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2. Experimental methods

2.1 Materials
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The average pofraebrdicmartaaendec Hdhpp dhret awarcury pohosimeay{b e edna s d
GT6 0, g ua ndewdce.Thesurige microstructure and membrane seasion &long themembrane thickres) were
characterizethy scanningelectronmicroscopy (SEM, Hitachi, S4800, Japah)h e swsiotlh di f fz@o ginth g Ag NI
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(BET, BELSORP Min). Thebinding energy of the membrane material was measuredray photoelectrorspectioscopy
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(XPS, Thermo ESCALAB 250, USA All binding energies were reference285.0 eVcorresponding to th€ 1speak The

zeta potentia of the boehmitesols weremeasuredising thedynamiclight scatteringtechnique (Zeta PALS, Brookhaven,
USA). Thebonding strength between the MF and UF membranedayemeasuredby a nanascratchtester (MNO TEST,

MML) to evaluatehe difference between the conventional andiaotering process Th e p mrtohsee t g mi ¢t i
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Thepurewater flux permeate fluxand permeability erecharacterizethy acrossflow apparatugthe structure of the
apparatuss presented iour previougeport[42]). The rejectiorperformanceof ACUM and CCUM wverecharacterizethy
adextran solutionThe mean pore sigeould be calculatedsingthe rejection rate Thetotal content othedextran solution
was approximately6.5 g/L, with 10000 Da (2.5 g/L), 40000 Da (1 g/L), 70000 Da (1 g/L), and 50D@0@ g/L). The
concentrationof the dextrarsolutiors before and aftethe membranaverecharacterizethy gel permeation chromatography

(Waters CorpUSA).The fl ux and permeability were calcul ated by
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3. Results and discussion

3ll nvestigation of the st-ddpledagremiftoar namlcse of t he AgNPs
AgNPs havea higher surface energgnd easily agglomeratén a simplemixing processleading toinstability and

inhomogeneity of the sol’he inhomogeneousizedistributiors of AgNPshindered the investigation sfructuré propery

relationshig of a composite membraf&l]. Therdore, a uniformdispersivity of the AgNPs in the boehmite sotequired

Fig. 4a shows thezetapotentiat of the boehmite selwith and without dopd AgNPsas a function ofhe aging timeThe

zeta potentiawere allmaintained around 30 mV with the increa$the aging timeindicating thathe AgNPs didnot affect

the stability of the boehmite sol. TgNPs-doped anghure boehmite sshreshown inFig. 4a (inset). The AgNP-doped

boehmite solvasbrowni yellow, asthe insitu-formed AgNPsexhibitedsurface plasmoresonanc¢4s, 46]. Fig. 4b shows

the relationshipbetween pH and zeta potenfiat the AgNPs and FOOH. The AgNPs are negatively charg&cile AIOOH

is positively chargedt apH of 3i4 (the pH of the boehmite s presented iur previousreport[37]). Therefore the

AgNPsreducedfrom the silver nitrataduring thethermal treatmenfi47] could be absorbedround thec r y st a | nuc

boehmite with the aid ofowdinggcehel e l-léanydnbdnfgfdeduitest eclolud ds v

7



the AgNPs in the boehhigths® opetWatnhd tfhoirsm aap pu nooaficdinem @il @a
additiAgeRsawmnldd be for med, ef fecti v eAdyP acnadn sntud & iscrmoienrdt gr sotid ly ¢
t hpear t i @lt entabneozggciagl ).g i44¢d hotwlse t her malk diphheg bsBOp e d b oelThhmi t ¢
sowad$ or memdgpewi t h water evapor at iAb,n.t hAdctdegINdssi bretyeorai dnégd raoin

membr ane surface.

(a)ssf (b) ——AgNPs
i 1 ; % E E % % ) —a— AIOOH (boehmite)
30 s :
s 540
£ s Without AgNPs =
§25 i *  With AgNPs =
b= =ZF
[9) D
g 8
S 20 ol OF — — R o i} i i
N N
15 F 20 |
10 1 1 1 1 1 40
0 50 100 150 200 250 14
Aging time (h)
.) () G Boehmite
EDL : ¥ nucleus
o ; ) glycerol R
by o
\\ \ ’Q\ *~ CH;COO-
e AgNPs
R% Solto gel it Thermal /- Glycerol
process treatment ‘ Alumina
particles

Fig. 4 Dispersivity performanceof the AgNPs and boehmitéa) Zeta potentia of the be&hmite so$ (with and without
AgNP9 as a function othe aging time(b) Zeta potentia of the AgNPs and AIOOH(the isoelectric poin{IEP) of the
boehmiteis presented in thé/u éreport[48]). Schematis of the(c) dispersion procesnd (d) thermal treatment of ACUM
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In our previoustudy[37], theboehmite sol wasynthetized o p r -AlgOanarefiltrationmembraneand parameters
such as [H]/[Al *] and [HQO]/[Al*] were investigatedUsually, the doping method usifggNPsinto themembrane layer
couldsignificantly affect thepore volumeand surface area, atftlisthe permeaibity performanceThe effect othe doping
content of AgNQ s discussedo characteriz¢he microstructure othe AgNPs-dopedaluminamaterialby the BETmethod
Fig. 5a shows the surface araad pore volumeThesurface area and pore volume decrdagth the increas in the AgNR

doping content, athe AgNPs filed the pores of the alumina material, whichproved its nonporous componentnd



decreasgthe pore volume and specific surface afié¢ee decreasan the pore volume and specific surface area could reduce
the permeaitity performance ofhe final membrane materidig. 5b showsthatthepore diameter increagavith the AN
doping contenparticularly in the range dfO to 20 wt.% asthe AgNPs tended toonnect with each othém the sintering
process, whichaccelerated the growth ofAgNPs and increase their diametes. Furthermore, when the doping content
increased from 0 to 20t.%, the AgNPsouldaccelerat¢healuminaphase transition fromto U(Fig. 5¢), which isindicative
of a rapidincrease in thaluminaparticle diameter[5]. The aluminaphase transition couldlso be responsible for the
decreased specific surface afEmy. 5a) and increased pore diametErd. 5b).

Figs. 5d f show the microstructure evolution with thgNPs doping contenby SEM images ofthemembrane surfase
The membrane surface with 5 wtdbAgNPswas smooth without obvious defects. However, the memlmanfiace with
higher AgNR dopingcontents were differepparticularly atl0 and 20 wt.%A large number ofarger pore were observed
on the membrane surfackigs. 5e and 5f), which is consistent with our previous study nhomogeneous nu
alumina at high temperaturgg). This could be attributed to two factofsrst, the high conterdf AgNPs couldead to a
uniform and unstabldispersion of AQNPs among the boehmiith excessAgNPs onthelocal membrane surface. Second,
the AgNRs doping could promote theluminaphase transitiod r o m phasg¢and thils promote the growth of the alumina
crystal therebyenlarging thdocal membrane poresurthermoreijt is worth noting thatif the AgNPs were not doped into
the boemmite sol, the membrane surface could hsigmificantcracksformed during theo-sinteringprocesqFig. S3). The
mismatchin thermodynamic properties between ME and UF layers in the caesinteringprocessand larger tensile stress
from theUF layer couldead tocrackg5]. However, as discussed above, the membrane swvidcdoped AQNPs(5 wt.%)
was smooth without defects. TAgNPs with thehigh ductility and toughnesuld absorland deflecthe stressproviding
amembrane surface witthigh integrity which is consistent with our previous stjidg]. Overall, the AgNPs doping content

in this work was controlled at 5 wt.%.
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Fig. 5 Microstructure of the AgN®doped alumina materia{a) specific surfacearea and pore voluméb) pore diameter(c)
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As discussed above, tllispersivityof the AQNPsin the boehmite sdiadan important role irthe fabricaton of the
ceramic UF membrane withhigher integrity.The sample ofAl,Os with 5 wt.% of AgNOs wasinvestigatedn detail by
energydispersive Xray spectroscopynappingafter sintering at 1000C (Fig. 6). The elements Al, O, and Ag were
homogeneouslygistributed,which confirmed that the AgNPs well dispergd within the alumina particlesTransmission

electron microscopyTEM) images at higimagnificatiors wereacquiredio observethe microstructure of the AgNPdsing
10



the images irFigs. 6e and6f, the size of the AgNPsand alumina particlegere preciselycharacterized. The sigef the
AgNPs were approximatel nm,while thelattice planespacingwasapproximately0.34 nm, consistent with th@evious

report[28].

Fig. 6 Microstructure of the AgNfoped alumina materigla)i (d) elementadistributiors and (e)f) TEM images

An XPS characterization wasarried outto analyzethe valence states of the Agdlffoped alumina materials after
sintering at 1000C for 2 h.Fig. 7 showsthe binding energie®ferenced to aarboncontaminan{C 1s, 284.6 eV). The full
spectrum is presented Fig. 7a. Ag 3d peakswere observedfterthe AgNPs doping in addition tothe major peak®f O 1s
and Al 2. Fig. 7b showsa fine Ag spectrunwith peals of Ag 3ds; and Ag 2lz2. The XPSexperimental resultaere fitted
yielding peaks of Ag and Ag. The Ag 35> peakwas deconvoluted ttwo major peaks at 367.8 e¥Ag) and 368.4 eV
(Ag20) [28], while the peak at 374.2 esbrresponds tAg metal[50]. Ag and AgO could besimultaneously present in the
material,thoughAg wasdominant Fig. 7c showsthatthe binding energy oAl 2p of the material dopd withAgNOs (74.18
eV) was higher thathatof the materialvithoutdoping (7388 eV). Thisindicates that the AgNPs couldeparly introduced
substitutionally,providing a slight increase in the A/ concentration and thus lower electronic cloudensity[7]. This

demonstratethatthe AlT Oi Ag chemical bondare formed51-53] between the alumina particles and AN
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