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LDH film, however, some Al-containing film can babkicated at
so near neutral pH. For exampleMAI-LDH (M = Ni, Zn) films on

NiAlI-LDH films with hierarchical morphology have been
fabricated by immersion of Al substrate in Ni?*-containing

solutions under strong acidic condition, and the growth
processes of the films are discussed in the paper. The as

10 prepared LDH films exhibit high activity in the photocatalytic
degradation of organic contaminants.

Layered double hydroxides (LDHSs), also known asrbtalcite-

PAO/AI or Al has be prepared at pH 6.5 by situ growth

method?®*2 Considering that the aluminium hydr(ous) oxide can

be formed at pH <%#® if the Al-containing LDH films followed
a similar formation process as LDH powder, theitation of the
ss films at acidic pH may be feasible. To the besbwf knowledge,
no exploration has been made to prepare LDH filmenrstrong

like compounds, have attracted considerable atteriti recent  acidic condition yet.

years because of their potential applications inalgsis, Inspired by the above speculation, for the firsheti we
1 adsorption, bionanotechnology, electrochemistrypasation, ~ successfully prepared NiAl-LDH films on Al substain NF*-
sensors and environmental remediafihiThese compounds canso containing solutions with initial pH 2-6 using angilified in situ
be represented by the general formula[MV>*(OH),]** growth method. The obtained NiAI-LDH films showedgln
(A™)wn'yH,0 (M?* divalent and M trivalent cations respectively, activity in the photocatalytic degradation of métbsange (MO)
A™n-valent interlayer aniorf)For many applications in practical and rhodamine B (Rh B), especially the one formedthie
wdevices, such as heterogeneous catalysts, clayfigthdi Solution with initial pH 2. In addition, for bettemderstanding of
electrodes, sensors, adsorbents and membrane tsmpathe s the nucleation and growth of LDH crystallites onsilbstrate, the
preparation of nanostructured LDH films with riclorphologies ~ growth processes of the LDH films under strong igatgnditions
is becoming the inevitable trend for the developmehLDH were followed by scanning electron microscopy (SEkYergy
materials'® A variety of films, such as self-supporting Niind ~ dispersive X-ray spectrometer (EDX), powder X-Rafjraction
25 ZnAI-LDH films, 2 MAI-LDH (M = Ni, Zn, Mg) films on porous  (XRD) and X-ray photoelectron spectroscopy (XPS). Wépe
anodic alumina/aluminium (PAO/Af:® metal® glass substratd 7 that the understanding of the formation mechanigoDH film
or other man-made suppoftshierarchical ZnO/zZnAl-LDH films ~ under acidic condition will be helpful for gaininigsight on the
on metal substraf, have been obtained using NaOH, urea, Synthetic methodology of the material and servarasmportant
ammonia or hexamethylenetetramine as a precipitant. reference for the LDH film to be tailored for sdecapplications.
s In the synthetic process, the pH value has an itapbeffect In this work, clean Al sheets were immersed in Mié*
on the formation of LDHS® Generally, it is accepted that a basies containing solutions with pH value varied from 1@pofollowed
pH is required for the preparation of LDH powdeccArding to by heating to 80C in a water bath for different time as described
the literature$?™® the formation process of LDH powder by in ESIf. The white film coating on Al substratedsnoted as
coprecipitation method can be divided roughly it stages: ~ NiAlpxty, and the precipitate, which was only formed inkbul
s initially, M3 hydroxides or hydrous oxides are usually formed, solutions with initial pH 1 and 2, is denoted asAlgixty-p (x

then further addition of base results in conversiérthe M*
hydr(ous) oxide to LDH with the incorporation of?fThe
crystallinity of LDH powder synthesized using cogipstation
method usually increased with increasing pH vafifeAs for
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so means the initial pH value of the solution apdmeans the
immersion time (hour) of the Al substrate in saaj.

As shown in Fig. 1, XRD patterns of the scraped peEra/f
NiAlpxt24 (x = 2-6) and NiAlxt24-p & = 1, 2) exhibit the
characteristic reflections of the LDH structurepsing two

ss strong diffraction peaks corresponding to (003) é0@b) planes
with a basal spacing of 0.89 nm, which is in gogteament with
the values for LDHs with nitrate anioff*®>At the same time,
Fourier transform infrared (FT-IR) spectra of sarmsp(E€ig. S1t)
also confirm the existence of intercalated nitratéons. The

characterization details, XRD, FT-IR, SEM, EDX aidPS patterns, s XRD pattern of NiAlp1t24, however, displays no difftion peak

variations of solution’s pH, digital photographssaimples.

other than that of aluminium metal (PDF No. 85-138Graped
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e Fig. 2 SEM images of surface morphology of NiAlg4,x = (a) 1, (b) 2,
egree (©) 3, (d) 4, (&) 5 and (f) 6, at low and high €its) magnification.

Fig. 1 XRD patterns of scraped powder of films and priéaips. . . .
of NiAlp2t24-p are much larger in size than thos&lAIp1t24-p.

from the Al substrate. A comparison of XRD patterfi o Based on the above studies, typical NiAl-LDH filmutd be
NiAlp2t24 with that of NiAlp2t72 (Fig. S2(a)t ant)t) reveals s fabricated on Al substrate in a Fcontaining solution with
s that the crystallinity of LDH increases with inceieg immersion initial pH value as low as 2. A further decreas¢he solution’s
time of Al substrate in solution. However, when?ZnCdo®* or initial pH value to 1 resulted in failure of LDHIf formation.
Mg?*-containing solution with initial pH 2 were used the For better understanding of the formation mechardggihe film,
preparation process, diffraction peaks of LDHs wesedetected the growth processes of NiAlp2t24 and NiAlplt24n#l were
in the XRD patterns of the as-prepared samples &3g). ss followed by SEM, respectively (Fig. 3 and Fig. SL0t
10 The morphologies of the prepared Nifip4 were investigated As shown in Fig. 3(a) and (b), after the Al subi& was
by SEM and the images are shown in Fig. 2. In tieef the  immersed in the Ni-containing solution (initial pH 2) for 6 h, its
film, the images of NiAlp1t24 (Fig. 2(a)) show atwerk-like smooth surface seemed to be covered by a layeulstance.
morphology formed by the joint of numerous pilliel There are three kinds of typical morphology in Fig(b):
protrusions which are essentially amorphous Al(Q&tjcording e uncovered Al substrate, covering layer and splikee-|
15to the EDX (Fig. S51) and XRD results (Fig. 1), ishLDH protrusions on the layer. According to the EDX fesshown in
platelets are not observed on the surface of thetsate. With the  the insets of Fig. 3(b), the Al/O ratios of theetrareas/spots are
increase of the initial pH value of Nicontaining solution, LDH ~ 30.01/1, 1.35/1 and 0.51/1, respectively. SignaNofwas not
films with hierarchical architectures and netwolelcracks can  detected. Considering that the pH value increasem R to 3.8
be obtained, as shown in Fig. 2(b)-(f). The formatiof the s after 6 hours of reaction (see Fig. S41) accomphaive the
20 cracks can be attributed to the dehydration ofLtbel coatings  release of A" into the solution, formation of aluminium
during the drying proces§? According to Fig. 2(b), the surface hydr(ous) oxide layer, such as AIOOH, on Al sulistravas
of NiAlp2t24 is composed of sphere-like protrusiassembled — expectablé®® As the immersion time prolonged to 9 h, a layer of
by LDH crystalline platelets. The platelets arekhbut narrow in ~ microcrystals began to form on the thick aluminitnydr(ous)
lateral dimension, connecting tightly to the supp@though 7o oxide layer (Fig. 3(c)). Similar interlayer of alima was also
2s there are cracks exist on the surface, no peelingbe observed observed in the SEM image of ZnAl-LDH film fabrieat under
in the low magnification SEM image. When the pHueal near neutral conditiof?
increased from 3 to 6, dense LDH films were forraedording to When the immersion time increased to 12 h, theeclisheet-
the inset SEM images of Fig.2(c)-(f). The LDH plats are thin  like microcrystals had covered almost the entitestate surface
but wide in the lateral dimension. The adherencéese films to 7 (Fig. 3(d)). At the same time, a small amount afciulent
30 the support is not as good as NiAlp2t24. Severdimeef the precipitate formed in the bulk solution. The XRDtteans of
densely formed films occurred, especially for Niip4, scraped powder of NiAlp2t12 and NiAlp2t12-p arewhan Fig.
NiAlp5t24 and NiAlp6t24. At the same time, a newsdn of S2(c)t and (d)t. The broad diffraction peaks of L@k
microcrystals began to form on the exposed sulestsrevealed presented in the XRD pattern of NiAlp2t12-p, whesa®
by the high magnification SEM images (Fig. 2 ins#téd)-(f)). It  eo diffraction peak other than that of aluminium medataped from
s should been pointed out that these phenomena wéragbserved  the Al substrate can be detected in the XRD patiethe scraped
in the fabrication of ZnAl-LDH film on Al substratby in situ NiAlp2t12 powder. The difference in crystallinitetween these
growth method using N{#H,0-NH,;NO; as buffer (pH 6.5% two substances suggests that they are formed deparsVe
Variation of pH value of the solution may be resgible for the  hence infer that the formation of LDH film on thetérlayer and
unigue phenomenon in this work (Fig. S4t). Charations of es precipitate in solution can be explained by hetersgpus and
a0 NiAlpxty by FT-IR, EDX and XPS were performed and results homogenous nucleation mechanism, respectfefyne size of
are present in Fig. S1t, Fig. S51 and Fig. S6beesely. the microcrystal on interlayer gradually increaséth increasing
In the case of the precipitates formed in the bsdkution crystallization time, and a layer of much larged a@hicker LDH
(initial pH 1 and 2), agglomerates of tiny curle®H platelets  crystallites was formed after 24 h (Fig. 2(b)). TXRS spectra of
can be clearly observed (Fig. S71). The LDH criislplatelets < NiAlp2t24 indicated that the formation of Al-O-Niohds in

2 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]



Page 3 of 3

ChemComm

Fig. 3 SEM images of surface morphology of NiAlg2y = (a) 0 h, (b) 6
h, (¢) 9 h and (d) 12 h, at low magnification. kssare images at high
magnification and the EDX results of correspondingas and spot.

s NiAI-LDH lowered the binding energy of Al 2p, conea to that
of the Al 2p of NiAlp2t6 (Fig. S8t).

According to our above investigations, a possildemation
mechanism of NiAl-LDH film on Al substrate underaig acidic
condition can be proposed as follows: (i) dissolutiof
waluminium by reacting with Hto provide Af* which are
enriched on the surface of the Al substrate; @jnfation of
aluminium hydr(ous) oxide layer on Al substrate emécidic
condition (Fig. 3(b)); (iii) nucleation and growti LDHs on the
phase boundary (Fig. 3(c), (d) and Fig. 2(b)). Meile, the
15 formation process of NiAlp1t24 is discussed in BSg. S97T).

More recently, interest has been focused on the 4 Bsithey
show high activity and good stability in photocgsis’
Moreover, immobilization of LDH on a substrate camt only
facilitate the manipulation, but also improve tlaatytic activity
20 as the material presents different morphology caegdo the
powder samplé. To evaluate the activity of the LDH films
fabricated under acidic conditions, photocatalgggradations of
MO and Rh B were carried out under ultraviolet rddma
Meanwhile, photocatalytic property of Degussa P26,Twas
25 investigated for comparison, and the adsorptiopgnies of MO

on NiAlpxt24 are also showed in Fig. 4 and Fig. S10t. Among

45
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the six films and Ti@Q NiAlp2t24 showed the highest activity in
75

photodegradation of MO (Fig. 4), indicating tha¢ tmorphology
and structure should be the main influencing faabor the
30 photocatalytic performance of NiAI-LDH films, whidh affected
by the initial pH value of Ni-containing solution significantly.
As for Rh B, NiAlp2t24 exhibited an approximate phuatalytic
performance as P25 Tj@Fig. S1171).

In summary, NiAI-LDH films with hierarchical morphlagy on
35 Al substrate have been fabricated i*Niontaining solution

80

(initial pH 2-6) byin situ growth method. The obtained filmsss

showed remarkable activity in photocatalytic degtémh of
organic contaminants. The formation of the film andtrong
acidic condition was supposed to experience tHevihg steps:
s dissolution of aluminium, formation of aluminium dnfous)
oxide layer on Al substrate, nucleation and growthLDH
crystals on the interlayer. The finding of this was a useful
extension of both the preparation conditions arel fdrmation
mechanism of the LDH film fabrication usirig situ growth
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Fig. 4 Photocatalytic degradation of MO under UV-lightaitiation and
adsorption of MO on NiAlgt24 in the dark.

method. They may be of great value in designingLbH
materials for the control of environmental pollugam@mand other
various potential applications.
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