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Pressure-load Calibration of Multi-anvil Press
and the Thermal Gradient within the Sample Chamber

Z2H(Eun Jeong Kim)* - 0[dZ(Sung Keun Lee)

Agrjsta a7
(School of Earth and Environmental Sciences, Seoul National University, Seoul 08826, Korea)

el
i)
o
2
T
Kl

: A Z g 2(multi-anvil press)= FHHH O Z 525 GPaol FHHAS ~2,300C 9 =4
TEE F e IY 71712, AFHEd M= FEBE-REH 7R o] AT FAHAEH F=
T3t H =0 Hth B AfoA s FE ol o] &3 HE il Zyxo ol o4E-

A (pressure-load calibration) 48 2A7]8}3, AlZ A (sample chamber) Woll EAT 4+ &
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ABSTRACT : Multi-anvil press (MAP) is one of the high pressure apparatuses and often generates the
pressure-conditions ranging from 5 to 25 GPa and temperature-conditions up to 2,300C. The MAP is,
therefore, suitable to explore the pressure-induced structural changes in diverse earth materials from
Earth’s mantle and the bottom of the mantle transition zone (~660 km). In this study, we present the
experimental results for pressure-load calibration of the 1,100-ton multi-anvil press equipped in the
authors’ laboratory. The pressure-load calibration experiments were performed for the 14/8 step, 14/8
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G2, 14/8 HT, and 18/12 assembly sets. The high pressure experiments using « -quartz, wollastonite-
structure of CaGeO;, and forsterite as starting materials were analyzed by powder X-ray diffraction
spectroscopy. The phase transition of each mineral indicates the specific pressure that is loaded to a
sample at 1,200C: a transition of @ -quartz to coesite at 3.1 GPa, that of garnet-structure of CaGeOs
to perovskite-structure at 5.9 GPa, that of coesite to stishovite at 9.2 GPa, and that of forsterite to
wadsleyite at 13.6 GPa. While the estimated pressure-load calibration curve is generally consistent with
those obtained in other laboratories, the deviation up to 50 tons is observed at high pressure above 10
GPa. This is partly because of the loss of oil pressure at high pressure resulting from the differences
in a sample chamber, and the frictional force between pressure medium and second anvil. We also
report the ~200 C/mm of thermal gradient in the vertical direction of the sample chamber of 14/8 HT
assembly. The pressure-load calibration curve and the observed thermal gradient within the sample
chamber can be applied to explain the structural changes and the relevant macroscopic properties of
diverse crystalline and amorphous earth materials in the mantle.

Key words : Multi-anvil press, high-pressure experiments, thermal gradient, pressure-load calibration,

phase transition of minerals
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3 At HEH(shear stress)S 7}sh= WHoR
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< We A YA AF 7)7)ele A 9
= A¥d(piston cylinder), HE <ML ZgH
(multi-anvil press), 18|32 TholoHzE il A
(diamond anvil cell, DAC)®] &Agit}. 2E 4]
A= A5 (sample chamber)®] =Z7]7} 125-180
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(Bridgman)©] 7033 oH, AMHAl meke] )
27F A5l Hdl 10 GPa &S 7letES AA
FAtKLiebermann, 2011). 1y APAAFZZ
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A2 Qe ASHA Y Bk AE o] &ste Y]
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(Liebermann, 2011). ©]% 1960 dt] Yiex o
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Fig. 1. (a) A photograph of 1,100-ton multi-anvil press equipped in author’s laboratory, Seoul National
University. (b) A plan view of the multi-anvil press (open square with label “b”) in Fig. la. A containment
ring, three first-stage (1%) anvils and assembled second-stage (2™) anvils are shown. (c) A section drawing of
the multi-anvil press. Grey, violet, yellow, and green areas represent pistons, a containment ring, 1% anvils,
and 2™ anvils, respectively. The black arrows show the direction of force applied to pistons. (d) Photographs
of an octahedral pressure medium and a 2™ anvil. OEL is referred to the octahedral edge lengths the pressure
medium and TEL is an abbreviation of truncated edge lengths of the 2™ anvil. (¢) A schematic diagram of an
assembly set with straight heater (open square with label “¢”) in Fig. lc.

Aol 7t Me IREF 12719 Fo|2F|E
(pyrophyllite) & £ F 7/ o9 mjAE 43
of &8t 149 vfo|mdetolEQ At =20
e} DoAY A A S A
Z(Schwarz, 2010), ZraAe] = wjxle}l 127)2)
27107 So7kd oF wjA|Y o]F FERE W
slate] AFe] HAHPES =2 IA EE(Walker
module)©] 1990 dtholl 7= ATHWalker et al.,
1990)(Fig. la-c). HE] M ZHP 22 FJL
UE H L o]x} M| Ao mE A A
o Wy o s AR, ojx} MR 7P Wol 24
o]= B2H Fhulo]lm(WC)E A 30 GPaZlA &
S T3} (Leinenweber et al., 2012; Yoneda
al., 1984), &7 tho]olZ(sintered diamond)
g A3k 49 o 120 GPaZlAY SHEES T
g 4= QrtiIto, 2007; Shatskiy er al., 2011;
Yamazaki et al., 2018). o= o]k B Yol
F7FE A 1| mme 9FFe Ak Al 270 A
date] YSLFOZ oF 100 GPaZkA 9] FEE T
dsk= ol A= ATHKunimoto et al., 2008).

e A Zg 29} o] FHe® Tk 1
& AolAe AA A s THiAE dEH F
Atole] BA Zqjo] dasitt 4E-fY BA

RS

Aol &2l 7lo]=&)(containment ring)¥ ¥
b M Aole] mpzhol o3 ot &4, Yab <M
I o]z} <Ml Aolo] Aee A W o3k
oS4, 718 oA A= b wiAg o
2 ) Afole] mpEE ] o3k f9F &4, olxf <
o) Mt e] g we] Ao(truncated edge lengths
of second-stage anvil, TEL) THH] Zmx|zFo
&9 wiAle] g W] Ao|(the octahedral edge
lengths of pressure medium, OEL), AlE42] =
7], &5 B FY Apo] Fo] E3E7| Wi
Z4zre] Ag 7171 9 ZPAE disf -7
1A o] FEofof it 2&o wWE -
9 B A 1,200CHA FHshs 1L <t
1Y AT d2dA st e dE-
HAo] 9o, dukxog 2AsAQ] ST E
A2oA T FE-F B FA4ES 283
H2ol|A ] et B FHE AFoA e
HET =& {9HS Zolof FY ¢Es 7
T Atk

E-9F BA A A V7] d ZHAER}
o FEoof tEE 7|E HuH o Ho|E
7} EA5HA7Ke.g., Leinenweber et al., 2012;
Stoyanov et al., 2010), 4E-74 24 AFS 9
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Table 1. A summary of experimental conditions and results for all assemblies

Assembly set Load (ton) T(eogl f ' Starting materials Experimental results
200 1,200 Garnet-structure CaGeO;
220 1,200 Wollastconcl;tegtructure Garnet-structure CaGeO; + perovskite-structure CaGeOs
aeVs
240 1,200 Perovskite-structure CaGeOs
14/8 HT 340 1,200 Coesite
@ -quartz
360 1,200 Coesite + stishovite
570, 600 1,000 ) Forsterite
Forsterite
630 1,000 Forsterite + wadsleyite
260 1,200 Garnet-structure CaGeO; + CasGe;Oy;
Wollastonite-structure G CaGeO
t-structure CaGeO; +
2 1.2 CaGeOs Jame 3
14/8 G2 80, 300 ,200 perovskite-structure CaGeO; + CasGe;On,
400 1,200 Coesite
@ -quartz
430 1,200 Coesite + stishovite
190, 210 1,200 . Garnet-structure CaGeO; + CasGe;Oq
Wollastonite-structure
240 1,200 CaGeO; Qarnet-structure CaGeO; +
perovskite-structure CaGeO; + CasGe;Oy;
14/8 step 290, 300, 310, 320 .
B , B " 12 "
330, 340, 350 ,200 ¢ -quartz Coesite
370 1,200 Coesite + stishovite
600 1,200 Forsterite Forsterite + wadsleyite
240 1,200 @ -quartz
18/12 @ -quartz - -
280 1,200 a-quartz + coesite + tridymite
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AY Ao g E-f4 BA AFe 794
o] 7] B A4 A L A5 ol A
g U ok 9 Lnujel o E 2xpo)
el =ojataat gieh E3 B Ao ALRE}
= 14/8 HT ZHYAHENA 2A)5= A4 U9
STl dislA =2Jstal, o]Ae] Als Aol
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Atk Aol AL8-3l 14/8 step, 14/8 G2, 14/8 HT,
83 18/12 ZYMEE COMPRES Al & 3}
Ul o]zt Fiiete] "E Y YA E Z
ZAE-(multi-anvil cell assembly project in
Arizona State University)ol|A] TullstHTh ZH A
E 0]Z9)|A $=Ak= OEL/TELS YERH(Fig. 1d),
YA slEe B Alde yepdth Ad 2
F 54 SlHE step, A B 5 FEE
G2, YA+] #E(rhenium) 3Bl I 3|ERT}
A Pt Wil HT(high temperature)
2 3¥7]8th(Fig. le). Leinenweber et al. (2012)°]
A AR bRt B FAel whet 14/8 step
4 HT ZHME+= ~13 GPa, 14/8 G2 ZRHAE=
~10 GPa, 18/12 ZHHE+= ~3 GPa7}A| ¢&EH-F
o B A4S FPon, Table 194 ZHAHE
HE aYE A9 5 2 25 dNES HY A
s I = Utk

2o Ao qfE-sl A AEL 1,200 CollA
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Eo] Frolg olgsto gt AAA Sio,
735 7 e ShEthel ek ot BA AE-
™, 1,200C9] 2%=04 3.1 GPaoll =&3td 4
oAl ol AFO] E(coesite)Z, 9.2 GPadll =3}
H Fof|ALo]Eof| Al 2E]drHlo] E(stishovite) = 7
HolE St Swamy et al., 1994). 71384 Fz22
CaGeO; AAL 1,200 2594 59 GPaoll =
g AF4 T2 CaGe0;2] HZHA7I0|E
TZ2] CaGeO; 2 015 341, Si0, | Mg,SiO,
o= thE2A 257} F7FsHH 22 kst A%k
ol F27} QPASIZITK Susaki et al., 1985). 22~
Hl2lo | E(Mg,Si0,) = 1,200CY Wl 13.6 GPadll o]
21 zaHgo|EdA  94Eg]olo] E(wadsleyite)
2 g7 ol tiKojitani et al., 2017). &, 14/8 HT
ZHHES o]&3] EE1HEO|ES 1M &A
HAol A= old AFEAA 73 Ht 7] &9
Foutput) 2.2 7tET W] &G (thermocouple)
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CaGeOy7t 314 FxYLS P Sio
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23 Pt FTHOH 4 5 % skal, Pt FHO| &0
7} A G5 W7HA BAAES ko] ARE U
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Fig. 2. XRD patterns of high pressure polymorphs
of Mg,SiO,s compressed at oil pressure of 600 and
630 tons. Open and closed olive square indicate the
XRD patterns for wadsleyite (JCPDS no. 9000268)
and forsterite (JCPDS no. 01-087-0624), respectively.
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Si0,, CaGeOs, Mg,Si0,2] 33t & 139F A=
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33k XRD HE- CuK @ o] XA & o]8314
40 kve] Sk 15 mAS] AFAA 20 WS
10°-60°0 4 &%lom dHolH= ¥JET 0.02°
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AHE-B3 RAS 93 A3 Leinenweber et
al. (2012)°1A AA S 4FH-F3 vy I4S Bl
2 o]o} Hlgt Fdthol A FyTE 14/8 HT =
HHES] 75 7|80l AAE ohE-Fat B 34
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B 34& ne 43S PPk Fig. 2+ 1418
HT ZHAERZ #5705, 600E, 6304 4
HH MgSi0, A&E2] XRD £4 Avo|t}, 43
°] 1,000Cel4 Fei=]ojr] EZHEto] EoA]
o}EeJolo| ER Y Aol 13.1 GPadllA YERE
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Fig. 3. (a) XRD patterns for high pressure poly-
morphs of SiO, compressed at 400 and 430 ton
using 14/8 G2 assembly. Closed and open circles
represent the XRD patterns for stishovite (JCPDS
no. 00-045-1374) and coesite (JCPDS no. 01-077-
1725), respectively. (b) XRD patterns for high
pressure polymorphs of SiO, compressed at 260 and
280 ton using 18/12 assembly. Blue circles, open
circles, and green triangles represent the XRD
patterns for quartz (JCPDS no. 00-046-1045), coesite
(JCPDS no. 01-077-1725), and tridymite (JCPDS no.
01-073-0405), respectively.

Intensity (a.u.)

.lo,.: o o e

ol& M1 & oto| EVE YERA] 3kon,
630222 SRS wol oS otolE Aol YElyt
T} 1,000Co0A 71d8 & A|5e) F4uzt 914
S 2 Lnlo] oA FoAto]ER Y HHlo]
go]l YeRd 4= 9l7] wl&oll, 6302 71t A g
A T3 A7lE AR SpEejoto|E o] Vet
AL g ol E22Hgo|E-9l&T]o}o]
Eo] o] L dgly] o= sjAdErt. o

- olAE

el

g B Ay A3E 53 14/8 HT ZHAENA
1,000Ce 55 712 |, 6003 630=2] F1t
7l 61589 9tellA 13.1 GPaY ¢¥o] A&
o 7liAlE Aoz AZE

Fig. 3a& 14/8 G2 ZHAMEE 4L Si0,9 1L
badoll thak XRD S Hola Qi) 7t A9
A3, 4008 AR Fol| At EXE YR
O}, 430F AFPolA = oAt ELl 2E|dinfo]
E9] Tl UePdS AT 430E00A o
ERe FoAMO|E-2E|fHlo|ES] S dE
P vpe} o] FE5I7E HA oA Hxlo)7} 218
o APdy 1Pido]l EAES YeRd Aoz
AzZtEd, el G2 ZHAMES] 49 1,200C2
2504 4007 43082 THESL 35082
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YA EE 360%004], 14/8 HT ZHAEE 350
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B FoAtolE, T12]al Egrulo]ES] XRD I
HS gl Eguuio]EE A 1129 SiO,
9] THoFORE AdtollA= oF 850T-1,470TY
2o HAEH F 04 GPa o] YHolA=
f-HGoR ol Swamy et al, 1994).
18/12 ZHAE0A Eold Egitnio]ES] )
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ANE FLAMEE AS 78R Alolo] &3}
= 30TC-40TCe &=+4l(Stoyanov et al., 2010)
T dEe BEE Aoz gzhE $4 A
4 W pt FHO 7PAE e EA18HE Si07F Al
B4 FYEG @ 7MEEHE 49, 3.1 GPadl ¢
oA =7t e wet IoAlo|EoA -4
FOE AHolE & F U3, p-HFL ERMHY
olmg F4W7Z A4 EUulo]ER o]
S 7FsAol Atk e ARAS] At &
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Fig. 4. (a) XRD patterns for high pressure poly-
morphs of CaGeO; compressed at 260 and 280 ton
using 14/8 G2 assembly. Open triangles, closed
triangles, and open squares represent the XRD
patterns for garnet-phase CaGeO; (JCPDS no. 01-086-
1875), perovskite-phase CaGeOs (JCPDS no. 00-035-
1399), and CasGe;O0;; (AMCSD no. 0016624), res-
pectively. (b) XRD patterns for high pressure
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ton using 14/8 HT assembly. Open and closed
triangles represent the XRD patterns for garnet-phase
CaGeO; (JCPDS no. 01-086-1875) and perovskite-
phase CaGeO; (JCPDS no. 00-035-1399), respectively.
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Fig. 5. Pressure-load calibration curves for 14/8 G2,
14/8 step, and 18/12 assemblies. Blue, white, and
black circles represent quartz, coesite, and stishovite,
respectively. Red open triangles and closed triangles
represent garnet-phase CaGeO; and perovskite-phase
CaGeO;3, respectively. Olive open square and close
square refer to forsterite and wadsleyite, respectively.
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Fig. 8. (a) Schematic diagrams of 14/8 HT assembly with and without sample. The position of thermocouple
is at the top of the sample chamber during the experiments with sample, and in the center of the assembly
without sample. (b) The temperature variation relevant to the position of thermocouple. (¢) Thermal gradient

around sample chamber of 14/8 HT assembly estimated from power-temperature deviation in Fig. 8b.
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