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20174F3 A SHUILI XUEBAO H 488 Hi3l

X EHS:0559-9350(2017)03-0325-09
I i ife FAOK 78 75 F IR I £ 4 W e Bk A B = S IR B A 3R

N 1 2 A 3 - 4
ey, RRE, BRI, RiLad, BREK
(1. GFM3CHR4 B U F R M TR, WL 2% 3120005 2. X4 SCHERE Akl 2# e, #iiT 4924 312000;
3. T IREE W RO, W B4 3120005 4. FASCIERE ARSEAR TAERE, WRIT 4324 312000)

WE: KRR SRR AR L 200 1, 1001, 20:3, 5: 1B IRA 4 FRE I H K05 mm ek, 600 CH
FINRE 4 b AW R ER . 2 I FRIC A SS-0, SS-50, SS-100., SS-150, SS-200, i i JLE M Hr. BET-N,, SEM,
FTIR } Boehm i & 1 55 RAE T A Wt BR A9 41 R S5 4509, R 7ML S2 B AF 5% 17 00T 20 260 100 W B 3l g 7 7R 56 3 W% A
B, AT KRR BT 25 AR BT, R INK RE RS AT A R TG 0 AR ik R e E M R K P 3R e AL ke
2000 R ME S AR RE 4> B 4 2.74 mmol - LT, 2.88 mmol - L. 3.71 mmol - L', 3.36 mmol - L™ 1 3.03 mmol - L™,
Bl Iy ST F W, SS-0 W B & R AF A e — G sh 1 AR, i 9Bl 1 7 AR RE A U b A A SS-50. SS-100,
SS—150 1 SS-200 (WL Bt A2, BR T P4 RLAN . 3 A7 A A Aok o e [ 42 1 W2 B s % A I W B it 2R 394 5 Langmuir
TR, AR TR . AR e RO S AT BT R AR D, ZEAR K M S A R T TR ) A I R R
KR RIIKUE; KFEREFT; AWikek; 20 W

FESES: S157.1 MERARIRA: A doi: 10.13243/j.cnki.slxb.20160805
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FRR KR B SR LTS ey, ARl TR o T A 35 e R 3R FE AR A 7 A v I f
JHR, 24 5t U RUIR G T B 36.9 %', T U it A AR FH S BEAE i . R P A AL o it A
[ 40 %~50 %' . Kotk EALIE A HI 2, 20 SR A2 O ik A BRF I K A s e . B it R
Sy RS . W E R SRR 8 27 %, AAR R HHK EHLAE R EER AT,
RN, FREC 2 AN R BRI AR A R, SRIBCAE AR A K A b TS
HA 5\ L.

A W T 2 ) BB R E B 4 B TG AR A F TR AR R (—J < 700 °C) B T 45 10 B B R EARC, BA
BRI R T . FLBRR L R W M RE 1 7. BFSE R W], EMRR R AR A LI B A, N E L
Heeh, LR SRy, oo LIRSS AIMUE AR g U IR AW, BIN2.5 %5 %E
KR MR R VE T A A PR R A RS P, BN T R AN ROy, R T BB SRR . SR,
PR IS T T K A B TR, T R AR R T AR A LTS e R G B SRR

VR RS EE ARy, MARBIEREASEFRBO ISR e, AR EM, &
VA JEE U o A T HEK B AAEE R B B T (R, SR T AR VA S R AT R ORI ) 45 e
B, A S K R O S R T P A R LA o AN, EE RS R B, KRR AT B 56 A X
A UL e B W R L MR T ik 65.4 %YL R, A SC AR T RS VR 5 TR AR I JE F A
JF KRR AT M UL, £ 600 °CTF Bl 48 2 ) 4 2 B BR O IEE A KL, Rt Se e, BT EXTK R

ks H: 2016-07-285 4R H #1: 2016-11-08
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SRR BE L A A R R )y g S A TR S8 S 0 B Y 2 5l R G A A i R T R A BRI R
DA g A W i BRAE AR TH HE K 20 0036 BN S B e 2 %5

2 SRS Tk

2.1 RIRHR AR A HI IR R R H — o i B TR KRS RS AR AR R JEOR A R IR BER . AR VA IR
e 5K REFEFF I B 424 T MO X BE AR H . RV IS JE LIRS F 105 CEE XML T 24 h, FF4&HH Hp 42 &
Lo, WRES, 22100 Hfie M, HIEARPAYER . pHS.31, AL 50.8 g-kg', 2%(3.47 g-keg',
AR 9424 mg-kg', AR 9.35 mg-keg'o KA FFECEIG 2 A RAK LR LBRFRm A2, W1, 57
B, F 80 CH IR/ T, FAMAE YR MR 0 J5 1k 80 H i, FFORAFF T FRIN, & . L5 p
T Ak 230500 2 Sk 4 i 4

22 AYEBKAOEERELRED T

221 AdEske R & BSOS 1 kg FARTAIT TR By
KBS A3 A 0. 50, 100, 150 F1200 g ) /K F 5
FERyARFESL, TRAT, A8 281K )5 ok H LD-88A
il ALAL ) 45 R A2 S 5 mm (G URE/NER o A A
Frefp, 9 BT BTF-1200C FL 4545 9y, 3l 403 300
mL-min fEFRFBLE ST, L9 Comin™ B THEHE R M
PE 600 CHHIEL 4 h, RG4S AEZ A AR
RIERERERY, HEEF/KT 53 kHz T A H
YEE pH Rk, 5 T 105 CEE XML T 24 h, FRE,
LA MR BR B, W VRS, IR S N
SS-0. SS-50. SS-100, SS-150. SS-200., e S

222 AW ELEAESH EPKRTC. H. N, 0J0E & K H EA3000 5 % 43 H1 X (K F Eu-
ro vector 23 H) ) FEAT I 5 5 Hb 2 10 B K AL B 43 AT ok A Empyrean e 3% 1 BURT AL BREE 43 BT AN (S5 [ M-
cromeritics 23 @) )R ;2 10 TE 55 2K FH JSM=63601LV $1 4 Bt 7 2 5385 ( H A HL 7 JEOL) 43 My 5 385 Hi 21 4b
TR NEXUS i B p 28 0 21 S 635 A (55 =) w5 1) B s AR ik Bk i) 25 1 e 1k 5 420 FY A 1 80t R
Boehm i & B0 ', SCUE R 3WHCE M ; S Hocik16], BRENE . T 50 mL % & 1K
A1 mL 0.1 %F B 565 15 W Be s, JERL A 10 WA Wik Bk, #E 2405, UEBE T KASH,
FE 665nm Ak 43 51 7 Az Py fie Bk T 8 W BRI 1) TR ' B R D SV P O R, DA 2= (A TR
A W e Bk W BRI PR R EE T A L, SRER A 3RO M s MU B R BN E - B 10 A W ik R
A 100 mLE#ETEHL, A 50 mL 2585 7K, PL120 r-min MHIRIR Y, W% 24 h )5 52 I A W 3R B i 1
A, PR IR A Wik BR i HLARR B2 R R

2.3 HEWIRRBK RO SR UL AR E

231 RREMBAFME 30 mg- LA EEE WA AR K, BL200 mL LA 250 mL
BIHETE I D, A 4 0 PR B 0 A= W ok BRAE Sy BT SR, T, A 25 CHE IR T BA 120 re min™ R W7 3 PR
i KEW, 49 F 5 min, 10 min, 30 min, 50 min, 70 min, 1.5h. 2h, 6h. 12 h#l124 h i BUE
KRR FL A UMk B, I 5 TR UL K ) S R i AT LA, DT TR AR A e Bk 1 G
WA e — S WE Gl g O AR ORI R S50 AR B HEA T LA, DA i R 1 W B

X2ZE  Imm 9881 12/JUN/1S

P
232 RECAMFBAME T8 H 250 mLAHEILH ., 44 BIIA 100 mL b A 7 e B 51k 2 4 0
BB BLBE K 5 A 4 TR TR B A R A B AL 25 CAELIRL T B 120 v min 7 17 40 5 5

IRV, T W Y- i SO AR I L R BE O 55 IR R K i U B AT A, AT
AR P BRER B A R B . A T
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%zﬁﬁ_;li_ (1)

m

e g AAEYBER 23 B R R, mg-g's Co. C R0 . o i 2P KAE 2 R
mg- L5 VRBEKFERIRER, mL; m Yo Bk B8O, oo

233 MRk S HCOKFE KNI 4307 5 3% CHE DU RO ) AR S RLAE ", 2 R I 4 PR 0 k6 3 0
WRE DA S ok — 1t A B — 20 S Al B T30 T T 4 ERC AR, RORE I SE TN A ZnS O, 5 I R pH (L 2
10.5, ZRBEVITE S MU B AR R, T 420 om PR, 10 mm Lo @ M0 2 0 00 2 o 00 43048
UV-2102PCS BUEE AP AT UL 3566 BE 31 (L Je fl B AU AT BRAY w), KRS 228 £0.3 nm) , SEHE & 31K
BOFHE

3 SLBRATR S

30 &EMBBAERERESH BOKBERHTE ARG RAATS, BTHREE0N, mRS
FAE 600 CH A 4 b, AT AR AT LE WD B o K AR A A 0 e B A 0y i o 4y ) B 2 PR T LR 1

F ARG R A0 fik K A W Bk Bk ) ) B8 A 2 A

FE 5 C/% H/% 0/% N/% H/C  0/C %iiﬁ FH LA m AL TR/ % %gﬁf
IKFEFEFFAE DB 54.65 1.38 8.37 0.22 0.03 0.15 5.47 74.59 / /
$5-0 1.33 0.21 186  Hk  0.16 140 10.60 15.88 14 100
$5-50 1.88 0.17 241 kfad 009 128 9.31 14.39 52 100
$S-100 227 0.20 305 Akl 009 134 10.21 13.26 26 100
SS-150 3.35 0.31 414 Al o009 124 10.57 11.07 33 100
$5-200 3.76 0.43 555 kw0 148 10.43 13.68 38 100

MF VAT UFE H, KRBEFEFFAYHRC, H, NAHO K& 50 8w T KR TR 4 ik (B $s-0),
B H H/C 1 O/C st ALK, A 0.03 F10.15, i B /K R A% AT £ 600 °C il 4 24 Ak il 5 A W ok 2o 72 vh B
BT B 22 005 A NG, 3k R DR Oy R SR A BB, HY/C EERT O/C FLBRAIT, D) D A 4
B, MPE TR

0.35
b BALHEBII% SLEALLEBI% K FLHEBU%
S el / 23.69 76.31
$8-0 / 33.50 66.41
0.30 1 $5-50 002 38.11 61.87
$8-100 004 4242 57.54
$S-150 003 41.44 58.53
0.25 $8-200 003 34.16 65.81
o —o— JKFEREFF 2 8%
> —o—185-0
= 0.20 4
i=1
=
= 0.154
=
0.10 4
0.05 1
0.00 T T T T T T
0 50 100 150 200 250 300
L4 /mm

P2 LR Wk B A W e ok v LA 43 A

EA Y BET-N, 2 FLAr A 25 3 (& 2) A i sl B 4 SR (&1 3) IR mT LUK B, /K RS G FF 2R 9 i e
SEE R N AR SR TE AR G, FLARTE 100 nm A B RALE 2, M EHEIE76.31 %, F3¥fL7E R 74.59 nm,
T A V) JES U8 A 0 e 3 T DU) 28 SR R RS . FLAZR M 2 ~ 100 nm [ 3 JEFL B A Frsihm, 5 ik 33.59 %, fL
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$S-100 $5-150 $5-200
B3 REAT A ik S A W R BR B SEM ]

AU, P EIFLAR g 15.88 nm, 3XHE RS AL T AR T8 IS U AR Wk 1 BE 3R TR BE K R RS R A 0 B 1Y)
BOR . BRI, WRIN T — s ROK RS RS FE S B A A W de BROAH L 4l A 1 i U ) A 0 A ik Bk
(8S-0), HALmvEgeigm AL, Hrh, SS-50 4 Wik Bk (9 4% 5T 7k 5538 52 %, 33X 1 B 3 o 7K F 5 FF 1Y
O, BT S AR W fe Bk S B SRS R, A R TR AR AR ER B LB R, 1S 0 L S
BEAN, A SCEAR 25 1 A A e BRI AR R A, BiK phil a5, E BB T KT 120 v min 1EH IR IR
24 h 5 H 587 224435100 % .

7 3 2%

. 45(1'

VTR R TR ESTSR S B i [P SeR P e R e I e
4000 3600 3200 2800 2400 2000 1600 1200 800 400

¥/ om™
B4 AWK LT S

FHLLAN R o i A e ek, BRI 445 8. AR 4051, 3000 ~ 3 665 em™ [ T W I G o #2
S O—H B 45 R sh B ™, Bl 3 A W e Bk P K R A AT O 0 A I, 3 o e R R ) L 0940
M H. 1 18] & 1 20> F 45 T2 (3 400 ~ 3200 em™) B 2 BAKAS AL, S W T AR Wy ik Bk vb 21 4 K %%
AR S EAER K. 762356 em ML, SS-50, SS—100. SS-150 Al SS-200 ¥} B T A ¥R | ) =C—
H {45 9% 20 W 0, 1 SS-0 R A ML B 4, VAWK R RS FFA BRI, (A= Wik BR 51 AT 05 & PR IR 45
M, MR G TE RN AR G B R, BRI 1K RS A 09 2 Pk BR RS E 1k SRR o b, 5 AP AR
Py i BR 7E 1005 em™ B 34 B0 TR A9 C—O 4 P s Wl e, JOF B EERCR, i, SS-0i8
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A REAEAE C—O—CHEMA (1031 em™)™ . 763~787 em™ S IR 9 C—H T AN TE 45 3 e e, 7T L ARG 2
AR SC P 45 1 A R R v R BRI BB E E  1, 3 AR . 466 em ™ BRI Y W AT IS K R Y R Si—O0—
Si B I B IR UG 2 AR P ER R Si—O0—Si B AR R T R 43

i 3 Boehm % 22 I X A W) ik Bk R T RR VE S A B REI 09 S B AT T2 . A5 R WK, SS-0.
SS-50. SS-100. SS—150 F1 SS-200 Ak ) fie Bk ¢ 11 B2 Mk 75 480 H R A & =240 iy 2.74 0 2.88., 3.71, 3.36
A13.03 mmol- L' X} kb SS—0 A= ¥yt ek, nf LUK BUKAREREFEEO TN, 3 7AYok ek 2w bt & 2 e
RE T & B, T IR 5 460 ET R A1 2 A A DU AT LR R AR R B SR K P, 0 AR R ) BH R T A e
BE 1, AT A AR

3.5 — 35 35
3.0] 30] s — % 30 o=
o - _a 2 3 a 2 I
2.5 2.54 : e 2.5 f){g/f - -
20] - 20 —o — 0]
£ 1.5 E 1.5 & 880 'én 151 f & 850
E E & 55100 s 0] e
1.07 1.04 0 5150 107 4 ’S 222}23
051 2 0.5 o 55200 0.51 O s5:200
0.0 0.0+ 0.0 Freeee
0 4 8 12 16 20 24 0 4 8 12 16 20 24
t/h t/h t/h
() fE— 28 1 7 i (b) W =G 3 )2 5 Ce) Ok N T8 72

5 A R B B 2 R 2l ) 2 26

3.2 AWmRKe A RMKE
32,1 BMFHAFHHA KIS B T APIRRERO ZR RS R R A SE R . B S EIL, AR
ik RO 8 R 4 S A W B, TR R B R S S BT, SR B T AT o 2 h 2 g B
WA, 6 hZJm W B AT RE , #hn 22 5200 6 h o 2 S0 BT - 687 ief 1] o

S MM — Rl S O WE s 2 0y B RVURL B B, R A Origin8.6 B XA sk
BRI W0 2020 S 8 MO AT AL A

E— sl J1 27 T R R Ik 300

q, =qa(l —efk'l) (2)
HE R sh 12 Rkl .
kzqfl
q, =W (3)
TR BT R A R
q, =k 1" +C (4)

Kb g Mg, 20 5 o 2 3k B[R] ¢ B 0 56 S 7 BE A 4 e BR OV AR B A, mg - gy o R IRCRR A D
hy ko by Rk 5y 5 R HE— B Iy L E TGS I A MUBURL N TR R Y R R, LR 43 i
h', g+ (mg-h)" flmg-(g-h")"; CHHE.
TG AR T R2, EAMAESE(ER2)TH, HE—% . WG T2 R BT
R SS—0 A= Py e R OG  A B WL AT Ry, AEL IR BEE SR B A S E— G Bl g2y AR, AT R W R ok R b sz
F2 A RNBE S

R HE— 23 71 % 7’ e 2R3 ) 2y e TR N 80T R
q/(mg-g™") k/h™! R’ q/(mg-g")  k/(g-(mg-h)™") R? k/(mg- (g-h*)™) C R
SS-0 2.066 1.185 0.991 2.221 0.792 0.975 0.342 0.851 0.526
SS-50 2.334 2.052 0.838 2.504 1.351 0.962 0.333 1.300 0.591
SS-100 2.597 2.066 0.893 2.783 1.221 0.978 0.358 1.459 0.514
SS-150 2.898 8.748 0.772 3.045 4.391 0.951 0.210 2.340 0.380
SS-200 3.103 0.934 0.929 3.322 0.425 0.969 0.547 1.138 0.722
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WOk A% TR ) S s k. AR, X F SS-50. SS-100. SS—150 Al SS-200 4= ¥y ik Bk, #E g 5h
J1% 5 BRIA W 25 R e — P sh J1 2% 7 R AR 2R B O B A S O I AT Y B S A —
B, RN F 22 R A=W BRI, A S AR R KV R G U8 W B A R T LAk 2 R A
TS FRERAE . A, T R A BRE 6 1 R B R K B R P U O R IR R E A TR A
SC A W Tl TR G 0 2R R R Ak R L (R LA B o e e, U B A R O R TR, AR i
TR, DN R R A A 1 R o S R R 2 MR Se T LA, BUR N BT O R R
WHCHRAN R 0, RV e oA 28 3k Dt i, 150 B A 0 i ok O SR 2 20 19 K o6 T i Py 2 T b < I i 5 A
LN I R 2 1

322 EMEFBES>N  RIEHIEALEYE N S50, 35, 30, 25, 20, 15, 1015 mg- L7 {12 A H
UK, I8 A e R a5 380 W 5 A7 i ) 2 R0 o 5 0 b SRR B 2 IR DG R o BT 6 O A i ROk
SR ST R R o R PR 6 T AR BR, A b RO 0 R0 A S i S O o 7 TR0 s A A 38 o e 38

0.025 — 0.5 1.50
| . g i Pt 1.254 o
002 - 04 e _ o
T 7 e oo 1,007
0,015 7 03 P hy "
E o~ E i E 0.751 P
= 0.010 & <021 ¥ < =
= - = 7 " 85-50 =0.501 = »SS-100
el =SS-0 | / Langmuir g —Langmuir
0.0051 a 7};1::15;?1?11:}1 0.19 | Freundlich 0.25] //'/ angmuir
0.000+——— ‘ ‘ , ‘ 0.0 : : : : 0.00 ; ; ; ;
0 2 4 6 8 10 12 0 2 4 6 8 10 0 1 2 3 4 5
C/(mg-L") C/(mg-L") C./(mg-L")
2.5 —
1.6 A - o ~
] [ 2.0 s
- A = e
".““ 121 y ‘?‘1 1.5 ra
P > L Ve
< 08 e N
s ] P £55-150 ToLA " aemuir
04 Fangmuir 051 &/ ~—Freundlich
0.0 . ‘ . ‘ ‘ 0.0 ‘ ‘ . ‘ ‘
00 05 1.0 1.5 20 25 3.0 0.0 02 04 06 08 1.0 1.2
C./(mg-L") C/(mg-L")

PRI 6 A A0 ik Ot 2, R 17 5 R By £
A W B BR R 30 IR ST i B 2 I B S B I T R S S 58 B0 PE ] Langmuir I
Freundlich W B 4568 7 BT L&

Langmuirﬁfiﬁﬁﬁﬁ:
_ quLC(’,
©=T4vK,C, (5)
Freundlich 2 £ LK .
1
q,=K.C" (6)

e g, WFEEWKHE, mg-g's g, WIBFIRM &, mg-g'; K, Fl K, 435N Langmuir Al Freundlich 5§
7 B R, A 430 R Lemg Al (mg-g™") (Lemg™)"™; €, W k- 7 B 375 W H NH," A9 ok B2
mg- L5 n 2y 55 2E Wy BR W R 56 3 A G 1

iz JH Origin8.6 #F 73, i R4S S A 026 3. FL A% 3 Hh 9 ol 0% T 252 9 7 40045 114 K D6 1k 2R
RME, P LLR B Langmuir J7 F2 B8 5 40 4 4% 2 490 e R 0 220 260 0 W Bf 3l R, 9 L 52 o P 7 2 FF 6 g, 34
JIN T R UL R R R g, L T R B S R T T AT 0 B TR W B KR R T S R
RGO, A W0 3RO R R W T AN DR, SS—200 A4 £ R0 B B K, 35 F 6.038 mg- g,
BeAh, SCHR[2418F 5 % W1, Freundlich J7 B H 1/n 1Y BOMH B Sz e A= 90 T o 420 280 W 6 100 ke 5 R 88, Y
0.1 < Un< VW RBILS FUMHE, UnfEll/N, WHABCRBE . hF&3H, AL Freundlich i #1# 1/n
3N 1, T LR B R R BT, e BDDT MK, JR TR 1, B MR Bk 2 A
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%3 Largmuir M Freundlich W ff} 25 W5 7 #2 (9 L& 2 81

R Langmuir % i )y Freundlich %5 i J7 72
gu/(mg-g") K/(L-mg") R K, 1/n R

SS-0 0.049 0.100 0.992 0.005 0.659 0.990
SS-50 0.467 0.763 0.961 0.200 0.349 0.868
SS-100 3.662 0.120 0.996 0.398 0.800 0.991
SS-150 4.975 0.180 0.981 0.736 0.820 0.967
SS-200 6.038 0.591 0.972 2.266 0.778 0.951

7 4 1 B 5 BT

323 BEMNERM ARG 100 mL 30 mg- 10 :22:128

LB S B W 250 mL S HETE L b, ImA 4 Tw —%-55-200

AR MR ER L DL 120 e min” R B HR T VAR, OF gm

A B T 10, 15, 20, 25, 30, 35 F140 Cfi g

WA, DAREILA I HE A K IR TR A Rk ik §”

) MR T Y- i o 0 R ) W R, S 4 AR 15
K7 s
HPEL7 FTL, KR AE 10 ~ 40 CZIA], i 3 " s 2 25 30 33 20

AR B R 1 W K, 1 e
O 2ok A R R R AT R A R 7 TR IR B

AR o BEAL, 15 SS-0XFEE AR BE, AN T AR 5 AT B A 4 ik 2R OHC 2 S0 B e B i BT, X e SR
Az Wk R T SRR AT R RN A, KRS RS AT B S AR W B BRI TS 2 B SRR PR, K R
THIR R A RIRE Sy, X530 4 A MR ER 9 FTIR 18138 70 45 2R A — 2

4 4iig

RS LAAR V) JEE PR B TR KRB RE AT R JEURE, 72 600 °CF St B A il 45 A= DB BR , 20 B 7 LA e A0 4%
P, HET HAT A AW IAT R, FERESE T IR B RCR R, A5 LT S E

(1) KA REFE AU, 350 T S8 A= P b 2R D9 350 2 [R] ) B 2R 254, A 1 32 & B P Bk iy £L
B, MM aE ik, B AL R AR .

()L HMETE AT Z B, AKFERSFFRU N, (EAERRER S| A T 9 Z MRS 05 F L, & T
HoopoKk M, JEHR R, A, WK R RS AT IS AR P ik BR 2% R M P AUE R A B B A B,
SS-0. SS-50. SS—-100. SS-150 Fl SS—200 A= ¥ fi Bk 3 1 fR P & & RE H & = 2 3k 274, 2.88,
3.71. 3.36F13.03 mmol-L",

(3) WL Bt 3l J 2= W 5E R WY, SS—0 A= Wy e BR T 22 280 1 W Bf B2 I e AF 5 Wi — sl i 2= 5 B, IR 1
SS-50. SS-100. SS-150 F1 SS-200 2E ¥yt BR , 1 =94 8l J) 2 J5 72 B 55 47 Ml 41 3 I 0 i 2 Rk 72,
A7 FNE AL W B L RS . ORI YO BB, BR T NN, I A A L A e AR ) s o AR
Wk 35k WA o 2L R0 ) R R

(4) W [ 25 3R 7 FRAF 98 2 B, Langmuir J5 it 58 B8 47 1l i A= 4 ok B v 420 00 W R ol 2, T LK
Bt 2k R SR 2 T XS0 0 B ) B R R K R R AR 4 s e e B A Al Rk R I B e A R
WG, TR AR R

(5) A4 16 % e FK FERE FEHOR 5 (8, ASICHRE , B JL A B A Wik RN RE AR I8 Ol 52, 1 HLAEAR
FE 7K 1 22 03A 3 5 T ELAT TR A R AT . 2R, AR W iRk A AU I R AL B A A%, K4y B
SER A S5 HLUR AR, X S R IR gkl — Y

- O
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Preparation of biochar ball with agricultural ditch sediment and rice straw

by pyrolysis and adsorption of ammonium

CHEN Chengguang', ZHOU Shufeng', HU Baowei’, XU Lihong’, SHENG Guodong®

(1. Department of Architectural Engineering, Yuanpei College, Shaoxing University, Shaoxing 312000, China;
2. College of Life Science, Shaoxing University, Shaoxing 312000, China;
3. Shaoxing Enviromental Monitoring Center, Shaoxing 312000, China;
4. College of Chemistry and Chemical Engineering, Shaoxing University, Shaoxing 312000, China)

Abstract: Agricultural ditch sediments were mixed with rice straw according to their ratios of mass, five
treatments including no rice straw addition, and mass ratios of agricultural ditch sediment and rice straw
were 20:1, 10:1, 20:3, 5:1, then all the samples were made into particle balls, of which the size was
5 mm, finally, they were prepared at 600°C by anaerobic pyrolysis 4h into biochar balls, and respectively
marked as SS-0, SS-50, SS-100, SS-150, SS-200. Elemental analysis, BET-N, surface area (SA) and
porosity analysis, scanning electron microscope, FTIR spectra analysis and Boehm titration were used to
characterized their physicochemical properties. Sequencing batch experiments were conducted to investigate
ammonium adsorption performance of biochar balls, to build the kinetics models and adsorption isotherm
models, and also to research the effects of water temperature on ammonium adsorption. The results revealed
that rice straw addition was beneficial to increase the permeability and hydrophilic of biochar balls, and en-
hanced their mass transfer performance, which were 14%, 52%, 26%, 33% and 38% for SS-0, SS-50,
SS-100, SS-150 and SS-200 samples, respectively; while the amounts of acidic functional groups were
2.74, 2.88, 3.71, 3.36 and 3.03 mmol-L", respectively. The results for fitting experimental data of adsorp-
tion process with kinetics models show that SS-0 biochar ball is more aligned with pseudo-first—order kinet-
ic equation, however, the adsorption of ammonium on SS-50, SS-100, SS-150 and SS-200 biochar balls
follows pseudo-second—order kinetic equation well, in addition to the intra—particle diffusion, there are oth-
er common controlling ammonium adsorption rates of biochar balls. Moreover, Langmuir equation could accu-
rately describe the adsorption isotherms of ammonium on biochar balls. The indexes of Freundlich isotherms
equation are all less than 1, which show that the absorptions are endothermic processes, and high tempera-
ture is beneficial to the adsorption of ammonium.

Keywords: agricultural ditch sediment; rice straw; biochar ball; ammonium; adsorption
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