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Module 6
Drying Polymers

o Reasons for Drying
o Critical Aspects

- Moisture
Drying Rates

- Drying Efficiencies
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Moisture in Thermoplasfics

&

EDgineering thermoplastic pellcts co[ect
moisture during manu.:facturing, transportatioa and storage.
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Introduction

Plastic pellets absorb

water.

Drying Polymrs
Sharing the Ihowledge continuaily stresses the importance ofusing

proper processing techniques to manufacture high perfonnance

thermoplastic parts. Dqnrrg is an integral part of this molding

process. Thermoplastic pellets must be thoroughly dried before

being processed. Improper drying techniques will result in insuffi-

cient drying, prod,ucing substandard parts. ltlodule 6 explains the

drying process and why it is so important- It then establishes ProPer
drying procedures for thorough drying and. higher quality part

production. STK 60f

fuloistwe in Engineering Thamoplastics
Thermoplastic pellets absorb moisture during manufacturing in the

weeks of ransportation and storage before processing. It must be

assumed that every supply ofresin potenially contains excessive mois'

ture, regardless o[ the circumstance. STK 602

ObjeAirui
At ttre end of this module, participant should be able to:

r Describe the reasons for drying and the hazards of not

drying.

. Identi& three critical asPects of drying: moisture

content, dryrog rates, drying

o Determine how to rneasure moisture content-

* .{eiemti$r three Epes of }ropper dryers (eondensatiore'

1er ?l: zr-tL Jeslc:en . ilec:. iirue:i,
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sTK 603

Must Remove Moisture
Pellets That Are Not Thoroughly Dried May:

. Produce Parts That Are Substandard

. Cause Serious Inconsistency During
Processing

GE Plastlcs
@
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in Tbrms of
and
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Surface Appearance

A foaoy or frotJry melt aad splay or silver strealring
in a molded part are the result of

moisture bubbles trapped in ti.e resio.
6

STTii 6"{}4i
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Reasons for
Drying

Moisture can negatively

affect surface

appearance and property
perforrrance in the
molded part

fofloist'ure bubbXes im

resin cz[rse splay or silver
streaking.

IUIttst Retnou e Moisture
Moisnrre must therefore be removed from the pellets before process-

ing. Excessive moisture can cause serious material inconsistency

during proCessing. Excessive moisture in the resin can also result in

substandard parts: substandard in terms ofboth surface aPPearzrnce

and property performance. STK 603

,SE&F{ & ff € .tlpp € &Y &w {:tti

&floisture 'buhbles [rapp€d im aire n"esnn can ruln 3 Part's surtace

appearance by causing splay or silver streaking. Still worse are the

potential hazards that aren't visible. STK 604
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sTK605

Property Performance

GE Plastlcs
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17

l. Voids in the Part Caused

by Steam Bubbles

2. Loss of Molecular Weight
Caused by Hydrolysis

Participantrs Notes:

@
GE Plastlcs

Hydrolysis
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Hydrolysis is the splitting of a molecule with the additiou of
water in the presence of lieaf& pressure as ia processing.

Participarrt's Notes:

1

M-PIA4Ir7aSTTFMOD Lr2,/*{Xr6 @ Gcncral Elecuic Crm.pany 1989

Tbso Problemc Ca:r Be Caused by Insufficient Drying:
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Insufficient drying cau

result in a loss of
material properties.

Ilydrolpis is the splitting
'of a molecule with the
addition of waterinthe
presence ofheat and

pressure, as in
processing.

@rty Prformance
Moisture can cause a loss in material properties. Trapped moisture

bubbles can cause voids in the interior of the Part as seen in this

cutawayof an actual moisture damaged part. Moisture can also cause

a loss in molecular weight due to hydrolysis. STK 605

Ffyae.ofuses

F{ydroiysis is the ckrernical pnocess of decornpositiom rhat occurswith

the addition of water. During processing, the presence of heat and

pressure allow the water molecule (HrO) to split the'polymer
molecule. The polymer bond brea}s and one end links with the OH-

and the other links with the H-. In this particular example, the bond

benueen the carbon and oxygen has broken and the G has linked

with OH-, and the O- has linked wittr the H-. This may occur at

bonding points throughout the molecule thus severely shortening

the mirlecular chains. STK 606
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STK 607

lligh Molecular Wgight Lower Molecular Weigb.t

Since the polymer's properties depend on its high molecular
weight' reducing rhet weight (shorteningl the

molecules) n^. lower its propcrties.

GE Plastlcs

Property Loss
Shorter Chain MoleculesLong Chain Molecules

@

+
Hydmlysis

6
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Participantos Notes:
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Drying Polymers
o Moisture Content

. Drying Rates
Ti.ae

. Dryer Efficiencies

6

Participantts Notes:
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Hydrolpis causes

property loss.

firiticaB Aspee6s
ofl Drying

Moisture Content

Three critical aspects of
Urying potyrners.

koprty l-oss

The molecular weight of a molecule is calculated as the sum of the
:.

atomic weights of is constituent atoms. Iherefore a molecule that is

comprised of many atoms tends to have a high molecular weight.

Pol)rmer molecules, for example, are very high in rnolecular weight

because of their extreme length. Remember, polymers are made up

of manylong chainlike molecules.In fact, these molecules can have

as many as 10,000 repeating structural units. And it is this extreme

lengthrzhigh molecular weight that gives the polymer material so

many ofits desirabLe properties. So if splitting the chains reduces the

molecular weight, then it also degrades the polymer properties.

Impact strength, for example, can be greatly reduced by the pres-

ence of moisture during processing. STK 607

Wryfueg F*Eymers {Moistzwe {*r$eret }
Xt is extrernely cnitical that thermopiastic petrlets be dried before

processing. This rnodule covers the entire d{nng Process: from

defining rnoisture content, to explaining drying rates, to establishing

dryer efEcienciei. First let's define moisture content. STK 608

O Gcnerel Elccuic Corapaay 1989 M-PtA4ll7-STE-lrOD e12lB.{o4



STK 609

@
GE Plastlcs

HrO

Moist Air

H,O

Moisture in the air Eigrates i[to a
tr'er.'moplastic pellet in the for:m of a gas.

HrO

6

Participantrs Notes;
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Absorption till Equilibrium
Absorption Equilibrium

The pellet will cootinue to absorb moisture till it reaches
eqttilibri rm witlr the air to which it is exposed.

6

Participant's Notes:
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Apellet wiII continue to
absorb moishre until it
reaches equilibrium.

Pellets Abssrb Moisture
Though you canlt see it and usually can't feel it, there is moisture in

the air. This moisture'will migrate throughout a thermoplastic pellet.

sTK 609

&b s orp tdwa TdW Equi EiWda*re

??re peiiet wiil continlle to asbsorb r&oistiire until it reactrres a point

of equilibrium with the moisture content of the air. At this point,

mosinrre is diffusing into and out of the pellet at irn equal rate.

Therefore the moisture level of the pellet remains constant.

The moisture absorption process can't be stopped. It is a function of
the moisture present in the air. The onlyway to reduce the moisture

content of the pellets is to reduce the moisrure ."",""t "t#1;;

O Ccncrel Elccuic Conpany 1989 M-P[A4rI?-ST[-MOD Lll,/*{XLil

Moisture in the air
migrates into a
thermoplastic pellet.



STK 611

@
GE Plastics

Drying Removes Moisture

HrO

Dry Air

Hzo
Moisture in pdlet wiII uigrate out of tbe pdlet

wheo exposed to dry air.
6

Participantrs Notes:
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Dryrng till Equilibrium
Drying / Removal Eq rili[6q,,

o
o o o

o

o o

o
o

The pellet will coutiaue to release moisture uatil it
reaches sqttili!1i16 qrith tle air to which it is exposed-

oo

o

o

o o

o

o

o

o

o
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Moisture will come out
of.the pellet when
oqrosed to dryair.

ffie pellet wil] eontinue

to release w:rter until it
reaches equilibrium with
the air.

Drying Rent oa es Moisfiff e
Reducing the moisture content of the air wilt uPset the equilibrium

that the pellet had established with the "moist" air. Because the

equilibrium is upset, moisture will begin to migrate out of the pellet.

STK 611

,wwrag l :7. -i asaaidlwmsa:tr,

The pellet.wini concinue to give up naoisture un&}ir reaches anorhei'

point of equilibrium. At this point, moisture is diffusing into and out

of the pellet at an equal rate. The moisture level of the pellet is,

however,lower than before'. STK 612
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STK 613

@ GE Plastics

Defining Moisture Content
Air

Moisture
Content

' Type of Resin

. Amount of, Moisture iu
the Air

Time
. Tbmperature of Air

TEmperature

. Time Exposed to Air

6

Restn

Participant's Notes:

i:iffi{, fi.r4

@ €E Ptastles

Resin Moisture Capacity
Polyethylene Polycarbouate Nylon

Every resin has its owo capacity to water Eea[ilg soEG
wiII absorb water more readily t-haa others.

6
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Resin moisture content

depends on the resiq
moisture in the air, the
temperature, and the
time.

Some vssins absorb more
urater than 9ft615.

Dfining Moisture Contmt
The amount ofmoisture a resin will absorb depends upon several key

factors. Moisture content depends on ttre type of resin, for each resin

has its own absorption characteristics. The weather conditions or the

moisture con ten t of the air will aI so affe ct the resin. m oisture con ten t,

as wilt the temperature of the ambient air a-nd the pellets, and the

time that the pellets are exPosed to this moisture'rich air. We'll

explore each of these critical factors more closely. STK 6f 3

Resirre rvisd,s*vere e w$a ra mt ry
First tret's consider the resin. Some p:otrpraers have a Breater affinirv ro

water than others and therefore will absorb moisture more readily.

Nylon, for example, will absorb more moisture than polycarbonate,

which will absorb more rnoisture than polyethylene, when each is

exposed to the same sample of air. This is because nylon is said to be

hlgroscopic. The term hygroscopic means *readily absorbs mois"

ture." So while nylon is said to be hygroscopic, polyethylene is said to

be only slightly hygroscopic and therefore absorbs less moisture.
sTK614
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Resin Moisture Content
1,4

t3
t.2
t.I
l.o
.9
.6
.,
.o
T
.1
.3
.2
J

High Heat Grades

Resln
Moigture
Contertt

y.

General Furpose
Grades
Clear & Expaadable
Grades

oto2030 60 7() EO

% Relatlve ty
Resin moisture content is measured as a percentage by

weigbt asd varies dependiag on the resis grade aod
prarauinglffiEffiffioitl

6

ABS

Participant's Notes:

STE{ tr.i{r

@ GE Plasttcs

Weatler Conditions (Ambient Air)

The arnount of moisture in the air
is defined by:

o Relative Humidity

o Dew Point

6

Participantrs Notes:

i
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Different grades of
resins absorb rnore
moisture than others.

Aic' moisbore conte&t cae

be definedbythe
relative humidity and the
deru point

Rcsin MoisUre Contsrt
Not only does every resin family have its own moisture absorption

characteristics, but each resin grade does aswell. This graPh depicts

the rise in pellet moisture content as the moisture level of the air

increases. The Y-acis indicates the pellet moisture as a Percentage by

weight. The X-axis indicates the relative hurnidiry'of the air.'Ihe
difference in moisture absorption characteristics among the many

grades ofABS is clearly illustra.ted by the range in moisture levels at

80% relative humidity. This graph brings up another important
point for discussion: the effect of the moisture content of the

ambient air on the amount of moisture absorbed by the pellets"

sTK615

'Wbstnw,J*sdatzons i"awabdmt acn :

The aaexa variabie ahat affects penleu fin&isaure e ontent is the rnoisture

content of the ambient air, that is the prevailingweather conditions.

The moisture content of the ambient air is described by either

relative humidity or dew point. STK 6f 6
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GE Plastics

Humidity

Humidity is tlre moisture in the air.

@

6

srK 617

Part'cipant's Notes:
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Relative Humidity @ 75oF

A

B

c

r) 20%

+ 5()%

r| 100%

the pcrcent of molsture present
to tle greatest

thc air caa hold at a given

o
o' o

o

go
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o oo
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o
o

o
o
o

4ad doddd

Relative

6

Participant's Notes:
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Humidity is the moisture
in the air.

Retrative hunidiry
describes the percent of
moisture present in the

air relative to the
greatest amount of
moisture the air can hold
at a given le,rnperature.

Humidity
Humidity describes the dampness in the air due to its moisture

content. On a dryday, when'there is less.rnoisture in the air the sweat

on our skin erraporates thus cooling us in the Process- On a humid

day, however, the sweat on our bodies can'I evaPorate. There is too

much moisture present in the air to allow it to do so. That's whywe

feel hotter and sweatier on a humid, day" A door that sticks is another

example of what happens on a humid day. The door absorbs mois-

ture from the air arid swells STK6I7

R.eto*iwe E{urwidi,g @ 3Y F
nm orden to understand dryilrg we rnust first understarid relatit"e

humidity. Relative humidity describes the moisture con ten t, of the air

atacertain temperature. Here are three differentair sarnples @ 75o8 .

SampleA contains onlyl}% of the manimum amount it could hold

@ 7l"F.Sample B contains 50% of its ultimate capacity @75oF. And

sample C is at l00%o capacity @ 75"F . Sample C is so saturated that it
cen't hold all the moisture present and therefore precipitates.

. srK6r8
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STK 619

@ GE Plastics

Relative Hurni / Tem ture

)

@ gO'F
2O% Relative

Humidity

B r+ @ 75"F
50% Relative

flrrniflify

\ @ SO9F
lOO% Relative

Humidity

Givea tJre same sample of air, warm air can hold more
moisture ttras coot air and theref6re becomes saturated

at a higher Eoisture contenl
6
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Dew Point

A

B

c

->
r+

r+

Coadenses at 34otr

Cogdenses at 54aF

Coadenses at 75"F

Dew Point ddiaes tlte omouat of moisture ln ttre alr.
Dew point is tJre teelrerature at which moGture in

tne a.EE?Eifficoudense-
6
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o o o

o
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Participant's Notes:
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'Warm air holds more
moistrrre ttran cool air.

Doupoint is the
temperature at ufiich
mois;hrre in the air
begins to condense.

Relatiu e Humidiry flmtp erafir e
Here is sample B at three different temperatures. As before, sample

B is at 507o of its capacity @ 75"F.But notice the same sample is only

atl}Vo of its capacity @ 90oF. This is because warm air has a greater

capacity to hold moisture than cool air. The mucimum ainount of
moisture air can hold @ 90oF is greater than the marimum arnount

it can hold @75oF.

So sample B is at 20Vo of its capacity @90oF, at507o of its capacity @

75oF, and at l00%o of is capacity @ 50"F.Just as sample C was at full
capacity at 75oF, sample B finally reaches full capacity at 50oF and the

moisture begins to condense. STK 619

ffiaw Podcet

The terreperature acwtrich the rnoi.sture in the air begins to condense

is called the dew point. The dew point is a useful, quantitative means

of describing the moisture content of a sampie of air. For example,

sample A has a dew point of 34oF. The moisture in the air sample will
begin to condense on the glass of ice water if &e air contacting the

zurface of the glass is at or below 34oF. Sample B has a dew point of
54oF. The moisture in the air sample will begin to condense on the

grass if the air contacting the surface of the ground is at or below

54oF. Finally, sample C has a dew point of 75oF. The rnoisrure in the

air sample will begin to condense if the temperature drops to 75oF,

causing it to rain. Any sample of air is saturated at its dew point.
sTK 620
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STK 62I
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Pellet Moisture Absorption
The higher the dew point -

tJre more moisture in the air.

Dew Poiat of
34"F

Dew Foint of
540F

Desr Foiat of
75"F

O

The uiorc moisture in tie air - tbe u.ore moisture
absorbed by the pellets.

6

o
,il,)t

d
4 dd d

d4d

STEI iSPI;
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GE Plastlcs

Point of Equilibrium
340F

Dew Point
54"F

Dew Point
75"F

Delw hint

For a giveo resia. tJre madmuo
moisture level a a dwpoiaL
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M-PiA.{rn ?-STFUOD Ll2,/€g{xLti O Gcncnl Elccuic Compeny 1989

C

Participantrs Notes:



The higherthe dew
point, the more moisture
in the air.

The pofue o€ equilihrium
for a gi".o resinvaries
depending on the dew
point.

P ellct Moi s fitre Ab s orp tion
Dew point defines the amount of moisture in the air: the higher the

dew point, the higher the moisture content of the air; the lower the

dew point, the lower the moisture content'of the air.

Remember, the higher the moisture content of the air, the higher the

dew point, and the more moisture available to be absorbed by the

resin. STK 62f

Psdrad wf Equd&dbrdawxa

At each dew point, a peiiet for a given nesin will neacLr a diffenent poinr
of equilibrium. A pellet that is exposed to air with a dew point of 75oF

will reach a higher mocimum moisture content than a pellet exposed

to air wittr a dew point of 20oF. STK 622

G C.cncnl Elecuic C,ompany l9E9 trHtr.ouT-sTFMoD Lrt./D4F21t



STK 623

I

Point of Equilibrium I Dew Point

The amount of moisture a resin will absorb depends on tbe
dew point, however, the rate of absorption depends on the

absorption characteristics of the resin aod tlelteoperature.l

GE Plastics
@

6

Time

Pellet
Moisture
Content

- 75 oF Dew Foint

- 54"F Dew Folnt

- 34oF Dew Folnt

Participantrs Notes:

r-!liE{" tfri*a:

Tbmperature / fime

TEmperature increases
the rate at which the
moisture will migrate
into and out of the pellet.

GE Plastlcs
@

6

Participantrs Notes:
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The rate of absoqption
depends on the
absorption
dmracteristics of the
resin and the
temperature.

Temperature increases

the rate at nfrich the
moisiture wiII migrate
into and out of the
pellet.

Poi* of Equilibrium/Detu Point
This'graph depicu the rise in pellet moisture content over,time at

three separate dew points. Asyou can see, the higher the dew point,
the higher the maximur,n moisture level of the pcllet. Once the pellet
reaches its point of equilibrium for a given dew point, it will absorb

no more moisture. STK623

€la*,aMfrffin4& " , affiiJgca*pwu *9*d w ,t taa*t,

T?:e speed of"absorpti@n rill equiiibnraen ls a{Tecreci'by ten".perature .

Higher temperatures tend to increase the absorption,/remolal
process. STK 624
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STK 625

@ GE Plastlcs

Measuring Moisture Content

. Sticking to specified drying rates a-ud

recommenderl drying procedures should result in
an acceptable resin moisture content after drying.

. There are several test methods to verify
moisture content such as the Karl Fischer
Titration TEst and the Tbmasetti Volatile
Indicator (T\rI).

6

Participant's Notes:

:i,ffi; tS36

@ GE Plastlcs

. Moisture Content ffi
%. DryinB Rates

Tilme

. Dryer Efficiencies

6

Participantrs Notes:
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Sticking to specified
d{ying rates and
reco"nrnended drying
procedures should result
in an acceptahle resin
moisture content after
drying.

-=r. I ffir4*smfiatr ii< %Tt#3q.:iG 6*.+*v-.
.g

Measurirry Mokntre Cnntent
Pellet moisture content is impossible to determine visually. By under-

standing the variables that affect moisture absorption, adhering to

the drying specilications outlined for each resin, ?f,d following
proper dDong procedure, you can be certain that the pellets will be

dry enough for processing.

The Ibrl FischerTitration Test andTomasettiVolatile Indicator can

be used to periodically testyour procedure and equipment to make

sure the pellets are being dried properly. The Ifurl Fischer Titration
Test is a quantitative means of accurately determining the moisture
level in the pellets as a percentage byweight. The Tomasettivolatile
Indicator (TyI) is a visual means of determining if a resin is simply
'd^ry enough" for processing. It does not measure the moisture

content in a quantitative fashion, but merely lets you know if the

moisture level is sulEciently low, so as not to degrade the polymer
during processing. Specific details of thise two tests can be made

arailable to converters interested in measuring moisture content in
resin. STK625

j:*'"nreg Jernrar: }*.nrug fure:
Tiae elrying rane re fbrs uo the cime itrviltr ra-ke t,o 6fg'u7a resin a:nder aver;,

specific set of circumstances. STI( 626
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srK 627

@ GE Plastics

Drying Variables
Air

Moisture Content

TEmperature Time

Resin

Participant's Notes:

r$ffi;6PE'

@
GE Plastlcs

Absorption / Removal

.6 _ _hhtof
E4dUbrl'a

Pt:llct
folrtulc
@otcot

T

.ol
-Of l,rd

-2o -ro 
*#,.o 

60

Ib rwerse the absorptlon proccss a resln must bc exposed
to dry dr long enough to drop from lts maxtmum moisture

content to anl'OK lwelj l
6

Participant's Notes:
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Drring variables:

moisture content of air,

temperature, and time.

ffiae absoqption process

is reversible.

Aryhg Variables

Just as in moisrure absorption, the variables thatwill affect moisture

removal or drying are: the nature of the resin; the moisture content

of the air; the temperature of the air and the pellets; and the time that

the resin is exposed to the air. " STK 627

ffi sotpti,oralWerseoas{,

Dryrng reverses the ahsorption process, rel'noving moisnrre flrorn a

pellet to avery low level that is suitable for processing. This recom-

mendedlevel raries dependin g on the thermoplastic, so we' llj ust call

it *re'OKlevel." STK628
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sTK 629

@ GE Plastics

"OK Level"

The '0K level' is the recommended

moisture level to which a given resin
must be dried before processing to
produce parts with good surface
appearance & property retention.

6

Participantts Notes:

Sffi[ (55q]

@ GE Plastlcs

Drying Specifications
Dry Air Tbmperature Time

+ +

Thc drying specifications establish to what temperature
the air must be beated and the length of tiae tlc resia

must be dried to reach an OK moisture lcyel

o

o
o

o
o

o

o

o

o

Participant's Notes:

M-Prul r?-sTtGraoD Ltl/a).o(L!o 6 Gcncrel Elccuic C.ompany 1989
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The *OKlevel'is the
recoirrin eRded moistgre
level to which a given

resin must be dried
before processing.

The dryfurg specfficatioars

establish to what

tqmperature the air must
be heated and the length
of ti'ne the resin unust be

dried to reach an OK
moisture level.

"OK tr-arcl'
Engineering thermoplastics generally have an "OK level" of -02Vo

butmaybeashighas.\sVo. STK629

Wrydng Speeifficwtiozas

Ire order to achieve the *OK L€vel,- dtlotg specifications rnust be

strictly followed. The drying speciEcations Qutline three criteria:

how "drf the air must be; howhigh the air temperantre must be; and

how long the resin must be dried. STK 630
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sTK 63r

@ GE Plastics

Dry Air

Dew Point of -2OoF

A dew poiat of at least'2O'F is requirc( to achierrc +t'e

recornmended OE lenel at tJre temperature and time specificd.
6

o

o

o

o

Participantfs Notes:

G- s Si3'::.:

@ CE Plastlcs

Sample Drying Specifications
Resin Drying TEmperature Drying Time Alr Des Foint

PPO

ABS

Folycarbonate

Polyetherimide

PBf,

2looF

180"F.

250"F

350"tr

2500F

l-2 Hourg

2-4 Hours

3-4 Hours

3-4 Hours

2-4 Hours

-20cF

-20"F
-20cF

-2()0tr

-200F

ilote Pr€setrc! of rcErlad pl[ rectssltate drYInE tIEe duc to larEef, Dcllet slzc

Each resin gadc has its orn reconnended dryinC tcmperaturc
and corrcsponding tine specified oo t[e processing data sheel

6

Participant's Notes:
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To achiese the'OK
level" a dewpoint of -20

degrees F is required.

The '' e and

temperature for drying is
different for each rype
of resin.

Dl Air
The air used to dry the pellets must have a dew point of at least

-20oF. Only'if the air is this dry, can a pellet reach the point of
equilibrium to maintain a moisture level of less than .05Vo. The
drying temperatures and times specified assume *rat the air in the

dryer will have a dew point of at least -20oF. STK 63f

tumpff e Wryirug Sp eeffi u.tiews
F{ere are sorrae dqorg speciEcations fon some generatr resins. Before

processing, you must check the drying specifications for the specific

resin grade you are about to process. Remernber that the drying

temperanrre and, time go togettrer and both must be followed strictly
to ensure proper d.yrrrg. Ifyou don't dry for the minimum required

time at the specified temperature, the resin won't reach the *OK

level." Also remember that the dqong time for regrind and glass

reinforced materials will be longer. Dryrr,g at temperatures below

the specilied lcvel for longer times may cause incomplete moisture

removal and inadequately prepare the resin for molding. Therefore
it is very importan t that dryin g equipmen t be operatin g at the proper
temPerature.

The speciEed drying temperature and time optimize the dqo.rg

processwithout degrading the resin. The drying temperature is the

maxirnum possible temperature to dry the polymer as quickly as

possible without degradation or fusing the pelles together" The
drying times report the time the resin mustbe dried to reach the'OK
level." STK632

O Gcncrrt Elecric Corapany 1969 IeLr"ou?-sTtFMoD 6-U,/89+!t
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STK 633

@ GE Plastlcs

Drying Curves
Drying

Specifications

Dryitrg TEmperature
250"F

Drying Time
2 r 4 Hours

o
troo
(,

o
o
a
\os

.20

.r5

.10

.o5

.o3

PBT

2500F
oF

OK Level

Dew Point
-200F

23 7
Hours of Drylng

A dryirg curve clearly illustrates the ueed to follow the dr/ug
specificatioas *ctly to acbieve the necessar5r OE lereL

6

Participant's Notes:

SilE i5.3-"r

@ GE Plastlcs

Drying Frecautions
TEmperature:

. Tbo Low - Resin May Not Be Dried
o Tbo High - Resin May Begin to

Degrade or Softeu / Melt

.& Stick Tbgether

Time:
. Tbo Short - Resin May Not Be Dried
o Tbo tong - Resin May Degrade

Participant's Notes:

t{-PtA-ot17-sTx.uoD Ll!,/89{xLl4 O Crncrel Elccuic Compeny 1989
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It is necessary to follow
the drying specifications
to reach the'OKIevel."

Ory;ng Curues

Dryrtg curves track the drop in a resin'i moisture content with
regard to time. Here's a sample dqorg curve for a grade of PBT. It's
already a given that the dryer air has a dew point of at least -20oF. The
arying temperature has been specilied as 250oF and the time as 2-l
hours. The lower curye illustrates the drop in moisture under speci-

fied drying conditions. The curv€ clearly illustrates that if the resin
isn't dried long enough, it won't reach the "OK level." After t hour
@ 250oF, the moisture content is still almost .10Vo. The upper curve

indicates that if the temperature drops below the specifred drying
temperature, the resin won't reach the 'OKIevel" in the minimum
drying time. After4 hours @220oF, the moisture content is still above

.037o. Ultimately, so lorrg as the dryer air has a dew point of at least

-20oF, then drying is a function of time. STK 633

1?n-*- fuon*ro-^*,.e1 aJ98*E; 
- 

t. rL&**{Xtttu

lrf*ryp'r"tcieflrciencies can 'be rraceci. back uo inadequare orlrnproper.
dryrng rates and temperatures, or they can be attributed to inefli-
cient drying equipment. STK 634

6 C:ncrel Elcctric CoEF ry 1989 M-PrlJl l?-sTr-MoD 6-r!,/840-!5

FoE[oss Crying
precautions.



sTK635

@ GE Plastics

Drying Polymers
o Moisture Content

. DryinE Rates
Time

. Dryer Efficiencies

6

Paticipant's Notes:

STT{.6$itr

@
GE Plastlcs

Proper Drying Improves
Processing Consistency

e Removes Moisture from Pellet
. Prior to Processing

. Preheats Material to a
predetermined TEmperature

6

Participant's Notes:
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Dtyrog
Efficiencies

Dryer efficiencies.

mrying irnproves

processing consistency.

Drying Polyrmrs (@ff Efficiencics)
There are several different ty.pes of dryers designed to dry thermo'
plasdc pellets; some are rnore efEcient than others. STK 635

,ffiW*#r-trimg
Froper dqnrg rmproves processing consistency by reenovirig inols-

ture from the peliet prior to processing and preheating the material

to a predetermined temperature. STK 636
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sTK 637

@ GE Plastlcs

Methods of Drying

Oven Dryer witJr Tfays
Effective for Small Batches

Hopper Dryer
Preferable for Longer Ruas

6

Paticipant's Notes:

iiTTd 65'i

@
GE Plastics

Hopper Dryers

o Hot Air

. Condensation / Refrigerant

o pssigsant Bed pgfurrnidify{ng

6

Participant's Notes:
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Oven and hopper dryers.

Elopper dryers.

Meihods of Dtying
There are two methods of drying: oven dryers and hopper dryers'

When usingan olen dryer, the pellets should be dried in shallow trays

at a depth of I to 2 inches" The pellets must be transported from the

oven after dqnrg and placed in the hopper. Care must be taken to

make sure this transport is done as quickly as possible, and to make

sure the hopper.lid is shut so as not to exPose the pellets to moisture

iri'the ambient air. The oven dryer is effective for short batches but

becomes too labor intensive for long runs. The hopper dryer, on the

other hand, allows for continuous drying in the hopper and is

preferable for lon g runs. We will concentrate on the hopper method

of drying in the following discussion I STK637

t{*ppw #rverx
We're going to ciiscr.lss chree rypes oflltoppen Cnyers: the hou air dryer

the refrigerant or condensation hot air dryer, and the desiccant bed

dehumidifring hot air dryer. STK638

G Ccncnl Etcctric Compcny 1989 M-Prr.or t?-sT&MoD Gl?/8!HO-rg



srK 639

@ GE Plastics

Hot Air Dryer
Exhaust

Ambient
Air

The Hot Air Dryer decreases the relative h-rnidity of tJre
air by heatiag but doesa't lower thc derr poinl

6

Hopper

r>Elower

000000
000000

Heater
000000
000000

Participantfs Notes:

;lEE['S+C.;

Condensation Hot Air Dryer

Condeasatioa Hot Air Dryere condcase moisturc out of the alr
but tie dew poiat is sti[ Li-uited by tle tstrPeraturc

of the condeasation coils.

I

000000
000000
o f,E',f"d o

000000

GE Plastlcs

Condensation Colls

@

Arnbient
Air

Wstcf,

6

Participant's Notes:
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Hot air dr,'ers desease
the relative humidity of
the.air byheating but
don't lower the dew
point.

The dewpoint is still
limited bythe
temperature of the
condensation coils.

Hot Air Dryn
Hot air dryers heat the air, thus decreasing the relative humidity.

Remember warrn air holds rnore moisture than cool air. So heating

the air upsets the equilibrium, causing the moisture to migrate out

of the pellets until they reach a new point of equilibrium and

consequently a lower moisture Level. Still, the dew point of the air

depends on the ambient relative humidity, typically no lower than

50Vo @ room temperature. That's a dew point of 54"F. But the

recommended dew point for dryer air is at least -20"F. STK 639

.Jwedwnsatawa Eiar .s;zr #rye:
Condensation hot air" dryens eon<iense rnorsture out ofl rl:e air tcr

lower its dew point. If the condensation coils are, for example, 34oF,

then enough moisturewill condense to leave the airwith a dewpoint
of 34"F. but that's probably the lowest dew point the dryer can

achieve without freezing its cooling coils. A dew point of -20oF is

therefore impossible to achieve. STK 640
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STK647

@ GE Plastlcs

Pe1let Moisture Level vs. Dryer Air

---HotAir&Dryers
Moisture
Conteat Condeosatioa Dryers

OE Levcl

Dew Point ("F)

The 'OE leed'tXat c,n be acbiesed by the pellets
depen<ls ou tte delr point of the air iaside tlre dryer.

6

Participant's Notes:

1$ru{ l64i:

@
GE Plastlcs

Desiccant Bed Dehumidifying Dryer

o Drles Alr to ttre Required Dew Point

. Heats Alr to t]re Specifted TEmperatrrre

o Provides the Necessary Airflow in a
Closed-loop System

6

Participant's Notes:
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The *OKIeveI'that can
be aehieved bythe
pellets depends on the
derYpoint of the air
inside the d{Fer.

ffinly desicaant bed
dehrmidifying dryers
produce the -20 degrees

F necessary to reach

'OKlevel'

Pellet Mobatre Istel us. Dryq Air
Since the final pellet moisture level after drying depends on the dew

point of the air inside the dryer, then neither the hot air dryer
(capable of attaining a dew point of about 54oF) nor the condensa-
tion hot air dryer (capable of attaining a dew point of about 34oF) will
allow the pellets to achieve the 'OK level." The "OK level" is only
achievable if the dryer air has a dew point of -20oF or less.

sTr(64r

W egdewvat ts ed ffi efleumidifyirag Wa3 er
$nly the desiccant bed dehurnidi&r*g dryeris capable oflmaintain-
ing a dew point a 

" 
low as -20oF. Like the other dryers, it also heats the

air to the speciEed drying temperanrre; however, the airis circulated
in a closed-loop system. STK 642
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sTK 643

@ GE Plastlcs

The Desiccant S tem
Dry Air

Cartridge

Desiccant Beads

Wet Air

Incoming air is first dehumidified in a desiccant cartridge

"oo*t 
ioiog moisturc absorbinglffiEEEl

6

Participantrs Notes:

3Tg"'64+,

@ GE Plastics

Desiccant Beads
60"F

Dew Foint Desiccaat Beads
-20.r

Dew Foint

The ceramlc deslccart beads have such a strong affitrity to
water tlrat they riII absorb eooug! noisture from

the air to acbiwe a dew point of at least -20'tr
6

Participarrt's Notes:
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D ehumidifying desiccant

dryers use a desiccant
qstem to drythe
incoming air.

Besiccant beads absorb

moisture.

The Desiccant Systmt
Incoming air is dehumidihed in a cartridge containing a moisture-

absorbing desiccant bed. STK 643

Taaffi'rmffi'l Wora^,.rUW&*Wdg@ #98*l

Tkee desiccent'beaiis I'fiade tlp of rrany tix"ly <i.esiccamr cerarnic beaos

that absorb most of the moisture from the air, r'educing its dew point

to as low as -20oF. STK 644
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STK 645

@
GE Plastics

The Drying System

A blower forces the air tbrough rhe desiccant bed to lower
its dew poinl tbrough tte heater to raise its temperature

aad into the hopper to dry tbe pellet+
6
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Participaril's Notes:

q-,fEi i;{dri

@
GE Plastics

The Drying Process
(Polycarbonate) - Dryhg Conditions

Dry Air Tiner
High lbmperature

(-2O.F)
Dew Poitrt

(3-4 llours)

(250'F)

fls rhis hot dry alr circulate through tJre hoppcr, tle
moishrre migratrs outof the pdlets.

6

o
o

o

o o o
oo

Participant's Notes:
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The routing of air in the

desiccant system.

Moisture migrates out of
the pellets.

The Drying Systnn
Here is a schematic drawing of ttre desiccant dryer systeit. A blower

forces "wet?airthrough the desiccantcartridge, the "dry" air through

the heater, and the "hot, dry" air into the hopper. STK 645

TWe Wrying&'CIcws
Thi.s *het, dry" air circulates through the hopper. As it does, the

moisture in ttre pellets migrates out into the air to establish equilib
rium. The air is dried in the desiccant bed, heated in the processing

air heater, passed over the pellets in'the hopper, picks up rnoisture

and cycles back through the desiccant bed, etc. STK 646
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STK 647

@ GE Plastlcs

Closed-loop System

The return air is passed back through a filter to remove
fines aud dried in tbe desiccant bed to cootiaue a

' cfosed-loop cycle-
6
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Participant's Notes:

i;ffi.64&

@
GE Plastics

Reactivating Desiccant Beads

Just as pcllets can become saturated, the dcslccant beads
caa become saturated asd tberefore lave to be

periodically reactivated.
6
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Participant's Notes:
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The desiccant bed is a

closed loop qstern.

f{ow the dqyer

reactivates the beads.

Clased-Loop System

The return air has picked up a lot of moisture from the pellets. It is
then passedthroughafilter to remove anyfines orcontaminants that

it may have picked up in the hopper, then forced by a blower back

through the desiccant bed for drying. The filter protects both the

desjccant bed. and the resin from any contaminants. It is a close dJoop

system. STK 647

Re a ctia ativa g W esd c aasat I e a ds
Ttrre d.esiccant bead,s rnust aiso be periodicaliy reactivated. for opu-

mum results. Uke the air and the pellets, they too can become

saturated and moisture m u st be removed. Most systems con tain m ore

than one cartridge so that one cartridge can continue to dry the air
in the dryer while another,can be reactivated. STK 648
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sfi(649

Preferred Hopper Design

r Hoppers that are twice as high as tiey are wide
(aspect ratio of 2:1) improve dryer dficiency-

. A spreader qill prevent nhanucling and aid air flow.

I
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GE Plastics

Parallel MovenetrtPellet Chsnnelirxg

slos Moviag

@

Spr€ader

Fast MoYtnEl

Dryer Air Drycr Ali

Constaat
EUct
Movcocot

Participantrs Notes:

{TT{' 65*i

@
GE Pjastics

Dryer Recommendations

o Check dew point and temperature of air
entering hopper.

. Check temperattlre of return dr.

. Maintain proper air flow -
approximately I CFM per (lbs / hour).

o If using regrind, increase drying time by
1 - 2 hours due to the largfer pellet size.

r Make sure Desiccant Beds are being reactivated.

6

Participant's Notes:
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Prefered hopper desrgn

includes an aspect natio

of 2:1 and a spreader.

There are sereral checks

tbat should be -'ade
when rnonitoring the
dryiag process.

hefarud Hoppr Design
Finally, let's discuss the importance of proper hopper design to

eflicient dqong. The hopper should have an asPect ratio of 2:l; that

is, it should be nvice as high as it is wide and be equipped with a
spreader.

The 2:1 design with spreader will allow the pellets to move consis-

tently and prevent channeling. The drawing on the left shows what

happens when the pellets begrn to channel. The inside pellets move

too s,viftly and won't be adequately dried before processing, while

the ouside pellets are stagnant and will be dried too long and

possibly begin to degrade.

Consistent pellet movement is necessary to ensure adequate resi-

dence time for dl the pellets and therefore proper drying. And in

order to maintain adequate air flow, the hopper should be equipped

with a spreader. The dryer air enters the hopper, Passes through the

spreader, and is spread throughout the pellets. STK 649

Wry *r Re earnsraeftd atd ssas

You should periodicaily check the devu point and teEriperature oflthe

air entering the hopper. Check the temperature of the return air to

monitor the air flow. The return airis the air entering the desiccant

bed and shouid be less than l60oF. A proPer air flow of approxi'
mately 1 cubic foot minute (CFM) per pound per hour through the

hopper should be consistently maintained. As stated earlier, the

desiccant beds should be periodically reactivated. STK 650

O Gcncral Elccuic Compony l9E9 M-U.A.01 ]7-ST!LMOD 6-1 2/B{'G5l



STK 65I

@
GE Plastlcs

Hopper Size

o Shot weight x Cycle Time
ie: 1 Lb Part x 3O Sec Cycle

= Throughput
= 2 Lb / Minute or

12O Lbs / Hour

= Recommended
Hopper Size

= 48O Lb Hopper

o Throughput x Drying fime

ie 12O Lbs / Hour x 4 Hours

Hoppcr should be sizcd larEle enouElh to provide
adequate resin residence time.

6

Participantrs Notes:

@ GEPlasffcs

Understanding
Polymer Drying

6

Participant's Notes:
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Hopper size calculations.

Sesaasisaesy effid
Perflormarrce
Feedback

Hoppr Size

The size of the hopper should be calculated according to the resin

throughputof the run.to ensure adequate residence time. Through-

put is calculated by multiplying the shot weight by the cycle time. For

example, a part with a shot weight of I pound and a cycle time of 30

seconds will have a throughput of 2 pounds per rninute or 120

pounds per hour. The recommended hopper size is then calculated

bymultiplying this throughputby the d{nrg time" So if the though-

put were 120 pounds per hour, and the dqnrg time were 4 hours,

then the recommended hopper size would be 480 pounds"

STK 651

Wrcdeeste{sdil*g PaWw Wry;ng
As you've seen, petriet rnoisture content is impossibie to determine
visually. But an understanding of the variables that affect moisture

absorption will help you understand how the process can be reversed.

Only by adhering to the dryrrg specifications outlined for each resin

and by following proper dryrng procedure, can you be certain that
the pellets will be dry enough for processing SIX,652
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@
GE Plastlcs

What are the }eazards of not
properly drying the resin?

6

sTK653

Participant's Notes:

,}P_-rnYr- .r:g,l
u r l1L i$ir"-

@
GE Plastics

Hazards of Excessive Moisture
Imperfect Surface
Appearance

. Streaks
o Splay

Decreased Property
Performanee

. Voids
o Lower Molecular Weight

6

Participant?s Notes:
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sTK655

@ GE Plastics

What are the three most
important variables in
the drying process?

6

Participant's Notes:

@ GE Plasttcs

Proper Drying Variatles
Dew Point of Air in
in tJre Dryer (-zO'F)

Specifi.ed Resin
Dryrng Tbmperature

Specified Resin
Drving Time

6
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o

o
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o

Participant's Notes:
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@ GE Phstics

What is the most effective
type of dryer and why?

6

srK657

Participant's Notes:

:3ffi[658

@ 6E Plastics

Desiccant Bed Dehumidifying Dryer

. Dries Air to Requifed Dew
Point

o Heats Air to Specified
TEmperature

. Provides the Necessar5r Airflow
in a Closed-loop System

6

Participarrt's Notes:
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STK 659

@
GE Plastlcs

Module 7
Heating, Softening,

and Melting Polymers
o Tlaasition ftsmperaturEs
. TEuperature Range for Processlng

r Amtunt of Heat Necessa4r
for Processing

r Plastic Part Production
- Heating
- Coltrorrirg Heat Energ5l

6

Participant's Notes:
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GE Plastics

Module 6

Performcnrce Feedback

1. What are the reasons for drying?

2. What are the hazards of not drying?

.::. F{o:s ane &.'1fua9 ra[€s fiteasured:'

4" nrXezadfi,. tha rypes,of'cliers a:let the efficiencies ot'each"IMtaac qvpe doas Your a{ani trave;

5. Identifr one drying problem you have encountered and describe how it could have been

addressed.
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