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Rubber Toughened Flame Retardant (FR) Polyamide 11
Nanocomposites Part 2: Synergy Between Multi-walled
Carbon Nanotube (MWNT) and MMT Nanoclay
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Abstract: In the previous study, flame retardant (FR) polyamide 11 (PA11) nanocomposites formulations designed for
selective laser sintering (SLS)were prepared and characterized. The SEBS-g-MA elastomer successfully improved the
material’s ductility. Although the nonhalogenated FR additives and montmorillonite (MMT) nanoclay successfully
decreased the heat release capacity (HRC) and peak heat release rate (pHRR) as characterized by microscale combustion
calorimeter (MCC). None of the rubber toughened formulations achieved UL 94 VO rating, which is a bench mark
for many FR polymer applications. As part two of this study, we explored the synergism between two nanoparticles,
nanoclay and multiwalled carbon nanotubes (MWNTs), to see whether better FR properties can be achieved. TEM
micrographs indicate that both nanoclay and MWNTs achieved high level of dispersion. Flammability results showed
that all formulations achieved UL 94 VO rating, which is a significant improvement from the previous formulations
without MWNTs. Char morphology characterization indicated that a solid carbonaceous char layer was reinforced by
nanoclay and MWNTs.
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Sample ID Formulation PA11 Fire-Retardant Kraton Nanoclay MWNTs
(wt. %) (wt.%) (wt.%) (wt.%) (wt. %)

[ PA11 100 - - - -

1 15FR_10K_2.5NC_2.5MWNT 70 15 10 2.5 2.5

2 15FR_15K_2.5NC_2.5MWNT 65 15 15 2.5 2.5

3 15FR_20K_2.5NC_2.5MWNT 60 15 20 2.5 2.5

4 15FR_10K_3.5NC_3.5MWNT 68 15 10 3.5 3.5

5 15FR_15K_3.5NC_3.5MWNT 63 15 15 3.5 3.5

6 15FR_20K_3.5NC_3.5MWNT 58 15 20 3.5 3.5

PA11 AR FRZ i LA 80 °C A 38 BE B LT 24 /NI, FRS
INF L SR ORI MWNT B8 ] o 7RIS
SIS, AN TC 5 RS Rl A2 G T o ) A P TR T
BA . BHE B RAHIFR BN AL, K, SRIGTE80C
TR 24/, SRIG RS, K2 R T AR
BRI T, G AR R B . SURFT
REE | MRATAS R &8 43 Z () AR EE . = AR TRl Y
mini — jet i B AR

#2 FRPAIIGXEEHBAIMIEYE

Processing Conditions

Feeding rate(gm/h) 200

Screw speed (rpm) 150

Twin screw temperature (°C) 210

Mini-Jector temperature (°C) Rear: Middle: Front:
190 215 218

Mold temperature (°C) 90
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B3 PA11/FR/K/NC/MWNT LBk R it =

%3 PA11/FR/K/NC/MWNT 291 8 B

TlO"/u Tsoo/u Residue
cc) (°o0) Mass at
1000°C
(%)
PA11 403 438 0.9
15FR_10K_2.5NC_2.5MWNT 396 467 11.3
15FR_15K_2.5NC_2.5MWNT 410 485 7.4
15FR_20K_2.5NC_2.5MWNT 389 468 9.2
15FR_10K_3.5NC_3.5MWNT 391 468 9.0
15FR_15K_3.5NC_3.5MWNT 397 467 10.1
15FR_20K_3.5NC_3.5MWNT 411 468 6.7
3.2 AR
3.2.1 MCC

JFA BC 5 B CRA T A AT % 1 AT FHAY ALM FR PA11
MR WMEB TR, OB & RY], BFFPALL, FR
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PALLAHEL, B W EFEIC T FEAHRE MRS . ALM FR PA11
AP KRG, —IEAK400°C, ATIH4TF k4L FR AN
F, 5 —ATE400°C E450°C Z 0], A HoAbic o7 46 2
B — ORI BTE 4 PATLTE £ 450 °C IR Y pHRR {8 8
151200 w /g, A 99K A BBHEC 5 75 24 480 “C I 1Y
BRI E T (9 pHRR B PRI, (AT MR, X—
ML LS 51— P HE I TCA 25 - —5. 7EFR PALl
9 >k & 4 kBB O Y, 15FR_20K_2.5NC_2.5MWNT #l
I5FR_15K_2.5NC_2.5SMWNT f#) HRC Fl pHRR 435l £ 1K

%4 PA11/FR/K/NC/MWNT #EB#MBIMCC &R 2%

HeatRelease  SD Peak sb
Capacity HRR

Peak HRR SD
Temperature

Formulation Total Heat sb
Release (W/g)

0/g-K) W/g) (Wo)

PA11 1112 50 1277 46 450 2 34.3 0.4
15FR_10K_2.5NC_2.5MWNT 648 11 896 20 485 1 329 0.1
15FR_15K_2.5NC_2.5MWNT 688 15 758 19 480 3 34.2 0.8
15FR_20K_2.5NC_2.5MWNT 576 16 795 20 493 1 33.5 0.9
15FR_10K_3.5NC_3.5MWNT 625 36 863 48 487 3 32.8 0.9
15FR_15K_3.5NC_3.5MWNT 619 46 856 65 489 3 333 0.8
15FR_20K_3.5NC_3.5MWNT 632 30 866 39 488 1 33.2 1.2
ALM - - 630 57 423 1 30.9 0.1
Heat Release Capacity vs Elastomer
Concentration
©— Formulations with 2.5wt.%NC and 2.5Wwt.%MWNT ~@&-— Formulations with 3.5wt.%NC and 3.5wt.%MWNT
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BHAC 5 %o B 25 W HRROUELEEHA W 9], XS
WRBEIT K AR . SABFISE 1A 4 A 1, 7
AR FR 548 (15% wt.% ) T, GKE AR & F1 HRC
(ELZARBLAY Y, 330 3 I P 22 B i 40 K A5 350 40 BUER 44 K
A% PATT HTRAR R A TR BA 1 3 R

P 4 5 R T 9K IR e B X HRC A5 . Bl % i
U FE 10 wi % N E] 20 wt. %, &4 2.5 wt.% 9Kk
T A MWNT B9 FC J7 19 HRC AE SRR #5415 wt.%
FRURBEIN, SRJGTE 20 wt.% B AR T B 5 F R 45 4R e
T7 & 3.5 wi% KRS 1 M Z BERR KA, TCie stk
PRHE BE ey, HRCABPRFFARE . BT, MCCZE R
FW, B FRYKE A BRI 5 FB R A AR R AR A L Y
FIRAE, AELGRRIBORE | SR A B2 5 T R 1 2 ] 15 A W]
ETAiNY P

%5 PA11/FR/K/NC/MWNT 3£B#189 UL 94 58

Formulation

Average 1st burn flaming Averaged 2nd burn flaming Flaming UL 94

ion duration (s) ion duration (s) Drip Rating
PA11 4 - Yes V2
15FR_10K_2.5NC_2.5MWNT 2 3 No Vo
15FR_15K_2.5NC_2.5MWNT 2 2 No Vo
15FR_20K_2.5NC_2.5MWNT 3 1 No Vo
15FR_10K_3.5NC_3.5MWNT 3 1 No Vo
15FR_15K_3.5NC_3.5MWNT 2 1 No Vo
15FR_20K_3.5NC_3.5MWNT 2 2 No Vo

3.2.2 UL 9%

F5 5045 T ITA FRAVKE S PALLEC 7 (4 UL 941
g, AR AR T VO, XERE A TR
ORI AR, B S SR TR E RFEAR, BT
BN T IZAK FRESIIGR] , A R i i SR ER A 2 G i
o 5 MCCHIZERIML, SR . GORRS + M Z BERRAN
KA R B 1 22 5706 UL 94 P RSP SE ma o /2 38 . 1815

E5 ULt m

15FR_10K_2.5NC_2.5MWNT. 5FR_
15K_2.5NC_25MWNT, 15FR_20K_2.5NC_2.5MWNT,
15FR_10K_ 3.5NC_3.5MWNT. 15fr_15k_3 .5 nc_3 .5

N EE A&

mwnt, 15fr 20k_2 .5 nc_3 .5 mwnt

e I IR B R AT X, A R AT
R P RF LI AR H T . SABEIESS 1387 vh A filE
FHZBEBRAKAT B FR PATLRESAH L, 9Kk, + 2 RE
TR 2 H] v] BEAE 4R 5 PA L1 A BEIGA M RE 5 T A7 Db )
RUNE . DA kg P 22 BE B 4 K A8 i 0 KO A 25 B8 0 fi
FBEAT Ry, PRGN Ry X F 3 [) 2500 2 T R 3R T E
P T 4 S5 B8

3.2.3 WLk RE

3 FMecss B, X 15FR_20K_2.5NC_2.5MWNT Al
ISFR_15K_3.5NC_3.5SMWNT ¥ Fh fic. J5 17 T H i 56
FEATIFFE W T AT BE D, 3K R BE 7 1) A RE ) e A1
Fo L TR IIFER . WRNTZATRIBFFE AT AL, FR
TG X F7 22 PERE 0 E BRI AE T Wi KR, iy
KR H R 90% DL 1P, S4iPATLMIH, PIFPE
D5 B PR AT BIE R . PALTGHLRLRE S} 49 MPa,
PR BC 7 A0 BT PL R 35 R 33 MPa. 7E 3R AT 2 A A A 5T
FPOLEE B ALY R e, S (e o B B BELRA R L Sk A A
YRORIORL AR I R R BRI, AR RN 2 BERR A OK
B AER SR = T PRI AL 7 A, AR 2L RN
164% T R 2 17% F130%, A 3% £ {F B 5 & T Johnson %
N R 5 (8 4% AR %A R RO ROIE 2, ALM AR
A BT RL 5 B AT 24K 3405 T FR PATL GRS G ADRHAC
75, (EREREAR, EM SLSFES S, %X ALM fi4 i
J5 AFRATTBC A T IS Y Y LA
&6 PA11/FR/IK/NC/MWNT LE#MRIsK hillik &5 RIGE

Tensile Strength SD Modulus SD Elongation at SD
(MPa) (MPa) Break (%)

PA11 49 3 1,380 41 164 74

15FR_20K_2.5NC_2.5MWNT 33 1.2 1,460 33.5 30 1.7

15FR_15K_3.5NC_3.5MWNT 33 0.9 1,716 18.2 17 3.3

ALM 46 - 1,345 - 38 -

Formulation

E6 #H 1M TEM, EfF&H 15% BT,
10% BYSEMER, 2.5% B9 HLE T F02.5% BIRRK &
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FZ BEGRIKAE ) 5 o A AE A RE R o R R
FE b R 2 BERR AR A R BRI A B, R R R
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3.4.2 BIES
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ARERTAE S, 78R T ul 945 19k SEM E4 .
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FIABRMAE, BRI R G RR, faaR )2 i AR e
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9HR B R R Y T R
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SN2, R BB A T M AR B B FR
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