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Reduction mechanism of laser on copper hydroxyphosphate
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Abstract: In order to study the interaction mechanism between laser and spinel compounds in laser selective metallization
technology, copper hydroxyphosphate ( Cu, (OH) PO, ), a cheap and high-quality photocatalyst with spinel structure, was
selected as research object. The interaction mechanism between nanosecond pulsed fiber laser with 1064nm, continuous wave
fiber laser and nanosecond pulsed ultraviolet laser with 355nm wavelength and copper hydroxyphosphate was discussed by using
X-ray photoelectron spectroscopy. The results show that, all three lasers can reduce +2 copper element ( Cu’*) in copper
hydroxyphosphate to + 1 copper element (Cu® ). The original process varies with laser power (0. 13W ~3.89W) or laser energy
density (2. 76]/cm® ~25.48]/cm’ ). Thermal properties and UV-visible absorption spectra of copper hydroxyphosphate were
analyzed. In the above reduction process, photothermal and photochemical reactions may exist simultaneously by preliminary
judgment. This study provides theoretical basis for copper hydroxyphosphate as new type of laser active material.
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Fig. 1 Schemaic diagram of experimental setup

Table 1 ~ Parameters of three lasers

355nm nanosecond pulse
laser parameters

1064nm nanosecond 1064nm continuous

ultraviolet laser pulse fiber laser fiber laser
focusing lightspot diameter D/ pm 10 20 20
maximum output power P, /W 10 20 20
repeat frequency F/kHz 20 ~ 100 1 ~1000 —
pulse width N/ns 10 ~ 60 1 ~250 —
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Table 2 Processing parameters of three lasers

355nm nanosecond
laser parameters

1064nm nanosecond 1064nm continuous

pulse ultraviolet laser pulse fiber laser fiber laser
actual output power P/W 0~2.00 0~7.53 0~1.31
energy density Q/(J + em~?) 0~25.48 0~24.00 —
scan speed v/ (mm - s D) 1000 2000 2000
scan line interval U/pum 10 20 20
repeat frequency F/kHz 100 100 —
1.3 Mk 5RAE 1.6
AT 22 A5 R D T 30 0528 o i 7 R4 1) ol 335% | mass fraction]
f) STA449F3 34 T/ 2 25 £ 40 T4, 0 ik 4 By 2 P of0.9765 o8
/_:\‘ ’ﬁﬁ%ﬁ% 10°C/min ,{Efﬁ?ﬁ[ﬁjﬂ%{ﬁﬁ 1000%C % % A=3.84% mass fraction-96 ::E
X S5 P R 3 43 TR T 5 36 i 05 2 S 04 of0.9381 Jo, £
(EDAX Inc) ) GENSIS fi§ 32 {3 , 3 i3t Bt B 300m x & ook, . S
700 BRIk, 3BT 40 20 o I R 2 TS I Y R
54 (Cu) LR A4 (0) TEFRHARR 5 0 W0 400 SO0 800 1000

241 (ultra violet, UV ) -AJ I 364356 36 BE 4307 R Fil
2 [E PerkinElmer 2 5] 1) Lambda35 #1484 0] DLyG4356
FEBE T, 47485 95 L g 250nm ~ 1200nm, 545 45 K Ny

2nm,
2 FR5e

2.1 FEEBEESE RS IN-TT IS RIS R ik
2 hy 5 HE W TR S Y 5% Hh- T DL W W i A
A RLE Y, B D BN, MR ez sk VR I 4
R &JEETRE. BARTERIK A =355mm LERIROE
BEME /N TP 1064nm AR BIEOLEE  HARR T 1, 3%
WS B IR A1 X AT 58 DA £L AP AR AT B R o
4

1
T

]
T

] ]
| ]
I 2=1064nm
! A=355nm :
| ]
| )

absorption/a.u.

[

S

400 600 800 1000 1200
wavelength/nm
Fig.2 UV-visible absorption spectrum of copper hydroxyphosphate
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Fig.3  TGA-DSC curves of copper hydroxyphosphate ( air atmosphere,
10°C/min heating rate)
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Fig.4 Crystal structures of copper hydroxyphosphate
a—CuO, (OH), octahedral structure ( sharing oxygen atoms through—OH)
b—CuO, (OH) triangular bipyramidal structure ( sharing oxygen atoms; ex-
cept for —OH, all O and —PO, are shared)
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A, TBP( triangular bipyramid ) #I OCT( octahedron) 43

SRR =AU A5, b 38 B e 3 &, v
AR,

B S AP IK G EFBEO AR IS B B R H A ot i
JEBAE I XIS XPS eI, 18] Sa R Sc 73 9
TR CLT SO/ T RS XPS 4 3% & il Cu ST 1)
Cu 2p Jpie 2 J5 i3 &1, (&1 Sb A1l Sd 4351 o Fl g &
W Q =9.34)/em’ MFOCAEF ) XPS 23%EIHI Cu
JCR Y Cu 2p 1S HTE IR I Se a0, BOGHE M
i, HTC 2R Sr WIS Y XPS &3 HA +2 Hrfli 7T 30 b
MBS BE N 934. 6eV 11 Cu 2p,, R I FI G5 BE N
954.6eV [ Cu 2p, , RAAEWE ; T &] Sd Hr, GARD K 2L 41
HWOCHE G B Cu 2ps, F¢ AR 0§ H BLAE 932. 6eV, Cu
2p,, FHEWE Y BLAE 952. 8eV, 5 ] X St + BB
T xR 3 AT R B, Cu® A Cu R AE 0 1
2p, AL RYFFAE W5 5 REAR L, (HAR I Cu 2p,, FI
Cu 2p, , b 255 REMI 224, AT LAFI BT aA Rk o G206
YERER =& A Cu”

Table 3

Binding energy reference value of respective valence copper ele-

ment in XPS spectra

binding energy Cu®* Cu” Cu®
Cu 2p;, 934.6eV £0.2e¢V  932.5eV +0.2eV 932.9¢V £0.2eV
Cu2p,,  954.6eV £0.2¢V 952.8eV £0.2eV 952.1eV £0.2eV
difference 20.0eV 20.3eV 19.2eV
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Fig.5 XPS spectra of Cu, ( OH) PO, before and after nanosecond pulse fi-

ber laser etching

b—XPS full
spectrum after etching, Q =9.34]J/cm*  c¢—high-resolution Cu 2p
XPS spectra before etching, Q =0J/cm®  d—high-resolution Cu 2p
XPS spectra after etching, Q =9.34]/cm?
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Fig. 6  High-resolution XPS spectra of Cu 2p of Cu, (OH) PO, after nanosecond pulse fiber laser ablation with different fluences

Table 4  Percentages of different valence copper elements of Cu, (OH) PO,

after nanosecond pulse fiber laser ablation with different fluences

O oo T O T
2.76 0.84 100 0 —
6.67 2.09 95.26 4.74 0.05
9.34 2.84 78.66 21.34 0.27
13.69 4.30 52.85 47.15 0.89
17.80 5.59 85.26 14.72 0.17
24.00 7.53 0 0 —
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Fig.7 High-resolution XPS spectra of Cu 2p of Cu, (OH) PO, after nanose-

cond pulse UV laser ablation with different fluences
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Table 5 Percentages of different valence copper elements of Cu, (OH) PO,

after nanosecond pulse UV laser ablation with different fluences

energy density /  power

(J - em) g Cu** /% Cu*/%  Cu'/Cu®"
4.08 0.37 40.11 59.89 1.49
9.68 0.76 37.82 62.18 1.64
15.92 1.25 39.37 60.63 1.54
25.48 2.00 34.26 65.74 1.92
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Fig. 8 High-resolution XPS spectra of Cu 2p of Cu, (OH) PO, after continuous fiber laser ablation with different powers

Table 6  Percentages of different valence copper elements of Cu, (OH) PO,

after continuous fiber laser ablation with different powers

power P/W Cu®* /% Cu*/% Cut/ Cu®*
0.13 51.72 48.28 0.93
0.40 26.67 73.33 2.75
0.80 29.79 70.21 2.36
1.31 21.69 78.31 3.61
2.56 90. 55 9.45 0.10
3.89 — — —
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