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JRB A 11 ¢ 7 ¢ 82 B, ) 449 L& FAPE #= SAPE #9 &k @764 31 4 26.6 mJ/m’ 4= 24.7 mJ/m’ ; £ A+ A
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Preparation and Properties of Solvent-free Modified PE-HD Anti-fouling Composites
Li Min, Zhao Rui, Chen Jingfang, Zhao Liping, Du Sen
(Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract : To mitigate the blockage in waste water pipeing, the fluorine-containing polyacrylate (PFA) and silicon-containing
polyacrylate (PSA) were synthesized by bulk polymerization. PFA, PSA and hydrophobically modified nano-SiO, were added as fill-
ers into high-density polyethylene (PE-HD) resin to prepare PE-HD / PFA /nano-SiO, composite (FAPE) and PE-HD /PSA / nano-
Si0, composite (SAPE) with low surface energy by melt blending. Through the characterization of Fourier infrared spectroscopy
analysis, contact angle test, electrochemical corrosion test, and thermogravimetric analysis, etc., the chemical structures, corrosion
resistances, thermal properties, acid and alkali resistances, anti-fouling and anti-bacterial properties of the composites were studied.
The results show that PFA polymer with fluorine-containing monomer has excellent corrosion resistance, and the addition of PFA,
PSA and hydrophobic nano-SiO, particles significantly reduces the surface energy of PE-HD. When the mass ratio of PFA or PSA,
nano-SiO, and PE-HD is 11 : 7 : 82, the surface energies of FAPE and SAPE are 26.6 mJ/m’ and 24.7 mJ/m’, respectively. The
composites have good thermal stability, and show good acid and alkali resistance in the pH range of 2—12 solution, and their cor-
rosion resistance, anti-fouling and anti-bacterial properties are better than those of typical commercial polyvinyl chloride pipes for
drainage.

Keywords : high-density polyethylene ; anti-fouling ; low surface energy ; acrylate polymer ; waste water
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B TF R &2 . RS R&M, (D)
REVRJZ | FRARSL IS Ak 1) 2 T B 20 2 V5 35 18 4%
Jk B G HURERA HLER A PR LR A
FEMTRE A RL, P AR ) B K M R R S A it Ak 2
JE T A IR PRI N T B TS TR R A
FEML SR b AT B gE AR, A SRR R A R
A EA 8K H AR A — S84 (S10,) 48K kL,
Al 25 R R 2 R K RS . A, Qian
Huijuan %5 "% SR FWE VR 5 105 B 40 K EURL RN G0 0K
SiO, W EN R w I M / WAL LI IG 2 A
b, DASCGE TR 2 B BRI MR E . S M gk
SiO, JA LA F B P A6 R -+ — 3 D IR O TR 11
FAENEIREE R A YD, & BA B T5 M fe
IR SUANE TR Z . SR, LB V5 122 i T
HCREE A7 it AR 2 DA R BR A RAS TE A  a fil HG
MELLE T2 248 /K s i g 12

1o LR LR T (PE-HD) 2 WY & 73 1
SLARMRL, W THEKE M Bis KRR35
1 ] IR ORI AE A, AR e AR R FH AP
PERE L Qi AR RLICHLIERHE R PE-HD A9 724
PERE U, I K R o AE A RE 1
IR it bR R AR M A R I Kk U 48 (HL
DLSR R K A TE P A YR MERE H & 1% PE-HD & A5 44
BHOBFE B RIE . 23 A AN U S s
P& T fig (HFBMA) & fif B 0 56 — F A e ot
(VMS) 435 5 B B NI 2 T 1 (BMA) i RN A
T HABARFR RN & R NG TRER (PFA) A5 ik
RNMERER AW, I LA 5 A 9 A i s 7k 40
K Si0, fEMIEEL, 5 PE-HD RASGEARSE 4, R A
FlHR 1 7 il £ T 0rE PE-HD Z A AR, SR
FH 2 B0 FAE T B A (8 g /K 1 | it PR el e AT AR
SEPEVEAT TS, il I iR e o TR A
AR 75 AL RE , LA A IR /K A 3 5 b4 )
R P52
1 SEIEES
1.1 E=&RMA

BMA B 5 TH5 (AIBN, 51 &5, f# [ H
JoK ZEETE S ). HFBMA | JG/K 21 E K : 4347
afi, AR T RN AL A BR A F 5

VMS | L 94 1R 4 /K HM R (GMA) « Tl
P W RESAEFRL T AR A

Yk Sio, : Rifely 15 ~30 nm, FiEFIAE 40
KA R A

PE-HD B : 50008, o1 [& A1 fb b mtae ili£1 1L i
WA BR AT
1.2 F&NELHXE

S KT HR4E : DHG-9070A %!, i ik TR}
HABRA ]

XU AR H A8 (L . HAAKE Minlab %, 9§
ARCHRBHE (R ED) ATBRA R

SEARBRACAL : XLB AU, 75 5 5 s B LAR Rk
AR

Y k& S H 4 o W3 B (SEM) : QUANTA
FEG250 #!, 3% [ FEI A H];

i HEL AR 30 21 AP G5 (FTIR) 4% Vector22 %l
5= Bruker {88 /A H]

ZE 7 4 7 I (DSC) 1Y : Waters2500 HY, 3¢
IRFFHA AL

P (TG) 3% : TG 209F 1 %Y , 7 [ i B A X
il 1 A PR Al
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JLF 71 8 54 %5% (AFM) : Bruker Dimension Icon
0, FEBE Scanasyst—Air FRE], 1 [ Bruker 43 HT X #%
N

Befolf (CA) MK 1X : DSA25 #Y, { [ KRUSS
INHE]

1.3 PFA #= PSA &M 6965,

B —E RIS AR HFBMA & REHIR VMS
5395 BMA IRA  KHR A YR 40 Z — A 21 2%
AREETT A BEE RS AR I R
L IMAS &) AIBN, 7E 75 C A4 F I RERUR
30 min, FERAAYIUSZ = HARR G Y PINA—
FETE I GMA Fil AIBN , BHE5 Wi in 21 3 [z v A4 2
b AR R 2 R AR SRR T R T R RO YRR
N VAR I FE oy [1 P LR R /L o 2 R S O a I
A TE T0°C R N AREER A 20 h E A= 110C
452 h, froe &R A5 19 2055 W [H 25 PFA Fl PSA.
AW & AR T oA 3R 1, 51 & 57 AIBN |1
fifi PR BAR TG 0.2%

v

R 1 PFA #1 PSA R EKHNREN %
BEY HFBMA VMS BMA GMA
PFA 32 0 53 15
PSA 0 32 53 15

1.4  #3k SiO, BYFRK Bk
¥ 4.0 g4k Sio, I AZE] 100 mL JC/K LB,
PEFEA L 30 min, HIAE40K Si0, BIF R, ¥ 15 ¢
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VMS % T 80 mL LBHAM (oK LB S57K AR
R 3 )P, KRR pH{E 2 3 ~4, 1 /1
Pk 30 min, 15 2 ik S BE K 2 5 B R I 2= 40
K Si0, B TF T, N 5E 5 J5 FH 20K IE Y pH E 2
10,76 60°CHEFERN 2.5 ho B0 B0 T4 WFEE
JE 3 BB K G Si0, R

1.5 ZOM PE-HD 84446441 &

4 PFA 5 PSA 43l 5B /K 48K Sio, ¥y Al
PE-HD R IEHEFHIL 11 7 : 82 /XRG4, &
XURFFE I HLAE 190 °CTF ISRl R B ) E w43
##14% PE-HD / PFA / 44K SiO, & & #1 ¥} (FAPE),
PE-HD /PSA / 44K SiO, Z & #4 £t (SAPE). )it
13526 MORDRLRHE AR B AL R, Ao g
A 180°C,2 MPa fii# 5 min,10 MPa # /% 5 min,
ATE 3 min, FlFHE 1 mm JBESARRER .

1.6 PEAEMX

it JB5 bk BB UK« K 2R 59 PFA, PSA B iR
TR W, FiR T, 78 NaCl JEE2%00 3.5%
(7K TS TR TR A T H A B b s, AR A il 5 %) 30
AR TR AIZE, i Tafel ZMEZR 39T
iR bR

FTIR 3 : SR VR AL R ik il A, 4 gk
TG K 400 ~ 4000 cm™ .

TP RE NI - D33 T2 Al A7 e FH YR 1A%
U 4w L, W A ot 42 fioh £ 508 A e ot 3R T
AR B ) e A 2 ol A )1 YA 08T A b el
1o B 0 2 i BE A UK (H,0) A1l F B8 (CHLL)
(04 fik Ff TS A 0 1) 5 R THDRLRE B2 {8 ] AFM
i, K H % € Peak Force 1 # % 3. Nano Scope
Analysis FFHEEE

PPERE NI 3 4 DSC J7 B A4 R} ) Bk
70, FHEIEH Ky 25 ~ 200°C, FHE# ZE K 10°C /
min, i TG A FETAE (DTG) MAHE LM kY
PRETE, TER AT FHRIEF R 30 ~ 600°C,
THEHE & 10°C / min,

it ¥ PR RE I s AN ) R AR M o 22 S A K, i
B LA A LR B | Fh AR R SR KA R
BT, VR L (PVC) A& AE Sl 5t e bt
# FAPE, SAPE Al PVC &4 AR R /N RE
28 T AR AR K H, 42 d JE U I FR
R R E, DA RN e BB R R A AR
F G R BERUE K SEOL R 2, o b2
% & (COD) #5531 (Ca™). pH {H > |t A w4

P45 Ll K pH G o3 5 1 25 8 TR BL Y, B 4
AT TR I e o
£2 BUEARS

] CcoD/ Ca®/ cr/ BiEY /
Tiji
THPHIT ) (mgeL) (mg L) (mgeL))
JRIK 4.0 21340 2500 4438 100
TS PR A P BB 3 5 A R ARE B A BR M T
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B — B I [R] i JBCH AT 4 ik 00, 3 ek A £ 722
M S HAE I T (A R T s e 1 o

PURAPEREIN K : 38 AT BT S5, B A A X
Tl & 2 A AR RS B RO E . AR E S
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-0.353 V,2.86x10° A /cm’, 5 PSA # I, PFA A
BB E gory FNEL/IN Lo, R R HA S IR
PFA ELA WA Dl RE . 7 A s s SR i) S A
AIREE C—F SR RRER = A T8/, T IR
(A TAT 5K T, Dk /DT NaCl 4= 1oh 75 YRRV i 2 T 1Y) 422
flTf A, —E R L T PRA RUTHE kg 1

corr / \%
|
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1 544 PSA Fil PEA L AL2HE AL 2k
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Qb C=C FFE W W B A IH 2%, H PFA 1 PSA 1)
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T C—F Wi sh it Si—O 4t 3l
Wi, i B SR D R & . X T SAPE Fll FAPE
SAMEH 5 ,1735 em™ 4R C=0 Mg i i 1 5
AR5, HAE 1107 em™ Zb20 51 BR T 58 117 58 A Si—
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RRTEE IR BRI AL T 42402 5 4 BE FAPE
1 SAPE,
2.3 REMHEESHT

PSA, PFA, SAPE #il FAPE {4 % ifi PR RE I 18 45

R 3,
%3 PSA, PFA, SAPE #1 FAPE FIRmEEsEMIR 4 R
. Hefbfh /(°) z’%‘tﬁiﬁ‘éé MRS /
H,0 CH,L, (mJ - m™) nm
PFA 99.3 58.6 29.7
PSA 101.4 573 30.7
PE-HD 86.6 454 37.0
FAPE 105.8 64.6 26.6 33.4
SAPE 107.5 67.8 24.7 91.6

M3 LUE 1, R AW PSA, PFA Fildki &
4 18} SAPE Fl FAPE 2 i 8 2 Bl ik v, H#&
HREX)/NT PE-HD WliE. Z-E%) PFA il PSA 7K
FEfil A 33 A 99.3° 1 101.4°, HiR mifie 22 A X4
/o PE-HD J:A& M ALK H RER G4 PSA, PFA
B K EAK Si0, I, I BUE G AR g K P
2455 FAPE M1 SAPE (47K 422 fi £ 45 o 42 2 &
105.8° Fl1 107.5°, AN [ ZR AT 73 5B 22 26.6 mJ/
m’ f124.7 mJ/m’. H AT 0L, SAPE A i BRI,
HATHE IRt y59 /1. FAPE HI SAPE fit 25 i KLkE
JBE 43504 33.4 nm 1 91.6 nm, A X8 A (1 HLRE BE
AT RS Y I A MR 2 8] i 25 B, B AIRK 1
BFE T, b A B sk 1

2.4 HoMERESHT
SAPE Fil FAPE & & M BHr) 4% fill il 26 &2 TG Fil
DTG £ 3.8 4 s,

SAPE
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WA/ C
%13 SAPE fll FAPE & &40 kMK mlth £

100 FAPE

80
60 -
40 +

PR R / %

20
0t
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W/
(a)
FAPE

SAPE

1(;0 260 360 460 560 660
WAz /¢
(b)
a—TG 4 ; b—DTG <k
&l 4 SAPE Fl FAPE Z & #¥HY TG Fl DTG ik
i & 3 AT LI Y, FAPE RYJ4 SRS = T SAPE,
TH I Sk 1307 °C T 128.9°C, H &l 4 A
PIF i, SAPE Fl FAPE MW LA/ iR (ST 5%)
4359170 339.0°C 1 343.7°C . SAPE it 32 B S fir by B
4380 ~ 500°C , R EH-H4 78 91.3% , e KR HLHR
T HHBLTE 466.5°C, BLAbky SAPE HIFAREfFIE . Ifi
FAPE )R 1l F2 3 R B B, 55— B B A 235 ~
380°C, e HE R 15%, e K BRI E
349°C, N4 W) PFA IR ; 55 [ Bt Ay 380 ~
500 °C, 5 H R0 85%, e KA BRI E S
SAPE #H[M], R FAPE A9 #44fif I st B 7F 466.5C..
H I AT W, SAPE Fil FAPE )8 H T 4 4 ) ik
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R M AR SRR A B L 3 BRI N R Y T
b K AR 5 ik PR, AT R A R PR A M
A, W 4b WTLLE Y, 7E SAPE #1 FAPE 1) DTG
M2k A B — A, 150 B 3R 5 A SEURL RN S AR

BTEHRS R TR AL 78 rh , 7E5% B8 Ak Sl RN 5 | AR A AR
AR ATRER A T AR P, s BRI B 1 5 K
WA 5 R A7, v il T b5 IR R 2 2 i v
B A
2.5 g fe d R AR A AT

PR TR 5 4 BB AT 38 2k A RLE A T A AR Ak

HKFoR. FAPE, SAPE Hll PVC =t BLRE b 765
PR HI2 9 42 d 5 3 e T 553500 0.91%,
0.90% 1 1.03%, Tif W4 7 52 45 A4 RLEG fin 9 5T 5t 25 7
AN, FERA i B 3 /N F PVC B M. B S
SRR R KR 30 d JERE A R TS SEM
MR,

@ (b)

a—FAPE JFUFE ; b—k /K izt 30 d Y FAPE
c—SAPE J5ff ; d—E/KHEL 30 d 1Y SAPE ;
e—PVC [k F—HK i 30 d 1) PVC
5 FAPE, SAPE Fil PVC 25 K¥1 30 d RiJFHY
SEM Hit i (iR 1000 £%)

M 5 ATLIE H, PVC BRI AIER TN
T IRIG T ELR RSB BRIRFIAPIR A4, 0T B
FET TR Bl kb IR s T AN LR (BT 56) 5 i ol

# [ FAPE 2 [ fi A /> s AR S A (&l 5b), SAPE
RAA DAY BE R (18] 5d), XAl e T
HAAR A R REAN I 1 T Y5 2R R T8 1Y A% ik
TR B T IR 55 G p R T Z [R] RSB, 26
B At iR B

SAPE FiI FAPE 7R G W rH i 9 A [m] i 8] J=
(7K A2 il 7 I 5 R L3R 4

% 4 SAPE # FAPE ZERRGEA K iR 0 A5 B 8 /5 89

Tkl F MR 45 R ©
= FAPE SAPE
WAl /d - pH=2 pH=12 pH=2 pH=12
0 105.8+0.8 105.8+0.7 107508  107.5£0.7
3 1051+0.6 1059+08  107.5x09  106.8+0.6
6 1055+0.7 1048+10  1068=08  107.6+0.6
9 1049405 1054+06  107.1x0.6  107.8+0.7
12 1052+08 1053+0.7  1069+0.8  107.3+0.5
15 1047+0.7 1051+0.7  106.6+06  107.1£08

MK 4 LA, BRTE S5/, FAPE 1 SAPE
FE A KB A B A i 43 3o 1.1° 1 0.9° 5 B
P41 5, FAPE #1 SAPE % If] 1 7K 425 firh £ g K725
A 4351k 0.8° F1 1.0°, W Ah AT RHZ I 15 dJF I
TKBEfl £ 84 AT 1.5% , FEBH T 1 45 19 FAPE 1
SAPE & G AR EAT B i T TR B M RE
2.6 WHEMEE
FAPE, SAPE il PVC HyHLEEREUNIA 6 Fr .

-

(@) (b) ©
a—FAPE ; b—SAPE ; c—PVC
516 FAPE, SAPE 1 PVC HUH i 1 BE

K 6 AT B, 4 24 h#53:)5, PVC RERRTH
(&l 6¢) 1 7% BB W T FAPE Fll SAPE 2 &
MEESL (& 6a FIE 6b). & A #1 KL FAPE, SAPE
I PVC i 2 101 PR TG R A0 40 TR TR 7 e 5000
198,100 #1598 CFU/cm’, W9 / ket &2 4t
BRI PT A RE I AT — 8 PVC HKE M o
3 &g

K H A AR GG B T IR IH BN PFA
FIPSA AW, B RA W 5 H KB 45k Sio, 18
SIUEL, 5 PE-HD B ARSI R, 48 T 9%
F U FAPE Fil SAPE E &M KL X2 A KK
BRI T T IR | S 1 A R B R P S
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