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1. Introduction

Since 1980, the water quality of ultra-pure water has been rapidly improved. and presently
ultra-pure water producing equipment for 64Mbit is in operation. Table I shows the degree of
integration of DRAM and required water gnality example. The requirements of the ultra-pure water
for 64Mbit are resistivity: 18.2 NQ/cm or higher, number of particulates: 1 pc/ml or less (0.05 um
or larger), bacteria count: 0.1 pc/l or less, TOC (Total Organic Carbon index of organic substance)
:1ppb or less, dissolved oxygen: 5ppb or less, silica: 0.5ppb or less, heavy metal ions: 5ppt or
less. The effect of metals on the silicon wafer has been well known, and recently it has been
reported that the existence of organic substance in ultra-pure water is closely related to the
device defect, drawing attention. It is reported that if organic substance sticks to the natural
oxidation film, the oxide film remains on the organic substance attachment in the hydrofluoric acid
treatment (removal of natural oxidation film). The organic substance forms film on the silicon wafer,
and haraful elements soch as metals and N.P.S.. components contained in the organic substance and
the bad effect due to the generation of silicon carbide cannot be forgotten. In order to remove
various impurities in rav water, many technological developments (membrane, ion exchange, TOC
removal, piping material, microanalysis, etc.) have been made with ultra-pure water producing
equipment and put to practical mse

In this paper, technologies put to practical use in recent ultra-pure water producing equipment are
introduced.

2. Exampie of Ultra-Pure Water Producing System and Element Technologies

Figs. 1 and 2 show examples of ultra-pure water producing systems now in operation Fig Z shows an
example of a closed system In order fo rewove varlous impurities in water efficiently, various
snits are arranged

As element technologies used for ultra-pure water producing system especially the membrane separati
on, ion exchange, vltraviolet oxidation, degas treatment, biological treatment, and technology of
piping etc. are important. The analytic evaluation techmology is a basic techmology for developing
such technologies and grasping the performance of a system

— 123 —



3. Inherent Technologies

3.1 Membrane Technology

Of the element technologies of the ultra-pure water producing system, the membrane technology
plays a central role. As a result of the progress of the membrane technology, it can be said
that the higher purity of the ultra-pure water quality has been achieved The present
ulira-pure vater system has the RO module (Reverse Osmosis) and UF module (Ultra Piltration)
built in

3. 1.1 RO Module

The RO module is generally classified as follows, depending on the operating pressure.

a) High-pressure module : operated at pressure of 40kg/cm® or higher
b) Medium-pressure module : operated at pressure of about 30kg/cm?
¢) Low-pressure module : operated at pressure of about 15ke/cm*

d) Ultra-low-pressure module : operated at pressure of 10kg/cm® or lower

For the ultra-pure water producing system the low-pressure module is used. Recently, the
performance of the ultra-low-pressure module has been improved and adopted for some systems.

(1) Structure of RO Module

As to the RO module, various structures have been developed, depending on the application
but the spiral type module is the mainstream An example of the structure of the RO module
is shown in Fig 3.

Two flat membranes are bonded together like an emvelope, a spacer is inserted, and the open
end is connected to the water collecting pipe. These plural sets shall be wound together
with the spacer centering the water collecting pipe to be formed These are generally
called elements and, in case they are practically used, 3 to 6 pieces comnected in series
are used in a FRP vessel.

(2) Two-stage RO system

RO module, whose ion removing performance in a low concentration area was improved, has been
developed recentiy. A two-stage RO system incorporating this module at the later stage has
been put te practical vse. Fig 1 shows an example of an ultra-pure water producing system
incorporating the two-stage RO system The two-stage RO system can remove the ion and
silica components te a level which could not be achieved with the conventional single-stage
RO system Since the water quality at the second stage greatly changes depending on pH pl
adjustment is made toward alkali. Fig 4 shows an example of purity rise of the two-stage
RO system Fig 5 shows the relationship between water pH and resistivity

With this system the resistivity of treated water is increased to 5NQ/ca by adjusting the
water pl to 7.5. The optimum pH area differs depending on the type of RO module to be used.



3. 1.2 UF Nodule

The UF module is often installed at the last stage of the ultra-pure water producing system

The UF modulc has the following characteristics in comparison with the R) module

a) Since the quantity of water transwitted per unit area is large, the equipment is compact.

b} Since the operaling pressure is low (1 to 6kg/cw®), the power consuaption of the pump is
less.

¢} Since a high-pressure pump is not used, vibration from the pump is less and the equipment
can be installed near the use point.

(1) Stracture of UF module

The UF membrane is composed of a demse skin layer having a removing function and porous
layer to support it, and it has an symmetrical structure or symmetrical structure. The
skin layer is said to have the thickness of 0.1 to lum This layer can be considered to be
thin skin of the surface produced when the solvent evaporates during manufacture.

As the UF module structure, spiral type and capilar type are available, and presently

the module used at the {inal stage of the ultra-pure water system is the capilary type.

The cross—sectional photograph of the UF membrane of the capilary type is shown in Fig 6.
Portion A is the skin layer, and portion B the supporting layer. This UF membrane has the
skip layer at the outer periphery and imner periphery, and it is called a double skin
structure. These capilary are bundled to form the module. Fig 7 shows the sketch
drawinog of the capilary type module

(2) Required performance

The performance required of the UF module for the final filter is the following 3 itens.

a) Less eluation from module material
Since the UF module is installed at the final stage of the ultra-pure water producing
system, the reduction in resistivity or elvation of ionic substances from the membrane
module components must be minimized It is also necessary to reduce the eluation of
nonionic substances and organic substances which do not appear in resistivity.

b) Less separation of particulates from membrane components
If the UF membrane which allegedly does not transmit particulates of 10 to 100 angstroms
in diamcter is used as the final filter, in principle, it is possible to completely
remove the particulates of 0.05um to 0. 2um  In reality, however, particulates are
present on the side of the product water. These are particulates separated from the
components on the side of the product water, and it is necessary to remove them

¢) Structure should not allow liquid accumulation
I liquid accumulates in the module, it takes time for the purity to imcrease at the
initial startup. The ultra-pure water producing system is regularly sterilized to
prevent microorganism from growing in the system but the liquid accumulation cannot be
sterilized, so microorganisms grow, adversely affecting the water quality.
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As the capilary type module, internal pressure type to have water transferred from inside to
outside and external pressure type, the opposite, are available. As a structure with less
self-dusting and without liquid accumulation, the extermal pressare type UF is more advantageous,
and presently, most of the UF modules used at the final stage are of the external pressure type.
The comparison on the number of particulates between the internal pressure type and the external
pressure type is shown in Figs. 8 and 9. While the number of particulates of the internal pressure
type is 2~3 number/mi 100hrs after the waste supply is started, the number of particulates of the
external pressure type is 1 nember/m or less. To check the separation from the used members, a
vibrator was installed at the center of the module and the number of particulates on the side of the
transferred water was measured. and the result is shown im Fig 10. The upper portion of the
figureshows the internal pressure type and the lower portion the cxternal pressure type.

The internal pressure type UF module is very weak against vibration from outside, and the number
increased 100~1000-fold in comparison with the normal time. The external pressure type UF module
has a very small area of treated water in contact with other members than the membrane portion, in
comparison with the internal pressure type, and the particulates did not increase and stable water
quality was obtained

3.2 T0C Decomposition Technology
As the organic substance decomposition method, the ultraviolet oxidation method, ozone oxidation
method, biological decomposition method, thermal decomposition method, etc. are available, but
in this paper, the ultraviolet oxidation method and biological treatment method widely used with
the ultra-pure water equipment are described

3.2 1 Ultraviolet Oxidation Method
This method is to decompose the organic substance by irradiating ultraviolet rays, and two

types, low-pressure ultraviolet ray oxidizing equipment and high-pressure ultraviolet ray
oxidizing equipment, are available

(I} Low-pressure ultraviolet ray oxidizing equipaent
This equipment is to decompose a trace of organmic substance in water without using an
oxidizing agent. Among the ultra-pure water producing units, this plays a role like that
of the polishing vnit and is used within the secondary demineralizer.
Its outline is shown in Fig 11. This unit is a stainless steel cylinder and contains
several low-pressure mercury lamps. The low-pressure mercury lamps are contained in a
protective tube made of quartz to prevent their contact with water.

The decomposing principle of the low-pressure ultraviolet ray oxidizing equipment (L-UVox)
is that the hydroxy radical (OB} obtained by ultraviolel rays (wavelengih 185nm) acts as

the oxidizing agent to decompose the organic substance, as shown in the following reaction
forsula.

18502
H.0 — R + 08

CH,08 + OH — HCHO — HCOOH — CO, + H.0
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Take the example of the decomposing mechanism of methanol. Finally, it is decomposed into
carbon dioxide and water, but a huge amount of ultraviclet irradiation is required, so

the decomposition is made to organic acid, which is adsorbed by the ion exchange resin.
Fig. 12 shows an example of change in water quality in the secondary pure water producing
system. There is almost no change of TOC at the outlet of the low-pressure nltraviolet ray
oxidizing equipment, but from the reduction im resistivily it is known that organic acid is
generated In the monregemerative ion exchange equipment at the later stage, organmic acid
is removed and the resistivity is increased and TOC is reduced

As described above, the low-pressure ultraviolet ray oxidizing method makes it possible to
treat the organic substance efficiently by means of the ultraviolet ray oxidizing equipment
and ion exchange equipment.

{2) High-pressure ultraviolet ray oxidizing equipment
This equipment is switable for decomposing organic substances of relatively high
concentration and is applied to organic substance decomposition of recovered water (TOC
concentration: hundreds of ppb-several ppm) iu the ultra-pure water producing system
Fig. 13 shows the outline of the equipment.
This equipment uses high-pressure mercury lamps as the ultraviolet light source and
decompeses organic substances in water by using in combination an oxidizing agent and the
ultraviolet rays of maximum 400nm generated from the light source. As the oxidizing agesnt,
hydrogen peroxide is used Several high-pressure mercury lamps contained in protective
tube are installed in a rectangular reaction tank (material: SUS). In the tamk, partition
plates are provided to increase the decomposing efficiency.

In the high-pressure ultraviolet ray oxidizing equipment, a lot of hydroxy radical is
generated to decompose the organic substances by means of the hydrogen peroxide and the
ultraviolet rays of 400nm maximum, as shown below. In this decomposing method. the organic
substance is decomposed and changed from organic acid to carbon dioxide. This is the same
as the reaction of the low-pressure ultraviolet oxidation except that the hydrogen peroxide
is used to generate a large amount of hydroxy radical.

<400nm
H:0: — 200"

Fig 14 shows an example of the system incorporating the high-pressure ultraviclet
oxidation. The process water is treated by the ion exchange equipment, and then the
remaining organic substances are treated by the high-pressure ultraviolet ray oxidizing
equipment. Bydrogen peroxide is injected before the tank, and since some hydrogen
peroxide remains at the ountlet of the equipment, equipment to decompose it is installed at
the later stage. Presently, catalyst resin (H:0. decomposing resin) carrying activated
charcoal or palladium (Pd) is used
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3.2 2 Biological Decomposing Method
In the field of waste water treatment, biological decomposing equipment is widely used as the
method of treating organic waste water. With the ultra-pure water producing system the
bivlogical decomposing equipment was not used in the past. The reason is that the objects to
be remgved for producing ultra-pure water includes microorganisms and there was resislance to
its growth within the system and il was considered to be inefficient for treating organic
substances of low concentration
The merits of introducing biological treatment are as follows.

@ Economical (equipment cost and operation cest can be reduced)
@ Reduction in installation area
@ Possibility of treating orgamic substances of high concentration {(up to 10 ppm

Presently, the biological decomposing equipment is used for treating orgamic substances in
recovered water in place of the high-pressure uitraviolet ray oxidizing equipment. Fig 15
shows an example of biological decomposing system (trade name: Biofilter & Preblocks).

The system consists of biclogical decomposing portion and biomass separating portion

The features of each umit are described below.

(I) Bicdegradation

Table 2 shows the results of separating/confirming the fungus bodies from actual ultra-pure
vater. Most of them are bacteria belonging te Pseudomonas and living bacleria are rather
linited in comparison with ordinary waste water. These fungus bodies belonging to
oligotrophic bacteria show a high growth rale even for the organic substances of low
concentration, and it is reported that they can be applied to the nltra-pure water system
The equipment comsists of a raw water tank. biological reaction tank, and air dissolver,
and performs circulating treatment. As putrient salt. a trace of nitrogen and phosphorus
is added

In the biodegradation, the orgamic substances, natrient source, can be easily decamposed.
The waste water (recovered water) from the semiconductor process contains a lot of such
biotegically decomposable organic substances.

Organic substances (e.g., high polymer organic substances) which camnotl be biologically
decomposed are removed by other equipment (activated charcoal, RO membrane equipment, etc.)
shown in Figs. | and 2

(2} Separation of fupgus bedies

In biodegradation, microorganisms grow in proportion to the comcentration of organic
substances, and fungus bodies of about 10° CFU/ml per TOC Ippm of raw water are generated.
In the wltra-pure water producing system, the generation of such a large amount of fungus
bodies is a major problem and the fangus bodies must be efficiently separated

As the fongus body separating technology, the RO membranc and UF membrane are available,
but they are not suitable for removing such a large amount of fungus bodies.

The separating performance is very good, but clogging in a shorl time makes water passage
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impossible. Therefore, a clogging-free membrane is required

Fig. 16 shows the UF module (trade name: Preblocks} developed for removing fungus bodies.
This reduces clogging with fungus bodies and suspended substances in water by using a
zigzag spacer for the spacer portion of the spiral type UF module, securing a sufficient
passage. When raw water containing a lot of fungus bodies is passed as in the case of
biodegradation, the contamination of the membrame faces camnot be avoided With the
membrane separating equipment, therefore, automatic backwashing (water is passed from
membrane transmitted side to raw water side) is dome regularly.

(3) Example of application to system

Fig 17 shows an example of TOC treatment by biodegradation + UF membrane treaiment.
Although the concentration of the raw vater (recovered water) greatly fluctuates, the
treated water shows a stable quality with TOC concentration 100ppb or less. The FI value,
contamination index of water, was 1.7 for recovered water, 5.4 for biolegically treated
water, and 0.6 for UF treated water, and the scparation of fungus bodies was good The FI
value is calculated by the following formula after water is filtered by the membrane filter
(0.45 um).

FI value = (I-To/T16) /15 X 100
To : filtering time (sec) of initial 0 to 500ml
Tie: filtering time (sec) of O to 500ml after 15 minutes

Table 3 shows an example of analysis of representative organic substances {many organic
substances contained in semiconductor waste water) with actual equipment using the head
space gas chromatograph. The lower limit value differs depending on the substance, but
the organic substances are well treated proving that these biodegradation units are
sufficiently functioning

(4) Behavior of TOC within ultra-pure water system

Fig 18 shows an example of TOC behavior within the ultra-pure water system In the figure,
comparison was made beiween a recent systems incorporating biological treatment and a system
without biological treatment.

The amount of TOC decomposed by the biological treatment is hundreds of ppb, as large as
the absolute amount. Subsequently, the TOC is treated by the umits. Finally, it is
treated to becowe Ippb or less by the low-pressure ultraviolet ray oxidizing equipment.
With the system without biological treatment, the final TOC level is high

3.3 Piping Materials

The vltra-pure water piping f{rom the ultra-pure water producing equipment to the umse point is
required to prevent the purity of ultra-pure water from decreasing The ultra-pure water is

prodaced in the utility area and semt through the main piping of several hundreds of meters to
the clean room where it is subdivided into branch pipes and finally distributed to tens of use
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points. In such a long complicated piping system, the purity of the ultra-pure water is reduced
due to various factors. As the main factors to reduce the purity. the following items can be
cited

1) Bluation and separation of impurities from piping material
2) Microorganism growth in piping system
3) Entry of air and gas into piping system

To minimize such effects, a proper piping material with less eluation is selected/used, and
special consideration is given in terms of piping structure and construction. In terms of
operation, the ultra-pure water piping system is designed to always circulate the water so that
the water quality will pot be reduced due to water stagnation

The piping material used for ultra-pure water was PVC (Polyvinyl Chloride} in the begimning

but to cope with higher purity of the ulira-pure water, the clean PVC Pire for ultra-pure water
was put to practical use in 1987. Subsequently, to cope with much higher purity and because of
the adeption of a thermal sterilization method and use of warm ultra-pure water, heat-resisting
piping material drew attention. As the heat-resisting piping malerial, PYDF (Polyvinylidene
Fluoride, PEEK (Polyetherethrketon), etc. are put to practical use

3.3.1 Required Quality

Table 4 shows the properties required of the uitra-purc waler piping material. As to the
chemical stability, it is necessary for the main material and additive not to elute in
ultra-pure water. PFor sterilizing the ultra-pure water system hydrogen peroxide, oxidizing
agent, or hot water is used. but the material must not be deferiorated due to these. As to
the mechanical stability, it must have the strength to withstand the water pressure of § to 10
kg/cm®, and it is desirable that deformation due to creep will not occur even after use for a
long time. As to heat resistance, it must retain the mechanical streagth at a high
temperature, and it is important that it is chemically stable with little thermal expansion
When the linear expansion is large, long piping should be installed in such a way that the
expansion of piping due to thermal expansion is absorbed

As a product, pipes of various bore diameters and joints must be prepared As the product
quality, the quality control must be made to prevent the inmer surfaces from being
contaminated

3. 3. 2 General Properties

Table 5 shows the structure and general praperties of the materials used as the nitra-pure
water piping material. For the PYC piping material, stabilizer, pigment, and lubricant are
added, so their eluation into ultra-pure water becomes a problem On the other hand. no
additive is used for PVDF and PEFK. Since their heat-resisting temperature is high they are
videly used as the piping for ultra-pure water. PEEK is the best material, but the cost is
high, so it is used as the piping for hot ultra-pure water.



3.3 3 Evaluation on Elvation

As a method to measure the eluting rate and amount of impurities (ioms, organic sabstances.
etc.} eluted from the piping material, the short pipe water sealing test is conducted

Table 6 outlines the method.

This method is to seal ultra-pure water in a pipe of 25mm in inside diameter and Im in length,
vith one end welded with the same material, let it stand for a certain period, then take out
the water, aud analyze the components eluted. This method was standardized by the
Standardization Committee of Ultra—Clean Society in Japan and announced at the Semiconductor
Pure Water and Chemical Conference in February 1996 (SP¥CC ' 96).

Tables 7 and 8 show the results of the eluation evaluation tests using the above evaluating
method With both PEEK and PVDF, the metal eluation was small. Of the measurement items, the
results of TOC and fluorine ion with much eluation are shown in Figs. 18 and 19. It is known
that the eluation of TOC and fluorine ion differs depending on the type of piping Eventuvally,
the eluation decreases for all amd no difference is recognized among the pipings, but just
after the installation, the eluation amount is large. In comparison with the ordimary-
temperature system, the eluation is more im hot ultra-pure water (80°C) suggesting that the
selection of the piping material is important.

3. 3.4 Effect of Eluation from Piping on Quality of Ultra-Pure Water

On the basis of the resnlts im Tables 7 and 8, the degree of effect on water qoality with
actual piping was calculated. The results are shown in Table 9. The calculation result of
T0C reveals that the effect in ordinary-tewperature water is very small, but at 80C, the
effect remains for about one month. It is also known that the effect varies slightly
depending on the type of piping
As to the fluorine ion, the eluation is very small at the ordinary temperature, but at 80T,
it increases and atfects the resistivity even after the elapse of one month after the start of
vater supply.

4. Conclusion

For ultra-pure water, the removal of various impurities is required, and the requirement level is
rising year by year. To cope with this problem various removing technologies and system
technologies have been developed and the introduction of new materials for the piping etc. to fora
the system have been positively made.

For the element technologies to be used for ultra-pure water production, their range will be
cxpanded from the technological and economic viewpoints.

Therefore, it is absolutely necessary to develop trace analysis evalwation technologies for ultra-
pure water. Especially to raise the amalytical level of heavy metals and organic substances is
important. It is also important to establish individual amalysis methods of organic substances.

It is expected that the analytical methods will be established and new treating methods will be put
to practical use in the near future.
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Table~1 Ultrapure Water

in Japan

Quality Target

Valuse for Semiconductor Manufacturing

Integration
Scae 256 Kbit 1 Mbit 4 Mbit 16 Mbit 46 Mbit 256 Mbit
Items
Resistivity (MQ - cm) 17~18 17.5~ 18 > 18 > 1B.1 > 18.2 > 18.2
0.1 pgm 50~ 150 10~20 <5
Particl
0.05um <10 <6 <1
(number/ml)
0.03um < 10 <b
Bacteria (nuaber/1) 50~200 10~ 50 < 10 <1 < 0.1 0.1
TOC ( ppb ) 50~ 100 30~50 <10 <2 <1 < 0.6
[ ( ppb ) 50~ 100 30~50 < 60 < 10 <5 <1
S iO0s ( ppb ) 10 5 <1 <1 < 0.5 < 0.1
Metal , Ion ( ppt ) ~ 1000 100~ 500 < 100 <10~ 560 <6 <1
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Fig-2
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Example of closed system

— 133 —

Primary
Rinse Wasta

Organic
Waste Water

Drying }—OSludga (Disposal Agent)

Points of Use




Raw Sand Cation Decarbo Bio Preblocks uy
Yater Filter Exchager -nater Filter UF Sterilizer
Reclam
Vater
ist 2nd uv Mixed Bed N2 Uy Deoxygen
—>" > > [—> by —>
RO RO Oxdizer Tower Daegasfier Oxdizer Colume
Two Stage RO
Heat No.1 Ion Heat No. 2 lon Uf Point
—> —> —> b
Exchager Exchanger Exchanger Exchanger Unit of Use
Fig-1 Example of Ultrapure Water Production System
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Fig-3 Structure of spiral RO element
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Fig-6 Section of capilary UF ( by SEM )

Outlet

Specification of UF module

Module N

Fiber diameter

Hollow Fiber Effective surlace area
Module diameter
Module size

Separation molecular weight

Y,

Product flow rate

1 \

Temprature of use (max)

Main materials

KU-1010-HS
Inner 10 mg
Outside 16mg
5m?

106 an

HY =

80000

35 m¥/Hvas 1atom, 25°C
95°C

Polysulfone resin
Epoxy resin

Polypropyliene

Fluorine contained resin J

Fig-7 Structure of capilary UF module
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Fig-10 Particle generation from UF element with vibration
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Fig-11 Example of low pressure ultraviolet ray oxidizing equipmenmt
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Fig-13 High pressure ultraviolet ray oxidizing equipment
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Table-2 Example of bacteria separation from
ultrapure water

Kind of bacteria Number of detect
Pscudomonas 101
Acinetobacter 16
Alcaligenes 5
Flavobacterium 5

_ Membrane

Nembrane

- s o !
/é;éa Geuéral spacer . { /’/,

: i ligzag spacer
Particle Particle

Fig-16 UF module developed for removing fungus bodies
( trade name : Preblocks }
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Fig-17 Example of TOC treatment by biodegradation

Table-3 Example of amalysis of representative
organic substances
(Many organic substances in semicorductor waste water)

Case-1 Case-2
Items
Feed Product | Feed Product
T0C - - © 120 65
IPA : 1000 .| <20 <20 <20
Acetone 50 < 50 <50 <50
Methanol 260 <100 <100 <100
Ethano!l 200 <100 - -

(ug/l)
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Fig-18 Example of TOC bihavior within the ultrapure water system

Table~4 Piping materisl for ultrapure water
[— requirment

1. Chemical stability o Neither main component nor additives should be released ino
uitra pure water
* No deterioration with hydrogen peroxide, ozone,

2. Physical stability = Withstanding the water pressure in the range of 5 to 10kg/cd.

3. Heat resistant * Having heat resistant up to 100°C.
properties o Less thermal expansion.
4, Product * Inside surface smoothness, particle contamination should be con-
trolled. ’
* A variety of size in pipes, [ittings and valves should be availa-
ble.
5. Cost, Fitting o Material cost is reasonable.

o Pipe [itting is a easy work.
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Table-T  Imprisoning Test in PEEK and PVDF Pipe (Tem. 20C)

PEEK PVDF (A) PVOF (9)
Period Mean Mean Mean
ltlems . Release . Release . Release
(Days) | Cancentration ; Concentration 2 Concentration i » Da
(o) |\ #9™ 0| T oty |9/ - Day)) gy [( g - Dav)
~1 15.5 58 36.3 186 23.2 105
TOC | 2~ 7 145 8.6 77.0 72 40.4 35
8~30 19.0 3.4 124 31 4.7 10
~1 <5 <31 < 5 <3 < 5 < 3N
Silical 2~ 7| <5 < 51 < s < 51 <5 < 51
8~30 <5 <13 < 5 < 13 < 5 < 13
~1 0.1 0.6 02 1.2 < 04 < 0.6
Na | 2~ 7 02 0.2 02 02 < 0t < 041
8~30 < 01 < 0.03 < 041 < 0.03 < 0.1 < 0.03
~1 04 2.5 < 02 < 12 < 02 < 086
K 2~ 7 0.3 0.3 03 0.3 < 02 < 0.1
8~30 02 0.05 03 0.08 0.2 < 0.03
~1 < 04 <25 0.4 2.5 < 04 < 12
Mg | 2~ 7 < 0.4 < 0.4 < 04 < 04 < 04 < 02
8~30 < 0.4 < 0.11 < 04 < 0.11 < 04 0.05
~1 < 05 < 3.1 < 05 < 34 < 05 < 25
Ca | 2~ 7 < 05 < 05 < 05 < 05 < 05 < 04
8~30 < 0.5 < 0.13 < 05 < 013 < 05 < 01
~ 1 < 05 < 31 < 05 < 3.1 < 05 < 34
Fa 2~ 7 < 05 < 0.5 < 05 < 05 < 05 < 05
8~30 < 05 < 0.13 < 05 < 0.13 < 05 < 013
~1 <5 <3 < 5 < 3 < 5 < 31
Sn | 2~ 7 <5 <5 < 5 < 5 < 5 < 51
8~30 <5 < 1.3 < 5 < 13 < 5 < 13
~1 08 4.9 09 55 1.0 6.1
cl— {2~ 7 < 05 < 05 0.5 0.5 < 05 < 05
8~30 < 0. < 0.13 < 05 < 0.13 < 05 < 0.13
~1 <10 <61 11 67 26 159
F- 2~ 7 <10 <10 40 41 74 76
8~30 <10 < 27 107 29 150 40
Table~8 Imprisoning Test in PEEK and PVDF Pipc (Tem. 80°C)
PEEK PVDF (A) PVDF (B)
Period Mean Mean Mean
ltems . Release . Release . Release
{Days} | Concentration Concentration Concentration
(ppb) {#g/m? - Day) (ppb) (pg/m? - Day) {ppb) (pug/m? - Day)
~1 43.5 226 1370 8360 329 1900
TOC | 2~ 7 88.2 86 3070 3130 645 654
8~30 89.0 22 4770 1270 978 259
. ~1| <5 <31 < 5 < 31 <5 <3
Silicaj 2~ 7| <5 < 5.1 < 5 < 5.1 <5 < 541
8~30 < 5 < 13 < 5 < 13 < 5 < 13
=7 02 12 03 18 0.9 55
Na | 2~ 7 0.4 0.4 0.3 03 0.4 0.4
8~30 0.9 0.24 04 0.11 0.5 0.13
~1 < 0.2 < 1.2 0.5 KR < 02 < 1.2
K 2~ 7 0.4 04 25 26 1.1 1.1
8~30 0.5 0.13 0.4 0.11 0.5 0.13
~1 < 04 < 25 < 04 < 25 < 04 E 25
Mg |2~ 7 < 04 < 04 < 0.4 < 0.4 < 04 0.4
0~30 < 04 < 0.11% < 04 < 0N < 04 < 0.1t
~1| <05 <3 < 05 < 3a < 05 < 31
Ca|2~7| <05 < 05 < 05 < 05 < 05 < 05
8~30 | <05 < 0.13 < 05 < 013| < 05 < _0.13
~1 < 05 < 3.1 < 05 < 34 < 05 < 31
Fe 2~ 7 < 05 < 05 0.7 7.2 0.7 0.7
8~30 < 05 < 0.13 < 05 < 0.13 < 05 < 0.13
~1] <5 <31 < 5 < 3 < 5 < 3
Sa lo~7] <5 < 5.1 < s < 5 < 5 < 5.4
8~30] <& <13 < 5 < 13 < 5 < 13
~1 44 C27 4.1 25 39 24
Clm |2~ 7 < 05 < 05 < 05 < 05 < 05 < 05
8~30 < 05 < 013 < 05 < 0.13 < 05 < 013
~1 <10 <61 407 2.5X103 413 2.5%X103
Fm |2~ 7 <10 <10 1300 1.3X103 1200 12X103
8~30 <10 < 27 1400 373 600 160




Table-6 Imprisoning test Prosedure

Piping
Size P 25ma g X 1000ma L
Test piping have three sockets, giued
cap on bottom and detachable cap on top
end.

Condition

Imprisoned liquid @ Ultrapure water 500m

Temperature 1 25°C, 80°C
Period 11, 7 and 30days
Analysis

Ion- chromatography

(Na, K, F, Cl, SOy, PO, NO3)
Flameless AA

(Fe, Cu, Zn, Ni, Sn, Ca, Mg)

Temp. 20C Temp. BOC
00
7 TOC Analyzer : 0IC-700  [[] 3 sode
1000} 1 ( |
6 .
2 |
>
3+
o - M
£ 100t . )
EY ' 2
ol -
[0
%] 3
a A
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: r
O 1of
) ']7-‘;9‘ §;o‘lf[%o‘;ao

1
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weiw| PEEK | PvOF(A)| pvor®@)| PEEx | PvDF(A)| PvDF D)

Fig-19 Imprisoning Test in PEEK and PVDF Pipe (TOC)
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Temp. 20C Temp. 80°C

Analyzer : Dionex 2020i
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Fig-20  Imprisoning Test in PEEK and PVDF Pipe (F)

Table-9 Effect of eluation from piping on quality of
ultrapure water

Temp Period PEEK PYDF PYDF
(C) (Days) Ly (B)
~ 1 0. 06 0.2 0.12
25 2 ~1 0. 01 0. 08 0. 04
8 ~30 0. 004 0. 03 0. 01
TOC
~ 1 0. 25 9.3 2.2
80 2 ~1 0.1 3.5 0.7
8 ~30 0.02 1.4 0.3
~ 1 <0. 07 0. 07 0.2
25 2 ~17 <0. 01 0. 05 0. 08
8§ ~30 <0. 003 0. 03 0. 04
B-
~ 1 <0. 07 2.8 2.8
80 2 ~1 <0. 01 1.4 1.3
8§ ~30 <0. 003 0.4 0.2
Pipe size 25 mm
Pipe length 600 m
Flowrate 1 m/sec
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