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CO-PRODUCT PROCESSES
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https.//www.youtube.com/watch?v=YYkj2yYaGtU
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WHAT | HOPE TO LEAVE YOoU WITH

 |ntegration was crucial in the development of the
chemical industry but has decreased in
Importance

* |norganic chemistry created the chemical industry
and remains important, but not particularly valued

» Scale remains the major source of competitive
advantage in commodity chemicals
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CHEMICAL INDUSTRY TECHNOLOGY WAVES

Inorganic Functionalization Cellulosics Polymers
* mined materials * use inorganics fo * use inorganics fo - ook of f with
- electrochemical transform organic transform natural synthetic rubber
- active reagents allow substrates materials - continues today
transformations * make dyes, solvents » partially synthetic
and drugs polymers

1760-1910 1870-1930 1895-1935 1925-present
coal . etroleum
rocks ——> " —>  biomass —> . oL
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WHAT IS INTEGRATION?
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INTEGRATION

Linkage of mass and energy flows that
create a significant advantage.
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FOUNDATIONAL PILLARS OF THE MODERN CHEMICAL INDUSTRY
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Electrochemical Chlor-Alkali Steam Cracking
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CHLOR-ALKALI
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BLEACH WAS THE PRODUCT

Cl, + 2 NaOH— NaOCI + NaCl + H,0

* The oxidizing power of chlorine was what was desired.

* No net production of alkali
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MERCURY CELLS

o6 Graphit anode

_FH

L —= MNaOH
___—= NacCl

[ ] g

MJPLD



MEMBRANE CELLS
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SOLUTION BRINE MINING - AN INVISIBLE MINE

WEker ‘brine
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BALANCING THE ECU
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American’
Chemistry
Council
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ECU PRICING
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ORGANOCHLORIDES
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CHEMICAL INDUSTRY SNAPSHOT

Raw Materials Cracker

Propane PDH

MNaphtha/
Gas Oil

Other
-
source: ChAI2012

sowce. 2011 BP Statistical Review
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ALL REACTION PRODUCTS FIND USES
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RECENT INDUSTRY HISTORY
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ETHANE PRICE NOW TRACKS GAS
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IMPACT OF Low GAS PRICES
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IMPACT OF LOw GAS PRICES
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CRACKING COMPARISON

fuel oil

toluene
benzene

pygas

CH,/H,

—butadiene
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other C4 | SR
naphtha | o ! (T ANGSERT o] ethane

butadiene ~: ethylene

propylene € -2
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ethylene
same amount of ethylene
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PRODUCTION OF C3/C4 DROPPED
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WORLD PROPYLENE
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SCALE IS IMPORTANT
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ScCALE DEMO

1. 2.

Make a cup
with an 872"
square and
another with a
44" square
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Origami Demo of Scale 4

’ I

MJPLD



IMPACT OF SCALE TO CONTAIN SAME VOLUME

>2X material
~9X labor to construct
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VIDEO DEMO
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DEMO MATH
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POWER LAW

area (square units)
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ScALE ALWAYS WINS
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If you are
moving mass
around, scale
reduces cost
faster than
experience.
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Yearly Carbon Flux (kta)

53,500
53,000
52,500
92,000
12,000
11,500
11,000
2,000
1,500
1,000
500

Largest Plants of Their Kind

in

Methanol

Ethanol




AG VERSUS CHEMICAL COMPARISON
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ORGANOCHLORIDES
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CHLORINE AS AN OXIDANT

OH

+NaOH
@ +1/2Cl, —> ij + HCI + NaCl
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Cl
Cl_ Cl
- Cl
Cl
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PERCHLOROETHYLENE
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CHLORINE AS AN OXIDANT

Cl OH

+ NaOH
+1/2Cl, —> +HClI —— + NaCl
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PHENOL TODAY
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EPOXIDES

EO PO EPI
ethylene oxide propylene oxide epichlorohydrin
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CHLOROHYDRIN CHEMISTRY

Chlorohydrin Propylene Oxide
Cl

NaOH

a o P
/\+ Cl, + H,O 2 OH —= < ] + Na* Cl

NaOH
+ HCI — Na* CI

Cl




MORE CHLOROHYDRIN CHEMISTRY

Chlorohydrin Epichlorohydrin

A S il —:-/\/C' + HCl
cl o Cl
cl
_"/\/C' )\/C' }\ AN
o
a NaOH @) B o
/\/C'+ Cl,+ H,0 —> ClI \/I\/OH .« \/<\ + Na* Cli

NaQH
+ HCI — Na* CI

Cl

— CI\)\/CI

MJPLD



EPOXY RESINS

|

+ NaOH
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DIRECT OXIDATION




HYDROPEROXIDATION
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P

titanium silicate catalyst
0.5 nm pores

suitable for packed bed reactor



HOPO
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Simplified Process Flowsheet

Off-gas
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CHLOROHYDRIN CHEMISTRY




units = million metric tons

2019 IHS

Epichlorohydrin

5359

ntermediates
4.797

Pulp & Paper
Water Treatment 0388

5513

Isocyanates
6.269



VINYL CHLORIDE
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VINYL CHLORIDE — LARGEST CHLOROCARBON PRODUCT

= ¢

Vinyl Chloride Monomer(VCM)

Dow produced ~5 billion pounds/year
World demand is 49 billion pounds
Growth averages 4-5%

Source: Chemical Week product focus
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BREAKFAST OF CHAMPIONS

see Vonnegut’'s Breakfast of Champions
or
Pete Davidson’s The King of Staten Island
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CONVENTIONAL PRODUCTION

Cl CI
C2H4 + Cl, -

Cl ClI
L - ZaeHe

Cl ClI
CoH4 + 2HCI+3 O2 — \ |/ +H0

CoHg4 +%C|2 +3 02 — /\C|+H20
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CONVENTIONAL VCM

Vinyl Chloride
Product

Chloride
Plant
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DIRECT CHLORINATION

Refrigerant

Direct chlorination process
using a boiling reactor Waste gas
@ g to incineration »

Ccw

Heat

V‘\,‘ (“vt recovery

Chlorine
4 S
' i T T il Stripping
column
l Ethylene T T vessel ST
LA Ju] ¥ N Sales - EDC
Heat 2
% / recovery
CNC Reactor Furnace feed EDC

Vinnolit
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MORE DETAIL

VCM synthesis: 2 C;H, + Cl, + ¥4, 0,— 2 C,H;Cl + H;0 Schematic diagram of a VCM plant

Chlorine Direct EDC EDC VCM Vinyl chloride
Cl, chlorination cracking distillation VCM

Cat 1 AH
Csz * CI:—‘ CzH#EIz o o
C,H,Cl, + 218 k J/mole C,H5Cl + HCI = 71 k Jimole

Ethylene EDC recycle EDC liquid + gaseous
C,H, distillation chlorination i by-products

h 4

p
Oxygen > _— W by-product
0, . i Oxychlorination HCI recovery

C,H, + 2 HCI + %5 0, 5% C,H,Cl, + H,0 + 238 k J/imole

.. Uhde @
Vinnolit
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OXYCHLORINATION

' HCl from TDI / MDI possible

Hydrogenation
reactor

Hydrogen

Hydrogen chioride

Oxygen

Refrigerant

Waste gas to

Steam
Catalyst
T filtration
Boiler
feedwater

Oxychlorination
reactor

Circulating-gas

: Ethylene
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CRACKING

Cracking EDC

cw HCI
Combustion air @ @ @
—
Cond. l Steam

\

to VCM distillation

Cracking product
_l to VCM distillation

]
Fuel Fuel
m——pe .H

Recyle EDC

Cracking furnace EDC evaporator Quench to EDC distillation

1
X Vinnolir
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WHAT | HOPE I’'VE LEFT YOU WITH

* Integration was crucial in the development of the chemical industry
but has decreased in importance
chlorine has largely been replaced as an oxidant

* |norganic chemistry created the chemical industry and remains
important, but not particularly valued
vinyl and caustic are critical, just not particularly profitable

« Scale remains the major source of competitive advantage in

commodity chemicals
for undifferentiated materials, production cost is king and scale

lowers production cost
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CoO-PRODUCT PROCESSES
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