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(57) ABSTRACT 

The present invention relates to apparatus, systems, and 
Correspondence Address methods for opening an autosampler sealed sample pan prior 
Aslan Baghdadi to TGA testing. The sealed sample pan comprises a pan, 
Shaw Pittman LLP cover, and bail. A notch is formed in the seal sample pan 
1650 Tysons Boulevard cover. The cover can be opened by applying a concentrated 
M cLean VA 22102 (Us) force to the inside of the notch With a punch element 

’ integrated into the autosampler. This causes the center disk 

(21) APPL No. 10/626,696 portion of the cover to be partially sheared and the sealed 
sample pan to be opened. It also prevents the punch element 

(22) Filed; Ju]_ 25, 2003 from touching the sample. A force sensor is used to deter 
mine if the cover has been opened. If the cover has been 

Publication Classi?cation opened, then the sample pan is loaded to the TGA balance. 
If the cover has not been opened, the autosampler Will not 

(51) Int. Cl.7 ......................... .. G01N 25/20; B25] 15/00; load the pan and Will automatically move to the neXt sealed 
G01N 35/10; GOSB 19/04 sample pan. 
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THERMOGRAVIMETRICAL ANALYZER 
AUTOSAMPLER SEALED SAMPLE PAN 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to sealed 
sample pans, Which are used With an autosampler mounted 
on a thermogravimetrical analyZer (TGA). More particu 
larly, the present invention relates to sealed sample pans 
designed to keep the sample isolated from the ambient 
environment until the beginning of an experiment. 

[0003] 2. Background Information 

[0004] A TGA is an instrument for measuring the thermal 
stability of a sample. The instrument heats a sample and 
measures the Weight gain or loss during the process. In a 
typical instrument, a sample is suspended from a very 
sensitive balance. When heated, the sample undergoes a 
physical change. The Weight versus temperature and Weight 
versus time is then recorded and plotted for each sample. 
TGAs are described, for example, in US. Pat. No. 5,165, 
792, Which is incorporated by reference herein. 

[0005] A TGA autosampler is an accessory that is used to 
automatically load samples into and unload samples from a 
TGA. It alloWs a TGA to be operated unattended for long 
periods of time. It typically contains a programmable tray 
capable of holding betWeen 16 and 64 sample pans and a 
mechanism for moving these pans betWeen the tray and the 
TGA. 

[0006] Asealed sample pan is the enclosure containing the 
sample to be tested. It is designed so that it can be moved 
automatically by the autosampler from the tray, to the TGA, 
and back to the tray. A sample is hermetically sealed in a 
sealed sample pan before it is placed on the autosampler 
tray. HoWever, just before being placed in the TGA, each 
sample must be exposed to the ambient environment. As a 
result, the sealed sample pan must be opened just prior to 
loading it into a TGA. 

[0007] The current knoWn method of opening a sealed 
sample pan consists of piercing the pan With a tapered pin 
just prior to loading. This method has a number of disad 
vantages. One, because the piercing element penetrates the 
sample pan, it can easily touch the sample during or after the 
penetration and may contaminate it or may contaminate the 
next sample. TWo, the siZe of the pierced hole is not 
repeatable due to variables in the system and may result in 
inconsistent test results. Three, there are no means to deter 
mine Whether or not the pan Was pierced during the process. 
This is important, because if the sample pan is not pierced, 
the results of the measurement Would not be valid. Also, 
some sealed sample pans must be opened to expose the 
sample to oxygen so that it can oxidiZe. Other samples 
generate gases during heating and Will explode if not 
opened. 

[0008] In vieW of the foregoing, a substantial need exists 
for a sealed sample pan and systems and methods of opening 
a sealed sample pan just prior to loading that prevent sample 
contamination or cross contamination With other samples, 
produce an opening of repeatable siZe, and provide a means 
to determine Whether or not the pan Was opened during the 
process. 
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BRIEF SUMMARY OF THE INVENTION 

[0009] The present invention is a sealed sample pan and a 
system and method for keeping the sample isolated from the 
ambient environment until the beginning of a TGA experi 
ment, and then automatically opening the sample pan and 
loading it to the balance Without human intervention. In a 
preferred embodiment, the sealed sampled pan is comprised 
of three parts. These are (1) a pan in Which the sample is 
placed, (2) a cover Which is placed on the pan and sealed to 
it by means of a dedicated press tool, and (3) a bail Which 
is constructed of, for example, formed Wire or sheet metal, 
and designed to hold the pan and to provide the interface to 
the TGA balance hang-doWn hook. Depending on the 
desired application, the pan can be constructed from various 
materials including but not limited to aluminum, stainless 
steel, gold, and platinum. Typically, aluminum is used for all 
three parts. 

[0010] The invention provides a means to open a section 
of the pan cover and expose the sample to the environment 
just before it is loaded into the balance. In a preferred 
embodiment, a notch is formed on the top ?at surface of the 
cover. In preferred embodiments, the shape of the notch is 
circular. Alternative shapes such as a teardrop, oval, or 
polygon (e.g. triangle, rectangle, hexagon, etc.) may also be 
used. HoWever, shapes other than circular may require that 
the sealed sample pan be aligned before it is opened. The 
thickness of the pan cover is reduced locally in the notch. 
The cover can be opened by applying a concentrated force 
to the inside of the circular notch, Which is the Weakest 
section of the cover, causing part of the center disk portion 
of the cover to be sheared doWnWard from the rest of cover, 
outside the ring. As a result, part of the center disk portion 
of the cover is detached from the pan cover and part remains 
attached, creating an opening. For example, if the notch is 
circular, this Would create a partially circular opening, e.g., 
a roughly semicircular opening. 

[0011] The invention also provides a method of automati 
cally opening the sample pan before it is loaded and deter 
mining if the pan Was truly opened. In a preferred embodi 
ment, a punch element is located above a sample tray and is 
an integrated part of the autosampler. In order to open the 
pan, the punch element is pressed against the top cover of the 
pan. This can be achieved by moving the punch doWn, or 
alternatively by moving the autosampler tray up. The punch 
element has a blunt tip, Which presses the center disk portion 
and partially shears it from the outside section of the cover. 
During this operation, the punch element does not penetrate 
the cover and is in contact only With the central disk portion 
of the cover, Which prevents it from touching the sample. 
The means to determine if the pan is truly opened during the 
punching process provides the ability to prevent either an 
unopened or an improperly opened pan from being loaded 
onto the balance. A force or strain sensor detects the rapid 
change of the applied force at the beginning of the shearing 
process. If the cover is not opened properly, the derivative 
term of the measured signal does not shoW the expected 
rapid change and the autosampler does not load the pan. The 
autosampler then automatically moves to the next sample 
pan. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic diagram of a side vieW of a 
sealed sample pan of an embodiment of the present inven 
tion. 
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[0013] FIG. 2 is a schematic diagram of a bail of an 
embodiment of the present invention. 

[0014] FIG. 3 is a schematic diagram of a top vieW of a 
sealed sample pan of an embodiment of the present inven 
tion. 

[0015] FIG. 4 is a schematic diagram of a cross-sectional 
vieW of a portion of a sealed sample pan of an embodiment 
of the present invention. 

[0016] FIG. 5 is a schematic diagram of a top vieW of a 
portion of an autosampler of an embodiment of the present 
invention. This is only a part of the autosampler. It only 
shoWs the sample tray and the punch. 

[0017] FIG. 6 is a schematic diagram of a cross-sectional 
vieW of a portion of an autosampler shoWing a punch, sealed 
sample pan, bail, autosampler tray, and force sensor of an 
embodiment of the present invention. 

[0018] FIG. 7 is a portion of a TGA analysis ?oWchart 
shoWing an exemplary method of automatically moving to 
the next sealed sample on the autosampler, opening a sealed 
sample pan, determining if a sealed sample pan Was opened, 
and alternatively loading an opened sealed sample pan onto 
the TGA balance of an embodiment of the present invention, 
or moving to the next sealed sample pan if the sealed sample 
pan Was unopened. 

[0019] FIG. 8 is a plot of force data collected from an 
embodiment of the present invention When a pan is opened. 

[0020] FIG. 9 is a plot of force data collected from an 
embodiment of the present invention When a pan is not 
opened. 

[0021] FIG. 10 is a schematic diagram of an autosampler 
attached to a TGA in the retracted position containing an 
embodiment of the present invention. 

[0022] FIG. 11 is a schematic diagram of an autosampler 
attached to a TGA in the engaged position containing an 
embodiment of the present invention. 

[0023] FIG. 12 is a schematic diagram of a TGA contain 
ing an embodiment of the present invention. 

[0024] Before one or more embodiments of the invention 
are described in detail, one skilled in the art Will appreciate 
that the invention is not limited in its application to the 
details of construction, the arrangements of components, and 
the arrangement of steps set forth in the folloWing detailed 
description or illustrated in the draWings. The invention is 
capable of other embodiments and of being practiced or 
being carried out in various Ways. Also, it is to be understood 
that the phraseology and terminology used herein is for the 
purpose of description and should not be regarded as lim 
iting. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] FIG. 1 is a schematic diagram of a side vieW of the 
sealed sample pan 10 of the present invention. The sealed 
sample pan 10 is comprised of a pan 12 in Which the sample 
is placed and a cover 11, Which is placed on the pan and 
sealed to it by means of a dedicated pressing tool. The 
location Where the pan 12 and the cover 11 are pressed 
together is the crimped area 13. Depending on the desired 
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application, the pan 12 and cover 11 can be constructed from 
various materials including, but not limited to, aluminum, 
stainless steel, gold, and platinum. Other materials can be 
used to fabricate the sealed sample pan as long as they are 
ductile so that they can be sealed and opened and non 
reactive, so that they Won’t gain or lose Weight during an 
experiment. For example, copper Would not be suitable, 
even though it is ductile, because it oxidiZes readily and thus 
Would gain Weight When heated. FIG. 2 is a schematic 
diagram of bail 20, Which is designed to hold the sealed 
sample pan and to provide the interface to the TGA balance 
hang-doWn hook. Bail 20 can be constructed of formed 
Wired or sheet metal, or can be fabricated in other Ways. 
Depending on the desired application, bail 20 can be con 
structed from various materials including, but not limited to 
aluminum, stainless steel, gold, and platinum. Bail 20 
includes hook 21, sample pan rim support 22, and orienta 
tion tang 23. The most common application is to use 
aluminum for both parts of the sealed sample pan and the 
bail. Both the sealed sample pan 10 and bail 20 are designed 
to be used With an autosampler mounted on a TGA. 

[0026] FIG. 3 is a schematic diagram of a top vieW of an 
exemplary sealed sample pan 10 of the present invention. 
The sealed sample pan 10, With crimped area 13, provides a 
means to open a section of the pan cover 11 and expose the 
sample to the environment just before loading. In this 
example, a circularly shaped notch 30 is formed on the top 
?at surface of the pan cover 11. Anotch may alternatively be 
formed on the bottom surface of the pan cover 11. The area 
inside this circularly shaped notch 30 is the center disk 
portion 31 of the cover 11. FIG. 4 is a schematic diagram of 
a cross-sectional vieW of an exemplary sealed sample pan 10 
of the present invention. The sealed sample pan cover 11 and 
pan 12 are shoWn in this diagram. The cover 11 and pan 12 
are pressed together in the crimped area 13. The diagram 
also shoWs hoW the cover 11 thickness is locally reduced in 
the circularly shaped notch 30. The cover 11 can be opened 
by applying a concentrated force to the inside of the circular 
notch 30, Which is the Weakest section of the cover, causing 
part of the center disk portion 31 of the cover 111 to be 
sheared doWnWard. As a result, part of the center disk 
portion 31 of the cover 11 is detached from the pan cover and 
part remains attached, creating, for example, a partially 
circular opening. 
[0027] FIG. 5 is a schematic diagram of a top vieW of a 
portion of the autosampler 50 of the present invention. The 
autosampler tray 51 holds the sealed sample pans 10. FIG. 
6 is a schematic diagram of a cross-sectional vieW of a 
portion of an autosampler shoWing a punch element 60, 
sealed sample pan 10, bail hook 21, autosampler tray 51, 
force or strain sensor 61 of the present invention, and 
bearing surface or force coupler 62. Element 62 has tWo 
functions; it provides a bearing surface for the sample tray 
to slide over When the tray rotates, and it couples the force 
of the punch, Which is transferred through the sample pan 
and sample tray doWn to the force sensor. The punch element 
60 is located above the sample tray 51 and is an integrated 
part of the autosampler. In order to open the sealed sample 
pan 10, the punch element 60 is pressed against the top cover 
11 of the sealed sample pan 10. This can be achieved 
alternatively by moving the punch element doWn, or by 
moving the autosampler tray up. The punch element 60 has 
a blunt tip, Which presses the center disk portion 31 of the 
cover 111 and partially shears it from the outside section of 
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the cover 11. During this operation, the punch element 60 
does not penetrate the cover and is in contact only With the 
central disk portion 31 of the cover 11, Which prevents it 
from touching the sample. The means to determine if the pan 
is truly opened during the punching process provides the 
ability to prevent an unopened pan from being loaded onto 
the balance. A force sensor or strain sensor 61 can be used 
to detect the rapid change of the applied force at the 
beginning of the shearing process. An exemplary force 
sensor is the miniature load cell model LBS from Interface, 
Inc. If the cover 11 is not opened, the derivative term of the 
measured force or strain signal Will not shoW the eXpected 
rapid change and the autosampler Will not load the pan and 
Will automatically move to the neXt sample pan. 

[0028] FIG. 7 is a portion of an exemplary TGA analysis 
?oWchart shoWing a typical method of automatically mov 
ing to the neXt sealed sample on the autosampler 70, opening 
a sealed sample pan 71, determining if a sealed sample pan 
Was opened 72, and alternatively loading an opened sealed 
sample pan onto TGA balance 73 of the present invention, 
or moving to the neXt sealed sample pan if the sealed sample 
pan Was unopened 70. 

[0029] FIG. 8 is a plot of force data 81 collected from an 
embodiment of the present invention When a pan is opened. 
This plot shoWs the amount of force applied to a sealed 
sample pan and measured by a force or strain sensor over 
time. At just after time 2.6 seconds (82) a force of increasing 
magnitude is applied to center disk portion of the sealed 
sample pan lid by a punch element. Just after time 3.6 
seconds (83) the amount of force measured drops precipi 
tously. This precipitous drop is the rapid change of the 
measured applied force indicating the beginning of the 
shearing process. In contrast, FIG. 9 is a plot of force data 
91 collected from an embodiment of the present invention 
When a pan is not opened. This plot also shoWs the amount 
of force applied to a sealed sample pan and measured by a 
force or strain sensor over time. At just after time 2.6 
seconds (92) a force of increasing magnitude is applied to 
center disk portion of the sealed sample pan lid by a punch 
element. After time 3.6 seconds (93), hoWever, the amount 
of force measured continues to increase until time 4.1 
seconds (94). After time 4.1 seconds (94), the force measure 
changes very little. There is, therefore, no rapid change in 
the measured applied force indicating that the sealed sample 
pan Was not opened. 

[0030] FIG. 10 is a schematic diagram of an autosampler 
attached to a TGA in the retracted position containing an 
embodiment of the present invention. The autosampler com 
prises a sample tray 51, a tray rotation motor 101, a tray 
rotation sensor 102, a tray lift motor 103, a tray lift sensor 
104, a tray translation motor 105, a housing 106 for the 
entire autosampler, and an electronic control unit 107. FIG. 
111 is a schematic diagram of an autosampler attached to a 
TGA in the engaged position containing an embodiment of 
the present invention. In addition to a tray lift motor 103 and 
an autosampler housing 106, the diagram shoWs a tray 
translation sensor 111. Both FIG. 10 and FIG. 11 shoW a 
punch element 60, sealed sample pan 10, autosampler tray 
51, and force or strain sensor 61 of an embodiment of the 
present invention. 

[0031] FIG. 12 is a schematic diagram of a TGA contain 
ing an embodiment of the present invention. The TGA 
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comprises a balance 121, a furnace 122, an autosampler 
enclosed in an autosampler housing 106, a user interface 
124, an electronic control unit 125, and a cabinet 126. A 
punch element 60, sealed sample pan 10, autosampler tray 
51, and force or strain sensor 61 of an embodiment of the 
present invention are attached to the TGA via the autosam 
pler enclosed in autosampler housing 106. 

[0032] The apparatus, systems, and methods in accor 
dance With an embodiment of the present invention dis 
closed herein can advantageously improve sample eXposure 
to the ambient environment before TGA testing. The present 
invention minimiZes the probability of the punching element 
touching the sample and contaminating it or the neXt sample. 
It provides an opening in the sealed sample pan cover that 
is suf?ciently large such that the variation in the siZe of the 
opening Will not affect test results or the repeatability of the 
results. Finally, it prevents unopened sealed sample pans 
from being loaded into the TGA balance. 

[0033] Embodiments of an apparatus, system, and method 
for opening a TGA autosampler sealed sample pan prior to 
testing have been described. In the foregoing description, for 
purposes of explanation, numerous speci?c details are set 
forth to provide a thorough understanding of the present 
invention. It Will be appreciated, hoWever, by one skilled in 
the art that the present invention may be practiced Without 
these speci?c details. In other instances, structures and 
devices are shoWn in block diagram form. Furthermore, one 
skilled in the art can readily appreciate that the speci?c 
sequences in Which methods are presented and performed 
are illustrative and it is contemplated that the sequences can 
be varied and still remain Within the spirit and scope of the 
present invention. 

[0034] In the foregoing detailed description, apparatus, 
systems, and methods in accordance With embodiments of 
the present invention have been described With reference to 
speci?c exemplary embodiments. Accordingly, the present 
speci?cation and ?gures are to be regarded as illustrative 
rather than restrictive. The scope of the invention is to be 
de?ned by the claims appended hereto, and by their equiva 
lents. 

1-14. (Canceled) 
15. A system for automatically opening a sealed sample 

pan used in a thermogravimetrical analyZer autosampler 
comprising: 

(a) a sealed sample pan Whose ?at cover contains a notch 
of locally reduced thickness; 

(b) an autosampler, including an autosampler tray; 

(c) a punch element; 

(d) a means for pressing the punch element against the top 
cover of the sealed sample pan; and 

(e) a means for detecting the rapid change of an applied 
force. 

16. The system for automatically opening a sealed sample 
pan used in a thermogravimetrical analyZer autosampler of 
claim 15, Wherein the notch is formed on the top of the ?at 
part of the cover. 

17. The system for automatically opening a sealed sample 
pan used in a thermogravimetrical analyZer autosampler of 
claim 15, Wherein the notch is formed on the bottom of the 
?at part of the cover. 
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18. The system for automatically opening a sealed sample 
pan used in a thermogravimetrical analyzer autosampler of 
claim 15, Wherein the means for detecting the rapid change 
of an applied force is a force sensor. 

19. The system for automatically opening a sealed sample 
pan used in a thermogravimetrical analyZer autosampler of 
claim 15, Wherein the means for detecting the rapid change 
of an applied force is a strain sensor. 

20. The system for automatically opening a sealed sample 
pan used in a thermogravimetrical analyZer autosampler of 
claim 15, Wherein the means for pressing the punch element 
against the top cover of the sealed sample pan is moving the 
punch element doWn. 

21. The system for automatically opening a sealed sample 
pan used in a thermogravimetrical analyZer autosampler of 
claim 15, Wherein the means for pressing the punch element 
against the top cover of the sealed sample pan is moving the 
autosampler tray up. 

22. The system for automatically opening a sealed sample 
pan used in a thermogravimetrical analyZer autosampler of 
claim 15 , further comprising a bail to hold the sealed sample 
pan and to provide an interface to the thermogravimetrical 
analyZer balance hang-doWn hook. 

23. The system for automatically opening a sealed sample 
pan used in a thermogravimetrical analyZer autosampler of 
claim 15 , Wherein the notch is shaped in the form of a circle. 

24. The system for automatically opening a sealed sample 
pan used in a thermogravimetrical analyZer autosampler of 
claim 15 , Wherein the notch shaped in the form of a polygon. 

25. The system for automatically opening a sealed sample 
pan used in a thermogravimetrical analyZer autosampler of 
claim 15 , Wherein the notch is shaped in the form of an oval. 

26. The system for automatically opening a sealed sample 
pan used in a thermogravimetrical analyZer autosampler of 
claim 15, Wherein the notch is shaped in the form of a 
teardrop. 

27. A method for automatically opening and loading a 
sealed sample pan used in a thermogravimetrical analyZer 
autosampler comprising: 

(a) opening the sealed sample pan by providing the sealed 
sample pan, having a cover, With a notch de?ning a 
central disk portion of the cover and applying a con 
centrated force to the central disk portion of the cover; 

(b) determining if an opening Was made; loading the 
sealed sample pan if the opening Was made; and 

(c) moving to the neXt sample pan if the opening Was not 
made. 

28. The method of claim 27, Wherein the notch de?ning 
the central disk portion of the cover is provided by reducing 
locally the thickness of the top ?at surface of the cover. 

29. The method of claim 27, Wherein the notch de?ning 
the central disk portion of the cover is provided by reducing 
locally the thickness of the bottom ?at surface of the cover. 

30. The method of claim 27, Wherein the concentrated 
forced is applied by pressing a punch element against the 
central disk portion of the cover. 

31. The method of claim 30, Wherein the punch element 
is pressed against the central disk portion of the cover by 
moving the punch element doWn. 

32. The method of claim 30, Wherein the punch element 
is pressed against the central disk portion of the cover by 
moving an autosampler tray up to the punch element. 
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33. The method of claim 27, Wherein determining if an 
opening Was made is determined by detecting a rapid change 
of the applied concentrated force. 

34. The method of claim 33, Wherein the rapid change of 
the applied concentrated force is detected using a force 
sensor. 

35. The method of claim 33, Wherein the rapid change of 
the applied concentrated force is detected using a strain 
sensor. 

36. The method of claim 27, Wherein the notch de?ning 
the central disk portion is shaped in the form of a circle. 

37. The method of claim 27, Wherein the notch de?ning 
the central disk portion is shaped in the form of a polygon. 

38. The method of claim 27, Wherein the notch de?ning 
the central disk portion is shaped in the form of a oval. 

39. The method of claim 27, Wherein the notch de?ning 
the central disk portion is shaped in the form of a teardrop. 

40. An autosampler comprising: 

(a) a sample tray; 

(b) a tray rotation motor; 

(c) a tray rotation sensor; 

(d) a tray lift motor; 

(e) a tray lift sensor; 

(f) a tray translation motor; 

(g) a tray translation sensor; 

(h) an electronic control unit; 

(i) a housing; 

a sealed sample pan Whose ?at cover contains a notch 
of locally reduced thickness; 

(k) a punch element; 

(1) a means for pressing the punch element against the top 
cover of the sealed sample pan; and 

(m) a means for detecting the rapid change of an applied 
force. 

41. A thermogravimetrical analyZer comprising: 

(a) a balance; 

(b) a furnace; 

(c) an electronic control unit; 

(d) a user interface; 

(e) a cabinet; 

(f) a sealed sample pan Whose ?at cover contains a notch 
of locally reduced thickness; 

(g) an autosampler, including an autosampler tray; 

(h) a punch element; 

(i) a means for pressing the punch element against the top 
cover of the sealed sample pan; and 

a means for detecting the rapid change of an applied 
force. 


