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EPA Evaluation of the P.S.C.U. Ol Device Under Section 511 of the Motor
Vehicle Lnformation and Cost Savings aAct

The Moror Vehicle Information and Cost Savings Act requires that EZPA
evaluate fuel 2conomy retrofit devices and publish a summary of each

evaluation in the Federal Register.

EPA evaluations are originated upon the application of any manufacturer
of a retrofit device, upon the request of the Federal Trade Commission,
or upon the motion of the EPA Administrator. These studies are designed
to determine whether the retrofit device incresases fuel economy and to
determine whether the representations made with respect to the device are
accurate. The results of such studies are set forth Iin a series of
reports, of which this is one. «

The evaluation of the "P.S.C.U. Ol" was conducted upon the application of
Dutch Pacific, Incorporated. The device 1is comprised of several
mechanical and electrical components and is intended to generate steam
and deliver it to the combustion chamber via an inline catalyst. The
device 1is claimed o improve fuel economy and to reduce exhaust
emissions. The P.S.C.U. 01 is classified by EPA as a vapor bleed device.

1. Title:

Application for Evaluation of P.S.C.U. 01 under Sectiom 511 of the
Motor Vehicle Information and Cost Savings Act

The information contained in Sections two through five which follow
was supplied by che applicant.

2. Identification Information:

a. Marketing [dentification of the Product:

“The ctrade wmark will be "?2.5.C.J7. 01" [Proportional Steam
Control Tnit). The model aumber for usage in passenger vehicles
and. iight trucks is "01/12/2". A diffsrent aumber will Ve
assigned 2o the zodel for use in diesels and other heavy—-duty
venicles wnen such aodel has teen fully developed.”
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Inventors and Patent Protection

(1) Inventor

3en van Brakel

Bekerhaan 3

Schimmert, Netherlands; and
Mikko Kozarowitsky

Ri jksweg Zuid 149

Sitctard, Netherlands

(2) Patent

A copy of an English rranglation of the Parent _A.lr_sn'lir-:r'fnn

2 HH =L =Ll LSL VL VL E- R~ 53 4

is attached as ZIxhibic 1". [See Attachment A of cthis
evaluation]

Agolicanc:

(1) Dutch Pacifie¢, Inc.
218 Main Street, Suite E
Huntington Beach, CA 92648
(2) Principals

Johannes ?. M. Zwaans, President
Paulus 4. M. Zwaans, Vice President/Chief Financial OQfficer

(3) "Each of the above 1is authorized to represent the
organization in communication with EPA.”

Manufacturer of the Product:

(1) KOZA Production B.V.
Industriestraat 2
Sittard, Netherlands

~
(3]
~

Priacipals

“The »principal owner of «the ananufacturer is Mikko
Xozarowiczky.”

Description of 2rocduct:

Y

Surpose:
e ——

“The objective of the product is to economize omn fuel
consumption and to decrease harmful emission levels.”



b. Theory of Operation:

“"For a description of <the theory of operation, please see
Exhibit 2." [Attachment B]

Ce Construction and Operation:

"For a description of the product itself, please see the
drawings and schematics attached as Exhibit 3." [Attachment C]

d. Specific Claims for the Product:

"At this juncture we prefer not to make any claims whatsoever,
and will await test results before doing so. See Exhibit 2,
[Actachment B] pages 23 through 25 for the results herecofore
obtained. A general claim of an increase in fuel economy and a
substantial decrease in harmful emissions can be made at this
time."”

e. Cost And Marketing Information:

“The product is currently being produced in the Netherlands for
limited distribucion and further testing and evaluation. Full
production has been projected to commence in or about January,
1983. The suggested retail price will be approximately $590.00.
To date no investigation has been made as to intended methods
for marketing the product.”

4. Product Applicability Ianstallation, Operation, Safety and Maintenance:

a. Applicability:

(1) "There is a beneficial effect on all internal combustion
engines. However the P.5.C.U. Ol is designed for use on
engines with a displacemeat of under five (3) liters or
5000 cubic centimetars and thus will not produce maximum
results on larger engines. A unit for use on larger
engines is currently being designed and tested in Holland.
It has been ascertained that che unit is not compatible
with the 2-stroke Detroit Diesel engines however it has
been found compatible with all other diesel engines.”

(2) "The unit is not recommended for use in temperatures below
freezing. An additive for the water tank as well as other
means of preventing the water from freezing are currently
being investigated. The unit draws considerable current
(approximately 22 amps.) and will occasionally turn itsell
off, when the battery voltage drops below approximately
11.8 volts.™



Installation - Instructions, Equipment, and Skills Required:

"For complete installation instructions, see Exhibit 4 hereto
[Attacment D}]. No special tools or equipment are required to
complete installation. Installation should be performed by an
individual with a basie¢c knowledge of auto mechanics. Yo
ad justments are required of either the product or the vehicle
prior to or after installation.”

Ogeration:

"See Exhibit 5 [Attachment E] attached hereto for a copy of the
operating instructions to be furnished to the coasumer.”

Effects on Vehicle Safety:

“"The use of this product will in no way cause damage to or
result in an unsafe condition for the vehicle, its occupants, or
persons or property in close proximity. A lack of maintenance
or any malfunction of the unit will cause the unit to shut
itself off. At this point, the unit will cease to perform its
functions until such time as the malfuaction is cured or the
maintenance provided.”

Maintenance:

“"The water tank attached to the wupit wmust be filled at
installation and whenever necessary thereafter. It is
recommended that the water level be checked each time the
automobile is refueled. The catalyst holder should be changed
at 30,000 mile intervals. A screwdriver and an adjustable
wrench will be sufficient for this operacion and no specific

skills are required.”

5. Effects on Emissions and Fuel Economy:

2.

Unregulated Emissions:

"In the event of a malfunction or failure mode, the beneficial
effect of the catalyst on the emissions will gradually decrease
and will eventually cease altogether. The only information
available on pollutants other than those regulated by the EPA
relates to sulphur compounds, the <Iormation of which 1is also
favorably affected.”

Regulated Emissions and Fuel Economy:

"See the test result obtained in the Netherlands on pages 23
through 25 of Exhibit 2 hereto [Attachment B]. Further data
will be submitted upon completion of required testing.”
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The following sections are EPA's analysis of chis device.

Analysis

Identification Information:

EPA knows of no problems with respect to the identification
information.

Descrigtion:

(L

(2)

The primary purpose of the device, as given by the
applicant, is to improve fuel economy and reduce exhaust
emissions. Based on the information submitted, EPA judges
the applicant's statement to be appropriate.

The theory of operation given in Exhibit 2 (Attachment B)
was adequate in that EPA was able to develop an
understanding of how the device is supposed to function.
It appears the device, which is comprised of several
mechanical and electrical cowmpounents, 1s intended to
generate steam and deliver it to the combustion chamber via
the air cleaner and an 1inline catalyst. The steam 1is
claimed to <carry catalyst material to the combustion
chamber and therein causes an improvement in the combustion
process.

Based upon the information provided, EPA is doubtful thac
the quantity of catalyst wmaterial introduced to the
combustion chamber or the time it is exposed (approximately
six to nine milliseconds at a cruise speed of 3000 RPM) to
the high temperatures and pressures are sufficient to cause
a signficant change in the combustion process. Additional
informacion (including test  data) is required to
substantiate these aspects of the theory of operation.

The agency expects that any changes attributable to the
device will 1likely be due to the introduction of water
vapor to the engine rather than due to the <catalyst

material. Zven then, in EPA's judgment there is
considerable question that this device will produce all the
benefits claimed by cthe applicant. The amount of water

vapor introduced by this device is very small; too small to
likely produce a significant effect on the combustion



process. Some other devices that introduce larger amounts
of "liquid” water in conjunctiom with adjustments in engine
parameters have produced wmodest improvements in fuel
economy. Ln that situation the larger amount of water
lessens the engine's tendency to detonate and permits
operation at a more advanced ignition timing setting, which
results in improved fuel economy. Water injection at these
higher rates lowers oxides of nitrogen emissions but when
ignition timing is advanced to improve fuel economy, a
major portion of the oxides of aitrogen reduction may be
lost.

There are two generally accepted coucepts as to why water
injection reduces oxides of aitrogen and lowers the fuel
octane requirement of the engine. One theory maintains
that in the combustion process, the inert water molecules
intersperse among the molecules of fuel and oxygen and make
it more difficult for the fuel and oxygen to get together
for combustion. The speed of the reaction is thereby
decreased lowering the peak combustion temperature and
lessening the tendency to detonate or form oxides of
nitrogen. The second theory maintains that as the water
vaporizes in the combustion chamber the fuel/air mixture is
cooled which ultimately results in a lower peak combustion
temperature, In any case, the and rasult is lass

detonation and lower oxides of nitrogen.

tudy, it was found that the addition of
nte of water as 11mnd caused asgentiallvy
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no change in fuel economy.l If the water 1is vaporized
prior to entry into the combustion chamber, there will be
even less benefit for two reasons. First, the vapor
rlw enlacme anama Af rfha avveen whicrh dacrrancae rha ualiwmaryd
Mb T wldt g A 1= A rS LR A~ UA} AR ¥ Wikd \,id MewiLsiaoco Sy Y1 — YU A WG LA L
efficiency. Second, because the water is already
vanorized rhara {ia l1ir+rla avanaratriva cnnline af rha
VHyvhau\.u, LR AR = e wd e i b ol T bvuyv&ub‘vc \.VULLALS s de LR YA~
fuel/air charge and there 1is 1little benefit from the
mamnlidmns Ahamamanman d4damnitanad alarra MTewdme 1lmawld Tfaw TT
\-UULLLL& yucuumcuuu u.L:t. uaacu QAUIVT o YL L Ls RUL LU Nal o
liquid water injection was used on aircraft to improve

™

Bruce D. Peters and Russell F. Stebar, "Water-Gasoline Tuels =-— Their
Effect on Spark Ignition Engine Emissions and Performances”, General
Motars Corporation Research Labs, SAE Paper 760547, June 1976.



(3)

(4)

(3)

takeoff performance. In this situation a large amount of
water lowered cylinder head temperatures, and thus
permitted takeoffs at higher intake wmanifold boost
pressures. The increased takeoff power was due to an
increased quantity of fuel/air charge that resulted from
the higher boost pressure, not due to the water injection
icself.

There is a popular concept that introducing water in any
quantity and any form is beneficial to the operation of an
internal combustion engine. As a result many vapor
injection or steam injection devices have been submitted to
EPA for evaluation. In most cases the amount of water
introduced is insignificantly small. Regrettably, none of
the vapor devices produced significant benefits and only
one water injection device produced fuel economy benefits
and that was at the expense of increased emissions.

The description of the P.S.C.U. 01 device in most respects
was considered adequate. It was; however, not adequate
with respect to stating the materials used, and the
dimensions of the container housing the electrical heating
elements. Because of this shortcoming, EPA was not able to
determine whether the unit could produce the quantity of
steam claimed for the device.

The applicant doces not make any specific claims for the
device in the application, but instead makes a general
claim that it will improve fuel economy and reduce
emissions. Information submitted in support of the
application (Attachment 3) does contain statements that
fuel savings of eight to fifteen percent are possible with
the device. The only test data submitted in support of his
claims are that data referred to in Attaclment B. For the
reasons given in Section 6.d.(2), the data were determined
to be not sufficient for showing the benefits attributable
to this device.

The cost of the device as given by the applicant, is
approximately $590. According to the installation
instructions {Attachment D) zhe kit is not complece and EZPA
expects the purchaser may be required to spend as auch as
$15 more to purchase other materials needed zo install the
devica. ZPA estimates that installation time would be at
least four hours and assuming a shop rate of $20 per hour,
the installarion cost would be an additional $80. Thus,
total initial cost would be approximately $685. To
calculate the mileage required to be driven to recover the
cost of the device, one must also take into consideration

8



the replacement cost of the catalyst (every 30,000 wmiles).
EPA asked for this information (Attachment F) however, che
applicant did not respond to the request. Therefore, the
following results are based on only the initial cost and
should be viewed as the ainimum mileage to be driven.

If use of the device did result in a 13 percent improvement
in fuel economy as claimed in Attachment B (and assuming a
initial cost of $685 and a cost of $1.40 per gallon of

fuel) a2 vahierla avaracinme 20 mne would hava A ha driven
R (=1 Vielld wlLT GVCLGELL% e uya WA d ha v -\ o N b e de VLl

approximatey 85,000 miles to recover the cost. This neans

and af ire
or

rha wakd Al o trxm~en 1 A
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useful life or would likely be traded off before the cost
could be recovered.

haw» ha annraa~nhy s rha
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The reader should also note that because the applicant
states in section 4.a.(2) "the unit is not recommended for
use in temperatures below freezing,” for many purchasers,
the device could only be wused on a seasonal basisl.
Thus, the total miles driven before the cost are recovered
could increase significantly.

Ce Applicability Installation, Operation, Safety and Maintenance:

(1) Applicability:

The applicability of the product as stated in the
application seems appropriate.

(2) TIastallation - Instructions, Equipment and Skills Required:

The installation instructions (Attachment D) referred to by
the applicant leaves EPA with several comcerns. First,
even though the list of contents includes a chamber for a
catalyst, it is not clear whether the catalyst itself is
included or 1s purchased separately. EPA asked cthe
applicant (Attachment F) to clarify this point in question;
however, he did not respond.

Second, the list of contents shows that the package is not
complete enough to accomplish che installation of the
device. This @ay cause an inconvenience for some
purchasers because of the ne-essity <to obtain the
additional components, i.e., electrical wire and ctermina!
connectors, insulation, sealant, bracket material, and
water reservoir, elsewhere. Additionally, the 1listc dres
not state what size water reservoir is required.

lAlthough the applicant states antifreeze additives are being
investigated, none are presently recommended.
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(3

Third, for many of the recent model vehicles with crowded
engine compartments EPA expects it will be very difficult
to find suitable locations for the several components which
make up :he device since they must be located at specified
heights relative to one another.

Fourth, because of the limited space between the hood and
air cleaner on some vehicles, the installation of the steam
injection tube into the top of the air cleamer wmay be
precluded in some instances.

Fifth, step number ten of the instructions, which addresses
electrical lead connections, could be more detailed. The
narrative instructions and the schematic drawing (No. 3 of
At tachment 3) are too gemeral to be applied effectively to
the many different electrical circuits being used today.

EPA agrees with the applicant that only a basic knowledge
of automobile mechanics is required and that common tools
readily found in most homes is adequate for installing cthe
device.

Operation:

Based on the design of the device, EPA has judged that
except for replenishing the fluid, action by the driver is
not required in order for the device to function properly.

Considering that steam is being ported to the air cleaner,
the device may interfere with the normal operation of the
heated intake system and consequently, the driveability may
be changed. However, for lack of sufficient data, EPA does
not know if this is a real concern.

Zf fects on Vehicle Safety:

Based on its understanding of the device, EPA judges the
applicant's statement regarding vehicle safety to Dbe

.appropriate.

Maintenance:

dn a short term basis, EPA judges the applicant's statement
regarding maintenance to be reasonable. EPA, however, is
concerned about the effect road vibrations and contaminants
and temperature extremes will have on the device over a
long term basis. No information on long term durability

was provided.

10



d. Effects on Emissions and Fuel Economy:

{l) Uaregulated Emissiouns:

Based on the design of the device, EPA does not expect the
device to have an adverse effect on unregulated pollutants.

(2) Regulated Emissious and Fuel Economy:

The applicant did not submit test data in accordance with
the Federal Test Procedure and the Highway Fuel Economy
Test. These two test procedures are the primary ones
recognized by EPA for evaluation of fuel economy and
emissions for light duty vehicles.* The test results that
were submitted by the applicant {(Attachment B) were fronm
the ctesting of a single engine on an engine dynamometer
under steady-state conditions. Consequently, the data did
not adequactely represent the varying speed and load
conditions of 1in-use vehicles nor did it provide for
a statistically sound test program. EPA developed a test
plan and requested the applicant to submit additional test
data (Attachment ¥¢). However, the applicant did not
respond. Eventually, the applicant notified the Agency
(Attactment G) he wished to withdraw his application for
evaluation. '

2. Test Results Obtained by EPA:

EPA did not test the device for this evaluation because neither
the information (theory of operation and description of the
device) nor the test results adequately supported all the claims
made for the device.

*The requirement for test data following these procedures is stated in
the policy documents that EPA sends to each potential applicant. EPA
requires duplicate test sequences before and after installation of the
device on a aminimum of two vehicles. A test sequence counsists of a cold
start 7TP plus a dFET or, as a simplified altermative, a hot start La-4
plus a HJFET. Other data which have been collected in accordance with
other standardized procedures are acceptable as supplemental data in
ZPA's preliminary evaluation of a device.

11



7. Conclusions

EPA fully considered all of the information submitted by the
applicant. The evaluation of the P.S.C.U. 0l device was based on
that information and EPA's en-’ineering judgment. The applicant
failed to submit adequate data to substantiate his claims for the
device. Additionally, considering the description of the device, EPA
does not expect that it can significantly change the cleanliness,
power, fuel economy, or emissions of an engine. Thus, there is no
technical basis for EPA to support the claims made for the device, to
perform confirmatory testing, or to coantinue the evaluation on its

own.

FOR FURTHER INFORMATION CONTACT: Merrill W. Xorth, Emission Control
Technology Division, Office of Mobile Sources, Envirommental Protection
Agency, 2565 Plymouth Road, Ann Arbor, MI 48105, (313) 668-4299.




Attachment A

Attachment B

Attachment C

Attachment D

Attachment E

Attachment F

Attachment G

List of Attachments

A copy of an English Translation of the Patent
Application (provided with 511 Application and
designated Exhibic 1).

A copy of the theory of operation (designated Exhibit
2).

A copy of schematic drawings (designated Exhibit 3).

A copy of the installation instructions (designated
Exhibic 4).

A copy of the operating instruction (designated
Exhibit 5).

A copy of the letter from EPA to Dutch Pacific,
Incorporated, November 26, 1982.

A copy of a letter from Dutch Pacific, Incoiporated,
to EPA, December 13, 1982.

13



Title: EPA Evaluation of the P.S.C.U. ol Device Under

Section 511 of the Motor Vehicle Information
and Cost Savings Act

ATTACHMENT A

Page(s) 14 - 20 ‘

Not clearly reproducible from submitted
document. Copy will be furnished upon
request from the U. S. Envirommental
Protection Agency, Emission Control Tech-
nology Division, Test & Evaluation Branch,
2565 Plymouth Rd., Ann Arbor, MI 48105.
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KQZA PRODUCTION B.V.
THE NETHERILANDY

P.68.0.U. and the Rare Eurths to save fuel and fight pollution.

Copyright 1982 ,
Ing B, ven Brukel,
Hohlamert.

The Netherlunda,

Tranulated by Teohnisoh Verlualbureau Kindhoven,

Januury 1982,

[47



Kozn J'roduotion L.V,
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t. Desoription of P.6.0.U.~01 for uoe in internal sombustion engines
2. Catalyots

3. Oporation of P.8.0.U, snd oatalysto

4. Almo

5. Advantagos

6. Diasadvantagoso

1. Hintory of the moast oommonly-used oatalyatn
9. Xoza tost set up and tho reeults obtained
9. Extraote from carller tesin

. Energy balance canloulations

. Susmary and Conoclusions

12, Provislonal Technicsl Specifiocation

Appondix I ¢ Environmentsl Pallution

Pago OV,

aozn Froduotion D.V, Page

1, besoription of P.3,0,U.-01 for uso in intorna} combuatlon ongineo

P.8.0.U, stande for Proportional Btoam Control Unit.

The P.8.0.U. is made up of three main parta

4. 4 oloped atemm genorator (the vaporizer) whore the water is evapora

by meana of electrio heater elemonto,

in eleotrioally drivon feod pump to provide a regular cupply of wat
to the vaporigor,

An elootronic control unit to givo proportional stecam produotion an.
oontrol of the vater level.

The electronio ocountrol unit oomprisce also ¢

~ Overheating protection

~ ¥Water supply monttoring

~ Cheok on acoumulator voltage

Ope op eof P,8.C,4.

The P.B5.0.U. is aotivated by ovitohing on the ignttion key (which
sotivatea the fucl aeyotem and/or fgnition syatem of the engine). in fntu
rolay of the P.8.0.0, 1o then onergliod, switohing on the main olroult.
4de a rosult, about 10 seoonda sftor starting the sooumulator voltage 1e
cheoked by another afrouit 1 1f the voltugo is high enough (11.8 or 23.¢

the vaporizer hoater elements are auwitohed on,

The wator-level eensor is mowitod noar the hoater olowonte, If there fiu
eufficlent water {n the veporizer a stgnal {s generated that correspondu
to the temperature of the water. Whon the water level drops owing to
evaporation below tha penecr, the lattur s raptdly honted up by the
radlation from the heatar olomonts to a tumporuture wbout 15°0 uwbove tho
bolling point of the wator. The aongor oonvorto thia xiae in tomporature
into sn eleotrio eignal, vhioh 1o in turn oconvertod by a ocowparalor ey

into a drive curront for tho wator pusp. Tho Jattux therofore pumpy vatu,

no
L



Kozo Produotion D.V, Page 03.

from an external revervolr into the vaporlzer. Ae soon ss the water

level there roaches the mensor, tho temperaturs of the senaor drops
Ao anmna s
i GUmpaIs

again to that of the wetor and the signai ievel %o

ofroutt i guoh that the pump 1o awitohed off.

The comparator ciroult is so adjusted that 1t rescis to a ohange of
the vater level of sbout 4 ma. Thie weauns that only s small quantity
of vater Lo dosed esch time to the vapariser so that, boosuse of the

rolatively large quantity of vater present in the vaporiser, ihe boiling

of
unter auffars only s !e;gvggn 1 drop in tempersiuxe. The supply of stesm

is thexefore not interruptoed.

19 alao started ¢ if after sbout

35 neo the level aonwor atill glves no aignal that the water ie once
more up to the normal level, the pump 10 evitohed off and & varning
indicate that the

p or = buzzar to

Lo cooaos e [T srtignal gontrol of the stesa im mounted direoily

TNe §ONSTT IOT

under the stoam outlet plpe. Vhen thoro is a low undsrprosours at the
(]

inlet venturl of the engine, the toaporature st the steom outlet will

which in turn caunes some of the heater ol-nont- to be lvltchod off,

When, however, the temperature of the eensor drope oving %o the lower

N . aa L e aa ko o tochad on again.,
D ioam Produgiion, wine noasexr ¢ ko a £

When there is s largs underprespure in the engine vontuxl, 1.0, at
ted air) the

high epeods or high scosivration {hig

underprooeuro in the vaporlsar o alwoat equul to the pressure in the

vonturl. Owing to this wndorproooure, the botling point of tho watoer

in the voporiror io lowerod #o that the praduction of atoam 38 inoreased.

ane in the venturi ia closcd, tho presourc in the
that the

Whon the acocelorator v

veporizeor xisos again to the normal atuosphorio rrossurc 6o

vivou sgain | tho hostin

ll

tamporuture of tho conuor

£oza Produotion B.V, " Pag

pariiy switohed off untll the demand for atesm incresases onoe more.

The ocomparator oirvoults should bs so adjuoted that a large operatin,

range oan bs oovered by the set wmlue. For extreme casens it {e

poeatble to adjust the P.8.0.9, for gtiher sapplications } yYour Regto
can oarry out the necessary sdjuetmonts.
Changes in the set value are t2 b2 recoszon d

$ recommondad for the following ca.
~ Engine oapsolty is less than 1000 oa.

~ Bngines of capacity 1000-2000 oo fitted with

supsroharges (turbo .
aompressor).

- Dngines used whore the air s rareflad, e.z, in 4ru
reglons or in 1ight airoraft.

~ Bpoolally tuned engines for top performance in rallies and reces.

Your Dealor or the technioal staff of K024 FPRODUOTION B.V. are alwa)
willing to help with advioce.

In the event of a fault in the eleotrical syatem of the engins where
the sooumulator voltage dropa bYolov & certafn pre-sot value

{(11.7 V for a 12 ¥ eystaa, 23.4 ¥ for a 24 ¥ ayaten), the P.5.0.V. i

svitohed off automstioally,

If the vater resarvoir is not refilled in tizms, the P.8.0.U. will ow

off & part of the heater systom. This will ba awitohed on again lato

Juet for an tnotant, to oheck whetlier wator has moanwhile Loen added

If the roserveir §s rofilled with vater during s

CorniVa_ . _a s
auwiiang .top' tho

P.8.0.0. vill avltoh on the heating of tho veporizar and reftll ¢
with vatoxr within about ¥ minutes,

Tha P.B,0.0, of KOZA PRODUCTION D.Y., hao s vaporizor unit deoigned (.

produce gsteom continually, dndopondently of the aabient temporaturo
sooording to the desand, that s, direot)

¥ propocrtional te ihe raie

A
3



lage 05.
Koza Production B.V.

us of
at vhich air i¢ sspirsted by the engino, while requiring s minis

pover from tho englna.

phyalcal, echemionl, moohantoal snd eleotronio
have made 1t possible to
s such that they oaune

Tho fatenaivs
inventigations of XKOZA PROLUCTIOR B.Y.

orate conventional internal combustion ongine

op le0 oonsume leus fuel,

lose pollution of the envirovment and yot a

sinply by the use of & P.5.0.U. snd a sultable catalyss.

~t

Koza Produotion B.V, Yago «

Catalyate

As {s woll known, fuols for internal aombustion engines such as
Petrol, Paraffin (Kexocsene), Diescl 011 and LPS (Propane) are obtainc
by distillation from high-bolling fractiona {(gas and renidue otla).
In oxdor to obtain the demired fuel producta, thece high-boiling oilw
sxe asubjeoted to tomperatures between 400 and 600°C and preccurss
betwsen 5 and 20 atmoaspheres for rxeaotion tiwas of eevernl minutes.
The amin Jiffioulty liea in the neoeassiiy to suppress as far as posol
tho various side reactions, leading e.g., to ths formation of the ligh
hydroocarbons 0I to O, and the forwation of cokco. This is achieved o
Ly slloving only & part (15-30%8) of the zav material to reasot as it
passes through the orecking furnmce. The unoracked vromuinder is thun

soparated from the light oracking produots and pawsed through the cru
furnace onos more.

In practioce various proosssos have been wvorked out in detail, euoh as
e.g. the DUBDE oracking installation, with the aim of getting as larg.
aa poamsibls sn output of petrol. Such sn fnotullation works at the
high praessure of about 60 atwospheres. In thic way Lt ta posatdle
largely to supprees the eplitting off of tho lighter hydrooarbonas

80 that mainly oubatttution snd dehydrogenation reaotiona take place.
Buoh & prooess 1s atill usod to get low-kuock (high octane) potrol
foxr motor cars by the direot distillstlon of orude oili (Knooking

or pinking is the detonation oxr pro-fgnition of a fuel-air wixture
owing to the ocompreasion and high temperaturacs coourring in the

oosbuation ohambers of englnow).
The paraffin hydrooarbons with stralght ohaine have the highest tendc:
to xnook, The naphthas have much less tendenoy to knook, The olefino,

the aromatio hydroonrbone and the ebrongly bronohod paraffine have
the bLaet anti-knock proportics,

The bast hydrooarbons for combustion in I.0. enginos are obtainod if

N
W
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the oﬁnoklng and reformation processos l;ko place over a oatalyst,
for examplo s natural doy wsuoh ag montmorillonite (oontains lexge
quantity of rore eartho) The moleouleu then brecek largely in the

middle 0o that fewor c‘ and G, hydrooarbone are formod (undeaired

guoen). Moreover ioomerieation, oyclioation and sromatisation resotions

tuke place more readily.

From the foregoing it vill be oloor that potrol refining ocompanies do
everything possible to produce an optimus product for internal
combustion engineo and undor idesl oonditione, whexre the right
mixture wvith froo hydrogons and oxygen is possible, these fuale
will yleld an optimun efficienoy. Becauce, hovever, these fuels pacs
through the csrburettor or injaction pyaton to the combustion ohamber
wixed with atmsoapherio air containing hydrogens, oxygen snd

otlier gnsae aapiratod via the venturi a combustion produot reesults

that is depcndent on & large nuaber of faotora, ¢.§.

1. Fuel/air mixture ratto

2. liomogoneity of mixture

3. Toﬁporuluxo diotribution in mixture

4. Compreonion

5. Exiating contamination in ocoabuation ohembor

6. Composition of enpiveted stuwosphore and many other faotors.

Nevertheloos, a8 mentlonod oarlier, tho combus tion resotlon osn be
iwproved by oracking snd reformation in ths precdonce of & oatalyot.
Guch & rcactlon can bo msde to tuke place in the oowbustion ohsmber

of tho engins vhon it is at the right towperature and prosuurs, provided

that tho calalyst ie present there.
owing propertles,

To Lo gultablo, tho oatalyot muvt have the foll

inity to oombine with hydrogen but sloo to
and ite

t. 1t muot havo the aff

relosoe it at tho right mosent for roformation of the fuel

roniduo,

2. 1t must bo nblo lo edmit sufliclunt oxygon to tho oowbucution proooow

to burn tho nowly formaed hydrocsrbong.

Koza Production B,V, .
Pago 00

3. The compoaition of the oatalyst, e.g. Coll,0 v Buat be suoh that

it oan £
: orm :n arcmatio compound (o:noklng proacou) which can
ecompone under oortain oconditions of t
eoporature and
to form flnally e o

carbon dioxide and water and 1
e ine ecave the other guoeo

4. Aftor the oatalyst has done its work in the fuel/air mixture

as oeu‘o4), 1t (o.g.

" suat yleld up its oxygen for the oxldation of CO ta
2 and yield up its assocofated hydrogon and oxygon ocoupounds in
the form of water and ftuelf leave the combuption chambar {n the

form of C
e, 002, Ce’, 0002, 0004 or in Lts netlve stato CePQ ..

cePO‘ 1s the proforred ocompound of ocarifuam. '

Hoat of the cetalysts hitherto tested for this purpose are meab [
°xs ¢
the rare earthe sories (lunthanldea), such aa cerium, mentioned i
v n
the foregoing oxample. Cerium has the atomio nugber 56 and can b
[}

extraoted from monazite sand, which s corfua phosphate CoPO
found in Brazfl. v

For fundamental rosaons, not to be discusoed further haro, {t oa b
' n bo

shown that othor oubutancoa possose the same proportion and can quit
v
cortainly moot the aondltlons montionod ubove e

Catalyats suitable for oup purpose may ooneiot of amixturos of ole t

@ont:

or of their oxides or be aombined in an organio molaoular etruct )
oture.

It {8 not neaegesary to uae the ont.lylt in the 100‘ puro form sw lo ['4
a® care 19 tken that the contaninants are not resotivo and d t "
o no

boocome so undor tho tafluonce of promsure or temporaturo. The beat
+ The bea

soemu to be to use oatalyata made u
P from a serion of ol
have a catalytio sotion.. semonte that ui

92
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%02A PRODUCTION B.V. LTD
y know-how with regnrd to thelr combination to
Eaoh of

rld-

and hee tho nooesnar

form cotalyete suitable for s wide rango of opplications.

thouo elomontal snd/or oxidio calslysts are proteated by wo

vide patento.

Exasplea of XOZA PRODUCTION B.V. catalyota include 3

- Corlun 50% and other rare earthe

- Lonthanum 59% snd othor rare esrthe

- Aluminium oxide 55% and other rere earthe

~ Hilloon hydrides leﬂ, beginning with 81i and eading vith Blsﬂl‘
and lanthanum,

_ fhe nloments titanium, hafnlum, van
esor tholr oxides which, hawever,

adium, thorium and & sorles of

organio and inorganio lanthanid
fall outuide the woopo of thie puper.

hop an extenaive 110t of suitable elements

——

avza rrodugtton bV, P i {
ago 10,

Oporation of P,8,0,U, and oatalyats

Vhon an internal ocombustion englne is properly tunod, the hydrocarbona
and the air will bo 1denlly mixed yot, owing to ssoondary effecto

such as locsl fluctuations in compooition, prosoure and towperature
this idoal composition of the combustion mixture may not yield the '
higheat posalble effiofoncy, The maximum efficlency oan be achleved
only whon the mixture is subjeoted during combustion te the sotion of
s ostalyst and any hydrogono or ox1dos of hydrogen anscofated with ft.

48 you have no doubt obaerved on your motor ocar, an internal combustlion
engine vorks considorably better and more smoothly whon the relative
huaidity of tho sspirated air and its towperature are high, for
example during epring and autumn mists. Tho reaoon for this 1s that
there are then relatively many hydrogon compounds: in the air, whici
are thus sopirated by the ongine. These hydrogon ocampoundo .o -
28, snd/or u20 vapour,have a favourable effeot on the oombuetlo; -
reaotion. .

An unfavourablo sspeot, howover, is that unburnt hydroocarbone and/or

iraces of nitrio or sulphurio compounda can eanily arige

In 1965 a Japanese laboratory performed experimentas on the injeotio

of atoan in the vonturi and combustion ohuamber of an engtne, to "
simulate tho high relative humidity of mlaoty air, The ronulla with
regurd to the effiolonoy of the engine were vory interesting but the
slde effeotln, namely the generation of carbon monoxide, nlfrogon oxid
snd sulphurio oxides, were not prediotabls or mcacurable. At that "
time, aleo, the invootmont required to aohieve a practionl vorking devl
vas out of all proportion to tho posoible profita, v

Yhe injeotion of stonm Anq/o: vater vapour with mothanol hae boon kno
i

evont longer in the vorld of ulvorsf{t onginos. 4u far ue ve ocan unoorta
al

the first applioation wao in 1942
s Whon 1t wvao used on the Mark
of tho Royal 4ir Forow, et oenl

N
~4



From the observationo that a high relative huwidity fmproves the
combustlon proacos but that the fixing of the extra aupply of oxides
of hydrogen must be proparly under ocuntrol and that the moment end
nature of the reactlion has to be oontrolled by s guitable catalyet,
X0ZA PRODUCTION B.V. hae doveloped tho P.B.0.U.-01 which ensures that
the right quantity of hydrogen oxidoo 1o sluayo combined with the

catalyot.

KOZA PRODUCTEON D.V. has aleo cserried out s comprehensive invoetigation
to find the moat puitable catalyot end the right composition of oxidre.
Tho P.S.C.U.-01 dovelopod by KOZA PHODUCTION B.V. is en intelligent
eloctronioally vontrolled device that produces stoam at mbout 100 °C st
s rato proportional to the rate at whioh air is saplzated by the engine.

The steam produoced hy the P.8.C.U.-O1 i@ fed vie the stean duot to the
oatnlyet and from thero mixed with tho ampirated air in the apeoially

formed exit pipo, ove fig. 1.

Tho hydrogon oxidoa asscoiatod vith the cntalyot are releansd in the

combuation chuubar only when the temporature snd precsure there provide

for the neoazsgary chualoal potentisl for the rolevant substitution

reaotlonos, At a towporature of about 500 °0 and & proagurec Lo tween

% ond 20 etmoophoroo thors 1o eubstitution of the hydrogon oxidos end

oxygons sesooisted with the owtlalyot providod that thore ip no more

racotion botween the hydrocorbous slurvedy precent snd the sepirated

air in the combustion chember. Ovwing to the hydrogen oxldes sesooistaed
with the catalyat, an extrs host of oombustion of 56 osl/wole fe sdded for

each mole of H20.

Decsuse of the controlled steam goneration by the P.8.C.U,-01 and the

envoolntlon of hydrogon oxidou to cstalyst fun the cowmbuption chember,

e vombuotiblo mlxture 10 oreatlod whioh rogulstoeu and roforms ituvelf,

A ultuation then aviwos whoroby ou extra 40 oulorioe pex unestursted

bund per wolo of wsler aojvciated to hydrocarbun oompoundo is mado

avellable inotosd of 34 cslories per mole being loat in th

o foreation of GT

) Page 12.

In addition,
oxidea NO
x

in apito of the abmence of the compound CO, no nitrogen

or oulph
" phur oxidea 80x are formed and thio aleo iepliec
e oaving of a furthor 62 calorfes per mole

atous involved in the

Becauce also all carbon
X oocabustion procesus are forced by tho catalyot
o taks up suoh a position that they can be burnt or oxfdized

L]

& furlherx ‘4 ocaloriae are mado availa e ] f u
ilablo per mol
Q bound carbon

Bumsarizing, vhen tha right substitution roaotions are conduced by th
1

introduotion of oatalyst and with the controlled stenm
the P.8.0.0.-01,

genvration of
the follwoing enhancements por moles of the thermal
effiolenocy are theoretically attainable ;

Addod
21,0
: 02 2 x 50 - 116 oal.
0, 1 x 32 « 32 cal.
Hot formed
2 Co
2 x 34 « €08 cal.
NO_ and 80_ {approx) 1 x 62 =« 62 cal.
Frea 0 atomo 6 x 14 84 cal
) - cal,

Total enhenceaont from cracking(spprox) 362 oal
Energy roquired for oracking (2 "20) 2 x 58 « 116 cal

Net enhancement per molo 246 cal
al,

¥ith & vell-tunod sngine, & oylinder charging

8 mixture homoganeity of 90%, a theranl yield
sbout 1000 osl/mole.

effiofenoy of 90% and

can be obtained of

By lutroduotion of the catalyst a thormal yield of
1000 + 246 = 1246 osn thua be obtained.

The enlanoement of the efficienoy 1s thoreforo (1246 1000)/1000 - 2
- - 24

8¢
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With s oharging efficiency of 90% end e mixture homoganeity of

only 70% tha catslyst 0011404 from 0002 glves even more enhancement

of the effiolency, estimatod roughly at

100
24.6 x 0 " 35%
In practioe, hovover, s [{lling effiofency of about 90% snd s mixing
homogenolty of about 90% are normally schieved mo that the theoxotioal
enhancesent remoino limited to about 24.6%, Vith very good mixing
of hydrooarbon fuole the sbove reoult fe approximately halved. The

waximum enhancement is then found to be about 12%,

It will be evident that f{n order to schieve theae improvemonts
vith the P.8.C.U. and & ouitablo catalyut, it 1a easontial to
have a woll-tuned engina. It Lo aluo noccowsary that the oporating
ranga of tha P.6.0.U, fo esufffolent for 1t to respond sdoquately
to the working conditione obtaialng., If the engine is tuned fox

too rioh & mixture or if the sleam towmporature 18 too
the offtalency of the englne

low or

if too much steua {0 guneratad,
nay dvoreace. Too many unburnt hydroocarbone way bo formed whioh

in turn extraot too much ensrgy fromw the oowbustion proosss and

cauve unsiccousary omlfuslona,

It is thorofore rocommended that you wubjoot your englns to a tuning
inopeotion baefore fitting the P.8.C.Y¥. Fual aavings oan then dbe
obtalned over the whole torquo-opeod range of your engine giving you

all the advontageo mado possible by the oatulyst.

A |
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: Aimo

' @ nima of KOZA PRODUCTION B.V. are as follows 1t

Dy means of the P.S.C.U., together wiih oatalysts, to help the
uaers of fossile fuels to get the mosl efficient possible
converston into energy while awiding the produotion of polluting

emisoions or reduclng the amount of exieting cmiesions.

By meana of minor modifications, to make the P.8.0.U. suitable

for applioation to all existing hydrocarbon combustion systems

such aa

—~ Conventional internal combustion engines

~ Gas genarators

- 011 or natural gas burner systems for oombustion purposes or
heating installations

- Creoking inetallations for the combustion or refining

of hydrocarbons.

. To deaign the P.S.C.U./oatalyat unit in euch a way that it cen
be inotalled easily and rapidly in exieting oombustion systema.

Dy the application of modern fabrication techniques to produce
8 robust and roliable unit at a very low prioce having regard to
the enhancement of the efficlenoy achlieved, so that the P.5.C.U.

will be used on the masa acale.

technical L
, By way of lootures, information and guidance to make you familiar

with the operation and appliortions of the P.89.C.U. and ite

catalysts.

.J/

—~e
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2: _Advantages

The advantages of using the P.3.C.U. catalyst unit in internal
combustion engines are as follows.

1. Owing to the oomplaete combustion of the aopirated fuol/air mixture,
8 higher efficiency is obtained, i.o. the same performance for
leass fuel.

2. The complete combustion of the fuel/air mixture implies the
suppression of gaseous ewissions such as ocarbon monoxide, nitrogen
oxidea, sulphar dioxide and unburnt hydrocarbons or at least a

oconsiderable reduotion in theso omiseions.

3. Oving to the reduotion of carbon monoxide, nitrogen oxides,
sulphar dioxide and unburnt hydrocarbona, the combustion chambor
and the exhaust pipe aro no longer contaminated by soot or

sttacked by eggresnive gauca,

4.An engine that is ocoked up and dirty through long use ie cleaned
and rid of unburnt hydrocarbons by the use of tho P.S.C.U./cutnlyat
unit. {nce attached graph, G1),

5.The temperaturea of the exhaust ports and of the oxhaupt ganen are
aonsiderably reduced because all the gases in the combustion chambex
are fully burnt before tho exhaust valveas open 3 no after-burning
effeota therefore take place in the exhaust piﬁe.

Bummary of advantagea for internal combustion engines

- Leos fuel coneumption for the same performance

- Coneiderable reduction of undesirable cmisnione

~ No dopoeits of ocombustion residucu in ocowbuotlon chambor

- Longer 1ife for the exhaust oyastom

~ Longer 1life for lubriocatfon oil booauss it is much leas contaminated
and tho working tomporature io lowor.

- QOleanaing of engines long in uae,

~ Longer life for injection components, eparking plugs and exhaust

valvay owling to lowor towporature and lovs contaminutlon

0¢
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~ No major modifications to the englne are ruqulred to attain the
foreguing sdvanlagca. ’

-~ Applicable to all typeo of 1.C. englne.

Explanation of graph Q1

ihe graph G1 chows tho depondonce of the fuel oonousption snd the
compoaition of tha exhaust gaces on the running time or the diotance

covared,

1t can bo secn from the graph that the osrlon monoxide oonocentration
drops off slowly during the first 1000 km, due to the use of
the P.S.C.U./cntq\ynt. Puring the noxt 1000 km the amounts of osrbon
wonoxido snd unburnt hydrocarbono Anoreaws in engines that have

previously been run without the P.8.0.U./oatalyat,

chambers belng ookud wilh unburnt hydrocarbone.

thelr combuuntion

Bydrocarbons unburnt during thoe firot porloed of fall-off of the oarbon
monoxide are bonded to tha hydrogen oxidea carried by the ontalyet

during tho next vonbuotion prooews so tiiat aftor some tima & somowvhat
oombuotible hydrocarbon mixture §a obtained. After hnvln; (irot dooreased,
the cnarbon monoaxide oontont inoreades sgnin as & rewult of the aombustion
of tho earlier montioncd newly forwed hydrosarbon produats. During

the inorcace new combuatible hydroosrbons sres forwed from the old
combuntible hydrocarbono vhioh, in view of thoir oomposition, give rise

to quite s lot of carbon monoxido,

Aftor about 2000 ka the carbLon monoxide ocontent drops agsin, nov to

vory low valueo vhioh otabilize st thie level after about 4000 km,
Forrengluea running on potrol snd LPU a CO value of about 0.2 to O. 74
can be achievad in practioo,

L]
At that moment (noar 4000 kam) s11 unburnt hydrooarbona that vore prosont

tn tho combuotlion chambor have boen convorlaod into oomwbustibdlo

hvdeanarban aomnonndn and tha anvhan mariavd Vo nnne o ten b o e

ye

Koza Produotion D.V, p
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coourring doponds on the tuna of the eunglne,

It wil) bo oloar that tho altuation of the ocurves vEth reupoat

to the tiwo/diotanca acale depondo ontirely on the ®iws thatl tha
engine hav vun bofore any ulcuun/cnlu\ynt injection Rook place, The
graph serves muroly as eu fxauwple wnd cxplanntion ot”
prediotable offoctla.

the obuorved and

It will probably aluo be aloar that owing to tho olsrp deorvuae in
the produattion of unbumt hydrosavbono, the fanmmlion of dopouliy

oapacially in onglneau ranlng on paruffin (koronllm) aud diovel of}
in conutderably reduced, Also, tho catulyet in ihe ooabustion ol

abar

tokes up and binde free oxygesn ond hydrogen atoma uind oo supprenson

or at loant reduccs the formntion of nitrle or uulphurio guuvoen

Oving to the sctivating sotion of the outalyont on the aombustion roaotion

L}
and on the consequont accaoloration of the cowbuotion,
progeads uniformly

tho revaotion

in vpite of the non-ideal mixfng of the tuol/atre
charge, so that the oharge ylolds up tho maxinua suonnt of onurgy availabl
from the hydrooarbon/ulr mixlure, with dhmoolntlnu taito CO |
0 I& and othior aspiratod gnooes.

2 |12(| .

In any oase 1t oun bo sald that with the right doalug of wtoaw and

ontalyst, the roaotlons forming CO, NO . 8O
take placo. ) :

or b“io’ na lo"ﬁ”l
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6. Dlondventaopgeo

The dioadvantagoa scpooiated with the uvoe’ of FSCU end &at-ly.t are

ag folluws,
1. Extra load on the eleotrio oiroutt, about 450 W,
2. Vator roservoir hao to bo checked and repleninlied,

3. Extra servicing nooeasary for tho P.8.C. unit, mainly a oheck

on the ocatalyot remaianing in stook in the dlapanser.

Thoso dieadventages axe quite fnsignificant compared to the sdvantages

and rooulto brought ebout by the P.S5.C.U.

¥With rogard to the extra load on the oleotrio clroult, 1t can be shown

that the pover oconmumption for tho P.6.C.U. i only a fraotion of "that

ylelded by tho improvesent in offfclen.y only about 1% of the fuel ocon-
puncd 1o uved to operata the P.S5.0.U. Thuw if the effootive oaving of fuel

was 10%, the real onving wae V1% ) subtraotling the 1% royuired to aohlove
this rosult we obtaln tha sffestive saving of 11 - | = 117 9

[ F I IR RN TS 5 Paga \9.

1,  Miotory of tho mont commonly uned nntalyeto

The moat oomranly uced nud the muat touted catnlyut {8 booed muinly

on aerfum, Co, atomic nwmlhar 50,

Corium belonge to the eerios of rare eartha (lnnlhnnldou), a group of
15 elemente (atowio nuebasre 57~71) ochoutoslly relutod to aluminium
(ntonlo nueber 13}, In the poviodio tublo Hioy fall botwoun bLavium
and hafnium. The nusbors of Lho rore coarih series resewblo vaoh olher
®0ro olovely than 1@ gonurally the conoe with maat groupy of sluwonts,

The roascn for thio 1lica in tho vimilarily of their atomlo utruature

Going from the lnert gano xenon, via cacotum and burtuam to lunthanun,
the next slemont corium boging wilh tha bulld-up of the l-shell from
18 to 32 olootrona (2 x 3' to 2 x 4'). Honce botwoeon vartum 1In Uroup 2
and hafufun in Uroup 4 of the partodta tubly, thers is a group of 15
elomsuta whove outer shells (0 and F) have ldentloal struotures. Por
thia raseon they ars ohem!cally olmilar, with only minor differsncen
in thelr propoertiva.

Tho moat important mineral yioldlng rare earih elewentn is monazite
sand, found in Drexll, Iio wain oconstituent in CaPu4 .

The firat publicationo on the uge of the rare anrths (\nnthanlduu)
as catalyasts appearod in 1072 when the propertien copoeofally of
ouvrium a@ an {nitiator of reactions for the foxwmatlen of hydrogeus

and hydrogon oxideo wvore diocovored. Auor von Welabaok uaeld thoue

progecties in 1891 in the gue mautle (-bout lf oerivam oxido and 99’
thorium oxlde) to give & brighter light in gua and ofl lonps and to
suppreas the furmatlon of ecot. Slnco that time many Inveotigations

huve buon mudo into Lhe uuo of voclum and athue rave oariho for a
varlety of purpooeas,

€
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Apart from the erporimente of Profeswor R. Yolaher, whioh wexo very

poaltive, no other Inveantigatious for the application of oerjum or

rolated elomonta to control the coubuation procose in internal oombus tion

engluow hiave Loen mado olnoe 1965. In 1901 KOZA PRODUCTION B.V. mtarted
anev on & comprchenalive programme of luveatigutiono Into the

applicatlon of catalysts to prumote the ooutrolled sombustion of

hydrooarbone in tho oombuntion ohambury of englnen.

Tihcoo oombined phycloal, ohemioal mochanloal and sleotronio inveetigatlons

hao 1cad to tho dovelopmont by XK0ZA of a generally spplicabls ?.8.0.u./
oata)yst system vhioh effectively reducea enlasious and saves fuel, The

syeles 1@ unigue and ims proteoted by world-vide patente,

Ned. Patent pending s B 105 682 , dated 17-12-1901%,

Koza Producttion RV, Prygu 24

8, Koza teot aot up and rooultn obtanined

The Kora tont rig conmisto of a 2.3 11tro motor couplod a J-pluse .
synohronous gonerator wilh a continuous lond of 3 x 5000 YA, .o,
a total load of 15 kW,

Under aonatant conditlonu of

Anblent tomporature
~ Roletive humidlty
Shaft load

Bpood (r.p.-.)

~ Aspirnied alr temperatura,

the test equipmont was unad to investigunte the ef feot of hydregan cowpa
carxicd by o ontalyst ooniaining cerium, thorium, silioon, tituplum

and other substanceo. In additlon the offeotn of the compouiticn of

the mitxturo and the concontration of watler vapour oould Le studied snd
an aoournte mespurecwent made of the tcmperature of the water vRpour,

In s)l furthor enslysis of ragults, engine spoed, shaft power und inlet
sanifold vaouun were takon as fixod mtandard valuea. In addition varclab.
such aa

~ relative humldlity of air 4n inlet manifold

~ averago temperaturs of the mixture

- preosugse differencoe

vere meospured and rooorded.

Furthernore, the ta-perntu;on of oll, oxhauet ganes and exhaust portis

wore measured and the (uel consumption acourately recordod,

ojualona of teata

For olarily wo give hiore once more a uhort ausnary of the voaotlions to

Resul and

be oxpootsd, thas ntomle  trancitions and the rolated reaulis,

Corium {Co) 1s » motal belonging to the 15 elemonts of the rars sarth
sorioa., Corium melta at 795°C nnd ita denolty 1 6.64 kg/da®. It oxddise

rapidly at room towporature and oven fawtor whon the air s humid and

w
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at highar tomporatures. It 15 one of the most roactive of the rare eartha

and 1o completoly oxidized in a hot.nlmoubhoru of waler vapour,

4o with soversl reluted elemunte, tho eleclvonic siruoture of cerium

oan 880uwe yarious forws viz, 1t may havo either twvo valenoiso, j-valent
or 4-velant, by exchange of cleotrons betweon the 0 and P uhells or
4-valont avoording to tho oonfiguratlon of the (outer) N-uhell, beponding
on tho way in wvhloh they aro forwed, tho following molecules aen thon

arive »

Cu0 €e0, and X0, (X 1a here some othor oatalyut element).

j .
£11 those oxidos disuolve in water and aro very rasotfve with wvater.

The oxido 0020) wolte at 1690°C and hus the tendency to dlssoolate st
200°C. The oxlde Gqu
roglon of 2600°C und dlesoolate spontaneounly at various temporatures

in the rangs 490-680 °0.

and other oxides inveutigatod by us molt in the

The charactorfstic valonoy bahaviour of those oxides give them thelr
remnrkable and uoeful oatalytio proporties, Thouve ocatalysts have & large .
capaclty to oxchango oxygon atoms wherohy 1t fe pasuible to oxidize

hydrogun and hydrocarbons,

Thie property is ohared by all other rars-carth oxlden and by some other
‘ox4d09_uyph_:g*thouo of thorium, magnenium, tantulum, tin, ocopper, and

sovoral othoers.

Owing to thia valenay behuviour thers 1e a oonatunt exchange of cxygon
atows at the eurface tryiung to ectalliah an'squilibriun, resulting in the
oatalytliao vxidation af GO to 002 and in the oconvuerslon of the llght
hydrocarbonu rovulting from the cowbugtlon of 01l productlu whioh in tum

can bo hydrogcnatod and oaldired to ovwbuntible hydrossrbon oowpounda

and finul)ly burnt to forw 002 and u20.

Koza Froduction D.V, - Fagae 23

The valenoy behavlour of tha oxiden aro alno renaponnible for Lhe
sutomatio oleancing of tho ocowburtlon chambor winoe they forwm Londs
vith the unburnt carbonnovous matter (o form hydrounrbone whitoh coan
then later be oxtdized {burnt). Tho formutlion of auch hydcoonrbon

ocompounds dupondo on tho temaporatura aud prowvsure, o.€. batwoun 250 and
500 °@.

The norwmal ocomponitlon of the exhaunt froon of nn Inlornnl gombugtion

engine inoludeca the following 3

~ Unburmt hydrocnrbonn, CN
- Nitrogon oxldecw, HOx

~ Carbon mosnioxfde, €O

Carbon dloxlde, CO
Q

2

-~ Wator vapour, u2

Atavophorte gnnes nopirated by ongine

On tho basis of the forcgoeing, tho oonmpouition of tho exhaust gamses may
be oxpsoted to be

- Carbon dtoxide CO

-~ Vater “20

- Atmavpherlo guaes as nopirated

2

:Tho repults of the tesf voros su followve.

Hatn oconotituents of exhaust gnsen

Carbon dioxide, 002

- Vator, H20
~ Oomponenta na glven In graph G1 aftor
a loot duration of 50 vwwing hours, ///

,

(j-hour rung with stopn of 2-3% houre),
In opite of tho extra powor conauaptian of 266 watto for the
of the stoam, a fuol oaving of V3% woo nohleved oowpared w
oconvontional ongtne'vithout the I'SCU/ontalypt, //}

’
’
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he oowpouttion of tho exhauvut gavus after %0 running hours wao so follows

Convontional eng.ne Englne with oatnlyut

~ Cacbun wonoxide L0 3.5% - Carbon monoxids €O 0.1%
~ Carbon dloxide €O, 8.2% ' ~ Carbon dloxide CO, 11.5%
- Hydrocarbons CU 32 ppm " - Hydrooabonu CHlf 0.3 ppa
- Nitvogen oxidoen uox 0.2 ppn - littrogon owtdon Nux 1.2 ppa

uel conuumplion ¢

Potrol 8.0 1/hour Potrol o - 6.9 1/ hour
haft povar (enorgy yor hour)
b = 15000 x 3600 - 54 000 kJ (P‘ + Pz)t - (15 000 + 266) 3600 -
54 957 xJ

eat contont of fusl uned per hour )

x 0.7 x 11 000 = 61 600 koul
=296 666 kJ

6.9 x 0.7 x 11 000 =« 53 130 koal
- 221 375 &J

ot officlency of enginne

724998 « 100 - 214 731 331 x 100 - 258

00 of tho cutalyst thua brings about a nat tnoresno of 25 - 21 = 4% in
ho efflclency and a saving in fusl of (8 - 6,9)/8. 13.8%.

66 W ip necdadfor to produce the etoam In the PSCU, Ta gonerate this

ower with a heat ongine of effiolenoy 25% and 8 gunorator of effiotenoy 95$,
ho swount of heast roquired por hour fe

100 100
I
rom the calorific valuo of the fusl, 11 000 konl/kg and its danuity 0.7 kg/l,
e (lndAthnt 1 litre of fuel represents 0,7 x 11 000 . 7700 kaal.

ence, to gonorate 266 W for tho utoms produotion, 970/]700 ~ 0.126 litres

266 x 3600 x 0.24 x = 970 000 cal. = 970 koal,

f fucl sre roquired por hour.

uswsorlzlng, the PLGCY oatalysl disponver glven
luprovoaunt of ungino effioionoy by 4%
FPuel vuving of 13,04
Fuel gconoumptlon of 0.125.lllrou of fuel for PUGU ftwelf,
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9., Extraots frowm varlier tests

Tho exlractuv give briof summarfes of tho xeoulte of ovarlier teuts on

ocsrium nv a catnlyst in intoernal cowbustilon enginos,

1 -~ Tout by lidhere Toohnivohe lLehranatalt dee Sluntes Barn,

Ecole d'lngénlours Bilenne, 11 Apreil 1979,

Tuovt ocarriod out on m Toyota privato our, type Corolla Liftbaok,
dilotanco on clook 30 150 ko,

Mcavuromcents onrriod out in moocordance with kECB 8Standardoa.
Hewul to

Guu component

With oatalyst Without catalyut

co 31.47 50.25
o 3.64 7.40
Nol 6.66 6.38

Theve tests wore authorized by “ECOLE D'INGENIEURS BIENNE",
Automobile Tochnique Dopt., Mr P. Wittwor.

2 - Tuat by Hohere Toohnioohe Lehranstalt (HTL) Blenno, 4 Hoptewber 1979,

Tcot oarriud out an BMW ocar, typu 320, dlatance on olook 50 000 km,

Mcaguremcnts in nocoxdenov with ECE Standardw,

Reoul to
. PO e ¥ TR 2
e €O . o 59.62 66.46
vaezame oyt " 3.50 4.86
no_ 2.04 4.15
Fuol oconsuaption 412.50 442.50

Total distauce oovared during test s 3440 km,

Tant authorized by the above-woptionod inutitute and oconfirmed by
Mr P. Wittlwor.,

3 - BEant-Wout Trudlng Gowpany, Booul, Kurea, Noport of regults givon in
s lottor dutlcd 14 Novewber 1979
Toota on a Drltioh-luyland car, typo PONY,

Honmity 3 CO ouncunteatlon 0, 1€, voduotlon tu fusl vonaumptlion of 214,

Koza Produotion N.V. Pagn 26.

4 - Opoar Cnpenaire, expert at Automobilon de Luxomhourg, 27 Jan. 1977/.
Toats on & LMW oar, typo 2000, dtatance on alouk 100 000 km.

Normal fuel copsumption s 12,15 1/100 km.
Horwsl CO concentration 1 Gf

After oatanlyat Injoollon for 2000 ks, the CO oconcentratiuvmn had droppe
to 0.5‘ and Lho fuel zonas ption hnd baon reduovd by 124,

Authorfzod by 0, Canpannivo, Fapert Judiclnro ngcd8d et auvorwentsd par

la Naut Cour do Juntico du Crand-buchi,

5 —~ Potrollou del Peru , 13 Aug. 1970,

Teats on a Toyota Car, typo Bednan 1000, year 1974,

Teoto carried out with fuel of oolane number 04,

Fuel consumption roeduced over the entiro tont parfod by 14% to 204,

CO oconcontration roducsed to 0.3%.

6 ~ Coleglo do Quimloon dcl Peru, 10 Febr. 1970,
Toate on Toyota Car, type 1700, year 1972,

Fuel consumption roduced by 10%
CO concentration reduced from 5.5/6% to 0.3/0.1%,

Authorizntlion for tests unknown,

It can be concluded from the foregaing oxtraats frow the roports named th.
whorevor tooto wore medo, tho reoulto ohowed & roduction of fuel conpumpt

and a oonoidorably lowor CO ooncontration.

Thooe resulta confirm our own sonolunion that the use of a catalyet

hao o favourable effeot on the combuntion of hydrooarbon,

That tho repults do not conform entirely to the theoretioul expoutations
may be attributed to the faot that insufficfent attontlion haw bean pefd
hitherto to the genoration of fuat khe xight quantity of water vupour at
Juat the right temporature, to provide the mout effootive convermtion

of 0002 into Cc“404.

(V%]
[
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10, boorgy balance caleulations

For the caloulation of preferved compound outvide the normal
Durlng the tnvoutigationy of KOZA PROBUCTION B.V. the following ohemioal elementary eerles of potentlal sompound wo uno the rulea ol KuPP
foruulao have bLovn uvued. Thuy are glvoa hors, for olarity, eocwmsttmcs conoerning thoe enrlaoe fres onorgirn and the so-called Farachoor
in vlaplificd forou aus approximstiomisore yondlly oovmprohenuvible to readers rulea.
not entlvely Cawilfar wilh the subjoot.

The Paraochoor determinen whioh compoundn vulnlde the elomcntary
1. Nydrogoenation or substitutlon reaction under high tewperature and

saries will be produced and tn what toim, fudepondent of the
provssure,

tenperatura.
Choulcal Curwulae for the firot ovracking ronotivn for oll productae.

Avueiago slanduid produot (}ll’ - (l)uz)o is traneformed into The remaining atowlo bonds neocnnnry for our purposs oan bu culoulated

cu) - (uuz)z - o with the aid of the l.uruulz-l.urm-\‘l. forumla

Thio In turn tranuforus to R __(" _"z__“.,_!l
2
. . , o pla? + 2)
cu, v (,u) - (Lllz)) (.II’
Further detaile converning the celoulations fall outsido the scope
Thie tuw voescntiully the eplitting of puraffin hydrocarbouns tuto olefins.
of this paper.

From this preduoct naphthas {(diowel cils) can be fabricated via a long

Applylng the rules of Kepp and Lorentz-Lorenz, the cowpounds buing
but well-controlled routs, using the wubstitution reaotion s

formed and the reaotions can be cnloulated, uveoing hydrogunated

.~ e ' oxygens which can bo formod by the intermedinry of a sullable catalyst
2 e
\
ci, - (e, ~CH,-» ¢ S - CH, + W
Pl G 52

§ G, - CH, )

2 If the compound 06“(‘ is to be oumpletely bLroken down to CO
2 P4

, and |I20,

it firet hao to Lo reformod into 06l160‘5 which oan then be burnt to

. ((:02)6 and (H?O),.
ca. or suli-lowok petrol by the remotlon

(:“2 - LU, Cl - Cl N To burn one moleonle of 06"6 ocompletely to carbon dloxlde und watex,

2
Cll/ \ ¢ - cu ¢ ¢ - CH’ + ,ua therefore, it has to Le combined with 15 atome of oxygen., For cach

3 3 N s
“eu, - cuz/ Ng-en

Furthor chemlcal oxplanation lu glven on the Lawls of the hydreoarbon
cowpound bonzune, c(,“(,'
A vury low hnook (lnluh-uutuue) fisrane compound s

[H1 S C“\

¢ i
Xen - en”

volume of gnaooun hydrooarbon compounds thorefore, 7.5 volumes of
oxygen 02 ore roquired. Buoauwe oxygen formu about 214 of the wimosphos

about 3% volumes of other atmospherio gases (mainly N2) vill alec be

present in Lthe oharge.

In ordar to gel ocomplute ocuombustion to carbon dloxide and wates, 1t

ts necensary to huva 100% howmogonoous mixing of tho compuoncinte Lefuian

Lo
~4
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occmbustion snd to hyye oxygono and hydrogons available whore neceveary

to burn any light hydrocacbons formoed to carbon dioxide and-water,

In practice the filling efftciency of Intornal combustion engines
doos not oxceod 904 (ruuldusl guu from the provivus ovyole ocacuples
sbout 1L of tho voluwa), Aleo the wixture nover atluinu a homogounoity
of more than 90%. In vuah & far frowm fdesl wmizture, it will be clear
that combustion will be fncomplole, giving unburnt hydrocarbons and

osarbon monoxide. Ancnmple now followa by way of fllustration,

An internal cowbuotion ungine with @ divplaod voluse of 1500 oo

. conusumoe G lltres of fuel per hour when running at 2900 r.p.m.
At this opced thile engine suplrates roughly(1.5/2 x2500 x 60 = 112 500 litxon
{uol-atr/mixture por hour. As however & maxiwmum f111lug efflalenoy of only 90%
san be mchieved, only about 112 00 x 90/100 = 101 290 lilres ero sopirated,
ing Lo turbuleuco and leporfoot wixing not all tho oxygun in the auvpirated

e takeo part fn the ocvabustion procesy to give the uuxisum powsible energy.

tow 6 1 of fuel, which in gaseous form voouplos a volume of very roughly
3000 Ytres, vhould be mized (por hour) with about 10} 250 - 6000 - 95 250
Iitros of atlr to obtaln complete combuution and & maximus gonversion into
mrbon dioxlde (002) and water (Il20). Au howover only about 908 is properly
Mxod so auv to have nocess to Lhe oaygen in the suptrated alp, combustlion
s incoupleote and only LOOO x 90/100 « “4VU litros 18 fully oconverted to
:arbon dloxtde and water, about 600 )itres belng oonverted (per hour) into

0, C and EIO' or puasues out unchanged fnto the exhnust.

e theoretical fusl consumption per hour of s 4-vtiroke internal acmbustion

ngine 1 given approxivately by the exprevwion

Moplacewcnt volume

x r.p.m, x 60 x —v"'!"——)‘ 11 treo/hour

21 x 10
there the(21 x 10))—' fs a tactor allowing Loy the fuvl/uic ratio, f1lling
ftotoncy and tho roatio of voluwes of the fusl-mlxture in liquid and

j8ucous form. ‘the guantity of hoal goneratod pos hour 1a then the fuel

Koza Production B.V, Page U

oonsumption per hour timen the denoity of e fuel (0.7 %/1) and tte
calorifio value {11 QOO keal/vg).

For tho test ootor uced by KOZA (V = 2.3 1, r.p.wo. » 2500), the fuul

oconsumption 1o thus

’ n N
2.3 X g).O.Q_L%S_ w 8.2 t/hour,
21 x o
and the heat gonerated 1o thercfore

8.2 x 0.7 2 11 x 107

o 63 240 kunl/hmlr

To ocalculate tho fusl convumption of an cuptne fitled with a catalyut-
~dleponaing unit, one may asnlpgn a "new coltective calorifio vatue® to
thie fuel., To obtaln thie it tu nocenonry to onlimule Lhe lousus normally
ococourring owing to tnoomplete oombustion, condenonlion lonnvn and lusnes

due to the formation of undesired combustion producte.

8¢t



Koza Production BV, Page 51. Koza Produstlon B.V, Pago 32,

Results from the Koza teet rig (per phour).

Conventionnld Fugline Qian
englnn cntalyet
If | growm of cbubulr 18 completoly burut thiu ylelds aboutl It 000 calories . o 0
y Cooling water tempcrature 9y ‘¢
of hent and the only combustlion produots are (002)6 snd (l|20) . . oo 0
) Exhaust temporature 610 ‘¢
011 temperature 1y "¢ vy ¢
1f a subutance of compusttion C 1,0 wore burnt, the combustion . e “4 kel
g 613 1 #xhaunt losves, CO and Cl 2156 rend L o
roducte would be (CO + (1,0 2¢0, Prom eaoh C 1,0 tvo muleculus )
. . ( 2)4 \ e ) . ( 6615 Eleotrio power for enpginms 1o W 4.6 W
of CO aru thus forsed each of which rumove 34 calorles (por gram of . - . ' ke
: Total ahaft povor .
Lbllé()”) from the heat of cumbustion. Aleo, inetead of 6 molecules of Thersal snosgy conmumed 01 Lot Kent 03 1y Koul
€0,, unly 4 are forwed giving a oondunuvation losu for each o, of !
94 ca) per graim of “b"o"u'
The thermal enorgy conasumad ocan bo broken down o follows
The calorifio value of the fusl s therefore ruduced by (2 x 34) v (2 x 94) .
. 0 hcal 00 kcal
= 296 culurlou. The compound c(‘uouw guvo about 11 000 cal por grem, Friotional lovseo 4 400 hen 4 4
’ koal 1 079 kcal
The substance Cf'“"“" thore glven ouly Coollng vuter 31 494 keoa 3 7
Budistion loosuen 3 900 kaosld 3 Au0 koald
11 000 - 2%6 - 10 144 cal/g. e > 156 Kont o voat
Bhaft pover avanjlable 12 960 kcal 12 960 hoal
Each gram of tie ayowsud inferior vumpuund Cﬁll(’()‘ therefore reduove the . 06 cal
H 011 oooling 952 kcal | kca
calorific vatus by 256/)1 000 - 2.3% whils produoing a nev and undesired m \
Internal eleatrio lovaas 130 keal 361 kaa
aompound (CO). —_ ———
Total 61 600 kcnl 53 130 keal

Ve conclude that o
n ol

futerunl combustion ouglue under 1deal conditivne snd outstde the 5%

Atuidu the nq.rﬂml thorwal losses of about 70£ of an

We ses that in eplte of the extra electrical puwer used to gencrate
used fur the goneration of electrlo power reyulroed for the engine,

steam for the injeotion of oatalynl, lese heat i1p dissipated by
& further lous of about 2,)% ceours dus Lo fncumpletsly burnt fuel.

the oll, the ocooling water and especlally by the exhaust.

The 1.5.C.U. und catalyut halps tosappress incouplete combustion and Becaune of conastructionsl dtffercnces and differesocsu in the proporlisen
acculeratus the whole combustion proocous, glving a luwor thermal luss, of matortals uoed by the varlous engine manufmoturers, the following

formulas snd caloulations muat be regarded only as rough guides,

The resulila are ocertainly oubjootl to varlutions of s 20%.

6¢
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In t4de 3 s ¢
n tdeal clrowmstunces, the cowpound Clle forws with 7.5(02) a fully

combmntible oospuound, burning to watar HZU ond osrbon dioxide CO
d M’ B

SGaned
W iy ol
\\‘ (\ (: '/

(co,)e + (uzo),

Tho procevves occurring durlng the combustlion of cb!l6 vith oxygon in

the provence of a calalyot are very ocvaplexr and osa take on many forme,

An exanple of an inturwediate product le

" H
) "
H-U-Ge b~ o=l
' PTG
. ~.- .
u 7(, C(_, U\ (3
J /(). ‘5\
U-0-(e-0-C C0-Ge 0 I
R -
0 St o
i /7.0
1) \&\_“_ﬁ_:,/ [
)

Thie b jet : : . H
may be writlten as ('6“|40le°6 3 it burns to ((,02)6 + (l|20)1 + (C002)6.

(co,)q + (u20)1 + (ce0,) .

Because ceriue con assums different valenoleu, it will be olear that
Instead of ((:°02)6 a# cowbustion product, Col and Ce can be formed

and alsuo €0, by the resoval of en oxygen from the ceriws goupound,

Slnce the Introduotlion of cutalyst provides an oxtru eight hydrogen
stows and an oxtra vintoen urygon atows fur Lthe combuutfon proceos
end alnco the ocalulyst is avalluble und oapable of bunding sxcess
oxygenn vr hydrogous and aleo releasing thewm au required, a less

crhtical mixture ks forwed than f¢ norwslly forwed from C 0

66"

T e L atantad ot o ) f
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by the oumbuntion of fuels baned on (:6"6 {(benzenn), C,Ill'4 (ALens) ofls)
or (}.'II'2 (petrol) buscaunnn of tha prevenco of Cl'll4|i4, Lhen the wuximus

work can bo extraoted from the fuel.

From the farogelng Koza tesln wo had for tho thermal envrgy conlent 4 ol
the fuel 1

Q = volume of l'uul/huur X dennlly x colorifle value « 8 x O.7 3 1Y oo
- 61 600 kcal.

The "uew effsctive vulue® of the calorlflo value of the tuel reuul ting
from the uvo of a vatalyllo unll can Lo obluined from the data conourat
the famtaer burning and ths roduood losnco. From tho teets the fual

convumptlion wio a faotor 0.06 levn sno (hal

"Now offective calorille value" - 11 000/0.06

- 12 00U kend

The catalytio unit hae thuereforo glven en fwprovemant of

(12 800 - 11 000)/12 BOO - approx. 14X,

In order to achive thie improvement tn the calortfio velua the right
smount of catalynt munt bo carriced by tho oleam futo the fual/alr

mixture saoplrated by tho englne.

The smount of atuaw regqutred 18 aboutl 420 g por hour (average vulue
for the P.5.C.U.-01-2-12, sce Heotlon 12, p. 3!, Frovisional Tectuiocal
fSpeocification). To produce thie quantity of steam 266 W are requived

and as shown earlier (p. 24) this roquires the sxponditure of about
0.126 1itros of fuel per hour,

oy
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Koza Produotion B.V,

12, Provinional Tochnloal Spoolfication

Typo

Nusbor of heater elemonts
Bupply voltage

Haxtmuis current

Hax. powoar dioolpation

Hux, ovsporation ocapaonity
Min. ovuporation cnpaaity

Min, temp. of vapour
(st 740 mbar)

Hax. Yeap. of vapour
(ut 1040 mbar)

Hin, vapour preoaure
Max. vupour prespure
Vupour pressure rangoe

lax., pumping height
for water puap

Cuapuclty of vator pump

Max. houe lenglh for pump
Bax., lengih of otean duat
Velght of oatalyst chiarge

Convumption of cutalyot per &’

ssplintod air (opprox.

Life of catalynt (runniug hours)

Butlablo for engine
‘oaprot ticu of 1

Subject to modification,
A1) rights rovervad,

rsey-01/2/12
2
12Y p.C.
20 A
240 v

0.57% 1 /hour
at 740 mbar

0.250 1 /hour
at 1040 whar

92 "0
104 *0

JOO nbar
1040 wmbar
340 mbar
300 e

1 Vhour
2 motron
600 na

42 g

0.4 muﬁf

500 houras
1.6-% Mtron

PBCU-01/2/24
2
24V b C.
12 4
208 ¥

0.695 1/hour

ot 740 wbar

0.309 )/hour
s} 1040 mbar

Page 37,

P3CU-01/4/24
2
24% b.0.
24 A
576 W
1.305 1 /hour

0.610 1 /hour

g2 *¢ 92 ¢
104 ‘0 104 ;c
700 mbax 700 nbar
1045 mbar 1050 mbar
349 wbar 350 mLar
400 ma 450 om
11 /hour 1.6 1/ hour
2 wmotres 3 metren
600 mm 1000 s
424 5 &
0.4 ag/n® 0.42 ag/u’
500 hours 750 hours
2-6 1ilres 5-12 1itron

Koza Produotion B.V. I'age 30.

‘Appendix 1

Bnivoions anpd pollution

Thoro are wany feotorn Vit costributo to e pollution of omr
environment. In thiu Appondix wo dincunn ona of tho woot important

of theoa factoro, viz. that doriving from the wne of hydrucarhion fuolw
lubrichnte. Atr, wnlor and Lho grownd ara all nubjoot to the wlfeutls of

pollution productin from hydrocarhonn,

Jr pollution

The Unltaed Btateon Councll of Induatrial Henlth wun the fellovwing rule

to define air pollution. Alr pollullon axlntn §1f the woll-belng of ma

io unfavourably nffeotod or whren damage ks browyht to hio poovuasivno,
R

Han {s dependent for moalfuls ncedo on plantn mud animaly ao that thor

ies aloo pollution whon the environmentof plantn and aniwnale fa

wifsvournbly affeoted,

\ sir po}lution

Even in \ho nlono ago Lhnre wan a uqrtnln dagren of nir pollution,
for exampla by tho Incomplote burning of woud {oopacially in caven),
producing goot and omoka. At that timo hovever we ocan herdly wpuak
of pollution in the American senne bocnuoo the conocentrationn of
hydroonrboun‘ln tho air voro po emall that mants environment and
woll-bolng woro hardly affoctod, luwvever nir pollution sn a rusull
of the activitioo of man goos bdnck at least 700 years. In 125 a Juw
vas paooed in London whioh almed to 1iwmit pollulion of Lhe sl by
the buraing of inforior fuecls.

ALy pollution by industry, pouér otationn, wotorised traffla und
agrioulture {n, howaver, not more thun 200 yoarn old. florieuc pollutim
of tho slr oan bo oafd to Limve begun with the fndnntrial revulution
and hag inareased with tho years., Only Ln the lnnt ton to tweuty yoars
finve offorts bocn made to tackle the probles,

&
~
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Alp pollution due to molorined traffie

Over tho whole world conuldured, nature produces aore than ton timeo
an wuch oarbun wonoxldo un wotorived ireffio. Tho traffio pollutes
the air, howvevor, matnly in tho Llowns whoro 1t producea a high

concentralion of carbon monoxide dus to the high donuity of traffio.

Iu additfon to carbon monoxide, the tmoomplete burning of hydrooarbono
1n the intormal combuaotion englinne used for road vehlolos producon
curbon (woot), cerbon dloxide, wator, and sll vorts of partially
oxidizod hydrocarbonu ouch as aldohydea, poeroxides and oarbon-based
aclido, Thero 10 ulso a certain percuntage of the original unburnt

hydrocarbonn c‘u' in the oxhauut emisuvione,

Bocauuo engine fuols alwvo contain, in guneral, a wmall poruentage of

sulphur, ssall quantities of 80,, uzu and U, S0, are alao forwed.

‘3 250

Vhon the burning temperature 18 high enough, the time of burning long
onovupgh and vhen thoro 4o suffiolent oxygon, oxldoo of nitrogon will
aluvo be formed by the reanotion betwoen ulmonpherlio oxygen and nitrogen.
funmples of the nitrogen oxides formud are lO, N02 , and N20‘ +» The

goneral notation for theue oxidve e uox .

Hewnvacea to provent elr pollution by road yehiicloe

CO and clux oan be oonvertod into 002 suld uzo in an after-burning
A
-

procoss, provided that oxygen iv prevent and ameans to msks the reastion
prooevd faot vnough,

- s ) N - oA A s s as o . e amm =t Sha

in onc oyoicm air is foroed by a pump inio the exhauat gnses at the

woment that thuuo lcave tho oxhaust port of the oylindur, atill aflamae,
The completion uf the eombustion then tekes place in the exhaust pipe
& ~nnldsrahla

PO Sl P . N PP ea s Sac arabla
and tho divanlputlivn ol the sxira ROl HOro ropraununve = vunw=ss -

probloa. Hervever qullu sowe unergy o voquived to drive Lhu pump,

Anothur pousibLility ip catalytlo sftor-burning in whioh the sosp

a—

Kora Produotion B.V, f'ugo 40,

of the oumbuntion takes pluny at a lowar temporntlure wilh the uid of
a catalyat. Apnrt from tho technical complicnlions, onalalyttio alter-

surning bringi othece prablowma.

5. Catalyotln sow svalleble nre 2ll potacusd by Lhe lead sumpunnde
i the cxhauat gaveo, wil jn a short timeo.
2. The sacro-problea of produuing eulficiont ontatyst for mtllions

of valklolao.

The polaoning of the oatalyat oan bs avoided Ly tho uvoe of lead-froe
petrol. Bince 1t 1o not piisible Llo proifuce o leud-Iroc poelrol haviug
the high-ootane valueo nov commonly iun use, Lt uwould only be puseible
to avold pre-ignition (dotonmllon, piniciug, kuockitng) by lowering the
ocvapreonlon rntio of engtnos. Thie howevor londu to a highor fuul

oonsumptlon,

Vith thoas after-burnor myctoms the ﬁﬁl ooncentration io not aifeotod.
A lowering of tha HO_ oconccatration can be aohlevad by adaitthug

a portion of tho oxh:unt garoea to the frosh fuol-air mixture. Thlu
reduces the combupntion tomperature st the expenas, howcvor of the

thermal efflofoncy,

An alternative prime mover in the form of tho Wonkel engine, fiiriing
engine or geo turhine might catialy the roquiremente of low fuol
conounption and low emisuions but the high dovolopsint und produotion
ocosts of puch enginoo quiio preoiudos thoir gonorai ;ppiicgiian.

Moreover, praotionlly all oxisting rosil vahiolos ars propolled by

conventional diosel and petrol engines,

An nlternative solution 1iv the application of the P.B8.C.U,-01 with
catalyat Lnjoation,

In thie pyostlom & oatalyst, whlch aclivatems the renctlon of hydivoarhun
compoundn, in injeotod into the fuel-air mixture right at the Luginning
of o oombuvtion provcovs.

&
w
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The P.B.C.U. genoraten hot water vapour wvhioh oarrive catalyat into

the enginoe at a controlled rate. Ao a reoult

1. The oombuotion o oonnldorni)ly faator, although the burning

tompera ture remalna tha osame resulting in & much lower produotion
of NO_ .
x

2. Kxtre oxygon end hydrogon aunoclatad with Lho ocatal yot in made
avallable during the cosbuotlon procunv wnking povnible the

couplato ocombuation of LO end ulu! to C(l2 aud llzl) ta Lthe comhuetion

oliamber.

3. Owing to the oharesoteriutio propirrtles of the catal yot tho forsalion

of sulphurio acid and sulphurlo ccmpounds and of ni Lcie compounds

is eupprosved.

4. The thermal elfftolenoy of the engine is fmproved conolderably
booause the fuel ie now burnt completely and conver tud to 002 and

l|20 without the formation of toxio aubalancves,

With the POCU-CATALYST BYSTEM

~ Engine consumop lena fuel for the oame performance

~ Toxig emfoolono groatly reduced to velues woll Lelow USA standarde,

Eoopoulo aupoots of the PHCU-Catalyet fyatam

1. The investisent in the }OCU-Catalyst Syastem ts camed baok in

a very short tiwe from the rodused fuol ocneumptlon.

2. The suppression of toxto snd agresuivo combualion productu keepa

the engline and oxhauot systom olean, with lover aafnlunancd avate.

3. Vory lovw toxic omissione, 6o muoh levs pollution o€ the environment,

. —
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. Steam
Water supply hose \7‘,\ injection ‘ube
| |, overtiow / Check vaive (8] Steam hose (3) Catalyst chamber {4)
A . =~ : - -~ o aas
-1.-'_.[._- i 7 J/—-. S \/’—e"
! ['— //
2"min.
1’ (2)
' . 1 .
24" max. \ [
5" min.

?ﬁ PS.CU-QV.I.. "
. et T e ' .

12 AWG 1{213!

l ;
L=,
(313

E (10) Q

Water pilot ligit

]
i

—m— : — 20 3 ﬁ

LR I -:‘.f
——lw 4“!(0 % L Igrution Switeh

KOZA-PRODUCTION.BY. SITTARD. | PS.CU-01] Z
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ATTACHMENT D 49

INSTALLATION INSTRUCTIONS - P.S.C.U. 01/12/2

This package contains:

(1)
(2)
(3
(4)
(3
(&)
(7
(8)

(9)

(10)
(11)
(12)
(13)
(14)
(15
(18)

Cther

P.S.CelUa 01/12/2

12 mm. Brass elbow joint with sleeve coupling and hose coupling
12 mm. Gray steam hose approx. 3 ft. long

Brass catalyst chamber with 12 ma. sleeve coupling and hose coupling
12 mm. Injection tube with nuts and rings

12 mm. Brass elbow with sleeve coupling and internal thread
1/8" Silicone heat resistant water hose approx. 4’ long

1/8" Plastic check valve

Plug with attached fuse box

Lamphol der

Lamp

S solderless terminal connectors and tie wraps

Mounting bracket with 2 bolts (8 mm), washers and lock washers
2 hose clamps

2 5/16” bolts, with washers, lockwashers and nuts

Sheet metal screws B x 3/4¢

materials needed:

Various terminal connectors
Electrical wire (12 AWG and 18 AWG)
Insulation (flex tube insulation)
Loctite 290 (or equivalent)
Additional bracket material

Water reservoir (minieum 1 gal.)

Required for Installation:
Basic tool set and electric drill

S/8% drill bat
Crimping tool

TTITRTT
RS T
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Find a suitable place, as closa as possible to the air intake, where
the P.S.C.U. 01 can be placed harizontally. Note that the steam

outlet is at the top and the electrical connector is at the bottom
of the unit.

steam ocutlet

/,///7 water intake

r1
—_

overflow '
outlet P.S.C.U. 01

connector &\

Insert the steam injection tube (#3) in the air filter/air intake as
shown in Figs. 1, 2 or 3 below:

Fig. 1 - example of fitting to turbo charged engines.
Fig. 2 - example of fitting to engines with fuel injection.
Fig. 3 — example of fitting to engines with carburetor.

Drill a S/8" (16 mm) hole in the air filter/air intake as appropriate
for your engine type. Saw off the end of the steam injection tube
at an angle, as shown below:

}3/4“

50
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Mount the steam injection tube in the air filter/air intake and secure
with Loctite 290. It is preferable that the brass bend be used. 1¢f
space i1s limited the brass bend should be cut off and the brass elbow
used instead. The brass elbow should also be used when the bend is
needed inside the air intake.

Connect catalyst chasmber (#4) to steas injection tube with sleeve
coupling.

Before aounting the P.S.C.U. 01, note the level difference between
the catalyst chamsber and the top of the unit, as shown in the
“General Installation” drawing. Mount the P.S.C.U. 01, preferahly
using the bracket provided. AN additional bracket may have to

be used. Use the 8 mam bolts and washers to fasten the unit to

the bracket. To fasten the bracket to the body, use the S/14" bolts.

Connect the catalyst chamber to the steam cutlet using stsam hose
(#3) and brass elbow (#2). Use hose clamps to secure hose.

Insul ate steas hose, catalyst chasber and visible portion of steaa
injection tube with flex tube insulation.

Place water reservoir in such a way that the maxisum water level is
not higher than 3" below the top of the P.S.C.U. 01 and the minisus
level may not be lower than 24" from the top of the P.S.C.U. 01,
(See General Installation drawing.) Place water supply hose (#7)
approx. 1/2“ above the bottom of the reservoir.

Place check valve (#8) close to the water intake of the unit, in
the water supply hosa (#7)., The arrow on the check valve should
point towards the P.S.C.U. 01. Cut off any excess and secure the
water supply hose with tie-wraps.

Use the excess of the hose (#7) to connect to the overflow outlet of
the P.S.C.U. 01 and position it in such a way that no part o+ the hose
is less than 1" below the cmnter line of the catalyst chasber.

Mount the water pilot light into the dashboard.

Before connecting the fuse box it is advisable to disconnect one of
the cable terminals of the battervy.

Mount the fuse box (#9) in a suitable place and connect as follows:

point 1 - with 12 AWGE wire to point 30 of the starter motor or
directly to the positive (+) terminal of the battery

point 2 - with 12 AWG wire to the ground conmnection of the engine or
directly to the negative (=) terminal of the battery
point 3 - with 18 AWGE wire to point 1S5S of the ignition switch, or to

point 13 of the ignition coil (Series resistor cannot be
connected. If in doubt, ask your dealer.)
point 4 - with 18 AWS wire to point 61 of the alternator to ensure
that the unit will only operate when the engine is running.
point S - with 18 AWGE wire to a connection point of the water pilot
light. The other connection point of the light must be
connected to a grounding point.
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11. Put the lamp in the lampholder. Put the fuses in the fuse box as
follows:

point 1 and 2 - 40 amp. fuses
point 3, 4 and S - 8 amp. fuses.

Connect the cable terminal back to the battery. Prime the pusp
before use by forcing some water into the water intake and by
filling the water supply hose. Fill the water reservoir,
preferably with distilled water or soft, clean watsr.

The P.S.C.U. 01 is now ready for use. Read the operating instructions before
use.
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P.S.C.U. 01 DOPERATING INSTRUCTIONS

The P.S.C.U. 01 consists of the following parts:

- Vaporizer

- Water supply pump

-~ Electrical control unit
- Catalyst chamber

— Steam injection tube

HOMW THE P.S.C.U. 01 OPERATES:

The unit will function when the ignition of the car is switched on and the
engine is running. It will pump water from the reservoir to the vaporizer
when needed. In the vaporizer steam is produced by means of electric
heating elements. The vaporizer is connected to the air intake of the
engine with a steaa hose, the catalyst chasber and the steam injection
tube.

When the engine is running there will be a partial vacuus in the air
intake which will cause a partial vacuum in the evaporator via the steas
injection tube, the catalyst chamber and the steam hose. The faster the
engine runs, the larger the vacuum will be. The vacuum will cause more
water to vaporize to steam. The steam will pick up a certain asount of
catalyst while flowing through the catalyst chamber. Steam containing some
catalyst will then enter into the enqine. The catalyst will now regulate
the combustion process in such a way that the engine will run more
efficiently and less harmful exhaust gasses will be produced.

During the first period of operation of the P.S.C.U. 01 the catalyst
performs a cleaning function in the engine. The beneficial effects of the
unit will not be fully evident during this periocd. The duration of this
cleaning process varies depending on the carbon build—up in the engine,
averaging approximately 2,000 miles.

The electronic control unit will:

- check the water level in the vaporizer, and turn on the water supply
pump when the level is too low. In the event no water is available the
control unit will switch off the heating elements and turn on the
red light.

- check the temperature in the vaporizer and switch off the heating
elements when the temperature is toc high.

- check the voltage of the car battery. The P.S.C.U. draws a relatively
high current and there might be ocrasions when the available power is
too low (e.g. when the battery is bad). The P.S.C.U. 01 will switch
itself off when the battery voltage is below approximately 11.7 volts,
so that encugh charge will always be left to start the engine. After
the battery is recharged to approximately 12.3 volts the unit will be
switched on again.
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WHAT YQU MUST DO TO GET THE FULL BENEFIT FROM THE P.S.C.U. Ot

check the water level in the water reservoir regularly and refill when
needed. The level must always be high enough so that the unit can
operate until your next check—up. It is recommended that the reservoir
be filled at each refueling.

the catalyst chasber aust be replaced every 30,000 miles.

if you notice that no water is being usad, check the fuses in the
fusehox and replace if necessary. Check to see if the check valve

is blocked. If both the fuses and the valve are in good shape consult
vyour dealer.

if reservoir has been allowed to run dry (red lamp is lit) the water
supply hose must be filled to ensure that the pumsp will prise.

55
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2% UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
- 3
;,_43; ANM ARBOR MICHIGAN 48105

November 26, 1982
QFFICE OoF
AIR, NOISE AND RAQIATICN

Mr. Johannes P.M. Zwaans, President
Dutch Pacific, Incorporated

218 Main Street, Suite E
Huntington Beach, CA 92648

Dear Mr. Zwaans:

We have performed a preliminary review of your November 9, 1982 applica-
tion for an EPA evaluation of the P.S5.C.U0.-01 retrofit device. Based
upon our preliminary review, we have noted the following concerns:

1. The Installation instructions provides a list of those compo-
nents included in the package. Although the list includes a
brass catalyst chamber (item 4), no wmention is made of the
catalyst itself. Is it also 1included or is it purchased
separately?

2. How did you determine the 30,000 mile interval for replacement
of the catalyst?

3. How will replacement catalysts be available and at what cost?

Enclosed is a set of test plans. As a minimum for your device, we recom
mend Test Plan C and Testing Sequence 4. We also recommend that you test
two late model vehicles and that they be driven 2500 miles at each point
where mileage accumulation is indicated. Although the operating instruc-
tions (Exhibit S of your application) state that 2000 miles are required,
the 2500 miles were chosen because the test data (Graph 1 in Exhibit 2 of
your application) indicates that optimum benefits are achieved after 2500
to 3000 miles. Other details with respect to testing, test vehicle
selection, and test facilities were furnished to you previously. How-
ever, should you have any questions or require further information,
please contact me. So that we may evaluate vour device in a timely
manner, I ask that the required information and test data be submitted bv
Januarv 15.

Sincerely,

N ~

Merrill W. Xorth

Device Evaluation Coordinator
Test and Zvaluation Branch

Enclosure
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DUTECH PACIFIC, INC.
218 Main Street, Suite E
Huntington Beach, California 92548
(714) 260-3436

December 13, 1982

Mr. Merrill W. kKorth

Device Evaluation Csordinator

Emission Control Technology Division

United States Envircnmental Protsction Agency
Motor Vehicle Emission Laboratory

285465 Plymouth Recad

Ann Arbor, Michigan 481095

Dear Mr. Korth:

We have been advised that the manufacturer/producer of the P.S.C.LU.
01 device has encounter=ad serious financial problems in Holland and mignt
be dissoclving their corporation. We would therefore like to withdraw ocur
application, previously submitted on November 9, 1982. until such time as
the company recovers financially or finds another manufacturer/producer
to undertakes production.

We appreciate your prcompt response to cur application and request
that you put it in abeyancea until we notify you that the above prcoblems
have been resoclved.

Very truly vyours,

“H oo ™

Johannes FP.M. Iwaans
President

-



