HYE SR ¥R 2005,11(5): 641 - 646

Plant Nutrition and Fertilizer Science

DA T T R %ot R 1B P Y WS O A e B A

X EME, KRET, BRE, KitF, 4L, 5, T2 E
(B ARk B 2 B 4 3 AR R B 5T B, L &% 100081)

BE: FRTRABRBEBREAR pHEXMTHA B FHRMARREE, FR2RA. DEPHL ~8KXHET,
FEE B B R EKRENHN, BARMEBRHENRRENE EABYE BRREHETHEYE; 2)ERR
pHEMARER S, BB 2.5 AR AERSERNRHER, X9, ERERGT, 83 MR 2 R f
RIERBRR, ERESGT BEBRNBHEMMERERRER, MEARNENHNRENEREBERELFAET
WHRE; 3)BEBR A B 0SB %M T A Linear. Langmuir A1 Freundlich =R F RS HAEESEE
Bk BE K, HLL Freundlich 7B B .

XN WHEMR; B B R B%; pHE

FESHE: S154.2 X HREFRIZAL: A XA S : 1008-505X(2005)05-0641-06

N, P and K adsorption and desorption characteristics of humic acids
made from the airslake-coal
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Abstract: N, P and K adsorption and desorption characteristics of humic acids, which were made from the efflorescent
coal at different pH values were studied in this paper. The major results were summarized as follows: 1) The N, P and
K adsorption and desorption amounts of humic acids showed a rising tendency along with the increase of initial concentra-
tion of N, P and K at different pH levels (from 4 to 8), but the desorption ratios of them all declined. 2) The character-
istics of adsorption and desorption of humic acids on nitrogen, phosphorus, and potassium were variable at different pH,
among which N adsorption and desorption capacity became larger particularly under the alkali condition, while under the
acid condition, the P adsorption and desorption capacity increased, and K adsorption and desorption of humic acids was
easier in the neutral solution. 3) The isothermal adsorption of humic acid on N, P and K could be fitted using Linear,
Langmuir, and Frendlich equations with correlation coefficient being significant, among which Frendlich equation was the
best.
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Dk R+, SRR EY =BG B, ER VA EA
E XM S, BEARFE pH E &4 T BHEBKR A
B FHEOIR B SR AR R D RARE . NIRRT
FE pH 4 ~8 44T KL KE I FH PR X 2 . 3% L 580 B0 YR B
TR BB ST, & 72 0 KL 5 T8 78 B T A SR R FE
B REJBR 45 70 SO B A 7 5K R AR B BRI K 4

1 MRSk

1.1 KBH*

1.1.1 BHBRMER MAERXBLTEFRES,
BRERSE 3% WEEBHBRIE 58%. 2B
SR LR A E 0 PSS 7 vk 7R AL AP o A B
H,S0, MIRE A /KB, B3 2h 5, WA pHEE

6, KBETEMET 75um I, & . IBKHAR
MEBETEHABRIK 66.09%. & 24.499% . &

2.89% .8 0.78% . #M 0.67%; TENEEAERE.
B BE MEE FEE, FE258 7.30.4.33,
6.19.1.45.1.59 mmol/g.

1.1.2 GRS REAVUE SEREA JNERSE
T, REUBER 360 47,00 3 (B4
120 3) A BUMMA BB B RIIAR R W, R/
+HF 20:1, B S AR 100mL, A 0.10mol/L K
HCI(E NaOH) AT B —FMTEME ML HEKE
() pH {E 43 518 4.00.5.00.6.00.7.00.8.00, & 3
K,EF2BCERBKBREGIL, B2hBF 1K, &
K 30min, BY 4 K5 B, 4000r/min & .0 10min,
WE EEWE A B AR, R EET
BEWEZETERME. SMEFTENTREEL
BRLELLABRANITEBRS I AMMRE iR
SHEMAAHE,

®1 A B AFEEABRVBRE
Table 1 The N, P, K initial concentration in standard solution

JCE Element ¥4 ¥ £ Initial concentration (mg/L)
N 0 10 20 30 50 60 70 80 90 100
P 0 5 10 15 25 30 35 40 — -
K 0 10 20 30 50 60 70 80 — —

1.1.3 BRERNIWE KUERMFRREEL
Frh i EE R ERE R, #M K AR A, B
R K KO, B H MR A CaCl,, A 0.10
mol/L# HC1(E NaOH) ¥ %7 pH 18 B| 1% Fff °F 8 A &9
FEREEE, BB 100mL, 553 2 W% # b 2% 45 R
ZUHETHERBLE WE LBERPHA BHHS
BRI &, A W AR B R R R
FURETRSBENEEITE,
1.2 MEMBEH*

NH; -NHMERFAF R HEERE, Y
W SR R BT b 3k, 80 BT OB R BT E

BTHAKITERMNE FRERETE.

W& (mg/g) = (FIIRIRE - PHHRE ) x
BBER/FRERER

R B (mg/g) = RRBIRE x BRBAE/
FREE T B

RRE(%) = RRE/ HHE x 100%

2 HER50

2.1 FETAERXT & AR B A0 AR IR A 1
AIF pH B &4 T 8 5 BR X 280 Y 25 18 W% ffF iy 2%

WHE 1. W FE i, I8 B 7E & Fh A R 10 47 1R b 3
W A B M S X AR R, % pHIE R 8
B, I BB B, 3% 11.8 mg/g, H A AL BN R B0
BEHFIFUF X : pH 7(9.5 mg/g) > pH 6(8.5 mg/g) >
pH 5(7.8 mg/g) > pH 4(6.8 mg/g), A W, 7E pH &
K 4~8 Bt BEE pH E T, 5 R X &Y IR B
BRI E., X pH 8 B, & 7 B X A K TR i & &
B, HEHETREESEAHET NI 5 0H &4
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TACER R, B R 2B EE NN RHEER. &
RSB A B P, BEE pH B A K, B 7 AR &
B R B B R A, T BE R A R B HY 5 NHY K
ETRESRMER, RER G TREARERET A
PEBUSSEMAEROEFRREEY , BRTH
T B % R AR o

A [E] pH 18 4 44 T 1 78 B X B (N) Y 56 18 W% B

FREAHR(FE 2)RY, M ES pH EN 4 5,
J& R X LA % 1R R B A& Langmuir 7772, #H
R B EKY; pHIEN 5 B, 4 Langmuir 1 Fre-
undlich 7772, M %P B3 ; pH EH 6 B , (LR & Fre-
undlich 7778, #i Rt B ¥ ; pH EN 7.8 B , K& Fre-
undlich F1 Linear 7 2, 4 35 1R B & f B &K F

F2 TEHPpHETHKAMRMA(INHNSESERMARUS
Table 2 Humic acid adsorption properties on N depicted with three equations in different pH values

Linear 7 #& Freundlich 5 2 Langmuir 5 12
pH X=KC+b r LnX = 1/n-InC + K r 1/X=1/(KX,)-1/C+ /X, r
4 X =0.108C + 0.508 0.963 LnX =0.913-1nC + 0.764 0.984 1/X=7.388-1/C + 0.061 0.997* *
5 X=0.137C+0.063 0.987 LnX =1.0361nC + 0.941 0.993* 1/X=7.718+1/C + 0.063 0.995"
6 X=0.153C+0.104 0.992 LnX =0.985InC + 0.783 0.996 " 1/X=6.146-1/C + 0.091 0.977
7 X=0.191C+0.054 0.996" LnX =0.989°InC + 0.697 0.997* 1/X=4.977-1/C+ 0.078 0.968
8 X=0.290C + 0.239 0.997* " InX =0.972-InC + 0.481 0.998" * 1/X=3.267-1/C+0.014 0.936

* @=0.05; * * a=0.01; T [A] Same as follows.

AR pHERH T, FEE AV R B E R
BE, BHBRYAMNBRRERE LA BYE BRREZR
WK, RIEBTRE. £3IFH, Y pHHEN 8 B,
BEABRMANBREMNBERERRS, o3&
2.59mg/g 1 58.9% ; & pH fHAL IR B FE R X A Y
RIRRMERRFFE pH7>pH 6>pH 5> pH 4,

5B AR R E—3. R pHEN 4~
8 B, BEF pH B & T 7o , JB8 7 BR X R A VR B A1 8 TR
HBRES T, HHNREBHERGT  BHERX K
R R R BORE . X ERFEE MR
GREXR—H,

#3 TEApHETRUREERYN ANER
Table 3 The desorption properties of humic acid to nitrogen in different pH values

H byif=] ¥ 34 3% BE Initial concentration(mg/L)
P Item 10 20 30 40 50 60 70 80 90 100
4 DA 0.21 0.40 0.57 0.69 0.84 0.88 0.93 0.96 0.98 1.02
DR 25.3 25.0 23.2 20.9 20.1 18.1 16.8 16.2 15.0 14.9
5 DA 0.18 0.34 0.51 0.67 0.88 0.96 1.01 1.04 1.15 1.17
DR 24.8 24.2 21.7 21.0 21.5 20.2 18.3 16.1 16.0 15.4
6 DA 0.27 0.47 0.75 0.91 1.05 1.08 1.12 1.14 1.17 1.27
DR 30.1 28.3 27.8 25.9 24.4 20.2 18.3 16.0 15.4 15.1
7 DA 0.42 0.49 0.62 0.69 0.81 0.94 1.02 1.20 1.33 1.41
DR 41.8 24.5 21.4 18.1 16.5 15.6 14.5 14.8 14.9 14.8
8 DA 0.72 1.47 1.85 2.02 2.04 2.09 2.18 2.33 2.48 2.59
DR 58.9 58.8 50.2 42.3 34.1 29.4 26.0 24.2 23.3 22.1

DA: f# % & Desorption amount(mg/g) ; DR: W % Desorption rate( % ). T [A] Same as follows.

2.2 FEVEER X B A IR B AR R A
BHERESBRXMEEERNEE RS E 0 E.
%h RBEBHE, RF pH T %7 B B 8
SFRBH LA 2 FrR. 585 R X & # R M A
H, AR pH E T B9 & SR B M i & B 3% A, #E51

WP IESF MR . 7E pH {HA 4 —8 W EIPY, B E pH
{E 1 o, B MR X B X R B BRI . 24 pH fE D 4
o, EE SRR IR AL BRI T, T AR B R B V-
STBE AR M B SR T pH EE W P B R A B
WEH, Bk 4.5 mg/g; FARAL B BE AR M &
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Fig. 2 The isothermal adsorption curve of phosphorus
under different pH values

KRG HBE pHE Y 8 B 3 5, REWREER
WS m R, W R B A MRERS H M HPO; B &
THREDEE"EW,RH# T BEMRN H,P0; KR
M, RN FE S, O M H,P0; RATRESFR
RV, R T B B Ho PO, FIR R o

A pHE T BRI BN SRR RS
GERE N, YEB P pH Y 4 B, BEARX B F
B 454 Linear Fl Freundlich 72 , # 6 ¥4 151k B
EKV; pHEN SR FRMWM 5 Linear 1 Fre-
undlich 77 Bl & Xkl B EKF; pHIEN 6 B,
{XEF 4 Freundlich 78, MiX B8 %E; pH{EN 7 8T,
%4 Freundlich 1 Langmuir TR EXEHNBE;
pH{E ¥ 8 Bt, 5 Langmuir BB EHRK(FE 4).

4 TEpHETRAMNBNEERHMTENS
Table 4 Humic acid adsorption properties on P depicted with three equations in different pH values

Linear 77 & Freundlich 77 & Langmuir il
pH X=KC+b r LnX = 1/n*InC + K r 1/X = 1/(KX,) - 1/C + /X, r
4 X=0.252C+0.511 0.998" *  LnX=0.625-InC +0.123 0.997"* 1/X=1.794-1/C+0.130  0.990
5  X=0.192C+0.168 0.995" LnX = 0.818+InC + 0.482 0.995* 1/X=3.126-1/C+0.141  0.992
6 X=0.126C +0.265 0.983 InX=0. 828-1nC+0.623  0.994* 1/X=4.778-1/C+0.126  0.992
7 X=0.078C+0.172 0.975 LoX = 0.788-InC + 0.780 0.993" 1/X=6.964-1/C+0.238  0.993"
8  X=0.046C +0.171 0.951 InX =0. 747-1nC+0.916  0.974  1/X=10.732-1/C+0.336  0.995"

R pH H T R AL B 158 78 BR %o B i) At % B 0 A
WENE S, BMEMHRLBEEREWE N, AREZR
Bk, MR BEH T %, RN R KR
RE, Y pHEN 4 B & 1.08mg/g, R X &
37.9%; pH{EN 5 B, B KM% R B 0l I & 4 3 35

0.68 mg/gf 29.9% ; HEAEKKA pH 6(0.48
mg/g.27.2%) > pH 7(0.24 mg/g.20.3%) > pH 8
(0.13 mg/g.14.3% ). W W, 58E R EFHEE , 7E pH
4 8 TR, 0F R4k 5 8 IR A TR % 9 B2 W B pH
BRI , R B IR 2 R .

£5 FAApHETRUERARMBNEREREFHE
Table 5 The desorption properties of humic acid to phosphorus in different pH values

- W H HI 45 ¥ Initial concentration(mg/L)
P Item 5 10 15 20 25 30 35 40
4 DA 0.30 0.51 0.68 - 0.82 0.93 0.97 1.05 1.08
DR 37.9 36.4 3.1 33.2 30.3 27.2 25.0 2%.4
5 DA 0.18 0.31 0.43 0.52 0.57 0.63 0.66 0.68
DR 29.9 28.2 27.3 25.4 23.5 21.0 19.3 17.4
6 DA 0.13 0.22 0.29 0.36 0.41 0.46 0.46 0.48
DR 27.2 24.9 20.8 20.1 18.2 18.0 16.1 15.9
7 DA 0.08 0.13 0.16 0.18 0.19 0.23 0.23 0.24
DR 20.3 18.4 16.2 13.8 12.3 12.0 11.5 11.1
8 DA 0.04 0.06 0.08 0.09 0.12 0.12 0.13 0.13

DR 14.3 12.1 10.4

9.8 9.3 9.1 9.0 8.5
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xH, 5BEMRM B W RMIE LA AR, AR pH
E&MT , BB 75 A4 5] B9 %) 36 4b 38 ¥k B 35 BIIR F
FHEMENRMEEARHEE, X pHEN 76, &
FE B T 5 i) R B B B, 1A 8.50 mg/g; pH fH 2R 6 il
8 i, % BB 2 53k 6.92 F1 6.90 mg/g; T pH {H
Ko 5 04 BF, MR BB SE 5.81 F1 4.80 mg/g. AT,
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Fig. 3 The isothermal adsorption curve of potassium under
different pH values
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/NBORLRE R FRREY BERSR, P
AREEP, XS BRE S #T,

BHEBRHNFREHTEUEGER(GE6OR
B, M4 Birp pH 5 4 B, 7 BR X 6 B 45 I8 T R AF
A Langmuir H &, M XEXBRBEKFE; pHEN S
B}, #f & Langmuir 1 Freundlich 7 78, M % ¥ B 3% ;
pH 185 6.7.8 B, fF 4 Freundlich #1 Linear 52,
RUEST B R IR BE B EKF

IR RN AR B ARR RS R BT
BRARE pH E&MA T, BEE 89 1H AL Bk E 1
HE BHRYENBREYE S BRERE
TrHEEE, £7EH, pHEN 78, EMHRAMNYH
WET ,BHEBRX N RRBENBRRERR, 2558
1.95 mg/g #1 41.3% ; H B ALK pH 6 > pH 8
>pH5>pH 4, XA RER K* 78 i/ Uk 2% T A9
WEY BRSBTS, X
BIEE S AT 9585 R 6 8 R WA R,
EPHEAAHTHEREARENBRS T#HT, KK
RBHRESEEEANS

£6 FApHETHEEARMNANSERKSELS
Table 6 Humic acid adsorption properties on K depicted with three equations in different pH values
Linear 7 2 Freundlich 7 12 Langmuir 7
pH X=KC+b r LnX=1/n°InC + K r 1/7X=1/(KX,) " 1/C+ 1/X,, r
4 X=0.091C+0.349 0.936 LnX =0.913-InC + 0.851 0.982 1/X=8.751-1/C +0.017 0.997* "~
5 X=0.114C + 0.648 0.955 LnX =0.773+1InC + 0.510 0.993* 1/X=4.792+1/C + 0.064 0.996"
6 X=0.162C+0.250 0.995* LnX = 0.950+InC + 0.687 0.996* 1/X=5.354-1/C+0.013 0.992
7 X=0.227C+0.012 0.999"*  LnX=0.973+InC + 0.609 0.997** 1/X=4.044:1/C+0.019 0.986
8 X=0.148C+0.048 0.994* LnX =0.951+InC + 0.755 0.995" 1/X=5.971-1/C+0.023 0.968
7 AEApHETRAULEEERNHFNRRESHENE
Table 7 The desorption properties of humic acids to potassium in different pH values
oH HH PIhR AL PRV F The initiatory concentration treatments(mg/L)
Item 10 20 30 40 50 60 70 80
4 DA 0.17 0.31 0.42 0.50 0.54 0.51 0.50 0.53
DR 23.9 22.1 19.3 17.0 15.4 11.8 11.6 11.2
5 DA 0.26 0.47 0.60 0.67 0.75 0.78 0.87 0.88
DR 26.7 24.3 22.2 19.1 17.6 16.4 16.2 15.5
6 DA 0.36 0.62 0.85 1.08 1.28 1.31 1.38 1.45
DR 37.9 33.3 30.0 28.8 27.4 23.3 21.4 21.1
7 DA 0.45 0.81 1.08 1.38 1.59 1.60 1.72 1.95
DR 41.3 38.2 34.9 33.3 30.4 25.4 23.2 23.0
8 DA 0.28 0.48 0.62 0.74 0.88 0.92 0.96 1.03
DR 31.1 27.3 24.0 22.2 21.4 17.8 15.7 15.1
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3 WrSER

AR pH EH &M T, BEE W 86 4L 38 vk B A0 3¢
L EERMA B AR ENRREYNE LA
B EBRREHETRER, FEMHFENPHLE
Ve T B85 pHIE (T 4 ~8 WEEN,7 BN W F
B, R M Xt L R R B R L A R B P AR TR RO T 3
o X4 pH{EN 8 B, BHBXM AN KHE . BRE
HBREER, 5 EE 11.8 mg/g.2.59 mg/g
58.9% ; i F 5E BR X B 09 W B FN AR R BB E pH 1LY
FEHE TGS, B pH {E N 4 0F, 5 5 B X Bk 1Y
BHE.MEREBNBREHIER, 2 & 4.5
mg/g.1.08 mg/g F1 37.9% ; T /& 0 BR XF 48 14 R FfF 0
BREREPEEGET RS #T, HREEFRA
BIRAMT , X pH 0 7 B, 5 8R4 B R I B
iR B A 8.50 mg/g.1.95 mg/g Fl 41.3% ., ¥
EF pHEMNAREBRP, BB A B HE
B Ff BT B Linear. Langmuir ] Freundlich =R
FEHE B Freundlich H RN B

HILAT L, AR PH &4 T, RUAL S8 76 BR X
ABEERINEHENBREZREK, EH
R BHBMIER L QEM BN ERE ST, 7EH
I EPBERBRRR ERE LI HIEEEREN
RoMMNFH, LR EBE L ELERE L E, HE
ZBRMF, EEFRME S B, NAREEY X F
ST R LR EEE S WA BB RS
Bl BB ERIEN“BRME,
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