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ABSTRACT

In order to give pulp surfaces anti-bacterial functionality and photo-catalytic deodorant ability, func-
tional pulps was made using a surface modification method with Ag nano-colloidal solution and TiO,
filler. Hygiene paper was made with the specially modified pulp, and anti-bacterial and deodorant tests
were carried out. The Ag nano-colloidal solution was coated on the surface of the pulp using the high pres-
surized gas phase squirt through the spray nozzle mounted on the hybridization system. The surface
modified functional pulp was hybridized with the optimum ratio of TiO,(fine particle) to pulp(core par-
ticle) under the condition of 6,000~ 10,000 rpm for 3 ~7 minutes in the system. The anti-bacterial func-
tionality of the hygiene paper was confirmed by the halo test in which the formation of the clear zone
around the hygiene paper sample was observed. The inhibition growth test using MIC bioscreen C
showed the inhibition growth effect of the bacteria as the reaction time was increased. The photo-catalytic
effect measurement of the TiO, for 4 hours of the reaction showed 50~60% of decomposition rate, reach-
ing over 60% for 5 hours of the reaction.
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Table 1. Properties of fine particles

Fine particles

Powder TiO» Ag
Particle size 0.25um 0.015um
Specific gravity[-] 4.2 -

Shape of particle spherical shape

Zt(Table 1).
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Fig. 1. Mechanism of hybridizer.

Liquid

Spray
Nozzle

Fig. 2. Mechanism of spray coating.
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Table 2. Vapor-phase spray method

o ofgt YA A= 31

Experimental condition

Item Method —
Spray nozzle Hybridization
.. - Compound ratio
At le : 90° .
Nano Ag Vapor-phase omizing angle : 9 - Core : 20 g, Fine : 5 ml

(Colloid) spray

- Diameter : 0.4 mm
- Pressure : 14 kgf/cm2

- rpm / min
12,000 rpm / 2 min

Table 3. Modification Method

Powder Powder ratio Method Experimental condition
- ) Surface TiO; : 3 min

Pulp powder : TiO» 100 : 30 Modification 6,500 tpm
3ol 4G HES AL FAR S AAH, S BEo AR TS 2AA 9 AL vl &2
A oA 2 QAo Rojalo] A zke] mASAE] w0 2 F 6,000~ 10,000 rpm, 3~7

et Al E Wekm 1 ¢ BA) AkaA A H7EER A Estel A ol M 94t 2A0 R
A JAE gfrshe ] olnh AA A o2 v At 7574 HEE A=}t (Table 3).
7HA o] dojuti= K22 rotor&} stator2bo] F-7tof| A )
MPEks B0l o3t Bl (Fig 1), 225 MxE vl Bm wi wd

FWAY B 715 B2 Yx BHe] FehE B

2.2.2 Spray coating 2itH

Spray coating>- N4} o 2 A| 2 H Y85 A7 EH
o]| coatingd}= 2] 2 A] hybridizero] A 2|3}5ich A
AE =59 HAMELE HE 60~90°% $lolH
hybridizer 2] & ¥ 3]7(7,000~15,000 rpm)o]| w2 11
%7]52} 60C o4} statorof| A L} 9.= Aol 2]
19z} mof Ag SNo] A4 TEEL 72
95}t goio] BAleke 2% 1ml& % 53]0] 2
2 mYAte] FAFEEA 715/ St BZE A X5
(Fig. 2).

223 WIO| Ag HHIHA!

Hybridizero] H A} AME3S HIE =03} &
12,000 rpm .2 2 5.7} 3] A] 7] 4 rotor dooro]| A2}
3} spray nozzle S £3 17| A EALR Ag &N Sml
S 9 HWo] coating S 3HA T HEZEE=90°, &
27 A 2 7L 0.4 mmo| 1 EARFE L 14 kgf/em®o]
c} (Table 2).

2.2.4 HIO|TIO, Y
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2302} A A YAFS FAAAE 1] 7 (Field Emission
Scanning Electron Microscope, HITACHI, S-4300,
Yapan)& Ag-5to] miAtE ALGE WaLo] e
215 skl

23 EHINE Bl WO 0|25 YMEX| M=

©]49-8-7) = TAPPI Standard T sp-20]] &]# 4§ 4=
XZ]7] = O]_Q_o]‘oﬂ J:IE]:O] 20 g/mz?_ —),\—}_X] = Zﬂ%}'f)’]‘

fom, 11 272 thgofl e It (Table 4, 5).

Table 4. Handsheet condition

Item Formation
Hw-BKP : Sw-BKP 7:3
Pulp : Filler(TiO,, Ag) 10:3
Pulp weight 20g/m’

Table 5. Pulp condition on handsheet

Control Pulp
Ag Modified Pulp (Ag)
TiO; Modified Pulp (TiO)
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Alzgt %’4* 4X9] A EE £ o, &
2334 (Photoelectric Spectrophotometer, Elrepho
3300, U.S.A)E o|-&5fo] MM Eol BREHES S4

sheich

232 MIZFE HEX|e| et E4 Wt
AZE 754 e Gl 24 T4
& A3 aiE gRlstes o=
inhibitory concentration) bioscreen CE- ©|-8-3tinhibition
A&

growth testE A&t o] = 3t o #+== A%
3131 24 A1 7F ZoF vjjoF B A B & & 9] 600nm TFAQ]
g 2Aste] Fo) A Y S BT Qo
FRE APl T O] EYFS Sl FFl o)
344 9 GG B AP

2.3.3 Halo test

Halo testE 93] LB agar B} %] & A| ,71:?5‘]-01 121Co
autoclaveo] Al 4087t 58 AHA7l & FAAS
petri-disho]] 355} 71 9]of| LB agar vjA] & Y11 &
Estol B UL 917 A Az AL
Ao R gt A AFHS 2EFE37C
incubatoro]| A} 24/\]7 H FA ] T AEH FHo ¥

E}.
ATl T T4 AN Slato] ALgE BA
& Table 63} 7}

2.3.4 VOCs(Volatile Organic Compounds) MIHEE =X

T AEH R F AR B4R 9l A
F715HE2] Baflof Qlo] E Ag oA kA NA A &}
UAFZ AE-H TiO, 2 F5vl| A S 2FlslalAHISO
14184-20] 7] 23t 7| 4FE ol ool A&A ] 33

Table 6. List of microorganism and media used
for antibiotic experiment

Microorganisms Media
Staphylococcus aureus [FO
13867 LB broth and agar
Escherichia coli Hj 2]

K-12IFO3301

oy
e
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Zuf] 98222} GC (gas chromatograph; Hewlett
Packard, HP6890, U.S.A)& A83}o] VOCs B3 &=
£ ZAsHAE Ad ol AME-H VOCs 2+ benzene gas
£ 1,000 ppm O 2 ZA|3}AL air gasE AFE3}o] 100
ppmO.E 545 F o} kg A A BE HLE
=319,
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i
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FE-SEM (field emission scanning electron microscope;
HITACHI, S-4300, Japan)& AF8-3}0] YR} 2 A&
¥ H@xo gy 8-S =45k

Figs. 3~ 5% ®w/ldo] 2 Bxo] g e
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KWNUCL WD19.5mm 15.0kV x2.0k 20um

Fig. 4. SEM of Pulp with Ag.
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Fig. 8. Optimum antibiotic active test.
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Fig. 9. Antibiotic test of Staphylococcus aureus
(Ag Liquid 300 ppm).
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Fig. 11. Halo test of handsheet produced with Ag, TiO2-modified Pulp against the Staphylococcus
aureus 1IFO 13867.

Fig. 12. Halo test of handsheet produced with Ag, TiO2-modified Pulp against the Escherichia Coli
KCTC 1924.
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Fig. 13. VOCs degradation efficiency of handsheet.
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