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ABSTRACT

The stability of antibacterial silver-carried zirconium phosphate (AgZrP)
wasinvestigated using thermoanalysis (TG/DSC), X-ray diffraction (XRD),
UV light irradiation and water soaking methods. The weight loss of AgZrP
was no morethan 5.0 mass% at the heat treating temperature of 1100°C, and
the onset temperature of decomposition for the crystal structure of AgZrP
appeared 1096.9°C. Thewhiteness of the sampletreated at 900°C (4 sampl€)
was 86.4% after exposed to UV light for 24h, and itsMIC against E.coli and
S.aureuswas 100 mg.I"* and 150 mg.I" respectively. Moreover, the percent-
age of release Ag* in 4% sample was only 6.1 mass% and the MIC against
E.coli and Saureustill remained 220 mg.|* and 280 mg.I! respectively after
soaking inwater for 10 days. Therefore, AgZrP possessed excellent thermal
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1.INTRODUCTION

Viruses and bacteria have become the primary
coursesto imperil human hedthintheworld. Sincethe
horrificof “SARS” aroused the antibacterial conscious-
nessof people, theresearch of theantibacterial fields
became hot. Inorganic antibacterid agentswerearda
tively new field and have attracted alot of scientists’
attention since 1990s. Compared to organic antibacte-
rial agents, inorgani c antibacterial agents possessed so
many outstanding properties, such aslong-lasting ef-
fects, broad-spectrum antibiosisand better heat resis-
tance, that they can be used in themanufacture of anti-
bacterid materialsand product™ 9.

AgZrPwasrecently emerging asvariouscommer-
cid productsduetoitsrdatively good light permanency
among silver-carried antibacterial agents®9, but the

application of AgZrPwas still affected by the stability.
Up to now, there arethe study was especially focused
on the preparation and antibacterial activity of AgZrP.
However, to thebest of our knowledge, therehavebeen
few reportson studyingitsstability, whichisvery im-
portant for the applications. In thispaper, the thermal
stability, light permanency and water resistancewere
evauated.

2.EXPERIMENTAL

Sodium zirconium phosphate(carrier) wassupplied
by GuangzhouKinte Co., Ltd. (Guangzhou, China). The
carrier was dispersed in deionized water to obtain a
suspension of 10.0 mass% (massfraction) and added
intoalL reactionkettle, then stirred, and an amount of
AgNO, (AR) supplied by Guangzhou Chemical Re-
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Figurel: TG/DSC curvesof AgZrP
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Figure 2: XRD patterns of the carrier and the AgZrP
treated at different temperatures

agent Factory (Guangzhou, China) was added (final
concentration 0.7 mass%o). Thereaction wascontrolled
at 60°C for 3 h. TheAg-exchanged samplewasfiltered
and washed with deioni zed water. Thewashed sample
wasdried at 105°C for 12h, and then treated at differ-
ent temperaturein calcining furnace. Thefinal product
of AgZrPwas obtained after being smashed and sifted
through 300-mesh sieve, and theAg content inAgZrP
was about 9.5 mass%e.

Thermoanayssmethod (TG/DSC) was conducted
with athermal analyzer (NETZSCH STA 449C) under
N, flow, and the temperature range of the measure-
ment was 25-1500°C, the scanning rate 20°C/min. The
crystal structure of AgZrP was characterized with a
RAD-C X-ray diffractometer (40kV, 40mA, CuKa,
A=0.1541nm). Their components were analyzed by
EDX using SEM equipped with an Oxford ISIS-300
energy-dispersive X-ray detector, and their silver con-
tent can also bedetermined.

TheMIC of antibacteria particleswas measured
by two-fold diluting method**, and the bacteria of
Escherichia coli (E.coli, ATCC25922), Saphylococ-
cus aureus (S.aureus, ATCC6538) were selected as
indicators. TheUV irradiation testswerecarried out at

thelight source of high-voltage mercuriclamp (365nm)
and theinterval of 30 cm, and thewhitenessand anti-
bacterid activity of AgZrPirradiated different timeswere
tested. Thedow release of Ag*inAgZrPwas carried
out by the processthat the 0.1 g samplewassoaked in
20ml ditilled water in apolypropylenebottleat 37°C,
after 1-10 days of rotation, the Ag* concentrationin
water was measured by an 180-80 atomic absoption
spectrophotometer (Hitachi).

3.RESULTSAND DISCUSSION

3.1 Thermal stability

Figure 1 showed the TG/DSC curvesof AgZrPas
afunction of temperature, as measured under an air
atmosphere. The DSC curve of AgZrP exhibited an
endotherm at 967.1°C, corresponding to its melting
point, and an exotherm at 1096.9°C which was as-
signed to thechange of itscrystal structure. Asshown
inthe TG curve, theweight loss of AgZrP generally
identified with two regions below 1500°C. Free (ab-
sorbed) water involved between 200 and 300°C, and
the onset temperature of decomposition for thecrysta
structure of AgZrPappeared about 1100°C, which ac-
corded with the study result of DSC, but the weight
lossof AgZrPwasno morethan 5.0 mass% at 1100°C.
Thisresult suggested that AgZrP possessed excel lent
therma stability.

Thechangesof crystal structurefor AgZrPat dif-
ferent heat treating temperature were studied by XRD.
XRD patternsof carrier and theAgZrPtreated at 700,
900 and 1100°Cintheair for 3hwereshowed infigure
2. Both of the carrier and theAgZrPtrested at different
temperatures showed seven diffraction peaks respec-
tively, whichwere cond stent with theearlier determined
patterns of sodium zirconium phosphate with hexago-
na crystal system*2131, Compared with thefour strong
diffraction peaks of carrier 20 vauesof 20.24° (d,,,
=0.439 nm), 23.47° (d,,,=0.379 nm), 28.22° (d,,
=0.316 nm) and 31.23° (d,,,=0.286 nm), theAgZrP
treated at different temperaturesa so displayed four dif-
fraction peskswithasmal enhancement in crysta space
distance. For example, the AgZrP treated at 900 °C
displayed thediffraction peaksat 20 valuesof 20.17°
(d.. .=0.440 nm), 23.34° (d,,.=0.381 nm), 28.16°
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(d,,,=0.317 nm) and 31.10° (d,,,=0.287 nm). When
thetreating temperatureraised to 1100°C, new peaks
resulting from the growth of anew phase of zirconium
phosphate crystal appeared at 14.9°, 20.5°and 26.8°.
Asaresult, thecrystal structure of AgZrPwas not ob-
vioudy affected by the heet treating temperature of less
than 1100°C.

3.2Light permanency

Effect of heat treatment temperature on whiteness
(exposedto 365nmUV light for 24h), Ag content and
antibacteria activity of AgZrPwasa so evaluated, as
shownin TABLE 1. Increasing the hesat treating tem-
perature, thewhiteness became high, but the antibacte-
rial activity decreased because of theincreased MIC
against E.coli and Saureus. When the heat treating
temperature was 900°C, itswhitenesswas 86.4%, and
the MIC against E.coli and Saureuswas 100 mg.|*
and 150 mg.I* respectively. Thisindiacated that AgZrP
treadet at 900°C possessed excellent light permanency
and antibacterid activity. Raisingthe heat treating tem-
peratureto 1100°C, itswhitenessincreased to 90.6%,
but theantibacterid activity decreased greetly, because
theMIC againgt E.coli and Saureusrised to 500 mg.I
tand 700 mg.I. Inaddition, theAg contentinAgZrP
wasnot obvioudy affected by the hest trestment below
1100°C.

Effect of UV irradiationtimeonantibactreid activ-
ity of 4*sample (treated at 900°C) was estimated as
shownin TABLE 2. Withtheextensonof UV irradia-
tiontime, thewhiteness decreased and the antibacetrid
activity becameworse. Theseresults can be explained
that when AgZrPwas exposed to UV lamp, someionic
slver wasreduced to metallic silver, and themetallic
silver content in AgZrP enhanced with theincrease of
UV irradiation time. Unfortunately, its color became
deep, and theantibacteria activity declined. Whenthe
UV irradiationtimewas48h, itswhiteness decreased
from 91.3%1t0 82.7%, and theMIC against E.coli and
Saureusincreased from 100 mg.I%, 150 mg.I* to 250
mg.I"t and 320 mg.I*t respectively. Therefore, 4* sample
still remained good light permanency and antibacteria
activity after exposedto UV light for 24h.

3.3 Water resistance
Figure 3 showed the percentage of releaseAg'in
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TABLE 1: Effect of heat treatment temper atureon whiteness,
Ag content and antibacterial activity of AgZrP

Agcontent Whiteness*  MIC /g™

Samples  T/°C

/mass% 1% E.coli S.aureus
1 Untreatment 9.5 739 10 25
2 500 95 80.2 25 50
3 700 95 825 25 50
4 900 95 86.4 100 150
5 1100 9.3 90.6 500 700

*Exposed to 365 nm UV light for 24h
TABLE 2: Effect of UV irradiation timeon whitenessand an-
tibacterial activity of 4*sample
Irradiation time (h)
0 12 24 36 48

Whiteness (%) 91.3 839 864 841 827
MIC  E.coli 100 150 200 220 250
(mg)?) Saureus 150 200 250 280 320

TABL E 3: Effect of soakingtimeon antibacterial activity of 4
sample

Soaking time (d)
0 2 4 6 8 10

MIC Ecoli ~ 100 120 150 160 200 220
(mgl?) Saureus 150 160 200 250 260 280
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Figure3: Thepercentageof releaseAg*in 4 sample soak-
ingin deionized water for different time

4% sample soaking in deionized water for different time
at 37°C. Inthefirst 8 d, the release Ag* linearly in-
creased with the lapse of soakingtime. If the soaking
time more, the rate of release Ag* slowed down.
Surprisedly, the percentageof releaseAg* wasonly 6.1
mass%o after soaking 10 d. Theantibacterid activity of
4% samplesoaking in deionized water for different time
at 37°C wasa so estimated asshownin TABLE 3. The
MIC againgt E.coli and Saureusbecamehighwiththe
lapse of soakingtime, but it still showed good antibac-
teria activity againgt E.coli and SaureuswiththeMIC
of 220 mg.I"* and 280 mg.I respectively after soaking
10d. Theresultsindicated that 4% sample showed ex-
cellent water-resistance.
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4. CONCLUSION

Thethermal stability, light permanency and water
resistance of AgZrPwere evaluated in the paper. The
weight loss of AgZrPwas no more than 5.0 mass% at
the heat treating temperature of 1100°C, and the onset
temperature of decompositionfor thecrystal structure
of AgZrP appeared 1096.9°C. The whiteness of 4*
sampletreated at 900°C was 86.4% after exposed to
UV light for 24h, and the MIC against E.coli and
Saureuswere 100 mg.I*t and 150 mg.|* respectively.
Moreover, the percentage of releaseAg* in4* sample
was only 6.1 mass% and the M1C against E.coli and
Saureusstill remained 220 mg.I"t and 280 mg.|* re-
spectively after soaking in deionized water for 10 d.
Theresultsindicated that AgZrP possessed excel lent
therma stability, light permanency and water resstance,
and the study will befavorableto extend the applied
fidldsof AgZrP.

5. ACKNOWLEDGMENTS

Thiswork isfinancialy supported by the National
Natura Science Fundation of China(N0.20676049),
the Fundation of enterprise-university-researchingitute
cooperation from Guangdong Provinceand Ministry of
Education of China(No.2007B090400105), the Natu-
ral Science Fundation of Guangdong Provinceof China
(N0.05200555 and 06104481) and the Open Funda
tion of Guangdong Provincia Key laboratory of Ap-
plied Microbiology (No.SWKF200704).

6. REFERENCES

[1] T.Ayben, U.Semra; Applied Clay Science, 27, 13
(2004).

[2] A.M.PMcDonndl, D.Beving, A.Wang, W.Chen, Y.
Yan; Advanced Functional Materias, 15, 336 (2005).

[3] S.Zhang, R.Fu, D.Wu, W.Xu, Q.Ye, Z.Chen; Carbon,
42, 3209 (2004).

[4] M.Kawashita, S.Tsuneyama, F.Miyaji, T.Kokubo,
H.Kozuka, K.Yamamoto; Biomaterials, 21, 393
(2000).

[5] L.Zhang,J.C.Yu,H.Y.Yip, Q.Li, K.W.Kwong, A.W.
Xu, PK.Wong; Langmuir, 19, 10372 (2003).

[6] S.Ohsumi, K.Sugiura, H.Kato; U.S.P.5441717,
(1995).

[7] S.Ohsumi, H.Kato; U.S.P5698229, (1997).

[8] M.Nishioka, T.Nishimura, M.Taya; Biochem.Eng.J.,
20, 79 (2004).

[9] S.Z.Tan, Y.S.Ouyang, L.L.Zhang, Y.B.Chen, Y.L.
Liu; Mater.Lett., 62, 2126 (2008).

[10] N.C.Kasuga, K.Sekino, C.Koumo, N.Shimada, M.
Ishikawa, K.Nomiya; J.Inorg.Biochem., 84, 55
(2001).

[11] S.Z.Tan, L.L.Zhang, L.H.Huang, J.E.Zhou, W.L.
Liu; J.Ceram.Soc.Jpn., 115, 269 (2007).

[12] H.Z.Wang, H.W.Xu, W.Q.Pang; J.Saltlake Res.,
11, 31 (2003) (in Chinese).

[13] C.Verissmo, F.M.S.Garrido, O.L.Alves, PCale, A.
Martinez-Juarez, J.E.Iglesias, J.M.Rojo; Solid State
lonics, 100, 127 (1997).

Au Tudian Yourual



