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Development of a Novel Instrument for the Rheological

Measurement of Printing Inks

HoricomE Misao and Isopa Takenobu

The rheological properties of emulsified inks are important for controlling printability because

printing inks are emulsified by dampener water on the printing press. This newly developed
instrument can evaluate the rheological properties of emulsified inks in the high shear rate region.
Consequently, this instrument has significantly contributed to the design of new products.
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Fig. 3 Shape of dissolver.
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Fig. 4 Apparent viscosity of emulsified inks.
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Fig. 5 Viscoelastic behavior of emulsified ink(water
content 30%). The values in parenthess are

concentrations of surfactant in inks.
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Fig. 6 Change of water content of emulsified ink on

Inkometer roll.
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Fig. 7 Front view of a novel instrument for rheological

measurement of offset inks.
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Fig. 9 Relation between shear rate and clearance of

outer and inner cylinders.
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Fig.10 Relation between viscosity and torque.
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Encapsulation of Offset Ink Drier

gooooooogooo

SawaTart Nobuo and Kasar Masanori

Next generation sheet-fed inks are expected to have a very fast drying characteristic that provides

quick work and turn. Since a highly reactive varnish is needed to achieve this objective, it is needed

to control the catalytic activity of the drier to increase its latency, where the drier is inactive until

the inks are printed on paper. Micro-encapsulation of the drier with a water-soluble shell appears to

be the best approach to achieve this goal. We think that the intended encapsulated drier will be

feasible by controlling the affinity between the core and the water-soluble shell and controlling the

solubility of the shell.
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Table 1 Co Contents of Encapsulated Drier

Co content,
sample  preparation shell wt%
sample A precipitation PVA 10.3
sample B coacervation PVA 2.0
sample C hotmelt PEG(L)? 1.2
sample D hotmelt PEG(H)? 1.4

1):lower molecular weight PEG
2):higher molecular weight PEG
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Table 2 Results of Drying Test for Inks with or without Encapsulated Drier

drying time,#min. open time,
sample preparation shell neat emlusified day life
sample A precipitation PVA >1600 400 3 days
sample B coacervation PVA >1600 750 2 weeks
sample C hotmelt PEG(L) >1600 450 1.5 months
sample D hotmelt PEG(H) >1600 650 10 >3 months
(std. liquid drier) — 200 300 2 —
0 without drier(] — >1600 >1600 >10 —
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Table 3 Drying Time and Life for PVA Capsule

drying time,#min.

solvent neat emulsified life
AF6 >1600 400 3 days
linseed oil 400 400 0
— >1600 400 3 days
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The Profile Matched with the Color Appearance of the DIC Offset Color

Nakata Yoko, SuisHikURA Masami and SaEcusa Shoichi

In this paper, the profile was studied in order to match with the color appearance of the DIC offset

sheet-fed coated ink. The profile is digital data which describes the color appearance of each device

for use in color management. The authors investigated it using the process described below. First,

the two color spaces are confirmed. One is "C, M, Y, K", and the other is "L*a*b*". Next, designing

and printing the color chart to find the exchange data. Then, construction of the exchange theory.

One of the most important points in this paper is the derivation of the black values from the C, M, Y
combinations. It includes the reduction of C, M, Y, due to the effect of adding black. Finally, a profile
is made using the theory. Also, the accuracy of the profile is verified. As a result, we could get an

effective profile comparison to those on the market. With this new process, we can apply it to other

clients or press conditions.
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Fig.2 Plural CMYK values from the equivalent L*a*b*

value.
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Table 1 Error of Each Spaces

UCR space DARK spase
average 1.421 1.396
max 5.274 4.001
S.D. 1.421 0.613
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Table 2 A E of CMYK - L*a*b* Exchange

MAX | AVE | MIN | S.D.
PROFILE 9.9 2.8 0.3 2.0

PHOTOSHOP 32.5 141 5.0 4.9

Table 3 Regression Analysis CMYK - L*a*b* Exchange
Multiple Correlation | Dispersive Ratio

L* | a* | b* L* a* b*
DIC PROFILE 0.998|0.999|O.99896316.6 252452.2168641.3
PHOTOSHOP 0.980|0.981|O.983 8400.3|8814.3(9899.4

oobooocooooono

5.2 L*a*b* -~ CMYKO O

cooboooooooOooboocOoboooOooooon
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Table 4 A E of L*a*b* - CMYK Exchange

MAX AVE MIN S.D.
A 24.8 4.2 0.2 4.8
B 17.7 5.9 0.4 2.8
C 20.1 5.5 0.6 2.9
D 16.8 6.4 2.6 1.9
E 27.2 12.8 1.0 4.3
F 26.1 13.6 4.5 4.2

Table 5 Regression Analysis L*a*b* - C'M'Y'K' Exchange

Multiple Correlation Dispersive Ratio

L* a* b* L* a* b*

0.997(0.998|0.996| 56971.7 | 14387.6 | 44669.6

0.999(0.997|0.996| 128789.7 | 57246.7 | 48173.2

0.996(0.998|0.997| 41475.9 |70611.1|56156.5

0.997]0.996|0.998| 54992.7 |46010.2|68277.7

0.989]0.987|0.968| 15636.9 |13132.3| 5036.0

Slicliwlielivs]i2

0.980(0.979]0.979| 8290.2 | 8290.2 | 7955.9
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Table 6 A E of CMYK - CM'YK' Exchange

MAX (AVE [MIN |S.D.
24.5 5.6 0.6 4.5
18.0 5.0 0.3 2.7
194 7.9 1.1 3.8
22.5 7.7 2.3 24
245 | 11.9 3.1 3.8
23.0| 125 2.8 3.9
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Table 7 Regression Analysis CMYK - C'M'Y'K' Exchange

Multiple Correlation Dispersive Ratio

L* | a* | b* L* a* b*

0.997(0.990|0.990| 52111.7 |15375.3 | 27189.4

0.998(0.997|0.994| 68612.3 | 56508.2 |28993.2

0.994(0.997|0.994| 29785.5 |56085.9 | 29635.0

0.995(0.996|0.995| 32833.1 | 38282.4 | 34486.9

0.980(0.981|0.984| 8440.8 | 8824.0 [10399.8

Slioliwlielielibg

0.981]0.982|0.981| 8660.3 | 9461.7 | 8635.7
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Synthesis and Properties of Nematic Dibutenyltolan

Unezu Yasuo, Ocawa Shinji, Oisar Haruki, Kawakamr Shotaro,

TakreucH Kiyofumi, TAkeHARA Sadao, Takarsu Haruyoshi

A novel nematic tolan with two 3-butenyl terminal groups has been synthesized. The physical and

electro-optical properties were measured and compared with those of conventional tolans. As

expected, the new nematic tolan has a low viscosity, especially at low temperature. The properties of

the new nematic tolan were evaluated in a host mixture and the elastic constants were also
discussed. Furthermore, the STN (Super Twisted Nematic) -LLCD characteristics filled with practical
mixtures containing the new nematic tolan were discussed.

1 OO0
gooooogooobooLecbbogooooogon
pgbdbdddddooooooooooooboo
pgodddddddoooooooooooooboo
gbboobbboobbboobbooobboo
gooooLcboooogoooooLLebogo oo
000000 STNO Super Twisted Nematic [
LCOOOODODODO0OOO0OOO ODOoUoggsTNOLECD
pgodbdddddoooooooooooobo
pgodbdddddoooooooooooobo
gooogooooooboobon
ddoooooooooooo
goooooooood
godbddddooooooooooooboo
gooooobooboooobooo«»000ooon
gobdddooooooooooooooo

O,

(1)

coooooooocooboooboboooboooo
coooooooocooboooboboooboooo
ooboobooooooooooosTNOoLeboono
coooooooocooboooboboooboooo
coboooooooobooo»ocooobooobon
cooooooo~obOOoOCbcOobooooboobon
coooooooobooobooooboboooboooo
coooooooocooboooboboooboooo
coooooooocooboooboboooboooo
ooboooobooobooooooobooosTNOoOn
coooooooon

2 00
0000000000000 (@G) 00000000

0D00O00()0O0Fgl0000000000000

(HDOOO0O0Grignardd 000000000000

X (3a)
X; CHO (3b)

(4) (5)

i) AMIC THE  v) BrCH,P(CgHg)sBr , t-BuOK , CH3CgHs

iy Mg, THF
iii) 1, , THF
iv) (CH3),NCHO , THF

vi) +-BuOK , THF
vii) Pd(P(CgHg)a)s » Cul, (CoHg)sN , (CH3),NCHO

Fig. 1 Synthesis of dibutenyltolan.
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Table 1 Physical Properties of Nematic Tolans

No. R! R? T An* K, K, K,, K,/K,
M-1 n-C,H, OCH, 38 0.261 9.3 5.2 17.6 1.90
M-2 n-CH, OCH, 35 0.266 9.2 6.0 18.2 1.98
M-3 n-CH, CH, -15 0.258 8.9 4.9 17.0 1.90
M-4 CH,=CHCH, C,H,CH=CH, 18 0.256 9.0 5.0 17.9 1.99

000000(@@a000000(Eb)D00000(3b)
000000 O0Wittigd 00000000 0HBrO O
000000000000 @IO0000O0@)0 (3a)
000000000000000000000000
000@G)oooooo

3 00
TablelDOOOOOOOOM400000000O0
O0o0o00M-10M-20M-300 00000 Table 20

Table 2  Composition of a Host Mixture for
Measuring Basic Properties of Tolan Components

Structure Structure

F
R—@—COO—@—CN 30
F

T, (O) 102.9
An 0.121
Vth 1.36

n (mPalsec) 32.5

Table 3 Temperature Dependence of n for Mixtures

Containing Tolans

Temperature (00 )
Mixture 0 20 25 50 70
M-1 104.1 25.6 20 7.4 4.5
M-2 103.3 25.5 19.8 7.4 44
M-3 87.2 22.7 17.8 6.9 44
M-4 79.9 23 18 6.9 43
0 mPalsecO

22

*Extrapolated values
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Table 4 The STN Characteristics of Mixtures Containing the New Tolan

Mixture-A Mixture-B
including new tolan

PHYSICAL T (O) 88.9 90.9
-PROPERTIES An 0.131 0.131

n (mPalsec) 19.6 22.3

€0 4.5 4.6

AE 154 15.5

K, (pN) 10.9 10.9

K, (pN) 16.4 16.3
K. /K, 1.505 1.495
€ O0/AE VK /K) 0.194 0.198

ELECTRO-OPTICAL Vth (V) 1.581 1.56
-PROPERTIES Vsat (V) 1.725 1.721
y (Steepness:Vsat/Vth) 1.091 1.103

Vth 1kHz / Vth 64Hz at -200] 1.035 1.05

Response Time at 250 (msec) 124 127

at -200 (msec) 1949 2295
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Fig.4  Configuration of a molecular ensemble. The

dotted lines symbolize the interactions.
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The Photo Polymerization Induced Phase Separation Process in
Liquid Crystal/Polymer Composite Films

Narara Hidetoshi, Yapa Makoto, Havasar Masanao, TANI Yuichiro,

Fusisawa Toru, Matsumoro Shigeru and Aizawa Masao

Liquid crystal / polymer composite films are candidates for direct view LC displays. However their
reflectance properties need to be improved for these films in direct view LCDs. Therefore we
investigated the influence of various factors on the reflectance. It is determined that not only using
high An LCs but also controlling the polymer network morphology were needed to obtain high
reflectance films. The differences in morphology using various types of diacrylates can be observed
by SEM. The shape of the network polymers is sensitively affected by the molecular structure. Based
on observations using a confocal laser microscope, it was determined that the behavior of the
nematic domains in the phase separation process can be distinguished by what kind of diacrylate is
being used. It is presumed that the kinetics in the phase separation process plays an important role

in determining the morphology.
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Fig. 1 Structures of bi-functional acrylate.
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Preparation of Semi-IPN Type Antifouling UF Membranes and

Their Application

Taxrapa Tetsuo, Sucanuma Toshikazu

and Kuroxr Katsuhito

A novel hydrophilic ultrafiltration(UF) membrane having a semi-IPN(interpenetrating polymer

network) structure of a linear polymer and hydrophilic cross-linked polymer was prepared. The

adsorption of Bovine Serum Albumin(BSA) significantly decreased with the increase in the

hydrophilic groups introduced into the membranes. A polyethylene glycol(PEG) introduced

membrane showed good performance during blood filtration compared with the commercial

polysulfon(PSf) UF membrane, and almost no decrease in flux occurred during a 6-hr. filtration. The
PEG-introduced membrane also showed good filtration performance and antifouling during the

filtration of oil-polluted drainage.
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diacrylate; TMPT, for trimethylolpropane triacrylate;
HDDA, for hexanediol diacrylate; 310HP, for
tripropyleneglycol diacrylate; A-400, for polyethylene
glycol diacrylate; UA, for 3 functional urethane
acrylate. Heat treatment condition is 12000 steam for
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0.8—% 1 PA-PEG(20%)
i ) D‘EJ—'D—U

o 5

AN
% PA-PEG(119%)
0.2 I lT\
0 1 2 3 4 5 6

Time (h)

Fig. 9 Change of flux with time during the filtration of

g
g
g
g

6 hours with bovine whole blood. The filtration
condition is 200 mmHg, 200ml/min. PA-PEG stands
for the PEG-containing polyamide UF membrane; the
values in parentheses are the content of PEG-
containing monomer; commercail PSf memb., for the
commercial UF membrane with molecular weight cut
off of 50000.

00000000000000000000000
(CAODDODOOOOPSHODODOOODDOOn
000000MO00O0000000000000on
00000000000000000000000

DIC Technical Review No.6 / 2000




ERERN

600:
§ i [LNa+
g ] 1ogogooooao O o
E100E
Y]
+cd |
4
% 103
2 n AAAAAAAAZAA
o) ] +
0 ] K

1

0 1 2 3 4 5 6
Time (h)
Fig. 10 Change of ion concentration in permeate with

time during the filtration of 6 hours.

gobooooooooooocooooooboocooon
gobooooooooooboobooooo

3.5 DOOuUFOOOOOODOO
gboooooooobobooobcoooooono
goboooooooooocooooooobooooon
goboooooooooocooooooobooooon
O00O00FgoOOOPEGODOOOOOOOOOO
oob2s00000000000000000QrDO
gobooooooooooocoobooooobooooon
oOooooooo@3m/mn)CO0O00O0O0QOOO
gbooooooobooboooobocoobOOoburon
gobooooooooooocoooooooboooon
obooooOoobOOoooQubObOOobnoOoDbOoboO
0000000000000 U0ONaOKOOOOO
00000000 O0Fgl0000000000000
gobooooooooooocooooooobooooon
giooooooobooobooboobooooboooon
gooooeeswuoooooooooooooon
gobooooooooooooooboooooboooon

Dialysis Monitoring
: Dialysis | : .
Patient! system |UF of blood ! Measuring

'
]

Data
pI’OCCSSll'lg

Electrolyte
Measuring | !
unit :
BUN

Measuring
unit

waste '

Fig. 11 Schematic diagram of hemodialysis monitoring

system.

DIC Technical Review No.6 / 2000

~ dialyzer

measuring unit

intet of permeate

Fig. 12 Picture of hemodialysis monitoring system.

cooboooobooooboooooooo

3.6 DODOurFOOODOOODOODODO
oobooooooooobooooboooooooa
cooboooooocooboooboboooboooo
cooooooooOooboooooobooooooobooon
coboooobooooboocoobosnboooooon
O0000000ONaOKOOOODOuN)Ooooo
coooooooocoobocooboobocooboooo
coooooooocoobocooboobocooboooo
cooooooooooooocoon
obOooobooobooobooboboooonooon

oboooooooobOourcOOobOO0OOobOOuUrDO

0000000000000 00000ONaOK'OUN

1000 120
= 100
é o B 0 o = I = T = L N
g ] 60
B 10+ 140
S

51 os =

19 T T T 1 0

0 1 2 3 4 5 6 7
Fig. 13 Change of ions, UN concentration with time
during the filtration of 6 hours. 0 ,A ,e are the

values in blood; [0, 0, o are the values in permeate.

37

Conc. of UN (mg/dl)



[EERN

cooooOooocboooboOoooboooboooaon
Ooooooooooo0oEie11,12)D0000000
cooooOooocboooboOoooboooboooaon
cooooOooocboooboOoooboooboooaon
coooooooboobocobobooooboooooa
gbooboooouvurObOCcOO0OOOobOOobOOoo0OOoon
O0000000000000000.3ml/min00O0
cooooOooocboooboOoooboooboooao
cOoouvurOOOOOO0OOO0OOCOOOOOOoOoOOoO
O00(Fig11,12)D0006000000000O00O0
O00O0O0OOMNaOKOuN)ODOooooooooo
O000000O0Fig.13000000000000
NaeODK-OOuNOOOOOOOOOOoOooooooo
coOoooooocbooooOooobobooobooooo
coOoooooocbooooOooobobooobooooo
cooooooooOoooooobooboooboooo
cooboobooboobooooogoeesnmooon
coboooobooooooboobOobOoboooboooe
oooooooo(amp)Doooooooooooo
cooooooooOoooooobooboooboooo
cooooooooOoooooobooboooboooo
cooooooooOoooooobooboooboooo
coobOoourFrOOOOOOCOOOOOOOOOO
cooobooooobooboooboooobooooobooooo

37 000000000
0000000000000 000000000
00000000000w000000000000
0000000000000 00000D0000O0
Fig.70 000000000000 O00DOO0OO0OO
0000000000000 000000000O0
0000000000000 0000000000
0000000000000 0000000000
0000000000000 0000000000
0000000000000 0000000000
O0OUFOOOOPEGDOOOOOODOIPNOODODOO
00O0uF0D0D00DO0D0OO0DO0DO0D00D0O0D0O0
000000000o0o0ooooon

Fig.l40 0000000 D002u mOOODOOODOO
OMFO(CN,02u mI000D00O0O0DO0OOOO0
000000000000300000000000
600000000000 1266x 10°ni/m’-sec-kPall
0000000uUFD0OO0D0O000O00000000
0000000000030 000000000000
000000000PEGOOOOOOOODOOOOO
0O IPNO UFO (PA-PEG)0 00 00D 20,0000 000

38

10000
CN(0.2
DDELDDEII'_I'IEIEID (©0-2um)

=
% 1000
3 o)
N o) PA-PEG
c ol SAR2RARAA -
o PP
= - + #'CA(IOk)
% 10
)
PSf(50k)
1
0 2 4 6 8
Time (h)

Fig. 14 Changes of flux with the filtration time of fuel
oil dispersed sea water for different UF and MF
membranes. CN(0.2U m) stands for the cellulose
nitrate MF membrane with pore size of 0.2 m; PA-
PEG, for the semi-IPN antifouling UF membrane of
polyamide/crosslinked polymer containing PEG(mol-
e-cule weight cutoff, 20,000); CA, for the cellulose
acetate UF membrane with molecular weight cutoff of
20,000 and 10,000 respectively; PSf (50k), for the
polysulfone UF membrane with molecular weight
cutoff of 50,000.

Fig. 15 Photographs of MF and UF membranes after
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M m); b, PSf (50k); ¢, PA-PEG; d, CA (20k).
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Optimization of Bias Magnetic Tape in a Remote Readable
Data-Carrier using Amorphous Magnetostrictive Strip

Suenaca Wataru

The magnetic characteristics of a magnetic tag device composed of a magnetostrictive strip and a

bias magnetic tape were investigated with the purpose of finding the optimum material properties

for use as a remote readable data carrier. We found that the magnetostrictive strip in the device

assumes a maximum magnetomechanical coupling coefficient at an optimal strength of bias

magnetic field, that varies along the length of the strip and is generated by the magnetic tape with

appropriate thickness. The results are explained by a simple model where the strip is regarded as a

linear array of rectangular domains. The model leads to the following conclusions:(1) the average

direction of the local magnetization of a domain is determined by the bias magnetic field generated

by the magnetic tape, and (2) an optimum value of the magnetic tape thickness exists, which gives

the maximum coupling coefficient irrespective of the characteristics of the amorphous alloy strip.

The most appropriate bias magnetic field by the magnetic tape is about 850 A/m in this study.

1 Introduction

A magnetostrictive material resonates at certain
frequencies depending on its size, when ac and
static biasing magnetic field are applied to it. The
resonance mode of the magnetostrictive strip can be
governed by the spatial variation of a bias field.
The field strength is continuously varied along the
strip in order to selectively couple the magnetic
energy by an external ac field into a given
mechanical resonance mode. This well known fact
opens the possibility of using such a device as a
data carrier, which is a device for remotely
readable data storage.” This device is composed of
a magnetostrictive strip and a magnetic recording
material that generates a bias magnetic field. Data
are stored on the magnetic recording material as
the spatial variation of the magnetization by the
conventional technique of magnetic recording.
Information is represented by data coded by a
combination of resonant frequencies. Then, the
data are read by a detector composed of coils, a
decoder, and a control unit.?

Such a device has a variety of potential uses; for
instance, an antitheft system which has been
commercialized recently, a data carrier system, and
an intelligent pile system for location detection.?

The last two examples are used with a multiple bit

DIC Technical Review No.6 / 2000

data device. Such a multiple bit data device will
hereafter be termed a magnetic tag.

A magnetic tag is comprised of a magnetic tape by
coating and an amorphous magnetostrictive strip
contained in a housing.*

The magnetostrictive strip is under the bias mag-
netic field generated by a magnetic tape whose
local magnetization varies according to a certain
function of the position along the length of tape. We
will call this function the magnetic pattern of the
tape. The space pattern should match the strain
distribution of the strip corresponding to the
mechanical resonance mode of the strip, so that the
strip resonates either at fundamental or harmonic
frequency in ac magnetic field. It can be an array of
spikes or a sinusoidal wave along the magnetic
tape. We adopted a spike-array pattern in this
paper, because it is encoded more easily by an
ordinary magnetic head and gives a larger magne-
tostrictive coupling coefficient than the sinusoidal
pattern.”

The magnetization rotation of the strip assembled
with the bias magnetic field, which gives a base for
the development of the magnetic tag, has not been
studied to date. We report here the magnetic
characteristics of a magnetic tag. The purpose of
this study is to determine the optimum conditions

for the composite strip to be used as a data carrier.
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The conditions on the strength of the bias field are
derived for the maximum magnetomechanical
coupling coefficient. Out of six kinds of magne-
tostrictive strips examined, E-4533B (Fe,Co4Si,) is

the most suitable when used in a magnetic tag.

2 Experimental

The construction of the magnetic tag is depicted in
Fig.1. A magnetostrictive strip is supported within
a frame made of polyethylene terephthalate (PET).
A strip of bias magnetic tape and a base plate are
adhered to the both sides of the frame. The size of
the bias tape was 10 mmx 105 mm.

The magnetic tape was made by coating a 50 -y m
-thick PET base film with magnetic paint, so that
acicular metal particles oriented along the length of
the film. As for the fundamental characteristics of
the tape material, the coercive force, the residual
flux density and the squareness ratio were 125
kA/m, 0.23 T and 0.82, respectively. These data
were obtained by measurement at room temperature
by a vibrating magnetometer (Riken Denshi, BHV-
50). The measuring field was between 400 and -400
kA/m. Eight different thicknesses d of the magnetic
tape between 26.0 y m and 72.5 p m were adopted
in order to vary the strength of bias magnetic field
by the magnetic tape.

Cast amorphous ribbons, VITROVAC4040
(Fe,, NiyzMosBy), E-4533B(Fe;sCossSis), Metglas
2826MB (Fe,NixMo,Bis), 2605CO (FegCoisBi5Siy),
2605SC (FeyBi3551:5C,), 260552 (Fe;sBi;Si;), and
2714A (CogFe,Ni,B,Si;;) were used as magneto
strictive strips. They were cut into the size of 2 to 6
mm width x 75 mm length. The last one, 2714A, is
a near-zero magnetostrictive material which was
adopted for comparison. The characteristics of

these strips, when ac field is applied longitudinally

M:agnetic tape

Amorphous strif

Fig. 1 Construction of a magnetic tag.

on them, are shown in Table 1. They were obtained
by measurements similar to those for the tape
materials.

Magnetization curves of these strips and magnetic
tag samples at room temperature were recorded
with an ac magnetometer of the magnetic flux
integrating type (Riken Denshi, ACBH-100K) with
the ac magnetic field of 33 Hz and 3000 A/m
amplitude, in the longitudinal direction of the
samples.

In a magnetic tag sample, the magnetostrictive
strip is magnetized longitudinally into a spike-
array pattern through the local magnetization of
the bias tape. Fig.2 shows the schematic diagram of
the local magnetization in a magnetic tag. It is
magnetized by a composite Nd-Fe-B ring magnet so
that the magnetic tape generates a bias field along
the strip with a spike-array pattern, as shown in
Fig.2. The interval between individual spikes was
75/m (mm), when the length of the magnetostrictive
strip was 75 mm. Here n is 0 or an integer from 4 to
9. In the case of n = 0, the magnetic tape is
demagnetized. The sample shows the properties of

the amorphous strip itself as expected for the

Table 1 Properties of Amorphous Strips

Product name Metglas 2826MB Metglas 2605CO Metglas 2605SC ~ Metglas 260552 Metglas 2714A VAC4040 E-4533B
Composition FeNixMo:Bis FesCo1sB1:Sis FesBi35SissCe FeB1:Sis CoeFesNiiBsSiis FeuNinMosBiy  FesCossSis
Size(width x length( 2mmx 75mm 2mmx 75mm 2mmx 75mm 2mmx 75mm 2mmx 75mm  6mmx 75mm 4.4mmx 75mm
Coercivity (A/m) 19.3 22.1 18.8 15.6 8.06 12.4 154
Saturated flux density (T) 0.84 1.52 1.34 1.28 0.51 0.51 1.34
Residual flux density (T) 0.04 1.14 0.08 0.06 0.04 0.01 0.02
Initial permeability(x 107?) 2.15 6.34 5.64 5.08 5.64 0.78 1.98
Magnetostriction” (x 10°) 12 35 30 27 01 8 unkown

a)"Technically Superior Data" from Allied Signal Co., Ltd.
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thickness d = 0 of the magnetic tape.

The magnetomechanical coupling coefficient K is
defined by the relation K?= E¥D%u . Here, E¥, D,
and g are Young's modules, the stress-sensitivity
constant, which is the field derivative of the stress
(0 S/0 H) ,, and the incremental permeability,
respectively. K is obtained by measuring the
complex impedance of a search coil containing the
magnetostrictive strip. The outline of the apparatus
is depicted in Fig.3. A sample was set within the
differential search coil of 2.5 mm (height) x 10 mm
(width) and 50 turns. It was placed within another
coil that generates a dc biasing field in such a way
that both coils are coaxial. The diameter and the
number of turns of biasing coil were 60 mm, and
200 turns, respectively. The impedance of the
sample was measured with an impedance analyzer
(HP4194A) connected to the search coil. The
measurement was made in the frequency range of
50 kHz to 500 kHz. The magnetomechanical
coupling coefficient was calculated by a convention-
al way from the impedance circle on the Z-plane.?
The impedance traces out a circle which begins and
ends at point Z=Z,+i(X. Z, and X denote the blocked
resistance and reactance, respectively. The magne-

tomechanical coupling coefficient K is given by

1
T 1+QIX/R D
fo
= ——F 2
Q fifi (2)
Magnetostrictive strip
[ >y L~ P > ',4—.‘|

;{’—roﬁle of bias field

h
H [ [ [ ) 4

[ ) - P —
l

'
'

| Magnetic tape

______ S.__NJN__S§S__NIN_ __S§S__ N} _______.

Encoding magnet

Fig. 2 Schematic diagram showing the geometry of the
Nd-Fe-B magnet, the magnetic tape with magnetization
pattern, and the amorphous strip, when the magnetic
tag is encoded. Dotted curves show the magnetic flux
lines generated by the magnetic tape. The spike array
pattern is the profile of the bias field.
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when R is the diameter of the impedance circle. The
quadrantal frequencies and the resonant frequency
on the impedance circle are denoted by fi, /3, and £,

respectively.

3 Results

The incremental permeability p and the magnetic
flux density B of the six magnetostrictive materials
(VAC4040 , E-4533B, 2826MB, 2605C0O, 2605SC,
and 2605S2) satisfy the relationship of Gans™.

U /uo=[100 B/B,]? 3)

Here, p -, and B, are the initial permeability and
the saturated flux density, respectively. This is
demonstrated in Fig.4, where we show the plot of
{10 (B/B,3}? against p /uy for 2826MB. Similar
plots were obtained for other samples. If a magneto-
strictive material is isotropically magnetostrictive
and satisfies the eq. (3), the magnetomechanical
coupling coefficient shows a maximum at B/Bf2
0.7.% This is consistent with our results in Figs. 5
and 7. Therefore, we assume that the magneto-
strictive strips in this study are isotropically
magnetostrictive.

We studied the hysteresis loops of the amorphous
strips in the magnetic tag, and compared them with
the magnetomechanical coupling coefficient, to
know the influence of the bias magnetic field with
the spike-array pattern. In this measurement, we
chose the thickness d of the magnetic tape as
parameter, which corresponds to the strength of
the bias magnetic field.

In Fig.5, we show the hysteresis curves of the
magnetic tag sample (n = 5) comprised of 2826 MB.
The magnetic field strength at which the magnetic
flux density saturates increases while the initial

permeability decreases with increasing thickness of

Biascoil

[T ———

Compensation
—

Sample holder

il
— Impedance
gain/phase
dc power analyzer
supply

Fig. 3 Apparatus for impedance measurement.
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Fig.5 Hysteresis curve of a magnetic tag (n = 5)
comprised of alloy 2826MB magnetized by a spike-
array pattern. d denotes the thickness (in p m) of
magnetic tape.
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Fig.6 Hysteresis curve of a magnetic tag (n=5) comprised
of alloy 2714A magnetized by a spike-array pattern. d
denotes the thickness (iny m) of magnetic tape.
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the magnetic tape. The hysteresis loop of these
magnetic tags becomes more flattened with
increasing thickness of the bias magnetic tape. This
means that the magnetostrictive material under
the bias field with a spike-array pattern behaves as
an isopermeablity material. In other words,
incremental permeability is controlled by the
strength of the bias magnetic field. The hysteresis
curves of the other three samples showed a similar
tendency.

A remarkably different hysteresis curve (Fig.6)
was observed in the sample (n = 5) with a near-zero
magnetostrictive strip 2714A. The initial permea-
bility is very low due to very low magnetic
anisotropy, but the tendency of increasing
saturation field with increasing thickness is
conserved even in this case.

The magnetomechanical coupling coefficient K of
the four samples depends on the biasing field Hjp
generated by a coil and the thickness d of the
magnetic tape, as shown in Figs. 7-9.

A static biasing field H; by the coil is applied on
the magnetic tag samples (n = 0) to determine the
magnetic characteristics of the samples without the
bias field of the magnetic tape. Fig.7 shows the
relationship between the strength of H; and K.

The bias field generated by the magnetic tape is
applied along the strip in the magnetic tag samples
(n# 0).The thickness d was varied between 26.0 y m
and 72.5 p m in order to determine the relationship
between the bias field strength and K. Figs. 8
and 9 show the relationship in the cases of n = 5
and n = 9, respectively, when Hz = 0. In these
measurements, adopting n = 5 and n = 9 does not
break the generality, because the strip with an
aspect ratio of 75/2 resonates at a single mode from
n = 3 to n = 20. When n is close to the aspect ratio
of the strip, two different resonant modes appear
simultaneously due to the coupling between the
longitudinal and lateral resonance modes® and the
magnetomechanical coupling coefficient of each
resonant mode is different from in the case of the
single mode without the coupling mode.

In the case of n = 0, K reaches a maximum at a
certain value of H, of biasing field strength Hz. The

value of H, differs for different magnetostrictive
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strips. On the other hand, there is an optimal
thickness of the magnetic tape to magnetize the
sample for a maximum coupling coefficient. The K
versus d plots show a similar tendency for n = 5, 8
(not shown in the figure) and 9. K takes a
maximum at nearly the same thickness if the small
difference in peak position is neglected. Figs. 8 and
9 are typical examples. Preliminary results for n =
4 show a similar tendency. This thickness is
apparently insensitive to the shape of the hystere-
sis of the magnetostrictive strip and independent of
the interval between the spikes in a magnetic
pattern. The thickness where K shows a peak will
not depend on the interval of the spikes on a
magnetic tape for n ranging from 3 to 20.

We tabulate in Table 2 the @ values at resonant
frequencies for n = 5, and n = 9 patterns. In these
cases, tape thickness is appropriately 47y m. The
highest @ value of 69 - 75 is obtained when the
strip E-4533B is used and thickness of the tape is
47U m.

4 Discussion

In this section, we give a simple analysis of the
magnetic field-magnetization relationship of an
amorphous magnetostrictive strip in a magnetic

tag. Because the magnetomechanical coupling

0.4 T T T
E-4533Bm
M
2 03 f .
L
2
4
S 02 .
oD
R=
=
3 0.1 .
O
VAC4040
O 1 1 1
0 200 400 600 800

Bias magnetic field (A/m)

Fig.7 Dependence of magnetomechanical coupling
coefficient of an amorphous strip on static bias
magnetic field. Circles, triangles, squares, open
diamonds, solid diamonds, and asterisks represent
the results for 2826MB, 2605SC, E-4533B, 260552,
VAC4040, and 2605CO, respectively.
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coefficient K is a function of M/M, (= B/B,) ', the
relationship between the bias magnetic field of the
magnetic tape and K will be explained by the
magnetization rotation process in the magneto-

strictive strip.
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Fig.8 Dependence of magnetomechanical coupling
coefficient of an amorphous strip on thickness of
magnetic tape with spike-array pattern of n = 5.
Circles, triangles, squares, open diamonds, solid
diamonds, and asterisks represent the results for
2826MB, 2605SC, E-4533B, 260552, VAC4040, and
2605CO, respectively.
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Fig.9 Dependence of magnetomechanical coupling
coefficient of an amorphous strip on thickness of
magnetic tape with spike-array pattern of n = 9.
Circles, triangles, squares, open diamonds, solid
diamonds, and asterisks represent the results for
2826MB, 2605SC, E-4533B, 260552, VAC4040, and
2605CO, respectively.
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Table 2 Q Value at Resonant Frequencies with the
Magnetic Tape of 47 y m

Mode 5 Mode 9
Metglas 2826MB 78 58
Metglas 260552 15 14
Metglas 2605CO 39 30
Metglas 2605SC 31 29
VAC4040 130 78
E-4533B 69 75

The strip is under a magnetic field of two different
origins when the tag is at work. They are the
alternating field by a transmitting coil of the
detecting system and the bias magnetic field by a
magnetic tape. We call the former external
magnetic field H,. hereafter. The strip has a form-
induced uniaxial magnetic anisotropy along the
ribbon axis caused by the chill casting process of
producing glassy alloys.’® There is another origin
of anisotropy when it is used in a magnetic tag.
Because of its magnetostriction, an applied tensile
stress induces uniaxial anisotropy. In the ribbons of
positive magnetostriction, it is in the same
direction as the form-induced anisotropy. We
denote the sum of the total uniaxial anisotropy as
K..

As a simple model to explain the kinks in the
hysteresis loop of a magnetic tag, we approximate a
magnetostrictive strip with a linear array of
rectangular domains, as depicted in Fig.10. Flux
lines change their directions gradually at the
boundary region between neighboring domains so
as to reduce exchange energy. Magnetostatic self-
energy of a single domain is much smaller than the
Zeeman energy (the interaction energy between
magnetization and external magnetic field), and
can be neglected because of a large interval
between the magnetic poles of domains. This is
because the demagnetizing factor N of the
rectangular domain is calculated to be
approximately of the order of 102" The
magnetostatic interaction energy among domains is
much smaller, because the relevant demagnetizing
factor is less than the order of 10°.

When the magnetization of the domains rotates
uniformly from the ribbon axis by an angle® , the

total energy density E of a single domain, including
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the Zeeman energy, the magnetic anisotropy energy,
and the magnetostatic self-energy, is given by,
E =(H, +H;) M Jcosb + K,0sin%0
+ 1/20NUM 2Ocos?6 (4)

where M, is the saturation magnetization of the
strip. The components of external magnetic field
along the ribbon axis and the bias magnetic field
are denoted by H.. and H,, respectively. The
demagnetizing factor N of a domain is approxi-
mately equal to 0.01, and the third term is
negligible, as mentioned above.

In the case of a strip 2826MB where M, = 0.85T
and K, is varied, the total energy density E is given
as a function of 6 , as shown in Fig.11.

First, we focus on a single domain (e.g. domain B
in Fig.10) whose magnetization is directed opposite
to the external field H... Fig.11(a) indicates that the
magnetic moment of the domain remains at the
original position (6 =1t ) for H..0 H,, and does not
depend on the anisotropy energy K,. When H,. = H,,
the term of the anisotropy energy takes a minimum
at 6 = 0 or 6 = and the magnetization is either
parallel(6 =0) or antiparallel (6 =1t )to the direction

of H,.. All the magnetic moments are parallel (6 =

Magnetic tag

pa N pa
~ Cd ~
Ha Hbp Hp
Amorphous strip
Ribbon axis E ; Tensile stress
[ N ;-‘s\-(._ ------- z.-—’?\-.,....ﬂ'ﬂ‘!—P
—_ e —
Ms Ms Ms =====e (LN 4
H ex
(@
Ms
Tehsﬂe stress
- Ho T\ > -Hg !\\9 //\
Ribbon axis [ B Ll Ll »
Domain (A) Domain (B) Domain (A) A
(b)

Fig.10 Schematic illustration of the cross section of a
magnetized magnetic tag and the magnetization
rotation in a ribbon plane. (a) and (b) are the cross
section of a magnetic tag and the cross section of an
amorphous strip along the ribbon plane, respectively.

DIC Technical Review No.6 / 2000



aoo

0) to the direction of H. when H, 0O H,, from
Fig.11(b). The situation is the same not only in
other magnetostrictive strips but also in the near-
zero magnetostrictive strip 2714A.

The above result shows that the Zeeman energy
of the strip decreases with increasing H,, as far as
H,.. O H,. Then, the magnetoelastic energy, which
we think is the main part of the anisotropy energy,
is the main factor determining the total energy
density. This magnetization rotation leads to the
decrease in incremental permeability with
increasing thickness of the magnetic tape in Fig.5.
The direction of the magnetic moment along the
ribbon axis is determined by the balance between
the strength of the bias magnetic field H, and the
external field H,., and does not depend on the
magnetostriction. This means that the magnetic

moment of any magnetostrictive strip with a bias

250 T T T

(@) Hb > Hex

200
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Total energy density (J/m?®)

__1 OO 1 1 1
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200
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Total energy density (J/m’)

0 1/2 7 7 3/2rx 2

Angle to ribbon axis 6

Fig.11 Dependence of total energy density on the angle
between the direction of Ms and ribbon axis,
calculated for 2826MB alloy, where M, = 0.85T, N =
0.043, and the anisotropy energy was varied as
parameter. (a) and (b) are in the case of H.O H, (H..
+ H, = -50 J/m?® and H.. 0 H, (H.. + H, = 50 J/m?),
respectively.
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magnetic tape rotates at the same field H...

Fig.12 shows the hysteresis loops of the
magnetized magnetic tags (except 2714A). The
ordinate is normalized by the saturation flux
density B,. The bias magnetic tape with a thickness
of 47y m in these tags is magnetized by a spike-
array pattern with n = 9. It is clear that all of the
magnetic tags show almost the same normalized
hysteresis loop. This result indicates that the
magnetization rotation in a magnetic tag is depend
on the thickness of the magnetic tape, which is
proportional to the bias field of the magnetic tape,
as expected by the calculation. This is the reason
why all the normalized hysteresis curves are
coincident in Fig.12.

Fig.6 shows that the magnetic moment rotates at
an external field H.. (= H;) of about 850 A/m in the
case of thickness of 47y m. Considering that the
magnetization rotation process is independent of
the magnetostriction, the magnetic moment rotates
at the same external field in all the magnetic tags
in Fig.12. The reduced magnetic flux density B/B; is
approximately 0.8 at this magnetic field. This
magnetic field H, gives the maximum coupling
coefficient of all the magnetostrictive strips.

The average direction of the local magnetization is
determined by the balance between H,. and H, in
all the strips in this study. As mentioned at the

1 T T T

05 | ]
260582
2826MB
g
/A 0
A
2605SC 3
05 L 2605C0 d=47pm
n=9
__1 ! 1 Il

—-3000 -2000 -1000 O 1000 2000 3000
Magnetic Field (A/m)

Fig.12 Normalized hysteresis curve of magnetized
magnetic tags composed of the magnetic tape of 47
M m thickness and 2826MB, 2605SC, 2605CO, or
260552.
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beginning of, this section the coupling coefficient is
a function of B/B,. B/B, as a function of the
magnetic field coincides for all the magnetostrictive
strips. Therefore, the strength of the bias magnetic
field to give the maximum coupling coefficient is
common for all the amorphous strips studied here.
This explains why the most suitable magnetic tag
can be obtained using the bias magnetic tape with
athickness of 47y m and E-4533B for the alloy strip
with the highest @ value, as indicated in Table 2.

5 Conclusion

We investigated the properties of a composite
magnetic device in view of developing a magnetic
tag for information storage use. It is composed of an
amorphous magnetostrictive strip and a magnetic
tape to generate a bias magnetic field with a spike-
array pattern.

The results are qualitatively well described by a
model in which the magnetostrictive strip in the
device is approximated by a linear array of
rectangular domains. This model leads to the result
that the average direction of the local magneti-
zation is determined by the bias magnetic field
generated by the magnetic tape. There is an
optimal thickness of the magnetic tape which gives
the maximum coupling coefficient. We proposed a
condition for the saturation magnetization and the
thickness of the magnetic tape to give the highest
magnetomechanical coupling coefficient. It is easily
controlled by the process of coating of the magnetic
tape. The highest @ value of the magnetic tag,
which is demanded by a detector for a reading
distance, was obtained when the strip of E-4533B is
used and the thickness of the magnetic tape is 47
MU m to give the maximum magnetostrictive coupling

coefficient.

Acknowledgements

The author deeply appreciates Professor Kay
Kohn and Dr. Tesshuu Miyahara for valuable
advice and critical reading of the manuscript. This
paper is revised from Jpn. J. Appl. Phys. Vol.38
(1999) pp.2747-2752, adding the data of new
samples VAC4040 and E-4533B.

48

References

1) N. Asuke, T. Namikawa and Y. Yamazaki: J.
Appl. Phys. 76 (1994) 10.

2)A. N. Dames and P. J. Hyde: International
Patent W092/12402 (1992).

3) W. Suenaga: U. S. Patent 5602527 (1997).

4) W. Suenaga and T. Takada: J. Magn. Soc. Jpn.
21 (1997) 11 [in Japanese].

5) W. Suenaga: J. Magn. Soc. Jpn. 22 (1998) 4 [in
Japanese].

6) H. T. Savage, A. E. Clark and J. M. Powers:
IEEE Trans. Magn.Magn 11 (1975) 1355.

7) R. M. Bozorth: Ferromagnetism (Van Nostrand,
Princeton, N. J. 1951) 554.

8) H.Shimizu: Jiseitai Handbook (The Handbook of
Magnetic Materials), ed. S. Chikazumi et al.
(Asakura, Tokyo, 1975) p.1176 [in Japanese].

9) W. Suenaga: J. Magn. Soc. Jpn. 22 (1998) 2 [in
Japanese].

10) H. Shimizu and Y. Kikuchi: Tohoku University

Dentsu Danwakai Kiroku 28 (1959) No.1,
43 [in Japanese].

11) R. Hasegawa: Glassy Metals: Magnetic,
Chemical, and Structural Properties (CRC
Press, Cleveland, 1983) p.169.

12) M.Matsumoto: Jiki Kiroku (Magnetic Recording)
(Kyoritsu, Tokyo, 1972) p.44 [in Japanese].

oooooooo

gooooooooooo
ooooo
gogo

SueNaca Wataru

DIC Technical Review No.6 / 2000



ooo

Blockcopolymerization by Macroinitiators having
Acetophenone-type Photoinitiator Moieties

Toxkupa Hiroyuki and Rainer B.Frinas

Some photo-macroinitiators were synthesized by reaction of 4-(2-hydroxyethoxy)phenyl-(2-hydroxy-
These
macroinitiators were used for photopolymerization of styrene and methacrylates to produce

2-propylDketone, corresponding prepolymers and several isocyanate compounds.
blockcopolymers. It was confirmed that polyurethane-b-polystyrene and polyurethane-b-
polyisobutylmethacrylate were formed by using polyurethane type photo-macroinitiator with high
yield. Polydimethylsiloxane-b-polymethylmethacrylate, polyester-b-polymethylmethacrylate and

polystyrene-b-polymethylmethacrylate were also synthesized with the similar method.

1 Introduction

Development of synthetic technology for structurally
regulated polymers such as block- and graftcopolymers
has been an attractive field in chemical industry. For
example, in the field of emulsifiers, compatibilizers,
surface modifiers and so on, the structure of the
additives strongly influences the properties of final
products. Therefore the selection of additives is one
of the key-technologies when a new product is
developed. If a tailor-made additive having a
suitable structure for individual products can be
synthesized, it could be possible to give the best
performance for the products.

In the synthesis of block- and graftcopolymers,
utilizing light-induced initiation has an advantage
because it is applicable at low temperatures, especially
at room temperature, compared to other thermal
methods of free radical polymerization.” Besides, it is

NCO

HO
CH, OH R <
\O CH, NCO

easier to produce polymers having specific structures
because of the selective absorption of photo-dissociable
groups. And it is expected to have the advantage of
higher productivity, when products like films are
produced.

It is well-known that 4-(2-hydroxyethoxy)phenyl-(2-
hydroxy-2-propylDketone (HPPK) shown in Scheme-1
is a useful water soluble photoinitiator. The photo-
dissociable group of HPPK is thermally stable.
Furthermore, HPPK has two hydroxyl groups as
modifiable reactive groups. Accordingly it can easily
afford photo-dissociable group-terminated polymers
(PTPs) as photo-macroinitiators by reaction of
hydroxy- or amino-terminated polymers with
diisocyanate compounds. Then ABA type block
copolymers can be produced by photopolymerization
of some vinyl monomers. This paper describes the
results obtained by using this technique.

X—{_Polymer _}—x

X : Hydroxy, Amino, etc.

o
4-(2-hydroxyethoxy)phenyl-2-
(2-hydroxy-2-propyl)ketone (HPPK)

CH

HO/ °®

(e} (0]

Dy Yooy o 5
3

3 OH

0 ¢}

Photo-dissociable group-Terminated Polymers (PTPs)

hv
Vinyl monomers

ABA type Blockcopolymers

Scheme 1 Blockcopolymerization by PTPs
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2 Experimental
2.1 Materials
4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-propyl)
ketone (Irgacure 2959) was purchased from Ciba
Specialty Chemicals. Styrene and methacrylate
monomers were purified in the usual way, and
distilled under reduced pressure just before the
photopolymerization. Solvents and other raw
materials from industrial resource were used
without any treatment.
2.2 Preparation of photo-macroinitiators
2.2.1 Polyurethane type macroinitiator (PTPU)
Polypropyleneglycol (PPG-425, 39.8 g ) and hexa-
methylene diisocyanate (HMDI, 16.4g) were
reacted under dibutyltin dilaurate catalysis
BTDL, 55mg) in toluene (84.0 g ) for 2.5 hr at 65
. Irgacure 2959 (0.9 mole eq./-NCO) was added to
the solution, and it was reacted at 65 C for 4 hr.
The solution was evaporated to remove the solvent
under reduced pressure.
2.2.2 Polyester type macroinitiator (PTPE)
Irgacure 2959 (4.9 g ) and isophorone diisocyanate (5.0
¢ ) were reacted under DBTDL catalysis (5mg) in
MEK (15.0g) for 2.5 hr. at 50 C. A solution of
polyesterdiol (Polylite ES56 from Reichhold, 35.8 g )
in MEK (15.5g) was added into the reaction
solution, and it was stirred for 16 hr at 70 C. The
solution was poured into MeOH/H20 = 95/5
(weight), and was dried under reduced pressure.
2.2.3 Polydimethylsiloxane type macroinitiator
(PTPSi)
Irgacure 2959 (5.6 g ) and isophorone diisocyanate (5.7
g ) were reacted under DBTDL catalysis (5mg) in
acetone (17.0g) for 25 hr. at 500.
Aminopropyldimethyl terminated polydimethyl-
siloxane (PS510 from ABCR, 22.8g) was added
into the reaction solution, and was stirred for one
night at room temperature. The solution was
poured into MeOH/H=20 = 95/5 (weight), and was
dried under reduced pressure.
2.2.4 Polystyrene type macroinitiator (PTPSt)
Isocyanated HPPK
Irgacure 2959 (2.2 g ) was reacted with an excess
of hexamethylenediisocyanate (5.1g) under
DBTDL catalysis (8mg) in acetone (30.0 g) for 1.5
hr at 40 C. After reaction, the reaction mixture was
poured into petroleum ether, and reprecipitated
once from toluene/petroleum ether. The product
was used for the next reaction immediately.
Hydroxy group terminated polystyrene
Hydroxy group terminated polystyrene was syn-
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thesized by polymerization of styrene (100.0g)
initiated by 2,2'-azobis(2-(hydroxymethyl)
propionitrile) (VF-077 from Wako, 1.0 g) in toluene
(100.0g) for 5 hr at 80 O. The polymer was
reprecipitated  twice from  CHCls/methanol.
(conversion : 14%, OH eq.= 1 mmole / 62.0 g assumed
from the molecular weight)

Polystyrene type macroinitiator (PTPSt)

Hydroxy group terminated polystyrene (6.2 g ) and a
large excess of isocyanated HPPK (3.9 g ) were reacted
in toluene (90.0 g ) with DBTDL (50mg) for 5 hr at
75 0. The polymer solution was poured into
methanol, and reprecipitated twice from CHCls/warm
methanol. The polymer was dried under reduced
pressure.

2.3 Photopolymerization

Photo-polymerization of styrene and methacrylates
were carried out by using two fluorescence
lamps(TL8W/08; product of PHILIPS, radiation power
= 0.043 W/cm/lamp) from a distance of 2.6 cm in a
sealed tube(made of DURAN glass) at room
temperature. Conversion of monomer was determined
by measurement of non-volatile components for 60
min at 110C.

In the case of photopolymerization by PTPSt, the
reaction mixture separated into two phases after
irradiation. MEK was added to the mixture until it
becomes a clear solution before the non-volatile
measurement.

3 Results and Discussion
3.1 Preparation of photo-macroinitiators
Photo-dissociable group-terminated polymers (PTPs)
as photo-macroinitiators for blockcopolymerization
were synthesized by reaction of HPPK and
corresponding hydroxy- or amino-terminated polymers
with diisocyanate under dibutyltin dilaurate (DBTDL)
catalysis according to Scheme 1.

Polyurethane type photo-macroinitiator (PTPU, Fig.1)
was synthesized by reaction of HPPK and
corresponding polyurethane diisocyanate from
polypropyleneglycol (PPG) and hexa-methylene-
diisocyanate (HMDI).

CH
Ho/ °

O oy
H,C o’\/OYN Polyurethane NWO\/\O O—(%
(o) o] (0] o)

Fig. 1 Polyurethane-type photo-macroinitiator (PTPU).

HPPK has two hydroxyl groups as modifiable reactive
groups: one is the primary OH-group, the other is the
tertiary OH-group. It is expected that the reactivity of
the primary OH-group is higher than the tertiary one
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HO‘\‘ / 3’ / ”1-70\
Cr 3 CeCs N—{ Polyurethane
/N / *H
3 o
1

80 75 70 65 60 55 ppm
Fig. 2 #C NMR spectrum of PTPU.

with isocyanate group. *C NMR spectra of PTPU and
HPPK between 50 and 85 ppm are shown in Fig.2 and
Fig.3. In the case of PTPU, the peaks of carbons at the
1-position and the 2-position of primary OH-group
were shifted completely. The peak of a carbon at the 1-
position of tertiary OH-group, on the other hand, was
not shifted, in contrast to the primary one. Accordingly
it is considered that only the primary OH-group of
HPPK react with the isocyanate group under this

Table 1 Molecular Weight of Synthesized PTPs

Macro- Detector  Molecular weight(g/mole)

initiator Type of GPC Vi Mw Mw/Mn

RI 4,100 19,000 4.66
PTPU  Polyurethane
uv?y 2,700 11,000 3.95

PTPE Polyester RI 4,700 7,700 1.63
. Polydimethyl-

PTPSi Siloxane RI 10,000 16,000 1.55

PTPSt  Polystyrene RI 91,000 180,000 1.98

*) UV detector: 254nm

102 103 _10* 10°
Molecular Weight

Fig. 4 GPC chromatogram of PTPU.
RI detector (—), UV detector (---)

DIC Technical Review No.6 / 2000

CH,* OH w
AR Ce-Co
/
H.Cw ot Nedh
I/ =
Ow

Fig. 3 #¥C NMR spectrum of HPPK.

condition.

GPC measurement of PTPU was carried out with both
RI and UV detection with polystyrene standards in THF.
The results are shown in Table 1 and Fig.4. The
chromatograms of RI and UV detectors showed
different forms, especially in the range of higher
molecular weights. The polyurethane segment of
PTPU, which has an aliphatic structure from PPG and
HMDI, has little UV absorption in the GPC
measurement. Therefore, in this reaction, HPPK
reacts with polyurethane diisocyanate having low
molecular weight, and a small amount of polyurethane
of higher molecular weight having no HPPK moiety
remained in the PTPU.

Polyester type (PTPE), polydimethylsiloxane type
(PTPSi) and polystyrene type photo-macroinitiator
(PTPSt) were also obtained. Molecular weights of
these PTPs calculated by GPC are shown in Table 1.
By using this method, there are many possibilities to
synthesize other various types of PTPs.

3.2 Photopolymerization of vinyl monomers by
PTPU

Photopolymerizations of styrene and iso-
butyl methacrylate (iBMA) were carried out with
different PTPU/monomer ratios in toluene. After the
photopolymerization, the reaction mixture was
evaporated to remove toluene and residual monomer in
the dark, and further dried under reduced pressure
in the dark at 50 C over night. The conversion of styrene
was calculated from the non-volatile components.
Experimental details and results are shown in Table 2.

The concentration of PTPU influenced the yield of
blockcopolymer. The conversion of the monomers
increased with increasing proportion of PTPU. This
may be due to the different concentration of the photo-
initiator units in PTPU. Polymerization rate of styrene
is very slow compared with the rate of iBMA. The
conversion of iBMA for 10 hr reached 86% in the case
of PTPUABMA=25/75 (run 2b in Table 2), compared
with the case of PTPU/St (run 1c in Table 2). It is
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Table 2 Photopolymerization Initiated by PTPU

Feed Irradiation Conversion

Run “brpy St iBMA  Toluene  PTPU/Monomer time of monomer
® @® @ @ (wt.fwt.) (hr) %)

la none 4.00 - none - 15 4

1b 0.20 1.80 - 2.00 10/90 15 24
1c 0.50 1.50 - 2.00 25/75 15 43
1d 1.00 1.00 - 2.00 50/50 15 58
le 1.40 0.60 - 2.00 70/30 15 80
2a 0.20 - 1.80 2.00 10/90 10 78
2b 0.50 - 1.50 2.00 25/75 10 86
2c 1.00 - 1.00 2.00 50/50 10 99

Table 3 Composition of Reaction Mixture (1), Polymerization of Styrene by PTPU

Composition of reaction mixture (wt.%)

Molecular weight (Mw, g/mole)

Conversion"

Run of St (%) Insoluble Soluble in Soluble in Insoluble Soluble in Soluble in
part methanol cyclohexane part methanol cyclohexane
1b 24 60 1 39 79,200 - 27,100
lc 43 67 3 30 65,700 17,700 15,000
1d 58 84 5 11 53,800 15,900 5,100
le 80 86 9 5 46,900 31,000 1,100

) polymerization time: 15hr

known that
(Irgacure 1173) acts very effectively as an initiator for

phenyl-(2-hydroxy-2-propyl)ketone

curing systems based on methacrylates because the
triplet-exited phenyl-(2-hydroxy-2-propylketone is
much less effectively quenched by methacrylate
compared with styrene.? That is one of the reasons
why the rate of styrene block-copolymerization is
slower than the rate of iBMA in this system.

104 o 10° 108
Molecular Weight

Fig. 5 GPC chromatogram of extracted polymers of run 1lc.

Reaction mixture (—), Insoluble (—),
Soluble in methanol (—--),

Soluble in cyclohexane (----)
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3.3 Extraction of styrene-blockcopolymers
by PTPU

The reaction mixture containing polyurethane-b-
polystyrene and both homopolymers was separated
by extraction due to its different solubility in
boiling methanol and cyclohexane. The turbid
extract solutions of the reaction mixture were
centrifuged at room_ temperature for methanol
extraction, and at 40DC for cyclohexane extraction
because polystyrene is soluble in cyclohexane above
35C. Experimental details and results are shown in
Table 3 and Fig.5.

The composition of the reaction mixture shows that the
majority of the mixture is insoluble, i.e., polyurethane-
polystyrene blockcopolymer. Furthermore the GPC
chromatogram also shows that the main part of the
reaction mixture is the insoluble part. In all cases, both
homopolymers that are soluble in either solvent were
detected in the mixture. However the soluble parts are
contained in very small amounts. Especially the
composition of the insoluble part of run 1d and 1le
reached 84% and 86%. These results indicate that this
technique is as effective as the blockcopolymer
synthesis by using iniferter-systems,» macroazo-
systems” and macroperoxide-systems,” which are well
known as techniques to achieve high yield, about 80
wt% of blockcopolymers.
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Blockcopolymer syntheses with macroinitiators
having terminal benzoin methyl ether group were
reported by Yagci et al.® (Fig.6).

O H,

OO O
o} o

Fig. 6 Photo-macroinitiators having benzoin methyl

ether group.

In the case of benzoin methyl ether, UV-irradiation of
the macroinitiator resulted in the generation of a pair of
radicals. Both radicals are capable of initiating the
polymerization of unsaturated monomers. By this
means, a mixture of homopolymer (initiated by
benzoyl radicals) and block copolymer is produced.
Therefore the content of blockcopolymer in the
reaction mixture is not so high. On the other hand,
UV-irradiation of the alkylphenone moiety in PTPU
causes 0 -cleavage and provides benzoyl radicals bound
to the polymer chain end and 2-hydroxy-2-propyl
radicals (Scheme 2). From our results, it is suggested

e ON S0 0adON

H, CH,
OO = O350
0]

/ O
CH, CH,
CH
OH i C<I3-|30H
o N ol o, b
o CHs o G+ "

Scheme 2 Photochemical Reaction of Polymer
Chain End of Macroinitiators
that the initiation activity of the both radical species is
different, and that the 2-hydroxy-2-propyl radicals have
little initiation activity in this system. This is one of the
reasons of the high yield of block-copolymer formation
by using this technique.

IR measurements of the soluble and the insoluble part
of the mixture were also carried out. In the chart of the
soluble part in cyclohexane, both of the two peaks were
observed at 699 and 759 cm™ assigned to polystyrene
and the peak at 1718 cm™ assigned to polyurethane.
And in the case of the soluble parts in methanol, both
peaks were also observed. Therefore both soluble
parts most probably contain polyurethane-b-
polystyrene, where one block has only a short block
length.

Homo-polystyrene, the soluble part in cyclohexane,
increases with increasing ratio of styrene monomer to
PTPU. As shown in Fig.4, PTPU contains low
molecular weight part having HPPK moieties. A part
of homo-polystyrene may be formed by

DIC Technical Review No.6 / 2000
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Temperature (°C)
Fig. 7 DSC curve of insoluble part of run 1b.

photopolymerization initiated by the PTPU origomers
such as HPPK-HMDI-HPPK. Furthermore styrene
monomer polymerized a little without initiator under
this condition, as shown in Table 2 (run 1a). Therefore,
the formation of the homo-polystyrene may be not only
due to photopolymerization initiated by HPPK
moieties, but also due to self-polymerization of styrene
and/or chain transfer reactions in this polymerization
system. On the other hand, homo-polyurethane, the
soluble part in methanol, increased with decreasing
proportion of styrene monomer to PTPU. The GPC
chromatogram of the soluble part in methanol roughly
indicated two distributions, one is the part over 10,000,
and the other is below 10,000. The higher one is very
similar to the high molecular weight part having no
HPPK moiety in PTPU described above (see Fig.4).
Therefore, it seems that the soluble part in methanol is
formed not only by inactivation of PTPU but also from
the polyurethane having no HPPK moiety.

Tg of the insoluble part was measured by DSC. Tg of
PTPU and homo-polystyrene were measur
previously, and a Tg of -313% for PTPU and of 99
for homo-polystyrene were obtained. DSC curve of
insoluble part of run 1b in Table 2 is shown in Fig.7.
Two shoulder peaks were observed in the DSC curve,
and Tg's of -23 0 and 93 O were calculated.
Therefore it seems that both Tg's can be assigned to the
polyurethane segment and the polystyrene segment of
polyurethane-b-polystyrene. In the case of run 1c, two
shoulders were also observed similarly. However in the
case of run 1d and 1le, only one peak on the basis of
polyurethane was observed. This may be due to the
short chain length of the polystyrene block, so that no
real polystyrene Tg-peak appeared but only a shoulder.
3.4 Extraction of iBMA-blockcopolymers by PTPU

The reaction mixture containing polyurethane-b-poly-
iBMA and both homopolymers was separated by
extraction based on the different solubility of
polyurethane segment and poly-iBMA segment. In all
cases, the extracted solutions were dispersed.
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Table 4 Composition of Reaction Mixture (2), Polymerization of iBMA by PTPU

Composition of reaction mixture (wt.%)

Conversion” of

Run . Dispersed in Dispersed in Dispersed in
" iBMA (%) Insoluble part P P P
methanol cyclohexane both
2a 78 15 81 2
2b 86 20 56 22
2¢ 99 21 14 64
) polymerization time: 10hr
Table 5 Photopolymerization of MMA Initiated by PTPs
Macro- Feed Conversion” Molecular weight(g/mole)
Run initiator 1 of monomer
MMA  Solvent? PTP/MMA — — —
L
3 PTPE 0.50 1.50 2.00 25/75 57 14,000 54,000 3.90
4 PTPSi 0.50 1.50 2.00 25/75 55 32,000 87,000 2.75
5 PTPSt 1.00 1.00 2.00 50/50 46 (See Table 6)

1) Run 3 and 4 : acetonitrile, Run 5 : toluene

2) Polymerization time : 4 hr

Table 6 Composition of Reaction Mixture (3), Polymerization of MMA by PTPSt

Composition of reaction mixture (wt.%)

Molecular weight (Mw, g/mole)

Conversion of ?

Run MMA (%)

Soluble in

acetonitrile

Insoluble

part

Solub

cyclohexane

Soluble in Soluble in

acetonitrile cyclohexane

le in Insoluble

part

46 78 13

9

261,000 82,000 161,000

7) polymerization time: 10hr

104 10° 100 107

Molecular Weight
Fig. 8 GPC chromatogram of extracted polymers of Run 5.

Insoluble (—), Soluble in acetonitrile (—-—),

Soluble in cyclohexane (——-)
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Experimental details and results are shown in Table 4.
The results of the extraction were quite different from
the case of polyurethane-b-polystyrene. The turbid
solutions were tried to separate into each component by
centrifugation. However it was inseparable into each
component clearly. Most of the reaction mixture was
dispersed in either methanol or cyclohexane, and a
small amount of precipitate was obtained. This
insoluble part shows a different solubility from the both
homopolymers, i.e., polyurethane-b-poly-iBMA. An
interesting point is, that some part of the mixture could
be dispersed in both methanol and cyclohexane,
especially in the case of PTPUABMA=50/50 (run 2c in
Table 4). This dispersed part in both solvents also
shows a different solubility from both homopolymers,
namely this part could be also polyurethane-b-poly-
iBMA which is composed of a long chain of either
polyurethane or poly-iBMA and a short chain of the
other segment.
3.5 Photo-polymerization of methylmethacrylate by
using various PTPs
Photopolymerizations of methylmethacrylate (MMA)

DIC Technical Review No.6 / 2000
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by using other photo-macroinitiators, polyester type
(PTPE), polydimethylsiloxane type (PTPSi) and
polystyrene type (PTPSt) shown in Table 1, were
carried out to obtain corresponding blockcopolymers.
Experimental details and a molecular weight of the
reaction mixtures containing blockcopolymers are
shown in Table 5.

It was confirmed that MMA was polymerized by
irradiation in all cases. Accordingly it is considered
from these results that the corresponding
blockcopolymers were formed similarly to the case of
the experiment by using PTPU.

In the case of photopolymerization by PTPSt, the
mixture of blockcopolymer and homopolymers
was separated by extraction with cyclohexane
and acetonitrile. The reaction mixture after
irradiation separated into two phases, a
somewhat cloudy solution and a white precipitate.
MEK was added to the mixture until it becomes a
clear solution. The solution was poured into
methanol, and the polymer was dried under
reduced pressure.

The composition of the reaction mixture shown in
Table 6 shows that most of the mixture was
insoluble, i.e., polystyrene-polyMMA  block-
copolymer. This result indicates that styrene type
photo-macroinitiator also acts very effective for the
synthesis of vinyl polymer-vinyl polymer
blockcopolymers. The molecular weight of soluble
part of the reaction mixture in cyclohexane is very
similar to PTPSt, and the insoluble part has a
higher molecular weight than PTPSt. A GPC
chromatogram of the separated polymers is
shown in Fig.8.

4 Conclusion

It has been demonstrated that HPPK which has a
modifiable functional group can easily react with
various pre-polymers, and that photo-dissociable
group-terminated polymers containing HPPK act as
effective photo-macroinitiators for blockcopolymer
synthesis. Polyurethane -b- polystyrene  were
synthesized in very high yield, and could be easily
separated from the reaction mixture. Our results
indicate that this technique is one of the most effective
methods to achieve high yields in blockcopolymer
synthesis. By using this technique, it is possible to
synthesize various blockcopolymers with interesting
properties, which might be useful as e.g. polymeric
emulsifiers and compatibilizers.
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Table 1 Ink Formulation
Conventional Ink Common Soy Ink Naturarith 100

pigment 10-30 10-30 10-30
resin 30-40 30-40 30-40
vegetable oil 10-15 20-25 40-50
solvent 20-30 10-25 0
additives 0-5 0-5 0-5
100% 100% 100%
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Table 1 Properties of “ XS-610"

Surface paper OPP PET
Adhesion E E E
Scratch Test E G E
Lightfastness E G G
Peel strength(N/(15mm width)) 0.30 0.25 0.35
Hot water (700C) resistance E G E
H,0, resistance E E E
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E : exellent , G : good , F : fair , P : poor

DIC Technical Review No.6 / 2000

oooooono

gooo
gooooooooono
goboooooobooooooo
TELO 06-6381-8413

59



goboooboogn

Digital Asset Management System “ Cudic®”
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New Crystal Form of Indanthrone Blue Pigment

“ FASTOGEN®Super Blue 6101”
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Table 1 X-ray Refflactive Peak (260 O deg)

o Type 5.6 11.2 123 23.0 245 26.3 27.1
6 Type 6.3 11.1 13.0 16.6 225 23.8 27.0

o [1[]

“ FASTOGEN Super Blue 6101" Do OO0 OO0
oooDoooooooooooooooooooon
oooDoooooooooooooooooooon
oooDoooooooooooooooooooon
0oo0ooooooooooo4s000000o0o0n
00000 000aDO0~0 (Hue angle:H®O O O
(Croma:CHOODODODODODOOODOOOOOOOOO
000 FigO0OOood

o 00000O0ODO00OO00OOODOODOOODeo0Nn
0 0000o0oooooooooo2r7o00000
oooooooooooo-1k00-7500 000000
goooooogo3o0Doooooooooooan
O000O000" FASTOGEN Super Blue 6101”7 00O

80
(Detection| angle)
C*,g (l&cident aLgIe:aS)
175
70
B6101 ? 60
65
a<type 8—typi
N )
o 55 75'_‘lq ‘ 30
S 50 b \
§ N, \
4 a5
N k 15
a0 RS s
35 \—.\ -15
S
0 15
30
25 !l””:yg
-75
20
260 270 280 290 300 310

Greenish +— H* —> Reddish

Hue angle
Fig. 2 Chromaticity diagram of metallic paint
panel used C.I.Pigment Blue 60; Incident

angle: 45°, the numbers show detection angle.

DIC Technical Review No.6 / 2000



goobooboogo

obOoooO0ooboobz2000000cO00OD0OOO
obOoocoOooboooooboobcOoooOonasoon
gobooooooooooocoobooooobooooon
gobooooooooooocoobooooobooooon
gobooooooooooocoobooooobooooon
gobooooooooooocoobooooobooooon
gobooooooooooocoobooooobooooon
gobooooooooooooo

e 00O
cooboooooooooboocOobooooooon
000000000 Fg3000O0O0OOOOO0OO0OOO
“ FASTOGEN Super Blue 6101 O0OO0OO0OOa OO
gobooooooooooocooboooooboocooon
goboooooooooooon

1.6

L4 | [ENon-wax
: |
MWax

1.2

1

AE*

0.8

0.6

0.4

0.2

FULL 1:1 Al 1:9 Al
SHADE
Fig. 3 Outdoor exposure test of paint panel for 2 years

in Florida; Acryl-melamine.

6.0

Mix=B.15+V.23
5.0

4.0

3.0

AE*

20

1.0

00 72 | 144
hours

Fig. 4 Color difference of metallic paint panel to

accelerated exposure test; Pig/Al=1/9.

DIC Technical Review No.6 / 2000

oboooocooooobOOobOoboooocooboooog
coooooooocooboocoobobocoobooooo
O (C.l.Pigment Violet23) DO O O0O0OOOO0O0O0OO
coooooooocooboocoobobocoobooooo
coooooooocooboocoobobocoobooooo
OOO0OO00O0O00DO00O0 FASTOGEN Super Blue
6101” O0OOO0OOOO0OO0O0DOOCOOO0O0O0DOO0O0
coooooooocooboocoobobocooboooo
oooyooooo/mooooobooooooon
gooooooooo FigdODODODO

“ FASTOGEN Super Blue 6101”7 O OO0000O0OO
coooooooOoocooboocooboobocooboooo
coooooooOoocooboocooboobocooboooo
cooooooo

gooooon

“ FASTOGEN Super Blue 6101 O0O000000O0O
coooooooocoobooooboobooobooooo
coooooooocoobooooboobooobooooo
coooooooocoobooooboobooobooooo
coobooomoooooooooooooboboooon
coooooooocoobooooboobooobooooo
coooooooocoobooooboobooobooooo
coooooooocoobooooobooboo

oo

Voooo00o0oooooo0o0oooooo

2)000000000000000000000

300000000000 00o0o000oooo0ooon
gooao

goboooo
ggod
goboogon
gogbogooboo
TEL:0299-93-8164

63



goboooboogn

High Chroma Turquoise Phthalocyanine Pigment

“* FASTOGEN®Blue 10GN”
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DVD Bonding Resin * DAICURE®CLEAR SD-661"
DVD-ROMUO OO O0OOO* OO00O00O®0000SD-661”
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Table 1 Physical Properties of SD-661

Item

Typical data | Condition etc.

Before curing
Color

Viscosity
Refractive index
Surface tension

Pale yellow | Visual
590 mPalls | 2500, Brookfield viscometer
1.498 n,”, Abbe
38 mN/m 230

After curing

Tg 100 Measurement of dynamic viscoelasticity
Modulus [(tand ),,]
300 2 MPa Rheovibron DDV ITEA
500 4 MPa Frequency 3.5Hz
750 6 MPa Temperature rising speed 3 00 /min
1000 6 MPa
Shrinkage on curing 6.7 % Density method
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Fig. 2 Change in PI error of DVD-9 bonded with SD-661.
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Water-base Coatings for Moisture-barrier Wrapping Paper

“ PATELACOL®PHB-500" Series
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Table 1 Specifications of Moisture Barrier Coatings

“ Patelacol”

Resin HB-512 HB-521A HB-523

N.V(%) 49-51 48-50 47-49

Viscosity 50-100 100-500 100-500
(mPals)

pH 7.0-8.0 7.5-9.0 6.8-7.5
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Table 2 Comparison of Moisture Barrier Papers Coated
with "Patelacol"

Resin HB-512| HB-521A HB-523 | polyethylene

with Al:(OH)s | with Al(OH);| laminated

Coating weight
, 10-15 17-27 17-27
(g/mn)
Moisture-
permeability | 40-19 39-19 45-25 45-20
(g/m’.24hr)
Repulping [Excellent  Fair Good Bad

Anti-blocking [Excellent  Good Excellent | Excellent

Anti-slipping Fair | Excellent | Excellent | Excellent

Main uses Mill Wrapper for| Wrapper for|Wrapper for

wrapper|