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1 DENTI FYI NG CARPET MATERI ALS USI NG A HAND- HELD | NFRARED

BACKGROUND OF THE | NVENTI ON 10 Field of the Invention The
i nvention relates to a nmethod and apparatus for identifying post
consuner or post i ndustrial waste carpet using an infrar

spectroneter, WOLTMHBL particularly to a nethod of I dent’i Tyl ng post
consuner or post. industrial waste carpet using a hand-held IR
spectronmeter having an IR radi ati on source which illum nates the post
consuner or post industrial waste carpef with IR radiation, a

5 IDENTIFYING RECYCLABLE CARPET MATERIALS USING A HAND-HELD INFRARED
SPECTROMETER

BACKGROUND OF THE INVENTION

10

Field of the Invention

The invention relates to a method and
apparatus for identifying post consumer or post
industrial waste carpet using an infrared (IR)

15 spectrometer, and more particularly to a method of
identifying post consumer or post industrial waste
carpet using a hand-held IR spectrometer having an IR
radiation source which illuminates the post consumer or
post industrial waste carpet with IR radiation, a

20 selector for selecting a predetermined number of
discrete wavelengths of radiation and an IR detection
system for detecting radiation reflected by the post
consumer or post industrial waste carpet. The invention
also relates to a method and apparatus for identifying

25 Polyamide—6 and/or Polyamide—-66 containing material
using a hand-held IR-spectrometer enabling sorting of
the Polyamides.

Description of the Related Art
30 Recycling post consumer or post industrial
waste carpet material requires the post consumer or
post industrial waste carpet material to be sorted
according to the type of face fiber used to manufacture
the ¢tarpet. Throughout this application, applicants
¢ 35 will repeatedly refer to "post consumer waste carpet",
which is used by applicants as a generic term
encompassing both post consumer waste carpet, post
industrial waste carpet and Polyamide-6 and/or
Polyamide-66 containing waste streams.



20 selector for selecting a predeterm ned nunber of di screte
:wavel engths of radiation and an IR detection system for detecting
radi ation reflected by the post consuner or post industrial waste
carpet. The invention also relates to a nethod and apparatus for

I denti fying Zﬁ,P | yam de-6 and/ or Pol yam de- 66 cont ai ni ng Wﬁhﬁﬁqﬁwmm
usi ng a hand- Q4o ~spectroneter enabling sorting of t'he "Pol'yam des.
Description of the Related Art 30 - 2 - Recycling post consuner or
post industrial waste carpet material requires the post consuner or

post industrial waste carpet material to be sorted according to the
type of face fiber used to manufacture the_ carpet. Throughout this

application, applicants 33:‘%4“5& pegg&sgt)g ﬁi)%%tpacé)%tbeggnsuner wast e

carpet” whi ch |s use y app |cants as enconpassi ng

both post consunBFOTRES fL‘éﬂ"bé‘PteﬁE)%Jts such ﬁ&ugP?Y%lPi%sat'ePG&YB@%d%T\d
Pol yami de- 6 and/ 66, Polyintommiene,68oob/tEilyesgerast® slioreidf these

component products. For a recycling program to be
5 successful, it must be easy to accurately identify the
type of face fiber used by the carpet.
One method of identifying carpets is to print
a code on the back of the carpet. Unfortunately,
although this is the most fool-proof of all possible
10 methods, it requires the carpets to have been marked
when manufactured. Therefore, even if marking was
started today, this method would not become effective
for approximately 10 years due to the expected life of
the marked carpet. Further, this method may not be
’ 15 satisfactory when used with glued carpets, since the
backing of glued carpets may be damaged, thus rendering
the identification code difficult to read.
Alternatively, it is possible to identify the
type of carpet by detecting the melting point of the
20 face fiber. This identification method is inadequate
because it is not able to separate streams of Polyester
and Polyamide-66. Further, blends of the various types
of face fibers cannot be distinguished. Devices which
utilize the melting point of the carpet material as a
25 distinguishing characteristic are also deficient in
that they generally tend to have a long warm-up time,
thus reducing efficiency, and can be dangerous since
they necessarily involve hot components.
A third way to identify the type of face
30 material used on a particular waste carpet sample is to
use a spectroscope. It is well known that various
materials can be identified using vibrational
spectroscopic technigues like mid-infrared and near
infrared spectroscopy. In particular, near infrared
35 spectroscopy is a well known method, e.g. for the
sorting of bottles. IR spectroscopy can be conducted on
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¢ - 2- Currently, carpets enploy face fibers pr oduced
frommterials such as Pol yam de-6, Pol yan de- 66, Pol ypropyl ene, Wol,
Pol yest er and bl ends of these conponent products. For a recycling

programto b cessful, it nust be easy to accuratelyy, h@ﬁﬂghe
type of facegvsﬁgﬁﬂﬁged by the car pet. One nethod o
identifying carpets is to print a cod@ on the back of the carpet.
Unfortunately, al though this is the nost fool-proof of all possible 10

nmet hods, it requires the carpets to have been marked when manuf act ur ed.
Therefore, even if marking was started today, this nethod woul d not

becone effectiveransph9bntPREtRd sy dlaYPainy FakibRibhepeadafd ed life of
t he mar ked carp%@g Fu t@gr, th'%ﬁ@FthOd na§ nqt~ . be 15 ggt$sfactory when
used wi th gl ued CEPHIPs o8 FRESTIRSS. ang @ i?\‘cbl‘sd?nﬁleﬁeﬁ SP S may be
damaged, thus r @pé@uengoe IR radidtion by sarlysinmddeddiffuset to read.

Al ternatively, idadiatReasteffedtad tigp%&ymw@; ial. fmbpeoaiaﬁﬁ[@?énc gty o
1Tl |

det ety 10 g bl a0k el ook 368, R ortzebfSA Ly AT o
Pol yest er sometimes refer to IR radiation as "light".

IR spectrometers, for both the near-infrared
range (800-2500 nm) and the mid-infrared range (2500~
25000 nm), are often used to identify and quantify

10 materials on the basis of the material characteristics
which cause them to absorb or reflect particular
wavelengths. In many cases, these characteristic
frequencies are only slightly different for different
materials. It is therefore important to use a high

15 spectral resolution spectrometer, especially when
attempting to distinguish various materials mixed
together.

An IR spectrometer generally includes a
source which emits radiation in the desired wavelength

20 range and auxiliary optics such as lenses and mirrors
to form the radiation intoc a beam of suitable shape and
dimensions and to guide it along a light path. As a
rule, all elements that make up the spectrometer are
accommodated in an enclosure which preferably is sealed

25 to prevent dust from interfering with the components.

The light source is preferably placed in a
reflector casing so that the spectrometer can obtain as
much light as possible. The light source is preferably
incorporated in the optical casing, so that light

30 egresses from the spectrometer via an optically
transpaient window to impinge on the target material.
The transparent window may be, for instance, glass or
high-gquality quartz or may be made of for instance KBr,
RCl, ZnSe, KRSy, CaF, or MgF, for the mid-infrared

35 range.

The beam is directed at a site on the



and Pol yam de-66. Further, blends of the various types of face fibers
:cannot be di stingui shed. Devices which utilize the nelting point of the
carpet material as a 25 distinguishing characteristic are also deficient in
that they generally tend to have a | ong warmup, tine, t hus reduci ng

efficiency, a&%,gmspe danger ous si nce t hey necessaril *c"r{ﬂ?&%'isohm
a

conponents. Athird way to identify the type o ce 30.
material used on a particular waste carpetdsanple is to use a
spectroscope. It is well known that various materials can be identified
usi ng vi brati onal spectroscopic techniques |ike md-infrared and near

I nfrared spectroscopy. In particular, near infrared 35 spectroscopy is a

wel I known met hogat&r a1 ft@f bbhaxamlneé.or'.ltﬂengeﬁie@é)éé | 2% 1akRoaPES  OSCOPY
can be conduct ed, on WD_97/ 02481

PCT/ NL96/ 00280 then collected, formed to have a_desired beam geometry
and eventually directed onto a detection system. This

detection system normally includes a detector capable

5 of measuring the intensity of the incident radiation.
Several detectors which may be used in the near-
infrared range include PbS and InGaAs detectors, and
detectors which may be used in the mid-infrared range
include detectors made from deuterized

10 triglycinesulphate (DTGS).

There are several basic types of IR
spectrometers. Two types of IR spectrometers are
discussed below. In the first type, discrete
wavelengths are selected by passing reflected radiation

15 through different filters that are only transparent to
a particular wavelength range. In the second type, a
beam of reflected IR radiation is dispersed and allowed
to impinge on a diode array. Unfortunately, diode
arrays of this nature and baving the desired resolving

20 power are very expensive, and selection of the desired
wavelength from the absorbed spectrum must take place
in a later phase in the downstream processing
equipment, thus increasing the amount of support
electronics necessary to utilize the spectrometer.

25 The relationship between the intensity and
the wavelength of the reflected or transmitted light
from 2 particular material is called the spectrum. The
detector is linked to a processing system which
converts the detector signals into a spectral form

30 accessible to the user or a computer such as a curve or
numerical values.

In general, the mid- and near-infrared
spectra of various types of fibers used in carpets
differ significantly. However, the spectra of

35 polyamide-6 and polyamide-66 differ only slightly: the
mid-infrared spectrum is completely identical and the



transparent materials by analyzing radiation passing t hrough t he

. materials, and on substances which are opaque to IR radiation by

anal yzing the diffuse radi ation reflected by the material. To conform

with 5 the customary usage in optics, this application wll soneti nmes
refer to IR Q@gbghhan as "light". | R spect r oppyAissmodder bot h
the near-infrare range (800-2500 nm and the md-infrared range (2500-

25000 nn), are often used to identify amdSqomantify 10 materials on the

basis of the material characteristics whi ch cause themto absorb or
reflect particular wavel engths. In many cases, these characteristic
frequencies are only slightly different for different materials. It is

therefore inporgar Gardafed Spedirbd isSPALYMS1igRAY WilEeBr ERECIA IR er,
especially whenzooo_agbsngél55%%%%®{§%h§?U|sh various materials m xed

t oget her. I ér general ly includes a source
which enits radiation in The gealitw ofadidpahsficatdon shgainableuxiliary

optics such as hgissaagdvehl s9éStroscopicl 8ystéMeid akipreb88ai &é Orxs beam of
sui t-abl e shape ﬁ#§ﬁ9 §|n§§3| ns aqggéo gng 1t1$%9n% a ILghL path. As a
rule, all el é&nme REP ﬁﬁk NV a1 ¢t YOnEY et® 2 centatchimodated in an
encl osure whi ch gendfexr gdispance shetiwaerp $het yapiouwsmlugersf fom interfering
with the conpong@lation to the spread RAthidhtné Iyt drs.PFeEegaddy pl aced

ina refl el gl G3oRY ouiRAhud Mo YRIGLT SFOSu Y 120k 800 ASa,
but ideally the value should be larger than 10.
10 Unfortunately, although Ghosh and Rogers

(Melliand Textilberichte 5, 1988, pages 361-364)
indicated that the scanning spectrometer in their
system achieved very good MD results for sorting
Polyamide—-6 and Polyamide—66 fibers (MD = 18), the size
15 and price of the scanning spectrometer renders this
system largely unsuitable for use in the carpet
recycling business.
Ghosh and Roogers also demonstrated that it is possible
to identify nylon 6 and nylon 66 fibers used for carpet
20 production using a BraniLuebbe (Formerly Technicon)
Infradlyzer 500C, with a combination of 3 filters,
(2250, 2270 and 2310 nm).
These reported results are also deéeiving. in
that used carpets have different fiber materials than
25 new carpets due to wear and contamination, thus
complicating identification. For example, using these
same 3 filters on a sample of 113 post consumer carpet
wvaste samples, applicants discovered that the
obtainable MD ranged between 4 and 1.2, depending on
30 the resolution of the spectrometer. As indicated above,
| results of this nature are clearly insufficient to
accurately discriminate betwee:n various carpet samples.
Accordingly, it still has not been demonstrated to be
possible to distinguish various types of post consumer
35 waste carpet utilizing a cheap, small and portable
spectrometer based on selected wavelengths.



much |ight as possible. The li'ght source is preferably I ncorporated in
sthe optical casing, so that light 30 egresses fromthe spectronmeter via an

optically transparent wi ndow to inpinge on the target materi al

The transparent wi ndow may be, for.instance, glass or hi gh-quality
quartz or E@Ha?‘e of for instance KBr, - KA, ZnSe, p¢RnLo¢sakso
CaF[err] or Z for the md-infrared 35 range. The
beamis directed at a site on the - 6 WD 97/ 02481

PCT/ NL96/ 00280 -4- material to be
exanm ned. The reflected radiation is then collected, fornmed to have a
desired beam geonetry and eventually directed onto a detection system

This  detection systemmigieiabkby aDERdiias pardabbst Nexpunaiive Srof
measuring the In%ff ééigaseélggeh %ng ér§7¥¥eagbﬁﬂercially available
) for task specific applications, such as to determine
the moisture content of various materials, no one has
5 been able to develop a hand-held spectrometer which is
able to satisfactorily distinguish between various
types of carpet face material so that the spectrometer
can be suitably used in recycling post consumer waste
carpet.
10 .
SUMMARY OF THE INVENTION
One object of the invention is to provide a
method of reliably analyzing post consumer carpet waste
using a hand-held IR spectrometer. To do this, the
15 invention utilizes a hand-held spectrometer which is
capable of measuring at a number of discrete
wavelengths with sufficient resolution.
Two such hand-held spectrometers are
envisioned in this respect. The first hand-held
20 spectrometer is capable of measuring a number of
discrete wavelengths with good resolution by utilizing
a radiation selector which disperses the radiation and
selects discrete wavelengths from the dispersed
radiation using a plate provided with openings at
25 locations corresponding to the positions of the
discrete wavelengths in the dispersed radiation to be
selected.
The second hand-held spectrometer is also
capable of measuring a number of discrete wavelengths,
30 but utilizes filters which pass particular selected
wavelengths optimal for use in the carpet recycling
business. .
Depending on the application to which the
spectrometer will be appiied, the spectra in the near-
35 infrared range or the mid-infrared range of a series of
samples are recorded using a high-resolution



Several detectors which may be used in the near- I nfrared range i ncl ude

. PbS and I nGaAs detectors, and detectors which nay be used in the
m d-infrared range i ncl ude detectors nmade from deuterized 10
triglycinesul phate (DTGS). There are several basic types of

I R spectron%%gpi Two types of IR spectroneters are rdﬂ@?*ﬁﬁﬁ@
bel ow. In t he™@ {y di screte wavel engt hs are sel ecte y passing
refl ected radiation 15 through different—f7lters that are only transparent

to a particular wavel ength range. In the second type, a beam of
reflected IR radiation is dispersed and al | owed to i npinge on a diode
array. Unfortunately, diode arrays of this.nature and having the

desired resolvi ns a@tmwfe@.r Qh\s.eéyh%wéadmnaﬁdsgewfa Feir QtseaheodeSI red

wavel ength from S Lr must, t er phase
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The rel ationshi pdb@ét‘\@@ihéﬁ'ﬁd mngblymaﬂctrom ahbenspy el entid caket be
refl ected or rapsm

articul a teri.al called t he
spectrum The ﬁ%%écf%ﬁyéiﬁqQ'nﬁgﬁ f%ﬁ%? dcggglﬁé €€§Y¥ﬁﬁ\ﬁ? %
converts the det é€tarcarpetlis made afshelyprdpylens, 3Bokyamids-fi.c to t he
user or a conput eplgaaiiasses cﬁuwye{:hynnélmrelpﬁehamwe@em).

In general, the md- and ar-infrare 1,0US of
fibers used in carpets rﬁi sorption of the &§¥eéio fﬁ be ch é%& %

against a reference material of a known substance.

10 Suitable reference materials for diffuse reflection in
the near-infrared range include, for example, small
ceramic plates and small teflon plates.

Absorption is calculated as follows:
A = 1°g(Ix(lanpla)/lx(xeze:one. natc:!.al)) ’ see (1)

15 where A, is the absorption at wavelength A and I, is the
light intensity at wavelength A. An analysis is
obtained on the basis of the absorption at different
wavelengths using standard mathematical methods. The
analyses may be used for identifying and/or quantifying

20 samples with the aid of chemometric methods.
Chemometric methods for identification are described,
-for example, in Ghosh et al, Melliand Textilberichte 5
(1988) 361.

In order to be able to identify samples of

25 various types of carpets, a mathematical analysis is
made to establish the combination of wavelengths which
ensures the best separation between the different
materials to be identified. For a series of used and
unused carpets, spectra can be re:izrded in the near-

30 infrared range with a resolution of 2 nm. The
separation is calculated using cluster analysis for all
possible combinations of, for example, 3 wavelengths
(A1, A2, A3).

To do this, the values of, for example,

35 A(A2)-A(Al) and A(A3)=-A()A2) are -alculated, where 3, is

the absorption at the wavelengths specified. When these



differ significantly. However, the spectra of 35 polyam de-6 and

.pol yam de-66 differ only slightly: the m d-infrared spectrumis
conpletely identical and the WO 97/ 02481

PCT/ NL96/ 00280 , - 5- near infrared
spectra is On#ﬁb%}o. ptly different in the 2000- 2500 nMmpRaélekadasd ange.
The quality of 1dentification obtainable using a given spectroscopic
systemis expressed as the 5 Mahal onobi s-8istance (MD), which is the
center-to- center di stance between the various clusters in rel ation
to the spread within the clusters. For good separation, a mninmum M
val ue of about 6 is required, but ideally the value should be |arger

than 10. 10  values HP6OpidtEln adhifon g Heres ppesh RYYES

(Melliand TEXt"%%EBEQES élué€§¥% o%ggﬁ93§£f53¥£ht materials at

) different wavelength combinations. The quality of
separaticn increases accordingly as the clusters are

5 better isolated from one another. Optimum separation is

accomplished by selecting the combination of, for
instance, 3 wavelengths at which the Mahalanobis'’
distances between the 3 clusters (4 different
Mahalanobis’ distances) are maximum.

10 To separate Polyamide—6, Polyamide-66, PET
and polypropylene, a combination of the absorptions at
2432, 2452 and 2478 appears to be optimum. In this way,
it is possible to determine which discrete wavelengths
should be measured for a particular application to

15 clearly distinguish the different materials with the
spectrometer of this invention. Then, using standard
optical calculation methods, the locations of the holes
in the plate can be easily determined depending on the
particular combination of grating, entry slit, grating-

20 to-plate distance, etc.

A more extensive and broad optimization is
done mathematically using a technique called ’genetic
algorithms’. In this fechnique. the full spectrum of
various samples are taken using a high gquality scanning

25 spectrometer having good spectral resolution and
signal/noise ratios. The set of spectra are transformed
to simulate spectral resolutions that are worse (e.g.
10 nm, 20 nm, 30 nm and 40 nm) since for cheap hand-
held devices the resolution is less than for research-

30 grade spectrometers. In addition, the signal/noise
ratio and the accuracy of the wavelength selection is
less for hand-held devices. These effects must
therefore also be included in the wavelength selection
procedure.

35 In the genetic algori:ams optimization
procedure, the optimization conditions can be defined



I ndi cated that the scanning spectroneter in their system achi eved very
. good MD results for sorting Pol yam de-6 and Pol yam de-66 fibers (M =
18), the size 15 and price of the scanning spectroneter renders this
system |l argely unsuitable for use in the carpet recycl i ng busi ness.

Ghosh and Ro oYodiar © denonstrated that it is possible PCTANIOg06Ee f Y
nyl on 6 and ngﬁon fibers used for carpet 20 production using a

Bran&Luebbe (Fornerly Techni con) | nfra-yzer 500C, with a combination
of 3 filters, (2250, 2270 and 2310 nm. These reported
results are al so deceiving, in that used carpets have different fiber
materials than 25 new carpets due to wear and contam nation, thus

conplicating idepidnfddsitedrRayeXPsP! ékanplieNIthbesstinizatder 3 filters on

a sanple of 113 po consuner .carpe st.e. | e licants

di scovered t hat ?%’iéitmnc%g‘éu%bf’g %E)t r%on\éggig‘éﬁe%ejma?\%ol.. 2, depending
on 30 the resol uPPlyrmidetée andeBol panide—66ns mandnéze cthaindmum of resuylts
of this nature atge M6 |of iPRIyhiniabesttd Ghe othagCty@dLlaf di scrimnate

oot e YS BREBELaTE RS mace s B HPE Wb ont | o or bone "

consunmer 35 waste carpet % lexpendment fexs condictedigsing ikl genetic

spectronet er basgtgeri fighs teRhniquel er8tise first example, it was
chosen to maximize the minimum of the MDs of Polyamide-
6 to the other types of materials (Polyamide-6 -

10 Polyamide-66, Polyamide~6 — Polypropylene, Polyanide-6
- PET). The allowed shifts of the selected wavelengths
was set to be z6nm, the spectral resolution was chosen
at 16 nm, the signal to noise ratio was set at 200.

Four wavelengths were chosen using these

15 parameters: 2382, 2430, 2452, 2472, which rendered the
following results:

MD Polyamide—6 - Polyamide-66: 8.2-11.8

MD Polyamide—6 — PET: 16.5-22.5

MD Polyamide—-6 — Polypropylene: 8.2-11.9

20 Below the TR spectrometers according to the
invention are described.

The first type of IR spectrometer of this
invention has been demonstrated to be capable of
selecting narrower wavelength ranges than known

25 spectrometers by dispersing incoming radiatien.
Dispersion in this context, means the spatial
distribution of the different wavelengths which occur
in a beam of radiation. One well known device useful to
cause dispersion of an incoming beam of radiation is a

30 grating. In this first spectrometer, a grating is
preferably stationary and has between 100-4000
lines/mm. The reflected or transmitted light converges,
with or without the aid of a system of lenses, so that
it enters the grating through an inlet aperture

35 measuring between 100 and 1000 pm.

At any distance behind the aperture, a point
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- 6- Li kewi se, al though portabl e inexpensive IR
filter-based spectrometers are commercially available for task specific
applications, such as to determ ne t he noi sture content of various
materials, nowyebas 5 been able to devel op a hand-hel d REFNLIGHEBE(
which is able to satisfactorily disthg I sh between vari ous types
of carpet face material so that the spectroﬁeter can be suitably used
in recycling post consuner waste carpet. 10 SUMVARY
OF THE | NVENTI ON One object of the invention is to provide a
nmet hod of reliably anal yzing post consuner carget wast e using a

hand- hel d | R specin drha arlango pdopendiculiare tosthe dirRtdPUOE| | zes a

hand- hel d spect r oppdfift ¥H Torr&sponds apiaitl @ phriEeS1Hd Ravalleagbtber of
discrete mave*gygtggﬁﬁg}gg'sg 5i&é&?“dégi%%hu&éggiength, can be
selected from the spectrum by transmitting or
5 collecting a portion of the spectrum radiation which
passes through the corresponding location.

The grating may be placed in the optical
system such that the beam is reflected by the post
consumer waste material. The reflected radiation may be

10 collected, for example, in a number of suitably
positioned detectors. A problem here is the minimum
dimension of the available detectors, which enables
adjacent wavelengths to be observed by the detector as
well as the desired wavelength.

15 In a preferred embodiment of the IR
spectrometer of this inventionm, this problem is
resolved by selecting a discrete wavelength with a
plate that is opague to IR radiation, positioned
between the source and the detection system, so that no

20 radiation can reach the detection éystem other than
through openings in the plate. The plate is provided
with openings at locations corresponding to the
positions of the discrete wavelengths in the dispersed
radiation to be selected.

25 The-openings in the plate may be made very
small, in any case substantially smaller than minimum
dimensions of available detectors. The openings in the
plate may also be positioned with very high accuracy.
In this way it is possible to accurately select the

30 desired wavelengths from the dispersed beam of
radiation with high resolution.

In this embodiment the intensities of the
different wavelengths may be measured individually by
placing a detector behind each opening in the plate or

35 by using a plate and detector which are moveable
relative to each other so that the detector can be

i



Two such hand-hel d spectrometers are envisioned in this respect. The
. first hand-held 20 spectroneter is capable of neasuring a nunber of

di screte wavel engths with good resolution by utilizing a radiation

sel ector which disperses the radiation and selects discrete

wavel engt hs f di spersed radi ation using a plat Eﬂy‘m wth

openi ngs at 2‘&8@{’@2& I ons corresponding to the positions o?c? e .

di screte wavel engths in the dispersed radilati on to be sel ect ed.

The second hand-hel d spectroneter is al so capabl e of neasuring a

nunber of discrete wavel engths, 30 but utilizes filters which pass

particul ar sel ected wavel engt hs optimal for use in the carpet

\r,ﬁ_cyﬁl It Rg besataﬁsf-;tnaceq lblehg.nd eacW@ 1anthBepPPdj cat | on to35
ic e [ er | . p [ ear -

I nfr.ared range %%%h‘ég%gﬂ-?rn‘?vgrlael’ngdgéﬁg}éag da'hg:g‘r ?,egi}&?@e &eée'rs]cgtr?gl es are

fecorded usi ng 4imepgaiersde Ratogrise because the location and size of
the openings independently determine the wavelength
5 selection and resolution of the spectrometer.

Another possibility, which affords greater
design flexibility., is to connect a light conductor to
each of the openings in the plate and to convey the
radiation to the detection system through these

10 conductors. In this case, separate detectors may again
be used, or the individual light conductors may also be
connected to, for instance, a rotary system or a slide
system, whereby the individual conductors may be
individually disposed in front of a single detector.

15 Alternatively, the detector may be moveable so that it

can be placed in front of various stationafy light
conductors.

.

Motion of the detector or of the sliding or
rotary system is preferably controlled by a computer
20 system which also is capable of processing the
measurement results. The results can, for instance, be
presented on-line on a display. In this way, in a
separation'system for material flow, an operator can
intervene on the basis of the value shown. Also, the
25 conmputer can be connected to and control a downstream
mechanical system. The measurement results may also be
used for controlling a production process.
In another embodiment, the grating may be
placed in the optical system before the radiation beam
30 impinges on the test material. In this instance,
dispersed light is passed through a plate with slots
and thus selected li:it with the desired wavelengths is
passed via light conductors onto the material. The
amount of reflected light is then measured to obtain
35 1light which may be analyzed to determine the type of
material.
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e spectronmeter. These high-resolution spectra are used to
determ ne the conbi nati on of absorptions at different wavel engt hs whi ch
yield sufficient information for di scrimnating one polyner from

another. 1In t?,(a 9@@ of 5 carpet recycling, for instance, peifNisistse WM Sh
to know 3 rpet is made of Pol ypropyl ene, Pol yam de-6,

Pol yam de- 66 or Pol yet hyl ene Ter epht hal at @2( PET) . Absor ption
of the detector should be checked against a reference material of a
known substance. 10 Suitable reference materials for diffuse reflection in
the near-infrared range include, for exanple smal | ceram c plates and

smal | teflon plates. n this cas openlifig cs&cgﬁéugygtas fol | ows:
Alerr]= log(l[er

at wavel engt h [efr’# éﬁld{ %l'g‘rﬂf F‘deﬁé’ge‘} wﬁ"ed'ﬁf‘gf:ﬁ?ﬁ\‘gé \e/eﬁgflgi E\t on
[err]. An anal yspessed lighibtis madnsmitted usiaslight WM%| on at
el oce ey pe. NECSHL DR Ble Geaisadied amicham L5 RO T,
the aid of ch mﬁiFcha‘ﬂ%t"ﬂ%ﬁi thb Spfl RoR L {EmE A EPh HERE rihe S¥ARERF: \c.l‘,mat i on
are described, radfistiex=as eb,e aimefdoah the amatekBali and Textil berichte 5
(1988) 361. Aiming the exiting radiation can be
accomplished, for example, by terminating the ends of
the light conductors in a rotary system which, when
10 rotating, allows a particular light conductor to
irradiate the material while optically isoclating the
other conductors from the material. By causing the
rotary system to successively assume a number of
different positions, for example, by using a stepping
15 nmotor, the material can successively be irradiated with
different wavelengths and the intensity of the
wavelengths can be individually measured. A system of
lenses may be optionally provided to ensure that the
material to be examined is adequately illuminated.
20 Suitable light conductors for use in this
system are optical fibers which are transparent to the
infrared range between 1000-2000 nm. Quality glass
fibers with a low SiOH content are suitable for the
infrared range between 2000-~-2500 nm. Chalcogenide or
25 Ag4halide fibers are suitable for the mid-infrared
range. Other optical fibers that are transparent in the
desired wavelength ranges may also be used. The
diameter of these fibers is preferably between 100 and
1000 um.
30 _ The positions of the openings are calculated
from the desired wavelengths, the geometry of the
spectrometer and the characteristics of the grating.
The desired wavelengths depend on the materials to be
detected and separated which determine the location of
35 the holes in the plate. The positions of the holes can
be determined using cluster analysis, as described




In order to be able to identify sanples of 25 various types of carpets, a
-mat hemati cal analysis is made to establish the conbination of

wavel engt hs whi ch ensures the best separation between the different
materials to be identified. For a series of used and - unused carpets,

spectra can beyposgusied in the near- 30 infrared range w t pca/NLS66dRsst i ON
of 2 nm The separation is calculated using cluster analysis for al

possi bl e conbi nati ons of, for exanple, S'ME%éTengths ([err]1, [err]2,
[err]3). To do this, the values of, for exanple, 35 _
A([err]2)-A([err]l) and A([err]3)-A([err]2) are calculated, where Alerr] is
the absorption at the wavel engths specified. Wen these WO

97/ 02481 above. PCT/ NL96/ 00280

- 8- values are plotoRd Q0céhdt3d ok NER G MG Umet8: PEe this
- ] invention uses a combination of filters placed on a
filter wheel which is driven at a high speed (10-200
5 Hz). Using this embodiment, the sample is illuminated

using a set of lamps and diffuse reflected light is
collected using a lens. The light is then directed
through the filter wheel and detected using a PbS or
InGaAs detector.

10 Using a filter wheel has several unigue
advantages. For example, since the filter wheel blocks
the light beam four times during each rotation, the

-dark current of the detector may be frequently sampled
and used to correct for temperature drift and other

15 fluctuations of the detector.

The collection angle for this system should
be kept small, preferably less than 5°, to keep the
spectral resolution of the filter below 20 nm. The
detector signals are processed using an on-board

20 microprocessor.

Alternatively, the filters can be used to
select predetermined wavelengths from a source of
infrared radiation before the radiation impinges on the
sample of post consumer waste carpet. In this system, a

25 filter wheel is rotated to allow infrared radiation
having a predetermined wavelength range to exit of the
spectrometer. The emitted light is reflected by the
sample of post consumer waste carpet, and then detected
by the detector.

30 Instead of using a filter wheel, it may also
be possible to use acoustic optical tunable filters
(AOTF). AOTF devices are based on acousto-optic effects
in which the optical refractive index of a medium is
altered using ultrasound (see Laser Focus World, May,

35 1992). Essentially, AOTF devices are crystals which
receive a light beam and transmit selected wavelengths



seﬁarate clusters for the different materials at di fferent wavel ength

.conbi nations. The quality of separation increases accordingly as the
clusters are 5 better isolated fromone another. Optinum separation is
acconpl i shed by selecting the conbination of, for i nstance, 3

wavel engt hs aﬁuﬁﬁ*@ﬁbthe Mahal anobi s' di st ances bet weerpdmiisgodabd St €r s
To-

(4 different . al anobi s' di stances) are nmaxi mum 10
separ at e Pol yam de-6, Pol yam de-66, PET = 14 and pol ypropyl ene, a

conbi nati on of the absorptions at 2432, 2452 and 2478 appears to be
optimum .In this way, It is possible to determ ne which discrete
wavel engt hs shoul d be neasured for a particular application to-15

clearly distinguigghthBeifde{dénentight Behnl Saddd lont BefrequéedBE ioormt er of
this invention. Then gggfg.stqﬂdard ggﬁl%ﬁ| gﬁkcglatlon met hods, the
| ocations of the2fGMEE PPt «flﬂlngt'l'é B ST A y Bt ¥ i ned dependi ng
on the _par t i savedepghhs neaulch bef sglacted, bpmdipsting, a fixaduepcy20

to{ pl at et di stances %!I.Grasou:tl% apptl_ieal ltoAtﬁ_@rﬁoﬁid%Q%b!é? 20 |b|r03d- y
optim zation Ls one.nmat henatica usi ng, chnj que ed 'genetic
S gort ths: B oho BREARR pevTg, eae st S3patifind Btk M Eet] (aD es
are taken using aheieds quality scanning 25 spectroneter having good
spectral resolution and signal /noi se ratios. The set of spectra are

t ransf or ned to sinulat ' . g.
10 nm 20 nm 30 nm and 40 %%?E%f%%%&g%ﬁf@%ﬁé%oﬂgﬁé@ﬁ&nﬁhﬁhgfgs366?025 t he
resolution is | ess than fofhecResfenred embodiments of the present
10 invention will now be described more specifically with
reference to the attached drawings, wherein:
Figure 1 is a side view of a hand-held
spectrometer according to a first embodiment of this

invention;

is5 Figure 2 is a side view of a hand-held
spectrometer according to a second embodiment of this
invention;

Figure 3 is a side view of a hand-held

spectrometer according to a third embodiment of this
20 invention;

Figure 4 is a side view of a2 hand-held
spectrometer according to a fourth embodiment of this
invention;

Figure 5 is a side view of a hand-held

25 spectrometer according to a £ifth embodiment of this
invention;

Figure 6 is a filter wheel for use with the
hand-held spectrometer illustrated in Figure 5; and

Figure 7 is a side view of a hand-held

30 spectrometer according to a sixth embodiment of this
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The boundaries of the radiation beams are
35 shown in the Figs. by dot-dash lines, and individual
light rays are indicated by dotted lines. In Fig. 1, a



30 grade spectroneters. In addition, the signal./noise rati o and the

accuracy of the wavel ength selection is | ess for hand-hel d devi ces.
These effects mnust therefore also be included in the wavel ength

sel ection procedure. 35 . In the genetic al gorionns

optim zation woengigicedure, the optim zation conditions capchaLokdopseed

WD 97/ 02481 PCT/ NL96/ 00280

-9- in any desired way. For exaine%sfhe optim zation condi tions
could be set to nmaxim ze the MD of Pol yam de- 6 and Pol yam de- 66,
maxi m ze the m ni mum of the MD s of Polyanide-6 to the other types of 5
materials, maxim ze all the MD s, etc. An experi nment was

conduct ed usi ng tlieghgescuice 1 1sﬂgxubbﬁhﬂa aemdﬁnamﬂbr casihg 2] rsiigmxanpl e,

't was emitted from the light source 1 is directed onto a
material to be examined 3. Reflected radiation
converges at a lens 4, whereupon the central beam

5 impinges on a grating 6 through an entrance slit 5. The
radiation is dispersed by the grating 6 into different
wavelengths. A plate 7 is placed in the dispersed
radiation beam, and has openings 8 which correspond to
'selected wavelength positions within the spectrum.

10 First ends of light conductors 9 are installed in the
openings 8 in plate 7. The other ends of the light
conductors are each inserted into an opening in
selector plate 10, with the light conductors ending at
a surface 11 of the plate. The selector plate 10 can be

15 nmoved with a stepping motor (not shown) so that the
detector 12 only sees the light from a particular light
conductor through an opening 13 in an opaéue plate 14
inserted between the selector plate 10 and the detector
12. The detector 12 is connected to a processing system

20 (not shown).

In Fig. 2, a light source 201 is placed in a
reflector casing 202. The light converges at a lens 204
'so that it impinges on a grating 206 through an
entrance slit 205. The radiation is dispersed by the

25 grating into different wavelengths. A plate 207 is
placed in the dispersed radiation beam, which plate is
provided with openings 208 positionally corresponding
to selected wavelengths. First ends of light conductors
209 are installed in the openings 208 of plate 207. The

30 other ends of the light conductors are each inserted
into selector plate 210, with the light conductors
ending at the surface 211 of the plate 210. An opaque
plate 214 is provided behind this selector plate with
an opening 213. This plate 214 can = moved with a

35 stepping motor (not shown) so that only the light from
5 particular light conductor can pass through the



chosen to maxinize the nininum of ‘the MDs of Pol yani de- 6 to the other
.types of materials (Polyam de-6 - 10 Polyam de-66, Polyam de-6 -

Pol ypr opyl ene, Pol yam de-6 - PET). The allowed shifts of the selected
wavel engt hs was set to be 6nm the spectral resolution was chosen

at 16 nm the_si to noise ratio was set at 200. angtm,ﬁwr
wavel engt hs dgﬁég@ﬁggen using these 15 paraneters: 2382, , 2452, 2472,
whi ch rendered the following results:16 - MD Pol yam de-6 -
Pol yam de-66: "8.2-11.8 MD Pol yam de-6 - PET: 16.5-22.5

MD Pol yam de-6 - Pol ypropyl ene: 8.2-11.9 20 Bel ow the IR
spectroneters according to the I nvention are descri bed.

The first type ofpdfimpenty.ombel i@t iPlssing thinedH 1dishapeheng 213
denonstrated to %e capabl e of ecting narrowe .maveheggah nges than
nown_ 25 spect rORESEIRE BF & 188P <7EG HezaeRE Fofdiviheea dagpRR0CS LNF ]
this context, neimpingss Quattihel mater iilstha bet exambied 2034 Ther ent
wavel engt hs whi cfa@f4tion refleclelChy He mateaiaD cokNit gkl htknens device
useful to _Caklf_? dlé%?‘g‘ﬁgf an |n3fe£erég l;?.eg{'}f)f'rﬁa tlgn | 5.2 30
grating. In this®H 3Rdd pges op ChgTi SHPEFEFABEy
stationary and heenbettwtrtol @p2006ssing syisten/ tnot THhowmdf. ect ed or
transmtted |ight conver gefhe IR sp&{ﬂ,ﬁtéﬂ Bhoghet{&@igdﬂ‘ cansSyst em of
en5ee, S0,L1a0 pman b il od! Shdy Bal A" e A o eper Cure 38
gpectrometer may be advantageously used in the field
10 recycling of plastic materials in general, provided
that the specific wavelengths are selected as
appropriate for the given material characteristics.
Figs. 3 and 4 are identical to Figs. 1 and 2,
respectively, except that they illustrate the situation
15 where light passihg through the sample material is
collected and evaluated in the spectrometer.
Fig. 5 shows a second embodiment of a device
which may be used for determining the spectral
qualities of post consumer waste carpet. In Fig. 5, a-
20 spectrometer 100 has a rotary filter wheel 102 which is
driven by a motor 104.
Light is provided by one or more lamps 106 on
one side of the spectrometer 100 to impinge on a sample
of post consumer waste carpet 108. Light reflected by
25 the sample 108 is collected by a lens 110, is directed
through the rotary filter wheel 102 and sensed by a PbS
or InGaAs detector 112,
One example of a rotary filter wheel 102 is
shown in Fig. 6. In this example, 4 filters 114 (A-D)
30 are provided on the rotary filter wheel 102. A hole 116
is provided in the center of the rotary filter wheel
102 to receive a drive shaft 118 extending from the
motor 104.
In operation, the motor 104 causes the rotary
35 filter wheel 102 to rotate so that light passing
through lens 110 will be filtered according to the



At ény di stance behind the aperture, a point WO 97/ 02481
.PCT/ NL96/ 00280 - 10 - I n the plane

per pendi cular to the direction of radi ation corresponds with a
particul ar wavel engt h. This being so, a given, deS|red wavel engt h, can

be - select f he spectrumby transmitting or col

portion of thgag&(@%{]m radi ati on which passes through twgo&o
correspondi ng | ocati on. The grvating may be placed in the

opti cal system such that the beamis reflected by the post consuner

waste material. The reflected radiation may be 10 collected, for exanple,
I n a nunber of suitably positioned detectors. A problemhere is the

m ni mum di mengldn f8fe LG avaLd aﬁgsese%%teﬁcﬁgréhe 1428204 Srhe
detector 112 detects the filtered light and provides
signals to an electronic circuit 120 which outputs the
result.

5 Fig. 7 is another example of a spectrometer
100 vhich utilizes a rotary filter wheel 102, except
that the light is filtered before being incident on the
sample of post consumer waste carpet 108. As shown in
Fig. 7, a light source 106 produces infrared radiation
10 which is filtered by a rotary filter system 102, 104,
118. The filter passes predetermined wavelengths which
. exit the spectrometer housing via optics 122. |
After exiting the spectrometer housing, the
predetermined wavelengths impinge on the sample of post
15 consumer waste carpet 108 and are reflected by the
sample of post consumer waste carpet 108. One or more
detectors 112 detect the reflected light and output a
signal to an electronic circuit 120 which outputs the
result. Although this example has illustrated optics
20 which emit l1ight from only one side of the
spectrometer, the light passing through the filter
could alternatively be divided and exit the
spectrometer at various locations.
It is understood that various other
25 modifications will be apparent to and can be readily
made by those skilled in the art without departing from
the scope and spirit of this invention. Accotdingly, it
is not intended that the scope of the claims appended
hereto be limited to the description as set forth
30 herein, but rather that the claims be construed as
. encompassing all the features of patentable novelty
that reside in the present invention, including all
features that would be treated as equivalents thereof

by those skilled in the art which this invention
35 pertains.



adj acent wavel engths to be observed I?més " " S wel | as the

desi red wavel ength. 15 Ih a pgﬁ%%g“ég c ‘qdlnent of the IR
spectronmeter of this invention, thi&_pro riesol ved by selecting a
di screte mavelength with a  plate that is opaque to IR radiation,

posi ti oned en the source and the detection systemg, a@bmpo 20
radi ati on can reac%ﬁthe detecti on system ot her than t hroughopeni ngs in
the plate. The plate is provided wi thl8peni ngs at | ocations
corresponding to the positions of the discrete mavelengths in the

di sper sed radiation to be selected. 25 mm m MHHW
pl ate may be made very small, in any case. substant I n II
m ni num di nensi ons of avail able detectors. The openrkngs 11

plate may al so be positioned with veré Eigg afguracy In this way it
IS possible to accurately sel ect t he wavel engt hs fromthe

di spersed beam ol 2 hapf-heldninfrared gpectsobeténrfor use in I n

this enbodi nent the iaMAv&ingepost é&ﬁsumer o@'BE@feﬂﬁddﬁﬁﬂihﬁngﬁgﬁenay be
measured i ndigidual |y,

behi n, ch opening in the
plate or 35 é/by usi ng |§I gtreggﬁﬁa’ag?%céj Fcﬂ &@‘%ﬁ/g 8bl e
rel ati ve to each ot hegort@iming npa-cexpelt wasten demprising:

an infrared radiation source for illuminating the
waste (carpet) with infrared radiation;
a selector for selecting a number of discrete

10 wavelengths from infrared radiation reflected by
the waste (carpet); and
an infrared detection system for detecting the
selected discrete wavelengths.

. 2. A hand-held infrared spectrometer according to

15 claim 1, wherein the selector comprises a
dispersing device which disperses the radiation
and a discrete wavelength selector which selects
the discrete wavelengths from the dispersed
radiation.

20 3, A hand-held infrared spectrometer according to
claim 1, wherein the selector comprises a filter
system having a plurality of filters for
transmitting only predetermined wavelengths of
radiation.

25 4. A hand-held infrared spectrometer for use in
analyzing post consumer or post industrial waste
carpet or Polyamide-6 and/or Polyamide-66
containing non-carpet waste, comprising:
an infrared radiation source for irradiating

30 infrared radiation toward a sample of waste
(carpet);
a radiation selector which selects a plurality of
discrete wavelengths, said radiation selector
comprising a dispersing device which disperses the

3as radiation and a discrete wavelength selector which
selects the discrete wavelengths from the

e
——
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- 11 - serially placed behi nﬁ*éisg'% E&} the plate. In

this case, problens associated witH_a_fi () ect o di mensi on do not
ari se because the |ocation and size of t he openi ngs independently

determ ne the bgpoth 5 sel ection and resol ution of t hepERREI6o0IIDt €1 -
Anot her possibility, which affords greater design Hexibility is to

connect a light conductor to each of- tRe~openings in the plate and to

convey the radiation to the detection systemthr oug”"mtmmﬂm]ﬂ

conductors. In this case, separate detectors nmmy again l lu"uhe
I ndi vi dual |ight conductors may al so be connected to, for 4 ndtafce* a
rotary system or a:ﬂdﬂﬁ@e;sedsysag@%1&mp@ﬁhy t he |nd|V|duaI conductors may

Rlet er nalt in\cjia?/iyfju?lhleyddal %?%%’Ig?} ff)% ﬂ%vea égg?ﬁséieél%eectﬂ céégebe pl aced in

f'ront of various steﬂWQﬂﬁ%@%gthght conductors.
5. A hand-held infrared spectrometer according to
-] claim 4, wherein the radiation is dispersed and

select wavelengths are selected before the
radiation impinges on the sample of waste
{carpet).
6. A hand-held infrared spectrometer according to
10 claim 4, wherein the radiation is dispersed and
select wavelengths are selected after the
radiation impinges on the sample of waste

(carpet).
7. A hand-held infrared spectrometer for use in
15 analyzing post consumer oxr post industrial waste

carpet or Polyamide-6 and/or Polyamide-66
containing non-carpet waste, comprising:
an infrared radiation source for irradiating
infrared radiation on a sample of waste (carpet):;
20 a radiation selector which selects a plurality of
discrete wavelengths from radiation reflected by
the sample of waste (carpet), said radiation
selector comprising a dispersing device which
disperses the reflected radiation and a discrete
25 wavelength selector which selects the discrete
wavelengths from the dispersed radiation; and
a detection system which detects the discrete

wavelengths.
8. A hand-held infrared spectrometer according to
30 claim 7, wherein said discrete wavelength selector

comprises a plate provided with openings in
locations corresponding with positions of selected
discrete wavelengths in the dispersed radiatioenm,
said plate being opaque to IR radiation and being

35 placed between the source and the detection system
so that radiation cannot reach the detection

TN




Motion of the detector or of the slidi systemis preferably
controlled by a conputer 20 system wh gﬁﬁ%SEEEEBx$§%§H|e of processing the

measurement results. The results can, {or i REPAAGED pr esent ed
on-line on a display. In this way, in a separatlon system for materi al
flow, an oper gd¥nea1 i ntervene on the basis of the valp@Ematagisbrss Al SO,
the 25 conputer can be connected to and control a downs

mechani cal system The neasurement result®%may al so be used for

control ling a production process. I n anot: Flmmﬂm;mmmum&
grating may be pl aced in the optical systembefore t

30 inpinges on the test material. In this instance, dlspersed Ilbht S

gas_seddthroulgh a EI at eyyviédn lce¥pt throughtediidippealings eih | d0d p\hfatbtth_e |
r wavel en S |1 O mat eri al .
Tﬁ;' e gb zgd—d‘fﬁal%s ?.gﬂfhg?% #Bctq.'%ﬂg‘d QEC%{H:&# %%

anmount of refle meas re | i ght
whi ch may be anal yzedclﬁ) 'Héver"meﬁeiphéai‘hﬁ“(ﬁ““n smt@nl%nmpnses

plural detectors, one of each of said detectors
5 being provided behind a respect;ve opening in said
plate.

10. A hand-held infrared spectrometer according to
claim 8, wherein said detection system comprises a
detector which can be disposed behind more than on

10 of said openings in said plate.

11. A hand-held infrared spectrometer according to
claim 8, further comprising a light conductor
system, said light conductor system having a

- plurality of light conductors, each said light

15 conductor connected to one of said openings in
said plate to convey light passing through said

opening in said plate to said detection system.

12. 2 hand-held infrared spectrometer according to
claim 11, wherein said detection system comprises

20 plural detectors and each said light conductor is
connected to one of said detectors.

13. A hand-~held infrared spectrometer according to
claim 11, wherein the detection system and the
light conductors are moveable relative to each

25 other so that said light conductors can
individually convey light to said detection
system.

14. A hand-held infrared spectrometer for use in
analyzing post consumer or post-industrial waste
30 carpet or Polyamide-6 and/or Polvamide—66
containing non-carpet waste, comprising:
an infrared radiation source for irradiating
infrared radiation on a sample waste (carpet);
a filter system comprising a plurality of filters
35 for transmitting only predetermined wavelengths of
radiation reflected; and

—_—— _—
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- 12 - In this case, Jg%%&ggg WFe plate al | ows
l'ight of a desired wavel engths to pasq. _The™= -"“bassed Jight is transmtted
by a |ight conductor, havi ng one enddp03|thonedhadjap$nt t he sl ot IP
the 5 | at e ther end positioned so that the efL_LLngfgggégg$gﬂLSD
can be gined :?B?%Eﬁﬁgterial. Aim ng the eX||¥b
can be acconpl i shed, for exanple, by-t23 m nating the ends of
light conductors in a rotary system which, when 10 rotat \w“\ml \
particular Iight conductor to irradiate the materi al
I sol ating the ot her conductors fromthe material. By Cauéln

rotary systemto suCCgs@tddvichs efl Gﬂffé}ﬂ]dé%fectts rQ!IiH@{&Pt pos'“g{‘; be
for exanple, by using_a ste e erial can successiv

i rradi atrrgd with dF¥3%s ‘ﬁ%%\?@l §g§t gélﬁ?ﬁj ¥t ensity of the

wavel engt hs can B8.i ndi hanidriddd dafsered. spectsimeecf accordimga may be
optional Iy provided tg1£1UW £, WiRkrelifCsaid ﬂ?fzparr'eﬁl rhB1 86165 lﬂ.’%%rl S

gh duct 0 ein
i C ystbmare ﬁgm%afﬁsoaw;rwéhra«?bawgngaéf-é%’?mﬁﬁe (af vaste
i nfrared range bet weefcadpat PEO@E saidQfidltey syistem tranémbes onlist h a | ow

Si OH content are suitppbfofé¥milde® wavelengths of radiation reflected
by the sample of waste (carpet).

16. A hand-held infrared.spectrometer according to

10 claim 14, wherein said filter system transmits
only predetermined wavelengths of radiation to be
reflected by the sample of waste (carpet).

17. A hand-held infrared spectrometer according to
claim 14, wherein said filter system employs a

15 rotary filter wheel having three or more filters.

18. A hand-held infrared spectrometer according to
claim 14, wherein said filter system employs a
rotary filter wheel having four filters which pass
light having wavelengths of 2382 nm + 20 nm, 2430

20 nm + 20 nm, 2452 nm * 20 nm, and 2472 nm * 20 nm
respectively. _

19. 2 hand-held infrared spectrometer according to
claim 14 wvherein said filter system is an acousto
optical tunable filter.

25 20. A method of discriminating between various types
of post consumer or post industrial waste carpet
or Polyamide-6 and/or Polyamide—-66 containing non-
carpet waste, comprising the steps of:
providing a hand-held infrared spectrometer; and

30 utilizing said hand-held infrared spectrometer to
ascertain the type of mate:ial of the waste
(carpet).

21. A method of discriminating between various types

of post consumer of post industrial waste carpet
35 or

This Sheet Has Been Reilaced
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i nfrared range between 2000- 2500 nm Ehatecoge iy +e—or—25 Ag- halide fibers

are suitable for the md-infrared THIgg&E BERYi cal fibers that are
transparent in the desired wavellengt h EQdﬁE@ may &l so be used. The

di aneter of -these fibers is preferably between 100 and . . 1000 [err]m 30
The posi ti ons b eodddeiopeni ngs are cal cul at ed fromthe gegnifRboso

wavel engt hs, the geonetry of the spectroneter

of the grating. The desired wavel enytd®& —depend on |

detect ed and separated which determine the | ocation of ﬁ!ﬂm;im Eﬂ

pl ate. The positions of the holes can be determn

anal ysi s, as descri bed WO 97/ 02481

PCT/ NL96/ 00280 Polyamide-6 and/or Polyamide366 containfi\tRn-

carpet waste, comprising the steps of:
providing a hand-held infrared spectrometer;
irradiating infrared radiation onto a sample

5 (carpet) waste from an infrared radiation source
in said hand-held infrared spectrometer;
selecting a plurality of discrete wavelengths from
radiation reflected by the sample of waste
(carpet) by utilizing a radiation selector in said

10 hand-held infrared spectrometer, said step of
selecting a plurality of discrete wavelengths
comprising the substep of dispersing the reflected
radiation utilizing a dispersing device and the
substep of selecting a plurality of discrete

15 wavelengths from the dispersed radiation; and
detecting the discrete wavelengths with a detector
provided in the hand-held infrared spectrometer,
thereby utilizing said hand-held infrared
spectrometer to ascertain the type of material of

20 the waste (carpet).

22. A method of discriminating between various types
of post consumer or post industrial waste carpet
or Polyamide—-6 and/or Polyamide-66 containing non~
carpet waste, comprising the steps of:

25 providing a hand-held infrared spectrometer;
irradiating infrared radiation having a plurality
of predetermined wavelengths onto a sample of
waste {carpet) from an infrared radiation source
in said hand-held infrared spectrometer, said

30 plurality of predetermined wavelengths being

’ selected by dispersing a beam of infrared
radiation utilizing a dispersing device and
seledting a plurality of discrete wavelengths from
the dispersed radiation; and

35 detecting the discrete wavelengths with a detector
provided in the hand-held infrared spectrometer,
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The second type of IR spectroneter i oy tiBn uses a i I on
of filters placed on a filter lvﬁgél R @cﬁfﬁ gggh?l ve \m“ Mﬁﬁ %ﬂ '
(10-200 5 Hz). Using this enbodi -~§a§pL&,L HAL 0 s ng

a set of lanps and diffuse reflected light is collected using a lens.
The light is ?'J@ sligg ect ed through the filter wheel ancpEgiegiosse USi Ng
a PbS or n ﬂs detector. 10 Using a filter wheel has
several unique advant ages. For exanpt &3 since.the filter wheel bl ocks
the Iight beam four tinmes during each rotation, the dark current of the
detector may be frequently sanpl ed and used to correct for tenperature
drift and other 15 fluctuations of the detector. The

collection angle for ¢hdfelytaNishay! Said hdiR-kedB shBddreddreferably |ess
The . - det ector o oreP e R LBt EEFER RS ArBB T By tal 0" 20
m cropr ocessor. the waste Alcagpatdively, the filters can be used to
sel ect predeternpaed NeWOtSWIJES dikePimi SMYIE tltween V4Y I Eypadi ation

before the rq?iation L ppi nges_on the S #%f of goEt consuner ste
carpet. In th?s systéﬂf’rp%° CONSUPEF QhRPS s"ﬁb‘ﬁ&f B (AT SREPREr ar ed
radiation = having arpPetizanide—gcanddor|Rokpaniden§é contadning none
spectronmeter. The eni taepet iwlEtd,S complesing the igheps ofsanpl e of post

consuner waste carpet . ands 1,020 93hGChefa 1neiBedd 8pdst SN er 5
' irradiating infrared radiation onto a sample of
10 waste from an infrared radiation source in said
hand-held infrared spectrometer;
selecting a plurality of discrete wavelengths from
radiation reflected by the sample of waste
(carpet) by utilizing a radiation selector in said
15 hand-held infrared spectrometer, said step of
selecting a plurality of discrete wavelengths
comprising the substep of filtering the reflected
radiation to thereby allow radiation of a
plurality of predetermined wavelengths to pass to
20 a detector system provided in the hand-held
infrared spectrometer; and
detecting the discrete wavelengths with the
detector provided in the hand-held infrared
spectrometer, thereby utilizing said hand-held
. 25 infrared spectrometer to ascertain the type of
' material of the waste (carpet).

24. A method of discriminating between various types
of post consumer or post industrial waste carpet
or Polyamide—6 and/or Polyamide-66 containing non-

30 carpet waste, comprising the steps of:
providing a hand-held infrared spectrometer;
 irradiating infrared radiation having a plurality
of predetermined wavelengths onto a sample of
waste (carpet) from an infrared radiation source
35 in said hand-held infrared spectrometer, said
plurality of predetermined wavelengths being
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30 I nstead of using a fil B i ] | so be possible
to use acoustic optical tunable filtej j‘m%ﬁsgbgﬁ é NI devi ces are based
on acousto-optic effects in whi chithe JIRALAGE refraﬂctive i ndex of a

mediumi s altered using ultrasound (see Laser Focus Worl d, Ma}éi 35
1992). Essent i WOYIPURDTF devi ces are crystals which receP&

beam and transmt selected wavel engths _ 54 - WD 97/02481

r%%ggggggged on a frequency of an ac;)ugtAfi ;:al |np“|m“m3"|”mlmm‘ an/

ACOTF devi ce, wavel engt hs coul d be sel ected by adjustihg @ f're§uehcy*

of ultrasound applied to_the AQIF device, thus 5 elimnating npving parts
associated with a filt&elected, by filtering a beam of infrared radiation

utilizing a plurality of filters; and
detecting the discrete wavelengths with the
detector provided in the hand-held infrared

5 spectrometer, thereby utilizing said hand-held
infrared spectrometer to ascertain the type of
material of he waste (carpet).

t
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BRI EF DESCRI PTI ON OF THE DRAW NGS The preferred enbodi nents

of the present 10 invention will now be described nore specifically with
reference to the attached draw ngs, wherein: Figure 1 is a
side view of a hand-held spectronet er accordlng to a first enbodi nent
of this | NWodjosei 15 Figure 2 is a side V|e &ﬁﬂg hel d
spectroneter according to a second enbodi nent of this |nven

Figure 3 is a side view of a hand-held spectroneter according to a
third enbodi ment of this 20 invention; Figure 4 is a side
view of a hand-hel d spectronet er accq%§rm]to a fourth enbodi nent of
this I nventi on; Fi gure Is.a side view of a hand-held

i nventi on;
spect r onet er

25 spectroneter-according to a fifth enbo
Figure 6 is a filter wheel for u with th

illustrated i e 5; and side view of a
hand- hel d 3 ctroneter accordi n§to a_sixtp4 (rent of this
i nvention. DETAI LED. DESCRI ED EMBODI MENTS
| \_ 'd < o, 7
Ld
N, I \ 7
AN [,_ K4
. . ’
s \. ,
\. /', \. 1 10
\ .’. \' .l 11 14‘
.\ /', N ) 12
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The boundaries of the radiation beans are 35 shown in the Figs. by dot-dash
{ines, and individual light rays are indicated by dotted lines. In
Fig. 1, a WD 97/ 02481

PCT/ NL96/ 00280 - - 15 - |l ight source 1 is
placed in a r YO&WH casing 2. Light emitted fromthe lpncaiNiogousbre 1
is directed onto a material to be exam ned.3. Reflected radiation
converges at a lens 4, whereupon the central beam 5 inpinges on a grating 6
t hrough an entrance slit 5. The radi ation is dispersed by the grating 6
into different wavel engths. A plate 7 is placed in the dispersed

radi ati on beam and has openings 8 which correspond to sel ected

wavel ength positions within the spectrum 10 First ends of |ight conductors
9 are installed in the openi ngs 8 idZABate 7. The other ends of the

l'i ght

FIG. 3



conductors are each inserted into an opening in selector plate 10, with
the light conductors ending at a surface 11 of the plate. The sel ector

plate 10 can be 15 noved with a stepping notor (not shown) so that the

detector 12 only sees the light froma particular |ight conduct or

t hrough an opegp9%9e in an opaque plate 14 i nserted between the

sel ector plate ?g 5%glthe det ect or 12. The detector 12 i¥ dto
In Fig. 2, a li.ght source

a processing system 20 (not shown).
201 is placed in a reflector casing 202. The light converges at a | ens

204 so that it inpinges on a grating 206 through an entrance slit
205. The radiation is dispersed by the 25 grating into different .

wavel engths. A plate 207 is pl aced fyp=t he di spersed radi ati on beam
which plate is provi d W th openiéé 208 positionally correspondi ng
to sél ected wavel engt hs St ds of |ight conductors 209 are

pl at e 207. The 30 other ends of the .light
hnt o sel ector plate 210, with the |ight
A of the plate 210. An opaque

s SYdr plate with an openi ng 213.
GN\35 stepping notor (not shown) so that

| i ght conductor can pass through the

41

installed in the openi
conductors are each
conductors e
plate 214 is pr ed—5ehi n

This plate 21
only the Ii
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WD 97/ 02481 PCT/ NL96/ 00280

- 16 - ~opening 213. The |ight passing through this opening 213
diverges at a |l ens 216 whereupon the diverged radiation i npi nges on the
material to be exam ned 203. The radi ation reflected by the materi al
converges at hghou4s1217 and then inpinges on detector 212. PORALIENE or | s
connected to a processing system (not shown). The IR
spectroneter of the invention can be made very conpact for easy
handling. The IR spectroneter may be advantageously used in the field
10 recycling of plastic materials in general, provided t hat the
speci fic wavel engths are sel ected as appropriate for the given materi al
characteristics. Figs. 3 and 4 are identical to Figs. 1 and
2, respectively, except that they illustrate the situation 15 where
| i ght> passing through the sanple material is coll ected and evaluated in
t he spectroneter. - Fig. 5 29@&5 a second enbodi nent of a
devi ce
G—106
s 1102 | e~1l00
/ d oM
R =
i
10¢ 7% -—-ﬁraf/f e — >
[ K i
\
\
\
N .
EE~/106 : | A0
FIG. 5

FIG. 6



whi ch may be used for determ ning the spectral qualities of post
consuner waste carpet. In Fig. 5, a 20 spectroneter 100 has a rotary
filter wheel 102 which is driven by a notor 104. Li ght
is provided by one or nore |anps 106 on one side of the spectroneter
100 to i npi ngewidorpaésanp! e of post consunmer waste carpetréﬂﬁnmhhgnt
reflected by 25 the sanple 108 is collected by a lens 110, 1s directed
through the rotary filter wheel 102 and sensed by a PbS or I nGaAs
detector 112. One exanple of a rotary filter wheel 102 is
shown in Fig. 6. In this exanple, 4 filters 114 (A-D) 30 are provided on
the rotary filter wheel 102. A hole 116 is.provided in the center of
the rotary filter wheel 102 to receive a drive shaft 118 extending
fromthe not or 104. In operation, the notor 104 causes
the rotary 35 filter wheel 102 to rotate so that |ight passing

t hrough lens 110 will be filtered according to the

%

5/5

FT— L
’ 102 | eloo

?‘“ L v

\
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FIG. 7
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WD 97/ 02481 : PCT/ NL96/ 00280

- 17 - specific qualltles possessed by the filters 114. The

detector 112 detects the filtered |light and provides signals to- an
electronic circuit 120 which outputs the result. 5 Fig. 7 is

anot her exagpkgoglira 3Ract ronet er 100 pedti A0, alel A0io299 ;2 8i3@isiy fil ter
wheel 102, except that the light is filtéred béfore belng I nci dent on

t he sanpl € of post consumer waste carpet 108. As shown in Fig.— 7, a

| i ght source 106 produces infraredNewdiseti off tQaiwsi ¢h is
rotary filter system 102, 104, 118. The filter passesumwm@mmﬁ“m
‘wavel engt hs whi ch exit the spectroneter housing via o

After exiting the spectroneter housing, the - pr edet er mi ned wavel engt hs

i npi nge on ghe S@L”ﬁia@xd)fhél@tlnﬁar%‘ tﬂ%ﬁt"erc%roqehsjeOQIﬁ%g?y‘azl ng
reflected by the e of ost consu wast e caZPet 108 € or nore
detectors 112 dePOSt ¢ P95y thé;’sﬂf ddlpifasse carpefhAr to an

el ectronic ci rchtol]ymmﬂe-fﬂ”l anﬁ/tuﬁ $d]}yam1de-r&5$lddntaﬂilrtﬂmlgibd-¥da&p§wnpl e
-has |IIustrated éwﬁ 'ﬁ mt light fromonly one side of the '
spectroneter, the |g t passing through the filter could alternatively
~be divided and edn infxrared gipdiiatoan eotmca/aﬁqrouéh%matdm the waste

(carpet) with infrared radiation;

a selector for selecting a number of discrete wavelengths
from infrared radiation reflected by the waste (carpet)
in order to get a Mahalanqbis—distance of at least 6; and
an infrared detection system for detecting the selected
discrete wavelengths.

2. A hand-held infrared spectrometer according to claim 1,
wherein the selector comprises a dispersing device which
disperses the radiation and a discrete wavelength |
selector which selects the discrete wavelengths from the
dispersed radiation. '

3. A hand-held infrared spectrometer according to c1a1m 1,
wherein the selector comprises a filter system having a
piurality of filters for transmitting only predetermined'
wavelengths of radlatron.

4. A hand-held infrared spectrometer for use in analyzrng
post consumer or post industrial waste carpet or
Polyamide—&land/or Polyamide-66 containing non-carpet
waste, comprising: '
an infrared radiation source for 1rrad1at1ng infrared
radiation toward a sample of waste (carpet):

a radiation selector which selects a plurality of

" discrete wavelengths, said radiation selector comprising
a dispersing device which disperses the radiation and a
discrete wavelength selector which selects the discrete
wavelengths from the dispersed radiation; and
a detection system which detects the discrete
wavelengths. | ' '
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It is understood that various other 25 rmodifications will be apparent to

and can be readily made by those skilled in tm“n lﬂ““m ml I“ parting
from -the scope and spirit of this invention. I -is.not
i'ntended that the scope of the clains appended *héreto be Jirfited to the

descripti ongas18gthrbouth 30 herein, but pathRi, bBbokBe; ChakERobE
construed as ~ enconpassi ng all the features of patentable novel ty

that reside in the present invention, including all features that would

be treated as equival ents +hpewofet ofb&ihhﬁﬁe(ebhtiﬁdeﬁm the art which
this invention 35 pertains. 18 -New set of O ains-

5. A hand-held infrared spectrometer according to claim 4,
wherein the radiation is dispersed and select wavelengths
are selected before the radiation impinges on the sample
of waste (carpet).

6. A hand-held infrared spectrometer according to claim 4,
wherein the radiation is dispersed and select wavelengths
are selected after the radiation impinges on the sample
of waste (carpet). .. _

7. A hand-held infrared spectrometer for use in analyzing

- post consumer or post industrial waste carpet or
-Polyamide—6 and/or Polyamide-66 containing non—carpet
waste, comprising: _
an infrared radiation source for irradiating infrared
radiation on a’ sample of waste (carpet);

a radiation selector which selects a plurality of
discrete wavelengths from radiation reflected by the
sample of waste (carpet), said radiation selector
comprising a dispersing device which disperses the -

_ reflected radiation and a discrete wavelength selector

 which selects the discrete wavelengths from the dispersed
radiation; and
a detection system which detects the discrete
wavelengths.

- 8. ‘A hand-held infrared spectrometer according to claim 7,
wherein said discrete wavelength selector comprises a
plate provided with openings in locations corresponding
with positions of selected discrete wavelengths in the -
dispersed'radiation, said plate being opaque to IR
radiation and being placed between the source and the
detection system so that radiation cannot reach the
detection system except through said openings in said
plate.
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1. A hand-hel d i nfrared spectroneter. for -use in anal yzi ng ost
consuner or post industrial waste carpet or umnﬂﬂm ﬁ,m,ﬂ /or .
Pol yam de- 66 cont ai ni ng non- car pet wast e, _
infrared radiation source for illumnating the wast e (éarpet) mnth'

infrared raBngilosture 1.3 a sel ector for PSO/AN i96y 0D 28WrhaB3 66kodi screte
wavel engt hs frominfrared radiation reflected by the waste (carpet)
in order to get a Mahal anobi s-di stance of at |east 6; and an
infrared detection system FoNeHef&&t PhgCLRémSel(6onsdnued) — djscrete

wavel engt hs. 2. A hand-held infrared spectrometer according to claim1l,
wherein the sel ector conprises a dispersing device which di sper ses
the radiation and a discrete wavel ength sel ector which selects the

di screte wa%el endt hend-d@lidhénfrared dipsodrondteadiaziciording 3o cAahﬁnQ hel d
infrared SDECtrOWEEQ%l%F%Q‘a @@Hﬁ&ﬂydﬂ E&%tem ﬁoﬂ?ﬂ¥% re'ﬂu&%ﬁ %% &tk s,

conprises a filter system having y o Si-TaS
transnitting onl PR OfcLaCH ﬂ@dsald dehﬂ%ﬁﬂrén@ﬁﬁ@goprnadﬂaﬁl@nh1nd4a A

or post i ndlgst 11 3 Re e G e e e 6 ang/ or | Pol yan de. 66
or post indystri r or
con?aining E@ 3 d-heid L@&gﬁgedcgpﬁpﬁgpmgter accorginghtoacdgim 8,

radi ation sourcewhemeumradudtumgebmﬁberQstem compadisalsi @n de®wetdrawhadhl e
of waste (carpetlan pe dis%o%%%i%%Eﬁ%d?%k@%t%ké%hb%ho e%%%%?o%e%h%%%'&%y of
said plate. -

1l. A hand-held infrared spectrometer according to claim 8,
further comprising a light conductor system, said light
conductor system having a plurality of light conductors,
each said light conductor connected to one of said
openings in said plate to convey light passing through
said opening in said plate to said detection syste.

12. A hand-held infrared spectrometer according to claim 11,
wherein said detection system comprises plural detectors
and each said light conductor is connected to one of said
detectors.

13. A.hand—held infrared spectrometer according to claim 11,
wherein the detection system and the light conductors are
moveable relative to each other so that said light
conductors can individually convey light to said
detection system.

14. A hand-held.lnfrared spectrometer for use in analyzing
post consumer or post-industrial waste carpet or
Polyamide-6 and/or Polyamide-66 containing non—carpet
waste, comprising:
an infrared radiation source for 1rrad1at1ng infrared
radiation on a sample waste (carpet);

a filter system comprising a plurality of filters for
transmitting only predetermined wavelengths of radiation
reflected with albollection angle of less than 5°; and

a detection system which detects radiation transmitted by
the filter system. '

REPLACEMENT SHEET |
AMEMDED SHEET | 0aJun @07

This Sheet Has Been Reilaced

L




di screte wavel engt hs, said radiation sel ector conp
di spersing device which disperses the radiation an 'm'ﬂﬂll ' llt mtt
wavel engt h sel ector which selects the discrete ron1the

di spersed radiation; and a detection system which detects the
discrete  EncloMmel angt hs. PCT/NL 96/00280; d&ﬁ%ﬁED SHEET
-19- - New set of Clains (continued) - . A hand- hel d
i nfrared spectroneter according.to claim4, wherein the radlatlon S

di spersed and sel ect wavel engtehws set of Claims (continued) -

15. A hand-held infrared spectrometer according to claim 14,
wherein said infrared radiation source irradiates
infrared radiation on a sample of waste (carpet) and said
filter system transmits only predetermined wavelengths of
radiation reflected by the sample of waste (carpet).

16. A hand-held infrared spectrometer according to claim 14,
wherein said filter system transmits only-predetermined
wavelengths of radiation to be reflected by the sample of
waste (carpet).

17. A hand-held infrared spectrometer according to claim 14,
wherein said filter system employs a rotary filter wheel
having three or more filters. '

18. A hand-held infrared speétrometer according to claim 14,
wherein said filter system employs a roﬁary filter wheel
having four filters which pass light having wavelengths
of 2382 nm + 20 nm, 2430 nm = 20 nm, 2452 nm + 20 nm, and
2472 nm * 20 nm respectively. '

19. A hand-held infrared spectrometer according to claim 14
wherein said filter system is an acousto optical tunable

- filter.: | ‘

-20.' A method of discriminating between various types of post
consumer or post industrial waste carpet or Polyamide-6
and/or Polyamide-66 containing non-carpet waste,
comprising the steps of: |
providing a hand-held infrared spectrometer; and

-utilizing said hand~held infrared spectrometer to
ascertain.the-type'of_material of the waste (carpet).

21. A method of discriminating between various types of post
consumer of post industrial waste carpet or -

Polyamide—-6 and/or Polyamide—-66 containing non-carpet
waste, combrising the steps ofi
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are‘selected before the radiation inpinges on-the sanple of waste
{carpet). 6. A hand-held infrared spectroneter according to claim 4,

wherein the radiation is dispersed and sel ect wavel engt hs are sel ected
after the radiation inpinges on the sanple of wasté (carpet). 7. A
hand- hel d |Erﬁd1afsigt§geca roneter for use |p”c aﬂg,zso' wgonsuner or
post industrial waste carpet or Polyanlde 6 / Pol yam de- 66

" cont ai ni ng non-car pet wast e, conprising: an infrared radiation
source for irradiating infralead set off MliadisO cOhtAma®| & of waste
(carpet); a radiation selector which selects a pIurallt
di screte wavel engths fromradiation reflected by the ,mlulmvmm '",
(carpet), said radiation selector conprising a dlsper5|ng evice u

di sperses the pol ﬂiw@%ﬂ@%@tp&wm&%e%ﬂﬁmaf'x%wl&r}% ctor

whi ch selects the discrete wavel-engths fromt di sperse I on
and a det eclaHhP s \RIRBE 1ihi g ethePs REdi screte wavel engt hs. 8.
A hand- hel d i nf rearasdi Gieg ta dreidrheilnd ol 1 spéuﬁﬁcﬁneter, wherein said

di screte wavel e te provi th o enlngs
in |ocations Coﬁgrte{shp%iﬁaldﬁ q&gé) 11&?{?{%42 ocgiﬁfilo%% oat e$e%1 é\”ccarr&ee
wavel engths in tHaste from sagmrlsmﬁ)tale&ﬂ addiatien spime il'elsa}d)ptmde-heid R

radi ation and bein¥r 44 & ashdrat Meigee dhe source and the detection system

r |on cannot re ach t
so that adlat electing a plurgilty of discrete wavelengths from

radiation reflected by the sample of waste (carpet) by
utilizing a radiation selector in said hand-held infrared
spectrometer, said step of selecting a plurality of
discrete wavelengths comprising the substep of dispersing
the reflected radiation utilizing a dispersing device and
the substep of selecting a plurality of discrete
wavelengths from the dispersed radiation; and -

detecting the discrete wavelengths with a detector
provided in the hand-held infrared spectrometer, thereby
utlllzlng sa1d hand-held 1nfrared spectrometer to
ascertaln the type of material of the waste (carpet).

22. A methcd of discriminating between various types of post
consumer or post industrial waste carpet or Polyamide-6
and/or Polyamide—ﬁﬁ_containing non-carpet  waste,
comprising the steps of: .
providing a hand-held infrared spectrometer;

‘irradiating infrared radiation having a plurality of
predetermined wavelengths onto a sample of waste (carpet)
from an infrared radiation source in said hand-held
infrared spectrometer, said plurality of predetermined
‘wavelengths being selected by dispersing a beam of
infrared radiation utilizing a dispersing device and
selecting a plurality of discrete wavelengths from the
dispersed radiation; and
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detection system except through said .openings in said pl at e.

- 20-. - New set of Clains (continued) - 9. A hand-held
i nfrared spectroneter according to claim 8, wherein said detection
system conpri ses plural detectors, one of each of said detectors being

provi ded behidibgure 1JEspective openi ng BQT A B EdZ80;1B365Wand- hel d
I nfrared spectroneter according to claim8, wherein said detection
system conprises a detector which can be di sposed behi rhan on

of said openings in sat Ny ated: offl .Cl& imend-desitd nuedlared
~..accor d| ng to claima, further conprising a light conduc Eﬂt‘iﬂﬁ\“;ﬂ\“\
K7 i.ght- conduct or - system having a plurality of Iight con mﬁﬁ

detecting the discrete wavelengths with a detector

prov1ded in the hand-held infrared spectrometer, thereby

utilizing said hand-held infrared spectrometer to

ascertain the type of material of the waste (carpet).

23. A method of discriminating between various types of post
consumer or post industrial waste carpet or Polyamide-6
and/or Polyamide-66 containing non-carpet waste,
comprising the steps of:
providing a hand-held infrared spectrometer,
irradiating infrared radiation onto a sample of waste
from an infrared radiation source in said hand-held
infrared spectrometer;
selecting a plurality of discrete wavelengths from
radiation reflected by the sample of waste (carpet) by
utilizing a radiation selector in said hand-held infrared
spectrometer} said step of selecting a plurality of
discrete wavelengths comprising the substep of filtering
the reflected radiation to thereby allow radiation of a
pluraiity of predetermined wavelengths to pass to a
detector system provided in the hand-held infrared
spectrometer; and
detecting the discrete wavelengths with the detector
provided in the handeheld'infrared spectrometer, thereby
utilizing said hand-held infrared spectrometer to
ascertain the type of material of the waste (earpet).

'24. A method of discriminating between various types of post
consumer or post industrial waste carpet or Polyamide-6
and/or Polyamide—-66 containing non-carpet waste,
comprising the steps of s .

| o -
REPLACEMENT SHEET a5 Been Replaced

cemwn || TUAIANAN

AMFNNED SrEsT




each said |ight conductor connected to _one of sald openings in said
pl ate to convey |ight passing through sai d ' 'm.pl ate to
sai d detection system 12. A hand-held infrar eUWﬂEﬂl“ﬂ“ﬂlﬂ' cording to

claim 11, wherein said detection systen1conbri%e§-qurél tlet ectors

and each sa cqnductor is connecte ectors.

13. A hand-FgFgﬂ4¥%%ﬁ%§¥gpectroneter acc%ng ng to cla n11f36§ﬁ§mherein
the detection systemand the |ight conductors are noveabl e relative to
each other so that said |ighew se®OREUEh@imsCiRortdnviedyald y convey Iight
to said detection system 14. A hand-held infrared spectroneter for use
in anal yzi ng post consumer or post-industrial waste carpet or

Pol yami de-6 and/or Pol yam de-66 contai ni ng non-car pet wast e,

conpri si ng: n infrared radiati sow.ce for |rrad|at| |nfr qﬁ-

radi ation on a s rﬁﬂvel & (@d}%éﬁq‘ ngra?rﬁ t3 ecsVsqﬂé% 3411@? ng

plurality of fil tisfcarmed radiatﬁunﬁnawﬁqg(nﬂglqnaiiixﬂoﬁrpnhdﬂtﬂﬂqug&w of

radi ation refv}aqﬁ q.__qh ;n Shitdld: ?énl AL P ha e ggn & % , and

a detection system J%tects radi at’l on transnltt:§ 8% ?ﬁa Il ter

syst em . Ainfrared. radiation source in said hand-held infrared
spectrometer, said plurality of predetermlned wavéelengths
being selected by filtering a beam of infrared radiation
utilizing a plurality of filters; and )
detecting the discrete wavelengths with the detector
provided in the hand-held infrared spectrometer, thereby -
utilizing said hand-held infrared spectrometer to
‘ascertain the type of material of he waste (carpet).
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ot Y
.. NS Pbes C ai s (contlnued) - d d
.. &)fnﬁgeagl‘to claim 14, s HW,G?MEBI,WE‘F'T ;

..... att@ﬁaged ...nfijrared radiation E Sﬁé’?{"@ -SG' B
f1bHheedy St tranggn ts only

1;t ted by—t he sa
E S #ccording to cl
fllter systenrffaﬁ3ﬁ+%s-enLy predetern1ned

be refle the sanple p waste (carpet).f 17. A hand-held 3 HN?ZQ

i nfrared mH) ’ﬂmordl ng tq,&l aidp an Glain Whem g1 GRIRECET] ér ......... 0 ,‘
systeme ilter wheel hreeoT—rore— Tt e e A
A hand- heId |nfrared spéct romet er according to cIa|n114 wherein said
filter systemenploys a rotary filter wheel having four filters which
pass |ight _having pay gt hs of 2382 nm + 20 nm 2430 nm 20 nm 2452
nm + 20 nmt andm' (gdﬁé?#] MRERRATRY r SRR PNRF§L for use in analyzing

post consumer or post industrial waste carpet or
Polyamide-6 and/or Polyamide—66 containing non-carpet
waste, comprising:

an infrared radiation source for illuminating the waste
(carpet) with infrared radiation;

a selector for selecting a number of discrete wavelengths
from infrared radiation reflected by the waste (carpet)
in order to get a Mahalanobis-distance of at least 6; and
an infrared detection system for detecting the selected
discrete wavelengths.

2. A hand-held infrared spectrometer according to claim 1,
wherein the selector comprises a dispersing device which
disperses the radiation and a discrete wavelength
selector which selects the discrete wavelengths from the
dispersed radiation.

3. A hand-held infrared spectrometer according to claim 1,
wherein the selector comprises a filter system having a
plurality of filters for traﬁSmitting only predetermined
wavelengths of radiation.

4. A hand-held infrared spectrometer for use in analyzing
post consumer or post industrial waste carpet or
Polyamide—-6 and/or Polyamide-66 containing non-carpet
waste, comprising: |
an infrared radiation source for irradiating infrared
radiation toward a sample of waste (carpet);

a radiation selector which selects a plurality of

discrete wavelengths, said radiation selector comprising

a dispersing device which disperses the radiation and a2 .~
discrete wavelength selector which selects the discrete
wavelengths from the diséersed radiation; and |

a detection system which detects the discrete
wavelengths. R
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19 A hand-held infrared spectronmeter according to clai

said filter sys tical tunable f i NHAVE
of discrimnatin types of post cqnguner or post
i ndustrial wast T"ﬂiHm mm% mgv de-6 and/ or Pol yarji de3MAR 2ggpai i 9
non- car pet mast t he stggg of : prowiding a hand- held
I nfrared spectroneter and utilizing said hand-heljd* :
spectroneter to ascertain the type of material of {the waste (carpet).
21. A nethod of discrimnating between various types of post consurrer
of post industrial waste carpgl Qot of cﬁghmgnkggn@lgﬂgegr Polyan1de 66
cont ai ni ng non- car pet wast e, conprising the steps of:
-22- - New set of Clainms (continued) -

5. A hand-held infrared spectrometer according to claim 4,

wherein the radiation is dispersed and select wavelengths
are selected before the radiation impinges on the sample
of waste (carpet).

6. A hand-held infrared spectrometer'according to claim 4,
wherein the radiation is dispersed and select.wavelengths
are'selected after the radiation impinges on the sample
of waste (carpet). .

7. A hand-~held infrared spectrometer for use in analyzing'
post consumer or post industrial waste carpet or
Polyamide—6 and/or Polyamide—66 containing non-carpet
waste, comprising:
an infrared radiation source for irradiating infrared
radiation on a sample of waste (carpet);

a radiation selector which selects a plurality of
discrete wavelengths from radiation reflected by the
sample of waste (carpet), said radiation selector -
comprising a dispérsing device which disperses the
. reflected radiation and a discrete wavelength selector
‘which selects the discrete wavelengths from the dispersed
radiation; and |
a detection system which detects the discrete
wavelengths, ' _

8. A hand-held infrared spectrometer according to claim 7,
wherein said discrete wavelength selector comprises a
plate provided with openings in locations éorresponding
with positions of selected discrete wavelengths in the
dispersed radiation, said plate being opagque to IR
radiation and being placed between the source and the
detection system so that radiation cannot reach the
detection system except through said openings in said
plate.
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Pol yam de- 6 and/ or Pol yam de- 66 cont ai ni ng non-car pet waste .Ccooprlsin

‘the steps of"*‘_‘bTUvrdrﬁg—a—hand hel d i nfrared speg

irradiating in diation onto a sanple (carpet)
infrared Tadi .’E’ E U Hal d hand- hgpd i nfra
selecting a p ete wavel epgt hs from

'a

_raﬁsz{fﬂrgz

by the sanple of waste (carpet) by utilizing a r4g

sai d hand-hel d infrared spectrometer, said step qf selecting a
plurality of di screte wavel engths conprising the- t i ng
the reflected radiation utkl fginge® dESPELaSMBY (d8¥kGAu@Ad ~ the substep
of selecting a plurality of discrete wavel engt hs fronlthe di spersed
radi ati on; and detecting the discrete wavel engths with a detector

provi ded in the hand-hel d infrared spectroneter, thereby utilizing said
hand- hel d i gf rar gd (of rtain .t t risal

the waste (?:]arpeg hégg hkegekﬁkéggfd sE%??%Ph%f%ﬁ Q% ween%£§¥?oﬁe ypes of
post consun# eé?lpo§elﬁnéeeepﬁapnweyﬁée@aﬁ@mpnmsqaﬂghuﬁakadetectors,
“and/ or Pol yam deqg8é 6@”%3&&'6& AN 4C AR tWRS! ®eing pﬂayﬂﬁédﬂﬂﬂhﬂﬁﬁféﬂeps
of : : providin hel d i nfrared spectroneter irradiating

i nfrared radlat|5%sﬁﬁﬁgﬁ§e OBeRiZE iy §pld aﬁte'edetermned wavel engt hs
onto a sanple.of Anashd-peddpdnfrared kpertarvmetioraraedt dmilimy it cleilce i n

sai d hand-held wherein said detection system comprises a detector which

can be disposed behind more than on of said openings in

said plate. _

11. A hand-held infrared spectrometer according to claim 8§,
further comprising a light conductor system, said light
conductor system having a plurality of light conductors,
each said light conductor connected to one of said
openings in said plate to convey light passing thfough
said opening in said plate to said detection system.

12. A hand-held infrared spectrometer accerding to claim 11,
wherein said detection system comprises plural detectors
and each said light conductor is connected to one of said
detectors. : '

13. A hand~held infrared spectrometer according to claim 11,
wherein -the detection system and the light conducters are
moveable relative to each other so that said light
conductors can individually convey llght to said
detection system.

14. A hand-held infrared spectrometer for use in analyzing
post consumer or post-industrial waste carpet or
Polyamide—-6 and/or Polyamide~66 containing non-carpet
waste, comprising:
an infrared radiation source for irradiating infrared
radiation on a sample waste (carpet);

a filter system comprising a plurality of filters for
transmitting only predetermined wavelengths of radiation
reflected with a collection angle of less than 5°; and

a detection system which detects radiation transmitted by
the filter system.
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|nfrared spectroneter said plurality of predeterm ned
‘bei ng: sel ect ed by dispersing a beam of infrared r

di spersi ng deV| tlng a pIurallty of dilsg
from t he Emmﬂ m&mm and - 23-

set of Cainms ( detee%+ng t he di scret
a detector provided in the hand-held infrared spedtr Y i
utilizing said hand-held infrared spectroneter to ascertaln the typ¢ of
material of the waste (carpet). 23. A method of discr|n1nat|ng pet ween
various types of post €ONSk NSt FE O inNdUSddt phus@pte carpet or
Pol yam de- 6 and/ or Pol yam de-66 contai ni ng non-car pet waste,

15. A hand-held infrared spectrometer according to claim 14,
wherein said infrared radiation source irradiates
infrared radiation on a sample of waste (carpet) and said
'filter.system transmits only predetermined wavelengths of
radiation reflected by the'sample of waste (carpet).

16. A hand-held infrared spectrometer acco:ding'to claim 14,
wherein said £ilter system transmits only predetermined
wavelengths of radiation to be reflected by the sample of
waste (carpet).

17. A hand-held infrared spectrometer according to claim 14,
wherein said filter system employs a rofary filter wheel
having three or more filters. ' .

18. A hand-held infrared spectrometer according to claim 14,
wherein said filter system employs a rotary filter wheel
having four filters which pass light having wavelengths
of 2382 nm % 20 nm, 2430 nm * 20 nm, 2452 nm * 20 nm, and
2472 nm * 20 nm respectively. | '

19. A hand-held infrared spectrometer according to claim 14
‘wherein said filter system is an acousto optical tunable

) filter.- '

20. A method of discriminating between various types of post
consumer or post industrial waste carpet or Polyamide-ﬁ
and/or Polyamide—66 containing non-carpet waste,
comprising the steps of:
providing a hand-held infrared spectrometer; and
utilizing said hand-held infrared spectrometer to
ascertain the type of material of the waste (carpet).

21. A method of discriminating between various types of post
consumer of post industrial waste carpet or
Polyamide—6 and/or Polyamide—66 containing non-carpet
waste, comprising the steps of:
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conpr|5|ng t he steps of: pr.ovi di ng a hand-held inf
‘irradiating i nonpto a sanple of waste
radi ati on source in said ha el d i nfrared spect rjor
aplurality ofmﬂm “ g gths froma- radiatior rle
sanpl e of mast\ utilizimg—a radiation |sql
hand- hel d i nfrated - spectroneter, said step of selgct
di screte wavel engths conprising the substep of filterijng
radiation to thereby allow radiation of a plural ity
wavel engths to pass to a _ e r.Syst.e he hand- hel d
infrared - spectroneter; anbgeq; Scéé) é amsf Qgﬁcre‘?e wavel engt hs wth
t he detector provided in the hand heId |nfrared spectroneter, thereby
utilizing said hand-held infrared spectroneter to ascertain the type of
material of the e (carp tho of discrimnating between
various types ofwgs%¥aélgé % %%ﬁ%%? %9 %g?ﬁ%@s???ﬁ?lﬂég?en BrpRfPeF
Pol yani de- 6 wasltor GmmgansﬂngGGheomMQ@mimg non- car pet waste,
conprising the stgpSyPhing a hand-held infrared spectrometer;

' irradiatiag infrared radiation onto a sample (carpet)

waste from an infrared radiation source in said hand-held

infrared spectrometer;

ed
cting

i@ t e
or |n sa| .

- y of:
t he ref!ecned

selecting a plurality of discrete wavelengths from
radiation reflected by the sample of waste (carpet) by
utilizing a radiation selector in said hand-held infrared
spectrometer, said step of selecting a plurality of
discrete wavelengths comprising the substep of -dispersing
the reflected radiation utilizing a dispersing device and
the substep of selecting a plurality of discrete
wavelengths from the dispersed radiation; and
detecting the discrete wavelengfhs with a detector
provided in the hand-held infrared spectrometer, thereby
utilizing said hand-held infrared spectrometer to
ascertain the type of material of the waste (carpet).
22. A method of discriminating between various types of post’
o consumer ar post industrial waste carpet or Polyamide—6
and/or Polyamide-66 containing non-carpet waste,
comprising the steps of:
providing a hand-held infrared spectrometer;
irradiating infrared radiation having a plurality of
- predetermined wavelengths onto a sample of waste (carpet)
from an infrared radiation source in said hand-held
infrared spectrometer, said plurality of predetermined
wavelengths being selected by dispersing a beam of
infrared radiation utilizing a dispersing device and
selecting a plurality of discrete wavelengths from the
dispersed radiation; and
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- 24-

“hand- hel d 'i nf+rared spectroneter; irradiating infrared
plurality of predeterm ned wavel engths onto a sanple
an infrared. m ' in said hatd@-held infrar
plurality of ”ﬂi ﬂ]llﬂmmmﬂm engt hs Deérng sel ected
of infrared radiati'on™ti®li2ing a plurality of filter$

discrete wavel engths with the detector provided in the
thereby utilizing said hand-held infrared=SpeCtTONMETEr 0

spect ronet er

- New set of dains (continued) -

ascertain the type of materigl, QbNga"R3L4nsC3LBeinued) -

23.

24.

detecting the discrete wavelengths with a detector
provided in the hand-held infrared spectrometer, therehy
utilizing said hand-held infrared spectrometer to
ascertain the type of material of the waste (carpet).

A method of discriminating between various types of post
consumer or.pbst industrial waste carpet or Polyamide-6
and/or Polyamide-66 containing non—-carpet waste,
comprising the steps of:

providing a hand-held infrared spectrometer;

irradiating infrared radiation onto a sample of waste
from an infrared radiation source in said hand-held
infrared spectrometer;

selecting a plurality of discrete wévelengths from
radiation reflécted'by the sample of waste (carpet) by
utilizing a radiation selector in said hand-held infrared
spectrometer, said step of selecting a plurality of
discrete wavelengths comprising the substep of f£iltering
the reflected zadiation to thereby allow radiation of a
plurality of predetermined wavelengths to pass to a
detector system provided.in the hand—heid:infrared

spectrometer; and

detecting the discrete wavelengths with the detector -
provided in the hand-held infrared spectrometer, thereby
utilizing said hand-held infrared spectrometer to
ascertain the type of material of the waste (carpet).

A method of discriminating between various types of post
consumer or post industrial waste carpet or Palyamide-6
and/or Polyamide—-66 containing non-carpet waste,
comprising the steps of:

ARiFuDCy SHET



REPLACEMENT SHEET

P € L M8 .

- New set of Claims (continued) -

providing a hand-held infrared spectrometer; irradiating
infrared radiation having a plurality of predetermined
wavelengths onto a sample of waste (carpet) from an
infrared radiation source in said hand-held infrared
spectrometer, said plurality of.predetermined wavelengths
being selected by filtering a beam of infrared radiation
utilizing a plurality of filters; and ’
detecting the discrete wavelengths with the detector
provided in the hand-held infrared spectrometer, thereby
utilizing said hand-held infrared spectrometer to
ascertain the type of material of he waste (carpet).
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