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Preparation of Flame Retardant Paper with Multiple-Element Layered
Double Hydroxides(LDHs) as Flame Retardants

Liu Qingin, Dai Hong» Liu Yuejun
( Key Laboratory of New Materials and Technology for Packaging, Hunan
University of Technology, Zhuzhou Hunan 412007, China )

Abstract : Through orthogonal experiment design, the flame retardant effects of the following elements on flame
retardant paper were discussed including the compound flame retardants” type, mass concentration and pH value, reaction
temperature, reaction time and mass concentration of LDHs. The research results showed that under the condition of the
mass concentration of melamine(MA) being 10 g/L, pH value 7.0, reaction temperature 50 “C, reaction time 15 min, and the
mass concentration of LDHs 30 g/L, the oxygen index (LOI) of flame retardant paper was 31%. The flame retardant effect has
been increased by 72% as compared with the blank sample base paper with LOI of 18%.
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A RAE . RBUEFN I 3 #he, A
VEAE T AR AR R, BEAAR 32 A T AR R
JCUE T 4R 2 Ak o] BELAYE: TR S B B AR AR
ANHAE ;s RS T KRR, R LT
A5 3 1 AR AR TR K PERE R 22, IR, sRE
TRERE, HARBER,; FKNIEE T4
AR A7, BRI REAE AR R 51 00 A, U s Aor
R, LERAERR R, RHRIh R —, H
S BELER TR 80 S Ay o, DRI BELIA 791 ) e B Ay
HE,
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LDHs ) HIZMEIREEIERIEE, T 50~400 C, HH,
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TL R N XN LDHs J2 B HE 2 ) R AR Y B B
HCRHAEAPERESF , = —Fh s SO R A T AL B AR )51
LDHs 5 HABBE AR 52 10 J5 17 4 27 4 A 7 BHAA
a8, casll 7T ENIMMIE TSR EES, K
TIASRHIF AL AR 53 7 FT I A0 IR R 52l R R B, 7E4RK
LRYErh AN LDHs RIS/ R IR AN T 4R5K 5
BRRGIRRE, R, AR B2 R A2k | &2
P RELIA R B Jo e B8 . BELRSRV Y pH D S T
SR ) AT LDHs BB BEE A BFFERT &, BT IE
k5 s I H ABHAAR ) AR 4k ( limiting oxygen
index, LOI) NFEESEHIR, ST EIEREX4LL
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Wk, hE R AL TSR
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MPP ): k&, BT AL BRI A B Fl A2

BN (sodium alginate, SA): el
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TR, LRE A
1.1.2 RBEE

SXJQ-1 BUA B F C M H B FERS . w-0 BLK
W5, BRI R B R Wl A2 )7

PRI TR ES , KZC-200A T, KF&H W/
RIRALAT FRA 7 A7

FAREONEAL, SH5706 7, JTINE AR Fik%&
AR F A
1.2 IEFHE
1.2.1 %A FE

TG, WA A BUST R S ECR 20, LUK BT
W SRIGESINBRIAT], I FoR I NS Insdbat, 4%
SRAE N 120 g * m 2 FHBOTIIESSRIR TR, TR
TR AR TR TR 5 PP EBH R 4
1.2.2 MR AR 6940

H A F BRI P A 5 — B ik, AL
K PR (7 B 0 —Fh 5 AT BT IR ARsK AR IR
24 Wi, BARR YA 120 mm x 13 mm WARSS, R
FHENL 4 b, RHT SH5706 B4 B 5 A0 & BHAAAT
RTREC SRR AW Tl gk, Hrp o, #
N, AR RIS AT 99.5% , 755 GB/T 38632008
(D) K GB/T 3864—2008 € Tl ) bR AR
RER,

i BB E R UE GB/T 2406.2 — 2009 (R 4G
BORMERRBEAT R 565 2 4y BiKE ) hREm
S BN E Ty ok i . SEAEEE 20% LATF, BHAR
AN IR; FAEEON 25%~30%, BHIAAC A MERAL ;
SAHEEN 35%~40%, BEMAA N ABAGL
1.3 EXRBEAFRME

SR FETAS T 52 T RELAR 740 1) 8 BEL R 4 6 1) 5% il [
B L, NERDIAR S P aets hEad m i T
2SH, AR TN 1 R 6 BE 5 KFW
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Table 1 Orthogonal test factors and levels
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35 EY
1 2 3 4 5
A S BCBH BRI APPMPP MA SA APAM
B: EEFBFIHEE /(g L7') 5 10 20 30 40
C: BE#H pH H 35 7 9 11
D: RN EE /C 40 50 60 70 80
E: BB /min 5 10 15 20 25
F: LDHs Bt / (g-1L7") 0 10 20 30 40
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Table 2 The orthogonal experiment results
Sample A B C D E F LOI/%
1 APP 5 3 40 5 0 17
2 APP 10 5 50 10 10 18
3 APP 20 7 60 15 20 19
4 APP 30 9 70 20 30 18
5 APP 40 11 80 25 40 19
6 MPP 5 5 60 20 40 25
7 MPP 10 7 70 25 0 20
8 MPP 20 9 80 5 10 18
9 MPP 30 11 40 10 20 19
10 MPP 40 3 50 15 30 31
11 MA 5 7 80 10 30 25
12 MA 10 9 40 15 40 27
13 MA 20 11 50 20 0 19
14 MA 30 3 60 25 10 21
15 MA 40 5 70 5 20 22
16 SA 5 9 50 25 20 24
17 SA 10 11 60 5 30 27
18 SA 20 3 70 10 40 25
19 SA 30 5 80 15 0 17
20 SA 40 7 40 20 10 20
21 APAM 5 11 70 15 10 18
22 APAM 10 3 80 20 20 21
23 APAM 20 5 40 25 30 25
24 APAM 30 7 50 5 40 27
25 APAM 40 9 60 10 0 18
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Table 3 Orthogonal experiment result range analysis

LOI/%
Sample
A B C D E F

¥I{E 1 18.2 218 21.6 216 222 18.2
¥I{H 2 226 226 214 238 21.0 19.0
¥IME 3 228 212 222 22.0 224  21.0
¥I{H 4 226 204 21.0 20.6 206 252
¥IE 5 21.8 220 204 194 218 246
W 2 4.6 2.2 1.8 4.4 1.8 7
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152 B BGRB8 B 10 g/L ., BHAASR pH
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FIFPZEXT BHERAC LOT HIFEM, TS 2l i 1 s .
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Fig.1 The oxygen index along with the change of

distribution of flame retardant type
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REIMEIR G, R AR IR B, WS K AR AR
FIRWEIR — R EUE MPP., MBI S AU 2 4E R TH
T — 25 KR Z, )2 B B R R
B4R T RE, DRIt e B A A ) BELBR P BT
2.3 MA REXI BB LOI BRI

TES FEBHAR RN g = SR U, BEAASR pHAEN 7.0,
JSRIE R 50 °C, SOMEFEAY 15 min, LDHs BB
WFE R 30 g/L MRS -, b — BRI — R FUR T vk
FEXTRHIRAR Lot Wsgm, Frisas L ant&l 2 pros.
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X BEAR AR BE A4 S e ey 3, HEUR S C BELAR
FIBIRDSE AN , i 2 S FC B AR A 2 . BH
R pH AELFN ORI E] o DA AT ) 2045t BEHAA AR A
LM —“REM MA BIBTHERERN 10 g/L,
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Fig. 2 The oxygen index change with the

concentration of the MA
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JE 2 ATEH, BHEAACH LoT BE MA AR R
5 BT TR, A B LA MRS
H, Y MA BT BRI E 10 g/L B, FHARACH LOT
Ko XATRESE T MA A (250~450 °C) S0, %
WORRERYR, [RIRBER % NH, . N, X CN — A 5
M55, WEREFMAERY . MA AT &R K,
FER2 0 5 W) AR T oo
2.4 FEBRF pH EXIFEBEK LOI KR ID

TE = BREME R o 10 g/, SO N 50
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JEli b, G PERBEAAR pH (X BEAR AR LOT H5E
M, Frias R anEl 3 s .
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Fig. 3 The oxygen index along with the

change of pH value
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Fig. 4 The oxygen index with reaction
temperature changes
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Fig.5 The oxygen index changes over reaction time
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Fig. 6 The Oxygen Index with different amount of LDHs
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