SPECI FI CATI ON  METHOD FOR CONTROLLI NG PRODUCTI ON PROCESS FI ELD OF THE
~ I NVENTI ON The present invention relates to a nethod for controlling
production process by controlling operation of productlon process steps by

anal yzing sanples by a near-infrared absorptionetric ana

(near-infrared spectrochem cal analysis). BACKGROUND COF 11“@"@ w’mm For
anal yzi ng chem cal substances, foopcIFBOETOONt Ural produ

near-infrared absorptionetric analysis has been in practical *15&8l i cation.
Using the resulting anal ytical data, control of production process for
such substances may be realized. In the field of chem cal industry, it has
been proposed to réATHOR EYhtFHTRALIIG RRPUGFIQN BRUERS i on plant for
chem cal product by using data of near-infrared absorptionetric anal yses
of the raw nmaterials, solvents, noisture content, internediate products,
final pﬂm#ggLDtb@;¥ﬁ§h5§§gﬁggb§o on. In conventional near-infrared
absorptionetric analysis, a near-infrared absorbance spectrumin a
specific range (in the follow ng, denoted sonetinmes as near-infrared
spectrum is taken and, based on a specific conbination of absorbances at
specific wave | endits iprelseddd invehtson spbxtesimtd he coepboéntor

characteristic properties and
controlling production process by controlling operation

of production process steps by analyzing samples by a
near-infrared absorptiometric analysis (near-infrared

spectrochemical analysis).

BACKGROUND OF THE INVENTION

For analyzing chemical substances, foods,
agricultural products and so on, near-infrared
absorptiometric analysis has been in practical
application. Using the resulting analytical data,

control of production process for such substances may
be realized. In the field of chemical industry, it has
been proposed to realize control of operation of a
production plant for chemical product by using data of
near-infrared absorptiometric analyses of the raw
materials, solvents, moisture content, intermediate
products, final product, by-products and so on. In
conventional near-infrared absorptiometric analysis, a
near-infrared absorbance spectrum in a specific range
(in the following, denoted sometimes as near-infrared
spectrum) is taken and, based on a specific combination

of absorbances at specific wave lengths included in this
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SO on to be determ ned are cal cul ated by having resort to a prelimnarily
. prepared calibration curve, in order to derive analysis values (predicted
val ues). I n one generalized exanple of practicing the near-infrared
absorptionmetric analysis, a correlation equation (calibration curve) is
prepared by absorbance spectra in a wave |ength range exhibiting a

correl ati ospecbtamnecHsy nempohshtal edclohsariE it ypadbgdeanadkyt | aad
results obtained by conventional analysis practice, in order to presune

t he prospeg®i ¢& gitRnPet fetarmimgd spse wilgulatieds kbyabpyingyaresort only a

redicted value caJcu]ated using the _calibration curve. A near-infrared
gbsolr pti onjé\fcf’r;él RE qul‘?ae’%fi]a‘h pF%H@FEﬂt FHHEFEIEChSF B er it | RTFR5¢t ur e

that therey,0fEl Go 2asdi 14191V NCeSPEGELITRLUE J£11dU | uences by, for
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exanpl e, noisture conten and’ enperature o ctive material. This
specrum shift may bghayge asgehdrd NBi&d | Sesddinptld €/t | Prddeidengonegatrati on
of the conponent or in another material property of the naterial to be
observed, mvan-ifdftdwed | sbsorpatdmedrisuchnallyeiati om Wernrepetbdhon of a
plant is carried out based on such false results, the resulting product

w || have eguakion- rgiedd byadliiony . cByvea) nekd - prepared abzorghsorkanse a
definite absorbance specrum can be obtai ned steadi I% for a specific
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results obtained by conventional analysis practice, in
order to presume the prospective quantitative analysis
value. This analysis value is only a predicted wvalue
calculated using the calibration curve.

A near-infrared absorptiometry accompanies an
inherent defective characteristic feature that there
occurs a shift of the spectrum due to influences by,
for example, moisture content and temperature of the
objective material. This specrum shift may behave as
if there is an alteration in the concentration of the
component or in another material property of the
material to be observed, even if there is in fact no
such alteration. When operation of a plant is carried
out based on such false results, the resulting product
will have an extra-rated quality.

By a near-infrared absorptiometry, a definite
absorbance specrum can be obtained steadily for a
specific component under a definite observation
condition and with specific material properties, while
the absorbance spectrum may subject to deviation in the

height or position of absorbance peak due to alteration



in the condition, such as concentration, particle size and tenperature, or
may vary due to interference with the absorption peaks for co-existing
extraneous conponents. From a near-infrared absorbance spectrum which
i'ncl udes, as nentioned above, informations for a plurality of constituent
conponents, a calibration curve (correlation equation) for each conponent
is preparied bye memRiidfion,st aticht ias t eohoeqtteatdont hepataisi ke ofsiwie ch

anal ysis is attained. For the preparation of the calibration curve

sanpl es easid htemnngratdsei niake @@m)o%ﬁl’orﬂ%dtaefﬁqﬁqléfe%q{éﬁ%cfﬂérti'hst iC
features are taken and are subjected to conventiopal chem_.cal |l ysis and
to a near -ﬁ%rar@fo%@cﬂrbtio‘ﬁéﬁﬁc a%%Fysi EP'ﬁﬁéngBgn ae(’:{%%raé’l%%ﬁ%n
equation i ri by f at L gt e | D5 u ltiple
| i near regcr%én S|ngx&%rial ysi's §I\/L%R) H?)?E ghgg‘?‘ﬁ% east-sracue;r gge%\;ttrﬁédc}u(PLS).

A near -i nfagred iaBsEEBANCASPRAEhEIBhEAC! Allfe 2 AuFbematlionbs ofdanee
peaks, so that use of too many descriptive variables (assigned wave

| engt hs) mAVrASWY | 0fr ecronistairtuent he compbmabitsi t y alue cad idw@rtfiion i ng of
calibration curves. For this reason, there are used in general 2 to 5
descri pti vairwer i at¢esrébat MR apguabdon)t efodes @3¢t | vVEOMPERERE| esSfor PLS.
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near- i nf r Kdd S ohc MR e HE SRR " Corrolati on i th the

results determ negdsSi Rhe preparation of the calibration curve,
samples each having a definite composition and definite
characteristic features are taken and are subjected to
conventional chemical analysis and to a near-infrared
absorptiometric analysis, whereupon a correlation
equation is derived by means of a statistic technique,
such as a multiple linear regression analysis (MLR) or
a partial least-squares method (PLS). A near-infrared
absorbance spectrum includes 'a number of absorbance
peaks, so that use of too many descriptive variables
(assigned wave lengths) may result in reduction in the
reliability due to overfitting of calibration curves.
For this reason, there are used in general 2 to 5
descriptive variables for MLR and about ten descriptive
variables for PLS.

It is a common practice for detecting the

component concentrations and material properties using
a wave length range of near-infrared region from 800 to
2,500 nm, that predicted values are estimated by
selecting near~infrared spectral wave lengths each

having a correlation with the results determined using



3 conventional analysis apparatus or conventional material property
observi ng apparatus under preparation of a correlation equation to obtain
"a predicted value of near-infrared analysis. However, the so-estinmated
predi cted val ues represent only informations derived wusing the calibration
curve prepared fromvalues for |limted wave lengths in nunbers of 2 - 5 or
about 10 ceheentionialhianalyeiwi dppm@mtisnfonr ednvegtdpnafl Mmaferrigdd nmto
2,500 nm Therefore, it is difficult by such_ a commpbn practice to grasp
the entirecPERPREEY oPPEETWLNG cafBPRERLHEI OHNEFTa PERPRESLIPNa Hod®t) and
such a practice Js not effective, in.particular,_ in the ca whe
preparati Oﬁozé{efadﬁ%p at T et e J'Tl% nookgtaplo%siabl ep.re cheeldy, |Efeh‘|les cﬁgff I cul t
Lo prepare,go FAlAPEAELEN GURIGsil the TJAMNO CBRES: dobedfindiden of
the paraneter to be detected, "such as concentration or nmateri al
propertiespré@idtdd! evafdes Terppirakeabanealgf tibEForamationcCcWerivid® obj ect
of the present invention is to provide a nethod of controlling production
process caphbye e caslrididatign heupvedupreparpdocEsemstepbudy Loxinpl e
manner at a hi gher accuracy based on the result_of apalysis performed by a
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process 4 go0 nm to 2,500 nm. Therefore, it is difficult by such
a common practice to grasp the entire aspects or a
delicate variation of a sample (or a product) and such
a practice is not effective, in particular, in the case
where preparation of calibration curve is not possible.
Namely, it is difficult to prepare a calibration curve
in the following cases:
(1) Variation of the parameter to be detected, such
as concentration or material properties, is little.
(2) Temporal change of the sample occurs.

The object of the present invention is to
provide a method of controlling production process
capable of controlling the production process steps by
a simple manner at a higher accuracy based on the
result of analysis performed by a near-infrared

absorptiometry without using calibration curve.
DISCLOSURE OF THE INVENTION
The present invention relates to the following

method for controlling production process:

(1) A method for controlling production process



conprising taking an absorbance spectrum for each of a plurality of

. standard sanples collected froma production process step in an analysis

range i ncluding near-infrared region, constructing a data base by

calculating standard deviations and the average intensity of the standard

sanpl es (standard average intensity) in respect of each wave | ength

sel ect ed feomprheisgectrum included in the said analysis range, taking an

absor bance spectrumin the said analysis raqge for each aqﬂéysié sanpl e
r@su

col lected from thE2ptBAuctT onPRFRERIRCRt FPENH WPl T nd2 1 %ing
absorbancepoﬁggi%ggjmn6p thgtggégﬂ asesaﬁﬁﬁégal'éﬁhfgé%éﬁ'Ogg%ﬁﬂalyé's

devi ati on) e intensity o e absorbance spectrum of of the
anal ysi s Sﬁﬁéﬁétiéﬂagﬁﬁic%s@“ gospt Yin abneanth Bfsideranged Sedped egwave

| engt hs fromthe standard average intensity, conparing, when the

absor bancenggecinffareédctegesnvave | ength(s) at which the anal ysis

devi ation of the absorbance spectrum of the analysis sanple is outside a
tolerance linmt, téensbwectimgth showdagat he bageal ydn desabewrbat bRdt he
absor bance spectrumoutside the tolerance |limt wt uct i
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the producti@Pect of each wave length selected from the spectrum
included in the said analysis range,
taking an absorbance spectrum in the said
analysis range for each analysis sample collected from
the production process step and comparing the resulting
absorbance spectrum with the data base,
estimating deviation (analysis deviation) of
the intensity of the absorbance spectrum of each of the
analysis samples (analysis intensity) at each of the
said selected wave lengths from the standard average
intensity,
comparing, when the absorbance spectrum
includes wave length(s) at which the analysis deviation
of the absorbance spectrum of the analysis sample is
outside a tolerance 1limit, the wave length showing the
analysis deviation of the absorbance spectrum outside
the tolerance 1limit with production informations given
preliminarily in the data base to thereby obtain
control data and
performing the control SO as to obtairn.
production product within the tolerance limit by

inputting the said control data to the production



5 process step. (2) The nethod as defined in the above (1), wherein the
production informations stored-in the data base are those of the conponent
mat erial corresponding to the said selected wave | engths. (3) The net hod
as defined in the above (1) or (2), wherein the deviations (analysis
deviations) of the analysis intensities fromthe standard average

I Nt ensi ty pabeedisseitiemi.nated as to whether or not they are within the
tolerance limt determ ned based on the standard deviations given in the
data base (2dr the Thst arefhatl saapidesines) ﬁmethétﬁ&QW%sQk&dn@geFﬁlﬁny one
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other at @ digskaneetels Lavemendtdss. (7) The nethod as defined in the
above (6), wherein the selected wave | engths stand each other at a
di stance @f3)2 nm @he essthdd) aShalefirnestl a8 ddlei neboven 44y e 62)the
above (1) to (7), wherein the absorbance spectrumis processed b
di f f er ent wizeiredn ( HheThedemidfoPns dednakesis t%‘”'a%%"v%‘"‘ih),oﬁheﬂzéfan t he
absor bance spectrumis processed by bUi|di@%éﬂJt£¥%n §§gnd gggggagive
t hereof . analysis intensities from g
intensity are discriminated as to whether or not they
are within the tolerance limit determined based on the
standard deviations given in the data base for the
standard samples.
(4) The method as defined in any one of the
above (1) to (3), wherein the said analysis range is
from 800 nm to 2,500 nm.
(%) The method as defined in the above (4), wherein
the said analysis range is from 400 nm to 2,500 nm.
(6) The method as defined in any one of the
above (1) to (5), wherein the selected wave lengths
stand each other at a distance of 10 nm or less.
(7) The method as defined in the above (6), wherein
the selected wave lengths stand each other at a
distance of 2 nm or less.
(8) The method as defined in any one of the
above (1) to (7), wherein the absorbance spectrum is
processed by differentiation.
(9) The method as defined in the above (8), wherein
the absorbance spectrum is processed by building up the

second derivative thereof.

(10) The method as defined in any one of the



(10) The nethod as defined in any one of the 6 above (1) to (9), wherein
.the data base is constructed froma plurality of standard sanples of a
plurality of Kkinds, by calculating the standard average intensity and
standard devi ations for each kind. (11) The nmethod as defined in any one of
the above (1) to (10), wherein absorbance spectra are obtained for a
plurality abovde (analiysi ¢93ampiherednd test datbi rpgeneisedomstonsctEd aver age
intensities of the analysis sanples (analysis average intensity) at the
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sol vents, water content, internediate products, production product,
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selected wave lengths from the standard average
intensity.

Production processes to be contreolled by the
present invention include processes for producing
chemical products, foods and other products. A
particular preference is given to processes for
producing chemical products, such as for example,
polyolefins, polyesters and phenols. Accordig to the
present invention, analysis samples collected from the
raw materials, solvents, water content, intermediate
products, production product, by-products and so on are
analyzed by near-infrared absorptiometry to obtain
observed values for these components and for material
properties and, based on these observed values, the
amounts of raw materials, solvent and water to be
supplied to the production process, the production
conditions, such as temperature, pressure and others,
and so on are controlled so as to obtain the product
having a predetermined quality.
By the analysis technique by near-infrared

absorptiometry according to the present invention,



By the anal ysis technique by near-infrared absorptionetry according to the

_present invention, 7 absorbance spectrumis taken in an anal ysis range
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from production process steps. The absorbance spectrum of

sanple is taken for each of a plurality of sanples for each kind

dinedding t haeasoinrapgdt haegiPher dikem i @t hBlusapaient I

properties and so on de ern%qid for each %%ade of manufacture.
e

BEEIOR vAEUESE so.

e ’?q'la’é‘%]chs&i'“ﬁ’fl@.rsenc‘é?ll??\ . rp(ﬁf(‘?ﬂ onPE
éi?eé%]e PESCy dPNg ht:tkagf YPr aklaga Qdcoééﬁgiea is

andar d sanples for eath kind and to take an a

sor bance

In

spect rum fdr@achoef ddrem oWhial AN fry a6€ULAMDL1RBAl fst Sesan heirad t ai ned
nmber of sanples increases, a nunber of sanples of about 20 to 30

as the nu
for each
near-infr

ke ol exstyed e £ porc pirodh citr oge paradessTheteps| foirs imdregmediate

ared region lies from800 to 2,500 nm wherein the range nmay be
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e conponents he materi properties of the sanp
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of manufacture. In accordance with such difference,
the production condition varies also. According to the
present invention, it is favorable to collect a

plurality of standard samples for each kind and to take
an absorbance spectrum for each of them. While a more
accurate analysis can be attained as the number of
samples increases, a number of samples of about 20 to 30
for each kind may be practical in general.

The analysis range in near-infrared region lies
from 800 to 2,500 nm, wherein the range may be
comprised of a part thereof or may comprise further a
visible light region and/or a infrared region in
addition to the near-infrared region. When it comprises
visible 1light region and an infrared region, it may
range from 400 to 2,500 nm. While the near-infrared
region includes informations concerning the components
and the material properties of the sample, the visible
light region includes informations concerning colors
thereof, so that it is preferable that the analysis

range includes a visible light region when analysis and
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i ght  region includes informations concerning colors thereof, so that it
I.s preferable that the analysis range includes a visible |light region when
anal ysis and 8 control concerning the color of the product are perforned.
Wi |l e the absorbance spectrum nay favorably be taken by observing the
absorbance intensity continuously for the analysis range nentioned above,
it is al sonteoli Sscbheetnimsepahe ancabsor barice thect mmndunt obsegevi ng the
absorbance intensities at selected wave |engths, as described in_the

fol | owi ngpesfesmeidng t Bhifhe pesepbsPRRBNEE oFpPeRFEMAgdIaY nﬁéﬁ@F??l(Ystandard

average intensit and standard deviations fo ected waye | engt
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of the selected wave I engths may be 10 nmor less, preferably 2 nmor
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over the analysis range, it is %Frn133|ble when unnecessary part is
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cal cul ati on 'on of €ac intensityf e stan ard average
intensitygeviations for selected wave lengths selected from the

absorbance spectrum obtained as above are calculated,
from which a data base is constructed. It is favorable
for the selected wave lengths to select a plurality of
wave lengths each held at an interval therebetween, in
particular, at a constant interval. The interval of
the selected wave lengths may be 10 nm or less,
preferably 2 nm or less. While the selected wave
lengths may favorably be selected among all over the
analysis range, it is permissible, when unnecessary
part is present, to exclude such a part. The standard
average intensity is determined preferably by averaging
algebraically the intensities of the absorbance spectra
of standard samples at each selected wave length for
each kind and the standard deviations are determined
favorably by calculation £from the deviation of each
intensity from the standard average intensity.

While the calculations of the standard average
intensity and of the standard deviations may be carried
out directly for the original spectrum obtained from

the standard specification, it is preferable to carry



Wil e the cal cul ations of the standard average intensity and of the
~standard deviations nay be carried out directly for the original spectrum
obtained from the standard specification, it is preferable to carry 9 out
the calculation fromdifferentiation-treated, in particular, second order
differentiation-treated absorbance spectrum The baseline of a
near-infrasefl Epect cdlcabatiohendsomo Wdiffewentdatiensitdeadied, onger wave
| ength due to influences by noisture content and so on and exhibits
over | aps afaspecukar, peaksecond conerder, t hdlidfifiefrendriEtdanotaeatadd

spectrum has flat horizontal baseline. In particylar, in the secon
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verage 1 ntensity an IJons are

det er mi ned, aksd NG 3% dhhiber@nt iakh gincbtealPdmeRethirtdM sodcahe idnaitted
into a conputer to~ construct a data base. Such data base is built up for
each kind ©f tdre Hmnhdaxthibdngl esveIbapanab¥si spsatmpdes pgaksanal yZed usi ng
the data bases obtained as above. The anal ysis sanples are collected from
t he productonirasoceddhest @pEferontiabbonystrrRptekssrecsygi shaanmfilat and, in
particular, for discrimnating as to whether or not ,they are rated
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sharpened reproduction of lower peaks and the
overlapped peaks become separated in a favorite
manner. The average intensity and the standard
deviations are determined wusing such differentiation-
treated spectrum and are inputted into a computer to
construct a data base. Such data base is built up for
each kind of the standard samples.

The analysis samples are analyzed wusing the
data bases obtained as above. The analysis samples are
collected £from the production process steps. For
analyzing these analysis samples and, in particular,
for discriminating as to whether or not they are rated
product, absorbance spectra are taken for an analysis
range, which are compared with the data base. Here,
deviations (analysis deviations) of the intensities of
absorbance spectra (analysis intensities) of the
analysis samples from the standard average intensity
are determined. Here, the discrimination is effected
as to whether the analysis deviation is within a
tolerance limit determined based on the standard

deviation (o) stored in the data base (for example, a
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anal ysis sanples fromthe standard average intensity are determ ned. Here,
.the discrimnation is effected as to whether the analysis deviation is
within a tolerance limt determ ned based on the standard deviation (c )
stored in the data base (for exanple, a 1 0 value of a 2a or 3a ) or not,
wherein the case of being within the tolerance |imt can be judged as

rated and,dhee cgge of bei pg oygisi dg, cabbenddogle ASi RXtha- dalhe !t i
perm ssible to collect and anal yze only one single analysis sanple or a

plurality bdimmaiwyshin IheplEsletanddeltmse ehnt e | fhdeed wlke wofgdRri son
with the data base may be perfornmed each individually or by determ ning an
average | mMeGsithe ferseadf deind ovsFddeedtamnvbe| civgidesl apd compaing this
with the standard average intensity. In case where the standard average
intensity LR PSt andard deviations are determined for the standard sanpl es

for differentiati of¢ trieat ﬁgrm§g§8é9ggf ?S%%ﬁtl%%tair'gnar eargaeflgzrgedorillny t he

data base, the conparisoh is m heIrntensi ties 0
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differentiation-treated ones) also for the analysis sanples. en the

i ntensiti esanglaeéshe abdar bahee st ref  dhet hbatibar ysithe amangs mirspreconpar ed
with the data base, the product can be judged as rated if the analysis
devi at i on Wwith héhgbsdaband@sgpemrume nperfosmedatéach dadjey idwdlided in

the analysis range is within the tolerance limt, for exanple, 3c , and be
j udged a)s/ or by determining an average intensity for eacqlp of the

selected wave 1lengths and comparing this with the
standard average intensity. In case where the standard
average intensity and standard deviations are determined
for the standard samples for differentiation-treated
absorbance spectra and are recorded in the data base,
the comparison is made for the intensities of
differentiation-treated absorbance spectra (including
second order differentiation-treated ones) also for the
analysis samples.

When the intensities of the absorbance spectra
of the analysis samples are compared with the data base,
the product can be judged as rated if the analysis
deviation of the absorbance spectrum in an estimation
range included in the analysis range is within the
tolerance 1limit, for example, 30, and be judged as
extra-rated if it 1is outside the tolerance 1limit.
While the estimation range may be identical with the
analysis range, it may be a part thereof. For example,
it is possible that the estimation may be effected only
in the near-infrared region even if the absorbance

spectrum is taken over the analysis range ranging from



extra-rated if it is outside the tolerance limt. Wile the estimation
range nmay be identical wwth the analysis range, it may be a part thereof.
‘For exanple, it is possible that the estimtion may be effected only in
the near-infrared region even if the absorbance spectrumis taken over the
anal ysis range ranging from1l 1 a visible light region to the near-infrared

region. The pgacié Cal gRRNNRIGiQn €661 MRkl GRdr inFerA%d Bégon! eghen may

be decided voluntarily. The manner of estinmation can be decided in

accor dancensidti csdchmspeer f b€ pEsposticgf ihe tiwealgsinattioon exgapbs, it is
possible to judge as extra-rated when even one single analysis result of

out si de ofmavhebeoldgaided | velunsagdly -f or ThHeechanpefiaRE PERGTASION to

j udge as extra-rated when occurrenﬁge of g%si de.of the tplerance |imt

exanmi nat | G3%fP% IBLIASAI thP oRCEREIFRTE YWARP &GRSt 5 br BHEPEPS ned -
. . ) Samb Didilbetebais
0Tt it Tig | Vet e goni 0t

tol erance 35 m y conparing the infenSity of
the absor RanceyPECLAHER WHeh tdPed ObRleaneendidl knalgesdusddyl t Wil e the
j udgenent may be made by determ ning val ues equivalent to the deviation
and so oncartdicenpaf i khet herbherdrdte hkimiiat acbagse. f8imcepedef fbswayE on
peaks of absorbance spectrumrepresent informations for, for exanple,
conposi t i dengthsheoanatysijgdggnpee, aRitaitAtes oPReR| QCCURRERSSE oRE control
of the production process can _be realized ,so.as to_obtain the final

product wioiStdehe 0% olttiEand@YETRANCE | £ 1BHE of Ao PERRADE EH8Rgt RE sRowi ng

plurality of analysis samples reaches a predetermined
proportion or higher. The judgement whether the result
is within the tolerance limit or not may be made simply
by comparing the intensity of the absorbance spectrum
with the tolerance limit individually, while the
judgement may be made by determining wvalues equivalent
to the deviation and so on and comparing them with the
data base.

Since the absorption peaks of absorbance
spectrum represent informations for, for example,
composition of the analysis sample, material properties
and so on, control of the production process can be
realized so as to obtain the final product within the
tolerance 1limit, if one or more wave lengths showing
the extraneous intensity (analysis deviation) are
present, by comparing such wave length(s) with the
production information(s) recorded in the data base to
obtain control data and inputting this control data to
the production process step. For example, when such
wave length for the extraneous intensity concern a

specific component, this means that the component is
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t he extraneous intensity (analysis deviation) are present, by conparing

- such”wave length(s) with the -production information(s) recorded in the
data base to obtain control data and inputting this control data to the
production process step. For exanple, when such wave length for the
extraneous intensity concern a specific conponent, this nmeans that the
conponent psedertPri@seih idmdthtMedRhei ther elkde®sCess An | shehertodf the
standard anount. Therefore, control of the production process can be
real i zed hthe bystideciagaksi ngmownti ncr eathagefheeanowentagfolt hi efcodement by
inputting a control data therefor to the production process step. so as to
obt ai n t hePEBIBF bR e RERSASSUNTRPL PR tTRAL ¥28%r BRECE | P¥i de ing

unnecessary_by-product i hforned %n %n qpqyné excgeg'n% t@g}gﬂ!eﬂlnce
limt the?®f 6FCTEESREr oI UalBOTor & t arHi hg“ SRR A" condi tidn Y no
such by-prgdyet, d:$,1f 0§ feg gglérQ%OQ‘bt@d Nefle igrodiiSion OpPBckaRUtdG to the
producti on process step. ncerning the material properties of the
producti ongo praslucto ansbedier Eendi dbsibaridd |editimant | Gel tn becheappl i ed.

The production informations as described above are stored prelimnarily in
t he conputtolesamcelat himblase. TWieerabsor pturoreqgassesryf e nmehrct nfisar ed
absor bance spectrum represent conpositely the informations for the
product i onfPFBR@ssinsu@® a2t co%’b%%‘i"%/jr%, theer ital eppeser t iledighd so
QINERE: A M R ST
that no such by-product is formed may be obtained, in
order to be inputted to the production process step.
Concerning the material properties of the production
product and other conditions, similar practice may be
applied.

The production informations as described above
are stored preliminarily in the computer as a data
base. The absorption peaks o©of the near-infrared
absorbance spectrum represent compositely the
informations for the production process, such as the
composition, material properties and so on, in which
certain conditions, for example, the informations for a
specific component and for others, are also represented
by a combination of a plurality of absorption peaks.

If the control data are recorded in the data base for
the wave lengths at these absorption peaks, it is made
possible, 1in the case where an analysis sample shows
abnormal peaks outside the tolerance limit occur, to
discriminate which condition or conditions is or are

the origin of such abnormality, by comparing the wave

lengths at such abnormal peaks with the data base.
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_are recorded in the data base for
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ination of a plurality of absorption peaks. If the control
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the wave | engths at these absorption

is made possible, in the case where an anal ysis sanpl e shows
peaks outside the tolerance limt occur, to discrimnate which

or conditions is or are the origin of such abnormality, by

conpari ng wien waviy kRBEt hsasd, suchcensoomelafienkgow t fegaendnga frase.
When, in this case, a control data for regaining the normal condition is

i nputted

producti o
I nputting
near-infr
producti o

trogperidnler  wiemd tthion di sics i mi iTewettt et oduigedtheoondiwitdn, titee
n. process can be turned back to the nornmal operation b
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| e, constituent conponents, material properties and so on,
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each anal ystecessdteepand to carry out qualitative analysis thereof but

able to |
discrimn
sel ect ed

tol erance 3% tth§

udge whether the product is rated or extra-rated, by sinply

ating as Im whke heneaneinfpsoedanadsoppdioae tiricensnaless s

wave lengths in_the analysis range are within or without the
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cBEBRPEngEPRe SBBRSFPAAEBTsp@IPARCELON hPLAGRSA™ wave

enaLhs Al e live, WeTeRy bhulsdRdeRss e Lodsun At
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on o e producti on process
calibration curve for each element for the analysis and

the control of, for example, constituent components,
material properties and so on, of each analysis sample
and to carry out qualitative analysis thereof but is
able to judge whether the product is rated or
extra-rated, by simply discriminating as to whether the
absorbance spectral intensities at selected wave lengths
in the analysis range are within or without the
tolerance 1limit by comparing the absorbance spectra at
the selected wave lengths with the data base, whereby
it is made possible to regain the normal operation of
the production process by performing control of the
process using the results obtained. Here, the
operation for effecting the control of the process or
of the analysis is simplified, since any qualitative
estimation of the constituent components and of the
material properties can be dispensed with. The
accuracy of analysis is increased and correction of the
calibration curve is unnecessary, since no calibration
curve requiring accuracy is used. By using as the

standard samples those which have been approved to be
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process using the results obtained. Here, the operation for effecting the
.control of the process or of the analysis is sinplified, since any
qualitative estimtion of the constituent conponents and of the nmaterial
properties can be dispensed with. The accuracy of analysis is increased
and correction of the calibration curve is unnecessary, since no
cal i brati aratesr vbyr eqohventionalr atienicalsednaBystis| ngtles tamalyediandard
sanpl es those which have been approved to be 1 4 rated, by conventi onal
chem cal @&%dusday dea abgl ydnsreagedracy Wahlde surnlemant W | ¢he

suppl enent_ of the data bases may .be excl uded, constructjon of the data
bagg f r om%fdre g’taiﬁ(‘?arﬁagarﬁb? ese’%&;)’dfeé]ci I FP&F@rPﬁE?‘Bﬁseojfi e 98FA ysi s

. h - j.nf ' tr] i . ihed
Above. T ndonh ERE Erd (GLF SN CERRRIR, iy CERLYRLSAES 19EIRHeY

procedur e i tfUtarOGASS talduihdy, use any calibration curve, since the
average value of the near-infrared absorbance intensities and the

standard devi ati orBy othé heestraitfird redndso @it iseleantied anaygsliengishs are
recorded in the data base and the absorbance spectra of the analysis
sanpl es adescori@dedabeyeh the daad Visdse.caBy bae awteliogdf art canthvigh i ng
producti on rocesses according to the Er esent. invention, control of the
product i or‘?‘%&&@é’é’se‘%yc&n R LS PFRGCHRSEd YOrFRAUfe BRGFSTIERFIPEsHA s
obt ai ned abgye, % ,K%Cgpéﬁ at i | acrget LEL r25EUNACHye BRIEF
DR ET Bl ¥§|E @ cRGe! ! 8fntd rd§ e BR

the near-infrared absorbance intensities and the

standard deviations of the standard samples at selected

wave lengths are recorded in the data base and the

absorbance spectra of the analysis samples are compared

with the data base.

By the method for controlling production

processes according to the present invention, control

of the production processes can be realized based on

the analytical results obtained as above, by a simple

operation in a better accuracy.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow diagram for one embodiment of
the method for controlling the production processes
according to the present invention with a near-infrared
absorptiometry combined therewith.

Fig. 2 1is a near-infrared absorption spectrum
chart for a standard sample of EXAMPLE 1.

Fig. 3 shows the second derivative curves of

the near-infrared absorption spectrum charts for a
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Fig. 1is a flow diagramfor one enbodi nent of the method for controlling
the ‘production processes according to the present invention with a
near-infrared absorptionetry conbined therewith. Fig. 2 is a near-infrared
absorption spectrum chart for a standard sanple of EXAMPLE 1. Fig. 3 shows
t he second derivative curves of the near-infrared absorption spectrum

charts foplarh13ty wrakithpndardstangaed sAMPKAMPLE EXAMPLE 1. Fig. 4 shows
t he second derivative curves of the near-infrared absorption spectrum
charts for sever &liganallystkoganpths iseammdraiderdvasivexarprres. ffg. 5
shows the second derivative curves of _the near-gnfrared ab%orpt'on

spectrum &R8rt PEATSEREFEFedanaPPEPEPEinPl esSPRCER EbnotRBF *FPun 6P EXAMPLE
1. Fig. 6 _sh th d hyat i t ' d
absor pi i oR YRR ARRIRERE PaRCLES 1honbhEKE chn'gf pRERPLENLELC

r € faw maferia Ilg. 7 shows the second

derivative curve gf;gthes ngpbrénfird el Pldedd vaRever UBUERast ber the
raw material B. Fi§g. 8 shows the second derivative curve of the

near - i nfr ahed RdsH+ phfedrepeabsvipthant dmecthen r ahartatian aseerkilyg. 9
shows dat a- processed chart of the second derivative curve of the
near - i nf r anad yatisosgmpdes $peenr abnoimal tup af BXAMP5Eslsanple in nornal

run of EXAMPLE 2. Fig._ 10 shows _data- rocegsed chart of the sgcggd
Fig.” 6 shows the second derivative curve O e

near-infrared absorption spectrum chart for the raw
material A.

Fig. 7 shows the second derivative curve of the
near-infrared absorption spectrum chart for the raw
material B.

Fig. 8 shows the second derivative curve of the
near-infrared absorption spectrum chart for the raw
material C.

Fig. 9 shows data-processed chart of the second
derivative curve of the near-infrared absorption
spectrum chart for an analysis sample in normal run of
EXAMFLE 2.

Fig. 10 shows data-processed chart of the second
derivative curve of the near-infrared absorption
spectrum chart for an analysis sample in abnormal run
of EXAMPLE 2.

Fig. 11 shows data-processed chart of the second
derivative curve of the near-infrared absorption
spectrum chart for an analysis sample in normal run of
EXAMPLE 3.

Fig. 12 shows data-processed chart of the second

derivative curve of the near-infrared absorption
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derivative curve of the near-infrared absorption spectrumchart for an
~analysis sanple in abnormal run of EXAMPLE 2. Fig. 11 shows dat a- processed
chart of the second derivative curve of the near-infrared absorption
spectrum chart for an analysis sanple in normal run of EXAMPLE 3. Fig. 12
shows dat a- processed chart of the second derivative curve of the

near - i nf r ek BREPT Bhia®® 1rSr SREC HAL9BaEt ddiplan aRal ysnermanplmd n
abnormal run of EXAMPLE 3. THE BEST MODE FOR EMBODYI NG THE | NVENTI ON Bel ow,
t he preserdf IBREMRLEMBJ s described in nore detail by way of enbodi nents
with reference to appended drawings. In the flow diagramof Fig. 1 given
for explaining an enbodi nent of the nmethod for controlling production

processes according to the present_.inventi represents the fl ow
sequence fOFE sk S’ERQFT PR @B%Q%ﬁé aﬁ‘ﬁ’ )I'ar‘hdi cates the flow
sequence for the process control. In constructing the data base as given
in the sequence (A), inspection of the apparatus for the near-infrared

absorptionetry is Hdis, Cailld eprtifert) iswhtion'har @esvr@bed an
plurality of standard sanples are observed by the near-infrared

absor pti omeirey dEiEarlat by f eaya wéveenbodihentwmgevitngirefdrence/i idl e
rays to near-infrared rays to obtain each absorption spectrumchart for
each standREEHIF AW Seupon, on

In the flow diagram of Fig. 1 given for
explaining an embodiment of the method for controlling
production processes according to the present invention,
(A) represents the flow sequence for constructing the
data base and (B) indicates the flow sequence for the
process control.

In constructing the data base as given in the
sequence (A), inspection of the apparatus for the
near-infrared absorptiometry is first carried out on
step 1. Then, on step 2, a plurality of standard
samples are observed by the near-infrared absorptiometry
apparatus for a wave length range ranging from wvisible
rays to near-infrared rays to obtain each absorption
spectrum chart for each standard sample, whereupon, on
step 3, the resulting spectrum charts are stored in a
computer. The computer performs data processing of the
stored absorption spectrum charts on step 4 for each of
the selected wave 1lengths in order to determine the
average standard absorbance intensity and standard
deviation therefrom for each selected wave length,
which are stored in the computer as data base for the

process control. The construction of such data base is
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step 3, the resulting spectrumcharts are stored in a conputer. The
_conputer perforns data processing of the stored absorption spectrumcharts
on step 4 for each of the selected wave lengths in order to determ ne the
aver age standard absorbance intensity and standard deviation therefromfor
each sel ected wave |l ength, which are stored in the conputer as data base

for the pgREeseacoBhtol by ThEr&PRSIRYCléMn Of sSelehiretat acthdse ifod 7acarried
out by preparing each spectrumchart for a pIurallty of the standard

sanpl es fopleashikyndfofthdestpnadudt sdmpley eaanelach pkbodicofbrame etc.,
and by sorting the obtained data as the data base for each kind. In the
subsequent PEe@pctE, OHf orfmil (m@ﬂﬂd-re,t h®rogiusducbrandpr ®tess c@ﬁ“ﬁes%ndl ng
to the selected wave |engths are in the data base There ma

i nputt ed aSOFhEr bkt iIFRTEIRES nd tanasftheex%Iae bagfe £PECt %?hchange

due to the, I ati f th fr bsay. r
characterls%/ﬁlé gﬁures ngbgﬁgﬁgggpgﬁéﬁg 5. b&iggggﬁh gﬁgidééo d%heas

vel | as thsrs@@éﬁ%ndaé@océgstf&r&%m@) tbor thBe P& PEEESEI COMVS! |

i nspection of the apparatus for the near-infrared absorptiometry is flrst
carried outengitBsepaté. phen, inonthkepdhta amalsesi s samEms tns¢en e om
production process steps are exam ned for their absorbance spectra in the
anal ysi s rampettefi c#s artdhe h@ﬁO@@@ﬁéP@d, ipformapions, wieh tewaerie. the

data base, jin order ;to_det mne ach devi at.i anal ysis devjatjon) from
the averagtR®st SRE&E Nt B t /e a?ﬁ}eyméaﬁt‘e@t}:/b?ﬁ‘on ofs the

near-infrared absorbance spectral characteristic
features for the components, by-products and so on, as
well as the control data.

In the sequence (B) for the process control,
inspection of the apparatus for the near-infrared
absorptiometry is first carried out on step 11. Then,
on step 12, analysis samples taken from production
process steps are examined for their absorbance spectra
in the analysis range, which are then compared, on step
13, with those in the data base, in order to determine
each deviation (analysis deviation) from the average
standard intensity. When the analysis deviation is
within the tolerance 1limit determined based on the
standard deviation stored in the data base, the run is
discrimimated as normal and, if the analysis deviation
is outside the tolerance limit, the run is
discriminated as abnormal. Here, it 1is possible to
compare the average of the observed results with the
data in the data base for the analysis samples taken
from process steps either simultaneously or each

isolately at an interval by taking the average of the
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within the tolerance limt determ ned based on the standard deviation
_stored in the data base, the run is discrinimted as nornmal and, if the
anal ysis deviation is outside the tolerance |imt, the runis

di scrimnated as abnormal. Here, it is possible to conpare the average of
t he observed results wth the data in the data base for the analysis

sanpl es t ARl rblOMPYREASS SERPSgRI t REE SidBYdrpraomeltyyor &ach theol ately
at an interval by taking the average of the 1 8 observed val ues, though the

absor pti oimpardednt hfaycobparpeoformeyd bef quer feamoiedahal yeash aampyel S
sanple isolately. In case where the run is discrimnated in the step 14
as normal isodadiely.i f time caserbdere theemini &g ailStQ”Fé“@élaé'(ﬁdedl§peC| fic
wave Iengths are each within the tolerance limt scrlb d | t he data

base of, ex%ﬁﬁﬁe 14hrad t PRE®ALhe &rd d’eﬁ/ Y S8F fRE®
absofbanceqtﬁgl%“%' - hbe LD iseiRcqeRedg é%n@ﬁgarwfi% gty Geat rol

action, cate I N step case ere un 1's scrimnated on

the stepehtnaSyfOROR The n@é‘?éﬁ’anéé_ b hfiknt@Rsddd Bsedt ihhechesebagked
specific wave | engths are each outside the tolerance limt prescribed in

t he data hase oJf, fpor example, thiree tHimes titee s¢bamidard ddevaatdonc of the
absorbance intensity, the wave | ength subject to such abnormal intensity
is detected ovf sthp BbsoThESCRavVieItensidth akle t REDpAS RTPLISHE oPRat i on

are conpared in step 17 with those in the data bas rder to find out
what the @&?thro‘t"lFBEPBr Yy £OMGRPEN FREWve @S Rficaled 95 EReb

15.

In case where the run is discriminated on the
step 14 as abnormal, namely, if the intensities at the
selected specific wave lengths are each outside the
tolerance limit prescribed in the data base of, for
example, three times the standard deviation ¢ of the
absorbance intensity, the wave 1length subject to such
abnormal intensity is detected on step 16. This wave
length and the production information are compared in
step 17 with those in the data base, in order to find
out what the control factor is, to which the wave
length is assigned, such as a component, a material
property or so on. Here, the abnormal intensity is
examined as to whether it is greater than or smaller
than the tolerance limit, whereby, on step 18, one or
more controlling data for turning back the process step
to normal run are obtained, from which one or more
corresponding control signals are generated. The one
or more control signals are inputted on step 19 in the
production step to actuate one or more control

operations as plant actions to effect control of the
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| ength is assigned, such as a conponent, a material property or so on.
"Here, the abnormal intensity i.s examned as to whether it is greater than
or smaller than the tolerance Iimt, whereby, on step 18, one or nore
controlling data for turning back the process step to normal run are

obt ai ned, fromwhich one or nore corresponding control signals are

gener at edop[hatAR% &Y HE' €oCYUBYANIn Sh gpebauate ofnmurnuefhatusd ep£18 in the
production"step to actuate one or nore control operations as plant actions

to effect qe@ntingl withhe ihe opeletawnce sdiadtt.o oBezen a&he ocodntref
manuf acture of a quality within the tolerance |imt. Here, the, control
oper at | onopexptionserfay nbg aatfarngd aitBeteadd i aOPPRuCH i 1Y &
repetitions each over a brief tinme or urther, in.a.succeeding nner.
After haviPdgasddty t&FneHeBSER%PBHﬁor %FI‘r Vet heé pPord'L?::Jffi %nlg“r?ay 0%2
continued under the.revise st gn h or ceRitON HaRy, be
revi sed irf#ﬁ?é&ﬁdanég wFthggggﬁgbgggciﬁé%ﬁgghtrcﬂ%qgif data} Pﬁ t he above

process stgR%ed Nhddk erval abrhhe seMECt atharavierodngt fvn neyape bé nm or
| ess, preferably 2 rimor |less. The wave | ength range of near-infrared

rays rangesnftimues0Ouhde?, 508e nnresiadatcondd tigmbeas of sugles @1 pitihge
variables is calculated to be 1,700 when the interval is 1 nm to _be 850
when the ioemeivdion s mayr i Peandrevierd 1760wh@FaGraaN®eer AT ths £8SH m
When, for exanple, the wave | ength range of 800 - 2,500 nmis divided by
2 nm the SPAEEIE SRRFEFALdAgSh 9 rvals, namely, the descriptive

variables, are 85Q | N QUMgtSe process steps, the interval of the

selected wave lengths may be 10 nm or less, preferably
2 nm or less. The wave length range of near-infrared
rays ranges from 800 to 2,500 nm, so that the number of
descriptive variables is calculated to be 1,700 when
the interval is 1 nm, to be 850 when the interval is 2
nm and to be 170 when the interval is 10 nm. When, for
example, the wave length range of 800 - 2,500 nm is
divided by 2 nm, the selected wave length intervals,
namely, the descriptive variables, are 850 in numbers.
According to the present invention, the absorption
spectra of plurality of standard samples in such
selected wave length intervals are averaged and
standard deviations are calculated, from which the data
base is constructed.

The construction of data base for the standard
samples is performed in the following way:

{ Recording of standard deviations for each
wave length range in the data base)
Standard deviation: o i = {(1/N-1)% (Xi-g i)2}'72

in which N : number of observations
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According to the present invention, the absorption spectra of plurality of
~standard sanples in such selected wave length intervals are averaged and
standard devi ations are cal cul ated, fromwhich the data base is
constructed. The construction of data base for the standard sanples is
performed in the follow ng way: ((Recording of standard deviations for each

vvaveIengthrangeinthexga_ta-,ﬁgé@g% tandard, deweatidiyeg 1 = {(U/N1)E
(Xi-41i)2)1/2 in which N: hb er o ;Bfgervations 2 0°Xl : intensity at

each wave length * i: avgrhgeavet&fsi intdmeidy ofrsenv aisdsrattor@ach wave

| ength (standard average intensity) * i: standard deviation at each wave

length o i and g i for each vaveeda@hgidvenrlengtdr drsdshdard evedsige base) a

1, a2, a3 c4..... anAl g2, ji 3 ui4d..... . u n The conparison

of the average of observed VHMHRRSHEY kach wave |ength of analysis sanpl es

coll ected from producti on progcess shgp w th the data, base is perfornmed in
t

the manner as foll ows: A%afysﬁga%% eovnlta%qng a\t (qa.chl,waze 3, ....n) in

whi ch xi: average intensity'ffgngiﬂﬁwervations (anal ysi s average
intensity) at each

( oi and u i for each wave length are
recorded in the data base)
cl, o2, 03, o4 - --:.. on
ul, w2, v3, ud----- un
The comparison of the average of observed
values at each wave length of analysis samples
collected from production process steps with the data
base is performed in the manner as follows:
Analysis deviation: Xi-py i (i: 1, 2, 3, --.-n)
in which =xi: average intensity for N observations
(analysis average intensity) at each
wave length
x1l, x2, x3, --.-.-xn
uw i: standard average intensity on the
data base
Xi-y 1i: comparison of the analysis
average intensity with the
standard average intensity
(analysis deviation)
xl-4 1, x2-4 2, x3-p4 3, -+-+ xn-un
Quotient of xi-y i by o i:
(xi-u 1)/ o i
Comparison of analysis deviation with tolerance

limit:



wave length xl, x2, x3, ....xn i: standard average intensity on the data
_base xi-g i: conparison of the analysis average intensity with the
standard average intensity (analysis deviation) xl-,u 1, x2-,u 2, x3-g 3 .
‘ Xxn-g n Quotient of xi-gi by i: (xi-,Ui)/ a i Conparison of analysis

deviation with tolerance limt: 2 1 if the tolerance limt =a: 1Z
(xi-"Ui)l aizegi C % 4 =2a: - i)4ia,l f the
t ol erance Iimltf:&é%hfo (X|f“a€lele'L 17@1 %0 the ol eraancle |lm){ —&4 C 4

(xi-g i)l ai #%O0ffe Codddntid MOim tTOd awle are keld upelpryai)pynaet rical
stretching vibration, a non-symretrical stretching vibration and a

def ormati on viif athentoMmmcea limit of3a frequeary idemtteal) M td & hat of
the above vibration is irradiated onto the nolecule, a part of the Iight

i s absorbed bylf Hehemli@ekerancendmidy 3 t4¢ s e><4cﬁed (Priorh tine/ gf dund state

t ted state. Th t hts_of f f
harmoni 65 of ¢ ho MUY bEBTFH-FATA0) I GO IR CBFE IR cehgnt 4

e A S B, 8, M,

be stretching vibration and a deformation vibration. When
a light of a frequency identical with that of the above
vibration is irradiated onto the molecule, a part of
the light is absorbed by the molecule, whereby it is
excited from the ground state to an excited state. The
excited atom emits lights of frequencies of harmonics
of the absorbed infrared light, which can be detected
in near-infrared region. Therefore, the detected
near-infrared absorption wave length has a chemical
attribute, so that pertinent wave 1lengths can Dbe
selected in accordance with the objective component.
However, in practical analysis samples, there are in
general few binary systems and they are present in most
cases as multicomponent systems or as mixtures with
multicomponent system or in a morphic state altered by
reaction or polymerization.

Conserning the chemical attribute of absorption
wave length, wave length ranges attributive to
functional groups have been known and, based on this,
the wave length ranges correponding to the
characteristic functional groups of the raw materials
and the reaction products are put into a data base.
Examples of the wave length ranges for £functional

groups are recited below:



selected in accordance with the objective conmponent. However, in practical
anal'ysis sanples, there are in general few binary systens and they are
present in nost cases as multiconponent systens or as mxtures with

mul ti conponent systemor in a norphic state altered by reaction or

pol yneri zati on. Conserning the chem cal attribute of absorption wave

| ength, wave Iggngth ranges attydidbpyd @ rli®s functi onalgsgroypsohame been
known and, based on this, the wave |length ranges correponding to the

characteristic functional growpsl ¢farmomircaw mat eri al9d0 ard tHOS I eamt | on
products are put into a data base. Exanples of the wave | ength ranges for
functional gMBups are recitedSelh@gmonizscHist haddd®i csi134% nm 550 nm 2nd
har moni cs910 - 1033 NHlst harg&@ s1415 - 1516 nn12§q harnoqi%%p43 - 1010
CH (aliphatic)1st harnoni cs1683'< n6S2nd har nofitcs 1120 19101 73

(aromati c) 1st Clgp_r(veqip%za?]tgl:ﬁ% -olg)s'?cg?‘r?e o%{/l%ghar noni 0?36%67 15kl gn In the

enbodyi ng node given near-infrared "the reaction
product in a reaction above, thg Haeedni®s absorptiijaret e, afi ysStMm i s

processed by differentiation-treatnent, fromwhich a second
CH (aromatic) lst harmonics - 1615 - 1665 nm
2nd harmonics 1077 - 1111 nm

In the embodying mode given above, the spectrum'
chart, obtained by a near-infrared absorptiometer, of
the reaction product in a reaction system is processed
by differentiation-~-treatment, from which a second
derivative curve 1is obtained in the wave length range
of 800 -~ 2,500 nm. The average spectrum is compared
with the average spectrum recorded in the data base to
compare with the data base of functional groups for the
wave lengths and wave length ranges, at or for which the
standard deviation is exceeded in plus or minus level.
The raw material, reaction product or so on is specified
thereby and control of the plant is effected via a
computer so as to maintain within the definite standard
deviation.

It has been known that the absorbance of
spectrum obtained by near-infrared observation suffers
from shifting of the baseline due to external condition
of, for example, temperature, water content, flow
velocity and so on. This means that the absorbance
value may be varied by such baseline shifting
(alteraion in the absorbance) when the originally

obtained spectrum is used as such, whereby considerable
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derivative curve is obtained in the wave | ength range of 800 - 2,500 nm
‘The average spectrumis conpared wth the average spectrumrecorded in the
data base to conpare with the data base of functional groups for the wave
| engt hs and wave | ength ranges, at or for which the standard deviation is
exceeded in plus or minus [evel. The raw material, reaction product or so

on is specifredenther ghy ang %*ﬁf%f*tﬁ%dgﬂ%%g ' g?&ﬁﬁCtSQ Vi &y én

conputer so as to maintain wt inite stan deviatiron. It has

been knownihbat takeocadsqr bancsu@f& spectingmuehtai Nned bywmearphisétl phed
observation suffers fromshifting of the baseline due to externa

condi tion sbhifting examplle seppsessede,byatrsrocesstieryt , theowriginalty and
so on. This neans that the_absorbance value nay be varied by such baseline

shifting ?8FFEFainorFf?’=}Fti hQYab%b’?%%%%‘) M t RE - o WRETRRY y & obteRdAd

spectrum i su by, .con e 2 Influence

observatloﬁ ?Z?gF?ge %%?v be faégh % % g ouﬁPS°§ﬂ£h°%n T ?%%hg% of the
baseline ghitti RINCBE BB+svRRGESSEd by processing the original spectrum
chart by differentiating it, whereby a steady derivative curve of the

spectral absorptlOWheﬁtenslhbso&b&ﬁbncaﬁpéﬁtﬁﬁmEﬂdmait_thn BPFoddSHEMt | ON
spectrumchart is processed by differentiating it, high frequency noises

are nmagni by ed diehfsesntoidt iargl ndy, parbigh patireiguenioy coofsek acaren
erroneously as if they represent near-infrared informations. Therefore, it
i s essentlé?gnl fied (emphsized) and may participate in the
control action erroneously as if they represent
near-infrared informations. Therefore, it is essential
for the requisite performance of a near-infrared
absorptiometer that the noise level should be at the
highest 50 x 10-¢ absorbance units.

Sigma discrimination method is a technique for
discriminating as to whether or not a product on
production corresponds to a previously obtained rated
brand product, wherein identical quality product can be
sorted statistically within a deviation of 3¢ at a
probability of 99.7 %. Here, 20 to 30 samples of
differentiation curves of the near-infrared absorption
spectrum charts of each brand approved to be rated
product are selected for constructing the data base,
with which that of the process product on production is
compared. If the deviation exceeds the range of 3¢ ,
namely three times the standard deviation ( o ) of the
standard spectrum used as the base, in the wave length
range of 800 - 2,500 nm, the process product is judged

as being extra-rated.

In the process control, near-infrared spectral

2 4



for the requisite performance of a near-infrared absorptioneter that the
noi se | evel should be at the highest 50 x 10-6 absorbance units. Signa
discrimnation nmethod is a technique for discrimnating as to whether or
not a product on production corresponds to a previously obtained rated
brand product, wherein identical quality product. can be sorted

statisticalartd t BbRa@dnd@viat i 8N nstantd ant@rednbidret yinpubbed %n Here,
20 to 30 sanples of differentiation curves of the near-infrared absorption
spect rum chaneareinéaahetir sy tamppr copdttochedr fivom ar o¢adt iafgraxnsidect ed
for constructing the data base, wth which that of the process product on
product i orRRSPTRIGARENEE, | f ®he GOWPHLESn exkPeds PﬂBtFﬁgbénSf 3Fhe nanely

three tines the standard deviatiqn a_) of the _st ard spectrum used as
the base, r’rer?lhfé‘éﬁa?}'eea‘{ en@%ﬁor z}'ﬁ&B‘g&F%OOaPEZ, 590 ?#lﬁqat he Wg‘g@&?gpr oduct
(s ] udged AR RRING Oty & (A rddt {NAdY 00t CORgelerdlear drfyiar ed
spectr al FA Chart's obtai ned at a consta interval "are inputted in a
near - i nf r gy SISt enrcongld Uit f a1y 7iedy - icvhipaited a@Isonild orgieer, a
conputer for controlling the near-infrared absorptioneter and a data

anal yzi ng coxdmmitleimg by dofipetent i at iwhgprehppect the chawantidiatdotd y in
the data anal yzi ng conputer or via the controlling conputer, whereupon the
quant i t at iaralvid ysivalygl ueaBAd tiHRe 3a 3wl uevateedi Hayedisfl@yadneousl y

o sotely Amdtailoddli el iSTy Tl M LRELRM, IRyt ion Wi be
Below, the present invention will be described

by way of Examples.

EXAMPLE 1

EXAMPLE 1 describes an embodiment of controlling
production process of a polyolefin resin. In the
process, an olefinic monomer comprising 4-methyl-
pentene-1 is polymerized in the presence of a catalyst
to produce a polyolefin resin.

Fig. 2 shows a near-infrared absorption
spectrum chart of a standard sample of a product judged
as a rated product by conventional chemical analysis,
in which the curve (A) represents the original
absorption spectrum chart and the curve (B) represents
second derivative curve in which the original spectral
chart is doubly differentiated. The original spectrum
chart (A) shows a baseline shifting on the side of
longer wave length and overlapped peaks, whereas the
curve (B) exhibits a flattened horizontal baseline and
isolately appearing emphasized absorption peaks. Fig. 3

shows the fluctuation width of the second derivative



by way of Exanples. EXAMPLE 1 EXAMPLE 1 descri bes an enbodi nent of
controlling production process of a polyolefin  resin. In the process, an
ol efini ¢ nmonomer conprising 4-nethyl- pentene-1 is polynerized in the
presence of a catalyst to produce a polyolefin r resin. Fig. 2 shows a
near-infrared absorption spectrumchart of a standard sanple of a product

judged asmfvedl edfPrOUCEp byt 5ORY @MardRal osderiédl faraly/spbIuralityhi ch the
curve (A) represents the original absorption spectrumchart and the curve
(B) represent sstamdard] deampaésve (Q0r vesamplwls chin hetbis gi BXAMPHEQL.Ir a

chart is doubly differentiated. The original spectrum chart (A) shows a
basel i ne dHidti Ag DrP¥he ssicoadof derbyigbtvaaralivésgt BORNE oPeHragpdd peaks,

whereas the, curv B) exhibits a flattened hori,zontal .basel.in d
i sol ately Odc'pp_ezfﬂaﬁ'd’ ) ha$i2F® e§bsor(§t i oﬁaﬂ‘é’gﬁ) Fi §F’E§eciﬁ8\/\setf%g’m

fluctuati °‘”“?418?Iat%e°u":ea nsstdeegg,vatie(e ‘grécﬁura{es?gwéathsaéeecwsum

charts observe It of ‘'standard sanpl es O sanples in this

EXAMPLE) . cdﬂél-rtﬂ:t%f@%ﬁﬁec&éga b¥edd Meg CUENES EBEoAdP| vedlivativel
anal ysis sanples (3 sanples) collected from production process steps, in

whi ch a dahwvesseobtaimedsinuctied .byl daha- pr doegsrodpdehetbecanerage vati ve

curves obtained in Figs. 1 and 2 to produce the average intensity for

sel ected viantensdigt hsfare| exglartad arwavet ekeRgths 2saneahedst adard

gg;“t ?tehonsinttréei‘:rv%%f’ ofhepeupon the, horj zontal 1508;:90;58Ye R334 S
whereupon the horizontal line of level 0.000 is settled
at the average intensity level and the horizontal lines
of 1levels =+ 3.000 are settled at the levels three
times standard deviation o , namely 30 . Fig. 4
corresponds to the case where the production process is
in normal operation, wherein the product informations,
such as the composition and the material properties of
the analysis samples and so on, are included in the
spectrum in the range of 800 - 2,500 nm. All the peaks
in the range of 800 - 2,500 nm for the analysis samples
lie within the range of 30 , namely, they are within
the toleance limit. The spectrum below 850 nm falls
under visible &ray region and includes informations
concerning color of the analysis sample, which are
permitted to exceed the range of 30 .

Fig. 5 indicates the case of operation where
abnormal wvalues appear and shows the second derivative
curves for the analysis samples collected from
production process steps similar to those of Fig. 4.

Many of the peaks in the range of 800 - 2,500 nm are

outside the value 30 , namely abnormal values. Figs.



at the average intensity |level and the horizontal lines of levels 3.000
‘are settled at the levels three tines standard deviation a , nanely 3a
Fig. 4 corresponds to the case where the production process is in nornmal
operation, wherein the product informations, such as the conposition and
the material properties of the analysis sanples and so on, are included in

the spectgunyi Rrshes rénge 8hcH0@ne Sexl¥hd e vatiife PEAkSe bF UHe range
of 800 - 2,500 nmfor the analysis sanples lie within the range of 30 ,

namel y, thgyeateun tdhiart t bert adieaneawl imateridie $ROGt rvaw bedate 851 nm
falls under visible ray region and includes informations concerning color
of the analBki andanphe, matieghiadr e (Cper fespectivealiceewhigd range rft 3a .
Fig. 5 indicates the case of operation where abnornmal values appear and
shows the ecoRd H&tPvatiafe @ veRTPYICEIRM aniPyerBatidBfes coMted from

product i Onccﬁﬁ%%%fr_?g Zttg%g % &L%mg&%hgig'ofs Fi e reQ/BQXtOft$ hedﬂeeaks in

the range 0 are | dé“the value 3a , nanely abnor mal

val ues. Figsax® Gib, 1720dnk Shaw eaghst hgmsecond werdatine cMgeof the
spectrum chart for the raw nmaterial (A), raw material (B) and raw nateri al

(O, respentdeesdy, Wi ch aritlput then a disten basmseas mioduginogiuction
informations. Wien conparing the spectrumof Fig. 5 with respect to the
peaks at lizPBormatien.23dBerm caingidenhwikd viheoge odxceempPaaentwit®) t he

data base of production jnformation, {hey incide with tho of conponent
(B) of Fi® 7Fifndidati ntPHcRt1ME cshﬁgneiﬁ’ﬂe(s)cc?rgponent B s

excessive. Therefore, a control signal for decreasing
the amount of component (B) was given off, whereby the
production process was turned back to nomal operation.
When the peaks exceeding 3¢ were originated from an
impurity, the control was able to be realized by
emitting a signal for diminishing such impurity.
EXAMPLE 2

EXAMPLE 2 describes an embodiment of controlling
the process for producing a polyester resin. In this
production process, a polyester resin, such as
polyethylene terephthalate or so on, is produced via an
esterification step, in which a dicarboxylic acid
product composed mainly of terephthalic acid is reacted
with a diol product composed mainly of ethylene glycol,
and a polycondensation step. Fig. 9 concerns an
embodiment in which discrimination was effected for the
polyester resin using a data base made from the second
derivative curve of a near-infrared spectrum chart
obtained using a plurality of production products which
had been 3judged by conventional chemical analysis to be

rated ones, by assuming a threshold wvalue of 3¢,



excessive. Therefore, a control signal for decreasing the anount of
~conponent (B) was given off, whereby the production process was turned
back to nomal operation. Wen the peaks exceeding 3a were originated from
an inpurity, the control was able to be realized by emtting a signal for
di m ni shing such inpurity. EXAMPLE 2 EXAMPLE 2 descri bes an enbodi nent of

control I'i nghetden pr%ssﬁ,mu@ip&yc!ms a POtYES elfodteSivhdd tdiSmal
production process, a polyester resin, such as polyethylene terephthal ate

or so on, opeydoiiced VTRegs £S5telo fwaaki drersdtdp, rangehi whth deskdoxylic
acid product conposed mainly of terephthalic acid is reacted wth a diol
product corpesedingmi the ofangehyeEnd oyl yidol the apgaz-pofyasaderraian st ep.
Fig. 9 concerns an , _enbodinent in which discrimnation was.  effected for the

pol yest er $Rsithalsitif aPESTEChaSE et FHOFFENSSSeCIMRPIHREE VAR V% ur ve of

a near-infrare m chart obtained using a plurality of production
products Wﬁ?% Q i%%ﬁ%%gh j udged by conventional chem cal analysis to be

rated ones, by asspygng ad hreefidedneal UnOf 3fbod2ndn¥hersn tfigich
production was carried out under normal operation. There is no wave | ength

range w t hdjpsakimiexcaadi ngas heefdegeedlf Fari nthee mpediestierar ategiagi on,
so that the product can be judged as conparable to the rated product. Fig.
10 concer s g efbG@terkase mafieh frgmsckher aaceod desivptdyeedywire t he

olyester resin using.a_data_base de fromthe second derivative curve
poty OF a nearginfrared speggrum chart o %agne uging a

plurality of production products which had been judged
by conventional chemical analysis to be rated ones, by
assuming a threshold wvalue of 3 o, wherein the
production was carried out under operation ascribable
to abnormal values. In the near-infrared region, a
wave length at which 3¢ value is exceeded (at 2034 nm)
can be recognized. The absorbance at 2034 nmm
corresponds to the characteristic absorption band
attributive to the influence on the product color. On
detecting an excess of the + 30 threshold, the
production process was operated so as to alter the
stabilizer feed rate. The component of diethylene
glycol 1in the polyester resin has a characteristic
absorption band around 1224 nm. When this band exceeded
the threshold value of + 30, the production was
operated under alteration of the polycondensation
condition so as to wvary the amount of diethylene
glycol formed (formed spontaneously), whereby normal
product was regained. Here, it was necessary to operate
the production process by altering the condition of

polyvcondensation or by supplementing diethylene glycol



of a near-infrared spectrumchart obtained using a plurality of production
.products which had been judged by conventional chem cal analysis to be
rated ones, by assuming a threshold value of 3 a , wherein the production
was carried out under operation ascribable to abnormal values. In the
near-infrared region, a wave length at which 3a value is exceeded (at 2034
nm can bRohE6REHN ZQghenlh sof 2 rresporRds t e
characteristic absorption g%ﬁg g??%%%ﬁ?PVeq%%Lt e ?gfluencgobn Bﬁ%gproduct
col or. On exle¢eededng an excess of the 3a threshold, the production
process was operated so as to alter the stabilizer feed rate. The
conponent of di et hyiehkarkyycdihene t he pol gheracterishihassat@rim eri stic

absorptioqggqu ro ?g 1224 E When this band exceeded the threshold
val ue of 1C Bt ?)l Qucti s o @RS afld thRled Val Yatae| direxent

pol ycondensald ot crOQdh LGN SOuRse! ke vy e Qo U of o i et iyl ene ol yeol

formed (forned spontaneou er eby nor fJat ned: Here,

it was necgssarnyeddsHPeF atiy td‘@rﬂ{)owi Yhd e ! (& | %1”\;%1
condition of polycondensation or by suppl enenting diethylene glycol 2 8
nmonomer, wimsfer héhehrlested dinalthe ofolirembsat foceedadtod it agby.ad here is
a characteristic absorption band at 1710 - 1538 nmas to the |V val ue
(1 nherent to/i deesease vahaeflowhartehef \thal heatiweedad {3aerti tgasias
necessary to c%rré oyt the operation so as to lower the level in the
polynerizéfioﬁ r e %to‘JOFeQB g5 the temperature of the preheating

phase of solid phase polymerization, whereas when -3¢

was exceeded, it was necessary to carry out the

operation in the manner reverse to the above.

EXAMPLE 3

This example concerns an embodiment of
controlling process steps in the production of phenols.
The production process comprises a cleavage

step in which phenols are formed by a cleavage reaction

from a hydroperoxide in an organic solvent using an

acid at lower concentration. Here, the items to be

administrated comprises concentrations of residual

hydroperoxide, sulfuric acid, water, phenol,

hydroquinone and so on, which have each a correlation

with the characteristic features as follows:

Residual hydroperoxide: reaction efficiency and

safety
Water : product yield and reaction
velocity
Sulfuric acid : product yield and safety
Phenol : yield and reaction efficiency
Fig. 11 concerns an embodiment in which



to decrease the flowrate of the heating gas (inert gas) or so as t
reduce the tenperature of the preheating phase of solid phase
‘pol yneri zation, whereas when -3a was exceeded, it was necessary to

out the

operation in the manner reverse to the above. EXAMPLE 3 Thi

exanpl e concerns an enbodi rent of controlling process steps in the
producti ong (o PRI Sion THEsPIAMIIL) BHOECEE GHBUUSESoR W1RanAldfe
whi ch phenols are fornmed by a cl eavage reaction from a hydroperoxid
organi ¢ sttt ussngg eandasdai basle |wade copmeniheat senonélerderitveetivesns to
be adm nistrated conprises concentrations of residual hydroperoxide,

sul furic aieve watfera pearolinfnaredogsPeehrumnshedtonobtpiredhaisintich a
correlation wth _ the characteristic features as follows.: Resi dl%aﬁleé}

hydr oper 0@ d@LYr&ddtti¥on O&f { FPRHRYE artk €R aPECPUCHSL VD1Chr R

reaction V‘%M%‘Lc# ybySUL:EH?rf%aé't?§&gl: HQPUCL; Vi 'aggi@rl% sghety, i Eﬁﬁ{}%gu

and react i:bn

I CI ency concerns an e ment I'n

di scri m natjeon P’Eérgftﬁ%ﬁt edhdpinidterdyshict rafige!l eavige ask8RiHE NG

base nade from

e second derivative curve of a near-infrared spect
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chart obt atmssbhusidg valyd urafi t $o00f clvbevede stép ppoddoict iwn clwdsmd been
judged by conventional chemical analysis to be within the operation
adm ni st r #3oniednget pyndesumorgad operation. There 1is no wave

length range in which 30 is exceeded in the near-
infrared region, so that the operation state can be
judged as normal.

Fig. 12 concerns an embodiment in which
discrimination was effected for the product of cleavage
step using a data base made from the second derivative
curve of a near-infrared spectrum chart obtained using
a plurality of cleavage step products which had been
judged by conventional chemical analysis to be without
the operation administration range, by assuming a
threshold value of 30, wherein abnormality appeared.
In the near-infrared region, a wave length at which 30
range is exceeded (at 1978 nm) can be recognized. The
absorbance at 1978 nm corresponds to the characteristic
absorption band attributive to the hydroperoxide. When
the threshold value of + 30 was exceeded, normal.
state was able to be regained by operating under
alteration of the amount o0f supplied sulfuric acid. The
absorption band lies at 2036 nm for sulfuric acid, 1900
and 1400 nm for water and 1930 nm for phenol. When the
values for them exceeded the above threshold value, the

normal state was able to be regained by altering the

30



threshol d value of 30 , wherein the production was carried out under

nornmal operation. There is no wave |ength range in which 3a is exceeded in
the near- infrared region, so that the operation state can be judged as
normal . Fig. 12 concerns an enbodi ment in which discrinination was
effected for the product of cleavage step using a data base made fromthe
second dergodd | Mourstl V§e Oy Near-i nfrared spectrum chart obtained using

a plurality of cleavage step products which had been judged by
conventional chem cal analysis to be without the operation adm nistration
range, by assuming a threshold value of 3a , wherein abnornality appeared.
In the nedMNQUHTRIAl] ARRS HABIELIRX/e | ength at which 3a range is exceeded
(at 1978 nm can be recogni zed. The absorbance at 1978 nm corresponds to
the characteristic absorption band attributive to the hydroperoxide. Wen
the threshol d val o] 3 o , hermal . state was able tq be
regai ned by operaﬁﬁ]gft&ﬁdtaa‘#@% %%r%&%%% of t REOSHS ﬁ‘tonofogup?prlqdé’cf | furic
aci d. The popabsmdfadtddand kies aks20 r i L acy 9 and
1400 nm for water and 1930 nmfor%heﬁ%laﬁ% ie)n t e&d{%/% 'uegf'l odrslt %g)nq
exceeded tditheatsove thler eshoddlcvbbnie pridtssnol SRlcdittia s a8bl ead 0 the

regai ned by altering the 3 0 feed anobunts of them | NDUSTRI AL

APPL| CABI Mapnhain henpriadss oxennt ion protatei oryof peofocningf the

manuf act ure, ,such as cheni cal Broducts, foods and others, the production
process ifo(f’d:rﬁ | FBd %%c%lsato ay that analysis samples collected

from the raw materials, solvent, water, intermediate
products, product of manufacture, by-products and so on
are analyzed by near-infrared absorptiometry to obtain
observed values for these components and material
properties and the control is effected so as to maintain

these observed values each at a predetermined value.



mai ntai n nornmal operation state by performng the control in such a way
that” anal ysis sanples collected fromthe raw materials, solvent, water,

i ntermedi ate products, product of nanufacture, by-products and so on are
anal yzed by near-infrared absorptionmetry to obtain observed val ues for

t hese conponents and material properties and the control is effected so as
to maintain these observed val ues @gggMgt a predetermned value. 3 1
CLAIMS 1. A nethod for controlling production process conprising taking an
absor bance spectrum for each of a plurality of standard sanples collected
froma production process step in an analysis range including
near-infrated regi®dn, medhodr ucfomg eodaralbisg byroductlian ngpredegsar d
deviations _and the average intensity of the standard sanples (standard
average i nt¥MT153I"¥n respect of each wave |length selected fromthe

spectrum included,_lp.the I d_.anal.ysis range,, taking an absorbance

spectrumin the s%%lglrﬁal %lxgl sal?%%ﬁﬁe/arf%‘? SRR ¢SS s HRFR QF | et ed

from the prosuritpn PsOCeSStMEPrand 419 dd1o d A Ll g o,pbsol bance
al'ysis

spectrumw th the data base, estimating deviation (an evi ation) of

the intensptoydwitide phoeehancetepedty ughofarraekitf HhRge analyRidimpanp! es
(analysis intensity) at each of the said selected wave |engths fromthe

standard avaBgerirarehsiegion,

constructing a data base by calculating
standard deviations and the average intensity of the
standard samples (standard average intensity) in
respect of each wave length selected from the spectrum
included in the said analysis range,

taking an absorbance spectrum in the said
analysis range for each analysis sample collected from
the production process step and comparing the resulting
absorbance spectrum with the data base,

estimating deviation (analysis deviation) of
the intensity of the absorbance spectrum of each of the
analysis samples (analysis intensity) at each of the
said selected wave lengths from the standard average
intensity,

comparing, when the absorbance spectrum
includes wave length(s) at which the analysis deviation
of the absorbance spectrum of the analysis sample is
outside a tolerance limit, the wave length showing the
analysis deviation of the absorbance spectrum outside
the tolerance 1limit with production informations given
preliminarily in the data base to thereby obtain

control data and



conparing, when the absorbance spectrum includes wave |ength(s) at which
the anal ysis deviation of the absorbance spectrum of the analysis sanple
is outside a tolerance limt, the wave I ength showing the analysis

devi ation of the absorbance spectrumoutside the tolerance limt wth
production informations given prelimnarily in the data base to thereby

obtain control dapar&Bdmsng pefﬁgrn1agnggglcon§60! §9 asifo oQBgéga
production product within the tolerance lint by inputting the sai _
control daPacducthenpr mitaducin  pridbdsns sthe. ZolEvadsy hodias tcl apyed in
claim1, wherein the production infornations stored in the data base are
t hose of thﬁpEBﬁbBﬂenF%#até@kﬂ ceprerpbnddagat o tohe theai dpsedect tonwave

| engt hs. 3 thod as clained in claim1 Qr_2, wherein the deviations
(angl ysi s %E‘\;/-ng?lggsng?pbf the analysis intensities fromthe standard

average inpensit | | n,pat o .whet her_or, not the_ are withi_n
txe ?oler%hce |¥g??§d£?2?ﬁ$kgégbg§§3 5ﬁitﬁéps%gﬁ rd dggﬁﬁFﬁﬁnst@Fven in

the data bpseddetiohe sifoimd€iosanDdesred. He fgs hogd as %é&émg%}é‘ any

one of claims 1 to 3, wherein the said analysis range is from8 nmto
2,500 nm Ehose ot Hiwe asosipanent | natkaiald, cobesepondbfg Se6d @nal ysis
range is fgéquggﬁéggéé)é%&gxaéggtéz.'The nmet hod as clainmed in any one of
clains 1

3. The method as claimed in claim 1 or 2, wherein

the deviations (analysis deviations) of the analysis

intensities from the standard average intensity are

discriminated as to whether or not they are within the

tolerance limit determined based on the standard

deviations given in the data base for the stantard

samples.

4, The method as claimed in any one of claims 1

to 3, wherein the said analysis range is from 800 nm to

2,500 nm.

5. The method as claimed in claim 4, wherein the

said analysis range is from 400 nm to 2,500 nm.

6. The method as claimed in any one of claims 1

to 5, wherein the selected wave lengths stand each other

at a distance of 10 nm or less.

7. The method as claimed in claim 6, wherein the

selected wave lengths stand each other at a distance of

2 nm or less.

8. The method as claimed in any one of claims 1

to 7, wherein the absorbance spectrum is processed by

differentiation.

9. The method as claimed in claim 8, wherein the



to 5, wherein the selected wave | engths stand each other at a distance of
10 nmor less. 7. The nethod as clained in claim®6, wherein the selected
wave | engths stand each other at a distance of 2 nmor less. 8. The nethod
as claimed in any one of clains 1 to 7, wherein the absorbance spectrumis
processed by differentiation. 9. The nethod as clainmed in claim8, wherein

the 3 3 ab pectru processed b din the second
derivativeggﬁg?géﬁcglosp?ﬁg}ﬁﬂthbﬁ gr%?%ﬁ |hYaH8u ¥ cPRinkhe to 9,
wherei n t hgedahd gg§§vbglggn§ﬁé Fd froma plurality of standard sanples
of a plurality of kinds, by ca ating the standard average intensity and

standar d d&@i at i onBhéormestsadu klasd cldimdde et BA¢ aené! Jed1hImany; one of
claimse 1 to 10, wherein absorbance spectra are obtained for a plurality
of the anat9si2: sa‘f’rbﬁ&lﬁndt’é%tl%ta nghase Heviconstsuctedvetrge a
intensitie | es (anal ysis average intensity) at the

sel ect ed \}’éa#bﬁﬁt ik tﬁ?@ sEARLs REr dgePlukahkty yof3 kinds,

by Calculatlng the standard average intensity and
standard deviations for each kind.

11. The method as claimed in any one of claims 1
to 10, wherein absorbance spectra are obtained for a
plurality 6f the analysis samples and estimating the
deviations of average intensities of the analysis
samples (analysis average intensity) at the selected

wave lengths from the standard average intensity.



