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The dynamic modeling and experimental validation of the model response of the poly(methyl methacrylate)

(PMMA) cell-cast process for plastic sheet production is presented. It is based on the straightforward initiation,

propagation, and termination reaction polymerization mechanism. The sheet molding process was modeled
by a two-dimensional dynamic mathematical model able to predict conversion, temperature, and molecular
weight averages. The mathematical model is cast as a partial differential equations (PDES) system that is
discretized using the numerical method of lines. The resulting set of ordinary differential equations, representing
the heat and mass balances for this polymerization system, are then solved by standard ordinary differential
equations (ODE) solvers. Comparison of the model prediction capabilities against experimental temperature

measurements taken at the extremes of the PMMA sheet being produced are presented.

1. Introduction as are the largest windows and aquariums around the world.

. . The material is also used to produce laser disks, and sometimes
Global economy and high commercial pressure demandOL

. > . or DVDs. PMMA has a good degree of compatibility with
manufacturing better and cheaper products, reducing capital an uman tissue and can be used for replacement of intraocular
operating costs. From a process systems engineering YPSE) |

int of vi h . id ¢ - " enses in the eye when the original lens has been removed in
point of view, theré IS a wide SCOpE for process IMprovement v, yreatment of cataracts. In orthopedics, PMMA bone cement

by using advanced mathematical modeling techniques. Once s used to affix implants and to remodel lost bone. Dentures
reliable model is available, it can be used for several purposes re often made of this material, too. Commercial production of
such as simulation, control, process synthesis, steady-state an MMA sheets can be carried’ out by processes such as cell
dyngmm_ process optimization, etc. Polyme_rlzauon reaction casting (either in batch or continuous bulk polymerization), melt
engineering constitutes a field where process improvements cancalendering and melt-extrusion. The cell-casting process is
be achieved trough appropriate process modeling. A Commonbecoming n%ore important for PMMA production because of

g|stadvantage Off ptolymzrlzattlon pr?duct_s relatest to FrOdllj_tCt its flexibility in producing PMMA sheets with diverse physical
eterogeneous features due to variations in raw material quality,; \ 4 hechanical propertiés.

changing process operating conditions, etc. Product heteroge- In Figure 1, one of the flowsheets for the industrial

neous characteristics tend to reduce process profit margins. Bymanufacture of MMA is shown. In this, process monomer and

deve_l(_)plng reliable polymgrlzann T“Ode's’ process operating small amounts of initiators react in a semibatch reaction system
cono_lmons could be determl_ned, leading to homogeneo_us Iorc)dUthhere a prepolymerization step takes place. The aim of the
qua}llty. Of cou.rse,.the details embedd.ed in a model will depend prepolymerization step is to mix the reactants, to remove the
on |ts_econom|cal |mpact_and th_e av_allable process .knome(_jge'inhibitors normally contained in commercial MMA, and to heat
Wo_rklng glo_ng the gbo_ve ideas, in th!s work, our aimis to derive the reaction mixture until polymerization reaction conditions
a f|r.st prlnplples dlstrlputgd dynamic mathematlcgl mod_el of are reached. Normally, in the prepolymerization step, only
an |ndL.Jstr|.aI polymgrlzatlon system and to valldatg it by modest monomer conversion valuesl6—20%) are obtained.
comparing its dynamic response against experimental pIIOt'plantThe prepolymer material is introduced into the casting mold in
data. The reported work represents a long-term research Effortthe form of a viscous liquid where polymerization reactions will

aiming to improve polymerization reaction operating conditions, roceed until most of the remaining monomer is consumed. The
h?(;ﬁen:g?di':sg ttr?r:uettr? ;g;gizzzcr?]i:ja;ﬁ”Stcljc?[irﬁ;;it'igﬁre:sg(golymerization of the material contained between the glass plates
Eontrol teghni' ues I% articular, in this wgr’k Il\)Ne addres’s the 's then carried out by heating the molds while the glass plates
| thvl q th ’ Ipt PMMA industri I, facturi are clamped together. Initially, when the reaction heat produced
p?o)(/:(engg yl methacrylate) ( ) industrial manufacturing at low conversion is small (because of the very low polymer-
P PMMA . d. for inst inth liahts of Th ization rate at those conditions), heat is provided to the molds
at IS utset_, orins ahncek, In ted_rear '9 Sg C?rFS’MM: by inserting them inside hot water baths. There, PMMA plastic
Spectator protection in icé hockey stadiums IS made o ' sheet polymerization takes place. It has been repbrtttht
- . 5 R ” 4 Email this process tends to produce nonuniform (i.e., measured in terms
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t Universidad Iberoamericana. polymerization mixture. Temperature variation is, perhaps, the
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