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SELF-HEATING LUNCH BOX o

(1) METHODS FOR HEATING
(2) THERMAL INSULATION /HEAT CONDUCTION MATERIAL
(3) TEMPERATURE SENSOR - DS18B20
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& 1.1 LIME CYCLE

LIME CYCLE
H20 www.FrescoSchool.org COz
* CAO(S) + H20 (L) — CA(OH),(S) + HEAT Limestone
CaCO3
Carbonated eated
( (1500 F)

CO:2

Slaked lime HEAT Quicklime
Ca(OH), 1 CaO
Water added

(H20)
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Activated carbon 4

(EPERR)

Water 1(Depends on the size of
the carbon particles, <1)

Iron Filings 1
(#57)
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> il SCIENTIFIC PRINCIPLE:

(1) Fe,, — Fe?* . +2¢e
(2) Oy + 2H,0, + 46 — 40H
(3) Fe2+(aq) + 20H_(aq) = Fe(OH)z(S)

. Exothermic

(4) 4Fe(OH) ) + Oy — 2Fe,0, « H,O) + 2H,0¢

THE CHEMICAL REACTION OF RUST

AH =-1625kJ
exothermic heat

.

4Fe(s) + 302(g) —p 2Fe205(s)

Oxygen

Ferrous (iron)

Ferrous Oxide

(known as rust)
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24.00
29.44
33.69
36.00
37.19
10 37.50
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23.94
24.11
25.00
25.06
25.19
25.37

TESTO1

(~4.5-5G IRON FILINGS)

Time | Temperature | Temperature
(mins) | (Heater)(°C) | (Food)(°C)

(~4.5-5G IRON FILINGS)

=—4— (Heater)(°C) === (Food)(°C)
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(~22.5-25G IRON FILINGS)

25.19
30.69
37.00
40.94
45.13
47.00

TESTO2

24.56
26.00
30.56
31.94
30.44
31.94

Time | Temperature | Temperature
(mins) | (Heater)(°C) | (Food)(°C)

50
45
40
35
30
25
20
15
10

~22.5-25G IRON FILINGS

—4— (Heater)(°C) == (Food)(°C)




EXTENDED ACTIVITIES
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reduction

+ 3CO —» 2Fe + 3CO-

oxidation

Redox

Trying other metals, recommended: magnesium
(Mg), zinc(Zn) and aluminum(Ai) instead of iron to
do the same experiment to compare the heating

effect of iron oxidation.

/N

Oxidation

Reduction

EXTENDED ACTIVITIES

2 3 6 7 8 9 10 11 12 14 15 16 18
v
He
N 6 7 8 10
Be CJI N[O Ne
3142! 14 || 15| 16 18
Si S Ar
20 21 24 1125|2627 || 28 || 29 (] 30 32133 || 4 36
Ca Cr Fe || Co || Ni || Cu || Zn Ge || As || Se Kr
38 39 A2 || 43 | 44 (| 45 || 46 || 47 || 48 S0 || 51 || 52 54
Sr Y Mo || Tc || Ru || Rh || Pd || Ag || Cd Sn || Sb || Te Xe
36 71 4175|176 77 || 78 || 792 || 80 82 || 83 || 84 86
Ba Lu W |[Re||lOs|| Ir || Pt |[|Au]|| He Pb || B: || Po Rn
S8 |*|103 106 || 107 || LOS || LO9 || L1O ]| L11 [ 112 L4 LES|] 116 118
Ra [*| Lr Sg || Bh || Hs |[ Mt || Ds || Rg || Cn FI || Mc || Lv Og

57 60 || 61 || 62 }| 63 || 64 || 65 || 66 7 || 68 || 69 || 70

La Nd || Pm || Sm || Eu || Gd || Tb || Dy Er || Tm || Yb

*| 89 O N 93 1| 94 || 95 || 96 || 97 oo 10 02

Ac i Np || Pu N Am || Cm || Bk L‘m Mc‘ Al\')o
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~ THERMAL INSULATION/HEAT CONDUCTION MATERIAL

i

Good/poor heat conductor

%\ Good/poor heat conductor
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~ (2.1) GOOD/POOR HEAT CONDUCTOR
~ (2.2) HEAT TRANSFER

',ﬁoﬁha’um

Can heat travel through all materials? . Conduction Convection
s &‘;'. Warm KO/d Radiation
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g TEMPERATURE SENSOR - DS18B20
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D518820 Pinout

v« 3:Vce

llGND
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Fiie Bl Skeach Teaks Help

lexts7

dinzlade <healre h>
#inolode <BallasTesperatuze.n>

finclude <LiguidCrystal 130.%> ’ comn

MgnisCrystal I2C 1oad(0x27,20,4)7 -

// Dats wire Lp comatec CE the Andaing digital pin 2 L1€:54:05.12% <> Calsius temperatute: 256, €0 - Fuhrechelt tespezatuse: 25 44
#d=2ins ONE_WIFEZ BUS 2 16154:17.3¢7 -> Celslus veaperature! 25.62 - Fahreshei: temperature: 25.32

16:54:1%.29% -> Celnius tesperature: 19.36 - Fahreshei: Sesperature: 05.30
Celsius cesperature: 25.50 - Fahreshel:r teppezacure: £5.10
Celsigs temperature: 25,44 - Fahreohe!t tepperatures: 54,3%
16:54:24.€39 <> Colzius temperatute: 256,30 - Fahrechalt terpezatuse: 34.7¢ ’l"
// Emss our coefire relfecence to ilas Tewpezature secsor 16154126418 -> Celsius veaperatcre! 25.15 - Fahresheit tewperature: 54.54 :
UslisaTompmrature senaces (sonelise) 16:54:32.204 Celnius tesperature: SeFperature:
1€:54:28.97¢ Celaius Cesperature: Teppezatute:
1€:54:21.783 -> Celsius temperature! tepperature!
16:54:35. %84 Colzius temperatise: terpmIatuce;
vold setup{vold) 16154:35.31¢ Celsius teaperatore! Terperature!
| Celnius tesperature: seFperature;
¢/ Start serlal cowsunlcatiom for (eludQlng purposes Celaius cesperature: TeEpezaTUES:
Sorinl.begin(5€00]) 1
/7 Stast o the lihraxy
sensory.begind)

'/ Setup & coelive instance To Commaaicate with any Omalive devices
DoeWire oneSire (OKE_WIBE DUS) ¢

lod.init |}
lcd.aniz )z
led nacaiighie )i

1

vold loop{waid)f
(7 Zall sempors.requestTespecaturss(]l o issue ¢ Flobal tespereture snd Pegeests to all devices oo the bus
reguuat] tuses();

lod. metilorans{0,0);
1od.prant (*Teep(C) |
l1cd.pestur 3,011
led.print (sassnes. gt TueglBylades (0) )

|menanTa. getlomgtoyinsen (0l );
srsacrls, 1)y
lod.grint ("I ¢

Serial. princ("Celatus tesgpesatursr *|

/¢ Wy “nyindex®? You cen have more tham soe 1T on the wame bos, § refern to the fipst IC on the wire
ASEE. get Temphy lidendd) ) ¢

» Fahrechelit texpecature: *)y

Sertal.prinsln(oensors, o=t Teapflyinnex(0) )¢

delay(1000);




INSTALLING LIBRARIES

@ Library Manager

Type |AI - | Topic |AI i | |onewire

@ Library Manager

Type |l « | Topic | Al + | |dallag]

MAX21850 DallasTemp by Adafruit

A version of the DallasTemp Arduine library with MAX21850 support (Requires OneWire with MAX31850 support!) A version of
the DallasTemp Arduine library with MAX31850 support (Requires OneWire with MAX31850 support!)

Maore info

DallasTemperature by Miles Burton , Tim Newsome , Guil Barros , Rob Tillaart
Arduino Library for Dallas Temperature ICs Supports DS18B20, DS18520, DS1822, DS1820
More info

Version 3.8.0 + | Instal

MAXZ21850 OneWire by Adafruit
A version of the OneWire Arduino library with MAX31850 support A version of the OneWire Arduino library with MAX31850 support

More info

OneWire by Jim Studt, Tom Pollard, Robin James, Glenn Trewitt, Jason Dangel, Guillermo Lovato, Paul Stoffregen, Scott
Roberts, Bertrik Sikken, Mark Tillotson, Ken Butcher, Roger Clark, Love Nystrom -
Access 1-wire temp % v and other chips.

Maore info

OneWireHub by Ingmar Splitt, orgua, MarkusLange, Shagrat2
OneWire slave device emulator with support for up to 32 simultaneous lwire devices. supported sensors: BAES10, DS1822,

DS18B20Events by Thar Yakimush

Arduino temperature changed events for DS18E20 and other DallasTemperature compatible sensors Arduine temperatura
changed events for DS18B20 and other DallasTemperature compatible sensors

More info

MAX21850 DallasTemp by Adafruit

A version of the DallasTemp Arduino library with MAX21850 support (Reguires OneWire with MAX21850 support!) A version of
the DallasTemp Arduino library with MAX21850 support (Requires OneWire with MAX21830 support!)

More info




\

- Quick lime
Iron rush

- Other (Combine?)

-  Safety
- Cost($)
- Outlook?
- Overall score? - Sensor placing

EMERGING DESIGN COMPARISON

Heating
Method ~

Temperature
sensor

Production

difficulty - Material(Outer &

Inner)
User friendly design?

- Data
logging /recording



