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These technical data concern the electropolishing technology of stainless steel which have been accumulated by the
Company for a number of years. In particular, they include theoretical discussions and requirements of electrolytic
polishing, distinctive differences in surface conditions /surface area / washing efficiency / dust raising property / corrosion
resistance by each type of surface finish such as electropolishing and buffing, special remarks regarding installation of
equipment, and, finally, measuring methods of surface roughness. We are fully determined to continue our efforts toward
further development of electropolishing technology so as to ensure supply of excellent products.
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Surface Conditions of Various Stainless Steels
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1. Surface Conditions of No.1 Materials Photo

Photo-1 shows a surface stereography of Nol material.

Photo-2 shows its surface picture. The solid and dotted lines indicate surface roughness, where, in this case,
unevenness on the straight solid line near the center is drawn in a wavy line as its profile. The upper and lower dotted
lines indicate the vertical interval between the highest peak and the deepest dip of the profile. In this example, it is equal
to 13.56 um as shown in the lower right "DEPTH" column. Photo-3 shows the cross section. Photos 2 and 3 were taken
with the same magnification.

[E&5-1 Photo-1]

[EE5-3 Photo-3]
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2. Surface Conditions of 2B Materials

Photo-4 shows a surface stereography of 2B material.

Photo-5 shows its surface picture.

Photos-6 to 9 show its cross sections. There are dents and over laps that hinder washing seen on the surface of 2B
material. These over laps and dents are considered to be formed during a certain manufacturing process of 2B materials
following the final heat treatment process, where surface unevenness created during pickling is leveled by being rolled
lightly so as not to cause any change in plate thickness, but the high points, when thus flattened, are crushed into over
laps and dents.

[EZ-4 Photo-4]

[EZ-6 Photo-6] [EE-7 Photo-7]
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3. =% —#oFkmE Surface Conditions of Sanitary Materials
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Photo-10 shows a surface stereography of a pipe for sanitary use.
Photo-11 shows the surface, while Photo-12and 13 indicate the cross sections.

[EZ-10 Photo-10]

[E&-12 Photo-12] [E5-13 Photo-13]




4 . BfEFEMDZRE Surface Conditions of Electropolished Materials
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Photo-14 shows a surface stereography of an electropolished material.

Photo-15 shows its surface picture. In this sample, the vertical interval between the highest peak and the deepest dip
is equal to 0.03 u m. However in actual practice, a vertical interval as clear as this seldom appears, which is mostly larger
in size and gentler, being equal to 0.5 to 1.5 um.

Photo-16 shows the cross section.

[55-14  Photo-14] [52-15 Photo-15]

[5Z-16 Photo-16)
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Unevenness Seen on Cut Section of Round Bar Electropolished ( Mat Finished Surface)
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Photo-17 shows a surface stereography of an electropolished surface of a round bar section.

Photo-18 shows its surface picture. The black spot, as being judged from the corresponding profile, is a dent of 2.29 u
m.

Photos-19 and 20 show the cross sections.

[E&-17 Photo-17]) [E&E-18 Photo-18)

[EE-19 Photo-19] Photo-20]
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Electropolishing Theory
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The first record concerning use of anodic dissolution for polishing metal surfaces is found in a German patent which
was granted to Spitalsky nearly 70 years ago. After that, in 1935, P. A. Jacget wrote several detailed articles on this issue,
developing the electrolyte used to this day.

Jacget explained his electropolishing theory as follows:

When a polished surface becomes an anode in electrolyte, it creates, through reacting to the electrolyte, an initial oxidizing
zone with a viscous surface. While the interface formed between the polished surface and the initial oxidizing zone traces
exactly the irregularities of the polished surface, the one formed between the initial oxidizing zone and the electrolyte
becomes almost a flat surface. In other words, thickness of the initial oxidizing zone is in inverse proportion to unevenness
of the polished surface, being thinner for convex parts and thicker for concave parts.

This relation is explained in Fig.-1 by distances A and B.As electrical resistance of the initial oxidizing zone is larger by
almost a digit than that of electrolyte, the interface between the initial oxidizing zone and electrolyte, when viewed from
the side of a polished surface, becomes equipotential. The cathode which is 50,000 i m apart, therefore, shows the same
equivalency as it were only 10 4 m apart, bearing the above-indicated A-B relationship. As volume of electrolytic current
running in A, naturally, is larger than that in B where it is inversely proportional to the distance, the A part is dissolved
faster than the B part. Leveling thus takes place.

In progress of electropolishing, a rigid oxide layer (passive state film) is formed on a polished surface through
electropolishing. Thickness of this oxide layer, being in proportion to volume of electrolytic current, is larger in convex
parts and smaller for concave parts. At the same time, however, this oxide layer is considerably larger in electrical
resistance than metals. Therefore, the rate-determining step (note 1) for a current value at the beginning of
electropolishing concerns distances A and B, which is eventually shifted to thickness of the oxide layer thus formed by
electrolytic, causing an electric current evenly to flow irrespective of distances A and B and finally ceasing leveling of
electropolishing. This process is explained in Fig.-2 below:

(-1 Fig-1] (-2 Fig-2)
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Another important factor concerns quality of a passive state film. As a passive state film is completely removed through
mechanical polishing of stainless steel mentioned above, it is, therefore, usually formed after mechanical polishing by
forced oxidation through use of the nitric acid dip method. Oxidation in this case is nothing but a product of random
contact of stainless steel and nitric acid. As thickness of a passive state film acts as the rate-determining step for
electrolytic current in the final stage of electropolishing, current flow becomes larger where the film remains thin or
unformed, thus building a very dense and uniform passive state film.

It should be further noted that elemental analyses had revealed concentrations of chromium and iron as being 60%and
30% respectively. Comparing with ordinary SUS316stainless steel whose chromium content is about 18%, the surface
thus formed is far higher in chromium content and is outstanding in corrosion resistance. Fig.-3 shows an example of
elemental analysis results for electropolished surfaces using SUS316L material.

[4-3 Fig-3]
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As it has been explained before, a passive state film produced by electropolishing is characterized by its denseness and
high chromium content. Fig.-4 shows corrosion rates measured in boiling ultrapure water. While mechanical polishing
brings about annual corrosion of approximately 1.2 4 m, electropolishing produces annual corrosion of not greater than
0.1 um which is below the detection limit in corrosion rate measurement by the polarization resistance method. Fig.-5
and 6 show measurement results of metal ion amounts eluted into ultrapure water at room temperature of 80°C
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Leveling by electropolishing, thus, has its limit, which is usually lost as the original roughness of pre-polished state has
been reduced to 1/2 ~ 1/3.When a very smooth surface is required, therefore, it is necessary to use mechanical polishing
until certain smoothness is obtained. Combined electropolishing method has been developed to supplement this
disadvantage, whose conceptual diagram is shown in Fig.-7.
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[2-7 Fig.-7]
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This method is characterized by abrasive grains being mixed in electrolyte which enable mechanical polishing
simultaneously with electropolishing, thus constantly removing passive state films in the course of electropolishing.
Therefore, the difference in distance produced by irregularities of a polished face (A / B of Fig.-2) can constantly remain
as the rate-determining step for electrolytic current by completely exceeding the leveling limit of the ordinary
electropolishing. It is however true that, unless passivation treatment is once again performed in this stage to completely
remove the passive state film, corrosion resistance decreases sharply.
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Electropolishing Prerequisites
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Documents concerning electropolishing should, at least, include and control the following items
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a Objectives of Electropolishing

Electropolishing conditions differ by intended purposes. For example, pretreatment and other conditions of
electropolishing vary when it is practiced to reduce surface roughness and when itis used to improve corrosion resistance.

If you wish finishing with least surface roughness and beautiful appearance, the best electropolishing method
recommended should include enough buffing and just a little electropolishing. In other words, because of insufficient
electropolishing, you cannot expect, under this method, to attain leveling, to prevent occurrence of foreign substances, to
increase corrosion resistance, or to improve washing efficiency.

On the other hand, a method has been widely adopted in which mechanical polish is used only up to a level of #400
enough to erase linear marks and, then, sufficient amount of electropolishing is applied to improve proof properties for
corrosion resistance and sterility.

In Western countries, these two objectives are completely differentiated. For example, use of fixed abrasive grains is
specified for mechanical polish of tanks for  (WFI : Water For Injection)

b Customer Identification
Records including company names, customers' work names, item names, drawing numbers, etc.
¢ Electropolishing Subcontractor Identification Records including company names, factory addresses, telephone numbers,
etc.
d Accountability
Organization charts of subcontractors/factories and names of persons in charge of each process
e Specifications and construction plans of electropolishing equipment
f Work schedules and calculation sheets by item subject to electropolishing
g Reports concerning results of electropolishing by item, and adequate technical data to scientifically verify variances with
work schedules as well as conformity of the work results to the intended objective of electropolishing
h Inspection Reports
Inspection results by process covering preparatory process of electropolishing, actual practice, clean steam washing at
121°C | and final inspection process. The final inspection report should preferably include results of roughness tests
of weld seams, etc., results of pinhole inspection through use of three fold magnification loupes, white glove test results,
and filter contamination observation results from clean steam washing at 121°C.
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Control of Electrolyte
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Control logs of electrolyte should be maintained as internal records.

Electrolyte for stainless steel is, in general, made of mixed acid which mainly consists of. Phosphoric acid. Electrolyte
of this kind acts to first elute iron in stainless steel, causing increased iron concentration in the electrolyte. If iron
concentration exceeds a certain rate, iron element remains on the surface as contamination in electropolishing, causing
rouge occurrence by wet sterilization effect especially for items with very slow flow rate such as tanks.

3. BEWIEORESRM

Various Electropolishing Conditions
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Electrolytic action, if only very small, takes place whenever an electropolished object is immersed in electrolyte mainly
composed of phosphoric acid and even a small quantity of current is supplied. Electrolytic like this, however, cannot be
referred to as electropolishing. This is because only a rigid passive state film formed through adequate electropolishing
can realize outstanding corrosion resistance, less adhesiveness, the maximum degree of oil elimination, reduction in the
number of particles, etc.

Only those that have been electropolished, at least, under the required minimum electropolishing conditions should be
called electropolished goods.

a BE (Temperature)

BREMEERANMET CLWARERE (60°CH 5 90°C) T, REMEL T T EEBEAEDRNAET. Ao(F0
TEY ERY REASbEEINAVWL, EELELELAL, —A. BENST TEEXT VL AOEXRENE
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Too low surface temperature subject to electropolishing (‘as compared with the standard range of 60°C~90°C) fails to
attain adequate gloss, resulting in whitish finish where no improvement are seen in surface roughness or corrosion
resistance. On the other hand, too high temperature causes staining on stainless steel.

b TARZTE (Current Density)

BERMEEIL 0.3A Ao 0.8A/cm? O THETE NETH Y . HISEIIC 0.16A/cm? £ TRDH H-NEH. —MICE
MEBEMELRDERT Y L ABROUEERE GEEBNEYOFE, AER. TEERS) NERMERERICA
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Y FREEIHEEINAL,

Electropolishing should be performed within a range of 0.3A~0.8A/cm? with occasional exceptions of use up to 0.15A/
cm?. In general, the lower current density is, the more work history elements( influences of non-metallic inclusions, heat
history, rolling history, etc. ) of stainless steel itself are involved in electropolishing rate-determining, causing occurrence
of pitching, etc.

Further, current density, if it is below 0.15A/cm?, results in whitish finish without electroplish gloss and no improvement
in surface roughness.

¢ EfEE (Electrolytic Volume)

MIZEENEHET 2AEMDNH LRSI LT TIRTMYBRCZENEZ LW, EFRNREEIL 25um 55 75U
mETcl<HLWVWTH D,

It is desirable that removal should extend to a depth where a work hardened surface layer might exist. The depth,
specifically speaking, is between 25 um to 75 um.

d EBE (Voltage)

TEDZREINEVWERETHETIDZENEET LV, BENSL LD ;t £z 75 ORI < L\*B/\ﬁ » 57
OT, BRMERDREMECGEET /Y BFFFERFOTENIKITIC WS ﬁ?ﬁ EN—ICR oW s
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Use of the lowest possible voltage is recommended. Voltage increase can indicate that current flow is blocked at some
part, where too low temperature of electrolyte, bubbles caught in electrolyte, or uneven electropolishing is suspected.
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Surface Areas of Various Finishes
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With severe irregularities, actual surface area naturally becomes larger than the theoretical surface area. To investigate
this difference, we have conducted comparative measurements, of electropolished/#320 buff finished surfaces and actual
surface area of 2B material through using BET adsorption isotherm ( note 2 ) and Kr ( Krypton gas ). The results are
shown in Table 1 below:

[#&-1 Table-1])
% (o7 A e + == =
_U_\/7u 7&@?%57%@% = %E E }F,\ % E %EEE\ e
Geometric surface area Actual surface area .
Sample P 5 Surface area ratio
(cm? (cm?)
BRI 15.6 15.6 101
Electropolishing
#320 /%7 )
#320 buffing 15.6 20.7 1:1.32
2 B ™ )
2B material 15.6 32.8 1:2.10

(COEBRMER L, BEBREESMNEZAE L, RE6UUAT—HLTEHY ., BYELBEXEIE+02%, n=4TH )
(The above experimental results were obtained through measurement of international standard samples within errors of
6% and with repeated reproducibility of +0.2% /n=4).
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Differences in Washing Efficiency Among Various Finishes
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Jorge Villafrance and Eva Monroy Zambrano, in 1985, published a paper concerning washing efficiency of surfaces of
stainless steel.

In the paper, samples identical in size were first contaminated in the same manner with bacteria containing radioisotope
P32, After they were washed in the same manner, residual radioactivity was measured so that washing efficiencies were
compared. The results are shown in Table 2 below:

Although the two tables, Tables 1 and 2, cannot be compared on the same level, quite an interesting tendency is indicated
here. In other words, 2B material alone shows outstandingly large results both in surface area ratio and residual
radioactivity ratio. The 2B material, although it appears more lustrous at a glance when compared with the sanitary sample,
is large in actual surface area and low in washing efficiency, which is therefore unfit for manufacturing processes of
pharmaceuticals and other processes accompanying fermentation.

Carefully avoid pipes which are manufactured and commercially available in the same way as 2B material, as they are
also low in washing efficiency despite of its lustrous appearance of the inner faces.

[£&-2 Table-2)
g FREME S TR AT RE TR IETREL
Surface roughness Residual radioactivity Residual radioactivity
Sample )
Ro (um) (cpm) ratio
mmt .
Mirror finish 0.01~0.03 71 1:1
==t ) 7
s 0.18~0.22 72 1:1
Electropolishing
- 1) —
ﬁ_?) 0.20~0.30 124 1:1.7
Sanitary
2 B _M 28 0.20~0.50 611 1 :8.5
material
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VI. BEEEICKBREN
Dust Raising Property by Various Finished

P TILELTA Y Z7RELTILIO—ILE B00m #FE 1,000m O XX v Z—(Z AN, BEKEEE (Bo
KREZ & E0E 25em,. & & 3lem. SFE S 15em)IC AN TEBER (HEH 400W, FEERE 28KHZ) #8B5T L. 4V 7R T
JLa—bthopr 7804 8IE L=,

BIEAEIL. BEFROBHERIIL 1 E 10 9& L, LR 06um. BRE 25mm OFRY h—Rx— | Mox 75
T4l Z— (E3) THEL, RELTICEBLTEE Lz, b, HFHOATEIIENEL2AWV 2 EZEEEET
TN R L um LLEIFEE 600, AIfE 10 um LA EIEE3 300, MR 50 um DL EIZfEER 160 TR, PRlL7z, &
DR AFR-3 IR,

As an example, isopropyl alcohol of about 500ml is placed in a 1,000ml measuring cylinder, which is then put into an
ultrasonic cleansing apparatus (of size W25cm X L.31cm X D15cm ). After application of supersonic waves (output 400W
/ frequency 28KHz ), the number of particles in isopropyl alcohol was subject to counting.

Time exposed to supersonic waves was 10 minutes each time and isopropyl alcohol was passed through a polycarbonate
membrane filter with pore size of 0.6 um and diameter of 25mm ( note 3 ) , which was then subject to microscopic
observation without staining. Particles were counted by direct microscopic examination method and those with particle
size of 5 um or above, 10 u m or above, and 50 £ m or above were observed and counted through use of magnifications
of 600, 300, and 150 respectively. The results are shown in Table 3 below:

[%-3 Table-3]
EREHTE Y=Y = 2 B M
Electropolishing Sanitary 2B material
>
S g A 14,600 99,600 150,000
5 um or above
! @ 2 1L 0 o XS 4,800 18,800 35,600
1st time 10z m or above
o b prin O 400 110 760
50 1 m or above
5 g e 970 89,700 27,000
5 um or above
2[E8 10umBlE
2nd time 10 . m or above 220 14,800 6.200
5 g U= 10 140 260
5 0 um or above

T, VAR —ICHELIANTEZEBE-21 hoBE-38 1Ir L7,
Further, Photos 21 to 38 show particles thus collected on the filter.
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[E=-21 Photo-21]
.?gg >5um

Electropolishing
1st time >5um

X350

[EE-22 Photo-22)

!q‘g >10um

Electropolishing
1st time >10um

X350
[BEE-23 Photo-23]
3 TR
%‘%B >50um
Electropolishing
1st time >50Um
X350
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[E&-24 Photo-24]

TREGIE
%@E >hum

Electropolishing
2nd time >5um

X875
TRTE
oE >10um
Electropolishing
2nd time >10um
X875
ERUIE
%%a >B0pum
Electropolishing
2nd time >50um
X875
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[E&-27 Photo-27]

—&l—
188 >b5um
Sanitary
1st time >5um
X350
— 51—
108 >10um
Sanitary
1st time >10um
X350
="RY—
1@8  >50um
Sanitary
1st time >50um
X350
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[E&-30 Photo-30]

Yo l—
208 >5um
Sanita
2nd fime >5um
X875
F R —
2@8 >10um
Sanitary
2nd fime >10um
X875
H—l)—
208 >50um
Sanitary
2ndtime - >50um
X875



[E&-33 Photo-33]

2 B#
1@8 >5um
2B material
1st time >5um
X350
[52 34 Photo-34]
- Aszes: 2 B#
1@B8 >10pm
2B material
1st fime >10Uum
X350
[EE-35 Photo-35]
2 B#
1@8 >50pum
2B material
1st fime >50um
X350

21



[E&-36 Photo-36]

2 B#t
2@B8 >bhum

2B material
2nd time >5um

X875

2 B#
208 >10um
2B material
2nd fime >10um
X875
? B#
208 >60um
2B material
2nd time >50um
X875



BECLICK RN

Corrosion Resistance by Various Finishes

1. 121°CE 2 7 RAF— LRESR
121° C Pure Steam Exposure Test

ERBOERGE T T MIEHLND R T L AMOERERIE. EICNNVHER. BRESHER. /7 HE+SHEU
EEHLOEMOEBHBRMERO 4 BEICKFISND,

FNFNOXRAZTHMT 2720, BEMIEAZRWVTIRTER T I0%HEBARDIC 4 BREEA L TIRefe b LiE
ERELI-U TN AEBE-39 A EBEE-44 FTITRLIZ, BE. HBOHR T L REM (2B#) tHEL.

B5-39 3, BRICLZ2EMEETH D,

BE-40 13, AFBEHEEETH S (24%35mm. REFT 151E),
BE-41 (&, EFEHEESEM—Scanning Electro Microscope) BEETH % (89 x 118mm. #RE < 1,000 %),
BE-42 L. FNFNOY > TINEF = 7L —THhTI2I°COE 2T RF—LIC 24 BEREL-HE. F—
JL—T7hoBRYHELAZLOOBERICLKAIEXRAEETCH D,
BE-43 3, AY Y 7ILOREEMEEECH D (24%34mm, RET151E), BE— 44 &, FAY >~ 7LD SEM
BETHD (89x118mm. HEF< 1,00013),
BE-39 OFAT7RAF—LERROBBRTIZ. BREATENRLELL ALY >THEY ., ZIFBEEEEL TV

]

i
i

]
\\\

‘l

i

i

N

BEE-40 OAXFBEHIEEETIE, N 7HER. SREESTER S HICHEAICL 2 X XABEICR X 5, &4m (2
B#) ICRZZT LIERAZRE L/ EDFEO—LIZLDZDDTH D, NT7+E PEICIEHITEIZ/N 7 EOEDR
NELESTWE, T, A4 EBZZEHRIFERFOO—ILF I ThHb, 2B+EPOENGT CIEEIZ2 BM
DEREINELZDICRY ENTOWEWI EA2 R, SEIOT R FTlE, HEBEO BN T74E P & R—54 BRI
%%ﬁotﬁ\ﬁ%u2%05m®%%ﬁ%%#wéztn Y ZoHte LERE BT ZENTE 2,

BE-41 O SEMBETIINVIER. BREATEmMICIEAICE DT IANR S Fond, HFIBWE S FETE
EBIA2EFIDOREZEF0IumA S 10um £ TEEFIELFIAEET 5,

BE-42 @ 121CE 27 AF— ARBROBR T, BREATEEORHEICS > F o LBICL2BYIHEL
7=o NT7HEERICIESIRICEDFTIEZ > &Y L8 RE L 7=,

EE43@%$ﬁ%ﬁﬁﬁru\éb INTIHER. BREATHEROEORENBRICERTE 3,

Stainless steels used in pharmaceutical manufacturing plants are largely divided according to their surface finish into
four types including buffing, combined electropolishing, buffing + electropolishing, and electropolishing of raw material.

For surfaces valuation, all the samples except those electropolished were immersed in 10% nitric acid solution for 4
hours at room temperature to be provided with passivation treatment. They are shown in Photos 39 to 44.For comparison
sake, stainless steel material ( 2B material) was also used in this test.

Photo 39 shows surface pictures visually inspected.

Photo 40 shows optical microscopic pictures. ( 24 X35mm / 15 times in visual field )

Photo 41 shows SEM ( Scanning Electro Microscopic )pictures. ( 89 X 118mm / 1,000 times in visual field )Photo 42
shows surface pictures of each sample visually inspected after it has been exposed to 121°C pure steam in an autoclave
for 24 hours before being taken out.

Photo 43 shows an optical microscopic pictures of the samples. (24 X 34mm / 15 times in visual field )

Photo 44 shows SEM pictures of the samples. (89 X118mm / 1,000 times in visual field )

In Photo 39 taken from the visual inspection prior to exposure to pure steam, the combined electropolishing shows the
best finish that is almost like a mirror.

In the optical microscopic pictures of Photo 40, scars produced by abrasive grains are obviously seen both on the buffed
and combined electropolished surfaces. Lines seen on the material surface ( 2B ) have been produced by a roll in sheet
manufacturing. There are vertical marks having been produced in buffing on the " buffing + EP " surface. Further, the
black dots are roller stains having been produced in rolling. Thin vertical lines on the "2B + EP" indicate that the surface
of the 2B material has not been fully treated. In this test, although the conditions applied to electropolishing were the
same as those to "buffing +EP " for the purpose of comparison, it is possible to remove these vertical lines through
application of electropolishing which is double in quantity.

In the SEM pictures of Photo 41, scars produced by abrasive grains are seen on the buffed and combined
electropolished surfaces. Judging from these and the relevant optical microscopic pictures, various sizes of scars are
identified which range from 0.1 £ m to 10 u m.

A visual inspection of Photo 42 conducted after exposure to 121° C pure steam confirmed appearance of thin hazing
caused by rust all over the combined electropolished surface. A few clear dots of rust were observed on the buffed surface.

In the optical microscopic pictures of Photo 43, rust on the buffed surface and the combined electropolished surface
can be clearly observed.
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[5£-39 Photo-39]
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From Photos 39 to 44 are
from left to right
Base material(2B)
Buffing
Combined-+EP
Buffing+EP
EP of base Material
(EP=Electropolishing)
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[EE-42 Photo-42]

[E% 43 Photo-43])

[EE-44 Photo-44)
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RISBEREZELEE A TO 121°CE AT X F— LRERBOEREABE-45 (2R L1,

BEL, EroY =g —E42B8E LD (a), BSEMEESAAEL-HD (b)), BEHIES 4 AEKEER
TEENL LD (c), YZXY —ELRBEREREL/-HD (d). ERMEES A2 BERLI S ICBHEE L7
LD (e) ThHb,

ald, =& —BHARELLRBEL L TOAWCOHRMEICEINTHEFNME L TWLWE A, BESLHHE-
TWBDTNRIMDOFENDANKENEBbHND,

blt. BEHOMEICEORENE SN D,

cld. TEBEREAETLIC L Y. bICHEARKIBISARERMNIDOFOREN DL, d . BEITEIC L 32T EEALH
ThNTWEDT, £/ {EDRENAT L,

ebdERETHDZN, A FIZ2ABRAEEZNMTTHIEAR N EERLTWD,

Photo-45 shows results of the 121°C pure steam exposure tests of various pipes all having weld zones. The pictures
include (a) a sanitary pipe being welded, (b)an electropolished pipe being welded, (c) an electropolished pipe being
passivation treated with nitric acid after welded, (d) a sanitary pipe being electropolished after welded, and (e) an
electropolished pipe being once again electropolished after welded.

In Picture (a), as neither the sanitary pipe nor the welded zone has been passivation treated, blackish buff powder and
rust are attached all over the surface. Judging from the surface gloss, the welded zone indicates extensive contamination
caused by buff powder.

In Picture (b), occurrence of rust is observed on and around the weld seam.

For (c), occurrence of rust on and around the weld seam is much less than that of (b) because of nitric acid passivation.

For (d), due to passivation treatment, there is no occurrence of rust.

In the same way as (d), no adverse effect is observed in (e) where electropolishing has been applied twice to the sample
pipe.

[5EE-45 Photo-45)

2 BEAFMICL B 800 FHREMR

800-Hours Exposure Test Under Various Conditions

NTHEM & BREMEMZ, ZNEFNBREESZSAZLOEEEHRWLEDZAKEKS 80°C, fliZkd 80°C. flizkH
121°C. BHR/ A= L7fkh (BFEEFE S ALK 121°Ct O K. 260 FFfE. 600 Kl £ 18 800 Ktk
DECETE-46 h 5 BFE-49 IR L7, ¥ 7ILoa/811) 1/3 B SMEFICENN TV S DT 80°CE 41 121°C
DEIFBICHE>TWD, F/oo B/ 2/33FNKREE L > TS,

BH-46 (IRBEBFIOR T > L AREDOREZ R L. BE-47 [ZIRERFLAE 260 FHE. B E-48 13 EKERFHE 600
Ffdl. BE-49 |[3ERELAE 800 KON E R L TL 5,

2

Samples of buffed material and electropolished material with and without a weld zone were immersed in tap water of
80°C, pure water of 80°C, and nitrogen-purged pure water ( not containing dissolved oxygen ) of 121°C each for 0, 260,
600, and 800 hours. States of coloring were photographed as in Photos-46 to 49. Approximately one-third on the right
side of each sample, as being placed in vapor phase, was e y posed to steam of 80°C or 121°C. Accordingly, the remaining
two-third Qil the left side of each sample was immersed in hot water.

Photo-46 shows surfaces of stainless steel prior to start of this test.Photos-47, 48, and 49 show the states
photographed in 260, 600, and 800 hours respectively from start of the test.
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[5EZ-46 Photo-46)

%%%Q‘S?q TREE DEAAER
YAV
e BRGEORE
NI BREBDBIES
amsceeveesnlll =0 4 RATIROB#E
i Prior to start of this test
— . From top to bottom buffed(base metal)
! Electropolished(base metal)
)

Buffed(welded metal
Electropolished(welded metal)

EEEERE 260857

!
oK 121C

ZBRN—YDOHKF 121C

260 hours from start of this test
From left to right in tap water of 80T
in pure water of 80°C
in pure water of 121C
in nitrogen-purged pure water of 121C

EB2En® 600857
ZH BN HEORIHER
SRIEORMER
NI BIEDBEER
ERTIBEODEES

600 hours from start of this test
From left to right in tap water of 80T
in pure water of 80T
in pure water of 121C
in nitrogen-purged pure water of 121°C

[EZ-49 Photo-49]

e 5N\ BEDRIMS
TEIE ORI
: ) N REDBHESB
|- VR | TRYIBOBFES
] 800 hours from start of this test
From left to right in fap water of 80C
in pure water of 80TC
in pure water of 121C
in nitrogen-purged pure water of 121C
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EIRRITEE % Me 3 230 D %Mk - DB 3 == Special Remarks Concerning Equipment Used in Electropolishing
1 MEDFEE 1 Selection of Materials

— BT L RE, BAOBERE LTt Sty FOEETRAT YL R - RSy FEAL. BREL TR
BT 2D ERNL TREDEDICEDLE, BREIAIHY., FIZILZFNIHE (S) THIULT A Mn)EFMNL
MnSIZ L TEXY BR<, LD L. MnS A 5EDICERY ENTIIRE T 2 EESENEMERIEN DI T E L TR T~
L RNIZERET 5,

ZDIED. BT OIFERDPZDME A HLDFEEBNEDNRAT VL ABIZEENTEY, INSHIERTY
LREGERDIEDTH D720, BRNEATILERT VL RERERIZEGHERL, BRMEOMHR AT 5,

IO, FEEEEREETHLHTI Y —VEDSWEETIE., SSICEZRTHARE (VAR=Vacuum Arc Re-
melting) L. #iE% LIS TERT 22 &N—Mb LT3,

EEROME T, BEELZNEEOSY -V EEFERLTOAVOTREDRT Y LATHAEA, HEE
DBIRHTE DiEEEH » SUS316 1xdh £ V) K <k S ICRL %,

SUS316L MR R 72AY, SUS316 A5 4 nd LA SUS304 2 BALZAN L LAD LA,

b, AL SUS316L T JISHEARTHINEHY 2AARICL>TRABEBELHAEL TWADT, TEDLLITREAEIC
J6C7= SUS316L 2 #IRT 22 ENELZ LV, BIATIE. A—HW—ICLk>THEBRWIEAT 2 0WH & SEY A K
M OFEMELPINENELEEZ L. ZNAY ICEHOEREORA OBV EZHEE L NGB H D, T7-.
A—=H—EORELHLLDOTHE Y ZNYIEBET -8 & U,

In the process of ordinary stainless steel production, stainless scrap is used at a rate of tens of percents as one of raw
materials. After it is dissolved, elements still lacking are added to the specified levels. And, excessive impurity like sulfur
(S), for example, is removed in the form of MnS by manganese ( Mn ) being added. MnS, if not completely removed and
remaining behind, stays in stainless steel as impurity called non-metallic inclusion.

Various kinds of non-metallic inclusions are contained in stainless steel, including, for example, elements from a wall
of the smelting furnace. These elements, being different from those of stainless steel, naturally show different behaviors
in electropolishing and cause adverse effects.

For industrial applications such as semiconductor production where maximum cleanliness is required, it is common
that further VAR (Vacuum Arc Re-melting )treatment is inserted to increase purity.

In manufacturing of pharmaceuticals, cleanliness of the above level is not required at present, where ordinary stainless
steel seems to suffice for most of the applications. Based on my experience of more than 10 years, however, SUS316 is
not recommendable. SUS316L should be the best choice. In this respect, rather use SUS304 instead of using SUS316.

Further, with regard to SUS316L, steel makers now supply various different kinds within the specified scope of JIS
standards which are made available according to applications. It is, therefore, desirable that the most suitable kind of
SUS316L be chosen in actual application. Some makers, on receipt of an inquiry of electropolishing, have their sales staff
contact the engineering sections which can select appropriate materials out of their product lines. It is also recommended
in view of large quality gaps among makers to avoid cheap products.

[EE-50 Photo-50]
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ZOEN 8R—VITBLI LD ICAEOKTE T ERERFET 5 L5 BREATB I 2ETHE,

BE-50 ICEEBNED DS L SUS3T6L OEMRIERA. BEE-51 (ZIEEBNED D D740 SUS316L VAR # D
BRMIEmMOEEA R LT,

BE-50 OFRILOFIDRICHL BRAZFHIROHL DN ESENEW T, TOLETICEZEBRORDIERT
L 2D FIERFICEEBNMED D DT -F X EBbNnd, KD EL G > 7B RO F X HEAIOF ZITHARTEFRIC
Hol=DT, TTICHDEREICLYARL, FOFEEENEDLENTLE 2D EBbHND,

It is also advised that any design in which a round bar section is directly subject to electropolishing as shown in page
8 be avoided.

Photo-50 shows an electropolished surface of SUS316L containing a large quantity of non-metallic inclusion, while
Photo-51 shows that of SUS316L VAR material with less non-metallic inclusion.

A white spherical image in a scar which is seen in the center of Photo-50 indicates non-metallic inclusion. Grooved
lines above and below it appears to be scars made by the non-metallic inclusion during rolling of stainless steel. The thin
grooved scar at the far left indicates that non-metallic inclusion inside has already been removed by being dissolved
through sufficient electropolishing as it has been located in a place nearer than the right-hand side scar.

[5EZ-51 Photo-51)

2. Ry o8lfE Tank Manufacturing

SETICELI M I TLAL EICEEFOBEREA RS,
Regarding tank manufacturing, special remarks are mentioned as follows based on various troubles so far experienced:

a tRehlT Plate Bending
A—LREDEICWIZTI N IZ, WOXREICHEREWNEFXEZ DS TCEEETRYKRC I EHPRET, AIRELRR
& XomWhwa—ILOXREE L <HEEI- TRIREE <,

Scars and dust attached on a roll surface cause relatively deep scars on a plate which are difficult to be removed. A
roll surface should be free of scars as much as possible, which should be well wiped prior to mounting of a shell plate.

b <vk—IL¥/ X)L Manholes and Nozzles

TUR=I SN ED R VAREICERY T B ERIL. X7 ICERY ST BEICH o COEBEBRITEE ML
THEE, XY HITTHALBER V2R EERET 2 & ENWIELED D, BEEMNICITEETRAET
BN/ AN ERBEL EEIIBETROOANMETREN X ), TCERFETSICKY ., ZO®BEZ Y JRIK
DEUEICH D B &/ RNVETIRE TIZHAHEICE D,

Fittings attached to a tank such as manholes and nozzles should be first electropolished before being mounted, which
are then electropolished for the second time after being mounted as the whole tank. In actual practice of a tank
manufacturing schedule, nozzles should be manufactured first ( with a slight allowance in length for future
adjustment )and sent immediately to an electropolishing workshop before the tank body manufacturing starts. By doing
s0, you will be able to have the nozzles electropolished in time for its mounting process.
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c. BRI X 2 TH#Hit E(F Surface Treatment by Mechanical Polish

BWTRRC L A TRIE LciERIE, REICLATHEAIWLWS Ty 70 LbaRELTLDE, INIEERFETIE
YRS ZENTERVDT, AREBERITENZNARET 2R1ICEMT 80 &, 160 &, 240 &, 400 HiEE D~V
Z v 7R A —VEOREMA E BV THEBITE 2B, A THEIL FEBICLZIE0DEAKRE (L MFKD
BITIEFR-8 DL I ICTRWTHOEEHRNT7ZBAIT 2 ETREBOXANBLOAIS 2T, —RENWEED o7
£DICRAZH. BRFEENIT 2 ERERDNBEL., THOTRVENE T2 I E0H 5,

A rolled shell plate and press-molded panel board always have some fine cracks and lines on their surfaces. As they
cannot be removed by electropolishing, each plate should be provided with mechanical polish before being welded through
use of fixed abrasive grains such as flap wheels of Nos. #80, 160, 240, 400, and the equivalent. Cloth buffing can create
large variances among workers. Fig.-8 shows one extreme case in which cloth buffing is heavily applied on a rough base.
Although the finish may appear appropriate at a glance with the metal face being covered up, electropolishing which
follows can elute the surface area, even exposing the rough base.

[-8 Fig.-8]
HOTHDNBHER  llustration of buffing of rough base
BEOBTHASRR
Incomplete root penetration of weld

AL & ShEE 7Y Ew
Abrasive grain and fats/oils Pit

-

3
A
Lo—
—

N

THOEOWNZHERICERTEE D F-HBE  Buffed rough base subject fo electropolishing

d A >F Punching

MIBROPCEHICR Y FEFI DI EAH LN, BEE-H?2 OLHITEVWFIERSTIEBICENL DD T, BREVEA
TAEICITHETIC R FE2F > T S0,

Use of punching for positioning or marking should be avoided on a surface to be electropolished as it can produce deep
conspicuous scars as shown in Photo-52.

[EE-52 Photo-52]

FEBITNESOEVFR—I Extremely small pinhole

EVR—UEERL TE¥P T Pinholes are likely to occur in succession RYFdHE  Punching mark
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e AE  Welding

XBELZEESDTTAT—ARNICEDAEETHE. BMET 4 T —ARZIVLOMENKE GED - BMRIET
BESHALRY, HMELBL QDRI EDNHZ2DT, AJEREYN-9DFIETARET LI ENAEE LU,

BEIIHMITBET 2. COESHMTCRARED TR b e —XZ2BE L. F—B%%E & >ThAaEH 30em UL
FOBEEE T TRITARARR, 7A—K—IL, X T77EEAH, EVR—LaENHICCWESFEZRTE L TERSR
BEATINEND D,

BESMIIMEL RE. BE. AELHICLUBICELT IO T, BETRA M —ZXEEDL T ENLELZ LY,

F/-. /RN EORSTIZN-9 DL 52/ TOUMEAE LD TED L THBELELH D, UL FD/ (17
ENCBRRMIELN DD D EEHOEE 05mm ICHZET L R—ILROXRIENFE L. I D,

ARITES, S8R TIHCTRLZES O CRBIEAWD, EBIRIE X —h—ICERIEEE L& xBakIc /i 2 Al
UHH 2,

BETORBEICIERZRENH D, FIZIESENRAEUHECEREE LI > TXREERGHABRE BRI T
WBBRBEEAE LT-X 7 IRIFE A EERBOEZEENZ W, X EERGEABREHE YT/ &N UVARE
TOBEIIREN L . SETOESTIE 2,000 (24> 7 TEHEDFRD EY R—ILOAITAARNRED RIEH F
Bani-Zenh s,

INODRGEIE, REEFDOEZEIKEBELI-AT—Fzv I TH2B3SHVWILAREBTELL,

BERIIER 121CEa7RATF—LEFE2T 58, ZRIESHEE LTEBICTNESAEYR—LOFRIZHEAL, #F
DR TEKTE, EVR—ILOONSHE T ETILHEEES>THTLDZDT, Z0HENE Y R—ILOFE Y IZED
D, RELCREZAZ2ODTHREINALCT L, LHL, HF VNS REVFR—ILE, BREOERBEERADDI-HERIMZAT
ERVNDODTHT—F v I TIEHEILDHL,

BB, EOBRETRLFEMSOBRFZEICLVEBIL, 2V ZIFx—2aryORERIIE->TW:, INERK
BRIA IET 2 7= & R ™( Bright welding ™ )& WS BEEESARNE.E T AT —IL R L. BRAER L7-FESN
TREET D 2 & AR NEL L. TRIEICHEN S EERIERAE AV EMAaIEEIC A > T 5,

Welding with X grooves through use of filler metal results in a welded zone seen as a white spot after electropolishing,
which also lowers relative roughness. This is caused by large differences in properties between base metal and filler
metal.

It is, therefore, recommended that the welding procedures of Fig.-9 be adopted whenever possible. Co-welding should
be used, for which test pieces are first prepared through use of the same material and thickness. Prior to final welding, it
is necessary to carry out welding of, at least, 30cm grooves made of the test pieces so as to establish conditions that are
most suitable to prevent occurrence of incomplete penetration, porosity, slag inclusion, and pinholes.

As welding conditions change subtly by material, temperature, humidity, welder, etc., making test pieces every morning
is always recommended.

Also, it is necessary in mounting of nozzles, etc. to briefly treat pipe cut surfaces to fuse them as in Fig.-
9.Electropolishing, if applied to untreated pipe cut edges, can produce innumerable pinhole-type defects each even as
deep as 0.5mm, resulting in a mat finished surface.

While shell plates which are normally prepared in tank manufacturing plants raise no problem, panelboards may be
sometimes prepared into X grooves unless appropriately designated.

Welders' skill always varies extensively. For example, tanks welded by those with constant experience of radiograph
penetration tests inconformity with the High Pressure Gas Control Law and the Electric Utility Law are almost always free
of any defects. On the other hand, welds performed by welders inexperienced in radiograph penetration tests often create
many defects. In one of the worst cases, 70 defects such as pinholes and incomplete penetration were found on a single
2,000-litre tank.

These defects are detectable only by about 2/3 of the total number even if liquid penetrate inspection is conducted by
an outside contractor specialized in such inspection.

Steam produced from the 121°C pure steam washing conducted after electropolishing intrudes into very small pinholes,
which accumulates there in the form of water. It is rather easily detectable as rust always accompanies it, runs out of the
pinholes, and spreads around them. However, pinholes which are too small to penetrate chemical solution are difficult to
be detected in color checking.

The conventional welding processes, by oxidizing welded zones because of thermal effects, have often created sources
of contamination. A process called bright welding is now available to minimize this occurrence. Bright welding ™ is
outstanding in corrosion resistance and useful in welding requiring high cleanliness in which weld zones are shielded with
inert gas and welded in air-blocked atmosphere to produce bright finish.

[-9 Fig.-9]
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f /XIIE Nozze Position
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Location of nozzles and pinholes is an important factor in electropolishing. As each electropolishing contractor adopts
a different method, it should be subject to careful discussion at the time of tank design

g 7L/NTEE Prefabricated Piping
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Not much problems should occur with tank bodies concerning rust on weld seams as they are electropolished after
welding. On the other hand, problems of rust tend to occur where pipes are welded. Even with complete cover gas for the
back shield and the torch side, a slight white or gray coloring is often observed on a welded zone. This consists of some
elements of stainless steel which have been fused, vaporized, and eventually attached to and around the welded zone
during welding. The extraneous matter especially on the downstream of back shield gas, according to analyses, contains
more manganese than iron. And, surfaces of stainless steel with higher concentrations of manganese residues tend to
rust more easily. These manganese residues can be removed through washing in pure water of 80°C or above. Therefore,
it is desirable to run, prior to actual use, hot water of 80°C) or above through pipes even if they are used for normal
temperature water.

Fig.-10 shows results of XPS ( X-ray Photo-electronic Spectroscopy )(note4) Of humus attachments on up /
downstream sides for back shield gas of welded zones. Fig.-11 shows those taken after washing with 80°C pure water.

(8—10 Fig.—10) XPSIC & BBRIEBDT TR 7 74U

Depth profiles by XPS taken in and around weld zone
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[FEERER DTERELALE Passivation Treatment Following Pipe Welding]
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Even if piping construction is performed with electropolished pipes and joints, the effect of electropolishing is lost for
welded parts. There are three major methods of passivation treatment performed following pipe welding, which are
appropriately combined to provide perfect passivation.

[FLNTEE DB  Electropolishing of Prefabricated Piping]
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When piping, before being sent to an electropolishing workshop, is welded to be assembled with elbows, tees, valves,
etc. to an extent to enable truck transportation, the welded zones can be electropolished as fitted with bends, branch
pipes, valves, etc.

This method, however, still requires field welding of 20% or more even if enough discussion is carried out beforehand
at the time of piping design. Especially, as no joint connection via ferrules, etc. is useable under a roof, the under-roof
works tend to rely on field welding. One solution to this is to reverse the work order for ceiling board construction and
work site construction, where under-roof pipes and riser/down pipes are built simultaneously. This enables almost all the
piping to be performed via ferrule joints. It is worth discussing with a builder so that ceiling board construction be
performed after all the piping works are completed.

(LB A5 DTEERNENREML  Nitric Acid Passivation Treatment After Pipe Welding]
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After completing a flood test of each piping block, inject nitric acid solution of about 10% which is held at normal
temperatures and, by circulating it, carry out passivation treatment for about 1 hour. Although it is natural that the solution
is injected at the lowest place of the piping and drained at the highest, increase the number of drains at your own
discretion so that the solution can circulate through all parts including, also, riser branch pipes. On completion of
passivation treatment, drain nitric acid solution from the outlet by keeping pouring pure water into the circulation system
in order to remove nitric acid attached to the pipe wall. Measure pH at the outlet and, when the value having reached
almost the level of pure water supplied, drain it completely and supply once again fresh pure water for final circulation
and rinsing. Unexpectedly large cost may be required in nitric acid passivation treatment, which concerns disposal of used
nitric acid solution and waste water even ten times as much as this. For a single work having total pipe length of 2,500m
with 2S type main pipes ( 50.8mm in outside diameter ), the disposal volume can amount to, at least, 50tons. Therefore,
it is advisable even for a newly built plant to keep both its drainage system and water purifying system ready for operation
in order to minimize cost of passivation treatment.
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IX. REHEEDRE
Measuring Surface Roughness
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Roughness of an inner face of pipes and tanks is measured and expressed in Ra, Rmax, etc. In most of the cases, a
ball-shaped unit with a diamond needle called a "stylus" traces a metal surface, whose up/down movement against
surface roughness is electrically amplified to be output. The stylus is usually around 10 4 m in diameter. The smallest
diameter now commercially available is 10 u m.( Although there are 0.4 um styluses especially for measurement of a
micro surface, they cannot be used for measuring pipes and tanks because of their too low bearings. )Looking at a
microphotography of a buffed or combined electropolished surface, you may sometimes notice that as car which is
apparently deeper than any one on an electropolished surface is stated as being equal to or even smaller than Rmax.
0.1 um. This takes place when small groove-type irregularities such as scars made by abrasive grains have not been
correctly measured with the stylus. Fig.-12 shows relations between a metal surface and a stylus:

[®™-12 Fig-12])
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1 EEERFE [note 1] Rate-determining step
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When a dynamic process such as a chemical reaction consists of some stages, a stage whose progression is slower
than other stages and, thus, controls progression of the whole process is called a rate-determining step. For example,
change from hypochlorous acid ion CIO ™ into chloricacid ion CIO 5~

3CI0O-— CIO; + 2CI-
is considered to take place in the following two steps (elementary processes):
@ ClIO~ +ClIO” — Clo,” +CI”
@ Clo, +CIO” — Clo; +ClI-

As ¢ progresses far more faster than O, O becomes the rate-determining step for the whole reaction. At this point,

steps other than the rate-determining step are held approximately in equilibrium. The state is called partial equilibrium.

2 BETHEZEER [note 2] BET adsorption isotherm

EAREREIC—TEERE CRBENRE SNDHBEOREEIC DWW, 1938 7L+ 7 —(S. Brunauer), T X v k(P.
H. Emmet) B L 0T 7 —(E. Tellenp2HE L7=—20BHRN, WEHLPEAOBRKXE TR 256, ROBERNLSH
z)o

A series of relative equations submitted by S. Brunauer, P.H.Emmett, and E. Teller in 1938, which concern adsorbed
amount of vapor adsorbed into a solid surface at a fixed rate: Adsorption, when occurring on a free surface, indicates the
following relations:

P ] c—1 P
L S — = + .
u(po—P) um C e Po
UIERE SN[EDEIE, p IFRUEADES. p (FRAERE T ICB I 2REDEKE. , F2REANEDFE
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%1@‘ T%ﬂﬁdmdétU@%EﬁlEuﬁ%®%w&ﬂﬂfﬁé w%#lﬁm%mﬁmént °R (EE
7)) THERIZHBEIE. X=p/py& LT,

where: u expresses volume of vapor thus adsorbed, p pressure of the vapor, p, vapor pressure at measuring temperature
T, and vm volume of the adsorbed vapor assuming that the entire adsorption face is covered with a unimolecular layer.
Also, C is approximately equal to e ®1-EU/RT E| expresses heat of adsorption per 1 mol of vapor in the first layer of the
polymolecule adsorption layers and EL molar liquefaction heat of vapor. When adsorption also takes place in a limited
space ( capillary hole ) inside a solid, the following applies provided that X = p/ps.

Umcx [*[n+1]x"‘+nx”"

T=x = E=T)R=Cxn=!
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DO R EXEEOREICHEIN,

where n expresses the number of layers for the polymolecule adsorption layers. With n = o, a free surface is indicated
by thee quation. With n = 1, relations formally corresponding to Langmuir's adsorption isotherm can be obtained. A series
of these equations can well explain the examination results concerning physical adsorption, which are used in determining
affected surface areas of absorbents and catalyst shaving complex surface structures and porous constructions.
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E3 AvTS5v748— [note 3] Membrane filter
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Filter medium in a thin film suitable for capturing minute particles, which is mostly made of cellulose nitrate, cellulose
ester, polyethylene fluoride, etc. The pore diameters are relatively uniform, and are commercially available in various
different sizes within a range of about 0.02 to 10 # m. They are used to capture and remove power dust, bacteria, yeast,
cells, etc. Further, because of the uniformity in pore diameters, they are also utilized in molecular weight fraction and
desalination refining of high polymer compounds.

T4 XBHEFHIE  [note 4] X-ray photo-electronic spectroscopy

MEIXREH T, HETL2BEFOEHENMH L VITEFH T RILF —HH,. I oIIEZOBHEDTLEZAE
L TWEOYBIREZ RS ik, BREXIRREELTAICPMgDEI REEEDLWLDARL LN S,

A method to examine physical state of a substance by applying X-rays and measuring momentum or kinetic energy

distribution as well as its angle distribution of electrons thus generated. X-ray sources used for this purpose are good in
monochromaticity such as Al and Mg.

MSG-EP™_ SEigiRizE ™z, AETRATY /VBRASHOBEFEIZETT,
MSG-EP™_ Bright Welding ™  are registered trade mark of NISSHO ASTEC CO.,LTD.
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Company's business activities include the following:

* Manufacturing / sale of stainless steel pipes / fittings for sanitary plumbing.

* Development / manufacturing / sale of high purity piping materials used in semiconductor manufacturing facilities /
nuclear industry, etc.

* Manufacturing / sale of MGS-EP™ (inner mirror polish)steel pipes / fittings.

* Manufacturing of drug manufacturing equipment / stainless steel products. Bending / precision cleaning / buffing /
electrolytic polishing of pipes / fittings, etc.

* Various other products made of stainless steel materials. Pamphlets are available for each suitable application at our
sales office of your district.
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NOTICE

This document aims solely to offer general information, which, under no circumstances, serves as a design manual.

This document, although having been prepared with the greatest circumspection, dose not necessarily serve as
warranty. The company, therefore, assumes no responsibility for any damage which may be resulted erroneous or
inappropriate use of information contained in this document.

Further, as the contents are subject to change without any prior notice, please feel free to contact us fir updated
information.
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Contact Information

T562-0035 AERAFEERTMSH1ITHEIEFL =
TEL : 072-730-8581 (ftF%) FAX: 072-730-8561
1-8-16 Senbahigashi, Minoh-city, Osaka JAPAN
TEL: +81-72-730-8581 FAX: +81-72-730-8561
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