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Application of Magnesium Hydroxide in Flame Retardant PVC Film
Peng Hesong ', Qiu Wenfu ', Wu Nengcheng ', Xu Lingfeng "
(1. Jiangxi Guangyuan Chemical Co. Ltd., Ji’an 331500, China ;
2. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract : Ultrafine magnesium hydroxide (MH) was prepared via physical grinding, which was modified by the silane cou-
pling agent (R-903). For the purpose of replacing part component of aluminum hydroxide (ATH) and antimony trioxide (ATO), it
was further added into the flame retardant film of polyvinyl chloride (PVC). Several properties such as the thermal properties, com-
bustion properties and whiteness of the flame retardant film were studied by thermogravimetry, limiting oxygen index and automatic
whiteness instrument. The results showed that the thermal stability can be enhanced, the smoke suppression performance can be
improved significantly, and the cost can be also reduced. Specifically, compared with the commercial ATH, the prepared ultrafine
activated MH displays the obvious advantages in particle size, specific surface area and thermal stability. When the modified MH
is added into the flame retardant film, it can be found that both the oxygen index and smoke suppression effect of film are increased
with the enhanced replacing weight of ATH. Especially, the thermal stability and carbon forming compactness of the film can be im-
proved while 8 parts of ATH and ATO are replaced by the same fraction of ultrafine activated MH powder, and the oxygen index and
smoke density of the film can be maintained under this situation, which indicated that the ultrafine activated MH has the potential
of replacing part of ATH. In the end, with the addition and substitution of the prepared ultrafine activated MH, the whiteness of the
flame retardant film can be effectively guaranteed.

Keywords : ultrafine magnesium hydroxide ; flame retardant film ; thermal stability ; combustion performance ; physical prop-

erty
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()T SR AR IS, 5 IR A AR S Kl fif
OB A B S A TR R —o HR,
PVC AL B 32 2850 il sl R b il 2 B IR B 1
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T, R SR Y R S Tl M SR HCL, TRt 25
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T+ PVC & A WL PR 406 450 (LOT) Finie 25 11
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SR RFE FRIEAT TR, IR B (TG) 20 #r
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FEPERE BHARPERE LA RS B S PR AT Tt , #4¢



SZRGRY, S - SRR BELIR PVC R AR 149

T B AN E b MH ZEBHIAHRE A I
1 IERS
1.1 EZRAMH

8 41 MH : GY-6000, T. I 2%, #3 & ki i
1-6 pm, VLPG) AL TA FRTHEA A

MH : GY-2000, Tk 2%, ¥y Ak B 3-15 pm, T
PO AL TAH R THEA R

MH : GY-3000, TV &%, ¥ A 47 i 3-8 pm, T,
VUL TAH R THEA R
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HERERB RO IR A PR A W]
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WUk AL AR E R HL-45, TR, A1 X ER
R T AR
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IR HARA R AW
1.2 FE2EERAME

F 22 Y : NOVE2000e %, 35 [E HE IS 284
FRAT]

FF L : KY-3203 54, 7R 56 11 JEE 45 i AL AR i
#%;

JE R AL : KY-3201-A &1, 458 11 5 15 I A LR
W

LOL A : JF-5 B 7R 17 4 g A AL 25 A
FRAF]

TG 43 : TGA/DSC 3+ #Y, M4t - $EF] £
PR 5 (L) ARATE;

T3 BRBEIIRAY . CZ9040 1Y, 375 M B #iR
ML BR A 5

M 3 1 BE AL : ADCI-2000 %!, Jb 5T J= 2% 78 AL 2%
HEARABR ]

BOERLEE L : MS-3000E %, 5 [F & /R SCAL#e A
FRAFE]

M35 BEAY . ATS-JCY-03 B, bR L IR AXAS R
FABRAF

SEM : SU8010 %!, H AR H 7/ Fl .

1.3 Hoh &

BN TE AL MH (HX-6000) (145145« 4 fk o (B
A (R-903) AL, F I A T K £ BEH B, i
PEYIAIE , BG4 MH, 58050k, IFINAE 45
°C,HiFE 1 h JG L, PRI 2 ~ 3 1K, IFAE 78 °C I
M, IS e 40 1% 1 MH

PVC BHJR 58 00 ) 45« 48638 1 rp BT T O
BSR4 15, 7850 SR IS R SUR I R ALAE
170 °C VR 10 min, TR AR5, 0 T pk i 5 5
Z e, M SR R R, e N R R LB R R, B
RZAFRTE 165 ~ 170 °CFF 5 MPa #U% 3 min, 10
MPa % 5 min 2 Ji5 B R, il 45 B Al LA

#lasrtaeiii.

R 1 PVC BEMAHERIE A %
4i's PVC  DOP  Hl4@%F ATO  ATH MH
¥ 538 268 22 6.5 10.7 0
2* 538 2638 22 5.4 75 4.3(GY-2000)
3" 538 2638 22 5.4 7.5 4.3 (GY-3000)
4" 538 268 22 5.4 75 4.3 (HX-6000)

1.4 HEgEmX

AR A3 VO RIURE A1 I 4S8 493 AR 11
Ride N A A

LU R THTFHR FH LU R TR AR SGAEA Tl 5

F R I GB/T 19281-2014 7R ;

W F2 I8 GB/T 5211.15-2014 #EATI 5
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TESEM AR AR EE ) AR
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KR % R 0 R 0 %8 R ) 4% B GB/T
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2 #ERE5ie
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RESE TG A A B 2 1] H BRHE R B, DA
T BRI E ., WK 1a. 8 1c FIE 1d ATLLE
MU B S MH 343 30 e (0 o0 D) otk tR [
B, GY-2000 1 GY-3000 194742 3 b GY-6000 K,
GY-3000 H& GY-2000 045 F /N, {H 0 & 43 10k 34 4
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Dy, F£ 2 7 16.0 um, H R AR 35 T R, R
HAEDI RBP4 B 232 B AR RS
M, - HE AN T ) R L S P L R BT 284k
REMFETY, 73 —TJ7 i, A E R A B bR, ATH
F14 F1 38 RTRE ok (0T HE AR S 6 i i o) 5 1 8 40095
MH BT . 5 b, Pl g 108 2075 1 MH A £/
AR A A P TTAR, P B AR 7 T 42 o B9

HEf.
%2 EMISSEELEOEEER
B =] 3

% Dyum Dy/um tbﬁ@:ﬁ/ 1 /% [mL"l?“(“igﬁo/g),,]
GY-6000 191 5.29 18.55 92.0 38
HX-6000 2.02 6.21 20.33 91.1 29
GY-3000 3.82 7.65 11.84 92.5 34
GY-2000 3.92 14.15 9.13 91.1 32
ATH 484 1633 6.84 99.0 30

2.2 FELMRE PR G RAZ T AT

3 TG 43 B %4 PVC Tl v R RE 4 P
REEAT THFSY, ARG L& 2 iR, R H 5%,
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D22 3. DB 2 w1, Ty e RS AR S B By
BB — M BEEE R A HE 250 °C ~ 350 °CL, 55 —Fr
BEEERAAE 400 °C 3] 550 °C, Hip, KEsHN MH
AT BRI S BL T, T RE W AN 261.2 °C JT 1R %
fife, TE 464.3 °C T ik Bl R fif HUOR i KR, 47
800 °C MFE K K 15.60%., AHILZ R, T GY-
2000 BHAFATER AT S Tays Tios Tsors Tl Do 3
A — R TR, X 0] RS A R 3K 1) MH
ME LLTE S RE RS A 88050 H, o T R AR E
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(A 05 A Bl 2 T T B 1) #R RS I HL 600
°C Fl1 800 °C Hsf f) 5% o S A L isRE 27 4334 T+ T
2.0%,2.1% F1 11.2%,10.5%, ¥t W 4 Jin 58 41 i) MH
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—J7 1, ATO Fl MH Z[H] ¥ BV E AT Bl T3 7118
B PERE . HE— 20X L iee 17 AR 47 7]
DL R, FER 4095 4k MH (HX-6000) L5545 ATO
I ATH J& , DIREWENE I Tops Tigner Tsong FH T Y
A ARSI T KA ATO Fil ATH R AR K
V-, 7E 600 °C 1 800 °C My nl#e Tt T 31.5%
F129.7%, =il T AT ORFF RIS IR B 0 2, 70y
VLR BB NG L MH 7E385m 5 2R e v (LIS
J12E R AR E I ) D7 TR DL S RSCR , LR
AT ARAE 73— PR 67 7 ASTURRAE I )2 v, idF—
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YEH, AH Lt ATH 5 6B & #4 H1 #0376
A ) T B
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(b)
a—TG 4k ; b—DTG i<k
B2 PVCEZAMIN TG il DTG ik
#3 PVC EAHEEMHSTNIRER

. . . o 600°C %% 800 °C 7%

éﬁ% Ts%/ C Tm%/ C TSU%/ C Tmux/ C 7)%%_ 1% 7)%% 1%
1" 2612 2750 317.0 284.7 16.14 15.60
2% 2552 270.0 302.0 2812 19.09 18.31
3% 2602 2727 3037 2817 19.47 18.70
4" 2627 2742 303.5 2837 21.23 20.24

2.3 BRBEMEAE AT

PVC Wi B IR B P e S 1 BE DL 4. XF 17
27 3RFE, T LR B, 2 GY-2000 S5 R AR 43
ATH il ATO i}, H: LOI {EAH T , X0 245 81— 2
JEE B , 52 BH BRAIG IR S L 3 AT BB 2 T MH

(A KR BB T ATH, 78 %5 B 7 AR, (H 2 F
HA —EREBE R TR, X T RRSZ P ATH 9 B
T MH R 5 X FBRBE R 45 S mT LR B, R
F GY-2000 EATEARET, FLEE — IR AR AT R (¢) ZE
KT 24.5%, 55 T IRAIGTR] (1) FEAH IR, X 7] fE
JERA GY-2000 7 B33 K, MERL 7843 & 44 MH 194
B BT, 22k FHE 4109 GY-3000 1 HX-6000
B BRI (B 27,37 A1 47 3KKE ), X R T LA
B, B MH K A2 R 1T B, L LOT (A 8L
JINR ) b T R A B R AR 6 3 R 28 A 2 3
PR BB T R R B R AR R AR RS R HE
TG F MH 42 TR A 35, Bk AR
N HER TR, A5 AR AR AR B A, ik ]
RESE: T30 RS AR AR SR A e T T g 40 A
S, FLAE SR RRRGHE RS b o5 B8 00 25 R B R, R AR AR
TR s 53— 00, 1 ¢ B 0GR, o AT, X
Fb 17 0 4% S80RE A IR B 1k B Tt SR mT A 2 B, 4
NI 4.3% SO A 40 15 £k MH %5 i AR 4> ATH
H1ATO B, ZELRIE LOL JLF-AN T R4 [RI s, de KA
R R TR O HL A TR
BEATPR, o, F1 o, B0RFFRR0E . 25 1, il & i R A
£ MH EL#& #4034 ATH 1 ATO B9 1, 8 403%
A MH FAS 23 X8 JEAT 1) Ty B T8 A5 19 BELAA 14 i s At
ANFEER , [ R DA R T D e R AR 1 B
FHLA T R4S AL MH R AR DE3, DL M MH 4%
By ey T SR RE , BNRERS S B “FRA IG5
HOEE 8
R4 PVC HIEMBEIERAE

WHN AT A
W R (@ om?)
I 29.7  94.67 79.92 1.370 58.3 1.10 1.24
2* 29.0 93.14 76.15 1.367 55.5 1.37  1.27

3 293 9270  75.66 1.367 55.4 .15 1.23
4 29.6 89.98 73.26 1.365 55.5 1.13 1.21

K] 3 a5 BEAR TR SR e f ) i )2 SEM &, Xif 1L
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3b. & 3c A 3d 1T LAK R, SRR 5 ok BU% i S AR
MU =, T BT A L RN 24 4% s R4 AT fiE
PRI A4 R B 4 ) MH R AR S5 585 X ATO il ATH B,
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R 48 5 ) B VR R 1 410 0 B (75 T B RS ) B
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(3) R4S L MH B3 E X ATO 1 ATH J5 fig
i L B LR 1) “BRARIEREC MR

% % 3

[1]1 Rao Wenhui, Shi Junjiao, Yu Chuanbai, et al. Highly efficient,

(3]

[4]

(3]

(6]

[7]

[8]

9]

[10]

[11]

[12]

transparent, and environment-friendly flame-retardant film for
cotton fabric[J]. Chemical Engineering Journal,2021,424.
DOTI:0rg/10.1016/j.cej.2021.130556.
Tao Ye, Liu Chang, Li Ping, et al. A flame-retardant PET
fabric film:Flammability, anti-dripping properties, and flame-
retardant mechanism[J]. Progress in Organic Films,2021, 150.
DOLl:org/10.1016/j.porgcoat.2020.105971.
Xu Yingjun, Qu Lianyi, Liu Yun, et al. An overview of alginates
as flame-retardant materials:pyrolysis behaviors, flame retardancy,
and applications[J]. Carbohydrate Polymers,2021,260.
DOTI:org/10.1016/j.carbpol.2021.117827.
Liu Jian, Zhang Zheng, Sun Ling, et al. Synthesis of a novel syn-
ergistic flame retardant based on cyclopolysiloxane and its flame
retardant film on cotton fabric[J]. Cellulose,2021,28:9 505-9 523.
Zhang Dan, Ma Zhongying, Zhang Zhihao, et al. Graphene oxide
nanosheets decorated with MgAlCr-layered double hydroxide nano-
sheets as flame retardant films for steel[J]. ACS Applied Nano Mate-
rials,2021,4:8 241-8 250.
Liu Chengwei, Zhang Tao, Luo Yuxin, et al. Multifunctional
polyurethane sponge films with excellent flame retardant,
antibacterial, compressible, and recyclable properties[J].
Composites Part B:Engineering,2021,215. DOI:org/10.1016/
j.compositesb.2021.108785.
ZEREAL R . BELRREEEES (M. JU5T : Bl AL, 2013.
Li Jianjun, Ou Yuxiang. Flame retardant theory[M]. Beijing:Science
Press,2013.
Markwart J C., Battig A, Zimmermann L, et al. Systematically
controlled decomposition mechanism in phosphorus flame retardants
by precise molecular architecture:P—O vs P-N[J]. ACS Applied
Polymer Materials,2019, 1:1 118—1 128.
Liu Quanyi, Gao Shansong, Zhao Yinlong, et al. Review of layer-
by-layer self-assembly technology for fire protection of flexible
polyurethane foam[J]. Journal of Materials Science,2021,
56:9 605-9 643.
Zhong Lele, Hu Sixian, Yang Xiaojun, et al. Difference in the
preparation of two-dimensional nanosheets of montmorillonite
from different regions:role of the layer charge density[J]. Colloids
and Surfaces A:Physicochemical and Engineering Aspects,2021,
617. DOI:org/10.1016/j.colsurfa.2021.126364.
Holder Kevin M., Smith Ryan J., Grunlan Jaime C. A review of
flame retardant nanofilms prepared using layer-by-layer assembly
of polyelectrolytes[J]. Journal of Materials Science,2017,
52:12923-12959.
XTI . BELAA SR BK AAR ZU M i o B HAEREDIFSY (D). BT -
T ERRA AR, 2019.
Liu Longxiang. Preparation and properties of flame retardant and
superhydrophobic polyester cotton fabric[D]. Hefei:University of

Science and Technology of China,2019.



SRR, S - U BEIR PVC R AR

153

[13]

[14]

[15]

[16]

[17]

JE I B REBELIAAA L AE R0 J 218 A I e O o 1 1o FH DT 5
[D]. ki : RiEMTAR%,2020.

Tang Hao. Application of magnesium based flame retardant
materials in polyolefin thermoplastic elastomers[D]. Dalian:Dalian
University of Technology, 2020.

Lu Yunhua, Wu Chifei, Xu Shiai. Mechanical, thermal and flame
retardant properties of magnesium hydroxide filled poly(vinyl
chloride)composites: The effect of filler shape [J]. Composites Part
A:Applied Science and Manufacturing, 2018, 113:1-11.

Yao Meng, Wu Hongjuan, Liu Hao, et al. In-situ growth
of boron nitride for the effect of layer-by-layer assembly
modified magnesium hydroxide on flame retardancy, smoke
suppression, toxicity and char formation in EVA[J]. Polymer
Degradation and Stability,2021,183. DOI:org/10.1016/
j-polymdegradstab.2020.109417.

BT, DA, T, A b AU AR B ] 4 X 7E HDPE
R [J7. 388 Tl , 2022, 50(1):38-43.

Cao Xiaoning, Ma Yali, Yue Yan, et al. Preparation of modified
magnesium hydroxide and its application in HDPE[J]. China
Plastics Industry,2022,50(1):38-43.

THET, XU, A1 63 . ARSI e i AT Ay 1o P B
ez St (7], YRR , 2022, 50(3):117-120.

Ning Yapeng, Liu Xinwei, Zhou Meiling, et al. Application status

[18]

[19]

[20]

[21]

and development trend of flame retardant plastics in the field of
electrical equipment[J]. Plastics Science and Technology,2022,
50(3):117-120.

PN, RN, G, 45 L R TR S T B 2 SE e
3] AL 244, 2022, 73(1):18-31.

Sun Yi, Jiang Runtao, Jin Jing, et al. Discrete design idea of flame
retardant and smoke suppression of polymer materials[J]. Journal
of Chemical Engineering,2022,73(1):18-31.

RIR— . SESAHR TR LA Al 45 B A E SR R MR T Y
JSEHT [D]. P « bR, 2020.

Song Qingyi. Preparation of chitosan regulated inorganic flame
retardant and its application in poly(vinyl chloride) composites[D].
Baoding: Hebei University, 2020.

KA . BAREE /B B AAT SRR A AR5 L HAE PVC
R ERELERIE H] [D]. P72 « T4, 2017.

Zhang Zhifan. Synthesis of zinc borate/reduction graphene oxide
hybrid material and its flame retardant application on PVC[D].
Baoding: Hebei University, 2017.

MR W ERE, SRERLL, 25 . BRA I AC-Zn,SnO, Xf PVC #A
FAE RESS IR (7], BACSARLIN T | 2021, 33(1),:14-18.

Chen Lingzhi, Yang Jiahui, Wu Ruihong, et al. Effect of AC-
Zn,Sn0O, synthesized by template on thermal degradation of
PVC[J]. Modern Plastic Processing and Application, 2021, 33(1):

(L#EE 146 T7)

(9]

[10]

(1]

[12]

Zhou Y K, Qiu S, Waterhouse G, et al. Enhancing the properties

of PBAT/PLA composites with novel phosphorus-based ionic
liquid compatibilizers[J]. Materials Today Communications,2021.
doi:10.1016/J. MTCOMM.2021.102407.

Kilic N T, Can B N, Kodal M, et al. Compatibilization of PLA/
PBAT blends by using epoxy-POSS[J]. J Application Polymer
Science,2019.d0i:10.1002/app.47217.

Kumar M, Mohanty S, Nayak S K, et al. Effect of glycidyl
methacrylate (GMA)on the thermal, mechanical and
morphological property of biodegradable PLA/PBAT blend
and its nanocomposites[J]. Bioresource Technology,2010,
101(21):8406-8415.

Pan HW, LiZ L, Y ], et al. The effect of MDI on the structure
and mechanical properties of poly (lactic acid)and poly (butylene
adipate-co-butylene terephthalate)blends[J]. RSC Advances, 2018,

[14]

[15]

[16]

8(9):4 6104 623.

Arruda L C, Magaton M, Bretas R E, et al. Influence of chain
extender on mechanical, thermal and morphological properties
of blown films of PLA/PBAT blends[J]. Polymer Testing,2015,
43:27-37.

Tang D, Zhang C L, Weng Y X. Effect of multi-functional epoxy
chain extender on the weathering resistance performance of poly
(butylene adipate-co-terephthalate)(PBAT)[J]. Polymer Test,2021.
doi:10.1016/j.polymertesting.2021.107204.

Li X, Ai X, Pan H W, et al. The morphological, mechanical,
rheological, and thermal properties of PLA/PBAT blown films with
chain extender[J]. Polymers for Advanced Technologies,2018,
29(6):1706-1717.

Edilene C N, Alana G S, Derval S R. Use of a chain extender as
a dispersing agent of the CaCO; into PBAT matrix[J]. Journal of
Composite Materials,2019,54(10):1 373-1382.



