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Application of Numerical Simulation of the Toner Melt Behavior to Toner Development
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Abstract

Due to social demand for energy saving, it is required to
develop new toner with low fixing temperature that meets
the level of TEC (typical electricity consumption) in Energy
Star. In order to understand and improve the fixing process,
we have developed a new simulation model, called “Particle
Method’, that can include parameters of structure and physi-
cal properties of toner particle. The model also made it pos-
sible to estimate wax exudation behavior and toner melting
temperature. In order to verify the model, we made some
toners with variable physical parameters and observed melt-
ing behavior and wax exudation by using TOF-SIMS. Our
simulation predicted smaller toner was more effective to
lower the melting temperature and it was verified through
the experiments. We now expect our model enhances the
efficiency of toner development process and reduces the
time for optimization.

* A DIAAT AR EANPHZE C LIPS
* ok PAFEHUREAEE  SREANPHIFEC > A 7 L EAPIFER
* ok ok GIFERUAEAGE  SLREGNPATEC  lifE Al E

KONICA MINOLTA TECHNOLOGY REPORT VOL.18 (2021) 73



1 EU&HIC

WE4, BREZEMHEIN, FHCEHI RN X —~OEANH
FoTw3, ENATHESNS Z 2L F —zhFICBIT
ZEMEEDOWPEIHEL L€ TH 2L X —RA ¥ =71
775 (LU, =F P —2% — L Fi) #2007 4EI12 TEC
(typical electricity consumption) g% & A L 7z, MFP, 7’
V8 —DBEARICZ OBFOTECIHS = F Y — A5 —
AL Tw 5 2 EPEALEFICE > T 258D E%
K H 2, FER@aoh<c, MFPOMBEE DI b4 %
HBEBY AT LDEL FEMBATED R 8 e,
b —BIFICB LT, X DARWREE IR T 2 i E
Bl EBEETH 5,

72, WD T A 794 7S HTIE, FIE
THED LT RO SN, Y Ialb—varizHn
FEL ABHRBEENT L2949, LaL, P F—D
£ 9 BEBORBM B R NEEZ TR L, Eé
L 7-BEBeAEBLZ kD o N 2 AR EMICT T 2L —v 2
YEBEHT S LI, WEHTH AL,

2 EREELDOITH

EiEELDOFEHEE LT, =7 2L MEDR
b, BMEEMEOR E, X T4 7 L oBEEEOR BT
5D, FHIY ¥ =7 AV MMEDEEE~NDEE IR E
VW, =7 X)L MEE R, HARR S 72 ) OREEAL
DZETHY, FRETHERT T2 I EDHFE LY,
HAR 72 b — kMR ENZ, b — IR BT
SURICRRERTN L, SR 2 R oETh 5,
BWAREEA LI X D EE =y 7T F =R R
AT 22 EBTE 3,

ZD X9 MR 2 BRET AICh o T, A4V
NA ¥ T DEIINEIZSIRD Z L e di s EEMFIRT v 7
ADPIMER, R A4 VRGO T b EE ARG O —
DTH D,

3 bMFr—8FNDYZal—>av0iEH

b =BG TIRBRGEE Y A 7 V2 R R 2 L
N¥TH 5, REFKFORNRILED 7= D, HERITHF—
ZAERLUERBREE L X 9 &5 % & b — LG AR DR
TH D ENL L HRFEIE N, 22 cha i, HM
W7e b F—HEd &Pk, 20 s oflAaG b0t %
ROy 2L —varve, 2otz
T 270D+ — 1ROz LT NG S 2
L—ya VORHEETAVE 217> T 5, ATETIRA
My 2 2L —ya B L THRET 5,

— RN b =L, AL XA U F, Gk, Ty
7 A, EHEMHITH B, Ty 7 AFESE TROBLETE
FAUL b S MR E R X 2 RE S D, WO
JEICHEET B, 2D, 7y 7 AgEAH LR, R

% OHGEICBET 5, Btz 2 I T v
7 AGe A L HENZAL L E O REITER 35 E T 2 55608
H 3, KiLEHEEIOBICIZY v 7 2 LTIz
WTHHE L, BfER 2R e nwiEEl2 32 2 Lk
WICHETHS, Lorl, INnET, Bty 72
PHRPLMEICET 2> 3 2L — a Yy FEORGIELL,
AR TV OREEBBRETH - 72,

4 EFXHEETILOBE

4.1 BYZal—>avoFE

SPH (smoothed particle hydrodynamics) 131 %
DRTDRIERICE>TE Y, BRERLED X ) ITHKT
DEAZRICT LI LB T T Iy 2 BEOFENTE
22806, REWGPHEZESIGHHEATES L v )k
Bdyd 699, 2 DR EAE» L, b —2EITHERD
Ty P AWNRARTEHES I 2L —arTLrI e
TREE 2%,

4.2 SPHEEE

SPH 13 1970 AU EAMftER N DR REFIE L LTH
I Nte, FERTEZEHES, ZEICEE S kT
ZEMRRE LTV %, BAETIREIR AR
BN, FHEEESEIRICEET 2 LR TREL VT
A, AEPHAELTL 9, ZHUSH L TR AT
TRV OO, BEIRE L THRMBEIXE WY,
BonHlnE L 5 K9 BB TH- T, FilRiED
ARBECRE L TR Z2{T) LD TES,

SPHYE I K T-Z #ifii A &L L CoZEE & LTk 72D
12, Bl 2 T — 2OVEEE R TR R f(x) &
L TR D X 9 ICKBLT 27-9.9,

f(x)=ff(y>W(x—y,h>dy m

22T, W-y, iz —3x V%, hiFEES,
x, yIEZFNFEHtithD, CENTOEE#TH B, T
ZCThH—3IVBIBUIRITR T HE 2072 TS H 5

im%WTx—xih)=5(x—xU (2)
W (x,h)=0for|x|>2h (3)
fW(x,h)deI (4)

A =2 IVEHBWIZL Dl d %55, 3R B-spline
BBy &k { bt 59,

74 KONICA MINOLTA TECHNOLOGY REPORT VOL.18 (2021)



}%[1 —%zz+%z3](z< 1)

W= g2 —2P(1=2<2) ®)
0(z=2)

ZZT

Z:% (6)

THY, widhrEOE#u=|x-y|, DIFZHEXICE
T, EBCRRXDEIICEZGNS,

2
3(D=1)
C= %(D=2) (7)
1.5
2 (D=3)

K EBORBICESET &, SR RIcofizRikze
T — VBB ZER L, FEREx, DB f(x) 1% h D HiFH
DHIZH LRTF DA —FNVEBDOR LAbEERD, KX
B)D &I ICEBTE B,

N
FE)=X W (=xh) @)
IERE

I AT JIRYER O E R T O T 1) 3E6E DKL T 2 Ik

LTED,m pldZzhZ i OER, HE2RL TV,
KRG REG R O T IR IS G 80 7 72 DA~ D
W DSFATHNCBAZE S LT E 7228, BUEMNTIC b kR D
RS HINERNTE 5,

4.3 FIREHEETIL

AW TIESPHED a2 — F 2 & U O IR &R
B 7 b 27 LS-DYNAZFIHL T+ F—oEnt#
JELZREZIENEL 72, SHEZHICT 5720, EHXN
VMR E LTk, BEREE L, PR
2KFE L7z, MRICOWTIREIR « IREEML & b ICHR
LT3, JA%EREE T IVEET, %Rzl 7k
SR BVEER, AN OBEIMEG L 72 (Fig. 1),

WAX -

Main binder ** Fixing aid *

Rigid fuser

i

Fig. 1 The single-layer calculation model.
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Table 1 Table of the control factors and levels.

Level
No. Label
1 2 3
A Distributed state of fixing aid ~ Dispersion Center
B Melting point of wax Low Middle High
C Melting point of fixing aid Low Middle High
Elastic modulus . .

D decrease start temperature High Middle Low
E Distributed state of wax Dispersion  Dispersion Center
F Shear force for toner Weak Middle Storong
G Addition amount of wax Middle Small Large
H  Addition amount of fixing aid Middle Small Large
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Fig. 2 Calculation result of toner height change during nip time.
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Table 2 Calculation result as the confirmation experiment.
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Fig. 3 Graph of factorial effects of toner height at 21ms.
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Fig. 4 Graph of factorial effects of the number of WAX-SPH particles on
the surface of the toner layer.
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Fig. 5 Evaluation results of minimum fusing temperature with different
molecular weight.
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Fig. 6 Relative ion intensity of low or high molecular weight of main-
binder by TOF-SIMS for each fixing temperature.
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Fig. 7 The multi-layer calculation model with difference of the diameter
of each toner.
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Fig. 8 Change in height and temperature of toner layer.
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Fig. 9 Evaluation results of minimum fusing temperature with different
diameter of toner.
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