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Abstract

Zinc (Zn) has been widely used for coating steel surface for the protection from corrosion because of a
sacrificial anode property of Zn. Moreover, Zn is low toxic and inexpensive. Nowadays, Zn have been mixed with
coating or paints, which are much convenient for repairing or maintaining works. For mixing Zn in the coating, the
Zn particles should be small for better anticorrosion efficiency. In this research, the synthesis of zinc metal
nanoparticles (ZnNPs) with the method that could be further developed to a mass-scale production was studied.
Decreasing the procedure stages to one-pot reduction synthesis method was introduced. This method could reduce
chemicals usages, time, and energy. ZnNPs were synthesized by the reaction of Zn"" with benzildiethylenetriamine
(BDT), a mild reducing agent. The synthesis conditions, namely the Zn*" sources, the quality of a solvent, and the
solvent volumes were investigated. The products were characterized by several techniques such as proton nuclear
magnetic resonance spectroscopy ("H-NMR) for chemical structure identification, field emission scanning electron
microscope (FESEM) for morphology, X-ray diffraction (XRD) for crystallinity, and dynamic light scattering (DLS) for
particle size distribution. It was confirmed that the obtained products were ZnNPs, which were white fine powder
with the particle sizes in nanometer ranges (nanoscale). The sizes and morphologies of ZnNPs were depended on

the solvent volume used in the synthesis.

Keywords : zinc ; nanoparticle ; reduction ; one-pot synthesis ; mild condition
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Wlaennaeuiufiiuglnsnlu uansdnduufialalnaau Tainandfisananannisi (2) dunistiudulion

ransTninlunedunandunseiléine zn nalnfdaes zn uansneiullasawineynia iy Walanzdinza 58

2UNALTENNNL 1 EIURWAT (Zn granule, Fluka) HadlanzRuane uadflunedans@niaunadszunns 100 lulasums
ame o 4 g P S -

(Zn powder, Fluka) #8A1n1 Asnnd 9 ilunaainawinauniafiuansinai Gonu i ulanenanaafia wu aunie

w1 Tue9nes (Uppal et al. 2010, Shi et al. 2012) L&z K1 (Gonzalez et al. 2014; Jafari et al. 2016) ludu anseh

=

ZnNPs fdapsilaiiunedanaenaiinain ZnNps ialjiseneendinduiieandiaussndnanszuaunisdansed

wWagwann zn 1flu Zno NHATaRRRLLUEYEYRNA aanAdesiunsLsingaesin Zno T guluuy XRD Tunni 5

Zn°"(ag) +2e ————>7Zn(s) (1)
Zn(s) + 2 H' (ag) —> Zn*" (aq) + H, (g) (2)
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il 9 Tanzdanz@lugiuuudalan Zine granule (a) WA WUURS Zinc powder (b)

2. PIANHITRAYBIA789AY Zn” Tun12damsIey ZnNPs

ANAEdaATIziAnlAY Chandra, S. WAz Kumar, A. (Chandra et al., 2012) 1 Zn(NO,), \luanssiasiu ws

\89a1n Zn(NO,), HAnsantimlunisgaranaulin azinli zn(NO,), aan wlfidne waznisdanningialily
wriuein eraflutlymlunisdamaziiiunoumnn o) §adeaclinnasdld zncl, Fafluansnianuatasninndd uas
21A1NN91 iUy BDT Tuaniazimaariu wudn I wdnsdmusinadraiunisdanszilaeld zn(No,), Aariuly
o o al o v :/j % [ =®K a 1 o o
nsdannzilanzdans@euniaseauuniu neldansssfiugu ZnCl, AaRAumNIzaNNINNd 4audnisazaneues
ZnCl, \inuriy Zn(NO,), luiemusatiuainisnazaeliinfiasaiuluaoudndunliluntmaseil st ldans

v v a = ~ A Ay \
LﬂumuWQQZn05@ﬁ@ﬂzuqﬂm?iﬂLuﬂﬂﬂﬁﬂuﬂﬁﬂﬁ?@zﬂﬁﬂwuﬂﬂﬂQW

3. NIANHIALININTBIFINAZAIENAN LA
Tunn3d9ps et ZnNPs Taeldsavinazanseniuaain il lfniun1snau (as-EtOH) Hiunautiniaesuilssunny

5% Hinan1sdanseinin nunzneudinnia Wedesazesdinu dadrmaduuangnivesnly wdedunznend

v
v v o ol s

wanalaues Benzil Mfluanssasinlunisdanszfiiissad BDT luaeinnsdaasnzdine faniazaneianiueaneinu

o

nsnauliinaninsilansdinzdayninseauunTuiunsdane (nni 4) uansliiviudiinyuly EtOH denasianis

2 [ v
a o 10 a

Aupszd Inantnenaagliaaenuydiu 209 BDT Deudidnlunnaiin znCl, axldvnfudaiiazane wstinnlddu

o 1y A

Afunnfiesuazlandaniy zn® i1l BDT amnsavindfiseniy zn® dinlu ZnNps 1ii3angatiy witinlideuno

o =

1NN Auduneld as-EtOH fashad BDT azinufisaniuinlidanaliiliiin znNPs mufifiesnis daiulunig

L v
a =

&panzif ZnNPs ailusiaslflenuaaniaanuiizgndge diBununRetluiies

QU
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4. N128UA1=Y ZnNPs 359unayizsntis (One-pot reduction)

o ala

a1n3an1980A R ENedulneftuendunsnsdfaziiulidnludunaunisdainsziisasaad BDT waznig

9 [ va oo KX

Fm12F ZnNPs lEFannavansnanmeieniueariuiAaii frasaailnAniazandunaunisdansiviiad lnaan

al

TuRauNIIANLANKAZILEN BDT wazinnauniavats sluiniaratsins $9ilun1sduilasanan faniazane uwas

@ BDT Uedou Wileandupauiiazinnisifinaisazans ZnCl, asluniausndanszi BDT uds dailunisdunszi

1 dl a o dl v | dl ] =X v Y o a o o nll v 1 dl = [ o 'd

wuusaiaslunruzmaaiy aeldnailuninela Dz lFnangust 50% Aaandnlaiauiun1s49msy

WLLUENTURaU (60%) WAN1TEUAINZIAT One-pot reduction auntaasan lunisdaaszilina 48 44lue annsld

a aa 1 o ' :; o o dlsz val v dj ] = 1 1 o 'd

LBNIURA 120 HARART ABNTTAATIZN 1 ATI LAZEIAANANIUNFRS IERNAYE TaazdenanatnaNINAaN1I4LAIIZ
TuiBunausnn visaluszatgaaunssy

1Haa N XRD lunnd 5 Budunandosimidunsazigen@uofulanzdin:d Inefigluuuuasiumisnesiin

m39771 XRD 299 ZnNPs N&9LAs121ilagl Chandra, S. WAy Kumar, A. (Chandra et al., 2012) wazlasaasaredlany

o

anz@nszylng Swanson, H. E. (Swanson et al,, 1953) luanuzineaiulsnguising ldnssiusiumainaesiane
o =l AiJ = o v 1 o = 1 i ] = o a & &
&A@ Beannisnfreuineuiulnseaasing o 1e9a1sszneaudinsd wudnsiumaesinasaiy Fefeen s (Zno)
mﬁm‘fﬂiﬂzﬁs‘?’lx‘u']ﬂ%ﬂﬁﬁﬁ(Wurtzite structure) ANN JSPDF File No. 79-2205 ANNAHLIHN (intensity) IAINNBAAIIT ZnO
~ ~ | =2 a o aca ) o o Aa o o - A o a
MnudEunlingn Geenaifinannnisind§isensendng ZnNpPs Authndluduneunisdanseid vizeufiaeandian
0, luania 1Wasainlunisdaaszit sandeluseudnanisnsetiunandneiuaznisiuinenaudinIinig
Aazd aqlilEnnnneldussanniAuidians

5. N2ANELENIATENIUeA lUN178UATIZIE One-pot reduction

1
o [ % a

= o . ] o 2 Y 9 Sy ey
Muﬂuﬂ@ﬂﬂmﬂmwwmmaMﬂ"ﬂu’]mmﬂ\mwﬂ’]ﬂiuixmuu’liumm AR ﬂ’mmﬂmmummmmmuwiﬂu

&V

AnsdaAsn ey Tuanvdsailauladnunandnarespndnduaesansfafiunise ZnNPs Ndaased lnaldiiunms

'
o O a =

Fannazans dis-EtOH 18wn 30, 60 way 120 NadanT T9auNAld ZnNPs NRanUsNasfanlaniuneasiden

AR WATREAZHARATA LR Winfu 53, 37 LAY 18 RINAFL

Sadunanilaiunaulafefnlfientueailailingu (as-Et0H) frtutlszanabenas 5 wietenls iy
lM1ea - 17 Ielsranns 57 TaAART : 1 3 DaaaRs i lin"3deATIEE ZaNPs &uiMAd uAd 1514 dis-EtOH
Tunnsdaiasnzi dnnsidinansazane ZnCl, Ysunas 20 Faaans Anmauliy eniues : i Taenlszann 30 fdans
1 20 faRART FTusRIEILTIN BN ALNN @uNTadAATIET ZNPs 1 uansliiiwintnTld et ureunas

nadaimaed BDT lidenasianisdainszyi ZnNps Geanailulillfind BDT dwindfisendu zn® 1figandnfiazin
Uireniuin

AmFunsilleBunseniues INNAWN NN ZnNPs anasiil §34eR9nsnaaan ZnNPs 43Tl

IHfaennsiiasziauinnisnszanauasanynim ZnNPs faawnatia dynamic light scattering (DLS) lauan1sainsneit
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wanalunng 6 aziiulddrrunanynia ZnNPs Junulisnasieniuesiueeenn Weiliuiaseniueannaynia

b 1 I

fawmdnifumenzansiafiuging 4 agluaniazideans n13la (particle growth) ueunazalunaaduldiden
wazilasannayniaiauiadnasinlinisnsaaiiu ZnNPs M lildanysnd enaflayniafiawadnndngnguieunges

a [ rdl v v dl dl 1 = ¥ v dy = dl
vqaaan il wandueinlsaad iy ansnideiunnseniueasnaaissing o iaoudndiuniniu dlananay
INAN1999MFANU (agglomeration) AB48UNIA ZnNPs Nﬁﬂ%uﬂgn’]ﬂa\iﬁ‘ﬂu’miﬁnj (Kalendova, A. 2003) LAZdINN9D
nsa AUl ANARAETIININNGN

HANN9ATIAABUILINNBUNIARIUNABIqaNI9AIBLANATEYW (FESEM) Aduanslunnwi 7 uansliiviugn

Anwnuzgld19199 ZnNPs AuiuANdinduaesansivsivBeliunnsfiaiiaza e ld Aronudinduge wun Buisns
30 Ha&AR3 1AR nuclei AuauNNuaznslnaesayAlalfnatsiiAnisauenalanusiugds wanaoudindu
° , A aa = L a =2 a < oy Aa = <

A1 LiunsNime 120 Hadans J nuclei Natagatuarn1slnresnaninaduetnedn auliiianianisinneanizuinay

Aalugtaniduusiy

a71nans3e

o ala s

N3daLAIIEd ZnNPs Aogdasandunuusiadiaslunigusinas Ineiin Zn® vindAsendusdsiad BDT 1y

o aa s

NNTAATURAUNTANNANALFAE BDT hazn13azanedn WinanAneiiile ZnNPs Aumleuduni1s4aiaseiuuunen

A o o ' s

dunau nsdaAmeiifaednranduiuuseiiasluniguzipgalanunmnanioan asaiiaznasnulunsdunziian

v v
o o

1Hnnn wananfinisilaauansdasiu zn® i ZnCl, anunsonnlfuaziinanumanzanndinisld zn(NO,), Bnvisean

=

' 1
o o A

tlafadrAnydenananisdamszdlfunliuaninlulusaiiazataaniuea defiasldianiueaditiunisnauie
anfiunuaciveliidaunsed znNps 16 uenanfitiuinsieniueainlddinasioiuin anuazgilsnawes ZnNPs
fnlflenuaniFuiaminazinlfiponudinduaasansassiunn azldiaynia ZnNPs sunaan Jgusrafuuiu uazld

1Bunauiidies

namnssulsznA
21010 UAMNATTIAN UazAuATasiadnaAaniiazimalulad AnuzinenAans aunanenaadatng 1
IiaonnayAs i lun1minddauaziaresiialunisngnadinsid taseantstilidfunisaiuayu Runuidaann
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