49 4% o552 1
2020 4 2 A

WAEERMBIS IR

RARE METAL MATERIALS AND ENGINEERING

Vol.49, No.2
February 2020

HAEMREMAREEMBANRKRIZ

& /IR ZrO, 3k

% 3k, BEmM, MY g, RXTF, FAKR, FKAE, 3 X
GHAER HURNI% S R TSR %R 9%, L 100084)

B OE. FREAEE (25 °C) TRUE 15 h AL H R ER B ) BHIE 75> U B 40 45 i AR E A B W IR 12
il N RST (<120 pm) /19 ZrO, M BEER,  FE0S 52 ZrO, R RS D B BEAT 0 Ao G5 RR I L 2 A AT T 1
GUR S Ayl Bt e B RGP, ZrOg BB RS /DN o T VR HA) U 2 7R B 2 A0 A Al e M RS EKR, Ze O B
RSTBOR: 1l BRI, Zr0, B BERORAT CV EH/NT 5%, 3% T i 4 ) ZrO, B Bk RT3 —

il SEM A1 XRD &I ZrO, M B EREE, S0 7.

KRB NERTZ, BMEMAARRE, FEBW DR Zro, fiEk

REESES: TQ174.7578.11 XERFRIRAG: A

XEHRE: 1002-185X(2020)02-0572-05

BORRGE [ AU 8 LA oS L s R IRk
2 1M 22 50 B S8 S PR v ok S 63 sk 1 R 4 P i ok
AR S AL AR B LRI ARIOL okl it 7100
Je2E AR R v 2 T . (RN RSE (<120
um) [RECEEE ZrO, M BERIOR IV 1 £t T sk ik Rc A2 1
AIMEZE, TR D) TR g, FEEEA T 200
FEMIAS B . BLARAH DG 24 6 BEIEAT T — B T 5T, 91
w1, R A -5 SRR E s 2Tkl O 45
T/NRSTH) ZeO, B EEmaEk, HIXE T 2§14 H I Zro,
Wi BE AR R A 23 AT # AN S AR A AT o R AR SR 5 TN
0 Pl Ak A B N B T 2 ZrO, BB TEK

PBEIE T2 s - e vk i, 416 Zro,
B S SRR ER I B U, AH B A M5 2 CRiAR AR By 5 1),
T 6 A0 5 A A 2 A PR O RS 3 —, o
Ufo Jihh, WEUR TR ER T AR E, 2%
WA LT, A TR W T 2 Mt —
AL, B IREYIGE R T HNO; fljR % (Urea)
&, RAGE—F=E (25 'C) FRE 15 h ANHE
10 HLSER A I I 7, IR 456 B A R AR B
4% ORSE Y — L SR HOME LR ZeO, M BRI
SIHT TR A I RORG B R ) AL A RN B AN A
AR B BRI 1 RS ZrOn SR RST FR 5%

1 % I

F= HEA: 2019-02-28

Kol 45 1.6 mol/L ) ZrO(NOs), 1 0.14 mol/L 1]
Y(NO3); T IR A, H 8 5 1A R N 21 i
AR IR A5, BE ZoY . BEHlSE 3
mol/L /N K DU (HMTA) Ml— @ W JR %
(Urea) KRG, 707085585 519 2] il
4 HMUR ¥ . ¥ HMUR %2218 A B Zr/Y %
I B R A B0 O B B MR Zre IR

BB AR E LB A AKFE, 1 RN AR
1.05 mm (KB B E R 2 #AME 1T mm 1B B4
B RN 1T A AH 6 40 75 D)3 ok 6 i 7 7 A A
W IR B — 58 IRk 1 RS S

B MR AR E WK 1a . WO,
QWMEBMHNE, GRE, @IMIKEE, OUEF k.
WL 2 B K BB AN 4 S M RERE T SN B
R PRZEE, A B AN B R v I A R A e
AT B BBV, A8 A A e R SE 38— I iR
WM (®), HAASFEME 1o fia. WEHRAE 90 C
T P AL 2 h, T HMTA [ E M, 76 90 C
FEM 4 N o R AR, RN RS0 R s

(CH,),N, +H" - (CH,),N, -H" (D

(CH,),N, -H* +3H" +6H,0 — 4NH; +6CH,0  (2)

HMTA #2380 20, A R0 N &6 ) pH 2
Bl BT, UL UK RS RN, TS I
TRV A R B R OER o AR AR S R Ak 2 h (R T Bk

E&WE: BUFHERRHL A SEE S LT (2016YFE0100700); EHE RS “+=HME7 R %4 (2017HYYXKIST)
TEBEN: & &, 5, 1996 F4, 4, WEHERKFKEE SRR, Jbad 100084, HLIG: 010-89796093, E-mail: xurl7@

mails.tsinghua.edu.cn



52 4 TR T AU B0 R AR A B A B T 2/ RS ZeO, ek <573 -

BT a0 TR A L 1) HE A s T W JR) R TBOK 1
Fig.1 Capillary microfluidic device: (a) overall device schematic

and (b) partial enlargement

(R IR), L ek, JHESE FHE 0.5h,

BT 60 CHITHRHM 5 24 h 3418 10 %k ek
CRIFR TR . B 7E 1350 CHeSS 2 h 193] ZrO,
PR RETIORR CRRTPRBR A 1K) o

2 SRS

2.1 ERREMESRENIESHN

N T B 0 VAT B 4 O A e L IR A )
WA 3 2 B A O R R R, T 2R il AR E IR
e I 1) 1 AN A PR R W . AE SR, ZrO* B 1A
HMTA J& E 2o, Y R—RAAE MAREE A . HNO;
N Urea f& ¥ (A3 N7, HNO; fgdih] ZrO™ 81
(7K f#, Urea WREY ZrO™ 8 T I R E LR &4 . N
I, AR TAEEM AT HNO; Al Urea 3 &, Wil EA
S, WESY HNO; Ml Urea SRR ) 255 s AL

B4 1.6 mol/L ) ZrO(NOs), #1 0.14 mol/L ]
Y(NO;); (AT AA W 14.37 mL 4 47, 16 3 f 2 50
A 0.0184, 0.0200, 0.0216, 0.0240 mol [ A 1R 15 5
4 Flr Zr/Y WL o 4% Urea/Zr K EEJR LLHCHI 54 3 mol/L
f) HMTA F1— 32 & Urea ) HMUR &9 5 #ho %5 4 Fh
Zr/Y FEHATS Tt HMUR %59 P8 W5 TR G 15 21 20 P
1R 1#~20#, IR 1 Fros R 3X 20 Bl 4 5031 90 °C
R, 2 h 5 A0S A TR ) R AR O

gE IR, M A% B ER o 1#~16#, 194,
20# ) £ H B B TRR A BB IR AR 2 1) H IR 3 o 174N
18# ] £ H IR BE ISR BRI 8 1R 4 FLAS K 3% o

#1020 MEGRECH R
Table 1 20 kinds of broth composition

n(HNO3)/ Molar ratio of urea/Zr
mol 0.30 0.50 0.70 0.90 1.14
0.0184 1# S# 9# 13# 17#
0.0200 2# 6# 10# 144# 18#
0.0216 34 T# 11# 15# 19#
0.0240 A# 8# 12# 16# 20#

X R B U B C1T#F 184) F AR e PEEAT 13k
— Lo HT, X 2 AR R (25 C) RERE, JF
FIFH LVDV-1 850 Jie B R 5 v 0 2 SR R R 8, I
TOORY 5 BE SR 38 K1) R S e o, Wi 2 iR R
pHS-3E il C B RD WIS B pH, WK 3 fios.
B 2 TRUEH, 17#MAE 25 CAZN 1 h g4k,
M7 18#IRWEAE 25 CHRAE 15 h ARk, XEB N 18#
HHNO; [ i, MW pH %, ] ZrO™ B 111
KR, fE3E T Urea Ml ZrO™ 85 T4 & I N, Kt 18#
AR ik P R K I . S 4, K 3 W LUE
W, RBEACH pH {HAE 3.7 Z£47, JEAE ZrO(OH),
DUGED ). BRI, FRPE B3 T f T 4R 1A ] 4 B B 2
t ZrO™ B TSI . fen, T 18#IR W R ERE
I H=H (25 C) FEsE 15 h ARk, fREAES
0 T A A AR RN A A [ Ak, DRt
18# IR Ay 6 A Ut A 286 " il By P e L 2 ) BR
T F ) JRE S 7
2.2 EEMREMMIKRTHEME

¥ 18#MSW 5 B A0 O R e B AT 4 A EAT
Bk, kPR, Pk, TRERIRE LS 5 13 B ZrO, MR
BR o [ 58 IR B A 40 uL/min, EEWKSE 4 54 mPa-s,
B0 A RS B G T RSE R 247 pm, SO R )
ik, FATFEHALEZE Open CV HEAT B, 4>
BT IRER, TR, bedh ki R4k, 4558

100
| —— 17#
) 80k —*— 1 8#
< L
a,
g60r
> |
§ 40
> [ h
207 /
M-*—*—*—* K~k —p——
O 1 1 1
0 5 10 15 20

Time/h

B2 s e v
Fig.2 Stability test of broth



* 574 Wt &R TR 949 %
4.0
370 % 00F 5 ]
35F| ——17# g
| —4— 1 8# > 400F —®— Gel microsphere
N Drying microsphere
3.0 @ 300 —a— Sintered microsphere
T g
o b3 L
2.5{ @ 200+
| / -
2.0 PPk A~k ek ke ke S 100 -
1.5 O 1 1 1 L 1 1 1 1 1
0 5 10 15 20

Time/h

3 W pH K
Fig.3 The pH test of broth

wE 4 Frox. aTLUEH, SiEym iR 10 mL/h 55K 3]
30 mL/h I, BERBMORIG RS A2 )y, AR ORI AR 25
TUER IR RT3 28 /) o 32 DR A ek ol )t 09O, X J i
PV BYY) 7 AR 5, TSR I (R AR, TS VBURE 2 S8 B /)
RV IR, AT B /N ROH IR - S5 b IR 4
AICLE Y, HHBEIR TR BT R ok i R, ik R
SRR/, B 500 pm ZEVEA 160 pm Ao, IXGEH T
VeI R 25 B T ek I TR 2 i ) A vl B P 2 AR
HMTA i1 Urea JIT 3. T2k BI908 25 T0sk (10 3 7 v ik
BRRST RAEW A, FEORRe s AN T o, T
TR 55 8 25 Tl R A B IR TR AE AR [ 2% A1 N EAT #4E, +
PRI R AR 25 Tk ) RS A8 A 34 5 B Tl sk AR [+
2.3 RBREFHEKRTHIF

[ e R &8 10 mL/h, BB 54 mPas,
B 20 T R B B R VRS 247 pmee O TR
H#, 30 uL/min KX N4 70 uL/min, 3 Hr X5
BRRGTHISZ W, 45 R 5 Pros.

R G ORIS T R BRI . TR sk
Hpe 25 5 sk 1) RO AR N 3G 0 03X 2 T Ak vl K R

500

g —
=5
£ ol i\’\'
N
7
5 300 —m— Gel microsphere
o Drying microsphere
<= L —e— Sintered microsphere
2200 )
e —_—
S10p Te— o,
=

0 1 1 1 1 1

10 15 20 25 30
Silicone Oil Flow Rate/mL-h”

B 4 T 0 R ST (4 5

Fig.4 Influence of the silicone oil flow rate on microsphere size

30 40 50 60 70
Broth Flow Rate/pL-min’'

P 5 U X Bk RUST

Fig.5 Influence of the broth flow rate on microspheres size

FIURE BEAN AR, ) B 0 AR A e 1o ) AN, 1 348 K i 8 P
W, 2 S EEA R BRI )R, R 3 s i
AR, W 8 B R TR B R~
2.4 FEMREEXMEKR TR0

[i] 52 fek 19 B4 25 mL/h, IRVBUAL B4 40 uL/min,
B AN P R R D RST O 214 pmee SO RE
i, 54 mPa-s BN 315 mPa-s, 2 My JLxt ek
JTHHEm, 550w 6 Fron. nfLUEH, BEAEH
R BERG R, e O SRR BY 1) ) AR 5, AT R 1 A
I (AR HT  FERCUR AR I RTHE N, BRAR T
TR, AT A 25 I R 1R RS AR /8
2.5 EMERRAEEEROR T kR TR0

[#] 5 fe VA VAL B A 15 mL/h, RO 58 40 pul/min,
Tk VRS B2 8 54 mParso 503 6 A0 A T s 2 1) Wk 1
RT3 OBk RS (s, g5 5 Wil 7 s .

ATULE B AN R R B I O SRR
I, BERER I R b 2 k. O EE
fluent BEALUERT, 4 1 98 FE G I, R 10 B A I i) 1
T, EE R R SE AR K I PR R B 4 A T A e

400 —#®—Gel microsphere

| Drying microsphere
—a—Sintered microsphere
300 T

.\I

Microspheres Size/um
S
(=)

A4
* & *

50 100 150 200 250 300 350

Silicone Oil Viscosity/mPa-s

K6 Akl B Bk RUST (W

Fig.6 Influence of the silicone oil viscosity on microspheres size
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Preparation of Small-Sized ZrO, Microspheres by Capillary Microfluidic Device
Assisted Internal Gelation Process

Xu Rui, Ma Jingtao, Hao Shaochang, Zhao Xingyu, Li Zigiang, Deng Changsheng, Liu Bing
(State Key Laboratory of New Ceramics and Fine Processing, Tsinghua University, Beijing 100084, China)

Abstract: We find a broth formulation that is stable at room temperature (25 °C) for 15 h without solidifying and is benificial for forming
gel microspheres. Using a capillary microfluidic device assisted internal gelation process, small-sized (<120 pm) ZrO, ceramic
microspheres were prepared. The factors affecting the size of ZrO, microspheres were analyzed. The results show that under the same
conditions, the larger the flow rate or viscosity of the silicone oil, the smaller the size of the ZrO, microspheres. The larger the flow rate of
the broth or the larger the throat size of the capillary microfluidic device, the larger the size of the ZrO, microspheres; the CV value of the
ZrO; ceramic microspheres is less than 5% by image recognition, indicating that the ZrO, ceramic microspheres prepared by the method
are uniform in size and monodispersed; the ZrO, ceramic microspheres are dense and show a cubic phase by SEM and XRD.

Key words: internal gelation process; capillary microfluidic device; room temperature broth; small-sized ZrO, microspheres
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