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LAS REIVINDICACIONES QUE DEFINEN LA INVENCION 

SON: 

I. Un mØtodo de secar o concentrar una sustancia lIquida que tiene 

particulas sólidas en suspension 0 una sustancia disuelta en ella, el 

cual incluye los pasos de: 

inantener una cÆmara a una temperatura y presiOn por debajo del 

punto triple de La sustancia lIquida, 

inyectar y/o atomizar Ia sustancia liquida a la cÆmara para generar 

una porcion de la sustancia lIquida congelada ("porción FLS") 

una primera porciOn de la sustancia lIquida evaporada ("porciôn 

$ 

recoger la porción FLS como una capa en una superficie, y 

conducir La porción FLS recogida en la superficie, 

en donde la superficie conduce la porción FLS recogida a una 

velocidad que controla el espesor de La capa de FLS recogida en la 

superficie. 

2. Un mØtodo como se reivindica en La reivindicación 1, en donde La 

velocidad de conducción logra sustancialmente que un espesor de 

monocapa de Ia porción FLS se acumule en dicha superficie. 

3. Un mØtodo como se reivindica en La reivindicaciOn 1 o La 

reivindicaciOn 2, en donde Ia FEL se condensa por un dispositivo 

condensador. 

4. Un mØtodo como se reivindica en una cualquiera de las 

reivindicaciones 1 a 3, en donde la FEL se extrae de dicha cÆmara. 

5. Un mØtodo como se reivindica en una cualquiera de Las 

reivindicac i ones precedentes, en donde inyectar y/o atomizar La 

sustancia lIquida incluye atornizaciOn para obtener un tamafio de 

partIcula predeterminado de FLS. 



6. Un mØtodo como se reivindica en una cualquiera de las 

reivindicaciones precedentes, en donde la inyeceión yb 

atomización de la  sustancia lIquida se realiza por una o mÆs 

boquillas. 

7. Un mØtodo como se reivindica en una cualquiera de las 

reivindicaciones precedentes, en donde la velocidad de conducción 

de FLS sobre dicha superficie obtiene sustancialmente un espesor 

de monocapa de la FLS sobre dicha superficie. 

S. Un mdtodo como se reivindica en la reivindicación 7, en donde la 

monocapa puede tener el espesor de una capa imica del tarnaflo de 

particula predeterminado de Ia porción FLS. 

9. Un mØtodo como se reivindica en La reivindicación 8, en donde el 

tamaæo de particula predeterminado es sustancialmente 500 lim o 

mÆs. 

10. Un mØtodo como se reivindica en la reivindicación 8, en donde el 

tamaflo de particula predeterminado es menos de sustancialmente 

I 
500 

11. Un mØtodo como se reivindica en la reivindicación 8, en donde el 

tamaæo de particula predeterminado es inenos de sustancialmente 

200 gm. 

12. Un mØtodo como se reivindica en una cualquiera de las 

reivindicaciones precedentes, en donde Ia superficie conduce la 

porción FLS alejÆndola de las una o mÆs boquillas. 

13. Un mØtodo como se reivindica en una cualquiera de las 

reivindicaciones precedentes, en donde el mØtodo incluye el paso de 

exponer la capa recogida de porciôn FLS a un media de 



calefacción, induciendo sustancialmente en esa forma sublimaeión 

y generación de una segunda porción de sustancia liquida 

evaporada ("porción SEL") y un producto. 

14. Un mØtodo como se reivindica en la reivindicaclØn 13, en donde la 

porción SEL se condensa por un dispositivo condensador. 

15. Un mØtodo como se reivindica en la reivindicación 13 o la 

reivindicación 14, en donde la porción SEL se extrae de La cÆmara. 

$ 
16. Un mØtodo como se reivindica en una cualquiera de las 

reivindicaciones 13 a 15, en donde el producto se extrae de la 

superficie de conducción por un dispositivo de extracción del 

producto. 

17. Un mtodo como se reivindica en una cualquiera de las 

reivindicaciones 13 a 16, en donde el producto se extrae de la 

cÆmara a travØs del puerto de sailda. 

18. Un mØtodo como se reivindica en una cualquiera de Las 

reivindicaciones 

precedentes, en donde ci mØtodo se utiliza para 

It procesar una sustancia fluidizada, o una sustancia liquida quo tiene 

particulas sólidas en suspension o una sustancia disuelta en ella. 

19. Un mØtodo como se reivindica en una cualquiera de las 

reivindicaciones precedentes, donde la sustancia se selecciona de 

una o mÆs do las siguientes: una suspension de cafØ, leche liquida, 

jugos de frutas y/o vegetales. 

20. Un aparato para secar o concentrar una sustancia liquida, el cual 

comprende: 

una cÆmara y un dispositivo de reducción de presión de la cÆmara, y 

uno o inÆs puertos de inyección a travØs de los cuales se inyecta La 



sustancia liquida a la cÆmara, 

una superficie de recolección que recoge una porción de sustancia 

liquida congelada de la sustancia liquida, 

en donde el dispositivo de reducción de presión mantiene la cÆmara 

a una presión por debajo de por lo menos la pl-esión de punto triple 

de Ia sustancia liquida, para hacer que la sustancia liquida inyectada 

se separe en una porción de la sustancia liquida congelada ("porción 

FLS") y una primera porción de la sustancia liquida evaporada 

("porción FEL"), 

de modo que, en uso, la porción FLS se acumule como una capa en 

$la superficie de recolección y se conduzca lejos de los uno o 

puertos de inyección a una velocidad que permita controlar el 

espesor de la capa de la porción FLS. 

21. Un aparato como se reivindica en la reiviridicación 20, en donde la  

velocidad de eonducción obtiene sustancialmente que un espesor de 

monocapa de la porción FLS se acumule en dicha superficie. 

22. Un aparato como se reivindica en la reivindicación 20 o La 

reivindicaeión 21, en donde la porción FEL se condensa por un 

dispositivo condensador. 

23. Un aparato comb se reivindica en una cualquiera de las 

reivindicaciones 20 a 22, en donde dicha FEL se extrae de dicha 

cÆmara. 

24. Un aparato como se reivindica en una cualquiera de las 

reivindicaciones 20 a la reivindicación 23, en donde el uno o mÆs 

puertos de inyección comprenden por to menos una boquilla de 

aspersion o atomizaciOn, 

25. Un aparato como se reivindica en la reivindicaciOn 24, en donde La 

boquilla o boquillas detenninan sustancialmente el tamafio de la 



porción FLS generada para lograr un tamafo de partIcula 

predeterminado. 

26. Un aparato como Sc reivindica en una cualquiera de las 

reivindicaciones 20 a 25, en donde el dispositivo de reducción de 

presión es una bomba de evacuación de gas. 

27. Un aparato como se reivindica en una cualquiera de las 

reivindicaciones 20 a 26, en donde el dispositivo condensador es un 

serpentIn o serpentines refrigerados. 

S 
28. Un aparato como se reivindica en una cualquiera de las 

reivindicaciones 20 a 27, en donde el dispositivo condensador se 

enfrIa con un refrigerante. 

29. Un aparato como Sc reivindica en una cualquiera de las 

reivindicaciones 20 a 28, en donde la superficie de recolección 

incluye uno, o una combinación, de los siguierites transportadores 

mecÆnicos: una configuracion de cinta sinfin, una bandeja inclinada 

para favorecer que la porciOn de sustancia lIquida congelada se 

deslice 

desde el uno o mÆs puertos de inyección, una bandeja 

vibradora. 

30. Un aparato como se reivindica en la reivindicación 29, en donde la 

bandeja inclinada y/o bandeja vibradora incluye una superficie de 

fricción  reducida. 

31. Un aparato como se reivindica en Ia reivindicaciOn 30, en donde Ia 

superficie de friccion reducida comprende politetrafluroetileno 

(PTFE). 

32. Un aparato como se reivindica en una cualquiera de las 

reivindicaciones 20 a 31, en donde la capa de la porción FLS sobre 



dicha superficie de recolección se expone a un medio de 

calefacción, a medida que se conduce lejos del uno o mÆs puertos 

de inyección. 

33. Un aparato como se reivindica en la reivindicación 32, en donde ci 

medio de calefaceión sustancialmente induce sublimación  de la 

capa de porción FLS sobre dicha superficie para formar una 

segunda porción de sustancia liquida evaporada ("SEL) y un 

producto. 

34. Un aparato como se reivindica en la reivindicación 32 o la 

reivindicación 33, en donde el medio de calefacción es una, o una 

combinacióri, de las siguientes fuentes de energia: lâmparas 

infrarrojas, lÆmparas halógenas, iÆmparas incandescentes, 

microondas, o caienta.miento óhmico de dicha superficie. 

35. Un aparato como se reivindica en la reivindicación 33 o la 

reivindicaciOn 34, en donde un dispositivo de extracción del 

producto se emplea para extraer ci producto de la superficie de 

recoiección. 

it 1 36. Un aparato como Se reivindica en la reivindicación 35, en donde el 

dispositivo de extracción del producto es un medio raspador y/o un 

medio de arrastre de cepillo. 

37. Un aparato como Se reivindica en la rcivindicación 36, en donde el 

medio raspador contacta sustancialmente Ia superficie, con el 

producto sobre ella, y desplaza ci producto de la superficie al puerto 

de salida. 

38. Un aparato como se reivindica en Ia reivindicaciôn 36, en donde el 

medio de arrastre de cepillo es un cepillo giratorio o cepillo fijo, 

que contacta sustancialmente la superficie, con ci producto sobre 



ella, y dirige el producto de la superficie al puerto de salida. 

39. Un aparato como se reivindica en una cualquiera de las 

reivindicaciones 33 a 37, en donde el producto se extrae a travØs de 

Un puerto de salida de la cÆmara. 

40. Un aparato como Se reivindica en una cualquiera de las 

reivindicaciones 20 a 39, en donde la cÆmara se mantiene a una 

presión de sustancialmente 611.3 Pa o menos. 

S 

r 
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ABSTRACT: A freeze orving machine in which particles in 
frozen condition arc advanced along a predetermined drying 
path within a vacuum chamber by a conveyor, with heaters 
being provided along the path for drying the particles svhilc 

they remain in frozen condition, and a.itlt she conveyor being 
mounted for bodily sliding movement as a unit from the 

vacuum chamber for repair or cleaning The heater elenienLv 

are desirably mounted to the frame of the removable conveyor 
unit, for Temcvval therewith, and in a mariner allowing separa 
(ion of the heater structure from the ccneyor after both havc 
been withdrawn from the sacUum chamher 

.4 
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FIG. 4 is an enlarged fragmentary horizontal section taken 
FREEZE DRYING APPALTUSwrfl3 REMOVABLE on line 4-4 of FIG. I; 

CONVEYOR AND I{EATER STRIJCIU’RES FIG. 5 is a Ira meMary side kew taken on line 5-.-5 of FIG 
4; 

5 FIG, Sa is a vertical section ken on line 5a�So of FIG 5; 
CROSS-REFERENCE TO RELATED APPLICATIONS FlO. 6 is a fragmentary pcpective view showing the con -

Certain features of the apparatus disclosed in tie present veyor and healer structures partially removed from the 

application have been shown and claimed in my prior applica- vacuum chamber; and 

Lions Ser. No, 801,383, filed Feb. 24, 1969 entitled "Ap 10 
FIG. 7 is   horizontal section taken on line 7-7 of FIG. I. 

paratus And Processes For Producing Freeze Dried Products’r DESCRIPTION OFTI-LE P EFERREDEMBOI)IMENT 
and Ser. No, 801,411, filed Feb. 24, 1969 entitled"Sealed 
Drive System." Referring first to FIG, 1, th freeze drying machine 10 of 

that figure includes a vacuum hamber II having a horizon, 
BACKGROUND OF THE INVENTION 15 tally extending and horizontall elongated cylindrical portion 

This invention relates to improved freeze drying apparatus, 12 defining a drying compart Cnt 13, and an upwardly pro-
of a type capable of functioning continuously to receive an Jecting portion 14 defining and ontaining a freezing cornpart, 

input substance at a predetermined location and progressively ment 13. The walls of both of he horizontally extending and 
advance the substance along a predetermined treatment path upwardly projection portions o the chamber II are heat insu-
[or conversion to a desired freeze dried condition prior to ar- 20 lated as indicated at 16, and the sidewails of upwardly project -
rival of the substance at a discharge location. ing portion 14 are refrigerated as by flow of a low tempera -

In my above-mentioned related application. I have disclosed turt refrigerated coolant throu h passages 11 formed in the 
a highly effective type of continuously operating, nonbatch. sidewall of upstanding portion 

* 

of the vacuum chamber. 
type freeze drying machine. This machine of my prior applica- A liquid to be freeze dried, uch as a concentrated coffee 
tiont includes a conveyor which advances frozen particles. 25 solution or the like, is deliver from a supply tattle 18 to a 
progressively along a drying path and past a series of heater pump 19 which forces the liq Id under pressure through a 
elements, to progressively sublimate moisture from the parti- to spray nozzle 20 at the p of up ardly projecting portion 14 of 
des, and convert them to a completely freeze dried condition the vacuum chamber, to thereb spray the liquid downwardly 
by the time they arrive at a discharge end of the conveyor. The 

from 
into the interior of freezing corn 

30 liquid is rapidly frozen to the fo 
tment 13, within which the 

m of 
a 

large number of irsi all conveyor is contained within a vacuum chamber which 
the sublimated moisture is withdrawn. The frozen particles frozen particles, which fail dow wardly within compartment 
may be formed in the vacuum itself, desirably by spraying a .15 and onto the left end of a co veyor assembly 21, This con -
liquid into a freezing portion of the chamber, under conditions veyor assembly advances the articles progressively to the 
causing the liquid to convert to solid frozen particulate form, 35 right of FIG. 1, beneath the pas a heater assembly 22, which 
with the particles then falling downwardly onto an end of the delivers radiant heat energy to e particles at a rate sublimat-
conveyor, for movement thereby through the drying zone. ing the moisture from the pastici while they remain in frozen 

or solid condition, so that by th time the particles reach the 
SUMMARY OF THE INVENTION discharge end 23 of the conve or, they are in free2e dried 

The present invention provides improvements on the above. 40 form, desirably at substantially hient temperature, to fad 

discussed type of apparatus, and particularly improvements downwardly into a discharge ho per 24 and through a sealed 
greatly facilitating cleaning and repair of the equipment when outlet valve structure 25 into a C Ilecton receptacle 26 which 

necessary. Specifically, in a machine incorporating the fea- is maintained under the same v cuum as main chamber 11. 
turcs of the present invention, the conveyor for advancing the The sublimated moisture is with rawn from compartment 13 
particles through the drying zone is mounted for very easy 45 through an outlet tube 27 con ected tangentially into the 
bodily removal from the vacuum chamber, through the access upper side of the horizontal c lindrical portion 12 of the 
opening at one end of the vacuum chamber, and to its exten- vacuum chamber, with this moi sure being withdrawn by a 
or. The conveyor may be supported in the vacuum chamber in vacuum pump 28 through a moi lure accumulation chamber 
a manner enabling its horizontal sliding movement longitu- diagrammatically represented at 9 within which the moisture 
dsnally of the chamber and from its end. For best results, the 10 is frozen to prevent its passage t the vacuum pump. A verti. 
conveyor includes a frame movably mounting spaced rollers cally extending protective shield extends downwardly from 
on which an endless belt is carried, with the frame being sup- the lower end of freezing portion 14 of the vacuum chamber, 
ported for the desired horizontal sliding movement from the toe bottom edge 31 received clos ly adjacent but spaced from 
vacuum chamber and with the carried rollers and belt, 

55 
the upper surface of conveyor a mbly 21, to prevent exert. 

I0 further facilitate removal of the equipment for repair, sive convective flow of gases or sport between the freezing 
and for cleaning of the removed parts and the interior of the and drying compartments. 
vacuum chamber, the hater elements for drying the frozen Conveyor assembly 21 includes retain rigid horizontally ex -
particles are also preferably mounted to the conveyor unit for tending frame 32 (FIG. 7), which ay be formed of two paral-
removal therewith from the vacuum chamber, and are 60 lel elongated horizontally extcndi g rigid frame elements 33 
desirably easily separable from the conveyor Unit after such disposed parallel to the horizonta axis 34 of cylindrical pot. 
removal. tiQfl 12 of the vacuum chamber. T ese two frame elements 33 

maybe formed of tubing having a uare cross section, as SeCfl 
BRIEF DESCRIPTION OF THE DRAWINGS in the figures. In addition to eleme is 33, main frame 32 of the 

The above and other features and objects of the invention 6 conveyor assembly preferably in lucles a number of rigid 
will be better understood from the following detailed descrip- horizontal cross braces 35 interC nnecting elements 33 and 
tion of the typical embodiment illustrated in the accompany- welded or otherwise secured there o, and disposed transverse-
ing drawings, in which: ly of axis 34, 

FIG, lisa vertical section through a freeze drying machine At opposite ends of frame 32, t ere are rotatably mounted 
constructed in accordance with the Invention; 70 IWO elongated cylindrical rollers 3 and 37, carried by shafts FIG. 2 is a view 

similarly showing 
the conveyor and 

heater 38 appropriately journaled in bea ings  39 for rotation about 
mechanism 

removed from the vacuum chamber for cleaning two spaced parallel horizontal ax 40 extending transversely 
or repair; of cylindrical portion 12 of the vac urn chamber. The two rol-

FIG. 3 is an enlarged transverse vertical section taken on lers 
36 and 37 mount an endless c nveyor belt 41 for move-

line 
3-3 of FIG, 1; 75 

mere along 
an 

endless path, with t e belt having an upper run 
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42 advancing rightwardly in FIG. I, and having a lower return The access openings which are thus provided at the opposite 
run 43’ moving to the left in FIG. I. The belt is formed of a ends of the chamber are consequently large enough to enable 
suitable flexible material for appropriately supporting the the entire conveyor assembly (and heater assembly 13 as will 

frozen particles on its upper surface, without sticking of the be later discussed) to be slid rightwardly through one of these 
particles to the belt, and without adverse reaction to the tern- 5 access opcnmgs and to FIG- 2 removed position 

perature, vacuum and other conditions encountered in the The heater assembly 22 includes a series of parallel horizon. 

equipment A presently preferred material for use in forming tally extending infrared lamps 56, disposed transversely of the 

belt 41 is a suitable fiberglass reinforced Teflon path of rightward advancement of the frozen particle; and 

tetrafluoroethylene polymer). or another suitable resinous therefore tranes ersely of cylindrical portion l2ofthe vacuum 

plastic material, or metal if desired 10 chamber, and positioned at horizontally spaced locations 

To mourn the rollers for their desired rotation about axes along the path of the particles to progressively tiny the parts -

40, and also for bodily shifting movement in a direction to ad- des as they move rightwardly Each of the lamps 56 mas be 

lust the tightness of the belt, the bearings 39 which support the mounted and contained within an appropriate housing 57, 

rollers may be mounted adjustably by four members 44, which containing a reflector 157 which reflects the infrared radiation 

typically have the channel -shaped vertical cross section illus- IS downwardly toward the belt and carried particles. The various 

trated in FIG. Sri, to fit closely about the outer sides of main lamp housings 57 may all be connected at their upper sides to 

frame elements 33, and which are shiftable longitudinally rela- a pair of parallel horizontally extending rid elongated frame 

tive to the frame 32 by adjusting screws 145 having locking elements 58 (FIG. 6), to form with those elements 58 a rigid 

nuts 245. A plurality of additional screws 45 (FIG. Sc) extend frame structure for the heater lamp assembly. To Connect the 
20 

through openings in elements 33, and through horizontally lamp housings 57 to elements 58. each of the housings may 

elongated slots 46 in members 44, in manner enabling the 
. 

have a pair of upstanding brackets 59 near its opposite ends 

discussed longitudinal adjustment of members 44 and the car- which are suitably bolted or otherwise secured to elements 58. 

ned rollers relative to frame 32 Nuts on the inner end of Heater assembly 22 also induces two iiverted ti -shaped 

screws 45 are tightenable against elements 33 to assist nutsmounting members 60 (FIG. 3), having a horizontal portion 
25 

245 in locking members 44 in any desired set position in which 61 extending transversely of the cylindrical portion 12 of the 

the hlt has a desired tightness relatise to the rollers . vacuum chamber, with these horizontal portions being welded 

horizontal metal screen 146 may rest on edge portions of the or otherwise rigidly secured to the two frame elements 58 of 

side elements 33 of frame 32, and on cross braces 35, I’) the heater assembly. At its oppoxite ends, each 01 the L.- 

movably support upper run 42 of the belt A similar screen 47 shaped members 60 has two downwardly projecting par alirl 

may be provided beneath lower run 43 of the belt, and vertical arms 62, which like the remainder of each element 60 

suitably carried by frame 32, for movably supporting .ower may be of externally cylindrical cross section, and whose 

run 43 of the belt, 
lower ends desirably project into a pair of tubular cylindrical 

Projecting laterally outwardly from the lower edges of the vertical sockets 63 welded to the upper sides of flanges 48 of 

two maui elements 33 of conveyor frame 32, there are pro- the conveyor assembly. Sockets 63 may be easily formed of 
appropriate tubing or pipe, and receive lower ends of arms 62 

vided two rigid flanges 48 which may be suitably welded 
in closely confined and closely fitting relation, with the bottom 

elements 33, and which lie in a common horizontal plane 
These flanges are elongated longitudinally of the cylindrical 

ends of those arms extending downwardly into supported en -

portion 12 of the vacuum chamber, and preferably extend cment with the upper surfaces of flanges 48 of the con -

along the entire distance between the roller mounting member 40 veyor assembly, to thus effectively support the entire healer 

44 at one end of the conveyor and the roller mounting meni- assembly 22 in the illustrated position above the conveyor as- 
sembly by means of the support arms 62. 

hers 44 at the opposite end of the conveyor. The planar under- 
When the conveyor assembly 21 is in the FIG. I installed 

surfaces of flanges 48 are engageable downwardly against, and 
position within the vacuum chamber, the conveyor is adapted 

supported by, Two elongated horizontal mounting rails or 
45 to be driven continuously but as a relatively slow rate h a 

flanges 49, whose upper surfaces lie in a common horizontal drive mechanism 64, which preferably is not removable sb 
plane 50. Flanges 49 extend along opposite sides of cylindrical the conveyor and heater assemblies, and which desirably is of 
portion 12 of the vacuum chamber, and project inwardly from a type disclosed and claimed in detail in my above -mentioned 
she cylindrical sidewall thereof as seen in FIG. 3, and are 

. 

copending application Ser No. 801,411. This drive unit 64 
desirably welded continuously or otherwise rigidly secured to 

o 

may include an electric motor 65 located at the outside of the 
that metal sidewall. Flanges 49 may Continue without inter- vacuum chamber, which motor drives a crank wheel 66 
ruption from one end of horizontal portion 12 of the saCuum through a reduction gear and at a relatively slow rate, with it 

chamber to its opposite end, and support flanges 48 of the crank arm 66 being connected by a link 67 to a lever 68 
conveyor assembly in a manner enabling the assembly to be which pivots about an axis 69, This lever extends through an 
slid horizontally, and rightwardly as viewed in FIGS. 1 and 2, aperture in the sidewall of the vacuum chamber, and is sealed 
from the vacuum chamber and to its exterior as indicated in with respect thereto, and is connected at its inner end to a link 
FIG. 2 The conveyor assembly may be locked in its active structure 70 having two arms connected to a pair of one-way 
FIG. 1 position within the vacuum chamber by insertion of a clutches 71 and 72 for driving shaft 38 of one of the bet 
lockpin Sit FIG. 3) downwardly through registering apertures mounting rollers 36. In operation of the drive mechanism. hr 
in flanges 48 and 49 The supporting flanges 48 and 49 and the 60 motor driven rotation of crank wheel 66 acts to osciflate Iv, e 
rest of the conveyor assembly are at a level enabling the entire 68 pivotally about axis 69 between the full line and brikcri 
assembly to be shifted rightwardly to the FIG 2 removed posi. line positions of FIG. 7, to thereby oscillate link 70 
lion without interference being offered by the discharge rightwardly and lct’twazdly as viewed in that figure, with the 
hopper 24, or by shield 30. or by any of the other equipment result that the two arms of link 70 actuate clutches ’Il ansI 72 
within the vacuum chamber 65 to drive roller 36 rotatabty and substantially continuously. 

At its opposite ends, cylindrical horizontal drying portion Upon a rightward movement of link 70 in FIG. 1, one of she 
12 of the vacuum chamber II has access openings 52 and 53. clutches 71 or 72 acts to drive shaft 38 and the attached roller 
which are closed by two circular doors 54 and 55 desirably at 36 through a limited angle. while the other clutch is inactive, 
a diameter corresponding to the diameter of the cylindrical and then on the succeeding leftward stroke of link 70 the 
portion of the vacuum chamber. These doors may be hinged 70 other clutch drives shaft 38 and roller 36 in the same and cons 
for swinging movement to an open position, such as the posi- tinuing direction, while the originally effective clutch is inc-

tion of the right-hand door in FIG. 2, and are suitably scaled to live on that stroke. Other types of drives may of course be pro -

the circular edges of cylindrical portion 12 of the vacuum sided, though this illustrated arrangement as discussed ir, my 

chamber, by appropriate gaskets or he like, to maintain the above-mentioned prior application has certain definite ad -

proper vacuum conditions within the interior of chamber 11 75 vantages for the present type of apparatus 
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To now describe a cycle of operation of the overall ap- broadly to all such variations as fall within the scope of the ap-

paratus, when liquid is being forced through sprayer 20 into pcnded claims. 

the upper end of the freezing compartment 15. with that corn- (claim: 
partment appropriately refrigerated, the tiny droplets of the 1. Freeze drying apparatus comprising a vacuum chamber. 

spray rapidly freeze into solid particulate form, and in that S sprayer means for spraying liquid in finely divided form into 
form fall downwardly onto the left end of bell 41 of the con. said chamber, means or refrigerating said chamber and frees-
veyor assembly 21. They are advanced rightwardly on the ing said sprayed liquid into frozen particles which fall 
upper run of that belt beneath the various heater lamps 56, to downwardly within the chamber, a generally horizontally cx-
sublimate the moisture from the frozen particles and produce tending conveyor belt within said chamber positioned to 
the desired freeze dried product in particulate form in hopper to receive said downwardly failing frozen particles and advance 
24 and receptacle 26. To assure removal of all of the material them generally horizontally along a predetermined drying 
from the belt at the discharge location, a doctor blade 73 may path toward a discharge location said chamber having an ac -
extend across the belt above hopper 24, in contact With the cess opening at one end thereof, a closure for closing said 
belt to scrape any adhering particles off the belt. This blade opening in vacuum sealed relation, a frame received in said 
may be suitably mounted to brackets secured to two of the IS chamber and mounted for movement generally horizontally 
roller mounting members ’’ out of the chamber through raid access opening when said rIo-

After an extended period of use. it may be desirable to clean sure is open, rotary elements mounted rotatably to said frame 
or repair the conveyor assembly 21 and/or heater assembly and engaging opposite ends of said conveyor belt to mount it 
22. When this becomes desirable, the right-hand end door 54 

20 for endless movement relative to said frame for advancing said 
of FIG I is unlatched and swung to its open position of FIG. 2, particles, said belt and said rotary elements being dimensioned 
locking pin 51 of FIG. 3 is withdrawn upwardly from the re- and constricted for removal from the chamber through said 
gissering apertures in flanges 48 and 49, to release the parts 

,. 21 
opening with said frame, powered means for driving said belt 

for removal, and the entire conveyor assembly and carried along said endless path, heater means in the chamber posi-
heater assembly 22 are pulled rightwardly toward their FIG. 2 

25 toned and constructed to heat said pa-ticks and freeze dry 
removed positions. An operator may easily pull these parts them as they are advanced by said conveyor belt, and means 
rightwardly, as by grasping the two vertical arms 62 of one of mounting said beater means to said frame For remoa1 
the inverted U-shaped heater mounting elements 60. As the therewith from said chamber and through said opening. 
conveyor and heater assemblies move rightwardly, they are 2. Freeze drying apparatus as recited in claim 1. in which 
guided for the desired movement by sliding engagement of 

30 said last-mentioned means include detachable connector 
flanges 48 of FIG. 3 on the upper surfaces of flanges 49 pro- means securing said heater means to said frame for movement 
sided within the vacuum chamber. When the conveyor and 

therewith into and out of said chamber but enabling 
heater assemblies have reached a position at which they pro- 

detachment of said heater means from the frame at the outside 
ject outwardly from the vacuum chamber a short distance, the 

of the chamber 
right end of frame 32 may be connected to a rigid support dc- 35 3 Freeze drying apparatus as recited its claim 1, in which 
ment or rod 74 (FIG. 6) attached at its upper end to a roller 

said heater means include a series of electrical heater tie -
carriage 75 mounted on a track 76 extending parallel to and 

ments positioned above said conveyor at different locations 
directly above the axis 34 of the cylindrical portion of the 

therealong 
vacuum chamber. Support clement 74 may be shaped as 

4, Freeze drying apparatus as recited in claim I, in which 
shown in FIG. 6, to extend first Laterally to a side of the heater 

said last -mentioned means include supports for Said heater 
and conveyor assemblies, then downwardly at that side, and 
then inwardly to form a horizontal rigid lower portion 71. T 

means interfittrng with support means on said frame and 

portion 71 is typically connectable into an opening 78 in separable therefrom by upward movement of the heater  

flange 48, and may project into one of the crosspieces means, to enable detachment of the healer means from the 

(FIG. 7) in a relation supporting the conveyor assembly from 45 
frame after removal therewith from said chamber. 

only one side but in a horizontal position. Element 74 is of a S. Freeze drying apparatus as recited tn claim I, in which 

length effectively supporting the withdrawn assemblies at their said last-mentioned means include a plurality of spaced sup -

original level. When these assemblies have been withdrawn ports for said healer means projecting downwardly into pin 

further to a position in which flanges 48 have almost reached and socket interfittirsg engagement with means on said frame 

the ends of flanges 49_a second support element 74’. identical 45o and separable therefrom by upward movement of the heater 
’ 

with element 74 carried by a second roller carnage 15’ on means, to enable detachment of the heater means from the 

track 76 is connected to frame 32 at another location near its frame and conveyor after removal therewith from said 

inner end, to that the entire assembly may be moved out. chamber 

wardly to the FIG. 2 completely removed and still horizontal 6. Freeze drying apparatus as recited in claim I. including 

position, in which the interior of the vacuum chamber is SC- 55 t3’tikS near opposite sides of said chamber supporting said 

cessible for easy cleaning and repair, and the assemblies 21 frame for said generally horizontal movement from the 

and 22 are also completely accessible and exposed for clean- chamber. 

ing After such removal, the heater assembly 22 may be 7. Freeze drying apparatus as recited in claim 1, including a 

separated upwardly from conveyor assembly 21, as to the suspension track at the outside of said chamber positioned to 

broken line position of FIG. 2, (and without interference by 60 be above the frame and conveyor and heater means as they 

elements 74 and 74) to thus withdraw mounting arms 62 of are moved horizontally from the chamber through said open -

the heater assembly from sockets 63, and enable the heater as- ing, and means movable along said track and operable to sup’ 

sernbly to be moved to any desired location for repair, clean, port said frame and conveyor and heater means as they move 

rig, or the like Subsequently, the healer assembly may be outwardly from the chamber 

again positioned on and connected to the conveyor assembly, 65 8. Freeze drying apparatus as recited in Claim I, including a 

and the entire combination of these parts may be slid left- locking element detachably interfitung with said frame and 

wardly in FIG 2 to their FIG. I fully installed positions. with means in said chamber in a relation releasably loCk rig said 

the door $4 then being closed and the entire apparatus thus frame against removal from the chamber 

being ready for further use. In the FIG I position, wires 77’ 9. Freeze drying apparatus comprising a vacuum chamber 

from lamps 5.6 may be suitably plugged into an electrical 70 having an upwardly projecting freezing portion and a lower 

receptacle 78 provided within the interior of the vacuum horizontally elongated drying portion, means for spraying a 

chamber, for encrgizauon thereby liquid downwardly into said freezing portion of the chamber 

While it certain specific embodiment of the present insets- and freezing it therein to a large number of frozen particles, a 
lion has been disclosed as typical, the invention of course is generally horizontally elongated and generally horizontally ex -
not limited to this particular form, but rather is applicable 75 tending conveyor belt positioned in the chamber 10 receive 


