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In the plasrics indusu-y, and in panicular rhe injeoion molding industry, rcgrind is
a narurar onsnfi)t ot most processes. Regrind, as defined by ASTM D5033, is',a
procucl or scrap, such as sprues and runncrs, that has been reclaimed by
shrcdding and granulating for use in-house, and rhat may bc dry blendeil by the
nnlder with.rhc samc gradc of virgin marerial" t. Regriird is thi producr oi
convenoonal runner systems, as well as rcjed pans from both conventional and
nol runncr svstcms.

This rcgrind marerial, which can.rangc in molding jobs Fom a few percenr ro over
509o,can causc many p-rob.lems in.a proccssing p'iint. First, many i:osmetic
proorems In a moldlng lacility can be corrclated to a poorly planned oi Cxccuted
rcgrind straregy. Second, regrind srot'kpiles often bicomi 6xcessive and
unmanageable due ro misconcepdons and interpretations of third pany
cenificarion srandards. One such example is die assumption treld by hany
mof der-s rhar only 25% regind may be used in Underwriters, Labofitory 

'

recognized and listed componenrs. ln fact, the standard rcads that as much as
257o regri-nd can be used withour funher testing2. There is no limitation on rhe
amount of.rcgrind wh.ich may be used in UL afproved componcnrs if further
restrng Indtcates lhat thc material remains within specificarion limits.

Thesc types of problems bning ro light a very imponanr concept. By
undershnding regrind flow rhroughout the prociss and incorpbrating a well
?re,parcd regrind.sraregy,a.moldcrcan improvereject levels, increafo profits,
and use resrns which would orherwise be discarded. This concept, aloirs with a
proposed alremadve metho<l for regrind utilization is the ropic ofthis prcicntation.
Experimelral evidence will also bc presented ro suppon thi alremativt method,i
viabilily. Even if a molder elects nor to.use rhe drdrirarive approach, being awarc
:1ll: I:^-r:9,I,y 

will provide.grearer insighr inro rcgrind issu'ei *t en arie,frptmlio
analyze the Ilow ol regrind through the operation.

The Cunenr Approach to Regrind Urilization

The stzndard method for utilizing rcgrind can be rcferrcd to as a continuous
regrind loop. Virgin plasdc from rhe supplier is blended by percentage with
rcgrind generaterJ during prcvious manufacruring, either by iroponional toading
at the machine, or by blending in a cenrral marerial prcpariribn'room. Regrind is
t1'pically proportioned by percenr, based on recomniendations fiom nraterial
suppl ier 's l i rer ; r tureoronthi rdpanyceni f icat ionstandards.  Let ,stakealookat
u hlt hlppens in this type of regrind l<xlp.

I j igurel fo l lowsrhe{Iowofnrarer ia l rhroughacont inuous20Torcgr indloop.  At
the stan of rhe process, virgin material is fed into rhe machine. HJrc, 100 Kg of
the first-pass_virgin marerial is fed inro the hopper, wirh 80 Kg becoming go6d
p."ns T.d 20 K g return in g ro rhe hopper as reliind. Of rhis 26 Xg, ZOUi, 6r a
Kg, will remain in rhe rcgrind loop afrer rhe nixr pass through the-machine. The
amount of fint-pass material remaining in rhe regn:rd will become less and less
after each pass rhrough the machine, bur will never be complerely rcmoved from
rhe sysrem unless rhe enrire regrind system is purged and risran6d. Over a very
shon pcrirxl of tinre, one cfln see lhat there will be a number of molecules
represented in rhe nrarerial mix which will have passed rhrough rhe molding
nrlchine for several hear histories. And while pdlymer moteJules are geneially
stable with respecr ro heat hisrory, polymer degradation is a time-temperarure
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phcpmqpon.. E-vcnturlly, polymcr rmleculcs cxpoccd o nuny hcat histuies
bcgin to blrl down.

Ploponcnts of this blending tcchnique uould point out $rt hc numbcr of old
rmlcculcs arc quitc smrll ud thcrlfqe would tcrd o bc insi$i6crnt. Numcrous
rrgrind studics_show dut, whcn onducrcd in I labcatcy rcftng, drc mrtcrial in
such a regrind loop will mrinuin is inregrity, coccialtv wih rcJpcct o ohwical
propcrtics and flrrrc rcrardanr caprbilitics. illorevcr, i mric r6Upm ,itrbtr is
oftcn ovcrlmkcdisrhc probcbility of contaminuion in th fuufossing
cNlvinilrrnr. This is e vrriablc which is not easry o duplbia in r mirrial
supplicr's labcao,ry scning, and is gcncnlly nci eccouircd fc, yct, cran raccs
of a fcw psrts pc( million of sonp incompatiblc maarials can rcn&r perfcctly finc
vrFn marcnar utEfly usclcss.

Funher, if thc matcrial is subjcct to hydrolysis, pracssini cven only a small
amount of thc material while wet and inroiluchg it into d'c rcgrird ioop can havc
a scvcre-impafr or pans made afrer rhe hydrolysis ccurs. \Uf,en this &cun, it is
exrtnrcly dilliculr !o get $is matcria.l ouf of rht lop unless thc cornplctc syst'an
is purgcd.

U a continuous rcgrind lop is to bc implenrcnte4 it is impcrativc that thc
praessor makc a diagram of how thc rcgrind flows throuqh rhc faciliw. An ar-
the-press rcgrind lm.p. is thc simplest of 

-all. 
Howevcr, wi-cn using ccnral

rcgrind systems, which typically handlc mulriplc lots of a varicry df materials, rhc
cxu'cnrly complcx flow of matcrials makcs lor-tolot marcdal rccountabilitv
vinually impossible.

Hencc the problem of thc continuous rcgrind loop. It is impossiblc o accotnt for
all marcrial in rhc systcm, including raci armunis, unlcss ii is discardcd aftcr
cach batch.usc and rhc rcgrind equipmenr thomughly clcsncd. As a result,
(Etcrmination of spccifications for rcgrind from a continuous rcgrind lmo
bcconrs vinually impossiblc. How much "inb,rccding,'of 

contininants'can rhe
spccifrication include? How can raccs of foreign obj&ts, such rs flm
swecpings, bc accurately includcd into a rcgrini stuiy? ifow can a wtrsr-casc
sccnano bc pr€dicted and evaluated?

An Altemativc Approach for Regrird Utilizarion

An altcmative to the continuous rcgrind lmp is the cascading regrind system,
illustrated in Figurc IL Herc, rcgrind from ihc firsr-Dass viriin iun is siorcd until
the virgin resin has bcen complciely used up. Nexr,'rhis fusigcncration 100%
regrind is proccssed. The second generation rcgrind is also st-orcd, and run rs
soon as thc first generadon rcgrind has bcen used up. This prcess can continue
until the regrind has been almost entirely utilized. Ii is imDohant b rcalize that
rcgrind isn't neccssarily good or bad miterial. However, it is differcnt matcrial
than the virgin resin. Thercforc, ir becornes necessary to identify rcgrind with
respect o its heat hisrory, and to derermine how many hear histoiics-the material
can experience while remaining within specification limits.

In order to keep rack of a material's heat hisrory, a suffix norarion would be
used, after its lot number, which would record the number of prcessing steps the
resin had passed rhrough. To mainrain the consisrency of rhis'proccdurl, filied
and/or compounded marerial could be clearly labelled by the mirerial supplier,
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indicating the number of processing steps the material had bcen exposed to afier
emerging fmm the reactor. This characrerization could bc carried on into
recycling applications by implementing in-mold markers, which would allow
reclaimers to know how many heat histories recycled materiats had becn through.
This could be a significant aid in allowing funhCr separation of marcrial for fururc
use.

Tesdng of the various generations of regrind would also need ro bc conducted
Regrind would be saved, ground up, and resubmined into the machine. Some
parts would be kept for testing, while others would be funher rcground. As will
be shown later, generally only five generations need ro be resred, and if only 2O%
of the material used is regrind, only three heat histories need to bc rcpresenred in
the study. This is shown in the rable in Figure II.

With worst-case pans now available, material tesrs could be conducted using third
pany compliance standards (UL type), sundard ASTM gpe or actual component
use tests. These tests can be used to prove rhe viability of the various regrind
generations in end-use application pans. Once material suirabiliry is established
for, say, fourth generarion marerial, then it could be rcadily concluded that pans
made from materials having heat histories cqual ro or less than tlre generation
tested would be suirable for the application. With this test criteria finnly
established, the cascading system could be easily implemented into production.

For example, we will examine the use of a production pan where 507o of the
material produced in a shot is sprue and runner, which is fed back into the system
using a cascading regrind approach. This means thal when a virgin part is made,
an equal amount ofregrind will be produced. [.et's also assume that we need 980
kg of good pans, with lff)O kg of virgin material to make them. This example is
highlighted in Figure ll.

The 1000 kg of material is placed in the machine and 500 kg of gord parts are
produced. The resulting 500 kg of sprues and runners are ground, but instead of
being fed in with the virgin resin, they are placed into a separate conniner. All
grinding takes place while virgin material is still being molded. When the 1000
kg of virgin rcsin has been used, the system is switched to the first genention
regrind lot. The grinder is emptied and cleaned, and the funher sprues and
runners begin to be ground, producing a second generation rcgrind material
which is labelled as such. When the 500 kg of first generation material is used,
250 kg of good pans have been produced, along with 250 kg of second
gencration regrind. The process is repeated, successfully producing 125 kg,62.5
kg, 3 1.2 kg, and t6. I kg of pans at each successive gencration through number
five. Having molded pans only through 5 generations of regrind, 980 kg of pans
are produced, with four pounds to spare. As a by-product ofthe process, 16 kg
of 6th generation material will be produced as well. This material is probably still
good material, and could be used in other less demanding applications.

There are many benefits to the cascading regrind approach.

. Heat histories: The number of heat histories which a material has passed
through is a known variable. Molecules are not allowed to stay in thc
systeir long enough to degrade and thereby cause resulting pr6blems.

. The system is self cleaning: Any contamination entering the regrind
sream, a major problem in real-world processing environmenls, is
rcrned frur thc system rs soon rs thc rcgind is uscd up. In this wry,
contrminrtion alfects orly r minimum numbcr of prns"

. Simplificd colcing: C.olc is introduc,ed along widr thc virgin nrtcdrl
orly, ard docs not necd o bc propctioncd o account fm prc-colcrd
matcrirl.

. Blcnding systcms: No systcms are neccssary fon blcrding rcgrind with
virgin mstcrial.

. Regrind valuc: Evrn if not directly utilizc{ rcgrird has r higher valuc,
sincc it can bc classificd and tcstcd. Thus it can bc characuized as r
rnatcriat typc, rathcr rhan simply as a "rcgrind" with unknown propcnics.

. Worst+asc testing: A worst-casc sccnario is much casicr to prcdict rnd
tcst whcn using thc cascading system. Mol&rs bcncfir from reduccd
poantial liability. Dcsigners arc supplicd with moe accuratc worst-casc
spccifications.

. The systcm is simpler: Whilc at fint thc approach may sccm complex,
companies who have adopted the cascading system havc univenally
agrccd that it is easicr to implement. Ir simply rtquires differcnt kinds of
disciplines.

Experinrntal Regrind Srudy

A labcato'ry scalc cascading regdnd study was conductcd in odcr to illustratc the
fcasibility of the cascading rcgrind appmach. Physical propcnics of rhrce
different polymer types wcrc examined ar cach of the firsr rhrcc regrind
generations. The materials tested included two high impacr polysryrenes from
diffcrcnt material supplien, ignition rcsistanr polystyrene, and polycarbonate.
lnjection molding was completed on two differcnr rypes of machines: a 150 ton
HPM using a six cavity ASTM test pan rnold, and a 100 ron DEMAG using a
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scven cavity ASTM test pan mold. Molding coditkms wtrc bcscd upo tmerial
supplier rccommendations, and were conductcd using thc Systanatic Molding
Procedurc3 outlined by John Bozzclli.

Pans wcre produced through thc third gcneration of thc cascadc, providing a oul
of four generations of pans. All parts were tested using the following ASTM and
Underwriten' Laboratories test methods:

ASTM D25687 Notched lzod Impact
ASTM D638-87b Tcnsile Propcrties
ASTM D1238-86Melt Flow Ratc

UL 94 Flammability Tests
Capillary Rheology

Differcntial Scanning Calorimetry
Thermal Gravimeric Analysis

Average Molecular Weight by Gel Permeation Chromatography

The rcsults of the molecular weight, flammability, te nsile suength and notched
Izod tests are prcsented below. All results, except for those of the flammability
tests, ar€ plotted as percent change in properties with rcspect to virgin parts.

Ilrcsc arc plottcd ycasus lhc number of rcgrind gencratiots thc matcrirls havc
passcd through.

Ttrc nnst direcr indicator of polymcr dcgradation is avcngc rmlccular wcight.
Graph I plots the pcrccnt change in wcight averagc nnlccular weight rfar thc
proccssing of virgin resin and thirrd gcneration rrgrind. Thc crru bars indicatc
thc standard deviation fo this rcst method. No significant rcduction is notcd for
any of the matcrials after three proccssing stcps, indicating that little molccular
dcgradation has occurrcd.

Tablc I illustrates thc percent change in UL 94 Flammability Tcst rcsults vcnus
numbcr of rcgrind generations. The bum timcs for all gcncrations of thc high
impact polystyrcnes and ignition rcsistant polystyrcnc rcmaincd comparablc to
those of the virgin material.

Graph II illustrates the percent change in tensile str€ngth versus numbcr of
rcgrind generations. The error bars indicate thc averagc standard deviation at each
generation. All four materials show no significant degradation in pmpenies.

Graph lll shows percent change in notchcd lzod impact properties vcrsus numbcr
of regrind generarions. The error bars indicate the avcragc standard dcviation at
cach generadon. Again, nonc ofthe materials show significant propeny
degradation. The results for polycarbonate are panicularly encouraging, since its
notched lzod pmpcrties arc vcry depcndcnt upon thermal degradation. Whilc a
slight decrease is noted, the notched lzod value after thc third generation is still
within the standard deviation of the value for the virgin material.

The rcmainder of the tests showed the same general wnds: part propenies did
not change significantly after being exposed to thrce rcgrind steps.

The data from these tests for these panicular materials shows that propcny
rctention can bc quite good, even after ssveral rcgrind generations, While
independent testing of actual end-use pans is rcquircd for each type of rcsin
system, thc results shown here arc vcry cncouraging. Upon rcvicwing thc results
of this study, combined with numercus srudics providcd by material supplien,
moldcrs should havc enough data to help them dccidc how many rcgrind
gcnerations are appropriate, at a lff)% regrind level, for thcir applications.

Conclusions

A ncw, viable regrind stratcgy has been devclopcd which offen many advanuges
to molders:

. Thc cascading rcgrind approach is vcry simple.

. Prccsscs art madc more robust.

. Product integrity is easily evaluated in worst-case sccnarios.

. Even in high percentage rcgrind applications, a maximum of fivc

. generations are gcnerally necessary to utilizc all process rcgrind.

. Contamination is continuously flushed from thc system by avoiding
regrind circulation.

. Only one lot of material is ever prcsent in one pan.

. Regrind value is optimized.

Many moldcn may dccidc not to implement this type of system. Howevcr, the
issues surmunding regrind utilization must bc understood by all molders who
wish to rernain pmfiublc and state-of-the-art in a competitivc environmcnt.
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Tablc I: UL 94 Burn Timcs fm Polysryrcnc
(Standad Deviation = + 2 scc)

CENEMTION HIPS A HIPS B
VIRGIN 2 min 24 sec 2 min 28 scc
FIRST 2 min 25 scc 2 min 26 scc
SECOND 2 min 20 scc 2 min 23 scc
TIIIRD 2 min 2l sec 2 min 19 scc
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