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Adsorption and Desorption of Layered Double Hydroxide with
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Abstract; Whole egg liquid is nutritious, and contains proteins, lipids, carbohydrates, vitamins and
other components needed by human body. Based on the demand of low phosphorus’ diet in patients with
kidney disease, layered double hydroxide (LDH) adsorption method was used to reduce the phosphorus
content of whole egg liquid, aiming to develop a low phosphorus liquid egg product and provide a special
diet for patients with kidney disease. The effects of initial phosphorus concentration, adsorption time and
the amount of LDH on the quantity of adsorption and solubility at different adsorption temperatures were
studied, and the kinetic models were also analyzed. Meanwhile, the effects of volume and desorption time
on desorption characteristics of LDH and the reuse of LDH were investigated. The results showed that the
quantity of adsorption of phosphorus was proportional to absorption time within 1 ~7 h, and the values of
the quantity of adsorption and solubility were increased with the increase of initial phosphorus
concentration at all temperatures (20 ~45°C ). When the LDH content was 10 g/L, the adsorption
degree was good at all temperatures. In the model analysis, Langmuir isothermal model and quasi-second-
order kinetic model had high fitting degree, especially at 25°C and 30°C. In the thermodynamic model,
AG was negative and AH was positive, and the adsorption was spontaneous and endothermic. In the
desorption experiment, the optimum condition was desorption for 5 h, the ratio of desorption liquid to
LDH was 1. 00 L/g, and the two times in cyclic utilization could maintain a better adsorption degree.
After dephosphorization, the percentages of essential amino acids in total amino acids and in non-essential
amino acids were more than 40% and 60% , respectively, which had little effect on protein nutrition. In
conclusion, LDH was a suitable adsorptive material for removing phosphorus from whole egg liquid, and
can be used for the development of special liquid egg products for patients with kidney disease.
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AR LA 25 o AR KL, O R B 2 0F K
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Fig. 1 Effect of LDH adsorption time on quantity of

adsorption of phosphate in whole egg liquid

L )
P2 LDH WS B sk ] Xof 4 2 9 v Ak 2 19532 )
Fig.2 Effect of LDH adsorption time on solubility

in whole egg liquid
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Fig.3 Effect of initial concentration of phosphate

on its quantity of adsorption of LDH adsorption
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Fig.4 Effect of initial concentration of phosphate on

Bl 4 A B 4G B

solubility in whole egg liquid
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Fig.5 Effect of LDH addition on quantity of

adsorption of phosphate in whole egg liquid
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Fig.6  Effect of LDH addition on solubility
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JE LA SEBG #5 10 ~20°C . pH UL W] 41, LDH Xt 4 26 i
HH Rl P R B B G LG T 3 SR A X A R ot
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(20 ~45°C ) ,LDH X4 25 i v i 1 i Bt ok 7% 1 3l g
AR PG B WL 2. 20 ~ 45°C W BRFIELEE R,
TR I AL R B TR — Bl e A
LB o 5 TR A 38 T A A ) LS RO 0 B O T R
aof i o [ 77 0 B B S A s L %
2F KW B 1 2 HEAT T WF ST, KUZAWA 2517
W75 o LDH S 8 1) W5 B . ) s 4%F 5 o — S 3 ) 2%
e G sh Sy 2 BB, [ RE, A S K b AG 7E
-20 ~0 kJ/moly [B] N , ¢ B LDH X 4= 2 #5119
87 GFF DLy B o T
2.5 LDH KR 4514

7.8 2y LDH fif W 52 56 45 5, ey 52 55 £l ml %0
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Tab.1 Adsorption isotherm and thermodynamic parameters of phosphorus in whole egg liquid by LDH
) Langmuir % Ji 3¢ Freundlich 25 5 2B R
s
Q,./ b/ AG/ AH/ AS/
C ] R, R Ky 1/n R ] ] ]
(mg-g™') (Lemg™") (kJ*mol™")  (kJ-mol™') (J-(mol-K) ")
20 18. 48 0.0132 0.43 0.9729 0.63 0.55 0.9583 -9.19
25 18. 06 0.0145 0.42 0.990 1 0. 68 0.54 0.924 4 -9.36
30 17.71 0.0151 0.40 0.9827 0.70 0.53 0.9315 -9.50
4.50 31.38
35 17.15 0.0163 0.38 0.986 9 0.73 0.53 0.960 1 -9.67
40 16. 86 0.017 4 0.36 0.983 6 0.77 0.51 0.943 6 -9.82
45 15.92 0.018 6 0.35 0.9899 0. 81 0.50 0.947 1 -9.98
®2 LDHM2ZERHPBNRMEHNFRESH
Tab.2 Adsorption kinetic model parameters of phosphate in whole egg liquid by LDH
. E— 2R 3l Jy A i WE 8 2 A
/<
i & R? i & R?
20 In(Q,-0Q,) = -8.7489 x10 "¢ +0.893 5 0.976 5 1/0,=2.1334/1+0.092 1 0.989 9
25 In(Q,-0Q,) =-9. 3014 x10 %1 +0.8612 0.972 4 1/Q,=2.0873/t+0.0917 0.9851
30 In(Q,-0Q,) = -9. 7634 x10 %1 +0.8239 0.964 6 1/7Q,=2.0287/t+0.0910 0.997 6
35 In(Q,-Q,) = -9.6247 x10 *¢+0.7753 0.960 8 1/Q,=1.9875/t +0.090 2 0.9849
40 In(Q,-Q,) = -9.5226x10 %1 +0.686 0 0.977 4 1/0,=1.9023/t +0.089 7 0.980 7
45 In(Q,-0,) = -9.4962 x10 "¢ +0.701 1 0.9525 1/0,=1.8892/1+0.084 3 0.979 1

4 5
L)

Pl 7 LDH fif 0 I (8] Xob 8 i W 5 4 5% )
Fig.7 Effect of desorption time of LDH on rate

of desorption of phosphate

20
0.25 0.50

P8 AR Hb o B AR VR 3 Y R
Fig. 8 Effect of ratio of desorption liquid to LDH

on rate of desorption of phosphate
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AT o 3K e T AR R R A B S
LDH 254 75 X £ 2 W 45 &, W Kl 7 LDH 2

W, 455 T BAR, 5 T o W B IR S s, 1k
S AR BOK, B 5 LDH J2 M BE R T A 8 T
gAML R I G TR T o 2 A R I (] £
3800, TR R R % 58 T 4 0 (P < 0.05) , f#1 5 h
J5 A W A K e . e 4 SR T LDH X AR
PEAT A W O BF 5 v, 0 W8 I (6] 4 3 12 he AR SE B 3K
) 7t U £t A BT A )RR o 5 K T g 5 % R SR A 4
JiA o AR TR B, 85 5 5 T4 NaCl 75
WG . 3 ok 2 o i B R T SRR T T IR N o AR
Wi, BT B T LDH 221, L7 K i
W] AR 8 I I A S A 0% R T
N (P <0.05) , 4% 3 T %0 0 38 K S 2R v, 0% ok
JEE S % R B ) 35 (P < 0..05) 3L 3 AR A 2 2
MG, YOk BT 1,00 L/g 5 % W R K
18, E, LDH 45 4 %0 55 1 B 45 O B0 IR , 4k 28 3%
A8 5 9 P, A e 3k 8 AR 407 A 1 R 2 SR S 4 s R,
BAR R, R, AR AR SR 1 g LDH %
F 1 L NaCl fif W iE 17 0 A W2, WG ESE[E] 2 5 he
2.6 LDH H{E#R{E F

ERSE LDH (9 7 A4 M, % LDH 35 47 416 BF
I, %3 NaCl W J5 9 LDH #E47 S00°C K548 4 h, %
HUG . BB IR o S00°C i, AT LI KR 5% 0 B R
R 6 £ 2 1 19 85 7 86 I oF 33 ok sk #) b 3 h
B R R B = 5 KR & 5 T Lk B R A 45
', ¥ LDH &8 7 W 0 T 4 2R 10 W% B 52 96
Hp ST A O B R A T 9 B R o Bl R B
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Fig.9 Effect of cycle times of LDH on quantity of
adsorption of phosphate in whole egg liquid

(14 58 i, LDHL X6 14 14y W% B o2 2% o M IR o T 2 KT
(1 0 B A5k 22 57 AN S, 25 3 UG T IE R A 9 10mg /g
PR, LE 55 4 WM SRS 5 U J I ot Bf 2 [ A 3]
6 mg/glL N o EAEFREE AT, R i Ak BEOK B A7
LDH } 2% 4 W R b a7 % ik i AL
S R T PR O AT o AR DL, B ST
FE SR AR Tk B A% S % B IR AR 45 45 19 7 X
A EA P ¢ 8 IR B BAL AN LB T 2 AL
LM o AT HEAT 22 ARG 36 AT I, LDH 2 1 119
M8 W57 it 45 o T, Oxl BR S 1 Wk 1) W E SBOR B IR H
T, 6 T % B 550 408 B0 0 P 10 F 7 22 /0, 2 v i 2

XF LDH #EA7 748 ER A £ H 3 U< W B A 1 14 ROR
BUF o — 58 YRR O PR T, AT DL R R B b 4%
MR RF 5500 ) 2 BEE A P o AS 2 56 v LDH g A 088 FH W 5K
N2 RT3 WA I A A R R SR
2.7 MEREBRSENFM

MEP AR R R, BEASE S AR
R R AL, AT AR AR A i S R
TE T AT (20 ~45°C) Wi W B Ak 2 X 4 2 9
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Tab.3 Analysis of amino acids in whole egg liquid and dephosphorization whole egg liquid %
e SRS W BpE
20°C 25C 30°C 35C 40°C 45C
AW 0. 66 0. 62 0. 61 0. 61 0.58 0.56 0.55
0 R 0.71 0.72 0.70 0.68 0. 67 0.65 0. 66
SEE R 1.17 1.03 0.99 0.96 0. 94 0.92 0.91
U 5L R IR 0.63 0. 61 0.59 0.58 0.55 0. 54 0.52
LRI AR 0.43 0.43 0.44 0.45 0.43 0. 44 0. 44
EEA A 0.72 0.72 0.71 0.70 0. 69 0. 68 0. 69
A 0. 87 0. 46 0.43 0. 41 0.39 0.38 0.38
6 H IR 1.02 1.01 0.99 0.99 0.98 0.97 0.96
KA 1. 64 1. 64 1.65 1.67 1.68 1.69 1.69
2R R 1.62 0. 87 0. 89 0. 87 0.86 0.85 0. 82
B HE R 1.49 1.51 1.52 1.53 1.54 1.54 1.55
H &R 0.51 0.50 0.49 0.49 0.47 0. 46 0. 46
R4 0.99 0.75 0.75 0.74 0.72 0.70 0.70
AR i AL R ot = R 0.51 0.49 0.48 0.48 0.46 0. 46 0.45
it 7 R 0.45 0.44 0.43 0.43 0.42 0.42 0. 40
HAR 0.52 0.49 0.51 0.52 0.53 0.54 0.53
K AR 0.06 0.05 0.05 0.05 0.05 0. 04 0. 04
Jifi = R 1.21 1.19 0.97 0.92 0. 89 0. 87 0. 87
BEEER 15.21 13.53 13.20 13. 08 12. 85 12.71 12.56
W IR 6.21 5.60 5.46 5.38 5.23 5. 14 5.11
Whle S FE PR 7 R SR T B 40. 83 41.39 41. 36 41.13 40.70 40. 44 40. 68
PR EERGIELTEAERTEF L 69.00 70. 62 70. 54 69. 87 68. 64 67.90 68.59
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I, R FH LDH BEAT B 04 14 [R) s ) DLGR 45 2 P AR
TR SR 3 TR ) o T

3 Hig

(1)K LDH BEAT 2 30 14 W BT, 5 £
BF 2% 1 D« W BT ISF 8] 6 b, o i Joi K 2 125 mg/L,
LDH & 10 ¢/L,

(2) 925 7 LDH 14 55 R WK i i 10 mg/g,
[Fi) 5] 95 gk B2 1 B B2 AE 10% LA A 5 Langmuir 45 i
3 Freundlich 28 20k — 8l Jy =& Ml — 9 8h )
SFAS LYY ] AR LDH X i A9 W B, Langmuir 25 i X
e 2 2 )y 2 BB U S BE B, U AR 25°C A
30°C M Bk BE s 405 ROR Bt

(3)AS % 31.38 J/(mol - K) , AH 3 4. 50 kJ/mol ,
AG /NTF =9 kJ/mol, 7E 35 i 20 ~45C Ji [l F ¥ HE [
KN LR WA R

(4) fRme SEgs AR A ARG 1] 5 b Y80} L
9 1.00 L/ g, JEHFIHES , LDH SAE FHIRECH2 IR,

(5) Wawh I 4 SR 06 75 B JE TR o7 A 24 BE R 1) o
AT EOR T 40% , s WA IR 5 A U 75 L IR 1) i
HH A KT 60% , LDH Jii il %) 25 1 508 57 1k Y
M 8 /N

(6) LDH i I F 4= 8 i b il i 25 B, LX) i 1y
W B R R4 AT DR R 2R TR E SR R AR
fA] B AT AR AT 5 A2 M AR AR B 2 S T
A%
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