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Lead Evaporation from CRT Glass and Nanocrystallization Mechanism in the
High-temperature Self-propagating Process

WANG Yu, XIE Yi-Jun, GAO Ya, ZHU Jian-Xin

(Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: Lead evaporation and recovery of nanoparticle materials from waste cathode-ray tube (CRT) glass using
the self-propagating high-temperature synthesis (SHS) method was investigated. The reaction temperature and com-
bustion velocity of the mixture of Fe,0;-Mg-CRT in the SHS process were studied in detail. Then the lead extraction
ratio, phase compositions as well as the micromorphology of extracted PbO nanoparticles were examined. The ther-
modynamics of lead evaporation and nanocrystallization mechanism were also analyzed. It can be found that the SHS
reaction temperature and combustion velocity decrease with increasing CRT glass content, and the addition of CRT
glass as a diluent can be used to control the SHS lead extraction behavior to obtain PbO nanoparticles with good des-
peration and morphology. With 40wt% CRT glass addition, about 93% of lead can be recovered from CRT glass as
nano-sized PbO with high purity. The collected PbO nanoparticles are almost spherical in shape with particle sizes
ranging from 40 nm to 50 nm, which are mainly from the volatilization and rapid condensation during the SHS process.
The study indicates a novel method to recycle and reuse waste CRT glass.
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Table 1 Chemical compositions of investigated CRT
glass tested by XRF

Composition wt%
Si0, 52.45+2.01
PbO 22.89 +0.91
K,O 8.66 + 0.62
Na,O 5.67+£0.25
Al,04 3.68 +£0.04
CaO 2.74 +£0.31
MgO 2.43 £0.66
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Table 2 Extraction ratio of PbO on CRT addition

No CRT Mg Fe,04 PbO evapo-

/wWt% /Wt% /wt% rated/wt%
CRT10  10.0 28.2 61.8 94+0.7
CRT20 20.0 25.1 54.9 95+0.7
CRT30  30.0 21.9 48.1 95+0.3
CRT40  40.0 18.8 41.2 93+0.5
CRTS50 50.0 15.7 343 78+1.5
CRT60  60.0 12.5 27.5 12+3.6

Effect of CRT addition in the original mixture on (a) maximum combustion temperature and (b) the combustion velocity
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Fig. 2 XRD patterns of prepared powders with various CRT
additions in the original mixture
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Table 3 TCLP results of lead with various CRT additions M = S H,
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concentration in N . e s . RO
Sample A S TR ACH IR I R A, T, S i RO
CRT 725 B, TEAMEFTR A H & AE i WY SE R A e
CRT10 0.10 K5 2 Y mnil 3 S IR IR A ) T CRT 3R
CRT20 0.09 TN 10Wt%~40wt% I AT I BRI [N 728, il mT 40
CRT30 0.18 BB TN 25 2 L SE PRI IR 8.96%~34.23%.
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Fig. 4 Typical TEM images of the as-prepared PbO nanoparticles X ) ) . . N
with different CRT additions at different combustion temperatures Fig. 5 Flash evaporation ratio of Pb with various CRT additions
(a) CRT=10wt%, T.=2765 K; (b) CRT= 40wt%, T.=2008 K ranged from 10wt% to 40wt%
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