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A study on Dispersion and Nanocrystallization

Characteristics of LCD Colorfilter Pigment

Song-Hyuk Kim

Department of Industrial & Engineering Chemistry, The Graduate School,
Pukyong National University

Abstract

Phthalocyanine material has been widely used in many field of organic
pigment, chemical sensor, electro—chromic display device, photovoltaic cell,
xerography, ‘optical = disk, / catalysis, non-linear optic, etc. Epsilon copper
phthalocyanine (e-CuPc)| has a reddish hue, a high clearness and a high
tinting strength as compared with other crystal forms of CuPc. Therefore,
nano-sized e¢-CuPc has been used as blue-component color filter in high
quality liquid ecrystal display (LCD) panel due to its thermal stability and
bright hue.

In this study, after e-CuPc crude was synthesized by seed method from
1,2-dicyanonbenzene and copper chloride as starting materials, the crude was
crushed and grounded by using ball-milling. To prevent the change of crystal
form during the ball-milling, various phthalocyanine derivatives having
different side group were added. Particle size, shape and crystalline structure
were evaluated in the various milling condition such as milling speed, milling
time, size and charge amount of bead, and kind of derivatives.

Finally, the possibility of its commercial use was found because e—CuPc with

the particle size of below 50 nm was fabricated successfully round shape in

- xiii -



high stability.

Chemical structure was confirmed by utilizing infrared spectroscope. Particle
size, shape and crystalline structure were compared and evaluated after
particle size reductions by using transmission electron microscope (TEM) and
X-ray diffractometer (XRD). Also the behavior of phase transformation of
nano-sized e-CuPc was investigated in various condition such as solvent
and temperature. Finally, dipersion and thermal properties of samples were
analyzed by particle size analyzer (PSA) and thermogravimetry analyzer
(TGA), respectively.

Pigment yellow 154 (P.Y:154) is a benzimidazolone pigment which has been
widely used in the.fields of printing ink, plastics, color toner, and color filter,
etc. It is a greenish to medium yellow shade pigment with. excellent light
fastness, heat resistance, - solvent resistance, acid resistance and alkali
resistance. In this study was synthesized by cold coupling reaction. After
that, sample was grown at various solvents, dispersion derivatives and
temperature to improve dispersion property by the use of autoclave. The size
of particle, shape and crystalline. structure were controled at reactions factors
such as time, temperature; various solvents according to the polarity of the

solvent.
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precursor.
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Figure 1-1. The molecular arrangement of e—copper

phthalocyanine.
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Figure 1-2. The XRD patterns of e-phase copper phthlaocyanine.
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Figure 1-3. Dispersion mechanism in the dispersion process.
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Figure 1-5. Schematlc molecular structure of dispersant.
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Figure 1-6. Unstable state- po

process.
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Figure 1-7. Schematic of improved dispersion of CuPc by CuPc

derivative.
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Figure 1-11. Inside movement during ball milling.
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3.4 3§
3.1 Ao

HOAFE FxERZAolY crudeE 371918 phthalonitrile
(Acros Organics Chemical Co., 98 %), copper dichloide (Aldrich
Chemical Co., 97 %) % ¢ copper phthalocyanine (Toyo Ink Co.,
99%)5 7|E =% =d= ARgsiglen wkE gviE ARgShe
ethylene glycol (Junsei Chemical Co., 98%), AAIfle] ZhE AL-83FA
t. sz RAold Crude $4% ERTAA ARSH = 4kA H7F 2
TS 98 phthalimide  (Aldrich =~ Chemical Co., 98 %),
paraformaldehyde .(Aldrich Chemical Co., 95 %), sulfuric acid (Ducksan
Chemical Co., /97 %), urea (Ducksan Chemical-Co., 99.5%), copper(I)
chloride (Aldrich Chemical Co., 97 %), trimellitic anhydride (Aldrich
Chemical Co., 97 %), , ammonium molybdate (Ducksan Chemical Co.,
99.5%), 1,24-Benzenetricarboxylic anhydride (Aldrich Chemical Co., 97
96), nitrobenzene (Aldrich Chemical Co., 98 %), 4-nitrophthalonitrile
(Aldrich Chemical Co., 99 %), p-xylene (Aldrich Chemical Co., 99 %),
boron trichloride 1M -in  p-xylenel (Aldrich -Chemical™ Co., 999 %),
2-naphthol (Aldrich Chemical Co;, 98 %),
2-amino-1-naphthalenesulfonic—acid - (Aldrich Chemical Co., 98 %),
tetrachlorophthalic ~ anhydride  (Aldrich  Chemical Co., 96 %),
1-octanethiol (Aldrich Chemical Co., 985 %), potassium carbonate
(Aldrich Chemical Co., 99 %) , methanol (Ducksan Chemical Co., 98%)
toluene (Ducksan Chemical Co., 99.5%), 15-diisocyanatonaphthalene
(Tokyo Chemical Industry Co., 98%), 3-(2-ethylhexyloxy)propylamine
(Tokyo Chemical Industry Co., 98%), BYKI163, BYK2000, BYK2001
(BYK Co.,), 1,24-trichlorobenzene (Aldrich Chemical Co., 99 %),
Indanthrone(PB60) (Tokyo Chemical Industry Co., 98%), pigment red
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177 (First Color Co., 99%), ant-BA (First Color Co., 99%),
1-amino-4-bromoanthraquinone-2-sulfonic acid sodium salt (Tokyo
Chemical Industry Co., 98%), NP-TO (First Color Co., 98%), NP-AS
(First Color Co., 98%), 2-Naphthol (Tokyo Chemical Industry Co.,
99%), =1 FAA AFEH &ulZ+= ethyl ether (Ducksan Chemical
Co., 995%), ethyl acetate (Ducksan Chemical Co., 99.5%),
N,N-dimethylformamide (DMF) (Ducksan Chemical Co., 99.5%),
N-methylpyrrolidone (NMP) (Ducksan Chemical Co., 99.5%), ethylene
glycol (EG) (Ducksan Chemical Co., 99.5%), dimethyl sulfoxide
(DMSO) (Ducksan Chemical Co., 99.5%), ethanol (Ducksan Chemical
Co., 99.5%), diethylene glycol (DEG) (Ducksan Chemical Co., 99.5%) =
5 AA glo) adl® AFE-sAt

32 ¢ AR FZEZ Aol cruded A

e-CuPc crudeZ. §437] 213t PID controllerZk H-2td 71 wE
SE719  ww7b REARD 280 mb S2utd ArEEksde]
0.1

phthalonitrile (12.8 g, mol), copper dichloride (3.28 g, 0.025 mol),
il

seed?l e-CuPc (0.1 g)& WA FYstA L, oJ7]9 ethylene glycol &
Z ¢ 100 ml #7tetdch EFES oF 108 B9k MM WA 73, oF
3 C/min® <2 £%2 40C7HA 7FEA 7 &, 9b& AZHE 2 hist
AN whgo] REW Ao

WZhA 7, ge) olatstel §olE
AAS I, vigeE AR F oF 70 CAA 12 AF AEAAA
QAo A ARES Atk A7} 9

1-2¢] YR ATH26].

o
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Scheme 1-2. Synthesis mechanism of copper phthalocyanine.
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HE

3.3.1 Chloro [2,9,16(2,9,17)-trisnitrosubphthalocyaninatolboron (Su
bPc)9 A4

SubPc & 343t7] ¢35te] & Z2k22=°] 5 mmole| 4-nitrophthalon
itrile ¥} 5 ml2] boron trichloride &<} (1M in p-xylene)2 F¢3F

H
of2 3 FEL7|EFA HFSES HHs|awtelH A 5 C/ming] &%

%,
ER2 140 T7HAL 24120 ¥, 1 h ¢ FEAAT FHES 2o
WzhA 7)1, ghsbetel &uiE A AAZL 5 °F 60Tl A 12 h &<t X
AZAZY, #F 4 S22 column chromatography (SiO, ethyl acetate)ZE
o] &sto] AxH FAH== AAsSI FAle] BAAAS AATH27].

3.3.2 1,5-di[1-(3- (2-ethylhexyloxy)propyl)-3-methylurealnaphtha
lene (NP-S)9] 34

NP & &4d3t7] ¢lsto]
ine 9.5 mmol& A3 AHHEHA 5 C/mine] $&&H%== 15 - 20 CT7F
A F2A171 % 15-diisocyanatonaphthalene 4.75 mmol< 3 ml9]
tolueneo] =<l &3t&Eo 20 min 5 A3 A7} 9 5 C/mine <+
=EE8 50 CT7HA] s2A171 %, 5 h &<t F4AAT 4= 2422
2 WAL, et &ulE AAAZ F, e AFHT 5 ok 70

5

TAA 12 et 5 AXAAA Ao A 2HS AATH28I.

o

f

rg

Z gt = ol 3-(2-ethylhexyloxy )propylam

ol
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3.3.3 Hexadecachloro copper phthalocyanine (16CICuPc) ¢ A

16CICuPcS A 3sH7] 9lste] T Zgk23o| 1,24-trichlorobenzene
(50ml)el tetrachlorophthalic anhydride (4.5 g, 15.7 mmol), urea (15 g,
250 mmol), copper(I) chloride (1.5 g, 15 mmol), ¥+ Zv] 2 ammonium
molybdate (0.07 g, 1.29 mol)E A}-&3Fth WHSES HHs| wwtabd A
5 C/min® $&5%=2 200 CW}X] s2AZ ¥, 5 h ¢ FAAAAL

dyEe Aeow »gmwm aoq gl AAND T, °F 90T

3.3.4 Hexadeca(octaoctylthiophthalocyaninato) copper(I) (PC-OC)
o &4

Hexadeca(octaoctylthiophthalocyaninato) copper(I) < $4sl7] 98]
T Zg24a9 333 Aei FgASE 16CICuPc 2 g9l potassium
carbonate (4 g,~15 mmol), (16.24 g, 111.2 mol), copper(I) chloride (1.5
g, 15 mmol), W8 =1 =2 -ammoniummolybdate (0.07g, 1.29 mol)E A}
L3t EES e mukskHA b C/mmA SeEEE 200 Tt
A 24120 % 5 h ¢ AT FAES Aew WA,
dete] &ulE AAAIZL F, F 0T FHT ILE AHF H#{eE 300

AFstAT. oF 70TCelA 12 h &< g dAx=AZ 5, Asd W

= o]&ste] WgEE Tt AHAIN ¥ vl dFxste] A
o] A AAEE AAH30].

m
H
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3.3.5 Sulfonated copper phthalocyanine (PC-S04) ¢ &4

Sulfonated copper phthalocyanineE 4 3l7] ¢18te] PID controller”}
F2E Uk wmEel 5719k wwky|7h BaE 250 ml e uke A E
o)

71 3.2 Aol A A3+ copper phthalocyanine 5g = 3 min (422 05
g A #H7IstAt £ ES °F 10 min &9 A wHkAl 7|3, ok 3 T
=
O

/min®] T HEZ 80T7HA 7FAAIZ &, wkg AIE
A ==

Aol fuming sulfuric acid 50ml FYaFA 3L, AH3] wHstHA o

At} vk go] gtmEM o] Fiste] 10
b ke ZqE of skl BujE AASIL, pH = 7o) 2 WA SR/
= FA e A A
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3.3.6 Phthalimidomethyl copper phthalolcyanine (PC-IMID)9 $4

Phthalimidomethyl copper phthalolcyanineE ¥A3l7] 93te] PID
controller’} #-2t¥ 719 W&o $Z7]9F witr|7F 22E 250 ml T
e At Z el A~ =0 sulfuric acid 30 ml FYaR L, A wylk shA
A o] 7)o 3.2 Aol A3 copper phthalocyanine 3 g2 3 min +4 2
2 05 g¥ #H7Fgk &, paraformaldehyde (1.2 g, 39 mmol) & #H7}sF &
EES 9F 10 min &9+ A3 1WA 731, phthalimide (5.14g, 34.9
mmol) & 05g & 3 min F2 22 H7IstE 3 C/ming ¢ £58
100C7HA] 7FEA R §, g AIZFS 4 h 5k FAAIAT wgo] =
HA Aoz WyzkAl7)a, 1LY SHFF FYsted 10 min F wREAIZ]
T 1t AFEfe] gvlE AASEA, PH = 70 2 WA THFE A
171 %, ¢F 70-TCollA 124852 €5 BEANAA Z& s4Y 14 274

o)

ATH32].

>

= O
2=
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3.3.7 Tetracarboxylic copper phthalocyanine (PC-COOH)¢ %4

Tetracarboxylic copper phthalocyanine < ¥Alsl7] €3le] PID
controller’} H-#%¥ 7}d WEd] $=7|9 wwkr|7F F&=E 250 ml T
nig AtE gt~ 39] trimellitic anhydride (12 g, 53 mmol), urea (30 g,

39 mmol), ammonium molybdate (2 g, 0.5 mmol), copper(I) chloride (3

=
S N7e 5 h Bet fAAAY. FHE
o] g2 AAXNZ F, k90T FF
AFEATE ok T0TAA 12 h &<k I& dx §F, Hsd s o8
sto] WS 2 shREt AHAZ F, g Azt g mAe 1A

A4deS AAH33]

e
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s

B $8E o]&st e sZEEA oY Yyt A4 7 cm9
PPAjAe] ®ol #74 03 mm A=3Yo} Hl= 200 g, 0.5 mm H= =7
100 g, vl (hexane, toluen, ethyl ether, isobutyl alcohol, DEG,
Methanol, Ethanol, DMF, NMP, EG, DMSO)Z 90 ml 2$1 &3 2
Hdols 5, b, oA 2HE A7V fE A wiRA (2=
Alebd BYK #4A4)ES 03g FHskel 400

% %
RPMO 2 547 Rastaiel. 2% Al olgste] n=g A4

Z8te] FAA 7L Fede Al H =
70] A W7A| Al A AL A A EAHL 70T 12 h T &€
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35 54 % £4

3.5.1 FT-IR spectrometer

St A BE9 FREALS KBro AlEE o] mstolA pelletE A
%3 3 FT-IR spectrometer (GX, Perkin Elmer, USA)E A}-&3}o] =
AatAtt

3.5.2 X-ray diffraction

FAH A5 AAHLS FAet7] 98 X-ray Diffraction (XRD; X'pert
MPD System, Philips Co. Ltd, England)S A}&3st3don, =34 2712
Cuka, 40 kV-30 mA, scanning speed 3 C, =4 H$= 20 =5 ~ 45°
=2 k3l

353 3% =7]
A" Age 24 7S AAsH7] & X-A I E gae st

2}l e] Hlo] B Scherrer 4.2 Ab&8ES oo} ol 3% EH34].

K\
p - [-cosf

B: A=A ¥bx]Z (FWHM, full width at half maximum)
O : By 1 7} (Bragg angle)

K: Scherrer’d< (K = 0.918)

A ARSE X-Ade) 9 (A = 0.1542 nm)
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FHE Aol B 34 F ey Frazdehds 24 =2 8] 9
sto] 35249 WHoz Z4F X-4 A4 WAE AHgdtel ofdle] wANL
E3e] T

F3t el BA Hol Y= A BN olgstel A4 %
i, Bt edel B Hlo] U 4

At

(A-E) /AA=E~+C)

E! = q&F / eiF
i (B=E)y B E*D)

(e} (e}
E° B /e

A o’ Cubc 54 314 & & (201268 £ 0.2°)
B : B4 CuPc &4 3d A= & (20 = 7.0°+ 0.2°)
C: e CuPc 54 3EATE 3t (20200058 0.2°)
D : ¢4 CuPc. 54 3= 3t 208=6°+ 0.2°)
E : 20 = 867 £0.2°8 HIA 54 8F dx 3

3.5.5 Transmission. Electron Microscope

FHE AR WATE 2N 98 94 39 0 9 219 24

#3te] Field Emission Scanning Electron Microscope (FE-SEM;
JSM-6700F, JEOL, Japan)S A}-&3Fith.
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3.5.6 A7 Test
3.5.6.1 AA Test

1y T4 F A8 M4E Hoover's muller’] & o] &3k4] ofullf 3

A e golsgr] 98 TiO, &

J

3562 £33 &4 L AME Test

49 ¥4 F Al&EE PGMEA €7 20 mlel A& 1. g& 45 min ¢
FHRJAE oA 7AE o] &3te] £4AA OHP ZF9] el vtay S 3o

1 min ¢ €35 &A=xse 4=, 54 Portable Sphere
Spectrophotometer (SP62, X-Rite, USA)= ©]-8-3}o] Hunter 2 x}A o] i
A= (L, whiteness), 4% (a, redness), &A% (b, yellowness) % =
A A el Mz} (AEu, overall color difference)S o} e 215 AL-831o]
SAsH o), Zb AR EHREE B FA4E7] #Fo UV-Vis

spectrum(M-3150, Shimadzu Co., Ltd)S ©]-&3}o} &4 3k v}

357 €4
Alge] 4 AHAE syl fste] TG-DSC (Perkin-Elmer, Pyris

DE o] g3sle] B9 10 C/ming $24£52 50~700C &7 E97]A
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3249 AR Axd Am o x5 E487] 984 FT-IR &
2 X3 A3E Figure 1-139] YEeERdTH Fo42 IR ~2HEHS
A9 B Aromatic phenyl ring TFE&E 1418, 1330 cm 'tlo A 9= &
ghelek 4= glar, 1201, 1224, 1285 cm 'tiell 4] C-N= stretcho] &
gtolgd 4= 9JAt}h. C-H in-plane bending 7%+ 982, 1002, 1161
em ' C-N = bending 7%= 801, 865, 900 cm 'thell Al EA18S &els)
ATH26].

_50_



Transmittance /(%)

1000 1500 2000 25007 3000 3500 4000
Wavenumber(cm-1)

Figure 1-13. FT-IR spectraum of sample.
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4.2 &vd 54

o

J 3k S

=S

e} FZEEA M Cruded 29 Y3t GA & <
st7] 918l 34149 WHoez FAAE FYshA R 3Uit & t
gt FAHAE (0~727F 47 v & Evf(hexane, toluen, ethyl ether,
1sobutyl alcohol,ethyl acetate, DEG, methanol, ethanol, DMF, NMP,
DMSO)E Ab&3ate]l Uwst 345 ety sxaRAjobde AAN AAA
7], A=A 7] R AHFEEE Table. 1-19] HeERYYlon, XA 314 99
ZA3E Figure. 1-14, TEM #4424 #E Figure. 1-159] YWeR AT Z
LB & e 459 AAEEE 35449 HHeE ANAF 8%E <
stelom, gwujel wE =Y A = AHo] oAl &viE  isobutyl
alcohol, DEG,  methanol, ethanol, EG, DMSO=Z 215t} Isobutyl
alcohol, DEG, EG, DMSOQ¢] 4% 75%°]4 2 =& ZAALEE e A
o TEMEA] A3 9x=7]7F 50 nm o] Aoz dA Y3l g84o]
ol X, Z84 w2 JFS ZA Hol et S X AR HAdy
At 53 EEALEY S44E 51~528 7FA+= methanold ethanols
A& RS Al B A TR 70%0]4 o™, =+ =7]7F 20~50 nm
2 Yxgrt &40t 53], ethanols ALEE 4 A5 AAHTE
7b 72%, JAI7)E-20~50"nm= 7hE BlAFAd Euiels Es)
olg]al AARAe Holx= & n electron donating®} AHH3}o| Ao 3
Al b E-AA%3 zedzAobde] Fz g os nda=o
Wk wAska, 1 A HErE A A FEe /1A Tash A

el g2 A§se dom ARdn3s].
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Table 1-1. Crystal phase of samples after milling with various

solvent
. . Crystal Crystal patical
Sample Kind of Solvent Polarity a . b .

phase”(%) size’(nm) size (nm)
a: 12

standard - - 17 30-50
e 88
B: 54

S1 hexane 0 14 50~100
e 46

S2 toluen 2.4 B 16 30~50
B : 63

S3 ethyl ether 2.8 17 100~300
e 37
. a: 13

S4 isobutyl alcohol 4.0 _ 15 50~ 3um

Eras

B 40

S5 ethyl acetate 44 15 30~50
e 160
a: 30

S6 DEG 5.0 11 50~500
e 70
a - 30

S7 methanol 5.1 9.9 20~50
e 70
a - 30

S8 ethanol 5.2 13 20~50
e 72

S9 DMF 6.4 B 26 70~200

S10 NMP 6.7 B 26 40~200
. 13

S11 EG 6.9 e 87 15 50~ 1um
ol 28

S12 DMSO .2 . 13 100~500

e

? peak intensity at 20 = 6.8°+ 0.2°, 7.2°+ 0.2°(a phase), 26 = 7.0°+ 0.2°, 9.2°+ 0.2° (B
phase) and 26 = 7.68°t 0.2°, 9.2°+ 0.2°(e phase)

b

obtanied by Scherrer equation
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Figure 1-14. XRD patterns of samples after milling with various
solvents; (A) standard sample (B) hexane, (C) toluen, (D) ethyl
ether , (E) isobutyl alcohol , (F) ethyl acetate, (G) DEG , (H)
methanol, (I) ethanol, (J) DMF, (K) NMP, (L) EG and (M)
DMSO.
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“gib /g},f’f
Figure 1-15. TEM B‘i‘cmﬁf mleg-_ﬁfi%ef’?ﬁiuing with various
solvents; (A) standard samp_le_ (B)_};exane, (C) toluen, (D) ethyl
ether , (E) isobutyl alcohol , (F) ethyl acetate, (G) DEG , (H)
methanol, (I) ethanol, (J) DMF, (K) NMP, (L) EG and (M)
DMSO.
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= A8k
A, FEA GRol oA, S, Aed WA S o wAtA
(g2 Aohd f =i, vzed §5E4, BYK #4H4) 03 g& F3ho]
APS WY ol

2P ase 248, A437] R AAA7]E Table

-20] Yetiglen, XA 34 sj¥-S Figure 1-16, TEM ®41& Figure

Folx AyES ATt g g g Alold {FEA, Jze
= A N-(2-ethylphenyl)-3-hydronaphthalene-2-carboxamide (NP-AS),
2-aminonaphthalene=1-sulfonic acid (NP-TO), 2-naphthol(NP-B), <=
2 Al =4 1-amino-4-bromoanthraquinone-2-sulfonic acid sodium salt
(Ant-BA)&s 9] A5 HHA eido] 80% ooz =2 Fie] dAadE

gl ot BYKEAHAIS] 45 50%c°lst= Aol oA EH7F FA4
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Table 1-2. Crystal phase of the samples after ball milling with

ethanol solvent for various dispersing agents

Sample  Solvent Dispersing e-crysial Crystal size  Patical
agent phase®(%) (nm) size (nm)

standard - - 38 17.6 30-50

DO no addition 60 6.4

D1 Pc-IMID 82 15

D2 Pc-S04 73 13

D3 Pc-0OC 39 15

D4 Pc-COOH 81 19

D5 A 83 15

D6 SubPc 34 15

D7 NP-AS 90 18

D8 ethanol N, TO 94 B 20-50

D9 NE-=S 37 15

D10 NP-B 90 15

D11 Ant-BA 90 21

D12 PR177 33 19

D13 PB60 90 18

D14 BYK163 0 79

D15 BYK2000 40 6.6

D16 BYK2001 39 6
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Figure 1-16. XRD patterns of samples after milling with ethanol
solvent for various dispersing agents; (A) No addition, (B)
Pc-IMID, (B) Pc-SQ4, (D) Pc-OC, (E) Pc-COOH, (F) Pc-COOH+
Pc-S0O4, (G) SubPc ,(H) NP-AS, (I) NP-TO, (J) NP-S, (K)
NP-B, (L) Ant-BA, (M) PR177, (N) PB60, (O) BYK163, (P)
BYK2000 and (Q) BYK2001.
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Figure 1-17. TEM pictures of samples after milling with ethanol
solvent for various dispersing agents; (A) No addition, (B)
Pc-IMID, (B) Pc-SQ4, (D) Pc-OC, (E) Pc-COOH, (F) Pc-COOH+
Pc-S0O4, (G) SubPc , (H) NP-AS, (I) NP-TO, (J) NP-S, (K)
NP-B, (L) Ant-BA, (M) PR177, (N) PB60, (O) BYKI163, (P)
BYK2000 and (Q) BYK2001.
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Figure 1-18. XRD patterns of samples after milling with ethanol
solvent for various crude and milling time; (A) crude 10g for 5
day, (B) crude 20 g for 8 day, and (C) crude 40 g for 12 day.
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) : ;
Figure 1-19."TEM hgictures of samples after ;nilling with ethanol
solvent for vaﬁougikﬁdeﬂﬁnd milling _‘;il%ﬁ;féﬁ crude 10 g for 5
~._ =8 rpg.O% ~
day, (B) crude 20 g for- day,__E(g:) crude 40 g for 5 day, (E)
crude 40 g for 8 day and (F) crude 40 g for 12 day.
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Figure 1-20. ﬁ@ ,ﬂlcture of ample(Bl)“‘mp '-- after bead

e _-"'

milling for 3 h:"‘

Figure 1-21. XRD patterns of sample(Bl) prepared after bead
milling for 3 h.
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Flgure 1-22. /Q{D patterns of samples prepared after a (A) bead

Figure 1-23. TEM pictures of samples prepared after a (A) bead
milling for 30 min, and than (B) ball mill for 3 days.
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Figure 1-24. Color test of samples; (a) e-CuPc crude, and (b) ¢

-CuPc prepared after milling.
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Figure 1-25. Color test of samples prepared after milling with
various dispersing agents; (a) D4, (b) commercial sample, (c) D5,
(d) D6, (e) D7 and (f) D8.

*Symbol was in Table 1-2. described
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Table 1-3. CIELAB L*, a*, b*, of samples prepared after milling

with various solvents

Kind of . L a b AE
Sample Solvent Polarity (whiteness) (redness) (yellowness) (overall color difference)
standard - - 53 -6.77 -50.06 -
S1 hexane 0 54.67 -17.1 -40.27 14.33
S2 toluen 2.4 56.62 -21.57 -36.68 20.27
ethyl
S3 2.8 55.16 -18.8 -39.02 16.47
ether
ethyl
S5 4.4 54.34 ~-175 =42.05 14.43
acetate
S6 DEG 5.0 53.52 -13.87 -45.61 8.39
S7 methanol 51 222 =8.44 -46.27 3.56
S8 ethanol 5.2 52.94 -7.32 -47.38 2.72
S9 DMF 6.4 55.86 -20.71 -34.16 21.34
S10 NMP 6.7 56.35 -20.47 -35.05 20.59
S11 EG 6.9 51.28 -10.45 -34.91 15.68
S12 DMSO (2 52.32 -12.31 -41:51 10.21
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Figure 1-26. CIELAB a*,b* chromaticity diagram of samples

prepared after milling with various solvents.
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Figure 1-27. CIELAB c*, L* tone diagram of samples prepared

after milling with various solvents.
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Table 1-4. CIELAB L*, a*, b*, of samples prepared after milling

with various dispersing agents

Sample Dispersing L a b AE
Solvent .
name agent  (whiteness) (redness) (yellowness) (overall color difference)
standard - - 53 -6.77 -50.06 -
D1 Pc-IMID 52.23 -6.77 -50.06 3.22
D2 Pc-S0O, 52.6 -8.3 -47.32 1.47
D3 Pc-0OC 52.02 =717 -48.7 1.62
D4 Pc~COOH 52.83 -6.95 =48.78 1.82
Pc-COOH
D5 51.31 -7.55 -48.42 8.49
+ Pc-SOq4
D6 SubPe¢ 52.45 =7.86 -41.81 1.66
D7 NP-AS 51.87 -6.23 -49.44 0.99
ethanol
D8 NP-TO 52.64 -4.35 -51.24 2.53
D9 NP-S 51.96 =7.25 =50.87 1.01
D10 NP-B 51.84 -6.41 =48.64 1.66
D11 Ant-BA 52.18 -6.12 -49.05 19
D12 PR177 50.76 -5.05 -49.97 3.52
D13 PB60 52.26 -5.43 -47.68 1.59
D15 BYK?2000 52.62 7.1 -48.69 1.21

_75_



He
D
D

u
L]

D
o
(1]

%

* Standard
P T i B pC-IMID
o Apc-so4
=3 XPpC-0C
¥ PC-COOH
® PC-COOH+PC-504
+ NP-AS
- NP-TO
) “NP-§
b Wy - * NP-B
. s ] ESubPC
% 4 Ant-BA
2 PR177
PB60
® BYK2000

B
A

o
da

Figure 1-28. CIELAB a*,b* chromaticity diagram of samples

prepared after milling with various dispersing agents.
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Figure 1-29. CIELAB c*, L* tone diagram of samples prepared

after milling with various dispersing agents.
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Figure 1-30% Table 1-5¢ uehSdth. 24 %o W& Fa&2 Ao
7P =A YEs e CuPerlis 24 mel e <a < B w2

UV-vis transmittance®] AMmax) ¥ F3& 7S &<lsgdnh

Table 1-5. Properties' of samples prepared by ball mill and bead

mill

Partical Crystal

Sample ¥ ey A(max) Transmittance(%)
B1 30~50 o} 491 64.06
S2 30~50 g 497 66.16
S8 30~50 € 480 57.90
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Figure 1-30. UV-vis transmittance spectra of a-, B— and e-phase

CuPc samples prepared after milling.
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after milling with various solvents.
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Table 1-6 Crystal phase, patical size and A(max), transmittance
of samples prepared after ball milling with various solvents

Sample I:(i);lje:l): Polarity Pzitizceal C;g:stzl Mmax) Trans(r;oi)t tance
standard - - 30~50 € 480 o7.84
S1 hexane 0 30~50 B + ¢ 488 65.87
S2 toluen 24 100~300 3 497 63.57
S3 ethyl ether 28 50~3um f3 489 63.75
S6 DEG 50  50~500 € 481 67.87
S8 ethanol 52 20~50 € 473 65.04
S9 DME 6.4 20~50 [§] 506 56.20
S10 NMP 6.7 70~200 B 503 58.93
S11 EG 69  40~200 € 505 37.33
S12 DMSO 72  50~1pm e 485 60.13
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Table 1-7. Transmittance and A(max) of samples prepared after
milling with ethanol for various dispersing agents

Sample Dispersing agent A(max) Transmittance (%)

standard - 480 o7.84
D1 Pc-IMID 476 62.82
D2 Pc-S04 476 64.73
D3 Pc-0OC 472 70.75
D4 Pc-COOH 473 70.23
D5 e 490 57.74

+ Pc-SO4

D6 SubPc 470 69.49
D7 NP-AS 471 70.45
D8 NP-TO 470 71.43
D9 NP-5S 463 73.07
D10 NP-B 472 70.96
D11 Ant-BA 469 71
D12 PR177 470 69.07
D13 PB60 471 70
DI5 BYK2000 41 72
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Figure 1-32. UV-vis transmittance spectra of samples prepared

after milling with various copper phthalocyanine derivatives.
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Figure 1-33. UV-vis transmittance spectra of samples prepared

after milling with various naphthalene derivatives.
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Figure 1-34. UV-vis transmittance spectra of samples prepared

after ball milling with various dispersing agents.
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Figure 1-35. Thermal stability of crystal phase.
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Chapter II. BenzimidazoloneAl Pigment Yellow 1549]
A4 2 Autoclave 3] WE AAFA 2 A3

1.4 2
2. o] &3 974
2.1 AzoA F7I1¢=

186439l Peter Gries”} Diazo Coupline 8}&ib-&-& wzdg oz &xj
AFEH AL e ERY BE s AASaL 9 =
£ ol 53t 1864 Peter Gries7} Hlopx (71 &)3telubg-o] g ¥ o
1941 7] FRkell A FA7 ol A B2 GE7F S EEA F7IgdR Al
de) A HA oW, 1908l Fast Yellow, 191119l Diazo Yellow7} 27
Hol BAAQL #7IdE ¥ HSt /\]Eﬂﬂ ’\]XLE]Oi‘jr[l].

Greenish Yellowoll ] Bluish Green ®$le] W& A of o =

th ofxA dRT GEHIA=A dgd HE Mgl Wi AR Ert
ot A Hlgol A A8 24 A AmY oF 50%5 A E
ok Fx2ZFd Azo radical(-N=N=)& 7131 {771 ¢t5 2 22 U9 o}z
o

22 4o

78] Feol SlelA obxr] 171Q) A& miohx, 2719 A Tebx, 3719
A% Edobz, 449 AL HEH 2okx o, Edolz o ¥e E
g

obx o @k A of Aol et WAk AuA o Felo] o
A ohz7)7h Aol GAS LR, WA 2 wae] Yk E Hox

BULRHE) S vhre=d AR AVIEdE AR - dERY
[e)



2.2 Pigment Yellow 154.

el
2}
ny
2l
mig
<]

B

’

=

2

Pigment yellow 154 (P.Y.154)¢t5 & <14

e

=l PY.1H4 tsE

s

okl

A=Nye)
o

2H

Lk e

o

)

27F F2 A8 QuH3-10].

S| v =7} 20 = 12.29°, 13.43°,

zo|HtE &7 P.Y.164 }FEE XA

314

h
1

18.25°, 19.91°, 22.17°o| 4 e

o
ERE

XN
X

el
bl 91t 14t

S

T

22+

AN Aol FHE F2E ARES
o) mjnch AAA H5

oz
=

o]

=
_1!

J X

B

o}

fvze)

ok 20-100 m¥Yg %

5 aL,

A}

8
;OO

H
HO
-

&5 =

] 2] Al o]

%

<
¥

, AR E < EAbA S

Mo

ToR

)
G

FeE s Baba)

it

1] dAell A

%

s ¥

oF A A E Fof

KeN
=

2—(trifluoromethylaniline

-
1

A Z
I tlolx3} A171a1, ]9 A/ =& S5-aminobenzoimidazolone¥ # &%

9]

t}. P.Y.154 ©¢F59)

g

I FAd el Hoju, 160T o]l ==l A

2t} Alcohos, esters, butylacetate,

xylene 59 WML Hold SA& 7FIvHI1]

)

benzimidazoloneZ| P.Y.154 ¢ts 9] A=

-
1

A7 A ol A

O
RS

wpehA,

_96_



e

3%k 7|zArm o] volE wloj =3}, HA FE= FAM] 23 A, F

AA4dst 34 F1, o5 ZUALYE S AFA, 25 24
AFg3Fo]. o] & ¢18}o] benzimidazoloneZl P.Y.154 ¢t: o] 7]%
A o2 sttt

B

i
lo
o

o

XN
op

M o

-

_97_



2.3 folxs}

=

AL

<

t]o}x 3} (diazotization)=

el

ol

el

olo
Gt
o

)

ol

)

el

o
-

Ny9]

T E RoC

i

g o] Figure 2-1 o YER ST T]olx9]

2 diazomethane©] t}.

l

o

ki3

PN
o

)

o} ATH11].

a

a—diazoketones ¥}

sht

}7} carbonyl7l2 &7 A7]

)

—

)

Nfo
A

;OH

e
Nd

%)
viel
or

7}
—diazoesters AT}

alkyldiazo &3+

Hho &2

w) % o] o}

%

&l

o
1=

J

i

ToR

o]

(N,CHCOOEY) © &,

diazoacetate

diazirines ¥} 'H]

h=Ye}
=

)

47V A1) ¥ W x5 7FAE Figure 2-2¢ YER

Ty
L

Bo] o}t o} 2

¢}

2]
W A TH12].

al

_98_



.4
@
®
=3

@ ©
G N==N C—N—ZN

~
™~

Figure 2-1. Chemical structure of deszo reaction.

Figure 2-2. Resonance structure of deszo compound.
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3. A%
3.1 Ao

2 Ago| = PY.164etRE FA8H7] 98] 2-(trifluoromethyl)anilin
e (Tokyo Chemical Industry Co., 98%), hydrochloric acid (Ducksan
Chemical Co., 99.5%), congo red paper (ToYO Co.,), ki paper (ToYo
Co.,), sodium nitrite (Ducksan Chemical Co., 99%), sulfamic acid
(Ducksan Chemical Co., 99%), sodium hydroxide (Ducksan Chemical
Co., 99%), 5-Amino—2-benzimidazolinone (Tokyo Chemical Industry
Co., 98%), acetic acid (Junsei Chemical Co., 99%)ZS AAglo] L&
A8} At

3.2 Pigment Yellow 1549 3HA
3.2.1 2-(trifluoromethyl)aniline TJo}Z& &M A=

5C olgte]l A2 W&z FoIfl+= 500 ml H]o] A T HF 280 mlE
H A sk, HCL 196 g=  FYAFAS. | A7]4 of 29l
2—(trifluoromethyl) - aniline  (10.3 g? 0.0163 mol)S FAl7]3, 20 min
Fob WAL & congo red-paper (A — FA)m ALA) BE7] o}

A H. SF9 40 mloll NaNO: (6 g: 007 mo)E =21 &, 99
Ao FA7] 30 min-&<% S35 WA 7S KI paper (314 —
A2 A A3 nitrous acide] A ARSI & ZFHSF 20 miol
sulfamic acid (1.6 g: 0.0164 moDE =9 & FUAZ]2L 20 min §& KI
paper (A — A& nitrous acid®] A7 oAFE &< st Hopx
G Az o™ Scheme 2-20] YERNATH3-10].

ol

e
A
[e)

ofo i
—m

¢

o

- 101 -



Diazo NH,

Scheme 2-2. Preparation of 2-(trifluoromethyl)aniline solution.
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Scheme 2-3. Preparation of 5—aminobenzoimidazolone solution.

- 103 -



323 AZ%E &4

focs

Fo]% Scheme 2-33 #Zo] 5T o]stel A 3.2.242] 1 L H|o]#Hd
= Azxd Az Fgdd 3.2.1404 5T oltolA Axd tolx F
$9& A7t HZE o] &3] 2h B AUMAZ F FU7FE 1h B A
ol wWkEAZTE 99 WrgEo] NaOH (10 wt%) F&doz pHE
6.5-9.57HA] Aeldg oz xAsta, 90Ce|A 30 min F 7FEAI AT 71<E
d WSES FHSF 1000 mlE AFska, 80°ColA 10 h 5+ AZAAA
yellow154 ¢tEE #1238t 2™ Scheme 2-4°] YeERNATH3-10].

Coupler .
= Il L
. WL
——'l

Coupling reaction (2h)

$

90 Heating (30min)

¥

‘Washing and Filtering

$

Pigment Yellow 154

Scheme 2-4. The synthetic flow chart of pigment yellow 154.
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Figure 2-3. Chemical structure of pigment yellow 154.
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Figure 2-4. FT-IR spectrum of sample.
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Figure 2-5. XRD patterns of (A) standard and (B) sample.
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Figure 2-6. FE-SEM pictures of (A) standard and (B) sample.
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Figure 2-7. Color test of (A) standard and (B) sample.
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4.1 Yellow1549] =74 A¥
411 folx H7F dF

Yellowl54 ¢tEE A o, tolxe] Hrubgo] wE &4 589 W
stE ZAFSHZ] f18ke] Table 2-19 Fox 2o =2 yellowlbd U4E
FAdstdt. oY AFRE AHRY HolxE A Fstolx= ddTE

St A 859 B A2 Figure 2-8, XRD #4723 Figure 2-9,
FE-SEM #4123 Figure 2-10 ¥ Hoover's muller”] & ©]&3F 59
A A Figure 2-118& YT detzAZe] v o] 111& 7|
O otz FUFol Worl A5 Aifo]l MmN Fe A A
S ¥ A& ERlsdtt. XRD &4 23, 49 AsE2 XF A=
of Hla] Aol Yk Holz:AEE H &0l llle 7€ o2 Yotz
FaFe] wod 3d A=t AeA YERH o= Hokx FY ol
S7teel weh FE-SEM A4 Aok s dAA 4ol & o] Fo1X]
= As AU Ak AR5 44 R FHAL yolmiAE HE]
1211 & u, M2 H Aot AL ofsto] BF A4S He A

sl o

Table 2-1. The yield of sample prepared with various mole ratio

of diazo/coupler

Reaction Condition Diazo Coupler pH Yield (%)
(A) 1 1 9.5 95
B) 1.2 1 9.5 94
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Figure 2-8. OM pictures of samples prepared with the mole ratio
of diazo/couple = (A)1.2:1 and (B) 1:1.
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Figure 2-9. XRD patterns of (A) standard sample and the
samples prepared with different mole ratio of diazo/couple = (B)
1.2:1 and (C) 1:1.
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Figure 2-10. FE-SEM pictures of (A) standard sample and the
samples prepared with different mole ratio-of diazo/couple = (B)
1.2:1 and (C) 1:1.
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Figure 2-11.  Color test of (A) standard sample and the samples

prepared with different mole ratio of diazo/couple'= (B) 1.2:1 and
©) 1:1.
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Figure 2-12. XRD patterns of samples prepared with dispersing
agent (monol040) at (A) pH=5.5, (B) pH=7.5, and (C) pH=9.5.
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Figure 2-13. FE-SEM pictures of samples prepared with
dispersing agent (monol040) at (A) pH=5.5, (B) pH=7.5, and (C)

pH=9.5.
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Figure 2-14. Color test of samples prepared with dispersing
agent (amine D) at (A) pH=5.5, (B) pH=7.5, and (C) pH=9.5.
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Table 2-2. Crystallinity, particle size and_shape of samples

by polarity of solvent during synthesis

Sample ,.-'r/ Solvlen?marity PKeform Pa;tzizlé\\x in‘f)eer:;ty
/ / 1
A (Standard sample) - - ellipse 100-500nm 1200
B aseyrl1De. O VPl 27 | [Blnd stiek | 100-700mm || 700
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C (154YF6P) IPA ) O ellipse 500- 1um 1000
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F (154YF6M) MeOH Bl ellipse 100-300nm 950
G (154YF9h) DMF 6.4 ellipse 2um 900
H (154YF5h) NMP 6.7 ellipse 300-1pm 700
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Figure 2-15. XRD patterns of sample; (A) standard sample,
post-treatment with (B) o-dichloro benzene, (C) IPA, (D) IBA,
(E) MeOH, (F) THF, (G) DMF, (H) NMP, and (I) DMSO
(condition: pigment yellow 154 prepared with dispesing agent of
mono 1040).
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Figure 2-16. FE-SEM pictures of sample; (A) standard sample,
post-treatment with (B) o-dichloro benzene, (C) IPA, (D) IBA,
(E) THF, (F) MeOH, (G) DMF, (H) NMP, and (I) DMSO
(condition: pigment yellow 154 prepared with dispesing agent of
mono 1040).
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Figure 2-17. TEM pictures of sample; (A) standard sample, (B)
IPA (condition: pigment yellow 154 prepared with dispesing
agent of mono 1040).
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Figure 2-18. Color test of sample; (A) standard sample, and (B)
o-dichloro benzene. (condition: pigment yellow 154 prepared with

dispesing agent of mono 1040).
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Figure 2-19. Color test of sample; (A) standard sample, (D) IBA,
(E) MeOH, and (H) NMP. (condition: pigment yellow 154
prepared with dispesing agent of mono 1040).
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Figure 2-20. Color test of sample; (A) standard sample, (C) IPA,
and (F) DMF. (condition: pigment yellow 154 prepared with
dispesing agent of mono 1040).
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Figure 2-21. Color test of sample; (A) standard sample, (G)
THF, and (I) DMSO. (condition: pigment yellow 154 prepared
with dispesing agent of mono 1040).
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Figure 2-22. CIELAB chromaticity diagram of post-treatment
with wvarious slovents (condition: pigment yellow 154 prepared

with dispesing agent of mono 1040).
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