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PLEASE NOTE: A TAPPI Useful Method (UM) is a document written to describe a test, procedure, or practice which may be 
proposed by a Working Group of no fewer than three TAPPI members not employed by the same organization and written in the 
same general style as a TAPPI Standard Test Method, but with the inclusion or exclusion of certain sections as deemed appropriate 
by the Working Group, and with minimum precision requirements that may be expanded at the discretion of the Working Group. 
A UM is written with no less attention to proper use of the language to describe the procedure using essentially the same elements of 
a TAPPI Standard Test Method, but in a less rigorous manner. TAPPI Useful Methods do not receive the same review through a 
rigorous process of openness, voluntary review, and consensus as do the TAPPI Standard Test Methods, and as such, are not 
intended to be used as referee methods as the TAPPI Standard Test Methods are.  

 
 Approved by a Working Group of TAPPI in accordance with the Useful Method Guidelines 
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CAUTION: 
This 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. 
 
 

Opacity of paper using 45°/0° geometry reflectometer 
 
 
Scope
 
The object of this method is to determine paper opacity by measuring the ratio of the reflectance of paper backed by 
black and white using an instrument equivalent to the geometry of the TAPPI brightness measurement instrument. 
Approximate TAPPI opacity is measured by contrast ratio of the specimen reflectance backed by a black cavity to 
white backing of 89%. The term “approximate” is used to differentiate the TAPPI opacity measured with this 
procedure to the TAPPI opacity measured using an instrument that conforms to the measurement of opacity as 
specified in the geometry in T 425 “Opacity of paper (15/d geometry, illuminant A/2º observer, 89% reflectance 
backing and paper backing).” 
 
NOTE 1: Institute of Paper Chemistry (now Institute of Paper Science and Technology at Georgia Tech) Instrumentation Report 22, Part V, 

“Comparison of Printing Opacity Determined with Several Instruments [Tappi 53 (3): 436 (1970)] shows that the differences related 
to the changes in geometry are small in all cases; the differences related to the change in illuminant are small for white papers. 

 
 
Safety precautions 
 
There are no particular safety precautions for this method. 
 
 
Definitions 
 
1. Approximate TAPPI opacity, CW, is defined for this Useful Method as 100 times the ratio of the diffuse 

reflectance, RB, of a single sheet backed with black surface, or cavity, of not more than 0.005 reflectance, to 
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UM 411 Opacity of paper using 45°0° reflectometer/ 2 

 

the diffuse reflectance, RW, of the same sheet backed by a standard white surface of diffuse absolute 
reflectance of 0.89; CW = 100 (RB / RW). 

2. Printing opacity, CP, is defined for this Useful Method as 100 times the ratio of the diffuse reflectance, RB, 
of a single sheet backed with a black surface, or cavity, of not more than 0.0005 reflectance, to the diffuse 
reflectance, R∞, of the same sheet backed by a pad of the same paper; CP = 100 (RB / R∞). 

 
  
Apparatus 
 
1. Reflectometer, 45°/0° geometry, in which the green tristimulus filter is at the photodetector. The y (green) 

spectral function must be spectrally adjusted to closely simulate the CIE y function with CIE illuminant C. 
Instruments meeting the requirements of T 542 “Color of Paper and Paperboard (45º/0º geometry)” when 
used with the green (y) filter meet the requirements of this UM. 

2. Standard black backing, consisting of a cavity lined with black velvet or other material which will cause 
the reflectance of a 63.5-mm (2.5-in.) diameter window in the cavity to be not more than 0.005. The inside 
dimensions of the cavity are to be large enough to cover the measurement area of the instrument used. 

3. Standard white backing, having an absolute reflectance equal to 0.89. 
  
 
Test specimens 
 
From each sample obtained in accordance with TAPPI T 400 “Sampling and Accepting a Single Lot of Paper, 
Paperboard, Containerboard, or Related Product,” cut test specimens, free from watermarks or blemishes and of 
sufficient size to completely cover the standard backings. Do not touch the test areas with the fingers, and keep these 
areas perfectly clean and free from fold or wrinkles. 
 
 
Conditioning 
 
Condition the specimens in an atmosphere in accordance with TAPPI T 402 “Standard Conditioning and Testing 
Atmospheres for Paper, Board, Pulp Handsheets, and Related Products.” 

 
 
Calibration 
 
Follow instrument manufacturer’s instructions for warmup and calibration. 
 
 
Procedure 
 
1. Approximate TAPPI opacity, C0.89. Insert one specimen in front of the standard white backing, and measure 

the RW value, then place the same specimen over the black surface and measure the RE value. Calculate the 
approximate TAPPI opacity, repeat as required. 

2. Printing opacity, CP. Insert an infinite pad of specimens, thick enough that doubling the number of pieces 
will not change the observed reflectance. (Usually a pad of 10 sheets is thick enough.) Read reflectance of 
pad (R∞) by usual procedure. Then insert one sheet in front of the black cavity and read the reflectance (RB) 
by the usual reflectometer procedure. Calculate the printing opacity, repeat as required. 

 
 
Report 
 
1. Approximate TAPPI opacity. Where separate results are desired for felt and wire sides, or for machine and 

cross-machine directions, the readings for these separate conditions should be so segregated. For average 
opacity, however, readings for both sides of the paper and both directions must be averaged. From these 
averages, compute CW = 100 (RB / RW). Report as approximate TAPPI opacity. 
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