Alternatives to Petroleum

‘Synthetic’ gasoline: Fischer-Tropsch (or C,) Chemistry

Fe/Co
nCO + (2n+1)H2 > CnH(2n+2) + N Hzo

Other reactions relevant to this chemistry:

FeZO3 / CuO

CO + H,O » CO, + H, Water-gas shift reaction
Ni .
Methane CH; + HyO =] CO + 3H, Steam reforming
feed
syngas
limited O, e .
Coal C + H,0 »| CO + H, Coal gasification
feed

Chemistry in Context 6t Edition, ACS, McGraw-Hill
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Syngas: A versatile starting material for synthesis

Hydroformylation: converting alkenes to functionalized products
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Sasol: played an important role in ‘synthetic’ gasoline development

S. Africa: limited oil but abundant coal reserves

Accelerating Sasol’s GTL growth
Fast-tracking growth of our proprietary GTL technology

is one of the cornerstones of our strategic agenda

From the Sasol corporate website: www.sasol.com GTL = gas to liquid
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Oil Shale: rebirth of US petroleum production

Oil shale: actually organic matter known as kerogen that produces a low grade
crude oil when heated to 450-500 C. (/n contrast, ‘oil-bearing shales’
actually DO contain oil)

Largest oil shale deposit in the world:

Eocene Green River Formation of Colorado, Utah, and Wyoming
is estimated to contain about 800 billion barrels of oil
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I BORE IN

In a 30- by 20-foot field, a series of 600-foot-deep
holes are drilled to reach oil shale -- sedimentary rock
containing hydrocarbons. The holes are spaced 5 feet
apart around the perimeter and within the field.

FlHE UP At the molecular
2 Specialized heating tubes level, "tm healh
placed in the holes warm the rock to ?‘E_Iliﬂrﬂd es C_afr on "
700 degrees Fahrenheit, a process oil and gas-from the

that can take anywhere from eight 4 Ll FT OUT rock.
months to four years. The oil and gas

are then sucked from

the ground through

holes equipped with

pumps at the top.

SOURGCES: BEUREAU OF LAMD MAMAGEMEMT: SHELL

from Permanent Culture Now from www.evsroll.com
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Shale Oil: fracking R Us

This IS actually oil trapped in shale formations: many large deposits
in US and Russia

US oil shale production increasing to 1.9mbd in

Technique  based  on 2016 from ~400kbd today

extraction by fracking:  US Shale Ol Production (kbd)
hydraulic fracturing of the 2,000
surrounding rock

Other
East Texas
® Woodtord 1,500

Fracking fluid: Barnet
90% water e R 1,000

. aga For
9.5% sand/ceramic
and Marcelus
0.5% chemical additives that u Bakken
can include: . I
HCI, gums, ethylene glycol, - N
isopropanol, methanol or 2000 2002 2004 2006 2008 2010 2012 2014 2015
gelling agents Source. Rystad Energy, EIA. Morgan Stanley Research estimates. Nole: “Other” includes the

Niobrara, Granite Wash, and Permian Tight Oil
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Fracking concerns?

* Consumes large quantities of water

* True, but water is not ‘lost’ in the process Nei
* Fracking fluid generally not recovered so environmental contamination
* True, but most components are water and sand plus organic gums
* Groundwater contamination

e Aquifer depths are far closer to the surface than frack zone so less
likely that contamination will occur

* Release of trapped gases to air .

* Volume levels insignificant AGAIN
* Increased seismic activity: micro-quakes FRABK NE |
* True but is this good or bad? | , h
STORP
THE MADNESS

Video (from American Petroleum Institute): NQO

https://www.api.org/oil-and-natural-gas/wells-to-consumer/exploration-and- FRACK

production/hydraulic-fracturing/fracking-safe-oil-gas-extraction O HIO
RALLY

*January 10

graphic Jayson Shenk exurban.net
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Tar Sands: Oil Recovery

Athabasca tar sands deposits are largest in the world and close to surface

Extraction:
Bitumen Hot water naphtha used to
(tarry oil _ for sand _ further separate
and sand) separation oil from
sand/water
=
# Unconventional Qil Transport
§ ' % Scraping the bettom of the barrel? as ‘dilbit’:
» pipeline
!
Upgrader:
catalytic
cracking and
reforming

. = s eyevine
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Tar Sands: Issues

Dirty process

Very energy intensive

Uses a huge amount of water
Strip mining defaces environment

Located far from ports and refineries: pipelines (Keystone XL,
Northern Gateway)

s XL Pipeline

1( Ho T.aE:mi'nh".l't"

“Hnluifl lkl”‘ oy

from the Huffington Post
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Nuclear Energy
Notation => mass number, atomic number and charge

39 Mass number
19 Atomic number

1+ Charge
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Potassium atom i’gK clothing heavy clothing

Potassium cation ?gK:H

The Extraordinary Chemistry of Ordinary Things, 4t Ed.
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Nuclear reactions Beta decay: neutron converts to a
proton and an electron (ejected):

tritium 31H —»32He + (1)-[3

o particle

High-energy helium nucleus

%H62+ P2 neutrons

- A radioactive tritium (:I*H) ejects a B particle and a stable 3He nucleus
B particle nucleus ... becomes.. ..

High-energy electron
(e
i

vy radiation

JVVVYW

High-energy electromagnetic A radioactive carbon-14 loses a B particle and a nitrogen-14 nucleus
radiation nucleus . , . becomes. . .

Figure 4.4 The components of add to
a rays, B rays, and vy rays. balance

Alpha emission: ejection of a helium nucleus ’J @ h + e

The Extraordinary Chemistry of Ordinary Things, 4t Ed.
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Nuclear reactions (cont)

Things that happen to protons...

positron emission (3+):

electron capture (EC):

And also note:

1 1 0
p —>n + % e
1 0 1
1P+ "€ > SN

0 0 0
1€+ T8 —> 27y

positrons and electrons annihilate one another

producing two gamma rays

(that travel in exactly opposite directions)

Belt of stability: only certain ratios of
neutrons and protons are stable

from Westlake, OH school 10|
resources website i
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Atomic mass

238
236
234
232
230
228
226
224
222
220
218
216
214
212
210
208
206

Decay occurs through many steps until a stable atom is formed

238
92U

238 decay /a<—

sequence B4Th B’zgfpa _B,zggu

230
9o 1h

/ac/

226
88Ra

R

222
86Rn

— i

Z;EPO
214 214n: 2
szpbB" gD B’ slo
25Pb B> 2B B> 210Po

206Pb :
(Stable isotope)

82 83 84 85 86 87 88 89 90 91 92
Atomic number

4.5 billion
years

The Extraordinary Chemistry of Ordinary Things, 4t Ed.
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Why is there energy released — nuclear fission

28U +({n)— 13¢Ba + 3Kr +® +a LOT of heat
1 gets you 3

E = mc?

My535+ M, = 236.053 amu
Mpga140 + My,o3 + 3M, = 235.869 amu so-called ‘mass defect’
Mass lost = 0.184 amu or 0.078% of U235 mass is converted to energy

1kg of U235 =9.0 x 10%° kJ equivalent to 33,000 tons of TNT

The Extraordinary Chemistry of Ordinary Things, 4t Ed.

C. Bohne/D. Berg Copyright 2011-19 — For use in the Uvic Chem 400 course only — Spring 2019 14



Chain reaction f
T #
—
233U critical mass is ca. 4 kg / - '$iXe %
92 89
908@ » 34se
38T ’
. . i f o
Most U is 233U which is 2k F i
s = St ~
radioactive  but  not ’
. : o, U
fissionable so enrichment £ s 7y @ @
is required -~ 5iXe 1400
gne —> -

Chemistry in Context 6 Edition, ACS, McGraw-Hill
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Enrichment in 235U required for: UF,4(g) + Fa(g) —> UFq(g)

e Reactors: 3-5% e Membrane diffusion
* Bombs: 90% * Centrifugation

Plutonium production and breeder reactors

239py js fissile:

I 238 239 239 0

on + %530 — [%5U] —> “5Np + e Core of 23%Pu surrounded by 238U
_ - 5 gives in situ creation (breeding)
3INp —> “3:Pu+ _je of 239Pu from non-fissile 238U

Concerns about breeder reactors:

e plutonium is low melting so cooling is critical
(core meltdown is a major risk)

» 239py has a long half life (25,000y) and is v. toxic

* reactor grade 23°Pu easily used in bombs

from Chemistry in Context 6™ Edition, ACS, McGraw-Hill and ‘Fat Man’ 23°Pu bomb dropped
Chemistry for Changing Times, 9" Ed., Prentice-Hall .
on Nagasaki, Japan
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Steam generator

Nuclear Steam turbine Nuclear Reactors
core Power lines
Control
mechanism
Electric
it generator
l‘L\ds
Steam
Condensed water Pressurized water reactor
—
:\-/—/
Nuclear fuel rods
Circulating, pressurized Coolant water of lake,
water (coolq the core and river, ocean, etc.

transfers heat to the
steam generator)

The Extraordinary Chemistry of Ordinary Things, 4™ Ed.

Chemistry in Context 6t Edition, ACS, McGraw-Hill
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Fuel pellets and rods

v

Nuclear fuel
pellet

Fuel rod Fuel assembly

Chemistry in Context 6t Edition, ACS, McGraw-Hill
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CANDU Reactor

D,0 as moderator: low neutron capture cross section
allows use of natural uranium fuel

Pickering — 8 units of 540 MW each

http://www.nucleartourist.com/world/canada.htm

wikipedia
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Breeder Reactors: generate their own fuel (sort of...)

Stean

e,

Water =

From: universe-review.ca

Control

Fissile
Core

Breeder
Blanket

Biolagical
shialding

Licgisicd
metal
coolant

Heat
exchanger

Steam
genarator

Monju: liquid Na cooled breeder reactor:
decommissioned after liquid Na leak and fire
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Heavy Industries

Core internals of Monju
—Core support plate and connecting pipes—




Risks of nuclear energy

Three Mile Island — Harrisburg, PA, Mar ‘79

partial meltdown, stuck control valve
From: www.atomicarchive.com

Chernobyl — Ukraine, Apr ‘86
total meltdown, power surge, steam explosion
31 direct fatalities, long term effects on

hundreds of thousands 1 i

h l‘."
P\ i ;
:ﬂ

For some other remarkable photos like this see Timm Seuss’ article in businessinsider: ’r.' .
http.//www.businessinsider.com/chernobyl-disaster-photos-timm-suess-2012-4?op=1 '

Fukushima — Japan, Mar ‘11

partial meltdown of multiple reactors,
power failure caused by tsunami,

Hydrogen and pressure explosions released
gases

(from: http://www.sciencemediacentre.co.nz)
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