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Figure 1:  Main diffraction cabinet enclosing goniostat and image plate housing.  Note RED CIRCLES on base of window molding and center door – these must be aligned vertically to close doors.

[image: image2.jpg]X
L

115-&»%{1:.34 — —

e s ——




Figure 2:  Interior of Diffraction cabinet showing Tube, monochromator, long collimator with short beam stop attached, manual XYZ stage, telescope, and fiber-optic illuminator.
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Figure 3:  Close-up of goniostat with flat section mounted on SEM stub on manual XYZ stage and a long collimator with beam stop attached.

OPERATING THE RIGAKU® DMAX/Rapid MICRO-DIFFRACTOMETER

If you are about to initiate a run on the Rigaku Micro-X-ray Diffractometer, you have already discussed with George Harlow, the nature of the sample to be tested, the probable mounting configuration and run parameters, to render the best result for your research needs.

COMPUTER BOOT-UP AND SYSTEM LOG ON

The computer that supports the Rigaku is generally left ON, with the monitor ON but dark (if left for more than 20 minutes). Check to see if this is the case, if not, turn both computer and monitor ON.

If the computer is ON, there is no need for re-booting the system and all necessary software should be up and running from the previous user. This can be checked on the menu bar at the bottom of the computer monitor.

If the computer needs to be turned ON, do so. During the boot-up of the computer, the word Administrator should appear the USER ID line.  The password for this is rigakuam.  You should now be ready to use the Rigaku System.

SOFTWARE PROGRAMS FOR RIGAKU OPERATIONS

The three primary software packages needed for use with the Rigaku System are: RINT RAPID XRD, AREA MAX and JADE 7.  Opened, these software packages can be identified on the menu bar at the bottom of the screen as RINT RAPID, AREA MAX and JADE 7. Each of these software packages will also open their own internal support windows. Do not be alarmed at these extra icons at the bottom of the screen menu bar.

PRECAUTIONS 

There are several precautions requiring attention at all times: 

· PRESS DOOR BUTTON - BEFORE OPENING DOORS; OTHERWISE X-RAY POWER WILL SHUT DOWN!
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Figure 4  X-ray console showing radiation control and safety buttons for manual shutter and door opening – door open light is normally off and blinks when activated.

Always push the DOOR button (See Figure 4) before opening the Radiation Enclosure Doors.  Pushing the DOOR button causes the button to Light and Blink, indicating it is Safe to Open the doors. 

The DOOR button is a safety feature. The doors are connected to interlocks that when tripped, will cause the X-Ray power to shut down.  Do not be alarmed if the X-ray power shuts down.  Follow the Power-Up After Safety Shut Down below.

· SHUT DOORS CAREFULLY OR X-RAY POWER WILL SHUT DOWN!

Shutting the DOORS requires aligning the central door so the two RED circles are vertically adjacent to each other with the inner door fully to the left and the outer door fully to the right – see Figure 1.  It is easiest to align the center door first and close the outer door last.

POWER-UP AFTER SAFETY SHUT DOWN  


If the X-ray power shuts down because you goofed, press the DOOR button (Figure 3), then Press the RESET Button (under STATE), and then the ON button under X-RAY on the Console.  This will reactivate the X-RAY generator power. The Red X-ray indicator lamp on the panel will illuminate.  After several seconds the kV meter will rise to 20 kV and the mA meter to 2 mA. These two values are the minimum kV and mA values for operating an X-ray tube.  If the X-RAY ON button is re-engaged immediately after the power shut-down, slow aging of the X-ay tube is not required, however, follow the same order as in tube aging: increase the Tube Voltage to 46 kV, followed by increasing the Tube Current to 40 mA. 

BEAM STOP

Always ensure that the BEAM STOP is in place before activating any X-ray measurement with a transparent sample.  This beam stop prevents direct exposure of the Image Plate by the primary X-ray, which over time will damage the image plate.

GETTING STARTED

The Rigaku DMAX/Rapid is generally left ON and ready to use.  If the Rigaku system is Powered Down, the Tube Voltage is set at 20 kV and the Tube Current at or between 2 and 10 mA.  If the tube is relatively new, you must warm it up slowly, called Aging the Tube.  If you have been told the tube has been aged adequately, you can skip the following section.

It is a good idea to check the operation of the chilled water supply system, which cools the X-ray tube.  Without water pressure or at high temperature, the X-ray generator system will shut down and not be able to restarted.  Nevertheless, check the temperature of the cooling water by looking at the recording High/Low thermometer on the wall behind the Goniometer cabinet (Figure 5).  The temperature should be between 68° and 72°F, but the high and low values are recorded.  Please advise George Harlow if you see that there have been excursions beyond these values.

Figure 5  Recording thermometer

AGING THE X-RAY TUBE

Aging the X-Ray tube is a slow build up of power to the tube, up to its Operating Power.  To accomplish this, first, increase slowly, the tube voltage from 20 kV, up to 46 kV. Do this by pushing the UP button repeatedly marked kV on the Control Panel.  Slowly increase up to 46 kV.  Alternatively, you can let the RINT Control do this automatically upon commencing X-ray exposure.  See Figure.
Follow this by increasing the tube current to 10 mA from the power down setting of between 2 kV and 10kV.  Let the Rigaku System dwell at these two settings for about ten minutes.

The next step in aging the tube is to increase the tube current to 20 mA. Let the system dwell here for an additional ten minutes. This is the slow, aging process.

After aging the tube at 20 mA, increase the tube current now to 30 mA for another ten minutes. At the end of this time, increase the tube current to 40 mA.  This is the maximum mA for tube current. 

Both, the Tube Voltage and Tube Current are now at their maximum operating set points of 50 kV And 40 mA respectively. The X-ray tube is aged and ready for operation. 

HARDWARE SET-UP

To enter the diffraction cabinet, PRESS the DOOR Button.  This will cause the DOOR light to blink and may generate a Beeping sound to let you know that it is now SAFE to open the Doors to the main cabinet.

[image: image5.jpg]TUBE TUBE STATE ﬂMUYT!N I!HUT"!" |

VOLTAGE CURRENT

--= w @

@ ) | [«
oo M [wJ K-g @

POWER X°RAYS

- L SRl i

SAFETY RELEASE
SHUTTER DOOR




With the Doors open (See Figure 1), you will probably see a sample mounted from the previous run. 
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Figure 6:  Working part of Microdiffractometer

If this is the case:

· Remove the Beam Stop.

· Remove the Collimator by loosening the knurled screw and very carefully pull the collimator away from the X-ray tube and up so as NOT to bump the telescope or a mounted sample (you may prefer to remove the sample first –next step– which is typically done at an Omega angle of 0 degrees – see below). 

· You may find a sample mounted from a previous run.  If so, loosen the stage mount set screw (See Figure 3 or 4), remove the sample, and place it on the X-ray console with a piece of paper noting the date you removed it; you are free to chide the previous user for this lack of etiquette.  

· Turn ON the Light for specimen illumination.

Observe the Goniometer Omega position.  The goniometer is generally set at a low angle (near 0 degrees) after a measurement (the angle is read on the large graduated dial on the base)  At 0 degrees Omega, the sample mount faces away from you and the open doors.

If no sample is present and you have completed the removal of the beam stop and the collimator, you can install your sample (it is assumed here you already know what you want to do; no discussion of the various holders and geometries is covered here). 

Check to see if the  Rapid Rint program is open.  If so, maximized the Rapid Rint  portion.  If not, Open the Rapid Rint Program, selecting Yes to the question about “return to the measurement conditions last time.”  

Data Folder Setting:  You should set the data folder setting to your own folder within the folder C:\Data or as you have been instructed.  If you have questions ask George or Jamie.  If Rapid Rint was already open, select the Project (P) dropdown from the upper toolbar and check that your folder is selected for storing IMAGES; once selected, remember to press the insert button, otherwise no action occurs and your images may wind up in someone else’s folder.
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Once the software opens, on the Top Menu bar, Select MANUAL (M) and depress Goniometer control.  This opens the Manual Goniometer Control Window as shown:
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Select the OMEGA tab, Toggle the Init. button as in the image below.  This lets the system Initialize OMEGA; it finds as set ω to 45 degrees and displays that value in the window. Do this before you mount your sample or put the collimator into place, so as not to drive the stage / sample into the collimator.
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Now, select the Phi window of the Manual Goniometer window and check Init. This allows the system to find the Phi location. After the Phi Initialization takes place. Re-select the Omega window. (With the Beam Stop and Collimator removed), Toggle Move and enter a value of ZERO (0).
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Place your pre-mounted sample onto the Stage, if you have not already done so, while at the 0 degrees ω.  Finger tighten the Set Screw on the stage to secure your sample.  

Set the Omega range to 90 degrees and hit OK.  This drives the goniometer stage to 90 degrees. The Phi axis will now directly face the X-ray source and Collimator. 

Check whether the RAXVIDEO Window is open.  If not, press the CCD camera icon on the second tier Menu bar.  

Reduce the Magnification of the camera while Observing the RAXVIDEO Window on the computer monitor (it helps to move the RAXVIDEO window to one side of the screen and the RINT RAPID window to the opposite side).   The Stage will become visible on the computer screen when the Magnification is suitably low.   
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Center the Sample:  Your sample will be centered when the desired point/grains are near the cross hairs on the RAXVIDEO screen and in focus; Z is correct when the area of interest is in focus.  The best technique for centering is to adjust the X and Y axes on the sample stage and rotate the PHI axis such that the “point of interest” stays centered at a point on the screen which should be near the cross hairs (because the microscope-telescope is a fragile device, the cross hairs will wander a bit from the goniometer center).  First adjust X, Y, and Z axes at the lower magnification needed to see your sample, THEN increase the magnification to maximum and readjust, THEN rotate the PHI axis by 180 to 270 degrees, back and forth getting your “point of interest” to “stay still.”  The focus should be set at the center of the “point of interest” but if you rotate OMEGA back to 0 degrees, the center is at the same point on the RAXVIDEO screen where the “stay still” position is.
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NOTE:  Different settings of sample holders and  reflection-vs.-transmission conditions can limit the OMEGA Range accessible.  This is especially true in the relationship of OMEGA with PHI.

Measurements on “glass fiber mounted” samples:


Fiber mounted samples are considered small and transparent to X-rays.  

Install Collimator:  A long collimator should be placed on the instrument, choosing a collimator diameter appropriate to the size of the sample on the fiber – generally the 0.8 mm collimator is good for larger samples and the 0.1 mm Monocap collimator for smaller samples (the Monocap collimator costs over $10,000 – be very careful with it and always return it too the wooden case when finished or removing it).

Attach BEAM STOP:  Attach the short beam stop if you will not need to move Omega above 60 degrees, otherwise attach the long beam stop.  

Set Attachment Stage and Sample Holder Conditions:  Two buttons on the Goniometer Setting of the RINT/Rapid screen marked CHANGE must be set for your experiment.  Different Mounting techniques and specimen aspect ratios require limits to the ranges of OMEGA and PHI.  


Attachment Stage:  Set to “Goniometer” if you need a larger range of Omega otherwise set to “Manual-XY-stage.”  “Goniometer” permits –70<ω<150, whereas “Manual XY” permits ‑15<ω<150, but OMEGA should never be set lower than –20 because of limits set on this unit.


Sample Holder:  Set to “Transmission.”  With “Goniometer” this permits –180<φ<360 whereas with “Manual XY” –20<φ<60.  To produce diffractions suitable to interpret a few crystals as a powder pattern, you need to rotate PHI by 180° if not 360°, thus the desirability to set the sample holder as a Goniometer Head rather than as the XY stage.  But Keep to the limits shown below.

Set Axis Motions:  Two buttons on the Goniometer Setting of the RINT/Rapid screen marked MODE also must be set for your experiment.  Different specimen characteristics will affect these choices  

Omega-axis:  You must choose between “Fixed” and “Oscillation.”  Generally, when working with fragments of crystals oscillation should be chosen with a good range being  ‑15<φ<40 for which collision of the X-Y stage with the Beam Stop is not a concern.


Again, Oscillation with  ‑15<φ<40 is good, but ‑20<φ<60 can be used with caution

For speed, and exposures longer than 5 minutes, 1 degree/minute is fine.


Phi-axis:  You must choose between “Fixed” and “Oscillation” and “Spin.”  Again, when working with fragments, oscillation or spin are appropriate.  There is the potential for a collision of the sample set screw with the Beam Stop at higher values of Omega, so setting oscillation from –180 to 0 degrees will provide maximum randomicity for a “powder pattern.”


Again, Oscillation with  ‑180<φ<0 is good, but Spin can be used with caution

For speed, and exposures longer than 5 minutes, 3 degree/minute is fine.

Do a Test Run if this is the first time you have used these settings.

Press the Measure / Execute button at bottom of the Rint Rapid Screen.  The finish time of the measurement will appear in the XXX window.  Jump to Observations paragraph, below.

Measurements on “solid surfaces” samples:


Solid samples include thin sections, polished sections, rock fragments, pot shards, etc.  All of these BUT thin sections will completely absorb the direct X-ray beam and do not require the BEAM STOP.  Thin Section require using the Long Beam Stop.

Extra instructions for X-raying surfaces:  Surface analysis of rocks and other coarsely crystalline samples is improved by rotating on PHI, so the surface should be mounted such that it is normal to PHI.  The flat mounting tool as used for observing polished mounts with a microscope in combination with Blu-Tack and a mounting pin or SEM stub is suggested – talk to the management if you are not familiar with this practice.

Set Attachment Stage and Sample Holder Conditions:  Two buttons on the Goniometer Setting of the RINT/Rapid screen marked CHANGE must be set for your experiment.  Different Mounting techniques and specimen aspect ratios require limits to the ranges of OMEGA and PHI.  The following instructions assume samples larger than 1 cm across; otherwise, ask the management for advice.


Attachment Stage:  Set to “Manual-XY-stage.”  


Sample Holder:  Set to “Small Reflection” with a short collimator or “Standard Reflection” with a long collimator. 

Set Axis Motions:  Two buttons on the Goniometer Setting of the RINT/Rapid screen marked MODE also must be set for your experiment.  Different specimen characteristics will affect these choices  

Omega-axis:  You must choose between “Fixed” and “Oscillation.”  

If the sample is cryptocrystalline, a Fixed setting can be chosen at some angle between those listed below.  For more coarsely crystalline sample, Oscillation should be chosen. Generally, when working with a surface there is a competition between getting ω variation large enough to produce many diffractions, loosing spatial resolution by the beam intersection with the sample getting too large at low ω, and risking a collision between the sample and the collimator.  At higher angles, the problem is the sample interferes with its own low angle diffractions, which is a particular problem for phase identification with the PDF database which has data greatly skewed to low angle measurements.

With the Short Collimators, the maximum range is about 15<φ<60.  

With the Long Collimators, the maximum range is about 35<φ<60.  

If you need large angular variation, be sure to test the motions to make sure no collisions can occur.  

For speed, and exposures longer than 5 minutes, 1 degree/minute is fine.


Phi-axis:  You must choose between “Fixed” and “Oscillation” and “Spin.”  Assuming the sample is mounted such that its surface flat or convex and is essentially normal to Phi, then “Oscillation” or “Spin” will work.  There is the potential for a collision of the sample with the Beam Stop only with thin sections, so you will have to experiment to see what will work.


Again, Spin or Oscillation with  ‑180<φ<0 is good.

For speed, and exposures longer than 5 minutes, 3 degree/minute is fine.

Set Omega to an angle where there is no risk of the collimator hitting the sample.  90 degrees is always a good option, or the maximum ω value for the Run Settings

Install Collimator:  A short collimator works best with solid samples greater than 1 cm diameter, but a long collimator can be used with care (see below).  Mount a collimator on the instrument, choosing a collimator diameter appropriate to the grain or object size on the sample – generally the short 0.1 mm Monocap collimator for optimum spatial resolution and adequate diffraction intensity (the Monocap collimator costs over $10,000 – be very careful with it and always return it too the wooden case when finished or removing it).  The Long Collimators provide a greater range of spot sizes but at limited OMEGA oscillation and intensity.

BEAM STOP is not required except for thin sections:  Use the long beam stop for thin sections and test for collision conditions.  

Do a Test Run if this is the first time you have used these settings.

Press the Measure / Execute button at bottom of the Rint Rapid Screen.  The finish time of the measurement will appear in the XXX window.  

Observations:

If the X-ray tube conditions have not been set, the system will raise the kV and mA to operating conditions.  Next you will hear a motor inside the main cabinet driving the Image Plate down to the erase position.  Several seconds will pass before the Image Plate is clean.  More motor noises will occur, as the Image Plate is raised to the Expose position.  This will be followed by the RED shutter light on the X-ray tube and the ORANGE X-RAYS ON lamp atop the Rigaku cabinet showing X-ray shutter is open.  A screen pops up on the computer indicating that this system is in operation and the time at which the measurement will be finished. 

After the Rigaku completes the X-ray run, the sound of the image building on the secondary IMAGE Screen of the RINT Rapid Software takes place.  This too, presents a grinding noise as the UV light passes over the image plate, resulting in the fluorescence of the stored energy. It is this released energy captured by the photo-multipliers and recorded. See image below.

AREA MAX Software Pattern Integration
Once the Rigaku builds the X-ray pattern in RINT Rapid, it is time to use the AREA MAX software to integrate the pattern.

To open AREA MAX click on the screen ICON.  The following screen should appear. Select OK.
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The second page of AREA MAX opens.  If the folder shown is not the one you use, browse for the correct one which stores images, usually something like C:\\Data\Tony\IMAGES.  Do the same for Output Folder for integrated patterns, something like C:\\Data\Tony\INT.  Then select OK.
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Next, the following screen appears.  Select OPEN.
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AREA MAX is now ready to allow you to open an Image of the measured X-ray pattern. Open the File for the image from the File button on the top menu bar or depress the OPEN file Icon as indicated below.
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AREA MAX will open your file folder and it will look similar to the following image.
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Select the FILE NAME of the X-ray run you just performed, probably the last item in the list. The file will open and display the image scanned from the Image Plate.
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If you cannot see any spots or rings, the intensity scale is probably off.  Press the triangular icon with the visible color spectrum.  A vernier button will appear which controls the scaling of intensities in color; sliding it to the left will shrink the range and display “hotter colors” on the screen.

If you are happy with the image, press the Integrate button on the left side of the window.  A new window will open showing your input file and having an empty line in the OUTPUT section at the bottom where you MUST ENTER A FILE NAME FOR YOUR OUTPUT FILE (the integration file).  On the Image you will see four curved arcs that represent the integration limits of 2θmax, 2θmin, χmax and χmin.  You should adjust these by dragging them with the arrow and mouse to maximize your integration limits without integrating obscured parts of the Image Plate (particularly relevant for opaque, surface samples).  Experience will become a good guide.
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In the Integration Scheme portion of the window, it is a preferable to CALCULATE Total counts rather than intensity and in the Output Section to NOT check the Automatic Scaling box and TO check the box to “write Jade compatible, RINT-ASCII file.”

When you are satisfied, press the Integrate button.  A progress bar will appear at the bottom of the window, and then a diffractogram will pop open, showing the results of the integration.
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You can now proceed to the Jade software.

To OPEN Files, click on this button.
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