202145 /] &k LAk 2= i 552 % 45

doi:10.6041/j. issn. 1000-1298.2021. 05. 029

Y B B8 M R T 7k R 5 M R AE 5 48 TR B L 0 B 5%

FRA Fh4 RER & KK axsl
(L AR T B R 22 B, G H 130118; 2, HHBOK M2 52k TRER , o3 N6ASBT
3. M A A 2% 5 PR R L R 130118)

FEE . LB KRS FE R EURL, SR R [R5 4 50 (10% F1 30% ) 1 Al 19 V5 T 76 K 35 AL T J5 SRR 5 0647 i o Ak 3, 4%
A PR 25 40 FEAE DA A5 TR A AR IR B By 2 AR 4 2 R BEOE TR TR A AR R K AR R o B 1 I AL
il SRR, 4 R BT A 3 B R AT K B R 3 2 T8 B E B & U L, K B R AT, 46 HNO, 0 1 75 AT ¢
(10% N —JG F130% N — JG ) S FHLKS 2 1L 1 R B LMK B W FLES ), P B B T = 4 87 I R R H s 45 4 5 7K
RS , % HNO, BUPE RS FF 56 (JG — 10% N Fl JG —30% N) 7 A4 T Kt A A 450 R SFAHE B AL IFTE R T =
AT F /N R SHOTRZE M . Tl ad %F 2 B, 10% N = JG #1 30% N — JG Xt 4% 8 7 W B 28R e i, 20 BIAE 3.5 h M 3 h
S5 B % WS- A5, B 6 5 A W 0T 3 247, 51 mg/g A1 280. 09 mg/g., 10% N —JG F130% N — JG ¥ 55 & W — % A~
P8l AR L S Freundlich 55 3 W RS 2D | 350 BA 49y 380 9™ IORN 1k 27 W B 26 0 0 O B oo AR b A VR IR S B O
G L, R AF K $A e 32 A G A U RE AT I 1k 2 W B R IBE B K P A B R R AR W R LS M TR R R F A R T
i&/\;'ﬁm:*ﬁv\]%{%,ichW%B?Liﬁiﬁ’fﬂitﬁler%%%%ﬁﬁm%,Mﬁﬁﬁiﬁﬁk?ﬁ&ﬁﬁ%%‘%ﬂ@%iﬁzﬂﬁwo

S BEAF KIS s AEARERE s SR SIS
hESES.: S216 SCERARIRED: A SXEHE: 1000-1298(2021)05-0267-12 OSID; bt

Structure Characterization and Pb** Adsorption Mechanism of
Nitric Acid Modified Hydrochars from Straw
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Abstract; Corn straw was used as raw material, and different concentrations (10% and 30% ) of HNO,
were used to modify the samples before/after hydrothermal carbonization. Pb** adsorption mechanism of
hydrochars modified by HNO, was studied by the results of the structure characterization, isotherm
adsorption model and adsorption kinetics model. The results showed that hydrochars modified by HNO,
could form rich oxygen-containing groups. Straw carbon modified by HNO, before hydrothermal treatment
(10% N — JG and 30% N — JG) presented rough porous surface morphology and developed mesoporous
structure, forming three-dimensional disordered large-scale microcrystalline structure. Straw carbon
modified by HNO, after hydrothermal treatment (JG —10% N and JG —30% N) produced a large number
of micropores with uniform distribution and similar size, forming three-dimensional ordered small-size
microcrystalline structure. 10% N — JG and 30% N — JG had the best Pb>* adsorption efficiency in all
samples, they could reach adsorption equilibrium at 3.5 h and 3 h, respectively, and their theoretical
maximum adsorption capacities were 247. 51 mg/g and 280. 09 mg/g. Pb’" adsorption of 10% N —JG and
30% N — JG was in accordance with pseudo first and second-order kinetic model and Freundlich isotherm

adsorption model, indicating that physical diffusion and chemical adsorption were equally important in
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Pb’>* adsorption. It was found that hydrochars mainly depended on the chemical adsorption of oxygen-

containing functional groups to remove Pb’* from water. The well-developed mesoporous structure was

more conducive to Pb’" entering into the particles, which increased the capture probability of oxygen

groups on the internal channels to Pb’" | and ensured the efficient adsorption of Pb’>* by hydrochars.

Key words: straw; hydrochar; nitric acid; structure characteristics Ph*" absorption
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Fig.1 SEM images of straw hydrochars obtained by

(d) JG-10% N

HNO, modification and unmodification
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Fig.2 N, adsorption isotherm of straw hydrochars

obtained by HNO, modification and unmodification
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Tab.1 Pore structures parameters of straw hydrochars obtained by HNO, modification and unmodification
ZH 1G 10% N - JG 30% N -G JG-10% N JG-30%N
EHA/ (m?g") 10.512 211. 410 194. 390 245.210 272.370
MAR/ (em®-g™") 0. 020 0. 188 0.245 0. 151 0. 168
ML/ (em® g7 1) 0.018 0.077 0. 066 0. 103 0. 139
P/ (em® g7t 0. 002 0. 111 0. 179 0. 048 0. 029
-1 4L4%E/ nm 1.014 3. 644 5.717 2.427 2.094
2.1.3  SRIKRGE R 5 BT MDI jade 5. 0 %4 % i 4 XRD [ (1) 002 i F1 100

KA X S ATk (XRD ) AR HNO, 2k Fin ok
OV RS R K B 0 A S5 A, S5 SR AN IET 3 TR
JIT A AR i XRD BT 35 0 7 T A 25 407 5 W B i 249 1
T2 AR, B 002 16 (260 0 20° ~30°) Al
100 U (26 Sy 35° ~55°) , 1k W] A6 A [ b 8 Ak B 4% F
AR AT o BB G T W R R AR Ss R  E—
A WIF T A ) A e Ak B AT 2 #5145 4 A2 A, A

U EAT 4 A AL B, I By Bragg i £ Fil Scherrer 24 11
B EARSE AR IE 2 iR,

H 2 AL, 5 JG A, K #ET 28 HNO, Bk
JI A3 R FF 5 (10% N = JG F130% N — JG ) Wl i A )2
KBE L, HERUREE L RZ IR do, ¥ 10 35 35 K i F
YR 28N W —H o o KT HNO, &b B 508}
FE, A7 R H 4% L F BB R B R RS E B
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Fig.3 XRD profiles of straw hydrochars obtained by

HNO, modification and unmodification

2 HNO,B MK BEMNFEF KKK XRD S
Tab.2 XRD data of straw hydrochars obtained by HNO,

modification and unmodification

5 L/A L./A dogy/ A N
(¢ 16. 96 13.03 4.53 2.88
10% N - JG 17.35 13.33 4.89 2.73
30% N -1G 17. 81 13.72 5.22 2.63
JG-10%N 16.78 12. 88 4.56 2.82
JG-30%N 16. 54 12. 61 4.61 2.74

—ERE R T RS AT A T A R R 1, B 8L
TE K IAFR BT, HoB B 242 0 5) M 3 R34 25 /N Bl
PR B K PR BE B T8 TS SR 2 K i
J2 17 B 0k — 2 1 K 5k S /N A BT 2 ) B 3R A B
SR , B A PR MR A R A mHERT L A
41 ,30% N — JG B b 45 4 2 B0 AL B o W] R, X
UL 5 vk i HNO, &b B8 FURHRS FF 5, 5 A R T /K 34
B A it i R L 4 R 1 i SR S Tk L s ) &%
a7 A 3 AL, S B R RS R T AL R
JE B o %k T K U5 HNO, B vk BT 45 R A
% (JG—10% N F1JG —30% N) , H s 5 B 2 K B
L, HERUSEE LAY R 28 N 200, 1 2 18]
B oo, W 48 38 0, 3X S 1 T HNO, B %] it /K $4 5%
(JG) Ty F 2 30 % 00 R A B ST, 9F A IR 4% il
S UE RE AT (RIS o 7 ) A AL B, {68 2
ROSFUN . AN HNO, AR B A3 BE 5 25 B i A
J2 i) B 2 B, S BOR )2 1) BE R R PO ik — B B
Fe % B, R 1 10% HNO, Ab B K $a% , %f He il 5 4%
B 52 A A B, S T JG B &0 3 A Bk R
IO /B T R E A Ak e = 4 R T4
B RS R B, BOA 7R W 30%
HNO, i 58 S8 A0 A5 R, A A 2E— 2 o 28 K R % 1
R 2 RS R 25
2.1.4 LR T AR A A B

Boehm ¥ 1 ¥ J& 5 T 2 4L #¢ 3 11 A ) 38 )3 12
P B S Al W A S T AT B R AN BT T R

>R I Boehm i 5 ¥4 AE A 45 1) 10 1k ¢ 3% 181 55 1R o
M 55 TR LA K e 1 2 A 9 50, e, NaHC O, 43 H Al
R, Na, CO, H MR 56 AT A I 2, NaOHL A HIAR 2
PR R R R0 o P T SR T AR A i 3R R R e
P % 2>, il NaHCO, \Na, CO, #3050 25 b FI 45 5]
FRAE AR Y A A2 R 22 RS I AR . SRR AR
Y& Boehm 352R Fl NaOH i ¥ 98 b 190 4 ¢ 3% 10 R
PN R R R 3 RMRVEE R Ik,
HNO, B R 51 BT A5 7K RS AT 2% 19 3% 40 B BiE
Rk 3 fion .
x3 HNOMMMAYEMBEFARAKHNES
BRANE(REERRE)
Tab.3 Amount of oxygen functional groups of straw

hydrochars obtained by HNO, modification and

unmodification mmol/g

25 R Ak PA TG 193 42 P2 A1 s 1A
JG 0.11 0.09 0.13 0.33
10% N - JG 0.24 0.13 0.11 0. 48
30% N -JG 0.38 0.20 0.07 0. 65
JG-10% N 0.15 0.12 0.13 0.40
JG-30%N 0.20 0.19 0.21 0. 60

A, REPERE K  (JG) M IR PE & 48U H g
P B (J5 R RV BB ) 2 0. 33 mmol/g, v R 3 |
DAY T 5 R T 5 ik 1 B R A . A AT I Ok, R FE 2 R
55 A R R R O B N MR B AL R Y <4 Ry T4
g I TR A K AR B R RS AR R4 T 45
) C—C HARZS 7 W 24, OF A2 L 2L A 4 /0 3 0 34 25
W RREEBEA Y, e X ERBY S —4
SR R (TR RN S BT, TE RS AT A R TEIE L T
EHEEEREM Y L RIE, KA 2 HNO, Bl BT
EFEFF B (10% N = JG F130% N — JG ) (R PE & Al
AE A S 3G in % 0. 48 mmol/g il 0. 65 mmol/g, 435
J& JG [ 1. 45 %A1 1. 97 £% 5 55 N T8 50 1) 3
I 51 RE A A G 0 R A R
S R R, AT R S Y R DN T R R T R W
W o S HTIA A BE 2 HNO, ¥ BE (1 38 i, Fs AT K43
TEE R i SR K A R b 28 U 2 1 3 R
EREH, I R L B 00 AR b 5 R I Y ] BRCRT 43 R
A R A AR R e R e R AR ) R R T fig
J 7K A TR T, 7 o 2% T8I 1Y) R I AT LLAE /K ¥ WP oK A
A A R 5 T L B Boehm 33 A2 I G AR R B it
WY A e o T B S R AT 5 1t 1) T I AT R A H A SR
T2 R 9 245 i AT 4 0 PR G R AT BT 30 B, K A
J& 2 HNO, gt Pk B 15 %5 #F ¢ (JG — 10% N 1 JG —
30% N) ()R 1 & 40CE BB F R 3 im % 0. 40 mmol/g
F10. 60 mmol/g, 43 5il42& JG (1% 1. 21 f5F0 1. 82 4%, H
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JG —30% N YR | PN TR S 1 5 R 1Y) o RT3
TEAAH T . BT IA Sk, X s AR L = %5 HNO, 19 1k
SEVRIE A Y G Fe i LI B L Pk s
Z% 03 g FIBH 2E | ok SE AL B A sk N BE FT BEAE 7E
KERE NEREMBBEREESTAERA., A
HNO X 33 56 28 it (1) 21 0t 18 B, 00 28 5 0B BE A1 8t
22 7% 0ok, UTTT S B0 Boehm J 22 5 45 I 1 JG —
10% N F1 JG —30% N & 55 fe A vk B2 3 .
2.2 FEFFKBER XS E FIRMHLE
2.2.1  FEFFAK I KT 5 1 B8 B R

AN ] el A Ak B8y A5 A 7K B e X 8 1 14 o Bk
FTANFE 4 PR, H O, T AR St RS A K $ok
(JG) S5 , 7 A [m] W Bt i ] 25 F (2 h #1120 h) ,JG

PR B O B S 0 2T 02 T A MR S T B IRl B
P26 43 T AT A1, G R H 35 i B R 10,512 m* /g,
HEHF—EENIRMEE ST A (0.33 mmol/g),
SCHR[39 W FE R B, A= i v =E 8 1 R TS AR R
RS 55 4T R VR 5 T 4 R B T8 BUR JE 5l
SR G (RIS RN ) , AT A 50 b 25 &
Bl YK E S S ST Wi, JC £ %
WAE R TR & AU E RE ] 548 T R A 4 A R
N B B 7K R RS o DR W B RS TE] SR 2 h AL DG
XA B T R Ol 58.2% . BEE & AE REMT IR
WY E , R AE K W B B[R] 22 20 h, JG XA S T Y
W B AR A 66. 3% , 44 fin e 1l J2 Jir A5 A i
/NI

&4 HNO,MMMARYMMBEFKRRKIEE FHRERE

Tab.4 Pb’* removal rate of straw hydrochars obtained by HNO, modification and unmodification %
Bl
W% BiF A () /b
JG 10% N - JG 30% N - JG JG—-10% N JG-30%N
2 58.2 +0.44 78.8 £1.02 85.7+0.76 71.4 £1.21 65.1+1.42
20 66.3 +1.15 93.7 £0.61 98.5 +0.28 82.3 +£0.37 74.2 +0.25

Hok, T K AT 28 HNO, 2k i 15 5% FF 7K 4
B, 6 M ) I R B 1) £ 44 R ,10% N — JG i1 30% N —
JG HT B O B 2 0h 2 802 0T A FE b e 1Y o
B X 4 B T B B A R T 3 B B
& )R Bl R B R RN RS SR
Al A & 2B RN 5 A1 3R 18T R 36 P 67 88 (% AU e AT 3k
WIS, 4 8 B i oK | AL e e A4 RE Y AR T
s A ) B 5 L PR R I P L AT AR O
TRV W B B AR BOR, T R A S T fE A
BT 30, W8 B A R P 236 e v 1) FL AR RO I Sy W B Jo
ST EAR LT ~3.0 4%l BRI BR AR A
FLCR A oL ) 1 2R L AR ROSE X 45 8 1 KAk
FE e M 2O EZMAE A . i BAR S5 ) 43 A AT
ALK HNO, Y BE /3, 10% N — JG 1 30% N —
JG 1 R fL 7 B RN ST 34 FLAR 2388, L B DA S B 3
FALMTE e, FLIB A B %8, B S A
AE A ECE W] a8, SCHR[40 ] & B, 4 W B 52 596 5%
fFpH {E/NF 6 B, By B 7 4 KIS Wb 2 D
[Pb(H,0) 17" FIPb* " JE R AFAE, /N B K & Y S
FH B H AR5 0. 264 nm A1 0. 802 nm
HOR 2y 4 nm 1 v L2 W BEE A RE 2R A7 8 1 I FfF A
FEG I, P, 7055 2 W B AR, 2 i B o A
F|—EFEEEN),10% N — JG F130% N — JG HfL 451
1) 7 E T {85 12 B 400 1 LR R 25 T AS 208 e AL T, 4
TR BT AR BT A KT K AR A Rk N R
TP B A B R B PLR B T AL E

TECE e F WL R o R 5 B B T M R
FE Tt

5 AT K UG 2 HNO, BCPE BT 75 5 FF 7K $4
K U, FE AR R W BEE A ) 2% 4 R, JG - 10% NN
JG—30% N (5B T LR R IG 4 AR T 10% N - JG
F30% N -G, AL 3 Hra] 0, B HNO, ¥k
FE R, JG — 10% N 1 JG —30% N 4 [ 36 1fi #1 2
JIT AT AR b B e 1 AL BRI 2 DL FLE 0k 3=
FLRAL o5 Ll 2 5, S FLAR BN o A3 BTk
9, F JG - 10% N #l JG —30% N ()52 L 12 %%
AR 5 8 1 M L v i 2 [R) i, FL I 01 5
W B 4 7 5, S e PR LA TP AU RE A R — 2B
FUF . B, BIE JG — 10% N H JG —30% N fy
MR Ve & AU E RE A %k 5 10% N — JG #130% N — JG
L, A B F eGSR ER, $35 6 -10% N
1 JG—30% N vy B FLIE b & 405 BE 1A AR R
o E—0MW LB, BR JG —30% N #y b 35 i L
R M o A H R LB R T JG —10% N, H il T
JG—=30% N AL 5t 3K — 3 B S
A RN ERFLIE L A EUE RE A BELAE L, S B0
T3] 8% BT 6 ) 2% 122 R, JG — 30% N Fff 50 5 241K T
JG—10%N,
2.2.2  FEFFIKHRI G EY B W B ) Bl ) 2 7

R 1 — A AN [R) A A BT A5 R FE K B R %o
ST W B AL 4 0 SR FH o — G g g 2% B AR
HE G0 Bl g 2 A TR S 00 ROHE E AT LA, A5 SR

S
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B4 A1 5 (0 g, ., B g, .00 B 7R 5 30 0 78 F 007
O BSR40 P 0 R ) B P 4 ; ;
AT 5 7B 0T 5 25 000 B i 2l
SRy e, B8 7 T I L O G 0 — S
B ELAR ] e b 0 7 455 FF 52 45 B B g - 305 X1
U B 0 A A 25 DG W S

¢ IG

RN TE 3 h A2 A7 AL 5 BT A B S Y 63.56%
169 h 2o 45 A RE 3K B W B P 5. AH T JGLIG -
10% N F1 JG —30% N {1 W [y 2 A5 PR 82 F+, 76 3 h
BF, 43 30 58 W T 45 |7 i W B 578, 46% Al
72.21% BRJ5 ,7E 6 h 1 7.5 h 22457 ik 5] T W% fif
i, 10% N —JG F130% N — JG {4 W% jf w80 2% 5 e |, 43
BITE 3.5 h 13 h A2 47 ik B T W B 43 BTk
Sk, FE W BT T, VR TR R TR R R e R A% I
B R YR R YT R bR AR R IR
AT b Fr SR RE AR 45 4, 2 B P g B
Wi 5 A1 2 1T R B 57 A B R o o Y BT A e A
B FL B HE A DI, FLAE AL T O A
I 2 BT W R R OAS T G, O 3R B R 8 R R
AR =2 - B T O RC R CR VA= S IR I
I 5 3282 23 0 58 BFF 328 23 1 A 45, e 2 3 8 R T
HH LA b 43 1 AT, R PR R B B B S R A
B 22 5 22 5 Rk 1 AU RE A1 B A O 7
8 A 2 B B B, S R o R B R A 25 S R 5 L
FLBRSE A FRAE A O, h B 25 44 R AE 0T A1, JG 1 1R

6 é 1‘0 1I5 2IO 7:5 3I0 55
W Bk e /b
[l 4 HNO, s F A B d: (9 F5 FF K O 1 8 8+
W Bt 3h A R LG it 2k
Fig.4 Pb>" adsorption kinetics model of straw hydrochars

obtained by HNO, modification and unmodification
PEEAUE RE LB AU BRI, FLALBR S AN &5k, AT
S B B A O3 8 W B RS . JG -
10% N F1JG —30% N K 1i B fg A /Y & & A Frag i,
(AALBR AL ES #8 o0 & , AL A (3R 7 fLIE
P B 3% S S TC ¥ A AR T, P A B R R T
B, X F 10% N - JG #l 30% N - JG, J5 K 4
HNO, 2Pk 25 H B s A1 itk Jirl - 0 235 1) S50 574, 7
KSR G 58 ARG G R L R R A
SR BE T AR HE T W R 5 S — T i Bk
I FLAS R G AL IE 25, 328 T W 30 B K 3 0, 1
Kb AR B T4 B8 3K B AL B PN 3B 9E Pk 7 a5 A B,
A B 8 AR T

&S HNO,MMFMAMMMNBFKRBARMNEEFRMANZUESH

Tab.5 Pb’" isothermal adsorption fitting parameters of straw hydrochars obtained by HNO, modification and unmodification

- Co/ e WE— S8 1 2 A e R F1 R
(mg-L7") (mg-g™") qe,(-al/(mg.g_]) ky/h! R? qe,(-a]/(mg.g_]) ky/(g+(mg-h) ™) R?
JG 600 175.85 155.05 0.717 0. 824 177.51 0. 005 0.978
10% N - ]G 600 245.97 238. 14 3.573 0. 940 247.51 0.018 0.991
30% N—JG 600 278. 49 276. 88 2.527 0.975 280.09 0.014 0.989
JG—10% N 600 220. 32 204.91 1.797 0. 900 224. 11 0.011 0.953
JG—=30% N 600 213.94 191. 18 1.517 0. 886 211.95 0.012 0.967

AN TR) A e A T A5 K A X 4 1 T R B
TR &S BANE 5 s, tfE—Z /9 5h
1247 RS ) AT R, UE — W B Bl ) A A A
i R 7K FR R B B 10 T oA = 2 el T G R A
L B R A R T B s v g s o
TR {1 15 7K B X A 8 1 R O i B I S A2
W B A7 1 S A W Bk R B 32 EE DL AR 2E TR R
E X IG UL M H T — 2k 3l g 2 I
WE TR Eh SR B A R L IE HAA TS
Ar W o 5 S BRI (R R R O, BRI G XA S
F1R) W52 o6 ot A 2 KR b 2 W R, S 5 L AR 25
W R AE AW A . XFF 10% N - JG F130% N — JG,

We— SR E G sh J1 R A A R 5w, B
Fofv R AR 4055 T A5 A W R 5 52 o ) {1 2 5 O
U, B Ak B S ) B YT WA 10% N - JG AN
30% N — JG WL B 45 15 7 1) o 7 B[R] FE OC B 1Y 1
MLt — 2 W% kB, B & HNO, ¥k B /Y 35 i,
30% N —JG M — K8l Iy # A R T, FLALA B
A 1487 5 o 5 S o ) T O B0, BB B
BRCTE 7K B W R 4 B9 1 A v i) # P B S X
5 H A5 0 i FRIEAR W) & o T JG — 10% N Al
JG=30% N ({3 — 2 3h J1 2 R LA R 3 8, o4
B BT AT A W B 5 S B (A A B R 0, B
HNO, ¥ B (9 301 ,JG — 10% N 1 JG —30% N {1 i —
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Y I BRI R AR, ELILA T 45 S i 1
A et 5 S o T 1 A 22 B 347 4 K 0 I A A
T T B sk A B O A R S
2.2.3  FEFFIK AT HT B T 110 45 I g f oot A
#i ] Langmuir #& 7% 1 Freundlich # %! % HNO,
T R A A T ARG R K A e W R B AT A TR
WA AR WE S5 Fros, FiRAEG S5k o6 i
N HPELS T, A W RV T A R B 5 ~ 300 mg/LL
UL P, B A TR R G, 5 K SRR R
sl P9 MR A ek 30 347 T 8 EL AN TR) R i 22 T 1 0 R e 22
S, K ENMER A 30% N - ]G 10% N — ]G |
JG-10%N JG—30%N IG, Mk, 7E45 & 1k
etk B R T v I VP B AR R A B R B
eI AE B B T PN 5 K A e 3% Tk P fil
KL, G B B 5 ol 7Kk B e 5 i 1) 5 B O A o 5
T PR 1 L AT B B L o 2 W R SF- A IR  AR E RK
F 300 mg/L,JG #1JG —30% N [¥) 0% ff & £ 28230 4
L, Bt 25 B0 5 Ok VA B A B, P 3 T R LT R
KA, SR ,30% N — JG . 10% N — JG 1 JG —
10% N 11 W B 2t 475 A 35 B0 A F, & AT i 08 BFE i e
TR PR S U RE P T v T 4k 2k 1, Her 309% N -
JG 1 10% N — JG 1y W B &% 3% i K T JG — 10% N,

R IR B o 0y A R VR R O K&
IV ES 1 5 K I 36 1 T 45 G, 5 BOK B W R
AR, W R B R T A 2 . T JG - 10% N
10% N —JG F130% N - JG HA KK FLE54 , A
FIF T 225 ik A JURE P B AL, 20 Kk HE AL IE
PARE - R R PR B A P B B S R K B KE
s A B TR At 5 v L 5 4 LA R L3 P RE TR 1

L R IR L
350
3001
_osof
Teo
.‘;:D R Y s P
S sl B o = JG
______ o JG-10% N
” & JG-30% N
100+ v 10% N-JG
® 30% N-JG
L /2 — Freundlich
—Langmuir

6 1‘00 260 3(‘)0 4(I)0 560 6‘00
C,/(mg-L™)
5 HNO, P R et i 45 45 #1 7K $4
X S A UL O R 11 £
Fig.5 Pb*" isotherm adsorption of straw hydrochars

obtained by HNO, modification and unmodification
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Tab.6 Pb’" isothermal adsorption fitting parameters of straw hydrochars obtained by HNO, modification

and unmodification

Langmuir %5 J5 15 b 450 5

Freundlich 25 5 1 B A5 750

Z0
Qua/(mgeg™) K, /(Lemg™") Kp/(mg!="eg™' L") 1/n R?
JG 216.519 0.0103 0.992'5 15. 398 0. 402 0. 909 2
10% N - JG 284.513 0.0215 0.973 4 29.387 0.358 0.9845
30% N - JG 296. 161 0.032 1 0.965 9 42.289 0.323 0.9792
JG—10% N 260. 223 0.009 5 0.992 7 22.977 0.411 0.9210
JG—30% N 229.764 0.0145 0.9720 18. 786 0. 344 0.8224

f2 6 Al ,JG . JG — 10% N 1 JG — 30% N % 4%
BT B AR T3S S Langmuir 528 5 34, 5
B 1F de s 280 R* 4y 5 0.992°5.0.992 7 F10.972 0,
Langmuir #5259 {15 5 W B 550 2 18 347 & 53 A7 W B 8 ) 41
(7] P9 WA BT A7 s, A 2 B — 22 W BB J5 4 i, 3k 3 4
7357 0 W BRI 2 21 W BRE A AT, A R R B Sy B 4
TR o GEA B I 104 4 R L R B A 45 4
FAE, P —HEH T JG . JG —10% N F1 JG —30% N
R AR TR PR A A 2 5 T W B S O B TG B
VERT, 52 B0 A0 (4 1k 27 W B A7 2. 10% N — JG AT
30% N — JG X 45 & 09 W B i 2 T AE S i
Freundlich R i , 9 3% 09 004 ok 5 2280 R 43 3
7 0.9845 F10.979 2, Freundlich £ % {5 15 1% [{f 71
R AR 5] 0 BAATEAS R 2 B A W B 67 8, #5102

S T B RE AN [, W B TP S B W A 3 A R 1 T T
i 5 b W R R T & e 2 TR A
N, 76 W B b, S S S K B 3R T
PR AR A2 W Bt BN 3R AT, K A e 3 T Bk
VI 320 T [, Ak 25 I B 3K 3h 7 96k 5 1 F 10% N —
JG #130% N - JG iy rhFLA RS oy, iy i 76
B A AR () N T N N R BT
B 5y T2 B B, —J7 R T T R
PEOL T S8R F RS SR, s — i, FLBE g
PR R B8R 7 n R BGLAR N, Bt — P T
BRI RO Sy, W ROR T WA D . B,
10% N —JG F130% N — JG X484 B 1 11k W% B ik 2 1 A
Wy Bk AR . R, R Langmuir J7
PUATTE AT @t S50 K 35 R, S J 7 W% B sz
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REG IR, M R, > 1, 5 W% B B R
FIWERM s R, = 1 2 W32 W B 5o 2 S 28V 0% B 5 0 <
R, < 132 W1 3% W B 5k 2 S A O BEE 20 o 3 2
me 7 B, A, 1E R R (298 K) & 0F T,
5 Pk PR BE S RN T 1, BB HNO, B AT
JE K B X R B T3 R A R M. RJR,
Freundlich 5% %Y v W B - i 5 %5 9 8 — 2 72 % -
Wt T B ) Fe O R RS R (1/n) 2 1/n > 1

BHZ B S AN B KA 33 1/n 8 0 ~ 1 Z (8] 32 B %
W B RN 5 T A i # 6 T, S ok B
) 1/n 370 ~ 0.5 Z (0], 3 B X Y 85+ i W Bt 2
N5y Tk i A, K5 W R ) W B RE ) A
O, HAE B, 2R B B AE 7 Bk s . S5 BhoK #Ak K,
MK F MR RN 30% N — JG . 10% N — ]G, JG —
10% N JG —30% N . JG, Uit B $2& w55 7K $4 oe b4 L 1 vh
FL L vT DA S B T R A R R

7 HNO,BUMEF R A FF KBk Langmuir RMERET R RS EREF

Tab.7 Separation coefficient of Langmuir adsorption isotherm of straw hydrochars obtained by HNO, modification

and unmodification

ST RV B/ (mge L) R,
JG 10%N-JG 30%N-JG JG—10%N JG-30%N JG 10% N-JG 30%N-JG JG-10%N JG-30%N
54.91 54.79 55.76 57.91 54.63 0.63 0.46 0.56 0. 64 0.55
100. 76 106. 88 104. 18 104. 01 105.98 0.49 0.30 0.29 0.50 0.39
198.73 192. 24 195. 96 195. 56 201.55 0.33 0.19 0.16 0.35 0.25
397.72 405. 55 394. 85 404. 02 407. 21 0.20 0.10 0.08 0.21 0.14
610. 46 594. 56 607. 88 595.97 595.45 0.14 0.07 0.05 0.15 0.10
795. 24 806. 79 795.77 806. 92 794. 24 0.11 0.05 0.04 0.12 0.08
. (2) 7K 4 m Ak AT, 2 HNO, 2 1 B 45 7K #4% 7%
3 g

(1) JG 1 {2 11 A 5 85 8570 (0. 33 mmol/g)
HFRTH B BUE T AL 10% N — JG 2% 1H e M 56
P GER t 25 1 0 (0. 48 mmol/g) |, H R T il 6 33 A8 7%
B, I L FL A58 R 2 A FLBRRRAE T L T =
A TC T 1 R RT i 4548 5 B HINO, ¥R B2 i 385 m
30% N — JG 2 3R s 2 L0 R THE 3, H AR S5 1
RAeH—LEAS S, I RPIER T E N
TR 1 L G5 AR TR i 2% 1R 1 SR T (0. 65 mmol/g)
JG—10% N FBLH DLGLFL &5+ A LB AR,
I 2 3 AT 5] ORSTAERIR AL, B s
ARHES , T HNO, 200l JG & R J2 300 2 9 AN A A
RIET, S8 JC — 10% N 2 1 R M 3k A A 500 2
(0.40 mmol/g) , H I iy 44 25 [0] I8 25 K & A= W ek
A5 WA HNO YR EE A 14 i, JG — 30% N 1) 3% 1f R
JERE I, A )2 ROSE B s/, e i F v JG -
30% N {1 bb 2 1 AR L AL 25 R DA B 3% 1T R 1 AT
HRR 221N (0. 60 mmol/g) , T v £L Kbk Al 24 £L 42
M/

(10% N = JG 1 30% N — JG ) % 4% 85 1 W% B 250 o1 48
W, 50 IAE 3.5 h RT3 bk S g BEESF 4, B S f K
[ffim 7] 5 247.51 mg/g F1 280.09 mg/g, JG.JG —
109% N F1 JG —30% N X 45 25 W BiE 4% & i — 95 )
SRR Langmuir S5 Yl W B ASC 8D 158 BH K o 3% 18 R
PRSP 2 5 W RN, S B T OGRS B
R0 25 0% B 5. 10% N — JG F130% N — JG X4
BT B A A — G s g R R T DL R
Freundlich 45 jii W B} 455 1 350 BH 4 B 4™ H#0ORN 1k 27 08 B
FEHTES T W e B P A TR S 2 5 R RS A K
ORI 1/n R FAE O ~ 1 Z [0, Uk B £ HNO, 2 1%
JIT AR K RO Y B - WL i R 5 T R AL B
A % B o

(3) FEFF /K B = 3 5 R M 2 S Re AT 5 4
B I A A Ak 2 W O 5K BROK R Y S
FLR AR T FL &5 Ha A R T B8 2 85 B 2E AR MR IN
TRFLIE , AT R B S5 R ALE A AU BRI
P2 A% I I B 22 0 B R 1 & AR T PR TE T
FE 7K A X6 5 5 7 1) v 88 B R B

2 £ x W
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