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The main objective of the Phase II research program is to demonstrate the potential to economically manufacture microwave processed coiled tubing with improved performance for extended useful life under hostile coiled tubing drilling conditions. Other goals are that after completing the feasibility study: (i) optimum sintering conditions shall be identified, (ii) a plan for the commercialization of the technology shall be developed and submitted, and (iii) a cost analysis of the new technology and economic viability with respect to the existing technology shall be made. The intent of this project is to demonstrate that performance of the coiled tubing made by the microwave process has commercial potential and offers superior quality and performance to anything currently existing in the industry. 


In the reporting period the focus of research was on the sintering of the CIPed 12 inch long tubular fabricated using in-house CIP unit for optimization of the processing conditions. For this we are using only the Quality Tubing’s QT-16Cr80 (Coil-13941) composition prepared by mixing/milling of constituent various powders. The bonding experiments in this period were not performed as we have already finalized the bonding method and the material as reported in the previous report. Hereunder are the details of this work.
MW Sintering Methods and Materials

Two continuous sintering approaches were adopted: vertical and horizontal. We have both kinds of prototype equipment available. As reported in the previous report that in the vertical continuous system we had been optimizing the sintering conditions for this new steel powder based tubulars, now we also performed certain experiments in a horizontal system. The system had been earlier optimized for FC208 and 416L, but not for QT-16Cr80. 

For these experiments numerous 12” tubes were pressed by CIP, stacked and sintered in separate crucibles in the continuous applicator at Dennis Tool. The results in the beginning were variable with melting of one end of the tube or sintering to non-uniform density. Modifications were made to the crucibles (length, spaces, heaters, gas flow paths), insulation package (material type, more susceptors added) and movements (1.3 to 5 minutes per inch of movement) but no consistent results were obtained. Similar experiments were performed in horizontal microwave system. Sintering of the tube was still irregular along the length however it was noticed that the MW power levels were irregular at various times while in the temperature feed back loop. An extra temperature monitoring port was added to monitor the movement of the tubes through the applicator. It was noted that the end ports were heating to sintering conditions as the tube exited the applicator. A hot spot or thermal runaway situation was occurring at this point. Necessary changes to the applicator were made to eliminate this uncontrollable occurrence and the problem has now been eliminated. 

Now the proper sintering conditions have been obtained and therefore reproducible samples were made. The sintered parts are uniform; however, uniformity at full density needs to be reproduced. This is in progress. Tubes are being made and the run variations such as CIP pressure, sintering temperature, movement rate, kiln furniture design and environment gas flow are being tested. The goal is to obtain reproducible sintering conditions for a continuous movement applicator so that the 1” OD tubes can be made at 18” lengths before bonding into coil tubing lengths. 

The larger continuous microwave sintering applicator has been fabricated in order to accommodate the larger tube size (1” vs. ¾” OD). The replacement parts will be installed after the reproducibility of the process is determined. 

Large CIP Equipment 

The CIP unit (8” ID by 36” long) has been installed at the Houston facility of Dennis Tool and debugged. The rebuilt unit has been tested and parts pressed at pressures up to 60 ksi. Extra tooling has been purchased and delivered to the Houston facility. All the green tubular parts fabricated in this unit were reproducible and are in excellent condition.
Future Experiments:

· Check the reproducibility of the sintered parts

· Characterize the sintered samples for strength and corrosion resistance

· Make large number of 18 inch tubulars (~1000)

· Complete the Bonding fine tuning

· Make 1500 feet tubulars for field testing










