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Laser making technique and prospect of ultrafine particle

Guo Guangsheng ,Y ang Fuming

(Beijing Institute of Chemical Technology)

Abstract; Ultrafine particle (UFP) is a new material, which developed rapidly in recent years. The UFP has
many special properties, and will play an important role in science and technology facing the 21st century. In the pre-
sent paper, the principles, devices, characteristics and present situation of producing ultrafine particles by the laser
vapor-phase reaction, the laser heating gas-evaporation, the infrared multiple-photon decomposition, and 8o on, are
reviewed. The laser making technology of ultrafine particles is expected to have the possibility of wide applications in
the future.
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B REAT YL R AP 4, TR REGIC R BT AR % 10 F5LL L, (EARPE ORI /G 100 45, SEARL5 R B,
BT, AR R 100 FHS, XEFRRRENAD THEMTRAN  EEBR
R bR S A RPN BT R R AR SR M A R R SR EAE R BT
HEMAFNEHART L. YBRRFOHREEREARITE, - BIRNE.ETL
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BOESAHEW ZBMPL TR 1981 FEEMIT HERRNY, REE.H. 8. BEXASHE
EHARITEMHRELE.Y, REEGHF T EZRAFRUMKRETREBARTIHEM
THEEPTAERAIREHEPRRLHESR . PR BB T UL T 5 G REEL
A K &E~10, 4Rk, RAKER S EMB FH Si,SiC,SisN,,Fe,Fe/C,Fe/Si,Fe/C/
Si,Fe/0,Fe/N,Cr;03,B,TiB,,TiO, 2 JL+ FRU~2), H 918 14 =88 1 B X B 4F emf g 01220,
R—FENENENTE. TEFRMEXEWNSERE FHORE KR FARFRAR,

(DE2 JFER—FEDEESHRBENMAME. BOCLEREAFSRZ— =R A#K
Y9 R Sh B B ARSI RALF R Y R 8 R R S B — K T TR RY , R R
VRABHMBUEFEE RN, EXFCHEBRTTUMERN BB AREH, B (<1073 5
BEE K KMEIET R, KRN FR A AR R /X 10°~10°C/s, RN G HNHEE R
10°~10°C /s, BIMAER A Si RPOBROE-F8Y, R A SiH, FOR BE3R 7 # R 4L co, Bt
B A 10. 6um BT BRISIR KA. MR FOSS P HRBRBHEIEF, 0 LUE I R e
L7 (N SFOB TR REH.

DOFRBET FOESHEHNSEMBETIRREANRBER RS E K HMAELE
R, XRS[HFHIEANILNER
FEHZH . -RARSSHREEER, £ to filter
¥ 3 5 S W W OT-47 (L 43 o Nl i 8, 0 53 o 2
), ZRERSSREMZ. HPEHEXA
ZHEREWRARZHEREWE D, XREWH
MR BRES L - ARSHHREE
B RX . RAH Pk i kG B F =B aT A
E A E AR MR Y T He-Ne #OGHE
SEBSRNMELT LS., RERERER
BERNEZREX,THUZBIATZSHME
M. EFRANERERFNEN R XGEE
#3¥E 500~ 2000C 2Z1H]. reactant gas inlet

BRSHEHNEBUETFHEN A& R Fig. 1 Schematic of orthogonal reactor
BN KN SREBURAEZRE.H
AE. BRWMRRASARE 2). HRERAHIOE
BEERBKII CW CO, WIEARM TEA
CO. WYEAR. WY LA o 2 8 3C 30 2 30T 6 45 %
BENEMRETF. XUTRSW BB
DREE . RNSRE.RNEHD. SKEERRS

&ﬁﬁ)ﬁﬁ% ° Fig- 2 Schematic diagram of the experimental device
(3)#‘§‘ &%ﬁ*ﬂ%ﬂﬁ'ﬂﬁﬁ%#]ﬁ: for producing UFP by laser induced reaction
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REBLABRSERRAERENESREIL S, KRB W T 860 RAEHBE T =RK
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Table 1 Ultrafine particles synthesized by laser induced reactions in the gas phase

particle reactant Iaser diameter (nm) references
Si SiH 4 CW CO; 10~100 2,3,5,8,9,26
CoH,
SiC SiH,+ CW CO; ‘ 17~70 2,5,8,15,16
C:H2
SisNy SiH+NH; CW TEA CO: 10~50 2~5,8,9
Si/C/N ((CH3)3Si)sNH CW CO; <100 27
CW CO:
Fe Fe (CO2)s 10~50 12,18,19,28
TEA CO:
CH, .
Fe/C Fe(CO)s+ CW CO. 7~50 18,19
. . CzH2
Fe/Si Fe(CO)s+SiH, CW CO; 5~30 21
Fe/C/Si Fe(CO)s+SiH+CzH,4 CW CO, 7.5~30 17
Fe/O Fe(CO)5+4-0; CW CO, 3~5 | 29
Fe/N Fe(CO)s+NHs CW CO; 3~5 30
BCl3+H.
B CW CO, 20~100 24,25
. B;Hs
B4«C R B;He+CoHy CW CO2 20~100 8
TiBa B2He+TiCly CW CO; 20~100 24
TiO: Ti(OCHMe;), CW CO; 10~50 13,14
Cr20s Cr0.Cl2 CW CO: 50~350 - 20
2. % Kk &Rk laser beam

BOE I R B (MR R ) & BN T
REARBME 3, REHRSEES, HEENS)
HEREBTHEERY L RHERZHEA
B FHE TG R R 2 U A 4R T 70 3 AR A SR
F.MRENEARAMESE, UBR SEAR
HABRARNERR T ETHEE, RAREA —

i Si0,,Mg0,A1,05,Mg.Si0, BBYUKR FE L1, Fig.3 Apparatus for UFP sythesized
T 45 ok, SUR B A B4 &b 7E 6~ 15nm 2 by laser heating

reaction cell

L,sample
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Table 2 Experimental results of ultrafine particles synthesized by laser beating[m

starting materials environmental gas ultrafine particles

compound form element pressure mean grain size composition structure
SiO: fused quartz He . 3.5~450 Torr ~60 A Si0; amorphous
MgO single crystal He 3.5~450 ' 60~ 150 MgO rock salt
ALO3 sintered block He 3.5 7 7 amotphous

He 40~ 450 60~80 Al Os spinel

Ar 40~670 90~ 150 AlLO3 spinel

Xe 50, 100 100 Al2Os spinel
FesOy reagent powder Ar 40 , 250 80 . 100 Fe3Oq spinel
Mg:SiO« sintered block Ar 40~250 100 Mg:Si0, atnorphous +-olivine
CaTiOs sintered block Ar 40~ 450 5001000 CaTiOs perovskite
MgAL2Oy sintered block Ar 40~450 500 MgO+MgALO, rocksalt 4-spinel

MTRBXERHEE. NS FHRABAE KSR, RA RS R KRR
WMy, ATV REANMEEAREELEE, TUBEEFEMA. I mAFRARAEH
I EANE. HAH AR RE YAG H¥(i=1.06um & 0. 914um) 5 JMAARLE . FEH
S (He X A F, 3 M Ti,Fe,Ni,Al,Mo B & R 2, AU HBHEHERBYEF. W
BRERZEFRA 0,,N, B CH,,C,H,,C;H,,CCLF, %, I 6] B34 5 & IR 89 /AL % . B AL 3 . B
LSBT, TRAWER. ¥ E (0P F T, R BAE 5~65nm Z 8], XK R EE R
BEIRE/N. M TiEEH KN 1. 3X10Pa SFFHRS BRIMTYRERAH 5om ZHDD,

BAERRER SRR FHTERESRZ 2T REHCEFX —BH, Bt BES
MR- ERB R T . oy F AR O R B, TR R A P SR KIS T
45 & R R R R B SE R R AR BORL . AR BORL TR 62 WT RAE o U S Y BE 780 Bk
BE ST . KR SR TR E— KA 10~ 100nm FBEK B Z2RR ., 78 H TH
EEHREY EEELAY . BUAY U RS RANKT.

LR EBMETERFEERAKINE Co, WA . TEA CO, BEB/R MK H YAG
Y28,

3.4c0F 3 AT M Bk |

OHEITFRBERLFRESHIESHELRM, TR FE R b R BO6iH = £ %
KR . B A [ 60 R B Y6 SOMT I S0 AR R R, T 40 4 25 06 TR B ok U R I B SUFE OB 1B T F MR
ML T R RDWR TR E RN . ZEFHAMEHEEER TEA CO, B, RNE
HEM, — N 0. 2~10Torr Z[6], H LR A ZEH SBEN Fd 8K, AFHFI L. B
BIRALIEHFRBECH &L T Fe,FeF,, UF; fil B @R 701125934,

AL THBEAINL R TEA CO, HILEP A SR AT R A (L% R NE
AR TF. EIEHEELTENBREKERETIE 10000CZH, REEABEHEE (0~
760Torr), XK T HI4E T Fe,Cr,Mo,B HEMOR F111125~%), R 193nm ) ArF HOEHE
W CH,+H, & &, 583 T &R & BHR 71,
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B4h, HAR THERRA 193nm # ArF & 248nm ) KrF #E2-F#6, S8 Po(CH,),,Pb
(C,Hg)4,Bi(CH;)3,Zn (CHy)z, Zn (C,Hg),» Cd (CHY), HFOKL SI A MR N BB TRHEHA
300nm Z 4 49 Pb,Bi,Zn,Cd B& R AR -TU, TR, MAEFHESFILE RN TR EHEZHED.
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HFRAT EHARERAR NTIREE T HREEUMEREERROBRE T, X
TR TR k. R, S BROETO R T RBR, R T RSB R RHYUGHE.
Hit, B FRORHETERNAFRTR WERAEIHKR  HE RN .\ BB
By MAEAREEH BN FEUTILAFERERFAO AR,

L # R LM 40

SiC,SisN, B4R R A T Rl . Tl BE 4% . i AR Dh A9 R tE . R A SO SR A E T LIH & H
R B2 — o B R ORI R A N 2 BRIE A9 TR AR, T HLXE T SiC,SiaN, Bk — g AR,
55k, 8 X e BRI S B E A R R 1L R A RTR T, T LA R R A2
Y-S MBI 4 SiC,SiN, ERRKBIMEHRHSBHRFHEH, LREH TN AR
RS . H1E LR R SIC,SLN, 8K, T RUEAR B YURGR B B, BT B4 Wl R
MR ATHTFHELEERDN. AT RRATHG. SRREEHE R BEERBITHE.

2. # A S fE M

HTFICEHENBMETRAFRE/N. BREYOSK S BB RE —SYBEROH
RETFERS THHEE, TMITRRAARE.SXARER. FREYRENESHH. &
Fe,0;,TiO, HBMN FH R EBR . ERENEMRERBLNNFRAT RARBER.
HFK . BEHTFHFEA. BN BREREAEERZEREEHNES, TH & H Y-Ba-Cu-0
HFRRBIWEN,

3.8 & s AL

. BEETFHTAARAHREEXER N TRHERNREREAEEEMELEE BitEd
R FAERFAMARESIEAN EXBHXEE, HF L ECARR FHLANFAIFD
RAELN FRERES, RAWIESAER £ Fe/Si,Fe/C/Si,Fe/C FBIHM T CO+H,
B BARBAR 2 KR RA RS S ME R, SRR S n o TAANETRE
FRBREAE, 3 3 BRI SR %4 Fe/C,Fe/Zn/C,Fe/Mn/C %8B WB FHALF 5%
AL E BB ZH Fe/Cu/K/Si AT R BRI RN &M F X TF Co.+H, BRI EL
ERER. TR, BOEHESAFEMRLAN T THRBERBHERE, ST C-C BRERE
M 28% BB 93~96 %[»],

Table 3 Selectivity of UFP catalyst in the COz+Hj3 reaction

composition Fe/C Fe/Zn/C Fe/Mn/C Fe/Cu/K/Si

catalyst
preparation iaser induced reaction in the gas phase coprecipitation

conversion (%) CO; 22 25 31 21
selectivity (%) CH, . 5.5 5.8 . 5.1 64

Ct 94.5 94.2 94.9 36

CrCym 94 " 93 96 28
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Temperafure distribution in solid-state laser tube

——inhomogeneous thermal power density model

Gong Mali, Wan Zuowen, Jin Feng

(Advanced Laser Technology Lab. , Southwest Institute of Technical Physics)

Abstract: Inhomogeneous thermal power density and temperatare distribution of inside-pumped solid-state tube )
lasers have been derived in this paper.
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