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Novel core-shell green catalysts for detoxifying hazardous chlorine compounds in
water

YONEDA, Tetsuya
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A novel catalyst that performs in water was developed to perform the
hydrodechlorination of 4-chlorophenol, a toxic organochlorine compound, in an environmental benign
water process. We prepared a catalyst with a catalyst core consisting of widely dispersed highly
dispersed platinum particles of about 2 nm (commercial product: about 4 nm) on an aluminum oxide,
and a shell consisting of hydrophobic organophosphonic acid bonded to the core (core). When the
catalyst with this core/shell structure was used, the decomposition (dechlorination) efficiency of
4-chlorophenol in an aqueous solution containing 2% ethanol was increased 1.5-1.6 times at 3 minutes

after the start of the reaction. Similarly, when the organophosphonic acid was bound with a
commercial catalyst, the catalyst écore—shell) was successfully synthesized with up to 1.9 times
higher activity than the unmodified catalyst (bare).
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Table 1 Metal analyses of the catalysts synthesized with or without phosphonic acids (PPA).
Catalys type Modification times Metal andysis
Name support using PPA content Pt particle diameter’  dispersion™
Iwt% /nm 1%
A A-1  PUAI,Os active alumina 4.9 4.0 28
B A-2 Pt/Al,05-ODPA (1) active alumina 1time 4.7 4.0 28
A-3  Pt/Al,05-ODPA (5) active alumina 5times 4.3 3.8 30
B-1 Pt/Al,04 active alumina 3.8 2.2 59
Table 1 B-2  Pt/Al,05-ODPA (1) active alumina 1time 34 1.9 51
A B-3 Pt/Al,0;-AZDPA (1) active alumina 1time 3.5 1.9 59
*1: calculated from the median for a number distribution of TEM diameter
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Fig.1 STEM observation of Pt/Al,Os catalysts (A-1 and B-1) in the dark-field (HAADF) using an acceleration voltage of 120
kV and metal particle size distribution. Magnification is 1 million (A-1) and 2 million (B-2). Lower left bars show 20 nm (A-1)
and 10 nm (B-1)  respectively.
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Table 2 Table 2 Characterization of catalysts synthesized with or without phosphonic acids (PPA).
ODPA ADZPA Name Modification times Elemental analysis BET Carbon PPA on the
using PPA C H N O+P"" Ash surfacearea number silica suface
/wt% /m’g’ /groups nm”
A-1 - 0.0 03 0.0 0.0 100.0 83 - -
A-2 1 time 25 03 0.0 0.0 97.7 73 18 1.0
A-1 A-3 A-3 S times 6.1 09 0.0 1.6 91.4 20 18 9.3
B-1 - 0.0 0.6 0.0 1.3 98.1 137 - -
B-2 1 time 29 1.0 0.0 3.5 92.6 125 18 0.7
ODPA (A- B-3 1 time 38 11 08 01 942 88 12 1.9
2) 2 5% 5 *1: 100 — (C+ H + N + Ash)%
(A-3)  6.1% ODPA 18
1 ODPA A-2 1.0
A-3 9.3 B-2 2.9 1
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5 Table 3 Turnover numbers, turnover frequency
®)
3 of the catalysts
Turnover number Turnover frequency
(TON) (TOF) Catalyst (TON)™* (TOF)'*
Table 3 TON mint
A-1 403 134
TOF TON A-2 642 214
3 TOF 1 A-3 768 256
B-1 486 162
A-1  TON 403 A-2 642 B2 737 o6
(1.59 ) A-3 768 (1.91 ) B3 766 255
ODPA 5 *1: After 3 min, *2: At 0 min.
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