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Physicochemical modification of sepiolite and its application in thermoplastic polymers
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Abstract : Sepiolite is a natural fiber like hydrous magnesium silicate clay mineral, having high thermal stability, excellent
mechanical properties, and rich non halogen flame retardant elements such as magnesium and silicon. It can become an environmen-
tally friendly flame retardant or synergistic agent. But it is usually necessary to activate and modify sepiolite to functionalize it in
order to better dispersed in the matrix and enhance the properties of thermoplastic polymers. Various physical and chemical modifi-
cation methods for natural sepiolite were introduced. The application and research status of sepiolite in thermoplastic polymers (poly-
ethylene, polypropylene, polyethylene/vinyl acetate copolymer, etc.) were reviewed. The influence of sepiolite on the flame retar-
dancy of thermoplastic polymers was emphatically discussed. In addition, common problems in the application of sepiolite filled
thermoplastic polymers were summarized, and corresponding solutions were proposed. Finally, the future application directions of
sepiolite reinforced thermoplastic polymer properties were further prospected.

Keywords : sepiolite ; physical and chemical modification ; flame retardant ; thermoplastic polymer ; composite material

SRS £, — R LA SR AR —
CUEVSE SR G SR 2 LYIa T I

R AT RSP, T AR, TEAE S R R AL
RETR KPP DR AR EE AR Jarh RSk

BEREAL , ARG YITE Fl A 1F T AL TR AL s (RS I Al LA
X FL AT N T v A A AT RE DR SRR I T A9 JE
R AT by AR5 2 %ﬁuiﬂi&ﬁ%)ﬁf‘&@ﬁﬁ?
AVTA= 7 A 3% BV 20400, 91 A= 358 P ity Sl a9 s 9t

Tl B2 Geit, BRI 5 A b kLT 3 B 0 A
2020 4EHY 222 12 5 TeHK 3] 2025 4R Y 318423570, A 4R
KFN 7.5%. SR, T 187 L3 22 A U8 BHAR A 43 1) FA R P
BEWZIRT 2 et 2 GRSl Hre

BEETIH: FR KRR EATH(52074118), MR HE TR0 H (21A0306)

SRR : XU, VAT, WG RER % & LR 51

B

rfs HEA: 2023-10-30

BBy KBRS T B TR A

SIS AR, XI55 Bk 4L, 45 I A Aot AR S R[], TREARER T, 2024, 52(1): 170-176.
ZHENG Shihao, LIU Yong, GENG Xinxi, et al. Physicochemical modification of sepiolite and its application in thermoplastic polymers[J].

Engineering Plastics Application,2024,52(1):170-176.



FRHE , 45 A WAL RICE B AE IR LSR5 e i) o 1 171

Bz KGARIERT AR R AR B SS , 164
AN RIS R SR 5 ik K
JERY I AT A A W e 4 i L, Az A ik B
SRR RSS2 R 22 1R s B T AR SR RE I &
i B, X TR G PR BRI DL K ) 2 M Re T R A
HHE FINER

HERRFE 0 BB/  RTBUR R ARE
R T LAAE R JGAHILSE R} A3 5t PP SR A b B
WA 124 FE PERES Y, S AT A M RIS 3RS
0T AR AP KRB £ 0 A M A
PRIKA SR (MMT) 04 £ A 1 Wik n 450, Hi,
VR 7 2 LA AR B PRI o € 266 - JR0RE 18 FH AU T
27 k23 Mg,Si,,0,, (OH), (OH,),* 8H,0™ . i) £1 Y i
TARZE ey 2 v T J22 e S DU T A =2 i) e — J2 4 S/ TR AAR LI,
20 1 KG B FELEVF 2 90K G ) FLAMN BEFL , 00k 5T 2 1A
B AR S 0.37 nmx1.06 nm , B 2% 16 AL AT 35 900 m/
g7 WA AR IR AL TR L RS 4 X
B ASARER HLE IRE . PR S 14 e £ H e BELA I | W A
LR N T A 1 = M 7 e e L

SR, AR A T2 R SRS R E
YIFEAR Z IAIAE e A AR i A B 2 2k R 54 i &5 4 —
A, BRI ENIAIE R v 2 R A IR, 25 5 A 2R
MG WM 5 R AW & DR S bR RE . LI,
XL AT AT A AR AL, RS IR RS W Ry Y
KHEHNZE , EHND T I T A — ey B A 2= vk Jr
2 TR LGS T A e 2R IR IR W A b 1
PRFA XA BRI R SR 5 W 5 B MR I SE i T 2
H—EMMA M
1 iEEAmYE s

] P 20X VA 5 A RO 1 5 VR AT B B
A TG = S NSO L B U oy ey E . W5l G S e <y R e )
F8 T RR SO 2 T T R Ok IR ot AR AL A
P RE WA
1.1 #sok

T R — R FH KA B i be . Ak 3
SRR AT NS K FEAR Y, L BINR & 5 A R TR R 28 N
FE—E R T ISR, 2ad o s TR E R R A1k X 5
SYES LAY . B R AR K R A 5 20 £
WARILR A B RS N, 7R IR 393 ~ 493 °CH A THEFE T
PR S, & BV A b 3 TR 2 /K EAGR B 1 T v i 1
It ELBR I Al 5 0 AN b, 27 4 K R g s, LI B AR
KM T ARk

T TR e 2 T 3 3 T TR (v A T e A K S
K FRIEK, RIS Y FEREE AL K A AR AR I A o B B A
% T N 65 68 T8 J3E 6 U 00 4 &85 40 1 52 ), 214 5% b TR JEE 7
500 °CLA R, FUR R FoALIE NI K 20 F 5 MR e R A
600 °CLA LB, FLIE S5 I d PH 2R K45k K, 0 & A= 5%

7%, LR IR AR 20 45% LA L s 24k Bl BE 14 31 900 °CHf
A BRSSP, R R AIGE 99% LA I .
U, AR 9 T A ) R T A T R
G 58 - o VA AT R A T B MO A O s R, S
RO A A5 FT , FLIE IS IE , R AR PERE
1.2 BREM

22 AP S f s FH R A b2 e i 22— L BERE A 2K
BRI T A F 2 405, INEE AN VBT ABAEE . WA
1) FH T T ORI TOHLIR AT SR 1% B RS . o, 5k
B P ARSI T R R T R A Ak L A ) X VAR 3 A R PR Y
S, 2 B 1.5mol/L A4 £5 i o 300 A7 R 15 Ak 8 AN /NIE, Bl
PERCR Bl Bl R R Tk 5 3G, A R 1 Y Si—OH
BRI, Mg B AR 8D T R I A B A ) Mg
B HCL W P i IR, P33l 18 4T I HL 2% AT a2 b
BT R EBRFLAE R . — B, SRR A e MR 2
T BRER , HJE , fSERTE AR AT REE AL, Lyu S5 SR R
R BRI ERIG AL A7, & L5 SRR AN BRBR AR LL , 2Rl R
AT AR A7 T B T 2 AR A

A LR S RO 1) —Fp B A LR 19 R 5 1 R A1 38
o PR b SR R 8% e B0 A1 22 1T, (L B STl B K | R
FREYSHFMMED TR ANE , e 20 00 B i A
FUAE R AW EL . Yang 251 F R [R BB K Y
YL RV s PR YA A A TR, R A VAR S T 4 R A
RICSAAT T 4780, WombERefF 28 7M. stk HAb A
F IR IA A HLIRE A R H AR FrE iR s
1.3 R @EmA BT

2 1T PR A R R 8 TS ORI I A 1 ik 2
—, HAr T EE A AT PSR, — it A A M R 1 S K ik
A, AR IR 3k RIEAT . ) — i R AR Pk R Y K
AN 8 AR L LR BEY K TR 2 B A 2 )
S R R T, ZEAS IR SR ZE AL 1) [ Bsf, (06 3 F1 5 23R A
WISEAG R, DA, R B et 2 A R AR Y

B IO TR S drR ) 2 TR PR I | BB RS 51t
WA HEA TS 254, AR TSR P AL TR o i B FH 1
AT T UM A e SRR RN | 2t 3k — FH TRk LA
R 2 do 3 = W LG AREL S . BN, Yu S50 b b SRR
1% 4 (SDBS) 2 1 15 61 A7 W B FL2E A &, — S R, Y
SDBS #f A7 )2 (8] 25 R i, 502 1) o) B g 97K, 2 i
KRG A R R o A T RERE I A AL Ak T
AP AR AR, Li S0 55 500 5R - U doe Bk = W B0 |
AL = IR A B A\ i = P R R A e e s T
A& SN, I AR E T LA R, A5 545 HL-Sep(O-Sep) A4
ey, H N K P A gk vk o RIS i 5 3 T 3% 551
YoE S B (B N, O-Sep TEININRELL
1.4 FIRABIEF BOK

REREARIEFAE —FR B AL HLECER , 27 H B K
HIFNFEK LA, AR A DL A AL FE A3 | 2 ST



172 AR

2024 4E 55 52 4 55 1 1

FEAE KA I ] P AR fi R L (Si—OH), A] 5 4 26 R
(—OH) & A= Bk A S5 R, 328 177 A5 35k b A 3 A 30 1 b, 1k
e H A mPERE AR K AR MLIE L, B0 205 3 B SE A A ok
A, L A L 5 | Ty O] A A T
BEs G0 REGEMRIE A ] IS A R S5 R A
W2 P FEEEAE AT SRR AO A 1 3R iR BB T — S
JE B ML 2 R DD R AR .

A LR 20 3 = R b X AT A
ML , R bR Rl IS A A 27 4 2 1 B TG
BHVER , th SR AR AR R B KCIRES , /K B2 il 135 140° LA
b R T AR T LT AR R RS A N Tl
RN (PP) 5 ek 6(PAG)FIFI R A5 W iR , Wang 5k H y-
FH R PR A Pt R 3 TN 2 — SRR RE e (CG-5T0) W A et
FRAF1Y O-Sep 1T LIAE N AN IRIE R G W R A 2570, o3 T
PAG 75 PP JE A e (1) 231, A s 38 5% T PP/PAG/O-Sep 44
KEZ AWM EHAPPERER 122 ERE . DAL BFE S5 R, 200
IR TR A Re S R A W B B 25 6 o
1.5 &kkismrok

48 AL A W T R AR A R T — A R e
Tk, — A - ITIE TR Rk Hoh DivE R
HAT 2805 AR B k2 — KT R4 R
ERVEIRORITTE I A ELAG W I AR, I T S vk
JEE BRI TV A A P v B AR, TS AT L AT £ 2 7 VA7
AT, PPN IR I AT SR EE ARG (0 O T v B 4 v
TR R, BT SR AT PR B A &R A
AR EE R IRAk R SR RSB B SRR , 55
WAEBTERA YT RS E BRI B ER .

Eren 557 R L 2EUTTEYS , LA NaOH A UTTE R , K
S AAIDTRR 206 00 2 T o A R AR E S R
JEUE A A L, AR 7 T A7 Mg™ 2 S AR, e T T
PETE . Li 208 Bi(NO,), - SH,0 H1IE I £7 9 5K, DA
NaOH A HLIER , 2R Ak 2= UTTE I il 4 590 A /BiLO, & & M
B, 24 BLO, G KRBT LA 25% Ji ek 43500 8 o0 iUTE T A 46
T, 26 MR L2 T AR BE JROR M0 1 1) R T AR 228
T 4.461 m¥/g,

1.6 Rome ek

SRR OB AT I A2 et i R —
A AR Bh IR WA 2 (R A7 AE A s AR AR, (PR
Ay Z MY A S0 B 3 B W S A A AR AR T
R P A TR A A B I — W T A R E Y
A3 RO, T R UR- A ML A B

Cheng 5l i AL B A TN T B2 B FHREARY
B ML (PPy) B A VI A7 2 10T, T I — 2k A 7 SR g /8 34
A1 (PPy@Sep) 4K EF Y . S2I0 3R W], PPy 357 b 4 78 £ 1w
AR, H PPy@Sep A1K 21 4 BEAR 4 b 43 HU7E A i £ 975
(PVDF)AAAR 1 Alan 25 F 3R 2R F1R £ M BRI 160 A i
TR, IR RS WIRE A 7RI 1A R DY S H 5

T e AV A T, SR TV A AR R R TR AR R
FE AR BT SRR SEEL T A BAR A . TR R A
FE i T K B R ER , £ B e M 21 TR
2 HRBUREVMEEERESME

PG B e AR AV R S b 8 R e R
TR ERIR AR AR RGPk SR EWEIRE L&
BRELT, LT ARG, 2 AR A5y T RE
R A I TEVF 2R SR 2 T T 20
2.1 FEATRIHPE)

PE J&ii 5 2 i R A, 3 Ta5 e 1A C,
H IC R (9 B SR A i 2 i, 32220 O i % B 3R £ 05 (PE-HD)
(AR T ZR A 1 ) I 26 B 3R 5 (PE-L D) (F£ 1= Tk 1=
JE N BATRL), P& AR L, PE-HD 58 J% 25 T PE-LD, {H i T
PEAR AL 2E0Y, PE HA BUASR 0 vk 4 i oo 1 5 it
A2 PR R L 2 2 VR RE A S S O A5 R AR RS B IR
2 SR R R R A s AR BRI T
i ALREAED BARPEAR RAFHY Jy 1k RE , (H HHAG Tk
PE A% R AR B (LOD AR, ERR R B h S5V L 25 5 2 3K
KPR S TR, PR, B LB AR AR R AR A
WEL

Li 50 5R Ak 25 A 0 A T 9 Ay 2 10T 5 | ik TR BELIA
i 2R ) (PSPHD) 45 1] BHL & 50 14 13 ¥ A7 499 K &F 4k (PSPHD-
SEP), >R FH 6 il HE VR 12 il 4 1 o0 Vi T A AR T R L0
(PSPHD-SEP/PE-LD) & F1 kL, 45 3RH , sl 41 e F
T2 A MRS R BE 1, 75 SO BELAAE R RIS T SRR il
K, HLOMESR &R T 21.3%, UL-94 T EREEINE ly V-2 245
G, AFEMERBRIATEARAS B T 955 0 Gul SR ML
3 2 )% (PE-LLDY & A AL ME) & A A8 i AR [a] &
B A I, A 5 MH A B ) AR/ T, PE-LLD &
BRI LOL{H 5% 25 7] 35 36.5%, BB & Rk #EE & 1
=l AR R R SRS e VR D) I NTTE: ) 1
Albayrak 5555 O-Sep 1 A Wi, B R) B2 Ak 764 BELJA 70) 2R
T 54 (APP)/ 22 [ DU, AR T 50 & LMK/ PE-LLD AL 54
RO A2 R RORE IO AR 55 7 AR L XA R T O-
Sep 1 APP T4 JS (1 R K Ve S22 T B 1 A 2 2% , 308 T BEL L A i
R SAL L BRI NI 7Y T AR R HE

SR A S BHER AT S AR Rl ik,
Bl LA A D A B, AR e R o HLECR SR
S 2SI B/ UL AR N O-Sep 6 L BRI 7 & bR R HifY
P el $ i TR e
2.2 mATFPP

PP RN 5 3 T i SR G0, PP A S HST A L (BRI ST AL
ML Z 5o Horp AR PP BT B 2 F i s 4 i, 45
b JE TR A 40% ~ 70% Z (8] o AHELFRIELAN TSR PP, Ho% i
TRV T (2 B IR B 160~170 °C™, PP BA (L SR F12F
PERE S0 TR 402 58 N0 R Te iR R
B S HALRL, DA AR (BT TR KGN A



FRHE , 45 A WAL RICE B AE IR LSR5 e i) o 1 173

SRINT, PP 5 R S BCAIBE R G W R — 8, B0 BB e
G Ss P A S R T PRI FEAR S AR R AR R g
15 PP A PR PR RS 1k 2 T o R Y

VF L5 E T 4 6 BRI L FH A PP IR &R
DL K B8 442 = HCRH A PEBE . Pappalardo 25 WF5T 1 1 I
JIKEIBHARFA(ET) AN O-Sep Xt PP A EISE ok R B A PERER
SR, IRl AR TR AR, AR T LET
5 5 # O-Sep £EHE M A RHES E T HR A W 5
2SI T, PP/ET . PPAMG LA 517 PP/O-Sep A< 7 # AR i 7
AL PPAS S TH2m  HAN 3 . 4858 UL-94 i, PP/12ET/
0.50-Sep & R ik H T V-0, BiEH O-Sep #H L. T Sep 15 EP [ 3
FIFE A, HAEHEE SO 1% R 1 AR
U (B (PHRR) Al 5 K- 249 HCHGRAE 2 L PPASET i, I K J2:
T O-Sep 1) PP 2 & 4 BHIRGE S5 T 0L T 3808 1 e J2 , BLAR:
TGRS

Zhang ZES R 5 O-Sep X 88 PP Bl k% 4 PEAYSZ IR,
KRB RIR 25648 T PP FHAEA R KL (MB-FR . 25%PP . 50%
R IR 25% =4k 861 O-Sep A MR, WS HE
B, 3T 4wt%O-Sep 1Y PP/40wt%MB-FR & & #4 K} , ix 3
T UL-94 MR V-0 2, LOTH N 24.3% , HAE & F BRI
R PR BT R A RS IR A A IS AR e AR
BT B, O-Sep 9 I A T LA BRI A4 BELAA 70 1) FH
i, 5 37 A W [R]BH AR DT 42 =5 52 B R Y B K PERE
Kumar 2" Y0 15 20— BE(EDA)FE HCL i W R R
IR Z P (PDA) HEA T AL 1 1 A1 R, P-SEA TR fh A
#] Sep-PDA-P #i1 Sep-PDA-EDA-P, 3f Ffl H: %} PP #4752k .
WFE % IR, PP/5%Sep-PDA-P 2 L H 2 iy 11 s it L BE L 4 PP
Ton ELR AR S i s B4R T 70%. AN, A (Y B AR AL
EHEE T PP Y LOLMH . &4 5% V& fl £1 1) PP/Sep-PDA-
EDA-PYKE S MK, HLOME Hali PP LR 1 72% Zifi .
2.3 AT UH/BEBR T 3R M (EVAC)

EVAC 2t 29 TN 2 2,975 F5 A 1R) B 5] 58 A 1 A 8 34
YR S FRE WL O 5 it <40%) AT L RIPE4r
T 3 R T T e o 5 B R N T AR A I
P R N U7 2 S O =l SN U S o =
B9, AR EVAC 9 LOME RS, ERABE e il HAT #4
T TBGH A AT Yo il 7 RN 7 2 KR B2 S B AR
FR ) T AR F 22 0 Y, BRI a0 feT A A
EVAC B BHLIAPE R , 2 P08 1 3R B W BELA I9F 9 4038k A4 A4 48
[7) R

i F EVAC AL J2 Al M L AT Bk BRI K
M RHREA BT 2P, . Bidsorkhi 255 FHSUAT B
HUA LIRS T B2 O & 1k 18% 1) EVAC/EI AT 44
KE BB WL, A NUBE 21 e 2 A AR
o IR T IR AR AL TR R . R VR (R
TR 1% ~T%) BN, 52 AR R $ARR M A SR 1 (B AN I
25 T EVAC X AR A AR 0T, SLRTA AT A

SR MH Kt inA EVAC A &2 2 T84 BB E A
EMHIECEHIM AT £, SR G 1 2#Re . Bk,
Huang 55*"BF5T T 15311 5 MH 7% EVAC {4 & 1 ¢ 13 7] BHA
YER, R A/ B A 3E0RE 7E R IR EVAC 12411
B2 T, ME/REI A /3%EVAC 1R 22 (1) BRI 0 5 i
TR ARG B T AR, A — &R B3l T M55 B, 1
B LOT ETHEI T 33.6%, 58] V-0 2%, 1 LEZ A A &
KISFEI(TTO M B SK EVAC i 715 s ZEK 3 T 730 s,

N T RFEA R A 2 B R EVAC/ R #E(ZB)E &
AR BELIA TR BE IR REFN 1 22k Rl ST ARC R F A il
MR £ T EVAC/EE A BHEAE &Rk, M E I 12 031
I, EAMEE TTHR TF 2 47 s LONE 32 T+ 2 21.2%.
PHRR FLE BRI A 2 253.4 kW/m? F125.6 MI/m? 5
JHA = R A2 0.14 m® AT M K L B e fIG{E A 3 73.82,
I RERE MR AN AR . S 41, T st BE RNk 24 i K 2 4
SIEAF T 9.3 MPa #1 543%, Ui B Sep M5 ZB A | 1 H 4 11
ERMERES SR AR . Bidsorkhi Z5675% F 3- & HE P 3k = H1 4
FEREBEXTE LA AT RS EVAC I R I 94K
AR, e AT A 7E EVAC JEAR b 20Ok 54, TS
PP B R A M VR ML A 4 EVAC 524 W8 REBELIR 1 FR Pk 5 Pk
HAFRN T ek, I, A Y T HOR, R G AR b
F 7= A TR A G R BB B, e IR EVAC I ik
Y7 iE— B fiR
2.4 FJATRYERR T EPMMA)

PMMA Hi FH P % HY e ) A SR A kB s 1 2R
BRI R A 2 —Fhi& ] JC 0 o 45 = i B b 2
FEPE M HIAYE B S — . PMMA B R 1 725
e REFNIE S PERESE , T B A AR T T L
PRIERE = 032 WM, D3 I A 72 T B 51 T A 100~130 °C,
DA, ARV AT HLBE B, R T 5B MR 6
BURTR A B0 s AR 3 KT S FH B AR IILAE . Ak
PMMA #5372 8 B2 H: LOTEAY A 17% Ze A, 1 W i
FarEtE2s B RREE . PMMA BRBEME 5 [7] H At R840 31 A 1
REY—H AR BaRT B HGHE R B A T S 1
Bl A FR AR B R, Bl PMMA BRI e 4
PERE A R L,

Vahabi S PFE T =R )0k MMT A SRR,
4355 APP PpRIXT PMMA SR AR AATE BE A5 . SR
IO IR I ol i PV SR R 5 6 52 5 MR IR e B A T
THRAE, ME R, 54 PMMA AL, 23 BN T = Figok
) PMMA & A5 F BLERREAR T PHRR (. Hrf, & APP HI
VI I B A LA TG (A 7 K BELSA P BE . 2L 3D AT AR
6534 , PMMA/APP/: 1 A3 JRAR 5 1) 43 o 0 T i s80s HLAL
PR /b Ji (A S 3 0 7 AH LU T MMIT 75 PMMA WA 1943
(G

Huang %5756 H = B 3k 010 4 B8 e %o 1 3 A 22847 I
YRS SR A R IE H1 4 T PMMA/A HLECHE 4 48



174 AR

2024 4E 55 52 4 55 1 1

KEAME SR A 385 20 WE PMMA A
T FLAR T AR 1, 3 AT BB T IR AR Y TS IR, 4
T REWEEIL . [FEF, FH Flynn-Wall-Ozawa 3511578
R EFFHEER T W EMIGILRE, 25 £, PMMA/A
ML A7 &2 A AR B AR 0=0.35£0.9 3 [ P A4 38 L
TEALBE F 4l PMMA 42524 20 kJ/mol ., AT Lul™ s i 1 250
RFR, ARG RAT ARELFHIRMRGEGST
PMMA/AT AL 1A GRS 6 i RE, X364 FH i ek
FJEHA DU A 20053 = 2R FERELEFI(VTS) o [FIRE, 58
T VTS (AT, Y5173 Be PMMA Kk b i AR e 74
BRI IEEYE . 94, A PMMA ) 7 24P g
PR AR R R TR — R VA AL A AT LA B iR 4 K R fOK AL
PMMA [ FE 45 s AR B T I
2.5 BATPA

PAtBARJETE , Fi N BT IR I &l — oo 5 — ot
AR R A, KA T 4 A T W ] (—CONH—)
B —FpHIEMER AW, BIH AT 240 B A i il
SERF TR T2 TS AR R4 (SRS, PATY
TR 2, WNJE 5% PAG, PAG6 DL S K4 PA11, PA22 %5 ML
FIEBE PA, B PA FLA T 4K (14 e SE 6% K Ik e 2 B2~

FE Gy IRNE | BIRBERT A 2 B M2 A HE A & o A
FIAEE 03 . P DL AT B4R T PA RO BH MM IS e MR
PU#HE e K% LR

Zhang ZF 5T T AL AAE R ISR X PA66/ — 2,3k
TR A (ALPY) & A A R BHLIR R AR S A TR B 5 . 25 SR &
B, RIS AP AT B S 1 B [ BELRR O |, A1 32 1 A AR A
Fert BRI T R SIS . S SIE AR ALPL (Y
TN 10% 0, AR LOMEIER] T 32.5%, UL-94
R V-0, AR E T PAG6 HBHE B iR T A RS 2 sk
HeFR . Gareia 55956 R FH = F 3 &M 2R Ik 24 o o A
P LSO , PR A AR R 4 T30 71 5k PA6 4K &
BRRL. B ISIE NS R, B2 A R A
PARTE I A L T2 PAG $2 5 T 2.5 5 A2 4, X nI fig A2 e vk
FREESE G, $ i T A FE MR T A it . 5300
WA A AL R FS + |, BT —E 93, Vahabi 58
TR AT BRIE A AP MMT 2351 5 APP FI - Z K
JBE IR 57 (OP) & L X%} PP/PP6 AR M FBH A M RE M 52 . fF
TR I ARAMEHLA/APP B3 1 5 A5 MORHERR RS 5 A K it
BEFE A NKER ), B A B K PERE . X FRER B P B
HVE L MMT/APP BYEUS TR B
2.6 EATRALHPVC)

PVCJ& & A SRR 51 A sk e e Fa i 4440
FIH B B R AR R G, RS F a5 =R
PEREW, BA RN 8 ol AR RS, a7
Hp SR R R Tk SR LA — o R B VE L i LA
PR o R 5 AN R W AN B 1 B P 1T | AR S P

PVCHERE LS RGN 237 A 025 A T U, — i 5 45
BRI A RERT . JC RN HIAE SRR, Bl 2
AT B A A 22 AR B, X T PVC AR BELAR R 410 A 1 i oKk B
o PRI, B PVC B BHIRPERE , By 1 KR R AR AR A
WEH

Turhan SR U WOELR LS % T PVC/AREA KR
AR BESE T 2R A N PVC SRR E T Dt
110 AR EAE I FE SR B , 45 3R], A Ik i 1k
FBE T 25 AT B TR SRR e vk
FIHABYERE , B T 5k AL . Siahaan S5 LK 48 4% —
2 —~FTR(DOP)IE ¥ PVC W IR 5 AN IF] & B A R A, i
AR, 5O E BORHY PVC AR AR L , 05T 451 2% Uk
D BB, SR AT B SR R T R R
TETES

LA LBIRTE R WA FF D — PR AR SO H LR RE R
i YRR S WIBHIATERE AIWIAVERE AR RE S . X
AT ARG | o B S A RS S A b S5 R S WP
R TR RSN e 7L e P T e PR GRS EN: A ()
— PRGNS AR R S, i — xR G E R
LIRIOEE EHPYEs
3 HiE

NS TR LI IR A D0k I ST R A
Kt T — SR AL A BEAL A, R BURAT RO T K
USRNG5 G SSE O SR - R 7R i 7 P 58 S
B Ti5h B AEIR T IRIBYE RS WA 9K SRR
BT R REWE SRR LRI IR A I AL
W T RE YA BEAE AR ISR RE , T LIS RE
SR EYIV AR QTR R R A B E SRR
FEa AT G TIX MR PERE | RAGs 2 R SR
(A SR o DRI, ARPRE PR A i (R RSB SR
Py rpJe— A AT RREE DT A A (B e — S m] L, Wl AE 23 PR
AT A PERERLH] -

(1) RV ke PR A A 0 o 1 0 O LRI 55 2R
R 2 [ ) ST FH LSRRI A 3R TR, RST AR
PR AT 2 3R ME S 2 i A SR B, S 4K 25 44
BHOPERE . R, A 00 BT RS 0 A 1 i, SR s ix
ESESIIEA TR

(2)BE A TR AT TT e O B B ™, B — BRI A1 2K
PETTEEBR T HINREM A, A LA s MERE S S AR
PEHITFAEOR . R, 26 is FIPBE AL A= W55 2 J5 T A
S5 I RO 5 v R AR T A1 454> D7 T A4 RE (T BELIR 1
WF AL PR S5 A5 B — RIS 3

()R ZHWE AR T AR X PIBVE RS W B 1
P BE A0 R R RCR , T i =2 X Y YA R M A P A AL ]
TE o TP AT 5 AR R IR A5 Wy BHLAR/ I3 (5] BELIA BIL 1 %) F
TS, A1 B TR BE T fifk A o 49y St 2 18] ) 5 AR A FHARONE, 43
FEREARIAIB IR IR S W) AT AN I 082 KO 2 3 A BT T



FRHE , 45 A WAL RICE B AE IR LSR5 e i) o 1

175

(A FEE NI PR BB e, OB RS W

e At TR R B AT T SR TE T AT o B — AR A TR 24
IRVER S VIR EREAT BR o R — Pl 2 Fh g K0k 259k
FMEEEAT SO AL, SR DRI 5 R B W2 3 R RE L i — 7
R

(1

(2]

B3]

(4]

[3]

[6]
(7]

[8]

[91

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

2 % X
DESIDERY L,LANOTTE M. Polymers and plastics: Types, proper-
ties, and manufacturing[M]//Plastic waste for sustainable asphalt
roads. Woodhead Publishing,2022:3-28.
ZHANG J, et al. Journal of Fire Sciences, 1996, 14(1):67-84.
ZHANG J, et al. Fire and Materials, 1997,21(1):1-6.
X T, 45 BELRREE ,2002(6):54-59.
LIU Xiangfeng, et al. Plastics Science and Technology, 2002(6):
54-59.
TELES F, et al. Journal of Analytical and Applied Pyrolysis, 2022,
163. DOI:10.1016/j.jaap.2022.105466.
FU L, et al. Nano Research,2017,10(8):2 7822 799.
fire i, 45 bERET, 2021, 35(23):23 192-23 204
XIE Weimin, et al. Materials Reports,2021,35(23):23 192-23 292.
DUMAN O, et al. Microporous and Mesoporous Materials, 2015,
210:176-184.1.
WALEZYK A, et al. Applied Clay Science, 2020, 195: 105 740—
105 727.
RUIZ-HITZKY E, et al. Advanced Functional Materials, 2016,26
(41):7 394-7 405.
R AR 1998(3):14-17.
ZHAI Xueliang, et al. Chemical World, 1998(3):14-17.
PRIV, 26 FREER:,2010,31(6):1 5601 567.
XU Yingming, et al. Environmental Science, 2010, 31(6):1 560—
1567.
aRH L RS R, 2018,41(1):49-52.
ZHANG Xiaoxiao, et al. Non-metallic Mines,2018,41(1):49-52.
2B A R AL T, 2023, 52(3):726-729.
LI Siying, et al. Applied Chemical Industry,2023,52(3):726-729.
Lyu Y, et al. Journal of Molecular Catalysis A:Chemical, 2017,
426:15-23.
YANG M, et al. Applied Clay Science, 2023,235. DOI:10.1016/j.
clay.2023.106867.
ThE . CTAB BRI A7 A 1] 46 S O WIR LN A f I B
WFFE[D]. WL IR, 2017,
MA Yu. Preparation of CTAB modified sepiolite and its adsorp-
tion on congo red and bisphenol A[D]. Xiangtan:Xiangtan Univer-
sity,2017.
ZHAO S, et al. Science of the Total Environment, 2017, 598:
619-627.
YU J, et al. International Journal of Environmental Research and
Public Health,2019, 16(18). DOI:10.3390/ijerph16183297.
LIY,etal. Applied Clay Science,2018,157:227-236.
AR A WL SE A % S Co™ (ML BRI 5T [D]. M
HERIET R ,2013.

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

DAI Yaping. Study of Sr** . Co’" adsorption on organo-
montmorillonites[D]. Guangzhou:South China University of Tech-
nology,2013.

BRI, S TR Tl K, 2017, 46(3):78-82.

ZHAO Zhigang, et al. Journal of Hebei University of Technology,
2017,46(3):78-82.

ZEH0, % B4 RET, 2011, 34(5):27-29.

LI Jiyuan, et al. Non-metallic Mines, 2011, 34(5):27-29.

WANG K, et al. Journal of Polymer Research,2020,27:1-8.
RUBEREE 25 RS, 2017,31(9):152-157, 171,

LIU Ruirui, et al. Materials Reports,2017,31(9):152-157,171.
EREN E, et al. Desalination,2010,262(1-3):43—49.

LI G S,et al. Materials Letters,2016,168:143—145.

CHEN S, et al. Composites Part A: Applied Science and Manufac-
turing,2021,145. DOI:10.1016/j.compositesa.2021.106384.
ALAN N, et al. Progress in Organic Coatings, 2014, 77(2):444—
448.

KA A MR, 2023,52(1):139-145,174.

ZHANG Tao, et al. Plastics,2023,52(1):139-145,174.

RONCA S. Polyethylene[M]//Brydson's plastics materials. Butter-
worth-Heinemann,2017:247-278.

SCARASCIA-MUGNOZZA G, et al. Journal of Agricultural Engi-
neering,2011,42(3):15-28.

VASILE C, PASCU M. Practical guide to polyethylene[M].
iSmithers Rapra Publishing, 2005.

REZVANI G E, et al. Molecules, 2020, 25(21). DOI: 10.3390/
molecules.25215157.

LI W, et al. Journal of Thermal Analysis and Calorimetry, 2019,
138:1 011-1 019.

GUL R, et al. Journal of Applied Polymer Science,2011, 121(5):2
772-2771.

ALBAYRAK H O, et al. Iranian Polymer Journal, 2023, 32(1):
93-102.

CALHOUN A. Polypropylene[M]//Multilayer Flexible Packaging.
William Andrew Publishing,2016:35-45.

ZHAO W, et al. Composites Part A:Applied Science and Manufac-
turing, 2021, 145. DOI:10.1016/j.compositesa.2021.106382.
ZHANG S, et al. Progress in Polymer Science, 2003, 28(11):
1517-1 538.

IDUMAH C L. et al. Journal of Thermoplastic Composite Materi-
als,2022,35(12):2 665-2 704.

PAPPALARDO S, et al. European Polymer Journal, 2016, 76:
196-207.

ZHANG 7, et al. Chinese Journal of Chemistry, 2015, 33(2):
285-291.

KUMAR A, et al. Polymer Degradation and Stability, 2022, 202.
DOI:10.1016/j.polymdegradstab.2022.110005.

RARIE, 55 A I AR S8R, 2023, 40(1):71-77.

SONG Kechun, et al. China Synthetic Resin and Plastics,2023,40
(1):71-77.

WILSON R, et al. The Journal of Physical Chemistry C,2012,116



176 T REERL ] 2024 4F 55 52 455 1 1
(37):20 00220 014. [58] LU P. Polymer-Plastics Technology and Engineering, 2011, 50
[47] EETL 5 LB R 2019,47(11):40-45. (15):1 5411 545.
GAO Xiping, et al. New Chemical Materials,2019,47(11):40-45. [59] BERNARDO V, et al. Macromolecular Materials and Engineer-
[48] HANIF M P M, et al. Polymer Bulletin,2019,76:4 803—4 826. ing,2019,304(7). DOI:10.1002/mame.201900041.
[49] BIDSORKHI H C,et al. Polymer Testing,2014,37:117-122. [60] ZHANG 1J, et al. Chinese Journal of Chemistry, 2015, 33(2):
[50] HUANG N H, et al. Express Polymer Letters,2010,4(4):227-233. 285-291.
[51] WLTHs, 4 ¥EARHY 2022, 50(11):87-92. [61] YE X, et al. Composites Science and Technology,2023,233. DOI:
HU Hongwei, et al. Plastics Science and Technology, 2022, 50 10.1016/j.compscitech.2022.109894.
(11):87-92. [62] RIS, 55 TREIELN T, 2023,51(7):141-147.
[52] BIDSORKHI H C, et al. Polymer Composites, 2017, 38(7):1 302— GUO Hengjie, et al. Engineering Plastics Application, 2023 ,51(7):
1310, 141-147.
[53] ALIU,etal. Polymer Reviews, 2015, 55(4):678-705. [63] SONG L,ZHU T, YUAN L, et al. Nature communications, 2019,
(541 AT TSP B4 A bR D). K o), PORIRIDERAIoTI RIS,
[64] ZHANG Z, et al. Polymer Degradation and Stability, 2015, 117:
FREBT R, 2018, 674,
WANG Dongsheng. Study on the flame retardancy of polymethyl [65] GARCIA,et al. Composites Science and Technology,2010,70(10):
methacrylate nanocomposites[D]. Changchun: Changchun Univer- 1429_1 436,
sity of Science and Technology , 2018. [66] VAHABIH, et al. Polimery, 2013, 58(5):350-360.
[55] YANG B, et al. Journal of Applied Polymer Science, 2022, 139 [47] AKOVALI G. Plastic materials: polyvinyl chloride (PVC) [M]//
(25). DOL:10.1002/app.52418. Toxicity of building materials. Woodhead Publishing,2012:23-53.
[56] VAHABI H, et al. Polymer Degradation and Stability, 2016, 124: [68] TURHAN Y, et al. Advances in Polymer Technology, 2013, 32
60-67. (S1):E65-E82.
[57] HUANG N, et al. Journal of Macromolecular Science, PART B, [69] SIAHAAN U, et al. AIP Conference Proceedings. AIP Publishing,
2013,52(4):521-529. 2023,2626(1). DOI:10.1063/5.0136124.
(¥ 155 W)
[8] LIK, HUANG H X, JIANG G. Comparing the continuous chaotic Polymer-Plastics Technology and Materials, 2020, 59(17):1 887—
and shear mixing-induced morphology development of polyblend 1898.
and its nanocomposites[J]. Polym Plast Technol Eng, 2009, 48(9): [14] LIU Xijun, GU Xiaohua, HOU Baoqing. Preparation of POE graft
989-995. copolymer and its application of toughening modification for PA6
[91 LI S C, TAO L. Melt rheological and thermoresponsive shape [J]. Polymer-Plastics Technology and Materials, 2013, 52(4):
memory properties of HDPE/PA6/POE-G-MAH blends[J]. Polym 344-351.
Plast Technol Eng,2010,49(2):218-222. [15] E/NE AR C M- 1-F ISR YR JE Je 66 1l £ K
[10] PESETSKII S S, KRIVOGUZ Y M, JURKOWSKI B. Structure PERERFSE[D]. dbat  Jbatfb TR, 2011,
and properties of polyamide 6 blends with low-density polyethyl- WANG Xiaoli. Preparation and property study of POE-ITA tough-
ene grafted by itaconic acid and with neutralized carboxyl groups ened nylon 66[D]. Beijing: Beijing University of Chemical Tech-
[J]. Journal of Applied Polymer Science,2004,92(3):1 7021 708. nology,2011.
(1] Fsefl, RSN, £/ AR RFRIER 2 00-1 - Im L R Y il 2 [16] ZRSCHI, XIE%, 204 2 AR — R LI Rli%E HDPE
D] @5 2r TAPRARRE 5 TA,2011,27(10):46-48. SAERETE[I]. FFFFIR AR RS2, 2006(5):10-15.
WANG Kejian, TU Jiangang, WANG Xiaoli. Preparation of ZHU Wenming, LIU Xijun, JIANG Zhaohua. et al. Study on
itaconic acid-grafted ethylene-1-octene copolymer[J]. Polymeric modification of HDPE by melt graft ltaconic acid-styrene[J].
Materials Science and Engineering,2011,27(10):46—48. Journal of Qiqihar University,2006(5):10-15.
[12] ZBOL, AR, IKFER 5 JE AL G # POE-g-GMA K2 A [17] B4, BFR,KREHR, % POE H:6 GMA (i & J H 44 )
FHIWFIE[I]. BT, 2005(6):33-35. PAG 14 3 JTTBIF 5 [J]. b 2 4 BE ) 5 55 23 1 1B, 2010, 8(4):
CAI Hongguang, LI Haidong, ZHANG Chunyu, et al. Prepara- 62—-64.
tionand influence factors of POE-G-GMA by melt grafting method LIANG Quancai, Lyu Xiufeng, ZHANG Hongzhen, et al. Prepara-
[J]. Elastomerics,2005(6):33-35. tion of POE-G-GMA and its application study on toughening PA6
[13] PAN Y, WU G, MA H, et al. Improved compatibility of PET/ [J]. Chemical Propellants and Polymeric Materials, 2010, 8(4):

HDPE blend by using GMA grafted thermoplastic elastomer[J].

62-64.



