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[57] ABSTRACT

This invention is a portable heat source that may be used to
warm food, beverage or other supplies. The heater material
is a solid that may be stored for long periods of time, and
activated by addition of water or an aqueous solution. The
heater consists of an acidic anhydride or salt together with
a basic anhydride or salt, such that addition of water to both
acidic and basic anhydrides produces heat as well as acid
and base respectively; subsequent reaction of the acid and
base produces additional heat, as well as a safe, neutral
product that is easily disposed. The invention further con-
sists of means to regulate the rate of heat production by the
use of additives and processing methods, so that heat is
produced at a rate compatible with the rate at which the food
or other materials can absorb the heat. The invention further
consists of devices incorporating the materials to be heated
in an advantageous arrangement with the heater composi-
tion.

21 Claims, 13 Drawing Sheets

—— CPMRun 1, 15.4% inerts

— — - CPMrun 2, 13.45 inerts

15 20 25 30

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



5,935,486

Page 2

U.S. PATENT DOCUMENTS 5388565  2/1995 OU oooooeooeoroseosseosee 126/263 DC

, 5,465,707 11/1995 Fulcher el al. v, 126/263.08

;"ggg’zgé ?ﬁgg? 2?;‘311““::::::::::::::::::: SA77,847 12/1995 Ueki woeoroorsoerroserssoes s 126/263.07
17800 611902 Seatinge morrere 5.483,040  1/1996 JAMES weooroorsooreseorsosre 126/263.05
5,205,277 4/1993 Chao-Tsung . 5,494,598  2/1996 Hughes ......cccccovvrvviniicinnnnn. 252/70
5,220,909  6/1993 Pickard ......ooooooocommrererrinininnns 5,542,418  8/1996 James 126/263.06
5248486  9/1993 Matsuoka et al. v 252/70 5,626,022 5/1997 Scudder et al. ..oooooororeerreeen 62/4
5355869 10/1994 PIckArd .ooeoooeoroooerooeroerre 126/263 5628304  5/1997 FEHMan oooovoeoroooosoose 126/263.00

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



U.S. Patent Aug. 10, 1999 Sheet 1 of 13 5,935,486

FIGURE 1B

FIGURE 1A

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



U.S. Patent Aug. 10,1999 Sheet 2 of 13

5,935,486

I~ ] - Z 3

| | | +

| | | |

| | | |

| | | -5

| | Il

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

L —— | ——H
FIGURE 2A

1/\_) f /

FIGURE 2B

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



U.S. Patent Aug. 10, 1999 Sheet 3 of 13 5,935,486

12

13
14

FIGURE 3A

11

10

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



