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Consideration for the Optimum Operation of Vacuum Freeze Drying

Seung Ju Lee
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Abstract

Vacuum freeze drying is a specialized technology to provide the best qualities of dried materials due to
its unique conditions at low temperature and frozen state. The factors that should be considered in the
principle basis are heat and mass balance between the materials and the drier, collapse of the materials
during drying, and limited boundary of chamber pressure and material temperature. It should be the col-
lapse that finally influences the performance in terms of qualities of dried materials. In this review vac-
uum freeze drying was analyzed mainly under the point of view of physical properties of the materials;
its optimum operation was discussed; new techniques were dealt with. Glass transition and eutectic concepts
are critical to the material qualities and applied in connection with the material properties, and heat and mass
balance. The dryer operation was discussed in terms of shelf temperature and the material collapse properties.
The new techniques to improve the classical vacuum freeze drying were argued, i.e., microwave vacuum
freeze drying, fluidized bed atmospheric freeze drying, and spray vacuum freeze drying.
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Fig. 1. Phase diagram and triple point of water.
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Table 1. Collapse or maximum tolerable sublimation temperature
Collapse temperatures Measured sublimation temperatures
Product (I‘SC))U Product (]E:():"j“
Potato -1.5 Chicken -21
Fructose -48 Strawberry slice -15
Glucose -40 Shrimp -18
Inositol =27 Salmon steaks -29
Sorbitol -45 Beef -14
Sucrose 22 t0-32 Whole egg -17
Lactose -19to -31 Apple -7
Raffinose -26 Sour cream - fruit mixtures -23
Dextran 2t0-9 Ice milk -30
Dextran 10 (MW=10") -10 Rice -33
Dextran 110 (MW=1.1x10°%) -10.5 Peanut butter -29
Ovalbumin -10 Mushrooms -17
Gelatin -8 Carrots =25
Orange juice -24 Gelatin desserts -13
Concord grape juice(sweetened) -335 Asparagus -40
Concord grape juice(unsweetened) -46 Coffee 23
Grapetruit juice -30.5
Lemon juice -36.5
Apple juice -41.5
Prune extract -35
Pineapple juice -41.5
Coffee extract -20t0 -26
NaCl =22
1:1 Sodium citrate, citric acid -40
1:1 KH, PO /NaH,PO, -80
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Table 2. Relative retention of coffee volatiles (based on total peak area) for various freezing and vacuum freeze drying

conditions

Relative retention (%)

Freeze drying chamber pressure (Torr)

Freezing conditions
Very slow, 15mm
Very slow, Smm
Slow, 15mm

Slow, Smm

Foam, slow, 15mm
Quick

Foam, quick

0.2
92
72

87
67
47
48

03
96
77
99
85
61
53

0.4 0.5 0.6 0.7 0.8
78 77 66 67 34
65 61 53 67 35
88 82 91 82 35
83 81 88 86 65
49 53 57 44 63
38 38 44 35 36
42 42 42 32 29
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