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Problem Statement: Acceptance criteria for PAT methods are needed. An approach is needed that takes into 

consideration all the sources of variation in analytical methods as well as sampling errors.  

Objectives:  The main objective of the project is to demonstrate an approach to setting of acceptance criteria for 

a near infrared (NIR) spectroscopic in the analysis of flowing powder blends at 3% (w/w) within a feed frame. 

The process variation from the variation due to the analytical and sampling errors will also be discerned.  

Methods and Materials: The tablet press hopper and standard feed frame from Fette 3090 tablet press, equipped 

with a sapphire window that permits the acquisition of near infrared spectra with a Bruker Optics FT-NIR 

spectrometer. The software needed to develop calibration models is also available in the laboratory.  

A NIR calibration model will be developed to quantify a target concentration of 3% (w/w) acetaminophen.  

Calibration blends will be prepared from 1 – 5% (w/w) and spectra obtained within the feed frame. A two-step 

sample composite approach will be used to develop the NIR calibration model. This two-step approach has 

provided excellent results in previous studies 1-2 . The two-step approach is based on the averaging of scans by 

the FT-NIR spectrometer and the acquisition of multiple spectra for a flowing or moving powder blend. A 

minimum of 32 scans will be co-added with the FT-NIR spectrometer for each spectrum. The 32 scans are from 

different locations of the powder blend since the powder is flowing. This average spectrum is more representative 

of the calibration blend than individual spectra, and is considered a composite sample. The calibration model 

will also be improved by obtain more than 30 spectra of each calibration blend. In previous experiments 

performed within a feed frame the two-step sample composite approach provides 3 times more accurate results, 

than the calibration model based on spectra of powder mixture that was not flowing1.  

The calibration model will be challenged with independently prepared blends at 3% (w/w). At least 100 spectra 

will be obtained for these blends. The high number of spectra obtained with the validation blends will permit a 

thorough evaluation of the accuracy and precision, as well as sampling errors. The objective is to validate the 

feed frame as a sampling method for powder blends at 3% (w/w).  

The validation of the sampling method will contribute to the determination of acceptance criteria for NIR 

analyses under these conditions 3. The feed frame is considered a sampling method for the powder blend and 

must be validated to meet a certain specified threshold. The sampling method must be designed with a 

representativity (r2):  𝑟2 = 𝑆𝐸𝑃2 + 𝑏𝑖𝑎𝑠2  < specified threshold 

where SEP2 is the variance of the random sampling error and the bias2 refers to the squared sampling bias 3. If 

the specified threshold is 2.5%2, the sampling could be designed to with a squared sampling error (r2) of 0.5%2 

or less, to discern between the sampling and process variation.  

The random sampling depends on how well the powder blend is mixed. The sampling bias depends on the 

sampling conditions. For example, the sampling bias and the variance will increase if only four scans are 

averaged for a powder blend instead of 32. The sampling bias will also increase if the powder is segregated 

within the feed frame. The sampling method can be designed with a specific number of scans that will be 

averaged by the FT-NIR spectrometer. Once the sampling method is designed, acceptance criteria can be 

established for the process.   

The drug concentration values obtained within the feed frame will permit the use of variographic analysis. 

Variographic analysis provides an estimate of the sampling error 2, 4. However, variographic analysis requires 
knowing the order in which the measurements were obtained. This order is known thanks to the software of the 

FT-NIR spectrometer.  
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Anticipated Impact: This research will facilitate the development and approval of PAT by delivering an 

approach for setting acceptance criteria for the analysis of powder blends in low drug concentration.  The method 

will be applicable to all processes where drug concentration is determined for flowing powder blends or product 

streams. Companies involved in both continuous and batch mixing are determining drug concentration in flowing 

powder blends. 

The research will contribute to regulatory science, and facilitate compliance with section 211.110 of the Good 

Manufacturing Practices which provides comprehensive requirements for sampling and testing of in-process 

materials and drug products. The requirements include written procedures for sampling and in-process tests 

(211.110(a), in-process specifications (211.110 (b)), and the acceptance or rejection of the material by the quality 

control unit (211.110(c, d)). The research is especially focused on 211.100b, setting in-process specifications.  

 

The research is also focused on facilitating compliance with the Process Validation Guidance which states that 

manufacturers should5:  

 

- “understand the sources of variation,  

- detect the presence and degree of variation,  

- understand the impact of variation on the process and ultimately on product attributes, 

- control the variation in a manner commensurate with the risk it represents to the process and product.”   

 

The research will contribute to reduction of blend uniformity problems which have plagued the industry for more 

than years 6-7, by providing an alternative to the setting of acceptance criteria for blend uniformity results. 

 

Several companies are now analyzing powder blends in the feed frame immediately before tablets are 

compressed. The analysis of powder blends in the feed frame provides a measurement that is much more 

representative of the tablet that a patient takes8. Analysis in the feed frame also avoids sampling for pre-selected 

positions in a blender as performed with a sample thief. Thus, there are several advantages to the analysis of 

drug concentration in the feed frame, but acceptance criteria are necessary to advance this and many promising 

PAT methods. 
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