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Targets of Pretreatment in Polymer Materials Analysis

Plastics, Films, Fibers, Rubber, FRP, Adhesives, Paints,
Sealants, Lubricants, Insulating oils, Waxes, Toners, Inks,
Synthetic paper, Thermal paper, Carbonless paper, CMP
slurries, Plating solutions, Etching solutions, Cleaning agents,
Lithium—ion batteries, Magnetic tapes, Photosensitive drums,
Encapsulant, UV—curable resins, etc.




Why Pretreatment is Essential?

Most polymer materials are mixtures.

The variety of organic compounds is infinite.

_|_

Large concentration differences among components

.

Separation and concentration are required.



Workflow for Composition Analysis of Polymer Materials
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Key Unit Technologies in Pretreatment

Grinding Mortar & Pestle, Ball Mill, Cryo—Grinding
Dissolution Heating, Sonication

Extraction Reflux, Soxhlet, Dissolution & reprecipitation
Concentration Air dry, hot—air dry, Gas blow, Vacuum dry,
/Drying Freeze—Dry, Rotary Evaporator

Separation (Ultra)centrifugation, Paper filter, Membrane

filter, Glass filter, Ultrafiltration,

Liquid—liquid partition, Column chromatography,
prep—GPC, prep—HPLC

Digestion Hydrolysis, pyrolysis, Low—temperature ashing

Derivatization Methylation, Trimethylsilylation, Acetylation
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Cryogenic Grinding

(11 ' 13/
Freezer mill

Grinding in liquid nitrogen
based on embrittlement of
polymers below Tg

Liquid nitrogen: —195.8°C
Caution: Oxygen deficiency &
handling hazards




The mechanism of Cryogenic grinding

In liquid N,



Applications of Cryogenic grinding

Material Weight (g) Milling Time Mesh Size*
Nylon beads 2.0 2 min X 2 100-200
E:;‘;‘zthy'e”e 1.0 2 min 200
:szzmpy'e”e 15 2 min X 3 100-200
Rubber sheet 0.5 2 min X 2 20-100
PTFE tube 3.0 2 min X 2 100
Z‘;E’t‘;r;g‘ra”e 1.0 1 min X 3 100-200
Hot-melt adhesive 0.5 2 min X 2 90
Paperboard 0.5 2 min X 2 200
Wood pieces 1.3 2 min X 2 100
Wax 1.9 2 min 100-200

* Mesh size: Number of openings per linear inch (25.4 mm)



Polymer Dissolution

1. Dissolution testing with chloroform, methanol, water

2. Dissolution using special solvents based on literature

Examples of special solvents

- Polyolefine o—Dichlorobenzene (w/ Heating)
- Polyvinyl chloride Tetrahydrofuran (THF)

- Polyethylene terephthalate (PET)  Hexafluoroisopropanol (HFIP)

* Nylon HFIP

- Polyvinylidene fluoride N-methylpyrrolidone (NMP).
N,N-Dimethylformamide (DMF)

* Nitrocellulose Acetone, Ethyl acetate 10



Solvent Selection for Additive Analysis

‘Dissolves target components

‘Insoluble for polymers (except dissolution/re-precipitation)
but, Must penetrate the polymer

--> Mixed solvents (e.g., MeOH/CHCI,) are effective.

*Boiling point (BP) considerations:
Higher BP: High-temp extraction — High efficiency

Lower BP: Easy concentration (e.g., Ether can be concentrated at RT)
Low non-volatile residue (<1 mg/ 100 mL)

*No interfering peaks in spectra

Solvent selection must satisfy both target component
and polymer matrix.

11



Selection of Extraction Methods

1. Reflux Extraction:
*Direct boiling extraction in a flask.

*Rapid and simple, but care must be taken regarding recovery rates.

2. Soxhlet Extraction:

*The sample is repeatedly extracted with distilled solvent.
*Effective for quantitative extraction of low—solubility components or high—

content components.

3. Ultrasonic Extraction:

*Achieves faster extraction than simple soaking, but prone to causing polymer

chain scission.

Precautions for Soxhlet Extraction
‘Do not filter the extract.
‘Is the solvent reflux operating properly?

(Oil bath temperature, solvent volume, status of
the siphon tube)

CAUTION:

Adding boiling stones to a
hot solvent may cause
bumping!
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Soxhlet Extractor

Condenser —,

Sample

(In Thimble)

Extraction at

boiling point

Flask —»
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Additive Analysis using Soxhlet Extraction

Polypropylen
resin Sample
— Cryogenic grinding
— Extraction w/ a mixture of CHCI,/MeOH
Solubles Insolubles

Polymer

— Add acetonitrile (Precipitation of oligomers)

— Centrifugation & Filtration

Filtrate Insolubles

Additives Oligomer & Wax
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Selection of Separation Method

1. Separation Based on Solubility Differences in Solvents

= Sequential Extraction using different solvents

- Sequential Extraction by temperature variation in a single solvent
- Liquid—Liquid Partition (Liquid—Liquid Extraction)

2. Separation Based on Molecular Size
- Ultrafiltration (UF)
prep—GPC

3. Separation Based on Molecular Polarity

* Column Chromatography
"prep—HPLC
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Compositional Analysis Procedure for Epoxy Resins

Sample

— Cryogenic Grinding

— Elemental Analysis

— IR

— Chloroform extraction

Solubles

— IR

— NMR

— GC/MS
— prep—GPC

Fractions

— IR
— NMR
— MS

Insolubles

Extraction with Solvents of Different Polarities

( Combining centrifugation is effective)

— Methanol extraction

Solubles Insolubles
— IR k IR
L NMR Pyrolysis GC./MS
— GC./MS

Separation based on Molecular Size
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Separation based on Molecular size

1. Ultrafiltration (UF)

‘Proper selection of membrane material and molecular
weight cut—off (MWCO) enables the separation of low— and
high—-MW components

‘Highly effective for isolating water—soluble samples, such
as ionic polymers
2. Prep—GPC

A column with a 2 cm internal diameter provides
approximately 15000 theoretical plates

-Connecting three columns in series enables the separation
of components with as little as a 20% difference in MW
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Principle of Ultrafiltration (UF)

Membrane Sample Separation

Cleaning Injection

Ultrapure Ultrapure 3 -

Water

o Water
A
[

UF
Membrane —\ A s

= W

Sample
solution
Stirring Bar
UF
Membrane Filtrate
(Low—MW)

—

mimin
[TTT]

b

Recovery of Retentate

High-MW
L] Components
A Low-MW

Components

High—- MW
Component
Recovery

Membrane Specifications
Molecular Weight Cut—Off (MWCO):

Ranging from 1,000 to over 100,000

Membrane Materials:

Polysulfone, Polyacrylonitrile, PVDF,
Cellulose Acetate, etc.
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Separation of Aqueous PEG Solutions by Ultrafiltration

GPC Chromatogram

{Before UF)

PEG8500
| PEG3000

PEG24000 PEGT000

J\UJ

{After UF) ﬁ

U

MWCO: 10000 Da

ﬁj\
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Principle of Gel Permeation Chromatography (GPC)

Molecules Elute sequentially
from Largest to Smallest
Molecular Size

| .
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100 1000 10000 100000
Molecular Weight(Molecular Size) 20



Fractionation by Prep—GPC

*High Sample Loading Capacity:
Dozens of times higher than prep-HPLC (up to approx. 300 mg).

*Universal Detection:
Capable of detecting all components using Rl detector.

*High Recovery Rate:
Ensures high recovery of injected components.

Clear Analysis Completion:

End of analysis confirmed by the appearance of the solvent peak.

Sample Elution Zone

> g

# f ?

Sample Start of Solvent
Injection Polymer Elution Peak

21
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Separation Based on Molecular Polarity

Separation via stationary phase interactions, such as
differences in adsorption affinity.

* Column chromatography

*Prep—HPLC
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Separation by Silica gel Column Chromatography

- ' Hydrocarbon
J ' ; 4
_ N
/ L Ester Waxes
i ]

Sample | '
| J J/W
) 8

Hexane Chloroform Acetone Methanol

Nonionic Surfactants
| .

IR Spectra of Column Eluates

Hydrocarbons Esters ~ Alcohols ~ Glycols 23



2D Separation by Silica gel Column Chromatography
and prep—GPC

Polarity Sample: Textile treatment agent
A
Hexane E Paraffin Wax j[ Polyethylene WaxWax j
Polybutene j
Chl ¢ [ Higher Alcohol ][ Ester Wax Triglyceride Silicone Ol ]
OrOTOYM | [Higher Fatty Acid | Fatty Acid [ Acrylic Resin ]
Monoglyceride

L Polyglycerol Fatty Acid Ester j
E Higher Alcohol EO Adduct j f Polyurethane j

Acetone Alkylphenol EO Adduct
[ PEG ]
[ PEG/PPG Pluronic ]
[ Ethylene Glycol - ’ E Fatty Acid Alkanolamide j
Methan0| E Glycerol J EQuaternary Ammonium Saltj
E Triethanolamine j
|
100 300 1000 3000 10000

Molecular Weight
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Precautions for Prep—HPLC separation

1. Use the mobile phase as the sample
dissolution solvent.

2. Remove poorly soluble components during
pre-treatment.

3. Increase concentration / injection volume
only if resolution permits.
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Key Differences in Prep—HPLC

Analytical HPLC  Prep-HPLC |

A v [
A
7 s o |-
} J ' w4 | L% J
B fE] —— B fE] ——

To minimize time and solvent consumption, samples are
intentionally loaded under overload conditions relative to the

column capacity.
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2D Separation Using prep—GPC and prep—HPLGC

prep—GPC

\/

Fractionation

)

prep—GPC Fraction

prep—HPLC

-prep—HPLC: Superior in separation efficiency (resolution).
‘prep—GPC: Dozens of times higher in sample loading capacity.
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Effect of Column Diameter on Flow Rate and Sample Load

— 1000
HPLC Sample Load -
‘e |- B~ GPC Sample Load _,+ 8 100 ’g,
S .
~ | —* HPLC Flow rate b =
E GPC Flow rate - = 10 S
- _.-= o
d:" m ; 3
E %
o
0.1
4.6 8 20 90

Column Diameter (mm)

At the same column diameter, GPC allows higher sample loading with lower
mobile phase flow rates than HPLC 8



Summary of Chromatographic Separation

Method Sep.are.ltlon Theoretical Plates S Lc?adlng
Principle Capacity
Liquid-Liquid "
Partition Partition 1 10 g
Column .
Chromatography NI 90 lg
Adsorption /
AlFHE Partition 300 le
Prep—GPC Molecular Size 15,000 03¢g
Prep—HPLC Partition 15,000 0.01 g

Perform separation sequentially, starting with the highest
sample capacity:
Column Chromatography — prep—GPC — prep—HPLC

29



Case Study: Analysis of Dispersants in Emulsion

Sample
— Air dry

Dried Residue

— IR
— GC/MS Analysis of TMS Derivatives
— Hexane Elution (Column Chromatography)

Eluate Column-Retained
— IR — Chloroform Elution
— NMR S
Eluate Column-Retained
IR — Acetone ElutionI
NMR Eluate Column-Retained
— IR —— Methano Elution
— NMR I
L prep-GPC Eluate Column-Retained
Fractions — IR
— NMR

— IR
— NMR 30

— MS



IR Spectrum of

IR Analysis of the Bulk Sample
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Method Target / Application Key Features
Air Dry Aqueous solutions, Emulsions Simple, prevents over—drying, slow

. . Rapid, requires care regarding thermal
Hot Air Dry Solid samples 2 . = =

degradation

Nitrogen Blowing

Small-volume samples (High—boiling
solvents)

Simple, powerful

Rotary Evaporator

Solution samples (Medium—boiling
solvents)

High—throughput, stable

Freeze Dry

Aqueous solutions (with surfactants),
Dilute solutions

Safe drying, slow, stable




Analysis of High—Polarity Low—MW Species by TMS-GC/MS

{ Mass Spectrum }
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Ion Mode : EI+ Int. : S98.93 Spec. Type : Reguiar :
5269192 319
] OTMS
TMSOCH(CH)4CH,OTMS
23 205 YMEF=1L6TMS

*Derivatization of low—MW, highly polar components with % t " l - MW=614
21

a TMS reagent enables the application of GC/MS. t 201 wooa
BSTFA is the preferred reagent due to its ease of use; °~ [ ASass"atsiscasssatsesashsaqnsesanr sanss nassan e o
adding it to the sample followed by heating at 80°C for
30 mins ensures complete silylation. Mass Spectrum of Each Peak

*Peak Multiplicity in Polyfunctional component

MW Estimation via [M—15]" fragment ion BSTFA:

: . . . , 32
N,O—-Bis(trimethylsilyDtrifluoroacetamide



Analysis of Column Chromatography Fractions via IR and '"TH-NMR
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Hydrocarbon

"Dispersing the sample in hexane and loading it
onto the column.

*Initiating elution with low—polarity hexane as
the initial mobile phase.

*The hexane eluate is deduced to consist
predominantly of hydrocarbons.

1%

Hexane Eluate
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Analysis of Column Chromatography Fractions via IR and '"TH-NMR

1090
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2950 | i Chloroform Eluate
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0.1
Polydimethylsiloxane

- Eluting low-polarity compounds with
chloroform.

-Presumed to be polydimethylsiloxane
(PDMS) based on characteristic
absorption bands.




Analysis of Column Chromatography Fractions via IR and '"TH-NMR

3350 1100. .

Acetone Eluate

T e e B, o T T T L -I 2
0o 1600 3200 2800 2400 2000 1600 1200 Boo 400 .

WAVENUMBERS (CH-1) - . R

(*)Propylene glycol

Propylene glycol+a

- Eluting polar compounds with
acetone.

- The acetone eluate is

determined to be a mixture. O
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Analysis of Column Chromatography Fractions via IR and '"TH-NMR
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Sorbitol+a
(lTHQOH
CHOH
(IEHOH
ﬁllHOH
CHOH
éHQOH

*Eluting highly polar compounds with methanol.
*Presumed to be sorbitol as the main component,

based on TMS—GC/MS results and the characteristic 3.7 ppm peak in 'TH-NMR.

Methanol Eluate
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Results of Column Chromatography Separation

Hexane Eluate:l 0.4% [ Hydrocarbon]
Chloroform Eluate 189! [ Polysiloxane ]

Acetone Eluate | 5. 6% [ Propylene glycol + a ]

Methanol Eluate! 3.7% [ Sorbitol + a ]
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prep—GPC Fractionation of the Acetone Eluate

Fraction Weight Concentration in Sample
Fr. 1 3. Omg 0. 06%
Fr., 2 48. 4mg 0. 96%
Fr. 3 11. 4mg 0. 22%
Fr, 4 4. Tmg 0. 10%
Fr. 5 4. 5mg 0. 09%
p Fr. 6 0. 5mg 0. 01%

0 50 100 Retention Time (min)
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Analysis of Fraction 2 Isolated from Acetone Eluate (IR, TH-NMR)

1100

¥ T T T T - g - T
000 1600 3200 2800 2400 2000 1600 1200 800 400
WAVENUMBERS (CM-1)

Isolation of the target surfactant was
successfully achieved.

* Characteristic alkyl group resonances
(hydrophobic moiety) observed
between 0.9 and 1.8 ppm in 'H-NMR.
*Presence of polyethylene oxide
(PEO) chains (hydrophilic moiety)
was also confirmed in 3.6 ppm.

GPC Fr—2

CH CH ’ '
CHa! CECE CECE CHCE (E].-’IGH

0 (CH CH;O)

= ;H

1—r-—rv—n—rv YT 'r‘[rrr—r‘!"‘v—n‘;l'v'ﬁ'!‘l‘rr‘rr w‘r'P'rl'F'TFH-r'F'"T
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Analysis of Fraction 2 Isolated from Acetone Eluate (MS)
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FD-Mass Spectrum of Acetone Eluate GPC Fr-2

The maximum number of EO units added is concluded to be n=12.

Ms2
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Analysis of Fraction 3 Isolated from Acetone Eluate (IR, TH-NMR)

2960 1730 1280

o

I

1123

~ =7 06

T r T T T T N T
W0 3600 3200 2800 2400 2000 1500 1200 800
WAVENUMBERS (CH-1)

400

Bis(2—ethylhexyl)phthalate) (DOP)

Potential contamination during sample
pretreatment is suggested.

*No ester carbonyl absorption was observed in
the IR spectrum of the acetone eluate.

-DOP (di—2—ethylhexyl phthalate) was not
detected in GC/MS.

GPC Fr—3
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Analysis of Fraction 5 Isolated from Acetone Eluate (IR, 'TH-NMR)

GPC Fr—5
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Confirmed detection by TMS-
derivatized GC/MS as well.




Analytical Results of the Dispersant in the Emulsion

Solid Content

[ Composition ]
Polydimethyl siloxane (Silicone oil)
Sorbitol
Propylen glycol
2,6,8—Trimethyl—-4—nonanol EO Adduct(Dispersant)
Hydrocarbon
Bis(2-ethylhexyl)phthalate) (DOP)

Diethylene glycol

(llHa ?Ha (lJHa
CH; CHCH, CHCH, CHCH, CHCH,;
(CH, CH, O) . H

31%

18 %
1 %
4 %
1%
0.4 %
0.1 %
0.1 %
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Summary

1. Proper Separation Facilitates Spectral Analysis

Prioritize component separation over the direct spectral analysis of complex
mixtures.

2. Cross—Checking to Prevent Misidentification

Implement multiple analytical methods for cross—checking to avoid false
identification.

3. Selecting the Optimal Method for Complex Structures

Select and apply the most appropriate techniques tailored to specific objectives
for the detailed structural elucidation of complex compounds.

4. Know—How and Databases for Efficient Analysis

Accumulate technical know—how and expand databases to accelerate the
naturally multi—step process of comprehensive composition analysis.
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