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TEST PROCEDURE No. 65B


MIXED FLOWING GAS TEST PROCEDURE
FOR
ELECTRICAL CONNECTORS AND SOCKETS


(From EIA Standards Proposal No. 5194, formulated under the cognizance EIA CE-2.0 Committee on National Connector Standards, and previously published in EIA-364-65A.)


1  Introduction


1.1  Scope


This standard establishes the test procedure for producing environmentally related corrosive atmospheres to determine the reaction of plated or unplated surfaces when exposed to different concentrations of flowing gas mixtures. 1) and 2)

1.2  Object


The object of this test is to evaluate mated or unmated connectors, components, or experimental materials to the effects of mixed flowing gas exposure.  They are placed in an environmentally controlled chamber that is monitored by a gas analyzing system for controlled concentrations of the gas mixture.  Corrosion rates are monitored by copper control coupons placed in the chamber for each test.  These control coupons are removed and analyzed using weight gain technique.  


1.3  Safety


This procedure involves the use of hazardous materials, operations, and equipment.  This specification does not purport to address all of the safety problems associated with its use.  It is the responsibility of whoever used this specification to consult and establish appropriate safety and health practices and determine the applicability of regulatory limitations prior to use.


1)  The Development and Performance Characteristics of Mixed Flowing Gas Test Environments, Electrical Contacts - 1987, Proceedings of the Thirty-Third IEEE Holm Conference on Electrical Contacts, IEEE, New York, 1987, pp67-78.


2)  D.W.Rice et al., Atmospheric Corrosion of Copper and Silver, J. Electrochem. Soc., 128, 1981, pp 275-284.


2  Test resources


2.1  Equipment


2.1.1  Coupon evaluation equipment


2.1.1.1  Weight gain equipment such as analytical balance or equivalent with an accuracy of one microgram or better, see ASTM B-810, Calibration of Atmospheric Corrosion Tests by Mass Changes in the Mass of Copper Coupons.


2.1.2  Environmental chamber


2.1.2.1  The environmental chamber shall consist of an enclosure made of nonreactive (will not react with pollutant gases) materials contained within a cabinet, oven, or incubator capable of maintaining the temperature within the specified ranges; see table 1.  A commercially available environmental chamber will suffice as the outer chamber, if applicable.


Table 1 - Environmental classes


		Class

		Relative humidity, %

		Temperature, (C

		Concentration, ppb



		

		

		

		Cl2

		NO2

		H2S

		SO2



		I

		Discontinued as a test procedure.



		II

		Superseded by class IIA



		IIA

		70 ( 2

		30 ( 1

		10 ( 3

		200 ( 50

		10 ( 5

		100 ( 20



		III

		Superseded by class IIIA



		IIIA

		70 ( 2

		30 ( 1

		20 ( 5

		200 ( 50

		100 ( 20

		200 ( 50



		IV

		75 ( 2

		40 ( 2

		30 ( 5

		200 ( 50

		200 ( 20

		N/A





2.1.2.2  Constant temperature chamber for Teflon® (PTFE) permeation tubes, if used, shall be capable of controlling temperature within ( 1 (C over a temperature range of 15 (C - 30 (C.


2.1.3  Source of clean dry air.


®  Teflon is a register trademark of E.I. du Pont de Numours and Company.  This information is given for the convenience of the user of this standard and does not constitute an endorsement by EIA of the product named.  Equivalent products may be used if they can be shown to lead to the same results.


2.1.4  Appropriate gas analysis equipment for calibrating and monitoring the gas concentrations in the chamber.  The gas analysis equipment shall be capable of the following accuracy:


(  Total sulfur analyzer
 ( 1 ppb at 20% upper range limit



( 4 ppb at 80% upper range limit;


(  NOx analyzer
( 2 ppb at 20% upper range limit



( 3 ppb at 80% upper range limit;


(  Cl2 analyzer
( 4% (Suitable instrument is a Mast Oxidant Monitor,
Model 724-5 or equivalent).


2.1.5  Temperature and humidity monitoring equipment, capable of an accuracy of ( 0.5 (C and ( 1% relative humidity, respectively.


2.2  Material


2.2.1  Control coupons


2.2.1.1  Copper sheet, oxygen free high conductivity, UNS C10200, 0.13 millimeters- 0.64 millimeters (0.005 inch - 0.025 inch) thick, temper 0.5 hard.


2.2.1.5  Deionized or distilled water


2.2.1.6  Hydrochloric acid, concentrated, ACS, AR grade


2.2.1.7  Methanol, ACS, AR grade


2.2.1.8  n-hexane, ACS, AR grade 


2.2.1.9  Flux, Alphametal Lonco 3355-11 or equivalent 


2.2.2  Exposure materials


2.2.2.1  Nitrogen gas, pre-purified grade  or equivalent


2.2.2.2  Nitrogen dioxide gas, chemically pure grade or better


2.2.2.3  Hydrogen sulfide gas, chemically pure grade or better


2.2.2.4  Chlorine gas, chemically pure grade or better


2.2.2.5  Sulfur dioxide gas, chemically pure grade or better.


2.2.2.6  Clean, dry and oil-free air shall be less than or equal to those defined by OSHA class D limits filtered to eliminate particulates above 0.3 micron equivalent diameter.


2.2.2.7  Gas injection equipment, for example, Teflon® permeation tubes


3  Test specimen


3.1  Preparation


3.1.1  Copper control coupon


This is a critical process in conducting the test, and therefore the same method should be used each time the test is performed.  Improper cleaning may introduce contaminants that can affect the corrosion rates and mechanisms.  The following two suggested ASTM B-810 methods have been found to produce reproducible results.


CAUTION (
PERFORM ALL WORK WITH ACIDS OR SOLVENTS IN A FUME HOOD.  CHEMICAL GOGGLES OR FACE SHIELD SHALL BE WORN.  OBSERVE NORMAL PRECAUTIONS IN HANDLING CORROSIVE ACIDS.


3.1.1.1  Cleaning method 1, or equivalent


3.1.1.1.1  Immerse a coupon or small group of coupons for 5 minutes to 10 minutes in an ultrasonic cleaner containing hot (65(C - 85(C) 2 % aqueous solution of a mildly alkaline (7.5 pH – 10 pH) detergent.


3.1.1.1.2  Remove an individual coupon from the cleaner and rinse in warm running tap water for 5 seconds – 15 seconds.


3.1.1.1.3  Transfer coupon immediately into a solution of 1 part concentrated hydrochloric acid and 3 parts deionized or distilled water; suspend coupon vertically for 120 seconds ( 10 seconds in this solution.


3.1.1.1.4  Transfer the coupon immediately without allowing drying of the surface into one of the following treatments:  Suspend coupon vertically in flowing deionized or distilled water for 15 seconds ( 5 seconds or, in one container of deionized or distilled water, then immediately repeat in a second container of fresh deionized or distilled water. 


3.1.1.1.5  Transfer the coupon immediately without allowing drying of the surface to a bath of methanol; suspend the coupon vertically for 30 seconds – 60 seconds with agitation in the bath.


3.1.1.1.6  Remove the coupon from the methanol and immediately blow dry with prepurified nitrogen or with clean, dry air.


3.1.1.1.7  Place the coupon immediately in a glass vial, leave vial uncapped for 10 minutes, then cap vial.


3.1.1.2  Cleaning method 2, or equivalent


3.1.1.2.1  Immerse coupon to be cleaned in n-hexane for 120 seconds.


3.1.1.2.2  Remove and allow to drip dry for 10 seconds.


3.1.1.2.3  Immerse the coupon in Alphametal Lonco flux 3355-11 or equivalent material for 15 seconds.


3.1.1.2.4  Remove and allow to drip dry for 10 seconds.


3.1.1.2.5  Rinse coupon twice with deionized water for 15 seconds.


3.1.1.2.6  Rinse coupon in methanol for 15 seconds and allow to dry.


3.1.1.2.7  Place the coupon immediately in a glass vial, leave vial uncapped for 10 minutes, then cap vial.



NOTES



1
Control coupons should be handled with clean forceps or surgical gloves, or equivalent, at all times with the exception of buffing.



2
Store coupons in a sealed container that has been filled with an inert gas, e.g., nitrogen, or in an evacuated desiccator until used, or equivalent.



3
If coupons are stored longer than two weeks, a coupon representing the lot shall be analyzed per 2.1.1 to ensure no significant film has developed.


3.1.2  Test specimen


Specimen shall be tested in the “as-received condition” unless otherwise specified.  Lubricated contacts shall not be cleaned.  All surfaces that are not intended for exposure and could influence the various measurements shall be protected in a manner agreeable to the requester and operator.


4  Test procedure


4.1  Calibration


4.1.1  New or modified chamber calibration


When a new chamber is first made operational, or if any design parameter of the chamber is changed, a minimum of three runs of each potential environment should be conducted with control coupons in place.  A minimum of two coupons (~30 liters) per cubic foot of total chamber volume shall be evenly dispersed within the chamber.  In no case should fewer than 8 coupons be used.  


4.1.1.1  Each environment resulted in consistent levels of corrosion.  Average total corrosivity level shall be determined.  


4.1.1.2  The working volume of the chamber, i.e., the area in which the results of any individual coupon are within ( 15% of the average for all coupons.  In actual testing, samples must be placed within the established working volume.


4.1.2  Pretest calibration


Gas concentration monitoring equipment shall be calibrated prior to the start of the test and on the final day.  During the test, calibration shall be performed either at the intervals recommended by the equipment manufacturer or prior to any gas adjustments in the chamber to correct what appears to be an “out of spec” condition.


NOTE (
Some chlorine monitors cannot differentiate between chlorine and some other pollutant gases.  If chlorine is to be checked only at the beginning and at the end of the test, these monitors need only be calibrated at these times.  When the chamber is initially constructed or modified spatial uniformity of the chamber environment for chambers larger than 0.5 meter on a side shall be verified per ASTM B-810, or equivalent.


4.2  Pretest procedures



4.2.1  Adjust humidity and temperature according to environmental severity class specified as indicated in table 1, without samples in chamber.


4.2.1.1  Other constituent combinations may be used.  In this instance, the mixtures required shall be specified along with their corrosion rates in the detailed specification.


4.2.1.2  Class IV conditions are considered to be a system or subsystem exposure.  This class is also useful for evaluating the sealing or environmental shielding ability of connector housings.


4.2.2  Allow chamber to stabilize for temperature and humidity without samples.  Exchange rate shall be adjusted to provide a minimum of 6 changes per hour.


4.2.3  Chlorine concentration shall then be adjusted and stabilized first; this gas cannot be monitored in combination with the other pollutants.


4.2.4  Place samples in chamber as soon as possible after stabilization period.  They shall be placed such that there is a minimum of 5 centimeters ((2 inch) between samples and the chamber walls.  Random placement of samples following each measurement interval throughout the test is suggested.


4.2.5  Sample orientation shall be chosen to minimize obstruction of the air flow.  If application orientation is known, this should be simulated in the chamber.  Samples shall not shield each other.


4.2.6  Due to absorption of gases by the samples, chlorine concentrations should be set at the end of the day and allowed to stabilize overnight.  While setting the chlorine concentration as measured at the center of the exposure volume, measurements should be made to ensure that the chlorine concentration does not vary more than 10% between the inflow and outflow areas of the chamber working volume.  If a greater variance is found, either the chamber loading must be reduced or the exchange rate must be increased.  After allowing the chlorine concentration to stabilize overnight, the level should be adjusted if necessary to the concentration in table I.  If the chlorine concentration cannot be stabilized at the proper level within 24 hours of sample placement, the samples must be replaced.


4.2.7  The remaining pollutants (NO2,SO2 and H2S) shall then be introduced into the test chamber and adjusted as measured at the center of the exposure volume to the concentrations of the requested exposure class in table 1.  Measurements should be made to ensure that variations in concentrations between the inflow and outflow areas of the working volume do not exceed 10%.


4.3  Test procedures


4.3.1  The test duration shall be as specified in the referencing document beginning from the point at which all the parameters have been stabilized. 


4.3.2  In many cases it may be advantageous to withdraw samples for periodic testing prior to the full time of the test.  After removal from the chamber, such samples shall be stabilized at room ambient for a minimum of 2 hours, measured for appropriate response, and returned to the chamber if required.  Such withdrawals shall be noted in the test report.  The chamber shall not be opened during a control coupon exposure period.


4.3.3  The interior of the environmental chamber shall be monitored periodically (not to exceed 1 hour between measurements) for humidity, temperature, and pollutant concentration.  If adjustment is required additional monitoring shall be performed.


4.3.3.1  Due to chamber construction and exchange rates, it may not be possible to analyze the chlorine in combination with other gases.  In this instance, the chlorine shall be adjusted only at the start of the test and monitored at the completion of the test.  The initial chlorine flow rate shall be maintained throughout the test exposure.


4.3.3.2  For chamber concentration that allows pollutant gases to be purged and replaced in hour or less, it is recommended that all pollutant gases, except C12 be removed during interruptions for sample analysis and coupon removal and then chlorine levels verified.


4.3.4  At the conclusion of the test, the test samples shall be removed from the chamber and stabilized at room ambient for a minimum of 2 hours before making the final readings or measurements.


4.4  Control coupon exposure


4.4.1  Figure 1 defines the zone configuration of a typical test chamber.  From the results of chamber calibration; see 4.1.1, zones representing the minimum and maximum corrosivity levels within the working volume shall be identified.  A minimum of 1 copper coupon  shall be placed in each of the zones of minimum and maximum corrosivity.  Additional control coupons shall be placed in the chamber per 4.4.1.1. or 4.4.1.2.


[image: image1.png]11
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Figure 1 - Chamber zone configuration


4.4.1.1  For chambers with a working volume greater than 0.5 meter on a side, a minimum of one copper coupon for class IIIA shall be placed in other zones as needed to ensure that zonal plane (top to bottom, front to back, left to right) as shown in figure 1 will have at least 1 zone with a control coupon.


4.4.1.2  For chambers with a working volume less than 0.5 meter on a side, a minimum of one copper coupon for class IIIA shall be placed in one other zone if needed to ensure that at least one pair of alternating corners contain coupons.


4.4.1.3  These coupons shall be placed in the chamber approximately at the mid point of the first half of the test duration and the mid point of the second half of the test The coupons shall be removed after exposure times of 48 hours, unless otherwise specified.  A new set of coupons prepared in accordance with 3.1.1 shall be used during each exposure period.  Location of the coupons shall be noted on the data sheet.


4.4.2  Control coupons are used to monitor the reaction rate in the chamber and not the deterioration of the test samples.  Coupons removed from the chamber shall not be returned to the chamber.


4.4.3  In order to minimize instability of the test conditions within the chamber, wherever possible any test samples required to be removed on a certain day shall be removed at the same time as the control coupons are being removed or replaced; see 4.3.2 and 4.4.1.


4.5  Control coupon evaluation


4.5.1  Control coupons removed from the chamber shall be analyzed using any method in 2.1.1 to evaluate coupon corrosivity and verify chamber conditions.


4.5.2  Unless otherwise specified, when weight gain data is evaluated, it shall be calculated in µg/cm²/day and shall conform to the values specified in table 2.


Table 2 - Weight gain (µg/cm²/day)


		Class

		Copper coupons



		IIA

		12 - 16



		IIIA

		36 - 46





5  Details to be specified


The following details shall be specified in the referencing document:


5.1  Number of samples to be tested


5.2  Duration of exposure, if other than specified in 4.3.1


5.3  Test severity class


5.4  Sample preparation and descriptions of product to be tested


5.5  Sample measurements intervals


5.6  Mated and/or unmated conditions.


6  Test documentation


Documentation shall contain the details specified in clause 5, with any exceptions, and the following:


6.1  Title of test


6.2  Sample description


6.3  Test equipment, used and date of last and next calibration


6.4  Number of samples


6.5  Test procedure


6.6  Actual pollutant concentrations used in the test H2S, NO2, C12, SO2, relative humidity and temperature, as applicable, on the first and last day of the test (Optional)


6.7  Test temperature and relative humidity


6.8  Deviations from temperature and/or humidity chamber conditions during sample exposure (charts to be supplied if necessary)


6.9  Coupon analysis results


6.10  Mated and/or unmated conditions


6.11  Name of operator and start/finish dates of test
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TEST PROCEDURE No. 65B

MIXED FLOWING GAS TEST PROCEDURE
FOR
ELECTRICAL CONNECTORS AND SOCKETS

(From EIA Standards Proposal No. 5194, formulated under the cognizance EIA CE-2.0 Committee
on National Connector Standards, and previously published in EIA-364-65A.)

1 Introduction
1.1 Scope

This standard establishes the test procedure for producing environmentally related corrosive
atmospheres to determine the reaction of plated or unplated surfaces when exposed to different
concentrations of flowing gas mixtures. @92

1.2 Object

The object of this test is to evaluate mated or unmated connectors, components, or experimental
materials to the effects of mixed flowing gas exposure. They are placed in an environmentally
controlled chamber that is monitored by a gas analyzing system for controlled concentrations of the
gas mixture. Corrosion rates are monitored by copper control coupons placed in the chamber for
each test. These control coupons are removed and analyzed using weight gain technique.

1.3 Safety

This procedure involves the use of hazardous materials, operations, and equipment. This
specification does not purport to address all of the safety problems associated with its use. It is the
responsibility of whoever used this specification to consult and establish appropriate safety and
health practices and determine the applicability of regulatory limitations prior to use.

1) The Development and Performance Characteristics of Mixed Flowing Gas Test Environments,
Electrical Contacts - 1987, Proceedings of the Thirty-Third IEEE Holm Conference on Electrical
Contacts, IEEE, New York, 1987, pp67-78.

2) D.W.Rice et al., Atmospheric Corrosion of Copper and Silver, J. Electrochem. Soc., 128, 1981,
pp 275-284.
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