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Absorption of Phosphorus by Lemon Residues
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Abstract: To study the adsorption of phosphorus by lemon residues, the lemon residues was modified by H,SO, and
CaCl, solution,and the L, (4) orthogonal design was used to optimize the modification conditions. The specific surface
area, pore volume and pore size of the adsorbent were tested. The adsorbent were characterized by SEM/EDS. The result
showed that the optimal combination of modification conditions was CaCl, mass concentration of 20% ,pH 8.5, adsorp-
tion time of 120 min and adsorption temperature of 25 °C. Under these conditions, the absorption rate of phosphorus
reached 93.6% . The significance of influencing factors was in the sequence of CaCl, mass concentration, adsorption
time , adsorption temperature , pH. Tthe influence of CaCl, mass concentration was significant. After modification , the spe-
cific surface area increased by nearly 4 times, but the change of pore volume, pore size and iodine adsorption were little,
and the ash rate reduced by nearly 70% . After adsorption,the elements of P were detected in the lemon residue,but its
peak was not high.
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Table 1  Factors and levels of orthogonal experiments
A) FALFS R N ;
o e (C) e (D) Bt
Level Mass concentration (B) pH Adsorption Adsorption e
of CaCl, (%) time ('min) temperature ( °C)
2
1 0 7.5 60 25 -
2 10 8 80 30 -
3 20 8.5 100 35 -
4 30 9 120 40 -
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Fig. 1 Effect of CaCl,mass concentration (A) ,pH (B) ,adsorption time (C) and adsorption temperature (D) on adsorption rate

3.2 &iRE9 pH XTBETR B E R0

M L(B) I, 24 pH 7E 6.5 3 8.5 Z [},
W pH 3R i I8 e ) B2 R 3 AN W 38 5
2 pH i 8. 5 M, M BFAIEAAAS . SR i T
PRARAE I P A T2 B AE L O W IR — AR
MR BRI PR AR S I 2, TR AR IRl pH AN W73 R
TP AR (W RR — MR I PR SRR AN W B 1 O
PR AR, £ T I BRI 2 T A7 AR 35 59 8 1, S I o i
PR Z (WA 73 ORI JT M, 2R AR, e 4%
P, DAL PR B 25t AN W7 496 K5 4 I A pHL
8.5 I, IR U WEIR WA — SR MR SRS A
CL AL BRI, WA R 580 X0 5t 14 W B REAR S5 ) H T
PRI Y4 pH (R 8.5 Bif, W B IEA RS

3.3 R BA A 1) X sk R Bt 2R B 2 M

L 1(C) RIS BB ] 54 60 ~ 120 min B
M R 238 AN BRI 184 5 >4 W2 B s 1] A 120 i F 18 i 52
IR BN e KA, H I I 8% BT FF ] i 22 K 187 Jff 5 AR R
AR o X T IS B A I b W R A S AR
FRANT S, PR T W2 B 238 AN W 38 K 5 4 i 1 s T3] Ay
120 min F}55 B5 F RIS R AR JLAS S oA 58 4, IR
WS T S5 I s ] R S, W B 23R AR AR
3.4 TRBRR R X R IR B 2R A R M

I 1(D) AT, WG B B2 Ry 25 ~ 45 C il
W 85 P2 P AN R v Ay e P S P AR A 23 AN
N IR FH T I o R Sy kA S N i I E )
T AR A P 2 2o R D AT R R A, DR T W o 23 A W



962 FR YIS 5T & Vol. 28

Tl )N o 54 10 LR, RS2 56 i e U2 5 8 - Sl AR A %
3.5 EXXE WA PR O 20% (IR pH {EN 8.5 IR

H R 2 B 22 kB AT SR LG AsByC,D,,  [H2h 120 min W FFHRFESN 25 °C, 1 R(E AT I &R
TEM S0 N HE— A0 AT SIS A e B A TR TR AR Ay S A0 T YA 4 T R 32 B ot
BRGS0 EIE R 93. 6% LT 322 thaztegm A B BEAIVA IRy pH B

R2 EXXHWARRER
Table 2 Results of the L, (4°) orthogonal experiment

(A) S5

SEEal S/ =i W22
oy ik (T : Aoyt
) cunccmr:ﬁon (%) time (min) temperature ( C) rate (% )
1 1 1 1 1 1 45.0
2 1 2 2 2 2 42.0
3 1 3 3 3 3 45.5
4 1 4 4 4 4 44.2
5 2 1 2 3 4 62.7
6 2 2 1 4 3 61.5
7 2 3 4 1 2 85.3
8 2 4 3 2 1 84.2
9 3 1 3 4 2 82.5
10 3 2 4 3 1 92.5
11 3 3 1 2 4 72.2
12 3 4 2 1 3 73.8
13 4 1 4 2 3 68.5
14 4 2 3 1 4 73.8
15 4 3 2 4 1 70.7
16 4 4 1 3 2 62.7
K, 176.8 258.8 241.2 278.0 292.4 T=1067.1
K, 293.6 270 249.2 266.8 272.5 CT=T2/n=71168.9
K, 321.2 273.6 286 263.2 249.3
K, 275.6 264.8 290.4 258.8 252.9
ky 44.2 64.7 60.3 69.5 73.1
k, 73.4 67.5 62.3 66.7 68.1
ky 80.3 68.4 71.5 65.8 62.3
ky 68.9 66.2 72.6 64.7 63.2
Sj 2977.1 4.5 432.7 10.6 296. 8
fi 3 3 3 3 3
Si/ fi 992.4 14.8 144.2 3.5 98.9
R 36.1 3.8 12.3 4.8
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Table 3 Variance analysis
KR 7 I S i F i i
ources . .
. Sum of squares Degree of freedom F value Significance

of variation

A 2977.1 3 10.0 *

B 44.5 3 0.1

c 432.7 3 1.5

D 10.6 3 0.0

e 296.8 3 - Fy05(3,3) =9.28

R4 FREVILELEGERER RS BB MHE

Table 4 The pore volume, pore size,specific surface area,ash rate and iodine adsorption value of lemon residues

o L& fLiz MM % TR BAH (L
Sﬁ_ uul Pore volume Pore size Specific A hjf(?}fg/ ) lodine adsorption
ampe (em®/g) (nm) surface area Shrate L7 value (mg/g)
AL HE S (A7 1B Pre-treated lemon residues 0.001 3.061 89.7 4.31 410.17
PG B HE Modified lemon residues 0.0021 3.346 368 0.24 441.46
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Fig.2 SEM of raw materials (left) and modified (right) lemon residues
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Fig. 3 EDS of the modified (left) and adsorption of phosphorous (right) lemon residues
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