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Corning Advanced-Flow™ Reactor Design
What is it?

ÅGlass plate sandwich!

ÅModular and flexible

ÅSimilar mixing through each system (LF –G4)

ÅSimilar heat exchange through each system (LF-G4)

ïGreater than 100 times heat transfer compared to batch!!

ÅLimitations—at the mercy of reaction kinetics
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Scalability
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Fluidic Module Volumes and Feed Rates
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LLM-105 from DAPO

ÅProposed reaction scheme for LLM-105 from DAPO

ÅYield loss believed to be due to competitive N-nitration vs. C-
nitration 
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Safety

Increasing Criticality

(133 ÁC)
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Benefits of Heat Transfer

ÅBatch reactors have increasingly less heat transfer rate as they 
increase in scale (reduced surface area, increased volume)

ÅLong dose times/slow throughput, large volumes of unstable 
materials
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KINETIC MODEL
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Reaction Monitoring

EasyMaxsystem

ÅTemperature logging

ÅEasy sampling/

reaction quenching

ÅLow volume

ÅEfficient
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Fogler, Scott, Elements of 
Chemical Reaction Engineering,
Prentice Hall, 3rd, edition
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Solid points are the HPLC samples, Lines are the model
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Data and Model

Solid points are the HPLC samples, Lines are the model
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ÅKinetics regressed from five reactions.

ïFour reaction where nitric dosed to DAPO in sulfuric acid
ÅEach done at a separate temperature (5 ⁰C, 15⁰C, 25⁰C and 40⁰C)

ïOne done where DAPO dosed to nitric at 15 ⁰C

ÅModel Fit to the follow reaction mechanism

ÅRegressed rate constants, activation energies and heats of reaction 

Reaction Kinetics for DAPO

Reaction kref Units Ea Units

1 1.81E-02 L/mol.s 34.01 kJ/mol

2 1.15E-03 L/mol.s 49.99 kJ/mol

3 2.17E-04 L2/mol2.s 76.69 kJ/mol

4 1.63E-03 L3/mol3.s 50.00 kJ/mol

Ὧ Ὧ Ὡz
ᶻ

T ref= 15⁰C

Decomposition of DAPO 
is second order in nitric

Temperature drives decomposition of NDAPO
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DynoChemprocess model simulation of 
LLM-105 reaction in a PFR
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PFR and CSTR Models

PFR configuration 

with one feed

PFR configuration 

with two feeds

PFR configuration with 

three feeds

3 CSTR

DAPO Feed rate (kg/hr) 1.24 1.24 1.24 1.24

Nitric acid equivalence 5.4 1.35 per feed x 2, 

2.7 total

0.9 per feed X 3, 

2.7 total

2.7

Nitric feed points At entrance At entrance, and 

0.77m from entrance

At entrance, 0.77, and 

1.89m from entrance

40% reactor 1, 40% 

reactor 2, 20% reactor 3

Feed temperatures (⁰C) 15 5 5 5

Jacket temperature (⁰C) 5 -5 entire length -5 entire length -13.7 reactor 1, -8.5 

reactor 2, -3.8 reactor 3

Max reactor 

temperature (⁰C)

55 32.3 20.3 5.1

Yield to LLM-105 % 5.3 43.6 52.6 52.8

Reactor length (m) 1.0 2.0 4.0 N/A

Reactor volume (L) 4.0 8.1 16.2 2x5 +1x10=20L

Production rate (kg/hr) 0.122 0.926 1.117 1.062

High nitric eq. and feeding all at once leads to elevated temperatures and low yields
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Proposed Configuration
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Photo of Setup
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Review of Results
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Batch vs AFR
What if there was something better?
ÅHow do we know if our reaction is mass transfer limited?

ÅHow do we know if our reaction is mixing sensitive? Selectivity?

ÅIf batch reactors are utilized to determine mass transfer and 
mixing sensitivities we limited to batch reactor limitations.
ÅWhen we start using better tools we expect 

better results.
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Cost
Applying Continuous to DAPO
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Summary

ÅLLM-105 can be made continuously, but the feed of nitric 
needs to be split across the reactor to prevent high nitric acid 
concentrations 

ÅMixing in the reactors needs to be able to dissipate nitric 
concentration gradients.  

ÅFast exothermic reactions may lead to local temperature spikes 

ïNot an issue with AFR due to high heat transfer coefficients across 
scale

ÅMinimize amount of nitric acid to limit DAPO and NDAPO 
decomposition
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