1.   FTIR Screening for Air Baked Components

For FTIR screening for Air Baked Components, refer to the following process documents: 
· LIGO-E0900479: Instructions - Low Volatility Residue (LVR) Wipe Samples
· LIGO-E0900480: FTIR Testing to Qualify Parts for LIGO UHV Service

When an air bake is performed for components too large for vacuum bake-out, screening must be performed by means of an FTIR test: this is in lieu of a residual gas analysis following a vacuum bake. 
There are two FTIR test methods which LIGO has employed: an isopropyl alcohol rinsate method and a Freon surface sampling method. At this point in time neither method is preferred over the other. Freon is likely a better solvent for the likely contaminants that are a concern for LIGO. However, the Freon method only samples some of the surface area, whereas the isopropyl alcohol method is designed to sample all of the surface area.
This procedure is designed to limit potential hydrocarbon outgassing by limiting the FTIR absorbance magnitude at wave number 2950 cm-1, a common dominant component from cracked hydrocarbons. Due to limitations on the sensitivity of the FTIR results, the FTIR sample is taken prior to air bake; acceptable FTIR results mean that the tested item is acceptable after the prescribed air bake is performed.
1. Isopropyl Alcohol Rinse
Include references for sample procedure & example report
1. Preparation

Equipment Required
1. Ultra high purity isopropyl alcohol (< 1 PPM residue after evaporation)
2. 1,000 ml beaker, glass (for dispensing alcohol)
3. 1,500 ml beaker , glass (for collecting alcohol)
4. 250 ml glass syringe without needle
5. White, low-linting cleanroom class 100 towels
6. Rinsate collecting trough and support base (note: this can be made of steel, wood, plastic or even cardboard—it will be lined with foil for cleanliness)
7. UHV aluminum foil
8. Ultra clean sample collection bottles and exterior packaging acceptable for shipment of flammable liquid via air carrier
9. Clean stainless steel lifting chains
10. Clean in stain less steel lifting fixture
11. 5 gal plastic bucket for discarded alcohol

Cleaning and Rinsing of Equipment

Beakers: Clean beakers with detergent solution and rinse well before first time use. Prior to each use, perform the following: fill beakers with 300 ml high purity isopropyl alcohol. Swirl alcohol all around inside surfaces. With clean, gloved hand, wipe inside surfaces using a white, low-linting cleanroom class 100 wiping towel. Be careful not to touch the inside surfaces except with the towel. Swirl alcohol all around the inside surfaces then pour into a collecting bucket. Clean the outside of each beaker with a Class 100 wipe soaked in high purity alcohol. fill the beaker again with 300 ml of alcohol. Swirl alcohol around the inside surfaces for about a minute an discard. Repeat filling and swirling with 300 ml of alcohol for a third and final time. Cover the beaker with new, UHV aluminum foil until needed. Keep covered between every use.

Syringe: Avoid disassembling glass plunger from syringe body. Obtain a suitable clean pan or clean foil-lined box in which to hold the syringe in a clean stage between uses. Handle the syringe during all cleaning operations and used with clean, gloved hands. Clean the exterior of the syringe using high purity alcohol and white, low-linting cleanroom class 100 towels. Fill a cleaned beaker with 300 ml of high purity alcohol. Draw about 20-50 ml of air in the syringe, then place the needle end of the syringe into the alcohol. Fill the remaining volume in the syringe with high purity alcohol by withdrawing the plunger to the 250 ml mark. Shake and swirl the alcohol inside the syringe for one minute. Depress plunger to express alcohol from syringe back into the beaker. Draw the same alcohol back in and out of the syringe 4 additional cycles, or 1 minute duration, whichever comes first. Discard the alcohol. Fill the beaker to the 300 ml mark with more alcohol. Draw alcohol into the syringe to the 250 ml mark, then expel back into the same beaker. Repeat this process for a minimum of 5 cycles or 1 minute, whichever is greater. Rotate the plunger as it is being drawn back and forth. Discard this alcohol. Fill the beaker with 300 ml of high purity alcohol and repeat the 56 cycles or 1 minute cleaning detailed above. Discard alcohol. Rinse the beaker with 300 ml of high purity alcohol.

Lifting Chains and Lift Fixture: Clean the stainless steel lifting chains and the lift fixture by soaking them in a bucket of Mirachem 500 detergent and hot water. Rinse with hot de-ionized water. Sluice with alcohol and let air dry. Protect chains and the lift fixture from contamination between uses by wrapping them in foil or holding them in a clean bucket filled with clean alcohol.
 
Rinsate Collection Trough: When collecting FTIR sample rinsate from some parts, it is necessary to use a V-trough constructed especially for the purpose. The trough is not cleanable. It must be lined with ultra high cleanliness aluminum foil for every FTIR sampling operation where it is used. Roll out enough 32” wide foil to cover the trough plus 6” on each end. Double back the foil on the inside collection surfaces, except when using another piece of sterile foil as a protective barrier. Place the V-trough on its support base, sloped downhill at one end to drain toward the collection beaker. When collecting the sample rinsate, ensure that alcohol does not dribble backwards and become contaminated by the galvanized steel trough. Prevent any alcohol which may have contacted the galvanized steel trough from dripping into the collection beaker.

Facility Hoist: Prior to usage, cover the crane hook and about 2 feet of cable above it with ultra-clean aluminum foil. Fashion an “upside-down” umbrella from ultra-clean foil just above the hook to prevent crane particles from falling the part being cleaned or sampled. Connect a clean lifting chain to the protected hook.
0. Sample Collection

Surface Area Wetted
For proper sensitivity, group items to be tested in batches that have total surface areas of 10K-30K cm2. Do not mix aluminum and stainless steel parts in the same batch, as they are baked at different temperatures. Calculate the surface area to be wetted in cm2; this should be the entire surface area unless practical constraints prevent a full wetting. IN any event, the portion wetted should be representative of the entire surface, included fillets, edges, tapped holes, etc. Record the batch number, parts contained in the batch, date and wetted surface area of the parts.

Control Samples
Note: only one control sample needs to be taken for group of batches of parts sampled in one day with eh same collection trough. If the collection trough needs to be relined with foil during the day, another control sample must be taken. Pour a 1000 ml control sample of ultra-pure alcohol into the 1000 ml beaker. DO NOT use the syringe to apply the control sample. Pour alcohol over the entire length and width of the ultra-clean foil lining the sample collection V-trough. Collect rinsate at the “downhill” end in the 1500 ml beaker. Pour 500 ml of the collected rinsate into an empty sample bottle. Do not fill above the shoulder of the bottle to allow for expansion. Cap and label the bottle “Control”; record the date and list the batch numbers to which it applies. Seal cap with tamper-resistant sealing material. Discard the surplus rinsate into the bucket. Cover the beakers with clean aluminum foil until needed again.

Part Sampling
Collecting: Position the crane in the approximate position for sampling. Hang the part to be sampled and position the rinsate collection trough below the part, so that the rinse runoff will drip into the trough. Position the 1500 ml beaker at the low point of the trough for collection.

Dispensing: alcohol may be dispensed over the sampled parts by either pouring from a beaker or by applying with the syringe. It helps to have the parts sloping instead of hanging vertically, as pouring is preferred. Pour or syringe the alcohol from the top of the parts, allowing it to rinse over the rest of the surfaces. If necessary, apply the alcohol to the lower sections to achieve good wetting. Use at least 1000 ml to wet the batch of parts; if this is insufficient for the planned wetting, ass alcohol in 500 ml increments until the planned areas have been wetted. Pour 500 ml of the colleted rinsate into tan empty sample bottle. Do not fill above the shoulder of the bottle to allow for expansion. Cap and label the bottle with the assigned batch number, part numbers, serial numbers, wetted areas, volume of rinsate applied, and date. Seal cap with tamper-resistant sealing material. Discard the surplus rinsate into the bucket. Record the total rinse volume used for each batch.

Shipment Details
Ship the control and sample bottles to the appropriate lab for FTIR analysis. Make sure that all of the appropriate regulations for shipping hazardous substances are complied with.
0. FTIR Testing

Evaporation
Evaporate 200 ml of a sample bottle’s contents into a 9mm diameter KBr disk.

Absorbance Testing
Plot FTIR absorbance on a scale from 0-1 as a function of wave number, from wave numbers of 500-4000 cm-1. Label absorbance magnitude values at peaks that occur near 2950 cm-1 and 1100 cm-1. Include all information from the bottle label as test on the plot, plus the volume of rinsate evaporated and the size of the KBr disk. If problems are experienced, re-test from the bottle’s remaining contents.

Reporting of Results

Fax or e-mail plots to the LIGO project for evaluation. Do not dispose of the tested sample bottles and their remaining contents until at least a week after the results are reported.


0. Evaluation of Results

Examination of the Data
If the magnitude of absorbance for the batch sample analysis at wave number 1100 cm-1 approaches with 75% of that at wave number 2950 cm-1, a unique contaminant exists and the batch must be re-cleaned and re-sampled for screening.

If the magnitude of absorbance for the control sample is greater than 0.20, the sampling process is suspect and the batch must be re-sampled for screening after evaluation and correction of the process.

Calculation of Z2950
Calculate the value for Z2950 from the following:

Parameter

Yb = absorbance of batch sample
Yc = absorbance of control sample
Ve = rinsate volume evaporated, ml
Vr = rinsate volume applied, ml
Ab = area of KBr window, cm2
Aw= total wetted area of parts in batch, cm2

Using the equation:

Z2950 = (Yb – Yc) * Ab * Vr / (Ve*Aw)

Acceptance Limit
The batch cleaned is considered to be acceptable if Z2950 ≤ 1.8 x 10-5, with the condition that the FTIR sampling is followed by the appropriate air bake cycle.

If the calculation shows the batch to be unacceptable, the batch must be re-cleaned and re-sampled.

