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The thermal degradation of ABS in the presence of iron-based metal catalysts has been studied by thermogravim-
etric analysis (TGA). The reaction of iron-based metal catalysts (ferric nitrate nonahydrate, ammonium ferric

sulfate dodecahydrate,

iron sulfate hydrate, ammonium ferric oxalate,
ferric chloride) with ABS has been found to occur during the thermal degradation of ABS.

iron(I) acetylacetonate and
In a nitrogen

iron(Il) acetate,

atmosphere, char formation was observed, and at 600 C approximately 3~23 wt% of the reaction product was
non-volatile char. The resulting enhancement of char formation in a nitrogen atmosphere has been primarily due
to the catalytic crosslinking effect of iron-based metal catalysts. On the other hand, char formation of ABS in air
at high temperature by iron-based metal catalyst was unsuccessful due to the oxidative degradation of the char.
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ABS<*= acrylonitrile, butadiene % styrene®] Al R ZFE] dof

A= terpolymer®, ©] % acrylonitrile =M+ & A4, 31814 A
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0] -9 2 st Absl kel 23S ARSstar 9l Table 1. Various Fe-based Oxidants Used in This Study
o, FRAA PAAE e HAGS T oy A Oxidant Chemical Structure Properties
54 7t WESH 4F YW ARE 7 Al FAA TEAE WEshe F.W.|  444.00
5 A0l oFdS 7EX A QUus]. olE3t HAlER Qs HT & Ferric nitrate nonahydrate Fe(NOs); - 9H,0 . -
HE Ao 2 A FollA A Al tolSA, i 55
AT = Q= TEsAo] e E 7R F57F0] Wl A|o] thaiA = W Ammonium ferric sulfate NHLFe(SOs) - 1210 FW.| 48219
Aoz g ASIA sh £A4ol glom, WA FAlsk 8 dodecahydrae mp. | 3941 C
E& FRAA FAAE ARG ATl BRI AFe Folst tron sulfate hydrate FexSOws - OH,0 -] 39988
£ BRAFE olsh weomm AAH Al ANE wHlst mp.| -
Sk, A AR 3l g RAA %ﬁ}?% TEA IS Ammonium ferric oxalate |(NHs)sFe(C204)s - 3H,0 FW.| 4807
o] AMF-E a1 gl ow, 53] phosphate |4 2] A 3}5hEo] F/HE o|F m.p. -
I Itk Q17 Wil PC, PC/ABS, PPE/HIPS 5ol A4 A 9523 FW.| 173.94
F3hE WIS} ABS, HIPS S0l B 24 A teld o] uhale] @ Iron(ll) acetate (O COee e 0200 ©
AE HEbATH6-8]. FW.| 254.07
B3] HESS 2T B B S Abag)l e sk Iron(Il) acetylacetonate | (CH;COCHCOCH;)Fe - 175 ©
stof chakt LA TRAS} BT o] ﬂ%cﬂl*u #3498 v e
} JZITH9-11]. 53], iron7] 55 AF8HES poly(furfuryl alcohol)[12] Ferric chloride FeCl; mp | 308 T
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sulfate dodecahydrate, iron sulfate hydrate, ammonium ferric oxalate,
iron(IT) acetate, iron(IT) acetylacetonate %! ferric chloride)E 34 7}akod,
ole]l W& ABS A9 AAs}t 37|31 stelAe] Gt As E
e 2ABISIT,
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ferric chloride (99%)+ 5.7 Aldrich o] AlEC.2 F7} A Qlo] AF
|33l
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I4] TGA (Thermogravimetric Analyzer)E AFE-SF31 oM, A4 79
7] B 37] EA4) slelA] 10 T/min®l & 52 574303 )
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Limiting Oxygen Index (LODE ©]8-3}31 2™ ZH]i= Fire Testing
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2 AgelA] ARESE ABS A9 Higl 2/JH|= g-ABS/SAN =
30/702.%2 wAste] £38IATh 22 ironZll F45 07t ABS &
9] 2% 75710 oA L vIREA FAROR 2] 9]
FA, ABS ¥ g-ABS A& 717} w2 A 83k3ith =, [ABS/iron7|
=& Z|A A8 [g-ABS/ironA] 45 FH|AIAEIC R FAEI 0
] A3 ironA] =% Fle
ferric sulfate dodecahydrate, iron sulfate hydrate ammonium ferric

ferric nitrate nonahydrate, ammonium

oxalate, iron(IT) acetate, iron(IT) acetylacetonate % ferric chlorideS A}
4313 tHTable 1). ABS/=4 1l Ed1= AE2] vl 2AJH]+= ABS
FAE 95~99 W% 31, ironAl T FulE A7 1~5 wih=Z 38t
Atk F 3579 wignol 75579 ironAdl F5 WS ZH2; 483}
of 3 20708 WEL APor], Az ¥V U B EA Sl
TGAE &3 7% £4< Fdsion, dldS Lol AkaAe=

S48k

31 [ABS/ironH| 2% ZOHAIAE]

T8 ABS= 7] Aial A = 5=7F ek 410 CollA AlztE
1% 7k Al AL FellME 1 wi, 371 Bt 0 wined] 2 3
E& Uehdth ABSOll 759 ironAl 5% FHIE 1,3 2 5 wi% 74
e wWe] 7] A A =2 600 Ceolxe 2 AFES
Table 20 YERATE Ferric nitrate nonahydrate, ammonium ferric
sulfate dodecahydrate, iron sulfate hydrate, ammonium ferric oxalate,
iron(IT) acetate 2 iron(IT) acetylacetonateS ABS®] Bl 7%
ol da 9 37] E971M 9 diRaE AT =58 ABSS At
ahe, 27] sl ZIA 2E1= 408~410 TEA ABSSE A 2] FUst
ok T2k 600 CTelA 9] #F JFELS =73 ABSKET SV 4
kS L}ERATE Ferric nitrate nonahydrate®] “3-$~(Table 2, entries 2~
4), ABS®ll 1, 3, 5 wt% FY Al F i AaelAE= 4, 9, 12 wit,
7] sl A= 2, 4, 6 wi%Z S715F T FYUE ferric nitrate nona-
hydrate] & 18al & o da stelAs o5 Fv7t aelA
ABS9}] gek-go] XElo] HPYPY LIt SUtekITE 12y 3]
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Table 2. Temperatures for 5% Mass Loss and Amount of Non-volatile Residue at 600 T for Various ABS/Fe-based Oxidant Blends

Temperature, C Non-volatile residue

Entry Sample for 5% mass loss at 600 C, wt% Lol
(wt ratio)
Nitrogen Air Nitrogen Air (vol.%)
1 ABS 410 409 1 0 18.9
2 ABS/Fe(NOs); + 9H,0 (99/1) 410 409 4 2 21.1
3 ABS/Fe(NOs); + 9H,0 (97/3) 410 409 9 4 21.1
4 ABS/Fe(NOs); - 9H-O (95/5) 409 408 12 6 22.0
5 ABS/NH,Fe(SO4) - 12H,0 (99/1) 410 410 5 2 20.1
6 ABS/NH,Fe(SO4) - 12H,0 (97/3) 410 409 10 5 20.2
7 ABS/NH,Fe(SO4) - 12H,0 (95/5) 410 409 13 6 20.1
8 ABS/Fex(SOq); - 9H0 (99/1) 410 409 3 1 20.2
9 ABS/Fex(SOq); - 9H0 (97/3) 410 409 8 3 20.2
10 ABS/Fex(SOq); - 9H0 (95/5) 410 408 11 5 20.3
11 ABS/(NH,)sFe(C204)s - 3H,0 (99/1) 410 409 3 1 20.1
12 ABS/(NH,)3Fe(C204); - 3H20 (97/3) 410 409 8 3 20.2
13 ABS/(NH,)sFe(C204)s - 3H,0 (95/5) 410 409 11 6 20.2
14 ABS/(CH;COx).Fe (99/1) 410 409 2 1 20.1
15 ABS/(CH;COx).Fe (97/3) 410 409 6 2 20.2
16 ABS/(CH;COx).Fe (95/5) 409 408 9 6 20.1
17 ABS/(CH;COCHCOCH;3),Fe (99/1) 410 409 2 1 20.0
18 ABS/(CH;COCHCOCH;),Fe (97/3) 410 409 7 3 20.1
19 ABS/(CH;COCHCOCH;),Fe (95/5) 410 408 9 6 20.1
20 ABS/FeCl; (99/1) 407 407 11 3 21.0
21 ABS/FeCl; (97/3) 396 395 19 4 21.6
22 ABS/FeCl; (95/5) 395 395 23 6 222
stolAe AR e T2oA Atsl, dReEo] Fa 2Ntk
Y7} e 1001
Ammonium ferric sulfate dodecahydrate (Table 2, entries 5~ 7), iron 80
sulfate hydrate (entries 8 ~10), ammonium ferric oxalate (entries 11~ —_
13), iron(IT) acetate (entries 14 ~16) %! iron(IT) acetylacetonate (entries é 60 |
17~19)% T4 PO & ABSel 1, 3, 5 wt%® 7 Alel= AR =
8 BE AN 2% Euld 9ol S8 A S F 40 ARSEECl:
oml, B/uEks Ak BAVIAS ABHEA BT B, e B
chloride® ABSll AE3130& vz TS ironAl 5 Fv] Bt @l 20 |
e APAET Kol 53] 5 wie 9 Aol Aol el A . el s«
E7F 23 wi%E YUERATH (entries 20~22). TFE &5 S ®nux : :
ferric chloride”} 973 #BYEE Uell= 212 ferric chloride”} 0 100 200 300 400 500 600 700

A7 =7F 2 chlorideE Jt] 2002 2kl 9lo] Lewis acidity

7} B 54 Fu|ROE Foba al2o)x ABSS}] 3ekg-& £x15t
= Zlow Algdrh
Figure 12 #A 3ol 43+ ABS9} ABS 4 tin] ferric

chloride &% FUE 3 wt% 283130 u] UERd TGA FAlolt), &
ol AAF SR 400 CTHE AIREE] 480 CT7HA] dojwtom, &
43+ ABS2} ABS/ferric chloride Edl= 5 A3l dia)] /A=
2 AEE Ass vERok 28y HEAQL F AREe e &
3 ABSS] 4% Bt} I&l $50}A, ferric chloride:= ABS 11%-A}
A E(EE dlTHE FHE] ks 2049 7tk

ul

F28t 22 AFAYEE Ueldi= A o= AR Hh Figures 2, 3

4= A

b

23171904 ferric nitrate nonahydrate, ammonium ferric
sulfate dodecahydrate, iron sulfate hydrate, ammonium ferric oxalate,
iron(IT) acetate 2! iron(IT) acetylacetonateZ Z}Z} ABSOll 3 wt% %
39S wle TGA F4E ABS/3 wt¥% ferric chloride E#=2] TGA
A} vt otk BE AeelA sl 7N *EE v
Gal A vl AR B3-S Bolil a1le|x ] HPY =R A}
o]Z YERH, ferric chloride® =% FulZ AM8-3191S A7 7173
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Figure 1. TGA thermograms at a heating rate of 10 C/min under
nitrogen condition: ABS/FeCl; (97/3).
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Figure 2. TGA thermograms at a heating rate of 10 C/min under
nitrogen condition: (a) ABS/Fe(NOs); - 9H,O (97/3), (b) ABS/NH4Fe
(SOy); - 12H,0 (97/3), and (c) ABS/FeCl; (97/3).
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Figure 3. TGA thermograms at a heating rate of 10 C/min under
nitrogen condition: (a) ABS/Fey(SOy); - 9H,O (97/3), (b) ABS/
(NH4)3Fe(C204); - 3H:0 (97/3), and (¢) ABS/FeCl; (97/3).
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ABSOll 2431908 u] 3 FFELS 23 wit% (Table 2, entry 22)°]1,
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Figure 4. TGA thermograms at a heating rate of 10 C/min under
nitrogen condition: (a) ABS/(CH3CO:):Fe (97/3), (b) ABS/(CH3
COCHCOCH:):Fe (97/3), and (c) ABS/FeCl; (97/3).
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Figure 5. TGA thermograms for ABS/Fe(NOs); - 9H,O (99/1) at a
scan rate of 10 C/min: (a) in nitrogen and (b) in air.
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oF 54 wt%©] 1l ferric chlorideS F713F A =9] AH-$-+= WA= 70
wi% BE7HA] A EQITE 28]l oRke] RATS] A X% &
Qlth. o]efst A= PAN 4] T2 acrylonitrile ©$] 27} iron7]
P4 Sls) SRS Slo] MEAN] B AFE BHE FAA
Ro7z AlmHErh

4. ZHEMTE

ABS+ Scheme 13} 20] iron7ll & Fulle} v = 9l 3714
<] #571(i.e., styrene, butadiene & acrylonitrile moieties)& -3kl
glom, AA o7 o]fE= ABS A styrene©] 18 wt%, acrylo-
nitrile®] 36 wt%, butadiene®] 46 wt%2] ZA3H|ZE A Z¥ Tl ABSO
iron7l T4 FllE A8 Al A st BAE 23 wi%] i]r =
& UEhion, &8 ABS] # 1HEC] 1 wi%)] 31 3 =
o], ABSt 224 ironAl 55 Fvj9} sh8h whe-& 0]1— ﬁii -
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Figure 6. TGA thermograms at a heating rate of 10 C/min under
nitrogen condition: (a) g-ABS, (b) g-ABS/FeCl; (99/1), (c) g-ABS/
FeCl; (97/3), (d) g-ABS/FeCl; (95/5), and (e) g-ABS/FeCl; (93/7).

Table 3. Temperatures for 5% Mass Loss and Amount of Non-volatile
Residue at 600 T in Nitrogen for Various FeCls-containing g-ABS
Blends

Temperature, ‘C  Non-volatile residue

Entry Sampl.e for 5% mass loss  at 600 C, wt%
(wt ratio) L. L
In nitrogen In nitrogen

1 g-ABS 410 1
2 g-ABS/FeCls (99/1) 406 1
3 g-ABS/FeCl; (97/3) 406 2
4 g-ABS/FeCls (95/5) 405 3
5 g-ABS/FeCls (93/7) 405 4
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Figure 7. TGA thermograms at a scan rate of 10 C/min in nitro-
gen: (a) PAN, (b) PAN/FeCl; (99/1), (c) PAN/FeCl; (98/2), and (d)
PAN/FeCls (97/3).
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Fe-based oxidant
Scheme 1. Three possible reaction sites of the ABS terpolymer

with Fe-based oxidants.
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Scheme 2. Effect of Fe-based oxidant on the thermal decomposition
of ABS.
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