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CHEMICAL & LIFE SCIENCE ENGINEERING
" Sensor Technology using Fluorescent Dyes

CLSE 205 | Team members: Rebecca Jarrell, Rashed Rashed, Joshua Petteway | Faculty adviser: Rudy Krack | Sponsor: ChemTreat |

Sponsor advisers: John Richardson, Patrick Wood, Kevin White

Introduction
The ChemTreat sponsored senior design project,

involves the utilization of fluorescent dye technology :
engineered as a real-time leak detection system for :
Fluorescent :
dyes, such as pyrenetetrasulfonic acid (PTSA), ?hrz . Boiler Simulations
magnitude of parts per billion, making them ideal

recovery boilers in industrial plants.

detectable at very low concentration on

candidates for applications in fluid mechanics.
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Figure 1. Process flow diagram for High Temperature Recovery Boiler.
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Reaction kinetics were determined for PTSA from :
batch reactions, which were carried out in microwave
It was established that PTSA decomposed :
on a 1st order reaction rate, and corresponding :
mathematical models were established using mass :
MATLAB simulations are :
provided and compared with actual experimental
data conducted in a CSTR to demonstrate the :
The leak

reactors.
and energy balances.
accuracy of the mathematical model.

detection system is based on steady-state conditions

point for any changes that might occur in the system.

;e Dye Reaction Kinetics

: Figure 4. MATLAB Simulink
: block diagram.

Mathematical Model

Methods

o Batch Reactions
o Biotage Microwave "
o CEM Microwave §

o CSTR

o MATLAB
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Figure 5. P&ID for CSTR.

dNg _ - .
: (Eq.1) = Fao—Fa+ 1V Assumptions:
: e Well-mixed system
H dCa _V o Volume and :
(Eq.2) = (Cao = Co) —kCq volumetric flow rate ~:
are constant
! Ea3) G ﬂ emt o 15tOrder
q3) Cp=-(1-— ) homogeneous rxn
e Steady-State
1 1 y © Densityis constant
e o = = —Zc — — ¢ Dilute solution
where a : +k, P T Caor and T 7 e ConstamtTandP
(€a.4) Cq=e"(Coo—2)+2

(€q5) K, = el ar)

Mass balance for CSTR
Eq.3 Boundary conditions: C,=0 at t=0

L]
A.
! ‘e Eq.4 Initial conditions: t=0, C,=C,,
using the PTSA mass balance model as a reference :q

Eq.5 Arrhenius Equation
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PTSA Reaction Kinetis for T+ 150C PTSA Resction Kinetics for T=200C
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gure 6. Batch reaction results for ~ Figure 7. Batch reaction results for
lecomposition of PTSA at T=150°C. decomposition of PTSA at T= 200°C.

MATLAB Simulation for CSTR R
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Figure 8. Using the rate constants k(min) found from the slope of the line
+ in Figure 6 and 7 to simulate the change in concentration of PTSA over time :
: (left). Experimental data collected from CSTR trials (right). :

‘ Future Progress
i ® Further experimentation of PTSA at h|gher

temperatures and pressures

e Search additional dyes for testing
: @ Design apparatus for boiler leak simulation :
i  Find compatible dye pairs for dual dye Ieak

detection system

Figure 9. Chemical Structure of PTSA.

LOCATION OF CRITICAL LEAKS

Figure 11. Chart for location of leaks in
recovery boilers.

Figure 10. Chart for causes of critical leaks
in recovery boilers.

leak detection methods reduce losses

associated with an emergency shutdown

i @ This technology could save the industry an estimated

$1.1 million in losses per day per mill to avoid an
emergency shutdown 1

regarding the ecotoxicological
fluorescent tracers are scarce 2

properties of

i e Current data shows that both dyes are mostly

environmentally benign

: ® Decomposition products of PTSA include Carbon

Monoxide (CO), Carbon Dioxide (CO,), Sulfur Oxides 3
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