|
o
%
|
|

R&DIFLFAMEZED A i

BB HUR 1%

&l H

YOSHIDA Shigeo

BT, Thobblm—rfban iz B8R THS | TR EHA, BRETORAIKEE/RE T =T —0
BEHL MEE, B8, K8, GEMEREIRE TS ~OERFENRE ) T RSB A 2 T
W5 7R EELWEREE N IZdh D, 2o Tt R 235> T

-G hy 7 DT —FEA~DET

CEEEARE (RRAEMOREH) L/ a— ) v a it kb %Ak

- MU ERBR B2 [ RE ~ O FE AR A kbt
AR E R L U CHY 1P CERY, WCKTIFBEICY AR SE T 2R R LD oD, BT VT EAR
IR FERED T #HI S SR EUWHEAEED TODA, ZOHEHEDT-DITITNI ETH 7B P O RE 335
IZREW,

1. BB OT Iy a7 v L by =T —T v
BEAFHAIT A E 3L, 8 S O~ OBLE L B — B AD SR 10 8 5 E - RS &\ D R
ISR EIETHHD T, RERHNCH R AP T 20D TH D,

2. TGO EA S X DR FTLE, BT e ADBR %S
DO TDOAFRAHE, FEHEBIIEIN T, AR ED INEAF DO FEEMEE L ZBDHHDT, 2—P—D{
BRI L1 1 & UREIRA I B T 5 2 LT TH D,

3. R ETRIUE, HrEAEIC Lo TS ORI
2B GREN, NHOKRLEL G DI~ — T4 T BUETHY, H AN - KD /T T & Ff
STWAENEETHD, BITNIETIAT U ALE 22T U7 nn,

ZLTINOAEROIREEL T, BRI, EENRRE ThHZE, BREMBICKIIEL TNDIE, F
PR THIENRDOIND, MERRGRC, BREEHEEZ N T80T, BIEehgEAlnewy,

BANBRR I I E R O LM THD, FTCLAEEN L Fo7- 0, BEOKEITIEES,

[20Hfl > 21 TS 3BT AR T B O L EMZB0EIC EIF 7228 Th D, 2 itflic ifFE Ak
0T, HERGTBOAFEMEEZ RIS KIEIZ EIF 528 THhD] (P.F.Drucker ] H Z Xl 954 | ¥ A YELR
£11999.3.18) £V EHIZ, IROWHR, Fnalk A= FENEM B2 B L CTHIF~OMIRFIIRE N,

ZHVETIENZRY B RICBATE RT3, 2D bITEREEA R, BT, I AN, U A7 22 B ilF s
%<0, BHENEAE RS TOKERD, S5 R HTWEFELZEEAL Teb, 196140 TAF] =L DRE%E
DO Te, TR TORVEITF 2 DBAZ T LA R ST LTI IBL TET, BAZZLOIROPETZIER
ITRBLRVILOL, [ZZTEXRTIITRDRNIET R, L OSETEEDOBIRH LTIV > TAM
PELEDRARAVDIZTHHEL TOKINEVD ZETH ST, ZIUTARITIERSNZBBEEL T2 HEHOHMZE DT
BREFZANIENTHD | (BHFRERE —6 b PO Z ) A4k 196248) BRE D & L B2 HIK), 45
HREFEEBRFE D F M BEE LN NDEHETHD,



googo

oboooboobobobobobooon

gobooo

Chemical Properties of Pigment Surface and Dispersion Stability

IsHIMORI Motokazu

The pigment-dispersing process consists of three main steps, which are wetting, milling and stabi-

lization of pigment particles. Stabilization is the most important step among the three steps and

mainly depends on the chemical properties of the pigment surface. In this article, some of the

chemical properties are explained. In addition, the relationship between the stabilization and the

evaluated values or parameters of the pigment surface is also explained.
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Fig.1 Image of dispersion and aggregation of particles.
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Table 1 Relation between {-potential and Vmax/kT
for Various Particle Radius (r)"

¢- Vmax/kT
potential
(mV) r=1pm r=0.1lpgm r=0.01pm
25 13 - -
35 26 1 -
50 62 4 -
75 152 11 -
100 286 20 -
150 662 54 4
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000000000000 HLB(Hydrophile-Lipophile
Balance) 000000 OO0OO (SP)OD0OOOOOO
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Table 2 Relation between Chemical Properties and
Measured Values or Parameters of Pigment Sur-
face

Chemical Property

Measured Value

Parameter Hydrophilic Acidic
/Hydrophobic /Basic

HLB o X

SP

Amounts of resin adsorption
Titration value of acid or base
Amounts of acid or base adsorption
Isoelectric point

X X X X O O
o 0o o o o>

Heat of acid or base adsorption
Ka, Kb x o
o Orelate O O O partly relate O x [ not relate

2 OOooboon

2.1 HLB
HLBOOOOOOOOOOOODODOOOOOOOoOoo

00000000y ooooooooooOdOHLB

gbooooboooooooboo 20000

0000 HLB = (Wp/Ws) - 20 (1)
WpOOOOODOOOOOD WsOOODOOOOO

00 Ws =10000Wp = 600 0 -0 HLB = 12

Pascal 000000 HLBOOOODOOOOODOO
goboooooobooboooobooobooboHLB
oooobDDOO0000oO0obob000ooooboo0OD HLB
0000000000000 (Table3)DOOOOO
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2.2 000O00DODOO (SP)
SPOO0ODOOODNOODOOOOOOONOOOO
000000000000000000000000
000000000000000000000000
SPOOO0O0O0O0O0OO0ODDOOO0OO0OOOOOOO
000000000000000000000000
0000000000000000 (AE)00O0O0
0000 (Vm)0DODODDO0O0O0000000O0OO
000000 SPOOOO

00000 SPODOOOOOODODOHHansen 00
00000000000%Y0000SP000000
(600000 (6,)0000000000 (8,)0 30
0000000000000700000000000
000000000000000 (Table4)00000
0000D00000000003300000000
000000000000000000000000
000000000000000000 (Table5)00
00000 5300000000000000000
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0000000 1500000000000000
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Table 3 Required HLB Values - Pigment Colors®

Pigments Required HLB
—Organics—
BON red dark 6 - 8
Toluidine red medium 8 -10
Toluidine yellow 9 -11
Phthalocyanine green (yellow shade) 12 - 14
Phthalocyanine green (blue shade) 10 - 12
Phthalocyanine blue (red shade) 11 -13
Phthalocyanine blue (intermediate shade) 14 -16
Phthalocyanine blue (intermediate shade) 14 -16
Phthalocyanine blue (green shade) 14 - 16
“Green-Gold” 11 -13
Quinacridone violet 11 -13
Quinacridone red 12 - 14
High strength azo yellow 13 - 15
—Inorganics—
Lampblack 10 - 12
Red iron oxide 13 - 15
Molybdate orange 16 -18
Rutile titanium dioxide 17 - 20
Chrome yellow medium 18 - 20
Yellow iron oxide 20+
Table 4 Components of the Solubility Parameter Table 6  Characteristic Parameters for Various
for Solvents? Pigments®
Solvents ba bp on Pigments bo bdo bpo  Oho bao Rao
15 m-Cresol 882 3.0 6.1 1 168 118 7.3 95 120 84
22A Methylcellosolve 7.9 45 79 3 10.0 87 35 3.5 5.0 2.5
29 Acetone 7.58 5.7 2.0 7 105 9.6 3.0 32 44 39
35 Ethyl acetate 744 46 25 10 12.0 10.8 3.5 4.0 5.3 5.2
45 Dimethyl formamide 8.52 6.7 5.5 11 12.0 10.0 4.8 4.5 6.6 4.8
58  Toluene 867 1.0 2.0 14 11.5 96 52 36 63 44
25 9.1 9.0 2.7 23 3.6 2.5
Table 5  Characteristic Parameters for Polymers [Pigment]

and Resins®

Polymers o bdo  bpo  Oho bao Rao
B 11.3 9.2 50 42 6.5 4.0

C 115 85 55 55 7.8 4.7

D 94 85 25 30 39 53

E 112 94 32 51 6.0 5.0

G 98 86 3.0 20 36 3.5

J 108 70 70 43 82 55
[Polymer|

BO Poly(methy methacrylate)

CO Epikote 1001-epoxy

DO Plexal P65-66% oil length alkyd

EO Pentalyn 830-alcohol soluble rosin resin
GO Polystyrene LG

J 01/2 Sec. Nitrocellulose-H 23

ooooospOoO0OO0OOOOOOOOOOOOOO
000000000000 D000o0090
oobobooooooobooobooooboooo
oo00oooOo0oooooooooooooOoo S
oboooooboobbooboooboobooooo
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10 TiO2 O 30 C.Lpigment red 48 (Mn)

70 C.L.pigment red 57 (Ca) O 100 C.Lpigment blue 15
110 C.I.pigment green 7 0 140 C.I.pigment violet 23
250 C.I.pigment yellow 12
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Table 7 Evaluation of Binders'®

Type Commercial Name Basic Acid Amphoteric Neutral
CELLULOSICS
O Cellulose esters CAB *
ACRYLICS
0 MMA Elvacite 2013

0O EMA
O Polyacrylate

Elvacite 2043
Parloid B72

Synedol 2263 XB

POLYAMIDES

O Alcohol soluble Versamid 758
POLYURETHANES

Estane 5707 IF
Desmodur N
Desmodur L

O Polyisocyanate
0 Polyisocyanate

SR S S 3

K%Kk

*
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Zeta-potential (mV)
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Fig.2 Zeta-potentials of some pigments in various

pH values.'®

m T-1:non treated @ T-2:acid treated A T-4:base treated
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ISp = (Ka)l(Kb)z + (Ka)g(Kb)l

—(Ka)l(Ka)g - (Kb)l(Kb)Q

(3)

Table 9

Relation of isoelectric points of phthalocyanine pigments and TI values in acidic, basic and amphoteric

Illustrative Values of Sedimentation Time,

Isp and Adsorbed Layer Thickness'?

System t1/2(d) Isp  Thickness (nm)
PC/BP/chx 4.5 14.6 11
PVB/BP/chx 115 —0.6 17
PAc¢/BP/chx >30 1.4 35
PC/BP/tol 125 52 27
PC/R/chx 0.8 —13.7 9
SVP/R/tol 19 0.8 23

PC=polycarbonate; PVB=polyvinyl butyral;

PAc=polyacrylic; SVP=styrene-4-vinyl pyridine;

BP=phthalocyanine; R=rutile; chx=cyclohexanone;

tol=toluene

4 00O

oboooobooooobood

gobooooooo

ooboobooooooboooboooboooooo
O0o0ooooOoOooooooOo JIsog (JISK

Table 8 Zeta-potential of Solid Particles in Various Solvents after Correcting for f; (Ka) and K’V

Dy (kcal/mole)

Solid 0.00 2.7 4.4 10.5 17.1 20.0 27.8 29.8 55.0

DCE NM NB AA EA THF DMA DMSO EDA
CaCOs3 +59 —104 —71 - —92 - —17 - —22
TiOs +48 —58 - —77 —44 - —10 —34 -
Diamond +53 -9 - —42 —47 - —70 —44 —17
ZnS +61 —53 - - —92 - —43 —45 —45
Gold +172 +126 - —133 —94 - —100 —136 —205
Mica +28 —52 - —78 —40 - —45 - -
Mica*! +39 +61 - - +59 —63 —23 —23 -
CaO —72 - - - — - —27 — -

*Theated at 250°C for 18 hr
DCE:1,2-Dichloroethane 0 NM:Nitromethane 00 NB:Nitrobenzene 0 AA:Acetic anhydride
EA:Ethyl acetate 0 THF:Tetrahydrofuran 0 DMA:Dimethylacetamide 0 DMSO:Dimethyl sulfoxide
EDA:Ethylene diamine
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Technical Trends of Color Measurement

NAKATSUKA Takeshi

Color measurement is an indispensable technology for quality control and quality estimation in

color industry. In this report, we describe a summary and technical trends which include physical

methods for color measurement, optical system of colorimetry and spectrophotometry, color system,

and color difference formula for non-luminous objects. We also describe technical trends of the

method using goniospectrophotometry which is effective for measuring metallic and pearl colors.
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Fig.2 Geometric condition for measurement of
reflection property of materials.
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Fig.3  Geometric condition for measurement of
transmission property of materials.
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Development of Liquid Crystalline Azines for STN-LCD

NEeGisH1 Makoto, OGAWA Shinji, OSAWA Masashi, TAKEUCHI Kiyofumi,
TAKEHARA Sadao, UMEZU Yasuo, KAWAKAMI Shotaro and TAKATSU Haruyoshi

A new series of nematic azines have been synthesized using improved procedures. Their physical and

electro-optical properties were measured and compared with those of nematic tolans. The nematic

azines with long conjugation in a molecule have high nematic-isotropic transition temperatures

(Tn1) and large birefringence (An) as a liquid crystal compound of two-ring systems, which are the

preferable properties for quick response. The properties of nematic mixtures consisting of the azines

were evaluated, and the stability to UV light, heat and moisture are also discussed. Furthermore,

the nematic mixtures containing the azines with useful display performance for STN(Super Twisted

Nematic)-LCD have been achieved.
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Fig.1 Synthesis of azine derivatives.
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Table 1 Physical and Optical Properties of Nematic Azines

N-N
x2
X3
Transition temp. (°C)

1 2 3 % %

No- R i i X CN NI Ap A
A-1 n-C3Hy H CHs H 70.5 103 0.355 —
A-2 n-CsH7 H F H 70.5 96.5 0.305 4.8
A-3 n-C3Hy F F H 50 59.5 0.275 9.3
A4 n-CsHy F F F 44 51 0.250 16
A-5 n-C3Hy H OCF3 H C938x 95Sa  98N1051  0.275 8.0
A6 \_/ H CHs H 82 103 0.360 —
AT N/ H F H 66 99 0.230 3.7
A8 N/ H 7 H 57 116 0.340 —
T-1  n-CgHy Q = Q CHjy C6351 0.255 —

F

T-2 I 1 .

e e O S S e

* : Extrapolated values
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Novel High-performance Crystalline Epoxy Resin Used

for Semiconductor Molding Compound

OGURA Ichiro and IMADA Tomoyuki

This paper presents a systematic approach based on the Rosenstoch theory to the development

of a high-performance novel crystalline epoxy resin used for JEDEC Level-1 grade semiconductor

epoxy molding compounds (EMC). A new manufacturing process using epichlorohydrin and (-

methylepichlorohydrin as epoxidation reagents was studied to improve the solubility to the process

solvent and too high-melting point for EMC application. 1,5-Dihydroxynaphthalene type crystalline

epoxy resin obtained by this new process provides excellent curing properties and heat resistance.
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Table 1 Vibration Dimension and Wave Number of
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2,7-DHN 2 0 —36 373.2
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Fig.7 Epoxidation reaction of the mixture of 1,5-DHN, 1,6-DHN and 2,7-DHN with epichlorohydrin.
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Fig.8 Molecular vibrations of 1,5-DHN, 1,6-DHN and 2,7-DHN type epoxy resins.
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Fig.11 Epoxidation process, 1st step: Addition-reaction, 2nd step: Cyclo-reaction, 3rd step: Purification-reaction.
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Epoxidation process ECH / 3-MECH mol ratio
100 / 0 70 / 30 50 / 50 40 /60 30 /70 20 /80 0/ 100
Solubility Addition-reaction insoluble insoluble soluble soluble soluble soluble insoluble
Cyclo-reaction - - insoluble  soluble soluble soluble -
Purification-reaction - - - insoluble soluble insoluble -
Melting point of epoxy resin 172°C - - - 127°C - 174°C
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Table 4 Characteristics of DHN Type and Control Epoxy Resins

unit DHN Biphenyl DCPD ECN
Appearance crystalline crystalline amorphous amorphous
Epoxy equivalent per weight  g/eq. 160 190 245 204
Melting point °C 127 105 57 67
Melt viscosity 150 °C mPa- s 5 10 40 310
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Fig.13  Molecular distribution of the mixture of
three kinds of epoxy resins: [A]/[B]/[C]=22/50/28
(wt. ratio).
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Table 5 Physical Properties of Unfilled Cured Resins of DHN Type and the Control Epoxy Resins

unit DHN Biphenyl DCPD ECN
Tg of compound °C 21 14 25 25
Gel time 175°C sec. 40 54 47 34
Tg DMA °C 162 147 154 182
Moisture absorption 300hr wt.% 1.68 1.32 0.95 1.78
Elastic modulus 50°C MPa 2800 2500 2700 2700
215°C MPa 25 19 7 70
Cross-linking density DMA mmol/ml 2.0 1.6 0.9 5.7
Coefficient of thermal expansion below Tg ppm 55 69 60 65
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Fig.14 Curing behavior of the compounds contain-
ing DHN type and the control epoxy resins. Cur-
ing temperature: 175°C.
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Table 6 Physical Properties of Cured Resins (Filled) of DHN Type and the Control Epoxy Resins

unit DHN

Bipheny]l DCPD ECN

Silica content

wt.% 88 87 85 82

Melt viscosity 175°C mPa-s 40,000 40,000 40,000 40,000
Tg DMA 164 149 155 181
Moisture absorption 300hr wt.% 0.28 0.29 0.28 0.38
Elastic modulus 50°C MPa 14,200 14,100 11,300 12,500
250°C MPa 1,200 1,150 400 1,650
Coefficient of thermal expansion below Tg ppm 6 6 9 11
Flexural strength 250°C 15 12 7 19
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New Phenolic Resins by the Reaction between Phenols and

Divinylbenzene

Mori1 Kunio, INOUE Tadashi and IKEDA Takashi

A phenolic resin with a new structure was synthesized by reacting phenols and divinylbenzene
(“DVB”), a compound with two vinyl groups in its molecule, using the electrophilic substitution
reaction of the vinyl group to the nuclear phenol. DVB purity, phenol types, and catalysts together
with reaction mechanism, structural analysis and evaluation as epoxy hardener are discussed. DVB
selectively reacts with various phenols without self-polymerizing, by the electrophilic substitution
reaction of a cation, which forms on the a carbon of the vinyl group, to the high-electron-density
site of the nuclear phenol. Compounds formed due to this mechanism were detected by *C-NMR
and GC/MS. Also, the molecular weight distribution was controlled by adjusting the molecular
ratio, catalyst, and temperature of the reaction. An epoxy resin cured by this resin has low water
absorption, and BPA-DVB resins were also enhanced in heat resistance. It also has features of low
heat expansion, therefore, it is expected to withstand thermal strains and exhibit good oxidization
resistance which is attributed to the low heat weight decrease caused by the low oxygen content.

With these features, a wide range of applications in new fields is expected.
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Table 1 Reaction Conditions of Synthesis of Phenol-DVB Resin

Exp.No Molar ratio Purity Solvent Catalyst Reaction Treatment
(DVB/P) of DVB(%)
p—o01 0.7 65 — PTSA 1wt%/P 130°C x 3Hrs.  190°C, Vac. dist.
P-02 —_— A2S04 1wt%/P
P-03 B AlCI; 1wt%/P
P-04 - Oxa. acid 1wt%/P 130°C x 3Hrs. -----» not reacted
S P-05 05 81 — PTSA Iwt%/P  130°C x 3Hrs.  190°C, Vac. dist
P—-06 0.6 B
P-o07 0.7 E—
P —-08 0.8 E—
P—-09 0.7 55 B PTSA 1wt%/P 130°C x 3Hrs. 190°C, Vac. dist
P-o01 65 E—
P-07 81 E—
P-10 96 I
P-11 0.7 81 E— PTSA 0.2wt%/P 130°C x 3Hrs. 190°C, Vac. dist
P—12 — 0.5wt%,/P
P—-o07 B 1wt%/P
P-13 B 2wt% /P
Table 2 Reaction Conditions of Synthesis of Phenol Derivative-DVB Resin
Exp.No Molar ratio Purity Solvent Catalyst Reaction Treatment
(DVB/Pd) of DVB(%)
B-01 0.5 81 MIBK* PTSA 1wt%/P 130°C x 3Hrs. 90°C, Vac. dist.
(BPA base)

C-01 0.6 -

(Cresol case)

N-01 0.5 MIBK*

(B-Naph base)

D-01 0.5 MIBK*

(2, 7-DON base)

32
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Table 3 Fundamental Property of Phenols-DVB Resin

Exp.No Appearance  SP(°C)*! Vis*? Mn*? Mw*3 ES-P*4 o-/p-*°
P-01 Yellow solid 90 G 981 2970 5.5 1.18
P-02 88 G 986 2558 5.7 1.28
P-03 85 F 931 2339 5.3 1.41

P05 Yellow solid 63 A 654 1207 45
P-06 74 B-C 793 1543 3.5
pP-07 83 D 881 2328 2.9
P-08 108 S-T 1640 10668 2.4

P09 Yellow solid ¢ 9% K 1009 3307 58
P-01 90 G 981 2970 5.5
P-07 83 D 881 2328 2.9
P-10 80 B 649 936 1.5

CoPar Yellow solid ¢ & F 923 27162 33
P-12 85 E 890 2589 3.0
P-07 83 D 881 2328 2.9
P-13 82 D 852 1956 2.5

B0l Yellow solid ¢ 8 ¢p 705 20
C-01 | 77 B-C 720 1046
N-01 Brown solid 83 C 382 812 16.8 (3-Naph)
D-01 \ 86 E 421 887  14.5 (2,7-DON)

C KH-130  Yellow solid gr — 580 730 44 (BPA)

KH-150 \ 92 620 820 39 (BPA)

*1—Ball & Ring method *2—Gardner Vis.(50%n-BuOH soln.)

*3—Molecular weight measured by GPC
*4—Contents of Ethylstyrene-Phenol addact(wt%)
*5—measured by NMR
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Fig.4 Assignment of *C-NMR spectrum of phenol-DVB resin.
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Table 4 Assignment of GC/MS H g @
MW Phenol DVB Eth.Sty _ _ _
226 1 O 1 S S CHZ_CH
318 2 1 / /j a B
358 1 [} 2 H+ H CH
450 2 1 1 S e =
490 1 3 DVB \ 2
542 3 2 Phenol JL
582 2 1 2 H+
674 3 2 1 + AN
v 2 1 3 CH,— CH—& —CH—CH
766 4 3 3 A + 3
806 3 2 2
898 4 3 1 +
938 3 2 3
990 5 4
1030 4 3 2
1122 5 4 1 H
1162 4 3 3 CH3
1255 5 4 2 I
1346 6 5 1 _E_< >_ - O_ +
1387 5 4 3 N GH O CH n
1479 6 5 2
1519 5 4 4 H
1571 7 6 1 3
1611 6 5 3 Phenol <DVB resin
1703 7 6 2 . . . .
1835 7 6 3 Fig.6 Reaction mechanism of phenol-DVB resin.
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Table 5 Evaluation on Performance of Hardened Epoxy Resins Using Phenols-DVB Resins as Hardner for Epoxy

Resin
Phenolics BPA Novolac Phe-DVB BPA-DVB | Cre-DVB
O No. KH130 KH150 P-06 P-07 P-08 P-10 B-01 C-01
EPOXY RESIN Epi-850 Epi-850 Epi-850 Epi-850
Flexural Str. RT 120 121 99 116 100 125 115 62
O (MPa) 100°C 27 42 7 01 01 14 51 7
HDT O°co 101 105 93 86 82 97 105 92
Water Absorp. 1Day 0.14 0.15 0.11 0.08 0.08 0.07 0.12 0.07
0 %0 TDay 0.41 0.43 0.34 0.23 0.22 0.19 0.36 0.18
(BOIL) 0 1Hr 0.47 0.43 0.35 0.31 0.29 0.24 0.33 0.21
2Hr 0.56 0.49 0.39 0.35 0.33 0.28 0.39 0.29
4Hr 0.73 0.65 0.43 0.41 0.40 0.38 0.43 0.40
Insulation Resist.
00 Qx10°0 Anb. 6.0 7.5 3.0 A4.0 5.0 4.3 4.3 5.0
Boil,2hr 5.0 1.6 5.0 4.9 5.8 7.8 2.9 2.9
Tg(Tl\r'IA) 1st scn 116.6 120.4 111.5 105.8 102.1 114.4 122.8 116.9
0o (°C) 2nd scn 115.6 117.6 111.6  102.5 92.4 115.0 123.1 103.4
Tg(DMA) (cc)yoo 131 139 124 119 116 126 140 130
E’(Pa) 50°C 1.8E9 3.2E6 2.4E9 2.1E9 23E9 1.9E9 2.0E9 2.2E9
Tg+40°C 1.8E9 6.6E6 4.0E6 3.5E6 2.7E6 4.6E6 5.7E6 3.2E6
Tan 6 Max 1.41 1.15 1.61 1.86 1.64 1.62 1.36 1.73
Therm.Expansion L 0.41 0.43 0.34 0.23 0.22 0.19 0.36 0.18
0 (E-5/°C) M 0.47 0.43 0.35 0.31 0.29 0.24 0.33 0.21
H 0.56 0.49 0.39 0.35 0.33 0.28 0.39 0.29
Weight Loss O 400°C 44.2 41.0 29.3 29.2 31.8 34.4 38.7 30.7
O by TGAO %0 500°C 71.5 71.9 58.7 59.5 59.2 62.5 70.7 64.9
DTA Max Temp. O (°C) 521 505 514 526 528 504 521 517

36 DIC Technical Review No.5/1999



googo

0000000000000 0D0ODOOBPAODVB
gbogoboooooobboboboboobooon
gboboooboooooboobobooobooooog
oboooooooon

3.4 O0O0O0O0OO0OOOOOOOOOOOOOn

oooooobvBOOOODODODODODOODOO
gobooooboooboooboooboooog
Fig.10O0OOO

Fig.l0OODODOOODOODOOOODODOoOoooDoo
o00D000ooDoOo0g BPAODVBOOOOOOO
gbobooboooobbooz2b00boobooobog
oboooboooobooobooo bvBOOoOOooooOO
oobooobooboooboobooobobn o-
ooboooboobooooobooobooooooog
gboboobooooboooobooooboooooboog
oboocooOoboooooobooogon

4 00O

@OUoOODO00000 DVBOODOOODOOOOOO
goboobobooobooobooooboooo
oogd

@UoOO0Do0000000O000oo0ooooon
obooooobooooobon

@DVBOOOOODODOODOODO ESODODOOOO

00000000000 000000000000
000000000000000000000o00
00000 ESOO0O0O0O000O000O000000
00000000 DVBOOOOOOOOOO

@OOo00o0O0oO0DbvVBOOOOOOOOOOOOOO
000000DVBOOOOOOOOOODOOOO
00000000000000000000 o-00
p-00000000000

GbVBOOOOOOODOOODOOOOO0OOOOOOO
00000000000000000000000
0000000000000000BC-NMROO
0000000000000 000000000
GC/MSODDOO0OO0ODOODDOO0OO0OO DVBOOO ES
00000000000000

©®GoOO0O00DVBOOOOOOOODSCOOOOOO
000 160°cCO00000000000000000
00000000000000000 bvBOOO
000000000ooon

@UOO000000000000000000000
00000000000 000000000000
0000000000000 OoooO23)oono0n
000000000000000DVBOOOOO
00000DVBOOOOOOOOOOOOOODO
0000o0o0o0oooooooooooS?o

suitable
point

BPA DVB Resin

150
s
=
% equivalent
= point
g 100
&
w
=
&
=
ol
=
=
50
795 80

85

90 95 100

Mixing rate of BPA *DVB resin toBis A Epoxy
(B-01/Epi850 wt%)

Fig.10 Bending strength in phenol-DVB resin and BPA epoxy.

DIC Technical Review No.5/1999

37



goooo

oboboboboooooobooobooobobogoo
Vol.19 No.1(1998) 000 000000000000
gboooooooo

gogdd

1) Y. A. Knop, L. A. Pilato: “Chemistry and Appli-
cation of Phenolic Resins”, 0 000000000
P. 244(1980)

2) 000000000, US Patent 5270403(1993)

3) 000000000, Europian Patent 0506080
(1997)

4) 0000,“000007,(0)0000, P. 50(1986),

5) 000,0000,0000,0000,30,(9), P47-51

6) 000,0000,0420000000000000
00 ,41(1992)

7) 000,0000,00000920000000000
00o00o00oo,2E07, P228-229(1992)

oooooooo goobooooo
Joodbooooboobo0o0oobooobboboooo
ooooo oooo
ooooo ooooo
MoriI Kunio INOUE Tadashi

gooooobooo

gbooodooboooooaon
googo

IKEDA Takashi

38 DIC Technical Review No.5/1999



googo

LPAOOU0O0OOOOOOODODODOODOO

gobboboboobobbboodobbbooodan

The Relationship between the Diameter of Dispersed LPA Particles and

Color Uniformity

NONAKA Shin-ichi, HAMADA Ken-ichi, TONOGATI Shuji and YAMADA Hirokazu

One of the common defects in bulk molding compound (BMC) parts is mottling, which makes it
difficult to mold deep-colored BMC parts. However, the detailed cause of the defect is still unknown.
In this paper, the relationship between color uniformity in BMC parts and the dispersed particle
size of the Low Profile Additive (LPA) was studied. Mottling of cast parts, which were composed
of unsaturated polyester resin (UP), LPA, deep-color pigment and catalyst, were observed with an
electron microscope. It was observed that there were large LPA particles containing large voids in
light-color parts and small LPA particles with small voids in deep-colored parts. It was assumed
that the control of the dispersed particle size of LPA and formed voids could allow BMC parts of
deep uniform color. Addition of a lightly cross-linked polystyrene (LCPSt), with a particle size of
5-30 micrometer (um), reduced the dispersed particle size of LPA and narrowed the distribution of
the LPA particle size. Consequently, the color uniformity improved. By controlling the dispersed
particle size of LPA, mottling in BMC parts could be reduced, and the applications and market of

BMC and SMC expanded.

1 00

00000 (LPA) O BMC(Bulk Molding Com-
pound) 0000000000000 OO0DOOO0O
0000000000000 00D00000 LPAO
000 Table 1Y00000000000D00O0DOO0
0000000000 D0000D0000D000000
OOM. C.Kastl 0?0 K. E. Atkins 0300000
000000000000 (PVAe)DDOOODOODOO
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Table 1 Properties of Conventional LPAs

PMMA | PSt PVAc PB*
Shrinkage Good Fair | Excellent | Poor
Pigmentability Fair Good Poor Fair
Paintabilities Fair Poor Good Good
Physical Good Fair Poor Fair
Properties
Water Fair Fair Poor Good
Resistance

*Polybutadiene
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Table 2  Casting Formulation for Measurement of
Non-uniform Coloration
Casting-1 | Casting-2 | Casting-3
UP 80 80 80
LCPSt g 5 20
PSt 20 20 20
(51% in SM)
Pigment 0.5 0.5 0.5
(Blue)
TBPB 1 1 1
Unit: phr
39
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Table 3 Formulation of BMC

BMC-1 | BMC-2 | BMC-3 | BMC-4

UPp 80 80 80 80
Inhibitor 0.8 0.8 0.8 0.8
LCPSt ad a ad 20
PSt a 0 20 20
(51% in SM) d ad
PMMA ad 20 ad O
(40% in SM) O
Pigment 1 1 1 1
(Blue)
TBPB 1 1 1 1
Filler 250 250 250 250
Additive 2 2 2 2
Thickner 1 1 1 1
Glass 20 20 20 20
Fiber

Unit: phr
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Table 4 Molphological Measurment of Diameter
(dispersed LPA particles)

Past-1 | Past-2 Past-3

UP 8 8 8
LCPSt 2
PSt 2 2
(51% in SM)

PMMA 2

(40% in SM)

TBPB 0.1 0.1 0.1

Unit: phr
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Fig.1 Micrograph of light color area of
Casting-1(PSt).

Fig.3 Micrograph of light color area of
Casting-2(PMMA).

Fig.2 Micrograph of deep color area of
Casting-1(PSt).
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Fig.4 Micrograph of deep color area of
Casting-2(PMMA).
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Table 5 Relationship between Void Diameter and
Color Uniformity

Morphological Casting BMC
Measurement

Average| Void |Standard |Standard

LPA Void | diameter |Deviation|Deviation
diameter | Standard of of

(um) |Deviation| L-value | L-value
LCPSt/PSt| 7.30 0.92 0.58 0.15
PSt 21.5 25.4 1.53 0.26
PMMA 33.3 39.0 2.95 1.61
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60°C post curing
Fig.5 Micrograph of Resin Paste-1(PSt) during cure.

right after mixing 100°C

- —

60°C post curing
Fig.6 Micrograph of Resin Paste-2(PMMA) during cure.

right after mixing

60°C post curing
Fig.7 Micrograph of Resin Paste-3(LCPSt/PSt) during cure.
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Table 6 Molphological measurement of Diameter
with LCPSt
Resin Resin Resin Resin
Past-1 | Past-2 | Past-3 Past-4
UP 8 8 8 8
LCPSt O 0.5 1 2
PSt 2 2 2 2
(51%in SM)
TBPB 0.1 0.1 0.1 0.1
Unit: phr
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Fig.12 Bath Tub molded with LCPSt system BMC.

goboooboooboooboooboooog
ooooooooooooooooo BMCOOOO
00x7T0mm OO0 000000000 O000OO0OO0
oooooooggiFig1200000000000
ubobooboooooboobbp. i0O

4 00O

(1) PStO00000O00O0O0OODOOOOOOOOOO
gooo

(2) LCPStU 00000000 ODDOUDOOOOO

(3) LCPStOOOOOOOOPStOOOOOOOODO
oooooooooobon

5 0O

() D00D0D00OULDO0000ODOU0OO0OOUOoOo
god

(2) PStO000D00OD0O0OOD0O0OODOODOODOOOOO
obooooboooboobooboobooboboon
gbooobOoboooobooooogon

44

0 OO International Composites EXPO’98-
ICE’98, January 19-21, (1998) DU OO 43 O FRP
CON-EX’98 in SHONAN (1998) 000000000
DdddoooooodoooooUougooooo
Jo0ddodooogooooooooooooooo

OVold45, No6 OO 110 6000000000

gooo

1) Y. Ogasawara, 1989. Reinforced Plastics Molding
Material, p. 8

2) M. C. Kastl, J. A. Petersen, 47th Annual Confer-
ence, Composites Institute, The Society of the Plas-
tics Industry, Inc. Session 7F. February 3-6, 1992.

3) K. E. Atkins, G. C. Rex, C. G. Reid, R. C. Gandy,
R. L. Seats, 47th Annual Conference, Compos-
ites Institute, The Society of the Plastics Industry,
Inc.Session 7D. February 3-6, 1992.

4) T. Mitani, H. Shiraishi, K. Honda, G. E. Owen.
Jr.44TH Annual Conference, Composites Institute,
The Society of the Plastics Industry, Inc. Session
12F. February 6-9, 1989.

o C

gooooooo

0o0o0ooooooo
gopooog
ooooo

NONAKA Shin-ichi

gooooooo
gooooooo
goooog
ooooo
TONOGAT Shuji

oooooooo
0o0oooooo
goooog
ooooo
HamADA Ken-ichi

i

oooooooo
oooooooo
oooooo
goddooooooo
ooooo
YAMADA Hirokazu

DIC Technical Review No.5/1999



googo

Jdoboooboobooboboboboboo

gbobboodgobobooodabbon

Modification of Organic Pigments Using UV Radiation under Oxygen

Atmosphere

HosAakA Masaki, ASADA Masahiko and ISHIMORI Motokazu

Generally, organic pigments have poor dispersibility in vehcles such as paint, ink, etc. because

organic pigments are non-polar at the surface of their particles. Consequently, in order to overcome

this disadvantage, it is necessary to polarize the surface of organic pigment particles. The authors

investigated the modification of organic pigments using UV irradiation in a flow of oxygen gas

at atmospheric pressure by our self-made apparatus. This modification consists of following two

mechanisms: ablation of the pigment surfaces and interaction of the activated oxygen gas such as

the oxygen radical and ozone by UV radiation. By measuring the contact angle with water and the

zeta-potential in water, it was found that the modified organic pigments increased hydrophilicity

and acidity. From XPS analytical results, it was suggested that new functional groups, including

oxygen atoms, formed on the surfaces of the pigments. Moreover, they exhibited the good appear-

ance of basic acrylic resin paint films. According to the results, this modification is effective to

polarize the surface of organic pigments. In addition, through the model experiments of two mech-

anisms, ablation of the pigment surfaces and interaction of activated oxygen gas, each mechanism

is necessary to modify organic pigment surfaces.
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Table 1 Photon Energy of UV Rays

Wavelength Photon energy
(nm) (kJ/mol) (eV)
185 647.0 6.7
254 471.5 4.9
365 327.7 3.4
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Table 2 Bond Energy of Pigment Molecules

Chemical _Bond energy | Chemical _Bond energy
bond (kJ /mol) bond (kJ /mol)
C-H 413.6 C-F 441.2
C=C 607.0 C-N 291.8
Cc=C 828.8 C=N 791.2
N-N 160.7 c-0 351.6
0-0 139.0 C=0 724.2
0=0 490.6 Oo-H 463.0
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Fig.1 Apparatus of UV irradiation for pigment
surfaces.
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Table 3 XPS Analysis of Modified Quinacridone
and Diaminoanthraquinone

0O/C value
Quinacridone Diaminoanthraquinone
No modification 0.08 0.11
After modification 0.12 0.13
After modification® 0.47 0.33

*; Irradiated UV ray after shaping tablets
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Table 4 Effect of Various Modification

] No/UV
a No modification No/UV Ag)tlva;:d 02/UV  +
28 Og gas
Zeta potential -30 -26 -24 -41 -24
(mV)

20 ° gloss 16.9 18.8 22.1 80.8 29.1
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The Relationship of Electron State and Curing Performance of

Cobalt-amine Complex Dryer

MATSUNAGA Shigeki

Metal-carboxylates are used as dryers for paints and printing inks. The combination of cobalt and

lead dryer is widely used. However recently, environmental pollution regulations have been issued.

The customer’s needs for non-lead-type dryer are increasing. 1,10-Phenanthroline and 2,2’-bipyridyl

are well-known as effective promoters to shorten the drying time of paint. We tested the curing

performance of various kinds of amines in combination with a cobalt dryer. It is apparent from

the data of ultraviolet-visible absorbance that the combination of cobalt dryer with amine forms a

chelate. It is assumed that the drying performance of the cobalt dryer is governed by the spin-state

of cobalt.
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Table 1 Chemical Name and Structure of Amine
Amine Abbr. Formula

Aromatic amine O

0 (Multidentate ligand) O

0 2,2’-Bipyridyl (BPY) @__@

0 1,10-Phenanthroline  (PHEN) O

O (Monodentate ligand) O
0 Pyridine (PY) Q%

Aliphatic amino-alcohol O

O (Multidentate ligand) O

0 Monoethanolamine (MEA) HoNCHoCHo0H

0 Diethanolamine (DEA) HN(CH2CH2O0H)2

0 Diethylethanolamine (DEEA) (CoHg)oNCH5CHoOH
O

O

Methyldiethanolamine (MDEA) H3CN(CHoCH2OH)o
Butyldiethanolamine (BDEA) HgCyN(CH3CH2OH)2

Aliphatic amine O

0 (Monodentate ligand) O

0 Diethylamine (DETA) HN(CgHs)2
0 Triethylamine (TETA) N(CgHs)3
0 n-Butylamine (NBTA) HoNC4Hg
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Table 2 Drying Time of Paint Containing Co-
carboxylate-amine Complex Dryer

Amine(Ligand) molar Drying

ratiox time(hr)
BPY 1.0 5.6
g 0.5 6.8
PHEN 1.0 6.8
PY 1.0 13.7
MEA 1.0 13.6
DEA 1.0 9.5
0.5 12.5
DEEA 1.0 10.2
MDEA 1.0 13.2
BDEA 1.0 9.2
DETA 1.0 12.7
TETA 1.0 12.1
NBTA 1.0 13.1
None - 14.9

smolar ratio:amine/cobalt

Test condition : 25°C 50%RH

Wet film thickness : 76pm

Resin : Alkyd resin(Beckosol P-470-70)
Pigment : Titanium dioxide(Tipaque R-820)
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Free -ion

Fig.2 Splitting of d-orbital.

_'_“dxz_yz,dzz<d7)

7’
A
7’

A(10Dp)

’

/'/ _—"‘"Jé”dxy, dxz,dyz(ds)

Octahedral complex

Table 3 Electric Configurations of d-orbital

d- High spin (n) | Low spin (n)
electron complex complex
dy | T 1 T
7 (1)
de | TLTLT ITITT

n:Unpaired electron

Table 4 Wavelength of A max and Molar Absorp-
tion of Co-carboxylate-amine Complex Dryer

Ligand(amine) molar Amax loge
ratiox  (nm)
BPY 1.0 388 2.68
0.5 363 2.52
PHEN 1.0 376 2.88
PY 1.0 567 1.70
MEA 1.0 561 1.76
DEA 1.0 529 1.47
0.5 528 1.42
DEEA 1.0 536 1.45
MDEA 1.0 525 1.33
BDEA 1.0 525 1.26
DETA 1.0 572 1.97
TETA 1.0 569 1.86
NBTA 1.0 570 1.80
None - 573 1.76
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Co-
carboxylate
PHEN/Co (1. 0)

= = = *DEA/Co (1.0}

Molar absorption coefficient(loge)

350 400 450 500 550 600 650 700

Wave length (nm)

Fig.3
Co-carboxylate-amine complex..

Ultraviolet-visible absorption spectrum of
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Fig.4 Relation of d-d transfer absorption and dry-
ing time of Co-carboxylate-amine complex dryer.

Table 5
carboxylate-amine Complex Dryer (V vs SCE)

Oxidation-reduction potential of Co-

Ligand(amine) molar Epa  Epc

ratio®
None — 1.522 N.D.
BPY 1.0 1.443 N.D.
BDEA 1.0 1.310 N.D.

*molar ratio:amine/cobalt
Epa:Peak-potential of oxidation
Epc:Peak-potential of reduction
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Scheme 1 Process of resin curing and effect of cobalt dryer.
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Establishment of New Color-Match Prediction Theory for Incomplete

Opacity by Analyzing Optical Density

KisubpaA Isao and SAWAGUCHI Tomiko

In three layer coating for Pre-Coated Metal (PCM), spectral reflectance at top coating layer, of
incomplete opacity, is influenced by its middle layer. This makes it difficult to design the color
combination of the top coating. To solve the difficulty, two coating layers of incomplete opacity

(top and middle) are assumed to be a single coating layer of complete opacity. This technique is
applied to the Computer Color Matching (CCM) system for PCM, to show the sufficient result.
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Fig.1 Flow chart of color-match calculation for
complete and incomplete opacity.
K1 O Fresnel Coefficient
K2 O Diffuse Internal Reflection Coefficient
Rw Reflectance over White Background
Re  Reflectance over Black Background
Rc  Reflectance of White Background
R 0 OMeasured Reflectance of Complete Opacity
00 Film
Ro Corrected Reflectance at Complete Opacity

57



googo

O000ooooooooo 80~95%0 000000
O000000mooooo 9%~98%000000
0000oooooooooooooooooooo
ooooooooooooo

0000000 R 00000000 (1)(2)00O
000 cGioooooooooooooooooog
oo ccMODDOoOoOoOoOooooooooooon
00000ooooooo (4O)(b)ooooooooo
000o0oooooooooooooooon

00030000 pCMOOCOODOOOOODODOO
0o0oooooooooooOoooogogoooo
0000000 Fig.l O Incomplete Opacity O O O
RwORgORcOOOODOODO (4)(5)0000000
ooooo

3 UbOooog

3.1 ODOOoOooooo
oobooooooooboooboooobooboooon

O00o0o0o0o0oOooooooooooo (Fig2o

Fig.3)0

Fig200OO0OOOOOOOOO0OO0OOOOOd 95%0
gboobooooboobooboooooooboooooo
ggoboobbobbuooboboobboobobobo
oooo0ooooooooo 1% 0000

U00OFig300300000000000O00OO0O0O
U0 Fig3OOUODOOOOOO XaO0OFig200O0O X
O000ooooooooooon 9%%oooooan
gooboooboooooooboboboooooo
gboobooboobooboobooooooooooooo
00000000000oooooog 100%0000

Hiding Power
Coating Film _l

Plate

Fig.2 Model for complete opacity.
00 X: Film thickness 00000000

Hiding Power
Coating Film _ i___
Xa JE0-~05_

Top Laye-r

100%

Plate

Fig.3 Model for incomplete opacity.
00 X: Film thickness O 0

58

3.2 DO000O0DO0O0DOO
0000000000000000000000
0oo
()0ooooooo
00000000000000000000000
0Xa0DODOODOOOOOOOOO CiOOOOOO
0000000000000
(2)00000000000
0000 10200000001000000000
0ooooo
Figd 000000000 0000000000
0000000000000000000000000
0000000000000000000000000
1-0000000000i000000000000
03~700000j000000000000000
010000000
R Light

1 IN OUT Ratio of Light Energy
)1 1000%

Top Layer  Xa TKi,=Si | 1

Fig.4 Model for incomplete opacity D000 000
R O Reflectance, 0 O K Absorption coefficient,

X Film thickness, S O Dispersion coefficient,

a  Coefficient for film thickness,

i Suffix for number of colorant of top layer

0O  (Plural),

j Suffix for number of colorant of middle layer
O  (Single)

ubogbuogobooobaoooboabn

3 CiKi+ 3 Ciaij, Kj
=5 7% (6)

> CiSi+ 3 Cioys, S)

0000000000000 0oOo Kiosioooo
000000000 KjoSsjooooooooood
goooboobobboboobuoobuobebd
00000000000 (2)0000000 (6)00
oo

a
gboog20b01bo00boobooboobo

O ciooooood

0()00000a, 00000000000 Ci
000 XO0oooooooooooooooooao
OO000O0XaOOOOOODO CioOoOoooooo
aij,, 0000000 (6)00 Ccib0oo0oo0o0o

w| =

DIC Technical Review No.5/1999



googo

O0000oOooooooooooooO (2yoo ey
ogooboooa

K i§1ClK1 7
ST n o (2)
> Ci’Si

i=1

cioc’roopoopoooopoooooooon
gddooobdooboooooooobooonbog
0C'00w;,, 00000000000000000
000000000000 ooooooooooo (6)

oo ccigoooogn

3.3 OOouog
gooooooceMboOoOoOOOOOO FighO
gooooo

START

Reflectance of Incomplete Opacity

Calculate(K/S) as Complete Opacity

at]

K/S value of Sample
R =3 K1R_K§I(1 v ~®
(1-Re)?

2R

K=
s

C,'K

K_ % ,
S - (2

s

Rough Formula by CCM =
K/$)—>Ci’

Designated Film
Thickness Xa

Kind of Colorant for
Middle Layer ]

|

‘
I

CCM Calculation for Incomplete Opacity

n n
C;K C;- -K

=———————‘?' LR ST
e

iz‘CI31+l§‘CK-l¥i“a~S

K

i

Formula of Top Layer
Ci

Fig.5 Flow chart of CCM calculation for incomplete

opacity.

i) 0000000000 00OO0OooUOooROOOO

i)y 0 ()OoOooooooooUooooOooooo
0000 K/SOooooo

i) 0000000 KO SOoOooo ccMUuOooO
000000000 (2000000 G’ogo

DIC Technical Review No.5/1999

ooo

iv) 0000000000 Xa0OOOOOOOO j
oooooQg

v) 000000000000000000000
0000000000000000000000
@i, 00000

vi) 0000000000 (60000000000
00 cioooo

4 00000000

4.1 0O00O0OOO0ODOO1000
ooboooooooooooobobooooobooon
ooooooooboo
00000000000000000 1)000o00o
O000W)00000000000i)00000oo
03000000000Lg(2") 0000000000
gooooooooooobooboooooboooog
0000000000000@U~000000@0
~O0000000000000000b000000
O
oooooo
googoen
R9600 O OO BLACKO 10 0 0O B490 O O,
Y280 0O 00 GHO O O0BL30O OO
ooooo 30
FC45A0 0 0 0 00 FC50A0 O OO FC49A0 O O

0000
000000B49/Y28 = 25/750G5/Y28 = 50/50,

BL3/Y28 = 75/250G5/B49 = 25/75,
BL3/B49 = 50/50, G5/BL3 = 75/25
000000000000 RY60 O 30/70
000000000000 BLACKO 10O 80/20
0
000000
1) 00000600000000KOSOO (1) (2)
0oooooo
2) 00000 300KOSO0 (1)(2)0000000
3) 00000600 10pmO13um 0000000
00000000000000000
4)0000000000000000000
5) (6)00000000CCMOO00000O0O
oooooo
6) 00000000000
7y 00000000
8) 0000000000000 D00000000
000000000

59



googo

OO~00000000

o10d 0200
O0 ADD0OO0OO0OO0 ADFC45A0000AZIFC49A 0O
oo BOOO B 10pm0 B2 13pm0O
oocCcooodo% Ccoo%Oo C 20%0

gooooooooOoooOoOoOoO0OO0O0

A, C, AxB, BxC
ogoooooooooooooooooooooon
0 Table 10000 Table20 0000000

Table 1 Assignment Table

Experiment No. |0 1(02(03(04|05|06 0 7| Combination of Level
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Component a |b |ab |c |ac |bc |abc

Assignment A |B AB|C AC|BC|ABC

Table 2  Result of Inspection in Low to Middle

Light Area

Factor SOoo ¢ OO vioad FODO
A 38.588 1 38.588 2.659
C 67.106 1 67.106 4.624
AxB 39.917 1 39.917 2.750
BxC 32.603 1 32.603 2.246
e 43.539 3 14.513

Total 221.753 7 O

(F(1,3;0.05)=10.1)
S O Sum of Square, OO V O Unbiased Variance,
¢ O Degrees of Freedurnl 0 F 0 F-Value
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Table 3  Result of Inspection in Middle to High
Light Area
Factor SO0 ¢ 0o voad FOO
A 383.369 1 383.368 4.372
C 511.040 1 511.041 5.828
AxC 336.442 1 | 336.442 3.837
e 350.765 4 87.891
Total 1581.615 7 0

0 F(1,4;0.05)=7.71)
S: Sum of Square 0 V: Unbiased Variance
¢ : Degrees of Freedumd F: F-Value
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Table 4 Accuracy of CCM

Film Color Difference AE
Sample |[Coating Film of | Thickness of [Traditional|[Incomplete
Number | Midle Layer Middle Layer (1) | Opacity(2)
1| FC45A (Gray) 10.74 0.88 0.47
2| FC45A (Gray) 10.64 0.87 0.60
3| FC45A (Gray) 11.17 1.60 1.43
4| FC45A (Gray) 11.01 1.07 0.95
5| FC45A (Gray) 10.94 1.36 0.47
6| FC45A (Gray) 10.40 2.32 1.05
7| FC45A (Gray) 12.00 1.68 1.18
8| FC45A (Gray) 11.74 2.35 2.34
9| FC45A (Gray) 11.00 0.99 0.48
10| FC45A (Gray) 11.49 2.27 1.17
11| FC45A (Gray) 10.98 1.39 1.45
12| FC45A (Gray) 10.10 0.75 0.88
13| FC45A (Gray) 10.62 0.76 0.86
14| FC45A (Gray) 12.00 3.34 1.12
15| FC45A (Gray) 10.65 1.96 1.32
16| FC45A (Gray) 10.60 1.59 1.17
17| FC45A (Gray) 10.91 2.26 1.15
18| FC45A (Gray) 10.26 2.60 1.06
19| FC49A (Black) 11.00 1.52 1.02
20| FC49A (Black) 10.68 1.69 0.67
21| FC49A (Black) 9.67 1.19 0.36
22| FC49A (Black) 11.15 2.12 0.89
23| FC49A (Black) 10.99 1.88 0.83
24| FC49A (Black) 11.71 1.68 1.55
Average 1.66 1.02

(1) Traditional: Traditional CCM by Complete Opacity Model
(2) Incomplete Opacity: CCM by Incomplete Opacity Model

Table 5 Distribution of Color Difference

—+—Accurate formula(Ci)

B

-=-Rough formula (Ci)
13.06 12
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Rheological Behavior of PMMA Powder/Associating Polymer

Suspensions

HoricGoME Misao, YADA Makoto and ISODA Takenobu

Rheological behavior of PMMA powder/ associating polymer solution was examined regarding
the use of it as a water-borne coating emulsion. Hydrophobically modified ethoxylated urethane
(HEUR) was used for the associating polymer. The suspensions exhibited non-Newtonian flow at
lower HEUR concentration. Flocculation and sedimentation of PMMA powder were induced by the
addition of HEUR polymer in this concentration range. This means that associating thickeners will
also behave as flocculants. Suspensions showed Newtonian flow at higher HEUR concentrations. In
this concentration range, aqueous solutions of HEUR exhibited linear viscoelastic behavior which
was caused by networks of hydrophobically associated HEUR, polymers. Frequency dependency
of storage modulus and loss modulus of HEUR solutions and PMMA /HEUR suspensions showed
almost straight lines whose slopes were 2 and 1, respectively. The relaxation time of HEUR aqueous
solutions estimated from master curves was independent of the polymer concentrations. The relax-
ation time of PMMA /HEUR suspensions was almost the same as that of HEUR aqueous solutions.
These results implied that the dispersed particle does not affect the lifetime of the intermolecular
junction. That temperature dependence of the viscosity and relaxation time of HEUR aqueous
solutions showed Arrhenius-type behevior, but they did not obey Arrhenius-type over a certain
critical temperature. Flow curves of the suspensions changed from Newtonian to non-Newtonian,
and the frequency dependency of the moduli yielded a shoulder at this critical temperature even
in the higher HEUR concentration range. It is deduced that the association of hydrophobic groups

was destroyed by increasing temperature and resulted in the flocculation of the particles. This

temperature-induced flocculation was thermoreversible, because the shoulder in the frequency de-

pendency of the moduli disappeared with decreasing temperature.
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Fig.4 Particle size distribution of PMMA/HEUR
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are 10 vol% and 1.1 wt% respectively.
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Fig.13  Effect of temperature on flow curves of
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Quantitative Microanalysis of BPA by HPLC and GC/MS

MORIKAWA Kimio, NAKAMURA Kimikazu, YAMAKI Tsuneharu, TSUNO Takashi

and SHINOHARA Toshihiko

Bisphenol A (2,2-bis(4-hydroxyphenyl)propane) [BPA] is a basic material for the preparation of

many kinds of resins, such as epoxy resins, and polycarbonates, etc. Some researchers suggest

that BPA may exhibit estrogenic activities. This circumstance has led us to develop techniques
to analyze the concentration of BPA using HPLC and GC/MS methods. The HPLC analysis was
performed with fluorescence detection (Ex: 225, Em: 310 nm). On the other hand, the analytical

technique using GC/MS was accomplished by the Selected Ion Monitoring Method. Silylation with

N, O-bis(trimethylsilyl)trifluoroacetamide [BSTFA| was applied in order to enhance the separation

of the targeted BPA peak from other ones. Bisphenol F [BPF] has been also used to improve

analytical precision. As a result of these studies, we achieved the method for analyzing BPA. We

also detected the concentration ranges from 0.5 to 27.7 ppb in water extracts.
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Fig.2 The fluorescence spectra of BPA in methanol.
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Table 1 HPLC Conditions for Analysis of BPA

Pump Shimadzu LC-10ADvp

Autosampler Shimadzu SIL-10ADvp

Detector Shimadzu RF-10AxL fluorescence detector

Wavelength Excitation: 225nm

] Emission: 310nm

Columns STR ODS-II C18 54(150%4.6 mm) X 2

o + STR ODS-II C18 54(10x4.6 mm) guard column

Mobile phase 50.0% methanol and 50.0% water

Flow rate 1.0 ml/min isocratic, with a 15 min methanol
“flush” to remove low polarity materials from
the columns between injections.

Column oven temperature 45°C

Injection volume 20ul
0.05 0.05
0.04 a 0.04
, 003 b ¢ 0.03
2 0.02 ; z 0.02
] ¥
~
0.01 0.01
0.00 | 0.00
-0.01 -0.01

0 5 10 1'5 2'0 is 3b 55 4b 4IS 50
Retention Time (minutes)
Fig.3 HPLC chromatogram of standard samples.
a: BPF, 000 b: 1,1-Bis(4-hydroxyphenyl)ethane,
c: BPA,0 0O d: BPB

Table 2 Retention Time of Standard Samples
Retention time

Sample name (minutes)
BPF 12.4
1,1-Bis(4-hydroxyphenyl)ethane 17.6
BPA 24.5
BPB 44.1
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000000000000000000000000
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00 (R0 0.999)0000000000000 5ppb
ooooo
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HPLC 0000000000000000000
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00+900000000000000000000
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00000OTable 30000000000Fig600
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Table A0 000GC/MSOOO0D0000000O0O0
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Fig.4 HPLC chromatogram of BPA.
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Fig.5 Calibration curves for BPA obtained by HPLC.

Table 3 HPLC Conditions for Analysis of BPA

Pump Shimadzu LC-10ADvp

Autosampler Shimadzu SIL-10ADvp

Detector Shimadzu RF-10AxL fluorescence detector

Wavelength Excitation: 225nm

0 Emission: 310nm

Columns STR ODS-II C18 5u(150x4.6 mm) x4

[u} + STR ODS-II C18 54(10X4.6 mm) guard column

Mobile phase 43.0% acetonitrile and 57.0% water

Flow rate 1.0 ml/min isocratic, with a 15 min acetonitrile
“flush” to remove low polarity materials from
the columns between injections.

Column oven temperature 45°C

Injection volume 201
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Fig.6 HPLC chromatograms of a sample.
00 Upper chromatogram: methanol/water.
00 Lower chromatogram: acetonitrile/water.

Table 4 The Concentration of BPA in a Test Extract

HPLC (ppb) GC/MS (ppb)
Methanol/Water Acetonitrille/ Water
7.3-8.0 9.2-10.7 8.5
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Fig.9 Silylation of a BPA sample solution.

100 e

BPA(TMS)

Abundance

28
191
47 183 177 } |- b
e bl L 3 G a3 | |
150 200 250 300 350 400
m/z

Fig.10 Mass spectrum of BPA(TMS).
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Fig.11 Mass spectrum of BPF(TMS).
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Table 5 GC/MS Conditions for Analysis of BPA

Shimadzu GC-17A and GCMS-QP5050-A

Instrument

[u] Selective Ion Monitoring
0 Masses 329 and 344 for internal standard
8] (BPF), and Masses 357 and 372 for BPA
Column 0.25mm X 60m DB-1
Oven program 150°C, 10°Cmin— 1, 280°C(10min)
Injector temperature 320°C
Injection line temperature 300°C
Injection mode Split 10/1
Injection volume 1pl
Column head pressure 200kPa
20000
© / 1000ppb BPA
g
..2: 500ppb BPF 20ppb BPA
M=357
M=344 J_'_
M=329 Ny M=372
0 T T
12 13 14 15 16

Retention Time (minutes)

Fig.12 GC/MS chromatogram of BPA(TMS).
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Fig.13  Calibration curve for BPA obtained by
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Condliticmjn Environmental Health Perspectives, 103, 608 (1995).
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Fig.14 Solid phase extraction for a BPA sample 00000 o0oon
preparation.
MorikawA Kimio NAkKAMURA Kimikazu

Table 6 Concentration of BPA in Water Extracts
from Epoxy Resin Varnishes

Type of coatings (wt ratio) Baking condition BPA in extracts

Epoxy/Acrylic (85/15) 200°C, 2 min 0.5-0.7 ppb
Epoxy/Phenolic (80/20) 200°C, 10min 2.3 ppb
Epoxy/Phenolic (50/50) 200°C, 10min 27.7 ppb

Film thickness: 5pum, Area of a coating: 500cm27

Volume of water: 500ml, Extract condition: 125°C, 30min
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Improvement of Gas-exchange Performances for the Artificial Lung
“MENOX”
KouTaAKE Masayoshi, MATSUDA Toshiaki and TUJIURA Yoshizi

“MENOX?” has some excellent characteristics which are (1) small priming volume, (2) low blood flow
pressure, and (3) high resistance for plasma leakage. With the recent progress in cardiopulmonary
treatment methods and new applications, improving the gas-exchange performances of “MENOX”
became essential. We attempted these improvements maintaining the other excellent performances
of “MENOX.” First, we investigated gas transfer mechanism in gas-membrane-water system and
consequently we determined the optimal gas permeability of the hollow fiber membrane for artificial
lungs. Second, we tried to decrease the film resistance of the liquid (blood) side by improving the
stir effect of the blood flow and increasing the blood flow shear rate. To accelerate these effects, we
tried to fine the diameter of the hollow fibers, fine the threads weaving hollow fibers and increase the
density of the hollow fibers composing the hollow-fiber mat. We tested the artificial lung “MENOX”
for its gas-exchange performances using the water degas experiment system and the bovine blood
according to the AAMI standard.
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Fig.1  Schematic representation of “Open Heart
Surgery.”
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Table 1 Specification of Modules

Notation OD/ID* Membrane area Gas transfer rate(gas-membrane-gas)

Hollow fiber mat

[pm] [m2] 00 Qo,** Qco, ** Density Thread [denir]
6000-1 255/205 1.20 0 29 30 20 fibers/cm 30 den
6000-2 225/165 1.32 O 1.5 4.0 24 fibers/cm 20 den
6000-3 225/165 1.32 0 34 8.9 24 fibers/cm 20 den
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Characterization of Acrylates Used for UV-Curable

Resins by GC/MS

Thomas MAREK and Ulrich GROLLMANN

Polyfunctional acrylates used in UV-curable resins were analyzed by GC/MS and GPC. Commer-
cially available products dealt with here are acrylates like hexane diol diacrylate (HDDA), tripropy-
lene glycol diacrylate (TPGDA), trimethylolpropane triacrylate (TMPTA), and polyether acrylates
like ethoxylated trimethylolpropane triacrylate (EOTMPTA) and propoxylated glycerol triacrylate
(GPTA). In the former group, up to five oligomeric fractions are present as found by GPC, whereas
in the latter the alkoxylation and the final acrylation leads to a complex mixture of components
differing in molecular weight and structure. Both features could be elucidated unambiguously for
most of the major components by GC/MS using chemical ionization.

1 Introduction

In the past decades UV-curable resins have gained
a considerable importance in the printing ink and
coatings sector, since they enable the formulator to
design virtually solvent-free compositions to meet
the steadily increasing health and environmental re-
strictions. Furthermore, these resins provide to the
coating high quality features unmatched by other
systems.

Among the large variety of resins available com-
mercially, there are for instance di- and poly-
functional monomers like hexane diol diacrylate
(HDDA), tripropylene glycol diacrylate (TPGDA),
trimethylolpropane triacrylate (TMPTA), pentaery-
thritol tri- or tetraacrylate (PETA) etc., which are
used as reactive diluents. An overview on these ma-
terials, their synthesis and properties is given in the
literature, =3

Alternatively, ethylene oxide (EO) or propylene
oxide (PO) can first be added to the polyol as start-
ing material resulting in a polyether chain of a cer-
tain length with a hydroxyl group at its end, which
is esterified finally with acrylic acid. The polyether
acrylates, which have become widely accepted in the
market, are e.g. ethoxylated trimethylolpropane tri-
acrylate (EOTMPTA) and propoxylated glycerol tri-
acrylate (GPTA).

Although the acrylation of polyols seems to be
a simple process, often a variety of by-products is
obtained, their type and concentration strongly de-
pend on the processing steps and the additives used.
This has been shown impressively by R. H. Hall
et al. %, who modeled the synthesis of HDDA,
TPGDA, TMPTA, and PETA, and investigated the
compounds in depth by chromatographic and spec-
troscopic techniques.

Since the monomers have been proven to contain
by-products, this applies even more to the polyether
acrylates, because the intermediate step of epoxide
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addition occurs at random. Thus, a much more com-
plex mixture of acrylate fractions is to be expected.

The objective of our work presented here is to iden-
tify the major components of two polyether acry-
lates, viz. EOTMPTA and GPTA; to our knowl-
edge such an investigation has not been published
until now. Besides gel permeation chromatography
(GPC), we mainly used gas chromatography (GC) in
combination with a mass spectrometer (MS). Addi-
tional to the classical electron impact ionization (EI),
we applied chemical ionization (CI) using methane
as reagent gas. The analytical results may hopefully
give useful advice to the chemical engineer on how
to control the manufacturing process to obtain an
optimized product.

2 Experimental

The monomers HDDA, TPGDA, and TMPTA
and the polyether acrylates EOTMPTA and GPTA
were commercially available products received from
various sources. N-Methyl-N-trimethylsilyl triflu-
oroacetamide (MSTFA) was obtained from CS-
Chromatographie Service, Langerwehe. @ HPLC-
grade acetonitrile and acetone were obtained from
Merck, Darmstadt. Helium 5.0 and methane 4.5
were purchased from Messer-Griesheim, Frankfurt.
Tetrahydrofuran (THF), HPLC-grade, was obtained
from Promochem, Wesel.

The GC analyses were carried out on a combina-
tion of a Hewlett-Packard HP 5890 GC, and a HP
5989A MS Engine. The instrument was fitted with
a2bm x 0.32 mm ID x 0.52 pm HP-1 fused silica
capillary column. The sample solution was injected
into a split injector, set to a temperature of 250 °C.
The programmed oven temperature started at 120
°C, held for 1.5 min, and was then raised to 305 °C
at a rate of 20 °C/min, and was held at the final level
for 10 min. The carrier gas was helium, controlled in
constant pressure mode at 4 psi. The interface was
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set to a temperature of 250 °C. The MS was oper-
ated using full scan either in EI mode at 70 eV, or
in positive CI mode, using methane as reagent gas.
The source temperature was set to 200 °C and the
quadrupole temperature to 120 °C.

The GPC instrument consisted of a Perkin-Elmer
(PE) Series 250 pump, a column oven and a RI-
detector (Shodex RI-71), equipped with one 100 A
and one 500 A column, 8 x 300 mm, 5 pm par-
ticle size (Polymer Standard Service, Mainz). The
sample solutions were injected using a PE autosam-
pler ISS-200. The columns were calibrated within
the molecular weight (MW) range from 92 to 34,000
g/mol using toluene and polystyrene standards. The
eluent was THF, flowing at 1.0 mL/min.

Approximately 25 to 30 mg of the sample were dis-
solved in 1 mL acetonitrile and then 1 uL of this solu-
tion was injected into the GC. For the derivatization
series, about the same sample amount was taken and
mixed with 0.20 mL MSTFA, then heated to 80 °C
for 20 min. The solution was filled up with acetoni-
trile to make 1.0 mL. Again, 1 uL of the solution was
injected into the GC. In the case of analyses in CI
mode, the amounts of the sample and of the deriva-
tizing agent were doubled for a better detection, the
injected volume, however, remained the same. For
the GPC analysis, about 40 to 50 mg of the sample
were dissolved in 3 mL THF, 20 pL of the solution
were injected onto the columns.

3 Results and Discussion

3.1 GC of Acrylic Monomers (HDDA,
TPGDA, TMPTA)

The assays of the di- and trifunctional acrylic
monomers HDDA, TPGDA and TMPTA were
checked by GC/MS. HDDA and TMPTA show prac-
tically only one peak in the chromatogram, several
other components are less than 1 % in peak area
relative to the main peak. The chromatogram of
TPGDA shows a main peak and two smaller ones on
either side, which overlap each other partially. The
retention times of the latter relative to the main peak
differ by less than 0.1 min. The silylation of the three
monomers has no effect on the peak pattern, thus,
the hydroxyl groups have been esterified completely.

The El-mode spectra of all the major GC peaks
show a base peak at m/z=55, which is typical for
acrylates, since this fragment is attributed to the
acryloyl ion (Acrt = [CHy = CH — C = O]*). Fur-
thermore, the spectrum of TPGDA shows another
intense peak at m/z=113; the fragment is assigned
to an ion in which a propyloxy unit is attached to
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the acryloyl group (Acr). Other fragments like the
molecule ion peak can not be detected, hence the
acrylates are not confirmed definitely by MS alone.
Evidently, the ionization by 70 eV electrons is rather
energetic and leads to a too strong fragmentation to
yield valuable information for an identification.

Therefore, we expected to observe the molecule ion
peak by a softer ionization like CI using methane as
reagent gas. In fact, for all monomers the molecule
ion [M+ 1] is found, however, its abundance is quite
low in the case of TPGDA and TMPTA.

The monomers HDDA (MW =226 g/mol) and
TMPTA (MW=296 g/mol) show another typical
fragment at m/z= 155 and 225, respectively, which
results from the molecule ion by the loss of an acry-
loyloxy group (Acr-O, 71 amu) as neutral fragment.

For TPGDA all the CI spectra scanned across
the three GC peaks resemble each other extensively.
Thus, the components should be quite similar in
their chemical structure. We suppose that the clus-
ter of peaks represents isomers only differing in the
tripropylene glycol part of TPGDA. Its structure as
shown here is generalized, there exist stereoisomers
due to the asymmetric carbon atoms and structural
isomers depending on how the PO addition to the
starter molecule has occurred in the TPG synthesis.

NN M TPGDA

3.2 GC of Ethoxylated Trimethylol-
propane Triacrylate (EOTMPTA)

The synthesis of EOTMPTA is expected to result
in a mixture of homologues and isomers differing in
the number and the distribution of the EO units in
the three chains (x,y,z=0,1,2, ...; see general struc-
ture) attached to the hydroxyl groups of TMP. The
aim of the GC/MS analysis is to determine the MW
of the fractions and their chain constituents.

EOTMPTA
(general structure)

CH;-O—EO—Acr
CHz~CH;-C—CHz-0—EO,~Acr
EO: -CH,-CH,-O-

CH5;-O—EO;-Acr Acr: -CO-CH=CH,

2

In the GC of EOTMPTA six fractions show up,
as detected by the MS run in EI mode, see Fig.1.
The third and fourth fractions are split into a pair

of peaks. A silylation of the sample has no effect
on the peak pattern, thus, the hydroxyl groups have
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been acrylated completely. The EI-MS of all peaks
show fragments of m/z= 55 and 99 as the only intense
peaks, except the first GC peak, which does not show
the fragment of 99. As discussed earlier, the former
fragment is typical for acrylates, whereas the latter
is attributed to the ion [Acr - OCoHy] ™.

1000 3a| i:‘Ib
4a
.
-
’ " ” | ab '
I I ‘

) )
Time--> 70 90 110 13.0

I
Fig.1 EI-MS total ion chromatogram of EOTMPTA.

Abundance

500

I 6

The first component is identified unambiguously
as TMPTA, since its retention time is equal to and
the MS is identical to the authentic TMPTA sam-
ple measured before. However, the spectra of all
the other components contain no significant peaks
by which the components could be elucidated.

On the other hand, by applying CI, the spectra
convey much more information for an interpretation,
as is exemplified for the pair of GC peaks 3a and 3b,
see Fig.2. The molecule ion peak [M+1]* and in
some cases the [M+ 29]" adduct is detected, so the
MW of each particular component can be derived as
listed in Table 1. Only in the spectrum of peak 6
the [M+ 1]* ion is missing; this is plausible, since
the GC peak is rather small, and the absolute abun-
dance of the MS fragments accordingly is much lower

99

than for the other fractions. Consequently, the very
weak molecule ion peak vanishes in the noise. Nev-
ertheless, the MW of peak 6 can be inferred from the
typical fragment [M - 71]7 of m/z= 445; further, the
fragment of m/z= 498 originates from a loss of wa-
ter ([M - 18]") that may sometimes occur in certain
polyethylene oxide derivatives .%)

The MW of two consecutive GC peaks differ ex-
actly by 44 amu, i.e. by one EO unit; for each pair
of peaks (3a/b and 4a/b, respectively) the MW is
the same, indicating that the components differ in
structure only, vide infra. The complete structure
elucidation of all ethoxylated fractions by their CI-
MS will be explained below.

The structure of mono-ethoxylated EOTMPTA
(MW =340 g/mol) is obvious. There are two char-
acteristic fragment ions present in the CI-MS, the
[M-71]* ion (m/z=269) and the [M-115]* ion
(m/z=225). Both are formed by the cleavage of the
bond between the methylene group and the oxygen
in the TMP part.

For the di-ethoxylated TMPTA (MW =384
g/mol), there are two isomeric structures possible,
depending on whether the second EO unit adds ei-
ther to another free hydroxyl group of TMP or to
the first EO unit. Actually, both isomers are found
in the GC peaks 3a and 3b, respectively. In the CI-
MS of the GC peak 3a, the medium intense peak of
m/z= 269 originates from the molecule ion by the re-
lease of an Acr-O-EO unit as neutral fragment (115
amu). The fragment of m/z=99 is the base peak

g F
3 Peak 3a ’/\ (o)
269 O 4:\9.:
O.
269 o s
313 o
O,
) 129 71 215 | 313 341 385 413 Z/\
miz--> 100 " 200 30C a0c
313
g 99
e O.
g Peak 3b O \"/\
225 j\/ (0]
/
O
313
% 25 ®
241 385 g/\
8 171 J 297 L 413
miz-> 100 200 30C 40C

Fig.2 CI-MS of the pair of GC peaks 3a (upper MS) and 3b (lower MS) of EOTMPTA. The structures and the

significant fragmentations are shown on the right.
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Table 1 Results of the GC/MS Analyses of EOTMPTA

For the GC peaks 1 to 6 there are given the most important fragment ions and their relative abundance (in italics) found

88

in CI-MS, the molecular weight (MW), and the assigned structure.

GC fragment ions and relative MW structure and
peak abundances of CI-MS (amu) significant fragmentations
no. (m/z)(%)
225 55
55 (4), 153 (2), CHtO—-CO—CH=CH,
1| 225 (100) [M-T1], 296 | ~
CH30~—CO—CH=CH,
2251 _lrgg
55 (1), 99 (37), 212 (2), c|:H2 0—EO—CO—CH=CH,
9 225 (25), 269 (100) [M-T1], 340 CH3~CHzC—CH5-0—CO—CH=CH,
341 (3) [M+1],
369 (1) [M+29] CH_2:|~O—CO—CH=CH2
269
2691 99
55 (3), 99 (100), 129 (2), THz O_I:EO_CO_CH=°H2
269 (40), 313 (2) [M-71], CH;-CH;-C—CH;-0—EO—CO—CH=CH
3a 385 (2) [M+1], 384 3“2 2 2
413 (1) [M+29] CI-|_2-1~O—-CO—CH=CH2
313
2251
225 (20), 241 (10), CH3CH;~C—CH;-0—CO—CH=CH
3b 313 (100) [M-T1], 384 3 M2 2 2
385 (6) [M+1] CI-EtO—CO—CH=CH2
313
2691
55 (3), 99 (100), 241 (19), et OO CO—CH=CH,
gn | 209 (41), 313 (33), 357 (4) | o0 CH3—CH2—C—CH2—O—FEO—CO—CH=CH2
[M-71], 429 (19) [M+1],
457 (1) [M+29] CH_;ILO—CO—CH=CH2
357
2251
55 (3), 99 (32), 225 (24), GH;rO—EO;-CO—CH=CH,
269 (1), 285 (5), CH-CH;-C—CH;-0—CO—CH=CH
4b 357 (100) [M-71], 428 3~ 2 2
429 (10) [M+1] CI-_|i-|~O-——CO—CH=CH2
357
269 -
55 (5), 99 (100), 241 (36), {Har 005 CO—CH=CH,
5 | 269 (31),285 (11), 313 (66), | ., CH;-CH5C—CH; O—FEO—CO—CH=CH2
357 (25), 401 (6) [M-71], 357
473 (33) [M+1] CHztO—CO—CH=CH,
401—
269—
55 (17), 99 (100), 241 (30), GHrO—EO CQS_CH=CH2
6 | 269 (43),285 (23), 313 (54), | o CHS—CHZ—C—CH_2‘|~O EO—CO—CH=CH,
357 (57), 401 (18), 445 (6) | 01
[M-71], 498 (11) [M-18] CHzO—CO—CH=CH,
445—

* Due to missing molecule ion peak [M+1]T the MW is deduced by the fragments 445 and 498.
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both in the EI-MS and in the CI-MS. Since the for-
mation of the ion [Acr- OC2Hy|™ is highly favored,
the isomer having two such units (x=y=1, z=0)
seems more probable than the alternate structure,
where both EO units are neighbored in the same
chain (x=2, y=2z=0). The latter structure is at-
tributed definitely to the GC peak 3b, because the
fragment ion of m/z= 225 can be explained only by a
loss of an Acr-O group with two adjacent EQO units,
thus, it is a key fragment for the structure elucida-
tion.

The same fragment of m/z=225 of similar abun-
dance is also found in the spectrum of the GC peak
4b. This fact proves that the three EO units all are
located in the same chain. On the other hand, in the
CI-MS of GC peak 4a (MW =428 g/mol), there are
two fragments of fair abundance of m/z=269 and
313, which result from a neutral loss of an Acr-O
group attached to two EO units (159 amu) or one
EO unit (115 amu), respectively. Therefore, the
three EO units cannot be distributed evenly onto
the chains of TMP.

In the case of tetra- and penta-ethoxylated
TMPTA, only one GC peak is found for either homo-
logue (i.e. GC peaks 5 and 6, respectively). The sep-
aration of isomers, if present, could not be achieved
by the applied method. Principally, there are four or,
respectively, five different distributions of EO units
possible. Unfortunately, because of so many varia-
tions an unambiguous structure elucidation cannot
be derived from the CI-MS only. However, by the
medium abundant fragment of m/z= 269 present in
the CI-MS of both peaks, we suggest strongly the
structures given in Table 1 in analogy to the peaks 3a
and 4a: In the latter isomers with y=1 and z= 0, the
cleavage of the methylene-oxygen bond in the other
chain next to the quarternary carbon is favored ob-
viously. This assumption infers for the tetra- and
penta-ethoxylated TMPTA fractions that there are
three or, respectively, four EO units in one chain.

Concluding the CI-MS characteristics of the
EOTMPTA isomers, we can state generally first
that the [M - 71]* fragments form the base peak for
those isomers in which only one chain is ethoxylated
(y=2=0, GC peaks 2, 3b, and 4b), and second that
the fragment of m/z=99 forms the base peak for
those in which exactly two chains are ethoxylated
(x,y > 0,2=0, GC peaks 3a, 4a, 5, and 6).

DIC Technical Review No.5/1999

3.3 GC of Propoxylated Glycerol Tri-
acrylate (GPTA)

Similarly to EOTMPTA, GPTA is expected to rep-
resent a complex mixture of homologues and isomers.
The number of the PO units in the three chains at-
tached to the glycerol part varies (x,y,z=0,1,2,...),
as the hydroxyl end group of each chain either is
acrylated or remains unaltered, Rx, Ry, Rz=H or
Acr, see general structure. By the way, the center
chain - POy - Ry has a chemical environment dif-
ferent to the outer ones, since it is attached to a
secondary carbon, whereas the latter are attached to
primary carbons. Consequently, in GPTA there are
more variations possible with respect to the distri-
bution of PO units than in EOTMPTA, which has
three equivalent chains.

H,C—O0—PO~R, GPTA

(general structure)

HC—O0—PO-R,

PO: -CH,-CH(CH,)-0-

H,C—O—POR, R: -H;-CO-CH=CH,

The GC of GPTA measured in EI mode shows
six major peaks, some of which appear as pair of
overlapping isomers, see Fig.3, upper trace. As ex-
pected, the fragment of m/z=55 typical for acry-
lates is present in the spectra of all peaks. Another
common and quite abundant fragment is found at
m/z= 113, which is assigned to the PO-Acr group
and which also has been found in TPGDA. In the GC
peaks 3 and 5, there is found a fairly abundant peak
of m/z= 59 that is typical for isopropanol derivatives.
Presumably, the peaks comprise incompletely acry-
lated fractions with hydroxypropyl end groups, able
to be derivatized.

Actually, by silylation the odd numbered peaks are
shifted to longer retention times, which generally is
the case for silylated compounds separated on non-
polar columns. The derivatized fractions are also rec-
ognized by their typical fragment of m/z= 73, which
represents the trimethylsilyl (TMS) ion [Si(CHj)s] ™.
On the other hand, the loss of a methyl group re-
leased from the molecule ion (i.e. [M - 15]™) is miss-
ing, which normally appears in TMS derivatives. Un-
fortunately, molecule ions or other larger fragments
can not be detected in none of the EI-MS, neither
with nor without derivatization, so the MW of the
fractions remain uncertain.

Therefore, the silylated sample was analyzed by
CI-MS, see Fig.3, lower trace. As in the case of
EOTMPTA, the CI-MS of GPTA reveal essentially
more information than the spectra measured in EI-
mode. With the exception of the peaks 5a and 5b,
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Fig.3 Total ion chromatograms of non-derivatized GPTA (upper trace, EI-MS) and GPTA after silylation with

MSTFA (lower trace, CI-MS).

in all spectra the molecule ion [M+ 1], and in some
cases the [M-1]* ion is found; in the derivatized
fractions the typical [M - 15] ion is found, too, see
Table 2. Hence, the MW of the fractions are derived
from the CI-MS, and consequently, the total number
of PO units and acrylic functions are inferred defi-
nitely. The MW of the fractions which appear as GC
peaks 1, 2, etc. increases with retention time, how-
ever, the MS of each pair of GC peaks, designated by
a and b, show the same MW representing structure
isomers.

As expected, in all the CI-MS we find a cleavage
between the primary carbon and the ether oxygen
of the glycerol part as one of the most favored frag-
mentation pathways. The bond splitting between a
primary and the secondary carbon is also observed in
some cases. In both instances valuable information
is obtained for the structure elucidation, which will
be exemplified below.

The spectra of the peaks la, 3a, and Ha resem-
ble each other in that they have in common a base
peak at m/z= 113 and another fragment at m/z= 259
which is attributed to structure (7). In the case of
peak la and 3a, there is a further fragment found at
m/z= 317 which we assign to (2).

+ +
HC HC
HC—O—TMS HC—O—TMS

HC—0O——PO—Acr
(1): m/z=259

H,C—0—PO—PO—Acr
(2): miz=317

As the component la is identified as di-
propoxylated glycerol diacrylate by its MW, both
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sub-structures can not be present in the same
molecule. Therefore, peak la comprises at least two
isomers co-eluted at the same retention time, the
chain constituents of both isomers are depicted in
Table 2. It should be emphasized that in the struc-
ture assignments of all the fractions and isomers only
the chain constituents are given, a particular chain,
however, can generally not be attributed to either a
primary or secondary carbon.

Analogously, the peaks 3a and 5a are identified as
diacrylates of tri- and tetra-propoxylated glycerol, in
which one chain comprises one PO unit and another
chain comprises two or three PO units, respectively.
So, one hydroxyl group of glycerol is neither propoxy-
lated nor acrylated. Because of sterical reasons, we
suppose that this applies for the secondary group.

The spectra of the peaks 1b, 3b, and 5b have in
common a base peak at m/z=241, therefore, the
three homologues comprise two acrylated chains, one
contains none and the other exactly one PO unit, see
(3). As derived by their MW, the third chain in each
homologue is not acrylated and has incorporated one,
two, or three PO units, respectively.

+ +
1, .
HC—O—Acr HC—O—Acr

H,C—O——PO—Acr
(3): miz=241

H,C—O——PO—PO—Acr
(4): m/z=299

However, the MS of the three peaks show addi-
tional peaks that are inconsistent with the proposed
chain structures. These peaks are found at m/z= 183
in case of 1b, at m/z=259 in case of 3b, and at
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Table 2 Results of the GC/MS Analyses of GPTA
For the GC peaks there are given the most important fragment ions and their relative abundance (in italics) found in CI-MS,
the molecular weight of the original compound (MW) and of the TMS derivative (MWd), if applicable. The structures are
elucidated in terms of total number of PO and acrylate units per molecule, and of the chain constituents.

GC fragment ions and relative MW | MWd | total | total | GPTA chain constituents
peak abundances of CI-MS (amu) | (amu) | PO Acr
no. (m/z) (%) units | units
113 (100), 129 (9), 159 (3), PO-Acr | -Acr
la | 201 (7), 259 (8), 317 (2), 316 388 2 2 -H -H
373 (1) [M-15], 389 (2) [M+1] -PO-Acr -(PO)s-Acr
113 (85), 131 (18), 187 (16), -PO-Acr -Acr
1b | 241 (100), 259 (43), 316 | 388 2 2 | -Acr Acr
373 (5) [M-15], 389 (9) [M+1] _PO-H J(PO)y-H
113 (54), 183 (8), 241 (100), -PO-Acr -Acr
2| 299 (2), 313 (2), 371 (2) [M+1] 370 - 2 3 | -Acr Acr
-PO-Acr -(PO)s-Acr
113 (100), 131 (13), 173 (10), PO-Acr
3a | 187 (8), 259 (6), 317 (4), 359 (12), 374 446 3 2 -H
431 (5) [M-15], 447 (8) [M+1] (PO)a-Acr
113 (69), 187 (49), 227 (15), 241 (100), -PO-Acr -PO-H
3b | 259 (52), 299 (42), 317 (17), 374 | 446 3 2 | -Acr Acr
431 (14) [M-15], 447 (23) [M+1] -(PO)2-H -(PO)s-Acr
113 (100), 185 (2), 241 (10), “PO-Acr
da | 299 (2), 357 (2), 427 (3) [M-1], 428 - 3 3 | -PO-Acr
429 (1) [M+41] -PO-Acr
113 (48), 185 (2), 227 (6), 241 (100), PO-Acr
4b | 299 (26), 357 (2), 313 (1), 427 (1) 428 - 3 3 -Acr
[M-1], 429 (3) [M+1] -(PO)2-Acr
113 (100), 133 (15), 173 (18), -(PO)2-Acr | -PO-Acr
5a | 227 (17), 245 (17), 303 (11), 432 | 504 4 2 | -H H
361 (9), 417 (6), 489 (4) [M-15] -(PO)2-Acr | -(PO)s-Acr
-PO-Acr -(PO)2-Acr
113 (86), 187 (15), 241 (100), -Acr -Acr
5b | 245 (10), 299 (15), 313 (74), 432 504 4 2 -(PO)s-H -(PO)2-H
368 (11) PO-H
-Acr
-(PO)s3-Acr
113 (100), 227 (16), 241 (7), PO-Acr
6a | 299 (8), 357 (2), 485 (3) [M-1], 486 - 4 3 -PO-Acr
487 (4) [M+1] -(PO)2-Acr
113 (60), 227 (1), 241 (31), “(PO)a-Acr | -PO-Acr
6b | 299 (100), 357 (13), 485 (4) [M-1], 486 - 4 3 | -Acr Acr
487 (4) [M41] -(PO)2-Acr | -(PO)s-Acr

Table 3 GPC of the Acrylic Monomers HDDA, TPGDA, and TMPTA
The peaks are listed by their MW at the peak maximum (MWp) as calculated from the

calibration, and their relative peak area.

acrylic peak MWp peak area
monomer | number | (10* g/mol) (%)
HDDA 1 0.24 94
2 0.33 2
3 0.50 4
TPGDA 1 0.33 90
2 0.43 5
3 0.69 5
TMPTA 1 0.30 71
2 0.39 5
3 0.61 17
4 0.90 5
5 1.20 2
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m/z=259, 299, and 317 in case of 5b. Therefore,
there are further isomers co-eluted as depicted in
Table 2.

As mentioned before, the even numbered GC peaks
represent the completely acrylated fractions, namely
triacrylates. The base peak in the MS of GC peak 2 is
found at m/z= 241, proving that two chains bear one
PO unit each. Further fragments at m/z= 183 and
m/z=299 indicate that another co-eluting isomer is
present, in which both units are located on the same
chain, see (4).

The pair of GC peaks 4a and 4b comprise the iso-
mers of tri-propoxylated glycerol triacrylate. Since
the MS of peak 4a shows a peak at m/z= 113 as prac-
tically the only fragment at all, three identical chains
having one PO unit each seem to be the most prob-
able structure. The fragment at m/z= 241, however,
is contradictory to this assumption, but presumably
it is due to the overlapping by the following peak,
in which this fragment represents the base peak: As
corroborated further by the fragment of m/z =299 in
the peak 4b, the isomer contains none, one, or two
PO units in each chain, respectively.

Finally, in the pair of GC peaks 6a and 6b, which
are attributed to tetra-propoxylated glycerol triacry-
late isomers, the MS of the first peak has its base
peak at m/z=113, suggesting that there are two
chains present having one PO unit each. In the sec-
ond peak, the MS shows a base peak at m/z= 299,
whereas the fragment of m/z=113 is the second
abundant. Thus, we suppose that two PO units are
located on each of the outer chains, as in this case
the formation of the former fragment is most proba-
ble, see structure (4). Both spectra, however, show
several minor peaks that are inconsistent with either
structure. As it is inferred also by the GC peak form,
between the peaks 6a and 6b there appears an ad-
ditional isomer. In its spectrum the fragments at
m/z=227, 241, and 357 prove that there are none,
one, or three PO units located on the chains, respec-
tively.

3.4 GPC Analyses

The GPC separation of the acrylic monomers re-
veals up to five fractions being present in HDDA,
TPGDA or TMPTA, respectively, which are identi-
fied by an individual peak maximum. The fractions
are listed in Table 3. In each sample, the first frac-
tion constitutes the “real” monomer being the largest
peak.

Hall et al.¥ also found fractions of higher MW
by GPC. They identified them as addition products
of acrylic acid to the monomer, and as dimers and
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trimers. In our case by-products of similar constitu-
tion are assumed, too, however, they have not been
identified further. Unexpectedly, the by-products are
only detected by GPC and not by GC.

The separation of EOTMPTA shows six overlap-
ping peaks with maxima ranging from MWp=0.30
to 0.51 x 10% g/mol. This is nearly the same range
in MW as we have found for the six fractions by
GC/MS. However, there is an additional oligomer
peak at a MWp=10.92 x 10% g/mol.

In the chromatogram of GPTA six overlapping
peaks together with some poorly resolved shoulders
are detected in the MW range from 0.37 to 1.02 x
10% g/mol. Probably due to its low concentration,
the pair of GC peaks la/b (MW =316 g/mol) does
not appear in the GPC. The first GPC peak corre-
sponds apparently to the group of GC peaks 2, 3a
and 3b, see Table 2. The next peak at MWp=0.43
x 10% g/mol comprises the GC fractions 4 and 5,
whereas the third peak at MWp=0.49 x 10% g/mol
corresponds to the GC peaks 6a and 6b. The other
fractions at MWp=0.57, 0.65, and 1.02 x 10® g/mol
are not detected by GC. Thus, the results obtained
by GC and by GPC differ more in the case of GPTA
than for EOTMPTA.

4 Conclusion

In the characterization of reactive diluents and
polyether acrylates the tremendous benefits of gas
chromatography in combination with mass spec-
trometry as analytical tools has clearly been demon-
strated. Particularly for the latter class of resins,
both the broad range of fractions varying in their
degree of polymerization and the variety of isomers
existent in each fraction become quite obvious. In
MS the CI technique is highly advantageous, since it
often provides information about the MW. Although
this ionization mode is “softer” compared to EI, suffi-
cient fragmentation takes place when using methane
as reagent gas, granting an unambiguous identifica-
tion of most of the isomers. On the other hand, the
reagent gas isobutane leads to an even lower excita-
tion of the analyte molecules so that the fragmen-
tation is drastically reduced and their structure will
generally remain uncertain.%) Hence, CI by methane
is a good compromise between a strong and a very
soft ionization.

The alkoxylation of TMP or GPTA has been
shown here to occur rather unevenly. Once an EO
or PO unit is added to a hydroxyl group, the chain
propagation is more likely than the addition to an-
other hydroxyl group of the same molecule, espe-

DIC Technical Review No.5/1999



googo

cially if it is sterically hindered like the secondary
group in glycerol.
with acrylic acid is complete as we have found for
EOTMPTA; in GPTA, however, there are several
components with one hydroxyl group remaining free.

The subsequent esterification

Of course, the acrylation of a primary hydroxyl group
of an EO chain is faster than it is in the case of a
secondary one on a PO chain. An incomplete esteri-
fication has severe consequences with respect to the
application of the resin as crosslinker. Due to the
stochastic nature of alkoxylation and acrylation dif-
ferent batches of polyether acrylates may vary con-
siderably in their distribution of MW, of isomers,
and of the average acrylate functionality, which has
been experienced on arbitrarily selected GPTA sam-
ples.”)

However, the high resolution advantage of GC is
offset partly by the fact that above a certain MW
limit oligomers are not detected anymore. Obviously,
their volatility is insufficient to be vaporized in the
inlet and to pass the GC column. Therefore, only
complementing the GC analysis by a liquid chro-
matographic technique like GPC provides the en-
tire and unbiased insight into the variety of fractions
present in the resins.
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Glossary

Acr acryloyl group, CHy=CH-C(=0)-

amu atomic mass unit

CI chemical ionization

EI electron impact ionization

EO ethylene oxide

EOTMPTA ethoxylated trimethylolpropane
triacrylate

GC gas chromatograph(y)

GPC gel permeation chromatography

GPTA propoxylated glycerol triacrylate

HDDA hexanediol diacrylate

MS mass spectrum/spectrometer

MSTFA N-methyl-N-trimethylsilyl
trifluoroacetamide

MW molecular weight

MWwd molecular weight of derivative

MWp molecular weight at peak maximum

m/z mass-to-charge ratio

PETA pentaerythritol tri- or tetraacrylate
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PO propylene oxide

THF tetrahydrofuran

T™MP trimethylolpropane

TMPTA trimethylolpropane triacrylate

TMS trimethylsilyl group, (CHs)3Si-

TPG tripropylene glycol

TPGDA tripropylene glycol diacrylate
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Table 2 Properties of RC Series
Rim Coatings

Property RC Series Conventional
Film Thickness 15um 2-3pm
Adhesion Good Good
Pencil Hardness 34 H 3H
Slipping Property Good Good
Rubbing Property  Exellent Good
e JO0OODO
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Coil Coatings “Ryucoat® CR”Series
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Table 1 Chemical Resistance of Ryucoat CR

Time (Hrs)

Temp. (°C)
d
d
O

30
40
50
60

QR

QO QL

S NoNoNalIN]

Qo008

QQ QAR

Table 2 Chemical Resistance of P/M*

Time (Hrs) 24 48 72 96 120
Temp. (°C) 30 G G G P P
O 40 G G P P P
O 50 P P P P P
O 60 P P P P P

G:Good OO P:Poor O
*0 Poylester / Meramine

Table 3 Tg and Gelation Ratio of Sample Film

0 CR* P/M*
Glass transition point (°C) 46 67
Gelation ratio O (%) 94 96

**[J Ryucoat-CR
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Table 4 Performance of Sample Film
O CR P/M
Elongation by Tension test* (%) 127 105
Tensile Strength* 000 (MPa) 26 28
T-Bend (Noncracking T number) 5T 8T
Pencil Hardness 2H 2H
*temp. of testd 25°C
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Fig.1 Weather resistance of CR and P/M tested at
DIC Okinawa Weathering Test Center for a year.
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Fig.2 SEM of a surface of a coating tested at
DIC Okinawa Weathering Test Center for a year
(x10000).
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Coating Material for Inkjet Media “PATELACOL® 1J” Series
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Fig.1 Typical Patelacol 1J series.
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Fig.2 The effect of binder type on the color density.
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Low Styrene Emission Unsaturated Polyester Resin

“POLYLITE® SLP” Series
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Table 1 Typical Physical Properties of POLYLITE SLP

Product | POLYLITE SLP-620
No. for
Properties Spray Application
0 Liquid Properties(25°C O
0 Viscosity (dPa-s) | 3.0~7.00 (2.0~4.0)*
0 Thixo Index 2.5~4.00 (2.0~3.0)*
0 Gel Time (min) 10~40 0 0 (10~40)*
O Mechanical Propertiesd Casting | Laminate
O Tensile Strength (MPa) 56 99
O Tensile Modulus (GPa) 3.5 9.5
0 Elongation (%) 1.7 1.3
0 Flexural Strength (MPa) 93 197
0 Flexural Modulus (GPa) 3.5 7.8
0 Hardness-GYZ-934-1 41 47
0 H.D.T** (°0) 105 >200
O Glass Content  (wt%) - 29.7

*(0 ):POLYLITE SLP-520 for Hand Lay Application
**0 : Heat Deflection Temp.
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Fig.1 Amount of static styrene emission.
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Fig.2 Amount of dynamic styrene emission
during spray application.
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Fig.5 Reduction of remaining styrene monomer.
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Biaxially

Oriented Polystyrene Sheet

“DIC SHEET®

SOXIA” with Improved Pressure-forming Property
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Fig.1 Pressure-forming process of OPS sheet.
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Fig.2 Pressure-forming temperature of SOXIA.

000 Forming conditions

0000 Sheet thickness: 0.25mm,
0000 Mold temp.: 60°C,
0000 Heating pressure: 0.1MPa,
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00000 Sheet thickness: 0.25mm,

00000 Mold temp.: 60°C,

00000 Heating time: 2.5sec(Heating delay: 1.0sec),
00000 Heating pressure: 0.1MPa,

00000 Forming time: 1.0sec,

00000 Forming pressure: 0.3MPa.
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Table 1  Oil Resistance of SOXIA on Heating

| SOXIA General OPS
MCT* (60°C,10min) C W
Coconut oil (80°C,10min) K w
Corn oil (80°C,60min) K w
Sesame oil (80°C,60min) K C

K: Keeping clear, C: Clouding, W: Whitening
*; Medium Chain Triglyceride
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Discharging Agent “HI-VARIE® ASS KC-28” for Polyester

Fiber’s Car Seat
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Fig.2 Polyester fiber’s car seat with KC-28.

Table 1 Comparing KC-28 to reductant discharge

Items KC-28 Reductant discharge

Dischargeable dye Alkali soluble dye Azo dye
Undischargeable dye Alkali insoluble dye Anthraquinone dye
u] u]

Decolorization Good Good

Colorization Good Good

Light fastness Excellent Poor
Corrosiveness to machine Good Fair

Heavy metal content

in drainage No
Sharpness of printed

pattern Good

Much(Sn)

Excellent

3)Printing of

4)HT-steamer

5)Cleaning

discharge paste

]

7
-—>

Fig.1 Process of discharge printing.
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1. Water-soluble of dye with alkali agent
a)Hydrolysis of ester group

/RgCOORa —OH /RQCOO. —Na
RN, — RN,
R,COOR;  (Alkali) R,CO0" [ HT-steamer }

b)Solubilization of hydroxyl group

— RN

_RCO0" Nat

“R,CO0" Na*

CoHOH  NaOH ,CoHiO Na*
R‘—Q_N=N_©_N‘ —_— R,‘Q—N=N—©—N\ .
C,oH4OH [ HT-steamer C,H,O Na

1

2. Decomposition of dye with alkali agent

Al

N N
| ] Ra NaOH J
Ry S)\ N=N—©—N/ Na+O> )\

\Ra [ HT-steamer ]

Rz

N=N—©—N<

Rg

3. Decolorization mechanism of dye with active surfactant

Amorphous of polyester fiber
[Active Surfactant]

===

[HT - steamer]

O Molecular of dye

e === —

A Molecular of active surfactant

Fig.3 Decolorization mechanism of dye with alkali agent and active surfactant.
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Fig.4 Relative whiteness vs Temperature.

Relative whiteness
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Pressure Sensitive Adhesive Recyclable Label Stock for
Recyclable Components “DAI-HEART® ” Series
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v Transparent PS film

Acrylic pressure

sensitive adhesive
Printing Ink
Anchor coating
—— White PS film

=~ _— Release liner

s

Fig.1 Model of recyclable label.
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Table 1 Typical Properties of Resins added Recyclable Label

Property Method Unit PS ABS PPE

0 0 0 blank addition®* blank addition®* blank addition*
Melt Flow Rate JIS K7210 g/10min 4.5 4.5 6.3 6.3 12.2 12.2
Tensile Yield Strength  JIS K7113 N/mm? 20.6 20.6 38.2 38.2 49.0 48.0
Tensile Break Strength JIS K7113 N/rnrn2 19.6 19.6 32.4 31.4 43.1 42.1
Elongation at Break JIS K7113 % 52 55 23 23 30 39
Flexural Strength JIS K7203 N/mm? 34.3 34.3 62.7 60.8 80.4 79.4
Flexural Modulus JIS K7203 N/mm? 1730 1740 2100 2060 2490 2410
Izod Impact Strength  JIS K7110 J/m 68 68 79 80 41 42
Deflection Temperature JIS K7207 °C 73.9 74.0 75.9 76.7 82.6 83.0
Rockwell Hardness JIS K7202 R Scale 88 88 102 101 119 118

0 0O * Content of Recyclable Label is 0.6%

Table 2 Adhesive Properties*! of Recyclable Label

Property Test Recyclable PP Synthetic
Plate Label Paper Label

Peel Strength PS 590N/m 630N /m

Holding Power PS 24hrs< 24hrs<

Boll Tack O 4 3

Resistance to*? O good good

Heat-Cool Cycling

0 1:Method is based on JIS Z 0237

0 2:(23°C-65%RHx1hr —» 60°Cx14hrs - 23°C-65%RH x 1hr
-—20°Cx4hrs - 23°C-65%RHx1hr - 40°C-95%RH
x3hrs) x6 cycles
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