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The triboelectric property of a two Uﬁu—ﬁm pon o er is an important factor in an
electrophotographic system. There are-m any ctors. affect the charglng properties. This
research investigated the ton
cyan, magenta and yellow
vertical mixing and horizonta
density, tone reproduction,
volume. All toners were evalug

¢ and chal"‘gm.g mechanism consisting the

g . The print guality was focused on the solid
e85 of- the q{ghabets and Tlines, color gamut and gamut
e1r_pr£nJ qui litles by a commermal pnnter (Canon)

concentration was increased.

- l;ugh tongﬁ qnc' tration, the coverage of the toner
particles on the carrier surfac

S hlgher anc ccupi more than one layer. The outer
ged by rubbing with the carrier
particles. The carrier partlcles cntai!mﬁg onlY SV-200 and Z-250) have the higher
work function than the carrier part1cle$-,conta e, Cu and Zn (F-150). So, the g/m
values of both TSV-200 and Z-250 \ W’er’e'Tngher Jan F-150. Difference in toner and carrier

shapes is responsible forZthe varied g/m values._\lanc:& harging mechanisms gave
different q/m values. Th A m values o vertical mix &anh 800 rpm were higher
than the g/m values of hmj)ntal mixing methoc 0 Tpm but became lower at the
lower concentration because the effect of the higher mixi s force, the greater the toner
rubbing and collision. Both print-outs producedgequally the same tone reproduction. The
polymerized toner ﬁ he Eﬂhﬂcﬁﬂmﬁm gjl ' ner has the irregular
shape. The spherical u ciently,’ unifo and triboelectrically
charged than the irregular shaped toner. Séo the sharpness of the alphabets and lines printed
from the p n b rinted by the
pulverized tm;h?ao\i mwﬂ ?j ner print-outs
were wider than those printed by the pulverized toners However the solid density of the

polymerized toner print-outs was lower than those printed by the pulverized toners because
the polymerized toners have the lower gloss than the pulverized toners.

ACAACTNIC YR  wwsmvis sBOM v s« 1 5 o s 85 suspmvesmmmns.  GO=RAVISOF'S mgnatureg%.i‘g,é(



Vi

ACKNOWLEDGMENTS

I would like to acknowledge my heartfelt gratitude and appreciation to my
supervisors, Professor Suda Kiatkamjornwong, Ph.D. and Professor Yasushi Hoshino,

Ph.D. for the support and invaluable guidance given throughout the course of this

,ﬁ/ iogn, invaluable guidance, constant
! ntent.

hank Miss Pranchalee

study. I am indebted to them for their Kint

encouragement review and correction

I would like to tal
Rattanasakornchai, Mr. Sutasn 1 hip r. Chanehai Jirakanjana, and everyone
in Nippon Institute of Techno ; ' e W another made my stay in
Japan a pleasant experien .
Ishihara and Mr. Tsunenori

course of my research.

I would like to take ghig o : ,. thank Assist. Prof. Supaporn
Noppakundilograt, Ph.D. and D . ' d e for their assistance and
advice in the laboratory (Fourier Trans 1 Spectroscopy) during the course
of my research i

I am grateful tol tie—Departimiest ot " Photc I ience and Printing

Technology of the Facultﬁ 1versrty, and Nippon

Institute of Technology for R,rowdlng research facilities throughout the research.

Partially financial mﬁ ﬂ W?Wﬁﬂﬁﬁlmvermy of my

M.Sc. is also gratefully, acknow edged.

TR AT A

for their help and advice.

Finally, I am grateful to my parents for their endless support and
encouragement over the years. My sincere thanks are also extended to my lecturers
and friends in Thailand and in Japan for their helpful support during the years of hard

work.



CONTENTS

ABSTRACT (IN THAL. .o eeeeeesseeseseeeneeee s
ABSTRACT (IN ENGLISH).....o-1esecc oo eeseee s
ACKNOWLEDGEMENTS. ..o seeeeeeeeseseeseeeessesseesseessee e
CONTENTS R0\ |1
LIST OF TABLES................... 5o/ 7 T
LIST OF FIGURES.............. oo ... W Y

LIST OF ABBREVIATIONS.....
CHAPTER 1 : INTRODU

1.1 Scientific Ratiohaledt. £ £ L. a0 Wy TR
1.2 Objectives of 5, AP ) T W

2.1.1 Histosy of ieileRitaed B
2.1.2 The I yf—-——— _

2.1.3 Toner
2.1.4 Toner

...............

y-jp ONENLS. ..ot i ..... . cvvoceeen.
P16 (<) 51418 (o) | DOURUURUR SRR

.................... 10

B LS (ST W)

wn A

R tf?l‘a‘w'l i I N
aﬁﬂ’tﬁsﬁﬁ‘m PPN (120

CHAPTER 3 : EXPERIMENTAL.....onommummmmmammmssmovmarasmsssaes
3.1 MaterialS.....eeeeeeiieee et
B2 P DATHIS . om0 s ey i s o S A SR R AP0
e T B i L R —

3.3.1 Developer Propafatit. ... it



3.3.2 Measuremgit of toner charging properlies. - s ssssmmsssmanssens 28

3.3.3 Measurement of charge properties by the E-SPART analyzer.. 31

3.3.4 Toner and cartier CharactefiZation. ...... .-c svasissssssssnssnssssossamnsssins 31
3.3.3 POBLDE CRPEOTIBIL. o iosmsmmm s s s s s cessss 32
3.3.6 Evaluation of peint qualilie. o owsssmmmssvosmmmassmasommmns %3

28 , HNAlYZEL..ovcsasmmass 57
4.3.1 Toner chagge . ‘ \ foner concentration (Wt%).c..veee.. 57

4.4.1 Description of t O L O TS s ene e e evvnnrmeeeen e eeeeenneeeeneaeneeenns 70
¥ .u.

4.4.2 Description L P eeeeeeeeeseneenee 73
443 Solid gT ......................... 73
4.4.4 The shess of the a I 76
4.4.5 Color gamut and gamut Volu - ST O — 81
CHAPTER 5: CONW’J 'ﬂ E’lqn 5 w E}']ﬂ‘j ................... 84
REFERENCES. ..o Bl oot eeeeesee e eessseeee s e seessssessessnesenseseeseeens s 86

i‘fffmﬁﬁﬂﬁﬂﬂ‘imﬁﬁ’l’mﬂ’lﬂ"ﬂ """" .

.......................................................................................................................



X

LIST OF TABLES

TABLE PAGE
3-1 Developers with different compositions and contents.............cocoevinieininnnnns 28
3-2 Developers for toner charge dependence on toner concentration..................... 29
3-3 Developers for toner charge dependengeaaid CAITIET........c.cvereuereresrerssssrereressans 30
3-4 Developers for toner charge m % BE BOBIE e comrmemmoms 31
4-1 The elemental component \fthe cart 2 . o 48
4-2 The q/d values of various onor (hed ack toner at the rotating

speed of 800 rpm in a Minishaker fot 4 minutes (Z40.seconds)...............c..n... 59
4-3 The g/d values of variou r at the rotating

speed of 120 rpm with h 0 minutes (600

Seconds)......ccoceeereen ML AN LI EES RN SRR A W ... 59
4-4 Effect of carrier type oOngF claroinb- 8 ... SN W ...l 65
4-5 The q/d values of the developgrs with v s mixed vertically at the

rotating speed of 800 rpm 1 tes (240 seconds)......... 66
4-6 The q/d values of the developer rriers mixed horizontally at

the rotating speed of 120 rpm for 10 minutes (600 seconds).............c....c....... 66
4-7 Thermal property o 7 T t) ) - NR—— 70
4-8 The wavenumber of fog types 0 ers - ——— 7
4-9 The solid densities of C_atbaprint-outs and Fyji print-outs...........ccocuevvinnincnes 74
A-1 Position and ﬂ % @%r&j‘ %‘jw gqﬂ‘i .................... 93
B-1 The g¢/m values'of developer, four t}zpes of toner and TSV-200, at 800 rpm

by MWWaQﬂimu f}f‘iqn ) ,.]é-’ .......... 96
B-2 The g/mfvalues of developer, black toner }nj three types of carrier, at 800

tpin by B8] Mirishaker. .. mumommrusssnmmamsnermmmmemmvo s 97
B-3 The g/m values of developer, black toner and three types of carrier, at 120

Tt Ty DI I BT IRRET. . o i 5 5 AR 5 R AR S 98
B-4 The g/m values of developer, black toner and TSV-200, at 120 rpm by MS1

IVINISAKET ..o e et e e et e et e e e e e e e e eeaeaeeans FUTUUTRRTTOR 98



X

TABLE PAGE
E-1 The measurement of solid density for four types of toner from Canon printer

by denstiometer (Macheth, BRD 9158).ewmmemamomsmmmsmmssesmaommmommsmmmmms 105
E-2 The measurement of solid density for four types of toner from Fuji printer

by densitometer (Macheth, BRI 915 )...o.susmsmusmammosmaminsmmssnsusomnsvsining 106
E-3 The measurement of density at percentage halftone of 0-100 for four types

of toner from Canon printer by densi beth, RD 915)....cccu...... 107
E-4 The measurement of densit 5f 0-100 for four types

of toner from Fuji printe 230 &) TORU— 107
F-1 The measurement of the RS0 (oner from Canon

and Fuji printer by the sp et (X- ‘u\.‘ BOMBR)..........cocveeveenannens 108

|
AULINENINYINT
RN TUANINAY



X1

LIST OF FIGURES
FIGURE PAGE
2-1 ‘The electrophotographic PIOCEES. . o i s mismsiimstamms s sbmmmrssses 5
2-2 A caseade developmEhl SYSIEIL. v mm e e aE s saor 13
2-3 A magnetic brush development SyStem. ...........oooviiiiiiniiniins 14
24 LT T 15
2.5 S LSO ... 16
2-6 E-SPART analyzer........ ... . ................ooovnnenrsnenss 18
2-7 Principles for measuring pasii JAE T 18
2-8 Principles for measurin | . ' DN i e 19
4-1 Scanning electron m 0 _ f of toners: (a) black toner,
T oot AN ONer 34
-150, (b) F-150,
PR ... 35
er and TSV-200 at 800
.............................................. 40
SV-200 at 800
........................... 40
4-5 Dependence of g/m o-ﬂeve op 4 tonﬁ and TSV-200
at 800 rpm by blow-off Sne.ft.md ................... T 41
4-6 Dependence /ulﬁfe&‘owqewqﬂ ﬁVQOO
at 800 rpm bﬂw-o 1511311 R ——— 41
4-7 Depe /oy ‘ aﬁnjrﬂ BblTﬁ
IR
4-8 Dependence of m/q values on the toner concentration of the black toner at
the different rotating times by blow-off mMethod. «.smmsamsmmmosssmssomenmsss 42
4-9 Dependence of g/m values on the toner concentration of the cyan toner at
the different rotating times by blow-off methcd............ccooooiiiii . 43
4-10 Dependence of m/q values on the toner concentration of the cyan toner at the
different rotating times by blow-off method...............cocoiiiiiiiii i . 43



Xil

FIGURE PAGE
4-11 Dependence of g/m values on the toner concentration of the magenta toner at

the different rotating times by blow-off method...........c.coooiiiiiiiiiiiiiinn. 44
4-12 Dependence of m/q values on the toner concentration of the magenta toner at

the different rotating times by blow=olf method.. ..o oo asmsmesamsmsons R

4-13 Dependence of g/m values on the toner concentration of the yellow toner at

the different rotating times by blow=offifethed................ccccecvvvivviniineeennne 45
4-14 Dependence of m/q values on ion of the yellow toner at

the different rotating ti&-off!net ................................... 45
4-15 Dependence of m/q va ’ r l_fmthe different types

of toner at 360 seconds'd P iy TR 46

4-16 Dependence of g/m

and F-150 at 800 rpm (moihalh SN NN ... 47
4-17 Dependence of g/m on ‘ d TSV-200 at 800

rpm by blow-off method. 4. 4. . 4:.. A NN 50
4-18 Dependence of g/m on deve ST _ er and TSV-200 at 120

[T by DIOW-OFF MEMhOW........ e ettt 50
4-19 Dependence of q/rrsgx develdf:ﬁﬁ e forblack tone Z-250, TSV-200

and F-150 at 800 rpnLby-blow-of (TR — |

L,

4-20 Dependence of q/m oégde elop r.ﬁd Z-250, TSV-200

and F<150 at 1201pnl’ 0y blow-off metholl. . vamsmtsseemsnomimmssessssmsnse 51
4-21 Dependence of-g/ ‘tfj'nwg ﬂu%'c’w | anT ﬁvjzoo at 800

rpm by blowﬂ M;EJ ...................................... TEI ...................................... 52

TSI R

4-23 Dependence of g/m on rotating speed for black toner and Z-250, TSV-200

and B-150 at 800 rpm by blow-oif method. ...ccnmmememmmmsmsemmmmssmmmmens 93
4-24 Dependence of q/m on rotating speed for black toner and Z-250, TSV-200
and F-150 at 120 1pm by blaw-off Ethod...cswnammussmmmmessssssseamoissen 53

4-25 The model of horizontal MIXiNg........cccccuveiiiiiiiiiiiiiiiiii s 55



Xiil

FIGURE PAGE
4-26 Dependence of g/m on developing time for black toner and TSV-200 at 800

tpti by E-BPART a0alYZEL..mmmrossmnmmmmssmmsssmanssmssmssmssasossssissssimsss 58
4-27 Dependence of q/m on developing time for black toner and TSV-200 at 120

il by E-SPAdRT aiBIYIRTE. . onmsmmesnn s i B amesaiin i i e 58
4-28 The q/d chart of black toner and TSV-200 at 1 wt% of toner at the rotating

speed of 800 rpm in a MinishakcOuSRERER . . ...........ccoovnnenniiiniininirenennn, 60
4-29 The q/d chart of black toner pof toner at the rotating

speed of 800 rpm in a Mi ' et anseeaeas 60
4-30 The g/d chart of black ( . at 5> wi , ner at the rotating

speed of 800 rpm in s /L.) . N N i T 61

4-31 The g/d chart of blac

speed of 800 rpm in i ...y 2 . . NOSEUEE———— 61
4-32 The g/d chart of black t Svexy oner at the rotating

speed of 800 rpm in a MigSh@Kera S8 Ll LN 62
4-33 The g/d chart of black toner f toner at the rotating

speed of 120 rpm with horizont R ERINC..................coo0enennnnecncrcssenss 62
4-34 The g/d chart of blafﬁtoner i’n’fw 200 t% o at the rotating

speed of 120 rpm with-herizentalmuxing-maehinesmmmnTl ... 63

4-35 The g/d chart of blac I- ner and 1 0 témer at the rotating

speed of 120 rpm with horizontal mixing machine...............cccoccovviiinincnn. 63
LY

71w 1) L AL
ISRl A

4-38 The g/d chart of black toner and F-150 at 5 wt% of toner at the rotating

speeil of 80U i il¥ & MINISIAKEE.«c.msmimsmmmsmssmsisessmniomnssss e o 67
4-39 The g/d chart of black toner and TSV-200 at 5 wt% of toner at the rotating
speed of 800 rpm in a MiniShaker............ccooveiniie i 67

4-40 The g/d chart of black toner and Z-250 at 5 wt% of toner at the rotating
speed ©f 800 rpm in 8 NInIBHAKET. oo woummmpmmsemassr oo 68



X1v
FIGURE PAGE
4-41 The g/d chart of black toner and F-150 at 5 wt% of toner at the rotating

speed of 120 rpm with horizontal mixing Maching..csewesmmnrmmsommmsserss 68

4-42 The g/d chart of black toner and TSV-200 at 5 wt% of toner at the rotating

speed of 120 rpm with horizontal mixing machine................ccccocoiinn. . 69

4-43 The q/d chart of black toner and Z-250 at 5 wt% of toner at the rotating

69

74

7 75

4-46 Dependence of tone repro ARAENREBR..................ooconconeciinene 75
4-47 Dependence of tone repr: ] > 0 \ - RO . 76

4-48 The image of the lines (0. . ) 2 ---'_‘._ 1alyze bi (b)) Fojl.coveoese. TT

4-49 The image of the line b (b)) Pjieecossss 18

4-50 The image of the lines i L c at yz6 : (a) Canon (b) Fuji........... 78
4-51 The image of the lines (1 T 79

4-52 The image of the lines (2 pt s i(a) € Poois e arpaas 79
4-53 The image of the lines (3 pt) by in : 7 | E— 80
4-54 The image of the “I”ﬁlaracter by m: analyzer angn (b) Fuji............ 80

’ : og (b) Fuji............ 81

4-56 The relationship betw;qjl chron ' an_ﬂ*) of Canon

print-outs and Fuji print- guts ......................................................................... . 83
4-57 Diagram CIE Iﬂ*u ﬂ:@%ﬁ»ﬁ@w E}ﬂoﬂ‘j ................... 83
A-1 Coordinate of A%éa of Letter (Text) .................................................................. 93
C-1 Therm ﬁ Tizj

toner) b ?ﬁ::[lg&a 1 ?mﬂﬁj’z‘tMZ i

without liquid nitrogen, over a temperature range of 25-125°C....................... 99

D-1 The spectrums of black toner by Fourier Transform Infrared Spectroscopy

(FTIRY .o sureomsmspsnssssssnsnmsssavsmmmssmonperssonesssssmvressssessrusompmmessspmnsuesansnshiaiobsins 101
D-2 The spectrums of cyan toner by Fourier Transform Infrared Spectroscopy
6221 M 12 SRRSO N —— 102

G-1 The print-out from Canon printer (polymerized toner)...........cccocoeveeiiiiiiinnns 114



FIGURE PAGE
G-2 ‘The print-cut from Puji pritter {pulverized 1o08r). oo mmnmammummaon o 115

AULINENINYINT
ARIANTAUNM TN



R

Std dev.
gq/m

q/d

ms

pm

nClg

Xvi

LIST OF ABBREVIATIONS

: charge control agent
. differential scanning calorimeter
: electrical single particle aerodynamic relaxation time

velocimeter

: Laser dopple

et/

ansforfinfrared Spectroscopy

jicroscopy

AULINENINYINS
RN TUNIINGIAE



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Abbreviations

