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Construction Chemicals
Cleaners, Industrial and Institutional
Surfactants
Flavors and Fragrances
Water—Soluble Polymers
Food Additives
Specialty Polymers(Engineering Thermoplastics)
Plastics Additives
Printing Inks
Feed Additives
QOil Field Chemicals
Electronic Chemicals(IC Process Chemicals)
Catalysts(Petroleum and Chemicals Process)
Paper Chemicals Specialty
Electronic Chemicals (PCB/Packaging Chemicals)
Adhesives and Sealants
Specialty Polymers (Specialty Films)
Lubricating Oil Additives
Cosmetic Chemicals
Water Management Chemicals
Coating(High—Performance Anticorrosion)
Textile Chemicals
Catalysts(Emission Control)
Nutraceutical Ingredients
Coatings(Thermosetling Power)
Coatings(Radiation Curable)
Biocides
Flame Retardants
Lubricants, Synthetic
Antioxidants
Specialty Polymers(High—Performance Thermoplastics)
Rubber—Processing Chemicals
Corrosion Inhibitors
Mining Chemicals
Imaging Chemicals and Materials (Toner Raw Materials)
Imaging Chemicals and Materials (Thermal Chemicals)
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Table 1 - Projected Fleet-Wide Emissions Compliance Targets under the Footprint—Based CO; Vehicles(LDV) 7 |& 2050E7tX| £ 4
Standards (g/mi) and Corresponding Fuel Economy (mpg) 2F 7hs B20| KL TFUE|Q! ABAL LY
2016
base 2017 | 2018 | 2019 | 2020 | 2021 2022 | 2023 | 2024 | 2025 §IH01| EHéH |j:|_ % tg 35~65% % %[: ] FA
Passenger | o5 | oo | 202 | o1 | 182 | 72 | 64 | 157 | 150 | 143 7|20l &|A, &= 7= e oE XA
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- g ofl™olct,
L'g?t /Tr:qffks 208 | 295 | 285 | 277 | 269 | 249 | 237 | 25 | 24 | 203 =7e
9 2008~2015 LWM X|2 A7 Eok=
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& Trucks (g/mi) 250 243 232 222 213 199 190 180 171 163 37.” 37 |'X|I:|'. g%k§|. _MHQ_' I:I_|-7| LH}(\)I- %
Combined Cars | 455 | 366 | 383 | 400 | 417 | 447 | 468 | 494 | 520 | 545 # A= 20 4R01s0|H, S87k=
& Trucks (mpg)
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SESHXISKE AXY 7|& JHe $i8 X t=
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(H 4) AISX}HH | AT A HISTHA| SIEE LI2(2016~2025)9

M|O|7{ CAFE 2008MY CAFE 2016MY SHEXH| 7iM FEF
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Ford 275 323 Sub—Compact £, 47| AT 53 &8k, AT CHRAOIE, B (ERA)2 XX =2F 6% ZtA A 13%2| H
Chrysil 26.1 327 Flat It E8|2I, Sub—C t £
rysler _a FIE2|21, Sub—Compac 2 52 A BT 7|HE A ol 0[2
Toyota 333 34.0 47|S Ak Stoh, HEV T S4H, Sub—Compact EOH St
47 |5 MAFSHH HEV T &, i HEV &8, ARl '?’lsH VT :: 3-7'” 37H ‘E‘Ol:(—)-l R&D% Xl"onl
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= Sl QoM T2 72 LIRS Z2ks| AXY
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W 71 342 2| HEV HMIZ £, Compact £¢ StrH, olIXI
| ' GEAE T 2HBB 7 I T 3), HFE 2
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i i 2 Y SAST 72 MR 4) SOl
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(E 5) 2t MR HAMIE Tt HH| L | JHM H=E
Aol 2 | 7X| SHEX s 58X AFEZ W, £X : Fourin, siLIZ8ZEXTA(2011)
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re

1 on, 0j= & x| B3t LDV Component Group 2020 202544 203041 2040\ 205041
Body 35% 45% 55% 60% 65%

8) EPA and NHTSA Set Standards to Reduce Power—train 10% 20% 30% 35% 40%
Greenhouse Gases and Improve Fuel Economy ) .
for Model Years 2017~2025 Cars and Light Chassis/suspension 25% 35% 45% 50% 55%
Trucks, https://www3.epa.gov/otag/climate/ Interior 5% 15% 25% 30% 35%
documents/420112051.pdf .

9) http://energy.gov/eere/vehicles/downloads/ Completed Vehicle 20% 30% 40% 45% 50%
vehicle—technologies—office—merit—review—2014— — -
vehicle—technologies—office—materials (HE6) LDV X2 BEH 2k 7k 2H(DOE, VTO)
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Magnesium Alloys

When it “works” > 40-70% weight reduction

Otherwise > Cost (~83-10/ Ib-saved)
+  Lack of domestic supply, Russia,  Others
unstable pricing us, W% 9%
+  Challenging corrosion 7%
behavior

+  Inadequate strength,
stiffness, and ductility

«  Difficult to model
deformation behavior

Aluminum Alloys

When it “works” > 25-55% weight reduction
Otherwise > Cost (~$2-8/ Ib-saved)

Insufficient strength in

conventional automotive alloys
«  Limited room temperature

formability in conventional

automotive alloys

Difficult to join/integrate to

incumbent steel structures

Carbon Fiber Composites

When it “works” > 30-65% weight reduction
OlherW|se > Cost (~$5-15/ Ib-saved)

High cost of carbon fiber
(processing, input material)
Joining techniques not easily
implemented for vehicles

Advanced High Strength Steel

15-25% weight reduction>
Inadequate structure/properties
understanding to propose steels
with 3GAHSS properties Y
Insufficient post-processing
technology/understanding

6%-8% i t i i 13% improvement in Difficult to efficiently model What other relevant properties &
: ul o 'T\‘P;:’Vsn:e:‘on'/" Improvement in range, e hul eff?cienc for 6% across many relevant length should be considered? Hydrogen
uet economytor 9% battery cost, and/or 9 duction i Ve nt ’ scales embrittlement, local fracture, etc. %
reduction in weight efficiency reduction in weig
- = =] EAO r| =14
(O1) R B 2400 02 AR 58 JHM=(DOE, VIO (A 2) Zst AK S Y HIE SH 71
_MagnesiumAlloys ~_Aluminum Alloys _MagnesiumAlloys ~_Aluminum Alloys
+ Corrosion (galvanic { ||+ HAZ property deterioration + Complicated deformationin {8 a " Baso metalugcal
and general) « Difficulty joining mixed HCP Mq alloys . . established
« Difficulty Joining grades . Hllghtly anisotropic fSuE‘slanliaI y
. . { it ta i
*  Mg-Mg + Jointintegrity . E;Sfl;(s:;et:v?r?:;e at:/r;igmn al data s
« Mg-X + Joint formability 9 « Useful predictive

« Riveted Joints

*  Questionable
compatibility with

"

Difficulty recycling mixed

grades

« Few established design
rules for anisotropy
Substantial gaps in basic

models established for

some conditions ;
i

Truly predictive, multi-

«  Corrosion and environmental degradation
« Some difficulty joining
*  Questions regarding non-destructive evaluation

HAZ property deterioration
Limited weld fatigue strength
Tool wear, tool load, infrastructure

existing paint/coating metallurgical data chklﬁ models are still ;
systems Q.Ma etal. Scripta Mat. 64 T e
(2011813816
Carbon Fiber Composites AHSS Carbon Flbe! Composites AHSS P.E. Krajewski et al. Acta Mat. 58 (2010) 1074-1086

. pability in modeling
between physical properties, mechanical
properties, and ultimately behavior

Lack of validated, public databases of CFC
material properties

N.I. Medvedeva et
al. Phys. Rev. B 81
(2010) 012105

«  General lack of understanding on
structures, phases, and
deformation mechanisms to
achieve 3GAHSS properties

«  Very complicated structures,
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Tensile properties and wettability of SPEBA
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