Advances in SEC Analysis for Polymer

Engineering Applications Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Michael O'Leary !, Baiba Cabovska !, Bonnie Alden !, Edouard Bouvier ' Peter Hancock 2, Jeremy Shia®, Mia Summers!, Marian Twohig *
! Waters Corp. Milford, MA USA 2Waters Corp. Manchester UK

nppllcat:on technique for
This year marks the 50th anniversary of the first commercial Size 4 :
Exclusion Chromatography (SEC) system or as it was first the Size based Separatlon -
described by J.C. Moore!, Gel Permeation Chromatography (GPC). of polvmers in solution =
Since Waters Corp. introduced the Waters GPC 100™ system and . poly ) Z
associated Styragel® column offerings, significant advances have USlng columns packed Wlth .
been made in polymer science and polymer molecular weight b 3 . ,d h R h -
characterization based on this technique. Sup-om, rigia, nign-pore- .
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original concept. With the introduction of improved separation . -
capacity, stable solvent delivery systems, automated sample Comb’ned W’th d fU”y Figure 8. Full calibration of APC in < 10 min
introduction and robust detector technology, GPC has become an - : H
analytical work horse for polymer research and quality control Optlmlzed IOW dlSperSIOH

improvement has been made in basic SEC analytical systems to
enable direct in-process analysis of polymerization reactions.
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laboratories. However, in the past two decades, little \ ACQUITYSyStem
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Recent focus on reduced solvent consumption and rapid through- = Five pore sizes Sao, | ﬁ. I
put testing have proven useful, but with a tradeoff between - 45R& (200 - 5,000) 1.7um —— — : || [
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analytical performance (resolution and sensitivity) and speed of
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analysis due to the inherent fragile nature of the Gel Particle used
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in the analysis. Further, the dispersion and high dead volume of ggg é*(zo,ooo 400,000 2.5um | 0000000 —errownpesonk y e, Y . SRS, VA
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conventional refractive index detectors have limited the S e R i e B I B
technological development_ requirgd to_ break the spe_ed VS. = Two surface chemistries j s B e B e ST
performance trade off for high quality rapid polymer analysis. - Organic solvent- XT 5 100000 a
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This poster highlights the limitations of current SEC technology E 10,000 o A
= Three column lengths s o I
and the obstacles that must be understood and addressed to 30 mm £ - | I‘|
. . s v [\ TR
advance to the next step in polymer molecular weight - 75mm . [\ Tl 8
characterization.  Further, examples provided in this poster - 150 mm w0 e . - i . / /o JM - NG
illustrates the promise of advanced SEC analysis based on a = Internal diameter: 4.6 mm Elution Volume (i) V P
balan_ced approach of complete sy_/stem design that enables. dlreFt Figure 3. Waters ACQUITY APC Columns T R R R e e S
real time process control of reactions. The examples provided in Figure 9. Experiment 3, APC Chromatograms showing the photo in-
this study highlight the potential of rapid SEC analysis with high duced polymerization as the reaction progresses.
quality data generation for synthetic process optimization and RESULTS AND DISCUSSION
polymer product confirmation.
Utilizing the ACQUITY APC system a wide variety of experiments can be
I conducted. In experiment 1, quality control of final polymer product,
25000 sample analysis is conducted on 2 different polymer types using the Exposure Dose Mw Mo PDIL 60000
200,001 standard molecular weight calculations, figures 4, 5 & 6. In contrast to (mJ/cm2) Daltons)  (Daltons)  (Unitless)
N 150,001 conventional GPC testing multiple replicates are easily collected in less : i - A 50000 —
E z 100,004 . . .. iy Y . . . 10 19830 2730 2.76 //
| time than a single traditional test. In addition to rapid analysis high ?8 j:g;g i‘g;go ::; 40000 *
O'm, resolution chromatographic data is obtained. 40 50120 11220 447 0000 yd + M
¢ 50.00] In experiment 2, the solvent APC system was changed while all other "
"" ° 400»06000 BbD 10‘00 12‘00 14‘00 16‘00 18‘00 20‘00 22‘00 24,00 Components remained ConStant' Wlthln 30 min the SYStem Was equ”i_ Figure 10. MO/eCUlar Weight 20000
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brated for the residual competent analysis, figure 7. data plotted vs. reaction 10000
o In experiment 3, a set of two 75 mm APC columns were utilized to allow time showing the photo in-
. for a rapid (150 second) analysis test cycle time. As a result of the duced polymerization. T
N rapid size based analysis the reaction was easily followed predicting a
> complete photo polymerization in ‘real time’. Figures 8 & 9 show the
o] polymerization product while figure 10 summarizes the molecular
o weight moments as a function of reaction time.
oo e e v PP T Finally, a production blend of 2 polymers was followed using the APC
Figure 1. GPC Chromatograms; Top left circa 1965—run time 70 min., system. The molecular weight profiles of the 2 blend partners are -
Z;%)er;gg;cilfgca 1990—run time 35 min. and Bottom circa 1995—run shown in figure 11. The summary data shown in figure 12 indicates the
’ point of complete polymer dissolution while providing confidence in the poymer Biend
polymer has not cross linked or degraded during the mixing process.
Zz Polymer A
Four different measurement experiments are conducted to illustrate the o
utility of Waters ACQUITY® Advanced Polymer Chromatography ™ o
System (APC ™), Figure 2, using the enabling breakthrough APC col- 3
umn teChn0|OQYI Flgure 3' EXampIes prOVIded InCIUde a rapld and rell- 5:?; O R i i A N i i A Y B A A N R i B I I I A
able quality control test of polymer molecular weight, determination of Sampla  Mw  Mn Ma Mw/Mn Smde Mw - Mn Mz Mw/Mn
residual component in a polymer reaction, a photo induced polymeriza- @ o sowss  ecss somes oo PolymerBlend 16100 500 37700 371
tion reaction and monitoring a dissolution process used in a polymer e i )
blend scheme. The chromatographic experimental test conditions are - Figure 11. Experiment 4 APC chromatograms of component polymers used
Iisted in the table beIOW. Zzw 220 230 240 250 260 270 280 2% 300 310 320 3N 340 33H0 360 Ri;vmm:%?:e 290 400 410 420 430 440 450 460 470 480 490 500 510 520 5N 540 in b/end diSSO/UtiOI? StUdy'
Figure 4. Full calibration of APC in < 30 min
APC MW Conditions Experiment 1* Experiment 2*
Eluent/Diluent THF Dichloromethane :
Solvent Manager ACQUITY APC p-ISM  ACQUITY APC p-ISM I © sample  MixTme  Mw  Ma o Mz Mw/Mn
Flow Rate 1 ml/min 1 ml/min ! = 1 0 6696 2844 11495 2.354
Sample Concentration 5 mg/gram 40 mg/gram
Sample Manager ACQUITY APC p-FTN ACQUITY APC p-FTN \ 2 ! 248 2i6s 2203 L)
Sample Temperature 25C 25C & 3 5 9934 3347 26172 2.968
Sample Volume 20 ul 5 ul 4 10 11740 3728 31065 3.149
Column Manager Waters CM-S Waters CM-S
Active Preheater Temp 40C 40C > 20 16116 5089 38449 3.167
Column Temp. 40 C 40C = 6 40 16037 5057 37688 3.171
Column Set APC XT Columns APC XT Columns P
Column Pore Size 450A, 125A and 45A 450A, 125A and 45A Mw Mn
Column Diameter 4.6 mm 4.6 mm - , 18000 5500
Column Length 150 mm (each) 150 mm (each) R \
Detector ACQUITY APC p-RI ACQUITY PDA * . & 16000 + * 5000 " n
Instrument Control Empower 3 Empower 3 14000 4500
Data Processing Empower 3 SEC Option Empower 3 | S T
Calibration Narrow Polystyrene External Standard — . i 12000 * 4000 -
Test Cycle Time 8 min. 8 min. Figure 5. Experiment 1, QC testing of Acrylate polymer in < 35 min 10000 —+ 3500
System Back Pressure 11,000 psi 10,000 psi * | u
* The PDA is connected in series with the RI detector in Exp 1 & 2 8000 . 3000
6000 T T T T 1 2500 T T T T T 1
APC MW Conditions Experiment 3 Experiment 4 0 10 20 30 40 50 0 10 20 30 40 50
Eluent/Diluent THF MIBK aom
Solvent Manager ACQUITY APC p-ISM ACQUITY APC p-ISM ; ] o .
Flow Rate 1 ml/min 1 ml/min 2] Figure 12. Molecular weight vs. mixing time of blend
Sample Concentration 5 mg/gram 5 mg/gram
Sample Manager ACQUITY APC p-FTN ACQUITY APC p-FTN 2]
Sample Temperature 25C i0C -
Sample Volume 5 ul 5 ul ﬂ
Table 1. APC Experimental test conditions for QC, residual component . =]
analysis, photo polymerization and polymer blend. SR
D ' 9 CONCLUSION
R -] 6193 17319 29200 2.797
3 6205 17303 29209 2,789
= g G104 17324 20001 2797 « New ACQUITY APC System
Column Manager Waters CM-S Waters CM-S ol 5 o145 1oses  bosqe  5o4a « Brings all the advantages of sub-2um & sub-
Active Preheater Temp 40C 40C mean 6192 17335 29350 > 800 3 icl | h . . GPC
Column Temp. 40C 40C P o - Jea 5010 Mm particles to polymer characterization ( /
Column Set APC XT Columns APC XT Columns 7 red 0880 0e2roeeT  0.998 SEC)
Column Pore Size 450A and 125A 200A and 125A 2w ae | am | am | am a0 sm | sw 0 em o Analysis time reduction by 5x (at minimum) to 20x
Column Diameter 4.6 mm 4.6 mm (and more)
Column Length 75 mm (each) 75 mm (each) Figure 6. Seven replicate injections of Polyester in < 60 min . - . . .
« Rapid equilibration and calibration
o Enables ‘real time’ studies
e New columns compatible with any solvent
| Injection  Calculated Coqtent Calculated Content L e ® ngldl BEH part|C|eS
w1 sagocreEn) Cghael sampk) N | o Use one column set for different solvents
WS P '( \ « Supports in situ testing
1850 o « Achieve better results faster
- " / « Higher resolution, especially in low M Wt area
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Figure 2. Waters APC System (shown with RI detector)
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