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PhD Program Curriculum

Chemical Engineering Core

Applied Math in Chemical Engineering (CBEN 507)

Advanced Thermodynamics (CBEN509)

Advanced Kinetics (CBEN518)

Introduction to Chemical Engineering Research and 
Teaching (CBEN568)

Transport Phenomena (CBEN516)

Additional Curriculum

6 hours (2 courses) chemical engineering electives 

12 hours (4 courses) additional electives

Colloquium (CBEN605) every semester

Thesis research credits (42 credits)

Minimum of 72 credit hours total 



PhD Program Timeline

1. Qualifying Exam: January of 1st year

– 50% core GPA + 50% written and oral proposal

2. Students are assigned to a research group: January of 1st year

3. PhD Proposal: Before beginning of 5th semester (3rd year)

– Literature review, preliminary data, and proposal in a written document and an 
oral defense with your thesis committee

– PhD Defense: Typically 4.5-5 years following matriculation



Research Advisor Selection 

‣ Project descriptions will be provided to you in September. Faculty will 
make presentations about their projects over the course of the 
semester.

‣ Make appointments with faculty members with projects of interest to 
you.

‣ Turn in your top 3 choices by December 1. 

‣ Advisors are assigned in early January shortly after the Oral component 
of the Qualifying Exam



Research Portfolio

Approximately $8 million in annual 
research awards.

Research area include 
bioengineering, conventional energy 
conversion, hydrates, renewable 
energy, simulation and modeling, 
soft materials, and electronic 
materials.

Strong collaboration and research 
opportunities with the National 
Renewable Energy Laboratory, 
Children's Hospital Colorado, 
National Institutes of Standards and 
Technology.



Bioengineering 
(Boyle, Cash, Krebs, Marr, Neeves)

Human trabecular 
meshwork cells seeded on 
collagen scaffolds

Biosensors
Diagnostics
Drug delivery
Metabolic engineering
Microfluidics
Tissue engineering

Microfluidic model of 
vascular injury

Nanosensors for in vivo 
monitoring of metabolites

Metabolic engineering of 
photosynthetic organisms



Soft Matter
(Herring, Krebs, Marr, Neeves, Samaniuk, N. Wu)

Colloids
Complex fluids
Interfacial rheology
Micropropulsion
Polymers

Magnetically actuated colloid pump and 
valves

Colloidal molecules assembled by 
electric fields

Heptane

Water

Graphene
TEM: Graphene Films

Dynamics of fluid-fluid interfaces

We compared experimental results to three mixed porous
media models: a resistors-in-parallel model (see Eq. 11), a
fractional packing model (see Eq. 14), and Ethier’s numer-

ical calculations of the Brinkman equation for fibrous media
with two dissimilar radii (Fig. 5). The resistors-in-parallel
model treats the PRC as two independent and noninteracting
media—a fibrous medium defined by fibrin and a granular
medium defined by platelets where the overall permeability
is calculated by adding the resistances of each medium in
parallel. We used the measured permeability of a fibrin
gel from bovine plasma and estimated the platelet perme-
ability using the Kozeny-Carmen equation (see Eq. 12).
The resistors-in-parallel model provides a good estimate
of the permeability over most of the range of platelet volume
fractions but begins to deviate as the platelet volume frac-
tion increases beyond 0.3. The c2 for this model is 0.95.

The fractional packing model assumes that the PRC can
be treated as homogeneous porous medium based on a
volume-weighted volume fraction and a characteristic
radius. A characteristic radius of 214 nm was calculated
by taking the harmonic mean of the diameter of a fiber
and the diameter of platelet. We calculated the characteristic
radius based on the size of platelet aggregates (Table 2) as
well, but there was no appreciable difference between these
values and those based on a single platelet. The permeability
was then estimated using the Kozeny-Carmen equation (see
Eq. 14). The fractional packing model predicts that the
permeability is much lower than the measured values over
nearly the entire range of platelet volume fractions. At
low platelet volume fraction (<0.1), the model overesti-
mates the permeability as the PRC approaches a pure fibrin
gel. Consequently, the fractional packing model is a poor fit
with c2 ¼ 500. This suggests that PRC cannot be reduced to
a porous medium with a single characteristic length scale
over a large range of platelet volume fractions.

Comparison of the data with the Ethier model shows that
a PRC is well described as a Brinkman medium. The best fit
of Ethier’s calculation to the experimental data occurs when
kf/acoarse

2 is close to unity (see Fig. S3), where acoarse is the
radius of the coarse media (platelet aggregates). The c2

value for this model equals 0.82. The calculated value of
kf/acoarse

2 is ~0.01, based on the permeability of bovine
plasma and the size of single platelet. This discrepancy

FIGURE 4 Platelet-rich clots morphology as function of platelet density.
Platelet-rich clots were made with platelets diluted into platelet-poor
plasma containing labeled fibrinogen and imaged by confocal microscopy.
Clotting was induced with 10 nM thrombin. The volume fraction of plate-
lets, fp, for each panel is (A) 0.61; (B) 0.45; (C) 0.31; (D) 0.19; (E) 0.05;
and (F) 0.01. Scale bar ¼ 20 mm.

TABLE 2 Permeability of platelet-rich clots

Measured platelet
volume fraction fp (SD)

Platelets density
(platelets/mL) ap (mm) (SD) DP/L (Pa/m) kt (SE) (" 103 mm2)

Effective screening
length (nm)

0.01 (0.004) 7 " 105 1 (0.2) 3 " 104–8 " 104 11 (0.98) 105
0.05 (0.01) 1 " 106 1 (0.3) 3 " 104–8 " 104 12 (0.96) 110
0.19 (0.02) 7 " 106 4 (4) 3 " 104–8 " 104 6.7 (0.83) 82
0.31 (0.04) 1 " 107 8 (3) 3 " 104–8 " 104 6.1 (0.69) 78
0.37 (0.05) 2 " 107 16 (5) 6 " 104–2 " 105 1.1 (0.53) 33
0.45 (0.02) 4 " 107 17 (6) 1 " 105–4 " 105 0.20 (0.020) 14
0.61 (0.06) 5 " 107 26 (6) 1 " 105–2 " 106 0.015 (0.0019) 4

Platelet- rich clots (PRC) were made from solutions of platelets diluted into platelet-poor plasma and clotted with 10 nM thrombin in the presence of 2.5 mM
CaCl2. Platelet volume fractions, fp, were calculated from confocal microscopy images. Flow was induced through the thrombi by pressure gradients that
range from DP/L (Pa/m)min to DP/L (Pa/m)max. The radii of platelets and platelet aggregates, ap, were estimated from confocal microscopy images of PRC.
The permeability, kt, is reported as a fit to Eq. 1 with uncertainty estimated by the SE of the fit. The effective screening length is the square-root of kt.

Biophysical Journal 104(8) 1812–1823

1818 Wufsus et al.

Rheology of tissues



Membranes and Catalysis
(Carreon, Gomez-Gualdron, Herring, Way, Wilcox)

Carbon capture
Catalytic membrane reactors
Fuel cells
Hydrogen purification
Zeolite membranes

5 µm

Porous support

Bio-MOF-1 membrane

CO2
separation

CO2

Flue gas

N2

Post-combustion capture and conversion

Metal-organic frameworks for CO2 capture

Design and simulation of proton exchange  
membranes

Computational design of materials 
for energy applications 



Solar and Electronic Materials (Agarwal, Wolden, N. Wu)

Thin film synthesis
Plasma processing
Colloidal synthesis

Plasma synthesis of silicon nanocrystals

Atomic layer deposition

CuSbS2 solar absorber



Hydrates (Koh, Sum)

Hydrates in
Nature

Hydrates in 
Science

Hydrates in 
Flow Assurance



Benefits

PhD graduate research assistants 

– Annual stipend $27,000 

– Fully paid tuition, fees, health 
insurance

– Total value: >$60,000/year

15 miles from downtown Denver…

…minutes from world class 
outdoor recreation 



Where do our graduates get jobs?

‣ Industry
– Oil and Gas: ConocoPhillips, Exxon, Haliburton
– Chemical: Pall, Dow, DuPont, Cargill
– Biotech: NovoNordisk, Cerus, Horiba
– Semiconductor: Intel, Motorola, Sun
– Beer: Mountain Toad, New Terrain, Coors

‣ National Laboratories
– NREL, ORNL, LLNL

‣ Academia
– Kansas State, Carnegie Mellon, University of Colorado, Stanford, 

Oregon Health & Sciences University



Questions?  Contact

Jennie Gambach

Student Services 
Administrator

jgambach@mines.edu

303-273-3246

Prof. Keith Neeves

Chair of Graduate Affairs

kneeves@mines.edu

303-273-3191

mailto:jgambach@mines.edu
mailto:asum@mines.edu

