Dynamic Modeling by Identification Technique of PVA Solution

RYERSON Degradation in a Tubular Photochemical Reactor
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REACTOR SETUP RESULTS
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INTRODUCTION

» Many polymeric compounds that are found in wastewater effluents are toxic for the
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» The challenges in depolymerisation of wastewater are summarized in two points:-

«pH -« TOC * pH -« TOC

6. Photochemical reactor # 2.

1- The level of conversion that the process would achieve ( % TOC removal). P e — Plot (1) : Run (1), pH and TOC (ppm) Vs Plot (2) : Run (2), pH and TOC (ppm) Vs
. . . . . Time (Minutes). Step change from 1.0 to 0.2 Time (Minutes). Step change from 1.0 to
2- The economic feasibility to establish a large pilot scale that efficiently treat the [H,O,J/[PVA] for 500 mg PVA/L 0.2 [H,0,]/[PVA] for 500 mg PVA/L
: : Figure (2): UV/H,O, polymeric (PVA), wastewater experimental setup.
wastewater that possess polymers, pharmaceuticals and other toxic compounds. gure (2) 22 POYY (PVA) P P T ——
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1- Dynamically model the UV/H,0O, photochemical reactor degrading wl TR 45 - o :
u polyvinyl alcohol (PVA) PVA, using step-change testing. Y | ' | S R & .
® Polyacrylic acid (PAA) 2- Cover all the possible non-linear regions of the process, and find the S T Time (Minutes)
. . . . Plot (3) : Run (1) & (2), pH Vs Time Plot (4) - pH and TOC (ppm) Vs Time
= Polyacrylamide (PAM) corresponding transfer functions of each nonlinear block. (Minutes). Step change from 0.12 to (Minutes). Step change from 1.0 to 5.0
0.024 [H,0,]/[PVA] for 500 mg PVA/L. [H,O,]/[PVA] for 500 mg PVA/L

Polyethylene glycol (PEG) 3- Design a controller to monitor the effluent pH.

= Polyamine 4- Control variable to be the H,O, flow rate into the photochemical reactor. » Itis apparent, from the data collected in plot (1) and (2),, that a relationship between effluent pH

of the PVA treated solution and measured TOC exists.
m Polyvinyl pyrrolidone (PVP)
»~ As effluent pH approaches neutral value, 7.0, the highest TOC removal is achieved.

EXPE RI M E NTAL M ETH O D » Step-change was done on the system, at minutes 107 in run (1) corresponding to plot (1), and

minute 86.0 in run (2) corresponding to plot(2).

m Other water-soluble polymers

Figure (1) : Water soluble-polymers » In plot (1) and (2), Step change from 1.0 to 0.2 [H,O,]/[PVA], 500 mg PVA/L, results in an
Collect samples from , , - - -
PVA D EGRADATI O N PROCESS RuR the reactor with the fluent every 7 Apply a step change increase in pH of the effluent approaching neutral pH value of 7.0 and an increase in the TOC
Piilbfu'amd atm?_unt Ofd mll_antPiS & m(?lstuhre Oln the rea/%tlon (e.0. removal of the process, on the other hand a step change of 0.12 to 0.024 [H,O,]/[PVA], results in a
> The hydroxyl radicals produced from the following equation: concentration an el e LS NS IS S . . . .
yaroxy P J &4 | H,O, concentration. reaction reaches a H,O, concentration. decrease in the pH effluent an a probable decrease in the TOC removal as it is apparent in plot (4).
UV light _ steady state.
» The scavenging affect of hydrogen peroxide in the reaction is apparent in plot (4), as the
» The hydroxyl radicals, attacks the PVA bonds and break the polymer into smaller chunks of concentration of H,O, is increased by a factor of 5, the TOC removal decreases and the pH values
molecules with lower molecular weights. of the effluent samples decreases towards a pH value of 4.0
PVA + H,0, + UV light = H,0 + CO; Measure the TOC Measure the pH for %%?;mlgg L?\tci(l)ltlr?gt
removal using the the samples using a react?on A
» The hydrogen peroxide is pumped through a rubber tubing towards the entrance of the TOC analyzer. PH meter.

second steady state.

photochemical tubular reactor where it mixes with the incoming PVA polymeric solution. C O N C LU S I O N

» The UV light 252 nm wave length with a 14 W input power, brakes down the hydrogen peroxide

Figure (3) : Overview of procedure

oxidizer to hydroxyl radicals. 1- To properly control a UV/H,O, depolymerization process, a thorough understanding of all

possible transfer functions of process is required.

RE F E RE N C E S AC KN OWL E D G E M E N T 2- A dynamic experimental modeling of a the photochemical process, is an efficient tool to control an
advanced oxidation process.
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