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CAUTION: 
This Test Method may include safety precautions which are believed to be appropriate at the time of publication of the method. The intent of these 
is to alert the user of the method to safety issues related to such use. The user is responsible for determining that the safety precautions are complete 
and are appropriate to their use of the method, and for ensuring that suitable safety practices have not changed since publication of the method. This 
method may require the use, disposal, or both, of chemicals which may present serious health hazards to humans. Procedures for the handling of 
such substances are set forth on Material Safety Data Sheets which must be developed by all manufacturers and importers of potentially hazardous 
chemicals and maintained by all distributors of potentially hazardous chemicals. Prior to the use of this method, the user must determine whether 
any of the chemicals to be used or disposed of are potentially hazardous and, if so, must follow strictly the procedures specified by both the 
manufacturer, as well as local, state, and federal authorities for safe use and disposal of these chemicals. 

 
 

Forming handsheets for physical tests of pulp 
 

1. Scope 
 

1.1 This procedure describes a method of forming test handsheets at an oven dry weight of 60 g/m2 for 
determining the physical properties of pulp for both unrefined and refined pulps.  Appendix B describes a modified 
procedure for making heavier weight sheets for pulps intended for use in paperboard manufacture. 

1.2 The procedures for measuring the physical properties are described in TAPPI T 220 “Physical Testing of 
Pulp Handsheets.” 

1.3 The procedure for forming handsheets for determining the optical properties of pulp is described in 
TAPPI T 218 “Forming Handsheets for Reflectance Tests of Pulp.” 

1.4 A method for measuring the drainage time and drainage factor of pulp is described in TAPPI T 221 
“Drainage Time of Pulp.” 
 
2. Significance 
 

2.1 Test results on handsheets made with this procedure are often used to describe properties of market pulps. 
2.2 The results are also used to determine properties of mixtures of hardwood/softwood or of fiber species to 

obtain desired properties for machine made papers.  
 
3. Apparatus1 
 
A complete description of, and specifications for, the apparatus used in this method are given in Appendix A. 

3.1 Standard disintegrator. 
3.2 Standard 159-mm-diameter sheet machine with stirrer. 
3.3 Standard couch roll. 

                                                 
1

Names of suppliers of testing equipment and materials for this method may be found on the Test Equipment Suppliers list, available 
as part of the CD or printed set of Standards, or on the TAPPI website general Standards page. 
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3.4 Standard couch plate. 
3.5 Standard press with pressure gage. 
3.6 Press template, for centering the sheets and plates in the press. 
3.7 Drying discs, mirror polished, 160 mm diameter (see Note 13). 
3.8 Drying rings, with rubber seatings for holding the sheets to the polished discs during drying. Molded 

drying rings made of plastic, without rubber seatings, are available and are equally satisfactory; providing they are used 
with a clamping system or weight to prevent sheet shrinkage during drying. 

3.9 Blotting paper, sheets of standard blotting paper, 200 mm square, weighing 250 ± 10 g/m2 (AD) in 
accordance with TAPPI T 410 “Grammage of paper and paperboard (weight per unit area),” a thickness of  0.508 to 
0.635 mm in accordance with TAPPI T 411 “Thickness (caliper) of paper, paperboard, and combined board” and having 
an absorbency rate of 25 s or less per 1.00 mL of water when tested in accordance with TAPPI T 432 “Water Absorbency 
of Bibulous Paper.” The wet expansion stretch shall not exceed 2.5% in the cross direction in accordance with PAPTAC 
C.4.  The procedure to measure wet expansion is included in Appendix E of this standard.  The blotters shall be white, 
produced from fully bleached chemical pulp free of any additives.  They shall be flat, uniform, and free of wrinkles and 
dirt. If the expansion when wetted is more than that specified, the central area of the couch blotter will expand while its 
dry edges will not.  Wrinkles are then produced in the test sheet when it and the couch blotter are flattened in the press. 

3.10 Cup, preferably wide-mouthed, made of plastic, glass, or stainless steel. 
3.11 Bucket, having a capacity of at least 8 L made of stainless steel, plastic, or other smooth non-corroding 

material. 
3.12 Graduated cylinder, 500 or 1000 mL.  
 

NOTE 1: Semi-automated sheet machines are available which reduce some of the manual steps required by this method.  These are 
acceptable so long as the equipment and procedural steps comply in all other regards with the requirements of this method. If air 
agitation is used, it must be oil-free instrument quality air. If the stock tends to produce foam or bubbles that do not exit the stock 
within the time allowed or if foam produced disrupts formation, do not use air agitation.  

 
4. Sampling 
 
Obtain a representative sample of the pulp weighing at least 24 g (OD).  Make up the sample by taking smaller samples 
from several bales, by sampling several times from a beater, etc. 
 
5. Storage of pulp samples 
 
Store dry pulp samples away from heat and light. Protect moist samples to prevent evaporation during storage and keep  
in a cool place away from intense light. If required, use a preservative such as cupric sulfate (crystal), at a level of 0.1 to 
0.5 ppm based on dry pulp weight, to permit storage at 9°C for at least 18 months without changes in freeness, strength, 
and optical properties.  Using formaldehyde, glutaraldehyde, or similar preservatives is discouraged because of their 
potential carcinogenicity. 
 
6. Test specimen 
 
Determine either the moisture content of dry pulp or the consistency of wet pulps to obtain a specimen of 24 ± 0.5 g of 
moisture-free fiber.  If the pulp is dry, wet in cold distilled or deionized water and then tear into pieces about 30 mm 
square.  Do not cut the pulp or use cut edges.  Soak the pulp at least 4 hr., or in the case of flash-dried mechanical pulp at 
least 24 hr. As far as is known, soaking any pulp for periods longer than specified does not appreciably affect the result. 
 
7. Procedure 
 

7.1 Disintegration 
7.1.1 Dilute the specimen to 2000 mL (1.2% consistency) with distilled or deionized water at 20 ± 2°C.  

Disintegrate in the standard disintegrator at 3000 rpm until all fiber bundles are dispersed, but not more than 50,000 
revolutions.  Include in the report the number of revolutions used.  If more than 50,000 revolutions are used, or if the 
pulp is not satisfactorily dispersed after 50,000 revolutions, note this in the report. Disintegration periods as small as 
15,000 revolutions will adequately disperse many pulps, especially those furnished in a wet state.  Check adequate 
dispersion of the pulp by diluting a small sample in a glass cylinder and inspecting under transmitted light. 
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7.1.2 After disintegration, if a freeness measurement is needed, remove 250 mL of stock for this purpose, and 
then dilute the remaining 1750 mL to 7.0 L (0.3% consistency).  If a freeness measurement is not needed, dilute the 2000 
mL of stock to 8.0 L (0.3% consistency). 

7.1.3 Stir the stock well to ensure proper mixing.  Using the graduated cylinders, measure out 400 mL of stock 
for each handsheet to be formed.  

7.1.4 The accuracy of final sheet weights can usually be improved by first forming a “consistency” sheet, 
measuring its dry weight, and then calculating the exact volume needed for a 1.2 g (OD) sheet.  Handsheets shall each 
weigh between 1.14 and 1.26 g moisture-free. Unless a “consistency” sheet is made, it may not be possible to maintain 
the required sheet-weight accuracy because of fines loss through the forming wire (especially with low freeness 
mechanical pulp).  

7.1.5 For some long-fiber pulps the required sheet-weight accuracy may not be achievable unless the 
consistency of the stock is reduced below that specified. For those pulps, consistencies as low as 0.15% are 
recommended.  Reducing the consistency of the stock will not affect the properties of the test sheets. 

7.2 Sheetmaking. 
7.2.1 With the sheet machine open, turn on the water and gently rub the surface of the wire with the fingers to 

clear away any adhering fibers.  Check for cleanliness, close the machine and half fill it with water.  Pour the amount of 
stock needed for one sheet into the sheet machine.  Add water until the depth is about 350 mm above the surface of the 
forming wire.  (A line is usually inscribed around the inside of the cylinder at this level). Cleanliness of the sheet 
machine wire is important. Occasional purging with a high pressure water jet or steam, or treatment in an ultrasound bath, 
is recommended.  Washing with dilute acid is recommended only for stainless steel wires. Additional information on 
wire cleanliness can be found in TAPPI T 221 “Drainage Time of Pulp.” 

7.2.2 Insert the perforated stirrer and in 6 ± 1 s move it down and up five times, keeping the perforated disc 
beneath the level of the liquid.  Make a sixth double movement slowly in 6 ± 1 s, and at the end of the up stoke gently 
withdraw the stirrer. Do not rotate the stirrer during this part of the procedure. 

7.2.3 After a pause of 5 ± 1 s, during which time the surface of the liquid should become almost motionless, 
fully open the drain of the machine with a rapid movement and let the water drain through the sheet under suction from 
the water leg. The formation of the test sheet may be adversely affected if all entrapped air has not escaped during the 5 s 
pause.  For such pulps, use a longer pause time and note the time used in the report. 

7.2.4 Open the sheet machine. 
7.3 Couching. 
7.3.1 Place two pieces of standard blotting paper centrally on the drained sheet with the felt, smoother,  side of 

the lower blotter against the wet sheet.  Lay the flat couch plate centrally on the blotters and place the couch roll gently 
on the middle of the plate.  Rotate the roll backward and then forward five times in 10 ± 2 s, with no pressure being 
applied except from the weight of the roll.  The roll should come within less than 5 mm of the edge of the plate each 
time.  After the fifth forward rotation, rotate it back to the middle and lift it off. 

7.3.2 Remove the couch plate and set it aside.  Lift the blotters in a manner similar to that of opening the cover 
of a book.  The sheet should be found to adhere to the underside of the lower couch blotter.  Discard the second blotter.  
Use an indelible pencil to identify the test sheet if desired.  Some test sheets will not adhere to the blotter when couched 
as described above.  In these cases, a second couching, with new blotters may be necessary.  Any such changes should be 
noted in the report. 

7.3.3 Set the first test sheet aside and make additional sheets as needed.  Make additional sheets in a short 
enough period of time so that no appreciable drying of the first sheets occurs.  

7.4 Pressing. 
7.4.1 Place the couch blotter, handsheet side up, on a dry blotter and centrally locate it on the press using the 

press template.  Cover the handsheet with a polished plate, polished side down.  Repeat this process so that all sheets 
from a given pulp are stacked together in the press.  Finally lay a single blotter on the uppermost plate. Some pulps will 
bond to the polished plates, making it difficult to later remove the test sheet without damage.  For these pulps, use a dull 
finished plate and note such use in the report.  Plates are available with one mirror finish and one dull finish side. 

7.4.2 Place the cover of the press in position and screw the wing nuts hand tight.  During a period of 30 s, 
slowly raise the pressure to 345 kPa (50 psig).  Maintain this pressure for an additional 5 min.  Release the pressure and 
remove the press cover. Do not press more than 15, and preferably not more than 10, sheets at one time. 

7.4.3 Remove the stack from the press.  The test sheets should now be adhered to the polished plates so that the 
blotters can be gently peeled away and discarded.  Place a dry blotter on the press.  Using the press template as a guide 
center each plate, with the test sheet facing up, in the press.  Place a dry blotter on top of each test sheet.  
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