{ 2 5 JAN 2005 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 contrfll'ﬂ .
production process by controlling operation of production process s ép@ &W“
anal yzing sanples by a near-infrared absorptionetric analysis
(near-infrared spectrochem cal analysis). BACKGROUND OF THE | NVENTI ON For
anal yzi ng chem cal substances, foods agricultural products and so on,
near-infrared absorptlonetrlc ané?ﬂ%?%F nin practical application.
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 regns GRIY r@NGioOPNAIPRIDIIT RN BFEstteds on pl ant for
chem cal product by using data of near-infrared absorptionetric anal yses
of the raw nmaterials, solvents, noisture content, internediate products,
final product, by-products and so on. In conventional near-infrared
absor pti ometlELY &FalTHR SINGENTIEAY - | nf rared absor bance 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
speci fic wave | engths include pect r th
conponents, charact PI@SﬁP%peEPV8§§éHH %%féxﬁﬁo Eeté?#g%gd g?é
cal cul at ed By i CBebhuckIoh PhEbLEL DAY yceﬁepews@lngalépéaawancurve

in order erlve analysis values (predicted val ues).
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 S0 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




In one generalized exanple of practicing the near-infrared absorptionetric
analysis, a correlation equation (calibration curve) is prepared by
absorbance spectra in a wave |length range exhibiting a correlation 25 JAN 2005
obtai ned by near-infrared absorptionetry and anal ytical results obtained

by conventional analysis practice, in order to presune the prospective
quantitative analysis value. This analysis value is only a predicted val ue
cal cul at edspsiciguithe thei rempBQeis.ve ChATAEAETASTASr AT @B BF pESoNRT y

acconpani es an inherent defective charactgriitgc fﬁgtu e that thergt
occurs a sBRPftO®f tPhP@plEtrEMAGE 3FS nFRUEHLEESBY PY 1 BRVARInp I & hbi sture

content and tenperature of .the | ectiv ' Thi pegru Lt may
behave as ng ‘—i'hgrrgtlilg'lélﬁréﬁ er%fl oanlcéfél ?F}F%g%l&gh{lr a%rts)vnegbf E'E]hre]alség%%rponent

or in anothgr saBtigll aln ARG L 19kt N raMictidal it observed, even if
there is in fact no such alteration. Wen operation of a plant is carried

out based on such fial seneesdlen® railieedes eixtamp) epr eductpragtiicinge ne
extra-rated quality. By a near-infrared absorptionetry, a definite

absor bancenspecrimireaede el ppidn it | yanatyaisspedi f iRCTHHORERE under
a definite observation condition and with specific material properties,
whil et heegBadi®ancéCapabERGIPHRYCWINE betl & oPABRPAEAONPY n EEI?T'gor 2P9ht or
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vary due t8&%&%“@Bgcq]gﬂf-mnémé&sgﬁebir%i%@lesrﬁ 05n&O-H¥A B¢ Ngal

extraneous conponentsS. From a near-infrared absorbance spectrum
results obtained by conventional analysis practice, in
order to presume the prospective guantitative analysis
value. This analysis value is only a predicted value
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 Dby,
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 gquality.

By a near-infrared abscorptiometry, a definite
absorbance specrum can be obtained steadily for a
specific component under a definite cbservation
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




whi ch includes, as nentioned above, informations for a | ur al

constituent conpoments, a calibration curve (correlatiog eqﬁa{}gn?f r

each conponent is prepared by neans of a statistic technique, on tHL?JAN2%5
basis of which analysis is attained. For the preparation of the calibration
curve, sanples each having a definite conposition and definite

characteristic features are taken and a | t 0 o GAN; '
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partial |eagt- squaysespmidhod (fAaRs A hear- i cbraxestindsor BANEEDEREE
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i ncl udes a nunber of absorbance peaks, so that use of too nany descrirl[;{ni ve
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aving a cgﬁgggg%Bonﬂy t helhe resul tas dekenmitied teichgpidue.5 FPrAN PZB05
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SPparat Us BAARE r wnisn analysis is ttained. | o'l 8l Property cbserving

For the 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-sqguares 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.

1t 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




preparation of a correlation equation to obtain a predicted val ue of
near-infrared anal ysis. However, the so-estimated predicted val ues 5 JAN 2005
represent only informations derived using the calibration curve prep%red
fromvalues for |imted wave | engths in nunbers of 2 - 5 or about 10

sel ect ed W t-hi-Rdrite oM«e Reak LREr ar®fh Fagi-0n, of (LRoEh:888aamd 2500 nm
Therefore, it is difficult by such a common practice to grasp the entire
aspects or ardekircat e olagdation ofpaasanpke (Qh-a ppedpetrp:iand such
practice is not effective, in particular, in the case where preparation of
cal i brati onceugree dtsiarot gunssidbire. tNamdigin t & s cdigfflicigd e lprepdre a
calibration curve in the follow ng cases: (1) Variation of the parangter
to be detecf8@I 48T 2TRE conadAtFafi-on or fiPwEsEiral pEBdPer tSELSHiIEIG | e.

(2) Tenporal change of the sanple occurs. The object of the present
i nvention | 8*€6*¢ r&bid@Q%P%%thﬁﬁpb?scBﬁtrBPFVnglﬁrBEEEFFBHSpr igyred

capabl e of GOLLol Ling the pradyeti onprgcess. sieps bicop Simle mnner

a hi gher accuracCy based on resu analysi s perforne
near-infraredn;abgor pE{ OMEldyy Md hout Mghfig- Cabizbrat ions cyrves b, SCli@SURE
OF THE | NVENTI ON The present 1nvention relates to the followng nethod for
control i ngsptediett oniphaaessne ( b)ide melehed ihd@raceat r ekbiog psHAUaidnON
process Wwthout having resort to preparation of calibration curve, 2 5 JAN
2005 conpri §PAg takicag ardP Ebsombaride regacte,un f od seatif vfcwlt by such

@ common practice fto grasp the entire aspects or a
delicate wvariation 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:

{l1) Variation of the parameter to be detected, such
2s 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 contrelling the production process steps by
2 simple manner at a higher accuracy based on the
result of anzlysis performed by a near-infrared

absorptiometry without using czalibration curve.

DISCLCSURE QF TEE INVENTION
The present invention relates to the <following
method for controlling production process:

(1) A methecd for controlling production process

without having resort to preparaticn cf calibration curve,




plurality of standard sanples collected froma production process step in
an anal ysis range including near-infrared region, constructing a data base
froma differentiation curve of a near-infrared spectrum chart obt & fnegN 2005
using a plurality of production products which had been judged by
conventional chem cal analysis to be rated ones, by cal cul ating standard
devi ati onscgngdr-tbengverage intensity of the standard sanples (standard
average intensity) in respect of each of the wave |engths selected from

t he spectrum i ncl udegirn the sabdoraaatysi $P¢@hgen at= Ief comgtantCnterval ,
taking an absorbance spectrumin the said analysis range for _each analy5|s
sanpl e col bectedityom otthe predderion pEBEESS st@blHﬁﬂtt%npa?Fﬂﬁ t he
resulting absorbance spectrumw th the data base, estlngtln% 8 g@#lon
(anal ysi s devintitony oPTOLRES| Ht@msi 1y GF tHer RBSOT bARGE “speelt um of each
of the analysis sanples (analysis intensity) at each of the said selected
wave Iengtﬁ@aﬁréﬁﬁﬁﬁée§téﬁ@éP6 aver age |ntenS|ty conparing, when the

absor bance spectru ) udes %\éebgggg Il aélmrggtgggl@fpaémes of
deviation  obo t g&%@% GRcED %Hé‘ho oﬂ;%n@raa HSh§ $Alg ah§eyOyEsi de a

t ol i ot _1th
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i nf or mat i 0ASSHE YN BFEITIH bl | FATE eoaa%an% se.in._or out
what the ééﬁg’f“b}c’q%c‘tr&ﬂ fhe aﬁ\ﬁe’tzc?et hlé’FSB § %§3n59 ﬂgé ,{i
per f or ni ng (ERBPERHH r BYSABAS I EHHLR n 1P reSPECt ©

lengths selected from the spectrum included in said
analysis range at a constant interval,

taking an ebsorbance 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 (anazlvsis deviation) oif
the intensitvy of the absorbance spectrum of each ci the
analysis samples (analysis intensity) at each oif <the
said selected wave lengths £from the standerd average
intensity,

comparing, when the ébsorbance spectrum
includes wave lencth(s) at which the analysis deviation
of +he &bsorbance spectrum of the analysis csample 18

outcide a2 tolerance limit, the wave length showing the

the +eolersnce limit with producticn iniIormations given

preliminarily in the dsta base in order to find out what the

centrel factor is end to thereby ckhtazin contrel cata and
perfcrming the control 50 ES to cbhbteain

. C - . e CL .
producticn croguct within the tolerance limix by
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production product within the tolerance Iimt by inputting the said
control data to the production 2 5 JAN 2005 process step. (2) The nethod
as defined in the above (1), wherein the production informations storiggils
the data base are those of the component nateri al corresponding to the
said sel ected wave |l engths. (3) The nethod as defined in the above (1) or
(2), wWhe? B9 REERe Sd&F -at i ons (anal ysi s devi ati ons) of the anal ysi s

t t f th t d t t d t
whether o2 hot 1 héye Zpé%wéhﬁaveﬁmir” a9 EPEuE: I nedTBESA on the
standard deyi ati ons ol yen bhothe daLa bassder sthayots g%r% saopbes. (4)

The net hod as Pdét n any one 0 ove erein the said

anal ysi s 1{}%%& a%gvflm?l)dfg?%ﬁ?%%?tz §99e9%1(5&oﬁésﬁehh@ggas tdef kped in

any one o wherein the said analysis range is from

800 nm ty 23 5001 8F: Blalee 18@ihed .as defined in any one of the above (1)
to (5), wherein the selected wave |l engths stand each other at a distance

of 10 nm@) | ess. Thé) réehakt hed @sf de¢d ned | bhe hebabeve( 16) ,omhérei.n the
sel ected wave | engths stand each other at a distance of 2 nmor |ess. (8)
The net hothasedef i ndd | dewieomnsf {healabdfe @BViEFionNs) whefei Alehe
absor bance spectrumis processed by dlfferentl ation. (a%) The net hod as
defi ned ianakesabove (Byenshekesn from  th standard = average

intensity are discriminated as to whether or not fhey
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 400 nm to 2,500 nm.

{(5) The method as defined in any one c¢f the above
(1) to (3), wherein the said analysis range is from 800
nm to 2,500 nm.

(6) The method as defiﬂéd in any one o0of 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 1less.

(8) The method as defined in any one o©f the
above (1) to (7), wherein the absorbance spectrum ‘is
processed by diffefentiation.

(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




t he absorbance spectrumis processed by building up the second derivative
thereof. (10) The nethod as defined in any one of the 6 25 JAN 2005 above
(1) to (9), wherein the data base is constructed froma plurality ofJ JAN 2005
standard sanples of a plurality of kinds, by calculating the standard
average intensity and standard deviations for each kind. (11) The nethod
as defined in any one of the above (1) to (10), wherein absorbance spectra
are obtaiaisavéor(ld ptor di9)ty whetdn afheydatxaRpses BhdCOBSEFNELEAY t he
devi ati ons of average intensities of th anal %si s_sanpl es, gfﬂ%/sicsf

aver age i Mt By)PRETEhetY sOfectBPIRARE FERGLRS tFontt He Standar d aver age
I ntensity. Productjon processes.io co b pr I ntion
i ncl ude pHSEE@Ees Sr E?gaﬂgﬁﬁéngchgﬁ$ca kéggéggtsgv%gggg aﬁﬁ%%%ﬁégve

products. A ;parLigular seleheisnsesbs gh¥ankiagprocesses for  producing
chem cal products, such as for exanple, polyolefins, polyesters and

phenol s. Accrpydig trget henetpickBenasi ndefitned, aital yenhg samd escofol [tdét ed
fromthe raw materials, solvents, water content, internmediate products,
product i onalpseduct(l)by-pr od(t03. andhesedn aradsaEnsed PYSREAR- | A Far ed
absorptionmetry to obtain observed values for these conponents and _f.or

material  Prbpénefestand,a badedadh WheSE obRer P\ tRs SR Hmili%t s of

the product?oi7sEaill tihs o Lbeh 885t et pirds AReERE BRI B e “an

SO On are §9§i§8EEEdS§9p§§stO(QQ%Q&QiEheaDEQQQEt intensity) at the
selected wave lengths from the standard average
intensity.

Production processes to be controlled 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 conirolled so as to obtain the product
having a predetermined guality.

By the analysis technique by near-infrared

absorptiometry according to the prresent invention,




having a predeterm ned quality. By the analysis technique by near-infrared
absorptionetry according to the present invention, 7 25 JAN ?fl absorbance
spectrumis taken in an analysis range including near-infrared regi’dhJAN offf
a plurality of standard sanples collected from producti on process steps.
The absorbance spectrum of standard sanple is taken for each of a
plurality of sanples for each kind collected from producti on process steps
for internedsatrbanpeodsoestamd fiifal prERRct 1fhi &R hARPPERT | udgBE®to  be
rated product. Here, the word "each kind" meaps that sor th

di fferenceinﬂltlﬂén@onﬁ@ﬁéﬁtlél,fraﬁ&fieri%ﬁglpcf'rbpegf?'gs &nd @o&%%lg%iferr%fned f or
each grade  of -manufacture. In r ce W S | fif5 NC8rockhe
product i onSEBRARFFon SRR ES al ggiﬁ%gg%?dingé % tﬁgﬁxﬂﬁgggﬁf i%vention, i t
'S faVOfabL@egg.CO' h§Q! BpcByiAbet epicshandard seaphesd f eramaih kisnd and
to take an absorbance spectrumfor each of them Wile a nore accurate
anal ysi s cagxbgs atdai 8génasft he punbetiof cfanpieslénciheasesaclh kimber of
sanpl es of about 20 to 30 for each kind may be practical in general. The
anal ysi s raoleechededrdmfpeedect eft ORTPFESS ﬁﬂ@m%ﬂﬁp¥olQFSG%e%ﬁPtﬁherein
the range may be conprised of a part thereof or may .conprise further a

vi si bl e | i preAREEEoN2RAd/Tomal | PROSREF rEBFSE i RBVaddiss th“gdgﬁLwi C.

near-infrared regign. \Wien it copprises I Si | i r QiR ap@ 3
infrared r@@ioﬁ?g?g ﬂ%@ogﬁ%ﬁge fg%§F400t?% §T%%§ nm @hi%%r?ﬂe ?
near - | “”aléﬁgt regl ofd “deestﬂeﬁf Of TRt L PESCEONGE Ni fige t heonpop@mant,s and
the material pr

operties of "the sanple, the visible
material properties and so on determined for each grade

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 regicn 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
therecf, so that it 1is preferable that the analysis

range includes a visible light region when analysis and




i ght region includes informations concerning colors thereof, so that it

Is preferable that the analysis range includes a visible |light region when
anal ysis and 8 2 5 JAN 2005 control concerning the color of the produgta@ngs
perfornmed. Wiile the absorbance spectrum may favorably be taken by
observing the absorbance intensity continuously for the analysis range
menti oned above, it is also permssible to prepare an absqrbance spectrum
by obser vicupthel absomgsnod nant eblse t | €9 IAT sePéct dd'® waP& L&At hs3T&s

described in the follow ng. According to the present invent] age
i ntensi ty ReTERERERE- aver i hPen&t r%%tgﬁﬁ% umdé“\?satlk%ﬂ%r %rﬂ'

sel ect ed W%%Fchgggégf s$lect€§%%%@gg%he +RPSorbance, spect r upy pbhai ped as

above are ¥Yom ata base is constructed. It is

favorabl e c(‘%}x?%i!ﬁl%%léf{l e¢hed waveahangkhs tamp! eféneiphosalddovef ivave
e

| engt hs eac at an interval therebetween, in particular, at a
constant 'j&tenwdl . phliaiisetieneal tof pidwasel ect edbaavbahergt ipeatyuPe 10 nm
or less, preferably 2 nmor less. Wiile the selected wave | engths may
favorably te sebsetedngnohyeal kbspebanige dmfiensitiafgeat | tSpiected

perm ssi bl e, when unnecessary part_is present. to. exclude such a part. The
standard ‘e&es abeng HRensa$ yA¢SCEHRRF ni mebPPr B ABIYT by aver agi ng

al gebraically the intensities, of the absor e s . 0f s
sanpl es at each sefGtPE lﬁ%vetPendpﬁafoPregggﬁ kﬁ%§&%ﬁ§I¥ﬁe s%gﬁggég

deviationsig{§n9e£ rmned . shawor ablyr-hye cak gubakien)f r ad hesdanaatiaon of

each intensity tFdm the “st andar average intensity. Wile the cal cul ati ons

of the stagd@fdi 8¥gEadHTr selected wave lengths selected from the
absorbance spectrum obtained as above are calculated,
from which a data base is constructed. It is Eavorable
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 1less. While the selected wave
lengths may £avorably be selected among all over the
analysis range, it 1s 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




intensity and of the standard deviations nmay be carried out directly for
the original spectrumobtained from the standard specification, it is )
preferable to carry 9 2 5 J t 2005 out the calculation from 15JAN2005
differentiation-treated, in particular, second order
differentiation-treated absorbance spectrum The baseline of a

near-infrared spectrumchart tends to rise u n the si onggr wave
| engt h dueodto i blfi¢ ueseesubptaBpst L#Fé’mcor‘f]tlefrﬁer%ﬁ%laécomgn tan(fogeexi'i bits

over| aps of spectral peaks. In. contrast, the,d Sidaibent tegabed
spect rum WELFi@ilaRori zofBEP Basel ionrg.seri n pa‘%%%%lleéar, in the second

derivative of the spect e pepKs PLHdnved t ed Wat meshat peneded
reproductiac}f?%’fb?rb r S;?reealgl?sr‘}éﬂd the overl apped peaks becone separated in a

favorite dé@ég@fumﬂ&%aqf\&er@g@dg nttensiiye ang tde shandaide odvi HeNBAZ are
determ ned "using such differentiation- treated spectrumand are ing tted
into a compuie&r llehgtapnateucto a iddtiadraes. BucMUst @ Bas PSS | 28p for

each kind of the standard sanples. The anal ysis_sanples aregkgnal yzeg using
the data smsesn obrd netklbd idifov @Y er@Pial fsi §p§§g%r3 s aré collected from

the production process steps.. For _analyzi Se LS Isahpkestand, in

particul arcontersHi scifishi ﬁétfﬁﬁéegy?yﬁﬁef%gra%%rg n%‘% th%‘?/‘hare r at ed

product, absorbance.spectra.are tak f oA @nalysi sinr atge, weicohdar e

conpar ed v&"‘?ﬁl?ﬂﬂgaét agﬁgge}%ﬁér e, E';Lgllevﬁ{aat i ons (anal ylsi s deviations) of the

i ntensiti egepiﬁagpggr censhepbeartanal trsd speakensirei esyvertedewishal ysis
t

sanples fromthe standard average intensity are determ ned. Here, the

di scri m nagh9ppbfelf f egepdoduction  of lower  peaks and he
overlapped peaks become separated in a favorite
manner. The average intensity and the standard
deviations are determined using such Aadifferentiation-
treated spectrum and are inputted into a computer to
construct a data base. Such data base is built wup 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 Pprocess 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

10




as to whether the anal ysis deviati [ it hi
\ onis within a tolerance lim
determ ned based on the standard deviation (o ) stored in the d;t ase

ngngégmgLe, bgi I:!l-gOWI?t ﬁ .I ;AE 200|5 value of o, 20 or 30 ) or not \me éq'\hm&
_ hi n e tolerance linit can be judged as r:
the case of being outside can be judged as extra- ratjed.glt IS pgirenqss??)?e

to collect and anal yze onl one si_n i
. gl.e anal ysis : ¥ f
anal ysi s sdnm esf | w the %@seoéf e I &t e’f’¥§t h‘é"ﬁ%ggn%gr :%stltt)aﬁ Ctz)élvvli?(l% ﬁbﬂlg ggt a

base may be perforned each indjviduall LAt
. . : o ] i r
i Nt ensi ty Join@adhtBint fEe St ®e m%émﬁgn?térﬁegﬁdaggrgrggr ﬁ\sgafﬁitgg\?vi th

t he t i i

renst 1y v S aEh DROT ot BuEssgeene e o G e 0 s
: St et erm ne or the stand

;g{ adlbfferreél,% gtion-treated absorbance spectra and are recorgegr?nsgggl =
ase, e conparison is made for the intensities of

differentiation-treqat etk abgomissddl i

. i ati spetPr acel herhidi Sr §8FY

di Ifer_enjtl ati on-_t reated ones) also for the ‘Pan ‘ijffi %ﬁé‘j& %;18er-tshe

:Nint ﬁnflhtel S(gxtugf bimmfﬁméwég%pééwbe St t Re %Jha?”yal sésarrpl gg a?glcorrpar ed
h th se, e product can_be j.udg at | f aanaloysi

?ﬁ\e“ :;;Fns?szgesab.sorlﬁhn(?@esp&@f’?un??n %Hngegltddltan%{bn%réanggh?ncl ucﬁar(sélI ?n

| ldged s wikbr abre, arte Pk i R R P e the
( _ _ _ : olerance limt. Wile th

estimation r ar}%r H@¥e9ﬁﬁh%8t ial avktAgehe ntamad itsi sfeandg@ch t Oﬁaytellfe S

part t her e8F. exanpl e,

selected wave lengths 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 limit, for example, 35 , and be judged as
extra-rated if it 1is outside the tolerance limit.
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




it is possible that the estimation nmay be effected only in the
near-infrared region even if the absorbance spectrumis taken over the

anal ysis range ranging from1l 1 2 5 JAN 2005 a visible light region 18 Jale(os
near-infrared region. The practical manner of estimation in the estinmation
region may be decided voluntarily. The manner of estimation can be

deci ded in accordance with each specific purpose of the analysis, For
exanpl e, id ¥5spp5ei hlightto jegligen &5 duer aneareth HFRFERYEFIGHE si Tiff e
analysis result of outside of the tolerance limt occurs.for ific wave
| engt hs omnactjimhje BENBREr &% atHIRABRCBcddy rtérheceeggmgﬁctls??ldels%fﬂt)%e

tolerance limt in_exampatiaqn qof a. plurality af anal ¥si seseimiesoseaches
a predet eMfshed® pRepbrEd o Q urhadrﬁelrlp Thgf%l%dalgdr?ent whet her the result is

within the tolerance .ljmt, or jnot ey ke jBode sifR! ¥peky faenpaiipgse he
i ntensity Gt tﬁ% ar%scolr eggnclergsp?ect rum with the tol erance Iimt

i ndi vi dualdgy, +phi |5 418 i § UdgeEntef@yp e, made isy deseibiai rig vindges
equi val ent” to the deviation and so on and conparing themw th the _data
base. Sincss tbetabseupedonmipeakeveh absor sangée spPerlYEhE r &55¥ddnt °F

informations for, for exanple, conposition of the analglsi S, Piacrrp‘lﬁgVe
materi al propeide esf drite sbobararent AdMist FHI Y od8EL ISHF PriocesEe¢En be

bne. or - moremakes | gt hE SHEHhg 25 REXBRET SMEBRS TINEnSr Yy (angysre
pr oduct | olP T B Emt T on( S1° T cEo B T h e e B acn ts Tabtarn control date
and inpUttgﬁ@E£P1§qug%r(Hné¥¥§i§(33amples reaches a predetermined

proportion or higher. The judgement whether the result

is within the tclerance 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 values 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, contrcl of the preoduction process can be
realized so as to obtain the £final product within the
tolerance limit, if one or more Wwave lengths showing
the extraneocus 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 Iis
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the production process step. For exanple, when such

extraneous intensity concern a specFPic conponent, tﬁ?genégggtPh;?rthge
Cﬁnponent is 12 25 JAN 2005 present in an anount either in excess?§rIANI0
short of the standard amount. Therefore, control of the production
process can be realized here by decreasing or increasing the anmount of

this conmponent by inputting a control data ther i
] t efor _to.th
process spepsesd asnt GrobBEPHNthE HHOT béﬁcee§533%r uOrrI1t vvil%lh??lﬂ{)ﬁgucéfofgrance

limt. When an unnecessary by-product 4 d i &0 '
a I un cigesl
t ol er ance thieni t SteRePER or ,a"ha(b'gch't rol qua’?ear%%%'t t a:&r?i%%g suchbgeéondi It ingnt e

t hat - i i ¢
o e e B BB b OB B R e e ot he
_ ) onc roperties of th
‘?’Lgd;(r:g:j&r:bﬁ g{nIQI ! %Sr 23 chgerarﬁcgﬂohtbﬁn&hisd ncdmpOREREt bc’g jrflinfv“E)"ein%\ppl i eg
ions as descri bed above are stored prelin il ¥
t he conputer castaclatdtdasberdfierabsor phe orPR&BIGE AR © AFPBred
absor bance spectrumrepresent conp preo e HE:?F’-| mfrgr o

_ _ ositely the infor [ t

8;odfﬁtkﬁrgﬁraggf?x?smm¢ifﬁtrﬁ?e(xﬂﬁﬁﬁﬁ$%3ﬁﬁ e At pﬁgggé?éesbgﬁd so
, In ain conditio for_exa L nf h@Rstfo

speci fic dommrte andiMof: ot het'EM ar¥’ al"ggl‘ere%epér%;{re%t e%g %/éguggnbiﬁﬁ:t i on

of a plurality of absorptiaq 99955 Licdhggco '
. Rheol tdAterAtee r et omd i
the data §%br l?hea\f\l/aveaq'll engt hs® at These absor ption peaks, itmmi gdrr:age

possi bl e, | as : N L
CUteide 1 %%f e WislHE- AN anehyTox Sainpd Enstwwsuchbreor RAPABEARE

ance limt occur, to
that no such by-product igs 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 of the near-infrared
absorbance spectrum represent compositely the
informations for the production Pprocess, 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.
1f the control data are recorded in the data base for
the wave lengths at these absorption peaks, it is made
possible, in the case where an analysis sample shows
abnormal peaks outside the tolerance limit occur, to
discriminate which condition oOr conditions 1is or are
the origin of such abnormality, by comparing the wave

lengths at such abnormal peaks with the data Dbase.
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di scrim nate which condition or conditions is or are the origin of such
abnormality, by conparing the wave |engths at such abnormal peaks with the
data base. 1 3 2 5 JAN 2005 Wen, in this case, a control data for 25 JAN 2005
regaining the normal condition is inputted together with the

di scrim nated production condition, the production process can be turned

back to the nornmal operation by inputfing t control a aggSugheto the
product i ofwhegr.océsis 8REP. 435% he @ne ?Qﬁﬁ??ar aab%%rrpt f%?rl%t ricoanal ysis

and the nethod for controlling product.i ocesffsthdlescriesd abone, it is
not neces$alo pr"‘éﬁ’é‘i’etlaon calﬁsoratﬁc#n‘&(r:lcue?%/e for each el enent for the

anal ysi s and _the contyol 0f,sfOr: Sxanbéhd Lo t uettie conpondncsion

mat eri al gﬁfper I'es” and so on, of each analysis sanple and to carry out
qual i tati ve analysicant hes eadfubigs i Bacable t bhgudyecwghlet REETERE OFy ob¥ict i s
rated or ‘extra-rated, by sinply discrimnating as to whether thg.

absor bance :gpect ing itHeensionites lat dstheci®d tengthE FHPRETAREI ysis
range are within or without the tolerance limt by conparing the

absor banceospeess asB&P- t he sel ected wave | engths with the data base,

whereby it is nade possible to regain the apetation ghailBes
production processiBy ’p'@?foflrﬁar?gl@%arﬁarr&d of %Ldt;@gtplr ocess usi ngat e results

obt ai ned. Here, ,fthe _operati or. &fd.eati gy t hers@nd £ Dbn of prheepsesess or
of the andt ist%‘g sf“rer'%ﬁfj i e I]csi ncce any qlua itative estimation of the
consti tueni, £OppROgNt 8804 , of itthe ismatryy alngrepeaty esteanpbePdrSpefised

wi th. The accuracy of analysis is increased and correction of the
calibration curve for each element for the analysis and
the control of, for example, constituent components,
material propexrties and so oOn, of each analysis sample
and to carry out gualitative 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 oOr without the
tolerance limit 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 Dby 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 gualitative
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 1is unnecessary, since no calibration

curve requiring accuracy is used. By using as the

standard samples those which have been approved to be




calibration curve is unnecessary, since no calibration curve requiring
accuracy is used. By using as the standard sanples those which hav §%§H?m5
approved to be 1 4 2 5 JAN 2005 rated, by conventional chem cal anaﬁ@ S,
the anal ysis accuracy can be increased. Wile supplenent of the data
bases may be excl uded, construction of the data base from nore standard

sanples may facilitate increase in the analysis aqcuracg. Qg the |
near - i nf r areced@bs drypt coneenkéoanal yehemi@al déseriséd -abbVE, Fhe'¥Rdfysis

can be attained at a high accuracy by a sj e procedur i t haut
necessiteu&¢@P¥QFYus%a%nﬁmtaﬁqﬁ%ﬂﬁ%ﬁé{curvgggiFncguFnggggﬁggg%vaFE% of

the near-infrared absorbanceg in i ties tandarsd deyi aghens of
the st andefjrei‘jt%a?ﬁﬁse?ss af"edel g%t e%’?@g\%é/ée% engt hsglglrcet%rdglgor ded in the data

base and tﬁ‘aesea%%%ﬁarﬁ'&?e Seg%ﬁaraf ddipangl ¥sis reanpliestar einompased with
the data base’ By the nethod for controlling production processes

according {,0 the Presehici syeataon, control of the production processes
can be realized based on the analytical results obtai ned as above, by a

sinple operation Bp aheettear-actirarygd BREEFPDESTREPTEONTE YIHES DRAW NGS

Fig. I is a flow diagramfor one enbodi nent of the nethgd for Cﬁnt%olling
the producdésmnr ppodesdeye. addtt dPRELYSIEhEHr denttFATRAY| & Wit RS

Abaor pti orp SHEERREMDYhar EXHr oo RAGHEME sausraest B E T o 53 shows
the Seconquggrkﬂggi%%lg%&%%ﬁo%f curve, since the average value of
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 is 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




the near-infrared absorption spectrumcharts for a 2 5 JAN 7005 plurality
of standard sanples of EXAMPLE 1. Fig. 4 shows the second derivative curves
of the near-infrared absorption spectrumcharts for several anal ygHsJAN 2005
sanples in normal run of EXAMPLE 1. Fig. 5 shows the second derivative
curves of the near-infrared absorption spectrumchart for several

anal ysis sanples in an abnormal run of EXAMPLE 1. Fig. 6 shows the second
derivativeprurakivf thestapdaringampeesadsoFpriBREspect rum chart for the
raw material A Fig. 7 shows the second derivg%ive qurye of, &

h
near-infrared absofpgi ontspe@¥sim dHar &GS hEeFAN2 &XFengfvﬁg Fo§. 8

shows the second derivative curve of t neag: j ed apgQipti ogespect rum
chart for tRe rafifehaté Fﬁfeé. FFS?O§pg§8ﬁs da gegég%essgd chart of the

second deriyatiye  of peak ;i AbEAREdraRSeEPEKARPLEPEGE Fum chart
for an anaf?g?gggaﬁgggygﬁgngéﬁgﬂ runnof EXANELE 2. Fig. 10 shows

dat a- processed chagt gof &hess@eondhdlerdaird/ e dewrive tdfvet heursars i ffr ar ed
absorption spectrumchart for an analysis sanple in abnormal run of
EXAMPLE 2. t¥é g.nelslr shofvsa kst aapsocessed cirmatmim t ReasécotRl G&MOFE ve
curve of the near-infrared absorption spectrumchart faor _an analysis
sanpl e i n avahEbisuRanpPleEXARPRE §bnprga 1?”§h8&sE§§F5?gr cessed chart of

t he second derlvagggg %yrggogé %m%'E§%5A§f58£?93%9§8”@dfvé of the

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 Traw

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
EXAMPLE 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




1 6 25 JAN 2005 spectrumchart for an analysis sanple in abnormal run of
EXAMPLE 3. THE BEST MODE FOR EMBODYI NG THE | NVENTI ON Bel ow, the present
invention is described in nore detail by way of enbodinents with reference
to appended drawings. In the flow diagramof Fig. 1 given for explfkRnjaRaols
an enbodi ment of the nethod for controlling production processes according
to the present invention, (A) represents the flow sequence for

const r uct igik dtheum datha aseoander Brrialdisdat esampke f | igw s880&AEd f RNt he
process control. In constructing the data base as given in the sequence
(A), insperf iIB¥AMFLE he. apparatus for the near-infrared absorptionetry is
first carried out on step 1. Then, on step 2, a plurality of standard
sanpl es are observed by the near-infrared absorptionetry apparatus for a

wave | ength ‘%ﬁ%g%{”?@%é %%L%&!b?#@&em?ﬁ aypvhere@r-infrared rays to

obt ai n eact m chaft for each standard sanpl e, whereupon,
on step 3, the resulting spectrumcharts are stored in a conputer. The
computer perforns data processing of the stored absorption spectrumcharts
on step 4 for eachs@fow} hetsel eptedenaveihesgt heni nisr déescoibieter Ane t he
average standard absorbance intensity and standard deviation therefromfor
each sel eaierk waketaehgthy wehi clofar endogiagnits t Wé tBonpBEere8sedaty base -
for the process control. The construction of such data base is 1 7 2 5 JAN
2005 appended drawings.

in the flow diagram of Fig. 1 given for
explaining an embodiment of the method for contrelling
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 1in the
sequence {(A), inspection o©¢f 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, whereupcn, 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 lengths 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



carried out by preparing each spectrumchart for a plurality of the
standard sanples for each kind of the product of, for exanple, product
brand etc., and by sorting the obtained data as the data base for each
kind. In the subsequent step 5, informations for the production pﬂ é‘%m%
corresponding to the selected wave |engths are put in the data base. There
may be inputted as the production informations, for exanple, the spectral
change dueakr@ildie \ard atdyon mfeddrel noneasradnf rearestt mbs orddice speet ral
characteristic features for the conponents, by-products ang SQ 0 as

wel | as tpaugerdtitat dét &hel nstardasquemdwlen) FOF ERENroER socfonﬁ’%l,

i nspection of the apparatus for the near-infrared bs tio y LS first
carried oPEOSNSEt ePfrl. FPRen®*aBR1&r epPT29 Gkl §£P285a§%?és '?g én %??om

production process.steps, are_exagiped for ei ysaksophapcergpectsd@n in the
anal ysi s Isé’r]fgé‘,n%i &f a étf"ﬁgﬁgco%gge ,Qon&%t ep 13, with those in the

data base, iy or dglrn t @ndet ShpE fguefBC 1AV 81 | Oh Aied tyiSirss deairat tha) from
the average standard intensity. Wien the analysis deviation is wthin the
t ol er ance gdyigahic teirer prtre Stas ed rae sipoed isigandar dttevi seleatstdoredvén the
data base, the run is discrimmted as normal and, if the analysis

devi ati on leirgytoig siabee t hput ol &nantbel i diatta t Baseun i s TREZRr i AfKat B8 as

abnormal. Here, it is possible to conpare._ the gyerage gf t he obs?rved

resul ts wiimputied dasa ithet hBr@arstes%e BFOrRatARAPysi §°8anpl eSFt dken

by T2kl ng e sSBEAERD! (RETED 20t aaor e vPataEhy Brancheterva
near-infrared absorbance spectral characteristic
features for the components, by-products and so on, as

well as the control data.

In the seguence (B) for the proéess control,
inspection of the apparatus for the near-infrared
absorptiometry is £first carried out on step 1l. 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 1is
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 cutside 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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observed val ues, though the absorptionetry and the conparison may be
performed for each analysis sanple isolately. In case where the run is
discrinminated in the step 14 as normal, nanely, if the absorbance] 5 JAN 20
intensities at the selected specific wave | engths are each within the
tolerance limt prescribed in the data base of, for exanple, three tines
the standard deviation Q of the absorbance intensity, the run is proceeded
as such wigdutenyvsonkspl atilgn, ashe ndabavedtiametsy 1:nd n Eh8e where
the run is discrimnated on the step 14 as abnornal, nanelg, if _the

i nt ensi ti eonatatiwon selaact b spesitbiroedayECFengffil afR2EBRERS ouFETHESt he

tolerance limt prescribed in the data base of, for .eé%q%k%egége§ntines
the standarspliiglati on B ofCasike WhABESr Halfce Pht etfsi B S<FRE Wave 1 engt h

subject to such  abnormal intensity.is ed st 16z hdBisakare
| engt h and-ft%he iF%Huc%ggnq%ﬁcﬁ?ﬁﬂ%%h aﬁg%ggﬁbargg iéﬁRZte% 17 with those

in the datg base,, j g order 4 flodecpdy Widdcifec contveol 1bagtors i areto
whi ch t he Wave ﬁeng hI's assigned, such as a conponent, a materi al

property QzS9 QR+hier eshd hecabreneal intensipresicsibexaninedhss Gatahet her
it is greater than or snmaller than the tolerance Iimt, whereby, on step
18, one Orpagwr €f ¢coforoldxampladat at fivee t bineag thec ks taRAPTOCEEY18FEB™ to

normal run are obtained, fromwhich one or nore cornequ&%&ggd§$ngrol
signal s are gefiertdtedabIpEdaREe SPERBFE t¥ontt st §FQndPs RrEThputt &8d on

2s Pl ant FBtPons BT Y oorET o bf TRaCh o 25 JAN Foos o SRewALions
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 1limit prescribed in the data base of, for
example, three times the standard deviation o of the
absorbance intensity, the wave length subject to such
abnormal intensity is detected on step 16. This wave
length and the production informafion 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 o©n. Here, the abnormal intensity 1is
examined as to whether it is greater than or smaller
t+han 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

1 49




operation so as to obtain a product of manufacture of a quality within the
tolerance limt. Here, the control operations nay be perforned either al
at once or ina plurality of repetitions each over a brief tine org% JAN 2005
further, in a succeeding manner. After having been turned back to norma
run, the production nmay be continued under the revised condition as such

or the condition may be revised in accordance with each sg]gci ];Plefc
control | i rgedaitaior nsbhesaboveoptatess FTEFICH 1l | REBPEAF THF St Qel ect ed

- wave lengths may be ID nmor less, preferably 2 or | . e

| ength ramyeloftneni thaPr ikl tPa§SePSRges Hriom 83507(; ol 2?%%00&%%@% t hat
t he nunmber of descriptive variables Ls e ds 78@ Wiena the
i nterval PEFHMORD E‘YS% wheh ?ﬁ%eelintegft\l}/%#l ?%fg E(r%m and to be 170 when

the interval i O ri f.0r Xamde, okee wavebkeagt htimngeoof 800 -
t £ o
2,500 nm & Y% ?lv#td%d cg@y \2[élqe m lt eonsel ected wave length intervals, nanely,

the descrigtimg.variabl es, afcecRiing) mambers. Adboedi njavénghebpresent
i nvention, the absorption spectra of plurality of standard sanpleﬁ i n such
sel ect ed vwauend@®ngbhcknt ¢ovalromrael avetagedthfd PICARFE P HeVI'AY i ofi§ are

cal cul ated, fromwhich the data base is consiréuct ed. Th% q,‘on%trr ugt,Lon of
dat a base dantimeedt amdien tHenpre¥iFgdpef?RihetCTn The TGt oWi'ng vay:

e 0 o GG ot e one g BB SO enan o {Bact
Observati%%%éapig éog€%hg9§ng data.

In the above 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 1is 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)Z (Xi-u 1)?3}'7°?

in which N : number of observations




Xi @ intensity at each wave length u is average intensity for N

observations at each wave length (standard average intensity) is stand rﬁﬁ
deviation at each wave length a i and ui for each wave length are 15 JAN2
recorded in the data base) a l, a2, a3, a4 ..... an u 1, u2, u3, u4

..... jn The conparison of the average of observed values at each wave

| ength of analysis sanples collected from productiQn prqQcess steps with

the data base is perfomted hmtwm@iﬂﬁnﬁére@§hf&PW@W§¢W&H§1ysis devi ati on:

Xi-Ui (i: 1, 2, 3, -. . n) in which xi: avera i nf ensj t g N

observati ons (analysisxawerég@rﬁﬁﬁeﬁﬁqﬁfflgﬁ gg%h’}ﬁ%%%”¥%ﬁ§%% xl, x2, x3,

--Xn is standard average intensity on the a1 Svoadgari son of
SR e S e

the analysis average intensi% e verage intensity

(anal ysis deviation) xl-u 1, x2- L+ %3-9 3, Xxn-u n Quotient of xi-ui b

; s ! . Pfrehsaty9c-9 o Xh : u b by
ais (xi- i)/ ai Conparison of analysis deviation with tolerance limt: 2
1 g i: standard deviation at each wave

length
( 0iand pu i for each wave length are
recorded in the data base)
cl, o2, 03, o4 - on
w1, w2, w 3, uwd o un
The comparison of the average of observed

values at each wave length of analysis samples

collected from production Pprocess steps with the data

base is performed in the manner as follows:
Analysis deviation: Xi-p i (i: 1, 2, 3, -n)
in which xi: average intensity for N observations
(analysis average intensity) at each
wave length
xl, x2, x3, ----%n
u i: standard average intensity on the
data base
Xxi-y i: comparison of the analysis
average intensity with the
standard average intensity
(analysis deviation)
xl-4 1, x2-u4 2, x3-u 3, .- xn-y n
Quotient of xi-p 1 by o i:
(xi-p 1)/ o i

Comparison of analysis deviation with tolerance

limit:




2 5 JAN 2005 if the tolerance limt =a: 1 (xi-gi) / al if the

tolerance limt =2a: 2 a (xi-Ai)/ ai if the tolerance limt = 3:,—} -3 jab
(xi-ai)l ali if thetolerance limt =4a: 4 z (xi-o i)/ 0 Atons 3 JAN 200
constituting a nolecule are held under a symetrical stretching vibration,
a non-symretrical stretching vibration and a deformation vibration. Wen

a light of a frequency identical wth that of the above . vibration js

irradi ated ontig the malecwrse d ipdrtt =of o tthe 14 gt is fefb’sbﬁibjeg/byothe

nol ecul e, whereby it is excited fromthe groynd_state,jo_an.excited state.
The excited atforbreniticd dragifess I6Mift &quehci estﬁof Zhar ot ¢s* %)?%th% gbsorbed

infrared light, which can be detected Jn nearsinfrareg{egi onys Therefore,
the detected ifedihs MG b on jv%v'e Ie%g% hasp}él cheni cal

attribute, so ,t%]&é@%ﬂg é}{cé"eﬁ‘%nil@qgtm can gpe: self£icted jn actordance
0 nt-

with the object one wever, 1n practical analysis sanples,

there are in genefal,d eWohishamktsygt eas manecley are prelsbnuncd®Iimodt
cases as multiconponent systens or as mxtures with rrulticor‘rgonent system

or in a nyphidcstaie aldtereatting reaébretior. pol §ner? T EbhS&1 ni ng
the chemcal attribute of absorption wave In%\%\t&r‘\{ ve ength r?ﬁggs
attributiwettetciimet vobabtgeoupsnthate AT aht®TBus8d on this, the
wave | ength ranges correponding to the. .charactearistic fynciionabegeoups of
the raw met etighs odncP t RECFBE F?’oﬁdﬁp(%d‘&?t%s%gj?@ pﬁ{lélgnto a data base.
Exanpl es of .the wave |ength ranges fghibungté onfliediuips sar parrdci béd

bel ow.

the 1light is absorbed by the molecule, whereby it 1is
excited from the ground state to an excited state. The
excited atom emits lights of frequencies of harmonics
of the absorbed infrared light, which c¢an be detected
in near-infrared region. Therefore, the detected
near-infrared absorption wave length has a chemical
attribute, SO that pertinent wave lengths can be
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 O a5 mixtures with
multicomponent system or in & 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 Jroups of the raw materials
and the reaction products are put into a data Dbase.

Examples of the wave length ranges for functional

groups are recited below:




aHisf Eal AN 2005 OHlst harnoni cs1345 - 1550 nm 2nd harnoni cs910 - 1033nm
harnonic;gggbC81415 - 1516 rim 2nd harnoni cs943 - 1010nm CH (aliphatggxmﬁumm
A _ - 1760 rim 2nd harnoni cs1120 - 1173nm CH (aromati c) 1st

armoni ¢cs1615 - 1665 nm 2nd harmoni ¢cs1077 - 1111 nmIn the enbodyi ng node
given chart, obtained by a near-infrared above, the spectrum )

absorptioneter, of the reaction ' ' |
. er, product in a reactig st
by differenti ad on-treatnent, Fstormawnah G second %éh zét 6§%$Lgc$§sed

obtained in the wave | ength range of 800 2
' : 0 - 2,500 n he_ av e m
is compared with the average Specht?UMTEcorded in ?%gydéfa ﬁggg t%gectru

conpare with the data base of function ou
; ps for - | th
wave | ength rdfges, at or for %%?g%a¥Tégl§%andard d%%?gtigﬁyfg gggeegegn?n

plus or mnus level. The raw ef i ah ' '
~or oni&8ction progygt or 3$0106n nw
specified thereby and controlﬂﬁé t%e plant is effected via a conputer so

as to maintai %‘Egig?59€19?finéteh§fm®ﬂﬁ¢d devi at 1680 t+t1ha8 BBen known

that the absorbance spectrum obtai ned b [
_ _ near-infrared '
suffers fromshifting of the baéehan@OUH@S¥o exterhé?ocoﬁdﬁsigﬁva%#onfor

exanpl e, tenperature, water content, flow velocit i
; : ’ : S0
that the absor@éntercomatie) maylse HaFPediby such bg%g??né %ﬁ??tﬁﬁés eans

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 is obtained in the wave length range
of 800 - 2,500 nm. The average spectrum 1is compared
with the average spectrum recorded in the data Dbase to
compare with the data base of functional groups for the
wave lengths and wave length ranges, at or for which the
standard deviation 1is 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 OI. 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




(alteraion in the absorbance) when the originally obtained spectrumis
used as such, whereby considerable 2 3 2 5 JAN 2005 i nfl uence on the
observation results should be taken into account. Such an influen 2%34 ﬁbf
baseline shifting can be suppressed by processing the original sg- w
chart by differentiating it, whereby a steady derivative curve of the
spectral absorption intensity chart can be obtained. When an absorption

spectrum chafiuésScr asessat Rpsdirffifarient | atisng tst , shiogh & r guenekenoi ses
are magnified (enphsized) and may participate in the control action
erroneous! ynas i Bictheyptrepr esbith near - inflaeadei nfadt mekp®nsPasReéidfore, it
is essential for the requisite performance of a near-infrared, .

absor pti onsheftihat ade H6i sEUPBFEFSE§AoUPY HRFREIHNI hit§fesPTi§R%40-6

absorbance units. Signma discripmpation nethod i.s at pque f

di scri mi na?li"?@t’é‘émtdg\ﬂfé:th 4 o‘ﬂﬂ%ﬁr TOHT & p?lg%gg{jgo% c%??gggonds to
a previous i hed a r eLekprhdeli cah+aualiitty

pr oduct ca(%lgﬁie)pég%)?%ed&g%\g%i sétjfly C;Eﬁe;'/ \(/gmg)!té%ittﬁa\ghdé\%ibgﬂ)gn of 30 at a ¥
probabi | i tyn9F+99ad P &kteing®.to 30 sanples of differentiation curves of
the near-infrared absorption spectrumcharts of each brand approved to be
rated product arewseheciredabepreaishr uspeotyruhe dadzt base, Pracelssgdi ch
that of the process product on production is conpared. If the deviation
exceeds t heyr anbief Tfreget iatinahel ¢ tthr ebighnestXe@ et @ndar®P RS at 26 ( a )
of the standard spectrum.used as the base, in thety\ck?t.vea eengtihn range of
800 - 2, 5OPRERILife prlTERISFHTHct 3PS j ulgeg PATTICP

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 1level should be &t the
highest 50 x 10-° absorbance units.

Sigma d@iscrimination method is a technigque for
discriminating as to whether or not a product on
production corresponds to a previously obtained rated
brand product, wherein identical gquality product can be
sorted statistically within a deviation of 3o 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 preoduction is
compared. If the deviation exceeds the range of 3¢ ,
namely three times the standard deviation ( ¢ ) of the
standard spectrum used as the base, in the wave lencth

range of 800 - 2,500 nm, the process product is judged

as being extra-rated.

In the process control, near-infrared spectral




as being extra-rated. In the process control, near-infrared

5 JAN 2005 charts obtained at a constant interval are inputtzge?;ra; 242
near-infrared systemconstructed froma near-infrared absorptioneter, a
conputer for controlling the near-infrared absorptiometer and a At 24N 2005
anal yzing conputer, by differentiating the spectral charts directly in
the data anal yzing conputer or via the controlling conputer, whereupon the
quant i t at icrartanabyshsneadl wet and advestBmivaineeaval diags ayB8Y EEERul 1 Rneousl y
or solely of one of themon a CRT. Below the present inventi on Wi é be
descri bed a byewray infrExafpl B8 tEXARPREL TUEKBRPLIEF O d8sdt9Hes’ an” énbodi nent

of controlling production process of .a_poly fin_resi I he oces
. . q . . y i S,
an ol ef i niaPSRFRIEITCSHpr i si fig 4-wae-rppen€4éﬁe-l Ciogis%ll%ﬁglﬁit zedthi%l t he

presence of a catalyst, t : yolefi n gesi i g. &g a
near - i nf r € a’ﬁé%’?% $bn %s?%(ré%g#&%“%ht%(r}lt ofa?ﬂét1 st gnda(?%tga?rp?rgaﬁ?ﬁgﬁ%roduct
judged asg. g tatsd progiuct byrcormerddonsg cheme calspmatysls, chardhich the
curve (A) represents the original absorption spectrumchart and the curve
(B) represgiicctBecons detd valave camakysingwhiconpkeedr i gF na¥idpetifal
chart is doubly differentiated. The original spectrum chart shows a
basel i ne sturftiaigl owg t he compatefr, | orWRBTSRRR? | endt§ andq%%ﬁgéﬁéﬁepeaks,

whereas the curve (B) exhibits a flatteped hori,zontal haseki
i sol atel y appeasing et z83%bsbPpt i ot peakSl ™ g, a§Q 81881898a

simultaneously or solely of one of them on a CRT.

Below, +the present invention will be described

by way of Examples.

EXAMFPLE 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




shows the fluctuation width of the second derivative 2 5 2 5 JAN 2005
curves of the spectrumcharts observed for a plurality of standard sanpl es
(20 sanples in this EXAMPLE). Fig. 4 shows second derivative curve$s |[Apnii&
plurality of analysis sanples (3 sanples) collected from production
process steps, in which a data base is constructed by data-processing the
second derivative curves obtained in Figs. | and 2 to produce the average
intensity dorveel ot eghaaepdmnuimthsciset ext epsarvad farervaPlyFa2ift¥m and
standard devi ati ons thereof, whereupon the horizontal |ine ?L }’ﬁ | 0.000
i s settledf at sthedavdr aganimitessi 30 | e5@FPARY t A& horftont & p ég of

levels 3.000 are settled at the |evels .three _tines anda i;at,i on a ,
namel y 30 Figi g.4 4Sheysr eSponad td(?rtllYé‘scc}gfe FREY &5t hfe&:)r o%dugg}lg%\iﬁf%gcess is

in normal operation, wherein pr ogsct | bationgg)18Hehgas them
conposi ti dn anda?ﬂgyﬁélc"eri%\?m’;%?gf)ertﬁgs o%g%?ﬁe gnal ygi s sanpl es and so on,

are inclu b0cLhgn S i Rrkhe range ahi®d0 -a 2, &O0annbasdkl tilse peaks
IofoAel o “BEELEUT 315 :

in the range o rimfor the analysis sanples lie within the

range of 3@onsPaBL¥d t By Aaanwpdticesstimg t dleanceecondt . AFRd veddetr um
bel ow 850 nmfalls under visible ray region and includes informations

concer ni ngceptes obtiimednaltysFigsaml &ndah? cicakE oPiai thed 2V6 &8 eed t he

range of 30 . Fig. 5 indicates the case of operation er abnor mal_ val ues
appear andizhensithe $6Fonded&Ghesti V&Vecur @?ﬁ tﬁ%{lﬁﬁgﬁag}si gl%sg%p es

collected from rodu%i on process .st |04 argd Qi LPosssof thetedk, Many
of the peak%t?ﬁvgﬂe © gefof 8o P %%%n?m are

whereupon the horizontal 1line of level 0.000 is settled

at the average intensity level and the horizontal lines

of levels = 3.000 are settled at the levels three

times standard deviation o , mnamely 3o . Fig. 4
corresponds to the case where the production process 1is
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 3¢ , 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 36 .

Fig. 5 indicates the case of operation where
abnormal values 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 cof 800 - 2,500 nm are

outside the wvalue 30 , namely abnormal wvalues. Figs.




outside the value 30 , nanely abnormal values. Figs. 2 6 2 5 JAN 2005 6, 7
and 8 show each the second derivative curve of the spectrumchart for the

raw material (A), raw nmaterial (B) and raw naterial (C), respectivsgly, 9005
which are put in a data base as production informations. Wen conga?/ij%
the spectrumof Fig. 5 with respect to the peaks at 1726 nm and 2303 nm

at which the values exceed 3c , with the data base of production

informati gn, 1heydcad nshisle whth theseaforconpencwvat{By coffve Rf 7the
indicating that the conponent (B) is excessive. Therefore, a control

si gnal forspdedreasi eganthefapouite of adonpdheht 2 B)(Alas §ia\‘ferf“%’F‘FF19\ﬁer eby

the production process was turne ack to nopmal er at.i.on. en e peaks
exceedi ng (30 wePE of Y ﬁ%ﬁ“e‘%f]f&flomqga iﬁ%ﬁ???g?v?ﬁ 'cé’fﬁlrc_o v‘?/a\égé aB\EE to be
LFRWHLY. EXMYBRE 2

realized by emtting a.signal_for_dim nishing: B
EXAMPLE 2 'desc?i bggtgn ?@%di ment ng%ﬁﬁgh i rl\%%t he process for producing

a pol yest i | i SpePEREMCLAON HIIPCESS, w AL POl eesieatt r @8 Ntheuch as
pol yet hyl gloe“{%&%t hal at epgr SO on, is gr)oduced via an esterification

step, in winh agi carimxylnne agidl 2308ducin, coaposedighi nkpeof veépepht hal i c

acid is reacted with a diol product conposed mainly of ethylene glycol,

and a pol yoargehsat3 en, st epitlFi g.tlge condztas apesenbodf nenPTPALGARER

di scrimnation was effected for the_ pol ,yesteh resin_using a dac':]a E:jlse made
P i that

fromthe Sedmmnaiion vattingy cEPVBCHREa et - FAPFST etf s Fé
oDt e B "0 BgP! VAL (Y81 BESAYCt P OBHE TS cHipBerh™d (8P hudaed by

excessive. Therefore, a control signal for decreasing
the amount of component (B) was given off, whereby the
productiocn process was turned back to nomal operation.
When the peaks exceeding 3o 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 wvia an
esterification step, in which a dicarboxylic acid
product composed mainly of terephthalic acid is reacted
with a diocl 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 preoduction products which

had been judged by conventional chemical analysis to be

rated ones, by assuming a threshold value of 30 ,




rated ones, by assuming a threshold value of 30, 2 7 2 5 JAN 2005 wherein
the production was carried out under normal operation. There is no wave
length range with peaks exceeding the range of 3a in the near-infra}BJAN 2
region, so that the product can be judged as conparable to the rated
product. Fig. 10 concerns an enbodi ment in which discrimnation was
effected for the polyester resin using a data base made fromthe second
derivati ve,iaeen ofh@ nepsabdtras edvspectanmiehareubbtanded usPAgad
~plurality of production products which had been judged by conventional
cheni cal ~ anmdystsono beThared bhedic byavassierdigh a I hdidnaPEERSF 3 0 1

~wherein the production was carried out, under operat.i ascribable to
abnor mal wA#GR2RI1DG the F&H9S nPfarsd rﬁbigﬁ? ggﬂﬁih? TéHgt 5%8ﬁﬁpéh 30

value i's exceeled (3l 293401 68D he Leeol 2ed. ThsaabsaEance a 2034

nm correspon i ¢ absorption band  attribufive to the

i nfl uence §%#§Qe%péggggg color. On detecting an excess of the 3a
t hreshol d, e roducti on process was operated so as to alter the

stabilizer feed rateg, Theigomaiefdrmy diaei hykeebedigeydol im t hehpohyest er
resin has a characteristic absorption band around 1224 nm When this band
exceeded diecrihieshobo vekse eff8atede drogdudtticon RRLYEDPRF at &&SdRder
alteration of the polycondensation condition so as to var%.the amount of

o o o el oot
altering ﬂﬁ%.candPFPSHiggrare% spé%tf%ﬁ”“%ﬁgf% thyee DI Qd4Ct ;@R LRr ogess by
plurality of production products which had been judged
by conventional chemical analysis to be rated ones, by
assuming a threshold value of 3 c ., 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 rm
corresponds to the characteristic absorption band
attributive to the influence on the product color. On
detecting an excess of the + 3o threshold, the
production process was operated so as to alter the
stabilizer feed rate. The component of diethylene
glycol in the polyester resin has a characteristic
absorption band around 1224 nm. When this band exceeded
the threshold wvalue of + 30, the production was
operated under alteration of the polycondensation
condition SO as to vary 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

polycondensation or by supplementing diethylene glycecl




pol ycondensation or by suppl enenting diethylene glycol 2 8 2 5 JAN 2005
nmononmer, when the threshold value of -30 was exceeded. Simlarly, there is
a characteristic absorption band at 1710 - 1538 nmas to the |V val hdAN 2005
(I'nherent Viscosity value). Wen the 1V value exceeded +30 , it was
necessary to carry out the operation so as to lower the level in the

pol yneri zation reactor or so as to decrease the flowrate of the heating
gas (inertm@@Sper O Sheds tohéeedutaddhmlidenpeadbar e off the pieheawisg
phase of solid phase pol ynerization, whereas when -30 was exceeded, it was
necessary d¢xceadeqg.out the operation in the manner reverse to the above.
EXAMPLE 3 Thi s exanpl e. concerns an enbodi ment of . cantr.ol cess steps

ol li
in the production ®F"ph8RbdYs. tPARE prSdwt iGRY gggggt@&pkggggk *Cleavage
t i i ch.ph | f b | ti
step in |%%d=or?e;(2(r)llgtlgre_ olrSr% by a cl gayage.reas '\%{luefr?%%erent

hydr oper o ani ¢ 'sol'vent using an acid at lower ‘concentration.

Here, the § 0, D8 4 13QN ni syaRed COMINI Ses EONeRBRERARIONS3 §f , regi dua
hydroperoxYJtd%?gss’uF:f’uriac acid, water, phenol, hydroqui none and so on, which

have each wag0rfnetatigny Wibh therghavaet ethsti opteatuves as f alsl ows:
Resi dual hydroperoxide: reaction efficiency and safety Water : product
yi el d and r@eeti amevel@eel y inSutlierr polaviedizagiosuctedserd &¥d Saf esy
Phenol : yield and reaction efficiency X ,
to decrease the flow rate ©of the heating gas (inert gas)
or so as to reduce the temperature of the preheating
phase of solid phase polymerization, whereas when -30
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 Dbe
administrated comprises concentrations of residual
hydroperoxide, sul furic 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
Sul furic acid : product yield and safety
Phenol : yvield and reaction efficiency

Fig. 11 concerns an embodiment in which




Fig. 11 concerns an enbodinent in which 2 9 25JAN2005 di scri m nati on was
effected for the product of cleavage step using a data base nade fromthe
second derivative curve of a near-infrared spectrum chart obtain?qhmﬂumg
a plurality of cleavage step products which had been judged by i
conventional chem cal analysis to be within the operation adm nistration
range, by assuming a threshold value of 3a , wherein the production was
carried Ouiidwedeni ROt IBh oRer adf bictddereri stito pavéuckengt hctaagegen which
3a is exceeded in the near- infrared region, so that the operation state
can be | wigepl asimgr nal dafiag.base coader israan Bhdodemmmnd | AehAVeRive

.discrimnation was effected for the product of cleava step. using a data
base made F¥BYRt IR sBcIRP Ut VERTRE SEECFEUBF Ik r%%rﬂarliﬂﬁ%d Eﬁéggrum

chart obtained using a urality of ¢|eava pr ts i C d been
j udged by %pﬁgé‘?ﬁéflo’ngta‘f gﬁlemcgﬁfvéﬁgl ygjlcgst C’ed'%}vvl Ot‘ft%q%ﬁheh\ggerg‘telggn
adnini o1 i gled A0G6. DESUTAY AckBheshel Lyl of 20 pe Whersin
abnornal i ty appeared. In the near-infrared region, a wave length at which
30 range #15e exepRded i 19d8iAndtcanibe recoegri,zedby Thessabsiorbanee at
1978 nm corresponds to the characteristic absorption band attributive to

t he hydr opetoxsdeld\Whealthe blreshol.d wilareisf 3dhevaspexdeetedn nvEAal

state was able to be regained by operating under alteration of the anmount
of suppl i eseBuiedriitachadeTheOrKor PPFEA tHER | i d9€ZE 2536 N FEYE

sulfuric acid, 1
lenéthsx¥£nge in which 3g 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 3¢ , 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 of supplied sulfuric acid. The
absorption band lies at 2036 nm for sulfuric acid, 1800
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




and 1400 nmfor water and 1930 nm for phenol. When the values for them
exceeded the above threshold value, the nornmal state was able to be

regai ned by altering the 3 0 2 5 JAN 2005 feed anounts of then125LHQQ§%RIAL
APPLI CABI LITY In the process steps of production of products of ©*

manuf acture, such as chem cal products, foods and others, the production
process is controlled so as to maintain normal operation state by

perform ngrdde afontitol of Ntreh a way that anal ysis sanples collected from
the raw materials, solvent, water, internediate products, product of

manuf acture, by-products and so on are analyzed by near-infrared
absorptionetry to obtain observed values for these conponents and nateri al
properti es! TP oM F oI CRRIkEFEct ed so as to maintain these observed
val ues each at a predetermned value. 3 1 2 5 JAN 2005 CLAIMS 1. A nethod
for controlling production process wi thout having resort to preparation of
cal i bration CUfVG,Iﬁ°QﬁkJSF98cE§5'rgkéy&;aB%OrQ§@§§c§Q§§F&Hﬂ1EQBd@@QB of a
plurality of standard sanples collected froma production process step in
an anal ysi&f 5 mangeadinetaldi nghceals | rivearied ir egredunctenst foobisngaaddat a
base froma differentiation curve of a near-infrared spectrum chart

obt ai ned ustiegrsa, pltureal prpdofttipnodpredess prisductstwhildBdhagio been fadged by
conventional chemical analysis to be rated ones, by calculating standard
devi at | onsh@ata e averagd | nPRREREYODR! tHE & anb¥r d REFRAEEINg - the

control in such a way 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

+hese observed values each at a predetermined value.




(standard average intensity) in respect of each of the wave |engths

sel ected fromthe spectrumincluded in the said analysis range at a
constant interval, taking an absorbance spectrumin the said anal}%iJgN 2005
range for each analysis sanple collected from the production process step
and conparing the resulting absorbance spectrumw th the data base,
estimating deviation (analysis deviation) of the intensity of the

absor bance spectrum or each of the analysis sanples (analysis intensity) at
each of the said selected wave |l engths fromthe standard average
intensity, 2 5 JAN 2005 conparing, when the absorbance spectrum Pe

i ncl udes wave | ength(s) at which the CAaalysis deviation of the absorbance
spectrum of the analysis sanple is outside a tolerance limt, the wave

| engt h showi ng thge:pb@l & s cdeybBatimgnpobiddie cabgords@scel spact r um out si de
the tol erance;dd mdsict Qop%QMﬂaitQﬂnicEHfWaH&bi:eﬁl’li&ngi:uem. proebrdarily in
the data base in order to find out what the control factor is and to

t hereby obtain control _data and _perfornng_the_control sqQ.as olt ai n
product i on producttﬁgfﬁﬁn tfie féf%?%%g€'lgﬁff“b§9 iﬁ%ttt?hg t%g said

contr ol d\?zwf)]f‘ut:glfj@% product Lon,:precess, shep. 2coiliw:yef hod :as clai med in
claim1l, erein the production informations stored in the data base are
those of the-eonpenentyrmiayd ak-corrigsponding: ¢0id heersai d rsehected wave

| engt hs.

rered Cecicn,

rh

near-1in

constructing & datz base from a differentiation curve of
2 near-infrared spectrum chart opbtained using a plurality of
-proauction products which had been judged by conventicnal
chemical analysis to be rated ones, by calculating standard
deviations and the-avéragé intensity of the standard samples
(standard average intensity) in respect of each of the wave
lengths selected from the spectrum included in the said

analysis range &t & constant interval,

taking an zbsorbance specirum in the said
analysis range for esch analysis sample collected ircm
the producticn process sitep &nd comparing the resulting

im with the datz base,

rt
™
o

&Zbsorbence spec

ting deviation (enelvsis deviestion) ci

estim

o

the intensity of the absorbence spectrum cf each of the

iyeis semples (analveis intensity) &t eesch of the

t

sgid selected wave lengihs from the stenderd sversge

a9




3. The method as clained in claiml or 2, wherein the deviations (analysis
devi ations) of the analysis intensities fromthe standard average
intensity are discrimnated as to whether or not they are within taﬁl
tolerance |imt determ ned based on the standard deviations given i AM2005
data base for the stantard sanples. 4- The nethod; as clainmed in any one
of claims 1 to 3, whereiaritthe saij dranal ysits rangesd spdfem 4002, 300 no, .
n.mt o 5. The nethod as clained in anyone of claims 1 to 3, wherein the
said anal ysi™ rdiffe Faver drng00(AMm taa 2/1600: rube. =hz 1 Fhes methods as,.¢l ai med
in any one of_ claims 1 to 5 wherein the selected wave | engths stand each
other at a {i‘stafife BPSADP@MTE osHegdgum? &F J tAN 20051 y7i Thes damet hod ias
clainmed in claim6. wherein the selected wave |engths stand each other at
a di stance Of ““29% nfor-Cr&$&€1C8. 1THE tnet Howl wsvel diemedhi nsiany:ioge tofe cl ai ms
| -7, wherei t.he .absqrbance spectrumis processed by building up the
second derfg\f/]gtliy\%ést hgﬂbf’%l@”ﬂfg néthﬁodagéoéq’%ﬂcr?edSipﬁicamyanon@umsiﬁleai ms 1
to 7, wherein,.th se.is,constructed froma plurality of standard
sanpl es of :";:IHFEN u?%??%gn%fa Eil%%, Yhy! cgle’gPéFi-% tifd odraridard awérvage
intensity apde)standar viat i each _kind. 10 The nethod as cl ai med
in any one gf cl ai ns 119 tgg 117}% vﬂ%grge%%%blsno%g%ews 88 8¥hr ¥ Yot&ened for a
plurality of°Therladaloysrsisanyl ¢s aner«st iopBLiNgEdecl data and

Performing the control so as tn cbtain
production product within the tolerance limit by
inputting the said control data to the production
brocess step.

2. The ma2thod as claimed in claim 1, whearsipn the
production informations stored in the da*a basge are
those ¢f ths component material corresponding to the
said selected wave lengths.

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

Gliscriminated as to whether or not they are within the

tolerance limit determined based on the standard
Ceviations given in the data bzse <for the stantard
sezmples.

4 ™ - = - . : ’

4 . *he method as claimed ip ary cocne of claims 1

s from 400 nm to

e

10 3, wherein the said analysis renge
2,500 nm.

5. Thenwﬂmdascbnnmﬁnanwnwofdmnm1t03,whmemmhesmd
analysis range is from 800 nm to 2,500 nm.
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devi ations of average intensities of the analysis sanples (analysis

average intensity) at the selected wave |lengths fromthe standa ge
intensity. 5%-ﬁﬁﬁﬁ@

as claimzd in ¢laim £, wnerein the

joh

no

o

rt

7. Thi me

{

T : ner &t istance of
celected wave lengths stend each other &t & distanc T

2 nomm DT 1£55.

B. The method as claimed in any one of claims 1-7, wherein
the absorbance spectrum is processed by building up the second

derivative thereof.

9 . The me+hod as claimszc in any Oone of claims 1
fo 7, wherein +he data bpase is constructed frogm a
plurélity of standard szmples of a wplurality of kinds,
by calculating the standard gvarage intensity z2nd
standard deviations for each kind.

19 - The method &as claimed in any Gne of claims 1
to 7, wherein absorbance specirz are obtained for a
plurality of the analysis samples and estimating the
deviations of average intensities of the analysis
samples (znalysis averzge intensity) at the selected

wave lengths from the standard average intensity.
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