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Executive summary of proposed research:
During 2014-2015 we are focusing our efforts on three areas: methods for
increasing the solids content in the saccarification stage of cellulose-based biofuels
production; field trials of NMR to be used to analyze materials in metal containers and
automating MRI based rheology measurements.
Goals and objectives: Our goal is to demonstrate the feasibility and applicability of
NMR systems for process monitoring of reactions in microreactors, fermentation
monitoring, environmental sample analysis, composition analysis and physical property
measurement.
Specific objectives for the next year are 1) field test a handheld single-sided NMR
for analysis of materials in sealed containers; 2) testing automation of in-line/on-line MRI
based rheological measurements.
Budget: Our requesting budget is $15,000 to cover the expense of supplies (lab and
electronic equipment), software, travel and machine shop services and 56.5% University
of California overhead charges.
Background: NMR spectroscopy and imaging are some of the most advanced
spectroscopic methods to characterize and quantify sample attributes from molecular
structure to physical structure. NMR spectroscopy covers an extremely large range of
length scales (10-12 to 10+2 m) and time scales (10-10 to 10+3 s). The main challenge in
NMR is the low sensitivity and the difficulty of incorporating the equipment in a
process/portable format. We are currently addressing methods to enable integration of
NMR/MRI into a process. The recent developments in construction of permanent
magnets, electronics and data processing have recently enabled a significant increase in
the applicability and information content of NMR/MRI in industrial settings.

Research plan:
Generally nuclear magnetic resonance (NMR) has not been applied to samples in metal
containers or flexible packaging with one or more metal layers. The metal used, aluminum, tends
to shield the sample from the radio frequency used for excitation as well as shielding the response
of the sample from detection. Since the early 90s it has been known that one can actually obtain a
nuclear magnetic resonance signal from the protons in
flexible packages and even soft drink cans at low
magnetic field (demonstrated in McCarthy’s lab work
unpublished). Since the signal was weak and accurate
sample measurement required long times compared to
what was needed for practical inspection this approach
was “tabled”.
Recently in Augustine’s lab new methods for
rapidly measuring the signal from metal/metal lined
containers have been developed. Figure 1 shows the
proton spectrum from chocolate milk in a commercial
aseptic package that has a thin aluminum layer. Table 1
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1)
Field testing of the single-sided portable NMR system
The first half of last year involved developing a fundamental understanding of the
magnetic field geometry offered by the handheld sensor and an appreciation for how this
complicated field profile can be used to quickly and reliably deliver viscosity information to
provide an estimate of tomato spoilage. The construction of an NMR based viscosity archive of
pristine toted paste was initiated in late October 2014. Since that time nearly 50 totes have been
analyzed and no indication of spoilage has been detected, consistent with on-site expert empirical
analysis. The next phase of work over the coming year will be to broaden the archive of tested
pristine paste as well as to track tested bins for evidence of spoilage that is known to develop
during long term storage.
The industrial partner Cosa-Xentaur has been involved in the project throughout the past
year and they have been critical to the over 1000 x improvement in sensitivity and analysis time.
Their goal is to improve the sensor design and the measurement protocol to streamline the
performance of the commercial device for use by non-scientists.
2) Rheology measurement automation.
We will extend the rheology measurement process to a fully automated method. The majority of
our work this year will be testing additional fluids (beyond biomass) suspensions. Our software
and hardware will be run on fluids and the resulting measurements compared to off-line
rheological measurements to determine the accuracy and sensitivity of the automated
measurement. The range of fluids will be broad from personal care products to drilling muds.

Budget Request: Budget:

Personnel:
Materials and supplies
Travel
Indirect Costs:
56.5% 07/01/15-06/30/16

$7085
$2500
$5415
Total:

$15000

Budget Justification:
Materials and supplies:
Funds are requested for purchasing chemicals, electronics supplies, software licenses,
laboratory glassware and machine shop services.
Travel:
Funds are requested to support travel of the PIs to CPAC spring meeting and partial
support to present results at the IFPAC meeting in 2016 ($500).
Indirect costs at 56.5 % ($5415)
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