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Simultaneous achievement of toxic N-containing compounds removal and syngas
recovery via catalytic reforming of product gas from gasfication of N-containing
plastic wastes
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This work conducted pyrolxsis of N-containing plastics such as polyurethane
and the subsequent catalytic steam reforming of the pyrolyzates including toxic HCN using Ni/Mg/Al
catalysts to achieve simultaneous syngas (H2+CO) recovery and toxic HCN decomposition. This approach
significantly improved gas production and reduced HCN, from 52 mL/g-sample with 2.8 vol% HCN at
pyrolysis condition to 1497 mL/g-sample with 0.5 vol% HCN.



10%

2001-163973, Kamimura et al., ChemSusChem, 7, 2473 (2014), Borda et al.,
Polym. Degrad. Stab., 68, 419 (2000)

20 PE PP PS
Kaminsky et al., J. Anal. Appl. Pyrol.,
19, 311 (1991), Williams et al., J. Chem. Technol. Biotechnol., 70, 9 (1997)

HCN  NOx
Guo et al., J. Anal. Appl. Pyrol., 108, 143 (2014), Yu et al., Fuel, 86, 611 (2007)
HCN
i £&PUE 1 mg
BoRIR
i 50-800 °C,
10 °C/min
—NT L

Hz+CO NI IA (P BENT L
HCN or;:;%'tiﬂﬁl.\)
i ATV YRR b

Ni/Mg/Al et01
—RARERNSVT
MS | & i 9 (P HERE)
= — EEAHH
(GCIMS)
- / B1 Py-GC/MSOHREFE LU 54
Py-GC/MS 1
N Ug
44—d|phenyl methane 4-amino-4’-isocyanate  4,4'-meth ene d|an|l|ne
diisocyanate(MDI) diphenyl methane(MAI) XII

I T_T‘?:o —> + Ho—§
H'o—f
HCN Ni Mg Al i N)ci};g/\f_.moﬁé\;,,

Ni/Mg/Al
X2 MDIFHEZENBERME LIV ILIAVEE DRSS
L T. Py-GC/MS ' 2 _RpUE101
— (PUE) D#S> NE
UE101W|
I ARZEE T 0 ——
PUE e, SEIRVE T ~—\FUE211 |
PUE  MDI-BD-PTMG ? PUE OREIZT g ~ A\_PUE211W
MD1:BD:PTMG o AR W & g _~PUE321W,
PTMG o 1911, WA £ ——
h = 991 T3 24572 PUE =
. THEOEILH _~PUE8T1W
PUE HEN Ly AN ) s s s
MDI+BD Mkl B G e
PUE MDI  MAI 35 X OYMDA (I
‘ o= BOMBES  HHOsERY
) 3Ty 20 280-340 °C) COz, BD, MDI

e 1(
BT I UK 2 (340-370 °C) COz2, MAI, MDA, SSE13%
3 (370-450 °C) SSHIE

(EGA-NS ) -HWT, B\VfiE
ECA '~ R/ T ABL l3 EGA’?D?F’??A&% MR ET



PUE 3 1280340 °C) -~ -7 GO, woe ST

s : PUE HSKASY -~ ...I{:{Ziﬁthﬁ‘_’?ﬁﬁfe‘.i_@?ﬂ,,
=TS 2 (340 -370 °C) ) ol
CO, (BD) MDI o6 //—r/?\t) e > CO, "N MA NoO Fimn *\A
1 } ‘_v_‘T? )l‘:\v‘ - ] /\o‘\/\/‘)
HS ! NN 11‘(‘&-/{: W \H H’N/.M/I;A‘NH SSE*M
_ e TINORRKEE
~~~~~ 3370450 °C) Hrort
HS I Ao
ot~ 0l
SSH¥’
5 PUE SS CO; Al SSni Rk
MDA VDI X4 ZNREREEICIKTFLL-ASMBES
@ H, =3 CO =3 CO, == Hydrocarbons E=28 N-containing =#=HCN i~ NH,
- 2000 25
SS
HS  SS MDI . 2 o
PUE  SS 7 1200 15 2
SS E g_
g 800 10 §'
400 5
HCN
HCN 0
Catalystbed 500°C  500°C  800°C  800°C  800°C
Steam 0vol% 50vol%  50vol%  50vol%  50vol%
Catalyst None None None  oxy-Ni/Mg/Alred-Ni/Mg/Al
HCN X5 HRINEEHIUVHCN-NH,DEFRILE[NY]IZ K
HON ECR: IS4
PUE
= H, £ CO = CO, == Hydrocarbons E=3 N-containing =#=HCN ~#~ NH;
2000 25
_ _ 1600 z
B £
PU § 1200 =]
500 °C ( é" £
: 50vol%) 2 800 g
800 2 2
OC > §
- - 400
Ni/Mg/Al (Ni:Mg:Al( 0
)=1:5:5) (Air 800
°C 3 h) oxy-Ni/Mg/Al  oxy- O e NIMg/Al  red-NUMg/Al  red-NiMg/Al
Ni/Mg/Al (Hz 800 °C (10/67/23) (10/49/41) (11/23/66)
1 h) red-Ni/Ng/Al 6 77 RUNEHLUHCN-NH,DEFILEING]IZR
!i?’ﬂﬁ’.&%@Ni/Mg/AlttG)%@
HCN NH;
PU == H, == CO == CO, B Hydrocarbons E=3 N-containing —#—HCN =8~ NH,
2000 25
1600} '
800 °C 5 £
g 12001 "5
17N% HCN & g
oxy-Ni/Mg/Al £ g
V- g 2 500 g
(CHi+H,0 — 1CO+(m/ 2+m)Hy) s E
H, Cco 4007
oxy-Ni/Mg/Al
HCN HCN O ElH  2mE  3EB 4B SHA  EAEH%
NHs X7 EFRASLICHERERARICESTHHRIN

HON  oxy-Ni/Mg/Al B E ZUHCN - NH, 0 2 FH ULEE[N%]



NH3

red-Ni/Mg/Al HCN  NHs
Ni HCN _
NH3 (2NH3 - N2+3H2) ,3_;
Ni Mg Al
red-Ni/Mg/Al
HCN
HCN NH;
Al
Al
Ni
Ni Ni

red-Ni/Mg/Al
(10/67/23) red-Ni/Mg/A1(10/49/41)

red-Ni/Mg/Al(11/23/66)  Ni
47 33 86 nm
HCN Ni
NH; Ni
HCN red-
Ni/Mg/A1(10/49/41) red-Ni/Mg/Al
(11/23/66)

(TLY)

World Health Organization, HYDROGEN

[ww M 1a

Temperature ['C]

(@)

w2
X8 SEFEAEAED@ETPOFEESL LU G)TEME.,
BRUBEZ DAL DTEME (b2)

== H, =) CO == CO, = Hydrocarbons E=23 N-containing —#—HCN —#~ NH;
2000 25

1600 20

1200— 15

800 10

Volume [mL/g-sample]
[%N] uonnquysip uagoniN

400 1

0 0

WH7 A — 24

WH7 A+ — LT R pw—
Rt ARYY Teysd W Fa—T Av—bT7HrH—2R

CYANIDE AND HYDROGEN CYANIDES: HUMAN
HEALTH ASPECTS B9 ERRUILIAVEEYENELTHELAR
red-Ni/Mg/A1(10/49/41) IR E E & UHCN - NH, D EZRULE[NY]
PU
( ) 5 1
70% HCN NHs
TPO (a)
Ni
(b1) Ni
1
HCN NH; Ni
(b2) Nakamura Nakumura et al., Appl. Catal. B, 86,
36 (2009) Ni Mg
Ni Ni
(
) red-Ni/Mg/A1(10/49/41)
Hz co 1450-
1700 mL/g-sample HCN NHs 5-10N% 15-20N%

HCN



4 4 0 0

Kumagai Shogo Yabuki Ryosuke Kameda Tomohito Saito Yuko Yoshioka Toshiaki 59

Impact of Ni/Mg/Al Catalyst Composition on Simultaneous H2-Rich Syngas Recovery and Toxic HCN 2020

Removal through a Two-Step Polyurethane Pyrolysis and Steam Reforming Process

Industrial & Engineering Chemistry Research 9023 9033
DOl

10.1021/acs. iecr.0c00931

Nishiyama Yuya Kumagai Shogo Motokucho Suguru Kameda Tomohito Saito Yuko Watanabe 145

Atsushi Nakatani Hisayuki Yoshioka Toshiaki

Temperature-dependent pyrolysis behavior of polyurethane elastomers with different hard- and 2020

soft-segment compositions

Journal of Analytical and Applied Pyrolysis

104754 104754

DOl
10.1016/j . jaap.2019.104754

Kumagai Shogo Yabuki Ryosuke Kameda Tomohito Saito Yuko Yoshioka Toshiaki 361

Simultaneous recovery of H2-rich syngas and removal of HCN during pyrolytic recycling of 2019

polyurethane by Ni/Mg/Al catalysts

Chemical Engineering Journal 408 415
DOl

10.1016/j .cej.2018.12.099

Shogo Kumagai, Suguru Motokucho, Ryosuke Yabuki, Airi Anzai, Tomohito Kameda, Atsushi Watanabe, 126

Hisayuki Nakatani, Toshiaki Yoshioka

Effects of hard- and soft-segment composition on pyrolysis characteristics of MDI, BD, and 2017

PTMG-based polyurethane elastomers

Journal of Analytical and Applied Pyrolysis 337-345

DOl
10.1016/j . jaap.2017.05.012




14 7 7

Shogo Kumagai

Pyrolysis for Feedstock recycling of plastic wastes

1st International Symposium on Analytical and Applied Pyrolysis in the Asian Region

2019

Shogo Kumagai, Ryosuke Yabuki, Tomohito Kameda, Yuko Saito, Toshiaki Yoshioka

Simultaneous Achievement of Syngas Recovery and Toxic HCN Removal through Catalytic Gasification of Polyurethanes

1st International Symposium on Electronic Waste and End-of-Life Vehicles

2019

-DOWA

2019

68

2019




-GC/MS

24

2019

Shogo Kumagai, Ryosuke Yabuki, Tomohito Kameda, Yuko Saito, Toshiaki Yoshioka

H2-rich syngas recovery and HCN removal via catalytic reforming of product gas from thermal degradation of polyurethanes
over Ni/Mg/Al catalyst

5th 3R International Scientific Conference on Material Cycles and Waste Management

2019

MDI BD PTMG

11 6

2019

67

2018




2018

Ryosuke Yabuki, Shogo Kumagai, Tomohito Kameda, Toshiaki Yoshioka

Syngas reovery during steam gasification of polyurethane using Ni/Mg/Al catalysts

21th Korea-Japan Joint International Session

2017

Shogo Kumagai, Tomoyuki Hosaka, Tomohito Kameda, Toshiaki Yoshioka

H2-rich syngas recovery and toxic HCN removal from N-containing plastics using Ni catalysts

9th International Symposium on Feedstock Recycling of Polymeric Materials

2017

Shogo Kumagai

Pyrolysis 1 : Methodology for conducting analytical pyrolysis of polymers

Special lectures for Department of Chemical Engineering students and staffs

2017




10 Workshop

2018

Shogo Kumagai

Tandem p -reactor-GC/MS for evaluation of solid acid- and base-catalysts performance

Frontier Seminar

2018

2020

560




