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FREEMRA, EAMARIREE . Srihatm . RGN,
A BARBLBA T IR . KR . SRk &
Jr) B B RR A AR I A A B Y AR,
FABSRMBKME, RefpRBK bR, T
LRI, AR IR ks A AL, TR A AE
TN, BEER T R EAERRERTE L PO- F 3, TSk
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B, S RAEWNAHAEN 2, SRk hEET
Bt %, MIAIR R G W SR ST hsm . Wi)s
RS P RE . Li X 25 Y ] = REURURBRER
XHe e 6 P TRRIARIESY , & B MU — R FU FUR IR
IR BT 15% B, Je e 6 FEAITRLR
i 80.2 MPa [% % 72.8 MPa, 1 H. = R F M FIRREL
FOAT AN R RS 22, R 5 Hh B AR T, 15 AR
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TRo BNIESE ORI , AU R 52 1
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RIRZE . Bl S M =B a0, FRTSEm A A2
V) P M 35 7 R4 T B 5830, g LR 7 R A 5 52 i
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MMT-MEL U8 TACK R T 7R T FHIA AT BRI
PREFN = RFREREE A2 ST B3, EANRE
PRI ESR . AN AR SAR, RBRAR
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Fig. 1 Preparation flow chart of MMT-UM, MMT-ADP
and MMT-MEL flame retardant paper
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{ ( Fourier transform infrared spectrometer, FTIR
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RHYHl &

B A8 0 S T — S, R E N
25 °C, FEi%E 200 t/min, T4 BIFRBOA ]
BCLL AR / BhR — Ak / —REM (& 1) A
P =Hbeirh, QkSLBidE 4 h, 4351155 MMT-UM,
MMT-ADP Hl MMT-MEL & #. ¥ A4 485K 3 57 i
20 mm x 100 mm HFEIEACS, 128 F AT IR R A% LA
R, A BRI W SR A e/ N A% |
T AR AR EE,

F1 MMT-UM. MMT-ADP #1 MMT-MEL

PHMAEREL T
Table 1 Formula of MMT-UM, MMT-ADP and MMT-

MEL flame retardant systems

R BELIR IR S I o ek L BELIZATR) 5 5350 /%
1 0
2 My @ M =1:0.6 7.4
3 My - M =1:0.8 8.3
4 My @ M =1:1.0 9.1
5 Myt - Mapp= 1:0.6 7.4
6 Myt - Mapp =1:0.8 8.3
7 My = Mapp =1:1.0 9.1
8 Myt - My = 1:0.6 7.4
9 My - My, =1:0.8 8.3

10 My - My, =1 1.0 9.1

2.5 FRIESWE

B RRNACK R 60 CHEFE 1 24 h J5 AT
AHSEI

1) FTIR AL, R B A2 1AM SO0 A
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2) ALRRMED . SR IR BRI, K 20
mm x 100 mm AJACKFESAETERG LT bk 12s, Agfp
FERAS 3 YA TR

3) PRE BTN, I R 3BT E 4Rk Y
PR e, BE AR AL = R E 600 C, Tt
TR A 10 °C /min, F R IE .

4) Jp2Erere . SR A U7 AR B 7 I AL
FE AR BTk B, AT i R 4UBK B BT B 50
mm x 250 mm, FAFEE A 20 mm/min, EEFPEE S
5 UCTATIRGS o SR FH FL 48 P8 0 4 S 7 4 e R B
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AL B A S A TEAEES TR, R AR L
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A HCS AT TR
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oy T N—H LR W 5o0d 3 BE7E 3414 em ™ 4,
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Fig.2 FTIR spectra of blank paper and flame

retardant paper
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Fig. 3 TGA curves of blank paper and flame
retardant paper
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B4 Z=AKKMPAMAIKE DTG Lk
Fig.4 DTG curves of blank paper and flame
retardant paper

EA K 3~4 LA, A LRIk E AR
TR SR 2 B BB B (200 CLLR ) 4
4k IR AR IR B B, R E RN 3.37%, FE WAL
KR AN ZE R O T S A Y Ry TR OK e o
BB (200 CUAE) WAGBKAREM G, KERH
58.1%, LM B EE AR A 4E R 5%

XTI 3~4 idRE 4, 7, 10 BEIAACTK At h £l 41,
552 0 A 2 6 A T BELJA 350 ] 8 1 BEL IR 4 5K A i o) 2
AT RORIY AL, FER TR TR E N 3B,
TRAE 4 BEIALTEK 1) I AR IR R AEAE 160 “C2ZHT,
N B B ARk K g R R E L B
BL, 7E 160~200 CHIL—A/INe, &R E -,
PREIMINZ 160 CARAE 3, 77 H 2RI B AR BURURR
ST DAEIGR, TR TR, SR i ik
qUiker 4o, EaredlkRm, M, M
IEMPRNE— 2R . 56 =B (200~600 °C) , ZBT
BB YER R, PR SRS i R
AR U, FRREITIR AR, 2B A RS

A 7 BHARARTK AP LT R AT A 4 BHIARATIKZE
oL, R 7 BEERARSK A0 I PR IR R A 7E 110 C2
HI, Iz B R BR AR AR oK 28 R R,
BB, 7E 110~240 C[RIFEH B —AS /g, X B
TAE RIS TINERE] 130 CHIER S EkE
ORI A AR, BRI AR B, [FIB TR AR
TR B B RR IR 54, B me fE4RkRIm, PRan]
BRAMR, BHIEM R — 2R 1070, B iR — R A
B BN H B 3E (PO-FI HPO:) |, X4 [ fy 5L 7]
DL 2 S HAR OHE N s 28 =B BE (240~600
C) , &G BEFHERACK T G PRI, SERT 2R 4R R
PR LR R BL R I . AR I T 1 = A
KREHN 42.35%.

TFE 10 BHAR ALK i S o BN ] T30k 4 it
FE 7, PIGAIERE (CBE—F B ) 7E 160 CLAHT, 1%
Wy BN ARIK K28 % . BRI (S5 —FBE )
RAAE 160~339 °C, %W B 3 % R 21 4k 2= 1 A
R, REHRN37.31%. KBt (339 ClLL)
=R A RS AR U7, TRl R
YR, KREHEN 16.03%.

YUK . BHBRACTR A M E S BN 2
Frme 1o I M nERATK AR 3 BB
VIR IARITBL . S — PRI BRI SR BRI B T

K2 FKAESWTHEESH

Table 2 Main parameters of thermogravimetric analysis of paper samples

I I

I

B T, /C M, 1% T, /°C My /% T/ C My/% T/ C - GOOTHRIRIR 1%
25 4Gk 25 200 3.37 200 DA I 58.10 356.42 37.83
wAE 4 245 160 5.08 160~200 2.52 200 LA I 40.81 305.24 51.78
REE 7 #5110 2.09 110~240 9.26 240 LU I 4235 346.27 45.53
i 10 25 160 3.78 160~339 37.31 339 LIk 16.03 325.32 44.68
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Ty Ty BMREREAB B AR K] 5 T, AR TS
AR B o KR B HRIR s My My, Mysr 5]
REEAB B KRR,
2 2 BT DI i, BEIRAC TR a7 B B 11

TELIX R 2 (ARBK A FU R AR . e R0 ik 1R
ﬁ () o e AR TR RRRRAIC, A o2 AR R B R A
REHFE 1.086%/°C, FE 4. AL 7 FHAE 10 BHAR
YRR A KR R R 0.639%/°CL 0.692%/C
1 1.027%/°C, 43R T 41.2%. 36.3% F1 5.4%.
FHAR AR 7K 4525 1 4RTK 600 °C AOFRBR F 34, R 4.
AR 7 FRAE 10 BHERATHK o 2s (1 4tak o a4 m 1T
13.95%. 7.7% 1 6.85%. 156 BH 5¢ JI 4 05 B BELJA 551 1
RS 5 TYUKMIERRN , SR T IR N iR, T
RETIRTARFIRTACTREF LA IR . B P o T
UCBK AR E P R PERE ),
3.3 BESAKFR IR BE X 4R 3K BRIA 1 AR A B R

& 5 s (AR R RE 4, 7, 10 BEBRARSK 091 Bs
PEREMIANT FLZE SR . MIE S AT, 28 (AR 7E SR fi ok
JERTARPRAE R, I Bk, KR SE, 65
TR, FLB)AEERIANTERE . TS M A W RS [ B A%
FH 5 R BEARACEK , R T BRI . e 4. iR
B 7 FRFE 10 BEIRACTRISIME LSRR, 3 KA B Bk
PR 12 s 5, RIZEEHIKIBEHE, HOR S >,
ot %8, H MMT-UM, MMT-ADP fil MMT-MEL
TR 25 R BERR AT FAT O S i B R R

RAE7

RFE10 5s 9s 12s
5 TAKKMAKAKOEERER
Fig. 5 Vertical combustion of blank paper and flame
retardant paper

MMT-UM. MMT-ADP Il MMT-MEL PH #% 4% 5k
AT BHIRRCR . (HENTRIBEMABCR & AR . [
KRR W E () MMT-UM ., MMT-ADP Fil MMT-MEL %f
RELIRAR KRBT DL SENA AN 3 s o
®3 MMT-UM. MMT-ADP #1 MMT-MEL BRI FR R

FEE 3 4R 3RRA IR 1S 5L B 22 0
Table 3 Effects of the concentration of MMT-UM, MMT-

ADP and MMT-MEL flame retardant systems on

paper combustion

R BRGSO SR /mm ZERINH] /s SERIINTR] /s

1 EEEIRIS 100 6
2 7.4%MMT-UM 75 4 2
3 83%MMT-UM 69 0 0
4 9.1%MMT-UM 46 0 0
5 7.4% MMT-ADP 50 0 0
6 8.3% MMT-ADP 39 0 0
7 9.1% MMT-ADP 20 0 0
8  7.4%MMT-MEL 51 0 0
9  8.3%MMT-MEL 46 0 0
10 9.1%MMT-MEL 39 0 0

H1 22 3 AT, X T MMT-UM BHBRKR &R, 3K
2 FIRFE 4 BLERACTR IR S 1 s AL K i 75 mm ik
% 46 mm, BHFASCR IR 5 38.7%. Xf T MMT-ADP
BHLAR A 22, 3RE 5 Z=iAE 7 LR AR SRR 8 ) i 7= Ak
KB 50 mm J % 20 mm, FHARSCR LR 60%, X
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F MMT-MEL BHIAR Z, FE 8 ZikAE 10 BHIARATHK
BRI T Ak K B 51 mm IR E 39 mm, FHBARICR
P 23.5%. FHUL AT RAHEWRT, 78 BELAK R0 I 0 o A TR
FITESL T, MMT-ADP FHER 1A Z A b+ MMT-UM #
MMT-MEL FHIAIAR 2 BHBRRCR B, HLRERH A
HEAYIEIN, MMT-ADP BHAAA Z2 i BHAR R $2 T 3 i
2 XA F MMT-ADP FHEA A ZAH L F MMT-
UM Fl MMT-MEL BH#& {4 72 75 S AH BH I 15 2R HH BH
WRILTRIVEFA R 72 T S 4 A BELRRECR
3.4 PBRMAARIREIM Ik D F NN

4 A FIARBKORT 3 KRB A ) 32 Y BELAR
AUk Iy RREE AL

F4 MMT-UM. MMT-ADP 1 MMT-MEL Ak R R
FEX LR A T F M RERY IR
Table 4 Effects of the concentration of MMT-UM, MMT-
ADP and MMT-MEL flame retardant systems on the

physical properties of paper samples

- REAA BrskaRE / Wl #den $EE / (Nom)

gy kN K& /% FF/mN IEM S
1 EEEIT S 3.62 0.8 9.0 20 20
2 74%MMT-UM 2.99 13 11.1 65 73
3 83%MMT-UM 278 1.4 10.8 75 83
4 9.1%MMT-UM 2.54 15 11.0 85 9.0
5 7.4%MMT-ADP  3.71 12 2.1 214 293
6 83%MMT-ADP  3.94 13 122 232 281
7 9.1%MMT-ADP  4.15 1.4 1.9 235 300
8 74%MMT-MEL  3.46 12 204 153 143
9 83%MMT-MEL  3.51 1.4 21.8 103 105
10 9.1%MMT-MEL  3.53 13 190 95 75

MEARLLE N, T2 A45K, MMT-
UM, MMT-MEL BH#& 4€ 5K /9 5T 3k 5 2 A B F B,
MMT-ADP 1 it 5 58 B W A fr £& 7+, MMT-UM
MMT-ADP, MMT-MEL FHARACTK 1 W 5 A% 4l
S48 I B AT T K. HL BRI A 3
3 FHBEIRACEK A TS i R BRI i s MMT-UM
MMT-ADP 4 #f %4 58 & 22 {6 AN B &, {H MMT-MEL
1) 405 58 5ik il 4 P i R 8 ETHE TR BE ;. MMT-
UM. MMT-ADP f4E FE FrBE AR FH A3 hmnmisg oK,
{2 MMT-MEL A9#EREE18/ )

4 Z5ig

AW ARSI P R s TRe, i
T =R TZ, §il4 T MMT-UM, MMT-ADP
A1 MMT-MEL 3 Fhag (o ma BHE R, - HR 8 4R

sk FAREN T HAT UL R AR B RATEK o A1 A 78
KA B MMT-UM, MMT-ADP #l MMT-MEL %
B BHAATEK , BEBHAAS A S A3s i, BRAAARK s fb
KA, 4 MMT-UM, MMT-ADP fil MMT-MEL
RELAR A 8 119 BELIA 700 Jo it o B8R 3] 9.1% 1, BHIAATHK
A e A B 25 1 45H 100 em 780703 46 cm. 20 cm
139 cm. FERFEMFLIRES, FHARACTK R 4ER 193]
LR AR e as FARTK PR AT, f Rk T R
ik, 1% MMT-UM, MMT-ADP I MMT-MEL FH
PRI T Ak e . [FIR, BEIRARSK KT
iR | WAL am B A A s (140K 34 r g
Ko Zib, PSS L REAEA RUW IR R / B R — R
Bt | = RN A8 R A A SRR, A i B AR AR R
AR R AP BHRATEREFN 2= R

S 3k
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Preparation and Properties of Montmorillonite Co-Flame Retardant Coated Paper

WU Hao', LAI Dengwangl, CAO Wuyanl, LIU Li', LIU Yuejunl,
YANG Jun’, WANG Jin’, XIONG Yubing’

(1. College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Zhuzhou Times New Materials Technology Co., Ltd., Zhuzhou Hunan 412007, China;
3. Zhejiang Sci-Tech University Longgang Research Institute Co., Ltd., Wenzhou Zhejiang 325802, China )

Abstract: Based on the water-absorbing and swelling properties of sodium montmorillonite and the sodium
ion exchange properties of sodium montmorillonite, a new type of composite flame retardant was made from sodium
montmorillonite by adsorption of urea (UM), ammonium dihydrogen phosphate (ADP), and melamine (MEL),
respectively, which was coated on the surface of the paper to prepare flame-retardant paper. The microstructure,
flame retardancy and mechanical properties of flame-retardant paper were analyzed by Fourier transform infrared
spectroscopy (FTIR), thermogravimetric analysis (TGA), vertical combustion test and mechanical test. Research shows
that, compared to blank paper, the flame-retardant paper obtained by coating with MMT-UM, MMT-ADP and MMT-
MEL has significantly improved flame-retardant properties and enhanced thermal stability. With the increase of flame
retardant dosage, the carbonization length is obviously shorter, and the mechanical properties such as elongation at
break, tear strength and stiffness of the prepared flame retardant paper were improved to different degrees.

Keywords: sodium montmorillonite; urea; ammonium dihydrogen phosphate; melamine; flame retardant

paper
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