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FOREWORD

The U.S. Environmental Protection Agency is charged by Congress with pro-
tecting the Nation's land, air, and water resources. Under a mandate of national
environmental laws, the Agency strives to formulate and implement actions lead-
ing to a compatible balance between human activities and the ability of natural
systems to support and nurture life. To meet this mandate, EPA's research
program is providing data and technical support for solving environmental pro-
blems today and building a science knowledge base necessary to manage our eco-
logical resources wisely, understand how pollutants affect our health, and pre-
vent or reduce environmental risks in the future.

The National Risk Management Research Laboratory is the Agency's center for
investigation of technological and management approaches for reducing risks
from threais to human health and the environment. The focus of the Laboratory's
research program is on methods for the prevention and control of pollution to air,
land, water, and subsurface resources; protection of water quality in public water
systems; remediation of contaminated sites and groundwater; and prevention and
control of indoor air pollution. The goal of this research effort is to catalyze
development and implementation of innovative, cost-effective environmental
technologies; develop scientific and engineering information needed by EPA to
support regulatory and policy decisions; and provide technical support and infor-
mation transfer to ensure effective implementation of environmental regulations
and strategies.

This publication has been produced as part of the Laboratory's strategic long-
term research plan. It is published and made available by EPA's Office of Re-
search and Development to assist the user community and to link researchers
with their clients,

E. Timothy Oppelt, Director
National Risk Management Research Laboratory

EPA REVIEW NOTICE

This report has been peer and administratively reviewed by the U.S. Environmental
Protection Agency, and approved for publication. Mention of trade names or
commercial products does not constitute endorsement or recommendation for use.

This document is available to the public through the National Technical Information
Service, Springfield, Virginia 22161.






ABSTRACT

The composite wood panel manufacturing industry was included in the EPA's initial list of air
toxics source categories under section 112 of the Clean Air Act Amendments of 1990.! The
industry was defined by the EPA as "...any facility engaged in the manufacturing of plywood
and/or particleboard, including, but not limited to, manufacturing of chip waferboard,
strandboard, hardboard/cellulosic fiberboard, oriented strandboard, hardwood plywood,
medium density fiberboard, softwood plywood, or any other wood composite product
manufactured using binder (EPA, 1992).” The EPA's Office of Air Quality Planning and
Standards (OAQPS) will be writing maximum achievable control technology (MACT)
standards for Hazardous Air Pollutants (HAPs) as they apply to the composite wood panel
manufacturing industry; the MACT regulations for this industry are scheduled to be proposed
in 1999.

The Pollution Prevention Act of 1990 requires the EPA to review regulations of the Agency
prior to their proposal to determine the effect of regulations on source reduction. In response
to this charge, the EPA has established the Source Reduction Review Project (SRRP). The
goals of the SRRP are to ensure that source reduction measures and multi-media issues are
considered during the earliest stages of development of regulations under the Clean Air Act,
Clean Water Act, and Resource Conservation and Recovery Act. The SRRP is focused on 17
industrial categories which will be affected by the above regulations; the composite wood
panel manufacturing industry was selected as one of the 17 industrial categories.?

The EPA's National Risk Management Research Laboratory (NRMRL)/Air Pollution
Prevention and Control Division (APPCD) worked in conjunction with OAQPS on the
implementation of the SRRP for the composite wood panel manufacturing industry. As part of
this effort, the Research Triangle Institute was contracted to characterize emissions from
manufacturing processes and to identify potential pollution prevention opportunities for
reducing them.

This report summarizes information gathered on emissions from the composite wood industry
and potential pollution prevention options. Information was gathered through a literature
search of trade association publications, journal articles, symposium presentations, university
research. etc.

In the EPA's initial list of air toxics, the composite wood industry was called the
plywood and particleboard industry.

2The composite wood panel manufacturing industry was listed in the SRRP as the
plywood and particleboard industry.

i PROTECTED UNDER INTERNATIONAL COPYRIGHT
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Little information exists in the literature pertaining to pollution prevention. Most of the
available literature focuses on ways to reduce raw material consumption and improve
manufacturing processes. However, in many instances, these reductions and improvements
lead to pollution prevention benefits. Some of these potential pollution prevention options are
presented in this report and include: conveyor belt drying; low temperature drying; high
moisture bonding adhesives; foam extrusion; and variable glue application rate. Other
pollution prevention options presented in this report include alternative fiber sources such as
agricultural fiber and recycled wood waste and naturally derived adhesives. These options are
presented as resources that are abundant and renewable. Little emissions data exist in the
literature to include with these options.

iit






Section

1.0

2.0

Table of Contents

Page

ADSIact . . . . ., ii

Listof Figures . . . . . . ... . . viii

Listof Tables . .. ... ... ... . ix

Abbreviations and Symbols . .. ... .. ... L X

Acknowledgments . ... ... ... ... Xii

Composite Wood Product Classifications and Industry Statistics . ............. 1

1.1  Plywood Panels . ..... e 2

1.1.1  Structural Plywood . .......... ... ... ... . . . ... . .... 2

1.1.1.1 Industry Outlook . .............. ... .......... 2

1.1.2 Hardwood Plywood . . ........... ... ... ... .......... 5

1.1.2.1 Wall Paneling . ......... ... ... .. ..... ... .... 5

1.1.2.1.1 Industry Outlook . .................... 5

1.1.2.2 Industrial Hardwood Plywood . . ... ... ............ 8

1.2 Engineered Lumber . . . .. ... ... ... ... .. ... 8

1.2.1 IndustryOutlook . ........... ... ... . ... .. .. . ... ... 10

1.3 Reconstituted Wood Panels . . .............. ... ... ........... 10

1.3.1 Particleboard . .............. . ... . ... 11

1.3.1.1 Industry Outlook . .......................... 11

1.3.2  Oriented Strandboard . . . ... ........................ 11

1.3.2.1 Industry Outlook . .............. . ... ..0..... 13

1.3.3  Hardboard . .. ...... ... ... ... .. 13

1.3.4  Medium Density Fiberboard . ........................ 15

1.3.4.1 Industry Outlook . .......................... 15

1.3.5 Cellulosic Fiberboard . ............................ 15

Composite Wood Manufacturing Process Descriptions . .. ................ 17

2.1  Plywood Manufacture . .............. ... . ... 17

2.1.1 Debarking . . ...... ... 17

2.1.2 HeatingtheBlocks . ............ ... ... ... .. ..., 17

2.1.3 Cutting Veneer . . .. ... 18

2.1.4  Veneer Storage and Clipping . . .. ..................... 18

215 VeneerDrying ... ... ... ... e 18

2.1.6 Layupand Pressing . ...................... ... ..... 22

2.1.7 Finishing . ... ... .. . . e 23
2.1.7.1 Structural Plywood and Industrial

Hardwood Plywood . ......... ... ... ......... 23

2.1.7.2 Hardwood Plywood Wall Paneling ............... 23

2.2 Reconstituted Panel Manufacture . ........... ... ... ... ...... 24

iv






Section

3.0

Table of Contents (continued)

Page
22.1 WoodReduction . .. ...... ... ... ... ... 24
2.2.1.1 Oriented Strandboard . . ... ................... 24
22.12Particleboard . . .......... .. . ... ... 24
2.2.1.3 Fiberboard (Cellulosic Fiberboard, MDF, and Hardboard) 24
222 Drying . ... 26
2.2.2.1 Screening and Air-Classifying ... ............... 28
2.2.3 Adhesive Application . . . .. ... ... L. 28
2.2.3.1 Particleboard and Oriented Strandboard . . . .. ... ... .. 29
2.2.3.2 Medium Density Fiberboard and Dry Process Hardboard . 29
224 MatForming . ....... ... ... .. 29
2241 WetForming . .. ....... ... ... ... ... 30
2242DryForming . .. ..... ... .. ... ... . 30
2.2.5 HotPressing ............ ... e 30
2.2.6 Finishing ... ... ... ... . .. . 35
Process Emissions and Wastes . . . . . .. ... ... ... ... 35
3.1 Solid Wastes . . ... ... ... 35
3.2  Adhesive Wastes . .. ... ... 35
3.3 Water Wastes . . . . ..t 37
3.4  AIr Emissions . ... ... .. ... ... 38
3.4.1 Reconstituted Panel Dryers .. ........................ 38
3.4.1.1 Emissions Stream Characteristics . . . .............. 38
3.4.1.2 Variables Affecting Emissions from Reconstituted
Panel Dryers . .. ....... ... .. ... . . .. .. ... ... 39
3.4.1.2.1 Effects of Dryer Inlet Temperature
On TGNMO Emissions . . .............. 40
3.4.1.2.2 Effects of Dryer Inlet Temperature on
Formaldehyde Emissions . .............. 40
3.4.1.2.3 Effects of Wood Species on Formaldehyde
Emissions . ........................ 40
3.42 Veneer Dryers ... ... ... ... 43
3.4.2.1 Emissions Stream Characteristics . . ............... 43
3.4.2.2 Variables Affecting Veneer Emissions . . . . ... ... .. .. 44
3.4.2.2.1 Factors Affecting Noncondensable Organics . . . 44
3.4.2.2.2 Factors Affecting Particulated and Condensable
Organics . ..........c..uiiiinuunn.. 45
3.5 Press Emissions . .. ... ... . ... 45
3.5.1 Wood Related Emissions . .. ........................ 45

v



Section

4.0

5.0

6.0

7.0

Table of Contents (continued)

Page

3.5.2  Adhesive Related Emissions . ........................ 45
3.5.2.1 Press Emissions from Curing UF Resins . . ... ....... 45

3.5.2.2 Press Emissions from Curing PF Resins . . ... ....... 47

3.5.2.3 Press Emissions from Curing MDI Resins . .. ........ 48

Pollution Prevention . ... ... ... ... ... . ... ... . .. . 49
Alternative Fiber Sources . . . .. ....... ... .. .. ... . 49
5.1 Recycled Wood Waste .. ......... ... ... ... ... 50
5.2 Agricultural Fiber . . . ... ... ... ... 51
52.1 ProductQuality .............. ... ... . ... ... 51

522 BulkDensity ......... ... ... ... 53

523 Price ... e 53

5.2.4 Fiber Availability . .............. ... ... ... ... .... 55

5.3 Recycled Textile Fibers . .. ... ...... ... ... .. .. . . .. ....... 55
Alternative Adhesives . . .. ... ... . . 56
6.1 Background . ....... ... ... 56
6.1.1 ProductEndUse........... ... ... ... ... ........ 56

6.1.2 Manufacturing Issues . . ... ... ... .. ... ... ... . ... .. 56

6.1.3 Consumer Safety ............ ... ... ... .. . .. .. .. .. 59

6.2  High Moisture Bonding Adhesives .. ......................... 59
6.3  Reformulated Urea-Formaldehyde Resins . . ... .................. 60
6.4  Naturally Derived Adhesives . . .. ......... ... ................ 63
6.4.1 FAREZResin ........... ... ... .. ... .. 64
6.4.1.1 Environmental Effects . ...................... 64

6.4.1.2 Availability ........... ... ... . ... .. ... ... 64

6.4.2 MethylGlucoside . ............................... 64
6.4.2.1 Future Availability . ... ...................... 65

6.4.3 Lignin Adhesives . ............. .. ... .. ... . . ... .. 66
6.4.3.1 Adhesive Utilization . . ... .................... 66

6.4.3.2 Availability . ......... ... . . ... ... . . ... ... 67

6.4.4 Tannin ... ... ... ... 67
6.4.4.1 Adhesive Utilization . . ... .................... 67

Reducing Adhesive Consumption . . . .. ... ... .. ... . 68
7.1  Foam Extrusion . ......... ... ... . ... . . 68
7.2 Variable Glue Spread for Veneer Layup . . . . .. .................. 70

vi



Table of Contents (continued)

Section Page
8.0  Process Modifications . ... ........... ... .. ... 71
8.1 Low Temperature Drying . ... ......... ... ... ............. 71

8.1.1  Recirculation of Dryer Exhaust . ...................... 71

8.2  Steam Injection Single Opening Press . . ....................... 71

8.3  Shelter for Raw Materials . .. ... ........................... 73

84 Conveyor BeltDrying . .......... ... ... .. ... . ... .. 74

8.5  Three-Pass High Velocity Rotary Drum Dryer ................... 75
References . .. ... ... e 79
Appendix A Metric Conversions for Cited Text . .. ....................... A-1

vii



List of Figures

Figure No. Page
1-1  Various types of plywood construction . . ............................ 3
12 U.S. shipments of hardwood plywood and structural plywood . .............. 4
1-3  U.S. shipments of structural plywood 1987t0 1993 . ... .................. 6
1-4  U.S. production of natural hardwood and decorative hardwood wall paneling . . . . . 7
1-5  U.S. shipments of industrial hardwood plywood . ....................... 9
1-6  U.S. industry shipments of particleboard 1978 t0 1993 . . .. ... ............ 12
1-7  U.S. structural panel market . . . ........ ... ... ... ... .. ... 14
1-8  U.S. shipments of medium density fiberboard . . ... .................... 16
2-1  Cutting actionon a latheand slicer . . . . ... .......... ... ... ... ...... 19
2-2  Longitudinal-flow dryer . . . . .. .. ... .. 20
2-3  Cross section of a steam-heated jetdryer ... ......................... 21
2-4  Reconstituted wood panel process flow . ... ....... ... .. ... ... ... .... 25
2-5  Schematic of conventional triple-pass drumdryer . ..................... 27
2-6 MDFblowlineblending . . ... ...... ... ... ... ... .. .. ... ... 29
2-7  Two types of mat forming machines . .. ............................ 31
2-8  Various types of mat construction . . . ... ..... ... .. 32
29  Schematic of multiopening board press . .. .............. ... . ........ 33
2-10  COntinuUOUS PIESS . . v v v v vt et e e e e e e e e e e 34
3-1  Concentration of condensable organics vs. dryer inlet temperature . .......... 41
3-2  Emission rate of condensable organics vs. dryer inlet temperature . . .. ........ 41
3-3  Noncondensable portion of TGNMO vs. dryer inlet temperature . . . . ...... ... 42
3-4  Concentration of formaldehyde in dryer exhaust as a function of the dryer

INlet teMPETAtUre . . . . . . oottt e e e 42
3-5  Formaldehyde emissions associated with drying different wood species . ... .. .. 43
3-6  Urea-formaldehyde resin mole ratios . .. ........................... 46
5-1  Properties of composite panels made with agricultural fibers compared to

properties required for particleboard panels . ... ...................... 52
5-2  Properties of composite panels made with agricultural fibers compared to properties

required for hardboard panels . . .......... ... ... ... ... . . . .. ... ... 54
6-1  Dryer inlet temperature versus furnish moisture content . . . .. ............. 60
6-2  Resin mole ratio versus board emissions (ppm) and press emissions . . . .. ... ... 61
6-3  Effect of urea scavenger on formaldehyde emissions when used with various

moleratio UF resins . . . ... ... . . . . . . 62
6-4  Formaldehyde emissions results from panels made durmg a production trial

of scavenger resin . . . . . ... .. 62
7-1  Flow diagram of foam extrusion apparatus . . . ... . ... .. ... ... v.... 69
8-1  Dryer inlet temperatures as a function of the water removed per pound dry product 72

8-2

Comparison of air flows through a conventional rotary drum dryer and a
three pass high velocity rotary drumdryer . .. .. ... ... ... .............. 77

viii



List of Tables

Table No. Page
1-1  Composite Wood Products . . ................ ... .. . . ... . 1
12 U.S. Production Estimates of Engineered Lumber . ... .................. 10
1-3  U.S. Shipments of Reconstituted Wood Panel 1985t0 1993 . ... ... ......... 10
3-1  Reported Releases of SARA Section 313 Chemicals from Reconstituted

Wood Panel Plants for 1991 . .. .. .. ... ... . ... . . 36
3-2  Reported Releases of SARA Section 313 Chemicals from Plywood Plants for 1991 . 37
3-3  Turpentine Content of Wood Species . . ............................ 44
3-4  Press Emissions from Particleboard Mills using UF Resins . ... ............ 47
3-5  Press Emissions from OSB Mills Using PFResins . . . ... ................ 48
3-6  Press Emissions from MDIResins . . ................ ... ... ........ 48
5-1  Estimated Prices of Wood and Agricultural Fibers . . . .. ................. 55
6-1  Adhesives Commonly Used in Manufacturing Composite Wood . ... ... e 57
6-2  Exposure Limits and Health Hazards Described in MSDS for MDI, UF, and PF

Wood Adhesives . . ... ... ... 58
7-1  Typical Foam Adhesive Mix for Gluing Plywood . ..................... 68

X




















































































































































































































































































