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Abstract: The mechanochemical ball milling synthesis technology of catalytic materials has certain de-
velopment potential due to its simplicity, scalability, and ecological friendliness. In addition, the ma-
terials synthesized by this technology have unique physical and chemical characteristics, such as
nanoscale crystallinity, high defect concentration, and close interactions between components in the
system. This article summarizes the research progress of ball milling technology in catalytic material

synthesis in recent years, emphasizing that the unique material characteristics achieved through ball
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milling technology are closely related to the improvement of its catalytic performance. Finally, the rele-

vant applications of catalytic materials synthesized by ball milling technology were classified, and the

development of mechanical ball milling technology in catalytic material synthesis was prospected.

Keywords : catalytic material; mechanochemistry; ball milling synthesis technology ; material charac-

teristic ; catalytic performance; application of catalytic material
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(ERLE)EERE - BFTERGENER

AR Z2AE 5 Hp ST ) BB 30 A K BT lim] o A Ak ) S 091 HlE A o R 0 A 424 1 o ) 30
FEREE 10 A o BMEBLZEA AL “ PLoe i iR IR S5 , B TR 22 50k 4 9 ot dt (0 A% R
FHAE) T AR e, T2 YK A B R AT A A B A% o XX TR R A PR AL 3 R AR,
R A IR B, LS A 0 gk & B ) RS, R ) RAEE R AR S ES %

(1) ¥+

1 1+ * Actinophyllic acid #2561 hy— &5 F4 iR 10 B 5 e A= 00, LA 18 B 2 24 B 7S A S8R 454
------ L E S AT o A A R

FRBERIET DT T 2 —AH TS0, KT 2 — AR AR 5T, L4 24108 (753 1o
W G ) BRAb o

%2:“3a; 137.8 mg, Jt% 90% ; 'H NMR(CDCl,, 500 MHz) §: 1.43(d, J=5.0 Hz, 2H), 1.55 ~
1.60(m, 4H),2.68 ~2.70(m, 4H) , 3.25(d, J=12.5 Hz, 1H), 3.35(d, J=12.5 Hz, 1H), 6.60(d,
J=7.5Hz, 1H), 6.79 ~6.81(m, 2H), 6.91 ~6.94(m, 2H), 6.96 ~7.00(m, 1H), 7.01 ~7.04(m,
1H), 7.10 ~7.14(m, 1H), 7.35(d, J=7.5 Hz, 1H), 8.69(br s, 1H); "C NMR(CDCI,, 125 MHz)
5:24.6,26.4,41.1,48.2,72.7,109.6, 121.9, 125.0, 126.2, 127.4, 128.4, 129.5, 130.2, 134.9,
140.9, 179.6; HR-MS(ESI) m/z: Calcd for C,0H,,N,ONa|[ M +Na] *}329.1630, found 329.1639,”

A2 A G — Y (/B iy (o REI/N) 355 IR B AR R A 308 .
LS YIS T8 TR N A, AR TR AL 7 A7 IX 73 (40 3a, 1a ~1f)

(2) i

1] 3 2 37 SR AL AB 151k (1a) 128. 5 mg (0. 5 mmol) % T URIE (2 mL) H1, fiT A 20 mol%
Na,CO, 10.6 mg, fiiHE R T 65 C (3BH) W 5 h(TLC &) . BB E IR, SR ZHr [ PEliF] . v
(LBRCTR)/V(AThEE) =1/8 ] 2ifb A5 IR 3 MR AR 3a 137.8 mg, L3 90% .~

T B S5 B E AR T SO N BT ppm S8R BR AL, T AR, % IR AT L,
W SEFZRIARNIZA S, HieES .

(3) PUSCFAT

1] 4 . “ Actinophyllic acid B %58 hy—FP S5 R PHRE I SLHE IS | W A= Py Bl -~ 7 5“1 J@ P-1 23 [AI R, A 2
Ba=7.7059(1) A, b=11.6556(2) A, ¢=18.1197(3) A, « =97.247(1)°, B=94.797(1)°, y =101.
827(1)°,”

P SCEA A, MR S PUE RIESEAT S (a, b, ¢, De %) JAREALE (o-, p-, m-, a-,
B-45) A WS (IR P8 v, "H NMR L2407 8% 5, XRD FHFIG 20/°%) ¥l FAMA T2 LXK 3.,

(4) M

TR =43, R ESEON & — ML= 1.5 85,48 0.5 BE, LHIFRAGH HEEH Jer RN
BT BRI R  FRAR L HEAS R, SRR T4k THE AL 55 B e RSk vl ik =A%
A

(5) W WA REIR

15 IERfFER A0 Cu®*, Cu(I) , M4 B+ ; Cu, HlJH F

TROTER B S A RIR  IORAER . 40 Cu J5iF, Cu AR TR Ve, 2E 5
PEF TR TR L o BRSO A KOKIR A X AR B AR S . VORI K SR R —
YIRS PR, 2 SCHIRB A Z .

(B L) Gt
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(A BLAL A ) AR fag )

CaMUL ) B ER B 24, RS T, PEPEE LA N 2O IR IM AR T, AT, R
[l [ ARBEA RO T 2 — o T ROAT BILA 27 GBS 25 00 S A RGBT O TS R WSS Bh S DL R R a5, FPBATHLAL
FIerp PRI P SCEERERE (R T 305 1) (SCL) R4 R, 58 B (A2 SCHi ) (CA) (IR I SCii 2380 L
AR TISCHE ) SCRHE I RIBCE ) b B R 4 SOBOiE ) (b 2 RS R ZR S - B 128 ) (b RS Sese
FHEIAT (P BRI P G ) i) (i E2A A0 T30 ) Sk o 1 m) B A R AT, BB 0 S E Sk aE T
YE# o FERNANEA T Z BN, AR AR . UG E A B2 SO A ILA 2 9 T4 25 B (http 2 //sioc —
journal. en/Jwk_yjhx/CN/0253 —2786/home. shiml) ,,

CHPLL ) 8

CHmiAb) Ak s

CE L) FEPBAAL TR 3 3 R TR UR IR SIS D R R RS FRAFEAIE .5
T A A A G B TEAL A S T T A S A 5 R, A SR 09 T SO SR IR SC PG e S0 AR ST I 25 B AR DA B OR &R
B AL A R ER B A

FF WAL ANEMBIELAEA R, e W0 S5 R T 5 S50 ™8 SCTRE g, A EEZ D AR RN CE,
AFETEIA ) EHE % B TIPS Internet Z 854 ERATN CH , REENERBSE AT AR IIEEL (BIEEEEC
CARNIM) . MRS NESCAFEROASESR , N5 HFEGESGR, AT ER ., kia— 42, /EE ARERE
HAG T . R, 8 AL T A S AN RR BN A Uik ) SRR

WSO RS IR 2288 F 240 (hitp ://www. hehxcioe. com/ CN/ column/ column33. shtml) |, B X & Ak %)
S HE

(A Al ) s

(A 23300 ) Ak Al U

(A3 ) J2 ol 4 e Al 2R AR Sl Al TR A AR A5 R ) 2 B 1 R ) 4 ol e — — A DAl 2730500 AR DG
ST ENE R TIY . T HRIE E N AMEAE N A B AL R DG SU BT LR | e R TR K45, B
BIATIEH# T E R RS, X R GRS A RS BT — K BRI, 5 88 58 A 1) 32 00 (htps : //hxsj.
cbpt. cnki. net/ WKE/WebPublication/index. aspx? mid = HXSJ) #4773 W (A0 P 42 38 95 S0 70 80T, RV b vh S
P 22) ARG R IEORARASIE S0, BARBAEIr i mI 25 R G R UL o JF38 55 W4 MRS AU BER 48, LU 4
G SE DA A B

(P2t ) 2 4R



