B TF EID il e et e 15 192 73048 fE AR 31 2L o 7
A Blis G Ll
B OELE R B E B, SHAL FEE, SN, KBRS

(1. w91 K I AR E FRRA A A TS, vl R 621404; 2. AR KX F B E AR L TR
HEFREEZRE, Wl 48 621010; 3. HHARKXF BHARKFR, Wil 418 621010;
4. BAM=FT A H A A RG], vl R AR 610095)

T JO8 F R & IAR(WPCBs) 5 JLiA AR H) (SACs) st HOR , 3@ 33 A A 8 57 ) 3648
B4R TR, SEIUAR | & $R B AR B (PGMs) 5 X 4 Sk k2 6 09 S 2 & 5 W, THA0 T “ 2R 4
JE W B A AR, AR AT R KRR T A A B, K, a2 AE g
Wy iT A5 5 AALHUEE B FIRANIR R . AR T AT 84 2 6 S ML S (I MR E A 1 400 °C, £
BT 4 h, AHER BRI (UTE5H)25%., BBSE 1.0), RESI T K BB G A AR 05
TAE P A A YL F AR, BNIRT T T ey A ik 25 A, JFaT AR T AF
o GEREW, IR F A RAA Yy LB ARERE 24, R P REEHH 35.77%, Ky
A 37.26%; AABR A £EH H,. &% . CO, CH, #= CO, F 1T ¥ fii; tk 2 F PGMs 7T BA&A
Wty 5 B AR RARA A AR P E AT R EFE0 5 EMIRKA 45 KB | XB A, R
By, AR WIRE, KRBT T R EAR0G 5 £ o9 £ G g puh], A R ey F 46 4=

BT AF,
KW FOE P R LA (WPCBs) ; BUAFEAA ; Hiatk; 28Dk, AT LS
FE S ES: X505 XEkFRIRAD: A

Evolution of Organic Pollutants During Co-Smelting of Waste Printed
Circuit Boards and Spent Automotive Catalysts
LI Xia', HUANG Rong’, HU Ting', WANG Rong’, SHU Jiancheng',
LUO Xingyu’, HAN Yubin*, CHEN Mengjun>"

(1. Sichuan Changhong Gerun Environmental Protection Technology Co., Ltd., Chengdu 621404, China;
2. Key Laboratory of Solid Waste Treatment and Resource Recycle, Ministry of Education, Southwest
University of Science and Technology, Mianyang 621010, China; 3. School of National Defense,

Southwest University of Science and Technology, Mianyang 621010, China;
4. Chengdu Loyalty Technology Co., Ltd., Chengdu 610095, China)
Abstract: The co-smelting of waste printed circuit boards (WPCBs) and spent automotive catalysts
(SACs) represents an innovative "waste-to-waste" strategy for resource recovery from hazardous
wastes. Through metallurgical interactions, the copper in WPCBs acts as an efficient scavenger for
enriching platinum group metals (PGMs), gold, and silver from SACs. Although this technology

provides a sustainable treatment solution for these hazardous wastes through the synergistic recovery of
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metals, the transformation mechanisms of organic pollutants during the co-smelting process are not well
understood. This study systematically investigated the transformation behavior of organic pollutants
under the conditions for metal recovery: a smelting temperature of 1 400 °C, a holding time of 4 hours,
a scavenger proportion of 25%, and a basicity of 1.0. After the chemical composition and contents of
SACs and WPCBs were analyzed using X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR), X-ray fluorescence spectrometry (XRF), and inductively coupled plasma optical
emission spectrometry (ICP-OES), the liquid-phase and gas-phase products from the co-smelting of
WPCBs and SACs were collected to prevent secondary pollution. Gas chromatography-mass
spectrometry (GC-MS) was employed to analyze the compositional characteristics of organic
substances during the co-smelting process. The weight loss characteristics and pyrolysis mechanisms of
the materials were further analyzed. The Kissinger-Akahira-Sunose (KAS), Flynn-Wall-Ozawa (FWO),
and Friedman methods were used to study the kinetic mechanisms of organic substance decomposition
during co-smelting. The reaction kinetic model equations were applied to fit different conversion rate
intervals to explore the decomposition mechanisms of organic substances. Additionally, an equivalent
weighting method was employed to conduct a comprehensive toxicity assessment of the products in
terms of toxicity, bioaccumulation, persistence, and secondary pollution risks. Analysis of organic
substance composition revealed that the liquid-phase products mainly consisted of benzene derivatives
(35.77%) and phenolic derivatives (37.26%), with no halogenated pollutants detected. The gas-phase
products were primarily composed of small molecules such as H,, aromatics, CO, CH,, and CO,.
Therefore, the co-smelting process resulted in the dehalogenation and molecular weight reduction of the
products, reducing environmental risks. The metal components in the WPCBs-SACs co-smelting
system catalyzed the decomposition of epoxy resins in WPCBs. In situ metals in the co-smelting system
(e.g., Cu, Fe, and PGMs) significantly reduced the activation energy for organic substance
decomposition, promoting the efficient cracking of complex pollutants. Within the temperature range of
600 — 800 °C, the activation energy for organic substance decomposition decreased by 221.64 — 286.64
kJ/mol. The comprehensive toxicity assessment identified 4-phenylphenol, bisphenol A, phenol,
naphthalene, and p-cresol as the organic pollutants with the highest environmental risks in the gas and
liquid phases. Building on previous research on the co-smelting recovery of PGMs from WPCBs and
SACs, this study comprehensively elucidated the transformation mechanisms of organic pollutants
during the smelting process.

Keywords: Waste printed circuit boards; Spent automotive catalysts; Co-smelting; Metal

recovery; Organic pollutants
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Table 3 Compositions of gas-phase products from
co-smelting of WPCBs and SACs at 1 400 °C
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Fig. 9 Calculated apparent activation energy of organic matter decomposition based on (a) KAS method, (b) FWO method,
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