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Summary

With globalization of the companies’activities, it is a worry that problems such as variation in

quality of raw materials will occur by the diversification of production areas. It is necessary to
improve efficiency in acceptance inspections of the raw materials in order to increase frequency
in the inspections. However, as conventional analytical methods such as titration need a lot of
manpower and expenses for reagents, it is difficult to increase the frequency. We have studied
near-infrared spectroscopy (NIR) as a solution to such problems. NIR was examined for
identification (qualitative analysis) and specifications (quantitative analysis of functional groups)
of the raw materials.
In addition, we examined the measurement of moisture content that is usually measured by the
Karl Fisher method and purity that is usually measured by gas chromatography. As a result,
NIR was superior in the identification ability of the raw materials, and had the same accuracy as
the conventional titration method. In addition, NIR could measure in a very short time with the
same accuracy as the conventional methods in the measurement of moisture content and purity.
Consequently, NIR is a suitable inspection method for the quality control of raw materials
because it is independent of human skills and able to save manpower.
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Fig.1 Measurement wavelength of spectroscopies
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Fig.3 The principle of IR and NIR absorption
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Fig.4 The principle of Raman spectroscopy
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Table 1 Selection rule of IR, NIR and Raman
Symmgtry Asymm.etry Tt
streching streching vibration
vibration vibration
ex.CO, | 4= Q=Cr=0 =» | =» O=C=0 =» ©
Polarizability tensor Change No change No change
Dipole moment No change Change Change
MIR & NIR Inactive Active Active
Raman Active Inactive Inactive
Table 2 Comparison among spectroscpies
IR NIR Raman
Measurement principle Absorption Absorption Scattering

Measuring factor

Dipole moment

Dipole moment

Polarizability tensor

Information

Framework

Harmonics,
combination tone

Framework

Measuring object

Organic, inorganic compound
O-H, C=0, N-H etc.

Organic compound
C-H, N-H, O-H, S-H etc.

Organic, inorganic compound
aromatics, C=C etc.

Transmission,

Transmission,

Measuring method reflection reflection Scattering
Measuring range 400-4000 cm ™" 4000-12500 cm ™! 100-4000 cm™*
Peak shape Sharpe Broad Sharpe

Difficult

Qualitative analysis

Relatively easy

(Multivariate analysis)

Relatively easy

Sensitivity Higher Medium Lower
Opitical path length 5-50 um 1-10 mm N/A
Glass measuring cell Disabled Usable Usable
Influential factor Moisture Moisture, granularity Fluorescence
Sample preparation Necessary Almost unnecessary Almost unnecessary
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Fig.5 Near-infrared spectrometer and the system of measurement
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Fig.6 HEMA, DEGMA and EGDMA
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Fig.7 Comparison between the spectra of HEA and HEMA
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Fig.8 Comparison between the spectra of MMA and EA
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Fig.9 Comparison between the spectra of TMP and TME
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Fig.10 Comparison between the spectra of iPA and tPA
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Fig.11 Cluster analysis
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Fig.12 Chief ingredient analysis of DPP RED
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Fig.13 Near-infrared spectrum of TMP with changed water content
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No. - 2. . .
Analytical value/ % 0.6 7 65 38

Fig.14 Standard curve for water content in TMP
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3.2.2 BEDEE
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NI 3 2 A R 16 12”3 T Ed B is
MDDz T2, WIEMEED RIFCThY. FEfiioo= AR
BRE TR BT i THDLEHIWIL 72,

*The timing of sampling was varied with each resin.

F72. ETCOT—IPOFRL7-E AR 17 12R 7,
T A Z N ENOBHIR CTYER L 7235 A S H Tl e F
FEIX5 205, BT s AR S 1722 L D il sE Al A
% SR> DD Tl Ty MEOZE B O A4 % 52 A G B
T 2O THIUL, B O EMREHWRCORENTES
T REVEATIRIZ SN,

3.2.3 TRXAEDE B

IARF ML, JIS K 7236 2001 (ZHEHLL CHIEL 72,
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TAREAMOPERE REFRAITT T o
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34 5.3
32}t [Oil free polyester A | » _ 5.1 [{Oil free polyester B | *
w 30 | o 49 |
o o 47 F
g 28 | C:x:> 45 F
2 2 2 0| .
24 3 B i
3 s 39}
T; 22 | T; 37 *
< 20 < 35 | .
T 18} % ks 33 bt
S 16 L s 31 f 3
& “ Contribution rate : 99.99 & 29 Contribution rate : 98.27
14 F ¢ Standard error : 0.08 27 F ¢ Standard error : 0.103
12 1 1 1 1 1 1 1 1 1 1 2.5
12 14 16 18 20 22 24 26 28 30 32 34 252729 31 33 3537 39 41 43 45 47 49 51 53
Analytical value/mg KOH-g! Analytical value/mg KOH-g™!
Fig.15 Standard curve for acid value in oil free polyesters
21 20
- 19 | Alkyd resin C » . 18 b Alkyd resin D s
b 0 16
jasi - jan B
s . S L
2 P g
12
é 13 F v E’
= = 10 *
- 11 F * >
< - 8t
[P} [}
S 9t » 5 )
E T
& 7+ Contribution rate : 99.86 & R Contribution rate : 99.79
¢ Standard error : 0.166 Standard error : 0.182
5 1 1 1 1 1 1 1 2 L L 1 1 L L L 1
5 7 9 11 13 15 17 19 21 2 4 6 8 100 12 14 16 18 20
Analytical value/mg KOH-g™! Analytical value/mg KOH-g™!
Fig.16 Standard curve for acid value in alkyd resins
35 Table 4 Estimation of epoxy value
_ AIl Data »
‘?0 30T Sampling number Epoxy Va}&le
o (mmol-g™")
o 25} .
< ’ No. 1 3.209
g 20 f é
~ &
g %l No. 2 2.057
= 15 F o
; &
%, 10k "/"/ No. 3 1.273
2 o
& 5 ¢F /” Contribution rate : 99.22 No. 4 1.149
Standard error : 0.605
0 L L L L L L No. 5 1.102
0 5 10 15 20 25 30 35
Analytical value/mg KOH-g™! No. 6 0
Fig.17 Standard curve for acid value in all resins
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MRIED LA SI, AR AN EARBI ML 5\ P wH
HWASFROLINTZ FONTMEMER 18 1R o BRI
BERDESI, TARFUMOZ ARKEREL TR UL TTHETH
ZEHIWTL 720

3.2.4 KBEMOEE

HAMLLAZR A LRI F 7L 7))L —7)b
& HWCHIE L 72 AR DV ED Z 28 RN ATV B
FO ARSIz, R R 19 1277,

W ARAE B &8 Ty M I LT, B ILomfRIc LD
Ik Bk B At BEAE O 2 1R X DM E S ek L BE . &5
DEBYRIFEDMEIIFHINT 2o

=EREORFFTOEL 7))L T —F L ORI
Ih, HUEEO T EREOR)FaYL L) a— L oK R
waEmR L7z 6 TR T EBVR I REL o7 A A
FEDSDIZOWThH, M RDH/ON, Ty MEOLH) %
g3 B2 ASBRELCld, [T RES ML 720

w
o

= N
o1 Do (21 w
T T T T
L 4

3

Predicted value/mmol-g~!

o
ol
T

Contribution rate : 99.97
Standard error : 0.0169

0 1 1 1
0 0.5 1 1.5 2 25 3 35

Analytical value/mmol-g~!
Fig.18 Standard curve for epoxy value in epoxy resins
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e
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Ao

$ Contribution rate : 98.62
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Analytical value/mg KOH-g™!

Fig.19 Standard curve for hydroxyl value of
polypropylene glycol glyceryl ether

Table 5 Comparison of NIR and titration in hydroxyl
value of polypropylene glycol glyceryl ether

Hydroxyl value (mg KOH-g ™)
Sample
NIR Titration
No. 1 174.6 175.1
No. 2 160.5 158.0
No. 3 160.6 161.0

Table 6 Comparison of NIR and titration in hydroxyl value

of polypropylene glycol obtained from the standard

curve for polypropylene glycol glyceryl ether

Hydroxyl value (mg KOH-g™")
Sample
NIR Titration
No. 1 266 276
No. 2 183 190
No. 3 108 111

3.2.5 iERURFHYDER

2-eFaF s T F LAy JL—k (HEMA) O&FEA—H—
MBIy NEWGET AZO< T 70— (GC) TH %
172720 ZNHDH XTI IRV G T ATV, ED AT
MV ZE G HAT o720 2- EROF T TF IV AF 7))L —h
(HEMA). Y A¥2))VETFL 7)) a—)v (EGDMA).
TIFLrZ)a—uAys)L—k (DEGMA) D528
T2 AHBIED B BE R ASFIIRE AR SNz, SISO
WOHDF WA OWEMEN A7~ 757 4— (GC) TD
HIEMIX, 7 OENER->72, GCIZELHEMEFEED
FE RO TR THEHNZ,

4. £ =&

VAT, LT OB TH S,

1) HHEEOEMESATICBAT, Tl Iz
LCwrze F72, ek, HBIART R CTH o721
EERI O KRR O A D L BT 2 A2 212X
DU HE Tdh oo

2) AREHOERREDERIITIZB T, HHOERE
FEDERAS, (AR e T RO THRIIRE ] Tl 7
AR TH o720 F72, TNEINDE RN L TE B
DORERREAE RS 22872, UL EW THIUL,
[ UAR s A C o s M 12 K852 AN AR DT 2% 1] RE
PEATRIZESNTZo
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Table 7 Comparison of NIR and GC in purity of HEMA and in its impurities (EGDMA and DEGMA)

HEMA (%) EGDMA (%) DEGMA (%)
Sample
NIR GC NIR GC NIR GC
No. 1 97.9 98.2 0.3 0.2 1.7 15
No. 2 97.6 98.4 04 0.2 1.8 1.3
No. 3 97.6 97.6 0.2 0.1 2.3 2.0
No. 4 98.0 98.1 0.1 0.1 2.1 1.7
No. 5 96.3 96.5 0.7 0.6 2.3 2.1
No. 6 96.9 95.5 0.6 05 2.7 2.1
No. 7 95.6 96.0 0.8 05 2.7 2.3
5. % &

WEARA VM R AR OVE B T X T 1 70 50 LA F5 o
TOHIWA L FEE Do LU ARAS, — B, Bz e
LCLEZIE, HEROTFEHEIZIAT, WmIEil e H o8k
EIZISTATETHY., oEffiniiE s A ETHrIe
. LDV T NE T CTEL R R ERTT 5 Th -
720

PLEoZENS, FARIGGEHE. TR b B A B 29
L7z NRER 3 ChDE WL 720

SE W
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