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Abstract: Research on diamond coatings was conducted using laser heating as a heat source, and the behavior and mechanisms of
diamond coating formation were analyzed with the assistance of high-speed cameras. The results show that in the absence of
diamonds, the brazing powder's fusion and spreading process can be divided into five stages: powder melting, liquid brazing
material aggregation, powder adsorption fusion, wetting and spreading, and coating solidification. The minimum surface tension is
located at the center of the weld pool, while the maximum surface tension is found at the weld pool's edges. A surface tension
gradient in the weld pool is the main driving force behind its flow. After introducing diamonds into the coating, the formation
process of the coating goes through six stages: powder brazing material melting, liquid brazing material aggregation, brazing

material micro-powder adsorption fusion, brazing material wetting and spreading, migration of diamonds to the surface of the
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coating, and coating solidification. During the diamond brazing and coating process, diamonds tend to float along the surface edge
of the weld pool. This is primarily due to the interface tension between diamonds and liquid brazing material being much greater
than that between diamonds and the solid substrate, along with the combined effects of Stokes force, gravity, buoyancy, Basset
force, and others. Additionally, the efficient and low-damage thermal effect of laser transmission during the brazing process helps to

prevent overheating damage to the diamonds. This is a significant potential advantage of diamond-enhanced coatings produced

through laser brazing.

Highlights: (1) Elucidated the behavior and mechanisms of coating formation during the diamond brazing process.

(2) Revealed the factors leading to the tendency of diamonds to distribute towards the surface in diamond-brazed

coatings.

(3) Investigated the influence of diamond transmission effect on the quality of laser brazing coating.
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Morphology of diamond and BNi-2 brazing alloy
powder. (a) diamond particles; (b) morphology of
BNi-2 brazing alloy powder
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Fig. 2 Schematic diagram of laser brazing of coating
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Laser brazing process parameters
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Fig. 3 High speed photography of laser brazing process. (a) BNi-2 brazing alloy powder; (b) powder melts to form
small molten balls; (c) small molten balls aggregate to form large molten balls; (d) brazing alloy powder is
adsorbed on the surface of the large molten balls; (e) molten balls form weld pools; (f) weld pools solidification
forms coating
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Fig. 4 Schematic diagram of laser brazing powder fusion and spreading. (a) powder brazing material using laser beam
acting on the substrate; (b) liquid small molten balls formed by heating the powder; (c) the big molten balls
formed by the polymerization of small molten balls, and the molten balls adsorbing powder brazing alloy; (d)
forming a weld pool; (e) weld pool forms a solid coating on the substrate; (f) formation of coating
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Fig. 6 Diamond migration process with liquid sphere
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Fig. 7 Diamond migration trajectory in weld pool
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Fig. 8 Schematic diagram of fusion and spreading of
laser brazing coated diamond. (a) brazing
coating structure; (b) brazing alloy powder melts
to form small molten balls; (c) large molten balls
converging from small ones; (d) diamond floating
in the molten balls; (e) diamond floating to the
surface of the molten balls; (f) weld pools with
molten balls aggregation; (g) diamond deposited
on the surface of weld pools
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Fig. 9 Effect of wetting on droplet morphology. (a) 8 <
90° liquid phase wetting; (b) 8 > 90° liquid phase
spheroidization shrinkage
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Fig. 10 Schematic diagram of adjacent brazing alloy
liquid ball fusion
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NI WOk b F it B a2 R ki g, B
_(fm).(DYm
m(52) () ®
A Vo RS EF R R 8 %
G WA UKL AR X R S ST RSN 82 30, 47 3hak
I Zh ORE R BB A8 18 R 38 Bl 7 A B o i
1, AN
(o) (Vm-V)
Fy=Cn- (%) = ©)
s G IR ) R EG V,, 4 WA UL Y %
Ao R O 1
G WA O AE 32 B3 B v A2 B PR RS AT RERE
71, B Stokes 71 (Fp), 118 /"

3p
Fp=Cp (4dp;p)|vm ~Vp|(Vm=Vp)  (10)

H: Cp AR REG d, FA&RIABRL .
A, 4 WA BURLZE RAS £ TR R 2 sh &

LR AR I B, il 4 W AT 2 1 A2 G R 1] 25 A B4

RVEFTJ1, B Basset 3 Fg''”, i AN

9\ [Pmpest (! d(VE;VP)
FB:CB(dpPp) n IO Vi-d (a
Krh: Cp hy Basset REL; pere WIRASEF R ) J1%E
JE 5 v NIHEE .
AR P A i) T2l 45 ) TR 2 1 A
XoF 3 A (W), ol 4 WA SR e A e i, O 50 JA]
WIS, 171E Magnus 7] Fy'

AHr: Cy S Magnus 1 R4
W] IF, VRS AT 2 i 3 h A e SR BE A E, il
L WA Bk R A4S SR IR, 72 A1) Saffman /)

%) Enl (y-v,)  (13)

Meff

o Cg A Saffman JJ1&1E 2 #(; K 4 Saffman )
B &N EABR T ) L AR AT ARk B A T
] b A L

WA R R TIOR8, HAE RS ET R H %) A 1)
IBEIRE B, FEAE Brown 1 (Fp)'", HHEARK N

3:ueif kB T
ndg T

(14)

e ()

Pp

K kg HIIRZ S WHG T HRSEP R
TR s 0 SEMRMARIEIEZS /3 A I REH LS Y 2R X

S WIATEROCET R R, WASETRHA P Y
MAHE 2R, RAEF I FEES S . A NI R R
DL EAER IS AR TR, ) T b i & mi ik
% LT
24 ERWNERIBFRENRIERVE

4 WA 2 Al D 4 B 1 52 X AR 254, 4
12 Frzs. 4 WA S Fh AR ik 285 4 e L ELAT Il ke
W G2EERE . & NI G 98, B A& 5ok
WL AN B 2 M, SRS (0.22 pm) BT
Ak (40 ~ 1000 pm), BR 4 ~ 6 um 7 B FAELERUINAS
AEML Wi (WU 2280k 12,3 em ) Z4h, RAETEH
bRz i e

@ Rk C JET
© MIENE C T

12 &NIA%EHY
Fig. 12 Crystal structure of diamond
TR I OGN 1.075 um, PICAEOGAT
R R, WOL 2B B WA T B IASTRL, 4T
B SCHOE RE f TG THE | JE AL, A . Rt
P 1) g WA AR S, R NI, JFA S SR



%10 #1

R, & WOLE IR & NE B IR B RAT A1 B EALIE 24T 57

fih F) <55 W7 2 T AR A A Ak, Sl Y Cr 25T
RRAEBL, L Cr 9tk 5 7 Wi 54T
BLZBIIG S A5 A . SRR Z TR, 6N
ABEPRPE S5 AT, SN SEHEOLR

RURAR AT B IR PR 2 RO S B W 7S T U R
H R PR, SR BOCET TR G NI TR R B RO
TEALH Z I TE, 4 WA 32 S HOE R PP T An 5] 13
PR,

< ot

WL A2

13 E£RABEHHEHRERTEE

Fig. 13 Schematic diagram of thermal effect of diamond transmitted laser
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diamond on laser in brazing coating

(1) SF BB A B A 45 4 R 2 78 1T 23 O A A

B RASETRIR G BRI A & | TR R =
BEE BT 5 4B B, R 5K iR/ N A EAR T
s, TR K T B KRR EAL TR 2, #
HAFAER TR IR, S i Bl 10 = 220K 7).

(2) WA 5T R JZ= 9 BUE D 28 R ETRHE AL |
BESETRER G | SPRMBAR WG 5 | STRHR IR |
ENAER ZIRIERZ | IRIZEEEDE 6 1B,
G ET R R T, SR T E R
G LIF, X EZURM T N0 SRR Z g 5
THT 7K 8 R T [ A S AR B TRT 5K ) L

(3) BT AR P, 4 WA 7 SO Y e R
T3 FANE FH 2 200k e WA 7R AT Ui i v B 5 4%
wifi.

S5 3k

[1] ZEsril, FEEOHE, ZRIHE, 5. BOUE S NIA TR EZEHE
SRARMIF [7]. WA 5 EERHE HL TR, 2005(2): 56 — 60.
Li Libo, Tang Xiahui, Qin Yingxiong, et al. Developing status of
pre-alloyed backing powder used in laser welded diamond

tools[J]. Diamond & Abrasives Engineering, 2005(2): 56 — 60.


http://dx.doi.org/10.13394/j.cnki.jgszz.2005.02.017

58

B &

i % 45 %

[10]

(1]

Huang S F, Tsai H L, Lin S T. Laser brazing of diamond grits us-
ing a Cu-15Ti-10Sn brazing alloy[J]. Materials Transactions,
2002, 43(10): 2604 — 2608.

Huang Y, Liang G, Li M, ef al. Nd: YAG pulsed laser brazing of
cBN to steel matrix with Zr modified Ag-Cu-Ti active brazing al-
loy[J]. Diamond and Related Materials, 2020, 104: 107732.

Fang X, Yang Z, Tan S, et al. Feasibility study of selective laser
melting for metal matrix diamond tools[J]. Crystals, 2020, 10(7):
596.

RIS, ABAR, PRI, . AVRLEE SN 17/45 BEEIR Y IO BET IR
T ABESE (7). MBEEATRI TAE, 2020, 32(5): 13 — 15.

Yao Peng, Yu Xudong, Zhong Sujuan, et al. Study on brazing
fine-grained diamonds onto 1045 steel by laser heating[J]. Super-
hard Materials Engineering, 2020, 32(5): 13 — 15.

BT, FIPRLL, 5i0, 5. WOLETIR 22 & NI R Ni-Cr &
B RUE LB (9] 1 EHUECCRE, 2021, 32(8): 967 — 975.

Li Shichun, Zhou Zhenhong, Mo Bin, et al. Study on forming pro-
cesses for laser brazing of multilayer diamond grains and Ni-Cr
alloy[J]. China Mechanical Engineering, 2021, 32(8): 967 — 975.
Daniel R , Florian S, Christian K, ef al. Laser cladding of dia-
mond tools: interfacial reactions of diamond and molten metal[J].
Surface & Coatings Technology, 2016, 291: 62—69.

28, SRIAZE, WK, 45 Ni-Cr A 25T RHEOET IR & NI A3
4R AL (7). BOLHA, 2020, 44(1): 26 - 31.

Li Jinyu, Zhang Mingjun, Hu Yongle, et al. Metallization of dia-
mond surface by laser brazing with Ni-Cr alloy filler[J]. Laser
Technology, 2020, 44(1): 26 — 31.

RS BRI O AT IR S WA BRI IR ST [D]. Kb Kb
TR, 2019.

Zhu Bin. Experimental study on ultrasonic assisted laser brazing
of diamond abrasive particles [D]. Changsha: Changsha Uni-
versity of Technology, 2019.

Zl, B, AR, . GRIG LHE SR SR BORBE S
B [T]. FE42441, 2022, 43(8): 102 — 112,

Qin Jian, Yang Jiao, Long Weimin, et al. Research progress of ad-
ditive technology of diamond and its composite materials[J].
Transactions of the China Welding Institution, 2022, 43(8): 102 —
112.

Long W, Liu D, Dong X, et al. Laser power effects on properties

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

of laser brazing diamond coating[J]. Surface Engineering, 2020,
36(12): 1315 — 1326.

Long W, Liu D, Wu A, et al. Influence of laser scanning speed on
the formation property of laser brazing diamond coating[J]. Dia-
mond and Related Materials, 2020, 110: 1 — 12.

Kingery W, Bowen H. Introduction to ceramics[M]. Journal of the
Electrochemical Society, 1976.

B, BRGSO G B ORI T REATSE [D]. KM - KRR
22,2003,

Zhao Dong. Research on several issues of nickel based alloy laser
cladding technology [D] Zhengzhou: Zhengzhou University,
2003.

FOLHT. FROEBORLTER LI P Bt BT 9T [D]. Kig:
R TR, 2009.

Jiang Yuanxin. A study on the free ascent behavior of spherical
particles in stationary solutions [D] Dalian: Dalian University of
Technology, 2009.

LiZ, Wei J, Bu S, et al. A frequency analysis method to estimate
the relative importance of Basset force on small particles in turbu-
lence[J]. International Journal of Multiphase Flow, 2021, 139(9):
103640.

Denisov S I, Lyutyy T V, Reva V V, ef al. Temperature effects on
drift of suspended single-domain particles induced by the Magnus
force[J]. Physical Review E, 2018, 97: 1 —9.

Gong H, Liang X, Huo C, et al. Effects of electric field on the fil-
tration characteristics of solid particles in oil[J]. Transactions of
The Institution of Chemical Engineers. Process Safety and Envir-
onmental Protection, 2023, 176: 956 — 967.

Han B, Ming Z, Zhao Y, et al. Effect of mixed magnetic field on
physical properties of atmospheric suspended fine particles[J].
Heliyon, 2022, 8: e11722.

Phillip H R, Taft E A. Kramers-Kronig analysis of reflectance
data for diamond[J]. Physical Review, 1964, 136: A1445.

FE—EE: B, WL, RPN, EENG SRR

it & SRR B LA SRR B S T &

Email: ginjianzzu@163.com
BIEEE: BMAR, WL, R h, ML A S,
Email: brazelong@163.com

',

(4mtE:

FRE)


mailto:qinjianzzu@163.com
mailto:brazelong@163.com

	0 序言
	1 试验方法
	2 试验结果与分析
	2.1 激光钎涂钎料粉末熔合铺展过程
	2.2 激光钎涂金刚石/钎料粉末熔合铺展过程
	2.3 涂层形成机理
	2.4 激光对金刚石钎涂层的热作用机理

	3 结论
	参考文献

