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FE: LL33-BE-ZHEERTE)-6- — 2 EAK (455 50ARE, CVL) NER @ Bl AF (BPAF ) B 1-Z58)
(NPH ) 58U} S (BPS) MR EF, 4-FHILHEILLFZEMRAR (DPE ) of 1-1/\li2 ( STA ) B2k H IR0 (PBE)
REREERL, Sl T =HanME A RE, DIREBSARNEEM , a0 R G Ty St T R ek,
Hilg TR IR, IR T SEM RAE, H5T mE ) « mOR G « mOEAE ) UK GRS
T ISHM B B (RFREEELL, TR XhOM RGO RE IR R oA . THEME GEE . RErEn
o, 5%, m(CVL) : mBPAF) : m(DPE)=1 : 2 : 50 Hl& 1) =448 i TE IR E>55 °C, HHA BRI
AR SR RE T 5 FETTIE M 7% 03 (R 58 2 0 ik T Sk FR ) A FLAE . FLALFE 3 10000 r/min . FLAKAS[A] 75 min
EBELE 1 2 ARSI TR IR 28 ¥R 420 879 nm, Z20EARECH 0.122, @RIHEIRE K 57~61 °C, 54
WAAEREN-15~ 20 °C. HlBMERKARETTRL, WHEERMS QB/T 2993—2015 TR,

KB SANENER; HEUBE; UREE; IREERIIG; FLATZ; FeMhyukl 550k

FESES: TQ621; TQ622 XHERIRAD: A XEHS: 1003-5214 (2025) 02-0455-10

Preparation of wide temperature range ther mochromic color-changing
erasable pen microcapsule color paste

LI Bin'?, JIANG Borui'?, JIANG Shuang'*", ZHANG Tianyong'*"

(1. Tianjin Key Laboratory of Applied Catalysis Science and Technology, School of Chemical Engineering and
Technology, Tianjin University, Tianjin 300354, China; 2. Tianjin Engineering Research Center of Functional Fine
Chemicals, Tianjin 300354, China)

Abstract: Three component core materials were prepared using 3,3-bis(4-dimethylaminophenyl)-6-
dimethylaminophenyl peptide (crystal violet lactone, CVL) as leuco, bisphenol AF (BPAF) or 1-naphthol
(NPH) or bisphenol S (BPS) as chromogenic agent, and 4-benzoxy phenyl ethyl decanoate (DPE), or
l-octadecanoic acid (STA) or phenyl benzoate (PBE) as solid solvent, and then micro-encapsulated by
urea-formaldehyde resin as wall material through in situ polymerization to obtain microcapsule color paste.
The samples were then characterized by SEM, and the effects of m(leuco) : m(chromogenic agent) :
m(solid solvent), preparation process conditions of microcapsule color paste, mass ratio of core material to
wall material (referred to as core wall ratio, the same below) on particle size distribution, color loss and
color development temperature as well as stability of core materials and microcapsule color paste were
investigated. The results showed that the three component core material prepared from M(CVL) :
M(BPAF) : m(DPE)=1 : 2 : 50 exhibited a decoloration temperature of >55 °C, and exhibited good
color-changing hysteresis ability. The microcapsules prepared under the conditions of mass fraction 7%
poly(methylvinyl ether maleic anhydride) as emulsifier, emulsifying speed 10000 r/min, emulsifying time

Wi BEHEE: 2024-01-26; EAHEH: 2024-03-21; DOI: 10.13550/j.jxhg.20240095
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75 min, core wall ratio 1 : 2 displayed an average particle size of 879 nm, polydispersity index of 0.122,

decolorization temperature of 57~61 °C, and color development temperature of —15~-20 °C. The

microcapsule color paste showed good color properties, with the erasable performance meeting the

requirements of QB/T 2993—2015.

Key words: crystal violet lactone; thermochromism; microcapsules; urea-formaldehyde resin; emulsification

process; special dyes and pigments
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AR AT 8 PSR o 0 A R AT B T A R e A
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H 7 Pilot 28 7] M 1993 4EFF IR & EE 4 2E, 2006
EIERB AT, 2008 FFiE AR ETT Y, ZRFLH]
T4, [ P AR (R 0 (ST A e A e 12
H A, T3 i i = e ) T R 5AIG (<50
°C), MO A RESRE 2 AL WEN, SEG=MA
(R TPUR e LN = RN E N =ES A TR i R (1M
B (<20 °C ). TMTREAN EZESE S A T 2 A 1]
DAFER = dhAE 55 CRIFR I BH A S, BiEE
20 CHfF=fh3EAT 2R 6 Wi, HTaXRNHM
g B R Tk 500~5000 nm, HETERN FEH T
CEMFTAETH AR R Z S A TR KT
1500 nm">" AT HAREA T 20 4 400~600 nm
FAaEFRAARNE A2z Wik, BarEp
T AT @3 i g se 4 A U,

ARSCHALL 3,3-0(4- — H Z FE R 3)-6- — T 3t
HRK (45 NEE, CVL) HRafF], Wl AF
( BPAF ). 1-Z%ly (NPH )., M S (BPS) AiE(n
F, 4-FEIEKLEL L HZEIREE (DPE), -\
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FUCT . ARIEEE (RIS 5EEM BTt ) X
PRI UB R BORLAE . TR 5 AR T U R LB
XHAR G A ERAERT, LR AR TR E T . L
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1.1 RFI 5N

CVL( TR/ H095% ), = LB 4350 98% ).
Ak (JFEA% 99% ). BPAF, PBE., Z M2
% (EDTA ), 43#rali, K BT AR A R A
HREATR (T8 37.5% ), RSz e b TABRA
Al; NaOH, Zptrali, RigiivLRA TH AR A R
oAl STA, ZrAfraln, REEm AL TR A BRA A 5
NPH. BPS, Zr#ral, i Ppta B A
R (B IR HmE SRR CFEIRAEE 130000 ).
DPE, 7#rdli, iHEfS 2R I A BRA R IR
% (JFRRSEH 99% ), L& TR B A
FRAHE s L KRBTk, Al

DF-101S #4E $h e i 4w 1 e FE4s . TG-16
I E B O ML, YLD-2000 U H B T3 T 448
W T AAER A BR BT 2 ] 5 FI200-SH AL 5 8 4]
SIFLAHL, EIEPHTS A FRA R KQ-300E Y
A DR, BT S PR A ] 5 Zetasizer
Nano ZS90 RIGAKIE K Zeta HEAZAMHTAL, HefE
Malvern 7 Al ; Apreo S 3 & S H B+ W BE
( SEM ), Z[® Thermo Fisher Scientific 2\ 7 ;
DSC2000 #42=75 {4 & # X (DSC), FKHE TA
Instruments 73 7 ; EyeOne Pro %6, {% , 35 [# X-rite
TSI 8
12 FHik
1.2.1 =5 #HEE &M &AL

SR 1 F Oy il =L B S . DO
-9 Wyl 6], HARERN . 7E 75 Cimi i
KWETIPFET , # B mBR ) © mCg 5l) © m(fE
RER) =1 :2: 50, 1] 25 mL B P IA 5.00 g [&
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A7) DPE, N, £ DPE 524 flfb)5, iNA 0.10 g
Fata i CVL F10.20 g & (55 BPAF, fii $11E & 30 min
o, BRI, 25 °CR A HIEER , WS 15 5
5.19 g WMEEN , 0 RS-0 AR iR R AR,
Hil AL -1~ 18
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Formula of three component thermochromic core
material formula

Fig. 1

wH O mEn Ben Ekn T muRa) -

m([E R 5
-1 CVL NPH STA 1:2:120
-2 CVL NPH PBE 1:4:150
At-3 CVL NPH DPE 1:3:50
-4 CVL BPS STA 1:4:100
-5 CVL BPS PBE 1:3:80
-6 CVL BPS DPE 1:3:80
-7 CVL  BPAF STA 1:2:160
-8 CVL  BPAF PBE 1:3:80
-9 CVL  BPAF DPE 1:2:50
WAt-10 CVL  NPH PBE 1:3:100
WHE-11 CcvVL  BPS PBE 1:3:100
WHt-12 CVL  BPAF PBE 1:3:100
WHE-13 CVL  BPAF DPE 1:3:100
WHt-14  CVL  BPAF DPE 1:3:120
WHE-15 CVL  BPAF DPE 1:3:80
WHt-16  CVL  BPAF DPE 1:3:60
WH-17  CVL  BPAF DPE 1:4:60
WHt-18 CVL  BPAF DPE 1:2:60

122 #3 T ESH M EL

TERCA T i . AULAEIEFER) 100 mL KA
A 13.00 g FIEESIA . 5.00 g JRZE 1 35 mL £
Tk, JHWPEPER N 200 r/min, FiE R R R IR
R VME, BEMA 0.20 mL = Z R
W pH=28.0, 10 min NFHRZE 75 °C, PUMHRHE S
2h, BHIEIMAXLE F/KELRZE 50 mL, 155 IRE
) i T R 4 200

1E 85 Chm M LA BEFE T, 9] 100 mL J2
NNAIA 0.50 g EDTA, 1.50 g NaOH ., 5.80 g R (H
FE O SRR I ( AR BBTHT 7% ) 1 45
mL £ F/K, 7E 120 r/min 53T B0 P 2 255
RVE T 2 WA W, B (0 BT 5 2048 5% R BRI 15 14
# pH=3.5. T —OORHIA 5.00 g .&544-9 J5im
PESE ALY B H A B & BRI
18 FH v B D14y LAE 10000 r/min AY5E R 55HIFL
£ 90 min, PAFFLAEAISIFLE . FRFFIA AR
FER 85 °C, BUHMIAARFE, 7E 300 r/min % it
AN 16.5 mL T ek il A5 1) JR AR i 2R (B
ANFAFIEERS TR EE 12 2), 30 min P INSERE, 4k

SLAi P SN 30 min 5 [0 4K R N2 RN 10 mL Jit i
I8 10%I1%) NH,Cl KW . B2 250 r/min R If
PRI 85 °CINL 3 h &, 5 Ik B P If sk is | e,
HARGHI 12 h )5, I/ 3000 HiEfmidug, R
HAEEEAI GEMOHK-9) 65 mL, BOTH (55~
60 C T 12 h) Ja RIS RUREE, 1L NI HE-9.

fie Bk, [ E LR A 10000 r/min, FL
FEBFTE] 2 90 min, 43 TG A R ST 3%, 4%.
5%. 6% 7%. 8% (H 5 £ M F ik 1 ok 2 1) FL
RN HAT FLAIT S T 28, 25 28 3L AR BT £ 43 4K
PORT e R il 0p-A T

Fie LR BR, [ e FLAR AR ROk 7% . #LAk
B 1] & 90 min, 4331 F§ 4000, 6000, 8000, 10000 .
12000 r/min (956017 FLALIE il & Il e 2, 5585
RG] T S 8 A A% 3 A7 1R 5 M)

Fie LR UR, [ e FLAL AT S EOCh 7% | i
4 10000 r/min, 2514 A 15, 30, 60, 75, 90, 105,
120 min 1Y FLAGAT A1 2EFT 2L AR il 25 SO 38 , 485
R st 1 X6 A SR A28 3 A7 (14 B

Pz LRI, PRSI FRERE (IR G TR ) )
AT b (RTRRGSEELL, TR M1 :101:201:3,
1 : 4, FEANRLEBE L X e S ST S (4 5
1.3 RS
13.1 &HE8RE

i AU BB L* . a*, b*, C*, h{fik
e, AR E 3 e BB B (E
Lo RFEIATERE, HABE N 0~100, LHE#AACFRAEN
Mo (L*=0 fRF4iB A, L*=100 f0ELHE); a*
RFBLAREax HIEEARRLD A, A ER RO );
b AR EWME (b A EERTREA, HRERRE
o ); CREEIMEAE, MEiauiEmERE; htx
A, SR 0°~360° (455 1Te TR E - 341E ),
Hrp 200°~270° Wi E A, RIGAX (1) IHHE
BEMLTAGORNE2ZE (AE),

AE= (L - L5)* +(@) )+ —b)) (1)

Lobe LA ERRRE, BUERN 1005 L Al
B OEIE; a) NAGKISE, BUEN 0; a
i B GE by AR, BUER
0; by i (4 (6 0R B 1
132 HE&EBEKIE

B 2.00 g & = HrSME T 5 mL &0
BN, AT, AR 00 I ke A
RS, NEIRIFELL 1 °C/min [R5
FHEZW A, FLL 1 °C/min BYERME 25, W
IFIE SR B DA P B | MR AR e S BT
AN
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1.3.3 442 B AAVLIY 50 EAE

Bl mL $EUE A AR, A S mL 257K
B, A SH 5 min JFTE 5000 t/min F &0 20 min,
LB R, B FRwYE . BOATE 3 Rk
R RS, S PRI EAER I,
W54 J5 08 FH SEM 7 5 kV TAEHLE T, £ 100~15000 nm
JWHE AP T, i Nano Measurer {40 & J:
BB O R 41 % YA oty NV NS 8 a5 2 T 4 A 3
B BB AR A /NFI A3 AR o

fifi YN K KL B K Zeta B/ ATIXAE 25 °Clll
FRER (0 (0 I K 43 B P iR B R A B o
1.3.4 DSC M4,

A3 EL 10 mg A SR BE P i, TR R
T, L5 °C/min (3 i F IR T2 100 °C, Bl LA
5 °C/min MR FFEIR ZE-60 °C, MR B AR
P AL S5 AR Y
1.3.5 &Rz

FRBBREEME: B 5 mL MEB OO, AL
B PR REE 10 mLo 4 5l T it 20 50 5%3h R
i 74X 5%01) NaOH %5115 pH o~ 3~9, 147 24 h,
CSR IR R

PEIRAS R g ME . B 10 mL PRER 2R (0, (0 0 70 %5
FRETFKKRZETHEZE 70 °C. FiRE-35 °C,
HEAREGRE, A RNCSRIEEET . JE 10 K. 20
. 30 Wa R lE 8>,

2 H#HR5E

21 BHTBEUERERSH
%2 FE 1~3 Ftsbr-1~856-9 OB E R
M 2 AIE I, =450k A R RN T
PRI SR OG, SIMEAIR T AR ) ( STA M5 45
69 °C; PBE #4568 °C; DPE 444 63 °C) W48,

TR ) R [T L 28 O 1 2 R PR R S R AIG
B TIE S

MEL T AT RIE (R AS [R50 52 e A 21 1 oes
FAEH (5 EHTR 2 B ORISR IR EE A ], STA
A A 0 B A5 2 b -7C T 1a)if 2 53~59 °C)
MR (56~51 °C) My EEHA—5, i PBE 1
A R B TR -8 (& 1) B iR (42~36 °C)
T HAIY (AR (53~58 °C) 16~17 °C, ifif DPE ff
Ry AR TE S IS 2 AR -9 R (35~29 °C)
PO EIRIE (53~61 °C ) fik 24~26 °C, KIHBH
W R0 JE R4 . X & A2, PBE #1 DPE 43 FHi Ay
T BHEIBURIE R TRER , HLEK A RE vl LSk
X E Bl

MK 2 856K 2 \TLUE L, ZHa S ER
5 e B a0 SO R A G R, AR 2
KA AR FR I h B E e RSN P B, T NPH
1B R W AT, S -1~ 8 -3 B h 7 T 264°~266°,
XPR T CIE-LCh o2& gl i o | 85 5 ir ik iy X
B #EH BPS fEN B AN, A -4~ -6 1Y h
£ T 244°~258°, XFR T CIE-LCh (R Hillis . &
WA AL X ; 61 BPAF /R B AAFRIN, bt -7~
-9 () h A7 F 267°~269°, %) T CIE-LCh i &
A . SR I X

I 3 IFEE AR 2 vTLIE W, BRIREEH 6
R M2 — B, AN ) I (0 50) 5 95 70 45 e
Je A A TSR . BT NPH 855 B I 651
( BPS HI BPAF ) A H5R MG, 500 00 02 X 35
B AAHE SRR /N BPS RN IE MRS, STA 42
HER R T XA I A & e — e R, 7R
BPS Ay b €6 70 sl i A 4 Jo Je 7 A 1 S - AL Rl A
MF CVL, #& TR AE,

£2 M EEOEERREORE
Table 2 Color information and discoloration temperature of core materials
ZYE ) . CIE-Lab” CIE-LCh?
S E RO o, TERE BERE
AR ¢ ar b* cr he)
-1 STA NPH 1:2:120 53~58 55~52  32.33+0.13 32.03+0.02 —69.14+£0.33 93.13+0.13  265.13+0.16
-2 PBE NPH 1:4:150 55~59 46~42  31.03£0.18 30.15+0.11 -71.06+0.14 94.25+0.04 264.07+0.01
-3 DPE NPH 1:3:50 54~59 43~37  34.05£0.09 32.42+0.05 —69.74+0.03 95.01+0.18 266.33+0.05
W4 STA BPS 1:4:100 52~57 55~50  57.62£0.12  9.07+0.08 —-50.29+£0.19 81.17+0.08 258.51+0.13
-5 PBE BPS 1:3:80 52~59 43~38  66.93x0.03 —7.51£0.13 —33.47+0.13 57.52+0.11 244.42+0.17
-6 DPE BPS 1:3:80 55~61 40~33  67.54+£0.15  0.16+0.04 —34.08+0.07 57.13£0.07 252.03+0.08
k-7 STA  BPAF 1:2:160  53~59  56~51  33.88+0.08 32.08+0.06 —62.77+0.08 85.07£0.05 268.17+0.09
k-8 PBE  BPAF 1:3:80 53~58  42~36  32.16£0.03 38.07+0.09 —69.51£0.04 96.03+0.13 267.05+0.12
k-9 DPE  BPAF 1:2:50 53~61 35~29  23.73+0.05 50.17£0.05 -76.17£0.11 86.18+0.07 269.22+0.08
E HERENIFRME O R R 2O 02 AES BIIRE; BOEENITFREOEHOEATHE LB HERE; O, @

A EHETEHERIZER 2 (CIE) BOERGNE, TR,
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AE change during the rising and cooling process of
different solvent core materials when BPAF as color
developing agent

Fig. 1

a— M -15 b—itsbF-2; c—B#-3; d—H-4; e—th#-5; £—
H-65 g—H-7; h—5H-8;5 ik -9
B2 RERSMEIRT R A

Fig.2 Photos of different core materials at room temperature
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Fig. 3 AE of different core materials

IMiffi{] PBE. DPE PIFPERISIA RIS, T
X CVL BAATTTHR, S IIAE FHXTEAL, [
47.05. 47.32 (its#F-5. it5HF-6 ); BPAF 5 DPE W
A B Z ] AR S Sk R L e g, BT & s
-9 i AE 43I STA (Gih#4-7) 5 PBE (s
F-8) W 22.15, 10.44,

22 3 SN o i AN [R) S 6500 1) R A5 B RO
I EREE .

3 AR BT HEAN ) S (0 500 A 8 R A7 B S (0 i BE
Table 3 Color information and color elimination temperature of core materials from different color developing agents with
the same mass ratio

Bex) : mEex): . CIE-Lab CIE-LCh
b mem TSR MR g L
m( A7 5D a* b* c* h/(°)
WH-10 NPH 1:3:100 52~56 32.09+0.02 28.36+0.18 —69.12+0.32 93.54+0.04 264.33+0.18
WAE-11 BPS 1:3:100 53~60 66.33+£0.11 —7.02+0.03 -30.93+0.19 51.67+£0.09 243.45+0.12
WHf-12 BPAF 1:3:100 54~60 32.64+0.05 38.73+0.08 —71.28+0.04 95.82+0.13  267.03+0.33

3T LE M =4 it (1 3
100 ) FH RV RS, s AN [i) k600 500 745 380 (R0 S0 6 118 ol € £
FhA5R : 81-10, WAA5 NPH, £k h= 264.33°;
AF-11, @R BPS, Wil h=243.45°; {54F-12,

W5 BPAF, B (5 h=267.03°, 531 [A) W Y
MR C* . JNAF-12 (95.82) >it5#4-10 (93.54)
SIEAF-11 (51.67 )o BXJEH A, AS[H] W €850 45 21 (4 5
OIS B ORI E FIEEA G, BEREE
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TR IR R, B 5 SRR CVL SO fifi H i
o, DITE A Y S 0 v B2 R A AT C* T
o ZE LT, BOMEEN RGN EFEECN B
{057 BPAF 57 DPE (it544-9 ).

# 4 MUAFE®E LA CVL, BPAF, DPE W
“H RS ERAE B

F 4 AFEZHNE LTSN EEEER
Table 4 Color information of core materials with different
three-component ratio

M(CVL) :

#H m(BPAF) : (ESE% AE L* h/(°)
m(DPE)
13 1:3:100 54~60 11628 28.31=0.12 270.03+0.13
AHF-14 1:3:120 55~60  113.26 29.03+0.03 269.88+0.04
BkE-15 1:3:80 53~58  118.97 26.33£0.08 270.35+0.32
WAE-16 1:3:60 K 12013 25.89+0.04 270.78+0.22
WAE-17 1:4:60 KM 121.68 25.56+0.12 269.92+0.46
WAT-18 1:2:60 52~57  117.75 26.35£0.08 270.35+0.04
A9 1:2:50 53~61  119.03 23.73+0.05 269.22+0.08

MWK 4T LEH, F—F 2R (BPAF) 7EA
Al = 2040 Ae e B @5 CVL H B B (0 B AR
FHIRD 5 2 v dub €0 500 A9 B 3 AT A S A 130 1) B B
T, RIS T B ) R S AR o (e 2 L
i) BPAF B L™ 25~26, HA#i ] BPAF 1E 4 2
S B EAH h G2 269°~270°, R,
TCE 24 2 30 2 PR AT S 350 %) B ], AN 25 R ke
70 S A 5 AR B s 7 3 PR A R 1) . b RE L XA,
T [ 52 AR I, B — I8 €650 S 7 b €6 178 1 3
AJEREER, HERaR pEda, Bk KIEE
HUAE S A AT, TGk S IR B i AR AN
B BRZIEERIA G s AR ah, A T A
TEEE AL 0] 7 e A e, Rl — 415 He il
WA N B, AT S AR N e,
. EA-16 KRR mRE FEMEI RN G 455
2 AL, A AR v ARV R A3 1Y o LR
I, O o B AR T R ARV s A i 22 BB, P
2 50 F10 B [ e, R AT RO 0E ) 2 M) G

25 FAMHT, h 7E 269°~270°22 1] 1Y 14 L2 (0, (5 4 N
i SE I W A, K SIAE RN
)7, -9 19 h=269.22°+0.08° . AE=119.03 1%
T 2 7 S R R R
22 MEREAEENRK
221 BB FAR T BIEEEEIR G YR

Bl 4 S AR TRI LA 5t 2 BT il £ 1 s 2 1Y
RS, ATUUEN, BEEFERRESEH 4%
T2 7%, O U A AR AR AR /N, S A3 Y
g, FUAR T S ECR 4%0T, 7R Wi 28 1 kL

742 E>10000 nm, FEEFTE 5950 nm; 471k
RIS 7%, 77 ke 28 %) i 45 W) 43 A A
200~1100 nm, FEAEPFTE 700 nm; PR FLALFH] BT
AR T 8%, PR WU FE A RAR T B
KA REDL, —FBSMTE 100~1100 nm, 11 75—
43 WFE 3000~6000 nm. 24 FLALFI &350 3%0T,
I Z = LT A B U (B AR5 H ). X
RN, BAERRS S, TR FLAE R 5
HOBRME, RASTIER, REASFHET
PRI ) FLACROR: , Ak 224 o LA 0 B 4 5,
AT DA ECFL AL ML 25 A5 2 E R A . ¥ — 1 FLU,
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Fig. 4 Particle size distribution of microcapsules prepared
with different emulsifier mass fraction
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Fig. 5 Particle size distribution of microcapsules prepared
at different emulsification speeds
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Table 5 Particle size distribution of microcapsules prepared at
different emulsification time
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Fig. 6 SEM images of microcapsule products with different
core and wall ratio

ZE LRTIR, TR R, SNEELE R 10 2 1l
2 BB B 7 S RS . A e 3 e fde
23 WEBAIIEHERIRERS T

B 7 A -9 R -9 Bl AR LI AE F1
DSC ik,

ME 7a, b ATLIEH, ©3K-9 1E 46 CHIIFIRE
Wi, 56 CHP AR MIE—E I, 75 61 °C
I HEAT (A58 45 IR 7c RTLAE Y, 549 78 40 °C
B AR R, RS A BN TN R, 7EZ 60 °C
Ao ) 3K BRI R = A, FE 65 CCHTTRIEARZE 3,
SEARTHE AU S TR A A R B, X
o5 A e e a b i R . U $E-9 B THEBL AR
A AR B RCIE DL 5 -9 AR —F, 7E 57~61
°Cla)5E AT 0, 150 A il e 2 1 5 V0 A B Il BEL o A



. 462 - M 4m 4 T FINE CHEMICALS

42

EANF R S . BRI RE R, EAE-9 A
e 25 °CAidr, WA T A2 (i B M i) dk ¢
MR . Py, FESAEDIE b R B
GO, A —E T B N B IS, S
PGB 2, WUR LS B9 DSC M2k, ARIAY
O A TR 2 A i e i il 2 PP Y A 0 B A
—5~-20 “CZ[al, BEHIfERUR L), PLa R
B B T S RN s, L 5E 4 (0l B AR
—15~-20 °CZ i, P, & i @R Ol s T
55 °C,$w 77 e sl TR RAFRE T, IR T -5 °C
HURTAGR YR e N 24§ IRV O WS =5 N T4
AMET 25 CHy e @R AR A T2 i R e
2RO HENELERE, RaASEaEsT
AR REST

—20

a —4 oC
or \
20 F 61°]
40 +
ﬁ 60 -
80
-18 °C
100 | N\ g o
00 1133 56 °C
2ot . . 46 C
-30 20 -10 0 10 20 30 40 50 60 70
TELEE/PC
-20
b 33°C
r \
0 \
20+ 61°C]
5 40 +
60
80 |
100 | 26 °C 57°C
120 ‘1_1_9;?_3___1____1____1__ 1 1 1 1 47 TC
-30 20 -10 0 10 20 30 40 50 60 70
{ELBE/C
50 Fc
& 40 - 25.32°C
= 30 4
/n:,\*/'f-9
T 20 BBES g7 H5b1-9
10 _,S/g 2534°c  ©
e 10 f
£ 50l ) / 61.77°C
TR HE-9 60.12 °C

—-60 —40 -20 O 20 40 60 80 100
1R BE/°C
Bl 7 @39 (a) AUEH-9 (b) BEREBLMWAE; @4
JRE -9 FIEHE-9 1 DSC #iZk (c)
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(b) with temperature; DSC curves of microcapsule-9
and core material-9 (c)
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Fig. 9 Color recording diagrams of reversible cycle color-
changing paste-9 (a) and core material-9 (b)
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Table 6 Color information of color paste-9 after cyclic change

TEFRUEK L* a* b* AE
1 29.12+£0.03  59.03+£0.15 —-87.39+0.04  109.05
10 28.33+0.19 60.52+0.08 —86.05+0.05 108.53
20 29.03+0.12 59.33+£0.15 —84.02+0.33  106.67
30 28.01+0.31 58.23+0.05 -83.12+0.06 105.05
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