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Total Engineering Plastics Market: Total Engineering Plastics Market:
Engineering Plastics Demand by Region, Engineering Plastics Demand by End-user,
Europe and North America, 2014 Europe and North America, 2014
: Medical
Polymer Norl'tr} America .E.urope Others
(Million Tons) (Million Tons) 4.2%
ABS | 0613 | 0711 Construction _
11.9% Electricaland
PC 0.883 0.961 / Electronics
PA 0.843 | 105 40.9%
Consumer
PMMA 0.507 0.749 Goods
PBT 0.154 | 0.219 167%
POM 0.145 0.361 Transportation
22.5%
[ 32117 F8 L 0j=e| D2XH AX|L0E S2AE MZE AT L SS20F|

1115x+§a+¢§; 27| AR Q0|22 SAI0R 201414 123242 0)A 20211 5300HE,
166222 ¢1713.0% HZH0| GISE

Total Plastics Additives Market:Revenue and Unit Shipment Forecast,

Europe and North America, 2011-2021
1800 — Revenue CAGR = 4.4% 0000
: Unit Shipment CAGR = 3.0% a
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1400 | e o—
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3,000.0
8.00

Revenue ($ Billion)
Units (Kilo Tons)

6.00 2,000.0

4.00

1,000.0
2.00

0.00

2011 2016
B Revenue 1099 1329 1657
=@=Units 40001 |4097.9 | 42018 | 43124 | 44285 | 45514 4,682.3 | 48210 | 49685 | 51259 |5293.0

Year
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Total Paint Additives Market: Revenue Forecasts (U.S.), 2001-2011
1,400 r 3.5%
[0 Revenue ($ Million)
—e— Growth Rate (%)
1,200 r 3.0%
1,000 r 2.5%
E p
§‘ 800 -| + 2.0% %
S E
g 600 - F15% &
&
400 r 1.0%
200 r 0.5%
04 L 0.0%
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
*Note: All figures are rounded; the base year is 2004. Source: Frost & Sullivan
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Total Plastics Additives Market: Total Plastics Additives Market:
Percent Revenue by Segment, Percent Revenue Forecast by Segment,
Europe and North America, 2014 Europe and North America, 2021
Organic Peroxides Organic Peroxides
9.0% 9.0%
Stabilizers Stabilizers
13.5% Plasticizers 13.2% :
Impact 43.1% Impact 40.3%
Modifiers and Modifiers and
Processing Aids Processing Aids
9.2%
Antioxidants
8.4% Flame Retardants
1 6.80/0 1 6.8D/°
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Total Plastics Additives Market: Total Plastics Additives Market:
Plastics Demand by End-user Industries, Plastics Production,
Europe and North America, 2014 3209 Europe and North America, 2014
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Organic Peroxides
2.9%
Stabilizers
7.6%
Antioxidants
3.8%
Phthalates
Impact Modifiers and 37.6%

Processing Aids .
9.8% Plasticizers
53.3%
Non-Phthalates
15.7%
Flame Retardants
22.6%
[ 3222 20149= R, B0|X|S 7L AR
* 525t ZUME SetAY B9 WY, AANe] YR & JtAN A2 XI&XQl 47 Jhsstit
BHETISIHRI T[54 T K| JHE o] 2
800 - . 13,0000
s
700 o—oe— ¢ 25000
G o
< 6.00 * ’_’—’,—‘ 2
S ool 120000 §
o : o
i =
o 400 415000 £
g £
[ [ o
3 3.00 41,0000 =
200
100 b 75000
0.00
2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
[ Revenue 475 | 492 | 510 | 529 | 550 | 572 | 596 | 622 | 649 | 680 | 7.12
== Units  2,139.4 | 21893 | 22420 | 2.298.1 | 2356.6 | 24185 | 24847 | 255547 | 2,629.4 | 2,709.5 | 27945
Year
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Antioxidants

3.8% Stabilizers

7.6%
Organic Peroxides
2.9%

Impact Modifiers and
Processing Aids
9.8%

Halogenated
3.9%

Flame
Retardants
22.6%

Non-halogenated
18.7%

Plasticizers
53.3%

[ 32 24 20148= R, S0IX|S A AF |

SO 71F BT ABOR £ LR AIY HTHE B0I0 FF IS5t KBNS
SRR 2718 Lot 71 Aol 2

300 - 414000
12000
250 -
o—io 1%
&9, +1,0000

=4 w
S 8000 S
o 150 F o
o 46000 =
2 Tos
g 100 - £
& - 400.0

0.50 |~ 2000

2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
[T Revenue  1.85 1.92 1.99 2.07 2.15 2.24 233 2.44 2.54 266 | 2.79

=@=Units 8969 | 9215 | 9475 | 9752 | 1,0045 ]

1,068.4 | 1,103.2

2[12206
Year
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Flame Retardants Segment: Flame Retardants Segment:
Percent Unit Shipment by Product Type, Percent Unit Shipment Forecast by Product Type,
North America, 2014 North America, 2021
Chlorinated Chlorinated
6.9% Brominated 5.1%
Brominated 8.6%
11.8%
AN ATH S—ATH
Phosphorous 51.2% Phosphorous 53.2%
based based
22.0% 24.5%
DH MDH
8.1% 8.6%
[ 32 26 20141120214 HSK| 712 AR BRE HEl oIS |

o EABURE AL MR O|ESHH SI7F OF 10,624 AIFTRE J1A-MSHH|X|E,
ZINS0| £ NFLIXEM 17153 22712 23 52
Antioxidants
3.8% Stabilizers
Flame Retardants 7.6%
22.6% \ ’

Organic Peroxides

Impact Modifiers and
Processing Aids
9.8%
Plasticizers /
53.3%

Acrylic Modifiers 2.4%
e \BS 0.5%

MBS 2.7%
EPDM 0.6%

Acrylic Processing Aids 2.1%
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* 2012 4.3HTHEOIM 20141 4 SHREC 20| PVC +2E7 k= LY, HER0FSEMIL TH7 [ A JEAof 712l
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S 120 | @ p— J400 B
[ 2
& 10 - 5
S o0 L 43000
s 2
g o060 f 12000 5
040 |-
- 100.0
020 |-
0.00
2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
[ Revenve 101 | 105 | 109 | 113 | 118 | 123 | 128 | 134 | 140 | 147 | 155
=@=Unts 3919 | 4001 | 4111 | 4218 | 4331 | 4453 | 4582 | 4720 | 4868 | 5027 | 519.7
Year
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Impact Modifiers and
Processing Aids
Flame Retardants 9.8%
22.7% ’
Stabilizers
7.6% Organic Peroxides

2.9%

Antlz);lgants Phenolic
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Phosphites

1.5%

Plasticizers
53.6%
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1.60 -
1.40
1.20
1.00
0.80

0.60

Revenue ($ Billion)

0.40
0.20

0.00

[ Revenue

4 250.0
2000
e
1500 S
o
4
1000 2
=3
j}
50.0
0.0
2016
112
=@=Unts 1510 | 1547 | 1584 | 1629 | 1674 | 1723 | 1775 | 1830 | 1889 | 1953 | 2020
Year

7 F7|aEE

| 2230 2011~20219= R, S0|X|S MSEUX|H| AETFZ Hs} 0= |

AlRlE SEAE Wi S712 +2F07t 6l 8EIH HZH10.5%E AEHEZE

Cifet M3, S2, RtEETMUS0| FL2 AZBLIZEM 1|[sd 712 Eetet =4

7IE7Eol 2L

Flame Retardants
22.6%

Plasticizers /
53.3%

Impact Modifiers and

Processing Aids

Stabilizers — Peroxy Esters 0.7%
7.6% .
Peroxy Dicarbonates 0.3%

Dialkyl Peroxides 0.5%

Organic Peroxides
2.9% Diacyl Peroxides 0.5%
Ketone Peroxides 0.5%

Hydroperoxides 0.1%
Peroxy Ketals 0.3%
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* 201485 SO S IBUSE K $2BE 6128 P22 BelA YEnl Hass NS
QLoD FHAIS A0l 47 5%, ZEIS A0l 22.8%, 7RSO 29.7% Hig2
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2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
[ Revenue 046 | 048 | 051 | 053 | 056 | 058 | 041 | 064 | 068 | 071 | 0.75
=@=Units 553 | 570 | 590 | 610 | 632 | ¢55 | 678 | 703 | 729 | 756 | 785
Year

[ 322 32 2011~20219E RY, S0IX|H {7|2pMEEE FHAIM AETL HEHOZ |

7 AZHE W7 1E, XASHIE 22
22%= Ié*-T-f-EE 7H4, 224
O[:=Hilo[M 7|2l L=7} SthE

=
a2l

tAE
=
o) ©
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Impact Modifiers and
Processing Aids
9.8%

Antioxidants

Flame Retardants 3.8%
22.6% Organic Peroxides
2.9%
Heat Stabilizers
Stabilizers 6.3%

7.6%

Light Stabilizers

. 1.3%

Plasticizers
53.3%
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[AES 20217HK] @171 4.8% SHEBO oINEID S3| Th71Y S &7 |sizio| Test
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a 190 2500 ‘s
El 2000 3
s 0 1500 5
8 .
050 1000
500
000 2011 2016
[0 Revenue  1.49 d d d . 1.78
=@=Unts 3035 | 3110 | 3190 | 3273 | 3361 | 3454 | 3551 | 3654 | 3764 | 3831 | 4003
Year

[ 3234 2011~202149 = RE, S0IX| HEM AR Hat 0= |

o7 IR AZel £ HHE ME|= XISKt ZEtet, dAA LY T, 2lA0IZE, 2EZ0F,
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High
M
Low
High Automotive Impact on the Market
M lightweighting pa
Low | he Mark Focus on
Impact on the Market Opportunities longevity and
in healthcare 0 performance )
industry of plastic High
products M
Impact Low
High ‘ Factors ’ Impact on the Market
M
. Increasin
Low Recycling of D SGfet)I/ 9
Impact on the Market plastics standards
High
Revival of M
construction
industry Low
High Impact on the Market
M M - Magnitude
Low I Impact in 2015-2016
Impact on the Market I Impact in 2018-2019
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= A ESS | AR SHEZA| ASHEEXE| THAI| QHEI|
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= q
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2% | BASF, Evonik Chem ema. RAneEE T Addivant e
Kimya
BASF SE, LG, DuPont, Adeka, Addivant,
Clariant, . NOF, Pergan, AkzoNobel,
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o Lanxess, . Akpa Kimya AM Stabilizer,
M= Dow, LG, Polyram, Clariant, . ) .
- AkzoNobel, Ambalaj Sanayi Elementis,
b Lanxess, OXEA Telko, Exxon Chemtura, Dow . o
[talmatch, Mobil Chemical Ticaret SR Norac,
DuPont Adeka
PVCOI Setas 2g, Eatrg PVC, LPDE, E=IPNS
X 94Hfozo*'x‘1| 2oz = A R0 RAA|, HI2ERR|, | XLPE, expandale | ZIF2EXA
SR DRAEH IH7 A DA PP, PU, PP DFAE IR
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HAZARDO
.=l‘ A
N ATIO
DATABA

Globally Harmonized System
of Classification and Labeling of Chemicals

2014 SHANGHAI

Summit Meeting on Chemical Regulations
in China, Korea and Japan

[ 3236 22 Felizist=d 2 215 |25t ARl 1A |

77 MH7-108s 71et 2in1 EEZ IS 7o 71, MEA +2X S ST s L

* BER 7HdEez Qlot HiiiEe SorEdE FUIHAIZ0 2ARS F0 FUMYS TIEMTE HRALL AlE-
FAOIME B7-ESAIRIE] SSaEE R U0 510[-/IE X 22-AIER O #ete T2 MiZ 71 2R
* CHYeh 2010 oJgt HIIYER AHIS 7HHAYE2R 0[01K 7|E 7Is 2o F7HHe! HEV|S0| 7t 175

27 225t M|l DOP(DEHP), BBP, DBP ZER|0|EA| 7IAKI2| MAIZH O|FE X7 &
THE L=

* 7 REACH 11®I2l=E 16501 ZLeE DOP(DEHP)2 11 2| 652 [T HASHZ XIFE(0] 2018 AL HIgh
gy

* S0[X92 7ol HISI0 ZHoiil= Yol Z2|ZL0FE BEE g2 PVC MBI M2l LE|0|EA 714K
AE0| FHEIMe 2 Mok o E Y

F Chfet LIZE LMW ZE2|0|EA| 7HANZ2EE HMW 3 H|ZEH2{0[E TIAKZ2| 7| Tet TIgl &

* Benzonate, citrate, sulfonate, terephthalate, cyclohexanonate, trimellite, palm oil & CHfet HIZEZ|0|EA|
71AH| 7120 ULt OFAEX] ZER0IEAS 2 LIS 4~ Q= A5, Y, BRlEE WKl %8f04 CHAI [
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ZHL0] Al

* A AL MOl EHME BSAE2 tAXM Y QHYGECZE thH7|e L= &1 E5] PVC 82
Z2|22|LOZ HHE CHA| of A

* AR, SR I Y AEE2 H2 M0 IENS 2= D8I EER|0|E 7tAX| 7 e =2

* HIO|QOIA |2l RI8tA Hl0|27|8F 7EAH| 70| Dow Chemical, Lanxess, BASF SE 52 S4l02 ZI5 0|1
Evonik2 Y| IEA| 7HaX] iU =2 AR 21 o1y
— Lanxess= HIZE|0|E 7tAX]| MAEFS 2010 40% 54
— BASF= 2HM| 102HE 112.9] Al H|IZEHR|0|E 7HAX| MMSEE 20133 744
— Gerogia Gulf= HIZE0|E 7tAKIRI HIO|27|EF Segetis ARZ SA] 4121
— Evonik2 4THE 1129] 1, 2-AIZZ2SALCIFIZ2E A Clo]A L O AHZ B|ZER]0[E 1A At S
—Eastman2 20113 &, ClO2I2E20|EQ} /RS IER0|E 7hAN| At ST
— Oxeat= 20143 SU0l| CIS TS L 7tAK] S 744 2 A

US and EU Plasticizer Regulatory Timeline

EPA Chemical Action Plan

g

REACH REACH CoRAP
LA B DEHP, DBP, BBP, DIBP+ Reviews
TSCA Chemicals of Concern list EPA DfE SVHC Authorization Diallyl Phthalate
Add to the Toxics Release Inventory (TRI) DEHP, DBP, BBP, Applications Deadline DTDA

i O OnPP, DROP '

1 ' I REACH
tsizﬂﬁiq,-s,,z;w : DEHEBEDQPCI;BP California |  DEHP, DBP, BBP, DIBP+
Screening Program) i DIBP+ ' Prop 65 I Non-authorized SVHC

DEHP, DEP, DBP | SVHC Authorization Priority List g “Sunset”
, DMP, BBP : Applications open — ; e Reviews _,‘ >
2 -- ==

—

U (R =
mmm et L e a o L ~
- P ] ‘ I | EPA Chemical Action Plan b \
e 1 OSHA HCP \ 1 DEHP,DBP, BBP, DIBP, DIDP, REACH S
2 ! ! Introductionof GHS || 1 DINP, DnPP, DnOP CoRAP )
FDA o “Reprotox” il Ruling on whether to ban: Rocieas \
Phthalates : 1 classifications 'I ) “late 2012° e \
S| e | |
applications | | EPA EDSP 2 E REACH CoRAP 9-11 Phinalate )
under junisdiction” | | DOA, DOP ! Reviews [')’T':J'; \
: : TOTM \
CPSC OSHA HCP
e "':‘teg?:?:y: DINP, DIDP, DnOP Deadline for GHS ’
DOA “Challenge” Interim ban o:ecmon Classification & Labeling

| 32! 37 ZE|0|E 7tAKof CHEt

e, 2019 A EtY HIOIE |
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* ABS, PCOll= Qo AHIZ, PBTOE R7IQIAVE MEEH tEEC| S2tAE M= SOOI, 222 F0IE2
AT ChA| At

#* Chemturas P-B TIME5IM MASXM =4 oFY
O
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—Albemarle= 2015& 7t& SH =2 S=0{ ATH He S A2

—Albermarle 2 ICL B5[2] 12,400E 112 S&S 201430 A2 2 HBCD CHA| XiIZ Aot

—ICL2 2014H2E] HZH1PHE H2 T2EAHHON| MR ST 7S THA]

— Dow Chemical2 20143 UE L AE|Z2E U= Z2|AE0[R S 3Re| At DEXHAAKMZ 2| ThA|V |& HE 2tz
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halogen
specification

Nokia not intentionally added Br < 00ppm, CL< 900ppm all products by 2008

Lenovo banned (>25g part) new products from 2009 all products from 2009

begin phase out in 2008;
exclusion from all
products 2010

all mobile phone
products from 2010

Br< 900ppm, CL< 900ppm,
Br+CL< 1500ppm

all new computing all new computing
products from 2009 products from 2009

PVC Br, Cl and their compounds

< 100ppm, Br < 900ppm,

L total halogen < 1500ppm

all products from 2010

Samsung banned (package)

Wistron begin 2008 3Q

CL< 900ppm Br < 900ppm

| 22 38 FEHMXIHZIMS Y2 2AA A thx| 7|& MES At et HOIE |

27 O3 27|, EPDM, AE[HIA= F2 SHAEZNME AEE[L olAHZ, X|g4totOro|=
SEAHOIZAM, &A= F2 TR} 7S HtHN| &t
* AUX|LO1, HIO|R S2tAE] QX2 2T XISt st M2 Lt 57t
* KSR HH, QAEER ABSR 222 PMMA AFREF 5712 SHAB UM 42 i
K AL L= Crfeh 200 AKS 7hser 8 & HEs Mt =2 24 UN Y 2+1E
S7tE = IR 718 B0l oJgt nEX S2HAE S4 MotE AfE 4 A= MER HIEE, Ol 5 tisg
EEH Vs U2 85
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— Dow Chemical2 20103 BIO|2R0iA R2i ESHAE ME 7|e SME PLA U= 24 L £HE SX| I8 RMICH
Pareloid BPM-515 0|52 SZEZH EA|

without process aid with process aid
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* S
K RS His AR 2K MSIIRIK|Q! 1AV EHESE 2 ME 0| LEA 7S ® et ofL2t
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* BASF SE, Chemture, &84 Adeka, AD|ER St 50| S22 MSIIX[N| S0t 7HE 2=
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TEMPERATURE

Increased Assay Loss Zone

Recommended
Storage
Temperature

Safe Zone
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UV absorbers convert UV The sun’s rays produee ‘I‘ho HALS(white) attach The HALS regenerate as the
Energy into heat energy harmful free radicals(red) lves to the free neutralized free radicals are
radicals, neutralizing them released
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