U E@HINGE

po|_\(i ARBONATE *LEL%?J;"...,

Sheffield

Plastics Inc.
A Bayer Polymers Company



MAKROLON®
POLYCARBONATE SHEET:
YOU CANT FIND A TOUGHER

POLYCARBONATE SHEET
Sheffield Plustics produces
consistent, high-quulity polycur-
bonute sheet under the
MAKROLON?® polycarbonute
sheet trude name. Forming und
fabricution characteristics und
technigues ure yenerdlly
compuruble to those of other
commercidl polycurbonate
sheet products.

THE SHEFFIELD EDGE

Founded in 1949, Sheffield
Plastics Inc. is a world leader in
the extrusion of high-gudility,
high-performance sheet
plastics. With two production
facilities and corporate
heudqyuurters locuted in
Sheffield, MA, und u
nutionwide distribution system,
Sheffield Plustics munufactures
u wide runge of polycarbonute
sheet products under the
MAKROLON?® polycarbonate
sheet brand nume.
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FABRICATING

CIRCULAR SAWS

A circular suw blude with carbide
teeth utilizing the “triple chip”
tooth design is the preferred
method of cutting MAKROLON®
polycuarbonate sheet, Table or
overheud punel suws ure
normally used.

Circular saws should be runin
the speed runyge of 6000-8000
ft/min. Blades for cutting 3/32”
and thicker materidl should have
3-5 teeth perinch. The hook or
rake ungle should be 10°-15°,
When sawing thin-gauge
MAKROLON polycarbonate

sheet it is important to have u
good supporting edye on the
suw table with minimal gap
between the suw blude und
table supporting edyge. Be sure
tabletops are smooth and free
from projections that might
scratch or mur MAKROLON
polycarbonute sheet.

Hold Down
Blude H MAKROLON® fence
I3 ‘ M
(( I
l ] ((
—s{l— Gup between

suw blaude und
table - minimize

CIRCULAR SAW TROUBLESHOOTING

PROBLEM: Melting or Gummed Edges

SUGGESTED SOLUTIONS:

1. Increuse blade tooth size

2. Reduce saw speed

3. Increuse feed rate

4. Use uir to cool blade

5. Use blude lubricunt computible with
MAKROLON polycurbonate sheet

6. Inspect blude for shurpness

7. Check blude-fence dlignment

8. Reduce humber of sheets in stuck

PROBLEM: Chippiny

SUGGESTED SOLUTIONS:

1. Decreuse blude tooth size

2. Increuse suw size

3. Provide better clumpinyg und/
or support for sheet stack

4. Reduce feed rate

5. Check blude and arbor
for wobble

6. Inspect blude for sharpness

Router Bit Suppliers:

Dino Sauw Compuny Onsrud

340 Power Ave. Libertyville, IL
Hudson, NY 12534 Tel: (847) 362-1560
Tel: (618) 828-9942

Bochco Inc.
Billerica, MA
Tel: (978) 667-1911

Triple Chip Alternute
Tooth Design

Saw Blade Suppliers:

Forrest Munufacturing
461 River Roud
Cliffon, NJ 07014

Tel: (800) 733-7111

Generul Suw Corp.
20 Wood Ave.
Secaucus, NJ 07094
Tel: (800) 772-3691

Dino Suw Compuny
340 Power Ave.
Hudson, NY 12534
Tel: (518) 828-9942

FTM, Inc.

6160 Cobblestone Rd.
Placerville, CA 95667
Tel: (916) 626-1986



BAND SAWS

Band saws are useful for trimming
formed purts or iregulur shapes.
Bund suws should be run at 2500-
3000 ft/min und huve 8-12 feeth
per inch. Courser (lurger tooth)
blades perform better with
thicker guuge MAKROLON®
polycarbonute sheet. Proper
support of the part to be
frimmed is importunt becuuse
vibration muay induce cracking if
the cut is hot smooth. Sundiny
the edye smooth ufter
cutting is recommended.

BAND SAW BLADE DESIGN

7'

8-12 teeth
perinch

ROUTING

Routing produces u smooth edye
onh MAKROLON polycurbonute
sheet und may diso be used fo
cut curved or irregular shupes.
Routers with a speed of 20,000
to 25,000 rpm are pre- ferred.
Use straight (fluted 2 or 3)
curbide-tipped or high-speed
steel router bits. Bits should be
1/4” to 1/2” diumeter for best
results. Use d router with at least
1 H.P motor.

Specidl cure must be used
when routing — use proper yuurd-
ing und eye protection. Stock
feed rates must be monitored
closely. Feeding MAKROLON
polycaurbonute sheet ut
excessive rates cun cuuse
vibrdtion und cracking. It is im-
portant to feed the sheet ugainst
the rotation of the router bit und
to provide d fence for sizing when
making straight cuts.

BAND SAW TROUBLESHOOTING

PROBLEM: Melfihng or Gummed Edyges
SUGGESTED SOLUTIONS:

1. Increuse tooth size

2. Reduce suw speed

3. Use uir to cool blade

4. Check blude sharphess

PROBLEM: Chippiny

SUGGESTED SOLUTIONS:

1. Decreuse tooth size

2. Slow down stock feed rate

3. Provide better clumping and/
or support to eliminute vibration

4. Check blade sharphess

MAKROLON® Tuble
polycurbonute sheet

i'ilK Hl

Feed
Direction

Fence —*

7 @'\

Router Bit

LASER CUTTING

MAKROLON polycarbonute
sheet cun be cut using industridl
cutting lusers. Edges muy
bbecome umber or brown when
luser cutting. For information on
luser cutting eyuipment und
part cutting services, contact
the manufacturer of your
eyuipment or the suppliers

listed on this pugye.

SHEARING

MAKROLON polycarbonute
sheet may be sheured using u
conhventionadl sheet metadl power
sheur. It is importunt to udjust
the top blude cleurance in
relutionship to the bed blude.
A cledrunce of .0017 is desirable
to uvoid u rough edye cut.
Shedr single sheets only.

Knife Edge

//A &\\\\\\‘
e
A}

— Bed Blude

Laser Cutting Equipment Suppliers:

Coherent General
Picker Roud
Sturbridge, MA 01566
Tel: (508) 347-2681

Laser Muchine Inc.
500 Luser Drive
Somerset, WI 54025
Tel: (715) 247-3285

Laser Cut Parts:

Luser Enyineerinyg Inc.
444 North York Roud
Elmhurst, IL 60126

Tel: (630) 530-0500

Laser Machine Inc.
500 Luser Drive
Somerset, WI 54025
Tel: (715) 247-3285



DIE CUTTING
Die cutting MAKROLON® poly-
curbonate sheet in gauges up
t0.080” thick is hormally uchieved
utilizing the followiny steps.

Steel rule dies mounted in u
press provide yood results. The
sheur strength of MAKROLON
polycarbonute sheet is 10,000
psi which is uppropriute for die
cutting methods.

Cdlculating the required press
tonnaye to cut MAKROLON
polycarbonute sheet:

F=PxA
2,000
F= Reyuired force in fonnuye of
the press
P=10,000 psi (sheur strength of
MAKROLON polycarbondte sheet)
A=The sectionul ureu to be cut

Exumple: Die cut 127 x 207 x .030” thick
rectunyle.

Totdl length of cut =20" +20" + 127 +
127 = 64"

Shear ureu = Totdl length x thickness (.0307)
oré4” x .030” =1.92 in2

Required force = P = 10,000 psi

F= PxA _ 10,000 psix 1.92in2

=96
2,000 2,000 Ibs.
Press ftonnuge (PT.) = 9.6
. ;

l Upper Press Pluten ‘
STeel,_jln:ﬂ]—"\\ Plywood
Rule Foom

[ : ‘
[ Lower Press Plutem\ \ | Rubber
MAKROLON®
Polycarbonate Sheet Buckup
! . :
l ‘ Pad
l T
g o e 1 g

Reversed

CROSS SECTION -BLADE GRINDS

DRILL BIT DESIGN

Center Side
Bevel Bevel

Facet
Bevel

Use 3 PT. (.0427) thick steel to fub-
ricate steel rule die. Flush or center
bevel ground rule provides u
cleun cut. Fucet ground steel
rule is used to cut thicker guuyge
MAKROLON polycurbonate
sheet, (ubove .0607)

Be sure platens ure pardllel und
that the backup pad is in good
condition. Buckup puds cun be
maude from u wide variety of mu-
teridls such us nylon, HDPE, etc.

DRILLING

MAKROLON polycarbonate sheet
is eusily drilled using ordinury high-
speed steel drill bits.

Reyulute pressure und speed
until a confinuous spiraling chip is
observed. Use uir or wuter us u
coolunt if reyuired. Using cutting
oils muy cuuse cruzing. Be ex-
fremely cuareful if using taps or
self-tuppiny screws; tupping
creutes hotches that can result in
stress craucks becuuse polycur-
bonute is u hotch-sensitive
materidl, like Most cleur plustics.
Recommended drill speed is
350-1750 rpm.

Hole Dia. Drill Speed (RPM)
1/87 1750
1/47 1000-1500
1727 350-500

90°-188°
included
cuftting-lip
angle

\// Cleurunce ungle
“7 0°-5° heyutive ruke

Die Cutting Equipment
Suppliers:

Nutionul Steel Rule Die Co.
3580 Lightner Boulevard
Vundaliu, OH 45377
Tel: (937) 667-3515

(937) 667-8407

Atlus Die, Inc.

2000 Middlebury Street
Elkhart, IN 46516

Tel: (219) 295-0050

Speciality Drill Bit Suppliers:

Cruftics, Inc.

2701 N. Puluski Roud
Chicago, IL 60639
Tel: (773) 235-3307

FTM, Inc.

6160 Cobblestone Roud
Plucerville, CA 95667
Tel: (916) 626-1986



FORMING

BRAKE BENDING

MAKROLON?® polycarbonute
sheet cun be bruke bent to 90°
unyles in yuuyes <.100”.
Aftempts ut bending heuvier
gauyges cun result in cracks or
breukuge ut the time of bending
or later due to high levels of stress
in the bend areu, For this reuson
strip hedt bending is recommended
oh ull yuuyes >.118",

COLD BENDING

MAKROLON® GP und MAKROLON®
SL polycarbonate sheets may be
cold-bent with the minimum
radius bused upon the sheet
thickness. As u guideline, the
material can be radiused to 100
times the thickness: (R=T x100).

COLD BEND RADII

Sheet Minimum
Thickness (T) Radius (R)
1/8” 12.5”
3/16” 18.77
/4" 25.0”

Note: MAKROLON® AR polycarbonate sheet,
dbrusion resistunt sheet is recommended
for flat glazing only.

DRYING TIME (Hours)
Thickness | 250°F | 180°F

093"
118"
150"

77"
236"

THERMOFORMING
MAKROLON polycurbonute sheet
cun be thermoformed on
standard eqguipment, Vacuum
forminy, free blown forming und
line bending ure the most
extensively used processes.

While most stundurd forminy
techniyues cun be used, criticul
process modificutions specific to
polycurbonute dre hecessary to
ensure uniform und repeutuble
formed purts.

PREDRYING MAKROLON
POLYCARBONATE SHEET
MAKROLON polycurbonute
sheet must be dried before
thermoforming becdause polycur-
bonute ubsortbs Moisture ut U high
rate. Trapped moisture forms vapor
ubove 250°F, und the vapor expun-
sion creutes bubbles in the sheet.
Sheets of MAKROLON
polycarbonute sheet should be
placed in a dehumidifying air
cir-culating oven for predrying
with approximately 17 separation
between sheets. Oven
temperuture should be 250°F
und monitored with controls.
Recommended predrying time
periods ure shown below. A hote
of caution—polycarbonute sheet
beyins ubsorbinyg Moisture
immediately upon removal from
the predrying oven. The rute of
dabsorption is dependent upon
the umbient dew point. For this
reuson, it is cruciul to fransfer the
sheet directly to the forminy
Mmachine as yuickly us possible.

FORMING EQUIPMENT

The thermoforming machine
should be cupuble of yeneruting
und muintaining a vacuum of 20
in. HY pressure throughout the
thermoforming cycle.

Vacuum forming machines with
infrared heuting elements per-
form well for MAKROLON
polycurbonate sheet forming.
Rotary and shuttle designs with
aytomatic or semi-automatic con-
trols are most suitable. Key feutures
of this tyjpe for equipment are timer
control accurdacy, uniform heating
sources und sufficient vacuum
power. Single-sided heuting hus
proven effective for MAKROLON
polycarbondate sheet in gauges
up to .177”. For thicknesses
above 1777 it is recommended
that dudl-sided heuting ovens be
used for effective radiution
penetration.

HEATERS

Infrared cul rod, coiled hichrome
or cerumic heuting elements
provide the best heuting sources.
Gus-fired heduters or convection
ovens ure hot hormally used with
polycarbonate, Uniform heating
of the sheet is critical. Rudidtion
ubsorption graphs for poly-
curbonuate are avdiluble. These
grdphs help match the emissivity
of the heuting element with the
sheet for the most efficient heut
penetration.



HEATING CYCLE

Hedating MAKROLON®
polycaurbonuate sheet for
vacuum forming requires heut
penetration to uchieve a 350°F
to 360°F. The heut required will
be higher for more complex
shapes. When MAKROLON
polycurbonute sheet reaches
forming temperature, uniform
“sug” occurs. The umount of
suy depends on the size und
thickness of the sheet. A

127 x 127 x .060” sheet will suy
upproximately 17, A 36" x 36 x
1777 sheet muy sug 47- 6 ut
the center. Once uniform
temperature hus been
uchieved, timers cun
accurately reproduce the
condition, und purt-to-purt
consistency cun be maintuined.

PROCEDURE:
e Sheeft thicknesses up to .177”
yuuye cun be heuted from

ohe side. Above .177” guuye,

two-sided heuting is hormailly
reyuired to significuntly
enhance productivity.

e Heut source is removed und
hedted sheet is forced over
or info mold where vacuum
is applied.

HELPFUL HINT:

e MAKROLON polycurbonate
sheet “sets up” very
yuickly compured to other
thermoplastics und cun be
removed from the mold in u
short period of fime. Cuution:
MAKROLON polycurbonate
sheet remuins yuite hot
during this cycle und cure
must be observed when
handling finished puarts.

¢ Throughout the vacuum
forming process, it is imperu-
tive that dust and dirt be
controlled. MAKROLON
polycurbonate sheet hus
stutic charge thut uttracts
foreign particles which can
Creute surfuce imperfections.
Molds dlso atffract dust particles
und should be cleuned to
avoid creuting surface defects.

SHADING OR SCREENING

e Shudiny is often used to
balunce out hot spotsin un
oven for uniform temperature.
Shading may dlso be used to
control the suy of
MAKROLON polycarbonate
sheet during heuting.

PROCEDURE:

e Use heuvy-duty metdl
screeniny 1o shade the mujor
portion of the clumped sheet,
leaviny severdl inches ulony
the edyes unshuded to
compensute for cooler ureus,

e Screens cun be instulled
permanently or placed loosely
ubove the sheet, depending
oh how much shading is
reyuired.

HELPFUL HINTS:

o Use slow heuting. This is
purticularly importunt with
heavier yauyes in order to
prevent gradient hedting.

o Allow hedt to reuch uniformity
ut the center of the sheet.

e The heduting rate may be
reduced by lowering the heut
intensity or by moving the sheet
farther uwuy from the heuters.




THERMOFORMING TROUBLESHOOTING

PROBLEM
HOEUT LIS C s SUGGESTED SOLUTION
Bubbles or blisters oToo much moisture in steel i ePredry sheet for longer time period
eCheck predy oven temperature
Pinholes or surfuce murks [ e Vacuum holes too large eUse smuller diumeter vacuum holes
Mark off eMold surface too smooth e\apor hone or use extra fine emery cloth
to lightly abraude mold surfuce
eMold surface too rough ePreheut mold
Sheet pulls out of
dumping frame during eSheet too cold to form eHeut sheet for lonyger time period
forming
Non-uniform suy eUneven heutiny eCheck heuters o Screen "hot" ureus
Incomplete purt eSheet too cold eHeut sheet for lonyer time period
formation detuil elnudeyuute vacuum eCheck vucuum system for leukuye
e[nCredse vacuum
Webbiny eSheet too hot eReduce heuting cycle ¢ Redesigh mold
eImproper mold spacing eUse mechuanicdal ussist/bridging

Brown Muchine

Division John Brown Plustics
330 North Ross Street
Beuverton, MI 48612

Tel: (617) 435-7741

Plusti-Vac, Inc.

214 Dulton Avenue
P.O. Box 5543
Churlotte, NC 28206
Tel: (800) 438-4139

Shuman Co.

P.O. Box 240906
Charlotte, NC 28244
Tel: (704) 525-9980

Thermoforming Machines:

Drying Ovens:

Grieve Corporution
500 Hurt Roud
Round Luke, IL 60073
Tel: (847) 546-8225



MOLDS

In general, male molds are more
suitable for vacuum forminy.
However, other factors such us
purt size, finish and shape dictate
mold design. Choice of mold
muteridls should be determined
by considering the lenyth of the
production run. For optimum cost-
effectiveness, use the leust expen-
sive muteridl that will fake the
entire run.

It is evident that thermal fransfer
is much more efficient with alum-
inum than wood. Wood, however,
cun be utilized for short-run projects.

MAKROLON?® polycarbonaute
sheet tends to reproduce mold
surface finish yuite faithfully, even
to the point of replicuting wood
grdin in u smooth wood mold.

Sometimes it is desirable to
reduce the polish on u steel or
dluminum mold by utilizing u vapor
hone or beud blust, This is due to
the fact that if the mold surface is
too smooth, dir entfrapment cun
occur creuting “maurk off.” For best
results, use fine hand sunding on
the surfuces. Sunding provides
tiny channels for dir evacuation
to prevent dir entrapment. This may
have to be repeuted on lony pro-
duction runs, us the sunded finish
smooths out from extended use.

When constructing the mold,
mold shrinkuyge should be u
design consideration. Shrinkaye for
MAKROLON polycurbonute sheet is
.0057-,007". The heuting/coolinyg
cycle uand the type of vacuum
forminyg eyuipment will ulso
influence results.

MOLD MATERIALS

AND MOLD DESIGN
Polycurbonute dllows the use of
u variety of mold muteridls: wood,
filled and unfilled polyesters,
ejoxies und metuls.

Molds for vacuum forming heed
to tuke only 14 psi, so there is litfle
wedr on the tooling with low
pressure of the material uguinst
the mold surface.

MOLD DESIGN

Druft Angles: Minimum 5°-7° or
greuter for euse of purt removdl
from the mold.

Radii and Fillets: Use generous
radii wherever possible for more
uniform wdills and greater rigidity.
On femule tooling, use permunent
corner fillets.

Vacuum Holes: In order to form
the sheet us rapidly us possible,
use sufficient holes for fust
evucuution of uir from between
the sheet und the mold. In female
Mmolds, use dir evacuation holes at
dll deep draw ureus, especidlly
uround the mold perimeter where
the sheet will be drawn lust,

MOLD SHRINKAGE

[ 3.021”]

Mold

TYPICAL MOLD MATERIALS
THERMAL CONDUCTIVITY
PROPERTIES

MATERIAL Heat Transfer K Value BTU/

Rate Factor HR/SF/F/FT
Aluminum 6190 130
Steel 1238 26
Aluminum 24-47 .52-.87
filed efoxy

Pluster of Puris 8.29 17
Epoxy 6.24 13
Wood (muple) 4.48 .09
HELPFUL HINTS:

o Keep the diumeter of the
holes small (Gpproximately
1/647-1/32" diumeter) to
avoid marking on the sheet,
Lony, thin slots may be
designed for dir evacudtion in
female tooling.

e Use vapor honed or fine
sunded finishes.

¢ Avoid sharp corners to minimize
stress.

¢ Avoid highly polished surfuces
that can cause mark off,

o Always preheut mold. Cold
Mmolds cun creute surfuce
defects und/or wurped purts.

o |f mold temperuture becomes
too high during thermo-
forming runs, MAKROLON
polycurbonute sheet
could stick to the mold. It is
recommended that the mold
temperature not exceed 260°F

FORMING GUIDELINES

Sheet Temperdture:
Typicdl

Optimum:

Mold Temperature:

340°F-380°F
350°F-360°F
210°F-260°F
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CLAMP SHEET

\JE HEATER
FEMALE

MOLD
AP,

SHEET

WORK v
TABLE ~

VACUUM

Straight vacuum forming in a female mold is
recommended for low-profile purts where
deep draw is hot u reguirement,

3

PLUG FORCE

> l HEATED SHEET SHEET

=]
H

CLAMP,

o

[<——MOLD —P|

WORK
TABLE T

\

VACUUM

Thinning of materidl in deep-mold cavities can
be overcome by use of pluy ussists designed for
fast penetration.

5 SHEET
HEATED SHEET /
CLAMP H ] :
—»H * AN
VOLD [ Mo
I I
AR %
ENTERING VACUUM APPLIED

Air-slip forming is similar to vacuum snap-buack
except thut heuted sheet is billowed up und
mold rises to meet it.

10

SHEET
HEATER
CLAMP f—H
MALE
MOLD
WORK
TABLE v
VACUUM

Drupe forming over u mule mold usudlly results
in better muteridl distribution und depth-to-
diumeter draw rufios.

HEATED SHEET MALE
VACUUM
MOLD o
CLAMP g it
VACUUM HEET
BOX — ] S
1
\/
VACUUM

Vacuum forming with shap-buck cun reduce
sturting sheet size, uid mauteriul distribution und
Mminimize chill marks.

6 FORCE
HEATED _ ]
AP SHEET :
FEMALE \ SHEET
MOLD
n
? v

VACUUM DRAWS
SHEET AGAINST MOLD

AIR BLOWS SHEET UP

Forming with billow pluy is often used to produce
thin-wdill items with depth-to-diumeter draw
ratios up to 1.5:1.



FREE BLOWN BILLOW
FORMING OF DOME

This process is utilized for forming
dome shapes from MAKROLON®
polycurbonute sheet, The
procedures und eyuipment are
the sume us vacuum forminy
with the exception of the mold.
Billow forming cun be done with
positive dir pressure (free blown)
or heyutive pressure (vacuum).

PROCEDURES:

e Preheut dll clumps und tooling
(240°F-260°F).

e Predry MAKROLON poly-
curbonute sheet in dir
circulating oven ut 250°F
(See p. 6 for recommended
dryinyg times.)

e Pluce MAKROLON
polycarbonute sheet in
clumping frume of
thermoforming machine.

e Heut sheet until uniform suy
occurs (340°F-380°F).

e Remove heut source.

e Lower pressure box to seul dir
supply pressure.

o Apply dir pressure. Initial air
pressure is high, und us dome
is credted, dir pressure is
reduced.

e \When overdll height is achieved,
Mmaintuin positive dir pressure
until part cools.

e Be sure dir source is properly
filtered und uniformly dispersed
for even formution of dome.

o Utilize electric eye designs or
Mmicroswitches to ussure
consistent product.

e When dome reuches electric
eye, set height. The eye controls
dir pressure through d solenoid
vdlve to control cooling.

e Remove und trim.

FREE DRAWN

VACUUM DOME FORMING
Follow steps involved in vacuum
thermoforminy, includiny
predrying.

PROCEDURE:

e Place sheet in clumping frame
of thermoforming machine.

e Heut sheet until uniform suy
occurs (340°F-380°F).

e Remove heut source.

e Apply vacuum seul box und
dpply vacuum pressure.

e Use electric eye or microswitch
to ussure consistency of depth
of dome.

e Retuin small amount of vacuum
pressure until dome sets up.

e Remove und frim.

REGISTRATION FORMING
MAKROLON polycurbonute
sheet is suitable for reyistration
vacuum forminy. Becuuse the
materidl is extruded, it is important
to orient the sheet so thut each
part is screened and formed in
the sume direction euch time.
Material should be specidlly
ordered for this upplicution.
Di-mensional stability tests
indicate MAKROLON
polycarbonate sheet in free form
releuses stress ubout 2-4% in the
direction of extrusion und 1%
across the extrusion web.
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DRAPE FORMING

an Pressure Frume

a Pressure Frume

MAKROLON

| _———<{ | wolycuroonute
Mold sheet

Felt Covering for Mold

DRAPE FORMING

Simple contours cun be uchieved
by drape forming MAKROLON®
polycurbonute sheet. This method
cun be ufilized to munufacture u
part requiring a simple radius of
curvature. Mold material caun be
wood, fiberglass or uluminum
covered with felt.

PROCEDURE:

e Predrying MAKROLON
polycarbonute sheet may
not be hecessary

¢ Bring to forminy temperuture
of ubout 300°F-320°F in the oven

e Remove purts und immediutely
place over a mule mold
covered with felt

o Apply pressure until cool

STRIP HEATING MAKROLON
POLYCARBONATE SHEET

Strip hedting or line bendiny is
commonly used for producing
loculized ungulur bends in poly-
curbonate, Generdlly, predrying is
not required for muterial thick-
nesses of .118” or less.

PROCEDURE:

e Remove protective mausking in
bend ureu,

e Reyulute nichrome heut source
to 340°F-365°F muximum.

e Pluce sheet over heut source ut
bend areu,

¢ Allow heut o soften material -
time depends on yuuye.

e Remove sheet und muke
desired bend on wood or heavy
fubric-covered dluminum fixture.

e Bendimmediutely - polycur-
bonute sets up yuickly.

o Allow sheet to cool in fixture.

e Some bends muy reyuire u
deyree of overbendinyg to
duchieve desired ungle ufter
sheet sets up. Strip heuting works
best for relatively short purts —
wide fdarts may warp.

¢ Avoid bending short tabs on
wide purts; warping may occur.

e For thicker yuuge sheet, use
two-sided hedting. (Repeuted
turning with ohe-side hedting
may dlso uchieve sufficient heut
penetration.)

e Thicker guuge sheet (ubove
1/8”) cun be yrooved with
u 1/16” rudius to ullow

STRIP HEATING TROUBLESHOOTING

PROBLEM: Bubbles in bent areu
POSSIBLE CAUSE: Too much heut
SUGGESTED SOLUTION:

eReduce temperuture

PROBLEM: Warpuye

POSSIBLE CAUSE: Purt too wide for

heut bending

SUGGESTED SOLUTION:

eHeut from both sides to provide
more uniform heut penetration

POSSIBLE CAUSE: Heuting not uniform

SUGGESTED SOLUTION:

o Check for uir drufts which may
uffect uniform cooliny

POSSIBLE CAUSE: Cooling not uniform

SUGGESTED SOLUTION:

eDo nhot try to bend short (under 17)
sections

PROBLEM: Mark off

POSSIBLE CAUSE: Heuter is
contucting plustic. Trunsite is too
hot. Musking is not removed over
sufficient area where hedt is beiny
applied.

SUGGESTED SOLUTION:

e | ower heut source

Strip Heaters:

FIM Inc.

6160 Cobblestone Roud
Placerville, CA 95667
Tel: (916) 626-1986

C.R. Clark & Co.

4407 Vinelund Roud D5
Orlundo,Fl 32811

Tel: (800) 676-7133

Cruftics Inc.
2701 N. Puluski Roud

sharper bends.
HEAT BENDING DEVICE

) Q 34
Nichrom 2, _
relgis’rrgnci 74 Transite
wire (or dpprox.
Culrod 6" wide
e LB ]
heuter)

Milled groove to accept Nichrome theTO?;UT
wire (upproximately 1/167-1/8” or ‘re lp-
below surfuce of MAKROLON® contro

polycurbonute sheet). Do not ullow
wire to contuct sheet directly.
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Chicuyo, IL 60639
Tel: (773) 235-3307




BONDING/FASTENING

MECHANICAL FASTENING
Aluminum rivets and mMuchine
screws muy be used 1o join
MAKROLON® polycurbonate sheet
to other muteriuls by utilizing
proper uttuchment methods.

Drill oversized holes und use
wushers to distribute und cushion
locdlized stress. Be sure to con-
sider differentidls in expunsion
factors for dissimilar muteridls. Be
sure drilled holes are smooth und
free from cracks.

Resilient
Wausher

e

MAKROLON
polycurbonute shegt

Oversized
Hole

Resilient
Wusher

SOLVENT BONDING
Many applications for
MAKROLON polycurbonate
sheet involve fubricution of
sheets to construct three-
dimensional shapes. The most
pofpular method is to solvent
bond. MAKROLON polycarbonute
sheet solvent bondiny cun be
achieved using methods
employed in fubricuting other
thermoplastics such as acrylic.
The two most common methods
dre heedle type upplicator
cupillury action und edye
dippinyg. Both methods rely on
smooth edye prepurdtion,
pressure und curing.

It should be noted thut solvent
pbondiny will significuntly reduce
the strenyth of polycurbonaute.,

PROCEDURE:

e Smulller items with flut surfuces
cun be bonded by plucing the
pieces toyether and upplying
the solvent ulonyg the edges
using u heedle upplicator or
hypodermic syringe. Make sure
the solvent flows ulony the
entire joint,

e For bondiny lurger items,
immerse the surfaces to be
joined in the solvent until the
materidl is softened.

e Clump them in position und
hold until the bond is set.

NEEDLE APPLICATOR

HELPFUL HINTS:

e Edyes must be cleun und
free from dirt,

e Surfuces should be smooth
und properly uligned.

o Apply even pressure to reduce
bubbles in the bond drey,
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TECHNIQUES TO
REDUCE WHITENING

1. Fubricute in u climute-con-
frolled ureu with low relutive
humidity.

2. The uddition of 10% ylucidl
dcetic ucid in the solvent
reduces whitening.

3. Thickening the solvent with poly-
curbonute resin or sauwdust
promotes slower curing und
reduces whitening.

4, Joint cure time is somewhat
longer than acrylic. Be sure
to retuin fixture pressure until
the joint is solid.

Note: Use extreme cuution when working with
solvents, Adeyuute ventilution is essential,
Control exposure levels uccording to OSHA
guidelines. Obtain Material Safety Data Sheets
from the solvent munufacturer,

Adhesive Suppliers:

Industriul Polychemical
Weld-On Adhesives
17109 South Muin Street
Gurdenu, CA 90247

Tel: (800) 421-2677

Pucer Technoloyy

9420 Suntu Anitu Ave.

Rancho Cucumonygu, CA 91730
Tel: (800) 538-3091

Hartel Enterprises
12970 Brunford
Pucoinu, CA 91221
Tel: (818) 767-0861

Dow-Corhing Corporution
3901 South Suginaw
Midlund, Ml 48640

Tel: (617) 496-4000

Generdl Electric Compuny
260 Hudson River Roud
Wuaterford, NY 12188

Tel: (618) 237-3330

Cibu Speciulty Chemiculs
Performunce Polymers
4917 Dawn Avenue

Eust Lansing, MI 48823

Tel: (800) 367-8793

www.loctite.com

Lord Corp.

2000 West Grundview Blvd.
Erie, PA 16514

Tel: (814) 868-3611



MAKROLON® POLYCARBONATE SHEET ADHESIVE GUIDE

ADHESIVE JOINS MAKROLON| COMMENTS COLOR| 1-OR 2-PART | APPLICATION | SETUP CURE SUPPLIER
SHEET TO SYSTEM METHOD TIME TIME
Methylehe MAKROLON e Cleur solvent Clear Onhe Flow 20sec. | 48 hrs. Chemicual
Chloride Polycurbonute | e High tensile @ 75°F Supply House
Sheet strength bonds
o Low-impuct
Acrylic resistunce
Weld-On MAKROLON o \/arious viscosities | Clear Onhe Flow 1 min. 24 hrs. IPS/Weld-On
Series Polycurbonute offering yuick
Sheet bonds
Butyrate
Urethane Virtually e Cleur, flexible, Cleur Two Flow 8hrs@ | 5hrs. @ Hartel
anything high-impact bond 75°F 180°F or | Enterprises Inc.
o Excellent peel 7 duys @
strength 75°F Formulated
e Excellent shear Systems Group
strength
RTV Silicone Metdl ¢ Excellent heut Various One Tubes, 60min. | 24 hrs. @ | Dow-Corhing
Plastic resistance Colors Cuulkers 75°F
Wood e Good thermal GE Silicones
expunsion
TRANSFER TAPE BONDING HELPFUL HINTS:

Achieving u strony edyge bond
using solvents on thin-yauye
thermoplustics is extremely dif-
ficult due to the reduced size of
the bond ureu. Structural bond-
ing of thin-yauge MAKROLON®
polycurbonate sheet cun be
uccomplished, however, by
utilizing ucrylic-bused trunsfer
tapes ulony with slight design
modifications.

PROCEDURE:

e Bend u smull return on the
Uppropriate part to be fustened
dpproximutely the width of the
transfer tupe.

e Cleun tupe contuct areus with
50/50 isopropyl dlcohol-water
mixture.

o Apply frunsfer tupe to the return.

e Remove tupe musking und
press the purt info place.

¢ Rolling the bonded ureu with u
small wood or rubber roller
improves bond strength.

e A non-stick slip sheet is useful for
proper positioning of large or
hard to hundle purts.

e Peel strenyth of lony, lineul
bonded ureus cun be increused
with the uddition of u mech-
unicul fustener at both ends
of the bond.

WELDING

While mechunicul fustening und
solvent bondiny ure the most often
recommended methods for joininy
plastics, unother dlterndtive is
welding. Ultrasonic, radio frequency
und spin welding have proven to
be uppropriate. Contact manu-
facturers of ultrasonic welding
eyuipment for recommendutions
onh section und joint design.

14

Transfer Tape Suppliers:

3M/Industriul Speciulties Division
3M Center, Bldy. 220-7E-01

St. Paul, MN 55144-1000

Tel: (800) 227-5085

Norton Performunce Plustics
1 Sedlant Park

Granville, NY 12832

Tel: (518) 642-2200

Ultrasonic Welding Equipment:

Vinton Inc.

1001 Lehigh Stution Roud
Henrietta, NY 14467-9311
Tel: (716) 359-3100

Branson Ultrasonics Corp.
41 Eugle Roud

Danbury, CT 06813-1961
Tel: (203) 796-0400



FINISHING

SANDING
MAKROLON?® polycurbonute sheet
cun be sunded using both wet
und dry technigues. Gumming
cun result from dry sunding. Wet
sunding produces u smooth finish.
In both instunces, the part will
require further finish-ing in order
to restore its high gloss.
MAKROLON polycurbonate
sheet cun dlso be buffed using u
2-wheel system. The first wheel
uses u buffing compound to
remove shdllow scratches. The
second buffing wheel is used
for restoring the ygloss.

JOINTING-PLANING
A standuard woodworking jointer-
planer is un excellent edye
finishing machine for MAKROLON
polycarbonute sheet. Bludes
must be carbide or high-speed
steel. Avoid removal of foo much
stock on euch puss. 1/64” or less
stock removul normdally yields the
cledunest edge. Trying to remove
too much materidl results in
rough edye or cracking of the
sheet.

If smoother edyes dre required,
wet sunding with fine yrit
sundpaper is recommended.

SOLVENT POLISHING

In order to improve the look of
suw-cut edyes, beyin by sundiny
the edyes smooth. For smoother,
ylossy edyes, conhsider solvent
polishing with MEK or methylene
dichloride. To prevent humidity
blush ufter drying, it may be
necessury to udd a small amount
of u slow-drying component such
us diacetone ulcohol or glucidl
uacetic acid. Since MAKROLON
polycarbonute sheet hus such
yood chemicul resistunce
properties, keep in Mind that
solvent polishing cannot be
expected to totdlly eliminute
sund muarks from the sheet edye.

Note: Use extreme cauution when working with
solvents. Adeqyuute ventilation is essentidll,
Control exposure levels uccording to OSHA
guidelines. Obtain Material Safety Data Sheets
from the solvent munufacturer.

HOT STAMPING
MAKROLON polycurbonaute
sheet is eusily decorated by hot
stumpiny. Normal operat-ing
conditions ure; heud (die)
temperatures 375°F; dwell time
2-3 seconds ut 60 psi.

Contuct foil manufacturer for
recommended application
yuidelines.

SCREEN PRINTING

Standard silk screening eyuipment
with screens of vdrying mesh
8x-16x reguldting the uamount

of ink coverage on MAKROLON
polycurbonute sheet provides
excellent sign product.

As with dll thermoplastics
MAKROLON polycurbonate sheet
must be cleun und free from
surface residudils frior to screening.
Many screeners use U pre-rinse
of 80% water and 50% isopropyl
dlcohol to cleun the surfuce of
MAKROLON polycurbonate sheet,
Be sure fo use soft nonubrusive
cloths when cleuniny to uvoid
scratching MAKROLON poly-
curbonute sheet. lonized uir
dlso provides u yood method
for removing lint und dust.

After screening, sepurute sheets
oh u drying rack unfil ink is com-
pletely dry. DO NOT puck sheets
for shipment until inks are dry.

UV cure inks cun be used with
heuvy yauge MAKROLON poly-
curbonute sheet but intfense or
prolonyed UV may huve u
dumugying effect on thin gauyes.
It is not recommended for
MAKROLON polycurbonate
sheet under .060 gauyge us some
loss of physicul properties occurs.



PAINTING

Many puints dre uvdilable for
MAKROLON?® polycurbonute
sheet. As with screen printing it is
important to prepuare the surfuce
prior to puinfing by precleuning.
Use u mixture of 50% water and
50% isopropy! ulcohol o remove
surfuce musking residue. Be sure to
dry thoroughly prior to puinting.
Use u soft honubrusive cloth or
sponye to avoid scratching
MAKROLON polycarbonute sheet.
Conventiondl spray, spray masked,
roller cout and brush ure common
upplicution methods.

Avoid using puints contuining
toluene, xylene or solvents that
will craze MAKROLON
polycarbonuate sheet,

Be cureful wheh using the puper
masking for the design. Sharp
knives cun hotch MAKROLON
polycarbonate sheet und dllow
cruzing to occur. Be sure hot to
dllow razor knives to penetrute
the MAKROLON polycurbonate
sheet when cutting through
masking puper.

A humber of compunies market
paint systems for MAKROLON
polycurbonute sheet und provide
tfechnicul udvice on application.

Hot Stamping Foil Suppliers:

Transfer Print Foils, Inc.
9 Coftters Lune
East Brunswick, NJ 08816
Tel: (908) 238-1800
(800) 235-3645

Foilmark

40 Melville Park Roud
Melville, NY 11747
Tel: (800) 645-9177

Crown Roll Ledf, Inc.
91 lllinois Ave.
Puterson, NJ 07503
Tel: (800) 631-3831

Screen Print Ink Suppliers:

Summit Screeniny

201 Eust 16th Avenue

North Kunsus City, MO 64116
Tel: (800) 736-5959

NAZ-DAR Compuny

1087 N. Northbranch Street
Chicugo, IL 60622

Tel: (800) 736-7636

PAINT AND INK REMOVAL
Use cuution when removiny
overspray or drips. Be sure that
the solvent will not uttack aund
cruze polycarbonate. Isopropyl
dlcohol, VM&P haptha or similar
solvents huve been successfully
used. Be sure to rinse with cleur
wuter ufter solvent upplication.,
Do hot use scrupers, blades,
knives, etc., us they will scratch
MAKROLON polycarbonute
sheet. Always fest a small ureu und
observe possible uttack before
subjecting large sheet to solvent,

NOTES ON MAKROLON® AR

POLYCARBONATE SHEET
Couted sides of MAKROLON AR
polycurbonate sheet cannot be
puinted becuuse of the ubrusion-
resistant couting. However, sheet
that is only couted on one-side
(MAKROLON AR-1 polycurbonute
sheet) cun be reverse screened
onh the uncouted side usiny
stundurd puinting technigues for
polycurbonate, This materidl is
dun excellent choice for durable
dgruphics upplicutions in high
traffic areus.

Paint Suppliers:

Spraylat Corporution

716 South Columbus Avenue
Mt.Vernon, NY 10550

Tel: (914) 699-3030

Red Spot Puint & Varnish Co., Inc.
1016 Eust Columbiu Street
Evansville, IN 47711

Tel: (800) 457-3544

Wyundotte Puint Products Co.
3295 River Exchunye Drive
Suite 500

Norcross, GA 30092

Tel: (800) 233-2303

Muathews Paint Compuny
8201100 Street

Kenhoshu, WI 53142

Tel: (800) 323-6593

16



GLAZING INFORMATION

INSTALLATION GUIDELINES
MAKROLON® polycurbonute sheet
may be instulled using wet or dry
vluzing systems, ulthough Sheffield
warns uguinst the use of PVC
gusketing. The muterial may dlso
be used for double-gluzing or
overyluzing upplications for udded
insulution und security. Muintuin
udeyuute sepuration between
the gluziny punels to prevent
touching during high humidity
and/or high heut conditions.

INSTALLATION PROCEDURES

1. Cleun sush and prime if
necessary. For replacement
glazing, make sure dll old
seulunt und projections ure
removed. Rubbet should be
free of burrs und of the proper
depth to dllow for expunsion of
the MAKROLON polycurbonute
sheet gluzing punel,

2. Carefully meusure the sush
opening. Determine the dppro-
priute edye engugement und
expunsion dllowaunce from Tuble
(on hext puyge). Cut MAKROLON
polycarbonate sheet to the
exuct size reyuired, muking sure
cut edyes are smooth und free
of chips und hotches.

3. Gluze MAKROLON poly-
curbonute sheet with the proper
comjputible sedlant, While
smaller lites dllow for the use of
non-hardening oil-bused und
ucrylic-latex caulks (up to
247 x 247), the thermal and loud
Mmovements in larger sheet sizes
reyuire high-performunce, low
modulus elustomers such
us silicones.

RECOMMENDED SEALANTS, GASKETS AND TAPES

Product Type Product Name Manufacturer
Dow 795 Dow-Corning Corp.
Silicone Dow 999 | Midland, Ml
Trademute (5617) 496-4000
S|Ipruf Generul Electric Co.
Silicone Construction 1200™" | Wuterford, NY
(800) 255-8886
i Tremco
Silicone (70D)
Gusket Columbus, OH
aske EPDM (60.70D) (800) 321-6357
Tremco
Tape 440 Beechwood, OH
(800) 321-7906
KPTI
Butyl Tupe 303 Dayton, OH
(800) 543-7570
Norrehet Foum Norton Compuny
Gusket/Tape | V2100 Urethane | Granvills, NY
(518) 642-2200
Schnhee-Moreheud
Butyl Tupe Isocryl 5600 Irving, TX
(214) 438-9111

Muany other gluzing muteriuls are commercidlly avdiluble which
are computible with MAKROLON polycurbonute sheet. Pleuse
contuct those mMaunufacturers for their recommended products.
* Reyistered Trademark of Dow-Corhing Corp.
** Reyistered Trudemark of Generadl Electric Compuny

T Reyistered Trademuark of Norton Compuny
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EXPANSION ALLOWANCES — EDGE ENGAGEMENTS CLEANING AND

MAINTENANCE
Sheet Size 24”7 x 24~ 24" x 36~ 367 x 48~ 48" x 60~ Thoroughly rinse WiTh warm WQ‘I'er
Expansion using u soft cloth or sponge. Wash
Allowance | /8 x 1/87 | 1/87x3/167| 3/16" x 1/47| 1/4” x 5/16 with mild soup or detergent und rinse
thoroughly with cleun wuter. To
Edge 3/8" 12 9/16" 3/4” prevent wuter spofs, thoroughly dry
RISCE SR the yluzing with a chumois or moist
Rabbet Depth 1/27 11167 13/16” 1-1/16” sponye. Do ng’r use upru§|ve |
cleuners. Avoid cleuning in direct

sunlight to prevent stredking.

EXPANSION ALLOWANCES
As u generdl guideline, yluzing systems should be designed to COMPAﬂBLE CFEANERS
dllow 1/16” per foot of length und width us the expunsion in the sush,  The following cleuning ugents ure
computible with MAKROLON
COMPARATIVE Definition of Terms polycurbong’re She,eT;prOdUCTS
EXPANSION RATES . when used uccording to the
manufacturer's recommendutions:
Material | in./in.°F I -
xpansion L ] - *
GlQSS 0000050 Allowance S I o ]EO”TJU'; 4\-JOQ "
MAKROLON® © ok Job, Joy'
Polycurbonu.re Shee.l. .0000375 ggb?hef o PU|mO|IVe LIqUId f
Aluminum 0000129 ’ ¢ Windex D with Ammoniu D '
STeel 0000063 Egé’ﬁger‘nem B * Reyistered Trudemurk of Clorox Compuny
Acryli c OOOO 4'| O o ** Reyistered Trudemark of Proctor & Gumble

T Reyistered Trudemurk of Colgute Pulmolive
Total Edge Expansion 11 Reyistered Trudemark of Drackett Products Company
Rabbet Depth = Engagement + Allowance




PRODUCT SELECTOR

MAKROLON® MAKROLON®

MAKROLON® MAKROLON® MAKROLON® Privacy MAKROLON® MAKROLON

Product Features

GP SN AR SL Sunlife Fl Patterns cG HYGARD®
Superior Impuct Strength 0 [l ] [l 0 O 0 O
Enhunced UV Resistunce [l 0 il 0
Forced Entry Protection (UL 972) N/A UJ 0 ] U U] UJ
Enhunced Abrusion Resistunce O U [l

Thermoformable

Cold-Formuble

Putterned Sheet

Flame Inhibiting

Bullet Resistunt (UL 752)

Physical Attack Resistant

* MAKROLON? SN polycurbonute sheet is uvailuble with a matte finish.

. MAKROLON® GRADE ATOHAAS
By dllowing up to 90 percent of iAok Sl GRADE
solur enerygy und 88 percent of MAKROLON® GP Generdl purpose LEXAN® 9030,9034 | TUFFAKT A
. ' N - ygrude for fubrication DL 4630, DL 4634
visible light through, cleur oha Sloaing
MAKROLON polycurbonute sheef MAKROLON® GP9160 ] - Muitte fexture for N/A N/A
is un excellent yluzing mauterial privacy gluzing
fOf Upp”CUTiOhS designed TO MAKROLON® GP 9180 Eﬁ\?SIC% Zkljugﬁgs for LEXAN 90318 P.A.G. | TUFFAK A P-66
Maximize solar gain. In areus of MAKROLON® FD FDA compliant LEXAN 9440 TUFFAK T
solur intensity where higher material
SR Ny i MAKROLONE FI 5700 Flume inhibiting LEXAN 9600 N/A
shudmg or privucy is required, MAKROLON® FR Grode
finted materials mMay be used.
MAKROLONE FI 5400 Flume inhibiting LEXAN 2100 TUFFAK FI-8
Light T T (nitial) MAKROLON® FR
1 ransmission (inifi
9 Sl L) - MAKROLON® SN Sign grude LEXAN $-100 TUFFAK S
MAKROLON® SL Thermoformable LEXAN SG 100 TUFFAK XL
Clear Bronze or Gray I enhanced UV
resistunce
Guuye Visible| Solur Eneryy | Visible | Solur Eneryy MAKROLON® AR ;Aets)irsc;ggge& uv LEXAN MarGard TUFFAR CM-2
MAKROLON® CG 375 Physical attack resistant LEXGARD® MPC 375| N/A
332" | 87% 90% 50% 58% MAKROLON® CG 500 ||  Physical attack resistant | LEXGARD MPC 500 | N/A
1/8” 86% 89% 50% 58% MAKROLON® CG 750 Physicul uttuck resistant LEXGARD RC 750 N/A
MAKROLON Bullet resistant LEXGARD MP 750 N/A
3167 | 84% 88% 50% 58% HYGARD® 750
. . . . . MAKROLON Bullet and
1/4 82% 86% 50% 58% HYGARD® 1000 physical attack resistant | LEXGARD MP 1000 | N/A
MAKROLON Bullet und .
HYGARD® 1250 physical attack resistant | LEXGARD SP 1250 N/A

® Reyistered Trademuark of Generul Electric Corp.
1t Reyistered Trudemark of AtoHuus
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A BROAD RANGE OF
MAKROLON® POLYCARBONATE
SHEET PRODUCTS TO MEET
EVEN THE MOST DEMANDING
APPLICATIONS

From lofty barrel vault skylights
exposed to extreme sunlight to
street level sighs that reguire
resistance to gruffiti and vandu-
lism...from precision muchined
parts to the simple toughness of
domed playground windows,
there is a MAKROLON®
polycurbonute sheet product
that's right for your application.,
Ensuring optimum transparent
sheet performunce, MAKROLON
HYGARD" Luminutes offer
unsurpussed protection from
buallistic und physical attack in
bullet-resisting und contuinment
yluzing upplicutions.

For detdiled product or warranty
information on uny Sheffield
Plustics sheet product pleuse cull;
(800) 628-5084, or visit our welbsite
ut sheffieldplustics.com

WARRANTY:

MAKROLON® GP
Polycarbonate Sheet
Stundurd MAKROLON GP
polycurbonute sheet is bucked by
d limited warranty against breakage,
This warranty applies to gluzing sheet
installed und cleuned uccording fo
the manufacturer’s recommenda-
tions, If failure occurs within the
warranty period, the purchuser will
receive d free replacement of
MAKROLON polycurbonute sheet
when the fuiled sheet, originul sules
receipt and warranty dre provided
to Sheffield Plustics or the originul
distributor or dedler. Sheffield Plustics
reserves the right to refund the
origindl purchuse price of the sheet
in lieu of u replucement sheet.
Request Warranty for full details.

WARRANTY:

MAKROLON® SL
Polycarbonate Sheet
MAKROLON SL polycurbonute sheet
is backed by u limited warranty
aguinst loss of light transmission
und excessive yellowing. This
warranty dpplies to ylazing sheet
installed and cleuned daccording to

the maunufacturer’s recommenddations.,

Request Warranty for full details.

20

WARRANTY:
MAKROLON® AR
Polycarbonate Sheet

MAKROLON AR polycurbonute
sheet is bucked by u limited warranty
daguinst breukage, loss of light
fransmission, excessive yellowing und
couting fdilure, This warranty applies
to yluzing sheet installed und cledned
according to the manufacturer’s
recommendutions.

If failure does occur, us defined in
the actudl warranty, the purchuser
will receive u free replacement
MAKROLON AR polycarbonute sheet
when the fdiled sheet, origindl sules
receipt und warranty ure provided
to Sheffield Plustics or the originul
distributor or dedler. Sheffield Plustics
reserves the right to refund the origindl
purchuse price of the sheet in lieu of u
replacement sheet,

Request Warranty for full details.

WARRANTY:

MAKROLON HYGARD®
LAMINATES

All MAKROLON HYGARD luaminated
products ure bucked by a limited
warranty against structurdl
delumination, couting fdilure, 10ss

of light tfransmission and excessive
yellowing. This warranty does hot apply
to product that has been physically
or bdllisticully uttucked or dumuged,
nor does it apply to improperly
fabricuted or maintuined material,
Request Warranty for full details.



TECHNICAL INFORMATION

TYPICAL MAKROLON® GP POLYCARBONATE SHEET PROPERTIES

PROPERTY

GENERAL

Specific Gravity

Water Absorption 24 hrs.
Refractive Index

MAKROLON®

TEST METHOD

MECHANICAL

Tensile Strength, Yield .125"
Tensile Strength, Ultimate
Tensile Modulus

Shear Strength

Compressive Strength
Flexural Strength at 5% Strain
Flexural Modulus .125"

Izod Impact Notched .125"

Rockwell Hardness

Gardner Impact 1/2" Diameter Dart 125"

Instrumented Impact .125"

1.2
0.15
1.586

ASTM D-792
ASTM D-570
ASTM D-542

THERMAL

Heat Deflection Temperature 264 psi
Heat Deflection Temperature 68 psi

Coefficient of Thermal Expansion
Coefficient of Thermal Conductivity
Smoke Density .125"

Shading Coefficient Clear .125"

Shading Coefficient Gray/Bronze .125"
Shading Coefficient Dark Gray .125"

Brittle Temperature

9,000
9,500
345,000
6,000
12,500
13,500
345,000
12-16

118
>320
>45

psi

psi

psi

psi

psi

psi

psi
ft.Ib/in of
notch

R Scale
in.lbs
ft.Ibs

ASTM D-638
ASTM D-638
ASTM D-638
ASTM D-732
ASTM D-695
ASTM D-790
ASTM D-790
ASTM D-256

ASTM D-785
ASTM D-5420
ASTM D-3763

FLAMMABILITY
Horizontal Burn, AEB .125"
Horizontal Burn, ATB .125"
Self Ignition Temperature
Flash Ignition Temperature
UL 94 Clear > .060"

UL 94 Clear > .250"

°F

°F

in/ in/°F
BTU/hr/ft2/°F

ASTM D-648
ASTM D-648
ASTM D-696
ASTM C-177
ASTM D-2843
ASHRAE
ASHRAE
ASHRAE
ASTM D-746

OPTICAL
Transmittance Clear .125"
Haze Clear .125"

ASTM D-635
ASTM D-635
ASTM D-1929
ASTM D-1929

UL 94
UL 94

ELECTRICAL
Dielectric Constant 10 Hz
Dielectric Constant 60 Hz
Volume Resistivity
Dissipation Factor 60 Hz
Dissipation Factor 1 MHz
Arc resistance
Stainless Steel Strip Electrodes
Tungsten Electrodes

ASTM D-1003
ASTM D-1003

ASTM D-150
ASTM D-150
ASTM D-257
ASTM D-150
ASTM D-150

ASTM D-495
ASTM D-495

COMPETITIVE EDGE

Sheffield Plustics sefs rigid raw materidl
reguirements for its polycurbonate
resins supplied by Buyer. These
Mmuteridls, coupled with our state-of-
the-art production und yudlity control
technoloygy, ussure that the
physicdl properties of
MAKROLON polycurbonate
sheet will meet or exceed uny
directly competitive product on
the murket toduy.

DOCUMENTATION AND
TECHNICAL SUPPORT

Specific product information,
wdrranty detdils, and further
information reyurding proper
fubricution und/or use of
muteriuls cun be received
by contacting your locdl
MAKROLON polycurbonute
sheet distributor or by visiting
us ut www.sheffieldplustics.com.

MAKROLON POLYCARBONATE
SHEET COMBUSTIBILITY
Although the leust combustible
glazing material, polycurbonate
sheet will ignite when exposed to
an ignition source over 800°F.

Sheffield Plustics Inc., will hot be responsible for the
use of this information relutive to actuul upplicution.
Users must make their own determination of its
suitability for their specific use. No warranty is mude
for the fithess of uny product, und nothing herein
wuives uny of the seller’s conditions of sdle.



ENVIRONMENTAL RESISTANCE OF MAKROLON® POLYCARBONATE SHEET
MAKROLON POLYCARBONATE SHEET IS RESISTANT AT 70°F AND 0% STRAIN TO:

CHEMICALS:

Amyl dlcohol Chromic ucid (20%) Lactic ucid (20%) Potussium bromate Sodium chloride
Aluminum chloride Citric acid (40%) Magnesium chloride Potassium bromide Sodium hypochlorite
Aluminum sulphate Copper chloride Magnesium sulphute Potassium hitrate Sodium sulphute
Ammonium chloride Copyper sulphate Maganese sulphate Potassium perchlorate Stannous chloride
Ammonhium hitrate Formic acid (10%) Mercuric chloride Potussium permungunate  Sulfur

Ammonium sulphate Formdalin (30%) Nickel sulphate Potassium persulphate Sulfuric ucid (10%)*
Antimony trichloride Glycerine Nitric ucid (10%) Potussium sulphate Sulfuric ucid (50%)
Arsenic acid Heptane Nitric acid (20%) Silicone oil Tartaric ucid (30%)
Butyl alcohol Hydrochloric ucid (10%)  Oleic ucid Silver nitrate Zinc chloride
Cdicium nitrate Hydrogen peroxide (30%) Oxdlic ucid Sodium bicurbonute Zinc sulphate
Chlorinuted Lime Paste  Hydrofluoric ucid (10%)  Pentune Sodium bisulphate

Chrome dlum Isopropunol Phosphoric ucid (10%) Sodium curbonute

COMMON HOUSEHOLD MATERIALS MAKROLON PETROLEUM PRODUCTS MAKROLON
POLYCARBONATE SHEET IS RESISTANT TO: POLYCARBONATE SHEET IS RESISTANT TO:
CHEMICALS: Beer Refined oil

Beer Gypsum Rupeseed oil Compressor ail Spindle ail

Borux Joy liquid detergent Rum Diesel oil Transformer oil

Cocou Insulating tape Sdlud oil Kerosene Vacuum pump oil
Cement Linseed oill Salt solution (10%)

Chocolute Liquor Soup (soft und hard) Note: Elevuted temperature and/or strain significuntly
Cod liver all Milk Table vinegar dlter resistance to industrial petroleum products.
Coynuc Mineral water Tincture of iodine (5%)

Coffee Mustard Tomato juice LIMITED RESISTANCE AT 70°F & 0% STRAIN TO:
Detergents QOlive oil Vodka Anti-freeze Hydrochloric acid (conc.)
Fish oil Onions Wushing soup Culcium chloride Milk or lime (CuOH)

Fruit syrup Orange juice Water Cyclohexunol Nitric ucid (conc.)
Grapefruit juice  Purdffin ol Wine Ethylene glycol Sulfuric ucid (conc.)

MAKROLON POLYCARBONATE SHEET IS NOT RESISTANT TO:

Acetdldehyde Butylic acid Ethylumine Phosphorous trichloride
Acetic ucid (conc.) Carbon fefrachloride Ethyl ether Proplonic ucid
Acetfone Curbon disulfide Ethylene chlorohydrin Sodium sulfide
Acrylonitrile Curbolic ucid Formic ucid (conc.) Sodium hydroxide
Ammoniu Cuustic potash solution (5%) Freon (refrigerant & propellant) Sodium nitrate
Ammonium fluoride Caustic sodu solution (5%) Gusoline Tetrahydronaphthalene
Ammonhium hydroxide Chlorothene Lacyuer thinher Thiophehe

Ammonium sulfide Chlorobenzene Methyl alcohol Toluene

Benzene Cutting oils Nitfrobenhzehe Turpentine

Benzoic ucid Cyclo hexanone Nitrocellulose lacyuer Xylene

Benzyl ulcohol Cyclohexene Ozone

Brake fluid Dimethyl formamide Phenol

Bromobenzene Ethane tetrachloride Phosphorous hydroxy chloride

MAKROLON POLYCARBONATE SHEET IS DISSOLVED BY: Chloroform, Cresol, Dioxdune, Ethylene dichloride, Methylene chloride, Pyridine

EFFECTS OF MOISTURE ON MAKROLON POLYCARBONATE SHEET
MAKROLON polycarbonate sheet has good resistance to water up to approximately 150°F Above this temperature, the effect of moisture
is time-temperature related. Exposing MAKROLON polycarbonate sheet fo repeuted steum-cleuning or dishwashing can credte hydraulic
cruzing. The result cun be u clouding of the surfuce und ultimutely d loss of physical strength properties.

*Sulfuric ucid ut 1% uttucks polycurbonute sheet.
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For Technical Information Please Contact...

Sheffield Plastics Inc.

Customer Service Department
Phone: 800-254-1707

FAX: 800-457-3553

Web Site: www.sheffieldplastics.com

Sheffield

Plastics Inc.
A3 Bayer Polymers Company

119 Salisbury Road
Sheffield, MA 01257
800-254-1707
www.sheffieldplastics.com



