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Abstract Turbulent in-situ mixing process is a new material process technology to get dispersed phase in
nanometer size by controlling reaction of liquid/solid, Hquid/gas, flow and solidification speed simultaneously.
In this study, mixing which is the key technology to this synthesis method was studied by computational fluid
dynamics. For the simulation of mixing of liquid metal, static mixers was investigated. Two inlets for different
liquid metal meet and merge like 'Y' shape tube having various shapes and radius of curve. The performance
of mixer was evaluated with quantitative analysis with coefficient of variance of mass fraction. Also, detailed
plots of intersection were presented to understand effect of mixer shape on mixing. The simulations show that
the Reynolds number (Re) is the important factor to mixing and dispersion of TiB; particles. Mixer was
designed according to the simulation, and Cu-TiB; nano composites were evaluated. TiBs nano particles were
uniformly dispersed when Re was 1000, and cluster formation and reduction in volume fraction of TiB, were

found at higher Re.

Key words In-situ mixing, Static mixer, COV, Cu-based MMCs, Nanocomposite.
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Fig. 1. Geometries of static mixers: (a) straight, (b) curved 1,
and (c) curved 2.
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Fig. 2. Schematic diagram of straight static mixer.
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Fig. 3. Velocity contour at the cross section of the static mixer at Re=3000: (a) straight, (b) curved 1, and (c) curved 2.

o] A % Cu-TiB, Wi

R EC B 13

w
[N
ic]
aa
k
[

Fig. 3 Re7} 3000 EH 7 9HY &5 contourE
HojErh fAle FHelA $
Bk A 3e] A ﬂ%g a9y, o
R R o]
Aol HolAA e
HojZle}, 5o
i]%/:q —EEQE

7} m}nw g‘?{, o] dojdt}. Fig. 4= 3714 kel o
Aol &3 Uehd Aol Fig 40lM B 4= J%o], &
FAZE T HE5 e Edte] dojuAT, o o) F
de g A=E s 44 odv gy AxE
Aoz Yelll7] 98l g3 72+ COV(covariance
of variation)s 9 3}

Z:(xi_xm)2
COV = XE =3 N7 (8)

71X, o= EE AR, XS Ho 28T NS BE
o NeE igs! A gx=2= Covrt

Toroor T N e ?

[ SRS S i = P S S
W ADI0 BEAY 0 T6 BORK 6101 0 YTV nl'r-l 0000 6913 YOS 0038 0050 D06} G UTE 0 OR UI0L 0111 0126 |

(b) (c)



14 HuR - oY - $AE -

| Esualan anaeas s |

00 01 6F 63 64 08 06 03 68 0

(a)

- T A
90 03 61 03 B4 0% 06 0T 0k 09

(b)

s

S uhgE - ule)

5

:

S
%

66 01 07 83 04 0% 26 &7 0B by

(c)

Fig. 4. Mixing results of each mixers: (a) straight, (b) curved 1, and (¢) curved 2.
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Fig. 5. Mass fraction contour at the cross section of (a) straight, (b) curved 1, and (c) curved 2 static mixer at each Re number.

gz & 4 s
Fig. 5olx= 2k 3ol gk Zak B84 (mass frac-
tion contour)E o] Thdol YeERSIT) Rert 10002 u
m.o

fil

eI FA7F

1
e 7t e e swE
S 44 25 Aok 9

2 JE7iaA o] He 2
ol f 53 Zol, F Fa4F £x7}
S VIEAEE £59 Z7E 2] "] &
o ogt Eo] A|ujAlo|tt. zk fAe HAF &

A& 71E02 AY dH ol HF E&°] 0.5
We A Fde=m Jea o] 22 Fig. 3(a)
Lofo] g wet el wEk A B

_Pi
r_Q

e}
i)

r
ri?illl

N

oL~

to, nfu fr .1% ko rul
oft L ofn

S Hol= A #AZE Utk ReZt 3000, 500091 7%
%= Re7} 1000d wje} A Rk 7iX o, £33
= Zol= ReZt 1000¥ wWxEth Zcoh o]A& 1000,
3000, 500000M = Ejto] A} FHito] FA oEFoT
A&, £=7b W Re=3000, 50009] 750 & o]
T F7IE Q3 2HF Aol &) wiEd] &34
U= AlZke] Hadtal gtel ogt axfe AE)
o] & o]Foz|%] Feth E3FF Fig. 5914 ReZt 5000
d = 3000 o} EFo] & HA FUSS EIF &
M

Flg. 59 (@9 Ave I

L‘i
o R

o ¥

o

1941, Re=1000, 3000,



dF 88 In-situ T4 DA 4A E Cu-TiB, W=

50009 wWe] A5 BEAR Aot} 7] BHFL
TH FAF AT B WP Z4E A3gde E R
& 2 4 3tk Fig 30)A fEo] A9 &t
3 #H9-2 Xex= AFG A, A £8°] 05
Vel = Aol oA e AL 3 & U 3
I ug o FHgN ME OB TPEE 7R &

7} AdEge ¥ He FEE TR3] Wi, o
g T8 ¢ Be o] dojdrhe Ag o
3 # weh Fejztel uel, gHs A=
7|9t ko] Wyt ARG AN, hF
o] ErEITH o714 Re7} 3000, 50008 7%
o Hl 2817 Re=1000 Bttt o =A &Ego]
=

Flg Shye 22 1 Bt o 2 FE88 7R J3H 2
ol ReZt zHz+ 1000, 3000, 5000¥ wiE At A}
ojth, 4@ 2= I | B} FEo| FopA ¢ Y
AR 7] Wi Zolx Z# 1 BEr} ¢ 249, X ¢ &
o] Bt BF%E 4 4 U

Fig. 69 (a)= Re=1000, (b)= Re=3ooo, (€)= Re=
500091 7ol ztzte] il i EFA wWE
CoVE ¥ Aot} ‘L& &S Yyepa, LWe 3
1 2 SWE IH 28 Yt ¢4 EEs
XA AH HolRe|, 3 2, FH | 2L B
o] £MZ &30 § AES &+ Uk &, Ex ¥

o o
r 2
ot
i

o

}1] l'ﬂ l‘-?l" Jl_),
do oo lo b o 2 e ot o o) X

Yo 4 orfv M1 o-

ugge) Az 15

Abg dtE w0l We sl W MiEAEE &
=9 Wspyt & &Alolth BE ZollA dukEel I
£xoM 878k COV=0.055 W& Pk oplzt

COV=0.017}A] R%F wE3in)

o} 5 mALE Ete AFE 7HA HeEle 94
oA v EIAEE Axsh)o] S8 F4H =
S(COV)E 71X A HFe 9] DW»E— AA3e] Cu-TiB, Y
* E3gE AZsIHc) dlelE=2 47 (Reynolds number:
ReYZE 1000, 3000, 5000°.% H&i}—a Fo] Cu-TiB, Y=
HEEE AxdPUem, Fig. 7(a)-(c)= Re’t 1000,
3000, 5000 & @S] Cu-TiB, Y= EFANES SEM At
Zlolctk. Re7t 10008 ®e) vix S EM= oF 50 nm
A719] TiB, W= YAFEC] Hlud 4t E4EY A
AL B2 °‘D}(Flg 7(a)) AT Re7l 300022
7k H¥ TiB, AL vlad d9skA F4tEo
Aoy Ui B3AE WY TiB, v YAEY F3 &
go| FAEA #adle AL B F 2oH, ReZl 5000
oz Z7tsHl H9 TiB, YAEC] d9s AR &
I clusterE 0|3 Y= AL FAEY 4 AT oj9
7ol Holm2 4*(Reynolds number: Re)7} Z7glo]
2} TiB, Ui Yzke] #Aite] Badd AL #9 E&
o] Zashe olfE YA Uo ¥ &% 7+ in-situ ¥
ol ogh e EApgdel 3 oEsk=dl £=71 W
£ Re=3000, 50009] 7o Zt7 Al7ko] F7] wEol

v
0.05 0.05F i \ 0.05F
———— Rel600L 1 Re3000L ———— Re$000L
0.04F et Re10OOLW v.04f i o - o= =« Re3000LW 004k Re3000LV
————— Rel000SW F I wrmbimene - ROZOHOSTY e RESOQOSTH
= 0.03F n 0.03F ! R > 0031
S .. Sl 1 S
0.02f 0.02fF 4 0.02F
a ‘v\‘
0.01F oo\ 0.01F
..
0.00F . - 0.00F Tadts .u&‘tm 0.005
| PSRN W WY Lol Losg 1«3 3 Lo o o P P | P 1 . i 1
55 100 50 200 750 56 150 £ 700 750 50 700 150 700 250
Mixing length Mixing length Mixing length
(a) (b) (c)

Fig. 6. COV of each static mixers: (a) Re=1000, (b) Re=3000, and (c) Re=5000.

Fig. 7. SEM micrographs of Cu-TiB, composite fabricated by turbulent in-situ mixing process: (a) Re=1000, (b) Re=3000 (c)

Re=5000.
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Fig. 8. XRD(a) and XPS spectra(b) of Cu-TiB, composite
fabricated by turbulent in-situ mixing process.
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Fig. 9. TEM micrographs and SADP of Cu-TiB, composite
fabricated by turbulent in-situ mixing process.
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