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£ 1-1 Characteristics of clay (SIME) used in nanocomposites

Structure Na0.7(Mg2.65Si4)O10F2
Cation exchange capacity (meq/100g clay) 101.7
dool (R) 12.6
Particle size (nm) ~1200

- EVA+= VS420 (LOTTE CHEMICAL, Korea)2 Al-&3F 0, VAS] &k 21.5% o]al &8R4

o

7} 2.0g/10min©. & foam< A AI7]7]0 A3 A4S 7FAL Atk Intumescent Al 2~®l&
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Td3st7] 938l A= Foaming agent, Carbide foamer, Catalyst”} 2 83}
o &3lF FAdo] d&F o2 A Fo Y ©35H AExFo E IS St Al
1= 725 7FA Al v} Foaming agent 2= Pentaerythritol (PER, Aldrich ,USA)S A3}
31, carbide foamer 2+ Melamine (MEL, Aldrich, USA)-S catalyst 2+ Ammonium phosphate

monobasic (APP, Aldrich, USA)S A}&-3}%th.

- EVA/Intumescent B389 dd 54 #41317] 93l EVA 9} intumescent agent¥l &-8-g+
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¥ 1-2 Composition ratio of EVA / intumescent / Nano-clay composite

Clay (20%) Pre-dispersion E EVA  MA-g-EVA PER:MEL:APP

Samples VA (Wt.%) wt%  (php) [1:1:31(phr)
Pure EVA 0 100 0 0
Intumescent 10 0 100 0 10
Intumescent 20 0 100 0 20
Intumescent 30 0 100 0 30
Intumescent 40 0 100 0 40
Clay 1 5 95 5 40
Clay 3 15 85 5 40
Clay 5 25 75 5 40
Clay 7 35 65 5 40

- WY dAAS F3tA 7] 7] 98l nano-clayEs 8312 319 th nano-clay$t 2& Ak
ot.
nano-clay+ SIME (Synthetic MMT, CO-OP Chemicals, Japan)E A83tgow, 7 EXH S &

ol 2AE A8 A5 w1 @35 FAHHANA F7HAL ool F4e 7t &

N
%

1-1 o] 7] 3tk EVALEA2}e] &84 & cetyltrimethyl ammonium bromide (CTAB, Aldri
ch, USA)& o] &3t W A& g3t FH A ¥ clay (ME-CTA, LG Chem, Korea)&
FHskAH. 1€ ME-CTAY] #4H4dS SHidtste] #d3 S4& 7 EJARE Al=xs)
7] {8 & &8 7S &85 EVA/Nano-clay np~E #lX] (Clay dispersioned EVA) &
Az st4Th

EFAEIE fd & i s o= BHE 8o, AA 7Y 25 HAt
£ Fo] EVAS d¥id S H48) otal Y E8A4S AUE & 5 JAESE st A7
2k 9} Pure EVA 7he] AdeS Ho37] 93l maleic anhydride-grafted EVA (MA-g-EVA)
£ #8319t} Clay7l 485 B3A S04 += intumescent agente] $HaFS 40 phrZ 143}
o daAAo] Zh3td =4 nano-claye] FeFS EA iR 1A} sth AA 2 A4

3 vlg2 £ 1-29) YeRASIT
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S A3t} ¢4 thermogravimetric Analysis (TGA)S %3l intumescent A 2~Hlo] 8% EV
A FA9 F8 dis EAS Ak TCARZFE flal AH8d Al &2 nano-clay”7t 285
2] ero A 2. intumescent A Z~Elo] Ex}zol FBE EAS ols| R A 3tg Tt Intumes

cent HA S+ 200=4 FE 7] dE7F AYEHE 2AES FA T 5 Aok (2" 1-D.
o] o]H-& APP7} RS AFetE &5 2 27] WX 9 gas Aol FAFHE o] 34 3
7ol g vl g 25908 9l & 4 k. GE3N7F A H o] F 500= o] Gl A= 2
7FEe Ale &9 € 4 Aok Intumescent Al=®loll A-8% 3719 =& (APP, PER, MEL)&
EES FAANTIA Feth sHARF 500% o] 4

1
A 10%C187HA] S7kske &=l ERAHE= 208 Ko}, 3714 A 2Ee T 21 &

=51
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1% 1-1 TGA evaluation result of EVA / Intumescent composite material

A 5 Ak Al @¥EFe] 3419 flas

v $ &7z Az

3+

3

2 257 wEel, olH3 AFS Ao FEel o

EEE

hovers3}

T Ut 60

a2} 7oA 2wl of
STk B delA A

A &35 34 Jeht

@_

X
=3
o

L
)

g ]

0

o}
A

N
-
e

o

3

N
[€)

ste] 7}

) Azke] Sael BA) 2713

)l
—_

=
=

A9+ intumescent

3 wEs Azvt AR

3



ntumescent agent (phry

) /N
10 |

800 4 — 30 Ilr ||

1000

HRR (kWim')

0

L] raa v g T 14 b Ll

Time [sac)
1% 1-2 Cone calorimeter evaluation results of EVA composit
e material with Intumescent
2 3 324 AF A85E &R/ 1 FollA% Cross Lamina
ted Timber (CLT) & tiH2 EAE 253 7242 7222 AT 9 A &

a0 HAGACLTS 22 A5E 7= 247 Ao =5 2 4

A Gotol WE F7F el f= HA Y e WA, WY FERA B AF aFEA

1
o
4,
)
B
2
1o
)
iz
re
B
K3
R}
ld
]
“E‘-‘

ARA A% AU, 3

B
i
)
ofl
o
A
e

d3te HFaA L 544 B A BACNAM F2 AW aQlo® 2E, iy o] Fox=



2 Yinano-clayE &3 Y= EFAEE A|gstal, o] o]83sle] CLT H GAEA/
FARANAEAR S =3z}t st Al MZE0 ALEAS 3913} intumescent Al

Veneer lgnition

400 7
; gL . = Pure EVA
¥ i l":'. ] o Intumescant anly
T ! . with clay {1 phr)
300 LA ! s— with clay {3 phr)
TR R H‘l.' | with clay (5 phr)
okt | . «— with clay (7 phri
- -
e o= 4
200 - "f":l i L5

-

"
]

-

-
=
=]
1
= -
l-"_TL"

HRR (KW/m)

=
iy 1
t}:-:.:

T T T T T
S0 100 150 200 250 300
Time (sec)

19 1-3 Analysis of Cone Calorimeter Combustion Characteristics of CL
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v} golgla B oS-} (Archaeaceae)ol] <58+ ) &0t} WEEte| Al Al =<4 3§ Kenaf

e 2710 o5 40 W4l 27)e) BHE B9 T FAE 212 PAsA BasiaTh
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AT 1 FAA % kenaf & AHE-F H-3tAl= 40 phre] Intumescent Al @A -& AHE-3st] FH
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¥ 2-1 Sample preparation ratio (Compare group 1 : Sample 1~5, group 2: 5~8)

Sample List EVA APP:PER:MEL [3:1:1] (phr) Kenaf Fiber
1 100 0 0
2 100 10 0
3 100 20 0
4 100 30 0
5 100 40 0
6 100 40 5
7 100 40 10
8 100 40 20
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13 2-3 Elastic modulus of intumescent/EVA/kenaf composites
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23 3-11. Comparison of gas emission with C/H/O at 25kW / 50kW (a) formaldehyde (b)
acrolein (c) phenol
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13 3-12. Comparison of the amount of HCN generated by pyrolysis conditions. (a) 25 kW;

(b) 50 kW (c) Comparison in the final state
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o Z A EgE2 A3 AT FALE A (Dynamic scanning calorimetry, DSC, PekinElmer
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SEE o] F3AT-
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-In (q/Tp) = E -RT-In (AR/E,) (Kissinger 74 4])
In q = -1.052E./RT, + In (AE)/R) - InF(x) - 5.331 (Ozawa "% 4)
q714, q& 718 &5, T Al 1 #d 93 &5, E.& 843 dyA|, RS 714 44, A=

pre-exponential factor, Fx)+ W$ o|& o]t}

Kissinger's method Ozawa's method

115

n —— DGEBA-IPDA

—— DGEBA-FBF_2.5wt%)|
|—— DGEBA-FBF_5W%
DGEBA-DDM

11.04 A

10.54

>
%_ o
3 1004 2
£
T 1.5
9.5
—— DGEBA-IPDA
—— DGEBA-FBF_2.5wt%) 1.04
- DGEBA-FBF5.00%
9.0 M DGEBA-DDM
T T T T T T T T 0'5 T T T T T T T
0.0021 0.0022 0.0023 0.0024 0.0025 0.0026 0.0027 0.0028 0.0029 0.0030 0.0021 0.0022 0.0023 0.0024 0.0025 0.0026 0.0027 0.0028 0.0029
1Mp 1Tp

1% 4-5. Kissingers} Ozawa ol 23k A48} o] A4k



¥ 4-1. DGEBA-IPDA, DGEBA-DDM, DGEBA-FBF¢| &Ad3}o|A] ¥ frequency factor

. . Activation energy
Linear equation (kJ/mol)
Sample Ozawa Kissinger Ozawa Kissinger
~ y=-6444.5x+19.13 y=5697.8x-5.2839
DGEBA-IPDA * 20,9908 > 20,9888 50.9 47.4
_ y=-7269.8x+18.719 | y=6401.1x-4.5699
DGEBA-DDM R® = 0.9997 R = 0.9995 57.5 53.2
DGEBA-FBF (2.5% | y=-10513x+28.423 | y=9716.4x-14.448 83.08 80.79
2-methylimidazole) R2=0.9967 R2=0.996 : :
DGEBA-FBF (5% | y=-9677.9+26.692 y=8895.6x-12.753 76.48 73.96
2-methylimidazole) R2=0.9986 R2=0.9983 ) :

- DGEBA-FBF 73} A]2~%l-& DGEBA-IPDA ¥ DGEBA-DDM¥} Hlmate] B && $43} o
UAIE 7HAH o= AlzFlel 13 ofrlo] gl7] wiEolH, A5 A7E F7i=a &4 st

AU Fastd.

- 719 4-x'6-> DGEBA-FBF A 228 9] storage modulus 2 tan § & RojF3 9om, 7fmd
= (o ok A ol &she] Asgc)
ve = E” [3RT

- o§7]4 E’= rubbery plateau (T + 45 C)oll A 9] strorage modulus, R ©17¢ 714174, T=

Ty + 45 ColH, Te= tans 9] H1 255 FH3tATh

|—— DGEBA/IPDA
~—— DGEBA/DDM
|—— DGEBA/FBF_2.5wt%,
0.8+ |—— DGEBA/FBF_5.0t%|

1E9

0.6

1E8 044

Modulus (Pa)
Tan delta

0.2+

—— DGEBA/IPDA
—— DGEBA/DDM
|—— DGEBA/FBF_2.5wt%)|

1E7 | —— DGEBAFBF 5.0t%)

0.0

T T T T T T T T
50 100 150 200 250 50 100 150 200 250
Temperature (°C) Temperature (°C)

1% 4-6. DGEBA-IPDA, DGEBA-DDM, DGEBA-FBF A| 2 H®l 9] storage modulus®} loss tan &



¥ 4-2. DGEBA-IPDA, DGEBA-DDM, DGEBA-FBF¢] frg|7ol2xs}t H3dx

Sample E’ (MPa) Tg (°C) v e (mol.cm™)
DGEBA-IPDA 34.6 168.9 0.29487
DGEBA-DDM 18.2 174.1 0.16324
DGEBA-FBF_2.5wt% 17.0 142.2 0.15517
DGEBA-FBF_5wt% 11.9 144.2 0.10914

- DGEBA-FBF_2.5 wt%, _5.0 wt% A1&-> DGEBA-IPDAC] Hl&| u-¢- @& T,& Hol=t] o]
= FBF7} 23 o}Rlo] =4 2 7j o] B2 [PDAS] 4 =49} Hlulsty 7halR o] F-F3tr] o
olth ol ZE3 7t AA| = A1 BGEBA-IPDAS} vl sl DGEBA-FBF Al ~®l9] o
7hal E8] o] frolr| =5ttt A ©AdES 300 T7HA| H8 % FEHIE fAskE], H ol

| QolubA gee orach

4 b

olo
o

- 19 4-7¢ R, DGEBA-IPDAS] 74§ @4 2a) ¥¢-g Holt W FBFE A43 A

=2
rr

kg0l 3 GARZ o] FofFE & & At 300 TollA 400 C7HA AP H = =7

_

AN A = 0=P-09] &7} IAH L, o= AFA TFAL gsHe B At 2 A= <l

A TF2E DT 257 AEKH R Frkst A A= backbone £ v o] &
a7k A zHE T 2y Ao e 4kt M= Qlakg o]l EAE] wZ el ol FA]

21742] OH 719] g W& £3AA C=C o|F A A A} 257 AHHo=E &

7vatd, C=C olF 2% stdEo] &= &4 JHFE (chane] FAFH =, A4 &

o] (pyro ¥ polyphosphate)e] &4 3sfol| Al BaA XrFE2 deEo] A sl B35

Hi A4E SN HEE 2oz FA S WelistAl 9o o] 212 DGEBA-FBFE 3

frate Qlol &2 charg ZteE olf°l7|= 3t} Char residues 1 o &A% F

A T2 JA HF char residued] FFS vt I9 4-7S BHE, 2.5 wts A Z9] H
=

Ql3l, 2.5 wt% AZ2] char residue= 5.0 wt% MZHT} 27t U] H2&



19 4-7. DGEBA-IPDA9} DGEBA-FBF¢] TGA thermograms

- X 4-32 AstE AZo] VAAH BEAS HAFETh 25 wt% AEY 7t EEE 5.0 wtk AE

o Fomg 25 wt% (81.96 MPa) A1&9] A =+ 5.0 wt% M= (68.85 MPOETh &
Uth AsERA w27t ST E o ARV 52 UEY AV AR EAT vt 2Y £4
FE = ENAAEFRIAD £ Bl &l &8, 25 wi% ME Vtu A EAEFS
50 wt% MZFHT Folokgtth 25 wt% AME] AF AEe oFA FEH 9 w2 7|AF
ExS ®Bo] Fu, BDEGA-IPDA % BDEGA-DDM A ~®l3} 7 o] HU3F kS 2= AL &
T Jdoh. FBE7F 3 /14 #5718 7HA L A= B8k 2.5 wtn A& (1721 M
Pa) 2 5.0 wt% A= (1714 MPa)2] A% ¥4 &S DGEBA-IPDA % BDEGA-DDMXE.t} &4l

=3t ole 1 2 ¢2& BAR 4 2 73 Aew dddn.



¥ 4-3. DGEBA-IPDA, DGEBA-DDM, DGEBA-FBF¢] QIAZE4

Tensile strength Tensile modulus Elongation at break
(MPa) (MPa) (%)

DGEBA-IPDA_180 83.59+2.2 1090 £57.4 9.40+0.92

DGEBA-DDM 84.06+9.5 1160+50.0 9.08+1.46
DGEBA-FBF_2.5wt%

9-methylimidazole 81.96+3.4 1721+41.6 5.30+0.37
DGEBA-FBF_5wt%

2-methylimidazole 68.85+£7.6 1714+32.9 4.58+0.50

- ¥4 9 FBFel o3k GdA S A3=9] LOIE A st sttt 2 AskE9 Lot

3 4-9] AAE 9t} o]ZFEE DGEBA-FBF A ~Hlo] YA BAS 314t}

¥ 4-4. DGEBA-IPDA, DGEBA-DDM, DGEBA-FBF¢| LOI

Samples LQOI value
DGEBA-IPDA 20.3
DGEBA-DDM 24.6
DGEBA-FBF_2.5% 2-methylimidazole 29.7

odh

- vlo] 2. 7]uk 2712 HMF$} DDM& HH8-A171 o2 diethyl phosphite® =&te] A5+ FH)
L

o dAA oFA A3E dAdstAth FAE At A3AQ FBF= 23 ofvldt 14+ <&

K

2 77450 o] 7]E IPDA, DDM 7 3kA] thin] w2 Z43} oliA7F Bastion, 33
ZAAE F7hstd did s W2 2oA 437t 7heskith DGEBAE o] &3 43t

B9 54 HeaA 24 Ay 7]E [PDA, DDM thel @e 7,5 Boy, AsE24 25 w

EX4 &4 27 FBFE o] &3ty At AslEe Jd o2 =2 char yield (40% vs 10%)

IPDA (20.3), DDM (24.6) ti¥] &2 7S B
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% 5-1. Scheme of structure for CLT via EVA adhesive sheet
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19 5-2. Particle size and zeta potential of clays in DI water.
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19 5-3. XRD pattern of pristine clays and organic modified clays: (a) LAP, (b) CSN, (c)
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18 5-4. XRD pattern of ECA as a function of organic modified clays contents: (a) ECA

-L, (b) ECA-C, (c) ECA-M.
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1% 5-5. TGA results of ECA as a function of organic modified clays contents: (a) ECA-L,
(b) ECA-C, (c) ECA-M.
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719 5-6. HRR of ECA as a function of organic modified clays contents: (a) ECA-L, (b) EC
A-C, (o) ECA-M.
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1% 5-7. CO production rate of ECA as a function of organic modified clays contents: (a)

ECA-L, () ECA-C, (c) ECA-M
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13 5-8. Ideal mechanism as a function of clays: (a) organic modified clays, (b) flame reta
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Chart 2. Schematic Representation of the Coupling
Reaction of the Monofunctional and Trifunctional
Silane Molecules on the Clay Edges

a: MPDES-grafied clay
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3 6.1. Characteristics of Various Silane Functionalized Clay Platelets with Different

Amount of Initial Silane Agents Input

. Zeta
Initial Grafted .
Entry| Abbreviation | Silane Agent Silane Input [Silane Amount ar (rin]z (tl))dDPoteCntlal X LS‘%% )
[mmol/g clay] | [mmol/g clay 1 |#
[mV]
1 C.Pristine - - - 0.24 (0.35)| -41.8 -
2a C.ETMS(D) 1 0.70 2.94 (0.51)| -36.7 0.65
% | CETMS®) . 2 1.60 6427 | 366 | 107
: Ethyltrimethoxys : 0.59) ' '
ilane
2 | CETMSG) (ETMS) 5 3.60 6408 1 373 | 166
(0.59)
59.20
2d C.ETMS(10) 10 7.97 0.59) -37.5 1.75
3a C.VTMS(1D) 1 0.34 1.41 (D) -35.0 0.21
3 | CVIMS®) 2 0.59 164 (0.98) 366 | 073
Vinyltrimethoxys
ilane
] VTMS) . 374, | 388 | 158
3c C.VTMS(5) 5 .23 0.80)
75.88 -39.1 1.86
3d C.VTMS(10) 10 3.17 0.81)
4a | C.DMEVS(1) 1 0.14 1.35 (1 | -35.1 -0.88
4b C.DMEVS(2) Dimethylethoxy 2 0.16 1.34 (0.95) -34.6 -0.72
vinylsilane
4c C.DMEVS(2) (DMEVS) 5 0.15 1.36 (0.91)| -34.4 -0.51
4d | C.DMEVS10) 10 0.19 1.44 (0.97)| -33.1 -0.45
5a C.ATMS(1) 1 0.83 2.01 (1) | -35.2 0.10
lane
5¢ | C.ATMSG) (ATMS) 5 2.40 5404 | g59 | 149
(0.51)
63.09
5d C.ATMS(10) 10 4.62 (0.60) -35.5 1.48

a Determined by elemental analysis on the basis of the difference between the carbon




contents of the C.Pristine and the silylated clay platelets (see Supplementary materials for
details). b Z -average particle size and polydispersity index determined by DLS. ¢ Determined

by zeta potential measurement. d Styrene /water partition coefficient determined

by

gravimetric analysis on the concentration of the clay platelets dissolved within the two

immiscible phase, styrene and water (see Supplementary materials for details).
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3% £ ot zEHAE 2= 28 JARE AT 9§ w2 & 400 rpm o
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¥ 6.2. Characteristics of Final Latexes from Emulsion Polymerization with Different

Monomer Composition and Types of Clay Platelets as Pickering Stabilizer.

K ul Conv.b Mwc Mw| dzd al / alInitia%/anal
Pickering [Emulsion | Conv. [niti Fin: eta
Entry| Monomer | - gy hilizer Stability a (%] [0 3,8/mO/M njin m] (P Potential e
11 C D
[mV]
6 - O 53.3 155.2 |5.29 51/ 35 | -14.8 / 0.28
7 C.Pristine o | 789 1905 |3.72 50 /35 | 24!
-56.1 /
8a C.ETMS(D) O 68.9 120.6 | 3.80 5.0/ 3.0 701
-46.1 /
8b C.ETMS(2) @) 87.9 255.9 14.98 51/ 29 636
-48.2 |
8c C.ETMS(5) @) 60.3 230.3 |4.40 50/ 34 643
-36.4 /
8d C.ETMS(10) O 55.5 150.6 | 3.76 50/ 29 504
Sty 47.8
% CVIMSM) | O | 542 211.0 |4.28 19139 | 81
-64.9 /
9b C.VTMS(2) @) 93.4 231.3 |3.25 50/ 29 550
-42.6 |
9c C.VTMS() @) 93.1 236.7 |3.52 50/ 29 60.2
-56.0 /
9d C.VTMS(10) @) 79.1 209.6 |3.79 49/ 26 548
-52.8 /
10 C.DMEVS(10) @) 89.1 243.7 |3.57 50/ 35 562
-39.3 /
11 C.ATMS(10) A 32.1 113.5 | 3.67 50/ 29 587
-52.1 1/
12 | Sty/n-BA - O 70.0 149.5 | 2.99 51/ 28 ed7




13 C.Pristine © | 998 207.3 |2.97 50 /30 | o5
-44.4 |
14a C.VTIMS(D A 81.1 153.2 |2.96 5.0 /3.0 596
-44.0 /
14b C.VTMS(2) A 56.2 147.4 |2.87 5.0/ 26 510
-41.6 /
14c C.VTMS(5) O 47.2 192.5 [2.85 49/ 3.1 594
-50.8 /
14d C.VTMS(10) @) 46.5 158.4 |2.85 5.0 /25 55 5
15 - A - - - - -
- -35.7 /
16 C.Pristine AN 86.3 203.4 |2.58 51/ 29 46,9
17 t C.ETMS A - - - - -
n-BA
18 . C.VIMS A - - - - -
19 C.DMEVS A - - - - -
20 C.ATMS A - - - - -
a Evaluated on the final latexes stored in 50 ml vial; © excellent; O good; A fair; A aggregated. b
Overall monomer conversion was determined by gravimetric analysis on the final latexes. ¢ Weight
-averaged molecular weight and polydispersity determined by GPC. d Z -average particle size and
polydispersity index of the final latexes determined by DLS. e Determined by zeta potential
measurement.
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13 6.9. Logarithmic Transformation of BET Isotherm Curve
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1% 6.9. FT-IR spectra range of 2800-3200 cm-1 of the pristine clay and the silane-functio
nalized clay platelets with different species of silane agents; ethyltrimethoxysilane (top, left),
vinyltrimethoxysilane (top, right), dimethylethoxyvinylsilane (bottom, left) and allyltrimethoxys
ilane (bbottom, right), each with different initial concentration of silane agents; a) Pristine
Clay, b 1, © 2, d) 5, e) 10 mmol silane per gram clay. The legend in each graph represents
the full range of FT-IR spectra, 650-4000 cm-1.
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1% 6.12. Pictures of vials containing the mixture for styrene/water partition tests; a) a mixtu
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C.VIMS, e) C.DMEVS, f) C.ATMS with a different silane concentrations (1, 2, 5, and 10 mmol/

gclay) after 24 hours of gentle shaking.
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SDC (smoke density chamber, 1ISO5659)

Specific Optical Density and Mass Graph
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SDC (smoke density chamber, 1ISO5659)

Transmission Graph Specific Optical Density and Mass Graph
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