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- WFEEREA = TRemoval and recovery process of heavy metals in sludge using pyrolysis of waste plastic

containing brominated flame retardants |

c FRERFE L OFTE=
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Institute of Multidisciplinary Research for Advanced Materials, Tohoku University

Etsuro Shibata

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University

- B (200 FELAN) =

It becomes important to recover valuable metals contained in electric and electronic equipment (e-waste)
due to the rising demand of metallic resources. However, e-waste contains plastics such as brominated
flame retardant (BFR) plastics, which have some problem for their treatment. One of the effective
treatments of brominated flame retardant plastics is a thermal combustion, but it is necessary to treat and
reduce the formed hydrogen bromide gas from BFRs. The hydrogen bromide gas can brominated the
contained metallic compounds, such as ZnO, PbO etc in the solid wastes. The formed metallic bromide
can easily vaporize, and then they can be separated and recovered from the treated solid wastes. Sludge
containing heavy metals is one of the largest waste, thus the pyrolysis of brominated flame retardant
plastics with sludge containing heavy metals have possibility to dry the wet sludge and the bromination of
heavy metals. In this study, we investigate about the simultaneous treatment of BFR plastics and sludge
containing heavy metals. Tetrabromobisphenol A (TBBPA), which is the most common BFR was used for
thermal decomposition, and the formed hydrogen bromide gas reacts with heavy metal oxides. Their

thermal decomposition and reaction mechanisms were investigated using DSC, TG and small furnace.

- ¥—U— K (5FELLN) =TBBPA, e-waste, sludge, heavy metal, bromination
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M,Oy + TBBPA . . .
(mass ratio) DSC analysis of M,O,—MeBr, reaction Products analysis
Start/Max/End [CT} \pir neymol] EPMA XRD
of the reaction
Main Rare Main Rare
Cu,0 + TBBPA
(1:3.80) 265/ 350/ 385 -118.18 Cu-Br CuBr
Pba*,nggpA 2521324/ 357 50,82 Pb-Br | Pb-O | PbBr, PbO
sz(()f _+2T8%)BPA 286 /301 /322 4381 Sb-0 | Sb-Br | Sb,0sBr, Sb,05
CuO + TBBPA
? 2 . N
(1:3.42) 270/ 277 17 7 Cu-Br Cu-0O CuO, CuBr
Zn?lT;gBPA 238/272 /312 -26.77 Zn-0 Zn-Br Zn0O ZnBr,
Fez(()f fgz%)BPA 2072741298 4467 Fe-Br | Fe-O Fe,0, FeBr, (7)
Fe(()l’f g EY‘SB)PA 235/ 252/ 272 5.26 Fe-O | Fe-Br FeO FeBr, (?)
Fe3o4_+ TBBP 212 /242 /300 -85.46 Fe-Br Fe-O Fe;0, FeBr, (?)
(1:3.52)
T elt Treaction= 272 °C
TBBPA_+ZnO i _AH,=-26.77 kJ/mol
~—~ |
(=)
= 1
S :
= | TBBPA 1 '
S - ~ 1 S —
= f: Lud l., 2003 \Y ! 4
Ref: Luda et al., : i
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- - - X y
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[X] 5 TBBPA+Sb,03 (2.82:1)7Et D —E AIRIT K D RISFEERAE R (Ar A H)

# 3 TBBPA+Sb,05 (2.82:1) kD — & FIR UG FEBRKE B (Ar 2 h)

Total B_r Fraction Fraction _
sample Weight of S.b Sh (in of of Fraction
Temp. weight solid (in (in ShBrs) evaporated S.b Br of
(before residue | %20 0By Sb(IE?r ) Sb(IE?r ) | (n I|34r|3r)
heating) 3 3
Solid Condensed phase Condensed phase Water
residue (filter + inner wall) (filter + inner wall) trap
[°C] g g g g g [%] [%] [%]
2.009 2.008 n.d. 0.0005 0.0001 0.12 0.02 0.00
250 2.003 1.999 n.d. 0.0004 0.0001 0.08 0.01 0.00
290 2'0(222%004 1.983£0.008 | n.d. 06(.)88511 06(.)88351 0.05£0.03 | 0.04+0.05 | 0.00£0.00
2.008 1.870 0.415 0.010 0.012 2.19 1.43 0.00
340 2.001 1.889 n.d. 0.007 0.012 1.63 142 0.00
390 2.005 1.045 0.226 0.189 0.296 43.19 34.09 0.00
2.001 0.758 0.129 0.255 0.399 58.40 4591 0.98
40 1.998 0.762 n.d. 0.282 0.488 64.55 56.25 7.20
2.000 0.644 0.127 0.267 0.680 61.15 78.44 0.82
490 2.004 0.654 n.d. 0.313 0.641 71.48 73.80 2.47
2.001 0.595 0.127 0.270 0.656 61.70 75.54 2.18
>0 1.996 0.610 n.d. 0.293 0.602 67.21 69.49 3.31
2.007 0.498 0.118 0.297 0.729 67.71 83.77 2.50
050 2.028 0.504 n.d. 0.282 0.716 63.58 81.35 1.56

n.d. — not determined
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