallouk,

T.E. ACS Energy Lett. 2016, 7, 1149.

Salvatore, D. A.; Weekes, D. M.; He, J.; Dettelbach, K. E.; Li, Y. C.; Mallouk,T. E. Berlinguette, C. P. ACS Energy Lett. 2018, 3, 149.
Weekes, D.M.; Salvatore, D.A.; Reyes, A.; Huang, A.; Berlinguette, C.P. Acc. Chem. Res. 2018, Submitted.

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText
TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText

tText

|
’I Rosen, B.A.; Salehi-Kojin, A.; Thorson, M.R.; Zhu, W.; Whipple, D.T.; Kenis, P.J.A.; Masel, R.l. Science. 2011, 334, 643.
— Kutz, R.B.; Chen, Q.; Yang, H.; Sajjad, S.D.; Liu, Z.; Masel, R. Energy Technol. 2017, 5, 929.
0, (9)
2
o Co, (9) Coz (g) T Hzo (g) 4 > water uptake
§ 0- aqueous phase co, @ oo O / _ |
= o0 0 o | 1M KOH (aq)
: h ° o O )
£ 50- gas phase (%) o ) o thickness
-
- $° e °
§-100 - o © o ] ) ) conductivity
S stainless steel titanium flow stainless steel stainless steel
T v T ' T : = ion exchange capacit
-3.0 2.5 2.0 0.033 vs 0.041 M (concentration) housing plate flow plate housing ge capacity
cell potential (V) 0.0016 vs 16 mm? s~ (diffusion coefficient)

polymer structure

Descriptive heading

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTex

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText TextText tText
TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText Text TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTex
TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText TextText tText

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText
TextTextTextTextTeK%TE'IAextTextTextTextTextTextTextTextTextTextTextTextTextTextTe xt

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText

100 bipolar membrane 30 -CHs m g
N N =~ NaHCO:; layer membrane electrode assembly P N polystyrene trimethylamine
l 3
o O < 80_. ° ¢ bipolar membrane S ' - O O (PSTMA)
© - 5 ® -% 3 60 ° ° ° DMF, 110°C, @Nlcgil
e [ o~ ALY 5 = | - 3
%. Q %E €5 Il S S 1 carbon felt S+ LA . S0h CHa
o C = 2 o ) ®) ) 40 T
= om0 g g * o _
T B B e 7 without NaHCO:; layer , ' JAVAR o AN\
§. & = < -§ O 20 - i cation exchange < - - - anion exchange ‘ ‘ ‘
) prd <
SH N B © 0- = . . . layer or 8 layer N'CH3 | ) polystyrene methyl
L R R B O B — Cl [/) ‘ ‘ imidazolium (PSMIM)
W B 0 20 40 60 80 100 &> poly(4-VBC-co-St) N .

current density (mA/cm®)

Descriptive heading

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText

Ag catalyst

L% eh |

depletion layer

Descriptive heading

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText

DMF, 110°C,
50h

o ML n
A

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0

2.0 Chemical Shift (ppm)

Descriptive heading

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTex

TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText tText
TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTex
TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText TextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextTextText tText

Dioxide materials & 3M

Journal of CO, Utilization, 2016
100 _ Kenis & Masel

50 100 150 200
current density (mA/cm?)

thickness by doctor blading

) 100 100 Science, 2011 ® o
100 mA/cm? 100 mA/cm” ° Dioxide materials
— 15% Humidity <  <-3.24 90% Humidity ~ O Berlinguette Energy Technology, 2017 _ ,
> FhE < e . “w [P ;\? 79 Newman  Acg Energy Letters, 2018 G ion exchange c_:1apaC|ty
T 4 > 3 J A et e = < JES, 2008 - (mmol g”)
E - 50 S 9 M - 50 g = Mallouk & Berlinguette ® binol b S hick
8 g 8 -3.6 - D 8 50 PY ACS Energy Letters, 2016 @ |p0 ar memprane thickness
= 05 O = e (OO E ® \ewman Mallouk & Berlinguette @ cation exchange membrane (um)
0 -6- O S O S JES 2008 ACS Energy Letters, 2018 @ anion exchange membrane
O 25 ' Mclllwain conductivity
- I - I - 0 4.0 | T 1 0 J Appl Electrochem, 2011 (mS cm)
0.0 0.5 1.0 15 0 6 12 18 24 NE%W%%% o
: : ' Newman
time (h time (h . . . water uptake
(h) (h) 0 & JES, 2008 Achieving uniform membrane film g

(%)

CIFAR

INNOVATION.CA

CANADA FOUNDATION | FONDATION CANADIENNE
FORINNOVATION POURLINNOVATION

CANADIAN
INSTITUTE

THE UNIVERSITY OF BRITISH COLUMBIA FOR
ADVANCED

-m A: -

Q) Stewart Blusson
%) Quantum Matter Institute


http://onlinelibrary.wiley.com/doi/10.1002/ente.201600636/full
http://jes.ecsdl.org/content/155/1/B42.short
http://www.sciencedirect.com/science/article/pii/S2212982016300464#bib0095
http://science.sciencemag.org/content/sci/early/2011/09/28/science.1209786.full.pdf?explicitversion=true
https://link.springer.com/article/10.1007/s10800-011-0271-6
http://jes.ecsdl.org/content/155/1/B42.short
http://jes.ecsdl.org/content/155/1/B42.short
http://jes.ecsdl.org/content/155/1/B42.short
http://onlinelibrary.wiley.com/doi/10.1002/ente.201600636/full

A #betterposter to communicate more
effectively

Youtube video here
NPR article here



https://www.youtube.com/watch?v=1RwJbhkCA58&feature=youtu.be
https://www.npr.org/sections/health-shots/2019/06/11/729314248/to-save-the-science-poster-researchers-want-to-kill-it-and-start-over

Your poster
exists to

communicate

one key

message.




Main finding of

Paper
outline

the study. "Ammo
bar

"

For extra
data

and key
figures

=T QR code to
r;"',l: the full paper




NETE
(26")




This is your ammo bar. It contains extra content that is just for
you to talk about your poster. Here, you can add

e Extra graphs

e Datatables

e Extra figures

e Nuance that you're worried about leaving out

Poster title

First author, Other Author, and
Curtis P. Berlinguette*

Departments of Chemistry and Chemical & Biological
Engineering, and The Quantum Matter Institute, The
University of British Columbia, Vancouver, BC, Canada

100 mA/cm?
15% Humidity

Situation

~
(&)

IN
3
CO selectivity (%)

TextTextTextTextTextTextTextTextTextTextTextTextTextTex
tTextTextTextTextTextTextTextTextTextTextTextTextTextTe

9 @
xtTextTextTextTextTextTextTextTextTextTextTextTextTextT
extTextTextTextTextTextTextTextTextTextTextTextTextText ’

cell potential (V)

1
(0>}

TextTextTextTextText

translated into plain

90% Humidity

0.033 vs 0.041 M (concentration)
0.0016 vs 16 mm? s~ (diffusion coefficient)

English. Emphasize

TextTextTextTextTextTextTextTextTextTextTextTextTextTex
tTextTextTextTextTextTextTextTextTextTextTextTextTextTe
xtTextTextTextTextTextTextTextTextTextTextTextTextTextT
extTextTextTextT TextTextTextTextTextTextTextTextTextTex

importa nt words in bold.

thickness

>—
N
8
)
S
3
O -
Q
I}
O

CO selectivity (%)

cation exchange O H, .. anion exchange
layer N » | layer

depletion layer
polymer structure

Question/Answer
TextTextTextTextTextTextTextTextTextTextTextTextTextTex Ta ke a p|C'tu re 'tO
tTextTextTextTextTextTextTextTextTextTextTextTextTextTe - : :

Comparison of solution processed WO_|electrolyte|V_.O
xtTextTextTextTextTextTextTextTextTextTextTextTextTextT d own I o)s d [ h e fu I I p a p er eIectI:ochromic Hevices P 3| ytelV,0,
extTextTextTextTextTextTextTextTextTextTextTextTextText
TextTextTextTextTextTextTextTextTextTextTextTextTextTex
tTextTextTextTextTextTextTextTextTextTextText deposition AT® 1 o0 Yoieach 90 % CE cycling

method (%) (s) (s) (cm?/C) stability
membrane electrode assembly doctor-blade from 19 .8 200
bipolar membrane V205 powder4

spin-coated 35

xerogel®
rbon felt
photodeposition 166 14,000 +
photodeposition 59 -
Ag catalyst
CIFAR A
Stewart Blusson
CANADIAN .
1. Reference A NSERC INN@VATIONCA INSTITUTE @ Quantum Matter Institute
CRSNG CANADA FOUNDATION ‘ FONDATION CANADIENNE FOR
2. Reference B FOR INNOVATION POUR LINNOVATION ADVANCED THE UNIVERSITY OF BRITISH COLUMBIA

3. Reference C RESEARCH




CPB’s notes on making a good poster
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o Keep In mind how big things will be when you print the poster
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