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Preparation and Characterization of Intercalation Materials
with Layered Hydroxide Salts (LHS)
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Abstract: Intercalation of dodecyl benzene sulphonate (DBS) and sulfobutyl ether 8-cyclodextrin (SBE-8-CD) into
layered zinc hydroxide nitrate (Zn-LHS) and nickel/zinc hydroxide nitrate (NiZn-LHS) was synthesized by
coprecipitation and ion-exchanged methods. The effect of anion concentration and pH value on preparation was
systematically investigated and compared. The products were characterized by X-ray powder diffraction (XRD),
Fourier transform infrared spectroscopy (FT-IR), and thermogravimetry and differential thermal analysis (TG-
DTA), and scanning electron microscope (SEM). The results showed that Zn-LHS-DBS with pure phase and good
crystallinity was obtained at DBS concentration of 0.19~0.38 mol - L., pH=6.0~7.0, temperature of hydrothermal
treatment of 60~100 °C by coprecipitation method. The NiZn-LHS-SBE-8-CD with good structure was prepared
by ion-exchanged method. Zn-LHS-SBE-B-CD with pure phase was not successfully prepared by both
coprecipitation and ion-exchanged method due to the particular structure of SBE-8-CD and poor hydrothermal
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stability of Zn-LHS. Furthermore, TG-DTA data indicated that stability of SBE48-CD and DBS improved distinctly

in the interlayer due to the strong supra-molecular interaction existed between anions and hostlayer of LHS.

Key words: zinc hydroxide nitrate; nickel/zinc hydroxide nitrate; dodecyl benzene sulphonate; sulfobutyl ether 8-cyclodextrin;

thermostability
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AR EE Y ER (layered hydroxide salts, LHS)
FZ R A ALY (layered double hydroxides, LDH)
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B A HL-TCHL I RE A AR R, X Fh e A b R A
P B P R RIORE | 76 DR AR 2 A RN 8 1A 45 L e 1 I
(TR JEHL A 2 A AR o T R AR E AR
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Cu® % A" BH B 7140 C1- NO5~ .S0,> F1 CH,CO00~
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7 BT AC e S AEA PR RE AT AR 8 2o SCHRES R &
POCT LHS & B 45 48 F AR N 1w FH 45 5 T 09 BF 5%
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RNBVAT AR SET LHS )2 24T AR A 5 R AT
JZ RN,

5 LDH M Lt LHS(4n & & 4k B 25 [Zn-LHS)) &
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T LHS 4 Z AR AR E M BRI RE S AL,
X F MR AE Zn-LHS T #F2 &E TE W] B & T ZnAl-
LDH; 4- 57K H R AR 25 7 F1 4- S0 R B iR AR B85 75
Zn-LHS # Zn-Cr-LDH HAE HI 58 B2 U 1F 4 A 5,
i [ Choy TR A1 3-m5| Wk £ R (IAA) p-7F L1
(pCA)FIMIMERR (CA)IE JZ 3 Zn-LHS 15 90 K e feph
%, AHH ZnAl-LDH-TAA [ TAA 7£ Zn-LHS-IAA "R
ORI R HF TAA 2 7R IR LHS &
& T RAR T Zn(OH), 576 B A R LA R w85 11 )23 A F
i 85 B LR T 30, A4 AR pCA W3 B
FPUAALTE M | Zn-LHS-CA 221k b L1 25 5 Bt il fig
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2,4 5-ZHKREILRR2,4,5T) 4-2,4-—FH KR
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P52 51(SDS) 45 B Se i LDH, R e ¥ i o 791 A
JZ ]9 5 — P2 ) R KRS (CD) B 7K M 23 i A 45
T ZEE B (DDB) 25 W) 53 ¥ 5-9K W BE (5-FU)
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B TR B (AR) FI A 2 B (AR) , K HE Tl R 2% BR AL 2%
A BRA A SR ENAR), R db 7 RE 4k
SR T T Tk -B- PR WA (SBE-B-CD), Ll AR iiE
IR AE W B A BRA R e SR R 41 (DBS)
(AR), WHEBEZAEMR iR AR, R DS
Foucas 0 X-5f 26 A7 51 A X 4 5 E 17 W A1 43 Br s
Cu Ka(A=0.154 056 nm), & H JE 40.0 kV, 4 H i
40.0 mA, HFHEFEN 6°-min~', 20 1 FIH 2°~80°;
JHEE Bruker 2 5] Temsorn 27 B {8 37 - 78 4 21 )
FEIE A A B S LA KB JE R (BER S
KBr it oA 1:100), 4GSl 4 000~400 cm™;
K 1A 22 F) SDT Q600 [F] 25 #443- Afr AL 7 A b 1)
o AT R, 2 AT FHR B3RS 10 °Cmin™,
BB 20~800 °C; I H A H 322\ F] S-4800 %Y
FH oL 0 BB (SEM) b WL RE 5 AT 35 R F R/
O3t
12 SSUYRRHEHBEEMRAOTHE
1.2.1 HHUTEk

Zn-LHS #1 NiZn-LHS & BN, IR 47 T, ¥ 0.5
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mol - L' A E AL ANV W N E] 20 mL 1 mol - L A B2
£l 10 mL 0.5 mol - L' AR 22 A1 10 mL 0.5 mol - 1.
TEPR BRI A Wb I ZU R 4T pH=6.5, T in4s
FIFIREBEFE 0.5 h, Z 58 K WE AR 28 T 100
Cinfk 3 h, =Wt g vE¥, THLAH 80 CT )&
12 h, ¥ 543 3EAE Zn-LHS #l NiZn-LHS,

Zn-LHS-DBS &8N, T 47 T 44 0.5 mol - L' &
AL AR WORT 20 mL 0.5 mol - L~ i iR B 14 W [R) i)
T E M B 0.096~0.38 mol - L' DBS /K W,
FZsEHE W pH=6.5, TN 5E B e Ak S i 0.5
h, Z J5 B R AN 28T 100 CRtAk 3 h, 77
Zepbhhug VRV, THEAE T 80 C TR 12 h, MR IC
Yf Zn-LHS-DBS,

Zn-LHS-SBE-8-CD #1 NiZn-LHS-SBE-8-CD %
BN, TRAPR K4 51 0.2.0.5.,0.75 F1 1.0 g SBE-
B-CD /KIEW A 0.5 mol - L~ & A4k £ 7 W [7] B i Jon
£ 20 mL 0.5 mol - L™ AR £ 5K 0.5 mol - L™ i iR 5
0.5 mol - L™ A B2 B IR A v W b I 203+ | 4
pH=6.5, T N 76 B Ja AR SL i ¢ 0.5 b, Z )5 B R 5%
AR T 100 Chnfl 3 h, = W&ot g Ve,
FHEAEH 60 CT U 12 h, FEdh 4 BHCAE Zn-LHS-
SBE-B-CD #il NiZn-LHS-SBE-B-CD
1.2.1 Bk

I 0.5 g Zn-LHS 5 1.5 g DBS 7£ 30 C5 X 0.5
g NiZn-LHS 5 0.5 g SBE-B-CD 7 80 C#k47 2 #t )z
N 48 h, 6l pH=6.5, B ZUHE N, (-3, =P &
UE VRV, T T 80 C T 24 h,
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2.1 Zn-LHS-DBS #l& R EES FEH

HBTE pH=6.5, fALIEEE 60 CHIES ] 3 h %
PR, SR FEDITE L T 4 — R SR [F DBS W B 1)
Zn-LHS-DBS #fi )24, H XRD 25 R WLIE 1, B EIA]
M, M DBS WREE R O B, FEAN B A Zng(OH),
(NO5), - 2H,0(Zn-LHS) )2k 45 #4 (PDF No.24-1460), 1
XF R 2 B EE R 0.95 nm, 4 DBS % b 0.019
mol + L~ I} | FF i AT HA A B — Zn LHS 2R 45
g, AELAT S e i 8 ) Sk AT, )23 TR BE W A 4G K
DBS ¥ B 5 0.096 mol - L~ B | A & it B Zn-LHS-
DBS JZ Mk 25 44 | 3 AR AE A7 565 06 43 ) BLTE 20 0
2.8.5.5 Fil 8.4°KFif , XN JZEEE A 3.15 nm, FH
DBS & if)Z ; 24 DBS ¥4 0.19.0.23.,0.30
F10.38 mol - L~ B | 4 iy B A LAY B — 7Zn-LHS-DBS

LR HREE DBS ¥ BEBE A FE b U8 2 B I Rk
XA fig 51t £ DBS B F 76 & e WM A ¢, ik,
AR ICES DBS S AEHR A 0.23 mol - L7,

(a) 0 mol-L™!

AN~ N
(b) 0.019 mol-L-!

(c) 0.096 mol-L!

A
A (d) 0.19 mol-L™!
(e) 0.23 mol-L!
A () 0.30 mol-L!
) L (g) 0.38 mol-L™!
n 1 1 1 1 1 1 1 1 1 1
5 10 15 20 25 30

20/(°)
Bl 1 AN DBS ¥ & 4 % Zn-LHS-DBS # XRD %
Fig.1 XRD patterns of Zn-LHS-DBS prepared at
different concentrations of DBS

Y BEFE DBS W JE o 0.23 mol - L, H K]
pH B i Ak R B2 X & B Zn-LHS-DBS 1 2 7 ) 45
s, T pH EKT 8.0 B, ¥ SEA
ZnO A9 AE B PRI AR SIEEG T SR A IR EE 60 °CTF % %¢
pH=6.0.6.5 F1 7.0 %I & MU= PR 00 , 25 R L] K
i TE T 9E pH (B 25 T Y B A B — Zn-[LHS-
DBS 54 5 pH=6.5 I & 15 R i 45 i 5 5 i (18]
Ky, o0, pH=6.5, 76 FT 58 18 it Ak TR
60~100 °CILH , A i # HA MR — 7n-LHS-DBS
JRAIREER (B R L5 ),

AL, SR B 28 3 ik 7E 30 1 60 CHil %5 Zn-
LHS-DBS ffi /=81 8F . XRD 253 %8 |30 CHil &+ i
I Zn-LHS-DBS 4544 ,3 A FFAEAT 569 04 43 591 4
TE 20 4 2.6° 5.1°H1 7.6°BF 3, XJ i 2[RI B#E 2k 3.53
nm, WAL BERAS L Zn-LHS(WL & 2), Wi 4%
T Zn-LHS "' NO; RN HESE 2 DBS B 354, iX 5
B 11 #F Zn-LHS A5 SR X AT He i T DBS 5
Zn-LHS & A 30 5400 J2 M A7 7 58 00 AR A F g BE LR
DBS T AJZIA] Y S0 iR 60 CHE IR R4
B B ZLAR I, X T R Zn-LHS 4544
WA B ZnO 43 8FE DBS I, 5340 B T35
il £ Zn-LHS-DBS 119 )2 [] B B2 w3 F 3 0t 3 i & | iX
Al 85 DBS 7E )2 8] B HEAG 7 O [F A 0 e |
HAFHE A, A SO 45 Zn-LHS-DBS i )2 #1 K
i1 2 A #E K T DBS 42 LDH(2.68 nm)®, iX 5 Zn-
LHS 2548 746 DU BC A7 B A7 e il id L b 25 51 ]
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#EWT Zn-LHS-DBS #84> T 4515 . DBS 19K 4l
M RSF 258 1.90 nm!" | JZHRJE B 0.48 nm , B4
I & 7 0.26 nm™,Zn-LHS-DBS 1 i i = B 29
2.15 nm, K L DBS #] g L B2 (0T 3 A BRE i) 5%
MZTE Zn-LHS JZ [ HES] | Kbt s 75 2 R A — 4
S DB (1A 4 5 BURE Al (LI 3)

A
A:Zn-LHS
*: Zn-LHS-DBS

*
A
el o« " AD AA
1 i L n 1 i
10 20 30 40

20/ (%)

K2 B Ac kA i Zn-LHS-DBS 19 XRD & &
Fig.2 XRD patterns of Zn-LHS-DBS prepared by

ion-exchanged method
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(a) Single layer (b) Double layer

3 DBS fE Zn-LHS Jz A 9 Ai 5 38
Fig.3 Arrangement of DBS intercalated into the

interlayers of Zn-LHS

2.2 Zn-LHS-SBE-8-CD #l#&

R B T8 54 1.0 ¢ Zn-LHS #1 1.5 ¢
SBE-B-CD ¥ 7T 30 mL /K, 43 5I7E 30 #1 60 °Citt
175N il £ SBE-B-CD #iJZ Zn-LHS FE i, 4553 3%
W1,30 CHF & B 5 7E 20=3.1°FF I 5 B Zn-LHS-
SBE-B-CD i JZ2 A4 F} B REAEATT 55 e (AL 2) (A 47T
S BEAR G | LR FE R 2.85 nm, X K WA b
SBE-B-CD i AJZ ], {H 60 °CH BUFE i 5 9 LAY
ZnO 7 X AR Zn-LHS /K AR T 254 6,

M T 8 28 e BE R B K% SBE-B-CD A A% i J2

Zn-LHS, PHIHAS SCIA SR FH AL 30 3 2538 2o 2028 B-CD
JHE NaOH ¥ BE pH {A | & Ak il B2 R 8] 45 250 5
i Zn-LHS-SBE-B-CD i JZ A1 #} , 2h REKW R4t
TUVE A WU B i rh B ERAFAE Zn-LHS 1 Zn-LHS-
SBE-B-CD W Fh 2 AR&54 | HLJE & 45 H 117 S e o 7
HIXFAR S CRMLE 2), B2, KRB T 28 ik Mkt
VE VRN BB A A R — Zn-LHS-SBE-B-CD , iX &
Ik — 5 1 5 B-CD 43T 45 ¥ 5 25 0 [0 fe AR AT K
73— 5 Zn-LHS KR e 226 5¢, R TER
T Zn-LHS ¥5 254 ZnO .,
2.3 NiZn-LHS-SBE-8-CD #l & R HE#B 5 F &
5 0.5 g NiZn-LHS 5 A 5] H] & SBE-8-CD
1 60 CiHEAT38# [ )i, 45 F] NiZn-LHS-SBE-8-CD
HZA L, H XRD 455 WA 4, &l 4(a)F NiZn-LHS,
B M G AR 7S T S5 K918 (001)F1(002) T 47T 5 1 26
43 FE 9.6° 19.4° K3 X2 I #E R 0.92 nm, Bl 4
(b~e) T T NiZn-LHS-B-CD ZAREEH |3 4~ 4¢
TIEATT 55 06 26 43 5 HE 3.9°~4.2° 7.7°~7.9°Fl1 12.0°~
12.1°35 6 R J2 [ R R 2.12~2.25 nm, % B SBE-
B-CD M4 A2 18] NiZn-LHS 1 NiZn-LHS-SBE-8-
CD 7£ 26>30°17F S WA & AL, FLXT R K (a~b) T
Tt 5340, BT ABORE i A7 10.0° BT H BLAT 5 U
(B R R TR ), oo BE B SBE-B-CD FH 138 i 5
W/INT i FEACANAE | X 254 1 R NiZn-LHS 3%
JEH T NiZn-LHS H' NO; AN B 56 4> 9 58 4 ir 2, 3X
U, 7T 38 3 5 2T AN OG5 A A5 R TIESE D3 A
NO, F#7E 7] g /& By T 25 6] 437 B 2 SBE-B-CD A~ g

k A 0
_ A (6)025¢g
A . (@os0g
MA_” A . (@075¢
A P (e)1.0g
20 40 60 S

20/ (%)

Kl 4 A[E 4 SBE-B-CD & il NiZn-LHS-SBE-8-CD
1 XRD 3
Fig.4 XRD patterns of Zn-LHS-B-CD prepared at
different mass of SBE-8-CD
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56 4 v R DG A7 B 7 A 1Y) AE LA IR T /D NOy
e A RIS b B 7E 253 A 45 )2 MgAl-
LDH™,

M UL, #R 45 XRD 45 Rl SBE-B-CD 1943 T 4514
AT HERT Y NiZn-LHS-SBE-B-CD Z5 4955 | F SBE-
B-CD K 1 3 R4 1.53 nm, 7N H 3 R R 0,78
nm, PR EE R 0.78 nm®) T4 2 7 1 0 J2 0] B
2.25 nm, FHBRZHEEE 0.48 nm Fl 2 A~ BE DU I 4
0.52 nm, JZM B 1.25 nm AR R F PEREC K H far -
i J5U ) SBE-B-CD 1T 68 LA 47 )2 A /Y 7 1) 31 F )2
], HAd 2450 EE LK S s,

5 SBE-8-CD 7E NiZn-LHS JZ Rl 19 HE A 77 =X
Fig.5 Arrangement of SBE-3-CD intercalated into the
interlayers of NiZn-LHS

2.4 LIHNRESH

Zn-LHS .DBS F1 Zn-LHS-DBS 2140 i & I &
6, Kl 6a K Zn-LHS ZLAMGIE ] o B4 e {
5 SCHREAH VI A .3 487 em™ A 2 MRS 3k 1) 1 46 ik B
Vou,3 579 cm™ Kb SR 4 W LIS W Ay it A v R R 1Y)
A5 PR BIPY 1 640 em™ Kb H 55 TR SR K 4y I
BPR 2 S0q, TE 1 375 em™ A5 A W Wi oy J22 [i]
NO, W 45 ¥ 3 . &l 6b o DBS 11 21 4h St i
3480 cm™ Ab WU S 23 B K )23 1) 4 45 4 5k 1 A 4
PR3l vou,2 957.2 926 F1 2 855 em™ b i H 4% h
C-H WP IR 3N ey, X FRBIRREE ]y 4 i M 52
1 600~1 400 cm™ [A] Y WS U6 SFe | 2R BR 1) -1 2 4% 5
Vee,1 1951 131 em™ ZEWZ WL 73 53 28 S=0 #Y A Xt
PRIR BN o0 MM FRIR B 15,1 0431 012 em™ 4
W SR A AR C-H R38N vey™, 833 em™ b1
WU 2 S-0 &3 v, Bl 6¢ 24 Zn-LHS-DBS 4L
SRtk 5 a Mib AL, 7E 3 480 em™ I —A 5
U 3 DBS H i R AR 5 2R S R A A R

B EAT IR S J2 ] NO, R Ak W g e 3 2% |
[ s 3 B DBS 4 AE M U5 | 890~400 em™ 7 [l 1 B
2R 4 ) B M-O-M Y W i b ) AR BT DBS i A
Zn-LHS JZ WG A0+ TIRA MESHIEAS . 1Ah,
Kl 6c T vsoth BRTE 1 181 em™, IR £ 3 14
em™, W] DBS 5 Zn-LHS 2 [8] #H B 1 H 35 582
XERMEN S DBS B T Z A7 168 4> F1E A fE
LR S BEAE

Wavenumber / cm™

6 Zn-LHS DBS #1 Zn-LHS-DBS ¥ FTIR i &

Fig.6 FTIR spectra of Zn-LHS (a), DBS (b) and
Zn-LHS-DBS (c)

NiZn-LHS SBE8-CD Zn-LHS-SBE8-CD Hl NiZn
-LHS-SBE-B-CD £L4M G5 E LI 7, LAl 7a ' SBE-
B-CD i E ] AL E] | 7E 3 427 em™ Ab H 3R 5 I 58 1
WA U Ay % 5 R 0y 3L R K ) e 4 i 25242 933 em™!
WL CH, M8 IR i |1 189 em™ AL MY S=0
WIREER S, 76 1 644 cm™ b H BRI ISCIG Sy i 3
7K Hh 4R 3,1 166.1 045,951 em™ ) B EF B KS
R ELIT Y C-0 Al C-0-C MY C-0-C 1 45 #= 3
g ML 7h 1 Zn-LHS-SBE-B-CD % 1 7] B {0
%% 5] SBE-B-CD £ 2 925.1 183.1 161.1 043 c¢m™
SRR SR B 7h T 1 384 emt AT H B (]
NO; FFAF R Y g | L5 AR R | 3 PRk BB H A 2
it SBE-B-CD i )2 Zn-LHS f, 7341, ¥l 7e ' NiZn-
LHS tH & K5 Zn-LHS A& — 2, K 7d b
NiZn-LHS-SBE-B-CD i &l /1 7] ] it W %2 5| SBE-B-
CD F#AEWER # .2 930.1 187.1 165.1 044 cm™, [A]
BF7E 1 384 em™' 30 NO,FRRAE M 06 (1] s e T
/), Hoom AR 85 ) 3X BB NiZn-LHS JZ 8] NO, K g
44 SBE-B-CD AL, 534 ,880~400 em™ 7 [l i
L NiZn-LHS JZ# 4 )@ 5 M-O-M Wl | e 4h | id
KL, H)E G SBE-B-CD FEAE WA E 0 ] Ik I 20 7%
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17 SBE-8-CD.Zn-LHS-SBE-B-CD .Zn-LHS NiZn-LHS-
SBE-B-CD Al NiZn-LHS Y FTIR i &

Fig.7 FTIR spectra of SBE-8-CD (a), Zn-LHS-SBE-8-CD
(b), Zn-LHS (c), NiZn-LHS-SBE-B-CD (d) and
NiZn-LHS (e)

3, HAE Zn-LHS R R Xt dH TERYS
SBE-B-CD % ¥ Z [A1 4715 8 73 51 FH T 3 8

2.5 MEBEMSH

8 #4 th Zn-LHS .DBS 1 Zn-LHS-DBS 1) TG/
DTA #h2k, MK 8b ' Zn-LHS i DTA HiZ#E 300
CZ I H B — g #0%  (120,160,210 F1 270 <C)(IL
&l 8b i A KD, iX 5 SCHR— 2™ 120~210 ClaIK
PG 1 W B K RIS K B B 270 °C Ak I FA i
P B A 2 MO R B2 (8] NOS 1 JBEBR | 2k 2 L2 AR
S5k 8 MU 2 ) ZnO(XRD HESS), DBS #9 TG i
AE 335~480 °CH DBS 153k #, 78 DTA i<k
EXFRE A 2 AN (390 469 °C); 7E 640~787 CIH
T DBS MR BE L FE | XTI 1 58RI (708 °C), Zn-
LHS-DBS #J DTA 44 3 /B i . 160 CAb I F4
WA X 7 T S0 A A A A 3 T R R A R R K Y R
450 CAb i #UE XTI DBS 43 fff ;550 °CAb 8 ik 44 06
IR F DBS #AKe, X HRT & B 25 DBS 43 i
FEHR-EZT 60 °C, F340 , HHLIE DBS 7E MgAl-LDH H i
JZP9 DBS 7E Zn-LHS JZ2 [ BA 51 w5 i I e 7k |

100 (a) (b)
904
80 3
© 704 1 Exo 1
E" 60 4 )
B 504 Endo 50 100 150 200 250 300 350 A
304 2
20 T T T T T T T T T T T T T T
100 200 300 400 500 600 700 100 200 300 400 500 600 700 800
Temperature / ‘C Temperature / ‘C
8 Zn-LHS DBS Fl Zn-LHS-DBS % TG/DTA £k
Fig.8 TG (a) and DTA (b) curves of Zn-LHS (1), DBS (2) and Zn-LHS-DBS (3)
1004 (a) (b)
901
801 1
4 2
© 70 \—_—‘—_\_ Exo
=8 3 3
= 60
-
o
E 50+
Endo
404
304
1
204

T T T T T T T T
100 200 300 400 500 600 700 800
Temperature / °C

100 200 300 400 500 600 700 800
Temperature / °C

K19  NiZn-LHS .SBE-8-CD #1 NiZn-LHS-SBE-8-CD £ TG/DTA £k
Fig.9 TG (a) and DTA (b) curves of NiZn-LHS (1), SBE8-CD (2) and NiZn-LHS-SBE-8-CD (3)
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