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The Heat Treatient of IFlat Perspex Shects

by

B. W. Rusasell

The heat treatmwent woich has becn recommended to improve the
craze~resletance of flat methoacr;late sheebs is dascussed. Daistortion
may be avoilded by controlled heating duraing the anatial cyele, and by
annealing at a temperature Just below Sno sscond order btransition point
during the cooling cycle. To definc the iatter the isothermal shrainkage
of quenched material vios neasursd.
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1 Introduction

Farlier reportsh?- have shown that tane heat treatment of poly-
methyl methecrylatce improven 1ts craze rosistance by rermoving oasbing
stresses and by completing volymerdisatbicn. For curved structures the
heat treatment received during the normal shaping process 13 adequake
for this purposc, and tne treatnont of flat sheet should be considered
farst., The annesling of compasls chapings hus a somewhat different
objective and will be dealt wibl. Leter in a sepurate Nobe. In the sbove
reports a brief oubline wis goven of zume of toe chlcd considerations
relating to such procscsineg and the present vurmose 15 to enlarge this
wnformation.

2 The heatinz cycle

In treating flat gneets 1t 1. Obvious Lot every oendeavour must
be made to maintain both flalness wd Creedon from defects ligble to
impair the cptical properties of the meteraicd. To aveid locel drstortion
heating should be unaform. It should tlerefore be porformed exther with
the materiel suaspended vertically in tas oven, or very grodually if 1%
15 placed on o flat swfoze unb.d U roaches o tempercture at which 1t
becgmes limp, For wiwlasticised methnorylote thea tempeorature 1s about
115% = 120°9C aad for r-tord b contaouung 57 or 8. plosticiser 110° or
100°C respectively., Lire rop.d hoobing is tnen permissible.  Tac use
of heating medie other than cir 1s undesirable in that cleanang doffa-
cultres are introduced. llasking puvers should b removed before heating
and straot attention nust De nade to tle exclusion of dust walch might
be deposgited on tle softencd plactic and retained on cocling.

A high fempersture 15 necussgery to polymerzse residusl monomar
reasonably gquickly rud ipe monufacburers rave recoammended a hesting
period at 1409C varying an duration +  {minutces) with the thiclmess =x
(inches) according, fo tae formula

1 =10 4+ &0 x.

] The ocoling cycle for tae evoadence of distortion

On cooling, distortion occurs if the toaspernture of any portion
falls more rapidly than that of the other. Truo distortion is not merely
daffereatiel thormal conteaction but is of o wore permenent cheracter,
Fig.1 represents the cooling curves for the maborial. ABC is tne nomasl
volume~temperature relatlion obteined on slow cooling; on queonching, the
curve AB!'C' is cobsorved. Thus the more ropidly cooled pertions of o
sheet ccouny o greater volume then would be the cosc on slower treatb=
ment snd the sheet becomes distorded. I for example one side 18 cooled
more ropldly than the other the latter frec vecomes concave. Whon a
quenched sample 1s ggaan nertod enly o vortion of the curve C'B' can bo
realised. In fact slow cuontraction anste~d of cxpansion noy cceur and
the sample assumes the volume it “wuld have token on slow coclang. Tac
torperature T, defaned as shown in Pag.t where tnere 13 o change of
slope, is designated the scveond order transition peint and 15 a convona-
ent reference temporature. Fron tl.e foregoing consiverations 1t will be
scen that to avoid distortion twe altern~tive proucedures may be used.
Either the .iaberial myy be coolod very slowly onld uniformdy through Ty,
or 1t may be cocled rapidiy to o bauperature Just belew Ty and held un
that conditron for a sufficient ture fogs unaforruty in dengity to be
attained. The Lformer retlod 15 ovvioucly the Logee dafficult; the lather
will therefore be rnore fally discussed.

Table I grves the vatues of tue sccond order transition tasperature



T,, of polym.thyl methacrylate of var,ing plasticiscr contents, thesc
values were derived Trom experuments using a rate of heating of 3°C per

minute.

Table I  Second order transition tompuratures

Plasticiser content T
- per cent by weaght og
0] 101
5 85
8 76

3.1 Perrod of heating

It 15 now necessary to doftermirs the ftime of hoating required.
For this purpose guenched samples contained in dilatometcrs of the type
previcusly described were held at a scries of constant temperatures.
Fag.2 shovs & typieel shrirkage - tirs curve and the corresponding
logarithmic plet, The lincer form of the latter pexrmits xts alope to
be uscd for caloculating the rate censtart of a first order process, ccor-
recting for the change tc natural logarithms., Values of this constant
zre given in Table 2 and from them the times were caleculated which were
needed for the completiun of 99.95% of the shrinkage. Direct experiment
in the cage of the plasticiscd material conf irmed that by this method
substantially flat sheet vas produced,

Taple 2 The 1sothermal shrinkage of rapidly cooled matsrial

Temperaturs Rate constant Time for 99.95%
Y9G min~! x 102 conpletion-minute s

Unplasticiscd

20,3 .75 435
82.9 Z. 330
86,7 2.7k 278
83.7 L.CE 167
% plasticiser
FL..0O 2.2 v
69,6 2.74 278
Thoode 3.69 207

3.2 Recommended proccdure

The heat trested shect 15 transforred from the air oven at 140°C
to a flat plate glass sheot in an oven heated at the temperature given
in Table 3 and maintarred at that tumpe rature for the stated time, The
shect may then be cocled to roon terperature.

/Table 3



Teble 2

Sample 3 Lemperature, °a Tmae, hours
{
Unplasticised 9% = S5 3
59 plasticiser 8C - 82 L
8% " | 73 = 75 L |
| 1
4. Conclusions

The heat treatment of flal sheets of polymethyl methacrylate has
been discussed with special refecence to the avoidance cof disitcrtion

and other defects.

The reguircd conditaons of the preliminary heating

up to the temperature of 140°C, of heating at that temperaturs and of

ceoling are defined.
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FIG. I. VOLUME-TEMPERATURE RELATIONS OF
POLYMETHYL METHACRYLATE
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FIG.2. ISOTHERMAL SHRINKAGE-TIME CURVES

FOR POLYMETHYL METHACRYLATE
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