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SRR ISR 78 nm 1 0.01~0.54 pm, HABAEMZEKMRE. W 2 2K 2 )2 1Y Si0, AT HEkH2 il
FRZE 0, TR EKME. MERNMALE —CRE L& SEERHA R amiEe, m Sio, FUkL 2 Nl fi
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Synthesis of Silica DioxideCoated Waterborne C.I.PR 31 by Sol-gel Method

CAO Rui-chun', WEI Xian-fu'?, WANG Qi', ZHANG Hui"
(1. Nanjing Forestry University, Industry and Food institute, Nanjing 210037, Jiangsu, China; 2. Printing and
Packaging Engineering Institute, Beijing Institute of Graphic Communication, Beijing 102600, China )

Abstract: Monoazo C.1.PR31 was prepared using 3-amino-4-methoxybenzanilide (RBKD) and 3-hydroxyl
-N-(3-nitrophenyl)-2-naphthyl formamide (NASBS) as intermediates by diazotization and coupling reaction.
Rosin acid was used as surface modification agent of the pigment in the coupling process, then silica
dioxideparticleswith 1~3 layers were coated on the pigment surface by sol-gel method. The samples were
characterized by contact angle measurement, SEM, TEM, color capability and thermogravimetric analysis.
The results showed that after the pigment was treated by rosin acid, its crystal morphology changed from
long strip to disk shapes, and its polarity was obviously enhanced. When the amount of rosin acid was 3%
of the total mass of reactants, the contact angle between the obtained pigment and water was 52.8°, the
mean particle size and the particle size distribution were 78 nm and 0.01~0.54 um, respectively, and the
pigment sample exhibited good hydrophilic property. The pigments coated with 2 layers and more than 2
layers of silicadioxide with contact angle values of 0° were completely hydrophilic. The introduction of
rosin acid made the pigment hues convert into red and blue, while that of the silicadioxide layer made the
pigment hues convert into green and blue.The color difference (AE) and tinting strength of the pigment
sample with 2 layers of silicadioxide, C.I.PR31*-2S10,, were 0.96 and 105.09%, respectively. In nitrogen
environment, the pigment crystals began to decompose at 290 °C. It is obvious that the pigment reached
the standard of high temperature resistant pigment and could be used in aqueous dispersion system.

Key words: C.I.PR31; rosin acid; contact angle; sol-gel method; thermal stability; rheological property;
functional materials
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AL G557 4, ok 0 @R g
I R BRI SR | Uk SR A A
(AL G RV B AR R PR A 1 . A & S HE
B TR, ) PR3 18 A T A RIS, i ™ B
SEMR A MOl N 53 B AR o 7K1 Tl 55 R Rk A
JLFREE AL AY voCs!'™, HAET 4%
VS B AT =l 5] Hh S B AR K R g, KPR
FAHLBURHA AT AT Z M8 H 2550 . SR AL
BRI P — MG, SRR 2, FEK A ik
GHEE . kR E 2 . SR HLEUEME MK A
i Gy, 20 b ok M AL B, Dk
5wk . it e sk & b a e e pER

DL G Wy s TR T X Bk F0kE 17 S e T f
T2 H Al oA LB T SR K R R R .
WAL VBB B, 3 2 1 S 2 Y
M EAER R, HAT, Bl 7L & B
LR B R R, 03 T B R A I 55 R
A B8 1 T i AL 2 B AV - R e i . AL
A WEIFREMMABREE, Yun R A
H IS 55 3 7 SR P LA R R ( PMMA ) /3R
FUOMBLER I S B S W8 25 R TR A VI A R R AR
IR 5 325 PR 1T DL P I P B R4 . Yuan!™45 )
IEREFR TR AR TR T IR M ARy, 3 o V5 - A 7k
¥ Si0, 1 TiO, W i #EA MLETE % 109 Z1m, 2% T
BB SE K AT E . ALY LR R A0, #
PVIGTR . TNIGTR T e . F LM IR P R 5 PR L B 7
BRI, BT IR BUR 4 A ¥2) . Widiyandaril'!
B3 Ao LT R o Y D) B TR O R I R T R A LS
T VAR AW Ry BE M 1) K5 /SR A 20 - TR 0 T
THR-H ST R P R O B, ELAA A Y AR
Vo BRI AL BT U BB R 1w b,
HHA W R KPR A SR e Pk, (B fb Ak 3
FENRE N BURHIURL F B AR SR AR A, Iz
HE 5T ZE—E R L N T BBk i R
st e B A R o e A R8T 2] ) 4503 A
o BET b, A2 e BURHBURLIL A2 35 K R AR 7
A7 1 ) L

AVREL TSR A\ . FAFER . Span60 F
Tween60 £2 5 2-F 5 -3-75 FF Bk 56 8] A 5L 28 Bl
(NASBS) &M M6, 5 3-2Hk-4-H A -
AR EEIERE (RBKD ) A9 5 &= Y456 B0 .
T 358 000 5 A5 BIURE = W0 1 1 R B TR B 15 7E Uk
sl AR R I B T A% b, R A R K, ELAE
Al A A B B R T S A S A R, R R Uk
wiARg N, Bt Wik, SCiE feR M m
AL 7 R A A R AT ) IURHIURE Y KN, AR AR 55
/N CLPR31*, 17 3 1k 5 J -5 I vk (o AE R TR £

it ( TEOS ) /Kfi##F C.LPR31*EHAE I Si0, Fik:
B, bR BRI 2K o 0 R kA
Zeta HUQ7 . AWIRIESR . OB E ) Tt R O AR
TE MRS B LA AR PR b el NP, B R
IR A MLEIURE ) A= 77 B o7 FH AR AL BE 6 35 S
SR A

1 SRIGERSy

11 KAFI S5

3-G B -4-H A - R i (RBKD ), Tl 9,
RVTHMGHE = R YeBHME TH R AR iR (s a5k
37% ). WASERE . A LE, AR, VHEERFILT
JEORFA BR S 7l 5 3- 32 HE-N-(3-filf FE oK Jk )-2- 25 T Pt i
(NASBS), Tolhgk, #MMKBPATHBEAF; B
TR (R 36% ). TKOE:, &K (i
28% ), AR, P ¥ T AILERE LA R TTAT A
ATFIR ( CyoH300, ), AR, LIRS AEWRHE AR
Al B 4K IEHERREN (PSS, M,=7x10") . B
W 3L 50 1k (PDADMAC, M, <2x10°) ,
AR, RETCERE AL T B LIRmFEME S ot
fil (PVP, 4x10*<M, <4.5%10*) . IFEERR & MG
(TEOS) , AR, KitmisE Rzl k. &
BTK, A,

WX-77962-00 #IEE S 7 , TE[E Masterflex /4] ;
XL30 B8, faf 22 Philips /A 7 ; DSA20 A%
il Y, fE[E Kruss /A5 ; ZetaPlus %! Zeta Hi,
437, 2 Brookhaven /2 H]; TANSOR37 %I
FTIR ZL4M3Y6ERETT, f8E Bruker /AF]; Master
Sizer 2000 B HOGR Y, 9% E Malvern 23 &) ; Hitachi
H-600 &S o5, HAHIL/AAl; Per-Elmer PHI
model 5000C % X S8 H FRETE(L, TGA-7 Ik
LFEH ML, FEE Perkin Elmer 24 7]; X-Rite8400
BE 6T, EE X-Rite A7 ; UV-6000PC
RSN BT, i IeHT A BR/A F 5 DV-I Prime
RIZEEAL, £ Brookfield /A7 ; HSYM-0.75A %!
FhRE AL, i B P R R A .
12 MEBRMME C.I.PRILMHF

FARWMHEIFS: 7 200 mL B IA 100 mL
K, BEFIA 22 g ERER AN 4.4 ¢ BEER , BEFEI 215
A 11 g (0.045 mol ) RBKD, #kZ:fii$k 20 min; 1%
TREWBEFE S 5 vk iR 22 0 °C. 53 #E 50 mL k¢
e, A ERSRREM 3.25 g FIJK 10 mL, Bl s
W, Pl SRR ANV R X ST HKE S R B TR
g FaRE T, R R E AR S °C, RN
30 min, fHEIEAW], F 0~5 CTHARAFEH.

AW % . 7F 400 mL BARHmA 200 mL
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JKFN 6.5 ¢ NaOH, HiiFl5)5THEZE 95 °C, JMA
14.1 g (0.045 mol ) NASBS, 15 I& 1 J& i pk (i i B
M2 45 °C, %,

SR 3R T 5 A& — 1 AR A T 1
BT TG AR 8 S% R IR , BEFE 51 )5
Jnvk iR EREE 45 °C, &H.

A RN A A BN YR F BB A i,
FHUTG S 43 500 2 1y d R4 o 2 i 2 2 M4
WREAR T, i ] RIAE 30 min, {355 pH=4, KN
TR EEHIAE 37~40 °C, F5EEfiFE 1 h, [ ZEEEA L
HA, BCAAEA SOW i CR . 7Eusgt B
YRS H-FRIE I (1-23E-8-25 W) -3,6- iR, ikt
IPE3% ) “HE BB A, A TRL A
BE R kT RO N 56 4 )o ARG FH L ol R %
WiTE % 90 °C, {41 30 min Ji7, FHHIREFEZ 70 °CLA
T, FAKAUE 4 RAETEDER k. B HOE I8 Dk
AMBEFE T 90 °)CF 18 8 h Ji X Hidb A 7k e Ak ab 2
Ay 435 20.58 F1 20.89 g ZL A ACIREE M o ¥R Z
FA 7 TR Ah PR B BFURLRE b ARic 8 CLPR31 [ 3-8 5%
-4-[[2-HVER RS- (CRBEEEE ) HH R 1 R )-N-

(3-EFEARAL ) -2-Z8 bR ), ZRAA A IR ALk 3L 1 e

RS bRiCh C.LPR31*,

iz, FE MY NASBS i it &,
Pl RBKD 3R 1143 C.1.PR31 1 C.IPR31*[¥)
PG =500 ) 25.50 Fil 26.42 g ( HSERRrs & FI
WrEE N AT S HE RS0 81%M
79% ), A RGERRATF PN

OCH,

NH, Diazotization,5°C
+HCl + NaNO, — — " 5

OCH, QNOZ
ONH pH=4,40C
e

ONHCO

N=NCI+ HO

O Coupling reaction

NASBS

RBKD
e
NO,

ocH, HO ONH

N=N

OWCO O

1.3 ARK-BREHE _S{HEEZE C.I.PR31*
RE—E =) PSS (HE FREMIE ) . 25

FIK FH £ 19 C.LPR31*{E] A 200 mL BEhrrr, $iidk

WA SRR /0 1 h 45 CLPR31* 3, XHZ @K

AT B0 B VRIS R A LB s ok, BeRs
PURLZR A UL 7 . 78 55 T i A PDADMAC
(PHE AR MR ) , WeB 15 min, ZURHIUR M
M B IE B R RO TOK 2B, I AGE
Bk CKBIHEEE N 7 mol/L ) , FFAEBEFRIRAS F A
PVP (200 mg) Fizd/K (fEMF, WE 2 mol/L) ,

1 h i INA TEOS( % FE 3.3 mol/L )FIJE/K ZBgE( 4t
BRI, 240 mL) WIRGHW . gkttt 12 h, 153
Si0, & WA MLEUE - BOR . 2588 F KBS D VeI
3, THEHSRmRAER Sio, MEURHR T,

HE FAREAE, nTUAREIZ 2 Sio, iE WA MLEUR
C.I.PR31*-nSi0, ( n /5 SiO, WEWZS) . HT
PPN =3/ = W

$3C
PSS oo Oe (j PDADMAC
Disperse O 5
° SQ Qe
Organic pigment core
3@3 Q 6/Si02 shell
Y H,0,PVP,Ethanol Q 0
Q&Q‘ 'Q TEOS,NH;-H,0 O O
Y 00

+

Pigment particles
aggregates

14 SEERAHE

SrEESE H 20 g Bk .S g 43T DS-121.100 g
FE T KA /38 2 h il
1.5 MEREMIK R RAE

P (SEM) Z081: K, Jext Bkl ik
IR B, TS AR 2R Fr b S & e I 0L 5% 25
BHY R AT 5 .

TR PR B A . R R B 45 BIURHRE K
[ - F JCAE 2 At o 000 S 300 0 A 5 /K 22 ) A
filt A R/ o 38 A 42 £ R/ N RATE ORI VA

Zeta WAOLAMAT: FH 2% B /KX VRS S EA T
B, B A £ pH=5.6 IR Zeta HL7
AT BUREE 5 1) Zeta FLOIAE

FTIR 5307 : BUD 5 BURMRE i T KBr R R IR 7E 2L
AN HECEE T 0 BRI 25

RIAE SRR AT . 2B A BURHRE i AT
WMikE, B S min J5 R FHBEOERLEE AUk
R & RRAR TR A A

BHHEE (TEM) 408T: FHIE G i e WS 0 7
JE FHLBURHYIE 5

X HHEOGHE TRERE (XPS) 0¥ RIADEHR T
RE TS0 A 2 T 1) T B AL S L T2 A i

o, MRS E£AE . RSO
D65/10° % 5 T A BURHE B i e . i KRS
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C.LPR31 Z ][22,

it DI s R AR B 2 T O vk R AR BIURHRE S
BT P RE

Sy HORRE TR < B OB S HE R A B
D, SRABLOHLERHCRN 4000 r/min T &0,
HF% 20 min BB R 1 em A A9BSR 0K
0.1 g ZMiRE 2500 15 HI 403 6 BE 1 2 d5e K
WA AR e BENS I He Ak v Al Ak B TS 2 IO
) IR B

A EREI IR BB AR CE 24 h f5, R
FHZERE SGREL 2755 I A B K IR B, OF HeaR
S ORI T AR M RE

2 ZHR5E

21 MEHBIFEKLKE
2.1.1 AFRRERZTHHL

NIRRT T o & A —COOH ik, Wy T Bk} 3=
I )5 REAE $ THHOROK PR RE o A i BIURHR B e o
IR FATF IR 9 I 5, FEAS G FE b 23 5 AN []
AT TR X BUBHEA T CPEAL BT, ] S R
fisl f FI1 Zeta HLAZ S R AN 1 Bz o

—a—Contact angle 4-15
—e— Zeta potential

70 9
\

Contact angle/(°)

w(rosin acid)/%
BT A T P X OB i 2 T 7K 4 i A A Zeta #RL
(A
Fig. 1 Effects of amount of rosin acid on the water contact
angle and Zeta potential of the pigment sample

HIPEL 1 AT, Bl A B BRI A IS I, BORH
e fh Ay S B I B, L O B S ) SR Y 3%
i, BURLEAT /N Al ff (L ( 52.8°) AlldR K AY Zeta
HLALZE XA (20.7 mV), ZREEHTANFA T IR Y ] 4
il FAfEIE K, Zeta RIAIZEXSEI/D . XU w (2
TR ) =3%IN, BEME S @A T UK M 52 TH B0k
SRR PERE s RS, BURPRL T IR KB 2 K
FERE LSS, AR TBURHA S U s B e O,
I HAL 2 X BURH @O . RS A . T 1
R I 14 2R A A R s T R D B I ) I
1 3%,

2.1.2 FTIR 5#
%f C.LPR31 F1 C.I.PR31*( ¥\ 2 0t 2 7041 3% )
K KBr & kAT 2r Ak 2 4F, 458 WK 2,

v/iem™
B 2 JREEAPLEUR C.LPR31 FIKS 7 okt A HLE R
C.LPR31*MYZL /MG F

Fig.2 FTIR spectra oforiginal organic pigment C.I.PR31
and C.I.LPR31* treated by rosin acid

L 2 FTHT, PRI B0 T mhA 3 | fig 2
AL R ARG, Horh 1677 em ™' &b Sy i e 3 v
C=0 BRI IS, 1644 cm™ &bl N—H f925 il
PRl ;s 1529 F1 1480 cm ' 4b Ml N=0
HERERE I i , 890 cm ! b M RS FEFE IR [E] 2 C—N
R RRAE R O s BIURE I HP AR B AR R A 0 S B
FE 1445 F1 2842 cm ' ik, FEIERAE L5 5 BETT
H¥r#—2, mItifEkr NASBS Z5H /Y C JE B2
HEALE E—N=N—#ZE4 KT C.LPR31, —#HH
., C.LPR31*7E 3412 F11730 cm ' ZbH ¥ T—COOH HY
FEERIE, 43501A O—H Fl C=0 RYfhZ4aHRs s,
{HSREEERAK, FZEH TEH—COOH & i BIrE,
—COOH FREWER I, RHUMERRIISE T
C.LPR31 myelett, AW T BHir =4 C.LPR31%,
213 WMRABEZLH

AR PERT IS C.LPR31 I S ATE S LI 3,

a—C.I.PR31; b—C.I.PR31*

IR SN ERE iR
Fig. 3 SEM images of samples

HIE 3 0l 1, Jhh C.LPR31 JEHA K AR
A ILEURE, 7R 5 i b S AR T IR P IS Bk
(9 it AT 30 by R 2RI S [ otk BSORHRIUAE s 1A
IR TTE . RN R A TR . BURHI f (A
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RAE—E BB L RENS S e SRR P A R/, i
Bk AR R T T AT R B HES A AR A [
FER) = AEN AR, 0 FEEO R (057 1 B8 52 e R A
TR I, (2 AT 2 il , 7EK
PEA P R AR KM, %R E AU P(m?)
FooR; MATE FORAE R EAT — i, SRR
e, AT n-P(m?) R o WIHE SRR
(PNI) "] PAn-P)yFE/n. HWILIERE (£F) R
BB AR, AR A (TUR AR ) mig/h T
bt 2 (O AR ), PNI /N, IR HAE S e 1
FIK A B B RN s X F RO BURL &
A, ARCPERR A I AR K T IR R4y, PNT K,
FEIRPEAN TR A3 BOPE R AT o Zasd WA A TR 301 1 1
i S22 BRI R B, AR P 38 0 1% v AR S 38 o
I AF SR KRR, 35 Rl A i IS SR AH AT

SR O BE SO A A R AR S FL A,
ghE L LA 4,

HE 4 7T, REMEFRUER CLPR31T HA
B KRR AR A3 A W {H RN A T8 MR AR 0 A, 43 3o
200 nm F10.01~8.35 pum, £ WA A FR e PEJ5 , C.LPR31*
FARLAR 43 A VA B FIVRE AR 43 A 9 B 43 501l B 25 78 nm Al
0.01~0.54 pm, FHILFT L, ZEA8 & HTHIMAM TR A
A BE U S AR A= D T L 2 IR R, i HLGE
A OB A B AR R R, (BRI RE
1 o B/INIPRLAR B A B KA S A il C.LPR31* N
T BRI A% TSR T 2 1 K P ot B ik AR 1O

st 200 nm C.IPR31

Volume/%
w I

N
T

—
T

0 L L 1
0.01 0.1 1 10
Particle size/pm
81 78 nm C.IPR31*
as
6
S5t
o
o
> 3t
2L
1k
0‘ 1 1 1
0.01 0.1 1 10
Particle size/pm

K4 FEGLIRLAR SRR S A

Fig. 4 Particle size and particle size distribution of samples

22 Z—SWEEEE C.|.PRIERH FHIHRE
2.2.1 TEM Zi# i W o ¥

TEAR A 2 5 v 28 2o W A T T30 P R it 4R Pl
SORER AR R IVRAR B Rk (I 3), TR GRS
B TERMRE . T L RTAPLEURHY 2EK
e, SRS, 76 PSS il PDADMAC il
A C.LPR31* B4 BUAR R H A TEOS, 7EZ fi
f6F, TEOS & E/Kf#, LA Si(OH), LR TTIELE SR
Wik F B N AN EIE T, BUE R Ak
e 2 AL AE BURHIUR, 3R 1

TEOS TEZKAETE &M T I B & HE WK A S g
FEERBUR N . IKHREE . 2K HREEXT TEOS 7K
fife ok B S R o AR Y R A T
L EEA T Y TEOS 7K il £ Si0, 7K sl 124
K
d[TEOS]/dt=

14.74exp(—22053.9/RT)[NH;]""[H,0]"**[TEOS] (1)
Ao t KB N E], min; R JEEEIRMHEL,
8.314 J/(mol-K); TEMIJZEA, K; [NH;]. [H.0].
[TEOS]/34l45 NH;. H,O. TEOS J#JE, mol/L,

C.I.PR31*} C.IL.PR31*-nSiO, I35 5 H1 4% I8 H
LI 5,

a—C.I.LPR31*; b—C.I.PR31*-1Si0,; ¢—C.I.LPR31*-2Si0,;
d—C.I.PR31*-3Si0,

Bl s AF A S LB
Fig. 5 TEM images of samples
K5 b, SRZME A HLEBURHRL T Y5 5
Bel R (I 5a) AL, FUAUA HLEBURHBURRLAR I K
23, R Si0, B 2 i a8 B A HLEURHBUR. % 11 ,
BaEZINA 335 o HE— 5 A A DR
FERL SRR Ml Ay, SRR 1.
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1 BURHRE kA R 2Si0, 19 Si JTER AR & i 2 TH R 11.5%,
Table 1 Contact angles of pigment samples C.LPR31*-3Si0, ) Si T ZM T HFE— L s

BURL

C.I.PR31*- C.I.LPR31*- C.LPR31*-
*
C.I.PR31 C.I.LPR31 1Si0, 28i0, 3810,

BEffA/(0)  68.5 52.8 44.6 0 0

H12¢ 1 Af 1, C.ILPR31*-1Si0, By 32l /1y 52.8°
H—FERE 44.6°, £ Si0, (U2 AE Mg hnBikk
HIZEKME, (31 2 SiO, HANBE 58 4 76 78 BUBHEURL
FE, ML AR E A R ; C.LPR31*-2Si0,
Al C.ILPR31*-3Si0, My AAERFE £ T 0, R 2 )2
K 2 JZ2 VL Y SiO, JLTF-RER A8 HILEIREEUR 36 1 52
S, PR RN e K R, [FR,
T 2 )2 Si0, J5 BUBHEURL I e RARARATSSR AN 8 128 W 2
EV X3 28 A RAR ZR (0.5 um ), i HAB ER R 5 =X
FH I B8 R v R S xR AR I BRI s As . Ik, 2
B 2 )2 Sio, RinT ik B ikl 52 2K H i, dig
6 B L URREAE I 2K
222 XPS 45#F

MR8 X B4 T RE S A A5 2 1Y BURHURL %6
MJCE C. N, O, Si BYHX &5 T3 2,

K2 PURHEERL R LR 4 AL

Table 2 Surface element composition of pigment samples

SR AEX T B /% Q(il:giﬁ?

C N 0 i &AiTHEEV
C.I.LPR31* 81.20 1.48 17.32 — 531.95
C.ILPR31*-1Si0,  73.45 1.19 2246 290 532.20
C.ILPR31*-2S8i0, 46.64 0.56 41.30 11.50 532.50
C.ILPR31*-3Si0, 44.65 0.54 42.58 12.20 532.60

T — R A ZIUE

M 2 "AIZat Sio, WE ), Si JLEM O LR
BRI R & B Bl Si0, JZE 3G i s i, AH R
B C JLRM N TEWAX & &FEE Si0, 2%
By AL, KRGS SiO, 2N, A HLE
Rk B 55 0 A A Ok RS . TR BT
Fl, C.IPR31*-1Si0, B Si JCE X F &N
2.9%, KUCAH SiO, wHE TR KM ; C.LPR31*-

12.2% % T O 1s i FZ5 G Rek it , HAUERE % Si0,
JEEE g, (EAA Sio, EEIR O 1s
HL 45 A RERMIT T4l Si0, 1 T45 A HE (533.5eV ) Y,
O IsHLT45 A RE I B & i T SiOy kLT 5 L fiff 5
PIFEAE SRR, WHZEEZ, Sio, FiT5
R T A EAE RS, DL EJCE AR O IsHL
TLEARERZE UL 2 )2 Si0, B REIA R A DL
ORI 3%, X5 TEM FIHE Ml f (10 50 45 A AT .
23 BRI aXsH

B BURFESD 0.3 g 43354 R v TR A5 A 128 5l
FEs TERES 0.1 g KB 1 g Bl SRR S
WS TR o SR 5 0o BT B SR J5 19 a0k
fH, Vb Lab WRBIRIFIAFER M ERER . L 3R
56 (Luminosity ), a &7~ ML 2 4% (0 1) 48 1778
Fil, bFR MO R ATEER, EOLEUE %R
3. Horr, DI CLPR31 MbRiERE, BURMEE f C.LPR31*,
C.I.PR31*-1Si0,.C.I.PR31*-2Si0, fll C..PR31*-3Si0,

(20 AE TN AE=VAL +Aa% + Ab® J1E
oA o s AE IR IUAE 5 5S8R0 Z A 251,
AL . Aa, Ab JEFES 5SS Z B L
M EEE R a. b I2EME.

M 3 nlH, SR SE)E , BURMEE &
R K iR G e kA T —EAEfE, M Lab
BAEE, se RN — R TR, S et
RUAH EAm I 2T s 7 7], (22401500 0.68, 14
FRRUME BRI E G TN 104.95%, EFHT#
4.95%. HRPEA CHU S (Mie Theory ) )2 Chromey
Broekes 2 H (LT B 34 UKL B4R N (05 i
KA M BER2 ) U PLEUR R AR R, EH @
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Table 3  Color values of pigment samples before and after dilution
SV BE IR iRk @2 (AE) HEI%
L a b L a
C.I.PR31 36.87 44.45 18.11 49.80 41.52 -7.62 0 100
C.I.LPR31* 36.37 44.74 17.75 51.19 40.99 -7.69 0.68 104.95
C.ILPR31*-1Si0, 36.20 44.56 17.68 51.05 40.87 -7.82 0.80 105.02
C.I.LPR31*-2Si0, 36.11 44.49 17.52 50.90 40.69 -7.99 0.96 105.09
C.I.PR31*-3Si0, 35.08 44.36 17.47 50.76 40.62 -8.03 1.02 105.12




511

&

Wi, S Ul -BE R e A — E AL EE R K PE CLPR3I

© 1823 -

1.02. H LA b ZcdE 53 A a] #0, C.LPR31*-1Si0, I
C.I.LPR31*- 2Si0, Bl M (A 2278 1.0 LN, 54
PR AR Rk A = g EE SR, H C.LPR31*-2Si0, 1Y
FHOSRET 105.09%, ETFT4 5.09%, Xk
& HZBUREEC K PR T SR s R, AR T fE
4 58 A R AR AT R AP A BROR . HAR LR GG A
MLETURHE 24980 /IN FH 200 1 3k 21 4 [R) A 2 LR .
2.4 T

A HLEURE ) T P BB 2 48 BURHE 52 U LR
AR B RE M, T A B R S R B e gh
LIS 34 I 12 D0 s e a1 N ke o528 Bk e e |
FASEPTH, BURE RS AR S Tl 4R L
6.

\
\

i~ C.LPR31*-2Si0,

C.I.PR31*

Weight loss/%
2
S

C.LPR31
60
50 b

0 100 200 300 400 500 600
0/°C

E 6 C.IPR31, C.IPR31*Hl C.IPR31*-2Si0, [ />
EET

Fig.6 TGA curves of C.I.PR31, C.I.PR31* and C.I.PR31*-
28i0,

MK 6 AT LLAH, CIPR31, CIPR31*,

C.I.PR31*-2Si0, ) TGA HiZas Kk —3, (H1E
RN EE T, C.LPR31*H1 C.1.PR31*-2Si0, By #Jk &
B /NT C.LPR31, 2K H 5%, BURH#A i
(Tsop ) 2050 281, 285 il 297 °C, f KK B RN}
R ( T ) 23591 507, 528 H1 550 °C ., H TGA
MiZe a4, C.LPR31%-2Si0, Zeid K Pk b B 5 B A
Rl ryFaENE . H TGA #1 DSC £ LA 7,

16
100 - 14
12
90 10
§ 80 6 E/
= 4 3
270 , A
B
60 - 0
-2
50

1 1 1 1 1 _4
0 100 200 300 400 500 600
o/°c

7 C.LPR31*-2Si0, [{#4F Fl DSC Hik
Fig.7 TGA and DSC curves of C.I.PR31*-2Si0,

mE 7 ", FEFHEZE 290 °Chij, C.IPR31*-
2Si0, FHEIEARBEEAA , Z 528 Bk s,
Wb, Bl R R — 2 TR, BB R IR,
FaEit—ub . HAE R AR et RS T
ETEMAER A (—NHCO— ) A5, %Ik 5L 741 )
TEURHE 4 F AR R, T B R f s
et [, CLPR31 ¥3E ER Pl S5HEAILE
WA TR, R S5 AR 2 . C.LPR31*-
2Si0, HA fe i iR e P |, 26 W A0 7 31 0kl 3 1 1Y)
Si0, 7E— % FE B I AEZ 4 i A7 HIL AL Y B0 43 figk
FE, TR TR A PR 1
25 BiLEREM

BR300 3% B B O AR e M AN T 8 B .

ME 8 A, Bk C.IPR31, C..LPR31*fI
C.L.PR31*-2Si0, #il £ i {6 3% HA A F A LB
KB C.1PR31*-2Si0,>C.1.PR31*>C.L.LPR31, J§
LA HLEURE C.LPR31 il 5 1) (L3 7E 250 20 min i L
WG N 0.0313, 40 min I FE—E K E 0.0117,
BUBPRL T JL-F- 2T 000 s FAF IR 0T ) il 45 10t 2%
B NIER T WAL T —EmiikE, HhT&m
W, 5RGA VLR T M H A7 7 S Ak e 3
Al (—COOH &), FIFHURMRL T MR A8, £
—E TR L RBAE AR BB R 1 s BRI &
AR UCIE BT 2 )2 Si0, M7 HLEURH il 45 1 03¢
JE AR E AR E O RE N, XEEHT Sio
A MBI R SE 2K, BURHEURL BE U 8t 5E 4 1Y
TR A, 7B bkt G T SRR B] SR,
IR R BB R e P

e
[=)}
T

A —=—C.LPR31
. —e—C.IPR31*

g 03¢ —a—C.LPR31*-25i0,

2

| 03} .\

g \:\A

b= B N

302l —

&

010
0 rinm— 1 » m |
20 40 60 80 100
Centrifuge time/min

K8 BURLES L o3 BB SE 1k L AR
Fig.8 Comparison of centrifugal dispersion stability of
pigment samples

26 TR

C.ILPR31. C.I.LPR31*1 C.I.PR31*-2Si0O, iY i &
PEREXT EL AN 9 B .

A 9 AT, 2R R O I BB i B K
B LR e LR AN, B sk B AL TR



. 1824 - # @m 1k T FINE CHEMICALS 5535 4
g& :ﬁggh BENS I A HLEURHO P i B, A R TR
A%& —a— C.LPR31*-28i0, e E T

S1s0] - (4) C.LPR31*-2Si0, i 4 Bk 2.3 B A B

0 20 40 60 80 100
Rate/(r/min)

K9 BURHRASVERE L4
Fig.9 Comparison of rheological properties of pigment
samples

70 ' '

WA PLEUR G & K . FE R T AR PR E
FRBH E T fAZ A E— 20 B, (o R EAR - (R R A2 B
SN, BRI RNE A, Iz HAe KA
RS, AERRE, A HGE T R T
e, (RO 2K B S R AR PERE . C.LPR31*-
2Si0, KM B EK, Akt —L8RA, §5
C.I.PR31. C.LPR31*Hil & MG IA LR B /N, Ui
ASPERE AL . A AL T EDAE 2.5 3 i 35 v i g
BABAERNRAETERE . LOKMEm B E], A TEGE
25 FECmBLE . BB Wohtkidag, ne
WMo, WS R, R I 0 IR
JER S Ao 0 5 A A 3 A P R D T {8 ) o
BB, HINZEmT, EISCEMEE,

3 it

(1) 7EMA SR R M AERY C.LPR31 i
A7 WM Ak 2R AT Z0RE b AOE S R K SR B = B
AR, ARk s . LA R SR R 3%
B, AT EURL 5 K Z 18] B4 i £ 68.5°F% = 52.8°,
Zeta UM ZaXHE M 14.6 mV THE 20.7 mV, ki K
PR AR B AR SR K M fE

(2) 23 N IR el M I OB E R v 1] 21 €8 0 i
o, ShruERE (CLPR31) AL {G22 (AE) 4 0.68.
MR BRI 6 1 R 104.95%, ETFT 25 4.95%;
SiO, WEEZM L, IR, st
MG 2 2K 2 )2 R Sio, JLF-RE
AHLEURHEUR. R e 2, Uz A2 0,
R SE 4 SR K PERE . C.LPR31*-2Si0, AUZE {6 7]
A3k 105.09%, 3255 T 5.09%, SFRUERER 25 AE)
H0.96, £FE IR AGRHG A R

(3) C.LPR31 £ AFFmR R Sio, HE G
PRI E Tso it 281 °CTHZ 285 °CHI 297°C, H K
PRI B E Toa H 507 CFE 528 °CHI
550 °C, ML, KW Si0 7E—ERE I

OB, SRR E PELE, BEBEHL C.LPR31 I
C.LPR31*H| &M @2/, WshtE e,

Zr LR, XS EURIEA TR A R el PR b 3 HL AR HE
FMEE T Si0, RENE A K i AR Bk AP |
SycRasEE L A ARMER) )y A ERE, R niE
FRMTBIAR

SE k-

[1]1  Zhang Qingyun (3K z), Xie Xuehui (“##%), Liu Jianshe (#j7
1%). Research overview of microbial co-metabolism on printing and
dyeing wastewater treatment: a review[J]. Chemical Industry and
Engineering Progress (ft. T.i#E/), 2017, 36(9): 3492-3501.

[2]  Xie Xuehui (i{2##%), Liu Na (XI4F), Zhu Wenxiang (4 3C#), et al.
Construction of bioaugmentation engineered bacteria and their application
on dyeing wastewater decolorizing: a review[J]. Chemical Industry
and Engineering Progress (fb T.i#E}&), 2013, 32(4): 869-873.

[3] Bazrafshan Z, Ataeefard M, Nourmohammadian F. Modeling the
effect of pigments and processing parameters inpolymeric composite
for printing ink application using the response surface methodology
[J]. Progress in Organic Coatings, 2015, 82(5): 68-73.

[4] Percy M J, Michailidou V, Armes S P, et al. Synthesis of vinyl
polymer-silica colloidal nanocomposites via aqueous dispersion
polymerization[J]. Langmuir, 2003, 19(6): 2072-2079.

[5] Patole A S, Patole S P, Kang H, et al. A facile approach to the
fabrication of graphene/polystyrene nanocomposite by in situ
microemulsion polymerization[J]. Journal of Colloid and Interface
Science, 2010, 350(2): 530-537.

[6] Landfester K. Miniemulsion polymerization and the structure of
polymer and hybrid nanoparticles[J]. Angewandte Chemie International
Edition, 2009, 48(25): 4488-4507.

[71  Yun K M, Suryamas A B, Hirakawa C, et al. A new physical route to
produce monodispersed microsphere nanoparticle-polymer composites[J].
Langmuir, 2009, 25(18): 11038-11042.

[8]  Yuan Junjie GERZ). Encapsulation of organic pigments with nano
inorganic oxides and its application in coatings[D]. Shanghai: Fudan
University (&2 H K2%), 2006.

[91  Ali ST, Heuts J P, Hawkett B S, et al. Polymer encapsulated gibbsite
nanoparticles: efficient preparation of anisotropic composite latex
particles by RAFT-based starved feed emulsion polymerization[J].
Langmuir, 2009, 25(18): 10523-10533.

[10] Widiyandari H, Iskandar F, Hagura N, et al. Preparation and
characterization of nanopigment-poly(styrene-co-n-butyl acrylate-
co-methacrylic acid) composite particles by high speed
homogenization-assisted suspension polymerization[J]. Journal of
Applied Polymer Science, 2008, 108(2): 1288-1297.

[11] Noshchenko O, Kuscer D, Mocioiu O C, et al. Effect of milling time
and pH on the dispersibility of lead zirconatetitanate in aqueous
media for inkjet printing[J]. Journal of the European Ceramic
Society, 2014, 34(2): 297-305.

[12] Qi YL, Xiang B, Tan W B, et al. Hydrophobic surface modification
of TiO, nanoparticles for production of acrylonitrile-styrene-acrylate
terpolymer/TiO2 composited cool materials[J]. Applied Surface
Science, 2017, 419 (8): 213-223.

[13] Liu Sisi (X&), Wettability and tribology properties of microscale
silicon-based superhydrophobic surface[D]. Beijing: Beijing Jiaotong
University (36573838 K2#), 2013.

(5% 1833 11)



