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Influence of Reaction Time of Urea Hydrolysis-Based Co-precipitation on the

Structure of ZnAl Layered Double Hydroxides and the Phosphate Adsorption
LU Ying', CHENG Xiang', XING Bo”, SUN Zhong-en' , SUN De-zhi'

(1. College of Environmental Science and Engineering, Beijing Forestry University, Beijing 100083, China; 2. Shaoxing Environmental
Monitoring Center, Shaoxing 312000, China)

Abstract: A series of ZnAl layered double hydroxides (LDHs) were prepared by urea hydrolysis-based homogeneous co-precipitation
for studying their structure and phosphate adsorption capacities. The results show that all the samples exhibited a typical layered
structure as the reaction time extended from 12 h to 96 h, whereas Zn/ Al molar ratio in the ZnAls decreased from 2. 06 to 0. 70 and the
specific surface area markedly increased to be 7. 6-fold higher than that of ZnAl-12. Phosphate adsorption capacity of the ZnAl was in
general increased gradually with the reaction time extension, which can be attributed to the surface area rising as well as the increased
positive charge of LDHs layer caused by a higher proportion of Al. This reveals that physicochemical adsorption on LDHs surface would
have played an important role during the phosphate adsorption. With a reaction time of 24 h, a high amount of exchangeable interlayer
anions was observed, giving rise to a highest phosphate uptake of 34. 1 mg-g~" by the ZnAl-24. It indicates the ion exchange was
another major pathway for the phosphate removal. For all the ZnAls with different reaction times, the phosphate adsorption isotherms fit
well with Langmuir-type equations; the adsorption kinetics followed pseudo-second-order models.
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Table I  Formula, specific surface area, pore volume and average pore diameter of the ZnAl LDHs
Sokn fest wzy /O nfff:_fiﬁ " /i&‘z L A% mm
ZnAl-12 Zns g5 Aly g9 (OH) g 15 (CO3) g g4 Cly 76 +9. 56H,0 2.06 14.12 0.0238 104. 023
ZnAl-18 7ns 75 Aly o3 (OH) ; 46 (CO5) g oy Cly g9 +10. 16H, 0 1.96 17.07 0.0306 116.116
ZnAl-24 Zng 1 Aly o; (OH) g 04 (CO3) 49 Cls o3 +8.99H, 0 1.82 14.15 0.0208 96. 785
ZnAl-36 Zns 1y Aly 4 (OH) 5 43 (CO3 ), Cls 55+ 11. 67H, 0 1.49 38.54 0.0513 90.019
ZnAl-48 7ny 79 Als g4 (OH) 5 73 (CO5) 4 5Cly g6 +11. 95H, 0 0.82 92.33 0.090 3 64.574
ZnAl-72 7ny sgAls o3 (OH) 5 45 (CO5) 4 5, Cly 5, +11. 80H, 0 0.77 112. 68 0.1051 59.552
ZnAl-96 Zny g, Als 26 (OH) g 56 (CO5 ) 2 Clg 4, +9.95H,0 0.70 106. 53 0.096 0 64. 136

SRIG7AE /N T REE 5 TR, 2% AT S 0 B A S
i ] A9 3 IR TSR I3, % ek /> (4n 006 &7 T
K1 ISR . R, ZnAl 280K 3 A 7E ) & 7
AR GE R AT R R | SR — R BB TG . 3R 2
AR YEAT SRR AR AL AN d (B A ZnAl 280K W
AmESEL it o AR AR ZEHEERE T
FIHE (a =2d,,) ,c HERMERE (¢ =dyy + 2dyy +
3y )7 B ZnAL-24 Hh o F ¢ (EEE SN ]
RN — Bl XS5 R SR T Zn/ Al JEE
IR EL B A 0 B[] 384 o g8 s /s, T AL (8 12
#£:0.057 nm) kb Zn* " (B T2F4£.0.074 nm" )
AR/ NV — 3. AL 1 NG IELE , ZnAl-24 0%
R IR K A ] A Ao R v 2R R g — o
R Z MR K.
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201°)

a. ZnAl-12; b. ZnAl-18; c. ZnAl-24; d. ZnAl-36;
e. ZnAl-48; f. ZnAl-72; g ZnAl-96
El1 ZnAl ZKBHEE XRD Ei%
Fig. 1 XRD patterns of the ZnAl LDHs

3 AR BN s ] 45 Zn AL 287K ¥ A7 1Y FT-
IR &3, 4% ZnAl #5763 453 em ™ BHT AT W —A4 50
FU H—O gz shids, %3 0 T 2K i A 2R 2
[B/KF OH™ . S AMKEI( >3650 em ™) ML,
TS0 T G O 1) A R A B, e B K
2B R )2 AT 2 A AE. 761 633 em ' AL
WSS A 2 1] IK 43 1 1Y 0 25 B IR S 775

20.0 um

2 ZnAl E£KBFEHK SEM B A
Fig. 2 SEM image of the ZnAl LDHs

K2 oAl ZKBENRESH
Table 2 Lattice parameters of the ZnAl LDHs

LDHs dgp3/nm d,o/nm a/nm ¢/nm
ZnAl-12 0.7742 0.1541 0.3082 2.3226
ZnAl-18 0.774 4 0.1539 0.307 8 2.3232
ZnAl-24 0.7810 0.1543 0.308 6 2.3430
ZnAl-36 0.7623 0.1541 0.3082 2.2869
ZnAl-48 0.7610 0.1536 0.3072 2.2830
ZnAl-72 0.7609 0.1535 0.3070 2.2827
ZnAl-96 0.758 4 0.1535 0.3070 2.2752

614, 555 F1430 cm ™" 4b H BRI g 22 M—O
I O—M—O(M Jg Zn . Al) K925 4R 3051 &7 1
1362 cm ™' F1610 em "' Wik, s 5IHBLT CO;™ B
YRR P sh A s il B s Ol X 28 CO5T f IR
RorfRre A IR A IOK W A E 2B 1. 1
2975 em ALY JE I, R HR XSS 2 E] Y CO3T 5K
ST ZATR A AE IR ZnAl-24 B9 TR 3% &
L HA ZnAl BESA BB 0 2500, 781 362 em ™' Ab
B W [R5 BN 55 , U COS T B A I
B FE2975 em T Ab H BLER BRI, R B 775, 614
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Fig. 3 FT-IR spectra of the ZnAl LDHs
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Fig. 4 Phosphate adsorption by different ZnAl LDHs
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Table 3 Results of data fitting of phosphate adsorption by ZnAl LDHs to different models
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Table 4  Data fitting of isotherms of phosphate adsorption by the ZnAl LDHs

Langmuir J5 2 (C_" - 1, c ) Freundlich J5 & (ln‘le = InkK; + Llnce)
LDHs 9. bqn  qn n
'™ b R? K; n R?
ZnAl-12 4.850 0. 406 0.998 8 2.904 9.276 0.9820
ZnAl-18 6. 135 0.977 0.9956 4.256 13.33 0.7869
ZnAl-24 34.13 5. 140 0.9999 27.54 21.46 0.9890
ZnAl-36 14.37 0. 121 0.9802 5.883 6.916 0.8598
7ZnAl-48 17.27 0.220 0.9920 9.253 10. 10 0.9433
ZnAl-72 21.05 0. 176 0.983 4 8.243 5.851 0.9379
ZnAl-96 26. 60 0. 176 0.9738 12. 41 8.130 0.8907
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