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FAE, BT FRZHET GMA bSO lmchifs . faE e AmEsi R 1. Wk, 25REW, &2
AA 5582 T AA TR (52 AA L) SHMEEHEE Jsm R g, 2T MMA 5 BA MR b 55¢ 2%
MMA 5 BA Rkt 2 o (e b ) XHMERI KRR 0 B3 . [ S N IR IR LIRSl s b . 2R
AR SRR A SRR (RS2 ) 2.00 1 3.00, BAEHAEL 3.00 : 0.75, 55 AA I 0.50 : 2.50,
NAZEC R EGDMA F& 0.75 go 245782 ik GMA 80808 1.5%IN, [ 3B R BRSLIBCE Y ki
112.2 nm, Z5FEUHEHRECH 0.108, BRI MECRTE 409 °C, B2 55782 AR 0 28.5
517 °C, FMAERE AL, BEEWRKEN 34.55%, JHEBINE 10 99%, MiAPEiA 50 1K,
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Construction of self-crosslinking core-shell acrylic emulsions
and their effect on water-based ink
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Abstract: Self-crosslinked core-shell acrylic emulsions were prepared by two-step emulsion polymerization
with acrylic acid (AA), butyl acrylate (BA), methyl methacrylate (MMA), hydroxypropyl acrylate and
hydroxyethyl methacrylate as monomers, ethylene glycol dimethacrylate (EGDMA) and glycidyl
methacrylate (GMA) as cross-linking monomer, and further bonded to synthesize water-based ink. The
influencing factors on the water resistance and adhesion of the ink were investigated. The self-crosslinked
core-shell acrylic emulsions and their corresponding films were characterized by TEM, FTIR, TG, DSC,
optical contact angle measuring instrument and universal test machine, while the effects of GMA mass
fraction in shell monomers on emulsion particle size, stability, ink adhesion and water resistance were
analyzed. The results indicated that the mass ratio of AA in core-layer to AA in shell-layer (core-shell
acrylic acid ratio) showed a significant effect on the adhesion of ink, while the ratio of the mass ratio of
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MMA to BA in core-layer to the mass ratio of MMA to BA in shell-layer (core-shell softness/hardness ratio)
showed a significant effect on the water resistance of ink. The optimal formulation of self-crosslinking
core-shell acrylic emulsion was as follows: mass ratio of mixed monomers in core-layer to those in
shell-layer (core-to-shell mass ratio) 2.00 : 3.00, core-to-shell softness ratio 3.00 : 0.75, core-to-shell
acrylic ratio 0.50 : 2.50, and the amount of internal crosslinking monomer EGDMA 0.75 g. When the mass
fraction of GMA in the shell-layer monomers was 1.5%, the self-crosslinked core-shell acrylic emulsion
exhibited an average particle size of 112.2 nm, polydispersity index of 0.108, maximum thermal decomposition
rate at 409 °C, the glass transition temperatures of the core-layer and shell-layer of 28.5 and 51.7 °C,
respectively, optimal dispersion stability, latex film water absorption rate of 34.55%, ink adhesion of 99%,
and water resistance of 50 times.

Key words: water-based ink; core-shell structure; acrylate emulsions; water resistance; crosslinking
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P HTAL, JE AT BRI AR B A PR F] 5 Q500 U ER
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1.2.1.1 A58 9 W R 3L 1) il %

WRPEFR 1 BHIZZIRA k. S RRA Ak
B — M5 R WA ECH] : K APS 030 g (1.3 mmol ),
NaHCO5 0.30 g ( 3.6 mmol ) ¥ fift 725 B F-7K 20.00 g
(1.11 mol ); 5 M5l KA WS 5 — 05| &£
WARR], 2.
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Table 1 Dosage of monomers in core layer and shell layer
Bk 12 it /g(mol) ¢ )2 H & /g(mol)
AA 0.50 (0.0069) 2.50 (0.0347)
BA 8.50 (0.0664) 29.20 (0.2281)
MMA 25.50 (0.2550) 21.80(0.2180)
HPA 2.00 (0.0154) 2.00 (0.0154)
HEMA 1.00 (0.0077) 1.00 (0.0077)
EGDMA 0.50 (0.0025) 0.25 (0.0013)
ATBC 0 4.00 (0.0099)

¥ DNS-18 F1 OP-104% 5 : 1 f it HU FC il &2 &
FLALA (1.20 g), ARG BABFER . R
3|1 83.60 g (4.64 mol ) KB T /KH = B,
ZMR RS, BESE . AL R 2 R A R
JEHEEEY 1/10, @i (1300 r/min) $itHE 20 min J5F%
fRH# (300 r/min ), JLA 85 °CHYKIEHIH, FEfk
RIERE , MASE—H ol KRR 1/3, H
U AH ST | SR S 7 =R R A2 TR A A
S 5 KNGO A SIS A FR I8 3 fin 8] Ay
1.5~2.0 h, JFORFFPIERIBTESE, fRIE 1.0 h; #5&
A N ST 2 IR A AR Ay g AT, YA
TN R 2.5~3.0 h, 25 51 IR BE 72 TR
A HARTEINZS S 15 min 58, R0 1.0 h, BJEH
B, WA pH =8, HiRL, BIAI#5 30 & 50 45%
HSE N IR LR o TR 25 N T2 HIE A
SR
1.2.1.2 A SIS N I TR LI i 25

FI A% 7 A R L R i 4 T 1.2 1.1 19 5%
WIHERRFLE R, XBET, R0 Bsn—e
i A3 A A5 2 SRR B T O M, R A DY GMA
(0.5%. 1.0%. 1.5%. 2.0% ) MEfk, BIn]453]H
FEFCEEHT A A SE NG I . 1 GMA 1E
o2 AR B BRSO 0.5% ., 1.0%. 1.5%. 2.0%

il 2 1Y H A AZ FE NI TR FLI 432 GMA 0.5,
GMA 1.0. GMA 1.5. GMA 2.0, & i o

0 0 o o o} 0
A ortVs Ao~ +ZY(O/+ s Ao ~~on+ o~OH WYLO/\,OYK
AA BA MMA HPA HEMA EGDMA®
APS, NaHCO,
BERA
H Hyg Hy/ Hyg H) /[ B/ &
o T M5 Mo T 55 T
HO *0 Y Q zQ n 02 ”'02
< OH 0
HO H,0<
WC_/C%
l il
OH
HOOG COOH
COOH
HOOC
OH
COOH

HEM, EGDMA, GMA

AA,BA,MMA, HPA, | ApS, NaHCO,
TR

1.2.2  JRBEed ) &

B 28 B A% 7 S M PR LI B H S BRAZ 5T N IR TR
FLBE I SIEIA TR R U Ot , ST CE
24 ho FRRETHEEE, MBIEREL 1 mm AR,
GMA 0.5. GMA 1.0. GMA 1.5. GMA 2.0 il % e
JESMHRC N mGMA 0.5, mGMA 1.0, mGMA 1.5,
mGMA 2.0,

1.2.3 Kb B Ak B AL 66 &

A% 5T N R LR BX 1 AC TR A% 78 TN A TR FL A E
RIEREL, SRR —E BN OKIES, fEEEs
BHLR L, B, TR TP 20 min,
PEFES S RIS K PR 85 . S, A IUTRR B FTRE ML
FEOGTAAR TAAURE 25 LATHE, 76 120 °CF TRl s
ko AP AR B SRR R 7 AR 2 BTN .

2 KPR S R A 7

Table 2 Basic fomula of water-based ink

Skt wine/g
" 40.00
B3] Dynol 960 0.75
1257 TEGO Twin 4100 0.25
L AQUACER 513 3.00
ik 83 8.50
BURIZL 57 ¢ 1 4.00
TR L 29.00
EETK 14.50

O FER I FRFLIR K B SR 5T IR PR LI .
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1.3 LR

FTIR 3k : 2380 2 cmx2 em MBI, R4
SR, I B LA 4000~500 em '

SEM . fise g Dy 1A R FH W R WS W 34, F
15 W TR S L, BEA I, e
10 kV,

TEM I« KA R 5 1) 2L V8000 2/ 2 Al B 4] 1)
B R I BC R R R R KRR (B B
0.2% ) Juff, JHCE AT A, M 100~300 kV,
1.4 MEEEMHK
1.4.1 3L M geml X

FasE VRN . DRI 25 °C, 6% 10 min 954
LR, BRI 1 h, RAEZ4ME (4=880 nm )
XPRE SR HEA T, DA e AR 4k (TSI) By &R
FLBAREE

AR A
4 90°,

fE g . BURERN m (g) RFLR T35
o, gz fEE, SR ERRE RS m
(g). FLWFE & (SC, %) #=X (1) &, 54
AT 3 R, BRI

SC/%=my/m;x100 (1)
it CBEMR . FEREFEIRS T 40 g ook ZmEm
AF 20 g FLHH, A, TCELE 50 CCHER
P, G0k 48 h G LI TiTE . ZLBEE L,
1.4.2  FRBEME g aX

TGA MK : N4, IREE XA 25~600 °C, Tt
TR R 10 °C/min, DSC P : N, 45U, Fidh 3~5 mg,
TRLE XA -50~150 °C, FHEHZA 10 °C/min,

PRI . B HREER BT AL 2 mmx35 mm Y WES
ARG FEATIE, LA 100 mm/min,

KBSl . R DG A DA, W
RBR S L, AR it 2 T 7K 2 A 1 S 70 o 3 K,
WUAHCE Y1 .

WK 2 K BB BT B 1.5 emx 1.5 em AY/NJT
P, FRaich my (g), BALRET/KP 2405, H
DEACIE T AR, BiEIC o my (g). WKE (AR,
%) ¥ (2) 7. MATATIR 3 R, BT
BIfH.

MR 26 °C, HOLHUN M E

AR/Y%=(m4—mz)/m3*100 (2)
FYAEREFE A . #2208 GB/T 6739—2006 i .
proph o I $ IR GB/T 1732—1993 i .
1.4.3 b E M genX
WG S . #e MR GB/T 13217.7—2009 i .
i EE SR . % 18 GB/T 7706—2008 iz .

T A U3 ol A A T e SR A AR 1 A R
TOSREE FIRE B AT 8 3 Wk, BUAEECFMAE,

R . F2 P8 GB/T 13217.3—2008 i3,

ZEEM . F2 P8 GB/T 13217.4—2008 i3,

BURE MK . F R GB/T 13217.8—2009 i
15 REEXRLR

W IEAR LI E BA 5 MMA 1 B
5522 BA 5 MMA [ RIEEZ I (BRFE,
A)#%)ZE MMA 5 BA itttk 55¢)2 MMA 5 BA
FIRE L2 e (5esdditt, B). )2 AA 5522
AA WEHE I (FE AA M, C) AR BE ik

(EGDMA, D) FHHEXT iS55 25 77 Fniif K 1 g i 52

M, IE 32 S 2 K L3 3,

*3OEZRERNFKFE
Table 3  Orthogonal test factor level table

gﬁgﬁ ggﬁ C W% AA T D%(%)ZA
1 3.00:200 3.00:050 0.50:2.50  0.75
2 1.00:1.00 3.00:1.00 1.50:1.50  1.50
3 200:3.00 3.00:150 250:050 225

2 HR5WR

21 REEXLWERSH
A, 5 NIE RT3 R

*4 IEZEREIRE
Table 4 Table of orthogonal test results

TwGT A B C D ME&EI% WK
1 1 1 1 1 92 50
2 1 2 3 2 29 18
3 1 3 2 3 31 12
4 2 1 3 3 30 30
5 2 2 2 1 66 20
6 2 3 1 2 71 14
7 3 1 2 2 69 50
8 3 2 1 3 89 33
9 3 3 3 1 23 25

M 5 AT, N TIM AR E SR, 4 AR
RN C>B>D>4, Hd, WNE C pyEZEMAE
WE (P<0.01), Uil AA INAN B (B)ZEGEE )
TR Ty sg A W X TmiKYERE, 4 NHEER
EZEM N B>4>C>D, Hi, W& B W EZ B %
( P<0.05), it FHAZ A R L XTI 7K 4 52 ) B 3%
BiE 72 AA F S0/, & MEREH B TR,
XIEH T AA LR EGREAHRYE, B5IR
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TERZZ B AR & AR OL R, s e J2 R
B LA AT LR A% 58 FLBORE Y BB o 52 )2 fifl H
AR 55 G A A o0 75 Dk JIE B I SR Ak S, Dk T
FRIGRIE, 1 Tk THRBA, JF AR —
ERIE g SN N L O = R S S RSN
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Table 5 Table of variance analysis results

K& K- M2 71/% i 7K P /R
1 50.67+35.81  26.67+20.43
2 55.67+22.37  21.33+8.08
A B 3 60.33+33.84  36.00+12.77
F1H 0.072 0.768
P 0.931 0.505
1 63.67£31.34  43.33+11.55
2 61.33£30.27  23.67+8.14
B B e L 3 41.67£25.72  17.00+7.00
F1i 0.513 6.784
P1H 0.623 0.029%
1 84.00+11.36  32.33=18.01
2 55.33+21.13  27.33+20.03
C 5% AA It 3 27.33+3.79 24.33+6.03
F1i 12.253 0.193
P1H 0.008%* 0.829
1 60.33+£34.85  31.67+16.07
2 56.33+23.69  27.33£19.73
D EGDMA i 3 50.00+33.78  25.00+11.36
FAi 0.084 0.133
Py 0.921 0.878

W *RFE 2R B E(P<0.05); **RFE L FM W E (P<0.01 ),

SERMEEAE R, SR T 2.00 1 3.00,
EGDMA iR 0.75 g i, B8 F 5 1 R K v 48
U, Rt AR Ty, SEREAE A3 R0 D1 By BERl Xt
BEMNE B, CIHTRAKI.

2.2 %% AA B9 NE

FeHE 1.2 WAL, BT AT
AAHE X T A W K 23R R K 22 fh £ B RE R, &5 SR DL
K1

ME1TATLVE 1, BEE ST AA LRGN, AA
MR IMRR A, REETECZRMAREm D, fff
P 6 S 1 (30 v 1T 1€ R o e 5 T S
T U K ZEB T R, RIS K o 2R TS R

<2049 -
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B WK R
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:2.5 .50 : 2.
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P AFEAZTE AA HEXT I 5 K 3K 3 filh ) B0 532 il
Fig. 1 Effects of different core-shell AA ratio on water
absorption and water contact angle of latex films
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Fig. 2 Effects of different core-shell AA ratio on stress-
strain curves of latex films
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Table 6 Emulsion, latex film and ink properties of samples with different core-shell AA ratio
s LR JBE THES:
o Wz RE B wiE ik
AAIL Ha e, 7 1°E S ‘ o TURIR bk ik 3
iE /% B W Yirpii/em  BE /% P/ MR PEAR 4 /um (Pas)  FEbE%
0:3.00 42.94 TCULVE H 120 81 4.5 29 15~20 16.5 100
0.25:2.75 43.88 TCULTE H 120 90 5.0 41 15~20 16.3 100
0.50 : 2.50 43.67 TCULTE 2H 120 94 5.0 43 15~20 16.3 100
0.75 : 2.25 44.06 TCULTE 2H 120 84 5.0 43 15~20 15.5 100
23 ZEWELLR ST HER BT 55
IR 1.2 WA, BERARETK 6 s
R L0 B MBI /K SRS RN Al R S, S5 2R LIAD 3. ; ~--3.00:0.25
St A 3.00 : 0.50
KR § 4r L -3.00: 1.00
70 222 sk A f 1100 = 3 :
60 - @
X 80 °§/ ~ 2k .
7% & B/
%40 60E 1L
= i {pmms
30 R A .
O 1 1 1 1 1
20 0 100 200 300 400 500 600
10 20 Wi /%
) 0 P4 RIRR AR LR B -7 0

K3 AN[RIAZ TR L X R K 3 R B fik 7 £ 5200
Fig. 3 Effects of different core-to-shell softness ratio on
water absorption and water contact angle of latex
films
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Je H5E B 7K 2 fll 7 Bl A A% 50 AR LU A3 N L B K 1
TR BT HK R R AN, A BRI A
£, FEEMIRER MBS, &
FMHURSRR L, X 7T AE th 2 S BOK 32 i f A8 K
)YPSN

P 4 AN]R8 3 -7 A S0

ME 4 TLIE H, BiE e g,
2 S AR i 3 R A R SR8 3 BT . MR AR
R 3.00 @ 0.75 B, PR Bk E] 2.42 MPa, K
R ATIK 446.95%; B 12650 KR L 1) Ak L3 i,
iR e = (BN TECR (R e <O7 317 N 1 S A |
I 2 R MMA it £, S8R T4k

Fig. 4 Effects of different core-to-shell softness ratio on
stress-strain of latex films
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SERERE | EE R RN PURS A B AR T, A IR
it K P B #T AR 4, H MMA Hid £, s
AR ISR, Bt LI 28 b5 1 R K
AT TR BLBLG 5 BB A 1 7 1 728 5080 A X6 1 o
TIANAT LIS 2], R HRERRVE R 2R (B5eik
LA 3.00 2 0), JHSAIIREE T — % BB & 7 At
A, XN, THEEERIME LSS, N5 ATT,
VR 2 BA —E R S5 AU

ZE LRTR, RTRAHA S ARG . B R L
2.00 : 3.00, HFEEKMEL 3.00 : 0.75, ¥5t AA b
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Table 7 Emulsion, latex film and ink properties of samples with different core-to-shell softness ratio
FL JBE HEE HES
B Moo WE it e HrE B
B L BT gy Dubvem WRJN% o, BOKHESC M DT
3.00:0 44.21 TCULTE 2B 120 75 3.0 35 15~20 13.8 76
3.00 : 0.25 44.46 TCYLHE HB 120 67 4.0 33 15~20 15.0 88
3.00 : 0.50 44.09 TCYLHE 2H 120 81 4.5 42 15~20 14.6 98
3.00 : 0.75 43.67 TCULTE 2H 120 94 5.0 43 15~20 16.3 100
3.00 : 1.00 43.12 TCULTE 2H 100 86 5.0 31 20~25 17.0 100
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Fig. 5 FTIR spectra of optimal additive emulsion and

self-crosslinking core-shell acrylic emulsions
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Fig. 6 TEM images of emulsions(a, b) and SEM images of
surface (c, d) and cross-section (e, f) of latex films
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Fig. 7 Particle size distribution of optimal additive emulsion
and self-crosslinking core-shell acrylic emulsions
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Fig. 8 TSI curves of optimal additive emulsion and self-
crosslinking core-shell acrylic emulsions
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Fig. 9 TG and DTG curves of optimal additive latex film and
mGMA 1.5
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Fig. 10 DSC curves of optimal additive latex film and
mGMA 1.5
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Fig. 11  Stress-strain curves of optimal additive latex film,

self-crosslinking core-shell acrylic latex films
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Fig. 12 Water absorption and water contact angle of optimal
additive latex film, self-crosslinking core-shell
acrylic latex films
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Table 8 Properties of samples with self-crosslinking core-shell acrylic emulsions, latex films and inks

FL JBE L TH 52
v o —
i 4 /% g; gi Buwdriem B 1/% jgf;, it kR A fum ﬁi; gg%
= ZE IR 43.67 TCULTE 2H 120 94 5.0 43 15~20 16.3 100
GMA 0.5% 43.89 Tl 2H 120 95 5.0 45 15~20 16.2 100
GMA 1.0% 43.59 TCULTE 2H 120 98 5.0 50 15~20 15.9 100
GMA 1.5% 43.16 TULTE 2H 100 99 5.0 50 15~20 15.5 100
GMA 2.0% 42.93 TCULTE 2H 40 93 4.5 32 15~20 143 100
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