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By J.L. Throne* and R.G. Griskey'r

Hecoling value
progerics ai" piaeiics

No extensive tabulation of heating values or

heats of combustion exists for plastics. This

report was prepared at the suggestion of Modern
Plastics to fill this important need. It gives
thermochemical data for most common plastics and
the methods used to compute these data. Heating
values for common fillers, additives, monomers,
and crosslinking agents also are included.

Heating values for several common plastics exceed
the heating values of some conventional fuels.

A technical feature
Gordon M. Kline, technical editor

The critical theme of our times is environmental impact
(1-3)}. Nowhere is this more evident than for plastics, The
durability and efTectiveness of plastics seem 1o be a draw-
back because of the difliculty in disposing of them. This.
however. is not necessanly correct hecause plasties are ma-
terials with high heating values, In faet. they are not onhy
vomparible 1o most fuels. but 10 some cases exceed the
heating values of commercial fuels For example, polveth-
vlene. which represents 507 of all disposable plasties. has
a heating value greater than that of tuel oil. coul. or wood.

Heats of formulinn for nearly ull common plastics are
given in the Encyclopedia of Polvmer Science and Tech-
nology (4). These data form the basis for the caleulation of
the heats of combustion, heating values, stoichiometric air
requirements, and theoretical flame temperatares given in
this report. From a standard text on thermochemistry (5),
we find that if we completely burn a compound of the fol-
lowing form:

CHBrdF N O,

to the following final products:
COL g), HLOW . By, Clyon) gy 1) . Nu o) L S0, )

where (g) = gas. (/) = liquid. and (s) = solid. we can cal-
culate the heat of combustion from:

AH" = —AH,—91.052 — 3016 b — 70.96 i
{in Keal./p mole)

Here the heat of combustion is determined by the heat of
formation (as shown in Table 1), and the heats of forma-
tion (6) of CO,, H:0. and 80, respectively. All other
components are converted to their clemental state. Most of
the heats of combustion 1n Table | are nepative. indicating
*Awociate  Professor, l'nug%n. Dept. Uinnvenity of Wisconsin-AMil-
waukee. Milwaukee, Wise, 53301, to whom all corresporidence should be
addresved

tDean, College of Engineening and Apphed Saience, Umiversity of Wiscon-
sin-Milwaubee, Milwaukee, Wise 53201,

1 —Numbers in parentheses desipnate references at end of arucle.

16

s and th@rmochemacal

that enerpy is given off when these plastics are burned.
Note that we are assuming here that sufhiaeat o is avail-
able for complete oxidation of the plasue. In practice. the
presence of CO. HCL, HF. NO.. and the like in flue gases
indicates that incomplete combustion is tuhing plau
More vigorous stirring of the combusting waste, hnghcl n-
cinerator operating temperatures, and adeyquate air supply
are some of the methods that have been recommended to

.insure complete combustion (3). In Table 1 we have tubu-

Jated the standard heats of combustion, calculated assum-
ing complete combustion to their finad products. Note that
heat of combustion is buased on the molecular weight of
the mer or repeat unit of the polvmer.

"To obtain the heating value. we converted the heat of
combustion 10 B.t.u./lb. as follows:

Heating value, B b, = AN % 1800/ W)

where MW is the molecular weight of the repeat unit, The
values obtained here correlate well with calculations made
by others (5),

The total number of moles of oxvgen (Oq) required
from the combustion air for stoichiometric combustion
was obtained from the stoichiometric equation:

CHMICOLFINOS + @+ byi+i/2-h/2) O0,—
Final products

Note that if a polymer has oxygen in its repeat unit. we as-
sume that this oxygen is available to aid in combustion.
Thus the oxygen demand from the combustion air is pro-
portionatelv reduced. Thus, the stoichiometric oxygen re-
quirement of polyvinyl alcohol (CyH,O) i smaller than
that for polyethylene (C2Hy).

The total amount of combusnion air required for the
stoichiometric combustion is calculated from the total
number of moles of Oa:

Stoichiometric {4 combustion air/1h, resin =
(Moles 0./ mole repeat unit) x 392

(0.21 moles O, 7mole air) 3 MW repeat unit

This value assumes dry air at 760 Torr and 23" C,

The theoretical flame temperature. as presented in
Table 1, is the temperature attained when the plastic 15
burned in a stoichiometric amount of combustion air with-
out gain or fuss of heat, In this calculation, we have as-
sumed mean heat capacities for the combustion products.
and used the following equation:

E =25 = ANTE 2 1005 /41320 4 106 (/D) +
[E92N o+ bt i hy2 4 gf2] 80+ 126 [
+ 00 /) 4+ B3 /D) + 10T f 4+ 81 gy 4 1300

The third (hracketed) term in the denominator is the total
number of moles of nitrogen present in the flue gas, The
SCCOnd term |n lhe numerator represt.nli the .mmunl of
heat required to convert HzO (/) into H:O (g) wt 25 C.
The mean heat capacity values were obtained from stan-

M devm Pilncti;me Mannambkar 10779




Table |: Thermochemical properties of common plastics and fillers

Stoichiometric burning

AR A Cu. ft.
(25° C.), Heating Moles O,  air/ib,, Theoretical
Compozsition Sub-unit Kcat./ value, per mole 760 Yorr, - flame temp.,
of sub-unit MW g. molea B.Lu./lb. compound 25°C. *C./*F. Common name

C.H, 28.05 —-12.25 20,050 3 200 212073850  High density polyethylene

C;H, 28.05 —=12.7% 20,020 3 200 2120/3850 Low density polyethylene

CoaHy sz 32.04 —14.30 20.270 202 2120/3850  Ethylene/propyiene
{69/31) random copolymer

CH. 42,08 —18.84 20,030 45 200 2120/3850 Polypropylene, isotactic or syndiot.

CiH, 42,08 ~19.27 20,010 4.5 200 2120/3850 Polypropylene, atactic

C.H, 56.11 ~2443 20,060 6 198 212073850 Poly-1-butene, isotactic

C.H, 56.11 —21.24 20.150 6 198 2130/3870  Polyisobutylene

CiH,, 7043 -31.07 20,040 7.5 198 © 2120/3850 Poly-1-pentene. isotactic

CiHip 70.13 —31.64 20,030 7.5 198 2120/3850  Poly-3-methyl-1-butene, isotactic

C.Hi; 84.16 —38.54 20,010 9 198 2120/3850  Poly-4-methyl-1-pentene, isotactic

C.H, 54,09 +3.13 10.440 55 189 2220/4020  Poly-1, 4-bytadiene, atactic

Ci1eHs o0 56.34 +3.0¢ 19,300 570 189 2220/4020 Butadiene/styrene (8.58%) copoly

Ceooha 2o 61.59 +3.0¢ 19,010 187 2220/4020 Butadiene/styrene (25.5%) copoly
(GRS rubber)

53,70 +3.0¢ 17,180 168 2190/3870 Butadiene/acrylonitrile (37%
copolymer .
68,12 —-6.0 19,490 2180/30970  Natural rubber (no sulfur)

CuH, 104.2 +7.09 17.850 221074010  Polystyrene, isotactic

C:H, 104.2 +8.27 17,870 2210/4010  Polystyrene, atactic-crystal

C:Hio 118.2 +7.88 18,220 . 2210/4010  Poly-a-methylstyrene

CioHa 1522 +27.13 16,900 X 2230/4040 Polyacenaphthalene

C;H,F 46.05 —55.8 9,180 . 171073100  Polyviny! fluoride

C.HF, 64.04  —116.1 , 3,940 2. 1090/2000  Polyvinylidene fluoride

C.F. 100.0 - 196.1 ~144 ¢ Polytetrafluoroethylene

C,F,CI 116.5 —~156.9 482 . 320/615  Polychlorotrifluoroethylene

C,H,Cl 62.50 ~22.6 7.720 1960/3550  Polyvinyl chloride

C;H.Cl, 96.95 -24.0 4315 . 184073340  Polyvinylidene chloride

C.H.O 56.06 —48.2 11.800 . 2110/3830  Ethylene/carbon monoxide (1:1)
copolymer

C,0, 68.03 ~57.57 5840 . . 2260/3910  Polycarbon suboxide

CH,0 30.03 ~40.93 7,280 2050/3750  Polyoxymethylene

C:H.0 44.05 -44,13 11,470 . 2120/3850 Polyethyiene oxide

CiH.0 §8.08 —54.44 13,410 210073810  Polypropylene oxide, 27% isotlact

CH.0 58.08 —54.78 . 13.400 2100/3810  Polypropylene oxide, 100% atactic

C:H.O 58.08 ~49.5 13,560 2130/3860 Polyoxytrimethylene

C.H.O 72.11 -56.8 14,780 . 2120/3850  Polytetrahydrofuran

¢:H.0 44.05 —61.53 10,760 : 1980/3600  Polyvinyl aleohot

C,H.0, 72.06 -85.5 . 8,330 2075/3770  Poly-g-propiolactone

C:H. 0, 1001 -105.8 11,470 2070/3760  Polymethyl methacryiate

CoH,0 120.2 -31.88 14,880 R 2200/3990 Polyphenylene oxide

C..H..0, 254.3 -103.26 13.310 : 2190/30980 Polycarbonate

C:H,0Cl, 155.0 -828 R 7.673 . 1890/3610  Chlorinated polyether

HCN 27.03 +14,0 10.010 . 2410/4370  Polyhydrocyanic acid

C:H,O,N 73.05 ~19.98 6,870 2670/4830  Polynitroethylene

C,H.N 53.06 +15.85 13,860 1860/3380  Polyacryionitriie

] 32.06 +3.56 4,180 1740/3160  Polysuifur

C M50, 106.1 —95.4 7.850 . 197073570 Polypropene sultone

C.H.50; 120.2 -101.5 9,290 2000/3640  Poly-1-butene sulfone

C.H.,80, 1482 -113.7 11,310 2040/3710  Poly-1-hexene suifone

CisHi0, (7) 2243 -120.0¢ 12,000 1860/3380  Phenol-formaidenyde (1:1)

C,;H.N,0 (7) 84,09 ~80,0¢ . 7.680 . 19850/3540  Urea-formaldehyde (1:2)

C.HWN, (7) 162.2 -20.0¢ 8,310 ; 1990/3610  Melamine-formaidehyde (1:3)

C. sH, \NO, , (7) 130.3 —100.0¢ 10,180 2100/3810  Polyurethanes. ester-based

Cs.1H, 5,0, (8) 101.6 ~-33.0¢ 12,810 . 2250/3910  Unsaturated polyesters (maleic

b anhydride-based; 1:1 styrene)
CiiasHao5:05,03N5 4 (T) 2121 ~110.0¢ 14,430 2220/4030 Bispheno! A epoxy (3000 MW;

10% diathylenctriamine)
7.590 (9) Paper

8,520 (9) Woodfloyr
CiH, . . 18,160 Styrene
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dard tables (5). The temperature is given in "C.: conver-
sion to °F. is straightforward.

In addition to the conventional plastics, we also present
data on fillers, additives, monomers. and crosslinking
agents. These data were obtained 1n the samc fashion as
the data for the plastics. Note that for some fillers, such as
calcium carbonate, we must supply cnergy to decompose
these materials into gaseous products. Flame-retardant ad-
ditives such as aluminum hydroxide (Al2(OH)e) decom-
pose endothermically to alumina (A1;0;) and water. This
water must then be heated 1o combustion temperature,
thus requiring additional thermal energy. As a result. the
heating valucs for such materials are negative. For other
materials, such as glass fiber and talc, the heating values
are zero. This means that plastics filled with these mate-
rials have a much lower fuel value per pound than the
equivalent unfilled plastic.

In Table Il we compare the heating values of some rep-
resentative plastics with heating values of other materials.
As has been stated by others (3), addition of many types of

18

plastics (in the form of packaging or coatings) to conven-
tional domestic waste paper or sewage sludge actually in-
creases its fuel value, thus making it *more burnable.” We
hasten to add that we are not comparing the raies of com-
bustion or the ignition lemperatures of these materials,
only the amount of energy ultimately available to the in-
cinerator operator for possible use to produce steam and
electricity,

Rates of combustion and ignition temperatures of these
matcrials must be determined experimentally. The data
that are presented here can be used by enginecrs in the de-
sign of special incincrators such as hospital incincrators
and to objectively evaluate incineration as a viable interim
method of solid waste disposal of plastics.
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Stoichlometric bm:t!ilg )
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C.H.0,; 86.09 =75.2 -505.9 10,580 4.5 98 Vinyl acetate
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Table II: Comparison of heating values
and theoretical flame temperatures of plastics,
fuels, and other materials

Heating Theoretical
value, flame temp.,
Material B.Lu/Ib. *C./°F.

Methane 23,5902 (5) 201273654
Butane 21,0002 (5) 2084/3783
Ethylene 21,4008 (5) 2250/4082
Propylene 20,7508 (5) 2180/3956
City gas (MW=20) 10,3002 (5)
Natural gas (MW=20) 22,7008 (5)
No. 1 fuel oil 19,800 (9)
No. 6 fuel oil 18,300 (9)
Bituminous coal
NEW 32" X 32" AND 36" X 35" ALSD AVAILABLE (med. volatile, W. Va.) 15,178 (9)

. Lignite (Texas) 11,084 (9)

’ Peat (Minn.) |
A TCP-QUALITY PRESS AT Wood 2458 &)
A TIGHT-BULSET PRICE " Gishate a0 @
Reliable designed, engineered and built this rugged, Straw 6,7000 (9)
versatile press with quality features you'd expect Sewage sludge 7,5000 (9)
to pay much more for Features like: Paper 7,580 (9)
B 20" diameter ram— 18" ram stroke Polyethylene 20,050 2120/3850

. . A But
@ 471 ton capacity @ 3,000 psi— 42" diameter rods c:p%?;‘rar?:r/(sctiydgnr%bber) 19,010 222074020

B Cast steel rampot Polystyrene 17,870 2210/4010
B Daylight to customers' requirermnents Polyvinyl chioride 7.720 1960/3550
B Fully guided bolster plate with bronze Polycarbonate 13,310 2190/3980
guide bushings . Phenol-formaldehyde resin 12,000 1860/3380
& Number and type of platens installed to suit Unsaturated polyesters 12,810 2260/3910
customers' requirements Epoxies : 14,430 2220/4030
Glass-reinforced polyester
GUARANTEED TO BE RELIABLE (70% resin) 8,970

) . niheti
Fast Delivery —Phone or Write for Details and Prices gglyese(ef.?g‘;sb ‘géﬁ::ci)ﬁ%m

carbonate) 3,000

Melamine laminate (50%
melamine-formaldehyde
resin, 50% paper) 7.950

Chipboard (90%
RUBBER & PLASTICS MACHINERY CO., INC. % wreatormalbemas Y ) 8715

2008-14 Union Turnpike, North Bergen, N.J 07047
(201)865-1073 II a=Al 760 Torr, 80° F.

b=As received,
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