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Abstract: Chitosan quaternary ammonium acrylate fluoride-free oil-proof agent (HACC-A) was prepared
by semi-continuous seed pre-emulsion method using chitosan quaternary ammonium salt (HACC) as
functional monomer, acrylic acid, butyl acrylate as well as 2-ethylhexyl acrylate as soft monomer, and
methyl methacrylate as hard monomer, and combined with HACC-A and alkyl ketene dimer (AKD) to
obtain water-proof and oil-proof AKD-HACC-A coated paper. The effects of reaction conditions on the
particle size and storage stability of HACC-A were analyzed, while the influence of HACC-A coating
amount, m(HACC-A) : m(AKD) on the 60 s Cobb value and Kit oil-proof grade of coated paper were
discussed. The samples were characterized by FTIR, TGA, SEM and EDS, and the properties of the paper
were evaluated. The results showed that under the conditions of 5% OP-10 (mass fraction based on the total
mass of all monomers, the same below) as emulsifier, reaction temperature 70 °C, ammonium persulfate

i BEHEE: 2024-05-07; ERABEHE: 2024-06-06; DOI: 10.13550/j.jxhg.20240372

EeWH: HFARRAEESTHE (31370583 )

1EE® T T (1998—), %, fi+4:, E-mail: wangwenlu@njfu.edu.cn, BEREAN: 5 ‘H (1966—), B, #4%, E-mail: hgjy@
njfu.edu.cn,



55 M

ESEHE, A o0 R e B DN A R TR TC BTy 1t A B By 2K B I 2 A A A

* 1147 -

(APS) dosage 0.8% (based on the total mass of all monomers, the same below), and reaction time 2 h, the

prepared HACC-A emulsion exhibited a particle size of 200~400 nm, narrow distribution, obvious blue

light, and long-term storage stability (60 d). When HACC dosage was 5 g and the coating amount was 6

g/m?, the 60 s Cobb value of HACC-A coated paper was 54 g/m?, and the Kit oil-proof grade was 6, which
met the food packaging standard. When m(HACC-A) : m(AKD) was 1 : 1 and the coating amount was 6
g/m’, AKD-HACC-A coated paper showed a 60 s Cobb value of 30 g/m* Kit oil proof grade of 10, and
good barrier properties to common oils (edible oil and pepper oil at room temperature and 105 °C), organic

solvents (ethanol and acetone) and alkaline solutions (hydrochloric acid and NaOH solution), with its

oil-proof performance better than that of polythene coated paper and close to that of fluorinated paper.

Key words. chitosan quaternary ammonium salt; acrylic polymers; waterproof and oil-proof agents;

fluoride-free; environmental protection; paper chemicals
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Fig. 1 Schematic diagram of preparation of chitosan quaternary ammonium-based fluorine-free acrylate emulsion and oil-proof

mechanism
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Fig. 2 Effect of DTAB dosage on emulsion particle size distribution (a) and storage stability (b)
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Fig. 3 Effect of OP-10 dosage on emulsion particle size distribution (a) and storage stability (b)
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Fig. 4 Effect of compound emulsifier dosage on emulsion particle size distribution (a) and stability (b)
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Table 2  Effect of reaction temperature on emulsion stability
and particle size

B BEit BERR Hied) MR BORE ki
°C SEPE% 1%

% % % nm

65 20.38 1.15  89.50 100 95.41 171.9

70 23.77 2.84  99.66 100 96.69 222.4

75 23.27 9.94  96.32 100 95.36 423.7

80 21.05 10.36  91.89 92 72.63  5227.0

85 21.98 13.37 9293 92 62.90  9902.0
Sl BE AR W R B RS, I S FLIR R

B AR RS P RN RN P FE AR T8 B TR T DI U B
F A BRI K, (A B s IR E T RE A S
FORAWHXT T A A, BB BRIk .
W N RR BRI [ LR A R TR R il 7E 70~
80 C A, IR 2 nI LA H, K& SN iR E (65~
85°C ) WITHE, FLIMBERSRI 5, MBRE e
ORENE 2, SRR R, WiFLIR LR KA
SRR N A S X, A IR AR
R P LR i RN, BE RN AL, S
BEALRAR, ARSI E] (2 h) PSR HEA T AN 584 5
BEE IR T 2 80 °CHF, 51 &M R,
AR A m S, "R TE 4, RN ALRT
Fo [ARAERA SR P RS KR, MR
MR A SR RIS, AR R N R

ARG, FLRREME TR, REAE K, AR A
5A[LIE H, 70 CHIFH HACC-A FLIK 5 2% IIR
WEOGHA N, FREHZ &R 48 0 FLWORL AR /N B A3 A
A, JCE 60 d JG A Ml ZsiiE 4 .

LR 2 S S B FH AT 4R 0T o A5 ) L AR
EME, KB NR B HIZE 70 °C,

a—65 °C; b—70 °C; ¢c—75 °C; d—80 °C; e—85 °C
Pl s AN [l Bz il B2 ] 4 O FLIBORCE. 60 d Je AR v
Fig. 5 Stability of emulsions prepared at different reaction

temperatures after 60 d of storage
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Table 3  Effect of initiator dosage on emulsion stability and
particle size

IR [ RS Bk TRR BOR TR

ME% % % % M Y% nm
0.2 23.04 396 8034 86 42.94 8863
0.4 2273 320 9638 88 57.86 6858
0.6 23.08 337 99.11 94 63.79 2772
0.8 2246 374 9921 100  95.70 445
1.0 22.78 3.54 99.30 86 50.46 3097

a—0.2%; b—0.4%; ¢—0.6%; d—0.8%; e—1.0%
TR 51 25 P e s O FLIRORCE. 60 d JE R E
Fig. 6 Stability of emulsions prepared with different initiator
dosage after 60 d of storage
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YERHIEHR], HA RO B A SRR 0.1%~  fEfl & 45 Bri 040 5% OP-10 MFLALH], =

1.0%" N 3 nLAE I, LB, 5157
& 5 R B R RN . FEALRE B &R H &=
BIEMKE, XEFR, lEFHERD, KR
H R IR D, SOV RIS, N AR BEAR,
RN ANGE 4 s B 51 &R s r 38 m, o= AR )
Al L, VRIS . 7Hh, FLIRAIH R .
B AR E E S BE 2 51 & 50 0 1 2 B0 S B K
JE /N, M5 LR 0.8%0F, FEibFEN
99.21%, i BEFI B CoARE P43 100%F11 95.70%,
FLI M RE et

ME 6 FTLLEH, 51 &M 0.8%H} il %
) HACC-A FLI 2B I A @ HA H B,
HTHE 60 d LA, BAAREERL . T
PL, i APS Fif 0.8% % HACC-A FLHl 4 1Y 5
&1
2.1.4 RSB 69 %A

4 FNE 7 A R Bt 1) S LT BE A 52

4 BV TRDXFFLIBRR E P ORI B 52 R
Table 4 Effect of reaction time on emulsion stability and
particle size

APME) R SRR feibs TR EOR PRk
h % % % EVE Y% EME% nm

1 22.85 4.62 82.66 100 94.50 405
2 23.03 5.58 99.20 100 95.74 421
3 21.95 4.52 98.60 100 96.93 353
4 22.77 3.68 98.96 100 95.91 359
5 23.38 4.62 99.64 100 97.64 393

NFE 4 ATLAE Y, SN )Xo L I R S T DR
BREMAK, FBREEY N 100%, B0 e
94.50%~97.64% . [l T 2115 5 B[] %55 Js vy % £k
R, WHRGEER (1 h) B TARSE 4,
AL 82.66% ., WEE BTG INE] 2 h, Jhi
AL R R B2 99%, (Hd 2 h)5, KR
FETE 99% M . 276 % IBSCI r rTHR M, fWifk
Hil e T2 FRACREFE, EBERNIATIEN 2 h A iRAl,
WA FLE A 2, Bt s (K 7).

a—lh; b—2h; ¢c—3h; d—4h; e—5h
K7 AN B0z s ] ] 4 O FLIRORCE: 60 d Je R e v
Fig. 7 Stability of emulsions prepared at different reaction
time after 60 d of storage

LRE TR RIS,

, 153 HACC-A FL Y

M RE 70 °C, 5] % 7] APS 4 0.8%, S f[E] 2 h,
T & R 451 HACC-A FLIE KR K 200~
400 nm ( AS[R]SZRHERAFE i, BRI B 2 E 3 K
FE, Rl 5 BOPME, SFEIRZE), mE%E,
eI, ATRKETE (60 d) BEMF . REERES
W5 HACC-A 25 R Fe 41 4% o
22 RIUELERHW
2.2.1 FTIR

FTIR 1% C &) v FEREH M wEsE, BN
B AR BOCR A v R (s B0 |8
JRBAARTR A% . HACC A1 HACC-A ) FTIR %4 .

SR SRIR A
1640 984 947
HACC 1720
" e
2900 Mo
3300 \ / /\M
HACC-A
1730
3300 2200 1250
I, |

4000 3500 3000 2500 2000 1500 1000 500
W /em™

B8 I BRI A% . HACC Rl HACC-A (1) FTIR %[
Fig. 8 FTIR spectra of reactive monomer mixture, HACC and
HACC-A
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1170 em™' Aby C—O—C % Ay X F4 {0 45 I 50 0%
1640 cm™ Ab X} R C=C B4 IR shig, 984 .
947 cm ' &b By WU RCH=CH, ¥ I 4P 25 th#% 50 ;
2960, 2930, 2870 Fl 2850 cm ' &4 HI%f i —CH,
F—CH, A FR B Bk (e 45 4i sl g 101, HACC
) FTIR 3% & v, i £k 1) 32 AR I 4R HR 7E 1600~
1450 cm' Fl 3500~2900 cm ' X [i1] o 24 SR w7
HACC-A 1 FTIR i &5 R TR 591 FTIR 33 K4
F, 1640, 984, 947 cm ' A%t R F C—=C % 4FFAE
WEHTE S, R T C=C #Xf C=0 #ILHaR N M
XK, BRI T RN AR P R A ROV KA . R
JoF PRI 3o R s N B4 M KB, ST R ME RS
KR 7 A WIRD . —Fh b & 3 583 N B
PR IE IR 5 o5 —Fp R R I 5 FREL N B K 4R & N,
HACC H'i—NH"5 R IR EH —COOH %4
A BN TE B R R, 1250 om ' Ab H BT R Tk
o B P A 1
222 TGA

[l 9 2 HACC-A FLIEHE TGA M2 4 .
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Fig. 9 TGA and DTG curves of HACC-A latex film
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MR BEIR ] 420 CHE, KT AU i 52
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AT LA 2 PV AR5K 5 1 751 A 2R 5200
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Fig. 10 Effect of HACC dosage on Cobb value (a) and Kit
grade (b) of HACC-A coated paper
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%5 1 TERE, S SRR LTI MR TR ) 6 2 5 K B i 20 4 e - 1155 -
12 X H ¥ HACC-A FL (m(HACC-A) : m(AKD)=
10} 1:0])(5~6 9¢) FIH%E AKD FK [ m(HACC-A) :
gl m(AKD)=0 : 1) (1 4%) MIRTAR Kit HIH B

- W, GUREU, HACC-A 5 AKD HARRA, &

g AT LS S 4Rk B K MERE , 1 EL7E AR U4 A 45k By

4T Kit S50 T 2 2300 11— B R 5 By 3 7] 2224

2t m(HACC-A) : m(AKD)=1 : 1 i} A 8l 15 ) U A 40K

0 FEVR A LR 6 g/m’ B, 485K 60 s Cobb fH 2k 30 g/m?,

o 2 4 6 8 10 Kit Bl S50 T35 10 S, J5LEFAF 5 PRl i i
WA R/ (g/m?)

K11 A X HACC-A JRAi 4% Cobb fH (a) FI Kit 55
% (b) WS
Effect of coating amount on Cobb value (a) and Kit
grade (b) of HACC-A coated paper

Fig. 11

WA IEE 6 g/m?, BETT LA 25 b7 2R
AN R R i A ok v 5 i AR T T
233 5 AKD 8AE R R 6%k

& 12 A G Fi i A AKD FLI 5 HACC-A FL
TWIR A5 AR 455K 19 60 s Cobb {8 F1 Kit Bl 125 4% 251k
FEEN

602

1%
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m(HACC-A) : m(AKD)

Kl 12 m(HACC-A) : m(AKD)X AKD-HACC-A A4
Cobb fH (a) M Kit %2 (b) W5
Fig. 12 Effect of m(HACC-A) : m(AKD) on Cobb value (a)

and Kit grade (b) of AKD-HACC-A coated paper

ME 12 WA H, i m(HACC-A) : m(AKD)
FFZE 1:0, Cobb {HINKH] 60 g/m’, i Bl % HKTE
m(HACC-A) : m(AKD)=1 : 1 Bk S5, B 10 4%,

FFLI A A B Al 5 F i 45, HACC HIh 5 g, IR0
2 H 6 g/m?,
24 BTEKRMEERHSHH
24.1 SEM

& 13 A )54E . HACC IRAH 4% . HACC-A R4k
Fl AKD-HACC-A 744509 SEM .

K113 4K (al~a3 ), HACC IR 4t (b1~b3 ), HACC-A
WK (cl~c3 ) Fl AKD-HACC-A 74K ( d1~d3)
TEARRTBORAG T 19 SEM &

Fig. 13 SEM images of base paper (al~a3), HACC coated
paper (b1~b3), HACC-A coated paper (c1~c3) and
AKD-HACC-A coated paper (d1~d3) at different
magnifications

ME 13 AT LAE Y, JRACET 4Em) 45 S, AR
ZALB H A g R mE A (K 13al~a3); &
HACC i i i 4Rk 4F 4 R 1 il — 2 i 32 25
LY, LY RS B i A 5, [RIRT £
I ASEMW AT HE ([ 13b1~b3 ), XNy, FEHRb
A B BAT R, nl DL s e er e e, BH Ik —34)
AR5 ; HACC-A IR AR Y i — )2 BU% 3,
AR WA AL (F 13c1~c3 ), FHEH HACC-A
JIE AT £ 4 27 [a] () 25 Bl Rt sb, I B 21 4k %%
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AL AR R A0 —OH il /b, R 4K 4 T 00 5 4 B
KBFERE . MER SEM K (I 13¢3) Al LUE
2, B ARRS ST/, KRR
) TR JEE 8 R A A et . X &Rl , HACC
F5 I HACC-A BI%5E (240 mPa's) KT C4FA
FIFHE (63 mPas ), FECFLIE A % EAUK £
BI040, TR SR . TR Uk A 1 A 22 5
AKD-HACC-A ¥4 ( Bl 13d1~d3 ) 5 HACC-A ¥k
ACHI L, HOBUE A HACC-A, X &H K,
A AKD FLR G TR A LR A EE B S 2 T, FLIRR
ShPENESE, 7R B rh S AT AR FLBR,
T AKD BB M4tk a5/ 2101, AKD T8
PR NF . RIS, FEIARE L fEd, AKD 43
TR 2 RE R, W RRESTE A MRS 78 i Al
I A EZHS A P AR, TR 2 RS e
pIUET (A
242 EDS

K 14 M40 HACC MR A4t . HACC-A IRA 4R
Ml AKD-HACC-A i1 48H EDS B, £ 5 A& ILH
AR
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K14 48 (a), HACC IRAi4E (b), HACC-A JRA4R
(c¢) Fil AKD-HACC-A ¥4k (d) 4 EDS &l

Fig. 14 EDS spectra of base paper (a), HACC coated paper
(b), HACC-A coated paper (c¢) and AKD-HACC-A
coated paper (d)

MIE 14 13k 5 ATLLE Y, WA 5 gtk & m
SIAT NIGEK, F£i7eRME S8 —NH, [FFE
ARG EE, TR T —NH, 8% 5 il
g5 F s —COOH M EAEF , M1 BH Lk AR % .
HACC-A B4 FEEN Ca TESHE (FESH
0.93%) JL'F R 0, S5J4EHIEL Ca SR ILFAEIIA
2, 55450 HACC-A B ARARE I R — )25k
SRR ENAIE (1 13 ), 33 )23 22 i 5 44 i T IS A
K ELBERR, RENSAA RUBH LR T2 BB HE S Y
BB, SEIBH AR o T PN W R B LR P 1 TN S TR TR
PR HKIERLA, MR, 23, XA
A TG, (HRZERMERR, XAMERRGER
P (T 7 TR AR U 2 2 R T I etk , BRI,
WIEAR G WM . K HACC-A 5 AKD L
WIRAM )G, AKD-HACC-A BAF4LZM N o
TEIEARBA A, H I R AT Z 2N

%5 JR4E HACC IR A4 . HACC-A MR A 40 KD-HACC-A
IRATAGR T TR SE 1 46 2R
Table 5 Results of quantitative analysis of surface elements

on base paper, HACC coated paper, HACC-A
coated paper and AKD-HACC-A coated paper

- BT 5 EU %
C N 0 Cl Ca
JR4R 4792 0 4792 0.18 3.98
HACC IR 4K 39.57 18.87 37.95 1.12 249
HACC-A IR i 4 5428 19.92 2377 1.11 0093

AKD-HACC-A ¥4k 57.86 20.93 2030 0.54 0.38

25 HRGEBIBHKEEH MRS T

15 R R ACFIAS [8] B 1550 R A 4814 60 s Cobb
(BRI 7K 22 fnk £ ) AR fb R AR

ME 15 ATLIE T, CoFA IRAT4k. PE W4T,
HACC-A %4t . AKD-HACC-A ¥4 1 4855 I 4% b7 7K
PERES A Fr 4 i o
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Fig. 15 60 s Cobb value (a) and water contact angle (b) of % 50
coated papers with different oil-proof agents g 40
o, CoFA WATARRY B K HERE RELF . Cobb {4 g %
H 8.7 g/m?, JKE:flfhJy 128°; PE 4TS AKD- = ?2
HACC-A W46 2 . A ) 5 HBER) ( AKD- 0

HACC-A ) 511 b UL A4 b A48 035 JC B3 i 57
TKECRAI2ZE A K, AKD-HACC-A Blj i HI GE 457G 250 Hh
FERACERAE 54, Dol RS 12 1 A R AU

16 47 Ji 4R AN AN 5] B 90 751 1 A AR Kt Bl i 45
LRV RRIN . WA W B Al AR AR B

ME 16 TJLAFEH, HACC B4, CoFA %1
4% . PE WBE4L . HACC-A BAi4t. AKD-HACC-A
TR AT AV R AR T AR XA B R, R HACC IR
A, HARTRATACBH IS ITE 6 LA I, Hh PE
WAR4E S AKD-HACC-A & A 4RBimtefe s, by
HEFH TR 10 LI L (& 16a), X EFRIH AR 4K
A1 BE 2 i f B 2 AR R R (I 16b, ). FEAHIA]
B AR T, AKD-HACC-A R AR 4645 T 2 2a.
WhE A, HILWANEEHIRMEYAL,
2.6 BRFAXTIRRANMAERI PR IERE ST
2.6.1 XTI RS A4 PR AR

B 17 Ry SRR FIAN 5] B 90 750 0 A 406 5 DL g
Ay EL g 1 3 2 O

K16 AR B iR IR A 4R R0 Kt BimAEg% (a) FIEERRH
Hefif (o). WA EFEAMA (c)

Fig. 16 Kit oil-proof grade (a) and contact angle of castor
oil (b) and liquid paraffin (c) of coated papers with
different oil-proof agents
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Fig. 17 Barrier properties of base paper and coated papers
with different oil-proof agents to common oils
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MK 17 iTIE ), HACC-A 145 0L J2 AKD-
HACC-A %A 486 H I A 105 °C A FH i A B
THRHPRERES R, RHEIBERE
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V9 9 FR TR 2R 6 4 1 3k 35 G B il 550 A ] 19 3%
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FHACC T A 4000 AR - AR BB R 30 4 A 25 01 B
MR, X WL AR AN LA BHRRSCR ; CeFA
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B INIG 43 Fi2 sh G R, 5805 [B) ] B 3
K, BT 5g, Horh— SR G 7 R A 25 45
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Fig. 18 Barrier properties of base paper and coated papers
with different oil-proof agents to ethanol and
acetone
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Fig. 19 Barrier properties of base paper and coated papers
with different oil-proof agents to acid and alkali
solutions
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Fig. 20 Printing effect of different coated papers and waterproof
and oil-proof effect after printing
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