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Survey on the udder characteristics of Korean
Holstein cows and the developmeht of teatcup liner
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SUMMARY

Studies on the udder characteristics of Korean Holstein cows

This study was conducted to analyze the relationship between the occurrence
of mastitis and the conformation of udders, teats, and teat tips of Holstein
cows raised in Korea. Udders, teats, and teat tips were categorized by their
conformation and the teat length, teat diameter and the distance from the tip of
teat to the ground of 264 cows were measured. The most common shapes of
udder, teats and teat tip were key-shaped udder (27.3%), U-shaped teats
(53.9%6) and disk teat tip (53.8%6), respectively. Mean teat length and diameters
were 4.78 cm and 3.11 c¢m, respectively. The length and the diameter of front
teats were significantly longer and wider than those of rear teats (5.19 and 3.17
cm, 4.38 vs. 3.05 cm). However, the distance of the tip of teats to the ground
was similar between front teats (505 cm) and rear teats (50.7 cm). The
average daily milk yield was 264 kg/day, and the highest milk yield was

observed from cows with large udder shape and above 4th lactation.

Studies on the correlation between udder characteristics and somatic cell
counts (SCC)

A total of 749 (73.196) milk samples from 1,024 quarters of 257 cows
contained less than 200,000 somatic cells/ml, while 132 (12.9%96) quarters
contained more than 500,000 somatic cells/ml (mean: 384,000 cells/ml). The
mean somatic cell count of milk samples from the front quarters (292,000
cells/ml) was significantly lower than milk samples from the rear quarters
(475,000 cells/ml). The highest somatic cell score {SCS, log (SCC/10%)} was

observed from cows with the step-shaped udder, the pear-shaped teats, and the

_11*



pocket-shaped teat tips, respectively. Increased SCS was observed from cows
with large teat diameter, short teat length, short distance between the teat tip

to floor (p<0.05) and with increase in lactation numbers, respectively.

Identification and antimicrobial susceptibility of microorganisms isolated

from quarter milk of Holstein cows

A total of 418 quarters of 214 Holstein cows were examined. Milk samples
with the California Mastitis Test (CMT) positive and the somatic cell counts
above 200,000 cells/yml were subjected to bacterioclogical examination and
antimicrobial susceptibility test. Major pathogens responsible for mastitis
included coagulase-negative staphylococci (34.3%) Staphylococcus aureus
(12.2%), gram-negative rod (coliforms and noncoliforms: 12.6%) and
Streptococcus spp. (849%). These strains were tested with 13 antimicrobial
agents by the Kirby and Bauer standardized disc diffusion method. The isolated
pathogens were mostly susceptible to amoxicillin and cephalothin, but were

resistant to erythromyecin.
Physical and chemical properties of teat cup liners

The hardness and fatigue to failure of the liners were found to be 50~67
values and 38~1,185 cycles, respectively. The elongation and tensile strength of
these liners were about 140 kgf/cm® and 500%, respectively. The infrared
spectrum and the gas chromatogram revealed that the liner A was consisted of
NR, SBR, and BR, with a composition ratio of 3:1:1(w/w). The raw rubber
materials of liners B to G, on the other hand, were made of NBR only.
However, the liner H was made of silicon rubber. The thermogravimetric
analysis showed that the liners tested in this study contained raw rubber

material, carbon black, organic compounds, and metallic compounds.

...12__



Development of liner compounds with improved physical property

The liner compounds with improved physical property were developed using
tri-polymer blend, and changes in the physical properties of the compounds
were measured under standard (initial) aging, thermal aging, and acidic and
basic antiseptic solution aging conditions. The new liner compounds exhibited
higher initial and aged physical properties including tensile strength and
elongation than the imported liner compounds. In contrast, it was also found
that the hardness and modulus of new liner compounds were more stable than
those of imported liner compounds under various aged conditions. Consequently,

the new liner compounds would give prolonged life cycle as a liner product.

Chemical effect of an aqueous antiseptic solution on the liner materials

To investigate the effect of an aqueous antiseptic solution on the
commercially available liner materials, an aliquot of liner was kept in the
various concentration of aqueous antiseptic solutions at 37°C for 1 hour, 4 hours
and 10 hours, respectively. We selected two groups of antiseptic solution,
chlorine dioxide antiseptic solution such as Micozone (Uni Chem Co.) and Tirax
{Green Chem Co.) and surfactant antiseptic solution (acidic and alkalic
alphacleantop, SeoulNaknongsa Co.). The samples prepared were then analyzed
by ultra-violet (UV) spectrophotometer, ion chromatography and liquid
chromatography, respectively, Each sample treated by Micozon and Tirox
revealed very similar peak shape of UV spectra regardless its reaction time
except for liner G, although their absorbances were changed depending on the
reaction time. However, the peak shape of liner G was changed when the liner
material when reacted for 10 hours. No products were detected by ion
chromatography in all of the liner materials. By liquid chromatography, some
small peaks were observed, particulary in the reaction of liner material G with

the chlorine dioxide antiseptic solution. Beside, these peaks disappeared by
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cleaning the liner material again with an acidic aqueous antiseptic solution after
treatment with aqueous chlorine dioxide.

In the case of the surfactant antiseptic solution such as acidic and alkalic
alphacleantop, we carried out mainly two experimental procedures; one was the
investigations of the acidic and basic alphacleantop themselves at 37C and the
other was the investigation using the single phase clean in place (CIP) process.
In this process, we prepared three kinds of sample solutions as a function of
reaction time as well as a function of the concentration of antiseptic sclution.
The treatment of acidic and alkalic alphacleantop influenced very similar peak
shape to each sample. However, their UV peak shapes were changed when the
liner materials were reacted with the surfactant antiseptic solution such as
acidic and basic alphacleantop for about 4 hours. No products were detected by
ion chromatography in any of the liner materials by this treatment. When the
liner materials were treated only with alkalic alphacleantop, some peaks were
observed by liquid chromatography indicating the deposition of the material on
the liner. However, these peaks disappeared by cleaning the liner material again
with the acidic alphacleantop solution after the treatment with the alkalic
alphacleantop. The cleaning effect was more efficient, if the cleaning with acidic

alphacleantop was repeated.

Chemical effect of an aqueous antiseptic solution on the new liner

compounds

The purpose of this study was investigated the effect of the liner materials
developed newly on some aqueous antiseptic solutions. An aliquot of the each
new liner material was kept in the aqueous antiseptic solution for the various
reaction time 1 hours, 4 hours and 10 hours, respectively. We selected two
groups of antiseptic solution, chlorine dioxide antiseptic solution (Micozone and
Tirax) and surfactant antiseptic solution (acidic and alkalic alphacleantop). The

samples prepared were then analyzed by ultra-violet spectrophotometer, ion
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chromatography and liquid chromatography. Each sample treated by Micozone
and Tirax revealed very similar peak shape of UV spectra regardless its
reaction time, although their absorbances changed depending on the reaction
time. No products were detected by ion chromatography as well by liquid
chromatography in any of the liner materials tested. In the case of the
surfactant antiseptic solution such as acidic and alkalic alphacleantop, we
carried out mainly two experimental procedures; first experiment was to
analyze the acidic and basic alphacleantop themselves at 37C and the second
experiment was thé analysis using the single phase CIP process. In this
process, we prepared three kinds of sample solutions as a function of reaction
time as well as a function of the concentration of antiseptic solution. In the
case of the as acidic alphacleantop as a surfactant antiseptic solution, UV
spectra of the each sample were shown very similar peak shape regardless its
reaction time, even so their UV absorbance were changed depending on the
reaction time. However, in the case of the alkalic alphacleantop as a surfactant
antiseptic solution, their peak shapes were changed. Same results were obtained
in the analysis of the samples using ion chromatography as well as liquid
chromatography. In the single phase CIP process, the UV spectra of the sample
1 and 2 were shown very similar experimental results as compared with the
use of the acidic alphacleantop. However, in the case of the alkalic
alphacleantop, the UV spectra shape of the sample 3 was changed. No products
were detected by ion chromatography in all of the liner materials developed
newly. In the analysis using liquid chromatography, no products was formed in
the liner 1 and 2. But, a small amount of some of the products was detected
only in the liquid chromatographic analysis of the liner 3, when it was cleaned
again by acidic alphacleantop after treatment with the alkalic alphacleantop. We
found that the newly developed liner 1 and 2 were as stable as the liner
materials that is commercially available for the antiseptic solution such as

chlorine dioxide antiseptic solution and surfactant antiseptic solution.
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Fig 1-1.

Udder shapes of Holstein cows. A, milking machine udder: B,
abdominal and primitive udder: C, large udder: D, udder in the
thighs: E, round udder; I, stepped udder.



Fig 1-2. Teat shapes of Holstein cows. A, U-shaped: B,
bottle-shaped: C. conical: D, pear—shaped.

Fig 1-3. Teat-tip shapes of Holstein cows. A, round: B, disk; C, crater; D,

pocket.
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Table 1-1. Lactation number, milk yield, body length, and udder length in

relation to the udder shapes in 259 Holstein cows

Udder shapes

Average

A B C D E F

No. of cows 71 64 27 39 29 29
(%) (27.4) (247) (104 (151) (112) (11.2)

Mean lactation 2.0 1.3 3.3 1.7 3.3 3.1 2.2
no. +1.2 *+0.6 +15 *+1.1 1.5 +14 =14
Milk yield 25.4 235 30.7 26.6 293" 284 26.4
(kg/day) +£6.7 6.1 =85 6.1 95 =84 75

150.7 149.8 154.8 1509 15827 1567 152.5

Body length (em) g9 4117 97 =+118 +106 =95 =110

Udder length 53.4 o0.8 588" 53.1 54.9 55.9 3.7
(cm) 5.7 +4.7 +59 +58 +56 =57 =59
Body: udder 35.5 34.1 38.0 35.3 34.8 35.6 35.3

length ratio(9s) =4.0 +39 =38 +3.8 +4.1 +3.7 =4.0

A, milking machine udder; B, abdominal and primitive udder; C, large udder; D,
udder in the thighs; E, round udder; F, stepped udder.

Boedy: udder length, body length/udder length X 100

" There were significantly different from B udder type (p<0.001).

™ There were significantly different from B udder type (p<0.05).

"™ There were significantly different from A, B and D udder type (p<0.01).




Table 1-2. Teat shapes in front and rear udders of 259 Holstein cows

Teat shapes

Front udders (924)

Rear udders (%)

Total (26)

No. o teats

U-shaped”
Bottle~shaped
Pear-shaped
Conical

511

261 (51.1)
113 (22.1)
100 (19.5)
37 (71.2)

513

291 (56.7)
120 (23.4)
59 (11.5)
43 (8.4

1024

552 (53.9)
233 (22.8)
160 (15.5)
80 (7.8)

“There were significantly more U-shaped teats than the other type of teats (p<0.01).

Table 1-3. Teat diameter, teat length and teat-tip-to-ground

Holstein cows (mean=SD)

distance in 258

Front udders Rear udders Average
No. o teats 511 513
Teat diameter (cm) 3.17+0.90 3.05+0.67 3.114+0.79
Teat length (cm) 517+1.23 4.38+0.94 478%1.16
Teat-tip—to- d
prtorgTonn 5054751 507883 50.6:£8.19

distance (cm)

The differences in the teat diameter (p<0.05) and teat length (p<0.001) between the
front and rear udders were significant.
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Table 1-4. Teat-tip shape in front and rear udders of 259 Holstein cows

Teat—-tip

Front udders (2%) Rear udders (%6) Total (26)
shape
No. of teats 511 513 1024
Round 170 (33.3) 191 (37.2) 361 (35.2)
Disk 293 (57.3) 258 (50.3) 553 (53.8)
Crater 41 (8.0) 54 (10.5) 95 (9.3)
Pocket 7 (1.4) 10 (1.9) 17 (1.7

Table 1-5. Milk vield, body length, udder length in relation to lactation

number in 259 Holstein cows (mean=* SD)

Lactation number

1 2 3 >4
No. of cows 111 62 14 42

Milk vield 242 25.0 8.7 32.1°
(kg/day) +5.3 72 +8.2 191
1478 1534 158.9" 156.9

Body length
ody length (cm) +103 +97 +89 +11.7
51.3 54.1 56.7" 56.0

Udder length
er length {cm) +49 +57 +59 +63
Body: udder length 349 354 35.7 35.8
ratio(%) +38 +4.0 +39 45

Body: udder length, udder length/body length X 100.
" There were significantly increased with increasing lactation numbers (p<0.001).
" There were significantly different from under 2 year age groups (p<0.001).
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Table 2-1. Result of somatic cell count (SCC) and somatic cell scores (SCS)

on quarter milk samples of 259 Holstein cows

No. of quarters (%)

Mean SCC SCs”T
Udders N
(CGHS/I‘H]) (Mean = SD) Low Medium High Total
378 73 60 _

Front 292,000 4254157 511

(74.0) (14.3) (117
x 371 70 72

Rear 475,000 444+171 513

(72.3) (13.6) (14.0)
_ 749 143 132

Total 384,000 435%+1.65 1,024

(73.1) (14.0) (12.9)

Low, SCC<200,000/ml; Medium, SCC 200,000 ~500,000/ml; High, SCC >500,000/ml.

T'SCS = log (SCC/10%)
" There was significantly difference between front and rear udders (p<0.05).
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Table 2-2. Result of somatic cell scores (SCS) of 259 Holstein cows by

udder shape

No. of udders (96)"

.
Udder shape (MSCE sy

ean— <250,000/m1  >250,000/ml Total
Milking 4.96+1.46 47 (26.4) 24 (289) 71 (27.4)
machine udder
Abdominal and 458+ 1.21° 50 (28.1) 14 (169) 64 (24.7)
primitive udder
Large udder 462+1.30° 21 (12.3) 6 (7.2) 27 (10.4)
Udder in the 476+ 1.34 99 (163) 10 (120) 39 (5.1
thighs
Round udder 550+ 1.62° 13 (7.3) 16 (19.3) 29 (11.2)
Stepped udder 554+1.15° 16 (9.0 13 (15.7) 29 (11.2)
Total 176 83 259

T SCS = log (SCC/10%)
“Chi-square was significantly (p<0.05).

*b Means within a column with different superscripts differ (p<0.01).
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Table 2-3. Result of somatic cell scores (SCS) on quarter milk samples of

259 Holstein cows by teat shape

No. of teats (%)

scs’
Teat shapes N
(Mean = SD) Low Medium High Total
S . 420 72 60 552
—Shnd . = 1.
pe (56.1) (50.3) (45.5) (53.9)
Bottle-shaped  4.29+ 1.49 17 24 3 233
O - C . L 1.
crshap (23.9) (16.8) (22.7) (22.8)
Pear-shaped  4.86+174° 9 32 28 159
carTshape R (13.2) (22.4) (21.2) (15.5)
Conical 440+ 1.93 51 15 14 80
O . 1.
mea 6.8) (10.5) (10.6) (7.8)
Total 749 143 132 1.024

Low, SCC<200,000/ml; Medium, SCC 200,000~500,000/ml; High, SCC >500,000/ml.

T SCS = log (SCC/10Y).

" Chi-square was significantly (p<0.01).

? There was significantly difference between pear-shaped teats and the other type of
teats (p<0.001).



Table 2-4. Result of somatic cell scores (SCS) on quarter milk samples of
259 Holstein cows by teat diameter, teat length and teat-tip—to-

round distance

Teat diameter (cm)

Teat length (cm)

Teat-tip—to-ground

scs’ distance (cm)®
{(Mean=*=SD)
<3.11 =311 <4.78 >4.78 <50.6 >50.6
No. of
622 402 597 427 458 546
teats
4.16 4.38 4.26 4.24 4.47" 4.12
Front
+1.54 +1.61 +1.60 +1.55 +1.63 +1.50
R 4.43 4.46 4.46 4.40 4.75™ 421
ear
+1.66 +1.80 +1.67 +1.82 +1.90 +152
T 3CS = log (SCC/10%).
difference between <50.6 cm and =50.6 cm (p<0.05,

® There was significantly

p<0.001).
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Table 2-5. Result of somatic cell scores (SCS) on quarter milk samples of

259 Holstein cows by teat—tip shape

scs? No. of teats (96)
Teat shapes N
(Mean +5D) Low Medium High Total
245 58 361
Round 4.47+1.72 o8
(32.7) (40.6) (43.9) (35.3)
. 418 66 67 551
Disk 4244163
(55.8) (46.2) (50.8) (53.8)
73 16 6 95
Crater 444150 2
(9.7 (11.2) (4.5) (9.3)
13 3 1 17
Pocket 450+1.27
(1.7 2.1) 0.8) (1.7
Total 749 143 132 1,024

Low, SCC<200,000/ml; Medium, SCC 200,000 ~500,000/ml; High, SCC >500,000/ml.
T SCS = log (SCC/10°).

_.52_



Table 2-6. Result of somatic cell scores (SCS) of 259 Holstein cows by

lactation number

Lactation number No. of cows SCST (Mean*SD)
1 111 456+1.18"
2 62 494+1.43
3 44 5.40+1.52°
=4 42 5.45+1.39"

TSCS = log (SCC/107).
*P Means within a column with different superscripts differ (p<0.001).

Table 2-7. Result of somatic cell scores (SCS) of 259 Holstein cows by body
length and udder length

Body length {cm) Udder length (cm)
<1524 >152.4 <B53.7 =537
No. of cows 133 126 133 126
scs’ 4775129 511%=147 489+1.36 499+ 1.43
(Mean +SD) T U U A

TSCS = log (SCC/10°%).



FAH9 9T W FF P22 ohUY AMzFel T A dhe F
A2 AN ARl FFHeR Ease AALE AFE FHAAE g%
Az P45l AN 494 R BFH AUE AUFEC TS o
W LR B AT FASA g o A AN L FHR AAES
7} Frhah mEA 98F AAERE S8 AW AvE FHE Y o
el slEelth (4 1995). TAN o ATelME HuH FFe Fy 0 F

5

E 1
9o A7} AME Fo ABAHES Yot {9 el Jxzags gE&sin &
29 NFe ZNxARE FEetna HAE
Adkinson % (1993)2 196293 % ¥] 1991\l 7+-A] Holstein 1,630F] tigh Fwuha

GHY HED B4 AFE 2AY 23 e FREHA A5F%0l BHYR
cﬁ &S

o fry wAel o Ethm S, Shpigel B (1998)E AZHTe] U4E #
e 2hAlo] 647%E YERWHT o Wtttz stgo. g Singh § (19842
QAP ordel wae] AHHURYG ABF YN o BT HAT o]

o] FZFuto] o =A ZTeHHelgla 21 H&E 50:50, 60:40 28] 3L 70:30
trFsith, 28 v 9 A ARl A S HEulgo] urR AV B

AN EF7] #Heol] Aol BFZIY FrIAd HAe] HA &L B AFFT
FEAL F8 2 REF A AAEF FIHE 2
2 AR Al A WETIe] oA B AANEFE FIHAT
B (F T 1996042} 2o FAf7lv f¥d =
(Wilson et al. 2000). 2822 4&35 H=2=HF
H 5 2571 2 A AE Sobe
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558,000/ml, ©]
(1999)c] 77], =35 2 ZYxol guk B HAE 476,000~511,000/mixE v}
wvorxwk wi=el A$ HF AAMEF7E 310,000~334,634/mle] 43 (Norman et
al. 2000; Ruegg and Tabone 2000)¢} vlizs] 2 of A2+ 48 AT ZFH 9
ABYE oL HA3] sflof 2 How Algdvh EI 1,02470 EHF A 207 7
gho] 74978 (73.1%%) 28] 3L 50%7F o] 1327H (12.9%)°)1 v}, ¥ FF9 AAESF
of #3 HuE 207 wmwho] 529% (H % 1992), 20.8% (& & 1997)¢+ 504t o]
o] 7% (H S 1992), 29.1% (A % 1992) 133 38.8% (& T 1997)e] A¢t
]

e H AMAEXSE 384,000/mle) =, ol FH 5 (1992)9]
5 o ZaAgolA FAFE 647,000/ml 12la T
= H

26.
s B oW 209 miwkel Eubeei @A g2l 509 ool B Ao 49
W Bgel g st Mnd Fud Row 4t
F B wE AME ARE AdEd 28 84S 7h #5dAM w=de
4, ol FEE std H9E FYESY, OF % 2828 e b f99
2}o)7F A HAT (p<0.01). FHEe WAL Fe] Folrt VAV furel Zst
) 3 R

3 Femoh o & Aoubs] R FRgel

F % T=29 °“J1’+ AMEFZE 7P g S8R Age] 2 Y 22 #
o] deEaty 242 gy 24y #dE S dss I
+ L A7|7F ol &} ghA
o Ftg el e Frkgd. 535 FGF HAsteE gelvd vy 3L
Aol A3 FL ZHold HFS HEY Folvh BE& W o F dojdn
(Rogers and Spencer 1991; Rogers and Hargrove 1993; Chrystal et al. 1999). ©]
AT AT} K5 2o wE AMAE HHe g F5AA4 b =4
i, ol e dHe §59 Zo)rt AUY (p<0.05). BT A Rge]
FFE AH7INE F57F F88 ZAHA 7] i Ed AR /" (Ruban
and Vard 1991) 2% # =tely ol wmely #4353 Fde #Aads SR
24 AAZFE FAANE £ U o] AT7AYN {5 A mE AT 4H



< HaHv 9§ F o a8ln HeolE HuxEg o AL o o v £3] AEH
MFF E7RAY Fold mE AMxE HHe HaHEo o &S o ¢ EdH
(p<0.001). ol& AWHAM {5 E7A2] Feolrt ZolAH FiHo g {FHbel Fol
7F ol X Al "o whekA {70 de) wislo] Avle e Z s G e
A +HYE Aol o gdA 2d9eoz2 AAEZS TS+ dr

5 B2 09 $A8S 9 5 Av 4380 goAdARA FaTg LS
3t (Shook 1989; Chrystal et al. 1999) dtdow FEY F& d9E F57 E
Bgol g #FF B 2R fFudgd dig #gaAe] v =ok (Seykora and
McDaniel 1985b). Natzke 5 (1978)2 S ZHoAl MM L7t viwzdy ok 3
A2 Hodgson® Murdock (1980)2 &7 &9 R @& HT MAEZFE XA
3 A3 FTFeo] 118,000/mle] A=l Hlal HAHFH o] 420,000/mle]l R 1 AR+ o]
377,000/mie] A vt St th E3F Seykora$t McDaniel (1985a)2 S 2382 #F

B 2o 9uygut AAESF/ 183000/miAE ARG ek W Chrystal
5 (19992 #F # 2] o8 AMESE dve vA vy s A7
Evich old g P, of AT §F T o] TAY FFAA A
AES7E M mga ARF fFAA S A mabsHel 919 AaTase Az
b #ol7h ALk ole @ Wit ARl AAH 29, AFw LAY 5 B

HE g oo o3t o w2 A77t FaFHor ¥ Ao E Algdrh

detzon HAXL 5 Azte} A Fristsd, ols AA gl oldd W
goly o] K3} Fol o gt (Harmon 1994; ®¥F 1995; <& 1998). o} G+ A 1}
AAE 4L Bodoh § (1989) 28lx Kennedy 5 (1982)9) Axto} vepd #ho}
o] 27t Eolxlol wel Frtelsivh. 53], 34k o) 14tET HH o &t
(p<0.001).

Fgrlel BEt 2 99X god e3d F4V1E B¢ %9 dATe A
A, % L T AR WY T3 ol LI WAL FAAAA B
Ab g AA Az me 2.0~3

o o] 7EF FFHY FAE Az
olg HAH, FotA F/9 v FF
stk Azbsv, ofo] oi$ AF= F 53 SHo
2 Wako] AAHojob AT AR/ AR FEF s A ARl
AR e w Zx dolA Al &ow <9ld SHhY nAEo] =Ade H =

F.&
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Al 374 Holstein 539 #FoA 23 F3d

AT FEALFA

1. A £

B ope} :e] Yol Fo@ AWE soln, ol
Fol g, Fd 49 w7, 88 #Fdee 27 =8 R
B i 3

=)
AR 47 @ gERASHoRE s Fad

Hi
£
*

(o3

g FHEE doerE 4T Staphylococcuss T Streptococcus<s T
of e]3t Zo] B2 AT Ad#HA o (Jain 1979 Bramley and Dood 1984;
Radostitis et al. 1994; Britten 1998), §3] S aureus® S. agalactiae= WHF-i2

b Adel 90 (Smith 1983)2 A4 g E 248 &3 A o #H/FE &
& A= 3 (McDonald 1975; Peeler et al. 2000) 2 #4438 2 w4 U9
S dozlt} (Jain 1979). %9 coagulase-negative staphylococei (CNS), &7 #
2l streptococci, Corynebacterium bovis 133 F WA THF= E9F, £ 2 Ay
71 EulE, 23, % 2 77, 283 A7) AFHG AMEREHE odE EE B

FAZZ Pee 4 FUHEe dott (McDonald 1977; Harmon 1994;
Radostitis et al. 1994; Watts et al. 2000). £3] o|F 53 Ad4F4o] YEIGHA

FE FYLE AHES Bolx &E AAAH &£4deo] A7) wfEd STuUdA 7]
of WA Ay As5de ol ul¢ FLIH
T YddEe o FHuW Zdel doiud, §99 A E Lo e

q AAESET ZAeA Ak AR ATt wATE FAD AAT FolA
A Aol olg WS A%ow T gL WMPTLSo] Zrlste] AR
ZrlEE Aolth defAd MAT o 24 AxsA FAS

e 4 Qe woz A 79 dxeg wustesd de AlgEt A4z
} =+ California Mastitis Test (CMT)E dAlg 3 R sad

Aol et Sy dAFe] TR FaA gy AP Ds
Ael AFAS s RIHEAT (M 5 1981 7+ 5 1986, H 5 1986, H 1989,
A 5 1992; o] 5 1997, 39+ A 1991; 7- 5 1997, B 5 1998; 7+ T 2001). 1

=

M 2 do do 2

_59_



S
PN
>~

>
>
N
XN
18
=
A
1
o3
o,
>
>
o2
as)
L)
pss
!
>~
>
ol
T

1. 49 53 2 439 55

20000 1958 2002 118 Aol U7, o 33
¥ 366 Holstein #-¢ (13572 2HE 2A4F dd 972 AFsdd. 2 5 A
AMESF} CMTE £33 AAES7F 209 o] ZAx CMT AN AF kgdel &

214% (418 Be B FFL vgon &y

2. AMESG HH L CMT AA
T F59 AMEZSE Fossomatic 300 (Foss Electric Co, Denmark) 7171 &
ol-§3l] FAHATL CMT HA e #F5% T CMT AgS wazilged &

Foke] 71 weEE WY T W) RS

3. A% MARSE @A

Aol PSS HAE UA AMAT FF50) F HoeE FAIAN F FHi
BEo] A 5% BEFHNo] Hrtd A Hu A o] 2HEUT. 9/E SEE )
Ae 37TAA 2473 v Fe & 49 Fete Fed ot Q2 o] A
Mgt Roh o J=e g 44 9 8949 #5E B ag |
A3} catalase, oxidase AL Bl @A FHy 7bE 2 oS FHE)

b o x2 1x #73% ¥ coagualse, MacConkey agar growth, motility, salicin,
trehalose, Voges—Proskauer A%, Oxidation-Fermentation A]&, @3] A1d 2
%47 (BBL Crystal' ™, USA)E o] 43t T4t}



4. B2t A 7 A¥™

2alg zpzhe] Al W FwA 344 AAE Kirby-Bauer ©i2=z SHaby
(Bauer et al. 1966)2 ©]&3le] A Atk S Mueller-Hinton §-5d vl %] of
mwsled 37T WM R F AU 2% BEegch FaA dE4 Gl
¥ Sensi-Disc™ (BBL, USA)® amoxicillin, ampicillin, cephalothin, cefazolin,
erythromycin, gentamicin, kanamycin, penicillin, norfloxacin, trimethoprim/
sulfamethoxazol (SXT), tetracyclin, neomycin, enrofloxacin % 1359 ¥ AE
Apgstgion, Aste] pEe FEal txz Al B e web @,

TR, WA 3dAE TESHY

3.4 %

AAZES 209 o] E CMT A F 418 B FadH fFod 4l
L 3-13 Fr} 452709 B F 5 CNS7ZF 1565 (34.3%)=2 7+ Wtk S
aureus™ 555 (12.2%), S. hvicus® S, intermidiust 425 (9.3%)°| 2
Streptococcus spp.x= 38F (B4 EAM FH #3rd AT Staphylococcus spp.
9} Streptococcus spp.8l FEEl &L 642% 2 FAIEHAUE I " ST F
coliform3} noncoliform® <& zZHzh 21F (46%)9F 365 (B.O0%)ol it =g
Micrococcus spp.= 46F (10.0%)°)1 32 Corynebacterium spp.© 197 (4.2%),
Bacillus spp.= 155 (3.3%) 18]35l Listeria monocytogenes< 37 (0.7%6)°] 3t}
a8Yell Aerococcus viridansT 23, Gemella morbillorum, Leuconostoc citreum
18] 31 Pediococcus spp.7t 2+ 154 F8 H A,

B 8-Fox  Ba® Staphvlococcus spp.d BEE ®E 3-2¢9F #uh.
Staphylococcus spp. B FAH 252FFdA 7 w2 EEE&ES JEd AL S
aureus® 55F (21.8%)°12 31 1 ©r-3 o % S simulans 457 (17.9%), S. hvicus<t
S. haemolyticus Z+z}F 247 (8.5%), S. lentus 22 (87%), S. auricularis 20
(79%), S. intermidius 185 (7.2%) Z18]3 S. xylosus 95 (3.6%) o] At}

B {5 Ba 8 Streptococcus spp.2l ¥ = X% 3-33 Huh F 3959
Bald FAA S wberis?t 145 (359%)% 7FF @ets 1 v o2 S agalactiae
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ot S suis7t 45 (10.2%)% E = o)

+ FFAAA w8 a2g S D F coliform™ noncoliforme] B X
3-42} Zt}t. Noncoliform (63.2%)°] coliform (36.8%)X.tht ©] wskrh. Coliform%
A Vg @ol R¥E® T Escherichia coliZ 14%F (246%)°)9l3 1t}
Enterobacter spp.E 5% (8.8%)°] 3t Noncoliform< Acinetobacter lwaoffi 125
(21.09%), Shigella spp. 45 (7.0%) 1#]13 Pseudomonas spp. 35 (52%) o3
zhz}y el = .

T FEolA FelE Streptococcus spp.d] EEE ¥ 3-33% 2o & 3959
e FoA S wberis7b 145 (35.0%)2 /M wRTm 7 & o® S agalactiae
o} S suis7t 459 (10.2%)% el 5o}

=% FEAA 289 a8 24 TFF coliform¥ noncoliform$] X E
3-4¢+ 2t} Noncoliform (63.2%)°] coliform (36.8%)R.t} v} ®skrd. Coliform% ol
A 7HE ol ®8l® & Escherichia coli® 14%F (246%)°)Y 31 1 322
Enterobacter spp.® 573 (8.8%)°] 2 t}. Noncoliform< Acinetobacter lwoffi 125
(21.0%), Shigella spp. 45 (7.0%) 1811 Pseudomonas spp. 35 (52%) 02
zbzh e = o

FE BT de A gl ¥ 2= g 3-59 #oh CNSo 7@
A A+ FHAE amoxicillin | (89.0%), cephalothin  (88.4%) 1213 cefazolin
(82.2%)°1A 1 S. aureus®l #HA I FT A= cephalothin (94.5%), amoxicillin
(92.7%) 18] 1L cefazolin, gentamicin, norfloxacin®] 1. Streptococcus spp.oll #4
A ¥ A amoxicillin (76.3%6)°] Q3 coliforme amoxicillin® SXT7} Z+z+
81.0%° Z4Ade& el avtdl Bacillus spp.$t Enterococcus spp.o| 7443
S+ &A= norfloxacin (93. 3/)J+ ampicillin (75.0%)°] 9},

A el g oAl e AY 2dE amoxicillin (82.6%) 3
cephalothin (74.0%)°] Hl24d =& Z$FAHE HATD erythromycindE AL
HAh

ou.% Bk

r-i

=5
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Table 3-1. Distribution of microorganisms isolated from 418 quarter milk

samples of 214 Holstein cows

Microorganisms No of isolates (%)
Cogulase-negative staphylococci 155  (34.3)
Staphylococcus aureus 5  (12.2)
Staphylococcus hyicus 24  (56.3)
Staphylococcus intermidius 18 (4.0)
Streptococcus spp. 38 (84
Enterococcus spp.” 12 27)
Coliforms 21 (4.6)
Noncoliforms 36 (8.0
Micrococcus spp. 45  (10.0)
Corynebacterium spp. 19 (4.2)
Bacillus spp. 15 (3.3
Listeria monocytogenes 3 (0.7
Lactococcus spp.” 6 (1.3
Aerococcus viridans 2 (04)
Gemella morbillorum 1 (0.2)
Leuconostoc citreum 1 (0.2)
Pediococcus spp. 1 02
Total 452 (100.0)

* Enterococcus faecium (7), Enterococcus feacalis (23, Enterococcus durans (1), Enterococcus
avium (1), Enterococcus amnigenus (1).
" Lactococeus lactis spp. hordniae (5), Lactococcus lactis spp. lactis (1),
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Table 3-2. Distribution of Staphylococcus spp.

samples of 214 Holstein cows

isolated from 418 quarter milk

Microorganisms

No of isolates (9%6)

Staphylococcus aureus b (21.8)
Staphylococcus hyicus 24 (9.5)
Staphylococcus intermidius 18 (7.2)
Staphylococcus simulans 45 (179
Staphylococcus haemolyticus 24 (9.5)
Staphylococcus lentus 22 (8.7
Staphylococcus auricularis 20 (7.9)
Staphylococcus xylosus 9 (3.6)
Staphylococcus hominis 2 (1.2)
Staphylococcus epidermidis 2 0.8)
Staphylococcus saccharolyticus 2 (0.8)
Staphylococcus saprophyticus 2 (0.8)
Staphylococcus gallinarum 1 0.4)
Staphylococcus lugdunensis 1 (0.4)
Staphylococcus warneri 1 {0.4)
Other Staphylococci 23 (8.1)
Total 252 (100.0)




Table 3-3. Distribution of Streptococcus spp. isolated from 418 quarter milk

samples of 214 Holstein cows

Microorganisms No of isclates (%)
Streptococcus agalactiae 4 (10.2)
Streptococcus uberis 14 (35.9)
Streptococcus suis 4 (10.2)
Streptococcus dysagalactiae 3 (7.7)
Streptococcus porcinus 3 (7.7)
Streptococcus mutarns 3 (7.7
Streptococcus equi 1 (2.6)
Streptococcus pyogenes 1 (2.6)
Streptococcus salivarius 1 (2.6)
Other streptococci 5 (12.8)
Total 39 (100.0)




Table 3-4. Distribution of gram negative rod isolated from 418 quarter milk

samples of 214 Holstein cows

Microorganisms No of isolates (93)
Coliforms Escherichia coli 14 (24.6)
Enterobacter spp. 5 (88)
Klebsiella spp 2 (35)
subtotal 21 (36.8)
Noncoliforms  Acinetobacter {waoffi 12 (21.0)
Pseudomonas spp. 3 (B2
Shigella spp. 4 (7.0)
Serratia marcescens 2 (35
Yersinia pestis 2 (3.9
Yersinia enterocolitica 1 (18
Brevundimonas vesicularis 1 148
Burkholderia pseudomaller 1 (1.8
Kluyvera cryocrescers 1 (1.8
Pseudomonas flurescens 1 1.8
Other gram-negative rods 8 (14.0)
subtotal 36 (63.2)




Table 3-5. Antimicrobial susceptibility of microorganisms isolated from 418

quarter milk samples of 214 Holstein cows

Microorganisms .No. of No. of susceptible isolates (26}
isolates AM AMC CF CZ E ENOGM K N NOR P SXT Te
S. aureus 55 44 51 52 48 4 43 48 40 41 48 41 4 41
(800 (R7) A5 B1.3) (7.3) (7182) (B7.3) (T2.7) (745) (87.3) (745) (80.0) (74.5)
CNS 155 92 138 137 128 74 & 115 97 & 117 & 111 B
(88.4) (R9.0) (834) (826) (47.7)(529)(74.2)(62.6)(56.1) (75.5)(52.3) (71.6) (60.0)
Other 42 26 39 37 3 23 26 N B B 3, 23 B 16
staphylococei” (61.9) (29 (881) (&1 B4.8) (619 (714 (66.7)(61.9)(71.4) (4.8)(83.3)(3B.1)
Streptococcus 38 19 29 17 21 7 17 24 16 16 21 16 17 14
Spp. B0 (76.3) (447 (BB.3) 184 (44.7)(63.2)(42.1) (42.1) (55.3)(42.1){44.7) (36.8)
Coliforms 21 8 17 11 6 2 12 18 12 11 18 3 17 6
(R1) ®LY B24) (762) B85 GT.LHEBNHEIDG24)(80.7)(14.3)(BLOZR6)
Noncoliforms 10 23 14 17 4 14 23 2 14 21 14 19 18
(27.8) (639) (389) (47.2) (11.1)(38.9)(63.9)(61.1)(38.9) (38.3)(38.9) (52.8) (50.0)
Micrococcus 26 31 2K 20 14 11 1 1 9 17 31 15 18
Spp. (57.8) (639 (62.2) (44.4) (31.1)(24.4)(42.2)(24.4)(20.0) (37.8)(68.9) (33.3)(40.0)
Corynebacterium 19 6 13 12 6 3 4 9 7 6 7 6 4 4
SpD. (3L6) (B84) (632) (31.6)(15.8)(21.1)(47.4)(36.8)(31.6) (36.8) (31.6) (21.1) (21.1)
Bactllus spp. 15 8 13 12 12 3 8 13 8 11 14 7 13 9
(53.3) (867) @00 (§0.0) (00) (B3} (867 (B3.3)(T3.3)(83.3) (46.7) (36.7) (60.0)
FEnterococcus 12 9 8 4 4 1 3 6 3 3 5 7 5 4
Spp. (75.0) (66.7) (33.3) (333) (8.3) (25.0)(50.0)(25.0) (25.0) (41.7) (58.3) (41.7) (33.3)
Lactococeus 6 6 5 6 5 0 3 4 1 1 3 4 3 1
Spp. (100.0) (83.3) (100.0) (833) (0.0) (B0.0)(66.7) (16.7)(16.7) (50.0 (66.7) (50.0) (16.7)
Listeria spp. 3 2 2 1 2 1 0 2 0o o0 2 2 2 1
66.7) (66.7) (33.3) (66.7)(33.3) (00) (66.7) (0.0) (0.0 (667 (E6.7)(66.7)(33.3)
Total 447 256 369 331 316 136 223 311 245 225 303 235 285 225

(57.3) (826) (740) (70.7) (30.4) (49.9) (69.6) (54.8)(50.3) (67.8) (52.6) (63.8) (50.3)

CNS, coagulase-negative staphylococci.
* S hyicus {24), S. intermidius (18).

AM, ampicillin; AMC, amoxicilin;

CF, cephalothin; CZ, cefazolini E, erythromycin: ENO,

enrofloxacin, GM, gentamicin; K, kanamycin; NEQO, neomycin, NOR, norfloxacin; P, penicillin;
SXT, trimethoprim/sulfamethoxazole: Te, tetracycline.
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Y AEs dodeE Bwe U Zd A Staphylococcus — spp.<F
Streptococcus spp.°ll €3] dolus fFurdel Be Aoz dyA vk (Jain
1979; Bramley and Dood 1984; Radostitis et al. 1994; Britten 1998).

StaphylococcusZ: ol &g 99 [t FolA S qureuse S agalactiae$y 7
o] 7bE &% FHh HAEe A A (Smith 1983)& A AlA A o7 Y=iaele T

ﬂlLﬂ

i3k FAZ £48 Aozl (Twomey et al. 2000). =2 Z‘iu"é’% o] Al
FAaZzAd AYst] E41E Piet EUNAS], WA

Zte=

Qo &=
t} (Nickerson
et al. 1995). o] o gIEPe 7 Fal A ol HAsEo)
Ta8tell CNS, S hyicus 18] 3 S. epidermidis TE5& 55 g2t &3 F9
o] EA3EA F Helgol AstE o 7HAES Lo (Jain 1979;
Radostitis et al. 1994; # 5 1998). & v|ZolAe] A+ Z3AE B S qgureus
o HE XEATEES AFE AF9 204%4 EEiHdn 2o daA S
42%E AA$ T} (Williamson et al. 1997).

Streptococcuss ol £3tE o FoA FHE FoAAAM Hol EElHE HL
agalactiae, S. dysagalactiae 12]31 S. uberis T°ltt (Harmon 1994). 2%
agalactiaex ¥ FHA A EANA F25le ofFA B v FHES doedin
g fAEHe 7 Aol Az FHFo 2 4 duk (Jain 1979).
dysagalactiae®} S. uberist F5° #R9 IAFFAA HA Ld=E 2Ed
B3t By Eo S (Brltten 1998). T3t o] HEL YA, Eo B
A7) FHlEd A3ttt AR ALty f1Ee dovl=d (McDonald
1977), 4 FadAd7T ZFEEF2 50%7F d4E4S Jegdt (Harmon 1994).

T A QR F Staphylococcus spp.$t Streptococcus spp.o tdk B
Aile METRAGNA 11.7%$ 36.3% (A 5 1970), AIAADOA 50.4%<}
35% (A & 1981), A71AHel A 50.0%<F 18.0% (7 1983), A& 7] YA
53.2%F 4.9% (3 1989), YA AANAM 509%<F 39.4% (<} 2 1991), A7) 2@ 7%
Y= M 56.1%F 148% (A T 1992), #A7l, =X, ADRE A DA 46.6%9}
16.2% (- & 1997) 283 AFA oA 54.1%9 189% (F %5 2001)°lAt}t. o)
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AT A Staphylococcus spp.&} Streptococcus spp.| 8|8 S 558%9F 8.4% = A
olE F AUYE YUTFe B8 642% %2 ZAMAIY. ©£3F Staphylococcus spp.
FTol A dEAH FUY YA FoE T23 S qureusd FEl S 122% 2 FAME R
=, o] A= F F (1986)9 206%RT= €53 wkon, A4 5 (19819
18.3%, 312k 4 (1991)9] 144%RTE wrol FEjgo] dak #4991 dees & F
Atk o= F7FAM /it FE Y AEHEQA DA e r o BAES F
Ay veld @AYo AlEdHY a8y §59 2}% gl SAstHEA 7133
& Yo% (Jain 1979; Smith 1983) CNSE 343% 24 3 d92% 7%
o] BN ol & AFA (M T 1981, F T 1986 T+ B 1997, &
1997)8] A7+ A A 152~395%9 Hlwa| B w xlo]z} vk CNS Fo
Chaffer 5 (19992 S. chromogenes$t S. haemolyticus?t 713 E3atA £
o5 A, A 5 (1997)L S haemolyticusel welHlLr7t 71 =uviz 9o
#H & (1986)2 S. simulansel wE1g&e] 7FF E=oa st o] A &=
simulans® F-el&o] 179% = 7Hg A ZALE AT, ol9} o] CNSTolAl
=8 BEE Foje =AY, A7 2 F9UE ANEE Y8 A1 E8E 4T wt
2 Aol ARG gy FEH O fUdel feldol Staphviococcus  spp. 9t
Streptococcus spp.©l3th= HelM = o] AFellA % vls=g AA7F veErsko)
FAE AAlFI= adeAd ALt |+ F 2% E. coli, Klebsiella
spp. Enterobacter spp. 5°] 229, 70~80%7F dA4E o2 = (Harmon 1994).
oMy 2 WAEL F92o WA + 2 R, &
5 ol

= T
A8 A8® od® =

32 & off 82w 2 o

£

ofl

71 AHS
t} (Elbers et al. 1998).
AA AEE FIHAGANA FHE dIdwe S A FWMTFIT 323% (F
S 18970l 1, olETde] dAE FUE T Fol oigh =AY Au G AT RO
60.2%6 (Shpigel ef al 1993)& 7} =4l ZAbHo] d¥bx Q) 7y A= &
$E3AH FEE 4Ty 2 &o] wAdrh oMY@ AFAeitt A ET WY

T w o7

] Fol & AL A7, A9, A W

H7A  Sterptococcus spp.oll 3 Aot @A SHE genusE AEFH
Enterococcus spp.2t Lactococcus spp.t HHFEHF o223 Y 2959 44 AT
o2 dHA #¥HE sl Ade=s o Fagdol FEHIT Utk o] dAFoAE

_69_



Enterococcus spp. &9l E. faecium™ E. feacalis7} 7} Eeo] B FEHI =), ol

7 % (200D)°] B 3gk uvpe} o]l AHA 2757 F ] Enterococcus spp.EolA o] ¥

ZHAl 3to]l F8 dddold T KHialel FAFSIATE olefe] o)E 3 Wulely g}

coliform¥ 22 FulAlel 3 Fade dAe 2 4#AE LEY F

T 2R 2o & | o AN F{FAHE FTH o TE
& Y F Ag Aoz gYzhxh

| tigt A A Ad A 98 AFAE Aol Aot

S. aureusol Wi¥ Fd Sle A= gentamicind

cephalothine| vt &+ 31 Staphyviococcus spp.ol W A3 A3} Todhunter 5

(1993) nitrofurantoin, kanamycin, tetracycline “Z#] 3l novobiocin®] 7ol

)

=

b 3t 3L Trinidad 5 (1990)2  cephalothin, erythromycin, gentamicin %

tetracycline %° 100% <4< YeEHOn 9ok =3 I 5 (19972
methicillin®] %138k ¥F-8-8 B Y1 oxacillin® kanamycindl = #+4<S Hua
steiat, ¢ Z (1991)&  chphalothinoll 54 °] AT skdoh. Eja
Streptococcus spp.ol W FoA g5 A9 Z3 H (1989)2 cephalotnin®l]
ol WIZrgt A48 B erythromycin, novobiocin 2 penicillindl & #ZH44 &
Getdda st ek 7 (1991)L penicillin, ampicillin  cephalothinel] 8}
10026 #H<A4de ek st o A5 A#F S aureus, CNS 181
Streptococcus spp.l W A U= FAlE amoxicillind® cephalothine] 91 32
A Eelo] g FoA Ag AP ME 8l e A5AS 2 FFAE
ztzy 2ALE QAT ol¢h o] e FEo deiME A Jde AV gE AL
Y 99T A e Fdol 2 Fo ATAAME g kst X
T MAEE ALgsteE X gokAls th27] &l (Hinckley et al. 1985), @A)
A FAs7tN A e dnet FHs FoAE 2 F 97 ®ol o]d

£

==

hE FEFA 2 - FEoZ A WA #Fe] Fhe ow o= gza

FHu 4Fe HF T2 B ohid $F A7) R Amu 53 gL Be 7
A &g stAed A4 FPe 4718 AME AAE BT YL 7
d BdsE A, BYSRE U B AL F gon, A5 AR §
FQ AU B FAN A g4 A dAE Jlx2 948 FERAS
dejste] ARFozH AT WYL FY & U9 Ao ArdEY
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LY
o,

2 3 Ao & Holstein %% 3665 (1,357+%)
MES 205 o] EmE CMT %492 F 2145 (418 1)

3 H<l 2y 9 ggA @aed AldE AAEA
452712 R FF F CNS7F 343%E 718 Bkl S aureus= 12.2%, S
hyicus®k S. intermidius?t 9.3%, Streptococcus spp.”t 8.4%°]%th. K3 coliform
7} noncoliform<  Z}Z}  46%9  8.0%°lQx  Micrococcus  spp.xs 10.0%,
Corynebacterium spp.© 4.2%, Bacillus spp.© 3.3% 1¥]31 L. monocytogenes<=
0.7%°) QA k. Staphylococcus spp.2 FAW 252FFoA 71 & Ey&& uE
J RS S qureus® 21.8%0|¢ 3 1 th& o2 S simulans 17.9%, S. hyicus®t S.
haemolyticus ZvZ} 95%, S. lentus 8.7%, S. auricularis 7.9%, S. intermidius 1.296
aElal S, xylosus 3.6%a0)Q . E8 Streptococcus spp.2l X S, uberis’t
359%% 7% Bl S agalactiae$t S. suis7b ZzF 10.2%% I H UG 22
noncoliform (63.2%6)°} coliform (36.8%)2t © ®kow, coliformZodAlE E
coli (246%)7}, noncoliform FNAE A lwoffi (21.0%)7} 247 7b4 W&ol &4
Atk 3d BTl Wie A gad Alg A, CNSol diE A Sle
o aa

gt 2t

g A= amoxicillin (89.02%)3 cephalothin (88.4%)°11 i S. aureusel
A 9= FEAE cephalothin (94.5%), amoxicillin (92.726) ¢} 1 th. Streptococcus
spp.ol ZFEA JdE ¢AlE amoxicillin (76.3%)°1 31 coliform<> amoxicillin
(81.0%6)3 SXT (81.0%)7F ZAS  vebWrr 289 Bacillus  spp.
Enterococcus spp.ol & 744 A FTAE norfloxacin (93.3%)°l Atk A
oo e A g A¥ A} amoxicillin (82.6%)3  cephalothin
(74.09%6)°) 1A & Z+4AAS HHAI erythromycinol & AFAEE By

e
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A 448 7€ F53 2ol 2eE3stE 54 FAL

(Spencer and Jones 2000)% stV =E & ow
F7Fet telvis BS HHPA (Mein et al 1983) #ol o] A& == 3
I hrlgtel ols) A #Harh wkEEo] dojdth (Butler et al. 1992; Butler
and Adley 1993). ol gt "4'0114—4 Foll digh F7]3<Q1 viabx e} FFo 2 <13
FrAUe] Aol 24 = ST HAA gon "dEZ &3S EH3A
(Mein et al. 1983; Rasmussen et al. 1998; Spencer and Jones 2000), 2= A&
T ¢RI MEEY e f59 29 ¥EET Qe Folve Agrne
A, ARAEe] Ax, A7) 2L %E]Z—‘I 4 2l 94'5“ FFS

Zolvt &St wkgoa AR 5 Q=

el AT FEel 1A FAE Hst

woopg Hn mlm i

o rl

Petukhov 5 (1990)& etolus] A& HelEoz 9e o ¥9
o Af7)e HPI AA ANE & & UM HFD BAL B2AY F AL

= AR
by sgnh £9 a7 $84e BAZ AMESI 229 SHA 2o}
A~ ulk
-~

o
Bolx a1, we o] Fasle 5 zoluie]

B xR A% AE fFUgel 2y
AP F7F o 80% WFQ Rem AHPEd (£ 5 1996), o9 e A7
DA Bbo] Y& AR A FoldE A

s gholule] Aol fel
s

a8 Ko
= LA A =]
9¢ me olHd 43 W ¥ dAS™ S4& weisiol #9 (Levesque

BoluEe AAnTY FALF 53 2& 1798 T AsAY 47122
Se EFAA AEE TFEA FriE 22 FTFHS zAud wa} goue
4ol AAAG. 2T Fol¥e W, & AF R4, FAW, AaA 2SA
o8l £4¢ Bt (Levesque, 1998). 2= #toluie Abg 57 Zrbgel mat
A% wrgdo] PastA Heu, ol ALEAZS] Aol wet Ao A
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= onE e molm n¥el AREY (aging) WEOZ AL EE n
% el serd Aol ARTE el W osl Az Amel SPH
W3 E A oA "ok (4 1999). A w=FE gojuel A Al aAE A5
P gEge EFeRN TN FHE T 7 Aol 7 BAdE T
3osEe FHAZ 4 ol (7 5 1998)

wetA fds A e gelu el AEE FAAITIZ] HE 71E Fel
A Badd gt dFst Baskxigl oo e A7 e ohH A
Bugolgda ¢ra glon mEba gelye] AL FAAITIZ flaAde WA e
o\ Az ojfE AME FF T|E Raje) o Wby ow gt #E
TR BAe EglsistE Adds BN fsiA g EA7E ol&dH. &
oliiel EAH HAS ] 9eirdeE AX (hardness), W EZ X (fatigue to
3 AAZE (tensile strength)vt A 7AE (elongation) 5% o] o]
g5u ol Wi stetzE A BAEy] dsMs Aead 33 A (Choi
and Roland 1997), 1A zZ=zviEeags 2 SFFEM7] 53 22 471718
g3kvh, Al A Ghebremeskel®t Hendrix (1997)E A A nF o 2elolal et ol
ol &Eke AAF7Z] 93 ALJAHMEFF AL pyrolysis gas chromatography-—
mass spectrometry (GC-MS)E AM8315 12, Schwartz (1983)= AT, 2=¥lo]
ARego)dun? HLerd gy, 3 e 51T U ethylenepropylenediene (EPDM)IL5-&
L 0}71 e AF R 719 pyrolysis GCE o] 8+ o

o] ArelAE @A AEF Folue YA gHern YAE Lobrl sk
N%QE-Q]M%%H 49 8 FAAFL Adstel ol Adel gusats
§Ag =As AT
2. Als 2 ¥

7t ARA=R

gole Beaeta 44 RSyl Astel @A A@dEH AT F4H £
AE 87142 Aesden, deluse 54 A, B C D EF G 282 HE ¥
/s ATh BE dolust g nFAF Axel AsHE nEdRe shshy 2
FEAL ® 4-16] VRIS
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Table 4-1. Chemical name and chemical structure of the macromolecule used
in commercial rubber products

Name Chemical name Chemical structure
Natural rubber cis—1,4-polyisoprene (_CHTIC:CH_CHT>n
(NR) STPOISOD CHs
Polyisoprene 1A i (-CH2-C=CH-CHz-)x
(R cis—1,4~polyisoprene (|3H3
fé’g;’utadlene polybutadiene (~-CHp-CH=CH-CHz-)n
. [(-CHz-CH=CH-CHa2-)3(-CHz~CH-)1Ia
SBR Poly(butadiene-co—styrene) |
CeHs
Nitrile rubber Poly{(butadiene—co [(‘CHTCH:CH'CHQ‘M_CHT(‘:H")]“
(NBR) —-acrylonitrile) C=N
CHs
Butyl rubber Poly(isobutyl-co-isoprene) [(_CHZ“(!:H_)S(_CHZ_?:CH“CHZ’)}n
CHsz CHs

. eolie] 49

Ao Ahg® FolUBel TAZ 2y Pol W FAE A7 F nPom
Wirel 2Rtk @ REE GEY o HYAE ¥R (Xoln = oE ¥
e % =t

T T T

Fig 4-1. Photograph of a teatcup liner,
X, internal liner; Y, external liner.
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t}. &olj o Ee % A A (physical properties) FA}b

D Bx 54

Zdol o wwEs e s HE9 HEAELS Hardness Tester (Model JIS
A, JapamE o] &3] 53 ol A o BF LS Tk

2) HEE 54
zt glol\ES dAT =2 Add trs, Fatigue to failure tester (K-49
Monsanto, USA)E ol &3la 25Tl A 3t cycled 10014 HtE S8 Fo] &4

£
H& cycles 343153t

o]a wj7lx] Hal:= IS =AstE QAT Eod b Ho
= A& E L& Tensile tester (Instron 6021)F ©]-&3l9 #F3

of AR REF 457 ¥z wAUY JE REo® el Hs i

stx FxE #6l7] fiste] WA Zhzte o)y didk Ad &
s2aAER L 259 2t Foldd tE HAMEF2HAEZGS 2 gof goly
ARE 10 mle) EFA =3 I g Ax KBr FHdd EAA B F
Infrared spectrophotometer (Bio-rad exacalibur FTS 3000)E& |83t ZAs3
=

2) Z1M 2 2elE D s B
ZAzAL 4 Foldse] nAdde nFAF)7] W A Zzhe] o
= A7) 7] Aol 50T E £37F 71AAA 713342 e, DB-5 column (0.25
mX50 m)E o] &t BEE F FID detectorE o] 83t HEsdh Folxd
2 column® €52 60~200C7H7A 2% 8CH <2 Al7)| WA HP 5800 7|42 =2w}

223 (Hewlett Packard, Avondale, USA)E ©]&-3to] &332

i
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3) AF BRI ofF BA

= A2 Thermal analysis system (Perkin Elmer 7 Series,
Alstgth BAEAL 10~15 mge doly] AEE 100TeHA # & 8
HZIAIZ o, TO0T7HA] £9 40C2 $2A1711A wrA ¥ 70
1~ SAsGoy, A ZE 300C7HA = NeE 28
300~ 570(3/\}0]0?] O:% vt¥ FH7 33},

zk 2ol sl A, dol H FAE ¥ AL g Ax3|Abe] uigt xpo)zt
AR em, 1 Ade £ 4-24 HERRT golye FAE 88~121 go2 B 104
golAtt ghelfe] AA Aole FFEHA AYde REI iz 2 BES sl
o Ht 138 mmelRaL ZETHLEY SAE 22 mm, 40 mmE xolrt g e}

EA% WA eelue] FHel mg 20-26 mmz Aol U4

o3

Table 4-2. Specification and kinds of the liners used in this study

Liner Weight Internal liner (mm) External liner (mm)
(g) Length Diameter Thickness Diameter  Thickness
A 88.0 135.0 21.0 2.0 10.0 4.0
B 115.0 135.0 23.5 3.0 10.0 4.0
C 110.0 145.0 225 2.0 14.0 4.0
D 121.0 145.0 20.0 2.0 13.0 4.0
E 106.0 135.0 20.0 2.0 10.0 4.0
F 103.0 135.0 26.0 2.0 95 4.0
G 925 140.0 24.0 20 9.0 4.0
H 974 135.0 21.1 2.5 10.0 4.0
Mean 104.1 138.1 22.3 2.2 10.7 4.0
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) ¥

8714 FF<9 oy s oigk Ax % v=zx A Zigs #F 4-3% 2o
EH, AAF AlFo] 5002 Btz G AlFo] 67E

7FE =gt 2% Ald d3xte 38~1,185 cycle7tA Al 2AMHEA =W, H

Ab AE o] 1,185 cycle® 7FA =kar, GAF Al Eo] 38 cycle® 71 skt

Table 4-3. Hardness and fatigue to failure of liners used in this study

Liner Hardness Fatigue to failure (cycle)”
A 50 807
B 58 199
C 55 757
D 58 274
E 61 762
F 59 199
G 67 38
H 66 1,185
' Mean 59 528

"1 cycle = 100 times/min.
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U, 43 2 AgE

2ol AR E AMAEL ® 4-40 UeElAG. A s SHANHY
Ao wet ofzhel zpolZt ey E Aolv HeolA Uttt AR EE ol
C7t 1672 kgf/crr® 7H8 =Skew, 1 F o2 el EZF 1624 kegf/crf o1 AT
Zeiv el GoF HE 100 kef/cer ©13t2 oh2 AFo] Blsf Aoizloz RUH
AGEL ol HYY 5722%2 713 Eskon, iRl AFol oF 500%8 =l
o4, #ojyj GE 3HT0%E 7HF et

Table 4-4. Tensile strength and elongation of liners used in this study

Tensile strength (kgf/cr) Elongation (26)

Liner

' X Y Average X Y Average
A 1845 134.2 159.4 555.5 438.6 522.0
B 1177 104.2 111.0 420.6 402.8 411.7
C 175.7 158.6 167.2 484.9 439.7 462.3
D 125.6 136.6 131.1 4374 436.9 437.2
E 165.1 159.7 162.4 478.8 471.3 475.0
F 149.2 141.2 145.2 546.4 543.4 544.9
G 93.1 107.2 100.1 343.6 369.9 357.0
H 105.7 87.7 91.7 613.2 532.2 572.2
Mean 139.6 128.7 13356 485.1 460.6 472.8
+SD +339 +26.3 +296 +85.9 +60.3 *71.7

X, internal liner; Y, external liner.
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g AQARFFEA o A
el Foly Ao sty A LT LR FXRE
FF=AE o &3l zhzhe o]y gk A4 !
xi NR, SBR, BR 123l NBRe A4 FHFrAEYRE A
o Z23E o ~4-5° Jeg itk 2elx 8555 diME LT
1 2] %?éﬁé%% st WA ol Ag MM FFEAHAEY
Y 4-60] JEbD BFS} o], 700 cm ‘ol A styrene®] I]A7} BAHUI 966
cm el A C=C ¢]Z&ZA% trans TF W IA7F, “18]5 912 cm ')A vinyl 327}
DAEQ O, 3026 cm oA HEgE C-H AFS AL F9 71U F4urt o
aElE o ®Wol SBRel a4l eg o £ gtk g3 739 cm ellA
C=C 215 2%Y cis 727} #Z=H+= HASF Hol BRo| §FHATL & F
o} =% 837 cm’loﬂH cis-isoprenee] E4 =l #FE AL IAnFE FA
EATGE RS ougth gz ey B, C, D, E, F 2 Gl tig A &
2HE g —3- 19 4-7~4-120) A9} 7o) 2239 em 'l C=N FF 23] A
Fol 7dste Fust #FEAE, ol o FelWE Az AEHE W=
Folyx C=N 452%2 Z871¢ nitrile”] 7} £ HO] &L RAFI o
=3 970 cm ol C=C ©]F A% trans 7+F EA SFurt 2A #$RHR
2922 cm 'l A aliphatic C-H A% &%) 73 F5urzt BREAA,
3026 cm ‘oA HEEF C-H 29 A5 719F F5drF B2HA e A

4 f 3'4 rﬂ]otr

o2 Ro} SLEX} A= 3 eS| nitrile”] 9 £¥E 2 Y= 3R] FH 95
57 AbEH o7 F=2Hrh oy gtoly Hell W3 F2dEgy L 19

4-139 A} &} ﬂo) 1010 cm el A AElE R EA #3399 Si-09 HAE&%d
71018 Fu]s} BEH o= Bol ol HY AZdE AalZuF (silicon

= A
rubber) 7t AHEE S & 4 Th
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8.8631 L
B.6548 |
@.4668 )
B.2883
8.27 4. ‘f//LM —t 3 ; ;
2988 1880 16948 1488 1282 1888 age

WAVENUMBERS CM-1

Fig 4-2. IR Spectrum of SBR.

@, styrene peak; @), vinyl peak; @), trans C=C double bond peak

8. 8456 1L

B. 37386 |

B.3817 4

B§.2297 4

B.1577

2089 1808 1508 1400 1208 1992 8@

WAVENUMBERS CM-1

Fig 4-3. IR Spectrum of NR.
(D, cis-isoprene peak.
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@.4156 ¢

a.3128 1

B.2891 4

9.1358 } ; 4 3 + 4
808 1008 1690 1480 1228 1692 588
WAVENUMBERS CM-1

Fig 4-4. IR Spectrum of BR.
739 cm !, cis C=C double bond peak.

8.3451 |

2.2743 |

#. 2835 |

a. 1322 b

#9652 L } + o } } ¥ LM“‘”‘-‘“
sgeg 3508 328 2568 2982 1588 1688 s8¢

WAVENUMBERS CM-1

Fig 4-5. IR Spectra of NBR.
(D, trans C=C double bond peak; @, C=N triple bond peak; @, aliphatic C-H
peak.
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2.3875

B.2845 4

B8.2215 L

B.1485 [

#.8755 + -+ 4 } ; A
1282 3588 3088 2598 2809 1584d 198 588
YAVENUMBERS CH-1

Fig 4-6, IR Spectra of liner A.
@, styrene peak; @, cis C=C double bond peak; @), cis-isoprene peak; @, vinyl
peak; ®, trans C=C double bond peak; ®), aromatic C-H peak.

#.198¢ 4
#.1835 }
#.1286 4

#.6936 4

8.8587 | - 4 4 4 - +
saga 3508 Zppa 2502 . 2988 15632 e 569
VAVENUMBERS CH-1

Fig 4-7. IR Spectra of liner B.
@, trans C=C double bond peak; @, C=N triple bond peak; @), aliphatic C-H

peak.
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9.4749 |
2337 | &
g.1991 L
@
8.0612 - 4+ +
e 3508 3a6e 2598 2898 1598 149 s8¢

WAVENUMBERS CH-1

Fig 4-8. IR Spectra of liner C.
@D, trans C=C double bond peak; @, C=N triple bond peak; @, aliphatic C-H
peak.

#3621 1L

8.2389 L

B. 1757 &

§.1125 1

B.E493 : -+ -+ 4 + + t
1020 3580 3800 2580 2002 1588 1980 58P
VAYENUMBERS CH-1

3

Fig 4-9. IR Spectra of liner D.
@D, trans C=C double bond peak; @, C=N triple bond peak; @, aliphatic C-H
peak,



2.2848 {

8. 16727 L

81387 §

2.8938 1L

8.8568 + 4 + + ' ; o
4080 3598 3000 2508 2088 1588 1068 588
WAVENUMBERS CM-1

&

Fig 4-10. IR Spectra of liner E.
@, trans C=C double bond peak; @, C=N triple bond peak; @), aliphatic C-H
peak.

B.5645-)

0.5186 L

2.3728.)

®.2289.0 @ Jﬂ‘

B.@B1} 4. + 4 j . - -
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VAVENUNBERS CM-1

Fig 4-11. IR Spectra of liner F.
D, trans C=C double bond peak; @, C=N triple bond peak; @), aliphatic C-H
peak.
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Fig 4-12. IR Spectra of hner G.
@D, trans C=C double bond peak; @, C=N triple bond peak; @, aliphatic C-H

peak.
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Fig 4-13. IR Spectra of liner H.
@, Si-O peak.



2. A2 e d] o9 24

|29 23, el A¥ SBR, NR % BRel, #o]1 B~G¥ NBR
o ARF7E 2 deld HeE 48T w77t dold alzd o849 zozm
AYZ 5= AAEH, o1E golrie] P FF - YHRAS 98 rHIBED
el

1Y 4-14~4-219] 7] 15131?}513“ | BoF1 e viel 2ol 7t golvE
9 7IdazvEadge o2 J1x g J32E Jelda gdh adn a9
4-22~4-25°= Fdg A A3 EF A8< SBR, NR, BR ¥ NBR 1%
of gt ZAAZvIE WS e AT}

¥ 4-229] SBRe| dig siAlmzviEade 168, 698 oA g 2
AE BHAF3 led olv 47 13-butadiene® styrenecl] 9% HaE dalA
oM, 7Y 4-239) NR| Wl ZAZzoleade 1929 10190 mee
Azt A F =37 B&AFHEY o] BlmZE L 7H7) isoprene® dipentene®] Az
HA vk z2Ela 219 4-249] BRe] Wi vlAzZzviEayge 168 ¥a
E YetiAo. =3 13 4-259 NBR| Wi |AaznEads 1680, 1.9%
R 69BN WA Jegd s & 4 A wetd ztzte] 22 Amd o
3 - ZlAIZZrEIBe] W REE Azl WE 33 E a9 4-14—4-219 z}
gloldel izt ZMAaRrtEaRe] HEE A 2 mIae "Hlzd A, o9
4-14°] “ebd 2ol Ae] H$dlE NR, SBR % BReY 54 a7 2% 535
geon, ma gold tig BAAR} NRSBRBRS =AH7 3112 F4H g
e & 4 gtk Bl oy B~Gel Bol 108 T NR 52k 7<)
SBR ¥ =7} 48 #A&RHA oA 1.62dolA 1,3-butadiene 3 A7} &2 ==
BATHE AMERRE 2ol B~Ge ASols 25 NBREY o s Alzxz]o

AEs FAT F AArh

H

|
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Fig 4-15. Gas chromatogram of liner B.
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Fig 4-17. Gas chromatogram of liner D.
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Fig 4-26. TGA thermograms of liners.
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Table 4-5. Amount of the other compounds per rubber raw material 100

contained in the various liners

Liner rubbermraasvi ?Ifaterial co%ﬁjgilccls Carbon Ash
A NR:SBR:BR 60:20:20 28.0 15.9 114
B NBR 100 43.9 95.0 2.6
C NBR 100 44.9 40.7 2.4
D NBR 100 43.7 43.2 2.6
E NBR 100 316 48.6 3.2
F NBR 100 60.5 78.4 2.7
G NBR 100 14.9 20.7 8.0
H Silicon 100 4.3 - 37.3
4 31 #

o AR de] 2 =7 7F skt e
ol s FFo &4
Z7 A1 E 5 ok e

7
B AR W pRel BHEH S4 Ee) wER

AT, @A (BZA), 7715, 7184 T I sgdEo] 238" 2224

24904, gl AMze] A8 sgrEe TRU =4ve we Sy et
= =

o)
£

2FA 2ol Aol Y TALA B4 AL J1FE ol el By®
@ olet ghe o Ue AL EEr] 9% 71x AR B8E 5 Yo
ol2 sl wolust @Y Fudel WAL ET & Aok wEAA sE oy
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LA FoedEY
Pierson 1974; Gedeon and Nguyen 1985), cis +%<¢| C
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S 2% 4 9o (Binder 1966; Gedeon and Nguyen 1985), cis—isoprene?] =
4 IZ22FEH NRS #Udd 5 dol4 (Choi and Roland 1997, Gedeon and
Nguyen 1985) kel Ao+ NR, SBR % BRel A&£# H4, 2old B, C, D, E,
F 9 Gol g A FF2¥9eq] Ax I dES =
ArEE X k51 C=N 45238 2t+ butadiene €535 &, NBRYd= & 4

2 dad 4 gk ey ol He A&d F4
ol g o oy Fg2dEgAdE A B ¢
4E& BoFEdedl, ol #heoly Hel Alxo= SBR, NR, BR 123 NBRS 9%
TH7E obd AgEiaF st AMEEJTn AAE 4 Atk (Blokh and Mal'nev
1959; Fiorenza and Bonomi 1963).

HAXNEFF A o3 BEHE T JtA o]y FFgEol EAste EHE
A AAAEA dgg vA 5 7] o] Z gelusd Y3 A F
A7 3+ SBR (Schwart 1983; Ghebremeskel et al. 1996; Ghebremeskel and
Hendrix 1997; Shield et al. 2001), NR (Schwart 1983; Ghebremeskel et al. 1996),
BR (Schwart 1983) @ NBR (Shield et al. 2001) ¥l uist 71 AZ2uE 1R S
=3 ste] Rt doluset e uRAEZAL JAAREIRNE FAHs]
A E 550CE =7 7IEF 7138342 e FUAAF) 7] wWFE9 o2 7EA 9
d (fragmentation)®d ©¥st A EC] Uetdd. HHE A5 ©FF AL
(retention time)?} A< Wels 2zt Fojy e AR HHFZHA BAE 448
T3 JdE A FEelth WA ZF ey dis) SAE HEE A II3e wA
S U =hA 543 EF AEQA SBR, NR, BR % NBRY 7|HAa=zvtED
Pt A5 vlmgoz zh golvd FfE oF TR AFHA BAE o
5

E5F Age 7ZAzzvtEad Ay SBRS 16FdW e 698 dAA 1,3-butadiene
I styrenee® AdHFA v F HAZA7F WYENWY I (Shield et al. 2001) NR&
isoprene® dipenteneo 2 4 HAVE 19F UL 1017 A BIAHALT
(Schwart 1983; Ghebremeskel et al. 1996), BR2 172l A (Schwart 1983) =
23 NBR< 168, 1984 % 698 ddA ztz H=zrt vetwot (Shield er al
2001). olelgh AFe} Z+ glolyEe A2 viEaRS Blug H, Zolul A4
ZA$ole NR, SBR ¥ BRe 54 #Hart 25 SAH=HJow, A3 Hold A&
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P4 Z3 NRSBRBRO 24467 3112 7FAH6 28 2 & Ut wel
gholid B~Ge Aot 1020e NR 3129 780 SBR =37 A8 #as
tell A 13-butadiene A7t A A FgkriE AR RE o
[o3]
A

dolise A%, WzE 9 A4E 53 2e 24 442 ®olv 94 NR,
BR, SBR & NBRe| m¥-9golgle] §78gge t2ed (Bh) S3 g
238 Asbsted, o] ATANME old AN HAAEBFEAS s Az
| e Hae

EfE ol g5 HASYUh Wl 7 Holise dRTF oo

g0l 4le] gl EFERAM o THEY ¢ B

Eg9o 5AH] dEE Aoy
A1 100~300ColA= F= F71E&E°]
I B =, 550~570Co A A=
=, vkzlet 700CA A = gholud Lo EAsta Y=
T g A (ash)2 F2 #holy o gFsln
T4 (BEARA T2 Aglold s ALE)S EgtstA "t o) A
2 7F 2ol £ x3HE duuFo, F71E8, HEEY F A (ash)E
< EA3 A3, ol A~Ge AxddE Jt
i, F71EE ol EHASTE & 5 Ak 2y 2ol HY
S

A3 HorE A &skn At ArgHER e frige] ¢

T !

K1

M HoH e
s

e
fr &

ot L
i

Folvel #9g FPAYY] A BPHSY 54 2% dBl FFY I
A AFsE FolAe FRzAN e Polue AAL FFo HAE £ 3
28k 5 vk 2w oz HAH B4 (AE, MRE AFPE @ 1L
Ad ghol] AP ALe Feokxel w7 Ao 2RY WFow I}



goljel Zald B4E A 989 AL, ME2D, Q34E D NEES
ZAston, statd B4 FAe HeldEFFEA, ZAZerEaRY 28
BFFELA7E ol gate] FHAAT

Folise AEE 50~67 AERA 45 Foluie] S AR Aew #
BERen, drzrEs 38~1,185 cycle® ghto.m AFo mk zo]rtk Witk olE
AFe] AAZEE oF 140 kgf/er 28] 2FELS °oF 500%AH =S g 7ME<
& o dAY HHAFFaHAEHR JHIBvE @S2 RE ol A= NR,
SBR % BR9| mFHAgE0] 3112 EF ol AU #eoly B~Gi= 5 NBRY
THEAS2 AxFHo g2 ISPt ¥y Feld He v fHelyuesd &
g A EaF 2 AxFHel Aok geldEe EFFRA FAAES 3FEY 2=
G 5EAHZA R Aoy YIS BogFoen, o]E foldls af
A8 AT o)9)o] F712F FE2D (carbon black) £ Aa|gt To) EFH o]
At
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A5d B4 FdE AMRE gold g nFzde M

GEtel A A8 AR718 /57 gold AR EsEA A4S tddt
EA7IE Y718 ol &5t FAtstE Y AR, WEY] 292 {53 delvet
fard ate] FAC YaiAdEe B A3y o]Foy&A AT (McDonald 1975, Magee

et al. 1984; Mein et al. 1987; Hamann and Mein 1990; Rasmussen et al. 1898,
Rasmuseen and Madsen 2000; Spencer and Jones 2000; Wilson et al. 2000} 2t
718 #57 gold nREAHEY E83 5444 dig A+ =8 dAPolnh dnt
How oy mFRAHEo] Aol T EH EAAL ZA 47HAE FEE 7 U
o (Mein 2000). A, 279 44 AFES FASted ZeF Joz2i 159
gt Aol 713 ALEE YeEldE 100% £+ 300% -8 = (modulus)¥ Al
F HEWo] 3 (indenter)®] Yol AFste AEdA ZXx (hardness)?7t 48 &
o2 FAFHACk gt A, ol mF o uildAde]l 43t HA (rupture)°]
Y #F (penetration)oll Zsfjer 3} ‘iﬂﬁ HE gl gk Aaho] st @ E
(crack)e] HArE] ZA3HA otk i F7HEE (permanent set)o] Solof Fhri,
sl 2 gloly 1—‘?_}_"3 & FItel A *}%?‘ﬂ'-‘i ozl FFHe 2=mAet wEFA
Zotof | &, AEA o) w=3tE e wol® AFEY] stFo
ofor v} u}EtAd E?"]L AFEEAEY BEAES
3} T4 SAEA BJotE S At £ A
o] AFoAE A AlFAA AFEEFA F4F 2 9 Golye A
23E EUE S8 EAS diHG=F A E—q
sty BExda MAHE E, olibstd
A 71 AFF AT a}o]\;] a5z
ol Al A7 gtoly nFZAAES EFHA Ao o
=4

A OBAo] gFAE KU glely nE

x&
ng o
2
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2. A 2y

7t AdAR

€2 ol E FASt:E T8 AlsEEE of] 7HA 2H7|HE ol sty A
3 Ada gREe] goluve] AlE¥ fanfFe olmadEEUEZREICADY
Hu:l'}"lnnitril-e-butz-ldic.nc rubber, NBR)¢l #lo g RAg¢ om X dlo|idi= HA

i1 5 (natural rubber: NR), 5Ett]¢litF (butadiene rubber: BR), Z=E}o]l-5-E}

t] ol 2 5 (styrene-butadiene rubber;: SBR) 52 Z% sl #AlZ=skALt Al %
(silicone Tubber, Q)& AF&3le] A =7 FHog FAEF o] Aol = NBRE
e FAsSn GHE BEr] $js AFEEF (Tri-blend)s 7]E o=
NR/SBR/BR9] #leld Z=AE 153 NR/EPDM/Butyle] telyl =4&F 2F& 4
AlstAcl (Fig 5-1). & 5-1¢] 7]& gojiel] AL&5 Aow FAy fdaiFe o

Aol A geolyd HF =AHAE AF AR AES dxiaf (SMR-5CV,

SBR-1712, BR-01, EPDM & ButyDe] &%, s&w % Fx24&F vEdAG
(Gent 1992; Mark et al., 1994; Dick 2001; ©] & 2001).

Fig 5-1. New developed liner compounds used in this study.
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Table 5-1. The characteristic of rubbers used in liner compound for teat—cup

Name Chemical name Chemical structure

Natural Cis—14-p0lvi (_CHQ_?:CH_CHQ_%(
rubber (NR) Cis~14-polyisoprene
CH;
Polvbutadiene  pojybutadiene (~CH,-CH=CH-CH. ),
S - . - 2 = -C ‘77)n(7CI'IA b 27 /mdx
}?Jggi%ie Poly(_butyadlene~co [(~CH:-CH=CH-CH- ' CHo=)r]
(SBR) styrene) Cells
NER Acrylonitrile-butadie [(_CHZ_CH:CH_CH2>n_(CHZ_Cf:H")m]x
ne CN
g
Butyl rubber Poly(i_sobutylene*co [(~C=CHy), ~(CI-C=CH-CI,-).. 1.
(IIR) -iso-prene) |
CHs
Cfl’;
H-CH-CHL)—(CHo-CH i (CH---CH)-(CH:-CH. - )nlx
Ethylene— / AN
propylene Poly(ethylene-co HIC CH
-diene -propylene-co—diene) N
(EPDM) \ CH?
CHs— CH;
N/
CH
CH; CH; CH; CHz CHs
| | ! | |
Q Silicone rubber --=Si-0-8i-0-51-0-5i-0-Si-0O----

l ! [ i |
CHs; CH; Rl CHs CHs

Hold g AR EAHE EAS ZEstr] el Algste 23 F30AE N-550
(FEF) 7} &9 (Korea Carbon Black Co.)# Z-175 227} (Germany Deggusa)
€ ARt SEAER Agvulaulg, e Ak, Wl Akskal 2 U o.EA 9]
Al A, o2 g FA AL 12 wigAz Algsgoen, HFuigdol 3 7}
FE 93 F (free sulfur)¥ ZFHAAE MonsantoAl?] TBBS (N-ter-butyl-2-
benzothiazole sulfenamide)E& A7}t ¥ ZAEQ 7134 AlLdE #3

3 E20A v go] wald ERsEd, 1~3 phr A5 ¥y e % 333
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e ckol 713 X2 FAH W8 & 7H3A (conventional sulfur vulcanizing
system, CV), 0.5 phr ©|&¢8] §3& A18s1dA & FAAE Abgsta H=Fo =

AAE AFgste] B 2ZoME 40 ¢ axH] W4 S Zed dFe &
7}8 A (efficient vulcanization system, EV) ® 33 249 $& FLH
AestE 2 85 7184 (semi-efficient vulcanization, semi-EV) §22 573

o (Park et al. 2001). o] ATFOINE T £Ee] AgzEio] o] ohy
QAo do o3 Faol My el WE ¥ AFAS MNP B ATE

W)
o] /A3 oL THE ZAE] uvi¥ E (recipe)t ¥ 5-2 AFIAG.

Table 5-2. Formulation of new compounds for teatcup liner (unit: phr®)

Items Materials Liner 1 Liner 2 Liner 3
NR 50 55 50
SBR - - 20
Polymer BR B N 30
EPDM 15 25 -
Butyl 35 20 -
Filler N-550 - 30 50
Silica 45 - -
Activator MgO ° 3 3
Fatty acid 15 2 1.5
Colorant TiOs 30 - -
BHT® 15 3 -
Antioxidant & o
Antiozonant 6PPD N -
Wax 3 -
Process oil Paraffine oil 4 5 14
Curative Sulfur 14 1.6 1.8
Accelerator TBBSY 1 0.8 0.85

¥part per hundred rubber.

b)bt;ltylzzlted hydroxytoluene.

YN-(1,3-dimethylbutyl)-N ” -phenyldiamine-p-phenylenediamine).
YTBBS: N-tert-butyl-2-benzothiazolesulfenamide.
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3 E9 W%

T AFREE Zely nFFAHEL ASTM (American Standard Test
Method) D3184-80< 7lFo2 wigstaich drbael wigel] A& s= 294 wig
< AAstged, 132 16 L 282 £37] (82BR, Banbury Mixer, Farrell Co.)

o AEIFE FUIF e 302 Fo FEE2AFN Aus S AL, 28z
120Ce Ywz) Alng FAAT. of of g9 E37]e] A8xAL2 40 rom &
E2 27] 2% 80C, HF 2% 45CE % 4% < vgstarh Wigge uF

[«]
o FEAN €3 hAM S mHstel 1A wig 5 Aol 24A17F WA stg . H
% % wjge two-roll mixer [M8422-AX, 10 (Roll Diameter)x 20 (Roll Length),
Farrel Col& ©]&3td 20 rpm £58 27] &5 60T, = &% 100C7HA 68

ANHe FUFE 5% ols, &% 23+3C EAdAH LHA
D, == £Xx9 FZH we® dHFPYZ FH] 9
LB HorE Al o] 7Ee Al 7EE rheometer data
O

7o g 588 FUlsle AASE T, 48 H

2. 2ol iy A E Hed A4 Hit
M= AEE 37HA] Feluv g Y ZAE EuA HES A 98 2F
221 (nitia) 7t 254 =slxgde g o|dd oA 254 (vlolzE, F+Yssh et

ABLAA 254 (L2 UE 44 - de g, ALtsapel A e eoly

THEAHEL] AFZEA (tensile strength)o] o9 Ws ==X Hrlstgct =5
N FAC ofF ol uF FAPES] FE HAS vy Y& Al
ZAEo] o8]l De Mattia Flexing Cracking (DMFC) Al8& %3 crack growth
Btk 1€ A7 (tear resistance)S Hrislgow, wrEH< ZFAEFo| 23 3
25 54 (fatigue to failure)it 74F e ArAPHL TNY ZHOD 1]
wekRoh R 4 =38 A AW gleoly n¥ 2AE AFEAE BE)
ATt
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1) ol iy £4E9 A= 54

7V g AlHe] AxE goly nHFAHL 7FE3 9S8 Hardness Tester (JIS
A, Japar)ell AlAe] FAZF 12 mmolde] HEE HAH Fi A7 e AH
T HEAA ubEeol ¥ Y we Hu e ¢slow 4z 53 543
of I HHges T a25Ad =8gHUe el ZEwsE dotrr] st
25C ol AARE 2 (pH 7), AZ sz olitstdiA =54 (vholzE,
800u) B Aot ARBAHA 25AH (WA 2 dzeld detadss, Sg/L water) &

Mol Al ZhZ} 2404130 H 480AIZEE T =EAIZl g FEWSE SA%T. B
A4 gholy IF AR 4 =3 o HFEWIIE dopr 7] f1ske] 105T
QEA 24417, T2A1ZF = =

9

AFE
# smz A%l Aud wWel Au $HE
A A

e

2) gtel nHF =4
e

NAGnT AEe 44 et 9
BAw, Awol Avd wel AgE L ARS AT W 54 A0 U 9%
o

2 (F2 300% Modulus) ASTM D-412 w}e} Tensile tester (Instron 6021)-2
o] &3&ta] 4244 500+ 25 mm/min®] cross—head & EolA FAIUTH 454
=3 E Qe wle] AR AFEe WetE dolr ] flste] 25T kel Al
£ E (pH 7), dF N sre olagldiAd 254t AVZHAA 25A &
247y 240717 2 480A1ZEE R =3k Al 7] v S5t wlawstsith I AR
ol mF FAEY & 3o 93 AU = NFE WHslE dolr7] 93

_]
106TC ENA 24417, 72A T =3 AAH BEAS FA AT

~
R A R

3) gloly ¥ =AAE ¥4 AFAEH 5

A7)z ¥EEe Agoly Fale] «d el AR ERAEY T4 IZSEHE
Brtskz] sl ASTM D 430-73¢1 we} Fatigue to Failure Tester (K-49
Monsanto, USA)E o] &3led Al7jet glold uF FAE 9 AlFHo] HFojA=d 2
A PG FAFE =AHsHY. =3 ASTM D 430-73 A @ ol wzl De Mattia
Flex Cracking Tester (Getty)& ©]&3&4 5 Hz (300 cpm)Z&7olA] 100,000 cycle
Ak ol A geld m® mAdEY 79 4FUel: 45 o0, Tensie

tester® ol &€35le] QLA 3 (tear resistance)S ZAsAo 713 nF AlEH2 A
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3.4 %

7H Vg vtw 54

o] @79 ol 1nF EAHELS AR FHeo] mEo] ofyelA 2 HWEHS
a8 &7 w& polysulfide 7F2 A3 7 Bo] A5 E WE F 7184
(CV)E AE3teo] F33 sulphenamided EXAAZA FA
F8tal M2 7t EEE 713 TBBSE Alg3tgct gloly mH =
B7yelzl Aol 1as] A 5AS golmtoen 160TAHA wvluwd 7
¥ £/ E°] Rheometer 235 # 5-30] eyl

]

2
ok rfr
S g
N
N
of

2L
o,

Table 5-3. Rheological properties of liner compounds at 160T

Items Liner 1 Liner 2 Liner 3
Tmin (lbs.in) 6.4 75 8.3
Tmax (Ibs.in) 24.8 27.3 30.8
t2 (minutes) 4 4.4 4.93
t40 (minutes) 5.21 5.61 6.01
t90 (minutes) 8.68 10.8 10.01

Tmin = Minimum torque during specified period of time.
Tmax = Highest torque during specified period of time.
ty = Minutes to x% of maximum torque.
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160TC ol A rheometerg o83t AHAZ7HE AMET dlo
gk 2toli] 29 39 713 ¢ E AT (end cure time)S %
ToE FAHUGE 7o)l aHo a2t Fpal A g o]
A= FFol o3 AdArES] AFE ol o3 J——ri"é
reversionS ¢olrr] 218 MDRE o] &3la] 180T Al 20% &< rheometer =
& SFAslo] olefal s olfsle ArstFoen o Axe ¥ 5-20] U SITh
1 23 2ol 13 39 reversion ZAo] gho]d 20 ¥lE] FdHoz 37]] et
M ol #eoly 29 da3F FAo] NR/EPDM/IHREM EXx3%E7F w2 IR
7 EPDME] o] YiFez E7] "o R Hrt geld 12 Zhely 2-‘4 Sis
ARRE B aR R FAREY Jdov BRAFHAN 2y WiEd =F5AH LT @EhA]
noe g Bt}

o 2
rﬂl o I
Y
N
N
£ o

rir

2
ﬂﬁ:

A

o Jp

O

rr

Tmax - Ttorque at 20 min
Reversion = X100

Tmax - Tmin

AN Toae D Tmins 22 AW torque 2 H A& torquedE YELH™ Tiorgue ar 20
min & 208 A3 ¥ AW torque & YERAT]

20 ~

Reversion (%)
Ivs

10 4

Liner 1 Liner2 Liner 3

Liner Compounds

Fig 5~-2. Results of reversion of liner compounds at 130°C MDR.
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L
>

AL a2 EY B4 7L

1) =9 Zolq o 254 -‘zﬁ}?ﬁ_-i T4 471

ol AelMde =4d97tE AARE 8] Feld F #old Cok DE Ao
a7t 670 F<t A}%ﬂ e nFEdEe wsede S & 549
AR o, o] AToA ML goly uFRPE] B4 #AFVIEoR AAH
At Eoll e H}Q} el ol Zelds 6718 A AMEsH BT 5~7%
ST7rste] AatsEle ez grisEddn detger n% xAdEe] A GG AF
B2 edbgo] wEbA gasted ANAd AAZ =Este] AREE ghely D
NFFEe AEF 7o $52 FELE FAHE wd 2]y Cof IFAEE
8% 7}% stefstal o, 2told Cot Dol =3 J4ES Zhzhel AF Foly oy

15%7t% stebete e A=Ak

Table 5-4. Physical properties of imported liner compounds before and after
use

Tensile strength

Hardness (kgf/cr)

Elongation (%)

New liner"” Used liner’ New liner Used liner New liner Used liner

Liner C 55 58 (105)° 167 154 (92) 462 397 (86)

Liner D 58 62 (107) 131 130 (99) 437 382 (87)

“aging rate(%5).
D AAE 9 ol P Ymslod 69 AR =9 Foly.
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FF=2N A5 x3tE F9 glely Aol 300% 1°8EH (modulus)
AANE Bl FTFEZEANA 87~100 kef/eat o] ew, AHA w3t Fol= 97~
113 kef/cri® ¢F 13% F713le 2oz Z2AHAGY AR &HL nF EHE0] =
gl wal ZF7sin] oY% FZAEL FASE 98nYe T 1AM 5400
2 g wiviu galx] vt BEZAI} A5 e=sgzddqM FAHE £49

olviel AFEAE 1Y 5-3 =AAC
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Fig 5-3. Stress—strain curves of imported liner compounds before and after the
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Table 5-5. Hardness of developed liner compounds under various aging conditions

Liner 1 Liner 2 Liner 3
Initial® 50 (100)" 51 (100) 53 (100)
Water 17 52 (104 54 (106) 56 (106)
Water 2° 51 (102) 53 (104) 56 (106)
Micozone 1¢ 52 (104) 53 (104) 55 (104)
Micozone 2° 52 (104) 53 (104) 55 (104)

‘aging rate (9%).

224 hours at room temperature.

Y240 hours aging in 25°C water bath.

©480 hours aging in 25°C water bath.

9240 hours aging in aqueous micozone diluted 800 times at 25C bath.
®480 hours aging in aqueous micozone diluted 800 times at 25T bath.
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Table 5-6. Tensile strength (kgf/cnf) and elongation (%) of developed liner

compounds under various aging conditions

Liner 1 Liner 2 Liner 3
Tensile Elongation Tensile Elongation Tensile Elongation
strength strength strength
Initial® 154 (100)° 675 (100) 180 (100) 634 (100) 183 (100) 651 (100)
Water 1 152 (99) 662 (98) 172 (96) 584 (92) 188 (103) 608 (93)
Water 29 143 (93) 647 (96) 180 (100) 585 (92) 176 (96) 598 (92)

Micozone 1% 154 (100) 645 (96) 170 (94) 576 (91) 187 (102) 619 (95)

Micozone 2° 152 (99) 662 (98) 187 (104) 614 (97) 185 (101) 593 (91)

*aging rate (9%).

224 hours at room temperature.

»240 hours aging in 25°C water bath.
9480 hours aging in 25°C water bath.

9240 hours aging in aqueous micozone diluted 800 times at 25C bath.
9480 hours aging in aqueous micozone diluted 800 times at 25T bath.

A o) M HAA 2FAA w=FAZ AL 2ol

vl 2R ZAHE 359 300% 1FEH (modulus)S YebE 7] #3) AFE (strain)
3 & EAlstY a9 5-49 JYERAS. Fely a1 §F-x A4

B 19 300% 88 mEEde vstd xgxdodMx el ey, &

olv] mREAE 29 3& EFXZY ALY du =stEddM 1% = &S
o =2
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Fig 5-4. Stress—strain curves of liner compound 1 (A), compound 2 (B) and
compound 3 (C) under various aging conditions.
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Table 5-7. Hardness of developed liner compounds under various aging conditions

Liner 1 Liner 2 Liner 3
Tnitial® 50 (100)" 51 (100) 53 (100)
Water 17 52 (104) 54 (106) 56 (106)
Water 27 51 (102) 53 (104) 56 (106)
ggﬁzleantop " 53 (106) 52 (102) 56 (106)
Acidic 53 (106) 53 (104) 56 (106)

alphacleantop 2°

‘aging rate (%%).

2924 hours at room temperature.

¥240 hours aging in 25°C water bath.

9480 hours aging in 25C water bath,

240 hours aging in aqueous acidic alphacleantop (5 g/I. water) at 25T bath.
®480 hours aging in aqueous acidic alphacleantop (5 g/l water) at 25°C bath.
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Table 5-8 Tensile strength (kgf/erf) and elongation (%) of developed liner

compounds under various aging conditions

Liner 1 Liner 2 Liner 3

Tensile FElongation Tensile FElongation Tensile Elongation

strength strength strength

Initial® 154 (100)° 675 (100) 180 (100) 634 (100) 183 (100) 651 (100)
Water 1” 152 (99) 662 (98) 172 (96) 584 (92) 188 (103) 608 (93)
Water 2 143 (93) 647 (96) 180 (100) 585 (92) 176 (96) 598 (92)
Acidic

o 153 (99) 649 (96) 174 (97) 616 (97) 180 (98) 610 (94)
alphacleantop 1
Acidic 156 (101) 657 (97) 184 (102) 624 (98) 187 (102) 610 (94)

alphacleantop &

“aging rate (96).

¥24 hours at room temperature.

Y240 hours aging in 25°C water bath.

9480 hours aging in 25C water bath.

9240 hours aging in agueous acidic alphacleantop (5 g/L water) at 25°C bath.
“480 hours aging in aqueous acidic alphacleantop (5 g/L water) at 25C bath.

EF2G AY IHFE] Y 2FANA wFAZ WG el nRxA
2 3% 300% 4L WAskE wotmy] gl AF e disle] ALLEE A
sted 19 5-501 vEbMch 2teld 1R AHE 19| 300% AL wEEol
Hate] watEAE A Wt Ao, Holy a¥EHE 29 38 w5F
Aol e} QgL o] oftH gt Aoz FHHUG

- 113 -



Stress (kgf/am)

L] 100 200 300 400 500 GO0 T00 o0
Strain (%)

200
180
160
140
120
100

RO

Stress (K8{/0M)

0 (R 200 00 400 500 GO0 700
Strain (%)

200

180 C

160
140
120 |

100
80

Stress (kgpar)

60

0 100 200 300 400 500 600 700
Strain (%)
— nitial w— W ater 240hT
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Fig 5-5. Stress-strain curves of liner compound 1 (A), compound 2 (B) and

L

compound 3 (C) under various aging conditions.
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Table 5-9. Hardness of developed liner compounds under various aging conditions

Liner 2 Liner 3

Liner 1

51 (100) 53 (100)

50 (100)"

al

Initial

54 (106) 56 (106)

52 (104)

Water 1%

53 (104) 56 (106)

51 (102)

Water 2°
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aging rate (26).

*

24 hours at room temperature.

-~

a

240 hours aging in 25°C water bath.
480 hours aging in 25°C water bath.

=

b

240 hours aging in aqueous basic alphacleantop (5 g/L water) at 25T bath.
480 hours aging in aqueous basic alphacleantop (5 g/L water) at 25°C bath.

c
d

e
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Table 5-10. Tensile strength (kgf/em) and elongation (%) of developed liner

compounds under various aging conditions

Liner 1 Liner 2 - Liner 3

Tensile FElongation Tensile Elongation Tensile Elongation

strength strength strength
Initial 154 (100)" 675(100) 180 (100) 634 (100) 183 (100) 651 (100}
Water 1 152 (99) 662 (98) 172 (96) 584 (92) 188 (103) 608 (93)
Water 2 143 (93) 647 (96 180 (100) 585 (92) 176 (96) 598 (92)
Basic

158 (103) 662 (98) 181 (100) 608 (96) 187 (102) 603 (93)
alphacleantop 1
Basic

147 (95) 655 (97) 160 (89) 559 (88) 185 (101) 584 (90)
alphacleantop 2

“aging rate (96).

“24 hours at room temperature.

2240 hours aging in 25C water bath.

“480 hours aging in 25C water bath.

Y240 hours aging in aqueous basic alphacleantop (5 g/L water) at 25°C bath.
“480 hours aging in aqueous basic alphacleantop (5 g/I. water) at 25C bath.

EEXAN A7 MR AWGdA L 2HANAM =3A A
rold S xA4E 3% 300% UFEE Ass: derry] 98 AdF5HE FA
o] g et B FEE =ASt 27 5-60 YRR el 1F
E4E 19 300% AFEHL FEx HEtY stz E A9 W )
Rov, goly nFEHE 29 32 kg o A& He I FFEE AR
35 A
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Fig 5-6. Stress-strain curves of liner compound 1 (A), compound 2 (B) and

compound 3 (C) under various aging conditions.
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Table 5-11. Hardness of developed liner compounds under varicus aging

conditions
Liner 1 Liner 2 Liner 3
Initial® 50 (100)" 51 (1000 53 (100)
Aging 1% 52 (104) 54 (106) 60 (112)
Aging 2¢ 52 (104) 54 (106) 62 (117)

"aging rate (26).

Y94 hours at room temperature.
™24 hours aging at 105T oven.
72 hours aging at 105C oven.
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Table 5-12. Tensile Strength (kgf/cn’) and elongation (26) of developed liner

compounds under various aging conditions

Liner 1 Liner 2 Liner 3
Tensile FElongation Tensile Elongation Tensile Elongation
strength strength strength
Initial® 154 (100)" 675 (100) 180 (100) 634 (100) 183 (100) 651 (100)

Aging 1% 136 (88) 606 (80) 141 (78) 473 (75) 139 (76) 443 (68)

Aging 27 80 (52) 475 (70) 110 (B61) 375 (89) 116 (63) 350 (B4

"aging rate (96).

¥24 hours at room temperature.
P24 hours aging at 105C oven.
972 hours aging at 105C oven.

EFRAY 16T 224 @ =847 A4 2ol nFEYE 352 300%
Q742 WEHE dolur] s AFSYS Fse} WPEel Wt A A=
g mAgel 39 570 ehigeh el wREZAE 19 300% QAEHE o
wstzdel A oFd FrhekR oM, Fheld R EAE 29 38 @ el o8 A%
SHol FFs] FrtsteE Aoer FAHEHAH
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Fig 5-7. Stress—strain curves of liner compound 1 (A), compound 2 (B) and
compound 3 (C) under various aging conditions.
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Table 5-13. Fatigue to failure property of liner compounds

Liner 2 Liner 3

Liner 1

155,260 299,900

133,780

I

Cycle

100 times/min.

Y1 cycle
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Fig 6-1. Latimer diagram (A) and Frost diagram (B) of the chloro oxoanion

basic solution.
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Fig 6-2. UV-spectrum of the aqueous micozone diluted 800 times after
reaction with liners in the various reaction time.
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Fig 6-3. UV-spectrum of the aqueous tirax diluted
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Fig 6-4. lon chromatogram of the aqueous ClO:>, ClI and CIO chemical
species.
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Fig 6-5. Ion chromatogram of the aqueous micozone diluted 800 times after
reaction with liner A in various reaction time.
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Fig 6-10. Ion chromatogram of the agueous micozone diluted 800 times after
reaction with liner F in various reaction time.
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reaction with liner G In various reaction time.
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Fig 6-21. Ion chromatogram of the aqueous tirax diluted 200 times after
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Fig 6-23. Liquid chromatogram of the micozone after reaction with liner A.
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Fig 6-24. Liquid chromatogram of the micozone after reaction with liner B.

0. 06000

0.04000

0. 02000

0.00000 4

-D. 02000

(=)

[=]

o
-ézgg%iﬁﬂ___w“__zﬁm

0.a 10. 0008 20. 0000 30.0000 40. 0000 50.0

Fig 6-25. Liquid chromatogram of the micozone after reaction of acidic
alpacleantop for 5 minutes with liner B.
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Fig 6-26. Liquid chromatogram of the micozone after reaction with liner C.
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Fig 6-27. Liquid chromatogram of the
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micozone after reaction of acidic
alpacleantop for 5 minutes with liner C.
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Fig 6-28. Liquid chromatogram of the micozone after reaction with liner D.
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Fig 6-298. Liquid chromatogram of the micozone after reaction with liner E.
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Fig 6-30. Liquid chromatogram of the micozone after reaction with liner F.
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Fig 6-31. Liquid chromatogram of the micozone after reaction with liner G.
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Fig 6-32. Liquid chromatogram of the micozone after reaction of acidic
alpacleantop for 5 minutes with. liner G.
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Fig 6-33. Liquid chromatogram of the micozone after reaction with liner H.
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Fig 6-34. Liquid chromatogram of the micozone and tirax.
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Fig 6-35. Liquid chromatogram of the tirax after reaction with liner A.
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Fig 6-36. Liquid chromatogram of the tirax after reaction with liner B.
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Fig 6-37. Liquid chromatogram of the tirax after reaction of acidic alpacleantop
for 5 minutes with liner B.
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Fig 6-38. Liquid chromatogram of the tirax after reaction with liner C.
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Fig 6-39. Liquid chromatogram of the tirax after reaction of acidic alpacleantop
for 5 minutes with liner C.
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Fig 6-40. Liquid chromatogram of the tirax after reaction with liner D.
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Fig 6-41. Liquid chromatogram of the tirax after reaction with liner E.
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Fig 6-42. Liquid chromatogram of the tirax after reaction with liner F.
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Fig 6-43. Liquid chromatogram of the tirax after reaction with liner G.
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Fig 6-44. Liquid chromatogram of the tirax after reaction of acidic alpacleantop
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Fig 6-45. Liquid chromatogram of the tirax after reaction with liner H.
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Fig 6-48. Ion chromatogram of the aqueous acidic alphacleantop (5 g/I. HxO)

after reaction with liner A in various reaction time.
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Fig 6-49. Ion chromatogram of the aqueocus acidic alphacleantop (6 g/L H20)

after reaction with liner B in various reaction time.
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Fig 6-50. Ion chromatogram of the aqueous acidic alphacleantop (5 g/L H:O)

after reaction with liner C in various reaction time.
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Fig 6-51. Ion chromatogram of the aqueous acidic alphacleantop (5 g/L Hz0)

after reaction with liner D in various reaction time.
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Fig 6-52. Ion chromatogram of the aqueous acidic alphacleantop (5 g/L H:0)

after reaction with liner E in various reaction time.
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Fig 6-53. Ion chromatogram of the aqueous acidic alphacleantop (5 g/ HxO)
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Fig 6-54. Ion chromatogram of the aqueous acidic alphacleantop (5 g/I. H20)

after reaction with liner G in various reaction time.
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after reaction with liner H in various reaction time.
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Fig 6-56. UV-spectrum of the aqueous basic alphacleantop (5 g/L H:0) after
reaction for 20 minutes with liner A at 80C.
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Fig 6-57. UV-spectrum of the aqueous acidic alphacleantop (5 g/L H20) after

reaction with liner A. First and second mean that the number of the
times with the aqueous acidic alphacleantop.
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Fig 6-58. UV-spectrum of the aqueous basic alphacleantop (5 g/L. H20) after
reaction for 20 minutes with liner B at 80T.
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Fig 6-59. UV-~-spectrum of the aqueous acidic alphacleantop (6 g/L HxO) after

reaction with liner B. First and second mean that the number of the
times with the aqueous acidic alphacleantop.
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Fig 6-60. UV-spectrum of the aqueous basic alphacleantop (5 g/L. H20O) after
reaction for 20 minutes with liner C at 80T.
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Fig 6-61. UV-spectrum of the agueous acidic alphacleantop (5 g/L. H20) after

reaction with liner C. First and second mean that the number of the
times with the aqueous acidic alphacleantop.
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Fig 6-62. UV-spectrum of the aqueous basic alphacleantop (5 g/L H:0) after
reaction for 20 minutes with liner D at 80T.
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Fig 6-63. UV-spectrum of the aqueous acidic alphacleantop (5 g/L H20) after

reaction with liner D. First and second mean that the number of the
times with the aqueous acidic alphacleantop.
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Fig 6-64. UV-spectrum of the aqueous basic alphacleantop (5 g/L. H:0) after
reaction for 20 minutes with liner E at 80C.
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Fig 6-65. UV-spectrum of the aqueous acidic alphacleantop (5 g/I. H2O) after
reaction with liner E. First and second mean that the number of the

times with the agueous acidic alphacleantop.

- 167 -



Standard
After reaction

Absorbante

200 300 400 500
Wavelength

Fig 6-66. UV-spectrum of the aqueous basic alphacleantop (5 g/I. H20) after
reaction for 20 minutes with liner F at 80°C.
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Fig 6-67. UV-spectrum of the aqueous acidic alphacleantop (5 g/L H20) after
reaction with liner F. First and second mean that the number of the

times with the aqueous acidic alphacleantop.
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Fig 6-68. UV-spectrum of the aqueous basic alphacleantop (5 g/I. Hz0) after
reaction for 20 minutes with liner G at 807TC.
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Fig 6-69. UV-spectrum of the aqueous acidic alphacleantop (5 g/I. H2O) after

reaction with liner G. First and second mean that the number of the
times with the aqueous acidic alphacleantop.
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Fig 6-70. UV-spectrum of the aqueous basic alphacleantop (5 g/I. H20) after

reaction for 20 minutes with liner H at 80T.
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Fig 6-71. UV-spectrum of the aqueous acidic alphacleantop (5 g/L H:O) after
reaction with liner H. First and second mean that the number of the

times with the aqueous acidic alphacleantop.
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Fig 6-72. Ion chromatogram of the aqueous basic alphacleantop (5 g/L. H20)
only after reaction for 20 minutes at 80T.
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Fig 6-73. lon chromatogram of the aqueous acidic alphacleantop (5 g/L H:0)
only.
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Fig 6-74. lon chromatogram of the aqueous basic alphacleantop (5 g/L. Hz0)
after reaction for 20 minutes with liner A at 0T,
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Fig 6-75. Ion chromatogram of the aqgueous acidic alphacleantop (5 g/L H2O)
after reaction with liner A. First and second mean that the number

of the times with the aqueous acidic alphacleantop.
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Fig 6-76. lon chromatogram of the aquecus basic alphacleantop (5 g/L H:0)

after reaction for 20 minutes with liner B at 80C.
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Fig 6-77. Ion chromatogram of the aqueous acidic alphacleantop (5 g/L. HoO)
after reaction with liner B. First and second mean that the number

of the times with the aqueous acidic alphacleantop.
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Fig 6-78. Ion chromatogram of the agueous basic alphacleantop (5 g/L. H:O)
after reaction for 20 minutes with liner C at 80C.
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Fig 6-79. Ion chromatogram of the aqueous acidic alphacleantop (5 g/I. H20)
after reaction with liner C. First and second mean that the number

of the times with the aqueous acidic alphacleantop.
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Fig 6-80. Ion chromatogram of the aqueous basic alphacleantop (5 g/L H:O)

after reaction for 20 minutes with liner D at 807C.
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Fig 6-81. Ion chromatogram of the aqueous acidic alphacleantop (5 g/L. Hz0)
after reaction with liner D. First and second mean that the number

of the times with the aqueous acidic alphacleantop.
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Fig 6-82. Ion chromatogram of the aqueous basic alphacleantop (5 g/L H:0)

after reaction for 20 minutes with liner E at 807TC.
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Fig 6-83. Ion chromatogram of the aqueous acidic alphacleantop (5 g/I. H20)
after reaction with liner E. First and second mean that the number

of the times with the aqueous acidic alphacleantop.
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Fig 6-84. Ion chromatogram of the aqueous basic alphacleantop (5 g/L. H20)

after reaction for 20 minutes with liner F at 80T.
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Fig 6-85. Ion chromatogram of the aqueous acidic alphacleantop (5 g/L H20)
after reaction with Hner F. First and second mean that the number

of the times with the aqueous acidic alphacleantop.
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Fig 6-86. Ion chromatogram of the aqueous basic alphacleantop (5 g/L H0)
after reaction for 20 minutes with liner G at 80TC.
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Fig 6-87. Ion chromatogram of the aqueous acidic alphacleantop (5 g/L H20)
after reaction with liner G. First and second mean that the number

of the times with the aqueous acidic alphacleantop.
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Fig 6-88. Ion chromatogram of the aqueous basic alphacleantop (5 g/L Hz0)
after reaction for 20 minutes with liner H at 80C.
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Fig 6-89. lon chromatogram of the aqueous acidic alphacleantop (5 g/L Hz20)
after reaction with liner H. First and second mean that the number

of the times with the aqueous acidic alphacleantop.

- 179 -



3) A AZetE o] ot FA
Ao} ZT3E [FIIAET F 1A olele AWEAA = ol 9} wh2-sle] A
FoAlE ¥AE 2de A cleasniEag U SHAT B F Q]

o )

3
of A IzoLE TN Y o) Gote] EFEES 2 Atk
s

A o5 a2EATE Qﬁ’zﬂiiﬂilf:ﬁ»}% ol g3 FEld A¥d= 2™ 6-909
et uhel ol @zbald LZAwe U Ao SMAA 208 F 80T
ol BEAM WEA F FHF AFazvtEaddAE 68F 8Ede] HrE
AE zte 5 e FE A2 SAHU0T, A 254 b dF s ge
2 SANMNA S-S dAa=vtEagase 19 6-91 L}EM sreb Zel 2.3%
el PIRE AZEE 2zt shibel dAvke]l AL 22lal AS Al ] 2
g WEAA D A JHA AF A AAazeEafs F4sted a9

6-92~6-10791 LFEPUIATE 3 WA Az gele] AMamviEadqE 6% 8
Poje] WMRE AR FE F AY FE FIo| 9o 74%, BE, 468
2¢ d=st BAAUG. ole@ A @AY £EA9 dolir}
g 7 By 2do] A4HAY golunyE §5H g
olth. stxlwl, 7t eoludel e T WAl Al wal ATy o
A 23%THe] MEE AZHS i she] wawe] BRYAT. T HHL
2 AR g4 thA FA Aggdo 2 T owa AU
2ol gojAtth oluw ARt Nyow oduw AN od

o3 & HHRA EREC) YA AHo o8 2% AAHE Ho, WS
oliEo]l g7EH aEAdw FAY AFeoEe e BAY 2he A44sAY

2

AHFE B Fell= <AASA o8&
250 QojA ABY £ZAR 253 kg wh=A A4

o & & & AATH

s e
EE 7 AR, dHud £25AHE olfd A5 Og, AHE &
el

o

- 180 -



.ovooo{ 38
.osgoa{ T
. 05000
. 040004
03000
. 02006

.o\ooo—_%
. 00000

~0.031009
0.0000 10. 0000 20. 0000 30. 0000 40. 0000 50. 0080 60.00

Fig 6-90. Liquid chromatogram of the aqueous basic alphacleantop (5 g/L Hx0)
only after reaction for 20 minutes at 80T.
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Fig 6-91. Liquid chromatogram of the aqueous acidic alphacleantop (5 g/L H-0)
only.
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Fig 6-92. Liquid chromatogram of the aqueous basic alphacleantop (5 g/L Hz20)
after reaction for 20 minutes with liner A at 80T.

. 08000 A

2.380

. 06000

-1.560

o
a
D.04000 4
0. 02000+
s

. 0000

—0.02000
~0.04000 4
—D‘OSUDDﬁ

-0. 08000
0. 0000 10. 0000 20. 0000 30. 0060 40. 0000 50.0

Fig 6-93. Liquid chromatogram of the aqueous acidic alphacleantop (5 g/L H20)
after reaction with liner A.
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Fig 6-94. Liquid chromatogram of the agueous basic alphacleantop (5 g/L H:0)
after reaction for 20 minutes with liner B at 80TC.
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Fig 6-95. Liquid chromatogram of the aqueous acidic alphacleantop (5 g/L. H20)
after reaction with liner B.
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Fig 6-96. Liquid chromatogram of the aqueous basic alphacleantop (5 g/L Hz0)
after reaction for 20 minutes with liner C at 80T.
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Fig 6-97. Liquid chromatogram of the aqueous acidic alphacleantop (5 g/L HxO)
after reaction with liner C.
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Fig 6-98. Liquid chromatogram of the agueous basic alphacleantop (5 g/L. Hz20)
after reaction for 20 minutes with liner D at 807T.

1Bl

000000000

rL—-— -7.69
i

L]
o

2,873

0. 08000

0. 05000 +

0.04000

0.02000

0. 00000

G. 0000 10. 0000 28. 0000 30. 0000 40. 0000 0.0

Fig 6-99. Liquid chromatogram of the aqueous acidic alphacleantop (5 g/L H20)
after reaction with liner D.
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Fig 6-100. Liquid chromatogram of the aqueous basic alphacleantop (5 g/L
H20) after reaction for 20 minutes with liner E at 80C.
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Fig 6-101. Liquid chromatogram of the aqueous acidic alphacleantop (5 g/L
H20) after reaction with liner E.
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Fig 6-102. Liquid chromatogram of the aqueous basic alphacleantop (5 g/L
H20) after reaction for 20 minutes with liner F at 80C.

o. 08000 -
©.05000
8. 04000
0.02000
2
0. 0D0D00 «—q
0.0000 10. 0000 20. 0000 30. 0000 40. 0000 50.00

Fig 6-103. Liquid chromatogram of the aqueous acidic alphacleantop (5 g/L
H20) after reaction with liner F.
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Fig 6-104. Liquid chromatogram of the aqueous basic alphacleantop (5 g/L
H2O) after reaction for 20 minutes with liner G at 80T.
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Fig 6-105. Liquid chromatogram of the aqueous acidic alphacleantop (5 g/L
H>0O) after reaction with liner G.
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Fig 6-106. Liquid chromatogram of the aqueous basic alphacleantop (5 g/L
H>0) after reaction for 20 minutes with liner H at 80C.
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Fig 6-107. Liquid chromatogram of the aqueous acidic alphacleantop (5 g/L
H20O) after reaction with liner H.
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Fig 7-24. UV-spectrum of the aqueous basic alphacleantop (6 g/L. Hx0) after
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reaction with liner compound
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number of the times with the aqueous acidic alphacleantop.
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Fig 7-26. UV-spectrum of the aqueous basic alphacleantop (5 g/L H:0) after
reaction for 20 minutes with liner compound 2 at 80TC.
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Fig 7-27. UV-spectrum of the aqueous acidic alphacleantop (6 g/L. HxQO) after

reaction with liner compound 2. First and second mean that the

number of the times with the aqueous acidic alphacleantop.
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Fig 7-28. UV-spectrum of the aqueous basic alphacleantop (5 g/L H20) after
reaction for 20 minutes with liner compound 3 at 80°C.
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Fig 7-32. Ion chromatogram of the agueous basic alphacleantop (5 g/I. H:0)

after reaction for 20 minutes with liner compound 1 at 807C.
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