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Tinuvin 327 Aldrich 423327-5G L
Tinuvin 328 Aldrich 422746-50G (:E‘C%é
Tinuvin 360 Aldrich 407941-25G = [+T |
Irganox 1330 Aldrich 413283-100G
Irganox 1010 Aldrich 441783-100G
N
Irganox 1076 Aldrich 367079-100G ”3}_\_(
o e
R1LESYHRMFESR
KI81: REBIEFRMY
BREBIERS: Bg&p-QSMEYACQUITY APCHR 4
iopllE fo& 2/ THFEMRIACQUITY ELSD
B XBridge C13 5 um, 4.6 X 150 mm (ZHEFS
: 186003116)

ERMNEKEMZALABSFRNE=Z RIS M PR FANFNESHREYERIERES A



HE: 25°C

HamakE: 20°C
HEETR: 14 pL
TR 0.68 mL/min
TREhFEA: THF (REREF)
RTHAEB: EBFK
TER 50/50, v/v, THF/Kk
P D= P LI FRAE
ELSHIZEREE RN
ELSERERE: 60 °C
ELSHE%E: 500
ELSSMAMIE: 60 psi
HER]
IR
(mL/min)

0.00 0.682 50 50 6 0.00

1.32 0.682 50 50 6 0.55

11.48 0.682 100 0 6 4.21

15.88 0.682 100 6 1.82

16.76 0.682 50 50 6 0.36

18.52 0.682 50 50 6 0.73
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Options  Pressure Units Facerl Aot Help
v A4
From... To...
Describe your original method. Describe your target method.
Column Diameter (D) jAﬁl]U | mm Column Diameter (D) 3.000 mm
Length (L): [150 | mm Length (L) 75 mm
Particle Size (dp}: |50 ‘ Hm Particle Size (dp}: 25 pm
Lrdp: 30,000 L/dp: 30,000
SyStem Dwell volume: 0.000 mL ® Sy5tem Dwell volume: i0.000 ‘ mL ®
High pressure limit: i'\S,ODO | psi
i I <
Method Injection volume: ‘1“-0 ‘ ML Method Flow rate: ® Scaled: {0.580 mLsmin)
e Q . 1.000 i
Temperature: !25 &= clistony i mi/min
Run time: [16.00 ‘ min
. o, oy —
bBE aeE
Time Fow S6A %8 %C %D Column | Time EHow %A %8 %C %D Column
Rate (mL/ % Rate (mL/
(min) o Water  Methanal ~ Water Water Volumes (min) i Water  Methanol  Water Water Volumes
4 1588 0.682 0.0 100.0 0.0 0.0 182 ol 1 000 0.580 00 500 0.0 500 0.00 o
5 16.76 0682 00 50.0 0.0 500 036 2 033 0.580 00 So.0 0.0 500 0.55
g 18.52 0.682 0.0 50.0 0.0 500 0.73 3 287 0.580 0.0 1000 Qo 0.0 4.21
v e 4397 0.580 00 1000 0o 0o 1.82 ~ | |
1,085 psi 4,339 psi 3.0 pL 4,00 min
Maximum pressure Maximum pressure Injection volume Run time

E L35 umBIEF AR A2.5 umBIER F AN A AR IRITESE TR

L2 KREBIEFRYF
BIEBIERS: fe & p-QSMAJACQUITY APCR 4
LivplEr Ao & 2kt / THFEHBIACQUITY ELSD

@ XBridge C13 2.5 um, 3.0 X 75 mm (ZH4S
186006034)

8 25°C
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HmEE:

HEFRR

%
%

AEHHEA:

MEhtEB:

R

20°C

3uL

0.58 mL/min

THF (R&REF)

EBEFK

50/50, v/v, THF/7X

P D= P LI FRAE
ELSHIZE 2 RE RN
ELSERERE: 60 °C
ELSHE%E: 500
ELSSAME: 60 psi
FRER2
St :
‘ (mL/min) o

0.00 0:583 50 50 6 0.00

0.33 0.583 50 50 6 0.55

2.87 0.583 100 6 4.21

3.97 0.583 100 6 1.82

4.19 0.583 50 50 6 0.36

4.63 0.583 50 50 6 0.73

EA2.5 umBIERTRE—NERGE, EAFERRITESRTRITELT umBERKENSH (B2) .
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Options  Pressure Units
b 4

From...
Describe your original method.
Column Diameter (D): 3,000
Length (L): 75
Particle Size (dp): 25
L/dp: 30,000
System Dwell volume: 0.000
Method Injection volume: 30
Temperature: 25
Run time: 4.40
Flow
i %B
T"?“* Rate (mL/
(min) min) Water  Methanal
1 0.00 0583 0.0 50.0
2033 0583 00 50.0
3 287 0583 00 100.0
4 397 0583 00 100.0
4,360 psi
Maximum pressure

%C

mm

mm

wm

mL

Water

00
00
00
00

%D
Water
50.0
50.0
0.0
0.0

9) . 1O

Reset Print Help
v

To...
Describe your target method.
Column Diameter (D): 2.100 mm
Length (L): 50 mm
Particle Size (dp): 17 pm
L/dp: 29,412
System Dwell volume: 0.000 m @
High pressure limit: 15,000 psi
Method  Flow rate: ® Scaled: ( 0.420 mumin)
2 custom: 1000 mL/min
I e P
aBE 5 unBpE
Column Time Howy %B %C %D Column
: Rate (mL/
Volumes (min) e Water  Methanol ~ Water Water Volumes
0.00 ~ 1 0.00 0420 00 50.0 00 500 0.00 ol | |
|
0.55 2 015 0420 0.0 500 00 50.0 0.55
423 3 130 0420 00 1000 0.0 00 423
183 v 4 1.80 0420 00 100.0 00 00 1.83 ~
9,245 psi 1.0 pL 1.99 min
Maximum pressure Injection volume Run time

E2.352.5 umBER TR A LT umBIERHIEN G ERRITESRTA

SKEE3: RMEBIEFRHF

BEBERS:

Hm2s

‘i

N=1
/0 .«

o
B

HmaRE:

Fc& p-QSMREJACQUITY APCR %

fo& 2/ THFEMRIACQUITY ELSD

XBridge C1g 1.7 um, 2.1 X 50 mm (&S

186002350)

25°C

20°C
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HEFRR 1L

TR 0.42 mL/min
TRENAEA: THF (REREFN)
JRENHEB: EBTFK

ER: 50/50, v/v, THF/7
BEIERAT: SR
ELSHIZSRRE: A
ELSEBRERE: 60 °C

ELSIZZ:: 500

ELSSMAMIE: 60 psi

BER3

0.00 0.42 50 50 6 0.00

0.15 0.42 50 50 6 0.55

1.30 0.42 100 0 6 4.23

1.80 0.42 100 6 1.83

1.90 0.42 50 50 6 0.37

2.10 0.42 50 50 6 0.73
HIEEE

EHIACQUITY APCR LM A IR EUEFT ARV BIE B IR RS NEmpowerBIEMIER S (CDS) 3, FR5, AXH “GR
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51" BoRUMNBIEENERERYTEEMpower CDSHEIE, REME=FNH-

ZR5111E

SEI81. 2F3HEBIEE RN TEHRIES, 4715, RAEAEZIENBIESBEN AT, SKEIEETHEMpower
COSEMRRRFIERE, ERBAFPERNE—MEBERIFCYIE, MiFZERENITEYTEBIRC
YR EIE. AKEAERRCYIE, FIt, Tinuvin 328#5& FRIR=ZBEAZE R,

ERERTERIFSMESYHANFIESMELROHANSBIER, ZREV/NIRERHENSBEBALR2, F
&, Tinuvin 328FTinuvin 327 &Irganox 1010FIrganox 10763 MELZ D B,
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- Eam Tinuvin | Tinuvin | Tinuvin Ir1g:;:x Ir?::;x Irganox
1 Pol add mix 1:1 1| 1A | | 4136 2948 4342 3,051 4663 |
2 Poladdmix11 | 2 | TA1 | 4444 | 2749 4307 | 3051 | 4638 |
3 Pol add mix 1:1 3| A | | 4493 2356  4.356 3.300 4622 |
4 Pol add mix 1:1 4| tA1 | 4428 | 2.883 4392 3.268 4756 |
5 Pol add mix 1:1 5 | 1A 4.283 2917 | 4408 3.067 4547 |
6 Pol add mix 1:1 6 | 1:A,1 4127 | 3.025  4.608 3,264 4804 |
FHE | | 4,289 2913 | 4.402 3167 | 4672 |
InERE : 01530 | 00932 & 0.1073 01218 0.0935 |
% RSD | | 3568 | 3.200 2437 3.847 2,001 |

R2.LW1MIEMpowerlE D BER

B4R R T RE2P A AMEBESYARINFRSMECD HANDBERL, ZREW/NRBREFNIBEELRI. &+
B, Tinuvin 328fTinuvin 3274 X&Irganox 1010FIrganox 107639 MBL D &,

2000.00-
1800.00-
1600.00
2.5um

1400.00

1200.00-

Tinuvin 327

Tinuvin 328

a 4
@ 1000.00-

————m— |rganOX 1330

e — TiNUVIN 360
Irganox 1010
e —— | @aNOX 1076

800.00-
600.00-
400.00-

200.00-

0.00-+

A LX _A A A
3.00 3.50 4 00 4.50 5.00

El4.UHPLCIR 2 BB IEE]
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Tinuvin | Tinuvin | Tinuvin Irganox Irganox Irganox

328 327 360 1330 1010 1-76
1 Pol add mix 1:1 1| 1A | 5115 | 6.243 7.420 5.857 2,582

2 Pol add mix 11 2 | 1A | 5142 | 6333 7.784 5.890 2,523

3 Pol add mix 1:1 3 1R L 5,270 6.629 7.234 5.592 2.496

4 Pol add mix 11 4| 1A 4926 6381 7.728 5.914 2.439

5 Pol add mix 1:1 5| 1A 4907 | 6094 | 7324 | 5997 2,393

6 Pol add mix 11 6 | 1A | 4900 | 6.013 7.227 5.684 2.318
FIYE ' [ | 5043 | 6.282 7453 | 5.822 | 2.458
TR RE 01542 | 0.2201 0.2458 0.1529 0.0949
% RSD 3.058 | 3.503 3.298 2.626 3.861

FR3.LW2MEmpowerlE DB ER

ESER T REIPAMBESYRINFIEESYEITHANDBER, WESY/NAERHAFNOBEEL RS,
=, Tinuvin 3288 Tinuvin 327TLMTEL N E, BRATFRIONESBEEAT], XEREDEENTERRE
#RfEo Irganox 1010FIrganox 1076 RASEMEL D E, B MNENSBERHED T A ZRIME.

1000.00 -

]
900.00-

BDO.OGJ 1 7 “m

700.00-

== rganox 1330

AL L 1l
e Tinuvin 360

600.00

————=m= - |rganox 1076

500.00

LsuU

TR T I T

Tinuvin 327
————== |rganox 1010

3

(=]

3

1]
Tinuvin 328

300.00

] AN N FANYAN

T ——T—T7 77777 T T S—
1.80 1.90 2.00 2.10 2.20 2.30 2.40 2.5

2,60 2.70 2.80

El5.UPLCRE3M B IEE
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= Tinuvin | Tinuvin | Tinuvin Irganox [ ENL Irganox
HRE 327 360 1330 1010 1-76
1 Pol add mix 1:1 1 T:A1 2.321 2.891 | 2.464 ' 1.676 1.440
2 Pol add mix 1:1 2 T:A1 2.410 2.577 . 2.61 1.672 1.391
3 Pol add mix 1:1 3 1:A,1 2,401 2,757 | 2.495 1,473 1.335
4 Pol add mix 1:1 4 1A 2.262 2.685 2.499 1.619 1.378
5 Pol add mix 1:1 5 1:A,1 2.322 2.694 | 2.499 1.600 1.331
6 Pol add mix 1:1 6 TeR;1 2.444 2.683 2.685 1.668 1.397
E(E 2.360 2.715 | 2.542 1.618 1.379
IRERE 0.069 0.104 0.086 0.078 0.041
% RSD 2.9 34 | 34 | 48 3.0

R4 L3MEMpowerlE N EBER

NREVRINFIES NS B ABTEMRINM 199 $(HPLC) B8 035 #0(UPLC), S/\BH#MREIEINE
&, HTRS. NSNS ETTRHNRFMAM, BE&p-QSM. ELSDHACQUITY BEH C g itk AH
ACQUITY APCRZ AT LU N S ki EE A MahiE, R ERIRITERRETAN—RIIZTASMHRIBEIE
DBAEGTNEERE, JUEMMEFERS umi R BIEENEARHPLCAEAERNLT umBigiEs %,

1. Michael Jones, Jennifer Gough, Marian Twohig.Comparison of HPLC and UHPLC Analysis of Polymer
Additives with Elucidation of Mass Detection, Waters Posters, 2017.
https://www.waters.com/waters/library.htm?locale=101&lid=134956804&cid=511436 <
https://www.waters.com/waters/library.htm?locale=101&lid=134956804&cid=511436> .

2. Claudia Lohmann, Damian Morrison, Jennifer Gough.Polymer Additive Analysis Study Using
Tetrahydrofuran and Advanced Polymer Chromatography and Gradient Elution, Waters Apllication

note 720006707EN, 2019.
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https://www.waters.com/waters/library.htm?locale=101&lid=134956804&cid=511436
https://www.waters.com/waters/library.htm?locale=101&lid=134956804&cid=511436
https://www.waters.com/waters/library.htm?locale=101&lid=134956804&cid=511436
https://www.waters.com/waters/library.htm?locale=101&lid=134956804&cid=511436
https://www.waters.com/nextgen/cn/zh/library/application-notes/2019/polymer-additive-analysis-study-using-tetrahydrofuran-and-advanced-polymer-chromatography-with-gradient-elution.html

3. Waters ACQUITY UPLC ELS Detector, https://www.waters.com/waters/en_US/ACQUITY-UPLC-
ELSD/nav.htm?locale=en_US&cid=514219 <https://www.waters.com/waters/en_US/ACQUITY-UPLC-
ELSD/nav.htm?locale=en_US&cid=514219>.

4. (ACQUITY UPLCEEFEGHQMSZINITIERE) |,
https://www.waters.com/webassets/cms/support/docs/71500109303rd.pdf <
https://www.waters.com/webassets/cms/support/docs/71500109303rd.pdf>.

5. Tolinski, M. Additives for Polyolefins: Getting the Most Out of Polypropylene, Polyethylene, and
TPO, 2nd ed.; William Andrew: Oxford, 2015.

6. Bolgar, Michael; Hubball, Jack; Groeger, Joseph; Meronek, Susan; Handbook for the Chemical
Analysis of Plastic and Polymer Additives, CRC Press, Boca Raton, U.S.A., 2016.

7. Beginners Guide to UPLC, Waters Corp. U.S.A,, https://www.waters.com/waters/en_US/UPLC---Ultra-
Performance-Liquid-Chromatography-Beginner%27s-
Guide/nav.htm?cid=134803622&locale=en_US#:~:text=Introduction,and%?20sensitivity%20in%20liquid%20chroma
<https://www.waters.com/waters/en_US/UPLC---Ultra-Performance-Liquid-Chromatography-

Beginner%27s-
Guide/nav.htm?cid=134803622&locale=en_US%23:~:text=Introduction,and%20sensitivity%20in%20liquid%20chro

> .

8. ACQUITY APC p-QSM System, Waters Specification Sheet, 720006702EN <
https://www.waters.com/webassets/cms/library/docs/720006702en.pdf> .

9. BEH (Bridged Ethylene Hybrid) Technology, Waters Corp. U.S.A.,
https://www.waters.com/waters/en_US/BEH-(Ethylene-Bridged-Hybrid)-
Technology/nav.htm?cid=134618172&locale=en_US <https://www.waters.com/waters/en_US/BEH-
(Ethylene-Bridged-Hybrid)-Technology/nav.htm?cid=134618172&locale=en_US>.

10. Waters On-Line Tool Box, “Column Calculator Tool” ,
https://www.waters.com/waters/promotionDetail.htm?id=134694974&locale=101 <
https://www.waters.com/waters/promotionDetail.htm?id=134694974&locale=101>.

11. Chromatography Fundamentals, Part VIIl: The Meaning and Significance of Chromatographic

Resolution, https://www.chromatographyonline.com/view/chromatography-fundamentals-part-viii-

ERMNEKEMZALABSFRNE=Z RIS M PR FANFNESHREYERIERES A 13


https://www.waters.com/waters/en_US/ACQUITY-UPLC-ELSD/nav.htm?locale=en_US&cid=514219
https://www.waters.com/waters/en_US/ACQUITY-UPLC-ELSD/nav.htm?locale=en_US&cid=514219
https://www.waters.com/waters/en_US/ACQUITY-UPLC-ELSD/nav.htm?locale=en_US&cid=514219
https://www.waters.com/waters/en_US/ACQUITY-UPLC-ELSD/nav.htm?locale=en_US&cid=514219
https://www.waters.com/waters/en_US/ACQUITY-UPLC-ELSD/nav.htm?locale=en_US&cid=514219
https://www.waters.com/waters/en_US/ACQUITY-UPLC-ELSD/nav.htm?locale=en_US&cid=514219
https://www.waters.com/webassets/cms/support/docs/71500109303rd.pdf
https://www.waters.com/webassets/cms/support/docs/71500109303rd.pdf
https://www.waters.com/webassets/cms/support/docs/71500109303rd.pdf
https://www.waters.com/webassets/cms/support/docs/71500109303rd.pdf
https://www.waters.com/waters/en_US/UPLC---Ultra-Performance-Liquid-Chromatography-Beginner%27s-Guide/nav.htm?cid=134803622&locale=en_US%23:~:text=Introduction,and%20sensitivity%20in%20liquid%20chromatography
https://www.waters.com/waters/en_US/UPLC---Ultra-Performance-Liquid-Chromatography-Beginner%27s-Guide/nav.htm?cid=134803622&locale=en_US%23:~:text=Introduction,and%20sensitivity%20in%20liquid%20chromatography
https://www.waters.com/waters/en_US/UPLC---Ultra-Performance-Liquid-Chromatography-Beginner%27s-Guide/nav.htm?cid=134803622&locale=en_US%23:~:text=Introduction,and%20sensitivity%20in%20liquid%20chromatography
https://www.waters.com/waters/en_US/UPLC---Ultra-Performance-Liquid-Chromatography-Beginner%27s-Guide/nav.htm?cid=134803622&locale=en_US%23:~:text=Introduction,and%20sensitivity%20in%20liquid%20chromatography
https://www.waters.com/waters/en_US/UPLC---Ultra-Performance-Liquid-Chromatography-Beginner%27s-Guide/nav.htm?cid=134803622&locale=en_US%23:~:text=Introduction,and%20sensitivity%20in%20liquid%20chromatography
https://www.waters.com/waters/en_US/UPLC---Ultra-Performance-Liquid-Chromatography-Beginner%27s-Guide/nav.htm?cid=134803622&locale=en_US%23:~:text=Introduction,and%20sensitivity%20in%20liquid%20chromatography
https://www.waters.com/waters/en_US/UPLC---Ultra-Performance-Liquid-Chromatography-Beginner%27s-Guide/nav.htm?cid=134803622&locale=en_US%23:~:text=Introduction,and%20sensitivity%20in%20liquid%20chromatography
https://www.waters.com/waters/en_US/UPLC---Ultra-Performance-Liquid-Chromatography-Beginner%27s-Guide/nav.htm?cid=134803622&locale=en_US%23:~:text=Introduction,and%20sensitivity%20in%20liquid%20chromatography
https://www.waters.com/waters/en_US/UPLC---Ultra-Performance-Liquid-Chromatography-Beginner%27s-Guide/nav.htm?cid=134803622&locale=en_US%23:~:text=Introduction,and%20sensitivity%20in%20liquid%20chromatography
https://www.waters.com/webassets/cms/library/docs/720006702en.pdf
https://www.waters.com/webassets/cms/library/docs/720006702en.pdf
https://www.waters.com/webassets/cms/library/docs/720006702en.pdf
https://www.waters.com/webassets/cms/library/docs/720006702en.pdf
https://www.waters.com/waters/en_US/BEH-(Ethylene-Bridged-Hybrid)-Technology/nav.htm?cid=134618172&locale=en_US
https://www.waters.com/waters/en_US/BEH-(Ethylene-Bridged-Hybrid)-Technology/nav.htm?cid=134618172&locale=en_US
https://www.waters.com/waters/en_US/BEH-(Ethylene-Bridged-Hybrid)-Technology/nav.htm?cid=134618172&locale=en_US
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