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Abstracts

Food safety was an important issue recently. Today sodium percarbonate was used
to fake the vitality of shrimps to earn a good sell. However, it may cause harm to health
because of the peroxides left over. To handle this problem, we set up two goals to achieve:
detecting them and then removing them.

In the past, the titration skill was an easy method for determining the concentration
of H202. It not only spent too much time but also resulted in errors commonly. In this
research, titanium sulfate and citric acid were used to prepare the colorimetric reagent.
To measure the peroxides in water, several factors were controlled and the SOP for
detecting and the calibration line for peroxides finally established. In practical, we turned
the colorimetric reagent into the fast test paper which was easily for use.

The other part of this research was to clear up the peroxides in water. We use
titanium sulfate, hydrogen peroxide and citric acid as starting material via hot-bath
method to prepare the nano-photocatalyst of titanium dioxide. Since the powder was
inconvenient to deal with large amount of water. The powder-like TiO2 was further made
into ball-shaped TiO2 in favor of water treatment and reuse. It was found that the
photocatalytic performance of ball-shaped TiO2 was effective to be on duty for removal
of the peroxides.

In summary, this research provided two techniques to deal with the zombie shrimp.
The novel method for synthesis of TiO2 catalyst and the preparation of colorimetric
reagent for fast test paper were all in low cost. They had great potential to develop in
marketing demand.



1.Introduction

This study is mainly focused on the zombie shrimp issue. Zombie shrimp was a dying state for shrimp
that could be activated by sodium percarbonate to make a good sell. However, the addition of sodium
percarbonate may bring health problems for humans because of the overdosed hydrogen peroxide left behind.
In this research, we focus on establishing a fast test to detect and quantify the hydrogen peroxide in water.
Also, if hydrogen peroxide was checked out, our prepared material of TiO» as photocatalyst was on duty to
deal with the degradation of hydrogen peroxide.

2.Experiment method and findings
2.1 Preparation of colorimetric reagent

In previous studies, titanium (IV) sulfate was used as a colorimetric reagent for detecting the existence
of H202. When H,0, was mixed with titanium (IV) ion-contained solution, the color of which would turn yellow
or orange immediately (called a positive response), as shown in Figure 1 because certain visible light was
absorbed by produced titanium peroxide. In our study, we made a calibration series of H.O, solution in
different concentrations and found their absorption maximum of 410 nm (Figure 2) as detecting wavelength
for quantitation of H2O.. The key to determining the concentration of H>.O, depends on titanium (IV)
considered in excess to make sure the detected color depth changed with the content of H,O-in the specimen.
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Figure 1 Yellow or orange color refers to a positive respond if Figure 2 Absorption spectrum for titanium-based colorimetric
titanium (IV)-contained colorimetric reagent reacted to reagent reacted to different concentration of H202
hydrogen peroxide

As shown in Figure 3, we discuss how the concentrations of titanium sulfate affect the colorimetric
reagent. It was found that the established calibration line can successfully work in the range of 0.100% to
2.500%. In addition, a higher concentration of titanium (IV) will not cause a darker color of mixture because
titanium (IV) was in excess. However, if lower than 0.100%, the tetravalent titanium ions would be precipitated
by hydrolysis. In summary, it's possible to reduce the cost by decreasing the concentration of used titanium.

3 cbncentration of 3.0
€2.5 / Ti(SO4): < 25 Removal of sulfate
g 2 ——2.500% o 20
£15 = 4 1.250% € 15
21 —=—0.250% 2 10
§ 0.5 0.100% 2 o5 Control group
<0 +—0.050% 2 00
0 025 05 075 1 125 15 175 —=0.025% 0 02505 075 1 125 15 175
Concentration of H,0, (M) Concentration of H,0, (M)
Figure 3 Calibration line for hydrogen peroxide, prepared by Figure 4 Effect on calibration line of the treated
reacting different concentration of titanium sulfate solution colorimetric reagent which removed sulfate ion



Besides, the counter ion of sulfate in colorimetric reagent was also considered in this experimental
section. As shown in Figure 4, it demonstrated that the amount of sulfate had no influence on calibration

line, that is, sulfate ion was inert in colorimetric reagent. Thus, the quantitative method for detecting H2O»
was obtained.

2.2 The function of citrate buffer for detecing hydrogen percarbonate

(@) o el G SRR e =3 3
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: Y5 < 25 y = 1.4035x + 0.055 oH1
g 2 R2.= 0.9945
§ 15 : pH2
S 1 & pH3
Q e
(b) 2 05 | y = 1.1814x + 0.0019 oH4
i R? =0.9997
0 =
0 02505075 1 125 15 175
Concentration of H,0, (M)
Figure 5 (a) Original colorimetric reagent reacted to hydrogen Figure 6 Effect on the calibration line in different pH of
percarbonate in 0.05M -~ 0.10M -~ 0.20M -~ 0.40 M -~ 0.80 M... colorimetric reagent, the pH of which was fixed and
(b) Buffer-contained colorimetric reagent reacted to hydrogen controlled by citrate buffer

percarbonate in 0.05M -~ 0.10M -~ 0.20M -~ 0.40 M -~ 0.80 M...

In the beginning, we thought it's feasible to copy and apply the same procedure (our established
quantitative method mentioned in 2.1) to detect the existence of hydrogen percarbonate. But the result was
shown in Figure 5(a), indicating that the solution of titanium (IV) by itself couldn’t respond to sodium
percarbonate. However, the buffer-contained solution of titanium (V) successfully makes the mixture change
its color, as shown in Figure 5(b). The reason explained by previous studies was that the titanium (1V)
peroxide had several species which existed in different ranges of pH values. Only the species in about pH of
3 (Figure 7) would absorb the visible light and present yellow in color. And sodium percarbonate was so
alkaline that changed the solution’s pH over 7. With the help of citrate buffer, the pH of the titanium (IV) was
fixed and successfully presented positive response. As a result, it was necessary to prepare a buffer solution
as the content of colorimetric reagent for detecting hydrogen percarbonate.

To find the optimal pH for buffer solution, as shown in Figure 6, pH3 was a candidate for buffer solution
to make not only a higher sensitive equation but also a wider detecting range for calibration line.

pH below 3, Ti**+H,0, < Ti(H,0,)**
(orange)
pH 3-6, Ti**+H,0. —— Ti(HO,)**+H* or
(colorless) Figure 7 Reference form the Bulletin of the Chemical Society
Ti** Hy0, T Ti(0,)**+2H* of Japan 29(8), 904-907, 1956.

2.3 The development of fast test paper
To achieve the goal for fast test, the colorimetric reagent was spread over paper. As shown in Figure 8
and 9, it was sensitive to detect the existence of peroxide species.

{

Figure 8 Our handmade fast test paper (prepared by absorbing the Figure 9 Our handmade fast test paper (prepared by
buffer-contained colorimetric reagent), which was useful to detect the absorbing the buffer-contained colorimetric reagent),
hydrogen peroxide which was useful to detect the sodium percarbonate



2.4 Synthesis of titanium oxide and their photocatalytic performance on the removal of H202

In previous studies, titanium oxide could be prepared through many ways. To make sure our material
achieves the spirit of being economy-friendly and easy to mass produce, water was the best solvent for
synthesis. However, titanium ion was too sensitive to stay in water alone. It needs certain conditions to be
stabilized, or it would become colloid. In this research, titanium sulfate was selected as a water-soluble
precursor to synthesize TiO2. As shown in Figure 10, we found the Titanium peroxide became unstable in

hot-bath, and gently turn into yellow solids. Then the work-up yellow powder was heating and turned white
as shown in Figure 11.

(a) (b) (a) (b)

|

N e
Figure 10 (a) Titanium peroxide was prepared by mixing Figure 11 (a) The yellow powder was collected from filter cake of
titanium sulfate and the reagent of hydrogen peroxide. solution, and light-yellow filtrates left.
(b) Yellow precipitates were formed since titanium peroxide (b) The white solid was obtained since the yellow powder was
was heating in a hot-bath for 40 minutes calcined at the temperature of 500°C for 2 hours.
0.8

_e- Control (H,O, specimen)
via alkaline method in previous study

via (titanium + peroxide)
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Figure 12 The Degradation of H202 specimen which was photocatalyzed by the synthesized TiO2 via
different ways.

(a)

Figure 13 (a) The synthesized TiO2 powder prepared from hot-bath of titanium peroxide.
(b) The synthesized TiO2 powder prepared from a hot-bath of titanium peroxide in addition of citric acid.

As shown in Figure 12, it represented “citric acid” plays an important role in the procedure of synthesis.
As a starting material, citric acid served as a chelating ligand capable of making gentle hydrolysis of titanium.
In addition, citric acid was also a reducing agent which would react to peroxide while heating in a hot-bath.
Thus, the forming rate of precipitates was slower enough to give smaller particles of titanium hydroxide.



2.5 The study on the granulation of TiO2 and their photocatalytic performance
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i Proportion of TiO, in slurry
Figure 14 (a) Assembles of dropper and funnel, the former Figure 15
is to control the droplet size and the latter is to control the Blue Line : The relationship between the diameter of produced
flow speed of the slurry. balls and the concentration of TiO2 slurry.

(b) The appearance of the produced ball of TiOx. Red Line : The material economy for the produced ball. (Efficiency

= degradation percent of H202/ the usage weight of TiOz2)

In fact, it was not easy for powder-like TiO2 to deal with a large amount of water because the suspended
particles of TiO> need extra treatment such as filtering to turn clear water back. Besides, we hoped our
material of photocatalyst be able to be collected for reuse, Therefore, the ball-shape catalyst was produced
through alginate-based slurry and calcium solution system. As shown in Figure 14, we combined dropper
and funnel as a device to prepare the ball of TiO, whose diameter was controllable by the dropper ‘s opening
size. In addition. The diameter of TiO2 ball was also slightly changed with the increase of TiO, percent in slurry
as shown in Figure 15. Considering the material economy, it was found that the efficiency of the prepared
TiO- balls had the highest value at 1.2 mm in diameter.

0.8

- Control (peroxide)
@ Ball of commerial P25

A Ball of prepared TiO,

|
o
(Oa]
»

0.4 M of hydrogen percarbo
(decomposed itself)

0.4 M of hydrogen percarbonate

Absornabce (A)
o
N
Logarithm of
absorbance
N

0.2 [l Ball of commertial MnO, s (catalyzed by TiO,)
0 | h 0.4 M of hydrogen percarbonate
0 10 20 30 40 50 60 -2 (catalyzed by TIO;)
Time (minute) Time (second)
Figure 16 The photocatalytic performance of the ball-shaped Figure 17 The degradation order of hydrogen percarbonate
TiO2 and the balls of commercial one was first-order whether adding the TiOz or not.

In practical, our prepared TiO2 ball was used for removing the hydrogen peroxide. As shown in Figure
16, common catalysts such as commercial P25 and manganese dioxide were in contrast for comparison of
their photocatalytic performance on removal of H2O.. It demonstrated that our prepared TiO», as ball material,
was more suitable than the commercial P25. In addition, as shown in Figure 17, the degradation order of
hydrogen percarbonate was in first-order whether catalyzed by TiO; or not.

3 Result and Conclusion

In our study, the colorimetric reagent, which could detect sodium percarbonate, was successfully made
up and its detection limit was at 1.7%. Moreover, the low cost of our colorimetric reagent was a highlight of
this research. In addition, the colorimetric reagent was used for preparing fast test paper. The detection limit
of test paper was 250 ppm which was lower enough to warn people and make sure they were healthy. With
the help of our handmade paper, it was convenient for fishmongers or consumers to check out if the product
contained peroxide or not. And our designed test paper had potential to substitute for commercial paper.
Finally, it was in success to use simple materials and an easy method of hot-bath by water solvent to prepare
the nano TiO; catalyst. And mass production was expected.
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2 XEFIREZ | ¢ o
I Uiz 11 :
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0 0
320 350 380 410 440 320 350 380 410 440
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[[E ] (R sk EL SR &I RK GRS
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W > SR B SR MR ER U - (H28HE 320 nm BEFiRER
SR - RO P2 EIRERAVIREE - dihEE AR
OB EZEAHE A Btk > NI ERICEERE SR
SPH[H02]%F] 0.5 M DL ] RoeuUied gtz - REYFE 410
nm > ESZEA[1IFTHERY 415 nm AHET -
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€3 A BIFDR > bldor 4k
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nm % ASTE A 0 2 A
BTk RIUELE R &
BLA T e B AR TR
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REBTRERE DM RAD
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TR G B KRR B DN
LT T re ARt R 2R (¥
=10 E: A%
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d Bl R T KRR
mT AT AR kR S
TR R =T
BAFET kS i aR £ it
o

s 8- N

TR T R IR D
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Haw— ~ BFRSLEMER
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) ) L | (3R] (] 80°CHELEEEE AT Bl /o 2 i3
HHK S o0 IR — (RS > RIS TS - (5
HERFH ) EREUE E AR H202 EFELA) 0.05M 7'M
jzzE(Z)Lf?CPﬂafﬁﬂ/%E&(Hf H202 & E 2 ) EEEE EifigEE BT EE S
RFEKPmELSIVRE - BEFEE L FEEE £—x 0.5 mL 1.9 mL
B AE R EH A T 4 0.5 mL 2.1mL
1 BEAENE - KRR T WO SMBEEHAM =% 0.5 mL 2.0 mL
AL e 28 IR T RE s B e S R i 22 T > BT S
2. (FRIMEERKNMEBRAEREN T - B 0.005 M
AUt B SR PR (A EE R UE AR R
RIE] > A F5 ARSI MICBLR ek d T 22 168 i e C204> K 2¢"+2C0,
MnOy4 + 8H™+ Se- - Mn*" + 4H,0

7 T EAFAERERY HoOo fin A - BB FI BRI E

2 MnOy + 5 C,02+ 16H’
BT AR

2> 2 Mn?*"+ 10CO+ 8H,O

TR A AR SR R S AACHE B K AEERE

Hipai B s/ e mE T~ H pH=2 IR5EAE
e B S HRE - — B RENRZE

R - K HAIH20: SRR T -
WGHE - ([EEEAAE | BRI ESUAELE 10

STEENSERK ©

=

=

y

-,._
.

REZA (S F AT 7 & R AT (5 AV RS B SA08 E »
LEI%ﬁEP AR R - B Bl

ﬁ?[ A=y -
e R BT R R ) by smpmesbnn e S K RO 40R,
() BRI S E B R R R =0)

() G pH SRS

(Z) B ABE BT AL $°° s
ol 0.4 .

Sl R e

ESER A T EERNRPIOEKGE - WIEF) 2 ~—

o

TN

FIEASERRE AR T T B > FN HRE ] 24%0i

(&) &SR0T 8 R R ] IR

U=

Bk - i HAE B Bt sl 48 5h T BR 1 bk
SRZS - IR R BRI AR 4R VU (E SR Ay
pH A 7Kg - B LS A S [ S2 A ES - VAN

i<

main B AR B A g E iR B SIS B (AR

BRI BE SO B E (BT B RS A EE) -

ham(—) I YT
BRI BTN - HEE ¢ MR D AR RS (B TS 24% RSk

HRAREHE (] T R

A REBLR S LSS RS

BB AR T ISR BRERAR ety T ¢ | T B OO 8208 08
FREMBIRRERI R ESR - B EIRTEERIVRE| iz | 0084 | 0284 | 0462 | 0758 | 1.500 | 2.600
BRI H ERIRBARR ERERTFEGH » || S0

I H T4 ¢ S e A R A BBk B G A A AR | 0114 | 0236 | 0432 | 0802 | 1502 | 2.728

SO

KA -
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A FH BR SRS PR i
R

B PRbUEEAR R H IR
ASERET A0

FEEBRIE L > BEPRRRIRSHAY Ksp EEEVIN » J0R
AR - LB B R - (B0 BE SRR AR E (R

—o—7F 4 "fm]ﬁ%—?
—o— & 3 F ALY

%k & (A)

0 0.5 1 15 2
#F i@ kRWM)

(] R PRmRRE A S Ete BRI E

(2] BpPas Bts B sHE A V-t Bz

7+ 15D AR B SK/K 3 R p EIFE A A B RIAT B PCEMIE | O | e
MRS A — JOR T BRI IR » DI BB 0 O s
EIAHRRIEZER R EAVSRBERK » W0 mwmes 0.28 0.97 2.8% 107
MERATA 7K RER IR AR o s 0.04 0.13 1.5% 109
(=) &R pH A RBREGRITPE . .
e E4RE BV E R T R inkn @078 > [Hig AZQE’?TE N fidi
. NN PERS N N EESS

HAEEAWREIKE iR EEAEN EI7EE (Hiz)
HI[H202] > 8 2R R B AV MR 5%(0.1 M s
Al pH>9) » MREE 2] : TR |

p - P S s ) f § i — =
pH below 3, Ti**-+H,0, T Ti(H,0,)** ARFEIRE T

(orange) FUTER
pH 3-6, Ti**+H,0, — Ti(HO,)**+H* or | (H202Na:CO;)
(colorless) —
. e i TR -
[2] P ENED i *
Motoshichi MORI, Muraji SHIBATA, Eishin KYUNO and Syu ITO, I o
Reaction of Hydrogen Peroxide with Titanium (IV) at Different pH S ! i : -2
Values, Bulletin of the Chemical Society of Japan 29(8), 904-907, 1956.| (H202+Na2COs3) e —
FH AT e By 0.05 ~ 0.1~1.6 M

Rt - BRI A L SV (E SRR
AREEH RO - (F R Rotha 4R
I8 - EERFTEE RN R R R M R SN HY

([E] tpE 2 SRINEEE

(%] A~ pH el E (LGS 2 RIS

W e bk N R IE 0.05 01 | 02 | 04 | 08 | 16
SLUEEREY + iR IR Kan T 107 PO
2 » 243\ pH = pKatlog([CsH705COO}/[CsHsO7]) pHI 0.125 | 0219 | 0405 | 081 | 174 | 2471

pH2 021 | 0284 | 0462 | 0758 | 15 | 26
SEENRER TONERDD > v DIREI T H, o 0T 45| pH3 0.073 | 0.181 | 0319 | 0.649 | 1.286 | 2.243
/&%%?Z%“ﬁ%ﬁ@ s %EL&{E*@EQE% pH4 0.063 0.123 | 0.221 | 0.477 | 0.964 | 1.885
A/ MR Bl B B S W DABREE Y — PR R 32
ATEEEERE - HE R R E R - 3 T
2.5 y = 1.4035x + 0.055

s - R2=0.9945
am(—) < mpH1
B B 4 3 RENEE Y 2 = -
£ 0 R BRI - FETE © AR pH=3 /) % 15 G oons | aph2
o ¥ R2=0.9997 *pH3
VAN \ N = . o pH4
FEET LB pH=1 ~ 2R LA >05M) 05 P
A REEE LR - LUNE pH=3 ~ 4 iViRELR ¢ 0
pH3 | y=1.4035x + 0.055 | R?=0.9945 0 0.5 1 1.5 2
pH4 | y=1.1814x + 0.0019 | R?=0.9997 H,0,(M)

USETE BALE2A AL - SR RAVES - SR

(&) “F[E pHEEIR LR
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PRBIRERAY ~ y BEEE/NHY « RRRE KRR E
BEEE 5 - RRERRUEECR § y BB/
B RR R R S G il 8L - Rt e
SUEFHRYEORE - B y BEEAHE /N - NIEA
BHFCE E 58 pH3 AR ENRREC AR B A &

y = 1.4035x + 0.055
R2: 099'4.5' ................
Y 1 15 2
E NS A ()
pH3 ......... %)iltri(pH?))

(&) AWrFEprsE AR E 4

(=) BARICHNM RS’

(%] FETi R S b S RS

FE B 320 FR 25 /D DU S B B

7y Bt HvRIR TRy B E b E A HEIR

b FrLAVUE ks E e B B sl > P DU R

& MOEYHREZ S EFEHRENAELE

SHBUAE - BFEEOIRR2]FE - AEbEHA

VOESR&E & R B YAy 5 A2 208 — (B w2 5

& » WS Bt R 58 & S ERYES
VOE SRR MR = T > S B B o DA R SR
/10 fEF Ry BB AR E B -
Ti**+H,0, T Ti(H,0,)**
(orange)

M EF AR SR R+ 2 —B R =+ 2
—fE gt FHNEBEERANRE P ELEH
&) HEETA - iRk R E R - AR
1720 %22 > D{EERAVRE ED e S (5 bt i i
AR E -

FEITERA > Ky T R EETRMETCE -
Sl VI BEERAVEE I E > A TR — B
ZRERMEH - BB =EREREES - /18

WIE® 0.05 0.1 0.2 0.4 0.8 1.6
[H202]/M
1/10 0.079 | 0.179 | 0.327 | 0.698 1.4 2.5
1/20 0.084 | 0.169 | 0.366 | 0.757 | 1.468 2.5
1/100 0.081 | 0.245 | 0.355 | 0.679 1.3 2.5
1/250 0.11 0.21 0.367 | 0.724 | 1.446 2.3
1/500 0.079 | 0.107 | 0.264 | 0.524 | 0.378 | 0.357
1/1000 0.065 0.12 0.2 0.418 | 0.127 | 0.368
3
25
¢ 2.500%
2 1.250%
<
= 1c y 0.250%
§ 0.100%
1 L 0.050%
05 | _/ —$—0.025%
#
0
o 05 1 15 2
H,0,(M)

ZERMER T HAMAFEORE - ohlRTIZ
— hH7Z—  WHATZ—MESZ—

(E] FEfRRRER 2B iR 2 e aia s

TR0 2 — 0 > S8 2 — B AR
Iy AV W S K i) O e R M T R A8 - T T
Bz —tAEBUNER - FrlRMsgEE T
AEEARSLREBERNWE L2 —EfF
TRERIRANE -

&iam(=)
B A B - HEE ¢ Rl b e] DAEE
1250 PRt R e B sk (F R VU(ESRHIACR - 105

> 1000 g "

DU AR R A - (] Forr REmENRERSRIREE RS
(1U) amin B4R AMRCRIRERR
(%]
RIE#% | 0.0125 [ 0.025 | 0.05 | 0.1 | 02 | 04 | 0.8 |16
[H.0,)M
1/250 | -0.013 | -0.05 | 0.11 | 0.21 | 0.367 | 0.724 | 1.446 | 2.3

UWFRAE 0.025 M DU N R ESFELE EE
L AT A - AREERPT AR E 4R EHIRIR £y 0.05 M -
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B E S IRGRT I T o (i AR BEARTER B B A5 1 28 25 SURRIF R RS M -

pH6 pH7 DHSE

10 1

[®1] 8 FFpise ki ik 558 3 I pH itk 8 e cr K (B3B3 2R
FAAE RIS KRR P I A LUK (U By T SUESREE T AT AE > AAE > RARNRBINE T
4 2 R IEN LA Bl > £ — BN ESRR A H3R Ok - BAMHRE & B OB 2 (7 2
BARIEL - stAA TR AR(LIL - IR T4 EURATRR I - BRI R kB S UK
HLRE7/KERIIE  SBUSIREZHE D - RALOFNER - I RIS IR | 1R
FREELHETT S00°CHYIERE - S8 s (U S pl 1 s - RFE o B B Pl MR P e e
FE RS > SIS e Al

nH9 D 7

= =
= 2 -
E

pH11

®

pH12

(M) Rier| (M Rigme| (M) 28| (R 5mm| (M) S%s| [F]
2 ST tREF K & 2 IR Erlell o
B REE R BRNE AL BB e R ek  OE  AeEalE s ek NI EREH
SR T A S BE(LR - IR -

S R (T EE IR F A LUE A S S BERTE ? EEEE T — (% « AR mE v DLORGE sk T -
ARV IR G NS M B RS B 2 S A T B (B SRl T KA T 28 AR R A Bk CERIE 7

By T B E S EES]  ERERARRIRET R EES TG ) (/& " £l
VEBSE AR AT - RS B K SRR H R I - RS | A
pH TR " kT FHKAE - CEUKIERE(ERIT DAIE SR N ftEglg - JMEARRE i
KL IA - SRR e R B e B o A BB € - SBIR A (LH » AL
(AL pH=10 DL_L)ATH IR » SRR E S S E KT SR T -

CsHsO7tH202 2 C02

() ®ifgps = ®% | (W] ~>%h ko
; SEA RS AR

&
C¢HsO7+H20;, 2 CO+H>0

Oxidation and Decarboxylation of Citrate in the Presence of Ferrous Iron / F. H. u—2o
GRAU & W. J. HALLIDAY / Nature 179, pages733—-734 (1957) d T P

SRR _EHCOR - HlETE R s S b g L COn o1 ).
B TR BRIV E SR LG B RO TR R R o o
EH > AR RESE(SIUE - Cu*t + 20H” 2 Cu0 | +H,0 . ’
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B A F SRR T FE B -

REEFRSFRBEFEGR > TiClh 2EEHREAR ) > T FEEHEB R RS Lk EREY
NE] > ARG ST H AT A AR HAME L - FRMEAZAT S TS - IR R e
Besh B EbT S A T ERSEN - NILE 2 & EA A KSR AR o] DUEF T X -

FESR 20 JEIEZEZRIEREEH 5 & SA20-193 Hied] - IR E R AR FE - BEE/KIENE
BUF ZSUESOCBEERIESS o B T R HEGIAE R VIR RS - BEENTIT T 5
FEEFUKIEBGET AR —EERHIEAE - UM E R & > PO HMRE TR LIS
FOKIE B R AR SRR " Wlksk y ARIE Ry @ ARG FER /KR - W27 2 A ISRk
SR SRS BT AR A SR 2 B TR F e K B A B L AR R SR S e A A -

£75 SA20-193 EHFEEITHYESUKIBGE - IEE RIS IS AR IR SR T B B

EEEHIK(35%) I mL 2mL 3mL 4 mL SmL

1 T,
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IUB YL RZ | EEEKONIRSTE /DT 3 mL
B TSRS > RPN

> RIS
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% —— —eo— o ° —o—-3mL
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TRERSEIHEE » FFACHs% )0 T o U EEER -

(2) B HMERE RS SRIE KL SR EE RN
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TEPTE RS > RAMTEA - JKERIR RS - 0% 2 AL RS /KOa R BE - KB & #E
B> KBRS B SR AR il G s R s5R (E - NIEL/KERNERER BV B - RivK o 2652 &/ T
HYER D ERAE IRV BR L &R - IR - sk ERIAY ST BRI RUE - SERESA M/ N TiO2 2K - 4638
HERNE > ANERE i NYERTEZE 0.60 mm (£ 1% H BEkH#) -

Finat o ISk A R URE R DUERRE R > HEgA—E LR - EEMEs Tio: 3kgHF —(E
BRAZIRAE 1.6 mm (15%RfEER R RME) » I EERIEE T A EHE DS FTReS S EH TiO2 3R
B _ETIR - B > #EAIKSIEZ BRI SRE M B > BEZA AL - CIEVEELER H A Y BUR
EMHfcE > BERABORKE—ERE » A~ 3mEEE 0% - MEE B THYEE - TiOo: Bk
HIBRR A SIS - Ehasssk BB e A AHEC & RVEPRE T » fE/ 7 mm O —KE S
SEFTRESf LAY TiO2Bf By 3 mm o

015 . 015 -
2 = =
w 01 - 01 w 0.1 .
% 0.05 ¥ ®oo05 | _.-®
=4 ® 990 =2 @@ @@ = @
0 0 0
00, 10 20 30 0.0 5.0 10.0 00 30 _ 6 9.0
A E gk B (mm) &5k B (%) v r;_(mm%

[(B] 3 FidGepmgpkid | [R] 2 Fad ik FiFH | [B] 2 Fro L Farkad
RpiEaovked gkt € § £

(SFEREEZFHER © 61 BRHE-SREVIRM I CIFETE)

FIAGR )X} E LB E & 2rr)=/KEKig KE &

CFKRRE T ZKBREE - ZKBREATE T /KERHY TiOx )8 EIR - B F F%H] TIO IRA/NIRZE -

3 B R BKBRE R BERIE LS EYEERR) - At

1~ NEMESEE RS2 > HE TiO BRE PUIWE IRy 720U » Rl Tioz BREYAV/NE] DA
RHERIIBEI R R A EERE G R A TN -

2~ CHSARRIY BB - & AR B 2 arl AL » % T A HA N RS /K ER -

(=] AR AP R 2

C17€ (mm) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

RIS 1% 1% 1% 1% 1% 1% 1% 1%

TiO2 iy T BURTE 1% 3% 5% 7% 9% 11% 13% 15%
TiO, Bk A/ 0.60mm [ 0.90mm | 1.20mm | 1.40mm | 1.50 mm | 1.55mm | 1.58 mm | 1.6 mm
TiO, BRIt 0.0006 | 0.0011 g | 0.0015 g | 0.0018 g | 0.0020 g | 0.0023 g | 0.0025 g | 0.0026 g

FELHRER(50 77) 6% 9% 17% 13% 9% 5% - -
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SN B GRS D) » K . r
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FEEEEE T o Sk o B mﬁg
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= (Hk AR - Skheras | (M) Bl £ 5 WA ER 1% c%7 Fp B HA

Ko TRERAE TSR CR e | 30k R 1%~15%0= § i 453k ez e » 1% 0.026 g 3%/1.5

2 FEREEILIEI TSR (S | mL & 7 Fie 75 o RBH 150 A A %

FEABCR IR AE)

1

BRE&(mm)
o v = U1 N
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