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Abstract: This study aims to investigate the formation mechanism of black, viscous liquid composite films (“phosphorus
oil”) and their role in inducing patina on Cu-P brazing filler metals during air-atmosphere induction brazing, and to propose
effective inhibition strategies. Through EDS, XRD, and first-principles calculations, the phosphorus oil was identified
mainly as phosphates such as Cu,P,0;, whose formation is thermodynamically spontaneous; the patina was identified as ba-
sic copper carbonate formed from phosphorus oil under humid conditions. Two approaches were compared: nitrogen shield-
ing effectively suppressed phosphorus oil but incurred high cost and limited applicability; while adding trace lanthanide (Ln)
elements formed a dense and stable Ln-O oxide film preventing P,Os generation at the source. The Ln modified filler main-
tained original melting and wetting properties, while significantly improving joint density, mechanical performance, and cor-
rosion resistance. The results demonstrate that the Ln alloying strategy offers an intrinsic protection mechanism, providing a
new approach for developing high performance Cu-P brazing materials.
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Fig. 1 Patina appearing at the brazing seam of three copper tubes in a

high frequency welded compressor several days after coating
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Table 1 Chemical composition of BCu93P Cu-P brazing filler metal
(wt. %)
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Fig.2 Surface morphology of black phosphorus oil spots
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Table 2 EDS elemental composition (At%) of black phosphorus oil

spots: Spectra 37-39 (phosphorus oil zone), 40 and 45 (transition

zone) , 41-44 (unaffected zone)
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Tab.3 Formation enthalpies and binding energies derived from first-

principles calculations
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Table 4 Results of induction brazing with BCu93P filler metal with

and without nitrogen protection
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Fig. 4 Brazing results with and without nitrogen protection
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Table 5 Chemical composition of copper-phosphorus alloys (wt. %)

KRR R P Ln Cu
1# 7.0 0.006 *®
24 7.0 0.008 =
3# 7.0 0.012 ®
4 7.0 0.02 7S
S# 7.0 0.03 &
6# 7.0 0.05 &

KL, B3 T3 2R R ] Lo 702 A9 , 3K
W RS UE T LU, R s | S FiR, 7
0.006~0.050 wt.% 7t Fil S Il Ln TG 2R 4 Cu-P 47}
1) YRR 2 T LT 15 520, 38 BH G w14 1 A
IN S EIR T2 i
DSC/E?PJ}//mg)

3 ik

\\
—3_7115°C IA

— ——d o o
6 71220 L KE 4]

809.4°C
2 e

650 700 750 _ 800 850
i/ C

E5 LnZEXESREHRERT
Fig. 5 Effect of Ln content on the melting temperature of modified

filler metal
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Fig.7 Wetting behavior of brazing filler metals with different Ln

0.03 004 0.05

contents
R B 1 A AR SO IR TR AR A A
TN A
i 5 9 B ROWAE B AT 70 7 A B Ln ek
FPRIAY AR R B R ST, 5 18T 2 AR P

'”_ - Bx=01008%n!

8 A[E Ln&EXEFFRIFTIERE
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Fig. 10 Microstructure and mechanical properties of Cu-P brazing

seam
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