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PREFACE




This special edition of the BULLETIN has been published in the interest of
public safety. The National Board has, fo- the past several months, been
conducting an extensive investigation of flanges produced in China and
identified as conforming to ANSI B16.5 and ASTM A105.

In the opinion of the National Board, the flanges identified in this special
edition may not meet the criteria of the ANSI standard or ASTM specification
noted above. Furthermore, use of these products which are subject to stress
due to pressure, may create an extreme hazard to personal safety and prop-
erty. Within the pages of this BULLETIN, we are presenting complete and /or
partial copies of laboratory test reports of various flanges carried out by the
National Board and other groups. These reports identify flanges that have
been fabricated from two (2) pieces of steel, and flanges that have had voids
filled with steel rods and face welded to give the appearance of being solid.
We also possess a report concerning the use of unknown specifications of steel
plate being used to produce flanges of various types. In reading this BULLE-
TIN, you will learn of all problems reported to and uncovered by the National
Board

Where possible, we have identified the manufacturer of the flanges. One
problem encountered as this investigation proceeded was the lack of evidence
that any flange was marked with the manufacturer’s name or trademark, as
required by ANSI B16.5. In fact, the National Board representative conducting
this investigation was informed that a Hong Kong trader was specifying to the
flange manufacturer exactly what marks to stamp on each flange. The flanges
observed by or reported to the National Board are for the most part, marked
with initials that are mistakenly thought to be manufacturers. Some flanges
do not even have initials.

The marks and test reports that appear in this article do have a value in that
they are consistent in use. That is, the flanges produced by SHOU GANG
MACHINERY ENGINEERING CO. and further reported in this BULLETIN
have slugged weld repairs. These flanges are marked with a heat number 1-
406 and are expected to appear on 150 flanges, as reported on that line item of
the SHOU GANG MACHINERY ENGINEERING CO. test report.

This same trading company representative reported to the National Board that
the steel mills in China do not produce ASTM A105 forgings. One Chinese
agency also reported that Chinese-produced ASME boilers and pressure
vessels contain flanges not produced in China but rather imported from other
countries. At this time, the National Board has not determined the validity of
this statement. If so, the chances of purchasing flanges produced in China that
are in compliance with the ANSI B16.5 standard or ASTM A105 are indeed
remote,

Finally, the National Board was informed that the material used by DING
XINANG NAN XI LI FLANGE FACTORY was NOT ASTM A105 although the
product is clearly marked A105. It was reported the material used was either
25MN or 16MN, both Chinese steel .spt‘(‘ifi(‘aﬁ('ms, and not identical to A105. It
was also reported that DING XINANG NAN X1 L1 FLANGE FACTORY

-
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Raticnal Board of Boiler and Pressure Vessel Inspectors

Analysis of F1 B16.5 1058 SO B1D 1-206 CHINA USC
and Blank PF 105 B16.5 012 CHINA HL

June 3, 1992 Page 1

EXECUTIVE SUMMARY

Welding Consultants, Inc. received, 5/12/92, a portion of a flange
and blank for analysis. It is suspected the material is either not
forged ASTM Al105 material as was specified or was misfabricated and
"slugged"” ({addition of non-homogeneous filler) to correct for
under dimensioning or local defects.

The scope of this evaluation is the following:

1. Photograph portions of the flange which appear to have
some type of "slugging”.

& Perform chemical analysis of the flange and blank
material and compare with the accepted ranges for ASTM
A105.

3. Perform tensile tests for each component and compare with

the ASTM specification for A105.

4. Cross section and metallurgically prepare the flange and
blank to observe the microstructural characteristics
which would indi-cate the material had or had not been
forged.

The non-fused filler or "slugging" appears to be two 1/8 inch
diameter rounds welded in place and subseguently machined. See
photographs in Figure 2.

It can be seen the "slugging” has resulted in very little
substratum for the fillet weld shown in Figure 2a.

The chemical analysis revealed only one discrepancy between ASTM
Al05 and the material tested: the sulfur content for the flange
waeg found to be 0.075% compared to 0.050% maximum as listed in the
specification. See Table 1. It could be argued that this high
sulfur content is significant when one considers the tendency of
steels to hot crack when the sulfur content approaches the accepted
maximums of 0.04% to 0.05%, sulfur content of 0.075% becomes more
suspect.

The tensile test results comply with the ASTM Al105 specification.

The cross sectioning of the flange and blank revealed micro-
structure consistent with hot rolled plate steel. See Figure 2a
and 2b. It should be noted the chemistry of the materials tested
comply with the compositional reguirements of Al05 with the
exception of the sulfur content of the flange.

Buwern/Seecial Epmon 1962
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1 &8 National Board of Boiler and Pressure Vesse!l In
A=l Analysis of f B16.5 1058 SO 810 1-406 CHINA USC
o and Blank PI 105 B16.5 012 CHINA BL

June 3, 1997 Page ?

On June 12, 18991, Welding Consultants, Inc. received a section of
- a suspect flange and blank for analysis. The material was supposed
i to have been forged ASTM Al05 steel.

The compliance of this material with the A105 specification will be
tested by chemical analysis and by tensile tests.

Often times, a forging is specified for a particular application
because of the desirable orientation of grains. A crane hook, for
example, may have a forging procedure designed to increase its
; resistance to opening. That is, it will contain residual stresses
r which will tend to pull the hook closed. Evidence of the forging
. operation can be detected by polishing and etching a cross section
- and observing the appearance and orientation of the grains.'

in this case, it is suspected the flange and blank have been
fabricated from rolled plate rather than a forging. This will be
proven by cross sectioning and etching each component and observing
the microstructure.

Lastly, evidence has been found which would indicate the outer rim
of the flange face has been built up by the addition of some form
of non-fused filler or "slugging"”. The danger of this situation is
obvious.

The nature of the "slugging"” will be evaluated here.

i Reference - American Society of Metals, Metals Randbook Volume 9, USA, 1985, Page 176.

Buremn/Seeciay, Epmon 1992 fé
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Rational Board of Boiler and Pressure Vessel Inspectors
Analysis of Flange 816.5 105N SO 81D 1-406 CHINA USC
and Blank Pt 105 B16.5 017 CHINA 8L

June 3, 1942 Page 3

PROCEDURE
The analysis of the flange and blank material proceeded as follows:

A= Chemical analysis was performed using an Angstrom V-70
Vacuum Spectrometer.

2. Tensile testing was performed according to ASTM A370
using a Southwark Emary 200,000 pound tensile machine.

3. The cross sectioning of the flange material was
accomplished using a Marvel band saw. The polishing was
accomplished in two steps: 1. the samples pictured in

Figure la and 1b were prepared using rotary sanding
egquipment; 2. a final polish was accomplished using nap
cloth and 1% micron alumina powder. The samples were
etched using 5% Nital.

Butisin/Seecial Eomon 1992
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Welding Consultants, Inc.

Professional Engineering and Inspection Services Worldwide

The National Board of Boiler and Pressure Vessel Inspectors
Attn: Mr. A. M. Matthews, Jr

1055 Crupper Avenue

Columbus, OH 43229

SUBJECT: CHINESE FLANGE ANALYSIS
FLANGE ID: 4-300 B16 A105N W/N STD 4-1 CHINA WW

Doc

Per your request, an analysis has been conducted on the above-

renced weld neck flange that was picked up at your office on Monday, July

27, 1882. The following is a sumn ﬁ';»‘ of the work performed and the results of
r @ 811

s the layout of the flange and the
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ible crack was evident at the
T

o
ma*h INg grooves in this same vicinity. To verity the extent of cracking, the
flange was subjected to penetrant testing. As can be seen in Figures 2 and 3
below, there was more cracking evident than could be detected visually. In
fact, more than 75% of the circumference exhibit>d cracking
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CHINESE FLANGE ANALYSIS
Flange ID: 4-300 B16 A105N W/N STD 4-1 CHINA WW
July 30, 1982

Section A was removed from the region identified in Figure 1. This section
was polished and etched to for metallurgical examination. Of initial interest was
whether the flange had been fabricated from more than one piece of material.
Once the etched surface was visually exainined, it was apparent that the flange
had been machined from a single piece of metal.

Next, it was necessary 10 determine whether the flange was a forged
material or whether it had been machined from a plate product or a casting.
This information was provided once Section A was examined under a micro-
scope. Figure 4 shows the microstructure of the material in the vicinity of the
visible crack at the weld neck-flange transition.

Figure 4, Section A microstructure at visible crack location
(50X, Nital etch)

Figure 4 vividly depicts the presence of material fiow lines which is indica-
tive of a forged material. Further, the fact that the grain structure appears rela-
tively equiaxed indicates that this material was most likely subjected to a
normalizing heat treatment following the forging operation. Another
observation here is the fact that the apparent crack did not appear to have a
sharp end condition, plus it was quite wide compared 1o its depth. Neither of
these characteristics are typical for a crack

AL E_b(:fik 1002 2]



CHINESE FLANGE ANALYSIS
Flange ID: 4-300 B16 A105N W/N STD 4-1 CHINA WW
July 30, 1992

To obtain some additional information, a second section was removed at
location B (see Figure 1). At this location, a crack had been noted during
penetrant testing: however, it appeared to be much tighter than that appearing
at Section A. Once removed, this section was also subjected to metallurgical
polishing and etching. The result appears in Figure 5.

Figure 5, Section B microstructure at crack location
(50X, Nital etch)

This cross section also shows an uncharacteristic crack indication. Fur-
ther, there is increased evidence of flow lines at the end of the indication.
Based on these observations, it is felt that the indications noted on this flange
are the result of poor forging practice which resulted in a forging lap at the weld
neck-flange transition

The final information to be gained from this analysis involves the material
chemistry. This will help determine whether this flange material is in com-
["’w’w'e with the chemical requirements for SA105 material. The results of this
chem nalysis appear in the table on the following page

'A’

Looking at those results, it is apparent that this flange material has a
chemical composition that complies with the reguirements of SA105

Buuenin/Seecial Eomon 1992



CHINESE FLANGE ANALYSIS
Flange ID: 4-300 B16 A105N W/N STD 4-1 CHINA WW

July 30, 1892
Chemical Composition
l Amount SA105

Element Present Requirement
Carbon 0.18 0.35 max
Manganese 0.71 0.€0-1.05
Phosphorus 0.020 0.040 max i
Sutfur 0.021 0.050max |
Silicon 0.31 0.35 max
Copper 0.15 0.40 max
Nickel 0.063 0.40 max
Chromium 0.043 030max |
Molybdenum 0.016 0.12 max
Vanadium 0.002 0.03 max I
Columbium 0.000 002max |

Conclusions

Based on this analysis, the following conclusions can be made:

1) This flange is a forgir.g

2) Itwas normalized following the forging operation.

3) The material complies with the chemical composition
requirements of SA105.

4) The crack-like indications are forging laps resulting
from poor forging practices

Buicetm/Seeciar Epmon 1992
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CHINESE FLANGE ANALYSIS
Flange ID: 4-300 B16 A105N W/N STD 4-1 CHINA WW
July 30, 1992

Doc, hopetully this information will be sufficient at this time. Should you
require any further information or analysis, just give me a call. | will be return-
ing all of the sample pieces to your office.

Thank you for allowing us to provide this service.

Sincerely,

WELDING

Richard/L.. foidren, P.E.

BuLcenw/SeeciaL Eomon 1992
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Welding Consultants, Inc.

Professional Engineering and Inspectlon Serwces Worldwide

August 28, 1992

Mr. John D. McLoughilin

The National Board of Boiler and Pressure Vessel Inspectors
1055 Crupper Avenue

Columbus, OH 43229

SUBJECT: ANALYSIS OF CHINESE FLANGES

John:

Per your instructions, an analysis has been performed on two flanges
produced by two Chinese manufacturers. One was a slip-on configuration
while the other was a weld neck type flange. The identification markings are as
shown below:

Weld Neck: DS! 4-150 RF B16 A105N W/N STD 075 CHINA
Slip-on: LEO 4-150 RFSO B16 A105N T M1-300 CHINA *

* The "N" had been “x"-ed out with a steel stamp.

Our goal was to determine if the chemistries comply with SA105 require-
ments, whether the material had been forged, and if the material had been nor-
malizer. The results of these analyses appear on page 2 of this report.

S can be seen from the chemical analvses, the compositions are accept-
able with respect to the reguirements of SA105 with the exception of the exces-
sive amount of manganese present in the slip-on flange.

Brinell hardness tests were performed on each of the samples. The weld
neck flange exhibited an average hardness of 158 BHN which is approximately
equivaient to 78,000 psi. The slip-on flange had an average hardness of 176
BHN, or an equivalent tensile strength of approximately 85,000 psi. Both of
these values are in compliance with the strength requirements of SA105 mate-
rial.

o =
992 25



ANALYSIS OF CHINESE FLANGES Page 2 August 28, 1992

Chemical Analyses
SA105 Weld Neck Slip-on
Element | Requirement| Composition Compositio

Carbon 0.35 max. 0.23 0.28
Manganese | 0.80-1.05 0.68 1.17
Phosphorus | 0.040 max. 0.017 0.013
Suifur 0.050 max. 0.03 0.03
Silicon 0.35 max. | 0.21 0.28
Copper 0.40 max. 0.083 0.18
Nickel 0.40 max. 0.072 0.016
Chromium 0.30 max. 0.038 0.010
Molybgenum | 0.12 max. 0.019 0.011
Vanadium 0.03 max. 0.000 0.000
Columbium 0.02 max. 0.000 | 0.000

Cross sections were removed from each of the flanges and polished to
reveal the materials’ microstructures. Figures 1 through 4, on the following
pages, illustrate the polished and etched surfaces of each sample at both 50X
and 100X magnifications.



ANALYSIS OF CHINESE FLANGES Page 3

igure 2, Weid Neck, 100X, Nital Etch

August 28, 1992
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ANALYSIS OF CHINESE FLANGES Page 4

Figure 4, Slip-on, 100X, Nital Etch

August 28, 1982
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ANALYSIS OF CHINESE FLANGES Page5 August 28, 1992

Several features are revealed through these photomicrographs. First, the
materal does not appear to be a forging, nor do they appear to be normalized.
However, it is difficult to determine from this brief analysis whether the materiails
are rolled plate or cast. The presence of extensive numbers of spherical inclu-
sions, and the microstructural appearance suggests the possibility of these
being cast matenals; however, it is difficult to positively determine without
further polishing and microstructural analysis. Should you wish 0 pursue this
further, please let us know. The fact that there is no sign of flow lines is evi-
dence that these are not forgings.

John, hopefully this information will be satisfactory for your present neecs.
Should you require anything further, just give me a call.

Thank you for allowing us to perform this analysis.

Sincerely,

WELDING CONSULTANTS, INC

Richard/L. pfoldren, P.E
Vice Prasfdent /Weiding Engineer

& Epmion 1992



MSCM Note No. 92-7394

f

To: MSIP/H Written by J. L. Hau ‘[/ (4 JYJ{
R G A
From: MSCM s v
N J
Date: June 5" 1982 Approved by MSCM: | o tla OLV"“H
il

Subject: Leaking piping fittings found in new 92'HDS complex revamp
piping instaliations.

Copy 1o HL, MS, MA, SIP, SIP/QC, MSIP

Several carbon steel pipe fittings leaked during hydrostatic testing done in
new sections, recently fabricated during the Hydroprocessing Rationalization
Project, hereafter referred to as HDS 1992 revamp. Up to now, the following
items have been identified:

No Item Standard” | UNIT Remarks
1 | 4" Weld Neck Flange A 105 LDHT Weld repaired and in service
2 | 6" Weld Neck Flange A 105 - Withdrawn and seat to MSCM Lab
3 | 8" Weld Neck Flange A 105 HDS | Withdrawn and sent to MSCM Lab
4 4" T-Joint A 234 WPB - Withdrawn and sent to MSCM Lab
1 (1) ASTM
J_E. e then | . FRNCCIT IO _-_ﬁ.‘\
FINDINGS

1. All defective fittings are carbon steel and are Made in China.

2. Defects were identified as forging laps (folds) or seams, which are internal

discontinuities with a crack-like appearance produced during manufacturing
of these components.

3. In the case of the flanges, the defects appeared to be located in the neck, near
the edge that is to be welded to the pipe.

4. One of the examined flange also contained a very coarse Widmanstiitten type
of structure, typical of improper manufacturing practices (i.e. too high hot
working temperature during forging).

CONCLUSIONS

1. Leaks during hydrostatic testing were produced in through-thickness forging
defects, referred to as laps, folds und/or seams.

Buienn/Seecias. Epmon 1992
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MSCM Note No. 92-739%4

2. The presence of these through-thickness crack-like defects suggests a lack of
quality control during manufacturing and poor workmanship, typical of low
quality products, which have recently flooded in the world market.

RECOMMENDATIONS

1. The purchasing and the use of these and probably other iow quality and
presumably cheap items Made in China should be avoided since their poor
quality could compromise the safety of operation.

2. Hydrostatic testing is a proven technique that gives adequate guarantee that
the pipe lines and fittings are in serviceable conditions and that no through-
thickness defects are present now. However, in the case of undetected
subsurface forging defects which do not completely go through thickness and
hence that did not produce leaks during hydrotesting, corrosion in the course
of operation may reach such defects and hence future leakages in service can
not be discarded all together.

3. Hence, identification and the exact location of other pipe fittings Made in
China and that were recently installed in the HDS complex should be
followed by radiography inspection to ascertain whether or not they contain
gross forging defects that could develop leaks or failures in service.

DEFINITIONS

Forging Defects: The forging as well as some other hot working shaping operations can
produce mechanical defects known as laps and seams.

Laps: also called folds, occurs as the results of a protrusion of hot metal being folded over
and forged into the swmface. Some decarburization and oxidation usually occurs in these
protrusions. The oxide present on the internal surface of the lap prevents the metal from joining
during further forging. A Miscontinuity with a crack-like appearance is thus created, usually
contaning trapped oxide inclusions and with some decarburization being evident in the lap
surface.

Seams: arc similar to Japs in nature and cffect. They appear as closed-up surface cracks and
are attnbutable to hot surface tears in the onginal ingot and 1o embedded scale that has been torn
out leaving a cavity with oxidized wall, which then are prevented from healing during forging. A
surface discontinuity with a crack-iike appearance 1s thus created.

Widmanstatien Structure: this is known as an overheated structure and results from heating
well above the upper critical lemperature when large austenite grains form and upon cooling this

gives rise 1o this type of Widmanstatien structure, charactenistically showing both lack of duculity
and resistance 1o shock.

ATTACHMENTS

See attached photographs for findings and evidences

Buuemn/Seecine Epmon 1992
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Flanges with the following markings have be.n reported to the National Board
as problematic. This information should prove useful since flanges from the
same heat should carry markings identical to 'hese.

DS14 300 RFB16 A-105N STD.345 CHINA
Cracked in heat affect zone

* Hardness at fracture edge into the hub, range from over 500 to over 260
BHN.

* Chemical analysis was as follows C -.38, Mn -.82, P - 028,
S -037, Si -.030, Ni -.40, Cr -40, Mo -.15, Cu - 47

* The microstructure of the flange forging indicates an improper heat
treatment after forging and certainly did not depict a normalized
structure as would be expected from the “N” stamp on the forging.

16, a 1454 CHINA

* Cracking with inclusions. Cracks ground to 375" and increased in size.

.l RFWN - -1 211
(TWO FOUND)

* Had been repaired by welding and had not been stress relieved or
stamped per ASTM.

4" 1ISON B-16 A-105 DZ44 GJ CHINA

* (racked in the weld neck and had inclusions in two locations.

4" 300 STD A-105 57 CHINA

*  Weld neck cracked while welding.

A-105 LEO 6 150 RFWN S1D B-16

*  Numerous inclusions in face.
* Inclusions in flange wall.
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e Chip in the raised face.

J
¢  Deformed bolt hole.
* Gouges in the weld neck.

e |6]is in error. This blind flange is 8" size.

¢ Flange leaked in approximately 16 separate places.

* Flange showed evidence of extensive welding.

*  Weld repairs were not identified with a letter “W” as required by A105.

!
e radial crack from bore to bilt hole — visible from both sides ~ found
during hvdro.

We have reason to believe one facility, as a result of mill test reviews, has

rejected 5,000 China flanges, 3,000 of which had already been welded on pipe

spuuln Subsequent tests at an independent laboratory revealed that chemistry i
vas out of spec on more than 50% of 31 heats. In addition, the macroetch

rc\'ealed a number of the fanges had not been normalized aithough the letter

“N" was stamped on the flange per ASTM.
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LETTER OF RESPONSE
FROM CBPVI
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Dxreclot) “n Aug, 6th.]992 a8 well ag the Copy of Your letter to

impnrtnnrﬂ of the Matter, Mr.Zhang Linnhai has reported me g11
the details about it, and I also have 8O0t the :

follow:

flunge, elbow, tube fof boiley and Pressyre Vesse ] made ;4 China
for export must be Compelleq to he jnspected and tested by CBPV]
Eome Othey inspectjve unity atcord;ng to the jnternatinna!
Standards or the Standardg of the imported Countrieg, Woulgd ¥ou
¢ kingd Lo infoprm these 1, Your Coleaguesg as  wel) 8% the
Companjes Concerneqd in Youpr (bL\Phieh?F. to add the tlause aboyy

nake sure the inspective narks o the rummodilsps Concerned,

With BY hegt regards.

Mr.Mclou;hlxn.

have read youp lettey to Hr.Zhang Lianhaj (CBPVI'g vice

Zheng Youmej {the State Counciy of P.R.C,). For the

d:sruusion betveer You and our
in U.s..

MNE abouy 1 t he &.

Hew 4o result the Problem ¢ the Quality of the flange 1ade

Ching» Thank for Your ang “Ur great efforts, The §

Expors Fommodities Inspvrtjon .
18sued 4 erder ap, it. 7 i i : is as

In order tg Ensure the Quality, Since Jan4lst.}993. all ke

mundalcry inspect jon In theiy Contractg concerhed, and 1t

I am Iookzng forwarg to h@nrxag from ¥ou sogy,
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