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Abstract: Aluminum trihydroxide (ATH) has been commonly employed as a flame retardant for ethylene vinyl acetate
(EVA) copolymers. In the present work, ATH was obtained from a recycling process of multi-layer packaging film
wastes. EVA/ATH composite samples were prepared using a two roll-mill and flame retardancy of EVA/ATH composites
were examined using limiting oxygen index (LOI) and flame retardancy test (UL94). We observed excellent flame retar-
dancy in case of adding 150 phr or more of recycled ATH to EVA. Particle size and specific surface area play crucial
roles in LOI value and UL-94 classification of the EVA/ATH composites. Smaller particle size and higher specific surface
area of ATH was found out to improve the flame retardancy. Regarding tensile properties, crosslinked EVA/ATH com-
pounds which is practically used for electric cables had similar to or even better tensile property values than the ones with-
out ATH.

Keywords: recycled aluminum trihydroxide, limiting oxygen index, UL-94 test, ethylene vinyl acetate copolymer, recycling.
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Table 1. Composition of EVA/ATH Composites
Sample designation EVA (phr) SA (phr) DCP (phr)  NG-ATH® G-ATH’ K-ATH¢ J-ATH?
EVA 100 1
EVA/NG-ATH100 100 1 100
EVA/NG-ATH150 100 1 150
EVA/NG-ATH200 100 1 200
EVA/G-ATH100 100 1 100
EVA/G-ATH150 100 1 150
EVA/G-ATH200 100 1 200
EVA/K-ATH100 100 1 100
EVA/K-ATH150 100 1 150
EVA/K-ATH200 100 1 200
EVA/J-ATH100 100 1 100
EVA/J-ATH150 100 1 150
EVA/J-ATH200 100 1 200
C-EVA 100 1 3
C-EVA/NG-ATH150 100 1 3 150
C-EVA/G-ATH150 100 1 3 150
C-EVA/K-ATH150 100 1 3 150
C-EVA/J-ATH150 100 1 3 150
“Non-ground ATH. *Ground ATH. “KC corp. ATH. “Nippon light metal ATH.
(scanning electron microscopy, Jeol JSM-6701F, Japan)2 ©]
B3l IRl ATHO] Yt 9 H]EHA2 Matersizer
2000(Malvern Instrument, UK) ©]-8-3}o] =4sl5iom A
£ 217)e] THEE 2800 pmOE TASHT Ao = Max: Torgue
At #4Hl= ethyl alcoholo] AT}
LOI ¥ UL-94V(vertical burning) ¥4 WHS o]83] B3 %
A7) HAEAS Lol dth LOI Y2 ASTM D2863] 5 G ¥ g
meh AW (120%6.53 mmye A} FHoz A T g ' '
Ao ] Ies Aao) AAE sHAA 95k 180 10%F,
Z 5 BS 2ol AAStaL AT 5 34 AAlste] Het \
WATh UL-94 A8 UL-94 1996(20 mm vertical burning Min. Torque *
test)oll Wl AlHE 130x13x5 mme] F7|2 A Za}ho] , '
2342°C, 50+£5% RHE| S8 AHollA 4847k et A4 T T,Tw
ime

& sIth AAE e AlHS TR A9 HUE A|H
S 29 4 Al Wl Bo] AA= A=l wEbA V-0,
V-1 B V2R sk, A EY 5314 Alsstel.

71L¥ EVA/ATH Bl 5= 278 7kt AR 374617
2138 @l 2.7 E(oscillating disk rheometer, ODR, Daekyung
engineering, DRM-100)E ©]& #4331 oH, t]2719] 2%
170 °C, =7} (oscillating angle) 1°5 -F-A3hH A7kl W}
EaM3E 24319t} Figure 19 Lukz¢l g erel =4
A4S YA 7k ) A4S flste] WA Ha

Figure 1. Schematic illustration of vulcanization curve.

ETM)o H EF(My) ol A7 & Beko =z w9t
248 FA T A9 7H4E Flolgt stk theo®
A BEAZHRE F2] 10%} 90%l sEsls B3 S He
g Ao R o, HePs A ThagMel] wAakEe 3
< 27t 234 AZH(T) B AR 7EATHTy)el2t B olst
ot &3k 7l %= CRl(cure rate index)= 2] (4)= ALt
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7(26=18.6°)7F UEFs=t, ©o]= Lee 5°]" HigF XRD
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UOHA JAL|EX Y 3578HEe] A4S 2= vlolojz}
o|E7} 10% 0|5l X3 Aoz BM=gc).
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Figure 2. X-ray diffraction patterns of various ATH: (a) NG-ATH:
Non-ground ATH; (b) G-ATH: Ground ATH; (c) K-ATH: KC corp.
ATH; (d) J-ATH: Nippon light metal ATH.
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Figure 3. Particle size distribution and specific surface area of var-
ious ATH: (a) NG-ATH: Non-ground ATH; (b) G-ATH: Ground
ATH; (c) K-ATH: KC corp. ATH; (d) J-ATH: Nippon light metal
ATH.

7.74 umyE Tk YA} T7] % wAEIaL % %17} &%‘—8}91
o, o]== EVA/ATH E3A159] 71414 = 1
o7 o=t 3 ¥ G-ATH= 1‘ = Bl
J-ATH 9He] 2 vIEH A (2.82 mY/g)S zh=d, o]L EVA/
ATH EA50] TGS =Y o= o =AUt

ATHS] Z7] 9 4L 3A8] A&str] f18te] SEM &
A& 0|83 ™, Figure 49 UERASITE Figure 4(a)ollA]
wﬂlﬂﬂ 22 NG-ATHO| H+ A Z71= 9% ¥4 A3
9} o] oF g um=z LEREe ™| 8 Al (hexagonal)2] 873
S Bt} wHAo), Figure 4(b)-(d)elE EVAS] EFAIAA A
Z3 BA 8 Aol BAME G-ATH, K-ATH, J-ATHE B
A= E4¥ G-ATH= A== K-ATH 9 J-ATH®} A}
gt JEEA] o] F71A] ATHS v7 &0z HAH AT}

EVA/ATH Sgixlige| e 84, F71wd EVA/ATH &
gL b EAS dolir] 98] Lol 2 UL-94E =74
stRer, 2 A= Figure 5(a) 2 Table 201 YERA AT
A o2 LOI kel 19 o8t W& 7k 99, 20 o)
o & 3 FYolet sh=tl, % EVA TZH LOI
e 18701tk F710d EVA/ATH E3H 8+ ATHS] 8
Zo] 100 phr% = AutE o 2 deddo] A AER] &
ek B =R & NG-ATH7} 150 phr 71 EVA %@L
AEe] LOKE 33.08 el eH, iz o= A 4=t
=712 zH= G-ATH, K-ATH 2 J-ATHE X336} EVA &
A E= 150 phre] gHFellA] 34.7, 36.6 2 36.6°] LOI %
< 747} Bolm dx e Skt ATH HaAl7F S4€
EAIES] LOI= YRS 2 ATH YAke] A7]of k&t
= Ao dEA Ak ol At viel ol mlMgk ¢
2} 71 %= G-ATH, K-ATH % J-ATH7} EVA/ATH %
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Figure 4. SEM images of ATH: (a) NG-ATH: Non-ground ATH; (b) G-ATH: Ground ATH; (c) K-ATH: KC corp. ATH; (d) J-ATH: Nippon
light metal ATH.
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Figure 5. LOI test results of various EVA/ATH composites: (a) as a function of ATH type (NG-ATH: Non-ground ATH, G-ATH: Ground ATH,
K-ATH: KC corp. ATH, J-ATH: Nippon light metal ATH) at various loadings; (b) at 150 phr loading, prepared by crosslinking.
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Table 2. LOI and UL-94 Test Results of EVA/ATH Composites

#99 - 195 - o

- AR - 0l

Sample LOI UL-9%4 Sample LOI UL-94
EVA 187 Classli\tl'l(iation C-EVA 18.4 ClassI;Iffl)cation

EVA/NG-ATHI100 22.9 V-2 C-EVA/NG-ATH150 30.2 V-0
EVA/NG-ATH150 33.0 V-0 C-EVA/G-ATH150 31.0 V-0
EVA/NG-ATH200 38.5 V-0 C-EVA/K-ATH150 33.6 V-0

EVA/G-ATH100 23.6 V-2 C-EVA/J-ATH150 344 V-0

EVA/G-ATH150 34.7 V-0

EVA/G-ATH200 40.9 V-0

EVA/K-ATH100 27.7 V-2

EVA/K-ATHI150 36.6 V-0

EVA/K-ATH200 45.0 V-0

EVA/J-ATH100 24.0 V-2

EVA/J-ATH150 36.6 V-0

EVA/J-ATH200 43.1 V-0

NG-ATH: Non-ground ATH. G-ATH: Ground ATH. K-ATH: KC corp. ATH. J-ATH: Nippon light metal ATH.

o] A77} Fopglel| whet Fkshal BEgk 2 A7]M = o
2] Fej7E o] opd th2 Fejrt =W Skl Hok
dzkel 271 2 FEE S Aot gk v o]
D2 2 AT Al G Y] v gHAS T4
2 Aishs o) B ZAos AztE gt & ATHS| ¢
g2 ATHO] F& 9 o|= QIgh F3linkg-o] AxRlu] YA}
o] v o] AR g FF WHo] A Hawrgo] =
d = A €t} Table 29] LOI Z23% H|EHZA o] AH
A% A2 RE 7% LOI Z33ko] AIAE Aoz Yeht
A BIEHEA 0] 7P Fag RIS ER1T = AT
UL-94 S A2ARoIM 578 EVA A& dddo] ¢l
= A0 = Yeigth Lol 34 d3e} A2 A1g-85
NG-ATH 2 G-ATH 100 phrS ¥3t6k= F710& EVA/ATH
S B V-2 TH°lUTh ATH] gHFo] 150 phr ©]
gollA V-0 T5S UYERAISH, ATHS i=k=7] B MR
o] Zjolols FES WA A 93 WAAS B
o3l gk il ¥ YR dA] ATHOME St
Figure 5(by= 2Hze] ATHZ 150 phr2 23 3k] H7ksla

Table 3. Cure Characteristics of EVA/ATH Composites

7}7% EVA/ATH B3A5E A|x3 & LOIE 43 23
ot} 7k® EVA/ATH E3tE°] LOI 3452 ATH 150 phr
o] A7t F7k¥ EVA ERERT B FA5 Bt
o] DCPo| 98 EVAZ} 7}awk-3S 3HA] methane,
acetophenone, cumyl alcohol 5-¢] FAHES Ws=d]," o]y
g 714 ZIA| ol 7tnd EVA B3l Ee] didAde Ha
AlZl Ao AlgEr.

NG-ATH, G-ATH, K-ATH ¥ J-ATHE 2&3k= EVA &
FAEC] LOI &2 Z7F 30.2, 31.0, 33.6 & 3442 Z7}s}
AEdl, ATHO] 9+ 27] 2 HEHA Y dHE Z02 A
ZFE Atk YA Z717F ZolR| AL v A o] Frstel| ult
=2 LOI oz A=A

TS ATH 9 150 phro] 371 7Fl® EVA/ATH 59
A52] UL-94 FHALAHL ATH T/ BAIgle] =5
V-0 5702 53 JdA 43S By

7tmE EVA/ATH SgiiEel 7tn §4 % 7/A4IM 4.
ATH®] 3to] 150 phrél 7F® EVA/ATH B 5¢] 71
598 goliy] SJ3l e orEE o83l EAE 43

Sample My (Ib-in)  M;? (Ib-in) AME T, (min) T (min) CRY
C-EVA 19.9 1.6 18.3 1.13 8.30 13.95
C-EVA/NG-ATH150 42.6 3.2 394 0.88 5.98 19.61
C-EVA/G-ATH150 44.2 4.4 39.8 0.97 6.02 19.80
C-EVA/K-ATH150 44.8 33 41.5 0.78 6.55 17.33
C-EVA/I-ATH150 43.1 43 38.8 0.98 7.02 14.51

“Maximum torque. "Minimum torque. “My—M;. “Scorch time. “Optimum crosslinking time. /Cure rate index=100/(Ty—T}).
NG-ATH: Non-ground ATH. G-ATH: Ground ATH. K-ATH: KC corp. ATH. J-ATH: Nippon light metal ATH.
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ST A71M, AM 3 A B39} HA EF9 2olE
Uehf =], C-EVA/ATH E3A 59 AM2 =% C-EVA
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Figure 6. Tensile stress-strain curves of cross-linked EVA and EVA/
ATH composites containing 150 phr loading of ATH (NG-ATH:
Non-ground ATH, G-ATH: Ground ATH, K-ATH: KC corp. ATH,
J-ATH: Nippon light metal ATH).
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o8t 7twe] F1E thol Adshe rtugEre SRl
th. & ATHE 71 4% B39 7L 5 7tadg=rt
Wz E Ao 2 Yehgth
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o 2% Z7}8l9ET o] ATHZF C-EVA 2% A5l 3
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Figure 7. SEM images of C-EVA/ATH composites: (a) NG-ATH: Non-ground ATH; (b) G-ATH: Ground ATH; (c) K-ATH: KC corp. ATH;

(d) J-ATH: Nippon light metal ATH.
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