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Just add methanol: 
Secondary drying of spray dried materials is 

faster in the presence of methanol vapor

FASTER DRYING CASE 1: 

PMMAMA/ACETONE SYSTEM
Despite 10% initial residual solvent, methanol-assisted 

drying reduces acetone below ICH limit in 3 hours.

FASTER DRYING CASE 2:         

CAP/THF SYSTEM
THF is one of the most challenging residual spray 

drying solvents to remove. Methanol-assisted drying 

enables its use.

DRYING EQUIPMENT SETUP
Methanol or water-enriched nitrogen gas was flowed 

through an agitated vessel drying system at controlled 

temperature.

Methanol-Assisted Secondary Drying to 
Accelerate Residual Solvent Removal in 
Spray Dried Polymers

Kimberly B. Shepard,* April M. Dower, Michael M. Morgen,     
John M. Baumann, David T. Vodak

Small Molecule R&D, Lonza, Bend, OR

PURPOSE

Improve manufacturability of spray dried materials

Drug candidates with low aqueous solubility require 

bioavailability enhancement techniques to enable oral delivery. 

Spray drying has been used to manufacture amorphous solid 

dispersions with enhanced oral bioavailability, resulting in 

over a dozen commercial products and more in clinical trials. 

After spray drying is used to convert a liquid feed to a solid 

powder, residual solvent remains in the product, which must be 

removed to meet ICH safety specifications. 

The process of residual solvent removal is called secondary 

drying. Typical secondary drying techniques, such as drying in 

the presence of water vapor or vacuum drying often suffice. 

Some spray dried materials are more challenging, requiring 24 

hours or longer to secondary dry at typical conditions using 

vacuum or water. Water vapor can also introduce chemical 

stability issues for some compounds.

OBJECTIVES
1. Use methanol-assisted secondary drying to accelerate 

secondary drying process, reducing manufacturing process 

time for challenging spray dried dispersions (SDDs)

2. Justify the improved performance of methanol-assisted drying 

compared with water-assisted and vacuum drying using free 

volume theory.

METHODS
Secondary drying setup
For vacuum, humidified, or methanol-assisted secondary drying, 

the following setup was custom modified. A 3L-capacity agitated 

dryer (Ekato VPT) was filled with wet spray dried powder, and a 

sweep gas was introduced into the headspace. 

• For vacuum drying, the chamber pressure was maintained 

below 100 mbar and the sweep gas was dry nitrogen. 

• For water-assisted drying and methanol-assisted, the nitrogen 

sweep gas carried a controlled amount of vapor into the 

chamber headspace, where it contacted the spray dried 

powder. 

• SDD assisting solvent uptake mass was kept constant by 

changing partial pressure of assisting solvent for methanol 

and water. 

Model Systems
Three spray dried polymer systems were used as models for the 

study: 

1. PMMAMA (Eudragit L100) with residual acetone, 

2. PMMAMA with residual THF

3. Cellulose acetate phthalate (CAP) with residual THF. 

Analytical characterization
The concentration of assisting solvent (if applicable) and 

residual solvent was quantified via gas chromatography or 

Karl Fisher titration at time points throughout the process. 

RESULTS
Methanol-assisted secondary drying is faster

For all cases examined, solvent-assisted secondary drying 

removed residual solvent faster than water-assisted or vacuum 

secondary drying.

Case 1 PMMAMA with 10% wt residual acetone 

Drying in the presence of methanol vapor reduced the acetone 

levels below the ICH limit (0.5%wt) in 3 hours. In 6 hours of 

drying, the acetone levels remained at 3%wt for humidified 

drying and >5%wt for vacuum drying. See top left figure.

Case 2 CAP with 10% wt residual THF

Methanol-assisted drying reduced solvent levels to 0.05% 

(below ICH limit) within 8 hours, compared with 0.5% for water-

assisted drying and ~4% for vacuum drying. See top right figure.

Case 3 PMMAMA with 15% wt residual THF 

Methanol-assisted drying reduced solvent levels below 2% 

within 6 hours, compared with 7% for water-assisted drying. 

More aggressive drying conditions would be required to reach 

the ICH limit (0.076%). See paper for data.

Generality of Approach: A 3-6x improvement in secondary 

drying was observed for each model system (bottom right 

figure), when methanol-assisted and water-assisted drying are 

compared. The effect is seen at the earliest drying time points.

Residual methanol removal from the methanol-assisted dried 

systems is straightforward, typically requiring just 2-4 hours of 

vacuum drying.

CONCLUSIONS
• In SDDs which are challenging to secondary dry, the diffusion 

coefficient of the residual solvent in the spray dried material is 

extremely low. 

• Until now, there were few options to improve secondary 

drying kinetics other than increasing the drying temperature 

or humidity, risking product stability. 

• Methanol-assisted secondary drying improves drying 

kinetics without increasing temperature or assisting 

solvent content. 

• Our results are consistent with free-volume modelling of the 

diffusion of solvent molecules in polymer systems. More 

details in the peer-reviewed publication below.

LEARN MORE!
Rapid-Fire Session at AAPS 2020

“Methanol-Assisted Secondary Drying to Accelerate Residual-

Solvent Removal in Spray-Dried Polymers”

Tuesday, October 27th at 4:00- 4:15PM Eastern

Open Access Peer-Reviewed Publication

“Solvent-Assisted Secondary Drying of Spray-Dried Polymers” 

by KB Shepard et al. in Pharmaceutical Research 37 (2020)

https://link.springer.com/article/10.1007/s11095-020-02890-0

Relevant Patent

DE Dobry et al "Drying of drug-containing particles" US 

8,834,929 B2

GENERALITY OF APPROACH
Methanol-assisted faster than water-assisted for all 

systems studied (NRS < 1)
Normalized residual solvent = (xresidual, MeOH)/ (xresidual, H2O)

https://link.springer.com/article/10.1007/s11095-020-02890-0

