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Abstract

For more than three decades, I have been fortunate in working with Chinese
graduate students and postdoctoral research scientists in our High-Pressure
Laboratory at Stony Brook University. These colleagues have conducted a
wide variety of experiments at high pressures and temperatures in collabora-
tion with our other students and researchers. These studies utilized transmis-
sion electron microscopy, ultrasonic interferometry, X-ray powder diffraction
and synchrotron X-radiation to investigate phase transitions, thermal equa-
tions of state, sound velocities, atomic diffusion, dislocation dissociation and
deviatoric stress in high-pressure apparatus. During this period, I have also
visited high-pressure laboratories in the mainland of China and Taiwan on
several occasions. The objective of this paper is to relate this history.
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1. Introduction

Over the past decade, I have concentrated on writing papers on my history pur-
suing a scientific career in mineral physics. Recently, I have published papers on
“Stony Brook’s high-pressure laboratory collaborations with French scientists”
and “Stony BrooKk’s collaborations with Czech scientists” in the International

Journal of Geosciences [1] [2]. This new paper is of a similar genre.

In the 1960s and during the Cultural Revolution in China, only students from
Taiwan could come to the U.S. to study. In the field of mineral physics, perhaps
the most prominent of these students were Ho-kwang [Dave] Mao and Lin-gun
[John] Liu who did their doctoral research in the laboratory of William Bassett
and Taro Takahashi at the University of Rochester using diamond-anvil cell
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techniques to study the behavior of minerals at high pressures (Figure 1).

Following the end of the Cultural Revolution in China in the 1970s, universi-
ties started admitting students in 1977, and in the early 1980s Chinese students
from China began to apply for graduate study in foreign countries. Two of these,
Yanbin Wang and Yusheng Zhao came to Stony Brook in the early 1980s, in-
itially to work in the laboratory of Teng-fong Wong and later to study with other
faculty [Yusheng with Don Weidner and Yanbin with me]. It was my other
graduate students Gabriel Gwanmesia and Anne Remsberg who induced Yanbin
to join our research group.

After completing his doctoral studies in the laboratory of Charlie Prewitt at
Stony Brook, Xing Liu joined my research group and pursued a variety of topics,
many of which used CaGeO; as a crystallographic analog of silicates [3] [4]. For
his M.S. thesis, Ren Lu studied the kinetic rates of transformation between the
garnet and perovskite phases of CaGeOs, (see the 1988 photo of our team in
front of USSA-2000 high-pressure press in Figure 2).

Over the subsequent 35 years, I have profited from interacting with a series
of outstanding Chinese graduate students and postdoctoral research visitors in
our High-Pressure Laboratory, including graduate students: Baosheng Li, Yue
Meng [advisor Don Weidner], Jun Liu, and students of Baosheng Li: Xuebing
Wang, Ting Chen, Xintong Qi, Siheng Wang and Sibo Chen [see Figures 3-6

and list of thesis titles appended below] and postdoctoral research scientists:

Ganglin Chen, Jiuhua Chen, Jianzhong Zhang, Jennifer Kung and Yongtao Zou
[Figures 7-10].

A young (er)
Dave Mao

‘Research at Hich Beessure

chairman=lohn C.Jamieson
] ; or

Vice €hairman-George B.Duvall

June June 17-2) 1968,

1968: Gordon Research Conference on High Pressure
Kimball Union Academy, Meriden NH

MR 02: 50 Years of Can you find Taro Takahashi, Naoto Kawai, Don Anderson,
High-Pressure Studies of Earth John Jamieson, Murli Manghnani, McQueen, Rick O’Connell,
7 December 2011 Tom Ahrens, H. Fujisawa, Hugh Heard, Bob Schock? 4

Figure 1. Dave Mao at 1968 Gordon Research Conference on high pressure.
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Figure 2. Bob’s research team from China, France, Cameroon and USA circa 1988. L. to
R. Bob (USA), Yves Bertran (France), Gabriel Gwanmesia (Cameroon), Ren Lu (China),
Frangois Guyot (France), Anne Remsberg (USA), Yanbin Wang (China). Xing Liu (Chi-
na) standing in front of the 2000-ton Uniaxial Split-Sphere Apparatus [USSA-2000].

Figure 4. Jun Liu in the high-pressure lab circa 1996 [MS 1997, PhD 2001].
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Figure 5. L. to R. graduate students of Baosheng Li from China in 2010-2019. Xuebing Wang (a), Ting
Chen (b) and Xintong Qi (c).

T

»
(8

Figure 6. Graduate students of Baosheng Li with new PhD Xintong Qi and postdoc Nao
Cai in 2019. L. to R. Siheng Wang, Xintong Qi, Nao Cai and Sibo Chen.

Figure 7. Ganglin Chen and family.

DOI: 10.4236/ijg.2021.1210050 963 International Journal of Geosciences


https://doi.org/10.4236/ijg.2021.1210050

R. C. Liebermann

Figure 8. Jianzhong Zhang [“Z”] with CHiPR Summer Scholar in High-Pressure Labora-
tory.

Figure 10. Yongtao Zou and blossoming sakura tree in Matsuyama, Japan.
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2. Scientific Studies and Research Advances

These studies utilized transmission electron microscopy, ultrasonic interferome-
try, X-ray powder diffraction and synchrotron X-radiation to investigate mine-
ralogical phase transitions, thermal equations of state, sound velocities, atomic
diffusion, dislocation dissociation and deviatoric stress in high-pressure appara-
tus. Experiments at high pressure were conducted in large-volume, multi-anvil
presses, including the 2000-ton Uniaxial Split-Sphere Apparatus [USSA-2000]
seen in Figure 11 and Figure 12 and the 1000-ton Uniaxial Split-Cylinder Ap-
paratus [USCA-1000] seen in Figure 15 and Figure 16.

Figure 12. (a) Sibo Chen (L) and (b) Siheng Wang (R) with USSA-2000: Uniaxial
Split-Sphere Apparatus in Stony Brook High Pressure Laboratory circa 2020.
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Crystal dislocations and their use in mineral physics studies

Using techniques developed by Ingrin and Liebermann [5], Yanbin Wang and
James Boland from Australia determined the dislocation density in olivine single
crystals observed with optical microscopy to characterize the degree of deviator-
ic stress in high P-T experiments; see Figure 13 [6]. See also review by Lieber-
mann and Yanbin Wang [7].

Transmission electron microscopy [ TEM)]

Later, Yanbin utilized transmission electron microscopy to study dislocation
dissociation and twinning in minerals in collaboration with colleagues from
France, including Jean-Paul Poirier, Francois Guyot and Isabelle Martinez [8]
[9] [10] [11] [12] and Patrick Cordier and Paul Raterron [13] and the research
group of Michael Dudley in the Department of Materials Science and Engineer-
ing at Stony Brook [14] [15]. Yanbin and others also exploited the advantages of
TEM to study phase transitions, domain and modulated microstructures and
iron partitioning [8] [11] [12] [16] [17] [18].

Powder X-ray diffraction and thermal equations-of-state

Laboratory X-ray facilities, and later synchrotron X-radiation facilities enabled
investigations of thermal equations of state and phase transitions in minerals by
Xing Liu, Yanbin Wang, Yue Meng, and Jun Liu [3] [19]-[28].

Atomic diffusion in minerals at high pressure and temperature

In collaboration with the laboratory of Olivier Jaoul in Orsay, France, Jianxhong
Zhang and Yanbin Wang conducted experiments at high P and T to measure
atomic diffusion San Carlos olivine, see Bejina, Raterron, Zhang [29] [Figure 14].

Other research interests

Our laboratory has always had a special interest in the perovskite phase of
(Mg, Fe)SiOs. See especially the studies of Yanbin Wang [9] [10] [11] [12] [16]
[18] and later Ganglin Chen [30].

Figure 13. Yanbin Wang conducting tests in the girdle-anvil, solid-media apparatus to
determine the degree of deviatoric stress imposed on the samples during high P-T expe-
riments [6].
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Figure 14. Photo of graduate student Yanbin Wang (L) and Olivier Jaoul (R) planning
how to study atomic diffusion at high pressures using the USSA-2000 apparatus.

Other investigations have focused on the coesite and stishovite phases of SiO,.
These studies were led by Jianzhong Zhang [31] [32], Jun Liu [23] [33] and
Baosheng Li [34] and most recently Ting Chen [35] [36].

Ultrasonic interferometry: Technical development and early studies

A principal focus of the research activities of our research group in the past two
decades has been to utilize ultrasonic interferometry to measure sound velocities
of materials at high pressures and temperatures, initially in our High-Pressure La-
boratory at Stony Brook and later at the synchrotron X-radiation facilities of the
U. S. Department of Energy at the National Synchrotron Light Source [NSLS] of
Brookhaven National Laboratory and at the Advanced Photon Source {APS] of
Argonne National Laboratory.

This research initiative grew out a collaboration between Baosheng Li at Stony
Brook and Ian Jackson at the Australian National University [ANU]. It com-
bined the system of ultrasonic interferometry developed by Jackson with the
1000-ton Uniaxial Split Cylinder Apparatus [USCA-1000] equipped with a
Walker-type module [aka the Kennedy-Getting apparatus] in our High-Pressure
Laboratory, (see Figure 15 and Figure 16).

For details of the use of ultrasonic interferometry in conjunction with mul-
ti-anvil, high-pressure apparatus, see review papers by Baosheng Li and colleagues
[37]-[43]. In a particularly important study, Xuebing Wang led an all-Chinese re-
search team to develop an alumina travel time gauge which provides in situ de-
termination of pressure in multi-anvil apparatus for experiments performed
without synchrotron X-radiation [44].

This development of ultrasonic interferometry in multi-anvil, high-pressure
apparatus was subsequently exploited by postdocs [Ganglin Chen, Jennifer Kung,
Yongtao Zou, Jianzhong Zhang] and grad students of Baosheng Li [Xuebing Wang,
Ting Chen, Xintong Qi, Siheng Wang, Sibo Chen], (see Figure 17 & Figure 18).
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13 May 1994

Baosheng Li and Ian Jackson with
in situ ultrasonic experiment at
high P

Figure 15. Baosheng Li and Ian Jackson using the 1000-ton Uniaxial Split-Cylinder Ap-
paratus [USCA-1000], aka the Kennedy-Getting press, to develop their new experiments
extending ultrasonic interferometric measurements of sound velocities to 10 GPa in 1994.

Figure 16. Baosheng Li and Kennedy-Getting press with Walker-type module in
High-Pressure Lab in 1994.
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Figure 17. Ultrasonics team of Baosheng Li 2010-2019.
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Figure 18. Siheng Wang and Bob with poster at Fall AGU meeting in 2019.

Most of these studies were done using polycrystalline specimens following
techniques developed by Liebermann in Ted Ringwood’s lab at the ANU [45]
and later extended to higher pressures by Gwanmesia [46] [47] at Stony Brook
[primarily in the USSA-2000 press, see photos of Sibo Chen and Siheng Wang
above in Figure 12(a) and Figure 12(b)].

However, several significant projects involved measurements on single-crystal
specimens of olivine and MgO by Ganglin Chen [48] [49] and ZnO by Baosheng
Li and Jianzhong Zhang [50] [51].

Among the minerals or their crystallographic analogs which have been studied
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by our Chinese colleagues with our ultrasonic interferometry at high pressure
and temperatures are:

CaTiO;-CaSiO; by Ganglin Chen [52].

Mg,SiO, wadsleyite and ringwoodite by Baosheng Li [53] [54] [55].

Majorite garnets by Ganglin Chen [56] [57], Jun Liu and Ganglin Chen [58]
[59], Jianzhong Zhang, Jennifer Kung and Baosheng Li [60], Liping Wang [61].

ZnO by Jianzhong Zhang [62].

(Mg, Fe)O by Jennifer Kung, Baosheng Li and Jianzhong Zhang [63].

Dopside by Baosheng Li [64].

MgSiO; orthpyroxene and clinopyroxene by Jennifer Kung and Baosheng Li
[65] [66] and Siheng Wang, Ting Chen, Xintong Qi, Nao Cai and Baosheng Li
[67].

Kilbourne Hole peridotite by Xuebing Wang, Ting Chen, Yongtao Zou and
Baosheng Li [68].

Magnetite by Yongtao Zou, Ting Chen, Xintong Qi and Baosheng Li [69].

Liebermannite by Ting Chen [70].

Tungsten by Xintong Qi, Nao Cai, Siheng Wang, and Baosheng Li [71].

Phase A by Nao Cai, Xintong Qi, Ting Chen, Siheng Wang and Baosheng Li
[72].

Iron-Nickel [FeqNijo] by Siheng Wang, Nao Cai, Xintong Qi, Sibo Chen, and
Baosheng Li [73].

Topaz by Sibo Chen, Nao Cai, Siheng Wang, Xintong Qi and Baosheng Li
[74].

Niobium by Yongtao Zou, Xintong Qi, Xuebing Wang, Ting Chen, and Bao-
sheng Li [75].

Tantalum by Xintong Qi, Stheng Wang, Sibo Chen, Nao Cai and Baosheng Li
[76].

23A Phase by Nao Cai, Ting Chen, Xintong Qi, Toru Inoue, and Baosheng Li
[77].

Praseodymium by Nao Cai, Ting Chen, Xintong Qi and Baosheng Li [78].

3. Visits of Author to the Mainland of China and Taiwan

In addition to hosting Chinese graduate students and postdocs in our
High-Pressure Laboratory, Bob has visited their universities on four occasions.

1997: Jilin University in Changchun

At the US-Japan High-Pressure Seminar at Turtle Bay, Hawaii in 1986, I met
Guangtian Zou from Jilin University in Changchun; in 1997 with support from
the World Bank, he invited me to spend two weeks in his State Key Laboratory
giving lectures and discussing research projects with his students and colleagues
(Figure 19). They also led me on a field trip to the border of North Korea and the
site of an exhibit for the Last Emperor of China, as seen in Figure 20. Another of
my connections to Jilin University is Jiuhua Chen, who was an undergraduate
there in the 1980s, obtained his PhD in Tsukuba, Japan and then spent 13 years as

a research colleague in the Mineral Physics Institute at Stony Brook.

DOI: 10.4236/ijg.2021.1210050

970 International Journal of Geosciences


https://doi.org/10.4236/ijg.2021.1210050

R. C. Liebermann

Figure 19. Bob giving seminar at Jilin University in 1997 with host Guangtian Zou seated
at left.

Figure 20. 1997: Bob on throne of the Puyi, the Last Emperor of China.

Following my time in Changchun, I visited Beijing where I was hosted by the
sister of Bianjia Li [wife of Baosheng]; she led me on visits to various tourist at-
tractions on alternate days and allowed me to find other sites on my own the
other days, including Tiananmen Square, the Forbidden City, the old and new
Summer Palaces. A day trip outside of Beijing allowed me to see the Great Wall
of China at Mutianyu.

2007: National Cheng Kung University in Tainan

In 2007, I was invited by Jennifer Kung, former postdoc at Stony Brook, to
visit her laboratory at the National Cheng Kung University in Tainan (Figure
21); during that visit, I delivered lectures in her department of Earth Sciences
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and met the father of Tony Yu who was Dean of the College of Science [Tony
was then a postdoc at Stony Brook], and also visited tourist sites in Taipei and
along the south coast of Taiwan.

2009: Harbin Institute of Technology | HIT) in Harbin

In 2009, I was invited by Haozhe Liu [former postdoc in research group of Ji-
uhua Chen and Don Weidner at Stony Brook] to visit the Harbin Institute of
Technology in Harbin, accompanied by my wife Barbara. During this visit, he
proudly exhibited his new cubic anvil press and I presented an invited lecture at
IUCr High Pressure workshop (Figures 22-24).

We then traveled to Beijing to explore tourist sites that I had remembered
from 1997. We were hosted by Changgin Jin and housed in the guest house at
the Institute of Physics of the Chinese Academy of Sciences [see photo in Jin’s
laboratory in Figure 25]; Jin and I had first met at Stony Brook when he was vi-
siting Jiuhua Chen.

During our time in Beijing, we took side trips to the Ming Tombs enroute to
the Great Wall of China at Badaling [Figure 26] and to Xian to see the famous
Terra Cotta Warriors. After Beijing, we took a boat trip on the Li River enroute
to Guilin [Figure 27].

Figure 21. Bob with Jennifer Kung at National Cheng Kung University in Tainan 2007.
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Figure 22. Bob with cubic anvil press in laboratory of Haozhe Liu at Harbin Institute of
Technology in 2009.

Figure 23. Bob with Haozhe Liu and his scientist wife Luhong Wang during my visit to
Harbin in 2009.

Figure 24. Bob delivering invited lecture at IUCr High Pressure workshop at Harbin In-
stitute of Technology in 2009.
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Figure 25. Cubic anvil apparatus at Institute of Physics of the Chinese Academy of
Sciences with Changqing Jin and Bob in 2009.

Figure 26. Bob on the Great Wall at Badaling accompanied by Barbara.

Figure 27. Bob on boat trip on the Li River enroute to Guilin with Barbara.
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2011: China University of Geosciences in Wuhan

At the Fall 2008 AGU meeting, I co-chaired a session honoring Harry Green
with Zhenmin Jin from the China University of Geosciences in Wuhan. In 2011,
I was invited by Professor Jin to visit the CIG in Wuhan, accompanied by my
colleague Yanbin Wang. I delivered a few seminars [Figure 28] and visited their
experimental laboratories [see Figure 29], in addition to exploring tourist at-
tractions in the city of Wuhan. We also visited field sites for ultra-high pressure

metamorphic rocks near Dabie-shan [Figure 30].

Figure 28. Bob delivering lecture at China University of Geosciences [CUG] in Wuhan in
2011.

Figure 29. Yanfei Zhang with Rockland Press at CUG in Wuhan.
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Figure 30. Bob with Zhenmin Jin and Yanbin Wang at Dabie-shan, field area for ul-
tra-high pressure metamorphic rocks in 2011.

4. Conclusion

This paper summarizes the collaborations of our High-Pressure Laboratory at
Stony Brook University over the past 30+ years with Chinese scientists. I have
presented both the scientific achievements and the personal connections which

resulted from these collaborations.
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