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Development of Low-Cost High-Performance
Antibacterial Tempered Glass
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Department of Biotechnology, Korea National University of Transportation
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Abstract To develop an antibacterial tempered glass for applications to various building facilities and
household products, the antibacterial activity of domestic materials was investigated, and a tempered
glass sample was produced with silver, copper, and zinc, having an antibacterial activity of 99% or more
at a specific concentration. The measured antibacterial activity of the samples, in which silver, copper,
and zinc were dispersed in ethylene glycol + glycerol, was more than 99%. Measurements of the thickness
of the coated metal material by washing using a surface analyzer showed that the thickness decreased
by less than 1% in various types of detergents, including water, but only approximately 10% in the
alkaline detergents. To check the human safety of the samples, a cytotoxicity test was performed through
an MTT assay; the samples showed no cytotoxicity. Finally, a Live/Dead kit or film adhesion method
showed that the antibacterial activity of the prototype was more than 99%. Therefore, the
high-functional antibacterial effect of tempered glass was developed using domestic materials and may

be used in various products in the future.
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2 Ao ARG FHAAESQ] 2 (AgNO3), T+
(CHSO4) ol (ZnSOy), AB2FE (ZrSi0y) < &=ea
A F FYIARTE ATHSGIE.
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w2 Ethylene glycol + Glycerol (EG +
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2.2.2 Bacterial Live/Dead kit

LIVE/DEAD® BacLight Bacterial Viability Kit
(Cat. No. L7012)& ©]&s}o] InvitrogenA’t A&}
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Fotrt. ol FdR+E= Phosphate-buffered
saline (pH 7.4 ARSI, SAURTEE 70%
EtOHZ A2sl vle] tig+S £ F A8t (Fig.
5b).
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A3l AxE AHES ohget TR AIRAR =g &,
EAEAY] (BET-3000i, KOSAKAYE AR&3to] 7ahe
2] E¥9] FA W3t 2ARIGITE ¥ AEE ) o
ZA2A Eo] AR&E|91T, chlorine AlA] (BE|ZE=d,
dAEAe|z 2o}, fluorine AIA| (WEEEA, GSK Z

FHIAAA | FZE o), alkaline AA  (Mucocit®,
GmBH)E ARgsto] d3Uof 234 F 241 A &

S=raEtieh FEddde] Fste] sttt

St

YoiRel AEO| ME=Y XA

Az Fardehfelel ditt dRPFAIES (HaCaT

cells)?] AZPEES FRIsH] Yol MTT assays A
Aetoict. wjokEl Alzo] thekst AlERZE (2 X 2 cmd)
YL & 24A7F uith MTT ¥+-8-2 53t Formazan
P/J& ELISA readerg °©]&st%] 540 nmollA 4=

g5ttt & 69 B9t Aok, A
A k3 viFAZ] ti Rt A EE 100%E oFA

JiaQl AxdEeS A3ttt (Fig. 4).
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Fig. 1. Antibacterial activities of AgNOs, CuSO4, ZnSOys,
and ZrSiOs. (a) Optical density of £ cofi, (b)
Comparison of antibacterial activity.
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(Fig. 2a). E3H AJH A& A] 259 FLgF it
P93 Y3l Ethylene glycol + Glycerol (EG + G),
ethylene glycol (BG), = Glycerol (G& AS5HITHS].
= 9N Al FHEE SAT A}, EG+GE 4F
AlZL Aol A= gl 371 &) BFoA 99% o]
AL UetliE 9, EGRl A9+ 20014 95%, -5l
A 91%, oFolAl 92%E e, GSl ARoles 2
oA 91%, oA 80%, oFAolA 80%E RAMEUTh
(Fig. 2b). ol AXEY FYgt B4t E QFgAo]
EG+GollA 7P =4 28317 HEo=r gzt

cuso,
Znso,
AgNO,
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Fig. 2. (a) Antibacterial tempered glass (sample). (b)
Antibacterial  activities of antibacterial
tempered glass (Sample).
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Fig. 3. The change in surfaces thickness of
antibacterial tempered glass (sample).
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Fig. 4. Cytotoxicity effect of antibacterial tempered
glass (Sample)
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3.5 YnZalRe AMZFe e

27 4 A AYANES EHE AAES st
AL, AL AAEL ofg] 7HR] RO R HARIE
Aldit= tEA fEEY Ao E25X] gttt (Fig.
5a). =, AAEY FHES AHFTH 6
Bacterial Live/dead kit& o|-&sto] JFEHE AT
HE ZRIsHT &, 78, ofdo = AlZE BE AAE
oA 24A17F o|Hofl 99% ol thattell et Fwtat
£ ERI5tATt (Fig. 5b). EE &RIQ1E7]He
HE B3 AFAGoAE g+t @'E"“EH"OH Sy
FHAHONA 25T 99.9% ool a7 A=A
ot (Fig. 50).
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Fig. 5. (a) Antibacterial tempered glass (prototype). (b) Antibacterial
activities by Bacterial Live/Dead kit of antibacterial
tempered glass. (c) Antibacterial activities by film
adhesion method of antibacterial tempered glass.
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