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The Principles of
Standardization

In May 1995 the IPC’s Technical Activities Executive Committee adopted Principles of
Standardization as a guiding principle of IPC’s standardization efforts.

Standards Should:
• Show relationship to DFM & DFE
• Minimize time to market
• Contain simple (simplified) language
• Just include spec information
• Focus on end product performance
• Include a feedback system on use and

problems for future improvement

Standards Should Not:
• Inhibit innovation
• Increase time-to-market
• Keep people out
• Increase cycle time
• Tell you how to make something
• Contain anything that cannot be

defended with data

Notice IPC Standards and Publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for his particular need. Existence of such Standards and Publications
shall not in any respect preclude any member or nonmember of IPC from manufacturing or sell-
ing products not conforming to such Standards and Publication, nor shall the existence of such
Standards and Publications preclude their voluntary use by those other than IPC members,
whether the standard is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their
adoption may involve patents on articles, materials, or processes. By such action, IPC does
not assume any liability to any patent owner, nor do they assume any obligation whatever to
parties adopting the Recommended Standard or Publication. Users are also wholly responsible
for protecting themselves against all claims of liabilities for patent infringement.

IPC Position
Statement on
Specification
Revision Change

It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and
implementation of IPC publications is voluntary and is part of a relationship entered into by
customer and supplier. When an IPC standard/guideline is updated and a new revision is pub-
lished, it is the opinion of the TAEC that the use of the new revision as part of an existing
relationship is not automatic unless required by the contract. The TAEC recommends the use
of the lastest revision. Adopted October 6. 1998

Why is there
a charge for
this standard?

Your purchase of this document contributes to the ongoing development of new and updated
industry standards. Standards allow manufacturers, customers, and suppliers to understand one
another better. Standards allow manufacturers greater efficiencies when they can set up their
processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the
standards development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and
participates in committee activities, typesets and circulates document drafts, and follows all
necessary procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low in order to allow as many companies as possible
to participate. Therefore, the standards revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards,
why not take advantage of this and the many other benefits of IPC membership as well? For
more information on membership in IPC, please visit www.ipc.org or call 847/790-5372.

Thank you for your continued support.
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1 SCOPE

This handbook addresses solvent cleaning of electric
electronic assemblies, parts and application tools after
dering.

1.1 Purpose The content of this text is intended to pro
vide a basic understanding of the subject and to serve a
guide to users or prospective users of solvent clean
technology, allowing selection or improvement of solve
cleaning processes.

Notes:

1. Content of this revision is limited to those solvents th
have a wide use in electronic assembly cleaning ope
tions as of date of publication.

2. New solvents or formulations that are developed a
then proven effective for this use will be included in
future revision.

3. Sincenormal propyl bromide (nPB)and its formulations
are legal for sale and use for electronics cleaning, pe
ing the issuance of a final rule by the U.S. Environme
tal Protection Agency (EPA) Significant New Alterna
tives Program (SNAP) office, all references tonPB or
brominatedcleaning agents in this document are in ita
ics (see Annex C).

4. Transportation and storage related temperatures
weights are also provided in English units for safe
related reasons. It is recognized that certain paragra
are U.S. specific and other countries will need to subs
tute equivalent requirements/information.

1.2 Terms and Definitions All terms and definitions
used throughout this handbook are in compliance with IP
T-50. Other basic terms and definitions, essential for
discussion of the subject, are provided below or are defin
in appropriate sections of this handbook.

Solvent Cleaning– A cleaning process that uses a solve
medium, instead of water, for washing and rinsing the ele
tronic parts and assemblies. In solvent cleaning, drying
application and equipment dependent. In vapor defluxi
drying is accomplished by evaporating residual liquid so
vent on the part being cleaned into the vapor zone gen
ated by the boiling solvent. In all other applications, dryin
occurs by evaporation of residual solvent into the air, ta
ing care to keep the vapor in air levels within recom
mended limits.

1. IPC, 2215 Sanders Road, Northbrook, IL 60062
nt details: IPC SC-60A-1999
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Wash or Washing– The primary cleaning operation tha
removes undesirable impurities (contaminants) from s
faces by chemical and physical effects, mainly dissoluti
of the contaminants.

Rinse or Rinsing– A cleaning operation (usually follow-
ing the wash step) where fresh solvent replaces - via
dilution mode - any residual contamination, leaving su
faces wet with pure solvent.

Drying – The process of removing any residual liquid so
vent on the surface of the washed and rinsed parts. I
vapor defluxing process, drying is accomplished in t
vapor zone created by the boiling solvent in the wash zo
of the cleaning machine. Drying can be augmented
passing superheated solvent vapor across the surface o
parts, to ensure complete removal of residual liquid s
vent. This technique is especially effective with comple
geometries that can entrap liquid solvent.

Defluxing (Flux Removal or Post Solder Cleaning)– The
cleaning process designed to remove solder flux a
by-products. Other objectives are removal of process re
dues and materials used as production aids, such as so
soluble maskants. Impurities left by board or compone
fabrication processes or other operations may be remo
during the process, thus the defluxing process widens
process window for assemblers.

1.2.1 Chemical Material Acronym Definitions

HCFC Hydrochlorofluorocarbon
HFC Hydrofluorocarbon
HFE Hydrofluoroether
nPB normal Propyl Bromide
CFC Chlorofluorocarbon
TCE Trichloroethylene
PCE Perchloroethlyene

2 APPLICABLE DOCUMENTS

This section contains references to industry standards,
eral regulations, test methods and vehicles which are ap
cable to post solder solvent cleaning. Not all of these
cross-referenced in the text. They are listed below for
convenience of the readers.

2.1 Industry Standards

2.1.1 IPC Standards1

IPC-B-24 Surface Insulation Resistance Test Board

IPC-B-25 Multipurpose Test Board
1
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IPC-B-36 Cleaning Alternatives Test Board

IPC-T-50 Terms and Definitions for Interconnecting an
Packaging Electonic Circuits

IPC-SA-61 Post Solder Semi-Aqueous Cleaning Han
book

IPC-AC-62 Post Solder Aqueous Cleaning Handbook

IPC-CH-65 Guidelines for Cleaning of Printed Boards an
Assemblies

IPC-CS-70 Guidelines for Chemical Handling Safety i
Printed Board Manufacturing

IPC-TP-383 Organic Surface Contamination: Identifica
tion, Characterization, Removal Effects on Insulati
Resistance and Coating Adhesion

IPC-PE-740 Troubleshooting Guide for Printed Boar
Manufacture and Assembly

IPC-TM-650 Test Methods Manual

2.3.25 Detection and Measurement of Ionizable Surfa
Contaminants

2.3.27 Cleanliness Test - Residual Rosin

2.3.27.1 Rosin Flux Residue Analysis - HPLC Method

2.3.28 Ionic Analysis of Circuit Boards, Ion Chroma
tography Method

2.3.30 Solvent pH Determination in Anhydrous Fluor
carbon Solvents

2.3.38 Surface Organic Contaminant Detection Test

2.3.39 Surface Organic Contaminant Identification T
(Infrared Analytical Method)

2.6.3.1 Moisture and Insulation Resistance - Polyme
Solder Masks and Conformal Coatings

2.6.3.3 Surface Insulation Resistance, Fluxes

2.6.9.1 Test toDetermine Sensitivity of Electronic
Assemblies to Ultrasonic Energy

2.6.9.2 Test to Determine Sensitivity of Electronic Com
ponents to Ultrasonic Energy

2.6.13 Assessment of Susceptibility to Metallic De
dritic Growth : Uncoated Printed Wiring

2.6.14 Resistance to Electrochemical Migration, Po
mer Solder Mask

2.1.2 Joint Industry Standards1

J-STD-001 Requirements for Soldered Electrical and Ele
tronic Assemblies

J-STD-004 Requirements for Soldering Fluxes
2

ocument details: IPC SC-60A-1999
J-STD-005 Requirements for Soldering Pastes

J-STD-006 Requirements for Electronic Grade Solde
Alloys and Fluxed and Non-Fluxed Solid Solders for Elec
tronic Soldering Applications

NOTE: For additional documents and references related
general cleaning issues (IPC, DOD, EIA, UL, ASTM an
ANSI) the reader is referred to the IPC Cleaning Han
book; IPC-CH-65).

2.2 U.S. Federal Regulations2

2.2.1 Federal Laws

CAA Clean Air Act

CWA Clean Water Act

RCRA Resource Conservation and Recovery Act

CERCLA Comprehensive Environmental Response, Co
pensation and Liability Act

SARA Superfund Amendment and Reauthorization Act

2.2.2 Federal Standards

O-A-51 Acetone, Technical

O-E-760 Special Industrial Solvents

O-M-232 Methanol (Methyl Alcohol)

O-T-236 Tetrachloroethylene (Perchloroethylene); Techn
cal

O-T-620 1,1,1-Trichloroethane, Technical, Inhibited
(Methyl Chloroform)

O-T-634 Trichloroethylene, Technical, Inhibited

TT-B-848 Butyl Alcohol, Secondary, For Use in Organic
Coatings

TT-I-735 Isopropyl Alcohol

TT-M-261 Methyl Ethyl Ketone

TT-N-95 Naphtha, Aliphatic

TT-N-97 Naphtha, Aromatic

TT-T-548 Toluene Ethyl Alcohol, (Ethanol) Denatured
Alcohol, Proprietary Solvents

2.2.3 Department of Defense3

MIL-C-81302 Cleaning Compound, Solvent, Trichlorotrif-
luoroethane
2. General Services Administration, Federal Supply Service, Bureau Specifications Section (3FBP-W), Suite 8100 470 L’Enfant Plaza SW, Washington, DC
20407

3. Standardization Documents Order Desk, 700 Robbins Avenue, Bldg. 4D, Philadelphia, PA 19111-5094
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MIL-C-85447 Cleaning Compounds, Electrical & Elec
tronic Components

MIL-N-15178 Naphtha, Solvent

MIL-T-81533 Trichloroethane 1,1,1 (Methyl Chloroform
Inhibited, Vapor Degreasing

2.2.4 Occupational Safety and Health Administration4

OSHA 29 CFR 1910.1000 Air Contaminants

OSHA 29 CFR 1910.134 Respiratory Protection

OSHA 29 CFR 1910.106 Flammable and Combustible Liq
uids

2.2.5 Environmental Protection Agency5

EPA 40 CRF 63 National Emission Standards for Hazar
ous Air Pollutants for Source Categories

EPA 40 CFR 82 Protection of Stratospheric Ozone

EPA 40 CFR 117.3 Determination of Reportable Quantitie
for Hazardous Substances

EPA 40 CFR 131.36 Toxic Criteria for those States no
Complying with Clean Water Act Section 303(c)(2)(B)

EPA 40 CFR 261 Identification and Listing of Hazardou
Waste

EPA 40 CFR 302.4 Designation of Hazardous Substanc

EPA 40 CFR 355.30 (b) Emergency Release Notification

EPA 40 CFR 370 Hazardous Chemical Reporting: Com
munity Right To Know

EPA 40 CFR 372 Toxic Chemical Release Reporting
Community Right-to-Know

2.2.6 Department of Transportation6

DOT 33 CFR 153.203 Procedure for the Notice of Dis
charge

2.2.7 American Conference of Governmental Industrial
Hygienists (ACGIH)7 and National Institute of Occupa-
tional Safety and Health (NIOSH)8

Threshold Limit Values (TLVs) for Chemical Substanc
and Physical Agents, and Biological Exposure Indices P
lished by ACGIH Worldwide.
nt details: IPC SC-60A-1999
-

Permissible Exposure Limit (PEL) (eight hour exposu

Short Term Exposure Limit (STEL) (typically 15 minute

2.3 Other

2.3.1 American Standards for Testing Materials9

2.3.1.1 Test Methods

ASTM Method D-56 Flash Point, TAG Closed Cup

ASTM Method D-92 Flash Point, Cleveland Open Cup

ASTM Method D-93 Flash Point, Pensky-Martens Clos
Cup

ASTM Method D-1078 Distillation Range of Volatile
Organic Liquids.

ASTM Method D-1133 Kauri-Butanol Value for Hydrocar
bon solvents

ASTM Method D-1320 Tensile Strength of Paraffin Wa
(withdrawn without replacement)

ASTM Method D-2106 Amine Acid Acceptance of Haloge
nated Organic Solvents

ASTM Method D-2109 Non-Volatile Matter in Halogenate
Organic Solvents and Their Admixtures.

ASTM Method D-2111 Specific Gravity of Halogenate
Organic Solvents and Their Admixtures

ASTM Method D-2942 Total Acid Acceptance Of Haloge
nated Organic Solvents

ASTM Method D-2989 Acidity/Alkalinity of Halogenated
Organic Solvents and Their Admixtures.

ASTM Method D-3401 Water in Halogenated Organic So
vents and Their Admixtures

ASTM Method D-3443 Chloride in Trichlorotrifluoroethan

2.3.1.2 Standard Specification of Materials

ASTM D 329 Acetone

ASTM D 362 Toluene (Discontented without replaceme

ASTM D 740 Methyl Ethyl Ketone

ASTM D 1153 Methyl Isobutyl Ketone
4. OSHA, Public Affairs Office - Room: 3647, 200 Constitution Avenue, Washington, DC 20210
5. EPA, 401 Main Street SW, Washington, DC 20460-0003, Telephone: 800-424-8802
6. DOT, 400 Seventh Street SW, Washington, DC 20590
7. ACGIH, 1330 Kemper Meadow Drive, Suite 600, Cincinnati, OH 45240
8. NIOSH, 200 Independence Avenue SW, Room 715H, Washington, DC 20201
9. ASTM, 100 Barr Habor Drive, West Conshohocken, PA 19428-2959
3
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ASTM D 1836 Commercial Hexanes

ASTM D 3622 N-Propyl Alcohol

ASTM D 4079 Methylene Chloride (Vapor Degreasing
Grade)

ASTM D 4080 Trichloroethylene

ASTM D 4081 Perchloroethylene (Drycleaning Grade)

ASTM D 4126 1,1,1 Trichloroethane

ASTM D 4376 Perchloroethylene (Vapor Degreasin
Grade)

ASTM D 4701 Methylene Chloride (Technical Grade)

ASTM D 5309 Cyclohexane 999

ASTM D 6368 Vapor-Degreasing Grade and General So
vent Grade forNormal Propyl Bromide

2.3.2 National Fire Protection Association (NFPA)10

NFPA 35 Definitions of Flammable & Combustible Sub
stances

2.3.3 Environmental Protection Agency

EPA-453/R-94-081 Guidance Document for the Haloge-
nated Solvent Cleaner NESHAP

3 CLEANING SOLVENTS/SOLUTIONS

A general rule of cleaning is ‘‘like dissolves like,’’ which
means that usually nonpolar contaminants are best remo
by nonpolar solvents, while polar or ionic contaminats a
best removed by polar solvents. Thus a mixed or comp
soil will often require a multicomponent solvent cleanin
agent formulation to achieve the desired cleaning result
a single cleaning operation. There are several key area
concern when selecting such cleaning solvents/solutions

• Effectiveness (See 3.1)

• Stability (See 3.2)

• Safety (See 3.3)

• Environmental (See 3.4)

• Cost (See 3.5)

• Summary (See 3.6)

3.1 Effectiveness To be effective, a cleaner should hav
the characteristics as defined below:

3.1.1 Wetting Characteristics The cleaning agent
should possess good wetting characteristics which idea
should change minimally during the cleaning operation
assure flow and wetting in all areas to dissolve and remo
4
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contaminants. Wetting is generally dependent upon the vi
cosity and surface tension of the solvent. Solvent formula
tions possessing low viscosities and low surface tension
will typically have the best wetting characteristics. (Refe
to Section 3.1.2)

3.1.2 Solvency Power The cleaner should possess good
solvency power (affinity for the contaminant). The cleane
must be capable of dissolving the contaminants present
wetting is of little value other than to mechanically wash
away the contaminant. It is difficult to state the solvency
power of a cleaner in absolute terms and therefore relativ
measures are often used. Examples of such relative me
sures, which are of limited utility, are solubility of contami-
nant in g/cm3, solution viscosity changes with specific per-
cent loading, Kauri-Butanol value and aniline point
number. A much better method is solubility parameter data
which gives the best indication of the ability of a solvent
or solvent formulation to remove a soil. Also, it should be
noted that solvency can be enhanced by proper choice
cleaning equipment, agitation methods or cleaning cycle.

3.1.3 Multiple Components A cleaner should contain
both polar and nonpolar components. The nonpolar portio
is needed to efficiently remove nonionic contaminants suc
as rosin, oils, fingerprint oils, etc., and the polar compo
nents for dissolving (solvating) ionic contaminants such a
flux activators, plating salt residues, or salts from handlin
(see Section 5.1). To achieve the polar/nonpolar characte
istics, solvent blends and azeotropes are becoming mo
prominent. The nonpolar component is often a halogenate
solvent, either chlorinated,brominated, chlorofluorinated
or hydrofluorinated. The polar component solvent is typi
cally an alcohol such as methanol, ethanol, 2-propanol o
1-propanol. Other components such as chlorocarbons
hydrocarbons, are often used to adjust the balance of so
vent power and compatibility for specific uses. Stabilizer
are often added as well to prevent degradation of the so
vent formulation during use.

3.1.4 Degradation The cleaner should not, when prop-
erly used, degrade hardware or components comprising t
electronic assembly. Marking/symbolization should not b
removed by the cleaning solvent/solution. (Refer to Sectio
4.)

3.1.5 Residues The cleaner should not leave detrimenta
solvent residues after final rinse. Adequate purity of sol
vents is a very important factor in being able to achieve a
acceptable degree of surface cleanliness. Solvent residu
impurities encountered in the cleaning process can be ge
erally attributed to the items in paragraph 3.1.5.1 throug
3.1.5.3.
10. National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02269-9101
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3.1.5.1 Suspended Matter (Particulate matter insoluble
in the solvent but suspended due to particle size an
specific gravity.) The probability of this type of impurit
being present increases if adequate controls are not im
mented on production cleaning equipment or if solvents
initially packaged or repackaged utilizing insufficient co
trols or inadequate storage containers.

3.1.5.2 Contaminants in Solvents as a Consequence of
Manufacture Small fractions of organic compounds di
tilled over with the solvent during the solvent manufactu
ing operation are commonly encountered impurities wh
do not, for practical purposes, interfere with the intend
cleaning function or behavior of the solvent. In certain hi
reliability aerospace applications, where the presence
trace impurities such as sulfur or silicones are conside
detrimental, the user will need to have the composition
the solvent certified to ensure end user requirements
met.

3.1.5.3 Dissolved Contaminants (From cleaning opera
tions and codistilled by reclaiming processes.) The use
reclaimed solvent has distinct economical advantages
is the principle behind all vapor phase cleaning equipme
No problem is encountered as long as codistilled conta
nants, such as mineral and silicone oils, are not presen
the reclaimed solvent (i.e., a controlled/known source
providing the solvent material to be reclaimed). Howev
reclaimed solvents available at low cost in bulk quant
from commercial reclaimers who coiled solvent scrap fro
a variety of possibly uncontrolled sources can pose pr
lems if not properly analyzed prior to use. The ri
assumed by the user when applying reclaimed solvent
be high if adequate controls (i.e., incoming inspection)
not implemented. Subsequent operations after clean
such as conformal coating, can be adversely affected. O
such reclaimed solvent is used upstream for cleaning p
prior to assembly or for maintenance cleaning, reserv
the pure material for final assembly cleaning.

Another potential source of contamination in incomi
material is repackaging by distributors and/or users. C
must be taken to ensure the plastic coating inside drum
pails (drum liner) is compatible with the solvent formul
tion. Individual companies must determine their ow
incoming requirement to minimize product liability.

3.2 Stability The stability (long use life) of the cleanin
agent is important from a reliability/cost standpoint. T
cleaner should exhibit resistance to both chemical and t
mal decomposition.

3.2.1 Resistance to Chemical Decomposition Some
halogenated solvents (1,1,1-trichloroethane (no longer
duced), trichloroethylene, perchloroethylene,n-propyl bro-
nt details: IPC SC-60A-1999
r

-

f

e

f
d
.

n

-

n

,
n
s

r

-

-

mide) are susceptible to chemical decomposition (pre
ously called ‘‘going acid,’’ but more precisely degradatio
to unwanted or harmful decomposition products) in th
presence of heat, moisture, and contact with certain met
Such decomposition products are acidic and corrosi
Most commercially available cleaning solvents are form
lated with stabilizer systems included. Inhibitors and an
oxidants are present to prevent solvent degradation
acid acceptors are present to neutralize any acidity t
might develop. During operation, the stabilizers ma
become depleted and, therefore periodic testing of the s
vent is required. (Refer to Paragraph 8.6 - Solvent Mo
toring.)

3.2.2 Resistance to Thermal Decomposition Most
halogenated solvents (1,1,1-trichloroethane, trichloroeth
ene, perchloroethylene,n-propyl bromide, HCFCs, HFCs
and HFEs) are susceptible to thermal decomposition (p
viously called ‘‘going acid,’’ but more precisely degrada
tion to unwanted or harmful decomposition products) in t
presence of elevated sources of heat; such as hot spot
immersion heaters, contact with the heating elements
radiant space heaters (either electrical or gas) or con
with the heat generated by a welding torch. Once the th
mal limits of a solvent molecule are exceeded, no stabiliz
package can prevent decomposition. The user must t
care to ensure that such contact cannot take place.

3.3 Safety Users of solvent cleaners must also evalua
other safety factors such as fire safety considerations,
both the acute and chronic health effects of the spec
cleaning solvent chemicals. Users should always ma
themselves completely knowledgeable on all aspects of
the Material Safety Data Sheets or MSDS (as supplied
the chemical manufacturer) applicable to the materials
use.

Health effects, in addition to potential inhalation hazard
include irritation to, or corrosion of eye and skin tissue
An evaluation of eye and/or face protection requireme
should be done. Skin irritation or corrosion may be
potential hazard and it can be prevented by wearing app
priate protective gloves.

For complete safety information, see IPC-CS-70. It shou
also be noted that, when using any chemical, a curr
Material Safety Data Sheet must always be reviewed pr
to putting the cleaning agent into service.

3.3.1 Fire Safety The halogenated solvents, along wit
their low percent alcohol blends, are generally nonfla
mable. Users should be aware that multi-component az
tropes only possess that particular composition at the b
ing point. Thus, if the formulation contains a flammab
component, the composition could become rich in th
component at room temperature, and therefore ignitab
5
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Other commonly used solvents such as 2-propanol, ter
nes, and other hydrocarbons are flammable or combust
and should be handled and stored according to local sa
regulations. These materials can all be used safely as l
as the precautions recommended by the supplier are rig
ously followed.

The flash point test of a liquid or combination of liquids i
normally run to determine how the cleaning agent shou
be packaged and shipped. It was not intended to pred
behavior in a vapor defluxer. It is not uncommon for
cleaning agent to have a flammable range, usua
expressed as the concentration in the air that can be igni
but yet not have a flash point.

Factory Mutual (FM) and the National Fire Protectio
Association (NFPA) regard liquids with a flash point belo
140°F to be ‘‘flammable,’’ and liquids whose flash point i
above 140°F but below 200°F to be ‘‘combustible.’’ Flam
mable liquids pose explosion hazards if their vapors are
properly removed by either local or general ventilatio
Users of flammable solvent cleaners must also recogn
that installations where these liquids are to be used m
conform to certain construction standards such as explos
proof wiring, switches, lights, motors, etc., (see NFPA 3
and OSHA 29 CFR 1910.106 for additional information
Users of flammable liquids should also verify with the
local fire department the need for notification and perm
sion of the use of these liquids. Notification may also b
required under EPA’s Community Right to Know regula
tions 40 CFR 355.30(b), 370.20, 370.21 and 370.25
report storage and usage of certain chemicals to both
local fire department and emergency planning commissi

3.3.2 Workplace Exposure It is important for worker
safety that vapors of a chemical used in the manufactur
area be maintained below the maximum threshold lim
value (TLV). TLVs are established by the American Con
ference of Government & Industrial Hygenists (ACGIH
TLVs are generally used by OSHA for determination o
compliance with workplace safety standards. Mode
closed or sealed equipment can permit the use of mater
with low exposure limits (low TLVs), as well as equipmen
that has been properly retrofitted to comply with mode
requirements.

3.3.2.1 PEL/STEL It is a legal requirement to maintain
worker exposure to solvent vapors at or below the Perm
sible Exposure Limit (PEL) for eight-hour exposures, an
at or below the Short Term Exposure Limit (STEL) fo
shorter time periods (typically 15 minutes) as published
OSHA in the air contaminants section of 29 CF
1910.1000.

It is equally important to maintain worker exposures
solvent chemicals, on which OSHA has not established
PEL or STEL, at or below the Threshold Limit Value
6
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(TLV) for eight-hour exposures as published by the Ame
can Conference of Governmental Industrial Hygieni
(ACGIH) and/or the National Institute of Occupation
Safety and Health (NIOSH) through proper local venti
tion or work practices, or both. OSHA requires that en
neering controls (i.e., local ventilation) to be the prima
method of controlling employee exposure, and requirem
to wear personnel protective equipment (PPE) in the fo
of respirators to be used as a last resort if engineering c
trols fail to control exposures. Should wearing of respi
tors be required to adequately protect workers from vap
of cleaning solvents, the user is required to have a writ
respiratory protection plan (see 29 CFR 1910.134).

3.3.2.2 Workplace Exposure Monitoring Three common
methods used for monitoring of solvent concentration in
are the use of air sampling pumps, organic vapor mon
(OVM) badges, and the organic vapor analyzer (OVA
Both the air sampling pump technique and the OV
badges provide a TWA (time weighted average) of a s
vent concentration in the air. The organic vapor analy
(OVA) provides an instantaneous reading of a solvent c
centration in air.

Air Sampling Monitor – The method utilizes a samplin
pump and a charcoal tube to collect a given volume of
It is suggested that the air sampling be conducted ove
eight hour period. The charcoal tube is sent to a laborat
and then analyzed for the selected solvent concentratio

Organic Vapor Monitor – The organic vapor monito
(OVM) is similar to a sampling pump although without th
mechanical pump. One can wear the OVM as a badge
clipping it onto a shirt pocket for a specified time. Th
main disadvantage of the method is limited selectivity
the solvent being monitored. The OVM will need to b
shipped to an analytical lab for analysis.

Organic Vapor Analyzer– The organic vapor analyzer i
essentially a portable gas chromatograph using a flame
ization detector. The method provides measurement
trace quantities of hydrocarbons and organics. It is a
used to detect leaks from solvent cleaning equipmen
well as measure the instantaneous solvent concentratio
air. Laboratory calibration of the equipment is required
select the solvent to be monitored. Additionally, a tech
cally trained operator will be required to conduct the mo
toring and interpret the data for determination of solve
concentrations in air.

3.4 Environmental The selection of a solvent cleanin
process, including materials and equipment, must incor
rate the inherent impact that a given solvent will have
air emissions, water discharges and waste generation f
the facility. Each of these three environmental mediu
may require a permit depending on the usage rate
existence of other air emissions, water discharges
waste generation at that facility.
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Air Emissions – All cleaning solvents have a vapor pre
sure, and because of this, either local or general ventila
is required to keep employee exposures below accept
levels. Accordingly, the use of a solvent cleaning proc
will result in air emissions of the solvent cleaning age
chemical(s) to the atmosphere. Such emissions may
regulated by the state (or other local permitting authorit
the Montreal Protocol, or the Clean Air Act (CAA)
depending on the type and amount of chemical(s) emit
and the total chemical emissions at that facility. An
emissions permit may be needed if the emissions thres
for a given chemical is met by the solvent cleaning proce
or if the total air emissions of either a given chemical
that facility from all process sources is exceeded, or if
total air emissions of a group of chemicals at a facility
exceeded (such as volatile organic compounds, VOC
that facility). (Reference Section 9.2 for more detailed co
siderations.)

ODP – The Ozone Depletion Potential (ODP) of solven
containing chlorine or bromine ranges from near-zero
significant. The ODP is determined by a Scientific Asse
ment Panel (SAP) which reports to the UN Technology a
Economic Assessment Panel (TEAP). Ozone deple
models used by SAP are currently being updated to pe
accurate assessment of halogenated solvents with s
atmospheric lifetimes.

GWP – The Global Warming Potential (GWP) of a mo
ecule is a function of its atmospheric lifetime. Many hal
genated solvents as well as non-halogenated cleaning m
rials such as carbon dioxide (used in the supercritical C2

cleaning process) have atmospheric lifetimes that co
contribute to global warming. Various time horizons a
used to express GWPs, without universal agreement on
standard scale. While not currently a basis for regulati
GWPs are taken into account during the cleaning ag
qualification process.

HAP – Many substances, including some solvents,
regulated as Hazardous Air Pollutants (HAPs) althou
they may not be regulated on the basis of ODPs or GW
HAPs include such common chlorinated solvents
trichloroethylene (TCE) and perchloroethylene (PCE).
some areas, HAP listing can preclude the use of a part
lar material, or more importantly, provide guidance on t
design of proper equipment and proper workplace pract
to allow its use.

Handling – All solvents should be handled with care, usi
the protective equipment and precautions outlined on
MSDS supplied by the manufacturer. In particular with t
solvents characterized by high cost per kg or having a
allowable workplace vapor in air level, it is critical t
transfer solvent into the cleaning machine below the vap
air interface using a proper drum transfer pump. In the c
of flammable solvents, air driven instead of electric
pumps should be used. Many of the larger clean
nt details: IPC SC-60A-1999
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machines are fitted with transfer pumps as an option, wh
ensures that solvent is added to and removed from
cleaner properly. Such transfer pumps are often include
the cleaner is fitted with an attached still for recycling th
solvent.

Recycling– Nonflammable solvents are readily recycled
use of a relatively simple still. The still can either be pipe
directly to the cleaner, to multiple cleaners (assuming
same soil is being removed in each cleaner) or a sta
alone unit. If similar soil chemistry is used for manu
cleaning operations, including rework and repair, spent s
vent from these cleaning operations can be combined w
the solvent from the batch or conveyorized cleaning un
thus maximizing the solvent that is recycled and reus
(see Section 8.5 for details of recycling still desig
options, features, operation and maintenance).

Waste Generation– The generation of spent or wast
cleaning solvents may be heavily regulated as a hazard
waste. It is imperative that all spent cleaning solvents
analyzed and characterized by someone knowledgeabl
the hazardous waste generation, storage and shipment r
lations. These regulations may subject a facility to exte
sive rules on personnel training, recordkeeping, storage
handling requirements. Even if hazardous waste rules
not applicable, local or state rules on solid waste, not re
lated as hazardous, may apply (see Section 9.4 for fur
information).

Water Discharges– The following information is pertinent
for users dealing with waste water streams from wa
separators and water cooling coils. Generally, the discha
of any new wastewater stream, both by total flow and
chemical makeup, will require a permit from the local pu
licly owned treatment works (POTW) under the Clea
Water Act (CWA). In addition, such a permit may als
require co-current state approval (and in rare cas
regional EPA approval). Hence, it is imperative that a
new or additional wastewater flow from a solvent cleani
process step be reviewed with local POTW officia
BEFORE commencing the discharge of wastewater. Suc
review may result in the POTW waiving the need for
permit, or in reducing the monitoring requirements of
required permit. If wastewater discharge to an on-site s
tic disposal system is contemplated, any such groundw
discharges must be reviewed with the facility’s sta
groundwater protection bureau on the need for a ground
ter discharge permit. Extreme caution must be exercise
discharging wastewater containing cleaning solvents,
contaminated groundwater and possible soils may res
which can be extremely costly to remediate. Reference
for additional details.

Community Right-to-Know– In addition to the above con
siderations regarding air emissions, water discharges,
waste generation, the annual usage or storage amoun
certain chemicals will subject a facility to annual reportin
7
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requirements to federal EPA, the state and local emerge
planning commissions or fire departments. In additio
spills or leaks of certain chemicals above establish
thresholds will require self-reporting to federal, state a
local agencies (see Section 9.5 for further detailed inform
tion).

3.5 Cost The costs (including initial acquisition and rec
lamation efficiency) must be reasonable. Solvents with l
exposure limits, highly volatile, and flammable materia
may require sophisticated equipment and controls to p
vent excessive material loss and higher than permiss
exposure levels. Previously mentioned factors of stabil
effectiveness, disposal, work practices and safety, coup
with initial cost of the solvent are all important in dete
mining total process cost based on overall cost per p
cleaned.

3.6 Summary The cleaning agent should:

• not be harmful to employees

• possess excellent wetting ability to enable rapid excha
of the working volume of the cleaning agent under co
ponents and within blind holes or other entrapment ar

• be able to remove both soluble and particulate conta
nants

• be compatible with the product, equipment and work a

• be stable during repeated reuse

• be cost efficient (lowest cost per part cleaned)

4 Properties of Cleaning Solvents

4.1 Introduction Several types of organic solvents a
used in the cleaning of printed wiring boards (PWBs) a
printed wiring assemblies (PWAs). Solvents are also c
tained in conformal coatings, which contact the lamina
surface. The most common of the solvents are halogen
solvents, aliphatic hydrocarbons, alcohols, ketones,
aromatic solvents (see Tables 1 and 2). Blends of the v
ous solvents are also commonly used. This section cont
the following:

• Physical Properties

• Solvency

• Solvent monitoring / stability

• Safety and Environmental properties

• Cleaning processes

Discussion in each section is limited to the most commo
used solvents for cleaning PWAs (see Tables A-2 & A
Annex A).

4.2 Physical Properties The physical properties of sev
eral families of solvents are listed in the following table

Table 1 Physical Properties of Hydrocarbons and Oxyge
ated Solvents
8
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Table 2 Physical Properties of Allowed and Discontinue
Halogenated Solvents

Table A-2 Hydrogenated and Oxygenated Solvent Form
lations (Annex A)

Table A-3 Halogenated Solvent Blends and Azeotrop
(Annex A)

Note that blends of each of the solvents are available. T
various blends and azeotropes do exhibit slightly differe
physical properties. Properties for a number of such ble
are listed in Table A-2 and Table A-3 (Annex A). Individua
manufacturers should be contacted for specific informat
by trade names.

4.3 Solvency Solvency of one material in another can b
determined by comparing solubility parameters of the tw
materials involved. The closer the solubility paramete
are, the better the solvency of the two compounds in e
other. Obviously solvents or solvent formulations whic
have a similar solubility parameter as rosin would be b
suited for the removal of rosin residues. The solubili
parameter for epoxy resin (typical of laminate) is ve
close to that of methylene chloride, thus, methylene ch
ride was found to be the cause of resin softening and wh
spotting when military multilayer PWAs were defluxe
with a cleaning solvent containing methylene chloride.

Both the older Hildebrand and modern Hansen solubil
parameters which relate the actual soil and the clean
solvent give a more accurate guide to cleaning efficacy a
are therefore preferred for today’s complex soils. An old
guide used for predicting solvency was the Kauri-Butan
(KB) number per ASTM Method D-1133, which was a
indirect measure related to the power of a solvent for d
solving Kauri gum.

It is critical to note here that neither of these solvency te
give a measurement for effectiveness of ionic contami
tion removal. This must be determined on an individu
basis, taking into account the particular soldering materia
components and soldering parameters in the assem
operation. In general, multi-component formulations co
taining a base solvent and an alcohol are strongly reco
mended for ionic removal. Contact individual cleaning so
vent suppliers for specific product performanc
capabilities, as they often have comparative laboratory d
available for reference.

4.4 Polymer and Marking Compatibility At any tem-
perature, the interactions between polymers (plastics, e
tomers, solder resist, and inks used in marking) and s
vents depend on a number of factors. Examples are:
chemical properties of the polymer in question, the po
mer formulation parameters, the degree of crosslink
(curing or vulcanizing conditions), annealing of molde
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Table 1 Physical Properties of Common Hydrocarbons and Oxygenated Solvents

Property Cyclopentane Cyclohexane Toluene Xylene Methanol Ethanol 2-Pro

General Solvent Type Hydrocarbon Hydrocarbon Hydrocarbon Hydrocarbon Alcohol Alcohol

Boiling Point °C (°F) 49
(120)

81
(177)

110
(230)

127-159
(261 - 318)

64
(147)

78
(172)

Flash Point, TCC °C (°F) -37 (-35) -18 (-1) 4 (40) 27 (80) 11 (52) 14 (57)

Flammable Limits - LEL
(vol % in air)

1.5

Flammable Limits - UEL
(vol % in air)

8.7

Vapor Pressure at 20°C, torr 400 78 95 45

Relative Evaporation Rate
(butyl acetate = 1)

5.6

Vapor Density (air = 1.00)

Liquid Density at 25°C, g/cm3

(lb/gal)
0.750
(6.30)

0.775
(6.47)

0.867
(7.23)

0.868
(7.24)

0.792
(6.61)

0.765
(6.63)

Surface Tension at 20°C, dyne/cm 22.6 24.61 28.4 28.9 22.6 22.8

Viscosity at 20°C, cp 0.50 0.911 0.59 0.69 0.62 1.22

Solubility of water in solvent
(weight % at 20°C)

Negligible Negligible 0.04 0.02 ∞ ∞

Solubility of solvent in water
(weight % at 20°C)

Negligible Negligible 0.05 ∞ ∞

Solubility Parameter (Hansen)
(Cal/cm3)1/2

- Nonpolar 8.1 8.2 8.8 8.1 7.4 7.7

- Polar 0 0 0.7 3.4 6.0 4.3

- Hydrogen bond 0.1 0.1 1.0 1.0 10.9 9.5

Solubility Parameter (Hildebrand),
(Cal/cm3)1/2

8.1 8.2 8.9 8.8 14.5 13.0

Kauri Butanol Value 53 56 94-105 94

VOC Content, grams/liter 738 775

Exposure limit, ppm 600

Atmospheric Lifetime, years

Global Warming Potential
(CO2 = 1) =>100 yr ITH

Ozone Depletion Potential 0 0 0 0 0 0
otes: 1Values @ 25°C
. Blank space indicates data not available.
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