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Products for Automobile Applications

The automotive industry is constantly evolving due to government
regulations, changing consumer demands, and improvements in
technology.

The industry faces many challenges including lowering greenhouse
gas emissions, boosting aerodynamics, increasing fuel economy,

delivering the optimum strength-to-weight ratio, and ensuring safety.

The industry is also in the midst of a revolution with the global surge
in electric vehicle production and demand as well as the rise in semi-
and fully-autonomous (self driving) vehicle technologies.

This constant evolution creates a landscape of continuous
challenges and opportunities for improvements through advanced
materials and innovative design.

Polymer products for automotive applications
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High Performance Polymers for Automobile Industry

After packaging, building, and construction, the automotive industry is the third largest consumer of polymers.

Polymers deliver the characteristics of high-impact resistance, reduced noise and vibration, structural integrity design flexibility,
low density, and high durability. Each feature is vital to the industry for use in automobiles, over-the-road trucks, and off-highway
equipment.

Within the market, some typical applications include air conditioning, braking, safety, steering, suspension, shock absorption,
thermal management, and fuel systems.

Additionally, the automotive sector uses polymer products for
drivetrain and transmissions, electronic control units (ECU),
clutches, torque converters and differentials, interior and
exterior components, panel, and so much more.
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High Performance Polymers for Automobile Industry

Here is a sample of the many products manufactured using high-performance polymer products for the automotive industry;

*  Oxygen sensor grommets

*  PTFE seals

* 0-Rings

*  Bearings and thrust bearings

*  Low-drag mudflaps

»  Suspension cylinder seals

*  Bushings

*  Diaphragms

»  Sensor covers

*  Rubber-to-metal bonded seals

*  Wiring hardness and housing

* Battery sealing for pressure relief valves
»  Buffer rings and back-up rings

* Rotary seals

*  Friction and wear-resistant components
*  Custom-made gaskets

»  Custom-molded parts
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Plastics Applications in Automotive Parts

PP, ABS, PVC, PET e PP, PVV, PUR

Glass interlayer v 7
% PPO, PPE Alloys

Dashboard Body (reinforced epoxy)
v -

PC, PMMA, ABS, PBT

Lighting

PP, ABS, PC
v Wheel house /
Radiator support

g Phthalic Acid Resin

PUR, PP, ABS, PA

. 4

4 Door handles

PA, ABS, PC/ABS
Under the hood HDPE, PA, PBT, POM

PA, PP, PBT

.

PC/ABS, ABS

PP, ABS, PC/PBT
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High Performance Polymers for Automobile Industry

The average vehicle uses about 150 - 300 kg of plastics and plastic composites versus 1,163 kg of iron and steel — currently it is moving around 15 - 20%
of total weight of the car, over 2,000 parts and components of all shapes and sizes.

Although up to 13 different polymers may be used in a single car model(see Table 1), just three types of plastics make up to about 66% of the total

plastics used in a car,

*  Polypropylene(PP), 32%
*  Polyurethane(PU), 17%

+ PVC,16%
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Component Main types of plastics Avg. weight in car (kg)
Bumpers PS, ABS, PC/PBT 10
Seating PUR, PP, PVC, ABS, PA 13
Dashboard PP, ABS, SMA, PPE, PC 7
Fuel systems HDPE, POM, PA, PP, PBT 6
Body (incl. panels) PP, PPE, PU 6
Under-bonnet components PA, PP, PBT 9
Interior trim PP, ABS, PET, POM, PVC 20
Electrical components PP, PE, PBT, PA, PVC 7
Exterior trim ABS, PA, PBT, POM, ASA, PP 4
Lightning PC, PBT, ABS, PMMA, PU 5
Upholstery PVC, PUR, PP, PE 8
Liquid reservoirs PP, PE, PA 1
Total 105
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Rubber Products in Automobile

J tread samples (car, truck & bus)

Varying the composition of rubber matenals and different
additives can influence the physical property and process
ability.

Additives
Ra::z I::rrials . Ez:g::::la%goﬁg;cr:elerator
+ Accelerator activator
« Antioxidant, etc.
Compounding agent Compound
Filler Carbon black, Metal powder
Crosslinker Polyamines, Polyols
Vulcanization accelerator Amines, Thiazoles
Plasticizer Phthalates
Antioxidant Aromatic amines, Phenols

Anti-scorching agent

Aromatic acids

Characterization of these material is important (Py-GC/MS)
» Product Verification and Conformity

» Reverses Engineering
« Failure Analysis

o0
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Annual Rubber Production and Usage

Synthetic rubber production worldwide from 2000 to 2020
(in 1,000 metric tons)

Global Demand for Elastomers in
o1 2020

s Ceresana

@ Addzional Infarmase Show source @ Market Research Since 2002



About Pyrolysis
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Information from Polymeric Materials by Heating

Wiy
B

Heat Energy

Analytical Pyrolysis Defined

« Pyrolysis is a thermochemical decomposition of organic material at
elevated temperatures without the participation of oxygen. It involves
the simultaneous change of chemical composition and physical phase,
and is irreversible. The word is coined from the Greek-derived words
pyr “fire" and lysis “separating”.

« Think of analytical pyrolysis as breaking apart or manipulating organic
molecules in a controlled and predictable manner using the precise
use of heat.



About Pyrolysis ~' Py-GC/MS Prir
FRONTIER LAB

Pyrolysis of Polymeric Materials and Pyrolyzates

AH

HHHH (Heat energy)
H_¢_¢_é_+_+| — (0, + H,0
H H .!| H Burn in Air
Butane
(M. 58) (of c2 c2
In He H \ ALY
H—C—H =c( p &
| / e
Heat/Electron HH
CH4 c2H4 CZHQ
Methane Ethylene Ethane
(MW: 16) (MW : 28) (MW : 30)
o4
wonomer | 3 ) 553
IJ\' r\ '5 {\j Heat/Electron Dimer Trimer
Polymer [
pdy(mm) rL—“L = s =3

H2|AEIORY(PS)2| Pyolyzates



About Pyrolysis
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Typical Pyrograms of Different Polymers

[UARERA

It

0 0 20 "~ 30min
Polyethylene (PE)

l‘ - * 1J L +L A v |

0 10 20 30min
Polystyrene (PS)

0 10 20 30min
Polypropylene (PP)
I L
0 10 20 30min

Higher methacrylate copolymer
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Py-GC/MS Principle

FRONTIER LAB
Py-GC/MS Working Principle

Key advantages:
Pyrolyzer with heating furnace > Direct Sample Analysis
100 - 700°C (20°C/min) » Can operate at higher temperature
Ho—sAta 10105 mg)

GC (300°C) |

Detection of peaks

]
Deactivated metal capillary tube
(L=25m, id=0.15 mm)

COPYRGHTC 2023 ALL RIGHTS RESERVED 8Y YOUNG IN
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Polymeric Materials and Pyrolysis

Pattern diagram of
typical polymeric material X: Additives
Y: Polymer
Z: Inorganic
’ Pyrolysis (Single-Shot)
X1
Y.
)
© : Additives . Y
~  Polymer | N
e :Inorganics 0 4 8 12 min
Mixed Information of polymer and volatiles

Sometimes difficult to interpret resulits !!




Py-GC/MS Principle

)] FRONTIER LAB
Py-GC/MS Working Principles

STEP 01
Sample Preparation

Solid samples Solid samples
Using a cutter knife Using a cryogenic mill

Film samples Liquid sample
Using Micro-puncher Using a micro syringe

Measure Weight

0.1~
0.3mg

&

Sampling
Placed in a sample cup

e,
= ~

P

Weighing Samples

Using a micro balance

Placed the Sample on to Pyrolyzer

® ®

Inject directly Heating sample
Without solvent extraction  (Thermal desorption)

.-

|

i
—




Py-GC/MS Principle
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4 Analytical Techniques & Method Mapping

EGA/PY-3030D

= -7 Multi-Shot Pyrolyzer

‘ GC/MS: Ag"ent/ Thermo/ Perkin

1. Evolved Gas Analysis (EGA-MS)

2. Single-Shot Analysis (PY, Flash Pyrolysis)

- 3. Double-Shot Analysis (To/pY)

4. Heart-Cut/EGA-GC/MS Analysis (Multi-Shot Analysis)
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Evolved Gas Analysis (EGA-MS)

TGA Sample
. n S Sample pan
Thermogravimetric (5~20mg) St
Analysis 7 :
/ Position
transducer
A
Wt loss (%)
100 TG curve

« Weight loss information

DTGcurve |

100 = 10°C/min 600°C

EGA Sample = Multi-Shot Pyrolyzer
Evolved Gas (0.1~1.0 mg) r:‘__. —
Analysis s

GC oven: 300°C

(isothermal)
EGA thermogram
|
« High sensitivity
« Detailed sample information
(MS spectrum)
AN

| | | | |

| I
10 — )goc/min  600°C

18
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Evolved Gas Analysis (EGA-MS)

A EGA Thermogram

) | | | |

40 100 200 300 400 500°C

Temperature (°C)

» How many peaks?

» Each temperature?
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Single-Shot Analysis

Py-GC/MS Principle

EGA Thermogram
< Target Zone >

0 100 200 300 400 500°C

Single-Shot pyrogram at 550°C

o Q. Which peak belongs to Solvent / Additives / Polymers?
\.5 0&\0\ oa\e. ‘a‘o\e
o g &e‘“ @\0“‘
‘«S‘O A0 o
S Q 0 o
)
6\9.
o

= " Y L gl i I G - — —*"'"'
0 2 4 6 8 10 12 14 min



Py-GC/MS Principle
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Double-Shot Analysis

EGA Thermogram
@ Thermal desorption o e Pyrolysis iy

0 100 200 300 400 500°C
Step1: Thermal desorption 2 - & Step 2: Pyrolysis
from 40 to 310°C (A/ B/ C) : E - at 550°C (D / E)
T N &
2% % z
=& 8 S
B =
z 8
‘g el
Pl I e ey

e —— P —— 1 4
0 2 4 6 8 10 12 lmin 0 2 4 6 8 10 12 l4min
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Py-GC/MS Principle

Heart Cutting EGA-GC/MS Analysis

EGA Thermogram
“—A—p «—B—Pp ¢«+—C—»p <  4—LE—>

A

40 100 200 300 400 500°C
TD temp. 1,3-butanediol
phenol
A:40~120°C l l < Moisture agent >
I|.“ - | |
B: 120~220°C methV'hvdﬁ"V‘l’e"ma‘e < Preservative>
C: 220~310°C dioctyl fumarate I < Skin care>
TR g _ =!
D: 310~400°C J MMA <Acrylic polymer>
F N ret

E: 400~500°C °3| D4 D5 <Polydimethylsiloxane>

0 2 4 6 8 10 12 14 min



Automotive
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Py-GC/MS Applications for Automotive Market

Material Charact

erization in the Ay
Using Multi-Mod

e Pyrolysis GC/Ms:
A COMPREHENSIVE ¢
AND ITS USE

tomotive lndustry

UIDE FOR PYROLYSIS GCMS ?F(_‘H-IH_?HF
N THE .l\lJlOMO”'.’L IN

DUSTRY

[®)] FRONTIER LA

B www.frontier-lab.com
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Application for
Automotive
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Analytical Problems and Frontier-Based Solutions

E. Adhesives

F. Weatherability Tests
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Analytical Problems and Frontier-Based Solutions

A. Polymer Processing

Analysis of Polymerization )
Reagents Incorporated into g =
A

Poly (Methyl Methacrylate) ‘ : ng qu
3 B

Chains £
c| . l.? é
’hli / /

(b) :

/.

(a)

G—T—‘ .
“ * (lliﬂ

)'—-"' N
5 i} W

Fig. 1 Pyrograms of poly (methyl methacrylate): prepared in
toluene with 0.3% of benzoyl peroxide and 15% of
dodecanethiol; and thermally polymerized in bulk without any
polymerization reagent.

COPYROGHTO 2023 ALL M

PMMA(Acrylic) is a transparent thermoplastic; Applications: Windows, displays, screens

- B R
g'dn;meﬁgphm:te) O : Y - 0ud bf
ot | bild f

Tl kT L

® 4 |

Fig. 1 Pyrograms of PMMA samples obtained at 460°C
{al polymerized in toluene,
(b} pelymerized in benzene, and
(c) polymerized without any Initiator.

415 RESERVED Y YOUNG IN
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FRONTIER LAB
Analytical Problems and Frontier-Based Solutions

A. Polymer Processing —

Polybutylene Terephthalate(PBT) has good chemical resistance and electrical properties, hard and tough material with water absorption, very good
resistance to dynamic stress, thermal and dimensional stability.
Applications: Fog lamp housings and bezels, sun-roof front parts, locking system housings, door handles, bumpers, carburetor components, etc.

Analysis of the Constituent Monomers of Polybutylene Terephthalate (PBT)

X 10t X104
) L} B e A TRt P Donatyt trupteabe
NN O"" Reactive Py temp, 400°C

5 $ il i 1

B LA-Dvratunyntere m.:d.:‘gl metand
4 _{/ N, sobtion of TMAH

3
3 2
4 1
° 0 0 800 1200 1600 00 0 M0 0 2800
Fig. 1 Pyrogram obtained by flash pyrolysis of PBT Fig. 2 Pyrogram obtained by reactive pyrolysis of PBT

Carrier gas: He, Injection port pressure: 103kPa, Split ratio: 1/60, Separation

: A o oF ; column: Ul ALLOY+-S (5% diphenyldimethylpolysiioxane) L=30m,
Flash pyrolysis technique gave products ansing from decomposition and decarboxylation of ester ld=o'.;n5mn ;:azsum, GC o\fm temp: m”-dm [20°C /min) )

group, but no monomer. On the other hand, reactive pyrolysis gave PBT constituent monomer of
dimethyl derivatives of terephthalic acid and mono and dimethyl derivatives of 1,4-butanediol.
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Analytical Problems and Frontier-Based Solutions

B. Additives

Fig. 1a Library Search Result for Peak C

Analysis of Name “oun Analysis of Butylhydroxytoluene (BHT) in PE
. . 1. Polyin-butyl methacrytate} (PEMA} 12
Ceramic Composite 2. Polyi2-hydrarywthyl meacrale) T4
i 3. Mgher methacrylate copolymes e
Materials Zome A Pyrolysis of P
Fig. 1b Uibrary Search Result for Peak D [(100~200°C)
meal : 2
copolymeor 78
awmmm cudde) .64 RHT
Samt s 00 02 A aaol v &
0 100 200 vz :
Fig. 1 Chemical structure of BT
6 b ligss SHoclion 100 200 200 400 500 0OrC
Fig. 2 Tnermograms of a PE Sampie
FUnace I WO-SU0NC, (AUTUAmY, S0 a0 | L)
Fonsty aite Mﬁ&v‘” ws
\
; : v : : Fumace temp. | 100-200°C (20°Cimin, 3min
100 200 300 400 S00°C hold), flow rate 1 mijren, spbt rato - US0
ke GCwmu;n-o‘m(mFb ), sample
Fig. 1 EGA Curve of Ceramic Composite Material (Injection mokding see - about detector © FID, separaton
:&msm-. 100N -200°C (20CHve ), Carner 989 mmu-m(oum ) $ 10 A ¥4 min column W‘MO’““‘:;'IM
EGA capriay 08 - 0 150w o losglh 2 5m (UADTMLZ 5N). G oven tarp - J00°C m 3 Chromatogram of thenmally desorbed dimethwi polystioxane, L=30m, =0 26mm,
gcaon porn STy - 3207, Amoust of savpie | G O 5mg Outectsr - NS (a7 20400, 3 ) scannc) mm‘psw. dr1=0 25¢m)

PY GE marice g - 320°C (AUTO noaw)

COPYRIGHTO 2023 ALL MGMTS RESERVED 8Y YOUNG IN
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Analytical Problems and Frontier-Based Solutions

C. Paints & Coating

Organic pigments are widely used in the automotive manufacturing. The analysis and structure elucidation of organic pigments is challenging because
they are not only insoluble in organic solvents but also many of them have similar structures.

Characterization of

- T
35 Organic Pigments

Fig. 1 Structure of Pigment 93 and Pigment 94, pyrograms, and
identification of major peaks

Pyrolysis temperatre 800°C, GC owen temperature 40 - 320°C (20°Clmin
wmmm&gxwww;wm.uwammm
spit raso; 130, Sampic wt agprac 70 pg 3

CUFTRIGH IS JUF RLL HILHIS BESERVEUEY TUURG IR
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FRONTIER LAB
Analytical Problems and Frontier-Based Solutions

C. Paints & Coating -

The EGA thermogram of the film is presented in Fig 1. Each zone is analyzed separately using a Heart-Cutting EGA-GC/MS technique. The results of the
analyses are shown in Fig. 2. The data indicates that a number of additives and pyrolyzates of the polymer back bone are present in each EGA zone.

Analysis of Toxic Gases Released from Polyvinylidene Chloride (PVDC) Film

aceticacd  ,butancl B, CITROFLEX A<
Zone A \/ |
(4D-200°C) /
/
HCL
Zons B
dichlorcbenzens
tnichlorobenzene
Zone C / ; <
Fig. 1 EGA Profile of Polyvinylidene (240-200C) A l . _ N o
Chloride 0 s " - V5emin
Pyrolysis temp: 40~600°C (30°C/min), carrier gas. He
Interface: deactivated metal capillary column (length: Fig. 2 Analysis Results of Zones A, B. and C of Polyvinylidene Chiaride
2.5m,1d:0.15mm) Corinr gon. He, kst fow reses {miarie, Spt jection, svparation cobwmt URra ALLOY-3 (5% cishemy! diewiy! solysiecsne).
injection port pressure: S0kPe Toagh: 30m, id: 0 25mem, fle thekaess: 0 25pm, GC oves lemp: 40°C (1aan Pokd) = J20°C (20°Cimin) isjection peet temp: 30°C,

Cryo ¥ap temp: - 190°C, samgie: 0. 2507
Re‘oronce: Hosaka ot & 40 Japan Analyical Socety Masting (200C)

COPYRIGHTE 2023 ALL MIGHTS RESERVED BY YOUNG IN
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Analytical Problems and Frontier-Based Solutions

D. Rubbers

Rubber Materials: Tires, Seal, O-rings

Analysis of
Compounded Rubber

Fig. 1 Evolved gas curve of a compounded rublber

Pyrodysls temg. 190-700°C (20°C/mwin), Carrier gas : He S04Pa, Spit rato |« ca.
110 EGA capiiary tube :0.15mm ki, 2.5m (UADTM-2.59), GC oven temp. 30°C
mjaction temp.: 320°C, Sampie : ca. 58, Detector : M5 IM/z=29400)

2. Thermal Descrption (100~300°C. (20°Cimis)
Wm Nocras OC G
m \ o "Crtla

w| % 58 e 4

— (ewererw) b, Pysogram (550°C )
uedee . }“ 7-1-

-

2 4 & 4 10 12 14 W Wm Wme

Fig. 2 GC/MS analysis of compoended rudber by double shot

technique

Colums flow ots - Lmbiin (foed ooy rxten, Split rather 150 Separaian colum
Ulta ALLOYSS (5% Sphenyd polysilosany), 300, 0.25nm id, DL 0.25m &K cven
fong.: 40-320°C (20°C/ma), Sample : Sg. Detector: NS [m/z=29.400. 2 scans/sec)

COPYRIGHTO 2023 ALL RICHTS RES

Application for
Automotive

Identification of
an Unknown
Antidegradant
in Rubber

SERVED BY YOUNG IN

(a) Chromatogram of voliatles from an unknown rubber sample

T E) [T

‘ L} L 10 12 4 16 min

(b) Chwomatogram of p{p-toluene sulforylamido) diphermfamine stoced
in MS fbrary

g

Fig. 1 Chromatogram obtained by {TD}-GC/MS technique

2023 G YU 2P MojLE AlBIE D
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Analytical Problems and Frontier-Based Solutions

Studies on Curing Process of Epoxy Resins by Py-GC

Curing process of epoxy resins has been often studied - Cured with 1-Benzyl-2-Methyl Imidazole (1B2MZ) -n
by IR, FT-IR, or NMR by looking at the spectral changes
of chemical species formed during the course of curing IS, o) L OO I

process. DSC has also been used to study the curing Lox oot 1ma
reactions by evaluating the heat of reaction. On the other ~ ”[ /"
hand, high resolution Py-GC is another technique that ~7§c ‘f\'
can be applied for studying systems with insoluble (
species and various additives. - '
SR D
tcotaivet, 1,51 /100m orecolymer)

Results showed that the yields of the pyrolyzates with
epoxide groups decreased with increase of the degree of T
cure. While those of various phenols, characteristic of ‘L L 3
prepolymer skeleton increased. The results observed
corresponded well to the those deduced from Tg
measurements by DSC.

|

fcatalvet, l..o.nmn- prepolymer)

[ | J O B Epoxy resin. DUESA + zorelvst! &
= . Cure congltion: 180°C, 3n

30 40 [ @ Pyrolysis temo.: 600°C
IETENTION TIRE (m1n)

,"L;.l hif[ O b ot rhee S

Figure 1. High-resolution pyrograms of epoxy resins cured  Figure 2. Changes of characteristic products from
with various amounts of imidazole catalyst at 180°C for 3h.  epoxy resins as a function of catalyst amount.

‘Contents axoamiad fom H Nakagawn, S Wakateuka S Tsuge, T Koyama, Pohymay J No 1 pp 816 1862
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FRONTIER LAB
Analytical Problems and Frontier-Based Solutions

F. Weatherability T ‘.

UV curable resins are used in a wide spectrum of applications including
microelectronics packaging adhesives in electronics and optical parts, etc.
The curing reaction generates volatile compounds from the resin, which
corrode metal surfaces and deteriorate product quality; therefore, there is
a need for qualitative and quantitative analysis of such volatiles.

Analysis of Volatiles Released

from a UV Curable Resin
i S 1 R
With UV irrad. ' E ' g
I | | =} x1

Fig. 1 Analysis of volatiles released from UV curable acrylic
dry film

Nicro UV irradiator: UV-1047Xe, separation column: Ultra ALLOY+-}
[dimetylpolysiloxane), Le30 m, k=025 mm, df=05 jem, atmosphere
gas: Me, Column flow rate: 1 mi/emin, split ratio: 1/10, sample size: 350
£ (3 mm diameter disc), GC oven temp: 40 ~ 300 *°C (20 *C/min)

35
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Analytical Problems and Frontier-Based Solutions

F. Weatherability Tests

The chromatograms of the volatile degradation products from HIPS with and without UV irradiation. Benzaldehyde, acetophenone, and benzoic acid are
the PS degradation products formed during the irradiation. 2-propenal is also observed. It is the volatile degradation product of butadiene present in HIPS,

Analysis of the Photo/Thermal/Oxidative Degradation """ ls Therma desorpon: S0257C (40°Gimin, 5 i)
Products of High Impact Polystyrene (HIPS) soccee e J e
00000 x *»» System peak
300000 g
High Impact Polystyrene (HIPS) ::
% TS A_.L,AL [T o l‘-:.-.—-- 7-"--r"l_'~
3 N 6 ¢ 9 2 o % “ 20mn
a3 P UV Imag 20N (1 hrj, 80°C. In air
2000 ) Themat desoption: 60-250°C (40°C/min. 5 min)
3 1
00000 2. 24 24 28 8 §
= [+ |}
200000 EJ % § p
' 1 i ,§
2 L] L] s 1 " 1% 30 vin

Fig 1. Chromatograms of the volatile dcgtadabon products formed when HIPS is irradiated and not

irradiated.
UV imadaion MCro UV nadator | UV-1047Xe radason: 1 tr, Aenace tomg.: SO'C, aamasphore gas: 10 miLamen Ax, splt rose. 110
«GCMS> colurn Utea ALLOY 1 L=30 m, Ld =029 mm @05 pm) GC oven temp.: 40°C(S min L 240°CROC mn)

Separaton
GC ingaction emp - 2900 cavine gm0 midsis He splt o 1190



Application
for Rubber Tires

FRONTIER LAB
Py-GC/MS Application for Tire Rubber

. | e mbi::n Rubber material
" ] compos
DA i Natural rubber (NR)[ _ " l_
Rubber : CHr=CEOH-—Cre
Fim maters ! Typical synthetic rubbers:
sl Styrene butadiene rubber
9 : (SBR) -{-%-cn--cu-—cn,ﬁcm-m—]—m
.,"-K- Compeunding sgents
{J! 1 Butadiene rubber (BR)
. | CHy~CH=CH~CH
Natural rubbes Carton black Suthr : \_ + 't J
l Mlxlng [ AddleQS
: Reinforcing material : Carbon black, silica, etc.
Compounding agents
» Vulcanizer : Increases the elasticity of rubber
A Vulcanization accelerator : Shortens vulcanization time
4 " Nucleating agent : Improves crystallization temperature
Anti-aging agent : Inhibits aging and degradation
Increasing Prevents surface cracking

performance Antioxidant : Prevents oxidation
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Background and Goal

s24=

=013 S
g | O

fffff AOIEY |—

Cross olL{2}01L4 — IR —
section =
- HIS240[0f — . (4
B B= © doopedia.co kr
Roles differ depending on parts
+ Tread: Protects the inside from impact Tire rubber composition varies
« Shoulder: Dissipates heat during driving depending on each of the part.

+ Sidewall: Protects the inside and prevents stretching
+ Bead: Fix the tire to the wheel

Our Goal : Analysis of rubber components and additives contained in each part of tire by pyrolysis
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Collecting Samples

Application
for Rubber Tires

Photos of samples

Tread
Shoulder (a) Tread (b) Shoulder

PR

Sidewall

Bead

Fig. 1 Cross section of tire (c) Sidewall (d) Bead

@ * These were cut into 1 mm squares.
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FRONTIER LAB
EGA Thermogram and Averaged Mass Spectrum of Tire Rubber

@2 (. o Tread
(@)-2) Shoulder

SBR, elc.

Sidewall

Bead _-

Fig. 1 Cross section of tire

» Pyrolysis of rubber starts at 320C
+ TD-GC/MS temperature setas 100to 320T
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FRONTIER LAB
Additives Analysis of Tire Rubber by TD-GC/MS

Thermal desorption temp.: 100 - 320 °C (20 “C/min, 1 min hold), Sample amount:
ca.0.2 mg, MS scan range: m/z 29 - 600, Spht ratio: 1720, GC oven: 40 °C (2 min

X ‘2‘0~ hokd) - 320 °C (20 °C/min, 14 min hold), Column flow rate: 1 mL/min, Separation
' column: Ultra ALLOY+-5 (5 % diphenyl-95 % dimethylpolysioxane), L=30 m,
1.d.=0.25 mm, &f=0.25 um
204
0 — : ' ® K ]
x 108
4.0 Mark | Chemical Role Structure
H
Vulcanization N
2.0 O DG, accelerator O O
= v O R ST ¢ [+]
X 108 ‘ ! : & PLA Fatty acids N ~~Poe
6.0
. S o
S 2 .
4 % | 6PPD | Antiaging agent LT
’e u
xw‘o e ) DHA | Nudeatin oarl
|
50 - * A eating agent "°~"i' :
° xis
(d) Bead
254 .’| © Wax C23-C34
0 ‘%L—L———“‘ - r 2 T AR T
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......

Pyrograms of Tire Rubber

TIC
(a) Tread

Py fumace temp.: 600 °C, Sample amount: ca. 0.2 mg, MS scan rate: m/z 28 - 600
A Split ratio: 1/100, GC oven temp.: 40 °C (2 min hold) - 320 °C (20 °C/min, 14 min
4-Vinyl hold), Flow rate: 1 mL/min Separation column: Uitra ALLOY+-5 (5 % diphenyl 95 %
dimethylpolysiloxane), L=30 m, i.d.=0.25 mm, df=0.25 ym

* Pyrolyzates derived from each of rubber parts
were observed.

=> The results agree with EGA results.

10 12 min

A ...SBR origin @ ...NR origin ®...BR origin
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[@)) FRONTIER LAB
Quantitative Analysis of Additives in Tire Rubber

Target analyte: Anti-aging agent *: N-phenyl-N'{1,3-dimethylbutyl)-p-phenylenediamine (6PPD)
Analysis conditions

i
II Fineos tomp: 540 Molecular structure of 6PPD

40 (2 mid hold)-320 °C

H
(20 *C/min, 14 min hold) ©\ ONW
Separation column:
S Sapheny|85 %, gemethyipotysiiorans. N
H

fength 30 m, id. 0.25 men, a1, 0.29 ym

Sam e ration for

0.5 mg/mL
6PPD
Dhsomalniml.o( 2or4 L Evnpom 100r 2.0 ug

allquot
— g — 0
Anti-aging agent 0.1 mL SN 4L \ Evaporate m
6PPD 0.5mg aliquot n"q"ol ~, solvent
— =
Dissolved in 0.9 mL of -

dichloromethane
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EIC of 6PPD in Tire Rubber

(a) Tread 3% lEic:
Anti-aging agent:6PPD | ma2n
. 254 \
(:r \O\ 0L i
" x 10
N (b) Shoulder  %°7 o

Pyrogram 254 08 o ,Tl
R
0-'.;-J_‘o 100 150 200 250 300

x 10¢
(c) Sidewall 1.4+

0 5 10 25min

@ 0.7+

Mass spectrum ”

268 "

(d) Bead
y 167'83 2 0.7+
SO 100 150 200 250 o
EICs with m/z 211 were obtained from - o 16 W
TD chromatograms of tire rubber parts. mmx were calculated by measuring

ad
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FRONTIER LAB
Quantitative Results and Reproducibility

45

x 10%
Calibration Curve 30 - y = 1.58x 10% t
6PPD [ug] | Average area (n=3) | RSD [%] 00004
0.1 128534 | 025 § 20 g
1.0 1,661,627 229 3 s (c)
20 3,017,483 0.53 10 - (d)
(@) o (b)
0 +— 5 ' .
0 05 10 15 20
Samples Amount of 6PPD /
ug
Average area (n=3) RSD [%] 6PPD [ug] 6PPD content
(/0.2 mg of tire sample) (/0.2 mg of tire sample) [ppm]
(4) Tread 446,716 0.58 0.29 1,452
(b) Shoulder 536,792 4.75 0.35 1,744
(c) Sidewall 1,883,990 1.04 1.22 6,122
(d) Bead 1,498,021 1.51 0.97 4,868
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Summary

Application
for Rubber Tires

- Rubbers and additives were found to be different depending on parts of the tire.

Rubber Additive
e R [ B e st
Hoes ol s fopinniet o o Gy
Sidewall BR NR Z:::zgiiizt:g;:celerator. fatty acid, and
Bead BR NR Z:tlicigrgmiiiagti:geict;oelerator. fatty acid, and

- The amount of anti-aging agent (6PPD) was elucidated for each part of

the tire.

Quantification result 6PPD content (ppm)
Tread 1,452
Shoulder 1,744
Sidewall 6,122
Bead 4,868
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