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Abstract The object of this study was to improve electrophotographic photoreceptor using metal free- phthalocyanine
dye sensitized system. In here a various types of metal free- phthalocyanine and polymers and hydrazone were used as
charge generation material(CGM) and binder, respectively, and also the hydrazone derivative or zinc complex was used
as charge transport material(CTM). It was found that x- H.Pc showed the highest sensitivity among the a-, 8- and x-
metal free- phthalocyanine(x-H;Pc) as CGM. The photoreceptor made by x- H,Pc and hydrazone derivative as CGM
and CTM, respectively, showed the highest ratio of dark decay having 73.1% and the good sensitivity of 1.50lux - sec

compared to other photoreceptors.

Key words : electrophotographic photoreceptor, Bis(8~quinolinolato)zinc{Zng.), charge generation material{ CGM),
charge transport material(CTM), Bis(unsym-diphenylhydrazo)terephthalaldehyde, metal free-phthalo-

cyanine.
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Yy} LED (light emitting diode) EHEol] glojr|=,
Ag-ghe #ielA, LEDG waiakat R2ela e 34
2§ 7z A8 ¢ dizAEle]d Zeje} o] 760~
850nm 2] HJA dogo A E e HFEIF 2 TH
Utk ole} AL EXnpAbe] glojH nt=dE V)5
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of gt dF7F BEs] LA YohP
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o} % x-metal free phthalocyanine (x-H,Pc) & =g
3l1, hydrazone =3 5& Al EAR A 214381
#7171 3AE AT F 2 AHEANE A7 PHEYow,
g ZHEgARE s A AHEL Bis (unsym-diphenylhy-
drazo) terephthalaldehyde}  Bis (8-quinolinolato) zinc
(Zngr & TFEAE A5t AHAE ALY F A2y
FAS B
2. AlE 9 g

=2 =}

2.1, AExE 3 AE|7|

2 Agdse ZZAEA  polyvinylbutyral [PVB]
(Hoechst, Germany), poly (vinyl butyral-co-vinyl al-
cohol-co-vinyl  acetate) [PVB-co-PVA-co-PVAc]
(Aldrich, U.S.A), polycarbonate [PC] (FHALEL, B4)
§ Ab4-stda, A AE A2 A& x-metal free phthalo-
cyanine (Dainippon Ink, Japan) & AHg-3len, Asl¢s
EAZ 4= hydrazone derivatives (Anan Corp. Japan)
¢} AEE Bis(unsym-diphenylhydrazo) terephthalal-
dehyde ¢} Bis (8-quinolinolato) zinc (Zng,) & &4k A}
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43}, fofZ A& 1,4-dioxane(Showa Chem. Inc.
Japang EF4]2¥), dichloromethane (Junsei Chem.
Japane 1§ A]2F), 2-butanone [MEK] (Showa Chem.
Inc. Japan® 5FA1eF) & AH43lom, =3 PET (poly-
ethylene terephthalate) 28 $lo Ale]l Z3t®l film
(Skyrol, SKC) & base2 AF23}gct.

7171241+ spin coater (Mikasa-1H-D3, Japan) &4
ZEsAY, Z24Ae] AHEAL paper analyzer ©4%
+ A AR ZEY AYE -6 KvE oA, 43
4, 2327 2 2022 sted st A=t 7
A o) At A2 FA= UV spectrometer (Gilfordiit,
England) & AHg3le] -2 4 &Aslg ey, Hales
%9 EA+E Permascope (Ficheriit, Germany) 24} &#
stdch B2, S, Ao Y484 YANACO CHN
coder MT-3(Japan) 28 &A1, Hejuizid~med
2. MIDAC coperation (America) &2, #z}7|2HAdE
g2 VARIAN Jemini-2000 (America) 2.2 &3},

2.2, alsluky

+4 A8e 4719 CGM3 &S 93 2447k 83~
85rpmeo g orFu} B& Abg85lo] millings M,
4dg 47288 FAR] F, 249 ﬁﬂzﬂ %°“°ﬂ
Yol ZA8c 2% 108 &9t
7 A7|Ebr| 2 wulgl e, o] Zhapadlg o3ty &
lacka b A=

T Euhyle ol oliko] %‘i—}% PET 2% % spin coater
of A7, 249 rpmoF A AFLAL TEst
110°CellA 1087} AxA17) -irr‘ AFE ol AEE 2D
gt CGMeo] RE3 CGL $lol 2L o 2 CTM S
X F, 125TCANA 2087 AFAZ7 AN AZRAF
o} 223 X5 27+ 10X 10emE A|=tsle] ARg-Fic}

2.3. Bis (unsym - diphenylhydrazo) terephthalaldehyde

9| &y

savlgEe} A~ 30 1,1-diphenylhydrazine hydro-
chloride 6.621g (0.03mol) 3 oll&tg 100m & Y12 523}
w A wukshe] G A] 7w ARty Lo o B E|gic), v]o]
7o} terephthalaldehyde 2.01g (0.015mol) 3} <jlek& 40
e ¥ L7 LB E v FEviSEeta
Hof| 434 ArpA)7|w L2 koA galar 7]
g HAo 2 wAc) TS wk3-& $AA]7)Y] Hsle] 147}
o AA rtdg Rl AF 4 AHEe] AAAY. WSS
+2j& F 80°C oM 3417 AxAA FAEY 6543g
od9)c}. ¢]7¢ dichloromethane®} ethanole] E£34vj2
A AR _E}-}»l-z-l_o,] FAAA 491688 At +5
£ 93.33%, % 233.5~234.5C.

23 19 'H-NMRAHEH A BE ule}l 2ro] unsym
—-diphenyl®] 20789} <247} 7.10~7.56ppm¥F-Zol A
multiplet® v}eldi, paraphenylene?) 4742 471 7.
60ppm -2l A singletZ vieju} s ¢l e m, aldehyde 2] 2
A9 =27} 9.98ppmA-Z) singlet2 el ok 2
@ 29 GC-MCAHEH 4= Bis(unsym-diphenyhy-
drazo) terephthalaldehyde 2] ¥z}=ko} M/Z 46694 1}
el glem, (M7]2 gtoZ 7143l AsEd 168%

Fig. 1. '"H-NMR spectrum of bis{unsym-diphenylhydrazo)
terephthalaldehyde.
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Fig. 2. GC-MS spectrum of bis(unsym-diphenylhydrazo)
terephthalaldehyde.

ul N

Transmittance

45 |

©-
4000 3500 300 | 250 2000 1800 100 50
Wavenumber (cm")
Fig. 3. FT-IR spectrum of bis(unsym-diphenylhydrazo)
terephthalaldehyde.

2ol C . H No] "elxd bg Bxlak gke el ¢)
ek 28 39 FT-1R AJ—*,E\’—QO}] ) 8 ule} o] wpEFE
2} AEe C=C FFUEE 3100 F23 1600
o Ztz+ el i}

FT-IR (KBr.em™") : 3100 (aromatic C=C),

1600 (aliphatic C=C)

2 7.10~7.56(m,20H),
7.60(S.4H), 9.98(S.2H)
[Intensity ratio=10:2 : 1}

. Caled. for CuHuN, 0 C.82.403% : H,5.580%

i N,12.017%

'H-NMR (CDCL,6)

Anal.
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Found : C,82.394% ; H,56.630% : N,12.054%

2.4. Bis(8-quindinolato) zinc(Zng,) & &+

250ml & = 2ul=E2t A Ao §- hydroxyquinoline
29.032g (0.2mol) 3 ojet& 70mlE ¥ 90°C EF5EA
THkste] SaA71H @ AHEHe R =k of7)d
zinc chloride 13.629g (0.1mo}) & 30mle] SF-5ol mut
shod AR FEAE 43| Arisld RS W ey
o= ""“3‘&4 31 $ “P%% SAA1717] fsted 1412 7hdsk
u 2t AHo] A&}, o L9
—’;‘— ZOOmM] &3 wRF F, FdFHE Yslx
*]?‘:] b FaRal 31 5g(0.097mol) & it} o]
A4S ste] ekl el Bis(8
—qumolmolato) zinc (Zng,) & AU} 58 97%.

2% 49 'H-NMRAHEZo) A Hi= njel 7o) uieksh
o Q= 12708 F£4% 8749 F40t 6.80~7. OOppmHJr
7.20~7.60ppm Foll A doubleZ velup, 2749 4=
7} 8.30 ~8.40ppm ¥4 doublet® z}z} vieldi 5{1
o, yeix] 2789 427} 8.60ppm F-TolA singletZ
velubs Qle) w3 2820} B e A Exfsle EE
9 4708} 4= 2.50ppm HZof singlet24] et
ot 28 59 GC-MC 2#HEFH A& Bis(8-quinoli-
nolato) zinc (Zng,) ¢ ¥2pak (M/, 324) 258 Doix v}g
CHNO2 fxbr} 144 8-Foll A Eabek ghg ety 9f
x;;.. =g _1% 69,] FT-IR }\;4]5340;]/(11_-_ Hol-r‘;}:}_;z}. z]u]-
o] BX3AY (C=0C) 9 FTH=F 3100cm 'FZ=
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Fig. 4. '"H-NMR spectrum of bis(8-quinolinolato)zinc({Zng:).
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Fig. 5. GC-MS spectra of bis(8-quinolinolato)zinc(Znq.).
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Fig. 6. FT-IR spectrum of bis(8-quinolinolato)zinc(Znag,).

1600cm ™' -2l b2} el o)

FT-IR (KBr.em™) : 3100 (aromatic C=C),

1600 (aliphatic C=C)

1 6.80~7.00(d.4H), 7,20~7.60
(d,4H), 8.30~8.40(d,2H) 2.50
(S,4H)

*Caled. for CisHigNO, -

v N,8.64%

Found : C,66.13%

'H-NMR (CDCl,,8)

Anal. C.66.67% ; H,4.94%

»H4.95% : N.8.22%

1, 1:05, 1 li L3+
polyvinylbutyral (PVB) & 2-
butanone (MEK) & AHg&3tgdch. ® 12 sS4 EHS
AEA L S vl B FFANAHAEAD ) vl AY
Zrolch. ARA Q] ofe] FU1UFE hzbafge] 58Y A
TA% B Zr)sla AFASY FE -7V -44V =] 27}
T 4 ¢ 3o, 228 o] FA FASTE 7
E7} 1.44lux - secoll 4 1.38lux - sec® F7hshe Aol
olch, zEv} At AE A izt 2gA S S =487}
15013 1:0500 oiA sk $AL wnE of 1:
0569 7t #@Fo] ImAE —‘?—’dﬂ] T X E|gR]uk, o]
1.44lux - sec 24 2 =& velln gjct o] 2
AR ZHE HspA S Ao e HgA o S Ay
11012 A8 7H3as TAA 2Zse 7o) o
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Table 1. Electrostatic Properties of Photoreceptor According to the Ratio of Charge Generation Material and Binder.

Properties Conditions
Binder/CTM polycarbonate/hydrazone | polycarbonate/hydrazone | polycarbonate/hydrazone
. PVB/x-H.Pc PVB/x-H.Pc PVB/x-H,P
Binder/CGM (o./1/140) (oé/m; (143)/(1.0; }
Val-V] 1400 1750 2100
Vv, [-V] 1550 1300 1550
(V./V4) % 1000%] 58 74 74
E o[ lux - sec] 1.44 1.44 1.38
VI-V] 7 30 44
Transmittance of 700nm 8.26 5.58 8.26
CGL [%] 583nm 2.67 1.36 2.67
Thickness of OPC film[ +1/m] 3175 32.75 3175
A:‘f;:fi‘(’)f O‘;‘jﬂfi}de 1.18 1.29 B 058

*V ... Acceptance potential
*V, : Initial potential

Table 2. The Difference of Average Particle size According to the Before and After Milling.

!
~. Sample |, CGM(a-H.Pc) CGM(8-H.Pc) CGM(x-H.Pc)
Condition
Before milling 0.45/m 23.85/m 24.00m 18.60um
S 1
~_Sample CGM(e-H,Po) CGM(8-H.Pc) CGM(x-H,Pc)
Condition
CGM | CGM+7Zn0| CGM | CGM+Zn0 | CGM | CGM+ZnO
After milling 0.83:m 2.09m 1.52:m 1.71m 1.18/m 1.36/m
for 24hrs
4% A A polycarbonates T UsHA Azt od, o]F
A o] AR B E 34 B upe) o) Ak
CT™, CTM, CcT™, ol ol s
CTL~ polycarbonate polycarbonate polycarbonate &9 A% f-HPo7k 2% % W B A A4 54
7} -1000V 2 Y5 =27] qZof o|A& 7|2 A A2 A o
COL— CGM( a-H:Pc), CGM( A-H:Pc), CGM(x-H:Pc), u]7]— %iﬁ} 1311/} a-H.Pco} x-H,Pc ] A °:!'7x§'f‘:]%
(PVB-PVA-PVAc)| | (PVB-PVA-PVAC)| | (PVB-PVA-PVAC)
B Bons -~ o] Ztz}t 69% <} 58 % & el o, &3] x-H.Pco A%

Fig. 7. The double layer system of photoreceptor with different
charge generation material using same binder.

Folld g HspAols HIPLYEURZA AAH Yol
2 FF&zet@Aeld & o-H.Pe, f-H.PcE, Z2TA
24 copolymer?l PVB-co-PVA-co-PVAcE A3}
of ZRAE ez, o] o HsbAE gk Z3HA
9 % 2Ave 1 0.1°1dc}

A p42e AsFLERR A hydrazones, AFAZ
4] polycarbonate® Ah&-3sho] 23S e 2 7
ol &) B = uje} o] CGMol| & A %
B-, x~¥ FEF&EZLFI Aol d S 243
of A&7 HgA PVB-PVA-PVAcst ’ﬂﬂ-?—-’a‘-%ﬂl At

E
HAE-4e

g2 44lux .

B4 e ghs vhebdoh ”E %94 FAo eEst
el 7ha “Lol VR goHPee] ASE HEA dof 2
A 4 gldAgh, AviHde s 53 °] e g-H,Pcst
x-H,Pce] 7$+= 77} 15.98lux - sec®}t 1.44lux - sec &

A Foke}, w3k o5 A B2 TEHEHE At

] UV -Spectrometer 2] 700me} 583umell 41 578 o v

APy 2 HalpszoR o)fojz ARA Y FAE
Permascope® & 8itt. 2 A3} 35Fo AspLrAEALF

nert 2L £ x-H.Pe, a-H.Pc, f-H.Pcolgich.
3.3. HalgdMEo] Aol e £,
o £ £ALd4LE L o|FEE ATI=

o] A3 A AE Y v|FAEH F+A

& 44
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Table 3. Electrostatic Properties of Photorecoptor According to the Charge Generation Materials Using Same Binder.

Properties Conditions
Binder/CTM/Solvent polycarbonate/hydrazone(CTC-191)/dichloromethane
. PVB-PVA-PVAc/a- PVB-PVA-PVAc/B- PVB-PVA-PVAc/x-
1
Binder/CGM/Solvent H.Pc/1,4-dioxane H;Pc/1,4-dioxane H,Pc/1,4-dioxane

Val-V] 1850 1800 1400

V.[-V] 1270 1470 810

{(Vo/Va)x100[%] 69 82 58

i ibl
E.[lux - sec] 15.98 {POSSIBIe 1.44
measurement
i ibl
V.I-V] tmpossible 1000 7
measurement
Transmittance 700nm 26.13 4578 8.26
of CGL [%] 583nm 21.93 50.04 2.67
Thickness of OPC film[ + 1,m] 30.86 3443 3175
Average of particle size
0. 52 )
[ £0.05 m} 83 15 118

Table 4. The Dielectric Properties of Polymers Used as Binder.

Properties T.C) Dielectric Constant(k),
Polymers " Dielectric Loss(tan &)
at 100kHz, K= 23, tand =0.0569
P inylb KPVB 404.4 ’ ’
olyvinylbutyra PV B) at 10kHz, K=19, tané = 0.0490
at 100kHz, K= 16.3, tand=0.0469
PVB-co-PVA-co-PV 410.1 ’ ’
VB-co-PVA-co-PVAc at 10kHz, K=17, tans=00276
at 100kHz, K=30.3, tand =0.0365
Pol 1 220~230 ’ !
olycarbonate at 10kHz K=317, tand=0.0260
1.43lux - sec®4], polycarbonate®] 2.60lux « sece}
o cT™, o™, o™, PVB-co-PVA-co-PVAcY 3.12lux - secdct Fgltr}
polycarbonate polycarbonate polycarbonate 2 o]$+ Polycarbonate 2] 3¢ £33} o)) TAA7} 2

CGM(x-H:Pc), CGM(x-H;Pc),
Polyvinylbutyral (PVB-PVA-PVAc)
Base Base Base

CGM(x-H;Po),

CGL—~
Polycarbonate

Fig. 8. The double layer system of photoreceptor with different
binder using same charge generation material.

A (tan )& FA5d R 40 Yeblich & 4904 e n}
9} zbo) a7t zkzb 10kHzod 100kHzY W, v|§-3&
Kzto] ¥ e zte AFAYFE 52 o|FEE 7
g e 2 wosty, dspiAFols 355 AgAgY A
FUAYPELZAE 71 F2 252 E Jeblwd x-HPcE,
AsleFEele ATEELEA hydrazoned} ZgAN =
A polycarbonate§ AH4-3}ed A g 28 83 o) 1t
E9lom, o]59 HAAA 54E & boll Vel

F 5ell4 B nhet 7ol sbzkalg e A= polycarbon-
ate?] A= 74% 24 PVBS 58% el vl 16% A=
7t A de 2 X, FEdddE PVBY A

Fx B} Go| AT ZA Mt o]F-o] B} seix]7]
ufFol] FFalEL X, 3§ PVBREL} ¥7] oE
o A=z} FA Fioieta Q7o)

3.4, MstMES| HyIEol e &Y

APy Sl H71E EXH/-Fol & E4& A7
AES Y 27 9= 3719 Ao g H5y =4
T2, oju) FEHeF AFHNZ A PVB-co-PVA-co-
PVAcCE AH8-3l9lx Sl 24 1,4-dioxaned AF43}9d
o, HIYAEHEME x-H,Pcit& 148 A%,
x~-H.Pc9} F=ERF5A (CTC-191) & @4 AHg A
%+, x-HPeol 2 A A3 ol AR 3 (Zng) & A AR
3 B4E BZAHE P}

HEpLAFol| FAAE 2= IzIdEREA (CTC-
191 o288 (Zngy & H7Fste ZEEAoldelA
LA R AEE $5F R JA o)FAH + derletn o
Asle B Qd75 $3fd, CGM ] g ZAitae] F
ZAu)= 1:0.12 3o} CGLE whE it =& dales
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Table 5. Electrostatic Properties of Photoreceptor According to the Binder Using Same Charge Generation Material.

Properties Conditions
Binder/CTM/Solvent polycarbonate/hydrazone(CTC-191)/dichloromethane
. PVB/x-H.Pc/ PVB-PVA-PVAc/ Polycarbonate/
Bind M/Solvent
inder/CGM/Solven 2-butanone x-H,Pc/1,4-dioxane x-H,Pc/dichloromethane
Vaul-V] 1400 1445 1400
Vi-V] 1555 1160 1025
(Vo/V.) x100[%] 58 80 74
EiJ[lux - sec] 1.43 3.12 2.60
VI[-V] 10 10 10
Thickness of OPC
film [ = 1] 21.7 23.1 21.9
Average of particle
. 1. .
size[ +0.05:m] 137 o4 145

Table 6. Electrostatic Properties of Photoreceptor According to the Existence of Addition or not Using Same Charge Gen-

eration Material.

Properties Conditions
Binder/CTM/Solvent polycarbonate/hydrazone/dichloromethane
PVB-co-PV A-co-PV Ac/x-H.Pc/1,4-dioxane
Binder/CGM/Solvent
Additional agent none hydrazone/CGM Znq./CGM Znq./CGM
(0.1/1.0) (0.1/1.0) (1.0/1.0)
V.[-V] 1400 1610 1020 1150
V.J[-V] 810 1140 800 900
(V./V.)x100[%] 58 71 78 78
Ei[lux - sec] 2.62 1.44 1.73 2.05
Vi-V] 7 15 12 53
Thickness of OPC 317 317 146 142
film [ £1 sm]
32 CTM 224 hydrozoned HIFAZA polycarbon-  $& Ho} Q@A 517 gfsise THAE B} o] 7
ated 1! 153 ZAREAN 5o, o|F 4o A = ArEEAE AHEslof vt mela B dFedaje
AEAS £ 60 eblitl. X 6oll4] B vle} zhe] ok 7b 7|&] FA=] #IiElz e 4-dibenzylamino-2-
&2 B FAAE z2s H7bEo] AT "= 82 methylbenzaldehyde-N N-diphenylhydrazide  (CTC-
= 92 58% B} sleetEe) A 71%, Zng.d 7 1919} A2 gAF  Bis (unsym-diphenylhydrazo)
$ 78% & F7)Ehey Astpdeye A AA G, 2AFA terephthalaldehyde (S-CTM) & Asl4482 =2 AFg-314]
e AR v ALY -7VEY dmgEY A 2 A3 HEFoh 28 108 37Xl 7h35) o
-15V, Znq.® 7% -12~-53VE Zr}sle] Fx] 3}, g 13y 2AEE el Zle 24, CGLY 2gA=
w=i, A deAe sl wA Ao g slzalEe] 0 FEAHSE PVB-co-PVA-co-PVAcE AHe3 1, 14-
2 X871 012 248 AF 1.44lux - sec®4] 7} dioxaneg £l E AlE#lon] CGMoB: x-H,PcE A}
2 ror, Zngrt T 2ARI7H L 0.1 £ o 4313 ZnqyE: AHEEHA] oE A9 x-H.Pcoll thalA
= 1.73lux - secE2A £3}A] = HA$al 262ux - sec  Zngd T 2A8|E 1:0.1, 1: 18 A3 7ot} o]
2o} 3o, I AFAAY] ¥2 olfe A wAS o CGM= ZAfA e = ZAv]l= 1:0.12 s CGL
I A3l p437te) AW S AsledEule] $ukAsp 2 < TEALh =& CTLe loiAe AGAZA FTEH O
1Al oy 2bFAd e} S o) 447] wEelztn 42} £ polycarbonate 44813, dichloromethaned £uj2
E AHggeom CTMoZye 71E9 3I=gtERE4 (CTC-

3.5. MotrE ST WE 54
APt EAl Q] T2 Aol] o ZRE W AYZE K5}e] &

191) &} Ao A2 AL = SHEA (S-CTM) &
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CTM, CTM, CTM,
CTL—
polycarbonate polycarbonate polycarbonate
hydrazone Znq;
CGL~—~ x-HyPc x-HaPc x-HaPe
(PVB-PVA-PVAc) (PVB-PVA-PVAc) (PVB-PVA-PVAc)
Base Base Base

Fig. 8. The double layer system of photoreceptor with different
existence of addition or not using same charge generation mate-
rial.

AHEE R CTM 3 A Ale] 3 2Aduj= 1 1o)sid)

E 7& CTLe Asr4ERE 7S ¢ sl=g}
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Fig. 10. The double layer system of photoreceptor with differ-

ent charge transport material.
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Table 7. Electrostatic Properties of Photorecptor According to the Charge Transport Material.

Properties Conditions
Binder/CTM Polycarbonate/CTC-191 Polycarbonate/S-CTM
/Solvent /dichloromethane /dichloromethane
PVB-PVA-PVAc/x-H.Pc/ PVB-PVA-PVAc/x-H,Pc/
Binder/CGM/Solvent 1,4-dioxane 1,4-dioxane
Additional agent sone Znq./CGM Znq./CGM one Znq,/CGM Znq./CGM
(0.1/1.0) (1.0/1.0) (0.1/1.0) (1.0/1.0)
Vaul-V] 750 760 800 750 800 820
V.[-V] 550 570 620 590 670 680
(V.,/V.)x100[ %] 73 75 78 79 84 83
Ei[lux - sec] 1.50 1.61 1.64 1.21 1.24 1.29
VI-V] 3 5 7 32 32 30
Th1.ckness of OPC 9 95 10 10 10 10
film [ + 1]
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Aol #Aoj=Ei 9lE 4-dibenzylamino-2-methylben-
zaldehyde-N N-diphenylhydrazide (CTC~191) ¥t}x £
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