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APPARATUS AND PROCESS FOR ROASTING 
COFFEE BEANS USING A COMBINATION OF 
MICROWAVE, CONDUCTION, CONVECTION, 

AND LATENT STEAM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001) This application claims the benefit under 35 U.S.C. 
Section 119(e) of U.S. provisional application Serial No. 
60/284,034 filed Apr. 16, 2001, of the same title and same 
inventor as the present application. 

BACKGROUND OF INVENTION 

0002 Recent years have seen an explosion of interest in 
gourmet coffee products and the interest has not been limited 
to the purchase of coffee-based beverages from Vendors who 
prepare the beverage on premise and purvey it to consumers 
over the counter. The desire is now for the ultimate in 
freshneSS and flavor and that is roasting the coffee on Site at 
the coffee shop and or at home. Coffee roasting is a two-step 
process. The outside of a bean is covered with a husk which 
also follows a fold into the center of the bean. As it is 
roasted, the coffee bean expands and literally "pops' to shed 
the outer husk. If the bean is properly roasted, the center of 
the bean further expands and allows Some of the internal 
husk to break free of the bean. 

0.003 Currently coffee beans are roasted via two common 
methods and one leSS common. The common methods are 
convection and conduction. Convection uses a heated air 
stream to heat the beans and “float” them in a the air stream 
to reduce burning, however this heated air System also Strips 
away through evaporation a large amount of the coffee oils 
that are vital components in the flavor of Superior coffee. 
Conduction is the other roasting method and in this System 
only heat from the externally heated open metal drum is used 
to roast the bean through direct contact. The conduction 
method rotates the drum for agitation to prevent Scorching 
the coffee beans. The convection System Still uses air that is 
circulated in the drum to remove heat and Smoke and results 
in loss of lighter coffee oils (and flavor) just as in the 
convection System. The conduction System also prevents the 
controlled and easy transfer of the heat to penetrate the husk 
and cause the internal mass of the bean to quickly rise to a 
desired temperature. This causes moisture and oil within the 
bean to vaporize and expand to apply pressure to the husk, 
resulting in the popping of the bean. The mass of the bean 
expands and the husk is freed from the bean. The use of The 
other method of roasting beans is the use of Steam as shown 
in U.S. Pat. No. 5,681,607 Oct. 28, 1997 Maki, et al. 
Roasting with Superheated Steam, however, tends to make 
the coffee much more Sour. The Steam process use a high 
preSSure vessel and high Steam temperatures and pressures 
making this System potentially very dangerous for the home 
and commercial user. The Steam System alone cannot pro 
vide the dark and very dark roasts that are desired by most 
of the coffee drinking public. The new invention uses 
“latent” Steam in combination with convection, conduction, 
infrared and microwave heating to provide a full Spectrum of 
roasting levels. Latent Steam is a result of the water that is 
contained in the coffee beans (generally 10-12% by weight) 
and is boiled out of the bean during the initial convection/ 
conduction/microwave heating that is part of the roasting 
process. This latent Steam is a contributor to making the 

Jul. 10, 2003 

coffee more “mellow” as in the steam only process but 
because it is part of the bean it requires no Separate boiler 
and due to the design of the cartridge is of low pressure and 
there by is not a hazard. 
0004) Other problems with conductive, convection and 
Steam roasting are If a bean is roasted at too low of a 
temperature, the moisture build-up is Sufficiently slowed as 
to allow the vapor to escape without building up Sufficient 
pressure to pop the bean. When this occurs, the bean will be 
of Smaller size than if proper roasting occurs and has a green 
grassy flavor. On the other hand, if a bean is roasted at too 
high of a temperature, the bean will be burned, i.e., Overly 
caramelized, and taste will Suffer. In Some cases, high 
temperature roasting will result in a burning of the husk. AS 
the husk Serves as a moisture barrier to allow pressure to 
build up during roasting, the burning of the husk destroys the 
moisture barrier and allows the moisture to escape without 
building up Sufficient pressure to pop the bean. The Second 
Stage of roasting occurs once the bean pops. Here, the 
heating of the oil within the bean results in chemical changes 
to roast the bean to the taste of a particular consumer. In 
many instances, continued roasting of the bean after popping 
causes a further expansion of the bean. To achieve optimum 
roasting, it is necessary that the beans be uniformly heated 
internally via microwaves and externally via conduction, 
convection and latent Steam while not allowing any of the 
oils and essences that are components of the flavor to escape 
into the air prior to grinding. If the heating is not uniform, 
Some of the beans may pop early in the roasting process and 
others, not at all. Consequently, uniform flavor cannot be 
obtained. Similarly, it is necessary that roasting temperature 
be properly controlled to assure proper flavor development 
which cannot occur if the roasting temperature is either too 
low or too high. 
0005. Other common problems with current coffee roast 
erS is the issue of Smoke and excessive aroma. The Smoke 
and excessive aroma is dealt with on existing commercial 
roasters by the use of Stack Scrubbers and after burners, the 
problem is dealt with on home coffee roasters by there 
recommend use out doors. Other problems that the current 
roasters have is high energy cost per pound of beans either 
using gas or electricity this is on the order of 50% higher 
than microwave driven roasting. The present invention is 
directed to overcoming one or more of the above problems. 

SUMMARY OF INVENTION 

0006 The principal object of the invention is to provide 
a new and improved coffee bean roasting apparatus and 
process Suited for home or commercial use. According to 
one facet of the invention, an exemplary embodiment of an 
apparatus for roasting coffee beans includes a closed car 
tridge that is constructed of non-porous or Semi porous 
material. One of the preferred embodiments of the cartridge 
is to be made by pulp forming. The cartridge contains a 
controlled portion of coffee and the coffee beans occupy 
29% of the internal volume of the cartridge to allow for 
expansion during the roasting process. The cartridge may 
also be used for long term Storage and handling of the coffee. 
The cartridge is further completely lined with a floating liner 
that is comprised of a printed dipole antenna or a thin film 
conductor that Selectively absorbs microwave radiation (Sus 
ceptor). This Susceptor is made generally of a printed dipole 
antenna on a polyester film that is laminated to a Zero acid 
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neutral pH paper. The Susceptor only partly converts the 
microwaves to heat and allows the unabsorbed microwave 
energy to be absorbed by the coffee beans to effect internal 
heating. The cartridge may be of cylindrical, Spherical or 
conical shape. If the cartridge is of cylindrical or conical 
shape one end will be closed with an airtight closure that 
may be of card Stock paper or pulp formed material. The 
closure may contain a See through window of polyester or 
other Suitable transparent or translucent film So that the 
degree of roast can be visually assessed. The cartridge is 
placed in a microwave environment, which may be either a 
commercial/residential microwave oven or a purpose 
designed microwave chamber. The cartridge is then caused 
to roll either by interaction with, in the case of an existing 
domestic/commercial microwave oven, the turntable and a 
fixed feature imparting the motion of the turn table on to the 
cartridge. Alternately a separate microwave Safe device can 
be provided to cause the cartridge to rotate at the desired 
speed and for the desired duration. The preferred embodi 
ment of the cartridge is that it is generally conical in shape 
with a blunted point. The details of the roasting process is as 
follows. In operation the cartridge is placed in the micro 
wave cavity of either a home, commercial or purpose built 
microwave oven turn in a orientation that allows the car 
tridge to roll when it interacts with the fixed bar imparting 
the turntables rotation to the cartridge. The fixed bar is an 
addition to an existing microwave oven or may be replaced 
with a dedicated device to allow the cartridge to roll. The 
cartridge rotating causes the coffee beans to tumble as they 
move up the "high side of the cartridge and when they 
exceed the maximum angle of repose cascade down allow 
ing for all the beans to be in direct contact with the Susceptor. 
This constant tumbling agitation allows all the beans to be 
heated in all 4 forms evenly. The microwave power is 
projected into the cavity and is omni-directional with the 
microwave energy coming from all directions this allows for 
the multiple heating methods to take place. The beans that 
are in direct contact with the Susceptor are directly heated by 
conduction and the choice of the Susceptor allows for precise 
temperature generation when energized with microwave 
energy preventing Scorching. The Susceptor laminate is 
formed into a hollow conical/cylindrical/spherical shape and 
the area that is not in contact with the coffee beans are still 
converting microwave energy but into infrared heat. The 
infrared heat indirectly heats the beans by convection heat 
ing the Steam that the beans emit as they start to roast. The 
infrared also directly heats the beans at a lower temperature 
that the conduction heating of direct contact. The microwave 
energy that is not converted by the Susceptor is absorbed by 
the oils, water and proteins inside of the coffee beans 
assisting in the generation of a even roast through out as well 
as using the consumed power efficiently. The coffee beans as 
they heat first degas or boil off their water content and the 
water vapor tries to escape to the outside. AS the water vapor 
attempts to transpire to the outside it encounters the pulp 
formed cartridge, causing the pulp to Swell and form a 
highly restrictive filter that traps a high percentage of the 
latent Steam. The cartridge also traps the aroma and flavors 
that would normally be washed away by the airflow in other 
roasters. The roasting process is complete when the operator 
determines the coffee is roasted enough by Visual means 
through the filling port, or by auditory by the Second crack 
of the coffee beans while they roast. In its preferred embodi 
ment the recommended roasting time and power level will 
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be printed on the cartridge as well as other information as to 
origin of the coffee bean and expected tastes at degrees of 
roast featured by the roasting gauge. In the preferred 
embodiment four specific color dots labeled L, M, MD, and 
D are printed by the filler port and are keyed to the written 
description of the flavor expectation for that degree of roast. 
In the preferred embodiment the cartridge will be made of 
pulp formed paper and form a Semi conical shape with 
reinforcing ridges that also provide an area for vapor tran 
Spiration around the non-attached Susceptor liner. The pre 
ferred embodiment also uses a end closure of cardboard or 
pulp formed material that contains a hole that is covered by 
a transparent or Semi-transparent material to load the car 
tridge with coffee beans. The preferred embodiment includes 
a fixture to translate the motion of the existing turntable into 
rotation of the cartridge, alternately a separate device may 
be used to rotate the cartridge in the microwave environ 
ment. The Separate device may be either Spring, battery or 
powered by the microwave energy of the microwave oven. 
Other objects and advantages will be apparent from the 
following Specification taken in connection with the accom 
panying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0007 FIG. 1. Comprises a cross section view of the 
cartridge assembly that includes (13) the Substantially coni 
cal cartridge with recess (2) in the side placed co-axel to and 
evenly around the circumference to provide a pathway 
around the Susceptor liner for latent Steam to transfer to the 
outside and as a reinforcement for the pulp formed canister. 
Area (3). Is a cross section view of the die cut flat but formed 
Susceptor liner. Item (4) is a croSS Section view of the die cut 
cardstock closure with filler port (8) die cut into item (4) and 
roasting color guides (17) placed by opening. Item (5) is a 
croSS Section view of the polyester film that is laminated to 
the closure 4 using Starch based adhesive Suitable for contact 
with food. FIG. 2. Is a cross sectional view of the completed 
cartridge loaded with coffee beans (19) and showing the 
closure glued down with a Starch based glue Suitable for 
contact with food on Surface (18). FIG.3 is an external side 
view of the completed cartridge (13). FIG. 4 is an external 
perspective view of the complete cartridge (13) with an 
exploded view of component parts 2, 3, 4, and 5FIG. 5 is a 
View of the completed pod in a Schematic view of a 
microwave oven. FIG. 6 is a cut away view of the susceptor 
laminate showing construction. 

DETAILED DESCRIPTION 

0008 Hereinafter, this invention will be described in 
detail with reference to the drawings. As illustrated in FIGS. 
1-6 the present invention comprises a cartridge (13) that is 
made of a Semi-porous material that in the preferred embodi 
ment will be pulp formed paper. The cartridge may be 
conical, cylindrical, or Spherical in Shape and will contain 
reassesses (1) for the purpose of Supplying an air gap for the 
Susceptor laminate (2). The Susceptor laminate (2) is formed 
from flat sheet and is die cut into a Semi circle to allow the 
placement of the laminate into the body of the cartridge (13) 
and is not affixed in any manner. The Susceptor laminate (2) 
is composed of 3 layers as shown in FIG. 6 the outer layers 
(14) and (16) are preferably Kraft paper or any Zero acid 
neutral pH paper and is laminated to the Susceptor film 15 
using adhesive that is approved for food contact. The 
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Susceptor (15) is a comprised of a printed dipole antenna or 
a thin film conductor on a polyester Substrate. The closure lid 
(4) in the preferred embodiment is composed of card Stock 
made of recycled paper and is rated for food contact. The 
closure lid (4) has a hole (8) cut into it for the use of filling 
and emptying the canister. The hole (8) can be placed in any 
location on the closure lid (4) and will be of Sufficient size 
to allow for the purpose of filling and emptying the canister. 
The color dots (17) are in close proximity to the hole (8) and 
are provided for a color reference of the roasted coffee. The 
color dots (17) are each of a different color but generally 
reflect the colors of roasted coffee from light to dark roast. 
The color dots (17) have reversed out of the color field the 
letters L, M, MD and D. The color dots (17) and there 
asSociated letters are used for reference to the flavor and 
aroma of the coffee when roasted to that level. The closure 
lid (4) also has provisions for printing that can include but 
are not limited to the operation instructions, type of coffee 
bean or blend, origin of the coffee bean, tasters comments on 
flavor and Suggested degree of roasting. The clear or trans 
lucent non-pours layer (5) is laminated to the closure (4) 
after the closure is printed and the hole (8) has been die cut. 
The clear or translucent layer (5) is in the preferred embodi 
ment 0.01 mm thick polyester but can be of other thickness 
and is preferably clear but can be translucent. The cartridge 
(13) is assembled by rolling the susceptor (3) into a shape 
that will fit into the cartridge and rests on the recesses (1). 
The coffee beans are then loaded into the canister. The green 
coffee beans (19) can be of any amount and from any 
locations and can be of either of two primary types arabica 
and or robusta or any combination of either. The volume of 
green coffee beans will not exceed /2 the volume of the 
completed canister. The closure lid (4) completed with its 
laminated clear or translucent layer is then glued on to the 
canister via a the flange (18). The glue will be of food 
contact rated material and may be applied by roller, Spray or 
bead. The cartridge is used in any microwave oven, com 
mercial, consumer or purpose built but in the preferred 
embodiment it is for use in commercial and consumer 
microwave Ovens. The completed canister (13) as shown 
FIGS. 3 and 4 is used by placing the canister (13) into a 
microwave cavity (11) as shown in FIG. 5 and on the turn 
table (10) or alternately on a specific device that is a separate 
device may be used to rotate the cartridge in the microwave 
environment. The Separate device may be either Spring, 
battery or powered by the microwave energy of the micro 
wave oven. The canister (13) is oriented so that the circular 
cross section is perpendicular to the turn table (10) or the 
separate device so as to allow the cartridge (13) to roll. The 
turn table (10) is in the preferred embodiment covered with 
a microwave proof Silicon rubber pad that is to enhance 
friction between the (20) cartridge (13) and the turntable 
(10). The pad (20) in the preferred embodiment will have a 
shallow conical croSS Section to allow for the green coffee 
beans (19) in the cartridge (13) to flow to the closure end (4 
and 5). The microwave cavity also has a fixture (9) that is 
attached to the floor of the microwave cavity (11) by feature 
(12). The feature (12) can be of any permanent or temporary 
attachment so as to prevent the fixture (9) from moving 
when in contact with cartridge (13). The function of the 
fixture (9) is to prevent the cartridge (13) from rotating 
around on the turntable (11) and pad (20) and there by 
imparts the rotation of the turntable (11) and pad (20) onto 
the cartridge (13). This rotation is a component of the 
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roasting process. After placement of the cartridge (13) the 
microwave oven may be energized as per the time and power 
level as per the instructions for the product. When the coffee 
(19) is roasted to the desired level the cartridge (13) is then 
removed from the microwave cavity (11) and is opened by 
either removal of the layer (5) or by removing the material 
covering the hole (8) and then pouring out the roasted beans 
for grinding. AS will be appreciated from the above descrip 
tion, the present invention provides a convenient and easy to 
use device and process for the roasting of green coffee beans 
as ingredient that is Suitable for use in microwave Ovens. 
While a particular form of the invention has been illustrated 
and described, it will be apparent that various modifications 
can be made without departing from the Spirit and the Scope 
of the invention. Accordingly, it is not intended that the 
invention be limited except as by the appended claims. 

1: New apparatus and process for roasting coffee beans 
using a combination of microwave, conduction, convection, 
and latent Steam. 

2: A cartridge that is non-pours or Semiporous and having 
a liner of Susceptor for converting the microwaves into 
radiant, and convection heat. 

3: Green coffee beans placed within the cartridge; wherein 
the cartridge is Sealed shut for microwave cooking Such that 
Sufficient heat and Steam is trapped within the cartridge 
during microwave cooking to allow for complete and con 
trolled roasting of the coffee beans throughout. 

4: A cartridge that is a spherical, cylindrical, or conical 
hollow form 

5: A device to convert the microwave ovens turntable 
rotation into rotation of the cartridge 

6: A device to rotate the cartridge in the microwave oven 
that is a separate device from the microwave oven turntable. 

7: Alid or closure that contains a fill pour Spout that is, 
a) covered with a transparent film material 
b) covered with a translucent film material 
8: A cartridge that is composed of pulp formed paper 

product. 
9: A cartridge that is disposable or reusable 
10: The process of claim 1 wherein the green coffee 

comprises Robusta coffee. 
11: The process of claim 1 wherein the green coffee 

comprises Arabica coffee. 
12. The package of claim 1 wherein Spices or other 

flavoring components are mixed with the green coffee to 
impart flavor to the green coffee during roasting. 

13: The method of claim 1 wherein spices or other 
flavoring components are mixed green coffee to impart 
flavor to the food product during roasting. 

14: The package of claim 1 wherein the volume of seeds 
is equal to 10% to 49% of the interior volume of the 
cartridge. 

15. A method for roasting coffee beans in a microwave 
oven comprising: 

a) providing a cartridge containing green coffee beans 
Suitable for microwave roasting; b) placing the car 
tridge containing Said food product into a microwave 
OVC 

c) microwave heating the cartridge for a time Sufficient for 
the coffee beans to obtain a desired degree of roast and; 
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d) allowing the cartridge to cool So that the food product 18. The method of claim 15 wherein a hole is formed in 
may be safely handled. the closure lid exposing a portion of the polymer layer 

16. The method of claim 13 wherein the polymer is thereby forming a window through which the food product 
polyester may be viewed without opening the cartridge but is prima 

17. The method of claim 15 wherein the cartridge is sealed rily used for the emptying out of cartridge the roasted coffee. 
shut for microwave cooking, using a food Safe adhesive. k . . . . 


