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ABSTRACT

" Air pdl]ution from the disposal of junk automobfiles has

been a prob]em.for many ygars; and is still a signidicTnt _
nuisance in some areas of the Unitfed States. The_magnktude
of the autemobile disposa1'prob1ém‘in America is discussed,

‘as is the problem of air poliution from the processes in-

volved. Descriptions of both the incineration and disintegra-

tion processes are given. Emphasis is.placed on the economics
jnvolved in the disposal of junk automobiles and on increased
resirictions 6n open burning. New processes under develop-
-ment are discussed.

‘The paper is a summary of a report on 2 Naticaa1'€énter
for Air Pollution Control study on the diSposél of junk auto-

mobiles and air pollution from such disposal.
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AIR POLLUTION FROM THE DISPOSAL OF JUNK AUTOSE

INTRODUCTION _
" This paper is-a summary of a report of air pollution from

the disposal of junk autoﬁobiles. It summarizes the findings
of a study-begun in 1966 in which a review of the literature and
"on site" observgtiohs of junk ayfo disposal.were-made.

_ Visib]é afr po]lufion from the dispos$1 processes was juaged
:by opacity using theuRinge]hann chart rather than a measurement
of the particulate métter.

Tﬁe burning df junk autos has caused visib]é air po11utibn
~ for ﬁany yeafs. This pollution is still a significant nuisance
in 50me sections of the nation. The open burning of autos em%fs
excessive amounts of black smoke and other contaminants.

Methods used tb'dispbse of junk autos have changed over the
years, Resfricfioﬁs on open burning led to the use of batch
incfnerators with Timited control of air poliution. Batch inciner-
ation evolved into continuous tunnel incineration that incorporated
improved control of pollution. Decreased:demand for compressed,
incinerated auto scrap, known as No. 2 bundle, and more stringent
local smoke abatement have causéd the cessation of many batch and
tunnei iné}ner§tors. Economic and engineering problems recently
forced the shutdown of a new]y’deve}oped mechanical disintegration
and incineration process, which made use of adequate air pollution

~control. ,
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_ Economics have encouraged installations that use two estab-

- lished processes, which have virtually eliminated the burning of

junk autos. These processes use mechariical disintegration and

| separdtion equipment with excellent control of atmospheric emis-

sions. Market demand for fragmented scrap, the product of both

processes, is adequate even though recent domestic market con-

~ditions have curtailed process capacities at some Tocations.

Several naygr_concepts for disposal'of Junk autos that are

being developed hold promise of success. One coneept is to

- dissolve partially stripped autos in molten iron in efther vertical-

shaft or inclined-shaft furnaces. Another idea is to use shredd- .

ed auto serap to upgrade nonmagnetic taconite

-k

0 magnetic jron .

using a continuous kiln process. A third'concept is to mold

~concrete around dense compressed auto scrap to form lightweight

build{ng blocks. The air po]lﬁtion control methods for these

new concepts are under development.

MAGNITUDE OF AUTO DISPOSAL' PROBLEM

Air pollution from theidispbsa1 6f juﬁk autos presents
challenging techﬁo]ogica] and etonémié probiems. Yearly increases
in agfo registrations and in the number of scrapped auﬁos have in-
tensifiéq these problems. Technological advancements made by the
steel industry, which is the major = consumer of auto sérap, have
caused a demand for higher quality scrap. Consumption of auto

scrap has decreased because its quality is not high enough.
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Auto registrations rose from 40,3 million in 1950 to 71.9

‘million in 1965." The number of autos scrapped increased from

2 The number of

2

2.60 million in 1950 to 9.69 million in 1965.
éutos'to be scrapped ir 1970 is projected at 10 million.
Accumu]afion of discarded autos presents an ever increasing
hea]th problem aﬁd_an eyesore nuisance, The auto scrap industry
in the ﬂnited States historicélly has been dependent on the
vigor of.open—heqith_stee]mkaing. The advent in 1950 of the
basic oxygen furnaéé (BOF) for steelmaking has caused a de-
crease in the amount of auto scrap used per ton of finished

steel. Figure 1 illustrates the decrease since 1950.3 The

open-hearth furnace uses about 45 percent scrap and the BOF
uses only 25 percent scrap.3 Future-stee]making installations

will use more BOF3 processes.
-~ 40r

CONSUMPTION, % steel tonnage

0 LLd 1ttt 3 bttty
1950 1955 1960 1965 . 1970

Figure 1. Yearly Scrap Usage in United States.




Lower market demands and improvements in steel quality have

. required the scrap iron industry to upgrade quality. The steel

"'_industry gauges the guality of ferrous scrap by us?ng the per-
cenf of-coner contained in the scrép as a yardstick. High
cdpper content. Towers scrap quality. No. 2 bundles vary from
0.07 percent tﬁ 2.7% percent copper.3 Fragmented scrap varies
from'6.25 percent to 0.80 ﬁercent copper; the higher value 1is
obtained.if tng‘heavy melting scrap frqm ax]es-ahd.transmission

3 The steel iﬁdustry has reported a 15 percent

is removed.
o me]tlng 1055 from scrap purchased on the open market as No. 2
bundies while scrap purchased from fragmentizing plants has orly
a 5 percent melting loss.? Finished steel quality has improved
and copper limits for variohs steel gfades vary from 0.01 pércent
to 0.05 percent.4 Obviously, the steel industry desires to pur-
chase” scrap with_Tow melting loss and an amount of copper as
- close to the finished steel quality as economically possible.
‘n thé fufure, continued pressure on the scrap industry for high-
er quality and lower prices may be expected. Fortunately, the
~foreign steel industry is still puréhasing lower quality No. 2
'bund1es and is buying fragmented scrap at premium prices. Foreign
' purchasing provides the domestic scrap 1ndustfy with lead time
fTor reso%ving the disposal ﬁreb}em.sf Junk autes, -
AUTO STRIPPING

Auto stripping is a method_for preparation of junk autos for

further processing to make salable scrap. The degree of auto strip-




'ping dépends on vhether the stripped auto is processefd by in-

- cineration or by shredding with a fragmeniizer.

_Usual]y.the.duto is stripped mofe completely when $rocessor
uées-burning td purify the ferrous metal-in a scraﬁ autp. |
Engine and radiétor are removed for sale as salvaged parts. Gaso-
line tank is ?emoved for safety. Tires and seat cushions are
taken out to reduce smoke emissions from auto incineration.
Transmission, axi®s and copper wiring mdy be removed before or
after'in;ineration. If high grade No. 2 bundles are made after
incineration, tha_degree of copper stripping is more complete.

~ Junk auto stripping for sale to a fragmentizer usually
includes the removal of motor, gasoline fanks,~tires and. wheels
and seat cushions. MNovmally, copper wiring is not removed. For
a small @r-medium fragmentizer, the axles and frames are rembved
to lighten the load on the shredding mill, |
AUT% DISPOSAL PROCESSES
Two classes of auto disposal processes are current]& used.

They are auto incinerators and auto disintegrators.

Incineration Prccesses

Open bgrninq of junk auto bodies to prepare the steel for
compreséion into dense bundles was practiced for years by auto
wreckers., The black smoke from the partial combustion of paint,
sound deadening méteria]s, rubber, upholstery, wire installation

and plastit caused many complaints-in urban communities.5 Local

5
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“and gtate.abatemenf of opeﬁ burning has led to the dévelopment

~ of auto fncinerators fhat better control atmospﬁe iJ emissions.
. Auto'{nﬁiherators usuelly have a primary combustion kchamber where
aptdberning occufﬁ. Combustion gases from the primary chambef.

pass tﬁrough ah afterburner or other control device before discharging
~to=fhé.atﬁo§pﬁere. Both batch and continuous inciﬁ,ra ors, which
broduce No.IZ:buﬁdles,.were visited during the study. | Data gathéred
.are presenfed ﬁérein, ' o '

Batch inéineratﬁrs.for-small scrap yards often are pit

‘incinerators with afterburners. Temperatures in afterburners are

-

kept at 1400°. £5-1500°F to' control atﬁoépheric emissions. Figure'

- 2 shows a pit—type incinevator. Such incinerators usually have
~ a daily capacity of about 8-12 autos. Properly designed and

operéted pit incinerators control atmospheric emissions to an opacity

AFTERBURNER — -
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h equal fo or Siightly lets than Ho.2 Ringalmann, Uneconomical

operation and/or more stringent local abatement action |have

caused the two pi{ incinerators visited tc be shutdown)
| Lérger'batch incinérators are usua]ly.garage inciﬁer tors

with afferburhérs} Temperatures in afterburners are kegt at

'__1400? to 1560°F to coﬁféo] visible emissions. Figure 3 shows

a garage inéineratdé. Daily capacity of this tyﬁe of incinerator

is about.40—45 aufes. Properly designed, maintained, and |

operated garage incinerators control visible emissions during

'burnihg to an opacity of less than No. 2 Ringlemann. The

e s L
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 economics and more stringent local abatement action| have caused one

of two incinerators visited during the study to be shutdown. The

'6tﬁef unit operates whenever ecoiomics are favorablg.
" Another 1érge—batch unit visited is a tunne} des&gn with a
: wét-type‘efectrostatic precipitator to control atmos heric emis-
sions., Th?_bwner uses careful hand stripping to produce a'high
grade No. 2 bundle that is purchased by a local steel mill.
_ Annuzl maiﬂteqynce costs on incinerator and electrostatic precipi-
tator are 7 pe:zént to 10 percent of 6rigina1 cost. The unit is
sﬁéceszu1 in an area where a rotary kiln incinerating chopped
1'_aufo scrap can not maintain solvency.
Continuous incinerators are used for capacities of more
than 50 autos per day. Conveyors move autos through a tunnei-
like combustion chamber. Exhaust gases from combustion pass
”through an afterburner or an electrostatic precipitator before
Qischafging to the atmosphere. A continuous flow of autos =
¥hfough the chamber permits orderly preparation of autos prier

to incineration to minimize processing costs. Figure & illustrates -
a tunnel incinerator on which a gas-fired afterburner controls

vicible emissions. An air lock with double doors at.the tunnel

entrance and a unique water pit at the exit are incorpcrated

into the incinerator's design. Under-fired air used ir combus-

tion is drawn from the air lock at the entrance. The water

pit serves as both a seal and a quench tank. Visible emissions

8
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. : |
from the incinerator have an opacity equal to or less than No. 1

:RingeImann when fhe.unit is maintained and operated correctly.
32However, all continuohs tunnel incinerators have been shutdown
_because_of excessive operating and maintenance costs, more
'stringént abatement action and the economics of the industry,
A rotar} ki]n unit for burning chopped auto s?rap Was
visited during the study. The process uses a gas-fired after-
‘burner and two para]fzﬁ"disc scrubbers to clean combustion gases
‘before discharging them to the afmosphere. Visible emissions
from this incinerator process have less opacity than No. 1
Ringelmann. Engineéring and operating difficulties and un-
favorab1e.eccnomics have foried the shutdown of the unit. A

summary of the incinerators visited is shown in Table I,

Emission Control Devices for Auto Incinerators - Gas or

oil-fired afterburners are used as a secondary air pollution™
control method in most of the auto body incinerators observed.
Results from a limited number of stack tests indicate that

afterburners are effecEi_v_cg in reducing gaseous and combustible

particulate emissions from auto incinerators (Table 2).

Vigible ctdty emizsions are veduced to less than one-helf of

U, S - R

>Imann when afterburner temperatures and residence
times are properly mairtained. 6 _Pafticu]ate-grain loadings
from one unit tested, (Table 2, Unit I) were reduced from about

0.54 grain per standard cubic foot, (adjusted to 12 percent

10
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€0, ,) to .20 grain per stendard cubic foot (adjusted to 12 per-

- cent COZ’) by an afterburner.6

Stack gas temperature averaged
850°F without afterburner operation and 1440°F with afterburner
operation. These test results agree with those from another auto

body incinerafor_equipped with an éfterburner.: The second unit

showed an average pérticu]ate grain -loading of 0.27 grain per
| standard cubic foot, (adjusted to 12 ﬁercent €0,) when the after-
burner was'operatingkat_an average temperature 6f 1532°F.6

Organic acids were reduced from about 0.61 to 0.21 pound
per hour (Table 2, Uﬂlt 1) by qfterburner ooerat1on 6

Unit 1 is .a small batch auto body burner. Its steel primary
chamber holds one auto. The afterburner used on the unit is a ‘
two-bass firebrick lined chamber that is heated with four gas
burners, each of which pses 485 cubic feet of gas per hour.

" Unit II is a larger inéineratdr.with a refractory lined
primary chamber that holds two autos.- Thé‘afterburner is a .
refractory lined, checkwork chamber heated by an oil burner W1th
a heat output of 4q m1111on 800 thousand Btu per hour (35 ga]lons
011 per hour)

~ The data for emissions from open burﬁing we'e odtained by
using a sp;ciaiiy'designed apparatus to‘collect combustion
products and si;ulate; as nearly as possible, open bur_m'ng.7
Tires, floor mats, and seats from scrap éuto#IWere burned dur-

ing the test rather than complete auto bbdies.-

12
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One tunnel-type aute bedy incinerater equipped with an

electrostatic precipitator was cbserved in dperation. The

“d;}t capacity was three and one-half autos per hour. The electro-

‘static precipitator controlled atmospheric emissions to an opacity

 of less than one-half of No. 1 Ringelmann.

Two operating faciors are jmportant to the cortrol of emis-

'sions'from £hé unit. Proper humidity must be maintaired in ex-
haust gases to facilj;ate collection of smpke and other con- |
taminates by the precipitator, and ecuipment must be kept in proper
working order to maintain collection efficiéncy.

Control of visible emfssions from auto incinerationlby use’
of an afterburner and water scrubbers was ohserved during the
-study. Atmospheric emdssions egual to or less than one-half of
~ No. 1 Ringelmann in opacity were emitted. Combustion gases pass
through the afterburhef and then into two parallel, flooded disc

~scrubbers before discharging to atmosphere.

Disintegration Processes

Aito disintegrators afe & relatwe]y lne-.w.-deve-]opment in the
‘disposal of junk autos. Two large f%agmeﬁtizer processes,-which
disintegtgte entire automobiles have been developua. Medium
and small shredder processes in which stripped auto bodies are cut
into small pieces and fed to a shredder have also been developed.
The quality and sale price of_ffagmented or shredded scrap is

usually better than scrap in a No. 2 bundle.

14




Large franment1zers that were visited are massive units with

| da11y capac1t1es of about 1000 autes. Little or no burning s

~ done and contrbl of dust generated in d1s1ntegrat1on aLdtsepara-.
tion operat1ons js excellent. Visible emissions from pr cesses
~are less opaque ‘than one-half of No. 1 R1ngelmann High—eff1c1en-
'cy cyc]onés dust col]ectors and fabric filters or wet scrubbers
are used’ to conta1n process dusts. Instal]at1on costs for frag-
‘mentizers vary from $1.5 to $3.0 million and do not include cost
of auxiliary equipment and land.

The design of- med1um and small shredders is somewhat similar
to large fragmentizers. Control of visible emissions from med ium
or small units is reported as less opaque than one-haif of No. 1
Ringe]mann..8’9’10 Small shreddens nandle 80 to 120 autos per day

_and medium shredders handle 150 to 200 autos per day. Cost of

these units varies from $200,000 to $400,000.8’9’10

- NEW DEVELOPWENTS IN AUTO DISPOSAL PROCESSES
Many concepts for the disposal of junk autos have been propsoed
but most have not been developed for enough to include air pollution
control equipment. ' S °
N ?he aneau of Mines has many ambitous programs for disposing
of ferrous scrap from jUnk auios and other sources. )V Two of the
most promising processes are pyrometa11urgica1 purification of

chopped auto scrap and combination of'chopped scrap with low

grade, non-magnetic taconite ore to make a material higher and

15

Wby, A i

LI T SR - M(%‘W&h ;._A}.\.‘:‘;.:—‘ \:2‘-_1‘“‘_@".. e i



l
-
more consistent in iron content. Although initial results of tests
on both processes are ericouraging, further invéstigations on a

N The air

larger scaie are neaded to prove process integrity.
bol]ution control equipment for these processes has not yet been
fina]izéd. _ |
A novel concept for dissolving siripped, whole junk autos
in a mo]tén iron bath contained in either a vertical-shaft or an
inclined-shaft f“'fo? has been proposed.]? The auto enters the
top of furnace whereuit decends slowly. It passes through incineraf-
ing and preheating zones into a dissolving zone. The idea has
shown some success in a pilot plant investigation but additional
development wﬁrk fs needed. ' No control for air pollution created
| by the process has been.propdSed. _ |
A pyrometaliurical process also has been pmposed.]3 Strip-
pe&_junk antos are p1ated in a'rotiSSerie oven where they pass
-through three different temperature zohes. The first zone incinerafes :
conbustibles and melts out leaq, the secorid zone me1ts.out aluminum..
and the third melts out copperLI"Thé-ihtinefated auto is then cooled
and compressed into a'dense, pruified strap bundle by a hydraulic
press. The unit processes 120 autos per day. Estimated installation

cost is $400;090.]3 No information is available about air poliution

[{H

control equipment that will be used.
An engineering firm researching the problem has developed

a process for making lightweight building blocks of concrete molded

16




around compacted auto scrap.14

The scrap-cored b1ock§ are
being tested to determine if walls made wfth such blocks -can
bear loads comparable. to walls built with solid concrete.
blocks. In the manufacture of the blocks, junk autos are
incinerated, §ectioned; compressed, and encased in two inches

of concrete. 'No information about air pollution control equip-

ment is available.

o
CONCLUSIONS

| Restrictions on open burning and unfavorable economics

experiencedlby operators of auto incinerators have increased the
use of fragmentizers for disposal of juhk autos. The visible
.emissions from these processes are low, less than a no. 1 Ringel-
mann. 0bviou$1y, the fragmentizer offers a partial solution to |
the disposal problem for large metropolitan areas. Even here,
domestic pressures for righ quality and lower price scrap may
'seriouéiy affect process economics if foreign sales are reduced.

Only large metropolitan areas generate enough cheap and easily

available junk autos for a large fragmentizer. A medium and small
metropolitan area may benefit by installation of a medium or small
autp shredder or macerator. Careful consideration of the scrap

IR I I 4
i i

market and availabi ity of junk autos-is necessary before in-
vesting capital in a-fragmentizef ¢r shredder.

| Research processes now being developed hold promise of other
metheds for economic utilization of scrap from junk autos. These

processes, however, are several years from maturity.

7
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" Detroit, Michigan, (Apr. 1968).
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