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What would the requirements be for an Ultra-
Compact, Fast GC with Broad Commercial 

Utility and Acceptance?  

Answer: 
Give it the best characteristics of a 

conventional GC, only 
FASTER…..and more. 

 



Specifics 
Flexible Sample Introduction 

 Accept gas or LIQUID phase samples 
 Variable injection volumes through the use of 

a split/splittless type injector 
 High injector temps for high MW components 
 External accessory friendly (i.e. autosamplers, 

internal/external sample loop valves, purge & 
trap devices) 

Fast Temperature Programmable 
Columns 

 Employ low power, fast heating techniques for 
both rapid heating  AND cooling 

 High column temps for high MW components 
 Only use column length necessary for the job 
 Make a wide variety of familiar column types 

available 

Detector Variety 
 Provide detector options to cover widest 

application range (FID, TCD, FPD, ECD) 
 High detector temps for high MW components 
 Adequate data rates for capturing narrow 

peaks from fast TP columns 

Expected Performance 
 Repeatability and reproduceability MUST 

meet or exceed accepted conventional GC 
values 

Familiar Software 
 User friendly :) lol  
 Plays well with other programs (e.g. 

chromatographic alignment routines, 
simulated distillation software ,etc.) 

 Feature rich enough to satisfy user 
requirements 

Minimize Maintenance Requirements 
 Modularize columns for compactness and 

ease of replacement 
 Modularize detectors for compactness and 

configurability 
 Reduce number of switching valves to 

minimize leak potential and mechanical failure 
 Employ system integrity checking routines to 

help identify upcoming maintenance events 

 



Our Approach 

Throw out conventional design paradigms. 
Maximize use of microprocessors throughout the 
instrument for control and interpretation. 
Address instrument size, ease of use, power 
consumption, and maintainability. 
The  approach spans innovations both in hardware 
and in software.  
Create something commercially viable for all 
environments – Lab, at-line, transportable, on-line. 

 

Easier, smaller, 
smarter, faster, 
and greener. 



Speed + Modularity + Form Factor 

Thermal mass is your friend 
 Temperature stability 
 Slow to respond to change 
 Isothermal methods 
 Multiple column switching 

schemes 
 Heavy & large footprints 
 Kilowatt power requirement 

Large internal volumes 
 Lower resolution 
 Longer columns (long analysis 

times) 
 Or more columns needed for 

same separation 
 High consumable rates 

Minimize thermal mass 
 Rapid temperature program 

methods 
 Fast response time 
 Increased temperature 

repeatability and reproducibility 
 Minimal switching schemes 
 Low power requirement 

Minimal volume 
 Higher resolution 
 Shorter columns needed 
 Fast cycle times 
 Minimum consumables 

Conventional Designs New Thinking 



Calidus:  
the Modular, Ultra-Compact GC 

FID 

Column Module 

TCD 



Separation & Detector HW Specifications 
101, 101-HT, 201, 301 
 Sample Inlet 

100oC - 350oC 

 Column Modules 
5oC above ambient to 
Column material limit 
Or 400oC whichever is 
lower 

 Detector Modules 
100oC - 350oC 
 
 

 

CS 
 Sample Inlet 

100oC - 250oC 

 Column Modules 
5oC above ambient to 
Column material limit 
Or 400oC whichever is 
lower 

 Detector Modules 
100oC - 350oC 

 Result: fixed gases to n-C60 



Gases & Extended Natural Gas 



Middle Distillate & Petrochemicals Speciation 
Calidus CS Configuration 



Example Chromatography 

This is the region 
heartcut into the 
MXT-Wax 
column.  



Example Chromatography 



Real World Use 

Target for Heartcut 

This is the 
heartcut into the 
MXT-Wax 
column.  

This is the tail of 
the large peak 
heartcut from the 
MXT-1 column.  



But What about Simulated 
Distillation? 

Status of ASTM’s Proposed Standard Method: “Boiling Range 
Distribution of Petroleum Distillates With Final Boiling Points up to 
535°C by Ultra Fast Gas Chromatography (UF GC)” draft authors Bostic, 
DiSanzo, Lubkowitz 

ASTM D2.04 members 
 reviewed the draft and voted before the 12/5/2011 meeting 
 voted to submit corrected method (text and table) for concurrent balloting 

by both the subcommittee and the D2 committee before the 6/25/2012 
meeting 

 An affirmative vote is likely, confirming the draft as a standard method. 
Here are current results demonstrating conformance with the existing D-
2887 requirements.   

(Repeatability & Reproducibility requirements will be the same for the new method but require < 5 minute analysis time) 



Purchased RT 
Calibration 
Standard 

Standard GC 
 Capillary 

column 
 40 minute 

run time 



Calidus 101-HT Purchased Restek D-2887 
Standard Overlaid Blank 

40 

Minutes 

(84 Seconds) 



Purchased 
Standard Gas Oil 

Certificate of 
analysis 
 Consensus 

values 
 30 participating 

laboratories 



Purchased 
Standard Gas Oil 

Standard GC 
 Packed 

column 
 20 minute 

run time 
 Certificate of 

analysis 
follows 



Calidus 101-HT Purchased Supelco D-2887 
Standard Gas Oil, Run Time 84 Seconds 

20 

Minutes 



Blank, RT Standard & Gas Oil Overlaid, Run 
Time 84 Seconds 



D-2887 Report 

Points of Interest 
 Chromatogram 

shown with BP 
curve and 
blank 
chromatogram 
overlaid 

 Selected BP 
data shown in 
the table. 

 Comparison 
follows 



Calidus 101-HT Results Compared to 
Consensus Values Reported by Certificate of Analysis 

Values Shown 
 Correspond to the cut points 

reported in the certificate 
 Indicate excellent comparison 
 Calculated using raw 

chromatograms 
 LineUp will improve all values 

LineUp use 
 Absolutely necessary over time for 

data QC automation, no human 
can keep up with ~500 runs/day (~ 
3 minute cycles) 

 Extend maintenance interval time 
 Elevate confidence in the results 

 
 

Degrees FMeasured Accepted Difference F Limit F

IBP 240 239 1.0 13.7

5 304 304 0.0 6.8

10 349 349 0.0 7.4

15 395 393 2.0 8.1

20 437 435 2.0 8.6

25 472 469 3.0 8.5

30 500 499 1.0 8.5

35 528 526 2.0 8.1

40 554 552 2.0 7.7

45 578 576 2.0 7.7

50 595 594 1.0 7.7

55 611 610 1.0 7.7

60 629 629 0.0 7.7

65 649 649 0.0 7.7

70 669 669 0.0 7.7

75 690 690 0.0 7.7

80 713 712 1.0 7.7

85 737 736 1.0 7.7

90 765 764 1.0 7.7

95 805 803 2.0 9.0

FBP 887 887 0.0 21.2



Absolute Values of Difference from the 
Consensus Values (red is the D-2887 tolerance) 



What about Repeatability? 

100 run campaign, every 10th run overlaid. 



Refinery Plant Lab Results:  
Reference Gas Oil, 15 Replicates  

Initial BP = 241oF 
Final BP = 886oF 
Ave. Sdev = 0.3oF 
Ave. RSD = 0.05% 
Ave. Difference = 1.0oF 

84 seconds 

Rep # 0.50% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00% 45.00% 50.00% 55.00% 60.00% 65.00% 70.00% 75.00% 80.00% 85.00% 90.00% 95.00% 99.50%

1 241.3 304.6 349.1 394.8 436.5 471.3 500.0 527.3 553.5 577.5 594.6 610.7 629.3 648.7 668.6 690.1 712.8 737.2 765.3 804.4 885.6

2 240.5 304.4 349.1 394.9 436.8 471.3 500.3 527.7 553.6 577.7 595.0 611.1 629.7 649.3 669.1 690.6 713.3 737.7 766.1 805.3 886.9

3 241.0 304.4 349.2 394.7 436.8 471.3 500.5 527.8 553.5 577.5 594.6 610.7 629.1 648.8 668.5 690.3 712.8 737.0 765.3 804.6 885.7

4 240.5 304.5 349.1 394.9 437.0 471.4 500.4 527.7 553.7 577.6 594.7 610.9 629.3 648.9 668.6 690.5 712.9 737.2 765.7 804.9 888.8

5 240.9 304.4 349.3 395.0 437.1 471.6 500.4 527.7 553.9 577.6 594.8 610.7 629.3 648.7 668.6 690.2 712.6 737.0 765.5 804.9 886.2

6 240.6 304.3 349.0 394.6 436.7 471.2 500.2 527.3 553.4 577.3 594.4 610.5 629.0 648.7 668.4 690.0 712.6 736.8 765.2 804.7 887.6

7 240.7 304.4 349.2 394.8 436.7 471.2 500.0 527.3 553.3 577.4 594.5 610.4 629.0 648.5 668.3 689.8 712.4 736.7 765.0 804.0 886.8

8 239.5 304.1 349.1 395.1 437.3 471.6 500.4 527.5 553.4 577.3 594.6 610.4 628.9 648.5 668.3 689.9 712.3 736.6 765.1 804.4 885.5

9 240.5 304.5 349.3 394.9 436.9 471.5 500.5 527.6 553.6 577.3 594.6 610.5 629.1 648.7 668.7 690.4 713.0 737.2 765.4 804.4 885.8

10 240.8 304.6 349.4 395.1 437.3 471.8 500.8 528.0 553.8 577.6 595.0 611.1 629.5 649.2 668.9 690.5 713.1 737.2 765.3 804.7 887.7

11 240.8 304.4 349.4 394.8 437.1 471.7 500.7 527.8 554.0 577.7 595.0 611.1 629.7 649.3 668.9 690.4 712.8 737.0 765.1 804.4 885.4

12 240.9 304.5 349.1 394.9 437.0 471.5 500.4 527.6 553.4 577.4 594.6 610.4 629.1 648.5 668.3 689.8 712.4 736.6 764.7 803.8 885.0

13 241.0 304.6 349.4 395.3 437.3 472.0 500.9 528.1 554.0 577.6 594.8 610.5 629.0 648.5 668.3 689.8 712.4 736.8 764.9 804.0 885.4

14 241.0 304.5 349.1 394.9 436.8 471.4 500.5 527.8 553.8 577.7 595.0 611.0 629.6 649.0 668.8 690.5 713.0 737.4 766.0 805.2 886.7

15 240.7 304.5 349.4 395.2 437.6 472.1 501.1 528.1 553.8 577.5 594.7 610.7 629.0 648.9 668.6 690.4 712.9 737.4 765.7 805.4 888.4

AVE 240.7 304.5 349.2 394.9 437.0 471.5 500.5 527.7 553.6 577.5 594.7 610.7 629.2 648.8 668.6 690.2 712.7 737.1 765.3 804.6 886.5

SDEV 0.39 0.12 0.13 0.19 0.28 0.27 0.29 0.24 0.22 0.14 0.20 0.25 0.25 0.27 0.24 0.27 0.30 0.31 0.39 0.47 1.13

RSD 0.16% 0.04% 0.04% 0.05% 0.07% 0.06% 0.06% 0.05% 0.04% 0.02% 0.03% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.05% 0.06% 0.13%

Consensus 239 304 349 393 435 469 499 526 552 576 594 610 629 649 669 690 712 736 764 803 887

Difference 1.71 0.45 0.21 1.94 1.99 2.53 1.47 1.69 1.64 1.52 0.73 0.72 0.24 -0.19 -0.41 0.22 0.75 1.06 1.35 1.59 -0.50
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He, O2, N2, CO, C1 CO2 C1, AC, C2
=,C2, MA, C3

=,C3 

Air, CO, C1 , C2
=,,AC, PD, MA C6, to C9 Heartcut 

ASTM D-2887 &        
UltraFast D-2887 

Crude Characterizations 



Thank you for your attention. 

1/24/2012 
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