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Introduction

PUrpPOSE
1o produce marketable polymer gasoline tanks
1o propose; a competitive and appealing business plan

Project Considerations
Current Gas Tlanks
Safety and Regulations
Material Selection
Process Design
Tiank Design
Einancial Evaltations
Risk andl Uncertainty




[First Stage

Determine lImiting| facters

EXIStingl gas tanks
Cost

Quality,

State and federal regulations
Tihese factors must be; met;,
Or' surpassed, fior successiul
designiand plan

510F) %
-Err-. -




Current Gas Tank Comparlson

Plastic
Competitive Edge

Variouss materials
Possibly recyclable
Lightweight
Additives and layers :
Complex geometry Steel

Emerging product (Visteon) 20/ gauge low Carbon
Current Uses Competitive, Edge

Automobiles i '
Histoerical use
Boats
[Farm equipment e
i q _P : Strong
MaV:n eqtilpmen LLow! diffusion
OLOrCyclesS Recyclable

Race Cars



Visteon
Six layer design

-HDPE | &%) 360 microns

IHigh density’ polyethylene ' e ouow  2%0micons
Structure _

: J B - [25%) 150 microns

Ethylene vinyl alcoholl barrier — < ——EVOH 30w 180 microns

I ayer F— TIE (25%] 150 microns

1 I 60 microns

Linear low density: polyethylene HDPE_jsow)  Z7oRmicrons

adhesiverlayer
Blow: melding process

Volume: 60 Liters

Estimated selling price $53.00° KAEHEI

Sold directly to automobile
manufacturer

Price based on 15% return; on
investment



fl Federal Regulations

ULS: Department off liransportation

Federal Motor Vehicle Safety: Standards and
Regulations, Pest Crashi Standard No. 301 crash
fequirements

Erontall Barrier

Rear Meving

|lateral Moving

Static Rollever

PUrPOSE
Reduce deaths and injuries



—

;(f 8l Federal Regulations

e —

Euel spillage limits; fior' eachi crash test
2.8 d| from impact: until cessation off motien
142" giinnext Srminutes
25 @ per minute in next 25 minutes

Other reguirements
Parking brake disengagded
Tiransmission| in neutral
90 — 95% full fuel system

Including hoses and activated pumps



Federal Regulations

Vehicle must passi 2 evapoerative emissions tests
Using SHED) (sealed housing for evaporative determination)

2 grams of hydrocarbon iniar 24 hr period
Includes one hour hot soak test

0.05 g/mifloss test standard under normal driving
conditions N

Environmentall Protection Agency. _ﬂ
Extended Evaporative Emissions Test ——
Euture standard D -

Californial plans 0.35 g/day: “zero emissions” standard
Other states will fiollow




st Stage Summary,

[Design
Capitalize on advantages
PI3StIC IS INEXPENSIVE

Study’ numerous material optiens
Additives and layers

Improve oni possible weak points
Strength
Diffusion
Regulations
Comparison of mechanical properties; off materials
Determination| of diffusion model

Set “near zero™ emissions goal
Pass all current Federal and State regulations
Pass future regulations



Second Stage

Materials selection

ldentify feasible materials
Structure and properties
Consider additives
Consider multiple; layer design
Mechanicall properties

Diffiusion model




A
(a)
(7
(©
(@

| ON Properties y .
2 Nylon Simulation Cell
casipility off design -
o Materials
. High density polyethylene (IHDPE)
1 Nylon
1 Glass filleal nylon

4 Fpox‘e&*

| Polyurethane

| Ethylene \/JrJ\/J alconol (EVOH)

- KYNAR®) (polyvinyldenefiuoride)

- Curv® (polypropylene product)



Mechanicall Properties

Tensile strength/Yield strength

Abrasion resistance
Rockwelllhardness

PUnRcture resistance
High speed! puncture test

Flexurall stiengtn
Charpy Impact energy



Mechanicall Properties

Charpy Impact Energy
Res|stance to Inpact
Linearwith thickness

Simulates; actual
Impact

Used to) compare
materials to steel




Charpy. Impact Relation to
Thickness

{ Joules )

010

£ = thickness
0-05 D = width

g 20 40 60 80 100 120 140 160
BOP(m2)x10™7
Fig. 6.49. Typicalresults for cast PMMA sheets obtained on Charpy tests. (After
Plati and Williams.®?)

Directly’ related! to thickness
Linear relationship



Thickness Calculation

U=Total impact energy (J)

U,..=Desired total impact energy

Ch,=Charpy impact strength of material i (J/cm?)
B.=thickness of steel tank

D=width of test sample

B=thickness of material needed to make its strength equal to TE,.,



Thickness and Strength

Material

Charpy Impact Energy (J/cm?)

Thickness (mm)

1020 Steel

16.9

0.912

HDPE

6.8

2.41

Nylon 6

5.2

3.15

Nylon 6 10% glass

0.5

30.95

Nylon 6 20% glass

1.7

9.65

Nylon 6 30% glass

1.8

9.11

Nylon 6/6

3.4

4.82

Nylon 6/6 20% glass

1.0

16.40

Nylon 6/6 30% glass

1.7

9.65

Nylon 12

2.4

6.84

Nylon 12 20% glass

1.6

10.25

Nylon 12 30% glass

1.7

9.65

Curv

12.0

1.37




Diffusion Model

Diifiusion threugh
walls needs ter meet
EPA emissions
rfegulations o
One dimensional, Adsorpton
steady state diffiusion
throughr barrier
(hydrephilic) layer
needs to be
iInvestigated




Diffusion Resistances

Adserption — Governed by Hemnry's
Law

c= Concentration >
S= HHenry's solubility: coefficient
P='Vapor pressure of gas
Liguid diffusion: negligible
Surface should'be hydrophilic
Gasoline is hydrephebic

.Eﬂsnrp:-tinn




Diffusion Resistance Cont.

Eick’s Law: off Diffusion

Ficlk's Law

Na = Elux out

Dap= Dififusion; Coefficient
Ca= Concentration

z= Thickness




Diffusion Resistance Cont.

Peserption/ Convection

Desorption geverned by Hemry's Law

Correlation fior' Convective Mass
Transfer Coefficient




Diffusion Resistance Cont.

Convection

Assumptions for Locall Reynold’s
Number

Pressure = 1 atm
Tlemperature= 300 K
Natural Convection = 0.0833 ft/s

llocal Length fior' Correlation: =
0.833 fit




Diffusion Resistance Cont.

Convection

ConvectiverMass liransfer
Coefficient = 9.10 x 107 ft/s

Overall mass; balance;yields
concentration oft 1.25 x 10710
mol/cm?

Negligible concentration, nNo
peuUndary layer resistance




Diffusion Model

New: Tierm- Permeability.

D= Diffusion Coefficient
S= Henry's Solubility: Coefficient

WhY introduce permeanility?2?2
Fewer terms will simplify: the finalf eguation



Diffusion Model

Integrated! Fick's; Law.

Substittting Henry:s [Law, andl Permeability

Einal Difftision: Model



Second Stage Results

Diffusion Charpy Impact
Material Thickness (mm) Required (mm)

Cun

Nyion cannet be Used alone
Needs: polar barrier

Tank will require; 2. layers
Barrier- EVOH
Structural- Curv®), HDPE, or Nylon 6




Third Stage

Process selection

Identify’and analyze feasible processes ——
Injection: Molding |1 e LM |
Stamping e
Roetational Melding
Blow' Molding

Mateh materialsi With precesses
Compare Returns on investment: (ROIL)

Choese process
Based on profitability,




AdVantages Compatible materials

Selff contained
DrOCESS HDPE
Disadvantages Nylon

High' equipment cost

Tanks will have
Seams



Stamplng

AdVantages
Simple process
LLow! cycle times
LLowW: maintenance

Disadvantages

Cannot produce complex
shapes

Tlanks must contain seams

Compatible materials
HDPE
Nyion
Curv®



Rotational Molding

Advantages
Complex geometry.
Seamless
Stress: free, corners

Disadvantages
llarger labor needed

Lower production LOAD / UNLOAD <7

voelumes ; )
High utilities Compatible Materials
Large machinery. Nylon

IHDPE



Blow Molding

Thermoplastic Blow Molding

- truded nd H Hﬁmu uﬂrgﬂmﬁﬂm
e ;Eﬂ':-::d hatvas fm; plastrc: into mald
gLl Compatible Matérials
llarge velumes Nylon
Llow! cycle times HDPE

Disadvantages

Loss of trimmed! material
201- 30 %, of total part

High pressure



Stamping with

Glass-filled Nylon and

Process Spreadsheet

polypropylene

Total Impact Energy for 2

gage 1020 steel = 47.0 J for a sample width

of 12 inches (30.48 cm)

Tanks/yr

Tanks/hr

Polymer

W (mm)

Tot lmpact Everay &)

Process Temp (°C)
110

£00,000

Hrs'work day
24

Work days/yr
=20

Charpy Impact (J/cm?)
B8

Comparisor
=04

Thickness (mm)
241

Heat Capacity (J/9-"C)
2.2

Density (ka/m?)
555

053

30.95

210

208

EX

2
=

240

208

30% Mylon 6

EXE]

350

200

Mylon &

315

120

160

20% Mylon 12

10.25

180

160

% Mylon 12

7
£
2
5
7

9.E5

250

168

0% Mylon 6B

3

16.40

250

205

0% Mylan 6/

EXH

350

220

Mylan 66

282

120

200

Mylan 12

684

8|5|8|8|8|8|8|8|5|5|2|8

040

140

KV NAR

745

Tank inner dimensions

Vol Tank {cm?)

{gal)

Length {cm)
[5

2

Vol Tanl
7

[ na [ o ma ma ma ma

k
]
]
]
]
]
]
]
]
i]
i]
i]

103 [R3[R3|R3| R3) 3| RS | R [ RI

Processin

er

cm)

Height {cm)

Polyni
HOPE

5.80247 64

Vol Pol/Tank {cm?)
25134

Vol Pol/hn {cm™/hr)
163636.0

Vol Pol/hr {m*hi}
0.16

Vol Pol/day (m%day)
33

Wass Pol/day (ke/day)
375445

Tank Weight {Ibs/tank)
5.29

Cost (J/tank)
52.70

10% Mylon &

S902635:

37017.0

2409959 3

57.6

55294 11

$24 66

20% Mylon &

104169

675315.6

16.3

15563.27

$5.25

30% Mylon &

299055
B

96143

636951.3

1535

1466010

$10.51

lon B

26 03033075

32959

2147747

52

4927 7!

$1.63

20% Mylon 12

27 45052493

1102 .8

7228403

17.3

16584 .8

§9.52

30% Mylon 12

27 32990552

04159

676315.6

16.5

15563 2

$11.25

20% MNylon B/

286608399

8303.2

1191661.6

28.6

27341.4

$16.65

30% Mylon B

42.729905682

27.32990582

0418.9

676315.6

16.3

15563.2

$13.32

Nylon 66

63.06495221

41.76495291

26.36495291

5087.3

331204.7

7.9

75991

$3.01

Nylon 12

63.46701662

26.76701662

7278.8

473861.0

1.4

108727

§4.34

52.16

42 16701662
i Cost

Storage Tank Cost (%)

sihr)

Stamp Cost (%)

Conveyors

Conveyor Cost (8}

Cutters

Cutter Cost ($)

Extruder/Dies

Die Cost ($)

Extruder Cost ($)

Storage Tank (m?
589

14,541

Auger Cost ($)
$172

Number Stamps
4.00

$500,000

5.00

600

4.00

$12,000

$1.100,000

5240

000

37 592

6,727

6215

6872

7 272

6727

51,556

on 6

30% on 6

lon 6

.858

0% Mylon 12

792

S30% Mylon 12

.201

0% Mylon B

.952.570

30% Mylon B

.947.201

Nylon 66

.940.692

Nylon 12

943,912

Utilities

Stamp (KWhiyr}

Heaters (KWh/yr)

Conveyor (kKWhiyr)

Sprayer (kWhiyr)

Cutter (kWhiyr)

Extruder (KWhiyr)

Dies (KWhiyr)

Total Energy (kWhiyr)

2,160,400

393216

30,720

92,160

153 600

1,843 200

1,666 667

6,329 963

Inside Coating

Zero emissions (0.3a/day)

Volume (cm*/tank)

Cost ($/1b)

Cost ($/tank)

Cost (fiyn

Density (a/cm?)

Weight Coating (Ibs/yr)

EVALCA EVOH

ZE Thickness (mm)
03

Weight (Ibstank)
0.50

$1,060,962

E:

Vol Coating (fe/yn
594.1

Vol Coating (myr
152.7

KYNAR® 1000 HD

0.5

5091

1.58

$10.50

$20.64

$10.421 211

177

992 4963

§,990.1

254.6

Adhesive Layer

Volume (cm*/tank)

Cost ($/1b)

Cost (/yn

Weight Coating (Ibs/yr)

Vol Coating (feiyn

Adhesive LLDPE

ZE Thickness (mm)
0.1

101.8

Weight (Ibstank)
0.27

Cost (3/tank)
$0.12

361,389

Density (a/cm?)
1.19

133.454.3

Vol Coating (myr)
50.9

Rivet Costs

Material

Rivets/tank

Rivet Cost ($/rivet)

Rivet Cost ($/tank)

Rivet Cost ($/yn)

Steel

24.0

01174

52 62

$1.406,500.00

Total Cost

Polymer

Swuctural ($1ank)

Structural ($/yr}

Other Materials (h/yn)

Total Cost (3/tank)

Total Cost (3

HOPE

1,348 522

Other Materials (3/tank}
05

$2,531,151

57 76

53 ,580,7 7.

10% Nylon &

12332187

$2573

$14 863 34

20% Nylan &

4,126,276

$13.31

B 657 A1

30% Nylan &

$15 57

7 784,175

Mylon &

56 6!

5,344 966

0% Mylon 12

7 292 550

30% Mylon 12

4,155,965

20% Mylon B,

1,854 459

30% Mylon B,

5,152,150

Nylon 66

§4,097,172

Mylon 12

2,167 611

§4 598,762




Process Spreadsheet Cont.

IRput

Plant capacity, annual werking days, daily
Working| hours

Output
Material costs
EqUIpmMEnt; Costs
Utility: costs
Tlank specifications



Financial Evaluation

=N

1.11
0.00




Third Stage Summary.

| Prcess | TCi(Smillion) | ROI(%)

Nylon excluded
Similar in cost and application te HDPE
HDPE stronger, lighter

Stampingl CurVv
Smallest TCI
Best ROI



Fourth Stage

Petailed design
PIOCESS
EVORI Layer
Joining; tank Malves

Gas| tank design
Wall layersi anal thicknesses



Stamping Process Diagram

Infrared Haatars

Tlank halves| produced separately
Flanges on each half used to join together



EVOH Layer
Adhesive

Llinear' Low: Density: Polyethylene (LLDPE)

Made, by spraying EVOH

ZEero-emission standards
35 micron EVOH layer minimum requirement
140 micron; EVOH: layer will be used

PrOCess

Mix withr selvent

Ethanoll— 80/20 solvent/water
40/Wit% soelvent mixture

Spray on the tank
Solvent evaporates




Joining Halves

IHeat flianges on side
Press together
Steell Rivets




Final Gas Tank Design

] 0.2 mm EVOH Layer COnSta nt Wa” tthkneSS

B 0.1 mm LLDPE Adhesive DImenSIOnS/Sha pe
Dependent onfcontract

Variability in dimensions:
30 - 36 inches in length
22 - 28 Inches in width
/. - 10 inches/in height

B 2.0 mm Curv Structure




Final Stage

PDevelopr bUusiness plan

Strategy;

Pregram| Evaluation andl Review! Technique (PERT
diagram)

Risk and Uncertainty.
Optimalllocation



Pert Diagram

Crof Projsct

Capacity &
Loz aticr

[Cwalds Cap aclty
ITenpaldiIng,
declds locatan

Cse ok Capaclty
I Ezpanding,
de ik 1o atlon




Investigate terest

($200007)

BT T AT

l\\_-:lzn,r day

Pert Diagram

Ingsala
Hagh P=02
Mediurn P=0.E
Lomw P=0.2

Malilyu
High P=0.35
Mediurn P=050
Lo P=0135

Akima
Hagh P=02
Mediurn P=053
Low P=0235

Maxina
Hagh P=04
Mediurn P=0_
Lenw P=004

Civic
Hagh P=02
Mediurn P=0_
Lorw P=03

Accord
High F=011
Mediurn P=0.4
Low P=005

Pirsue Contract=

o 40 000

WT

]

rnpel =
Protability Eazed on
nterest

Malibu
Frobability based on
Fterest

A ltirna
Probability bazed an
It ere =t

Maxirma
Probability based an
Intere=t

Civic
Probability bazed an
Interes=t

Azord
Frobahility based on
It erest




Risk and Uncertainty

Determine poessible interest:levels
Asseciate al probability toreach level

Generate random samples for Curv®)
EVOH, LLDPE, and rivet prices

Developr scenarios Using pessible interests
andl generated prices

Calculate the probability: and NPV for each
SCenario



Possible Outcome Example

Impala
Medium

Altima
Medium

Maxima
Medium




Risk Curve

Risk Curve

VaR =1.77

ENPV(0.64)

-1.00

1.00 3.00
NPV (Millions of Dollars)




Final Stage Conclusions

Stamping Curv®) with an EVOH barrier
Totall Capital Investment = $3.61 million
ROI = 15.5 %

NPV =1$3.356 million over 10'year project
e




Product Comparison

Curnv®/EVOH IHDPE/EVOH
$42.00 $53.00
8.1 Ibs 17.6 Ibs
Recyclable NoR-recyclable

2.3 mm wall thickness 4. 52 mm wall thickness



Recommendations

Further analyze risk and Uncertainty,
IMprove; expansion

Gauge market interest

Expand automonile moedels considered



Questions?



