To: Editor Office of JMMB
From: Dr. Biao Hu and Dr. Jiong Wang
School of Materials Science and Engineering, Anhui University of Science and Technology, Huainan, Anhui 232001, PR China (B. Hu)
State Key Laboratory of Powder Metallurgy, Central South University, Changsha, Hunan 410083, PR China (J. Wang)
E-mail address: hubiao05047071@163.com (B. Hu); wangjionga@csu.edu.cn (J. Wang)

Subject: Reply to the comments raised by the reviewers on our manuscript JMM-B-16-12006 entitled “Thermodynamic assessment of the Al–Mo–V ternary system”

Dear Prof. Ljubiša Balanović and reviewers,

Thank you very much for your letter dated December 24, 2016 and the attached reviewers’ comments. According to the constructive comments from you and the reviewers, we have revised our manuscript. The reply to the comments and the corresponding changes in the manuscript are in blue. The following describes how these comments are addressed in the revised manuscript.

Reviewers' comments:
Reviewer A:
The submitted manuscript of Hu and co-workers provides a successful CALPHAD-type assessment of the phase diagram and the thermodynamics of the ternary system Al-Mo-V. Up to now a thermodynamic optimization of this system has not yet been reported in the literature. Therefore, the manuscript is suitable for publication. However, the following changes should be taken into account.
1) In the last paragraph of section 2 (page 4) the authors propose that the phase Al14Mo5V which has been reported by Raman [26] is not a ternary phase but instead an extension of Al8Mo3 which dissolves V. As a matter of fact, this interpretation was already given by Raman himself in a later publication (A.V. Virkar and A. Raman, Z. Metallkd. 60 (1969) 594-600, on page 596). Probably the authors would like to revise this paragraph accordingly. 

Reply from the authors: Thank you for your detailed comment. The corresponding presentation is rewritten. It presents as "Later, Virkar and Raman [1959Vir] carried out the crystallographic investigations showing that the Al14Mo5V phase has a similer structure with the Al8Mo3 phase and believed that the so-called ternary phase Al14Mo5V is the solid solution of the alloying element V in Al8Mo3. Hence, the Al14Mo5V phase is not included in the present optimization."
2) Eq. 2: missing factor (y"_Mo - y"_V) at the L1 parameter.

Reply from the authors: Thank you for your comment. The mistake is revised in our manuscript.
3) Table 3: Since only part of the invariants are shown, the title of the table should be changed to "Calculated temperatures for the invariant reactions on the liquidus surface in the Al-Mo-V system ..." 

Reply from the authors: The mistake is revised in our manuscript.
4) Fig. 8: Here are again only the invariants on the liquidus surface presented. Therefore, the caption should be changed into "Partial reaction scheme ...". In addition, the diagram should be slightly revised. In this diagram all monovariant equilibria which descend into the subsolidus range are underlined. However, this notation means that the corresponding monovariant equilibrium proceeds down to room temperature which cannot be true in many cases. For example, the phases AlMo, Al63Mo37, Al4Mo, ... are stable only at higher temperatures and they cannot participate in equilibria at room temperature. Therefore, the underline should be kept only for the appropriate equilibria. For all other monovariants the underline should be removed. A corresponding comment in the caption of Fig. 8 would be helpful.
Reply from the authors: Thank you for your comment. The underlines of the monovariant about the phases AlMo, Al63Mo37, Al4Mo and Al3Mo which are only stable at higher temperatures are removed. The others are kept.
Reviewer B:
The manuscript presents interesting study of the Al-Mo-V ternary system, which was investigated using the CALPHAD method. The manuscript is well organized and easy to read even for a non-specialist; the introduction presents a clear picture of the knowledge of the binary and ternary systems involved in the investigation of Al-Mo-V, based on a critical review of the previous phase relations studies. The experimental work appears solid, in that sense that the assessed thermodynamical parameters allow a rather fine agreement with the experimental phase relations established for Al-Mo-V. The conclusions drawn are clear and consistent. For all these reasons, I recommended this paper for publication.  

      The weak point of the work is that the thermodynamic modelling is based on a unique experimental investigation of the Al-Mo-V phase relations, which were determined about sixty years ago (Sperner, Z. Metallkd, 1959)! This single study, judged by the authors as reliable, misses some update descriptions about the binary phases in the Al-Mo and Al-V systems. Therefore, the assessed thermodynamic parameters constitutes a possible set which was not validate by other thermodynamic data such as mixing enthalpy, activity, etc. 

      I suggested that such a warning be included in the conclusion of the manuscript.  

Reply from the authors: Thank you for your constructive comment. We have indicated the point in the conclusion of the manuscript. It presents as "In spite of the fact that the CALPHAD method is a powerful tool to optimize a system based on the limited experimental data, no updated descriptions of the binary phases in the Al-Mo and Al-V systems in the work of Sperner [26] and the absence of the thermodynamic experimental data (such as mixing enthalpy, activity, etc.) in the Al–Mo–V system may lead to the obtained thermodynamic parameters in the present work failing to account for some new phase equilibria data and thermodynamic data. Therefore, further experiments are necessary to the calculated phase relations related to the binary phases Al4Mo, Al22Mo5, Al17Mo4, Al23V4 and Al45V7 and the existence of the miscibility gap of bcc (Mo) + bcc (V).".
Reviewer C: 

The manuscript thermodynamically assessed the Al-Mo-V system and compared with the experiment information. The solubility of the third element in all binary compounds were considered and optimized. A set of parameters was obtained. It can be published after reversion. Some comments and suggestions are listed in the following:
1. The authors just state the binary thermodynamic parameters taken in the manuscript, but fail to review other available assessed results and fail to show the reason to choose these results. These should be contained in the paper. As I known, there are some new version parameters, such as:  Mo-V：J Bratberg, K Frisk, Calphad, 26(2002)459-476. Al-V：B Lindahl, et al., Calphad, 51(2015)75–88.
Reply from the authors: In the present work, the thermodynamic parameters for the Mo-V binary system are taken from Zheng et al. (F. Zheng, B.B. Argent, J.F. Smith, J. Phase Equilib., 20 (1999) 370-372.) rather than Bratberg and Frisk (J. Bratberg, K. Frisk, Calphad, 26 (2002) 459-476.). On the one hand, in order to be consistent with the database of our group (such as: Biao Hu, et al., CALPHAD 55 (2016) 103-112), we use the parameters of the Mo-V system from Zheng et al. instead. On the other hand, the calculated results from Bratberg and Frisk show a miscibility gap in the bcc phase below 1160 K with no experimental evidence. For the Al-V system, the thermodynamic parameters are adopted from our own group (W.P. Gong, Y. Du, et al., Z. Metallkd., 95 (2004) 978-986.), also in order to be consistent with the database of our group.

In our revised manuscript, the reasons of choice of thermodynamic parameters of the Mo-V and Al-V systems are described. It presents as "In particular, Peng et al. [22] refined the thermodynamic parameters of the Al–Mo system based on the work of Cupid et al.[7]. A set of thermodynamic parameters of the Mo–V binary system is taken from Zheng et al. [24] rather than the newer one from Bratberg and Frisk [25]. On the one hand, the thermodynamic parameters of the Mo–V system from Zheng et al. [24] are consistent with the multi-component alloys database developed by our research group [16]. On the other hand, the calculated results from Bratberg and Frisk show a miscibility gap in the bcc phase below 1160 K with no experimental evidence. For the Al–V system, the thermodynamic parameters are adopted from our own group [23] rather than Lindahl et al.[26] also in order to be consistent with the database of our group.".
2. It is not a good idea to use two different composition units in the paper. In Fig. 1a and 1b, it is “Mole fraction”; while in other figures is “Weight fraction”. Use Mole fraction in the whole manuscript is much better. 

Reply from the authors: Thank you for your comment. In view of the experimental data with “Weight fraction”, the “Weight fraction” was used in the whole manuscript. 
3. The authors reviewed the experimental information of the Al-Mo-V system and just note one-phase, two-phase and three-phase region in calculated figures (Fig. 2 ~6). To help readers well understand the experiment data and know the difference between calculated results and experiment data, it is strongly suggested to show at least one or two experimentally determined sections. 

Reply from the authors: Thank you for your comment. The experimental isothermal section at 1200 oC is added in our revised manuscript for comparison. Due to the low resolution of the original drawing, we redraw the experimental isothermal section. Please find the following two figures (On the left is original one and right is redrawed one.)
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4. It is much better to show all the parameters for binary systems in Table 2, but not just the optimized parameters in the present work.
Reply from the authors: Thank you for your comment. All the parameters for the binary systems are included in Table 2.
5. “The solubilities of Mo in Al8V5, Al3V, Al6V and Al21V2 are about 30, 25, 10 and 6.5 wt.%, respectively, and the ones of V in AlMo3, Al8Mo3, Al3Mo, Al5Mo and Al12Mo are about 20, 11, 6, 3 and 1.5 wt.%, respectively.” These data are related to which temperature? 
Reply from the authors: These solubilities are the average values in the large temperature ranges from 1200 to 630 oC. The solubilities of Mo in Al8V5 and Al3V and V in AlMo3 and Al8Mo3 slightly decrease with temperature range from 1200 to 630 oC. The solubilities of Mo in Al6V, Al21V2, Al3Mo, Al5Mo and Al12Mo are nearly constant in stable temperature ranges. In order to easy to understand, this sentence is revised in our manuscript. It presents as "The solubilities of Mo in Al8V5 and Al3V and V in AlMo3 and Al8Mo3 slightly decrease with temperature ranges from 1200 to 630 oC. The solubilities of Mo in Al6V, Al21V2, Al3Mo, Al5Mo and Al12Mo are nearly constant in temperature ranges. The average solubilities of Mo in Al8V5, Al3V, Al6V and Al21V2 are about 30, 25, 10 and 6.5 wt.%, respectively, and the ones of V in AlMo3, Al8Mo3, Al3Mo, Al5Mo and Al12Mo are about 20, 11, 6, 3 and 1.5 wt.%, respectively, in temperature ranges from 1200 to 630 oC.".
6. Moreover, I’d like to discuss the BCC_A2 phase with the authors. Is there any experiment data about the solubility of Al in BCC_A2? Would it be better if two or more parameters were used for?
Reply from the authors: No more experimental data about the solubility of Al in BCC_A2 is found in the literature. In the optimization process, the authors try to use more parameters of the BCC_A2 phase. However, the agreement is in bad fitting with the limited experimental data. Hence, only one parameter is used in the present work.
Thank you very much for your consideration! We sincerely hope the revised manuscript could satisfy you!

Best Regards!

Yours Sincerely,

Biao Hu and Jiong Wang 
January 4, 2017
