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Greetings to Hawkeye Chemical Engineers!! This combined
Spring 2016/Fall 2016 issue of our AIChE Student Chapter
Newsletter includes student work from Professor Jessop’s Pro-
cess Calculations course and my Chemical Process Safety course.
This includes 3 students papers about applications of Chemical
Engineering from the Process Calculations course and 4 student
papers from the Chemical Process Safety course, 2 of which are
opinion papers about the best chemical regulation approach for
the United States and 2 of which are opinion papers about the
best approach to Chemical Plant Security in the United States.
This newsletter also contains articles about the Spring 2016
AIChE Regional Student Conference, Invention Convention
judging, plant trips to Emerson-Fisher and DuPont-Genencor, and
Chemical Engineering Funnies.
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Spring 2016 AIChE Regional Student Conference

By: Corinne Andresen

Eleven Students and their faculty
advisor attended the Mid-America
Regional AICHE Student Confer-
ence at Kansas State University in
Manhattan Kansas on April 1-2,
2016. Events included a student
mixer, a research poster session
and career recruitment fair. Alt-
hough the University of lowa was
unable to enter the ChemE Car
competition, we were able to send

The AICHE Conference Attendees
from the University of lowa

two teams ChemE Jeopardy teams
to the competition, one team con-
sisting of juniors, and the other, of
seniors. Fittingly for the subject
matter, the teams were named
Team Laminar Flow and Team
Fully Developed Turbulent Flow,
respectively. Team Fully devel-
oped turbulent flow placed sec-
ond. Three students, Lu Liu, Shi-
qin He, and Matthew Johnson en-

tered the paper contest in which
the participants gave oral presen-
tations about their research pro-
jects. Lu Liu place first in the pa-
per contest and represented the
Mid-America Region at the 2016
National Competition that was
held in San Francisco on Novem-
ber 12th.

The Senior ChemE Jeopardy team,
which placed second in the region.

The research contest particpents: Lu Liu, Mat-
thew Johnson and Shiqin He
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A Trip to the Emerson-Fisher Plant in Marshalltown
By: Eastyn Fitzgibbon

On January 28, 2016 many Chem-
ical Engineering students and the
AIChE Student Chapter advisor
from the University of lowa visit-
ed Emerson Process Manage-
ment’s in Marshalltown, where
Fisher Controls tests and manufac-
tures control valves. The experi-
ence gave insight into both the
research and manufacturing as-
pects involved in supplying con-
trol valves.

After a brief introduction, Fisher’s
engineers gave us a tour of their
testing facilities. There, engineers
can ensure that a particular control
valve will fulfill a client’s specific
needs. They stressed that several
factors go into choosing a control
valve, including safety, reliability,
performance, and cost. Since Fish-

er’s clients use systems of all dif-
ferent sizes and complexities,
Fisher utilizes a wide variety of
testing methods. This includes
flowing air or water through pipes
at up to 60,000 gallons per minute
and or at pressures up to 3500 psi.
This part of the tour was interest-
ing, because it combined many
concepts from our fluid mechanics
and thermodynamics courses with
the practical challenges associated
with implementing control valves
into existing plants.

Next, we listened as a panel of
Fisher engineers discussed their
backgrounds and what they en-
joyed about their roles at Fisher.
It was extremely valuable to hear
how the lowa alums felt that their
education prepared them for their

careers in the industry.

Lastly, we travelled to another lo-
cation, where Emerson fills orders
for control valves based on what
was determined to suit the client’s
needs. The environment felt much
more fast-paced and chaotic, with
dozens of different projects going
on and people moving in every
different direction. This plant
starkly contrasted the quiet and
methodical setting of the testing
facility, and it allowed us to see
another work environment for en-
gineers. Overall, touring Emer-
son’s facilities was a great experi-
ence that showed several different
types of opportunities that exist
for engineers today.
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University of lowa AIChE — Emerson Visit
Innovation Center for Fisher* Technology — Marshalltown, lowa

January 28, 2016
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An Invention Convention

By: Kevin Tobin

On February 9, 2016 many chemi-
cal engineering students from the
University of lowa and Professor
Murhammer judged the creative
inventions of the Regina Elemen-
tary School's fifth grade students.
The elementary school students
either worked in pairs or alone on
original inventions that would
help make a task easier for socie-
ty. These inventions varied from
heated bicycle handle bars to hair
bushes that would aid in applying

conditioner on the go. The stu-
dents gave a presentation of the
inventing process which included
a cost analysis, analysis of how
the invention would help society,
and even design specifications.
Along with this they build actual
working prototypes of their inven-
tions!

It was very fun to see how innova-
tive these young students were.
Some of these students came up

with inventions that, if they have-
n't already, should probably be
mass produced because they
would benefit many people. The
best part of these presentations
was being about to see how excit-
ed these kids were about their own
inventions. It was amazing to see
how passionate the children were
in coming up with these ideas and
following through to the final de-
sign.

A Trip to the DuPont-Genencor Plant in Cedar Rapids

By: Alex Bartlett

On March 25, 2016 Jake Crome
(UI Chemical Engineering 2015
BSE graduate) led a group consist-
ing of keen sophomores, weary
juniors, and apathetic seniors
through the DuPont/Genecor facil-
ity in Cedar Rapids. The tour took
place at the highly-desirable time
of 3:30 on a Friday afternoon to
allow all those with difficult
schedules to satisfy the Spring
2016 CBE Seminar plant tour re-
quirement. Even with the good
weather, the group had only one

student that needed to wear a bun-
ny suit, i.e., there was only one
student who failed to comply with
the long pants/closed-toed shoes
requirement. We all donned styl-
ish safety glasses.

Despite Jake’s best efforts, it was
difficult hearing the details when
earplugs were required. However,
I enjoyed the tour far more than I
ever thought I would. Walking
through the facility, I recognized
equipment that I had been unable

to identify on previous plant tours.

A few seniors and I were classify-
ing the valves as air-to-open or air
-to-close as we walked through the
plant. To ensure a safe plant, the
Company utilized its label printer
throughout the plant. We were fre-
quently reminded to hold onto the
handrail, which gave me flash-
backs to first grade. Overall, the
experience was interesting and
provided some interaction among
the grades.
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Should Inherently Safer Design be Required?
By: Austin Tor

Inherently Safer Design is a phi-
losophy adopted by agencies in
order to minimize safety and
health risks in operating chemical
plants. The philosophy’s methods
intend to minimize, substitute,
moderate, and simplify chemical
processes in order to achieve in-
herent safety. The safety features
are built into the process and are
required for proper functioning of
the plant processes. If the plant
processes malfunction, the inher-
ent safety of the system will mini-
mize the resulting hazards. The
concept has been expanded since
1978 with origins by Trevor Kletz.
However, there has been recent
debate on whether inherently safe-
ty should be required. Inherently
safer design is not a solution to the
safety of chemical plant operation
because the current safety regula-
tions already exist, facilities are
already effectively reducing haz-
ards, and the inherently safer de-
sign does not accommodate the
needs of the chemical industry as
a whole.

Implementing new safety regula-
tions through inherent safety is
unnecessary because safety regu-
lations already exist. Rather, exist-
ing safety regulations should be
followed more strictly. In April
2013, a fire occurred at a West,
Texas facility due to mishandling
ammonium nitrate. Many injuries
and loss of infrastructure incurred.
The incident could have been pre-
vented if current regulations on
ammonium nitrate handling were

followed. A spokesman for the
American Chemical Council
(ACC) states, “A variety of exist-
ing federal programs already re-
quire facilities to make their oper-
ations as safe and secure as possi-
ble” (Hess, 2014, p. 5). Applying
more regulations to an agency will
only complicate the current safety
regulations. Focusing on improv-
ing the current regulations and
stricter management of these poli-
cies will create better results for
safety. The American Chemical
Council suggests that guidance
should be provided “to help com-
panies comply with existing regu-
lations rather than impose new
requirements” (Hess, 2015a, p.
33). If this is implemented, then
companies that are lacking
knowledge on existing regulations
or on the actions needed to im-
prove the safety of their system
can improve safety regulations.
The chemical industry has op-
posed the notion for inherent safe-
ty because they have been already
considered, and mandatory adop-
tion of the policy would be
“counterproductive” (Hess, 2015a,
p. 33). Implementing the inherent
safety design will only create the
same problem: the policies will
not be completely and properly
followed.

The guidelines in place have al-
ready significantly reduced the
need for more inherent safety reg-
ulations. One example is The
Chemical Facility Anti-Terrorism
Standards program (CFATS). This

program has effectively reduced
the use of inherent chemical haz-
ards by allowing companies to
make their own judgements on
safety design. Glenn Hess states,
“Chemical industry officials say
the sharp decline in the number of
regulated facilities shows that the
security initiative (CFATS) is
working as intended” (Hess,
2015b, p. 7). It is evident that fa-
cilities are taking initiate to reduce
safety hazards. Therefore, they
become less targetable to safety
regulations. This further backs the
point that additional regulations
are unneeded, as the policies in
place, such as the CFATS, are
enough to drive companies to saf-
er design standards.

By allowing companies to make
their own safety design decisions
and not require the inherent safety
standards, the safety needs of the
entire chemical industry can be
better accommodated. The Ameri-
can Chemical Council argues that
facilities know the best alterna-
tives for safety for their processes
and how it may affect other com-
panies. The American Chemical
Council says, “No single agency
can fully appreciate the entirety of
operational issues across industry
sectors, and therefore no single
agency should attempt to mandate
a particular use of ‘safe alterna-
tives’” (Hess, 2015a, p. 33). The
chemical industry is a complex
web that depends on each industry
involved.
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Should Inherently Safer Design be Required (continued)

If the inherently safer design is
required, then the changes made
may create hazards elsewhere in
the industry. Making wide-
sweeping safety requirements like
the inherent safety design may al-
so put companies in the industry at
economical risk. By using the in-
herent safety design, companies
may need to install safety equip-
ment or limit chemicals that they
do not need. This not only makes
companies have a higher mainte-
nance cost, but can also limit their
productivity. In turn, this affects
other companies in the market that
rely on the limited products.

One might argue that inherent
safety requirements are the best
alternative to safety procedures as
they eliminate hazards before they
happen. This is not true. While
inherent safety may eliminate
some, accidents are largely unpre-
dictable in industry. It is nearly
impossible to cover all safety pre-

cautions before they happen.
There is no “one size fits all” safe-
ty design for a process. Further-
more, inherent safety creates an
air of naivety. Installing inherent
safety eliminates the need for in-
novation as one will think they
have already accommodated for
the safety in the chemical plant.

Inherently safer design is not nec-
essary to improve the safety and
eliminate hazards within a chemi-
cal plant. Current safety regula-
tions are sufficient enough, but
their adherence must be stricter.
Secondly, facilities are making
their own safety decisions without
the inherent safety requirement.
This has already shown improve-
ment with respect to eliminating
safety hazards. Lastly, by making
their own decisions, companies
are effectively reducing hazards
by making choices that accommo-
date the industry as a whole.
While chemical safety is a grow-

Inherently Safer Technology

By: Renae Kurpius

ing concern in today’s society, the
inherently safer design is not the
right approach to increasing chem-
ical plant safety.
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A popular topic of debate in re-
cent years for the chemical indus-
try is the idea of Inherently Safer
Technology (IST) and whether it
should be required by the Envi-
ronmental Protection Agency
(EPA). In 2013, President Obama
issued an executive order requir-
ing federal agencies to review
safety rules at chemical facilities.
This order came after an explosion
occurred at a fertilizer storage fa-
cility in West, Texas (Moure-
Eraso, 2014). It followed a series

of chemical disasters, leading offi-
cials to question whether the cur-
rent regulations should be adjust-
ed in order to prevent future trage-
dies. I believe that the best ap-
proach for the United States
would be to require companies to
conduct an IST analysis to see if
there are safer technologies or al-
ternatives available to their cur-
rent processes.

The current chemical regulation
set by the Environmental Protec-

tion Agency is the Risk Manage-
ment Plan (RMP) which is part of
the 1990 Clean Air Act. Accord-
ing to the Environmental Protec-
tion Agency (2015), the Clean Air
Act requires facilities that use ex-
tremely hazardous chemicals to
develop a risk management plan
which helps local fire, police and
emergency response personnel
prepare for and respond to chemi-
cal emergencies.
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Inherently Safer Technology (continued)

The RMP must include a hazard
assessment, prevention program
and emergency response program
and needs to be revised and resub-
mitted every 5 years. Under cur-
rent RMP rules, flammable and
toxic substances are covered, but
explosive, reactive and other cate-
gories of chemicals capable of
causing a significant chemical ac-
cident are not listed.

Inherently Safer Technology was
a concept which was developed by
Trevor Kletz, a chemical engineer.
IST has four main goals: minimize
the use of hazardous chemicals,
substitute hazardous chemicals
with safer ones, moderate or shift
to less hazardous chemicals or
processes at lower temperatures
and pressures, and simplify pro-
cesses and design plants to elimi-
nate unnecessary complexity
(Hess & Johnson, 2014, p. 12).
This concept prompts chemical
plants to analyze their current pro-
cesses and take these actions when
appropriate and feasible in order
to reduce the risk of a chemical
disaster. IST shifts away from de-
pending solely on complicated
safety systems, and focuses more
on improving the safety of the
process itself.

Although there is strong support
for IST, there are many people
who oppose making this a manda-
tory regulation. They believe that
the focus should be on improving
enforcement of the current RMP
rules instead of imposing more
restrictive regulations on chemical
facilities (Hess, 2015, p. 32). Op-
ponents claim that RMP has been
sufficient in preventing incidents

and that the accidents have oc-
curred due to non-compliance
with the regulation by certain
companies. Other arguments
against IST are that reducing in-
ventory of chemicals on site
would prevent companies from
meeting customer needs according
to Hess and Johnson (2015), and
that mandating for safer approach-
es could force the elimination of
chemicals that may be hazardous,
but are still important for society.

Hess and Johnson (2015) quoted
Paul Amyotte, president-elect of
Engineers Canada who said that
IST “does not mean that inherent
safety is a cure for all ills or IST
principles can be fully implement-
ed in all scenarios,” (p. 14). This
is very important to remember
when considering the opposition’s
concerns. Reducing hazardous
chemicals stored on site or choos-
ing safer processes for example,
should only be implemented when
the option is available, effective
and economical for the company.
Many times, there is more hazard-
ous product stored on site than
necessary. Doing something as
simple as managing how much of
the hazardous chemical is on site
allows for a great reduction in the
risk of a chemical incident. Ac-
cording to Moure-Eraso (2014),
had IST been in place prior to the
West, Texas incident, the outcome
would have been a lot different.
That fertilizer company would
have used safer storage processes
and fertilizer blends and would
have kept less ammonium nitrate
on site, thereby preventing the ac-
cident from occurring to begin

with. RMP was inadequate for
preventing this incident because
ammonium nitrate is not covered
by the RMP rules.

In order to create a safer environ-
ment for chemical facility workers
and civilians nearby the facilities,
it is important that Inherently Saf-
er Technology analysis be re-
quired by the Environmental Pro-
tection Agency. By requiring
chemical plants to perform anal-
yses on their chemical processes, a
wide range of concerns can be ad-
dressed and hazardous materials
or conditions can be replaced with
more favorable ones when availa-
ble. This regulation will help to
reduce the risk of chemical inci-
dents, and therefore improve the
safety of society.
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An Argument for Stronger Chemical Regulation in the United

States By: Katie Giles

The regulation of chemicals in the
United States has been under the
jurisdiction of the Environmental
Protection Agency since the Toxic
Substances Control Act (TSCA)
was passed in 1976. Lawmakers,
industry groups, and consumers
eventually agreed that TSCA re-
form was needed, and bills were
passed in both the Senate and the
House of Representatives in 2015.
However, some concerns exist
about the TSCA updates. The cur-
rent reform work is not as com-
prehensive as the Registration,
Evaluation, Authorization and Re-
striction of Chemicals (REACH)
legislation passed by the Europe-
an Union in 2006. The new legis-
lation also underutilizes recent
breakthroughs in toxicity assess-
ment technology that dramatically
reduce the cost and time associat-
ed with safety testing. Legislators
should consider the risk associat-
ed with low enforcement of haz-
ardous chemical policies and
place safety paramount by requir-
ing more stringent chemical regu-
lation in the United States.

The new legislation proposed in
the United States would strength-
en Environmental Protection
Agency (EPA) control over haz-
ardous chemicals, but Congress
must resolve several key differ-
ences in their bills in order to pass
a joint TSCA reform law. The
Senate bill, S.697, was passed in
December after months of biparti-
san effort. Concerns with S.697
include the EPA’s weakened abil-

ity to regulate imported chemi-
cals, a large concern when consid-
ering the global chemical and
manufacturing industries. The bill
also limits state regulation over
chemicals while the chemical is
under EPA review at the federal
level (Erickson, Congress Moves
on Chemical Safety Reform,
2016).

The bill approved by the House of
Representatives, H.R. 2576, has
less restrictive provisions than the
Senate bill; for example, compa-
nies would be allowed to keep
chemical identities as trade secrets
during the EPA review process
under the House bill (Erickson,
Chemical Control, 2016). Another
difference between the bills is
over evaluation of existing chemi-
cals. The Senate bill allows the
chemical industry to pick 30% of
the chemicals to be reviewed,
while the EPA decides on the oth-
er 70% to be reviewed (Erickson,
Chemical Control, 2016). The
chemical industry prefers the H.R.
2576 provision for evaluation of
existing chemicals, where the
manufacturers have complete con-
trol over which chemicals are to
be reviewed; this greatly limits
the EPA’s control.

Although the TSCA reform will
update regulation, other countries
have stronger legislation in place
for the chemical industry. Another
approach to chemical regulation is
the REACH legislation in the Eu-
ropean Union. REACH provisions
include registration of all chemi-

cals made or imported into the
European Union; the European
Chemical Agency (ECHA) then
decides if the chemical is safe for
use in the EU. Chemicals that
may be carcinogenic, toxic, or
mutagenic are placed into the cat-
egory of Substances of Very High
Concern (SVHC) (Scott, 2016).
These substances are reviewed
and may be placed on the authori-
zation list, where special authori-
zation is required to use or manu-
facture these otherwise banned
chemicals.

The REACH legislation offers
stronger enforcement and review-
ing power for the ECHA govern-
ing body than the TSCA reform
bills offer the EPA. The candidate
list for SVHC:s is public, encour-
aging transparency for consumers
who desire safer chemicals; this
pressures chemical manufacturers
to find substitutions for SVHCs
and improves chemical safety.
However, negative effects have
been documented in the market
over the cost associated with
REACH registration and safety
testing. Smaller companies in the
EU struggle to comply with
REACH provisions, complaining
of limited innovation. Larger
chemical companies such as
BASF have stated they feel little
restriction to innovation, due to
their large presence in the market
while paying similar costs as the
smaller companies to comply with
REACH. This inequality is a con-
cern for allowing smaller compa-
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nies to grow and compete with in-
dustry giants (Scott, 2016).

One of the largest barriers to chem-
ical regulation has been the diffi-
culty and cost associated with tox-
icity assessment. Progress over the
last ten years by the National Cen-
ter for Computational Toxicology
under the EPA has produced tech-
nology capable of assessing chemi-
cal risk at a fraction of the time and
cost (Partnership for Public Ser-
vice, 2015). EPA scientist Robert
Kavlock and his team created a
new process to assess toxicity by
watching for biological effects that
may indicate toxicity in living cells
exposed to chemicals. This re-
placed animal toxicity testing,
drastically reducing the time and
cost for chemical analysis. These
advancements have improved the
ability of the EPA to accurately
and cost effectively test chemical
safety, paving the way for more
testing and enforcement in the reg-
ulation of the chemical industry.

The United States has made great
progress in chemical regulation
with the current TSCA reform leg-
islation being debated in both the
House of Representatives and the
Senate. The reform law is expected
to pass in 2016, bringing more
power to the EPA and placing
more restrictions on the chemical
industry. Even with reform loom-
ing in the United States, the Euro-
pean Union REACH legislation
offers more governmental control
over chemical manufacturing and
has been shown to encourage sub-
stitution of safer chemicals. With
recent technology advances allow-

THE UNIVERSITY OF IOWA

ing for greater assessment of tox-
icity risk of chemicals at cheaper
costs, the United States should
consider increasing the EPA’s reg-
ulating power to match the
REACH provisions by requiring
screening for all chemicals using
the process pioneered by
Kavlock’s team. Unfortunately,
with a third of the Senate and all
435 seats in the House up for
reelection in 2016, little progress
will be made this year as Congress
heads home to campaign
(Erickson, Chemical Control,
2016). The reform legislation of
TSCA may be passed, but with less
restriction on chemical safety and
power granted to the EPA than the
technology warrants and other
countries’ policies have contained
for years.
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Chemical Regulation in the United States

By: Nicole Loch

Hazardous chemicals are used by
many industries across the country.
Currently, there is very little regu-
lation regarding how companies
handle these substances, which is
alarming. In order to consider the
United States to be a safe country,
chemical safety must be a key con-
cern, and stricter regulations must
be put in place. The United States
should refer to the European sys-
tem but add aspects like flexibility
and company protection. This is
necessary to improve our country.

Currently, in the United States,
chemical regulations are governed
by the 1976 Toxic Substances
Control Act, or TSCA, which has
only led the EPA to ban five chem-
icals (Pearson, 2015). This num-
ber is shocking, seeing as there are
far more than five potentially haz-
ardous chemicals. The regulations
need revisions, which are support-
ed by both the U.S. House of Rep-
resentatives and the Senate. Those
bodies have both passed different
versions of reforms of the TSCA as
of June 2015 (Bettenhausen &
Garcia, 2016). These reforms are
widely supported in Congress, but
disagreements between the House
and Senate must be worked out
before they can be put in place.
However, the agreement that a re-
form is needed, especially in times
when Congress seems to be at a
standstill on most issues, shows
that the current regulation system
is severely outdated. This notion is
reinforced when U.S. regulations

are compared to the European Un-
ion’s regulations. The European
Union currently uses the Registra-
tion, Evaluation, Authorization,
and Restriction of Chemicals, or
REACH system, which allows the
European Chemical Agency to de-
termine the hazard level of chemi-
cals, and whether or not they may
be sold or used in the European
Union (Scott, 2016). Currently,
the European Chemical Agency
has banned thirty-one different
chemicals. The same chemicals
are used in both Europe and the
United States, therefore, the differ-
ence in how many chemicals are
considered hazardous should be
nonexistent. When compared to
the REACH system, it is evident
that the U.S. chemical regulations
need to be reformed and tightened.

In creating a modernization of the
TSCA, the REACH system should
be referenced for guidance. The
United States should adopt the reg-
istration system of having all com-
panies submit information about
what chemicals they use and/or
import, and any hazard information
that they have on those substances.
This would create a database of
chemicals and their hazards. With
this, the EPA, or a new agency, can
review all known hazard data when
reviewing chemicals. Some com-
panies may fear that this will ex-
pose trade secrets and classified
information, however, if handled
properly it shouldn’t. Due to a dif-
ference of opinion, the current Sen-

ate reform proposal does not pro-
tect the identity of new substances,
however protection needs to be
available in order to receive indus-
try support (Government Depart-
ment, 2016). If a company is ex-
pected to be honest in reporting the
substances they use, then the gov-
ernment should respect the privacy
of their work. The chemicals each
company uses should be classified
information that is only available
to the agency conducting the haz-
ard assessment. If a chemical is
reported that is not yet publically
available, then the hazard review
should remain confidential be-
tween the EPA and the company
itself. This way, the EPA can help
conduct hazard research, further
benefiting both the agency in de-
ciding the future of this chemical’s
use, and the company in knowing
which safety regulations they
should be aware of.

The methods for conducting chem-
ical research also need an upgrade.
The current method involves ani-
mal toxicology testing, and costs
about one million dollars per
chemical. These high costs have
limited the EPA in their studies. In
the last fifteen years, they have on-
ly been able to evaluate seventy of
the eighty thousand chemicals in
use (Partnership for Public Service,
2015). Instead of using this meth-
od, the EPA should make use of
the ToxCast system at the National
Center for Computational Toxicol-
ogy. The ToxCast system is a da-
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Chemical Regulation in the United States (continued)

tabase that generates data and pre-
dicts behavior of chemicals using a
software program. The ToxCast
system has the capability of
screening over 2000 chemicals
over a four year period, and only
costs thirty thousand dollars per
chemical (Partnership for Public
Service, 2015). Including this
technology in the reform is crucial.
This system will allow the EPA to
gather the maximum amount of
hazard information for a substance,
and allow them to evaluate sub-
stances at a faster pace. This is
necessary because in order to avoid
safety disasters, the EPA needs as
much information as possible, and
needs the ability to gather infor-
mation and make decisions in a
timely manner.

Once research is done, the EPA
must make decisions regarding if it
is reasonable to continue use of the
chemical, and if so, the safety
guidelines that must be followed to
allow use. If a chemical is banned
from use, then any companies us-
ing the substance would be noti-
fied, and given a set amount of
time to phase out use. As with the
REACH system, companies should
be allowed to apply for an extend-
ed phase out period; however, in
addition to that process, the com-
panies should have to regularly
show evidence that the phase out
process is underway, or that re-
search for a substitute chemical is
taking place. This method should
motivate companies to produce
substitutes, since it has already
done so in Europe (Scott, 2016).

The United States is in dire need of
a reform of their chemical safety
regulations. The European
REACH system should be refer-
enced for this reform. Companies
should register their chemicals, but
also be provided with protection on
the information they supply to the
EPA. The chemicals should then
be reviewed using the newest tech-
nology available, ending with a
final decision on whether the
chemical can be used or not. Com-
panies then will have the ability to
apply for extended use of the
chemical provided that they invest
time into researching alternative
substances to use. This system
takes the layout of the REACH
law, but adds more company pro-
tection, and flexibility during the
phase-out process. This creates an
optimal system that would improve
chemical safety, while still promot-
ing innovation and company sup-
port. This system ultimately would
lead to a safer country.
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Prospects and Obstacles in 3D Printing

By: Ted Paulsen

More broadly referred to as addi-
tive manufacturing, 3D printing
has grown both in popularity and
sophistication since its creation
more than 30 years ago (Sethi).
Additive manufacturing is a man-
ufacturing process that constructs
objects by printing them layer by
layer (Green). There are now
many different additive manufac-
turing techniques that can print a
wide variety of materials for many
different applications (D’ Aveni).
Due to its unlimited customiza-
tion, 3D printing will continue to
become more popular (D’ Aveni).
Previously, 3D printing was seen
as a niche technology, but thanks
to advancements in the field of
chemical engineering, it has ex-
panded into a legitimate manufac-
turing technique that can be used
for large scale production and is
an exciting prospect in the bio-
medical industry (D’Aveni). With
further innovation in the field of
chemical engineering, 3D printing
will experience greater utilization
in general manufacturing, espe-
cially the biomedical industry.

3D printing has many advantages.
One of its greatest advantages
over traditional manufacturing
methods is its customizability —
alterations and improvements can
now be applied with the click of a
mouse (D’Aveni). Traditionally,
manufacturing machines were de-
signed to produce a specific part
and only that part, but now de-
signs can be altered on the fly
(D’Aveni). The possibilities 3D

printing presents are endless; only
limited by our current understand-
ing of chemical engineering. With
all of this, it may seem difficult to
see why traditional methods still
exist. One challenge facing 3D
printing is scalability (Alton). 3D
printing techniques print parts lay-
er by layer. This takes a lot of time
(Alton). Most products can take
several hours — if not days — to
print (Alton). Cost is another big
obstacle preventing 3D printing’s
further expansion. Many of the
production sized 3D printers cost
upwards of $200,000 (“3D Printer
Price”). This is one area in which
chemical engineering could have a
positive impact. Advances in
chemical engineering could in-
crease print speed, decrease cost
of materials, and help make 3D
printing a more feasible method of
mass production (Green). When
3D printing is available to the
masses, the general population
would benefit by gaining the abil-
ity to have products custom fit to
their exact specifications
(D’Aveni). For example, shoes
could be printed to fit an exact
foot size and shape. This is just
one among many exciting applica-
tions of 3D printing.

Because 3D printing allows for
infinite customization, a major
application of 3D printing lies in
the biomedical field. Everyone’s
body is different; each person
would require unique specifica-
tions for a prosthetic or a dental
implant. For this reason, the field

of biotechnology has turned to 3D
printing as the best way to mass
produce products on a customiza-
ble basis (Sethi). Biomedical ap-
plications range from producing
dental implants more cheaply and
quickly to printing whole organs
using polymer scaffolds that will
eventually be transplanted into
humans (Sethi). Although the cus-
tomizability of 3D printing suits
biomedical applications, many of
the chemicals used in traditional
3D printing do not (Green). When
limited to biologically friendly
materials, problems such as unfa-
vorable end-properties, slow print
speed and distortion appear
(Green). This is a major area
where advances in chemical engi-
neering would allow for the fur-
ther expanse of 3D printing. The
future of customizable biomedical
devices depends heavily on ad-
vancements in the field of chemi-
cal engineering and material sci-
ence. These advances have the
potential to allow a wider variety
of 3D printed devices to be creat-
ed.

Advances in chemical engineering
could allow for better end proper-
ties, cheaper production costs, and
faster print speeds (Green). This
will allow for parts to be made
more customizable and cheaper,
therefore making 3D printing
available to a wider audience. The
biomedical industry is heavily in-
volved in the growth of 3D print-
ing due its wide variety of applica-
tions ranging from dental implants
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Prospects and Obstacles in 3D Printing (continued)

to whole organs (Sethi). The man-
ufacturing industry is also in-
volved with this technology be-
cause it has the ability to cut man-
ufacturing costs and increase the
customizability of any product
(D’Aveni). Although 3D printing
cannot currently compete with tra-
ditional manufacturing in terms of
production scale, it makes up
ground with its alteration friendly
nature and will continue to grow
as a manufacturing method with
the help of chemical engineers.
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Biotechnology is a field that has
seen a recent emergence in the
world of science and engineering.
The ideal blend between the two
fields, biotechnology has a bright
future, with new advances being
made every day. Biotechnology
is, ““...technology based on biolo-
gy - biotechnology harnesses cel-
lular and biomolecular processes
to develop technologies and prod-
ucts that help improve our lives
and the health of our planet
(Biotechnology Innovation Or-
ganization, n.d.). Biotechnology
impacts different areas, however,
the medical, petroleum, and agri-
cultural industries are the most
affected and have the best poten-
tial to utilize biotechnology in fu-
ture inventions. Biotechnology
will be very important for the fu-
ture as we face increasingly diffi-

cult problems that cannot be
solved by traditional methods.
This allows biotechnological solu-
tions to bridge the gap between
science and technology. Chemical
Engineers will prove vital as they
will need to use both their tech-
nical skills and scientific
knowledge to come up with practi-
cal everyday solutions.

The healthcare industry is a per-
fect place to implement biotech-
nology for the future. One key
way manner in which it can be
utilized is personalized patient
treatments. Every patient is
unique, so a therapy based specifi-
cally on your genetic makeup and
health habits could be very benefi-
cial. A subfield in medical bio-
technology is pharmacogenomics.
This area targets how a patient
will react to various medications

(Amgen, n.d.). It would be an im-
portant development to get an un-
derstanding of any detrimental
effects or a patient’s response
without the patient actually hav-
ing to go through the pain. Simi-
larly, recognizing the impact of a
certain dosage and its potential
effects before a patient takes the
medication could save many lives.
To analyze how a patient will be
impacted by different medications
their genome must be traced
which requires a large amount of
time and money. An alternative
approach, utilizing biotechnology,
was found by chemical engineers
at the University of Colorado.
These researchers use electronic
and optical fingerprints to deter-
mine the sequence of molecules
(University of Colorado Boulder,
2015). This would be a
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Biotechnology in the Future and Beyond (continued)

significantly cheaper option for
most of the population in compari-
son to the old and tried method of
sequencing.

One of the most talked about ideas
when people hear the word bio-
technology is the fuel/petroleum
industry. It is common to see that
more efficient methods are being
used to conserve fossil fuels, or
even combine biological factors to
make them more efficient. Howev-
er, why not look at an alternative
fuel source for the future all togeth-
er. The use of algae as a biofuel is
quite promising. It has the potential
of being used as renewable diesel,
gasoline, and even jet fuel (United
States Department of Energy, n.d.).
Algae function similarly to plants
in that both convert sunlight into a
useable form of energy. The differ-
ence is that the many different
types of algae present unique prop-
erties that can be harnessed to de-
velop new biofuel technologies that
can be used to produce billions of
gallons of gasoline each year
(United States Department of Ener-
gy, n.d.). Chemical engineers are
currently looking to establish the
best way to utilize the most useful
parts of the algae for fuel. For ex-
ample, they are concentrating di-
lute biomass and recovering lipids
as well as many other products.
New production techniques for cul-
turing algae are also being devised
where biological precursors are
released instead of feedstock.
(Cornell Engineering, n.d). Using
their knowledge of the industry,
chemical engineers may soon be
able to sell algae as a hot commod-

1ty.

Another future biotechnological
impact can be seen in the agricul-
tural industry. One of the more in-
triguing topics is drought resistant
plants. As the name suggests,
drought resistant plants have the
ability to remain alive at times of
very little rainfall. Scientists at Pur-
due University are attempting to
control the ability of plants or
crops to open their pores, which are
used to regulate water intake
(Purdue University, 2016). Re-
searchers are looking to see if they
can modify the genes that control
these pores, to make the plants use
water more efficiently. Many of the
previously conceived ideas relied
on irrigation after a large drought,
but the researches have found a
way around that, especially since
many people cannot afford the lux-
ury of irrigation. Their idea stems
from the fact that the plant pores
can be rapidly opened and closed
to limit water loss. Essentially, the
plants are protecting themselves
(Purdue University, 2016). If the
use of drought resistant plants be-
comes more widespread in the fu-
ture, it could save famers a consid-
erable amount of money during dry
spells without forcing them to use
expensive technology such as irri-
gation to save their crops.

Biotechnology has the potential to
impact a wide variety of disci-
plines. As both science and engi-
neering continue to grow at such a
rapid rate, biotechnology will grow
alongside them. Chemical engi-
neers play an extremely vital role
in the future of the field, especially
when considering their ability to
work between a lab setting and the

commercial industry. Today, chem-
ical engineers are mainly contrib-
uting by performing extensive lab
work to synthesize new chemicals
or devise alternative methods to
long standing processes. From, an-
alyzing genomes to investigating
alternative fuel sources to tracking
water loss in plants, chemical engi-
neers have the potential to impact
the field to a great degree.
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Future of Lithium-lon Batteries

By Lee Lounsbury

It would be hard to imagine to-
day’s world without the innovation
of the lithium-ion battery. Every-
day devices and emerging technol-
ogies, from sleek smartphones to
long-range electric vehicles, could
simply not exist. Since the lithium-
ion battery’s introduction to con-
sumer goods in the early 1990s,
their use has steadily increased to
almost include every device not
requiring a power outlet. As con-
sumers demand more powerful de-
vices in greater quantity than ever
before, further advances in lithium-
ion technology are both necessary
and imminent. Scientists and chem-
ical engineers have had a tremen-
dous impact on the lithium-ion bat-
tery’s development and will greatly
influence future innovations.

In order to better understand the
future of lithium technology, it is
worth briefly looking into the bat-
tery’s history. Although the con-
cept of the lithium-ion battery was
first devised by the physicist John
Goodenough, it was Yoshio Nishi,
a chemical engineer at Sony, that
brought the idea to life. The devel-
opment of the lithium-ion battery
offered a solid replacement for the
commonly used nickel cadmium
battery, which suffered from low
energy density and contained toxic
materials. While at first only
placed in small consumer electron-
ics such as home cameras and cas-
sette players, it only took a few
years for the lithium-ion battery to
catch on and be included in larger
devices such as laptop computers.'
While other advances would come

along such as nickel-metal hydride
batteries, the power density of the
lithium-ion continues to be unsur-
passed.

As mobile devices become in-
creasingly popular, and the com-
bustion engine goes the way of the
horse, demand for lithium-ion bat-
teries will continue to increase at
an astonishing rate. Currently, elec-
tric vehicles (EV) make up less
than one-tenth of one percent of
vehicles sold, yet their sales sky-
rocketed 60% worldwide in 2015,
similar to the growth figure of the
Ford Model T in the early 1900s.
Bloomberg expects electric vehi-
cles to reach 35% of new vehicle
sales as soon as 2040.> Challenges
with lithium-ion batteries do still
exist, but scientists and engineers
are making exciting breakthroughs.

One of the largest challenges
with the lithium-ion battery is the
rate of charging. While slow charg-
ing batteries may frustrate mobile
device users, they have a crippling
effect on EV sales. For example,
when taking a long road trip, it is
not practical for EV owners to pull
off every few hundred miles and
charge their battery for over an
hour. Currently, rapidly charging
lithium-ion batteries lead to various
problems, from the rapid decrease
in battery capacity over time’ to
issues of user safety caused from
overheating. However, Professor
Xiaodong Chen and his group of
researchers think they may have
solved these problems by switching
the anode, the positive side of a
battery, to a gel containing titanium

dioxide nanotubes, an ultra-strong
and thus reliable substance. By
ditching the weaker graphene an-
odes now used in batteries, which
can expand and contract when
quickly charging, the team was
able to create a battery which could
reach a 70% charge in only two
minutes. Duration tests showed fur-
ther benefits where the new strong-
er battery was able to hold perfor-
mance over ten times the charge/
discharge cycles of today’s batter-
ies. Chen is now attempting to li-
cense the technology and believes
mass production possible within
the next couple of years.*

Another challenge comes in
supplying enough lithium for a ris-
ing demand in batteries without
creating environmentally toxic
waste. While the lithium used in
most batteries is almost 100% recy-
clable, currently it is much cheaper
to mine new lithium than re-use the
old. Being dependent on mined
lithium puts strain on the environ-
ment and places lithium prices at
the mercy of the political stability
of the few nations from which lithi-
um is mined, such as Argentina and
Bolivia. While partnerships are un-
derway to secure lithium deposits
in the foreseeable future, the long-
term success of the lithium-ion bat-
tery demands recycling plans be set
in place. Small-scale operations do
currently exist, but high costs pre-
vent large scale operations.” It will
be up to scientists and engineers of
the future to develop cheaper and
more efficient methods of recy-
cling lithium-ion batteries.
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Future of Lithium-lon Batteries (continued)

Even though lithium-ion batteries
are currently unsurpassed in power
density there is still room for inno-
vation. Lithium-ion power density
has certainly increased in recent
times, doubling from 1995 to
2007,° a rate many are seeking to
improve. For one team of chemical
engineers at Cornell University led
by Professor Lynden Archer, the
answer to greater power density
may lie in using lithium metal bat-
teries instead of lithium-ion. Cur-
rently, this style of battery is feasi-
ble, but the operation must occur at
600-800 degrees Fahrenheit, an
operating temperature unachieva-
ble in mobile electronics and vehi-
cles. By using stronger materials,
such as nanotechnology and poly-
mers, it is possible to create a
membrane that allows stable per-
formance at room temperature.
While this research requires further
progress, it provides insight into
how developments in the fields of
chemical engineering will improve

future battery capacity.’

By looking at the history of lithium
technology, the challenges it faces,
and how lithium-ion batteries will
change in the years ahead, one can
see the enormous impact scientists
and chemical engineers have had
and will have innovating battery
technology. Since the lithium-ion
battery’s introduction in the 1990s,
innovation has proceeded at an
astonishing rate. With advances to
debut soon, it will be exciting to
see how the future of battery tech-
nology will change individual’s
lives for the better.
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Chemical Engineering Funnies
By: Corinne Andresen

Welcome to the Seamans Actually, by the
Center, everybody. You time y'all's are .

might not have many seniors, we're going
classes here during your to have q cafe in
first year or two, but when here. You'll never
your senior design project need to leave at alll
rolls around, you'll only be
leaving this place to get

ood. [ ] ENGINEERING

It's also conviently located
between the West Side Dorms and
commons. Lots of the downtown bars. Every
people study here. Thursday, tons of partygoers come
traipsing through the building.

In chemical-powered car
design. The rules say rocket-
powered cars are forbidden.

In my "spare time
tee-hee, I'm
involoved in our
AIChE chapter.
Every year, we
enter a contest...

Here on the upper floors, there
are these weird conference room
thingies.

I've seen people sleeping, like
sleeping overnight, in here

Our chapter is
the reason this
rule exists!

To be fair, it was
finals week

1

I'm also wearing an AIChE shirt
today. It's from last spring's bar
crawl.

And that's how
I'd tell you about T lost my job.
it, but I don't

remember...
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