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Introduction

Ultra pure water (UPW) is essential to properly fabricate today’s LSVLCD products. It
1 the primary cleaning solvent used to rinse all contaminants and remnasnts of silicon
ctched away during the production process. The geometry of today’s integrated circuits is
so minute and complex that evern the smallest contaminant can prevent a circuii from
functioning properly. These contaminants decrease the production yield of usable circuits.
UPW quality requirements have steadily become more and more stringent. The
following additional requirements have emerged recently in UPW production and iis
process from the standpoint of overall cost reduction and environmental proiection ‘.

Reduction of nitial (1.e., capital) costs
Reduction of operating and O&M costs
Reduction of space or footprint
Reduciion of waste and wastewater reuse

&b

To address these issues, original equipment manufacturers (OEMSs) and end use
customers in the semiconductor industry have been continuousty developing innovative
water treatment technologies that include low energy and/or less fouling reverse osmosis
(RO) elements, electrodeionization, membrane deacralor, and ion exchange and
chelating membrane filters . Within the entire UPW process, RO has been playing an
important role. In this symposium, the roles of RO and some advancements are reviewed
in more detail.

Producing Ulira Pure Water

As the degree of inlegration becomes increasingly more complex, the semiconductor
industry requires higher levels of water purity. Last year the standard guide for UPW used
in the electronics and semiconductor industry (ASTM D 5127-99) was revised in which

Table ! ASTM Standard Guide for UPW Used in lhe Electronics and Semiconducter Industry

Paramaeater Type

Linewidth Pm 1.0-0.5 9.5-0.25 0.25-0.18 5.0-1.0 =50 -
Resistivity, 25°C Moy 18.2 18.2 18.2 17.8 12 a.4
Endotoxin Ettml ¢.03 0.23 9,03 .25 - -
TOC pph & 2 1 50 3aon 1000
Dissolved oxygen ppb 1 1 1 - - -
Hesldue after evape. pph 1 0.5 a.1 - - -
SEM particles

0.1-02 My countsil. 1a0d 1000 200 - - -

0.2-0.5 pm counts/L 50C 500 100 AGAD - -

0.5-1.0 pm counts/L 50 50 1 - 10000 -

10 pr countsiL - - - - - 106J0G
Bacteria

100 mL Sample 1 1 1 - - -

1L Sample 1 1 0.1 10 10000 146000
Silisa - total opb 3 0.5 0.5 i0 50 1gde
Silica - dissolved pph 1 0.1 a.05 - - -
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Figure 1  Advanced ulira pure water system
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Figure 2 Various primary .1, systems

three parts: primary
detonization {(D.1.)
system, polishing system and recovery system (Figure 1) ™ For the primary ], system,
a variety of system configurations have been proposed as shown in Figure 2. In the DI
system, RO plays key roles in No.1 and No.2 positions. A main role of No.1 position RO
is to remove TDS and natural organic matter (NODM), swhereas that for No.2 RO is to
further remove a trace amount of TOC and particies.

As mentioned before, the semiconductor industry is secking UPW systems that are
more friendly to the environment and conserve water. To address these issues, the
following two processes have been implemented: electrodeionization (EDI) or
continuous deionization (CDI} - System-IV ®% and the high efficiency RO — System-V
%) EDI is an electrically driven demineralization process combining ion exchange resin
and ion exchange membranes. Recently, the EDI process has gained atteniion due to
continuous operation and the eiimination of hazardous regencration chemicals. A
newspaper reporied recently that one of the largest semiconductor manufacturers in
Japan had decided to adopt the EDM process (1o



One of the major obstacles of RO is that recovery cannot be increased where feed silica
concentration is high (e.g., more than 20 — 30 mg/l.). In the Sysiem-V, hardness and
residual alkalinity is completely removed by weak acid cation (WAC) resin and a
degasifier. After this pretreaiment, feed pH can be increased up to 10 — 11 where silica
solubility is dramatically increased. A recent paper reported that RO can recover 90 —
95% of feed water containing 80 mg/L of silica . In both cases, high rejection and high
pH tolerance RO elements are critical.

RO Elements for UPW production D o eum] Nertnsiarbuesen
FilmTec, a wholly owned : I
subsidiary of The Dow Chemical o et il
Company, has continued to extend oo ]
its high precision manufacturing o ] | [ww] D]
technology to a wide variety of RO | ( \ ‘ ] Y
and nanofiltration (NF) products. A | Lo f Lo | [z fv Lomn | [ ]y [Lueo]
product range of RO/NF and N Prods :
brackish water (BW) RO element — oo S romere B pe o U
specifications relevsznt o UPW PI‘:J“ hind (st g "iﬁihpw’i‘“’w}
production are illustrated in Figure 3 oiset SRS

and Table 3. The BW30-365FR  Figure 3 FILMTEC® RO/NF Elements

(fouling resistant) and SG30LE-430

(semiconductor grade) are newly developed 8 inch diameter RO elements. To better
understand the applicability of these elements, those best suited to the UPW process are
illustrated in Figure 4 which represents one of the typical UPW systems designated as
System-1 in Figure 2. In the following sections, the features and benefits of these RO
elements will be reviewed briefly.

Table 3 High surface area low-energy 8 inch BW elements

MODEL NUMBER BW30-365 BW?30-365FR1 BW30-400 BIW3OLE-440 | SGIOLE-430

BW20-366FR2

Product Waler Flow Rate m30 36 36 40 44 as
Min Salt Rejechion %o 9d 93 95 _
Typical Fiald Sall Rejection % 855 88 5 985 990 -
Test Conditions at 25-C

Feed Concontralian mgfi 2,000 (uuch 2,000 macn 2,000 agy 2,000 (kach Purs Walar
Feed Pressura bar 155 165 156 103 74
Recovery % 15 15 15 i5 15
QOperaling Limils

Max Operating Prassure har 41 41 41 41 ER
Max Opor Temperalure =L 45 45 45 45 45
Max Faed Turbidily NTU 1 1 1 1 1
Max Feed SDI 5015 SDIS S0l 5 SDIS SCi5
Frea Chlorine Tolerance mgil <01 < 0.1 <01 <01 <01
pH range, tonlinugus Opsrution 2-1 2-11 2-11 2-11 2-11
Maximum Feed Flow lfmin 265 2685 265 321 3zl

No.l (roughing stage} RO Flements

For No.1 RO (roughing stage), BW30-400 and BW30LE-440 can be considered as
standard elements due to their reliable and robust performance. The FILMTEC®
BW30LE-440 element has a nominal active membrane area of 440 ft* (40.9 m”) and an
average permeate flow of 11,500 gpd {44 m*/d} at 150 psi (10.3 bar) under standard
conditions, Oplimizing membrane chemisiry resulls in a lower pressure operation than

_ 19 _—
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installed system cost by U e i
reducing the number of system Figure 4 Typical UPW System
components.

One of the problems associated with a sieady state UPW FO operation can be
aitributed to biofouling, especially for surface water supply and warm, highly bacteria-
active water. To improve the performance of RO elements operating under those
conditions, Dow has developed a series of fouling resistant (FR) RO elements using
proprietary surface modifications of the FT30 membrane chemistry. The FILMTEC
BW30-365 FR1 element is suitable for use in potable water applications, whereas the
FILMTEC BW30-365 FRZ clement is recommended for use in non-potable water
applications. Both RO elements use FilmTec’s unique element construction utilizing
more, but shorter, membrane leafs that yield an unsurpassed element efficiency not only
in productivity but also in cleanability. The FILMTEC BW30-365 FR1 and FILMTEC
BW30-365 FR2 elements have a nominal active membrane area of 363 ft* (33.9 m?) and
an average permeate flow of 9,500 gnd (36 m’ /d) under standard test conditions. The high
surface area of these FR clements permits designs of new RO systemns that meet
productivity targets with fewer elements. This, in turn, means moie compact systems
resulting in significantly less system components and lower installation expenses. The
productivity advantages of the FR elements
can also be employed in the design of new
systems that can produce the desired flow
while operating at lower feed pressures.
Also, since the FILMTEC BW30-365 FR1
and FILMTEC BW30-365 FRZ elements
have the same high flow and high rejection
properlies as the FILMTEC BW30-365
element, they can easily bz used in retrofit
applications to obtain lower membrane
fouling, reduce average system operating
pressure, and extended membrane service
life.

In the following figures, actual performance data is reviewed for a water treatment
system with conventional pretreatment at a large oil refinery consisting of multiple RO
trains which experienced biofouling that necessitated in situ chemical cleaning once
every 4 weeks. Cleaning was done when the differential pressure reached 60 psig per
stage. A useful life of 3 years was projected for the RO elements under this operating
discipline. Figure 5 shows the differential pressure over 41 days of operation with
conventional RO elements and a chemical cleaning done after 34 days. FILMTEC

y o
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FILMTEC® BW30-365FR, Ele



BW30-365 FRE1 elements
were installed in  April,
1997 and have been in
service since, having being
cleaned only twice through
early August, 1998. Figure
6 shows the differential
pressure in the first stage of
one of the trains in this field
trial.  Other trains show
similar performance. This
large oil refinery has chosen
to install FILMTEC BW30-
365 FR1 elements in all the
RO trains of this greater
than 1500 gpm (340 m’/hr)
water treatment system. To
maximize time between
chemical cleanings, the RO

system is sanitized
periodically with a non-
oxidizing biocide
(DBNPA).

No.2 (secondary stage)
RO Element
The SG30LE-430 RO

element was specifically developed to meet the requirements for the No.2 RO having
higher rejection of lower molecular weight organic compounds
accelerated total organic carbon (TOC) rinse down profile. Other distinguishing
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features/benefits of this product are:

a) TOC and salt rejections of the SG30LE membrane have been improved while
maintaining high flow. Permeate flow rates of the SG30LE-430 element are shown
in Figure 7 and compared with standard 8 inch elements. At the same time, the

SG30LE-430  element

has

higher NaCl rejection at 150
psi and 2,000 ppm than the

BW30LE-440  high

high TOC rejection.

) FilmTec’s advanced element
fabricaiion process enables
production of cleaner elements;
resulting in faster TOC and

resistivity rinse times.

&2
pa——

flow
element; thus, UPW systems
can ran with lower operating
pressure  while maintaining

Completely automated element

Figure 6 Performance of fouling resistani RO elements,
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fabrication resulls in consistently high quality elements. This capability allows
optimization of leaf length and number of leaves plus precise placement of spacer
materials and glue lines. In higher flux or lower applied pressure applications, this
element has an improved

permeate carrier efficiency that | side View of BW30-4G0 and SG30LE-430
results in a higher net driving
pressure. L A ‘

d) To further reduce permeate
pressure loss and to ensure high
flow  operation in TJPW
applications, the product -water
tube internal diameter (I1.D.) was
increased from 1.125 to 1.5
inches. This is especially : :
beneficial with the higher flow SGA0LE-440 BW30-400
SG30LE-430 element, having
430 square feet of active
membrane area.

Rejection data for inorganic and organic species are tabulated below.

Table 4 Typical Organic Compounds Rejection

Organic Compound Rejection (%)
Methanol 32 23 o
Ethanol 45 40
Acetone 58 48
Isopropanol &0 82

Test conditions: feed concentration 10 ppm, 0.74 MPa (167 pst), 25 °C, pH 7, and 15% recovery

Table 5 Typical Inorganic Compounds Rejection

Feedwater Composition SG30LE-430 PERCENT REJECTION
Inorganic Concerttratian 0.49 MPa 0.74MPa |... 0.98 MPa
Compound {ppm) (5.0 Kgfom®) | (7.5 Kgiemfy | (10Kgicm?)
_ (72 psi) (107 p&iy . {. (145 psi)
Siica 1 97.5 47.0 97.9
10 98.3 88.7 95.9
NaCl 100
as Na" 99.5 05.6 89 7
as CI 99.7 99.8 99.9
MgCl, 100
as Mg*" 99.8 99.9 99.9
as CI 99,3 99.4 99.4
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Figure & ERinse down performance of SG30LE-430

Figure 8 shown above illusirates
the TOC rinse down properties over
the first 24 hours for the SG30LE-
430 element. The feedwater rinse
conditions were permeate flow of
2.0 m’/hr (12,680 gpd), temperature
25°C, 2-3 ppb TOC and 17-18
MEcm resistivity.  The actual
performance of the SG30LE-430
element is demonstrated in the
following case studies. Firstly, the
S3G30LE-430 was adopted in the
second position of the double-pass
RO system (Figure 9). In this
system, to lake advantage of the
lower operating pressure and
electric consumption, two types of
low energy 8 inch RO elements
were used simultaneously (i.e., the
BW30LE-440 in the first pass and
the SG30LE-430 in the second
pass). Figure 10 shows the several
performance indicafors of the
system. Silica concentration was
lineally (logarithmically) decreased
from 35 ppm to 16 ppb and the

conductivity dropped to 1 pS/cm. Secondly, the SG30LE-430 was placed at the No.2
position as shown in System-I. A schematic flow diagram is shown in Figure 11. Figure
12 shows the normalized single element flow over 400 days of operation. Permeate flow
is constant and maintained its initial performance. No prominent membrane fouling or
performance deterioration was observed. Figure 13 shows the TOC profiles of feed and
permeate. SG30LE-430 kept the permeate TOC level at 1.5 ppb even during some TOC

spikes.

Figwre & Double pass RO system
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Normalized Flow Rate @107 psi (7.5 kg/cm?) and 25 °C BGI0LE-430, TOC Rejection
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Figure 12 Normalized flow Figure 13 TOC profiles

RO Elements for the Recovery System

Due to environmental concerns (ISO 14000 series), regulations, and water shortages,
the semiconductor industry has begun to recover or reclaim wastewater streams from
various wel processes and reuse it as a sowrce of UPW. In general, Japanese
manufacturers and OEMSs have been eager to recover the wastewater as seen in many
published papers and patenis:

e Organic waste: DMSO and TMAH (-13) )
«  Chemical Mechanical Polishing (CMP) Shurry “*'>
¢  Inorganic: HF

«  Others: RO concentrate, end of pipe treatment ¢’

The Chandles Indusirial Procens Waler

Wastewater reclamation, however, has been Trosoment Fazilky (W), A2
paid little attention until recently in the U.S. an
To achieve effective wastewater reclamation, a
variety of technologies such as the advanced
oxidation process (AOP), biological treatment
(membrane bioreactor and biofilter), and
several types of membranes (MF, UF, NF, RO,
ED) need to be combined. A role of RO in this
application i3 to polish pre-treated wastewater  Chandier IPWTF
so that the permeate can be used as a feed
source for the UPW process. Here, two cases wiil be briefly introduced.

Firstly, the City of Chandler, Arizona, built a water reuse plant to attract one of the
world’s largest semiconductor manufactures and protect precious ground water
resources' * 7. The Chandler Industrial Process Water Treatment Facility {IPWTF)
recharges the local aquifer
with high-quality reclaimed e Cuusie Al ean

water to improve the area’s l__gn\.lg i.lmc'"mm"rj ’l — Hﬁm -
overall water balance and, | it il I Y.

at the same time, reduce the o o

volume of  wastewater ] e S
treated at the city’s t I l
conventional  wastewater Sty b e
treatment  plant. The
IPWTE began operating in

July 1996 with nominal

Hypochlarila

AC BWI0-400, 5 Traine with 9 & Arrwy Configurallon, 3elcmanta par prassura veasel

Figure 14 Chandler IPWTE process flow diagram



capacity of 8,700 m*/d (2.3 x 10°

‘Tabl y ater quali
opd). The IPWTF features three able 6 Chandler IPWTF recharge water quality

comparision
membrane' types‘ A Parameler [njected MW .5 MW Is lniectod less Ihan ar
nanofiltration  (NF)  system [y E—
reclaims  water from  the oonduiy e - o e
. . L] - Inorganic
Semlcondllctor plant s RO reJEC1' Sadmum tngiL 114 10 T Abcyt aame
St[ealns_ An RO System Patasgium mgiL <2 L 8Y + Tas
. . Boron mg/L (317 Ve D.21 Abour gams
equipped with the BW30-400  |ei ot ’ " o
. manasium mg/l, 1.3 31 1.3 Vg
clement reclaims water from a  [owwes o s 0 w ves
. Awanelly, 1olal mygiL i | [E] 01 Yes
mixiure of process wastewater Chiaride mgiL %9 140 124 Abaut sama
Sulfale myiL 13 4 .
streams. An MF sysiem, added sitica mat 1s - 2 v
. Nitrale az N m | . a1
in January 1999, pretreats water  juetss man eon by iy o
A . Arganlc
heading to the RO unit. A | Y az @2 verqiven conshisity

schematic flow diagram is shown
in Figure 14. The RO process equipinent includes five trains, each arranged in a two
stage 9 x 5 configuration of six-clement pressure vessels (PVs)., The membrane based
processes consistently have produced a high quality finished water that exceeds the
requirements of the aquifer protection permit. The city monitors the quality of the
injected treated water (a blend of RO and NF) and water from monitoring wells. Injected
water concentrations are less than or about equal to those from the monitoring wells
{Table 6). For a design of the Chandler IPWTF, Black & Veatch, Phoenix, Arizona,
received the Superior Achieverent for Excellence in Environmental Enginesring award
from the American Academy of Environmental Engineers in 1997 ©%,

Secondly, field trial results of a FilmTec 4 inch FR Element (TW30-4040FR) will be
demonstrated. At this electronic device manufacturing site, an organic wasie stream is
currently treated with biological treatment, —
continuous nmucrofiltration and reverse
osmosis as shown in Figure 15. Treated

FilmTec FR Element Field Trial

Site : Electronic Devica Production in Japan

RO Efeneats Tested i
1 IlimTec TWI-40L0F R i

Organlc

water iz reused at the site,  Major Hestewate | 3 & Company.Law Pt RO
contaminants causing RO  membrane S i; W me
fouling are bacteria and residual organic | N ™~ %_1, |
solvents used at this specific site. During i =
the course of evaluating various process, an Bio-Fiter

OEM tested several types of RO elements o permsm o = 187 Loathonr " contene

Fixed recovary = 20% !

under the following conditions:

Figure [5 Wastewater rectamation

¢ FElement Evaluated :
FilmTec TW30-4040FR
Company A Element A, Ultra Low Pressure Type
Company A Element B

» Permeate flow rate was set io 167 Vmin (44 gpm) for each element

» Element recovery was set 1o 20 %

¢ Temperature was ambient ranging 22 - 25 °C

s (Cleaning solution is NaOH. pH of cleaning solution was controlled ai pH 11-12.
Cleaning temperature was set to about 40 °C. Alkaline cleaning was conducted 8
times during the trial

Feed water was taken via a branch pipe from the existing RO unit. Consequently, the



cleaning solution came
through the trial elements

when the existing RO é g
plant required cleaning. 2 §
Three PVs were placed in s g
parallel adjacent to the E %
existing RO unit. The B =
trial started on Feb i3, e

1998 and ended on Sep Cw BN E b .~ a

29, 1998. (7 months). S8°3YSEYEeSENERESC5ES

The trial was carried out . ElemuntA Fued Prass ~4—Elsment B Fead Prass

at ﬁxed permeate flow —s— TV 10FR Fead Pruss Elamant A delta P '
and ﬁxed element —a—Element & deflap —a—TWIGFR dalta P

recovery. Main  Figure 16  Feed pressure and delta P, Feb-Sep, 1998
parameters measured

were feed  pressure, 100

differential pressure 98 M
(delta P) and sall |

rejection. Salt rejection 5 % f_v—ﬁ
presented here is based $ o

on conductivity of the 5 o2 .

feed and permeate. @ i :

Figure 16 and 17 show a0

the profile of feed a8 | . .

2{25 |-
319
321 )
414 ¢
520
&M
5i2b |
85 |

pressure, delta P and salt o yige eREe g ugerg
o T o M~ M~ o0 o

rejection throughout the [

entire trial yuns.  An
increase in delta P was  Figure 17 Salt rejection, Feb-Sep, 1993

Elemant A —a—Element B —»— TW30FR

considered to be mainly

due to biological fouling. The TW30-4040FR element showed the best performance for
minimal delta P increase (i.e., the delta P of the FR element stayed the lowest throughout
the trial). The delta P increase rate was the lowest for the FR element even when all three
elements experienced severe increases during March-April timeframe. An increase in
feed pressure was attributed to biological and organic fouling. Major organic
contaminants are organic solvents and surfactants coming from the process. The highest
feed pressure increment among the tested elements was observed for the low pressure
type RO element A. In the case of biofouling, the operating pressure of these elemenis
was more or less the same. In terms of salt rejection, there was no significant difference
observed for all the tested elements. Salt rejection at start-up was 99.0 — 99.2%, whereas
at the end of the test, salt rejection was still 99.1 %,

Conclusion

In this paper, some advancements in RO technologies for UPW production and
wastewater reclamation have been described. It is anticipated that membranes in general,
and RO in particular, will continue to play important roles and provide effective and
highly optimized solutions to purify and recovery water while minimizing UPW
production costs when integrated with other advanced technologies such as AOP,
membrane bioreactor, 1on exchange, EDI, and so on.
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