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Study on properties of porous materials prepared from waste bamboo
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Abstract: N-doped porous carbon is prepared by one-step pyrolysis method with waste bamboo, a kind of N-
containing buildings scrap,as precursor and KOH as activator.The obtained samples are characterized by means of N,
adsorption-desorption isotherm, XRD, XPS and so on.lIt is found that the samples are mainly composed of micropores,
showing a large specific surface area and high nitrogen content, which can provide abundant active sites for
electrochemical CO, reduction reaction.The electrochemical test shows that CO is the main product from reduction of CO,
by N-doped porous carbon samples. Faraday efficiency of CO can reach up to 75% at an overpotential of —0.78 V.
Moreover , the sample has a good stability.

Key words: spent bamboo; micropore; CO, reduction; CO

B Tk F A Lok, KA CO, We B 2RI i,
i 2 7T R 1 o T 2 A K HL B & 1) — R B IR B )
I e SR AR R A TR = I K 73~ o ] 2
KA Co, MR AR #1482t T COo, iR
BAFE(CCS) HAR 0 CCS 1 CO, MRl A —Le )
FORE T AR A5CR 22 A7 A6 M U 1) e AR 55 TR
AR CO, MBERAAR SR T AR KM,
¥ CO, Ak T LLA]H 85 K an €O, HCOOH |
CH, .C,H, % AU nT 2% fif Al U5 ok 1 Jsy 1w, [ s ]
FEARR A CO, MR EE . SR & Rt A Ak ik
JR4E CO, MIFEB AR, Bfb22i8 )7 o, BT
WA TR BAE T SR A s R, AT
fR TR fEad R, B A 2R RN
WAL T H AL 2E A R CO, IIRFTE , fed Wiy
REE SEAY KSR EY, SR Au,Ag
P AL ASOR 2, BEAE AR A3 L3 TR CO, Ak
WIEA CO L H T 5t 4 Jd (o FH A i, AR KR B I
B TR Y FEE SR 4R P, Sn BT CO,
SRR PR, (H X AL 7R 25 5 G165 Cu 2
— Rl CO, IIE MR S G W &R (B

W JFE =Y B 22 M L, TR — Rl R
BRI R R R M e AR R H R
AR AFP A A O ARk B FL AR 5 R
Iz e, i FIHAR S 0 AL R RE A B2 15
R P A PR A, U2 DU 50 A4 ) A i SR AR 1 45
B SR T SE B S F A AR
S SRR AR REAE A B 25, R A% R 7 (i
N.S P B) %t bkl A7 el v, AT KR £ w5 ik A4k
AL RR , i N A FLAR 48 N BRAKREF 2™ |
B F BAOKAE A5 SBUS TR CO, B RACE
B A S B AT R R 3 AT IR A, KOH
R s A 38— AR A R B e 21Uk,
) LR AN L & B T R A PR AL s it O,
RN KA CO, mikBEPE IR JF A CO .,

1 LRI

1.1 #R5RF

JEPTA WL TAER KIS ey A PR Al $h iR,
SHTEl, PP AL T e A BR S w) A 77 s SR AT i
PR, Sl BiThr T G0 A FRA v A OB, O

I fs BHH#A.2019-06-18 ;1€ B H A :2020-03-10
E£WH . HRARFHAE 4L (51408346)

TEZ B AR (1982-) , 55 W4 fI#Z , EEE AT 5 @A R &, I R A, gaoruidong998@ 163.com,



- 110 - A AL T

Brali, [ 245 45 Ak 270 A R\ AR 7 S H i TR
BT, W TR R BB AT BR A B AE S 5%
Nafion W, 73 B4l , /R AGFRHEA FRA R A2 77
1.2 SIS A R 6l &

FREL 3 g JRAT AR 3 ¢ KOH & THepheh A
60 mL K&K, =l TR 12 h J5, T 80°C HE4H
TR AR BT S E A RUA B
700 .800 ,900°C 4% 60 min , [5 2 % Yt J5 B RE 5
A3 H 1 mol/L HCL FIZEIB /K Ve 2 Pk i T
8OC AR 45—, A3 BN BIFEFIE N YA-x, H
o FRIEALIREE (700,800 ,900°C ) .

ol 5 TAEE L B 10 mg F3REER (10 mg &
HLf Ky .80 L Nafion ¥ Al 1 mL & BEIR & 875
1 h J5, 80100 wL EA WU TAC L BT 5 1F TR
R, U TAE AR AR A T 300 1 mg/em?,
1.3 F=YIRMLE

F A E Bruker 4 77H) D8 Advance X SR AT5}
AL (XRD) X Pt 75087, Ko 48T (A =1.540 6 A) ;
FI 36 E SR 2R KA 77 ) ESCALEAB 250X ( Al Ko 5t
2 e RE IS O 7= Wy i AT FRAE ; A 36 [ 22 50
A7) ASAP 2060 HY I FiF AR~ 196°C T A it 114 L
SERRFEIEST N, WBE R IR 2 AT
1.4 HBEAFENR

S0 B AR R AE — AR R ) RS 2 L A
HREA T A R 2 Z (8] L Nafion 117 JERRFF, = b
HL A Ag/ AgCl HLAR , X HL AR oA 41 22 F ., P A
0. 1 mol/L KHCO, iAW , M FF LA T, ] A 2538
20 min [ CO, SAMRMH B I 1Y) CO, MR, Fh
B, CO, “SAARLL 20 mL/min F4) 3 8 7% S5 AS W i A
PR 2= S H figf el R 1R S B8 AV B Fi CHIG60E
AL TAEVE 52 B, CO, 8 R B A 7= )l 22 5 AE
7820A SAHEIEACRI , aof F R R (1) Fe ik
AN T A] S LK (RHE ) B HL 3

E(RHE) = E(Ag/AgCl) +0.210 V +0.059 1 V x pH (1)

S R TSR B I P R (FE) TR

FE =(z-n-F)/Q (2)
Horr oz S AR B 7 ) B 1 L TR R A s A
P B IR F oA R AL (96 485 C/mol ) 5
Q AN R R S far &, C

2 ZFR5WHE

2.1 HREHSH
P it R 0% BT — o B A5 L4 R XRD &L
B 1R RS FLAS R R v A AU B B 26 1 A

F405FESH

o B 1 Ca) TRTLAE IR 2 5 e R it 2k
[ VEEAT Tty A 00, L R0/ O o A 2 AU 1 A % T
F1(NF 0. 1) Tl T, i B X s SRR R s T
I RIEIR 2, RAMAB EZH <2 nm MR FLY
B AR LRIE 1 (a) AT R B, SR E N 700°C
L TFHE] 800°C , FF: i 14 Ll % 1T FURN FLAR FHE 2 34 K
YA-800 i Lt R AR LIRS K, 43008 1 641. 5
m’/g F10. 85 em®/g, MIREELELE F T3] 900°C I,
BE A L 2 AU FLAAR R T B, 1 PR A i B A
FLEEFG IS 1E B

e

2

F500[ e ‘
‘g’ 400 . ..L._.,_..—..-‘;—o—a-m—a—u-&l"?‘"’
= (...-' 1

s

02 04 06 08 10
MXTEII(p/p,)
(a) Ny W2 BFF - FBE B 45 2%

-

3

R B /a.u.

10 20 30 40 50 60 70 80
20/(°)
(b)XRD 3%
1—YA-700;2—YA-800;3—YA-900

Bl 1 FE Y N, R B S 4 fn XRD &%
1 HRALSHHENESE

» Spr ™/ Vou®/ Y
(m*+g™)  (em’g™)  (em’-g™h) %
YA-700  1156.7 0.59 0.47 3.17
YA-800  1641.5 0.85 0.74 2.68
YA-900  1448.7 0.73 0.62 .83

I ORIE BET A3 21 HY LR B @ SAL IR B OMRAE 1-plot
S BE I E{RE N

HE 1(b) ol LA A A A 2
PR G 06, 43 0 02 A T 24.5° 19 (002) U Fifir T
44. 2°111 (100) W, 8 A S 81 R J0 2 Y e 4 L, HL
PR R WEEERTE , N RE L B JC R BERE

R 1 AT A A R0 it o 5 I A A ek B )
ThE i R R, P IR N 700°C T 5] 900°C , A%
BN 3.17% 5K 5] 1.83% , B BRIt & A



2020 5 B

T TERSRE R S5 K o T B BT RE A
FOCRBIFAEIE 30, MRS EAT T XPS 20, 46
WnpE 2 froR, mlE 2 Al RIE L B AR i 5RO
R LA e G, nik g AR W R A
FEOTI s SRR E 1 T 3 R e T R A
% T AL AL NE R B BIE S 2 A AT Co, Hifk
i DE AR e e 5 WS B - Bve DN D T
HII?JEM‘%J CO, I JFHHE S BT IE AL 1

SR PE /a.u.

[\S)

392 304 396 398 400 402 404 406 408 410 4
Ak /eV

(a) YA-700

IR /a.u.

1 1
392 394 396 398 400 402 404 406 408 410 412
giafE/eV

(b) YA-800

R /a.u.

1 1 1
392 3I94 396 398 4(I)0 4(I)2 4(I)4 4(I)6 4(I)8 410 412
Z5588/eV

(¢) YA-900

B2 YA-700_YA-800.YA-900 ty N1s XPS &g

2.2 CO, FIFHEES T

FEL Y CO, 3 SRR AL TG P 1 X e 25 SR an A 3
fiis, M 3(a) Ral LA, YA-800 (17 P B
L, 7E-1.0 V EF R B A -3.7 mA/em’® M L Z
T,YA-900 Fl YA-700 FyHL % R -2.4 . -3.7
mA/em” fl-1.8 . -3.7 mA/em®, T 7EH L FE
JiCO, Byt BR CO, B B LLAN , A Al it G b
23R ARV TR B K F AR D A 1 1, BRI
K HL 22 R 7 CO, 1Y H Ar il f2 2 — 15K CO,
AN H, 7 A B R A G B R TR R
BN TERX— R, HE3(b) ATLLER, EASR

BPImAR : RTIARBIE 2SR R H I ERETA R - 111 -

MR, A &SN &4 7E CO, MR iR

o R AEFE CO, 3 JE N FIATT S N, S AR FE

TE CO, TRARAER H 0 L 7 2% B K F7E N, IRV W

T L ULEIAE S B CO, B JRPERE

—1.2 —1.0—0.8 —0.6 —0.4 —0.2 0.0 0.2 0.4
BuL::x - TS

1—YA-700;2—YA-800;3—YA-900
(a) BERR AL AR 22 4]

ﬁﬁ

-1.2-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4
PuL::k - VA
1—CO0, ;2—N,

(b) YA-800 7£ CO, 1 N, MUk h YRR &
B3 BN &R 2 E A1 YA-800 & CO, #r
N, L frE R Py &R L |
RHERFERERL ) CO, I JFHERE , X H R A7 iy i R
PRI 3k, 118 T 38 TR P ) B Tk B L O BROR
(FE) 258K 4 s, B 4(a) FIEI 4(b) ha]

o
S

L P2 BE /(mA - cm™?)
LN

|
Ul

L o
—

|
N
T

HL 3B /(mA - cm™2)
L

|
W
T

80
g 70}
% 2
§60— 3 \
& 1
# 5ol
40— 09 -08 -07 -06 -05
ARV,
(a) CO, WJFH CO MIECRE
60
® 50t 1
X 5
g a0 :
&
# 301
0—5 09 08 -07 -06 =035
SUL:k T
(b)H, #RE

1—YA-700;2—YA-800;3—YA-900

K4 CO,#®JRE N CO x| A H, K EHE



112 - A AL T

PVE i 72 CO i M -0.5 V 34
F]-1.0 V,CO ) FE 538G R, YA-800 (1) J5
R, 7E-0.78 V B L3R, CO 1Y FE e
ik 75% , I YA-700 Fi1 YA-900 £ J545 CO ) FE
R 67%HN 65%, X —&5 Rt — L uE KBy L 5%
T AR 7 1A R0 1 4 B A BV D, SR €O, 38
MAREIE A R T AR TR ES
CO, M, M AEAT &0,

WA RE A FEL A 25 305 4 2 T RRUAT sz e G A b 38 i
CO, FIE M AR H b 2 3% 1 3R T AR = A RE 3 T 1Y
HEAE R EOOM L Y JL A TR AR, T AA R AR HEL RS 2R 20E
LT AR B R J2 H 25, R Bl G AS R i e B S
FEL L 285 B85 1 O R BV AT SR AR M R %) XL R 23 FL 25, T
HER L Al M R T AR, A S B S R 5 R
FERER R YA-800 7E-0. 78 V A2 M ik
ZERMES Frn, HES5(a) TRTLVE A YA-
800 XL 2 L 2 5 K, A 18 mF/em’®, 1] YA =700
FYA-900 A RHLJZ HL % 43 501 AT 12 mF/em® Al
6 mF/cm’, Bl YA-800 f#{Lif )5 CO, AR AR .

2.0

—
=2}
T

—
4
T

12(mF* em?) 3

2I0 4‘0 6IO 8I0 1(I)0
HIHEF/(mV-s7!)
1—YA-700;2—YA-800;3—YA-900
() RF S I T 1 R 5 5 L T 28 B 1 DG R A

LS B /(mA * cm™2)
o o
%

e
=)

0

|
-

o)

=]

=3

S

W [
i

[=.}
(=)

I
w
N
(=

| e A

1
£
T

H L /(mA - cm™)
s 5 r
BRI %

0 4 8 12 16 20 24
I [E/h
(b) YA-800 7£-0. 78 V T A% M I 151

BS5 FENARERSERTENX REM
YA-800 7£-0.78 V Tt £ 2 M | 3 1A

FESEBR I Y AR AR e R R —
HENFIER R, K 5(b) Hrl LA ik TE
24 h N E AR TR, iR )59 FE
XA E , I RE S YA-800 ELA B IFryfEibia &
P, BA W AE R A FHANME
2.3 CO, FEHEHH

HL AR S5 CO, Y Nl B v X £ 20 i1

F405FESH

FXF SR, SR JE PR CO R e B, HoAb B
R L CO, 431 SE I A A A0 R 3R THDE ) CO,
A (o o RN TG A A5 5 Hk €Oy 51 A
B F L X R A R R 3 A fe] f& (COOH "),
COOH" # 1M 5 7 — Bt F W+ X & Wi, A B
HOCHO * Hr[alA | i1 F HOCOH * vh [l 44 1) 1k 2 K i
PR 2%, Gy Wi KTE B CO ™ Hhrfa i, CO ™ PTG PE A 55
JiE B T SR e L B CO 7=, a6 TR 10
HO—(II—OH (|:=O

0=C=0 po;o- O=C—OH v o

K6 wmAFAR CO, &K CO By R Fr&EAE

3 it

PURESRUZARR I A7 A A Hi B4R, KOH Sy 7% AL 5]
SRR B0 — 28 i ik il 4 1 S R L B AL
A, R 3 TR AR i A 3 e A 70 2 B0 A
S CO, AL I PERE, 7E-0. 78 V B L T
CO MR JE RO e, 1K 75% , HAEALTR E 1k R 47,
XA B 2 15 010 % A 2 LB AL Sy U Bt 45 s LA
B 5 CO, $RBE T IR, HAT AR A TR

S 3k

[1] Long C,Li X, Guo J,et al.Electrochemical reduction of CO, over
heterogeneous catalysts in aqueous solution: Recent progress and
perspectives| J].Small Methods,2018,3(3) : 1-20.

[2] Aresta M, Dibenedetto A, Angelini A.Catalysis for the valorization
of exhaust carbon; From CO, to chemicals, materials, and fuels.
Technological use of CO, [ J].Chemical Reviews,2013,114(3):
1709-1742.

[3] Chen Y,Li C W,Kanan M W. Aqueous CO, reduction at very low
overpotential on oxide-derived Au nanoparticles[ J ].Journal of the
American Chemical Society, 2012, 134(49) 1996919972

[4] Agarwal A'S,Zhai Y, Hill D, et al.The electrochemical reduction of
carbon dioxide to formate/formic acid: Engineering and economic
feasibility[ ].Chem Sus Chem ,2011,4(9) ;1301-1310.

[5] Kuhl K P,Cave E R, Abram D N, et al.New insights into the elec-
trochemical reduction of carbon dioxide on metallic copper surfaces
[J].Enersy & Environmental Science,2012,5(5) :7050-7059.

[6] Pletcher D.The cathodic reduction of carbon dioxide-What can it
realistically achieve? A mini review[ J].Electrochemistry Commu-
nications, 2015 ,61:97-101.

(7] Song Y, Chen W, Zhao C, et al. Metal-free nitrogen-doped
mesoporous carbon for electroreduction of CO, to ethanol[ J].Ange-

wandie Chemie,2017,129(36) : 10980~ 10984.
(T#% 116 M)



+ 116 - A AL 5540 B 5 8
ol 5%
§ 0.8r
¥ o6t U] SRR, B 5208 5 L — 46 0 4 A 1)
Roar L2241, 1995, 11(9) . 781-784.
02 (2] Ek, XUBVR, 20 A — A B s PO GE D). T,
0oL AL AL 2008, 16(8) :23-25.

200 250 300 350 400 450 500
MREE/C

K6 20Ni/Zr0, # {7ty CH, #FEF

470°C K, CO 56Ab R E 1k 90% , CH, BEF 1A 98%,
LA E e, ULH Zr0, B IRAE E T BRI
BRIL H e Al Ak R AT L

3 #£ig

(1) DA 7 WA AT IRAA , 2K S DTTE T,
PEG-6000 43 Hi5, @i Ui ke A T A
BT R AL 700, 2R IRHT R

10 3 B PR R R I A8 SR 4 Y o e LR
AR Z AL 2r0, BURBYIRAE T 2550 AL B ik
JEH 0.6 mol/L. 4 HUF 3 £ — - 6000 [1) 5 & K
3 g JIBIFTESA 30 min JKEBERE] D 2 h, 520 ZrO,
AR Eb 2 T AR = DR 20 R (], LR R
AR T B Ao FGR  i s be s[RI RZ M AN K,

(2) 3 A ok B2 43 A7 2 F XRD  SEM. 25348
HERT AR, ik RS 8 Zr0, SEXRAR/N H AT A 44
5] EESE KM | LR IEUK & A 1E A
AL Y 2 A

(3) K 20Ni/ZrO, 19 etk f Al s 14 2 3, 3
RIS TR, A ZeO, A Nk R IR AR E R R AT
R B R e Ak e AR 2R AL

(3% 112 1)

[8] Kumar B, Asadi M, Pisasale D, et al.Renewable and metal-free car-
bon nanofibre catalysts for carbon dioxide reduction [ J ]. Nature
Communications, 2013 ,4:2819.

[9] Zhang S, Kang P, Ubnoske S, et al. Polyethylenimine-enhanced
electrocatalytic reduction of CO, to formate at nitrogen-doped
carbon nanomaterials [ J ]. Journal of the American Chemical
Society,2014,136(22) ;7845-7848.

[10] i F,Xue M, Knowles G P, et al.Porous nitrogen-doped carbon de-
rived from biomass for electrocatalytic reduction of CO, to CO[J].
Electrochimica Acta,2017,245.561-568.

[11] Li W,Herkt B, Seredych M, et al.Pyridinic-N groups and ultrami-

cropore nanoreactors enhance CO, electrochemical reduction on

[3] Bl b B 9K B R R 2 1 1 45 S PEBERF X [ D). K
¥ REEBL TR ,2017.

(4] E&, XVEH 0% 55 A —F bl s S RIELT]. Tl
1k ,2008,5(29) :22759-22776.

[5] E&h 5T, 3RS KRR & HRIE BB IRmBrsE[J].
RERRERIE R ,2013,32(5) :936-940.

[6] Christian M P, Dong G, Hrishikesh et al.Influence of preparation
method and doping of zirconium oxide onto the material characteris-
tics and catalytic activity for the HDO reaction in nickel on zirconi-
um oxide catalysts[ J].Journal of Catalysis,2018,365:367-375.

[7] Daniela C D S,Sonia L, Luiz E P B, et al.The Ni/ZrO, catalyst and
the methanation of CO and CO, [ J].International Journal of Hydro-
gen Energy,2012,37.8923-8928.

[8] Liu Q H,Dong X F,Mo X M, et al.Selective catalytic methanation
of CO in hydrogen-rich gases over Ni/ZrO, catalyst[ J].Journal of
Natural Gas Chemistry,2008,17:268-272.

[9] Liu Q H, Dong X F, Liu Z L. Performance of Ni/Nano-ZrO,
catalysts for CO preferential methanation[ J].Chin J Chem Eng,
2014,22(2) :131-135.

[10] &FEET. AL B G OR AR Y K P R PRI 1l U s 3
ELD].HFR : AR K, 2012.

(1] F & 3R, B R PGk B8 S B B mrsE [ )]
FERRERIE 42 ,2013,32(5) :936-940.

[12] X7 90K AL ORL Y G S8 LB R 58 (D). 118
ARAEER:,2014.

[13] BHZAR, D0, S, 55 490k — S0 HE i) o 5 PR 1 T BF
FEHEE[T]. 5 HIfE T ,2014,43(9) : 1694-1696. 1

porous carbon catalysts [ J]. Applied Catalysis B: Environmental
2017,207 :195-206.

[12] Thommes M,Kaneko K, Neimark A Vet al.Physisorption of gases,
with special reference to the evaluation of surface area and pore size
distribution ( ITUPAC Technical Report) [ J].Pure and Applied
Chemistry,2015,87(9-10) :1051-1069.

[13] Tian W,Gao Q,Tan Y et al.Bio-inspired beehive-like hierarchical
nanoporous  carbon  derived from  bamboo-based  industrial
by-product as a high performance supercapacitor electrode material
[J].Journal of Materials Chemistry A,2015,3(10) :5656-5664.

[14] Chen Y,Li C W,Kanan M W.Aqueous CO, reduction at very low
overpotential on oxide-derived Au nanoparticles[ J ].Journal of the

American Chemical Society,2012,134(49) :19969-19972. 1



