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SUMMARY

The purpose of this study was to identify and evaluate the technical
and economic feasibility of various methods of tire disposal
including the use of a mobile scrap tire disposal unit for the
Army’s application . This report sumarizes the results of the work
done under Contract No. DAAKO3-74-C-0136 with the Monsanto Research
Corporation .

The quantities and approximate locations of scrap tires in the U.S.
Army were identified via a questionnaire . A scrap tire disposal
system was conceived ; this used presently available tire disposal
processes in a logical approach to arrive at several most practical
process alternatives . Over thirty processes for the disposal of
tires and their relationships to each nther were investigated.
Four process alternatives involving combinations of these processes
were reconinended for further investigation with respect to the l ocal
economic picture and current disposal practices at each Army
installation.
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The objective of this project was t o stud / the technical
and economic l’easibility of various methods of tire disposal
including the use of a mobile ~crap tire disposal unit .
This objective was Filet by an in--depth study involving the
following factors

a. Determination of the potential waste sources
of tires and other polymeric ciaterials---•locations
and ciuantities at Army installations.

____ b. Survey of literature pertinent to tire and other
polymeric waste disposal.

c. Determination of technical and economic feasi-
b i l i t y  of ex is t ing  disposal a l t e rna t ives; and
some techniques which have not been previously
investigated ) for disposing of tires and other
nolyr~ieric materials. rmphasis was placed on

-~- r  the basic principle involved in operation , setup
details ,. operation procedures , and possible problera
areas. Data were obtained on equipment weights ,.
power requirement s, mobility~ means of transpor--

• ~~
-
~~~

‘ tation , reliability~ capital cost , operationalcost maintenance , amount , t ype , and size of
material that can be :~rocessed , and the size

- - shape , and properties of the material after
processing . Special attention was paid to cryo-
genic shredding .

d. Determination of potentials and possibilities
for reusing or recycling discarded tires. These
include the :~ossibilitu of using ground tiregranules in asphalt paving reinforcement~ incin--
erating the tire material and recovering the
waste heat in a useful forn~ destructive dis--
tillation (p~Tro1ysis) of the tire materials, andlandfilling . Cost and benefit data for these
technicues were also determined .

e. dete rm in a t i on  of the  env :Lronr .ic~i tal  imp act  of
the various disposal technirues.

f. Jeterm inatio:i of t he  lil :elihood of e x i s t i n g
eç u : p t~ent. no~iification to accommodate other
pol:’rieric ~rastes and for Arm~ needs.

—
. 
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2. SYSTET’I DESCRIPTION

The problems of the Army tire disposal situabion are very
similar In many aspects to the problems existing in the
civilian sector. In each case there are a number of scrap
tires generated which must be disposed of’ in some manner.
Although the magnitudes differ greatly (2 -x 108 generated
annually in civilian sector compared with 2.7 x i05 in the
A r m y ) ,  the  a t t ac k  on the  problem is essent ia l ly  the  same .
Both sectors must deal with the same material (tires) and
have the same concerns for the quality of the environment .

The first step in meeting th~ objectives of this programinvolved organization of all Information and research
results , available in the literature and obtained through
personal contacts , into a network which could be easily
cornerehended and systematically approached. The resulting
network diagram , shown in Figure 1, identifies five potential
processing steps for scrap tire disposal~, each containingone or more t i re  processing option blocks . The to ta l  scrap
tire disposal system consists of five major processing
steps (solid waste , pr’imary, secondary , and tertiary pro-.
cessing, and products)~ thirteen processing options , Including
feed material, mechanical size reduction with or without
classification ,. corbined grinding cycle (mechanical followed
by cryogenic size reduction) with or without c1assificat1on~
and the nine processing options in secondary processing.
Also , several specific processes are contained within each
processing opt ion .  The diagram presented In Figure 1
provides a logical organization for presentation and
discussion of tire disposal processes.

2. 1 SOLID_ WAST E

2.1.1 Feed flaterial

‘~he l i t e ra tu re  indicates  that approximately 220 mi l l ion
scrap t i res  per year are generated in the c iv i l ian  sector
of the U . S .  1 Eouever , no in fo rma t ion  was found in the
l i t e ra tu re  on the number of scrap t i res  generated by the
u. s.  Army in the United States or by the m i l i t a r y  in general .2
U o f i l l  this  void ;, a questionnaire designed by IIRC was
d i s t r i b u t e d  by the Defense Supply Agency. This questionnaire
was designed to obtain informat ion concerning scrap t i re
generat ion by the  mi l i t a ry  bases.  A sample of the ques--
t i o n n a i r e  is included in Appendix  13 on page 133.

Several assumptions were made to facilitate evaluation of
the questionnaire . These assumptions were :

12
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1) Scrap tires other than aircraft tires weigh :25 1b ..

2) Scrap aircraft tires weIgh 50 lb.

3)  Uhen the replies to the questionnaire indicated
two or more present disposal methods without
assigned percentages , an even split by each method
was assumed unless there was :~n indication bywhich the proper percentages could be calculated .

4 ) If no present disposal method was indicated for
a specific installation , it was not included in
calculations of the disposal method average .
However , all other data from the questionnaire
were included in other calculations .

5) If there were tires stockpiled but no breakdown
of sizes indicated , all tires were assumed to be
less than 53 1/2 Inches in diameter .

Brief statement s included with several of the questionnaires
indicated that 74 . 6~ of the scrap tires sold go to civilian
retreaders. Approximately 40- - 5 0~ of these are then rejectedas not suitable for retreading . The retreaders either haul
them off to a landf i l l  or let them pile up. The 5.4%
attributed to other uses go essentially to the following
three main areas:

a) Donation to. some -organization , ;e.g. - .locàl..commuñity
service groups (lO~ ) .

b) Used in research work ;, e.g. erosion control (35 ~ ) .

c) Sent to the Federal Prison in Virginia, apparently
for recapping (5 5 ~’) .

flable P 1 (Apnendix 13 . page 139 and 140 ) summarizes the resu l t s
of this questionnaire . These results include responses from
l9Lt installations. An additional 31 responses were omitted
fron the evaluation because they were Incomplete ;, inconsistent
or showed no scrap tire generation at that milItary Instalia-
tion . The included responses , however represent the bulk of
the installations surveyed and any further responses would
not be expected to change significantly the numerical results
calculated or the conclusions drawn from them .

An ana 1~’sis of the. Army responses (excluding Europe) m di-
cates that approximately 23 percent of the installations
have nc~re than 1000 scrap t i res  (other than aircraft tires)
available for disposal and approxirilately 51 percent have

I
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over P C t i res  avai lable  for  ~ i~~~ ’~~a 1. Uhe r~ considered
o.-~ a r~onthl :~ generat ion basis ,. ‘~9 p ercent  of the responses
‘:.C~.cated a scra~ tire generation rate of less than 100
sc-i’-i tires ncr month for dis )osal and ~l nercent Indicated
a rionthly generation ‘a~~ of ies~ than 25C scrap tires.When vieweP Prom a (‘urt n~ 1 ty standpoint , compared with the
national  ~rolile xi t h i l ;  amount is verg small. However ;,
the  logistics of’ solving the nroblei:i are just as large as
that confron t ing  civi l ian disnosal  methods.

• rj gur e  ~ Is a r-ia~ of’ t he 1L coi:tiguous states indicat ing
the concentration of scran tires generated by Army facilities
in each area as indicated by the questionnaire responses.
In some cases the area indicated Is in reality a point
source however , man:’ actually include several bases close
to each other u ith  a to ta l  scrap t ire generation as indicated .

An esti~~ tion of addi tional  polymeric scrap generated by
;he ‘m g  at any one installation (e.g. polyfilm ;, retread
Liuffi1i~,s foai~i pachin,g scrap building materials) and its
cor.~~osition would be difficult and lacking in accuracy since
any such estimate would var:7 according to seasons ;, shipp ing
sciie~uies construction , location , etc. A study done at
the Wed ~iver Army Pepot characterized their solid waste
generation as 22~ paner and cardboard . ~~~~ wood and the
remainder rubber. ~ However this installation should not
be tal:en as a norm since they have a retreading facility
and perform other refurbish ing work.

The total c uantity of’ buffin - s from retread facilities on
a nationwide monthl:- basis can be estimated. Yable J- 1
(A en l i x  P ~a , :e .~ 139 1_m (1 140:) indicates that  t:ie Army
generates a ~ro;:irlatc-l 1” - I -ion aircraft scrap tires
~er month for dis~ o~a1 ~~:i ~he L.S. excluding ~he 7~~’~ of
tires ~miitable for i’etreadin-:. ‘Lherefore the a: ~roxinate
total ::iu:”ibcr of sc:’a) tires generated ner month in the U.S.
h: the Arl h-- would be

i~’ ~~~~~- 
- - ‘~~ -~~~ - -‘~ t i r e s /month

- 
~e ~~~~~ ‘h:4 c;L n : e  ret :’-~~ . e- . would then amount ~o 30 : : ~ti~’c~ /:. ~~~~~~~~ :. e11 or ~~~~~ - ro~uco a ro;:ir.a el~’ l.~ lb

o -‘ ~. u 2 . ’:’ n :s  c~’ ~i:.-c ~~~
‘ .. ~mach t i r~~; 

- 
roduco a :- roximatel :’

. IL of Lu ” Wa: :s Ci’ tire - :;suming ~L1 O vc ; 1 distri-
JU~~~~O i .  O~ - 

asr~e:i :er ~~~ ~:.‘ue~: t i res , a, rox.L~1a’~el:’ ~~~~, (00
~ L o hut’ ‘

~~~~;~~~ s u..’ month ~,: -~u1d be ;enerated by the Arm: -
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This number , howev er, is only an estimate and is not Included
in calculations of the size of equipment necessary to treat
tire wastes. In this report it was assumed that equipment
designed to handle scrap rubber tires will also be capable
of handling tire buffings and all other polymeric waste.
This assumption Is valid in most cases. The exception would
be in tire--specific size reduction apparatus which is de-
signed to handle only tires and cannot be modified to handle
other ty:3es of wastes.

2 . 2 PRI~ A~ Y PROCESS ING

2.2.1 Mechanical Size seduction

The operational principle behind mechanical size reduction is
breaking apart the tire through extreme stress or by shearing.
This method is the most common system used to reduce the
size of solid waste. The number of such shredders in opera-
tion has grown from 27 in 1971 to 37 in l971.~ Table D---2
(Appendix P~ pages 141 144 ) shows a list of shredders now
in operation or for which ground has been broken In the
United States. 5 All of these shredders are designed to
handle municipal , commercial ;, or bulky wastes; however
relatively few of the shredders listed have the capabilities
for handling extra tough wastes such as tires.

To more correctly assess the state~ of--the--art in scrap-
tire mechanical size reduction another questionnarie was
prepared and sent, to the manufacturers of’ shredders,
hammermills~ and tire specific slicing machines. A copy of
this questionnaire is included in Appendix C. The results
obtained from this cuestionnaire showed that while manl’
companies manufacture mechanical size reduction apparatus~there were only twelve who responded that  their  equipment
could possibly handle tires on a continual basis. They
are the following :

NU~-13ER OF
COHPAN Y LTAME/L OCATIO I’J APPLI CABLE MODELS

1) Parent Manufacturing Co. 1
Lewiston~ Maine

2) t3ranicW Manufacturing • 1
Fargo ;, North Jakota

3) TEB , Inc. 3
Addison , Illinois

4) 3arclay/Noll AssocIates 1
Burlingarse, California

“v 1
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NUMBER OF
, : II COMPANY NAME/LOCATION APPLICABLE MODELS

5) Automotive--Industrial Marketing Corp . 1
Portland , Oregon

• 6) fletropolitan Disposal Corp . 1
Portland , Oregon

7) Allis--Chalmers 1
Appleton . ~Jisconsin

C) Jeffrey :lanufacturing Company 3
Columbus , Ohio

9) Hammermills) Inc . 2
Cedar Rapids, Iowa

10) Saturn Manufacturing 1
Wilsonville ;, Oregon

11) Garbalizer Corporation of America 3
Salt Lake City, Utah

12 ) Holman Industries 1
Oakdale , California

The additional data regarding these units presented in
subsecuent sections are from private communications with -

representatives of each organization . A complete list of
all the shredder companies contacted in our investigation
is in Table D--3 (Appendix D~ page 145 ).

2.2.1.1 Tire- -Specific Size Reduction Apparatus

This eciuipment is specifically designed for the size re--
duction of tires. The tires are held by arms on the Inside
of the tire. The tires are then rotated against blades
which cut them into pieces approximately 1/4 in. 3 in.
square. Table 1 summarizes- the information obtained from
companies 1, 2;, ~ and 5 listed above . who raanufacture. this
equipment .

2.2.1.2 Hammernills

The bas ic  pr inc ip le  of operat ion of a hammermill is bea t ing
the material with steel - hamiaers - until the material frac-
tures. This type of process is suitable for mtin~c.1~pa1.wastes or other material which will fracture easily . How--
ever , t i res are designed to wi ths tand these kinds of fo rces .
“This mal :es the i r  des t ruct ion by a hamm~rmill very d i f f i c u l t .

18
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Table 2 summarizes the technical data obtained from companies
7, 3 and 9 lt3ted above. Only Allis--Chalmers claims that
their machine can p~ occ-ss tires on a continual basis. The
other’ two companies know that their machines will take tires
occa~ iona1ly houever , t h e  machines have not been tested
w ith a con tinual  tir-e feed. All economic data available for
hamn ~er -ui  ll~ in Table 2 a re  presented  in Sec t ion  5 . 1 . 1 . 2 .

2.2.1.3 Shredders

Shredders are the most popular of all the size reduction
eouipment for application to solid waste reduction for the
fou r fo 1lo~ ing re asons:

1. The ~o1~ d ~ste produced is homogeneous.

2. The si~~ ~~ output  is more un i form .

3. Shredding speeds separation of’ the final product .

Li~ Shredded wa s t e  is more accep tab le  for  l a n d f i l l .

h ost of the above reasons are applicable to the shredding
of scrap tires as well as municipal refuse. The shredders
use shearing as t’-e method ~f size reduction . In each of
the  machin es  charac te r ized  in Table 3, the mater ia l  is cut
i n to  s t r ip s  by the  mach ine . This operat ion also proves
very effective on scrap rubber tires.

Table 3 is a sum-mary of the technical data collected from
companies 10 11 and 12 listed above. Two other organiza.-
tions manuCacture shredders -. however ., sufficient data were
not received to include in Table 3. 3arclay/Noll Associa tes
m anufac tu re  the Tire Cator  appara tus  which is capable of
rocessing 1000 passenger and truck tires per hour. The

?1 r~ ‘
~~‘- -~

g nanu~actured by the !‘ietropolitan Dis~ osa1 Cor--
)orat ion . is cap ab le  of processing ~00 passenger and truck
t i res e~’ ‘~our.  The weight of th i s  uni t  including the
trailer ;~ 1)00 pounds. Each of these machines requires
2 opera~ oiu~ and produces str ips of material  similar to that
Droducec~ b: the Garbalizer unit. All economic data available
for shredders listed in Table 3 is presented in Section

2 . 2 .2  Cr ~’o”:enic Size I~educ t ion

The b as~ c p r i n c i p l e  of cryogenic  s ize r~educ t ion  processes
iz  to lower the t empera ture  of m a t e r i a l  be low i ts  br it t l e
t~ r.l ,;e r - a ~ u~ e by freezing with some cryogenic substance. These
fr- -~zen riaterlals are then crushed to f a c i l i t a t e  sep ara t ion .
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Table 3 MACHINE CHARACTERISTICS OF SHREDDERS
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‘r :’o: :enLc cooling must be done az :uickly as possible .
~veii though several materials have this  c ap a b i l i ty 5  liq u id
nitrogen w-~~n a botli:i :: point of --196°C is most c ommonly
used .  ~~ low bo~ lirig point of’ linulu nitrogen at atmos--
.dIerIC trossure permits er .tbrittlement oS many materials
1- -ic ludln :;  m e t a l s ,  I ts  l iQuid s ta te  al lows rapid contact
t t l t h  the mate r ia l  fu~ e f fi c i en t  heat t r ans fe r ,

The cr~Jo;;otiic method for rocessing scrap tires has been
investigated U:--- at least six organi’~ations~ Cryogenic
‘lec ..’cling I~iternational. Inc . ,~~~ dell aire ii~m dr au l i c s r Inc .  ~~
!~ iz er 3a ~. (5.5. A. Inc . ~~‘3 Cat e ir a : Paint and Chemical

~~~~~~~ L. S. h’3ureau O i- dines , 10 and Air Products and
Chemicals Inc .1 All o~ these irocesses use the  same
~r1nc13ieio described above . k-’our oS the  major  wel l-  def ined
)r’ocesses A-Jill be described below .

2.2.2.1 Cr’~’o-:e:3ic ~ecgclin , . Inte:-’national Incor~ orated

-
. 31’I l t O A  and Ji’ Janes A. ~outs1iy of CryogenicInter:ia t ional  Inc . — LaCrosse , ‘Jisconsin have

design ed a lo r tab ie  l i ruid ni trogen unit  and hamnerrilli that
i .’jll Irocess ~-ialf - tires at a)3roxirlately 60 tires ‘ier hour . 1 2

Th is unit 13 shown in figure 3 . The t i res are cut in half
b~ two large shears mounted on the back of the t ra i le r .
‘.he crane . in the background , is eçuip :ed with a metal
basket (di ,,, ure -~) in which t~1e scrap half-  t ir es  or other
materials to be processed are loaded. ~he loaded basket
i~ then di ed in a licuid nitrogen bath (Figure 5) for
~~~ ro ;( : 1lA -1tel~. 1) seConu s .  Af te r  removal irom tne bath , the
r iaterial  is held in the metal  basket for ap~ roxiraate1y 15
seconds to achieve be t ter  freezing character is t ics .  The
“-‘o’ em material is then dropned. lii a hammerraill (Figure 6)
where it is cora3letel~’ shattered in 3 - 5  seconds. Approxi-
nateip ~ O (hp o-:e~ : :ht ) of the t ir es  destro:-’eJ. in this
nanner are retained on a :l~ sieve . About 23~ of the
; iat erj a l  is retained on and about 5~ nasses through a ( ‘125

sieve .

The Clnal Aroduct of t h is  process is well suited for classi-
-d cat:.o. Surth er  rocessinr ;  rec:cling or dis , A os al .  Tne
li- a t can rocess a varie t y o~’ materials such as t ires
t~’nn s. - ormer s wood scra ) , e t c,  A i t er  class i fica t ion , the
scm - t ir e  ~-‘oduc t mater ia l  is normally reduced to essen-
t~ al1 m7 three  niles (F igure  7 ) .  These three  d i s t i n c t
-sr -oduc t s  can then be individuali- rec:’c led or in the case
of the rubber . further 5r0ce07t2 .i Sor var ious  uses .  The
o~ r~er IIPtei’3.als SiIO’ (j iI  are 10- ~t ,~none i,rai’isuission cabie
~ i gu r e  ) c o a c ~’ s-Tire .i~ mor m c. s o l e n o i d s  arma t u r e  (F igu re  ~

) 
-
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Figure 3 Cryogenic Grinding Equipment Constructed by
Cryogenic Internation , Inc., LaCrosse, Wisconsin
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Figure LI Metal Basket on Crane Feeder
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- ig~~ro 6 Haminei’rriill and Liquid Nitrogen Bath
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Fiber Belt (Notice tire chunk
in upper left)
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Ground Rubber  Tire
I-

F i g u r e  7 Basic Components of a Cryogenically
Ground Tire
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Figure  6 Teleuhon Tran~ lnis: ; i - t r I  ;a Lj - t o  torn c en t e r )

Cable fr’orn inside After Destruction (top , left )
Casing F~aterial After Destruction (top , right)
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Figure 9 Copper Wire from Solenoid Armature
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and l umber (Figure 10). Preliminary investigations made by the
unit operators indicate that each of the products is suitable for
further use since this size reduct i on technique does not destroy
the structural characteristics of the materials processed .

2.2.2.2 Bellaire Hyd raulics , Inc.

Mr. Vernon C. H. Richardson , President of Bellaire Hydraulics , Inc.,
is the Inventor of a method and apparatus for comm uting rubber
~j~~S•l~ Two of the units similar to Figure 11 are presently
being built for the Gulf Coast Waste Disposal Authority. 13 One
large unit , Model S-5000, will be used in a plant located in
Hous ton , Texas , and a portable model , P-2500, will be used to service
an area within 100 miles of Houston . Each unit will be able to handle
5,000 tires per 8-hour day , recovering 45,000 lb/day of ¼- inch—pl us
particles , 15,000 lb/day of ¼- inch-minus fines , and 1,500 lb/day of
scrap steel .7

This system is very similar to the Cryogenic Recycling International
Inc., process. However , Richardson has expanded the cooling and
size-reduction steps and processes whole tires . The tires are fed by
a system of conveyors under a punch which puts a hole in the tire
walls for coolant drainage . Richardson claims this reduces the loss
of liquid nitrogen an undefined amount .’3 The punched tires pass
through the spray chamber and are cooled from ambient conditions to
about 32°F with liquid nitrogen . In the spray chamber the tires pass
on a belt under spray nozzles. The tires then proceed through a liquid
nitrogen bath that l owers their temperature to approximately -85°F.
Initial destruction takes place by passing the tires between two
crusher rollers . The material exiting these rollers is cracked rubber
and the steel belt. This initial cracking is necessary to facilitate
separation in the next step where a belt magnetic separator removes
the wire bead and steel belt. Final destruction takes place in a
hamermill after which the crushed rubber crumb passes onto an
inclined screen classifier.

2.2.2.3 U.S. Bureau of Mines

A U.S. Bureau of Mines publication 10 is based upon cryogenic destruction
work performed on a research scale in a batch-type operation . Pl ans
have been made and construction is being done for a pilot scale unit. 5
This work is still in the construction and preliminary testing stages .
An expected completion time has not yet been established.

St
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Primary attention in this study was given to materials
with ap~~r-~-c iable metal content or materials that- ,are ex—
pensive to crush. Scrap automobile tires are members of
the second category . The objectives of this program were
to e:~tond t t c  uryogenic embrlttlirig technique to other
types of materials to im’n ove the economics of conventional
pr-1--eess ing . Tti~-so investigations were conducted using three
c i ’ - ~~ge ri.’~ i t - u t - i nitrsgen , dry-- ice . ~nd methanol with
dt- y --i ue.

F i g ur e  12 is a diagram of the ch i l l i ng  chamber uso- d In t h i s
study. A 5- -ga l lon  a l u m i n u m  c o n t a i n e r  w i t h  a L I - - i n c h  inner
layer of styrofoam and a 3-.inch outer layer of fiberglas
was used for preliminary testing. Samples of the scrap
tires were  lowered in to  the  cryogen for  a s p e c i f i e d  per iod
of t ime and t hen  placed in a h amm e r mi l l .  The f ragmented
materia ls were screened or water--classified to produce
marketable products.

A prototype esyogenic chamber was designed and constructed
to determine the residence time required to achieve embrit -tie--
ment by indirect cooling. A schematic diagram of the proto- -

type sPowing the indirect cooling syst-em is shown in Figure
13. The feed goes to the center cylinder. Inside the
annular area around the center cylinder is the cryogen. The
outer cylinder is polyurethane foam insulation . The chilled
ma terial is fed to a crusher using a vibrating feeder .

These investigations resulted in the following conclusions:

1) Preliminary testing of the cryogenic procedure
using liquid nitrogen ) dry —ice, or dry —ice and
methanol as cr-yogens indicates that the system
IS s u i t a b l e  for  process ing relatively high--value
n a t e r i a l s  such  as m i x e d  n o n f e r r o u s  meta l  concen-
t r a t e s  and i n s u l a t e d  cooper  w i r e s .  x c el le n t
separation of a mixture of copper and alininum
from zinc die- casting alloys and of wire from
i n s u l a t i o n  were ob ta ined .  -

2 )  Cryoge nic  process ing  is b e n e f i c i a l  in r ec l a iming
steel and rubber from scrap tires but does not
appear  to  be b e n e f i c i a l  in c rush ing  and so r t ing
m e t a l s  c o n t a i n e d  in genera tors  s t a r t e rs , and
,- l r I a l l  m o to rs .

3)  P r e l i m in a r y  l a b o r a t o ry ’ t e s t ing i n d i c a t e s  t h a t  a
s u f f i c i e n t l y  low t c r i pe r a t -u r e  can se o b t a i n e d  by
indirect chilling to permit use 01’ a liquid CO 2 - - -

h-y —iee system on insulated wire an d mixed non--
ferrous starting materials.
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2.2.3 f o i i b i i ~ed Sine Feduction

In t h is  irocess , the merits of both the cryogenic and
- ;~~chO~~i~~ i], s in e  r educ t ion  opt ions  are u t i l i z e d .  ‘the f l ow
diagi’ai.; iii F igure  15 i l l u s tr a t e s  this ;rocess. The scrap
rubbe r  t i r e s  are nr e-  - t r ea t-ed  by a ch ippe r  before  e n t e r i ng
the f’i’eening chamber. In the f r - con in g  chamber a more
et i l c ie s t  use of t he  l iquid  n i t rogen  vap ors  is ach ieved
due to a larger surface area- to- v o l u m e  r a tio .  ~lso . a f ter
freezing a ussiller haio~iernili can be u sed , red uc ing  c ap i t a l
anu o:-eraciilg costs. ~usiis hype of operasion is also
applicable for other feedstoch . J’ny material which can be
handled by the pretreat-er can be handled by this cryogenic
system .

‘the integrated conce it is Cur ren t ly  being tes ted and used
by Cry ogenic  Fecy cl ing  In ternat ional s Inc . 17  F i gu r e  16 is
a schen ati  c diagrar. i of the  process  which  they  have d e v e l o p ed .
‘the process was develop ed in to  s t a t i o n a ry  and p o r t a b l e  p ln : : t
designs at various capacities. Post of the portable unit
in F i g u r e  lf ~-,ill f~ t on th e  s t r aigh t -  bed truch . The ifi 2
( l i c uid n i t r ogen )  freezer  is mounted on a semi- -tra iler and
is hauled senarat e ly . In small u n i t s  the i n i t i a l  t i r e

— ch ipper  could f i t  on the  L~J 2 f r eeze r  t r a i l e r .  However , in
most ao~’table acylications , the chipper and classificationsystem , if des ired . would be hauled separately .

The Gateway Paint and Chemical Company is also investiga- -

t in g  - the  no s s i b i l i t i e s  of using th i s  t y p e  of sys tem for
the size reduction of scran tires. However , they are
currently only in the research stage .

2 . 3 SLCOPP AFY P7OCri SSI ;JG

is shown in ir i gu r e  1~ the secondary process ing  ste;) inc ludes
the c ia)or i ty  of the  process ing op t ions .  ‘these process ing
Opt io ns snai l  be di scusseu  according to tne ioaserial feeu
t y n e .  ‘tais u1’ea 1cuow~i is consisuent wiun ± igure 1 anu re-
in for ces  th e  l og i ca l , s :~St et13~t 1C an )roach to the  subj  ect
of  p o s s i b l e  t ir e  reuse  o t i on s .

2. 3 - 1 Thole P ii -e  le e ’.

The th ae e  n”oceasing oat-ions considered in t h i s  c at e g o ry ,
who le  t ir e  i - c u r e  ::nol:sio ant ” I nc in er a t i o n  use whole
tines as a, ~eeJ . 7.- rolysis and Foci nerat ion however can
also u t i l iz e  ch ipa ed  t i r e  feed and could be included in
iectto-o -‘ .3.~ as

I, -.
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2.3.1.1 Whole Tire Reuse

Of t h e  th ree  p rocess  options considered in this section ,
whole tire reuse is the only option which utilizes the
whole tire without ultimately destroying it. Three pro-
cesses for whole tire reuse have been identified and
evaluated~ tire retreading , highway crash cushions , and
ocean applications.

2 .3 .1.1 .1  Tire Re t read ing

Presently the Army retreads approximately 75% of all scrap
tires generated.~ This is approximately five times the
percent retreaded in the civili-an population.~~

8 This
number also indicates that the-. Army is possibly already
re t reading the greatest  quant i ty  of t i res  that  can feas ib ly
b e done .

The process of retreading tires is very involved , depend--
ing primarily on the type of installation desired. There
are two basic processes- - cold - and ~hot which involve
many variables .  Each requires different types of equip.--
ment and d i f f e ren t  techniques .  Because this  is obviously
not an option for the Army , process descriptions will not
be pursued.

2 .3 . 1 .1. 2  Highway Cushions

Goodyear began investigation on the use of scrap tires in
highway crash cushions  in November 1969. 19 Since then
they have demonst~’ated that bundles of tires, properly
cabled together , can successfully cushion crashes at
speeds up to 60 mph. After these tests) additional work
with ucran tire crash cushions was done at the University
of C i n c i n n a t i .  In all of these tests only minor sheet
metal work , fe nders ) grill, hood and light repairs were
needed .

The construction of crash cushions is a common art . Scrap
tires are stood on- edge and secured together  wi th  s teel
cables to form bundles as shown in Figure 17. ‘these bundles
are then : laced end to end to form a crash cushion of
s u f f i c i e n t  size and mass to meet the maximum energy ab- -

sorbing requirements for each installation. A final design
sketch of the Coodyear Scrap Tire Crash Attenuator is
shown in Figure  F;.

The Fexas  Pr a n sn o r tat i on  Institute (T?I) at Texas A & fl
University has recently completed a more thorough study
or t he  scrap tire crash cushion under a project with the
Ilational Cooperative Highway Research Program , Highway
t~ese arch ‘b ard , Ha t iona l  Academy of Sc iences .  Dr.  Hi rsch ,
P i v i s i o n  Ilead ,- ‘til reported that  the  energy dissipation

42
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Figure 17 Single Crash Cushion Unit 19
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characteristics of t h e  Goodyear ’  ‘fire and Rubbe r -  scrap t i r e
c u s h i o n s  ar e e x c e l l e n t . A U  of t h ’~- u n i t s  t e s ted  stopped
veh ic les  t r a v e i i n i g~ a~ S L O O d S  g r o u t e r  t h a n  60 mph w i t h
decclerat ion Q 1 t a d  t ug s  t-~ -

~~~ i be los  ?,h e  m a x i m u m  f igu r e
lg;ecifivo in tao Federal Tautr-u ctional riemorandurn ~O--i— 7 1.

During t he  t e s t i n g ,  s ev s - vz l r o o d i f i s a t io n s  were proposed ,
2uch  as p a n e ls  on the sides to prevent horizontal deflectIon.
These changes  were r e l a t i ve ly  minor  - 

however- , and the design
presented in Figure 13 was essentially unchanged after the
study .

2 . 3 .1.1.3 Ocean Appl ica t ions

hne of the  newest  development s in the use of scrap rubber
t i res  in the ocean is as f loating breakwate rs .  Goodyear
Tire and Rubber Company has been investigating this idea
t-;ith the cooperation of the University of Rhode Island.
The design of these breakwaters is based on the modular
building b lack  concept . The length , width , and th :ckness
of these  modu les  may he var ied d ep e n d i n g  on the  a - l i c at  ion
need.  The modules  are th en  connec ted  t o g e t h e r  t o
the needed lengt h of breakwater .2~

Ske t c h e s  of the  basic  b u i l d in g  b l a c k  m o d u l e s  are s h u - .-n
in figure 19. They are of two basic types - -  bu ru e and n~ ’
construction . The bundle is of either double a; ri le
thiclcness coxmtruct-icn and is arranged in 10fl5 ra ni , s.
mat can be of single or multiple thickness hr.t 15 in a
large- area , mat- type arrangement. These br-c:alc~ra or s could
be excellent for use in the military since t hey a m -  ct~~a;’-ea s i ly  erected , and reçuire  low m a i n t e n a n c e .

In 19~ 6 testing was started on artificial reefs constr-uc :-~J
from sara,. ~uaterial such as junked automobiles , damaged
concrete culverts , scrap tires !, and dere l i c t  or obso le t e
ship hulls. The o b j e c ti v e s  of t h i s  program were to  deter---
nine that type at ma te r Ial is best for attracting fish ,
hot.-.- these reefs affect the fish population size , the life
expe ct -ouL- , ’ of the m ater i a 11 - and t h e  cost  of ma te r i a l  and
handltng.~~

2 2 6  F rom th~ s study scrap tires were found to
c - -- t he  b e s t  m a t e r i a l  t o  use .

On this basis an addItional program resulted with the
Solid “ante Hanageneat Program of the U.S. Environmental
Protection Ag -nc;,’ and t h e  I J a t iona l  Tire ~ealers and Pc--

• - tr-eaders ~- ‘atsociat icn to st u d y  th e  p o s s i bI l i t y  of us ing
i~ rge susibers ci’ usc- tires to bu li d artificial reefs in
the mar-in c env ’~ronmen1,.
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As a result or thi s study, seven basic tire assemblieu -;r’r’e
prop osed for use .  These are shown in f i g u r e  20 .  Each of
th e  c o n f igu r a t i o n s  serves a d i f f e r e n t  purpose  and is used
in difC eront ar-e,.i s of the ocean . Each unit , after being
j o in e d  1 ogeth er , was weighted  w i th  cemen t  to provide sta-
bility. The basic criteria for each design were potential
habitat f r -  fish , sort~ de~ ree of difficulty of assembly ,
and transportation.

By January 1, 1973, there were 11~4 approved artificial reefsites along the east coast of the United States employing
about L!O0,000 tires in d3 of these sites,22 Richard B. Stone
estimates that over a billion tires could be used on arti--
ficlal reefs in marine waters off the east coast of the
United States. 22  He also estimated that the Gulf Coast
could use aporoximately the same number and the Pacific
coast could use about one- -half the quantity used on the
East Coast,2~’

2 .3 .±.2 P~~~ ,~~~is

The - yrolysis of tires and the resultant recovery of gases,
light and heavy oils , and carbon black is one of the product--
rroducing disposal processes to be examined. l’Ihile not
necessarily called pyrolysis , all of the processes described
in this section fail generally into this category , since
each yr-aduces a gas , liquid and solid’ -product as~.a result
of aeattr-,g. In fact . Pr-. John Larsen of the Chemistry
Depar’tnent at’ the University of Tennessee ’s Knoxville campus
srecif’icaJl :’ states that their :rocess is cata lyt i~ deco~ipo--
s it io n ar id not pyrOly sis . 2~~ It is presented-in thi-s option ,
hot- ;ever for  sake of organizational clarity, since it produces
similar ~roducts as -ayrolysis.

2.3.1.2.1 Tosco_Process

‘the Oil Thale Corporat ion and the Goodyear TIre and Rubber
Companp have teamed. in a prcgram to app ly TQSC0~,s oil shale
recover ’ technology to the recovery of useable products
from so ap raTher tires. The :Dr’oCeSS used is very similar
to The h~~ Shale Cor, arat io n s  TOSCO II process shown in
Th u r -c  2 1. 2 9

The e:g r-rinen tal we r~: on this program was done at TOSCO s
laTh - search Center- near GoiLea , Color ado. ::uch of

t h e  dc cc and t e c hn o l o g y  o b t a in e d  d u r i n g  the recently con-
• )Ic-teJ oiaasc- Is a t i l i  ) r c - e r l e t a rp  and thus unava i l ab le  to

toe a ro-ra~ ; ubl ic . 3~ Uc-we ’~-er ~ accord ir , - t o  Goodyear  c h a i r - -
l i a r Cha ;-leu J . “ l I t r’ d , Jr .. a SAi l-- s cale nlant could handle
3 mill ion - snu t;res per year. ‘this plant would recover
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Single Concrete - 3 Rod - 3

Band-4 Ro d -8

- 

Band-8 Rod and Band -12

Figure 20 Basic Building Blocks for Artificial Reefs
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enough petrochemicals and other materials to produce an
additional 2 million tires.31 ’ 3 2  These petrochemicals and
other materials would amount to 15 million gallons of oil,
73 million pounds of carbon black , and 2 million pounds of
steel. 32

2.3.1.2.2 U.S. Bureau of fines

The U . S .  Bureau of fines under a funding agreement with
Firestone Tire and Rubber Company has recently completed
studies on the destructive distillation (pyrolysis) of
scrap rubber tires to obtain a potentially valuable
product .~~~’~~~’

35 -

The feed material tested varied from 35 mesh with the fabric
and bead removed to large quarters of whole pa-as:en~e-r- and
truci: tires. Table )~ presents analyses of debeaded and
fabric--free scrap tires.

The unit used for testing is shown in Figure 22. The retort
is 26 inche s high and 10 inches in diameter. The effluent
gases and vapors pass from the retort to an air—cooled trap
where some heavy oils are collected. The gas and vapors
then pass through a tubular condenser and one of the a1ter--~
nate~electrostatic precipitators to remove final trace,s ofthe Oil mist. Various scrubbers remove ammonia , carbon
dio xide , and hydrogen sulfide , which are formed in the
heating process. The gases are then passed through another
tubular condenser and two light oil scrubbers in series.
The light oil recovered is used partly as a heat i~ransf er
medium .

2.3.1.2.3 Firestone Tire and Rubber Company

The Fires tone ‘~‘ire and Rubber Company has also been doing
some research in the area of pyrolysI~ . Their process in--
volves heating the scrap rubber in aromatic processing 011.36,37
The aromatic oil acts physically as a solvent and heat--
transrer medium and chemically as a chain- -transfer agent .

The :arocess shown in Figure 23~ produces a dispersion of
recovered carbon black in a heavy oil. The isolation of the
carbon black is difficult to carry out physically , however ,
it nay be se~arated by centrifugation if the DepolymerizedScrap Rubber (DSE) produced during the process is diluted
w it h a light hydrocarbon solvent . During the process approxi--
nately 1- 3 percent of the scrap rubber is converted to light
gases.

50

4

S - -5-.— - —
~~
. - 

~~~~
.— - - -

~ —-
——---- -; - - . - .- .  

- • - -~ 
- S 

- 

—~~~~~~~~~~
-

~~~~~ —~~~~~-——- ~~~~~~ --- -



— — .~~j  - ,‘—~ ‘-- -~~~‘~~~~ --- -———‘— ~~~~~~~~ 

~~~~~~~

—‘-

Table 14 ANALYSES OF SCRAP TIR ~~ 14 *

Passen ger Truc k
Tires Tires

Proximate , percent :

Moisture 0.5 0.8

Volatile matter 62.3 63.3

Fixed carbon - 31.5 30.5

Ash 5.7 5.4

Ultimate , percent :

Hydrogen 7.1 7.14

Carbon 83.2 83.2

Nitrogen .3 .3

Oxygen 2.5 2.5

Sulfur 1.2 1.1

Ash 5.7 5. 14

*Debeaded and fabric free
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Figure 23 SImplified Flow Sheet- for
Depolymerized Scrap Rubber 31
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Firestone has run tests using DSR in a mixture with No. 2
F~e:]. 0-Il. The blends have a slightly lower heating value
than No. 2 Fu~e2 011 but the flash point Is constant . The
DS~ material can also be used in road resurfacing and po-
tentially in adhesives , sealant/coatings , c ement/concrete ,
and as a compounding ingredient in mechanical rubber goods. 37

-2.3.1.2.14 Catalytic Decomposition

Dr. John Larsen of the University of Tennessee ’s chemistry
department is invest igat ing the catalytic decomposition of
tires. The process uses a molten zinc chloride catalyst at
temperatures of 4-OO--.1450°C.38  One advantage Dr. Larsen sees
in this process is that any type or size of feed scrap
rubber can be utilized . This eliminates some of the initial
costs  Of grinding . A process flow diagram is not available
since research is presently in the laboratory stage . How-
ever , the a”rocess basically consists of putting HC1 into
the melted tire material. There the HC1 reacts with zinc
compounds in the tire to form the zinc chloride which brings
about the -decomposition. 38

Three products have been identified from this process: a
gas, a low- -sulfur oil~ and residue . Ten to fifteen percent
by weight of the tires comes off as gases. C 1 through C6
is condensed. ‘~rith 140- -14 5~ of the gas as ethylene and propylene .
Forty to forty- -five percent by weight of the tire feed comes
off as a low- -sulfur oil. Approxir~’iate1y 8o~ of the oildis t i l l s  below 350°C and has a heating value of lC ,~t00
Btu/lb . This is slightly lower than 4o. 2 Puel O~.1, whichhas a heating value of approximately 19,1400 Btu/lb . The
remaining residue is salable as carbon black. This material
cannot be used directly in new tire production , however , if
it is baended with commercial carbon black , it works very
well.

Other corinanies which have pyrolytic capabilities have
crobably done test runs with tires. For example , Combustion
Equipment Associa tes , Inc., stated that  they had t r ied only
tires in their TdC-O---FUEL II Process. 3 9  - -They would -not ,
however- divulge any of their findings.

2 .3.1.’
~ Incineration

The burning og combustible solid waste has been an estab--
l ished method of disposal for many years. This :Dractice
was usually done in an open or at least uncontrolled manner ,
thereby nermit t ing  extens ive  po l lu t ion , especially to the
atrlo s )here . Burning of combustible solid waste has therefore
been banned except when in compliance with rigid federal ,
state. or local codes.
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The incineration of tires is now being proposed using
equrip-ment which will not only combust the material in an
ecologically suitable manner but also provide for the
recovery of the heat produced. The volume of sterile ash
produced in scrap tire Incineration is 5 per cent of the a :: .
original voluine .’~

0 The gaseous pollutants can all be
removed by current  removal technology .

The heat recovery from the incineration process is what
makes the idea attractive . Initial investigations in this
area were conducted by the Rubber and Plastics Research
Association of Great Britain.1~

1 These studies indicate
that a facility burning only tires could produce 2200 pounds
of steam per hour from a feed of 560 pounds of tires per
hour ,-Jith a 30f heat transfer efficiency. A plant in England
is currently producing 3500 pounds of steam per hour from
014 0 pounds of tires per hour .

Other studies report that 15 percent tires and 35 percent
municipal waste:-could be mixed to produce 165,000 pounds per
hour of steam . These plants , having the capability of burn--
ing 600 tons per day. of the mixture (3 shifts) meet all
applicable pollution control codes. 1

Three basic designs have been proposed for whole tire in—
cineration ; batch , inclined rotary kiln, and rotating
hearth with cyclonic gas flow. The differences in each- -of
these designs are primarily in the method of agitation and
temperature ranges for combustion. An evaluation of each
of these designs is shown in Table 5.

The agi ta t ion and temperature zones are critical because
of the burning character is t ics  of scrap rubber . As the
rubber undergoes thermal degradation , the rubber and other
components melt , forming a type of high temperature slag.
Agitation is required to prevent this-slag formation.

Ecologically sound tire incineration also involves two
burning zones of differing temperatures. A primary burning
zone combusts essentially all solid and liquid material.
A secondary burning zone burns all gases and airborne
particulates.

In addition , the following design parameters must also be
considered in the design of incinerators for tire disposal:
adequate air supply, residence time , environmental controls ,
mechanical stability, high operating factor , operational
s t a b i l i t y , environmental  work area health regula t ions ,
appearance , reasonable instrumentation , capability of burning
other- wastes along with tires , acceptibility of whole truck
or car tires , continuous operat ion , and high--temperature
refractory lining.

56

I

5 - - — p  
~~~~~~~~~~~~ - - 

- - - - . ._ . - • -~~ . ~~ , - - — — —

- 
— ---5 -’- - - - 5 - —  ~~~ - --‘-- --5- ~—-‘ -~~~- -

~~~~~~
--- -

~~~ —-- - --5-
- ——--—-- -5~~~~~ _ _ _ _ - _ -5—-—



-

~~~~~~~~~~~~~

2.3.1.3.1 Batch Furnace

The batch furnace can be of t~ o designs : open pit- or
totally encapsulated . The open pit incinerator is essen—
tially four refractory lined walls with a grate for ash
removal on the bottom . Secondary burning is achieved by
blowing over—fired air through jets mounted around the top
rim of the pit and directed onto the fire. Field tests
have proved this method unacceptable because of excessive
noise , refractory spalling, heavy smoke , lack of opera—
tional stability, and failure to meet environmental control
standards.

In both the open pit and the encapsulated batch furnaces,
agitation is accomplished by ~poking

5, manual grate shaking,
and use of hi~h——ve1ocity burning gases and air. The secondary
zone burning in the encapsulated furnace is also achieved
by adding over--fired air to the gases before they exit the
stack.

2.3.1.3.2 InclIned Rotary Kiln

The inclined rotary kiln Is generally accepted as the best
unit for the incineration of tires.1 Agitation is achieved
through the constant tumbling of the tires. This tumbling
action continually exposes new surfaces to the heat , flame
and air .

The two temperature zones in the inclined rotary kiln are
physically distinct. The primary burning chamber Is operated
at an exhaust temperature of 1,1400—2,000°F without auxiliary
fuel, if sufficient air is Present .1 The secondary chamber
is maintained at this temperature with adequate retention
time to burn all of the hydrocarbons .

2.3.1.3.3 ~yclonic Rotating Hearth Furnace

Figure 2L1 is a cutaway view of a cyclonic rotating hearth
furnace. Agitation is achieved by the hearth rotating at
approximately 14—5-revolutions per hour. Tires are fed Into
the hearth and carried around the combustion chamber.  The
admission of another tire displaces the preceding partially
burned carcass and thereby initiates a spiral path toward
the central discharge port . A hydraulically operated ram/
rake clears the hearth every cycle .

The two zone burning Is carried out In the same incinerator
shell. It is achieved by controlling over--fired air and
the cyclonic action of the gases in the furnace. \Jhen the
gases reach the top of the conical furnace outlet , the
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temperature Is between 1700 and ~000° F , depending on the
type of material being incinerated .~~

0 Some Investigators
indicate that the temperature of the exit gases when burning
tires is 2000 to 2200°F.

Air for this unit , as with the other units previously des-
cribed , is supplied by standard and generally available
eouipment . Start--up and supplementary heating is provided
by four  na tu ra l  gas bur-nerz , each wi th  a capac i ty  of 5 x 10 6
Btu/hr . ~+ 2

Ootimum residence time in any incinerator varies with
furnace temperature , oxygen level, scrap particle size , and
agitation. In this furnace , residence time is approximately

F 1 hour .

Environmental considerations of the workers and the sur- -

rounding-s are a prime concern for a process such as tire
inc inera t ion .  This particular unit is available in a corn--
pletely designed package including environmental controls
(Figure 25). Estimates of the uncontrol led pa r t i cu la te
emissions from the furnace  are 0.3 gr/sdcf~ the controlled
emissions are less than 0.031 gr/sdcf.~~

0 Other environmental
considerations are taken care of by careful design . Odor
is eliminated by operating the system under negative pressure .
A water- cooled charging zone will prevent premature ignition
of tires.

Instrumentation i-s simply -a sensing and correction process.
Whe:n the t emperature drops , the instrumentation responds by
injecting auxiliary fuel adding more air , increasing tire
feed rate , or sounding an alarm to call the operator. A
fail safe shutdo~rn is controlled b-r an independent circuit.

Thi s incinerator is lined with refractory material capable
of withstanding 3500°F and reasonable thermal shoc1~ without U

heavy spalling or failure.

2 .3 . l.3.~ ~~~~~ eration Installa~~~~~Co~c~jt

Figure 26 shows a conple~e incinerator installation in--
cluding heat recovery and pollution controls. r

i:his instal--
lation can process 3,000 tires/2~ hour day or about onemillion tires per year . At a heating value of 13,1400 Btu
per poun ’~ ue can determine the heat available as follows:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
14 . 52 x ~~~ Btu/hr .

The cap a c i t y  o~ t he  boi ler  for  th i s  i n s t a l l a t i o n  would be
about 25~ 000 lb/hr of steam at 250 Psi and 1406°F.~~

2
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This furnace can handle tires up to 30 inches in diameter .
The diameter of the hearth is 13 feet with an outside casing
diameter of 20 feet . The overall height of the furnace
from the floor to the offtake duct is 214 feet .~~

2

The theoretical combustion air required is 11 lb/lb of’ tire
processed. The actual air requirement at 150 percent excess
air is 16 lb/lb of tire processed.~~

2

The emission control system consists of a wet cyclone , a
caustic SO2 scrubber , and a demister in series. The cyclone
removes 35 to 90 percent of the particulates and cools the
gas to 500°F. The SO2 scrubber effluent when blended with
a portion by- -passing the scrubber gives a stack effluent
containing 250 ppm SO 2 .  The design efficiency of the scrubber
is 90 to 95 percent removal. The run--off from the scrubber
is treated by conventional wastewater technology to produce
inert solid waste.~~

6 
U

2.3.1.3.5 Present Incinerator Installations

Currently, there is only one vehicle tire incinerator under
test in the U.S. This is a full—scale cyclonic rotary hearth
unit manufactured by Lucas American Recyclers , Inc., San
Franc isco , California, and is being tested at the Goodyear C

Tire and Rubber Company plant in Jackson , r-Iichigan. Several
of these Lucas Units , originally developed by Lucas Furnace
Development , Ltd., Uèdnesbury, Straffordshire , England , have
been installed in Great Britain during the past few years.~~

2

Other tire furnaces have also been operated in Great Britain.
In 19E6 the wa t t s  Tyre and Rubber Co. installed a front--
o- ening furnace with a boiler , manufactured by Heenan and
Froude , Ltd. at trieir retread works at Lydney . The capacity
of this unit was 700 lb/hr of tires. Another unit was
developed and operated by the Bradbury Brickworks of Hills of
Swindon Ltd. This furnace was of simple construction and
much les~ sensitive to fluctuating loads. A third unit was
developed by 11.Y.B. EnterprIses. Ltd., and ~-iatts at Lydney . —

T h t s -u n i t  is operated automatically , w i t h - t i r e s  being fed by
a convey ) :’ on to a moving grate .

2 3 . 2  Thipped Tire Feed

The second major classification of secondary processing
op t ions  involves u t i l i z a t i o n  of a chipped t i re  feed (see C

Figure 1). The process options considered in this category
are pyrolysis , incineration , and landfill. As already
mentioned pyro]gysis and incineration can also accept whole
tires as a feed and have been previously considered ifl

• section 2.3.1. Therefore , only landfill will be discussed

~n this section.
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2 . 3 .2 . 1  L a n d f i l l

One of the  most  obv ious  so lu t ions  to  the  scrap tire dis—
poual problem , landfilllng, is not a v iab le  option for  two
reasur,s. First , the tire:; do not degrade after they are
buried. Second , the scrap tires “float ” to the surface
after burial . This is due to the physical characteristics
such as the shape and compressibility of the materIal~t3 For
these reasons the landfill of whole tires was not considered
an adequate method of tire disposal.

It is clear that the scrap tires must undergo a chipping
process before they can be laridfilled . This can be done
by any of the previously described size reduction systems
(Section 2.2). However , since the only requirement for
landfilling tires is to break down the tire structure , the
cheapest and crudest size reduction process should be
employed.

The approximate volume of land needed for landfill can be
calculated by L

~+

v = ~~~~(l — r
~-5) ( 1)

where V = landfill volume it± cu yd/capita/year
F = factor Incorporating cover material

avg. 17% for deep fills, F = 1.17
33% for shallow fills, F = 1.33

R = amount of refuse contributed in lb/capita/year
- D = average density In lb/cu yd (325 for waste

compacted by trucks )
P = percent reduction of refuse volume in landfill,

0—70% -

This equation , designed for municipal garbage, can be adapted
for use with scrap tire disposal only. For a cryogenically
ground tire , the average density is 1020 lb/cu yd. If we
assume that the compaction after landfill is low , e.g. <10%,
then equation 1 reduces to

= (8.82 x l0~~)FR (2)

For our appl ica t ions  the uni t s  for V and R would be changed
to cubic yards per base per year and pounds per base per year ,
respectively. Assuming an F factor of 1.25, equation 2 can
be further sImplified to

v = (1.10 x 10 3)R (3)
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Equation 3 can be used for a quick approximation of
the volume needed per year per installation for cryo-
genically ground scrap rubber. For example , Red River
Army Depot produces 30 tons of rubber per week .3 This U

amount s to approxImately 3.12 x 106 pounds per year .
According to equation (3) the volume needed to landfill
this rubber waste would be 3430 cubic yards . This
number would change depending on the size reduction
technique and the F f ac to r .

2.3.3 Classified Tire Feed

The feed to the remaining five secondary processing
options is a classified tire feed (see Figure 1). The
classified tire feed consists of rubber which has been
separated from the steel and fabric. Any of the size
reduction techniques ment ioned in sect io~ 2.2 and their
corresponding classification systems can be employed to
provide feed material. H3wever , cert~ in processes con-
sidered in this category have ~~ec ific requirements for
feed particle size which may dictate the type of size
reduction equipment used.

2.3.3.1 Asphalt Substances

The use of reclaimed or shredded rubber in asphalt in
various percentages is probably one of the better known
applications for waste rubber. Several organizations
have used the asphalt—rubber composition in various ways
in different parts of the country . These tests , however ,
have not given consistent results and point out the need
for a standardized testing procedure on a nationwide basis.

Three distinct testIng or commercial programs have been
conducted and will be considered separately. These tests
ar~ the laboratory Investigations done by the Universityof Connecticut , the chip seal construction using Charles H.
McDonald ’s formulation , and the products being offered by
the U.S. Rubber Reclaiming Company, Inc .

2.3.3.1.1 University of Connecticut

These investigations considered the use of scrap rubber
in pavement mixtures to improve the physical characteristics
of the pavement at low temperatures (0~ 140°F). The objectives
of this program were : 1) the modification of a satisfactory
pavement mix by the addition of small amounts of reclaimed
rubber crumb to investigate Its effect on standard design
parameters and low temperature properties of pavements , and
2 )  the select ion of optimum blends of rubber and asphalt
which would improve the overall year—round performance of
highway  pavements .~~5

a.
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These researchers found that the addition of small
amounts of soft and hard rubber c r u m b  did not dimini r- h
the performance of t h e  pavement under any conditions.
An op t ima l  mix was e st a b l i s h e d  as 6 1/14% asphalt and
2~ r ecl a imTh r u b b e r .  ~~ The M ar s h all  Test r e su l t s  for
t h i s  mi x were found in compl iance  w i t h  c u r r e n t  speci-
f i c a t i o n s .  The au tho r s  fee l , ho wever , t h at the  rela—
t i v ely  slow Marsha l l  Test may not be a good predic tor
of performance of rubber—stabilized asphalt mixes.
Recognizing the great Potential tO~ Increase other
properties through increased rubber content , the maxi—
mum flow possible should be permitted for this. type of
material.~~

5 
-

Stephens and Mokrzewski also believe that the addition
of a small amount of rubber  wi l l  improve the overall
year—round performance of a pavement , wi th  the  magni tude
of t h e  e f f e c t  a f u n c t i o n  of the tempera ture , asphal t
grade, and asphalt content .”5

2.3.3.1.2 Seal Coat Constructions

Several papers have been published or presented con-
cerning the asphalt—rubber surface coating process
developed by Charles H. - McDonald , former ly  of the
Highway Department , primarily in Phoenix~ Arizona.”6~~

8
This process was developed as a seal coat to overlay
pavements  tha t  exhib i ted  severe f a t i g u e  or “a l l iga tor”
c rack ing .

This “alligator” cracking is a result of vertical
d e f l e c t i o n s  of approx imate ly  0 .00 8  in to 0 .0 50  in.
The quan t i t y  and sever i ty  of t h i s  cracking depends on
the type of pavement , the ability of the pavement to U

take deflections , the temperature , and the number of
repetitions .”6 The solution to this problem has been
difficult and expensive while the results were not
always predictable.

Mr. McDonald ’s work utilizes a high percentage (25% by
we ight of asphalt—rubber compositions ) of scrap rubber
to increase the f l e x i b i l i t y  and e l a s t i c i t y  of the  pave—
ment whi le  reducing i ts  tempera ture  s u s c e p t i b i l i t y
characteristics. The undissolved particles act as units
of elastic interference to the propagation of a crack
once it has started.

The scrap rubber used , essentially, all passes through
a No.  16 s ieve and net  more than 10% passes through a
No.  25 sieve . The ground t i r e  rubber  Is blended wi th
hot asphalt at a temperature range of 350 to ~450°F for
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a period of 30 minutes. After this period of t ime the
temperature is allowed to drop below 350°F and kerosene
is added as a thinner in the amounts of 5 1/2% to 7 1/2%
by volume of the asphalt—rubber composition .

The material is then spread through No. 5 nozzles on a
10 ft maximum width distributor . The application rate is
between 0.47 and 0.5 gallon of binder mix per square yard
followed by 37 to 39 pounds of 3/8 in nominal sized cover
aggregate per square yard.

Various asphalt—rubber concentrations have been used for
tect patches in different parts of Arizona . The 25/75
mixture is used because of the flash danger associated
with the higher temperature needed to establish a higher
percentage rubber mixture , even though the higher per-
centage rubber compounds have better characteristics.”8

In each case the use of rubber In seal coat construction
has proven to be success fu l . The ini t ial  studies conducted
in Phoenix have shown the process very feasible in reducing
maintenance requirements.

This same type of construction has been used in the  re-
surfacing of runways and taxiways for various Naval
ins ta l la t ions  on the West Coast .~~9 Success fu l  resul ts
have also been realized from this severe use application
of asphalt—rubber binder.

A very similar type of process has been developed by
Battelle .50 ’51 Their studies exhibited the same type of
positive results realized in Phoenix. Accelerated
exposures in the Weather—O—Meter showed that some test
patches performed better than the controls containing no
rubber -

2.3.3.1.3 U.S. Rubber Reclaiming

The U . S .  Rubber  Reclaiming Company , Inc., has been doing
research in the area of asphalt and rubber combinations for
many years .  They have not only developed a seal coat as
discussed above but also several other applications. 52 ’5 3

In 1971, Galloway and LaGrone presented a new concept to
alleviate reflective cracking of road base surfaces to the
asphalt overlay .5” This substance , called Strain Relieving
Interlayer , is made by comb ining -the pre--blended rubber and
mineral aggregate with an asphalt emulsion . This is then
appl ied according to standard road bu i ld ing  procedures  and
must be overlaid with a surface designed for traffic use
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s ince the Strain Relieving Interlayer Is not a wearing
surface. The rubber aggregate has also been shown to be
an effective resilient filler material in an asphalt hot
mix - ~

Powdered reclaimed rubber can be dissolved in compatible
asphalt cements by cooking at elevated temperatures to
produce rubberized asphalts with improved flexibility,
temperature susceptibility, resilience , adhesion and
resistance to flow and brittleness. 52

Joint and crack sealer can be produced on site in the
above manner -by using a conventlona’]. “tar kettle ” .
Twenty percent by weight powdered reclaimed rubber Is
cooked with asphalt for 30 minutes at 400—1425°F.

Several other applications of the above described com-
pounds are chip sealing, hot mix , and friction seals.
These compounds have also been tested on bridge decks for
patching and waterproofing. The application is currently
under field testing and no definitive results are currently
available. 56

U . S .  Rubber  Reclaiming has made several appl icat ions  of
the various rubberized asphalt substances. Several of
these applications are listed below:

L OCATION SU BSTANC E US E
New York , New York Ramflex/Hot mix City streets
New York, New York Perma—Track Cardinal Hayes High

School tra~kWilliamstown , Mass. Ramflex/Hot mix City streets
New York Joint & crack 114,000 miles of

sealer state highway
North Dakota & Various asphalt- Research with FHWA U

California rubber mixes
New England Area Perma-Track Over ~40 tracks at

various universities
and high schools

2 . 3 . 3 . 2  Fil ler  Mater ia l

The use of ground scrap rubber as a filler material has
been one of the longstanding objectives of the investi— 

C

gators of scrap rubber recycling alternatives. These
applications include sound attenuation , rubber tires , C

synthetic turf and thermoset plastics.
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2.3.).2.1 Sound Attenuat:ton 

'l'he F:ircBtone 'r:l.re and Rubber Company has shown that 
ground scrap rubber in various paints and coatings can 
~Jlgnlflcantly reduce sound transmission of substrates 
coated w1th the mixture. This property of ground scrap 
rubber has not been fully investigated, but preliminary 
studies show that it has excellent accoustical properties.l 

2.3.3.2.2 Rubber Tires 

Ground scrap rubber can be used to a limited extent in 
new rubber tire production. This usage is minimal, how­
ever, due to the worsened mechanical and chemical character­
istics of scrap rubber. 

2.3.3.2.3 Svnthetic Turf 

C0odyear, Uniroyal and U.S. Rubber Reclaiming have been 
investigating the use of ground scrap rubber with binders 
or asphaltic type substances to make artificial playing 
~urfaces. 57 ,5 8 These surfaces could be used for play­
grounds, factory floors, park paths, running tracks, etc. 
It can be pai~ted and is porous so that water will drain 
through readily. Preliminc.ry data show that the durability 
exhibited by this synthetic turf is excellent.59 Final 
reports are not available at this time. 

2.3.3.2.4 Thermoset PJastics 

The James Turner Company, Inc., has invented a process 
for producing a product called Leaky Pipes, an underground 
irrigation system. Th~ exact process is still proprietary 
and not released as yet. _Qperating at 100% capacity, 
however, the inventors claim production capabilities of 
48,384,000 pounds of leaky pipe per year.Gn 

There are other possible uses of rubber as a filler 
material which have not been fully investigated. For 
example, rubber in concrete could be used for.architec­
tural applications. These areas of investigation are 
currently being pursued. 1 

2 .3.3.3 Miscellaneous Uses 

There a~e many uses for scrap tires which cannot be 
categorized into a large group but could provide a large 
market if fully developed. The uses described here do 
not include the trivial or already saturated markets of 
backyard swings, boat dock bumpers, flower planters, etc. 
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Ut·ound-up t LY'l':' have t,,~c·n u:>cd for playc;round urea:; and 
a~' a pl:u1t mulch. 'l'he material la~>t:; much longer than 
convcnt!onal c~of't mulch and doesn't discolor or erode,61 

EnviJ•on~llcntal ProductOJ Corp. of Cinclnnati is currently 
producin_r~ the mulch and packag.ing in LW-pound Mult.i-film 
plastic t':lf,~~· mo.dc by U.S.I. F.ilm Products. 'l'he mulch 
hold~> the v:.1.ter clo:~e to the root0 of' the plant control­
ling weed growth and protectJng the roots from cold and 
·.veil ther damage. 

2. 3. 3. 3. 2 So11 Condi tionl~l' 

Dr:;. \.Jaltct· J. Nickerson and Marcel D. Faber have invented 
a method of producing a soil conditioner from scrap tires. 62 

In this process, ground tires (approximately 35 mesh) ~re 
used &s a substrate for a yeast growth. The result is a 
soll conditioner which promotes retention of water when 
mixed with sand and passage of water when mixed with clay. 63 

2.3.3.3.3 Water Cleanup 

Dr. Joseph Winkler has d~veloped a method to absorb oil 
spills with a mixture of shredded rubber tires and par~ 
ticulate polystyrene scraps, and then to convert the 
resulting gelatinous conglomerate to an asphalt-like 
matcrial. 5 7,6 4 -66 The ground-up rubber tires and partic­
ulate polystyrene scraps are used in ratios ranging from 
10:1 to 1:10 depending on the kind of oil to be cleaned 
up. Light oil requires more polystyrene than does heavy 
oil. The resulting rubberized, fiber-fortified asphaltic 
materials would have many applications such as in con­
struction of roof sealants or road dressings. The volatile 
oil components distilled off could be condensed to useful 
hydrocarbons. 

2 . 3. 3. 1~ Hydrogenation 

Hydrogenation technology was investlgated by Hydrocarbon 
Research, Inc., under EPA contract 68-03-0050. The work 
done was similar to that previously developed also by 
Hydrocarbon Research, Inc., for processing coal and 
netroleum residual feedstocks.6 7 -/3 With this technology 
it v:a3 found that ground rubber tires could be converted 
to a product of fuel gas, naphtha, gas oil, and carbon 
black:. 
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A conceptual flow diagram of the process (H-rubber) 1~' 
Hhown Ln FiGUre 26. In the process, tires are ground to 
a -24 mesh and combined with a slurry oil for feeding 
tu the reactor·. 'rhe slurry oils used ln the renearch 
work were anthracene oil, hydrogenated anthracene oil 
and tetralin. In the ebullated bed reactor various 
operating variables were tested as listed in Table 6. 
No differences in the carbon blacks from catalyzed or 
non-catalyzed runs were noted. However, significant 
differences were found in the sulfur and hydrogen con­
tent of the liquid products.67 

'I'ab le 6 OPERATING VARIABLES OF EBULLATED BED H-RUBBER UNIT 

'I'empe rat ure 

Pressure 

Catalyst 

46Cfl.850°F 

500-2,000 psig 

Cobalt molybdate on alumina 
Nickel molybdate on alumina 

No major operating difficulties were encountered in con­
tinuous ebullating bed, non-catalytic~ operations in a 
0.614-inch I.D. reactor using -24 mesh tire particles. 
Catalytic operation in the same pilot plant on tire tread 
peelings, which were essentially free of glass fibers, 
was also successful. However, severe operating d·rfficulties 
were encountered in the same unit when operating with a 
catalyst bed and ground tires containing glass fibers.67 

A design has been proposed for a 1000-ton-per-day H-rubber 
plant (Figure 27). Hydrogen consumed in a process of this 
size would be about 3 to 4 million scfd. This process would 
also produce about 3,000 barrels per day of hydrocarbon 
liquid product, 244 million pounds of carbon black per year, 
and 2 million scfd of refinery gas. 

2.3.3.5 By-Product Sale 

The sale of by-products,. i.e., the steel belt, fabric, or 
other metal remove~ from the rubber in .grinding,. is the last 
alternative in the secon-dary processing l:ategory. Some 
problems associated with this alternative involve the need 
for the accumulation of a large quantity of steel belt 
before the additional labor of bundling the steel for sale 
would be warranted. Also, a rubber scrap market would have 
to exist (refe~ to Section 6.3.4) in close proximity so 
that transportation costs would be minimal. 
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The labor involved would be to tie up the steel in large
bundles. If a very large volume of wire was to be pro-
duced, a device to mechanically compress the wire might
be used to Increase the bulk density of the material by
deoreasing the void space.
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3. FN~J - ) ~JM ENTA L IMPAC T

As de t er m ined  from the  ques t ionna i re and summar ized  in
Table  1, there  are p r e sen t l y  ap p r ox ~ inat e ly  320 ,000 scrap
rubber tires at various Ar:ny in~~~al~ at ions , and this quan-
tity is growing at tne rate of 22,500 h’e:~ per UT~-n th.
These scrap t i r e s  ar e p i l ed  up —~w c i l l n~ sale b; c~ a tr ac t ,
la n d f il l in g ,  d i spcsai  b y  some ot~~er m e t h o d , or nc d i sposa l
at all. In their presen t state they may serve as breeding
places frr- rodents and as ~tagncnt wate r- collection
facilities fcr the breeding  of mosqu i to  larvae and thereby
pr omote the spread of d i sease .  Ti res  piled in a ran dom
manner are a general eyesore and take up valuable space
due to large void space per t i r e . They are also a f i r e
hazard.

One of the most  impor t an t  c r i t e r i a  cons idered  in the
eva lua t ion  of t i r e  d isposa l  sys t ems  was t h e i r  e f f e c t  on -
the envi ronment . Each of the proposed processes  i d e n t i f i e d
above will remove whole tires from the environment , thus
improving it in that respect. Whole tire reuse , especially
in the area of ocean appl ica t ion , is possibly the s implest
and one of the  more b e n e f i c i a l  p rocesses .  A r t i f i c i a l
reef construction poses no negative impact  on the ocean
area to which the tires are transferred. The claim has
been made t ha t  the use of scrap t i r e s  for  a r t i f i c i a l  r ee f s
turns areas of ocean “desert ” in to  p roduc t ive  marine environ-
ments.22 No toxic effects due to leachates from the rubber
have been noticed. This apparent inertness of tire s is
as important asset. -

Reducing the void fraction of the tire by some size re-
duc t ion  apparatus  is another  method of improving the
environmental impact of scrap rubber tires . Even if the
tires are then s imply  s tored , much of the  b reed ing  po-
tential inherent in the initial configuration is then
gone , and the storage space required is reduced by at
least 80%. However , the detrimental aspects of fire and
unsightliness are. still present . -

L a n d f i l l  of who le  t i res  is u n a c c e p t a b l e  due t o  t h e i r  t e n d e n c y
to f l o a t  to the s u r f a c e .  However , once the  ba s i c  annu la r
fo rm of the t i re  is broken , landfill can be a very acceptable
disposal option . An investigation done by Joseph B. Hannon
indicates that the inclusion of scrap tire particles in fill
can prove bene f i c i a l  t o  the  mechan ica l  c h a r a c t e r i s t i c s  of
t h e  so il .~~”

The use of scrap rubbe r  t i r e s  in produc ing  salable p roduc t s
is one of the best solutions to the tire problem from an
ecological  v i e w p o i n t .  These a l t e rna t i ve s  not only rid the
environment  of the t i res  bu t  a l so  create  new usable  p roduc t s
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such as steam, chemicals or road dressings . There might
be wastes produced by the processes , and It Is therefore
essential that in their development the problems of the
environment be addressed and defined . In many cases ,
however , already existing technology may offer the needed
solution .
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4 .  ~d C H N I C A L  Fu i ~ ~bI~ f i ~Y

A u ex n a u s t i ~ -~ - r e~ h n i c a l  e v a lu a t i o n  was made of all  the
p-~ s si h le  p r o c ess  o j t ~~c-Y :’- c ’ t he  s cr a p  t i re  d l s ç os a l  sys—
ten p r e s e n t e d  in F i g u - e  1 , as w e l l  as al l  p roces se s  in—
d ade -J ~n eao}i Pr- e~~-irr2 option sum marized In Sec t ion  2
This evaluation resulted in the i.dentlficati--~n of the fourmost t e c h n i c a l l y  f e a s i b l e  alternatives for t i r e  disposal
by the  Army . The f o l l o w i n g  nine criteria were selected to
express  the Army ’ s r equ i r emen t s  for  each processing option :

- 1. B a s i c-p r in c i p l e  of opera t ion
2 .  S e t — u p  and/or  s t a r t — u p  d e t a i l s
3. Operat ion procedures
~~~ . Mobility
5. Aux iliary equipment requirements
6. M a i n t e n a n c e  i- -equir e .aer :t s
7. Feed capacity arid characterist Ics
8. O u t p u t  c h a r a c t e r i s t i c s
9. Versatility

Section 4.1 will present evaluation s of three primary
proces s ing  opt ions  as presented in Section 2.2. Section
4.2 will present evaluations of the secondary processing
options as i d e n t i f i e d  in Figure 1, subd ivided by unsuitable
or suitable options. Finally, Seci-ion 4.3 will propose the
f our most  f e a s io l e  t i re  disposal alternatives for the Army
~-:ith recommendat ions  for  f u r t he r  s tudy .

4 . 1  PRIMARY PROCESSING OP Ti ONS

P r e l i m i n a r y  to many of the  secondary p rocess ing  opt ions
is the  r e d u c t i o n  of the size and breakdown of the basic
conf i gura t ion of the t i re . As stated in the sys tem
descr ip t ion  (Sec t i on  2 .2 , th i s  can be done in three
size reduction options: mechanical , cryogenic , or
com b ined.

4 . 1. 1  M e ch anj e aL  Size R e d uc t i o n

The mechanica l  s ize r e d u ct i o n  is a very bas ic  operat ion .
Each machine-  s imply t ea r s  apart the  t i r e  in var ious w a y s .
Hammermi ll s  beat  the  t i r e  to pieces while the shearers cut
the tire . A shearing type of action destroys the tire by
a m e t h o d  wh ich  the  t i r e  is not built to resist. Three manu-
facturers crier shearing type machinery which , from currently
avaiLable  l i t e r a t u r e  ar~u private communications , wi l l  serve
the pu rpos e .  They are the  Garba l i ze r , m a ru f a c t u r e d  by the
Garbalizer Corpora t ion  of A m e r i c a ;  Model  5226 , m a n u f a c t u r e d
by Saturn Manufacturing, Inc .; and Holman Tire Particle— Izer ,
manufac tu red  by Holman Indus t r i e s , Inc .
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The set—up , start—up , and operating procedures for all three
of these machines are very similar and require less than two
or three days for training. The major distinguishing feature
is the mobility of the Saturn Model 5226 and the Holman
Particle—Izer. Both of these units can be transported on a
flat—bed trailer. The Garbalizer would require some dis-
assembly for transportation .

We feel that the Holman Particle—Izer is the best mechanical
size reduction unit available for treating tires. The
previously mentioned features along with its large throughput
(2000 tires/hr) and the output size (2 in. x 2 in~ chunks)
made it technically more feasible than the Saturn Model 5226.
The best the Model 5226 can do is 300 tires/hr with strips
ranging from 1—1/2 in x 3/k in up to 1—1/2 in x 6—8 in.

4.1.2 Cryogenic Size Reduction

The basic principle of operation is very simple . The tires
are frozen and then smashed. Set—up and start-up are not
very complicated , however , the operating procedure would
require some training, probably less than one week. The
mobility of this unit has been established by both Bellaire
Hydraulics , Inc. and Cryogenic Recycling International, Inc .
However , Bellaire Hydraulics , Inc . is the only one who can
send whole tires into the process. Cryogenic Recycling
International , Inc., must halve the tires before processing,
therein adding another piece of equipment . If a pretreat-
ment such as this is needed a combined grinding process
would be suggested instead .

There are several problems which exist in cryogenic size
reduction . One of these is containment and delivery of
liquid nitrogen . In a portable unit there could be an
excessive use of space to hold enough liquid nitrogen for
several days processing or until liquid nitrogen delivery
could be made . Either one of these items, if not achieved
properly, could cause shut down and delay of operation time .

A second possible problem area is in the tieup of personnel
to travel with a portable unit . At least two operators ,
both trained in the unit operation , would be reqt~ired toaccompany the unit from place to place. According to the
Occupational Safety and Health Act , the mechanical unit
requires at least two operators. This could be implemented
by only one man full-time transporting the unit and a general
helper provided at each processing location .

Positive aspects of the cryogenic size reduction units are
the very reusable products evolved. The product mix is
easily classified using shaker screens and magnetic separa—
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tors. i h -  ~u m b e i  cr -nub car .  t hen  ue sold or u t i l i z e d
con ~. ~~~ :atr ~ c so d ci L-e sold as sc r ap . The s ize
of th~ rs~ - L L - r s ru s~L- p o c - d o s c j  c an be r eused  in f i l l e r
indu s t  :- ~~~~~ r~~clai’r~ i o — i u : t r i es or- fo r  the  Army ’ s use in
aspna — r o b b e r  u i nd~-rs t o - ri L o ad s u r f a c i n g .

4 .1. 3 L - - OLL L ~ned ~~Ise Reduotlon

As in d i c a t e d  in Sec t ion  2 . 2 . 3 ,  the  combined s ize re—
Juc t ion process  o p t i o n  is a combin ation of the mechanical
and c ry e~ e n i c  si ze r e d u c t i o n  un i t s .  By combining the
pro cesses , the good aspec t s  of both are realized. A unit
of th i s  type can be complet e ly  mobi le , comple t e ly  s t a t i o n a r y ,
or half and half. The cumplete ly mo bi le or complete
stationary units have certain disadvantages:

1. A completely mobile unit would require at
least a three-man opera t ion , add i t ional
t r anspor t a t ion  costs due to more uni t s  to
be t r anspo r t ed , and the l iquid  n i t rogen
supply problem p r e v i o u s l y  ment ioned  in
Section 4 . 1 . 2 .  -

2.  A co m p l e t e l y  s t a t i o n a r y  uni t  would have a
higb t r a n s p o r t a t i o n  cost for  the shipment
of - iole t i res to the process ing location .

The most p r oCc is ing  s ize  r e d u c t ion  unit employs a mobile
mechanica l  shredder and a s t a t i ona ry  c ryogenic  unit . Wi th
t h i s  plan there  are many advantage s to  be realized which
are not achievable with  any other uni t . They are- the
following:

1. If a group of i n s t a l l a t ions  had a cen t ra l
c ryogenic  uni t , the mobile mechanical unit
would chip  the  t i res  at the base , reducing
their volume and shipping costs by approxi-
mately 80%, and then the chipped tires
could be sent for processing at the cryo—

- genic uni t .  -

2. If an installation could landfill the
chipped t i res  for less expense than t rar i s—
porting them to the central cryogenic unit ,
t h i s  could  be done ins tead .

3. There would  be no problem wi th  l iquid  ni t rogen
supply  since it is a permanent  i n s t a l l a t ion.

4 . The central  cryogenic uni t  would  produce  a
crumb sui table for the Army ’ s use in asphalt
r e s u r f a c i n g  or for  sale to a marke t .

5. The e n t i r e  un i t  can he purchased  in sec t ions .
This me ans that  a purchase  of the  mechanica l
shredder would immediately reduce the volume
of t ires , the purchase of cryogen is portion
would be done when its feasibility is further
verified .
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6. The efficiency of a liquid nitrogen usage
would be better since there is a higher
surface area—to—volume ratio.

7. By organizing in the previously mentioned
groups , the trained manpower requirements
would be lower. On a continual operation
basis , approximately 2—3/~4 manyears peryear might be required of which 1 manyear
per year would be a trained operator.
This would include operation of the
mechanical shredder and cryogenic unit as
well as the transportation of rubber
chips to central unit .

4.2 SECONDARY PROCESSING OPTIONS

Several of the secondary processing options indicated
in Figure 1, while technically feasible from an operational
standpoint , are not feasible when reviewed with the Army ’s
requirements. Those processing options that are not suit-
able are discussed in Section 4.2.1. The four secondary
processing options viewed as suitable for the Army are
presented in Section 4.2.2.

4.2.1 Non—Suitable Options

4.2.1.1 Whole Tire Reuse

Whole tire reuse in several cases does not offer the
possibility for large volume usage . The interest of the
Army in constructing breakwaters , artificial reefs, or
crash cushion would be minimal. This is not a viable
option even from the retreading standpoint since , as
shown earlier , the Army is already at i ts  maximum- retread
volume .

4.2.1.2 Pyrolysis and Hydrogenation

These two processing option s would not be recommended
for Army applications. Even though they are fairly well
developed and substantiated and offer the possibility of
a return on the investment , several negative aspects
greatly outweigh the positive ones in the Army ’s case:

1. The operation procedures involve chemical
plant-type operation . Even though the Army
may have the skilled personnel to run this
operation , it would seem unadvisable to use
this personnel for duties involving disposal
of t i r e s .

2. Both processing options would involve ex—
tensive marketing of the products.
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~~. The u r L i t s  wou ld  not  be n :s lle due to  the

extent of construc~~ on necessary for
op~ t- ot ion . Thic - 5~uu l d  also t i e  up
rei’sornel to:~ineu fs-r plant operation .

~4- . Lack of centralized -Joontity of feed
material to support continuous large
operat Ion .

5. ImplementatIon -Jelay in tire dispu sal :
a minimum of’ 14 years should be expected
b e f o re a un i t  of t h is  c o m p l e x i t y  could
be put into operation.

4.2.1.3 Filler Material and Miscellaneous Uses

Filler material and miscellaneous uses would not prove
effective in the so lu t ion  of the Army ’ s problem for  two
reasons . The primary reason is that most of the processes
proposed are in a limited stage of development . Even
though at least two of the processes have been tried on
a larger scale ( l eaky  pipe and a r t i f i c i a l  grass) ,  all of
the i r  opera t ing  parameters , inc luding  marketing and profit
characteristics , have not been specifically defined . The
second reason for not recommend ing this Option stems from
the idea proposed earlier concerning plant operation . To
effectively and somewhat profitably pursue these established
options many obstacles would have to be overcome , such as
patent rights , manpower tieup , extensive marketing, etc.

4.2.2 Suitable Options

4.2.2.1 Incineration

Incineration is feasible only if the installation under
consideration is capable of supporting it on a continuous
basis. The incineration would best be done by using an
inclined rotary kiln with refractory lining . The tires
would be chipped and sent into the kiln along with other
combustible wastes from the installation .

A specially designed rotating hearth furnace has the
drawback of feed material. Unless an installation has
a constant supply of tires , the efficiency of operation
will be-greatly lowered as a result of cool —down and
refiring procedures.

4.2.2.2 Landfill

Landf i l l  is an attractive alternative in any one of three
instances: (1) when shipment to a cryogenic unit is im—
possible or exhorbitan t. , (2) when shipment to a market is
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not feasible , or (3) when there is already a landfill
being operated on site or near the installation .

4.2.2.3 Asphalt Substances

The use of rubber in asphalt resurfacing compounds could be
very advantageous to t h e  Army for the following reasons:

1. It would cut down on the  main tenance
required fL~r roads , runways , and taxiways.

2. It could be easily implemented since
res u r f a c i n g  Is a l ready  done .

3. It does not require any marketing capa-
bilities since the use would be internal.

~~ Equipment complexity is low .
5. Existing equipment would require little

modification .

There are several disadvantages, however. They are:

1. If an outside contractor does the re-
surfacing work , he must be persuaded to
modify his equipment to accommodate tires.
If no agreeable contractor can be located ,
the Army would be required to do it them-
selves , which would involve a large expenditure
of money and time .

2. The size of the rubber crumb used is
c r i t i c a l, and it must not have steel or
f a b r i c  in it. This requires a cryogenic

- or combined unit :
3. The behavior of and ideal mixes for

asphalt—rubber binders has not been fully
characterized for each climate and type
of a spha l t .  This would indicate a certain
amount of t e s t ing  previous to fu l l  imple—
mentation .

4.2.2.14 By—Product Sale

There is the p o s s i b i l i t y  of selling all products to markets
if they are available locally. The steel and fabric pro—
duced can generally be sold to junk dealers in the area.
Certain markets for the rubber crumb are developing, though
none are dealing in large volume s currently.

4 .3 PROPOSED PROCESSING ALTERNATIVES

A c a r e f u l  eva lua t ion  of the in fo rma t ion  presented  in Sect ions
4.1 and 4.2 establishes four proposed process alternatives.
These alternatives have been deemed environmentally sound

:~ 
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and t e~- hnicaliy t ots ftle. Huwuver , an intensive re~~ional—ized :tnpt-uo t o  evclwtt .~ng t h~t ( L C O U S  011-5 SU~~j- - 1 ~,i SC
capabilities of each region in the United ~$ta tes mustbe c u i d u c t e d  to e s t a b l i sh  the  rank 0f the process alter—
natives according t- . their- regional technical feasibility.

4.3.1 Incineration wit h Heat Recovery

This processing alternative comprises a mechanical
shearer and a rotary inclined ki ln with an appropriate
heat recovery unit. The rotary hearth is not generally
recommended since it requires whole tire feed and lacks
the versatility of utilizing other plastic wastes.

This process alternative fits very nicely into the group
of installation ideas mentioned previously. An incinerator
could be located at the central location instead of or in
add ition to the central cryogenic unit. The chipped tire s,
a f t e r  being processed  by t h e  po r t ab l e  mechan ica l  ch ipper ,
would be sent to the incinerator or to the cryogenic unit
depend ing upon the  deman d for  the ir respect ive p r o d u c t s .

An extens ive analysis of the incinerator concept is found
in reference 3. While that report considers a rather
large facility, smaller units could be designed to handle
whatever loads were needed.

4.3.2 Landfill

This processing alternative also fits well into the group
of Army installations concept , since it involves a mobile
mechanical shearer and a local landfill.

As men ti-sned in Section 2.3.2.1, tire substances can be
iandfilled ~f they are broken down . This may be very good
for some .Astallations that presently landfill a large per—
cenca’e of’ th~-~ r- solid waste. The mobile shredder would
c-s:ce t~ - n-e ~nsta 1lat-ion and shred the tires. This
installation toen would simply landfill the chips rather
t h an sh i pp in  them elsewhere .

4 . 3 . 3  Aspha l t  Subs t ances

This processing alternative , asphalt substances , requires
toe establishment of the “group of installations ” concept ,
since one installation could not support the feed needed
for this alternative to be efficient . The alternative is
recommended , however , since its good aspects could result
in considerable benefits to the overall Army if it were
Implemented in the manner proposed.

-: 81
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11. J. li e..x-Produc t Sale 

'l'hl:> procesr,ing alternative would be established in 
conjunction with the one mentionAci in Section 4.3.3 above, 
or lt could operate wlthout its establishment. There is 
an emerging market for the rubber crumb for use in animal 
mattresses, battery cases, shock absorber pads, muffler 
and tailpipe hangers, etc. If all other alternatives , 
fail, the rubber crumb could be sold to rubber reclaimera 
and the scrap steel and fabric to junk yards to recover 
part of the cost involved in processing. The scrap 
steel and fabric will be sold even if the rubber is 
utilized. 
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5. ECONOMIC ANALYSIS

In e s s e n t i a l l y  ev~—i-y c ase the  costs  suppl ied  by a manu—
Cacturer of size reduction systemi~ are the  a c t u a l  equipment
c o s t s .  The to tal  c a p i t a l  inves tmen t r equ i red  for  the erection
of a facIlity, nowe-~-er , Is much more th-~n simple equipment
costs . it Is the sum of installation , buildings , electrica ],
p t p~ ng, etc., as well. ’5

The r e for e , in an a t t empt  to provide more accurate data
concerning the actual investment requ i red  for  the  disposal
of tires, certain assumptions and approximations have
been made in the economic calculations. They are the
following:

1. Installation costs are est imated to be 140 %
of the put-chased equipment cost. 75

2. Other direct costs are estimated to be
150 % of the purchased equipment  cost 7 5

and include the i tems l isted below

Item Percent

Piping 16
Buildings 68
Electrical 12
Yard Improvements 114
Service Facilities 14Q

Total 150

These direc t costs  will  apply to  only the s ta t ionary  u n i t s .

3. The cost of any transportation vehicles
for  the por ta b le un i t s  will be included
in the purchased—equipment cost.

4 .  The indirect costs , inc lud ing  cont ingencies
and other fees (e.g., contractor ’s fees),
are estimated to be 20% of the total direct
costs. 76

5. The interest on the construction loan for
stationary units will be 8% per year for
one—half of the construction period . A
standard construction period of 12 months
will be assumed. 76

t .  The start—up expense will be estimated at
10% of the fixed capital- investment .76
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7. The working capital will be estimated at 
11% of the fixed capital investment.76 

8. Plant overhead costs will be estimated at 
50% of the labor costs. These expendi­
tures cover routine plant services. 

9. Administrative costs will be estimated 
at 40% of the labor costs. These expendi­
tures include the salaries and wages for 
administrators, secretaries, accountants, 
typists, etc., along with costs for office 
supplies:and equipment, communications and 
administrative buildings. 

The operating costs for the units will be calcu,.J,ated by the 
following assumptions: 

1. The units will operate five days per week, 
eight hours per day and fifty-two weeks per 
year uriless 6therwise noted. 

2. Portable units will assume a 25% operational 
downtime for transport and set-up. Labor 
charges will assume no downtime. 

3. Transportation charges will be th~ actu~l 
fuel, oil, etc. needed to operate transport 
vehicles. A charge of $0.096 77 per mile 
for 30Q miles will be us~d as a standard 
per transport and·an average:of 48.trans­
ports per year was assumed resulting in a 
cost of $1400/yr. 

4. Plant overhead will be estimated to be 50% 
of the labor costs.75 

5. Straight-line depreciation for the period 
of 10 years or lQ% of the fixed capital 
investment per yea~ is.assumedJ8 

6. Taxes and insurance will be estimated to 
be 2% of the fixed capital investment.76 

7. Administration will be 40% of the labor costs. 75 

8. The interest on the working capital will be 
6% of the working capital. 

9. Labo~ is $7.00 per manhour. 
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10. Electricity Is $0.01/kwh.

11. Liquid nit rogen is $0.0275/lh except where
re fer enced o tn~ rwise .

A final ar~al~’sis of the scrap tire disposal system as- pre—
sented in Figure 1 is in the area of economics. An analysis
of each proces~- - -;as condn-tted w ith the economic data
available. In each case an indication of the accuracy of
the economic data wi il be indicated by a letter of the
alphabet . The following is a key for  the  i n t e r p r e t a t i o n :

A — Adequate data of reasonable accuracy;
accuracy estimated within ±15%

B — Partly estimated data of indeterminate
accuracy; accuracy estimated up to ±25%

C — Totally estimated data of indeterminate
accuracy estimated up to ±30%

D — Estimated costs based on previous economic
experience ; accuracy estimated over ±30%.

Section 5.1 will consider the cost of the var ious  pr imary
processing options. Section 5 .2 will discuss the costs of
the  secondary process ing opt ions  and Sec t ion  5.3 will in-
dicate approximate costs for the four proposed. process
alternative s as identified in Section 4.3.

5.1 PRIMARY PROCESSING OPTIONS

5.1.1 Mechanical Size Reduction

To accuratel y assess t~e economics of the mechanical size
reduction apparatus , a consideration of a specific piece
of equipment in each category established in Section 2.2.1
is needed. In each category capital costs for every piece
of equipment identified in Section 2.2.1 is presented.
Operating cost approximations are presented where they
were obtained from the vendor or could be estimated with
a reasonable degree of a c c u r a c y .  I n s t a l l a t i o n  cos ts  for
mechanical size reduction units are not included in the
capital costs. -

541 .1.1 Tire Specific Size Reduction

The costs for these units vary depending upon the capacity
and size of the unit . Listed below are the capital costs
for tire-specifi c shredders , Table 7 . These costs were ob-
tained from private communications with the vendors.
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Table 7 CAPITAL COSTS FOR TIRE-SPECIFIC SHREDDERS

Ascot Tire Cutter $2,000—3,500 (B)
Branick 4,000 (B)
Shred—Fax AZ—7 5,000 (B)
Shred—Fax AZ— l5 8,500 (B )
Shred—Pax AZ—20 19,000 (B)
Tire—Gon 30,000 (B)

The operating costs are given in the literature for the
Tire—Gon shredder. 83 These costs have been calculated on
a basis of 19714 economics at a rate of 1000 tires/day
processed for 20 days per month or 1920 hours per year .
Additional costs are presented on a proportional basis
for 1560 operating hours per year (Table 8).

Table 8 OPERATIN G COSTS FOR TIRE GON SHREDDER

1920 hr/yr 1560 hr/yr

Labor $ 7,200/yr (B) $ 5,850/yr (C)
Amortization 6,000/yr (B) 6,000/yr (C)
Maintenance 1,200/yr (B) 975/yr (C)
Power ($10/day) 2,400/yr (B) 1,950/yr (C)
Miscellaneous 960/yr (B) 780/yr (C)

Total $17,760/yr (B) $15,555/yr (C)

Unit Cost $0.074/tire (B) $0.080/tire (C)
Hourly Cost $9.25/hr (B) $9.97/hr (C)

Rough approximations of the operating costs for the re-
maining tire specific shredders have been made and are
presented below (Table 9). They have been done on a pro-
portional basis with costs of the Tire Gon unit.

Table 9 OPERATING COSTS FOR TIRE—SPECIFIC SHREDDERS*

Ascot Tire Cutter $ 7,250/yr $0.016/tire $14.65/hr (D)
Branick 7,850/yr 0.017/tire 5.03/hr (D)
Shred—Fax A Z— 7 9,650/yr 0.103/tire 6.19/hr (D)
Shred—Fax AZ—l 5 10 ,000/yr 0.107/tire 6.141/hr (D)
Shred—Pax AZ—20 11,650/yr 0.025/tire 7.147/hr (D)
Tire—Gon 15,555/yr 0.080/tire 9.97/hr (C)

*based on 1560 operating hours per year
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5.1.1.2 Hammerrnills

Exact economics for the use of hammermills on ti (- wS are
not readily available. This  is primarily due to the small
amount of work done in this area. App r-oxlrrate capital
costs for the Allis—Chalmers unit and toe ~ar riermlll s , Inc .
unit have been obtained from private communicat i ons with
each company, and should serve as an indication of the
cost of this type of equipment .

The Allis—Chalmers Model KA 12/18 will cost approx imate ly
$160,000. This includes all conveyors and other equipment
needed for operation . Also included in this price is a
t r a i l e r  for mobility . Not included are the costs for a
tractor and the necessary licensing.

The Hammermills , I n c . ,  Model 6060 will cost approxi-
mately $175,000. The Model 6080 will cost approximately
$200,000 (C). Feeders , conveyors and motors ~zil1 cost anadditional $150 ,000 (C). Magnetic separators could run
from $10,000 to $50,000 (D) depending on the sophistication
of the equipment . A complete package , therefore , would be
est imated  between $335 , 000 ( D) and $373 , 00 0 (D)  for a
Model 6060, and between $360,000 CD) and $400,000 (D) for
a Model 6080.

The operating cost for Model 6080 Hamrnermill is shown in
Table 10. Some of the operating costs for this model have
been determined by Hammermills , Inc. These costs are
indicated by “B” accuracy . The remainder of the costs
have been estimated and have a “D” accuracy. The Model
6080 is the most expensive of the hammermills and the
estimate in Table 10 should thus indicate the upper limi t
of operating costs for this equipment .

5.1.1.3 Shredders

Capital costs for the shredders identified in Section
2.2.1.3 are listed below in Table 11.

Table 11 CAPITAL COSTS FOR SHREDDERS

Tire Gator $75,000—90 ,000 (B)
Tire Hawg 52 ,500 (B)
Model 5226 35,000 (B)
Farticle—Izer 250,000 (B)
Garbalizer Model 1 NA

These co sts , obta ined  from manufac tu re r s ’ brochures , are
the most recent figures available . To the best of our
knowledge , the prices indicated include conveyors and
related equipment .
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Table 10 OPERATING COST FOR MODEL 6080 HAMMERMILL

Labor 2 men ~ $7.00/hr 2080 hrs/yr (B) 29,120

Ma intenance (B) 3,700
Power (electric) (B) 5,850

Transportation CD) 1,400

Overhead CD) 14 ,600

Depreciation (D) )4O~ 0OO

Taxe s and insuran ce (D ) 8,100
Administration (D) 11,600

Interest on working capital (D) 2,600

- Total operating cost (D) 116 ,97 0/yr

Unit operating cost (D) 0.0143/tire

Hourly op erating cost CD) 56.24/hr
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The operating-costs for these machines depend highly
on the material processed. For example , th e operat ing
costs for t h e  Holman Particle— Izer will be calculated
on the bases of 2000 passenger tires/hr and 1,200 truck
tires/hr . These costs are presented in Table 12.

Table 12 OPERATING COST FOR THE HOLMAN F-ARTICLE—IZER

Pa ssc n~ er Truck
Tires - Tires

La bor 2 men ~ $7.00/hr 2080 hr/yr (D) $2~~,l20 $29,120
Maintena-ace (D) 4,000 5,000
Powef (electric) (B) 5,300 11,400
Transi~crtation (D) 1,400 1,400
Overhead (D) 14,600 114,600
Depreciation CD) 37,000 37,000
Taxes and Insurance (D) 7,1400 7,1400
Administration (D) 11,600 11,600
Interest on working capital (D) 2,400 2,400

Total operating cost C D )  112 ,820 119,920
Unit opei~ating cost CD) $0.036 $O.0614
Hourly operat ing cost (D) $72.32 $76.87

Rough est imates for the other three shredders considered are
presented below (Table 13).

Table 13 OPERATING COSTS FOR TIRE SHREDDERS

Tire Gator 71,1420/yr $0.275/tire $314.34/hr CD)
Tire Hawg - 65,720/yr 0.079/tire 31.60/hr (D)
Model 5226 63,520/yr 0.102/tire 20.5144ir (D)
Part icle—Izer 112,820/yr 0.036/tire 72.32/hr (D)
Particle—Izer 119,920/yr 0.064/tire 76.87/hr -CD).

(truck tires)

5.1.2 Cryogenic Size Reduction

The economic data presented by the three leading companies
is fairly well substantiated. Each company has done some
prototype work and researched the feasibility of a portable
uni t .  The uni t  f rom Hazemag USA , In c . ,  has the  d i sadvantage
of being located in Germany . Using this unit in the United
States would not be recommended; however , its application
on the European continent is suggested for. further investi-
gat ion .

A summary of the cost for each process is shown in Table 14.
The detailed calculation sheets are in Appendix A in Tables
A—l through A-8 .
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5.1.3 Combined ~ ize Reduction

~)n 1y one company c o n t a c t e d  gave econ -~ni c J - i t a  for  t h i s
sy stem concept . C r y o g e n i c  R e c y c l i n g  ~n t e r n a tio n a 1 , In c . ,
has now focused their work in this area . Tahle 15
summarizes their ecanonic figures oro thi’ee d~ fforent
processing styles. Tables A— 9 throu~ 1 A—l 4 in Append ix
A show the detailed calculations. These calculations
do not include the chipper to prepare the tires for
feeding into the unit. Reference i~ made to theMechanica l  Size Reduc t ion  sec t ion  (Sect ion  5 . 1 . 2 )  for
the var ious  cos ts  of mechan ica l  shredders .

5.2 SECONDARY PROCESSING OPTIONS

Much of the economic data obtained for these options
were very inaccurate or lacking in certain areas. Any
assumpt ions which were made to calculate approximate
figures are given with the calculation .

5.2.1 Whole Tire Reuse

A sample retread plant that could retread about 100
tires per day, both passenger and truck , will cost
approximately $200,000 (C). Boiler capacity needed
for operation of the equipment would be approximately
30 hp, while the compressor units for unit operation
would need to be in the 250 psi range . This estimate
includes all equipment needed; however , it does not
include buildings and associated auxiliary services. 79

The costs of construction of two proposed scrap tire
crash cushions are shown in Table 16.20  These costs
assumed a zero cost for the tires. The costs involved
for either of the two models are lower than the crash
cushions presently approved by the FHWA .80 This appli—
cation is limited , however , until the FHWA gives its
approva l for their use.

The number of possible configurations for floating
breakwaters are too numerous to present costs for each

-: one. The variables encountered are number of tires ,
• thickness , shore—to—sea dimens ion , and d ra f t  of the

unit. The estimated cost to furnish and install: 2 1

1. A single tire thickness modular breakwater
which has a 30—foot shore—to-sea dimension
and a 2—foot draft is $100.00 per linear
foot (A).
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2. A double tire thickness modular breakwater
which has a 30—foot shore—to—sea dimension
and a 14—1/2—foot draft is $160.00 per linear
foot (A).

3. A triple tire thickness modular breakwater
wh ich has a 30—foot shore—to— sea dimension
and a 7—foot draft is $230.00 per linear
foo t ( A ) .

Similar size mats with very little draft are less expen-
sive , but probably less effective also. The estimated
C-35t to furnish and install is:

1. A single tire thickness mat breakwater which
has a 30—foot shore—to—sea diminsion and a
1/2—foot draft is $65.00 per linear foot (A).

2. A 5-tire thickness mat breakwater which has a
30—foot shore—to—sea dimension and a 2—foot
draft is $95.00 per linear foot (A).

These costs include a zero cost for scrap tires.

The cost of building artificial reefs from tires is also
highly dependent upon the configuration . Table 17 pre-
sents the costs for eight tire unit designs. 2 2  The major
designs which build the largest reefs fall in the lower
cost categories. These costs also include zero cost for
the scrap tires.

5.2.2 Pyrolysis

Preliminary cost data for the TOSCO II process utilizing
scrap rubber tires is available on a general bas i s .  Exact
information is still proprietary. 29  The testing was done
on a 5—ton—per—day unit with a cost of approximately $30—
~40 per ton of tires processed (‘~-$0 .375—O .5O per tire). These
costs include cqutsition (purchase and collection), crack—
ing of the tire , anI the processin~- . The prCcessing is
estimated to be less than one— thir’d of the overall costs ,
and the remain n~- two categoriea: -use the rer~aining cost .I: Assuming an overall cost of 3-4 0 p-er ton , the approximate
breakdown in cost woLJ be:

Acquisition - $15/ton (C) ($0.188/tire )
Shredding — 12/ton (C) ( 0.150/tire)
Processing — 13/ton (C) ( 0.163/tire )
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Table 17 AVERAGE DOLLAR COE TS OF ARTIFICIAL TIRE REEFS
FOR EIGHT UNIT DESIGNS22

Material! Labor/ Transporta— Total
Tire Unit Tire* tire_ tion/tire** Cost Remarks

12 0.49 0.75 2.90 14.14 Partial load of
the test units
account s for high
transportation
costs. A full
load would have
reduced cost/tire
about one—third .

Chain — — — — Current bost for
scrap chain is
$4.0/ton . This
amounts to a per
tire cost of $0.64.
We received an
estimate of $1.00
per tire for labor
and transportation .

Band—8 0.17 0.20 0.114 0.51

Rod—8 0.16 0.20 0.14 0.50

Single 0.07 . 
0.19. 0.08 0.34

Band—)4 0.07 0.25 0.10 0 . 142

Rod—3 0.11 0.89 0.56 1.56

Concrete—3 0.68 2.05 1.35 4.08

~Figures based on a no—cost delivery of donated tires to a
dockside staging area. L~ast two unit cost figures obtainedfrom private’ and state’—sUpp~rted reef project~~.

**Transportation for barging to a reef site. Costs figured
on a charge of $700 per day for use of a two vessel. The
coricrete—3 estimate includes a large fraction for loading
fees.
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5. 2 . 3  Incineration

According to Rigo, et al.,3 the initial cost of an iricln—
erator facility in 1972 was $553,200. This cost is before
“contingencies and additives. ” The 1972 CE Plant Cost
Index was 137.2 (1957—59 = 100).8 1 The preliminary CE
Plant Cost Index for September 1974 was 174,9. This gives
a September 1974 cost for this Incinerator of:

$553,200 = $705,209

If 25% is added for “contingencies and additives” the cost
of the installation becomes ~$88l,500 (C).

Rigo also gives the annual operating cost a~ $159,580,including capital amortized over 20 years. This is de-
signed to process 38,600 tons of mixed refuse per year .
The operating costs would then be $4.13 per ton . A steam
credit of approximately $87,000 per year could be realized
bringing the operating cost down to $1.88 pert ton .

It should be noted that this unit is an inclined rotary
kiln designed for mixed refuse . The kiln is refractory
lined and could process tires continually. The size of
the unit would be smaller and the economics different with
possibly a higher credit from steam if the feed was only
tires.

5.2.4 Landfill 
-

Sanitary landfill costs will also be considered with a
mixture of refuse and ground rubber tires a~ were theincinerator costs. The initial or capital costs for a
landfill vary greatly since a major portion of the initial
investment is for the purchase of land and heavy equipment
necessary for landfill operation .82 For this reason, no
general approximations of the capital cost may be made .

• The operating costs are made up of labor, equipment , ex—
penses, cover material, administration, overhead, and other
miscellaneous items . The percentage breakdown is as
follows :82

Wages 40—50% of operating cost
• Equipment Costs 30—40% “ “
• Other 20% “ “

The operating cost of a small operation handling less than
50,000 tons of mixed refuse per year can range from $1.25
to approximately $5.00 per ton (Figure 28). This wide range
is primarily due to the low efficiency of the small operations .
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5.2.5 Asphalt Substances

Asphalt—rubber resurfacing equipment costs approximately
$52,250 (C). This cost includes the truck, distributor ,
distributor tank (approximately 1000 gallons), pumps ,
miscellaneous tools, and an air compressor and related
equipment . From an economic and practical standpoint , if
the Army is not presently doing their own resurfacing, it
would be better to have an outside contractor do the work .
Contractors already have the knowledge and experience
necessary to conduct such work.

Operating costs for street resurfacing are determined from
cost statements of outside contractors. The U.S. Rubber
Reclaiming Company, Inc., in Vicksburg, Mississippi, indi-
cates a project cost of $48,557 (A) per mile (the literature
indicated no width).53 This project used 20% rubber at a
cost of $2.04 per ton of hot mix or $2,676 per mile . Mr.
LaGrone also calculated that $45,881 per mile would be saved
if the life of the pavement can be extended to avoid one
resurfacing.

The total cost for chip seals is estimated at $2,495 (A) per
mile.53 This project used 20% rubber at a cost of $703 per
mile . If a normal street width of 24 feet is used for
calculations , the cost of the project is ‘~$0.l8 per squareyard . There is a difference between this cost and that given
by Phoenix bids~

9 or Navy contract work on the West Co&s~t, 
50

These cost s were $0.93 per square yard (B) and $1.30 per
square yard (C), respectively. The difference is primarily
due to the cost of the rubber . to the contractor doing the
work and the cost of asphalt in each area.

5.2.6 Filler Material and Miscellaneous Uses

The costs for these two options at the present time are
virtually impossible to predict. Those which have been done
on a large enough scale to economically evaluate are pro-
prietary, and all the others are In the laboratory stages.

5.2.7 Hydrogenation

The capital investment for an H—rubber , 1000—ton—per-day
plant was $9,470,000 (A) in 1972.67 By applying the CE Plant
Cost Index the estimated cost would be $12,072,000 at the
end of September 1974.81 The annual operating cost of the
plant , including a 15—year , straight line depreciation , would
be $13,672 ,000 (B). Possible credits would be $0.06 per
pound for carbon black and $3 per barrel for the liquid
product . Table 18 summarizes the costs for the proposed
plant .
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Table 18 ECONOMIC SUMMARY FOR 1000 TPSD H—RUBBER PLANT

Plant Investment , $/Millions

On—Site 8.~129
Off—Site

9 147

Working Capital 1.850

Annual $ $/Ton
Unit Prices Millions

Revenue

Carbon $0.06/lb l’4.652 1414~~14Q

Naphtlia $3.O0/13b1 0.772
Gas Oil $3.J0/Bb l 2.611
Fuel Gas $0.140/MMBTU 0.277 0.814

TOTAL REVENUE 18.312 55. 149

Expenses

Ground Rubber * $30/Ton 9.900 30.00
Electricity $0.008/KWH 0.167 0.51
Fuel Gas $0.140/MMBTU 0.795 2.~4l
Cooling Water $0.05/N Gal. 0.202 0.61
Boiler Feed Water $0.10/N Gal . 0.002 0.01
Hydrogen $0.50/MSCF 0.7149 2.27
Operating & Management

Payroll 0.284 0.86
Overhead (100% Payroll) 0.2814 0.86
Maintenance at 4% On—Site

Investment 0.337 1.02
Maintenance at 2% Off—Site

Investment 0.021 0.06
Insuranc e & Taxes at 2%

• Total Investment 0.189 0.57
Interest on Working Capital

-
• 

at 6% 0.111 0.314
Depreciation , 15—year Straight

Line 0.631 1.91

TOTAL EXPENSES 13.672 141.43

• PROFIT BEFORE TAXES 4.640 114.06
PROFIT AFTER TAXES AT 148% 2.413 7.31

% RETURN ON INVESTMENT AS PROFIT 25.5
PAYOUT , YEAR S 3.92

*i’ )tal Cost , including collection

.~~2
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5.2.8 By—Product Sale

Direct by—product sale is highly dependent upon local
economic conditions. Presently accepted values for crumb
rubber range from $0.05 to $0.10 per pound (B).83 The
steel in the tire could be worth between $15 and $20 per
ton (C). $L Other by—products produced In the other secon-
dary processing options can be sold. For example , the
residue from pyrolysis has a value only slightly under
the market value for fresh carbon black .38

5.3 PROPOSED PROCESS ALTERNATIVES

5.3.1 Incineration with Heat Recovery

This process involves a mobile shredder and Incinerator
with waste heat recovery. The mobile shredder recommended
for this application is the Saturn Model 5226 and the
inclined rotary kiln Incinerator would be similar to that
Indicated in Section 5.2.3 on page 91 . The capital cost
for this type unit would be approximately $916,500 (C).
The operating cost would be approximately $0.126 per tire
(D). This number assumes that the mixed refuse feed to the
Incinerator Is all tires (approximately 80 tIres/ton). The
operating cost also includes a steam credit of approximately
$87,000/yr .

5.3.2 Landfill

This process involves a mobile mechanical shredder (Saturn
Model 5226) as described above in Section 5. 3.1 and a latid—
fill operation . The shredder capital and operating costs
would be $35,000 and $0.102/tire , respectively. The land-
fill costs cannot be determined on a general basis due to
large local variations.

5.3.3 Asphalt Substances

This process involves a mobile shredder , a stationary
cryogenië unit , and the asphalt costs. For this appli-.
cation the Holman PartIc1e—I~er is Suggested;’ however, the
Saturn Model 5226 could be used . Lower throughput and
higher unit operating costs will be realized with the Model
5226 , but the capital expenditure will be lower. The capital
and operating cost for a combined unit with the Particle—Izer
is $1,46 7 , 000 and $0.8J42 per passenger tire or $0.08J4/lb of
recovered rubber crumb (D). The capital and operating cost
for a comb ined unit with the Model 5226 would be $1,252,200
and $0.908 per tire or $0.09l/lb of recovered rubter crumb
(D). The cost of the asphalt application would be highly
variant and would depend on local conditions.
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5.3.4 By-Product Sale

The costs incurred in thi s p rocess a lternati ve would be the same
as Ind icated in Section 5.3.3 aJ,ove without the asphalt costs.
I4owever, a credit of $0.05 to $0.10 per pound could possibly
be realized. Using the maximum credit of $0.10 per pound and
subtracting the minimum cost of $0.084 for process1n~ an overal l
credit maximum of $0.016 per pound of recovered rubber crumb
would be realized.

5.4 ECONOMIC SUMMARY

Table 19 presents a brief summary of the economics that have
been discussed in this section. This table should be used
only for general reference. Anyone interested In the actual
makeup of the econom ic data s houl d consul t the appropri ate
section in the text.
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Table 19 ECONOMIC SUMMARY

Processing Capacity Capital Operating
Option Process tires/hr $ $/tire

Me c ha nI cal
Size Tire Specific

Reduction
Ascot 300 3,000* 0.016
BranIck 300 4,000* 0.017
Shred—Pax AZ—i 60 5,000* 0.103

AZ— l5 60 8,500* 0.107
AZ—20 300 19,000* 0.025

TIre—Gon 125 30,000* 0.074

Hammermill 1,300 335,000* 0.043
400,000*

Shredders

Tire Gator 1,000 83,000* 0.275
Tire Hawg 400 52,500* 0.079
Saturn 522G 300 35,000* 0.102
Partlcle—Izer 2,000 250,000* 0.050
Garballzer 10,000

Cryogenic
Size

Reduct ion Hazemag—Cont .
Stationary 600 4.5xl06 0.673
Portable 50 332,300 1.65

Bellaire—Cont .
Stationary 625 0.82xl06 0.228
Portable 625

Cryogenic
Recycling—
Batch
Portable 60 539,300 1.82

Combined
Size

Reduction
• (Does not In— Cryogenic

elude cost of Recycling—
mechanical size Batch
reduction unit— Portable 200 551,340 1.07
see above ) Continuous

Stationary 286 1.2x106 0.806
Portable 286 579,800 0.767
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Table 19 ECONOMIC SUMMARY (Continued)

Processing Capacity Capital* Operating
Option Process tires/hr $ ~,‘t ire

Whole Tire
Reuse • Retread 12 200,000

Crash Cushions
Goodyear 2,450
Mod . Goodyear 3,150

Breakwaters 65-
160/linear ft.

Artificial
Reefs 0.34—

5.63/tire

Pyrolysis
Tosco 50 0.375

0.50
Incineration .

Inclined Rotary
Kiln 881,500 0.024

Landf ill
0.016—
0.063

Asphalt
Substances Consult Text

Filler .
Material Consult Text

Miscellaneous
Uses Consult Text

Hydrogenation
H—Rubber 1000 ton 12x106 l3.7x106

per day
PossibIlity for Credits

By—Products Consult Text

*Capital costs are totaled capital Investment except where
indicated by an asterisk.
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

1. The actual magnitude of the scrap tire disposal probl em
in the Army alone is rel atively small and concentrated
in certain areas of the country (refer to Table 0-1
pages 139 and 140 and Figure 2, page 16).

2. There is sufficient technology currently available
to dispose of all the scrap tires generated by the
Army. At least 30 ~ossibl e tire disposal alterna-
tives have been Identified (see Figure 1, page 13).
Any of these scrap tire disposal alternatives will
improve the environment. However, there are only
four combinations of process options which are
both technically and environmentally feasIb1’~ forthe A rmy. These four alternatives are:

a. Mechanical shearing followed by incineration

b. Landfill after mechan i cal shearing

c. Use in asphalt substances after the combined
size reduction process (mechanical shredding
followed by cryogenic shredding)

d. Selling the by-products of the combined size
reduction processes

3. The most important factor affecting the final
choice among the four proposed disposal alterna-
t ives above is econom ics wh ich is al so a function
of each installat ion~s location . Results of the
economic evaluations , not reflecting local economics,
are summarized in Table 19, pages 102 and 103.

4. The use of scrap rubber tires in producing salable
products is one of the best solutions to the tire
problem from an ecological viewpoint. Such solu-
tions not only rid the environment of the tires
but also create usable products , e.g. steam,
chemicals or road dressings .

5. In~lneration of ground scrap rubber tires withheat recovery is a feasible tire disposal altern a-
tive if a sufficient supply of scrap tires is
available. An inclined rotary kiln with refractory
lining is recommended for scrap rubber tire
incineration .
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6. LandfIll of whole tires is unacceptable due to
their tendency to float and reappear on the sur-
face, however , ground rubber scrap can be properly
landf llled.

7. The most feasible method of tire size reduction
and classif ication prior to secondary processing
(excluding the whole tire , pyrolysis , incineration ,
and landfill options) is a combined system
empl oying a mechanical shredder followed by a
cryogenic unit to separate the steel and fabric
from the rubber particles and producing completely
recyclable materials. The method offers the
following advantages :

a. The mobile mechanical unit would chip the
tires at the individual installations , thus
reducing their volume by approximately 80%.
The chipped tire s could then be shipped to a
central cryogenic unit for processin g . Im-
proved efficiency of liquid nitronen usage
could be realized since in using chipped tires
there is a higher surface area to volume ratio.

b. Where feasible , some of the chipped tires
could be used as landfill.

c. Since the installation of a centra l cryogenic
unit would be permanent , a more economical and
efficient cryogenic supply system could be
provided.

ci. The entire size reduction unit may be pur-
chased in sections. This means that acquisition
of the mechanical shredder would immediately
reduce the volume of tires; the purchase of the
cryogenic portion would be done when its
feasibility is further veri fied.

e. The trained manpower requirements would be
l ower for a combined system. On a continual
operation basis a combined system would require

• 1 man-year per year of trained operation. A
mobile cryogenic unit would require at least
2 trained man-years per year.
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8. Cryogenic size reduction produces reusable pro-
ducts. The product mix is easily cl assifi ed to
rubber crumb , fabric , and metal. The rubber crumb
is suitable for the filler industries , reclaim
industries or asphalt -rubber road dressings. The
fabric and metal can be sold as scrap.

9. According to the Monsanto Research Corporation the
Holman Particle-Izer appears to be the best
mechanical size reduction unit available for

• treating tires. It is mobile and can reduce
2000 tires/hr into 2 in. square rubbe r chunks.

10. Hydrogenation and pyrolysis of scrap tires produce
various hydrocarbons and char. However, neither
of the processes are feasible for the Army because
they require skilled personnel , marketing of
products , permanent facilities , and a large
centralized scrap tire feed. Furthermore , it
would take at least 4 years before a pl ant of
this kind could be put in operation .

11. Vehicle crash attenuators constructed of whole
scrap rubber tires have excellent energy dissi-
pation characteristics. As such , they exceed
federal standards for vehicle deceleration and
offer an alternative for scrap tire utilization.
Whole scrap tires can be used for breakwaters
and installations on~coastlines which need pro-tection from waves . However , both of these methods
can use only a limited number of tires .

12. The Army is already retreading at the greatest
retread rate.

13. The use of ground rubber in asphalt road resurfacing
is a Viabl e method for scrap rubber tire utilization.
It offers the following advantages and disadvantages
to the Army :

a. Reduced maintenance costs for roads , runways
and taxiways .

b. Easy implementat ion since road resurfacing is
already performed.

c. No marketing capabilities are required.

d. The equipment is not complex and little modi-
fication of existing equipment Is required.
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e. If the road resurfacing is performed by an out-
side contractor , he must be persuaded to
modify his equipment to accommodate scrap
rubber.

f. The size of the rubbe r crumb used is critical
and must not contain steel or fabric. This
requires the use of a cryogenic or combined
tire size reduction unit.

g. The ideal mixes for asphalt -rubber binders
have not been fully characterized for each
climate and type of asphalt. This would
necessitate a certain amount of testing pre-
vious to full implementat ion .

h . The entire Army may benefi t If this alternative
is desi gned to combine the entire wastes from
a group of Army installations.

14. The Monsanto Research Corporation does not recommend
the use of the Hazemag, Inc. cryogenic size re-
duction unit in the United States because the
high transportation costs would make this unit
more expensive than cryogenic units built in the
United States. It is suggested that the use of this
unit in Europe be investigated further.

6.2 RECOMMENDATIONS

It is recomended that :

1. The present cost for the disposal of scrap rubber
tires be thoroughly analyzed and compared with the
costs of the four tire disposal alternatives
suggested in Sections 4.3 and 5.3.

2. These four disposal alternatives be evaluated
further on a regionälized basis.

3. Each Installation in the region be investigated
to determine the best diposal alternative for
that Installation or group of installations.

4,
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APPENDIX A

ECONOMIC CALCULATIONS FOR

CRYOGENIC SIZE REDUCTION EQUIPMENT
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Table A-l. TOTAL CAPITAL INVESTMENT
FOR BELLAIRE HYDRAULICS, INC., CRYOGENIC SYSTEM, STATIONARY

Capacity — 625 tires/hr

Note
$ No.

Direct Costs

Purchased equipment cost = P.E.C. = 187,500
Installation costs

I.C. = 40% of purchased equipment costs = 75,000

Total 262,500

Other direct costs (stationary plants
only) 150% of purchased equipment
costs = 281,250

Total direct costs • 543,750

Indirect Costs

20% of total direct costs = 108,750

Fixed capital investment (direct costs +
indirect costs ) = 

- 
652,500

Interest on construction loan
8%/yr — 6 month 25, 600

Start—up expense = 10% of F.C.I. 65,300

Working capital = 11% of F.C.I. 71,800

Total capital investment 815,200
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Table A-2 . OPERATING COSTS FOR
BELLAIRE HYDRAULICS , INC., CRYOGENIC SYSTEM, STATIONARY

Capacity — 625 tires/hr
Operating basis — Equipment 2080 hr/yr

Labor 2080 hr/yr

Note
$/yr No.

Direct Costs

Materials
Raw -

Operating 145,100
Maintenance — 2

Labor — 2 men @ $7.00/hr 29,120
Power and utilities (process operation only) 13,000
Transportation of unit (portable unit only) —

- 

Total direct operating costs 187,220

Indirect Costs

Plant overhead = 50% of labor 14,600
Depreciation = 10% of F.C.I. 65,300
Taxes and insurance = 2% of F.C.I. 13,100

Total indirect operating costs 93,000

General

Admjristration = 40% of labor 11,600
Interest on working capital 14,300

• 6% of working capital 
_ _ _ _ _ _ _

• 

• Total general operating costs 15,900

Total annual operating costs — $/yr . . 296,120

Total unit operating costs = $/tire 0.2278

Total hour operating costs — $/operat ing hr 142.37

117

S

4

• ..
~• . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .~• . ~~~~~~~~~ .~~~~. 

- ... ..• - .., ~~~



-- . .~~~~~~~~ ——-------——~ - — — — • - • -—-, .-  • - — • - - --.--.~~~.-—— -— ---•~~ - • -~~• — —————-—-—-- •—- _ —

Table A-3 TOTAL CAPITAL INVESTMENT -

FOR HAZEMAG USA , INC .., CRYOGENIC UNIT, STATIONARY

- Capacity — 600 tires/hr

Note
$ No.

Direct Costs

Purchased equipment cost = F.E.C. = 852,200 3
Installation costs

I.C. = 140% of purchased equipment costs ~340,880*

Total 1,193,080

Other direct costs (stationary plants
only) 150% of purchased equipment
costs = 1,278,300*

Total direct costs 2,147,1,380

Indirect Costs

20% of total direct costs = 14914,280

Fixed capital investment (direct costs +
indirect costs) = 2,965,660

Interest on construc tion loan
8%/yr — 6 month 116 ,3140

Start—up expense = 10% of F.C.I. 296,57 0

Working capital = 11% of F.C.I. 326,220

Total capital investment 3,7014,790

*The installations costs and other direct costs presented
here are within ±15% of the estimates given by the manu-
facturers .

1-lazemag USA estimated total direct cost $2,240,200
(including all the items used in our estimates)

Our estimate total direct cost $2,471,380
(based upon assumptions previously indicated)
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Table A— 4 OPERATING COSTS FOR
HAZEMAG.U SA , INC ., CRYOGENIC UNIT, STATIONARY

Capacity — 600 tires/hr
Operating basis — Equipment 2080 hr/yr

Labor 2080 hr/yr

Note
$/yr No.

Direct Costs

Materials -

Raw
Operating 2214,000 14
Maintenance 15,000 5

Labor — 5 men @ $7.00/hr 72,800
Power and utilities (process operation only) 10,000
Transportation of unit (portable unit only) —

Total direct operating costs 321,800

Indirect Costs

Plant overhead = 50% of labor 36,1400
Depreciation = 10% of F.C.I. 296,600
Taxes and insurance = 2% of F.C.I. 59,300

Total indirect operating costs 392,300

General - - •

Administration = 140% of labor 29,120
Interest on working capital 19,570

6% of working capital 
_______

Total general operating costs 148,690

Total annual operating costs — $/yr 762,790

Total unit operating costs — $/tire 0.611

Total hour operating costs — $/operating hr 366.73

4,
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Table A-5 TOTAL CAPITAL INVESThENT
FOR HAZEMA G, USA , INC., CRYOGENIC UNIT, PORTABLE

• Capacity — 50 tires/hr

Note
$ No.

Direct Costs

Purchased equipment cost = F.E.C. = 165,700 6
• Installation costs

I.C. 40% of purchased equipment costs 66,280

Total 231,980

Other direct costs (stationary plants only)
150% of purchased equipment costs —

Total direct costs 231,980

Indirect Costs

20% of total direct costs = 46,400
Fixed capital investment (direct costs +

indirect costs) = 278,380
Interest on construction loan —

- 6 month
Start—up expense = 10% of F.C.I. 27,800
Working capital = 11% of F.C.I. 30,620

Total capital investment 336,800
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Table A-6 OPERATING COSTS FOR
HAZEMA G USA , I N C . ,  CRYOGENIC ‘LJIJL T , PORTABLE

• Capacity — 50 tires/hr
Operating basis — Equipment 1560 hr/yr

(operating hours)
Labor 2080 hr/yr

Note
$/yr No.

Direc t Costs

Materials
Raw
Operating — liquid nitrogen 14,000 . 7
Maintenance l,25( 7

Labor — 3 men @ $7.00/hr 40,0140 8
Power and utilities (process operation only) 800 7
Transportation of unit (portable unit only) 1,1400

Total direct operating costs 57,1490

Indirect Costs

Plant overhead = 50% of labor 20,020
Depreciation = 10% of F.C.I. 27,800
Taxes and insurance = 2% of F.C.I. 5,570

Total indirect operat ing costs 53,390

General

Administration = 4 0% of labor 16 ,000
Interest  on~ working capi ta l  1,814 0

6% of working capital 
_______

Total general operating costs 17, 814 0

• 

- 

Total annual operat ing  costs  — ~/yr 128,720

• • Total unit  operating costs  — $/tire 1.65

Total hour operat ing costs  — $/operating hr 82.5 1
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Table A-7 TOTAL CAPITAL INVESTMENT
• FOR CR1-CRYOGENIC UNIT-PORTABLE-IMMERSION—HALF TIRE-BATCH

Capacity — 60 tires/hr

Note
• $ No.

Direct Costs

Purchased equipment cost = P.E.C = 265,300
Installation costs

I.C. = 140% of purchased equipment costs 106,100

Total 371,400

Other direct costs (stationary plants only) —

150% of purchased equipment costs 
_ _ _ _ _ _

Total direct cost,s • 371,400

Indirect Costs

20% of total direct costs = - - 714,300
Fixed capital investment (direct costs +

indirect costs) = 1445,700

Interest on construction loan —

8%/yr — 6 month

Start—up expense = 10% of F.C.I. 1414,600

Working capital = 11% of F.C.I. 49,000

Total capital. investment 539,300

1.
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Table A-8 OPERATING COSTS FOR
CR1-CRYOGENIC UNIT-PORTABLE-IMMERSION—HALF TIRE—BATCH

• Capacity — 60 tires/hr
Operating basis — Equipment 1560 hr/yr

Labor 2080 hr/hr

Note
$/yr No.

Direct Costs

Materials
Raw -

Operating — liquid nitrogen 51,1480 10
Maintenance 300 10

Labor — 2 men ~ $7.00/hr 29,100 10
Power and utilities (process operation only) 5,600 10
Transportation of unit (portable unit only) 1,1400

Total direct operating costs 87,880

Indirect Costs

Plant overhead = 50% of labor 14,600
Depreciation = 10% of F.C.I. 144,600
Taxes and insurance = 2% of F.C.I. 8,900

Total indirect operating costs 68,100

General

Administration = 140% of labor 11,600
Interest on working capital 2,900

6% of working capital _______

Total general operating costs 114,500

Total annual operating costs — $/yr 170,1480

Total unit operating costs — $/tire 1.82

Total hour operating costs — $/operating hr 109.28
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Table A-9 TOTAL CAPITAL INVESTMENT
FOR CR1-COMBINED CYCLE—PORTABLE-IMMERSION CHIP—BATCH

Capacity — 200 tires/hr

Note
$ No.

Direct Costs

Purchased equipment cost = P.E.C. 271,200 9
• Installation costs

I.C. = 140% of purchased equipment costs 108,500

Total 379,700

Other direct costs (stationary plants only) —

150% of purchased equipment costs 
_______

Total direct costs - 379,700

Indirect Costs

• 20% of total direct costs = • 75,940

Fixed capital investment (direct costs +
• 

• 
indirect costs) = 1455,6140

Interest on construction loan —

8%/yr — 6 month

Start—up expense = 10% of F.C.I. 45, 600

Working capital 11% of F.C.I. 50,100

Total capital investment 551,3140
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Table-A— lO OPERATING COSTS FOR
CR1-COMBINED CYCLE-PORTABLE-IMMERSION CHIP-BATCH

Capacity — 200 tires/hr
Operating basis — equipment 1560 hr/yr

Labor 2080 hr/yr

Note
$/yr No.

Direct Cost

Materials
Raw -

Operating — liquid nitrogen 171,600 10
Maintenance 300 10

Labor — 2 men ~ $7.00/hr 29,100 10
Power and utilities (process operation only) 5,600 10
Transportation of unit (portable unit only) 1,1400 10

Total direct operating costs 208,000

Indirect Cost

Plant overhead = 50% of labor 14,600
Depreciation = 10% of F.C.I. 45,600
Taxes and insurance = 2% of F.C.I. 50,100

Total indirect operating •costs 110,300

General . • .

Administration = 140% of labor 11,600
Interest on working capital 3,000

6% of working capital _______

Total general operating costs 14,600

Total annual operating costs — $/yr 332,900

Total unit operating costs — $/tire 1.07

Total hour operating costs — $/operating hr 213.40
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Table A-li TOTAL CAPITAL INVESTMENT
• FOR CR1 - COMBINED CYCLE - STATIONARY

Capacity — 286 tires/hr

Note
$ No.

Direct Costs

Purchased equipment cost = P.E.C. = 280,000 9
Installation costs

I.C. = 140% of purchased equipment costs 112,000

• Total 392,000

Other direct costs (stationary plants only)
150% of purchased equipment costs 420,000

Total direct costs 812,000

Indirect Costs

20% of total direct costs = 162,1400

Fixed capital investment (direct costs +
indirect costs) = 9714,1400

Interest on construction loan 38,200
8%/yr — 6 ‘month

Start—up expense = 10% of F.C.I. 97,400

Working capital = 11% of F.C.I. 107,200

Total capital investment 1,217,200
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Table A-l2 OPERATING COSTS FOR
CR1 - ‘ COMBINED CYCLE — STATIONARY

Capacity — 286 tires/hr
Operating basis — Equipment 2080 hr/yr

Labor 2080 hr/hr

Note
____  

No.

Direct Costs

Materials -

Raw -

Operating — liquid nitrogen 292,900 10
Maintenance 1400 10

Labor — 2 men ~ $7.00/hr 29,100 11
Power and utilities (process operation only) 7,300 10
Transportation of unit (portable unit only) —

Total direct operating costs 329,700

Indirect Costs

Plant overhead = 50% of labor 114,600
Depreciation = 10% of F.C.I. 97,400
Taxes and insurance = 2% of F.C.I. 19,500

Total indirect operating costs 131,500

General

Administration = 40% of labor 11,600
Interest on working capital 6,400

6% of working capital 
_______

Total general operating costs 18,000

Total annual operating costs — $/yr 1479,200

Total unit operating costs — $/tire 0.8055

Total hour operating costs — $/operating hr 230.38
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Table A—13 TOTAL CAPITAL INVESTMENT
FOR CR1 - COMBINED CYCLE - PORTABLE SPRAY

Capacity - 280 tires/hr

Note
$ No.

• Direct Costs

Purchased equipment cost = P.E.C. = 285,200 9
Installation costs 1114,100

I.C. = 40% of purchased equipment costs 
_______

Total 
‘ 

399,300

Other direct costs (stationary plants only) —

150% of purchased equipment costs 
________

Total direct costs 399,300

Indirect Costs

20% of total direct costs 79,900

Fixed capital investment (direct costs +
indirect costs) = 479,200

Interest on construction loan —

8%/yr — 6 month

Start—up expense = 10% of F.C.I. 47,900

Working capital = 11% of F.C.I. 52,700

Total capital investment 579,800

4,
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Table A— lk OPERATING COSTS FOR
CR1 — COMBINED CYCLE - PORTABLE SPRAY

Capacity — 286 tires/hr
Operating basis — Equipment 1560 hr/hr

Labor 2080 hr/yr

Note
$/yr No.

Direct Costs

Materials
Raw -

Operating — liquid nitrogen 219,600 10
Maintenance 250 10

Labor — 2 men @ $7.00/hr 29,100 10
Power and utilities (process operation only) 5,050 10
Transportation of unit (portable unit only) 1,400 10

Total direct operating costs 255,1400

Indirect Costs

Plant overhead = 50% of labor 14,600
Depreciation = 10% of F.C.I. 47,900
Taxes and insurance = 2% of F.C.I. 9.600

Total indirect operating costs 72,100

General -

Administration = 40% of labor 11,600
Interest on working capital 3,200

6% of working capital 
_______

Total general operating costs 114,800

Total annual operating costs — $/yr 342,300

Total unit operating costs — $/tire 0.7672

Total hour operating costs — $/operating hr 219.42
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NOTES FOR ECONOMIC CALCULATIONS

1. Private communication with Vernon C. H. Richardson ,
Belaire Hydraulics, Inc., Belaire, Texas, November
19714.

2. No extraordinary maintenance needed . Basic lubri-
cation is all that is necessary

3. Private communication with J. J. McGlone, Hazemag
USA , Inc., Uniontown , Pennsylvania, August 19714. This
cost is derived from the Deutschmark cost given in
their literature . A conversion of 0.65 x DM.’s was
suggested to give U.S. costs in dollars including
freight, duty, handling, etc. To approximate the
dollar cost in Germany, multiply the costs given in the
table by 0.6l5.~ To convert Deutschmarks to dollars
not including freight , etc., multiply by $0.40.~

4. Assume a nitrogen plant is located within 50 miles of
the cryogenic shredding plant .

(2200 liter N2~1 ,, (2080 hr~ 10.03532 ft3

hr / 

X 
~~ 

yr 
/ 

X 

~ 
liter )  

X

(50.4 lb~ ($~ .027s) = $224,000
-\ ft3 

f \ 
lb

5. See note 3 above which gives references for figures

(l00~
°t~~ es) ~ (sg~~o) ~ (600h~

ires) 
~ (~

o~~ hr) = $14,976

6. Total equipment cost includes unit cost determined by
six—tenths rule using exponent of 0.7,, and trailer cost;
from private communication with J. W. Jacobs , Hogan
Transportation Equipment , Inc., Dayton, Ohio, July 19714.

Unit cost $149,700
2 — low boy trailers 16,000

$165,700

• 7. Scaled down quantities for portable unit . Assume
linear relationship and multiply stationary unit by
5 _ 0

— 0.0o3.
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8. The labor charges for this unit include two
operators traveling with the unit charging 2080
hours per year and one man supplied at the point
of operation charging 1560 hours per year .

9. Purchased equipment costs were obtained from R .
Kisielewski, Cryogenics Recycling International ,
Inc., LaCrosse, ~1iscons1n . The costs indicated
include all equipment for operation and transport
(in the case of the portable unit ) except the
tractor for pulling the freezing tunnel trailer
and the initial chipper .

Portable Portable
Stationary Portable (Immersion)(Immersion)
(Spray) - (Spray) Chip . Half—Tire

Cryogenic unit $238,000 $243,200 $225,000 $225,000
*Classifjcation 30,000 30,000 30,000 30,000

System
*Liquid Nitrogen 12,000 12,000 16,200 10,300
Storage Vessel
(operating time) (40 hr) (~40 hr) (214 hr) (40 hr)

Total 280,000 285,200 271,200 265,300

*Costs only approximated

10. Private communication with R. Kisielewski (see Note 9
above).

11. One operator and one general laborer designated by
manufacturer . For Army personnel 2 equally trained
operators were assumed .

4,
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APPENDIX B .

SCRAP TIRE QUESTIONNAIRE
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SCRA P TIRE
QUESTIONNAIRE

The purpose of this study is to evaluate the extent of the
tire disposal problem at U.S. military installations. The
study is not intended to include tires that are new or that
can be retreaded or reused , only scrap tires should be con-
sidered . Please make your best estimate in case you do not
have accurate information (some information is better than
none) . -

1. Name of this location ________________________________

2. What is the present means of disposal of scrap tires at
this locat ion:
(Check method. If more than one method , give approximate
percentages of each method )

_____ 
Landfill

_____ 
Burn

_____ 
Sell to other party

_____ 
Pile up and save

_____ 
Other (describe) ________________________

_____  
None

3. How many scrap t ires, other than aircraft tires, are
presently stockpiled? 

_______________

14. Of the total number ment ioned in question 2 above , how
many are in each size range? (number or percent of
total — please indicate)

Diameter less than 53½” 
_________________________

Diameter between 53½” and 64” _______________________
Diameter between 64” and 714½” ________________________
Diameter larger than 714½” _______________________

5. What percentage of the total mentioned in question 2 above
are steel belted tires? _______________________

6. How many scrap aircraft tires are presently stockpiled?

7. How many scra p t ires, other than aircraft tires , are
added to the stockpile each month? 

_____________
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Scrap Tire Questionnaire

8. Of the total number mentioned in question 6 above,
how many are in each size range? (number or percent
please indicate)

Diameter less than 53½” ______________________

Diameter between 53½” and 64” ______________________

Diameter between 64” and 7~½” _______________________
Diameter larger than 7~½” _____________________

9. What percentage of the total mentioned In question 6
above are steel belted tires? ________________________

10. How many scrap aircraft tires are added to the stock-
pile each month? 

_____________

11. Assuming that a mobile tire disposal unit is designed ,
what type of access would be most practical at your
location? (trailer weight loaded 55,000 lb, length
39.5 ft, width 7.5 ft)

Railroad spur 
___________

Highway system 
___________

Other (explain) 
____________

Questionnaire Answered by: 
_____________

Title: 
______________
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APPENDIX C

SHREDDING EQUIPMENT VENDORS QUESTIONNAIRE
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QUESTIONNAIRE

DISPOSAL OF SCRAP TIRES

• 1. Are tires used regularly and what types of other
materials can be processed in your shredding equipment ?

2. What size reduction technique is utilized in your
shredder (hanunermill,’ grinder , etc)?

3. How does the shredder power requirement vary with
throughput , 1, 5, 10 tons of tires per hour?

With product size (e.g. 3” , 1”, 1/14”)?

14. What types of power sources can be used for this
unit (diesel, electricity)?

5. What auxiliary equipment is supplied with the shredder
and what is its power requirement ?

6. What are the manpower requirements for this shredder
and the auxiliary equipment ?

7. What type and how much training must an operator have
before using this equipment ?

• 8. How is the shredder feed material handled or pretreated?

9. What are the limits on feed material size?
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10. What is the produc t from the shredder and what are
Its characteristics? (e.g. size)

Can the product characteristics (e.g. size) be
controlled and how?

11. What type of maintenance does your unit require (blade
life , etc)?

12. How versatile would the unit be for handling other
materials — lumber , polyethylene film , plastic furni-
ture , tank track pads , copper or steel wire , etc?

13. Are any raw materials required to operate this equipment?

114. What type of additional equipment is necessary to
handle processed material (packaging, bailing,
incineration , etc)?

15. Is your unit portable and can it be mounted on a
40’ trailer or railroad flat—car?

16. What types of problems do you foresee in applying
your shredder to the disposal of tires? Include the
R&D efforts required , if any , which would be necessary
before using your equipment on discarded tires.

17. What is the cost of the shredder unit to process 1,
5, 10 tons of tires/hour ? (Assume 90% of tires
processed are mounted on rims).

18. What is the cost of the necessary auxiliary equipment
to handle the same throughput ?
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APPENDIX D

TABULATED SURVEY RESULTS
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Table D-2 SHREDDER CENSUS

Type of w as t e  :.- ± ) ) 0 ) C l t 1 . , .  0)’

IS i n  St C * c ’ t  up date Type of sO t e l ’) .  P i)~~”- ’isL-s Rated .5)4 ) -
‘~~~~‘: — ‘  -

ALABAMA

Decatur  November  1969 H or i c on t a l  . ‘l.lC ,— i a  90 ‘ .~ H. IC) IC - I S )  41

M o b il e  141

‘ ‘li, IFC
9 6/  H or I z o n t a l  ChIt ”,, 1504) II  • 1 1 th  30 T I ’ A. I ’~r’ OC.5y ’r C I ., 4)1. 1 “7,7

3 Units T’r imary I’a~~boc ’  Trun. & W h ’ ’ ) 1 - Cy ’C ’ ’n ) , ‘ 4 l C C I ) 4 ’
1 5 : ’ ’ t *dar ’y Tert i t * c’ ~ BuIag Waste

M’s. ’ /‘ Clc’k March . 19 73 Vert Ical Munic ipal Packer 3 T.P.H. “ -e r r  i~ c, ” r5t ~~ r.
1’Scker Truck

N ’ . 5 ’ ) n ( ’ I l l ’ V l , - l l  Ju ne , 19 19 One V *- r t i cc Municipal & 15 Tona,ir.
Commerc ia l

San Diego 1970 h o r i z o n t a l  M u n i c ip a l  ~*O T.1.H. Ba l l &

C 6*01 le Ch*’cdders C’ctober~ 14/0 ‘ioc’t 1* 0 1  /11)05.’)’,’ 111 1 & to IC To’ s La /I) :1
‘.0. A i r Force ln,Isset~ ’1a1 per hr.

CO LORADO
Alamosa June , 1972 One Vertica l M un Ic ipal , 15 Tons/Hr. Landfill

Chaffee County June . 1971* One Vertical Municipal & 15 Tons/Hr. Landl ’ill
Commercial

Pueblo December . 19711 Two Vertical Municipal & *1) Tons/Hr. : andCIl with
Comme rcIal ferrr,os sepa rot lo:

CONNECTICUT

Anso n ia May . 1979 Horizontal Over—Sized Bulky 30 ‘l’.P.H. Resour..— Recovery &
Waste Inc inerat Ion

M ii ford April , 1972 Vert ical Municipal . Corn — 50 T. P.H.  Landfi ll
merc ial . Over Sized
Bulky Waste Wh i te
Goods

New Br itai n iugs~~ • 1975 Horizontal Muni~~ipv1 & Over— 50 T . P . H .  Landfil l
lized Bulky Waste

City sf l ’ s  Ju ly.  1972 )(~~ 1~~ont il Munic ipal 80 T . P . H .  Landfill
London

D E L A W A R E

h ew “ic .s t l e  1972 Hor izo nla i Municipal Household 100 T.P.H . Landfill
Collections (50 Tons per line)

P’LOBIDA

Ft. v *‘i—r ’IIci ’s 1973 HorIzontal MunicIpal 1103 Ed/Hr. Inc c’ra t).’.,* , ’L v s J fiil

June i3 . 1967 Horizontal Municipal Over— 6 to 8 T . P . H.  T f lC I I l . r c i t l l c ,
Sized Wood

cr.’* Beach October , 1972 One Vertical Mun Icipal & l~j Tons/Hr . Landf Ill with paper
Commercial & ferrous recover y

GEORGIA
A t l , n t s*  February, 1975 Horizontal Municipal & Over— 75 T.P.I1 . Bale—Rail Haul

Ilced Sulky Waste i .andfi ll

DeK a ib CInt y April , 1973 Vertical Municipal . Commercial . 50 T.P.H . Landfill
Over—Sized Bulky
Waste White Goods

l.’C v I L  ‘ s.’ s n ty  January ~ , 19(3 Horizontal Munic ipal Over— 6 to 8 T.I’ .II. Incineration
Sized Wood

“s K I . C “4 5 5 ) 5/  Tune , 973 Three Ver t ica l  Municipal 95 Tons/Hr . landfill
(A ”  1(11) ’,’)

I L L I N O I S

June , 3975 Vert Ica l  Secondary Grind 50 T . P . J 4 . Energy Recovery

‘ 
.~h 1c0gC ~ 1971 Horlzonta l Municipal Col l ect ion 30 T . P . H .  Landfill

for incineration , in— (Eapected)
c ludin g bulky wa s te

2 ’
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Table D-2 SHREDDER CENSUS (Continued)

Type of east. Otspor : ‘ l o ’ l
I ,oc,,Cl)’*I Start up date Type of shredder shredded Rated Capacity

June . 1970 Horizontal Mu n ici pal Ad T .F.}c . ‘ ,* :,jfill

Chicago October , 1975 Horizontal Municipal & 1 54Cc’ - 75 T . P .H .  HT&) l4 ,-) ,’ .- ec-I
Sized Bu l ky Waste

INDIA NA
IndIa napol is 1971 Horizontal Muni c i pal 200 - .. id/Hr. ..an’Il’i 11

AUgU St , t 97i Horizontal Mu,* ic ipa i Over— 25 t o  35 T.1’ .H. (Cl i 4 - 1 * 4 1 1 1 * ,
fired Wood

Ft. Wayne February, 19 7 1 Horizontal Municipal Over— 35 to 1*0 T.F.H . c -  c ecIl ’ IO(c
Sized Wood

IOWA

Am es To lie Delivered (2) Horizontal Municipal Over— 50 ‘r. P.M. Each In clnerotiorl
August a 1974 Slzed Wood

I’l ,’asant Hill 1973 Horizo ntal • Muni ci pai 20 T i l l .
lingle Direct,  cl

KENTUC KY
Louisv Ille July, i969 Horizontal Industrial *0 ‘r.P.M. Resource Recovery

& Landfill

[,c-u !svilie April , 1962 Horizontal Over—Sized Balky 20 ‘r .P.M. Incineration
Waste

loui svil le February. 1968 Horizontal Indu atria l 32 P.F .Ii. Landfill

I1AINis
Romford October . 1972 Horizontal industrial *0 T.P.H. 8Th Recovery

- MARYLAND

Baltimore 1974 2 HorIzontal Municipal . Industrial 50 ‘r .P.M . each Pyr olysis
Over—Size Bulky

MASSACHUSETTS

Hoiiia tz*n January , l97l* horizonta l Indu strial *0 T.P .H, Resource Recoceri

Ma rlb a ro Novemb er , 1973 Horizontal Municipal 30 T .P .hI in cineratio n

MICH IGA N

Dea l-born Aug*olt . 1970 horizontal Industrial 140 T.P.H . Resource Recovery
& Landfill

O” t r o l t  June . 1967 Horizonta l Industrial 20 T .P .H .  Landfill

MISSOi III

CI - LouIs 1971 Horizontal Municipal 75 T.P.H. Power—Generation
(Expec ted )

June . 11 (9 Horizontal )(v or— Cloe d Rc*lky 30 ‘l’. t . H .  lncsi ner stlon
Waste

‘i i i i -  :01- .- ’  1, 1 , -rn C -,‘tohc’r , i9’( & Vert ic al  Commo rcial & 4 to 1/ tons 1.andfil 1
S ,/ • A i r  “c” industri al per hr.

MONTANA
‘1. -il , Falls August . 1973 Two Ve r tical Munic ipal & 35 Tons/Hr. Landfill with fer*’-v. .

Commercial separat ion

NEBRASKA
‘5011 . - .:01- ’ j . h - - c ’ , October . 1971 Vertical Commercial & A to 12 tons Landfill

• ., :. Ai r Force Industrial per hr.

NEW JERSEY
,“. . ‘ * t h  / , s , Ne . , , - rn ) , ’ r , 1(79 Vertical Municipa l . Commer— 50 ‘r .P.M. Landfill

vial, Over—Sized Bulky
Waste White Good s

NEW YORK
R I F t”  I. i970 Horizontal Municipal 2140 Cu Yd /lh r . Incineration

II.’.’) In Au’~c s t , 1972 Horizontal Industrial 10 T.P.H . rower Generation

I- Irni ,‘ v 1973 2 Horizontal Municipal . indust , h al 40 ‘P.P .lh Each Landfill
Over—Size Bulky

c - a  s .  ‘0 ‘It ‘173 Horizontai institut ional Waste 7 ‘r .P.M. I,c”ineration

o
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Table D-2 “ SHREDDER CENSUS (Continued)

Typ. of was te DispoSiti on of
h . c s u t ’  cl Start up date Type of shredde r shredded Rated capacity wast e

( c-A Ci ty  l’5e9 Hor iz o ntal  1 l~~T t &  ‘C ) . , . I c l p a l  W a s t e  /1 ( .9.  Per , C ’,( S C ) 0
2 Fr t r s o r y  I s  ‘ ‘ e r  Trv r - ,c C)I i . e . 5 . 5  T A ,
2 S i e c o c s i a c 5  For l I S le ’

: 11 ‘ , IF,C “. - ( 1)  icc sInS, ’ I’ , 1 9 1  Vertical Slos h - - ISv 1 /0101Cc I’ — 50 T,P.H.
(1 )  ,T’.l ly , 1 )7 i ,~ la I  ,
( 1)  C ( l~ ’I5 ts~~ l • 1974 1(11( 11 .5 W .5,,1, I- , A l l I s ’

1.5 ‘ l , ’s ’. , -r Apri l  • 196 8 Hs ri zscl ta l ho d ‘1) 5 ‘I 5i 32 C. P .H.  I e p a e at l * . s — o ~- - y
~ Ic ,  F

NCIHTII CAROLINA

r i  !I’, e .f - :oc ** ) ny January • 11171 V e r t i c a l  Mucs - - ipal • (“ ccv, c - c I a l  • 50 ‘I.P.s. LandfIll
) )V ’ ’ c ’ — i I Z ’ ’ r i  isu ik~
HIc, i c , - , W ill,’ 3~~~ds

N,,CRT H DAKOTA
Mobile ‘heed f r , ” ‘ I - s - - i  - - p  • (‘1 0 ‘icc’S I ,~a1 Commercial & 4 to  12 t ,,c ,, - cr, st Il l

-- - S - A i r  icI’.5v Industrial per I’, , ,

1974 1 Horizontal T’1~ c il ‘ i c a l . lnd ’actc-iul hO 7.1.11. C0:Idf l i .
‘Joer—AIz ,’r Bulky

layt o n  1969 Horizontal / 1 5 1 . 5 ’ -  ant-e l’ Bulky Wood ‘.0 T .t ’ , l i .  Inci nerat l i ts
Dire ct l”n

1969 Horizontal S5sgi ~ Icidu st rial II T.P .H. C )a ndf lll
Direction

W il l-SI :hby August , 1973 Vertical MunicIpa l 25 T.f.H. LandfIll
Packer Truck

C)AE’AUIl

147 3 Horizontal OaoC)-ipal 20 T.P.H. Landfill
Single Diree ”i on

• i ’ E N M A Y L V A I I P -

A l  t - r c c a  Mard I , 1915, I . , c ’ i Z I C , r t O  I Munic ipal 15 T. P.M.  Composting

r,, ’ ,,rni,,c’ , 1970 Horizontal Mun icib al 80 T.P.H. Incineration

LeH igh ,conty .“ .-p s e m c ’ - - r , 1979 ‘ -un Vert ical i’ l r iC )-T f- a 1 & lii ‘cons/Hr. Lar ,dfill
‘,: ‘r ’ rc IIcl

* 15: - I’ l l
Providence A’ , lust , (97,’ Verti cal M.1,,C)- (pai & 50 T.P.H. Landfill

Inj ,,,- .5r Ial Waste

SO/TN CAROL INA

5hari’csto’s ‘as,’ • 1979 Thcree ,c-rt . in a I  MunIcIpal , Iniustrial 80 Tons/Hr. Landfill
White Goods , Over-
Sized Bulky Wastes

c - - I C ’ S  own S t y .  A c’r i , I ota SIne V - - r I  ica l ‘I~ cl i - ’ i f a  1
, 
& 20 Tons/Pr. Land)’ 11

W i l l h ’c rsc .Il. ’,erl ‘ty . ‘ -pt emli . c , 1973 One V e r t i , r - 1 l i rlSI le ipal  & 20 Tons/Hr. landfI ll
Commercial

TEXAS

Galveston ,Ieptcnlrn r , 1973 Vertical Municipal & 25 T.P.H. Landfill
Industrial Waste

Houston I C ’ ) Horizontal Municipal *0 T.P.H. Resource Fecovery

“l”vCl a Jclne . 1979 lborlzontal Residential & 50 T.f.H.
Commercial

i s - l i  /h,- - ,l-l - ’ro c S  1 ,54’ , 19711 Vertical Commercial N I~ to 12 tons Landfill
5 3 . Air 9 - ’ e - -r Industrial per hr.

VIRGINIA
Norfolk 1- iTO - 2 Horizontal Munic Ipal 31 T,1’ .H. Incineration

(21 foot pilings )

R-,,lo I’’ . 1 .5 : 5 190/ U~rlzunta1 Industrial 110 T.P.M . :o.,lS Ii

Jc*ne , l 3 7~l One VertIcal Commercial & 20 Tons/Hr. landfIll ‘itt
Induotrial ferrous sec-an,’ C)

-t
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Table D—2 SHREDDER CENSUS (Continued)

Type of w.~ ic- ‘ I I I )  , ‘

‘ ‘ 1 1 . 5 5 *  -‘ s * 1 5  up -II’, Type of nB* - ,-’ ld er nccr ,d,le d * 11)1 ‘ - -1 , - - , . , “ l t ’ C ‘ 
.

VERM ONT
- .  ct-er , i97l Horizonta l I*cdus tr ial 25 1’ , 1 II. 1’TI I 

WAAHI i-i ’I Cli

- ‘ .115 .5 a r l ’ p Iran -,- , 1 170 thor ICoci l ’sl Mu ,clsl p al ii T.I II. I ‘a -

19 71 lIc ,,’lco ,cta i Municipal N h u l c -  5i 7.1’ . II. :
& lacIer M l i i Hu t,- 

- c - a  071 , c , , r i zo nt ai i , , , iaotr l u l  20 T , ‘ I I . ,s  : c .  - c -  ‘ ,

i iir*flC Direction 1’, , lye tb c eleve

,“- , , - - ‘ f ’ci.-* s cc . 19 / i  Horl z,,nt al Wood Scrap 3 7 . 1 . 9 ,  I s - - c r - , ’ : , ,

1971 b lo r i zon ta l  Ov er— I iz r d  Hulky A C T I l l . - - - ‘ I ’ l l  ‘ C ~
Waste

W1I1CONIIN

II’S ,S .Iu ne 11011 HorIzontal Cool ‘l c- ° l 50 T, IC)}I. 0-,’))) II ,,’

H ,,-‘ ,cs ’’ -1a9. I’ ll cior icocct al Mun lcilcal ‘0 1.0.11 . ,I, c ,~iI I

‘-:~,lla,cn 1967 One Horizontal Municipal 25 Tons/Icr. i.and fll. s I t s ,

One Vertical fe rrous

JAM A ICA
. r .  “Is- Irs 1962 2 Shredders M unicipal Refuse 20 T.P.A. Ilompostlc,*h

CA NADA

- c- I- rI’ III A lk erta September 1970 V er tIcal Municipal c’acker ‘5 .5 . 1 . 1 1 . : , , , 0 1 I , l
‘l’ ruck

‘a’, ’ - ~ c’ s’ , B. ‘ 5,11 . i97l Vert coal Municipal & 50 T.f .cI, Land ill,
ls ,du s t r ia l  Wa r, te

Is ‘ 5 ’ . r , , 5 ’ , r l c  f - s l y ,  INFA IIo,’l-,tontai over Sized A l 1 . 0 , 1 1 .  os- l I  I i

II~
,
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Table D—3 SHREDDER MANUFACTURERS CONTACTED

1) Allis—Chalmers 10) The Hell Company
Applet,.n , Wisconsin Milwaukee , Wisconsin

2) American Pulverizer 11) Holman Industries
St. Louis , Mi3souri Oakdale , California

3) Automotive— Industrial 12) Jeffrey Manufacturing Co.
Marketing Corp. Columbus , Ohio
Portland , Oregon

13) Metropolitan Disposal Corp .
14) Barclay/Nail Associates Portland , Oregon

Bur lingame , California
114) Newel], Manufacturing

5) Branick Manufacturing San Antonio , Texas
Fargo, North Dakota

15) Parent Manufacturing Co.
6) Carborundum Company! Lewiston , Maine

Pangborn Division
Hagerstown , Mary land 16) Penns ylvanIa Crusher Corp .

Bromma ll, Pennsylvania
7) Garbalizer Corporation

of America 17) Saturn Manufacturing
Salt Lake City, Utah Wilsonville , Oregon

8) Gruendler Crusher 18) TEB, Inc. (Quinn Brothers
& Pulverizer Philadelphia , Pennsylvania)

St. Louis, Missouri Addison , Illinois

9) Harninermills, Inc . 19) Williams Patent Crusher
Cedar Rapids , Iowa and Pulver izer Company

St. Louis , Missouri

1
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Table E METRIC CONVERSION TABLE

English Metric Multiplier

inches meter (m) 2.54 x 10~2

feet meter (m) 3.084 x 10’~1

foot2 meter2(m)2 9.29 x 10-2

foot 3 meter3(m)3 2.83 x 10-2

yard meter (m) 9.144 x 101

yard2 meter2(m)2 8.36 x 101

yard 3 meter 3(m)3 7.65 x 10-1

miles kilometer (km) 1.61

pounds ki logram (kg ) 4 .536 x 10-1

tons metric tons (mt ) 0.9072

5/9 (F-32 )

quarts liters (1) 1.06

gallons liters (1) 3.79

barrel s liter s (1) 1.59 x 102

psi pascal (Pa ) 6.89 x

Btu/pound Jo ule per kilo gram 2.33 x
(J/kg )

146
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